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ɞɚɥɶɧɟɣɲɢɦ ɪɚɡɪɭɲɟɧɢɟɦ ɩɨ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ. Ɋɚɡɪɭɲɟɧɢɟ ɩɪɨɢɡɨɲɥɨ ɧɟɫɤɨɥɶɤɨ ɜɵɲɟ ɝɪɚɧɢɰɵ ɪɚɡ-
ɞɟɥɚ, ɡɚ ɫɱɟɬ ɱɟɝɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ ɫɨɯɪɚɧɢɥɫɹ ɬɨɧɤɢɣ ɫɥɨɣ ɧɚɩɵɥɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɫɨɢɡ-
ɦɟɪɢɦɵɣ ɫ ɜɵɫɨɬɨɣ  ɞɜɭɯ- ɬɪɟɯ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɱɚɫɬɢɰ.  

Ɂɨɧɵ ɩɪɨɱɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɨɤɪɵɬɢɹ ɢ ɨɫɧɨɜɵ ɫ ɍɎɈ ɫɨɫɬɚɜɥɹɸɬ ɛɨɥɶɲɭɸ ɱɚɫɬɶ 
ɝɪɚɧɢɰɵ, ɱɬɨ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɫɜɹɡɚɧɨ ɫ ɢɧɬɟɧɫɢɮɢɤɚɰɢɟɣ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚɩɵɥɹɟɦɵɯ 
ɱɚɫɬɢɰ ɢ ɦɚɬɟɪɢɚɥɚ ɩɨɞɥɨɠɤɢ ɡɚ ɫɱɟɬ ɜɵɯɨɞɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɞɥɨɠɤɢ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɞɟɮɟɤ-
ɬɨɜ. ɇɟ ɦɟɧɟɟ ɜɚɠɧɵɦ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɱɚɝɨɜ ɫɯɜɚɬɵɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɜɟɪɲɢɧ ɲɟɪɨɯɨɜɚɬɨ-
ɫɬɢ ɧɚ ɨɛɪɚɛɨɬɚɧɧɨɣ ɭɥɶɬɪɚɡɜɭɤɨɜɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɧɨɜɵ. ȼɵɫɬɭɩɵ ɲɟɪɨɯɨɜɚɬɨɫɬɢ 

ɩɪɢ ɨɫɚɠɞɟɧɢɢ ɪɚɫɩɥɚɜɥɟɧɧɵɯ ɱɚɫɬɢɰ ɧɚɝɪɟɜɚɸɬɫɹ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɢ ɮɚɤɬɢɱɟɫɤɢ ɫɜɚɪɢɜɚɸɬɫɹ ɫ 
ɤɪɢɫɬɚɥɥɢɡɭɸɳɢɦɢɫɹ ɱɚɫɬɢɰɚɦɢ, ɮɨɪɦɢɪɭɹ ɨɱɚɝɢ ɫɯɜɚɬɵɜɚɧɢɹ. ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɮɨɬɨɝɪɚɮɢɹ ɩɨɞ-

ɥɨɠɤɢ ɜ ɨɛɥɚɫɬɢ ɨɬɪɵɜɚ ɩɨɤɪɵɬɢɹ ɩɨ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ (ɪɢɫ. 3ɛ).  Ʉɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ ɜɵɲɟ, ɩɨɪɹɞɨɤ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɱɚɝɨɜ ɫɯɜɚɬɵɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɩɨɥɨɠɟɧɢɸ ɜɵɫɬɭɩɨɜ ɲɟɪɨɯɨɜɚɬɨɫɬɢ.  

ɇɚ ɜɨɡɪɚɫɬɚɧɢɟ ɚɞɝɟɡɢɨɧɧɨɣ ɩɪɨɱɧɨɫɬɢ, ɜ ɫɥɭɱɚɟ ɩɨɞɝɨɬɨɜɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɍɎɈ, ɧɚɪɹɞɭ ɫ ɭɜɟɥɢ-

ɱɟɧɢɟɦ ɩɥɨɳɚɞɢ ɨɱɚɝɨɜ ɫɯɜɚɬɵɜɚɧɢɹ ɜɥɢɹɟɬ ɢ ɧɚɥɢɱɢɟ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨɞɥɨɠɤɢ. ɉɪɟɞɜɚɪɢ-

ɬɟɥɶɧɨɟ ɫɨɡɞɚɧɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɠɢɦɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɫɩɨɫɨɛɫɬɜɭɟɬ ɷɮɮɟɤɬɢɜɧɨɣ ɤɨɦɩɟɧɫɚɰɢɢ 

ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɩɨɤɪɵɬɢɹ. ɗɬɢɦ ɢ ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧɨ ɬɨ, ɱɬɨ ɧɚ ɛɨɥɶɲɟɣ ɩɥɨɳɚɞɢ ɨɛ-
ɪɚɡɰɚ ɪɚɡɪɭɲɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɧɟ ɩɨ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɩɨɤɪɵɬɢɟ – ɨɫɧɨɜɚ, ɚ ɧɟɫɤɨɥɶɤɨ ɜɵɲɟ.  

ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɠɧɨ ɤɨɧɫɬɚɬɢɪɨɜɚɬɶ, ɭɥɶɬɪɚɡɜɭɤɨɜɚɹ ɮɢ-

ɧɢɲɧɚɹ ɨɛɪɚɛɨɬɤɚ ɩɨɜɟɪɯɧɨɫɬɢ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɮɨɪɦɢɪɨɜɚɬɶ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɩɥɚɡɦɟɧɧɨɟ ɩɨ-
ɤɪɵɬɢɟ-ɨɫɧɨɜɚ ɚɞɝɟɡɢɨɧɧɭɸ ɫɜɹɡɶ ɢ ɞɨɫɬɢɝɚɬɶ ɭɪɨɜɧɹ ɩɪɨɱɧɨɫɬɢ ɫɰɟɩɥɟɧɢɹ, ɞɨɫɬɚɬɨɱɧɭɸ ɞɥɹ ɪɟɲɟ-
ɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ. 
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Titanium-based cathodes, which nowadays are used for obtaining coatings made with vacuum-arc 

and magnetron methods, have a complex elemental composition. According to recent studies, complication 

of the cathode  composition is necessary because multicomponent nitride coatings based on titanium with 
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This correlation dependency corresponds to Ivensen V.A. [5] kinetic equation (2) ࢂ ൌ ࣎ሺࢂ  ሻିȀǡ     (2) 

 

V – volume of pores after time Ĳ; V0 – initial volume of pores; q and m – kinetic parameters (q – constant 

characterizing the relative speed of pores volume shrinkage at the beginning of isothermal exposure; m – con-

stant characterizing relative speed of imperfection reduction and shrinkage of pores volume during a time). 

According to X-ray diffraction analysis all sintered samples have only two phases: Į-Ti and TiC (Fig. 

3). Lattice parameters of titanium equal the tabulated values for Į-Ti. Calculated lattice parameter of tita-

nium carbide in samples after long sintering (240 min) equals 0,4301 nm. This figure is considerably less 

than lattice parameter of stoichiometric TiC (0,4326 nm). Obtained lattice parameter corresponds to non-

stoichiometric TiC with formula TiC0,5 according to work [6]. Thereby stoichiometric titanium carbide be-

comes a non-stoichiometric one after long high-temperature sintering due to rearrangement of titanium and 

carbon between the phases. According to G. Samsonov, this process translates the system in more stable 

thermodynamically state [7]. 

 

 
Fig. 3. X-ray picture of sintered Ti+TiC material 

 

Representative microstructures of sintered composites are shown on Fig. 4. On these microsections 

we can see light grains of carbide against dark background. These are TiC grains on titanium matrix. In 

composites made of TPP-8 we can see lamellar structure of titanium matrix (Fig. 4 c,d) which is very com-

mon for different titanium alloys. 

Average grain sizes were measured with random secants method (Tab. 1). It was shown that the grain 

size increases two times after changing the duration of sintering from 30 to 240 minutes, and does not 

changes considerably after increasing of carbon containment from 10 to 20 at.%. Analyzing these results we 

can say that the reason of grain size increasing lies not in the process of coalescence of interconnecting par-

ticles, but in the processes of dissolution and precipitation. 

 

 
ɚ) 

 
b) 

 
c) 

 
d) 

Fig. 4. Microstructure of sintered (1300°C, 240 min) composites Ti + TiC with different carbon 

concentration and titanium powder dispersity: ɚ) 10% ɋ, TPS; b) 20% ɋ, TPS; c) 10%, ɌPP-8;  

d) 20%, ɌPP-8 
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Table 1 

Average size of titanium carbide size in samples TPS+TiC with different carbon containment  

and sintering duration 

C containment, 

at.% 

Volume containment TiC,vol.% Sintering duration, 

min 

Average grain size, 

µm 

10 12,5 30 7,4±3,0 

10 12,5 240 12,4±4,5 

20 27,7 30 6,2±2,5 

20 27,7 240 11,7±4,9 

 

References. 

1. Ʉorotaev A.D., Borisov D.P., Moshkov V.V., Ovchinnikov S.V., Tyumentsev A.N., Pribytkov G.A. Pe-

culiarities of structural phase and elastic stress states of superhard tin-based nanocomposite coatings. 

Physical Mesomechanics. 2013, Vol. 16, No. 1, pp.73-83.  

2. Shtansky D.V., Kiryukhantsev-Korneev Ph.V., Bashkova I.A., Sheveiko A.N., Levashov E.A. Multi-

component nanostructured films for various tribological applications. Int. J. Ref. Met. Hard Mater. 28 

(2010) 32-39.   

3. G.A. Pribytkov, M.I. Vagner, V.V. Korjova, E.N. Korosteljova, A.V. Gurskih, I.A. Firsina. Sintering of 

podwer compositions titanium - silicon and titanium - titanium silicide. Powder metallurgy, 2013, ʋ 11-

12, p. 3-12. 

4. Properties, obtaining and usage of refractory compounds. T.Ya. Kosolapova. Moskva: Metallurgy, 1986 

5. Ivensen V.A. Phenomenology of sintering and some theoretical questions. Moskva: Engineering, 1985 

6. Modern instrumental materials based on refractory compounds. VINITS. Moskva: Metallurgy, 1985. 

7. Samsonov G.V., Upadhaja G.Sh. Neshpor V.S. Physical methods in material science of carbides. Kiev, 

Naukiva dumka, 1974 

 

 

と ゑだぢづだでば だゐ だぢづぎがぎずぎぞごご ぜんとでごぜんずぽぞだゎだ ぜだぜぎぞどん ばでどづだざでどゑん 

ゐずだとごづだゑとご ぢづぎがだびづんぞごどぎずぽぞだざ ゎごがづだがごぞんぜごぶぎでとだざ ぜばぱどぼ 
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Ƚɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɦɭɮɬɵ (ɝɢɞɪɨɦɭɮɬɵ) ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɩɪɢɜɨɞɚɯ ɪɚɡɥɢɱɧɵɯ ɦɚɲɢɧ. 

ɇɚɢɛɨɥɟɟ ɜɨɫɬɪɟɛɨɜɚɧɵ ɷɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɝɨɪɧɨɞɨɛɵɜɚɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ⱦɚɠɟ ɫɨɜɪɟɦɟɧɧɵɟ 
ɨɩɵɬɧɵɟ ɪɚɡɪɚɛɨɬɤɢ, ɬɚɤɢɟ ɤɚɤ ɝɟɨɯɨɞ [1], ɧɟɜɨɡɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɛɟɡ ɝɢɞɪɨɦɭɮɬ. ɉɪɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɢ ɩɪɢɜɨɞ ɩɪɢɨɛɪɟɬɚɟɬ ɰɟɥɵɣ ɪɹɞ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ, ɢɡ ɤɨɬɨɪɵɯ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɦɢ ɹɜɥɹɸɬɫɹ: 

 ɩɥɚɜɧɵɣ ɪɚɡɝɨɧ ɦɚɲɢɧ ɞɨ ɪɚɛɨɱɟɣ ɫɤɨɪɨɫɬɢ; 

 ɩɪɟɞɨɯɪɚɧɟɧɢɟ ɩɪɢɜɨɞɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɬɪɚɧɫɦɢɫɫɢɢ ɨɬ ɧɟɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟ-
ɝɪɭɡɨɤ ɩɪɢ ɪɟɡɤɨɦ ɬɨɪɦɨɠɟɧɢɢ ɢ ɩɭɫɤɟ; 

 ɫɬɚɛɢɥɶɧɨɫɬɶ ɢ ɚɜɬɨɦɚɬɢɱɧɨɫɬɶ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢ ɡɚɞɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɩɪɟɞɟɥɶɧɨɝɨ ɦɨɦɟɧɬɚ 
ɢ ɫɚɦɨɜɨɫɫɬɚɧɚɜɥɢɜɚɟɦɨɫɬɶ ɪɚɛɨɱɟɝɨ ɪɟɠɢɦɚ ɩɪɢ ɭɫɬɪɚɧɟɧɢɢ ɩɟɪɟɝɪɭɡɤɢ [2, 3]. 

ɋɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɝɢɞɪɨɦɭɮɬ ɹɜɥɹɟɬɫɹ ɩɨɬɟɪɹ ɷɧɟɪɝɢɢ ɧɚ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ 
ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɫɤɨɥɶɠɟɧɢɹ S, ɬ.ɟ. ɨɬɫɬɚɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɧɨɝɨ ɤɨɥɟɫɚ n2 ɨɬ ɱɚɫɬɨɬɵ ɧɚ-
ɫɨɫɧɨɝɨ n1. ɗɬɚ ɜɟɥɢɱɢɧɚ ɩɨɤɚɡɵɜɚɟɬ ɞɨɥɸ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ, ɢɞɭɳɢɯ ɧɚ ɧɚɝɪɟɜ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɢ 

ɞɟɬɚɥɟɣ ɝɢɞɪɨɦɭɮɬɵ. ɇɚɥɢɱɢɟ ɫɤɨɥɶɠɟɧɢɹ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɰɢɪɤɭɥɹɰɢɹ ɠɢɞɤɨɫɬɢ, ɨɛɟɫɩɟɱɢ-

ɜɚɸɳɚɹ ɩɟɪɟɞɚɱɭ ɷɧɟɪɝɢɢ ɨɬ ɧɚɫɨɫɧɨɝɨ ɤɨɥɟɫɚ ɤ ɬɭɪɛɢɧɧɨɦɭ, ɩɪɟɤɪɚɳɚɟɬɫɹ ɪɚɧɶɲɟ, ɱɟɦ ɫɪɚɜɧɹɸɬɫɹ 
ɭɝɥɨɜɵɟ ɫɤɨɪɨɫɬɢ ɧɚɫɨɫɧɨɝɨ ɢ ɬɭɪɛɢɧɧɨɝɨ ɤɨɥɟɫɚ. 

ɇɚɡɜɚɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ ɦɨɠɧɨ ɭɫɬɪɚɧɢɬɶ, ɩɪɢɦɟɧɢɜ ɭɫɬɪɨɣɫɬɜɨ ɛɥɨɤɢɪɨɜɤɢ (ɍȻ), ɡɚɦɵɤɚɸɳɟɟ 
ɜɟɞɭɳɢɣ ɢ ɜɟɞɨɦɵɣ ɜɚɥɵ ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɥɟɞɧɢɦ ɨɩɪɟɞɟɥɟɧɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ [4]. 

Ɉɫɧɨɜɧɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ ɛɨɥɶɲɢɧɫɬɜɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɍȻ ɦɨɠɧɨ ɫɱɢɬɚɬɶ: 
 ɫɥɨɠɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ; 


