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ɻɽʆʄɽʊʈʆïʊʆʇʆʃʆɻɯʏʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʉʋɹʉʆʃɯɼʋʉʅʆɰ ɹʋɼʆɺʀ ʉʀʉʊɽʄʀ 

MgO ï Al2O3 ï ʊ̔ʆ2 

 

ʉʝʨʝʜ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʧʨʠʚʝʨʪʘʶʪʴ ʚʝʣʠʢʫ ʫʚʘʛʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʪʚʦʨʝʥʥʷ ʚʦʛʥʝʪʨʠʚʢʠʭ ʚʠʨʦʙʽʚ ʟ ʧʽʜʚʠʱʝʥʦʶ ʪʝʨʤʦʩʪʽʡʢʽʩʪʶ ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʦʟʠʮʽʡ ʩʠʩʪʝʤʠ MgO ï Al2O3 ï TiO2. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʘʥʘʣʽʟʫ ʩʠʩʪʝʤʠ MgO ï

 Al2O3 ï TiO2 ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʙʠʪʪʷ ʩʠʩʪʝʤʠ ʥʘ ʝʣʝʤʝʥʪʘʨʥʽ ʪʨʠʢʫʪʥʠʢʠ ʟʘʟʥʘʻ ʟʤʽʥ ʫ ʪʨʴʦʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽʥʪʝʨʚʘʣʘʭ: I ï ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ 1537 ʂ, II ï ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 1537 ï 2076 ʂ ʪʘ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ 2076 ʂ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 2076 ʂ 

ʽʩʥʫʻ ʢʦʥʮʝʥʪʨʘʮʽʡʥʘ ʦʙʣʘʩʪʴ ʰʧʽʥʝʣʴʥʠʭ ʬʘʟ: ʘʣʶʤʦʤʘʛʥʝʟʽʘʣʴʥʘ ʰʧʽʥʝʣʴ ï ʢʚʘʥʜʽʣʽʪ. ɺʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ 1537 ʂ ʽʩʥʫʻ ʢʦʥʮʝʥʪʨʘʮʽʡʥʘ 

ʦʙʣʘʩʪʴ: ʪʽʘʣʽʪ ï ʢʘʨʨʦʽʪ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʜʦ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʦʶ ʪʝʨʤʦʩʪʽʡʢʽʩʪʶ. ɽʣʝʤʝʥʪʘʨʥʠʡ ʪʨʠʢʫʪʥʠʢ TiO2 ï Al2TiO5 ï

 MgTi2O5 ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʝʨʤʦʩʪʽʡʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ Al2TiO5 ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ MgTi2O5. ɼʣʷ ʦʪʨʠʤʘʥʥʷ 

ʪʝʨʤʦʩʪʽʡʢʠʭ ʧʝʨʠʢʣʘʟʦʰʧʥ̔ʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʝʣʝʤʝʥʪʘʨʥʠʡ ʪʨʠʢʫʪʥʠʢ Mg2TiO4 ï MgAl2O4 ï MgO, ʫ ʷʢʦʤʫ ʧʨʠʩʫʪʥʽ ʣʠʰʝ 

ʩʧʦʣʫʢʠ ʟ ʢʫʙʽʯʥʦʶ ʢʨʠʩʪʘʣʽʯʥʦʶ ʨʝʰʽʪʢʦʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʙʠʪʪʷ ʩʠʩʪʝʤʠ MgO ï Al2O3 ï TiO2 ʥʘ ʝʣʝʤʝʥʪʘʨʥʽ ʪʨʠʢʫʪʥʠʢʠ ʽ ʘʥʘʣʽʟ 

ʛʝʦʤʝʪʨʦïʪʦʧʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʘʟ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʠʣʦ ʚʠʙʨʘʪʠ ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʩʠʩʪʝʤʽ ʦʙʣʘʩʪʽ ʩʢʣʘʜʽʚ, ʱʦ ʚʦʣʦʜʽʶʪʴ 

ʦʧʪʠʤʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʟʘʜʘʥʠʤʠ ʦʧʪʠʤʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʤ̫ʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʨʠʢʦʤʧʦʥʝʥʪʥʘ ʩʠʩʪʝʤʘ; ʩʫʙʩʦʣʽʜʫʩʥʘ ʙʫʜʦʚʘ; ʢʦʥʥʦʜʘ; ʝʣʝʤʝʥʪʘʨʥʠʡ ʪʨʠʢʫʪʥʠʢ; ʛʝʦʤʝʪʨʦïʪʦʧʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

ʪʽʘʣʽʪ, ʢʘʨʨʦʽʪ, ʘʣʶʤʦʤʘʛʥʝʟʽʘʣʴʥʘ ʰʧʽʥʝʣʴ; ʢʚʘʥʜʽʣʽʪ. 
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ɻɽʆʄɽʊʈʆïʊʆʇʆʃʆɻʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʉʋɹʉʆʃʀɼʋʉʅʆɻʆ ʉʊʈʆɽʅʀʗ 

ʉʀʉʊɽʄʓ MgO ï Al2O3 ï ʊ̔ʆ2 

 

ʉʨʝʜʠ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʟʜʘʥʠʷ ʦʛʥʝʫʧʦʨʥʳʭ ʠʟʜʝʣʠʡ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ, ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʦʟʠʮʠʡ ʩʠʩʪʝʤʳ MgO ï Al2O3 ï TiO2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ 

MgO ï Al2O3 ï TiO2 ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʙʠʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ʠʟʤʝʥʠʪʩʷ ʚ ʪʨʝʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʘʭ: I ï ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 1537 ʂ, II ï ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 1537 ï 2076 ʂ ʠ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 2076 ʂ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 2076 ʂ 

ʩʫʱʝʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʦʙʣʘʩʪʴ ʰʧʠʥʝʣʴʥʳʭ ʬʘʟ: ʘʣʶʤʦʤʘʛʥʝʟʠʘʣʴʥʘʷ ʰʧʠʥʝʣʴ ï ʢʚʘʥʜʠʣʠʪ. ɺʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 1537 ʂ 

ʩʫʱʝʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʦʙʣʘʩʪʴ: ʪʠʘʣʠʪ ï ʢʘʨʨʦʠʪ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʤʘʪʝʨʠʘʣʘʤ ʩ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ. 

ʕʣʝʤʝʥʪʘʨʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ TiO2 ï Al2TiO5 ï MgTi2O5 ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʨʤʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ Al2TiO5 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ MgTi2O5. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʨʤʦʩʪʦʡʢʠʭ ʧʝʨʠʢʣʘʟʦʰʧʠʥʝʣʴʥʠʭ ʤʘʪʝʨʠʘʣʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʵʣʝʤʝʥʪʘʨʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ 

Mg2TiO4 ï MgAl2O4 ï MgO, ʚ ʢʦʪʦʨʦʤ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʫʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʘʟʙʠʝʥʠʝ ʩʠʩʪʝʤʳ MgO ï Al2O3 ï TiO2 ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ʠ ʘʥʘʣʠʟ ʛʝʦʤʝʪʨʦïʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʘʟ ʩʠʩʪʝʤʳ 

ʧʦʟʚʦʣʠʣʦ ʚʳʙʨʘʪʴ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʦʧʪʠʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʟʘʜʘʥʥʳʤʠ ʦʧʪʠʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʩʠʩʪʝʤʘ; ʩʫʙʩʦʣʠʜʫʩʥʦʝ ʩʪʨʦʝʥʠʝ; ʢʦʥʥʦʜʘ; ʵʣʝʤʝʥʪʘʨʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ; ʛʝʦʤʝʪʨʦïʪʦʧʦʣʦʛʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; ʪʠʘʣʠʪ; ʢʘʨʨʦʠʪ; ʘʣʶʤʦʤʘʛʥʝʟʠʘʣʴʥʘʷ ʰʧʠʥʝʣʴ; ʢʚʘʥʜʠʣʠʪ. 
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GEOMETRICAL ïTOPOLOGICAL CHARACTE RISTICS OF THE SUBSOLIDUS STRUCTURE IN 

THE M gO ï Al2O3 ï TiO2 SYSTEM 

 

Among the materials that attract attention from the point of view of creating refractory products with increased heat resistance, one can single out 

materials based on compositions of the MgO ï Al2O3 ï TiO2 system. As a result of the thermodynamic analysis of the MgO ï Al2O3 ï TiO2 system, it 

was found that the partition of the system into elementary triangles will change in three temperature ranges: I ï up to 1537 K, II ï in the temperature 

range 1537 ï 2076 K and above 2076 K. It has been established that up to a temperature of 2076 K there is a concentration range of spinel phases: 

magnesium aluminate spinel ï quandylite. Above 1537 K, there is a concentration range: tialite ï karroite, which meets the requirements for materials 

with high heat resistance. The elementary triangle TiO2 ï Al2TiO5 ï MgTi2O5 can be used to obtain heatïresistant materials based on Al2TiO5 

stabilized by MgTi2O5. To obtain heatïresistant periclaseïspinel materials, an elementary triangle Mg2TiO4 ï MgAl2O4 ï MgO is recommended, in 
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which only compounds with a cubic crystal lattice are present. Thus, the division of the MgO ï Al2O3 ï TiO2 system into elementary triangles and the 

analysis of the geometricalïtopological characteristics of the phases of the system made it possible to select in the system under study the regions of 

compositions that have optimal properties for obtaining materials with the specified optimal properties. 

Keywords: threeïcomponent system; subsolidus structure; connod; elementary triangle; geometricalïtopological characteristics; tialitʝ; karroite; 

magnesium aluminate spinel; quandilite. 

 

ɺʩʪʫʧ. ʆʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ, ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʜʘʪʥʽʩʪʴ ʚʠʨʦʙʽʚ ʧʨʦʪʠʩʪʦʷʪʠ 

ʚʠʥʠʢʘʶʯʠʤ ʪʝʨʤʽʯʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʪʝʧʣʦʚʠʭ ʚʧʣʠʚʽʚ. ʇʜ̔ʚʠʱʝʥʥʷ ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ 

ʚʽʜʦʤʠʭ ʽ ʧʦʰʫʢ ʥʦʚʠʭ ʪʝʨʤʦʩʪʽʡʢʠʭ ʚʦʛʥʝʪʨʠʚʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʥɹʦʶ ʧʨʦʙʣʝʤʦʶ. 

ʉʝʨʝʜ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʧʨʠʚʝʨʪʘʶʪʴ ʚʝʣʠʢʫ ʫʚʘʛʫ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʩʪʚʦʨʝʥʥʷ ʚʦʛʥʝʪʨʠʚʢʠʭ ʚʠʨʦʙʽʚ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʪʝʨʤʦʩʪʽʡʢʽʩʪʶ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʦʟʠʮʽʡ ʩʠʩʪʝʤʠ MgO ï

 Al 2O3 ï TiO2.  

ʎʽʥʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʠʩʪʝʤʠ ʻ ʪʠʪʘʥʘʪ 

ʘʣʶʤʽʥʽʶ ɸ12ʊʽʆ5 (ʪʽʘʣʽʪ), ʷʢʠʡ ʤʘʻ ʚʠʩʦʢʫ ʪʝʤʧʝ-

ʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ, ʚʠʩʦʢʫ ʭʽʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʠʩʣʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʩʠʣʽʢʘʪʥʠʭ ʨʦʟʧʣʘʚʽʚ, ʥʝʛʘʪʠʚʥʠʡ ʚ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʥʠʟʴʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 1ï4 .  

ʆʜʥʘʢ ʪʠʪʘʥʘʪ ʘʣʶʤʽʥʽʶ ʚʦʣʦʜʽʻ ʚʠʨʘʞʝʥʦʶ 

ʘʥʽʟʦʪʨʦʧʽʻʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʣʽʥʽʡʥʦʛʦ 

ʨʦʟʠhʨʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʚʽʩʝʡ ʽ 

ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʦʪʨʠʤʘʥʥʷ ʤʽʮʥʠʭ ʚʠʨʦʙʽʚ ʫ 

ʩʧʝʯʝʥʦʤʫ ʩʪʘʥʽ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʫʩʢʣʘʜʥʝʥʦ ʯʝʨʝʟ 

ʚʠʥʠʢʥʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʥʘʧʨʫʛʠ ʽ ʫʪʚʦʨʝʥʥʷ 

ʤʽʢʨʦʪʨʽʱʠʥ ʧʽʜ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ. ʑʝ ʦʜʥʽʻʶ 

ʧʨʠʯʠʥʦʶ, ʱʦ ʦʙʤʝʞʫʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʠʪʘʥʘʪʫ 

ʘʣʶʤʽʥʽʶ ʻ ʡʦʛʦ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʠ ʪʨʠʚʘʣʽʡ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 1023 ï 1473 ʂ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʡʦʛʦ ʨʦʟʧʘʜʫ ʥʘ ʚʠʭʽʜʥʽ ʦʢʩʠʜʠ. 

ɺʽʜʦʤʦ 5, 6, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʦʙʘʚʦʢ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʟ ʪʠʪʘʥʘʪʦʤ ʘʣʶʤʽʥʽʶ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʘʙʦ 

ʩʧʦʣʫʢʠ, ʥʘʧʨʠʢʣʘʜ, MgTi2ʆ5 (ʢʘʨʨʦʽʪ), ʷʢʠʡ ʤʘʻ 

ʧʩʝʚʜʦʙʨʫʢʽʪʦʚʫ ʩʪʨʫʢʪʫʨʫ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʽʘʣʽʪʫ. 

ʑʝ ʦʜʥʘ ʚʘʞʣʠʚʘ ʩʧʦʣʫʢʘ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ 

ʩʠʩʪʝʤʠ MgO ï Al 2O3 ï TiO2 ï ʮʝ ʘʣʶʤʦïʤʘʛʥʝʟʽʘʣʴʥʘ 

ʰʧʽʥʝʣʴ (MgAl2O4), ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʨʦʟʨʦʙʣʶʶʪʴʩʷ 

ʤʘʪʝʨʽʘʣʠ ʟ ʚʠʩʦʢʦʶ ʤʝʭʘʥʽʯʥʦʶ ʤʽʮʥʽʩʪʶ, ʚʠʩʦʢʦʶ 

ʢʦʨʦʟʽʡʥʦʶ ʪʘ ʨʘʜʽʘʮʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ. ʊʘʢʦʞ ʟʥʘʯʥʠʡ 

ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʰʧʽʥʝʣʴʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ 

MgAl 2O4 ï Mg2TiO4 7ï9  ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʫʯʘʩʥʠʭ ʤʘ-

ʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʨʠʩʪʠ-

ʢʘʤʠ. ʂʚʘʥʜʽʣʽʪ Mg2TiO4 ʤʘʻ ʩʪʨʫʢʪʫʨʫ ʪʠʧʫ ʰʧʽʥʝʣʽ. 

ʂʨʽʤ ʪʽʘʣʽʪʫ, ʢʘʨʨʦʽʪʫ, ʘʣʶʤʦʛʥʝʟʽʘʣʴʥʦʾ ʰʧʽʥʝʣʽ 

ʪʘ ʢʚʘʥʜʽʣʽʪʫ ʩʠʩʪʝʤʘ MgO ï Al 2O3 ï TiO2 ʤʽʩʪʠʪʴ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʘʙʽʣʴʥʽ ʬʘʟʠ: ʪʠʪʘʥʘʪ ʤʘʛʥʽʶ 

MgTiO3 (ʛʝʡʢʝʣʽʪ) ʪʘ Al4TiO8, ʷʢʘ ʟʘ ʜʘʥʠʤʠ 10  

ʽʤʦʚʽʨʥʦ ʫʪʚʦʨʶʻʪʩɹʷ ʚʠʱʝ 2076 ʂ ʧʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ 

Al 2O3 ʪʘ ɸ12ʊʽʆ5, ʩʪʘʙʽʣʴʥʘ ʚ ʜʫʞʝ ʚʫʟʴʢʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ ʽ ʨʦʟʢʣʘʜʘ̒ ʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 2114 ʂ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ɺʠʟʥʘʯʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 

ʛʝʦʤʝʪʨʦïʪʦʧʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʙʩʦʣʽʜʫʩʥʦʾ 

ʙʫʜʦʚʠ ʩʠʩʪʝʤʠ MgO ï Al 2O3 ï TiO2 ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʭ ʦʙʣʘʩʪʝʡ ʦʜʝʨʞʘʥʥʷ ʪʝʨʤʦʩʪʽʡʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʘ ʤʝʪʦʜʠʢʦʶ 

11  ʘʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ 

ʩʠʩʪʝʤʠ MgO ï Al 2O3 ï TiO2 ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʨʦʟʙʠʪʪʷ ʩʠʩʪʝʤʠ ʥʘ ʝʣʝʤʝʥʪʘʨʥʽ ʪʨʠʢʫʪʥʠʢʠ ʟʘʟʥʘʻ 

ʟʤʽʥ ʫ ʪʨʴʦʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʽʥʪʝʨʚʘʣʘʭ: 

I ï ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1537 ʂ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ 

ʩʪʘʙʽʣʴʥʠʤʠ ʻ ʩʧʦʣʫʢʠ: Al 2O3, TiO2, MgO, MgTi2O5, 

MgTiO3, Mg2TiO4, MgAl 2O4; ʩʧʽʚʽʩʥʫʶʪʴ ʪʘʢʽ 

ʢʦʤʙʽʥʘʮʽʾ ʬʘʟ: Al 2O3 ï TiO2 (1000), Al 2O3 ï MgTi2O5 

(917), MgTiO3 ï Al 2O3 (882), Al 2O3 ï MgAl 2O4 (719), 

MgAl 2O4 ï MgTiO3 (694), MgAl 2O4 ï Mg2TiO4 (638), 

Mg2TiO4 ï MgO (500), MgAl 2O4 ï MgO (281), TiO2 ï

 MgTi2O5 (200), MgTiO3 ï Mg2TiO4 (167), MgTi2O5 ï

 MgTiO3 (133), ʚ ʜʫʞʢʘʭ ʟʘʟʥʘʯʝʥʽ ʜʦʚʞʠʥʠ ʢʦʥʥʦʜ 

(L, ă); ʩʠʩʪʝʤʘ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʧô̫ ʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʪʨʠʢʫʪʥʠʢʽʚ: 1) Al 2O3 ï TiO2 ï MgTi2O5, 2) Al 2O3 ï

 MgTi2O5 ï MgTiO3, 3) Al 2O3 ï MgAl 2O4 ï MgTiO3, 4) 

MgTiO3 ï MgAl 2O4 ï Mg2TiO4, 5) Mg2TiO4 ï

 MgAl 2O4 ï MgO;  

II  ï ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 1537 ï 2076 ʂ: ʚʠʱʝ 

ʪʝʤʧʝʨʘʪʫʨʠ 1537 ʂ ʟô̫ ʚʣʷʻʪʴʩʷ ʱʝ ʦʜʥʘ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʘʙʽʣʴʥʘ ʩʧʦʣʫʢʘ ʪʽʘʣʽʪ (Al 2TiO5), 

ʷʢʘ ʚʥʦʩʠʪʴ ʢʦʨʝʢʪʠʚʠ ʜʦ ʧʝʨʝʙʫʜʦʚʠ ʢʦʥʥʦʜ ʫ 

ʩʠʩʪʝʤʽ ï ʩʧʽʚʽʩʥʫʶʪʴ ʪʘʢʽ ʢʦʤʙʽʥʘʮʽʾ ʬʘʟ: MgTiO3 ï

 Al 2O3 (882), Al 2O3 ï MgAl 2O4 (719), MgTiO3 ï

 MgAl 2O4 (694), MgAl 2O4 ï Mg2TiO4 (638), TiO2 ï

 Al 2TiO5 (560), Mg2TiO4 ï MgO (500), Al 2TiO5 ï

 MgTi2O5 (492), Al 2TiO5 ï MgTiO3 (488), Al 2TiO5 ï

 Al 2O3 (440), MgAl 2O4 ï MgO (281), TiO2 ï MgTi2O5 

(200), MgTiO3 ï Mg2TiO4 (167), MgTi2O5 ï MgTiO3 

(133), ʚ ʜʫʞʢʘʭ ʟʘʟʥʘʯʝʥʽ ʜʦʚʞʠʥʠ ʢʦʥʥʦʜ (L, ă); 

ʚʽʜʧʦʚʽʜʥʦ ʩʠʩʪʝʤʘ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʰʽʩʪʴ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʠʢʫʪʥʠʢʽʚ: 1) TiO2 ï Al 2TiO5 ï

 MgTi2O5, 2) Al 2TiO5 ï MgTi2O5 ï MgTiO3, 3) Al 2TiO5 ï

 MgTiO3 ï Al 2O3, 4) Al 2O3 ï MgTiO3 ï MgAl 2O4, 5) 
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MgTiO3 ï MgAl 2O4 ï Mg2TiO4, 6) Mg2TiO4 ï MgAl 2O4 

ï MgO; 

III  ï ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ 2076 ʂ ʫʤʦʚʥʦ 

ʚʨʘʭʦʚʫʻʤʦ ʩʧʦʣʫʢʫ Al 4TiO8, ʷʢʘ ʻ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ 

ʩʪʘʙʽʣʴʥʦʶ ʚʠɦ ʝ ʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʮʴʦʛʦ ʡʜʝ ʧʝʨʝʙʫʜʦʚʘ ʢʦʥʥʦʜ ʩʠʩʪʝʤʠ: Al 4TiO8 ï MgO 

(893), Al 2O3 ï MgAl 2O4 (719), MgTi2O5 ï Al 4TiO8 (642), 

Al 4TiO8 ï Mg2TiO4 (638), Al 4TiO8 ï MgTiO3 (622), 

TiO2 ï Al 2TiO5 (560), Mg2TiO4 ï MgO (500), Al 2TiO5 ï

 MgTi2O5 (492), Al 4TiO8 ï MgAl 2O4 (282), Al 2O3 ï

 Al 4TiO8 (282), MgO ï MgAl 2O4 (281), TiO2 ï MgTi2O5 

(200), MgTiO3 ï Mg2TiO4 (167), Al 2TiO5 ï Al 4TiO8 

(158), MgTi2O5 ï MgTiO3 (133), ʚ ʜʫʞʢʘʭ ʟʘʟʥʘʯʝʥʽ 

ʜʦʚʞʠʥʠ ʢʦʥʥʦʜ (L, ă); ʱʦ ʚʥʦʩʠʪʴ ʟʥʘʯʥʽ ʟʤʽʥʠ ʜʦ 

ʨʦʟʜʽʣʝʥʥʷ ʩʠʩʪʝʤʠ ʥʘ ʝʣʝʤʝʥʪʘʨʥʽ ʪʨʠʢʫʪʥʠʢʠ: 1) 

TiO2 ï Al 2TiO5 ï MgTi2O5, 2) Al 2TiO5 ï MgTi2O5 ï

 Al 4TiO8, 3) Al 4TiO8 ï MgTi2O5 ï MgTiO3, 4) Al 4TiO8 ï

 MgTiO3 ï Mg2TiO4, 5) Al 4TiO8 ï Mg2TiO4 ï MgO, 6) 

Al 4TiO8 ï MgO ï MgAl 2O4, 7) Al 2O3 ï Al 4TiO8 ï

 MgAl 2O4. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʙʠʪʪʷ ʩʠʩʪʝʤʠ MgO ï Al 2O3 ï TiO2 

ʥʘ ʝʣʝʤʝʥʪʘʨʥʽ ʪʨʠʢʫʪʥʠʢʠ ʚʽʜʧʦʚʽʜʘʻ ʧʨʘʚʠʣʫ 

ʂʫʨʥʘʢʦʚʘ [12]: ʍɯ = 1 + 4 = 5, ʍɯɯ = 1 + 5 = 6, 

ʍɯɯɯ = 1 + 6 = 7, ʜʝ ʍ ̔ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʪʨʠʢʫʪʥʠʢʽʚ. 

ɿ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʚʞʠʥ ʢʦʥʥʦʜ ʚʠʜʥʦ, ʱʦ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 2076 ʂ ʽʩʥʫʻ ʢʦʥʮʝʥʪʨʘʮʽʡʥʘ ʦʙʣʘʩʪʴ 

ʰʧ̔ʥʝʣʴʥʠʭ ʬʘʟ: ʘʣʶʤʦʤʘʛʥʝʟʽʘʣʴʥʘ ʰʧʽʥʝʣʴ ï 

ʢʚʘʥʜʽʣʽʪ (MgAl 2O4 ï Mg2TiO4). ɺʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ 

1537 ʂ ʽʩʥʫʻ ʢʦʥʮʝʥʪʨʘʮʽʡʥʘ ʦʙʣʘʩʪʴ: ʪʽʘʣʽʪ ï ʢʘʨʨʦʽʪ 

(Al 2TiO5 ï MgTi2O5), ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʜʦ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʦʶ ʪʝʨʤʦʩʪʽʡʢʽʩʪʶ. ɺʠʱʝ 

ʪʝʤʧʝʨʘʪʫʨʠ 2076 ʂ ʬʘʟʘ Al 4TiO8 ʩʧʽʚʽʩʥʫʻ ʤʘʡʞʝ ʟʽ 

ʚʩʽʤʘ ʬʘʟʘʤʠ ʩʠʩʪʝʤʠ. 

ʆʩʥʦʚʥʽ ʛʝʦʤʝʪʨʦïʪʦʧʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʫʙʩʦʣʽʜʥʦʾ ʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʬʘʟ: ʧʣʦʱʽ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʠʢʫʪʥʠʢʽʚ, ʩʪʫʧʽʥʴ ʾʭ ʘʩʠʤʝʪʨʽʾ 

(Lmax / Lmin), ʧʣʦʱʘ ʦʙʣʘʩʪʝʡ, ʚ ʷʢʠʭ ʽʩʥʫʶʪʴ ʬʘʟʠ, 

ʡʤʦʚʽʨʥʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʬʘʟ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.  ̄1, ˉ 2. 

ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʽ ʟʘ ʤʝʪʦʜʠʢʦʶ [12]. 

 

ʊʘʙʣʠʮʷ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʨʠʢʫʪʥʠʢʽʚ ʩʠʩʪʝʤʠ MgO ï FeO ï Al 2O3 

ˉ ɽʣʝʤʝʥʪʘʨʥʠʡ ʪʨʠʢʫʪʥʠʢ ʇʣʦʱʘ, ă ʉʪʫʧʽʥʴ ʘʩʠʤʝʪʨʽʾ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1537 ʂ 

1 Al 2O3 ï TiO2 ï MgTi2O5 200 5,000 

2 Al 2O3 ï MgTi2O5 ï MgTiO3 133 6,894 

3 Al 2O3 ï MgAl 2O4 ï MgTiO3 187 1,271 

4 MgTiO3 ï MgAl 2O4 ï Mg2TiO4 120 4,156 

5 Mg2TiO4 ï MgAl 2O4 ï MgO 360 2,270 

× 

max 

min 

 1000 

360 

120 

ï 

6,894 

1,271 

ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 1537 ï 2076 ʂ 

1 TiO2 ï Al 2TiO5 ï MgTi2O5 112 2,800 

2 Al 2TiO5 ï MgTi2O5 ï MgTiO3 74 3,699 

3 Al 2TiO5 ï MgTiO3 ï Al 2O3 147 2,005 

4 Al 2O3 ï MgTiO3 ï MgAl 2O4 187 1,271 

5 MgTiO3 ï MgAl 2O4 ï Mg2TiO4 120 4,156 

6 Mg2TiO4 ï MgAl 2O4 ï MgO 360 2,270 

× 

max 

min 

 1000 

360 

74 

ï 

4,156 

1,271 

ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ 2076 ʂ 

1 TiO2 ï Al 2TiO5 ï MgTi2O5 112 2,800 

2 Al 2TiO5 ï MgTi2O5 ï Al 4TiO8 32 4,063 

3 Al 4TiO8 ï MgTi2O5 ï MgTiO3 95 4,827 

4 Al 4TiO8 ï MgTiO3 ï Mg2TiO4 120 3,820 

5 Al 4TiO8 ï Mg2TiO4 ï MgO 359 1,786 

6 Al 4TiO8 ï MgO ï MgAl 2O4 203 3,178 

7 Al 2O3 ï Al 4TiO8 ï MgAl 2O4 79 2,550 

× 

max 

min 

 1000 

359 

32 

ï 

4,827 

1,786 
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ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ 2076 ʂ ʥʘʡʙʽʣʴʰʫ ʧʣʦʱʫ ʤʘʻ 

ʝʣʝʤʝʥʪʘʨʥʠʡ ʪʨʠʢʫʪʥʠʢ Mg2TiO4 ï MgAl 2O4 ï MgO ʽ 

ʫ ʥʴʦʛʦ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʩʝʨʝʜʥʷ ʩʪʫʧʽʥʴ ʘʩʠʤʝʪʨʽʾ (ʜʠʚ. 

ʪʘʙʣ.  ̄1). ʊʘʢʦʞ ʘʣʶʤʘʛʥʝʟʽʘʣʴʥʘ ʰʧʽʥʝʣʴ ʤʘʻ 

ʥʘʡʙʽʣʴʰʫ ʡʤʦʚʽʨʥʽʩʪʴ ʽʩʥʫʚʘʥʥʷ (0,223). ʊʦʤʫ ʚ ʮʽʡ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʽʡ ʦʙʣʘʩʪʽ ʤʦʞʥʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʢʣʘʜʠ 

ʰʠʭʪ ʰʧʽʥʝʣʴʚʤʽʱʫʶʯʠʭ ʚʦʛʥʝʪʨʠʚʽʚ ʟ ʚʠʩʦʢʠʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺ ʨʦʟʛʣʷʥʫʪʦʤʫ 

ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʪʨʠʢʫʪʥʠʢʫ ʧʨʠʩʫʪʥʽ ʣʠʰʝ ʩʧʦʣʫʢʠ ʟ 

ʢʫʙʽʯʥʦʶ ʢʨʠʩʪʘʣʽʯʥʦʶ ʨʝʰʽʪʢʦʶ, ʱʦ ʥʘʜʘʻ ʾʤ 

ʽʟʦʪʨʦʧʥʦʩʪʽ ʪʘ, ʥʘʨʷʜʫ ʟ ʨʽʟʥʠʮʝʶ ʫ ʪʝʨʤʽʯʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ï ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʥʘ ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʤʽʢʨʦʪʨʽʱʠʥʫʚʘʪʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʉʘʤʝ ʪʘʢʘ ʩʪʨʫʢʪʫʨʘ 

ʧʦʪʨʽʙʥʘ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʨʽʱʠʥ ʪʘ 

ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ.  

ɼʦ ʪʝʤʧʝʨʘʪʫʨʠ 1537 ʂ ʥʘʡʤʝʥʰʫ ʧʣʦʱʫ ʤʘʻ 

ʝʣʝʤʝʥʪʘʨʥʠʡ ʪʨʠʢʫʪʥʠʢ MgTiO3 ï MgAl 2O4 ï

 Mg2TiO4 ʽ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʘʩʠʤʝʪʨʽʾ. ɺ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 1537 ï 2076 ʂ ʥʘʡʤʝʥʰʫ 

ʧʣʦʱʫ ʤʘʻ ʝʣʝʤʝʥʪʘʨʥʠʡ ʪʨʠʢʫʪʥʠʢ Al 2TiO5 ï

 MgTi2O5 ï MgTiO3 ʽ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʘʩʠʤʝʪʨʽʾ. ʑʦ 

ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʡʦʤʽʚ ʤʘʩʦʧʽʜʛʦʪʦʚʢʠ ʜʣʷ ʩʠʥʪʝʟʫ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʮʠʭ ʦʙʣʘʩʪʷʭ. 

 

ʊʘʙʣʠʮʷ 2 ï ɻʝʦʤʝʪʨʦïʪʦʧʦʣʦʛʽʯʥ̔ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʘʟ ʩʠʩʪʝʤʠ 

ʉʧʦʣʫʢʘ ɿʽ ʩʢʽʣʴʢʦʤʘ ʬʘʟʘʤʠ ʩʧʽʚʽʩʥʫʻ ʋ ʩʢʽʣʴʢʦʭ ʪʨʠʢʫʪʥʠʢʘʭ ʽʩʥʫʻ ʇʣʦʱʘ ʽʩʥʫʚʘʥʥʷ, S,̔ ă 
ʁʤʦʚʽʨʥʽʩʪʴ 

ʽʩʥʫʚʘʥʥʷ, ɤ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 1537 ʂ 

Al 2O3 4 3 520 0,172 

TiO2 2 1 200 0,067 

MgO 2 1 360 0,120 

MgTi2O5 3 2 333 0,111 

MgTiO3 4 3 440 0,147 

Mg2TiO4 3 2 480 0,160 

MgAl 2O4 4 3 667 0,223 

× 

max 

min 

  3000 

667 

200 

1,000 

0,223 

0,067 

ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 1537 ï 2076 ʂ 

Al 2O3 3 2 334 0,111 

TiO2 2 1 112 0,037 

MgO 2 1 360 0,120 

MgTi2O5 3 2 186 0,062 

MgTiO3 5 4 528 0,176 

Mg2TiO4 3 2 480 0,160 

MgAl 2O4 4 3 667 0,223 

Al 2TiO5 4 3 333 0,111 

× 

max 

min 

  3000 

667 

112 

1,000 

0,223 

0,037 

ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ 2076 ʂ 

Al 2O3 2 1 79 0,026 

TiO2 2 1 112 0,037 

MgO 3 2 562 0,187 

MgTi2O5 4 3 239 0,080 

MgTiO3 3 2 215 0,072 

Mg2TiO4 3 2 479 0,160 

MgAl 2O4 3 2 282 0,094 

Al 4TiO8 7 6 888 0,296 

Al 2TiO5 3 2 144 0,048 

× 

max 

min 

  3000 

888 

79 

1,000 

0,296 

0,026 
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ɽʣʝʤʝʥʪʘʨʥʠʡ ʪʨʠʢʫʪʥʠʢ, ʷʢʠʡ ʧʨʠʚʝʨʪʘʻ ʫʚʘʛʫ, 

ʮʝ TiO2 ï Al 2TiO5 ï MgTi2O5, ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ 1537 ï 2076 ʂ ʤʘʻ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʽ 

ʜʦʚʦʣʽ ʥʠʟʴʢʠʡ ʩʪʫʧʽʥʴ ʘʩʠʤʝʪʨʽʾ. ʊʦʙʪʦ ʧʨʘʮʶʶʯʽ ʚ 

ʮʽʡ ʢʦʥʮʝʥʪʨʘʮʽʡʥʽʡ ʦʙʣʘʩʪʽ ʥʝ ʧʦʪʨʽʙʥʦ 

ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʦʩʦʙʣʠʚʠʭ ʫʤʦʚ ʩʠʥʪʝʟʫ. ʎʶ ʦʙʣʘʩʪʴ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʝʨʤʦʩʪʽʡʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ Al 2TiO5 ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ MgTi2O5. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ ʢʦʨʫʥʜʦʚʠʭ 

ʚʦʛʥʝʪʨʠʚʽʚ ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʡʦʛʦ 

ʫʯʘʩʪʶ ʜʦʮʣ̔ʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʙʣʘʩʪʴ 

ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ Al2O3 ï MgTiO3 ï

 MgAl 2O4, ʫ ʷʢʦʛʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʣʦʱʽ ʪʘ 

ʥʘʡʤʝʥʰʠʡ ʧʦʢʘʟʥʠʢ ʩʪʫʧʝʥʷ ʘʩʠʤʝʪʨʽʾ. 

ʆʪʨʠʤʘʥʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʥʽ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ 

2076 ʂ, ʚ ʥʘʩʣʽʜʦʢ ʥʝ ʜʦʚʝʜʝʥʥʷ ʽʩʥʫʚʘʥʥʷ ʩʧʦʣʫʢʠ 

Al 4TiO8, ʤʘʶʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨ ʪʘ 

ʧʦʪʨʝʙʫʶʪʴ ʥʘʩʪʫʧʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʙʠʪʪʷ ʩʠʩʪʝʤʠ 

MgO ï Al 2O3 ï TiO2 ʥʘ ʝʣʝʤʝʥʪʘʨʥʽ ʪʨʠʢʫʪʥʠʢʠ ʽ 

ʘʥʘʣʽʟ ʛʝʦʤʝʪʨʦïʪʦʧʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʘʟ 

ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʠʣʦ ʚʠʙʨʘʪʠ ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʩʠʩʪʝʤʽ 

ʦʙʣʘʩʪʽ ʩʢʣʘʜʽʚ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʦʧʪʠʤʘʣʴʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʟʘʜʘʥʠʤʠ 

ʦʧʪʠʤʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 
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