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ȼɉɅɂȼ ɋɌɊɍɄɌɍɊɂ ɌȺ ɎȺɁɈȼɈȽɈ ɋɄɅȺȾɍ ɇȺ ɁɇɈɋɈɋɌІɃɄІɋɌЬ 

ȿɄɈɇɈɆɇɈɅȿȽɈȼȺɇɂɏ ɆȿɌȺɋɌȺȻІɅЬɇɂɏ І ȼɌɈɊɂɇɇɈ ɌȼȿɊȾІɘɑɂɏ 

ɋɌȺɅȿɃ ɋɂɋɌȿɆɂ Cr-Mn-Ti 

 

ɇɿɤɨɧɨɜ Ɉ.ə., Ȼɚɝɪɨɜ ȼ.Ⱥ., Ⱦɨɧɱɟɧɤɨ Ⱦ.Ɉ.  

ɏɚɪɤɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɚɜɬɨɦɨɛɿɥɶɧɨ-ɞɨɪɨɠɧɿɣ ɭɧɿɜɟɪɫɢɬɟɬ 

 
Аɧɧɨɬаɰіɹ. Ɋɨɡɝɥɹɧɭɬɿ ɩɢɬɚɧɧɹ ɜɩɥɢɜɭ ɡɧɨɲɭɜɚɧɧɹ ɧɚ ɭɬɜɨɪɟɧɧɹ «ɛɿɥɨʀ ɫɦɭɝɢ» ɜ ɦɟɬɚɫɬɚɛɿ-
ɥɶɧɢɯ ɚɭɫɬɟɧɿɬɧɢɯ, ɦɚɪɬɟɧɫɢɬɧɨ-ɚɭɫɬɟɧɿɬɧɢɯ ɬɚ ɜɬɨɪɢɧɧɨ ɬɜɟɪɞɿɸɱɢɯ ɫɬɚɥɹɯ ɫɢɫɬɟɦɢ Cr-

Mn-Ti, ɹɤɿ ɞɨɞɚɬɤɨɜɨ ɥɟɝɨɜɚɧɿ Mo, B, V. ɉɪɨɜɟɞɟɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɩɿɞɬɜɟɪɞɠɭɸɬɶ ɦɨɠɥɢɜɿɫɬɶ 
ɭɬɜɨɪɟɧɧɹ «ɛɿɥɨʀ ɫɦɭɝɢ» ɹɤ ɭ ɫɩɥɚɜɚɯ, ɳɨ ɦɚɸɬɶ ɜɢɫɨɤɭ ɤɨɧɰɟɧɬɪɚɰɿɸ ɟɥɟɦɟɧɬɿɜ –  

ɚɭɫɬɟɧɿɡɚɬɨɪɿɜ, ɬɚɤ ɿ ɜ ɩɪɨɰɟɫɿ ɥɟɝɭɜɚɧɧɹ ɤɚɪɛɿɞɨɭɬɜɨɪɸɜɚɥɶɧɢɦɢ ɟɥɟɦɟɧɬɚɦɢ (V, Ɇo). 

Клɸɱɨві ɫлɨва: ɩɨɪɨɲɤɨɜɢɣ ɞɪɿɬ, ɫɬɚɥɶ, ɧɚɩɥɚɜɥɟɧɧɹ, ɤɚɪɛɿɞɢ, ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ, ɫɬɪɭɤɬɭɪɚ. 

 

ȼɫɬɭɩ 

ɇɚ ɫɭɱɚɫɧɨɦɭ ɟɬɚɩɿ ɪɨɡɜɢɬɤɭ ɧɚɭɤɢ ɣ ɬɟɯ-

ɧɿɤɢ ɨɞɧɢɦ ɡ ɧɚɣɜɚɠɥɢɜɿɲɢɯ ɡɚɜɞɚɧɶ є ɟɤɨ-

ɧɨɦɿɹ ɦɟɬɚɥɿɜ ɲɥɹɯɨɦ ɪɚɰɿɨɧɚɥɶɧɨɝɨ ɤɨɧɫ-
ɬɪɭɸɜɚɧɧɹ ɬɚ ɩɿɞɜɢɳɟɧɧɹ ɧɚɞɿɣɧɨɫɬɿ ɣ 

ɞɨɜɝɨɜɿɱɧɨɫɬɿ ɧɚɣɛɿɥɶɲ ɜɚɠɥɢɜɢɯ ɞɟɬɚɥɟɣ 

ɦɚɲɢɧ, ɦɟɯɚɧɿɡɦɿɜ, ɚɝɪɟɝɚɬɿɜ. 

ɉɿɞɜɢɳɟɧɧɹ ɤɨɧɫɬɪɭɤɰɿɣɧɨʀ ɦɿɰɧɨɫɬɿ ɞɨ-

ɫɹɝɚєɬɶɫɹ ɪɿɡɧɢɦɢ ɫɩɨɫɨɛɚɦɢ, ɫɟɪɟɞ ɹɤɢɯ 

ɧɚɫɚɦɩɟɪɟɞ ɦɨɠɧɚ ɧɚɡɜɚɬɢ ɜɞɨɫɤɨɧɚɥɟɧɧɹ 

ɬɟɯɧɨɥɨɝɿʀ ɧɚɧɟɫɟɧɧɹ ɪɿɡɧɢɯ ɩɨɤɪɢɬɬɿɜ ɧɚ 
ɞɟɬɚɥɿ, ɫɬɜɨɪɟɧɧɹ ɟɤɨɧɨɦɧɢɯ ɥɟɝɨɜɚɧɢɯ ɧɚ-
ɩɥɚɜɧɢɯ ɦɚɬɟɪɿɚɥɿɜ, ɪɨɡɪɨɛɤɚ ɬɟɯɧɨɥɨɝɿɣ, ɹɤɿ 
ɡɚɛɟɡɩɟɱɭɸɬɶ ɩɨɥɿɩɲɟɧɧɹ ɨɛɪɨɛɥɸɜɚɧɨɫɬɿ 
ɩɨɤɪɢɬɬɿɜ ɬɚ ɿɧ. 

ɉɨɤɪɢɬɬɹ ɲɢɪɨɤɟ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɩɪɚɤ-

ɬɢɱɧɨ ɭ ɜɫɿɯ ɝɚɥɭɡɹɯ ɬɟɯɧɿɤɢ ɣ ɧɚɭɤɢ, ɫɟɪɟɞ 

ɧɢɯ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ, ɚɜɬɨɦɨɛɿɥɟɛɭɞɭɜɚɧ-

ɧɹ, ɚɬɨɦɧɚ ɟɧɟɪɝɟɬɢɤɚ, ɛɭɞɿɜɟɥɶɧɿ ɤɨɧɫɬɪɭɤ-

ɰɿʀ ɬɨɳɨ. ɋɤɥɚɞ ɿ ɬɟɯɧɨɥɨɝɿɹ ɧɚɧɟɫɟɧɧɹ ɩɨɤ-

ɪɢɬɬɿɜ ɡɚɥɟɠɚɬɶ ɧɚɫɚɦɩɟɪɟɞ ɜɿɞ ɭɦɨɜ 

ɟɤɫɩɥɭɚɬɚɰɿʀ ɜɢɪɨɛɭ ɚɛɨ ɿɧɫɬɪɭɦɟɧɬɚ, ɜɿɞ 

ɦɚɬɟɪɿɚɥɭ, ɡ ɹɤɨɝɨ ɜɨɧɢ ɜɢɝɨɬɨɜɥɟɧɿ. Ɉɞɧɿєɸ 

ɡ ɨɫɧɨɜɧɢɯ ɰɿɥɟɣ ɧɚɧɟɫɟɧɧɹ ɩɨɤɪɢɬɬɿɜ є ɩɿɞ-

ɜɢɳɟɧɧɹ ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ. 
 

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

ɋɩɨɫɨɛɢ ɡɚɯɢɫɬɭ ɜɿɞ ɡɧɨɲɭɜɚɧɧɹ ɡɚɥɟɠɚɬɶ 

ɜɿɞ ɛɚɝɚɬɶɨɯ ɱɢɧɧɢɤɿɜ, ɡɨɤɪɟɦɚ ɜɿɞ ɭɦɨɜ ɪɨ-

ɛɨɬɢ ɞɟɬɚɥɿ. Ɍɚɤ, ɭ ɛɚɝɚɬɶɨɯ ɜɢɩɚɞɤɚɯ ɞɨɫɬɚɬ-
ɧɶɨ ɧɚɧɟɫɟɧɧɹ ɬɨɧɤɨɝɨ ɡɚɯɢɫɧɨɝɨ ɲɚɪɭ, ɳɨɛ 

ɡɚɩɨɛɿɝɬɢ ɡɧɨɲɭɜɚɧɧɸ. ɐɟ ɦɨɠɥɢɜɨ, ɤɨɥɢ 

ɦɚɥɚ ɡɚɝɚɥɶɧɚ ɜɟɥɢɱɢɧɚ ɡɧɨɲɭɜɚɧɧɹ, ɪɿɡɤɟ 
ɡɧɢɠɟɧɧɹ ɚɞɫɨɪɛɰɿʀ, ɪɿɡɤɨ ɡɦɿɧɧɿ ɭɦɨɜɢ ɟɤɫ-
ɩɥɭɚɬɚɰɿʀ ɬɚ ɿɧ. 

ɍ ɬɨɦɭ ɠ ɜɢɩɚɞɤɭ, ɤɨɥɢ ɩɿɞ ɱɚɫ ɪɨɛɨɬɢ 

ɞɟɬɚɥɟɣ ɡɧɨɲɭɜɚɧɧɹ ɡɚɡɧɚє ɲɚɪ ɜɟɥɢɤɨʀ ɬɨɜ-

ɳɢɧɢ, ɤɨɥɢ ɤɪɿɦ ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ ɩɨɜɟɪɯɧɟɜɨɝɨ 

ɲɚɪɭ ɧɟɨɛɯɿɞɧɨ ɦɚɬɢ ɞɨɫɢɬɶ ɜɢɫɨɤɢɦɢ ɣ ɿɧɲɿ 

ɜɥɚɫɬɢɜɨɫɬɿ, ɧɚɩɪɢɤɥɚɞ, ɜɬɨɦɧɭ ɦɿɰɧɿɫɬɶ, ɬɨ 

ɡɚɩɨɛɿɝɬɢ ɡɧɨɲɭɜɚɧɧɸ ɦɨɠɧɚ ɧɚɩɥɚɜɥɟɧɧɹɦ.  

ɍ ɜɢɛɨɪɿ ɜɢɞɭ ɩɨɤɪɢɬɬɹ ɬɪɟɛɚ ɧɚɫɚɦɩɟɪɟɞ 

ɜɢɯɨɞɢɬɢ ɡ ɬɟɯɧɨɥɨɝɿɱɧɨɫɬɿ ɩɪɨɰɟɫɭ, ɳɨ ɦɿɫ-
ɬɢɬɶ ɬɚɤɿ ɩɨɧɹɬɬɹ, ɹɤ ɜɿɞɨɦɨɫɬɿ ɞɨ ɦɿɧɿɦɭɦɭ 

ɤɿɥɶɤɨɫɬɿ ɨɩɟɪɚɰɿɣ, ɜɢɬɪɚɬɢ ɦɚɬɟɪɿɚɥɿɜ, ɤɿɥɶ-

ɤɿɫɬɶ ɧɚɧɟɫɟɧɧɹ ɲɚɪɿɜ, ɡɦɟɧɲɟɧɧɹ ɜɢɬɪɚɬɢ 

ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ, ɡɚɩɨɛɿɝɚɧɧɹ ɜɿɞɲɚɪɨɜɭɜɚɧɧɹ. 

Ɂ ɦɟɬɨɸ ɩɿɞɜɢɳɟɧɧɹ ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ ɞɟɬɚ-
ɥɟɣ, ɳɨ ɩɪɚɰɸɸɬɶ ɜ ɭɦɨɜɚɯ ɦɨɥɟɤɭɥɹɪɧɨ-

ɦɟɯɚɧɿɱɧɨɝɨ ɬɚ ɿɧɲɢɯ ɜɢɞɿɜ ɦɟɯɚɧɿɱɧɨɝɨ 

ɡɧɨɲɭɜɚɧɧɹ, ɜɟɥɢɤɟ ɡɧɚɱɟɧɧɹ ɧɚɛɭɜɚє ɪɨɡɪɨ-

ɛɤɚ ɪɟɫɭɪɫɨɡɚɨɳɚɞɠɭɜɚɥɶɧɢɯ ɡɧɨɫɨɫɬɿɣɤɢɯ 

ɫɩɥɚɜɿɜ ɿ ɬɟɯɧɨɥɨɝɿɹ ʀɯɧɶɨɝɨ ɧɚɩɥɚɜɥɟɧɧɹ. 

Ɂɧɨɫɨɫɬɿɣɤɿɫɬɶ ɿ ɞɨɜɝɨɜɿɱɧɿɫɬɶ ɞɟɬɚɥɟɣ, ɳɨ 

ɟɤɫɩɥɭɚɬɭɸɬɶɫɹ ɜ ɭɦɨɜɚɯ ɬɟɪɬɹ ɦɟɬɚɥɭ ɩɨ 

ɦɟɬɚɥɭ ɜ ɪɚɡɿ ɩɿɞɜɢɳɟɧɢɯ ɬɢɫɤɿɜ ɿ ɬɟɦɩɟɪɚ-
ɬɭɪ, ɡɧɚɱɧɢɯ ɲɜɢɞɤɨɫɬɟɣ ɜɿɞɧɨɫɧɨɝɨ ɩɟɪɟɦɿ-
ɳɟɧɧɹ ɫɤɥɚɞɨɜɢɯ ɩɚɪ ɬɟɪɬɹ, ɫɭɬɬєɜɨ ɡɪɨɫɬɚє ɜ 

ɩɪɨɰɟɫɿ ɧɚɩɥɚɜɥɟɧɧɹ ɞɿɥɹɧɨɤ, ɳɨ ɡɧɨɲɭɸɬɶ-

ɫɹ, ɫɩɥɚɜɚɦɢ, ɨɛɪɚɧɢɦɢ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɨɫɨɛ-

ɥɢɜɨɫɬɟɣ ɡɧɨɲɭɜɚɧɧɹ, ɡɦɿɧɢ ɬɟɦɩɟɪɚɬɭɪɢ ɣ 

ɬɟɦɩɟɪɚɬɭɪɧɢɯ ɝɪɚɞɿєɧɬɿɜ, ɦɿɰɧɨɫɬɿ ɦɟɬɚɥɭ 

ɧɚɩɥɚɜɥɟɧɧɹ ɣ ɧɚɜɤɨɥɨɲɨɜɧɨʀ ɡɨɧɢ. 

ɇɟɡɜɚɠɚɸɱɢ ɧɚ ɜɟɥɢɤɭ ɤɿɥɶɤɿɫɬɶ ɞɨɫɥɿ-
ɞɠɟɧɶ ɭ ɧɚɩɪɹɦɿ ɨɰɿɧɸɜɚɧɧɹ ɩɪɢɱɢɧ ɭɬɜɨ-

ɪɟɧɧɹ ɝɚɪɹɱɢɯ ɿ ɯɨɥɨɞɧɢɯ ɬɪɿɳɢɧ ɭ ɩɪɨɰɟɫɿ 
ɧɚɩɥɚɜɥɟɧɧɹ ɡɧɨɫɨɫɬɿɣɤɢɯ ɧɚɩɥɚɜɧɢɯ ɫɩɥɚɜɿɜ 

[1–4], ɧɚ ɫɶɨɝɨɞɧɿ ɚɤɬɭɚɥɶɧɢɦɢ ɡɚɥɢɲɚɸɬɶɫɹ 

ɩɢɬɚɧɧɹ ɪɨɡɪɨɛɤɢ ɟɤɨɧɨɦɧɢɯ ɥɟɝɨɜɚɧɢɯ ɡɧɨ-

ɫɨɫɬɿɣɤɢɯ ɧɚɩɥɚɜɧɢɯ ɦɚɬɟɪɿɚɥɿɜ ɿ ɬɟɯɧɨɥɨɝɿʀ 
ʀɯɧɶɨɝɨ ɧɚɧɟɫɟɧɧɹ. 

Ɉɞɧɢɦ ɿɡ ɱɢɧɧɢɤɿɜ, ɳɨ ɜɩɥɢɜɚє ɧɚ ɞɨɜɝɨ-

ɜɿɱɧɿɫɬɶ ɿɧɫɬɪɭɦɟɧɬɚ ɝɚɪɹɱɨɝɨ ɞɟɮɨɪɦɭɜɚɧɧɹ, 

є ɬɟɦɩɟɪɚɬɭɪɚ. ȼɩɥɢɜ ɬɟɦɩɟɪɚɬɭɪɢ ɩɨɜ’ɹɡɚ-
ɧɢɣ ɡ ɬɚɤɢɦɢ ɹɜɢɳɚɦɢ, ɳɨ ɜɿɞɛɭɜɚɸɬɶɫɹ ɜ 

ɩɨɜɟɪɯɧɟɜɨɦɭ ɣ ɩɿɞɩɨɜɟɪɯɧɟɜɨɦɭ ɲɚɪɚɯ: 

– ɡɦɿɧɨɸ ɩɨɤɚɡɧɢɤɿɜ ɦɟɯɚɧɿɱɧɢɯ ɜɥɚɫɬɢ-

ɜɨɫɬɟɣ ɡɚ ɭɦɨɜɢ ɡɪɨɫɬɚɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ; 
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– ɜɿɞɩɭɫɤɚɦɢ ɿ ɫɬɪɭɤɬɭɪɧɢɦɢ ɩɟɪɟɬɜɨɪɟɧ-

ɧɹɦɢ; 

– ɩɨɹɜɨɸ ɜɬɨɪɢɧɧɢɯ ɞɟɮɨɪɦɚɰɿɣ ɿ ɧɚɩɪɭ-

ɠɟɧɶ, ɹɤɿ є ɧɚɫɥɿɞɤɨɦ ɧɟɪɿɜɧɨɦɿɪɧɨɝɨ ɪɨɡɩɨ-

ɞɿɥɭ ɬɟɦɩɟɪɚɬɭɪ. 

ɇɟɩɪɢɩɭɫɬɢɦɢɣ ɞɟɮɟɤɬ – ɱɚɫɬɤɨɜɟ ɚɛɨ 

ɩɨɜɧɟ ɜɿɞɲɚɪɨɜɭɜɚɧɧɹ ɡɧɨɫɨɫɬɿɣɤɨɝɨ ɲɚɪɭ, 

ɹɤɟ ɜɢɧɢɤɚє ɜɧɚɫɥɿɞɨɤ ɭɬɜɨɪɟɧɧɹ ɬɪɿɳɢɧ ɭ 

ɡɨɧɚɯ ɫɩɥɚɜɭ ɜ ɦɚɪɬɟɧɫɢɬɧɨɦɭ ɚɛɨ ɛɟɣɧɿɬɧɨ-

ɦɚɪɬɟɧɫɢɬɧɨɦɭ ɩɪɨɲɚɪɤɭ, ɹɤɳɨ ɞɨɥɹ ɦɟɬɚɫ-
ɬɚɛɿɥɶɧɨɝɨ ɚɭɫɬɟɧɿɬɭ ɩɟɪɟɜɢɳɭє 70–80 %. 

Ɍɨɜɳɢɧɚ ɦɚɪɬɟɧɫɢɬɧɨɝɨ, ɛɟɣɧɿɬɧɨ-

ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɩɪɨɲɚɪɤɭ ɜ ɡɨɧɿ ɩɪɨɩɥɚɜɥɟɧ-

ɧɹ ɞɨɫɹɝɚє ɞɟɤɿɥɶɤɨɯ ɬɢɫɹɱ ɦɤɦ. Ɂ ɩɿɞɜɢɳɟɧ-

ɧɹɦ ɤɨɧɰɟɧɬɪɚɰɿʀ ɜɭɝɥɟɰɸ ɜ ɫɟɪɟɞɧɶɨɯɪɨɦɢ-

ɫɬɨɦɭ ɧɚɩɥɚɜɥɟɧɨɦɭ ɦɟɬɚɥɿ ɛɿɥɶɲɟ ɧɿɠ 1,80– 

2,00 % ɬɨɜɳɢɧɚ ɩɨɞɿɛɧɨɝɨ ɩɪɨɲɚɪɤɭ ɫɬɚɧɨ-

ɜɢɬɶ ɤɿɥɶɤɚ ɞɟɫɹɬɤɿɜ ɦɤɦ. ɑɟɪɟɡ ɦɚɥɭ ɪɿɡɧɢ-

ɰɸ ɤɨɟɮɿɰɿєɧɬɿɜ ɪɨɡɲɢɪɟɧɧɹ ɦɟɬɚɫɬɚɛɿɥɶɧɨɝɨ 

ɜɢɫɨɤɨɜɭɝɥɟɰɟɜɨɝɨ ɚɭɫɬɟɧɿɬɭ ɜɩɥɢɜ ɰɶɨɝɨ 

ɱɢɧɧɢɤɚ ɧɚ ɪɿɜɟɧɶ ɧɚɩɪɭɠɟɧɶ ɧɟɡɧɚɱɧɢɣ. 

ɇɚ ɩɿɞɫɬɚɜɿ ɩɪɨɜɟɞɟɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɿ ɚɧɚɥɿɡɭ 

ɪɨɛɿɬ Ⱥ.Ɇ. Ɇɚɤɚɪɢ, Є.Ʌ. Ɇɚɤɚɪɨɜɚ, Ʌ.ɋ. Ʌɿ-
ɜɲɢɰɹ, Ⱦ. Ȼɪɨєɤɚ ɬɚ ɿɧ. ɡɚɩɪɨɩɨɧɨɜɚɧɚ ɡɚɝɚ-
ɥɶɧɚ ɞɥɹ ɦɚɤɪɨɫɤɨɩɿɱɧɢɯ ɿ ɦɿɤɪɨɫɤɨɩɿɱɧɢɯ 

ɩɪɨɲɚɪɤɿɜ ɫɯɟɦɚ ɩɪɨɰɟɫɭ ɜɿɞɲɚɪɨɜɭɜɚɧɧɹ. 

Ɂɛɥɢɠɟɧɧɹ ɯɿɦɿɱɧɨɝɨ ɣ ɮɚɡɨɜɨɝɨ ɫɤɥɚɞɭ 

ɩɟɪɲɨɝɨ ɣ ɧɚɫɬɭɩɧɢɯ ɲɚɪɿɜ ɞɨɫɹɝɚєɬɶɫɹ ɡɦɟ-
ɧɲɟɧɧɹɦ ɱɚɫɬɤɢ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɭ: ɩɨɞɚɱɟɸ 

ɡɧɟɫɬɪɭɦɥɟɧɨʀ ɩɪɢɫɚɞɤɢ ɩɿɞ ɞɭɝɭ; ɰɢɤɥɿɱɧɢɦ 

ɩɟɪɟɦɢɤɚɧɧɹɦ ɞɭɝɢ ɩɪɹɦɨʀ ɞɿʀ ɧɚ ɞɭɝɭ ɧɟ-
ɩɪɹɦɨʀ ɞɿʀ ɜ ɩɪɨɰɟɫɿ ɧɚɩɥɚɜɥɟɧɧɹ ɪɨɡɳɟɩɥɟ-
ɧɢɦ ɟɥɟɤɬɪɨɞɨɦ. 

ɍ ɩɪɨɰɟɫɿ ɧɚɩɥɚɜɥɟɧɧɹ ɫɬɚɥɟɜɢɯ ɩɪɨɤɚɬ-
ɧɢɯ ɜɚɥɤɿɜ ɡɧɨɫɨɫɬɿɣɤɢɦɢ ɜɢɫɨɤɨɜɭɝɥɟɰɟɜɢ-

ɦɢ ɫɬɚɥɹɦɢ ɫɢɫɬɟɦ C-Cr-Mn-Si-Ti ɡɿ ɫɬɪɭɤɬɭ-

ɪɨɸ ɦɟɬɚɫɬɚɛɿɥɶɧɨɝɨ ɚɭɫɬɟɧɿɬɭ 

ɜɿɞɲɚɪɨɜɭɜɚɧɧɹ ɡɚɩɨɛɿɝɚєɬɶɫɹ ɧɚɩɥɚɜɥɟɧɧɹɦ 

ɦɚɥɨɜɭɝɥɟɰɟɜɨɝɨ ɩɿɞɲɚɪɭ ɣ ɩɿɞɜɢɳɟɧɧɹɦ 

ɬɟɦɩɟɪɚɬɭɪɢ ɩɨɩɟɪɟɞɧɶɨɝɨ ɩɿɞɿɝɪɿɜɭ ɞɨ 723–

733 ɋ. 

ȼɿɞɫɭɬɧɿɫɬɶ ɭ ɡɨɧɿ ɫɩɥɚɜɥɟɧɧɹ ɚɛɪɚɡɢɜɧɨɫ-
ɬɿɣɤɢɯ ɫɩɥɚɜɿɜ ɡ ɜɭɝɥɟɰɟɜɢɦɢ ɫɬɚɥɹɦɢ ɦɿɤɪɨ-

ɫɤɨɩɿɱɧɨɝɨ ɩɪɨɲɚɪɤɭ ɡɿ ɫɬɪɭɤɬɭɪɨɸ «ɛɿɥɨʀ 
ɫɦɭɝɢ» ɣ ɡɚɩɨɛɿɝɚɧɧɹ ɜɿɞɪɢɜɿɜ ɨɞɧɨɲɚɪɨɜɨɝɨ 

ɧɚɩɥɚɜɥɟɧɧɹ ɦɨɠɧɚ ɞɨɫɹɝɬɢ ɡɚɫɬɨɫɭɜɚɧɧɹɦ 

ɟɤɨɧɨɦɧɨɥɟɝɨɜɚɧɢɯ ɧɚɩɥɚɜɧɢɯ ɫɬɚɥɟɣ ɫɢɫɬɟ-
ɦɢ ɋ-Ti-B-Ni. ȿɤɨɧɨɦɿɹ ɞɟɮɿɰɢɬɧɢɯ ɥɟɝɭɸ-

ɱɢɯ ɞɨɦɿɲɨɤ ɞɨɫɹɝɚєɬɶɫɹ: ɡɚɫɬɨɫɭɜɚɧɧɹɦ 

ɟɤɨɧɨɦɧɢɯ ɥɟɝɨɜɚɧɢɯ ɫɩɥɚɜɿɜ, ɩɿɞɜɢɳɟɧɧɹɦ 

ɤɨɟɮɿɰɿєɧɬɚ ɡɚɫɜɨєɧɧɹ ɥɟɝɭɸɱɢɯ ɟɥɟɦɟɧɬɿɜ, 

ɡɦɟɧɲɟɧɧɹɦ ɩɪɢɩɭɫɤɭ ɧɚ ɨɛɪɨɛɤɭ. 

 

Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ 

Ⱦɨɫɥɿɞɠɟɧɧɹ ɜɩɥɢɜɭ ɫɬɪɭɤɬɭɪɢ ɣ ɮɚɡɨɜɨ-

ɝɨ ɫɤɥɚɞɭ ɧɚ ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ ɟɤɨɧɨɦɧɨɥɟɝɨɜɚ-

ɧɢɯ ɦɟɬɚɫɬɚɛɿɥɶɧɢɯ ɚɭɫɬɟɧɿɬɧɢɯ ɫɬɚɥɟɣ ɫɢɫ-
ɬɟɦɢ Cr-Mn-Ti ɬɚ ɜɬɨɪɢɧɧɨ ɬɜɟɪɞɿɸɱɢɯ ɫɬɚ-
ɥɟɣ ɞɨɞɚɬɤɨɜɨ ɥɟɝɨɜɚɧɢɯ Mo, B, V. 

 

ȼɩɥɢɜ ɫɬɪɭɤɬɭɪɢ ɿ ɮɚɡɨɜɨɝɨ ɫɤɥɚɞɭ ɧɚ ɡɧɨ-

ɫɨɫɬɿɣɤɿɫɬɶ ɟɤɨɧɨɦɧɨɥɟɝɨɜɚɧɢɯ  

ɦɟɬɚɫɬɚɛɿɥɶɧɢɯ ɿ ɜɬɨɪɢɧɧɨ ɬɜɟɪɞɿɸɱɢɯ 

ɫɬɚɥɟɣ ɫɢɫɬɟɦɢ Cr-Mn-Ti 

ɍ ɜɢɤɨɪɢɫɬɚɧɧɿ ɜɬɨɪɢɧɧɨ ɬɜɟɪɞɿɸɱɢɯ 

ɫɩɥɚɜɿɜ ɫɢɫɬɟɦɢ Fe-C-Cr-Ni-Mo-Si ɫɬɿɣɤɿɫɬɶ 

ɦɚɬɪɢɰɶ ɞɥɹ ɜɢɪɭɛɤɢ ɡɚɝɨɬɨɜɨɤ ɮɥɚɧɰɿɜ ɤɨ-

ɥɿɫ, ɲɟɫɬɟɪɟɧɶ, ɞɢɫɤɿɜ, ɧɚɩɥɚɜɥɟɧɢɯ ɫɬɚɥɥɸ 

08ɏ6ɇ8ɆɌɋ, ɜɢɹɜɥɹєɬɶɫɹ ɜɢɳɟ ɡɚ ɬɢɯ, ɳɨ 

ɧɚɩɥɚɜɥɟɧɿ ɫɬɚɥɹɦɢ 20ȼ9ɏ4Ɇ4ɎɌ ɿ 
50ɏ14ȼ4ɎɌ. 

Ɉɫɤɿɥɶɤɢ ɜɚɪɬɿɫɬɶ ɜɬɨɪɢɧɧɨ ɬɜɟɪɞɿɸɱɢɯ 

ɥɟɝɨɜɚɧɢɯ ɧɿɤɟɥɟɦ ɫɩɥɚɜɿɜ ɫɢɫɬɟɦɢ Fe-C-Cr-

Ni-Mo-Si ɞɨɫɢɬɶ ɜɢɫɨɤɚ, ɬɨ ɛɭɥɚ ɩɨɫɬɚɜɥɟɧɚ 
ɦɟɬɚ ɪɨɡɪɨɛɢɬɢ ɚɧɚɥɨɝɢ ɰɢɯ ɫɬɚɥɟɣ ɛɟɡ ɥɟɝɭ-

ɜɚɧɧɹ ʀɯ ɧɿɤɟɥɟɦ. Ɋɨɡɪɨɛɥɟɧɚ ɫɬɚɥɶ 

20ɏ3Ƚ9Ɇ5Ɍ2ɋ, ɳɨ ɡɦɿɰɧɸєɬɶɫɹ ɟɧɞɨɝɟɧɧɢ-

ɦɢ ɤɚɪɛɿɞɚɦɢ ɬɢɬɚɧɭ ɣ ɞɢɫɩɟɪɫɿɣɧɢɦɢ ɱɚɫɬ-
ɤɚɦɢ ɿɧɬɟɪɦɟɬɚɥɿɞɭ ɡɚɥɿɡɨ – ɦɨɥɿɛɞɟɧ. 

Ɇɟɯɚɧɿɡɨɜɚɧɟ ɧɚɩɥɚɜɥɟɧɧɹ ɡɞɿɣɫɧɸɜɚɥɨɫɶ 

ɩɨɪɨɲɤɨɜɢɦɢ ɞɪɨɬɚɦɢ ɩɿɞ ɮɥɸɫɚɦɢ Ⱥɇ-22 

ɬɚ Ⱥɇ-20 ɡ ɩɨɞɚɱɟɸ ɜ ɝɨɥɨɜɧɭ ɱɚɫɬɢɧɭ ɜɚɧɧɢ 

ɡɧɟɫɬɪɭɦɥɟɧɨʀ ɥɟɝɨɜɚɧɨʀ ɩɪɢɫɚɞɤɢ, ɳɨ ɡɦɟɧ-

ɲɭє ɱɚɫɬɤɭ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɭ, ɩɢɬɨɦɭ ɜɢɬɪɚ-
ɬɭ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɣ ɩɿɞɜɢɳɭє ɧɚɫɢɱɟɧɧɹ ɥɟ-
ɝɭɜɚɥɶɧɢɦɢ ɟɥɟɦɟɧɬɚɦɢ. ɇɚɩɥɚɜɥɟɧɧɹ ɩɿɞ 

ɮɥɸɫɨɦ ɡɞɿɣɫɧɸɜɚɥɨɫɶ ɡɚ ɭɦɨɜɢ 

Iɞ=300…350 Ⱥ, Uɞ=26…30 ȼ, 

q=6…10 ɤȾɠ/ɫɦ. ɍ ɩɪɨɰɟɫɿ ɪɭɱɧɨɝɨ ɧɚɩɥɚɜ-

ɥɟɧɧɹ – Iɞ=180…220 Ⱥ, Uɞ=25…28 ȼ. 

ɇɚɩɥɚɜɥɟɧɧɹ ɦɚɬɟɪɿɚɥɿɜ ɩɪɨɜɨɞɢɥɨɫɹ ɜ 

ɦɿɞɧɿ ɮɨɪɦɢ ɡ ɪɿɡɧɨɸ ɲɜɢɞɤɿɫɬɸ ɩɪɢɦɭɫɨɜɨ-

ɝɨ ɨɯɨɥɨɞɠɟɧɧɹ. Ⱦɨɫɥɿɞɠɭɜɚɥɢɫɹ ɦɟɬɚɫɬɚɛɿ-
ɥɶɧɿ ɚɭɫɬɟɧɿɬɧɿ, ɦɚɪɬɟɧɫɢɬɧɨ-ɚɭɫɬɟɧɿɬɧɿ ɣ 

ɜɬɨɪɢɧɧɨ ɬɜɟɪɞɿɸɱɿ ɫɬɚɥɿ ɫɢɫɬɟɦɢ Cr-Mn-Ti, 

ɹɤɿ ɞɨɞɚɬɤɨɜɨ ɥɟɝɨɜɚɧɿ Mo, V. 

Ⱦɥɹ ɜɢɩɪɨɛɭɜɚɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɚɫɹ 

ɦɚɲɢɧɚ ɬɟɪɬɹ 2070 ɋɆɌ-1. ɋɯɟɦɚ ɜɢɩɪɨɛɭ-

ɜɚɧɧɹ – ɞɢɫɤ-ɤɨɥɨɞɤɚ. Ɋɟɠɢɦɢ ɬɟɪɬɹ: ɲɜɢɞ-

ɤɿɫɬɶ ɨɛɟɪɬɚɧɧɹ ɞɢɫɤɚ 0,5 ɦ/ɫ; ɧɚɜɚɧɬɚɠɟɧɧɹ 

ɧɚ ɡɪɚɡɨɤ 25, 50 ɇ; ɦɚɬɟɪɿɚɥ ɤɨɧɬɪɬɿɥɚ – ɫɬɚɥɶ 
45ɏ ɬɜɟɪɞɿɫɬɸ 47-49HRC. 

ȼɢɡɧɚɱɚɜɫɹ ɹɤ ɦɚɫɨɜɟ, ɬɚɤ ɿ ɥɿɧɿɣɧɟ ɡɧɨ-

ɲɭɜɚɧɧɹ. Ⱦɥɹ ɡɧɨɫɨɫɬɿɣɤɢɯ ɫɬɚɥɟɣ ɡ ɛɟɣɧɿɬ-
ɧɨɸ, ɛɟɣɧɿɬɧɨ-ɦɚɪɬɟɧɫɢɬɧɨɸ ɿ ɦɟɬɚɫɬɚɛɿɥɶ-
ɧɨɸ ɚɭɫɬɟɧɿɬɧɨɸ ɫɬɪɭɤɬɭɪɨɸ ɨɫɧɨɜɧɢɦ 

ɦɚɬɟɪɿɚɥɨɦ-ɟɬɚɥɨɧɨɦ ɩɪɢɣɧɹɬɨ ɧɚɩɥɚɜɥɟɧɢɣ 

ɦɟɬɚɥ 30ɏ2ȼ8Ɏ. 

ɉɪɨɜɟɞɟɧɟ ɧɚɩɥɚɜɥɟɧɧɹ ɞɪɨɬɚɦɢ ɉɉ – 

08ɏ6ɇ8Ɇ7ɋ, ɉɉ – 25ɏ5ɎɆ, ɉɉ – Ⱥɇ-132. 

ɇɟɨɛɯɿɞɧɨ ɜɿɞɡɧɚɱɢɬɢ ɡɦɟɧɲɟɧɧɹ ɤɿɥɶɤɨɫɬɿ 
ɡɚɪɨɞɤɿɜ ɝɚɪɹɱɢɯ ɬɪɿɳɢɧ ɭ ɩɪɨɰɟɫɿ ɧɚɩɥɚɜ-
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ɥɟɧɧɹ ɉɉ – 08ɏ6ɇ8Ɇ7ɋ (ɫɬɚɥɶ 30ɏ3ɇ4Ɇ3Ɏ 

ɩɨ ɩɟɪɲɨɦɭ ɲɚɪɭ) ɩɨɪɿɜɧɹɧɨ ɡ ɞɚɧɢɦɢ ɦɟɬɚ-
ɥɨɝɪɚɮɿɱɧɨɝɨ ɚɧɚɥɿɡɭ ɞɥɹ ɲɚɪɿɜ, ɨɬɪɢɦɚɧɢɯ 

ɩɨɪɨɲɤɨɜɢɦ ɞɪɨɬɨɦ ɉɉ – Ⱥɇ-132 (ɫɬɚɥɶ 

35ɏ4ȼ3Ɇ3Ɏ ɩɨ ɱɟɬɜɟɪɬɨɦɭ-ɲɨɫɬɨɦɭ ɲɚɪɚɦ, 

ɫɬɚɥɶ 45ɏ3ȼ2Ɇ2ɇɎ – ɩɨ ɩɟɪɲɨɦɭ ɲɚɪɭ). 

ɍ ɡɨɧɢ ɩɪɨɩɥɚɜɥɟɧɧɹ ɪɨɡɪɚɯɭɧɤɨɜɿ ɱɚɫɬɤɢ 

ɦɚɪɬɟɧɫɢɬɭ, ɳɨ ɨɬɪɢɦɚɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 

ɡɚ ɭɦɨɜɢ ɧɚɩɥɚɜɥɟɧɧɹ ɞɪɨɬɚɦɢ ɉɉ – 

08ɏ6ɇ8Ɇ7ɋ ɿ ɉɉ – 25ɏ5ɎɆ, ɩɪɢɛɥɢɡɧɨ 

ɪɿɜɧɿ  – 60 %, ɞɥɹ ɱɟɬɜɟɪɬɨɝɨ-ɩ’ɹɬɨɝɨ ɲɚɪɿɜ –

80 ɿ 70 % ɜɿɞɩɨɜɿɞɧɨ. 

ɇɚ ɨɫɧɨɜɿ ɞɨɫɥɿɞɠɟɧɶ ɮɿɡɢɤɢ ɬɜɟɪɞɨɝɨ ɬɿ-
ɥɚ ɦɚɬɟɪɿɚɥɿɜ, ɳɨ ɩɪɚɰɸɸɬɶ ɜ ɭɦɨɜɚɯ ɬɟɪɬɹ, 

ɜɢɫɭɜɚɸɬɶɫɹ ɬɚɤɿ ɜɢɦɨɝɢ: ɜɢɫɨɤɚ ɦɿɰɧɿɫɬɶ, 
ɡɧɚɱɧɢɣ ɡɚɩɚɫ ɦɿɤɪɨɩɥɚɫɬɢɱɧɨɫɬɿ, ɨɤɚɥɢɧɨɫ-
ɬɿɣɤɿɫɬɶ, ɜɢɫɨɤɚ ɬɜɟɪɞɿɫɬɶ; ɜ ɭɦɨɜɚɯ ɤɨɧɬɚɤɬ-
ɧɢɯ ɧɚɩɪɭɠɟɧɶ ɭ ɩɪɨɰɟɫɿ ɩɪɢɩɪɚɰɸɜɚɧɧɹ 

ɦɚɬɟɪɿɚɥ ɦɚє ɛɭɬɢ ɫɯɢɥɶɧɢɣ ɞɨ ɡɞɪɿɛɧɸɜɚɧɧɹ 

ɦɿɤɪɨɫɬɪɭɤɬɭɪɢ. ɇɚɣɛɿɥɶɲɢɣ ɜɩɥɢɜ ɧɚ ɰɿ 
ɜɥɚɫɬɢɜɨɫɬɿ ɦɚє ɫɤɥɚɞ ɿ ɫɬɪɭɤɬɭɪɚ ɦɚɬɟɪɿɚɥɭ. 

ȼɡɚєɦɨɡɜ’ɹɡɨɤ ɪɨɡɪɚɯɭɧɤɨɜɨʀ ɿɧɬɟɧɫɢɜɧɨ-

ɫɬɿ ɡɧɨɲɭɜɚɧɧɹ ɣ ɜɿɞɧɨɫɧɨʀ ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ 
ɦɚɪɬɟɧɫɢɬɧɨ-ɚɭɫɬɟɧɿɬɧɢɯ ɬɚ ɿɧɫɬɪɭɦɟɧɬɚɥɶ-
ɧɢɯ ɫɬɚɥɟɣ (50ɏɇɆ, 08ɏ6ɇ8Ɇ7ɋ, 

40ɏ4Ƚ8Ɍ2ɋ, 20ɏ3Ƚ9Ɇ5Ɍ2ɋ ɬɚ ɿɧ.) ɭɫɬɚɧɨɜ-

ɥɸɜɚɜɫɹ ɜ ɭɦɨɜɚɯ ɛɥɢɡɶɤɢɯ ɞɨ ɫɟɪɟɞɧɿɯ ɬɢɫ-
ɤɿɜ ɧɚ ɤɨɧɬɚɤɬɧɿɣ ɩɨɜɟɪɯɧɿ ɜ ɪɚɡɿ ɝɚɪɹɱɨʀ ɨɛ-

ɪɨɛɤɢ ɫɬɚɥɟɣ. ɉɿɞ ɱɚɫ ɩɪɢɩɪɚɰɸɜɚɧɧɹ ɜ 

ɩɪɨɰɟɫɿ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜ ɫɬɚɥɹɯ, ɳɨ ɞɨɫɥɿ-
ɞɠɭɜɚɥɢɫɶ, ɫɩɨɫɬɟɪɿɝɚɥɨɫɶ ɨɤɢɫɧɟ ɡɧɨɲɭɜɚɧ-

ɧɹ. ɍ ɪɚɡɿ ɡɛɿɥɶɲɟɧɧɹ ɱɚɫɭ ɬɟɪɬɹ ɨɤɢɫɧɟ ɡɧɨ-

ɲɭɜɚɧɧɹ ɩɟɪɟɯɨɞɢɬɶ ɭ ɬɟɩɥɨɜɟ, ɳɨ 

ɫɭɩɪɨɜɨɞɠɭєɬɶɫɹ ɤɨɧɬɚɤɬɧɢɦ ɫɯɨɩɥɸɜɚɧɧɹɦ 

ɿ ɨɩɥɚɜɥɟɧɧɹɦ ɩɨɜɟɪɯɨɧɶ ɬɟɪɬɹ. ɇɚɣɛɿɥɶɲɭ 

ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ ɩɨɤɚɡɚɥɚ ɫɬɚɥɶ 

20ɏ3Ƚ9Ɇ5Ɍ2ɋ. 

Ɂɦɿɧɚ ɞɢɫɥɨɤɚɰɿɣɧɨʀ ɫɬɪɭɤɬɭɪɢ ɩɪɢɝɪɚɧɢ-

ɱɧɢɯ ɡɨɧ ɬɟɪɬɹ ɣ ɫɬɚɪɿɧɧɹ ɩɿɞ ɜɩɥɢɜɨɦ ɞɿʀ 
ɩɿɞɜɢɳɟɧɢɯ ɬɟɦɩɟɪɚɬɭɪ ɿ ɞɟɮɨɪɦɚɰɿɣ є ɨɞ-

ɧɢɦ ɡ ɨɫɧɨɜɧɢɯ ɱɢɧɧɢɤɿɜ ɩɿɞɜɢɳɟɧɧɹ ɤɨɧɬɚ-
ɤɬɧɨʀ ɦɿɰɧɨɫɬɿ ɣ ɦɿɤɪɨɩɥɚɫɬɢɱɧɨɫɬɿ ɩɨɜɟɪɯ-

ɧɟɜɢɯ ɲɚɪɿɜ. Ʉɪɿɦ ɜɢɳɟ ɩɟɪɟɥɿɱɟɧɢɯ 

ɱɢɧɧɢɤɿɜ, ɡɦɟɧɲɟɧɧɹ ɡɧɨɲɭɜɚɧɧɹ ɦɨɠɧɚ 
ɩɨɹɫɧɢɬɢ ɡɦɿɧɨɸ ɚɞɝɟɡɿɣɧɨʀ ɫɤɥɚɞɨɜɨʀ ɫɢɥɢ 

ɬɟɪɬɹ, ɡɨɧɢ ɩɥɚɫɬɢɱɧɢɯ ɞɟɮɨɪɦɚɰɿɣ, ɜɩɥɢɜɨɦ 

ɡɧɚɱɧɨʀ ɤɿɥɶɤɨɫɬɿ ɣ ɪɿɜɧɨɦɿɪɧɢɦ ɪɨɡɩɨɞɿɥɨɦ 

ɤɚɪɛɿɞɿɜ  ɬɢɬɚɧɭ ɜ ɨɛ’єɦɿ ɦɟɬɚɥɭ. 

Ⱦɨɫɥɿɞɠɟɧɧɹ ɩɟɪɜɢɧɧɨʀ ɫɬɪɭɤɬɭɪɢ ɧɚɩɥɚ-
ɜɥɟɧɢɯ ɫɬɚɥɟɣ ɜɢɹɜɢɥɨ ɧɚɹɜɧɿɫɬɶ ɛɿɥɢɯ ɩɪɨ-

ɲɚɪɤɿɜ, ɹɤɿ ɧɟɡɧɚɱɧɨ ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɡɚ ɲɢɪɢ-

ɧɨɸ. 

Ɇɟɬɚɥɨɝɪɚɮɿɱɧɢɣ ɚɧɚɥɿɡ ɪɨɡɬɚɲɭɜɚɧɧɹ 

ɩɪɨɲɚɪɤɿɜ ɩɨɤɚɡɚɜ, ɳɨ ɧɚɣɱɚɫɬɿɲɟ ʀɯɧє ɪɨɡ-
ɬɚɲɭɜɚɧɧɹ ɩɨɜɬɨɪɸє ɮɪɨɧɬ ɤɪɢɫɬɚɥɿɡɚɰɿʀ 
ɧɚɩɥɚɜɥɟɧɨɝɨ ɦɟɬɚɥɭ. 

Ⱦɨɞɚɬɤɨɜɟ ɥɟɝɭɜɚɧɧɹ ɰɢɯ ɫɬɚɥɟɣ ɬɢɬɚɧɨɦ 

ɭ ɤɿɥɶɤɨɫɬɿ 2…5 % ɫɩɪɢɹɥɨ ɡɚɩɨɛɿɝɚɧɧɸ ɜɿɞ-

ɤɨɥɿɜ ɩɨ ɡɨɧɿ ɫɩɥɚɜɥɟɧɧɹ. ɉɨɛɥɢɡɭ ɥɿɧɿʀ ɫɩɥɚ-
ɜɥɟɧɧɹ ɩɟɪɟɛɭɜɚє ɡɨɧɚ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɭ 

ɡɚɜɲɢɪɲɤɢ ɞɨ 7…15 ɦɤɦ, ɦɿɤɪɨɬɜɟɪɞɿɫɬɶ 

ɹɤɨʀ ɬɪɨɯɢ ɧɢɠɱɚ ɡɚ ɦɿɤɪɨɬɜɟɪɞɿɫɬɶ ɨɫɧɨɜɧɨ-

ɝɨ ɦɟɬɚɥɭ, ɳɨ ɫɜɿɞɱɢɬɶ ɩɪɨ ɞɢɮɭɡɿɣɧɿ ɩɪɨɰɟ-
ɫɢ. Ɇɿɤɪɨɫɬɪɭɤɬɭɪɚ ɯɪɨɦɨɦɚɪɝɚɧɰɟɜɨɝɨ ɧɚ-
ɩɥɚɜɥɟɧɨɝɨ ɦɟɬɚɥɭ ɿɡ ɜɦɿɫɬɨɦ ɬɢɬɚɧɭ ɞɨ 4 % 

ɧɚɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1, 2. 
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Ɋɢɫ. 1. Ɇɿɤɪɨɫɬɪɭɤɬɭɪɚ ɯɪɨɦɨɦɚɪɝɚɧɰɟɜɨɝɨ 

ɧɚɩɥɚɜɥɟɧɨɝɨ ɦɟɬɚɥɭ ɿɡ ɜɦɿɫɬɨɦ ɬɢɬɚɧɭ ɞɨ 

4 %, Cr ~ 9,51 %; Mn ~ 8,86 %, Si ~ 1,87 %. 
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Ɋɢɫ. 2. Ɇɿɤɪɨɫɬɪɭɤɬɭɪɚ ɯɪɨɦɨɦɚɪɝɚɧɰɟɜɨɝɨ 

ɧɚɩɥɚɜɥɟɧɨɝɨ ɦɟɬɚɥɭ ɿɡ ɜɦɿɫɬɨɦ ɬɢɬɚɧɭ ɞɨ 

4 %, Cr ~ 8,20 %; Mn ~ 7,54 %, Si ~ 1,87 %.  

 

Ɂɿɫɬɚɜɥɟɧɧɹ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɿ ɟɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɢɯ ɜɟɥɢɱɢɧ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɡɧɨɲɭɜɚɧɧɹ 

ɩɨɤɚɡɚɥɢ, ɳɨ ɪɨɡɪɚɯɭɧɤɨɜɿ ɡɧɚɱɟɧɧɹ ɿɧɬɟɧɫɢ-

ɜɧɨɫɬɿ ɡɧɨɲɭɜɚɧɧɹ ɦɨɠɧɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ 

ɞɥɹ ɨɪɿєɧɬɨɜɧɨʀ ɨɰɿɧɤɢ ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ ɫɩɥɚ-
ɜɿɜ ɪɿɡɧɨɝɨ ɯɿɦɿɱɧɨɝɨ ɫɤɥɚɞɭ, ɚɥɟ ɛɥɢɡɶɤɢɯ ɡɚ 
ɫɬɪɭɤɬɭɪɧɢɦ ɤɥɚɫɨɦ. Ɂɝɿɞɧɨ ɡ ɬɟɨɪɿєɸ ɜɬɨɦ-

ɧɨɝɨ ɡɧɨɲɭɜɚɧɧɹ ɪɭɣɧɭɜɚɧɧɹ ɩɨɜɟɪɯɧɟɜɢɯ 

ɲɚɪɿɜ ɡɚ ɭɦɨɜɢ ɡɨɜɧɿɲɧɶɨɝɨ ɬɟɪɬɹ ɨɛɭɦɨɜɥɟ-
ɧɟ ɡɧɚɤɨɡɦɿɧɧɢɦɢ ɧɚɩɪɭɠɟɧɧɹɦɢ [1, 5]. 

ɍ ɞɟɹɤɢɯ ɜɢɩɚɞɤɚɯ ɭ ɪɚɡɿ ɧɨɪɦɚɥɶɧɢɯ ɧɚɩɪɭ-

ɠɟɧɶ, ɜɿɞɩɨɜɿɞɧɢɯ ɞɨ ɩɪɭɠɧɢɯ ɞɟɮɨɪɦɚɰɿɣ, 

ɩɥɚɫɬɢɱɧɚ ɬɟɱɿɹ ɜ ɩɨɜɟɪɯɧɟɜɢɯ ɲɚɪɚɯ ɜɢɤɥɢ-

ɤɚєɬɶɫɹ ɞɨɬɢɱɧɢɦɢ ɧɚɩɪɭɠɟɧɧɹɦɢ. ȼ ɭɦɨɜɚɯ 

ɩɥɚɫɬɢɱɧɨɝɨ ɤɨɧɬɚɤɬɭ ɧɚɜɚɧɬɚɠɟɧɧɹ, ɹɤɿ 
ɩɪɢɜɨɞɹɬɶ ɞɨ ɩɥɚɫɬɢɱɧɨʀ ɞɟɮɨɪɦɚɰɿʀ, ɫɭɬɬєɜɨ 

ɡɚɥɟɠɚɬɶ ɜɿɞ ɦɨɥɟɤɭɥɹɪɧɨʀ ɫɤɥɚɞɨɜɨʀ ɤɨɟɮɿ-
ɰɿєɧɬɚ ɬɟɪɬɹ. 

Ⱦɥɹ ɜɫɿɯ ɞɨɫɥɿɞɠɟɧɢɯ ɫɩɥɚɜɿɜ ɯɚɪɚɤɬɟɪ-

ɧɢɦ є ɩɨɫɬɭɩɨɜɟ ɡɦɟɧɲɟɧɧɹ ɪɨɡɤɢɞɭ ɡɧɚɱɟɧɶ 

ɦɿɤɪɨɬɜɟɪɞɨɫɬɿ ɡɚ ɝɥɢɛɢɧɨɸ ɡɨɧɢ ɬɟɪɬɹ. 
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Ɂɦɿɧɚ ɦɿɤɪɨɬɜɟɪɞɨɫɬɿ ɜ ɩɪɢɩɨɜɟɪɯɧɿɯ ɲɚ-
ɪɚɯ ɧɚ ɫɬɚɞɿʀ ɡɧɨɲɭɜɚɧɧɹ ɨɛɭɦɨɜɥɟɧɚ ɩɪɨɰɟ-
ɫɚɦɢ ɜɡɚєɦɧɨʀ ɞɢɮɭɡɿʀ ɦɚɬɟɪɿɚɥɿɜ ɩɚɪɢ ɬɟɪɬɹ, 

ɜɢɛɿɪɤɨɜɨɝɨ ɨɤɢɫɧɟɧɧɹ ɣ ɬɟɪɦɨɞɢɮɭɡɿɣɧɨɝɨ 

ɩɟɪɟɪɨɡɩɨɞɿɥɭ ɡɦɿɰɧɸɜɚɥɶɧɨʀ ɮɚɡɢ ɩɿɞ ɞɿєɸ 

ɬɟɦɩɟɪɚɬɭɪ ɿ ɞɟɮɨɪɦɚɰɿɣ, ɹɤɿ ɩɚɪɚɥɟɥɶɧɨ 

ɜɿɞɛɭɜɚɸɬɶɫɹ. ɉɟɪɟɥɿɱɟɧɿ ɡɦɿɧɢ ɜɩɥɢɜɚɸɬɶ ɧɚ 
ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɡɧɨɲɭɜɚɧɧɹ ɦɚɬɟɪɿɚɥɿɜ, ɹɤɿ 
ɞɨɫɥɿɞɠɭɜɚɥɢɫɶ. ɇɢɡɶɤɚ ɡɞɚɬɧɿɫɬɶ ɞɨ ɡɦɿɰ-

ɧɟɧɧɹ ɿɧɫɬɪɭɦɟɧɬɚɥɶɧɢɯ ɫɬɚɥɟɣ ɩɪɢɡɜɨɞɢɬɶ 

ɞɨ ɩɿɞɜɢɳɟɧɧɹ ɬɟɦɩɭ ɡɧɨɲɭɜɚɧɧɹ ɣ ɩɟɪɟɞɱɚ-
ɫɧɨɝɨ ɩɟɪɟɯɨɞɭ ɞɨ ɫɬɚɞɿʀ ɤɪɢɬɢɱɧɨɝɨ ɡɧɨɲɭ-

ɜɚɧɧɹ. Ⱦɜɿɣɧɢɤɭɜɚɧɧɹ ɣ ɜɢɞɿɥɟɧɧɹ ɤɚɪɛɿɞɿɜ 

ɩɨ ɞɜɿɣɧɢɤɚɯ ɭ ɦɟɬɚɫɬɚɛɿɥɶɧɢɯ ɚɭɫɬɟɧɿɬɧɢɯ ɿ 
ɜɬɨɪɢɧɧɨ ɬɜɟɪɞɿɸɱɢɯ ɫɬɚɥɹɯ ɩɿɞɜɢɳɭє ɨɩɿɪ 

ɩɥɚɫɬɢɱɧɢɦ ɡɪɭɲɟɧɧɹɦ ɭ ɪɚɡɿ ɩɿɞɜɢɳɟɧɢɯ 

ɬɟɦɩɟɪɚɬɭɪ, ɭɫɤɥɚɞɧɸɸɱɢ ɪɭɣɧɭɜɚɧɧɹ ɪɨɛɨ-

ɱɢɯ ɩɨɜɟɪɯɨɧɶ ɭ ɩɪɨɰɟɫɿ ɬɟɪɬɹ [5–8]. Іɧɬɟɧ-

ɫɢɜɧɿɫɬɶ ɡɧɨɲɭɜɚɧɧɹ ɞɟɹɤɢɯ ɞɨɫɥɿɞɠɟɧɢɯ 

ɫɬɚɥɟɣ ɧɚɜɟɞɟɧɨ ɧɚ ɪɢɫ. 3. 
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Ɋɢɫ. 3. Іɧɬɟɧɫɢɜɧɿɫɬɶ ɡɧɨɲɭɜɚɧɧɹ ɧɚɩɥɚɜɥɟ-
ɧɨɝɨ ɦɟɬɚɥɭ  

 

ɉɿɫɥɹ ɜɢɩɪɨɛɭɜɚɧɧɹ ɡɚ ɭɦɨɜɢ ɨɛ’єɦɧɨʀ 
ɬɟɦɩɟɪɚɬɭɪɢ ɪɨɛɨɱɨʀ ɱɚɫɬɢɧɢ ɡɪɚɡɤɚ 
Ɍ=553…573 Ʉ ɭ ɤɨɧɬɚɤɬɧɢɯ ɨɛ’єɦɚɯ ɧɚɩɥɚɜ-

ɥɟɧɨɝɨ ɦɟɬɚɥɭ ɬɢɩɭ 30ɏ2ȼ8Ɏ ɜɢɹɜɥɟɧɿ ɪɨɡ-
ɲɢɪɟɧɧɹ ɝɪɚɧɢɰɶ ɡɟɪɟɧ, ɥɿɧɿʀ ɡɪɭɲɟɧɧɹ, 

ɛɿɥɶɲ ɞɪɿɛɧɟ ɡɟɪɧɨ ɩɨɪɿɜɧɹɧɨ ɡ ɲɚɪɚɦɢ, ɳɨ  

ɥɟɠɚɬɶ ɧɢɠɱɟ. ɉɨɡɚ ɡɨɧɨɸ ɩɥɚɫɬɢɱɧɨʀ ɞɟɮɨ-

ɪɦɚɰɿʀ ɜɟɥɢɱɢɧɚ ɡɟɪɟɧ ɜɿɞɩɨɜɿɞɚє ʀɯɧɿɦ ɪɨɡ-
ɦɿɪɚɦ ɞɨ ɩɨɱɚɬɤɭ ɜɢɩɪɨɛɭɜɚɧɶ, ɝɪɚɧɢɰɿ ɡɟɪɟɧ 

ɜɿɞɧɨɫɧɨ ɬɨɧɤɿ. Ʉɿɥɶɤɿɫɬɶ ɿ ɪɨɡɬɚɲɭɜɚɧɧɹ 

ɤɚɪɛɿɞɿɜ ɬɚɤɨɠ ɚɧɚɥɨɝɿɱɧɿ ɫɬɪɭɤɬɭɪɧɢɦ ɯɚɪɚ-
ɤɬɟɪɢɫɬɢɤɚɦ ɧɚɩɥɚɜɥɟɧɨɝɨ ɦɟɬɚɥɭ ɬɢɩɭ 

30ɏ2ȼ8Ɏ. ɋɬɪɭɤɬɭɪɚ, ɳɨ ɮɨɪɦɭєɬɶɫɹ ɭ ɮɪɨ-

ɧɬɿ ɡɧɨɲɭɜɚɧɧɹ, ɩɨɞɿɛɧɚ ɧɚ ɫɬɪɭɤɬɭɪɭ ɛɿɥɨʀ 
ɡɨɧɢ ɡɚ ɛɭɞɨɜɨɸ ɿ ɜɢɡɧɚɱɚєɬɶɫɹ ɜɢɫɨɤɨɸ ɦɿɤ-

ɪɨɬɜɟɪɞɿɫɬɸ. ɏɚɪɚɤɬɟɪɧɚ ɡɦɿɧɚ ɫɬɪɭɤɬɭɪɢ 

ɧɚɩɥɚɜɥɟɧɨɝɨ ɦɟɬɚɥɭ ɜ ɤɨɧɬɚɤɬɧɿɣ ɡɨɧɿ ɣ 

ɧɢɠɱɢɯ ɲɚɪɚɯ ɧɚɜɟɞɟɧɚ ɧɚ ɪɢɫ. 4.  

Ɂ ɩɿɞɜɢɳɟɧɧɹɦ ɬɟɦɩɟɪɚɬɭɪɢ ɫɬɪɢɠɧɹ ɬɟɪ-

ɬɹ ɞɨ ɌɋɌ – 823 Ʉ ɦɿɤɪɨɬɜɟɪɞɿɫɬɶ ɦɟɬɚɥɭ ɤɨɧ-

ɬɚɤɬɧɢɯ ɨɛ’єɦɿɜ ɩɨɦɿɬɧɨ ɡɧɢɡɢɥɚɫɹ. Ⱦɥɹ ɝɪɚ-
ɧɢɱɧɨɝɨ ɲɚɪɭ ɯɚɪɚɤɬɟɪɧɚ ɫɬɪɭɤɬɭɪɚ «ɛɿɥɨʀ 
ɫɦɭɝɢ» ɩɿɫɥɹ ɜɢɫɨɤɨɝɨ ɜɿɞɩɭɫɤɭ. 

ȼ ɨɤɪɟɦɢɯ ɡɪɚɡɤɚɯ ɿɡ ɯɪɨɦɨɦɨɥɿɛɞɟɧɨɜɨɝɨ 

ɧɚɩɥɚɜɥɟɧɨɝɨ ɦɟɬɚɥɭ ɜɢɹɜɥɟɧɿ ɩɨɪɭɲɟɧɧɹ 

ɫɭɰɿɥɶɧɨɫɬɿ ɡɚ ɝɪɚɧɢɰɹɦɢ ɡɟɪɟɧ. 
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Ɋɢɫ. 4. ɋɬɪɭɤɬɭɪɚ ɧɚɩɥɚɜɥɟɧɨɝɨ ɦɟɬɚɥɭ ɩɿɫɥɹ 

ɜɢɩɪɨɛɭɜɚɧɶ ɧɚ ɡɧɨɲɭɜɚɧɧɹ: ɚ – ɭ ɩɨɜɟɪ-

ɯɧɿ; ɛ – 2 ɦɦ ɜɿɞ ɩɨɜɟɪɯɧɿ (×500) 

 

ɋɬɪɭɤɬɭɪɚ ɜɿɞɩɭɳɟɧɨɝɨ ɦɟɬɚɥɭ «ɛɿɥɨʀ ɡɨ-

ɧɢ» ɧɚɩɥɚɜɥɟɧɧɹɦ ɫɬɚɥɿ 50ɏ5Ɇ2ȼ2ɇ1Ɏ ɡɦɿ-
ɧɸєɬɶɫɹ ɜ ɩɨɜɟɪɯɧɿ ɡɧɨɲɭɜɚɧɧɹ ɩɪɨɞɭɤɬɚɦɢ 

ɜɿɞɩɭɫɤɭ ɡ ɞɿɥɹɧɤɚɦɢ ɚɭɫɬɟɧɿɬɭ ɡɚ ɭɦɨɜɢ ɩɿɞ-

ɜɢɳɟɧɧɹ  ɬɟɦɩɟɪɚɬɭɪɢ ɫɬɪɢɠɧɹ  ɬɟɪɬɹ ɜɿɞ 823 

Ʉ ɞɨ 973 Ʉ. 

Ʌɟɝɭɜɚɧɧɹ ɧɚɩɥɚɜɥɟɧɨɝɨ ɦɟɬɚɥɭ ɧɿɤɟɥɟɦ ɿ 
ɦɚɪɝɚɧɰɟɦ ɡɧɢɠɭє Aɋ1, ɚ ɡɛɿɥɶɲɟɧɧɹ ɤɨɧɰɟɧ-

ɬɪɚɰɿɣ ɯɪɨɦɭ, ɜɨɥɶɮɪɚɦɭ, ɦɨɥɿɛɞɟɧɭ ɩɿɞɜɢ-

ɳɭє ɡɚɡɧɚɱɟɧɭ ɬɟɦɩɟɪɚɬɭɪɭ, ɳɨ є ɡɚɤɨɧɨɦɿɪ-

ɧɢɦ ɞɥɹ ɬɟɪɦɿɱɧɢɯ ɜɩɥɢɜɿɜ ɿɡ ɧɢɡɶɤɢɦ ɪɿɜɧɟɦ 

ɞɿɸɱɢɯ ɧɚ ɦɟɬɚɥ ɧɚɩɪɭɠɟɧɶ. 

ɍ ɩɪɨɰɟɫɿ ɞɨɞɚɬɤɨɜɨɝɨ ɥɟɝɭɜɚɧɧɹ ɯɪɨɦɢɫ-
ɬɨɝɨ ɫɩɥɚɜɭ 3…4 % ɜɨɥɶɮɪɚɦɨɦ ɣ ɦɨɥɿɛɞɟ-
ɧɨɦ ɡɧɢɠɭєɬɶɫɹ ɤɿɥɶɤɿɫɬɶ ɚɭɫɬɟɧɿɬɭ ɦɿɪɨɸ 

ɩɨɞɚɥɶɲɨɝɨ ɩɿɞɜɢɳɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɡɚɡɧɚ-
ɱɟɧɢɯ ɟɥɟɦɟɧɬɿɜ. ɏɚɪɚɤɬɟɪ ʀɯɧɶɨɝɨ ɜɩɥɢɜɭ ɧɚ 
ɬɟɦɩɟɪɚɬɭɪɭ Ⱥɋ1, ɿɦɨɜɿɪɧɨ, ɚɧɚɥɨɝɿɱɧɢɣ 

ɜɩɥɢɜɭ ɯɪɨɦɭ. Ɂɧɢɠɟɧɧɸ ɬɟɦɩɟɪɚɬɭɪɢ α→Ȗ 
ɩɟɪɟɬɜɨɪɟɧɧɹ ɫɩɪɢɹє ɡɦɿɧɚ ɱɚɫɬɤɢ ɡɚɥɢɲɤɨ-

ɜɨɝɨ ɚɭɫɬɟɧɿɬɭ, ɳɨ ɩɨɜ’ɹɡɚɧɨ ɡɿ ɡɛɿɥɶɲɟɧɧɹɦ 

ɜɦɿɫɬɭ ɜɭɝɥɟɰɸ, ɦɚɪɝɚɧɰɸ, ɧɿɤɟɥɸ ɣ ɜɿɞɩɨɜɿ-
ɞɧɟ ɡɦɟɧɲɟɧɧɹ ɟɮɟɤɬɭ ɨɛ’єɦɧɨɝɨ ɩɟɪɟɬɜɨ-

ɪɟɧɧɹ. Ɏɨɪɦɭɜɚɧɧɹ ɞɿɥɹɧɤɢ «ɛɿɥɨʀ ɫɦɭɝɢ» 

ɑɚɫ
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ɫɩɨɫɬɟɪɿɝɚɥɨɫɹ ɡɚ ɭɦɨɜɢ ɨɛ’єɦɧɨʀ ɬɟɦɩɟɪɚɬɭ-

ɪɢ ɦɟɬɚɥɭ ɡɪɚɡɤɿɜ, ɳɨ ɡɦɿɧɸєɬɶɫɹ ɭ ɜɿɞɧɨɫɧɨ 

ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ, ɨɞɧɚɤ ɩɿɞɜɢɳɟɧɧɹ ɬɟɦ-

ɩɟɪɚɬɭɪɢ ɫɬɪɢɠɧɹ ɬɟɪɬɹ ɩɪɢɡɜɟɥɨ ɞɨ ɿɫɬɨɬɧɨ-

ɝɨ ɡɦɟɧɲɟɧɧɹ ɦɿɤɪɨɬɜɟɪɞɨɫɬɿ ɣ ɧɚɜɿɬɶ ɞɨ 

ɜɿɞɫɭɬɧɨɫɬɿ (ɩɿɫɥɹ ɜɢɩɪɨɛɭɜɚɧɶ) ɜɿɞɡɧɚɱɟɧɨʀ 
ɫɬɪɭɤɬɭɪɢ ɭ ɮɪɨɧɬɿ ɡɧɨɲɭɜɚɧɧɹ. 

Ʌɟɝɭɜɚɧɧɹ ɯɪɨɦɨɜɨɥɶɮɪɚɦɨɜɨɝɨ ɧɚɩɥɚɜ-

ɥɟɧɨɝɨ ɲɚɪɭ 4–5 % ɧɿɤɟɥɟɦ ɡɛɿɥɶɲɢɥɨ ɱɚɫɬɤɭ 

ɡɚɥɢɲɤɨɜɨɝɨ ɚɭɫɬɟɧɿɬɭ, ɡɧɢɡɢɥɨ ɬɟɦɩɟɪɚɬɭɪɭ 

Ⱥɋ1, ɨɞɧɚɤ ɩɨɞɿɛɧɚ ɞɨ «ɛɿɥɨʀ ɫɦɭɝɢ» ɫɬɪɭɤɬɭ-

ɪɚ ɩɿɫɥɹ ɡɧɨɲɭɜɚɧɧɹ ɧɟ ɡɚɮɿɤɫɨɜɚɧɚ, ɯɨɱɚ 
ɦɚɤɫɢɦɚɥɶɧɿ ɡɧɚɱɟɧɧɹ ɦɿɤɪɨɬɜɟɪɞɨɫɬɿ ɩɪɢɛ-

ɥɢɡɧɨ ɬɚɤɿ ɫɚɦɿ, ɹɤ ɭ ɫɩɥɚɜɿ 30ɏ2ȼ8Ɏ. ȼɢɫɨɤɚ 
ɦɿɤɪɨɬɜɟɪɞɿɫɬɶ ɦɟɬɚɥɭ ɤɨɧɬɚɤɬɧɨɝɨ ɲɚɪɭ ɣ 

ɜɿɞɫɭɬɧɿɫɬɶ ɫɬɪɭɤɬɭɪɢ «ɛɿɥɿɣ ɫɦɭɝɢ» ɯɚɪɚɤɬɟ-
ɪɧɿ ɣ ɞɥɹ ɧɚɩɥɚɜɧɢɯ ɫɬɚɥɟɣ ɫɢɫɬɟɦ ɋ – Cr – 

Mn – Ɍi (ɹɤɳɨ Mn ≤ 2…3 %, Cr ≤ 6…7 %, Ti 

= 0,8…3,0 %) ɜ ɭɦɨɜɚɯ, ɳɨ ɡɚɡɧɚɥɢ ɡɧɨɲɭ-

ɜɚɧɧɹ ɜ ɩɪɨɰɟɫɿ ɬɟɪɬɹ ɨ ɫɬɪɢɠɧɿ ɡ ɬɟɦɩɟɪɚɬɭ-

ɪɨɸ ~ 823 … 1023 Ʉ. 

Ɉɬɠɟ, ɪɟɡɭɥɶɬɚɬɢ ɩɪɨɜɟɞɟɧɢɯ ɟɤɫɩɟɪɢɦɟ-
ɧɬɿɜ ɿ ɥɿɬɟɪɚɬɭɪɧɿ ɞɠɟɪɟɥɚ ɩɿɞɬɜɟɪɞɠɭɸɬɶ 

ɦɨɠɥɢɜɿɫɬɶ ɭɬɜɨɪɟɧɧɹ «ɛɿɥɨʀ ɫɦɭɝɢ» ɹɤ ɭ 

ɫɩɥɚɜɚɯ, ɳɨ ɦɚɸɬɶ ɜɢɫɨɤɭ ɤɨɧɰɟɧɬɪɚɰɿɸ 

ɟɥɟɦɟɧɬɿɜ – ɚɭɫɬɟɧɿɡɚɬɨɪɿɜ (Ɇn, ɋ, Ni), ɬɚɤ ɿ ɜ 

ɩɪɨɰɟɫɿ ɥɟɝɭɜɚɧɧɹ ɤɚɪɛɿɞɨɭɬɜɨɪɸɜɚɥɶɧɢɦɢ 

ɟɥɟɦɟɧɬɚɦɢ ɡ ɜɿɞɧɨɫɧɨ ɧɟɜɢɫɨɤɨɸ ɫɩɨɪɿɞɧɟ-
ɧɿɫɬɸ ɞɨ ɜɭɝɥɟɰɸ (V, Ɇo). Ɏɨɪɦɭɜɚɧɧɹ ɡɚ-
ɡɧɚɱɟɧɨʀ ɫɬɪɭɤɬɭɪɢ ɜ ɩɪɨɰɟɫɿ ɡɧɨɲɭɜɚɧɧɹ 

ɫɬɚɥɟɣ, ɹɤɿ ɦɿɫɬɹɬɶ 8…10 % W, ɫɩɨɫɬɟɪɿɝɚɥɨ-

ɫɹ ɞɥɹ ɲɢɪɨɤɨɝɨ ɿɧɬɟɪɜɚɥɭ ɮɚɤɬɢɱɧɢɯ ɬɢɫɤɿɜ 

ɿ ɨɛ’єɦɧɢɯ ɬɟɦɩɟɪɚɬɭɪ. Ɂɦɟɧɲɟɧɧɹ ɤɨɧɰɟɧɬ-
ɪɚɰɿʀ ɜɨɥɶɮɪɚɦɭ ɩɨɥɟɝɲɭє ɡɚɩɨɛɿɝɚɧɧɹ ɫɬɜɨ-

ɪɟɧɧɸ «ɛɿɥɨʀ ɫɦɭɝɢ». 

ȼɩɥɢɜ ɬɟɦɩɟɪɚɬɭɪɢ ɧɚ ɜ’ɹɡɤɿɫɬɶ ɪɭɣɧɭ-

ɜɚɧɧɹ ɨɰɿɧɸɜɚɜɫɹ ɡɚ ɤɪɢɬɟɪɿєɦ Ⱦɠ. Ɇɚɥɤɢɧɚ 
ɣ Ⱥ. Ɍɟɬɟɥɶɦɚɧɚ [9]. Ɉɫɤɿɥɶɤɢ ɞɥɹ ɭɦɨɜ ɦɨ-

ɥɟɤɭɥɹɪɧɨ-ɦɟɯɚɧɿɱɧɨɝɨ ɡɧɨɲɭɜɚɧɧɹ ɤɨɟɮɿɰɿ-
єɧɬ ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ Ʉɂ~Ʉɋ, ɬɨ ɡɛɿɥɶɲɟɧɧɹ Ʉɋ 

ɡɦɿɧɢɬɶ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ 
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ɞɟ j – ɝɪɚɧɢɰɹ ɬɪɿɳɢɧɨɫɬɿɣɤɨɫɬɿ; ı1`, ı2` – 

ɜɿɞɩɨɜɿɞɧɨ ɦɚɤɫɢɦɚɥɶɧɿ ɝɨɥɨɜɧɿ ɧɚɩɪɭɠɟɧɧɹ 

ɜ ɡɨɧɿ ɤɨɧɰɟɧɬɪɚɰɿʀ ɧɚɩɪɭɠɟɧɶ ɿ ɝɪɚɧɢɰɹ ɦɿɰ-

ɧɨɫɬɿ. 
Ɂɚ ɭɦɨɜɢ ɛɥɢɡɶɤɢɯ ɡɧɚɱɟɧɶ ɤɨɧɬɚɤɬɧɨɝɨ 

ɬɢɫɤɭ ɜ ɩɚɪɿ ɬɟɪɬɹ ɱɚɫ ɭɬɜɨɪɟɧɧɹ ɬɪɿɳɢɧɢ 

ɤɪɢɬɢɱɧɨʀ ɞɨɜɠɢɧɢ ɡɪɨɫɬɚє ɡɿ ɡɛɿɥɶɲɟɧɧɹɦ 

ɟɮɟɤɬɢɜɧɨʀ ɩɨɜɟɪɯɧɟɜɨʀ ɟɧɟɪɝɿʀ Ȗɟ (ɩɥɚɫɬɢɱ-

ɧɨʀ ɞɟɮɨɪɦɚɰɿʀ, ɳɨ ɦɿɫɬɢɬɶ ɟɧɟɪɝɿɸ). 

ȼɩɥɢɜ ɬɟɦɩɟɪɚɬɭɪɢ ɧɚ ɜ’ɹɡɤɿɫɬɶ ɪɭɣɧɭ-

ɜɚɧɧɹ ɧɚɜɟɞɟɧɨ ɧɚ ɪɢɫ. 5. 

 
1CK
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Ɋɢɫ. 5. Ɂɚɥɟɠɧɿɫɬɶ ɪɨɡɪɚɯɭɧɤɨɜɨ-ɟɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɨɝɨ ɤɪɢɬɟɪɿɸ ɪɭɣɧɭɜɚɧɧɹ 

Ʉ1ɋ=√ȺȿGTİαȕ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ 

 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɩɨɤɚɡɧɢɤɢ ɬɪɿɳɢɧɨɫɬɿɣɤɨɫɬɿ 
(Ʉɋ, j-ɿɧɬɟɝɪɚɥ, įɋ), ɚ ɨɬɠɟ, ɣ ɨɩɿɪ ɡɧɨɲɭɜɚɧ-

ɧɸ ɜɬɨɪɢɧɧɨ ɬɜɟɪɞɿɸɱɢɯ ɫɬɚɥɟɣ ɜɢɳɿ, ɧɿɠ ɭ 

ɦɟɬɚɫɬɚɛɿɥɶɧɢɯ ɬɚ ɿɧɫɬɪɭɦɟɧɬɚɥɶɧɢɯ ɫɬɚɥɟɣ. 

 

ȼɢɫɧɨɜɤɢ 

1. ɉɪɨɜɟɞɟɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɩɿɞɬɜɟɪɞɠɭɸɬɶ 
ɦɨɠɥɢɜɿɫɬɶ ɭɬɜɨɪɟɧɧɹ «ɛɿɥɨʀ ɫɦɭɝɢ» ɹɤ ɭ 

ɫɩɥɚɜɚɯ, ɳɨ ɦɚɸɬɶ ɜɢɫɨɤɭ ɤɨɧɰɟɧɬɪɚɰɿɸ 

ɟɥɟɦɟɧɬɿɜ – ɚɭɫɬɟɧɿɡɚɬɨɪɿɜ (Ɇn, ɋ, Ni), ɬɚɤ ɿ ɜ 

ɩɪɨɰɟɫɿ ɥɟɝɭɜɚɧɧɹ ɤɚɪɛɿɞɨɭɬɜɨɪɸɜɚɥɶɧɢɦɢ 

ɟɥɟɦɟɧɬɚɦɢ ɡ ɜɿɞɧɨɫɧɨ ɧɟɜɢɫɨɤɨɸ ɫɩɨɪɿɞɧɟ-
ɧɿɫɬɸ ɞɨ ɜɭɝɥɟɰɸ (V, Ɇo). 

2. ɉɨɤɚɡɧɢɤɢ ɬɪɿɳɢɧɨɫɬɿɣɤɨɫɬɿ (Ʉɋ, 

j-ɿɧɬɟɝɪɚɥ, įɋ), ɚ ɨɬɠɟ, ɿ ɨɩɿɪ ɡɧɨɲɭɜɚɧɧɸ 

ɜɬɨɪɢɧɧɨ ɬɜɟɪɞɿɸɱɢɯ ɫɬɚɥɟɣ ɜɢɳɿ, ɧɿɠ ɭ ɦɟ-
ɬɚɫɬɚɛɿɥɶɧɢɯ ɬɚ ɿɧɫɬɪɭɦɟɧɬɚɥɶɧɢɯ ɫɬɚɥɟɣ. 
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ȼɥɢɹɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɧɚ 

ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɷɤɨɧɨɦɧɵɯ ɥɟɝɢɪɨɜɚɧɧɵɯ 

ɦɟɬɚɫɬɚɛɢɥɶɧɵɯ ɢ ɜɬɨɪɢɱɧɨ  ɬɜɟɪɞɟɸɳɢɯ ɫɬɚ-

ɥɟɣ ɫɢɫɬɟɦɵ Cr-Mn-Ti 

Аɧɨɬаɰиɹ. Ɋɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ ɜɥɢɹɧɢɹ ɢɡɧɨɫɚ 

ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ «ɛɟɥɨɣ ɩɨɥɨɫɵ» ɜ ɦɟɬɚɫɬɚɛɢɥɶ-
ɧɵɯ ɚɭɫɬɟɧɢɬɧɵɯ, ɦɚɪɬɟɧɫɢɬɧɨ-ɚɭɫɬɟɧɢɬɧɵɯ ɢ 

ɜɬɨɪɢɱɧɨ ɬɜɟɪɞɟɸɳɢɯ ɫɬɚɥɹɯ ɫɢɫɬɟɦɵ  

Cr-Mn-Ti, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɥɟɝɢɪɨɜɚɧɧɵɯ Mo, B, V. 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɬɜɟɪɠɞɚɸɬ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ «ɛɟɥɨɣ ɩɨɥɨɫɵ» ɤɚɤ ɜ 
ɫɩɥɚɜɚɯ, ɢɦɟɸɳɢɯ ɜɵɫɨɤɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɷɥɟɦɟ-
ɧɬɨɜ – ɚɭɫɬɟɧɢɡɚɬɨɪɨɜ, ɬɚɤ ɢ ɩɪɢ ɥɟɝɢɪɨɜɚɧɢɢ 

ɤɚɪɛɢɞɨɨɛɪɚɡɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ (V, Ɇo). 
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Effect of structure and phase composition on wear 

resistance of economical alloyed metastable and 

secondary hardening steels of Cr-Mn-Ti system  

Abstract. Problem. Despite a large number of studies 

in the field of assessing the causes of hot and cold 

cracks in the surfacing of wear-resistant surfacing 

alloys, today the issues of developing relatively 

inexpensive alloyed wear-resistant surfacing 

materials and the technology of their application 

remain relevant. Purpose. The purpose of this work 

is to study the effect of structure and phase 

composition on the wear resistance of economically 

alloyed metastable austenitic and secondary-

hardening steels of the Cr-Mn-Ti system, additionally 

alloyed with Mo, B, V. 

Methodology. Metastable austenitic, martensitic-

austenitic and secondary-hardening steels of the Cr-

Mn-Ti system additionally alloyed with Mo, V were 

investigated. Mechanized surfacing was carried out 

with alloyed flux-cored wires under fluxes AN-22 and 

AN-20 with the supply of a de-energized filler flux-

cored wire to the head of the welding pool. The use 

of surfacing with a de-energized flux-cored wire 
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made it possible to reduce the proportion of the base 

metal in the deposited metal, to reduce the specific 

consumption of electricity and flux, and to increase 

the assimilation of alloying elements in the deposited 

metal. Manual arc surfacing was performed with a 

CaF2-coated flux-cored wire electrode and a de-

energized flux-cored wire in a copper die. Automatic 

submerged arc surfacing was carried out in the 

following modes: IN = 300 ... 350 A, UD = 26 ... 30 V,  

q = 6 ... 10 kJ / cm, with manual surfacing: IN =  

=180 ... 220 A, UD = 25 ... 28 V. Results. The studies 

carried out confirm the possibility of the formation of 

a "white band" both in alloys with a high 

concentration of elements - austenizers (Mn, C, Ni), 

and when alloying with carbide-forming elements 

with a relatively low affinity for carbon. (V, Mo). The 

indicators of resistance to cracking (Кɋ, j-integral, 

δɋ), and, consequently, resistance to wear, of 

secondary hardening martensitic steels are higher 

than of metastable and tool steels. 

Key words: flux-cored wire, steel, surfacing, 

carbides, wear resistance, structure. 
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