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ɉɪɢɜɟɞɟɧ ɚɧɚɥɢɡ ɪɚɡɜɢɬɢɹ ɫɢɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ, ɩɪɢ-
ɦɟɧɹɟɦɵɯ ɞɥɹ ɞɢɫɤɨɜ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ. Ɉɩɢɫɚɧɵ ɨɫɧɨɜɧɵɟ ɮɚɡɨɜɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɢ ɢɯ ɜɤɥɚɞ ɜ 
ɭɩɪɨɱɧɟɧɢɟ. ɉɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɦɨɪɮɨɥɨɝɢɢ γ′-ɮɚɡɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟɟ ɤɨɥɢɱɟɫɬɜɚ ɜ ɫɩɥɚɜɚɯ. ɇɚ ɩɪɢɦɟ-
ɪɟ ɜɵɫɨɤɨɠɚɪɨɩɪɨɱɧɨɝɨ ɫɩɥɚɜɚ ȼɀ175-ɂȾ ɢɫɫɥɟɞɨɜɚɧɚ ɫɬɚɛɢɥɶɧɨɫɬɶ ɱɚɫɬɢɰ γ′-ɮɚɡɵ ɪɚɡɦɟɪɨɦ ɦɟɧɟɟ  
100 ɧɦ ɩɨɫɥɟ ɤɚɠɞɨɝɨ ɷɬɚɩɚ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɚ ɬɚɤɠɟ ɩɨɫɥɟ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɜɵɞɟɪɠɟɤ ɩɪɢ ɬɟɦ-
ɩɟɪɚɬɭɪɚɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɚɬɟɪɢɚɥɚ. 

Ʉɥɸчɟɜыɟ ɫɥɨɜа: ɠɚɪɨɩɪɨɱɧɵɣ ɧɢɤɟɥɟɜɵɣ ɫɩɥɚɜ, ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ, γ′-ɮɚɡɚ, ɧɚɧɨɮɚɡɚ, ɬɟɪɦɢɱɟɫɤɚɹ 
ɫɬɚɛɢɥɶɧɨɫɬɶ, ɢɡɨɬɟɪɦɢɱɟɫɤɚɹ ɜɵɞɟɪɠɤɚ. 
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THE  INVESTIGATION  OF  THE  STABILITY 

OF  γ′-PHASE  WITH  SIZE  BELOW  100 nm 

IN  Ni-BASE  SUPERALLOY  VZh175-ID 

 

The analysis of the evolution of the alloying system of cast&wrought Ni-base superalloys for jet-engine disk ap-
plication is presented in the article. Main phase components and their contribution in strengthening are described. 
The changing of the morphology of γ′-phase against its amount in the alloys is shown. By the example of high rup-
ture strength VZh175-ID alloy the stability of γ′-phase with size below 100 nm after each step  
of heat-treatment is investigated. This one is also carried out after isothermal exposures at material exploitation 
temperatures. 

Keywords: Ni-base superalloy, microstructure, γ′-phase, nanophase, thermal stability, isothermal exposure. 
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ȼɜɟɞɟɧɢɟ 

Ʌɟɝɢɪɨɜаɧɢɟ ɧɢɤɟɥɟɜых ɫɩɥаɜɨɜ ɞɥɹ ɞɢɫɤɨɜ ȽТȾ 

ȼɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɟ ɠɚɪɨɩɪɨɱɧɵɟ ɧɢɤɟɥɟɜɵɟ 
ɫɩɥɚɜɵ (ɀɇɋ) ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɸɬɫɹ  
ɨɫɧɨɜɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɞɥɹ ɞɢɫɤɨɜ ɩɨɫɥɟɞɧɢɯ 
ɫɬɭɩɟɧɟɣ ɤɨɦɩɪɟɫɫɨɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɄȼȾ) 
ɢ ɞɢɫɤɨɜ ɬɭɪɛɢɧɵ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɌȼȾ) 
ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ 
(ȽɌȾ). Ⱦɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɩɨɫɥɟ ɩɨɥɧɨɣ ɬɟɪɦɨ-
ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɫɩɨɫɨɛɧɵ ɪɚɛɨɬɚɬɶ  
ɜ ɭɫɥɨɜɢɹɯ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪ ɢ ɧɟɪɚɜɧɨ-
ɦɟɪɧɨɝɨ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨ ɫɟɱɟɧɢɸ 
ɞɟɬɚɥɢ Д1–3Ж. 

Ⱦɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɤɨɧɫɬɪɭɤɬɨ-
ɪɨɜ ɩɨ ɪɚɛɨɱɢɦ ɬɟɦɩɟɪɚɬɭɪɚɦ ɢ ɫɥɭɠɟɛɧɵɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɞɢɫɤɚɦ 
ȽɌȾ, ɜ 50-ɟ ɝɨɞɵ XX ɜɟɤɚ ɧɚɱɚɥɫɹ ɩɟɪɟɯɨɞ ɨɬ 
ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɯɪɨɦɨɦɨɥɢɛɞɟɧɨɜɵɯ ɢ ɯɪɨɦɨ-
ɧɢɤɟɥɟɜɵɯ ɫɬɚɥɟɣ ɤ ɫɩɥɚɜɚɦ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫɧɨ-
ɜɟ Д4Ж. Ʌɢɞɢɪɭɸɳɢɟ ɩɨɡɢɰɢɢ ɜ ɨɛɥɚɫɬɢ ɪɚɡɪɚ-
ɛɨɬɤɢ ɀɇɋ ɞɥɹ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɞɟɬɚɥɟɣ ȽɌȾ 

ɡɚɧɹɥɢ ɫɩɟɰɢɚɥɢɫɬɵ ȼɫɟɪɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ ɚɜɢɚɰɢɨɧɧɵɯ  
ɦɚɬɟɪɢɚɥɨɜ (ɎȽɍɉ «ȼɂȺɆ»). 

ɉɟɪɜɵɣ ɞɢɫɤɨɜɵɣ ɫɩɥɚɜ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɦɚɪɤɢ 
ɗɂ437 ɢ ɟɝɨ ɪɚɡɥɢɱɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ (ɗɂ437Ⱥ, 
ɗɂ437Ȼ, ɗɂ437Ȼɍ) ɫɨɞɟɪɠɚɥɢ з21% (ɩɨ ɦɚɫɫɟ) 
ɯɪɨɦɚ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɨ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚ-
ɧɟɧɧɨɦɭ ɫɩɥɚɜɭ ɧɢɯɪɨɦɭ 80/20, ɩɪɢɦɟɧɹɜɲɟɦɭɫɹ 
ɞɥɹ ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɤɚɱɟɫɬɜɟ ɠɚɪɨ-
ɫɬɨɣɤɨɝɨ ɫɩɥɚɜɚ ɫ ɜɵɫɨɤɢɦ ɨɦɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɟɦ. Ƚɥɚɜɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɞɢɫɤɨɜɨɝɨ ɫɩɥɚɜɚ ɫɬɚ-
ɥɨ ɞɨɛɚɜɥɟɧɢɟ 0,8% (ɩɨ ɦɚɫɫɟ) ɚɥɸɦɢɧɢɹ ɢ 2,6% (ɩɨ 
ɦɚɫɫɟ) ɬɢɬɚɧɚ. Ⱦɚɧɧɵɟ ɷɥɟɦɟɧɬɵ ɩɨɡɜɨɥɢɥɢ ɫɮɨɪɦɢ-
ɪɨɜɚɬɶ з10% Ȗ′-ɮɚɡɵ, ɤɨɬɨɪɚɹ ɢ ɨɩɪɟɞɟɥɢɥɚ ɨɫɨɛɵɣ 
ɤɨɦɩɥɟɤɫ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɧɨɜɨɣ ɤɨɦɩɨɡɢ-
ɰɢɢ. Ɇɢɤɪɨɥɟɝɢɪɨɜɚɧɢɟ ɛɨɪɨɦ ɫɩɥɚɜɚ-ɦɨɞɢɮɢɤɚ-

ɰɢɢ ɦɚɪɤɢ ɗɂ437Ȼɍ ɩɨɡɜɨɥɢɥɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 
ɩɨɜɵɫɢɬɶ ɠɚɪɨɩɪɨɱɧɨɫɬɶ ɛɥɚɝɨɞɚɪɹ ɫɩɟɰɢɮɢɱɟɫɤɨ-
ɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɛɨɪɚ ɧɚ ɝɪɚɧɢɰɵ ɡɟɪɟɧ Д5Ж. 

ȼ ɞɚɥɶɧɟɣɲɟɦ ɦɚɬɟɪɢɚɥɨɜɟɞɵ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ 
ɀɇɋ ɩɨɫɬɟɩɟɧɧɨ ɭɫɥɨɠɧɹɥɢ ɫɢɫɬɟɦɭ ɥɟɝɢɪɨɜɚɧɢɹ 
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Д6Ж: ɜ ɫɩɥɚɜ ɗɂ698 (1958 ɝɨɞ) ɛɵɥɢ ɜɜɟɞɟɧɵ ɬɭɝɨ-
ɩɥɚɜɤɢɟ ɷɥɟɦɟɧɬɵ (ɧɢɨɛɢɣ ɢ ɦɨɥɢɛɞɟɧ), ɤɨɬɨɪɵɟ 
ɤɨɦɩɥɟɤɫɧɨ ɭɩɪɨɱɧɢɥɢ ɫɩɥɚɜ ɢ ɩɨɜɵɫɢɥɢ ɟɝɨ ɪɚ-
ɛɨɱɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɞɨ 750°ɋ. ɇɢɨɛɢɣ ɬɚɤɠɟ ɫɵɝ-
ɪɚɥ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɤɚɪɛɢɞɨɜ Nbɋ ɢ 
ɫɧɢɡɢɥ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɨɯɪɭɩɱɢɜɚɸɳɢɯ 
ɤɚɪɛɢɞɨɜ ɧɟɠɟɥɚɬɟɥɶɧɨɣ ɦɨɪɮɨɥɨɝɢɢ ɧɚ ɨɫɧɨɜɟ 
ɯɪɨɦɚ (Cr23C6). Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ 
ɩɪɢ ɞɟɮɨɪɦɚɰɢɢ, ɚ ɬɚɤɠɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɭɩɪɨɱ-
ɧɟɧɢɹ ɦɚɬɪɢɰɵ, ɜ 1969 ɝɨɞɭ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɫɩɥɚ-
ɜɚ ɗɉ742 ɩɪɢɦɟɧɢɥɢ ɥɟɝɢɪɨɜɚɧɢɟ ɤɨɛɚɥɶɬɨɦ,  
ɚ ɞɥɹ ɭɫɢɥɟɧɢɹ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɩɨɜɵ-
ɫɢɥɢ ɤɨɥɢɱɟɫɬɜɨ ɚɥɸɦɢɧɢɹ ɢ ɬɢɬɚɧɚ. Ⱦɥɹ ɭɩɪɨɱ-
ɧɟɧɢɹ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɜ ɫɩɥɚɜ ɫɥɟɞɭɸɳɟɝɨ  
ɩɨɤɨɥɟɧɢɹ ɦɚɪɤɢ ɗɄ151 (1989 ɝɨɞ) ɞɨɛɚɜɢɥɢ 
ɜɨɥɶɮɪɚɦ, ɚ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɜɜɟɥɢ 
ɜɚɧɚɞɢɣ. 

ȼɵɫɨɤɨɠɚɪɨɩɪɨɱɧɵɣ ɫɩɥɚɜ ȼɀ175 Д7Ж, ɪɚɡɪɚ-
ɛɨɬɚɧɧɵɣ ɜ 2006 ɝɨɞɭ, ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɢ ɤɨɥɢɱɟ-
ɫɬɜɭ ɨɫɧɨɜɧɵɯ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɛɥɢɡɨɤ ɤ 
ɫɩɥɚɜɭ ɗɄ151, ɨɞɧɚɤɨ ɢɡɦɟɧɟɧɢɟ ɫɨɨɬɧɨɲɟɧɢɹ 
ɦɟɠɞɭ ɨɫɧɨɜɧɵɦɢ Ȗ′-ɨɛɪɚɡɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ 
ɩɨɡɜɨɥɢɥɨ ɭɜɟɥɢɱɢɬɶ ɨɛɴɟɦɧɨɟ ɫɨɞɟɪɠɚɧɢɟ  
Ȗ′-ɮɚɡɵ. ɗɬɨ ɩɪɢɜɟɥɨ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɪɨɫɬɭ ɦɟ-
ɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɩɥɚɜɚ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɱ-
ɧɨɫɬɢ ɝɪɚɧɢɰ ɡɟɪɟɧ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟ-
ɪɚɬɭɪɚɯ, ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɫɩɥɚɜɚ ȼɀ175 ɬɚɤɠɟ ɩɪɢ-
ɦɟɧɟɧɨ ɤɨɦɩɥɟɤɫɧɨɟ ɦɢɤɪɨɥɟɝɢɪɨɜɚɧɢɟ ɛɨɪɨɦ, 
ɦɚɝɧɢɟɦ ɢ ɪɟɞɤɨɡɟɦɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ (ɊɁɗ): 
ɥɚɧɬɚɧɨɦ, ɫɤɚɧɞɢɟɦ ɢ ɰɟɪɢɟɦ. 

ɋɨɜɪɟɦɟɧɧɵɟ ɩɨɞɯɨɞɵ ɤ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ 
ɫɩɥɚɜɨɜ ɞɥɹ ɞɢɫɤɨɜ ȽɌȾ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ ɡɚɤɥɸ-
ɱɚɸɬɫɹ ɜ ɨɩɬɢɦɢɡɚɰɢɢ ɫɢɫɬɟɦɵ ɥɟɝɢɪɨɜɚɧɢɹ  
Ni–Co–Cr–W–Mo–V–Ta–Al–Ti–Nb–C, ɚ ɬɚɤɠɟ 
ɜɜɟɞɟɧɢɢ ɜ ɫɩɥɚɜɵ ɊɁɗ, ɫɩɨɫɨɛɧɵɯ ɩɨɜɵɫɢɬɶ  
ɤɚɱɟɫɬɜɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɜɵɩɥɚɜɤɟ ɢ ɭɩɪɨɱɧɢɬɶ 
ɝɪɚɧɢɰɵ ɡɟɪɟɧ ɦɚɬɟɪɢɚɥɚ ɜɫɥɟɞɫɬɜɢɟ ɨɛɪɚɡɨɜɚɧɢɹ 
ɧɨɜɵɯ ɮɚɡ ɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɞɢɮɮɭɡɢɨɧɧɵɯ  
ɩɪɨɰɟɫɫɨɜ Д8–10Ж. 

ɉɨɜɵɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧ-
ɬɨɜ (ɪɢɫ. 1), ɚ ɬɚɤɠɟ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨ-
ɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɚ ɩɪɢɜɟɥɨ 
ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɨɞɟɪɠɚɧɢɹ ɭɩɪɨɱɧɹɸɳɟɣ Ȗ′-ɮɚɡɵ ɫ 
10% (ɫɩɥɚɜ ɗɂ437) ɞɨ з52% (ɫɩɥɚɜ ȼɀ175), ɱɬɨ, 
ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɨɡɜɨɥɢɥɨ ɩɨɜɵɫɢɬɶ ɜɟɫɶ  
ɤɨɦɩɥɟɤɫ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ. 

Фаɡɨɜыɣ ɫɨɫɬаɜ ɧɢɤɟɥɟɜых ɫɩɥаɜɨɜ  
ɞɥɹ ɞɢɫɤɨɜ ȽТȾ 

Ɇɧɨɝɨɥɟɬɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɀɇɋ ɩɨɤɚɡɚɥɢ, 
ɱɬɨ ɧɟ ɬɨɥɶɤɨ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, ɧɨ ɢ ɫɬɪɭɤɬɭɪɚ 
ɹɜɥɹɸɬɫɹ ɮɚɤɬɨɪɚɦɢ, ɜ ɪɚɜɧɨɣ ɫɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹ-
ɸɳɢɦɢ ɧɚɞɟɠɧɭɸ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɞɢɫɤɨɜ 
ȽɌȾ. ȼɫɟ ɜɵɲɟɭɤɚɡɚɧɧɵɟ ɫɩɥɚɜɵ ɹɜɥɹɸɬɫɹ ɝɟɬɟ-
ɪɨɮɚɡɧɵɦɢ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦɢ ɦɚɬɟɪɢɚɥɚɦɢ. 
ɑɚɳɟ ɜɫɟɝɨ ɜɵɞɟɥɹɸɬ ɧɟɫɤɨɥɶɤɨ ɜɢɞɨɜ ɨɫɧɨɜɧɵɯ 
ɮɚɡ ɜ ɀɇɋ: ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ Ȗ-ɦɚɬɪɢɰɵ, ɤɨɝɟ-
ɪɟɧɬɧɚɹ ɟɣ Ȗ′-ɮɚɡɚ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ 
Ni3Al, ɤɚɪɛɢɞɵ ɢ ɛɨɪɢɞɵ ɧɚ ɨɫɧɨɜɟ ɯɪɨɦɚ ɢ ɬɭɝɨ-
ɩɥɚɜɤɢɯ ɷɥɟɦɟɧɬɨɜ. ȼ ɪɚɛɨɬɟ Д11Ж ɚɜɬɨɪɵ ɞɚɸɬ 
ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɟ ɨɩɢɫɚɧɢɟ Ȗ′-ɮɚɡɵ, ɩɨɞɪɚɡɞɟɥɹɹ ɟɟ 
ɧɚ ɩɟɪɜɢɱɧɭɸ, ɜɬɨɪɢɱɧɭɸ ɢ ɬɪɟɬɢɱɧɭɸ ɜ ɡɚɜɢɫɢ-
ɦɨɫɬɢ ɨɬ ɦɨɦɟɧɬɚ ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɫɩɥɚɜɟ, ɯɚɪɚɤɬɟɪ-
ɧɨɣ ɦɨɪɮɨɥɨɝɢɢ ɢ ɪɚɡɦɟɪɚ. ɉɪɢ ɷɬɨɦ ɩɟɪɜɢɱɧɚɹ 
ɮɚɡɚ ɢɦɟɟɬ ɪɚɡɦɟɪ ɨɬ 1 ɞɨ 10 ɦɤɦ, ɮɨɪɦɢɪɭɟɬɫɹ ɜ 
ɫɩɥɚɜɟ ɩɨɫɥɟ ɜɵɩɥɚɜɤɢ ɢɥɢ ɩɟɪɟɩɥɚɜɨɜ ɢ ɦɨɠɟɬ 
ɨɤɚɡɚɬɶ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɜɫɟ ɫɬɚɞɢɢ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɚ, ɬɚɤ 
ɤɚɤ ɫɞɟɪɠɢɜɚɟɬ ɪɨɫɬ ɡɟɪɧɚ. ȼɬɨɪɢɱɧɚɹ Ȗ′-ɮɚɡɚ  
ɪɚɡɦɟɪɨɦ 0,1–1 ɦɤɦ ɡɚɪɨɠɞɚɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɡɚ-
ɤɚɥɤɢ ɦɚɬɟɪɢɚɥɚ, ɪɚɡɦɟɪ ɢ ɤɨɥɢɱɟɫɬɜɨ ɞɚɧɧɨɣ 
ɮɚɡɵ ɜ ɨɫɧɨɜɧɨɦ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ 
ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɩɨɞ ɡɚɤɚɥɤɭ. ɋɥɟɞɭɟɬ ɨɬ-
ɦɟɬɢɬɶ, ɱɬɨ ɢɦɟɧɧɨ ɜɬɨɪɢɱɧɚɹ ɮɚɡɚ ɨɤɚɡɵɜɚɟɬ 
ɦɚɤɫɢɦɚɥɶɧɵɣ ɜɤɥɚɞ ɜ ɞɢɫɩɟɪɫɢɨɧɧɨɟ ɭɩɪɨɱɧɟ-
ɧɢɟ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ. Ɏɚɡɚ ɪɚɡɦɟɪɨɦ 0,1ޒ ɦɤɦ 
ɩɨɥɭɱɢɥɚ ɜ ɡɚɪɭɛɟɠɧɵɯ ɢɫɬɨɱɧɢɤɚɯ ɧɚɡɜɚɧɢɟ 
«ɬɪɟɬɢɱɧɚɹ» (ɞɚɥɟɟ – ɧɚɧɨɪɚɡɦɟɪɧɚɹ), ɨɧɚ ɡɚɪɨɠ-
ɞɚɟɬɫɹ ɧɚ ɤɨɧɟɱɧɵɯ ɷɬɚɩɚɯ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬ-
ɤɢ – ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜɨ ɜɪɟɦɹ ɫɬɚɪɟɧɢɹ. Ɉɛɳɢɣ 
ɜɢɞ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɫɨɜɪɟɦɟɧɧɵɯ ɀɇɋ ɧɚ ɩɪɢ-
ɦɟɪɟ ɫɩɥɚɜɚ ȼɀ175-ɂȾ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 2. 

ɉɟɪɜɢɱɧɚɹ ɮɚɡɚ ɫɨɯɪɚɧɹɟɬɫɹ ɩɪɢ ɧɚɝɪɟɜɚɯ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɥɶɜɭɫ Ȗ′-ɮɚɡɵ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɢɫɯɨ-
ɞɢɬ ɟɟ ɪɚɫɬɜɨɪɟɧɢɟ ɢ ɩɟɪɟɯɨɞ ɜ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ. 
ɉɨɫɥɟɞɭɸɳɟɟ ɨɯɥɚɠɞɟɧɢɟ (ɞɚɠɟ ɞɨɫɬɚɬɨɱɧɨ 
ɛɵɫɬɪɨɟ ɜ ɦɚɫɥɟ ɢɥɢ ɜɨɞɟ) ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɧɨ-
ɫɬɶɸ ɡɚɮɢɤɫɢɪɨɜɚɬɶ ɝɨɦɨɝɟɧɧɵɣ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ 
ɢ ɩɪɢɜɨɞɢɬ ɤ ɜɵɞɟɥɟɧɢɸ ɦɟɥɤɨɣ ɜɬɨɪɢɱɧɨɣ ɮɚɡɵ. 
ɉɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (900ޒ°ɋ) ɮɨɪɦɢ-
ɪɭɟɬɫɹ ɧɚɧɨɪɚɡɦɟɪɧɚɹ ɮɚɡɚ, ɟɟ ɦɨɪɮɨɥɨɝɢɹ ɛɭɞɟɬ 
ɡɚɜɢɫɟɬɶ ɧɟ ɬɨɥɶɤɨ ɨɬ ɫɤɨɪɨɫɬɢ ɡɚɤɚɥɤɢ, ɧɨ ɢ ɨɬ 
ɨɛɳɟɝɨ ɨɛɴɟɦɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ, ɚ ɬɚɤɠɟ ɡɧɚɱɟɧɢɹ 

Ɋɢɫ. 1. ɗɜɨɥɸɰɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ (■ – ɦɚɬɪɢɰɚ; ■ – Ȗ′-ɮɚɡɚ) ɠɚɪɨɩɪɨɱɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ 
ɞɥɹ ɞɢɫɤɨɜ ȽɌȾ 
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ɦɢɫɮɢɬɚ Ȗ/Ȗ′ – ɜɟɥɢɱɢɧɵ ɧɟɫɨɨɬɜɟɬɫɬɜɢɹ ɪɟɲɟɬɨɤ 
ɦɚɬɪɢɰɵ ɢ ɮɚɡɵ. ɇɚ ɪɢɫ. 3 ɩɪɢɜɟɞɟɧɵ ɦɢɤɪɨ-
ɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɨɜ ɗɉ742-ɂȾ, ɗɄ151-ɂȾ ɢ 
ȼɀ175-ɂȾ ɩɨɫɥɟ ɫɬɚɧɞɚɪɬɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚ-
ɛɨɬɤɢ (ɡɚɤɚɥɤɚ ɢ ɞɜɨɣɧɨɟ ɫɬɚɪɟɧɢɟ). 

ɀɚɪɨɩɪɨɱɧɵɟ ɧɢɤɟɥɟɜɵɟ ɫɩɥɚɜɵ ɞɚɧɧɨɝɨ 
ɤɥɚɫɫɚ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɩɟɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɶɸ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ Ȗ′-ɮɚɡɵ ɜ ɦɚɬɪɢɰɟ ɜɨ ɜɫɟɦ ɬɟɦɩɟ-
ɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɷɬɨɣ ɮɚɡɵ. ȼ 
ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɫɩɥɚɜɚɯ (ɨɫɨɛɟɧɧɨ ɩɨ ɝɪɚɧɢɰɚɦ 

ɡɟɪɟɧ) ɦɨɝɭɬ ɩɪɨɯɨɞɢɬɶ ɩɪɨɰɟɫɫɵ ɪɚɫɩɚɞɚ ɢ/ɢɥɢ 
ɤɨɚɝɭɥɹɰɢɢ Ȗ′-ɮɚɡɵ ɪɚɡɧɨɣ ɞɢɫɩɟɪɫɧɨɫɬɢ Д12Ж. 
ɉɪɢɦɟɪ ɬɚɤɨɝɨ ɢɡɦɟɧɟɧɢɹ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 4. 
ɉɪɢɱɢɧɨɣ ɢɧɢɰɢɢɪɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɦɨ-
ɠɟɬ ɫɬɚɬɶ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢɥɢ ɧɚɩɪɹɠɟ-
ɧɢɹ, ɱɬɨ ɫɦɟɳɚɟɬ ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ ɩɨ 
ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ, ɩɪɢɜɨɞɹ ɤ ɩɪɨɰɟɫɫɚɦ ɩɟɪɟɪɚɫɩɪɟ-
ɞɟɥɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɮɚɡ. 

ȼɡɚɢɦɨɫɜɹɡɢ ɢɡɦɟɧɟɧɢɹ ɜɬɨɪɢɱɧɨɣ Ȗ′-ɮɚɡɵ ɩɪɢ 
ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɩɪɢ ɪɚɡɧɵɯ ɯɢɦɢɱɟɫɤɢɯ 

Ɋɢɫ. 2. Ɉɛɳɢɣ ɜɢɞ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ (ɚ – ×2000; ɛ – ×50000) ɫɩɥɚɜɚ ȼɀ175-ɂȾ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 

Ɋɢɫ. 3. ɋɬɪɭɤɬɭɪɚ (×20000) Ȗ′-ɮɚɡɵ ɪɚɡɧɨɣ ɞɢɫɩɟɪɫɧɨɫɬɢ ɩɨɫɥɟ ɩɨɥɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɫɩɥɚɜɨɜ  
ɗɉ742-ɂȾ (ɚ), ɗɄ151-ɂȾ (ɛ) ɢ ȼɀ175-ɂȾ (ɜ) 

ɚ) ɛ) 
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ɫɨɫɬɚɜɚɯ ɀɇɋ, ɚ ɬɚɤɠɟ ɟɟ ɜɥɢɹɧɢɸ ɧɚ ɦɟɯɚɧɢɱɟ-
ɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɨɜ ɩɨɫɜɹɳɟɧɨ ɞɨɫɬɚɬɨɱɧɨ 
ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɡɚɪɭɛɟɠɧɵɯ ɢ ɨɬɟɱɟɫɬɜɟɧɧɵɯ 
ɪɚɛɨɬ Д13–18Ж. Ɉɞɧɚɤɨ ɛɥɚɝɨɞɚɪɹ ɫɨɜɪɟɦɟɧɧɵɦ 
ɦɟɬɨɞɚɦ ɷɥɟɤɬɪɨɧɧɵɯ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɢɫɫɥɟ-
ɞɨɜɚɧɢɣ Д19Ж, ɩɨɡɜɨɥɹɸɳɢɦ ɩɨɥɭɱɚɬɶ ɢɡɨɛɪɚɠɟ-
ɧɢɹ ɫɬɪɭɤɬɭɪɵ ɩɪɢ ɛɨɥɶɲɢɯ ɭɜɟɥɢɱɟɧɢɹɯ 
(ɞɟɫɹɬɤɢ ɬɵɫɹɱ ɤɪɚɬ) ɫ ɜɵɫɨɤɢɦ ɪɚɡɪɟɲɟɧɢɟɦ, 
ɩɨɹɜɢɥɚɫɶ ɜɨɡɦɨɠɧɨɫɬɶ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨ ɢɫɫɥɟɞɨ-
ɜɚɬɶ ɦɟɥɤɨɞɢɫɩɟɪɫɧɭɸ Ȗ′-ɮɚɡɭ ɪɚɡɦɟɪɨɦ 100ޒ ɧɦ. 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨ-
ɜɚɧɢɹ ɫɬɚɛɢɥɶɧɨɫɬɢ ɧɚɧɨɪɚɡɦɟɪɧɨɣ Ȗ′-ɮɚɡɵ ɜ 
ɫɩɥɚɜɟ ȼɀ175-ɂȾ ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɜɵɞɟɪɠ-
ɤɚɯ ɜ ɢɧɬɟɪɜɚɥɟ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ ɛɟɡ ɜɨɡɞɟɣ-
ɫɬɜɢɹ ɧɚɩɪɹɠɟɧɢɣ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦ-
ɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 9.7. «ȼɵɫɨɤɨɬɟɦɩɟ-

ɪɚɬɭɪɧɵɟ ɞɟɮɨɪɦɢɪɭɟɦɵɟ ɫɩɥɚɜɵ ɢ ɤɨɦɩɨɡɢɰɢɨɧ-
ɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɭɩɪɨɱɧɟɧɧɵɟ ɬɭɝɨɩɥɚɜɤɢɦɢ ɦɟ-
ɬɚɥɥɢɱɟɫɤɢɦɢ ɜɨɥɨɤɧɚɦɢ ɢ ɱɚɫɬɢɰɚɦɢ, ɤɚɪɛɢɞɚ-
ɦɢ, ɧɢɬɪɢɞɚɦɢ ɢ ɞɪ., ɢɫɬɢɪɚɟɦɵɟ ɭɩɥɨɬɧɢɬɟɥɶɧɵɟ 
ɦɚɬɟɪɢɚɥɵ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢ-
ɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ 
ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ») [2]. 

 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

ɂɫɫɥɟɞɨɜɚɥɢ ɜɵɫɨɤɨɠɚɪɨɩɪɨɱɧɵɣ ɞɟɮɨɪɦɢɪɭ-
ɟɦɵɣ ɫɩɥɚɜ ȼɀ175-ɂȾ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ ɫɢɫɬɟɦɵ 
ɥɟɝɢɪɨɜɚɧɢɹ Ni–Co–Cr–W–Mo–V–Al–Ti–Nb–C. 
ɋɩɥɚɜ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɥɭɱɟɧ ɦɟ-
ɬɨɞɨɦ ɜɚɤɭɭɦɧɨ-ɢɧɞɭɤɰɢɨɧɧɨɣ ɜɵɩɥɚɜɤɢ ɫ ɩɨɫɥɟ-
ɞɭɸɳɢɦ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɵɦ ɩɟɪɟɩɥɚɜɨɦ. Ⱦɚɥɟɟ 
ɫɥɢɬɨɤ ɩɨɞɜɟɪɝɚɥɢ ɩɨɞɩɪɟɫɫɨɜɤɟ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶ-
ɧɨɦ ɩɪɟɫɫɟ ɢ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɣ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ 
ɞɟɮɨɪɦɚɰɢɢ ɜ ɞɜɭɯɮɚɡɧɨɣ (Ȗ+Ȗ′)-ɨɛɥɚɫɬɢ ɫ ɩɪɨɦɟ-
ɠɭɬɨɱɧɵɦɢ ɨɬɠɢɝɚɦɢ Д20Ж. 

Ɍɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɦɚɬɟɪɢɚɥɚ ɩɪɨɜɨɞɢɥɢ 
ɜ ɥɚɛɨɪɚɬɨɪɧɨɣ ɤɚɦɟɪɧɨɣ ɩɟɱɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɬɢɩɚ ɋɇɈɅ. Ɍɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɩɨɞ ɡɚɤɚɥɤɭ ɢ 
ɞɜɨɣɧɨɟ ɫɬɚɪɟɧɢɟ ɫɬɚɧɞɚɪɬɧɵ ɞɥɹ ɫɩɥɚɜɚ ȼɀ175 
Д21, 22Ж. ɋ ɰɟɥɶɸ ɧɚɢɛɨɥɟɟ ɬɨɱɧɨɣ ɮɢɤɫɚɰɢɢ 
ɫɬɪɭɤɬɭɪɵ ɨɯɥɚɠɞɟɧɢɟ ɨɛɪɚɡɰɨɜ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟ-
ɝɨ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɢɤɪɨɲɥɢɮɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɜɨɞɟ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɬɚɛɢɥɶɧɨ-
ɫɬɢ ɧɚɧɨɪɚɡɦɟɪɧɨɣ Ȗ′-ɮɚɡɵ ɜɵɛɪɚɧɵ ɞɜɟ ɜɵɞɟɪɠ-
ɤɢ: 2 ɢ 12 ɱ. Ɂɚɝɨɬɨɜɤɢ ɩɨɫɥɟ ɩɨɥɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ (ɉɌɈ) ɧɚɝɪɟɜɚɥɢ ɢ ɜɵɞɟɪɠɢɜɚɥɢ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɬ 550 ɞɨ 800°ɋ (ɫ ɲɚɝɨɦ ɜ 50°ɋ). 

Ɉɛɪɚɡɰɵ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɪɚɫɬɪɨɜɨɦ ɷɥɟɤ-
ɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɧɚ ɨɛɨɪɭɞɨɜɚ-
ɧɢɢ ɮɢɪɦɵ Struers ɲɥɢɮɨɜɚɧɢɟɦ ɫ ɩɨɫɥɟɞɭɸɳɟɣ 
ɩɨɥɢɪɨɜɤɨɣ ɫɭɫɩɟɧɡɢɹɦɢ ɪɚɡɥɢɱɧɨɣ ɡɟɪɧɢɫɬɨɫɬɢ 
(ɨɬ ɛɨɥɶɲɟɣ ɤ ɦɟɧɶɲɟɣ). ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨ-
ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɩɨɫɥɟ ɷɥɟɤɬɪɨɥɢ-
ɬɢɱɟɫɤɨɝɨ ɬɪɚɜɥɟɧɢɹ ɪɚɫɬɜɨɪɨɦ ɛɢɯɪɨɦɚɬɚ ɤɚɥɢɹ 
ɜ ɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɟ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɪɨɜɨɞɢɥɢ ɧɚ 
ɪɚɫɬɪɨɜɨɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ Hitachi SU 
8010 ɩɪɢ ɭɫɤɨɪɹɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ 15–25 ɤȼ. 

 

Ɋɟɡɭɥɶɬɚɬɵ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɡɦɟɧɟɧɢɹ ɯɚɪɚɤɬɟɪɚ  
Ȗ′-ɮɚɡɵ ɜ ɫɩɥɚɜɟ ȼɀ175-ɂȾ ɜ ɩɪɨɰɟɫɫɟ ɬɟɪɦɢɱɟ-
ɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɛɪɚɡ-
ɰɨɜ ɩɨɷɬɚɩɧɨ ɩɨɫɥɟ ɤɚɠɞɨɣ ɢɡ ɨɩɟɪɚɰɢɣ: ɡɚɤɚɥ-
ɤɢ (ɪɢɫ. 5, ɚ), ɡɚɤɚɥɤɢ ɢ ɩɟɪɜɨɝɨ ɫɬɚɪɟɧɢɹ  
(ɪɢɫ. 5, ɛ), ɉɌɈ (ɪɢɫ. 5, ɜ). ɂɫɫɥɟɞɨɜɚɧɢɟ ɧɚ 
ɪɚɫɬɪɨɜɨɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ ɩɨɤɚɡɚɥɨ, 
ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɨɯɥɚɠɞɟɧɢɹ ɫ ɬɟɦɩɟɪɚɬɭɪɵ 
ɧɚɝɪɟɜɚ ɩɨɞ ɡɚɤɚɥɤɭ ɜ ɫɩɥɚɜɟ ɨɛɪɚɡɭɟɬɫɹ ɛɨɥɶ-
ɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɜɬɨ-
ɪɢɱɧɨɣ Ȗ′-ɮɚɡɵ ɫɪɟɞɧɢɦ ɞɢɚɦɟɬɪɨɦ 50 ɧɦ. Ɉɧɢ 
ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ ɦɚ-
ɬɟɪɢɚɥɚ. ɉɨɫɤɨɥɶɤɭ ɧɚɝɪɟɜ ɩɨɞ ɡɚɤɚɥɤɭ ɞɥɹ 
ɫɩɥɚɜɚ ȼɀ175-ɂȾ ɩɪɨɜɨɞɹɬ ɢɡ ɞɜɭɯɮɚɡɧɨɣ ɨɛ-
ɥɚɫɬɢ, ɜ ɫɬɪɭɤɬɭɪɟ ɦɚɬɟɪɢɚɥɚ ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɭ-
ɸɬ ɤɪɭɩɧɵɟ ɜɵɞɟɥɟɧɢɹ ɩɟɪɜɢɱɧɨɣ Ȗ′-ɮɚɡɵ  
(ɞɨ 5 ɦɤɦ), ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɨɫɧɨɜɧɨɦ ɧɚ ɬɪɨɣ-
ɧɵɯ ɫɬɵɤɚɯ ɡɟɪɟɧ. ȼɨ ɜɪɟɦɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɩɟɪ-
ɜɨɝɨ ɫɬɚɪɟɧɢɹ ɫɩɥɚɜɚ ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɰɟɫɫ ɤɨɚɝɭ-
ɥɹɰɢɢ Ȗ′-ɮɚɡɵ, ɢ ɜ ɡɟɪɧɚɯ Ȗ-ɦɚɬɪɢɰɵ ɨɛɪɚɡɭɟɬɫɹ 
ɩɪɟɰɢɩɢɬɚɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɤɭɛɨɢɞɧɨɣ ɦɨɪ-
ɮɨɥɨɝɢɢ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ 250 ɧɦ. ɉɨ ɝɪɚɧɢɰɚɦ 
ɡɟɪɟɧ ɢ ɝɪɚɧɢɰɚɦ ɪɚɡɞɟɥɚ Ȗ-ɦɚɬɪɢɰɵ ɫ ɩɟɪɜɢɱ-
ɧɨɣ Ȗ′-ɮɚɡɨɣ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜɵɞɟɥɟɧɢɹ ɱɚɫɬɢɰ 
ɧɚɧɨɪɚɡɦɟɪɧɨɣ ɮɚɡɵ ɞɢɚɦɟɬɪɨɦ 100ޒ ɧɦ.  

Ɋɢɫ. 4. ɉɪɨɰɟɫɫɵ ɢɡɦɟɧɟɧɢɹ Ȗ′-ɮɚɡɵ ɜ ɫɩɥɚɜɟ ȼɀ175-ɂȾ ɧɚ ɝɪɚɧɢɰɟ ɡɟɪɟɧ (×50000) 



ǴаȞȜȝȞȜȥțȩеХȟȝșавȩХȖХȟȠаșȖ 

АǰǶАȄǶǼǻǻЫǳХХǺАТǳǾǶАǹЫХХǶХХТǳȃǻǼǹǼǱǶǶХХ№4Х(ки)Хз01нХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХХ            7 

Ɂɚɜɟɪɲɚɸɳɚɹ ɨɩɟɪɚɰɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ – 
ɜɬɨɪɨɟ ɫɬɚɪɟɧɢɟ – ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɫɢɥɶɧɨɦɭ ɢɡɦɟ-
ɧɟɧɢɸ ɯɚɪɚɤɬɟɪɚ Ȗ′-ɮɚɡɵ (ɪɢɫ. 5, ɜ), ɧɨ ɫɥɟɞɭɟɬ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɡɦɟɪ ɢ ɮɨɪɦɚ ɜɬɨɪɢɱɧɨɣ Ȗ′-ɮɚɡɵ 
ɫɬɚɧɨɜɹɬɫɹ ɪɚɜɧɨɦɟɪɧɟɟ. ɋɭɳɟɫɬɜɟɧɧɵɯ ɢɡɦɟɧɟ-
ɧɢɣ ɤɨɥɢɱɟɫɬɜɚ ɧɚɧɨɪɚɡɦɟɪɧɨɣ ɮɚɡɵ ɧɟ ɭɫɬɚɧɨɜ-
ɥɟɧɨ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɨɛɪɚɡɰɨɜ, ɬɟɪɦɢɱɟɫɤɢ ɨɛɪɚɛɨ-
ɬɚɧɧɵɯ ɫ ɨɯɥɚɠɞɟɧɢɟɦ ɧɚ ɜɨɡɞɭɯɟ (ɪɢɫ. 2, ɛ),  
ɩɪɢ ɡɚɤɚɥɤɟ ɜ ɜɨɞɟ (ɪɢɫ. 5, ɛ) ɧɚɧɨɪɚɡɦɟɪɧɚɹ ɮɚɡɚ 
ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɬɨɥɶɤɨ ɜɞɨɥɶ ɝɪɚɧɢɰ, ɜ ɩɟɪɜɨɦ  
ɠɟ ɫɥɭɱɚɟ ɨɧɚ ɩɪɢɫɭɬɫɬɜɭɟɬ ɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɦɟɠɞɭ ɜɵɞɟɥɟɧɢɹɦɢ ɜɬɨɪɢɱɧɨɣ Ȗ′-ɮɚɡɵ, ɱɬɨ ɫɨɨɬ-
ɜɟɬɫɬɜɭɟɬ ɩɪɢɧɹɬɵɦ ɦɨɞɟɥɹɦ ɜɵɞɟɥɟɧɢɹ ɞɢɫɩɟɪɫ-

ɧɵɯ ɱɚɫɬɢɰ ɢɡ ɩɟɪɟɫɵɳɟɧɧɨɝɨ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ 
Д23–25Ж. 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 
ɧɚ ɞɢɫɤɢ ȽɌȾ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɨɛɨɞɧɭɸ ɱɚɫɬɶ, 
ɞɥɹ ɢɡɞɟɥɢɣ ɢɡ ɫɩɥɚɜɚ ȼɀ175-ɂȾ ɩɪɟɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɥɭ-
ɚɬɚɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 750°ɋ, ɚ ɩɪɢ ɤɪɚɬɤɨɜɪɟɦɟɧ-
ɧɵɯ ɡɚɛɪɨɫɚɯ (ɜɡɥɟɬɧɵɣ ɪɟɠɢɦ ɫɚɦɨɥɟɬɚ) – ɞɨ 
800°ɋ. Ⱦɥɹ ɫɨɜɪɟɦɟɧɧɵɯ ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟ-
ɥɟɣ 5-ɝɨ ɩɨɤɨɥɟɧɢɹ ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ 
ɨɛɨɞɟ ɩɪɢ ɤɪɟɣɫɟɪɫɤɨɦ ɪɟɠɢɦɟ ɦɨɠɟɬ ɞɚɠɟ 
ɧɟɫɤɨɥɶɤɨ ɩɪɟɜɵɲɚɬɶ ɞɚɧɧɵɟ ɜɟɥɢɱɢɧɵ Д26–

30Ж. ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɩɨɜɵɲɟɧ-
ɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɪɚɡɪɭɲɟɧɢɟ ɞɚɧɧɵɯ ɦɚɬɟɪɢɚ-
ɥɨɜ ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɨ ɝɪɚɧɢɰɚɦ 
ɡɟɪɟɧ. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɚɛɢɥɶɧɨ-
ɫɬɢ ɧɚɧɨɞɢɫɩɟɪɫɧɨɣ ɭɩɪɨɱɧɹɸɳɟɣ Ȗ′-ɮɚɡɵ ɜ ɢɧ-
ɬɟɪɜɚɥɟ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɟɟ ɜɵ-
ɞɟɥɟɧɢɹ ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ ɫɨɯɪɚɧɹɸɬɫɹ ɛɟɡ ɜɢɞɢ-
ɦɵɯ ɢɡɦɟɧɟɧɢɣ ɜɩɥɨɬɶ ɞɨ 800°ɋ ɜɤɥɸɱɢɬɟɥɶɧɨ 
(ɪɢɫ. 6, ɚ–ɜ) ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚ – ɜ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ 2 ɢ 12 ɱ. 
ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 850°ɋ ɩɨɫɥɟ ɜɵ-
ɞɟɪɠɤɢ ɜ ɬɟɱɟɧɢɟ 12 ɱ ɜ ɦɚɬɟɪɢɚɥɟ ɨɬɫɭɬɫɬɜɭɟɬ  
Ȗ′-ɮɚɡɚ ɪɚɡɦɟɪɨɦ 100ޒ ɧɦ (ɪɢɫ. 6, ɞ). 

Ⱦɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɵɯ ɜɵɞɟɪ-
ɠɟɤ ɩɪɢ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɚ ɯɚɪɚɤɬɟɪ ɢ ɤɨ-
ɥɢɱɟɫɬɜɨ ɧɚɧɨɞɢɫɩɟɪɫɧɨɣ Ȗ′-ɮɚɡɵ ɢɫɫɥɟɞɨɜɚɧɚ 
ɫɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ ɩɨɫɥɟ ɧɚɝɪɟɜɚ ɩɪɢ 650°ɋ ɜ ɬɟɱɟ-
ɧɢɟ 172 ɱ ɢ ɩɪɢ 800°ɋ ɜ ɬɟɱɟɧɢɟ 52 ɱ. ȼ ɩɟɪɜɨɦ 
ɫɥɭɱɚɟ (ɪɢɫ. 7, ɚ) ɨɛɳɢɣ ɜɢɞ ɢɫɫɥɟɞɭɟɦɨɣ  
ɮɚɡɵ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɪɟɡɭɥɶɬɚɬɨɜ, 
ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɜɵɞɟɪɠɤɟ 
(ɪɢɫ. 6, ɚ). ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɚɬɟɪɢɚɥɚ ɩɨɫɥɟ ɜɵ-
ɞɟɪɠɤɢ ɩɪɢ 800°ɋ ɜ ɬɟɱɟɧɢɟ 52 ɱ ɩɨɤɚɡɚɥɨ ɧɚɱɚɥɨ 
ɩɪɨɰɟɫɫɚ ɤɨɚɝɭɥɹɰɢɢ ɧɚɧɨɪɚɡɦɟɪɧɨɣ ɮɚɡɵ  

Ɋɢɫ. 5. ȼɢɞ Ȗ′-ɮɚɡɵ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ (×50000): 
ɚ – ɡɚɤɚɥɤɚ; ɛ – ɡɚɤɚɥɤɚ+ɩɟɪɜɨɟ ɫɬɚɪɟɧɢɟ; ɜ – ɡɚɤɚɥɤɚ+ɞɜɚ ɫɬɚɪɟɧɢɹ 
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(ɪɢɫ. 7, ɛ) ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɨɧɝɥɨɦɟɪɚɬɨɜ,  
ɜɵɬɹɧɭɬɵɯ ɜɞɨɥɶ ɝɪɚɧɢɰ ɡɟɪɟɧ. Ɉɬɞɟɥɶɧɵɟ ɱɚɫɬɢ-
ɰɵ ɞɚɧɧɨɣ ɮɚɡɵ ɜɞɨɥɶ ɝɪɚɧɢɰ ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɭ-
ɸɬ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɚɯ. 

 

Ɉɛɫɭɠɞɟɧɢɟ ɢ ɡɚɤɥɸɱɟɧɢɹ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɡɚɤɚɥɤɢ ɢɡ ɞɜɭɯ-
ɮɚɡɧɨɣ ɨɛɥɚɫɬɢ ɜ ɠɚɪɨɩɪɨɱɧɨɦ ɞɟɮɨɪɦɢɪɨɜɚɧ-
ɧɨɦ ɧɢɤɟɥɟɜɨɦ ɫɩɥɚɜɟ ȼɀ175-ɂȾ ɨɛɪɚɡɭɟɬɫɹ 
ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɱɚɫɬɢɰ ɦɟɥɤɨɞɢɫɩɟɪɫɧɨɣ 
Ȗ′-ɮɚɡɵ, ɤɨɬɨɪɵɟ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɞɜɭɯɫɬɭ-
ɩɟɧɱɚɬɨɦ ɫɬɚɪɟɧɢɢ ɤɨɚɝɭɥɢɪɭɸɬ ɞɨ ɪɚɡɦɟɪɨɜ 
ɨɫɧɨɜɧɨɣ ɭɩɪɨɱɧɹɸɳɟɣ ɮɚɡɵ (з250 ɧɦ). ȼɞɨɥɶ 

ɜɫɟɯ ɝɪɚɧɢɰ ɡɟɪɟɧ ɢ ɝɪɚɧɢɰ ɪɚɡɞɟɥɚ ɦɚɬɪɢɰɵ ɢ 
ɩɟɪɜɢɱɧɨɣ ɮɚɡɵ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜɵɞɟɥɟɧɢɹ ɭɩɪɨɱɧɹ-
ɸɳɟɣ ɮɚɡɵ ɪɚɡɦɟɪɨɦ 100ޒ ɧɦ (ɧɚɧɨɮɚɡɚ). 

ɉɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɟ ɜ ɢɧɬɟɪɜɚɥɟ 
ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ (ɞɨ 750°ɋ) ɧɚɧɨɪɚɡɦɟɪɧɚɹ  
Ȗ′-ɮɚɡɚ ɧɟ ɩɪɟɬɟɪɩɟɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɵɯ ɢɡɦɟɧɟ-
ɧɢɣ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɬɟɦɩɟɪɚɬɭɪɧɨ-
ɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɢ 800°ɋ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɢɡɦɟɧɟ-
ɧɢɟ ɮɚɡɵ ɧɚɱɢɧɚɟɬɫɹ ɩɨɫɥɟ ɜɵɞɟɪɠɤɢ 50ޓ ɱ – 
ɱɚɫɬɢɰɵ ɩɨɫɬɟɩɟɧɧɨ ɤɨɚɝɭɥɢɪɭɸɬ ɢ ɜɵɬɹɝɢɜɚɸɬ-
ɫɹ ɜɞɨɥɶ ɝɪɚɧɢɰ ɡɟɪɟɧ. 

ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɞɟɪɠɤɢ ɞɨ  
850°ɋ ɞɚɧɧɵɟ ɩɪɨɰɟɫɫɵ ɢɞɭɬ ɧɚɦɧɨɝɨ ɛɵɫɬɪɟɟ – ɡɚ  
2 ɱ ɧɚɧɨɪɚɡɦɟɪɧɚɹ Ȗ′-ɮɚɡɚ ɤɨɚɝɭɥɢɪɭɟɬ ɞɨ ɪɚɡɦɟɪɨɜ 

Ɋɢɫ. 6. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (×50000) ɝɪɚɧɢɰɵ ɡɟɪɟɧ ɜ ɫɩɥɚɜɟ ȼɀ175 ɩɨɫɥɟ ɩɨɥɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɜɵɞɟɪ-
ɠɟɤ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ:  

650°ɋ, 12 ɱ (ɚ); 750°ɋ, 12 ɱ (ɛ); 800°ɋ, 12 ɱ (ɜ); 850°ɋ, 2 ɱ (ɝ) ɢ 12 ɱ (ɞ) 

Ɋɢɫ. 7. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (×50000) ɝɪɚɧɢɰɵ ɡɟɪɟɧ ɜ ɫɩɥɚɜɟ ȼɀ175 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɜɵɞɟɪɠɤɚɯ:  
ɚ – 650°ɋ, 172 ɱ; ɛ – 800°ɋ, 52 ɱ 
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ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɧɚɩɪɹɠɟɧɢɣ. ɉɪɢ ɷɬɨɦ ɩɨ ɝɪɚɧɢ-

ɰɚɦ ɡɟɪɟɧ ɚɤɬɢɜɢɡɢɪɭɸɬɫɹ ɩɪɨɰɟɫɫɵ ɪɚɫɬɜɨɪɟ-
ɧɢɹ Ȗ′-ɮɚɡɵ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɭɫɤɨɪɟɧɢɸ 
ɪɚɡɭɩɪɨɱɧɟɧɢɹ ɝɪɚɧɢɰ. 
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ɫɥɟɞɭɟɬ ɩɪɨɞɨɥɠɢɬɶ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 
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