
 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʆʨʜʝʥʘ ʊʨʫʜʦʚʦʛʦ 

ʂʨʘʩʥʦʛʦ ɿʥʘʤʝʥʠ ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʩʠʣʠʢʘʪʦʚ ʠʤ. ʀ.ɺ. ɻʨʝʙʝʥʱʠʢʦʚʘ  

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

ʉʠʤʦʥʝʥʢʦ ʊʘʪʴʷʥʘ ʃʝʦʥʠʜʦʚʥʘ 

 

 

ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʚʸʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ZrO2, CeO2 ʠ 

BaCe(Zr )O3, ʣʝʛʠʨʦʚʘʥʥʳʭ ʦʢʩʠʜʘʤʠ ʤʘʛʥʠʷ, ʠʪʪʨʠʷ ʠ ʛʘʜʦʣʠʥʠʷ 

 
 

02.00.04 ï ʬʠʟʠʯʝʩʢʘʷ ʭʠʤʠʷ 

 

 

ɼʀʉʉɽʈʊɸʎʀʗ 

ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʐʠʣʦʚʘ ʆʣʴʛʘ ɸʣʝʢʩʝʝʚʥʘ 

 

 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ï 2018 

 



2 

 

ʆʛʣʘʚʣʝʥʠʝ 

ɺɺɽɼɽʅʀɽ  ..................................................................................................................................... 6 

ɻʃɸɺɸ 1. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ  ..................................................................................................... 15 

1.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ  .......................................................................... 15 

1.1.1. ʋʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ  .................................................................................... 15 

1.1.2. ʊʠʧ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ  ........................................................................................ 17 

1.1.3. ʍʘʨʘʢʪʝʨ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ  ................................................................................. 18 

1.1.4. ʊʠʧ ʥʦʩʠʪʝʣʷ ʟʘʨʷʜʘ  ..................................................................................................... 19 

1.1.5. ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ  ..................................................................................... 20 

1.1.6. ɻʝʦʤʝʪʨʠʷ  ...................................................................................................................... 21 

1.2. ɸʥʠʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ. ʂʠʩʣʦʨʦʜ-ʠʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʬʣʶʦʨʠʪʘ  ....... 22 

1.2.1. ʊʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʥʘ ʦʩʥʦʚʝ ZrO2  ......................................................................... 22 

1.2.2. ʊʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʥʘ ʦʩʥʦʚʝ CeO2  ........................................................................ 26 

1.3. ʇʨʦʪʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ. ʄʘʪʝʨʠʘʣʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ ....................................  27 

1.4. ʊʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʥʘ ʦʩʥʦʚʝ ʮʝʨʘʪʦʚ ʠ ʮʠʨʢʦʥʘʪʦʚ ʙʘʨʠʷ  ........................................ 28 

1.5. ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʪʚʸʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ  ............................. 30 

1.5.1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ  ..................................................... 31 

1.5.2. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʣʠʪʘ .................................................................... 32 

1.5.3. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʵʣʝʢʪʨʦʣʠʪʘ  ...................................................................................... 33 

1.5.4. ʇʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠʪʘ  ................................................................................................ 35 

1.5.5. ʈʘʟʤʝʨʥʳʡ ʵʬʬʝʢʪ  ........................................................................................................ 36 

1.6. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʥʳʭ ʧʦʨʦʰʢʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ  ............. 37 

1.6.1. ʊʚʝʨʜʦʬʘʟʥʳʡ ʩʠʥʪʝʟ  ................................................................................................... 38 

1.6.2. ʃʘʟʝʨʥʘʷ ʘʙʣʷʮʠʷ  .......................................................................................................... 38 

1.6.3. ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʤʝʪʦʜ  .............................................................................................. 39 

1.6.4. ɿʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʠʷ .................................................................................................... 40 

1.6.5. ʄʝʪʦʜʳ ʩʞʠʛʘʥʠʷ  ......................................................................................................... 42 

1.6.6. ʉʦʚʤʝʩʪʥʦʝ ʦʩʘʞʜʝʥʠʝ ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ  .......................................................... 43 



3 

 

1.6.7. ʉʦʚʤʝʩʪʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʦʣʝʡ  .............................................................................. 45 

1.7. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʦʧʣʸʥʦʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ  ......................................................... 47 

1.7.1. ʍʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ  ................................................................... 47 

1.7.2. ʉʧʨʝʡ-ʧʠʨʦʣʠʟ  .............................................................................................................. 50 

1.7.3. ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ................................................................................ 52 

1.7.4. ʄʝʪʦʜʳ ʧʦʛʨʫʞʝʥʠʷ ʠ ʚʨʘʱʝʥʠʷ ʧʦʜʣʦʞʢʠ  .............................................................. 53 

1.8. ʄʝʪʦʜʳ ʢʦʥʩʦʣʠʜʘʮʠʠ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ .................................................................. 56 

1.8.1. ʍʦʣʦʜʥʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ  .................................................. 56 

1.8.2. ɻʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ  .................................................................................................... 58 

1.8.3. ʄʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʦʝ ʧʨʝʩʩʦʚʘʥʠʝ  ........................................................................... 59 

1.8.4. ʐʣʠʢʝʨʥʦʝ ʣʠʪʴʸ  .......................................................................................................... 61 

1.8.5. ʀʩʢʨʦʚʦʝ ʧʣʘʟʤʝʥʥʦʝ ʩʧʝʢʘʥʠʝ  ................................................................................... 62 

ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʛʣʘʚʝ 1  ............................................................................................................... 64 

ɻʃɸɺɸ 2. ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ  ............................................................................. 66 

2.1. ʇʦʣʫʯʝʥʠʝ ʥʘʥʦʧʦʨʦʰʢʦʚ  .................................................................................................. 66 

2.1.1. ʉʦʚʤʝʩʪʥʦʝ ʦʩʘʞʜʝʥʠʝ ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʨʠʦʪʝʭʥʦʣʦʛʠʠ  ...... 66 

2.1.2. ʉʦʚʤʝʩʪʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʦʣʝʡ..............................................................................  67 

2.1.3. ʎʠʪʨʘʪ-ʥʠʪʨʘʪʥʳʡ ʩʠʥʪʝʟ  ............................................................................................ 67 

2.2. ʂʦʥʩʦʣʠʜʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ  ....................................................................... 68 

2.2.1. ʍʦʣʦʜʥʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ  .................................................. 68 

2.2.2. ʀʩʢʨʦʚʦʝ ʧʣʘʟʤʝʥʥʦʝ ʩʧʝʢʘʥʠʝ  ................................................................................... 68 

2.3. ʇʦʣʫʯʝʥʠʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ  ................................................................................................... 69 

2.4. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  ......................................................................................................... 69 

2.4.1. ʄʝʪʦʜ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ  ............................................................ 69 

2.4.2. ʉʠʥʭʨʦʥʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ  ............................................................................... 70 

2.4.3. ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ  ..................................................................................... 70 

2.4.4. ʈʦʪʘʮʠʦʥʥʘʷ ʚʠʩʢʦʟʠʤʝʪʨʠʷ  ........................................................................................ 70 

2.4.5. ʄʝʪʦʜ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ  ................................................................ 71 



4 

 

2.4.6. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ  .............................................................................................. 71 

2.4.7. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ  ........................................................................... 71 

2.4.8. ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʘʜʛʝʟʠʠ  ............................................................................................ 72 

2.4.9. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ  ................................................................. 72 

2.4.10. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ  .......... 72 

2.4.11. ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʪʦʥʢʠʭ ʧʣʝʥʦʢ  ................................... 75 

ɻʃɸɺɸ 3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ  .................................................................................... 76 

3.1. ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʠʩʣʦʨʦʜ-ʧʨʦʚʦʜʷʱʝʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʩʠʩʪʝʤʝ ZrO2ïY2O3ïGd2O3ïMgO ..  76 

3.1.1. ʉʠʥʪʝʟ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ ʦʢʩʠʜʘ ʩʦʩʪʘʚʘ (ZrO2)0,92(Y2O3)0,03(Gd2O3)0,03(MgO)0,02 

ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ  ............................................................... 76 

3.1.2. ʂʦʥʩʦʣʠʜʘʮʠʷ ʥʘʥʦʧʦʨʦʰʢʘ ʩʦʩʪʘʚʘ (ZrO2)0,92(Y2O3)0,03(Gd2O3)0,03(MgO)0,02 ʤʝʪʦʜʦʤ 

ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ  ....................................................................... 80 

3.1.3. ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʩʦʩʪʘʚʘ 

(ZrO2)0,92(Y2O3)0,03(Gd2O3)0,03(MgO)0,02 ............................................................................................... 81 

3.2. ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʠʩʣʦʨʦʜ-ʧʨʦʚʦʜʷʱʠʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʩʠʩʪʝʤʝ CeO2ïY2O3  ......................... 82 

3.2.1. ʉʠʥʪʝʟ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʦʢʩʠʜʦʚ ʩʦʩʪʘʚʘ (ʉeO2)1-x(Y2O3)x (x = 0,10; 0,15 ʠ 0,20) 

ʤʝʪʦʜʘʤʠ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʠ ʩʦʚʤʝʩʪʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʣʝʡ  82 

3.2.2. ʂʦʥʩʦʣʠʜʘʮʠʷ ʥʘʥʦʧʦʨʦʰʢʦʚ ʩʦʩʪʘʚʘ (ʉeO2)1-x(Y2O3)x (x = 0,10; 0,15 ʠ 0,20) 

ʤʝʪʦʜʘʤʠ ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ ʠ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ 

 ............................................................................................................................................................... 94 

3.2.3. ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʦʩʪʘʚʘ (ʉeO2)1-x(Y2O3)x (x = 

0,10; 0,15 ʠ 0,20), ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ ʠ 

ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ  .................................................................................................... 100 

3.3. ɿʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʩʦʩʪʘʚʘ 

(ʉeO2)1-x(Y2O3)x (x = 0,10; 0,15; 0,20)  ................................................................................................... 106 

3.4. ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʭʝʤʦʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʦʩʪʘʚʘ 

(ʉeO2)1-x(Y2O3)x (x = 0,10; 0,15; 0,20)  ................................................................................................... 113 



5 

 

3.5. ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʠʩʣʦʨʦʜ-ʧʨʦʚʦʜʷʱʠʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʩʠʩʪʝʤʝ CeO2ïGd2O3  ..................... 117 

3.5.1. ʉʠʥʪʝʟ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʦʢʩʠʜʦʚ ʩʦʩʪʘʚʘ (ʉeO2)1-x(Gd2O3)x (x = 0,03; 0,05; 0,07; 

0,10) ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ  .................................................... 117 

3.5.2. ʂʦʥʩʦʣʠʜʘʮʠʷ ʥʘʥʦʧʦʨʦʰʢʦʚ ʩʦʩʪʘʚʘ (ʉeO2)1-x(Gd2O3)x (x = 0,03; 0,05; 0,07; 0,10) 

ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ  ...................................................... 121 

3.5.3. ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʦʩʪʘʚʘ (CeO2)1-x(Gd2O3)x 

(x=0,03; 0,05; 0,07 ʠ 0,10), ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʩʧʝʢʘʥʠʝʤ  .......................................................................................................................................... 123 

3.6. ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʦʪʦʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʮʝʨʘʪʦʚ ʠ ʮʠʨʢʦʥʘʪʦʚ ʙʘʨʠʷ..............  124 

3.6.1. ʎʠʪʨʘʪ-ʥʠʪʨʘʪʥʳʡ ʩʠʥʪʝʟ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʦʢʩʠʜʦʚ ʩʦʩʪʘʚʘ BaCe0,9-xZrxY0,1O3-ŭ (x= 

0; 0,5; 0,6; 0,7 ʠ 0,8)  ........................................................................................................................... 124 

3.6.2. ʂʦʥʩʦʣʠʜʘʮʠʷ ʥʘʥʦʧʦʨʦʰʢʦʚ ʩʦʩʪʘʚʘ BaCe0,9-xZrxY0,1O3-ŭ (x= 0; 0,5; 0,6; 0,7 ʠ 0,8) 

ʤʝʪʦʜʦʤ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ  .................................................................................... 128 

3.6.3. ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʦʩʪʘʚʘ BaCe0,9-xZrxY0,1O3-ŭ (x= 

0; 0,5; 0,6; 0,7 ʠ 0,8), ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ  ............................ 129 

ɺʓɺʆɼʓ  .................................................................................................................................... 134 

ʇʝʨʝʯʝʥʴ ʩʦʢʨʘʱʝʥʠʡ  ............................................................................................................... 137 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ  ..................................................................................... 138 

ʇʨʠʣʦʞʝʥʠʝ 1. ʅʘʛʨʘʜʳ ʠ ʈʀɼ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ........... 155 

 

  



6 

 

ɺɺɽɼɽʅʀɽ 

 
 
 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʨʘʙʦʪʳ ʠ ʩʪʝʧʝʥʴ ʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ 

ʚʩʝ ʙʦʣʝʝ ʦʩʪʨʦ ʦʪʤʝʯʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʚʠʪʠʷ ʩʝʢʪʦʨʘ ʘʣʴʪʝʨʥʘʪʠʚʦʡ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʝʞʝʛʦʜʥʦ ʚʦʟʨʘʩʪʘʶʱʠʤ ʩʧʨʦʩʦʤ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʨʝʩʫʨʩʳ, ʠʩʪʦʱʝʥʠʝʤ ʠʩʢʦʧʘʝʤʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʠ ʫʭʫʜʰʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ 

ʤʠʨʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʠʩʢʫ ʠ ʨʘʟʨʘʙʦʪʢʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ ʵʥʝʨʛʠʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʫʜʝʣʷʝʪʩʷ 

ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʨʝʜʠ ʥʠʭ ʩʯʠʪʘʶʪʩʷ ʪʚʝʨʜʦʦʢʩʠʜʥʳʝ 

ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ (ʊʆʊʕ), ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʪʦʧʣʠʚʘ (ʦʪ ʚʦʜʦʨʦʜʥʦʛʦ 

ʠʣʠ ʙʝʥʟʠʥʦ-ʚʦʜʦʨʦʜʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ ʜʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠ ʙʠʦʪʦʧʣʠʚʘ), ʥʝ 

ʥʫʞʜʘʶʱʠʝʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ) ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʠʤ ʂʇɼ (ʜʦ 85% ʩ ʫʯʝʪʦʤ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʘ), ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [1]. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʣʠʪʘ ʙʦʣʴʰʠʥʩʪʚʘ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʊʆʊʕ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ 

ʮʠʨʢʦʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʩʦʩʪʘʚʘ (ZrO2)0,92(Y2O3)0,08. ʆʜʥʘʢʦ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʢʘʟʘʥʥʦʛʦ 

ʪʚʝʨʜʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʥʝʦʙʭʦʜʠʤ ʧʦʠʩʢ ʥʦʚʳʭ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʭ ʩʦʯʝʪʘʥʠʡ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚʳʩʦʢʠʝ ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (800-1000Üʉ) ʊʆʊʕ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʣʠʪʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʧʨʠʚʦʜʷʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʨʘʩʭʦʜʘʤ ʵʥʝʨʛʠʠ ʠ ʦʛʨʘʥʠʯʠʚʘʶʪ ʩʧʝʢʪʨ ʩʦʧʫʪʩʪʚʫʶʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʤʠʨʦʚʦʡ ʪʨʝʥʜ ʥʘ ʩʥʠʞʝʥʠʝ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʨʘʟʨʘʙʦʪʢʫ ʵʣʝʢʪʨʦʣʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝ 

ʫʩʪʫʧʘʶʱʠʭ ʧʦ ʫʨʦʚʥʶ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘʤ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ 

ʮʠʨʢʦʥʠʷ. ʅʘʠʙʦʣʴʰʠʡ ʚ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʠʥʪʝʨʝʩ ʧʨʠʚʣʝʢʘʶʪ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ CeO2, 

ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʚ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʨʘʙʦʯʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʪʦʧʣʠʚʥʦʡ ʷʯʝʡʢʠ (ʥʘ 300-400Áʉ) ʠ ʪʝʤ ʩʘʤʳʤ 

ʧʦʚʳʩʠʪʴ ʨʝʩʫʨʩ ʝʝ ʨʘʙʦʪʳ, ʨʘʩʰʠʨʠʪʴ ʧʝʨʝʯʝʥʴ ʤʘʪʝʨʠʘʣʦʚ ʵʣʝʢʪʨʦʜʦʚ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ 

ʩʪʦʠʤʦʩʪʴ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʇʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʦʙʣʘʩʪʠ 

ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚʳʟʳʚʘʶʪ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʧʝʨʦʚʩʢʠʪʘ ʥʘ ʦʩʥʦʚʝ ʮʝʨʘʪʘ (BaCeO3) ʠ ʮʠʨʢʦʥʘʪʘ ʙʘʨʠʷ (BaZrO3), ʩʦʯʝʪʘʶʱʠʝ ʚ ʩʝʙʝ ʚʳʩʦʢʫʶ 

ʧʨʦʪʦʥʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʪʝʨʤʠʯʝʩʢʫʶ ʠ ʭʠʤʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ [2, 3]. ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʠʞʝʥʠʷ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʂʇɼ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʦʚ 
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ʫʢʘʟʘʥʥʳʭ ʧʨʦʪʦʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ [4]. ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ, ʯʪʦ ʫʣʫʯʰʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʆʊʕ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ 

ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ ʵʣʝʤʝʥʪʦʚ 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʦʙʲʝʤʫ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʠʤʝʥʝʥʠʝ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ 

ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʊʆʊʕ, ʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʪʘʢʦʛʦ ʪʠʧʘ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʦʙʲʸʤʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʦʧʨʝʜʝʣʷʪʁʩʷ ʫʩʣʦʚʠʷʤʠ ʩʠʥʪʝʟʘ ʠ ʪʝʭʥʦʣʦʛʠʝʡ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ [5]. 

ʋʢʘʟʘʥʥʳʝ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʙʣʘʛʦʜʘʨʷ ʧʨʠʩʫʱʝʡ ʠʤ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʦʡ ʠʣʠ ʧʨʦʪʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʨʝʮʝʧʪʦʨʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʝʟʠʩʪʠʚʥʳʭ 

ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʢʠʩʣʦʨʦʜ ʠ ʚʦʜʦʨʦʜ, ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʦʪʦʨʳʭ ʘʢʪʠʚʥʦ ʨʘʩʪʸʪ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ [6, 7]. ʆʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʫʢʘʟʘʥʥʳʭ 

ʦʢʩʠʜʦʚ ʠ ʧʦʜʭʦʜʳ ʢ ʧʦʣʫʯʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʥʢʦʧʣʸʥʦʯʥʳʭ ʠ ʦʙʲʸʤʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ [5, 8]. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʧʦʣʫʯʝʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʮʠʨʢʦʥʠʷ, 

ʮʝʨʠʷ, ʮʝʨʘʪʘ ʠ ʮʠʨʢʦʥʘʪʘ ʙʘʨʠʷ, ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ ʯʝʪʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʚʣʠʷʥʠʠ ʫʩʣʦʚʠʡ 

ʩʠʥʪʝʟʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʦʢʩʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ CeO2, ZrO2 ʠ BaCe(Zr)O3, ʣʝʛʠʨʦʚʘʥʥʳʭ ʦʢʩʠʜʘʤʠ 

ʤʘʛʥʠʷ, ʠʪʪʨʠʷ ʠ ʛʘʜʦʣʠʥʠʷ, ʚ ʚʠʜʝ ʥʘʥʦʧʦʨʦʰʢʦʚ, ʪʦʥʢʠʭ ʧʣʸʥʦʢ ʠ ʦʙʲʸʤʥr ʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʎʝʣʴʁ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʠ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʲʝʤʥʳʭ ʠ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʣʝʛʠʨʦʚʘʥʥʳʭ ʦʢʩʠʜʦʚ ʮʠʨʢʦʥʠʷ ʠ ʮʝʨʠʷ, ʘ ʪʘʢʞʝ ʮʝʨʘʪʦʚ ʠ 

ʮʠʨʢʦʥʘʪʦʚ ʙʘʨʠʷ, ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʨʘʙʦʯʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ 

ʩʦʩʪʘʚʘ (ZrO2)0,92(Y2O3)0,03(Gd2O3)0,03(MgO)0,02, (ʉeO2)1-x(Y2O3)x (x = 0,10; 0,15; 0,20), 

(ʉeO2)1-x(Gd2O3)x (x = 0,03; 0,05; 0,07; 0,10) ʠ BaCe0,9-xZrxY0,1O3-ŭ (x = 0; 0,5; 0,6; 0,7 ʠ 0,8) ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʞʠʜʢʦʬʘʟʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ: ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ 

ʤʝʪʘʣʣʦʚ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʨʠʦʪʝʭʥʦʣʦʛʠʠ, ʩʦʚʤʝʩʪʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʣʝʡ ʠ ʮʠʪʨʘʪ-

ʥʠʪʨʘʪʥʦʛʦ ʩʠʥʪʝʟʘ ï ʚʳʷʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʧʘʨʘʤʝʪʨʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʧʦʨʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʘʙʦʨʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʦʩʪʘʚʝ ʢʩʝʨʦʛʝʣʝʡ ʠ 

ʮʝʣʝʚʳʭ ʦʢʩʠʜʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʜʠʩʧʝʨʩʥʦʩʪʠ ʦʪ ʤʝʪʦʜʘ ʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ. 
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2. ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʢʦʥʩʦʣʠʜʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ ʤʝʪʦʜʘʤʠ ʭʦʣʦʜʥʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ ʠ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʦʙʲʝʤʥʳʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʠʭ 

ʧʣʦʪʥʦʩʪʠ, ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʘ ʫʧʣʦʪʥʝʥʠʷ, ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʜʠʩʧʝʨʩʥʦʩʪʠ ʩ 

ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʦʢʩʠʜʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ, ʘ ʪʘʢʞʝ ʩ ʤʝʪʦʜʦʤ ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʭ ʢʦʥʩʦʣʠʜʘʮʠʠ. 

3. ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ 

ʩʦʩʪʘʚʘ [M(ʉ5H7O2)3-x(OR)ʭ] (ʛʜʝ M = ʉe
3+

 ʠ Y
3+
) ʩ ʟʘʜʘʥʥʳʤ ʩʦʩʪʘʚʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ, 

ʦʧʨʝʜʝʣʷʶʱʝʡ ʠʭ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʛʠʜʨʦʣʠʟʝ; ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʚ ʩʠʩʪʝʤʝ ʉeO2ïY2O3 ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʝʢ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ  ʠ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʣʘʥʘʨʥʦʛʦ ʪʠʧʘ; ʠʟʫʯʝʥʠʝ ʠʭ 

ʭʝʤʦʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 1-20%. 

4. ʀʟʤʝʨʝʥʠʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ ʦʙʲʝʤʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʤʝʪʦʜʦʤ ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʜʚʫʭʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ, 

ʯʝʪr ʨʝʭʟʦʥʜʦʚʳʤ ʤʝʪʦʜʦʤ: ʠʟʤʝʨʝʥʠʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʤʧʝʜʘʥʩʘ 

ʤʘʪʝʨʠʘʣʦʚ, ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʝʣʠʯʠʥʳ ʠʭ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʦʡ ʠ 

ʧʨʦʪʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʠ ʢʦʥʩʦʣʠʜʘʮʠʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʯʠʩʝʣ ʠʦʥʥʦʛʦ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʧʦ ʤʝʪʦʜʫ ɺʝʩʪʘ-ʊʘʣʣʘʥʘ, ʨʘʟʜʝʣʝʥʠʝ 

ʦʙʲʝʤʥʦʛʦ ʠ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʚʢʣʘʜʦʚ ʚ ʦʙʱʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʈʘʟʨʘʙʦʪʘʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʠʥʪʝʟʘ ʦʢʩʠʜʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ ʩʦʩʪʘʚʘ 

(ZrO2)0,92(Y2O3)0,03(Gd2O3)0,03(MgO)0,02, (ʉeO2)1-x(Y2O3)x (x = 0,10; 0,15; 0,20), (ʉeO2)1-x(Gd2O3)x (x 

= 0,03; 0,05; 0,07; 0,10) ʤʝʪʦʜʘʤʠ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʢʨʠʦʪʝʭʥʦʣʦʛʠʠ ʠ ʩʦʚʤʝʩʪʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʣʝʡ. ʅʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ CeO2ïY2O3 

ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʘ 

ʜʠʩʧʝʨʩʥʦʩʪʴ, ʬʨʘʢʪʘʣʴʥʫʶ ʨʘʟʤʝʨʥʦʩʪʴ, ʫʜʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʫ ʧʦʨ 

ʧʦʣʫʯʘʝʤʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ, ʘ ʪʘʢʞʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, ʧʣʦʪʥʦʩʪʴ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʦʙʲʸʤʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʬʦʨʤʠʨʫʝʤʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

2. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʚʝʨʜʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ 

ʩʦʩʪʘʚʘ (ZrO2)0,92(Y2O3)0,03(Gd2O3)0,03(MgO)0,02, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʠʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ (ů800Üʉ = 8,2Ŀ10
-1
 ʉʤ/ʩʤ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤ 

(ZrO2)0,92(Y2O3)0,08. 
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3. ʉ ʧʦʤʦʱʴʶ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ ʩʦʩʪʘʚʘ 

(ʉeO2)1-x(Y2O3)x (x = 0,10; 0,15; 0,20) ʧʦʣʫʯʝʥʳ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʝ ʪʚʸʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʠ 

ʚʳʷʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʆʂʈ ʠ 

ʯʘʩʪʠʮ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʦʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ) 

ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʦʣʦʜʥʳʤ ʧʨʝʩʩʦʚʘʥʠʝʤ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʢʦʥʩʦʣʠʜʘʮʠʠ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ (ʜʦ 5-10 ʤʠʥʫʪ) ʠ ʪʝʤʧʝʨʘʪʫʨʫ (ʥʘ 300 ʛʨʘʜʫʩʦʚ) 

ʧʦʣʫʯʝʥʠʷ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʩʠʩʪʝʤʝ CeO2ïY2O3 ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʠʭ ʥʘʥʦʨʘʟʤʝʨʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʫʣʫʯʰʝʥʥʳʤʠ (ʚ 1,5-2 ʨʘʟʘ) ʟʥʘʯʝʥʠʷʤʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. 

4. ʀʟʫʯʝʥ ʧʨʦʮʝʩʩ ʢʦʥʩʦʣʠʜʘʮʠʠ ʥʘʥʦʧʦʨʦʰʢʦʚ ʩʦʩʪʘʚʘ BaCe0,9-xZrxY0,1O3-ŭ (x = 0; 0,5; 

0,6; 0,7 ʠ 0,8), ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʮʠʪʨʘʪ-ʥʠʪʨʘʪʥʳʤ ʤʝʪʦʜʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʨʦʚʦʛʦ 

ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʦʙʲʸʤʥʳʭ ʪʚʸʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʩʦʢʨʘʱʝʥʠʠ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ (5 ʤʠʥʫʪ 

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ) ʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʩʦʣʠʜʘʮʠʠ ʥʘ 600-700 ʛʨʘʜʫʩʦʚ 

(900Áʉ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʳʤʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʨʝʙʫʝʤʦʡ ʚʝʣʠʯʠʥʳ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (ů550Üʉ å 10
-4
 ï 10

-3
ʉʤ/ʩʤ). 

5. ʆʧʪʠʤʠʟʠʨʦʚʘʥʳ ʫʩʣʦʚʠ ̫ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʦʧʣʸʥʦʯʥʳʭ ʪʚʸʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʦʩʪʘʚʘ 

(ʉeO2)1-x(Y2O3)x (x = 0,10; 0,15; 0,20) ʩ ʧʦʤʦʱʴʶ ʟʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʩʦʩʪʘʚʘ [M(ʉ5H7O2)3-x(OR)ʭ] (ʛʜʝ M = ʉe
3+

 ʠ Y
3+
). ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ ʧʣʘʥʘʨʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʧʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʊʆʊʕ ʠ ʨʝʮʝʧʪʦʨʥʳʭ ʩʣʦʸʚ 

ʨʝʟʠʩʪʠʚʥʳʭ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʢʠʩʣʦʨʦʜ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ (ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʜʠʩʧʝʨʩʥʦʩʪʴ, 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʚʝʣʠʯʠʥʘ ʠ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʥʘ ʢʠʩʣʦʨʦʜ).  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʧʦʣʥʷʶʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʫʩʣʦʚʠʷʤʠ ʩʠʥʪʝʟʘ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʪʠʧʘ (ʥʘʥʦʧʦʨʦʰʢʠ, ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʠ ʦʙʲʝʤʥʳʝ ʤʘʪʝʨʠʘʣʳ), ʠʭ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʷʶʪ ʧʦʥʠʤʘʥʠʝ ʷʚʣʝʥʠʡ ʢʠʩʣʦʨʦʜ-

ʠʦʥʥʦʛʦ ʠ ʧʨʦʪʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʚ ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ ʦʙʲʝʤʥʦʛʦ ʠ ʧʣʘʥʘʨʥʦʛʦ ʪʠʧʘ, 

ʯʪʦ ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʬʠʟʠʯʝʩʢʦʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʘ ʪʘʢʞʝ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʠʢʠ ʩʦʚʤʝʩʪʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʨʠʦʪʝʭʥʦʣʦʛʠʠ, ʩʦʚʤʝʩʪʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
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ʩʦʣʝʡ, ʮʠʪʨʘʪ-ʥʠʪʨʘʪʥʦʛʦ ʩʠʥʪʝʟʘ ʠ ʟʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʪ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ 

ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʦʢʩʠʜʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ ʩʣʦʞʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʠ ʠʭ ʢʦʥʩʦʣʠʜʘʮʠʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʦʙʲʝʤʥʳʭ ʠ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ 

ʩ ʪʨʝʙʫʝʤʳʤʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʧʣʦʪʥʦʩʪʴ, 

ʩʪʨʫʢʪʫʨʘ ʧʦʨ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʠʧ ʠ ʚʝʣʠʯʠʥʘ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ïɻ ʣʝʢʪʨʦʣʠʪʦʚ ʠ ʵʣʝʢʪʨʦʜʦʚ ʊʆʊʕ, ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ, 

ʨʝʮʝʧʪʦʨʥʳʭ ʩʣʦʝʚ ʨʝʟʠʩʪʠʚʥʳʭ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ, ʬʦʪʦʘʥʦʜʦʚ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʜʨ. 

ʇʦʣʫʯʝʥʥʳʡ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʚʝʨʜʳʡ ʵʣʝʢʪʨʦʣʠʪ ʩʦʩʪʘʚʘ 

(ZrO2)0,92(Y2O3)0,03(Gd2O3)0,03(MgO)0,02 ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ (ů800
ʦ
ʉ = 8,2Ŀ10

-1
 ʉʤ/ʩʤ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ (92%), ʘ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ 

ʥʠʟʢʦʡ ʚʝʣʠʯʠʥʝ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ (5%) ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʚʝʨʜʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʊʆʊʕ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʧʦʣʫʯʝʥʥʳʤ ʧʘʪʝʥʪʦʤ ʈʌ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ [9]. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʩʠʩʪʝʤʘʭ CeO2ï

Y2O3, CeO2ïGd2O3 ʠ BaOïCeO2ïZrO2ïY2O3, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʦʡ (ů700Üʉ ~10
-

2
ʉʤ/ʩʤ) ʠ ʧʨʦʪʦʥʥʦʡ (ʚ ʩʣʫʯʘʝ ʮʝʨʘʪʦʚ ʠ ʮʠʨʢʦʥʘʪʦʚ ʙʘʨʠʷ) ʧʨʦʚʦʜʠʤʦʩʪʴʶ (ů550Üʉ ~10

-4
-10

-

3
ʉʤ/ʩʤ), ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʩʥʠʟʠʪʴ ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʊʆʊʕ ʚ ʩʨʝʜʥʝʤ ʥʘ 300-400 ʛʨʘʜʫʩʦʚ. 

ʀʟʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʚ ʩʠʩʪʝʤʝ CeO2ïY2O3 ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʢʦʤʧʦʥʝʥʪʳ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʊʆʊʕ ʧʣʘʥʘʨʥʦʛʦ ʪʠʧʘ (ʦ 

ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ï ʦʢʦʣʦ 0,6 ʵɺ), ʘ 

ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʨʝʮʝʧʪʦʨʥʳʭ ʩʣʦʸʚ ʨʝʟʠʩʪʠʚʥʳʭ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʢʠʩʣʦʨʦʜ ʩ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʦʪʢʣʠʢʘ (8-14 ʩ) ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʭ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (300-450Üʉ). 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʠʝ ʩʣʘʙʦʘʛʣʦʤʝʨʠʨʦʚʘʥʥʳʭ ʢʩʝʨʦʛʝʣʝʡ 

ʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʚ ʩʠʩʪʝʤʘʭ ZrO2ïY2O3ïGd2O3ïMgO, CeO2ïY2O3, CeO2ïGd2O3 ʠ 

BaOïCeO2ïZrO2ïY2O3 ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ 

ʤʝʪʘʣʣʦʚ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʨʠʦʪʝʭʥʦʣʦʛʠʠ, ʩʦʚʤʝʩʪʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʣʝʡ ʠ ʮʠʪʨʘʪ-

ʥʠʪʨʘʪʥʦʛʦ ʩʠʥʪʝʟʘ. ʂʦʥʩʦʣʠʜʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ ʚʳʧʦʣʥʷʣʘʩʴ ʤʝʪʦʜʘʤʠ 

ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ (ʍʇʇʉ) ʠ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ 

(ʀʇʉ)
1
. ʉʠʥʪʝʟ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ [M(ʉ5H7O2)3-x(OR)x] 

(M = ʉe
3+

 ʠ Y
3+
) ʩ ʟʘʜʘʥʥʳʤ ʩʦʩʪʘʚʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʫʪʸʤ 

ʯʘʩʪʠʯʥʦʛʦ ʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʭʝʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ ʥʘ 

ʘʣʢʦʢʩʠʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ. ʄʝʪʦʜʦʤ ʨʦʪʘʮʠʦʥʥʦʡ ʚʠʩʢʦʟʠʤʝʪʨʠʠ ʠʟʤʝʨʷʣʘʩʴ ʜʠʥʘʤʠʯʝʩʢʘʷ 

                                                
1 ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ɼɺʆ ʈɸʅ 
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ʚʷʟʢʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ, ʪʦʥʢʠʝ ʧʣʸʥʢʠ ʢʦʪʦʨʳʭ ʜʘʣʝʝ ʤʝʪʦʜʦʤ dip-coating 

ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʣʦʞʝʢ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʧʨʠ 500-

800Áʉ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʦʢʩʠʜʥʳʭ ʧʦʢʨʳʪʠʡ ʚ ʩʠʩʪʝʤʝ ʉeO2ïY2O3
2
. ʊʝʨʤʠʯʝʩʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʢʩʝʨʦʛʝʣʝʡ ʠ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ ʦʢʩʠʜʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 20-1200Üʉ ʚ ʧʦʪʦʢʝ ʚʦʟʜʫʭʘ ʠ ʘʨʛʦʥʘ ʙʳʣʦ ʠʟʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ ʩʦʚʤʝʱʝʥʥʦʛʦ 

(ɼʉʂ/ʊɻɸ/ɼʊɸ) ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ
2
. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʧʦʨʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʦʩʴ 

ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ. ʄʝʟʦʩʪʨʫʢʪʫʨʘ ʥʘʥʦʧʦʨʦʰʢʦʚ ʚ ʩʠʩʪʝʤʝ ʉeO2ï

Y2O3 ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ
3
. ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ 

ʙʳʣʠ ʠʟʫʯʝʥʳ
2
 ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʩʢʘʥʠʨʫʶʱʝʡ 

ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʄʝʪʦʜʦʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʚʟʚʝʰʠʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʳʭ ʪʚʝʨʜʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʚʫʭʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʧʦʩʪʦʥ̫ʥʦʤ ʪʦʢʝ. ʉ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ɺʝʩʪʘ-ʊʘʣʣʘʥʘ ʜʣʷ ʦʙʲʸʤʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʯʠʩʣʘ ʧʝʨʝʥʦʩʘ ʠʦʥʦʚ ʠ 

ʵʣʝʢʪʨʦʥʦʚ. ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʪʦʥʥʳʭ ʠ ʨʷʜʘ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʳʭ ʪʚʝʨʜʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʨʘʟʜʝʣʝʥʳ ʚʢʣʘʜʳ 

ʦʙʲʝʤʥʦʡ ʠ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʙʱʝʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ
4
. ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʟʮʦʚ ʚ ʩʠʩʪʝʤʝ BaOïCeO2ïZrO2ïY2O3 ʙʳʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʤʝʨʝʥʘ 4-ʭ 

ʟʦʥʜʦʚʳʤ ʤʝʪʦʜʦʤ
5
. ɻʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʪʚʝʨʜʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʩʠʩʪʝʤʝ ʉeO2ïY2O3 ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʢʠʩʣʦʨʦʜʘ ʠʟʫʯʘʣʠʩʴ
2
 ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʩʝʥʩʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʦʩʥʘʱʸʥʥʦʡ ʧʨʝʮʠʟʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʩʤʝʰʝʥʠʷ 

ʛʘʟʦʚ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʈʘʟʨʘʙʦʪʢʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʨʦʮʝʩʩʦʚ ʩʠʥʪʝʟʘ ʦʢʩʠʜʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ 

ʩʦʩʪʘʚʘ (ZrO2)0,92(Y2O3)0,03(Gd2O3)0,03(MgO)0,02, (ʉeO2)1-x(Y2O3)x (x = 0,10; 0,15; 0,20), 

(ʉeO2)1-x(Gd2O3)x (x = 0,03; 0,05; 0,07; 0,10) ʠ BaCe0,9-xZrxY0,1O3-ŭ (x = 0; 0,5; 0,6; 0,7 ʠ 0,8) 

ʤʝʪʦʜʘʤʠ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʨʠʦʪʝʭʥʦʣʦʛʠʠ, 

ʩʦʚʤʝʩʪʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʣʝʡ ʠ ʮʠʪʨʘʪ-ʥʠʪʨʘʪʥʦʛʦ ʩʠʥʪʝʟʘ; ʟʘʚʠʩʠʤʦʩʪʠ ʠʭ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ, ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʜʠʩʧʝʨʩʥʦʩʪʠ ʦʪ ʤʝʪʦʜʘ ʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ.  

                                                
2 ʉʦʚʤʝʩʪʥʦ ʩ ʀʥʩʪʠʪʫʪʦʤ ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ 
3 Budapest Neutron Centre (ʤʘʣʦʫʛʣʦʚʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨ çYellow Submarineè, ɹʫʜʘʧʝʰʪ, 

ɺʝʥʛʨʠʷ) 
4 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
5 ʀʥʩʪʠʪʫʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʵʣʝʢʪʨʦʭʠʤʠʠ ʋʨʆ ʈɸʅ 
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2. ɺʣʠʷʥʠʝ ʤʝʪʦʜʘ ʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʠ ʢʦʥʩʦʣʠʜʘʮʠʠ ʦʢʩʠʜʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ, ʘ ʪʘʢʞʝ 

ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ, ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʘ ʫʧʣʦʪʥʝʥʠʷ, ʬʘʟʦʚʳʡ 

ʩʦʩʪʘʚ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʜʠʩʧʝʨʩʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʦʙʲʝʤʥʳʭ ʪʚʸʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. 

3. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʣʫʯʝʥʥʳʭ ʦʙʲʝʤʥʳʭ ʪʚʝʨʜʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ (ʚʝʣʠʯʠʥʦʡ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʦʡ ʠ ʧʨʦʪʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʯʠʩʣʘʤʠ ʠʦʥʥʦʛʦ ʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ, ʚʝʣʠʯʠʥʦʡ ʦʙʲʝʤʥʦʡ ʠ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʙʱʝʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ) ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʫʩʣʦʚʠʷʤʠ ʩʠʥʪʝʟʘ ʠ ʢʦʥʩʦʣʠʜʘʮʠʠ ʦʢʩʠʜʥʳʭ 

ʥʘʥʦʧʦʨʦʰʢʦʚ.  

4. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟʘ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʪʚʸʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ 

ʩʠʩʪʝʤʝ ʉeO2ïY2O3 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ [M(ʉ5H7O2)3-x(OR)ʭ] (ʛʜʝ M = ʉe
3+

 ʠ Y
3+

). ɺʣʠʷʥʠʝ 

ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʬʦʨʤʠʨʫʝʤʳʭ ʧʣʘʥʘʨʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ, ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʭʝʤʦʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 1-20%. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ, 

ʧʨʠʤʝʥʝʥʠʝʤ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʩʦʚʨʝʤʝʥʥʳʭ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʩʫʞʜʝʥʠʝʤ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʘ ʪʝʤʘʪʠʯʝʩʢʠʭ 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʠ ʧʫʙʣʠʢʘʮʠʷʤʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʀʍʉ ʈɸʅ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʭ.ʥ. ʧʨʦʬ. ʆ.ɸ. ʐʠʣʦʚʦʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʤʢʘʭ ʪʝʤ ʅʀʈ 

"ʅʝʦʨʛʘʥʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʣʠʢʘʪʦʚ ʠ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʩ ʜʦʙʘʚʢʘʤʠ ʥʘʥʦʯʘʩʪʠʮ ʠ 

ʧʦʣʠʤʝʨʥʳʭ ʩʚʷʟʫʶʱʠʭ" (ɻʦʩ. ʨʝʛ. ˉ 01201353828; 2013-2015 ʛʛ.) ʠ "ʉʠʥʪʝʟ ʠʟ ʞʠʜʢʦʡ ʬʘʟʳ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʦʢʩʠʜʥʳʭ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʠ ʟʘʱʠʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʷʭ" (ɻʦʩ. ʨʝʛ. ˉ 

ɸɸɸɸ-ɸ16-116020210286-1; 2016-2018 ʛʛ.). ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʦʜʜʝʨʞʘʥʦ ʛʨʘʥʪʘʤʠ ʈʌʌʀ 

ˉ15-33-51237 ʤʦʣ_ʥʨ, ˉ17-03-01201 ʘ; ʛʨʘʥʪʦʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʜʣʷ 

ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ, ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʤʦʣʦʜʳʭ ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʘʩʧʦʨʷʞʝʥʠʝʤ ʂʅɺʐ ʦʪ 17.11.2017 ˉ167; ʜʠʧʣʦʤ ʇʉʇ ˉ17645); ʩʪʠʧʝʥʜʠʝʡ ʠʤ. ʯʣ.-ʢʦʨʨ. 

ɸʅ ʉʉʈ ʅ. ɸ. ʊʦʨʦʧʦʚʘ ʟʘ ʮʠʢʣ ʨʘʙʦʪ ʧʦ ʪʝʤʝ "ʉʠʥʪʝʟ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ZrO2ïY2O3ïGd2O3ïMgO" (2015 ʛ.); ʩʪʠʧʝʥʜʠʝʡ ʠʤ. ʘʢ. ʈɸʅ ʗ.ɹ. 

ɼʘʥʠʣʝʚʠʯʘ ʟʘ ʮʠʢʣ ʨʘʙʦʪ "ʉʦʟʜʘʥʠʝ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʩʠʩʪʝʤʝ 
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CeO2ïY2O3 ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ" (2017 

ʛ.) ï ʩʤ. ʇʨʠʣʦʞʝʥʠʝ 1. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨ rʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʦ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɸʚʪʦʨʦʤ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʥʘʥʦʧʦʨʦʰʢʠ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʠʢʠ ʠʭ ʢʦʥʩʦʣʠʜʘʮʠʠ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʩʧʝʢʘʥʠʝʤ ʠ ʧʦʣʫʯʝʥʳ ʦʙʲʝʤʥʳʝ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ; ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ; ʠʟʫʯʝʥʳ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʲʝʤʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʜʚʫʭʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʧʦʩʪʦʥ̫ʥʦʤ ʪʦʢʝ, ʘ ʪʘʢʞʝ 

ʤʝʪʦʜʦʤ ɺʝʩʪʘ-ʊʘʣʣʘʥʘ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʩʠʥʪʝʟʝ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʮʝʨʠʷ ʠ ʠʪʪʨʠʷ ʠ ʧʦʣʫʯʝʥʠʠ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʦʙʨʘʙʦʪʢʝ, ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʦʙʦʙʱʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʢʝ ʚʩʝʭ ʧʫʙʣʠʢʘʮʠʡ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 16 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʚ ʨʷʜʝ ʫʩʪʥʳʭ ʠ ʩʪʝʥʜʦʚʳʭ ʜʦʢʣʘʜʦʚ: 

ʊʨʝʪʴʝʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʨʘʥ ʉʅɻ ɿʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʛʠʙʨʠʜʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ 

çɿʦʣʴ-ʛʝʣʴ-2014è; XV ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʵʣʝʤʝʥʪʘʤʠ ʥʘʫʯʥʦʡ 

ʰʢʦʣʳ ï çʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ: ʩʠʥʪʝʟ, ʩʚʦʡʩʪʚʘ, ʧʨʠʤʝʥʝʥʠʝè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

2014); V ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʝʜʝʣʷ 

ʥʘʫʢʠ-2015è (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2015); III  ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ çʅʘʫʢʘ ʥʘʩʪʦʷʱʝʛʦ ʠ ʙʫʜʫʱʝʛʦè ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

(ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2015); ʈʝʛʠʦʥʘʣʴʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ï ʥʘʫʯʥʦʡ ʰʢʦʣʝ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʜʣʷ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ ʠ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ çʀʥʥʦʚʘʮʠʦʥʥʦ - 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʈʝʛʠʦʥʘ 

ʈʦʩʩʠʠè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2015); ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʥʘʫʯʥʦʤ ʬʦʨʫʤʝ çʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ. 

ɼʥʠ ʥʘʫʢʠ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ-2015è (SciDays-2015) (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2015); 10-ʦʡ 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ "ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ" 

(ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2015); ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ çʍʠʤʠʷ ʜʣʷ ʙʠʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʳ, 

ʵʢʦʣʦʛʠʠ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘè (ʉʘʥʢʪ- ʇʝʪʝʨʙʫʨʛ, 2015); ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʦʩʥʦʚʘ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʢʝʨʘʤʠʯʝʩʢʠʭ, 

ʩʪʝʢʣʦʦʙʨʘʟʥʳʭ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, ʧʦʩʚʷʱʝʥʥʦʡ 80-ʣʝʪʠʶ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ 

ʩʠʣʠʢʘʪʦʚ ʠʤ. ʀ.ɺ. ɻʨʝʙʝʥʱʠʢʦʚʘ ʈɸʅ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2016); L ʐʢʦʣʝ ʇʀʗʌ ʧʦ ʬʠʟʠʢʝ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʌʂʉ-2016 (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2016); VI ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 
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ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ) 

çʅɽɼɽʃʗ ʅɸʋʂʀ-2016è (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2016); ʈʝʛʠʦʥʘʣʴʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ï ʥʘʫʯʥʦʡ 

ʰʢʦʣʝ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʜʣʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ ʠ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʡ çʀʥʥʦʚʘʮʠʦʥʥʦ - ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʈʝʛʠʦʥʘ ʈʦʩʩʠʠè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2016); ʏʝʪʚʝʨʪʦʡ ʚʩʝʨʦʩʩʠʡʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʊʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ ʥʘ ʠʭ 

ʦʩʥʦʚʝè (ʉʫʟʜʘʣʴ, 2017); XVI  ʄʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʀʍʉ ʈɸʅ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

2017); ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʍʠʤʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ï 2018è ʠ 12-ʦʤ ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʩʠʤʧʦʟʠʫʤʝ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ çʊʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2018); X ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʂʠʥʝʪʠʢʘ ʠ ʤʝʭʘʥʠʟʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠè ʚ ʨʘʤʢʘʭ ʢʣʘʩʪʝʨʘ ʢʦʥʬʝʨʝʥʮʠʡ 

2018 (ʉʫʟʜʘʣʴ, 2018). 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʘʚʪʦʨʦʤ ʦʧʫʙʣʠʢʦʚʘʥʦ 22 ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ, ʚʢʣʶʯʘʷ 1 ʧʘʪʝʥʪ ʈʌ, 5 

ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠʟ ʧʝʨʝʯʥʷ ɺɸʂ, ʪʝʟʠʩʳ 16 ʜʦʢʣʘʜʦʚ ʥʘ ʥʘʫʯʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʚʚʝʜʝʥʠʝ, 

ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ (ʛʣʘʚʘ 1), ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ (ʛʣʘʚʘ 2), 

ʦʙʩʫʞʜʝʥʠʝ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ (ʛʣʘʚʘ 3), ʚʳʚʦʜʳ, ʧʝʨʝʯʝʥʴ ʩʦʢʨʘʱʝʥʠʡ, ʩʧʠʩʦʢ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʠʡ 217 ʥʘʠʤʝʥʦʚʘʥʠʡ, 1 ʧʨʠʣʦʞʝʥʠʝ. ʆʙʱʠʡ ʦʙʲʝʤ 

ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 160 ʩʪʨʘʥʠʮ, ʚ ʪʦʤ ʯʠʩʣʝ 60 ʨʠʩʫʥʢʦʚ ʠ 12 ʪʘʙʣʠʮ. 
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ɻʃɸɺɸ 1. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

 
 
 

1.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 
 
 
 
ʇʦʥʷʪʠʝ "ʪʚʝʨʜʳʡ ʵʣʝʢʪʨʦʣʠʪ" ʦʭʚʘʪʳʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʳ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ, 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʪʦʨʳʭ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ. 

ʅʝʪʦʯʥʦʩʪʴ ʪʘʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʚʘʝʪ ʦʯʝʥʴ ʪʨʫʜʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʯʝʪʢʠʝ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ 

ʚʦʟʥʠʢʘʶʪ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʙʱʝʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʝʣʠʯʠʥʘ ʵʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʝʥʷʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʘʢʠʭ ʚʥʝʰʥʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ [10]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʫʥʠʚʝʨʩʘʣʴʥʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʦʪʩʫʪʩʪʚʫʝʪ ʠ ʠʭ ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ ʧʦ ʤʥʦʞʝʩʪʚʫ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠʞʝ ʙʫʜʝʪ ʧʨʠʚʝʜʝʥʘ ʦʙʦʙʱʸʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, 

ʟʘʪʨʘʛʠʚʘʶʱʘʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʦʥʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʠ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. 

 
 
 

1.1.1. ʋʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ 

 
 
 
ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʜʨʘʟʜʝʣʷʪʴ ʪʚʸʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ, ʷʚʣʷʝʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʠʭ ʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʥʠʭ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʳʯʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠ ʁ ʪʚʝʨʜʳʭ ʪʝʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʙʫʜʝʤ ʠʤʝʪʴ 

ʩʣʝʜʫʶʱʝʝ ʨʘʟʜʝʣʝʥʠʝ, ʧʨʠʚʝʜʝʥʥʦʝ ʚ ʪʘʙʣʠʮʝ 1 [10].  

ʊʘʙʣʠʮʘ 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʦ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ 

ʉʦʩʪʦʷʥʠʝ ɻʨʫʧʧʠʨʦʚʢʠ ʊʠʧ ʵʣʝʢʪʨʦʣʠʪʘ 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʦʝ 

ʄʘʢʨʦʤʦʣʝʢʫʣʳ 
ʀʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʂʦʚʘʣʝʥʪʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʄʦʣʝʢʫʣʳ 

ʂʨʠʩʪʘʣʣʳ ʩ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳʤʠ 

ʩʚʷʟʷʤʠ 

ʂʨʠʩʪʘʣʣʳ ʩ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ 

ɸʤʦʨʬʥʦʝ  

ʉʪʝʢʣʘ 

ʀʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ 

ʇʦʣʠʤʝʨʳ 

ʀʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʘʤʫʶ ʙʦʣʴʰʫʶ ʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʫʶ ʛʨʫʧʧʫ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. ʀʭ ɻʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʪʠʧʦʤ ʠʭ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ). ʊʠʧʠʯʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʠʦʥʥʳʭ 
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ʢʨʠʩʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʛʘʣʦʛʝʥʠʜʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ NaCl (ʬʪʦʨʠʜʳ, 

ʙʨʦʤʠʜʳ, ʭʣʦʨʠʜʳ, ʠʦʜʠʜʳ ʣʠʪʠʷ, ʢʘʣʠʷ, ʥʘʪʨʠʷ ʠ ʨʫʙʠʜʠʷ), ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ 

CaF2 (SrCl2, BaF2, CeO2, Li2O ʠ ʜʨ.), ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʪʠʧʘ MAg4I5 (M = K
+
, Rb

+
, Cs

+
), 

ʠʦʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ (Na2(COO)2, NH3CH3I) [10, 11]. 

ʆʩʥʦʚʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʪʥʝʩʪʠ ʢʦʚʘʣʝʥʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢ ʪʚʝʨʜʳʤ 

ʵʣʝʢʪʨʦʣʠʪʘʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʢʨʠʩʪʘʣʣʝ ʢʦʚʘʣʝʥʪʥʦʛʦ ʪʠʧʘ ʩʚʷʟʠ ʢʘʢ ʦʩʥʦʚʥʦʛʦ, ʪʘʢ ʠ 

ʧʨʠʤʝʩʥʳʭ ʠʦʥʦʚ, ʜʠʬʬʫʥʜʠʨʫʶʱʠʭ ʯʝʨʝʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢʚʘʨʮ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʚʥʝʜʨʝʥʥʳʝ ʧʨʠʤʝʩʥʳʝ ʠʦʥʳ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʜʠʬʬʫʟʠʠ.  

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʫʯʝʥʳ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ. ʀʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 

ʜʠʬʬʫʟʠʝʡ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʠʮ ʠʣʠ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʠʤʝʩʥʳʭ ʠʦʥʦʚ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʣʝʜ, ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪ ʩʫʣʴʬʘʪʘ ʤʝʜʠ, ʘ ʪʘʢʞʝ ʨʷʜ ʠʦʥʦʦʙʤʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʥʘʧʨʠʤʝʨ, ʮʝʦʣʠʪʳ, ʪʘʢʠʝ ʢʘʢ ʰʘʙʘʟʠʪ - CaAl2SiO16Ŀ8H2O, ʘʥʘʣʴʮʠʪ - 

Na2OĿAl2O3Ŀ4SiO2Ŀ2H2O) [10]. 

ʂ ʪʚʝʨʜʳʤ ʵʣʝʢʪʨʦʣʠʪʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝ ʪʦʣʴʢʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʪʝʣʘ, ʥʦ ʠ ʥʝʢʦʪʦʨʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʥʝ ʠʤʝʶʱʠʝ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ 

ʨʘʟʣʠʯʥʳʝ ʩʪʝʢʣʘ (ʥʘʧʨʠʤʝʨ, ʠʦʥʥʳʝ ʦʢʩʠʜʥʳʝ ʩʪʝʢʣʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ "ʩʪʝʢʣʦʦʙʨʘʟʦʚʘʪʝʣʷ" - 

SiO2, B2O3, Al2O3 ʠ "ʩʪʝʢʣʦʤʦʜʠʬʠʢʘʪʦʨʘ" - Na2O, K2O, Ag2O ʠ ʪ.ʧ. [12]), ʠʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ 

(ʢʘʪʠʦʥʠʪʳ ʠ ʘʥʠʦʥʠʪʳ), ʠ ʧʦʣʠʤʝʨʳ (ʧʦʣʠʘʢʨʠʣʦʚʘʷ ʢʠʩʣʦʪʘ, ʧʦʣʠʘʥʠʣʠʥʳ). ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʠʤʝʶʱʠʝʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʦʨʠʠ ʠʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʩʪʝʢʣʘʭ ʠ ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣʘʭ 

ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʜʷʪʩʷ ʢ ʪʝʦʨʠʠ ʪʨʘʥʩʧʦʨʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩ ʪʦʯʝʯʥʳʤʠ ʜʝʬʝʢʪʘʤʠ. ɺ 

ʩʣʫʯʘʝ ʧʦʣʠʤʝʨʦʚ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʦʙʳʯʥʦ ʥʦʩʠʪ ʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʀʩʢʣʶʯʝʥʠʷʤʠ ʤʦʛʫʪ 

ʷʚʣʷʪʴʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʦʣʠʤʝʨʳ, ʘ ʪʘʢʞʝ ʩʣʫʯʘʠ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʣʝʡ. ɺʝʣʠʯʠʥʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʠʤʝʨʦʚ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʠʭ ʧʦʜʚʠʞʥʦʩʪʠ 

ʠ ʟʘʨʷʜʘ [10, 13].  

ɺ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʚʳʜʝʣʷʶʪ ʪʘʢʞʝ ʢʦʤʧʦʟʠʪʥʳʝ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʛʝʪʝʨʦʛʝʥʥʳʝ ʩʤʝʩʠ ʪʚʝʨʜʳʭ ʬʘʟ. ʉʦʟʜʘʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʘʪʴ ʥʝ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ (ʧʦʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʚʦʟʨʘʩʪʘʝʪ ʯʠʩʣʦ ʧʝʨʝʥʦʩʘ ʠʦʥʦʚ), ʥʦ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ (ʥʘʧʨʠʤʝʨ, ʧʦʚʳʩʠʪʴ ʫʜʘʨʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʠʣʠ ʧʨʦʯʥʦʩʪʴ). ʍʦʪʷ 

ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʩʦʩʪʦʷʪʴ ʠʟ ʤʥʦʛʠʭ ʨʘʟʣʠʯʥʳʭ ʬʘʟ, ʚ ʦʙʣʘʩʪʠ ʠʦʥʠʢʠ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʚʫʭʬʘʟʥʳʝ ʩʤʝʩʠ: ʧʨʦʚʦʜʥʠʢ-ʠʟʦʣʷʪʦʨ (AgI-Al2O3, LiI -

Al2O3, LiI -SiO2, CsCl- Al2O3) ʠ ʧʨʦʚʦʜʥʠʢ-ʧʨʦʚʦʜʥʠʢ (AgBr-AgI, AgCl-AgI) [14].  
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1.1.2. ʊʠʧ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

 
 
 
ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʧʦ ʪʠʧʫ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʠʭ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʤʦʛʫʪ ʙʳʪʴ ʯʝʪʢʦ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ: 

1) ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʩ ʩʦʙʩʪʚʝʥʥʦʡ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴʶ; 

2) ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʩ ʧʨʠʤʝʩʥʦʡ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴʶ; 

3) ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʩʦ ʩʪʨʫʢʪʫʨʥʦʡ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴʶ. 

ɺ ʦʩʦʙʳʡ ʢʣʘʩʩ ʧʦ ʜʘʥʥʦʤʫ ʧʨʠʟʥʘʢʫ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ, ʠʤʝʶʱʠʝ ʘʤʦʨʬʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʥʷʪʠʝ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʚ ʠʟʚʝʩʪʥʦʡ ʤʝʨʝ ʪʝʨʷʝʪ ʩʤʳʩʣ, ʪ.ʢ. ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʘʣʠʯʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ, ʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʠʭ 

ʩʪʨʦʝʥʠʷ): 

4) ʘʤʦʨʬʥʳʝ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ [13]. 

ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʠʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʘʣʠʯʠʝʤ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ: ʜʝʬʝʢʪʦʚ ʐʦʪʪʢʠ (ʚʘʢʘʥʩʠʠ ʚ ʢʘʪʠʦʥʥʦʡ ʠ 

ʘʥʠʦʥʥʦʡ ʧʦʜʨʝʰʝʪʢʘʭ), ʜʝʬʝʢʪʦʚ ʌʨʝʥʢʝʣʷ (ʢʘʪʠʦʥʥʳʝ ʚʘʢʘʥʩʠʠ ʠ ʢʘʪʠʦʥʳ, ʚʥʝʜʨʝʥʥʳʝ ʚ 

ʤʝʞʜʦʫʟʣʠʷ) ʠ ʘʥʪʠʬʨʝʥʢʝʣʝʚʩʢʠʭ ʜʝʬʝʢʪʦʚ (ʘʥʠʦʥʥʳʝ ʚʘʢʘʥʩʠʠ ʠ ʘʥʠʦʥʳ, ʚʥʝʜʨʝʥʥʳʝ ʚ 

ʤʝʞʜʦʫʟʣʠʷ). ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʠʧʦʤ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʚ ʫʢʘʟʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ ʷʚʣʷʶʪʩʷ ʜʝʬʝʢʪʳ ʐʦʪʪʢʠ (ʛʘʣʦʛʝʥʠʜʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ NaCl), 

ʪʦʛʜʘ ʢʘʢ ʬʨʝʥʢʝʣʝʚʩʢʠʝ ʠ ʘʥʪʠʬʨʝʥʢʝʣʝʚʩʢʠʝ ʜʝʬʝʢʪʳ ʷʚʣʷʶʪʩʷ, ʩʢʦʨʝʝ, ʠʩʢʣʶʯʝʥʠʝʤ, ʪʘʢ ʢʘʢ 

ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʚʷʟʘʥʦ ʣʠʙʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʩʠʣʘʤʠ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʘ ʧʨʠʪʷʞʝʥʠʷ 

(ʛʘʣʦʛʝʥʠʜʳ ʩʝʨʝʙʨʘ), ʣʠʙʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʬʣʶʦʨʠʪ), 

ʦʙʣʘʜʘʶʱʝʡ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʨʥʳʤʠ ʤʝʞʜʦʫʟʣʠʷʤʠ. ɸʥʪʠʰʦʪʪʢʦʚʩʢʠʝ ʜʝʬʝʢʪʳ 

(ʤʝʞʜʦʫʟʝʣʴʥʳʝ ʢʘʪʠʦʥʳ ʠ ʘʥʠʦʥʳ) ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʠ ʚ ʦʜʥʦʡ 

ʨʝʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ [13]. 

ʂ ʪʚʝʨʜʳʤ ʵʣʝʢʪʨʦʣʠʪʘʤ ʩ ʧʨʠʤʝʩʥʦʡ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴʶ (ʧʨʠʤʝʩʥʳʤ ʪʚʝʨʜʳʤ 

ʵʣʝʢʪʨʦʣʠʪʘʤ) ʦʪʥʦʩʷʪʩʷ ʠʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʣʝʛʠʨʦʚʘʥʥʳʝ ʠʦʥʘʤʠ ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ, 

ʦʪʣʠʯʥʦʡ ʦʪ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʠʦʥʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦ ʪʠʧʫ ʟʘʤʝʱʝʥʠʷ, ʢʦʛʜʘ ʧʨʠʤʝʩʥʳʡ ʠʦʥ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʫʟʣʝ 

ʨʝʰʝʪʢʠ ʦʩʥʦʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʪʘʢʠʝ ʧʨʠʤʝʩʥʳʝ ʠʦʥʳ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʦʯʝʯʥʳʤʠ ʜʝʬʝʢʪʘʤʠ (ʜʝʬʝʢʪʘʤʠ ʟʘʤʝʱʝʥʠʷ) ʥʘ ʬʦʥʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ ʦʩʥʦʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʤʝʩʥʳʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʚʠʜʘ MO2 MǋOx, ʛʜʝ M = Zr
4+

, Hf
4+

, Ce
4+

; Mǋ = Y
3+

, Ca
2+

 [12, 13]. 
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ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʵʣʝʢʪʨʦʣʠʪʦʚ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ ʜʦʚʦʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʥʘ, ʦʜʥʘʢʦ 

ʦʙʱʝʡ ʠʭ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʟʙʳʪʦʢ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʧʦʟʠʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʧʦʜʚʠʞʥʳʝ ʠʦʥʳ. ʂʘʢ ʧʨʘʚʠʣʦ, ʯʠʩʣʦ ʨʘʟʨʝʰʝʥʥʳʭ 

ʧʦʟʠʮʠʡ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ ʯʠʩʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʦʥʦʚ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʚʦʙʦʜʫ ʠʭ ʧʝʨʝʜʚʠʞʝʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʩʦʢʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ. ʈʘʟʣʠʯʘʶʪ 

ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʩʦ ʩʪʨʫʢʪʫʨʥʦʡ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴʶ ʢʘʪʠʦʥʦʚ (Ŭ-AgI, Li4SiO4, MAg4I5, 

M = K
+
, Rb

+
, NH4

+
), ʩʪʨʫʢʪʫʨʥʦʡ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴʶ ʘʥʠʦʥʦʚ (K2BaCl4, ʬʪʦʨʠʜʳ ʤʝʪʘʣʣʦʚ ʩʦ 

ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ +2 ʠ +3, ʥʘʧʨʠʤʝʨ, YF3, LuF3, LaF3, CeF3, PbF2), ʘ ʪʘʢʞʝ ʩʝʤʝʡʩʪʚʦ 

ʧʦʣʠʘʣʶʤʠʥʘʪʦʚ ʤʝʪʘʣʣʦʚ ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ +1 (M2OĿnX2O3, ʛʜʝ n ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 

ʟʥʘʯʝʥʠʷ ʦʪ 5 ʜʦ 11, M = Ag
+
, Ga

+
, Tl

+
, In

+
, NH4

+
, ʘ X = Al

3+
, Ga

3+
, Fe

3+
), ʦʙʦʟʥʘʯʘʝʤʳʭ ʦʙʱʠʤ 

ʪʝʨʤʠʥʦʤ ɓ-ʛʣʠʥʦʟʝʤ. ʆʩʦʙʝʥʥʦ ʮʝʥʥʳʤ ʩʚʦʡʩʪʚʦʤ ʤʘʪʝʨʠʘʣʦʚ ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʫʶ ʫʥʠʧʦʣʷʨʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ 

ʦʜʥʦʟʘʨʷʜʥʳʭ ʢʘʪʠʦʥʦʚ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [11, 13]. 

ɸʤʦʨʬʥʳʝ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 

ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʧʨʠʤʝʩʝʡ. ʇʦʩʢʦʣʴʢʫ ʚ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʦʪʩʫʪʩʪʚʫʝʪ 

ʜʘʣʴʥʠʡ ʧʦʨʷʜʦʢ, ʥʝʣʴʟʷ ʛʦʚʦʨʠʪʴ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʘʚʠʣʴʥʦʡ ʩʠʩʪʝʤʳ çʢʘʥʘʣʦʚ 

ʧʨʦʚʦʜʠʤʦʩʪʠè, ʩʚʷʟʳʚʘʶʱʠʭ çʨʝʰʝʪʢʫè ʨʝʛʫʣʷʨʥʳʭ ʪʦʯʝʢ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʣʫʯʘʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠʦʥʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʤʝʭʘʥʠʟʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʪʝʢʣʦʦʙʨʘʟʥʳʭ 

ʪʝʣ. ʉʝʪʢʫ ʩʪʝʢʣʘ ʬʦʨʤʠʨʫʝʪ çʩʪʝʢʣʦʦʙʨʘʟʦʚʘʪʝʣʴè (ʩʤ. ʧ. 1.2.1.), ʘ çʩʪʝʢʣʦʤʦʜʠʬʠʢʘʪʦʨʳè 

ʨʘʟʨʳʚʘʶʪ ʝʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠ ʥʘʨʫʰʘʶʪ ʩʚʷʟʠ ʜʚʫʭ ʤʘʪʨʠʯʥʳʭ ʢʘʪʠʦʥʦʚ ʩ 

ʘʥʠʦʥʘʤʠ ʢʠʩʣʦʨʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʱʝʣʦʯʥʳʝ 

ʢʘʪʠʦʥʳ (ʠʣʠ ʢʘʪʠʦʥʳ ʩʝʨʝʙʨʘ), ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ 

ʤʦʩʪʠʢʦʚʳʤʠ ʠ ʥʝʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ 

ʩʝʪʢʦʡ [12]. 

 
 
 

1.1.3. ʍʘʨʘʢʪʝʨ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

 
 
 
ʇʦʜʚʠʞʥʦʩʪʴ ʠʦʥʦʚ ʩ ʟʘʨʷʜʦʤ ʦʜʠʥʘʢʦʚʦʛʦ ʟʥʘʢʘ ʚ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ ʤʦʞʝʪ 

ʧʨʝʚʦʩʭʦʜʠʪʴ ʧʦʜʚʠʞʥʦʩʪʴ ʠʦʥʦʚ ʜʨʫʛʦʛʦ ʟʥʘʢʘ ʚ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʠ ʙʦʣʝʝ ʨʘʟ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʫʥʠʧʦʣʷʨʥʦʤ ʭʘʨʘʢʪʝʨʝ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʠʦʥʥʳʡ ʪʦʢ ʚ ʤʘʪʝʨʠʘʣʝ 

ʧʝʨʝʥʦʩʠʪʩʷ ʠʦʥʘʤʠ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʢʘ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʷʚʣʷʶʪʩʷ ʛʘʣʦʛʝʥʠʜʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʝʨʝʙʨʘ, ɓ-ʛʣʠʥʦʟʝʤ (ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʢʘʪʠʦʥʘʤʠ), ʛʘʣʦʛʝʥʠʜʳ ʙʘʨʠʷ, ʩʚʠʥʮʘ, ʘ ʪʘʢʞʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʚʠʜʘ MO2 MǋOx, ʛʜʝ M = Zr
4+

, 
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Hf
4+

, Ce
4+

; Mǋ = Y
3+

, Ca
2+

 (ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʥʠʦʥʘʤʠ). ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ 

ʤʘʪʝʨʠʘʣʳ, ʛʜʝ ʧʦʜʚʠʞʥʳʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʶʪʩʷ ʠʦʥʳ ʜʚʫʭ çʩʦʨʪʦʚè, ʭʦʪʷ ʠ ʦʜʥʦʛʦ ʟʥʘʢʘ 

ʟʘʨʷʜʘ (ʧʨʠ ʵʪʦʤ ʫʥʠʧʦʣʷʨʥʦʩʪʴ ʩʦʭʨʘʥʷʝʪʩʷ). ʊʘʢʫʶ ʩʚʦʝʦʙʨʘʟʥʫʶ ʜʚʫʭʠʦʥʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʥʘʟʳʚʘʶʪ ʩʦ-ʠʦʥʥʦʡ ʠʣʠ ʢʦ-ʠʦʥʥʦʡ. ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʡ ʪʚʝʨʜʳʡ ʵʣʝʢʪʨʦʣʠʪ ʪʘʢʦʛʦ ʪʠʧʘ ï Ŭ-

Ag2HgI4. ʇʝʨʝʥʦʩ ʟʘʨʷʜʘ ʚ ʵʪʦʤ ʢʨʠʩʪʘʣʣʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʪʠʦʥʘʤʠ ʩʝʨʝʙʨʘ ʠ ʨʪʫʪʠ, ʭʦʪʷ 

ʢʘʪʠʦʥʳ ʩʝʨʝʙʨʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʝʡ ʧʦʜʚʠʞʥʦʩʪʴʶ, ʠ ʠʭ ʜʦʣʷ ʚ ʦʙʱʝʤ ʠʦʥʥʦʤ ʪʦʢʝ 

ʧʨʝʚʳʰʘʝʪ 90% [12, 15]. ʇʦʤʠʤʦ ʫʥʠʧʦʣʷʨʥʦʡ ʠ ʩʦ-ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʚʳʜʝʣʷʶʪ ʪʘʢʞʝ 

ʙʠʧʦʣʷʨʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʘʨʷʜ ʧʝʨʝʥʦʩʷʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʪʠʦʥʳ ʠ 

ʘʥʠʦʥʳ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʫʥʠʧʦʣʷʨʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʤʦʞʝʪ ʧʝʨʝʡʪʠ ʚ 

ʙʠʧʦʣʷʨʥʫʶ. ʅʘʧʨʠʤʝʨ, ʚ ʢʨʠʩʪʘʣʣʘʭ KCl ʠ NaCl ʧʨʠ 630Üʉ ʦʢʦʣʦ 25% ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʦʙʫʩʣʦʚʣʝʥʦ ʜʚʠʞʝʥʠʝʤ ʠʦʥʦʚ ʭʣʦʨʘ [16]. 

 
 
 

1.1.4. ʊʠʧ ʥʦʩʠʪʝʣʷ ʟʘʨʷʜʘ 

 
 
 

ɺ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ ʚ ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʜʚʘ ʪʠʧʘ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ: ʠʦʥʳ ʨʘʟʣʠʯʥʦʛʦ çʩʦʨʪʘè (ʢʘʪʠʦʥʳ, ʘʥʠʦʥʳ), ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʥʳ (ʠʣʠ 

ʜʳʨʢʠ) [12]. ʂ ʪʚʝʨʜʳʤ ʵʣʝʢʪʨʦʣʠʪʘʤ ʩ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʤʦʞʥʦ ʦʪʥʝʩʪʠ, ʥʘʧʨʠʤʝʨ, 

cʝʨʝʙʨʦʧʨʦʚʦʜʷʱʠʝ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ (Ŭ-AgI, AgI-MI, ʛʜʝ M = Rb
+
, K

+
, NH4

+
; AgI-HgI2), 

ʣʠʪʠʡʧʨʦʚʦʜʷʱʠʝ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ (Li4SiO4, Li4GeO4, Li3N, LiXO4, ʛʜʝ X ï ʢʘʪʠʦʥʳ 

ʬʦʩʬʦʨʘ, ʤʳʰʴʷʢʘ, ʚʘʥʘʜʠʷ ʠʣʠ ʭʨʦʤʘ) [12], LaGaO3, ʣʝʛʠʨʦʚʘʥʥʳʡ SrO ʠ MgO 

(La1-xSrxGa1-yMgyO3-ŭ, LSGM), ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ZrO2 ʩ ʜʦʙʘʚʢʘʤʠ CaO, MgO, Sc2O3, 

Y2O3, Nd2O3, Sm2O3, Yb2O3 [14]. ɽʩʣʠ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʠʦʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, 

ʩʦʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʠʦʥʥʘ ̫ʠ ʵʣʝʢʪʨʦʥʥʘ)̫, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ 

ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʦʡ ʠʣʠ ʩʤʝʰʘʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ [15]. ʕʣʝʢʪʨʦʥʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʙʱʝʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʪʘʢ ʠ ʚʝʣʠʯʠʥʦʡ ʪʦʢʘ. ɺ 

ʦʜʥʠʭ ʩʣʫʯʘʷʭ ʚʢʣʘʜ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʦʞʝʪ ʚʦʟʨʘʩʪʘʪʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

(ɓ-Ag2S, ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ CeO2 c ʜʦʙʘʚʢʘʤʠ La2O3, Nd2O3, Sm2O3, Gd2O3), ʚ ʜʨʫʛʠʭ 

ʵʣʝʢʪʨʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʦʞʝʪ ʠʩʯʝʟʘʪʴ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ɔ-CuBr) [10].  

ʊʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ, ʠʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʘʪʠʦʥʘʤʠ, 

ʩʦʩʪʘʚʣʷʶʪ ʛʨʫʧʧʫ ʢʘʪʠʦʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ: ʩʝʨʝʙʨʦ-, ʤʝʜʴ-, ʣʠʪʠʡ-, ʥʘʪʨʠʡ-, ʢʘʣʠʡʧʨʦʚʦʜʷʱʠʝ 

ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʦʜʥʦʚʘʣʝʥʪʥʳʤʠ (Rb
+
, Tl

+
, Cs

+
) ʠ 

ʧʦʣʠʚʘʣʝʥʪʥʳʤʠ ʢʘʪʠʦʥʘʤʠ [12]. ɽʩʣʠ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʚ ʤʘʪʝʨʠʘʣʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʥʠʦʥʘʤʠ, 

ʚʦʟʥʠʢʘʝʪ ʘʥʠʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ. ʂ ʘʥʠʦʥʥʳʤ ʧʨʦʚʦʜʥʠʢʘʤ ʦʪʥʦʩʷʪ ʢʠʩʣʦʨʦʜ-, ʬʪʦʨ-, ʭʣʦʨ-, 
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ʩʫʣʴʬʠʜʧʨʦʚʦʜʷʱʠʝ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ. ɺ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʚʳʜʝʣʷʶʪ ʪʚʝʨʜʦʪʝʣʴʥʳʝ 

ʧʨʦʪʦʥʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʠʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʚ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʘʭ. ʇʨʦʪʦʥʳ ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʥɹʳʤʠ ʠʦʥʘʤʠ, ʥʝ ʠʤʝʶʱʠʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʠ ʠ 

ʩʧʦʩʦʙʥʳʤʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ. ʇʦ ʩʚʦʝʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ 

ʥʝ ʷʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʳʤ ʪʠʧʦʤ ʩʚʷʟʠ, ʥʦ ʚʩʣʝʜʩʪʚʠʝ ʝʝ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ ʦʥʘ ʚʳʜʝʣʷʝʪʩʷ ʚ 

ʦʩʦʙʫʶ ʢʘʪʝʛʦʨʠʶ [14]. ʇʨʦʪʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʩʣʦʠʩʪʳʝ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʳ 

HUO2XO4ĿnH2O (X = P, As), ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʳ ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪ, ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʝ ʦʢʩʠʜʳ ʠ 

ʢʠʩʣʳʝ ʬʦʩʬʘʪʳ ʧʦʣʠʚʘʣʝʥʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʘʪʝʨʠʘʣʳ MmXn(AO4)p (M = K
+
, Na

+
, Rb

+
, Cs

+
, 

NH4
+
; X = H

+
, D

+
; A = S

6+
, Se

6+
, P

6+
, As

6+
) ʩ ʜʠʥʘʤʠʯʝʩʢʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʝʪʢʦʡ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ, ʤʘʪʝʨʠʘʣʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ NASICON, ɓ-ʛʣʠʥʦʟʝʤ, ʦʢʩʠʜʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ 

(ABO3), ʘ ʪʘʢʞʝ ʩʝʤʝʡʩʪʚʦ ʩʣʦʞʥʳʭ ʦʢʩʠʜʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ A3(BǋB2ǋǋ)O9 [14]. 

 
 
 

1.1.5. ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ 

 
 
 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʠʟʢʦ- (20-200Áʉ), 

ʩʨʝʜʥʝ- (200-700Áʉ) ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ (700-1200Áʉ) [17]. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʜʠʘʧʘʟʦʥʳ ʜʘʥʳ 

ʚʝʩʴʤʘ ʫʩʣʦʚʥʦ, ʪʘʢ ʢʘʢ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʢʘʩʘʪʝʣʴʥʦ ʛʨʘʥʠʮ ʨʘʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʦʣʠʤʝʨʥʳʝ ʠʦʥʦʦʙʤʝʥʥʳʝ 

(ʧʦ H3O
+
) ʤʝʤʙʨʘʥʳ (ʥʘʬʠʦʥ/ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪʘ), Li3N, Ŭ-AgI, Na-ɓ-Al2O3, Ag4RbI5. ʂ 

ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʤ ʦʪʥʦʩʷʪ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ NASICON, Li3Sc2(PO4)3, LaF3, CeO2 ʠ 

Bi2O3, ʣʝʛʠʨʦʚʘʥʥʳʝ ʦʢʩʠʜʘʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ), La1-xSrxGa1-yMgyO3-ŭ (LSGM) 

[12, 2]. ʂʣʘʩʩʠʯʝʩʢʠʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʷʚʣʷʶʪʩʷ 

ʠʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ ʚ ʩʠʩʪʝʤʘʭ MO2-M
I
O ʠ MO2-M

II
O1,5 (M = Zr

4+
, Hf

4+
, Th

4+
; M

I
 = Ca

2+
, Sr

2+
, 

Ba
2+

; M
II
 = Sc

3+
, Y

3+
, Ln

3+
), ʘ ʪʘʢʞʝ ʧʨʦʪʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ (ʥʘʧʨʠʤʝʨ, 

ʧʝʨʦʚʩʢʠʪʳ ʥʘ ʦʩʥʦʚʝ ʮʝʨʘʪʦʚ ʙʘʨʠʷ ʠ ʩʪʨʦʥʮʠʷ Ba(Sr)CeO3, ʧʝʨʦʚʩʢʠʪʳ AZrO3, ʛʜʝ A = Sr
2+

, 

Ba
2+

, Ca
2+

) [14]. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠʦʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʞʠʜʢʠʤʠ ʵʣʝʢʪʨʦʣʠʪʘʤʠ, 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ, ʤʝʪʘʣʣʘʤʠ ʠ ʜʠʵʣʝʢʪʨʠʢʘʤʠ [12]. 
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ʈʠʩʫʥʦʢ 1  ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʠʦʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʞʠʜʢʠʤʠ ʵʣʝʢʪʨʦʣʠʪʘʤʠ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ, ʤʝʪʘʣʣʘʤʠ ʠ ʜʠʵʣʝʢʪʨʠʢʘʤʠ. ɺʳʜʝʣʝʥʥʳʡ ʩʝʢʪʦʨ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʘʞʥʫʶ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ ʧʨʦʚʦʜʠʤʦʩʪʠ [12]. 

 
 
 

1.1.6. ɻʝʦʤʝʪʨʠʷ 

 
 
 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʤʦʛʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ 

ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʛʝʦʤʝʪʨʠʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ (ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʵʣʝʢʪʨʦʣʠʟʝʨʳ, ʢʦʥʚʝʨʪʝʨʳ) ʠʩʧʦʣʴʟʫʶʪ ʦʙʲʝʤʥʳʝ [18] ʠʣʠ 

ʧʣʘʥʘʨʥʳʝ [19] ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʲʝʤʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ ʪʨʫʙʦʢ ʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʚ (ʪʦʣʱʠʥʦʡ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

ʩʦʪʝʥ ʤʠʢʨʦʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ). ʇʣʘʥʘʨʥʳʡ ʪʠʧ ʛʝʦʤʝʪʨʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʦʣʫʯʝʥʠʝ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ (ʦʪ ʜʝʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʤʠʢʨʦʤʝʪʨʦʚ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʜʘʸʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʤʦʱʥʦʩʪʠ (ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʦʧʣʠʚʥʦʡ 

ʷʯʝʡʢʠ), ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʊʆʊʕ ʠ ʠʭ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ 

ʧʨʦʙʣʝʤʫ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ, ʯʪʦ ʚ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʫʜʝʰʝʚʣʝʥʠʶ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [20, 21]. 
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1.2. ɸʥʠʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ. ʂʠʩʣʦʨʦʜ-ʠʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʬʣʶʦʨʠʪʘ 
 
 
 
ʂʠʩʣʦʨʦʜ-ʠʦʥʥʳʝ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ  ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʘʥʠʦʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʥʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ (ʆ
2-
). ɺʳʩʦʢʘʷ ʠʦʥʥʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʚʳʩʦʢʦʧʦʜʚʠʞʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʠʦʥʥʦʡ, ʥʦ ʠ ʩʤʝʰʘʥʥʦ-ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ɼʣʷ ʚʩʝʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʫʱʝʩʪʚʫʶʪ 

ʦʙʱʠʝ ʧʨʠʟʥʘʢʠ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʡ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʚ ʩʣʫʯʘʝ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

1. ʅʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʨʘʚʥʦʤʝʨʥʦ ʚ 

ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ. 

2. ʄʘʣʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʥʠʟʢʠʤ ʧʦʪʝʥʮʠʘʣʴʥʳʤ 

ʙʘʨʴʝʨʦʤ ʤʝʞʜʫ ʟʘʥʷʪʳʤʠ ʠ ʩʚʦʙʦʜʥʳʤʠ ʧʦʟʠʮʠʷʤʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ. 

3. çʆʪʢʨʳʪʘʷè ʩʪʨʫʢʪʫʨʘ ʩ ʙʦʣʴʰʠʤʠ ʢʘʥʘʣʘʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʙʦʣʴʰʦʡ ʨʘʟʤʝʨ çʦʢʥʘ 

ʧʨʦʚʦʜʠʤʦʩʪʠè). 

4. ʅʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʢʠʩʣʦʨʦʜ. 

5. ɺʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʢʠʩʣʦʨʦʜʥʳʭ ʧʦʣʠʵʜʨʦʚ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʠʩʭʦʜʥʦʡ 

ʤʘʪʨʠʮʳ ʛʝʪʝʨʦʚʘʣʝʥʪʥʳʤʠ ʢʘʪʠʦʥʘʤʠ [13, 14]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʩ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʤʘʪʝʨʠʘʣʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʬʣʶʦʨʠʪʘ, ʧʨʠʚʣʝʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʯʝʥʳʭ ʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴʶ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ (ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʛʘʟʦʚʳʝ ʩʝʥʩʦʨʳ ʠ ʪ.ʜ.) [2, 22]. 

ʊʨʘʜʠʮʠʦʥʥʦ, ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʦʥʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚʳʟʳʚʘʶʪ ʦʢʩʠʜʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʩʪʨʫʢʪʫʨʦʡ ʬʣʶʦʨʠʪʘ, ʚ ʩʠʩʪʝʤʘʭ MO2-M
I
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). ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʚ ʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤʘʭ, 

ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ CeO2 ʠ ThO2, ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʝ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ [14, 23]. 

 
 
 

1.2.1. ʊʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʥʘ ʦʩʥʦʚʝ ZrO 2 

 
 
 
ʏʠʩʪʳʡ ʜʠʦʢʩʠʜ ʮʠʨʢʦʥʠʷ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʪʨʝʭ ʤʦʜʠʬʠʢʘʮʠʷʭ: ʤʦʥʦʢʣʠʥʥʦʡ (m-

ZrO2, ʧʨ. ʛʨ. P21/c, ʫʩʪʦʡʯʠʚʘ ʧʨʠ T < 1100ÁC), ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ (t-ZrO2, ʧʨ. ʛʨ. P42/nmc, 

ʫʩʪʦʡʯʠʚʘ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ~ 1100  2400ÁC) ʠ ʢʫʙʠʯʝʩʢʦʡ (c-ZrO2, ʧʨ. ʛʨ. Fm3m, 
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ʫʩʪʦʡʯʠʚʘ ʧʨʠ T > 2400ÁC) [24]. ʆʜʥʘʢʦ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚ [14] ʦʪʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʘ ʦʪ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ, ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʘʨʴʠʨʦʚʘʥʠʶ ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ.  

ʉ ʮʝʣʴʶ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʢʫʙʠʯʝʩʢʫʶ 

ʤʦʜʠʬʠʢʘʮʠʶ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʚʚʝʜʝʥʠʝʤ ʜʚʫʭ- ʠʣʠ ʪʨʝʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ, ʥʘʧʨʠʤʝʨ, 

ʦʢʩʠʜʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ (ʑɿʕ) ʠʣʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ), ʘ ʪʘʢʞʝ ʠʭ 

ʢʦʤʙʠʥʘʮʠʝʡ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʥʘʭʦʜʷʪ CaO, MgO, SrO, ʘ ʪʘʢʞʝ 

Y2O3, Sc2O3, La2O3, Sm2O3, Eu2O3, Gd2O3, Er2O3 [25, 26]. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʤʫ 

ʟʘʤʝʱʝʥʠʶ ʧʦʤʠʤʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ZrO2, ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʠʦʥʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚ ʬʦʨʤʠʨʫʶʱʠʭʩʷ 

ʘʥʠʦʥʜʝʬʠʮʠʪʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʪʠʧʘ Zr1-xMx
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 ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʩ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ ʚ ʦʙʦʟʥʘʯʝʥʠʷʭ ʂʨʛyʝʨʘ-ɺʠʥʢʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʢʚʘʟʠʭʠʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ [27]: 

    MO Ÿ ὓZr
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    M2O3 Ÿ 2ὓZr
ǋ + 3ὕέ+ Vέ
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ǋǋ ï ʠʦʥ ʤʝʪʘʣʣʘ ʩ ʤʝʥʴʰʝʡ ʚʘʣʝʥʪʥʦʩʪʴʶ ʥʘ ʤʝʩʪʝ ʠʦʥʘ Zr
4+

 ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʵʬʬʝʢʪʠʚʥʳʤ ʟʘʨʷʜʦʤ, Vέ
ɆɆ, ï ʢʠʩʣʦʨʦʜʥʘʷ ʚʘʢʘʥʩʠʷ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ, 

ʢʦʤʧʝʥʩʠʨʫʶʱʠʤ ʟʘʨʷʜ ʜʦʧʘʥʪʘ, 3ὕέ ï
 
ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʛʫʣʷʨʥʦʤ ʫʟʣʝ ʩ ʥʝʡʪʨʘʣʴʥʳʤ 

ʟʘʨʷʜʦʤ. 

ɼʠʦʢʩʠʜ ʮʠʨʢʦʥʠʷ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʦʢʩʠʜʦʤ ʠʪʪʨʠʷ (YSZ), ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʠ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʯʘʱʝ ʚʩʝʛʦ 

ʠʩʧʦʣʟɹʫʝʪʩʷ ZrO2, ʩʦʜʝʨʞʘʱʠʡ 8 ʤʦʣ.% Y2O3 (8YSZ), ʪʘʢ ʢʘʢ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 800-

1000Üʉ ʦʥ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʘʢʩʠʤʫʤ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ů1000Üʉ = 1,3Ŀ10
-1
 ʉʤ/ʩʤ, ʩʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ [28]). ɺ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʩʦʜʝʨʞʘʥʠʝ Y2O3 ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʥʘ ʦʩʥʦʚʝ ZrO2 

ʫʚʝʣʠʯʠʚʘʶʪ ʜʦ 10 ʤʦʣ.%, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʣʠʪ ʦʙʣʘʜʘʝʪ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ. ɼʘʥʥʳʡ ʬʘʢʪ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʛʨʘʥʠʮʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ ʚ 

ʩʠʩʪʝʤʝ ZrO2 Y2O3 ʧʨʠ 1000Üʉ ʧʨʦʭʦʜʠʪ ʚʙʣʠʟʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Y2O3 10 ʤʦʣ.% (ʩʤ. ʨʠʩʫʥʦʢ 2), ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ YSZ ʧʨʠ ʵʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟʳ, ʥʦ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴ ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʚʩʣʝʜʩʪʚʠʝ 

ʤʝʜʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʢʘʪʠʦʥʦʚ [29]. ɺʨʝʤʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ 

ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ. 
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ʈʠʩʫʥʦʢ 2  ʉʪʘʙʠʣʴʥʘʷ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ ʤʝʪʘʩʪʘʙʠʣʴʥʘʷ (ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) ʬʘʟʦʚʘʷ 

ʜʠʘʛʨʘʤʤʘ ZrO2 Y2O3 ʚ ʦʙʣʘʩʪʠ, ʙʦʛʘʪʦʡ ʦʢʩʠʜʦʤ ʮʠʨʢʦʥʠʷ [29]. 

ʉʦʛʣʘʩʥʦ [30], ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʠʣʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʦʩʪʘʪʦʯʥʳ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʚ ʢʫʙʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʩʠʩʪʝʤʝ 

ZrO2 Y2O3 ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʢʮʠʷ ʚʳʜʝʣʝʥʠʷ ʚʢʣʶʯʝʥʠʡ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟʳ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʜʠʘʛʨʘʤʤʦʡ ʩʦʩʪʦʷʥʠʷ.  

ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʪʚʝʨʜʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ 

ʮʠʨʢʦʥʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʘʥʪʘ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʞʝ ʦʢʩʠʜ ʛʘʜʦʣʠʥʠʷ. ʌʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʩʠʩʪʝʤ 

ZrO2 Y2O3 ʠ ZrO2 Gd2O3 ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʭʦʜʩʪʚʦʤ (ʩʤ. ʨʠʩʫʥʦʢ 3) ʧʦ ʪʘʢʠʤ ʚʘʞʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ, ʢʘʢ ʰʠʨʦʢʘʷ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʫʙʠʯʝʩʢʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʪʠʧʘ ʬʣʶʦʨʠʪʘ, 

ʫʟʢʘ ̫ʦʙʣʘʩʪ ɹʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟʳ (ʜʦ ~ 3 ʤʦʣ.% Gd2O3) [31]. ʆʜʥʘʢʦ ʛʨʘʥʠʮʳ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʬʘʟ ʫ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ ʥʝ ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʶʪ. ʊʘʢ, S. Dutta ʠ ʢʦʣʣʝʛʠ [32] 

ʠʟʫʯʘʣʠ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ZrO2 Gd2O3 ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 1,75-11 ʤʦʣ.% Gd2O3 ʧʨʠ 1400Áʉ. 

ɸʚʪʦʨʩʢʠʤ ʢʦʣʣʝʢʪʠʚʦʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʜʥʦʬʘʟʥʳʭ ʦʙʣʘʩʪʝʡ 

(ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ï 2,5-5,5 ʤʦʣ.% Gd2O3, ʢʫʙʠʯʝʩʢʦʡ ï 9-11 ʤʦʣ.% Gd2O3) ʙʳʣʘ ʚʳʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʣʘʩʪʷʤʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʤʝʩʝʡ ʢʫʙʠʯʝʩʢʦʡ ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟ (6-9 ʤʦʣ.% 

Gd2O3). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʚʳʩʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʙʲʝʤʥʦʡ ʠ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʦʙʣʘʜʘʣʠ ʩʦʩʪʘʚʳ, ʩʦʜʝʨʞʘʱʠʝ 2,5 ʠ 4 ʤʦʣ.% Gd2O3. ʉʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʘʣʠ ʘʚʪʦʨʳ [33] 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ ZrO2 Y2O3 Gd2O3 (ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʦʢʩʠʜʘ ʠʪʪʨʠʷ ʙʳʣʘ ʧʦʩʪʦʷʥʥʘ ʠ ʩʦʩʪʘʚʣʷʣʘ 3 ʤʦʣ.%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ 

ʛʘʜʦʣʠʥʠʷ ʠʟʤʝʥʷʣʠ ʚ ʧʨʝʜʝʣʘʭ 0-1 ʤʦʣ.%). ʆʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʧʦʚʳʰʝʥʥʦʡ ʦʙʲʝʤʥʦʡ 



25 

 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ZrO2, ʩʦʜʝʨʞʘʱʠʤ 3 ʤʦʣ.% Y2O3 (3YSZ), ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ 

ʦʙʨʘʟʮʳ, ʩʦʜʝʨʞʘʱʠʝ 0,25 ʠ 0,50 ʘʪ.% Gd. ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʘ ʜʣʷ ʊʆʊʕ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʦʩʪʘʚ ʩ ʜʦʙʘʚʢʦʡ 0,25 ʘʪ.% Gd, ʚʚʠʜʫ ʫʜʘʯʥʦʛʦ 

ʩʦʯʝʪʘʥʠʷ ʢʘʢ ʧʦʚʳʰʝʥʥʦʡ ʦʙʲʝʤʥʦʡ, ʪʘʢ ʠ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

3YSZ). 

ɺʚʝʜʝʥʠʝ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʦʢʩʠʜʘ ʤʘʛʥʠʷ (ʜʦ 10 ʤʦʣ.%) ʚ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʥʘ 

ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʪʴ ʠʦʥʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʥʦ ʠ 

ʧʦʚʳʩʠʪʴ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ (ʥʘʧʨʠʤʝʨ, ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ 3YSZ), ʯʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʚʳʩʦʢʠʤʠ ʨʘʙʦʯʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʪʚʝʨʜʳʤʠ ʵʣʝʢʪʨʦʣʠʪʘʤʠ ʚ 

ʩʠʩʪʝʤʝ ZrO2-MgO ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʳ (ʩʤ. ʨʠʩʫʥʦʢ 3), ʩʦʜʝʨʞʘʱʠʝ 8-10 ʤʦʣ.% MgO, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʩʤʝʩʴ ʤʦʥʦʢʣʠʥʥʦʡ ʬʘʟʳ ZrO2 ʠ ʦʢʩʠʜʘ ʤʘʛʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ 800-1000Áʉ [24]. ʆʜʥʘʢʦ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʦʢ ï 

ʦʥʠ ʫʩʪʫʧʘʶʪ ʧʦ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʘʤ ʚ ʩʠʩʪʝʤʝ ZrO2-Y2O3 [34]. ʉ ʮʝʣʴʶ 

ʫʣʫʯʰʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ZrO2-MgO E. Caproni ʠ 

ʩʦʘʚʪʦʨʳ [35] ʚʚʦʜʠʣʠ ʜʦʙʘʚʢʫ 3YSZ, ʧʦʣʫʯʘʷ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʩʦʩʪʘʚʦʚ (ZrO2:8 ʤʦʣ.% MgO)xï

(YSZ)1-x (x = 0,2; 0,4; 0,5; 0,6; 0,8). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚʦʟʨʘʩʪʘʣʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 3YSZ ʠ ʧʨʠ ʭ = 0,2 ʜʦʩʪʠʛʘʣʘ ʤʘʢʩʠʤʫʤʘ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. 

 

 

ʈʠʩʫʥʦʢ 3  ʘ) ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ ZrO2 GdO1,5 [31]; ʙ) ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ 

ZrO2-MgO. ɿʘʰʪʨʠʭʦʚʘʥʥʘʷ ʦʙʣʘʩʪʴ ʦʙʦʟʥʘʯʘʝʪ ʜʠʘʧʘʟʦʥ ʩʦʩʪʘʚʦʚ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʥʘʠʣʫʯʰʠʤʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [24]. 
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1.2.2. ʊʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʥʘ ʦʩʥʦʚʝ CeO2 

 
 
 
ʊʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʦʙʣʘʜʘʶʪ ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝʡ 

ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ (~10
-1
-10

-2
 ʉʤ/ʩʤ), ʯʝʤ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 400-600Üʉ [14, 17]. ɼʘʥʥʳʡ ʬʘʢʪ ʦʙʫʩʣʦʚʣʝʥ ʙʦʣʴʰʠʤ ʠʦʥʥʳʤ 

ʨʘʜʠʫʩʦʤ ʢʘʪʠʦʥʘ Ce
4+ 

(0,87 ¡) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Zr
4+

 (0,84 ¡), ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʬʦʨʤʠʨʫʝʪʩʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʙʦʣʴhʠʤʠ ʢʘʥʘʣʘʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʤʠʛʨʘʮʠʠ ʘʥʠʦʥʦʚ ʆ
2-
. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 600Üʉ ʠ ʥʠʟʢʠʭ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ 

ʢʠʩʣʦʨʦʜʘ ʜʠʦʢʩʠʜ ʮʝʨʠʷ ʣʝʛʢʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ (ʧʦʷʚʣʷʝʪʩʷ ʥʝʩʪʠʭʠʦʤʝʪʨʠʷ ʧʦ ʢʠʩʣʦʨʦʜʫ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ CeO2-ŭ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ. ʋʯʠʪʳʚʘʷ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʰʠʨʦʢʦʤʫ ʨʷʜʫ ʵʣʝʢʪʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʝʛʦ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʧʨʷʤʦʤ ʦʢʠʩʣʝʥʠʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ, ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʤʦʞʥʦ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ (ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ 400-600Üʉ, Pʆ2 = 

1-10
-19

 ʘʪʤ) ʜʣʷ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ (ʉʊ) ʊʆʊʕ [36]. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʤʠʨʦʚʦʡ 

ʵʥʝʨʛʝʪʠʢʠ. ɼʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʊʆʊʕ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʳʡ ʢʨʫʛ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʧʨʦʩʪʠʪʴ 

ʢʦʥʩʪʨʫʢʮʠʶ ʪʦʧʣʠʚʥʳʭ ʷʯʝʝʢ, ʫʚʝʣʠʯʠʪ ɹʩʨʦʢ ʩʣʫʞʙʳ ʚʩʣʝʜʩʪʚʠʝ ʟʘʤʝʜʣʝʥʠʷ ʜʝʛʨʘʜʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʦʚʳʩʠʪɹ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʜʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ [37, 

38]. ʇʨʠ ʩʦʟʜʘʥʠʠ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʜʣʷ ʉʊ ʊʆʊʕ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʠʦʢʩʠʜ 

ʮʝʨʠʷ, ʣʝʛʠʨʦʚʘʥʥʳʡ ʦʢʩʠʜʘʤʠ ʈɿʕ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʤʘʪʝʨʠʘʣʳ ʚ ʩʠʩʪʝʤʝ CeO2ïGd2O3 [39, 40], ʪʘʢ ʢʘʢ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʚ ʩʠʩʪʝʤʝ CeO2ïY2O3 ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʦʯʝʪʘʶʪ 

ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ [41, 42]. ʏʘʱʝ ʚʩʝʛʦ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʉʊ ʊʆʊʕ ʠʩʧʦʣʴʟʫʶʪ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʥʘ ʦʩʥʦʚʝ CeO2, 

ʩʦʜʝʨʞʘʱʠʝ 10-20 ʤʦʣ.% Y2O3 ʠʣʠ Gd2O3. ʇʦ ʜʘʥʥʳʤ Y.-P. Fu [43] ʚ ʦʙʣʘʩʪʠ 0-12 ʤʦʣ.% Y2O3 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800 Üʉ ʩʫʱʝʩʪʚʫʝʪ ʢʫʙʠʯʝʩʢʠʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʪʠʧʘ ʬʣʶʦʨʠʪʘ ʥʘ ʦʩʥʦʚʝ 

CeO2 (ʧʨ. ʛʨ. Fm3m), ʘ ʟʘʪʝʤ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʘ ʠʪʪʨʠʷ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʫʙʠʯʝʩʢʠʭ CeO2 ʠ Y2O3 (ʧʨ. ʛʨ. Ia3) ï ʨʠʩʫʥʦʢ 4. ɻʨʘʥʠʮʳ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʩʠʩʪʝʤʝ CeO2ïGd2O3 ʫ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ ʥʝ 

ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʶʪ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʨʘʙʦʪʝ C. Rockenhªuser [44], ʧʨʠ 800Üʉ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʬʣʶʦʨʠʪʘ (ʧʨ. ʛʨ. Fm3m) ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʯʠʩʪʦʛʦ 
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ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʜʦ ~ 29 ʤʦʣ.% Gd2O3, ʘ ʦʪ 29 ʜʦ ~ 78 ʤʦʣ.% Gd2O3 ʬʦʨʤʠʨʫʝʪʩʷ ʩʤʝʩʴ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʬʣʶʦʨʠʪʘ ʠ ʙʠʢʩʙʠʠʪʘ (ʧʨ. ʛʨ. Ia3).  

 
 

ʈʠʩʫʥʦʢ 4  ʌʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤ rʩʠʩʪʝʤ CeO2-Y2O3 (ʘ) [43] ʠ CeO2-Gd2O3 (ʙ) [44]. 

ʇʨʠ ʵʪʦʤ B. Zhu ʠ ʢʦʣʣʝʛʠ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ [45] ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʦʭʨʘʥʷʝʪʩʷ ʪʘʢʞʝ ʠ ʚ ʜʚʫʭʬʘʟʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʦʥʥʫʶ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʩʠʩʪʝʤʘʭ CeO2ïGd2O3 ʠ CeO2ïY2O3, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʤ ʟʘʤʝʱʝʥʠʠ ʢʘʪʠʦʥʦʚ ʉʝ
4+

 ʥʘ Gd
3+

 ʠʣʠ Y
3+

 ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʢʚʘʟʠʭʠʤʠʯʝʩʢʠʤ 

ʫʨʘʚʥʝʥʠʝʤ, ʘʥʘʣʦʛʠʯʥʳʤ ʫʨʘʚʥʝʥʠʶ (2) (ʩʤ. ʧ. 1.3.1.). 

 
 
 

1.3. ʇʨʦʪʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ. ʄʘʪʝʨʠʘʣʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ 
 
 
 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʩʝ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʘʪʝʨʠʘʣʳ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʦʪʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʣʠʰʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʪʘʢʪʘ ʩʦ ʩʨʝʜʦʡ, 

ʩʦʜʝʨʞʘʱʝʡ ʚʦʜʦʨʦʜ ʠʣʠ ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʛʘʟʳ. ɺ ʪʘʢʠʭ ʧʨʦʪʦʥʥʳʭ ʧʨʦʚʦʜʥʠʢʘʭ ʠʦʥʳ 

ʚʦʜʦʨʦʜʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʜʝʬʝʢʪʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʥʝʰʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ  ʪʝʤʧʝʨʘʪʫʨʦʡ, ʧʘʨʮʠʘʣʴʥʳʤʠ ʜʘʚʣʝʥʠʷʤʠ ʛʘʟʦʚ ʠ ʪ.ʜ [14]. ɼʘʥʥʳʡ ʢʣʘʩʩ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘʟʳʚʘʶʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʧʨʦʪʦʥʥʳʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ ï ɺʊʇʇ (ʜʠʘʧʘʟʦʥ 

ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ 400-1000Üʉ). ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʥʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʚʢʣʶʯʘʷ ʩʝʥʩʦʨʳ ʥʘ ʚʦʜʦʨʦʜ, ʨʝʘʢʪʦʨʳ (ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʤʤʠʘʢʘ, 

ʚʦʜʦʨʦʜʘ, ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʟʰʠʭ ʘʣʢʘʥʦʚ), ʵʣʝʢʪʨʦʣʠʟʝʨʳ ʠ ʊʆʊʕ [46, 47]. ʄʘʪʝʨʠʘʣʳ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ ABO3 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʫʶ ʛʨʫʧʧʫ ɺʊʇʇ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʝʚʦʩʭʦʜʥʳʝ ʩʦʯʝʪʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʚʳʩʦʢʫʶ ʧʨʦʪʦʥʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʘ ʪʘʢʞʝ 
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ʪʝʨʤʠʯʝʩʢʫʶ ʠ ʭʠʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ [48]. ʉ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʚ ʢʘʪʠʦʥʥʫʶ ɺ-ʧʦʜʨʝʰʝʪʢʫ ʧʝʨʦʚʩʢʠʪʦʚ ʚʚʦʜʷʪ ʘʢʮʝʧʪʦʨʥʳʝ ʧʨʠʤʝʩʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʵʪʦʤ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʤʦʛʫʪ ʙʳʪʴ 

ʟʘʧʠʩʘʥʳ ʚ ʚʠʜʝ ʦʙʱʝʡ ʬʦʨʤʫʣʳ AB1-xMxO3-ŭ, ʛʜʝ A ï ʑɿʕ (ʢʘʢ ʧʨʘʚʠʣʦ, Ba
2+

, Sr
2+

 ʠʣʠ Ca
2+

), ɺ 

ï ʵʣʝʤʝʥʪ ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ +4 (Ti
4+

, Zr
4+

, Th
4+

, Hf
4+

, Ce
4+

), M ï ʵʣʝʤʝʥʪ ʩ ʤʝʥʴʰʝʡ (ʯʝʤ ʫ 

ɺ) ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ, ʯʘʱʝ ʚʩʝʛʦ +2 ʠʣʠ +3 (ʢʘʢ ʧʨʘʚʠʣʦ ʈɿʕ). ɺ ʩʫʭʦʡ ʘʪʤʦʩʬʝʨʝ ʪʘʢʠʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʠʩʣʦʨʦʜʥʦ-ʜʳʨʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʘ ʚ ʩʨʝʜʝ, 

ʩʦʜʝʨʞʘʱʝʡ ʚʦʜʦʨʦʜ ʠʣʠ ʧʘʨʳ ʚʦʜʳ ʚ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʦʪʦʥʥʳʝ 

(ʚʦʜʦʨʦʜʥʳʝ) ʜʝʬʝʢʪʳ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʧʦʷʚʣʝʥʠʝ ʧʨʦʪʦʥʥʦʛʦ ʪʠʧʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʦʛʣʘʩʥʦ 

ʢʚʘʟʠʭʠʤʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ: 

   H2O(ʛ) + Vέ
ɆɆ+ ὕέ ź 2(ὕὌ)έ

Ɇ          (3) 

Ὄ2 + 2ὬɆ ᴾ 2ὌὭ
Ɇ,         (4) 

ʛʜʝ Vέ
ɆɆ  ʢʠʩʣʦʨʦʜʥʘʷ ʚʘʢʘʥʩʠʷ, ὕέ  ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʛʫʣʷʨʥʦʤ ʫʟʣʝ ʩ ʥʝʡʪʨʘʣʴʥʳʤ 

ʟʘʨʷʜʦʤ, (ὕὌ)έ
Ɇ  ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʛʨʫʧʧʘ ʚ ʧʦʜʨʝʰʝʪʢʝ ʢʠʩʣʦʨʦʜʘ ʩ ʵʬʬʝʢʪʠʚʥʳʤ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ, ὬɆ  ʜʳʨʢʘ, 2ὌὭ
Ɇ-ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʚ ʤʝʞʜʦʫʟʣʠʠ ʩ ʵʬʬʝʢʪʠʚʥʳʤ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ [46, 48-49]. 

 
 
 

1.4. ʊʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʥʘ ʦʩʥʦʚʝ ʮʝʨʘʪʦʚ ʠ ʮʠʨʢʦʥʘʪʦʚ ʙʘʨʠʷ 
 
 
 
ʉʨʝʜʠ ɺʊʇʇ ʚʳʩʦʢʠʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʥʘ ʦʩʥʦʚʝ ʮʝʨʘʪʘ ʙʘʨʠʷ 

(BaCeO3), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʪʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʙʘʨʠʡʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʴʰʠʤʠ ʠʦʥʥʳʤʠ ʨʘʜʠʫʩʘʤʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʢʘʪʠʦʥʦʚ ʚ ɸ ʠ ɺ-ʧʦʜʨʝʰʝʪʢʘʭ ʚʝʱʝʩʪʚ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ ABO3, ʘ 

ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʚʢʣʘʜʦʤ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʦʙʱʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ [49, 

50]. 

ʎʝʨʘʪ ʙʘʨʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʞʝʪ ʧʨʝʪʝʨʧʝʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ, ʦʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʦʙ ʠʭ ʪʦʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. 

ɺ ʨʘʙʦʪʝ ɼ. ʄʝʜʚʝʜʝʚʘ ʠ ʢʦʣʣʝʛ [49] ʜʘʥ ʦʙʟʦʨ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠ.̫ ʉʦʛʣʘʩʥʦ 

ʫʢʘʟʘʥʥʦʤʫ ʦʙʟʦʨʫ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʠʙʦʣʝʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʦʡ ʜʣʷ 

BaCeO3 ʷʚʣʷʝʪʩʷ ʦʨʪʦʨʦʤʙʠʯʝʩʢʘ ̫ʩʪʨʫʢʪʫʨʘ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ (ʧʨ. ʛʨ. Pmcn), ʧʨʠ 257-300Üʉ 

ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ II ʨʦʜʘ (Pmcn Ÿ Incn), ʘ ʟʘʪʝʤ, ʧʨʠ 357-400Üʉ ï ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ I 
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ʨʦʜʘ ʚ ʨʦʤʙʦʵʜʨʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ (ʧʨ. ʛʨ. F32/n). ʅʘʢʦʥʝʮ, ʧʨʠ 880-907Üʉ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ II  ʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʚ ʢʫʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ (Pm3m). ɺʚʝʜʝʥʠʝ 

ʘʢʮʝʧʪʦʨʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʢʘʪʠʦʥʥʫʶ ɺ-ʧʦʜʨʝʰʝʪʢʫ BaCeO3 ʧʦʟʚʦʣʷʝʪ ʚʣʠʷʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘ ʝʛʦ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʝʛʦ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. 

ʊʘʢ, S. Yamaguchi ʠ ʢʦʣʣʝʛʠ [51], ʠʩʩʣʝʜʫʷ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ BaCe1-xYbxO3-ŭ, (x = 0,1ï0,2), 

ʦʪʤʝʯʘʣʠ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʪʪʝʨʙʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚʪʦʨʦʛʦ ʨʦʜʘ ʠ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʝʨʚʦʛʦ ʨʦʜʘ. 

ʇʨʠ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʤ ʟʘʤʝʱʝʥʠʠ ʮʝʨʘʪʘ ʙʘʨʠʷ ʦʙʨʘʟʦʚʘʥʠʝ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ ʚ ʘʥʠʦʥʥʦʡ 

ʧʦʜʨʝʰʝʪʢʝ ʦʧʠʩʳʚʘʝʪʩʷ ʢʚʘʟʠʭʠʤʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʘʥʘʣʦʛʠʯʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤ (1) ʠ (2) 

(ʩʤ. ʧ. 1.3.1). ɺ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ ʠʣʠ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʮʝʨʘʪʘ ʙʘʨʠʷ ʤʦʛʫʪ 

ʠʤʝʪʴ ʩʤʝʰʘʥʥʳʡ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʳʡ (ʧʦ ʚʘʢʘʥʩʠʷʤ ʢʠʩʣʦʨʦʜʘ) ʠ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʡ ʪʠʧ 

ʧʨʦʚʦʜʠʤʦʩʪʠ[14, 49]: 

    ὠέ
ɆɆ+ 1/ 2ὕ2 ᴾὕ2 + 2ὬɆ,     (5) 

ɺ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ ʚʦʜʦʨʦʜ ʠʣʠ ʧʘʨʳ ʚʦʜʳ ʧʨʦʪʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚ ʪʘʢʠʭ 

ʵʣʝʢʪʨʦʣʠʪʘʭ ʦʧʠʩʳʚʘʝʪʩʷ ʢʚʘʟʠʭʠʤʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ (3) ʠ (4). ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʧʨʦʪʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

BaCeO3 ʷʚʣʷʝʪʩʷ ʠʭ ʥʠʟʢʘʷ ʭʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʦ ʚʣʘʞʥʦʡ ʩʨʝʜʝ ʠ ʘʪʤʦʩʬʝʨʝ, 

ʩʦʜʝʨʞʘʱʝʡ CO2, H2S, SO2 [50, 3].  

ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʮʠʨʢʦʥʘʪʘ ʙʘʨʠʷ (BaZrO3) ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ɺʊʇʇ, ʪʘʢ ʢʘʢ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʚʝʨʜʳʤʠ ʵʣʝʢʪʨʦʣʠʪʘʤʠ ʥʘ ʦʩʥʦʚʝ BaCeO3. ʎʠʨʢʦʥʘʪ ʙʘʨʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʣʘʜʘʝʪ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʧʨ. ʛʨ. Pm3m) ʠ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʜʠʘʛʨʘʤʤʳ 

ʩʦʩʪʦʷʥʠʷ (ʨʠʩʫʥʦʢ 5), ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ɺʊʇʇ. BaZrO3 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʯʝʥʴ ʫʟʢʦʡ ʦʙʣʘʩʪʴʶ ʛʦʤʦʛʝʥʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ (~2620Áʉ), ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ [52, 53]. ʆʜʥʘʢʦ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʥʘ ʦʩʥʦʚʝ 

ʮʠʨʢʦʥʘʪʘ ʙʘʨʠʷ ʦʙʣʘʜʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ï ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʠʭ 

(>1500Áʉ) ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʡ ʢʝʨʘʤʠʢʠ, ʯʪʦ ʤʦʞʝʪ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʠʩʧʘʨʝʥʠʝʤ ʦʢʩʠʜʘ ʙʘʨʠʷ ʠ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʞʘʪʴʩʷ ʥʘ ʫʨʦʚʥʝ ʧʨʦʪʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ [47, 54].  

ɼʦʩʪʠʞʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʩʦ-ʜʦʧʘʥʪʦʚ (Zr
4+

, Y
3+
) ʚ ʢʘʪʠʦʥʥʫʶ B-

ʧʦʜʨʝʰʝʪʢʫ BaCeO3 [3, 54]. ʀʤʝʶʱʠʝʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʭʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ BaCe0,9-xZrxY0,1O3-ŭ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 
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ʩʦʜʝʨʞʘʥʠʷ ʮʠʨʢʦʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʝʣʠʯʠʥʘ ʧʨʦʪʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʝʨʠʷ [55, 56]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʮʠʨʢʦʥʠʷ ʚ ʪʘʢʠʭ 

ʩʣʦʞʥʳʭ ʦʢʩʠʜʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʣʦʥʥʦʩʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʫʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ, ʘ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʟʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʠʣʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ [54-55, 57-59]. 

 

ʈʠʩʫʥʦʢ 5  ʌʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʩʠʩʪʝʤʳ BaO ï ZrO2 [52]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʢʘ ʥʝ ʙʳʣʦ ʥʘʡʜʝʥʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ, ʪʘʢ ʢʘʢ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʜʣʷ 

ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʩʦʩʪʘʚʦʚ, ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ [60, 61]. ʕʪʦ ʩʚʷʟʘʥʦ, ʚʝʨʦʷʪʥʦ, ʩ ʪʝʤ, 

ʯʪʦ ɻʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʠ ʢʦʥʩʦʣʠʜʘʮʠʠ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ, ʧʣʦʪʥʦʩʪʴʶ ʧʦʣʫʯʝʥʥʦʡ 

ʢʝʨʘʤʠʢʠ, ʘ ʪʘʢʞʝ ʝʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʥʝ ʚʩʝʛʜʘ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʫ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ [54-55, 57-59]. 

 
 
 

1.5. ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʪʚʨyʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 
 
 
 

ɺʣʠʷʥʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʦʙʳʯʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʦʜʚʠʞʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ 

ʠʭ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʦʙʨʘʟʦʚʘʥʠʝ ʦʜʠʥʦʯʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʧʨʦʩʪʝʡʰʠʭ ʧʘʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʩʠʪʫʘʮʠʷ ʦʙʩʪʦʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ: ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 
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ʜʝʥʴ ʦʪʩʫʪʩʪʚʫʶʪ ʯʝʪʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʦʧʠʨʘʷʩʴ ʥʘ ʢʦʪʦʨʳʝ, ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʫʧʨʘʚʣʷʪʴ ʵʪʦʡ 

ʚʝʣʠʯʠʥʦʡ. ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʬʘʢʪʦʨʦʚ ʠ ʝʝ ʟʥʘʯʝʥʠʷ ʥʝ ʚʩʝʛʜʘ 

ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʚʥʦʩʠʪ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʵʪʠ ʚʝʣʠʯʠʥʳ ʩʚʷʟʘʥʳ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ [13, 25]. ʅʠʞʝ ʥʘ ʧʨʠʤʝʨʝ ʦʢʩʠʜʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. 

 
 
 

1.5.1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 
 
 
 
ʇʨʠ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʤ ʟʘʤʝʱʝʥʠʠ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʬʣʶʦʨʠʪʘ ʢʘʪʠʦʥʘʤʠ ʩ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʟʘʤʝʱʝʥʠʷ, ʚ 

ʢʦʪʦʨʳʭ ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʵʣʝʢʪʨʦʡʥʝʪʨʘʣʴʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʢʠʩʣʦʨʦʜʥʳʝ ʚʘʢʘʥʩʠʠ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ɺʣʠʷʥʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (ʨʘʟʣʠʯʠʷ ʚ ʠʦʥʥʳʭ ʨʘʜʠʫʩʘʭ ʜʦʧʘʥʪʦʚ ʠ ʘʪʦʤʦʚ ʚ ʨʝʛʫʣʷʨʥʳʭ ʫʟʣʘʭ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ) ʥʘ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʤʘʪʝʨʠʘʣʘʭ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʬʣʶʦʨʠʪʘ ʥʝʦʜʥʦʢʨʘʪʥʦ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚ ʣʠʪʝʨʘʪʫʨʝ [25, 62-65]. ɹʳʣʦ ʚʳʜʚʠʥʫʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʠʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʦʡ 

ʪʠʧʘ ʬʣʶʦʨʠʪʘ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʤʝʥʴʰʝ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʠʦʥʥʳʤʠ ʨʘʜʠʫʩʘʤʠ ʢʘʪʠʦʥʘ ʦʩʥʦʚʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠ ʜʦʧʘʥʪʘ [63, 64]. ʆʜʥʘʢʦ, ʪʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʚʦ ʚʩʝʭ ʩʪʨʫʢʪʫʨʘʭ ʪʠʧʘ 

ʬʣʶʦʨʠʪʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʨʘʜʠʫʩʘ ʧʨʠʤʝʩʥʦʛʦ ʢʘʪʠʦʥʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʠʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʯʠʩʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʝ ʦʙʲʷʩʥʷʝʪ ʠʟʤʝʥʝʥʠ ̫

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʠʟʦʩʪʨʫʢʪʫʨʥʦʤ ʨʷʜʫ ʦʢʩʠʜʦʚ ZrO2 HfO2 CeO2 ThO2, ʩʦʜʝʨʞʘʱʠʭ 

ʦʜʠʥʘʢʦʚʳʝ ʜʦʧʘʥʪʳ [13, 62, 65]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʥʘ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʛʨʫʙʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʜʣʷ 

ʦʮʝʥʢʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʢʩʠʜʥʳʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ.  

ʂʦʥʮʝʥʪʨʘʮʠʷ ʜʦʧʘʥʪʦʚ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʦʥʥʫʶ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. ʉʦʛʣʘʩʥʦ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʪʝʦʨʠʠ, ʚʝʣʠʯʠʥʘ ʠʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʦʣʞʥʘ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʪʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʜʦʧʘʥʪʘ. ʆʜʥʘʢʦ, ʜʣʷ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʬʣʶʦʨʠʪʘ ʵʪʦʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠ ʤʘʢʩʠʤʫʤ ʠʭ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʧʦʨʷʜʢʘ 

4-20 ʤʦʣ.%) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ 

ʜʦʧʘʥʪʘ. ʊʘʢʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʜʦʙʘʚʦʢ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʜʝʬʝʢʪʦʚ ʤʝʞʜʫ ʩʦʙʦʡ (ʢʘʪʠʦʥ-ʚʘʢʘʥʩʠʷ, ʚʘʢʘʥʩʠʷ-ʚʘʢʘʥʩʠʷ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 
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ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʨʥʳʤʠ ʘʩʩʦʮʠʘʪʘʤʠ), ʩʥʠʞʘʶʱʠʭ ʧʦʜʚʠʞʥʦʩʪʴ 

ʚʘʢʘʥʩʠʡ [13, 67, 68]. ʕʥʝʨʛʠʷ ʩʚʷʟʠ ʚ ʜʘʥʥʳʭ ʩʣʦʞʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝ ʪʦʣʴʢʦ 

ʢʫʣʦʥʦʚʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʥʦ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʦʤʧʦʥʝʥʪ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʝʣʘʢʩʘʮʠʝʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚʦʢʨʫʛ ʜʝʬʝʢʪʘ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʦʥʥʳʤ 

ʨʘʜʠʫʩʦʤ, ʵʬʬʝʢʪʠʚʥʳʤ ʟʘʨʷʜʦʤ ʠ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ ʣʝʛʠʨʫʶʱʠʭ ʤʝʪʘʣʣʦʚ [36, 66-68]. ʂʨʦʤʝ 

ʪʦʛʦ, ʘʚʪʦʨʳ [36] ʠ [66] ʦʪʤʝʯʘʶʪ, ʯʪʦ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʧʦʜʚʠʞʥʦʩʪʠ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ ʚ 

ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʚ ʥʠʟʢʦ- (350-600Üʉ) ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ (> 600Üʉ) 

ʜʠʘʧʘʟʦʥʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʊʘʢ, ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʝʣʠʯʠʥʘ 

ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʵʥʪʘʣʴʧʠʠ ʘʩʩʦʮʠʘʮʠʠ ʢʘʪʠʦʥ-ʚʘʢʘʥʩʠʷ (ȹHa) ʠ 

ʤʠʛʨʘʮʠʦʥʥʦʡ ʵʥʪʘʣʴʧʠʠ (ȹHm). ʇʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʢʣʘʜ ʵʥʪʘʣʴʧʠʠ ʘʩʩʦʮʠʘʮʠʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʢʠʩʣʦʨʦʜʥʳʝ ʚʘʢʘʥʩʠʠ ʩʪʘʥʦʚʷʪʩʷ ʩʚʦʙʦʜʥʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʘʷ 

ʚʝʣʠʯʠʥʘ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʦʜʚʠʞʥʦʩʪʠ ʚʘʢʘʥʩʠʡ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʠʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʣʘʜʘʪʴ ʣʠʰʴ ʵʥʝʨʛʠʝʡ ȹHm [36, 66]. 

 
 
 

1.5.2. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʣʠʪʘ 
 
 
 
ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ (ʩʤ. ʧ. 1.2.6), ʧʨʠʤʝʥʝʥʠʝ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʊʆʊʕ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʚʳʩʠʪʴ 

ʤʦʱʥʦʩʪʴ ʪʦʧʣʠʚʥʦʡ ʷʯʝʡʢʠ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʝʝ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʊʘʢ, 

ʩʦʛʣʘʩʥʦ [69] ʫʤʝʥʴʰʝʥʠʝ ʪʦʣʱʠʥʳ ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʢʩʠʜʦʤ ʠʪʪʨʠʷ, ʜʦ 10 ʤʢʤ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʙʦʯʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 

700-800Üʉ. ʈʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʪʦʣʱʠʥʳ ʪʚʝʨʜʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʝʛʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. ɺ 

ʨʘʙʦʪʝ [70] ʤʝʪʦʜʦʤ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʨʦʰʢʠ ʩʦʩʪʘʚʘ 8YSZ, ʠʟ 

ʢʦʪʦʨʳʭ ʩ ʧʦʤʦʱʴʶ ʭʦʣʦʜʥʦʛʦ ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ ʧʨʠ 

1873ʂ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʪʦʣʱʠʥʦʡ ʦʪ 150 ʤʢʤ ʜʦ 1,2 ʤʤ ʠ ʧʦʩʪʦʷʥʥʳʤ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (363-473ʂ) ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ 

ʵʣʝʢʪʨʦʣʠʪʘ ʥʘʙʣʶʜʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʦʙʲʝʤʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪ 0,2 ʜʦ 

0,05 ʵɺ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (473-733ʂ) ʦʪʤʝʯʘʣʦʩʴ ʧʦʚʳʰʝʥʠʝ Ea ʦʪ 

1,07 ʜʦ 1,11 ʵɺ c ʫʚʝʣʠʯʝʥʠʝʤ ʝʛʦ ʪʦʣʱʠʥʳ. ɺʢʣʘʜ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʦʙʱʫʶ ʥʝ 

ʦʮʝʥʠʚʘʣʩʷ. ɸʚʪʦʨʳ [71] ʠʩʩʣʝʜʦʚʘʣʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʦʩʪʘʚʘ 

Ce0,8Sm0,1Nd0,1O1,9, ʥʘ ʦʩʥʦʚʝ ʧʦʨʦʰʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʮʠʪʨʘʪ-ʥʠʪʨʘʪʥʳʤ ʤʝʪʦʜʦʤ, ʩ ʠʭ 

ʧʦʩʣʝʜʫʶʱʠʤ ʭʦʣʦʜʥʳʤ ʧʨʝʩʩʦʚʘʥʠʝʤ ʠ ʩʧʝʢʘʥʠʝʤ ʧʨʠ 1400Üʉ. ʊʦʣʱʠʥʘ ʧʦʣʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 200-900 ʤʢʤ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʠʦʥʥʦʡ 
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ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠ 500Üʉ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 1,34 ʜʦ 2,29 ʤʉʤ/ʩʤ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʪʦʣʱʠʥʳ 

ʵʣʝʢʪʨʦʣʠʪʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʢʣʘʜʘ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʦʙʱʫʶ 

ʧʨʦʚʦʜʠʤʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʣʫʯʘʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʦʙʲʝʤʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘʙʣʶʜʘʣʘʩʴ 

ʦʙʨʘʪʥʘʷ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʘʥʥʳʤʠ [70]) ʟʘʚʠʩʠʤʦʩʪʴ: ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 350Üʉ Ea 

ʦʙʲʝʤʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʘʜʘʝʪ ʦʪ 0,93 ʜʦ 0,88 ʵɺ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʪʦʣʱʠʥʳ ʵʣʝʢʪʨʦʣʠʪʘ, ʪʦʛʜʘ 

ʢʘʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 350Üʉ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʧʘʜʘʝʪ ʦʪ 0,82 ʜʦ 0,75 ʵɺ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʝʛʦ ʪʦʣʱʠʥʳ. Kosacki ʠ ʢʦʣʣʝʛʠ [72] ʠʩʩʣʝʜʦʚʘʣʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ 

ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ 9,5 ʤʦʣ.% ʦʢʩʠʜʘ ʠʪʪʨʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʠʤʧʫʣʴʩʥʳʤ 

ʣʘʟʝʨʥʳʤ ʥʘʧʳʣʝʥʠʝʤ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʢʘʭ MgO. ʊʦʣʱʠʥʘ ʧʣʝʥʦʢ 

ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 15 ʥʤ ʜʦ 2 ʤʢʤ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʪʦʣʱʠʥ ʦʪ 60 ʥʤ 

ʜʦ 2 ʤʢʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 400-800Üʉ ʚʝʣʠʯʠʥʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʘʜʘʣʘ ʧʨʠʤʝʨʥʦ ʥʘ ʦʜʠʥ 

ʧʦʨʷʜʦʢ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʪʦʣʱʠʥʘʭ ʧʣʝʥʦʢ ʤʝʥʝʝ 60 ʥʤ 

ʥʘʙʣʶʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (ʥʘ ~ 2 ʧʦʨʷʜʢʘ), ʜʦʩʪʠʛʘʚʰʝʡ 

ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʪʦʣʱʠʥʝ ʵʣʝʢʪʨʦʣʠʪʘ 15 ʥʤ (ů800Üʉ = 0,6 ʉʤ/ʩʤ). ʅʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ ʚ ʩʣʫʯʘʝ 

ʧʣʝʥʦʢ ʪʦʣʱʠʥʦʡ ʤʝʥʝʝ 60 ʥʤ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʣʠ ʩ ʚʦʟʤʦʞʥʳʤ ʚʢʣʘʜʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ MgO/YSZ ʚ ʦʙʱʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. ʀʩʩʣʝʜʦʚʘʥʠʝ Jiang ʠ ʢʦʣʣʝʛ [73] 

ʪʘʢʞʝ ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ ʧʦʣʫʯʝʥʠʶ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ ʦʩʥʦʚʝ ZrO2 ʩ ʜʦʙʘʚʢʘʤʠ 9 ʠ 14 

ʤʦʣ.% Y2O3 ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʢʘʭ MgO. ʆʜʥʘʢʦ, ʧʦʣʫʯʝʥʥʳʝ ʠʤʠ ʨʝʟʫʣʴʪʘʪʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [72]. ʉʦʛʣʘʩʥʦ [73], ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʪʦʛʦ ʷʚʣʷʣʠʩʴ ʣʠ ʧʦʣʫʯʝʥʥʳʝ ʧʣʝʥʢʠ ʵʧʠʪʘʢʩʠʘʣʴʥʳʤʠ ʠʣʠ ʞʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ, ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʠʭ ʪʦʣʱʠʥʳ ʦʪ 50 ʜʦ 12 ʥʤ, ʚʝʣʠʯʠʥʘ ʠʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʘʜʘʣʘ ʚ 3-7 ʨʘʟ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʠ ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʚʝʣʠʯʠʥʫ ʝʛʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʦʜʥʦʟʥʘʯʥʦ ʦʮʝʥʠʪʴ ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ, ʚʚʠʜʫ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʛʨʫʧʧ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʠ ʧʨʦʪʠʚʦʨʝʯʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʪʯʘʩʪʠ ʩʚʷʟʘʥʳ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʨʷʜʘ ʥʝʫʯʪʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ï ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʤʝʪʦʜʘ ʠ ʫʩʣʦʚʠʡ 

ʩʠʥʪʝʟʘ, ʢʦʥʩʦʣʠʜʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʣʦʪʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ.  

 
 
 

1.5.3. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʵʣʝʢʪʨʦʣʠʪʘ 
 
 
 
ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘ ʧʨʘʢʪʠʢʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʊʆʊʕ, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ (ʛʝʪʝʨʦʛʝʥʥʳʝ), ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʙʲʝʤʥʦʡ ʠ ʤʝʞʟʝʨʝʥʥʦʡ ʬʘʟ [12, 13]. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʘʟʣʠʯʥʳʤ ʟʥʘʯʝʥʠʷʤ 
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ʦʙʲʝʤʥʦʡ ʠ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʙʱʝʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ [25]. ʋʚʝʣʠʯʝʥʠʶ 

ʦʙʲʝʤʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

[74], ʘ ʪʘʢʞʝ ʨʦʩʪ ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ [75]. ʅʘ ʚʝʣʠʯʠʥʫ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʢʩʠʜʥʳʭ 

ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ: ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ (ʩʤ. 

ʧ. 3.4), ʨʘʟʤʝʨ ʟʝʨʝʥ (ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʟʤʝʨʥʳʡ ʵʬʬʝʢʪ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʚ ʨʘʟʜʝʣʝ 3.5), 

ʧʣʦʱʘʜʴ ʛʨʘʥʠʮ ʟʝʨʝʥ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʨʝʤʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ [12, 74-78]. ʊʘʢ, ʚ ʨʘʙʦʪʝ 

[74] ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʦʩʪʘʚʘ 8YSZ ʤʘʢʩʠʤʫʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦ ʛʨʘʥʠʮʘʤ 

ʟʝʨʝʥ (ůgb = 1,0-2,1Ŀ10
-4
 ʉʤ/ʩʤ ʧʨʠ 420Üʉ) ʥʘʙʣʶʜʘʣʩʷ ʫ ʦʙʨʘʟʮʦʚ, ʦʙʦʞʞʝʥʥʳʭ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ 1150-1350Üʉ. ʆʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʞʠʛʘ (1400-

1450Üʉ) ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʦʙʱʝʡ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʟʘ ʩʯʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʚʢʣʘʜʘ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ůgb = 1,9-1,8Ŀ10
-4
 ʉʤ/ʩʤ ʧʨʠ 

420Üʉ). ʇʦʜʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʪʘʢʞʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

ʚ ʩʠʩʪʝʤʘʭ CeO2-Gd2O3 [75] ʠ CeO2-Y2O3 [78]. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʜʝʨʞʢʘ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 4-12 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ (ʥʘ ~5% ʧʨʠ 420Üʉ) ʩʥʠʞʝʥʠʶ 

ʚʝʣʠʯʠʥʳ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʦʩʪʘʚʘ 8YSZ [74], ʜʘʣʴʥʝʡʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ~ 2 ʨʘʟʘ 

[76]. ɺʝʣʠʯʠʥʘ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʚ ʪʚʝʨʜʦʤ ʵʣʝʢʪʨʦʣʠʪʝ ʤʦʞʝʪ ʙʳʪʴ 

ʙʦʣʴʰʝ ʠʣʠ ʤʝʥʴʰʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦ ʦʙʲʝʤʫ ʟʝʨʝʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʮʝʩʩʦʚ ʩʝʛʨʝʛʘʮʠʠ 

ʜʦʧʘʥʪʦʚ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʛʨʘʥʠʮ ʟʝʨʝʥ [12, 78-80]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʛʨʝʛʘʮʠʷ 

ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʠʟ ʦʙʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʢ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʯʘʩʪʠʯʥʦʤʫ ʠʣʠ ʧʦʣʥʦʤʫ ʙʣʦʢʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʯʝʨʝʟ ʛʨʘʥʠʮʳ ʟʝʨʝʥ. ɺ 

ʨʘʙʦʪʘʭ [78, 79] ʚʳʜʚʠʛʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʨʦʮʝʩʩʘʤ ʩʝʛʨʝʛʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪ 

ʟʝʨʝʥ ʚ ʧʨʦʮʝʩʩʝ ʦʙʞʠʛʘ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʝʪʦʜʳ ʢʦʥʩʦʣʠʜʘʮʠʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʦʩʪ ʟʝʨʝʥ ʠ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪ ɹ ʧʦʣʫʯʘʝʤʳʭ ʪʚʝʨʜʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ. ʊʘʢʞʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʚʚʦʜʷʪ ʜʦʙʘʚʢʠ ʦʢʩʠʜʦʚ ʑɿʕ. ʊʘʢ, ʚ ʨʘʙʦʪʝ P.-S. Cho [80] ʠ ʢʦʣʣʝʛ ʚ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʩʦʩʪʘʚʘ 

Ce0,9Gd0,1O1,95 ʜʦʙʘʚʣʷʣʠ 2 ʤʦʣ.% ʉʘʆ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ (ʚ ~50 ʨʘʟ) 

ʧʦʚʳʰʝʥʠʝ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʦʡ ʵʬʬʝʢʪ ʘʚʪʦʨʳ 

ʦʙʲʷʩʥʷʶʪ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʛʨʘʥʠʮ ʟʝʨʝʥ ʪʚʝʨʜʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ: ʧʨʦʠʩʭʦʜʠʪ ʝʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʯʝʪʢʠʭ ʛʨʘʥʠʮ ʟʝʨʝʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʨʴʠʨʫʷ ʧʘʨʘʤʝʪʨʳ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨ r ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʚʝʣʠʯʠʥʫ ʠʭ ʦʙʱʝʡ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʥʦʛʦ ʠʣʠ ʟʝʨʥʦʛʨʘʥʠʯʥʦʛʦ ʚʢʣʘʜʦʚ. 
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1.5.4. ʇʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠʪʘ 
 
 
 

ʕʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢʞʝ ʧʣʦʪʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ. ʇʦʨʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ 

ʦʙʨʘʟʮʝ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʬʘʟʫ (ʥʘʨʷʜʫ ʩ ʟʝʨʥʘʤʠ ʠ ʠʭ ʛʨʘʥʠʮʘʤʠ, ʩʤ. 

ʧ. 3.3). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʥʦ ʤʳ ʙʫʜʝʤ ʠʤʝʪʴ ʜʝʣʦ ʫʞʝ ʩ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʦʡ [12]. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʩʥʠʞʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [81] ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ʥʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʦʩʪʘʚʘ 8YSZ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʚʰʠʭʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ > 95% (ů1000Üʉ = 16 

ʉʤ/ʩʤ). ʇʨʠ ʩʥʠʞʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʥʦʡ (ʚ ~ 4,5 

ʨʘʟʘ) ʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʘʜʝʥʠʝ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ (ʥʘ 2 ʧʦʨʷʜʢʘ) ʧʨʦʚʦʜʠʤʦʩʪʝʡ. ɸʥʘʣʦʛʠʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʝ M. Anwar ʠ ʢʦʣʣʝʛ [82]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʦʩʪʘʚʘ Ce0,8Sm0,1Ba0,1O2-ŭ ʩ 78 ʜʦ 87% ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ 800Üʉ ʦʪ 2,2 ʜʦ 5,4Ŀ10
-3 
ʉʤ/ʩʤ ʟʘ ʩʯʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʦʩʪʘ 

ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʦʙʨʘʟʮʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 

85% (ʊʦʙʞʠʛʘ = 1300Üʉ) ʠ 87% (ʊʦʙʞʠʛʘ = 1400Üʉ) ʦʙʣʘʜʘʣʠ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʘ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ (700-800Üʉ) 

ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʙʳʣʠ ʥʠʞʝ (Ea = 0,73), ʯʝʤ ʚʦ ʚʪʦʨʦʤ (Ea = 0,76). ʊʘʢʦʡ ʵʬʬʝʢʪ ʘʚʪʦʨʳ 

ʩʚʷʟʳʚʘʶʪ ʩ ʨʦʩʪʦʤ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʝʢʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʶʪ 

ʨʘʟʣʠʯʥʳʝ ʩʧʝʢʘʶʱʠʝ ʜʦʙʘʚʢʠ, ʥʘʧʨʠʤʝʨ, ʦʢʩʠʜʳ ʑɿʕ, ʢʦʙʘʣʴʪʘ ʠ ʣʠʪʠʷ [83-85]. ɺ ʨʘʙʦʪʝ [84] 

ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʚʚʝʜʝʥʠʝ 0,25 ʘʪ.% ʦʢʩʠʜʘ ʢʦʙʘʣʴʪʘ ʚ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ 

ʮʝʨʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʧʣʦʪʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ (~99% ʦʪ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʞʠʛʘ 1300Üʉ (2 ʯ.), ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʪʴ ʚʝʣʠʯʠʥʫ 

ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. G. Accardo ʠ ʢʦʣʣʝʛʠ [85] ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʷ ʜʦʙʘʚʢʠ 1 ʠ 2 

ʤʦʣ.% ʦʢʩʠʜʘ ʣʠʪʠʷ ʥʘ ʧʨʦʮʝʩʩ ʩʧʝʢʘʥʠʷ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

ʩʦʩʪʘʚʘ Ce0,8Gd0,2O1,9. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ, ʩʦʜʝʨʞʘʱʠʝ 1 ʤʦʣ.% Li2O, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 97% ʫʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʞʠʛʘ 1250Üʉ, ʪʦʛʜʘ ʢʘʢ ʦʙʳʯʥʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʣʦʪʥʦʡ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʨʷʜʢʘ 

1500Üʉ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ, ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʦʡ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 1500Üʉ ʙʝʟ ʜʦʙʘʚʦʢ ʦʢʩʠʜʘ 

ʣʠʪʠʷ (ů800Üʉ = 5,2Ŀ10
-2
 ʉʤ/ʩʤ).  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʧʦʚʳʰʝʥʥʦʡ ʧʦʨʠʩʪʦʩʪʠ ʪʚʝʨʜʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʠʭ ɻʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʢ ʢʦʥʩʦʣʠʜʘʮʠʠ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʜʦʩʪʠʛʘʪʴ 

ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʠ ʩʦʭʨʘʥʷʪʴ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 
 
 

1.5.5. ʈʘʟʤʝʨʥʳʡ ʵʬʬʝʢʪ 
 
 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʩ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʟʝʨʥʘʤʠ ʧʨʠʚʣʝʢʘʶʪ ʚʩʝ 

ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʨʘʟʤʝʨʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, 

ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʤʠ ʧʦʚʳʰʝʥʥʳʡ ʚʢʣʘʜ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʦʙʱʫʶ, ʢʦʪʦʨʳʡ 

ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʛʜʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʷʤʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. ʅʘʠʙʦʣʝʝ ʷʨʢʦ ʪʘʢʠʝ ʘʥʦʤʘʣʠʠ ʩʚʦʡʩʪʚ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʦʙʨʘʟʮʘʭ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʤʝʥʝʝ 100 ʥʤ. ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ [86] 

ʩʚʷʟʳʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʥʘʥʦʟʝʨʝʥʥʳʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ ʩ 

ʚʣʠʷʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʜʨʫʛʠʝ [87, 

88] ʦʙʲʷʩʥʷʶʪ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʟʘʨʷʜʘ. ɺʣʠʷʥʠʝ ʨʘʟʤʝʨʥʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʙʳʣʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʘʟʣʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [89] ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʚ ʩʠʩʪʝʤʝ CeO2-Gd2O3 (5-15 ʤʦʣ.% Gd2O3) ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ 0,1-10 ʤʢʤ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ ʠʤʝʝʪ ʥʝʣʠʥʝʡʥʳʡ 

ʭʘʨʘʢʪʝʨ ʩ ʤʘʢʩʠʤʫʤʦʤ (ů400Üʉ = 0,7Ŀ10
-3
ʉʤ/ʩʤ) ʧʨʠ 300-500 ʥʤ. ɼʘʣʴʥʝʡʰʝʝ ʫʤʝʥʴʰʝʥʠʝ 

ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ ʧʨʠʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ɸʚʪʦʨʳ [75] ʪʘʢʞʝ ʠʟʫʯʘʣʠ ʪʚʝʨʜʳʝ 

ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʩ ʜʦʙʘʚʢʘʤʠ 10-20 ʤʦʣ.% ʦʢʩʠʜʘ ʛʘʜʦʣʠʥʠʷ. ʀʤʠ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʦʙʲʝʤʥʦʡ ʠ ʧʘʜʝʥʠʝ 

ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ (1400Üʉ), 

ʢʦʛʜʘ ʨʘʟʤʝʨ ʟʝʨʝʥ ʧʨʝʚʳʰʘʝʪ 1,5 ʤʢʤ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʩʪʘʥʦʚʠʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʙʱʝʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ 15-25% (ʧʨʠ 

800Üʉ). ɺ ʩʣʫʯʘʝ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʘʚʪʦʨʳ [90, 91] ʪʘʢʞʝ 

ʦʪʤʝʯʘʶʪ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʦʪ ʤʠʢʨʦ- ʜʦ ʥʘʥʦʫʨʦʚʥʷ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ ʥʘ ʚʝʣʠʯʠʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʙʱʝʡ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʊʘʢ, K. Rajeswari ʠ ʩʦʘʚʪʦʨʳ [90], ʠʩʩʣʝʜʫʷ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʩʦʩʪʘʚʘ 

8YSZ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ, ʟʘʬʠʢʩʠʨʦʚʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʠʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ 4,5 ʨʘʟʘ ʧʨʠ ʩʥʠʞʝʥʠʠ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʦʪ 10 ʜʦ 0,51 ʤʢʤ, ʠ ʚ ~4 ʨʘʟʘ ʧʨʠ 
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ʜʘʣʴʥʝʡʰʝʤ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʜʦ 60 ʥʤ. ʅʘʙʣʶʜʘʝʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʘʢʞʝ ʩʚʷʟʳʚʘʣʘʩʴ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʢʣʘʜʘ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʦʙʱʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. ʆʧʠʩʘʥʥʳʡ 

ʚʳʰʝ ʨʘʟʤʝʨʥʳʡ ʵʬʬʝʢʪ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʚ ʩʣʫʯʘʝ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ [92, 93]. 

ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [93] ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ZrO2 (ʨʘʟʤʝʨ ʟʝʨʝʥ ʩʦʩʪʘʚʣʷʣ 20 ʥʤ) ʥʘ ʜʚʘ 

ʧʦʨʷʜʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʥʳʤʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʦʙʨʘʟʮʘʤʠ (ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ 2,4 

ʤʢʤ). ʆʜʥʘʢʦ ʜʣʷ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʧʘʜʝʥʠʝ ʠʦʥʥʦʡ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʙʦʣʝʝ ʯʝʤ ʥʘ ʰʝʩʪʴ ʧʦʨʷʜʢʦʚ ʧʨʠ 600Üʉ) ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʦʪ 5 ʤʢʤ ʜʦ 10 ʥʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʞʝʩʪʚʘ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʚʝʨʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʙʦʣʴʰʫʶ ʨʦʣʴ çʨʘʟʤʝʨʥʦʛʦ ʵʬʬʝʢʪʘè ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʚʸʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʢʦʪʦʨʳʡ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʠʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʥʦ ʩʣʦʞʠʚʰʘʷʩʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʙʘʟʘ ʚ ʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʢʘ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʦʩʪʘʸʪʩʷ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʳʤ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʥʘʧʨʘʚʣʝʥʥʦʤʫ ʩʦʟʜʘʥʠʶ ʪʚʸʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʚʳʩʦʢʦʡ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʠ ʥʠʟʢʦʡ 

ʜʦʣʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ). 

 
 
 

1.6. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʥʳʭ ʧʦʨʦʰʢʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 
 
 
 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ (ʩʤ. ʧʧ. 3.3-3.5), ʥʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʝʛʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʧʣʦʪʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʨ ʟʝʨʝʥ ʠʪʦʛʦʚʦʛʦ 

ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʋʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʠ 

ʢʦʥʩʦʣʠʜʘʮʠʠ ʧʦʨʦʰʢʦʚ [12, 36]. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ 

ʧʦʣʫʯʝʥʠʶ ʥʘʥʦʧʦʨʦʰʢʦʚ ʠ ʩʦʟʜʘʥʠʶ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʰʠʨʦʢʠʤʠ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ, ʪʦʤ 

ʯʠʩʣʝ ʠ ʚ ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʜʣʷ ʊʆʊʕ [86-87, 94]. ʇʦʩʣʝʜʥʠʡ ʬʘʢʪ ʩʚʷʟʘʥ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʣʫʯʰʝʥʠʷ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʚʦʡʩʪʚ [87-93]. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ, ʦʜʥʘʢʦ ʚʩʝ ʦʥʠ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʥʘʥʦʨʘʟʤʝʨʥʳʝ 

ʧʦʨʦʰʢʠ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ, ʟʘʯʘʩʪʫʶ ʩʣʦʞʥʳʤ, ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʟʘʜʘʥʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ [12, 94-

95]. 
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1.6.1. ʊʚʝʨʜʦʬʘʟʥʳʡ ʩʠʥʪʝʟ 
 
 
 

ʊʚʝʨʜʦʬʘʟʥʳʡ ʩʠʥʪʝʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʣʘʩʩʠʯʝʩʢʠʡ ʠ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʤʝʭʘʥʠʯʝʩʢʦʤ ʩʤʝʰʝʥʠʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʠʟʤʝʣʴʯʝʥʠʠ ʨʝʘʛʝʥʪʦʚ ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʩʠʥʪʝʟʝ ʦʢʩʠʜʥʳʭ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʩʪʳʝ ʦʢʩʠʜʳ ʠ/ʠʣʠ ʢʘʨʙʦʥʘʪʳ ʤʝʪʘʣʣʦʚ, ʚʭʦʜʷʱʠʭ ʚ 

ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ, ʦʜʥʘʢʦ, ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʶʪ ʠ ʜʨʫʛʠʝ ʪʝʨʤʠʯʝʩʢʠ ʨʘʟʣʘʛʘʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʥʘʧʨʠʤʝʨ, ʘʮʝʪʘʪʳ, ʥʠʪʨʘʪʳ, ʩʫʣʴʬʘʪʳ ʠ ʪ.ʜ. [95-96]. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʪʝʭʥʦʣʦʛʠʠ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʥʠʟʢʫʶ ʜʠʩʧʝʨʩʥʦʩʪʴ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʧʦʨʦʰʢʦʚ, 

ʜʦʣʛʠʝ ʚʨʝʤʝʥʘ ʠʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʥʝʦʜʥʦʬʘʟʥʦʛʦ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʩʦʟʜʘʥʠʠ 

ʧʣʦʪʥʦʡ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʧʦʨʦʰʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʫʢʘʟʘʥʥʳʤ ʤʝʪʦʜʦʤ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [47] 

ʧʦʨʦʰʢʠ ʩʦʩʪʘʚʘ BaZr0,8Y0,2O3īŭ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʧʨʠ 1050Üʉ (5 

ʯ.), ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ), ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʡ ʬʘʟʳ 

ʧʝʨʦʚʩʢʠʪʘ ʥʘʣʠʯʠʝʤ ʧʨʠʤʝʩʥʳʭ ʬʘʟ: ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʠ ʤʦʥʦʢʣʠʥʥʦʛʦ ZrO2, ʘ ʪʘʢʞʝ Y2O3. 

ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʜʦ 1150Üʉ ʪʘʢʞʝ ʥʝ ʧʨʠʚʝʣʦ ʢ ʧʦʣʫʯʝʥʠʶ ʦʜʥʦʬʘʟʥʦʛʦ 

ʧʦʨʦʰʢʘ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʥʦ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʨʠʤʝʩʥʳʭ ʬʘʟ; ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

ʪʘʢʦʛʦ ʧʦʨʦʰʢʘ ʩʦʩʪʘʚʣʷʣ ~ 678 ʥʤ. ʂʦʥʩʦʣʠʜʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʦʨʦʰʢʦʚ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠ ̫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ ʧʨʠ 1450Üʉ (5 ʯ.) ʥʝ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʧʣʦʪʥʳʝ 

ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ (ɟʦʪʥ = 56,9%). ɸʚʪʦʨʳ [42, 97] ʩ ʧʦʤʦʱʴʶ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ 

ʧʦʣʫʯʘʣʠ ʧʦʨʦʰʢʠ ʩʦʩʪʘʚʘ Ce1-xMxO2-ŭ (M = Gd
3+

 ʠʣʠ Y
3+

; 0,05 Ò x Ò 0,4), ʘ ʟʘʪʝʤ ʧʨʦʚʦʜʠʣʠ ʠʭ 

ʢʦʥʩʦʣʠʜʘʮʠʶ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʬʘʟʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʰʢʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨ r ʥʝ ʥʠʞʝ 1600Üʉ (5 ʯ.). ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʟʝʨʝʥ 

ʧʦʣʫʯʝʥʥʳʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʦʩʪʘʚʣʷʣ 2-3,6 ʤʢʤ. 

 
 
 

1.6.2. ʃʘʟʝʨʥʘʷ ʘʙʣʷʮʠʷ 
 
 
 

ʇʦʜ ʪʝʨʤʠʥʦʤ "ʣʘʟʝʨʥʘʷ ʘʙʣʷʮʠʷ" ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʠʩʧʘʨʝʥʠʷ ʚʝʱʝʩʪʚʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʡ ʤʠʰʝʥʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʤʧʫʣʴʩʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʜʝʥʩʘʮʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ 

ʛʘʟʦʚʳʭ ʠ ʞʠʜʢʠʭ ʩʨʝʜʘʭ, ʘ ʪʘʢʞʝ ʚ ʨʘʟʨʝʞʝʥʥʳʭ ʘʪʤʦʩʬʝʨʘʭ ʠ ʚ ʚʘʢʫʫʤʝ. ʀʟʤʝʥʷʷ ʧʘʨʘʤʝʪʨʳ 
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ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ (ʜʣʠʥʘ ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʣʦʞʢʠ) ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʧʦʣʫʯʘʝʤʳʭ 

ʧʦʨʦʰʢʦʚ [95, 98-99]. ʉʨʝʜʠ ʧʨʝʠʤʫʱʝʩʪʚ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ (ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʜʦ 5-10 ʥʤ ʠ ʤʝʥʝʝ) ʩ ʜʦʚʦʣʴʥʦ 

ʫʟʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʬʘʟ ʟʘ 

ʩʯʝʪ ʙʳʩʪʨʦʛʦ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʘʙʣʠʨʦʚʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʜʦ 10
10

 ʂ/ʩ) ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʣʘʟʤʝʥʥʦʛʦ ʬʘʢʝʣʘ ʚ ʦʙʣʘʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʠʟʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (~1 ʛ/ʯ [99]) ʠ ʚʳʩʦʢʫʶ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʤʝʪʦʜʘ, ʘ 

ʪʘʢʞʝ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʳ ʩʣʦʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʦʜʜʝʨʞʘʥʠʝʤ ʟʘʜʘʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʦʝʜʠʥʝʥʠʡ ʩ ʰʠʨʦʢʦʡ 

ʦʙʣʘʩʪʴʶ ʛʦʤʦʛʝʥʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʢʘʨʙʠʜʦʚ ʠ ʥʠʪʨʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ) [98, 100]. 

ɸʚʪʦʨʳ [101] ʧʦʣʫʯʘʣʠ ʥʘʥʦʧʦʨʰʢʠ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, ʵʪʘʥʦʣʝ ʠ ʚ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʡ ʩʤʝʩʠ (1:1). ʉʢʦʨʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʧʦʨʦʰʢʦʚ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 30 ʜʦ 50 ʤʛ/ʯ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʥʘʥʦʧʦʨʦʰʢʠ CeO2 ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʙʠʤʦʜʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦ 

ʨʘʟʤʝʨʘʤ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 5 ʠ 20-25 ʥʤ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʥʘʥʦʧʦʨʦʰʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʝʡ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʩʦʩʪʦʷʣʠ ʠʟ 

ʥʝʙʦʣʴʰʠʭ ʯʘʩʪʠʮ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʢʨʫʧʥʳʭ ʧʦʣʳʭ ʩʬʝʨ ʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ. 

ʇʦʨʦʰʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʡ ʠ ʵʪʘʥʦʣʴʥʦʡ ʩʨʝʜʘʭ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʥʘʣʠʯʠʝʤ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʚʦʣʦʢʥʠʩʪʳʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʙʳʣʠ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʠʟ ʥʝʦʢʠʩʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʠʰʝʥʠ (ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʮʝʨʠʷ) ʚ ʧʨʦʮʝʩʩʝ 

ʘʙʣʷʮʠʠ. ʈʌɸ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʣʠ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʪʠʧʘ ʬʣʶʦʨʠʪʘ (ʧʨ. ʛʨ. Fm3m) ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʦʙʣʘʩʪʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʆʂʈ) 17-

19 ʥʤ.  

 
 
 

1.6.3. ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʤʝʪʦʜ 

 
 
 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʚʦʜʳ ʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʨʘʩʪʚʦʨʷʪʴ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʜʦ 500Üʉ) ʠ ʜʘʚʣʝʥʠʠ (10-80 ʄʇʘ, ʠʥʦʛʜʘ ʜʦ 300 ʄʇʘ) ʚʝʱʝʩʪʚʘ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʧʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ï ʥʝʢʦʪʦʨʳʝ ʦʢʩʠʜʳ, ʩʠʣʠʢʘʪʳ, ʩʫʣʴʬʠʜʳ ʠ 

ʪ.ʜ. [102]. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʨʝʞʠʤʘ ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ: 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʠʜʨʦʣʠʟ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ɺ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ʨʘʩʪʚʦʨʝʥʠʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʚʝʥʥʦ ʚ 
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ʘʚʪʦʢʣʘʚʝ. ɽʩʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʠʩʧʦʣʴʟʫʶʪ ʚʪʦʨʦʡ 

ʩʧʦʩʦʙ ï ʨʘʩʪʚʦʨʳ ʢʘʞʜʦʛʦ ʠʟ ʨʝʘʛʝʥʪʦʚ ʛʦʪʦʚʷʪ ʦʪʜʝʣʴʥʦ, ʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʠʥʪʝʟ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʤʝʰʝʥʠʠ ʵʪʠʭ ʨʘʩʪʚʦʨʦʚ ʚ ʘʚʪʦʢʣʘʚʝ. ʇʨʠʤʝʥʝʥʠʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ 

ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʤʦʨʬʦʣʦʛʠʝʡ ʧʦʣʫʯʘʝʤʳʭ ʧʦʨʦʰʢʦʚ ʟʘ ʩʯʝʪ ʚʘʨʴʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ 

ʩʠʥʪʝʟʘ: ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʨʅ ʠʩʭʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. 

ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʭʦʨʦʰʦ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ 

ʩʣʘʙʦʘʛʨʝʛʠʨʦʚʘʥʥʳʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ ʩ ʫʟʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʬʘʟʥʳʭ ʧʦʨʦʰʢʦʚ ʩʣʦʞʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ 

ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʠ ʩʣʦʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [95, 103]. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʘʥʦʧʦʨʦʰʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʊʆʊʕ [104-106]. ʅʘʧʨʠʤʝʨ, ʘʚʪʦʨʳ [104] ʧʦʣʫʯʘʣʠ 

ʥʘʥʦʧʦʨʦʰʢʠ ʚ ʩʠʩʪʝʤʘʭ CeO2-Sm2O3-Y2O3 ʠ CeO2-Gd2O3-Sm2O3 ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʆʂʈ 9-

15 ʥʤ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʧʦʨʦʰʢʦʚ ʧʦʟʚʦʣʠʣʦ 

ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʧʝʢʘʥʠʷ ʩ 1500Üʉ ʜʦ 1300-1350Üʉ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨ ʟʝʨʝʥ 

ʧʦʣʫʯʝʥʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʜʦ 0,5-0,7 ʤʢʤ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ 

ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. ɺ ʨʘʙʦʪʝ 

[106] ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʤʝʪʦʜ ʜʣʷ ʧʦʣʫʯʝʥʠ ̫ ʥʘʥʦʧʦʨʦʰʢʦʚ ʩʦʩʪʘʚʘ 

Gd0,2Ce0,8O2-ŭ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʳʣʠ ʩʦʟʜʘʥʳ ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ (ʪʦʣʱʠʥʦʡ 0,5 

ʤʢʤ) ʩ ʧʦʤʦʱʴʶ ʧʝʯʘʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚʘʨʴʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ 

ʧʦʟʚʦʣʠʣʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʨʘʟʤʝʨ (ʦʪ 6 ʜʦ 40 ʥʤ), ʥʦ ʠ ʬʦʨʤʫ ʯʘʩʪʠʮ ʧʦʣʫʯʘʝʤʦʛʦ 

ʥʘʥʦʧʦʨʦʰʢʘ. ɸʥʘʣʦʛʠʯʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ [104] ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ 

ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʞʠʛʘ ʠ ʧʦʣʫʯʘʪʴ ʧʣʦʪʥʳʝ ʙʝʟʜʝʬʝʢʪʥʳʝ 

ʧʦʢʨʳʪʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʫʞʝ ʧʨʠ 1300Üʉ.  

 
 
 

1.6.4. ɿʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʠʷ 

 
 
 

ʉʫʱʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʨʝʘʛʝʥʪʦʚ ʧʝʨʝʚʦʜʷʪ ʚ ʟʦʣɹ ï ʢʦʣʣʦʠʜʥʳʡ ʨʘʩʪʚʦʨ, ʘ ʟʘʪʝʤ ʚ ʛʝʣɹ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʷʪ 

ʩʫʰʢʫ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. [107]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʠʥʪʝʟʘ ï ʥʘʥʦʧʦʨʦʰʢʠ, 

ʚʦʣʦʢʥʘ, ʥʘʥʦʪʨʫʙʢʠ, ʪʦʥʢʠʝ ʧʣʝʥʢʠ, ʦʙʲʝʤʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʘʪʨʠʮʳ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [108]. ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠʩʭʦʜʥʳʭ 
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ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟʘ ʷʚʣʷʶʪʩʷ ʘʣʢʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ [109], ʚ ʯʘʩʪʥʦʩʪʠ 

ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥ ï Si(OC2H5)4 [110-111]. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚʦʜʳ ʚ ʩʧʠʨʪʦʚʦʡ ʨʘʩʪʚʦʨ ʘʣʢʦʢʩʠʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʦʣʠʟ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʥʦʤʝʨʦʚ ʛʠʜʨʦʢʩʠʜʦʚ, ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʨʝʘʢʮʠʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ. ʈʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ 

ʘʣʢʦʢʩʠʜʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʪʝʢʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʧʨʠʚʦʜʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʤʝʨʦʚ, ʘ ʟʘʪʝʤ ʠ 

ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨ [112]. ʂʨʦʤʝ ʘʣʢʦʢʩʠʜʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʞʝ ʦʢʩʦʘʣʢʦʢʩʠʜʳ ʠ ʜʨʫʛʠʝ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʘʣʢʠʣʳ ʤʝʪʘʣʣʦʚ ʪʠʧʘ MRn [113-114]. ʇʨʠʤʝʥʷʶʪ 

ʪʘʢʞʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʣʠ, ʘʮʝʪʘʪʳ ʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʳ [114-118]. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟʘ ʠʩʧʦʣʴʟʫʶʪ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ 

ʘʣʢʦʢʩʦʘʮʝʪʠʣʘʮʝʪʦʥʘʪʳ ʤʝʪʘʣʣʦʚ [119-120]. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʪʠʧʘ ʧʨʝʢʫʨʩʦʨʦʚ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʘʥʦʧʦʨʦʰʢʠ ʠ ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʩʣʦʞʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʮʝʣʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʟʘʜʘʚʘʪʴ, ʠʟʤʝʥʷʷ 

ʩʦʩʪʘʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʢʦʤʧʣʝʢʩʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʘ 

ʪʘʢʞʝ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʭ ʨʘʩʪʚʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʣʠʟʘ ʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ. 

ʆʜʥʘʢʦ, ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ ʪʘʢʦʛʦ ʪʠʧʘ ʧʨʝʢʫʨʩʦʨʦʚ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʝʥ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤ 

ʩʪʨʦʛʠʡ ʢʦʥʪʨʦʣʴ ʠʭ ʩʚʦʡʩʪʚ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [119] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ʘʣʢʦʢʩʦʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʚ ʮʠʨʢʦʥʠʷ, 

ʛʘʬʥʠʷ ʠ ʠʪʪʨʠʷ ʙʳʣ ʧʦʣʫʯʝʥ ʪʨʘʥʩʧʘʨʝʥʪʥʳʡ ʛʝʣʴ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʡ (ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʆʂʈ ʧʨʠ 800Üʉ ʩʦʩʪʘʚʠʣ ~6Ñ2 ʥʤ, ʧʨʠ 1050Üʉ ï 21Ñ3 ʥʤ; 

ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ Sʫʜ = 155 ʤ
2
/ʛ) ʦʜʥʦʬʘʟʥʳʡ ʩʣʦʞʥʳʡ ʦʢʩʠʜ ʚ ʩʠʩʪʝʤʝ ZrO2ï

HfO2ïY2O3 ʚ ʢʫʙʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. ʄʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ) ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʨʘʟʤʝʨʳ ʘʛʣʦʤʝʨʘʪʦʚ ʯʘʩʪʠʮ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʩʦʩʪʘʚʘ 0,60ZrO2ï0,25HfO2ï0,15Y2O3, 

ʧʦʣʫʯʝʥʥʦʡ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ ʧʨʝʢʫʨʩʦʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʠʨʦʚʘʥʥʦʡ SiC-

ʧʣʘʩʪʠʥʳ. ʇʦʩʣʝ ʩʫʰʢʠ ʠ ʪʝʨʤʦʦʨʘʙʦʪʢʠ (500Üʉ) ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ɸʉʄ, 

ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʘʛʣʦʤʝʨʘʪʦʚ ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʣ 150Ñ30 ʥʤ, ʧʝʨʝʧʘʜ ʚʳʩʦʪ ʥʘ ʧʣʦʱʘʜʠ 25 ʤʢʤ
2
 ʥʝ 

ʧʨʝʚʳʰʘʣ 25 ʥʤ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʨʘʙʦʪʝ [120] ʥʘ ʦʩʥʦʚʝ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

[M(C5H7O2)x(iOC5H11)y] (M = Zr
4+

, Y
3+
) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʩʦʩʪʘʚʘ 8YSZ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʝʚʳʭ ʧʦʜʣʦʞʝʢ. ʉʦʛʣʘʩʥʦ ʈʌɸ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʜʥʦʬʘʟʥʦʡ ʢʫʙʠʯʝʩʢʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʥʘʯʠʥʘʣʦʩʴ ʫʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600Üʉ, ʧʨʠ 

ʵʪʦʤ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʧʨʦʜʫʢʪʦʚ ʚʦʟʤʦʞʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʝʨʠʘʣʘ 

ʧʦʜʣʦʞʢʠ ʠ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ), 

ʠʩʩʣʝʜʫʝʤʳʝ ʪʦʥʢʠʝ ʧʣʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 500-700Üʉ ʥʘ ʚʦʟʜʫʭʝ, ʷʚʣʷʣʠʩʴ 

ʩʧʣʦʰʥʳʤʠ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʆʂʈ <10 ʥʤ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʧʦʨ ʩʦʩʪʘʚʠʣ ~7 ʥʤ. ʇʣʝʥʢʠ, 
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ʧʨʦʰʝʜʰʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʨʠ 500-700Üʉ, ʦʙʣʘʜʘʣʠ 

ʩʝʪʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʧʦʨ 5-50 ʥʤ. ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ 

ʧʦʣʫʯʝʥʥʳʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʜʦ 1200Üʉ ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʆʂʈ ʜʦ ~40 

ʥʤ (ʥʘ ʚʦʟʜʫʭʝ) ʠ ~30 ʥʤ (ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʦʢʩʠʜʥʳʝ ʧʣʝʥʢʠ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʣʘʩʩʦʤ ʘʜʛʝʟʠʠ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ISO (0) ʠ 

ASTM (5B). 

 
 
 

1.6.5. ʄʝʪʦʜʳ ʩʞʠʛʘʥʠʷ 

 
 
 

ɺ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʣʝʞʠʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʨʝʘʢʮʠʷ 

ʤʝʞʜʫ ʠʩʭʦʜʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ (ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʣʷʤʠ) ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ (ʵʪʠʣʝʥʛʣʠʢʦʣʴ, ʛʣʠʮʠʥ, ʣʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ, ʤʦʯʝʚʠʥʘ ʠ ʜʨ.), ʧʨʦʪʝʢʘʶʱʘʷ 

ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʩʤʝʩʝʡ. ʇʨʦʮʝʩʩ ʩʞʠʛʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʘʢʪʠʚʥʳʤ 

ʛʘʟʦʚʳʜʝʣʝʥʠʝʤ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʩʧʝʥʝʥʥʳʭ ʧʦʨʦʰʢʦʚ. ʇʦʣʫʯʝʥʥʳʝ 

ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʩʦʩʪʦʷʪ ʠʟ ʧʣʝʥʦʢ ʩʣʦʞʥʦʡ 

ʬʦʨʤʳ, ʨʘʟʤʝʨ ʠ ʪʦʣʱʠʥʘ ʢʦʪʦʨʳʭ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʩʠʥʪʝʟʘ [121]. ʂ ʤʝʪʦʜʘʤ ʩʞʠʛʘʥʠʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ, ʥʘʧʨʠʤʝʨ, ʮʠʪʨʘʪ-ʥʠʪʨʘʪʥʳʡ ʩʠʥʪʝʟ ʠ ʤʝʪʦʜ 

ʇʝʯʠʥʠ. 

ʎʠʪʨʘʪ-ʥʠʪʨʘʪʥʳʡ ʩʠʥʪʝʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʨʤʦʣʠʟ ʩʤʝʩʠ ʥʠʪʨʘʪʦʚ ʤʝʪʘʣʣʦʚ (NO3
-
-

ʛʨʫʧʧʳ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʦʢʠʩʣʠʪʝʣʷ) ʠ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ, ʚʳʩʪʫʧʘʶʱʝʡ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ (ʭʝʣʘʪʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ) ʠ ʚʝʱʝʩʪʚʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʧʨʦʮʝʩʩ 

ʛʦʨʝʥʠʷ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʣʝʥʛʣʠʢʦʣʷ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʘ ʇʝʯʠʥʠ), 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʠʥʪʝʟʘ ʧʦʯʪʠ ʥʘ 100 ʛʨʘʜʫʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ 

ʩʠʥʪʝʟʘ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʤʦʨʬʥʦʛʦ ʛʝʣʝʦʙʨʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʘ ʥʝ ʧʦʣʠʤʝʨʘ, ʢʘʢ ʵʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʝʪʦʜʝ ʇʝʯʠʥʠ [122]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: ʦʥ ʥʝ 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʧʨʠʩʫʪʩʪʚʠʶ ʚʦʜʳ, ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʪʱʘʪʝʣʴʥʦʤ ʢʦʥʪʨʦʣʝ ʟʘ ʭʦʜʦʤ 

ʨʝʘʢʮʠʠ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʛʝʣʴ ʩ ʛʦʤʦʛʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʥʝʤ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤ ʠ 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʤ [123]. ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ ʤʝʪʦʜʘ ʇʝʯʠʥʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʫʜʦʙʩʪʚʦ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʦʣʫʯʘʝʤʳʭ ʧʦʨʦʰʢʦʚ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʩʦʣʷʤʠ (ʚ ʦʩʥʦʚʥʦʤ ʢʘʨʙʦʥʘʪʘʤʠ) [107]. ɸʚʪʦʨʳ 

[124-125] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ʮʝʨʘʪʘ ʙʘʨʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʪʨʘʪʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ ʠ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʦʜʥʦʬʘʟʥʳʭ 
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ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ ʙʝʟ ʧʨʠʤʝʩʥʳʭ ʬʘʟ 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100Üʉ. ʆʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʧʦʨʦʰʢʠ ʧʦʩʣʝ ʦʙʞʠʛʘ 

ʧʨʠ 1100Üʉ ʩʦʭʨʘʥʷʣʠ ʚʳʩʦʢʫʶ ʜʠʩʧʝʨʩʥʦʩʪʴ (ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʆʂʈ ~20 ʥʤ), ʥʦ ʷʚʣʷʣʠʩʴ 

ʘʛʣʦʤʝʨʠʨʦʚʘʥʥʳʤʠ (ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʘʛʣʦʤʝʨʘʪʦʚ ~ 110 ʥʤ).  

ʄʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʇʝʯʠʥʠ, ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʦʢʩʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ ʬʝʨʨʠʪʳ, ʢʫʧʨʘʪʳ, ʤʘʥʛʘʥʠʪʳ, ʢʦʙʘʣʴʪʠʪʳ. ɺ 

ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʣʝʞʠʪ ʩʧʦʩʦʙʥʦʩʪʴ Ŭ-ʛʠʜʨʦʢʩʦʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʘʪʠʦʥʘʤʠ, ʘ ʪʘʢʞʝ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ 

(ʵʪʝʨʠʬʠʢʘʮʠʠ) ʩ ʤʥʦʛʦʘʪʦʤʥʳʤʠ ʩʧʠʨʪʘʤʠ. ʏʘʱʝ ʚʩʝʛʦ ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʤʦʥʥʘʷ 

ʢʠʩʣʦʪʘ ʠ ʵʪʠʣʝʥʛʣʠʢʦʣʴ [107]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ (ʯʘʱʝ ʚʩʝʛʦ 

ʥʠʪʨʘʪʦʚ) ʩ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʦʡ ʠʣʠ ʜʨʫʛʦʡ ʤʥʦʛʦʦʩʥʦʚʥʦʡ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʦʙʨʘʟʫʪʁʩʷ 

ʢʘʨʙʦʢʩʠʣʘʪʳ ʤʝʪʘʣʣʦʚ. ɼʘʣʝʝ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʶʪ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʠʣʠ ʜʨʫʛʦʡ 

ʤʥʦʛʦʘʪʦʤʥʳʡ ʩʧʠʨʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘʯʠʥʘʝʪʩʷ ʨʝʘʢʮʠʷ ʵʪʝʨʠʬʠʢʘʮʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʥʠʪʨʘʪ-ʠʦʥʘ (ʯʫʪʴ ʥʠʞʝ 100 Üʉ), ʢʦʪʦʨʘʷ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʤʝʨʘ (~ 200Üʉ) ï 

ʚʷʟʢʦʛʦ ʧʨʦʟʨʘʯʥʦʛʦ ʛʝʣ̫ [123]. ɺ ʨʘʙʦʪʘʭ [38, 126-127] ʤʝʪʦʜʦʤ ʇʝʯʠʥʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʥʘʥʦʧʦʨʦʰʢʠ ʚ ʩʠʩʪʝʤʘʭ CeO2-Gd2O3, CeO2-Sm2O3, CeO2-Sm2O3-Gd2O3 ʠ CeO2-Gd2O3-SrO. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʠʪʨʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ, ʣʠʤʦʥʥʘʷ 

ʢʠʩʣʦʪʘ ʠ ʵʪʠʣʝʥʛʣʠʢʦʣʴ. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʥʘʥʦʧʦʨʦʰʢʠ ʷʚʣʷʣʠʩʴ ʦʜʥʦʬʘʟʥʳʤʠ ʠ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʬʣʶʦʨʠʪʘ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʆʂʈ ʦʪ 5-11 ʥʤ 

(ʧʨʠ 400Üʉ) ʜʦ 20-29 ʥʤ (ʧʨʠ 900Üʉ). ʅʘʯʘʣʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʚ 

ʠʥʪʝʨʚʘʣʘʭ ʪʝʤʧʝʨʘʪʫʨ 400-550Üʉ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʦʣʫʯʝʥʥʳʝ ʥʘʥʦʧʦʨʦʰʢʠ ʷʚʣʷʣʠʩʴ 

ʘʛʣʦʤʝʨʠʨʦʚʘʥʥʳʤʠ. 

 
 
 

1.6.6. ʉʦʚʤʝʩʪʥʦʝ ʦʩʘʞʜʝʥʠʝ ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ  

 
 
 
ʄʝʪʦʜ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʭ ʞʠʜʢʦʬʘʟʥʳʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʝʪʦʜʦʚ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʜʠʩʧʝʨʩʥʦʩʪʴ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʫʩʣʦʚʠʡ 

ʩʠʥʪʝʟʘ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʩʠʥʪʝʟ ʧʨʦʜʫʢʪʦʚ ʟʘʜʘʥʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪʨʝʙʫʝʤʦʡ ʜʠʩʧʝʨʩʥʦʩʪʠ (5-100 ʥʤ), ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪr ʤ ʠ ʥʝ 

ʪʨʝʙʫʝʪ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʫʱʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʙʘʚʣʝʥʠʠ ʢ 

ʨʘʩʪʚʦʨʫ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ (ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ) ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʠʦʥ-ʦʩʘʜʠʪʝʣʴ 

(ʆʅ
-
; ʢʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʨʘʩʪʚʦʨʳ NH3ĿH2O, KOH, NaOH). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʦʡ 
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ʠʦʥ ʜʦʣʞʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʚʩʝʤʠ ʤʝʪʘʣʣʘʤʠ, 

ʚʭʦʜʷʱʠʤʠ ʚ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ. ʇʦʩʢʦʣʴʢʫ ʚʝʣʠʯʠʥʳ ʧʨʦʠʟʚʝʜʝʥʠʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʦʩʘʞʜʘʝʤʳʭ 

ʛʠʜʨʦʢʩʠʜʦʚ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ ʠ 

ʜʦʩʪʠʞʝʥʠʷ ʩʠʥʭʨʦʥʥʦʩʪʠ ʠ ʧʦʣʥʦʪʳ ʦʩʘʞʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ ʨʅ 

ʨʘʩʪʚʦʨʘ ʦʩʘʜʠʪʝʣʷ. ʂʨʦʤʝ ʪʦʛʦ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ 

ʤʝʪʘʣʣʦʚ ʦʢʘʟʳʚʘʶʪ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʘʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʘʩʪʚʦʨʦʚ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʦʩʘʜʠʪʝʣʷ, ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʦʩʘʜʢʘ ʚ ʤʘʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ 

[107]. ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ ʧʦʣʫʯʝʥʥʳʡ ʛʝʣʝʦʙʨʘʟʥʳʡ ʦʩʘʜʦʢ ʦʪʜʝʣʷʶʪ 

ʦʪ ʨʘʩʪʚʦʨʘ ʬʠʣʴʪʨʦʚʘʥʠʝʤ, ʩʫʰʘʪ, ʘ ʟʘʪʝʤ ʧʨʦʚʦʜʷʪ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʠʜʨʦʢʩʠʜʘ [123]. ʈʘʟʣʠʯʘʶʪ ʜʚʘ ʚʘʨʠʘʥʪʘ 

ʧʨʦʚʝʜʝʥʠʷ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ: ʧʨʷʤʦʝ ʠ ʦʙʨʘʪʥʦʝ. ʇʨʷʤʦʝ ʦʩʘʞʜʝʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʚʝʜʝʥʠʝ ʦʩʘʜʠʪʝʣʷ ʚ ʨʘʩʪʚʦʨ ʠʩʭʦʜʥʳʭ ʩʦʣʝʡ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʛʠʜʨʦʢʩʠʜʳ 

ʤʝʪʘʣʣʦʚ ʙʫʜʫʪ ʦʩʘʞʜʘʪʴʩʷ ʥʝʦʜʥʦʚʨʝʤʝʥʥʦ: ʩʥʘʯʘʣʘ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʩʘʞʜʝʥʠʝ 

ʛʠʜʨʦʢʩʠʜʦʚ ʩ ʤʝʥʴʰʠʤ ʨʅ-ʦʩʘʞʜʝʥʠʷ, ʘ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʘʜʠʪʝʣʷ ʚ 

ʨʘʩʪʚʦʨʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪ ʦʩʘʞʜʝʥʠʝ ʛʠʜʨʦʢʩʠʜʦʚ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ. ɺ ʩʣʫʯʘʝ ʦʙʨʘʪʥʦʛʦ 

ʦʩʘʞʜʝʥʠʝ ʨʘʩʪʚʦʨ ʩʦʣʠ ʜʦʙʘʚʣʷʶʪ ʢ ʨʘʩʪʚʦʨʫ ʦʩʘʜʠʪʝʣʷ, ʯʪʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʜʦʩʪʠʞʝʥʠʶ ʩʠʥʭʨʦʥʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʨʅ-ʦʩʘʞʜʝʥʠʷ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʘʛʣʦʤʝʨʘʮʠʠ ʮʝʣʝʚʳʭ ʧʦʨʦʰʢʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʰʠʨʦʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. ɼʘʥʥʳʡ ʬʘʢʪ ʦʙʫʩʣʦʚʣʝʥ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴ  ʁ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʛʠʜʨʦʛʝʣʝʡ ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʷʚʣʝʥʠʝʤ ʩʠʥʝʨʝʟʠʩʘ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʩʞʘʪʠʶ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʨʫʧʥʳʭ ʘʛʣʦʤʝʨʘʪʦʚ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ 

ʦʩʘʜʢʘ. 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʜʠʩʧʝʨʩʥʦʩʪʠ ʢʦʥʝʯʥʳʭ ʧʦʨʦʰʢʦʚ (ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʢʦʘʛʫʣʷʮʠʠ 

ʦʩʘʞʜʘʝʤʳʭ ʯʘʩʪʠʮ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠʭ ʘʛʣʦʤʝʨʘʪʦʚ) ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ (~ 0,1ï0,2 ʄ) [128]. ʂʨʦʤʝ 

ʪʦʛʦ, ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʙʦʨʴʙʳ ʩ ʘʛʣʦʤʝʨʘʮʠʝʡ ʧʦʣʫʯʘʝʤʳʭ ʧʦʨʦʰʢʦʚ 

ʷʚʣʷʝʪʩʷ ʢʨʠʦʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʦʦʩʘʞʜʝʥʥʳʭ ʛʠʜʨʦʢʩʠʜʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʢʨʠʦʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʦʩʣʘʙʠʪʴ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʦʩʘʜʢʘ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʦʩʫʱʝʩʪʚʠʪʴ ʛʣʫʙʦʢʫʶ ʜʝʛʠʜʨʘʪʘʮʠʶ ʛʝʣʝʡ ʠ ʩʦʭʨʘʥʠʪʴ ʚʳʩʦʢʫʶ ʜʠʩʧʝʨʩʥʦʩʪʴ ʠ 

ʭʠʤʠʯʝʩʢʫʶ ʛʦʤʦʛʝʥʥʦʩʪʴ ʩʦʦʩʘʞʜʝʥʥʳʭ ʧʦʨʦʰʢʦʚ [129-131]. ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʨʠʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʙʳʩʪʨʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʦʩʘʜʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʥʝʧʦʣʥʦʡ 

ʢʨʠʦʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʠʜʨʦʢʩʠʜʦʚ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʤʦʨʬʥʦʡ ʬʘʟʳ ʚ 
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ʢʨʠʦʛʨʘʥʫʣʘʭ. ʕʪʦ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʝʛʨʝʛʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʘʨʫʰʝʥʠʶ 

ʛʦʤʦʛʝʥʥʦʩʪʠ ʧʨʦʜʫʢʪʘ ʦʩʘʞʜʝʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ 

ʟʘʤʦʨʦʟʢʫ ʦʩʘʞʜʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ ï 50 ʜʦ ï25Üʉ [128, 132-134]. ʊʘʢ, ʚ 

ʨʘʙʦʪʘʭ [132-133] ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʩ ʢʨʠʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʨʠ 

-25Üʉ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ ʚ ʩʠʩʪʝʤʝ ZrO2-CeO2-Al2O3, ʫʜʝʣʴʥʘʷ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣʘ 75-90 ʤ
2
/ʛ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʘʛʣʦʤʝʨʘʪʦʚ ʧʦʣʫʯʝʥʥʳʭ ʧʦʨʦʰʢʦʚ ʧʦʩʣʝ ʩʫʰʢʠ ʣʝʞʠʪ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ (30-50 ʥʤ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʠʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʥʘʯʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʜʦ 350Üʉ, ʪʦʛʜʘ ʢʘʢ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ 

ʩʪʘʜʠʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʝ ʧʦʨʦʰʢʠ ʧʨʠ ʵʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʷʚʣʷʣʠʩʴ 

ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʤʠ. ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 500-600Üʉ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʧʝʨʝʭʦʜ 

ʧʩʝʚʜʦʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ (ʩ'-ZrO2) ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ (t-ZrO2). 

ʇʦ ʜʘʥʥʳʤ ʈʌɸ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʆʂʈ ʠʟʫʯʝʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʩʠʩʪʝʤʝ ZrO2-CeO2-Al2O3 

ʩʦʩʪʘʚʣʷʣ ʦʪ 3 ʥʤ (400Üʉ) ʜʦ 40 ʥʤ (1400Üʉ). ʂʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʥʘʥʦʧʦʨʦʰʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʜʣ ʊʆʊʕ, ʘ ʪʘʢʞʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʦʢʩʠʜʥʳʭ ʨʘʩʧʣʘʚʘʭ. ɸʚʪʦʨʳ [134] ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʥʘʥʦʧʦʨʦʰʢʠ ʚ ʩʠʩʪʝʤʝ CeO2-ZrO2, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʢʨʠʦʪʝʭʥʦʣʦʛʠʠ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʦʢʩʠʜʥʳʭ ʧʣʝʥʦʢ ʜʣʷ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ 

ʬʣʶʦʨʠʪʘ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʆʂʈ 10-12 ʥʤ ʧʨʠ 600Üʉ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʩʪʘʜʠʠ 

ʢʨʠʦʪʝʭʥʦʣʦʛʠʠ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʯʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (ʩ 

570Üʉ ʜʦ 540Üʉ), ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʚ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʭ ʢʩʝʨʦʛʝʣʷʭ. 

 
 
 

1.6.7. ʉʦʚʤʝʩʪʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʦʣʝʡ 

 
 
 
ɼʘʥʥʳʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʚʦʜʝ ʩʤʝʩʠ ʨʘʩʪʚʦʨʦʚ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ 

(ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ, ʯʘʱʝ ʚʩʝʛʦ ʥʠʪʨʘʪʦʚ) ʚ ʪʚʝʨʜʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʛʦʤʦʛʝʥʥʦʩʪʠ 

ʧʦʣʫʯʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. ʇʨʦʮʝʩʩ ʩʦʚʤʝʩʪʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʪʨʠ ʩʪʘʜʠʠ: ʥʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʚʦʨʝʥʠʝ ʠ ʩʤʝʰʝʥʠʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʜʘʣʝʝ ʧʨʦʠʟʚʦʜʷʪ 

ʫʜʘʣʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʧʦʣʫʯʝʥʠʝ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʦʩʣʝ ʯʝʛʦ ʩʣʝʜʫʝʪ ʝʛʦ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠʣʠ ʩʦʝʜʠʥʝʥʠʷ. ɼʣʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʝʱʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʧʝʨʝʩʳʱʝʥʠʝ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʨʝʘʛʝʥʪʦʚ 

ʢʨʠʩʪʘʣʣʠʟʝʤʳʤ ʚʝʱʝʩʪʚʦʤ, ʜʣʷ ʯʝʛʦ ʝʝ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʦʭʣʘʜʠʪʴ (ʧʝʨʝʛʨʝʪʴ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ 
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ʧʨʦʠʩʭʦʜʠʪ ʟʘʨʦʞʜʝʥʠʝ ʥʦʚʦʡ ʬʘʟʳ - ʦʙʨʘʟʫʶʪʩʷ ʮʝʥʪʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʧʨʠ ʨʦʩʪʝ ʢʦʪʦʨʳʭ 

ʠʟʤʝʥʷʝʪʩʷ ʠʭ ʬʦʨʤʘ, ʩʦʩʪʘʚ ʠ ʜʝʬʝʢʪʥʦʩʪʴ. ɺ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ 

ʧʝʨʚʠʯʥʦʝ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʝ (ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʦʙʲʝʤʝ ʠʩʭʦʜʥʦʡ 

ʬʘʟʳ), ʪʘʢ ʠ ʚʪʦʨʠʯʥʦʝ (ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʢʨʠʩʪʘʣʣʦʚ 

ʥʦʚʦʡ ʬʘʟʳ). ɺʦ ʚʨʝʤʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʘʜʩʦʨʙʮʠʷ ʢʨʠʩʪʘʣʣʠʟʫʱʝʛʦʩʷ ʚʝʱʝʩʪʚʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʚʠʯʥʳʭ ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʚʩʪʨʘʠʚʘʥʠʝʤ ʚ ʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ [135]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʭʠʤʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ, ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʨʦʣʴ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʜʠʬʬʫʟʠʠ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʛʦʤʦʛʝʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤ ʠ ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʥʘʥʦʧʦʨʦʰʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʛʣʦʤʝʨʠʨʦʚʘʥʥʦʩʪʠ ʯʘʩʪʠʮ ʩ 

ʰʠʨʦʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʭ ʧʦ ʨʘʟʤʝʨʘʤ [131]. ɺ ʨʘʙʦʪʝ [115] ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʣʝʡ ʙʳʣ ʧʦʣʫʯʝʥ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʩʦʩʪʘʚʘ (ZrO2)0,97(Y2O3)0,03. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʧʦʨʦʰʢʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʥʘʣʠʯʠʝʤ ʘʛʣʦʤʝʨʘʪʦʚ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ 

ʩʦʩʪʘʚʣʷʣ 0,5-3 ʤʢʤ (Sʫʜ = 45 ʤ
2
/ʛ). ʇʨʠ 1000Üʉ ʠ ʚʳʰʝ, ʧʦ ʜʘʥʥʳʤ ʈʌɸ, ʥʘʙʣʶʜʘʣʦʩʴ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʜʥʦʬʘʟʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ. 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ ʩ 600Üʉ ʜʦ 1300Üʉ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʛʦ 

ʨʘʟʤʝʨʘ ʆʂʈ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʰʢʦʚ ʚ ʠʥʪʝʨʚʘʣʝ 20-100 ʥʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʧʦʨʦʰʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥ r ʢʘʢ ʧʣʦʪʥʳʝ (ʧʨʠ 1300Üʉ), ʪʘʢ ʠ ʧʦʨʠʩʪʳʝ 

ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʊʆʊʕ, ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ, ʙʠʦʤʘʪʝʨʠʘʣʦʚ, ʬʠʣʴʪʨʦʚ ʠ ʧʦʜʣʦʞʝʢ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʠʭ 

ʤʝʤʙʨʘʥʥʳʭ ʧʦʢʨʳʪʠʡ. ɸʚʪʦʨʳ [135] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʘʣʠ 

ʧʦʨʦʰʢʠ ʢʦʙʘʣʴʪʠʪʘ ʥʠʢʝʣʷ (NiCo2O4). ʂʘʢ ʠ ʚ ʨʘʙʦʪʝ [115], ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ 

ʧʦʨʦʰʢʠ (ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠ 150Üʉ) ʷʚʣʷʣʠʩʴ ʘʛʣʦʤʝʨʠʨʦʚʘʥʥʳʤʠ ʩ ʙʠʤʦʜʘʣʴʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʚ ʠʥʪʝʨʚʘʣʘʭ 1,8-3,5 ʤʢʤ ʠ 3,5-5,4 ʤʢʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʙʘʣʴʪʦ-ʥʠʢʝʣʝʚʦʡ ʰʧʠʥʝʣʠ ʥʘʯʠʥʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 450-

550Üʉ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʩʪʦʡʯʠʚʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ 700Üʉ (ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʆʂʈ 

~ 46 ʥʤ), ʢʦʪʦʨʘʷ ʦʩʪʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦʡ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʜʦ 1300Üʉ (ʩʨʝʜʥʠʡ 

ʨʘʟʤʝʨ ʆʂʈ ~ 115 ʥʤ). ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʥʘʥʦʧʦʨʦʰʢʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʠʥʪʝʨʢʦʥʥʝʢʪʦʨʦʚ ʊʆʊʕ, ʵʣʝʢʪʨʦʜʦʚ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʳʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ. 
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1.7. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʦʧʣʸʥʦʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 
 
 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʟʜʘʥʠʝ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʨʘʩʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ ʟʘʜʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʦʜʥʦʛʦ ʤʦʥʦʩʣʦʷ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ, 

ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʵʪʦ 

ʦʙʩʫʣʦʚʣʝʥʦ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩʥʠʞʝʥʠʷ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʊʆʊʕ ʠ 

ʧʦʚʳʰʝʥʠʷ ʠʭ ʤʦʱʥʦʩʪʠ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʷʯʝʡʢʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʷʯʝʡʢʠ ʠ ʙʘʪʘʨʝʠ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʣʘʥʘʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʪʦʥʢʦʧʣʸʥʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ ʵʣʝʤʝʥʪʦʚ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʦʙʲʝʤʫ. ʇʨʠʤʝʥʝʥʠʝ 

ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʩʨʝʜʥʝ- ʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʊʆʊʕ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ, ʯʪʦ ʚ 

ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʫʜʝʰʝʚʣʝʥʠʶ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [12, 20-21]. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʣʘʥʘʨʥʳʝ ʦʢʩʠʜʥʳʝ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʮʝʧʪʦʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʟʝʩʪʠʚʥʳʭ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʢʠʩʣʦʨʦʜ, ʚʦʜʦʨʦʜ, ʫʛʣʝʢʠʩʣʳʡ 

ʛʘʟ, ʘʤʤʠʘʢ ʠ ʪ.ʜ. [7, 136-138]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʝʪʦʜʦʚ 

ʧʦʣʫʯʝʥʠʷ ʧʣʘʥʘʨʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ: ʤʝʪʦʜʳ ʬʠʟʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ 

(ʥʘʧʨʠʤʝʨ, ʚʘʢʫʫʤʥʦʝ ʠʩʧʘʨʝʥʠʝ ʠʣʠ ʠʦʥʥʦʝ ʨʘʩʧʳʣʝʥʠʝ [139]), ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 

(ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ [140-147], ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ [120, 130] ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ 

ʤʝʪʦʜʠʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ ʧʦʣʫʯʝʥʠʷ ʠʣʠ ʥʘʥʝʩʝʥʠʷ ʧʣʝʥʦʢ (ʧʨʦʧʠʪʢʘ 

ʪʦʥʢʠʭ ʩʣʦʝʚ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʦʢʘʪʢʘ ʠ ʪ.ʜ. [148]). ɹʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʪʘʢʞʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʯʘʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʣʝʥʦʢ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ 

[106, 149]. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʣʩʪʦʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦʩʪʘʪʦʯʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʨʘʬʘʨʝʪʥʘʷ ʠ ʪʨʘʥʩʬʝʨʥʘʷ ʧʝʯʘʪʴ [150-151]. ʅʝʦʙʭʦʜʠʤʦ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚʩʝ ʠʤʝʶʱʠʝʩʷ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʧʣʘʥʘʨʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʠʤʝʶʪ ʩʚʦʠ 

ʥʝʜʦʩʪʘʪʢʠ, ʧʦʵʪʦʤʫ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʙʦʨ ʤʝʪʦʜʘ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʩʝʤ 

ʩʧʝʢʪʨʦʤ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʧʦʣʫʯʘʝʤʦʤʫ ʤʘʪʝʨʠʘʣʫ. 

 
 
 

1.7.1. ʍʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ 

 
 
 

ʍʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ (CVD) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ 

ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʣʝʥʢʠ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ, ʥʘʧʨʠʤʝʨ, ʧʣʝʥʦʯʥʳʝ ʧʨʦʚʦʜʥʠʢʠ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ, ʜʠʵʣʝʢʪʨʠʢʠ, ʨʝʟʠʩʪʦʨʳ, 
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ʚʘʨʠʩʪʦʨʳ, ʬʝʨʨʠʪʳ. ɺ ʧʨʦʮʝʩʩʝ CVD ʧʦʜʣʦʞʢʘ ʧʦʤʝʱʘʝʪʩʷ ʚ ʢʘʤʝʨʫ, ʟʘʧʦʣʥʝʥʥʫʶ ʧʘʨʘʤʠ 

ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʷʚʣʷʶʱʠʭʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʩʘʞʜʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. ʇʦʩʣʝ 

ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʜʝʥʩʘʮʠʷ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ ʥʘ ʧʦʜʣʦʞʢʝ. ɼʣʷ ʘʢʪʠʚʘʮʠʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʠʩʧʦʣʴʟʫʶʪ ʪʝʧʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʦʧʪʠʯʝʩʢʦʝ ʠʣʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʜʫʛʦʚʦʡ ʨʘʟʨʷʜ, ʵʣʝʢʪʨʦʥʥʫʶ ʙʦʤʙʘʨʜʠʨʦʚʢʫ ʠʣʠ 

ʠʩʧʦʣʴʟʫʶʪ ʧʦʜʣʦʞʢʠ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ [140]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥ̫ʝʪʩʷ ʤʝʪʦʜ 

ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ (MOCVD), ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ (ʚ ʩʨʝʜʥʝʤ 400-700Üʉ), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʨʘʙʦʯʠʤʠ ʜʣʷ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʊʆʊʕ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ "ʥʝʩʫʱʠʡ ʵʣʝʢʪʨʦʜ/ʪʦʥʢʦʧʣʝʥʦʯʥʳʡ ʵʣʝʢʪʨʦʣʠʪ". ʂʨʦʤʝ ʪʦʛʦ, 

ʫʤʝʨʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʦʩʪʘ ʧʣʝʥʦʢ ʧʦʟʚʦʣʷʶʪ ʠʟʙʝʞʘʪʴ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ ʤʝʞʜʫ 

ʥʝʩʫʱʠʤ ʵʣʝʢʪʨʦʜʦʤ ʠ ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʧʣʝʥʢʦʡ ʵʣʝʢʪʨʦʣʠʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʦʩʘʞʜʝʥʠʝ ʥʘ ʣʶʙʦʤ ʠʟ ʵʣʝʢʪʨʦʜʦʚ (ʢʘʢ ʥʘ ʘʥʦʜʝ, ʪʘʢ ʠ ʥʘ ʢʘʪʦʜʝ) [141-142]. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʚ ʤʝʪʦʜʝ MOCVD ʠʩʧʦʣʴʟʫʶʪ ɓ-ʜʠʢʝʪʦʥʘʪʳ ʤʝʪʘʣʣʦʚ (ʥʘʧʨʠʤʝʨ, 

ʜʠʧʠʚʘʣʦʠʣʤʝʪʘʥʘʪʳ ʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʳ ʤʝʪʘʣʣʦʚ). ʊʘʢ, ʚ ʨʘʙʦʪʘʭ [141-142] ʫʢʘʟʘʥʥʳʤ 

ʤʝʪʦʜʦʤ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʦʥʢʦʧʣʝʥʦʯʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ 

(8YSZ) ʠ ʥʝʩʫʱʝʛʦ ʧʦʨʠʩʪʦʛʦ ʘʥʦʜʘ (NiO-YSZ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʧʣʝʥʦʯʥʳʝ 

ʵʣʝʢʪʨʦʣʠʪʳ ʷʚʣʷʣʠʩʴ ʛʘʟʦʧʣʦʪʥʳʤʠ ʠ ʦʙʣʘʜʘʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʫʙʠʯʝʩʢʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʬʣʶʦʨʠʪʘ. ʊʦʣʱʠʥʳ ʠʩʩʣʝʜʫʝʤʳʭ ʧʣʝʥʦʢ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʩʘʞʜʝʥʠʷ (500-700Áʉ) ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʦʪ 4 ʜʦ 16 ʤʢʤ; ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʪʘʢʞʝ 

ʚʦʟʨʘʩʪʘʣʘ ʚ ʜʠʘʧʘʟʦʥʝ 0,8-2,0 ʤʢʤ/ʯʘʩ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʪʦʣʱʠʥʦʡ 8-10 ʤʢʤ ʙʳʣʘ 

ʠʟʛʦʪʦʚʣʝʥʘ ʠ ʠʩʧʳʪʘʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʷʯʝʡʢʘ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʠʣʘ 175-1200 

ʤɺʪ/ʩʤ
2
 ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 600-900Áʉ. ɻʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ 

ʧʣʝʥʦʢ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʨʠʩʪʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ. ɸʚʪʦʨ r[143] 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʥʘ ʢʦʨʫʥʜ ʧʣʝʥʢʠ ʚ ʩʠʩʪʝʤʝ ZrO2-Sc2O3 (8 ʤʦʣ.% Sc2O3) ʷʚʣʷʶʪʩʷ 

ʛʘʟʦʧʣʦʪʥʳʤʠ ʫʞʝ ʧʨʠ ʪʦʣʱʠʥʝ ʧʦʩʣʝʜʥʠʭ ʚ 1 ʤʢʤ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʥʘ ʧʦʨʠʩʪʳʡ ʘʥʦʜ 

(NiO/YSZ) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʟʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʣʝʥʦʢ ʵʣʝʢʪʨʦʣʠʪʘ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʫʚʝʣʠʯʠʪʴ ʠʭ ʪʦʣʱʠʥʫ ʜʦ 3,5-4 ʤʢʤ. ɹʳʣʠ ʠʟʫʯʝʥʳ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ 

ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ (1 ʤʢʤ) ʥʘ ʢʦʨʫʥʜʦʚʳʭ ʧʦʜʣʦʞʢʘʭ ʚ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʜʠʘʧʘʟʦʥʝ (ů600Áʉ =0,2 ʉʤ/ʩʤ; ů800Áʉ =2,1Ŀ10
-2 
ʉʤ/ʩʤ). ʄʝʪʦʜ MOCVD ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ 

ʧʣʝʥʢʠ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʩʢʠʭ, ʥʦ ʠ ʪʨʫʙʯʘʪʳʭ ʧʦʜʣʦʞʝʢ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ 
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ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʨʫʙʯʘʪʳʭ ʤʠʢʨʦ-ʊʆʊʕ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [144] ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʣʝʥʢʠ ʚ ʩʠʩʪʝʤʝ CeO2-Sm2O3. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʘʞʜʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ 600-800Áʉ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʣʝʥʢʘʭ. ʈʘʟʤʝʨ ʠʭ ʟʝʨʝʥ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʫʚʝʣʠʯʠʚʘʣʩʷ ʦʪ 50 ʜʦ 300 ʥʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʩʘʞʜʝʥʠʷ ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ ʩ 40 ʜʦ 8% ʠ ʧʦʣʫʯʝʥʠʶ ʙʦʣʝʝ ʧʣʦʪʥʳʭ 

ʦʜʥʦʨʦʜʥʳʭ ʧʣʝʥʦʢ.  

ɿʘʯʘʩʪʫʶ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʤʝʪʦʜʘ CVD ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʧʘʨʦʚʦʡ ʬʘʟʳ ʧʨʠʤʝʥʷʶʪ 

ʨʘʩʧʳʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʠʣʠ ʩʫʩʧʝʥʟʠʡ ʚ ʚʠʜʝ ʘʵʨʦʟʦʣ.̫ ʉʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʣʝʥʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʦʩʘʞʜʝʥʠʷ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʝʜʠʥʠʮ ʜʦ 100 ʥʤ/ʤʠʥ. ɸʚʪʦʨʘʤʠ 

[145] ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 300-650Üʉ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʦʣʱʠʥ 50-

270 ʥʤ ʚ ʩʠʩʪʝʤʝ ZrO2-Y2O3. ʆʩʘʞʜʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʢʨʝʤʥʠʝʚʳʝ ʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʢʠʝ ʩʘʧʬʠʨʦʚʳʝ ʧʦʜʣʦʞʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʘʞʜʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʬʦʨʤʠʨʫʝʤʳʭ ʧʣʝʥʦʢ, ʘ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ. ʊʘʢ, ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ CVD-ʧʨʦʮʝʩʩʘ ʦʪ 400Üʉ ʜʦ 600Üʉ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʣʝʥʦʢ ʵʣʝʢʪʨʦʣʠʪʘ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʦʪ 12 ʜʦ 75 ʥʤ/ʤʠʥ, ʘ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʣʦ ʠʟʤʝʥʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ: ʦʪ 

ʘʤʦʨʬʥʦʡ (300Üʉ) ʜʦ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ (450Üʉ, ʨʘʟʤʝʨ ʟʝʨʝʥ 5 ʥʤ) ʠ ʩʪʦʣʙʯʘʪʦʡ (600Üʉ, ʨʘʟʤʝʨ 

ʟʝʨʝʥ 20 ʥʤ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 500Üʉ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʣʝʥʦʢ ʟʘʚʠʩʠʪ 

ʪʘʢʞʝ ʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ ʧʨʝʢʫʨʩʦʨʦʚ: ʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 7 60 ʥʤ/ʤʠʥ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 0,005 ʜʦ 0,025 ʤʦʣʴ/ʣ. 

ɼʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʣʦʪʥʳʭ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ 

ʧʦʨʠʩʪʳʭ ʧʦʜʣʦʞʢʘʭ ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʤʝʪʦʜʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ (CVD-EVD). ɼʘʥʥʳʡ ʤʝʪʦʜ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ. ʉʥʘʯʘʣʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ CVD c ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ, ʧʝʨʝʢʨʳʚʘʶʱʝʡ ʧʦʨʳ 

ʧʦʜʣʦʞʢʠ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʚʩʝ ʧʦʨʳ ʙʫʜʫʪ ʟʘʢʨʳʪʳ ʜʘʣʴʥʝʡʰʠʡ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʘ 

ʧʨʦʪʝʢʘʝʪ ʙʣʘʛʦʜʘʨʷ ʛʨʘʜʠʝʥʪʫ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʝ. 

ʇʨʠ ʵʪʦʤ ʠʦʥʳ ʢʠʩʣʦʨʦʜʘ ʜʠʬʬʫʥʜʠʨʫʶʪ ʯʝʨʝʟ ʧʣʝʥʢʫ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʧʘʨʘʤʠ 

ʧʨʝʢʫʨʩʦʨʦʚ (ʢʘʢ ʧʨʘʚʠʣʦ ʵʪʦ ʭʣʦʨʠʜʳ ʤʝʪʘʣʣʦʚ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʠʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʫʝʪʩʷ ʧʣʝʥʢʘ ʦʢʩʠʜʘ ʤʝʪʘʣʣʘ ʥʘ ʧʦʨʠʩʪʦʡ ʧʦʜʣʦʞʢʝ [146]. ʊʘʢ, ʚ ʨʘʙʦʪʝ [147] ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ CVD-EVD (ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʘʞʜʝʥʠʷ 1000Áʉ, ʜʘʚʣʝʥʠʝ 10 

ʊʦʨʨ, ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ 1,14 ʤʢʤ/ʯʘʩ) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʛʘʟʦʥʝʧʨʦʥʠʮʘʝʤʳʝ ʪʦʥʢʠʝ ʧʣʝʥʢʠ 

ʵʣʝʢʪʨʦʣʠʪʘ (ʪʦʣʱʠʥʦʡ 4-7 ʥʤ) ʚ ʩʠʩʪʝʤʝ ZrO2-Y2O3 (7,3-7,9 ʤʦʣ.%) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʠʩʪʦʡ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʦʜʣʦʞʢʠ (ʤʝʪʘʣʣ ï Ni/YSZ ʘʥʦʜ ï YSZ). ʆʩʘʞʜʝʥʥʳʡ ʤʝʪʦʜʦʤ CVD-EVD ʩʣʦʡ 
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ʵʣʝʢʪʨʦʣʠʪʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩ ̫ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʤʦʥʦʢʣʠʥʥʦʡ ʬʘʟʳ 2-7%.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʪʠʧʳ ʧʣʝʥʦʢ ʠ ʪʦʥʢʦ ʚʘʨʴʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ (ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, 

ʨʘʟʤʝʨ ʟʝʨʝʥ, ʧʣʦʪʥʦʩʪʴ, ʦʜʥʦʨʦʜʥʦʩʪʴ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ), ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʪʦʣʱʠʥʫ. 

ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʪʢʣʦʥʝʥʠʷ ʩʦʩʪʘʚʘ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʝʢʫʨʩʦʨʦʚ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ.  

 
 
 

1.7.2. ʉʧʨʝʡ-ʧʠʨʦʣʠʟ 

 
 
 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʧʳʣʝʥʠʝ ʨʘʩʪʚʦʨʘ ʧʨʝʢʫʨʩʦʨʦʚ ʚ ʚʠʜʝ ʘʵʨʦʟʦʣʷ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʧʠʨʦʣʠʟʦʤ ʥʘ ʥʘʛʨʝʪʦʡ ʧʦʜʣʦʞʢʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʪʝʨʤʦʩʪʠʤʫʣʠʨʫʝʤʘʷ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʢʣʘʩʪʝʨʘʤʠ ʘʪʦʤʦʚ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʞʠʜʢʦʡ ʠʣʠ ʧʘʨʦʚʦʡ ʬʘʟʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʣʠ (ʦʙʳʯʥʦ ʥʠʪʨʘʪ)r, ʨʘʩʪʚʦʨʸʥʥʳʝ ʚ ʚʦʜʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʙʫʪʠʣʢʘʨʙʠʪʦʣ, ʵʪʘʥʦʣ, ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʠ ʪʝʪʨʘʵʪʠʣʝʥʛʣʠʢʦʣʴ). ʊʘʢʦʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʩʧʣʦʰʥʳʝ ʧʣʝʥʢʠ, ʢʦʪʦʨʳʝ ʜʘʞʝ ʧʨʠ ʦʯʝʥʴ ʤʘʣʦʡ ʪʦʣʱʠʥʝ (100 ʥʤ) ʥʝ 

ʩʦʜʝʨʞʘʪ ʤʠʢʨʦʧʦʨ. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʚʘʪʴ ʨʘʟʣʠʯʥʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ 

ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʩʧʨʝʡ-ʧʠʨʦʣʠʟʘ (ʧʨʠʨʦʜʘ ʤʘʪʝʨʠʘʣʘ 

ʧʦʜʣʦʞʢʠ ʠ ʝʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʝʢʫʨʩʦʨʦʚ, ʬʦʨʤʘ ʠ ʨʘʟʤʝʨ ʢʘʧʝʣʴ, ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʳʣʝʥʠʷ, ʪʠʧ ʠ ʩʢʦʨʦʩʪʴ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ 

ʨʘʩʧʳʣʝʥʠʷ) [140]. ɸʚʪʦʨʘʤʠ [152] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʨʘʩʧʳʣʝʥʠʷ (60 

ʣ/ʯʘʩ) ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʢʨʫʧʥʳʝ ʢʘʧʣʠ, ʩʦʜʝʨʞʘʱʠʝ ʠʟʙʳʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʣʝʥʦʢ ʚ ʩʠʩʪʝʤʝ CeO2-Gd2O3. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʳʣʝʥʠʷ ʜʦ 105 ʣ/ʯʘʩ ʧʦʟʚʦʣʷʣʦ ʠʟʙʝʛʘʪʴ ʧʦʷʚʣʝʥʠʷ ʪʨʝʱʠʥ ʠ ʧʦʣʫʯʘʪʴ ʦʜʥʦʨʦʜʥʳʝ 

ʩʧʣʦʰʥʳʝ ʧʣʝʥʢʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʜʣʦʞʢʠ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 250-450Üʉ, 

ʧʦʣʫʯʘʝʤʳʝ ʧʣʝʥʢʠ ʷʚʣʷʣʠʩʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʪʠʧʘ ʬʣʶʦʨʠʪʘ. ɺʝʣʠʯʠʥʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʨʠ 800Üʉ 

ʩʦʩʪʘʚʣʷʣʘ 0,11 ʉʤ/ʩʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʦʣʱʠʥʘ ʧʣʝʥʦʢ ʦʢʘʟʳʚʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʤʦʱʥʦʩʪʴ ʠʪʦʛʦʚʦʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʠ: ʧʨʠ ʪʦʣʱʠʥʝ ʧʦʨʷʜʢʘ 2 ʤʢʤ ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ 280-350 ʤɺʪ/ʩʤ
2
 ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 600-650Üʉ, ʪʦʛʜʘ 
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ʢʘʢ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʧʣʝʥʦʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʜʦ 3,3 ʤʢʤ ʤʦʱʥʦʩʪʴ ʪʦʧʣʠʚʥʦʡ ʷʯʝʡʢʠ 

ʧʦʚʳʰʘʣʘʩʴ ʦʪ 370 ʜʦ 510 ʤɺʪ/ʩʤ
2
 ʚ ʘʥʘʣʦʛʠʯʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. ʆʜʥʘʢʦ, ʧʦʣʫʯʘʝʤʳʝ ʩ 

ʧʦʤʦʱʴʶ ʩʧʨʝʡ-ʧʠʨʦʣʠʟʘ ʧʣʝʥʢʠ ʥʝ ʚʩʝʛʜʘ ʦʙʣʘʜʘʶʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʊʘʢ, ʚ 

ʨʘʙʦʪʝ [153] ʧʣʝʥʦʯʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʩʦʩʪʘʚʘ Ce0,9Sm0,1-xTbxO2-ŭ (ʭ = 0-0,05), ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʜʣʦʞʢʘʭ MgO ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 390Üʉ, ʷʚʣʷʣʠʩʴ ʥʝ ʧʦʣʥʦʩʪʴʶ 

ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʘʤʦʨʬʥʦʡ ʬʘʟʳ. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 900-1300Üʉ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʜʥʦʨʦʜʥʳʝ ʙʝʟʜʝʬʝʢʪʥʳʝ ʪʦʥʢʠʝ ʧʣʝʥʢʠ 

(ʪʦʣʱʠʥʘ ~700 ʥʤ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʢʫʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ 

ʬʣʶʦʨʠʪʘ. ʆʜʥʘʢʦ, ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ, ʧʦ ʜʘʥʥʳʤ ʈʕʄ, ʧʨʠʚʝʣʠ ʢ ʫʢʨʫʧʥʝʥʠʶ 

ʟʝʨʝʥ ʩ 26 ʥʤ (900Üʉ) ʜʦ 495 ʥʤ (1300Üʉ). ʄʝʪʦʜ ʩʧʨʝʡ-ʧʠʨʦʣʠʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʥʦ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʢʘʪʦʜʦʚ ʠ ʙʘʨʴʝʨʥʳʭ ʩʣʦʝʚ 

ʜʣʷ ʊʆʊʕ [154-155]. ɸʚʪʦʨʘʤʠ [154] c ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250Üʉ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʦʩʘʞʜʝʥʥʳʭ ʧʣʝʥʦʢ ʧʨʠ 650-1000Üʉ (2 ʯ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʢʘʪʦʜʳ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ (La0,6Sr0,4Co0,2Fe0,8O3-ŭ)1-ʭ ī (Ce0,9Gd0,1O1,95)ʭ (ʭ = 0-

0,5). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 800Üʉ ʠ ʚʳʰʝ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʪʦʥʢʠʝ ʧʣʝʥʢʠ 

(ʪʦʣʱʠʥʘ 6 ʤʢʤ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ï ʢʫʙʠʯʝʩʢʦʛʦ 

ʬʣʶʦʨʠʪʘ (Ce0,9Gd0,1O1,95) ʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʛʦ ʧʝʨʦʚʩʢʠʪʘ (La0,6Sr0,4Co0,2Fe0,8O3-ŭ), ʥʝ ʩʦʜʝʨʞʘʪ 

ʧʨʠʤʝʩʥʳʭ ʬʘʟ. ʇʦʨʠʩʪʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʧʣʝʥʦʢ, ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʠ 800Üʉ, ʩʦʩʪʘʚʣʷʣʘ 

ʧʦʨʷʜʢʘ 50%. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ ʚ ʠʥʪʝʨʚʘʣʝ 800-

1000Üʉ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʙʦʣʝʝ ʧʣʦʪʥʳʭ ʧʣʝʥʦʢ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʦʪ 30 ʜʦ 50 

ʥʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ (0,9 ɺʪ/ʩʤ
2
 ʧʨʠ 650Üʉ) ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʠʭ ʚ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʦʤ 

ʪʨʘʬʘʨʝʪʥʦʡ ʧʝʯʘʪʠ (0,56 ɺʪ/ʩʤ
2
, 650Üʉ). ɺ ʨʘʙʦʪʝ [155] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 350-450Üʉ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʧʨʠ 900Üʉ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʜʥʦʨʦʜʥʳʝ ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ ʙʘʨʴʝʨʥʳʝ 

ʩʣʦʠ ʩʦʩʪʘʚʘ Ce0,8Gd0,2O2-ʭ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ ʢʘʪʦʜʘ ʠ ʵʣʝʢʪʨʦʣʠʪʘ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʪʦʧʣʠʚʥʦʡ ʷʯʝʡʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʧʣʝʥʦʢ ʩ 400 ʜʦ 

1200 ʥʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ ʦʪ 2 ʜʦ 25%. ʇʦʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ʥʘʨʷʜʫ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʳʣʝʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ (ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʱʠʥ) ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʘʞʜʝʥʠʷ. ʊʘʢ, ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʝʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦʨʠʩʪʦʩʪʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʘʞʜʝʥʠʷ: ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350Üʉ 

ʚʝʣʠʯʠʥʘ ʠʭ ʧʦʨʠʩʪʦʪʠ ʩʦʩʪʘʚʣʷʣʘ 66%, ʧʨʠ 450Üʉ ï 44%; ʤʠʥʠʤʫʤ (36%) ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ 

ʧʨʠ 410Üʉ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʜʦʩʪʦʠʥʩʪʚʘ ʩʧʨʝʡ-ʧʠʨʦʣʠʟʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠ ʥʝʢʦʪʦʨʳʝ ʝʛʦ ʥʝʜʦʩʪʘʪʢʠ: 
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ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ) ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ 

ʮʠʢʣʦʚ ʦʩʘʞʜʝʥʠʷ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʣʱʠʥʳ ʬʦʨʤʠʨʫʝʤʳʭ 

ʧʣʝʥʦʢ. 

 
 
 

1.7.3. ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ 

 
 
 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʘʞʜʝʥʠʝ ʥʘ ʵʣʝʢʪʨʦʜʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚʝʱʝʩʪʚʘ, 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ [140]. ʈʘʟʣʠʯʘʶʪ ʘʥʦʜʥʦʝ (ʯʘʩʪʠʮʳ ʚʝʱʝʩʪʚʘ ʟʘʨʷʞʝʥʳ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʠ ʦʩʘʞʜʘʶʪʩʷ ʥʘ ʘʥʦʜʝ) ʠ ʢʘʪʦʜʥʦʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ (ʯʘʩʪʠʮʳ 

ʟʘʨʷʞʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʦʩʘʞʜʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʥʘ ʢʘʪʦʜʝ). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʝʪʦʜ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʨʠʚʣʝʢʘʝʪ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʧʣʝʥʢʠ ʨʘʟʣʠʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ: ʠʟʥʦʩʦʩʪʦʡʢʠʝ ʠ ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʳʝ 

ʢʝʨʘʤʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠ,̫ ʧʣʝʥʢʠ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ 

ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʠʣʠ ʙʠʦʘʢʪʠʚʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ 

ʤʝʜʠʮʠʥʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ [156]. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʦʜʥʦʨʦʜʥʳʭ ʧʦ ʪʦʣʱʠʥʝ 

ʧʣʝʥʦʢ ʥʘ ʧʦʜʣʦʞʢʘʭ ʨʘʟʣʠʯʥʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʣʦʞʥʦʡ ʬʦʨʤʳ; ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʦʩʘʞʜʝʥʠʷ ʤʘʣʘ (ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ); ʚʦʟʤʦʞʝʥ ʧʨʝʮʠʟʠʦʥʥʳʡ 

ʢʦʥʪʨʦʣʴ ʪʦʣʱʠʥʳ ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ; ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ ʯʝʪʢʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʩʪʘʚʫ ʠʩʭʦʜʥʳʭ ʧʦʨʦʰʢʦʚ. ʆʜʥʘʢʦ ʦʩʘʞʜʝʥʥʳʝ ʧʣʝʥʢʠ ʷʚʣʷʶʪʩʷ ʨʳʭʣʳʤʠ ʠ 

ʠʤʝʶʪ ʥʠʟʢʫʶ ʘʜʛʝʟʠʶ ʢ ʧʦʜʣʦʞʢʝ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʞʠʛʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠ ̫ʠʩʧʦʣʴʟʫʶʪ ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ 

(ʩʫʩʧʝʥʟʠʠ), ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʥʘʧʨʠʤʝʨ, ʠʟʦʧʨʦʧʘʥʦʣʘ, 

ʘʮʝʪʠʣʘʮʝʪʦʥʘ) ʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʦʩʘʞʜʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʫʶ ʧʦʣʫʯʘʶʪ ʠʟʤʝʣʴʯʝʥʠʝʤ 

ʥʠʟʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʠʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʨʘʩʪʚʦʨʠʪʝʣʝ). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʩʪʚʦʨʘʭ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ. ɸʚʪʦʨʘʤʠ [157] ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʧʨʦʪʦʥʧʨʦʚʦʜʷʱʠʭ ʧʣʝʥʦʢ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʦʩʪʘʚʘ BaCe0,8Y0,2O3-ŭ (BCY) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʜʣʦʞʝʢ (NiOïBCYïC) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʣʣʦʠʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʙʠʤʦʜʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ (ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʠʤʝʣʠʩʴ ʤʘʢʩʠʤʫʤʳ ʧʨʠ 172 ʠ 766 ʥʤ), ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʬʦʨʤʠʨʫʝʤʳʭ 

ʧʣʝʥʦʢ ʝʱʝ ʜʦ ʠʭ ʦʙʞʠʛʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʝʜʠʤʝʥʪʘʮʠʠ ʯʘʩʪʠʮ ʚ ʠʩʭʦʜʥʳʭ 

ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʠʥʪʝʨʚʘʣʝ 60-120 ʤʠʥ ʧʦʩʣʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʥʠ 



53 

 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʥʠʤʦʜʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ, ʘ ʚ ʜʠʘʧʘʟʦʥʘʭ ʚʨʝʤʝʥ 0-

60 ʤʠʥ ʠ 120-180 ʤʠʥ ʥʘʙʣʶʜʘʣʦʩʴ ʙʠʤʦʜʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ʩ 

ʫʥʠʤʦʜʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʦʜʥʦʨʦʜʥʳʝ 

ʧʣʦʪʥʳʝ ʧʣʝʥʢʠ ʪʦʣʱʠʥʦʡ ~9,2 ʤʢʤ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʚ ʠʥʪʝʨʚʘʣʝ 0,6-1,4 ʤʢʤ (ʧʦʩʣʝ ʦʙʞʠʛʘ 

ʧʣʝʥʦʢ ʧʨʠ 1450Üʉ, 4 ʯ). ɺʝʣʠʯʠʥʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʣʝʥʢʠ BCY, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ NiOïBCYïC ʩʦʩʪʘʚʣʷʣʘ 1,6 10
-2 
ʉʤ/ʩʤ ʧʨʠ 600Áʉ, ʘ ʵʥʝʨʛʠ ̫ʘʢʪʠʚʘʮʠʠ 

ʙʳʣʘ ʨʘʚʥʘ 0,35 ʵɺ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʷʯʝʡʢʘ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʦʡ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦɦʥʦʩʪʠ ʧʨʠ 600ÁC ï 74,2 

ʤɺʪ/ʩʤ
2
. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʪʘʙʠʣʠʟʘʪʦʨʳ. ʊʘʢ, ʚ ʮʠʢʣʝ ʨʘʙʦʪ [158-160] ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʩʧʠʨʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠʦʜʘ (0,1 ʛ/ʣ) ʚ ʢʦʣʣʦʠʜʥʳʡ ʨʘʩʪʚʦʨ 

ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʨʘʟʤʝʨ ʘʛʣʦʤʝʨʘʪʦʚ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ 8YSZ ʚ ʥʝʤ ʩ 0,188 ʤʢʤ (ʙʝʟ ʚʚʝʜʝʥʠʷ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ) ʜʦ 0,092 ʤʢʤ. ʇʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʥʳʝ ʧʣʝʥʢʠ 8YSZ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ (NiOïYSZ), ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʨʳʭʣʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚ ʩʚʷʟʠ 

ʩ ʯʝʤ ʪʨʝʙʦʚʘʣʦʩʴ ʧʨʦʚʝʜʝʥʠʝ ʜʘʣʴʥʝʡʰʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ 

ʦʙʞʠʛʘ ʧʨʠ 1400Üʉ (6 ʯ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʣʦʪʥʳʝ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʧʣʝʥʢʠ 8YSZ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʪʦʣʱʠʥʘ ʧʦʜʣʦʞʢʠ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ: ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ (4 ʤʠʥ) ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʧʦʜʣʦʞʢʠ NiOïYSZ ʩ 0,5 ʜʦ 2 

ʤʤ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʚʳʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʧʣʝʥʦʢ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʭ ʪʦʣʱʠʥʘ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ 5 ʜʦ 20 ʤʢʤ. ɺʝʣʠʯʠʥʘ ʤʦʱʥʦʩʪʠ ʝʜʠʥʠʯʥʦʡ ʪʦʧʣʠʚʥʦʡ ʷʯʝʡʢʠ ʧʨʠ 800Üʉ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʫʤʝʥʴʰʘʣʘʩʴ ʩ 1,4 ʜʦ 0,37 ɺʪ/ʩʤ
2
 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ 

ʧʣʝʥʦʢ ʵʣʝʢʪʨʦʣʠʪʘ. 

 
 
 

1.7.4. ʄʝʪʦʜ rʧʦʛʨʫʞʝʥʠʷ ʠ ʚʨʘʱʝʥʠʷ ʧʦʜʣʦʞʢʠ 

 
 
 

ʄʝʪʦʜ ʧʦʛʨʫʞʝʥʠʷ (dip-coating) ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤ ʚ ʠʩʧʦʣʥʝʥʠʠ ʠ ʧʦʟʚʦʣʷʝʪ 

ʥʘʥʦʩʠʪʴ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʥʘ ʧʦʜʣʦʞʢʘʭ ʨʘʟʣʠʯʥʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʣʦʞʥʦʡ, ʬʦʨʤʳ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʧʣʝʥʢʠ ʫʢʘʟʘʥʥʳʤ ʤʝʪʦʜʦʤ ʧʨʦʚʦʜʷʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟ ʩʫʩʧʝʥʟʠʡ, ʟʦʣʝʡ ʠʣʠ ʠʩʪʠʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʚ ʪʨʠ ʵʪʘʧʘ: ʧʦʛʨʫʞʝʥʠʝ ʧʦʜʣʦʞʢʠ ʚ ʨʘʩʪʚʦʨ, ʚʳʜʝʨʞʢʘ ʝʝ ʚ ʨʘʩʪʚʦʨʝ ʚ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʠʟʚʣʝʯʝʥʠʝ ʧʦʜʣʦʞʢʠ. ʇʨʦʮʝʩʩʳ ʧʦʛʨʫʞʝʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ 

ʧʦʜʣʦʞʢʠ ʠʟ ʨʘʩʪʚʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ 

ʧʣʝʥʦʢ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʭ ʩʫʰʢʘ ʠ ʦʙʞʠʛ. ʅʝʦʙʭʦʜʠʤʘʷ ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʷ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʦʚʪʦʨʝʥʠʝʤ ʮʠʢʣʦʚ "ʥʘʥʝʩʝʥʠʝ-ʩʫʰʢʘ-ʦʙʞʠʛ" [146]. ʊʦʣʱʠʥʫ ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ ʤʦʞʥʦ 
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ʚʘʨʴʠʨʦʚʘʪʴ, ʠʟʤʝʥʷʷ ʚʷʟʢʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʞʠʜʢʦʩʪʝʡ, ʩʢʦʨʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʧʦʜʣʦʞʢʠ, ʘ 

ʪʘʢʞʝ ʢʦʥʮʝʥʪʨʘʮʠʶ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ. ɺ ʨʘʙʦʪʝ [161] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʝʢʫʨʩʦʨʦʚ ʩ 12,2 ʜʦ 7,4 ʤʇʘĿʩ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʪʦʣʱʠʥʳ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʧʣʝʥʦʢ ʩʦʩʪʘʚʘ YBa2Cu3O7-ŭ ʩ 265 ʜʦ 158 ʥʤ. ʆʜʥʘʢʦ, ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʳʝ ʧʣʝʥʢʠ ʙʳʣʠ ʥʝʨʘʚʥʦʤʝʨʥʳ ʧʦ ʪʦʣʱʠʥʝ: ʧʦ ʢʨʘʷʤ ʧʦʜʣʦʞʢʠ ʥʘʙʣʶʜʘʣʦʩʴ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʦʣʝʝ ʪʦʣʩʪʦʛʦ ʧʦʢʨʳʪʠʷ, ʯʝʤ ʚ ʩʝʨʝʜʠʥʝ. ɺ ʦʙʣʘʩʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʤʝʪʦʜ ʧʦʛʨʫʞʝʥʠʷ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʊʆʊʕ, 

ʛʝʪʝʨʦʩʪʨʫʢʫʨ (ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʣʠʪ/ʵʣʝʢʪʨʦʜ, ʵʣʝʢʪʨʦʣʠʪ/ʙʘʨʴʝʨʥʦʝ ʧʦʢʨʳʪʠʝ/ʵʣʝʢʪʨʦʜ), ʘ 

ʪʘʢʞʝ ʧʣʘʥʘʨʥʳʭ ʠ ʤʠʢʨʦʪʨʫʙʯʘʪʳʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʮʝʣʦʤ. ʊʘʢ, ʘʚʪʦʨʘʤʠ [162] ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʣʠʪʘ (8YSZ) ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʙʘʨʴʝʨʥʳʝ ʧʦʢʨʳʪʠʷ (Ce0,9Gd0,1O2-ŭ ï GDC) ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ (100-700 ʥʤ) ʠ ʧʦʨʠʩʪʦʩʪʠ (0-

47%). ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʧʣʝʥʢʠ ʧʦʩʣʝ ʩʫʰʢʠ (70Üʉ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ (500-800Üʉ) 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʢʫʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʬʣʶʦʨʠʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʣʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʟʘ ʦʜʠʥ ʮʠʢʣ ʥʘʥʝʩʝʥʠʷ (ʪʦʣʱʠʥʘ 100-120 ʥʤ) ʷʚʣʷʣʠʩʴ ʦʜʥʦʨʦʜʥʳʤʠ ʠ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʥʘʣʠʯʠʝʤ ʧʦʨ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʇʣʝʥʢʠ ʙʦʣʴʰʝʡ ʪʦʣʱʠʥʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʟʘ 3 (290 ʥʤ) ʠ 5 ʮʠʢʣʦʚ (540 ʥʤ), ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʝʪʢʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʢʘʥʘʣʴʥʳʭ ʧʦʨ, ʦʜʥʘʢʦ ʥʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʪʘʢʠʭ ʧʣʝʥʦʢ ʥʘʙʣʶʜʘʣʠʩʴ 

ʜʝʬʝʢʪʳ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʩʣʦʷʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʧʣʦʪʥʳʝ ʠ ʧʦʨʠʩʪʳʝ ʧʣʝʥʢʠ GDC 

ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʪʦʧʣʠʚʥʦʡ ʷʯʝʡʢʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ (ʈ800Üʉ = 0,27 ɺʪ/ʩʤ
2
) ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʪʦʣʱʠʥʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʨʠʩʪʳʝ 

ʧʣʝʥʢʠ, ʪʦʛʜʘ ʢʘʢ ʧʣʦʪʥʳʝ ʧʣʝʥʢʠ (ʪʦʣʱʠʥʘ 100 ʥʤ) ʥʝʩʢʦʣʴʢʦ ʫʩʪʫʧʘʶʪ ʠʤ (ʈ800Üʉ = 0,24 

ɺʪ/ʩʤ
2
). ʆʪʤʝʯʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʙʘʨʴʝʨʥʳʭ ʩʣʦʝʚ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʜʠʬʬʫʟʠʶ 

ʢʘʪʠʦʥʦʚ ʠʟ ʢʘʪʦʜʥʦʛʦ ʩʣʦʷ ʚ ʩʣʦʡ ʵʣʝʢʪʨʦʣʠʪʘ, ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ (ʚ 

~ 7 ʨʘʟ) ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʦʤʫ ʧʝʨʝʥʦʩʫ ʥʘ ʛʨʘʥʠʮʝ ʢʘʪʦʜ/ʵʣʝʢʪʨʦʣʠʪ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. ɺ ʨʘʙʦʪʝ [163] ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʤʠʢʨʦʪʨʫʙʯʘʪʳʭ ʊʆʊʕ ʤʝʪʦʜʦʤ 

ʧʦʛʨʫʞʝʥʠʷ. ʊʘʢ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʮʠʢʣʦʚ "ʥʘʥʝʩʝʥʠʝ-ʩʫʰʢʘ" ʥʘ ʫʛʣʝʨʦʜʥʦʤ 

ʩʪʝʨʞʥʝ ʙʳʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʣʫʯʝʥʳ ʥʝʩʫʱʠʡ ʩʣʦʡ ʘʥʦʜʘ (NiO/YSZ, ʪʦʣʱʠʥʘ 500 ʤʢʤ), 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʘʥʦʜʥʳʡ ʩʣʦʡ (NiO- ZrO2-Sc2O3, ʪʦʣʱʠʥʘ 35 ʤʢʤ), ʵʣʝʢʪʨʦʣʠʪ (ZrO2-Sc2O3, 

ʪʦʣʱʠʥʘ 15 ʤʢʤ), ʢʘʪʦʜ (LaMnO3- ZrO2-Sc2O3, ʪʦʣʱʠʥʘ 20 ʤʢʤ) ʠ ʢʘʪʦʜʥʳʡ ʪʦʢʦʩʲʝʤʥʠʢ 

(LaMnO3, ʪʦʣʱʠʥʘ 25 ʤʢʤ). ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʘʩʴ ʪʨʝʭʩʪʫʧʝʥʯʘʪʘʷ ʦʜʥʦʚʨʝʤʝʥʥʘʷ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ: ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘʛʨʝʚ ʜʦ 120Üʉ 

(ʚʳʜʝʨʞʢʘ 1 .), ʟʘʪʝʤ ʜʦ 450Üʉ (ʚʳʜʝʨʞʢʘ 1 ʯ) ʠ ʜʦ 1400Üʉ (ʚʳʜʝʨʞʢʘ 2 ʯ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʤʝʞʜʫ ʵʣʝʢʪʨʦʣʠʪʦʤ, ʘʥʦʜʥʳʤ ʠ ʢʘʪʦʜʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʣʦʷʤʠ 
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ʙʳʣʠ ʦʜʥʦʨʦʜʥʳʤʠ ʠ ʥʝʧʨʝʨʳʚʥʳʤʠ, ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʜʝʬʝʢʪʦʚ. ʅʝʩʫʱʠʡ ʩʣʦʡ ʘʥʦʜʘ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʘʥʦʜʥʳʡ ʩʣʦʡ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʥʘʣʠʯʠʝʤ ʦʜʥʦʨʦʜʥʳʭ ʢʨʫʧʥʳʭ ʧʦʨ, 

ʚʝʣʠʯʠʥʘ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ ʩʦʩʪʘʚʣʷʣʘ 49% ʠ 27% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʦʱʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʤʠʢʨʦʪʨʫʙʯʘʪʳʭ ʪʦʧʣʠʚʥʳʭ ʷʯʝʝʢ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ 203 ʤɺʪ/ʩʤ
2
 ʜʦ 715 ʤɺʪ/ʩʤ

2
 ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ 650-800Üʉ  

ʄʝʪʦʜ ʚʨʘʱʝʥʠʷ (spin-coating) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʥʘ ʧʣʦʩʢʠʭ ʧʦʜʣʦʞʢʘʭ. 

ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʦʢ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʢʘʧʣʷ ʨʘʩʪʚʦʨʘ ʧʨʝʢʫʨʩʦʨʘ 

ʥʘʥʦʩʠʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʧʦʜʣʦʞʢʠ, ʘ ʟʘʪʝʤ ʥʘʯʠʥʘʝʪʩʷ ʝʸ ʚʨʘʱʝʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʢʘʧʣʷ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ [146]. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʣʘʥʘʨʥʳʭ ʊʆʊʕ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʘʢ, ʚ 

ʨʘʙʦʪʝ [164] ʤʝʪʦʜʦʤ ʚʨʘʱʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʧʨʠ 650Üʉ (4 ʯ) ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʩʦʩʪʘʚʘ 8YSZ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʥʘʥʦʧʦʨʦʰʢʘ 8YSZ ʚ ʠʩʭʦʜʥʦʡ ʩʫʩʧʝʥʟʠʠ ʚ ʠʥʪʝʨʚʘʣʝ 10-50 ʤʘʩ.% ʪʦʣʱʠʥʘ 

ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ 0,76 ʤʢʤ ʜʦ 2,47 ʤʢʤ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʧʣʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʩʫʩʧʝʥʟʠʡ, ʩʦʜʝʨʞʘʱʠʭ 10 ʤʘʩʩ.% ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ, ʷʚʣʷʣʠʩʴ ʥʘʠʤʝʥʝʝ 

ʦʜʥʦʨʦʜʥʳʤʠ, ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʨ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʚ 

ʩʫʩʧʝʥʟʠʷʭ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʝ ʧʣʝʥʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʝʣʢʠʭ ʧʦʨ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʪʦʥʢʦʧʣʝʥʦʯʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʷʚʣʷʣʠʩʴ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʬʣʶʦʨʠʪʘ. ɸʚʪʦʨʘʤʠ [165] 

ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʚʨʘʱʝʥʠʷ ʧʦʜʣʦʞʢʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ ʧʨʠʤʝʨʝ ʵʣʝʢʪʨʦʣʠʪʘ 8YSZ ʠ ʙʘʨʴʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ GDC, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʥʘ ʥʝʩʫʱʝʤ ʘʥʦʜʝ (NiO-YSZ). ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌɸ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʧʣʝʥʢʠ ʷʚʣʷʣʠʩʴ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ Fm3m. ʊʦʣʱʠʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

8YSZ/GDC ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 2 ʜʦ 8 ʤʢʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʣʝʥʢʠ ʵʣʝʢʪʨʦʣʠʪʘ ʷʚʣʷʣʠʩʴ 

ʧʣʦʪʥʳʤʠ ʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʷʟʫʶʱʝʛʦ (ʵʪʠʣʮʝʣʣʶʣʦʟʘ) ʦʪ 2,8 ʜʦ 7,9 ʤʘʩʩ.% ʚ ʠʩʭʦʜʥʳʭ 

ʩʫʩʧʝʥʟʠʷʭ ʧʨʠʚʦʜʠʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʦʪ 1 ʜʦ 8%. ʊʝʩʪʦʚʘʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʷʯʝʡʢʘ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ, 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʦʱʥʦʩʪʠ ʈ600Üʉ = 200 ʤɺʪ/ʩʤ
2
 ʧʨʠ ʦʙʱʝʡ 

ʪʦʣʱʠʥʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ 8YSZ/GDC 2 ʤʢʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʚʘʞʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʤʝʪʦʜʦʚ 

ʧʦʛʨʫʞʝʥʠʷ ʠ ʚʨʘʱʝʥʠʷ ʧʦʜʣʦʞʢʠ (ʧʨʦʩʪʦʪʘ ʠʩʧʦʣʥʝʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ 

ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 100 ʥʤ, ʚ ʩʣʫʯʘʝ ʤʝʪʦʜʘ ʧʦʛʨʫʞʝʥʠʷ - ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʧʣʝʥʦʢ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʠ ʨʘʟʤʝʨʦʚ), ʫ ʥʠʭ ʠʤʝʝʪʩʷ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ: ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʬʦʨʤʠʨʫʝʤʳʭ ʧʣʝʥʦʢ ʧʦ ʪʦʣʱʠʥʝ, ʚ ʩʣʫʯʘʝ ʤʝʪʦʜʘ ʧʦʛʨʫʞʝʥʠʷ ʧʦʢʨʳʪʠʝ ʥʘʥʦʩʠʪʩʷ ʩʦ ʚʩʝʭ 
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ʩʪʦʨʦʥ ʧʦʜʣʦʞʢʠ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʦʩʢʠʭ ʧʦʜʣʦʞʝʢ ʩ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ï ʚ ʩʣʫʯʘʝ ʤʝʪʦʜʘ ʚʨʘʱʝʥʠʷ ʧʦʜʣʦʞʢʠ [166]. 

 
 
 

1.8. ʄʝʪʦʜʳ ʢʦʥʩʦʣʠʜʘʮʠʠ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 
 
 
 
ʊʝʨʤʠʥ çʢʦʥʩʦʣʠʜʘʮʠʷè ʚ ʘʩʧʝʢʪʝ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʘʢʪʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʨʫʩʩʢʦʷʟʳʯʥʦʤ ʚʘʨʠʘʥʪʝ ʧʨʝʜʣʦʞʠʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ɹʘʣʴʰʠʥ ʄ.ʖ. [167]. ɿʘ ʨʫʙʝʞʦʤ ʵʪʦʪ 

ʪʝʨʤʠʥ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʘʢ 

ʧʨʝʩʩʦʚʘʥʠʝ ʠ ʬʦʨʤʦʚʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʍʘʩʘʥʦʚ ʠ ʩʦʘʚʪʦʨʳ [168] 

ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʨʦʮʝʩʩ ʢʦʥʩʦʣʠʜʘʮʠʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʳ ʧʦʨʦʰʢʦʚʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ (ʬʦʨʤʦʚʘʥʠʝ, ʧʨʝʩʩʦʚʘʥʠʝ, ʩʧʝʢʘʥʠʝ), ʥʦ ʠ ʜʨʫʛʠʝ, ʥʘʧʨʠʤʝʨ, ʧʦʣʫʯʝʥʠʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʘʤʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʤʝʥʴʰʘʷ ʦʙʲʸʤʥʘʷ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʨʘʩʧʣʘʚʣʷʝʪʩʷ ʠʣʠ ʚʚʦʜʠʪʩʷ ʚ ʞʠʜʢʦʤ ʚʠʜʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ [168] 

ʢʦʥʩʦʣʠʜʘʮʠʷ ï ʵʪʦ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʛʣʘʚʥʘʷ ʦʙʲʸʤʥʘʷ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʦʩʪʘʸʪʩʷ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʝ ʧʣʦʪʥʳʭ ʪʚʝʨʜʦʦʢʩʠʜʥʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʥʘʥʦʨʘʟʤʝʨʥʦʩʪʠ 

ʠʪʦʛʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʚʘʞʥʦʩʪʴ ʨʘʟʤʝʨʥʦʛʦ ʬʘʢʪʦʨʘ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʧ. 1.6.5) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʝʨʴʝʟʥʫʶ ʧʨʦʙʣʝʤʫ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʥʘʥʦʧʦʨʦʰʢʦʚ: ʩʢʣʦʥʥʦʩʪʴ ʢ ʘʛʣʦʤʝʨʠʨʦʚʘʥʠʶ, ʚʳʩʦʢʘʷ ʩʦʨʙʮʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʧʦʚʳʰʝʥʥʦʝ 

ʤʝʞʯʘʩʪʠʯʥʦʝ ʠ ʧʨʠʩʪʝʥʥʦʝ ʪʨʝʥʠʝ ʧʨʠ ʧʨʝʩʩʦʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʧʦʥʠʞʝʥʥʘʷ ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʥʠʟʢʦʜʠʩʧʝʨʩʥʳʤʠ ʧʦʨʦʰʢʘʤʠ. ʋʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʧʦʷʚʣʝʥʠʶ ʛʨʘʜʠʝʥʪʘ ʧʣʦʪʥʦʩʪʠ, ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʢ ʠʭ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʠ ʨʘʟʨʫʰʝʥʠʶ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʢ ʢʦʥʩʦʣʠʜʘʮʠʠ ʥʘʥʦʧʦʨʦʰʢʦʚ ʠ ʧʦʣʫʯʝʥʠʶ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʚʳʩʦʢʦʧʣʦʪʥʳʭ ʙʝʟʜʝʬʝʢʪʥʳʭ ʵʣʝʢʪʨʦʣʠʪʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ.  

 
 
 

1.8.1. ʍʦʣʦʜʥʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ 

 
 
 
ʍʦʣʦʜʥʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ (ʍʇʇʉ) ʷʚʣʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤ ʠ 

ʚʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʢʦʥʩʦʣʠʜʘʮʠʠ ʧʦʨʦʰʢʦʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ ʚ ʚʠʜʝ 

ʠʟʜʝʣʠʡ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʦʨʤ. ʇʨʝʩʩ-ʬʦʨʤʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʤʝʪʦʜʝ ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʦʩʪʦʷʪ ʠʟ ʤʘʪʨʠʮʳ ʠ ʜʚʫʭ ʧʫʘʥʩʦʥʦʚ (ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ). ʅʠʞʥʠʡ ʧʫʘʥʩʦʥ 

ʟʘʢʨʳʚʘʝʪ ʦʪʚʝʨʩʪʠʝ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʤʘʪʨʠʮʳ, ʚ ʢʦʪʦʨʫʶ ʟʘʩʳʧʘʝʪʩʷ ʬʦʨʤʫʝʤʳʡ ʧʦʨʦʰʦʢ. 
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ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʚʝʨʭʥʝʝ ʦʪʚʝʨʩʪʠʝ ʤʘʪʨʠʮʳ ʧʨʝʩʩ-ʬʦʨʤʳ ʧʦʤʝʱʘʝʪʩʷ ʚʝʨʭʥʠʡ ʧʫʘʥʩʦʥ, ʢ 

ʢʦʪʦʨʦʤʫ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʜʘʚʣʝʥʠʝ ʧʨʝʩʩʦʚʘʥʠʷ. ɼʘʣʝʝ ʥʠʞʥʠʡ ʧʫʘʥʩʦʥ ʫʜʘʣʷʝʪʩʷ ʠ 

ʧʨʦʚʦʜʠʪʩʷ ʠʟʚʣʝʯʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʤʧʘʢʪʘ ʠʟ ʤʘʪʨʠʮʳ ʩ ʧʦʤʦʱʴʶ ʚʝʨʭʥʝʛʦ ʧʫʘʥʩʦʥʘ [168-

169]. ʇʨʦʮʝʩʩ ʢʦʥʩʦʣʠʜʘʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʟʘʚʝʨʰʘʝʪʩʷ ʩʪʘʜʠʝʡ 

ʩʧʝʢʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. ʉʨʝʜʠ ʜʦʩʪʦʠʥʩʪʚ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʫ, 

ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʤʝʩʪʥʦʡ ʩʭʝʤʳ ʧʨʝʩʩʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʚʩʝʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʠʟʦʪʨʦʧʠʷ 

ʩʚʦʡʩʪʚ (ʛʨʘʜʠʝʥʪ ʧʣʦʪʥʦʩʪʠ, ʜʝʬʦʨʤʘʮʠʠ, ʤʘʢʨʦʜʝʬʝʢʪʳ ï ʪʨʝʱʠʥʳ, ʩʢʦʣʳ ʠ ʪ.ʜ.) ʧʦʣʫʯʝʥʥʳʭ 

ʠʟʜʝʣʠʡ ʧʦ ʦʙʲʸʤʫ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʛʨʘʜʠʝʥʪʘ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʬʦʨʤʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʧʣʦʪʥʳʭ ʦʙʨʘʟʮʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʙʞʠʛʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʢʨʫʧʥʝʥʠʶ ʟʝʨʝʥ ʠ ʤʦʞʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʩʚʦʡʩʪʚʘʭ ʠʪʦʛʦʚʦʡ ʢʝʨʘʤʠʢʠ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [170] ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ 

ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʩʦʩʪʘʚʘ (CeO2)0,9(Sc2O3)0,1 ï (Y2O3)1-x(ŬAl2O3)x (x = 5, 10, 15 ʤʘʩʩ.%) 

ʚ ʢʘʯʝʩʪʚʝ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʜʣʷ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ ʊʆʊʕ. ʂʦʥʩʦʣʠʜʘʮʠʷ 

ʥʘʥʦʧʦʨʦʰʢʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ (10 ʄʇʘ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʩʧʝʢʘʥʠʝʤ ʧʨʠ 1500Üʉ (2 ʯ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʥʠʟʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ (ʚ ʠʥʪʝʨʚʘʣʝ 0,19-0,31%). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʤʝʨ ʟʝʨʝʥ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʦʩʪʘʚʣʷʣ 0,6-2,71 ʤʢʤ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʩʦʣʠʜʘʮʠʠ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʞʠʛ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ. ɸʚʪʦʨʳ [171] ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʦʩʪʘʚʘ Ce0,8Gd0,2-xSmxO1,9 (x=0,00; 0,01; 0,03; 0,05) ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 

ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ (187 ʄʇʘ) ʦʩʫʱʝʩʪʚʣʷʣʠ ʜʚʫʩʪʫʧʝʥʯʘʪʳʡ ʦʙʞʠʛ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ: 

ʧʨʠ 1650Üʉ (5 ʤʠʥ) ʠ ʜʘʣʝʝ ʧʨʠ 1500Üʉ (5 ʯ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ 

ʦʙʞʠʛʘ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 94-96%. ɺ ʨʘʙʦʪʝ [82] ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʙʞʠʛʘ ʚ ʠʥʪʝʨʚʘʣʝ 1200-1400Üʉ (5 ʯ) ʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʦʩʪʘʚʘ Ce0,8Sm0,1Ba0,1O2-ŭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ (50 ʄʇʘ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ r ʦʙʞʠʛʘ 

ʧʨʦʠʩʭʦʜʠʪ ʫʧʣʦʪʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʝʪ ʩ 79 ʜʦ 87%), ʘ 

ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʟʝʨʝʥ (ʩ 1,7 ʜʦ 4,7 ʤʢʤ). ʆʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 1300 ʠ 1400Üʉ ʥʘʙʣʶʜʘʣʩʷ ʘʥʦʤʘʣʴʥʳʡ ʨʦʩʪ ʟʝʨʝʥ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʟʘʢʨʳʪʳʭ ʧʦʨ ʠ ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʜʘʣʴʥʝʡʰʝʤʫ ʫʧʣʦʪʥʝʥʠʶ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ. ɼʦʩʪʠʯʴ 

ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ 
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ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ, ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʧʝʢʘʶʱʠʭ ʜʦʙʘʚʦʢ 

(ʦʢʩʠʜʦʚ ʑɿʕ, CoO, Li2O). ʊʘʢ, ʚ ʨʘʙʦʪʝ [172] ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʜʦʙʘʚʢʘ 1 ʤʦʣ.% 

CoO ʢ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʤ ʧʦʨʦʰʢʘʤ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ Ce0,8Nd0,2O1,9 ï La0,8Sr0,2Ga0,8Mg0,2O3-ŭ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʮʝʩʩʫ ʩʧʝʢʘʥʠʷ ʠ ʧʦʣʫʯʝʥʠʶ ʧʣʦʪʥʳʭ (> 95% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ) 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. ʆʜʥʘʢʦ, ʘʚʪʦʨʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ 

ʧʨʦʠʩʭʦʜʠʣʘ ʩʝʛʨʝʛʘʮʠʷ ʦʢʩʠʜʘ ʢʦʙʘʣʴʪʘ ʠʟ ʦʙʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʢ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ, ʯʪʦ ʟʘʪʨʫʜʥʷʣʦ 

ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʠʦʥʦʚ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʠʩʩʣʝʜʫʝʤʳʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. 

 
 
 

1.8.2. ɻʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ 

 
 
 

ɻʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ - ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʩʦʣʠʜʘʮʠʠ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʩʧʝʢʘʥʠʠ ʧʦʨʦʰʢʦʚ ʠʣʠ ʟʘʛʦʪʦʚʦʢ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʜʘʚʣʝʥʠʷ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʧʣʦʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ 

ʛʨʘʜʠʝʥʪʦʤ ʧʣʦʪʥʦʩʪʠ ʧʦ ʠʭ ʦʙʲʝʤʫ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʵʬʬʝʢʪʠʚʝʥ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʪʚʝʨʜʳʭ 

ʩʧʣʘʚʦʚ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʩʠʥʪʝʟʝ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ, ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʤ 

ʬʦʨʤʦʚʘʥʠʠ ʪʠʪʘʥʘ, ʪʚʝʨʜʦʬʘʟʥʦʤ ʩʧʝʢʘʥʠʠ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʢʘʨʙʠʜʦʚ ʠ ʥʠʪʨʠʜʦʚ ʢʨʝʤʥʠʷ, ʙʦʨʘ, ʘʣʶʤʠʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʨʷʯʝʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʢ ʤʘʪʝʨʠʘʣʫ ʧʨʝʩʩ-ʬʦʨʤʳ: ʭʠʤʠʯʝʩʢʘʷ ʠʥʝʨʪʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʦʥʩʦʣʠʜʠʨʫʝʤʳʤ ʧʦʨʦʰʢʘʤ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʞʘʨʦʧʨʦʯʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʩʚʦʡʩʪʚ 

ʩʚʝʨʭʧʣʘʩʪʠʯʥʦʩʪʠ, ʵʢʦʥʦʤʠʯʥʦʩʪʴ [168]. ʂʘʢ ʧʨʘʚʠʣʦ, ʛʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪ ʚ 

ʛʨʘʬʠʪʦʚʳʭ ʧʨʝʩʩ-ʬʦʨʤʘʭ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʠʣʠ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʥʘʛʨʝʚʘ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [173] ʙʳʣ ʠʟʫʯʝʥ ʧʨʦʮʝʩʩ ʢʦʥʩʦʣʠʜʘʮʠʠ 

ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʘʚʘ 60%Al2O3ï38,8%ZrO2ï1,2%Y2O3, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʭ ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 1000-1200Áʉ (30 ʤʠʥ.; ʈ = 50 ʄʇʘ). ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʦʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ, ʜʦʩʪʠʛʘʣʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 98,7% ʫʞʝ ʧʨʠ 1000Áʉ, ʪʦʛʜʘ ʢʘʢ ʧʨʦʮʝʩʩ 

ʫʧʣʦʪʥʝʥʠʷ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʜʦ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ (98,5%) ʟʘʚʝʨʰʘʣʩʷ ʧʨʠ 1200 Áʉ. ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʘʚʪʦʨʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʙʲʷʩʥʷʶʪ 

ʪʝʤ, ʯʪʦ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʝ ʧʦʨʦʰʢʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʜʠʬʬʫʟʠʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʝʤʫ ʚʦ 

ʚʨʝʤʷ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʭ 
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ʧʦʨʦʰʢʦʚ ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ, ʯʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʣʫʯʰʝʤʫ ʫʧʣʦʪʥʝʥʠʶ ʬʦʨʤʠʨʫʝʤʳʭ ʢʦʤʧʘʢʪʦʚ. ʇʦ ʜʘʥʥʳʤ ʈʕʄ, ʧʦʣʫʯʝʥʥʳʝ ʦʙʲʝʤʥʳʝ 

ʢʝʨʘʤʠʯʝʩʢʠʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʜʥʦʨʦʜʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ, ʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʦʧʣʦʪʥʳʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʧʦʨʠʩʪʳʤʠ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ 90 ʥʤ (ʜʣʷ ʦʙʨʘʟʮʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʘʤʦʨʬʥʳʭ ʧʦʨʦʰʢʦʚ) ʠ 200 ʥʤ (ʜʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ). ɸʚʪʦʨʳ [174] ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 3YSZ, ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʯʘʩʪʠʮʘʤʠ (W,Ti)C 

ʠ Al2O3 ʜʣʷ ʥʫʞʜ ʩʪʦʤʘʪʦʣʦʛʠʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʂʦʥʩʦʣʠʜʘʮʠʶ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʨʦʰʢʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1650Áʉ (30 ʤʠʥ, ʈ = 

30 ʄʇʘ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʪʦʜ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʧʣʦʪʥʳʝ 

(0,4-0,7% ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ) ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʦʜʥʦʨʦʜʥʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ʤʝʥʝʝ 1 ʤʢʤ. ɺ ʨʘʙʦʪʝ [175] ʙʳʣʦ ʠʟʫʯʝʥʦ 

ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠʪʦʛʦʚʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʘʚʘ 3YSZ. ɼʘʚʣʝʥʠʝ ʧʨʝʩʩʦʚʘʥʠʷ ʙʳʣʦ ʧʦʩʪʦʷʥʥʳʤ ʠ ʩʦʩʪʘʚʣʷʣʦ 45 ʄʇʘ, ʚʨʝʤʷ 

ʚʳʜʝʨʞʢʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ï 2 ʤʠʥ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ 1050-1600Üʉ 

ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʟʝʨʝʥ ʩ 0,2 ʜʦ 25 ʤʢʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʠʤʝʥʴʰʝʡ ʧʦʨʠʩʪʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 1050Üʉ (0,2-3,1% ). 

 
 
 

1.8.3. ʄʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʦʝ ʧʨʝʩʩʦʚʘʥʠʝ 

 
 
 

ʄʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʦʝ ʧʨʝʩʩʦʚʘʥʠʝ (ʄʀʇ) ʦʪʥʦʩʠʪʩʷ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ 

ʢʦʥʩʦʣʠʜʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʫʧʣʦʪʥʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʜʘʨʥʳʤʠ ʚʦʣʥʘʤʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʦʩʥʦʚʘʥ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʠʣʦʚʦʛʦ ʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʦʱʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʪʦʢʦʚ, ʟʘ 

ʩʯʝʪ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʩʫʭʦʝ ʠʥʪʝʥʩʠʚʥʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʧʦʨʦʰʢʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʠʤʧʫʣʴʩʥʳʝ ʜʘʚʣʝʥʠʷ ʜʦ 5 ɻʇʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʩʝʢʫʥʜ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ 

ʧʣʦʪʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʪʠʯʝʩʢʠʤ ʧʨʝʩʩʦʚʘʥʠʝʤ, ʩʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʧʝʢʘʥʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦ ʫʧʨʘʚʣʷʪʴ ʧʘʨʘʤʝʪʨʘʤʠ ʚʦʣʥʳ 

ʩʞʘʪʠʷ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʚʦʟʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʧʦʷʚʣʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ 

ʬʦʨʤʠʨʫʝʤʳʭ ʢʦʤʧʘʢʪʘʭ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʪʨʝʙʫʶʪʩʷ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʧʨʝʩʩ-

ʬʦʨʤʳ, ʩʧʦʩʦʙʥʳʝ ʚʳʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʦʙʨʘʟʮʦʚ (ʙʦʣʝʝ 100 ʤʤ ʧʦ ʚʳʩʦʪʝ). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʬʦʨʤʠʨʫʝʤʳʭ ʜʘʥʥʳʤ 

ʤʝʪʦʜʦʤ ʦʙʨʘʟʮʘʭ ʚʦʟʥʠʢʘʶʪ ʥʝʨʝʣʘʢʩʠʨʦʚʘʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 



60 

 

ʥʠʭ ʠʤʧʫʣʴʩʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʘʢʪʦʚ [168]. ɻʨʫʧʧʦʡ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ 

ʜʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʦʪʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ [87]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʢʦʥʩʦʣʠʜʘʮʠʷ ʥʘʥʦʧʦʨʦʰʢʦʚ ʩʦʩʪʘʚʘ 9,5%Y2O3ï90,5%ZrO2 ʤʝʪʦʜʦʤ ʄʀʇ (1,2 ɻʇʘ). 

ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʟʘʛʦʪʦʚʢʠ ʠʤʝʣʠ ʬʦʨʤʫ ʜʠʩʢʦʚ (d = 30 ʤʤ) ʪʦʣʱʠʥʦʡ 1-3 ʤʤ ʠ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 68%. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʩʧʝʢʘʥʠʠ 

ʪʘʢʠʭ ʢʦʤʧʘʢʪʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 950-1400Üʉ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʜʦ 98%, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ ʚ ʜʠʘʧʘʟʦʥʝ 90-800 ʥʤ. ɼʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʪʨʫʙʯʘʪʳʭ ʊʆʊʕ ʘʚʪʦʨʳ [176] ʢʦʤʙʠʥʠʨʦʚʘʣʠ ʤʝʪʦʜʳ 

ʣʝʥʪʦʯʥʦʛʦ ʣʠʪʴʷ ʠ ʨʘʜʠʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʝ ʩʞʘʪʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʷʱʝʡ ʪʨʫʙʳ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, 

ʩʦʟʜʘʚʘʝʤʳʤ ʠʤʧʫʣʴʩʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʠʥʜʫʢʪʦʨʘ ʘʤʧʣʠʪʫʜʦʡ 25-30ʊʣ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʚʦʜʷʱʘʷ ʪʨʫʙʘ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʧʫʘʥʩʦʥʘ ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʩʩʦʚʘʥʠʷ. ʇʣʝʥʢʠ ʵʣʝʢʪʨʦʣʠʪʘ 

ʩʦʩʪʘʚʘ 91,5%ZrO2ï8,5%Y2O3 (ʪʦʣʱʠʥʘ 10-30 ʤʢʤ), ʘ ʪʘʢʞʝ ʧʦʨʠʩʪʦʛʦ ʢʘʪʦʜʘ ʩʦʩʪʘʚʘ 

La0.7Sr0.3MnO3 (ʪʦʣʱʠʥʘ 10-70 ʤʢʤ), ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʣʝʥʪʦʯʥʦʛʦ ʣʠʪʴʷ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘʤʘʪʳʚʘʣʠʩʴ ʥʘ ʩʪʘʣʴʥʦʡ ʩʪʝʨʞʝʥʴ ʠ ʧʦʤʝʱʘʣʠʩʴ ʚʥʫʪʨʴ ʤʝʜʥʦʡ ʪʨʫʙʳ. 

ɼʘʣʝʝ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʨʘʜʠʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ: ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʝ ʩʞʘʪʠʝ ʧʨʦʚʦʜʷʱʝʡ (ʤʝʜʥʦʡ) ʪʨʫʙʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ~ 0,2 

ɻʇʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʥʦʣʠʪʥʳʭ ʢʦʤʧʘʢʪʦʚ ʪʨʫʙʯʘʪʦʡ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʩʧʝʢʘʥʠʷ ʧʨʠ 

1150-1250Áʉ ʜʦʩʪʠʛʘʣʠ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 97-99% (ʚ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʣʠʪʦʚ) ʠ 

ʧʦʨʠʩʪʦʩʪʠ 27-46% (ʚ ʩʣʫʯʘʝ ʢʘʪʦʜʘ). ʄʦʱʥʦʩʪʴ ʪʨʫʙʯʘʪʳʭ ʊʆʊʕ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʩʦʩʪʘʚʣʷʣʘ 1,3 ɺʪ/ʩʤ
2
 ʧʨʠ 945Üʉ. ɺ ʨʘʙʦʪʝ [177] ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʤʝʪʦʜ ʤʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʢʦʥʩʦʣʠʜʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʦʩʥʳʤ ʧʨʝʩʩʦʚʘʥʠʝʤ, 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʢʦʤʧʘʢʪʠʨʦʚʘʥʠʝʤ ʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤ ʦʙʞʘʪʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʦʣʫʯʘʪʴ 

ʚʳʩʦʢʦʧʣʦʪʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʥʘ 300-400 ʛʨʘʜʫʩʦʚ) ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʊʘʢ, ʧʨʠ ʢʦʥʩʦʣʠʜʘʮʠʠ ʥʘʥʦʧʦʨʦʰʢʦʚ ʩʦʩʪʘʚʘ 

20%Al2O3 ï 80%(ZrO2 ï 3%Y2O3) ʤʝʪʦʜʦʤ ʄʀʇ (ʈ = 1,4 ɻʇʘ) ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʦʙʨʘʟʮʦʚ ʜʦ ʩʧʝʢʘʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 70-80%, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʠʭ ʚʳʰʝ ʫʢʘʟʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʧʣʦʪʥʳʝ ʢʦʤʧʘʢʪʳ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ 35-

60%). ʂʘʢ ʦʪʤʝʯʝʥʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ 

ʤʘʛʥʠʪʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʦʩʣʘʙʣʝʥʠʶ ʩʠʣ ʧʨʠʩʪʝʥʦʯʥʦʛʦ 

ʪʨʝʥʠʷ ʠ ʘʜʠʘʙʘʪʠʯʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʄʀʇ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 
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ʧʨʠ 1350Üʉ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʣʦʪʥʳʝ (97%) ʢʝʨʘʤʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ 100-120 ʥʤ (ZrO2) ʠ 200-250 ʥʤ (Al2O3).  

 
 
 

1.8.4. ʐʣʠʢʝʨʥʦʝ ʣʠʪʴʸ 

 
 
 

ʐʣʠʢʝʨʥʦʝ ʣʠʪʴʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ 

ʧʨʘʢʪʠʢʝ ʤʝʪʦʜʦʚ ʢʦʥʩʦʣʠʜʘʮʠʠ ʧʦʨʦʰʢʦʚ, ʧʦʟʚʦʣʷʷ ʧʦʣʫʯʘʪʴ ʢʝʨʘʤʠʯʝʩʢʠʝ ʠʟʜʝʣʠʷ ʩʣʦʞʥʦʡ 

ʬʦʨʤʳ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʥʝʨʝʣʘʢʩʠʨʦʚʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʨʝʱʠʥ ʚ ʧʦʣʫʯʘʝʤʳʭ ʦʙʨʘʟʮʘʭ. ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʰʠʨʥʦʡ ʛʨʫʧʧʝ ʤʝʪʦʜʦʚ ʬʦʨʤʦʚʘʥʠʷ ʣʠʪʴʝʤ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʪʘʢʞʝ ʮʝʥʪʨʦʙʝʞʥʦʝ ʣʠʪʴʝ, ʣʝʥʪʦʯʥʦʝ ʣʠʪʴʝ, ʚʘʣʴʮʝʚʘʥʠʝ ʢʘʣʘʥʜʨʦʚʳʤ ʩʧʦʩʦʙʦʤ, ʣʠʪʴʝ ʩ 

ʟʘʤʦʨʘʞʠʚʘʥʠʝʤ ʚ ʪʦʥʢʦʩʪʝʥʥʳʭ ʬʦʨʤʘʭ [168]. ʀʩʧʦʣʴʟʫʝʤʳʝ ʰʣʠʢʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʫʩʧʝʥʟʠʠ, ʩʦʩʪʦʷʪ ʠʟ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ, ʩʪʘʙʠʣʠʟʘʪʦʨʘ, ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʠ ʩʚʷʟʫʶʱʝʛʦ. ʇʨʦʮʝʩʩ 

ʢʦʥʩʦʣʠʜʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ: ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʰʣʠʢʝʨ, ʟʘʯʘʩʪʫʶ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ, ʟʘʣʠʚʘʝʪʩʷ ʚ ʧʦʨʠʩʪʫʶ ʢʝʨʘʤʠʯʝʩʢʫʶ/ʛʠʧʩʦʚʫʶ ʬʦʨʤʫ, ʜʘʣʝʝ ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʩʨʝʜʘ 

ʦʪʢʘʯʠʚʘʝʪʩʷ ʠʣʠ ʚʧʠʪʳʚʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʫʝʤʫʶ ʬʦʨʤʫ, ʧʨʠ ʵʪʦʤ ʥʘ ʝʝ ʩʪʝʥʢʘʭ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʣʦʪʥʳʡ ʩʣʦʡ ʟʘʜʘʥʥʦʡ ʪʦʣʱʠʥʳ ʠʟ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ. ʇʦʩʣʝ ʩʫʰʢʠ ʧʦʣʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ 

ʠʟʚʣʝʢʘʶʪ ʠʟ ʬʦʨʤʳ ʠ ʧʨʦʚʦʜʷʪ ʝʛʦ ʦʙʞʠʛ. ʄʥʦʛʦʩʪʘʜʠʡʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʧʦʣʫʯʝʥʠʷ ʰʣʠʢʝʨʦʚ, ʠʭ ʩʫʰʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʞʠʛʦʤ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʳʤ ʠ ʪʨʫʜʦʝʤʢʠʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚʚʝʜʝʥʠʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʚ ʩʦʩʪʘʚ 

ʰʣʠʢʝʨʘ ʤʦʞʝʪ ʟʘʛʨʷʟʥʷʪʴ ʠʪʦʛʦʚʳʝ ʦʙʨʘʟʮʳ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʤʝʩʷʤʠ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʨ, ʟʘʪʨʫʜʥʷʷ ʧʦʣʫʯʝʥʠʝ ʧʣʦʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʐʣʠʢʝʨʥʦʝ ʣʠʪʴʝ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʪʨʫʙʯʘʪʳʭ ʊʆʊʕ. ʊʘʢ, ʘʚʪʦʨʘʤʠ [178-179] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʝ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʩʦʩʪʘʚʘ 

Ce0,8Sm0,2O1,9 ʠ Ce0,9Gd0,1O1,95 ʚ ʬʦʨʤʝ ʫʩʝʯʝʥʥʳʭ ʢʦʥʫʩʦʚ. ʇʦʩʣʝ ʦʙʞʠʛʘ ʧʨʠ 1400Üʉ (4 ʯ) 

ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʦʩʪʘʚʣʷʣʘ 0,196 ʤʤ (Ce0,8Sm0,2O1,9) ʠ 0,26 ʤʤ 

(Ce0,9Gd0,1O1,95), ʘ ʚʝʣʠʯʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠʤʝʣʘ ʟʥʘʯʝʥʠʝ ~ 97%. ʉʦʛʣʘʩʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʈʕʄ ʧʦʚʝʨʭʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʷʚʣʷʣʘʩ ɹʦʜʥʦʨʦʜʥʦʡ ʠ 

ʙʝʩʧʦʨʠʩʪʦʡ, ʦʜʥʘʢʦ ʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʭ ʩʢʦʣʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʢʨʳʪʳʭ ʧʦʨ ʚ ʦʙʲʝʤʝ ʤʘʪʝʨʠʘʣʘ. ʄʦʱʥʦʩʪʴ ʪʦʧʣʠʚʥʳʭ ʷʯʝʝʢ, ʩʦʙʨʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 500-700Üʉ ʩʦʩʪʘʚʣʷʣʘ 140-300 ʤɺʪ/ʩʤ
2
. 

ɸʚʪʦʨʘʤʠ [180] ʤʝʪʦʜʦʤ ʰʣʠʢʝʨʥʦʛʦ ʣʠʪʴʷ ʙʳʣʠ ʫʩʧʝʰʥʦ ʧʦʣʫʯʝʥʳ ʪʘʢʞʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʪʚʝʨʜʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʩʦʩʪʘʚʘ 8YSZ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʞʠʛʘ ʚ ʠʥʪʝʨʚʘʣʝ 1350-1550ÁC (3 ʯ) ʧʨʦʠʩʭʦʜʠʣʦ ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʬʦʨʤʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 88,5 ʜʦ 96,6%. ʆʜʥʘʢʦ ʜʘʞʝ ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʳʝ ʦʙʨʘʟʮʳ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʥʘʣʠʯʠʝʤ ʦʪʢʨʳʪʳʭ ʧʦʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ, ʢʘʢ ʚ ʩʣʫʯʘʝ [178-179], ʟʘʢʨʳʪʳʭ 

ʧʦʨ ʚ ʦʙʲʝʤʝ ʤʘʪʝʨʠʘʣʘ. ʅʘʨʷʜʫ ʩʦ ʰʣʠʢʝʨʥʳʤ ʣʠʪʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʝʥʪʦʯʥʦʝ ʣʠʪʴʝ. ɺ ʨʘʙʦʪʝ [181], ʧʦʩʚʷʱʝʥʥʦʡ ʧʦʣʫʯʝʥʠʶ ʪʚʝʨʜʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʩʠʩʪʝʤʝ CeO2-Gd2O3, ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʞʠʛʦʤ ʧʨʠ 980Áʉ (2 ʯ) 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʣʦʪʥʳʝ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ 92%) ʦʜʥʦʨʦʜʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ 

ʩʦʩʪʘʚʘ Ce0,9Gd0,1O1,95. ʊʦʣʱʠʥʘ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʦʩʪʘʚʣʷʣʘ 175 ʤʢʤ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʜʥʦʨʦʜʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʩ 

ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʪʢʨʳʪʳʭ ʧʦʨ ʠ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ < 200ʥʤ. 

 
 
 

1.8.5. ʀʩʢʨʦʚʦʝ ʧʣʘʟʤʝʥʥʦʝ ʩʧʝʢʘʥʠʝ 

 
 
 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʩʸ ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʪʘʢʦʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ, ʵʢʩʧʨʝʩʩʥʳʡ 

ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩ ʪʨʝʙʫʝʤʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʢʘʢ ʠʩʢʨʦʚʦʝ ʧʣʘʟʤʝʥʥʦʝ ʩʧʝʢʘʥʠʝ (ʀʇʉ). ʉʫʱʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʢʦʥʩʦʣʠʜʘʮʠʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʛʨʝʚʝ ʚʝʱʝʩʪʚʘ ʟʘ ʩʯʸʪ ʧʨʦʧʫʩʢʘʥʠʷ ʯʝʨʝʟ ʝʛʦ ʦʙʲʸʤ ʠʤʧʫʣʴʩʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʪʦʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. ʇʨʠʤʝʥʝʥʠʝ ʀʇʉ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʢʦʥʩʦʣʠʜʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʩʧʝʢʘʥʠʝʤ ʠ ʛʦʨʷʯʠʤ ʧʨʝʩʩʦʚʘʥʠʝʤ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʠʪʴ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʤʘʪʝʨʠʘʣʘ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ (99,9%) ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʩʧʝʢʘʶʱʠʭ ʜʦʙʘʚʦʢ, ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʛʨʘʜʠʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ 

ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʩʦʣʠʜʘʮʠʠ, ʢʦʥʪʨʦʣ ̫ʧʦʨʦʚʦʡ ʩʪʨʫʢʪʫʨʳ (ʦʜʥʦʨʦʜʥʦʡ ʠʣʠ 

ʠʝʨʘʨʭʠʯʝʩʢʦʡ) ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ [182]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʤʝʭʘʥʠʟʤ ʩʧʝʢʘʥʠʷ ʚ ʤʝʪʦʜʝ 

ʀʇʉ ʟʘʚʠʩʠʪ ʦʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʢʦʥʩʦʣʠʜʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʚ ʩʣʫʯʘʝ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʩʦʣʠʜʘʮʠʷ ʧʨʦʪʝʢʘʝʪ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ʧʝʨʢʦʣʷʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʚ ʩʣʫʯʘʝ 

ʜʠʵʣʝʢʪʨʠʢʦʚ ʩʧʝʢʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ʇʝʣʴʪʴʝ. ʇʨʠ ʵʪʦʤ ʪʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 

ʤʝʪʦʜʘ ʀʇʉ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʧʝʢʘʥʠʷ ʠ 

ʩʚʦʡʩʪʚʘʭ ʠʪʦʛʦʚʳʭ ʦʙʨʘʟʮʦʚ. ɺ ʨʘʙʦʪʘʭ [183-184] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ 

ʩʨʝʜʥʝ- ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʦʩʪʘʚʘ Ce0,8Gd0,2O1,9, 10%Y2O3ï

92%ZrO2 ʠ 10%Y2O3ï92%ZrO2 c ʜʦʙʘʚʢʦʡ 5 ʤʘʩʩ.% Al2O3 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʀʇʉ. 
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʢʦʥʩʦʣʠʜʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʞʠʛʘ ʥʘ 400-600 

ʛʨʘʜʫʩʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʦʣʦʜʥʳʤ ʧʨʝʩʩʦʚʘʥʠʝʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ (1500-1600Üʉ) ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʨʷʜʢʘ 96%. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʀʇʉ ʷʚʣʷʝʪʩʷ ʵʢʩʧʨʝʩʩʥʳʤ 

(ʚʨʝʤʷ ʢʦʥʩʦʣʠʜʘʮʠʠ ʩʦʩʪʘʚʣʷʣʦ 5 ʤʠʥʫʪ) ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʝʨʘʤʠʯʝʩʢʠʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʩ 

ʦʜʥʦʨʦʜʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʯʝʪʢʦ ʦʛʨʘʥʝʥʥʳʭ ʟʝʨʝʥ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ 

ʩʦʩʪʘʚʣʷʣ 20 ʥʤ (Ce0,8Gd0,2O1,9) ʠ 99 ʥʤ (10%Y2O3ï92%ZrO2). ɺ ʩʣʫʯʘʝ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ 10%Y2O3ï92%ZrO2 c ʜʦʙʘʚʢʦʡ 5 ʤʘʩʩ.% Al2O3 ʥʘʙʣʶʜʘʣʦʩʴ ʙʠʤʦʜʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʝʨʝʥ ʧʦ ʨʘʟʤʝʨʘʤ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 53 ʥʤ (ʟʝʨʥʘ Al2O3) ʠ 128 ʥʤ (ʟʝʨʥʘ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ ZrO2). ʆʜʥʘʢʦ, ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ ʜʘʥʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ 

ʦʪʤʝʯʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʨ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ~20 ʥʤ. ɺ ʨʘʙʦʪʝ 

[183] ʦʪʤʝʯʘʝʪʩ ̫ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʝhʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʚʝʨʜʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ 10%Y2O3ï92%ZrO2 (ʚ 2 ʨʘʟʘ) ʠ 10%Y2O3ï92%ZrO2 c ʜʦʙʘʚʢʦʡ 5 ʤʘʩʩ.% Al2O3 (ʥʘ 

ʧʦʨʷʜʦʢ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʪʨʘʜʠʮʠʦʥʥʳʤ ʭʦʣʦʜʥʳʤ 

ʧʨʝʩʩʦʚʘʥʠʝʤ. ʕʪʦʪ ʬʘʢʪ ʘʚʪʦʨʳ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʳʚʘʶʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ 

ʟʝʨʝʥ ʦʪ ʤʠʢʨʦ- ʜʦ ʥʘʥʦʫʨʦʚʥʷ. ʇʨʠ ʵʪʦʤ ʘʚʪʦʨʳ [184], ʥʘʧʨʦʪʠʚ, ʦʪʤʝʯʘʶʪ ʩʥʠʞʝʥʠʝ ʥʘ 

ʧʦʨʷʜʦʢ ʦʙʱʝʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʦʩʪʘʚʘ Ce0,8Gd0,2O1,9 ʟʘ ʩʯʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʘʜʝʥʠʷ ʦʙʲʝʤʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʥʘ 1,5-2 ʧʦʨʷʜʢʘ) ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʟʝʨʝʥ. ɺ ʨʘʙʦʪʝ [185] ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʀʇʉ-ʦʙʨʘʙʦʪʢʠ (1450Üʉ, 3 ʤʠʥ) ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʚʝʨʜʦʩʪʴ 

ʧʨʦʪʦʥʧʨʦʚʦʜʷʱʠʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩʦʩʪʘʚʘ BaCe0,7In0,1Y0,2O3-ŭ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʵʣʝʢʪʨʦʣʠʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʭʦʣʦʜʥʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ ʧʨʠ 

1450Üʉ (6 ʯ) ʠ 1550Üʉ (2 ʯ) ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʀʇʉ-ʦʙʨʘʙʦʪʢʠ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷʤʠ ʪʚʝʨʜʦʩʪʠ ʧʦ ɺʠʢʢʝʨʩʫ ʧʦʨʷʜʢʘ 5,4 ɻʇʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 3,4 ɻʇʘ 

ʜʣʷ BaCeO3, ʧʦʣʫʯʝʥʥʦʛʦ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʝʢʘʥʠʝʤ ʧʨʠ 1600Üʉ ʚ ʪʝʯʝʥʠʝ 10 ʯ. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʦʙʨʘʟʮʳ ʩʦʩʪʘʚʘ BaCe0,7In0,1Y0,2O3-ŭ, ʧʨʦʰʝʜʰʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʀʇʉ-

ʦʙʨʘʙʦʪʢʫ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ (ů600Üʉ = 7,5 ʤʉʤ/ʩʤ; 

ů800Üʉ = 19 ʤʉʤ/ʩʤ; ʘʪʤʦʩʬʝʨʘ ʚʣʘʞʥʦʛʦ ʚʦʟʜʫʭʘ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʚʝʨʜʳʤʠ ʵʣʝʢʪʨʦʣʠʪʘʤʠ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ (ů600Üʉ = 5,22 ʤʉʤ/ʩʤ; 

ů800Üʉ = 14 ʤʉʤ/ʩʤ; ʘʪʤʦʩʬʝʨʘ ʚʣʘʞʥʦʛʦ ʚʦʟʜʫʭʘ). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʫʜʝʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʨʘʟʨʘʙʦʪʢʝ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚʳʩʦʢʦ- ʠ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ ʊʆʊʕ, ʘ ʪʘʢʞʝ 

ʨʝʮʝʧʪʦʨʥʳʭ ʩʣʦʝʚ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʠ ʮʝʨʠʷ, ʘ ʪʘʢʞʝ 

ʧʨʦʪʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ ʚ ʩʠʩʪʝʤʝ BaCeO3ïBaZrO3. ʊʝʤ ʥʝ ʤʝʥʝʝ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʪ ʦʧʪʠʤʘʣʴʥʳʭ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʦʙʲʝʤʥʳʭ ʠ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ, 

ʟʘʯʘʩʪʫʶ ʩʣʦʞʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

(ʚʳʩʦʢʘʷ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʘʷ/ʧʨʦʪʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ, ʪʝʨʤʠʯʝʩʢʘʷ ʠ ʭʠʤʠʯʝʩʢʘʷ 

ʩʪʦʡʢʦʩʪʴ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʩʠʥʪʝʟʘ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʥʘʧʨʘʚʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʚ ʚʠʜʝ 

ʥʘʥʦʧʦʨʦʰʢʦʚ ʠ ʪʦʥʢʠʭ ʧʣʸʥʦʢ ʷʚʣʷʶʪʩʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʞʠʜʢʦʬʘʟʥʳʝ ʤʝʪʦʜʳ: 

ʩʦʚʤʝʩʪʥʦʝ ʦʩʘʞʜʝʥʠʝ ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʨʠʦʪʝʭʥʦʣʦʛʠʠ, ʩʦʚʤʝʩʪʥʘʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʦʣʝʡ, ʮʠʪʨʘʪ-ʥʠʪʨʘʪʥʳʡ ʠ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜ ʩʦʚʤʝʩʪʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʨʠʦʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʠʥʪʝʟ ʧʨʦʜʫʢʪʦʚ ʟʘʜʘʥʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʟʘʜʘʚʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʥʝʦʙʭʦʜʠʤʫʶ ʜʠʩʧʝʨʩʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ 

ʧʦʨʦʰʢʦʚ. ʄʝʪʦʜ ʩʦʚʤʝʩʪʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʣʝʡ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ [115, 135], ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʠ ʫʜʦʙʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʥʘʥʦʧʦʨʦʰʢʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʠʦʥʥʦ-

ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʨʦʣʴ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʜʠʬʬʫʟʠʠ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʛʦʤʦʛʝʥʠʟʘʮʠʠ. ʎʠʪʨʘʪ-ʥʠʪʨʘʪʥʳʡ ʩʠʥʪʝʟ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʘʨʠʡʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʝʞʘʪʴ ʨʘʟʜʝʣʝʥʠʷ ʬʘʟ, ʘ ʪʘʢʞʝ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ ʥʠʪʨʘʪʘ ʙʘʨʠʷ ʟʘ 

ʩʯʝʪ ʧʨʦʪʝʢʘʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ɿʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘʥʦʧʦʨʦʰʢʠ, ʥʦ ʠ ʪʦʥʢʠʝ ʧʣʝʥʢʠ 

ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʘʣʢʦʢʩʦʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʪʦʥʢʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʣʠʟʘ ʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʧʨʝʢʫʨʩʦʨʦʚ, 

ʠʟʤʝʥʷʪʴ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʭ ʨʘʩʚʦʨʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʘʨʴʠʨʦʚʘʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ 

ʪʦʣʱʠʥʫ ʬʦʨʤʠʨʫʝʤʳʭ ʧʦʢʨʳʪʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥʥʦʛʦ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ ʪʘʢʞʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʝʩʩʦʚʘʥʠʷ (ʭʦʣʦʜʥʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʩ 
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ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ) ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʢʦʥʩʦʣʠʜʘʮʠʠ 

ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ. ʀʇʉ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʫʧʨʘʚʣʷʝʤʦʡ, ʵʢʩʧʨʝʩʩʥʦʡ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ ʢʦʥʩʦʣʠʜʘʮʠʠ 

ʥʘʥʦʧʦʨʦʰʢʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʤʝʯʝʥʦ, ʯʪʦ ʥʘ 

ʚʝʣʠʯʠʥʫ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʬʦʨʤʠʨʫʝʤʳʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ ʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʝʜʠʥʦʡ ʤʦʜʝʣʠ, ʭʦʨʦʰʦ 

ʦʧʠʩʳʚʘʶʱʝʡ ʚʟʘʠʤʦʩʚʷʟʴ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʠ ʢʦʥʩʦʣʠʜʘʮʠʠ ʩ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʠ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʯʝʥʴ ʚʘʞʥʳʤ 

ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʙʦʣʝʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. 
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ɻʃɸɺɸ 2. ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 
 
 
 

2.1. ʇʦʣʫʯʝʥʠʝ ʥʘʥʦʧʦʨʦʰʢʦʚ 
 
 
 

2.1.1. ʉʦʚʤʝʩʪʥʦʝ ʦʩʘʞʜʝʥʠʝ ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʨʠʦʪʝʭʥʦʣʦʛʠʠ 

 

 

 

ʄʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʨʠʦʪʝʭʥʦʣʦʛʠʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʥʘʥʦʧʦʨʦʰʢʠ ʩʦʩʪʘʚʘ (ZrO2)0,92(Y2O3)0,03(Gd2O3)0,03(MgO)0,02, (CeO2)1-x(Y2O3)x (x=0,10; 

0,15; 0,20) ʠ (CeO2)1-x(Gd2O3)x (x=0,03; 0,05; 0,07 ʠ 0,10). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʨʝʘʛʝʥʪʳ: ZrO(NO3)2Ŀ2H2O (ʭ.ʯ.), Y(NO3)3Ŀ6H2O (ʭ.ʯ.), Gd(NO)3Ŀ6H2O (ʭ.ʯ.), 

Mg(NO3)2Ŀ6H2O (ʯ.ʜ.ʘ.), ʉe(NO3)3Ŀ6H2O (ʭ.ʯ.), NH3ĿH2O (ʦʩ.ʯ.). ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ 

ʨʘʟʙʘʚʣʝʥʥʳʝ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʥʠʪʨʘʪʦʚ ʤʝʪʘʣʣʦʚ (~0,1 ʄ). ɿʥʘʯʝʥʠʷ ʨʅ ʦʩʘʞʜʝʥʠʷ ʚʩʝʭ 

ʧʦʣʫʯʘʝʤʳʭ ʛʠʜʨʦʢʩʠʜʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ (ʨʅ-ʤʝʪʨ 

150 ʄ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʘʪʘ ʘʤʤʠʘʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.  

ʊʘʙʣʠʮʘ 2. ɿʥʘʯʝʥʠʷ ʨʅ ʦʩʘʞʜʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ 

ʆʩʘʞʜʘʝʤʳʡ 

ʛʠʜʨʦʢʩʠʜ 

ʨʅ ʥʘʯʘʣʘ ʦʩʘʞʜʝʥʠʷ 

(ʧʨʠ ʠʩʭʦʜʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʩʘʞʜʘʝʤʦʛʦ ʢʘʪʠʦʥʘ, 

ʨʘʚʥʦʡ 0,1 ʄ) 

ʨʅ ʟʘʚʝʨʰʝʥʠʷ 

ʦʩʘʞʜʝʥʠʷ 

ZrO(OH)2 1,9 3,75 

Y(OH)3 6,8 7,5 

Gd(OH)3 9,6 10,5 

Mg(OH)2 10,0 12,4 

Ce(OH)3 8,3 9,8 

ʉ ʮʝʣʴʶ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʛʠʜʨʦʢʩʠʜʦʚ ʠ 

ʧʦʣʫʯʝʥʠʷ ʦʩʘʜʢʘ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʛʦʤʦʛʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʦʙʨʘʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 

[129-131]. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʦʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʚ ʩʠʩʪʝʤʘʭ ZrO2-Y2O3-Gd2O3-MgO, 

CeO2-Gd2O3 ʠ ZrO2-Y2O3 ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʨʅ (12.3-12.5, 10.7-11.0 ʠ 10.1-10.3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) 

ʦʙʝʩʧʝʯʠʚʘʣʠ ʧʨʠʤʝʥʝʥʠʝʤ ʜʦʩʪʘʪʦʯʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʠʜʨʘʪʘ ʘʤʤʠʘʢʘ (1 

ʄ). ʆʙʨʘʪʥʦʝ ʦʩʘʞʜʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʦʙʘʚʣʝʥʠʷ ʢ ʥʝʤʫ ʨʘʩʪʚʦʨʘ ʩʦʣʝʡ 

(0,02 ʩʤ
3
/ʩ) ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʠ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ 

ʛʝʣʝʦʙʨʘʟʥʳʡ ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʠ ʧʦʜʚʝʨʛʘʣʠ ʦʭʣʘʞʜʝʥʠʶ (-25Üʉ, 24 ʯ), ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʜʝʟʘʛʣʦʤʝʨʠʨʦʚʘʥʠʶ ʩʦʦʩʘʞʜʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʣʦ ʦʩʫʱʝʩʪʚʠʪʴ ʝʛʦ 

ʛʣʫʙʦʢʫʶ ʜʝʛʠʜʨʘʪʘʮʠʶ ʠ ʩʦʭʨʘʥʠʪʴ ʚʳʩʦʢʫʶ ʜʠʩʧʝʨʩʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʧʦʨʦʰʢʦʚ. ʉʣʝʜʫʝʪ 
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ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʦʩʘʜʢʘ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʦʯʝʥʴ ʥʠʟʢʦʡ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ 

ʙʳʩʪʨʦʤ ʟʘʤʦʨʘʞʠʚʘʥʠʠ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʞʠʜʢʦʛʦ ʘʟʦʪʘ) ʢʨʠʦʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʛʠʜʨʦʢʩʠʜʦʚ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʠ ʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ ʥʝʢʦʪʦʨʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʘʤʦʨʬʥʦʡ ʬʘʟʳ ʚ ʛʨʘʥʫʣʘʭ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʢʩʝʨʦʛʝʣʷ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʥʘʨʫʰʝʥʠʶ 

ʛʦʤʦʛʝʥʥʦʩʪʠ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ [9]. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʰʢʠ (150Áʉ, 1 ʯ) 

ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʝ ʢʩʝʨʦʛʝʣʠ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʣʠʩʴ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ (600Áʉ, 1 ʯ), ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʧʦʨʦʰʢʦʚ ʩ ʫʩʪʦʡʯʠʚʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

 
 
 

2.1.2. ʉʦʚʤʝʩʪʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʦʣʝʡ 
 
 
 

ʉʠʥʪʝʟ ʥʘʥʦʧʦʨʦʰʢʦʚ ʩʦʩʪʘʚʘ (ʉeO2)1-x(Y2O3)x (x = 0,10; 0,15; 0,20) ʪʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʣʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʉe(NO3)3Ŀ6H2O (ʭ.ʯ.) ʠ Y(NO3)3Ŀ6H2O (ʭ.ʯ), ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʚʦʜʥʳʝ 

ʨʘʩʪʚʦʨ r ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,5 ʤʦʣʴ/ʣ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʠʥʪʝʟʘ ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ 

ʩʤʝʰʠʚʘʣʠ ʚ ʟʘʜʘʥʥʦʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ, ʘ ʟʘʪʝʤ ʚʳʧʘʨʠʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʚ 

ʪʝʯʝʥʠʝ 5 ʯ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʧʦʩʪʝʧʝʥʥʦ ʧʨʦʠʩʭʦʜʠʣʦ 

ʧʝʨʚʠʯʥʦʝ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʠʢʦʚ. 

ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʡ ʧʝʨʝʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 3-5Üʉ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʘʜʩʦʨʙʮʠʠ ʢʨʠʩʪʘʣʣʠʟʫʶʱʝʛʦʩʷ ʚʝʱʝʩʪʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʥʘ ʵʪʘʧʝ 

ʚʳʧʘʨʠʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪ ʧʦʜʚʝʨʛʘʣʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʠ 

150Üʉ (1 ʯ) ʜʣʷ ʫʜʘʣʝʥʠʷ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʚʦʜʳ, ʘ ʟʘʪʝʤ ʧʨʦʚʦʜʠʣʠ ʝʛʦ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʧʨʠ 600Üʉ (1 

ʯ), ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ [130-131]. 

 
 
 

2.1.3. ʎʠʪʨʘʪ-ʥʠʪʨʘʪʥʳʡ ʩʠʥʪʝʟ 
 
 
 

ʅʘʥʦʧʦʨʦʰʢʠ ʩʦʩʪʘʚʦʚ BaCe0,9-xZrxY0,1O3-ŭ (x= 0; 0,5; 0,6; 0,7 ʠ 0,8) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʮʠʪʨʘʪ-

ʥʠʪʨʘʪʥʳʤ ʤʝʪʦʜʦʤ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʳʝ ʥʘʚʝʩʢʠ ʩʦʣʝʡ Ce(Nʆɿ)3Ŀ6ʅ2ʆ (ʭ.ʯ), 

ZrO(NO3)2Ŀ2H2O (ʭ.ʯ), Y(Nʆɿ)3Ŀ6ʅ2ʆ (ʭ.ʯ.) ʠ Ba(Nʆɿ)2 (ʦ.ʩ.ʯ.) ʙʳʣʠ ʨʘʩʪʚʦʨʝʥʳ ʚ ʤʠʥʠʤʘʣʴʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʥʠʪʨʘʪʦʚ ʜʦʙʘʚʣʷʣʠ ʤʦʥʦʛʠʜʨʘʪ 

ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪ r (C6H8O7ĿH2O, ʦʩ.ʯ.) ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʢ ʣʠʤʦʥʥʦʡ 

ʢʠʩʣʦʪʝ 1:2. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʫʧʘʨʠʚʘʣʠ ʧʨʠ 200Áʉ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚʷʟʢʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʧʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʝ ʩʘʤʦʚʦʩʧʣʘʤʝʥʷʣʘʩʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʝʣʝʚʳʭ ʚʩʧʝʥʝʥʥʳʭ ʦʢʩʠʜʥʳʭ 
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ʥʘʥʦʧʦʨʦʰʢʦʚ. ʆʩʪʘʪʦʯʥʳʡ ʫʛʣʝʨʦʜ ʫʜʘʣʷʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʣʴʥʝʡʰʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʥʘ ʚʦʟʜʫʭʝ 

ʧʨʠ 900Üʉ (5 ʯ). 

 
 
 

2.2. ʂʦʥʩʦʣʠʜʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ 
 
 
 

2.2.1. ʍʦʣʦʜʥʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ 
 
 
 

ʅʘʥʦʧʦʨʦʰʢʠ ʩʦʩʪʘʚʦʚ (ZrO2)0,92(Y2O3)0,03(Gd2O3)0,03(MgO)0,02, (CeO2)1-x(Gd2O3)x (x=0,03; 

0,05; 0,07 ʠ 0,10) ʠ (ʉeO2)1-x(Y2O3)x (x = 0,10; 0,15 ʠ 0,20), ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʤʝʪʦʜʠʢʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ 

ʧ.ʧ. 2.1.1 ʠ 2.1.2, ʜʘʣʝʝ ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʢʦʥʩʦʣʠʜʘʮʠʠ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ 

ʧʨʝʩʩʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʫʯʥʦʛʦ ʧʨʝʩʩʘ (ʇɻʈ-10) ʧʨʠ ʜʘʚʣʝʥʠʠ 150 ʄʇʘ. 

ʇʦʩʣʝʜʫʶʱʝʝ ʩʧʝʢʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ Nabertherm ʧʨʦʚʦʜʠʣʠ ʧʨʠ 1300Üʉ 

(ʚ ʩʣʫʯʘʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʉʝO2) ʠ 1400Üʉ (ʚ ʩʣʫʯʘʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ZrO2) 

ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʩʦʩʪʘʚʣʷʣʘ 10Ü/ʤʠʥ. 

 
 
 

2.2.2. ʀʩʢʨʦʚʦʝ ʧʣʘʟʤʝʥʥʦʝ ʩʧʝʢʘʥʠʝ 
 
 
 

ʀʩʢʨʦʚʦʝ ʧʣʘʟʤʝʥʥʦʝ ʩʧʝʢʘʥʠʝ ʥʘʥʦʧʦʨʦʰʢʦʚ ʩʦʩʪʘʚʦʚ (ʉeO2)1-x(Y2O3)x (x = 0,10; 0,15 ʠ 

0,20) ʠ BaCe0,9-xZrxY0,1O3-ŭ (x= 0; 0,5; 0,6; 0,7 ʠ 0,8), ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʤʝʪʦʜʠʢʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʧ.ʧ. 

2.1.1 ʠ 2.1.3, ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ SPS-515S (ñDr.Sinter*LAB
TM
ò, ʗʧʦʥʠʷ) ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʤʝʪʦʜʠʢʝ: 1 ʛ ʧʦʨʦʰʢʘ ʧʦʤʝʱʘʣʠ ʚ ʛʨʘʬʠʪʦʚʫʶ ʧʨʝʩʩ-ʬʦʨʤʫ (ʨʘʙʦʯʠʡ ʜʠʘʤʝʪʨ 10,5 ʤʤ), 

ʧʦʜʧʨʝʩʩʦʚʳʚʘʣʠ (ʜʘʚʣʝʥʠʝ 20,7 ʄʇʘ), ʜʘʣʝʝ ʟʘʛʦʪʦʚʢʫ ʧʦʤʝʱʘʣʠ ʚ ʢʘʤʝʨʫ ʩʧʝʢʘʥʠʷ, ʧʦʥʠʞʘʣʠ 

ʜʘʚʣʝʥʠʝ ʜʦ 10
-5
 ʘʪʤ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʠ ʩʧʝʢʘʥʠʝ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʠʧʝʢʘʥʠʷ 

ʢʦʥʩʦʣʠʜʠʨʫʝʤʦʛʦ ʧʦʨʦʰʢʘ ʢ ʧʨʝʩʩ-ʬʦʨʤʝ ʠ ʧʣʫʥʞʝʨʘʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʠʟʚʣʝʯʝʥʠʷ 

ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʨʘʬʠʪʦʚʫʶ ʬʦʣʴʛʫ ʪʦʣʱʠʥʦʡ 200 ʤʢʤ. ʇʨʝʩʩ-ʬʦʨʤʫ 

ʦʙʦʨʘʯʠʚʘʣʠ ʚ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʫʶ ʪʢʘʥʴ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʝʧʣʦʧʦʪʝʨʴ ʧʨʠ ʨʘʟʦʛʨʝʚʝ. ʊʝʤʧʝʨʘʪʫʨʫ 

ʧʨʦʮʝʩʩʘ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʧʠʨʦʤʝʪʨʘ, 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʪʚʝʨʩʪʠʠ ʛʣʫʙʠʥʦʡ 5,5 ʤʤ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʚʥʝʰʥʝʡ ʩʪʝʥʢʝ ʧʨʝʩʩ-ʬʦʨʤʳ. 

ʉʧʝʢʘʥʠʝ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʘ (ʉeO2)1-x(Y2O3)x (x = 0,10; 0,15 ʠ 0,20) ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

1000 ʠ 1200Áʉ (ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 200Á/ʤʠʥ), ʘ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʘ BaCe0,9-xZrxY0,1O3-ŭ (x= 0; 0,5; 0,6; 0,7 

ʠ 0,8) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900Áʉ. ʉʧʝʢʘʝʤʳʝ ʦʙʨʘʟʮʳ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʠ ʜʘʣʝʝ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʦʢʦʣʦ 45 ʤʠʥʫʪ). ɼʘʚʣʝʥʠʝ 

ʧʨʝʩʩʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʦ 57,3 ʄʇʘ ʠ ʚʳʜʝʨʞʠʚʘʣʦʩʴ ʧʦʩʪʦʷʥʥʳʤ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ. 

ʈʘʟʦʛʨʝʚ ʩʧʝʢʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʠʣʠ ʧʦʩʪʦʷʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ 
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ʧʦʜʘʯʝʡ ʥʠʟʢʦʚʦʣʴʪʥr ʭ ʠʤʧʫʣʴʩʦʚ ʚ ʨʝʞʠʤʝ ON/OFF ʧʘʢʝʪʘʤʠ 12/2 (ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʘʢʝʪʘ 

ʠʤʧʫʣʴʩʘ 39,6 ʤʩ / ʧʘʫʟʘ 6,6 ʤʩ) ʠ ʯʘʩʪʦʪʦʡ 50 ɻʮ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʠʣʘ ʪʦʢʘ ʧʨʠ ʩʧʝʢʘʥʠʠ ʩʦʩʪʘʚʠʣʘ 

600 ɸ, ʥʘʧʨʷʞʝʥʠʝ ï 4 ɺ. 

 
 
 

2.3. ʇʦʣʫʯʝʥʠʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ  
 
 
 

ʊʦʥʢʠʝ ʧʣʝʥʢʠ ʩʦʩʪʘʚʘ (ʉeO2)1-x(Y2O3)x (x = 0,10; 0,15 ʠ 0,20) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʟʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʘʮʝʪʠʣʘʮʝʪʦʥʘʪ rʮʝʨʠʷ [Ce(C5H7O2)3] (ʭ.ʯ) ʠ ʠʪʪʨʠʷ [Y(C5H7O2)3] (ʭ.ʯ). ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʠʥʪʝʟʘ 

ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥ r ʨʘʩʪʚʦʨ ɓ-ʜʠʢʝʪʦʥʘʪʦʚ ʜʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʚ 

ʠʟʦʘʤʠʣʦʚʦʤ ʩʧʠʨʪʝ ʩ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʝʪʘʣʣʦʚ 0,2 ʤʦʣʴ/ʣ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʠ ʝʛʦ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 131Ñ2Üʉ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʯʘʩʪʠʯʥʦʝ 

ʜʝʩʪʨʫʢʪʠʚʥʦʝ ʟʘʤʝʱʝʥʠʝ ʭʝʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʘʣʢʦʢʩʠʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [M(ʉ5H7O2)3ïx(ʉ5H11O
i
)x] (ʛʜʝ M = ʉe

3+
 ʠ 

Y
3+

). ɼʘʣʝʝ ʤʝʪʦʜʦʤ dip-coating (ʩʢʦʨʦʩʪʴ ʧʦʛʨʫʞʝʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ ʧʦʜʣʦʞʢʠ 1 ʤʤ/ʩ) ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʨʝʤʥʠʝʚʳʭ ʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ Al2O3-ʧʦʜʣʦʞʝʢ ʙʳʣʠ 

ʥʘʥʝʩʝʥʳ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʛʝʪʨʦʣʠʛʘʥʜʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ. ɸʥʘʣʦʛʠʯʥʦ ʪʦʥʢʠʝ 

ʧʣʸʥʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʪʨʝʙʫʝʤʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ ʪʘʢʞʝ ʥʘʥʦʩʠʣʠʩʴ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʘʪʯʠʢʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʧʦʜʣʦʞʢʠ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ 

ʩ ʥʘʥʝʩʝʥʥʳʤ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʧʣʘʪʠʥʦʚʳʤ ʤʠʢʨʦʥʘʛʨʝʚʘʪʝʣʝʤ, ʘ ʩ ʜʨʫʛʦʡ - ʧʣʘʪʠʥʦʚʳʤʠ 

ʚʩʪʨʝʯʥʦ-ʰʪʳʨʝʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ 

ʭʝʤʦʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʣʘʥʘʨʥʦʛʦ ʪʠʧʘ. ɿʘ ʩʯʝʪ ʚʣʘʛʠ ʚʦʟʜʫʭʘ ʚ ʦʙʲʝʤʝ 

ʥʘʥʝʩʝʥʥʳʭ ʧʣʝʥʦʢ ʧʨʦʠʩʭʦʜʠʣʠ ʧʨʦʮʝʩʩ r ʛʠʜʨʦʣʠʟʘ ʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʩʣʝʜʫʶʱʝʡ ʩʫʰʢʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʢʨʳʪʠʷ ʢʩʝʨʦʛʝʣʷ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 500-800Üʉ (1 ʯ) ʩ ʮʝʣʴʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʦʥʢʠʭ 

ʦʢʩʠʜʥʳʭ ʧʣʝʥʦʢ ʩʦʩʪʘʚʘ (ʉeO2)1-x(Y2O3)x (x = 0,10; 0,15 ʠ 0,20) [130]. 

 
 
 

2.4. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 
 
 
 

2.4.1. ʄʝʪʦʜ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ 
 
 
 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʢʩʝʨʦʛʝʣʝʡ ʠ ʥʘʥʦʧʦʨʦʰʢʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘʪʦʨʘ ʩʦʨʙʮʠʠ ʛʘʟʘ 

QuantaChrome Nova 4200ɺ. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʠʟʤʝʨʝʥʠʡ ʦʙʨʘʟʮʳ ʜʝʛʘʟʠʨʦʚʘʣʠ ʧʨʠ 200õ250Áʉ 
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ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ (2 ï 4 ʯ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʫʜʝʣʴʥʘ ̫

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ Sʫʜ ʦʙʨʘʟʮʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʪʦʯʝʯʥʦʛʦ ʤʝʪʦʜʘ ɹʨʶʥʘʫʵʨʘïʕʤʤʝʪʘï

ʊʝʣʣʝʨʘ (ɹʕʊ) ʧʦ 10 ʪʦʯʢʘʤ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ Sʫʜ ʩʦʩʪʘʚʣʷʣʘ 4%. 

ʋʜʝʣʴʥʳʡ ʦʙʲʝʤ ʧʦʨ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʧʦ ʧʨʝʜʝʣʴʥʦʤʫ ʟʘʧʦʣʥʝʥʠʶ (ʈ/ʈ0 = 0,99), ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʣʘ 6% [186]. ʈʘʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʦʪʝʨʤ ʜʝʩʦʨʙʮʠʠ ʘʟʦʪʘ ʧʦ ʤʝʪʦʜʫ ɹʘʨʨʝʪʘ-ɼʞʦʡʥʝʨʘ-ʍʘʣʝʥʜʳ (BJH). ʊʠʧ ʧʦʨʦʚʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʬʦʨʤʘ ʧʦʨ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʚʠʜʘ 

ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʥʠʭ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ ʠ ʬʦʨʤʳ ʧʝʪʝʣʴ ʢʘʧʠʣʣʷʨʥʦ-ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʛʦ 

ʛʠʩʪʝʨʝʟʠʩʘ ʩʦʛʣʘʩʥʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʀʖʇɸʂ [187]. 

 
 
 

2.4.2. ʉʠʥʭʨʦʥʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 
 
 
 

ʊʝʨʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʢʩʝʨʦʛʝʣʝʡ ʠ ʦʢʩʠʜʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ ʙʳʣʦ ʠʟʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ 

ʩʦʚʤʝʱʸʥʥʦʛʦ ʊɻɸ/ɼʉʂ/ɼʊɸ ʘʥʘʣʠʟʘʪʦʨʘ SDT Q-600. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩ ̫ʚ Al2O3-ʪʠʛʣʷʭ ʚ ʧʦʪʦʢʝ 

ʚʦʟʜʫʭʘ ʠ ʘʨʛʦʥʘ (100 ʤʣ/ʤʠʥ) ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 20ï1200Üʉ (ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 20Ü/ʤʠʥ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣ ʧʦʢʘʟʘʥ ʩʪʫʧʝʥʯʘʪʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʠʟʫʯʘʝʤʳʭ ʧʦʨʦʰʢʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʧʦʪʝʨʝʡ ʤʘʩʩʳ ʠ ʨʘʟʣʠʯʥʳʤʠ ʪʝʧʣʦʚʳʤʠ ʵʬʬʝʢʪʘʤʠ. 

 
 
 

2.4.3. ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 
 
 
 

ʀʂ-ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦʨʦʰʢʦʚ ʚ ʚʠʜʝ ʩʫʩʧʝʥʟʠʡ ʚ ʚʘʟʝʣʠʥʦʚʦʤ ʤʘʩʣʝ ʚ ʩʪʝʢʣʘʭ KBr 

ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʀʂ-ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʀʥʬʨʘʃʖʄ ʌʊ-08 ʚ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ 500-4000 

ʩʤ-1. ʀʂ-ʩʧʝʢʪʨʳ ʦʪʨʘʞʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʠ ʪʦʥʢʠʭ ʧʣʸʥʦʢ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʜʣʦʞʢʘʭ ʟʘʧʠʩʳʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʩʪʘʚʢʠ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

EasiDiff (Pike Technologies Inc.) ʚ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ 350-800 ʩʤ
-1
 (ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ 

ʩʠʛʥʘʣʘ 60 ʩ). 

 
 
 

2.4.4. ʈʦʪʘʮʠʦʥʥʘʷ ʚʠʩʢʦʟʠʤʝʪʨʠʷ 
 
 
 

ʄʝʪʦʜʦʤ ʨʦʪʘʮʠʦʥʥʦʡ ʚʠʩʢʦʟʠʤʝʪʨʠʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʦʚ 

ʛʝʪʝʨʦʣʠʛʘʥʜʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ M(ʉ5H7O2)3ïx(ʉ5H11O
i
)x] (ʛʜʝ M = ʉe

3+
 ʠ Y

3+
) (ʚʠʩʢʦʟʠʤʝʪʨ 

ɹʨʫʢʬʠʣʴʜʘ Fungilab SMART L, ʩʢʦʨʦʩʪʴ ʩʜʚʠʛʘ 10-100 ʦʙ./ʤʠʥ, ʰʧʠʥʜʝʣʴ L2, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦ 

ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ 22Ñ2Áʉ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʥʠʮʠʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʠʭ 
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ʛʠʜʨʦʣʠʟʘ ʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʷʟʥʦʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʨʦʩʪʦʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʪʚʦʨʦʚ. 

 
 
 

2.4.5. ʄʝʪʦʜ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ 
 
 
 
ʄʝʪʦʜ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʤʝʟʦʩʪʨʫʢʪʫʨʳ 

ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʧʨʦʰʢʦʚ. ʀʟʤʝʨʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʫʩʪʘʥʦʚʢʝ ʄʋʈʅ ñYellowsubmarineò 

(ʨʝʘʢʪʦʨ BNC, ɹʫʜʘʧʝʰʪ, ɺʝʥʛʨʠʷ), ʨʘʙʦʪʘʶʱʝʡ ʚ ʛʝʦʤʝʪʨʠʠ, ʙʣʠʟʢʦʡ ʢ ʪʦʯʝʯʥʦʡ. ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʚʫʭ ʜʣʠʥʘʭ ʚʦʣʥ ʥʝʡʪʨʦʥʦʚ l= 0,46 ʠ 1,2 ʥʤ, Dl/l = 18%. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ 

ʜʠʩʪʘʥʮʠʡ ʦʙʨʘʟʝʮ-ʜʝʪʝʢʪʦʨ (SD = 1,3 ʠ 5,6 ʤ) ʧʦʟʚʦʣʷʣʦ ʠʟʤʝʨʷʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ 

ʥʝʡʪʨʦʥʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʧʝʨʝʜʘʥʥʳʭ ʠʤʧʫʣʴʩʦʚ 5Ö10
-2
<q<3.7 ʥʤ

-1
. ʈʘʩʩʝʷʥʥʳʝ ʥʝʡʪʨʦʥʳ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʜʚʫʤʝʨʥʳʤ ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ BF3 ʜʝʪʝʢʪʦʨʦʤ. ʀʩʭʦʜʥʳʝ ʩʧʝʢʪʨʳ ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʦ q ʢʦʨʨʝʢʪʠʨʦʚʘʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʮʝʜʫʨʳ [188] ʩ ʫʯʝʪʦʤ 

ʨʘʩʩʝʷʥʠʷ ʘʨʤʘʪʫʨʦʡ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʬʦʥʘ ʟʘʣʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʚʫʤʝʨʥʳʝ ʠʟʦʪʨʦʧʥʳʝ ʩʧʝʢʪʨʳ 

ʙʳʣʠ ʘʟʠʤʫʪʘʣʴʥʦ ʫʩʨʝʜʥʝʥʳ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʪʝʢʪʦʨʘ [188] ʠ ʪʦʣʱʠʥʳ LS ʜʣʷ ʢʘʞʜʦʛʦ 

ʠʟ ʦʙʨʘʟʮʦʚ. ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ BerSANS [189]. ʌʫʥʢʮʠʷ ʨʘʟʨʝʰʝʥʠʷ ʫʩʪʘʥʦʚʢʠ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʘʩʴ ʬʫʥʢʮʠʝʡ ɻʘʫʩʩʘ ʠ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʨʘʩʩʪʦʷʥʠʷ SD ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʮʝʜʫʨʳ [190]. 

 
 
 

2.4.6. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 
 
 
 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ) ʙʳʣ ʚʳʧʦʣʥʝʥ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D8-Advanʩe ʬʠʨʤʳ Bruker 

((CuKŬ1) = 1.5418 ¡) Ni-ʬʠʣʴʪʨ (E = 40 keV, I = 40 mA, ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ ʩʠʛʥʘʣʘ 0,3 ʩ/ʪʦʯʢʘ, ʰʘʛ 

0.02Á). ɼʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ IʉDD-2006, 

ʦʮʝʥʢʫ ʨʘʟʤʝʨʦʚ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʆʂʈ) ʠ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʠ 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ çWINFIT 1.2.1.è, ʠʩʧʦʣʴʟʫʶʱʝʡ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʬʠʣʷ ʨʝʬʣʝʢʩʘ [191].  

 
 
 

2.4.7. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 
 
 
 

ʈʘʩʪʨʦʚʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (CarlZeiss NVision-40) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʧʦʨʦʰʢʦʚ, ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ. 
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ʈʝʣʴʝʬ ʤʘʪʝʨʠʘʣʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʪʝʢʪʦʨʘ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʘ 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʜʪʚʝʨʞʜʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʜʝʪʝʢʪʦʨʘ ʦʙʨʘʪʥʦ 

ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʨʝʞʠʤʝ ʢʦʥʪʨʘʩʪʘ ʧʦ ʩʨʝʜʥʝʤʫ ʘʪʦʤʥʦʤʫ ʥʦʤʝʨʫ. ʇʨʠ ʵʪʦʤ ʫʩʢʦʨʷʶʱʝʝ 

ʥʘʧʨʷʞʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 1 ʢɺ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʧʨʠʩʪʘʚʢʠ-ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʘ INCA X-MAX  (Oxford Instruments) ʧʨʠ 

ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 20 ʢɺ ʠ ʬʦʢʫʩʥʦʤ ʨʘʩʩʪʦʷʥʠʠ 5 ʤʤ.  

ʊʦʣʱʠʥʘ ʧʦʣʫʯʝʥʥʳʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʦʮʝʥʠʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʈʕʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʝʪʝʢʪʦʨʦʚ ʦʪʨʘʞʸʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʨʝʞʠʤʝ ʢʦʥʪʨʘʩʪʘ ʧʦ ʩʨʝʜʥʝʤʫ ʘʪʦʤʥʦʤʫ ʥʦʤʝʨʫ ʠ 

ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʘʭ ʥʘ ʩʢʦʣʘʭ Si-ʧʦʜʣʦʞʝʢ. 

ʉʢʘʥʠʨʫʶʱʘʷ ʟʦʥʜʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʧʨʠʤʝʥʷʣʘʩʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʠ ʨʝʣʴʝʬʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

Solver Pro-M (NT-MDT, ʈʦʩʩʠʷ). ʉʢʘʥʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʨʝʞʠʤʝ ʧʨʝʨʳʚʠʩʪʦ-

ʢʦʥʪʘʢʪʥʦʡ AʉM ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʦʥʜʦʚ ʪʠʧʘ NSG10 ʩʝʨʠʠ "GOLDEN". ɺ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʚ ʨʝʞʠʤʝ ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ. 

 
 
 

2.4.8. ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʘʜʛʝʟʠʠ 
 
 
 

ʀʟʤʝʨʝʥʠʝ ʘʜʛʝʟʠʠ (ʩ ʦʪʥʝʩʝʥʠʝʤ ʢ ʢʣʘʩʩʘʤ ʘʜʛʝʟʠʠ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ISO ʠ 

ASTM) ʧʦʣʫʯʝʥʥʳʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʘʜʛʝʟʠʤʝʪʨʘ Elcometer 107 ʩʪʘʥʜʘʨʪʥʳʤ 

ʤʝʪʦʜʦʤ ʧʦʧʝʨʝʯʥʳʭ ʥʘʩʝʯʝʢ [193-194]. 

 
 
 

2.4.9. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ 
 
 
 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʦʙʞʠʛʘ ʧʨʦʚʦʜʠʣʠ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ [192]. 

 
 
 
2.4.10. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 

 
 
 

ʄʝʪʦʜʦʤ ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʣʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʲʝʤʥʳʭ ʠ ʧʣʘʥʘʨʥʳʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʦʡ ʠ 

ʧʨʦʪʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 1ʄɻʮ ï 0,01ɻʮ ʥʘ 

ʧʦʪʝʥʮʠʦʩʪʘʪʝ/ʛʘʣʴʚʘʥʦʩʪʘʪʝ Autolab PGSTAT302. ʂʝʨʘʤʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʠʤʝʣʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʬʦʨʤʫ: ʜʠʘʤʝʪʨ 9 ʤʤ, ʚʳʩʦʪʘ 1,7 ï 1,9 ʤʤ. ʅʘ ʪʦʨʮʝʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ 
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ʥʘʥʦʩʠʣʠ ʩʝʨʝʙʨʷʥʫʶ ʧʘʩʪʫ ʤʘʨʢʠ Degussa, ʢʦʪʦʨʫʶ ʟʘʪʝʤ ʚʞʠʛʘʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ Ag -ʵʣʝʢʪʨʦʜʦʚ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠʭ ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʘʪʯʠʢʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʧʦʜʣʦʞʢʫ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʩ 

ʥʘʥʝʩʝʥʥʳʤ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʧʣʘʪʠʥʦʚʳʤ ʤʠʢʨʦʥʘʛʨʝʚʘʪʝʣʝʤ, ʘ ʩ ʜʨʫʛʦʡ - ʧʣʘʪʠʥʦʚʳʤʠ ʚʩʪʨʝʯʥʦ-

ʰʪʳʨʝʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. ʀʟʤʝʨʝʥʠʷ ʠʤʧʝʜʘʥʩʘ ʢʠʩʣʦʨʦʜ-ʠʦʥʥʳʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʷʯʝʡʢʝ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 250ï600Üʉ ʥʘ ʚʦʟʜʫʭʝ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʝ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʤ ʠʟʤʝʨʠʪʝʣʝʤ-

ʨʝʛʫʣʷʪʦʨʦʤ ʊʈʄ101 (ʆɺɽʅ) ʩ ʪʦʯʥʦʩʪʴʶ Ñ0,1
o
C ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʮʠʬʨʦʚʳʤ ʚʦʣʴʪʤʝʪʨʦʤ 

34420ɸ (Agilent) ʩ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʦʡ ʪʝʨʤʦʧʘʨʦʡ.  

ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʦʪʦʥʧʨʦʚʦʜʷʱʠʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʠʭ 

ʪʦʨʮʝʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʧʣʘʪʠʥʦʚʳʝ ʵʣʝʢʪʨʦʜʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʨʘʩʧʳʣʝʥʠʷ 

ʧʣʘʪʠʥʳ ʚ ʘʨʛʦʥʦʚʦʡ ʧʣʘʟʤʝ (ʫʩʪʘʥʦʚʢʘ Scancoat Six HHV Ltd). ʀʟʤʝʨʷʝʤʳʝ ʦʙʨʘʟʮʳ ʠʤʝʣʠ ʬʦʨʤʫ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʩ ʜʣʠʥʥʦʡ 7-10 ʤʤ. ʆʮʝʥʢʫ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʦʪʦʥʥʳʭ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ 

ʧʨʦʚʦʜʠʣʠ ʚ ʫʚʣʘʞʥʸʥʥʦʤ (pH2O = 2,13 ʢʇʘ) ʠ ʩʫʭʦʤ (pH2O = 1,75 ʢʇʘ) ʚʦʟʜʫʭʝ, ʚʣʘʞʥʦʩʪʴ ʛʘʟʘ 

ʟʘʜʘʚʘʣʠ ʮʠʨʢʫʣʷʮʠʝʡ ʝʛʦ ʯʝʨʝʟ ʙʘʨʙʦʪʝʨʳ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʜʳ ï 20̄ ʉ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʷʯʝʡʢʠ Pt/BCZY/Pt ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 

200õ700
ʦ
ʉ. ɺʝʣʠʯʠʥʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘʭʦʜʠʣʠ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʩʧʝʢʪʨʘ ʠʤʧʝʜʘʥʩʘ ʥʘ ʦʩʴ 

ʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ZView Scribner Associates, 

Inc (Version3.3c). ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

     ů = l/(SR),           (6) 

ʛʜʝ R ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʟʮʘ, l ï ʝʛʦ ʪʦʣʱʠʥʘ, S ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʉ ʧʦʤʦʱʴʶ ʯʝʪʳʨʝʭʟʦʥʜʦʚʦʛʦ ʤʝʪʦʜʘ ʙʳʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ 

ʣɻʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʦʪʦʥʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʘʚʘ BaCe0,4Zr0,5Y0,1O3-ŭ. ʇʨʠʤʝʥʝʥʠʝ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʠʪʴ ʦʙʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʝʢʪʨʦʣʠʪʦʚ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ, 

ʧʦʣʥʦʩʪʴʶ ʠʟʙʝʛʘʷ ʧʨʠ ʵʪʦʤ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʜʦʚ. ʀʟʤʝʨʷʝʤʳʝ ʦʙʨʘʟʮʳ ʠʤʝʣʠ ʬʦʨʤʫ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʩ ʜʣʠʥʥʦʡ 7-10 ʤʤ. ʉʭʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʥʘ ʢʦʪʦʨʦʡ 

ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6. ʀʟʤʝʨʝʥʠʷ ʯʝʪʳʨʝʭʟʦʥʜʦʚʳʤ ʤʝʪʦʜʦʤ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʚʦ ʚʣʘʞʥʦʤ (ʈH2O = 2,35 ʢʇɸ) ʠ ʩʫʭʦʤ (ʈH2O = 0,04 ʢʇɸ) ʚʦʟʜʫʭʝ. ɿʥʘʯʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ R ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʦ ʪʘʥʛʝʥʩʫ ʥʘʢʣʦʥʘ 

ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʷʪʠ ʪʦʯʝʢ.  
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ʈʠʩʫʥʦʢ 6. ʉʭʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʯʝʪʳʨʝʭʟʦʥʜʦʚʳʤ ʤʝʪʦʜʦʤ (1 ï ʢʠʩʣʦʨʦʜʥʳʡ ʥʘʩʦʩ; 2 ï ʦʩʫʰʠʪʝʣʴ/ʙʘʨʙʦʪʝʨ; 3 ï ʢʦʤʧʨʝʩʩʦʨ; 4 ï 

ʧʝʯʴ; 5 ï ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʷʯʝʡʢʘ ʥʘ 5 ʦʙʨʘʟʮʦʚ; 6 ï ʜʘʪʯʠʢ pO2; 7 ï ʦʙʨʘʟʝʮ; 8 ï ʫʧʨʘʚʣʷʶʱʘʷ 

ʪʝʨʤʦʧʘʨʘ; 9 ï ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʪʝʨʤʦʧʘʨʘ; 10 ï ʪʝʨʤʦʨʝʛʫʣʷʪʦʨ; 11 ï ʇʂ; 12 ï ɹʣʦʢ ɸʎʇ-ʎɸʇ). 

ɼʚʫʭʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 25-1000Üʉ ʪʘʢʞʝ 

ʙʣrʘ ʠʟʤʝʨʝʥʘ ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʢʠʩʣʦʨʦʜ-ʧʨʦʚʦʜʷʱʠʭ ʦʙʲʝʤʥʳʭ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. ʅʘ ʪʦʨʮʳ ʠʟʤʝʨʷʝʤʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʧʣʘʪʠʥʦʚʳʝ 

ʵʣʝʢʪʨʦʜʳ ʧʫʪʝʤ ʚʞʠʛʘʥʠʷ ʧʣʘʪʠʥʦʚʦʡ ʧʨʦʚʦʜʷʱʝʡ ʧʘʩʪʳ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ 

"ʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʫʨʥʳʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʠ", ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʦʝ ʥʘʛʨʝʚʘʪʝʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʨʝʛʫʣʷʪʦʨ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʚʝ ʪʝʨʤʦʧʘʨʳ, ʧʨʦʛʨʘʤʤʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʙʣʦʢ (ʨʠʩʫʥʦʢ 7) 

[195]. ɺʝʣʠʯʠʥʫ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ (6). ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʙʦʣʝʝ 10%.  

ʄʝʪʦʜʦʤ ɺʝʩʪʘ-ʊʘʣʣʘʥʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʯʠʩʣʘ ʧʝʨʝʥʦʩʘ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ ʦʙʲʝʤʥʳʭ 

ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʪʘʢʞʝ ʙʳʣ ʧʨʠʤʝʥʸʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʢʠ "ʂʦʤʧʣʝʢʩ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʫʨʥʳʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʢʝʨʘʤʠʢʠ" ʠ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʤʝʥʝʝ 2 ɺ ʚ ʩʨʝʜʝ ʩ ʥʠʟʢʠʤ 

ʧʘʨʮʠʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʟʘʧʠʨʘʥʠʝ ʠʦʥʥʦʛʦ ʪʦʢʘ ʚʩʣʝʜʩʪʚʠʝ 

ʧʦʣʷʨʠʟʘʮʠʠ [196-197]. 
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ʈʠʩʫʥʦʢ 7. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ "ʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʫʨʥʳʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʠ" [195]. 

ɺ ʢʘʯʝʩʪʚʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ ʉʆ2+ʉʆ (ʜʘʥʥʦʡ ʩʤʝʩʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ 10
3
 ʇʘ). ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʚ ʩʣʘʙʳʭ (U = 

0,5 ɺ) ʧʦʣʷʭ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ (ʜʦ 30 ʤʠʥ) ʩʧʘʜʘʥʠʷ ʪʦʢʘ. ɺʢʣʘʜ ʠʦʥʥʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʜʦʣʝʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʮʝʥʠʚʘʣʠ ʧʦ ʬʦʨʤʫʣʘʤ: 

     te = Rair/Re,           (7) 

     ti = 1-te,          (8) 

ʛʜʝ te ʠ ti ï ʯʠʩʣʘ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Rair ʠ Re ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʦʙʨʘʟʮʘ, ʠʟʤʝʨʝʥʥʦʝ ʥʘ ʚʦʟʜʫʭʝ ʠ ʚ ʘʪʤʦʩʬʝʨʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ. 

 
 
 

2.4.11. ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʪʦʥʢʠʭ ʧʣʝʥʦʢ 

 
 
 

ɻʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʦʢʩʠʜʥʳʭ ʧʣʸʥʦʢ ʠʟʫʯʘʣʠʩʴ ʥʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʝʮʠʟʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ. ɺ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ ʦʢʩʠʜʥʳʭ 

ʧʣʸʥʦʢ ʠʟʤʝʨʷʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ ʤʫʣʴʪʠʤʝʪʨʘ Fluke 8846A, ʦʪʢʣʠʢ ʥʘ 

ʢʠʩʣʦʨʦʜ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʬʦʨʤʫʣʝ: S=Rgas/RAr (ʛʜʝ Rgas ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʸʥʢʠ ʧʨʠ ʟʘʜʘʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ, RAr ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʸʥʢʠ ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ). ɻʘʟʦʚʘʷ ʩʨʝʜʘ ʩʦʟʜʘʚʘʣʘʩʴ ʚ 

ʢʚʘʨʮʝʚʦʡ ʷʯʝʡʢʝ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʢʦʥʪʨʦʣʣʝʨʦʚ ʨʘʩʭʦʜʘ ʛʘʟʘ Bronkhorst ʩ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ 200 ʠ 1000 ʤʣ/ʤʠʥ (ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ Ñ0,5 ʤʣ/ʤʠʥ). ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʢʠʩʣʦʨʦʜʫ ʠʟʫʯʘʣʘʩʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ï 1-20 %. ɹʝʩʢʠʩʣʦʨʦʜʥʘʷ ʩʨʝʜʘ ʚ ʷʯʝʡʢʝ 

ʩʦʟʜʘʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʘʨʛʦʥʘ (99,99995% ʯʠʩʪʦʪʳ), ʢ ʢʦʪʦʨʦʤʫ ʩʪʫʧʝʥʯʘʪʦ ʧʦʜʘʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ. ʆʪʢʣʠʢʠ ʠʟʤʝʨʷʣʠʩʴ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 300-450Áʉ ʩ ʰʘʛʦʤ ʚ 

50Áʉ.  
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ɻʃɸɺɸ 3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

 
 
 

3.1. ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʠʩʣʦʨʦʜ-ʧʨʦʚʦʜʷʱʝʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʩʠʩʪʝʤʝ ZrO2ïY2O3ïGd2O3ïMgO 

 
 
 

ɺʳʙʦʨ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʫʙʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʵʢʩʧʣʫʘʪʘʮʠʠ (100ī1200
ʦ
ʉ), 

ʯʪʦ ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ ʣʝʛʠʨʦʚʘʥʠʝʤ ʦʢʩʠʜʘʤʠ ʤʝʪʘʣʣʦʚ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ 

(Y2O3, Gd2O3, MgO). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʝ ʟʘʤʝʱʝʥʠʝ ʠʦʥʦʚ ʚ ʢʘʪʠʦʥʥʦʡ 

ʧʦʜʨʝʰʝʪʢʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ZrO2 ʠ ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʣʫʯʰʠʪʴ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ, ʘ 

ʠʤʝʥʥʦ ʠʦʥʥʫʶ ʜʦʣʶ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʊʆʊʕ. ɺʚʝʜʝʥʠʝ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ 

ʦʢʩʠʜʘ ʤʘʛʥʠʷ (ʜʦ 10 ʤʦʣ.%) ʚ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝ 

ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʪʴ ʠʦʥʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʥʦ ʠ ʧʦʚʳʩʠʪʴ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ 

ʪʚʝʨʜʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ (ʥʘʧʨʠʤʝʨ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 3YSZ), ʯʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʚʳʩʦʢʠʤʠ ʨʘʙʦʯʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. ʇʨʠ ʵʪʦʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʯʘʩʪʠʯʥʦʝ 

ʟʘʤʝʱʝʥʠʝ ʠʪʪʨʠʷ ʥʘ ʛʘʜʦʣʠʥʠʡ ʚ ʪʚʝʨʜʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʬʣʶʦʨʠʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʚʝʣʠʯʠʥʫ ʠʭ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ZrO2 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʝʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ʦʢʩʠʜʘʤʠ ʠʪʪʨʠʷ, 

ʛʘʜʦʣʠʥʠʷ ʠ ʤʘʛʥʠʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʠʣʠ ʢʫʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. 

ʇʨʠ ʵʪʦʤ ʦʧʪʠʤʘʣʴʥʳʤ ʩʫʤʤʘʨʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʷʚʣʷʝʪʩʷ 8-10 

ʤʦʣ.%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʩʦʩʪʘʚ 

(ZrO2)0,92(Y2O3)0,03(Gd2O3)0,03(MgO)0,02. 

 
 
 

3.1.1. ʉʠʥʪʝʟ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ ʦʢʩʠʜʘ ʩʦʩʪʘʚʘ (ZrO2)0,92(Y2O3)0,03(Gd2O3)0,03(MgO)0,02 

ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ 

 
 
 
ʄʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʨʠʦʪʝʭʥʦʣʦʛʠʠ (ʩʤ. ʧ. 2.1.1) ʙʳʣ 

ʧʦʣʫʯʝʥ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʡ ʢʩʝʨʦʛʝʣʴ (ʩʫʰʢʘ 150Üʉ, 1 ʯ.), ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʧʨʦʢʘʣʠʚʘʣʩʷ ʧʨʠ 
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600Üʉ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʥʦʧʦʨʦʰʢʘ ʩʦʩʪʘʚʘ 

(ZrO2)0,92(Y2O3)0,03(Gd2O3)0,03(MgO)0,02. 

ʇʨʦʮʝʩʩʳ ʪʝʨʤʦʣʠʟʘ ʧʦʣʫʯʝʥʥʦʛʦ ʢʩʝʨʦʛʝʣʷ ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʠʥʭʨʦʥʥʦʛʦ 

(ʊɻɸ/ɼʉʂ/ɼʊɸ) ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩʫʥʦʢ 8). ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 8ʘ ʧʨʠʚʝʜʝʥʳ 

ʜʘʥʥʳʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʦʩʘʜʢʘ, ʥʝ ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʠ 

ï25
ʦ
ʉ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʢʨʠʚʦʡ ɼʊɸ, ʚ ʭʦʜʝ ʥʘʛʨʝʚʘ ʠʤʝʝʪ ʤʝʩʪʦ ʜʚʫʭʩʪʫʧʝʥʯʘʪʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʤ (ʤʠʥʠʤʫʤ ʧʨʠ ~140
ʦ
ʉ) ʠ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ 

(ʤʘʢʩʠʤʫʤ ʧʨʠ 450Áʉ). 

 

ʈʠʩʫʥʦʢ 8. ʉʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʪʝʨʤʦʣʠʟʘ ʢʩʝʨʦʛʝʣʷ (ZrO2)0,92(Y2O3)0,03(Gd2O3)0,03(MgO)0,02, 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ: ʘ) ʙʝʟ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʩʝʨʦʛʝʣʷ, 

ʙ) ʧʦʩʣʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʢʩʝʨʦʛʝʣʷ ʧʨʠ -25
ʦ
ʉ (24 ʯ). 

ʕʢʟʦʵʬʬʝʢʪ ʥʘ ʢʨʠʚʦʡ ɼʊɸ, ʧʦ ʜʘʥʥʳʤ ʈʌɸ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʮʠʨʢʦʥʠʷ ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʪʠʧʘ 

ʬʣʶʦʨʠʪʘ (ʩ-Zrʆ2). ʇʨʠ ʟʘʤʦʨʘʞʠʚʘʥʠʠ ʩʦʦʩʘʞʜʝʥʥʳʭ ʛʠʜʨʦʢʩʠʜʦʚ ʚ ʩʠʩʪʝʤʝ 

ZrO2īY2O3īGd2O3īMgO ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʜʠʬʬʫʟʠʦʥʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʯʘʩʪʠʮ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʩʣʘʙʣʝʥʠʶ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʦʩʘʜʢʘ. ʅʘ ʢʨʠʚʦʡ ɼʊɸ 

(ʨʠʩʫʥʦʢ 8ʙ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʧʨʦʮʝʩʩ ʪʝʨʤʦʣʠʟʘ ʢʩʝʨʦʛʝʣʷ ʧʦʩʣʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʧʨʠ ï25
ʦ
ʉ, 

ʦʪʩʫʪʩʪʚʫʝʪ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʝʛʠʜʨʘʪʘʮʠʠ, ʪʦ ʝʩʪʴ ʫʜʘʣʝʥʠʝ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ ʟʘʤʦʨʦʟʢʠ ʦʩʘʜʢʘ. ʇʦʪʝʨʷ ʤʘʩʩʳ ʜʣʷ ʢʩʝʨʦʛʝʣʷ, 

ʧʨʦʰʝʜʰʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 20%. ʅʘ ʢʨʠʚʦʡ ɼʊɸ ʪʘʢʞʝ 

ʬʠʢʩʠʨʫʝʪʩʷ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (450Áʉ Ÿ 420Áʉ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʦʩʘʜʢʘ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʥʘʥʦʨʘʟʤʝʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʯʘʩʪʠʮ ʠ 

ʫʚʝʣʠʯʠʪʴ ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʩʝʨʦʛʝʣʷ [129]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ 
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ʘʥʘʣʠʟʘ ʙʳʣ ʚʳʙʨʘʥ ʨʝʞʠʤ ʜʘʣʴʥʝʡʰʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʩʝʨʦʛʝʣʷ (600Üʉ, 

1ʯ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʟʘʚʝʨʰʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ ʪʝʨʤʦʣʠʟʘ. 

ʂʩʝʨʦʛʝʣʴ, ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʨʠʦʪʝʭʥʦʣʦʛʠʠ ʚ 

ʩʠʩʪʝʤʝ ZrO2īY2O3īGd2O3īMgO, ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ (ʨʠʩʫʥʦʢ 9). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ ʩʦʨʙʮʠʦʥʥʫʶ ʢʨʠʚʫʶ ʜʣʷ ʦʙʨʘʟʮʘ ʢʩʝʨʦʛʝʣʷ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ IV ʪʠʧʫ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʀʖʇɸʂ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʤʫʩʷ ʥʘʣʠʯʠʝʤ ʤʝʟʦʧʦʨ, 

ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʢʘʧʠʣʣʷʨʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ ʘʜʩʦʨʙʪʠʚʘ, ʚʳʟʳʚʘʶʱʘʷ ʧʦʷʚʣʝʥʠʝ 

ʛʠʩʪʝʨʝʟʠʩʘ [198]. ɼʘʥʥʳʡ ʚʳʚʦʜ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʪʚʝʨʞʜʝʥ ʢʨʠʚʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨ ʧʦ 

ʨʘʟʤʝʨʘʤ (ʨʠʩʫʥʦʢ 9, ʚʨʝʟʢʘ), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʡ ʦ ʥʘʣʠʯʠʠ ʤʝʟʦʧʦʨ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 3,5 

ʥʤ; ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʧʦʨ ʩʦʩʪʘʚʣʷʝʪ 0,08 ʩʤ
3
/ʛ.  

 

ʈʠʩʫʥʦʢ 9. ʀʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨ ʧʦ 

ʨʘʟʤʝʨʘʤ ʜʣʷ ʢʩʝʨʦʛʝʣʷ ʩʦʩʪʘʚʘ(ZrO2)0,92(Y2O3)0,03(Gd2O3)0,03(MgO)0,02. 

ʋʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ Sʫʜ ʜʘʥʥʦʛʦ ʢʩʝʨʦʛʝʣʷ ʩʦʩʪʘʚʠʣʘ 151 ʤ
2
/ʛ. ʍʦʜ ʧʝʪʣʠ 

ʢʘʧʠʣʣʷʨʥʦ-ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʪʠʧʫ ʅ3 ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʀʖʇɸʂ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʱʝʣʝʚʠʜʥʦʡ ʬʦʨʤʝ ʧʦʨ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʥʦʧʦʨʦʰʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʫʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ ʬʣʶʦʨʠʪʘ (a=5,411 ¡) ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʦʙʞʠʛʘ ʧʨʠ 600Üʉ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌɸ, ʠʩʩʣʝʜʫʝʤʳʡ 

ʥʘʥʦʧʦʨʦʰʦʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʆʂʈ ʦʢʦʣʦ 10 ʥʤ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʙʞʠʛʝ ʚ 




























































































































































