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Ɋɚɡɜɢɬɢɟ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɦɚɬɟɪɢɚɥɚɯ, 

ɨɬɥɢɱɚɸɳɢɯɫɹ ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɨɯɪɚɧɹɬɶ ɫɜɨɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɩɪɢ ɪɚɛɨɬɟ 
ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. ɇɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɜɵɡɵɜɚɸɬ 
ɨɤɫɢɞɧɵɟ ɤɟɪɚɦɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ZrO2 – MgO, 
ɨɛɥɚɞɚɸɳɢɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ, ɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɶɸ, 
ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶɸ ɢ ɜɨɡɦɨɠɧɨɫɬɶɸ ɪɟɚɥɢɡɚɰɢɢ ɷɮɮɟɤɬɚ ɬɪɚɧɫɮɨɪɦɚɰɢɨɧɧɨɝɨ 
ɭɩɪɨɱɧɟɧɢɹ. ȼ ɥɢɬɟɪɚɬɭɪɟ ɢɦɟɸɬɫɹ ɞɚɧɧɵɟ ɨ ɡɧɚɱɟɧɢɹɯ ɄɅɌɊ ɞɥɹ 
ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ZrO2 [1,2], ɨɞɧɚɤɨ ɡɚɱɚɫɬɭɸ ɧɟ ɭɬɨɱɧɹɟɬɫɹ ɧɢ ɤɚɱɟɫɬɜɟɧɧɵɣ, ɧɢ 
ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɫɨɫɬɚɜ ɦɚɬɟɪɢɚɥɨɜ. ȼ ɫɜɹɡɢ ɫ ɱɟɦ, ɚɤɬɭɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ 
ɬɟɩɥɨɜɵɯ ɫɜɨɣɫɬɜ ɨɤɫɢɞɧɵɯ ɫɢɫɬɟɦ ZrO2 – MgO ɩɟɪɟɦɟɧɧɨɝɨ ɫɨɫɬɚɜɚ. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɢɥɨɫɶ ɢɡɭɱɟɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɬɟɩɥɨɜɨɝɨ 
ɪɚɫɲɢɪɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ZrO2 – MgO ɢ 
ɢɯ ɤɨɪɪɟɥɹɰɢɹ ɫ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɫɬɪɭɤɬɭɪɵ ɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ. 

ɂɫɫɥɟɞɨɜɚɥɢɫɶ ɨɛɪɚɡɰɵ ɤɟɪɚɦɢɤɢ ɫɢɫɬɟɦɵ ZrO2 – MgO ɩɟɪɟɦɟɧɧɨɝɨ ɫɨɫɬɚɜɚ: 
91.4 ɦɨɥɶɧ. % ZrO2 + 8.6 ɦɨɥɶɧ. % MgO (ɞɨɷɜɬɟɤɬɨɢɞɧɵɣ ɫɨɫɬɚɜ); 86.1 
ɦɨɥɶɧ. % ZrO2 + 13.9 ɦɨɥɶɧ. % MgO (ɷɜɬɟɤɬɨɢɞɧɵɣ ɫɨɫɬɚɜ); 74.6 ɦɨɥɶɧ. % ZrO2 + 
25.4 ɦɨɥɶɧ. % MgO, 65 ɦɨɥɶɧ. % ZrO2 + 35 ɦɨɥɶɧ. % MgO, 56.7 ɦɨɥɶɧ. % ZrO2 + 
43.3 ɦɨɥɶɧ. % MgO (ɡɚɷɜɬɟɤɬɨɢɞɧɵɟ ɫɨɫɬɚɜɵ). 

Ɉɛɪɚɡɰɵ ɩɨɥɭɱɚɥɢ ɩɪɟɫɫɨɜɚɧɢɟɦ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɯ ɩɨɪɨɲɤɨɜ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɫɩɟɤɚɧɢɟɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1650 ɨɋ ɫ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɨɣ ɜ ɬɟɱɟɧɢɟ ɱɚɫɚ ɜ 
ɚɬɦɨɫɮɟɪɟ ɜɨɡɞɭɯɚ. 

ɂɡɦɟɪɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɧɚ ɦɟɯɚɧɢɱɟɫɤɨɦ 
ɞɢɥɚɬɨɦɟɬɪɟ. Ɍɟɦɩɟɪɚɬɭɪɚ ɨɛɪɚɡɰɚ ɢɡɦɟɧɹɥɚɫɶ ɫɨ ɫɤɨɪɨɫɬɶɸ 10 ɨɋ/ɦɢɧ. ɇɚɝɪɟɜ 
ɨɛɪɚɡɰɨɜ ɩɪɨɢɡɜɨɞɢɥɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪ 1000 – 1200ɨɋ, ɱɬɨ, ɢɫɯɨɞɹ ɢɡ ɞɢɚɝɪɚɦɦɵ 
ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ ZrO2 – MgO, ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɦɩɟɪɚɬɭɪɟ ɩɟɪɟɯɨɞɚ 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɦɨɧɨɤɥɢɧɧɨɣ ɮɚɡɵ ZrO2 ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɭɸ 
ɬɟɬɪɚɝɨɧɚɥɶɧɭɸ ɦɨɞɢɮɢɤɚɰɢɸ ZrO2. 

ɇɚ ɪɢɫɭɧɤɟ 1 (ɚ, ɛ) ɩɪɢɜɟɞɟɧɵ ɞɢɥɚɬɨɦɟɬɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɞɥɹ ɨɛɪɚɡɰɨɜ 
ɤɟɪɚɦɢɤɢ ɫɢɫɬɟɦɵ ZrO2 – MgO ɞɨɷɜɬɟɤɬɨɢɞɧɨɝɨ ɢ ɡɚɷɜɬɟɤɬɨɢɞɧɨɝɨ ɫɨɫɬɚɜɨɜ. Ⱦɥɹ 
ɨɛɪɚɡɰɨɜ ɜɫɟɯ ɫɨɫɬɚɜɨɜ ɞɢɥɚɬɨɦɟɬɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɫɨɫɬɨɹɥɢ ɢɡ 2 ɭɱɚɫɬɤɨɜ: 
ɥɢɧɟɣɧɨɝɨ ɢ ɧɟɥɢɧɟɣɧɨɝɨ. Ɉɬɤɥɨɧɟɧɢɟ ɨɬ ɥɢɧɟɣɧɨɫɬɢ ɧɚ ɞɢɥɚɬɨɦɟɬɪɢɱɟɫɤɢɯ ɤɪɢɜɵɯ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɱɚɥɭ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ. 

Ʌɢɧɟɣɧɵɟ ɭɱɚɫɬɤɢ ɧɚ ɞɢɥɚɬɨɦɟɬɪɢɱɟɫɤɢɯ ɤɪɢɜɵɯ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɥɢɫɶ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɤɨɪɪɟɥɹɰɢɢ ɛɥɢɡɤɢɦ ɤ 1. Ⱦɥɹ 
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ɨɛɪɚɡɰɨɜ ɞɨɷɜɬɟɤɬɨɢɞɧɨɝɨ ɫɨɫɬɚɜɚ ɥɢɧɟɣɧɵɣ ɭɱɚɫɬɨɤ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 400 
ɞɨ 1090 Ʉ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɜ ɞɚɧɧɨɦ 
ɢɧɬɟɪɜɚɥɟ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɚ ZrO2 (8.6 ɦɨɥɶɧ.% MgO) 
ɯɚɪɚɤɬɟɪɧɨ ɡɧɚɱɟɧɢɟ Į=6.7•10-6Ʉ-1. 
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Ɋɢɫ. 1 Ⱦɢɥɚɬɨɦɟɬɪɢɱɟɫɤɢɟ ɤɪɢɜɵɟ: ɚ - ZrO2 (8.6 ɦɨɥɶɧ.% MgO), ɛ - ZrO2 (43.3 
ɦɨɥɶɧ.% MgO) 

 
Ⱦɥɹ ɨɛɪɚɡɰɨɜ ɷɜɬɟɤɬɨɢɞɧɨɝɨ ɫɨɫɬɚɜɨɜɚ ɄɅɌɊ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɥɢɧɟɣɧɵɦ 

ɭɱɚɫɬɤɨɦ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 420 – 1110 Ʉ. ȼ ɞɚɧɧɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ 
ɞɥɹ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɚ ZrO2 (13.9 ɦɨɥɶɧ.% MgO) Į=7.7•10-6Ʉ-1. Ⱦɥɹ ɨɛɪɚɡɰɨɜ ɫ 
ɫɨɞɟɪɠɚɧɢɟɦ MgO ɜ ɫɢɫɬɟɦɟ ZrO2 – MgO ɜ ɤɨɥɢɱɟɫɬɜɟ 25.4 ɦɨɥɶɧ.% ɜ 
ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ 470 – 1200 Ʉ ɯɚɪɚɤɬɟɪɧɨ ɡɧɚɱɟɧɢɟ ɄɅɌɊ – 9•10-6Ʉ-1. Ⱦɥɹ 
ɨɛɪɚɡɰɨɜ ɫ ɫɨɞɟɪɠɚɧɢɟɦ MgO ɜ ɫɢɫɬɟɦɟ ZrO2 – MgO ɜ ɤɨɥɢɱɟɫɬɜɟ 35 ɦɨɥɶɧ.% ɜ 
ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ 470 – 1250 Ʉ ɯɚɪɚɤɬɟɪɧɨ ɡɧɚɱɟɧɢɟ ɄɅɌɊ – 10•10-6Ʉ-1. ȼ 
ɤɟɪɚɦɢɤɚɯ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɨɤɫɢɞɚ ɦɚɝɧɢɹ ɜ ɤɨɥɢɱɟɫɬɜɟ 43.3 ɦɨɥɶɧ.% ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ 450 – 1280 Ʉ Į=11•10-6Ʉ-1. 

Ɉɬɤɥɨɧɟɧɢɟ ɨɬ ɥɢɧɟɣɧɨɫɬɢ ɧɚ 
ɞɢɥɚɬɨɦɟɬɪɢɱɟɫɤɢɯ ɤɪɢɜɵɯ ɨɛɭɫɥɨɜɥɟɧɨ 
ɭɦɟɧɶɲɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɩɪɢɪɚɳɟɧɢɹ ɞɥɢɧɵ 
ɨɛɪɚɡɰɨɜ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ. Ⱦɚɧɧɨɟ 
ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɫɜɹɡɚɧɨ ɫ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ – ɦɨɧɨɤɥɢɧɧɨɣ 
ɦɨɞɢɮɢɤɚɰɢɢ ZrO2 ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɭɸ – 
ɬɟɬɪɚɝɨɧɚɥɶɧɭɸ ɦɨɞɢɮɢɤɚɰɢɸ ZrO2, 
ɫɨɩɪɨɜɨɠɞɚɸɳɢɦɫɹ ɨɛɴɺɦɧɨɣ ɢɧɜɟɪɫɢɟɣ 
ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ 
ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɨɤɫɢɞɚ ɦɚɝɧɢɹ 
ɜ ɫɢɫɬɟɦɟ ZrO2 – MgO ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2. 

Ⱦɢɥɚɬɨɦɟɬɪɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, 
ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɨɤɫɢɞɚ ɦɚɝɧɢɹ ɜ 
ɫɢɫɬɟɦɟ ZrO2 – MgO ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɬɟɩɥɨɜɨɝɨ 
ɪɚɫɲɢɪɟɧɢɹ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɷɬɨ ɫɜɹɡɚɧɨ ɫɨ 
ɫɬɪɭɤɬɭɪɧɨ – ɮɚɡɨɜɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɤɟɪɚɦɢɤ 
ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ. 
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Ɋɢɫ. 2. ȼɥɢɹɧɢɟ ɫɨɞɟɪɠɚɧɢɹ 

ɨɤɫɢɞɚ ɦɚɝɧɢɹ ɜ ɫɢɫɬɟɦɟ ZrO2 – 
MgO ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɮɚɡɨɜɨɝɨ 

ɩɟɪɟɯɨɞɚ 
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ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜ ɫɮɟɪɟ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɨɹɜɢɥɢɫɶ ɧɨɜɵɟ 

ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɟ ɞɨ ɫɢɯ ɩɨɪ ɨɬɧɨɫɢɥɢɫɶ ɤ ɪɚɡɞɟɥɭ ɧɚɭɱɧɨɣ 
ɮɚɧɬɚɫɬɢɤɢ, ɧɚɩɪɢɦɟɪ ɬɚɤɢɟ ɤɚɤ: ɦɧɨɝɨɥɭɱɟɜɚɹ ɬɟɯɧɨɥɨɝɢɹ – ɪɚɡɞɟɥɟɧɢɟ ɨɞɧɨɝɨ 
ɥɭɱɚ ɧɚ ɞɟɫɹɬɤɢ, ɥɢɩɤɢɟ ɦɟɬɚɥɥɵ – ɜɵɪɚɳɢɜɚɧɢɟ ɦɢɤɪɨɢɝɥ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɢ, 
3D ɬɟɯɧɨɥɨɝɢɹ – ɜɵɪɚɳɢɜɚɧɢɟ ɬɪɟɯɦɟɪɧɨɣ ɦɨɞɟɥɢ ɞɟɬɚɥɢ ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɢɡ 
ɩɨɪɨɲɤɚ [1]. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɢɟɦɚɯ ɷɥɟɤɬɪɨɧɧɵɣ ɥɭɱ ɦɨɠɟɬ 
ɨɛɟɫɩɟɱɢɬɶ ɩɨɱɬɢ ɧɟɨɝɪɚɧɢɱɟɧɧɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɪɟɠɢɦɨɜ ɜɨɡɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɧɧɨɝɨ 
ɩɭɱɤɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɞɟɬɚɥɢ, ɬɚɤɢɯ ɤɚɤ ɫɜɚɪɤɚ, ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ, 
ɡɨɧɞɢɪɨɜɚɧɢɟ ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɚɩɪɢɦɟɪ, ɧɚɧɟɫɟɧɢɟ ɩɪɨɫɬɟɣɲɟɝɨ 
ɪɢɫɭɧɤɚ. Ɉɞɧɚɤɨ, ɪɟɚɥɢɡɨɜɚɬɶ ɷɬɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɷɥɟɤɬɪɨɧɧɨɝɨ ɥɭɱɚ ɜ ɩɨɥɧɨɣ ɦɟɪɟ 
ɦɨɠɧɨ ɬɨɥɶɤɨ ɩɨɫɪɟɞɫɬɜɨɦ ɷɥɟɤɬɪɨɧɧɨɣ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. ɋ ɪɚɡɜɢɬɢɟɦ ɫɢɫɬɟɦ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɷɥɟɤɬɪɨɧɧɨɝɨ ɥɭɱɚ 
ɡɧɚɱɢɬɟɥɶɧɨ ɪɚɫɲɢɪɢɥɚɫɶ, ɧɨ ɧɚ ɮɢɡɢɱɟɫɤɨɦ ɭɪɨɜɧɟ ɬɟɯɧɨɥɨɝɢɹ ɞɨɫɬɢɠɟɧɢɹ 
ɧɟɨɛɯɨɞɢɦɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɝɨɪɚɡɞɨ ɭɫɥɨɠɧɢɥɚɫɶ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɨɩɟɪɢɪɭɹ 
ɢɡɦɟɧɟɧɢɟɦ ɬɪɟɯ - ɱɟɬɵɪɟɯ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɤɬɪɨɧɧɨɝɨ ɥɭɱɚ, ɦɵ ɦɨɠɟɦ ɞɨɛɢɬɶɫɹ ɤɚɤ 
ɫɜɚɪɢɜɚɧɢɹ ɞɟɬɚɥɟɣ, ɬɚɤ ɢ ɜɵɪɚɳɢɜɚɧɢɹ ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɬɪɟɯɦɟɪɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ ɡɚɞɚɧɧɨɣ ɮɨɪɦɵ.  

ȼ ɢɬɨɝɟ ɦɵ ɢɦɟɟɦ ɞɜɚ ɧɚɩɪɚɜɥɟɧɢɹ ɩɨɥɭɱɟɧɢɹ ɧɟɢɡɜɟɫɬɧɵɯ ɫɩɟɰɢɚɥɶɧɵɯ 
ɫɜɨɣɫɬɜ ɧɚ ɞɚɜɧɨ ɢɡɭɱɟɧɧɵɯ ɦɚɬɟɪɢɚɥɚɯ: 

- ɫɬɪɭɤɬɭɪɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ, ɜ ɨɫɧɨɜɧɨɦ ɡɚ ɫɱɟɬ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ, ɧɚɩɪɢɦɟɪ: ɜ ɜɢɞɟ ɲɚɯɦɚɬɧɨɣ ɞɨɫɤɢ ɢɥɢ ɩɨ ɬɢɩɭ 
«ɡɟɛɪɚ»; 

- ɨɛɴɟɦɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɢ ɫ ɩɨɥɭɱɟɧɢɟɦ ɧɚ ɧɟɣ 3D – 
ɨɛɴɟɤɬɨɜ ɪɚɡɥɢɱɧɨɣ ɮɨɪɦɵ, ɧɚɩɪɢɦɟɪ: ɲɟɫɬɢɝɪɚɧɧɵɟ ɫɨɬɵ, ɢɝɥɵ, ɧɚɩɪɚɜɥɟɧɧɵɟ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɥɨɫɤɨɫɬɢ ɞɟɬɚɥɢ ɢ ɬ.ɞ [2]. 

ɑɬɨɛɵ ɨɰɟɧɢɬɶ ɯɚɪɚɤɬɟɪ ɢ ɫɬɟɩɟɧɶ ɫɬɪɭɤɬɭɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɨɜɟɪɯɧɨɫɬɧɵɯ 
ɫɥɨɟɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɨɧɧɨɝɨ ɥɭɱɚ, ɦɵ ɢɡɝɨɬɨɜɢɥɢ ɨɛɪɚɡɰɵ ɢɡ ɬɢɬɚɧɚ ɢ 


