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ȼ ɦɢɪɨɜɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɷɥɟɤɬɪɨɧɧɵɯ ɩɪɢɛɨɪɨɜ ɢ 
ɷɥɟɤɬɪɨɧɧɵɯ ɦɢɤɪɨɫɯɟɦ ɧɚɲɥɚ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɹ 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɨɜɦɟɫɬɧɨ ɫɩɟɤɚɟɦɨɣ ɤɟɪɚɦɢɤɢ (LTCC – low temperature co-
fired ceramic), ɤɨɬɨɪɚɹ ɩɨ ɪɹɞɭ ɩɚɪɚɦɟɬɪɨɜ ɩɪɟɜɨɫɯɨɞɢɬ ɢɦɟɸɳɢɟɫɹ ɚɥɶɬɟɪɧɚɬɢɜɵ ɜ 
ɞɚɧɧɨɣ ɨɬɪɚɫɥɢ – ɩɟɱɚɬɧɵɟ ɩɥɚɬɵ ɢɡ ɫɬɟɤɥɨɬɟɤɫɬɨɥɢɬɚ ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɭɸ 
ɤɟɪɚɦɢɤɭ. Ƚɥɚɜɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ LTCC-ɤɟɪɚɦɢɤɢ ɹɜɥɹɸɬɫɹ ɩɪɟɜɨɫɯɨɞɧɵɟ 
ɡɧɚɱɟɧɢɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɧɢɡɤɢɟ ɡɧɚɱɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɌɄɅɊ), ɯɨɪɨɲɚɹ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɜɨɡɦɨɠɧɨɫɬɶ 3D ɢɧɬɟɝɪɚɰɢɢ [1, 2]. Ɍɟɦɩɟɪɚɬɭɪɚ ɫɩɟɤɚɧɢɹ ɬɚɤɢɯ 
ɢɡɞɟɥɢɣ ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ ɧɢɠɟ 1000°ɋ, ɱɬɨ ɞɟɥɚɟɬ ɞɨɫɬɭɩɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɬɨɤɨɩɪɨɜɨɞɹɳɢɯ ɩɚɫɬ ɢɡ ɥɟɝɤɨɩɥɚɜɤɢɯ ɦɟɬɚɥɥɨɜ ɢ ɜɧɟɲɧɢɯ ɷɥɟɦɟɧɬɨɜ 
ɦɟɬɚɥɥɢɡɚɰɢɢ [3, 4]. 

ȼ ɫɨɜɪɟɦɟɧɧɨɣ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɨɬɫɭɬɫɬɜɭɸɬ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɤɟɪɚɦɢɤɢ ɩɨɥɧɨɝɨ ɰɢɤɥɚ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɷɥɟɤɬɪɨɧɧɵɟ 
ɩɪɟɞɩɪɢɹɬɢɹ ɪɚɛɨɬɚɸɬ ɧɚ ɫɵɪɰɨɜɨɦ ɩɨɥɭɮɚɛɪɢɤɚɬɟ ɡɚɪɭɛɟɠɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ. ȼ 
ɫɜɹɡɢ ɫ ɷɬɢɦ, ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɢɧɬɟɡ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɨɦɩɨɡɢɬɚ 
ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɟɝɨ ɩɪɢɝɨɞɧɨɫɬɢ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ LTCC-
ɬɟɯɧɨɥɨɝɢɢ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɞɜɚ ɪɚɡɥɢɱɧɵɯ ɜɢɞɚ ɫɜɢɧɰɨɜɨɛɨɪɨɫɢɥɢɤɚɬɧɵɯ 
ɫɬɟɤɨɥ, ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɭɤɚɡɚɧ ɜ ɬɚɛɥɢɰɟ 1. ȼɵɛɨɪ ɫɨɫɬɚɜɨɜ ɫɬɟɤɨɥ ɛɵɥ ɩɪɨɜɟɞɟɧ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ ɢɯ ɫɜɨɣɫɬɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɩɶɸɬɟɪɧɨɣ 
ɩɪɨɝɪɚɦɦɵ «SciGlass». ɂɫɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɥɹ ɪɚɫɱɟɬɚ ɛɵɥɢ ɜɵɛɪɚɧɵ 
ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɫɬɟɤɚɧɢɹ, ɌɄɅɊ, ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ. ɋɬɟɤɥɨ ɋɌ1 ɢɦɟɟɬ 
ɦɟɧɶɲɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɫɬɟɤɚɧɢɹ (700°ɋ) ɜ ɫɪɚɜɧɟɧɢɢ ɫɨ ɫɬɟɤɥɨɦ ɋɌ2 (920°ɋ), 
ɛɨɥɟɟ ɛɥɢɡɤɢɣ ɌɄɅɊ ɫ ɤɨɪɭɧɞɨɦ (7,7*10-6 Ʉ-1). ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɫɬɟɤɥɨ ɋɌ2 ɢɦɟɟɬ 
ɦɟɧɶɲɭɸ ɞɢɷɥɟɤɬɪɢɱɟɫɤɭɸ ɩɪɨɧɢɰɚɟɦɨɫɬɶ (5,5) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɟɤɥɨɦ ɋɌ1 (12). 
ȼ ɤɚɱɟɫɬɜɟ ɫɵɪɶɟɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɛɨɪɧɭɸ ɤɢɫɥɨɬɭ, ɛɟɡɜɨɞɧɭɸ 
ɤɪɟɦɧɢɟɜɭɸ ɤɢɫɥɨɬɭ ɢ ɫɜɢɧɰɨɜɵɣ ɫɭɪɢɤ. ȼɚɪɤɭ ɫɬɟɤɨɥ ɩɪɨɜɨɞɢɥɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɩɟɱɢ ɜ ɤɨɪɭɧɞɨɜɵɯ ɬɢɝɥɹɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1250°ɋ. ɋɬɟɤɥɚ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ 
ɞɪɨɛɥɟɧɢɸ ɢ ɩɨɫɥɟɞɭɸɳɟɦɭ ɩɨɦɨɥɭ ɜ ɩɥɚɧɟɬɚɪɧɨɣ ɦɟɥɶɧɢɰɟ.  

 
Ɍɚɛɥɢɰɚ 1. Ɇɚɫɫɨɜɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɨɫɬɚɜɟ ɫɬɟɤɨɥ ɋɌ1 ɢ ɋɌ2. 

ɋɨɞɟɪɠɚɧɢɟ, ɦɚɫ.%  ʋ Ʉɨɦɩɨɧɟɧɬɵ ɲɢɯɬɵ 
ɋɌ1 ɋɌ2 

1. SiO2 2,84 31,21 
2. H3BO3 27,23 30,14 
3. PbO 69,93 38,65 
4. ɂɬɨɝɨ 100,00 100,00 



ɋɟɤɰɢɹ 2. Ɍɟɯɧɨɥɨɝɢɢ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ 
 

140 

ɋɬɟɤɥɚ ɩɨɫɥɟ ɫɭɯɨɝɨ ɢɡɦɟɥɶɱɟɧɢɹ ɜ ɛɚɪɚɛɚɧɟ ɢɡ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɲɚɪɚɦɢ ɢɡ 
ɬɨɝɨ ɠɟ ɦɚɬɟɪɢɚɥɚ ɞɨ ɫɨɫɬɨɹɧɢɹ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɦɟɧɶɲɟ 10 ɦɤɦ ɛɵɥɢ ɫɦɟɲɚɧɵ ɫ 
ɤɟɪɚɦɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ – ɝɥɢɧɨɡɟɦɨɦ Į-Al2O3 ɫ ɚɧɚɥɨɝɢɱɧɨɣ ɞɢɫɩɟɪɫɧɨɫɬɶɸ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɰɢɢ ɫ ɫɨɞɟɪɠɚɧɢɟɦ 
ɤɨɦɩɨɧɟɧɬɨɜ ɨɬ 40 ɞɨ 60%, ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɨɬɨɛɪɚɠɟɧ ɜ ɬɚɛɥɢɰɟ 2. 

 
Ɍɚɛɥɢɰɚ 2. ɋɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɹɯ. 

Ɉɛɨɡɧɚɱɟɧɢɟ 
ɫɨɫɬɚɜɚ 

ɋɌ1 ɦɚɫ.% ɋɌ2 ɦɚɫ.% Al2O3  
ɦɚɫ.% 

ɋɌɄɄ1.1 40 - 60 
ɋɌɄɄ1.2 50 - 60 
ɋɌɄɄ1.3 60 - 40 
ɋɌɄɄ2.1 - 40 60 
ɋɌɄɄ2.2 - 50 50 
ɋɌɄɄ2.3 - 60 40 

Ɉɛɪɚɡɰɵ ɜ ɜɢɞɟ ɰɢɥɢɧɞɪɨɜ ɝɨɬɨɜɢɥɢɫɶ ɦɟɬɨɞɨɦ ɨɞɧɨɨɫɧɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ. 
ɉɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɨɛɠɢɝɚɥɢɫɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 900, 950, 1000°ɋ ɫ ɜɵɞɟɪɠɤɨɣ 
ɩɪɢ ɤɨɧɟɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɟɱɟɧɢɟ 1 ɱɚɫɚ. ɉɨɫɥɟ ɨɛɠɢɝɚ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ 
ɜɨɞɨɩɨɝɥɨɳɟɧɢɟ ɨɛɪɚɡɰɨɜ (ɦɟɬɨɞɨɦ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɜɡɜɟɲɢɜɚɧɢɹ ɫ 
ɜɚɤɭɭɦɢɪɨɜɚɧɢɟɦ) ɢ ɤɚɠɭɳɚɹɫɹ ɩɥɨɬɧɨɫɬɶ (ɱɟɪɟɡ ɜɡɜɟɲɢɜɚɧɢɟ). ɉɨɥɭɱɟɧɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ ɡɚɜɢɫɢɦɨɫɬɢ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ ɢ ɩɥɨɬɧɨɫɬɢ ɫɨɫɬɚɜɨɜ ɨɬɪɚɠɟɧɵ ɧɚ 
ɪɢɫɭɧɤɚɯ 1 ɢ 2, ɤɨɬɨɪɵɟ ɩɨɤɚɡɵɜɚɸɬ ɨɫɨɛɟɧɧɨɫɬɢ ɫɩɟɤɚɧɢɹ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɯ 
ɤɨɦɩɨɡɢɬɨɜ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɨɦɩɨɧɟɧɬɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɜɢɞɟ 
ɫɜɢɧɰɨɜɨɛɨɪɨɫɢɥɢɤɚɬɧɵɯ ɫɬɟɤɨɥ ɋɌ1 ɢ ɋɌ2 ɢ ɝɥɢɧɨɡɟɦɚ Į-Al2O3. 

ȼɨɞɨɩɨɝɥɨɳɟɧɢɟ ɨɛɪɚɡɰɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɫɬɟɤɥɨ ɋɌ1, ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɪɨɫɬɨɦ 
ɫɨɞɟɪɠɚɧɢɹ ɫɬɟɤɥɚ ɞɨ 50% ɩɪɢ ɞɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɛɠɢɝɚ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 
ɛɨɥɟɟ ɩɨɥɧɨɦ ɫɦɚɱɢɜɚɧɢɢ ɱɚɫɬɢɰ ɤɨɪɭɧɞɚ ɪɚɫɩɥɚɜɨɦ ɫɬɟɤɥɚ ɢ ɫɩɟɤɚɧɢɢ. ɉɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɫɬɟɤɥɚ ɞɨ 60% ɩɪɨɢɫɯɨɞɢɬ ɪɨɫɬ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ ɞɥɹ 
ɞɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɜɟɪɨɹɬɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɱɚɫɬɢɰ ɫɬɟɤɥɚ ɢ 
ɪɚɡɪɵɯɥɟɧɢɢ ɫɬɪɭɤɬɭɪɵ ɫɬɟɤɥɨɤɟɪɚɦɢɤɢ. Ⱦɥɹ ɜɫɟɯ ɤɨɦɩɨɡɢɰɢɣ ɫ ɤɨɦɩɨɧɟɧɬɨɦ ɋɌ2 
ɯɚɪɚɤɬɟɪɟɧ ɪɨɫɬ ɜɨɞɨɩɨɝɥɨɳɟɧɢɹ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɱɬɨ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɟɪɟɠɨɝɟ ɫɬɟɤɥɨɤɨɦɩɨɡɢɰɢɢ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɟɤɨɥ. 

Ʉɚɠɭɳɚɹɫɹ ɩɥɨɬɧɨɫɬɶ ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɭɦɟɧɶɲɚɟɬɫɹ ɫ 
ɪɨɫɬɨɦ ɫɨɞɟɪɠɚɧɢɹ ɫɬɟɤɥɨɮɚɡɵ, ɱɬɨ ɫɜɨɣɫɬɜɟɧɧɨ ɞɥɹ ɞɚɧɧɨɝɨ ɬɢɩɚ ɤɟɪɚɦɢɱɟɫɤɢɯ 
ɢɡɞɟɥɢɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɰɵ, ɫɨɞɟɪɠɚɳɢɟ ɤɨɦɩɨɧɟɧɬ ɋɌ1, ɢɦɟɸɬ ɩɥɨɬɧɨɫɬɶ 
ɜɵɲɟ (ɨɬ 2,3 ɞɨ 3,3 ɝ/ɫɦ3), ɱɟɦ ɨɛɪɚɡɰɵ ɫ ɋɌ2 (ɨɬ 0,95 ɞɨ 2,6 ɝ/ɫɦ3), ɱɬɨ ɝɨɜɨɪɢɬ ɨɛ 
ɭɜɟɥɢɱɟɧɢɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɪɚɫɱɟɬɧɵɯ ɞɚɧɧɵɯ 
ɜɵɹɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɩɨɞɨɛɪɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɧɚɢɛɨɥɟɟ ɩɪɢɝɨɞɧɵɦɢ ɞɥɹ LTCC-
ɤɟɪɚɦɢɤɢ ɹɜɥɹɸɬɫɹ ɫɬɟɤɥɨɤɟɪɚɦɢɱɟɫɤɢɟ ɤɨɦɩɨɡɢɬɵ ɫ ɫɨɞɟɪɠɚɧɢɟɦ 50% ɤɨɦɩɨɧɟɧɬɚ 
ɋɌ1, ɨɛɨɠɠɟɧɧɵɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 900°ɋ (ɫɬɟɩɟɧɶ ɫɩɟɤɚɧɢɹ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɨɩɬɢɦɚɥɶɧɵ, ɚ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 950°ɋ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɭɥɭɱɲɚɟɬ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɞɟɥɢɣ). Ɉɛɪɚɡɰɵ, ɫɨɞɟɪɠɚɳɢɟ ɤɨɦɩɨɧɟɧɬ ɋɌ1 ɜ ɤɨɥɢɱɟɫɬɜɟ ɨɬ 50 
ɞɨ 60%, ɢ ɤɨɦɩɨɡɢɰɢɢ ɫ ɤɨɦɩɨɧɟɧɬɨɦ ɋɌ2 ɫɥɟɞɭɟɬ ɨɛɠɢɝɚɬɶ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ, ɬɚɤ ɤɚɤ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɩɟɪɟɠɨɝɟ ɢ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɟɤɨɥ ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɫɬɚɜɚɯ. 
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