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ɉɈɊІȼɇəɇɇə ɁɇɈɋɈɋɌІɃɄɈɋɌІ ɌȺ ɇȺɇɈɌȼȿɊȾɈɋɌІ  ɋɌȺɅȿɃ,  

ɉɈȼȿɊɏɇə əɄɂɏ ɁɆІɐɇȿɇȺ ɊІɁɇɂɆɂ ɋɉɈɋɈȻȺɆɂ 

 

Ƚɥɭɲɤɨɜɚ Ⱦ.Ȼ., ɋɬɟɩɚɧɸɤ Ⱥ.І., Ⱦɨɧɱɟɧɤɨ Ⱦ.Ɉ. 

ɏɚɪɤɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɚɜɬɨɦɨɛɿɥɶɧɨ-ɞɨɪɨɠɧɿɣ ɭɧɿɜɟɪɫɢɬɟɬ 

 
Аɧɨɬаɰіɹ. ɉɪɢɜɟɞɟɧɨ ɩɨɪɿɜɧɹɧɧɹ ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ ɫɬɚɥɟɣ 45 ɿ 38ɏ2ɆɘА ɛɟɡ ɩɨɤɪɢɬɬɹ ɿ ɡ ɪɿɡ-
ɧɢɦɢ ɫɩɨɫɨɛɚɦɢ ɡɦɿɰɧɟɧɧɹ ɩɨɜɟɪɯɧɟɜɨɝɨ ɲɚɪɭ. Ɂɚ ɞɨɩɨɦɨɝɨɸ ɧɚɧɨɬɜɟɪɞɨɫɬɿ ɨɬɪɢɦɚɧɚ ɿɧɮɨɪ-

ɦɚɰɿɹ ɩɪɨ ɡɚɤɨɧɨɦɿɪɧɿɫɬɶ ɪɨɡɩɨɞɿɥɭ ɬɜɟɪɞɨɫɬɿ ɜ ɩɪɢɩɨɜɟɪɯɧɟɜɨɦɭ ɲɚɪɿ. 
Клɸɱɨві ɫлɨва: ɩɪɢɩɨɜɟɪɯɧɟɜɢɣ ɲɚɪ, ɧɚɧɨɬɜɟɪɞɿɫɬɶ, ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ, ɡɦɿɰɧɟɧɧɹ, ɩɨɤɪɢɬɬɹ. 
 

ȼɫɬɭɩ 

Ʉɪɢɬɟɪɿɹɦɢ ɨɰɿɧɤɢ ɫɬɚɧɭ ɩɨɜɟɪɯɧɿ ɞɟɬɚ-
ɥɟɣ ɝɿɞɪɨɩɪɢɜɨɞɿɜ, ɩɨɜɟɪɯɧɹ ɹɤɢɯ ɩɿɞɞɚєɬɶɫɹ 

ɡɧɨɫɭ, є ɧɢɡɤɚ ɩɚɪɚɦɟɬɪɿɜ: ɜɿɞɧɨɫɧɚ ɡɧɨɫɨ-

ɫɬɿɣɤɿɫɬɶ, ɜɟɥɢɱɢɧɚ ɡɚɥɢɲɤɨɜɨʀ ɩɥɚɫɬɢɱɧɨʀ 
ɞɟɮɨɪɦɚɰɿʀ, ɫɬɭɩɿɧɶ ɡɧɨɫɭ ɚɛɨ ɤɨɪɨɡɿʀ, ɬɜɟɪ-

ɞɿɫɬɶ ɿ ɬɚɤɚ ɫɬɪɭɤɬɭɪɧɨ-ɱɭɬɥɢɜɚ ɯɚɪɚɤɬɟɪɢɫ-
ɬɢɤɚ, ɹɤ ɧɚɧɨɬɜɟɪɞɿɫɬɶ, ɳɨ ɞɨɡɜɨɥɹє ɨɬɪɢɦɚ-
ɬɢ ɿɧɮɨɪɦɚɰɿɸ ɩɪɨ ɫɬɚɧ ɬɨɧɤɨɝɨ 

ɩɨɜɟɪɯɧɟɜɨɝɨ ɲɚɪɭ. 

 

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

ɍ ɩɪɚɤɬɢɰɿ ɩɿɞɩɪɢєɦɫɬɜ, ɳɨ ɡɚɣɦɚɸɬɶɫɹ 

ɜɢɝɨɬɨɜɥɟɧɧɹɦ ɿ ɪɟɦɨɧɬɨɦ ɞɟɬɚɥɟɣ ɨɛ’єɦɧɨɝɨ 

ɝɿɞɪɨɩɪɢɜɨɞɭ, ɡɚɫɬɨɫɨɜɭɸɬɶ ɯɿɦɿɤɨ-ɬɟɪɦɿɱɧɭ 

ɨɛɪɨɛɤɭ, ɞɢɮɭɡɿɣɧɟ ɬɚ ɩɨɜɟɪɯɧɟɜɟ ɥɟɝɭɜɚɧɧɹ 

ɞɥɹ ɩɨɥɿɩɲɟɧɧɹ ʀɯɧɿɯ ɪɨɛɨɱɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

[1–3]. 

Ⱥɧɚɥɿɡ ɞɨɫɜɿɞɭ ɪɨɛɨɬɢ ɤɿɥɶɤɨɯ ɦɚɲɢɧɨɛɭ-

ɞɿɜɧɢɯ ɩɿɞɩɪɢєɦɫɬɜ ɩɨɤɚɡɭє ɟɮɟɤɬɢɜɧɿɫɬɶ 

ɡɚɫɬɨɫɭɜɚɧɧɹ ɿɨɧɨ-ɩɥɚɡɦɨɜɨʀ ɬɟɯɧɨɥɨɝɿʀ [4–5]. 

Ɂɚɞɚɸɱɢ ɜɥɚɫɬɢɜɨɫɬɿ ɩɨɤɪɢɬɬɿɜ ɲɥɹɯɨɦ 

ɡɦɿɧɢ ʀɯɧɶɨɝɨ ɯɿɦɿɱɧɨɝɨ ɫɤɥɚɞɭ, ɦɨɠɧɚ ɫɩɪɹ-

ɦɨɜɚɧɨ ɜɩɥɢɜɚɬɢ ɧɚ ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ, ɤɨɪɨɡɿɣ-

ɧɭ ɫɬɿɣɤɿɫɬɶ, ɮɨɪɦɭɜɚɧɧɹ ɫɬɚɛɿɥɶɧɢɯ ɯɚɪɚɤ-

ɬɟɪɢɫɬɢɤ ɩɨɤɪɢɬɬɹ, ɳɨ ɫɩɪɢɹє ɩɿɞɜɢɳɟɧɧɸ 

ɞɨɜɝɨɜɿɱɧɨɫɬɿ ɞɟɬɚɥɟɣ ɦɚɲɢɧ ɿ ɦɟɯɚɧɿɡɦɿɜ. 

Ɂɚɜɞɚɧɧɹ ɰɶɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ – ɨɰɿɧɢɬɢ 

ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ ɿ ɫɬɚɧ ɩɨɜɟɪɯɧɟɜɨɝɨ ɲɚɪɭ ɞɟ-
ɬɚɥɟɣ, ɜɢɤɨɧɚɧɢɯ ɿɡ ɪɿɡɧɢɯ ɫɬɚɥɟɣ ɿ ɡɦɿɰɧɟɧɢɯ 

ɯɿɦɿɤɨ-ɬɟɪɦɿɱɧɨɸ ɨɛɪɨɛɤɨɸ ɬɚ ɿɨɧɨ-

ɩɥɚɡɦɨɜɢɦ ɧɚɩɢɥɟɧɧɹɦ. 

 

Ɇɚɬɟɪɿɚɥ ɿ ɦɟɬɨɞɢɤɚ ɞɨɫɥɿɞɠɟɧɧɹ 

Ɇɚɬɟɪɿɚɥɨɦ ɞɨɫɥɿɞɠɟɧɧɹ ɛɭɥɚ ɜɢɤɨɪɢɫɬɨ-

ɜɭɜɚɧɚ ɧɚ ɰɟɣ ɱɚɫ ɫɬɚɥɶ 45 ɛɟɡ ɩɨɤɪɢɬɬɹ ɿ 
ɩɿɫɥɹ ɧɚɧɟɫɟɧɧɹ ɤɚɪɛɨɧɿɬɪɢɞɧɨɝɨ ɲɚɪɭ, ɚ 
ɬɚɤɨɠ ɫɬɚɥɶ 38ɏ2ɆɘȺ ɛɟɡ ɩɨɤɪɢɬɬɹ ɩɿɫɥɹ 

ɚɡɨɬɭɜɚɧɧɹ ɣ ɧɚɧɟɫɟɧɧɹ ɩɥɚɡɦɨɜɨɝɨ ɩɨɤɪɢɬɬɹ. 

Ɂɚɫɬɨɫɭɜɚɧɧɹ ɫɭɱɚɫɧɢɯ ɡɚɫɨɛɿɜ ɪɟєɫɬɪɚɰɿʀ 
ɧɚɞɦɚɥɢɯ ɩɟɪɟɦɿɳɟɧɶ ɪɨɡɲɢɪɸє ɦɨɠɥɢɜɨɫɬɿ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɟɬɨɞɭ ɧɚɧɨɬɜɟɪɞɨɫɬɿ ɜ ɩɪɨɰɟ-
ɫɿ ɞɨɫɥɿɞɠɟɧɧɹ ɫɬɪɭɤɬɭɪɧɢɯ ɿ ɫɭɛɫɬɪɭɤɬɭɪ-

ɧɢɯ ɡɦɿɧ ɭ ɬɨɧɤɢɯ ɩɨɜɟɪɯɧɟɜɢɯ ɲɚɪɚɯ. 

Ɂɚɜɞɚɧɧɹɦ ɰɶɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɛɭɥɨ ɨɰɿɧɢ-

ɬɢ ɫɬɚɧ ɩɨɜɟɪɯɧɿ, ɹɤɚ ɩɿɞɥɹɝɚє ɡɧɨɫɭ, ɧɟ ɬɿɥɶ-
ɤɢ ɬɪɚɞɢɰɿɣɧɢɦɢ ɦɟɬɨɞɢɤɚɦɢ, ɚ ɣ ɡɚ ɞɨɩɨɦɨ-

ɝɨɸ ɧɚɧɨɬɜɟɪɞɨɫɬɿ. 
Ɉɫɧɨɜɧɢɦɢ ɤɪɢɬɟɪɿɹɦɢ ɨɰɿɧɤɢ ɩɪɚɰɟɡɞɚɬ-

ɧɨɫɬɿ ɦɚɬɟɪɿɚɥɿɜ ɞɥɹ ɞɟɬɚɥɟɣ ɝɿɞɪɨɩɪɢɜɨɞɭ ɣ 

ɟɮɟɤɬɢɜɧɨɫɬɿ ʀɯɧɶɨʀ ɩɨɜɟɪɯɧɟɜɨʀ ɨɛɪɨɛɤɢ є 
ɬɪɢɛɨɬɟɯɧɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɚ ɡɧɨɫɨɫɬɿɣ-

ɤɿɫɬɶ [6]. 

Ɇɟɬɨɞɢɤɢ ɜɢɩɪɨɛɭɜɚɧɶ ɞɨɡɜɨɥɢɥɢ ɦɨɞɟ-
ɥɸɜɚɬɢ ɩɪɨɰɟɫɢ ɬɟɪɬɹ ɿ ɡɧɨɫɭ ɪɟɚɥɶɧɢɯ ɞɟɬɚ-
ɥɟɣ. Ɍɚɤ, ɜɢɩɪɨɛɭɜɚɧɧɹ ɩɪɨɜɨɞɢɥɢɫɹ ɧɚ ɦɚ-
ɲɢɧɿ ɬɟɪɬɹ ɋɆɐ-2, ɹɤɚ ɞɚє ɡɦɨɝɭ ɩɨɪɿɜɧɹɬɢ 

ɜɢɩɪɨɛɨɜɭɜɚɧɿ ɦɚɬɟɪɿɚɥɢ ɡɚ ɡɧɨɫɨɫɬɿɣɤɿɫɬɸ 

ɬɚ ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɩɪɢɩɪɚɰɶɨɜɭɜɚɧɨɫɬɿ ɡɚ 
ɫɯɟɦɨɸ «ɪɨɥɢɤ-ɤɨɥɨɞɨɱɤɚ». Ɋɨɥɢɤɨɦ ɫɥɭɝɭ-

ɜɚɥɚ ɫɬɚɥɶ, ɤɨɥɨɞɨɱɤɨɸ – ɫɿɪɢɣ ɱɚɜɭɧ ɋɑ20.  

ɉɪɢɩɪɚɰɶɨɜɭɜɚɧɧɹ  ɫɬɚɧɨɜɢɥɨ 15 ɯɜ, ɜɢɩɪɨ-

ɛɭɜɚɧɧɹ – 2 ɝɨɞ. 

ɉɪɨɰɟɫ ɚɡɨɬɭɜɚɧɧɹ ɡɞɿɣɫɧɸɜɚɜɫɹ ɜ ɫɟɪɟ-
ɞɨɜɢɳɿ ɚɦɿɚɤɭ NH3 ɡɚ ɭɦɨɜɢ ɬɟɦɩɟɪɚɬɭɪɢ 

520 °ɋ, ɤɚɪɛɨɧɿɬɪɚɰɿɸ ɩɪɨɜɨɞɢɥɢ ɜ ɚɬɦɨɫɮɟ-
ɪɿ, ɳɨ ɦɿɫɬɢɬɶ ɜɭɝɥɟɜɨɞɟɧɶ ɿ ɚɦɿɚɤ, ɬɟɦɩɟɪɚ-
ɬɭɪɚ ɩɪɨɰɟɫɭ – 830 °ɋ. 

ɇɚɧɟɫɟɧɧɹ ɩɥɚɡɦɨɜɨɝɨ ɩɨɤɪɢɬɬɹ ɡɞɿɣɫɧɸ-

ɜɚɥɨɫɹ ɧɚ ɭɫɬɚɧɨɜɰɿ «Ȼɭɥɚɬ-3Ɍ». Ⱦɥɹ ɨɬɪɢ-

ɦɚɧɧɹ ɧɿɬɪɢɞɨɬɢɬɚɧɨɜɨɝɨ ɩɨɤɪɢɬɬɹ ɝɚɡɨɪɟɚ-
ɝɟɧɬɨɦ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ ɚɡɨɬ. 

ɋɬɚɧ ɩɨɜɟɪɯɧɟɜɨɝɨ ɲɚɪɭ ɞɨɫɥɿɞɠɭɜɚɧɢɯ 

ɫɬɚɥɟɣ ɩɿɫɥɹ ɪɿɡɧɢɯ ɜɢɞɿɜ ɨɛɪɨɛɤɢ ɨɰɿɧɟɧɨ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɧɚɧɨɿɧɞɟɧɬɭɜɚɧɧɹ. 

ɇɚɧɨɬɜɟɪɞɿɫɬɶ ɩɨɜɟɪɯɧɟɜɢɯ ɡɦɿɰɧɟɧɢɯ 

ɲɚɪɿɜ ɜɢɡɧɚɱɚɥɢ ɧɚ ɭɫɬɚɧɨɜɰɿ Nano Indentor 

V200 ɜ ɇɇɐ ɏɎɌІ ɇȺɇ ɍɤɪɚʀɧɢ [7–9]. 

əɤ ɿɧɞɟɧɬɨɪ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɚɫɶ ɚɥɦɚɡɧɚ ɬɪɢ-
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ɝɪɚɧɧɚ ɩɿɪɚɦɿɞɚ Ȼɟɪɤɨɜɢɱɚ ɡ ɪɚɞɿɭɫɨɦ ɡɚɬɭɩ-

ɥɟɧɧɹ ɩɪɢ ɜɟɪɲɢɧɿ ɩɪɢɛɥɢɡɧɨ 20 ɧɦ. Ɍɨɱ-

ɧɿɫɬɶ ɝɥɢɛɢɧɢ ɜɿɞɛɢɬɤɚ ±0,01 ɧɦ. ɇɚɧɨɬɜɟɪ-

ɞɿɫɬɶ ɩɨɜɟɪɯɧɟɜɢɯ ɲɚɪɿɜ ɮɿɤɫɭɜɚɥɚɫɹ ɞɨ 

ɝɥɢɛɢɧɢ 200 ɧɦ. Ɇɚɤɫɢɦɚɥɶɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ 

ɧɚ ɿɧɞɟɧɬɨɪ ɫɬɚɧɨɜɢɥɚ 9 ɦɇ. Ɉɛɪɨɛɤɭ ɨɬɪɢ-

ɦɚɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɩɪɨɜɨɞɢɥɢ 

ɦɟɬɨɞɨɦ Ɉɥɿɜɟɪɚ ɿ Ɏɚɪɚ [10–11]. 

 

Ɋɟɡɭɥɶɬɚɬɢ ɟɤɫɩɟɪɢɦɟɧɬɭ  

ɬɚ ʀɯɧє ɨɛɝɨɜɨɪɟɧɧɹ 

Ɋɟɡɭɥɶɬɚɬɢ ɩɨɪɿɜɧɹɧɧɹ ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ 
ɫɬɚɥɿ 45 ɩɿɫɥɹ ɩɨɥɿɩɲɟɧɧɹ ɬɚ ɩɿɫɥɹ ɤɚɪɛɨɧɿɬ-
ɪɚɰɿʀ, ɚ ɬɚɤɨɠ ɫɬɚɥɿ 38ɏ2ɆɘȺ ɩɿɫɥɹ ɩɨɥɿɩ-

ɲɟɧɧɹ ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɚ ɪɢɫ. 1. 

Ɉɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɫɜɿɞɱɚɬɶ, ɳɨ ɧɚɣɛɿ-
ɥɶɲɢɣ ɡɧɨɫ ɫɬɚɥɿ 45 ɩɿɫɥɹ ɩɨɥɿɩɲɟɧɧɹ. 

Ʉɚɪɛɨɧɿɬɪɚɰɿɹ ɫɬɚɥɿ 45 ɡɧɢɠɭє ɡɧɨɫ ɭ 1,2–

1,3 ɪɚɡɚ ɞɥɹ ɜɫɶɨɝɨ ɞɨɫɥɿɞɠɭɜɚɧɨɝɨ ɞɿɚɩɚɡɨɧɭ 

ɧɚɜɚɧɬɚɠɟɧɶ. Ɂɚɦɿɧɚ ɫɬɚɥɿ 45 ɧɚ ɫɬɚɥɶ 

38ɏ2ɆɘȺ ɫɩɪɢɹє ɡɦɟɧɲɟɧɧɸ ɡɧɨɫɭ ɜ 1,5–

2 ɪɚɡɢ. ɓɟ ɛɿɥɶɲ ɿɫɬɨɬɧɟ ɡɦɟɧɲɟɧɧɹ ɡɧɨɫɭ 

ɦɚє ɦɿɫɰɟ ɩɿɫɥɹ ɚɡɨɬɭɜɚɧɧɹ ɫɬɚɥɿ 38ɏ2ɆɘȺ 

ɚɛɨ ɧɚɧɟɫɟɧɧɹ ɧɚ ɧɟʀ ɿɨɧɨ-ɩɥɚɡɦɨɜɨɝɨ ɩɨɤ-

ɪɢɬɬɹ. 

 

 
Ɋɢɫ. 1. Ɂɚɥɟɠɧɿɫɬɶ ɡɧɨɫɭ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɦɚ-

ɬɟɪɿɚɥɿɜ ɜɿɞ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧ-

ɧɹ: 1 – ɫɬɚɥɶ 45 ɩɿɫɥɹ ɩɨɥɿɩɲɟɧɧɹ; 2 – 

ɫɬɚɥɶ 45 ɩɿɫɥɹ ɤɚɪɛɨɧɿɬɪɚɰɿʀ; 3 – ɫɬɚɥɶ 
38ɏ2ɆɘȺ ɩɿɫɥɹ ɩɨɥɿɩɲɟɧɧɹ 

 

ɍ ɬɚɛɥ. 1 ɧɚɜɟɞɟɧɿ ɪɟɡɭɥɶɬɚɬɢ ɜɢɩɪɨɛɭ-

ɜɚɧɶ ɧɚ ɡɧɨɫ ɫɬɚɥɿ 45 ɿ ɫɬɚɥɿ 38ɏ2ɆɘȺ ɩɿɫɥɹ 

ɪɿɡɧɢɯ ɜɢɞɿɜ ɨɛɪɨɛɤɢ.  

Ɂ ɬɚɛɥ. 1 ɜɢɩɥɢɜɚє, ɳɨ ɡɧɨɫ ɫɬɚɥɿ 
38ɏ2ɆɘȺ ɦɚɣɠɟ ɜ 1,5 ɪɚɡɚ ɦɟɧɲɢɣ, ɧɿɠ 

ɫɬɚɥɿ 45. 
Ɍɚɛɥɢɰɹ 1 – Ɋɟɡɭɥɶɬɚɬɢ ɜɢɩɪɨɛɭɜɚɧɶ ɧɚ ɡɧɨɫ 

Ɇɚɬɟɪɿɚɥ ɞɢɫɤɚ Ɇɚɬɟɪɿɚɥ 

ɤɨɥɨɞɨɱɤɢ

Ɂɧɨɫ ɪɨɥɢɤɚ, ɝ  10-4  

(ɫɟɪɟɞɧє ɡɚ ɬɪɶɨɦɚ 
ɜɢɩɪɨɛɭɜɚɧɧɹɦɢ) 

Ɂɧɨɫ ɤɨɥɨɞɨɱɤɢ, 2  10-4  

(ɫɟɪɟɞɧє ɡɚ ɬɪɶɨɦɚ 
ɜɢɩɪɨɛɭɜɚɧɧɹɦɢ) 

ɋɬɚɥɶ 45 ɩɿɫɥɹ ɩɨɥɿɩɲɟɧɧɹ ɋɑ 20 46,0 26,0 

ɋɬɚɥɶ 45 ɩɿɫɥɹ ɤɚɪɛɨɧɿɬɪɚɰɿʀ ɋɑ 20 40,0 18,0 

ɋɬɚɥɶ 38ɏ2ɆɘȺ ɩɿɫɥɹ ɩɨɥɿɩɲɟɧɧɹ ɋɑ 20 31,0 15,0 

ɋɬɚɥɶ 38ɏ2ɆɘȺ  ɩɿɫɥɹ ɚɡɨɬɭɜɚɧɧɹ ɋɑ 20 25,0 12,0 

ɋɬɚɥɶ 38ɏ2ɆɘȺ  ɡ ɩɨɤɪɢɬɬɹɦ Ti N (ɬɨɜ-
ɳɢɧɚ ɩɨɤɪɢɬɬɹ 6 ɦɤɦ) 

ɋɑ 20 17,0 6,0 
 

 

Ⱥɡɨɬɭɜɚɧɧɹ ɫɬɚɥɿ 38ɏ2ɆɘȺ ɡɦɟɧɲɭє 
ɡɧɨɫ ɧɚ 20 % ɩɨɪɿɜɧɹɧɨ ɡ ɰɿєɸ ɫɚɦɨɸ ɫɬɚɥɥɸ, 

ɚɥɟ ɛɟɡ ɚɡɨɬɭɜɚɧɧɹ. Ⱥ ɧɚɧɟɫɟɧɧɹ ɩɥɚɡɦɨɜɨɝɨ 

ɩɨɤɪɢɬɬɹ TiN ɧɚ ɫɬɚɥɶ 38ɏ2ɆɘȺ ɦɚɣɠɟ 
ɭɞɜɿɱɿ ɡɦɟɧɲɭє ɡɧɨɫ ɩɨɪɿɜɧɹɧɨ ɡɿ ɫɬɚɥɥɸ 

38ɏ2ɆɘȺ ɛɟɡ ɩɨɤɪɢɬɬɹ ɬɚ ɡɧɢɠɭє ɡɧɨɫ ɭ 2,5 

ɪɚɡɚ ɩɨɪɿɜɧɹɧɨ ɡɿ ɫɬɚɥɥɸ 45 ɛɟɡ ɩɨɤɪɢɬɬɹ 

ɩɿɫɥɹ ɩɨɥɿɩɲɟɧɧɹ. 

ȼɨɞɧɨɱɚɫ ɦɨɠɧɚ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɫɭɬɬєɜɨ 

ɡɦɟɧɲɭєɬɶɫɹ ɡɧɨɫ ɩɪɚɰɸɸɱɨʀ ɜ ɩɚɪɿ ɡ ɪɨɥɢ-

ɤɨɦ ɤɨɥɨɞɨɱɤɢ. Ɇɚє ɡɧɚɱɟɧɧɹ ɬɚɤɨɠ ɬɨɜɳɢɧɚ 
ɿɨɧɨ-ɩɥɚɡɦɨɜɨɝɨ ɩɨɤɪɢɬɬɹ. 

ɍ ɬɚɛɥ. 2 ɩɨɤɚɡɚɧɚ ɡɚɥɟɠɧɿɫɬɶ ɡɧɨɫɭ ɜɿɞ 

ɬɨɜɳɢɧɢ ɩɨɤɪɢɬɬɹ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɯ ɜɢɩɪɨɛɭ-

ɜɚɧɶ ɧɚɣɦɟɧɲɢɣ ɡɧɨɫ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ, ɹɤɳɨ 

ɬɨɜɳɢɧɚ ɩɨɤɪɢɬɬɹ 6 ɦɤɦ. 

ɉɪɨ ɫɬɚɧ ɩɨɜɟɪɯɧɟɜɢɯ ɲɚɪɿɜ ɦɨɠɧɚ ɨɬɪɢ-

ɦɚɬɢ ɿɧɮɨɪɦɚɰɿɸ ɡɚ ɞɨɩɨɦɨɝɨɸ ɜɢɦɿɪɸɜɚɧɶ 

ɧɚɧɨɬɜɟɪɞɨɫɬɿ ɦɟɬɨɞɨɦ ɿɧɞɟɧɬɭɜɚɧɧɹ. 

ɍ ɬɚɛɥ. 3 ɧɚɜɟɞɟɧɿ ɡɧɚɱɟɧɧɹ ɬɜɟɪɞɨɫɬɿ ɩɿɫ-
ɥɹ ɪɿɡɧɢɯ ɫɩɨɫɨɛɿɜ ɩɨɜɟɪɯɧɟɜɨɝɨ ɡɦɿɰɧɟɧɧɹ 

ɫɬɚɥɟɣ 45 ɿ 38ɏ2ɆɘȺ ɜ ɡɨɧɿ ɬɟɪɬɹ. 

ɇɚ ɪɢɫ. 2 ɩɨɤɚɡɚɧɨ ɪɨɡɩɨɞɿɥ ɧɚɧɨɬɜɟɪɞɨɫɬɿ 
ɩɨ ɝɥɢɛɢɧɿ ɜɩɪɨɜɚɞɠɟɧɧɹ ɿɧɞɟɧɬɨɪɚ ɫɬɚɥɿ 45 

ɩɿɫɥɹ ɤɚɪɛɨɧɿɬɪɚɰɿʀ, ɧɚ ɪɢɫ. 3 – ɫɬɚɥɿ 
38ɏ2ɆɘȺ ɩɿɫɥɹ ɚɡɨɬɭɜɚɧɹ, ɧɚ ɪɢɫ. 4 – ɫɬɚɥɿ 
38ɏ2ɆɘȺ ɩɿɫɥɹ ɧɚɧɟɫɟɧɧɹ TiN ɩɨɤɪɢɬɬɹ. 

 

 
Ɍɚɛɥɢɰɹ 2 – ȼɩɥɢɜ ɬɨɜɳɢɧɢ ɩɨɤɪɢɬɬɹ Ti N, ɹɤɟ ɧɚɧɨɫɢɥɨɫɶ ɧɚ ɫɬɚɥɶ 38ɏ2ɆɘȺ, ɧɚ ɡɧɨɫ ɞɟɬɚɥɟɣ 

Ɇɚɪɤɚ ɫɬɚɥɿ 
Ɂɧɨɫ, ɝ 10-3

ɛɟɡ  
ɩɨɤɪɢɬɬɹ 

ɬɨɜɳɢɧɚ ɩɨɤɪɢɬɬɹ, ɦɤɦ 

2 3 4 5 6 7

38ɏ2ɆɘȺ ɩɿɫɥɹ ɩɨɤɪɚɳɟɧɧɹ 3,0 2,2 2,1 1,9 1,8 1,7 1,9
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Ɍɚɛɥɢɰɹ 3 – Ɂɧɚɱɟɧɧɹ ɬɜɟɪɞɨɫɬɿ ɩɿɫɥɹ ɪɿɡɧɢɯ ɫɩɨɫɨɛɿɜ ɩɨɜɟɪɯɧɟɜɨɝɨ ɡɦɿɰɧɟɧɧɹ 

№ Ɇɚɪɤɚ ɫɬɚɥɿ ȼɢɞ ɡɦɿɰɧɸɜɚɥɶɧɨʀ ɨɛɪɨɛɤɢ Ɍɜɟɪɞɿɫɬɶ ɭ ɡɨɧɿ
 ɬɟɪɬɹ HV5

1 ɋɬɚɥɶ 45    ɩɨɤɪɚɳɟɧɧɹ (ɝɚɪɬɭɜɚɧɧɹ+ɜɢɫɨɤɢɣ ɜɿɞɩɭɫɤ) 271–283

2 ɋɬɚɥɶ 45    ɩɨɤɪɚɳɟɧɧɹ+ɤɚɪɛɨɧɿɬɪɚɰɿɹ 396–450

3 ɋɬɚɥɶ 38ɏ2ɆɘȺ    ɩɨɤɪɚɳɟɧɧɹ 300–320

4 ɋɬɚɥɶ 38ɏ2ɆɘȺ    ɩɨɤɪɚɳɟɧɧɹ+ɚɡɨɬɭɜɚɧɧɹ 349–362

5 ɋɬɚɥɶ 38ɏ2ɆɘȺ    ɩɨɤɪɚɳɟɧɧɹ+ɩɨɤɪɢɬɬɹ TiN 550–570

 

Ⱦɥɹ ɜɫɿɯ ɤɪɢɜɢɯ ɜɥɚɫɬɢɜɨ ɬɟ, ɳɨ ɜ ɡɨɧɿ 
ɩɪɭɠɧɨʀ ɞɟɮɨɪɦɚɰɿʀ ɧɚ ɝɥɢɛɢɧɿ ɞɨ 30–50 ɧɦ 

ɫɩɨɫɬɟɪɿɝɚɸɬɶɫɹ ɧɢɡɶɤɿ ɡɧɚɱɟɧɧɹ ɧɚɧɨɬɜɟɪ-

ɞɨɫɬɿ. ɓɨ ɫɬɨɫɭєɬɶɫɹ ɪɢɫ. 4, ɞɟ ɡɨɛɪɚɠɟɧɚ 
ɤɪɢɜɚ ɞɥɹ ɫɬɚɥɿ 38ɏ2ɆɘȺ ɡ ɩɨɤɪɢɬɬɹɦ TiN, 

ɬɨ ɬɭɬ ɦɢ ɛɚɱɢɦɨ ɪɨɡɤɢɞ ɡɧɚɱɟɧɶ.  

ɐɟɣ ɮɚɤɬ ɩɨɜ’ɹɡɚɧɢɣ ɡ ɬɢɦ, ɳɨ ɜɢɦɿɪɸɜɚ-
ɧɿ ɬɨɱɤɢ ɜɿɞɩɨɜɿɞɚɸɬɶ ɪɿɡɧɢɦ ɦɿɤɪɨɞɿɥɹɧɤɚɦ 

ɩɨɤɪɢɬɬɹ, ɹɤɿ ɦɚɸɬɶ ɧɟɨɞɧɚɤɨɜɭ ɩɪɢɪɨɞɭ. 

Ɂɚɧɢɠɟɧɿ ɠ ɡɧɚɱɟɧɧɹ ɧɚɧɨɬɜɟɪɞɨɫɬɿ ɧɚ 
ɝɥɢɛɢɧɿ ɞɨ 30–50 ɧɦ ɩɨɹɫɧɸɸɬɶɫɹ ɬɢɦ, ɳɨ 

ɜɨɧɢ ɡɧɚɯɨɞɹɬɶɫɹ ɜ ɞɿɥɹɧɰɿ ɩɪɭɠɧɨʀ ɞɟɮɨɪ-

ɦɚɰɿʀ. 
 

 

Ɋɢɫ. 2. Ɋɨɡɩɨɞɿɥ ɧɚɧɨɬɜɟɪɞɨɫɬɿ ɫɬɚɥɿ 45 ɩɿɫɥɹ 

ɤɚɪɛɨɧɿɬɪɚɰɿʀ ɩɨ ɝɥɢɛɢɧɿ ɜɩɪɨɜɚɞɠɟɧɧɹ 

ɿɧɞɟɧɬɨɪɚ 

ɇɚ ɝɥɢɛɢɧɿ ɩɨɧɚɞ 50 ɧɦ ɡɧɚɱɟɧɧɹ ɧɚɧɨɬ-
ɜɟɪɞɨɫɬɿ ɞɟɹɤɨɸ ɦɿɪɨɸ ɫɬɚɛɿɥɿɡɭɸɬɶɫɹ. Ɉɫɨ-

ɛɥɢɜɨ ɰɟ ɩɨɦɿɬɧɨ ɞɥɹ ɫɬɚɥɿ 38ɏ2ɆɘȺ ɡ ɧɚ-
ɧɟɫɟɧɢɦ ɩɨɤɪɢɬɬɹɦ TiN (ɪɢɫ. 4). 

Ɉɬɠɟ, ɡ ɚɧɚɥɿɡɭ ɤɪɢɜɢɯ ɪɨɡɩɨɞɿɥɭ ɧɚɧɨɬ-
ɜɟɪɞɨɫɬɿ ɩɨ ɝɥɢɛɢɧɿ ɜɩɪɨɜɚɞɠɟɧɧɹ ɿɧɞɟɧɬɨɪɚ 
ɜɢɩɥɢɜɚє ɜɢɫɧɨɜɨɤ, ɳɨ ɨɛ’єɤɬɢɜɧɚ ɿɧɮɨɪɦɚ-
ɰɿɹ ɩɪɨ ɫɬɚɧ ɩɨɜɟɪɯɧɟɜɨɝɨ ɲɚɪɭ ɦɨɠɟ ɛɭɬɢ 

ɨɬɪɢɦɚɧɚ ɧɚ ɝɥɢɛɢɧɿ ɩɨɧɚɞ 50 ɧɦ. 

Ʉɪɿɦ ɬɨɝɨ, ɜɟɥɢɱɢɧɢ ɧɚɧɨɬɜɟɪɞɨɫɬɿ ɧɟ ɩɨ-

ɪɭɲɭɸɬɶ ɞɢɧɚɦɿɤɭ, ɳɨ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɭ 

ɜɢɦɿɪɸɜɚɧɧɿ ɡɧɨɫɨɫɬɿɣɤɨɫɬɿ ɬɚ ɬɜɟɪɞɨɫɬɿ, ɚ 
ɫɚɦɟ ɧɚɣɧɢɠɱɿ ɡɧɚɱɟɧɧɹ ɡɚɡɧɚɱɟɧɢɯ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤ ɦɚɸɬɶ ɦɿɫɰɟ ɩɿɫɥɹ ɤɚɪɛɨɧɿɬɪɚɰɿʀ ɫɬɚɥɿ 
45, ɩɨɬɿɦ ɿɞɟ ɫɬɚɥɶ 38ɏ2ɆɘȺ ɩɿɫɥɹ ɚɡɨɬɭ-

ɜɚɧɧɹ, ɚ ɩɨɬɿɦ – ɫɬɚɥɶ 38ɏ2ɆɘȺ ɩɿɫɥɹ ɧɚɧɟ-
ɫɟɧɧɹ ɩɨɤɪɢɬɬɹ TiN. 

ɇɚɧɟɫɟɧɧɹ ɩɨɤɪɢɬɬɹ ɡɞɿɣɫɧɸɜɚɥɢ ɧɚ ɭɫɬɚ-
ɧɨɜɰɿ «ȻɍɅȺɌ-6». 

 

 

Ɋɢɫ. 3. Ɋɨɡɩɨɞɿɥ ɧɚɧɨɬɜɟɪɞɨɫɬɿ ɫɬɚɥɿ 
38ɏɆɘȺ ɩɿɫɥɹ ɚɡɨɬɭɜɚɧɧɹ ɩɨ ɝɥɢɛɢɧɿ 
ɜɩɪɨɜɚɞɠɟɧɧɹ ɿɧɞɟɧɬɨɪɚ 

 

 
Ƚɥɢɛɢɧɚ ɜɩɪɨɜɚɞɠɟɧɧɹ ɿɧɞɟɧɬɨɪɚ, ɧɦ 

Ɋɢɫ. 4. Ɋɨɡɩɨɞɿɥ ɧɚɧɨɬɜɟɪɞɨɫɬɿ ɫɬɚɥɿ 38ɏ2ɆɘȺ ɩɿɫɥɹ ɧɚɧɟɫɟɧɧɹ TiN ɩɨɤɪɢɬɬɹ ɩɨ ɝɥɢɛɢɧɿ ɜɩɪɨ-

ɜɚɞɠɟɧɧɹ ɿɧɞɟɧɬɨɪɚ 
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ȼɢɫɧɨɜɤɢ 

1. ɍɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɡɚɦɿɧɚ ɫɬɚɥɿ 45 ɡ ɤɚɪ-

ɛɨɧɿɬɪɚɰɿєɸ ɧɚ ɫɬɚɥɶ 38ɏ2ɆɘȺ ɡ ɿɨɧɨ-

ɩɥɚɡɦɨɜɢɦ ɩɨɤɪɢɬɬɹɦ ɞɨɡɜɨɥɹє ɡɛɿɥɶɲɢɬɢ 

ɡɧɨɫɨɫɬɿɣɤɿɫɬɶ ɩɨɜɟɪɯɧɿ, ɹɤɚ ɩɿɞɞɚєɬɶɫɹ ɡɧɨɫɭ 

ɛɿɥɶɲɟ ɧɿɠ ɭɞɜɿɱɿ. 
2. ɇɚɣɦɟɧɲɢɣ ɡɧɨɫ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɡɚ 

ɭɦɨɜɢ ɧɚɧɟɫɟɧɧɹ ɿɨɧɨ-ɩɥɚɡɦɨɜɨɝɨ ɩɨɤɪɢɬɬɹ 

TiN ɡɚɜɬɨɜɲɤɢ 6 ɦɤɦ. 

3. ɉɨɜɟɪɯɧɟɜɢɣ ɡɦɿɰɧɟɧɢɣ ɲɚɪ ɦɨɠɧɚ 
ɨɰɿɧɢɬɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɧɚɧɨɬɜɟɪɞɨɫɬɿ, ɹɤɳɨ 

ɝɥɢɛɢɧɚ ɜɩɪɨɜɚɞɠɟɧɧɹ ɿɧɞɟɧɬɨɪɚ 50–200 ɧɦ. 

 

Ʌɿɬɟɪɚɬɭɪɚ 
1. Ⱥɪɢɮɨɜ ȿ. Ⱥ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɬɨɦɧɵɯ ɱɚɫɬɢɰ 

ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɦɟɬɚɥɚ. ɏɚɪɶɤɨɜ, 1998. 290 ɫ. 
2. Ɏɟɞɨɪɨɜ Ⱥ. ȼ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɜɨɣɫɬɜ ɩɨɜɟɪɯ-

ɧɨɫɬɢ ɫɬɚɥɢ ɩɨɫɥɟ ɢɨɧɧɨɣ ɢɦɩɥɚɧɬɚɰɢɢ. ɉɨ-

ɜɟɪɯɧɨɫɬɶ. 1996. № 8. ɋ. 123–131. 
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Comparing wear properties and nanohardness of 

steels after strengthening the surface by various 

methods  

 

Abstract. A comparison is made of the wear 

resistance of steels 45 and 38ɏ2ɆɘА  without 

coating and with various methods of surface 

hardening. The information was obtained on the 

regulation of the hardness distribution in the surface 

layer using nanohardness. By setting the properties 

of coating, changing its chemical composition, it is 

possible to influence wear resistance, corrosion 

resistance, and formation of stable characteristics of 

the coating, which increases the durability of 

machine parts and mechanisms. The purpose of this 

study was to assess the wear resistance and state of 

the surface layer of the parts made of various steels, 

hardened by chemical-thermal treatment and ion-

plasma spraying. The use of modern means of 

recording ultra-small displacements expands the 

possibilities of using the nanohardness method in the 

study of structural and substructural changes in thin 

surface layers. The purpose of this study was to 

assess the condition of the surface to be worn, not 

only by traditional methods, but also by 

nanohardness. The main criteria for evaluating the 

characteristics of materials for hydraulic parts and 

the efficiency of their surface treatment are 

tribotechnical characteristics and, above all, wear 

resistance. The test methods made it possible to 

simulate the processes of friction and wear of real 

parts. Thus, the tests were carried out on the SMTs-2 

friction machine, which make it possible to compare 

the tested materials in terms of wear resistance and 

machinability according to the "roller-block" 

scheme. The state of the surface layer of the studied 

steels after various types of processing was assessed 

by the nanoindentation method. 

Key words: surface layer, nanohardness, wear 

resistance, strengthening, coating. 
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