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ɸʅʆʊɸʎɯʗ 

 

ɼʚʦʻʛʣʘʟʦʚʘ ɸ.ɺ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʬʣʶʩʫ ʥʘ ʦʩʥʦʚʽ ʚʘʧʥʷʢʫ ʪʘ ʟʘʣʽʟʦʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʾʭ ʩʧʽʣʴʥʽʡ 

ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ. ï  ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.16.02 - çʄʝʪʘʣʫʨʛʽʷ ʯʦʨʥʠʭ ʽ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ 

ʩʧʝʮʽʘʣʴʥʠʭ ʩʧʣʘʚʽʚè. ï ʅʘʮʽʦʥʘʣʴʥʘ ʤʝʪʘʣʫʨʛʽʡʥʘ ʘʢʘʜʝʤʽʷ ʋʢʨʘʾʥʠ. ï

ʤ. ɼʥʽʧʨʦ-2018. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ ʟʘʜʘʥʦʛʦ 

ʩʢʣʘʜʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʫʣʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʰʠʭʪʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʽ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʚʠʨʦʙʥʠʮʪʚʘ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ.  

ʊʘʢʦʞ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʟʘʤʽʥʠ ʚʘʧʥʷʢʫ ʚ ʩʢʣʘʜʽ 

ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʢʦʤʧʣʝʢʩʥʠʤ ʬʣʶʩʦʤ. ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʭʦʜʫ ʛʦʜʥʦʛʦ ʥʘ 8,37%, ʟʙʽʣʴʰʝʥʥʷ ʽʥʜʝʢʩʫ ʥʘ ʫʜʘʨ ʥʘ 2,96%, ʨʦʩʪʫ 

ʧʠʪʦʤʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ  - 16,02%. ʇʨʠ ʟʘʤʽʥʽ ʚʘʧʥʷʢʫ ʪʘ ʙʝʥʪʦʥʽʪʫ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʦʢʘʪʠʰʽʚ ʢʦʤʧʣʝʢʩʥʠʤ ʬʣʶʩʦʤ ʟʨʦʩʣʘ ʾʭ ʚʽʜʥʦʚʥʽʩʪʴ ʥʘ 25%, 

ʟʤʝʥʰʠʚʩʷ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ ʧʦʚʥʦʛʦ ʨʦʟʧʣʘʚʣʝʥʥʷ ʦʢʘʪʠʰʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʤʧʣʝʢʩʥʠʡ ʬʣʶʩ, ʬʝʨʠʪʥʦ-ʢʘʣʴʮʽʻʚʘ ʩʫʤʽʰ, 

ʢʦʥʮʝʥʪʨʘʪ, ʚʘʧʥʷʢ, ʟʘʣʽʟʥʘ ʨʫʜʘ, ʚʘʧʥʦ, ʘʛʣʦʤʝʨʘʪ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ, 

ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʢʦʤʙʽʥʦʚʘʥʽ ʛʨʘʥʫʣʠ. 
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 The dissertation on competition of a scientific degree of candidate of 

technical sciences, speciality 05.16.02 - "Metallurgy of ferrous and non-ferrous 

metals and special alloys". National metallurgical Academy of Ukraine. - Dnipro - 

2018. 

Requirements for the granulometric and the ratio composition of charge 

components have been formulated. The basic parameters of the technological mode 

of complex flux production have been established. 

The research of the replacement of limestone in the composition of sinter 

charge by the complex flux was conducted.   The results were in the 8,37% 

increasing of the sinter quality yield, the 2,96% increasing of the sinter strength, 

and the 16,02% increasing of the specific productivity. The replacing of limestone 

and bentonite in the pellet charge by the complex flux increased the pellets 

reduction index by 25% and decreased the temperature range of the complete 

melting of the pellets.   

Keywords: complex flux, ferrite-calcium mix, concentrate, limestone, iron 

ore, lime, agglomerate, particle size distribution, the regression equation, combined 

granules. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ.  ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʢʫʩʢʦʚʘʥʦʾ ʟʘʣʽʟʦʨʫʜʥʦʾ 

ʩʠʨʦʚʠʥʠ ʩʧʨʠʷʻ ʩʫʪʪʻʚʦʤʫ ʧʽʜʚʠʱʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ʇʨʘʢʪʠʢʘ ʜʦʤʝʥʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʢʘʟʘʣʘ, ʱʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʩʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʢʘʪʠʰʽʚ, ʦʩʥʦʚʥʦʶ ʟʘʣʽʟʦʨʫʜʥʦʶ 

ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʜʦʤʝʥʥʠʭ ʧʝʯʝʡ ʻ ʦʬʣʶʩʦʚʘʥʠʡ ʘʛʣʦʤʝʨʘʪ. ʇʦʷʩʥʶʻʪʴʩʷ ʮʝ 

ʧʦʨʽʚʥʷʥʦ ʧʨʦʩʪʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʥʝʚʠʩʦʢʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ, ʾʾ ʚʦʣʦʛʦʩʪʽ ʪʘ ʽʥ. ʋ ʪʦʡ ʞʝ ʯʘʩ 

ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʘʛʣʦʤʝʨʘʪ ʤʘʻ ʥʝʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʽ ʟʥʘʯʥʠʡ ʚʤʽʩʪ 

ʜʨʽʙôʷʟʢʫ. ʊʘʢ, ʚʤʽʩʪ ʬʨʘʢʮʽʾ 0 ï 5 ʤʤ ʚ ʘʛʣʦʤʝʨʘʪʽ ʨʽʟʥʠʭ ʬʘʙʨʠʢ ʜʦʩʷʛʘʻ 10,2 

- 26,0%, ʘ ʧʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʚ ʜʦʤʝʥʥʠʡ ʮʝʭ ʮʝʡ ʧʦʢʘʟʥʠʢ ʟʨʦʩʪʘʻ ʜʦ 11,1 -  

26,5%. ɿʥʘʯʥʠʡ ʚʤʽʩʪ ʜʨʽʙôʷʟʢʫ ʚ ʘʛʣʦʤʝʨʘʪʽ ʩʫʪʪʻʚʦ ʧʦʛʽʨʰʫʻ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦʤʝʥʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʇʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʘʛʣʦʤʝʨʘʪʫ ʪʘ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʡʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʦ ʻ ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʋʢʨʘʾʥʠ. ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʨʫʡʥʫʚʘʥʥʷ ʦʬʣʶʩʦʚʘʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ ʻ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ ʧʨʠ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʡʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʥʷʭ ʚ ʧʨʦʮʝʩʽ ʦʭʦʣʦʜʞʝʥʥʷ. ʋ ʨʦʙʦʪʘʭ ɺ.ɸ.ʋʪʢʦʚʘ, ɻ.ɻ.ɭʬʽʤʝʥʢʦ, 

ɼ.ɸ. ʂʦʚʘʣʴʦʚʘ ʪʘ ʽʥ. ʧʦʢʘʟʘʥʦ, ʱʦ ʦʜʥʦ- ʪʘ ʜʚʦʢʘʣʴʮʽʻʚʽ ʬʝʨʠʪʠ, ʟʘʭʠʱʘʶʪʴ 

ʩʧʝʯʝʥʝʮʴ ʚʽʜ ʨʫʡʥʫʚʘʥʥʷ, ʟʘ ʨʘʭʫʥʦʢ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ.  

ʆʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʩʧʦʩʦʙʽʚ ʚʚʝʜʝʥʥʷ ʬʝʨʠʪʽʚ ʢʘʣʴʮʽʶ ʜʦ ʩʢʣʘʜʫ 

ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʬʣʶʩʽʚ. ʇʨʠ ʮʴʦʤʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ  ʜʘʥʦʛʦ ʟʘʭʦʜʫ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʦʩʦʙʫ 

ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʬʣʶʩʫ ʻ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ 

ʦʢʫʩʢʫʚʘʥʥʷ ʟʘʣʽʟʦʨʫʜʥʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ ʜʦʤʝʥʥʦʾ ʧʣʘʚʢʠ.  

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ.  

ʈʦʟʛʣʷʥʫʪʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʧʠʪʘʥʥʷ ʽ ʟʘʜʘʯʽ ʩʢʣʘʜʘʶʪʴ ʨʝʟʫʣʴʪʘʪʠ 
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ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʚʠʢʦʥʘʥʽ ʘʚʪʦʨʦʤ ʪʘ ʚʠʢʣʘʜʝʥʽ ʫ ʟʚʽʪʽ ʽʟ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ 

ʨʦʙʦʪʠ çʅʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ ʪʝʧʣʦ-ʤʘʩʦʦʙʤʽʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ 0115U003176). ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʷ ʚ ʨʘʤʢʘʭ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʢʘʬʝʜʨʠ ʤʝʪʘʣʫʨʛʽʾ ʯʘʚʫʥʫ ʅʘʮʽʦʥʘʣʴʥʦʾ 

ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ. 

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʧʨʦʮʝʩʽʚ ʦʜʝʨʞʘʥʥʷ ʚʘʧʥʘ ʪʘ 

ʬʝʨʠʪʥʠʭ ʩʧʦʣʫʢ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʧʝʨʝʜʙʘʯʘʣʦʩʷ 

ʚʠʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʘʜʘʯ: 

ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ, ʾʭ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʧʝʨʝʚʘʛ ʽ ʥʝʜʦʣʽʢʽʚ; 

 ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʭ ʰʠʭʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ ʥʘ ʦʩʥʦʚʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʝʘʢʮʽʡ 

ʚʟʘʻʤʦʜʽʾ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʤʽʞ ʥʠʤʠ; 

 ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʰʠʭʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭ 

ʢʨʫʧʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; 

 ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ ʢʦʤʙʽʥʦʚʘʥʠʭ 

ʛʨʘʥʫʣ;  

ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʩʧʽʢʘʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ (ʚʦʣʦʛʦʩʪʽ ʰʠʭʪʠ, 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʯʘʩʫ ʟʘʧʘʣʶʚʘʥʥʷ ʰʠʭʪʠ); 

 ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʚʠʜʫ ʬʣʶʩʫʶʯʦʾ ʜʦʙʘʚʢʠ ʥʘ ʧʨʦʮʝʩʠ ʦʢʫʩʢʫʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ; 

 ʘʥʘʣʽʟ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʘʛʣʦʤʝʨʘʪʫ ʪʘ 

ʦʢʘʪʠʰʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ. 

 ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʛʣʦʤʝʨʘʪʫ ʥʘ ʦʩʥʦʚʽ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ ʚ ʜʦʤʝʥʥʽʡ ʧʝʯʽ. 
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ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ ʟʘ 

ʨʘʭʫʥʦʢ ʧʦʻʜʥʘʥʥʷ  ʧʨʦʮʝʩʽʚ ʚʠʧʘʣʫ ʚʘʧʥʷʢʫ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ ʬʝʨʠʪʽʚ 

ʢʘʣʴʮʽʶ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʧʣʠʚ ʪʠʧʫ ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʭʽʤʽʯʥʦʛʦ 

ʪʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʰʠʭʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ 

ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ, ʚʧʣʠʚ  ʢʨʫʧʥʦʩʪʽ ʰʤʘʪʦʯʢʽʚ 

ʚʘʧʥʷʢʫ ʥʘ ʪʦʚʱʠʥʫ ʥʘʢʘʪʘʥʦʛʦ ʰʘʨʫ ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʤʽʥʠ ʪʨʘʜʠʮʽʡʥʠʭ ʬʣʶʩʽʚ ʢʦʤʧʣʝʢʩʥʠʤ ʫ ʧʨʦʮʝʩʘʭ 

ʦʢʫʩʢʫʚʘʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʩʠʨʦʚʠʥʠ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɸʥʘʣʽʪʠʯʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʘʢʮʽʾ 

ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʧʦʣʦʞʝʥʥʷʭ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ ʪʘ ʪʝʦʨʽʾ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ. ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʝʘʢʮʽʾ ʜʠʩʦʮʽʘʮʽʾ 

ʚʘʧʥʷʢʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʟʘʣʽʟʦʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʚʘʧʥʷʢʫ ʽ ʧʘʣʠʚʘ ʪʘ ʚʠʟʥʘʯʝʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʘʤʽʥʠ ʪʨʘʜʠʮʽʡʥʠʭ ʬʣʶʩʽʚ ʢʦʤʧʣʝʢʩʥʠʤ ʧʨʦʚʦʜʠʣʠ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ 

ʯʘʰʽ ʜʣʷ ʩʧʽʢʘʥʥʷ ʘʛʣʦʤʝʨʘʪʫ ʫ ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ ʤʝʪʘʣʫʨʛʽʾ ʯʘʚʫʥʫ 

ʅʄʝʪɸʋ. ʇʨʦʚʝʜʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ ʬʽʟʠʯʥʦʾ ʭʽʤʽʾ ʋɼʍʊʋ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ ʪʘ ʦʢʘʪʠʰʽʚ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʥʘʢʘʪʥʦʛʦ 

ʰʘʨʫ ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ 

ʢʘʬʝʜʨʠ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʅʄʝʪɸʋ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʪʘ 

ʚʠʨʽʰʝʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʟʘʜʘʯ ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʽ  ʧʨʠʢʣʘʜʥʽ ʧʨʦʛʨʘʤʠ 

ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. ʋʩʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʽ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʚʽʨʝʥʦʛʦ ʽ ʩʝʨʪʠʬʽʢʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʫʩʪʘʪʢʫʚʘʥʥʷ. 
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ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

1. ɺʩʪʘʥʦʚʣʝʥʦ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʦ ʪʝʦʨʝʪʠʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʧʝʨʰʦʯʝʨʛʦʚʝ 

ʫʪʚʦʨʝʥʥʷ ʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʧʨʠ ʾʭ ʩʧʽʣʴʥʦʤʫ ʟʥʘʭʦʜʞʝʥʥʽ ʫ ʚʠʭʽʜʥʽʡ ʰʠʭʪʽ, 

ʱʦ ʤʽʩʪʠʪʴ ʟʘʣʽʟʦʚʤʽʩʥʽ ʤʘʪʝʨʽʣʠ, ʢʽʥʝʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʾ ʨʝʘʢʮʽʾ 

ʩʠʣʽʢʘʪʦʫʪʚʦʨʝʥʴ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʨʝʘʛʫʶʯʠʭ ʨʝʯʦʚʠʥ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʚ ʨʝʘʢʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʣʽʤʽʪʫʶʯʦʶ ʣʘʥʢʦʶ ʧʨʦʮʝʩʫ 

ʫʪʚʦʨʝʥʥʷ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʟʥʘʯʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 

ʯʘʩʪʢʘʤʠ ʫ ʨʝʘʛʫʶʯʽʡ ʩʠʩʪʝʤʽ, ʱʦ ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘʢʘʪʫʚʘʥʥʷ 

ʚʠʭʽʜʥʦʾ ʰʠʭʪʠ. 

2. ʆʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʚʠʧʘʣʫ ʚʘʧʥʷʢʫ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʷʢ ʟʘʣʽʟʥʘ ʨʫʜʘ ʪʘ ʤʘʛʥʝʪʠʪʦʚʠʡ ʢʦʥʮʝʥʪʨʘʪ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʢʦʤʙʽʥʦʚʘʥʠʭ ʛʨʘʥʫʣ ʟʘ ʨʘʭʫʥʦʢ 

ʚʟʘʻʤʦʜʽʾ ʚʘʧʥʘ ʪʘ ʦʢʩʠʜʽʚ ʨʫʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ 

ʪʘ ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʪʽʢʘʥʥʷ ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʨʝʘʢʮʽʡ 

ʚʟʘʻʤʦʜʽʾ ʩʚʽʞʦʚʠʧʘʣʝʥʦʛʦ ʚʘʧʥʘ ʟ ʦʢʩʠʜʘʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ 

ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.   

3. ʈʦʟʚʠʥʫʪʽ ʫʷʚʣʝʥʥʷ ʱʦʜʦ ʚʧʣʠʚʫ ʪʠʧʫ ʟʘʣʽʟʦʚʤʽʩʥʦʾ ʩʠʨʦʚʠʥʠ ʥʘ 

ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʪʨʠʤʘʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ ʽʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʬʝʨʠʪʽʚ ʢʘʣʴʮʽʶ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʤʽʩʪʫ SiO2 ʚ ʥʝʨʫʜʥʽʡ ʯʘʩʪʠʥʽ ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʟʘʚʜʷʢʠ ʯʦʤʫ 

ʤʦʞʣʠʚʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʨʝʘʛʫʶʯʠʭ ʢʦʥʪʘʢʪʽʚ ʤʽʞ  SiO2 ʪʘ ʉʘʆ ʪʘ 

ʚʤʩ̔ʪʦʤ ʟʘʣʽʟʘ Fe3+, ʚʟʘʻʤʦʜʽʷ ʷʢʦʛʦ ʟ ʉʘʆ ʤʘʻ ʽʩʪʦʪʥʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʪʘ 

ʢʽʥʝʪʠʯʥʽ ʧʝʨʝʚʘʛʠ. 

        ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

1. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ ʥʘ 

ʢʦʥʚʝʻʨʥʽʡ ʤʘʰʠʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ ʚ 

ʽʥʜʫʢʮʽʡʥʽʡ ʧʝʯʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʜʝʨʞʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʬʣʶʩ ʙʝʟ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʩʫʪʪʻʚʠʭ ʟʤʽʥ 

ʨʦʙʦʪʠ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 
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 2. ʈʦʟʨʦʙʣʝʥʽ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʙʦʨʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʨʝʞʠʤʫ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ ʽʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʬʝʨʠʪʽʚ ʢʘʣʴʮʽʶ ʢʨʫʧʥʽʩʪʴ ʚʘʧʥʷʢʫ 

ʪʘ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʧʦʚʠʥʥʘ ʙʫʪʠ, ʚʽʜʧʦʚʽʜʥʦ, ʚ ʤʝʞʘʭ 3 - 10 ʪʘ 0 - 5ʤʤ, 

ʢʨʫʧʥʽʩʪʴ ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ - ʜʦ 0,01 ʤʤ, ʚʦʣʦʛʽʩʪʴ ʰʠʭʪʠ 5 - 6%, 

ʚʠʪʨʘʪʘ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʥʘ ʧʨʦʮʝʩ 8 - 9%. 

3. ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʝʢʪʫ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʬʘʙʨʠʢ ʋʢʨʘʾʥʠ ʚ ʜʝʨʞʘʚʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ çʋʢʨʜʽʧʨʦʤʝʟè 

(ʜʦʜʘʪʦʢ ɸ), ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘ ʢʘʬʝʜʨʽ 

ʤʝʪʘʣʫʨʛʽʾ ʯʘʚʫʥʫ ʅʘʮʽʦʥʘʣʴʥʦʾ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ ʧʨʠ ʚʠʚʯʝʥʥʽ 

ʜʠʩʮʠʧʣʽʥʠ çʇʽʜʛʦʪʦʚʢʘ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʩʠʨʦʚʠʥʠè  ʩʧʝʮʽʘʣʴʥʦʩʪʽ  136 -  

çʄʝʪʘʣʫʨʛʽʷè (ʜʦʜʘʪʦʢ ɹ). 

ɺʣʘʩʥʠʡ ʚʢʣʘʜ ʟʜʦʙʫʚʘʯʘ. ɼʠʩʝʨʪʘʮʽʷ ʻ ʩʘʤʦʩʪʽʡʥʦʶ ʨʦʙʦʪʦʶ ʘʚʪʦʨʘ, 

ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, 

ʚʠʢʦʥʘʥʠʭ ʦʩʦʙʠʩʪʦ ʜʠʩʝʨʪʘʥʪʦʤ.  

ɸʚʪʦʨ ʧʨʠʡʤʘʚ ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯʘʩʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʟʘʚʜʘʥʴ ʪʘ ʤʝʪʠ 

ʨʦʙʦʪʠ, ʫ ʚʠʢʦʥʘʥʥʽ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʦʙʨʦʙʮʽ  ʨʝʟʫʣʴʪʘʪʽʚ. ʊʝʦʨʝʪʠʯʥʽ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʦʟʨʦʙʢʠ ʚʠʢʦʥʘʥʽ 

ʜʠʩʝʨʪʘʥʪʦʤ ʟʘ ʢʦʥʩʫʣʴʪʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ ʥʘʫʢʦʚʦʛʦ ʢʝʨʽʚʥʠʢʘ. ʆʩʥʦʚʥʽ 

ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʱʦ ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʽ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʩʪʘʪʪʷʭ ʪʘ 

ʜʦʧʦʚʽʜʷʭ, ʚʠʢʦʥʘʥʽ ʜʠʩʝʨʪʘʥʪʦʤ ʩʘʤʦʩʪʽʡʥʦ ʘʙʦ ʚ ʩʧʽʚʘʚʪʦʨʩʪʚʽ 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʄʘʪʝʨʽʘʣʠ ʨʦʙʦʪʠ ʙʫʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʜʦʧʦʚʽʜʷʭ ʥʘ: ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʽ (ʤ. ɿʘʧʦʨʽʞʞʷ 

2014, 2015, 2016 ʨ.), ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʃʠʪʚʦ. 

ʄʝʪʘʣʫʨʛʽʷè (ʤ. ɿʘʧʦʨʽʞʞʷ, 2015, 2016 ʨ.), ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʉʧʝʮʽʘʣʴʥʘ ʤʝʪʘʣʫʨʛʽʷ: ʚʯʦʨʘ, ʩʴʦʛʦʜʥʽ, ʟʘʚʪʨʘè 

(ʤ. ʂʠʾʚ, 2017 ʨ.), ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʨʦʟʚʠʪʢʫ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʥʘʫʢʠ ʪʘ ʦʩʚʽʪʠè, ʧʨʠʩʚʷʯʝʥʽʡ 

100-ʨʽʯʯʶ ɻ.ɻ.ɭʬʽʤʝʥʢʦ (ʤ.ɼʥʽʧʨʦ, 2017ʨ.). 
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ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʽ 14 ʨʦʙʽʪ, ʽʟ 

ʥʠʭ 4   - ʩʪʘʪʪʽ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʟʘʪʚʝʨʜʞʝʥʠʭ ɺɸʂ 

ʋʢʨʘʾʥʠ, 1  -  ʩʪʘʪʪʷ ʫ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ ʽʥʰʠʭ ʜʝʨʞʘʚ, 2 ï ʧʘʪʝʥʪʠ ʥʘ 

ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ, 7 ï ʤʘʪʝʨʽʘʣʠ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ 

ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʽ ʜʦʜʘʪʢʽʚ. 

ʄʘʪʝʨʽʘʣ ʜʠʩʝʨʪʘʮʽʾ ʚʠʢʣʘʜʝʥʠʡ ʥʘ  136 ʩʪʦʨʽʥʢʘʭ, ʚʢʣʶʯʘʶʯʠ  48 ʨʠʩʫʥʢʽʚ,  

17 ʪʘʙʣʠʮʴ ʪʘ 3 ʜʦʜʘʪʢʠ. ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ ʤʽʩʪʠʪʴ 102 ʥʘʡʤʝʥʫʚʘʥʴ 

ʨʦʙʽʪ ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʢʦʨʜʦʥʥʠʭ ʘʚʪʦʨʽʚ. 
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ʈʆɿɼɯʃ 1 

ʉʋʏɸʉʅʀʁ ʉʊɸʅ, ʊɽʆʈɯʗ ʊɸ ʇʈɸʂʊʀʂɸ ɿɸʉʊʆʉʋɺɸʅʅʗ ɺ 

ʄɽʊɸʃʋʈɻɯɰ ʈɯɿʅʆʄɸʅɯʊʅʀʍ ʌʃʖʉɯɺ 

 

1.1 ʌʣʶʩʠ ʪʘ ʾʭ ʧʨʠʟʥʘʯʝʥʥʷ  

 

ʉʫʯʘʩʥʝ ʤʝʪʘʣʫʨʛʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ 

ʜʦʤʝʥʥʦʾ ʧʣʘʚʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʨʠʢʝʪʠ, ʘʛʣʦʤʝʨʘʪ ʘʙʦ ʦʢʘʪʠʰʽ. ʆʩʪʘʥʥʽ 

ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʫ ʚʠʨʦʙʥʠʮʪʚʽ. ɸʛʣʦʤʝʨʘʪ ʘʙʦ ʦʢʘʪʠʰʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʚʠʯʘʡʥʠʤʠ ʘʙʦ ʦʬʣʶʩʦʚʘʥʥʠʤ. ʋ ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʤʘʻ 

ʦʬʣʶʩʦʚʘʥʘ ʩʠʨʦʚʠʥʘ [1]. 

ɺʠʨʦʙʥʠʮʪʚʦ ʦʬʣʶʩʦʚʘʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ ʤʘʻ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʚʠʯʘʡʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ [2]: 

- ʚʚʝʜʝʥʥʷ ʚʘʧʥʷʥʠʭ ʬʣʶʩʽʚ ʚ ʘʛʣʦʤʝʨʘʮʽʡʥʫ ʰʠʭʪʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ, 

ʷʢ ʧʨʘʚʠʣʦ, ʟʙʽʣʴʰʝʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʤʘʰʠʥ; 

- ʚʽʜʥʦʚʥʽʩʪʴ ʦʬʣʶʩʦʚʘʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ ʚʠʱʝ ʚʽʜʥʦʚʥʦʩʪʽ ʟʚʠʯʘʡʥʦʛʦ; 

- ʜʦʙʘʚʢʘ ʚʘʧʥʷʢʫ ʚ ʘʛʣʦʤʝʨʘʮʽʡʥʦʛʦ ʰʠʭʪʫ ʩʢʦʨʦʯʫʻ, ʘ ʟʘ ʚʠʩʦʢʦʾ 

ʦʩʥʦʚʥʦʩʪʽ ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʘʻ ʜʦʙʘʚʢʫ ʡʦʛʦ ʚ ʜʦʤʝʥʥʫ ʧʽʯ, ʱʦ 

ʟʤʝʥʰʫʻ ʚʠʪʨʘʪʫ ʜʦʨʦʛʦʛʦ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʢʦʢʩʫ ʥʘ ʚʠʧʣʘʚʢʫ ʯʘʚʫʥʫ, 

- ʧʦʢʨʘʱʫʻ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʜʦʤʝʥʥʦʾ ʧʝʯʽ ʽ ʟʙʽʣʴʰʫʻ ʾʾ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 

ɿʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ ʢʦʢʩʫ ʧʨʠ ʟʘʤʽʥʽ ʚ ʜʦʤʝʥʥʽʡ ʰʠʭʪʽ ʟʚʠʯʘʡʥʦʛʦ 

ʘʛʣʦʤʝʨʘʪʫ ʪʘ ʩʠʨʦʛʦ ʚʘʧʥʷʢʫ ʥʘ ʦʬʣʶʩʦʚʘʥʠʡ ʘʛʣʦʤʝʨʘʪ ʦʙʫʤʦʚʣʶʻʪʴʩʷ 

ʩʢʦʨʦʯʝʥʥʷʤ ʚʠʪʨʘʪ ʪʝʧʣʘ ʚ ʜʦʤʝʥʥʽʡ ʧʝʯʽ ʽ ʟʤʝʥʰʝʥʥʷʤ ʚʠʪʨʘʪ ʚʫʛʣʝʮʶ ʥʘ 

ʧʨʷʤʝ ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʣʽʟʘ ʪʘ ʽʥʰʠʭ ʤʝʪʘʣʽʚ. 

ɺʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʦʬʣʶʩʦʚʘʥʠʭ ʘʛʣʦʤʝʨʘʪʽʚ ʻ ʤʝʥʰʠʡ, ʧʦʨʽʚʥʷʥʦ 

ʟʽ ʟʚʠʯʘʡʥʠʤ ʘʛʣʦʤʝʨʘʪʦʤ ʚʤʽʩʪ ʬʘʷʣʽʪʫ ʽ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʨʦʟʧʘʜʫ ï 

ʨʫʡʥʫʚʘʥʥʷ ʟ ʧʣʠʥʦʤ ʯʘʩʫ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʤʦʜʠʬʽʢʘʮʽʡʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ 

ʦʨʪʦʩʠʣʽʢʘʪʫ ʢʘʣʴʮʽʶ(Ca2SiO4) ʪʘ ʥʘʷʚʥʽʩʪʶ ʚʽʣʴʥʦʛʦ ʚʘʧʥʘ. ʈʫʡʥʫʚʘʥʥʷ 

ʥʘʩʪʫʧʘʻ ʪʠʤ ʰʚʠʜʰʝ, ʯʠʤ ʙʽʣʴʰʝ ʚ ʰʠʭʪʫ ʙʫʣʦ ʚʚʝʜʝʥʦ ʬʣʶʩʫ. ɸʛʣʦʤʝʨʘʪʠ 
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ʟ ʜʦʙʘʚʢʦʶ ʚʘʧʥʷʢʫ ʤʝʥʰ ʩʪʽʡʢʽ, ʥʽʞ ʘʛʣʦʤʝʨʘʪʠ ʟ ʜʦʙʘʚʢʦʶ ʚʘʧʥʘ ʽ 

ʚʘʧʥʷʥʦʛʦ ʤʦʣʦʢʘ. 

ɼʣ̫ ʦʬʣʶʩʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢ ʟʚʘʥʽ ʬʣʶʩʠ. ʌʣʶʩʘʤʠ 

ʥʘʟʠʚʘʶʪʴʩʷ ʜʦʙʘʚʢʠ, ʷʢʽ ʜʦʜʘʶʪʴ ʜʦ ʩʢʣʘʜʫ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʜʣʷ 

ʨʝʛʫʣʶʚʘʥʥʷ ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʘʛʣʦʤʝʨʘʪʫ ʪʘ ʜʣʷ ʫʪʚʦʨʝʥʥʷ 

ʣʝʛʢʦʧʣʘʚʢʠʭ ʟôʻʜʥʘʥʴ ʧʨʠ ʩʧʽʢʘʥʥʽ [3]. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʧʫʩʪʦʾ ʧʦʨʦʜʠ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʬʣʶʩʠ 

ʙʫʚʘʶʪʴ: ʦʩʥʦʚʥʽ, ʢʠʩʣʽ ʽ ʛʣʠʥʦʟʝʤʥʽ. ʇʝʨʰʽ ʤʽʩʪʷʪʴ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʘʧʥʦ ʽ 

ʤʘʛʥʝʟʽʶ, ʜʨʫʛʽ, ʚ ʦʩʥʦʚʥʦʤʫ, ʢʨʝʤʥʝʟʝʤ, ʪʨʝʪʽ ʩʢʣʘʜʘʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʽʟ 

ʩʫʤʽʰʽ ʛʣʠʥʦʟʝʤʫ ʪʘ ʦʢʩʠʜʫ ʢʨʝʤʥʽʶ. ɸʣʝ ʪʘʢ ʷʢ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʧʦʨʦʞʥʷ ʧʦʨʦʜʘ ʚʠʭʽʜʥʦʛʦ ʢʨʝʤʥʽʡʚʤʽʱʫʶʯʘ, ʘ ʽʥʜʝʢʩ ʦʩʥʦʚʥʦʩʪʽ ʰʣʘʢʫ ʤʘʻ 

ʙʫʪʠ 0,9 - 1,4, ʪʦ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʽ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʦʩʥʦʚʥʽ ʬʣʶʩʠ, 

ʪʦʙʪʦ ʧʦʨʦʜʠ ʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʤʽʩʪʷʪʴ CaO ʽ MgO, ʽ ʱʦ ʚʦʣʦʜʽʶʪʴ 

ʥʝʦʙʭʽʜʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʦʩʥʦʚʥʠʭ ʬʣʶʩʽʚ ʟ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʩʫʪʪʻʚʦ 

ʨʦʟʰʠʨʷʶʪʴʩʷ. ʅʘ ʨʠʩ. 1.1 ʧʨʠʚʝʜʝʥʘ ʝʚʦʣʶʮʽʷ ʬʫʥʢʮʽʡ ʬʣʶʩʫ ʥʘ  ʧʨʠʢʣʘʜʽ 

ʨʦʟʚʠʪʢʫ ʘʛʣʦʤʝʨʘʮʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʚʠʜʦʤ ʬʣʶʩʫ 

ʻ ʚʘʧʥʷʢ. ɺʠʤʦʛʠ ʜʦ ʚʘʧʥʷʢʫ ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʠʞʥʽ ʤʝʞʽ ʚʤʽʩʪʫ CaO ʽ MgO, 

ʚʝʨʭʥʽ ʤʝʞʽ ʚʤʽʩʪʫ ʥʝʨʦʟʯʠʥʥʦʛʦ ʟʘʣʠʰʢʫ, ʬʦʩʬʦʨʫ ʽ ʩʽʨʢʠ, ʘ ʪʘʢʦʞ ʨʦʟʤʽʨ 

ʰʤʘʪʢʽʚ. ɺʘʧʥʷʢʠ, ʱʦ ʧʦʩʪʘʚʣʷʶʪʴʩʷ ʥʘ ʬʘʙʨʠʢʠ ʦʢʫʩʢʫʚʘʥʥʷ ʧʦʚʠʥʥʽ ʤʘʪʠ 

ʢʨʫʧʥʽʩʪʴ 25 - 0 ʤʤ, ʪʘʢ ʷʢ ʚʦʥʠ ʚʩʝ ʦʜʥʦ ʧʽʜʜʘʶʪʴʩʷ ʜʨʦʙʣʝʥʥʶ ʜʦ 3 - 0 ʤʤ 

ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʘʛʣʦʤʝʨʘʪʫ ʽ 0,1 - 0,3 ʤʤ ï ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʦʬʣʶʩʦʚʘʥʠʭ 

ʦʢʘʪʠʰʽʚ. 

ɺʘʧʥʷʢ ʩʧʦʯʘʪʢʫ ʜʨʦʙʣʷʪʴ ʚ ʱʦʢʦʚʠʭ ʘʙʦ ʢʦʥʫʩʥʠʭ ʜʨʦʙʘʨʢʘʭ ʜʦ 

ʥʝʦʙʭʽʜʥʦʛʦ ʨʦʟʤʽʨʫ, ʧʦʪʽʤ ʧʨʦʤʠʚʘʶʪʴ ʚʽʜ ʛʣʠʥʠ ʪʘ ʥʘʧʨʘʚʣʷʶʪʴ ʥʘ 

ʛʨʦʭʦʯʝʥʥʷ. ʇʽʩʣʷ ʮʴʦʛʦ ʜʨʽʙʥʘ ʬʨʘʢʮʽʷ ʧʦʜʨʽʙʥʶʻʪʴʩʷ ʤʦʣʦʪʢʦʚʠʭ ʤʣʠʥʘʭ 

ʜʦ ʢʨʫʧʥʦʩʪʽ 0 - 3ʤʤ (ʬʨʘʢʮʽʷ 0 - 2ʤʤ ʩʢʣʘʜʘʻ ʙʽʣʴʰʝ 90%) ʪʘ ʜʦʜʘʶʪʴ ʜʦ 

ʩʢʣʘʜʫ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ [4].  ɺʘʧʥʷʢ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʘʭ 

ʤʽʥʝʨʘʣʦʫʪʚʦʨʝʥʥʷ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʚ ʰʠʭʪʽ ʜʦʩʷʛʘʶʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʯʘʪʢʫ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ (500Üʉ). 
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ʗʢʽʩʪʴ ʚʘʧʥʷʢʫ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʩʫʤʘʨʥʠʤ ʚʤʽʩʪʦʤ ʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʽ 

ʤʘʛʥʽʶ, ʘ ʪʘʢʦʞ ʧʦ ʢʽʣʴʢʦʩʪʽ ʥʝʨʦʟʯʠʥʥʦʛʦ ʦʩʘʜʫ (ʪʫʛʦʧʣʘʚʢʠʭ ʦʢʩʠʜʽʚ) ʽ ʟʘ 

ʢʽʣʴʢʽʩʪʶ ʰʢʽʜʣʠʚʠʭ ʜʦʤʽʰʦʢ - ʬʦʩʬʦʨʫ ʽ ʩʽʨʢʠ, ʚʤʽʩʪ ʷʢʠʭ ʤʘʻ ʙʫʪʠ 

ʤʽʥʽʤʘʣʴʥʠʤ [5].  

ɺʠʤʦʛʠ ʜʦ ʭʽʤʽʯʥʦʛʦ ʽ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʦʩʥʦʚʥʠʭ ʬʣʶʩʽʚ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1.1 

ɺʠʤʦʛʠ ʜʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʬʣʶʩʦʚʠʭ ʚʘʧʥʷʢʽʚ 

ʉʢʣʘʜʦʚʽ 

ɺʤʽʩʪ ʚ ʚʘʧʥʷʢʫ, % 

ɿʚʠʯʘʡʥʠʡ ʚʘʧʥʷʢ 
ɼʦʣʦʤʽʪʠʟʦʚʘʥʠʡ 

ʚʘʧʥʷʢ 

1-ʡ ʩʦʨʪ 2-ʡ ʩʦʨʪ 1-ʡ ʩʦʨʪ 2-ʡ ʩʦʨʪ 

ʆʢʩʠʜ ʢʘʣʴʮʽʶ, ʥʝ 

ʤʝʥʰʝ 
50 52 - - 

ʆʢʩʠʜ ʤʘʛʥʽʶ, ʥʝ ʤʝʥʰʝ - - 7 5 

ʅʝʨʦʟʯʠʥʥʠʡ ʦʩʘʜ, ʥʝ 

ʙʽʣʴʰʝ 
2 4 2 4 

ʌʦʩʬʦʨ, ʥʝ ʙʽʣʴʰʝ 0,01 0,01 0,01 0,01 

ʆʢʩʠʜ ʩʽʨʢʠ, ʥʝ ʙʦʣʝʝ 0,25 0,35 0,25 0,35 

ʉʫʤʘ ʛʣʠʥʦʟʝʤʫ ʪʘ 

ʟʘʣʽʟʘ, ʥʝ ʙʽʣʴh ʝ 
2 3 2 3 

 

ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʪʝʭʥʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʱʦ ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ 

ʬʣʶʩʦʚʦʛʦ ʚʘʧʥʷʢʫ, ʻ ʪʘʢ ʟʚʘʥʘ ʡʦʛʦ ʬʣʶʩʫʶʯʘ ʟʜʘʪʥʽʩʪʴ (Rʆʩʚ) [6]. 

ʂʽʣʴʢʽʩʥʦ ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ: 

                           ROʩʚ  = (CaO+MgO) ï RĀB,                                         (1.1) 

ʜʝ:- CaO, MgO, R ï ʚʤʽʩʪ ʫ ʚʘʧʥʷʢʫ, ʚʽʜʧʦʚʽʜʥʦ, ʦʢʩʠʜʽʚ ʢʘʣʴʮʽʶ, 

ʤʘʛʥʽʶ ʽ ʥʝʨʦʟʯʠʥʥʦʛʦ ʟʘʣʠʰʢʫ,%; 

- B ï ʦʩʥʦʚʥʽʩʪʴ  (CaO+MgO)/(SiO2+Al2O3), ʷʢʘ ʩʪʘʥʦʚʠʪʴ 0,9 õ 1,4. 
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ʈʠʩ.1.1 ï ʉʭʝʤʘ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʣʶʩʽʚ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʘʛʣʦʤʝʨʘʪʫ 

 

ʐʢʽʜʣʠʚʠʤʠ ʜʦʤʽʰʢʘʤʠ ʚʘʧʥʷʢʫ ʻ ʩʽʨʢʘ ʽ ʬʦʩʬʦʨ. ɺʤʽʩʪ ʩʽʨʢʠ ʫ 

ʚʘʧʥʷʢʘʭ ʟʘʟʚʠʯʘʡ ʥʠʟʴʢʘ ʽ ʚʦʥʘ ʚʠʜʘʣʷʻʪʴʩʷ ʚ ʧʨʦʮʝʩʘʭ ʦʢʫʩʢʫʚʘʥʥʷ ʽ 

ʜʦʤʝʥʥʦʾ ʧʣʘʚʢʠ. ʊʝʭʥʽʯʥʠʤʠ ʫʤʦʚʘʤʠ ʛʨʘʥʠʯʥʠʡ ʚʤʽʩʪ ʬʦʩʬʦʨʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ 0,01 % ʜʣʷ ʟʚʠʯʘʡʥʦʛʦ ʽ 0,005 % ʜʣʷ  ʤʘʣʦʬʦʩʬʦʨʥʦʛʦ ʚʘʧʥʷʢʫ.  

ʆʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʧʥʷʢʫ ʻ ʚʝʣʠʢʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʨʦʟʧʦʜʽʣʫ ʡʦʛʦ ʚ ʦʙ`ʻʤʽ ʰʠʭʪʠ, ʘ ʪʘʢʦʞ ʟʥʘʯʥʽ ʚʠʪʨʘʪʠ ʪʝʧʣʦʪʠ ʥʘ 

ʨʦʟʢʣʘʜʘʥʥʷ ʚʘʧʥʷʢʫ ʚ ʧʨʦʮʝʩʽ ʩʧʽʢʘʥʥʷ ʘʛʣʦʤʝʨʘʪʫ.  

ʇʝʨʝʭʽʜ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʰʠʭʪʽ ʜʣʷ ʩʧʽʢʘʥʥʷ ʘʛʣʦʤʝʨʘʪʫ 

ʪʦʥʢʦʧʦʜʨʽʙʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʠʚ ʚʠʤʦʛʠ ʜʦ ʬʣʶʩʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ï ʚʦʥʠ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠ ʦʢʨʽʤ ʬʣʶʩʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘʢʽ 

ʬʫʥʢʮʽʾ, ʷʢ: ʚôʷʞʫʯʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʛʨʘʥʫʣʦʫʪʚʦʨʶʶʯʠʭ ʮʝʥʪʨʽʚ [7]. ʊʘʢʽ 

ʬʫʥʢʮʽʾ ʚʠʢʦʥʫʻ ʚʘʧʥʦ, ʷʢʝ ʦʪʨʠʤʫʶʪʴ ʽʟ ʚʘʧʥʷʢʫ ʰʣʷʭʦʤ ʡʦʛʦ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʚ ʘʛʨʝʛʘʪʘʭ ʨʽʟʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ: ʰʘʭʪʥʽ, ʦʙʝʨʪʦʚʽ ʪʘ ʽʥʰʽ ʧʝʯʽ. 
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ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʧʘʣʶʚʘʥʥʷ ʚʘʧʥʘ ʧʽʜ ʟʚʘʞʝʥʦʤʫ 

ʩʪʘʥʽ, ʫ ʢʠʧʣʷʯʦʤʫ ʰʘʨʽ, ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʨʝʰʽʪʢʘʭ ʽ ʪ. ʜ. 

ɿʘ ʩʪʫʧʝʥʝʤ ʚʠʧʘʣʫ ʨʦʟʨʽʟʥʷʶʪʴ ʚʘʧʥʘ ʤôʷʢʦʛʦ, ʩʝʨʝʜʥʴʦʛʦ ʪʘ ʩʠʣʴʥʦʛʦ 

ʚʠʧʘʣʫ. ʇʝʨʰʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʧʝʨʝʧʘʣʫ ʽ ʰʚʠʜʢʠʤ ʛʘʩʽʥʥʷʤ. 

ʋ ʩʠʣʴʥʦ ʚʠʧʘʣʝʥʦʛʦ ʚʘʧʥʘ ʤʘʻ ʤʽʩʮʝ ʧʝʨʝʧʘʣ ʪʘ ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʝ 

ʫʧʦʚʽʣʴʥʝʥʝ ʛʘʩʽʥʥʷ [8]. ɺ ʘʛʣʦʤʝʨʘʮʽʡʥʦʤʫ ʧʨʦʮʝʩʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʘʧʥʦ 

ʩʝʨʝʜʥʴʦʛʦ ʚʠʧʘʣʫ.  

ʅʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʜʣʷ ʚʠʧʘʣʫ ʚʘʧʥʷʢʫ ʦʪʨʠʤʘʣʠ ʰʘʭʪʥʽ ʧʝʯʽ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʧʦʨʦʞʥʠʩʪʠʡ ʮʠʣʽʥʜʨ, ʱʦ ʤʘʻ ʟʦʚʥʽʰʥʽʡ ʩʪʘʣʝʚʠʡ 

ʢʦʞʫʭ ʪʦʚʱʠʥʦʶ ʙʣʠʟʴʢʦ 1 ʩʤ ʽ ʚʥʫʪʨʽʰʥʶ ʚʦʛʥʝʪʨʠʚʢʫ ʢʣʘʜʢʫ, ʚʝʨʪʠʢʘʣʴʥʦ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʬʫʥʜʘʤʝʥʪʽ. ʎʽ ʧʝʯʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʽʩʪʶ ʜʽʾ, 

ʟʥʠʞʝʥʠʤʠ ʚʠʪʨʘʪʦʶ ʧʘʣʠʚʘ ʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘ ʪʘʢʦʞ ʧʨʦʩʪʦʪʦʶ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ɹʫʜʽʚʥʠʮʪʚʦ ʾʭ ʧʦʪʨʝʙʫʻ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ 

ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ[9]. 

ʆʙʝʨʪʦʚʽ ʧʝʯʽ ʜʣʷ ʚʠʧʘʣʶʚʘʥʥʷ ʚʘʧʥʘ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʤôʷʢʦ 

ʚʠʧʘʣʝʥʝ ʚʘʧʥʦ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʽʟ ʚʘʧʥʷʢʫ ʪʘ ʤ'ʷʢʠʭ ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʽʜ 

(ʢʨʝʡʜʠ, ʯʝʨʝʧʘʰʥʠʢʫ) ʫ ʚʠʛʣʷʜʽ ʜʨʽʙʥʠʭ ʰʤʘʪʢʽʚ. ʆʙʝʨʪʦʚʽ ʧʝʯʽ ʜʦʧʫʩʢʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʥʦʾ ʤʝʭʘʥʽʟʘʮʽʾ ʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʚʠʧʘʣʫ[9]. ɺʠʪʨʘʪʘ 

ʫʤʦʚʥʦʛʦ ʧʘʣʠʚʘ ʚ ʦʙʝʨʪʦʚʠʭ ʧʝʯʘʭ ʟʥʘʯʥʘ ʽ ʜʦʩʷʛʘʻ 25 - 30 % ʤʘʩʠ ʚʘʧʥʘ, 

ʘʙʦ 6700 - 8400 ʢɼʞ ʥʘ 1 ʢʛ ʚʘʧʥʘ. ʅʝʜʦʣʽʢʠ ʦʙʝʨʪʦʚʠʭ ʧʝʯʝʡ - ʚʝʣʠʢʘ 

ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʥʘ 1 ʪ ʧʦʪʫʞʥʦʩʪʽ, ʧʽʜʚʠʱʝʥʽ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ ʽ ʟʥʘʯʥʝ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɺʠʧʘʣ ʚʘʧʥʷʢʫ ʚ ʧʝʯʘʭ ʢʠʧʣʷʯʦʛʦ ʰʘʨʫ ʟʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤʠ ʪʘ ʧʽʜʚʠʱʝʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʧʘʣʠʚʘ 

ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 4600-5480 ʢɼʞ ʥʘ 1 ʢʛ ʚʘʧʥʘ[10]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚ ʚʘʧʥʷʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʚʠʧʘʣʫ 

ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʽʜ ʚ ʢʠʧʣʷʯʦʤʫ ʰʘʨʽ ʜʦʟʚʦʣʷʻ ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʚʝʣʠʢʽ ʢʽʣʴʢʦʩʪʽ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ ʩʠʨʦʚʠʥʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʟʘʟʚʠʯʘʡ ʥʘ 

ʢʘʨ'ʻʨʘʭ, ʘ ʪʘʢʦʞ ʥʘ ʟʘʚʦʜʘʭ, ʦʙʣʘʜʥʘʥʠʭ ʰʘʭʪʥʠʤʠ ʽ ʥʘʚʽʪʴ ʦʙʝʨʪʦʚʠʤʠ 
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ʧʝʯʘʤʠ. ʅʝʜʦʣʽʢʦʤ ʮʠʭ ʫʩʪʘʥʦʚʦʢ ʻ ʧʽʜʚʠʱʝʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʽ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʚʘʧʥʘ ʥʘ ʢʦʥʚʝʻʨʥʽʡ ʤʘʰʠʥʽ [11-

13]. ɺʘʧʥʦ ʦʪʨʠʤʫʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʰʫʚʘʥʥʷ ʚ ʙʘʨʘʙʘʥʽ-ʦʢʦʤʢʦʚʫʚʘʯʽ 

ʚʘʧʥʷʢʫ ʪʘ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ (12%), ʦʪʨʠʤʘʥʫ ʩʫʤʽʰ ʟʚʦʣʦʞʫʶʪʴ ʚʦʜʦʶ (ʜʦ 

2% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʰʠʭʪʠ) ʪʘ ʫʢʣʘʜʘʶʪʴ ʥʘ ʢʦʣʦʩʥʠʢʦʚʽ ʚʽʟʢʠ, ʜʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ ʪʘ ʚʠʧʘʣʫ ʚʘʧʥʷʢʫ. 

ɺʠʙʽʨ ʪʠʧʫ ʧʝʯʽ ʜʣʷ ʚʠʧʘʣʫ ʚʘʧʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʟʘʚʦʜʫ, 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʚʘʧʥʷʢʫ, ʚʠʜʦʤ 

ʧʘʣʠʚʘ ʽ ʥʝʦʙʭʽʜʥʦʶ ʷʢʽʩʪʶ ʚʘʧʥʘ. 

ɼʣʷ ʚʘʧʥʷʥʠʭ ʟʘʚʦʜʽʚ ʨʽʯʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 100 ʪʠʩ.ʪ ʽ ʙʽʣʴʰʝ 

ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʰʘʭʪʥʽ ʘʛʨʝʛʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʜʦ 200 ʪ/ʜʦʙʫ ʽ ʙʽʣʴʰʝ ʘʙʦ 

ʦʙʝʨʪʦʚʽ ʧʝʯʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʜʦ 300 - 500 ʪ/ʜʦʙʫ. ɺʘʧʥʷʢ ʟ ʚʝʣʠʢʠʤ ʚʤʽʩʪʦʤ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʤʘʛʥʽʶ ʘʙʦ ʛʣʠʥʠʩʪʠʭ ʜʦʤʽʰʦʢ, ʱʦ ʚʠʤʘʛʘʻ ʚʠʧʘʣʫ ʧʨʠ 

ʟʥʠʞʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʩʣʽʜ ʦʙʧʘʣʶʚʘʪʠ ʚ ʦʙʝʨʪʦʚʠʭ ʘʙʦ ʰʘʭʪʥʠʭ ʛʘʟʦʚʠʭ 

ʧʝʯʘʭ, ʚ ʷʢʠʭ ʧʨʦʩʪʽʰʝ ʨʝʛʫʣʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚʠʧʘʣʫ. ʂʦʥʚʝʻʨʥʽ ʤʘʰʠʥʠ  

ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʧʘʣʫ ʚʘʧʥʷʢʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʬʘʙʨʠʢʘʭ 

ʦʢʫʩʢʫʚʘʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʩʠʨʦʚʠʥʠ [14]. 

 

ʈʠʩ.1.2 - ɺʧʣʠʚ ʚʤʽʩʪʫ ʚʠʜʫ ʦʩʥʦʚʥʦʛʦ ʬʣʶʩʫ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʘʛʣʦʫʩʪʘʥʦʚʢʠ: 1 ï ʚʘʧʥʦ; 2 - ʚʘʧʥʦ-ʧʫʰʦʥʢʘ; 3 ï ʚʘʧʥʷʢ 
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ɺʘʧʥʦ ʘʢʪʠʚʥʦ ʽʥʪʝʥʩʠʬʽʢʫʻ ʧʨʦʮʝʩ ʩʧʽʢʘʥʥʷ ʘʛʣʦʤʝʨʘʪʫ. ʇʨʠ ʜʦʙʘʚʮʽ 

ʚʘʧʥʘ ʚ ʢʽʣʴʢʦʩʪʽ 4 - 7% ʚʽʜ ʤʘʩʠ ʰʠʭʪʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʘʛʣʦʤʝʨʘʮʽʡʥʠʭ ʤʘʰʠʥ ʥʘ 25 - 60%. ɼʦʙʘʚʢʘ ʚʘʧʥʷʢʫ, ʚ ʮʽʡ ʞ ʢʽʣʴʢʦʩʪʽ, 

ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʨʽʩʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʚʠʯʘʡʥʠʤ ʧʨʦʮʝʩʦʤ ʙʝʟ 

ʜʦʙʘʚʢʠ ʬʣʶʩʫ ʤʘʢʩʠʤʫʤ ʥʘ 10 - 12%  (ʨʠʩ.1.2) [15]. 

ʊʘʢʦʞ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʚʘʧʥʘ ʟʥʠʞʫʶʪʴʩʷ ʟʘʪʨʘʪʠ ʪʝʧʣʦʪʠ ʥʘ ʧʨʦʮʝʩ 

ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ. ɸʣʝ ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ  ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢʽʩʪʶ ʚʠʧʘʣʫ ʚʘʧʥʷʢʫ, ʢʽʣʴʢʽʩʪʶ 

ʽ ʩʧʦʩʦʙʦʤ ʧʦʜʘʯʽ ʚʘʧʥʘ ʚ ʰʠʭʪʫ ʪʘ ʡʦʛʦ ʚʘʨʪʽʩʪʶ ʉʘʤʝ ʪʦʤʫ ʚʠʪʨʘʪʠ ʚʘʧʥʘ ʚ 

ʰʠʭʪʫ ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʶʪʴʩʷ ʪʘ ʩʢʣʘʜʘʶʪʴ ʚʩʴʦʛʦ 4% ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʚʦʥʦ, ʷʢ ʧʨʘʚʠʣʦ, ʩʧʽʣʴʥʦ ʟ ʚʘʧʥʷʢʦʤ. ʇʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʚʘʧʥʘ ʙʽʣʴʰʝ 4% 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʘʛʣʦʤʝʨʘʪʫ.  

ɺʨʘʭʦʚʫʶʯʠ ʘʢʪʫʘʣʴʥʽʩʪʴ ʟʘʜʘʯ ʧʦ ʟʥʠʞʝʥʥʶ ʟʘʪʨʘʪ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ 

ʦʢʫʩʢʦʚʘʥʦʾ ʩʠʨʦʚʠʥʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʬʘʙʨʠʢ ʦʢʫʩʢʫʚʘʥʥʷ, 

ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʥʦʚʦʤʫ ʚʠʜʽ ʬʣʶʩʫʶʯʦʾ ʜʦʙʘʚʢʠ ï ʢʦʤʧʣʝʢʩʥʦʤʫ 

ʬʣʶʩʽ.  ʂʦʤʧʣʝʢʩʥʠʡ ʬʣʶʩ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʬʣʶʩʽʚ ʪʠʤ, ʱʦ ʚʽʥ 

ʚʥʦʩʠʪʴ ʚ ʘʛʣʦʤʝʨʘʮʽʡʥʫ ʰʠʭʪʫ ʥʘʙʽʨ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʧʦʣʫʢ, ʷʢʽ ʩʫʪʪʻʚʦ 

ʧʦʢʨʘʱʫʶʪʴ ʫʤʦʚʠ ʩʧʽʢʘʥʥʷ ʘʛʣʦʤʝʨʘʪʫ ʪʘ ʡʦʛʦ ʷʢʽʩʪʴ. ʇʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʧʠʪʦʤʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, 

ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʶ, ʘ ʦʜʝʨʞʫʚʘʥʠʡ ʧʨʦʜʫʢʪ ʚʽʜʧʦʚʽʜʘʻ ʥʝʦʙʭʽʜʥʠʤ ʚʠʤʦʛʘʤ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʚ ʷʢʦʩʪʽ ʨʝʛʫʣʷʪʦʨʘ ʦʩʥʦʚʥʦʩʪʽ ʰʣʘʢʫ ʧʨʠ ʟʘʤʽʥʽ ʾʤ ʩʠʨʦʛʦ 

ʚʘʧʥʷʢʫ ʚ ʰʠʭʪʽ ʜʦʤʝʥʥʠʭ ʧʝʯʝʡ. ʂʦʤʧʣʝʢʩʥʠʡ ʬʣʶʩ ʷʚʣʷʻ ʩʦʙʦʶ 

ʦʛʨʫʜʢʦʚʘʥʠʡ ʥʝʨʫʜʥʠʡ ʢʦʤʧʦʟʠʪ, ʱʦ ʚʦʣʦʜʽʻ ʬʣʶʩʫʶʯʠʤʠ, ʚôʷʞʫʯʠʤʠ ʽ 

ʦʜʥʦʯʘʩʥʦ ʣʝʛʫʶʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʆʩʥʦʚʥʽʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ 3,0 ʜʦ 20,0.  

ɼʦ ʪʘʢʠʭ ʬʣʶʩʽʚ ʚʽʜʥʦʩʷʪʴ ʬʝʨʠʪʥʽ ʩʫʤʽʰʽ (ʨʠʩ.1.1), ʷʢʽ ʻ ʧʨʦʜʫʢʪʦʤ 

ʩʧʽʣʴʥʦʛʦ ʧʦʜʨʽʙʥʝʥʥʷ (ʢʨ. < 0,1 ʤʤ) ʚ ʰʘʨʦʚʠʭ ʤʣʠʥʘʭ ʚʘʧʥʷʢʫ ʪʘ ʟʚʦʨʦʪʫ 

[16]. ɺ ʪʘʢʽʡ ʩʫʤʽʰʽ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʢʦʥʪʘʢʪʽʚ ʤʽʞ ʚʘʧʥʦʤ ʪʘ Fe2O3, ʟʘ 

ʨʘʭʫʥʦʢ ʯʦʛʦ ʩʪʚʦʨʶʶʪʴʩʷ ʛʘʨʥʽ ʫʤʦʚʠ ʜʣʷ ʧʦʩʠʣʝʥʦʛʦ ʫʪʚʦʨʝʥʥʷ ʬʝʨʠʪʽʚ 

ʢʘʣʴʮʽʶ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ, ʧʦʢʨʘʱʫʻʪʴʩʷ ʟʤʦʯʫʚʘʥʥʽʩʪʴ ʰʠʭʪʠ ʨʦʟʧʣʘʚʦʤ, 
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ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʨʦʟʧʣʘʚʫ ʪʘ ʧʽʜʚʠʱʫʻʪʴʩʷ ʷʢʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ. ɼʦ 

ʩʢʣʘʜʫ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʬʝʨʠʪʥʽ ʩʫʤʽʰʽ ʜʦʜʘʶʪʴʩʷ ʚ ʢʽʣʴʢʦʩʪʽ 10%. ɸʣʝ 

ʨʝʘʣʽʟʘʮʽʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʻʪʴʩʷ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʙʫʜʽʚʥʠʮʪʚʘ ʚʽʜʜʽʣʝʥʥʷ ʧʦʜʨʽʙʥʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʩʧʦʩʦʙʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʚʦʜʫ ʩʫʤʽʰʽ ʚ ʘʛʣʦʰʠʭʪʫ.  

ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʥʘ ʰʣʷʭʫ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʘʛʣʦʰʠʭʪʽ ʧʦʜʨʽʙʥʝʥʦʛʦ ʜʦ ʢʨʫʧʥʦʩʪʽ 0 - 3 ʤʤ ʟʘʣʽʟʦʬʣʶʩʫ 

(ʨʠʩ.1.1) [17]. ʊʝʭʥʦʣʦʛʽʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʦʩʥʦʚʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ ʘʥʘʣʦʛʽʯʥʘ 

ʦʪʨʠʤʘʥʥʶ ʟʚʠʯʘʡʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ, ʘʣʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʚʠʪʨʘʪʦʶ 

ʚʘʧʥʷʢʫ ʪʘ ʧʘʣʠʚʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʣʽʟʦʬʣʶʩʫ ʚ ʰʠʭʪʽ ʧʽʜʚʠʱʫʻ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʪʘ ʷʢʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ ʟʘ ʨʘʭʫʥʦʢ 

ʚʚʝʜʝʥʥʷ ʚ ʰʠʭʪʫ ʛʦʪʦʚʠʭ ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʩʧʦʣʫʢ, ʦʩʦʙʣʠʚʦ ʬʝʨʠʪʽʚ ʢʘʣʴʮʽʶ.  

ʊʘʢʘ ʪʝʭʥʦʣʦʛʽʷ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʾʾ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʥʝ 

ʦʪʨʠʤʘʣʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʯʝʨʝʟ ʩʫʪʪʻʚʝ ʧʽʜʚʠʱʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ 

ʘʛʣʦʤʝʨʘʪʫ.  

 

1.2 ɺʧʣʠʚ ʬʣʶʩʫ ʥʘ ʪʚʝʨʜʦʬʘʟʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʩʧʽʢʘʥʥʽ 

ʘʛʣʦʤʝʨʘʪʫ 

 

ʅʘʛʨʽʚ ʰʠʭʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʽʥʥʷ ʚʫʛʣʝʮʶ ʩʪʚʦʨʶʻ 

ʜʦʙʨʽ ʫʤʦʚʠ ʜʣʷ ʧʨʦʪʽʢʘʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʪʚʝʨʜʠʤʠ ʬʘʟʘʤʠ 

ʩʢʣʘʜʦʚʠʭ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʟʘ ʫʯʘʩʪʶ ʬʣʶʩʦʚʠʭ ʜʦʙʘʚʦʢ. ɺʟʘʻʤʥʝ 

ʨʦʟʤʽʱʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʯʘʩʪʦʢ ʰʠʭʪʠ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ ʜʦ ʧʦʯʘʪʢʫ 

ʧʦʚʥʦʛʦ ʘʙʦ ʯʘʩʪʢʦʚʦʛʦ ʨʦʟʧʣʘʚʣʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʥʘ 

ʯʘʩʪʢʘ ʰʠʭʪʠ ʤʦʞʝ ʚʟʘʻʤʦʜʽʷʪʠ ʪʽʣʴʢʠ ʽʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦ  ʦʪʦʯʫʶʯʠʤʠ ʪʘ 

ʢʦʥʪʘʢʪʫʶʯʠʤʠ ʾʾ ʯʘʩʪʢʘʤʠ.  

ʅʘʛʨʽʚ ʰʠʭʪʠ ʚʽʜ 500 ʜʦ 700Üʉ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ ʩʧʽʢʘʥʥʽ ʟʘ ʨʘʭʫʥʦʢ 

ʧʨʦʩʤʦʢʪʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʟʘ ʢʦʨʦʪʢʠʡ ʚʽʜʨʽʟʦʢ ʯʘʩʫ ï ʤʝʥʰʝ 3 ʭʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ ʽʜʫʪʴ ʣʠʰʝ ʝʢʟʦʪʝʨʤʽʯʥʽ ʨʝʘʢʮʽʾ [18]. 

ɯʥʰʘ ʩʧʝʮʠʬʽʯʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʨʝʘʢʮʽʡ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ ʤʽʞ ʜʚʦʤʘ ʢʦʤʧʦʥʝʥʪʘʤʠ 
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ï ʚ ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟʘʚʞʜʠ ʫʪʚʦʨʶʻʪʴʩʷ ʦʜʥʘ ʽ ʪʘ ʞ ʩʧʦʣʫʢʘ, 

ʩʢʣʘʜ ʷʢʦʾ ʥʝ ʟʘʚʞʜʠ ʚʽʜʧʦʚʽʜʘʻ ʚʽʜʥʦʰʝʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʝʘʛʫʶʯʠʭ 

ʨʝʯʦʚʠʥ.  

ʇʨʠ ʰʚʠʜʢʦʤʫ ʥʘʛʨʽʚʽ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʚ ʟʦʥʽ, ʷʢʘ ʤʝʞʫʻ ʽʟ ʟʦʥʦʶ 

ʛʦʨʽʥʥʷ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ, ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʣʠʰʝ ʧʝʨʚʠʥʥʽ ʧʨʦʜʫʢʪʠ ʨʝʘʢʮʽʡ ʚ 

ʪʚʝʨʜʽʡ ʬʘʟʽ. ʄʝʭʘʥʽʟʤ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ ʟʘʢʣʶʯʘʻʪʴʩʷ ʚ 

ʜʠʬʫʟʽʾ ʪʠʭ ʯʠ ʽʥʰʠʭ ʽʦʥʽʚ ʯʝʨʝʟ ʢʨʠʩʪʘʣʽʯʥʫ ʨʝʰʽʪʢʫ. ɯʦʥʥʘ ʜʠʬʫʟʽʷ ʤʘʻ 

ʤʽʩʮʝ ʜʦ ʪʠʭ ʧʽʨ, ʜʦʢʠ ʽʦʥʠ, ʱʦ ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʚʫʟʣʘʭ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ, 

ʥʝ ʦʪʨʠʤʘʶʪʴ ʚʽʜʦʤʦʾ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ, ʜʦʣʘʶʯʠ ʟʚôʷʟʢʫ ʚ ʨʝʰʽʪʮʽ. ʎʝ ʩʪʘʻ 

ʤʦʞʣʠʚʠʤ ʣʠʰʝ ʧʨʠ ʚʠʟʥʘʯʝʥʦʤʫ ʜʣʷ ʜʘʥʦʾ ʨʝʯʦʚʠʥʠ ʨʽʚʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʊʘʢʘ ʪʦʯʢʘ ʟʦʨʫ ʥʘ ʤʝʭʘʥʽʟʤ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ ʧʦʷʩʥʶʻ ʬʘʢʪ 

ʙʽʣʴʰʦʛʦ ʚʧʣʠʚʫ ʥʘ ʚʠʭʽʜ ʧʨʦʜʫʢʪʫ ʨʝʘʢʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʥʝ ʯʘʩʫ ʚʟʘʻʤʦʜʽʾ 

ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ.  

ʅʘ ʨʠʩ.1.3  ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ 

ʰʠʭʪʠ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ. ʉʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ ʧʦʯʠʥʘʶʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʥʘ 

ʢʦʥʪʘʢʪʘʭ ʚʘʧʥʘ ʽʟ ʢʚʘʨʮʦʤ ʚʞʝ ʽʟ 500-600Üʉ, ʘʣʝ ʯʠʩʣʦ ʪʘʢʠʭ ʢʦʥʪʘʢʪʽʚ ʚ 

ʦʬʣʶʩʦʚʘʥʦʤʫ ʘʛʣʦʤʝʨʘʪʽ ʥʝ ʙʘʛʘʪʦ. ʊʦʤʫ ʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʚ 

ʦʬʣʶʩʦʚʘʥʦʤʫ ʘʛʣʦʤʝʨʘʪʽ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ. 

 

 

ʈʠʩ. 1.3 ɺʟʘʻʤʦʜʽʷ ʢʦʤʧʦʥʝʥʪʽʚ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ 
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ʅʘ  ʢʽʣʴʢʽʩʪʴ ʩʠʣʽʢʘʪʽʚ ʢʘʣʴʮʽʶ ʪʘʢʦʞ  ʚʧʣʠʚʘʻ ʩʢʣʘʜʥʽʩʪʴ ʩʠʥʪʝʟʫ 

ʪʨʠʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ, ʩʭʠʣʴʥʽʩʪʴ ʡʦʛʦ ʜʦ ʨʦʟʧʘʜʫ ʚ ʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽ, 

ʦʩʦʙʣʠʚʦ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ ʽ ʾʭ ʩʧʦʣʫʢ, ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʘ 

ʚʽʜʩʫʪʥʽʩʪʴ 3CaOĿSiO2 ʚ ʩʪʨʫʢʪʫʨʘʭ ʦʬʣʶʩʦʚʘʥʠʭ ʘʛʣʦʤʝʨʘʪʽʚ. ɺʪʽʤ, ʽ ʤʝʥʰ 

ʦʩʥʦʚʥʽ ʩʠʣʽʢʘʪʠ, ʥʘʧʨʠʢʣʘʜ CaOĿSiO2 (ʚʦʣʣʘʩʪʦʥ), ɿCaOĿ2SiO2 (ʨʘʥʢʽʥʽʪ), 

ʪʘʢʦʞ ʨʽʜʢʽʩʥʽ ʚ ʘʛʣʦʤʝʨʘʪʘʭ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʾʭ ʤʝʥʰʦʶ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʶ 

ʩʪʽʡʢʽʩʪʶ ʚ ʟʘʣʽʟʠʩʪʠʭ ʩʠʩʪʝʤʘʭ ʧʦʨʽʚʥʷʥʦ ʟ ʟʘʣʽʟʦʢʘʣʴʮʽʻʚʠʤʠ ʦʣʽʚʽʥʘʤʠ 

(ʉʘʆ)x Ŀ(FeO)y [19]. 

ʌʘʷʣʽʪ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʢʦʥʪʘʢʪʘʭ ʯʘʩʪʦʢ ʢʚʘʨʮʫ ʪʘ ʤʘʛʥʝʪʠʪʫ. ɻʝʤʘʪʠʪ 

ʥʝ ʨʝʘʛʫʻ ʟ ʢʨʝʤʥʝʟʝʤʦʤ. ʋʪʚʦʨʝʥʥʷ ʬʘʷʣʽʪʫ ʧʨʠ ʩʧʽʢʘʥʥʽ ʛʝʤʘʪʠʪʦʚʦʾ ʰʠʭʪʠ 

ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʧʽʩʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʛʝʤʘʪʠʪʫ ʜʦ ʤʘʛʥʝʪʠʪʫ ʘʙʦ 

ʚôʶʩʪʠʪʫ, ʘʙʦ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʯʘʪʢʫ ʜʠʩʦʮʽʘʮʽʾ ʛʝʤʘʪʠʪʫ 

(1350Üʉ). ʎʴʦʤʫ ʧʨʦʮʝʩʫ ʩʧʨʠʷʶʪʴ ʚʽʜʥʦʚʥʘ ʘʪʤʦʩʬʝʨʘ, ʥʦʨʤʘʣʴʥʠʡ ʪʘ 

ʧʽʜʚʠʱʝʥʠʡ ʚʠʪʨʘʪʠ ʢʦʢʩʦʚʦʾ ʜʨʽʙʥʠʮʽ. ʇʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʬʘʷʣʽʪʫ ʡʜʝ ʽʟ 

ʤʝʥʰʦʶ ʰʚʠʜʢʽʩʪʴ, ʯʠʤ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʬʝʨʠʪʽʚ. ʅʘ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ 

ʬʘʷʣʽʪʫ ʤʘʻ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ. ʇʽʜʚʠʱʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʧʨʠ 

ʩʧʽʢʘʥʥʽ ʘʛʣʦʤʝʨʘʪʫ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʬʘʷʣʽʪʫ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ, ʧʨʠ ʮʴʦʤʫ 

ʧʝʨʝʰʢʦʜʞʘʻ ʫʪʚʦʨʝʥʥʶ ʬʝʨʠʪʽʚ ʢʘʣʴʮʽʶ. 

ʌʝʨʠʪʠ ʢʘʣʴʮʽʶ ʟ'ʷʚʣʷʶʪʴʩʷ ʧʨʠ ʥʘʡʙʽʣʴʰ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (400 -

500Áʉ) ʱʝ ʚ ʟʦʥʽ ʧʽʜʽʛʨʽʚʫ ʰʠʭʪʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʫʪʚʦʨʝʥʥʷ 

ʬʝʨʠʪʽʚ ʢʘʣʴʮʽʶ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʘ. ʇʨʠ 1200Áʉ ʚ ʩʫʤʽʰʽ 

ʧʦʨʦʰʢʽʚ ʚʘʧʥʘ ʽ ʛʝʤʘʪʠʪʫ 74% ʚʩʴʦʛʦ ʚʘʧʥʘ ʧʝʨʝʭʦʜʠʣʦ ʚ ʬʝʨʠʪ ʢʘʣʴʮʽʶ ʟʘ 

1 ʭʚ [20]. ʆʪʞʝ, ʧʨʠ ʙʫʜʴ ʷʢʽʡ ʦʩʥʦʚʥʦʩʪʽ ʯʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʢʦʥʪʘʢʪʽʚ 

CaO ð Fe2O3, ʥʠʟʴʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʯʘʪʢʫ ʨʝʘʢʮʽʾ ʽ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʾʾ 

ʧʨʦʪʽʢʘʥʥʷ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʬʝʨʠʪʠ ʢʘʣʴʮʽʶ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʚʘʛʠ ʫʪʚʦʨʝʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʬʝʨʠʪʫ ʢʘʣʴʮʽʶ ʧʨʠ ʩʧʽʢʘʥʥʽ 

ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʘʥʘʣʽʟʫʶʪʴʩʷ ʚʽʜʦʤʽ ʜʘʥʽ ʧʨʦ ʭʽʜ ʚʟʘʻʤʦʜʽʾ ʚʽʜʧʦʚʽʜʥʠʭ 

ʦʢʩʠʜʽʚ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʫʤʽʰ ʉʘʆ ʽ Fe2ʆ3 ʧʨʠ 550 -

600Áʉ ʜʘʻ ʟ'ʻʜʥʘʥʥʷ ʉʘʆĿFe2ʆ3, ʬʦʨʤʫʚʘʥʥʷ ʨʝʰʽʪʢʠ ʷʢʦʛʦ ʟʘʚʝʨʰʫʻʪʴʩʷ ʧʨʠ 

850Áʉ [21]. ɹʣʠʟʴʢ̔ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʪʘʢʦʞ ɺ.ʗ. ʃʷʜʦʚʦʶ ʪʘ ɭ. ʌ. 
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ɺʝʛʤʘʥʦʤ [22, 18]. ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʤʘʛʥʝʪʠʪ ʩʣʘʙʦ ʨʝʘʛʫʻ ʟ ʚʘʧʥʦʤ, 

ʫʪʚʦʨʝʥʥʶ ʬʝʨʠʪʽʚ ʢʘʣʴʮʽʶ ʧʨʠ ʩʧʽʢʘʥʥʽ ʤʘʛʥʝʪʠʪʦʚʠʭ ʦʬʣʶʩʦʚʘʥʠʭ ʰʠʭʪ 

ʩʧʨʠʷʶʪʴ ʥʠʟʴʢʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʽʟ ʦʢʠʩʣʶʚʘʣʴʥʦʶ ʘʪʤʦʩʬʝʨʦʶ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʯʘʩʪʢʦʚʦ ʦʢʠʩʣʠʪʠ ʤʘʛʥʝʪʠʪ ʜʦ ʛʝʤʘʪʠʪʫ [23].  ʂʦʞʥʘ ʯʘʩʪʢʘ 

ʨʝʘʛʫʻ ʽʟ ʪʽʻʶ ʯʠ ʽʥʰʦʶ ʰʚʠʜʢʽʩʪʶ ʚʟʘʻʤʦʜʽʾ ʟ ʫʩʽʤʘ ʢʦʥʪʘʢʪʫʶʯʠʤʠ ʽʟ ʥʝʶ 

ʯʘʩʪʢʘʤʠ. ɹʫʣʦ ʜʝʱʦ ʥʝʚʽʨʥʦ ʨʦʟʫʤʽʪʠ ʬʘʢʪ ʧʝʨʝʚʘʞʥʦʛʦ ʫʪʚʦʨʝʥʥʷ ʬʝʨʠʪʽʚ 

ʢʘʣʴʮʽʶ ʚ ʦʬʣʶʩʦʚʘʥʽʡ ʰʠʭʪʽ ʷʢ ʜʦʢʘʟ ʟʥʘʯʥʦʾ ʚʝʣʠʯʠʥʠ ʭʽʤʽʯʥʦʛʦ 

ʩʧʦʨʽʜʥʝʥʥʷ CaO ʜʦ Fe2O3. 

ʅʘ ʨʠʩ.1.4 ʧʦʢʘʟʘʥʘ ʤʦʟʘʾʯʥʘ ʩʪʨʫʢʪʫʨʘ ʟʦʥʠ ʛʦʨʽʥʥʷ, ʭʘʨʘʢʪʝʨʥʘ 

ʦʩʦʙʣʠʚʽʩʪʴ ʷʢʦʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʘ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʾ ʚʠʪʨʘʪʠ ʢʦʢʩʦʚʦʾ 

ʜʨʽʙʥʠʮʽ ʥʘ ʧʨʦʮʝʩ (5 - 7 ʤʘʩ.%) ʜʘʣʝʢʦ ʥʝ ʚʩʽ ʝʣʝʤʝʥʪʘʨʥʽ ʦʙʩʷʛʠ ʰʠʭʪʠ 

ʤ̔ ʩʪʷʪʴ ʛʘʨʷʯʽ ʧʘʣʠʚʥʽ ʯʘʩʪʠʥʢʠ. ʆʩʢʽʣʴʢʠ ʪʦʚʱʠʥʘ ʟʦʥʠ ʛʦʨʽʥʥʷ ʨʽʜʢʦ 

ʧʝʨʝʚʠʱʫʻ 20 - 25 ʤʤ, ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ, ʧʨʠ ʷʢʠʭ ʯʘʩʪʠʥʘ ʧʦʚʽʪʨʷ, ʱʦ 

ʧʨʦʩʤʦʢʪʫʻʪʴʩʷ ʯʝʨʝʟ ʥʝʾ, ʚʟʘʛʘʣʽ ʥʝ ʟʫʩʪʨʽʯʘʻ ʥʘ ʩʚʦʻʤʫ ʰʣʷʭʫ ʯʘʩʪʠʥʦʢ 

ʢʦʢʩʦʚʦʾ ʜʨʽʙʥʠʮʽ.  

 

 

ʈʠʩ. 1.4 - ʉʭʝʤʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʦʟʨʽʟʫ ʟʦʥʠ ʛʦʨʽʥʥʷ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ 

(ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʫʪʚʦʨʝʥʥʷ ʨʦʟʧʣʘʚʫ ʫ ʮʽʡ ʟʦʥʽ). ʏʦʨʥʝ ð ʧʘʣʠʚʥʽ ʯʘʩʪʠʥʢʠ; 

ʙʽʣʝ ð ʨʫʜʥʽ ʯʘʩʪʠʥʢʠ ʽ ʬʣʶʩʠ. ʉʪʨʽʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʥʘʧʨʷʤʦʢ ʨʫʭʫ 

ʩʪʨʫʤʝʥʽʚ ʧʦʚʽʪʨʷ 1 - 9 
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ʇʨʠ ʧʽʜʚʠʱʝʥʽʡ ʪʘ ʥʦʨʤʘʣʴʥʽʡ ʚʠʪʨʘʪʽ ʧʘʣʠʚʘ ʨʝʘʢʮʽʾ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ ʥʽ ʚ ʷʢʽʡ ʤʽʨʽ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʪʘ 

ʩʪʨʫʢʪʫʨʫ ʛʦʪʦʚʦʛʦ ʘʛʣʦʤʝʨʘʪʫ. ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʩʢʣʘʜʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ 

ʫʪʚʦʨʠʣʠʩʴ ʚ ʧʨʠ ʪʚʝʨʜʦʬʘʟʥʦʤʫ ʩʧʽʢʘʥʥʽ, ʜʠʩʦʮʽʶʻ ʥʘ ʙʽʣʴʰ ʧʨʦʩʪʽ ʧʨʠ 

ʧʣʘʚʣʝʥʥʽ ʰʠʭʪʠ (ʥʘʧʨʠʢʣʘʜ ʨʦʟʧʘʜ ʦʜʥʦʢʘʣʴʮʽʻʚʦʛʦ ʬʝʨʠʪʫ).  

ʈʝʘʢʮʽʾ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʚ ʟʦʥʽ ʧʽʜʽʛʨʽʚʫ ʽ ʚ ʟʦʥʽ 

ʛʦʨʽʥʥʷ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʥʦʚʽ ʣʝʛʢʦ ʧʣʘʚʢʽ ʨʝʯʦʚʠʥʠ, ʧʣʘʚʣʝʥʥʷ ʷʢʠʭ ʻ 

ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʨʦʟʧʣʘʚʫ ʚ ʟʦʥʽ 

ʛʦʨʽʥʥʷ.   

 

1.3 ʆʩʦʙʣʠʚʦʩʪʽ ʨʽʜʢʦʬʘʟʥʦʛʦ ʩʧʽʢʘʥʥʷ ʘʛʣʦʤʝʨʘʪʫ ʨʽʟʥʦʾ ʦʩʥʦʚʥʦʩʪʽ 

 

ʈʦʟʤôʷʢʰʝʥʥʷ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʚʝʨʭʥʽʡ ʟʦʥʽ ʾʾ 

ʧʽʜʽʛʨʽʚʫ ʪʘ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ,  ʧʣʘʚʣʝʥʥʷ ʘʛʣʦʤʝʨʘʪʫ ʣʠʰʝ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ 

ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ.  

ʆʯʝʚʠʜʥʠʤ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʙʫʜʫʪʴ ʧʣʘʚʠʪʠʩʷ ʥʘʡʙʽʣʴʰ 

ʣʝʛʢʦʧʣʘʚʢʽ ʩʧʦʣʫʢʠ, ʪʘʢʽ ʷʢ ʦʣʽʚʽʥʠ, ʬʝʨʠʪʠ ʢʘʣʴʮʽʶ ʪʘ ʩʫʤʽʰ 2CaOĿSiO2 ï 

FeO, ʧʦʪʽʤ ʬʘʷʣʽʪ ʪʘ ʽʥʰʽ. 

ʋʪʚʦʨʶʚʘʪʠ ʣʝʛʢʦʧʣʘʚʢʽ ʝʚʪʝʢʪʠʢʠ ʟʜʘʪʥʽ ʽ ʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ. ʊʘʢ, 

ʪʦʯʢʠ ʧʣʘʚʣʝʥʥʷ FeO - 2CaOĿSiO2 ʪʘ 2CaOĿFe3O4 - CaOĿSiO2 ʩʪʘʥʦʚʣʷʪ,ɹ 

ʚʽʜʧʦʚʽʜʥʦ, 1140Üʉ ʽ 1185Üʉ. 

ɽʚʪʝʢʪʠʢʘ                   ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ, ęʉ 

CaOĿ9FeO - 2CaOĿ Fe2O3 . . . . . . 1110 

FeO- 2CaOĿ Fe2O3 . . . . . . . 1120 

CaOĿ9FeO ï FeO - 2CaOĿ Fe2O3. . . . . . 1120 

CaOĿ Fe2O3 - Fe3O4- Fe2O3. . . . . . . 1120 

Fe3O4-4 CaOĿ 3Fe2O3. . . . . . . . 1200 

4CaOĿ Fe3O4  - 2CaOĿ Fe2O3. . . . . . . 1200 

Fe3O4 - 2CaOĿ Fe2O3.  . . . . . . 1240 

Fe3O4 - CaOĿ Fe2O3 - 2CaOĿ Fe2O3. . . . . . 1180 
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ɯʟ ʯʠʩʪʦ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʩʪʫʧʽʥʴ 

ʜʠʩʦʮʽʘʮʽʾ ʬʘʷʣʽʪʫ, ʩʠʣʽʢʘʪʽʚ ʪʘ ʬʝʨʠʪʽʚ ʢʘʣʴʮʽʶ. ʇʦ ʜʦʩʣʽʜʞʝʥʥʷʤ 

ʄ.ʉ.ʂʫʨʥʘʢʦʚʘ[24] ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʢʦʞʥʦʾ ʩʧʦʣʫʢʠ ʤʦʞʝ ʙʫʪʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʧʦ ʚʠʜʫ ʚʽʜʧʦʚʽʜʥʦʾ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ. ʇʣʘʚʥʠʡ ʭʘʨʘʢʪʝʨ ʣʽʥʽʾ 

ʣʽʢʚʽʜʫʩʫ ʧʨʠ ʤʘʢʩʠʤʫʤʽ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʮʽ ʧʣʘʚʣʝʥʥʶ ʨʝʯʦʚʠʥʠ, 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʫ ʜʠʩʦʮʽʘʮʽʶ ʩʧʦʣʫʢʠ  ʪʘ, ʥʘʚʧʘʢʠ, ʯʠʤ ʛʦʩʪʨʽʰʘ ʬʦʨʤʘ 

ʧʝʨʝʪʠʥʫ ʢʨʠʚʠʭ ʣʽʢʚʽʜʫʩʫ ʚ ʨʘʡʦʥʽ ʤʘʢʩʠʤʫʤʫ ï ʪʠʤ ʤʝʥʰʝ ʜʠʩʦʮʽʶʻ 

ʩʧʦʣʫʢʘ ʧʨʠ ʧʣʘʚʣʝʥʥʽ. ʉʠʣʴʥʦ ʜʠʩʦʮʽʶʶʪʴ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʧʣʘʚʣʷʪʴʩʷ 

ʽʥʢʦʥʛʨʫʝʥʪʥʦ (ʜʽʘʛʨʘʤʘ ʩʪʘʥʫ ʽʟ ʧʨʠʭʦʚʘʥʠʤ ʤʘʢʩʠʤʫʤʦʤ). ʉʠʣʴʥʦ 

ʜʠʩʦʮʽʶʶʪʴ ʬʝʨʠʪʠ ʢʘʣʴʮʽʶ, ʱʦ ʧʣʘʚʣʷʪʴʩʷ ʽʥʢʦʥʛʨʫʝʥʪʥʦ (ʨʠʩ.1.5) [25]. 

 

 

ʈʠʩ.1.5 ï ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ CaO-Fe2O3 

 

ɯʟ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ CaO-SiO2 (ʨʠʩ.1.6) ʚʠʜʥʦ, ʱʦ ʥʘʡʤʝʥʰ ʩʪʽʡʢʠʤʠ 

ʭʽʤʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʻ 3CaOĿ2SiO2 ʪʘ 3CaOĿSiO2. ʇʦʪʽʤ ʽʜʫʪʴ CaOĿSiO2 ʪʘ 
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2CaOĿSiO2. ʆʩʪʘʥʥʷ ʩʧʦʣʫʢʘ ʤʘʡʞʝ ʥʝ ʜʠʩʦʮʽʶʻ ʧʨʠ ʧʣʘʚʣʝʥʥʽ, ʟʙʝʨʽʛʘʶʯʠʩʴ 

ʩʪʽʡʢʦʶ ʛʨʫʧʦʶ ʽʦʥʽʚ ʚ ʨʦʟʧʣʘʚʽ. 

 

 

ʈʠʩ.1.6 ï ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ CaOĿ SiO2 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʫʪʚʦʨʠʣʠʩʴ ʚ ʪʚʝʨʜʽʡ ʬʘʟʽ, ʟʥʦʚʫ 

ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʧʨʠ ʧʣʘʚʣʝʥʥʽ. ʊʦʤʫ ʧʨʠ ʥʦʨʤʘʣʴʥʽʡ ʚʠʪʨʘʪʽ ʧʘʣʠʚʘ ʥʘ ʧʨʦʮʝʩ 

ʢʽʥʮʝʚʘ ʩʪʨʫʢʪʫʨʘ ʘʛʣʦʤʝʨʘʪʫ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʪʨʫʢʪʫʨʠ ʰʠʭʪʠ 

ʧʝʨʝʜ ʧʣʘʚʣʝʥʥʷʤ.  ɺʠʟʥʘʯʘʶʯʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʨʦʟʧʣʘʚʫ ʻ 

ʡʦʛʦ ʦʩʥʦʚʥʽʩʪʴ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʪʘ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ, 

ʚʽʜ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʢʽʥʮʝʚʠʡ ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʘʛʣʦʤʝʨʘʪʫ.  

 

1.4 ɺʧʣʠʚ ʦʩʥʦʚʥʦʩʪʽ ʰʠʭʪʠ ʥʘ ʷʢʽʩʪʴ ʪʘ ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ 

ʘʛʣʦʤʝʨʘʪʫ 

 

ʗʢʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘʢʠʤʠ ʷʢ: 

ʤʽʮʥʽʩʪʴ; ʨʫʡʥʫʚʘʥʥʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʪʘ ʚʽʜʥʦʚʣʝʥʥʽ ʚ ʜʦʤʝʥʥʽʡ ʧʝʯʽ; 
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ʚʽʜʥʦʚʥʽʩʪʴ; ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʘʪʢʫ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʽ ʢʦʨʦʪʢʠʤ ʽʥʪʝʨʚʘʣʦʤ 

ʨʦʟʤ'ʷʢʰʝʥʥʷ [26]. 

ʄʽʮʥʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʫʜʦʚʦʶ ʡʦʛʦ ʢʫʩʢʽʚ  (ʾʭ ʪʝʢʩʪʫʨʦʶ) 

ʪʘ ʤʽʥʝʨʘʣʦʛʽʯʥʠʤ ʩʢʣʘʜʦʤ.  

ʅʘ ʄʘʛʥʽʪʦʛʦʨʩʴʢʦʤʫ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʢʦʤʙʽʥʘʪʽ ʚʧʝʨʰʝ ʙʫʚ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʽʥʪʝʨʚʘʣ çʢʨʠʪʠʯʥʦʾ ʤʽʮʥʦʩʪʽè ʘʛʣʦʤʝʨʘʪʽʚ ʦʩʥʦʚʥʦʩʪʽ 1,4 - 1,6 

[27]. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʘʜʽʥʥʷ ʤʽʮʥʦʩʪʽ ʘʛʣʦʤʝʨʘʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʟʤʽʥʠ ʚ ʾʭ ʩʢʣʘʜʽ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʩʠʣʽʢʘʪʥʠʭ ʟʚ'ʷʟʦʢ ï ʥʦʩʽʾʚ ʤʽʮʥʦʩʪʽ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ.  

ʅʘʡʥʠʞʯʫ ʤʽʮʥʽʩʪʴ ʤʘʶʪʴ ʘʛʣʦʤʝʨʘʪʠ ʦʩʥʦʚʥʦʩʪʽ 1,0. ɼʣʷ ʪʘʢʠʭ 

ʘʛʣʦʤʝʨʘʪʽʚ ʚʠʭʽʜ ʛʦʜʥʦʛʦ ʩʢʣʘʜʘʻ 61 - 62%. ɼʣʷ ʚʩʽʭ ʘʛʣʦʤʝʨʘʪʽʚ ʥʠʟʴʢʦʾ 

ʦʩʥʦʚʥʦʩʪʽ 1,0 - 1,4 ʭʘʨʘʢʪʝʨʥʠʡ ʚʝʣʠʢʠʡ ʨʦʟʢʠʜ ʧʦʢʘʟʥʠʢʽʚ  ʚʠʭʦʜʫ ʛʦʜʥʦʛʦ - 

ʚʽʜ 61 ʜʦ 68%. ʇʦʪʽʤ ʚ ʽʥʪʝʨʚʘʣʽ ʦʩʥʦʚʥʦʩʪʽ ʚʽʜ 1,6 ʜʦ 2,1 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʦʙʣʘʩʪʴ ʩʪʽʡʢʦʾ ʤʽʮʥʦʩʪʽ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʚʠʭʦʜʫ ʛʦʜʥʦʛʦ 62 - 64%. ɯ ʪʽʣʴʢʠ 

ʧʦʪʽʤ ʟ ʨʦʩʪʦʤ ʦʩʥʦʚʥʦʩʪʽ ʚʠʱʝ 2,1 ʽ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʚʯʝʥʦʾ ʦʩʥʦʚʥʦʩʪʽ 3,0 

ʤʽʮʥʽʩʪʴ ʟʨʦʩʪʘʻ ʚʽʜ 63 ʜʦ 74%.  

ʋ ʛʨʫʧʽ ʘʛʣʦʤʝʨʘʪʽʚ ʦʩʥʦʚʥʦʩʪʽ 1,0 - 1,4 ʧʨʠʯʠʥʦʶ ʤʽʥʣʠʚʦʩʪʽ 

ʤʽʮʥʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ ʥʠʟʴʢʘ ʩʪʫʧʽʥʴ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʽʚ ʫʪʚʦʨʝʥʥʷ 

ʨʦʟʧʣʘʚʫ. ʉʝʨʝʜ ʩʢʣʦʬʘʟ ʘʛʣʦʤʝʨʘʪʽʚ ʥʠʟʴʢʦʾ ʦʩʥʦʚʥʦʩʪʽ ʚ ʦʙʩʷʛʘʭ 

ʧʝʨʝʦʬʣʶʩʦʚʘʥʦʾ ʰʠʭʪʠ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʚʤʽʩʪʫ ʧʘʣʠʚʘ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʢʨʠʩʪʘʣʠ ʟʘʣʽʟʦʢʘʣʴʮʽʻʚʦʛʦ ʦʣʽʚʽʥʫ CaFeSiO4, ʘʙʦ ʢʦʤʧʦʟʠʮʽʷ 

ʟʘʣʽʟʦʢʘʣʴʮʽʻʚʦʛʦ ʦʣʽʚʽʥʫ ʟ ʜʚʦʢʘʣʴʮʽʻʚʠʤ ʩʠʣʽʢʘʪʦʤ. 

 ʋ ʚʫʟʴʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʦʩʥʦʚʥʦʩʪʽ ʚʽʜ 1,4 - 1,6 ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʟʥʘʯʥʝ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʤʽʮʥʦʩʪʽ ʘʛʣʦʤʝʨʘʪʽʚ ʚʽʜ 66 ʜʦ 64%. ʇʨʠ ʮʴʦʤʫ ʚ ʘʛʣʦʤʝʨʘʪʘʭ 

ʧʨʠ ʩʧʽʢʘʥʥʽ ʟ'ʷʚʣʷʶʪʴʩʷ ʩʢʣʦʬʘʟʠ ʦʜʥʦʯʘʩʥʦ ʟ ʦʣʽʚʽʥʦʚʦʶ ʽ 

ʚʠʩʦʢʦʢʘʣʴʮʽʻʚʦʶ ʬʘʟʦʶ ʤʝʣʽʣʽʪʦʚʦʛʦ ʩʢʣʘʜʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʟʘʣʽʟʦʚʤʽʩʥʠʭ ʦʣʽʚʽʥʽʚ ʪʘ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʘʣʴʮʽʻʚʠʭ 

ʤʝʣʠʣʽʪʽʚ, ʱʦ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ.  
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ɺ ʽʥʪʝʨʚʘʣʽ ʦʩʥʦʚʥʦʩʪʽ 1,6 - 2,1 ʟ'ʷʚʣʷʻʪʴʩʷ ʦʙʣʘʩʪʴ ʘʛʣʦʤʝʨʘʪʽʚ ʩʪʽʡʢʦʾ 

ʤʽʮʥʦʩʪʽ. ʋ ʮʽʡ ʛʨʫʧʽ ʘʛʣʦʤʝʨʘʪʽʚ ʧʦʤʽʪʥʦ ʙʽʣʴʰʝ ʩʢʣʦʬʘʟʠ,  ʷʢʘ 

ʨʦʟʢʨʠʩʪʘʣʽʟʦʚʘʥʘ ʜʦ ʤʝʣʠʣʽʪʫ. 

ɿ ʨʦʩʪʦʤ ʦʩʥʦʚʥʦʩʪʽ ʚʠʱʝ 2,1 - 2,3 ʚ ʘʛʣʦʤʝʨʘʪʘʭ ʟʤʽʥʶʻʪʴʩʷ ʥʘʧʨʷʤʦʢ 

ʤʽʥʝʨʘʣʦʫʪʚʦʨʝʥʥʷ ʟʚ'ʷʟʫʶʯʦʾ ʨʝʯʦʚʠʥʠ ʽ ʟʘʤʽʩʪʴ ʩʠʣʽʢʘʪʽʚ ʥʦʩʽʷʤʠ ʤʽʮʥʦʩʪʽ 

ʩʪʘʶʪʴ ʬʝʨʠʪʠ. ɼʣʷ ʛʨʫʧʠ ʘʛʣʦʤʝʨʘʪʽʚ ʚʠʩʦʢʦʾ ʦʩʥʦʚʥʦʩʪʽ ʭʘʨʘʢʪʝʨʥʽ ʚʠʩʦʢʽ 

ʧʦʢʘʟʥʠʢʠ ʭʦʣʦʜʥʦʾ ʤʽʮʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʬʝʨʠʪʥʽ ʟʚ'ʷʟʢʠ ʟʘ ʩʚʦʾʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʧʝʨʝʚʝʨʰʫʶʪʴ ʩʠʣʽʢʘʪʥʽ. ɿʤʽʥʘ ʩʠʣʽʢʘʪʥʠʭ ʟʚ'ʷʟʦʢ ʥʘ ʬʝʨʠʪʥʽ ʻ ʧʨʠʯʠʥʦʶ 

ʨʽʟʢʦʛʦ ʧʽʜʡʦʤʫ ʤʽʮʥʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʘʞ ʜʦ 75 - 77%.  

ʅʘ ʨʠʩ.1.7 ʚʽʜʦʙʨʘʞʝʥʦ ʚʧʣʠʚ ʦʩʥʦʚʥʦʩʪʽ ʥʘ ʤʽʮʥʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ (ʚʠʭʽʜ 

ʬʨʘʢʮʽʾ >10 ʤʤ ʧʽʩʣʷ ʙʘʨʘʙʘʥʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ). ɺʦʥʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʘʛʣʦʤʝʨʘʪʽʚ ʽʟ ʨʫʜ ʢʫʨʩʴʢʦʾ ʤʘʛʥʽʪʥʦʾ ʘʥʦʤʘʣʽʾ. ɸʥʘʣʦʛʽʯʥʘ ʢʘʨʪʠʥʘ ʪʠʤʠ ʞ 

ʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʘ ʜʣʷ ʘʛʣʦʤʝʨʘʪʽʚ ʟ ʤʘʛʥʝʪʠʪʦʚʦʛʦ ʃʝʙʝʜʠʥʩʴʢʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʫ [28] - ʜʣʷ ʘʛʣʦʤʝʨʘʪʽʚ ʟ ʢʦʥʮʝʥʪʨʘʪʽʚ ʙʫʨʦʟʘʣʽʟʥʷʢʦʚʠʭ 

ʢʝʨʯʝʥʩʴʢʠʭ ʨʫʜ. ɺʽʜʤʽʥʥʽʩʪʶ ʦʩʪʘʥʥʽʭ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʧʽʢʽʚ ʚʪʦʨʠʥʥʠʭ ʬʘʟ ʧʨʠ 

ʦʩʥʦʚʥʦʩʪʽ ʙʣʠʟʴʢʦ 1,5. ʊʘʢʽ ʧʽʢʠ ʤʦʞʫʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʧʨʠ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʧʨʠʡʥʷʪʠʭ ʚʠʪʨʘʪ ʧʘʣʠʚʘ ʦʧʪʠʤʘʣʴʥʠʤ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʽ ʥʘʷʚʥʽʩʪʶ 

ʩʪʨʠʙʢʽʚ ʧʨʠʢʦʨʜʦʥʥʦʾ ʣʽʥʽʾ ʤʘʛʥʝʪʠʪʫ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʽʻʾ ʦʙʩʪʘʚʠʥʠ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʮʽʣʢʦʤ ʚʩʪʘʥʦʚʣʝʥʠʤ, ʱʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʦʩʥʦʚʥʦʩʪʽ ʘʛʣʦʤʝʨʘʪʫ ʜʦ 

1,2-1,5 ʚ ʡʦʛʦ ʩʢʣʘʜʽ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʽ ʦʩʥʦʚʥʽʩʪʴ ʦʣʽʚʽʥʥʦʾ ʟʚ'ʷʟʢʠ [39]. ʇʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʦʩʥʦʚʥʦʩʪʽ ʦʣʽʚʽʥʽʚ ʚʽʜ ʭ = 0,5 ʜʦ ʭ = 1,0 ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʥʘ 

ʨʦʟʜʘʚʣʶʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʚ 2,5 ʨʘʟʠ; ʧʨʠ ʭ = 1,2 ʽ 1,5 ʦʣʽʚʽʥ ʨʦʟʩʠʧʘʻʪʴʩʷ 

ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʚʽʜ 1100Áʉ. 

ɯʟ ʚʪʦʨʠʥʥʠʭ ʬʘʟ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʡ ʚʧʣʠʚ ʥʘ ʤʽʮʥʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ 

ʥʘʜʘʻ ʦʣʽʚʽʥʦʚʝ ʩʢʣʦ. ʅʝ ʚʠʧʘʜʢʦʚʦ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʷ ʬʘʟ ʘʛʣʦʤʝʨʘʪʫ ʰʣʷʭʦʤ 

ʡʦʛʦ ʪʝʨʤʦʦʙʨʦʙʢʠ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 850 - 900Áʉ [29], ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʜʨʽʙʥʠʮʽ 0-5 ʤʤ ʚ ʩʢʽʧʦʚʦʤʫ ʘʛʣʦʤʝʨʘʪʽ ʥʘ 2 - 4%. ʈʦʙʦʪʘ ʥʘ ʰʠʭʪʽ, 

ʱʦ ʤʽʩʪʠʪʴ ʜʦ 75% ʪʘʢʦʛʦ ʘʛʣʦʤʝʨʘʪʫ ʚ ʟʘʛʘʣʴʥʽʡ ʾʾ ʤʘʩʽ, ʜʘʻ ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʦʤʝʥʥʦʾ ʧʝʯʽ ʥʘ 1,5% ʽ ʝʢʦʥʦʤʽʶ ʢʦʢʩʫ ʜʦ 2%. 
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ʈʠʩ.1.7 -  ɺʧʣʠʚ ʦʩʥʦʚʥʦʩʪʽ ʘʛʣʦʤʝʨʘʪʫ ʥʘ ʤʽʮʥʽʩʪʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ 1-3 ð ʪʦʥʢʦʧʦʜʨʽʙʥʝʥʠʡ ʢʦʥʮʝʥʪʨʘʪ ʚʽʜʧʦʚʽʜʥʦ ʙʘʛʘʪʠʡ, 

ʩʝʨʝʜʥʽʡ ʽ ʙʽʜʥʠʡ ʟʘʣʽʟʦʤ); 4 - ʩʫʤʽʰ ʨʫʜ; 5 ð ʩʫʤʽʰ ʪʦʥʢʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ ʽ 

ʧʠʣʫʚʘʪʠʭ ʨʫʜ; 6 ð ʧʨʠʨʦʜʥʦ ʨʫʜʘ; 7 ð ʛʝʤʘʪʠʪʦʚʘ ʨʫʜʘ; 8, 9 ð ʩʫʤʽʰ ʨʫʜ 

 

ʄʽʮʥʽʩʪʴ ʩʧʝʢʘ ʧʦʯʠʥʘʻ ʨʽʟʢʦ ʟʥʠʞʫʚʘʪʠʩʷ ʟ ʦʩʥʦʚʥʦʩʪʽ 0,4 - 0,5, ʧʨʠ 

ʷʢʽʡ ʚ ʩʪʨʫʢʪʫʨʽ ʘʛʣʦʤʝʨʘʪʫ ʟ'ʷʚʣʷʻʪʴʩʷ Ca2SiO4. ʄʽʥʽʤʘʣʴʥʘ ʤʽʮʥʽʩʪʴ 

ʘʛʣʦʤʝʨʘʪʫ ʚʽʜʧʦʚʽʜʘʻ ʦʩʥʦʚʥʦʩʪʽ 1,3 - 1,5. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʦʩʥʦʚʥʦʩʪʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ Ca3SiO5, ʥʝ ʩʭʠʣʴʥʦʛʦ ʜʦ ʧʦʣʽʤʦʨʬʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ɿʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʢʨʠʭʢʦʛʦ ʩʢʣʘ, ʟ'ʷʚʣʷʻʪʴʩʷ ʥʦʚʘ ʤʽʮʥʘ ʟʚ'ʷʟʢʘ ð 

ʬʝʨʠʪʠ ʢʘʣʴʮʽʶ; ʩʪʨʫʢʪʫʨʘ ʘʛʣʦʤʝʨʘʪʫ (ʚʩʝʨʝʜʠʥʽ ʙʣʦʢʽʚ) ʩʪʘʻ ʙʽʣʴʰ 

ʦʜʥʦʨʽʜʥʦʶ. ɺʩʝ ʮʝ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʤʽʮʥʦʩʪʽ ʘʛʣʦʤʝʨʘʪʫ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʠʩʦʢʦʦʩʥʦʚʥʠʡ ʘʛʣʦʤʝʨʘʪ ʚʠʷʚʣʷʻʪʴʩʷ ʪʘʢʠʤ ʞʝ ʤʽʮʥʠʤ, ʷʢ ʽ 

ʥʝʦʬʣʶʩʦʚʘʥʠʡ ʘʛʣʦʤʝʨʘʪ [28]. 

ɽ. ʌ. ɺʝʛʤʘʥʦʤ ʚ 1965 ʨ. ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʤʘʪʦʢ ʘʛʣʦʤʝʨʘʪʫ ʥʝ ʻ 

ʦʜʥʦʨʽʜʥʠʤ ʽ ʷʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ ʙʣʦʢʽʚ (ʟʛʫʩʪʢʽʚ ʨʝʯʦʚʠʥʠ), ʨʦʟʜʽʣʝʥʠʭ 

ʚʝʣʠʢʠʤʠ ʧʦʨʘʤʠ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ (ʨʠʩ1.8) [30]. ɹʣʦʢʠ ʟʚʘʨʝʥʽ ʦʜʠʥ ʟ 

ʦʜʥʠʤ ʧʦ ʧʦʚʝʨʭʥʽ, ʽ ʪʝʢʩʪʫʨʘ ʰʤʘʪʢʘ ʚ ʮʽʣʦʤʫ ʥʘʛʘʜʫʻ ʙʫʜʦʚʫ ʚʠʥʦʛʨʘʜʥʦʛʦ 

ʛʨʦʥʘ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʦʨʤʠ ʽ ʨʦʟʤʽʨʽʚ ʙʣʦʢʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ 
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ʢʦʥʮʝʥʪʨʠʯʥʦ-ʟʦʥʘʣʴʥʫ ʙʫʜʦʚʫ. ʇʝʨʠʬʝʨʽʡʥʘ ʟʦʥʘ ʙʣʦʢʫ ʩʢʣʘʜʘʻʪʴʩʷ 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟ ʢʨʠʩʪʘʣʽʚ ʤʘʛʥʝʪʠʪʫ, ʤʽʞ ʷʢʠʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʥʝʚʝʣʠʢʘ (5 -

10%) ʢʽʣʴʢʽʩʪʴ ʩʠʣʽʢʘʪʥʦʶ ʟʚ'ʷʟʢʠ ʽ ʩʢʣʘ. ɹʣʠʞʯʝ ʜʦ ʮʝʥʪʨʫ ʨʦʟʪʘʰʦʚʘʥʠʡ 

ʧʨʦʤʽʞʥʘ ʟʦʥʘ ʟ ʧʽʜʚʠʱʝʥʠʤ (10 - 30%) ʢʽʣʴʢʽʩʪʶ ʟʚ'ʷʟʢʠ. 

 

 

ʈʠʩ.1.8 - ʆʙ'ʻʤʥʘ ʢʘʨʪʠʥʘ ʙʣʦʯʥʦʾ ʙʫʜʦʚʠ ʘʛʣʦʤʝʨʘʪʫ 

 

ʅʘʨʝʰʪʽ, ʚ ʮʝʥʪʨʽ ʙʣʦʢʫ ʟʘʚʞʜʠ ʻ ʦʜʥʝ ʘʙʦ ʢʽʣʴʢʘ ʩʠʣʽʢʘʪʥʠʭ çʦʟʝʨè, ʷʢʽ 

ʥʘ 60 - 80% ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʦʣʽʚʽʥʫ. ʊʫʪ ʩʝʨʝʜ ʤʘʩʠ ʩʠʣʽʢʘʪʽʚ ʽ ʩʢʣʘ 

ʨʦʟʪʘʰʦʚʘʥʽ ʜʝʥʜʨʠʪʠ ʤʘʛʥʝʪʠʪʫ, ʡʦʛʦ ʩʢʝʣʝʪʥʽ ʢʨʠʩʪʘʣʠ, ʝʚʪʝʢʪʠʢʠ ʦʣʽʚʽʥ-

ʤʘʛʥʝʪʠʪ, ʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ. ɿʘʣʠʰʢʠ ʨʫʜʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʪʽʣʴʢʠ ʚ 

ʧʝʨʠʬʝʨʽʡʥʽʡ ʟʦʥʽ ʙʣʦʢʫ, ʘ ʟʘʣʠʰʢʠ ʢʦʢʩʦʚʦʾ ʜʨʽʙʥʠʮʽ ʪʽʣʴʢʠ ʚ ʡʦʛʦ 

ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ. ʇʦʨʠʩʪʽʩʪʴ ʚ ʤʝʞʘʭ ʙʣʦʢʫ ʪʦʥʢʘ. ʌʦʨʤʘ ʧʝʨʝʨʽʟʫ ʧʦʨ 

ʙʣʠʟʴʢʘ ʜʦ ʢʨʫʛʣʦʾ. ɸʙʩʦʣʶʪʥʽ ʨʦʟʤʽʨʠ ʙʣʦʢʽʚ ʟʙʽʣʴʰʫʶʪʴʩʷ ʧʦ ʤʽʨʽ 

ʫʢʨʫʧʥʝʥʥʷ ʢʦʢʩʦʚʦʾ ʜʨʽʙʥʠʮʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʧʽʢʘʥʥʷ. 

ʊʝʦʨʽʷ ʬʦʨʤʫʚʘʥʥʷ ʙʣʦʢʽʚ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ɽ. ʌ. ɺʝʛʤʘʥʦʤ, ʧʦʚ'ʷʟʫʻ ʾʭ 

ʧʦʭʦʜʞʝʥʥʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʟʛʫʩʪʢʽʚ ʨʦʟʧʣʘʚʫ ʥʘʚʢʦʣʦ ʧʘʣʘʶʯʠʭ ʯʘʩʪʠʥʦʢ 

ʢʦʢʩʦʚʦʾ ʜʨʽʙʥʠʮʽ ʇʽʩʣʷ ʟʘʡʤʘʥʥʷ ʯʘʩʪʠʥʦʢ ʢʦʢʩʦʚʦʾ ʜʨʽʙʥʠʮʽ ʥʘʚʢʦʣʦ ʥʠʭ 

ʫʪʚʦʨʶʶʪʴʩʷ ʟʛʫʩʪʢʠ ʨʦʟʧʣʘʚʫ. ʈʦʟʤʽʨʠ ʟʛʫʩʪʢʽʚ ʨʦʩʪʫʪʴ ʽ, ʥʘʨʝʰʪʽ, ʚʦʥʠ 

ʧʦʯʠʥʘʶʪʴ ʪʦʨʢʘʪʠʩʷ ʦʜʠʥ ʦʜʥʦʛʦ. ʇʽʩʣʷ ʚʠʛʦʨʷʥʥʷ ʯʘʩʪʠʥʦʢ ʧʘʣʠʚʘ ʨʦʟʧʣʘʚ 
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ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʽ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚ ʥʘʡʙʽʣʴʰ ʭʦʣʦʜʥʽʡ 

ʧʝʨʠʬʝʨʽʡʥʽʡ ʟʦʥʽ ʙʣʦʢʫ. 

ʇʝʨʰʠʤ ʚʠʜʽʣʷʻʪʴʩʷ ʟ ʨʽʜʢʦʾ ʬʘʟʠ ʤʘʛʥʝʪʠʪ ʽ ʨʦʟʧʣʘʚ ʚʽʜʪʽʩʥʷʻʪʴʩʷ ʚ 

ʥʘʡʙʽʣʴʰ ʛʘʨʷʯʫ ʮʝʥʪʨʘʣʴʥʫ ʯʘʩʪʠʥʫ ʙʣʦʢʫ. ʉʠʣʽʢʘʪʥʠʡ ʨʦʟʧʣʘʚ, ʟʙʽʜʥʝʥʠʡ 

ʦʢʩʠʜʘʤʠ ʟʘʣʽʟʘ, ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʦʩʪʘʥʥʽʤ, ʫʪʚʦʨʶʶʯʠ ʮʝʥʪʨʘʣʴʥʝ ʩʠʣʽʢʘʪʥʝ 

ʦʟʝʨʦ. ɼʨʽʙʥʽ ʧʦʨʠ ʚʩʝʨʝʜʠʥʽ ʙʣʦʢʽʚ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʽ 

ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ ʯʝʨʝʟ ʨʦʟʧʣʘʚ.  

ɺ ʭʦʜʽ ʩʧʽʢʘʥʥʷ ʟ ʰʠʭʪʠ ʚʠʛʦʨʘʻ ʢʦʢʩʦʚʘ ʜʨʽʙʥʠʮʷ (15 - 20%) [31]. 

ʆʪʞʝ, ʦʙôʻʤ ʨʦʟʧʣʘʚʫ ʥʘ 25 - 40% ʤʝʥʰʝ ʦʙ'ʻʤʫ ʰʠʭʪʠ. ʇʨʠ ʫʪʚʦʨʝʥʥʽ ʣʠʪʠʭ 

ʙʣʦʢʽʚ ʤʽʞ ʥʠʤʠ ʥʝʤʠʥʫʯʝ ʚʠʥʠʢʘʶʪʴ ʚʝʣʠʢʽ ʫʩʘʜʦʯʥʽ ʨʘʢʦʚʠʥʠ. ɼʣʷ 

ʘʛʣʦʤʝʨʘʪʽʚ ʟ ʨʫʜ ʽ ʢʦʥʮʝʥʪʨʘʪʽʚ ʂʄɸ ʦʙʩʷʛ ʤʽʞʙʣʦʢʦʚʠʭ ʧʽʨ ʩʢʣʘʜʘʻ 22 -

38%, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʩʣʦʚʣʝʥʫ ʚʠʱʝ ʛʽʧʦʪʝʟʫ. ɹʣʦʢʦʚʘ ʪʝʢʩʪʫʨʘ ʰʤʘʪʢʽʚ ʚ 

ʛʦʪʦʚʦʤʫ ʘʛʣʦʤʝʨʘʪʽ ʥʘʡʙʽʣʴʰ ʯʽʪʢʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʝʨʭʥʽʡ ʽ ʦʩʦʙʣʠʚʦ ʚ 

ʩʝʨʝʜʥʽʡ ʡʦʛʦ ʯʘʩʪʠʥʘʭ. ʇʦʙʣʠʟʫ ʢʦʣʦʩʥʠʢʦʚʠʭ ʛʨʘʪ ʪʝʧʣʦʚʠʡ ʨʽʚʝʥʴ ʧʨʦʮʝʩʫ 

ʟʨʦʩʪʘʻ, ʪʦʤʫ ʪʫʪ ʫʪʚʦʨʶʻʪʴʩʷ ʤʦʥʦʣʽʪʥʠʡ ʣʠʪʠʡ ʰʤʘʪʦʢ ʘʛʣʦʤʝʨʘʪʫ. 

ʇʨʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʘʛʣʦʤʝʨʘʪʫ, ʷʢ ʧʦʢʘʟʘʣʠ 

ʜʦʩʣʽʜʞʝʥʥʷ [32, 33], ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʨʫʡʥʫʶʪʴʩʷ ʟʚ'ʷʟʢʠ ʤʽʞ ʙʣʦʢʘʤʠ. ʇʨʠ 

ʮʴʦʤʫ ʰʤʘʪʦʢ ʘʛʣʦʤʝʨʘʪʫ ʨʦʟʩʠʧʘʻʪʴʩʷ ʥʘ ʦʢʨʝʤʽ ʙʣʦʢʠ ʘʙʦ ʾʭ ʛʨʫʧʠ (ʧʨʦʮʝʩ 

çʽʥʜʠʚʽʜʫʘʣʽʟʘʮʽʾè). ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʩʘʤʠʭ ʙʣʦʢʽʚ, ʪʦ ʚʦʥʠ ʻ ʩʪʽʡʢʠʤʠ 

ʫʪʚʦʨʝʥʥʷʤʠ ʽʟ ʣʠʪʦʶ ʢʦʥʮʝʥʪʨʠʯʥʦ-ʟʦʥʘʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɼʣʷ ʾʭ 

ʨʫʡʥʫʚʘʥʥʷ ʧʦʪʨʽʙʥʽ ʚʠʪʨʘʪʠ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ. ʆʩʢʽʣʴʢʠ ʙʣʦʢʠ 

ʬʦʨʤʫʶʪʴʩʷ ʥʘʚʢʦʣʦ ʧʘʣʘʶʯʠʭ ʯʘʩʪʠʥʦʢ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ, ʾʭ ʨʦʟʤʽʨ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʨʫʧʥʽʩʪʶ ʧʘʣʠʚʥʠʭ ʯʘʩʪʠʥʦʢ. ʊʦʥʢʽ ʯʘʩʪʠʥʢʠ ʢʦʢʩʦʚʦʾ 

ʜʨʽʙʥʠʮʽ (< 0,5 ʤʤ) ʟʛʦʨʘʶʪʴ ʟʘʥʘʜʪʦ ʰʚʠʜʢʦ ʽ ʥʝ ʤʦʞʫʪʴ ʩʪʚʦʨʠʪʠ ʥʘʚʢʦʣʦ 

ʩʝʙʝ ʙʣʦʢʽʚ. ʆʧʪʠʤʘʣʴʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʽʮʥʦʩʪʽ, ʻ ʙʣʦʢʠ ʨʦʟʤʽʨʦʤ 15 - 20 

ʤʤ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʘʚʢʦʣʦ ʯʘʩʪʠʥʦʢ ʢʦʢʩʦʚʦʾ ʜʨʽʙʥʠʮʽ ʜʽʘʤʝʪʨʦʤ 1 - 3 ʤʤ  

ɼʦʙʘʚʢʠ ʚ ʘʛʣʦʤʝʨʘʮʽʡʥʫ ʰʠʭʪʫ ʨʫʜ ʟ ʛʣʠʥʦʟʝʤʠʩʪʦʶ ʧʦʨʦʞʥʴʦʶ 

ʧʦʨʦʜʦʶ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʦʩʥʦʚʥʽʩʪʴ, ʧʨʠ ʷʢʽʡ ʚ ʩʪʨʫʢʪʫʨʽ ʘʛʣʦʤʝʨʘʪʫ 

ʟ'ʷʚʣʷʶʪʴʩʷ ʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ, ʪʦʙʪʦ ʟʤʝʥʰʠʪʠ ʾʭ ʢʽʣʴʢʽʩʪʴ ʚ  ʛʦʪʦʚʦʤʫ 

ʘʛʣʦʤʝʨʘʪʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʦʩʪʽ ʩʧʝʢʘ. ʄ. ʄ. ʗʢʫʙʮʠʥʝʨ ʚ 1940 ʨ. 
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ʚʩʪʘʥʦʚʠʚ, ʱʦ ʥʘ ʤʽʮʥʽʩʪʴ ʩʧʝʢʘ ʩʧʨʠʷʪʣʠʚʦ ʚʧʣʠʚʘʻ ʧʨʠʩʫʪʥʽʩʪʴ 

ʜʦʣʦʤʽʪʠʟʦʚʘʥʦʛʦ ʚʘʧʥʷʢʫ (ʉʘ, Mg) (ʉʆ3) ʫ ʰʠʭʪʽ [34]. ʄʘʛʥʽʡ ʧʨʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʭʦʜʠʪʴ ʚ ʨʝʰʽʪʢʫ Ca2SiO4 ʽ ʟʘʧʦʙʽʛʘʻ ʧʦʣʽʤʦʨʬʥʦʤʫ 

ʧʝʨʝʪʚʦʨʝʥʥʶ ɓ-Ca2SiO4 Ÿ ɔ-Ca2SiO4. ʇʨʠ ʩʧʽʢʘʥʥʽ ʢʨʠʚʦʨʽʟʴʢʠʭ ʨʫʜ ʟ 

ʚʠʪʨʘʪʦʶ ʢʦʢʩʦʚʦʾ ʜʨʽʙʥʠʮʽ (5 - 6%) ʚʚʝʜʝʥʥʷ ʚ ʘʛʣʦʤʝʨʘʪ 3% MgO ʟʥʠʞʫʻ 

ʚʠʭʽʜ ʜʨʽʙʥʠʮʽ (< 5 ʤʤ) ʧʽʩʣʷ ʙʘʨʘʙʘʥʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟ 22 - 25% ʜʦ 17 -

20%. ɺ ʜʘʥʠʡ ʯʘʩ ʜʦʣʦʤʽʪʠʟʦʚʘʥʠʡ ʚʘʧʥʷʢ ʜʦʜʘʶʪʴ ʚ ʘʛʣʦʤʝʨʘʮʽʡʥʦʛʦ ʰʠʭʪʫ 

ʥʘ ʙʽʣʴʰʦʩʪʽ ʘʛʣʦʬʘʙʨʠʢ ʩʚʽʪʫ.  

ɺʽʜʥʦʚʥʽʩʪʴ ʘʛʣʦʤʝʨʘʪʫ, ʷʢ ʮʝ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʂ. ʂ. 

ʐʢʦʜʽʥʘ[35], ʧʦʚ'ʷʟʘʥʘ ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʧʦʚʝʨʭʥʝʶ ʧʦʨ, ʜʦʩʪʫʧʥʠʭ ʛʘʟʫ-

ʚʽʜʥʦʚʥʠʢʫ. ʅʝʟʥʘʯʥʦʶ ʤʽʨʦʶ ʥʘ ʚʽʜʥʦʚʥʽʩʪʴ ʚʧʣʠʚʘʻ ʽ ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ 

ʘʛʣʦʤʝʨʘʪʫ. ɿʦʢʨʝʤʘ, ʚʽʜʥʦʚʥʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ, ʷʢʱʦ ʚ ʘʛʣʦʤʝʨʘʪʽ ʧʨʠʩʫʪʥʽ 

ʚʘʞʢʦʚʽʜʥʦʚʥʽ ʬʘʟʠ: ʬʘʷʣʽʪ (Fe2SiO4), ʉʘ-ʦʣʽʚʽʥ, ʙʨʘʫʥʤʽʣʣʝʨʽʪ (4CaO-ɸl2O3) ʽ 

ʩʢʣʦ. ɺʽʜʥʦʚʥʽʩʪʴ ʦʬʣʶʩʦʚʘʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ ʟʤʽʥʶʻʪʴʩʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʦʩʥʦʚʥʦʩʪʽ ʟʘ ʝʢʩʪʨʝʤʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. ʄʘʢʩʠʤʫʤ ʚʽʜʥʦʚʥʦʩʪʽ ʚʽʜʥʦʩʠʪʴʩʷ 

ʜʦ ʦʩʥʦʚʥʦʩʪʽ ʘʛʣʦʤʝʨʘʪʫ CaO/SiO2 = 1,4 - 1,5. ʗʢ ʧʦʢʘʟʘʚ ʜʦʩʚʽʜ, ʚʽʜʥʦʚʥʽʩʪʴ 

ʦʬʣʩʁʦʚʘʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ ʚ ʜʘʥʠʡ ʯʘʩ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ 

ʜʦʤʝʥʥʦʾ ʪʝʭʥʦʣʦʛʽʾ.  

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʯʘʪʢʫ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʫ ʚʽʜʥʦʚʥʽʡ ʘʪʤʦʩʬʝʨʽ 

ʥʝʦʬʣʶʩʦʚʘʥʠʭ ʘʛʣʦʤʝʨʘʪʽʚ, ʘʛʣʦʤʝʨʘʪʽʚ ʦʩʥʦʚʥʽʩʪʶ 0,5 - 0,7 ʽ 2 - 4 

ʩʪʘʥʦʚʠʪʴ, ʚʽʜʧʦʚʽʜʥʦ, 1100 - 1150Áʉ, 1050 - 1100Áʉ ʽ 1200 - 1250Áʉ [36]. 

ʄʽʥʽʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʘʪʢʫ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʽʡ 

ʢʽʣʴʢʦʩʪʽ ʩʢʣʘ ʚ ʘʛʣʦʤʝʨʘʪʽ ʦʩʥʦʚʥʽʩʪʶ 0,5 - 0,7, ʪʘʢ ʷʢ ʩʢʣʦ ʥʝ ʤʘʻ ʬʽʢʩʦʚʘʥʦʾ 

ʪʦʯʢʠ ʧʣʘʚʣʝʥʥʷ, ʨʦʟʤ'ʷʢʰʫʻʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ.  

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʘʛʣʦʤʝʨʘʪʫ ʨʽʟʥʦʾ ʦʩʥʦʚʥʦʩʪʽ, 

ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʷʚʠ ʧʝʨʰʠʭ ʧʦʨʮʽʡ 

ʨʦʟʧʣʘʚʫ, ʷʢʽ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʦʣʫʢ, 

ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʚ ʰʠʭʪʽ ʚ ʧʨʦʮʝʩʽ ʾʾ ʥʘʛʨʽʚʘʥʥʷ. ɼʣʷ ʦʬʣʶʩʦʚʘʥʠʭ ʘʛʣʦʤʝʨʘʪʽʚ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʰʠʭʪʠ ʚʧʣʠʚʘʶʪʴ ʣʝʛʢʦʧʣʘʚʢʽ 
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ʬʝʨʠʪʠ ʢʘʣʴʮʽʶ. ʏʠʤ ʚʠʱʝ ʦʩʥʦʚʥʽʩʪʴ, ʪʠʤ ʙʽʣʴʰʝ ʬʝʨʠʪʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ 

ʩʪʨʫʢʪʫʨʽ ʘʛʣʦʤʝʨʘʪʽʚ.  

ʅʘ ʧʽʜʩʪʘʚʽ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʜʦ ʤʦʤʝʥʪʫ ʧʽʜʭʦʜʫ 

ʟʦʥʠ ʛʦʨʽʥʥʷ ʜʦ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙ'ʻʤʫ ʰʠʭʪʠ, ʷʢʘ ʧʽʜʣʷʛʘʻ ʘʛʣʦʤʝʨʘʮʽʾ ʚ 

ʥʴʦʤʫ ʯʘʩʪʢʦʚʦ ʫʪʚʦʨʶʶʪʴʩʷ ʷʢ ʩʠʣʽʢʘʪʠ, ʪʘʢ ʽ ʬʝʨʠʪʠ ʢʘʣʴʮʽʶ. ʅʘʷʚʥʽʩʪʴ 

ʦʩʪʘʥʥʽʭ ʧʦʚʠʥʥʦ ʟʫʤʦʚʣʶʚʘʪʠ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʷʚʠ 

ʨʦʟʧʣʘʚʫ. ʊʘʢ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʩʧʦʣʫʢ CaOĿFe2O3 ʽ CaOĿ2Fe2O3 

ʩʪʘʥʦʚʠʪʴ, ʚʽʜʧʦʚʽʜʥʦ, 1216ʉ ʽ 1325Üʉ, ʘ ʝʚʪʝʢʪʠʯʥʘ ʩʫʤʽʰ ʮʠʭ ʩʧʦʣʫʢ 

ʧʣʘʚʠʪʴʩʷ ʧʨʠ 1195Üʉ. ɺ ʩʠʩʪʝʤʽ CaOĿFe3O4, ʟ'ʻʜʥʘʥʥʷ 4CaOĿ3Fe3O4 

ʧʣʘʚʠʪʴʩʷ ʧʨʠ 1200 Áʉ, ʘ ʨʷʜ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʝʨʠʪʥʦ-ʢʘʣʴʮʽʻʚʠʭ ʝʚʪʝʢʪʠʢ - 

ʧʨʠ ʱʝ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [37]: 

ɺʥʘʩʣʽʜʦʢ ʚʝʣʠʢʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʦʙʩʷʛʽʚ ʰʠʭʪʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʷʚʠ ʨʦʟʧʣʘʚʫ ʚ ʚʠʩʦʢʦʦʩʥʦʚʥʽʡ ʰʠʭʪʽ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʤʠ, ʪʘʢ ʷʢ ʤʦʞʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʙʫʜʴ-ʷʢʽʡ ʽʟ 

ʟʘʟʥʘʯʝʥʠʭ ʝʚʪʝʢʪʠʢ. ɼʦʩʣʽʜʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʰʠʭʪ ʟ 

ʚʠʩʦʢʦʶ ʦʩʥʦʚʥʽʩʪʶ ʧʽʜʪʚʝʨʜʠʣʠ ʮʝ ʧʨʠʧʫʱʝʥʥʷ [38].  

ʇʦʯʘʪʦʢ ʨʦʟʤ'ʷʢʰʝʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʥʘʛʦʣʦʰʫʚʘʣʦʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʝ 

ʚʠʱʝ 1170Üʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʥʦʛʦ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʟʨʘʟʢʽʚ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 

1220Áʉ, ʪʦʜʽ ʷʢ ʧʨʠʛʦʪʦʚʣʝʥʘ ʟ ʪʠʭ ʞʝ ʤʘʪʝʨʽʘʣʽʚ ʰʠʭʪʘ ʟ ʦʩʥʦʚʥʽʩʪʶ ʙʣʠʟʴʢʦ 

1,0 ʧʦʚʥʽʩʪʶ ʨʦʟʤ'ʷʢʰʫʻʪʴʩʷ ʧʨʠ 1240 - 1250Áʉ. ɿʙʽʣʴʰʝʥʥʷ ʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʚ 

ʰʠʭʪʽ ʽ ʧʨʠ ʧʦʚʥʦʤʫ ʾʾ ʨʦʟʧʣʘʚʣʶʚʘʥʥʽ ʜʦʟʚʦʣʷʻ ʚʠʪʨʠʤʫʚʘʪʠ ʩʢʣʘʜ ʜʦʩʠʪʴ 

ʣʝʛʢʦʧʣʘʚʢʠʭ ʩʠʣʽʢʘʪʥʦ-ʬʝʨʠʪʥʦ-ʢʘʣʴʮʽʻʚʠʭ ʝʚʪʝʢʪʠʢ. ɿ ʮʽʻʾ ʞ ʧʨʠʯʠʥʠ ʽ 

ʽʥʪʝʨʚʘʣ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʚʠʩʦʢʦʦʩʥʦʚʥʠʭ ʰʠʭʪ ʚʠʷʚʣʷʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʠʤ 

(50 - 100Áʉ). ʊʝʤʧʝʨʘʪʫʨʠ ʧʦʯʘʪʢʫ ʽ ʢʽʥʮʷ ʨʦʟʤ'ʷʢʰʝʥʥʷ ʜʝʱʦ ʧʽʜʚʠʱʫʶʪʴʩʷ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʦʩʥʦʚʥʦʩʪʽ ʰʠʭʪʠ ʙʽʣʴʰʝ 5,0 ʦʜ., ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʨʦʟʚʠʪʢʦʤ ʙʽʣʴʰ ʪʫʛʦʧʣʘʚʢʠʭ ʝʚʪʝʢʪʠʢ, ʟʙʘʛʘʯʝʥʠʭ ʜʚʦʢʘʣʴʮʽʻʚʠʤ ʬʝʨʠʪʦʤ. 

 ʇʝʨʰʝ ʧʨʦʤʠʩʣʦʚʝ ʦʪʨʠʤʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʦʩʥʦʚʥʦʛʦ 

ʘʛʣʦʤʝʨʘʪʫ ʚ ʜʦʤʝʥʥʽʡ ʧʣʘʚʮʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʚ 1950 - 1953 ʨʨ. [39]. ʄʽʮʥʽʩʪʴ 

ʘʛʣʦʤʝʨʘʪʫ ʦʩʥʦʚʥʽʩʪʶ ʙʣʠʟʴʢʦ 3,5 ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʦʜʝʨʞʘʥʥʷ ʙʫʣʘ ʜʦʩʠʪʴ 

ʚʠʩʦʢʦʶ, ʘʣʝ ʟ ʯʘʩʦʤ ʰʚʠʜʢʦ ʟʥʠʞʫʚʘʣʘʩʷ ʜʦ ʪʘʢʦʾ ʤʽʨʠ, ʱʦ ʜʣʷ ʚʞʠʚʘʥʥʷ 
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ʮʴʦʛʦ ʩʧʝʢʘ ʚ ʜʦʤʝʥʥʽʡ ʧʣʘʚʮʽ ʟʤʫʰʝʥʽ ʙʫʣʠ ʚʜʘʪʠʩʷ ʜʦ ʧʦʚʪʦʨʥʦʾ 

ʘʛʣʦʤʝʨʘʮʽʾ. 

ʅʝʚʜʘʯʽ ʧʝʨʰʠʭ ʩʧʨʦʙ ʦʪʨʠʤʘʥʥʷ ʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʦʩʥʦʚʥʠʭ 

ʘʛʣʦʤʝʨʘʪʽʚ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʝ ʩʪʽʣʴʢʠ ʥʠʟʴʢʦʶ ʪʝʭʥʽʢʦʶ ʘʛʣʦʤʝʨʘʮʽʾ ʪʦʛʦ 

ʯʘʩʫ, ʩʢʽʣʴʢʠ ʥʝʟʥʘʥʥʷʤ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʮʥʦʩʪʽ 

ʚʠʩʦʢʦʦʩʥʦʚʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ ʚʽʜ ʡʦʛʦ ʟʘʩʥʫʚʘʥʥʷ. ʇʽʟʥʽʰʝ ʙʫʣʠ ʚʠʷʚʣʝʥʽ 

ʢʦʨʜʦʥʠ ʦʩʥʦʚʥʦʩʪʽ ʘʛʣʦʤʝʨʘʪʫ, ʚʽʜʧʦʚʽʜʥʽ ʤʽʥʽʤʫʤʫ ʽ ʤʘʢʩʠʤʫʤʫ ʡʦʛʦ 

ʤʽʮʥʦʩʪʽ [35]. 

ɼʝʷʢʽ ʚʯʝʥʽ [40], ʷʢʽ ʧʝʨʰʠʤʠ ʦʪʨʠʤʘʣʠ ʧʨʦʤʠʩʣʦʚʠʡ ʘʛʣʦʤʝʨʘʪ, 

ʚʚʘʞʘʣʠ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ ʡʦʛʦ ʟʫʤʦʚʣʝʥʦ ʧʦʣʽʤʦʨʬʽʟʤʦʤ ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ 

ʩʠʣʽʢʘʪʫ ʽ ʛʽʜʨʘʪʘʮʽʻʶ ʚʘʧʥʘ, ʱʦ ʥʝ ʟʘʩʚʦʾʣʦʩʷ  

ʇʨʠʩʫʪʥʽʩʪʴ ʥʝ ʦʢʠʩʫ ʢʘʣʴʮʽʶ, ʱʦ ʥʝ ʟʘʩʚʦʾʣʘʩʴ ʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʪʠʧʦʚʠʤ ʜʣʷ ʘʛʣʦʤʝʨʘʪʽʚ ʦʩʥʦʚʥʽʩʪʶ 1,2 - 1,5. ʅʘʚʽʪʴ ʙʽʣʴʰ ʚʠʩʦʢʦʦʩʥʦʚʥʽ 

ʘʛʣʦʤʝʨʘʪʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʤʽʩʪʷʪʴ ʾʾ, ʷʢʱʦ ʟʜʽʡʩʥʶʶʪʴʩʷ ʪʘʢʽ ʟʘʭʦʜʠ, ʷʢ 

ʜʨʦʙʣʝʥʥʷ ʚʘʧʥʷʢʫ ʜʦ 0 - 3 ʤʤ, ʜʦʩʪʘʪʥʴʦ ʷʢʽʩʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʰʠʭʪʠ ʽ 

ʩʧʽʢʘʥʥʷ ʾʾ ʟ ʦʧʪʠʤʘʣʴʥʦʶ ʚʠʪʨʘʪʦʶ ʧʘʣʠʚʘ. ɹʽʣʴʰ ʩʢʣʘʜʥʠʤʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʧʠʪʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʜʚʦʢʘʣʴʮʽʻʚʠʤ ʩʠʣʽʢʘʪʦʤ. ʂʽʣʴʢʽʩʪʴ 

ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ ʚ ʟʘʣʽʟʦʨʫʜʥʠʭ ʘʛʣʦʤʝʨʘʪʘʭ ʦʩʥʦʚʥʽʩʪʶ 3-5 ʜʦʩʷʛʘʻ 

25 - 30%.  

ʉʧʝʮʠʬʽʢʘ ʩʢʣʘʜʫ ʰʠʭʪʠ ʦʬʣʶʩʦʚʘʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ ʧʦʣʝʛʰʫʻ 

ʫʪʚʦʨʝʥʥʷ ʤʽʮʥʠʭ ʟʚ'ʷʟʢʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʬʦʨʤʫʶʪʴʩʷ ʟ ʩʠʩʪʝʤ ʟ ʝʚʪʝʢʪʠʯʥʠʤ 

ʧʣʘʚʣʝʥʥʷʤ ʢʦʥʪʘʢʪʫʶʯʠʭ ʯʘʩʪʠʥʦʢ ʨʫʜʠ ʽ ʬʣʶʩʫ.  

 

1.5 ʇʦʣʽʤʦʨʬʽʟʤ ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ ʪʘ ʤʝʪʦʜʠ ʙʦʨʦʪʴʙʠ ʽʟ ʥʠʤ 

 

ʇʦʣʽʤʦʨʬʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ (ʦʨʪʦʩʠʣʽʢʘʪʫ 

ʢʘʣʴʮʽʶ), ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙ'ʻʤʫ ʽ ʟʜʘʪʥʝ ʧʝʨʝʪʚʦʨʠʪʠ ʚ 

ʧʦʨʦʰʦʢ, ʥʘʧʨʠʢʣʘʜ, ʮʝʤʝʥʪʥʠʡ ʢʣʽʥʢʝʨ ʽ ʤʝʪʘʣʫʨʛʽʡʥʽ ʰʣʘʢʠ, ʱʦ ʤʽʩʪʷʪʴ 

ʜʚʦʢʘʣʴʮʽʻʚʠʡ ʩʠʣʽʢʘʪ, ʧʨʠʚʝʨʪʘʻ ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ ʤʘʡʞʝ 100 ʨʦʢʽʚ. ʎʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʻ ʧʨʠʯʠʥʦʶ ʨʫʡʥʫʚʘʥʥʷ ʦʬʣʶʩʦʚʘʥʠʭ ʘʛʣʦʤʝʨʘʪʽʚ. ɺʧʣʠʚ 
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ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ ʥʘ ʷʢʽʩʪʴ ʘʛʣʦʤʝʨʘʪʽʚ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʝ ʧʦ-

ʨʽʟʥʦʤʫ. ʇʨʠ ʚʠʩʦʢʦʤʫ ʡʦʛʦ ʚʤʽʩʪʽ ʤʦʞʣʠʚʦ ʤʠʤʦʚʽʣʴʥʝ ʚʽʜʢʦʣʶʚʘʥʥʷ 

ʰʤʘʪʦʯʢʽʚ, ʚʠʜʽʣʝʥʥʷ ʧʠʣʫ ʽ ʥʘʚʽʪʴ ʧʦʚʥʝ ʨʦʟʩʠʧʘʥʥʷ ʘʛʣʦʤʝʨʘʪʫ. ʇʨʠ 

ʤʘʣʦʤʫ ʚʤʽʩʪʽ ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ ʘʛʣʦʤʝʨʘʪ ʥʝ ʨʦʟʩʠʧʘʻʪʴʩʷ, ʘʣʝ 

ʧʨʠʩʫʪʥʽʩʪʴ ʟʝʨʝʥ ʮʴʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʻ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ 

ʥʘʧʨʫʞʝʥʴ, ʟʘʨʦʜʢʦʚʠʤʠ ʮʝʥʪʨʘʤʠ ʤʽʢʨʦʪʨʽʱʠʥ (ʨʠʩ. 1.9). ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, 

ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʣʽʤʦʨʬʽʟʤʫ ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ ʫ ʩʢʣʘʜʽ ʦʬʣʶʩʦʚʘʥʦʛʦ 

ʘʛʣʦʤʝʨʘʪʫ ʥʝʤʠʥʫʯʝ ʧʨʠʟʚʝʜʝ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʤʽʮʥʦʩʪʽ. ʌʘʟʠ 

ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ ʜʦʩʪʘʪʥʴʦ ʛʣʠʙʦʢʦ ʚʠʚʯʝʥʽ ʩʪʦʩʦʚʥʦ ʜʦ ʭʽʤʽʾ ʮʝʤʝʥʪʫ 

[41]. ɼʚʦʢʘʣʴʮʽʻʚʠʡ ʩʠʣʽʢʘʪ ʤʘʻ ʢʨʠʩʪʘʣʽʯʥʫ ʨʝʰʽʪʢʫ ʟʽ ʟʚ'ʷʟʢʘʤʠ ʧʝʨʝʚʘʞʥʦ 

ʽʦʥʥʦʛʦ ʪʠʧʫ. ʆʩʥʦʚʦʶ ʩʪʨʫʢʪʫʨʥʠʭ ʪʠʧʽʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʠʣʽʢʘʪʽʚ ʻ ʢʠʩʥʝʚʠʡ 

ʪʝʪʨʘʝʜʨ, ʚ ʮʝʥʪʨʽ ʷʢʦʛʦ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʘʪʦʤ ʢʨʝʤʥʽʶ. ʆʨʪʦʩʠʣʽʢʘʪ ʢʘʣʴʮʽʶ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʣʽʚʽʥʦʚʦʛʦ ʨʷʜʫ ʦʩʪʨʽʚʥʠʭ ʩʠʣʽʢʘʪʥʠʭ ʩʪʨʫʢʪʫʨ, ʜʝ ʢʠʩʥʝʚʽ 

ʪʝʪʨʘʝʜʨʠ ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʢʘʪʽʦʥʘʤʠ ʤʝʪʘʣʫ. 

 

 

ʈʠʩ.1.9. - ʌʦʪʦʜʽʣʷʥʢʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʦʬʣʶʩʦʚʘʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ ʟ 

ʪʨʽʱʠʥʦʶ, ʱʦ ʚʠʭʦʜʠʪʴ ʽʟ ʤʽʢʨʦʦʙ'ʻʤʽʚ, ʟʙʘʛʘʯʝʥʠʭ ʜʚʦʢʘʣʴʮʽʻʚʠʤ ʩʠʣʽʢʘʪʦʤ 

 

ʇʨʠʯʠʥʦʶ ʧʦʣʽʤʦʨʬʽʟʤʫ ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ ʻ ʧʨʦʩʪʦʨʦʚʠʡ 

ʧʝʨʝʨʦʟʧʦʜʽʣ ʱʽʣʴʥʦʫʧʘʢʦʚʘʥʠʭ ʽʦʥʽʚ ʢʠʩʥʶ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʧʦʣʷʨʠʟʘʮʽʾ 

ʽʦʥʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʝʨʝʭʽʜ ŬŸɔ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʘʡʙʽʣʴʰʦʶ 

ʟʤʽʥʦʶ ʦʙ`ʻʤʫ (ʥʘ 12%).  
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ʅʘ ʨʠʩ.1.10 ʥʘʚʝʜʝʥʘ ʩʭʝʤʘ ʟʤʽʥʠ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʬʘʟ ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ 

ʩʠʣʽʢʘʪʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ [42]. 

 

 

ʈʠʩ.1.10 - ɿʘʣʝʞʥʽʩʪʴ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʬʘʟ ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʪʘ ʦʭʦʣʦʜʞʝʥʥʽ 

 

ɿʘʧʦʙʽʛʘʥʥʷ ʨʦʟʩʠʧʘʥʥʷ ʩʧʝʢʘ ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ ʰʣʷʭʦʤ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʦʜʥʽʻʶ ʟ ʡʦʛʦ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʟʘʟʚʠʯʘʡ 

ʥʘʟʠʚʘʶʪʴ ʩʢʦʨʦʯʝʥʦ ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʩʪʘʙʽʣʽʟʘʮʽʶ ʪʝʨʤʽʯʥʫ, ʢʨʠʩʪʘʣʦʭʽʤʽʯʥʫ ʽ ʬʽʟʠʯʥʫ. 

ʊʝʨʤʽʯʥʘ ʩʪʘʙʽʣʽʟʘʮʽʷ ʜʦʩʷʛʘʻʪʴʩʷ ʨʽʟʢʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʟʨʘʟʢʽʚ, ʢʦʣʠ 

ʽʦʥʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʥʝ ʚʩʪʠʛʘʶʪʴ ʧʝʨʝʛʨʫʧʫʚʘʪʠʩʷ. ɿʛʽʜʥʦ [43] ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʥʠʞʯʝ ʪʦʯʢʠ ʧʝʨʝʭʦʜʫ ʥʝ ʫʱʽʣʴʥʝʥʦʾ ᴫ-ʬʘʟʠ ʽʩʥʫʶʪʴ ʢʨʠʪʠʯʥʽ 

ʨʦʟʤʽʨʠ ʟʘʨʦʜʢʽʚ ʥʦʚʦʾ ʬʘʟʠ. ɿʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ, ʟʝʨʥʘ ʨʦʟʤʽʨʦʤ >30 ʤʢʤ 

ʥʝʤʠʥʫʯʝ ʧʽʜʜʘʶʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʶ ɓŸɔ ʽ, ʥʘʚʧʘʢʠ, ɓ-ʬʘʟʘ ʧʦʚʥʽʩʪʶ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʟʝʨʝʥ ʨʦʟʤʽʨʦʤ 5 ʤʢʤ. ɼʦʩʣʽʜʥʠʢʠ ʚʠʩʣʦʚʠʣʠ 

ʜʫʤʢʫ, ʱʦ ʦʩʥʦʚʥʫ ʨʦʣʴ ʫ ʪʝʨʤʽʯʥʽʡ ʩʪʘʙʽʣʽʟʘʮʽʾ ʛʨʘʻ ʝʬʝʢʪ ʧʦʚʝʨʭʥʝʚʠʭ ʩʠʣ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ ʜʝʷʢʽ ʜʦʩʣʽʜʥʠʢʠ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʚʽʜʚʦʜʷʪʴ çʢʨʠʪʠʯʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʛʨʽʚʫè. ʅʘʧʨʠʢʣʘʜ, ʚ ʨʦʙʦʪʽ [44] ʟʘ ʢʨʠʪʠʯʥʫ ʧʨʠʡʥʷʪʘ 

ʪʝʤʧʝʨʘʪʫʨʘ 1420 (+10)Áʉ, ʥʘʛʨʽʚʘʥʥʷ ʚʠʱʝ ʷʢʦʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʩʠʧʘʥʥʷ 

ʩʧʝʢʫ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ. ɼʦʩʣʽʜʥʠʢʠ ʟʥʘʭʦʜʠʣʠ ʧʨʠʯʠʥʫ ʮʴʦʛʦ ʷʚʠʱʘ ʫ 

ʚʽʜʤʽʥʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʟʝʨʝʥ ɓ-ʬʘʟʠ, ʦʪʨʠʤʘʥʠʭ ʚ ʦʜʥʦʤʫ ʚʠʧʘʜʢʫ ʟ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʶ Ŭ-ʬʘʟʠ, ʘ ʚ ʽʥʰʦʤʫ ʟ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʦʾ Ŭ-ʬʘʟʠ. 
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ʅʘʧʨʠʢʣʘʜ, ʚ ʨʦʙʦʪʽ [45] ʜʘʥʦ ʚʠʟʥʘʯʝʥʥʷ, çʷʢʱʦ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʽʚʝʥʴ 

ʩʧʽʢʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 1410Áʉ, ʪʦ ʩʠʣʽʢʘʪ ʩʪʘʙʽʣʴʥʠʡ". ʇʨʦʪʝ ʮʝ 

ʚʠʟʥʘʯʝʥʥʷ ʥʝ ʧʦʷʩʥʶʻ ʥʽ ʟʘʟʥʘʯʝʥʦʛʦ ʚʠʱʝ ʨʫʡʥʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʪʽʚ ʽʟ 

ʦʩʥʦʚʥʽʩʪʶ 3,5 ʦʜ., ʥʽ ʧʘʜʽʥʥʷ ʤʽʮʥʦʩʪʽ ʘʛʣʦʤʝʨʘʪʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʾʭ 

ʦʩʥʦʚʥʦʩʪʽ ʚʽʜ 0,7 - 0,9 ʜʦ 1,2 - 1,5 ʦʜ.; ʫ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʩʧʽʢʘʥʥʷ ʚʝʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʯʝ 1280 - 1350Áʉ, ʘ ʽʥʪʝʨʚʘʣ ʦʩʥʦʚʥʦʩʪʽ 1,2 - 1,5 ʦʜ. 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʩʧʽʢʘʥʥʷ. 

ɺʠʚʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʪʝʨʤʽʯʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʩʪʦʩʦʚʥʦ ʘʛʣʦʤʝʨʘʪʽʚ [46 

-47] ʧʦʢʘʟʘʣʦ, ʱʦ ʩʪʘʙʽʣʽʟʘʮʽʷ ɓ-ʬʘʟʠ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʰʣʷʭʦʤ 

ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʚʠʧʘʣʫ, ʢʦʣʠ ʚʝʣʠʯʠʥʘ ʟʝʨʥʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 

ʢʨʠʪʠʯʥʠʡ ʨʦʟʤʽʨ. 

ʇʨʝʜʩʪʘʚʣʷʻ ʚʝʣʠʢʝ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʠʪʘʥʥʷ, ʥʘʩʢʽʣʴʢʠ ʮʷ 

ʩʪʘʙʽʣʽʟʘʮʽʷ ʚʠʷʚʠʪʴʩʷ ʥʘʜʽʡʥʦʶ ʧʨʠ ʥʘʩʪʫʧʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ. ʅʝ ʙʫʜʝ 

ʦʪʨʠʤʘʥʠʡ ʩʪʘʙʽʣʴʥʠʡ ʘʛʣʦʤʝʨʘʪ ʨʫʡʥʫʚʘʪʠʩʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚ ʜʦʤʝʥʥʽʡ 

ʧʝʯʽ? ɼʦʩʣʽʜʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʦʩʷʛʥʫʪʘ ʩʪʘʙʽʣʽʟʘʮʽʷ ʥʝ ʟʥʽʤʘʻʪʴʩʷ ʧʦʚʪʦʨʥʠʤ 

ʥʘʛʨʽʚʘʥʥʷʤ ʜʦ 500, 600, 1000 ʽ 1200Áʉ. 

ɺʠʪʨʠʤʢʘ ʧʨʠ 600Áʉ - ʤʘʢʩʠʤʘʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʩʪʽʡʢʦʩʪʽ ɔð ʬʘʟʠ - 

ʥʘʚʽʪʴ ʧʨʦʪʷʛʦʤ 9 ʛʦʜ. ʥʝ ʧʨʠʚʝʣʘ ʜʦ ʾʾ ʨʦʟʧʘʜʫ. ʎʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ 

[45], ʷʢʽ ʟʘʟʥʘʯʘʶʪʴ, ʱʦ ʧʝʨʝʭʦʜʫ ɓŸɔ ʧʨʠ 540 - 700 0ʉ ʽ ʚʝʣʠʢʠʭ ʚʠʪʨʠʤʢʘʭ 

(8 - 18ʜʽʙ) ʥʝʤʦʞʣʠʚʠʡ. ʎʝ ʷʚʠʱʝ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʥʝʜʦʩʪʘʪʥʴʦ ʩʧʨʠʷʪʣʠʚʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʨʦʩʪʫ ʟʝʨʥʘ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʽ ʧʨʠ 

ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (1000 - 1140Üʉ), ʃʠʰʝ ʧʽʩʣʷ ʚʠʪʨʠʤʢʠ ʧʨʠ 1200Áʉ 

ʧʨʦʪʷʛʦʤ 2 ʛʦʜ. ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʘʤʦʨʫʡʥʫʚʘʥʥʷ ʩʧʝʢʘ ʚ ʧʨʦʮʝʩʽ ʧʦʜʘʣʴʰʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ (ʚ ʩʧʝʢʫ ʚʠʷʚʣʝʥʘ ʧʝʨʝʚʘʞʥʦ ɔ -ʬʘʟʘ). 

ʂʨʠʩʪʘʣʦʭʽʤʽʯʥʘ ʩʪʘʙʽʣʽʟʘʮʽʷ ʟʘʩʥʦʚʘʥʘ ʥʘ ʫʪʚʦʨʝʥʥʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ 

ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ ʟ ʜʝʷʢʠʤʠ ʜʦʤʽʰʢʘʤʠ [48]. ʂʨʠʩʪʘʣʦʭʽʤʽʯʥʽʤʠ 

ʩʪʘʙʽʣʽʟʘʪʦʨʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ: 1)  ʬʝʨʠʪʠ ʢʘʣʴʮʽʶ, ʦʢʩʠʜʠ ʭʨʦʤʫ, ʚʘʥʘʜʽʶ, 

ʬʦʩʬʦʨʫ, ʙʦʨʫ, ʤʘʨʛʘʥʮʶ, ʙʘʨʽʶ, ʢʘʣʴʮʽʶ, ʤʠʰ'ʷʢʫ; 2) ʣʫʛʫ (Na2ʆ, ʂ2ʆ, ʂʆʅ, 

NaCl); 3) ʦʨʪʦʩʠʣʽʢʘʪʠ ʣʘʥʪʘʥʫ, ʥʝʦʜʠʤʫ, ʽʪʨʽʶ, ʙʘʨʽʶ, ʤʘʛʥʽʶ, ʟʘʣʽʟʘ, 
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ʤʘʨʛʘʥʮʶ; 4) ʩʦʣʽ ʙʦʨʥʦʾ ʽ ʬʦʩʬʦʨʥʦʾ ʢʠʩʣʦʪʠ ʽ 5) ʢʦʤʙʽʥʦʚʘʥʽ ʜʦʙʘʚʢʠ 

(ʩʫʤʽʰʽ ʦʢʠʩʣʽʚ-ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʪʘ ʥʝ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ). 

ʅʝ ʚʩʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʟ ʜʚʦʢʘʣʴʮʽʻʚʠʤ 

ʩʠʣʽʢʘʪʦʤ, ʟʜʘʪʥʽ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʡʦʛʦ. ʇʨʠʢʣʘʜʦʤ ʪʦʤʫ ʤʦʞʝ ʩʣʫʞʠʪʠ 

ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʘʙʽʣʽʟʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʫ ʯʠʩʪʠʭ ʦʢʠʩʣʽʚ (ɸ12ʆ3, Fe2ʆ3 ʽ ʊʽʆ2), 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʾʭ ʨʦʟʯʠʥʥʽʩʪʴ ʫ Ŭ - 2ʉʘʆĿ SiO2. 

ʇʨʠ ʦʮʽʥʮʽ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʚʠʭʦʜʷʪʴ ʥʘʩʘʤʧʝʨʝʜ ʽʟ ʟʘʛʘʣʴʥʠʭ ʚʠʤʦʛ (ʫʤʦʚ 

ɻʨʽʤʤʘ), ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ, ʘ ʩʘʤʝ ʩʭʦʞʽʩʪʴ 

ʩʪʨʫʢʪʫʨʥʦʭʽʤʽʯʥʠʭ ʪʠʧʽʚ ʽ ʢʨʠʩʪʘʣʽʯʥʠʭ ʨʝʰʽʪʦʢ, ʘ ʪʘʢʦʞ ʚʨʘʭʦʚʫʶʪʴ 

ʙʣʠʟʴʢʽʩʪʴ ʘʙʦ ʧʦʨʽʚʥʷʥʥʽʩʪʴ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʨʝʰʽʪʦʢ. 

ɼʚʦʢʘʣʴʮʽʻʚʠʡ ʩʠʣʽʢʘʪ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʪʘʢʠʤʠ ʘʥʽʦʥʘʤʠ, ʽʦʥʥʠʡ ʨʘʜʽʫʩ ʷʢʠʭ 

<0,39 AÜ (rSi4-, ), ʽ ʢʘʪʽʦʥʘʤʠ, ʽʦʥʥʠʡ ʨʘʜʽʫʩ ʷʢʠʭ <1,04 AÜ (rCa
2+ ). ʊʘʢʽ ʽʦʥʠ 

ɺʆ4
5-, ʈʆ4

3-, VO4
3-, SO4

2 ʄʦʞʣʠʚʘ ʩʪʘʙʽʣʽʟʘʮʽʷ ʰʣʷʭʦʤ ʟʘʤʽʱʝʥʥʷ ʉʘ2+ 

ʢʘʪʽʦʥʘʤʠ ɺʘ , Sr2+, ʈʔ2+ , ʂ+, Na+. ɿʚʦʨʦʪʥʫ ʜʽʶ ʥʘʜʘʶʪʴ ʘʥʽʦʥʠ Al2+ ʽ Fe3+ 

ɺʽʜʦʤʦʩʪʽ ʟ ʚʠʚʯʝʥʥʷ ʩʠʣʽʢʘʪʥʦʛʦ ʨʦʟʧʘʜʫ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ 

ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʽ. 

ʂʨʠʩʪʘʣʦʭʽʤʽʯʥʘ ʩʪʘʙʽʣʽʟʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʘ ʽ ʚ ʫʤʦʚʘʭ 

ʘʛʣʦʤʝʨʘʮʽʾ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʦʢʩʠʜʽʚ-ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ. ʊʘʢ, ʙʫʣʘ ʜʦʩʷʛʥʫʪʘ 

ʩʪʘʙʽʣʽʟʘʮʽʷ ʤʘʨʛʘʥʮʝʚʠʭ ʘʛʣʦʤʝʨʘʪʽʚ [49] ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʦʩʥʦʚʥʦʩʪʽ ʚʽʜ 1,5 

ʜʦ 2,5 ʦʜ.. ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʟʘʤʽʥʠ ʩʠʣʽʢʘʪʥʦʾ ʟʚ'ʷʟʢʠ ʥʘ ʛʘʫʩʤʘʥʽʪʦʚʫ ʽʟ 

ʫʪʚʦʨʝʥʥʷʤ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʦʢʩʠʜʽʚ ʤʘʨʛʘʥʮʶ ʟ Ç - 2CaOĿSiO2 . 

ɼʦʙʘʚʢʘ ʦʢʩʠʜʫ ʤʘʛʥʽʶ ʚ ʩʢʣʘʜ ʰʠʭʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʘʛʣʦʤʝʨʘʪʫ ʟ 

ʦʩʥʦʚʥʽʩʪʶ ʚʽʜ 1,5 ʜʦ 3,5 ʦʜ. ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ ʡʦʛʦ ʤʽʮʥʽʩʪʴ. 

ʊʘʢʦʞ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ ʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʝʨʠʪʠ ʢʘʣʴʮʽʶ. ɼʣʷ ʮʴʦʛʦ ʚ ʘʛʣʦʤʝʨʘʮʽʡʥʫ ʰʠʭʪʫ ʚʚʦʜʷʪʴ 

ʩʧʝʮʽʘʣʴʥʽ ʜʦʙʘʚʢʠ, ʥʘʧʨʠʢʣʘʜ ʢʦʤʧʣʝʢʩʥʠʡ ʬʣʶʩ. ɼʦʙʘʚʢʘ 25% ʬʝʨʠʪʽʚ ʜʦ 

ʩʢʣʘʜʫ ʘʛʣʦʤʝʨʘʮʽʡʥʦʾ ʰʠʭʪʠ ʤʘʻ ʩʪʘʙʽʣʽʟʫʶʯʫ ʜʽʶ ʥʘ ʧʦʣʽʤʦʨʬʽʯʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ [50]. 

ɺʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʘʛʣʦʤʝʨʘʮʽʾ ʻ ʚʚʝʜʝʥʥʷ ʫ ʰʠʭʪʫ ʤʽʢʨʦʜʦʙʘʚʢʠ 

ʨʝʯʦʚʠʥ, ʱʦ ʤʽʩʪʷʪʴ ʢʦʤʧʣʝʢʩʥʽ ʩʪʘʙʽʣʽʟʘʪʦʨʠ ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ, 
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ʥʘʧʨʠʢʣʘʜ ʯʝʨʚʦʥʠʡ ʰʣʘʤ, ʱʦ ʻ ʚʽʜʭʦʜʦʤ ʛʣʠʥʦʟʝʤʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʇʨʠʙʣʠʟʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʥʘʩʪʫʧʥʠʡ, %:  29,79 Feʦʙ;ɦ 

2,95 FeO; 10,39 CaO; 7,14 SiO2; 13,37 Al2ʆ3; 1,32 Na2O; 0,6 S;  0,71 P2O5. 

ʅʘ ʨʠʩ. 1.11 ʥʘʚʝʜʝʥʦ ʧʦʣʽʪʝʨʤʠ ʟʤʽʥʠ ʝʣʝʢʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʧʝʢʦʶ ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ ʟ ʯʝʨʚʦʥʠʤ ʰʣʘʤʦʤ. ɽʬʝʢʪ ʧʝʨʝʭʦʜʫ ɓŸɔ ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʯʝʨʚʦʥʦʛʦ ʰʣʘʤʫ ʧʦ ʚʝʣʠʯʠʥʽ ʟʥʘʯʥʦ ʤʝʥʰʝ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ 

ʯʠʩʪʦʛʦ ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ.  

 

 

ʈʠʩ. 1.11. ï ʇʦʣʽʪʝʨʤʠ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ 

ʩʠʣʽʢʘʪʫ ʟ ʯʝʨʚʦʥʠʤ ʰʣʘʤʦʤ 

 

ʌʽʟʠʯʥʦʶ ʚʚʘʞʘʶʪʴ ʪʘʢʫ ʩʪʘʙʽʣʽʟʘʮʽʶ, ʧʨʠ ʷʢʽʡ ʟʝʨʥʘ ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ 

ʩʠʣʽʢʘʪʫ ʦʪʦʯʝʥʽ ʱʽʣʴʥʦ ʦʛʦʨʪʘʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʽʥʰʦʛʦ ʩʢʣʘʜʫ, ʘʣʝ ʥʝ ʤʘʻ 

ʥʘ ʥʴʦʛʦ ʭʽʤʽʯʥʦʛʦ ʚʧʣʠʚʫ. ʌʽʟʠʯʥʘ ʩʪʘʙʽʣʽʟʘʮʽʷ ʤʦʞʣʠʚʘ, ʢʦʣʠ ʩʪʠʩʢʘʻʪʴʩʷ 

ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʤʫ ʫʪʚʦʨʝʥʥʽ ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ɔ - ʬʘʟʠ. ɼʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʚʠʤʘʛʘʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʡ ʣʦʢʘʣʴʥʠʡ ʪʠʩʢ, ʙʣʠʟʴʢʦ 203 ʄʅ/ʤ2 (2000 

ʘʪʤ.) [51]. 

 

1.6 ɯʩʥʫʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ 

 

ɺ ʩʫʯʘʩʥʦʤʫ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ ʧʝʨʝʜʽʣʽ, ʦʩʦʙʣʠʚʦ ʚ ʧʨʦʮʝʩʘʭ 

ʦʢʫʩʢʫʚʘʥʥʷ ʟʘʣʽʟʦʨʫʜʥʦʾ ʩʠʨʦʚʠʥʠ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʤʧʣʝʢʩʥʽ ʬʣʶʩʠ.  
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ʋ ʙʽʣʴʰʦʩʪʽ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʡʦʛʦ ʦʜʝʨʞʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʚʘʧʥʦʚʤʽʱʫʶʯʽ ʽ ʟʘʣʽʟʦʚʤʽʩʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʘʢʽ ʷʢ ʟʘʣʽʟʥʘ ʨʫʜʘ, ʟʘʣʽʟʦʨʫʜʥʠʡ 

ʢʦʥʮʝʥʪʨʘʪ, ʚʽʜʭʦʜʠ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʚʠʨʦʙʥʠʮʪʚ. ɺʽʜʨʽʟʥʷʶʪʴʩʷ  ʦʙʣʘʜʥʘʥʥʷʤ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ, ʩʢʣʘʜʦʤ ʰʠʭʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʾʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʪʘ ʽʥ.  

ɺʽʜʦʤʠʡ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʟʘʣʽʟʦʬʣʶʩʫ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʚʠʧʘʣʝʥʥʷ ʩʫʤʽʰʽ, ʱʦ ʤʽʩʪʠʪʴ ʢʘʣʴʮʽʡ ʽ ʟʘʣʽʟʦʚʤʽʩʥʠʡ ʤʘʪʝʨʽʘʣ [52 - 56]. 

ʊʚʝʨʜʽ ʢʘʨʙʦʥʘʪʥʽ ʧʦʨʦʜʠ (ʚʘʧʥʷʢʠ) ʧʦʜʨʽʙʥʶʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʬʨʘʢʮʽʾ ʽ 

ʥʘʧʨʘʚʣʷʶʪʴ ʚ ʦʙʝʨʪʦʚʫ ʧʽʯ ʜʣʷ ʚʠʧʘʣʫ. ʊʫʜʠ ʞ ʧʦʜʘʶʪʴ ʦʟʘʣʽʟʥʶʚʘʯ, ʷʢʠʡ 

ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʧʝʯʽ ʥʘʢʦʯʫʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʶ ʚʠʧʘʣʶʻʤʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʘʥʽ 

ʩʧʦʩʦʙʠ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ ʧʨʦʜʫʢʪʠʚʥʽ, ʧʨʦʪʝ ʥʝ ʜʦʟʚʦʣʷʶʪʴ 

ʝʬʝʢʪʠʚʥʦ ʦʪʨʠʤʫʚʘʪʠ ʷʢʽʩʥʠʡ ʬʣʶʩ ʟ ʧʦʜʨʽʙʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʩʢʽʣʴʢʠ ʚ 

ʦʙʝʨʪʦʚʽʡ ʧʝʯʽ ʤʘʻ ʤʽʩʮʝ ʟʥʘʯʥʠʡ ʧʦʪʽʢ ʛʘʟʽʚ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʝʣʠʢʠʤ 

ʚʠʥʝʩʝʥʥʷʤ ʜʨʽʙʥʠʭ ʬʨʘʢʮʽʡ. ʅʝʨʽʜʢʦ ʜʘʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʬʣʶʩ ʤʽʩʪʠʪʴ 

ʧʽʜʚʠʱʝʥʫ ʢʽʣʴʢʽʩʪʴ ʜʨʽʙ'ʷʟʢʫ, ʱʦ ʧʦʛʽʨʰʫʻ ʡʦʛʦ ʷʢʽʩʪʴ. 

ɺʽʜʦʤʽ ʟʘʣʽʟʦʬʣʶʩʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʣʦʰʥʠʢʦʚʦʛʦ ʧʠʣʫ ʽ ʦʢʘʣʠʥʠ, 

ʷʢʽ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʬʣʶʩʫ ʽ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʫʪʠʣʽʟʘʮʽʶ 

ʟʘʣʽʟʦʚʤʽʩʥʠʭ ʚʽʜʭʦʜʽʚ ʜʦʜʘʪʢʦʚʦ ʤʽʩʪʷʪʴ ʩʪʘʣʝʧʣʘʚʠʣʴʥʠʡ ʽ ʜʦʤʝʥʥʽ ʰʣʘʤʠ, 

ʩʪʘʣʝʧʣʘʚʠʣʴʥʠʡ ʰʣʘʢ ʽ ʚʘʧʥʦ [57]. ɼʦ ʧʝʨʝʚʘʛ ʜʘʥʦʾ ʰʠʭʪʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ 

ʣʠʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʭʦʜʽʚ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʧʝʨʝʜʽʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ 

ʚʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʬʣʶʩʫ ʽ ʧʦʣʽʧʰʠʪʠ ʝʢʦʣʦʛʽʯʥʫ ʦʙʩʪʘʥʦʚʢʫ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʽ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʚʘʨʪʦ ʚʽʜʥʝʩʪʠ ʚʠʩʦʢʽ ʢʦʣʠʚʘʥʥʷ ʧʨʦʮʝʥʪʥʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʬʣʶʩʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ 

ʦʜʝʨʞʫʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ. 

ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ ʥʘ ʦʩʥʦʚʽ 

ʤʘʨʪʝʥʽʚʩʴʢʦʛʦ ʰʣʘʢʫ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʪʝʭʥʦʣʦʛʽʷʤʠ [58 - 62] 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʽʟʢʦ ʦʭʦʣʦʜʞʫʚʘʪʠ ʰʣʘʢ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʡʦʛʦ ʚ ʧʦʨʦʰʦʢ. 

ʇʦʪʽʤ ʜʦ ʫʪʚʦʨʝʥʦʛʦ  ʧʦʨʦʰʢʫ ʜʦʜʘʚʘʪʠ ʜʦʣʦʤʽʪʦʚʠʡ ʧʠʣ ʚ ʢʽʣʴʢʦʩʪʽ, ʷʢʘ 

ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʪʨʘʚʣʝʥʥʷ ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ. ʊʘʢʦʞ ʽʩʥʫʻ ʪʝʭʥʦʣʦʛʽʷ, ʜʝ 

ʚ ʦʪʨʠʤʘʥʠʡ ʚʦʛʥʝʥʥʦʨʽʜʢʠʡ ʤʘʨʪʝʥʽʚʩʴʢʠʡ ʰʣʘʢ ʜʦʜʘʶʪʴ ʚʘʧʥʷʢ ʢʨʫʧʥʽʩʪʶ 
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4 - 12ʤʤ. ʊʝʧʣʦʪʘ ʛʘʨʷʯʦʛʦ ʰʣʘʢʫ ʡʜʝ ʥʘ ʧʨʦʮʝʩ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ. ɼʦ 

ʥʝʜʦʣʽʢʽʚ ʮʠʭ ʪʝʭʥʦʣʦʛʽʾ ʩʣʽʜ ʚʽʜʥʝʩʪʠ  ʤʘʣʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʪʘ ʡʦʛʦ ʥʠʟʴʢʫ ʷʢʽʩʪʴ ʬʣʶʩʫ ʯʝʨʝʟ ʟʥʘʯʥʽ ʢʦʣʠʚʘʥʥʷ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

 ʊʘʢʦʞ ʚ ʷʢʦʩʪʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʠʩʦʢʦʦʩʥʦʚʥʠʡ 

ʘʛʣʦʤʝʨʘʪ. ʊʘʢ, ɺ.ɸ.ʋʪʢʦʚ ʧʨʦʧʦʥʫʻ [17, 63 - 65] ʦʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʦʩʥʦʚʥʠʡ 

ʘʛʣʦʤʝʨʘʪ ʟʘ ʪʨʘʜʠʮʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʦʜʝʨʞʘʥʥʷ ʘʛʣʦʤʝʨʘʪʫ, ʘʣʝ ʽʟ 

ʧʽʜʚʠʱʝʥʦʶ ʚʠʪʨʘʪʦʶ ʧʘʣʠʚʘ ʪʘ ʚʘʧʥʘ (ʚʘʧʥʷʢʫ). ɼʝʷʢʽ ʚʯʝʥʽ  ʧʨʦʧʦʥʫʶʪʴ 

ʚʠʛʦʪʦʚʣʷʪʠ ʚʠʩʦʢʦʦʩʥʦʚʥʠʡ ʘʛʣʦʤʝʨʘʪ, ʜʦʜʘʶʯʠ ʜʦ ʩʢʣʘʜʫ ʰʠʭʪʠ 

ʛʣʠʥʦʟʝʤʥʽ ʨʫʜʠ ʘʙʦ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʯʝʨʚʦʥʠʭ ʰʣʘʤʽʚ [66 - 70]. ʊʘʢʦʞ 

ʽʩʥʫʶʪʴ ʪʝʭʥʦʣʦʛʽʾ ʜʚʦʰʘʨʦʚʦʛʦ ʩʧʽʢʘʥʥʷ ʚʠʩʦʢʦʦʩʥʦʚʥʦʛʦ ʘʛʣʦʤʝʨʘʪʫ, ʧʨʠ 

ʮʴʦʤʫ ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʩʧʽʢʘʻʤʦʛʦ ʰʘʨʫ ʤʘʻ ʥʠʟʴʢʫ ʦʩʥʦʚʥʦʩʪʽ, ʘ ʚʝʨʭʥʷ ï 

ʚʠʩʦʢʫ ʦʩʥʦʚʥʽʩʪʴ.  [71-73]. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʮʠʭ ʩʧʦʩʦʙʽʚ ʻ ʪʝ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʬʣʶʩʫ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʘʛʣʦʤʝʨʘʪʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʮʴʦʛʦ ʘʛʣʦʤʝʨʘʪʫ, ʱʦ ʦʙʤʝʞʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʩʧʦʩʦʙʠ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ, ʚ ʷʢʠʭ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʫʤʽʩʥʝ ʜʨʦʙʣʝʥʥʷ ʚʘʧʥʷʢʫ ʪʘ ʟʚʦʨʦʪʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʬʝʨʠʪʥʠʭ 

ʩʫʤʽʰʝʡ [16, 74-78]. ɻ.ɻ. ɭʬʠʤʝʥʢʦ ʧʨʦʧʦʥʫʚʘʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʬʝʨʠʪʥʠʭ 

ʩʫʤʽʰʝʡ ʩʫʤʽʩʥʦ ʧʦʜʨʽʙʥʶʚʘʪʠ ʛʝʤʘʪʠʪʦʚʫ ʨʫʜʫ ʪʘ ʚʘʧʥʷʢ (ʚ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʚʘʧʥʦ) [79]. ʎʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʩʠʪʴ ʧʨʦʩʪʽ, ʘʣʝ ʧʦʪʨʝʙʫʶʪʴ ʟʘʪʨʘʪ ʥʘ 

ʫʩʪʘʥʦʚʢʫ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʨʦʟʨʦʙʢʫ 

ʩʧʦʩʦʙʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʚʦʜʫ ʜʘʥʠʭ ʩʫʤʽʰʝʡ ʚ ʰʠʭʪʫ. 

ʊʘʢʦʞ ʽʩʥʫʻ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ, ʟʘ ʷʢʠʤ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘ ʛʨʘʥʫʣʠ ʚʘʧʥʷʢʫ ʢʨʫʧʥʽʩʪʶ 3 - 20 ʤʤ ʥʘʢʦʯʫʚʘʪʠ ʰʘʨ 

ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʽʩʣʷ ʯʦʛʦ ʚʦʥʠ ʚʠʧʘʣʶʶʪʴʩʷ ʪʝʧʣʦʪʦʶ ʚʽʜ 

ʩʧʘʣʶʚʘʥʥʷ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ [80]. ʎʝʡ ʩʧʦʩʽʙ ʤʘʻ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ 

ʽʩʥʫʶʯʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʦʜʥʘʢ ʚ ʥʴʦʤʫ ʻ ʚʽʜʩʫʪʥʽʤʠ ʥʘʫʢʦʚʝ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʝ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʩʢʣʘʜʫ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪʽʚ ʰʠʭʪʠ, 
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ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ ʥʘ ʢʦʥʚʝʻʨʥʽʡ 

ʤʘʰʠʥʽ.  

ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʨʦʙʣʝʥʦ ʟʘʜʘʯʽ 

ʜʦʩʣʽʜʞʝʥʥʷ: ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ: 

1.ɺʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʭ ʰʠʭʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ ʥʘ ʦʩʥʦʚʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʝʘʢʮʽʡ 

ʚʟʘʻʤʦʜʽʾ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʤʽʞ ʥʠʤʠ; 

2.ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʰʠʭʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭ 

ʢʨʫʧʥʦʩʪʽ ʥʘ ʦʩʥʦʚʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; 

3.ʇʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʩʧʽʢʘʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʝʭʥʦʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ 

(ʚʦʣʦʛʦʩʪʽ ʰʠʭʪʠ, ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʯʘʩʫ ʟʘʧʘʣʶʚʘʥʥʷ ʰʠʭʪʠ); 

4.ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʚʠʜʫ ʬʣʶʩʫʶʯʦʾ ʜʦʙʘʚʢʠ ʥʘ ʧʨʦʮʝʩʠ ʦʢʫʩʢʫʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ; 

5.ɸʥʘʣʽʟ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʘʛʣʦʤʝʨʘʪʫ ʪʘ 

ʦʢʘʪʠʰʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʷʢʦʩʪʽ ʬʣʶʩʫʶʯʦʾ ʜʦʙʘʚʢʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1: 

 

1.ʅʘ ʦʩʥʦʚʽ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʢʘʟʘʥʦ, ʱʦ ʩʫʯʘʩʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʚʠʙʦʨʫ ʬʣʶʩʽʚ ʥʝ ʚʨʘʭʦʚʫʻ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʧʦʚʝʜʽʥʢʠ ʚ 

ʧʨʦʮʝʩʘʭ ʪʚʝʨʜʦ- ʪʘ ʨʽʜʢʦʬʘʟʥʦʛʦ ʩʧʽʢʘʥʥʷ ʟʘʣʽʟʦʨʫʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘ 

ʦʢʨʝʤʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʋʢʨʘʾʥʠ ʚ ʧʨʦʮʝʩʘʭ ʧʽʜʛʦʪʦʚʢʠ ʤʝʪʘʣʫʨʛʽʡʥʦʾ 

ʩʠʨʦʚʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʦʚʠʡ ʬʣʶʩʦʚʠʡ ʤʘʪʝʨʽʘʣ - ʢʦʤʧʣʝʢʩʥʠʡ ʬʣʶʩ, 

ʘʣʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʶ ʯʝʨʝʟ 

ʚʽʜʩʫʪʥʽʩʪʴ ʪʝʦʨʝʪʠʯʥʦʛʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʩʭʝʤ ʡʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

2.ɺʚʝʜʝʥʥʷ ʚ ʰʠʭʪʫ ʬʝʨʠʪʽʚ ʢʘʣʴʮʽʶ ʩʧʨʠʷʻ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʜʚʦʢʘʣʴʮʽʻʚʦʛʦ ʩʠʣʽʢʘʪʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʘʛʣʦʤʝʨʘʪ ʚʠʩʦʢʦʾ 

ʤʽʮʥʦʩʪʽ 
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3.ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʪʨʠʤʘʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʤʦʞʝ 

ʙʫʪʠ ʪʘʢʘ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʦʩʪʦʪʦʶ ʩʚʦʻʾ ʨʝʘʣʽʟʘʮʽʾ, 

ʜʦʩʪʫʧʥʽʩʪʶ ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʚʠʨʦʙʥʠʮʪʚʘ 

ʪʘ ʟʘʜʘʥʦʶ  ʷʢʽʩʪʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ. 
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ʈʆɿɼɯʃ 2  

ʊɽʆʈɽʊʀʏʅɽ ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʄʆɾʃʀɺʆʉʊɯ ʆʊʈʀʄɸʅʅʗ 

ʂʆʄʇʃɽʂʉʅʆɻʆ ʌʃʖʉʋ, ʗʂʀʁ ɺɯɼʇʆɺɯɼɸɭ ɺʀʄʆɻɸʄ 

ʇʈʆʎɽʉɸʄ ʆʂʋʉʂʋɺɸʅʅʗ ʉʀʈʆɺʀʅʀ 

 

 

2.1 ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʭʥʦʣʦʛʽʾ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ 

 

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʡʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʧʨʦʮʝʩ ʚʠʧʘʣʫ ʚʘʧʥʘ 

ʪʘ ʦʪʨʠʤʘʥʥʷ ʬʝʨʠʪʥʠʭ ʩʧʦʣʫʢ ʰʣʷʭʦʤ ʩʧʽʢʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ  ʛʨʘʥʫʣ ʥʘ 

ʢʦʥʚʝʻʨʥʽʡ ʤʘʰʠʥʽ. ʂʦʤʙʽʥʦʚʘʥʽ ʛʨʘʥʫʣʠ ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʥʘʢʦʯʫʚʘʥʥʷ ʥʘ 

ʧʦʧʝʨʝʜʥʴʦ ʟʚʦʣʦʞʝʥʽ ʢʫʩʦʯʢʠ ʚʘʧʥʷʢʫ ʧʝʚʥʦʾ ʢʨʫʧʥʦʩʪʽ (3 - 12 ʤʤ) 

ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʦʪʽʤ ʜʦ ʦʪʨʠʤʘʥʠʭ ʛʨʘʥʫʣ ʜʦʜʘʻʪʴʩʷ ʪʚʝʨʜʝ 

ʧʘʣʠʚʘ ʢʨʫʧʥʽʩʪʶ 0 - 10 ʤʤ ʚ ʢʽʣʴʢʦʩʪʽ 8 - 10%. ʆʪʨʠʤʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ 

ʰʠʭʪʘ ʩʧʽʢʘʻʪʴʩʷ ʥʘ ʢʦʥʚʝʻʨʥʽʡ ʤʘʰʠʥʽ [81] ʘʙʦ ʚ ʽʥʜʫʢʮʽʡʥʽʡ ʧʝʯʽ [82]. ɼʘʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʟʘʪʨʘʪ ʥʘ ʫʩʪʘʥʦʚʢʫ ʦʙʣʘʜʥʘʥʥʷ. ʇʨʦʪʝ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ 

ʜʝʪʘʣʴʥʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚʟʘʻʤʦʜʽʾ 

ʚʘʧʥʷʢʫ ʟ ʦʢʩʠʜʘʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʻ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʘʢʮʽʡ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʚʘʧʥʷʢʦʤ ʪʘ ʟʘʣʽʟʦʚʤʽʩʥʦʶ ʩʠʨʦʚʠʥʦʶ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 

ʦʩʥʦʚʥʠʭ ʨʝʘʢʮʽʡ ʪʘ ʧʨʠʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʝʘʢʮʽʡ 

ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ.  

 

2.2 ʊʝʦʨʝʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

 

ʇʨʦʮʝʩ ʜʠʩʦʮʽʘʮʽʾ ʯʠʩʪʦʛʦ ʚʘʧʥʷʢʫ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʷʚʣʷʻʪʴʩʷ ʜʦʚʦʣʽ 

ʚʠʚʯʝʥʠʤ ʷʚʠʱʝʤ [83]. ɼʠʩʦʮʽʘʮʽʷ ʢʘʨʙʦʥʘʪʽʚ ʟʘʚʞʜʠ ʧʨʦʭʦʜʠʪʴ ʽʟ ʟʘʪʨʘʪʦʶ 
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ʪʝʧʣʦʪʠ ʟʟʦʚʥʽ. ʈʝʘʢʮʽʷ ʨʦʟʢʣʘʜʘʥʥʷ ʚʘʧʥʷʢʫ ʻ ʟʚʦʨʦʪʥʦʶ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʉʆ2. ɼʠʩʦʮʽʘʮʽʷ ʚʘʧʥʷʢʫ ʜʦʩʷʛʘʻ ʟʥʘʯʥʠʭ 

ʚʝʣʠʯʠʥ ʚʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 600Üʉ. ʊʝʦʨʝʪʠʯʥʦ ʥʦʨʤʘʣʴʥʦʶ ʚʚʘʞʘʶʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʧʨʠ 898Üʉ [84].  

 ɼʠʩʦʮʽʘʮʽʷ ʚʘʧʥʷʢʫ ʧʨʦʪʽʢʘʻ ʟʘ ʨʝʘʢʮʽʻʶ 2.1: 

     CaCO3 Ÿ CaO+CO2ŷ                     (2.1) 

ʇʨʠ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʚʠʜʘʣʷʻʪʴʩʷ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ, ʷʢʠʡ ʩʢʣʘʜʘʻ 

ʙʣʠʟʴʢʦ 44% ʚʽʜ ʤʘʩʠ ʚʘʧʥʷʢʫ, ʦʙôʻʤ ʦʪʨʠʤʘʥʦʛʦ ʚʘʧʥʘ ʥʘ 10% ʥʠʞʯʝ ʚʽʜ 

ʚʠʭʽʜʥʦʾ ʤʘʩʠ ʚʘʧʥʷʢʫ, ʪʦʤʫ ʢʫʩʦʯʢʠ ʚʘʧʥʘ ʤʘʶʪʴ ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʶ ʪʘ ʰʚʠʜʢʦʩʪʽ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʽʩʥʫʶʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʦʜʝʣʽ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʊ.ʖ. 

ʇʘʨʭʦʤʝʥʢʦ [85], ʧʨʠʚʝʜʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʜʦʩʪʦʚʽʨʥʦ ʦʧʠʩʫʻ 

ʧʨʦʮʝʩ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʦʮʝʩʫ ʪʘ ʭʽʤʽʯʥʠʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʚʩʝʨʝʜʠʥʽ ʛʨʘʥʫʣʠ ʚʘʧʥʷʢʫ.  

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʧʨʦʮʝʩʫ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʧʨʠʩʚʷʯʝʥʦ ʙʘʛʘʪʦ 

ʜʦʩʣʽʜʞʝʥʴ, ʞʦʜʥʝ ʽʟ ʥʠʭ ʥʝ ʚʨʘʭʦʚʫʻ ʤʦʞʣʠʚʦʩʪʽ ʧʨʠʩʢʦʨʝʥʥʷ ʨʦʟʢʣʘʜʘʥʥʷ 

ʚʘʧʥʷʢʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʫʚʘʛʘ ʘʥʘʣʽʟʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʨʝʘʢʮʽʾ ʚʘʧʥʷʢʫ ʧʨʠ ʜʦʜʘʚʘʥʥʽ 

ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʊʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

[86]. ʈʦʟʨʘʭʫʥʢʦʚʘ ʧʨʦʛʨʘʤʘ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

- ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʘʢʮʽʾ ʥʝʦʙʭʽʜʥʦ 

ʧʨʠ ʟʘʧʫʩʢʫ ʧʨʦʛʨʘʤʠ  ʩʢʦʨʠʩʪʘʪʠʩʷ ʨʦʟʜʽʣʦʤ çReactionEquationsè (ʨʠʩ.2.1). 

ʇʨʠ ʮʴʦʤʫ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʚʽʢʥʦ ʧʨʦʛʨʘʤʠ, ʚ ʷʢʦʤʫ ʚ ʧʦʣʽ çReaction Equaton or 

Chemical Formulaè (ʨʠʩ.2.2) ʧʦʪʨʽʙʥʦ ʚʚʝʩʪʠ ʥʝʦʙʭʽʜʥʫ ʬʦʨʤʫʣʫ ʭʽʤʽʯʥʦʾ 

ʨʝʘʢʮʽʾ; 

- ʫ ʧʦʣʽ çTemperatureè ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ, ʚ ʷʢʦʤʫ 

ʥʘʤ ʙʘʞʘʥʦ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪ ʪʘ ʢʨʦʢ ʨʦʟʙʠʪʪʷ ʮʴʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʨʦʤʽʞʥʠʭ ʟʥʘʯʝʥʴ. ʆʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʥʘ 

ʚʠʙʨʘʪʠ ʧʝʨʝʤʠʢʘʯʝʤ ʚ ʧʦʣʽ çTemperature Unitsè. ʋ ʧʦʣʽ çEnergy Unitsè 
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ʤʦʞʥʘ ʟʘʜʘʪʠ, ʚ ʷʢʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʜʠʥʠʮʷʭ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪ 

ʨʦʟʨʘʭʫʥʢʫ; 

- ʧʨʠ ʥʘʪʠʩʢʘʥʥʽ ʢʥʦʧʢʠ çCalculateè ʧʨʦʛʨʘʤʘ ʚʽʜʢʨʠʻ ʚʽʢʥʦ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ (ʨʠʩ2.3). 

 

ʈʠʩ.2.1 ï ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʨʦʛʨʘʤʠ 

 

 

ʈʠʩ.2.2 ï ɺʚʝʜʝʥʥʷ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 
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ʈʠʩ.2.3 ï ɺʠʛʣʷʜ  ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ 

 

ɼʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʚ ʦʙʨʘʥʠʡ Fe2O3 (ʛʝʤʘʪʠʪ), ʦʩʢʽʣʴʢʠ ʨʝʘʢʮʽʾ 

ʫʪʚʦʨʝʥʥʷ ʬʝʨʠʪʽʚ ʧʨʦʪʽʢʘʶʪʴ ʧʨʠ ʜʦʩʠʪʴ ʥʝʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (400-

500Üʉ), ʚ ʽʥʪʝʨʚʘʣʘʭ ʷʢʠʭ ʚʽʜʩʫʪʥʽʡ FeO, ʘ Fe3O4 ʩʣʘʙʦ ʨʝʘʛʫʻ ʟ ʚʘʧʥʦʤ ʽ ʜʣʷ 

ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʾ ʬʝʨʠʪʦʫʪʚʦʨʝʥʥʷ ʡʦʤʫ ʥʝʦʙʭʽʜʥʘ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ 

ʪʝʧʣʦʪʠ, ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ Fe2O3 (ʨʝʘʢʮʽʾ ʧʨʠʚʝʜʝʥʽ ʥʠʞʯʝ). 

ʈʝʘʢʮʽʾ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʽ ʨʝʘʢʮʽʾ ʚʟʘʻʤʦʜʽʾ ʚʘʧʥʘ ʟ ʦʢʩʠʜʘʤʠ 

ʟʘʣʽʟʦʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ [87]: 

1. ʏʠʩʪʠʡ ʚʘʧʥʷʢ: 

   CaCO3 Ÿ CaO+CO2,                                                   ȹʅ1 = 165,503 ʢɼʞ.  

     2. ɺʘʧʥʷʢ ʽʟ ʟʘʣʽʟʦʚʤʽʩʥʠʤ ʤʘʪʝʨʽʘʣʦʤ: 

ʘ) ʚʟʘʻʤʦʜʽʷ ʟ Fe2O3ʢʦʥʮʝʥʪʨʘʪʫ: 

CaCO3 Ÿ CaO+CO2,                                            ȹʅ1 = 165,503 ʢɼʞ; 

CaO + Fe2O3 Ÿ CaOĿFe2O3,                                        ȹʅ2  =  -47,008 ʢɼʞ; 
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CaCO3 + Fe2O3 Ÿ CaOĿFe2O3 + CO2,                         ȹʅ3  =  118,495 ʢɼʞ. 

ʙ) ʚʟʘʻʤʦʜʽʷ ʟ Al2O3 ʢʦʥʮʝʥʪʨʘʪʫ: 

CaCO3 Ÿ  CaO+ CO2,                                     ȹʅ1 = 165,503  ʢɼʞ; 

CaO + Al2O3 Ÿ CaOĿAl2O3,                          ȹʅ2  = -10,345  ʢɼʞ; 

CaCO3 + Al2O3 Ÿ CaOĿAl2O3 + CO2,                ȹʅ3  = 155,158 ʢɼʞ. 

ʚ) ʚʟʘʻʤʦʜʽʷ ʽʟ SiO2 ʢʦʥʮʝʥʪʨʘʪʫ: 

CaCO3 Ÿ CaO+CO2,                                           ȹʅ1 = 165,503 ʢɼʞ; 

2CaO + SiO2 Ÿ 2CaOÅ SiO2,                                        ȹʅ2 = - 119,985 ʢɼʞ; 

CaCO3 + SiO2 Ÿ 2CaOÅ SiO2 + 2CO2,                         ȹʅ3  =  45,518 ʢɼʞ. 

ɿ ʥʘʚʝʜʝʥʠʭ ʨʝʘʢʮʽʡ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʩʧʽʣʴʥʦʤʫ ʚʠʧʘʣʶʚʘʥʥʽ ʚʘʧʥʷʢʫ ʟ 

ʟʘʣʽʟʦʚʤʽʩʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʚʘʧʥʘ ʽʟ ʨʽʟʥʠʤʠ ʦʢʩʠʜʘʤʠ, 

ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʚʠʪʨʘʪ ʪʝʧʣʦʪʠ ʥʘ ʧʨʦʮʝʩ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ. 

ɼʠʩʦʮʽʘʮʽʶ ʚʘʧʥʷʢʫ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʦʙʘʚʦʢ ʦʮʽʥʶʚʘʣʠ 

ʚʝʣʠʯʠʥʦʶ ʚʽʜʥʦʩʥʦʾ ʟʤʽʥʠ ʦʩʥʦʚʥʠʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʪʘʢʠʭ ʷʢ 

ʝʥʪʘʣʴʧʽʷ, ʚʽʣʴʥʘ ʝʥʝʨʛʽʷ ɻʽʙʙʩʘ ʪʘ ʝʥʪʨʦʧʽʷ. 

ɽʥʪʘʣʴʧʽʷ - ʮʝ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʝʥʝʨʛʽʾ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʧʨʦʪʽʢʘʥʥʷ 

ʨʝʘʢʮʽʾ ʧʨʠ ʧʝʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [88]. 

ɽʥʝʨʛʽʷ ɻʽʙʙʩʘ (ʚʽʣʴʥʘ ʝʥʝʨʛʽʷ ɻʽʙʙʩʘ) ï ʮʝ ʚʝʣʠʯʠʥʘ, ʱʦ ʧʦʢʘʟʫʻ ʟʤʽʥʫ 

ʝʥʝʨʛʽʾ ʚ ʭʦʜʽ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʽ ʜʘʻ ʪʘʢʠʤ ʯʠʥʦʤ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʠʪʘʥʥʷ ʧʨʦ 

ʧʨʠʥʮʠʧʦʚʫ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ. 

ɽʥʪʨʦʧʽʷ ï ʤʽʨʘ ʥʝʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ [89].  

ʉʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʦʮʽʥʶʚʘʣʠ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʫʪʚʦʨʝʥʦʛʦ ʉʘʆ 

ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʉʘʆ ʚ ʚʘʧʥʷʢʫ. ʐʚʠʜʢʽʩʪʴ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ 

ʚʠʟʥʘʯʘʣʠ ʚʽʜʥʦʩʥʦʶ ʢʽʣʴʢʽʩʪʶ ʉʘʉʆ3, ʱʦ ʨʦʟʢʣʘʣʘʩʷ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ[90]. 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.2.4 ï 2.6.  

ʅʘ ʨʠʩ.2.4 ʧʨʠʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɺʠʜʥʦ, ʱʦ ʜʠʩʦʮʽʘʮʽʷ ʯʠʩʪʦʛʦ ʚʘʧʥʷʢʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʚʝʣʠʯʠʥʦʶ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ, ʷʢʘ ʜʝʱʦ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʝʘʢʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ.  
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ʈʠʩ.2.4 ï ɿʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʝʘʢʮʽʡʥʦʤʫ 

ʧʨʦʩʪʦʨʽ 

 

ɼʦʙʘʚʢʘ ʚ ʨʝʘʢʮʽʡʥʠʡ ʧʨʦʩʪʽʨ ʦʢʨʝʤʦ Fe2O3, SiO2, Al2O3 ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ  ʚʝʣʠʯʠʥʠ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʨʝʘʢʮʽʾ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʠʩʦʮʽʘʮʽʻʶ ʯʠʩʪʦʛʦ ʚʘʧʥʷʢʫ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ 

ʙʽʣʴʰ ʧʦʚʥʦʛʦ ʧʨʦʪʽʢʘʥʥʷ ʜʘʥʦʾ ʨʝʘʢʮʽʾ. ɿʤʝʥʰʝʥʥʷ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʙʽʣʴʰʘ ʪʝʤʧʝʨʘʪʫʨʘ ʽ ʯʠʤ ʩʠʣʴʥʽʰʽ ʫ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʦʢʩʠʜʫ ʢʠʩʣʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʅʘʡʙʽʣʴʰʝ ʟʤʝʥʰʝʥʥʷ ʮʽʻʾ ʝʥʝʨʛʽʾ ʟʘʙʝʟʧʝʯʫʻ 

SiO2 ï ʢʠʩʣʦʪʥʠʡ ʦʢʩʠʜ, ʜʝʱʦ ʤʝʥʰʝ ʟʥʠʞʝʥʥʷ ʻ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʦʢʩʠʜʘʤʠ 

Fe2ʆ3 ʪʘ Al2ʆ3 ʟʽ ʩʣʘʙʦ ʚʠʨʘʞʝʥʠʤʠ ʘʤʬʦʪʝʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɿʘʣʝʞʥʽʩʪʴ ʝʥʪʘʣʴʧʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.2.5. ɺʠʜʥʦ, ʱʦ 

ʚʝʣʠʯʠʥʘ ʝʥʪʘʣʴʧʽʾ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʫʤʦʚ ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʡ 
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ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ. ʅʘʡʤʝʥʰʘ ʚʝʣʠʯʠʥʘ ʝʥʪʘʣʴʧʽʾ ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʢʮʽʷʤ 

ʨʦʟʢʣʘʜʫ ʚʘʧʥʷʢʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʦʢʩʠʜʽʚ Fe2ʆ3 ʽ Al2ʆ3, ʘ ʥʘʡʙʽʣʴʰʘ ï ʜʣʷ 

ʯʠʩʪʦʛʦ ʚʘʧʥʷʢʫ ʟ ʜʦʙʘʚʢʦʶ ʜʦ ʥʴʦʛʦ ʦʢʩʠʜʫ Siʆ2. ɽʥʪʘʣʴʧʽʷ ʤʘʡʞʝ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʝʘʢʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ. ɺʠʥʷʪʢʦʤ ʻ ʧʨʦʮʝʩ 

ʨʦʟʢʣʘʜʘʥʥʷ ʚʘʧʥʷʢʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ Fe2O3. 

 

 

ʈʠʩ.2.5 ï ɿʘʣʝʞʥʽʩʪʴ ʝʥʪʘʣʴʧʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʝʘʢʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ.2.5, ʚʝʣʠʯʠʥʘ ʝʥʪʘʣʴʧʽʾ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1473Üʉ. ʈʽʟʢʠʡ ʩʪʨʠʙʦʢ ʝʥʪʘʣʴʧʽʾ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʷʚʫ ʨʽʜʢʦʾ 

ʬʘʟʠ ʪʘ ʧʨʦ ʧʦʣʽʤʦʨʬʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ɿʘʣʝʞʥʽʩʪʴ ʝʥʪʨʦʧʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʝʘʢʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩ.2.6. ʊʘʢʦʞ ʷʢ ʽ ʝʥʪʘʣʴʧʽʷ, ʝʥʪʨʦʧʽʷ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ 

ʫʤʦʚ ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʡ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ. ʅʘʡʤʝʥʰʘ ʚʝʣʠʯʠʥʘ ʝʥʪʨʦʧʽʾ 

ʚʽʜʧʦʚʽʜʘʻ ʨʝʘʢʮʽʷʤ ʨʦʟʢʣʘʜʫ ʚʘʧʥʷʢʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʦʢʩʠʜʽʚ Fe2ʆ3 ʽ Al2ʆ3, ʘ 
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ʥʘʡʙʽʣʴʰʘ ï ʜʣʷ ʯʠʩʪʦʛʦ ʚʘʧʥʷʢʫ ʟ ʜʦʙʘʚʢʦʶ ʜʦ ʥʴʦʛʦ ʦʢʩʠʜʫ Siʆ2. ɽʥʪʘʣʴʧʽʷ 

ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʝʘʢʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ. ɺʠʥʷʪʢʦʤ ʻ 

ʧʨʦʮʝʩ ʨʦʟʢʣʘʜʘʥʥʷ ʚʘʧʥʷʢʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ Fe2O3 ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʨʽʜʢʠʭ ʬʘʟ. 

 

 

ʈʠʩ.2.6 ï ɿʘʣʝʞʥʽʩʪʴ ʝʥʪʨʦʧʽʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʝʘʢʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ 

 

ɿ ʧʨʠʚʝʜʝʥʠʭ ʚʠʱʝ ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ ʟʥʘʯʥʽ ʢʦʣʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ, 

ʝʥʪʘʣʴʧʽʾ ʪʘ ʝʥʪʨʦʧʽʾ. ʎʽ ʢʦʣʠʚʘʥʥʷ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʟôʻʜʥʘʥʴ ʥʘ ʦʩʥʦʚʽ ʚʘʧʥʘ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʩʣʽʜʠʪʠ ʩʠʩʪʝʤʠ 

ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʚʘʧʥʷʢʫ ʪʘ ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʚʠʟʥʘʯʠʪʠ ʟôʻʜʥʘʥʥʷ, ʷʢʽ ʙʫʜʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʾʭ ʫʪʚʦʨʝʥʥʷ ʽ 

ʢʽʣʴʢʽʩʪʴ.  
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2.3  ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʟôʻʜʥʘʥʴ ʥʘ ʦʩʥʦʚʽ ʚʘʧʥʘ ʧʨʠ 

ʚʟʘʻʤʦʜʽʾ ʚʘʧʥʷʢʫ ʽʟ ʨʽʟʥʠʤʠ ʦʢʩʠʜʘʤʠ 

 

ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʟʥʘʯʥʠʭ ʢʦʣʠʚʘʥʴ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʪʘ 

ʝʥʪʘʣʴʧʽʾ ʧʨʠ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʜʦʙʘʚʦʢ ʻ ʚʟʘʻʤʦʜʽʷ 

ʩʚʽʞʦʚʠʧʘʣʝʥʦʛʦ ʚʘʧʥʘ ʟ ʦʢʩʠʜʘʤʠ ʽ ʫʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʽʥʝʨʘʣʽʚ. ɹʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤ ʉʘ-ʆ-Fe-Si-Al -C ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ 

ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʧʨʦʜʫʢʪʫ. ʅʘ ʨʠʩ.2.7 - 2.9 ʧʨʠʚʝʜʝʥʽ ʜʽʘʛʨʘʤʠ ʩʧʦʣʫʢ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴʩʷ, ʾʭ ʢʽʣʴʢʽʩʪʴ (ʢʤʦʣʴ) ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʟôʻʜʥʘʥʴ.  

 ʅʘ ʨʠʩ.2.7 ʧʨʠʚʝʜʝʥʘ ʜʽʘʛʨʘʤʘ ʩʠʩʪʝʤʠ ʉʘ-ʆ-Fe-C. ʗʢ ʚʠʜʥʦ ʽʟ ʜʘʥʦʾ 

ʜʽʘʛʨʘʤʠ, ʚʘʧʥʦ ʟôʷʚʣʷʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʙʣʠʟʴʢʦ 800Üʂ. ʉʘʤʝ ʽʟ ʮʽʻʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʯʠʥʘʶʪʴ ʘʢʪʠʚʥʦ ʧʨʦʪʽʢʘʪʠ ʧʨʦʮʝʩʠ ʬʝʨʠʪʦʫʪʚʦʨʝʥʥʷ.  
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ʈʠʩ.2.7- ʊʝʦʨʝʪʠʯʥʦ ʤʦʞʣʠʚʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʉʘ-ʆ-

Fe-C 
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            ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʙʣʠʟʴʢʦ 573Áʂ ʧʦʯʠʥʘʻ ʫʪʚʦʨʶʚʘʪʠʩʷ 

ʦʜʥʦʢʘʣʴʮʽʻʚʠʡ ʬʝʨʠʪ ʢʘʣʴʮʽʶ, ʷʢʠʡ ʻ ʥʝʩʪʘʙʽʣʴʥʠʤ ʽ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ 1673Áʂ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ ʩʢʣʘʜʦʚʽ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʙʣʠʟʴʢʦ 

773Áʂ ʫʪʚʦʨʶʻʪʴʩʷ ʜʚʦʢʘʣʴʮʽʻʚʠʡ ʬʝʨʠʪ ʢʘʣʴʮʽʶ, ʷʢʠʡ ʷʚʣʷʻʪʴʩʷ ʩʪʘʙʽʣʴʥʠʤ 

ʽ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ ʩʢʣʘʜʦʚʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1708Üʂ.  

ʅʘ ʨʠʩ.2.8 ʧʨʠʚʝʜʝʥʘ ʜʽʘʛʨʘʤʘ ʩʠʩʪʝʤʠ ʉʘ-ʆ-Si. ʇʨʠ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ 

ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʣʦʪʥʦʛʦ ʦʢʩʠʜʫ SiO2 ʫʪʚʦʨʶʶʪʴʩʷ ʜʚʦʢʘʣʴʮʽʻʚʠʡ ʪʘ 

ʪʨʠʢʘʣʴʮʽʻʚʠʡ ʩʠʣʽʢʘʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʙʣʠʟʴʢʦ 773 ʪʘ 900 Üʂ, ʚʽʜʧʦʚʽʜʥʦ.  
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ʈʠʩ.2.8- ʊʝʦʨʝʪʠʯʥʦ ʤʦʞʣʠʚʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʉʘ-ʆ-

Si-C 

 

ʅʘ ʨʠʩ 2.9 ʧʨʠʚʝʜʝʥʘ ʜʽʘʛʨʘʤʘ ʩʠʩʪʝʤ ʝʣʝʤʝʥʪʽʚ ʉʘ-ʆ-Fe-Si-Al.  ʇʨʠ 

ʨʦʟʢʣʘʜʘʥʥʽ ʚʘʧʥʷʢʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ  ʜʘʥʠʭ  ʝʣʝʤʝʥʪʽʚ ʫʪʚʦʨʶʶʪʴʩʷ 
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ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʧʦʣʫʢʠ, ʪʘʢʽ ʷʢ: ʘʣʶʤʽʥʘʪʠ, ʬʝʨʠʪʠ ʪʘ ʩʠʣʽʢʘʪʠ ʢʘʣʴʮʽʶ. 

ʊʝʤʧʝʨʘʪʫʨʠ ʫʪʚʦʨʝʥʥʷ ʬʝʨʠʪʽʚ ʪʘ ʩʠʣʽʢʘʪʽʚ ʧʨʠʚʝʜʝʥʽ ʥʘ ʜʽʘʛʨʘʤʘʭ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚʠʱʝ. ʊʝʤʧʝʨʘʪʫʨʠ ʫʪʚʦʨʝʥʥʷ ʪʨʠʢʘʣʴʮʽʻʚʦʛʦ ʘʣʶʤʽʥʘʪʫ ʪʘ 

ʛʝʣʝʥʽʪʫ (2CaOĿAl2O3ĿSiO2) - 1173Üʂ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʚʠʧʘʣʫ 

ʚʘʧʥʷʢʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ Fe2ʆ3, Al 2ʆ3 ʪʘ Siʆ2 ʩʪʚʦʨʶʶʪʴʩʷ ʩʧʨʠʷʪʣʠʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʬʝʨʠʪʽʚ, ʩʠʣʽʢʘʪʽʚ ʪʘ ʘʣʶʤʽʥʘʪʽʚ, ʷʢʽ  ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʩʥʦʚʦʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʣʶʩʫ. 
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ʈʠʩ2.9- ʊʝʦʨʝʪʠʯʥʦ ʤʦʞʣʠʚʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʩʠʩʪʝʤʽ ʉʘ-ʆ-

Fe-Si-Al -C 
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2.4 ʄʝʭʘʥʽʟʤ ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʾ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

 ʄʝʭʘʥʽʟʤ ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʾ ʨʦʟʢʣʘʜʘʥʥʷ ʚʘʧʥʷʢʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʠʪʴ ʩʢʣʘʜʥʝ ʪʘ ʤʘʣʦʜʦʩʣʽʜʞʝʥʝ ʷʚʠʱʝ. ʄʝʭʘʥʽʟʤ 

ʧʨʦʪʽʢʘʥʥʷ ʜʠʩʦʮʽʘʮʽʾ ʯʠʩʪʦʛʦ ʚʘʧʥʷʢʫ ʻ ʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʤ.  ɺ ʨʦʙʦʪʽ [10] 

ʦʧʠʩʘʥʠʡ ʤʝʭʘʥʽʟʤ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ, ʷʢʠʡ ʧʨʦʪʽʢʘʻ ʚ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: 

- ʨʫʡʥʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʉʘʉʆ3 ʟ ʫʪʚʦʨʝʥʥʷ ʧʝʨʝʥʘʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ ʉʘʆ 

ʚ  ʉʘʉʆ3; 

- ʨʦʟʧʘʜʘʥʥʷ ʧʝʨʝʩʠʯʝʥʦʛʦ ʨʦʟʯʠʥʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ; 

- ʜʝʩʦʨʙʮʽʷ ʪʘ ʧʦʜʘʣʴʰʘ ʜʠʬʫʟʽʷ ʉʆ2. 

ɸʣʝ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦ ʦʩʥʦʚʥʠʭ ʪʨʴʦʭ ʝʪʘʧʽʚ 

ʧʨʦʮʝʩʫ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʜʦʜʘʻʪʴʩʷ ʱʝ ʝʪʘʧ ʚʟʘʻʤʦʜʽʾ ʦʢʩʠʜʫ ʢʘʣʴʮʽʶ, ʱʦ 

ʫʪʚʦʨʠʚʩʷ, ʟ ʦʢʩʠʜʘʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʄʝʭʘʥʽʟʤ ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʾ ʨʦʟʢʣʘʜʫ ʚʘʧʥʷʢʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʨʠʚʝʜʝʥʠʡ ʥʘ ʨʠʩ.2.10. ɿ ʨʠʩ. 2.10 ʚʠʜʥʦ, ʱʦ ʩʚʽʞʦʚʠʧʘʣʝʥʠʡ 

ʦʢʩʠʜ ʢʘʣʴʮʽʶ ʚʟʘʻʤʦʜʽʻ ʟ ʦʢʩʠʜʘʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʽʟ ʫʪʚʦʨʝʥʥʷʤ ʩʧʦʣʫʢ ʥʘ ʦʩʥʦʚʽ ʢʘʣʴʮʽʶ.  

 

 

ʈʠʩ.2.10 ï ʄʝʭʘʥʽʟʤ ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʮʽʾ ʨʦʟʢʣʘʜʫ ʚʘʧʥʷʢʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2: 

 

1. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʨʦʟʢʣʘʜʘʥʥʷ ʚʘʧʥʷʢʫ ʽʟ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʦʢʩʠʜʘʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

(ʤʘʛʥʝʪʠʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ), ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʱʦ ʚʽʣʴʥʘ ʝʥʝʨʛʽʷ ɻʽʙʙʩʘ 

ʨʝʘʢʮʽʾ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʦʢʩʠʜʘʤʠ ʪʘ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʥʠʞʫʻʪʴʩʷ ʟʥʘʯʥʦ ʙʽʣʴʰʝ, ʥʽʞ ʧʨʠ ʜʠʩʦʮʽʘʮʽʾ ʯʠʩʪʦʛʦ ʚʘʧʥʷʢʫ 

ʪʘ ʧʨʠ ʤʝʥʰʠʭ ʟʘʪʨʘʪʘʭ ʪʝʧʣʦʪʠ. 

2. ʈʝʟʫʣʴʪʘʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʩʧʽʣʴʥʦʤʫ 

ʚʠʧʘʣʶʚʘʥʥʽ ʚʘʧʥʷʢʫ ʽʟ ʟʘʣʽʟʦʚʤʽʩʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ 

ʚʟʘʻʤʦʜʽʷ ʚʘʧʥʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ, ʟ ʧʨʠʩʫʪʥʽʤʠ ʚ 

ʨʝʘʢʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ ʦʢʩʠʜʘʤʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʟʘʣʽʟʦʢʘʣʴʮʽʻʚʠʭ ʪʘ ʽʥʰʠʭ 

ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ ʩʫʪʪʻʚʦ ʧʨʠʩʢʦʨʶʻ ʨʦʟʢʣʘʜʘʥʥʷ ʚʘʧʥʷʢʫ. 
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ʈʆɿɼɯʃ 3 

ɼʆʉʃɯɼɾɽʅʅʅʗ ɺʇʃʀɺʋ ʈɯɿʅʆʄɸʅɯʊʅʀʍ ʌɸʂʊʆʈɯɺ ʅɸ 

ʄɯʅɽʈɸʃʆɻɯʏʅʀʁ ʉʂʃɸɼ ʊɸ ɺʃɸʉʊʀɺʆʉʊɯ ʂʆʄʇʃɽʂʉʅʀʍ 

ʌʃʖʉɯɺ 

 

3.1 ɼʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʧʨʠ ʩʫʤʽʩʥʽʤ ʦʙʧʘʣʽ ʡʦʛʦ 

ʽʟ ʟʘʣʽʟʦʨʫʜʥʠʤ ʢʦʥʮʝʥʪʨʘʪʦʤ 

 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʩʧʽʣʴʥʦʤʫ 

ʚʠʧʘʣʶʚʘʥʥʽ ʚʘʧʥʷʢʫ ʽʟ ʟʘʣʽʟʦʚʤʽʩʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ 

ʚʟʘʻʤʦʜʽʷ ʚʘʧʥʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ, ʟ ʧʨʠʩʫʪʥʽʤʠ ʚ 

ʨʝʘʢʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ ʦʢʩʠʜʘʤʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʟʘʣʽʟʦʢʘʣʴʮʽʻʚʠʭ ʪʘ ʽʥʰʠʭ 

ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ ʩʫʪʪʻʚʦ ʧʨʠʩʢʦʨʶʻ ʨʦʟʢʣʘʜʘʥʥʷ ʚʘʧʥʷʢʫ ʪʘ 

ʟʥʠʞʫʻ ʟʘʪʨʘʪʠ ʪʝʧʣʦʪʠ ʥʘ ʧʨʦʮʝʩ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [90, 93], ʷʢʽ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʚʠʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʪʘ ʩʪʫʧʝʥʶ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʜʦ ʥʴʦʛʦ 

ʟʘʣʽʟʦʚʤʽʩʥʦʾ ʩʠʨʦʚʠʥʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ 3 ʝʪʘʧʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʠʚʯʘʣʠ ʧʨʦʮʝʩ 

ʜʠʩʦʮʽʘʮʽʾ ʯʠʩʪʦʛʦ ʚʘʧʥʷʢʫ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʘʥʘʣʽʟʫʚʘʣʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʫ ʚʘʧʥʷʢʫ ʚ ʩʫʤʽʰʽ ʽʟ ʟʘʣʽʟʦʨʫʜʥʠʤ ʢʦʥʮʝʥʪʨʘʪʦʤ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʦʥʢʦʧʦʜʨʽʙʥʝʥʠʡ (ʜʦ 0,1 ʤʤ) 

ʚʘʧʥʷʢ ʽ ʟʘʣʽʟʦʨʫʜʥʠʡ ʤʘʛʥʝʪʠʪʦʚʠʡ ʢʦʥʮʝʥʪʨʘʪ, ʽʟ ʷʢʠʭ ʬʦʨʤʫʚʘʣʘʩʴ ʩʫʤʽʰ 

ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʪ-ʚʘʧʥʷʢ, %: 0 - 100, 25 - 75, 50 - 50, 75 - 25, ʷʢʫ 

ʧʦʪʽʤ ʩʧʨʝʩʦʚʫʚʘʣʠ ʫ ʙʨʠʢʝʪʠ ʨʦʟʤʽʨʦʤ 10 ʭ 10 ʭ 10 ʤʤ. ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʨʦʮʝʩ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʚ ʛʨʘʥʫʣʘʭ, ʫʪʚʦʨʝʥʠʭ ʢʫʩʦʯʢʘʤʠ 

ʚʘʧʥʷʢʫ ʢʨʫʧʥʽʩʪʶ 3 - 12 ʤʤ ʪʘ ʦʙʦʣʦʥʢʦʶ ʪʦʚʱʠʥʦʶ 0,25 - 0,90 ʤʤ ʽʟ 

ʟʘʣʽʟʦʨʫʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʢʦʥʮʝʥʪʨʘʪ, ʟʘʣʽʟʥʘ ʨʫʜʘ). ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ 

ʟʚʦʣʦʞʝʥʠʭ ʛʨʘʥʫʣ ʾʭ ʟʤʽʰʫʚʘʣʠ ʟ ʪʚʝʨʜʠʤ ʧʘʣʠʚʦʤ.  
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ʂʫʩʦʯʢʠ ʯʠʩʪʦʛʦ ʚʘʧʥʷʢʫ, ʙʨʠʢʝʪʠ ʪʘ ʛʨʘʥʫʣʠ ʟʘʚʘʥʪʘʞʫʚʘʣʠ ʦʢʨʝʤʦ ʚ 

ʣʘʙʦʨʘʪʦʨʥʫ ʫʩʪʘʥʦʚʢʫ, ʟʘʙʝʟʧʝʯʝʥʫ ʚʘʛʦʚʠʤ ʧʨʠʩʪʨʦʻʤ ʽ ʘʥʘʣʽʟʘʪʦʨʦʤ 

ʩʢʣʘʜʫ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ. ɼʦʩʣʽʜʠ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, Áʉ: 900, 

1000, 1100, 1200 ʽ 1300. ʆʮʽʥʶʚʘʣʠ ʟʤʽʥʫ ʩʪʫʧʝʥʷ ʪʘ ʰʚʠʜʢʦʩʪʽ ʜʠʩʦʮʽʘʮʽʾ 

ʚʘʧʥʷʢʫ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʩʪʫʧʝʥʶ ʪʘ ʰʚʠʜʢʦʩʪʽ ʜʠʩʦʮʽʘʮʽʾ 

ʢʫʩʦʯʢʽʚ ʚʘʧʥʷʢʫ ʪʘ ʙʨʠʢʝʪʽʚ ʽʟ ʯʠʩʪʦʛʦ ʚʘʧʥʷʢʫ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.1 ʪʘ 

ʨʠʩ.3.2 (ʘ). ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʮʽʣʦʤʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʦʤʠʤ 

ʫʷʚʘʤ ʪʘ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʥʽʰʝ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ [91 - 92]. ʉʪʫʧʽʥʴ 

ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʝʘʢʮʽʡʥʦʤʫ ʧʦʣʽ. ʇʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʦʩʪʘʻ ʰʚʠʜʢʽʩʪʴ ʪʘ ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ. 

ɼʣʷ ʙʨʠʢʝʪʽʚ ʪʘ ʢʫʩʦʯʢʽʚ ʚʘʧʥʷʢʫ ʩʪʫʧʽʥʴ ʪʘ  ʰʚʠʜʢʽʩʪʴ ʜʠʩʦʮʽʘʮʽʾ ʤʘʡʞʝ 

ʦʜʠʥʘʢʦʚʽ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʩʪʫʧʽʥʴ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ 

ʨʝʘʢʮʽʡʥʦʤʫ ʧʦʣʽ 1100 - 1400Üʉ. 

 

3.1.1 ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʫʧʝʥʶ ʪʘ ʰʚʠʜʢʦʩʪʽ ʜʠʩʦʮʽʘʮʽʾ ʙʨʠʢʝʪʽʚ ʽʟ 

ʚʘʧʥʷʢʫ ʪʘ ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ 

 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʜʦʙʘʚʢʠ ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ ʥʘ ʩʪʫʧʽʥʴ 

ʪʘ ʰʚʠʜʢʽʩʪʴ ʜʠʩʦʮʽʘʮʽʾ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʦʥʢʦʧʦʜʨʽʙʥʝʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʘʢʽ ʷʢ 

ʚʘʧʥʷʢ ʪʘ ʤʘʛʥʝʪʠʪʦʚʠʡ ʢʦʥʮʝʥʪʨʘʪ ʢʨʫʧʥʽʩʪʶ ʤʝʥʰʝ ʥʽʞ 0,1 ʤʤ [90]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʤʧʦʥʝʥʪʽʚ ʰʠʭʪʠ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʽ 3.1. 

ʅʘ ʨʠʩ. 3.1(ʘ - ʛ) ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʫʧʝʥ ʁʜʠʩʦʮʽʘʮʽʾ 

ʙʨʠʢʝʪʽʚ ʽʟ ʩʫʤʽʰʽ ʚʘʧʥʷʢʫ ʪʘ ʢʦʥʮʝʥʪʨʘʪʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʙʨʠʢʝʪʘʤʠ ʯʠʩʪʦʛʦ 

ʚʘʧʥʷʢʫ.  ɿ ʜʘʥʠʭ, ʧʨʠʚʝʜʝʥʠʭ ʥʘ ʨʠʩ.3.1, ʚʠʜʥʦ, ʱʦ ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʨʝʘʢʮʽʡʥʦʤʫ ʧʨʦʩʪʦʨʽ ʽ ʢʽʣʴʢʦʩʪʽ ʢʦʥʮʝʥʪʨʘʪʫ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 900Üʉ (ʨʠʩ.3.1ʘ) ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ 

(ʙʽʣʴʰʝ ʥʽʞ 80%)ʤʘʻ ʤʽʩʮʝ ʫ ʙʨʠʢʝʪʽʚ ʟ ʩʫʤʽʰʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 75% 

ʢʦʥʮʝʥʪʨʘʪʫ ʽ 25% ʚʘʧʥʷʢʫ. ɼʣʷ ʯʠʩʪʦʛʦ ʚʘʧʥʷʢʫ ʧʨʠ ʪʘʢʠʭ ʞʝ ʫʤʦʚʘʭ 

ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ ʩʢʣʘʜʘʻ 43%. ʅʘʡʙʽʣʴʰ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʰʚʠʜʢʽʩʪʴ 

ʜʠʩʦʮʽʘʮʽʾ ʜʦʙʘʚʢʠ ʢʦʥʮʝʥʪʨʘʪʫ ʤʘʶʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 900 Üʉ. 
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ʊʘʙʣʠʮʷ 3.1 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʰʠʭʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

  

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1000 Üʉ ʽ 1100 Üʉ (ʨʠʩ.3.1 ʙ, ʚ) ʩʪʫʧʽʥʴ ʜʠʩʦʮʽʘʮʽʾ 

ʙʨʠʢʝʪʽʚ ʟ ʯʠʩʪʦʛʦ ʚʘʧʥʷʢʫ ʥʘʙʣʠʟʠʚʩʷ ʜʦ ʩʪʫʧʝʥʷ ʜʠʩʦʮʽʘʮʽʾ ʙʨʠʢʝʪʽʚ ʟ 

ʩʫʤʽʰʽ, ʘʣʝ ʯʘʩ ʜʦʩʷʛʥʝʥʥʷ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʩʪʫʧʝʥʶ ʨʦʟʢʣʘʜʘʥʥʷ ʜʣʷ ʯʠʩʪʦʛʦ 

ʚʘʧʥʷʢʫ ʙʫʚ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ. ʐʚʠʜʢʽʩʪʴ ʜʠʩʦʮʽʘʮʽʾ ʚʠʱʘ ʜʣʷ ʙʨʠʢʝʪʽʚ ʽʟ 

ʩʫʤʽʰʽ ʣʠʰʝ ʥʘ ʧʝʨʰʽʡ ʭʚʠʣʠʥʽ. ɼʦ ʜʨʫʛʦʾ ʭʚʠʣʠʥʽ ʚʠʪʨʠʤʢʠ ʚʦʥʠ 

ʚʠʨʽʚʥʶʶʪʴʩʷ, ʘ ʚ ʥʘʜʘʣʽ ʰʚʠʜʢʽʩʪʴ ʜʠʩʦʮʽʘʮʽʾ ʚʠʱʘ ʜʣʷ ʙʨʠʢʝʪʽʚ ʽʟ ʩʫʤʽʰʽ 

75% ʢʦʥʮʝʥʪʨʘʪʫ ʽ 25% ʚʘʧʥʷʢʫ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1200 Üʉ (ʨʠʩ.3.1ʛ.) ʩʪʫʧʽʥʴ ʧʦʚʥʦʾ ʜʠʩʦʮʽʘʮʽʾ ʙʨʠʢʝʪʽʚ 

ʽʟ ʩʫʤʽʰʽ ʚʘʧʥʷʢʫ ʟ ʢʦʥʮʝʥʪʨʘʪʦʤ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʤʝʥʰʦʤʫ ʯʘʩʽ ʚʠʪʨʠʤʢʠ 

(ʧʨʠʙʣʠʟʥʦ 2 ʭʚʠʣʠʥʠ).ʊʘʢʦʞ ʩʣʽʜ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʧʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʟ'ʷʚʣʷʶʪʴʩʷ ʨʽʜʢʽ ʬʘʟʠ ʪʘ ʧʨʦʭʦʜʷʪʴ ʧʨʦʮʝʩʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʪʚʝʨʜʠʤʠ ʪʘ 

ʨʽʜʢʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʙʨʠʢʝʪʽʚ, ʱʦ, ʡʤʦʚʽʨʥʦ, ʟʥʘʭʦʜʠʪʴ ʩʚʦʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ 

ʟʤʽʥʽ ʩʪʫʧʝʥ ʁʜʠʩʦʮʽʘʮʽʾ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʜʦʩʷʛʥʝʥʥʷ 

ʩʪʫʧʝʥʶ ʧʦʚʥʦʾ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʟʘʣʽʟʦʚʤʽʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʰʝ ʪʘ ʧʨʠ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʝʘʢʮʽʡʥʦʛʦ ʧʦʣʷ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʥʘ ʚʠʧʘʣ ʚʘʧʥʷʢʫ. ʎʽ ʜʘʥʽ 

ʄʘʪʝʨʽʘʣʠ 

ɺʤʽʩʪ, % 

Feʟʘʛ. FeO Fe2O3 SiO2 Al 2O3 CaO MgO ɺʇʇ 

ɿʘʣʽʟʦʨʫʜʥ. 

ʢʦʥʮʝʥʪʨʘʪ 
69,33 28,95 58,31 9,85 0,65 0,74 0,34 0,65 

ɺʘʧʥʷʢ 

ʟʚʠʯʘʡʥʠʡ 
0,28 - 0,40 1,34 0,56 53,22 0,92 43,56 

ɿʦʣʘ 

ʢʦʢʩʫ 
12,66 - 18,09 49,42 26,6 4,48 1,40 - 
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ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʝʘʢʮʽʡ ʚʟʘʻʤʦʜʽʾ 

ʚʘʧʥʷʢʫ ʟ ʦʢʩʠʜʘʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

 

  

ʘ) ʙ) 

  

ʚ) ʛ) 

  

ʈʠʩ.3.1  - ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥ ʁ ʪʘ ʰʚʠʜʢʦʩʪʽ ʜʠʩʦʮʽʘʮʽʾ ʚʘʧʥʷʢʫ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʢʦʥʮʝʥʪʨʘʪʫ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ  - ʩʪʫʧʽʥʴ 

ʜʠʩʦʮʽʘʮʽʾ, ʰʪʨʠʭʧʫʥʢʪʠʨʥʘ ï ʰʚʠʜʢʽʩʪʴ ʜʠʩʦʮʽʘʮʽʾ: ʘ) 900 Áʉ; ʙ) 1000 Áʉ; ʚ) 

1100 Áʉ; ʛ) 1200 Áʉ 


