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Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɨɩɪɨɫɵ ɩɨɥɭɱɟɧɢɹ ɫɬɪɨɧɰɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ ɦɟɬɨɞɨɦ ɩɨɥɭɫɭɯɨɝɨ 
ɩɪɟɫɫɨɜɚɧɢɹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɛɠɢɝɨɦ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɟɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ, 
ɬɟɪɦɢɱɟɫɤɢɯ ɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɫɪɚɜɧɟɧɢɢ ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɫɢɬɚɥɥɚ ɬɨɝɨ ɠɟ ɫɨɫɬɚɜɚ ɢ ɩɪɢɦɟɧɹɟ-
ɦɨɣ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɩɪɨɦɵɲɥɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɥɢɬɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ. ɉɨɤɚɡɚɧɚ 
ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɩɨɥɭɱɟɧɧɨɣ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ ɤɚɤ ɦɚɬɟɪɢɚɥɚ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ 
ɜɡɚɦɟɧ ɫɩɨɞɭɦɟɧɨɜɨɣ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ. 

Ʉɥɸчɟɜыɟ ɫɥɨɜа: ɫɬɪɨɧɰɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɟ ɫɬɟɤɥɨ, ɫɬɟɤɥɨɤɟɪɚɦɢɤɚ, ɩɨɥɭɫɭɯɨɟ ɩɪɟɫɫɨɜɚɧɢɟ, ɫɩɟɤɚ-
ɧɢɟ, ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ. 
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SINTERING  PROCESS  ANALYSIS  IN  THE  MANUFACTURE 

OF  STRONTIUMALUMINOSILICATE  GLASS  CERAMICS 

BY  POWER-PRESSED  METHOD 

 

The article considers production of strontiumaluminosilicate glass ceramics by powder-pressed method with the 
consequent roasting, research results of physical, mechanical, thermal and dielectric properties are represented in 
the comparison with same composition sitall properties, currently used for strontiumaluminosilicate glass ceramics 
production. Application prospects of produced ceramics as radio engineering material instead of spodumene ce-
ramics are illustrated. 

Keywords: strontiumaluminosilicate glass, glass ceramics, powder-pressed method, sintering, crystallization. 
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ȼɜɟɞɟɧɢɟ 

ɉɪɢɨɪɢɬɟɬɧɨɣ ɡɚɞɚɱɟɣ ɫɨɜɪɟɦɟɧɧɨɝɨ ɦɚɬɟɪɢɚ-
ɥɨɜɟɞɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɞɨɫɬɢɠɟɧɢɟ ɩɪɨɝɧɨɡ-
ɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɪɨɫ-
ɫɢɣɫɤɨɣ ɷɤɨɧɨɦɢɤɢ ɜ ɫɮɟɪɟ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɩɨɤɨ-
ɥɟɧɢɣ ɢɡɞɟɥɢɣ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɬɟɯɧɢɤɢ, ɹɜɥɹɟɬɫɹ 
ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɲɢɪɨɤɢɦ ɞɢɚɩɚɡɨ-
ɧɨɦ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ, ɨɬɜɟɱɚɸɳɢɯ ɬɪɟɛɨ-
ɜɚɧɢɹɦ ɤɨɧɤɪɟɬɧɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ. Ɉɞɧɢɦ ɢɡ ɜɚɠ-
ɧɵɯ ɜɨɩɪɨɫɨɜ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɚɜɢɚɰɢɨɧɧɨɣ ɢ 
ɚɜɢɚɰɢɨɧɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ ɫ ɜɵɫɨɤɢɦɢ ɥɟɬ-
ɧɵɦɢ ɢ ɬɚɤɬɢɤɨ-ɬɟɯɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 
Ⱥɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɨɝɨ 
ɤɥɚɫɫɚ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ 
ɫɢɬɚɥɥɨɜ ɢ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ, ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ ɧɚ ɢɯ ɨɫɧɨɜɟ, ɚɪɦɢɪɨɜɚɧɧɵɯ ɧɟɩɪɟɪɵɜɧɵɦɢ 
ɢɥɢ ɞɢɫɤɪɟɬɧɵɦɢ ɜɨɥɨɤɧɚɦɢ, ɚ ɬɚɤɠɟ ɞɢɫɩɟɪɫɧɨ-
ɭɩɪɨɱɧɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ȼɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟ-
ɥɹɟɬɫɹ ɦɚɬɟɪɢɚɥɚɦ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ 

ɞɥɹ ɡɚɳɢɬɵ ɩɪɢɟɦɨɩɟɪɟɞɚɸɳɢɯ ɚɧɬɟɧɧɵɯ 
ɭɫɬɪɨɣɫɬɜ, ɪɚɡɦɟɳɟɧɧɵɯ ɧɚ ɛɨɪɬɭ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩ-
ɩɚɪɚɬɨɜ. Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ 
ɞɚɧɧɨɦɭ ɤɥɚɫɫɭ ɦɚɬɟɪɢɚɥɨɜ, – ɷɬɨ ɫɬɚɛɢɥɶɧɨɫɬɶ ɞɢ-
ɷɥɟɤɬɪɢɱɟɫɤɢɯ, ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɢ ɮɢɡɢɤɨ-

ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜɨ ɜɫɟɦ ɢɧɬɟɪɜɚɥɟ ɪɚɛɨɱɢɯ 
ɬɟɦɩɟɪɚɬɭɪ ɧɚɪɚɜɧɟ ɫ ɧɟɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ Д1–8Ж. 

ɉɪɨɦɵɲɥɟɧɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ 
ɧɚɲɥɢ ɦɚɬɟɪɢɚɥɵ ɬɢɩɚ «ɉɢɪɨɤɟɪɚɦ» (ɋɒȺ),  
ɫɩɨɞɭɦɟɧɨɜɚɹ ɫɬɟɤɥɨɤɟɪɚɦɢɤɚ ɦɚɪɤɢ ɈɌɆ357  
ɢ ɤɜɚɪɰɟɜɚɹ ɤɟɪɚɦɢɤɚ (ɎȽɍɉ «Ɉɇɉɉ 
«Ɍɟɯɧɨɥɨɝɢɹ», ɝ. Ɉɛɧɢɧɫɤ). Ɉɞɧɚɤɨ ɞɚɧɧɵɟ ɦɚɬɟ-
ɪɢɚɥɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ (ɧɟ ɛɨɥɟɟ 900°ɋ), ɤɨɬɨɪɚɹ ɨɝɪɚɧɢɱɢ-
ɜɚɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɬɚɛɢɥɶɧɨ-
ɫɬɶɸ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ, ɬɟɪɦɢɱɟɫɤɢɯ ɢ ɦɟɯɚɧɢɱɟ-
ɫɤɢɯ ɫɜɨɣɫɬɜ, ɚ ɬɚɤɠɟ ɧɢɡɤɨɣ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶɸ. 
Ʉɜɚɪɰɟɜɚɹ ɠɟ ɤɟɪɚɦɢɤɚ ɢɡ-ɡɚ ɜɵɫɨɤɨɣ ɩɨɪɢɫɬɨɫɬɢ 
ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɜɥɚɝɨɡɚɳɢɬɵ Д1, 9–11Ж. 
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ɍɧɢɤɚɥɶɧɨɫɬɶɸ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɞɢ-
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɩɪɢɨɛɪɟɬɚɟɦɵɯ ɜ ɩɪɨɰɟɫ-
ɫɟ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɬ-
ɫɹ ɫɢɬɚɥɥɵ ɫɢɫɬɟɦɵ SrO–Al2O3–SiO2 [12–15]. Ɉɞ-
ɧɚɤɨ ɩɨɥɭɱɟɧɢɟ ɫɢɬɚɥɥɨɜ ɩɨ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɬɟ-
ɤɨɥɶɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɫɜɹɡɚɧɨ ɫ ɪɹɞɨɦ ɬɪɭɞɧɨɫɬɟɣ – 
ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɷɬɨ ɜɵɫɨɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɚɪɤɢ 
ɢɫɯɨɞɧɵɯ ɫɬɟɤɨɥ (1600°ɋ ɢ ɛɨɥɟɟ). ɉɨɦɢɦɨ ɷɬɨɝɨ 
ɨɱɟɧɶ ɬɹɠɟɥɨ ɩɨɥɭɱɢɬɶ ɦɚɬɟɪɢɚɥ ɡɚɞɚɧɧɨɝɨ ɮɚɡɨɜɨ-
ɝɨ ɫɨɫɬɚɜɚ, ɜɫɟɝɞɚ ɩɪɢɫɭɬɫɬɜɭɸɬ ɨɫɬɚɬɨɱɧɚɹ ɫɬɟɤɥɨ-
ɮɚɡɚ ɢ ɩɨɛɨɱɧɵɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɮɚɡɵ, ɤɨɬɨɪɵɟ 
ɦɨɝɭɬ ɤɨɪɟɧɧɵɦ ɨɛɪɚɡɨɦ ɩɨɜɥɢɹɬɶ ɧɚ ɫɬɪɭɤɬɭɪɧɨ-

ɱɭɜɫɬɜɢɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
ɉɪɨɰɟɫɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɨɧɨɥɢɬɧɨɝɨ ɫɬɟɤɥɚ ɦɨɠɟɬ 
ɩɪɨɯɨɞɢɬɶ ɧɟɪɚɜɧɨɦɟɪɧɨ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ, ɨɫɨɛɟɧ-
ɧɨ ɟɫɥɢ ɷɬɨ ɤɚɫɚɟɬɫɹ ɜɨɩɪɨɫɚ ɩɨɥɭɱɟɧɢɹ ɤɪɭɩɧɨɝɚɛɚ-
ɪɢɬɧɵɯ ɢɡɞɟɥɢɣ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, 
ɧɚɪɹɞɭ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɢɬɚɥɥɨɜ ɬɪɚ-
ɞɢɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɩɨɥɭɱɢɥ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 
ɦɟɬɨɞ ɫɢɧɬɟɡɚ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ – ɩɪɨɜɟɞɟɧɢɟ ɨɛɴɟɦ-
ɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɮɨɪɦɢɪɨɜɚ-
ɧɢɟ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɢɬɚɥɥɨɜɨɣ ɫɬɪɭɤɬɭɪɵ 
ɩɭɬɟɦ ɬɨɧɤɨɝɨ ɢɡɦɟɥɶɱɟɧɢɹ ɢ ɫɩɟɤɚɧɢɹ ɩɨɪɨɲɤɨɜ 
ɫɬɟɤɨɥ, ɤɨɝɞɚ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜɵɫɬɭɩɚɟɬ 
ɪɚɡɜɢɬɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɪɨɲɤɨɜ, ɨɛɥɚɞɚɸɳɚɹ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɧɟɪɝɢɟɣ Д16–20Ж. 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɩɨɥɭɱɟɧɢɸ ɫɬɪɨɧɰɢɣɚɥɸɦɨɫɢ-
ɥɢɤɚɬɧɨɣ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ ɦɟɬɨɞɨɦ ɩɨɥɭɫɭɯɨɝɨ 
ɩɪɟɫɫɨɜɚɧɢɹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɛɠɢɝɨɦ, ɚ ɬɚɤɠɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɫɫɥɟɞɨ-
ɜɚɧɢɹ ɟɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɜ ɫɪɚɜɧɟɧɢɢ 
ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɫɢɬɚɥɥɚ ɬɨɝɨ ɠɟ ɫɨɫɬɚɜɚ ɢ ɩɪɢɦɟɧɹ-
ɟɦɨɣ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɥɢɬɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ 
ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦ-
ɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 14.1. «Ʉɨɧɫɬɪɭɤɰɢɨɧ-

ɧɵɟ ɤɟɪɚɦɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ 
(ɄɄɆ)» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢ-
ɨɞ ɞɨ 2030 ɝɨɞɚ») [4]. 

 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ɉɫɧɨɜɧɵɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 
ɩɪɨɰɟɫɫɚ ɫɩɟɤɚɧɢɹ ɹɜɥɹɸɬɫɹ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ 
ɫɨɫɬɚɜ ɫɬɟɤɥɚ, ɞɚɜɥɟɧɢɟ ɩɪɟɫɫɨɜɚɧɢɹ, ɬɟɦɩɟɪɚɬɭɪ-
ɧɵɣ ɪɟɠɢɦ ɨɛɠɢɝɚ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟ-
ɧɢɟɦ ɪɚɡɜɢɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɪɨɲɤɚ ɩɪɨɰɟɫɫ ɫɩɟɤɚ-
ɧɢɹ ɞɨɥɠɟɧ ɢɧɬɟɧɫɢɮɢɰɢɪɨɜɚɬɶɫɹ, ɱɪɟɡɦɟɪɧɨɟ  
ɭɜɟɥɢɱɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɠɟɬ ɨɬɪɢɰɚ-
ɬɟɥɶɧɵɦ ɨɛɪɚɡɨɦ ɫɤɚɡɚɬɶɫɹ ɧɚ ɩɪɨɰɟɫɫɟ ɫɩɟɤɚɧɢɹ. 
ȼɨ-ɩɟɪɜɵɯ, ɱɚɫɬɢɰɵ ɫɬɚɧɨɜɹɬɫɹ ɛɨɥɟɟ ɨɞɧɨɪɨɞɧɵɦɢ 
ɩɨ ɪɚɡɦɟɪɭ, ɚ ɡɧɚɱɢɬ, ɫɧɢɠɚɟɬɫɹ ɩɥɨɬɧɨɫɬɶ ɭɩɚɤɨɜɤɢ 
ɩɪɢ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɢ. ȼɨ-ɜɬɨɪɵɯ, ɛɨɥɟɟ ɬɨɧɤɢɟ 
ɩɨɪɨɲɤɢ ɬɪɟɛɭɸɬ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɜɹɡɤɢ, ɱɬɨ 
ɡɚɬɪɭɞɧɹɟɬ ɟɟ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɤɪɭɝ 
ɱɚɫɬɢɰ ɫɬɟɤɥɚ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɨɞɢɦɵɯ ɪɚɧɟɟ 
ɪɚɛɨɬ ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɫɩɟɤɚɟɦɵɯ ɩɨɪɨɲɤɨɜ 
ɫɬɟɤɥɚ ɞɨɥɠɧɚ ɧɚɯɨɞɢɬɶɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 3·104  
ɞɨ 7·104 ɦ2/ɤɝ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɚɛɨɬɵ ɞɪɨɛɥɟɧɢɟ ɢɫɯɨɞɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ (ɫɬɪɨɧɰɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɝɨ ɫɬɟɤɥɚ) 
ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɚɝɚɬɨɜɨɣ ɫɬɭɩɤɟ ɢ ɩɪɨɫɟɢɜɚɥɢ 
ɱɟɪɟɡ ɫɢɬɨ ɫ ɪɚɡɦɟɪɨɦ ɹɱɟɣɤɢ 4 ɦɦ. ɉɨɦɨɥ ɫɬɟɤɥɚ 
ɩɪɨɜɨɞɢɥɢ ɧɚ ɩɥɚɧɟɬɚɪɧɨɣ ɦɟɥɶɧɢɰɟ ɜ ɚɝɚɬɨɜɵɯ 
ɛɚɪɚɛɚɧɚɯ ɫ ɚɝɚɬɨɜɵɦɢ ɤɪɵɲɤɚɦɢ ɢ ɲɚɪɚɦɢ ɢɡ ɞɢ-
ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɞɢɚɦɟɬɪɨɦ 1,0 ɫɦ (ɫɤɨɪɨɫɬɶ ɜɪɚɳɟ-
ɧɢɹ ɛɚɪɚɛɚɧɨɜ 300 ɨɛ/ɦɢɧ). ȼ ɤɚɱɟɫɬɜɟ ɫɪɟɞɵ ɢɫ-
ɩɨɥɶɡɨɜɚɥɢ ɢɡɨɩɪɨɩɢɥɨɜɵɣ ɫɩɢɪɬ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ-
ɫɭɬɫɬɜɢɟ ɠɢɞɤɨɫɬɢ ɩɪɢ ɩɨɦɨɥɟ ɡɧɚɱɢɬɟɥɶɧɨ ɨɛɥɟɝ-
ɱɚɟɬ ɭɫɥɨɜɢɹ ɞɥɹ ɪɚɫɫɟɢɜɚɧɢɹ ɷɧɟɪɝɢɢ ɢ ɷɬɢɦ  
ɩɪɟɩɹɬɫɬɜɭɟɬ ɨɛɪɚɡɨɜɚɧɢɸ ɚɤɤɭɦɭɥɢɪɭɸɳɢɯ ɫɬɪɭɤ-
ɬɭɪ. ɉɪɢ ɷɬɨɦ ɨɫɭɳɟɫɬɜɥɹɥɢ ɪɚɡɨɜɭɸ ɡɚɝɪɭɡɤɭ ɜ 
ɛɚɪɚɛɚɧɵ ɦɟɥɶɧɢɰɵ ɦɟɥɸɳɢɯ ɬɟɥ, ɫɬɟɤɥɚ ɢ ɫɩɢɪɬɚ: 

– ɦɚɫɫɨɜɨɟ ɫɨɨɬɧɨɲɟɧɢɟ «ɦɟɥɸɳɢɟ ɬɟɥɚ/ɫɬɟɤɥɨ» 
ɫɨɫɬɚɜɢɥɨ 1:1 ɢ 2:1; 

– ɦɚɫɫɨɜɨɟ ɫɨɨɬɧɨɲɟɧɢɟ «ɫɬɟɤɥɨ/ɢɡɨɩɪɨɩɢɥɨ-

ɜɵɣ ɫɩɢɪɬ» ɫɨɫɬɚɜɢɥɨ 3:4. 
Ⱦɥɹ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ 

ɩɨɦɨɥɚ ɟɝɨ ɩɪɨɜɨɞɢɥɢ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ ɢ 3 ɱ. 
ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɚɛɨɬɵ ɜ ɤɚɱɟɫɬɜɟ ɫɜɹɡɭɸɳɟ-

ɝɨ ɩɪɢ ɩɪɟɫɫɨɜɚɧɢɢ ɜ ɩɨɪɨɲɨɤ ɫɬɟɤɥɚ ɜɜɨɞɢɥɢ 
2,5%-ɧɵɣ ɪɚɫɬɜɨɪ ɩɨɥɢɜɢɧɢɥɨɜɨɝɨ ɫɩɢɪɬɚ (ɉȼɋ) 
ɜ ɤɨɥɢɱɟɫɬɜɟ 5% (ɩɨ ɦɚɫɫɟ). ɇɚɡɧɚɱɟɧɢɟ ɬɟɯɧɨɥɨ-
ɝɢɱɟɫɤɨɣ ɫɜɹɡɤɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɷɮ-
ɮɟɤɬɢɜɧɨɫɬɢ ɩɪɟɫɫɨɜɚɧɢɹ ɩɨɥɭɮɚɛɪɢɤɚɬɚ ɩɭɬɟɦ 
ɫɧɢɠɟɧɢɹ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ, ɩɪɢɞɚɧɢɢ ɩɥɚɫɬɢɱ-
ɧɨɫɬɢ ɢ ɫɜɹɡɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɭɩɥɨɬɧɟɧɢɹ ɢ ɩɨɫɥɟ 
ɧɟɝɨ Д21, 22Ж. ɉɨɪɨɲɤɢ ɫɬɟɤɨɥ ɬɳɚɬɟɥɶɧɨ ɫɦɟɲɢ-
ɜɚɥɢ ɫ ɪɚɫɬɜɨɪɨɦ ɉȼɋ ɢ ɩɪɨɬɢɪɚɥɢ ɱɟɪɟɡ ɫɢɬɨ 
№05. ɉɨɪɨɲɨɤ ɨɬɜɟɲɢɜɚɥɢ ɜ ɡɚɞɚɧɧɨɦ ɞɥɹ ɩɪɟɫ-
ɫɨɜɚɧɢɹ ɤɨɥɢɱɟɫɬɜɟ ɢ ɩɨɦɟɳɚɥɢ ɜ ɦɟɬɚɥɥɢɱɟɫɤɭɸ 
ɮɨɪɦɭ. Ɏɨɪɦɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɜ ɜɢɞɟ ɲɬɚɛɢɤɨɜ 
ɪɚɡɦɟɪɨɦ 5×6×40 ɦɦ ɩɪɨɜɨɞɢɥɢ ɧɚ ɝɢɞɪɚɜɥɢɱɟ-
ɫɤɨɦ ɩɪɟɫɫɟ 2ɉȽ-10 ɩɪɢ ɞɚɜɥɟɧɢɢ ɩɪɟɫɫɨɜɚɧɢɹ 
125 Ɇɉɚ. 

Ɍɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɨɛɪɚɡɰɨɜ ɞɥɹ ɨɰɟɧɤɢ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɫɩɟɤɚɧɢɹ ɫɬɟɤɥɚ ɩɪɨɜɨ-
ɞɢɥɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɟɱɢ ɜ ɜɨɡɞɭɲɧɨɣ ɚɬɦɨɫɮɟ-
ɪɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 750–1400°ɋ ɫ ɢɧɬɟɪɜɚɥɨɦ  
50–100°ɋ ɩɪɢ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ 300°ɋ/ɱ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɥɢɬɟɪɚɬɭɪ-
ɧɵɯ ɞɚɧɧɵɯ ɨɛɠɢɝ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɷɥɟɤ-
ɬɪɢɱɟɫɤɨɣ ɩɟɱɢ ɜ ɜɨɡɞɭɲɧɨɣ ɚɬɦɨɫɮɟɪɟ ɩɨ ɫɥɟɞɭ-
ɸɳɢɦ ɪɟɠɢɦɚɦ Д23Ж: 

– ɪɟɠɢɦ 1 – ɧɚɝɪɟɜ ɫɨ ɫɤɨɪɨɫɬɶɸ 240°ɋ/ɱ ɞɨ ɬɟɦ-
ɩɟɪɚɬɭɪɵ 1350°ɋ, ɜɵɞɟɪɠɤɚ ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
1 ɱ, ɢɧɟɪɰɢɨɧɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɜ ɩɟɱɢ; 

– ɪɟɠɢɦ 2 – ɧɚɝɪɟɜ ɫɨ ɫɤɨɪɨɫɬɶɸ 240°ɋ/ɱ ɞɨ ɬɟɦ-
ɩɟɪɚɬɭɪɵ 800°ɋ ɢ ɜɵɞɟɪɠɤɚ ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭ-
ɪɟ 1 ɱ, ɡɚɬɟɦ ɧɚɝɪɟɜ ɫ ɬɨɣ ɠɟ ɫɤɨɪɨɫɬɶɸ ɞɨ ɬɟɦɩɟ-
ɪɚɬɭɪɵ 1250°ɋ ɢ ɜɵɞɟɪɠɤɚ ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
1 ɱ, ɢɧɟɪɰɢɨɧɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɜ ɩɟɱɢ; 

– ɪɟɠɢɦ 3 – ɧɚɝɪɟɜ ɫɨ ɫɤɨɪɨɫɬɶɸ 240°ɋ/ɱ ɞɨ ɬɟɦ-
ɩɟɪɚɬɭɪɵ 800°ɋ ɢ ɜɵɞɟɪɠɤɚ ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭ-
ɪɟ 1 ɱ, ɡɚɬɟɦ ɧɚɝɪɟɜ ɫ ɬɨɣ ɠɟ ɫɤɨɪɨɫɬɶɸ ɞɨ ɬɟɦɩɟ-
ɪɚɬɭɪɵ 1350°ɋ ɢ ɜɵɞɟɪɠɤɚ ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
1 ɱ, ɢɧɟɪɰɢɨɧɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɜ ɩɟɱɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɝɪɚɧɭɥɨ-
ɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫɬɟɤɥɨɩɨɪɨɲɤɚ ɩɪɨɜɨɞɢɥɢ  
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ɫ ɩɨɦɨɳɶɸ ɥɚɡɟɪɧɨɝɨ ɞɢɮɪɚɤɬɨɦɟɬɪɚ 
Analвsette 22 ɮɢɪɦɵ Fritsch (Ƚɟɪɦɚɧɢɹ). 

ɂɡɭɱɟɧɢɟ ɩɪɨɰɟɫɫɚ ɫɩɟɤɚɧɢɹ ɨɛɪɚɡɰɨɜ ɢ ɨɩɪɟ-
ɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨ-
ɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɌɄɅɊ) ɩɪɨɜɨɞɢɥɢ ɧɚ ɝɨɪɢɡɨɧ-
ɬɚɥɶɧɨɦ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɥɚɬɨɦɟɬɪɟ ɫ 
ɬɨɥɤɚɬɟɥɟɦ ɬɢɩɚ DIL 402 Ɋɋ ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ 
Netгsch (Ƚɟɪɦɚɧɢɹ). Ⱦɥɹ ɢɫɩɵɬɚɧɢɹ ɩɪɢɦɟɧɹɥɢ 
ɨɛɪɚɡɰɵ ɞɥɢɧɨɣ 25 ɦɦ. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɫ 
ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɧɚɝɪɟɜɚ 5°ɋ/ɦɢɧ ɞɨ ɬɟɦ-
ɩɟɪɚɬɭɪɵ 800–1400°ɋ. 

Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ 
ɨɛɪɚɡɰɨɜ ɜɵɩɨɥɧɟɧ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɢɮɪɚɤɬɨɦɟɬɪɚ 
Empвrean ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɞɢɮɪɚɤɰɢɢ ɜ ɦɨ-
ɧɨɯɪɨɦɚɬɢɱɟɫɤɨɦ Cu Kα-ɢɡɥɭɱɟɧɢɢ (Ȝ=0,15418 ɧɦ) 
ɜ ɞɢɚɩɚɡɨɧɟ 2θ ɭɝɥɨɜ 20–100 ɝɪɚɞɭɫɨɜ, ɫ ɲɚɝɨɦ 
Δβθ=0,016 ɝɪɚɞɭɫɨɜ ɢ ɜɵɞɟɪɠɤɨɣ 40 ɫ. Ɋɚɫɲɢɮ-
ɪɨɜɤɚ ɞɢɮɪɚɤɬɨɝɪɚɦɦ ɩɪɨɜɟɞɟɧɚ c ɩɨɦɨɳɶɸ ɫɩɟ-
ɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ HighScore ɢ ɛɚɡɵ 
ɞɚɧɧɵɯ PDF-2. 

ɉɟɬɪɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɦɚɬɟɪɢɚɥɨɜ ɩɪɨɜɨ-
ɞɢɥɢ ɧɚ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ ɦɚɪɤɢ 
«ɉɨɥɚɦ-211» ɫ ɢɞɟɧɬɢɮɢɤɚɰɢɟɣ ɫɨɫɬɚɜɥɹɸɳɢɯ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ, ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ. 
Ɍɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɢɥɚ 0,5 ɦɤɦ. 

ɉɥɨɬɧɨɫɬɶ ɢɫɫɥɟɞɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɩɪɟɞɟɥɹ-
ɥɢ ɦɟɬɨɞɨɦ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɜɡɜɟɲɢɜɚɧɢɹ, ɤɨ-
ɬɨɪɵɣ ɨɫɧɨɜɚɧ ɧɚ ɡɚɤɨɧɟ Ⱥɪɯɢɦɟɞɚ ɢ ɫɜɨɞɢɬɫɹ ɤ 
ɨɩɪɟɞɟɥɟɧɢɸ ɨɛɴɟɦɚ ɠɢɞɤɨɫɬɢ (ɜɨɞɵ), ɜɵɬɟɫɧɟɧ-
ɧɨɣ ɨɛɪɚɡɰɨɦ ɦɚɬɟɪɢɚɥɚ. 

ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ ɨɩɪɟɞɟɥɹɥɢ ɧɚ 
ɪɚɡɪɵɜɧɨɣ ɦɚɲɢɧɟ FM-500 ɩɨ ɦɟɬɨɞɢɤɟ, ɨɩɢɫɚɧ-
ɧɨɣ ɜ ɪɚɛɨɬɟ Д24Ж. 

ɂɫɩɵɬɚɧɢɹ ɧɚ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ ɩɪɨɜɨɞɢɥɢ  
ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɪɟɠɢɦɭ: ɩɨɦɟɳɟɧɢɟ ɨɛɪɚɡɰɨɜ  
ɜ ɯɨɥɨɞɧɭɸ ɩɟɱɶ→ɧɚɝɪɟɜ ɞɨ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭ-
ɪɵ→ɪɟɡɤɨɟ ɨɯɥɚɠɞɟɧɢɟ ɜ ɜɨɞɟ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɨɫɦɨɬɪɨɦ ɨɛɪɚɡɰɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɨɞ ɦɢɤɪɨ-

ɫɤɨɩɨɦ. 
Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɦɟɬɨɞɢɤɟ, 

ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɩɪɢɧɰɢɩɟ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɬɟɩɥɨɜɨ-

ɝɨ ɩɨɬɨɤɚ. ȼ ɤɚɱɟɫɬɜɟ ɨɛɪɚɡɰɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɩɟ-
ɱɟɧɧɵɟ ɩɥɚɫɬɢɧɵ. Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨ-
ɫɬɢ ɦɚɬɟɪɢɚɥɚ ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨɫɪɟɞɫɬɜɨɦ ɢɡɦɟɪɟ-
ɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɩɥɨɫɤɨɫɬɹɯ 
ɨɛɪɚɡɰɨɜ ɫ ɭɱɟɬɨɦ ɢɯ ɪɚɡɦɟɪɨɜ ɢ ɤɨɥɢɱɟɫɬɜɚ  
ɬɟɩɥɚ, ɩɪɨɲɟɞɲɟɝɨ ɱɟɪɟɡ ɧɢɯ. 

Ⱦɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɨɜ 
ɨɩɪɟɞɟɥɹɥɢ ɩɨ ȽɈɋɌ 22372–77 Д25Ж. 

 

Ɋɟɡɭɥɶɬɚɬɵ 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɫɬɟɤɥɨɩɨɪɨɲɤɚ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɨ-
ɰɟɫɫ ɩɨɦɨɥɚ ɢɧɬɟɧɫɢɮɢɰɢɪɭɟɬɫɹ ɩɪɢ ɦɚɫɫɨɜɨɦ 
ɫɨɨɬɧɨɲɟɧɢɢ «ɦɟɥɸɳɢɟ ɬɟɥɚ/ɫɬɟɤɥɨ», ɪɚɜɧɨɦ 2:1 
(ɬɚɛɥ. 1). ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɪɢɜɚɹ ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɹ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ ɞɥɹ ɫɬɟɤɥɨɩɨɪɨɲɤɚ, 
ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɩɨ ɪɟɠɢɦɭ №3. 

Ɋɢɫ. 1. ɂɧɬɟɝɪɚɥɶɧɨɟ (1) ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ (2) 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɪɚɡɦɟɪɚɦ ɱɚɫɬɢɰ ɫɬɟɤɥɨɩɨɪɨɲɤɚ, 
ɢɡɦɟɥɶɱɟɧɧɨɝɨ ɩɨ ɪɟɠɢɦɭ №3 

 

ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɫɬɟɩɟɧɶ ɫɩɟɤɚɧɢɹ ɨɛ-
ɪɚɡɰɨɜ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɰɟɧɢɜɚɥɢ 
ɜɢɡɭɚɥɶɧɨ, ɩɚɪɚɥɥɟɥɶɧɨ ɩɪɨɜɨɞɢɥɢ ɪɟɧɬɝɟɧɨ-
ɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɞɥɹ ɢɡɭɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɢɧɬɟɪɜɚɥɨɜ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ 

Ɍɚɛɥɢɰɚ 1 

Ɏɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ ɫɬɟɤɥɨɩɨɪɨɲɤɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɩɨɦɨɥɚ 

ɉɚɪɚɦɟɬɪɵ ɩɨɪɨɲɤɚ 

ɫɬɟɤɥɚ 

Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ ɪɟɠɢɦɟ ɩɨɦɨɥɚ 

№1 №2 №3 

ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ «ɦɟɥɸɳɢɟ ɬɟɥɚ/ɫɬɟɤɥɨ» 

1:1 (30 ɦɢɧ) 1:1 (3 ɱ) 2:1 (3 ɱ) 
ɍɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ Sɭɞ·104, ɦ2/ɤɝ 0,78 2,69 3,91 

ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ, ɦɤɦ 36–40 5–8 3–4 

Ʉɨɥɢɱɟɫɬɜɨ ɱɚɫɬɢɰ ɫ ɪɚɡɦɟɪɨɦ ɦɟɧɟɟ  
5 ɦɤɦ, % 

13 53 75 

Ʉɨɥɢɱɟɫɬɜɨ ɱɚɫɬɢɰ ɫ ɪɚɡɦɟɪɨɦ ɨɬ 5  
ɞɨ 50 ɦɤɦ, % 

56 47 25 

Ʉɨɥɢɱɟɫɬɜɨ ɱɚɫɬɢɰ ɫ ɪɚɡɦɟɪɨɦ ɛɨɥɟɟ  
50 ɦɤɦ, % 

31 0,002 0 
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ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 
ȼ ɬɚɛɥ. 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɜɢɡɭɚɥɶɧɨɣ 
ɨɰɟɧɤɢ ɫɬɟɩɟɧɢ ɫɩɟɤɚɧɢɹ ɫɬɟɤɥɚ. 

ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥ. 2, 
ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ ɫɩɟɤɚɧɢɹ ɫɬɟɤɥɚ ɫɨɫɬɚɜ-
ɥɹɟɬ 850–1400°ɋ, ɚ ɢɧɬɟɪɜɚɥ ɫɩɟɱɟɧɧɨɝɨ ɫɨɫɬɨɹ-
ɧɢɹ 1150–1400°ɋ. ɉɪɢ ɷɬɨɦ ɭɫɚɞɤɚ ɨɛɪɚɡɰɨɜ ɞɨ-
ɫɬɢɝɚɟɬ ɩɨɪɹɞɤɚ 10%. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɩɪɢ 
ɜɢɡɭɚɥɶɧɨɦ ɨɫɦɨɬɪɟ ɨɛɪɚɡɰɨɜ ɩɨɥɧɨɟ ɫɩɟɤɚɧɢɟ 
ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1150°ɋ, ɧɭɥɟɜɵɟ 
ɡɧɚɱɟɧɢɹ ɩɨɪɢɫɬɨɫɬɢ ɞɨɫɬɢɝɚɸɬɫɹ ɥɢɲɶ ɩɨɫɥɟ 
ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1350°ɋ. 

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɬɪɭɤɬɭɪɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ, 
ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɩɪɨɰɟɫɫɟ ɫɩɟɤɚɧɢɹ ɫɬɟɤɥɨɩɨɪɨɲ-
ɤɚ, ɫ ɩɨɦɨɳɶɸ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɢ ɩɟɬɪɨɝɪɚɮɢɱɟ-
ɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɜɢɱɧɨɣ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ ɨɛɪɚɡɭɟɬɫɹ ɬɢɚɥɢɬ. Ɉɛɪɚ-
ɡɨɜɚɧɢɟ ɦɨɧɨɤɥɢɧɧɨɝɨ ɚɧɨɪɬɢɬɚ ɩɪɨɬɟɤɚɟɬ ɱɟɪɟɡ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɸ ɟɝɨ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɦɨɞɢɮɢɤɚ-
ɰɢɢ, ɚ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 1150–1250°ɋ 
ɧɚɛɥɸɞɚɟɬɫɹ ɪɚɡɥɨɠɟɧɢɟ ɬɢɚɥɢɬɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɪɭɬɢɥɚ. ɉɪɨɬɟɤɚɧɢɸ ɭɤɚɡɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫɩɨ-
ɫɨɛɫɬɜɭɟɬ ɜɵɫɨɤɨɪɚɡɜɢɬɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɫɬɟɤɥɨɩɨ-
ɪɨɲɤɚ, ɤɨɬɨɪɚɹ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɟɩɟɧɢ ɜɵɫɬɭɩɚ-
ɟɬ ɜ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɤɪɢɫ-

ɬɚɥɥɢɡɚɰɢɢ. ɇɚ ɪɢɫ. 2 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɮɚɡ ɨɬ ɬɟɦɩɟɪɚɬɭ-
ɪɵ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɫɩɟɱɟɧɧɨɝɨ ɫɬɟɤɥɚ. 

ȼ ɪɚɛɨɬɟ Д15Ж ɢɫɫɥɟɞɨɜɚɧ ɩɪɨɰɟɫɫ ɫɩɟɤɚɧɢɹ 
ɫɬɟɤɨɥ ɫɢɫɬɟɦɵ Li2O–Al2O3–SiO2 ɢ ɭɞɟɥɟɧɨ ɜɧɢ-

ɦɚɧɢɟ ɫɢɬɚɥɥɨɨɛɪɚɡɭɸɳɢɦ ɫɨɫɬɚɜɚɦ ɫ ɤɚɬɚɥɢɡɚ-
ɬɨɪɨɦ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɜɢɞɟ TiO2. ɉɨɤɚɡɚɧɨ, ɱɬɨ 
ɜɜɟɞɟɧɢɟ TiO2 ɜ ɫɨɫɬɚɜ ɫɬɟɤɥɚ ɫɞɜɢɝɚɟɬ ɧɚɱɚɥɨ ɩɪɨ-
ɰɟɫɫɚ ɫɩɟɤɚɧɢɹ ɜ ɫɬɨɪɨɧɭ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚ-
ɬɭɪ, ɫɨɤɪɚɳɚɹ ɬɟɦ ɫɚɦɵɦ ɞɨ ɦɢɧɢɦɭɦɚ ɢɧɬɟɪɜɚɥ 
ɫɩɟɱɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. əɜɥɹɹɫɶ ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɤɪɢɫ-

ɬɚɥɥɢɡɚɰɢɢ, ɞɢɨɤɫɢɞ ɬɢɬɚɧɚ ɨɛɪɚɡɭɟɬ ɰɟɧɬɪɵ ɤɪɢɫ-

ɬɚɥɥɢɡɚɰɢɢ ɜ ɨɛɴɟɦɟ ɡɟɪɟɧ, ɱɬɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɩɪɨ-
ɯɨɠɞɟɧɢɸ ɩɪɨɰɟɫɫɚ ɫɩɟɤɚɧɢɹ ɩɨ ɠɢɞɤɨɮɚɡɧɨɦɭ 
ɦɟɯɚɧɢɡɦɭ, ɤɨɬɨɪɵɣ ɧɚɱɢɧɚɟɬɫɹ ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɟɤɥɚ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɬɚɤɠɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɥɹ ɫɢɬɚɥɥɨɨɛɪɚɡɭɸɳɢɯ ɫɬɟɤɨɥ 
ɫɢɫɬɟɦɵ SrO–Al2O3–SiO2–TiO2 ɩɪɨɰɟɫɫ ɫɩɟɤɚɧɢɹ 
ɩɪɨɬɟɤɚɟɬ ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ. ɇɚ 
ɪɢɫ. 3 ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɪɢɜɚɹ ɫɩɟɤɚɧɢɹ ɩɨɪɨɲɤɚ 
ɫɬɟɤɥɚ, ɤɨɬɨɪɚɹ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɨɰɟɫɫ ɫɩɟɤɚɧɢɹ 
ɧɚɱɢɧɚɟɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɫɬɟɤɥɨɜɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚ-
ɬɭɪɟ 800–820°ɋ. 

ɉɟɬɪɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɨ-
ɰɟɫɫ ɫɩɟɤɚɧɢɹ ɫɬɟɤɥɚ ɩɪɨɬɟɤɚɟɬ ɫ ɭɱɚɫɬɢɟɦ ɠɢɞ-
ɤɨɣ ɮɚɡɵ. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɰɟɧɬɪɵ ɱɚɫɬɢɰ ɫɛɥɢ-
ɠɚɸɬɫɹ, ɢɞɟɬ ɩɪɢɩɟɤɚɧɢɟ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ. Ɉɛɪɚ-
ɡɨɜɚɧɢɟ ɞɨɫɬɚɬɨɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɠɢɞɤɨɣ ɮɚɡɵ 
ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɜ ɨɛɪɚɡɰɚɯ, ɬɟɪɦɨɨɛɪɚɛɨɬɚɧɧɵɯ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 850°ɋ, ɨɧɚ ɨɛɪɚɡɭɟɬɫɹ ɩɨ ɝɪɚɧɢ-
ɰɚɦ ɡɟɪɟɧ ɫɬɟɤɥɚ ɛɨɥɟɟ ɦɟɥɤɨɣ ɮɪɚɤɰɢɢ 
(ɤɨɥɢɱɟɫɬɜɨ з7–8%). ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɪɨɰɟɫɫ ɫɩɟɤɚɧɢɹ ɢɧɬɟɧɫɢɮɢɰɢɪɭɟɬɫɹ, ɩɪɨɫɥɨɣɤɢ 
ɠɢɞɤɨɣ ɮɚɡɵ ɨɛɪɚɡɭɸɬɫɹ ɬɚɤɠɟ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ 
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Ɋɟɡɭɥɶɬɚɬɵ ɜɢɡɭɚɥɶɧɨɣ ɨɰɟɧɤɢ ɫɬɟɩɟɧɢ ɫɩɟɤɚɧɢɹ ɫɬɟɤɥɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ  
ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ 

Ɍɟɦɩɟɪɚɬɭɪɚ 

ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ, °ɋ 
750 850 950 1050 1150 1250 1300 1350 1400 

ɋɬɟɩɟɧɶ ɫɩɟɤɚɧɢɹ* 

         

*        – ɦɚɬɟɪɢɚɥ ɧɟ ɫɩɟɤɫɹ;       – ɧɟɩɨɥɧɨɟ ɫɩɟɤɚɧɢɟ;        – ɫɩɟɤɲɢɣɫɹ ɦɚɬɟɪɢɚɥ. 

Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚ-
ɰɢɢ ɮɚɡ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ  
ɫɩɟɱɟɧɧɨɝɨ ɫɬɟɤɥɚ:  

 , ● – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɝɟɤɫɚɝɨɧɚɥɶɧɚɹ ɢ ɦɨɧɨ-
ɤɥɢɧɧɚɹ ɮɨɪɦɵ ɫɬɪɨɧɰɢɟɜɨɝɨ ɚɧɨɪɬɢɬɚ;  – ɬɢɚɥɢɬ;  
■ – ɪɭɬɢɥ 

Ɋɢɫ. 3. Ʉɪɢɜɵɟ ɥɢɧɟɣɧɨɣ ɭɫɚɞɤɢ (–––) ɢ ɟɟ 
ɩɟɪɜɨɣ ɩɪɨɢɡɜɨɞɧɨɣ ɩɨ ɜɪɟɦɟɧɢ (– – –) ɜ ɩɪɨɰɟɫɫɟ 
ɧɚɝɪɟɜɚ ɫɬɟɤɥɨɩɨɪɨɲɤɚ 
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ɫɬɟɤɥɚ ɛɨɥɶɲɟɣ ɮɪɚɤɰɢɢ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɩɪɨɬɟɤɚ-
ɟɬ ɩɪɨɰɟɫɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɡ ɠɢɞɤɨɣ ɮɚɡɵ. ȼ 
ɞɚɧɧɨɦ ɩɪɨɰɟɫɫɟ ɫɬɟɤɥɨɜɢɞɧɚɹ ɮɚɡɚ ɢɝɪɚɟɬ ɨɫɨ-
ɛɭɸ ɪɨɥɶ, ɨɛɟɫɩɟɱɢɜɚɹ ɩɨɞɜɢɠɧɨɫɬɶ ɱɚɫɬɢɰ 
ɫɬɟɤɥɚ ɢ ɨɛɪɚɡɭɸɳɢɯɫɹ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɣ ɮɚɡɵ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɬɹɝɢ-
ɜɚɧɢɸ ɱɚɫɬɢɰ ɡɚ ɫɱɟɬ ɫɢɥ  ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹ-
ɠɟɧɢɹ Д26Ж. Ɂɚɬɟɦ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɬɢɚɥɢɬɚ ɫɤɨɪɨɫɬɶ ɫɩɟɤɚɧɢɹ ɧɟ-
ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬɫɹ ɢ ɩɨɫɥɟ ɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
ɜɧɨɜɶ ɢɧɬɟɧɫɢɮɢɰɢɪɭɟɬɫɹ. ȼɵɞɟɥɟɧɢɟ ɤɪɢɫɬɚɥ-
ɥɨɜ ɢɞɟɬ ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ ɨɛɪɚɡɭɸɳɢɯɫɹ ɡɚɤɪɵ-
ɬɵɯ ɩɨɪ. ȼ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɤɪɢɫɬɚɥɥɢ-
ɡɚɰɢɢ ɦɨɧɨɤɥɢɧɧɨɝɨ ɚɧɨɪɬɢɬɚ ɢ ɪɚɡɥɨɠɟɧɢɹ  
ɬɢɚɥɢɬɚ ɩɪɨɰɟɫɫ ɫɩɟɤɚɧɢɹ ɩɪɢɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɢ 
ɜɨɡɨɛɧɨɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɤɪɢɫ-

ɬɚɥɥɢɡɚɰɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ з1250°ɋ. Ɂɚɤɚɧɱɢ-
ɜɚɟɬɫɹ ɫɩɟɤɚɧɢɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1350–1370°ɋ. 
Ɉɬɤɪɵɬɚɹ ɩɨɪɢɫɬɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɢ ɜɨɞɨɩɨɝɥɨɳɟ-
ɧɢɟ ɫɨɫɬɚɜɥɹɸɬ 0%. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ 
ɜɵɛɪɚɧɧɵɦ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɪɟɦɟɧɧɵ́ɦ ɪɟɠɢɦɚɦ 
ɩɪɨɜɟɞɟɧ ɨɛɠɢɝ ɫɩɪɟɫɫɨɜɚɧɧɵɯ ɢɡ ɫɬɟɤɥɨɩɨɪɨɲɤɚ 
ɨɛɪɚɡɰɨɜ. ȼ ɬɚɛɥ. 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɨɩɪɟɞɟɥɟɧɢɹ ɫɜɨɣɫɬɜ ɩɨɥɭɱɟɧɧɨɣ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ 
ɢ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ. ȼɢɞɧɨ, ɱɬɨ ɦɚɤɫɢɦɚɥɶ-
ɧɵɟ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɢ ɩɪɨɱɧɨɫɬɢ ɢɦɟɸɬ ɨɛ-
ɪɚɡɰɵ, ɫɩɟɱɟɧɧɵɟ ɩɨ ɪɟɠɢɦɭ 1. 

ɉɨɧɢɠɟɧɧɚɹ ɩɥɨɬɧɨɫɬɶ ɨɛɪɚɡɰɨɜ, ɫɩɟɱɟɧɧɵɯ 
ɩɨ ɪɟɠɢɦɭ 2, ɨɛɴɹɫɧɹɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɬɟɦɩɟ-
ɪɚɬɭɪɨɣ ɨɛɠɢɝɚ. Ɉɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɢ ɩɪɟɞɜɚɪɢ-
ɬɟɥɶɧɚɹ ɜɵɞɟɪɠɤɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 800°ɋ, 
ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɨɛɪɚɡɭɟɬɫɹ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ 
ɡɚɪɨɞɵɲɟɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɢ ɪɨɫɬ ɤɪɢɫɬɚɥɥɨɜ 
ɩɪɢ ɞɚɥɶɧɟɣɲɟɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ ɩɪɟɩɹɬɫɬɜɭɟɬ 
ɛɨɥɟɟ ɩɨɥɧɨɦɭ ɭɩɥɨɬɧɟɧɢɸ ɦɚɬɟɪɢɚɥɚ. Ɉɞɧɚɤɨ ɜ 
ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ ɫɧɢɠɟɧɨ ɜ  
3 ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɨɥɭɱɟɧ-
ɧɵɦɢ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɪɨɰɟɫɫɚ ɫɩɟɤɚɧɢɹ ɢ 
ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɣ ɬɟɪɦɨɨɛ-
ɪɚɛɨɬɤɟ, ɤɨɝɞɚ ɫɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ ɞɨ ɡɚɞɚɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɫɬɚɜɥɹɥɚ 300°ɋ/ɱ, ɢ ɬɟɦ ɫɚɦɵɦ 
ɫɨɤɪɚɳɟɧ ɜɪɟɦɟɧɧɨɣ ɢɧɬɟɪɜɚɥ ɫɩɟɤɚɧɢɹ. Ɇɢɧɢ-
ɦɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɨɛɪɚɡɰɨɜ, 
ɫɩɟɱɟɧɧɵɯ ɩɨ ɪɟɠɢɦɭ 3. 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ, 
ɤɚɱɟɫɬɜɟɧɧɵɣ ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɩɨɥɭɱɟɧɧɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ ɩɪɟɞɫɬɚɜɥɟɧ ɦɨɧɨɤɥɢɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɟɣ 
ɫɬɪɨɧɰɢɟɜɨɝɨ ɚɧɨɪɬɢɬɚ ɢ ɪɭɬɢɥɚ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ 
ɧɚɢɜɵɫɲɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɚɧɨɪɬɢɬɚ ɨɛɥɚɞɚɸɬ ɨɛɪɚɡɰɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɪɟ-
ɠɢɦɭ ɫɩɟɤɚɧɢɹ 2 (ɪɢɫ. 4, ɚ). ɂɡɭɱɟɧɢɟ ɪɟɠɢɦɨɜ 
ɨɛɠɢɝɚ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɧɭɥɟɜɵɟ ɡɧɚɱɟɧɢɹ ɨɬɤɪɵɬɨɣ 
ɩɨɪɢɫɬɨɫɬɢ ɢ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɜɵ-
ɫɨɤɢɦɢ ɩɪɨɱɧɨɫɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɦɚɬɟɪɢ-
ɚɥɚ ɞɨɫɬɢɠɢɦɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɪɟɦɟɧɧɨ́ɦ 
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Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɢ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ ɫɩɟɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ,  
ɩɨɥɭɱɟɧɧɵɯ ɩɨ ɪɚɡɧɵɦ ɪɟɠɢɦɚɦ ɨɛɠɢɝɚ 

ɋɜɨɣɫɬɜɚ Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɩɨ ɪɟɠɢɦɭ ɨɛɠɢɝɚ 

1 2 3 

ɉɥɨɬɧɨɫɬɶ, ɤɝ/ɦ3
 2860 2740 2380 

ɉɨɪɢɫɬɨɫɬɶ, % 0 0,36 0 

ȼɨɞɨɩɨɝɥɨɳɟɧɢɟ, % 0 0,2 0 

ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɢɡɝɢɛɟ, Ɇɉɚ 110 90 70 

Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɮɚɡ ɨɬ ɪɟɠɢɦɚ ɨɛɠɢɝɚ (ɚ) ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɬɟɤɥɨɤɟɪɚ-
ɦɢɤɢ (ɛ): 

■ – ɦɨɧɨɤɥɢɧɧɚɹ ɮɨɪɦɚ ɫɬɪɨɧɰɢɟɜɨɝɨ ɚɧɨɪɬɢɬɚ; ■ – ɪɭɬɢɥ 

ɚ) ɛ) 
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Ɋɢɫ. 5. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ 

Ɍɚɛɥɢɰɚ 4 

ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɜɨɣɫɬɜ ɫɬɪɨɧɰɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ (SAS),  
ɫɢɬɚɥɥɚ ɢ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ ɦɚɪɤɢ ɈɌɆ357 

ɋɜɨɣɫɬɜɚ Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɞɥɹ 

ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ 

SAS 
ɫɢɬɚɥɥɚ 

ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ 

ɈɌɆ357 

ɉɥɨɬɧɨɫɬɶ, ɤɝ/ɦ3
 2860 2990 2430–2500 

ɉɨɪɢɫɬɨɫɬɶ (ɨɬɤɪɵɬɚɹ ), % 0 – <0,001 

ȼɨɞɨɩɨɝɥɨɳɟɧɢɟ, % 0 – 0,01–0,1 

ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɢɡɝɢɛɟ, Ɇɉɚ 100˃10 100˃10 100˃10 

Ɇɢɤɪɨɬɜɟɪɞɨɫɬɶ, Ɇɉɚ 7700˃300 9600˃350 8000˃300 

ɍɞɚɪɧɚɹ ɜɹɡɤɨɫɬɶ, ɤȾɠ/ɦ2
 9 8,2 2,2˃0,3 

Ɋɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, °ɋ 1200 1200 900 

ɌɄɅɊ: α·107, Ʉ-1
 

48 

(20–1200°ɋ) 
49 

(20–1200°ɋ) 
13˃2 

(20–900°ɋ) 

Ɍɟɪɦɨɫɬɨɣɤɨɫɬɶ, °ɋ 

1200 

(ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ 

ɜ ɜɨɞɟ) 

1200 

(ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ 

ɜ ɜɨɞɟ) 

850–1000 

(ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ 

ɜ ɜɨɞɟ) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, 
ȼɬ/(ɦ·Ʉ) 

0,99–1,45 

(20–1200°ɋ) 
1,01–1,52 

(20–1200°ɋ) 
1,7–2,0 

(20–500°ɋ) 

ɍɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ,  
ɤȾɠ/(ɤɝ·Ʉ) 

0,69–1,21 

(20–1200°ɋ) 
1,71–1,24 

(20–1200°ɋ) 
0,92–1,23 

(20–500°ɋ) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨ-
ɜɨɞɧɨɫɬɢ ɚ·106, ɦ2/ɫ 

0,515–0,433 

(20–1200°ɋ) 
0,517–0,44 

(20–1200°ɋ) 
0,73–0,64 

(20–500°ɋ) 

Ⱦɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ 
ɩɪɢ ɱɚɫɬɨɬɟ, Ƚɰ:       

106
 6,7 6,4 6,7 

1010
 – 

8,15–8,3 

(20–1200°ɋ) 
6,9–7,3 

(20–900°ɋ) 
Ɍɚɧɝɟɧɫ ɭɝɥɚ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɩɨɬɟɪɶ tgį ɩɪɢ ɱɚɫɬɨɬɟ, Ƚɰ:       

106
 0,004 0,0049 0,0088 

1010
 – 

0,006–0,0692 

(20–1200°ɋ) 
0,013–0,058 

(20–700°ɋ) 
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ɪɟɠɢɦɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ, ɡɚɤɥɸɱɚɸɳɟɦɫɹ ɜ ɦɟɞ-
ɥɟɧɧɨɦ ɧɚɝɪɟɜɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 1350°ɋ ɢ ɩɪɨɞɨɥ-
ɠɢɬɟɥɶɧɨɫɬɢ ɜɵɞɟɪɠɤɢ 1 ɱ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɢɧɟɪ-
ɰɢɨɧɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɜ ɩɟɱɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ 
ɨɛɪɚɡɭɟɬɫɹ ɢɞɟɚɥɶɧɚɹ ɫɬɪɭɤɬɭɪɚ ɢɡ ɤɪɢɫɬɚɥɥɨɜ 
ɚɧɨɪɬɢɬɚ ɢ ɪɭɬɢɥɚ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɭɸ 
ɩɪɢɡɦɚɬɢɱɟɫɤɭɸ ɮɨɪɦɭ ɢ ɪɚɡɦɟɪɵ 2–3 ɦɤɦ ɫ ɬɨɧ-
ɱɚɣɲɢɦɢ ɩɪɨɫɥɨɣɤɚɦɢ ɫɬɟɤɥɨɮɚɡɵ (ɪɢɫ. 4, ɛ). 

ɉɨ ɭɪɨɜɧɸ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨ-
ɩɪɨɜɨɞɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨɥɭɱɟɧ-
ɧɚɹ ɫɬɟɤɥɨɤɟɪɚɦɢɤɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɨɧɨɥɢɬɧɨɦɭ 
ɫɢɬɚɥɥɭ ɢ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɟɞɴɹɜɥɹ-
ɟɦɵɦ ɤ ɦɚɬɟɪɢɚɥɚɦ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɨɝɨ ɧɚɡɧɚɱɟ-
ɧɢɹ, ɚ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɭɤɚɡɚɧɧɵɯ 
ɫɜɨɣɫɬɜ ɢɦɟɸɬ ɬɨɬ ɠɟ ɯɚɪɚɤɬɟɪ, ɱɬɨ ɢ ɞɥɹ ɫɢɬɚɥ-
ɥɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɨ ɬɪɚɞɢɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ 
(ɪɢɫ. 5). 

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ ɫɬɟɤɥɨɤɟ-
ɪɚɦɢɤɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɚ ɨɛɪɚɡɰɚɯ, ɩɨɞɜɟɪɠɟɧɧɵɯ 
ɬɟɪɦɨɭɞɚɪɭ «20°ɋ→1200°ɋ→ɨɯɥɚɠɞɟɧɢɟ ɜ ɜɨɞɟ» 
ɫɟɬɤɚ ɦɢɤɪɨɬɪɟɳɢɧ ɧɟ ɨɛɧɚɪɭɠɟɧɚ. ɉɟɪɜɵɟ ɦɢɤ-

ɪɨɬɪɟɳɢɧɵ, ɜɢɞɢɦɵɟ ɩɨɞ ɦɢɤɪɨɫɤɨɩɨɦ, ɧɚɛɥɸɞɚ-
ɸɬɫɹ ɧɚ ɨɛɪɚɡɰɚɯ ɩɨɫɥɟ ɬɟɪɦɨɭɞɚɪɚ «20°ɋ→ 

→1250°ɋ→ɨɯɥɚɠɞɟɧɢɟ ɜ ɜɨɞɟ», ɚ ɜɢɞɢɦɵɟ ɛɟɡ ɦɢɤ-
ɪɨɫɤɨɩɚ ɬɪɟɳɢɧɵ – ɩɨɫɥɟ ɬɟɪɦɨɭɞɚɪɚ «20°ɋ→ 

→1300°ɋ→ɨɯɥɚɠɞɟɧɢɟ ɜ ɜɨɞɟ», ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ 
ɜɵɲɟ, ɱɟɦ ɞɥɹ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ ɦɚɪɤɢ ɈɌɆ357. 

 

Ɉɛɫɭɠɞɟɧɢɟ ɢ ɡɚɤɥɸɱɟɧɢɹ 

ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɜɨɣɫɬɜ ɫɬɪɨɧ-
ɰɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ, ɩɨɥɭɱɟɧ-
ɧɨɣ ɦɟɬɨɞɨɦ ɩɨɥɭɫɭɯɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɫ ɩɨɫɥɟɞɭ-
ɸɳɢɦ ɫɩɟɤɚɧɢɟɦ, ɫɢɬɚɥɥɚ ɬɨɝɨ ɠɟ ɫɨɫɬɚɜɚ ɢ  
ɥɢɬɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ ɩɪɢɜɟɞɟ-
ɧɚ ɜ ɬɚɛɥ. 4. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɤɚɡɚɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ ɪɚɞɢɨɬɟɯɧɢ-
ɱɟɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɫɬɟɤɥɚ ɫɬɪɨɧ-
ɰɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɝɨ ɫɨɫɬɚɜɚ ɫ ɬɪɟɛɭɟɦɵɦ ɤɨɦ-
ɩɥɟɤɫɨɦ ɫɜɨɣɫɬɜ ɤɚɤ ɚɥɶɬɟɪɧɚɬɢɜɚ ɩɪɢɦɟɧɹɟɦɨɣ ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɥɢɬɢɣɚɥɸɦɨɫɢɥɢɤɚɬɧɨɣ ɫɬɟɤɥɨ-
ɤɟɪɚɦɢɤɟ. 
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