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ɋɌɊɍɄɌɍɊȺ І ȼɅȺɋɌɂȼɈɋɌІ ȽȺɁɈɉɈɅɍɆȿɇȿȼɂɏ  

ȻȺȽȺɌɈɄɈɆɉɈɇȿɇɌɇɂɏ ɉɈɄɊɂɌɌІȼ 
 

Ƚɥɭɲɤɨɜɚ Ⱦ.Ȼ.  

ɏɚɪɤɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɚɜɬɨɦɨɛɿɥɶɧɨ-ɞɨɪɨɠɧɿɣ ɭɧɿɜɟɪɫɢɬɟɬ 

 
Аɧɨɬаɰіɹ. ɍ ɪɨɛɨɬɿ ɪɨɡɝɥɹɧɭɬɿ ɩɢɬɚɧɧɹ ɮɨɪɦɭɜɚɧɧɹ ɝɚɡɨɩɨɥɭɦɟɧɟɜɢɯ ɩɨɤɪɢɬɬɿɜ ɡ ɜɢɤɨɪɢɫ-
ɬɚɧɧɹɦ ɩɨɪɨɲɤɿɜ ɧɚ ɨɫɧɨɜɿ ɧɿɤɟɥɸ, ɹɤɿ ɫɚɦɨɮɥɸɫɭɸɬɶɫɹ ɧɚ ɞɟɬɚɥɹɯ ɰɢɥɿɧɞɪɨ-ɩɨɪɲɧɟɜɨʀ ɝɪɭɩɢ. 

ɋɬɪɭɤɬɭɪɚ ɩɨɤɪɢɬɬɹ ɛɚɝɚɬɨɮɚɡɧɚ. Ɋɟɡɭɥɶɬɚɬɢ ɩɪɨɜɟɞɟɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɬɚ ɩɪɨɦɢɫɥɨɜɢɯ ɜɢ-

ɩɪɨɛɭɜɚɧɶ ɞɨɡɜɨɥɹɸɬɶ ɪɟɤɨɦɟɧɞɭɜɚɬɢ ɩɨɤɪɢɬɬɹ ɞɥɹ ɩɪɚɤɬɢɱɧɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ. 
Клɸɱɨві ɫлɨва: ɩɨɤɪɢɬɬɹ, ɨɩɥɚɜɥɟɧɧɹ, ɧɚɩɢɥɟɧɧɹ, ɤɚɪɛɿɞɧɚ ɮɚɡɚ, ɦɿɤɪɨɬɜɟɪɞɿɫɬɶ. 
 

ȼɫɬɭɩ 

ȼɢɫɨɤɚ ɧɚɞɿɣɧɿɫɬɶ ɿ ɞɨɜɝɨɜɿɱɧɿɫɬɶ ɞɜɢɝɭɧɚ 
ɛɚɝɚɬɨ ɜ ɱɨɦɭ ɡɚɥɟɠɚɬɶ ɜɿɞ ɞɟɬɚɥɟɣ ɰɢɥɿɧɞɪɨ-

ɩɨɪɲɧɟɜɨʀ ɝɪɭɩɢ. ɐɟ ɩɨɜ’ɹɡɚɧɨ ɡ ɬɢɦ, ɳɨ 

ɮɨɪɫɭɜɚɧɧɹ ɞɜɢɝɭɧɚ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɧɚɱɧɨɝɨ 

ɡɛɿɥɶɲɟɧɧɹ ɩɢɬɨɦɢɯ ɧɚɜɚɧɬɚɠɟɧɶ ɿ ɬɟɦɩɟɪɚ-
ɬɭɪɢ ɩɨɪɲɧɟɜɢɯ ɤɿɥɟɰɶ, ɩɨɪɲɧɹ, ɞɟɬɚɥɟɣ 

ɰɢɥɿɧɞɪɚ, ɳɨ є ɩɪɢɱɢɧɨɸ ɭɬɜɨɪɟɧɧɹ ɬɪɿɳɢɧ ɿ 
ɪɭɣɧɭɜɚɧɧɹ ɞɟɬɚɥɟɣ. Ɉɫɤɿɥɶɤɢ ɡɚɡɧɚɱɟɧɿ ɞɟ-
ɬɚɥɿ ɩɪɚɰɸɸɬɶ ɜ ɭɦɨɜɚɯ ɿɧɬɟɧɫɢɜɧɨɝɨ ɬɟɪɬɹ ɿ 
ɡɧɨɲɭɜɚɧɧɹ, ɞɥɹ ɧɢɯ ɧɟɨɛɯɿɞɧɨ ɡɚɛɟɡɩɟɱɢɬɢ 

ɜɢɫɨɤɭ ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ ɩɨɜɟɪɯɧɿ. 
 

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

ɍ ɫɭɱɚɫɧɿɣ ɩɪɚɤɬɢɰɿ ɡɚɦɿɫɬɶ ɬɪɚɞɢɰɿɣɧɢɯ 

ɦɟɬɨɞɿɜ ɯɿɦɿɤɨ-ɬɟɪɦɿɱɧɨʀ ɨɛɪɨɛɤɢ ɞɥɹ ɡɦɿɰ-

ɧɟɧɧɹ ɩɨɜɟɪɯɧɿ ɲɢɪɨɤɨ ɡɚɫɬɨɫɨɜɭɸɬɶ ɜɢɫɨ-

ɤɨɬɟɦɩɟɪɚɬɭɪɧɿ ɦɟɬɨɞɢ ɨɛɪɨɛɤɢ, ɡɨɤɪɟɦɚ, 
ɝɚɡɨɩɥɚɡɦɨɜɟ ɧɚɩɢɥɟɧɧɹ. ɉɪɨɰɟɫ ɯɚɪɚɤɬɟɪɢ-

ɡɭєɬɶɫɹ ɜɢɫɨɤɨɸ ɩɪɨɞɭɤɬɢɜɧɿɫɬɸ, ɩɪɨɫɬɨɬɨɸ, 

ɦɨɠɥɢɜɿɫɬɸ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɞɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ 

ɞɨɫɬɚɬɧɶɨʀ ɹɤɨɫɬɿ ɩɨɜɟɪɯɧɿ [1–3]. 

Ⱦɥɹ ɝɚɡɨɩɥɚɡɦɨɜɨɝɨ ɬɚ ɿɧɲɢɯ ɜɢɞɿɜ ɧɚɩɢ-

ɥɟɧɧɹ ɧɚɣɟɮɟɤɬɢɜɧɿɲɟ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɨɪɨɲ-

ɤɿɜ ɧɚ ɨɫɧɨɜɿ ɧɿɤɟɥɸ ɡ ɞɨɞɚɜɚɧɧɹɦ ɯɪɨɦɭ, 

ɤɪɟɦɧɿɸ, ɛɨɪɭ ɬɚ ɿɧ. (ɉȽɋɊ3, ɉȽɋɊ4) [2, 3], 

ɹɤɿ ɡɚɛɟɡɩɟɱɭɸɬɶ ɜɢɫɨɤɭ ɬɜɟɪɞɿɫɬɶ ɿ ɡɧɨɫɨ-

ɫɬɿɣɤɿɫɬɶ ɩɨɜɟɪɯɧɿ. Ɂɝɿɞɧɨ ɡ ɩɪɢɣɧɹɬɢɦɢ ɫɬɚ-
ɧɞɚɪɬɚɦɢ, ɰɿ ɩɨɪɨɲɤɢ ɦɚɸɬɶ ɡɚɛɟɡɩɟɱɭɜɚɬɢ 

ɬɜɟɪɞɿɫɬɶ ɧɚɩɥɚɜɥɟɧɨɝɨ ɲɚɪɭ ɧɟ ɦɟɧɲɟ ɧɿɠ 

HRC 46,4 ɞɥɹ ɉȽɋɊ3 ɿ HRC 55,9 ɞɥɹ ɉȽɋɊ4.  

 

Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ 

ɍ ɪɨɛɨɬɿ ɞɨɫɥɿɞɠɟɧɿ ɫɬɪɭɤɬɭɪɧɿ ɡɦɿɧɢ ɦɚ-
ɬɟɪɿɚɥɭ ɩɨɤɪɢɬɬɿɜ, ɧɚɧɟɫɟɧɢɯ ɧɚ ɩɨɪɲɧɟɜɿ 
ɤɿɥɶɰɹ ɿɡ ɫɿɪɨɝɨ ɱɚɜɭɧɭ. ȿɤɫɩɥɭɚɬɚɰɿɣɧɿ ɜɥɚɫ-
ɬɢɜɨɫɬɿ ɬɚɤɢɯ ɩɨɤɪɢɬɬɿɜ ɮɨɪɦɭɸɬɶɫɹ ɜ ɩɪɨ-

ɰɟɫɿ ʀɯ ɨɬɪɢɦɚɧɧɹ, ɹɤɢɣ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɞɟɤɿɥɶ-
ɤɨɯ ɫɬɚɞɿɣ: ɧɚɩɢɥɟɧɧɹ, ɨɩɥɚɜɥɟɧɧɹ, 

ɦɨɠɥɢɜɿɫɬɶ ɩɨɞɚɥɶɲɢɯ ɨɛɪɨɛɨɤ. Ɍɨɦɭ ɞɨɫɥɿ-
ɞɠɭɜɚɥɢ ɜɩɥɢɜ ɡɚɡɧɚɱɟɧɢɯ ɨɩɟɪɚɰɿɣ ɧɚ ɫɬɪɭ-

ɤɬɭɪɭ ɿ ɜɥɚɫɬɢɜɨɫɬɿ ɩɨɤɪɢɬɬɹ. 

ɍ ɥɿɬɟɪɚɬɭɪɿ ɜɿɞɫɭɬɧɿ ɤɨɧɤɪɟɬɧɿ ɞɚɧɿ ɩɪɨ 
ɫɬɪɭɤɬɭɪɭ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɫɩɥɚɜɿɜ ɫɢɫɬɟɦɢ 
Ni-Cr-Si-B ɭ ɩɪɨɰɟɫɿ ɜɡɚєɦɨɞɿʀ ʀɯ ɡ ɱɚɜɭɧɧɨɸ 
ɨɫɧɨɜɨɸ. Ɂɚɡɧɚɱɚєɬɶɫɹ ɥɢɲɟ [3, 4], ɳɨ ʀɯɧɹ 
ɜɢɫɨɤɚ ɬɜɟɪɞɿɫɬɶ ɿ ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ ɨɛɭɦɨɜɥɟɧɿ 
ɧɚɹɜɧɿɫɬɸ ɤɚɪɛɿɞɿɜ, ɛɨɪɢɞɿɜ, ɤɚɪɛɨɛɨɪɢɞɿɜ. 

 
Ɋɟɡɭɥɶɬɚɬɢ ɟɤɫɩɟɪɢɦɟɧɬɭ ɬɚ ɨɛɝɨɜɨɪɟɧɧɹ 
Ɂ ɚɧɚɥɿɡɭ ɩɨɞɜɿɣɧɢɯ ɜɡɚєɦɨɞɿɣ ɜɢɹɜɥɟɧɨ 

[4], ɳɨ ɯɪɨɦ, ɧɿɤɟɥɶ ɿ ɡɚɥɿɡɨ ɜ ɤɿɥɶɤɨɫɬɿ, ɜɿɞ-
ɩɨɜɿɞɧɿɣ ɞɨɫɥɿɞɠɭɜɚɧɢɦ ɫɩɥɚɜɚɦ, ɩɨɜɢɧɧɿ 
ɭɬɜɨɪɸɜɚɬɢ ɦɿɠ ɫɨɛɨɸ ɬɜɟɪɞɿ ɪɨɡɱɢɧɢ. ȼɿɞɨ-
ɦɨ, ɳɨ ɤɪɟɦɧɿɣ ɞɨ 5 % ɪɨɡɱɢɧɹєɬɶɫɹ ɜ ɧɿɤɟɥɿ, 
ɞɨ 1% – ɭ ɯɪɨɦɿ, ɚ ɜ ɪɚɡɿ ɛɿɥɶɲɨɝɨ ɜɦɿɫɬɭ 
ɭɬɜɨɪɸє ɫɢɥɿɰɢɞɢ ɯɪɨɦɭ (Cr2Si) ɭ ɫɤɥɚɞɿ ɟɜ-
ɬɟɤɬɢɤɢ, ɧɚɩɪɢɤɥɚɞ Ni2B, Cr2ȼ. ȼɭɝɥɟɰɶ ɿɦɨ-
ɜɿɪɧɨ ɜɡɚєɦɨɞɿє ɡ ɯɪɨɦɨɦ ɿ ɛɨɪɨɦ ɱɟɪɟɡ ɬɟ, 
ɳɨ ɧɿɤɟɥɶ ɿ ɤɪɟɦɧɿɣ є ɧɟ ɤɚɪɛɿɞɨɭɬɜɨɪɸɜɚɥɶ-
ɧɢɦɢ ɟɥɟɦɟɧɬɚɦɢ. Іɡ ɯɪɨɦɨɦ ɜɭɝɥɟɰɶ ɦɨɠɟ 
ɭɬɜɨɪɸɜɚɬɢ ɧɢɡɤɭ ɤɚɪɛɿɞɿɜ: Cr23C6, Cr7C3, 
Cr3C2 ɭ ɫɤɥɚɞɿ ɟɜɬɟɤɬɢɤɢ ɬɚ ɩɟɪɢɬɟɤɬɢɤɢ  
[4–6]. ɏɚɪɚɤɬɟɪ ɩɟɪɟɬɜɨɪɟɧɶ ɭ ɛɚɝɚɬɨɤɨɦɩɨ-
ɧɟɧɬɧɿɣ ɫɢɫɬɟɦɿ є ɮɭɧɤɰɿєɸ ɛɚɝɚɬɶɨɯ ɩɚɪɚɦɟ-
ɬɪɿɜ ɿ ɧɟ ɦɨɠɟ ɛɭɬɢ ɤɨɧɤɪɟɬɧɨ ɩɟɪɟɞɛɚɱɟɧɢɣ 
ɡɚ ɩɨɞɜɿɣɧɢɦɢ ɜɡɚєɦɨɞɿɹɦɢ, ɚɥɟ ɦɨɠɧɚ ɨɱɿ-
ɤɭɜɚɬɢ, ɳɨ ɨɫɧɨɜɧɨɸ ɫɬɪɭɤɬɭɪɨɸ ɪɨɡɝɥɹɧɭ-
ɬɢɯ ɫɩɥɚɜɿɜ ɦɚє ɛɭɬɢ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɢɣ 
ɬɜɟɪɞɢɣ ɪɨɡɱɢɧ ɧɚ ɨɫɧɨɜɿ ɧɿɤɟɥɸ. 

ɋɬɪɭɤɬɭɪɭ ɫɩɥɚɜɿɜ ɉȽɋɊ4, ɉȽɋɊ3 
(ɬɚɛɥ. 1) ɜɢɜɱɚɥɢ ɧɚ ɜɢɯɿɞɧɢɯ ɩɨɪɨɲɤɚɯ 
(ɪɢɫ. 1) ɭ ɲɚɪɿ, ɹɤɢɣ ɧɟ ɨɩɥɚɜɢɜɫɹ, ɭ ɲɚɪɿ 
ɩɿɫɥɹ ɨɩɥɚɜɥɟɧɧɹ ɬɚ ɩɿɫɥɹ ɨɛ’єɦɧɨɝɨ ɝɚɪɬɭ-
ɜɚɧɧɹ ɞɟɬɚɥɟɣ ɡ ɨɩɥɚɜɥɟɧɧɹɦ ɧɚɩɢɥɟɧɨɝɨ 
ɲɚɪɭ. Ⱦɥɹ ɰɢɯ ɠɟ ɫɬɚɧɿɜ ɜɢɡɧɚɱɚɥɢ ɬɜɟɪɞɿɫɬɶ 
ɿ ɩɪɨɜɨɞɢɥɢ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɢɣ ɚɧɚɥɿɡ. 

Ɉɩɥɚɜɥɟɧɧɹ ɲɚɪɭ ɡɞɿɣɫɧɸɜɚɥɢ ɜ ɭɦɨɜɚɯ 
ɩɪɢɫɤɨɪɟɧɨɝɨ ɝɚɡɨɩɥɚɡɦɨɜɨɝɨ ɩɨɜɟɪɯɧɟɜɨɝɨ 
ɧɚɝɪɿɜɭ ɡ ɩɨɪɿɜɧɹɧɨ ɩɨɜɿɥɶɧɢɦ ɨɯɨɥɨɞɠɟɧ-
ɧɹɦ. Ɂɚ ɬɚɤɢɯ ɭɦɨɜ ɦɨɠɧɚ ɨɱɿɤɭɜɚɬɢ ɞɟɹɤɨɝɨ 
ɧɚɛɥɢɠɟɧɧɹ ɫɬɪɭɤɬɭɪɢ ɞɨ ɪɿɜɧɨɜɚɠɧɨʀ. 
ɍ ɜɢɯɿɞɧɨɦɭ ɩɨɪɨɲɤɭ ɣ ɨɫɨɛɥɢɜɨ ɜ ɲɚɪɿ 
ɩɿɫɥɹ ɧɚɩɢɥɟɧɧɹ ɫɬɪɭɤɬɭɪɢ ɭɬɜɨɪɸɸɬɶɫɹ ɜ 
ɭɦɨɜɚɯ, ɛɿɥɶɲ ɞɚɥɟɤɢɯ ɜɿɞ ɪɿɜɧɨɜɚɝɢ. 
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Ɍɚɛɥɢɰɹ 1 – ɋɤɥɚɞ ɧɚɩɢɥɟɧɢɯ ɩɨɪɨɲɤɿɜ 

Ɇɚɪɤɚ ɩɨɪɨɲɤɭ 
ɏɿɦɿɱɧɢɣ ɫɤɥɚɞ, % 

Cr Si B Fe ɋ Ni 

ɉȽɋɊ4 

ɬɢɩ  

ɉɇ-ɏɇ80ɋ4Ɋ4 

16,0–18,0 3,0–4,5 2,8–3,8 ɞɨ 5,0 0,6–1,0 ɨɫɧɨɜɚ 

ɉȽɋɊ3 

ɬɢɩ  

ɉɇ-ɏɇ80ɋ3Ɋ3 

13,5–16,5 2,5–3,5 2,0–2,8 ɞɨ 5,0 0,4–0,7 -- 

Ⱦɨɦɿɲɤɢ ɜ ɤɿɥɶɤɨɫɬɿ ɞɨ 0,04 % ɫɿɪɤɢ ɣ ɮɨɫɮɨɪɭ 

 

  

ɚ ɛ 

Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɚ ɩɨɪɨɲɤɿɜ ɞɥɹ ɧɚɩɢɥɸɜɚɧɧɹ ɩɨɤɪɢɬɬɿɜ ɉȽɋɊ4, ɯ1000 

 

Ɋɟɧɬɝɟɧɨɝɪɚɮɿɱɧɨ ɭ ɜɢɯɿɞɧɨɦɭ ɩɨɪɨɲɤɭ 

ɪɟєɫɬɪɭєɬɶɫɹ ɛɚɝɚɬɨɮɚɡɧɚ ɫɬɪɭɤɬɭɪɚ. ɇɚɣ-

ɛɿɥɶɲ ɩɨɜɧɨ ɩɪɟɞɫɬɚɜɥɟɧɿ ɥɿɧɿʀ ɬɜɟɪɞɨɝɨ ɪɨɡ-
ɱɢɧɭ ɧɚ ɨɫɧɨɜɿ ɧɿɤɟɥɸ ɬɚ ɤɚɪɛɿɞɧɨʀ ɮɚɡɢ ɬɢɩɭ 

Cr23ɋ6 (ɪɢɫ. 2, ɚ). Ⱥɥɟ ɛɚɝɚɬɨ ɥɿɧɿɣ ɧɟ ɩɿɞɞɚ-
ɸɬɶɫɹ ɨɞɧɨɡɧɚɱɧɿɣ ɿɞɟɧɬɢɮɿɤɚɰɿʀ. Ɇɨɠɧɚ 
ɡɧɚɣɬɢ ɡɛɿɝ ɡ ɨɫɧɨɜɧɢɦɢ ɥɿɧɿɹɦɢ ɛɨɪɢɞɿɜ 

ɯɪɨɦɭ ɣ ɧɿɤɟɥɸ, ɫɢɥɿɰɢɞɿɜ ɯɪɨɦɭ. Ɋɟɧɬɝɟɧɨɝ-
ɪɚɦɚ ɨɩɥɚɜɥɟɧɨɝɨ ɲɚɪɭ (ɪɢɫ. 2, ɛ) ɞɨɫɢɬɶ 

ɩɨɜɧɨ ɡɛɿɝɚєɬɶɫɹ ɡ ɪɟɧɬɝɟɧɨɝɪɚɦɨɸ ɩɨɪɨɲɤɭ. 

ɇɚ ɪɟɧɬɝɟɧɨɝɪɚɦɿ ɩɨɪɨɲɤɭ, ɹɤɢɣ ɧɟ ɨɩɥɚɜɢɜ-

ɫɹ (ɪɢɫ. 2, ɜ), ɡɛɟɪɿɝɚɸɬɶɫɹ ɥɿɧɿʀ ɤɚɪɛɿɞɿɜ ɯɪɨ-

ɦɭ ɿ ɧɚɣɛɿɥɶɲ ɫɢɥɶɧɿ ɥɿɧɿʀ ɿɧɲɢɯ ɮɚɡ. Ɂɛɟɪɟ-
ɠɟɧɧɹ ɥɿɧɿɣ ɮɚɡ ɭ ɧɚɩɢɥɟɧɨɦɭ ɲɚɪɿ ɛɟɡ 
ɨɩɥɚɜɥɟɧɧɹ ɣ ɲɚɪɿ ɩɿɫɥɹ ɝɚɪɬɭɜɚɧɧɹ ɫɜɿɞɱɢɬɶ 

ɩɪɨ ɬɟ, ɳɨ ɡɚɮɿɤɫɨɜɚɧɿ ɮɚɡɢ ɭɬɜɨɪɸɸɬɶɫɹ ɩɿɞ 

ɱɚɫ ɩɟɪɜɢɧɧɨʀ ɤɪɢɫɬɚɥɿɡɚɰɿʀ. ɐɟ ɩɿɞɬɜɟɪɞɠɭє 
ɦɟɬɚɥɨɝɪɚɮɿɹ ɜɢɯɿɞɧɨɝɨ ɩɨɪɨɲɤɭ ɬɚ ɜɢɯɿɞɧɨ-

ɝɨ ɲɚɪɭ. ɍ ɫɬɪɭɤɬɭɪɿ ɩɨɪɨɲɤɭ ɜɢɞɧɨ ɤɪɢɫɬɚ-
ɥɢ, ɚ ɬɚɤɨɠ ɞɢɫɩɟɪɫɧɚ ɫɭɦɿɲ ɮɚɡ ɦɿɠ ɧɢɦɢ  

(ɪɢɫ. 1 ɚ, ɛ). ɋɯɨɠɚ ɫɪɭɤɬɭɪɚ ɜ ɨɩɥɚɜɥɟɧɨɦɭ 

ɲɚɪɿ (ɪɢɫ. 3): ɟɥɟɦɟɧɬɢ ɨɞɧɨɪɿɞɧɨ ɪɨɡɩɨɞɿɥɟ-
ɧɿ ɜ ɣɨɝɨ ɨɛɫɹɡɿ. ȿɥɟɤɬɪɨɧɧɨ-ɦɿɤɪɨɫɤɨɩɿɱɧɿ 
ɞɨɫɥɿɞɠɟɧɧɹ ɩɨɤɚɡɭɸɬɶ, ɳɨ ɜ ɡɨɧɿ ɝɪɭɛɢɯ 

ɫɭɦɿɲɟɣ ɫɩɨɫɬɟɪɿɝɚɸɬɶɫɹ ɨɪɿєɧɬɨɜɚɧɿ ɞɿɥɹɧ-

ɤɢ, ɭ ɡɨɧɿ ɞɪɿɛɧɢɯ ɫɭɦɿɲɟɣ – ɧɟɨɪɿєɧɬɨɜɚɧɿ, 
ɦɟɧɲ ɞɢɫɩɟɪɫɧɿ. Ɇɨɠɧɚ ɩɪɢɩɭɫɬɢɬɢ, ɳɨ 

ɮɚɡɚ, ɹɤɚ ɪɟєɫɬɪɭєɬɶɫɹ ɭ ɜɢɝɥɹɞɿ ɨɤɪɭɝɥɢɯ 

ɱɚɫɬɢɧɨɤ, є ɤɚɪɛɿɞɨɦ ɯɪɨɦɭ. ɑɚɫɬɢɧɤɢ ɡɛɟɪɿ-
ɝɚɸɬɶɫɹ ɜ ɩɪɨɰɟɫɿ ɧɚɝɪɿɜɚɧɧɹ ɲɚɪɭ ɩɿɞ ɝɚɪɬɭ-

ɜɚɧɧɹ (ɪɢɫ. 3, ɝ). Ɂɚɦɿɪɢ ɦɿɤɪɨɬɜɟɪɞɨɫɬɿ ɰɟ 
ɩɿɞɬɜɟɪɞɠɭɸɬɶ.  

Ȼɚɝɚɬɨɮɚɡɧɿɫɬɶ ɲɚɪɿɜ ɡɪɚɡɤɿɜ, ɹɤɿ ɞɨɫɥɿ-
ɞɠɭɜɚɥɢɫɹ, ɜɢɹɜɥɟɧɚ ɪɟɧɬɝɟɧɿɜɫɶɤɢɦ ɚɧɚɥɿ-
ɡɨɦ, ɩɿɞɬɜɟɪɞɠɭєɬɶɫɹ ɦɿɤɪɨɫɤɨɩɿɱɧɢɦɢ ɞɨɫ-
ɥɿɞɠɟɧɧɹɦɢ. 

Ⱥɧɚɥɨɝɿɱɧɢɣ ɮɚɡɨɜɢɣ ɿ ɫɬɪɭɤɬɭɪɧɢɣ ɫɤɥɚɞ 

ɦɚє ɿ ɩɨɤɪɢɬɬɹ ɡ ɉȽɋɊ3, ɜɿɞɦɿɧɧɨɸ ɪɢɫɨɸ 

ɲɚɪɭ є ɦɟɧɲɚ ɤɿɥɶɤɿɫɬɶ ɝɪɭɛɨʀ ɫɭɦɿɲɿ ɮɚɡ, 
ɳɨ ɩɨɜ’ɹɡɚɧɨ ɡɿ ɡɦɿɧɨɸ ɡɦɿɫɬɭ ɭ ɫɩɥɚɜɿ ɜɭɝ-
ɥɟɰɸ. 

Ɉɩɥɚɜɥɟɧɧɹ ɲɚɪɿɜ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɱɚɫɬɤɨ-

ɜɨɝɨ ɪɨɡɩɥɚɜɥɟɧɧɹ ɦɟɬɚɥɭ ɨɫɧɨɜɢ ɣ ɚɤɬɢɜɿɡɚ-
ɰɿʀ ɩɪɨɰɟɫɿɜ ɞɢɮɭɡɿʀ ɜ ɧɚɝɪɿɬɿɣ ɞɨ ɜɢɫɨɤɨʀ 
ɬɟɦɩɟɪɚɬɭɪɢ ɩɪɢɝɪɚɧɢɱɧɿɣ ɡɨɧɿ. ɐɟ ɜɢɤɥɢɤɚє 
ɡɦɿɲɭɜɚɧɧɹ ɦɚɬɟɪɿɚɥɭ ɨɫɧɨɜɢ ɡ ɦɚɬɟɪɿɚɥɨɦ 

ɲɚɪɭ ɬɚ ɭɬɜɨɪɟɧɧɹ ɧɨɜɨɝɨ ɫɩɥɚɜɭ, ɜɿɞɦɿɧɧɨɝɨ 

ɡɚ ɫɬɪɭɤɬɭɪɨɸ ɜɿɞ ɨɫɧɨɜɢ ɣ ɩɨɜɟɪɯɧɟɜɨɝɨ 

ɲɚɪɭ. 
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Ɋɢɫ. 2. Ɋɟɧɬɝɟɧɨɝɪɚɦɢ ɫɩɥɚɜɿɜ ɉȽɋɊ4: ɚ – ɩɨɪɨɲɨɤ ɉȽɋɊ4, λCr; ɛ – ɨɩɥɚɜɥɟɧɢɣ ɲɚɪ; ɜ – ɧɟɨɩ-

ɥɚɜɥɟɧɢɣ ɲɚɪ 

 

ɚ ɛ ɜ ɝ 
Ɋɢɫ. 3. ɋɬɪɭɤɬɭɪɚ ɨɩɥɚɜɥɟɧɨɝɨ ɲɚɪɭ ɉȽɋɊ4: ɚ, ɛ – ɝɪɭɛɿ ɣ ɬɨɧɤɿ ɫɭɦɿɲɿ; ɜ – ɫɬɪɭɤɬɭɪɚ ɩɿɫɥɹ 

ɬɪɚɜɥɟɧɧɹ; ɝ – ɫɬɪɭɤɬɭɪɚ ɩɿɫɥɹ ɨɛ’єɦɧɨɝɨ ɝɚɪɬɭɜɚɧɧɹ; ɚ, ɜ – ×1000; ɛ, ɝ – ×440 

 

ɍ ɧɚɩɢɥɟɧɧɿ ɫɩɥɚɜɚɦɢ ɉȽɋɊ ɭ ɫɬɪɭɤɬɭɪɿ 
ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɭ ɜ ɩɪɢɝɪɚɧɢɱɧɢɯ ɡɨɧɚɯ ɡɦɿɧ 

ɧɟ ɜɿɞɛɭɜɚєɬɶɫɹ, ɬɨɦɭ ɳɨ ɧɟɡɧɚɱɧɢɣ ɫɭɦɚɪ-

ɧɢɣ ɧɚɝɪɿɜ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɭ; ɜɡɚєɦɨɞɿɹ ɣɨɝɨ 

ɡ ɱɚɫɬɢɧɤɚɦɢ ɩɨɤɪɢɬɬɹ ɞɭɠɟ ɫɥɚɛɤɚ (ɪɢɫ. 4). 

ɍ ɪɚɡɿ ɨɩɥɚɜɥɟɧɧɹ ɨɬɪɢɦɚɧɢɯ ɩɨɤɪɢɬɬɿɜ 

ɫɩɨɫɬɟɪɿɝɚɸɬɶɫɹ ɡɧɚɱɧɿ ɡɦɿɧɢ ɫɬɪɭɤɬɭɪɢ ɱɚ-

ɜɭɧɭ ɧɚ ɝɪɚɧɢɰɿ ɡ ɲɚɪɨɦ ɿ ɜ ɲɚɪɿ ɧɚ ɝɪɚɧɢɰɿ ɡ 
ɱɚɜɭɧɨɦ ɭɧɚɫɥɿɞɨɤ ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ ɞɢɮɭɡɿɣ-

ɧɢɯ ɩɪɨɰɟɫɿɜ. ɇɚ ɝɪɚɧɢɰɿ ɲɚɪɭ ɜɿɞɛɭɜɚєɬɶɫɹ 

ɡɛɿɥɶɲɟɧɧɹ ɤɿɥɶɤɨɫɬɿ ɝɪɭɛɨʀ ɫɭɦɿɲɿ ɮɚɡ  
(ɪɢɫ. 5), ɳɨ ɦɨɠɧɚ ɩɨɹɫɧɢɬɢ ɞɢɮɭɡɿєɸ ɜɭɝ-
ɥɟɰɸ ɬɚ ɡɚɥɿɡɚ ɡ ɱɚɜɭɧɭ ɜ ɲɚɪ ɉȽɋɊ4 ɿ 
ɉȽɋɊ3.  

 

 

Ɋɢɫ. 4. ɋɬɪɭɤɬɭɪɚ ɝɪɚɧɢɰɿ ɩɿɞɤɥɚɞɤɢ (ɫɿɪɢɣ ɱɚɜɭɧ) ɿ ɲɚɪɭ ɡ ɧɚɩɥɚɜɥɟɧɢɦ ɉȽɋɊ4, × 340 
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ɚ ɛ 
 

Ɋɢɫ. 5. ɋɬɪɭɤɬɭɪɚ ɨɩɥɚɜɥɟɧɨɝɨ ɲɚɪɭ ɉȽɋɊ4: ɚ – ɝɪɭɛɿ ɫɭɦɿɲɿ; ɛ – ɬɨɧɤɿ ɫɭɦɿɲɿ, ɯ1000 

 

ɇɚ ɝɪɚɧɢɰɿ ɡ ɧɟɪɨɡɩɥɚɜɥɟɧɢɦ ɦɟɬɚɥɨɦ 

ɭɬɜɨɪɸєɬɶɫɹ ɬɨɧɤɢɣ ɩɪɨɲɚɪɨɤ ɨɞɧɨɮɚɡɧɨɝɨ 

ɫɩɥɚɜɭ. ɍ ɱɚɜɭɧɿ ɧɚ ɝɪɚɧɢɰɿ ɭɬɜɨɪɸєɬɶɫɹ 

ɩɪɨɲɚɪɨɤ ɡɿ ɡɛɿɥɶɲɟɧɢɦ ɜɦɿɫɬɨɦ ɮɟɪɢɬɭ, ɳɨ 

ɦɨɠɟ ɛɭɬɢ ɧɚɫɥɿɞɤɨɦ ɞɢɮɭɡɿʀ ɜ ɨɫɧɨɜɭ ɝɪɚɮɿ-
ɬɢɡɭɸɱɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɧɿɤɟɥɸ. 

 

ɚ ɛ 

Ɋɢɫ. 6. ɋɬɪɭɤɬɭɪɚ ɩɪɢɝɪɚɧɢɱɧɨʀ ɡɨɧɢ ɨɩɥɚɜɥɟɧɨɝɨ ɲɚɪɭ 

 

Ɂɚɡɧɚɱɟɧɿ ɫɬɪɭɤɬɭɪɧɿ ɨɫɨɛɥɢɜɨɫɬɿ ɩɨɤɪɢɬ-
ɬɿɜ ɡɿ ɫɩɥɚɜɿɜ ɉȽɋɊ ɿ ɡɦɿɧɢ ɜ ɫɬɪɭɤɬɭɪɿ ɜ ɩɪɨ-

ɰɟɫɿ ɧɚɫɬɭɩɧɢɯ ɨɛɪɨɛɨɤ ɩɿɞɬɜɟɪɞɠɭɸɬɶɫɹ 

ɡɦɿɧɨɸ ɦɚɤɪɨ- ɬɚ ɦɿɤɪɨɬɜɟɪɞɨɫɬɿ (ɪɢɫ. 7 ɿ 
ɬɚɛɥ. 1). 
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Ɋɢɫ. 7. Ɍɜɟɪɞɿɫɬɶ ɩɨɤɪɢɬɬɹ ɉȽɋɊ: ɚ – ɦɿɤɪɨɬɜɟɪɞɿɫɬɶ; ɛ – ɬɜɟɪɞɿɫɬɶ ɡɚ Ȼɪɢɧɟɥєɦ 
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ɇɚɣɛɿɥɶɲɭ ɦɚɤɪɨ- ɿ ɦɿɤɪɨɬɜɟɪɞɿɫɬɶ ɦɚɸɬɶ 

ɨɩɥɚɜɥɟɧɿ ɲɚɪɢ, ɹɤɿ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ ɧɚɣ-

ɛɿɥɶɲ ɩɨɜɧɢɦ ɧɚɛɨɪɨɦ ɡɦɿɰɧɸɜɚɥɶɧɢɯ ɮɚɡ. 
ɇɚɣɦɟɧɲɚ ɦɿɤɪɨɬɜɟɪɞɿɫɬɶ ɭ ɲɚɪɿ ɩɿɫɥɹ 

ɨɛ’єɦɧɨɝɨ ɝɚɪɬɭɜɚɧɧɹ ɜɧɚɫɥɿɞɨɤ ɪɨɡɱɢɧɟɧɧɹ 

ɜ ɩɪɨɰɟɫɿ ɧɚɝɪɿɜɭ ɡɧɚɱɧɨʀ ɤɿɥɶɤɨɫɬɿ ɡɦɿɰɧɸ-

ɜɚɥɶɧɢɯ ɮɚɡ ɿ ɩɨɦɿɬɧɨʀ ɤɨɚɝɭɥɹɰɿʀ ɮɚɡ, ɳɨ 

ɡɚɥɢɲɢɥɢɫɶ. ȼɢɫɨɤɚ ɫɟɪɟɞɧɹ ɦɿɤɪɨɬɜɟɪɞɿɫɬɶ 
ɧɟɨɩɥɚɜɥɟɧɨɝɨ ɲɚɪɭ, ɦɚɛɭɬɶ, ɩɨɜ’ɹɡɚɧɚ ɡɿ 
ɫɩɟɰɢɮɿɤɨɸ ɧɚɞɲɜɢɞɤɿɫɧɨʀ ɤɪɢɫɬɚɥɿɡɚɰɿʀ 
ɱɚɫɬɢɧɨɤ ɩɿɞ ɱɚɫ ɧɚɩɢɥɸɜɚɧɧɹ, ɳɨ ɩɪɢɜɨ-

ɞɢɬɶ ɞɨ ɭɬɜɨɪɟɧɧɹ ɜ ɧɢɯ ɞɪɿɛɧɢɯ ɡɟɪɟɧ.  Ɂɦɿ-
ɰɧɸɜɚɥɶɧɚ ɞɿɹ ɞɪɿɛɧɨɝɨ ɡɟɪɧɚ ɤɨɦɩɟɧɫɭє 
ɡɧɢɠɟɧɧɹ ɦɿɤɪɨɬɜɟɪɞɨɫɬɿ ɡɚ ɭɦɨɜɢ ɡɦɿɧɢ 

ɮɚɡɨɜɨɝɨ ɫɤɥɚɞɭ, ɜɢɹɜɥɟɧɨɝɨ ɪɟɧɬɝɟɧɨɝɪɚɮɿ-
ɱɧɨ. 

ɉɿɞɬɜɟɪɞɠɟɧɧɹ ɰɶɨɦɭ ɦɨɠɧɚ ɡɧɚɣɬɢ ɜ 

ɩɪɨɰɟɫɿ ɡɿɫɬɚɜɥɟɧɧɹ ɦɿɤɪɨɬɜɟɪɞɨɫɬɿ ɜɢɯɿɞɧɨ-

ɝɨ ɩɨɪɨɲɤɭ ɣ ɱɚɫɬɢɧɨɤ ɲɚɪɭ. Ɇɿɤɪɨɬɜɟɪɞɿɫɬɶ 

ɜɢɯɿɞɧɨɝɨ ɩɨɪɨɲɤɭ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɲɢɪɨ-

ɤɢɦ ɿɧɬɟɪɜɚɥɨɦ ɡɧɚɱɟɧɶ 5700 ... 8900 Ɇɉɚ, 
ɳɨ ɩɨɜ’ɹɡɚɧɨ ɹɤ ɡɿ ɫɬɪɭɤɬɭɪɧɢɦ ɫɬɚɧɨɦ ɱɚɫ-
ɬɢɧɨɤ, ɬɚɤ ɿ ɡ ɦɨɠɥɢɜɢɦ ɪɨɡɯɨɞɠɟɧɧɹɦ ɫɤɥɚ-
ɞɭ. Ɇɟɧɲɭ ɬɜɟɪɞɿɫɬɶ (5700 ... 8250 Ɇɉɚ) ɦɚ-
ɸɬɶ ɱɚɫɬɤɢ ɡ ɦɟɧɲɨɸ ɤɿɥɶɤɿɫɬɸ ɜɢɹɜɥɟɧɢɯ 

ɡɦɿɰɧɸɜɚɥɶɧɢɯ ɮɚɡ (ɪɢɫ. 1, ɚ), ɛɿɥɶɲɭ (7600 

... 8600 Ɇɉɚ) – ɡ ɛɿɥɶɲɨɸ ʀɯɧɶɨɸ ɤɿɥɶɤɿɫɬɸ 

(ɪɢɫ. 1, ɛ). 

ɍ ɧɚɩɥɚɜɥɟɧɨɦɭ ɲɚɪɿ ɱɚɫɬɤɢ, ɳɨ ɧɟ ɪɨɡɩ-

ɥɚɜɢɥɢɫɶ, ɩɪɚɤɬɢɱɧɨ ɡɛɟɪɿɝɚɸɬɶ ɫɜɨɸ ɬɜɟɪ-

ɞɿɫɬɶ (5700 ... 8250 Ɇɉɚ) ɬɚ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ-

ɫɹ ɦɟɧɲɢɦ ɪɨɡɯɨɞɠɟɧɧɹɦ ɡɧɚɱɟɧɶ 

ɦɿɤɪɨɬɜɟɪɞɨɫɬɿ ɬɚ ɳɟ ɛɿɥɶɲ ɜɢɫɨɤɢɦ ɫɟɪɟɞ-

ɧɿɦ ɪɿɜɧɟɦ, ɩɪɢɛɥɢɡɧɨ 7300 ... 8500 Ɇɉɚ. 
Ɂɧɢɠɟɧɚ ɬɜɟɪɞɿɫɬɶ ɧɚɩɥɚɜɥɟɧɨɝɨ ɲɚɪɭ ɨɛɭ-

ɦɨɜɥɟɧɚ ɣɨɝɨ ɜɢɫɨɤɨɸ ɩɨɪɢɫɬɿɫɬɸ. Ȼɿɥɶɲ 

ɧɢɡɶɤɚ ɬɜɟɪɞɿɫɬɶ ɨɩɥɚɜɥɟɧɨɝɨ ɩɨɤɪɢɬɬɹ 

ɉȽɋɊɁ (HV = 700 ... 760), ɩɨɪɿɜɧɹɧɨ ɡ ɉȽɋɊ 

4 (HV = 760 ... 820), ɩɨɜ’ɹɡɚɧɚ ɡɞɟɛɿɥɶɲɨɝɨ ɡɿ 
ɡɦɟɧɲɟɧɧɹɦ ɤɿɥɶɤɨɫɬɿ ɡɦɿɰɧɸɜɚɥɶɧɢɯ ɮɚɡ. 

Ɉɬɠɟ, ɚɧɚɥɿɡ ɡɦɿɧɢ ɫɬɪɭɤɬɭɪɢ ɬɚ ɜɥɚɫɬɢɜɨ-

ɫɬɟɣ ɩɨɤɪɢɬɬɿɜ ɿɡ ɩɨɪɨɲɤɿɜ ɉȽɋɊ ɩɿɫɥɹ ɧɚɩɢ-

ɥɟɧɧɹ ɣ ɨɩɥɚɜɥɟɧɧɹ ɞɨɡɜɨɥɹє ɡɪɨɛɢɬɢ ɜɢɫɧɨ-

ɜɨɤ, ɳɨ ɧɚɣɤɪɚɳɿ ɜɥɚɫɬɢɜɨɫɬɿ ɩɨɜɢɧɧɿ ɦɚɬɢ 

ɨɩɥɚɜɥɟɧɿ ɩɨɤɪɢɬɬɹ. 

ɉɨɞɚɥɶɲɚ ɬɟɪɦɿɱɧɚ ɨɛɪɨɛɤɚ, ɩɨɜ’ɹɡɚɧɚ ɡ 
ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɢɦ ɬɪɢɜɚɥɢɦ ɧɚɝɪɿɜɚɧɧɹɦ, 

ɧɟɛɚɠɚɧɚ, ɬɨɦɭ ɳɨ ɩɨɝɿɪɲɭє ɫɬɪɭɤɬɭɪɭ ɬɚ 
ɜɥɚɫɬɢɜɨɫɬɿ ɩɨɤɪɢɬɬɹ. ɉɨɤɪɢɬɬɹ ɞɨɰɿɥɶɧɨ 

ɧɚɧɨɫɢɬɢ ɧɚ ɞɟɬɚɥɶ ɩɿɫɥɹ ʀʀ ɨɫɬɚɬɨɱɧɨʀ ɨɛɪɨ-

ɛɤɢ. 

Ɇɨɠɥɢɜɿɫɬɶ ɡɚɫɬɨɫɭɜɚɧɧɹ ɩɨɤɪɢɬɬɹ 

ɉȽɋɊ4 ɞɥɹ ɩɿɞɜɢɳɟɧɧɹ ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ ɱɚɜɭ-

ɧɭ ɛɭɥɚ ɩɟɪɟɜɿɪɟɧɚ ɜ ɩɪɨɦɢɫɥɨɜɢɯ ɭɦɨɜɚɯ. 

ɉɿɫɥɹ ɲɥɿɮɭɜɚɧɧɹ ɝɥɢɛɢɧɚ ɲɚɪɭ ɫɬɚɧɨɜɢɥɚ 

1200 ɦɤɦ, ɲɨɪɫɬɤɿɫɬɶ ɩɨɜɟɪɯɧɿ Ra ɧɟ ɛɿɥɶɲɟ 
ɧɿɠ 2,5 ɦɿɤɪɨɧɚ. 

ɍ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɭɦɨɜɚɯ ɟɤɫɩɥɭɚɬɚɰɿʀ ɩɨ-

ɪɲɧɟɜɿ ɤɿɥɶɰɹ ɜɢɯɨɞɹɬɶ ɡ ɥɚɞɭ ɱɟɪɟɡ ɨɞɢɧ 

ɦɿɫɹɰɶ ɪɨɛɨɬɢ ɜɧɚɫɥɿɞɨɤ ɿɧɬɟɧɫɢɜɧɨɝɨ ɣ ɞɭɠɟ 
ɧɟɪɿɜɧɨɦɿɪɧɨɝɨ ɡɧɨɫɭ ɡɨɜɧɿɲɧɶɨʀ ɩɨɜɟɪɯɧɿ. 
ɇɚɩɢɥɟɧɿ ɤɿɥɶɰɹ ɛɭɥɢ ɡɧɹɬɿ ɞɥɹ ɤɨɧɬɪɨɥɸ 

ɱɟɪɟɡ ɬɪɢ ɦɿɫɹɰɿ ɟɤɫɩɥɭɚɬɚɰɿʀ. ɉɨɜɟɪɯɧɹ ɜɬɭ-

ɥɤɢ ɩɿɫɥɹ ɟɤɫɩɥɭɚɬɚɰɿʀ ɧɚɛɭɥɚ ɜɢɝɥɹɞɭ ɩɨɥɿ-
ɪɨɜɚɧɨɝɨ ɜɢɪɨɛɭ (Ra ɧɟ ɛɿɥɶɲɟ ɧɿɠ 0,32 ɦɿɤ-

ɪɨɧɚ) ɛɟɡ ɛɭɞɶ-ɹɤɢɯ ɥɨɤɚɥɶɧɢɯ ɩɨɪɭɲɟɧɶ 

ɩɨɜɟɪɯɧɿ. 
 

ȼɢɫɧɨɜɤɢ 

1. Ⱥɧɚɥɿɡ ɡɦɿɧɢ ɫɬɪɭɤɬɭɪɢ ɿ ɜɥɚɫɬɢɜɨɫɬɟɣ 

ɩɨɤɪɢɬɬɿɜ ɡ ɩɨɪɨɲɤɿɜ ɉȽ-ɋɊ ɩɨɤɚɡɚɜ, ɳɨ 

ɧɚɣɤɪɚɳɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɜɢɧɧɿ ɦɚɬɢ 

ɨɩɥɚɜɥɟɧɿ ɩɨɤɪɢɬɬɹ. 

2. Ⱦɥɹ ɩɨɤɪɢɬɬɿɜ ɿɡ ɩɨɪɨɲɤɿɜ ɉȽɋɊ ɬɟɪɦɿ-
ɱɧɚ ɨɛɪɨɛɤɚ ɧɟɛɚɠɚɧɚ, ɬɨɦɭ ɳɨ ɩɨɝɿɪɲɭє 
ɫɬɪɭɤɬɭɪɭ ɬɚ ɜɥɚɫɬɢɜɨɫɬɿ ɩɨɤɪɢɬɬɹ. 

3. Ɇɨɠɥɢɜɿɫɬɶ ɡɚɫɬɨɫɭɜɚɧɧɹ ɩɨɤɪɢɬɬɿɜ ɡ 
ɩɨɪɨɲɤɿɜ ɉȽɋɊ ɞɥɹ ɩɿɞɜɢɳɟɧɧɹ ɡɧɨɫɭ ɛɭɥɚ 
ɩɟɪɟɜɿɪɟɧɚ ɜ ɭɦɨɜɚɯ ɟɤɫɩɥɭɚɬɚɰɿʀ ɡɚɯɢɫɧɢɯ 

ɜɬɭɥɨɤ ɜɨɞɹɧɢɯ ɧɚɫɨɫɿɜ. Ɋɨɛɨɬɚ ɜɩɪɨɜɚɞɠɟɧɚ 
ɜ ɩɪɚɤɬɢɤɭ ɉȺɌ «ɏɚɪɤɿɜɫɶɤɢɣ ɦɚɲɢɧɨɛɭɞɿɜ-

ɧɢɣ ɡɚɜɨɞ “ɋɜɿɬɥɨ ɒɚɯɬɚɪɹ”». 
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ɋɬɪɭɤɬɭɪɚ ɢ ɫɜɨɣɫɬɜɚ ɝɚɡɨɩɥɚɦɟɧɧɵɯ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɩɨɤɪɵɬɢɣ 

Аɧɧɨɬаɰиɹ. В ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɝɚɡɨɩɥɚɦɟɧɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɞɟɬɚ-
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Structure and properties of plasma-flame 

multi-component coatings 

 

Abstract. The paper deals with the formation of 

plasma-flame coatings on the parts of the cylinder-

piston group using self-fluxing powders based on 

nickel. The formation of the operational properties of 

such coatings occurs at all stages of the process of 

their preparation; therefore, we investigated the 

change in their structure and properties after the 

coating was sprayed, melted, and then quenched. The 

coating structure is multiphase. Metallographic and 

X-ray studies revealed the presence of a solid 

solution based on nickel in the sprayed layer, a 

carbide phase, chromium and nickel borides, and 

chromium silicide. Heating during spraying does not 

lead to a change in the base; structural changes in 

the base metal occur only when the coating is melted. 

The fused layers containing the greatest amount of 

strengthening phases possess the highest macro- and 

microhardness. The  Research carried out and 

industrial tests allow us to recommend the coating 

for practical use. 

Key words: coating, melting, spraying, carbide 

phase, microhardness. 

 

Hlushkova Diana, Doct. Sc., Chef of Department of 

Technology of Metals and Materials Science,  

tel: 057-707-37-29, diana@khadi.kharkov.ua 

Kharkiv National Automobile and Highway 

University, 25, Yaroslava Mudrogo str., Kharkiv, 

61002, Ukraine. 

 

 

 

 

 


