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Пɪɟɞɥɚɝɚɟɬɫɹ ɦɟɬɨɞ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɤɪɵɬɢɣ ɤɟɪɚɦɢɤɢ ɧɚ ɤɚɪɛɢɞɧɵɯ ɡɟɪɧɚɯ ɜ ɤɚɱɟɫɬɜɟ 
ɫɬɚɪɬɨɜɨɝɨ ɦɟɬɨɞɚ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɬɜɟɪɞɨɫɩɥɚɜɧɵɯ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɤɨɦɩɨɡɢɬɨɜ. Пɨɤɚɡɚɧɨ 
ɬɚɤɠɟ, ɱɬɨ ɭɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɧɵɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɬɜɟɪɞɨɫɩɥɚɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɡɚ 
ɫɱɟɬ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɦɨɞɢɮɢɰɢɪɭɸɳɟɝɨ ɜɥɢɹɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚ-
ɛɨɬɤɢ. Пɪɟɞɫɬɚɜɥɟɧɚ ɦɨɞɟɥɶ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɩɥɨɬɧɨɫɬɢ ɭɩɚɤɨɜɤɢ ɬɜɟɪɞɨɫɩɥɚɜɧɵɯ ɤɨɦɩɨɡɢɬɨɜ, ɫɮɨɪɦɢɪɨ-
ɜɚɧɧɵɯ ɢɡ ɱɚɫɬɢɰ ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɟɪɨɜ. Иɡɭɱɟɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ 
ɦɢɤɪɨɫɤɨɩɢɟɣ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɪɟɧɬɝɟɧɨɮɚɡɨɜɵɦ ɚɧɚɥɢɡɨɦ ɢ ɫɬɚɧɞɚɪɬɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢɡɭɱɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɩɨ-
ɤɚɡɵɜɚɟɬ ɜɵɫɨɤɭɸ ɫɬɚɬɢɫɬɢɱɟɫɤɭɸ ɨɞɧɨɪɨɞɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ (ɡɟɪɟɧ ɤɚɪɛɢɞɚ ɜɨɥɶɮɪɚɦɚ, 
ɬɢɬɚɧɚ, ɤɚɪɛɨɧɢɬɪɢɞɚ, ɩɪɨɫɥɨɟɤ ɦɟɬɚɥɥɚ-ɫɜɹɡɤɢ ɫ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥёɧɧɵɦɢ ɩɨ ɟɝɨ ɨɛɴɟɦɭ ɜɤɥɸɱɟɧɢɹɦɢ 
ɧɚɧɨɱɚɫɬɢɰ) ɢ, ɤɚɤ ɪɟɡɭɥɶɬɚɬ, ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɫɜɹɡɭɸɳɟɝɨ ɢ ɤɨɦɩɨɡɢɬɚ ɜ ɰɟɥɨɦ. 
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According to the research preparation methods to ensure uniformity of distribution of nanoparticles (inhibitors) in 

terms of the cobalt binder and the formation of nanostructured fragments in hard metal composites are proposed.Our 

research shows that the working life of various hard metals composites and tools is extended by modification with 

nanoparticles and subsequent thermomechanical treatment, too. This paper introduces the concept of coated particles 

of carbides by ceramics nanoparticles as starting method for improved hard metals nanostructured composites.  

A computer simulation study of the consolidation process of spherical particles of different sizes is presented. The study 

of microstructural parameters by scanning electron microscopy in combination with x-ray phase analysis indicates a 

high statistical homogeneity of the relative distribution of composite components (grain of tungsten carbide, titanium 

carbonitride, layer of metal binder and inclusions of nanoparticles) and a result increase the strength of binder and 

composite as a whole. 
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ȼɜɟɞɟɧɢɟ. Ɉɫɨɛɵɟ ɭɧɢɤɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɱɚɳɟ ɜɫɟɝɨ ɮɨɪɦɢɪɭɸɬɫɹ ɢ ɩɪɨɹɜɥɹ-
ɸɬɫɹ ɜ ɜɢɞɟ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɧɚɧɨɱɚɫɬɢɰ. ȼ ɩɪɨɰɟɫɫɟ 
ɩɨɞɝɨɬɨɜɤɢ ɫɦɟɫɟɣ, ɤɨɦɩɚɤɬɢɪɨɜɚɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɢ 

ɤɨɧɫɨɥɢɞɚɰɢɢ ɩɪɢ ɫɩɟɤɚɧɢɢ ɷɬɢ ɫɜɨɣɫɬɜɚ ɜ ɫɬɪɭɤɬɭɪɟ 
ɤɨɦɩɨɡɢɬɚ ɡɚɱɚɫɬɭɸ ɬɟɪɹɸɬɫɹ. ɉɨɷɬɨɦɭ, ɱɬɨɛɵ ɩɨɥɭ-
ɱɢɬɶ ɨɛɴɟɦɧɨɟ ɢɡɞɟɥɢɟ, ɨɛɥɚɞɚɸɳɟɟ ɫɜɨɣɫɬɜɚɦɢ ɢɡɨ-
ɥɢɪɨɜɚɧɧɵɯ ɧɚɧɨɱɚɫɬɢɰ, ɧɟɨɛɯɨɞɢɦɨ ɢɡɛɟɠɚɬɶ ɢɥɢ, 

ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɭɦɟɧɶɲɢɬɶ ɢɯ ɯɢɦɢɱɟɫɤɨɟ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɟ, ɚɝɥɨɦɟɪɢɪɨɜɚɧɢɟ ɢ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɸ [1].  

ɋɨɯɪɚɧɢɬɶ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɟ ɨɬɥɢɱɢɹ ɢ ɭɧɢɤɚɥɶ-
ɧɵɟ ɫɜɨɣɫɬɜɚ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɩɨɪɨɲɤɨɜɵɯ ɱɚɫɬɢɰ 

ɩɨɫɥɟ ɤɨɧɫɨɥɢɞɚɰɢɢ ɜ ɦɢɤɪɨɨɛɴɟɦɟ ɬɜɟɪɞɨɫɩɥɚɜɧɨɝɨ 
ɤɨɦɩɨɡɢɬɚ ɩɨɡɜɨɥɹɸɬ ɬɚɤɢɟ ɦɟɬɨɞɵ, ɤɚɤ ɋȼɑ-ɫɩɟɤɚɧɢɟ, 
ɷɥɟɤɬɪɨɪɚɡɪɹɞɧɨɟ ɤɨɦɩɚɤɬɢɪɨɜɚɧɢɟ, ɩɥɚɡɦɟɧɧɨɟ ɫɩɟ-
ɤɚɧɢɟ ɩɨɞ ɞɚɜɥɟɧɢɟɦ, ɫɩɟɤɚɧɢɟ ɢɧɞɭɤɰɢɨɧɧɵɦ ɧɚɝɪɟ-
ɜɨɦ [2], ɷɥɟɤɬɪɨɢɦɩɭɥɶɫɧɨɟ ɩɥɚɡɦɟɧɧɨɟ ɫɩɟɤɚɧɢɟ 
(ɗɂɉɋ, SparkPlasmaSintering – SPS) ɢ ɞɪ. [3]. ɗɬɢ ɦɟ-
ɬɨɞɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɭɸ ɫɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ ɢ ɫɧɢ-

ɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɩɟɤɚɧɢɹ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɪɚɡɦɟɪ 
ɡɟɪɧɚ ɜ ɤɨɦɩɚɤɬɧɨɦ ɦɚɬɟɪɢɚɥɟ ɨɤɚɡɵɜɚɟɬɫɹ ɦɟɧɶɲɢɦ, 

ɱɟɦ ɩɪɢ ɨɛɵɱɧɨɦ ɫɩɟɤɚɧɢɢ. ɉɪɢ ɷɬɨɦ ɡɧɚɱɢɬɟɥɶɧɨ 

ɩɨɜɵɲɚɟɬɫɹ ɢɯ ɬɜɟɪɞɨɫɬɶ, ɩɪɨɱɧɨɫɬɶ ɢ ɷɤɫɩɥɭɚɬɚɰɢ-

ɨɧɧɵɟ ɫɜɨɣɫɬɜɚ. 
Ɋɟɚɥɢɡɚɰɢɹ ɬɚɤɢɯ ɫɩɨɫɨɛɨɜ ɧɚ ɩɪɚɤɬɢɤɟ ɬɪɟɛɭɟɬ 

ɩɪɢɦɟɧɟɧɢɹ ɫɩɟɰɢɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɫɧɚɫɬɤɢ  

ɢ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɢɡ-
ɞɟɥɢɹ ɫ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ  

ɜ ɭɫɥɨɜɢɹɯ ɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ (ɢɦɟɸɬɫɹ ɨɝɪɚɧɢɱɟ-
ɧɢɹ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɫɥɨɠɧɨɫɬɢ ɮɨɪɦɵ, ɝɚ-
ɛɚɪɢɬɧɵɦ ɪɚɡɦɟɪɚɦ ɢɡɞɟɥɢɹ). ɂɡɜɟɫɬɧɵ ɷɮɮɟɤɬɢɜɧɵɟ 
(ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɚɤɬɢɤɢ) ɫɩɨɫɨɛɵ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɩɪɢɟɦɵ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɫɨɯɪɚɧɹɬɶ ɫɭɛɦɢɤɪɨɧɧɵɟ 
ɤɚɪɛɢɞɧɵɟ ɡɟɪɧɚ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ (ɩɪɟɞɜɚɪɢ-

ɬɟɥɶɧɨɝɨ ɜɜɟɞɟɧɢɹ ɜ ɫɨɫɬɚɜ) ɞɨɛɚɜɨɤ ɧɚɧɨɱɚɫɬɢɰ  

ɤɟɪɚɦɢɤɢ (ɨɤɫɢɞɨɜ, ɧɢɬɪɢɞɨɜ, ɤɚɪɛɢɞɨɜ), ɤɨɬɨɪɵɟ 
ɢɝɪɚɸɬ ɪɨɥɶ ɢɧɝɢɛɢɬɨɪɨɜ ɪɨɫɬɚ ɡɟɪɧɚ ɨɫɧɨɜɧɨɣ ɤɚɪ-
ɛɢɞɧɨɣ ɮɚɡɵ [4–7]. 

Ʌɟɝɢɪɨɜɚɧɢɟ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɩɪɢ ɩɨɥɭɱɟɧɢɢ 

ɫɜɟɪɯɦɟɥɤɨɡɟɪɧɢɫɬɵɯ ɬɜɟɪɞɵɯ ɫɩɥɚɜɨɜ ɦɨɠɟɬ ɷɮɮɟɤ-
ɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ ɫɪɟɞɫɬɜɨ, ɩɪɟɩɹɬɫɬɜɭɸɳɟɟ 
ɪɨɫɬɭ ɡɟɪɧɚ ɤɚɪɛɢɞɚ ɜɨɥɶɮɪɚɦɚ ɜ ɩɪɨɰɟɫɫɟ ɫɩɟɤɚɧɢɹ, 
ɬɚɤ ɤɚɤ ɩɪɢ ɩɪɢɦɟɪɧɨ ɪɚɜɧɵɯ ɪɚɡɦɟɪɚɯ ɢɫɯɨɞɧɵɯ ɱɚɫ-
ɬɢɰ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɡɟɪɟɧ ɬɜɟɪɞɨɣ ɮɚɡɵ ɩɨɫɥɟ ɫɩɟɤɚ-
ɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɫɩɨɫɨɛɧɨɫɬɢ ɤ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

ɱɟɪɟɡ ɠɢɞɤɭɸ ɮɚɡɭ. Ɋɚɫɬɜɨɪɹɹɫɶ ɜ ɤɨɛɚɥɶɬɟ, ɦɨɞɢɮɢ-

ɰɢɪɭɸɳɢɟ ɧɚɧɨɞɨɛɚɜɤɢ ɜɥɢɹɸɬ ɧɟ ɬɨɥɶɤɨ ɧɚ ɦɢɤɪɨ-
ɫɬɪɭɤɬɭɪɭ, ɧɨ ɢ ɧɚ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɷɤɫɩɥɭɚɬɚ-
ɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɤɨɦɩɨɡɢɬɚ.  
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢ ɷɬɨ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ ɬɚɤɠɟ 

ɧɚɧɟɫɟɧɢɟɦ ɛɚɪɶɟɪɧɨɝɨ (ɡɚɳɢɬɧɨɝɨ) ɫɥɨɹ ɩɨɤɪɵɬɢɹ ɧɚ 
ɤɚɠɞɭɸ ɤɚɪɛɢɞɧɭɸ ɱɚɫɬɢɰɭ ɩɨɪɨɲɤɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɥɢɛɨ ɧɚ ɤɚɪɛɢɞɧɨɟ ɡɟɪɧɨ ɜ ɩɪɨɰɟɫɫɟ ɝɨɦɨɝɟɧɢɡɚɰɢɢ 

ɩɪɢ ɫɩɟɤɚɧɢɢ. ɉɪɢ ɩɪɚɜɢɥɶɧɨɦ ɜɵɛɨɪɟ ɦɚɬɟɪɢɚɥɚ 
ɩɨɤɪɵɬɢɹ ɦɨɠɧɨ ɢɡɛɟɠɚɬɶ ɪɨɫɬɚ ɤɚɪɛɢɞɧɨɝɨ ɡɟɪɧɚ ɜ 
ɩɪɨɰɟɫɫɟ ɩɨɫɥɟɞɭɸɳɟɝɨ ɭɩɥɨɬɧɟɧɢɹ ɩɨɪɨɲɤɚ, ɩɪɢ 

ɫɩɟɤɚɧɢɢ ɢɥɢ ɤɨɦɩɚɤɬɢɪɨɜɚɧɢɢ ɦɟɬɨɞɨɦ SPS [8]. ɉɨ 
ɧɚɲɟɦɭ ɦɧɟɧɢɸ, ɩɨɤɪɵɬɢɟ ɤɚɪɛɢɞɧɵɯ ɱɚɫɬɢɰ ɡɚɳɢɬ-
ɧɵɦ ɥɢɛɨ ɢɧɝɢɛɢɪɭɸɳɢɦ ɫɥɨɟɦ – ɫɬɚɪɬɨɜɵɣ ɦɟɬɨɞ, 
ɩɨɡɜɨɥɹɸɳɢɣ ɩɨɥɭɱɢɬɶ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɨɛɴɟɦɧɵɟ 
ɡɚɝɨɬɨɜɤɢ (ɤɨɦɩɚɤɬɵ) ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɭɧɢɤɚɥɶɧɵɯ 

ɫɜɨɣɫɬɜ ɢɫɯɨɞɧɵɯ ɧɚɧɨɩɨɪɨɲɤɨɜ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɞɢɚ-

ɩɚɡɨɧ ɩɪɢɦɟɧɟɧɢɹ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɛɭɞɟɬ ɬɨɥɶɤɨ ɪɚɫ-
ɲɢɪɹɬɶɫɹ, ɩɨɫɤɨɥɶɤɭ ɬɚɤɨɟ ɩɨɤɪɵɬɢɟ (ɩɥɚɤɢɪɨɜɚɧɢɟ) 
ɢɡɦɟɧɹɟɬ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɯɢɦɢɱɟɫɤɢɟ ɢ ɪɟɚɤɰɢɨɧɧɵɟ 
ɫɜɨɣɫɬɜɚ. Ɍɚɤ ɤɚɤ ɨɫɧɨɜɚ ɢ ɦɚɬɟɪɢɚɥ ɩɨɤɪɵɬɢɹ ɪɚɫ-
ɩɪɟɞɟɥɟɧɵ ɝɨɦɨɝɟɧɧɨ, ɬɨ ɧɟɤɨɬɨɪɵɟ ɤɚɱɟɫɬɜɚ ɦɨɞɢ-

ɮɢɤɚɬɨɪɚ ɩɨɤɪɵɬɢɹ ɦɨɝɭɬ ɛɵɬɶ ɬɚɤɠɟ ɢɡɦɟɧɟɧɵ ɫ ɢɡ-
ɦɟɧɟɧɢɟɦ ɟɝɨ ɬɨɥɳɢɧɵ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɥɚɤɢɪɨɜɚɧ-

ɧɵɯ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɤɚɪɛɢɞɧɵɯ ɩɨɪɨɲɤɨɜ ɨɛɟɫɩɟɱɢ-

ɜɚɟɬ ɫɥɟɞɭɸɳɢɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɟ ɨɬɥɢɱɢɹ: 
– ɡɟɪɧɚ ɧɚɯɨɞɹɬɫɹ ɧɚ ɯɨɪɨɲɨ ɩɪɟɞɫɤɚɡɭɟɦɨɦ ɪɚɫ-

ɫɬɨɹɧɢɢ, ɩɨɷɬɨɦɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɱɚɫɬɢɰ ɦɨɠɧɨ  
ɪɟɝɭɥɢɪɨɜɚɬɶ (ɦɨɞɟɥɢɪɨɜɚɬɶ); 

– ɜɨ ɜɪɟɦɹ ɫɩɟɤɚɧɢɹ ɩɪɟɞɨɬɜɪɚɳɚɟɬɫɹ ɪɨɫɬ ɡɟɪɧɚ; 
– ɩɨɜɟɪɯɧɨɫɬɧɭɸ ɯɢɦɢɱɟɫɤɭɸ, ɪɟɚɤɰɢɨɧɧɭɸ  

ɚɤɬɢɜɧɨɫɬɶ ɱɚɫɬɢɰ ɦɨɠɧɨ ɢɡɦɟɧɹɬɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɤɨɧɟɱɧɨɦɭ ɢɡɞɟɥɢɸ. 

ȼ ɪɚɛɨɬɟ ɢɡɭɱɟɧɵ ɬɜɟɪɞɨɫɩɥɚɜɧɵɟ ɤɨɦɩɨɡɢɬɵ, ɤɨ-
ɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɫɥɨɠɧɵɦɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɝɪɚɞɢɟɧɬ-
ɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɫ ɨɞɧɨɣ ɮɚɡɨɣ, 

ɩɪɨɹɜɥɹɸɳɟɣ ɫɜɨɣɫɬɜɚ ɧɚɧɨɦɚɬɟɪɢɚɥɚ.  
ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɬɚɤɢɯ ɢɡ-

ɦɟɧɟɧɢɣ ɜ ɫɬɪɭɤɬɭɪɟ ɬɜɟɪɞɨɝɨ ɫɩɥɚɜɚ, ɩɪɢ ɤɨɬɨɪɵɯ 
ɭɦɟɧɶɲɚɟɬɫɹ ɫɦɟɠɧɨɫɬɶ ɝɪɚɧɢɰ ɤɚɪɛɢɞɧɵɯ ɡɟɪɟɧ ɢ, 

ɤɚɤ ɪɟɡɭɥɶɬɚɬ, ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɬɜɟɪɞɨ-
ɫɩɥɚɜɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ. 
Ɇɟɬɨɞɢɤɚ ɢ ɚɩɩɚɪɚɬɭɪɚ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ⱦɥɹ ɩɨɞ-

ɝɨɬɨɜɤɢ ɩɨɪɨɲɤɨɜɵɯ ɫɦɟɫɟɣ ɤɚɪɛɢɞɨɜ ɜɨɥɶɮɪɚɦɚ  
(ɜ ɬɨɦ ɱɢɫɥɟ ɩɨɥɭɱɟɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɨɪɨɲɤɨɜ 
ɤɚɪɛɢɞɚ ɜɨɥɶɮɪɚɦɚ ɫ ɢɧɝɢɛɢɪɭɸɳɢɦɢ ɞɨɛɚɜɤɚɦɢ ɧɚ-
ɧɨɱɚɫɬɢɰ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɢ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɤɟ-
ɪɚɦɢɤɢ), ɤɨɛɚɥɶɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɟɰɢɡɢɨɧɧɵɟ ɜɟ-
ɫɵ MettlerToledoAB204-S/FACT ɫ ɬɨɱɧɨɫɬɶɸ ɢɡɦɟɪɟ-
ɧɢɹ ɞɨ 0,1 ɦɝ. Ⱥɤɬɢɜɢɪɨɜɚɧɧɵɟ ɜ ɠɢɞɤɨɣ ɫɪɟɞɟ  
(ɍɁ-ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɵɟ) ɥɟɝɢɪɭɸɳɢɟ ɧɚɧɨɱɚɫɬɢɰɵ 

ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɢɥɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɫɦɟɲɢɜɚ-
ɥɢɫɶ ɫ ɩɨɪɨɲɤɚɦɢ ɤɚɪɛɢɞɚ ɜɨɥɶɮɪɚɦɚ ɢ ɤɨɛɚɥɶɬɚ ɜ 
ɧɭɠɧɵɯ ɜɟɫɨɜɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ, ɩɪɟɫɫɨɜɚɥɢɫɶ ɜ ɠɟɫɬ-
ɤɨɣ ɦɚɬɪɢɰɟ ɜ ɮɨɪɦɟ ɢɡɝɨɬɨɜɥɟɧɢɹ ɲɬɚɛɢɤɨɜ ɞɥɹ ɩɪɨ-
ɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɢɡɝɢɛ (ISO/CD 3327), ɬɚɛɥɟɬɨɤ 
Ø10×10 ɦɦ ɞɥɹ ɢɡɭɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ 

ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ; ɩɨɞɜɟɪɝɚɥɢɫɶ 
ɫɩɟɤɚɧɢɸ ɜ ɜɚɤɭɭɦɧɵɯ ɩɟɱɚɯ ɢɥɢ ɤɨɧɫɨɥɢɞɢɪɨɜɚɥɢɫɶ 
ɜ ɩɥɚɡɦɟ ɢɫɤɪɨɜɨɝɨ ɪɚɡɪɹɞɚ ɧɚ ɭɫɬɚɧɨɜɤɟ SPS 515S 

SYNTEX. ɇɚ ɨɛɪɚɡɰɚɯ ɢɡɦɟɪɹɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɮɢɡɢ-

ɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɜ ɩɪɨɰɟɫɫɟ ɫɩɟɤɚ-
ɧɢɹ ɢɡɦɟɪɹɥɚɫɶ ɭɫɚɞɤɚ ɧɚ ɞɢɥɚɬɨɦɟɬɪɟ DIL402; ɧɚ 
ɫɩɟɱɟɧɧɵɯ ɨɛɪɚɡɰɚɯ – ɩɥɨɬɧɨɫɬɶ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɢɦ 

ɦɟɬɨɞɨɦ ɩɨ ISO 3369; ɬɜɟɪɞɨɫɬɶ ɩɨ ȼɢɤɤɟɪɫɭ ɢ ɤɨɷɮ-

ɮɢɰɢɟɧɬ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ (K1ɋ) ɩɨ ɦɟɬɨɞɭ ɉɚɥɦɤ-
ɜɢɫɬɚ ɧɚ ɦɢɤɪɨɬɜɟɪɞɨɦɟɪɟ Ɍɉ-7Ɋ-1 ɩɭɬɟɦ ɢɡɦɟɪɟɧɢɹ 
ɞɥɢɧɵ ɬɪɟɳɢɧɵ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ ɨɬ ɭɝɥɚ ɨɬɩɟ-
ɱɚɬɤɚ ɩɢɪɚɦɢɞɤɢ ȼɢɤɤɟɪɫɚ (ɧɚɝɪɭɠɟɧɢɟ ɩɪɢ ɢɫɩɵɬɚ-
ɧɢɢ 100, 200 ɢ 300 ɇ) ɩɨ ISO/DIS 28079; ɢɡɧɨɫɨɫɬɨɣ-

ɤɨɫɬɶ ɫɨɝɥɚɫɧɨ ɫɬɚɧɞɚɪɬɭ ASTMB611-85; ɩɨɪɢɫɬɨɫɬɶ 
ɢ ɫɨɞɟɪɠɚɧɢɟ ɝɪɚɮɢɬɚ ɩɨ ISO 4505. Ⱥɧɚɥɢɡ ɦɢɤɪɨ-
ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɬɜɟɪɞɨɫɩɥɚɜɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɩɪɨ-
ɜɨɞɢɥɫɹ ɧɚ ɪɚɫɬɪɨɜɨɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ 
HITACHI TM 1000 ɢ ɪɚɫɬɪɨɜɵɯ ɷɥɟɤɬɪɨɧɧɵɯ ɦɢɤɪɨ-
ɫɤɨɩɚɯ JEOL JSM-7001F, JEOL JSM-7500FȺ ɫ ɷɧɟɪɝɨ-
ɞɢɫɩɟɪɫɢɨɧɧɵɦ ɢ ɜɨɥɧɨɜɵɦ ɫɩɟɤɬɪɨɦɟɬɪɚɦɢ ɢ ɤɨɦ-

ɩɥɟɤɬɨɦ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ; ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ  
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ɢ ɪɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ ɩɪɨɢɡɜɨɞɢɥɫɹ ɧɚ ɞɢɮɪɚɤ-
ɬɨɦɟɬɪɟ D8 ADVANCE. ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɢɡɭɱɟ-
ɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɨɪɨɲɤɨɜ 
ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɭɬɨɱɧɟɧɢɟ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɜ 
ɩɪɢɛɥɢɠɟɧɢɢ ɤ ɢɯ ɪɟɚɥɶɧɨɣ ɝɟɨɦɟɬɪɢɢ, ɬ. ɟ. ɧɚ ɨɫɧɨɜɟ 
ɢɡɭɱɟɧɢɹ ɢɯ ɦɨɪɮɨɥɨɝɢɢ ɦɟɬɨɞɨɦ ɋɗɆ. ɂɡɭɱɟɧɢɟ 
ɧɚɧɨɬɜёɪɞɨɫɬɢ ɢ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɫɩɟɱёɧɧɵɯ ɨɛɪɚɡɰɨɜ ɬɜёɪɞɨɫɩɥɚɜɧɨɝɨ ɤɨɦɩɨɡɢɬɚ ɩɪɨ-
ɜɨɞɢɥɢ ɧɚ ɩɨɥɢɪɨɜɚɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɫ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟɦ ɭɥɶɬɪɚɦɢɤɪɨɬɜɟɪɞɨɦɟɪɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɬɢɩɚ 
ShimadzuDUH-211S. 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ. Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ 
ɩɪɢɱɢɧ ɫɧɢɠɟɧɢɹ ɫɬɨɣɤɨɫɬɢ ɬɜɟɪɞɨɫɩɥɚɜɧɨɝɨ ɪɟɠɭ-
ɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɹɜɥɹɟɬɫɹ ɨɫɬɚɬɨɱɧɚɹ ɩɨɪɢɫɬɨɫɬɶ, 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɩɨ ɪɚɡɦɟɪɭ ɤɚɪɛɢɞɧɨɝɨ ɡɟɪɧɚ, ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɸ ɮɚɡɨɜɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɢ ɞɪɭɝɢɟ ɞɟɮɟɤ-
ɬɵ ɜ ɫɬɪɭɤɬɭɪɟ ɦɚɬɟɪɢɚɥɚ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɫɬɚɞɢɢ ɟɝɨ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɩɪɨɹɜɥɹɸɳɢɟɫɹ ɧɚ ɫɬɚɞɢɢ ɦɟɯɚɧɢɱɟ-
ɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. ɇɟɤɨɬɨɪɵɟ ɬɢɩɢɱɧɵɟ ɜɢɞɵ ɞɟɮɟɤɬɨɜ 
(ɫɤɨɥɵ, ɦɢɤɪɨɪɚɫɬɪɟɫɤɢɜɚɧɢɟ, ɨɬɫɥɚɢɜɚɧɢɟ) ɪɟɠɭɳɟɣ 

ɤɪɨɦɤɢ ɰɟɥɶɧɵɯ ɤɨɧɰɟɜɵɯ ɬɜɟɪɞɨɫɩɥɚɜɧɵɯ ɮɪɟɡ, ɩɨ-
ɥɭɱɟɧɧɵɟ ɩɪɢ ɜɵɲɥɢɮɨɜɤɟ ɢɡ ɬɜɟɪɞɨɫɩɥɚɜɧɵɯ ɩɪɭɬ-
ɤɨɜ ɢ ɡɚɬɨɱɤɟ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1. 

 

 
 

 
 

 
 
Ɋɢɫ. 1. Ⱦɟɮɟɤɬɵ ɪɟɠɭɳɟɣ ɤɪɨɦɤɢ ɬɜɟɪɞɨɫɩɥɚɜɧɨɝɨ  
ɢɧɫɬɪɭɦɟɧɬɚ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɫɬɚɞɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 

 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɬɚɤɢɟ ɩɨɜɪɟɠɞɟɧɢɹ ɧɚ ɪɟɠɭɳɟɣ 

ɤɪɨɦɤɟ ɧɟɢɡɛɟɠɧɨ ɫɧɢɠɚɸɬ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɭɸ  

ɫɬɨɣɤɨɫɬɶ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɩɨ ɫɭɬɢ ɹɜɥɹɸɬɫɹ ɧɟɢɫɩɪɚ-
ɜɢɦɵɦ ɜɢɞɨɦ ɛɪɚɤɚ. 
ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɩɨɞ 

ɜɥɢɹɧɢɟɦ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɜ ɡɨɧɟ ɪɟɡɚɧɢɹ ɢ ɭɫɢ-

ɥɢɣ ɪɟɡɚɧɢɹ (ɨɫɨɛɟɧɧɨ ɭɞɚɪɧɨɝɨ, ɡɧɚɤɨɩɟɪɟɦɟɧɧɨɝɨ 
ɞɟɣɫɬɜɢɹ) ɡɚɥɨɠɟɧɧɵɟ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɹɜɧɵɟ  
ɢ ɫɤɪɵɬɵɟ ɦɢɤɪɨɞɟɮɟɤɬɵ ɧɚɱɢɧɚɸɬ ɩɪɨɹɜɥɹɬɶɫɹ, ɱɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɦɢɤɪɨɪɚɫɬɪɟɫɤɢɜɚɧɢɸ, ɪɚɡɜɢɬɢɸ ɦɚɝɢɫɬ-
ɪɚɥɶɧɵɯ ɬɪɟɳɢɧ, ɢɧɬɟɧɫɢɜɧɨɦɭ ɢɡɧɨɫɭ, ɬ. ɟ. ɫɧɢɠɟ-
ɧɢɸ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ.  
ɉɪɨɜɟɞɟɧɧɵɣ ɪɚɧɟɟ ɚɜɬɨɪɚɦɢ ɚɧɚɥɢɡ ɧɢɡɤɨɣ ɫɬɨɣ-

ɤɨɫɬɢ ɬɜɟɪɞɨɫɩɥɚɜɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 
ɜɨɡɦɨɠɧɵɦɢ ɩɪɢɱɢɧɚɦɢ ɩɨɹɜɥɟɧɢɹ ɛɪɚɤɚ ɹɜɥɹɟɬɫɹ 
ɧɟɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɫɚɦɢɯ ɬɜɟɪɞɨɫɩɥɚɜɧɵɯ ɡɚɝɨɬɨɜɨɤ, 
ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɜɵɫɨɤɢɣ ɤɨɷɮ-

ɮɢɰɢɟɧɬ ɤɨɧɬɚɤɬɧɨɫɬɢ ɤɚɪɛɢɞɧɵɯ ɡɟɪɟɧ (ɫɚɦɨɝɨ «ɫɥɚ-
ɛɨɝɨ ɡɜɟɧɚ» ɜ ɫɬɪɭɤɬɭɪɟ), ɨɫɬɚɬɨɱɧɚɹ ɩɨɪɢɫɬɨɫɬɶ.  
Ȼɨɥɟɟ ɬɨɝɨ, ɢɡɝɨɬɨɜɥɟɧɢɟ ɰɟɥɶɧɵɯ ɤɨɧɰɟɜɵɯ ɮɪɟɡ ɧɚ 
ɫɬɚɧɤɚɯ ANCA ɜɵɲɥɢɮɨɜɤɨɣ ɚɥɦɚɡɧɵɦɢ ɤɪɭɝɚɦɢ ɫ 
ɧɟɨɛɨɫɧɨɜɚɧɧɨ ɡɚɜɵɲɟɧɧɵɦɢ ɪɟɠɢɦɚɦɢ ɪɟɡɚɧɢɹ (ɛɟɡ 
ɭɱɟɬɚ ɦɚɪɤɢ ɦɚɬɟɪɢɚɥɚ ɢ ɝɟɨɦɟɬɪɢɢ ɪɟɠɭɳɟɣ ɱɚɫɬɢ) 

ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɤɚɱɟɫɬɜɚ ɪɟɠɭɳɟɣ ɤɪɨɦɤɢ ɭɠɟ 
ɧɚ ɫɬɚɞɢɢ ɡɚɬɨɱɤɢ ɞɨ ɧɚɱɚɥɚ ɷɤɫɩɥɭɚɬɚɰɢɢ (ɪɢɫ. 1). 

ɂɡɜɟɫɬɟɧ ɷɮɮɟɤɬɢɜɧɵɣ ɚɩɩɚɪɚɬɭɪɧɨ-ɬɟɯɧɨɥɨ-
ɝɢɱɟɫɤɢɣ ɫɩɨɫɨɛ ɭɫɬɪɚɧɟɧɢɹ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɜɥɢɹɧɢɹ 
ɞɟɮɟɤɬɨɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɬɜɟɪɞɨɫɩɥɚɜɧɨɝɨ ɤɨɦɩɨɡɢ-

ɬɚ ɧɚ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣ-

ɫɬɜɚ – ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɡɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ 
(ɞɨɭɩɥɨɬɧɟɧɢɹ) ɡɚɝɨɬɨɜɨɤ ɢɥɢ ɢɡɞɟɥɢɣ ɜ ɝɚɡɨɫɬɚɬɟ [2; 7]. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɫɩɟɱɟɧɧɵɣ ɬɜɟɪɞɨɫɩɥɚɜɧɵɣ ɤɨɦɩɨ-
ɡɢɬ ɩɨɞɜɟɪɝɚɸɬ ɜɫɟɫɬɨɪɨɧɧɟɦɭ ɭɩɥɨɬɧɟɧɢɸ ɫ ɞɚɜɥɟ-
ɧɢɟɦ ɝɚɡɚ ɞɨ 200 Ɇɉɚ c ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɧɚɝɪɟɜɨɦ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪ 1000–1300 ɨɋ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɭɸ 2%-ɧɭɸ ɞɟɮɨɪɦɚɰɢɸ ɡɚɝɨɬɨɜɤɢ. ɉɪɢ ɷɬɨɦ 

ɞɨɫɬɢɝɚɟɬɫɹ 100%-ɧɚɹ ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ, ɞɪɨɛɥɟ-
ɧɢɟ ɫɥɚɛɵɯ ɤɚɪɛɢɞɧɵɯ ɡɟɪɟɧ, ɡɚɩɨɥɧɟɧɢɟ ɬɪɟɳɢɧ ɤɨ-
ɛɚɥɶɬɨɜɵɦ ɫɜɹɡɭɸɳɢɦ, ɜɵɪɚɜɧɢɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭ-
ɪɵ ɩɨ ɪɚɡɦɟɪɭ ɡɟɪɧɚ ɢ «ɡɚɥɟɱɢɜɚɧɢɟ» ɞɪɭɝɢɯ ɫɬɪɭɤ-
ɬɭɪɧɵɯ ɞɟɮɟɤɬɨɜ. Ɇɟɬɨɞ ɝɚɡɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɨɭɩɥɨɬ-
ɧɟɧɢɹ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɜɵɫɨɤɨ-
ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɬɜɟɪɞɨɫɩɥɚɜɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɜɟɞɭ-
ɳɢɦɢ ɮɢɪɦɚɦɢ – ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ ɢɧɫɬɪɭɦɟɧɬɚ,  
ɬɚɤɢɦɢ ɤɚɤ SANDVIC, MITSUBISICARBIDE ɢ ɞɪ. 
Ɉɞɧɚɤɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɨɝɨ ɦɟɬɨɞɚ ɷɤɨɧɨɦɢɱɟɫɤɢ 

ɨɩɪɚɜɞɚɧɨ ɬɨɥɶɤɨ ɩɪɢ ɤɪɭɩɧɨɫɟɪɢɣɧɨɦ ɢ ɦɚɫɫɨɜɨɦ 

ɩɪɨɢɡɜɨɞɫɬɜɟ, ɜ ɫɜɹɡɢ ɫɨ ɫɥɨɠɧɨɫɬɶɸ ɪɟɚɥɢɡɚɰɢɢ ɬɟɯ-
ɧɨɥɨɝɢɢ ɢ ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɶɸ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɢ ɷɤɨɧɨɦɢɱɧɵɦ, ɫ ɧɚɲɟɣ ɬɨɱɤɢ 

ɡɪɟɧɢɹ, ɜɚɪɢɚɧɬɨɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟ-
ɫɬɜɚ ɬɜɟɪɞɨɫɩɥɚɜɧɵɯ ɡɚɝɨɬɨɜɨɤ ɢ ɢɡɞɟɥɢɣ ɹɜɥɹɟɬɫɹ 
ɫɩɨɫɨɛ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ (ɌɆɈ) [9]. 

ɋɭɬɶ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɧɬɟɧɫɢɜɧɨɦ ɫɢɥɨɜɨɦ ɜɨɡ-
ɞɟɣɫɬɜɢɢ ɧɚ ɡɚɝɨɬɨɜɤɭ ɫ ɭɞɟɥɶɧɵɦ ɞɚɜɥɟɧɢɟɦ ɨɬ 500 

ɞɨ 900 Ɇɉɚ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɧɚɝɪɟɜɨɦ ɞɨ 1250– 

1320 ɨɋ. ɉɪɢ ɷɬɨɦ ɜɵɛɪɚɧɧɚɹ ɢ ɨɛɨɫɧɨɜɚɧɧɚɹ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɨ ɜɟɥɢɱɢɧɚ ɧɚɝɪɭɠɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɟɬ ɡɧɚ-
ɱɟɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ 

ɤɨɛɚɥɶɬɨɜɨɣ ɫɜɹɡɤɢ ɞɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɨɫɧɨɜɧɭɸ 

ɧɚɝɪɭɡɤɭ ɜɨɫɩɪɢɧɢɦɚɟɬ ɬɨɥɶɤɨ ɤɚɪɛɢɞɧɵɣ ɤɚɪɤɚɫ.  
ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɧɬɟɧɫɢɜɧɵɯ ɫɞɜɢɝɨɜɵɯ ɞɟɮɨɪɦɚɰɢɣ 

ɩɪɨɢɫɯɨɞɢɬ ɫɦɟɳɟɧɢɟ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɡɟɪɟɧ ɞɪɭɝ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɚ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɦɢɤɪɨɬɪɟɳɢɧ ɩɨ 
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ɝɪɚɧɢɰɚɦ ɤɨɧɬɚɤɬɨɜ ɤɚɪɛɢɞɧɵɯ ɡɟɪɟɧ WC–WC, WC–

TiC, TiC–TiN. Ȼɨɥɟɟ ɬɨɝɨ, ɭɠɟ ɩɪɢ ɷɬɢɯ ɧɚɝɪɭɡɤɚɯ ɦɨ-
ɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɪɚɡɪɭɲɟɧɢɟ ɩɨ ɬɟɥɭ ɤɪɭɩɧɨɤɪɢɫɬɚɥ-
ɥɢɱɟɫɤɢɯ ɧɟɩɪɨɱɧɵɯ ɤɚɪɛɢɞɧɵɯ ɡɟɪɟɧ (ɪɢɫ. 2). 

 

 
 

 
 

 
 

 
 

Ɋɢɫ. 2. Ɋɚɡɪɭɲɟɧɢɟ ɢ ɫɦɟɳɟɧɢɟ ɝɪɚɧɢɰ ɤɚɪɛɢɞɧɵɯ ɡɟɪɟɧ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɜɧɟɲɧɟɝɨ ɫɢɥɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ (ɦɟɯɚɧɢɱɟɫɤɨɣ, 

ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ, ɦɚɝɧɢɬɨɢɦɩɭɥɶɫɧɨɣ ɨɛɪɚɛɨɬɤɨɣ) 

Ɂɚɬɟɦ ɢɡɞɟɥɢɟ ɩɨɞɜɟɪɝɚɸɬ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦɭ ɧɚ-
ɝɪɟɜɭ ɞɨ 1250–1350 ɨɋ ɫ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɜɵɞɟɪɠɤɨɣ 

(ɞɨɫɬɚɬɨɱɧɨ 5–10 ɦɢɧ). ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ ɫɢɥ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɦɢɤɪɨɬɪɟɳɢɧɵ ɡɚɩɨɥɧɹ-
ɸɬɫɹ ɬɨɧɤɨɣ ɩɪɨɫɥɨɣɤɨɣ ɤɨɛɚɥɶɬɨɜɨɣ ɮɚɡɵ, ɩɪɨɢɫɯɨ-
ɞɢɬ ɭɦɟɧɶɲɟɧɢɟ ɫɦɟɠɧɨɫɬɢ ɝɪɚɧɢɰ, ɱɬɨ ɜ ɫɨɨɬɜɟɬɫɬ-
ɜɢɢ ɫ ɦɟɯɚɧɢɤɨɣ ɮɚɡ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ 
ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɚ [10]. ɇɚ ɪɢɫ. 3 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɷɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɡɨɛɪɚ-
ɠɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɬɜɟɪɞɨɫɩɥɚɜɧɨɝɨ ɤɨɦɩɨɡɢɬɚ TiCN – 

(Ni, Mo) ɩɨɫɥɟ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. Ɉɛɪɚ-
ɳɚɟɬ ɧɚ ɫɟɛɹ ɜɧɢɦɚɧɢɟ ɢɡɦɟɧɟɧɢɟ ɨɪɢɟɧɬɚɰɢɢ ɤɚɪ-
ɛɢɞɧɵɯ ɡɟɪɟɧ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɧɬɟɧɫɢɜɧɵɯ ɫɞɜɢɝɨɜɵɯ 
ɞɟɮɨɪɦɚɰɢɣ. ɉɨɫɥɟ ɌɆɈ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɨɪɨɬ ɤɚɪ-
ɛɢɞɧɵɯ ɡɟɪɟɧ ɩɨ ɩɨɜɟɪɯɧɨɫɬɹɦ ɫɞɜɢɝɚ (ɜ ɫɪɚɜɧɟɧɢɢ ɫɨ 
ɫɬɪɭɤɬɭɪɨɣ ɞɨ ɨɛɪɚɛɨɬɤɢ).  

 

 
 

Ɋɢɫ. 3. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɛɟɡ ɜɨɥɶɮɪɚɦɨɜɵɯ  
ɬɜɟɪɞɵɯ ɫɩɥɚɜɨɜ  

 

ɍɦɟɧɶɲɟɧɢɟ ɜɟɥɢɱɢɧɵ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ Q–1, 

ɢɡɦɟɪɟɧɧɨɝɨ ɦɟɬɨɞɚɦɢ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ [9]  

ɩɨɫɥɟ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ 
ɨ ɤɚɱɟɫɬɜɟɧɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟɧɟɧɢɹɯ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɨɛɪɚɛɨɬɤɢ ɩɨ ɩɪɟɞɥɚɝɚɟɦɨɦɭ ɫɩɨɫɨɛɭ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ 
ɨɛɴɹɫɧɟɧɨ ɫɧɢɠɟɧɢɟɦ ɤɨɧɬɚɤɬɧɨɫɬɢ ɤɚɪɛɢɞɧɵɯ ɡɟɪɟɧ 

ɢ ɛɨɥɟɟ ɨɞɧɨɪɨɞɧɨɦɭ ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɩɨ ɨɛɴɟɦɭ 
ɤɨɛɚɥɶɬɨɜɨɝɨ ɫɜɹɡɭɸɳɟɝɨ, ɱɬɨ ɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢ-

ɱɟɧɢɸ ɩɪɨɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ. ɋɪɚɜɧɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɨɜ ɞɨ ɢ ɩɨɫɥɟ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ 

ɨɛɪɚɛɨɬɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. 

ɂɡɭɱɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɢɫɩɟɪɫɧɨɝɨ ɭɩɪɨɱɧɟ-
ɧɢɹ ɬɜɟɪɞɵɯ ɫɩɥɚɜɨɜ ɞɨɛɚɜɤɚɦɢ ɧɚɧɨɱɚɫɬɢɰ. Ɋɚɡ-
ɪɚɛɨɬɚɧɧɵɟ ɪɚɧɟɟ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɦɨɞɢɮɢɰɢɪɨɜɚɧ-

ɧɵɦ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɬɜɟɪɞɵɦ ɫɩɥɚɜɚɦ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ 
ɦɨɞɟɥɢ, ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ ɩɪɨɱɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɪɚɡɦɟɪɨɜ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɨɛɴɟɦɧɵɯ ɞɨɥɟɣ ɜɫɟɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ WC–Co–Al2O3(ZrO2), ɛɵɥɢ ɢɫɩɨɥɶɡɨ-
ɜɚɧɵ ɞɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ «ɜɧɟɞɪɟɧɢɹ» ɧɚɧɨɱɚ-
ɫɬɢɰ Al2O3f ɜ ɫɬɪɭɤɬɭɪɭ ɤɨɛɚɥɶɬɨɜɨɣ ɫɜɹɡɤɢ ɢ ɩɪɨɝɧɨ-
ɡɢɪɨɜɚɧɢɹ ɤɨɧɟɱɧɵɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ ɧɚ ɫɬɚɞɢɢ 

«ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ» [4; 6]. ɉɪɢ ɷɬɨɦ ɢɫɯɨɞɢɥɢ ɢɡ 
ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɱɬɨ ɜɧɟɞɪɟɧɧɵɟ ɜ ɩɪɨɫɥɨɣɤɭ ɫɜɹ-
ɡɭɸɳɟɝɨ ɧɚɧɨɱɚɫɬɢɰɵ ɫɩɨɫɨɛɫɬɜɭɸɬ ɭɦɟɧɶɲɟɧɢɸ ɟɟ 
ɬɨɥɳɢɧɵ, ɞɢɫɩɟɪɫɧɨ ɭɩɪɨɱɧɹɸɬ ɟɟ ɧɚ ɮɪɚɝɦɟɧɬɚɪɧɨɦ 

ɭɪɨɜɧɟ, ɩɨɞɚɜɥɹɸɬ ɪɨɫɬ ɤɚɪɛɢɞɧɨɝɨ ɡɟɪɧɚ ɢ, ɤɚɤ ɪɟ-
ɡɭɥɶɬɚɬ, ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɪɢɪɨɫɬ ɩɪɨɱɧɨɫɬɢ ɬɜɟɪɞɨ-
ɫɩɥɚɜɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɜ ɰɟɥɨɦ.   
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ɂɡɦɟɧɟɧɢɟ ɫɜɨɣɫɬɜ ɬɜɟɪɞɨɝɨ ɫɩɥɚɜɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɌɆɈ 
 

ɉɪɨɱɧɨɫɬɶ ɧɚ ɢɡɝɢɛ, Ɇɉɚ ȼɧɭɬɪɟɧɧɟɟ ɬɪɟɧɢɟ Q-1 Ɇɚɪɤɚ ɛɚɡɨɜɨɝɨ 
ɬɜɟɪɞɨɝɨ ɫɩɥɚɜɚ 

ɞɨ ɌɆɈ-ɨɛɪɚɛɨɬɤɢ ɩɨɫɥɟ ɌɆɈ-ɨɛɪɚɛɨɬɤɢ ɞɨ ɌɆɈ-ɨɛɪɚɛɨɬɤɢ ɩɨɫɥɟ ɌɆɈ-ɨɛɪɚɛɨɬɤɢ 
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Ɋɟɚɥɶɧɚɹ ɫɬɪɭɤɬɭɪɚ ɡɚɱɚɫɬɭɸ ɤɚɪɞɢɧɚɥɶɧɨ ɨɬɥɢɱɚ-
ɟɬɫɹ ɨɬ ɦɨɞɟɥɶɧɨɣ. ɉɨɷɬɨɦɭ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɟɞɥɚ-
ɝɚɟɦɵɦ ɜ ɪɚɛɨɬɟ ɩɨɞɯɨɞɨɦ ɡɚɞɚɱɚ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɞɜɟ ɩɨɞɡɚɞɚɱɢ:  

– ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɥɨɬɧɨɫɬɢ ɭɩɚɤɨɜɤɢ, ɢɫɯɨɞɹ ɢɡ 
ɫɨɨɬɧɨɲɟɧɢɹ ɨɛɴɟɦɧɵɯ ɞɨɥɟɣ ɦɢɤɪɨɧɧɨɣ ɤɚɪɛɢɞɧɨɣ 

(Vm) ɢ ɧɚɧɨɞɢɫɩɟɪɫɧɨɣ (Vf) ɮɪɚɤɰɢɢ ɢ ɢɯ ɫɪɟɞɧɢɯ 
ɪɚɡɦɟɪɨɜ (dm, df);  

– ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɫɩɟɤɚɧɢɹ ɫ ɭɱɟɬɨɦ 

ɪɚɡɥɢɱɢɣ ɜ ɤɢɧɟɬɢɤɟ ɦɚɫɫɨɩɟɪɟɧɨɫɚ.  
ɉɪɟɞɥɚɝɚɟɦɚɹ ɧɨɜɚɹ ɭɬɨɱɧɟɧɧɚɹ ɫɬɟɪɟɨɥɨɝɢɱɟɫɤɚɹ 

ɦɨɞɟɥɶ, ɚɞɚɩɬɢɪɨɜɚɧɧɚɹ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɬɜɟɪɞɨ-
ɫɩɥɚɜɧɵɦ ɤɨɦɩɨɡɢɬɚɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɚɪɛɢɞɧɵɯ 
ɡɟɪɟɧ, ɩɨɤɪɵɬɵɯ ɫɥɨɟɦ ɧɚɧɨɱɚɫɬɢɰ ɤɟɪɚɦɢɤɢ, ɩɪɟɞ-

ɫɬɚɜɥɹɟɬ ɢɡ ɫɟɛɹ ɱɟɬɜɟɪɤɭ ɩɨɬɪɨɣɧɨ ɤɚɫɚɸɳɢɯɫɹ ɞɪɭɝ 
ɞɪɭɝɚ ɦɚɬɪɢɱɧɵɯ ɤɚɪɛɢɞɧɵɯ ɱɚɫɬɢɰ dm ɨɞɧɨɝɨ ɪɚɡɦɟ-
ɪɚ. ɑɚɫɬɢɰɵ ɤɚɪɛɢɞɧɨɣ ɮɚɡɵ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɭɫ-
ɥɨɜɧɨ ɩɪɢɧɹɬɵ ɫɮɟɪɢɱɟɫɤɢɦɢ. ɐɟɧɬɪɵ ɷɬɢɯ ɲɚɪɨɜ 
ɹɜɥɹɸɬɫɹ ɜɟɪɲɢɧɚɦɢ ɬɟɬɪɚɷɞɪɚ, ɪɟɛɪɚ ɤɨɬɨɪɨɝɨ ɨɛɪɚ-
ɡɨɜɚɧɵ ɪɚɞɢɭɫɚɦɢ Ri (ɪɢɫ. 4). 

ȿɞɢɧɢɱɧɵɣ ɨɛɴɟɦ (Vc) ɮɪɚɝɦɟɧɬɚ ɬɚɤɨɣ ɫɬɪɭɤɬɭɪɵ 

ɫ ɛɢɦɨɞɚɥɶɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ 

( md , fd ) ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɢɫɯɨɞɹ ɢɡ ɫɨɨɬɧɨɲɟ-
ɧɢɹ Vc = Nmvm + vp , ɝɞɟ Nm – ɱɢɫɥɨ ɤɚɪɛɢɞɧɵɯ ɱɚɫɬɢɰ; νm – 

ɫɪɟɞɧɢɣ ɨɛɴɟɦ ɤɚɪɛɢɞɧɵɯ ɱɚɫɬɢɰ. Ɉɛɴɟɦ ɩɭɫɬɨɬ ( pv ) ɦɟɠ-

ɞɭ ɤɚɪɛɢɞɧɵɦɢ ɱɚɫɬɢɰɚɦɢ ɢɫɯɨɞɹ ɢɡ ɢɡɜɟɫɬɧɵɯ ɩɨ-
ɥɨɠɟɧɢɣ ɫɬɟɪɟɨɥɨɝɢɢ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ 
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. ȼ ɤɚɱɟɫɬɜɟ ɫɩɨɫɨɛɚ ɩɨɜɵɲɟɧɢɹ 

ɩɥɨɬɧɨɫɬɢ ɩɪɟɫɫɨɜɤɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɜɜɨɞɢɬɶ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɵɣ ɨɛɴɟɦ ɧɚɧɨɮɚɡɵ νf , ɪɚɜɧɵɣ ɨɛɴɟɦɭ ɩɭɫɬɨɬ, ɬ. ɟ. 
pv  = Nfνf. ɗɬɨ ɭɫɥɨɜɢɟ ɧɟɜɵɩɨɥɧɢɦɨ ɮɚɤɬɢɱɟɫɤɢ, ɩɨ-
ɫɤɨɥɶɤɭ ɜɬɨɪɢɱɧɚɹ ɩɥɨɬɧɚɹ ɭɩɚɤɨɜɤɚ ɢɡ ɧɚɧɨ- 
ɱɚɫɬɢɰ ɨɛɪɚɡɭɟɬ ɫɜɨɢ ɫɨɛɫɬɜɟɧɧɵɟ ɩɭɫɬɨɬɵ vpf (ɪɢɫ. 4, ɛ), 
ɬ. ɟ. Nf  ɞɨɥɠɧɨ ɛɵɬɶ ɭɦɟɧɶɲɟɧɨ ɞɨ Nf* ɧɚ ɨɛɴɟɦ vpf,  

ɤɨɬɨɪɵɣ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɢɪɚɜɧɹɬɶ ɨɛɴɟɦɧɨɣ ɞɨɥɟ ɦɟ-

ɬɚɥɥɢɱɟɫɤɨɝɨ ɫɜɹɡɭɸɳɟɝɨ vb = 
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(ɤɨɥɢɱɟɫɬɜɨ ɱɚɫɬɢɰ Nf* ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɚɧɚɥɨɝɢɢ 

ɢɫɯɨɞɹ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ ɫɨɨɬɧɨɲɟɧɢɣ). ɉɪɢ ɬɚ-
ɤɨɦ ɩɨɞɯɨɞɟ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭ-
ɪɵ ɤɨɦɩɨɡɢɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɟɝɨ ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɥɨɬ-
ɧɨɫɬɶ.  

 
ɚ 

 
ɛ 

 

Ɋɢɫ. 4. ɍɩɚɤɨɜɤɚ ɤɚɪɛɢɞɧɵɯ ɱɚɫɬɢɰ (dm): 

ɚ − ɫɯɟɦɚ ɭɩɚɤɨɜɤɢ; ɛ − ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ 
ɦɨɞɟɥɶ ɛɢɦɨɞɚɥɶɧɨɣ ɫɢɫɬɟɦɵ dm – ɧɚɧɨ- 
 

ɞɨɛɚɜɤɢ ɤɟɪɚɦɢɤɢ df (Al2O3f , ZrO2f) 

 

ɗɬɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɯɨɞɹ ɬɚɤɠɟ ɢ ɢɡ ɮɢɡɢɱɟɫɤɢɯ 
ɫɨɨɛɪɚɠɟɧɢɣ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɫɩɟɤɚɧɢɢ ɮɨɪɦɢɪɭɟɬɫɹ 
ɚɤɬɢɜɢɪɭɸɳɢɣ ɫɥɨɣ ɢɡ ɧɚɧɨɱɚɫɬɢɰ. Ɉɫɨɛɟɧɧɨɫɬɶɸ 

ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɜ ɪɚɛɨɬɟ ɩɨɞɯɨɞɚ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɩɥɨɬ-
ɧɨɫɬɢ ɭɩɚɤɨɜɤɢ ɹɜɥɹɟɬɫɹ ɭɱɟɬ ɪɚɡɥɢɱɢɣ ɜ ɤɢɧɟɬɢɤɟ 
ɭɩɥɨɬɧɟɧɢɹ ɢ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɭ ɱɚɫɬɢɰ ɤɪɭɩɧɨɤɪɢɫɬɚɥ-
ɥɢɱɟɫɤɨɣ ɢ ɫɭɛɦɢɤɪɨɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ. ɍɫɥɨɜɢɟ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɫɩɟɤɚɧɢɹ ɦɨɧɨɫɥɨɹ ɢɡ ɧɚ-
ɧɨɱɚɫɬɢɰ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɨɥɭɱɟɧɢɟ ɩɥɨɬɧɨɣ ɫɬɪɭɤ-
ɬɭɪɵ ɤɨɦɩɨɡɢɬɚ ɬɪɟɛɭɟɬ ɩɪɢ «ɫɲɢɜɤɟ» ɪɚɡɧɵɯ ɦɨɞɟ-
ɥɟɣ ɜɵɩɨɥɧɟɧɢɹ ɬɚɤɠɟ ɫɥɟɞɭɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɣ: 

 β0

1

Nm

i=
∑ (dm+df)

3 = Nm·νm + Nm·νρ – Nf·νf; (1)  
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 νh = 4π((Rm + h)3 – Rm
3) / 3Rm

3, (2) 

ɝɞɟ β0 – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɮɨɪɦɭ ɫɬɪɭɤɬɭ-
ɪɵ; h – ɬɨɥɳɢɧɚ ɩɪɨɫɥɨɣɤɢ ɢɡ ɦɨɧɨɫɥɨɹ ɧɚɧɨɱɚɫɬɢɰ ɫ 
ɪɚɡɦɟɪɨɦ df; νh – ɨɛɴɟɦ ɩɪɨɫɥɨɣɤɢ ɬɨɥɳɢɧɨɣ h. 

Ɋɟɲɚɹ ɫɨɜɦɟɫɬɧɨ ɷɬɭ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ (1), (2),  

ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɹ ɢɡ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ  

ɦɨɞɟɥɢ, ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɪɚɧɟɟ [4; 6] ɞɥɹ WC–Co–

ɧɚɧɨAl2O3(ZrO2), ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɨɩɬɢɦɚɥɶɧɵɟ 
ɨɛɴɟɦɧɵɟ ɨɛɥɚɫɬɢ ɞɨɛɚɜɨɤ ɦɨɞɢɮɢɰɢɪɭɸɳɢɯ ɧɚɧɨ-
ɱɚɫɬɢɰ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ ɫɪɟɞɧɢɯ ɪɚɡɦɟ-
ɪɨɜ dm / df  ɢ ɨɛɴɟɦɧɵɯ ɞɨɥɟɣ ɱɚɫɬɢɰ νm / νf. ɉɨɥɭɱɟɧ-

ɧɵɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ ɪɚɫ-
ɱɟɬɧɵɟ ɜɵɪɚɠɟɧɢɹ ɩɨɡɜɨɥɢɥɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɫɫɱɢ-

ɬɚɬɶ ɤɨɥɢɱɟɫɬɜɨ ɞɨɛɚɜɨɤ ɧɚɧɨɱɚɫɬɢɰ, ɧɟɨɛɯɨɞɢɦɨɟ 
ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɟɫɫɨɜɨɤ ɫ ɧɚɢɛɨɥɶɲɟɣ ɩɥɨɬɧɨɫɬɶɸ 

ɭɩɚɤɨɜɤɢ. Ɉɰɟɧɨɱɧɵɟ ɪɚɫɱɟɬɵ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɞɥɹ 
ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ ɤɚɪɛɢɞɧɨɣ ɮɚɡɵ ɜ ɞɢɚɩɚɡɨɧɟ dm(WC) 

ɨɬ 0,5 ɞɨ 3 ɦɤɦ ɢ ɪɚɡɦɟɪɨɜ ɤɟɪɚɦɢɱɟɫɤɢɯ ɧɚɧɨɱɚɫɬɢɰ 

df ɨɬ 0,008 ɞɨ 0,1 ɦɤɦ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɨɣ ɱɚɫɬɢ ɪɚɛɨɬɵ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɪɚɡɦɟɪɚɯ ɱɚɫ-
ɬɢɰ dm = 3 ɦɤɦ, df = 80 ɧɦ ɧɟɨɛɯɨɞɢɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɞɨɛɚɜɨɤ ɧɚɧɨɱɚɫɬɢɰ ɜ ɫɨɫɬɚɜɟ ɫɦɟɫɢ ɫɨɫɬɚɜɢɥɚ Vf = 0,30, 

ɢɥɢ ɨɤɨɥɨ 3 % ɦɚɫɫ. 
ɇɚ ɪɢɫ. 5 ɩɪɢɜɟɞɟɧɵ ɢɡɨɛɪɚɠɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭ-

ɪɵ: ɪɟɚɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɬɜɟɪɞɨɫɩɥɚɜɧɨɝɨ ɧɚɧɨɫɬ-
ɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɨɡɢɬɚ WC–Co–ɧɚɧɨAl2O3(ZrO2) 

(ɪɢɫ. 5, ɚ), ɩɨɥɭɱɟɧɧɨɟ ɦɟɬɨɞɨɦ ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧ-

ɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, ɢ ɩɨɫɬɪɨɟɧɧɚɹ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɫɯɟɦɚ 
(ɪɢɫ. 5, ɛ). 

 

 
ɚ 

 
ɛ 

 

Ɋɢɫ. 5. Ɋɟɚɥɶɧɚɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ (ɚ) ɢ ɫɯɟɦɚɬɢ-

ɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɬɜɟɪɞɨɫɩɥɚɜɧɨɝɨ ɤɨɦɩɨɡɢɬɚ  
 

WC–Co–ɧɚɧɨ Al2O3(ZrO2) (ɛ) 

Ɉɞɧɚɤɨ ɬɚɤɨɣ ɬɢɩ ɪɟɚɥɶɧɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ,  

ɩɨɥɭɱɟɧɧɵɣ ɜ ɬɜɟɪɞɨɫɩɥɚɜɧɵɯ ɤɨɦɩɨɡɢɬɚɯ (WC–ɋɨ–
ɧɚɧɨAl2O3,) ɧɟ ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɦ ɫ ɬɚɤɨɣ ɬɨɱɤɢ 

ɡɪɟɧɢɹ ɩɪɨɱɧɨɫɬɢ, ɩɨɫɤɨɥɶɤɭ ɧɚɧɨɞɚɛɚɜɤɢ ɡɚɩɨɥɧɹɸɬ 
«ɩɪɨɫɬɪɚɧɫɬɜɨ» ɦɟɠɞɭ ɤɚɪɛɢɞɧɵɦɢ ɡɟɪɧɚɦɢ. ɉɪɢ 

ɷɬɨɦ ɜɵɫɨɤɚɹ ɫɦɟɠɧɨɫɬɶ, ɤɨɧɬɚɤɬɧɨɫɬɶ ɤɚɪɛɢɞɧɵɯ 
ɡɟɪɟɧ ɫɨɯɪɚɧɹɟɬɫɹ, ɚ ɢɧɬɟɪɮɟɣɫɧɵɟ ɦɟɠɤɚɪɛɢɞɧɵɟ 
ɫɜɹɡɢ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɫɥɚɛɵɦ ɫɬɪɭɤɬɭɪɧɵɦ ɡɜɟɧɨɦ [7]. 

Ʉɪɨɦɟ ɬɨɝɨ, ɫɤɨɩɥɟɧɢɹ ɫɥɚɛɨ ɫɜɹɡɚɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ 

ɧɚɧɨɱɚɫɬɢɰ ɦɟɠɞɭ ɤɚɪɛɢɞɧɵɦɢ ɡɟɪɧɚɦɢ ɬɚɤɠɟ ɹɜɥɹ-
ɸɬɫɹ ɩɨɬɟɧɰɢɚɥɶɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɦɢɤɪɨɪɚɫɬɪɟɫɤɢ-

ɜɚɧɢɹ. ɇɟɨɛɯɨɞɢɦɨ ɫɬɪɟɦɢɬɶɫɹ ɤ ɦɚɤɫɢɦɚɥɶɧɨ ɨɞɧɨ-
ɪɨɞɧɨɦɭ ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɩɨ ɨɛɴɟɦɭ ɤɨɛɚɥɶɬɨɜɨɣ 

ɫɜɹɡɤɢ, ɠɟɥɚɬɟɥɶɧɨ ɩɨ ɝɪɚɧɢɰɚɦ ɤɚɪɛɢɞɧɵɯ ɡɟɪɟɧ.  

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɧɚɧɨɱɚɫɬɢɰɵ, ɤɪɨɦɟ ɢɧɝɢɛɢɪɭɸɳɟɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ, ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɤɚɪ-
ɛɢɞɧɵɯ ɡɟɪɟɧ ɱɟɪɟɡ ɤɨɛɚɥɶɬɨɜɭɸ ɮɚɡɭ, ɛɭɞɭɬ ɫɩɨɫɨɛ-
ɫɬɜɨɜɚɬɶ ɟɟ ɞɢɫɩɟɪɫɧɨɦɭ ɭɩɪɨɱɧɟɧɢɸ, ɩɨɜɵɲɟɧɢɸ 

ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ, ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ ɢ ɬɟɩɥɨɫɬɨɣɤɨɫɬɢ 

ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ [6; 12]. ɉɪɢɦɟɧɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 

ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɬɚɤɨɝɨ ɧɨɜɨɝɨ 
ɤɥɚɫɫɚ ɮɪɚɝɦɟɧɬɚɪɧɨ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɬɜɟɪɞɨ-
ɫɩɥɚɜɧɵɯ ɤɨɦɩɨɡɢɬɨɜ WC–ɋɨ–ɧɚɧɨAl2O3 ɨɤɚɡɵɜɚɟɬɫɹ 
ɨɫɨɛɟɧɧɨ ɷɮɮɟɤɬɢɜɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɢɟɦɨɦ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɩɨɫɨɛ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɨɞɧɨɪɨɞ-
ɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɧɨɩɨɪɨɲɤɨɜ – ɢɧɝɢɛɢɬɨɪɨɜ 
ɪɨɫɬɚ ɡɟɪɧɚ ɩɨ ɨɛɴɟɦɭ ɤɨɛɚɥɶɬɨɜɨɣ ɫɜɹɡɤɢ ɢ ɮɨɪɦɢ-

ɪɨɜɚɧɢɹ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɜ ɬɜɟɪ-
ɞɨɫɩɥɚɜɧɨɦ ɤɨɦɩɨɡɢɬɟ ɡɚ ɫɱɟɬ «ɜɧɟɞɪɟɧɢɹ» ɧɚɧɨɱɚ-
ɫɬɢɰ ɜ ɫɥɨɣ ɩɥɚɫɬɢɮɢɤɚɬɨɪɚ. Ⱦɥɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 

ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɝɨ ɫɩɨɫɨɛɚ ɧɚɧɨɪɚɡɦɟɪɧɵɟ ɩɨɪɨɲɤɢ 

ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ (ɰɢɪɤɨɧɢɹ) ɩɨɞɜɟɪɝɚɸɬɫɹ ɩɪɟɞɜɚ-
ɪɢɬɟɥɶɧɨɦɭ ɭɥɶɬɪɚɡɜɭɤɨɜɨɦɭ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɸ ɜ ɜɨɞ-
ɧɨɦ ɪɚɫɬɜɨɪɟ ɩɨɥɢɜɢɧɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɞɨ ɩɨɥɭɱɟɧɢɹ 
ɫɭɫɩɟɧɡɢɢ. Ɂɚɬɟɦ ɫɭɫɩɟɧɡɢɹ ɫɦɟɲɢɜɚɟɬɫɹ ɫ ɩɨɪɨɲɤɚ-
ɦɢ ɤɚɪɛɢɞɨɜ ɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɨɜɦɟɫɬɧɵɣ ɪɚɡɦɨɥ – 

ɫɦɟɲɢɜɚɧɢɟ ɞɨ ɩɨɥɭɱɟɧɢɹ ɨɞɧɨɪɨɞɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ.  
Ɂɚ ɫɱɟɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɚɤɬɢɜɚ-

ɰɢɢ, ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɜ ɪɚɫɬɜɨɪɟ ɩɨɥɢɜɢ-

ɧɢɥɨɜɨɝɨ ɫɩɢɪɬɚ, ɟɝɨ ɩɥɚɫɬɢɮɢɰɢɪɭɸɳɢɯ ɫɜɨɣɫɬɜ  
ɢ ɢɧɬɟɧɫɢɜɧɨɝɨ ɭɞɚɪɧɨɝɨ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 
ɪɚɡɦɨɥɶɧɵɯ ɬɟɥ, ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɪɛɢɞɨɜ ɮɨɪɦɢɪɭɟɬ-
ɫɹ ɫɥɨɣ ɢɡ ɧɚɧɨɱɚɫɬɢɰ ɤɟɪɚɦɢɤɢ. ɉɨɥɭɱɟɧɧɭɸ ɪɚɡɦɨ-
ɥɨɦ / ɫɦɟɲɢɜɚɧɢɟɦ ɫɩɢɪɬɨɜɭɸ ɫɦɟɫɶ (WC, WC–TiC, 

TiCN, ɧɚɧɨɤɟɪɚɦɢɤɚ) ɞɨɲɢɯɬɨɜɵɜɚɸɬ ɩɨɪɨɲɤɨɦ ɤɨ-
ɛɚɥɶɬɚ (ɧɢɤɟɥɶ–ɦɨɥɢɛɞɟɧ) ɜ ɧɭɠɧɨɣ ɩɪɨɩɨɪɰɢɢ ɢ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜɚɸɬ, ɡɚɬɟɦ ɩɨɞɜɟɪɝɚɸɬ ɫɭɲɤɟ 
ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɝɪɚɧɭɥɹɰɢɟɣ. ɉɪɟɞɥɨɠɟɧɧɨɟ ɬɟɯɧɢɱɟ-
ɫɤɨɟ ɪɟɲɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɭɩɪɨɫɬɢɬɶ ɬɪɚɞɢɰɢɨɧɧɭɸ, 

ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɭɸ ɬɟɯɧɨɥɨɝɢɸ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ ɬɜɟɪɞɵɯ ɫɩɥɚɜɨɜ ɡɚ ɫɱɟɬ ɫɨɜɦɟɳɟɧɢɹ ɨɩɟɪɚ-
ɰɢɣ ɫɦɟɲɢɜɚɧɢɹ – ɪɚɡɦɨɥɚ ɢ ɩɥɚɫɬɢɮɢɰɢɪɨɜɚɧɢɹ. ɇɨ 
ɫɚɦɨɟ ɝɥɚɜɧɨɟ, ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɨɞɧɨɪɨɞɧɨɫɬɶ ɪɚɫɩɪɟ-
ɞɟɥɟɧɢɹ ɦɨɞɢɮɢɰɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ ɧɚɧɨɱɚɫɬɢɰ ɨɤɫɢ-

ɞɨɜ ɩɨ ɫɬɪɭɤɬɭɪɟ ɬɜɟɪɞɨɫɩɥɚɜɧɨɝɨ ɤɨɦɩɨɡɢɬɚ ɜ ɜɢɞɟ 
ɨɞɧɨɪɨɞɧɨɝɨ ɩɥɚɤɢɪɭɸɳɟɝɨ ɫɥɨɹ ɧɚ ɱɚɫɬɢɰɚɯ ɤɚɪɛɢɞɚ 
(ɪɢɫ. 6, ɚ). ɉɪɢ ɫɩɟɤɚɧɢɢ ɧɚɧɨɱɚɫɬɢɰɵ ɨɤɫɢɞɚ ɚɥɸɦɢ-

ɧɢɹ, ɪɚɫɬɜɨɪɹɹɫɶ ɜ ɦɟɬɚɥɥɟ-ɫɜɹɡɤɟ, ɨɛɪɚɡɭɸɬ ɬɨɧɤɢɣ 

ɦɟɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɢɣ ɫɥɨɣ, ɪɚɡɞɟɥɹɸɳɢɣ ɡɟɪɧɚ ɤɚɪ-
ɛɢɞɚ (ɪɢɫ. 6, ɛ).  
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ɚ ɛ 

 
Ɋɢɫ. 6. ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɬɜɟɪɞɵɯ ɫɩɥɚɜɨɜ TiCN – 

(Ni, Mo), ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɧɚɧɨɱɚɫɬɢɰɚɦɢ: ɚ – ɯɚɪɚɤɬɟɪ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɥɨɦɚ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɮɚɡɨ- 
ɜɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɤɨɦɩɨɡɢɬɚ; ɛ – ɩɨɜɟɪɯɧɨɫɬɶ ɲɥɢɮɚ  

 

 

   

ɚ ɛ 

ɜ 
 

Ɋɢɫ. 7. ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ ɬɜɟɪɞɨɝɨ ɫɩɥɚɜɚ (ɚ, ɛ) ɢ EDS-ɤɚɪɬɚ 
ɥɨɤɚɥɶɧɨɝɨ ɡɚɥɟɝɚɧɢɹ ɥɟɝɢɪɭɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜёɪɞɨɫɩɥɚɜɧɨɝɨ ɤɨɦɩɨɡɢɬɚ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ  
 

ɧɚ ɨɫɧɨɜɟ ɦɢɤɪɨɧɧɨɝɨ ɩɨɪɨɲɤɚ ɫ ɞɨɛɚɜɤɚɦɢ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ (ɜ) 



 

 
 

ȼɟɫɬɧɢɤ ɋɢɛȽАɍ. 2014.  № 4(56) 
 

 216

Ɍɚɛɥɢɰɚ 2 

ɋɪɚɜɧɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɜɟɪɞɨɫɩɥɚɜɧɵɯ ɤɨɦɩɨɡɢɬɨɜ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɤɟɪɚɦɢɤɢ 
 

Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ  

ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɨɛɪɚɡɰɨɜ 
Ɉɛɪɚɡɰɵ ɬɜɟɪɞɵɯ ɫɩɥɚɜɨɜ 

Ɍɜɟɪɞɨɫɬɶ 
HV, Ƚɉɚ 

ɉɪɟɞɟɥ 
ɩɪɨɱɧɨɫɬɢ 

ɩɪɢ ɢɡɝɢɛɟ σ, 

Ƚɉɚ 

Ɍɪɟɳɢɧɨ- 
ɫɬɨɣɤɨɫɬɶ КIɫ, 

Ɇɉɚ ⋅ ɦ1/2 

Ɋɚɡɦɟɪ ɡɟɪɧɚ 
dɫɪ, ɦɤɦ 

ȼɄ15 12,7 2,10 15,0 2,51 

ȼɄ15 + Al2O3 12,7 2,54 21,6 2,33 

BK10KC 15,1 2,10 14,0 4,03 

 

 

Ɇɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ 

BK10KC + Al2O3 15,1 2,68 19,3 3,87 

ȼɄ6* 19,5 ± 0,6 2,03 ± 0,1 9,1 ± 0,6 0,2 

ȼɄ6 + 2% ZrO2* 20,4 ± 0,6 2,17 ± 0,1 9,3 ± 0,7 0,12 

 

Ʉɜɚɡɢɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ 
 ȼɄ6 + 4% ZrO2* 22,0 ± 0,6 2,09 ± 0,1 9,7 0,022 

 

* Ɋɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ ɜ ɐɟɧɬɪɟ ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ ɇɚɰɢɨɧɚɥɶɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ Ɍɨɦɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢ-

ɜɟɪɫɢɬɟɬɚ (Ɍɉɍ). 

 

ɂɡɭɱɟɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɬɜɟɪɞɨɝɨ 
ɫɩɥɚɜɚ ɦɟɬɨɞɚɦɢ ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨ-
ɩɢɢ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɷɥɟɦɟɧɬɧɨɝɨ 
ɚɧɚɥɢɡɚ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɵɫɨɤɨɣ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ 

ɨɞɧɨɪɨɞɧɨɫɬɢ ɜɡɚɢɦɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ 
ɤɨɦɩɨɡɢɬɚ (ɡɟɪɟɧ ɤɚɪɛɢɞɨɜ ɜɨɥɶɮɪɚɦɚ, ɩɪɨɫɥɨɣɤɢ 

ɦɟɬɚɥɥɚ-ɫɜɹɡɤɢ ɢ ɦɨɞɢɮɢɰɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ ɧɚɧɨɱɚ-
ɫɬɢɰ) ɩɨ ɨɛɴɟɦɭ (ɪɢɫ. 7). 

Ʌɟɝɢɪɭɸɳɢɟ ɧɚɧɨɞɨɛɚɜɤɢ ɨɤɚɡɵɜɚɸɬ ɧɟ ɬɨɥɶɤɨ 
ɢɧɝɢɛɢɪɭɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ, ɧɨ ɢɡɦɟɧɹɸɬ ɬɚɤɠɟ ɩɚ-
ɪɚɦɟɬɪɵ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ (ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɤɚɪɛɢɞɧɨ-
ɝɨ ɡɟɪɧɚ, ɫɪɟɞɧɹɹ ɬɨɥɳɢɧɚ ɩɪɨɫɥɨɣɤɢ ɫɜɹɡɭɸɳɟɝɨ, 
ɫɦɟɠɧɨɫɬɶ ɤɚɪɛɢɞɧɵɯ ɡɟɪɟɧ, ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɤɚɪɛɢɞ-

ɧɵɯ ɝɪɚɧɢɰ ɢ ɞɪ.), ɞɢɫɩɟɪɫɧɨ ɭɩɪɨɱɧɹɸɬ ɫɨɛɫɬɜɟɧɧɨ 
ɩɪɨɫɥɨɣɤɭ ɫɜɹɡɭɸɳɟɝɨ ɢ ɩɨɜɵɲɚɸɬ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɬɜɟɪɞɨ-
ɫɩɥɚɜɧɨɝɨ ɤɨɦɩɨɡɢɬɚ ɜ ɰɟɥɨɦ [3]. Ɋɟɡɭɥɶɬɚɬɵ ɫɨɜɦɟ-
ɫɬɧɵɯ ɪɚɛɨɬ ɫ ɇɚɰɢɨɧɚɥɶɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦ Ɍɨɦ-

ɫɤɢɦ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɦ ɭɧɢɜɟɪɫɢɬɟɬɨɦ [11; 12] ɫɜɢɞɟ-
ɬɟɥɶɫɬɜɭɸɬ ɨ ɩɨɥɨɠɢɬɟɥɶɧɨɦ ɜɥɢɹɧɢɢ ɞɨɛɚɜɨɤ ɧɚɧɨ-
ɱɚɫɬɢɰ ɧɚ ɫɜɨɣɫɬɜɚ ɫɬɚɧɞɚɪɬɧɵɯ ɬɜɟɪɞɵɯ ɫɩɥɚɜɨɜ, ɱɬɨ 
ɨɛɴɹɫɧɹɟɬɫɹ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɢɡɦɟɧɟɧɢɟɦ ɢɯ ɫɬɪɭɤɬɭɪ-
ɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɯ 
ɮɪɚɝɦɟɧɬɨɜ ɜ ɨɛɴɟɦɟ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɤɨɛɚɥɶɬɨɜɨɣ 

ɩɪɨɫɥɨɣɤɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɧɢɠɟɧɢɟ ɞɨ ɫɭɛɦɢɤɪɨɧɧɵɯ 
ɪɚɡɦɟɪɨɜ ɟɟ ɬɨɥɳɢɧɵ ɦɟɠɞɭ ɤɚɪɛɢɞɧɵɦɢ ɡɟɪɧɚɦɢ; 

ɪɟɚɥɢɡɭɟɬɫɹ ɢɡɜɟɫɬɧɵɣ ɜ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɢ ɷɮɮɟɤɬ 
ɞɢɫɩɟɪɫɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ (ɪɢɫ. 8, ɬɚɛɥ. 2) ɢ ɩɨɜɵɲɟ-
ɧɢɹ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ (ɪɢɫ. 9). 

ɑɪɟɡɜɵɱɚɣɧɨ ɜɚɠɧɵɦ ɮɚɤɬɨɦ, ɤɨɬɨɪɵɣ ɛɵɥ ɨɛɧɚ-
ɪɭɠɟɧ ɢ ɩɨɜɬɨɪɹɥɫɹ ɩɪɢ ɢɡɭɱɟɧɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ 

ɬɜɟɪɞɨɫɩɥɚɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɧɚ-
ɧɨɱɚɫɬɢɰɚɦɢ ɜ ɭɫɥɨɜɢɹɯ ɐɁɅ ɍɇɌɐ Ʉɢɪɨɜɝɪɚɞɫɤɨɝɨ 
ɡɚɜɨɞɚ ɬɜɟɪɞɵɯ ɫɩɥɚɜɨɜ ɢ Ɍɉɍ, ɹɜɥɹɟɬɫɹ ɫɬɚɛɢɥɶɧɨɟ 
ɫɧɢɠɟɧɢɟ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɤɚɪɛɢɞɧɵɯ ɡɟɪɟɧ ɨɫɧɨɜ-
ɧɨɣ ɮɚɡɵ WC, TiC (ɪɢɫ. 8), ɬɚɤɠɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ  

ɜ ɪɚɛɨɬɚɯ [12; 13].  

Ɋɟɡɭɥɶɬɚɬɵ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ ɤɨɧɫɨɥɢɞɢ-

ɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɡɝɨɬɨɜɥɟɧɧɵɣ ɦɟ-
ɬɨɞɨɦ SPS ɬɜёɪɞɨɫɩɥɚɜɧɵɣ ɤɨɦɩɨɡɢɬ, ɥɟɝɢɪɨɜɚɧɧɵɣ 

ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɜ ɤɨɥɢɱɟɫɬɜɟ 1 %, 

ɢɦɟɟɬ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɤɪɢɫɬɚɥɥɢɬɨɜ (ɈɄɊ) ɤɚɪɛɢɞɚ 
ɜɨɥɶɮɪɚɦɚ 244 ɧɦ. ɉɨɜɵɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɥɟɝɢɪɭɸɳɟɣ 

ɞɨɛɚɜɤɢ ɞɨ 3 % ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɨɝɪɚɧɢɱɟ-
ɧɢɸ ɩɪɨɰɟɫɫɨɜ ɪɨɫɬɚ ɪɚɡɦɟɪɨɜ ɡɟɪɧɚ: ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ 
ɈɄɊ ɞɥɹ ɷɬɢɯ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɢɥ ɜɟɥɢɱɢɧɭ ɜ ɞɢɚɩɚɡɨ-
ɧɟ ɨɬ 151 ɞɨ 163 ɧɦ. ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɈɄɊ ɤɨɛɚɥɶɬɨ-
ɜɨɣ ɦɚɬɪɢɰɵ ɩɨ ɞɚɧɧɵɦ ɊɎȺ ɧɟ ɩɪɟɜɵɲɚɟɬ 22 ɧɦ. 

 

 
 

Ɋɢɫ. 8. ɂɡɦɟɧɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɧɚ ɢɡɝɢɛ (σɢ) ɢ ɪɚɡ-
ɦɟɪɚ ɤɚɪɛɢɞɧɨɝɨ ɡɟɪɧɚ (d) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧ-

ɰɟɧɬɪɚɰɢɢ ɧɚɧɨɞɨɛɚɜɨɤ (ɋ): 1 – ȼɄ6–ɧɚɧɨAl2O3;  

2 – ȼɄ15–ɧɚɧɨAl2O3; 3 – ɢɡɦɟɧɟɧɢɟ ɪɚɡɦɟɪɚ ɡɟɪɧɚ  
 

WC ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ Ⱥl2O3 – ɧɚɧɨ 
 

 
 

Ɋɢɫ. 9. Ɋɟɥɚɤɫɚɰɢɹ ɧɚɩɪɹɠɟɧɢɣ ɜɨ ɮɪɨɧɬɟ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɢɹ ɬɪɟɳɢɧɵ (ɨɬ ɭɝɥɚ ɨɬɩɟɱɚɬɤɚ ɩɢɪɚɦɢɞɤɢ  
 

ȼɢɤɤɟɪɫɚ) WC–Co–ɧɚɧɨAl2O3 
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Ɂɚɤɥɸɱɟɧɢɟ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɤɨɦɩɥɟɤɫ-
ɧɵɯ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ, 
ɱɬɨ ɩɪɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɢ ɬɜɟɪɞɨɫɩɥɚɜɧɵɯ ɤɨɦɩɨɡɢ-

ɬɨɜ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɪɟɚɥɢɡɭɟɬɫɹ ɢɡɜɟɫɬɧɵɣ ɜ ɦɚɬɟɪɢɚ-
ɥɨɜɟɞɟɧɢɢ ɩɪɢɧɰɢɩ «ɫɨɫɬɚɜ–ɫɬɪɭɤɬɭɪɚ–ɫɜɨɣɫɬɜɚ». 

ɉɪɢɦɟɧɟɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɫɨɫɬɚɜɨɜ ɧɚɧɨɫɬɪɭɤɬɭɪɢ-

ɪɨɜɚɧɧɵɯ ɬɜɟɪɞɨɫɩɥɚɜɧɵɯ ɤɨɦɩɨɡɢɬɨɜ, ɭɫɨɜɟɪɲɟɧɫɬ-
ɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɹ ɡɚ ɫɱɟɬ ɩɪɟɞɜɚ-
ɪɢɬɟɥɶɧɨɝɨ ɩɥɚɤɢɪɨɜɚɧɢɹ ɫɥɨɟɦ ɧɚɧɨɨɤɫɢɞɨɜ ɢ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɨɣ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɨɛɟɫɩɟ-
ɱɢɜɚɸɬ ɜ ɢɬɨɝɟ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɮɚɡ (ɡɟɪɟɧ 

ɤɚɪɛɢɞɨɜ ɜɨɥɶɮɪɚɦɚ, ɬɢɬɚɧɚ, ɤɚɪɛɨɧɢɬɪɢɞɚ, ɩɪɨɫɥɨɣ-

ɤɢ ɦɟɬɚɥɥɚ-ɫɜɹɡɤɢ ɢ ɦɨɞɢɮɢɰɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ ɧɚɧɨ-
ɱɚɫɬɢɰ) ɩɨ ɨɛɴɟɦɭ ɬɜɟɪɞɨɫɩɥɚɜɧɨɝɨ ɤɨɦɩɨɡɢɬɚ, ɫɧɢ-

ɠɟɧɢɟ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɤɚɪɛɢɞɧɨɝɨ ɡɟɪɧɚ ɢ ɬɨɥɳɢɧɵ 

ɤɨɛɚɥɶɬɨɜɨɣ ɩɪɨɫɥɨɣɤɢ ɢ, ɤɚɤ ɪɟɡɭɥɶɬɚɬ, ɞɢɫɩɟɪɫɧɨɟ 
ɭɩɪɨɱɧɟɧɢɟ ɫɜɹɡɭɸɳɟɝɨ ɢ ɬɜɟɪɞɨɫɩɥɚɜɧɨɝɨ ɤɨɦɩɨɡɢɬɚ 
ɜ ɰɟɥɨɦ. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɧɵɯ (ɩɨ 
ɦɨɞɟɥɢ) ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ (ɦɟɬɨɞɚ-
ɦɢ ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɜ ɫɨɱɟɬɚɧɢɢ  

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ) ɩɨɤɚɡɵɜɚ-
ɸɬ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ ɫɨɜɩɚɞɟɧɢɟ ɩɪɨɝɧɨɡɢɪɭɟɦɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɫ 
ɞɨɫɬɢɝɧɭɬɵɦɢ. 

 

Ȼɥɚɝɨɞɚɪɧɨɫɬɢ. Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨ-
ɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ (ɝɪɚɧɬ № 14-08-00508). 
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