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ɎȺɁɈȼɂɃ ɋɄɅȺȾ І ȼɅȺɋɌɂȼɈɋɌІ ɆȾɈ-ɉɈɄɊɂɌɌІȼ ɇȺ ɌɂɌȺɇɈȼɂɏ 

ɋɉɅȺȼȺɏ 

 

ɋɭɛɛɨɬɿɧɚ ȼ. ȼ., ɋɨɛɨɥɶ Ɉ. ȼ.  

 ɇɚɰɿɨɧɚɥɶɧɢɣ ɬɟɯɧɿɱɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ «ɏɚɪɤɿɜɫɶɤɢɣ ɩɨɥɿɬɟɯɧɿɱɧɢɣ ɿɧɫɬɢɬɭɬ» 

 
Аɧɨɬаɰіɹ. ɍ ɪɨɛɨɬɿ ɞɨɫɥɿɞɠɟɧɨ ɫɬɪɭɤɬɭɪɭ ɬɚ ɜɥɚɫɬɢɜɨɫɬɿ ɩɨɤɪɢɬɬɿɜ ɧɚ ɬɢɬɚɧɨɜɢɯ ɫɩɥɚɜɚɯ 
ɉɌ-3В ɿ ВɌ3-1, ɫɮɨɪɦɨɜɚɧɢɯ ɜ ɟɥɟɤɬɪɨɥɿɬɚɯ ɪɿɡɧɢɯ ɬɢɩɿɜ (ɡ ɞɨɞɚɜɚɧɧɹɦ  КɈɇ,  NaAlO2, NaɈɇ,  
(NaPO3)6, Na2SiO3)  ɜ ɚɧɨɞɧɨ-ɤɚɬɨɞɧɨɦɭ ɪɟɠɢɦɿ ɦɟɬɨɞɨɦ ɦɿɤɪɨɞɭɝɨɜɨɝɨ ɨɤɫɢɞɭɜɚɧɧɹ (ɆДɈ). 

ɉɪɨɞɟɦɨɧɫɬɪɨɜɚɧɨ, ɱɬɨ ɞɨɫɹɝɬɢ ɜɢɫɨɤɨʀ ɬɜɟɪɞɨɫɬɿ 9000-11000 Ɇɉɚ ɦɨɠɥɢɜɨ ɡɚ ɭɦɨɜɢ ɜɢɤɨ-

ɪɢɫɬɚɧɧɹ ɚɥɸɦɿɧɚɬɭ ɧɚɬɪɿɸ (NaAlO2) ɹɤ ɫɤɥɚɞɨɜɨʀ ɟɥɟɤɬɪɨɥɿɬɭ. Ɏɚɡɨɜɢɣ ɫɤɥɚɞ ɬɚɤɨɝɨ ɩɨɤ-
ɪɢɬɬɹ ɦɿɫɬɢɬɶ ɚɧɚɬɚɡ, ɪɭɬɢɥ ɿ ɬɢɬɚɧɚɬ ɚɥɸɦɿɧɿɸ. Вɢɤɨɪɢɫɬɚɧɧɹ ɆДɈ-ɨɛɪɨɛɥɟɧɧɹ ɬɢɬɚɧɨ-

ɜɢɯ ɫɩɥɚɜɿɜ ɞɨɡɜɨɥɹє ɡɦɟɧɲɢɬɢ ɤɨɟɮɿɰɿєɧɬ ɫɭɯɨɝɨ ɬɟɪɬɹ ɜ ɫɢɫɬɟɦɿ «ВɌɁ-1-ɋЧ20»  

ɞɨ 0,1. 

Клɸɱɨві ɫлɨва: ɬɢɬɚɧɨɜɢɣ ɫɩɥɚɜ, ɦɿɤɪɨɞɭɝɨɜɟ ɨɤɫɢɞɭɜɚɧɧɹ (ɆДɈ), ɮɚɡɨɜɢɣ ɫɤɥɚɞ, ɬɨɜɳɢɧɚ 

ɩɨɤɪɢɬɬɹ, ɦɿɤɪɨɬɜɟɪɞɿɫɬɶ, ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ. 
 

ȼɫɬɭɩ 

Ɋɿɡɧɨɦɚɧɿɬɧɿɫɬɶ ɫɮɟɪ ɡɚɫɬɨɫɭɜɚɧɧɹ ɬɢɬɚ-
ɧɨɜɢɯ ɫɩɥɚɜɿɜ ɩɨɹɫɧɸєɬɶɫɹ ɩɨєɞɧɚɧɧɹɦ ɭ ɧɢɯ 

ɬɚɤɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ, ɹɤ ɦɚɥɚ ɳɿɥɶɧɿɫɬɶ, ɜɢɫɨ-

ɤɚ ɩɢɬɨɦɚ ɦɿɰɧɿɫɬɶ ɿ ɤɨɪɨɡɿɣɧɚ ɫɬɿɣɤɿɫɬɶ [1]. 

Ɉɞɧɚɤ ɫɩɥɚɜɢ ɧɚ ɨɫɧɨɜɿ ɬɢɬɚɧɭ ɦɚɸɬɶ ɩɨɝɚɧɿ 
ɚɧɬɢɮɪɢɤɰɿɣɧɿ ɜɥɚɫɬɢɜɨɫɬɿ, ɧɢɡɶɤɭ ɡɧɨɫɨ-

ɫɬɿɣɤɿɫɬɶ ɿ ɫɯɢɥɶɧɿɫɬɶ ɞɨ ɤɨɧɬɚɤɬɧɨɝɨ ɫɯɨɩ-

ɥɸɜɚɧɧɹ ɩɿɞ ɱɚɫ ɬɟɪɬɿ [2, 3]. Ɉɞɧɨɱɚɫɧɨ ɜɿɞ-

ɧɨɫɧɨ ɬɨɧɤɚ ɩɪɢɪɨɞɧɚ ɨɤɢɫɧɚ ɩɥɿɜɤɚ ɧɚ 
ɬɢɬɚɧɿ ɥɟɝɤɨ ɪɭɣɧɭєɬɶɫɹ ɩɿɞ ɱɚɫ ɬɟɪɬɹ. Ʉɨɟ-
ɮɿɰɿєɧɬ ɫɭɯɨɝɨ ɬɟɪɬɹ ɞɥɹ ɩɚɪɢ ɬɢɬɚɧ-ɬɢɬɚɧ 

ɞɨɪɿɜɧɸє 0,6 ɿ ɛɥɢɡɶɤɢɦ ɩɿɞ ɱɚɫ ɜɢɩɪɨɛɭɜɚɧ-

ɧɹ ɜ ɦɚɫɥɿ ɿ ɜɨɞɿ [4]. ɐɿ ɨɫɨɛɥɢɜɨɫɬɿ ɫɩɥɚɜɿɜ 

ɧɚ ɨɫɧɨɜɿ ɬɢɬɚɧɭ ɪɨɛɥɹɬɶ ɧɟɦɨɠɥɢɜɢɦ ʀɯ 

ɡɚɫɬɨɫɨɜɚɧɧɹ ɜ ɜɭɡɥɚɯ ɬɟɪɬɹ ɦɚɲɢɧɨɛɭɞɿɜɧɢɯ 

ɤɨɧɫɬɪɭɤɰɿɣ ɛɟɡ ɫɩɟɰɿɚɥɶɧɨɝɨ ɨɛɪɨɛɥɟɧɧɹ 

ɩɨɜɟɪɯɧɿ [1]. 

 

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

ɇɢɧɿ ɜɟɞɟɬɶɫɹ ɚɤɬɢɜɧɟ ɪɨɡɪɨɛɥɟɧɧɹ ɧɨɜɢɯ 

ɬɟɯɧɨɥɨɝɿɣ ɨɛɪɨɛɥɟɧɧɹ ɬɢɬɚɧɨɜɢɯ ɫɩɥɚɜɿɜ. 

ɐɟ ɝɚɡɨɬɟɪɦɿɱɧɟ ɜɚɤɭɭɦɧɟ ɧɚɩɢɥɟɧɧɹ [5], 

ɚɧɨɞɭɜɚɧɧɹ [6], ɬɟɪɦɿɱɧɟ ɣ ɯɿɦɿɱɧɟ ɨɤɫɢɞɭ-

ɜɚɧɧɹ [7], ɝɚɥɶɜɚɧɨɬɟɯɧɨɥɨɝɿɿ [8], ɿɨɧɧɚ ɿɦ-

ɩɥɚɧɬɚɰɿɹ [9], ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɟ ɜɢɩɚɪɨɜɭɜɚɧ-

ɧɹ [10], ɦɿɤɪɨɞɭɝɨɜɟ ɨɤɫɢɞɭɜɚɧɧɹ ɡ ɦɟɬɨɸ 

ɨɬɪɢɦɚɧɧɹ ɡɚɯɢɫɧɢɯ ɩɨɤɪɢɬɬɿɜ ɿ ɦɨɞɢɮɿɤɨɜɚ-
ɧɢɯ ɲɚɪɿɜ [11]. Ɉɞɧɢɦ ɡ ɩɟɪɫɩɟɤɬɢɜɧɢɯ ɦɟ-
ɬɨɞɿɜ ɦɨɞɢɮɿɤɭɜɚɧɧɹ ɩɨɜɟɪɯɧɿ ɬɢɬɚɧɨɜɢɯ 

ɫɩɥɚɜɿɜ є ɦɟɬɨɞ ɦɿɤɪɨɞɭɝɨɜɨɝɨ ɨɤɫɢɞɭɜɚɧɧɹ 

(ɆȾɈ), ɹɤɢɣ ɞɨɡɜɨɥɹє ɩɟɪɟɬɜɨɪɢɬɢ ɩɨɜɟɪɯ-

ɧɟɜɢɣ ɲɚɪ ɬɢɬɚɧɭ ɿ ɣɨɝɨ ɫɩɥɚɜɿɜ ɧɚ ɛɚɝɚɬɨ-

ɮɭɧɤɰɿɨɧɚɥɶɧɿ ɩɨɤɪɢɬɬɹ ɡ ɭɧɿɤɚɥɶɧɢɦ ɩɨєɞ-

ɧɚɧɧɹɦ ɬɚɤɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ, ɹɤ ɜɢɫɨɤɚ 
ɬɜɟɪɞɿɫɬɶ, ɤɨɪɨɡɿɣɧɚ, ɿɡɨɥɹɰɿɣɧɚ ɡɧɨɫɨ- ɬɚ 

ɬɟɩɥɨɫɬɿɣɤɿɫɬɶ [12]. Ɍɟɯɧɨɥɨɝɿɹ ɆȾɈ ɞɨɛɪɟ 
ɜɿɞɩɪɚɰɶɨɜɚɧɚ ɞɥɹ ɚɥɸɦɿɧɿєɜɢɯ ɫɩɥɚɜɿɜ [13, 

14]. ɓɨɞɨ ɬɢɬɚɧɨɜɢɯ ɫɩɥɚɜɿɜ, ɬɨ ɬɟɯɧɨɥɨɝɿɹ 

ɆȾɈ ɞɥɹ ɧɢɯ ɦɿɫɬɢɬɶ ɛɚɝɚɬɨ ɧɟɜɢɡɧɚɱɟɧɨɫ-
ɬɟɣ ɿ ɩɨɬɪɟɛɭє ɩɨɞɚɥɶɲɢɯ ɞɨɫɥɿɞɠɟɧɶ. 

 

Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɿ 
Ɂ ɦɟɬɨɸ ɩɿɞɜɢɳɟɧɧɹ ɦɟɯɚɧɿɱɧɢɯ ɯɚɪɚɤɬɟ-

ɪɢɫɬɢɤ ɬɢɬɚɧɨɜɢɯ ɫɩɥɚɜɿɜ ɧɟɨɛɯɿɞɧɨ ɜɫɬɚɧɨ-

ɜɢɬɢ ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ ɜɩɥɢɜɭ ɪɟɠɢɦɿɜ ɬɚ ɫɤɥɚ-
ɞɭ ɟɥɟɤɬɪɨɥɿɬɭ ɩɿɞ ɱɚɫ ɆȾɈ-ɩɪɨɰɟɫɭ  ɧɚ 
ɮɚɡɨɜɢɣ ɫɤɥɚɞ, ɦɿɤɪɨɬɜɟɪɞɿɫɬɶ ɬɚ ɬɪɢɛɨɥɨɝɿ-
ɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɤɪɢɬɬɿɜ, ɨɬɪɢɦɚɧɢɯ 

ɦɟɬɨɞɨɦ ɦɿɤɪɨɞɭɝɨɜɨɝɨ ɨɤɫɢɞɭɜɚɧɧɹ ɬɢɬɚɧɨ-

ɜɢɯ ɫɩɥɚɜɿɜ ȼɌ-3-1 ɿ ɉɌ-3ȼ. 

Ⱦɥɹ ɞɨɫɹɝɧɟɧɧɹ ɩɨɫɬɚɜɥɟɧɨʀ ɦɟɬɢ ɧɟɨɛ-

ɯɿɞɧɨ ɜɢɪɿɲɢɬɢ ɬɚɤɿ ɡɚɜɞɚɧɧɹ: 

– ɡ’ɹɫɭɜɚɬɢ ɜɩɥɢɜ ɪɟɠɢɦɿɜ ɆȾɈ ɬɚ ɫɤɥɚɞɭ 

ɟɥɟɤɬɪɨɥɿɬɭ ɧɚ ɮɚɡɨɜɢɣ ɫɤɥɚɞ ɩɨɤɪɢɬɬɹ; 

– ɩɿɞɿɛɪɚɬɢ ɟɥɟɤɬɪɨɥɿɬ ɿ ɪɟɠɢɦ ɦɿɤɪɨɞɭɝɨ-

ɜɨɝɨ ɨɤɫɢɞɭɜɚɧɧɹ, ɹɤɿ ɦɚɸɬɶ ɡɚɛɟɡɩɟɱɢɬɢ 

ɧɚɣɛɿɥɶɲɭ ɬɜɟɪɞɿɫɬɶ ɆȾɈ-ɩɨɤɪɢɬɬɿɜ; 

– ɜɢɡɧɚɱɢɬɢ ɜɩɥɢɜ ɆȾɈ-ɨɛɪɨɛɥɟɧɧɹ ɧɚ 
ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɩɨɜɟɪɯɧɿ ɬɢɬɚɧɨɜɢɯ ɫɩɥɚɜɿɜ. 

 

Ɏɚɡɨɜɢɣ ɫɤɥɚɞ ɿ ɜɥɚɫɬɢɜɨɫɬɿ  
ɆȾɈ-ɩɨɤɪɢɬɬɿɜ 

ɏɿɦɿɱɧɢɣ ɫɤɥɚɞ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɫɩɥɚɜɿɜ 

ɧɚɜɟɞɟɧɨ ɜ ɬɚɛɥ. 1.  

ɆȾɈ-ɨɛɪɨɛɥɟɧɧɹ ɫɩɥɚɜɿɜ ɡɞɿɣɫɧɸɜɚɥɨɫɹ ɜ 

ɥɭɠɧɨɦɭ ɟɥɟɤɬɪɨɥɿɬɿ ɡ ɞɨɞɚɜɚɧɧɹɦ ɚɥɸɦɿɧɚ-
ɬɭ ɧɚɬɪɿɸ (NaAlO2), ɝɟɤɫɚɦɟɬɨɮɨɫɮɚɬɭ  

ɧɚɬɪɿɸ (NaPO3)6 ɿ ɪɿɞɤɨɝɨ ɫɤɥɚ (Na2SiO3,  

ρ ≈ 1,4 ɝ/ɫɦ3). 

ɋɤɥɚɞ ɟɥɟɤɬɪɨɥɿɬɿɜ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚ-
ɥɢɫɶ, ɧɚɜɟɞɟɧɨ ɜ ɬɚɛɥ. 2. 



Вісник ХНАДУ, вип. 90, 2020 57

Ɍɚɛɥɢɰɹ 1 – ɏɿɦɿɱɧɢɣ ɫɤɥɚɞ ɫɩɥɚɜɿɜ ȼɌ-3-1 ɿ ɉɌ-3ȼ 

ɋɩɥɚɜ 
Ⱦɨɦɿɲɤɢ (ɦɚɫ., %) 

Ɉɫɧɨɜɚ Al Cr Mo Si Fe V 

ȼɌ3-1 Ti 5.5– 7.0 0.8–2.5 2.0–3.0 0,15–0.4 0.2–0.7 – 

ɉɌ-3ȼ Ti 3.5–5.0 –    1.2–2.5

 

Ɍɚɛɥɢɰɚ 2 – ɋɤɥɚɞ ɟɥɟɤɬɪɨɥɿɬɿɜ 

ɇɨɦɟɪ ɬɢɩɭ 

ɟɥɟɤɬɪɨɥɿɬɭ 

Ʉɨɦɩɨɧɟɧɬɢ ɟɥɟɤɬɪɨɥɿɬɭ, ɝ/ɥ 

ɄɈɇ NaAlO2 NaɈɇ (NaPO3)6 Na2SiO3 

1 1–2 10–14  – – – 

2 3–5  1–3  – – 0,5–3  

3 – 3–6  2,5 1–7  – 

4 – 3 2,5 – – 

5 1–20  – – – 6–20  

 
Ⱦɥɹ ɆȾɈ-ɨɛɪɨɛɥɟɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɨɫɹ 

ɞɠɟɪɟɥɨ ɠɢɜɥɟɧɧɹ ɤɨɧɞɟɧɫɚɬɨɪɧɨɝɨ ɬɢɩɭ, 

ɩɨɬɭɠɧɿɫɬɸ 40 ɤȼɬ. ȼɚɪɿɸɜɚɥɚɫɹ ɳɿɥɶɧɿɫɬɶ 

ɫɬɪɭɦɭ ɜ ɦɟɠɚɯ 20 ... 100 Ⱥ/ɞɦ2, ɬɪɢɜɚɥɿɫɬɶ 
ɨɛɪɨɛɥɟɧɧɹ ɫɬɚɧɨɜɢɥɚ ɜɿɞ 0,5 ɞɨ 2 ɝɨɞɢɧ. 

Ɍɨɜɳɢɧɚ ɩɨɤɪɢɬɬɿɜ ɜɢɦɿɪɸɜɚɥɚɫɹ ɧɚ ɜɿɯ-

ɪɨɜɨɦɭ ɬɨɜɳɢɧɨɦɿɪɿ ȼɌ-10 ɇɐ.      

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɿ ɞɨɫɥɿɞɠɟɧɧɹ (ɹɤɿɫɧɢɣ 

ɿ ɤɿɥɶɤɿɫɧɢɣ ɮɚɡɨɜɢɣ ɚɧɚɥɿɡ) ɡɞɿɣɫɧɸɜɚɥɢ ɧɚ 
ɞɢɮɪɚɤɬɨɦɟɬɪɿ ȾɊɈɇ-3 ɜ ɦɨɧɨɯɪɨɦɚɬɢɡɨɜɚ-
ɧɨɦɭ Ʉα-Cu ɜɢɩɪɨɦɿɧɸɜɚɧɧɿ. 

Ɇɿɤɪɨɬɜɟɪɞɿɫɬɶ ɜɢɡɧɚɱɚɥɢ ɧɚ ɩɪɢɥɚɞɿ 
ɉɆɌ-3. 

ȼɢɩɪɨɛɭɜɚɧɧɹ ɧɚ ɬɟɪɬɹ ɬɚ ɡɧɨɲɟɧɧɹ ɡɞɿɣ-

ɫɧɸɜɚɥɢɫɹ ɧɚ ɦɚɲɢɧɿ ɬɟɪɬɹ ɋɆɐ-2 ɡɚ ɫɯɟ-
ɦɨɸ ɞɢɫɤ-ɤɨɥɨɞɤɚ. 

Ɇɿɤɪɨɫɬɪɭɤɬɭɪɚ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɭ 

ȼɌ3-1, ɳɨ ɞɨɫɥɿɞɠɭєɬɶɫɹ,  ɧɚɜɟɞɟɧɚ ɧɚ ɪɢɫ. 

1. ȼɨɧɚ ɫɤɥɚɞɚєɬɶɫɹ ɡ α-ɮɚɡɢ (ɫɜɿɬɥɿ ɤɪɢɫ-

ɬɚɥɢ) ɬɚ ȕ-ɮɚɡɢ (ɬɟɦɧɿ ɤɪɢɫɬɚɥɢ). Ʉɪɢɫɬɚ-

ɥɢ α-ɮɚɡɢ ɦɚɸɬɶ ɥɿɧɡɨɜɢɞɧɭ ɮɨɪɦɭ. Ɍɚɤɚ 

ɫɬɪɭɤɬɭɪɚ ɛɿɥɶɲ ɫɬɿɣɤɚ ɞɨ ɩɨɜɡɭɱɨɫɬɿ ɧɚ 

ɜɿɞɦɿɧɭ ɜɿɞ ɫɮɟɪɨʀɞɚɥɶɧɨʀ. 
 

 

Ɋɢɫ. 1. Ɇɿɤɪɨɫɬɪɭɤɬɭɪɚ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɭ 

ȼɌ3-1 ɭ ɜɢɯɿɞɧɨɦɭ ɫɬɚɧɿ (360). 

 

 

ɇɚ ɪɢɫ. 2 ɧɚɜɟɞɟɧɚ ɦɿɤɪɨɫɬɪɭɤɬɭɪɚ ɫɩɥɚɜɭ 

ȼɌ3-1 ɩɿɫɥɹ ɦɿɤɪɨɞɭɝɨɜɨɝɨ ɨɤɫɢɞɭɜɚɧɧɹ. ɇɚ 
ɣɨɝɨ ɩɨɜɟɪɯɧɿ ɮɨɪɦɭєɬɶɫɹ ɜɢɫɨɤɨɳɿɥɶɧɟ ɩɨ-

ɤɪɢɬɬɹ, ɬɨɜɳɢɧɨɸ ɛɥɢɡɶɤɨ 100 ɦɤɦ. 

 

 

Ɋɢɫ. 2. Ɇɿɤɪɨɫɬɪɭɤɬɭɪɚ ɫɩɥɚɜɭ ȼɌ3-1 ɩɿɫɥɹ 

ɨɤɫɢɞɭɜɚɧɧɹ ɦɟɬɨɞɨɦ  ɆȾɈ ( 200). 

 

ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɞɥɹ ɜɫɿɯ ɟɥɟɤɬɪɨɥɿɬɿɜ, ɳɨ 

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ,  ɡɚɛɟɡɩɟɱɭєɬɶɫɹ ɩɪɨɰɟɫ 
ɦɿɤɪɨɞɭɝɨɜɨɝɨ ɨɤɫɢɞɭɜɚɧɧɹ, ɚɥɟ ɜɿɡɭɚɥɶɧɨ 

ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɿɫɬɨɬɧɚ ɜɿɞɦɿɧɧɿɫɬɶ ɩɿɞ ɱɚɫ 
ɩɪɨɰɟɫɭ ɜ ɪɿɡɧɢɯ ɟɥɟɤɬɪɨɥɿɬɚɯ, ɳɨ ɩɪɨɹɜɥɹ-

єɬɶɫɹ ɜ ɳɿɥɶɧɨɫɬɿ ɪɨɡɪɹɞɿɜ, ʀɯɧɿɣ ɪɭɯɥɢɜɨɫɬɿ 
ɣ ɩɨɬɭɠɧɨɫɬɿ.  

Ⱥɧɚɥɿɡ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ (ɬɚɛɥ. 3, 4) 

ɞɨɡɜɨɥɹє ɜɫɬɚɧɨɜɢɬɢ, ɳɨ ɄɈɇ ɩɿɞɜɢɳɭє ɡɞɚ-
ɬɧɿɫɬɶ ɟɥɟɤɬɪɨɥɿɬɭ ɞɨ ɨɤɫɢɞɭɜɚɧɧɹ, ɡɚɛɟɡɩɟ-
ɱɭє ɥɭɠɧɿɫɬɶ ɪɨɡɱɢɧɭ ɣ ɡɧɢɠɭє ɝɿɞɪɨɥɿɡ 
NaAlO2. ȼɢɡɧɚɱɟɧɨ, ɳɨ ɜ ɪɚɡɿ ɜɿɞɫɭɬɧɨɫɬɿ 
ɄɈɇ ɬɨɜɳɢɧɚ ɩɨɤɪɢɬɬɹ ɧɟ ɩɟɪɟɜɢɳɭє 10 ... 

20 ɦɤɦ, NaAlO2 ɡɞɿɣɫɧɸє ɩɨɫɬɚɱɚɧɧɹ  ɦɚɬɟ-
ɪɿɚɥɭ ɞɥɹ ɩɨɤɪɢɬɬɹ, Na2SiO3  ɡɚɛɟɡɩɟɱɭє 
ɨɩɥɚɜɥɟɧɧɹ ɩɨɤɪɢɬɬɹ: ɛɟɡ Na2SiO3  ɩɨɤɪɢɬɬɹ 

є ɩɨɪɨɲɤɨɩɨɞɿɛɧɢɦ. 
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Ɍɚɛɥɢɰɹ 3 – ɆȾɈ ɩɨɤɪɢɬɬɹ ɧɚ ɫɩɥɚɜɿ ȼɌ3-1 

ɋɟɪɿɹ ȿɥɟɤɬɪɨɥɿɬ Ɋɟɠɢɦ ɆȾɈ h, ɦɤɦ Ɍɜɟɪɞɿɫɬɶ, 
Ɇɉɚ Ĳ, ɝɨɞɢɧ ρ, Ⱥ/ɞɦ2 ɡɚɝ. ɨɫɧ. 

1 1 ɝ/ɥ ɄɈɇ + 12 ɝ/ɥ NaAlO2 1 40 110 70 5400 

2 20 90 60 5400 

2 1,75 ɝ/ɥ ɄɈɇ + 1 ɝ/ɥ Na2SiO3 + 2 ɝ/ɥ NaAlO2 1 50 100 65 9000 

3 50 280 200 11000 

3 2,5 ɝ/ɥ NaɈɇ + 3 ɝ/ɥ NaAlO2 + 3 ɝ/ɥ 

(NaPO3)6 

1 25 50 20 4200 

4 2,5 ɝ/ɥ NaɈɇ + 6 ɝ/ɥ NaAlO2 + 7 ɝ/ɥ 

(NaPO3)6 

2 45 73 40 4000 

5 2,5 ɝ/ɥ NaɈɇ + 3 ɝ/ɥ NaAlO2  2 25 73 60 6650 

 
Ɍɚɛɥɢɰɚ 4 – ɆȾɈ-ɩɨɤɪɢɬɬɹ ɧɚ ɫɩɥɚɜɿ ɉɌ-3ȼ 

ɋɟɪɿɹ ȿɥɟɤɬɪɨɥɿɬ Ɋɟɠɢɦ ɆȾɈ h, ɦɤɦ Ɍɜɟɪɞɿɫɬɶ, 
Ɇɉɚ Ĳ, ɝɨɞɢɧ ρ, Ⱥ/ɞɦ2 ɡɚɝ. ɨɫɧ. 

1 1 ɝ/ɥ ɄɈɇ + 14 ɝ/ɥ NaAlO2 2,5 50 210 160 7400 

2 1 ɝ/ɥ ɄɈɇ + 10 ɝ/ɥ NaAlO2 2,5 40 180 150 5700 

3 3 ɝ/ɥ ɄɈɇ + 3 ɝ/ɥ NaAlO2 0,5 100 160 90 4400 

4 1,75 ɝ/ɥ ɄɈɇ + 1 ɝ/ɥ Na2SiO3 + 2 ɝ/ɥ NaAlO2 3 25 200 150 7500 

 
ȼɢɤɨɪɢɫɬɚɧɧɹ NaɈɇ ɿ (NaPO3)6 ɜ ɟɥɟɤɬɪɨ-

ɥɿɬɿ ɧɟ ɞɚɥɨ ɩɨɡɢɬɢɜɧɨɝɨ ɪɟɡɭɥɶɬɚɬɭ: ɬɜɟɪ-

ɞɿɫɬɶ ɩɨɤɪɢɬɬɹ ɧɟ ɩɟɪɟɜɢɳɭє HV 6000 Ɇɉɚ. 
Ɉɤɫɢɞɭɜɚɧɧɹ ɫɩɥɚɜɭ ȼɌ3-1 ɜ ɟɥɟɤɬɪɨɥɿɬɿ, 

ɳɨ ɦɿɫɬɢɬɶ ɫɤɥɚɞ 1,75 ɝ/ɥ ɄɈɇ + 1 ɝ/ɥ  

Na2SiO3 + 2 ɝ/ɥ NaAlO2, ɡɚɛɟɡɩɟɱɢɥɨ ɨɬɪɢɦɚɧ-

ɧɹ ɩɨɤɪɢɬɬɿɜ ɡ ɬɜɟɪɞɿɫɬɸ 9000–11000 Ɇɉɚ. 
 ɇɟɨɛɯɿɞɧɨ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɞɥɹ ɮɨɪɦɭɜɚɧɧɹ 

ɩɨɤɪɢɬɬɹ ɡ ɜɢɫɨɤɨɸ ɬɜɟɪɞɿɫɬɸ (HV ≥ 7000 

Ɇɉɚ) ɧɚ ɬɢɬɚɧɨɜɢɯ ɫɩɥɚɜɚɯ ɧɟɨɛɯɿɞɧɨ ɡɛɿɥɶ-
ɲɭɜɚɬɢ ɜ ɟɥɟɤɬɪɨɥɿɬɿ ɜɦɿɫɬ ɚɥɸɦɿɧɚɬɭ ɧɚ-
ɬɪɿɸ. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɩɪɨɜɟɞɟɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɞɨ-

ɡɜɨɥɹє ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ ɩɪɨ ɧɟɨɛɯɿɞɧɿɫɬɶ 

ɧɚɹɜɧɨɫɬɿ ɜ ɟɥɟɤɬɪɨɥɿɬɿ NaAlO2 ɫɤɥɚɞɨɜɨʀ ɞɥɹ 

ɨɬɪɢɦɚɧɧɹ ɧɚɣɛɿɥɶɲɨʀ ɬɜɟɪɞɨɫɬɿ ɧɚ ɫɩɥɚɜɚɯ 

ɉɌ-3ȼ ɿ ȼɌ3-1. 

Ɋɨɡɲɢɮɪɭɜɚɧɧɹ ɞɢɮɪɚɤɬɨɝɪɚɦɢ ɩɪɨɞɟɦɨ-

ɧɫɬɪɭɜɚɥɨ, ɳɨ ɨɫɧɨɜɧɢɦɢ ɮɚɡɚɦɢ ɩɨɤɪɢɬɬɹ є 
ɮɚɡɢ TiO2 – ɪɭɬɢɥ, TiO2 – ɚɧɚɬɚɡ, ɚ ɬɚɤɨɠ 

ɫɩɨɥɭɤɚ Al2TiO5 – ɬɢɬɚɧɚɬ ɚɥɸɦɿɧɿɸ (ɪɢɫ. 3). 

Ɏɚɡɨɜɢɣ ɫɤɥɚɞ ɡɦɿɰɧɟɧɨɝɨ ɲɚɪɭ є ɨɞɧɨɪɿ-
ɞɧɢɦ ɡɚ ɬɨɜɳɢɧɨɸ. ɋɩɿɜɜɿɞɧɨɲɟɧɧɹ ɦɿɠ ɨɫ-
ɧɨɜɧɢɦɢ ɮɚɡɚɦɢ ɡɚɥɟɠɢɬɶ ɜɿɞ ɬɪɢɜɚɥɨɫɬɿ 
ɨɛɪɨɛɥɟɧɧɹ. Ɍɚɤ, ɡɚ ɭɦɨɜɢ ɦɚɥɢɯ ɬɨɜɳɢɧ ɨɫ-
ɧɨɜɧɨɸ ɮɚɡɨɸ є ɬɢɬɚɧɚɬ ɚɥɸɦɿɧɿɸ (≈ 90 %). 

Ɂɛɿɥɶɲɟɧɧɹ ɬɨɜɳɢɧɢ (ɱɚɫɭ ɨɛɪɨɛɥɟɧɧɹ) ɩɪɢɡ-
ɜɨɞɢɬɶ ɞɨ ɡɛɿɥɶɲɟɧɧɹ ɜɦɿɫɬɭ ɪɭɬɢɥɭ (≈ 40 %). 

ɍ ɩɨɤɪɢɬɬɹɯ, ɳɨ ɞɨɫɥɿɞɠɭɸɬɶɫɹ, ɧɟɡɚɥɟɠɧɨ 

ɜɿɞ ɱɚɫɭ ɨɛɪɨɛɥɟɧɧɹ ɜɦɿɫɬ ɚɧɚɬɚɡɭ ɧɟ ɩɟɪɟ-
ɜɢɳɭє 10 %. Ⱦɨɞɚɜɚɧɧɹ ɞɨ ɟɥɟɤɬɪɨɥɿɬɭ ɪɿɞ-

ɤɨɝɨ ɫɤɥɚ (Na2SiO3) ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɭɬɜɨɪɟɧɧɹ 

ɦɭɥɿɬɭ (3Al2O3�2SiO2), ɳɨ ɬɚɤ ɫɚɦɨ, ɹɤ ɿ ɭ 

ɜɢɩɚɞɤɭ ɡ  ɬɢɬɚɧɨɦ ɚɥɸɦɿɧɿɸ, ɩɪɢɡɜɨɞɢɬɶ ɞɨ 

ɩɿɞɜɢɳɟɧɧɹ ɬɜɟɪɞɨɫɬɿ ɩɨɤɪɢɬɬɹ. Іɫɬɨɬɧɢɣ 

ɜɩɥɢɜ ɧɚ ɤɿɥɶɤɿɫɧɟ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɦɿɠ ɮɚɡɚ-
ɦɢ ɧɚɞɚє (NaPO3)6. Ⱦɨɞɚɜɚɧɧɹ ɞɨ ɟɥɟɤɬɪɨɥɿɬɭ 

(NaPO3)6 ɫɩɪɢɹє ɭɬɜɨɪɟɧɧɸ ɪɭɬɢɥɶɧɨɣ ɮɚɡɢ 

ɣ ɧɟɦɨɧɨɬɨɧɧɨ ɜɩɥɢɜɚє ɧɚ ɜɦɿɫɬ ɬɢɬɚɧɚɬɭ 

ɚɥɸɦɿɧɿɸ. 

 

 
 

Ɋɢɫ. 3. Ɏɪɚɝɦɟɧɬ ɞɢɮɪɚɤɬɨɝɪɚɦɢ ɫɩɥɚɜɭ ȼɌɁ-1 

(ɦɨɧɨɯɪɨɦɚɬɢɡɨɜɚɧɟ  Ʉλ-Cu), Ⱥ – ɚɧɚɬɚɡ, Ɋ – 

ɪɭɬɢɥ, Ɍ – ɬɢɬɚɧɚɬ ɚɥɸɦɿɧɿɸ 

 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɆȾɈ-

ɬɟɯɧɨɥɨɝɿɹ ɞɨɡɜɨɥɹє ɮɨɪɦɭɜɚɬɢ ɨɤɫɢɞɧɿ ɩɨɤ-

ɪɢɬɬɹ ɪɿɡɧɨɝɨ ɮɚɡɨɜɨɝɨ ɫɤɥɚɞɭ ɡɚ ɞɨɩɨɦɨɝɨɸ 

ɡɦɿɧɢ ɭɦɨɜ ɟɥɟɤɬɪɨɥɿɡɭ (ɫɤɥɚɞ ɟɥɟɤɬɪɨɥɿɬɭ, 

ɳɿɥɶɧɿɫɬɶ ɫɬɪɭɦɭ, ɱɚɫ ɨɛɪɨɛɥɟɧɧɹ). 
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ɇɟɨɛɯɿɞɧɨ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɩɢɬɨɦɢɣ ɨɛ`єɦ 

ɨɤɢɫɧɸɜɚɱɿɜ, ɹɤɿ ɭɬɜɨɪɸɸɬɶɫɹ, ɩɟɪɟɜɢɳɭє 
ɨɛ`єɦ ɨɫɧɨɜɢ, ɧɚ ɹɤɿɣ ɜɨɧɢ ɭɬɜɨɪɸɸɬɶɫɹ.  

Ɍɚɤ, ɞɥɹ TiO2 Voɤ / Vɦɟɬ. ≈ 1,8; ɞɥɹ Al2TiO5 – 

4,4; ɞɥɹ ɦɭɥɢɬɭ  – 13,9. ɐɟɣ ɮɚɤɬɨɪ ɫɩɪɢɹє 
ɭɬɜɨɪɟɧɧɸ ɫɭɰɿɥɶɧɢɯ ɩɨɤɪɢɬɬɿɜ. 

ȼɢɩɪɨɛɭɜɚɧɧɹ ɧɚ ɬɟɪɬɹ ɬɚ ɡɧɨɲɟɧɧɹ 

ɡɞɿɣɫɧɸɜɚɥɢɫɹ ɧɚ ɦɚɲɢɧɿ ɬɟɪɬɹ ɋɆɐ-2 ɡɚ 

ɫɯɟɦɨɸ ɞɢɫɤ-ɤɨɥɨɞɤɚ. Ɉɫɧɨɜɨɸ ɞɥɹ ɞɨɫɥɿ-
ɞɠɟɧɧɹ ɛɭɥɢ ɆȾɈ-ɩɨɤɪɢɬɬɹ ɧɚ ɫɩɥɚɜɿ ȼɌ3-1, 

ɬɜɟɪɞɿɫɬɶ ɹɤɢɯ ɛɭɥɚ ɧɚɣɛɿɥɶɲɨɸ.  

Ɋɟɡɭɥɶɬɚɬɢ ɜɢɩɪɨɛɭɜɚɧɶ ɩɚɪɬɿʀ  ɡɪɚɡɤɿɜ 

ɧɚɜɟɞɟɧɿ ɜ ɬɚɛɥ. 5.  

Ɋɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɶ ɡɪɚɡɤɿɜ ɞɟɦɨɧ-

ɫɬɪɭɸɬɶ (ɬɚɛɥ. 5), ɳɨ ɆȾɈ-ɩɨɤɪɢɬɬɹ ɩɨɡɢ-

ɬɢɜɧɨ ɜɩɥɢɜɚє ɧɚ ɚɧɬɢɮɪɢɤɰɿɣɧɿ ɜɥɚɫɬɢ-

ɜɨɫɬɿ ɩɿɞ ɱɚɫ ɬɟɪɬɹ ɜ ɩɚɪɿ ɡ ɫɿɪɢɦ ɱɚɜɭɧɨɦ 

ɛɟɡ ɦɚɫɬɢɥɚ. Ɍɚɤ, ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ȼɌɁ-1-

ɋɑ20 ɞɨɪɿɜɧɸє 0,5 ɭ ɪɚɡɿ ɫɭɯɨɝɨ ɬɟɪɬɹ ɛɟɡ 
ɆȾɈ, ɚ ɡ  ɆȾɈ – f = 0,1. 

 

Ɍɚɛɥɢɰɹ 5 – Ɋɟɡɭɥɶɬɚɬɢ ɜɢɩɪɨɛɭɜɚɧɶ ɧɚ ɬɟɪɬɹ 

ɉɚɪɚ ɬɟɪɬɹ  ɇɚɜɚɧɬɚɠɟɧɧɹ Ɋ, ɤɝ 

Ʉɨɥɨɞɤɚ ɞɢɫɤ  20 40 60 80 100 120 140 160 180 200

ȼɌɁ-1 Cɑ20 Fɬɟɪ, ɤɝ 10 14 18,8 22,4 – – – – – – 

ɋɭɯɟ ɬɟɪɬɹ  f 0,5 0,47 0,46 0,45 – – – – – – 

ȼɌɁ-1 ɡ ɩɨɤɪɢɬ-

ɬɹɦ ɆȾɈ 
ɋɑ20 Fɬɟɪ, ɤɝ 3,6 6,4 7,2 8,8 10,8 12,3 14 15,2 17,2 19,2

ɋɭɯɟ ɬɟɪɬɹ  f 0,2 0,16 0,12 0,1 0,1 0,1 0,1 0,09 0,09 0,09

 

ȼɢɫɧɨɜɤɢ 

1. Ⱦɨɫɥɿɞɠɟɧɚ ɦɨɠɥɢɜɿɫɬɶ ɟɥɟɤɬɪɨɯɿɦɿ-
ɱɧɨɝɨ ɨɛɪɨɛɥɟɧɧɹ ɬɢɬɚɧɨɜɢɯ ɫɩɥɚɜɿɜ ȼɌ3-1 

ɬɚ ɉɌ-3ȼ ɦɟɬɨɞɨɦ ɦɿɤɪɨɞɭɝɨɜɨɝɨ ɨɤɫɢɞɭɜɚɧ-

ɧɹ (ɆȾɈ) ɡ ɦɟɬɨɸ ɩɿɞɜɢɳɟɧɧɹ ɬɪɢɛɨɬɟɯɧɿɱ-

ɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

2. ȼɢɡɧɚɱɟɧɨ, ɳɨ ɜ ɟɥɟɤɬɪɨɥɿɬɿ, ɳɨ ɦɿɫ-
ɬɢɬɶ ʀɞɤɢɣ ɤɚɥɿɣ, ɚɥɸɦɿɧɚɬ ɧɚɬɪɿɸ ɣ ɪɿɞɤɟ 
ɫɤɥɨ, ɮɨɪɦɭɸɬɶɫɹ ɩɨɤɪɢɬɬɹ ɝɟɬɟɪɟɮɚɡɧɨɝɨ 

ɫɤɥɚɞɭ (ɪɭɬɢɥ, ɬɢɬɚɧɚɬ ɚɥɸɦɿɧɿɸ ɣ ɦɭɥɿɬ), 
ɳɨ ɡɚɛɟɡɩɟɱɭє  ɛɿɥɶɲɭ ɬɜɟɪɞɿɫɬɶ (9–11 Ƚɉɚ). 

3. ɇɚɣɛɿɥɶɲɚ ɬɜɟɪɞɿɫɬɶ ɦɚɸɬɶ ɆȾɈ-

ɩɨɤɪɢɬɬɹ, ɨɬɪɢɦɚɧɿ ɜ ɟɥɟɤɬɪɨɥɿɬɚɯ ɧɚ ɨɫɧɨɜɿ 
NaAlO2. ɇɚɣɛɿɥɶɲɢɣ ɟɮɟɤɬ ɩɿɞɜɢɳɟɧɧɹ ɬɜɟ-
ɪɞɨɫɬɿ ɦɚɸɬɶ ɆȾɈ-ɩɨɤɪɢɬɬɹ ɧɚ ɫɩɥɚɜɿ ȼɌ3-

1, ɜ ɹɤɢɯ ɧɚɣɛɿɥɶɲɢɣ ɜɿɞɧɨɫɧɢɣ ɜɦɿɫɬ ɚɥɸɦɿ-
ɧɿɸ. 

4. ȼɢɤɨɪɢɫɬɚɧɧɹ ɆȾɈ-ɨɛɪɨɛɥɟɧɧɹ ɞɨɡɜɨ-

ɥɹє ɡɧɢɡɢɬɢ ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɩɨɜɟɪɯɧɿ ɬɢɬɚ-
ɧɨɜɨɝɨ ɫɩɥɚɜɭ ȼɌ3-1 ɜ ɩɪɨɰɟɫɿ  ɫɭɯɨɝɨ ɬɟɪɬɹ 

ɜ 5 ɪɚɡɿɜ ɿ ɞɨɫɹɝɬɢ ɡɧɚɱɟɧɧɹ f ≈ 0,1. 
 

Ʌɿɬɟɪɚɬɭɪɚ 
1. Veiga C., Davim J. P., Loureiro A. Properties and 

applications of titanium alloys: ɚ brief review.  

Reviews on advanced materials science. 2012. 

32(2). Ɋ. 133–148. 

2. Henriques V. A. R., Silva, C. R. M. Production of 

titanium alloys for medical implants by powder 

metallurgy. Key engineering materials. 2001. No. 

189. Ɋ. 443–448.  

3. Production of titanium alloys for advanced 

aerospace systems by powder metallurgy / 

Henriques V. A. R., Cairo C. A. A., Silva C. R. 

M., Bressiani J. C. Materials research. 2005. No. 

84. Ɋ. 443–446. 

4. Froes F. H., Eylon, D. Developments in titanium 

powder metallurgy. Journal of metals. 1980. No. 

32. Ɋ. 47–54. 

5. Zhou H., Li F., He B., Wang J., Sun B. Air plas-

ma sprayed thermal barrier coatings on titanium 

alloy substrates / Zhou H., Li F., He B., Wang J., 

Sun B. Surface and coatings technology. 2007.  P. 

7360–7367. 

6. Investigations of the antibacterial properties of an 

anodized titanium alloy / Gopal J., Muraleedharan 

P., George P., Khatak H. S.  Trends in 

biomaterials and artificial organs. 2003. No. 17. 

1. Ɋ. 13–18.  

7. Formation of titanium oxide by thermal-

electrochemical process on the blasted titanium 

alloys substrate / Radman R. D., Djuansjah J. R. 

P., Kadir M. R .A., Nur H., Hamzah E.   

Advanced ɦateruals research. 2013. No. 650. P. 

12–17. 

8. Galvanic corrosion behaviour of Ti and Ti6Al4V 

coupled to noble dental alloys / Sola C., Amorim 

A., Espias A., Capelo S., Fernandes J., Proenca 

L., Sanchez L., Fonseca I.  International journal 

of electrochemical science. 2013. No. 8. 1. 

P. 406–420. 

9. Surface modification of titanium and titanium 

alloys by ion implantation / Rautray T., Kwon T.-

Y., Narayanan R., Kim K.-H.   Journal of 

biomedical materials research Part B Applied 

biomaterials. 2010. No. 93(2). P. 581–91. 



Вісник ХНАДУ, вип. 90, 2020 60 

10.  Patel A., Fiore D.  On the modeling of vacuum 

arc remelting process in titanium alloys. IOP 

Conference series: materials science and 

engineering. 2016. 143. 1. P. 12–17.  

11.  Review of the biocompatibility of micro-arc 

oxidation coated titanium alloys /  Wang Yi., Yu 

H., Chen C., Zhao Z. Materials & Design. 2015. 

85. P. 640–652. 

12.  Rokosz K., Hryniewicz T., Raaen S. Deve-

lopment of plasma electrolytic oxidation for 

improved Ti6Al4V biomaterial surface properties. 

The international journal of advanced 

manufacturing technology. 2016. 85. P. 2425–

2437. 

13.  Effect of electrolysis regimes on the structure 

and properties of coatings on aluminum alloys 

formed by anode-cathode micro arc oxidation / 

Belozerov V., Sobol O., Mahatilova A., 

Subbotina V., Tabaza T. A, Al-Qawabeha U. F., 

Al-Qawabah S. M.  Eastern-european journal of 

enterprise technologies. 2018.  No. 1. 12 (91).  

P. 43–47. 

14.  The influence of the conditions of microplasma 

processing (microarc oxidation in anode-cathode 

regime) of aluminum alloys on their phase com-

position / Belozerov V., Sobol O., Mahatilova A., 

Subbotina V., Tabaza T. A., Al-Qawabeha U. F.,                    

Al-Qawabah S. M.  Eastern-european journal of 

enterprise technologies. 2017. No. 5. 12 (89).  

P. 52–57. 

 

References 

1. Veiga C., Davim J. P., Loureiro A. Properties and 

applications of titanium alloys: ɚ brief review.  

Reviews on advanced materials science. 2012. 

32(2). Ɋ. 133–148. 

2. Henriques V. A. R., Silva, C. R. M. Production of 

titanium alloys for medical implants by powder 

metallurgy. Key engineering materials. 2001. No. 

189. Ɋ. 443–448.  

3. Production of titanium alloys for advanced 

aerospace systems by powder metallurgy / 

Henriques V. A. R., Cairo C. A. A., Silva C. R. 

M., Bressiani J. C. Materials research. 2005. No. 

84. Ɋ. 443–446. 

4. Froes F. H., Eylon, D. Developments in titanium 

powder metallurgy. Journal of metals. 1980. No. 

32. Ɋ. 47–54. 

5. Zhou H., Li F., He B., Wang J., Sun B. Air plas-

ma sprayed thermal barrier coatings on titanium 

alloy substrates / Zhou H., Li F., He B., Wang J., 

Sun B. Surface and coatings technology. 2007.  P. 

7360–7367. 

6. Investigations of the antibacterial properties of an 

anodized titanium alloy / Gopal J., Muraleedharan 

P., George P., Khatak H. S.  Trends in 

biomaterials and artificial organs. 2003. No. 17. 

1. Ɋ. 13–18.  

7. Formation of titanium oxide by thermal-

electrochemical process on the blasted titanium 

alloys substrate / Radman R. D., Djuansjah J. R. 

P., Kadir M. R .A., Nur H., Hamzah E.   

Advanced ɦateruals research. 2013. No. 650.  

P. 12–17. 

8. Galvanic corrosion behaviour of Ti and Ti6Al4V 

coupled to noble dental alloys / Sola C., Amorim 

A., Espias A., Capelo S., Fernandes J., Proenca 

L., Sanchez L., Fonseca I.  International journal 

of electrochemical science. 2013. No. 8. 1. 

P. 406–420. 

9. Surface modification of titanium and titanium 

alloys by ion implantation / Rautray T., Kwon T.-

Y., Narayanan R., Kim K.-H.   Journal of 

biomedical materials research Part B Applied 

biomaterials. 2010. No. 93(2). P. 581–91. 

10.  Patel A., Fiore D.  On the modeling of vacuum 

arc remelting process in titanium alloys. IOP 

Conference series: materials science and 

engineering. 2016. 143. 1. P. 12–17.   

11.  Review of the biocompatibility of micro-arc 

oxidation coated titanium alloys /  Wang Yi., Yu 

H., Chen C., Zhao Z. Materials & Design. 2015. 

85. P. 640–652. 

12.  Rokosz K., Hryniewicz T., Raaen S. 

Development of plasma electrolytic oxidation for 

improved Ti6Al4V biomaterial surface properties. 

The international journal of advanced 

manufacturing technology. 2016. 85. P. 2425–

2437. 

13.  Effect of electrolysis regimes on the structure 

and properties of coatings on aluminum alloys 

formed by anode-cathode micro arc oxidation / 

Belozerov V., Sobol O., Mahatilova A., 

Subbotina V., Tabaza T. A, Al-Qawabeha U. F., 

Al-Qawabah S. M.  Eastern-european journal of 

enterprise technologies. 2018.  No. 1. 12 (91). P. 

43–47. 

14.  The influence of the conditions of microplasma 

processing (microarc oxidation in anode-cathode 

regime) of aluminum alloys on their phase com-

position / Belozerov V., Sobol O., Mahatilova A., 

Subbotina V., Tabaza T. A., Al-Qawabeha U. F.,   

Al-Qawabah S. M.  Eastern-european journal of 

enterprise technologies. 2017. No. 5. 12 (89). P. 

52–57. 

 

ɋɭɛɛɨɬɿɧɚ ȼɚɥɟɪɿɹ ȼɚɥɟɪɿʀɜɧɚ, ɤ. ɬ. ɧ., ɞɨɰɟɧɬ, 
ɤɚɮɟɞɪɢ «Ɇɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɨ», ɇɚɰɿɨɧɚɥɶɧɢɣ 

ɬɟɯɧɿɱɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ «ɏɚɪɤɿɜɫɶɤɢɣ 

ɩɨɥɿɬɟɯɧɿɱɧɢɣ ɿɧɫɬɢɬɭɬ», 

ɜɭɥ. Ʉɢɪɩɢɱɨɜɚ, 2, ɦ. ɏɚɪɤɿɜ, 61002, ɍɤɪɚʀɧɚ,  
E-mail: subbotina.valeri@gmail.com 

ɬɟɥ. : 067-933-20-68; 

 

ɋɨɛɨɥɶ Ɉɥɟɝ ȼɚɥɟɧɬɢɧɨɜɢɱ, ɞɨɤɬɨɪ ɮɿɡɢɤɨ-

ɦɚɬɟɦɚɬɢɱɧɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɨɪ ɤɚɮɟɞɪɢ 

«Ɇɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɨ», ɇɚɰɿɨɧɚɥɶɧɢɣ ɬɟɯɧɿɱɧɢɣ 

ɭɧɿɜɟɪɫɢɬɟɬ «ɏɚɪɤɿɜɫɶɤɢɣ ɩɨɥɿɬɟɯɧɿɱɧɢɣ  

Іɧɫɬɢɬɭɬ», 

ɜɭɥ. Ʉɢɪɩɢɱɨɜɚ, 2, ɦ. ɏɚɪɤɿɜ, 61002, ɍɤɪɚʀɧɚ,  
ȿ-mail: sool@kpi.kharkov.ua, 

ɬɟɥ.: 099-772-18-07. 

 

 



Вісник ХНАДУ, вип. 90, 2020 61

Phase composition and properties of mao coatings 

on titanium alloys 

Abstract. Problem. MAO technology is well devel-

oped for aluminum alloys. As for titanium alloys, the 

MAO technology of surface hardening for them re-

quires further research. Goal. In order to improve 

the mechanical characteristics of titanium alloys it is 

necessary to establish patterns of influence of re-

gimes and electrolyte composition during MAO pro-

cess on the phase composition, microhardness and 

tribological characteristics of coatings obtained by 

microarc oxidation of VT3-1 and PT-3V titanium 

alloys. Methodology. X-ray structural analysis 

(DRON-3) in radiation Кα-Cu, microhardness meas-

urement (PMT-3) with 100 gr load, measurement of 

coating thickness (vortex thickness gauge BT-

10NTs), tribological tests (SMC-2) was used. Re-

sults. The MAO treatment of the alloys was carried 

out in an alkaline electrolyte (KOH) with the addi-

tion of sodium aluminate (NaAlO2), sodium hexame-

tophosphate (NaPO3)6 and water glass (Na2SiO3, ρ ≈ 

1.4 g/cm3). A metallographic study of the cross sec-

tion of titanium alloys with MAO coating made it 

possible to establish that the coating has a two-layer 

structure consisting of a technological (porous) and 

main (dense, base) layers. The results of X-ray dif-

fraction analysis showed that the main phases of the 

coating are the phases TiO2 – rutile, TiO2 – anatase, 

as well as compounds Al2TiO5 – aluminum titanate. 

The specific volume of the formed oxides exceeds the 

volume of the titanium base on which it is formed. So, 

for TiO2 Voɯ/Vmet. ≈ 1.8; for Al2TiO5 – 4.4; for mullite 

– 13.9. This factor contributes to the formation of 

continuous coatings. It was established that in order 

to achieve the highest hardness, the presence of the 

NaAlO2 component in the electrolyte is necessary. 

This made it possible to achieve a hardness of 11000 

MPa of MAO coating on VT3-1 alloy using an elec-

trolyte of 1.75 g/L KOH + 1 g/L Na2SiO3 + 2 g/L 

NaAlO2. For the PT-3V alloy, the use of an electro-

lyte of a similar composition can achieve a hardness 

of 7500 MPa. It is shown that the use of MAO pro-

cessing of titanium alloys allows to reduce the dry 

friction coefficient in the VT3-1 – SCh20 system to 

0.1. Originality. The structure, phase composition 

and properties are determined by electrolysis condi-

tions and coating thickness. Practical value. The 

results obtained are a recommendation for surface 

hardening of PT-3V and VT3-1 titanium alloys for 

their further use in friction elements. 

Keywords: titanium alloy, microarc oxidation 

(MAO), phase composition, coating thickness, mi-

crohardness, coefficient of friction. 
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Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɢ ɫɜɨɣɫɬɜɚ ɆȾɈ-ɩɨɤɪɵɬɢɣ ɧɚ 

ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɚɯ 

Аɧɧɨɬаɰиɹ.  ȼ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɵ ɫɬɪɭɤɬɭɪɚ ɢ 

ɫɜɨɣɫɬɜɚ ɩɨɤɪɵɬɢɣ ɧɚ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɚɯ ɉɌ-3ȼ 

ɢ ȼɌ3-1, ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɜ ɷɥɟɤɬɪɨɥɢɬɚɯ ɪɚɡ-
ɥɢɱɧɵɯ ɬɢɩɨɜ (ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɄɈɇ, NaAlO2, 

NaɈɇ, (NaPO3)6, Na2SiO3) ɩɪɢ ɚɧɨɞɧɨ-ɤɚɬɨɞɧɨɦ 

ɪɟɠɢɦɟ ɦɟɬɨɞɨɦ ɦɢɤɪɨɞɭɝɨɜɨɝɨ ɨɤɫɢɞɢɪɨɜɚɧɢɹ 

(ɆȾɈ). ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɨɫɬɢɱɶ ɜɵɫɨɤɨɣ ɬɜɟɪɞɨɫɬɢ 

9000–11000 Ɇɉɚ ɜɨɡɦɨɠɧɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ  

ɚɥɸɦɢɧɚɬɚ ɧɚɬɪɢɹ (NaAlO2) ɜ ɤɚɱɟɫɬɜɟ ɫɨɫɬɚɜɧɨɣ 

ɷɥɟɤɬɪɨɥɢɬɚ. Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɬɚɤɨɝɨ ɩɨɤɪɵɬɢɹ 

ɜɤɥɸɱɚɟɬ ɚɧɚɬɚɡ, ɪɭɬɢɥ ɢ ɬɢɬɚɧɚɬ ɚɥɸɦɢɧɢɹ. ɂɫ-
ɩɨɥɶɡɨɜɚɧɢɟ ɆȾɈ-ɨɛɪɚɛɨɬɤɢ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ 

ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɫɭɯɨɝɨ ɬɪɟɧɢɹ 

ɜ ɫɢɫɬɟɦɟ «ȼɌɁ-1 - ɋɑ20» ɞɨ 0,1. 

Клɸɱевые ɫлɨва: ɬɢɬɚɧɨɜɵɣ ɫɩɥɚɜ, ɦɢɤɪɨɞɭɝɨ-
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ɬɪɟɧɢɹ. 
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