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ɋɬɭɞɟɧɬ Ⱦɭɬɨɜ Ɇɚɤɫɢɦ Ɉɥɟɝɨɜɢɱ 
Ƚɪɭɩɩɚ ɆɌ17-01Ɇ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 22.04.01.04 
«ɋɢɧɬɟɡ ɢ ɥɢɬɶɟ ɧɨɜɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ» 
Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: 
«Ɉɫɨɛɟɧɧɨɫɬɢ ɫɢɧɬɟɡɚ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɢ ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ»  
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ №ɨɬ 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊȼ.Ⱥ. Ʉɭɤɚɪɰɟɜɤɚɧɞ.ɬɟɯɧ.ɧɚɭɤ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵɆɢɌɈɆ 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: 
- ɢɡɭɱɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɫɢɧɬɟɡɚ ɢ ɫɜɨɣɫɬɜɚ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, ɨɛɥɚɞɚɸɳɢɯ 
ɜɵɫɨɤɢɦɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɢ ɪɚɡɪɭɲɟɧɢɸ ɩɪɢ 
ɞɟɣɫɬɜɢɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɫɪɟɞ; 
- ɪɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɸ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬɥɢɜɨɤ ɢɡ ɫɩɥɚɜɨɜ ɫ ɜɵɫɨɤɨɣ 
ɭɞɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɶɸ ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ LWMFlowCV; 
- ɩɪɨɢɡɜɟɫɬɢ ɜɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɧɟɨɛɯɨɞɢɦɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ 
1. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ. Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ 
2. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɢɯ ɩɪɢɦɟɧɟɧɢɟ 
3. Ʌɢɬɟɣɧɵɟ ɫɜɨɣɫɬɜɚ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ  
4. ɋɨɜɪɟɦɟɧɧɨɟ ɩɥɚɜɢɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɢɦɟɧɹɟɦɨɟ ɞɥɹ ɜɵɩɥɚɜɤɢ 
ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ  
5. ɉɥɚɜɤɚ ɦɟɬɚɥɥɚ ɢ ɡɚɥɢɜɤɚ ɮɨɪɦ 
6.  ɋɩɨɫɨɛɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦ, Ɏɨɪɦɨɜɨɱɧɵɟ ɫɦɟɫɢ ɢ ɫɜɹɡɭɸɳɢɟ 
ɦɚɬɟɪɢɚɥɵ 
7. Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬɥɢɜɨɤ ɢɡ ɫɩɥɚɜɚ 40X24ɇ12ɋɅ 
8. ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɨɩɟɪɚɰɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ 
9. Ɋɚɫɱɺɬ ɧɨɪɦ ɪɚɫɯɨɞɚ ɨɫɧɨɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ: 
-  ɱɟɪɬɟɠɢ ɞɟɬɚɥɟɣ; 
-  ɱɟɪɬɺɠ ɨɬɥɢɜɤɢ; 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ            ȼ.Ⱥ. Ʉɭɤɚɪɰɟɜ                      _____________________ 

 ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ                                                               ɩɨɞɩɢɫɶ  

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ     Ɇ.Ɉ. Ⱦɭɬɨɜ 

 ɩɨɞɩɢɫɶ, ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ 

 
« ___ » __________ 20__ ɝ. 
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ɇɢ ɤɨɦɭ ɧɟ ɫɟɤɪɟɬ, ɱɬɨ ɫɟɝɨɞɧɹ ɦɚɲɢɧɨɫɬɪɨɟɧɢɟ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ 
ɜɚɠɧɟɣɲɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɷɤɨɧɨɦɢɤɢ ɩɪɚɤɬɢɱɟɫɤɢ ɤɚɠɞɨɣ ɫɬɪɚɧɵ. Ɉɬɞɟɥɶɧɵɦ 
ɨɬɪɚɫɥɹɦ ɷɬɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɪɢɫɭɳɢ ɪɚɡɥɢɱɧɵɟ ɬɟɦɩɵ ɪɚɡɜɢɬɢɹ. 
ɇɚɢɛɨɥɶɲɭɸ ɭɞɟɥɶɧɭɸ ɞɨɥɸ ɨɬɪɚɫɥɟɣ ɜ ɨɛɳɟɦ ɨɛɴɺɦɟ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɨɫɬɚɜɥɹɟɬ ɚɜɬɨɦɨɛɢɥɶɧɚɹ ɨɬɪɚɫɥɶ - 54%, ɤɨɬɨɪɚɹ ɪɚɡɜɢɜɚɟɬɫɹ 
ɬɟɦɩɚɦɢ ɫɨɜɪɟɦɟɧɧɨɝɨ ɢɧɧɨɜɚɰɢɨɧɧɨɝɨ ɦɢɪɚ .ɇɟ ɦɟɧɟɟ ɜɚɠɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɚɹ - 16%; ɬɹɠɟɥɨɟ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɦɚɲɢɧɨɫɬɪɨɟɧɢɟ - 
8%; ɯɢɦɢɱɟɫɤɨɟ ɢ ɧɟɮɬɹɧɨɟ ɦɚɲɢɧɨɫɬɪɨɟɧɢɟ - 5%; ɞɨɪɨɠɧɨɟ ɢ ɤɨɦɦɭɧɚɥɶɧɨɟ 
ɦɚɲɢɧɨɫɬɪɨɟɧɢɟ - 2,5%; ɫɬɚɧɤɨɫɬɪɨɟɧɢɟ ɢ ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɟ 1,5%. ȼ ɤɚɠɞɨɣ ɢɡ 
ɜɵɲɟ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɨɬɪɚɫɥɟɣ ɧɟɨɬɴɟɦɥɟɦɨɟ ɦɟɫɬɨ ɡɚɧɢɦɚɟɬ ɥɢɬɟɣɧɨɟ 
ɩɪɨɢɡɜɨɞɫɬɜɨ, ɤɨɬɨɪɨɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɸ ɬɪɭɞɨɟɦɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 
ɡɚɧɢɦɚɸɳɢɣɫɹ ɢɡɝɨɬɨɜɥɟɧɢɟɦ ɮɚɫɨɧɧɵɯ ɡɚɝɨɬɨɜɨɤ ɢɥɢ ɞɟɬɚɥɟɣ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ 
ɮɨɪɦɵ, ɪɚɡɦɟɪɨɜ, ɤɚɱɟɫɬɜ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ. ɂɦɟɧɧɨ ɥɢɬɟɣɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɩɨɡɜɨɥɹɟɬ ɧɚɦ ɩɨɥɭɱɢɬɶ ɞɟɬɚɥɢ ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ 
ɩɪɢɩɭɫɤɚɦɢ ɧɚ ɨɛɪɚɛɨɬɤɭ ɪɟɡɚɧɢɟɦ ɢ ɫ ɯɨɪɨɲɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɋ 
ɤɚɠɞɵɦ ɞɧɟɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɥɢɬɟɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɭɫɨɜɟɪɲɟɧɫɬɜɭɟɬɫɹ ɢɧɧɨɜɚɰɢɨɧɧɵɦɢ ɢɞɟɹɦɢ ɭɱɟɧɵɯ ɦɢɪɨɜɨɝɨ ɡɧɚɱɟɧɢɹ. 

ɀɚɪɨɩɪɨɱɧɨɟ ɥɢɬɶɟ ɨɫɧɨɜɚɧɨ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɠɚɪɨɫɬɨɣɤɢɯ ɢ ɠɚɪɨɩɪɨɱɧɵɯ 
ɨɬɥɢɜɨɤ ɢ ɞɟɬɚɥɟɣ. ɀɚɪɨɩɪɨɱɧɨɟ ɥɢɬɶɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɨɛɵɱɧɨɝɨ ɩɪɢɦɟɧɟɧɢɟɦ 
ɫɬɚɥɟɣ ɢ ɱɭɝɭɧɚ ɫɩɟɰɢɚɥɶɧɵɯ ɦɚɪɨɤ, ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɯɪɨɦɚ, ɧɢɤɟɥɹ, ɜɨɥɶɮɪɚɦɚ, 
ɦɨɥɢɛɞɟɧɚ ɢ ɤɨɛɚɥɶɬɚ. 

Ɍɚɤɨɟ ɥɢɬɶɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɡɝɨɬɨɜɥɟɧɢɟ ɢɡɞɟɥɢɣ, ɚɞɚɩɬɢɪɨɜɚɧɧɵɯ ɞɥɹ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɪɟɠɢɦɟ ɨɬ 1000 °ɋ ɥɢɛɨ ɞɥɹ ɪɚɛɨɬɵ ɜ ɭɫɥɨɜɢɹɯ 
ɞɟɣɫɬɜɢɹɯ ɚɝɪɟɫɫɢɜɧɵɯ ɝɨɪɹɱɢɯ ɫɪɟɞ.  

Ʉ ɠɚɪɨɩɪɨɱɧɵɦ ɫɩɥɚɜɚɦ ɩɪɟɞɴɹɜɥɹɸɬ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɵɣ ɤɨɦɩɥɟɤɬ 
ɬɪɟɛɨɜɚɧɢɣ: ɯɨɪɨɲɚɹ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶ, ɜɵɫɨɤɚɹ ɩɪɨɱɧɨɫɬɶ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ 
ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɜɵɫɨɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɚɥɨɰɢɤɥɨɜɨɣ ɭɫɬɚɥɨɫɬɢ, 
ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɫɩɥɚɜɚ. Ʉ ɝɪɭɩɩɟ ɠɚɪɨɫɬɨɣɤɢɯ 
(ɨɤɚɥɢɧɨɫɬɨɣɤɢɯ) ɨɬɧɟɫɟɧɵ ɫɩɥɚɜɵ, ɨɛɥɚɞɚɸɳɢɟ ɫɬɨɣɤɨɫɬɶɸ ɩɪɨɬɢɜ 
ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɝɚɡɨɜɵɯ ɫɪɟɞɚɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ 
550 °ɋ, ɪɚɛɨɬɚɸɳɢɟ ɜ ɧɟɧɚɝɪɭɠɟɧɧɨɦ ɢɥɢ ɫɥɚɛɨɧɚɝɪɭɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

Ɉɫɧɨɜɧɵɦɢ ɯɢɦɢɱɟɫɤɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɠɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɨɜ ɹɜɥɹɸɬɫɹ 
ɧɢɤɟɥɶ ɢ ɯɪɨɦ, ɤɨɬɨɪɵɟ ɩɪɢɞɚɸɬ ɫɩɥɚɜɚɦ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɭɸ ɩɪɨɱɧɨɫɬɶ ɢ 
ɨɤɚɥɢɧɨɫɬɨɣɤɨɫɬɶ. Ⱦɨɛɚɜɤɚɦɢ ɜ ɫɥɨɠɧɨɥɟɝɢɪɨɜɚɧɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɚɯ ɦɨɝɭɬ 
ɫɥɭɠɢɬɶ: ɯɪɨɦ, ɤɪɟɦɧɢɣ, ɦɨɥɢɛɞɟɧ, ɚɥɸɦɢɧɢɣ, ɦɟɞɶ, ɜɨɥɶɮɪɚɦ, ɤɨɛɚɥɶɬ ɢ ɞɪɭɝɢɟ 
ɷɥɟɦɟɧɬɵ. 

ɀɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ ɩɪɢɦɟɧɹɸɬɫɹ ɜɨ ɦɧɨɝɢɯ ɨɬɪɚɫɥɹɯ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɦɚɲɢɧɨɫɬɪɨɟɧɢɟ, ɚɜɢɚɰɢɨɧɧɚɹ ɢ ɪɚɤɟɬɧɨ-
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ɤɨɫɦɢɱɟɫɤɚɹ ɨɬɪɚɫɥɶ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɚ, ɧɟɮɬɟɞɨɛɵɜɚɸɳɚɹ ɢ ɧɟɮɬɟɯɢɦɢɱɟɫɤɚɹ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ. ɀɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ ɟɳɺ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɷɥɟɦɟɧɬɨɜ ɝɚɡɨɜɵɯ ɢ ɪɟɚɤɬɢɜɧɵɯ ɬɭɪɛɢɧ, ɤɨɬɥɨɜ, ɦɚɬɪɢɰ ɝɨɪɹɱɟɣ ɲɬɚɦɩɨɜɤɢ, 
ɞɜɢɝɚɬɟɥɟɣ ɢ ɚɩɩɚɪɚɬɭɪɵ, ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɣ ɜ ɭɫɥɨɜɢɹɯ ɢɧɬɟɧɫɢɜɧɵɯ ɜɵɫɨɤɢɯ 
ɧɚɝɪɭɡɨɤ ɢ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɜ ɦɟɞɢɰɢɧɟ ɢ ɬ.ɞ. 

ȼɚɠɧɟɣɲɟɣ ɡɚɞɚɱɟɣ ɫɨɜɪɟɦɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢ 
ɢɡɞɟɥɢɣ ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɹɜɥɹɟɬɫɹ ɫɧɢɠɟɧɢɟ ɟɝɨ ɬɪɭɞɨɟɦɤɨɫɬɢ ɢ 
ɭɜɟɥɢɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɚɥɥɚ. Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ 
ɭɜɟɥɢɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɚɥɥɚ, ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɩɪɨɝɪɚɦɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɥɢɬɟɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɥɢɬɵɯ 
ɡɚɝɨɬɨɜɨɤ.  

ɐɟɥɶ ɪɚɛɨɬɵ: ɂɡɭɱɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɫɢɧɬɟɡɚ ɫɩɥɚɜɨɜ ɢ ɪɚɡɪɚɛɨɬɚɬɶ 
ɬɟɯɧɨɥɨɝɢɸ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬɥɢɜɨɤ ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɩɪɨɝɪɚɦɦɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ LWMFlowCV. 

Ɂɚɞɚɱɢ: ɂɡɭɱɢɬɶ ɫɜɨɣɫɬɜɚ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɢɦ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɢ ɪɚɡɪɭɲɟɧɢɸ ɩɪɢ ɞɟɣɫɬɜɢɢ 
ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɫɪɟɞ. ȼɵɛɪɚɬɶ ɫɨɜɪɟɦɟɧɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɸ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ. ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ 
ɬɟɯɧɨɥɨɝɢɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɨɝɪɚɦɦɭ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɥɢɬɟɣɧɵɯ ɩɪɨɰɟɫɫɨɜ. 
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1 ɂɫɬɨɪɢɹ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ 
 
ɂɫɬɨɪɢɹ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɧɚɱɚɥɚɫɶ ɫ ɫɨɡɞɚɧɢɹ ɜ ɫɪɟɞɢɧɟ 40-ɯ ɝɨɞɨɜ 

ɜ Ⱥɧɝɥɢɢ ɩɟɪɜɨɝɨ ɞɢɫɩɟɪɫɢɨɧɧɨ-ɬɜɟɪɞɟɸɳɟɝɨ ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ ɇɢɦɨɧɢɤ 80, 
ɢɡ ɤɨɬɨɪɨɝɨ ɦɟɬɨɞɨɦ ɲɬɚɦɩɨɜɤɢ ɢɡɝɨɬɨɜɥɹɥɢ ɪɚɛɨɱɢɟ ɥɨɩɚɬɤɢ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ. 

ȼ 50-ɟ ɝɨɞɵ ɫɩɟɰɢɚɥɢɫɬɚɦɢ ȼɂȺɆ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɭɸ 
ɩɟɪɫɩɟɤɬɢɜɭ ɩɨɜɵɲɟɧɢɹ ɭɪɨɜɧɹ ɠɚɪɨɩɪɨɱɧɨɫɬɢ ɥɨɩɚɬɨɤ ɨɬɤɪɵɜɚɸɬ ɧɟ 
ɞɟɮɨɪɦɢɪɭɟɦɵɟ, ɚ ɥɢɬɟɣɧɵɟ ɫɩɥɚɜɵ, ɧɨɜɵɣ ɥɢɬɟɣɧɵɣ ɰɟɯ ɭɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1. 
Ɍɟɯɧɨɥɨɝɢɹ ɥɢɬɶɹ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ ɹɜɥɹɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ 
ɟɞɢɧɫɬɜɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧɢɹ ɨɯɥɚɠɞɚɟɦɵɯ ɥɨɩɚɬɨɤ, ɢɦɟɸɳɢɯ ɫɥɨɠɧɭɸ 
ɝɟɨɦɟɬɪɢɸ ɜɧɭɬɪɟɧɧɟɣ ɩɨɥɨɫɬɢ. ɗɬɨ ɧɨɜɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɜ ɪɚɡɜɢɬɢɢ 
ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ ɫ 
ɡɚɩɨɡɞɚɧɢɟɦ ɧɚ ɩɹɬɶ ɥɟɬ ɛɵɥɨ ɩɪɢɧɹɬɨ ɢ ɜ ɫɬɪɚɧɚɯ Ɂɚɩɚɞɚ [1]. 

 

 
 

Ɋɢɫɭɧɨɤ 1 – ɍɱɚɫɬɨɤ ɢɧɞɭɤɰɢɨɧɧɵɯ ɩɟɱɟɣ ɫɬɚɥɟɥɢɬɟɣɧɨɝɨ ɰɟɯɚ ȼɂȺɆ (1950 ɝ.) 
 

ȼ 60-ɯ ɝɨɞɚɯ ɪɚɡɪɚɛɨɬɚɧɵ ɩɟɪɜɵɟ ɫɟɪɢɣɧɵɟ ɨɬɟɱɟɫɬɜɟɧɧɵɟ ɥɢɬɟɣɧɵɟ 
ɠɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ ɀɋ6, ɀɋ6Ʉ, ɀɋ6ɍ, ȼɀɅ12ɍ, ɩɨɡɜɨɥɢɜɲɢɟ ɫɨɡɞɚɬɶ 
ɥɢɬɵɟ ɨɯɥɚɠɞɚɟɦɵɟ ɬɭɪɛɢɧɧɵɟ ɥɨɩɚɬɤɢ ɫ ɪɚɜɧɨɨɫɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɩɨɜɵɫɢɬɶ 
ɢɯ ɪɚɛɨɱɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚ 200°ɋ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ 
ɥɨɩɚɬɨɤ ɢɡ ɥɭɱɲɟɝɨ ɧɚ ɬɨɬ ɩɟɪɢɨɞ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɩɥɚɜɚ ɗɂ437Ȼ. 

ȼ 70–80-ɯ ɝɨɞɚɯ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɥɢɬɟɣɧɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɧɢɤɟɥɟɜɵɯ 
ɫɩɥɚɜɨɜ ɩɪɨɢɫɯɨɞɢɥɨ ɩɭɬɟɦ ɭɥɭɱɲɟɧɢɹ ɦɟɬɨɞɨɜ ɜɵɩɥɚɜɤɢ, ɩɪɢɦɟɧɟɧɢɹ 



8 

ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɜɵɲɟɧɧɨɣ ɱɢɫɬɨɬɵ, ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɨɜɵɯ 
ɥɟɝɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ ɢ ɫɨɡɞɚɧɢɹ ɫɩɟɰɢɚɥɶɧɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɞɥɹ ɥɢɬɶɹ 
ɬɭɪɛɢɧɧɵɯ ɥɨɩɚɬɨɤ ɫ ɧɚɩɪɚɜɥɟɧɧɨɣ ɢ ɟɫɬɟɫɬɜɟɧɧɨ-ɤɨɦɩɨɡɢɰɢɨɧɧɨɣ 
ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ. ɉɟɪɜɵɦɢ ɨɬɟɱɟɫɬɜɟɧɧɵɦɢ ɫɩɥɚɜɚɦɢ 
ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɫɬɚɥɢ ɫɩɥɚɜɵ ɀɋ26, ɀɋ30, ɀɋ32, ɀɋ36, ɀɋ40, ȼɄɅɋ-20, 
ȼɄɅɋ-20Ɋ. 

ȼ 90-ɯ ɝɨɞɚɯ ɫɨɡɞɚɧɵ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ ɠɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ 
ɞɥɢɬɟɥɶɧɨɝɨ ɪɟɫɭɪɫɚ ɀɋɄɋ1 ɢ ɀɋɄɋ2 ɞɥɹ ɥɨɩɚɬɨɤ, ɜɤɥɸɱɚɹ 
ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɟ, ɫ ɧɚɩɪɚɜɥɟɧɧɨɣ ɢ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ. 

ɋ ɧɚɱɚɥɚ 2000 ɝɨɞɚ ɩɨ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɜɢɬɢɟ ɠɚɪɨɩɪɨɱɧɵɯ 
ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɫɜɹɡɚɧɨ ɫ ɫɨɡɞɚɧɢɟɦ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ 
ɜɵɫɨɤɨɪɟɧɢɟɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɬɪɟɬɶɟɝɨ ɩɨɤɨɥɟɧɢɹ ȼɀɆ1 (9,3%Re), 
ȼɀɆ2 (12%Re), ɀɋ55 (9%Re) ɢ ȼɀɆ5 (4%Re). Ⱦɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɮɚɡɨɜɨɝɨ 
ɫɨɫɬɚɜɚ ɜɵɫɨɤɨɪɟɧɢɟɜɵɟ ɠɚɪɨɩɪɨɱɧɵɟ ɧɢɤɟɥɟɜɵɟ ɫɩɥɚɜɵ ɩɪɟɞɥɨɠɟɧɨ 
ɥɟɝɢɪɨɜɚɬɶ ɪɭɬɟɧɢɟɦ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɡɚ ɢɫɬɟɤɲɢɟ 10 ɥɟɬ ɜ ȼɂȺɆ ɛɵɥɢ 
ɜɵɩɨɥɧɟɧɵ ɜɚɠɧɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɪɚɛɨɬɵ ɢ ɩɨɥɭɱɟɧɵ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɤɚɫɚɸɳɢɟɫɹ ɪɚɡɪɚɛɨɬɤɢ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɨɜɵɯ 
ɛɨɥɟɟ ɠɚɪɨɩɪɨɱɧɵɯ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɧɢɤɟɥɟɜɵɯ ɪɟɧɢɣ-ɪɭɬɟɧɢɣ 
ɫɨɞɟɪɠɚɳɢɯ ɫɩɥɚɜɨɜ ɱɟɬɜɟɪɬɨɝɨ (ȼɀɆ4) ɢ ɩɹɬɨɝɨ (ȼɀɆ6) ɩɨɤɨɥɟɧɢɣ [1]. 
ɉɟɪɜɚɹ ɜɚɤɭɭɦɧɚɹ ɢɧɞɭɤɰɢɨɧɧɚɹ ɩɟɱɶ ȼɂȺɆ 100 (ɪɢɫɭɧɨɤ 2) ɞɥɹ ɩɥɚɜɤɢ 100 
ɤɝ ɦɟɬɚɥɥɚ ɛɵɥɚ ɭɫɬɚɧɨɜɥɟɧɚ ɢ ɩɭɳɟɧɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɜ ȼɂȺɆ ɜ ɫɟɪɟɞɢɧɟ 
50-ɯ ɝɨɞɨɜ 

 

 
 

Ɋɢɫɭɧɨɤ 2 – ɂɧɞɭɤɰɢɨɧɧɵɟ ɩɟɱɢ ɨɬɤɪɵɬɨɝɨ ɬɢɩɚ ɞɥɹ ɜɵɩɥɚɜɤɢ ɩɟɪɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ 
ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ 
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Ȼɭɪɧɨɟ ɪɚɡɜɢɬɢɟ ɪɟɚɤɬɢɜɧɨɣ ɚɜɢɚɰɢɢ ɩɨɬɪɟɛɨɜɚɥɨ ɫɨɡɞɚɧɢɹ ɧɟ ɬɨɥɶɤɨ 

ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɯ ɤɥɚɫɫɨɜ ɫɬɚɥɟɣ ɢ ɫɩɥɚɜɨɜ, ɧɨ ɢ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ 
ɬɟɯɧɨɥɨɝɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɢ ɧɟɨɛɯɨɞɢɦɨɟ ɤɚɱɟɫɬɜɨ 
ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ. Ɇɟɬɚɥɥɭɪɝɢɱɟɫɤɚɹ ɥɚɛɨɪɚɬɨɪɢɹ ȼɂȺɆ, ɫɨɡɞɚɧɧɚɹ ɜ 1936 
ɝɨɞɭ, ɜɧɟɫɥɚ ɪɟɲɚɸɳɢɣ ɜɤɥɚɞ ɜ ɪɚɡɪɚɛɨɬɤɭ ɬɟɯɧɨɥɨɝɢɣ, ɫɬɚɜɲɢɯ ɨɫɧɨɜɨɣ 
ɫɨɜɪɟɦɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɜɢɚɰɢɨɧɧɵɯ ɫɬɚɥɟɣ ɢ ɫɩɥɚɜɨɜ: ɜɚɤɭɭɦɧɨɣ 
ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɥɚɜɤɢ (ȼɂ), ɜɚɤɭɭɦɧɨɝɨ ɞɭɝɨɜɨɝɨ ɩɟɪɟɩɥɚɜɚ (ȼȾɉ), 
ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɝɨ ɩɟɪɟɩɥɚɜɚ (ɗɒɉ) ɢ ɞɪ. [1]. 

.ɗɬɨ ɫɬɚɥɨ ɜɨɡɦɨɠɧɵɦ ɛɥɚɝɨɞɚɪɹ ɨɪɝɚɧɢɡɚɰɢɢ ɜ ȼɂȺɆ 
ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ ɛɸɪɨ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢ ɢɡɝɨɬɨɜɥɟɧɢɸ ɜɚɤɭɭɦɧɨɝɨ 
ɩɥɚɜɢɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɛɵɥɢ ɜɜɟɞɟɧɵ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ 
ɭɫɬɚɧɨɜɤɢ ɈɄȻ-736 ɢ ɂɋȼ 0,16 (ɪɢɫɭɧɨɤ 3), ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɪɚɫɲɢɪɢɬɶ ɨɛɴɟɦ 
ɪɚɛɨɬ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɣ ɜɵɩɥɚɜɤɢ ɜ ɜɚɤɭɭɦɟ ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ ɫɬɚɥɟɣ 
ɢ ɫɩɥɚɜɨɜ [1]. 

 

 
 

Ɋɢɫɭɧɨɤ 3 – ɉɟɱɶ ɈɄȻ-736 (ɪɚɡɪɚɛɨɬɤɚ ȼɂȺɆ–ȼɇɂɂɗɌɈ, 1967 ɝ.) 
 

Ɋɚɡɪɚɛɨɬɚɧɵ ɢ ɩɟɪɟɞɚɧɵ ɜ ɫɟɪɢɣɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɧɚ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɟ 
ɡɚɜɨɞɵ («ɗɥɟɤɬɪɨɫɬɚɥɶ», ɑɆɄ, ɁɆɁ ɢ ɞɪ.) ɬɟɯɧɨɥɨɝɢɢ: ȼȾɉ ɠɚɪɨɩɪɨɱɧɵɯ 
ɞɢɫɤɨɜɵɯ ɫɩɥɚɜɨɜ (ɗɂ437Ȼɍ, ɗɂ698), ȼɂ+ȼȾɉ ɜɵɫɨɤɨɩɪɨɱɧɵɯ 
ɦɚɪɬɟɧɫɢɬɨɫɬɚɪɟɸɳɢɯ ɫɬɚɥɟɣ (ȼɄɋ-180, ȼɄɋ-210), ɜɵɫɨɤɨɠɚɪɨɩɪɨɱɧɵɯ 
ɞɢɫɤɨɜɵɯ (ɗɉ742, ɗɄ79, ɗɉ975) ɢ ɫɜɚɪɢɜɚɟɦɵɯ (ɗɉ648, ȼɀ145, ɗɉ718) 
ɫɩɥɚɜɨɜ; ɗɒɉ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɯ ɫɬɚɥɟɣ (ɗɉ310, ɗɉ817, 
ȼɇɋ-65 ɢ ɞɪ.). 



10 

Ɋɚɡɪɚɛɨɬɚɧɵ ɬɟɯɧɨɥɨɝɢɢ ɜɚɤɭɭɦɧɨɣ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɥɚɜɤɢ ɢ ɩɟɪɟɞɚɧɵ 
ɧɚ ɋɬɭɩɢɧɫɤɢɣ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɣ ɤɨɦɛɢɧɚɬ, ɝɞɟ ɨɪɝɚɧɢɡɨɜɚɧɨ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɥɢɬɟɣɧɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ (ɀɋ6ɍ, ȼɀɅ12ɍ, ɀɋ6Ʉ ɢ ɞɪ.) ɞɥɹ ɥɨɩɚɬɨɤ 
ȽɌȾ ɫ ɪɚɜɧɨɨɫɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɩɟɪɜɨɝɨ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɪɟɧɢɣɫɨɞɟɪɠɚɳɟɝɨ 
ɫɩɥɚɜɚ ɀɋ32 ɞɥɹ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɥɨɩɚɬɨɤ. 

ȼ 2000-ɯ ɝɨɞɚɯ ɜ ȼɂȺɆ ɪɚɡɪɚɛɨɬɚɧɵ ɬɟɯɧɨɥɨɝɢɢ ɜɵɩɥɚɜɤɢ ɥɢɬɟɣɧɵɯ 
ɫɭɩɟɪ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɞɥɹ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ 
ɥɨɩɚɬɨɤ ɚɜɢɚɰɢɨɧɧɵɯ ȽɌȾ (ɪɢɫɭɧɨɤ 4): ɪɟɧɢɣ- ɢ ɪɭɬɟɧɢɣɫɨɞɟɪɠɚɳɢɯ 
ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ (ɀɋ36, ȼɀɆ4, ȼɀɆ5), ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɫɩɥɚɜɨɜ 
(ȼɄɇȺ-1ȼ, ȼɄɇȺ-1ȼɊ), ɜ ɬɨɦ ɱɢɫɥɟ ɪɟɧɢɣɫɨɞɟɪɠɚɳɟɝɨɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ 
ɫɩɥɚɜɚ ȼɄɇȺ-25, ɫɨɡɞɚɧɨ ɢɯ ɫɟɪɢɣɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɟ ɤɚɱɟɫɬɜɨ ɥɢɬɨɣ ɩɪɭɬɤɨɜɨɣ (ɲɢɯɬɨɜɨɣ) ɡɚɝɨɬɨɜɤɢ ɩɨ 
ɫɬɚɛɢɥɶɧɨɫɬɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɱɢɫɬɨɬɟ ɩɨ ɩɪɢɦɟɫɹɦ, ɤɚɱɟɫɬɜɭ 
ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɨɤ ɢ ɫɜɨɣɫɬɜɚɦ ɧɚ ɭɪɨɜɧɟ ɥɭɱɲɢɯ ɡɚɪɭɛɟɠɧɵɯ 
ɫɭɩɟɪɫɩɥɚɜɨɜ. Ɋɚɡɪɚɛɨɬɚɧɚ ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɫɟɪɢɣɧɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ (ɀɋ32, ɀɋ26, ɀɋ6ɍ, ȼɀɅ12ɍ ɢ ɞɪ.) ɩɭɬɟɦ 
ɪɚɮɢɧɢɪɭɸɳɟɝɨ ɩɟɪɟɩɥɚɜɚ 100% ɜɫɟɯ ɜɢɞɨɜ ɥɢɬɟɣɧɵɯ ɨɬɯɨɞɨɜ ɦɨɬɨɪɧɵɯ 
ɡɚɜɨɞɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɧɟɤɨɧɞɢɰɢɨɧɧɵɯ (ɪɢɫɭɧɨɤ 5), ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɤɚɱɟɫɬɜɨ 
ɥɢɬɨɣ ɩɪɭɬɤɨɜɨɣ ɡɚɝɨɬɨɜɤɢ ɜ ɩɨɥɧɨɦ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ Ɍɍ ɢ 
ɚɧɚɥɨɝɢɱɧɨ ɤɚɱɟɫɬɜɭ ɩɪɨɞɭɤɰɢɢ, ɢɡɝɨɬɨɜɥɟɧɧɨɣ ɧɚ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɡɚɜɨɞɚɯ 
ɢɡ «ɫɜɟɠɢɯ» ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢ ɷɬɨɦ ɫɬɨɢɦɨɫɬɶ ɟɟ ɧɚ 30–50% ɧɢɠɟ 
(ɪɢɫɭɧɨɤ 6). 
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Ɋɢɫɭɧɨɤ 4 – ɍɱɚɫɬɨɤ ɜɵɩɥɚɜɤɢ ɠɚɪɨɩɪɨɱɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɞɨ (1998 ɝ.) ɢ ɩɨɫɥɟ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ (2001 ɝ.) 

 
 

Ɋɢɫɭɧɨɤ 5 – ɇɟɤɨɧɞɢɰɢɨɧɧɵɟ ɨɬɯɨɞɵ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ (ɫɬɪɭɠɤɚ, ɦɟɬɚɥɥɨɤɟɪɚɦɢɤɚ 
ɩɨɫɥɟ ɮɢɥɶɬɪɚɰɢɢ, ɫɩɥɟɫɵ ɢ ɤɨɪɨɥɶɤɢ ɩɨɫɥɟ ɪɚɡɥɢɜɤɢ) 

 

 
 

Ɋɢɫɭɧɨɤ 6 – ȼɧɟɲɧɢɣ ɜɢɞ ɥɢɬɵɯ ɩɪɭɬɤɨɜɵɯ ɡɚɝɨɬɨɜɨɤ 
 

ȼɨ ɎȽɍɉ «ȼɂȺɆ» ɫɨɡɞɚɧ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ 
ɭɱɚɫɬɨɤ, ɨɛɨɪɭɞɨɜɚɧɧɵɣ ɫɨɜɪɟɦɟɧɧɵɦ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɦ ɩɥɚɜɢɥɶɧɵɦ, 
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ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɢ ɢɫɩɵɬɚɬɟɥɶɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɩɨ ɫɟɪɢɣɧɨɦɭ ɩɪɨɢɡɜɨɞɫɬɜɭ 
ɜɵɫɨɤɨɠɚɪɨɩɪɨɱɧɵɯ ɥɢɬɟɣɧɵɯ ɫɩɥɚɜɨɜ. 

ȼɵɩɥɚɜɤɚ ɫɩɥɚɜɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɜɚɤɭɭɦɧɵɯ 
ɢɧɞɭɤɰɢɨɧɧɵɯ ɩɟɱɚɯ VIM 50 (ɟɦɤɨɫɬɶ ɬɢɝɥɹ 350 ɤɝ) ɢ VIM 150 (ɟɦɤɨɫɬɶ ɬɢɝɥɹ 
650 ɢ 1000 ɤɝ), ɤɨɬɨɪɵɟ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɡɚɞɚɧɢɸ ɎȽɍɉ 
«ȼɂȺɆ» (ɪɢɫɭɧɨɤ 7). 

 

 
 

Ɋɢɫɭɧɨɤ 7 – ȼɚɤɭɭɦɧɚɹ ɢɧɞɭɤɰɢɨɧɧɚɹ ɩɟɱɶ VIM 150  
(ɟɦɤɨɫɬɶ ɬɢɝɥɹ 650 ɢ 1000 ɤɝ) 

 

Ɋɚɡɪɚɛɨɬɚɧɵ ɢ ɭɫɩɟɲɧɨ ɨɫɜɚɢɜɚɸɬɫɹ ɫɨɜɦɟɫɬɧɨ ɫ ɈȺɈ ɆɁ 
«ɗɥɟɤɬɪɨɫɬɚɥɶ» ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɭɩɟɪɠɚɪɨɩɪɨɱɧɵɯ ɞɟɮɨɪɦɢɪɭɟɦɵɯ 
ɫɩɥɚɜɨɜ ɞɥɹ ɞɢɫɤɨɜ (ȼɀ175) ɢ ɞɟɬɚɥɟɣ ɝɨɪɹɱɟɝɨ ɬɪɚɤɬɚ (ȼɀ159, ȼɀ172) ȽɌȾ, 
ɫɨɛɫɬɜɟɧɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɢɧɜɚɪɧɵɯ ɫɩɥɚɜɨɜ (ȼɍɋ-22, ȼɍɋ-12 ɢ ɞɪ.), 
ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɛɟɪɢɥɥɢɣɫɨɞɟɪɠɚɳɟɣ ɫɬɚɥɢ (ȼɇɋ-32), ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ 
ɢɡɧɨɫɨ- ɢ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɨɝɨ ɦɟɞɧɨ-ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ (ȼɄɆ1). 

ɋ 2010 ɝɨɞɚ ɚɤɬɢɜɧɨ ɜɟɞɭɬɫɹ ɪɚɛɨɬɵ ɩɨ ɫɨɡɞɚɧɢɸ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɪɨɲɤɨɜ ɪɚɫɩɵɥɟɧɢɟɦ ɪɚɫɩɥɚɜɚ ɢɧɟɪɬɧɵɦ 
ɝɚɡɨɦ ɧɚ ɭɫɬɚɧɨɜɤɟ HERMIGA10/100VI. Ɋɚɡɪɚɛɨɬɚɧɵ ɢ ɨɫɜɨɟɧɵ ɬɟɯɧɨɥɨɝɢɢ 
ɩɨɥɭɱɟɧɢɹ ɩɨɪɨɲɤɨɜ ɛɨɥɟɟ 10 ɦɚɪɨɤ ɧɢɤɟɥɟɜɵɯ (ȼɉɪ24, ȼɉɪ50, ȼɉɪ36, 
ȼɉɪ42, ȼɉɪ44 ɢ ɞɪ.) ɢ ɬɢɬɚɧɨɜɵɯ (ȼɉɪ16 ɢ ȼɉɪ28) ɩɪɢɩɨɟɜ (10–200 ɦɤɦ). 
ɇɚɱɚɬɵ ɫɟɪɢɣɧɵɟ ɩɨɫɬɚɜɤɢ ɩɪɢɩɨɟɜ ɦɨɬɨɪɧɵɦ ɡɚɜɨɞɚɦ. ȼɟɞɭɬɫɹ ɪɚɛɨɬɵ ɩɨ 
ɩɨɥɭɱɟɧɢɸ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɩɨɪɨɲɤɨɜ ɞɥɹ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. ɉɨɪɨɲɤɢ 
ɞɥɹ ɥɚɡɟɪɧɨɣ LMD-ɧɚɩɥɚɜɤɢ (40–80 ɦɤɦ) ɩɨɫɬɚɜɥɹɸɬɫɹ ɜ ɈȺɈ 
«Ⱥɜɢɚɞɜɢɝɚɬɟɥɶ», ɧɚ ɤɨɬɨɪɨɦ ɩɪɨɜɨɞɹɬɫɹ ɪɚɛɨɬɵ ɩɨ ɨɬɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɣ 
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ɧɚɩɥɚɜɤɢ ɛɨɪɨɞɨɤ ɛɚɧɞɚɠɧɵɯ ɩɨɥɨɤ ɥɨɩɚɬɨɤ ɌȼȾ. ȼɟɞɭɬɫɹ ɪɚɛɨɬɵ ɩɨ 
ɩɨɥɭɱɟɧɢɸ ɩɨɪɨɲɤɨɜ ɞɥɹ ɫɟɥɟɤɬɢɜɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɩɥɚɜɥɟɧɢɹ (20–40, 10–50 
ɦɤɦ). ȼ 2014 ɝɨɞɭ ɩɪɢɨɛɪɟɬɟɧɚ ɭɫɬɚɧɨɜɤɚ ɞɥɹ ɫɟɥɟɤɬɢɜɧɨɝɨ ɥɚɡɟɪɧɨɝɨ 
ɫɩɥɚɜɥɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɪɨɲɤɨɜ, ɩɨɡɜɨɥɹɸɳɚɹ ɩɨɥɭɱɚɬɶ ɞɟɬɚɥɢ 
ɩɪɚɤɬɢɱɟɫɤɢ ɥɸɛɨɣ ɫɥɨɠɧɨɫɬɢ ɜɧɭɬɪɟɧɧɟɝɨ ɫɬɪɨɟɧɢɹ ɧɚɩɪɹɦɭɸ ɢɡ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɪɨɲɤɨɜ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɚɤɨɣ-ɥɢɛɨ (ɥɢɬɟɣɧɨɣ, ɩɪɟɫɫɨɜɨɣ) 
ɨɫɧɚɫɬɤɢ. ɇɚɱɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɩɨɥɭɱɟɧɢɹ ɞɟɬɚɥɟɣ ɩɨ ɩɨɥɧɨɦɭ 
ɰɢɤɥɭ «ɩɨɪɨɲɨɤ–ɫɢɧɬɟɡ–Ƚɂɉ», ɱɬɨ ɨɛɟɫɩɟɱɢɬ ɜ ɞɚɥɶɧɟɣɲɟɦ ɭɫɤɨɪɟɧɢɟ 
ɜɧɟɞɪɟɧɢɹ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ [1]. 
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2ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɠɚɪɨɩɪɨɱɧɵ ɫɩɥɚɜɨɜ. Ɉɛщɢɟ ɫɜɟɞɟɧɢɹ 

 
ɗɮɮɟɤɬɢɜɧɨɟ ɪɚɡɜɢɬɢɟ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɯ ɨɬɪɚɫɥɟɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɧɟɪɚɡɪɵɜɧɨ ɫɜɹɡɚɧɨ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɠɚɪɨɫɬɨɣɤɢɯ ɫɩɥɚɜɨɜ 
ɫɩɟɰɢɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. ɂɡ ɧɢɯ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɷɥɟɦɟɧɬɵ 
ɪɚɡɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɨɫɧɚɫɬɤɭ ɢ ɤɨɦɩɨɧɟɧɬɵ ɦɚɲɢɧ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹɦ ɫɬɨɣɤɨɫɬɢ ɤ ɞɟɮɨɪɦɚɰɢɢ ɢ ɩɪɨɱɧɨɫɬɢ ɩɪɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɞ ɜɥɢɹɧɢɟɦ ɚɝɪɟɫɫɢɜɧɵɯ ɠɢɞɤɢɯ ɢ ɝɚɡɨɜɵɯ ɫɪɟɞ, ɜ ɭɫɥɨɜɢɹɯ 
ɜɵɫɨɤɢɯ ɧɚɝɪɭɡɨɤ ɢ ɬɟɦɩɟɪɚɬɭɪ [2]. 

ɀɚɪɨɩɪɨɱɧɨɫɬɶ – ɷɬɨ ɫɩɨɫɨɛɧɨɫɬɶ ɦɟɬɚɥɥɚ ɫɨɩɪɨɬɢɜɥɹɬɶɫɹ ɩɥɚɫɬɢɱɟɫɤɨɣ 
ɞɟɮɨɪɦɚɰɢɢ ɢ ɪɚɡɪɭɲɟɧɢɸ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

ɀɚɪɨɩɪɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ, 
ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɤɨɝɞɚ ɢɦɟɟɬ ɦɟɫɬɨ ɹɜɥɟɧɢɟ 
ɩɨɥɡɭɱɟɫɬɢ. 

Ʉɪɢɬɟɪɢɹɦɢ ɨɰɟɧɤɢ ɠɚɪɨɩɪɨɱɧɨɫɬɢ ɹɜɥɹɸɬɫɹ ɤɪɚɬɤɨɜɪɟɦɟɧɧɚɹ ɢ 
ɞɥɢɬɟɥɶɧɚɹ ɩɪɨɱɧɨɫɬɢ, ɩɨɥɡɭɱɟɫɬɶ [2]. 

Ʉɪɚɬɤɨɜɪɟɦɟɧɧɚɹ ɩɪɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɢɫɩɵɬɚɧɢɣ ɧɚ 
ɪɚɫɬɹɠɟɧɢɟ ɪɚɡɪɵɜɧɵɯ ɨɛɪɚɡɰɨɜ. Ɉɛɪɚɡɰɵ ɩɨɦɟɳɚɸɬ ɜ ɩɟɱɶ ɢ ɢɫɩɵɬɵɜɚɸɬ 
ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ɉɛɨɡɧɚɱɚɸɬ ɤɪɚɬɤɨɜɪɟɦɟɧɧɭɸ ɩɪɨɱɧɨɫɬɶ, 
ɧɚɩɪɢɦɟɪ, 300°ɋ= 300Ɇɉɚ [2]. 

ɉɪɨɱɧɨɫɬɶ ɡɚɜɢɫɢɬ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɢɫɩɵɬɚɧɢɣ. 
ɉɪɟɞɟɥɨɦ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɧɚɡɵɜɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, 

ɤɨɬɨɪɨɟ ɜɵɡɵɜɚɟɬ ɪɚɡɪɭɲɟɧɢɟ ɨɛɪɚɡɰɚ ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɡɚ 
ɨɩɪɟɞɟɥɟɧɧɨɟ ɜɪɟɦɹ. 

ɇɚɩɪɢɦɟɪ, 200 Ɇɉɚ, ɜɟɪɯɧɢɣ ɢɧɞɟɤɫ ɨɡɧɚɱɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɢɫɩɵɬɚɧɢɣ, ɚ 
ɧɢɠɧɢɣ – ɡɚɞɚɧɧɭɸ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɫɩɵɬɚɧɢɹ ɜ ɱɚɫɚɯ. Ⱦɥɹ ɤɨɬɟɥɶɧɵɯ 
ɭɫɬɚɧɨɜɨɤ ɬɪɟɛɭɟɬɫɹ ɧɟɜɵɫɨɤɨɟ ɡɧɚɱɟɧɢɟ ɩɪɨɱɧɨɫɬɢ, ɧɨ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ 
ɥɟɬ. 

ɉɨɥɡɭɱɟɫɬɶ – ɫɜɨɣɫɬɜɨ ɦɟɬɚɥɥɚ ɦɟɞɥɟɧɧɨ ɩɥɚɫɬɢɱɟɫɤɢ ɞɟɮɨɪɦɢɪɨɜɚɬɶɫɹ 
ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɨɫɬɨɹɧɧɨɣ ɧɚɝɪɭɡɤɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 

ɉɪɢ ɢɫɩɵɬɚɧɢɹɯ ɨɛɪɚɡɰɵ ɩɨɦɟɳɚɸɬ ɜ ɩɟɱɶ ɫ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɢ 
ɩɪɢɤɥɚɞɵɜɚɸɬ ɩɨɫɬɨɹɧɧɭɸ ɧɚɝɪɭɡɤɭ. ɂɡɦɟɪɹɸɬ ɞɟɮɨɪɦɚɰɢɸ ɢɧɞɢɤɚɬɨɪɚɦɢ. 

ɉɪɢ ɨɛɵɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɧɚɩɪɹɠɟɧɢɹɯ ɜɵɲɟ ɩɪɟɞɟɥɚ ɭɩɪɭɝɨɫɬɢ   
ɩɨɥɡɭɱɟɫɬɶ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ, ɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 0,6 Ɍɩɥ, ɤɨɝɞɚ ɩɪɨɬɟɤɚɸɬ 
ɩɪɨɰɟɫɫɵ ɪɚɡɭɩɪɨɱɧɟɧɢɹ, ɢ ɩɪɢ ɧɚɩɪɹɠɟɧɢɹɯ ɜɵɲɟ ɩɪɟɞɟɥɚ ɭɩɪɭɝɨɫɬɢ 
ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɥɡɭɱɟɫɬɶ [2]. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɤɨɪɨɫɬɶ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ 
ɧɚɝɪɭɡɤɟ ɜɵɪɚɠɚɟɬɫɹ ɤɪɢɜɨɣ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɬɪɟɯ ɭɱɚɫɬɤɨɜ (ɪɢɫɭɧɨɤ 8) [2]. 
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Ɋɢɫɭɧɨɤ 8– Ʉɪɢɜɚɹ ɩɨɥɡɭɱɟɫɬɢ 

 
ɈȺ – ɭɩɪɭɝɚɹ ɞɟɮɨɪɦɚɰɢɹ ɨɛɪɚɡɰɚ ɜ ɦɨɦɟɧɬ ɩɪɢɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ; 
Ⱥȼ – ɭɱɚɫɬɨɤ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɥɡɭɱɟɫɬɢ; 
ȼɋ – ɭɱɚɫɬɨɤ ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ ɫɤɨɪɨɫɬɢ ɩɨɥɡɭɱɟɫɬɢ, ɤɨɝɞɚ ɭɞɥɢɧɟɧɢɟ 

ɢɦɟɟɬ ɩɨɫɬɨɹɧɧɭɸ ɫɤɨɪɨɫɬɶ. 
ȿɫɥɢ ɧɚɩɪɹɠɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɢ, ɬɨ ɩɪɨɬɟɤɚɟɬ ɬɪɟɬɶɹ ɫɬɚɞɢɹ 

(ɭɱɚɫɬɨɤ ɋȾ), ɫɜɹɡɚɧɧɚɹ ɫ ɧɚɱɚɥɨɦ ɪɚɡɪɭɲɟɧɢɹ ɨɛɪɚɡɰɚ (ɨɛɪɚɡɨɜɚɧɢɟ ɲɟɣɤɢ). 
Ⱦɥɹ ɭɝɥɟɪɨɞɢɫɬɵɯ ɫɬɚɥɟɣ ɩɨɥɡɭɱɟɫɬɶ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɧɚɝɪɟɜɟ ɜɵɲɟ 

400°ɋ [2]. 
ɉɪɟɞɟɥ ɩɨɥɡɭɱɟɫɬɢ – ɧɚɩɪɹɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɡɚ ɨɩɪɟɞɟɥɟɧɧɨɟ ɜɪɟɦɹ ɩɪɢ 

ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɡɵɜɚɟɬ ɡɚɞɚɧɧɨɟ ɫɭɦɦɚɪɧɨɟ ɭɞɥɢɧɟɧɢɟ ɢɥɢ ɡɚɞɚɧɧɭɸ 
ɫɤɨɪɨɫɬɶ ɞɟɮɨɪɦɚɰɢɢ [2]. 

 
3 Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɢɫɩɨɥɶɡɭɟɦɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɢɯ 

ɩɪɢɦɟɧɟɧɢɟ 
 
Ɉɫɧɨɜɨɣ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɫɨɫɬɚɜɥɹɸɬ ɠɚɪɨɩɪɨɱɧɵɟ ɫɬɚɥɢ. 
Ʉ ɧɢɦ ɨɬɧɨɫɹɬ ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɠɟɥɟɡɚ, ɟɫɥɢ ɫɨɞɟɪɠɚɧɢɟ ɩɨɫɥɟɞɧɟɝɨ 

ɩɪɟɜɵɲɚɟɬ 50 %. 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɭɦɦɚɪɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ 

ɠɚɪɨɩɪɨɱɧɵɟ ɫɬɚɥɢ ɦɨɝɭɬ ɛɵɬɶ ɧɢɡɤɨ-, ɫɪɟɞɧɟ- ɢ ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɦɢ. 
ȼ ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɨɣ ɫɬɚɥɢ ɫɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɥɟɝɢɪɭɸɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɧɟ ɩɪɟɜɵɲɚɟɬ 4–5 %. ɋɪɟɞɧɟɥɟɝɢɪɨɜɚɧɧɨɣ ɧɚɡɵɜɚɟɬɫɹ ɫɬɚɥɶ ɫ 
ɫɭɦɦɚɪɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɨɬ 5 ɞɨ 9 %, ɩɪɢɱɟɦ 
ɫɨɞɟɪɠɚɧɢɟ ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 5 %. ȼɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɨɣ 
ɧɚɡɵɜɚɸɬ ɫɬɚɥɶ, ɜ ɤɨɬɨɪɨɣ ɫɨɞɟɪɠɚɧɢɟ ɥɸɛɨɝɨ ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ 
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ɩɪɟɜɨɫɯɨɞɢɬ 5 %, ɥɢɛɨ ɫɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜɫɟɯ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ — 
ɛɨɥɟɟ 10 %. 

ɉɨ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ (ɩɨɥɭɱɚɟɦɨɣ ɩɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɧɚ ɜɨɡɞɭɯɟ ɫ ɜɵɫɨɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ) ɠɚɪɨɩɪɨɱɧɵɟ ɫɬɚɥɢ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɫɟɦɶ ɤɥɚɫɫɨɜ: ɩɟɪɥɢɬɧɵɣ, 
ɦɚɪɬɟɧɫɢɬɧɵɣ, ɦɚɪɬɟɧɫɢɬɧɨ-ɮɟɪɪɢɬɧɵɣ, ɮɟɪɪɢɬɧɵɣ, ɚɭɫɬɟɧɢɬɧɨ-
ɦɚɪɬɟɧɫɢɬɧɵɣ, ɚɭɫɬɟɧɢɬɧɨ-ɮɟɪɪɢɬɧɵɣ, ɚɭɫɬɟɧɢɬɧɵɣ. 

ɇɢɡɤɨɥɟɝɢɪɨɜɚɧɧɵɟ ɫɬɚɥɢ ɨɬɧɨɫɹɬɫɹ ɤ ɩɟɪɥɢɬɧɨɦɭ ɤɥɚɫɫɭ, 
ɫɪɟɞɧɟɥɟɝɢɪɨɜɚɧɧɵɟ — ɤ ɩɟɪɥɢɬɧɨɦɭ, ɦɚɪɬɟɧɫɢɬɧɨɦɭ ɢɥɢ ɦɚɪɬɟɧɫɢɬɧɨ-
ɮɟɪɪɢɬɧɨɦɭ, ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɟ — ɤ ɥɸɛɨɦɭ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɤɥɚɫɫɨɜ, 
ɤɪɨɦɟ ɩɟɪɥɢɬɧɨɝɨ. 

Ʉ ɫɩɥɚɜɚɦ ɧɚ ɠɟɥɟɡɨɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ ɨɬɧɨɫɹɬɫɹ ɫɩɥɚɜɵ, ɨɫɧɨɜɧɚɹ 
ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɬɜɟɪɞɵɦ ɪɚɫɬɜɨɪɨɦ ɯɪɨɦɚ ɢ ɞɪɭɝɢɯ ɥɟɝɢɪɭɸɳɢɯ 
ɷɥɟɦɟɧɬɨɜ ɜ ɠɟɥɟɡɨɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ. ɋɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɠɟɥɟɡɚ ɢ ɧɢɤɟɥɹ 
ɧɟ ɦɟɧɟɟ 65 %. 

Ʉ ɫɩɥɚɜɚɦ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ ɨɬɧɨɫɹɬɫɹ ɫɩɥɚɜɵ, ɫɨɞɟɪɠɚɳɢɟ ɧɟ ɦɟɧɟɟ 
50 % Ni, ɨɫɧɨɜɧɚɹ ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɬɜɟɪɞɵɦ ɪɚɫɬɜɨɪɨɦ ɯɪɨɦɚ ɢ 
ɞɪɭɝɢɯ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɧɢɤɟɥɟ (ɫɨɞɟɪɠɚɧɢɟ ɠɟɥɟɡɚ ɧɟ ɛɨɥɟɟ 6–8 %) 
[3]. 

 
ɋɬɚɥɢ ɩɟɪɥɢɬɧɨɝɨ ɤɥɚɫɫɚ 
 
ɋɪɟɞɢ ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ ɜɵɫɨɤɨɣ ɠɚɪɨɩɪɨɱɧɨɫɬɶɸ ɨɬɥɢɱɚɸɬɫɹ 

ɦɨɥɢɛɞɟɧɫɨɞɟɪɠɚɳɢɟ ɫɬɚɥɢ, ɧɚɩɪɢɦɟɪ, ɯɪɨɦɨ-ɦɨɥɢɛɞɟɧɨɜɵɟ, ɯɪɨɦɨ-
ɦɨɥɢɛɞɟɧɨ-ɜɚɧɚɞɢɟɜɵɟ, ɯɪɨɦɨ-ɦɨɥɢɛɞɟɧɨ-ɜɨɥɶɮɪɚɦɨ-ɜɚɧɚɞɢɟɜɵɟ, ɢɦɟɸɳɢɟ 
ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɥɡɭɱɟɫɬɢ ɢ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 565–580 °ɋ. Ɍɚɤɢɟ ɫɬɚɥɢ ɭɫɥɨɜɧɨ ɧɚɡɵɜɚɸɬ 
ɬɟɩɥɨɭɫɬɨɣɱɢɜɵɦɢ. 

ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɬɟɩɥɨɭɫɬɨɣɱɢɜɵɯ ɫɬɚɥɟɣ ɩɟɪɥɢɬɧɨɝɨ ɤɥɚɫɫɚ 
ɩɪɢɜɟɞɟɧ ɜ ȽɈɋɌ 20072–74, ȽɈɋɌ 4543–71, Ɍɍ 14-1-1391–75. Ɉɧɢ ɫɨɞɟɪɠɚɬ 
0,5–3,3 % Cr; 0,25–1,2 % Ɇɨ; 0,15–0,8 % V. ɇɟɤɨɬɨɪɵɟ ɦɚɪɤɢ ɫɨɞɟɪɠɚɬ 0,3–0,8 
% W ɥɢɛɨ Nb. 

ɗɬɢ ɫɬɚɥɢ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɞɟɬɚɥɟɣ ɜ 
ɤɨɬɥɨɫɬɪɨɟɧɢɢ, ɪɚɛɨɬɚɸɳɢɯ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ (10 000–100 000 ɱ) ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ 500–580 °ɋ, ɜ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɩɚɪɨɩɪɨɜɨɞɧɵɯ ɢ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶɧɵɯ ɬɪɭɛ, ɚ ɬɚɤɠɟ ɞɥɹ ɩɪɨɤɚɬɚ ɢ ɩɨɤɨɜɨɤ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ 
ɬɭɪɛɢɧɚɯ ɢ ɩɚɪɨɜɵɯ ɤɨɬɥɚɯ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ [4]. 

 
ɋɬɚɥɢ ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɤɥɚɫɫɚ 
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ɋɬɚɥɢ ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɤɥɚɫɫɚ ɫɨɞɟɪɠɚɬ 4,5–12 % Cr, ɚ ɬɚɤɠɟ ɜ 
ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ Ni, W, Mo, V. 

ɋɬɚɥɢ ɦɚɪɨɤ 15ɏ5, 15ɏ5Ɇ, 15ɏ5ȼɎ ɢ 15ɏ8ȼɎ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɚɩɩɚɪɚɬɭɪɵ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɡɚɜɨɞɨɜ – 
ɞɟɬɚɥɟɣ ɧɚɫɨɫɨɜ, ɡɚɞɜɢɠɟɤ, ɤɪɟɩɟɠɧɵɯ ɞɟɬɚɥɟɣ, ɤɪɟɤɢɧɝɨɜɵɯ ɬɪɭɛ, 
ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 550–600 °ɋ. ɋɬɚɥɢ ɷɬɨɣ ɠɟ ɝɪɭɩɩɵ ɫ ɛɨɥɟɟ 
ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ Cr (6–10 %) ɢ ɫ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ Si (2–3 %), ɜ 
ɨɫɧɨɜɧɨɦ, ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɥɚɩɚɧɨɜ ɞɜɢɝɚɬɟɥɟɣ ɜɧɭɬɪɟɧɧɟɝɨ 
ɫɝɨɪɚɧɢɹ. 

ɋɬɚɥɶ 11ɏ11ɇ2ȼɆɎ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɞɢɫɤɨɜ ɤɨɦɩɪɟɫɫɨɪɨɜ ɢ ɞɥɹ ɞɪɭɝɢɯ 
ɞɟɬɚɥɟɣ, ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 600 °ɋ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦ ɫɪɨɤɨɦ 
ɫɥɭɠɛɵ [5]. 

 
ɋɬɚɥɢ ɦɚɪɬɟɧɫɢɬɧɨ-ɮɟɪɪɢɬɧɨɝɨ ɤɥɚɫɫɚ 
 
ɋɬɚɥɢ ɦɚɪɬɟɧɫɢɬɧɨ-ɮɟɪɪɢɬɧɨɝɨ ɤɥɚɫɫɚ ɫɨɞɟɪɠɚɬ ɜ ɫɬɪɭɤɬɭɪɟ ɤɪɨɦɟ 

ɦɚɪɬɟɧɫɢɬɚ 10–25 % ɮɟɪɪɢɬɚ. Ɉɫɧɨɜɧɚɹ ɥɟɝɢɪɭɸɳɚɹ ɞɨɛɚɜɤɚ ɢ ɜ ɷɬɢɯ ɫɬɚɥɹɯ 
— Cr (11–13 %), ɧɚɪɹɞɭ ɫ ɤɨɬɨɪɵɦ ɩɪɢɫɭɬɫɬɜɭɸɬ ɦɟɧɟɟ ɡɧɚɱɢɬɟɥɶɧɵɟ 
ɩɪɢɫɚɞɤɢ Ni, W, Mo, Nb, V (ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɯɪɨɦɢɫɬɵɟ ɫɬɚɥɢ). ɂɯ 
ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɡɚɤɥɸɱɚɟɬɫɹ ɥɢɛɨ ɜ ɡɚɤɚɥɤɟ ɫ ɨɬɩɭɫɤɨɦ, ɥɢɛɨ ɜ 
ɧɨɪɦɚɥɢɡɚɰɢɢ ɫ ɨɬɩɭɫɤɨɦ. Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɢ ɧɚɞɥɟɠɚɳɟɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɨɬɩɭɫɤɚ ɩɪɚɤɬɢɱɟɫɤɢ ɪɚɜɧɨɰɟɧɧɵ. ɍɪɨɜɟɧɶ ɠɚɪɨɩɪɨɱɧɵɯ ɫɜɨɣɫɬɜ 
ɩɨɫɥɟ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɫɬɚɥɟɣ 
ɦɚɪɬɟɧɫɢɬɧɨ-ɮɟɪɪɢɬɧɨɝɨ ɤɥɚɫɫɚ ɬɚɤɠɟ ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜ. Ɉɞɧɚɤɨ ɧɚɢɛɨɥɟɟ 
ɜɵɫɨɤɢɟ (ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɧɚ ɨɞɢɧɚɤɨɜɭɸ ɬɜɟɪɞɨɫɬɶ) ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɠɚɪɨɩɪɨɱɧɨɫɬɢ ɩɪɢ 500–600 °ɋ ɭ ɫɬɚɥɢ 18ɏ12ȼɆȻɎɊ. 

ɗɬɢ ɫɬɚɥɢ ɢɡɝɨɬɨɜɥɹɸɬ ɜ ɜɢɞɟ ɫɨɪɬɨɜɨɝɨ ɩɪɨɤɚɬɚ ɢ ɩɪɢɦɟɧɹɸɬ ɜ 
ɬɭɪɛɨɫɬɪɨɟɧɢɢ ɞɥɹ ɥɨɩɚɬɨɤ ɢ ɞɢɫɤɨɜɫɬɭɩɟɧɟɣ ɬɭɪɛɢɧ, ɚ ɬɚɤɠɟ ɞɥɹ ɤɪɟɩɟɠɧɵɯ 
ɞɟɬɚɥɟɣ. Ɉɪɢɟɧɬɢɪɨɜɨɱɧɚɹ ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɞɥɹ ɫɬɚɥɢ 15ɏ12ȼɇɆɎ — 
550–580 °ɋ ɢ 570–600 °ɋ — ɞɥɹ ɫɬɚɥɢ 18ɏ12ȼɆȻɎɊ [6]. 

 
ɋɬɚɥɢ ɚɭɫɬɟɧɢɬɧɨɝɨ ɤɥɚɫɫɚ 
 
ɋɬɚɥɢ ɚɭɫɬɟɧɢɬɧɨɝɨɤɥɚɫɫɚ – ɜ ɨɫɧɨɜɧɨɦ ɯɪɨɦɨɧɢɤɟɥɟɜɵɟ ɫɬɚɥɢ ɫ 

ɫɨɞɟɪɠɚɧɢɟɦ Cr ɢ Ni ɜ ɩɪɟɞɟɥɚɯ ɨɬ 7 ɞɨ 25 % ɤɚɠɞɨɝɨ, ɧɚɪɹɞɭ ɫ ɤɨɬɨɪɵɦɢ 
ɩɪɢɫɭɬɫɬɜɭɸɬ W, Mo, Ti, Nb ɢ ɞɪ. ɇɚ ɪɢɫɭɧɤɟ 9 ɩɨɤɚɡɚɧɚ ɫɬɪɭɤɬɭɪɚ ɚɭɫɬɟɧɢɬɚ. 

ɗɬɨ ɫɚɦɚɹ ɦɧɨɝɨɱɢɫɥɟɧɧɚɹ ɝɪɭɩɩɚ ɠɚɪɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ (ɫɦ. ȽɈɋɌ 5632–
72)[7]. ȼ ɬɚɛɥɢɰɟ 1 ɢ 2 ɭɤɚɡɚɧɵ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɨɜ ɚɭɫɬɟɧɢɬɧɨ ɤɥɚɫɫɚ. 
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Ɋɢɫɭɧɨɤ 9 –  ɋɬɪɭɤɬɭɪɚ ɚɭɫɬɟɧɢɬɚ 

 
Ɍɚɛɥɢɰɚ 1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɨɪɬɨɜɨɝɨ ɩɪɨɤɚɬɚ ɢɡ 
ɠɚɪɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ ɩɪɢ ɧɨɪɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɋɬɚɥɶ Ʉɥɚɫɫ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

ıɜ, 
Ɇɉɚ 

ı0,2, Ɇɉɚ δ5, % ψ, % 
ɄɋU, 

Ⱦɠ/ɫɦ2 

12Ɇɏ 

ɉɟɪɥɢɬɧɵɣ 

420 260 21 45 60 
15ɏɆ 450 280 20 45 70 
12ɏ1ɆɎ 480 260 21 55 100 
20ɏɆ 800 600 12 50 90 
25ɏ1ɆɎ 900 750 14 50 60 
25ɏ2Ɇ1Ɏ 900 750 10 40 30 
18ɏ3Ɇȼ 650 450 18 – 120 
20ɏ3ɆȼɎ 900 750 12 40 80 
15ɏ5Ɇ 

Ɇɚɪɬɟɧɫɢɬɧɵɣ 

450 220 20 50 120 
15ɏ5 400 170 24 50 100 
15ɏ5ȼɎ* 400 220 22 50 120 
40ɏ9ɋ2* 750 500 15 35 – 
40ɏ10ɋ2Ɇ 950 750 10 35 > 20 
15ɏ11ɆɎ 755 568–755 14 50 59 
18ɏ11ɆɇɎȻ 740 590–735 15 50 59 
20ɏ12ȼɇɆɎ 740 590–755 14 45 54 
30ɏ13ɇ7ɋ2 1200 800 18 25 > 20 
11ɏ11ɇ2ȼ2ɆɎ 900 750 12 50 80 
16ɏ11ɇ2ȼ2ɆɎ 1000 850 10 45 70 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1 

ɋɬɚɥɶ Ʉɥɚɫɫ 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

ıɜ, 
Ɇɉɚ 

ı0,2, Ɇɉɚ δ5, % ψ, % 
ɄɋU, 

Ⱦɠ/ɫɦ2 
20ɏ13 

 
660 450 16 55 80 

13ɏ11ɇ2ȼ2ɆɎ–ɒ 880 735 15 55 88 
12ɏ1 

Ɇɚɪɬɟɧɫɢɬɧɨ-
ɮɟɪɪɢɬɧɵɣ 

600 420 20 60 90 
15ɏ11ɆɎ 700 500 15 55 120 
15ɏ12ȼɇɆɎ 1080 930 13 55 88 
15ɏ12ȼɇɆɎ 740 590–735 14 45 54 
18ɏ12ȼɆȻɎɊ 750 500 14 50 60 
18ɏ12ȼɆȻɎɊ–ɒ 800 680 12 45 59 
15ɏ12ȼ2ɆɎ 800 600 15 50 70 
20ɏ20ɇ14ɋ2 Ⱥɭɫɬɟɧɢɬɧɨ-

ɮɟɪɪɢɬɧɵɣ 
590 295 35 55 – 

20ɏ23ɇ13 490 295 35 50 – 

 
Ɍɚɛɥɢɰɚ 2 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɨɪɬɨɜɨɝɨ ɩɪɨɤɚɬɚ ɢɡ 
ɠɚɪɨɩɪɨɱɧɵɯ ɚɭɫɬɟɧɢɬɧɵɯ ɫɬɚɥɟɣ ɩɪɢ ɧɨɪɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɋɬɚɥɶ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

ıɜ, Ɇɉɚ ı0,2, Ɇɉɚ δ5, % ψ, % 
ɄɋU, 

Ⱦɠ/ɫɦ2 

10ɏ11ɇ20Ɍ3Ɋ 850 500 10 15 30 
10ɏ11ɇ23Ɍ3ɆɊ 900 600 8 10 30 
37ɏ12ɇ8Ƚ8ɆɎȻ 850 600 15 20 – 
45ɏ14ɇ14ȼ2Ɇ 720 320 20 35 50 
09ɏ14ɇ18ȼ2Ȼ 500 200 35 – – 
09ɏ14ɇ19ȼ2ȻɊ 500 220 38 50 140 
09ɏ14ɇ19ȼ2ȻɊ1 520 220 30 44 120 
37ɏ12ɇ8Ƚ8ɆɎȻ 850 600 15 20 25 
30ɏ13Ƚ18Ɏ 700 360 30 40 80 
08ɏ16ɇ13Ɇ2Ȼ 560 220 40 50 120 
10ɏ17ɇ13Ɇ2Ɍ 520 220 40 55 – 
08ɏ17ɇ15Ɇ3Ɍ 500 200 35 45 – 
08ɏ15ɇ24ȼ4ɌɊ 750 450 20 35 80 
08ɏ15ɇ24ȼ4ɌɊ 700 400 15 30 – 
12ɏ18ɇ9 500 200 45 55 – 
08ɏ18ɇ10Ɍ 520 200 40 55 – 
12ɏ18ɇ9Ɍ 550 200 40 55 – 
12ɏ18ɇ12Ɍ 550 200 40 55 – 
08ɏ18ɇ12Ȼ 500 180 40 55 – 
36ɏ18ɇ25ɋ2 650 350 25 40 – 
36ɏ18ɇ25ɋ2 855 550 17 18 50 
30ɏ19ɇ9ɆȼȻɌ 680 350 35 40 60 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2 

ɋɬɚɥɶ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

ıɜ, Ɇɉɚ ı0,2, Ɇɉɚ δ5, % ψ, % 
ɄɋU, 

Ⱦɠ/ɫɦ2 

31ɏ19ɇ9ɆȼȻɌ 680 350 25 25 70 
55ɏ20ɇ4ȺȽ9Ɇ 1000 650 8 10 – 
20ɏ20ɇ14ɋ2 600 300 35 30 – 
20ɏ23ɇ13 500 300 35 50 – 
20ɏ23ɇ18 500 200 35 50 – 
20ɏ23ɇ18 540 265 35 – – 
20ɏ25ɇ20ɋ2 600 300 35 50 – 

  
ɋɩɥɚɜɵ ɧɚ ɠɟɥɟɡɨ-ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ 
 
ɋɩɥɚɜɵ ɧɚ ɠɟɥɟɡɨ-ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɞɟɥɟɧɵ ɧɚ ɞɜɟ 

ɝɪɭɩɩɵ: 1) ɫ ɫɨɞɟɪɠɚɧɢɟɦ 14–16 % Cr ɢ 32–38 % Ni ɢ 2) ɫ ɫɨɞɟɪɠɚɧɢɟɦ 20–25 
% Cr ɢ 25–45 % Ni (ɥɢɛɨ Ni + Mn). ɋɩɥɚɜɵ ɩɟɪɜɨɣ ɝɪɭɩɩɵ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 
ɥɟɝɢɪɨɜɚɧɵ ɜɨɥɶɮɪɚɦɨɦ ɢ ɬɢɬɚɧɨɦ ɢ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ (ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 
ɪɚɜɧɨɣ) ɠɚɪɨɩɪɨɱɧɨɫɬɶɸ (ɬɚɛɥɢɰɟ 2). ɋɩɥɚɜɵ ɜɬɨɪɨɣ ɝɪɭɩɩɵ ɛɥɚɝɨɞɚɪɹ 
ɩɨɜɵɲɟɧɧɨɦɭ ɫɨɞɟɪɠɚɧɢɸ Cr ɠɚɪɨɫɬɨɣɤɢɟ, ɩɨ ɠɚɪɨɩɪɨɱɧɵɦ ɫɜɨɣɫɬɜɚɦ ɨɧɢ 
ɭɫɬɭɩɚɸɬ ɫɩɥɚɜɚɦ ɩɟɪɜɨɣ ɝɪɭɩɩɵ, ɧɚɩɪɢɦɟɪ, ɫɩɥɚɜ ɏɇ38ȼɌ. 

ɋɩɥɚɜɵ ɏɇ35ȼɌ, ɏɇ35ȼɆɌ, ɏɇ35ȼɌɘ ɩɨɫɬɚɜɥɹɸɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 
ɜ ɜɢɞɟ ɝɨɪɹɱɟɤɚɬɚɧɵɯ ɢ ɤɨɜɚɧɧɵɯ ɩɪɭɬɤɨɜ ɢ ɩɨɥɨɫ, ɚ ɬɚɤɠɟ ɩɨɤɨɜɨɤ. ɂɡ 
ɫɩɥɚɜɨɜ ɏɇ35ȼ5Ɍ, ɏɇ38ȼɌ ɢ ɏ25ɇ16Ƚ7ȺɊ, ɜ ɨɫɧɨɜɧɨɦ, ɢɡɝɨɬɨɜɥɹɸɬ 
ɝɨɪɹɱɟɤɚɬɚɧɵɣ ɢ ɯɨɥɨɞɧɨɤɚɬɚɧɵɣ ɥɢɫɬ ɢ ɥɟɧɬɭ, ɚ ɢɡ ɫɩɥɚɜɚ ɏɇ45ɘ — ɬɚɤɠɟ ɢ 
ɬɪɭɛɵ. ȼ ɨɫɧɨɜɧɨɦ, ɫɩɥɚɜɵ ɧɚ ɠɟɥɟɡɨ-ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ (ɪɢɫɭɧɨɤ 10) 
ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɩɚɪɨɜɵɯ ɢ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ[8]. 

 

 
 

Ɋɢɫɭɧɨɤ 10 – ɋɩɥɚɜɵ ɧɚ ɠɟɥɟɡɨ-ɧɢɤɟɥɟɜɵɣ ɨɫɧɨɜɟ 
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ɋɩɥɚɜɵ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ 
 
ɋɩɥɚɜɵ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ (ɪɢɫɭɧɨɤ 11) ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɞɜɟ ɝɪɭɩɩɵ 

(ɫɦ. ȽɈɋɌ 5632–72): 1) ɫɩɥɚɜɵ, ɩɪɢɦɟɧɹɟɦɵɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɤɚɤ 
ɠɚɪɨɩɪɨɱɧɵɟ, ɢ 2) ɠɚɪɨɫɬɨɣɤɢɟ ɫɩɥɚɜɵ, ɨɛɥɚɞɚɸɳɢɟ ɧɟɨɛɯɨɞɢɦɵɦ 
ɦɢɧɢɦɭɦɨɦ ɠɚɪɨɩɪɨɱɧɨɫɬɢ. 

ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɩɪɢɦɟɧɹɟɦɵɟ ɫɩɥɚɜɵ ɩɟɪɜɨɣ ɝɪɭɩɩɵ ɨɬɧɨɫɹɬɫɹ ɤ 
ɫɢɫɬɟɦɟ Ni—Cr—Ti—Al. ɉɪɢɫɭɬɫɬɜɢɟ ɜ ɷɬɢɯ ɫɩɥɚɜɚɯ Ti ɢ Ⱥl ɜ ɤɨɥɢɱɟɫɬɜɚɯ, 
ɩɪɟɜɵɲɚɸɳɢɯ ɢɯ ɩɪɟɞɟɥɶɧɭɸ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɬɜɟɪɞɨɦ ɪɚɫɬɜɨɪɟ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ 650–950 °ɋ, ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɝɧɭɬɶ ɩɨɫɥɟ ɡɚɤɚɥɤɢ ɢ ɨɬɩɭɫɤɚ 
ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɷɮɮɟɤɬɚ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɬɜɟɪɞɟɧɢɹ, ɛɥɚɝɨɞɚɪɹ ɜɵɞɟɥɟɧɢɸ 
ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ ɬɢɩɚ Ni3(Ɍi, NiAl). Ɍɚɤɚɹ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɞɟɥɚɟɬ ɫɩɥɚɜ ɭɫɬɨɣɱɢɜɵɦ ɩɪɨɬɢɜ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 
ɩɪɢ 700–800 °ɋ ɢ ɜɵɲɟ. 

 

 
 

Ɋɢɫɭɧɨɤ 11 – ɋɩɥɚɜɵ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ 

 
ȼɜɟɞɟɧɢɟ ɜ ɞɢɫɩɟɪɫɢɨɧɧɨ-ɬɜɟɪɞɟɸɳɢɟ ɫɩɥɚɜɵ ɷɬɨɣ ɝɪɭɩɩɵ W ɢ Ɇɨ (ɜ 

ɫɭɦɦɟ ɞɨ» 10 %), ɚ ɬɚɤɠɟ Nb ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɭɩɪɨɱɧɹɟɬ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ, 
ɡɚɦɟɞɥɹɟɬ ɪɚɡɜɢɬɢɟ ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɭɜɟɥɢɱɢɜɚɟɬ ɤɨɥɢɱɟɫɬɜɨ 
ɞɢɫɩɟɪɫɧɨɣ ɭɩɪɨɱɧɹɸɳɟɣ ɮɚɡɵ. Ʉɨɥɢɱɟɫɬɜɨ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɭɜɟɥɢɱɢɜɚɸɬ 
ɬɚɤɠɟ ɩɭɬɟɦ ɭɜɟɥɢɱɟɧɢɹ ɫɭɦɦɚɪɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ Ti ɢ Al. ȼɫɟ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɜɨɡɪɚɫɬɚɧɢɸ ɠɚɪɨɩɪɨɱɧɨɫɬɢ ɫɩɥɚɜɨɜ, ɱɬɨ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ 
ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 800–850 °ɋ ɢ ɜɵɫɨɤɢɯ ɧɚɩɪɹɠɟɧɢɹɯ. 

Ʉ ɨɫɨɛɟɧɧɨɫɬɹɦ ɫɨɫɬɚɜɚ ɧɢɤɟɥɟɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɨɬɧɨɫɢɬɫɹ 
ɩɪɢɫɭɬɫɬɜɢɟ ɜ ɧɢɯ ɧɟɛɨɥɶɲɢɯ ɞɨɛɚɜɨɤ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ (ȼ, 
ɋɟ, ɢɧɨɝɞɚ ȼɚ ɢ Ɇg), ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɪɚɮɢɧɢɪɨɜɚɧɢɸ ɦɟɬɚɥɥɚ ɢ ɭɩɪɨɱɧɟɧɢɸ 
ɝɪɚɧɢɰ ɡɟɪɟɧ, ɚ ɬɚɤɠɟ ɧɟɛɨɥɶɲɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜ ɧɢɯ ɩɪɢɦɟɫɟɣ (S, P, Pb, ɞɪ.). 

Ɍɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɷɬɢɯ ɫɩɥɚɜɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɞɢɧɚɪɧɨɦ ɢɥɢ 
ɞɜɨɣɧɨɦ ɧɚɝɪɟɜɟ ɞɨ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ (1080–1200 °ɋ) ɫ ɨɯɥɚɠɞɟɧɢɟɦ ɱɚɳɟ 
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ɜɫɟɝɨ ɧɚ ɜɨɡɞɭɯɟ ɢ ɩɨɫɥɟɞɭɸɳɟɦ ɨɬɩɭɫɤɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 700–850 °ɋ. Ⱦɥɹ 
ɧɚɢɛɨɥɶɲɟɣ ɫɬɚɛɢɥɢɡɚɰɢɢ ɢɫɯɨɞɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɞɟɬɚɥɹɦ ɫ 
ɞɥɢɬɟɥɶɧɵɦ ɫɪɨɤɨɦ ɫɥɭɠɛɵ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɨɜɨɞɢɬɶ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɵɣ 
ɨɬɩɭɫɤ ɩɪɢ ɩɨɫɬɟɩɟɧɧɨ ɩɨɧɢɠɚɸɳɟɣɫɹ ɬɟɦɩɟɪɚɬɭɪɟ. 

ɀɚɪɨɩɪɨɱɧɵɟ ɧɢɤɟɥɟɜɵɟ ɫɩɥɚɜɵ ɢɡɝɨɬɨɜɥɹɸɬ ɜ ɜɢɞɟ ɫɨɪɬɨɜɨɝɨ ɩɪɨɤɚɬɚ 
(ɩɪɭɬɤɢ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ) ɢ ɱɚɫɬɢɱɧɨ ɜ ɜɢɞɟ ɩɨɤɨɜɨɤ ɪɚɡɥɢɱɧɨɣ 
ɤɨɧɮɢɝɭɪɚɰɢɢ [9]. 

Ɉɫɧɨɜɧɨɟ ɧɚɡɧɚɱɟɧɢɟ ɷɬɨɣ ɝɪɭɩɩɵ ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɯ ɫɩɥɚɜɨɜ — 
ɢɡɝɨɬɨɜɥɟɧɢɟ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɢ ɞɢɫɤɨɜ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ. Ⱦɢɫɤɢ ɪɚɛɨɬɚɸɬ ɩɪɢ 
ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɧɚɩɪɹɠɟɧɢɹɯ, ɱɟɦ ɥɨɩɚɬɤɢ (ɧɨ ɩɪɢ ɧɟɫɤɨɥɶɤɨ ɩɨɧɢɠɟɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ), ɩɨɷɬɨɦɭ ɦɚɬɟɪɢɚɥ ɞɢɫɤɚ ɞɨɥɠɟɧ ɢɦɟɬɶ ɜɵɫɨɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɩɨɥɡɭɱɟɫɬɢ (ɨɫɨɛɟɧɧɨ ɧɚ ɨɛɨɞɟ) ɢ ɩɨɜɵɲɟɧɧɭɸ ɩɪɨɱɧɨɫɬɶ (ɜ ɫɬɭɩɢɱɧɨɣ 
ɱɚɫɬɢ). 

ɉɪɨɱɧɨɫɬɶ ɫɩɥɚɜɨɜ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ ɫɨɯɪɚɧɹɟɬɫɹ ɜɵɫɨɤɨɣ ɜɩɥɨɬɶ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪ 800–900 °ɋ. Ɍɚɤ, ɩɪɢ 800 °ɋ ɜɪɟɦɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ıɜ ɧɚɢɛɨɥɟɟ 
ɥɟɝɢɪɨɜɚɧɧɵɯ ɫɩɥɚɜɨɜ ɫɨɫɬɚɜɥɹɟɬ 700–800 Ɇɉɚ, 100-ɱɚɫɨɜɚɹ ɞɥɢɬɟɥɶɧɚɹ 
ɩɪɨɱɧɨɫɬɶ — 250–300 Ɇɉɚ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɚɫɬɢɱɧɨɫɬɢ δ ɢ ψ 
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵ ɩɪɢ ɜɫɟɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢɫɩɵɬɚɧɢɹ ɢ ɧɟɫɤɨɥɶɤɨ ɫɧɢɠɚɸɬɫɹ 
ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɬɜɟɪɞɟɧɢɹ (700–800 °ɋ). 
Ɉɫɬɚɬɨɱɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɷɬɢɯ ɫɩɥɚɜɨɜ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɧɚ ɞɥɢɬɟɥɶɧɭɸ 
ɩɪɨɱɧɨɫɬɶ ɩɪɢ 700–800 °ɋ ɩɨɪɹɞɤɚ 3–10 %. 

ɇɚ ɪɢɫɭɧɤɟ 12 ɩɪɢɜɟɞɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɲɢɪɨɤɨ 
ɩɪɢɦɟɧɹɟɦɨɝɨ ɜ ɚɜɢɚɰɢɢ ɫɩɥɚɜɚ ɏɇ77ɌɘɊ ɩɪɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦ ɧɚɝɪɭɠɟɧɢɢ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 500–900 °ɋ. Ɂɚɜɢɫɢɦɨɫɬɶ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɷɬɨɝɨ 
ɫɩɥɚɜɚ ɢ ɟɝɨ ɦɨɞɢɮɢɤɚɰɢɢ ɛɟɡ ɛɨɪɚ ɏɇ77Ɍɘ ɨɬ ɜɪɟɦɟɧɢ ɞɚɧɚ ɧɚ ɪɢɫɭɧɤɟ [3]. 
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Ɋɢɫɭɧɨɤ 12 – Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɠɚɪɨɩɪɨɱɧɨɝɨ 
ɫɩɥɚɜɚ ɏɇ77ɌɘɊ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɋɩɥɚɜɵ ɧɚ ɤɨɛɚɥɶɬɚ-ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ 
 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ ɥɟɝɢɪɨɜɚɧɢɟ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɤɨɛɚɥɶɬɨɦ ɩɨɜɵɲɚɟɬ 

ɢɯ ɠɚɪɨɩɪɨɱɧɵɟ ɫɜɨɣɫɬɜɚ, ɚ ɬɚɤɠɟ ɭɥɭɱɲɚɟɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɩɥɚɫɬɢɱɧɨɫɬɶ. 
ɋɨɞɟɪɠɚɧɢɟ ɤɨɛɚɥɶɬɚ ɞɨɥɠɧɨ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨ. Ɍɚɤ, ɜ ɨɬɟɱɟɫɬɜɟɧɧɵɯ 
ɦɚɪɤɚɯ ɬɚɤɢɯ ɫɩɥɚɜɨɜ ɫɨɞɟɪɠɚɧɢɟ ɤɨɛɚɥɶɬɚ ɜɚɪɶɢɪɭɸɬ ɨɬ 5 ɞɨ 15 %, ɜ 
ɡɚɪɭɛɟɠɧɵɯ — ɞɨɜɨɞɹɬ ɞɨ 30 %. ɑɟɦ ɜɵɲɟ ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɩɥɚɜɚ, ɬɟɦ 
ɛɨɥɶɲɟ ɤɨɛɚɥɶɬɚ ɬɪɟɛɭɟɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɨɝɨ ɭɪɨɜɧɹ ɠɚɪɨɩɪɨɱɧɨɫɬɢ. 

ɉɪɟɞɟɥɵ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɪɨɤɢ 100 ɢ 1000 ɱ ɬɢɩɢɱɧɵɯ 
ɤɨɛɚɥɶɬɚ-ɫɨɞɟɪɠɚɳɢɯ ɫɩɥɚɜɨɜ. ɍ ɜɫɟɯ ɷɬɢɯ ɫɩɥɚɜɨɜ ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ 
ɚɥɸɦɢɧɢɹ (4,5–6 %), ɩɪɢɱɟɦ ɩɟɪɜɵɟ ɬɪɢ ɫɩɥɚɜɚ ɧɟ ɫɨɞɟɪɠɚɬ ɬɢɬɚɧɚ. 

ȼ ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɹɯ ɨɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɦɚɬɟɪɢɚɥɚɦ ɞɥɹ 
ɥɨɩɚɬɨɤ ɬɭɪɛɢɧ ɨɛɭɫɥɨɜɥɟɧɵ ɫɚɦɢɦ ɪɚɡɜɢɬɢɟɦ ɤɨɧɫɬɪɭɤɰɢɢ ɞɜɢɝɚɬɟɥɹ – 
ɧɟɩɪɟɪɵɜɧɵɦ ɩɨɜɵɲɟɧɢɟɦ ɠɚɪɨɩɪɨɱɧɨɫɬɢ, ɩɥɚɫɬɢɱɧɨɫɬɢ, ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɬɟɪɦɢɱɟɫɤɨɣ ɢ ɦɚɥɨɰɢɤɥɨɜɨɣ ɭɫɬɚɥɨɫɬɢ, ɫɬɨɣɤɨɫɬɢ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɝɚɡɨɜɨɣ 
ɫɪɟɞɵ. Ɇɚɬɟɪɢɚɥɵ ɞɥɹ ɥɨɩɚɬɨɤ ɬɭɪɛɢɧ ɫɨɜɪɟɦɟɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɞɨɥɠɧɵ 
ɨɛɥɚɞɚɬɶ ɜɵɫɨɤɨɣ ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɶɸ ɪɚɡɪɭɲɟɧɢɸ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɣ ɢ 
ɦɚɥɨɰɢɤɥɨɜɨɣ ɭɫɬɚɥɨɫɬɢ, ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɫɧɨɜɧɵɦ. 
Ɉɩɚɫɧɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ ɭɫɭɝɭɛɥɹɟɬɫɹ ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ ɪɟɚɤɰɢɹɦɢ, ɫɜɹɡɚɧɧɵɦɢ 
ɫ ɝɚɡɨɜɨɣ ɤɨɪɪɨɡɢɟɣ, ɪɚɡɭɩɪɨɱɧɟɧɢɟɦ ɝɪɚɧɢɰ ɡɟɪɟɧ. 

Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɥɨɩɚɬɨɤ ɬɭɪɛɢɧ ɢɫɩɨɥɶɡɭɸɬ ɞɟɮɨɪɦɢɪɭɟɦɵɟ ɢ 
ɥɢɬɟɣɧɵɟ ɫɩɥɚɜɵ. Ⱦɟɮɨɪɦɢɪɭɟɦɵɟ ɫɩɥɚɜɵ ɨɛɥɚɞɚɸɬ ɨɝɪɚɧɢɱɟɧɧɵɦɢ 
ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɠɚɪɨɩɪɨɱɧɨɫɬɢ, ɩɨɫɤɨɥɶɤɭ 
ɞɚɥɶɧɟɣɲɟɟ ɢɯ ɥɟɝɢɪɨɜɚɧɢɟ ɜɟɞɟɬ ɤ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɣ ɩɨɬɟɪɟ ɢɦɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ ɩɪɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɢ. ȼɟɞɭɳɟɟ ɦɟɫɬɨ ɫɪɟɞɢ 
ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɩɪɢɧɚɞɥɟɠɢɬ ɥɢɬɟɣɧɵɦ, ɚ ɬɚɤɠɟ ɧɨɜɵɦ ɧɚɩɪɚɜɥɟɧɧɨ-
ɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɦ ɢ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦ ɫɩɥɚɜɚɦ, ɤɨɬɨɪɵɟ ɲɢɪɨɤɨ 
ɩɪɢɦɟɧɹɸɬ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɜɢɝɚɬɟɥɹɯ. 
ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɥɢɬɶɹ ɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɥɟɝɢɪɨɜɚɧɢɹ 
ɨɛɟɫɩɟɱɢɥɨ ɫɭɳɟɫɬɜɟɧɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫɩɥɚɜɨɜ, ɩɪɢɱɟɦ 
ɧɚɩɪɚɜɥɟɧɧɵɟ ɢ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɫɩɥɚɜɵ ɝɪɭɩɩɵ ɀɋ ɫɬɚɥɢ ɛɨɥɟɟ 
ɩɥɚɫɬɢɱɧɵɦɢ (ɪɢɫɭɧɨɤ 13). ɉɪɟɞɟɥɶɧɵɟ ɪɚɛɨɱɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ 
ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɫɩɥɚɜɨɜ ɧɟ ɩɪɟɜɵɲɚɸɬ 1000 °ɋ [10]. 
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Ɋɢɫɭɧɨɤ 13 – ɉɨɜɵɲɟɧɢɟ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ (ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ) ɢ ɩɥɚɫɬɢɱɧɨɫɬɢ 
(ɲɬɪɢɯɨɜɚɹ ɥɢɧɢɹ) ɥɢɬɟɣɧɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɞɥɹ ɥɨɩɚɬɨɤ ɬɭɪɛɢɧ 

 
3.1 Ⱦɟɮɨɪɦɢɪɭɟɦɵɟ ɠɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ 
  

 Ɇɚɬɟɪɢɚɥɵ ɞɥɹ ɞɢɫɤɨɜ ɬɭɪɛɢɧ ɢ ɤɨɦɩɪɟɫɫɨɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, 
ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɜɨ ɎȽɍɉ «ȼɂȺɆ»: 

 ɗɂ698-ȼȾ, ɗɉ742-ɂȾ, ɗɄ79-ɂȾ, ɗɄ151-ɂȾ – ɠɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ ɫ 
ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɞɨ 750°ɋ (ɫ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɦɢ ɡɚɛɪɨɫɚɦɢ – ɞɨ 800°ɋ). 

 ɗɉ975-ɂȾ – ɜɵɫɨɤɨɠɚɪɨɩɪɨɱɧɵɣ ɫɩɥɚɜ, ɧɟ ɢɦɟɸɳɢɣ ɦɢɪɨɜɵɯ 
ɚɧɚɥɨɝɨɜ, ɫ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɞɨ 950°ɋ(ɪɢɫɭɧɨɤ 14). 

 

 
 

Ɋɢɫɭɧɨɤ 14 – Ɋɨɬɨɪɵ ɬɭɪɛɢɧ ɤɨɧɫɬɪɭɤɰɢɢ «ɛɥɢɫɤ» (ɞɢɫɤ ɫ ɜɚɥɨɦ ɢ ɥɨɩɚɬɤɚɦɢ) ɢɡ ɫɩɥɚɜɚ 
ɗɉ975-ɂȾ ɞɥɹ ɢɡɞɟɥɢɣ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ ɞɟɣɫɬɜɢɹ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɫɢɥɨɜɵɯ ɭɫɬɚɧɨɜɨɤ 

(ȼɋɍ) 
 

ȼɀ175-ɂȾ – ɜɵɫɨɤɨɠɚɪɨɩɪɨɱɧɵɣ ɞɟɮɨɪɦɢɪɭɟɦɵɣ ɫɩɥɚɜ, ɩɨ ɤɨɦɩɥɟɤɫɭ 
ɫɜɨɣɫɬɜ ɩɪɟɜɨɫɯɨɞɢɬ ɢɡɜɟɫɬɧɵɟ ɦɚɬɟɪɢɚɥɵ-ɚɧɚɥɨɝɢ: ɩɨ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɢ 
ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ – ɧɚ 15% (ɡɚɪɭɛɟɠɧɵɟ ɫɩɥɚɜɵ Rene 88DT, N18, LSHR); 
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ɩɨ ɦɚɥɨɰɢɤɥɨɜɨɣ ɭɫɬɚɥɨɫɬɢ – ɧɚ 30% (ɨɬɟɱɟɫɬɜɟɧɧɵɟ ɩɨɪɨɲɤɨɜɵɟ ɫɩɥɚɜɵ). 
ɋɩɥɚɜ ɩɪɨɲɟɥ ɩɪɨɦɵɲɥɟɧɧɨɟ ɨɩɪɨɛɨɜɚɧɢɟ ɢ ɜɧɟɞɪɟɧ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ ɧɚ 
ɡɚɜɨɞɚɯ ɈȺɈ «ɆɁ "ɗɥɟɤɬɪɨɫɬɚɥɶ"» ɢ ɈȺɈ «ɋɆɄ». Ɋɚɡɪɚɛɨɬɚɧɵ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɲɬɚɦɩɨɜɨɤ 
ɞɢɫɤɨɜ ɞɢɚɦɟɬɪɨɦ ɞɨ 600 ɦɦ, ɦɚɫɫɨɣ ɞɨ 180 ɤɝ. ɉɪɨɜɟɞɟɧɵ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɵɟ 
ɢɫɩɵɬɚɧɢɹ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɧɚ ɭɪɨɜɧɟ -3 (ɪɢɫɭɧɨɤ 15). 

 

 
 

Ɋɢɫɭɧɨɤ 15 – ɒɬɚɦɩɨɜɤɢ ɞɢɫɤɨɜ ɌȼȾ (ɞɢɚɦɟɬɪɨɦ 500–600 ɦɦ) ɢɡ ɫɩɥɚɜɚ ȼɀ175-ɂȾ 
 

Ⱦɢɫɤɨɜɵɟ ɫɩɥɚɜɵ ɧɚɲɥɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜɨ ɜɫɟɯ ɫɟɪɢɣɧɵɯ 
ɚɜɢɚɰɢɨɧɧɵɯ ɝɪɚɠɞɚɧɫɤɢɯ ɢ ɜɨɟɧɧɵɯ ȽɌȾ, ɞɜɢɝɚɬɟɥɹɯ ɪɚɤɟɬ, ɧɚɡɟɦɧɵɯ ȽɌɍ ɢ 
ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ȽɌȾ. 

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɪɚɡɪɚɛɨɬɚɧɵ ɧɨɜɵɟ ɫɜɚɪɢɜɚɟɦɵɟ ɫɩɥɚɜɵ ɞɥɹ ɞɟɬɚɥɟɣ 
Ʉɋ ɢ ɤɨɪɩɭɫɨɜ: 

ȼɀ159 – ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɣ ɫɜɚɪɢɜɚɟɦɵɣ 
ɪɟɦɨɧɬɨɩɪɢɝɨɞɧɵɣɫɥɚɛɨɫɬɚɪɟɸɳɢɣ ɫɩɥɚɜ ɫ ɪɚɛɨɱɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɞɨ 
1000°ɋ ɞɥɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɫɬɚɬɨɪɧɵɯ ɞɟɬɚɥɟɣ ȽɌȾ (ɠɚɪɨɜɵɯ ɬɪɭɛ, 
ɫɬɜɨɪɨɤ, ɷɤɪɚɧɨɜ, ɫɨɩɥɚ ɢ ɬ. ɞ.). 

ȼɀ171 – ɫɜɚɪɢɜɚɟɦɵɣ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɭɩɪɨɱɧɹɟɦɵɣ ɯɢɦɢɤɨ-
ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ ɫɩɥɚɜ ɫ ɪɚɛɨɱɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɞɨ 1250°ɋ ɞɥɹ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɫɬɚɬɨɪɧɵɯ ɞɟɬɚɥɟɣ ȽɌȾ (ɠɚɪɨɜɵɯ ɬɪɭɛ, ɫɬɜɨɪɨɤ, 
ɷɤɪɚɧɨɜ, ɫɨɩɥɚ ɢ ɬ. ɞ.). Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 16. 

ȼɀ172 – ɜɵɫɨɤɨɩɪɨɱɧɵɣ ɫɜɚɪɢɜɚɟɦɵɣ ɞɢɫɩɟɪɫɢɨɧɧɨ-ɬɜɟɪɞɟɸɳɢɣ 
ɫɩɥɚɜ ɞɥɹ ɪɨɬɨɪɨɜ ɄȼȾ, ɤɨɪɩɭɫɨɜ ɢ ɜɵɫɨɤɨɧɚɝɪɭɠɟɧɧɵɯ ɞɟɬɚɥɟɣ ɫɬɚɬɨɪɚ ȽɌȾ 
(ɪɢɫɭɧɨɤ 17). 
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Ɋɢɫɭɧɨɤ 16 – Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ ȼɀ171 
 

 
 

Ɋɢɫɭɧɨɤ 17 – ɐɟɥɶɧɨɤɚɬɚɧɵɟ ɤɨɥɶɰɚ (ɞɢɚɦɟɬɪɨɦ 840 ɦɦ) ɢɡ ɫɩɥɚɜɚ ȼɀ172 

 
Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɜ ȼɂȺɆ ɠɚɪɨɩɪɨɱɧɵɟ ɫɜɚɪɢɜɚɟɦɵɟ ɫɩɥɚɜɵ ɩɨ 

ɤɨɦɩɥɟɤɫɭ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɧɟ ɭɫɬɭɩɚɸɬ ɡɚɪɭɛɟɠɧɵɦ ɫɩɥɚɜɚɦ 
ɚɧɚɥɨɝɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɚ ɩɨ ɠɚɪɨɩɪɨɱɧɨɫɬɢ ɩɪɟɜɨɫɯɨɞɹɬ ɫɭɳɟɫɬɜɭɸɳɢɟ 
ɫɟɪɢɣɧɵɟ ɨɬɟɱɟɫɬɜɟɧɧɵɟ ɢ ɡɚɪɭɛɟɠɧɵɟ ɦɚɬɟɪɢɚɥɵ. Ɋɚɡɪɚɛɨɬɚɧɵ ɢ ɨɫɜɨɟɧɵ ɜ 
ɩɪɨɦɵɲɥɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢɡ 
ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ȼɀ159 ɢ ȼɀ172 (ɬɚɛɥɢɰɚ 3) [11]. 

 
Ɍɚɛɥɢɰɚ 3 – Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ 

ɋɩɥɚɜ 
Ɋɚɛɨɱɚɹ 

ɬɟɦɩɟɪɚɬɭɪɚ, 
°ɋ 

ɋɨɞɟɪɠɚɧ
ɢɟ ɮɚɡɵ % 
ɩɨ ɦɚɫɫɟ  

Ɇɉɚ % 
Ɇɉɚ 

Ɇɐɍ: 
(ɩɪɢ N=104 ɰɢɤɥ; 

?=1 Ƚɰ; R=0) 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, °ɋ 

650 750 650 750 

ɗɂ698-ȼȾ 750 20-23 1158 17 706 412 834 716 
ɗɉ742-ɂȾ   30-35 1295 17 834 530 726 736 
ɗɄ79-ɂȾ   40-45 1354 18 893 600 853 726 
ɗɄ151-ɂȾ 800 45-50 1471 15 1010 638 1176 1080 
ȼɀ175-ɂȾ   50-54 1595 15 1050 640 1275 1130 
ɗɉ975-ɂȾ 950 53-56 1315 19 - 736 - 950 
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ɋɩɥɚɜ 
 

Ɋɚɛɨɱɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ, 

°ɋ 

Ɇɉɚ 
 

% 
 

Ɇɉɚ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɵɬɚɧɢɣ, °ɋ 

700 900 1000 1100 1200 

ȼɀ172 900 1400 25 620 80 - - - 
ȼɀ159 1000 1150 30 - 70 25 - - 
ȼɀ171 1250 850 10 - - 68 45 23 

 
3.2 Ʌɢɬɟɣɧɵɟ ɠɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ 

 
ɀɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ (ɬɚɛɥɢɰɚ 4) ɨɛɥɚɞɚɸɬ ɯɨɪɨɲɢɦɢ ɥɢɬɟɣɧɵɦɢ 

ɫɜɨɣɫɬɜɚɦɢ - ɜɵɫɨɤɨɣ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶɸ, ɦɚɥɨɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɝɚɡɨɜɨɣ 
ɩɨɪɢɫɬɨɫɬɢ, ɧɟɛɨɥɶɲɨɣ ɥɢɧɟɣɧɨɣ ɢ ɨɛɴɟɦɧɨɣ ɭɫɚɞɤɨɣ (2–3 %).  

 
Ɍɚɛɥɢɰɚ 4 – Ʌɢɬɟɣɧɵɟ ɠɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ 
Ɇɚɪɤɚ ɫɩɥɚɜɚ Ɋɚɡɪɚɛɨɬɱɢɤ Ɍɢɩ ɫɩɥɚɜɚ Ɍɢɩ ɫɬɪɭɤɬɭɪɵ 

ȼɀ172Ʌ ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɪɚɜɧɨɨɫɧɚɹ 
ȼɀɅ12ɍ ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɪɚɜɧɨɨɫɧɚɹ 
ȼɀɅ12ɗ ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɪɚɜɧɨɨɫɧɚɹ 
ȼɀɅ20 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɧɚɩɪɚɜɥɟɧɧɚɹ 
ȼɀɅ21 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɪɚɜɧɨɨɫɧɚɹ 
ȼɀɅ22 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɪɚɜɧɨɨɫɧɚɹ 
ȼɀɅ23 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɪɚɜɧɨɨɫɧɚɹ 
ȼɀɅ738 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɪɚɜɧɨɨɫɧɚɹ 
ȼɀɆ4 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 
ȼɀɆ5 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 
ȼɀɆ5ɍ ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 
ȼɀɆ6 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 
ȼɀɆ7 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 
ȼɀɆ8 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 
ȼɀɆ9 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 
ɀɋ26 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɧɚɩɪɚɜɥɟɧɧɚɹ 
ɀɋ26ɍ ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɧɚɩɪɚɜɥɟɧɧɚɹ 
ɀɋ3 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɪɚɜɧɨɨɫɧɚɹ 
ɀɋ30 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɧɚɩɪɚɜɥɟɧɧɚɹ 
ɀɋ30Ɇ ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 
ɀɋ32 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɪɚɜɧɨɨɫɧɚɹ 
ɀɋ32ɍ (ȼɀɆ3) ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 
ɀɋ36 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 
ɀɋ3ȾɄ ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɪɚɜɧɨɨɫɧɚɹ 
ɀɋ40 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 
ɀɋ47 (ȼɀɆ1) ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 
ɀɋ6 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɪɚɜɧɨɨɫɧɚɹ 
ɀɋ6Ʉ ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɪɚɜɧɨɨɫɧɚɹ 



28 

ɀɋ6ɍ ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɪɚɜɧɨɨɫɧɚɹ 
ɀɋ6Ɏ ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɧɚɩɪɚɜɥɟɧɧɚɹ 
ɀɋɄɋ1 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 
ɀɋɄɋ2 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 
ɗɂ698 ȼɂȺɆ ɥɢɬɟɣɧɵɣ ɪɚɜɧɨɨɫɧɚɹ 

 
ɀɋ26ɍɆ, ɀɋ32ɍ, ɀɋ36 – ɷɤɨɧɨɦɧɨɥɟɝɢɪɨɜɚɧɧɵɟ ɪɟɧɢɟɦ 

ɠɚɪɨɩɪɨɱɧɵɟ ɧɢɤɟɥɟɜɵɟ ɫɩɥɚɜɵ ɞɥɹ ɫɨɩɥɨɜɵɯ ɢ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ȽɌȾ ɫ 
ɧɚɩɪɚɜɥɟɧɧɨɣ ɢ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɫ ɪɚɛɨɱɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ 
ɞɨ 1050°ɋ. ɋɩɥɚɜɵ ɀɋ26ɍɆ ɢ ɀɋ36 ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɞɜɢɝɚɬɟɥɟ ɉɋ-90. 

ȼɀɆ1, ȼɀɆ5 – ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɟ ɪɟɧɢɟɦ ɠɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ ɞɥɹ 
ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ȽɌȾ ɫ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɫ ɪɚɛɨɱɢɦɢ 
ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɞɨ 1100°ɋ. 

ȼɀɆ4, ȼɀɆ6, ȼɀɆ8 – ɪɟɧɢɣ-ɪɭɬɟɧɢɣɫɨɞɟɪɠɚɳɢɟ ɠɚɪɨɩɪɨɱɧɵɟ 
ɧɢɤɟɥɟɜɵɟ ɫɩɥɚɜɵ ɞɥɹ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ȽɌȾ ɫ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
ɫɬɪɭɤɬɭɪɨɣ ɫ ɪɚɛɨɱɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɞɨ 1170°ɋ. ɋɩɥɚɜ ȼɀɆ4 ɜɧɟɫɟɧ ɜ 
ɫɩɟɰɢɮɢɤɚɰɢɸ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɉȾ-14 ɞɥɹ ɫɚɦɨɥɟɬɚ Ɇɋ-21. 

ȼɀɅ21, ȼɀɆ7 – ɫɩɥɚɜɵ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɫ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɞɥɹ 
ɥɢɬɶɹ ɪɚɛɨɱɢɯ ɢ ɫɨɩɥɨɜɵɯ ɥɨɩɚɬɨɤ ɫ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ (ɪɚɜɧɨɨɫɧɨɣ) 
ɫɬɪɭɤɬɭɪɨɣ (ȼɀɅ21) ɢ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ (ȼɀɆ7) ɫ ɪɚɛɨɱɢɦɢ 
ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɞɨ 1050°ɋ (ɪɢɫɭɧɨɤ 18) [11]. 

 

 
 

Ɋɢɫɭɧɨɤ 18 – Ⱦɜɢɝɚɬɟɥɶ ɉȾ-14 

 
ȼɀɅ21, ȼɀɆ7 – ɫɩɥɚɜɵ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɫ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɞɥɹ 

ɥɢɬɶɹ ɪɚɛɨɱɢɯ ɢ ɫɨɩɥɨɜɵɯ ɥɨɩɚɬɨɤ ɫ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ (ɪɚɜɧɨɨɫɧɨɣ) 

Ʌɨɩɚɬɤɚ 
ɬɭɪɛɢɧɵ ɢɡ 
ɠɚɪɨɩɪɨɱɧɨɝɨ
ɫɩɥɚɜɚ 
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ɫɬɪɭɤɬɭɪɨɣ (ȼɀɅ21) ɢ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ (ȼɀɆ7) ɫ ɪɚɛɨɱɢɦɢ 
ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɞɨ 1050°ɋ. 

ɀɋɄɋ1, ɀɋɄɋ2 – ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ ɠɚɪɨɩɪɨɱɧɵɟ ɧɢɤɟɥɟɜɵɟ 
ɫɩɥɚɜɵ ɞɥɹ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɫ ɪɚɜɧɨɨɫɧɨɣ, ɧɚɩɪɚɜɥɟɧɧɨɣ ɢ 
ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɞɥɹ ɫɬɚɰɢɨɧɚɪɧɵɯ ȽɌɍ ɞɥɢɬɟɥɶɧɨɝɨ 
ɪɟɫɭɪɫɚ. ɉɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɥɢɬɟɣɧɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ (ɬɚɛɥɢɰɟ 5). 
Ɍɚɛɥɢɰɚ 5 – ɉɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɥɢɬɟɣɧɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ 

ɋɩɥɚɜ 
d,ɤɝ/
ɦ3 

ı ɜ 20° 
Ɇɉɚ 

δ, % 
ı 100 900°/ 
ı 1000 900° 

ı 100 1000°/ ı 
1000 1000° 

ı 100 1100°/ ı 
1000 1100° 

ı 100 1150°/ ı 
1000 1150° 

Ɇɉɚ 

ɀɋ26ɍɆ 8630 969 24 410/245 195/105 90/60  
ɀɋ32ɍ 8870 1175 15 460/350 265/160 120(79)*/90  
ɀɋ36 8724 1085 19 480/350 255/160 140/85  
ȼɀɆ1 9089 1190 21 585/450 330/215 165/95  
ȼɀɆ5 8790 1090 14 525/ 275/ 150/  
ȼɀɆ4 8870 1220 20 575/405 305/200 175/125 125/74 
ȼɀɆ6 8900 1200 16 595/435 315/220 180/130 140/90 
ȼɀɆ8 9060 1405 14,5 - - 200/140 150/- 
ȼɀɅ-21 8190 1040 9 345/250 180/110 75/?  
ȼɀɆ7 8400 1030 20 430/300 220/140 115/90  
ɀɋɄɋ1 8200 1135 9 359/238 305/200   
ɀɋɄɋ2 8315 1240 13 395/285 200/135   

 
ɂɧɬɟɪɦɟɬɚɥɥɢɞɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ Ni3Al ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ 

ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɞɟɬɚɥɹɯ ɤɚɦɟɪ ɫɝɨɪɚɧɢɹ ɫ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɞɨ 1300°C, 
ɬɭɪɛɢɧ – ɜ ɤɚɱɟɫɬɜɟ ɫɨɩɥɨɜɵɯ ɨɯɥɚɠɞɚɟɦɵɯ ɥɨɩɚɬɨɤ (ɪɢɫɭɧɨɤ 19), ɫɬɜɨɪɨɤ 
ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɫɨɩɥɚ, ɩɪɨɫɬɚɜɨɤ ɫ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɞɨ 1200°ɋ. 

ȼɄɇȺ-1ȼ – ɫɩɥɚɜ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɪɨɬɨɪɧɵɯ ɢ ɫɨɩɥɨɜɵɯ ɩɪɨɫɬɚɜɨɤ, 
ɩɪɨɲɟɥ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɟ ɨɩɪɨɛɨɜɚɧɢɟ (ɫ ɩɨɥɨɠɢɬɟɥɶɧɵɦ 
ɷɮɮɟɤɬɨɦ) ɜ ɤɚɱɟɫɬɜɟ ɫɟɝɦɟɧɬɨɜ ɠɚɪɨɜɨɣ ɬɪɭɛɵ ɫ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɞɨ 
1250°C ɜ ɬɟɱɟɧɢɟ 2000 ɱ ɧɚ ɞɜɢɝɚɬɟɥɹɯ ɉɋ-90Ⱥ (ɈȺɈ «Ⱥɜɢɚɞɜɢɝɚɬɟɥɶ») ɢ 
117Ⱥ (ɈȺɈ «ɇɉɈ ɋɚɬɭɪɧ»). 
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Ɋɢɫɭɧɨɤ 19 – Ɋɚɛɨɱɢɟ ɥɨɩɚɬɤɢ ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ 

ȼɄɇȺ-4ɍɆɨɧɨ – ɫɩɥɚɜ ɩɪɨɲɟɥ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɩɪɨɛɨɜɚɧɢɟ ɜ 
ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɬɭɪɛɢɧɵ ɞɜɢɝɚɬɟɥɹ ɌȼȾ-20 ɞɥɹ ɫɚɦɨɥɟɬɨɜ Ⱥɧ-3Ɍ ɢ 
Ⱥɧ-38-200; ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɟ ɨɩɪɨɛɨɜɚɧɢɟ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɫ ɩɨɥɨɠɢɬɟɥɶɧɵɦ 
ɷɮɮɟɤɬɨɦ ɜ ɬɟɱɟɧɢɟ 5000 ɱ ɢ 10000 ɰɢɤɥɨɜ ɧɚ ɈȺɈ «ɈɆɄȻ» (ɝ. Ɉɦɫɤ); 
ɪɟɤɨɦɟɧɞɨɜɚɧ ɞɥɹ ɫɟɪɢɣɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɚɦɨɥɟɬɟ ɂɥ-96 (ɪɢɫɭɧɨɤ 20). 

 

 
 

Ɋɢɫɭɧɨɤ 20 – ɋɚɦɨɥɟɬ ɂɥ-96 

 
ȼɄɇȺ-4ɍɊ – ɫɩɥɚɜ ɩɪɨɲɟɥ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɩɪɨɛɨɜɚɧɢɟ ɩɪɢ 

ɢɡɝɨɬɨɜɥɟɧɢɢ ɫɬɜɨɪɨɤ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɫɨɩɥɚ ɢ ɛɥɨɤɨɜ ɫɨɩɥɨɜɵɯ ɥɨɩɚɬɨɤ ɫ 
ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɷɮɮɟɤɬɨɦ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɟ ɨɩɪɨɛɨɜɚɧɢɟ ɜ ɫɨɫɬɚɜɟ 
ɞɜɢɝɚɬɟɥɹ ȺɅ-31Ɏ ɢ ɦɚɥɨɝɚɛɚɪɢɬɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɆȾ-120 ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ 
ɎȽɍɉ "ɇɉɐ Ƚɚɡɨɬɭɪɛɨɫɬɪɨɟɧɢɹ «ɋɚɥɸɬ»". ɋɩɥɚɜ ɜɧɟɫɟɧ ɜ ɫɩɟɰɢɮɢɤɚɰɢɸ 
ɞɜɢɝɚɬɟɥɹ ɜɟɪɬɨɥɟɬɚ ȼɄ-800 ɈȺɈ «Ʉɥɢɦɨɜ»(ɪɢɫɭɧɨɤ 21). 
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.  
 

Ɋɢɫɭɧɨɤ 21 – ɋɨɩɥɨɜɨɣ ɚɩɩɚɪɚɬ ɢɡ ɫɩɥɚɜɚ ȼɄɇȺ-4ɍɊ 

 
ȼɄɇȺ-25 – ɫɩɥɚɜ ɩɪɨɲɟɥ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɟ ɨɩɪɨɛɨɜɚɧɢɟ ɫ 

ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɷɮɮɟɤɬɨɦ ɜ ɫɨɫɬɚɜɟ ɦɚɥɨɝɚɛɚɪɢɬɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɆȾ-120 ɧɚ 
ɩɪɟɞɩɪɢɹɬɢɢ ɎȽɍɉ "ɇɉɐ Ƚɚɡɨɬɭɪɛɨɫɬɪɨɟɧɢɹ «ɋɚɥɸɬ» (ɪɢɫɭɧɨɤ 22). 

 

 
 

Ɋɢɫɭɧɨɤ 22 – ȼɧɟɲɧɢɣ ɜɢɞ ɞɜɭɯɴɹɪɭɫɧɨɝɨ ɛɥɨɤɚ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɦɚɥɨɝɚɛɚɪɢɬɧɨɝɨ 
ɞɜɢɝɚɬɟɥɹ ɢɡ ɫɩɥɚɜɚ ȼɄɇȺ-25 

 
ȼɄɇȺ-1ȼ ɢ ȼɄɇȺ-4ɍ – ɫɩɥɚɜɵ ɜɧɟɫɟɧɵ ɜ ɫɩɟɰɢɮɢɤɚɰɢɸ 

ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɉȾ-14 ɞɥɹ ɫɚɦɨɥɟɬɚ Ɇɋ-21 (ɪɢɫɭɧɨɤ 23) [11]. 
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Ɋɢɫɭɧɨɤ 23 – ɋɨɩɥɨɜɨɣ ɥɨɩɚɬɤɚ ɢɡ ɫɩɥɚɜɚ ȼɄɇȺ-4ɍ 
 

ɉɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɫɩɥɚɜɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 6. 
 
Ɍɚɛɥɢɰɚ 6 – ɉɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɫɩɥɚɜɨɜ 

ɋɩɥɚɜ 
(ɄȽɈ) 

ɋɭɦɦɚ 
ɥɢɝɢɪɭɸɳɢɯ 

ɷɥɟɦɟɧɬɨɜ  
( Ɇɨ,W, Re, 

Ta), %  
(ɉɨ ɦɚɫɫɟ) 

d,ɤɝ/ɦ
3 

Ɋɚɛɨɱɚɹ 
ɬɟɦɩɟɪɚɬɭ

ɪɚ °ɋ 

ɉɪɟɞɟɥ 
ɩɪɨɱɧɨɫ

ɬɢ 

ɀɚɪɨɩɪɨɱɧɨɫɬɶ 
ɧɚ ɛɚɡɟ 100ɱ, 

ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ 

ɀɚɪɨɫɬɨɣɤɨɫɬɶ 
ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ,°C 
ı ɜ 20° 𝜎 100

1100° 𝜎 100
1200° 

Ɇɉɚ 1100 1200 

ȼɄɇȺ-1ȼ 6,5 7938 1250 1350 100 45 10 20 
ȼɄɇȺ-4ɍ 7,2 7910 1200 1340 110 50 6 16 
ȼɄɇȺ-25 9,5 8105 1200 1120 125 48 12,5 20 

ȼɂɇ2 10,2 8120 1200 1400 100* - 15 20 
ȼɂɇ3 13,5 8247 1200 855 82 45 15 - 
ȼɂɇ4 10 8161 1200 900 90 40 15 20 

 
4 ɋɢɧɬɟɡ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ 
 
ɋɩɥɚɜɵ ɜɨɡɧɢɤɚɸɬ, ɩɪɢɦɟɧɹɸɬɫɹ, ɪɚɡɜɢɜɚɸɬɫɹ ɢ ɭɦɢɪɚɸɬ. ȼ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ ɤɨɥɢɱɟɫɬɜɨ ɜɧɨɜɶ ɫɨɡɞɚɜɚɟɦɵɯ ɫɩɥɚɜɨɜ ɪɚɫɬɟɬ ɛɵɫɬɪɟɟ, ɱɟɦ ɤɨɥɢɱɟɫɬɜɨ 
ɫɩɥɚɜɨɜ, ɩɪɨɢɡɜɨɞɫɬɜɨ ɤɨɬɨɪɵɯ ɩɪɟɤɪɚɬɢɥɨɫɶ. Ɋɨɫɬ ɱɢɫɥɚ ɦɚɬɟɪɢɚɥɨɜ, ɤɚɤ ɢ 
ɞɪɭɝɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɪɟɜɨɥɸɰɢɢ, 
ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɨɫɧɨɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢ: 

− ɛɵɫɬɪɵɦ ɩɨɜɵɲɟɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɬɟɯɧɢɤɢ (ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ, 
ɫɤɨɪɨɫɬɟɣ, ɞɚɜɥɟɧɢɣ, ɚɝɪɟɫɫɢɜɧɵɯ ɫɪɟɞ, ɦɨɳɧɨɫɬɟɣ, ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɜ ɨɞɧɨɦ 



33 

ɚɝɪɟɝɚɬɟ, ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɦɢɤɪɨɦɢɧɢɚɬɸɪɢɡɚɰɢɢ), ɬɪɟɛɭɸɳɢɦ ɭɜɟɥɢɱɟɧɢɹ 
ɭɪɨɜɧɹ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ; 

− ɭɫɥɨɠɧɟɧɢɟɦ ɦɚɲɢɧ, ɩɪɢɛɨɪɨɜ ɢ ɨɛɴɟɞɢɧɟɧɢɟɦ ɜ ɢɯ ɭɡɥɚɯ 
ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɮɭɧɤɰɢɣ, ɬɪɟɛɭɸɳɢɦ ɪɚɡɧɨɨɛɪɚɡɢɹ ɢ ɫɨɱɟ-ɬɚɧɢɹ ɱɚɫɬɨ 
ɩɪɨɬɢɜɨɪɟɱɢɜɵɯ ɫɜɨɣɫɬɜ; 

− ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɯ ɨɬɪɚɫɥɟɣ ɬɟɯɧɢɤɢ 
(ɤɨɫɦɢɱɟɫɤɚɹ, ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɚɹ, ɚɬɨɦɧɚɹ, ɫɜɟɪɯɩɪɨɜɨɞɧɢɤɨɜɚɹ, ɥɚɡɟɪɧɚɹ ɢ 
ɞɪ.), ɬɪɟɛɭɸɳɢɦ ɫɨɜɟɪɲɟɧɧɨ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɵɟ ɜ ɩɪɟɞɲɟɫɬɜɭɸɳɭɸ 
ɷɩɨɯɭ ɩɪɨɫɬɨ ɧɟ ɫɭɳɟɫɬɜɨɜɚɥɢ. 

ɇɚɪɹɞɭ ɫ ɧɨɜɨɣ ɬɟɯɧɢɤɨɣ ɜ ɨɝɪɨɦɧɵɯ ɦɚɫɲɬɚɛɚɯ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ 
ɢɡɞɟɥɢɹ ɬɪɚɞɢɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ, ɧɟ ɬɪɟɛɭɸɳɢɟ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɫɜɨɣɫɬɜ, ɧɨ 
ɬɪɟɛɭɸɳɢɟ ɞɟɲɟɜɢɡɧɵ ɢ ɜɵɫɨɤɨɣ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ, ɨɫɨɛɟɧɧɨ ɜ ɭɫɥɨɜɢɹɯ 
ɦɚɫɫɨɜɨɝɨ ɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

 
Ɍɪɚɞɢɰɢɨɧɧɨɟ ɦɟɬɚɥɥɨɜɟɞɟɧɢɟ ɮɚɤɬɢɱɟɫɤɢ ɧɟ ɫɬɚɜɢɬ ɩɟɪɟɞ ɫɨɛɨɣ ɡɚɞɚɱɢ 

ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɯɨɬɹ ɜ ɩɪɚɤɬɢɤɟ ɪɚɛɨɬɵ ɦɟɬɚɥɥɨɜɟɞɵ ɜɵɧɭɠɞɟɧɵ 
ɡɚɧɢɦɚɬɶɫɹ ɷɬɢɦɢ ɜɨɩɪɨɫɚɦɢ ɜɨ ɜɫɟ-ɜɨɡɪɚɫɬɚɸɳɟɦ ɦɚɫɲɬɚɛɟ. 

ȼ ɨɛɳɟɦ ɜɢɞɟ ɡɚɞɚɱɚ ɨ ɫɨɡɞɚɧɢɢ ɧɨɜɨɝɨ ɫɩɥɚɜɚ ɦɨɠɟɬ ɛɵɬɶ 
ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 

Ⱦɚɧɨ: ɩɟɪɢɨɞɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɷɥɟɦɟɧɬɨɜ Ɇɟɧɞɟɥɟɟɜɚ ɢ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ 
ɞɚɧɧɵɟ ɨ ɫɜɨɣɫɬɜɚɯ ɷɥɟɦɟɧɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

ɍɫɥɨɜɢɹ: ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɫɩɥɚɜ ɞɨɥɠɟɧ ɨɛɥɚɞɚɬɶ ɨɩɪɟɞɟɥɟɧɧɵɦ 
ɤɨɦɩɥɟɤɫɨɦ ɫɜɨɣɫɬɜ. ɗɬɢ ɫɜɨɣɫɬɜɚ ɞɟɥɹɬɫɹ ɧɚ ɬɪɢ ɤɚɬɟɝɨɪɢɢ. 

− ɝɥɚɜɧɨɟ ɫɜɨɣɫɬɜɨ, ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ ɢɦɟɬɶ ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 
(ɩɪɨɱɧɨɫɬɶ, ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɨɬɢɜ ɤɨɪɪɨɡɢɢ, ɰɟɧɚ, ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶ). 

− ɨɝɪɚɧɢɱɟɧɢɹ, ɤɨɬɨɪɵɟ ɨɝɨɜɚɪɢɜɚɸɬ, ɱɬɨ ɪɹɞ ɞɪɭɝɢɯ ɫɜɨɣɫɬɜ ɞɨɥɠɧɵ 
ɛɵɬɶ ɧɟ ɦɟɧɶɲɟ (ɢɥɢ ɧɟ ɛɨɥɶɲɟ) ɨɩɪɟɞɟɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ (ɭɞɚɪɧɚɹ ɜɹɡɤɨɫɬɶ, 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɟɮɢɰɢɬɧɵɯ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɰɟɧɚ ɫɩɥɚɜɚ, ɬɨɤɫɢɱɧɨɫɬɶ 
ɢ ɞɪ.). 

− ɬɪɟɛɨɜɚɧɢɹ ɤ «ɧɚɬɭɪɧɵɦ» ɫɜɨɣɫɬɜɚɦ. Ɉɛɵɱɧɨ ɫɜɨɣɫɬɜɚ ɩɟɪɜɵɯ ɞɜɭɯ 
ɤɚɬɟɝɨɪɢɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɨɛɪɚɡɰɚɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɚɯ. Ɉɞɧɚɤɨ 
ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɯɧɢɤɟ ɬɚɤɢɯ ɢɫɩɵɬɚɧɢɣ ɧɟɞɨɫɬɚɬɨɱɧɨ. Ɍɪɟɛɭɟɬɫɹ ɩɪɨɜɟɪɤɚ 
ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɫɩɥɚɜɚ ɜ ɪɟɚɥɶɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɪɚɛɨɱɢɯ 
ɫɜɨɣɫɬɜ ɧɚ ɪɟɠɢɦɚɯ ɩɨɜɵɲɟɧɧɨɣ ɧɚɝɪɭɡɤɢ. 

Ɍɪɟɛɭɟɬɫɹ: ɧɚɣɬɢ ɫɨɫɬɚɜ ɫɩɥɚɜɚ ɢ ɪɟɠɢɦ ɟɝɨ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɜɵɩɨɥɧɟɧɢɟ ɜɫɟɯ ɷɬɢɯ ɭɫɥɨ-ɜɢɣ. 
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Ʉɪɭɝ ɦɟɬɨɞɨɜ, ɩɪɢɜɥɟɤɚɟɦɵɣ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɢɯ ɡɚɞɚɱ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɫɜɹɡɚɬɶ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɩɨɧɹɬɢɟɦ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɢɦɟɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 
ɬɟɪɦɢɧɵ: 

− ɪɚɡɪɚɛɨɬɤɚ ɫɩɥɚɜɚ. ɉɨɧɹɬɢɟ ɨɛɨɡɧɚɱɚɟɬ ɡɚɬɪɚɬɭ ɬɪɭɞɚ, ɷɧɟɪɝɢɢ, ɪɚɛɨɬɵ, 
ɧɚɩɪɚɜɥɟɧɧɨɣ ɧɚ ɢɡɭɱɟɧɢɟ ɩɪɟɞɦɟɬɚ, ɧɨ ɧɟ ɜɵɪɚɠɚɟɬ ɫɭɳɧɨɫɬɢ ɪɟɲɚɟɦɨɣ 
ɡɚɞɚɱɢ. 

− ɜɵɛɨɪ ɫɩɥɚɜɚ. ɉɨɧɹɬɢɟ ɩɨɞɪɚɡɭɦɟɜɚɟɬ, ɱɬɨ ɢɦɟɟɬɫɹ ɪɹɞ ɨɛɴɟɤɬɨɜ, 
ɧɚɦɟɱɟɧɧɵɯ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɢ ɢɡ ɧɢɯ ɜɵɛɢɪɚɟɬɫɹ ɧɚɢɥɭɱɲɢɣ. Ɍɚɤɨɟ 
ɨɩɪɟɞɟɥɟɧɢɟ ɫɩɪɚɜɟɞɥɢɜɨ ɬɨɥɶɤɨ ɞɥɹ ɦɟɬɨɞɚ ɩɪɨɛ ɢ ɨɲɢɛɨɤ, ɧɟ ɟɞɢɧɫɬɜɟɧɧɨɝɨ 
ɢ ɞɚɥɟɤɨ ɧɟ ɥɭɱɲɟɝɨ. 

− ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɩɥɚɜɚ ɫ ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. 
ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɨɡɧɚɱɚɟɬ ɫɨɫɬɚɜɥɟɧɢɟ ɱɟɪɬɟɠɟɣ, ɞɨɤɭɦɟɧɬɨɜ, ɫɦɟɬ, 
ɨɛɪɚɡɭɸɳɢɯ ɤɨɦɩɥɟɤɬ ɞɨɤɭɦɟɧɬɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɫɨɡɞɚɧɢɹ ɤɚɤɨɝɨ-ɥɢɛɨ 
ɫɨɨɪɭɠɟɧɢɹ. Ɉɞɧɚɤɨ ɜ ɷɬɨ ɩɨɧɹɬɢɟ ɧɟ ɜɯɨɞɢɬ ɩɪɨɜɟɞɟɧɢɟ ɨɩɵɬɨɜ, ɛɟɡ ɤɨɬɨɪɵɯ 
ɫɨɡɞɚɧɢɟ ɫɩɥɚɜɨɜ ɩɨɤɚ ɧɟ ɦɵɫɥɢɦɨ. Ʉɪɨɦɟ ɬɨɝɨ, «ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɵɟ ɫɜɨɣɫɬɜɚ» 
ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɮɢɡɢɱɟɫɤɢ ɧɟ ɨɫɭɳɟɫɬɜɢɦɵɦɢ. 

− ɨɩɬɢɦɢɡɚɰɢɹ ɫɩɥɚɜɚ. ɗɬɨ ɨɩɟɪɚɰɢɹ ɜɵɛɨɪɚ ɧɚɢɥɭɱɲɟɝɨ ɫɨɫɬɚɜɚ ɫɩɥɚɜɚ 
ɜɧɭɬɪɢ ɧɟɤɨɬɨɪɨɣ ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɱɢɫɥɚ ɡɚɞɚɧɧɵɯ 
ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ. Ɉɧɚ ɫɨɫɬɚɜɥɹɟɬ ɜɚɠɧɭɸ, ɧɨ ɧɟ ɟɞɢɧɫɬɜɟɧɧɭɸ ɱɚɫɬɶ 
ɡɚɞɚɱɢ. 

− ɫɨɡɞɚɧɢɟ ɫɩɥɚɜɚ. Ɍɟɪɦɢɧ ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɧɢɱɟɝɨ 
ɪɚɧɶɲɟ ɫɞɟɥɚɧɨ ɧɟ ɛɵɥɨ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɟ-ɜɨɡɦɨɠɧɨ ɧɚɣɬɢ ɫɪɟɞɢ ɫɩɥɚɜɨɜ 
ɨɛɥɚɫɬɶ, ɨ ɤɨɬɨɪɨɣ ɧɢɱɟɝɨ ɧɟ ɛɵɥɨ ɛɵ ɢɡɜɟɫɬɧɨ. 

− ɫɢɧɬɟɡ ɫɩɥɚɜɨɜ. ȼ 1968 ɝ. ɧɚ ɫɨɜɟɳɚɧɢɢ, ɩɨɫɜɹɳɟɧɧɨɦ ɨɫɧɨɜɚɦ 
ɨɛɪɚɡɨɜɚɧɢɹ ɥɢɬɟɣɧɵɯ ɫɩɥɚɜɨɜ, ɚɜɬɨɪɨɦ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɷɬɨɬ ɬɟɪɦɢɧ. ɋɥɨɜɨ 
ɫɢɧɬɟɡ ɨɛɨɡɧɚɱɚɟɬ ɨɛɴɟɞɢɧɟɧɢɟ. ȿɫɥɢ ɤɥɚɫɫɢɱɟɫɤɨɟ ɦɟɬɚɥɥɨɜɟɞɟɧɢɟ 
ɮɚɤɬɢɱɟɫɤɢ ɪɟɲɚɥɨ ɡɚɞɚɱɭ ɚɧɚɥɢɡɚ, ɬ.ɟ. ɨɬɜɟɱɚɥɨ ɧɚ ɜɨɩɪɨɫ, ɩɨɱɟɦɭ 
ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɩɥɚɜɵ ɢɦɟɸɬ ɬɟ ɢɥɢ ɢɧɵɟ ɫɜɨɣɫɬɜɚ, ɬɨ ɫɢɧɬɟɡ ɫɩɥɚɜɨɜ ɞɨɥɠɟɧ 
ɨɬɜɟɱɚɬɶ ɧɚ ɜɨɩɪɨɫ, ɤɚɤɨɣ ɫɨɫɬɚɜ ɞɨɥɠɟɧ ɢɦɟɬɶ ɫɩɥɚɜ, ɨɬɜɟɱɚɸɳɢɣ 
ɨɩɪɟɞɟɥɟɧɧɵɦ ɫɜɨɣɫɬɜɚɦ. Ɂɚ ɩɨɫɥɟɞ-ɧɟɟ ɜɪɟɦɹ ɷɬɨɬ ɬɟɪɦɢɧ ɩɨɥɭɱɢɥ ɧɟɤɨɬɨɪɨɟ 
ɩɪɢɦɟɧɟɧɢɟ. ɉɪɟɞɫɬɚɜɥɹɟɬɫɹ, ɱɬɨ ɨɧ ɩɪɚɜɢɥɶɧɨ ɩɟɪɟɞɚɟɬ ɫɦɵɫɥ ɡɚɞɚɱɢ. 

Ɇɟɬɨɞɵ, ɤɨɬɨɪɵɟ ɩɪɢɦɟɧɹɥɢɫɶ ɢ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɫɢɧɬɟɡɟ ɫɩɥɚɜɨɜ, ɦɨɠɧɨ 
ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ ɝɪɭɩɩɵ [11]. 

Ɇɟɬɨɞ ɩɪɨɛ ɢ ɨɲɢɛɨɤ. ȼ ɢɦɟɸɳɭɸɫɹ ɨɫɧɨɜɭ ɜɜɨ-ɞɹɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɪɚɡɥɢɱɧɵɟ ɷɥɟɦɟɧɬɵ; ɫɧɚɱɚɥɚ ɩɨ ɨɞɧɨɦɭ, ɡɚɬɟɦ ɜ ɜɢɞɟ ɝɪɭɩɩ ɢɡ ɞɜɭɯ, ɬɪɟɯ ɢɥɢ 
ɛɨɥɶɲɟɝɨ ɱɢɫɥɚ. ɗɥɟɦɟɧ-ɬɵ, ɨɬɪɢɰɚɬɟɥɶɧɨ ɜɥɢɹɸɳɢɟ ɧɚ ɫɜɨɣɫɬɜɚ, ɫɪɚɡɭ ɠɟ 
ɨɬɛɪɚɫɵɜɚ-ɸɬɫɹ, ɚ ɤɨɦɩɨɡɢɰɢɢ ɢɡ ɷɥɟɦɟɧɬɨɜ ɢɥɢ ɢɯ ɝɪɭɩɩ, ɤɨɬɨɪɵɟ ɞɚɸɬ 
ɯɨɪɨɲɢɟ ɪɟɡɭɥɶɬɚɬɵ, ɫɨɯɪɚɧɹɸɬɫɹ; ɫɩɥɚɜ, ɞɚɜɲɢɣ ɧɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɢɡ 
ɩɨɞɜɟɪɝɚɜɲɢɯɫɹ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɫɱɢɬɚɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɦ. ȼɵɛɨɪ ɥɟɝɢɪɭɸɳɢɯ 
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ɷɥɟɦɟɧɬɨɜ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. ɉɪɢ ɫɤɨɥɶɤɢɯ-ɧɢɛɭɞɶ 
ɡɧɚɱɢɬɟɥɶɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ ɷɥɟɦɟɧɬɨɜ, ɢɡ ɤɨɬɨɪɵɯ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɵɛɨɪ 
ɫɩɥɚɜɨɜ, ɱɢɫɥɨ ɬɪɟɛɭɟɦɵɯ ɨɩɵɬɨɜ ɜɨɡɪɚɫɬɚɟɬ ɜ ɤɨɥɨɫɫɚɥɶɧɨɣ ɫɬɟɩɟɧɢ. ɗɬɢɦ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɦɟɬɨɞɚ. ɏɨɪɨɲɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɜɲɢɟ ɫɟɛɹ 
ɫɩɥɚɜɵ ɩɪɨɞɨɥɠɚɸɬ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶɫɹ; ɜ ɧɢɯ ɜɜɨɞɹɬ ɞɨɛɚɜɤɢ ɧɨɜɵɯ 
ɷɥɟɦɟɧɬɨɜ. ɉɪɨɢɫɯɨɞɢɬ ɢɯ ɟɫɬɟɫɬɜɟɧɧɵɣ ɨɬɛɨɪ. ɉɨɫɤɨɥɶɤɭ ɜɫɹ ɷɬɚ ɪɚɛɨɬɚ 
ɮɚɤɬɢɱɟɫɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɮɟɪɟ ɦɟɬɚɥɥɨɜɟɞɟɧɢɹ ɢ ɜɫɟɝɞɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɢɡɭɱɟɧɢɟɦ ɫɬɪɭɤɬɭɪ ɫɩɥɚɜɨɜ, ɦɟɬɨɞ ɦɨɠɟɬ ɛɵɬɶ ɧɚɡɜɚɧ ɬɚɤɠɟ 
ɦɟɬɚɥɥɨɜɟɞɱɟɫɤɢɦ. 

Ɇɟɬɚɥɥɨɮɢɡɢɱɟɫɤɢɟ ɦɟɬɨɞɵ. Ɇɟɬɚɥɥɨɮɢɡɢɤɚ ɜɨɡɧɢɤɥɚ ɜ 30-ɯ ɝɨɞɚɯ 
ɧɚɲɟɝɨ ɜɟɤɚ. Ɉɧɚ ɫɬɚɜɢɥɚ ɫɜɨɟɣ ɡɚɞɚɱɟɣ ɢɡɭɱɟɧɢɟ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ 
ɫɪɟɞɫɬɜɚɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɢ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɨɛ 
ɢɯ ɚɬɨɦɧɨ-ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɬɪɨɟɧɢɢ. ɇɟɫɦɨɬɪɹ ɧɚ ɢɧɬɭɢɬɢɜɧɨ ɨɠɢɞɚɟɦɭɸ 
ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ, ɦɟɬɚɥɥɨɮɢɡɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɩɨɤɚ ɧɟ ɞɚɸɬ ɤɨɧɤɪɟɬɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ, ɯɨɬɹ ɢɯ ɨɬɞɟɥɶɧɵɟ ɤɚɱɟɫɬɜɟɧɧɵɟ ɩɨɥɨɠɟɧɢɹ ɹɜɥɹɸɬɫɹ ɩɨɥɟɡɧɵɦɢ 
ɭɠɟ ɫɟɣɱɚɫ. 

ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ. ɇɚɱɢɧɚɹ ɫ 20-ɯ ɝɨɞɨɜ ɩɪɨɜɨɞɢɥɨɫɶ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɩɚɫɫɢɜɧɵɯ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ 
ɨɛɪɚɛɨɬɤɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɨɩɵɬɚ. Ɉɞɧɚɤɨ ɧɟɛɨɥɶɲɨɣ ɢɧɬɟɪɜɚɥ ɫɥɭɱɚɣɧɵɯ 
ɤɨɥɟɛɚɧɢɣ ɫɨɫɬɚɜɚ ɫɩɥɚɜɨɜ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɧɟɜɨɡɦɨɠɧɨɫɬɶ 
ɜɜɟɞɟɧɢɹ ɜ ɧɢɯ ɧɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɜɨɞɢɬ ɧɚ ɧɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɢɧɬɟɡɚ ɧɨɜɵɯ 
ɫɩɥɚɜɨɜ ɷɬɢɦ ɦɟɬɨɞɨɦ. 

ɋɢɫɬɟɦɧɵɣ ɩɨɞɯɨɞ. ɋɨɜɨɤɭɩɧɨɫɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɥɸɛɵɯ ɤɨɦɛɢɧɚɰɢɣ 
ɷɥɟɦɟɧɬɨɜ ɜ ɥɸɛɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɫ ɞɚɧɧɨɣ ɨɫɧɨɜɨɣ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ 
ɫɢɫɬɟɦɭ. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɩɟɪɟɛɨɪ ɜɫɟɯ ɤɨɦɛɢɧɚɰɢɣ ɢɡ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ 
ɨɩɵɬɧɵɦ ɩɭɬɟɦ ɧɟɨɫɭɳɟɫɬɜɢɦ. Ʉɨɝɞɚ ɡɚɞɚɱɚ ɫɢɫɬɟɦɧɨɝɨ ɚɧɚɥɢɡɚ ɧɟ ɪɟɲɚɟɬɫɹ 
ɜ ɥɨɛ, ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɦɟɬɨɞ ɪɟɞɭɤɰɢɢ, ɬ.ɟ. ɪɚɡɛɢɬɶ ɟɟ ɧɚ ɧɟɫɤɨɥɶɤɨ ɛɨɥɟɟ 
ɩɪɨɫɬɵɯ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɪɟɲɚɬɶ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ, ɤɚɠɞɭɸ ɢɡ ɧɢɯ ɧɚɢɛɨɥɟɟ 
ɩɨɞɯɨɞɹɳɢɦ ɦɟɬɨɞɨɦ. ɋɭɦɦɚ ɷɬɢɯ ɪɟɲɟɧɢɣ ɞɚɟɬ ɪɟɲɟɧɢɟ ɜɫɟɣ ɡɚɞɚɱɢ. 

ɉɪɨɢɡɜɟɞɟɦ ɪɚɡɛɢɟɧɢɟ ɡɚɞɚɱɢ ɨ ɫɢɧɬɟɡɟ ɫɩɥɚɜɨɜ ɧɚ ɫɥɟɞɭɸɳɢɟ 
ɩɨɞɡɚɞɚɱɢ (ɪɢɫɭɧɨɤ 24). 
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Ɋɢɫɭɧɨɤ 24- ɋɯɟɦɚ ɫɢɧɬɟɡɚ ɫɩɥɚɜɨɜ 

 
 - ɮɨɪɦɭɥɢɪɨɜɤɚ ɡɚɞɚɧɢɹ ɧɚ ɫɩɥɚɜ. 

- ɜɵɛɨɪ ɨɫɧɨɜɵ ɫɩɥɚɜɚ. 
- ɜɵɛɨɪ ɪɹɞɨɜ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ, 

ɨɫɧɨɜɵɜɚɸɳɢɣɫɹ ɧɚ ɩɚɪɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɯ ɨɫɧɨɜɵ ɢ ɨɫɬɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ 
ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. ɋɸɞɚ ɠɟ ɜɯɨɞɹɬ ɢɯ ɨɬɫɟɢɜɚɧɢɟ ɩɨ ɷɤɨɧɨɦɢɱɟɫɤɢɦ 
ɩɨɤɚɡɚɬɟɥɹɦ ɢ ɨɰɟɧɤɚ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ɢ ɩɪɢɦɟɫɟɣ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɨɜ. 

- ɜɵɛɨɪ ɥɟɝɢɪɭɸɳɟɝɨ ɤɨɦɩɥɟɤɫɚ, ɜɤɥɸɱɚɸɳɟɝɨ ɜ ɫɟɛɹ ɝɪɭɩɩɭ ɱɥɟɧɨɜ 
ɪɹɞɨɜ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɜɜɨɞɢɬɶɫɹ ɫɨɜɦɟɫɬɧɨ. 

- ɜɵɛɨɪ ɫɨɫɬɚɜɚ ɫɩɥɚɜɚ. ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɪɟɲɚɟɬɫɹ ɡɚɞɚɱɚ ɨ ɜɵɛɨɪɟ ɬɚɤɨɝɨ 
ɤɨɧɤɪɟɬɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɤɚɠɞɨɝɨ ɱɥɟɧɚ ɥɟɝɢɪɭɸɳɟɝɨ ɤɨɦɩɥɟɤɫɚ, ɤɨɬɨɪɵɣ 
ɨɛɟɫɩɟɱɢɥ ɛɵ ɧɚɢɜɵɫɲɢɣ ɜɨɡɦɨɠɧɵɣ ɭɪɨɜɟɧɶ ɨɫɧɨɜɧɨɝɨ ɫɜɨɣɫɬɜɚ. 
Ɉɤɨɧɱɚɬɟɥɶɧɨɟ ɪɟɲɟɧɢɟ ɨ ɜɧɟɞɪɟɧɢɢ ɫɩɥɚɜɚ ɩɪɢɧɢɦɚɟɬɫɹ ɬɨɥɶɤɨ ɩɨɫɥɟ ɟɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɨɩɪɨɛɨɜɚɧɢɹ. 

- ɫɨɫɬɚɜɥɟɧɢɟ ɚɧɫɚɦɛɥɟɣ ɫɩɥɚɜɨɜ. ɋɩɥɚɜɵ ɧɚ ɨɬɞɟɥɶɧɵɯ ɨɫɧɨɜɚɯ, ɞɥɹ 
ɨɬɞɟɥɶɧɵɯ ɧɚɡɧɚɱɟɧɢɣ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɥɟɝɢɪɭɸɳɢɯ ɤɨɦɩɥɟɤɫɨɜ ɦɨɝɭɬ ɢɦɟɬɶ 
ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɫɜɨɣɫɬɜɚ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɫɨɫɬɚɜɢɬɶ ɢɡ ɧɢɯ 
ɝɪɭɩɩɵ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɭɪɨɜɧɹɦɢ ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ. ɇɚ ɤɚɠɞɨɦ ɭɪɨɜɧɟ 
ɞɨɥɠɧɵ ɨɫɬɚɬɶɫɹ ɧɚɢɛɨɥɟɟ ɞɟɲɟɜɵɟ ɫɩɥɚɜɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɜɚɪɢɚɧɬɚɦɢ 
ɜɬɨɪɨɫɬɟɩɟɧɧɵɯ ɫɜɨɣɫɬɜ ɢ ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɵɦɢ ɥɟɝɢɪɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɨɡɹɣɫɬɜɟɧɧɨɣ ɫɢɬɭɚɰɢɢ. ɋɨɡɞɚɧɢɟ ɬɚɤɢɯ ɚɧɫɚɦɛɥɟɣ – ɞɟɥɨ 
ɛɭɞɭɳɟɝɨ. 
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Ɍɟɯɧɢɱɟɫɤɢɣ ɩɪɨɝɪɟɫɫ ɜ ɨɛɥɚɫɬɢ ɬɭɪɛɨɪɟɚɤɬɢɜɧɨɝɨ ɞɜɢɝɚɬɟɥɟɫɬɪɨɟɧɢɹ 
ɨɩɪɟɞɟɥɹɟɬɫɹ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɩɨɜɵɲɟɧɢɟɦ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ. 
Ɉɞɧɚɤɨ ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɬɵ ɬɭɪɛɢɧ ɨɝɪɚɧɢɱɢɜɚɸɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
ɠɚɪɨɩɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ. 
Ɋɚɛɨɱɢɟ ɥɨɩɚɬɤɢ ɢɡɝɨɬɨɜɥɹɸɬɫɹ, ɜ ɨɫɧɨɜɧɨɦ, ɦɟɬɨɞɨɦ ɧɚɩɪɚɜɥɟɧɧɨɣ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɡ ɥɢɬɟɣɧɵɯ ɧɢɤɟɥɟɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ. ɋɥɨɠɧɨɫɬɶ 
ɤɨɧɮɢɝɭɪɚɰɢɢ ɥɨɩɚɬɨɤ, ɜ ɱɚɫɬɧɨɫɬɢ, ɧɚɥɢɱɢɟ ɜɧɭɬɪɟɧɧɢɯ ɩɨɥɨɫɬɟɣ, ɞɟɥɚɟɬ 
ɥɢɬɶɟ ɧɟ ɬɨɥɶɤɨ ɷɤɨɧɨɦɢɱɧɵɦ, ɧɨ ɢ ɟɞɢɧɫɬɜɟɧɧɨ ɜɨɡɦɨɠɧɵɦ ɦɟɬɨɞɨɦ ɢɯ 
ɩɨɥɭɱɟɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɥɢɬɟɣɧɵɟ ɠɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ, ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɧɟ 
ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɭɫɥɨɜɢɹɦɢ ɯɨɪɨɲɟɣ ɨɛɪɚɛɚɬɵɜɚɟɦɨɫɬɢ ɩɪɢ ɩɥɚɫɬɢɱɟɫɤɨɣ 
ɞɟɮɨɪɦɚɰɢɢ, ɦɨɝɭɬ ɢɦɟɬɶ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɥɟɝɢɪɨɜɚɧɢɹ, ɚ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɩɨɜɵɲɟɧɧɭɸ ɠɚɪɨɩɪɨɱɧɨɫɬɶ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɨɫɬɢɝɚɟɬɫɹ 
ɩɪɟɢɦɭɳɟɫɬɜɨ ɜ ɠɚɪɨɩɪɨɱɧɨɫɬɢ ɩɪɢɦɟɪɧɨ ɧɚ 45 ... 60 % ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɞɟɮɨɪɦɢɪɭɟɦɵɦɢ ɠɚɪɨɩɪɨɱɧɵɦɢ ɫɩɥɚɜɚɦɢ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɜ 
ɩɪɚɤɬɢɤɟ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɚɜɢɚɞɜɢɝɚɬɟɥɟɫɬɪɨɟɧɢɹ ɥɨɩɚɬɨɱɧɵɟ ɫɩɥɚɜɵ ɀɋ6-Ʉ ɢ 
ɀɋ6-ɍ, ɀɋ26 ɢ ɀɋ32 ɢɦɟɸɬ ɩɪɟɞɟɥɵ 100-ɱɚɫɨɜɨɣ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɩɪɢ 
1000° ɋ ɧɟ ɛɨɥɟɟ 150 ... 180 Ɇɉɚ ɢ 200 ... 255 Ɇɉɚ, ɚ ɩɪɢ 1050°ɋ - 80 ... 
110Ɇɉɚ ɢ 125 ... 180 Ɇɉɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɗɬɢ ɫɜɨɣɫɬɜɚ ɭɠɟ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɸɬ 
ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɫɨɜɪɟɦɟɧɧɵɦ ɭɫɥɨɜɢɹɦ ɷɤɫɩɥɭɚɬɚɰɢɢ ȽɌȾ ɜ ɫɜɹɡɢ ɫ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɪɟɫɭɪɫɚ ɢ ɩɨɜɵɲɟɧɢɹ ɪɚɛɨɱɟɣ 
ɬɟɦɩɟɪɚɬɭɪɵ. ɉɨɷɬɨɦɭ ɪɚɛɨɬɵ ɜ ɨɛɥɚɫɬɢ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɠɚɪɨɩɪɨɱɧɵɯ 
ɫɩɥɚɜɨɜ ɨɬɧɟɫɟɧɵ ɤ ɩɪɢɨɪɢɬɟɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ [12]. Ɇɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ ɫɩɥɚɜɨɜ (ɪɢɫɭɧɨɤ 25) ɦɟɬɨɞɚɦɢ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɪɚɡɪɚɛɨɬɤɟ 
ɫɚɦɢɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɜɥɢɹɧɢɹ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɧɚ 
ɠɚɪɨɩɪɨɱɧɨɫɬɶ. 

 

 
 

Ɋɢɫɭɧɨɤ 25 – Ɉɛɳɚɹ ɦɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
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ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ «ɫɨɫɬɚɜ-ɫɜɨɣɫɬɜɨ» 
ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɪɹɞ ɦɟɬɨɞɨɜ — ɷɬɨ ɦɟɬɨɞɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ, 
ɦɧɨɠɟɫɬɜɟɧɧɨɝɨ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ (ɆɊȺ) ɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɦɟɬɨɞɵ 
— ɦɟɬɨɞ ɝɪɭɩɩɨɜɨɝɨ ɭɱɟɬɚ ɚɪɝɭɦɟɧɬɨɜ (ɆȽɍȺ) ɢ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɧɟɣɪɨɧɧɵɯ 
ɫɟɬɟɣ (ɪɢɫɭɧɨɤ 26). 

 

 

 
Ɋɢɫɭɧɨɤ 26 – Ɂɚɜɢɫɢɦɨɫɬɶ ɥɢɧɟɣɧɨɣ ɭɫɚɞɤɢ ɫɩɥɚɜɨɜ ɨɬ ɩɟɪɟɝɪɟɜɚ ɧɚɞ  

ɬɟɦɩɟɪɚɬɭɪɨɣ ɥɢɤɜɢɞɭɫ 

 
Ɇɟɬɨɞɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ ɷɮɮɟɤɬɢɜɧɵ ɥɢɲɶ ɧɚ ɩɟɪɜɨɧɚɱɚɥɶɧɨɦ 

ɷɬɚɩɟ ɢɫɫɥɟɞɨɜɚɧɢɹ — ɤɨɝɞɚ ɟɫɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɝɪɭɩɩɢɪɨɜɤɢ ɞɚɧɧɵɯ ɩɨ 
ɤɚɤɨɦɭ-ɬɨ ɩɪɢɡɧɚɤɭ, ɧɚɩɪɢɦɟɪ, ɜ ɦɟɬɨɞɟ ɝɪɭɩɩɨɜɨɝɨ ɭɱɟɬɚ ɚɪɝɭɦɟɧɬɨɜ ɩɪɢ 
ɮɨɪɦɢɪɨɜɚɧɢɢ ɨɛɭɱɚɸɳɟɣ ɢ ɤɨɧɬɪɨɥɶɧɨɣ ɜɵɛɨɪɨɤ, ɝɞɟ ɫɩɥɚɜɵ ɫ 
ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɩɪɨɜɟɪɤɢ ɦɨɞɟɥɢ ɧɚ 
ɡɚɤɥɸɱɢɬɟɥɶɧɨɦ ɷɬɚɩɟ ɚɥɝɨɪɢɬɦɚ. 

Ɇɟɬɨɞ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɪɟɝɪɟɫɫɢɢ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɟ 
ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ, ɱɬɨ ɨɤɚɡɵɜɚɟɬɫɹ ɩɨɥɟɡɧɵɦ ɩɪɢ 
ɮɨɪɦɢɪɨɜɚɧɢɢ ɦɨɞɟɥɟɣ ɛɨɥɟɟ ɫɥɨɠɧɵɦɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɦɢ ɦɟɬɨɞɚɦɢ, 
ɤɚɤɨɜɵɦɢ ɹɜɥɹɸɬɫɹ ɆȽɍȺ ɢ ɂɇɋ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦɢ 
ɦɟɬɨɞɚɦɢ ɹɜɥɹɸɬɫɹ ɆɊȺ ɢ ɷɜɪɢɫɬɢɤɢ, ɤɨɬɨɪɵɟ ɬɪɟɛɭɸɬ ɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɧɧɨɣ 
ɢɫɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɚɝɚɟɦɚɹ ɧɨɜɚɹ ɦɟɬɨɞɢɤɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɥɢɬɟɣɧɵɯ 
ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɨɬɥɢɜɨɤ ɫ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
ɫɬɪɭɤɬɭɪɨɣ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɨɫɬɚɜɚɯ 
ɢ ɫɜɨɣɫɬɜɚɯ ɢɡɜɟɫɬɧɵɯ ɫɩɥɚɜɨɜ, ɩɨɡɜɨɥɹɟɬ ɜ 3-4 ɪɚɡɚ ɫɨɤɪɚɬɢɬɶ ɫɪɨɤɢ ɫɨɡɞɚɧɢɹ 
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɩɥɚɜɨɜ, ɫɷɤɨɧɨɦɢɬɶ ɪɚɫɯɨɞɨɜɚɧɢɟ ɞɨɪɨɝɨɫɬɨɹɳɢɯ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ ɬɪɭɞɨɡɚɬɪɚɬɵ. Ʉɨɦɩɥɟɤɫɧɨɟ ɩɪɢɦɟɧɟɧɢɟ 
ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢ ɦɟɬɨɞɨɜ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ 
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ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɧɚɢɛɨɥɟɟ ɚɞɟɤɜɚɬɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɢɞɚ 
«ɫɨɫɬɚɜ-ɫɜɨɣɫɬɜɨ», ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɠɚɪɨɩɪɨɱɧɨɫɬɶ ɢ ɩɨɥɭɱɚɬɶ ɧɨɜɵɟ ɫɨɫɬɚɜɵ 
ɫɩɥɚɜɨɜ. Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɩɥɚɜɨɜ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ 
ɭɫɤɨɪɢɬɶ ɩɪɨɰɟɫɫ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɫɞɟɥɚɬɶ ɟɝɨ ɦɟɧɟɟ ɡɚɬɪɚɬɧɵɦ, 
ɢɡɛɟɝɚɹ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɨɜ (ɪɢɫɭɧɨɤ 27) [12]. 

 

 
Ɋɢɫɭɧɨɤ 27 – Ɂɚɜɢɫɢɦɨɫɬɶ ɬɪɟɳɢɧɨɩɨɪɚɠɚɟɦɨɫɬɢ ɫɩɥɚɜɨɜ ɨɬ ɩɟɪɟɝɪɟɜɚ ɧɚɞ  

ɬɟɦɩɟɪɚɬɭɪɨɣ ɥɢɤɜɢɞɭɫ 

 
ɉɨɫɤɨɥɶɤɭ ɜ ɥɨɩɚɬɤɚɯ ɫ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɨɬɫɭɬɫɬɜɭɸɬ 

ɛɨɥɶɲɟɭɝɥɨɜɵɟ ɝɪɚɧɢɰɵ ɡɟɪɟɧ, ɬɨ ɨɬɩɚɞɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜɜɨɞɢɬɶ ɜ ɀɇɋ 
ɥɟɝɢɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ (ɋ, ȼ, Zr, Hf), ɭɩɪɨɱɧɹɸɳɢɟ ɝɪɚɧɢɰɵ ɡɟɪɟɧ. ɂ ɯɨɬɹ ɜ 
ɫɩɥɚɜɚɯ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɥɟɝɢɪɨɜɚɧɢɹ ɫɨɞɟɪɠɚɧɢɟ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ ɧɟɜɟɥɢɤɨ, 
ɢɫɤɥɸɱɟɧɢɟ ɢɯ ɢɡ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢ ɨɩɬɢɦɢɡɚɰɢɹ ɥɟɝɢɪɭɸɳɟɝɨ 
ɤɨɦɩɥɟɤɫɚ, ɜɤɥɸɱɚɸɳɟɝɨ W, Mo, Ti, ɋr, ɋɨ ɢ ɞɪ., ɩɪɢɜɨɞɹɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ 
ɢɡɦɟɧɟɧɢɸ ɫɜɨɣɫɬɜ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɩɥɚɜɨɜ (ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ, 
ɬɟɦɩɟɪɚɬɭɪɚ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ). ȼ ɱɚɫɬɧɨɫɬɢ, 
ɨɬɫɭɬɫɬɜɢɟ ɭɝɥɟɪɨɞɚ ɢ ɛɨɪɚ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ (ɞɨ 
1360°ɋ), ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɥɡɭɱɟɫɬɢ, ɚ ɬɚɤɠɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɢ ɬɟɪɦɢɱɟɫɤɨɣ 
ɭɫɬɚɥɨɫɬɢ, ɩɨɫɤɨɥɶɤɭ ɧɟ ɨɛɪɚɡɭɸɬɫɹ ɤɚɪɛɢɞɵ ɢ ɛɨɪɢɞɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɀɇɋ ɫɨɫɬɨɢɬ ɢɡ ɫɥɨɠɧɨɥɟɝɢɪɨɜɚɧɧɨɝɨ 
γ-ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ ɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɣ γ′-ɮɚɡɵ. 

ɉɨɫɬɨɹɧɧɨɟ ɫɬɪɟɦɥɟɧɢɟ ɩɨɜɵɫɢɬɶ ɠɚɪɨɩɪɨɱɧɵɟ ɫɜɨɣɫɬɜɚ ɡɚ ɫɱɟɬ 
ɥɟɝɢɪɨɜɚɧɢɹ ɩɪɢɜɟɥɨ ɜ ɤɨɧɰɟ 80-ɯ ɝɨɞɨɜ ɩɪɨɲɥɨɝɨ ɜɟɤɚ ɤ ɪɚɡɪɚɛɨɬɤɟ 
ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɩɥɚɜɨɜ, ɫɨɞɟɪɠɚɳɢɯ (ɞɨ 3 ɦɚɫ. %) ɧɨɜɵɣ ɥɟɝɢɪɭɸɳɢɣ 
ɷɥɟɦɟɧɬ – ɪɟɧɢɣ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɡ ɜɫɟɯ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɪɟɧɢɣ 
ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɩɨɜɵɲɚɟɬ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ 
(ɪɢɫɭɧɨɤ 28). 

 



40 

 

 
 

Ɋɢɫɭɧɨɤ 28 – ȼɥɢɹɧɢɟ ɥɟɝɢɪɨɜɚɧɢɹ ɧɚ ɞɥɢɬɟɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
1000°ɋ ɢ ɛɚɡɟ 100 ɱ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɫ ɨɪɢɟɧɬɚɰɢɟɣ <001> ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ ɧɢɤɟɥɟɜɵɯ 

ɫɩɥɚɜɨɜ 

 
Ɋɚɡɜɢɬɢɟ ɷɬɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɜɨ ɎȽɍɉ «ȼɂȺɆ» ɩɪɢɜɟɥɨ ɤ ɩɨɥɭɱɟɧɢɸ 

ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, ɜ ɤɨɬɨɪɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɟɧɢɹ ɭɜɟɥɢɱɟɧɚ ɞɨ 9–12%. 
ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɥɟɝɢɪɨɜɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɭɬɟɦ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ 
ɭɥɭɱɲɟɧɢɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ (ɬɟɦɩɟɪɚɬɭɪɵ γ′-ɫɨɥɜɭɫ ɢ ɫɨɥɢɞɭɫ) ɢ 
ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɵɯ (ɩɟɪɢɨɞɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɨɤ γ- ɢ γ′-ɮɚɡ ɢ ɢɯ 
ɪɚɡɦɟɪɧɨɟ ɧɟɫɨɨɬɜɟɬɫɬɜɢɟ, ɨɛɴɟɦɧɚɹ ɞɨɥɹ γ′-ɮɚɡɵ) ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɩɥɚɜɨɜ ɡɚ 
ɫɱɟɬ ɞɨɛɚɜɨɤ ɜɫɟ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɟɧɢɹ, ɤɚɤ ɨɫɧɨɜɧɨɝɨ 
ɬɜɟɪɞɨɪɚɫɬɜɨɪɧɨɝɨɭɩɪɨɱɧɢɬɟɥɹ γ- ɢ γ′-ɮɚɡ, ɢ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ 
ɫɭɦɦɚɪɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɬɭɝɨɩɥɚɜɤɢɯ (Re, Ɇɨ, Ɍɚ, W) ɢ γ′-ɨɛɪɚɡɭɸɳɢɯ (Ⱥl, Ɍɚ) 
ɦɟɬɚɥɥɨɜ, ɫɧɢɠɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ Cr, Ti, Hf, ɚ ɬɚɤɠɟ ɢɫɤɥɸɱɟɧɢɹ ɢɡ ɫɢɫɬɟɦ 
ɥɟɝɢɪɨɜɚɧɢɹ Nb ɢ V. ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ 
ɪɟɧɢɣɫɨɞɟɪɠɚɳɢɟ ɀɇɋ ɫ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɨɩɬɢɦɢɡɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ. ɉɪɢ 
ɷɬɨɦ ɛɵɥɚ ɜ ɨɫɧɨɜɧɨɦ ɪɟɲɟɧɚ ɩɪɨɛɥɟɦɚ ɢɯ ɮɚɡɨɜɨɣ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ, 
ɩɪɨɹɜɥɹɸɳɚɹɫɹ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɜɵɫɨɤɢɯ 
(>1000°ɋ) ɬɟɦɩɟɪɚɬɭɪ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ Ɍɉɍ ɮɚɡ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ 
[12]. Ʉɚɠɞɵɣ ɩɨ-ɫɜɨɟɦɭ ɜɥɢɹɟɬ ɧɚ ɮɢɡɢɱɟɫɤɢɟ ɢ ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɫɩɥɚɜɚ, ɩɨɷɬɨɦɭ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɧɢ ɜɜɨɞɹɬɫɹ ɜ ɛɚɡɨɜɵɣ ɫɨɫɬɚɜ ɤɨɦɩɥɟɤɫɧɨ, ɜ 
ɪɚɡɥɢɱɧɵɯ ɤɨɦɛɢɧɚɰɢɹɯ ɢ ɩɪɨɩɨɪɰɢɹɯ (ɪɢɫɭɧɨɤ 29). 
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Ɋɢɫɭɧɨɤ 29 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ 

 
Ⱦɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɢ ɫɧɢɠɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɜɵɞɟɥɟɧɢɹ 

Ɍɉɍ ɮɚɡ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɜɵɫɨɤɨɪɟɧɢɟɜɵɟ ɀɇɋ ɥɟɝɢɪɨɜɚɬɶ ɪɭɬɟɧɢɟɦ, 
ɨɛɥɚɞɚɸɳɢɦ ɪɹɞɨɦ ɧɟɫɨɦɧɟɧɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɟɧɢɟɦ. Ɉɧ 
ɢɦɟɟɬ ɩɨɱɬɢ ɜ ɞɜɚ ɪɚɡɚ ɦɟɧɶɲɭɸ ɩɥɨɬɧɨɫɬɶ, ɦɟɧɟɟ ɫɤɥɨɧɟɧ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 
Ɍɉɍ ɮɚɡ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɥɢɤɜɢɪɭɟɬ ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. ɇɟɞɨɫɬɚɬɤɨɦ 
ɪɭɬɟɧɢɹ ɹɜɥɹɟɬɫɹ ɟɝɨ ɞɨɜɨɥɶɧɨ ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ. 

Ɋɟɚɥɢɡɨɜɚɬɶ ɩɪɟɢɦɭɳɟɫɬɜɚ ɜɵɫɨɤɨɪɟɧɢɟɜɵɯ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɀɇɋ 
ɩɨɡɜɨɥɢɥɢ ɩɪɨɝɪɟɫɫɢɜɧɵɟ ɦɟɬɨɞɵ ɦɟɬɚɥɥɭɪɝɢɢ ɜɵɩɥɚɜɤɢ ɫɩɥɚɜɨɜ, 
ɨɛɟɫɩɟɱɢɜɲɢɟ ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɩɪɢɦɟɫɟɣ ɝɚɡɨɜ O2, N2 (ɦɟɧɟɟ 0,001%) ɢ 
S (ɦɟɧɟɟ 0,0005%), ɚ ɬɚɤɠɟ ɜɵɫɨɤɨ ɝɪɚɞɢɟɧɬɧɵɟ ɬɟɯɧɨɥɨɝɢɢ 
ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɥɢɬɶɹ ɥɨɩɚɬɨɤ ɢ ɫɩɟɰɢɚɥɶɧɵɟ ɪɟɠɢɦɵ ɢɯ ɬɟɪɦɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ. 

ȼɵɛɨɪ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɞɥɹ ɥɟɝɢɪɨɜɚɧɢɹ ɫɩɥɚɜɚ ɫ ɰɟɥɶɸ 
ɩɨɜɵɲɟɧɢɹ ɟɝɨ ɠɚɪɨɩɪɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɜɨɣɫɬɜɚɦɢ, ɤɨɬɨɪɵɟ ɟɦɭ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɞɚɬɶ. ɋɪɟɞɢ ɱɚɫɬɨ ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɥɟɝɢɪɨɜɚɧɢɹ ɷɥɟɦɟɧɬɨɜ 
ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɧɢɤɟɥɶ (Ni), ɜɨɥɶɮɪɚɦ (W), ɦɨɥɢɛɞɟɧ (Mo), ɜɚɧɚɞɢɣ (V), 
ɤɨɛɚɥɶɬ (Co), ɧɢɨɛɢɣ (Nb), ɬɢɬɚɧ (Ti).  

ɇɚɩɪɢɦɟɪ, ɦɨɥɢɛɞɟɧ, ɬɢɬɚɧ ɢ ɧɢɨɛɢɣ ɹɜɥɹɸɬɫɹ ɤɚɪɛɢɞɨɨɛɪɚɡɨɜɚɬɟɥɹɦɢ. 
ɋɜɹɡɵɜɚɹ ɫɨɞɟɪɠɚɳɢɣɫɹ ɜ ɫɩɥɚɜɟ ɭɝɥɟɪɨɞ ɜ ɩɪɨɱɧɵɟ ɤɚɪɛɢɞɵ, ɨɧɢ 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɷɮɮɟɤɬɢɜɧɨɟ ɬɨɪɦɨɠɟɧɢɟ ɞɢɫɥɨɤɚɰɢɣ ɢ ɞɢɮɮɭɡɢɣ, ɭɫɢɥɢɜɚɸɬ 
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ɦɟɠɚɬɨɦɧɵɟ ɫɜɹɡɢ, ɫɩɨɫɨɛɫɬɜɭɸ ɮɨɪɦɢɪɨɜɚɧɢɸ ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ 
ɦɚɬɟɪɢɚɥɚ ɢ ɩɨɜɵɲɟɧɢɸ ɟɝɨ ɠɚɪɨɩɪɨɱɧɨɫɬɢ. ɇɚɥɢɱɢɟ ɜ ɫɩɥɚɜɟ ɧɢɤɟɥɹ 
ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤ ɨɤɢɫɥɟɧɢɸ ɧɚ ɜɨɡɞɭɯɟ, ɚ ɜ ɤɨɦɛɢɧɚɰɢɢ ɫ 
ɤɨɛɚɥɶɬɨɦ, ɧɢɤɟɥɶ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɫɩɥɚɜɚ 
[13]. 
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5 ɋɨɜɪɟɦɟɧɧɨɟ ɩɥɚɜɢɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɢɦɟɧɹɟɦɨɟ ɞɥɹ 
ɜɵɩɥɚɜɤɢ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ 

 
5.1 ɂɧɞɭɤɰɢɨɧɧɵɟ ɩɥɚɜɢɥɶɧɵɟ ɩɟɱɢ 
 
1) Inductotherm 

 
Ʉɨɦɩɚɧɢɹ InductothermCorp. ɹɜɥɹɟɬɫɹ ɤɪɭɩɧɟɣɲɢɦ ɜ ɦɢɪɟ ɢɡɝɨɬɨɜɢɬɟɥɟɦ 

ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɩɥɚɜɢɥɶɧɨɝɨ ɢ ɧɚɝɪɟɜɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ.[14]. ɉɟɱɶ 
ɩɪɨɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɞɥɹ ɩɥɚɜɤɢ ɦɟɬɚɥɥɚ ɩɨɫɪɟɞɫɬɜɨɦ ɧɢɡɤɨɱɚɫɬɨɬɧɨɣ ɢ 
ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɣ ɢɧɞɭɤɰɢɢ ɪɢɫɭɧɨɤ 30. 

 

 

 
 

Ɋɢɫɭɧɨɤ 30 – ɉɟɱɶ ɩɪɨɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɞɥɹ ɩɥɚɜɤɢ ɦɟɬɚɥɥɚ ɩɨɫɪɟɞɫɬɜɨɦ ɧɢɡɤɨɱɚɫɬɨɬɧɨɣ ɢ 
ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɣ ɢɧɞɭɤɰɢɢ 

 
 
- ɤɨɧɫɬɪɭɤɰɢɹ, ɨɬɥɢɱɚɸɳɚɹɫɹ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɩɪɨɱɧɨɫɬɢ 
- ɨɬɫɭɬɫɬɜɢɟ ɚɫɛɟɫɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ 
- ɜɦɟɫɬɢɦɨɫɬɶ ɞɨ 3 000 Ʉɝ 
- ɩɨɞɧɹɬɢɟ ɫ ɩɨɦɨɳɶɸ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢɥɢ ɩɨɞɴɟɦɧɨɝɨ 

ɤɪɚɧɚ 
- ɭɫɬɚɧɨɜɤɚ ɩɨ ɠɟɥɚɧɢɸ ɡɚɤɚɡɱɢɤɚ ɨɛɪɭɱɟɣ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ 

ɭɥɚɜɥɢɜɚɧɢɹ ɩɵɥɢ ɢ ɞɵɦɚ 
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- ɭɫɬɚɧɨɜɤɚ ɩɨ ɠɟɥɚɧɢɸ ɡɚɤɚɡɱɢɤɚ ɤɪɵɲɤɢ ɩɟɱɢ [14]. 
 
ɂɧɞɭɤɰɢɨɧɧɵɟ ɩɟɱɢ ɛɟɡ ɫɟɪɞɟɱɧɢɤɚ ɫɨ ɫɬɚɥɶɧɵɦ ɤɨɪɩɭɫɨɦ 
 
- ɜɵɫɨɤɚɹ ɦɨɳɧɨɫɬɶ  
- ɧɟɩɪɟɜɡɨɣɞɟɧɧɚɹ ɩɪɨɱɧɨɫɬɶ 
- ɫɨɜɟɪɲɟɧɧɚɹ ɫɬɨɣɤɨɫɬɶ ɢ ɜɵɧɨɫɥɢɜɨɫɬɶ 
 
ɉɪɟɢɦɭɳɟɫɬɜɚ ɩɟɱɟɣ ɫɨ ɫɬɚɥɶɧɵɦ ɤɨɪɩɭɫɨɦ (ɪɢɫɭɧɨɤ 30): 
- ɩɪɨɱɧɚɹ ɩɪɨɟɤɬɢɪɨɜɤɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɫɪɨɤ 

ɫɥɭɠɛɵ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɟɱɢ 
- ɛɟɫɲɭɦɧɨɫɬɶ ɜ ɪɚɛɨɬɟ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɟ 

ɭɫɥɨɜɢɹ ɬɪɭɞɚ 
- ɲɢɪɨɤɢɟ ɛɨɤɨɜɵɟ ɨɤɧɚ ɞɥɹ ɥɟɝɤɨɫɬɢ ɞɨɫɬɭɩɚ ɩɪɢ ɬɟɯɧɢɱɟɫɤɨɦ 

ɨɛɫɥɭɠɢɜɚɧɢɢ 
- ɤɚɬɭɲɤɚ ɩɨɥɧɨɫɬɶɸ ɡɚɤɪɵɬɚ ɢ ɡɚɳɢɳɟɧɚ ɨɬ ɩɨɩɚɞɚɧɢɹ 

ɪɚɫɤɚɥɟɧɧɵɯ ɱɚɫɬɢɰ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ 
- ɬɟɩɥɨɩɨɬɟɪɢɫɜɟɞɟɧɵ ɤ ɦɢɧɢɦɭɦɭ ɛɥɚɝɨɞɚɪɹ ɤɪɵɲɤɚɦ ɫ 

ɪɟɮɪɚɤɬɨɪɧɵɦ ɩɨɤɪɵɬɢɟɦ 
- ɞɨɫɬɚɬɨɱɧɵɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ ɩɪɨɦɟɠɭɬɨɤ ɧɚɞ ɭɪɨɜɧɟɦ ɤɚɬɭɲɤɢ 

ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɥɟɝɤɨɣ ɡɚɝɪɭɡɤɢ ɩɟɱɢ 
- ɩɪɢ ɠɟɥɚɧɢɢ ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɷɤɨɥɨɝɢɱɧɨɫɬɢ ɩɪɨɰɟɫɫɚ 

ɜɵɩɥɚɜɤɢ ɦɟɬɚɥɥɚ ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɤɨɥɶɰɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɡɚɯɜɚɬɚ ɢ 
ɡɚɞɟɪɠɤɢ ɩɵɥɢ ɢ ɞɵɦɚ 

- ɧɚɥɢɱɢɟ ɤɚɬɭɲɤɢ ɲɢɪɨɤɨɝɨ ɪɚɡɪɟɡɚ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɛɨɥɟɟ 
ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɥɚɜɤɢ 

- ɧɚɥɢɱɢɟ ɦɚɝɧɢɬɧɵɯ ɲɭɧɬɨɜ, ɩɪɟɞɨɯɪɚɧɹɸɳɢɯ ɭɫɬɪɨɣɫɬɜɨ ɨɬ 
ɱɪɟɡɦɟɪɧɨɝɨ ɧɚɝɪɟɜɚɧɢɹ 

- ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɛɨɥɶɲɟɝɨ ɩɪɨɦɟɠɭɬɤɚ ɦɟɠɞɭ ɜɢɬɤɚɦɢ ɨɛɦɨɬɤɢ 
ɤɚɬɭɲɤɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ 
ɦɟɧɶɲɢɣ ɭɪɨɜɟɧɶ ɜɥɚɠɧɨɫɬɢ 

- ɨɬɫɭɬɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɩɪɭɠɢɧɚɯ ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ 
ɜɟɪɬɢɤɚɥɶɧɵɯ ɲɬɵɪɟɣ 

- ɨɫɧɨɜɚɧɢɟ ɨɬɤɪɵɬɨɝɨ ɬɢɩɚ ɭɦɟɧɶɲɚɟɬ ɫɬɟɩɟɧɶ ɜɥɚɠɧɨɫɬɢ 
- ɛɨɥɟɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɫɪɨɤ ɫɥɭɠɛɵ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚ 

ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɧɢɠɧɟɣ ɢ ɜɟɪɯɧɟɣ ɱɚɫɬɹɯ ɭɫɬɪɨɣɫɬɜɚ ɜɢɬɤɨɜ ɨɯɥɚɠɞɟɧɢɹ 
ɢɡ ɧɟɪɠɚɜɟɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ 
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- ɩɨɞɞɟɪɠɤɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɟɱɢ ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ 
ɝɨɬɨɜɵɯ ɥɢɬɟɣɧɵɯ ɪɟɮɪɚɤɬɨɪɧɵɯ ɛɥɨɤɨɜ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɧɢɠɧɟɣ ɢ ɜɟɪɯɧɟɣ 
ɱɚɫɬɹɯ ɭɫɬɪɨɣɫɬɜɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɨɣ ɩɟɱɢ 

- ɞɟɬɟɤɬɨɪ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɭɬɟɱɟɤ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ, 
ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɜ ɰɟɥɹɯ ɛɨɥɶɲɟɣ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɭɫɬɪɨɣɫɬɜɚ 

- ɜɨɡɦɨɠɧɨɫɬɶ ɩɨ ɠɟɥɚɧɢɸ ɡɚ ɤɨɪɨɬɤɢɣ ɩɪɨɦɟɠɭɬɨɤ ɪɚɡɛɨɪɤɢ 
ɜɧɭɬɪɟɧɧɟɣ ɫɬɟɧɤɢ ɩɟɱɢ ɩɪɢ ɩɨɦɨɳɢ ɭɫɬɪɨɣɫɬɜɚ ɩɟɪɟɦɟɳɟɧɢɹ ɜɧɭɬɪɟɧɧɢɯ 
ɩɟɱɧɵɯ ɫɬɟɧɨɤ 

- ɜɨɡɦɨɠɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɧɚ ɧɨɠɤɢ ɭɫɬɪɨɣɫɬɜɚ ɝɪɭɡɚ ɞɥɹ ɛɨɥɟɟ 
ɬɨɧɤɨɣ ɪɚɛɨɬɵ 
ɧɚɥɢɱɢɟ ɰɢɥɢɧɞɪɨɜ ɨɛɪɚɬɧɨɝɨ ɜɪɚɳɟɧɢɹ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɨɛɥɟɝɱɟɧɢɹ 
ɫɧɹɬɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɨɤɚɥɢɧɵ [14]. ɂɧɞɭɤɰɢɨɧɧɚɹ ɩɟɱɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ (Ɋɢɫɭɧɤɟ 
31). 

 
 

 

 

Ɋɢɫɭɧɨɤ 31 – ɂɧɞɭɤɰɢɨɧɧɚɹ ɩɟɱɶ 

 

 

 

 

2) Ɍɢɝɟɥɶɧɵɟ ɢɧɞɭɤɰɢɨɧɧɵɟ ɩɟɱɢ OTTOJUNKERGroup 
 

Ɉɛɲɢɪɧɵɣ ɞɢɚɩɚɡɨɧ ɢɧɞɭɤɰɢɨɧɧɵɯ ɩɟɱɟɣ (ɬɚɛɥɢɰɚ 7) ɞɥɹ ɩɥɚɜɤɢ 
ɪɚɡɥɢɜɤɢ ɢ ɜɵɞɟɪɠɤɢ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɜ, ɜɤɥɸɱɚɸɳɢɣ: 

- Ʉɚɧɚɥɶɧɵɟ ɢɧɞɭɤɰɢɨɧɧɵɟ ɩɟɱɢ 
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- Ɋɚɡɥɢɜɨɱɧɵɟ 
- ɋɪɟɞɧɟɱɚɫɬɨɬɧɵɟ ɢɧɞɭɤɰɢɨɧɧɵɟ ɩɥɚɜɢɥɶɧɵɟ ɩɟɱɢ [15]. 

 
Ɍɚɛɥɢɰɚ 7– Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɩɥɚɜɤɢ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ 

Ɍɢɩ 
ɩɟɱɢ 

ȿɦɤɨɫɬɶ 
ɬɢɝɥɹ(ɤɝ) 

Ɇɨɳɧɨɫɬɶ 
ɩɥɚɜɥɟɧɢɹ ɞɨ 

(ɤȼɬ) 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɩɥɚɜɥɟɧɢɹ ɞɨ (ɤɝ/ɱ)(ɦɟɞɶ) 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɩɥɚɜɥɟɧɢɹ ɞɨ (ɤɝ/ɱ) (ɛɪɨɧɡɚ 

Ms 60) 

MFT 
Cu 

600 400 1000 1400 
900 500 1250 1750 
1200 600 1500 2100 
1800 900 2200 3200 
2400 1200 2900 4400 
3600 1400 3600 5200 
4800 1600 4100 5900 
6000 1800 4600 6700 
7200 2000 5100 7400 
9600 2500 6400 9300 
12000 3000 7700 11100 
14400 3500 9000 13000 
16000 4000 10300 14800 
20000 5000 12800 18500 
30000 6000 15400 22200 

 
3) ɍɫɬɚɧɨɜɤɢ ɢɧɞɭɤɰɢɨɧɧɵɟ ɩɥɚɜɢɥɶɧɵɟ ɜɦɟɫɬɢɦɨɫɬɶɸ ɨɬ 1 ɞɨ 16 

ɬɨɧɧ ɊɗɅɌȿɄ 
 

ɇɚ ɪɢɫɭɧɤɟ 32 ɩɪɟɞɫɬɚɜɥɟɧɚ ɢɧɞɭɤɰɢɨɧɧɚɹ ɩɟɱɶ ɊɗɅɌȿɄ. Ⱥ ɜ ɬɚɛɥɢɰɟ 8 
ɢ 9 ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɩɚɪɚɦɟɬɪɵ ɢɧɞɭɤɰɢɨɧɧɵɯ 
ɩɟɱɟɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɪɟɢɦɭɳɟɫɬɜɚ: 
- Ⱥɤɬɢɜɧɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɦɟɬɚɥɥɚ ɢ ɜɵɫɨɤɚɹ ɝɨɦɨɝɟɧɧɨɫɬɶ ɪɚɫɩɥɚɜɚ; 
- ȼɨɡɦɨɠɧɨɫɬɶ ɡɨɧɧɨɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ (ɮɨɤɭɫɢɪɨɜɚɧɢɹ ɷɧɟɪɝɢɢ) ɜ ɩɟɱɢ; 
- Ɉɬɫɭɬɫɬɜɢɟ ɭɝɚɪɚ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ; 
- ȼɨɡɦɨɠɧɨɫɬɶ ɩɥɚɜɤɢ ɛɟɡ "ɛɨɥɨɬɚ"; 
- ɒɢɪɨɤɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢ ɛɨɥɶɲɨɦ ɜɵɛɨɪɟ ɟɦɤɨɫɬɢ 

ɩɟɱɢ, ɬɢɩɟ ɮɭɬɟɪɨɜɤɢ ɢ ɪɚɛɨɱɟɣ ɱɚɫɬɨɬɟ ɩɟɱɢ; 
- Ɍɨɱɧɚɹ ɪɟɝɭɥɢɪɨɜɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɩɥɚɜɚ; 
- ȼɨɡɦɨɠɧɨɫɬɶ ɩɥɚɜɤɢ ɢ ɜɵɞɟɪɠɤɢ ɦɟɬɚɥɥɚ ɜ ɨɞɧɨɦ ɩɟɱɧɨɦ ɚɝɪɟɝɚɬɟ; 
- Ɇɝɧɨɜɟɧɧɚɹ ɝɨɬɨɜɧɨɫɬɶ ɤ ɪɚɛɨɬɟ; 
- ȼɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɩɥɚɜɤɢ; 
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- Ɇɚɥɵɟ ɭɞɟɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɩɨɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɬɨɧɧɭ 
ɜɵɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ; 

- ɗɤɨɥɨɝɢɱɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ; 
- ɋɨɯɪɚɧɟɧɢɟ ɤɚɱɟɫɬɜɚ ɩɢɬɚɸɳɟɣ ɫɟɬɢ; 
- ɉɥɚɜɤɚ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɧɚɛɢɜɧɨɦ ɬɢɝɥɟ [15]. 
 

 

 
Ɋɢɫɭɧɨɤ 32 – ɍɫɬɚɧɨɜɤɚ ɢɧɞɭɤɰɢɨɧɧɚɹ ɩɥɚɜɢɥɶɧɚɹ ɊɗɅɌȿɄ 

 
Ɍɚɛɥɢɰɚ 8 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ɍɢɩ 
ɭɫɬɚɧɨɜɤɢ 

Ɇɨɳɧɨɫ
ɬɶ, ɤȼɬ 

ɑɚɫɬɨɬɚ 
ɬɨɤɚ, Ƚɰ 

ɇɨɦɢɧɚɥɶɧɚɹ 
ɟɦɤɨɫɬɶ, ɬ 

ɋɤɨɪɨɫɬɶ 
ɩɥɚɜɤɢ 
ɱɭɝɭɧɚ/ 

ɫɬɚɥɢ, ɬ/ɱ 

Ɋɚɫɯɨɞ 
ɨɯɥɚɠɞɚɸɳɟɣ 

ɜɨɞɵ, ɦ3/ɱ 

Ɋɚɫɯɨɞ 
ɷɥ/ɷɧ, 
ɤȼɬ/ɱ 

ɍɂɉ-800-
1,0-1,0ɯ2Ƚ 

800 1000 1,0 1,40/1,20 13,0 530-620 

ɍɂɉ-1000-
0,5-2,0ɯ2Ƚ 

1000 500 2,0 1,80/1,60 26,0 530-610 

ɍɂɉ-1600-
0,25-3,0ɯ2Ƚ 

1600 250 3,0 2,90/2,45 33,0 520-610 

ɍɂɉ-3600-
0,25-6,0ɯ2Ƚ 

3600 250 6,0 7,10/6,00 82,0 510-610 

ɍɂɉ-5400-
0,25-10,0ɯ2Ƚ 

5400 250 10,0 10,00/8,50 150,0 510-600 

ɍɂɉ-10000-
0,15-16,0ɯ2Ƚ 

10000 150 16,0 
18,00/16,0

0 
220,0 500-600 

 



48 

Ɍɚɛɥɢɰɚ 9 – ɉɚɪɚɦɟɬɪɵ ɦɨɞɟɥɶɧɨɝɨ ɪɹɞɚ ɞɜɭɯɩɨɫɬɨɜɵɯ ɬɚɧɞɟɦɧɵɯ ɭɫɬɚɧɨɜɨɤ 
ɉɚɪɚɦɟɬɪɵ ɢ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɭɫɬɚɧɨɜɤɢ ɩɪɢ 

ɨɞɧɨɩɨɫɬɨɜɨɣ ɩɥɚɜɤɟ 
ɱɭɝɭɧɚ 

ȼɦɟɫɬɢɬɟɥɶɧɨɫɬɶ ɩɟɱɢ, ɬ 

1 2 3 4 6 8 10 16 

ɉɨɱɚɫɨɜɨɣ ɬɟɦɩ ɩɥɚɜɤɢ 
ɱɭɝɭɧɚ ɩɪɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɟɪɟɪɵɜɚɯ 
20%, ɬ/ɱ 

1,15 1,72 2,62 3,80 5,33 8,15 8,31 16 

Ɇɨɳɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ 
ɩɢɬɚɧɢɹ, ɤȼɬ 

800 1200 1800 2600 3600 5400 5400 10000 

ɋɭɬɨɱɧɚɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɟɱɢ 
ɩɪɢ 8-ɢ ɱɚɫɨɜɨɣ ɪɚɛɨɬɟ, 
ɬ/ɫɭɬɤɢ 

9,2 13,8 21 30 42,6 65,2 66,5 128 

Ɇɨɳɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ 
ɩɢɬɚɧɢɹ, ɤȼɬ 

800 1200 1800 2600 3600 5400 5400 10000 

Ɇɨɳɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ 
ɩɢɬɚɧɢɹ, ɤȼɬ 

800 1200 1800 2600 3600 5400 5400 10000 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɩɥɚɜɤɭ 1 ɬɨɧɧɵ ɱɭɝɭɧɚ, 
ɤȼɬɱ/ɬ 

560 560 550 550 540 530 520 500 

ɇɚɩɪɹɠɟɧɢɟ ɢ ɱɚɫɬɨɬɚ ɧɚ 
ɢɧɞɭɤɬɨɪɟ ɩɟɱɢ, ɤȼ/ɤȽɰ 

1,0/1,
0 

1,5/0,
5 

1,8/0,
25 

1,8/0,
25 

1,8/0,
25 

3,0/0,
25 

3,0/0,
25 

3,0/0,1
5 

 
4) ɉɥɚɜɢɥɶɧɵɟ ɩɟɱɢ ɤɨɦɩɚɧɢɢ ABP InductionSystemsGmbH 
 
Ⱦɥɹ ɩɥɚɜɤɢ ɱɟɪɧɵɯ ɦɟɬɚɥɥɨɜ ABP Induction ɩɪɟɞɥɚɝɚɟɬ ɩɪɢɜɟɞɟɧɧɵɟ 

ɧɢɠɟ ɫɟɪɢɢ ɫɪɟɞɧɟɱɚɫɬɨɬɧɵɯ ɢɧɞɭɤɰɢɨɧɧɵɯ ɬɢɝɟɥɶɧɵɯ ɩɟɱɟɣ(ɪɢɫɭɧɨɤ 33) ɜ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɢ ɩɪɢɫɩɨɫɨɛɥɟɧɧɵɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɪɢɦɟɧɟɧɢɣ ɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ: 

- ɫɟɪɢɢ Smart FS ɢ FS – ɟɦɤɨɫɬɶɸ ɨɬ 250 ɤɝ ɞɨ 6000 ɤɝ ɫ ɢɫɬɨɱɧɢɤɚɦɢ 
ɩɢɬɚɧɢɹ ɦɨɳɧɨɫɬɶɸ ɨɬ 250 ɤȼɬ ɞɨ 4800ɤȼɬ  

- ɫɟɪɢɹ IFM – ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɟ ɢɧɞɭɤɰɢɨɧɧɵɟ ɬɢɝɟɥɶɧɵɟ ɩɟɱɢ 
ɟɦɤɨɫɬɶɸ ɨɬ 6ɬ ɞɨ 37ɬ ɦɨɳɧɨɫɬɶɸ ɞɨ 16000 ɤȼɬ  

- ɤɪɭɩɧɨɬɨɧɧɚɠɧɵɟ ɢɧɞɭɤɰɢɨɧɧɵɟ ɬɢɝɟɥɶɧɵɟ ɩɟɱɢ ɟɦɤɨɫɬɶɸ 20 – 60 ɬ 
ɦɨɳɧɨɫɬɶɸ ɞɨ 17000 ɤȼɬ [15]. 
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Ɋɢɫɭɧɨɤ 33 – ɋɟɪɢɢ ɢɧɞɭɤɰɢɨɧɧɵɯ ɩɟɱɟɣ ABP Induction 

 
Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ ɡɚɥɢɜɤɢ ɮɨɪɦ - ɨɛɹɡɚɬɟɥɶɧɨɟ ɭɫɥɨɜɢɟ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɥɢɬɶɹ.  
ɍɫɬɚɧɨɜɤɢ PRESSPOUR® ɫɟɪɢɢ Ɉɋɋ ɫ ɢɧɞɭɤɰɢɨɧɧɵɦ ɩɨɞɨɝɪɟɜɨɦ 

ɪɚɫɩɥɚɜɚ ɢ POUROMAT ɫɟɪɢɢ OCU ɛɟɡ ɩɨɞɨɝɪɟɜɚ ɪɚɫɩɥɚɜɚ (ɪɢɫɭɧɨɤ 34) [15]. 
 

 
 

Ɋɢɫɭɧɨɤ 34 – ɍɫɬɚɧɨɜɤɢ ɫɟɪɢɢ OCC ɢ OCU 
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ȼ ɭɫɬɚɧɨɜɤɚɯ ɨɛɟɢɯ ɫɟɪɢɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ «ɱɚɣɧɢɤɨɜɚɹ» 
ɤɨɧɫɬɪɭɤɰɢɹ ɫ 2-ɦɹ ɫɢɮɨɧɚɦɢ: ɨɞɢɧ - ɞɥɹ ɡɚɩɨɥɧɟɧɢɹ ɭɫɬɚɧɨɜɤɢ ɪɚɫɩɥɚɜɨɦ, 
ɜɬɨɪɨɣ – ɫ ɪɚɡɥɢɜɨɱɧɵɦ ɧɨɫɤɨɦ ɫɨ ɫɬɨɩɨɪɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɞɥɹ ɡɚɥɢɜɤɢ ɮɨɪɦ. 
 ȼɫɟ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 10. 
 
Ɍɚɛɥɢɰɚ10 – Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɥɢɞɢɪɭɸɳɢɯ ɦɢɪɨɜɵɯ ɤɨɦɩɚɧɢɣ ɩɨ 
ɢɡɝɨɬɨɜɥɟɧɢɸ ɢɧɞɭɤɰɢɨɧɧɵɯ ɩɥɚɜɢɥɶɧɵɯ ɩɟɱɟɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɢɧɞɭɤɰɢɨɧɧɵɯ 

ɩɟɱɟɣ 

ɋɬɪɚɧɚ;
ɩɪɨɢɡɜ. 

Ɉɛɴɟɦ; 
ɬɨɧɧ 

Ɇɨɳɧɨɫɬɶ; 
ɤȼɬ 

ɑɚɫɬɨɬɚ;   
ɤȽɰ 

ɇɚɩɪɹɠɟ
ɧɢɟ; ȼ 

ɋɤɨɪɨɫɬɶ 
ɩɥɚɜɤɢ; 
ɬɨɧɧ/ɱɚɫ 

ɆɟɬɚɄɭɛ Ɋɨɫɫɢɹ 0,1-20 100-12000 1-0,2 380-1150 0,31-22 
Ɍɨɪɝɨɜɵɣ ɞɨɦ 
ɤɭɪɚɣ (ɂɋɌ, ɂɑɌ, 
ɂȺɌ, ɂɅɌ) 

Ɋɨɫɫɢɹ 0,06-10 100-1500 2,4-1 380 0,1-18 

ɉɟɬɪɚ Ɋɨɫɫɢɹ 0,06-1 100-800 2,4-1 380-570 0,1-1,3 
ɉɚɪɚɥɟɥɶ (ɂɉɌ) Ɋɨɫɫɢɹ 0,005-1 16-630 22-1. 

 
0,3-1,5 

ɌɟɪɦɂɄɋ (ɂɋɌ, 
ɂɑɌ) 

Ɋɨɫɫɢɹ 2,9-48 
 

2,4-0,5 
 

0,23-2,8 

ɉɟɰɥɢɬɬɟɯ Ɋɨɫɫɢɹ 0,06-6     
ɋɨɞɪɭɠɟɫɬɜɨ Ɋɨɫɫɢɹ 0,75-1 80-500    
Ɍɟɪɦɨɥɢɬ (ɂɌɉɗ) Ɋɨɫɫɢɹ 0,03-2,5 50-1600  380-1000 0,06-1.85 
Ɍɟɪɦɨɥɢɬ (ɂɌɉɗ) Ɋɨɫɫɢɹ 0,03-2,5 50-1600  380-1000 0,06-1.85 
ABB Ƚɟɪɦɚɧɢɹ 0,25-60 280-17000   36 
IMR Group ɂɬɚɥɢɹ  85-160    
OttoJunker Ƚɟɪɦɚɧɢɹ 0,5-25 500-2000 

  
0,9-38,1 

FOMET  ɂɬɚɥɢɹ 6,5-50 
    

AiT Ʉɢɬɚɣ 0,1-20 750-1200 0,5-0,2 380-1150 1,15-22 
EGES Ɍɭɪɰɢɹ 0,15-25 800- 

  
15-80 

InductothermCorp ɋɒȺ 1,2-500 
    

 
 Ⱦɥɹ ɜɵɩɥɚɜɤɢ ɫɩɥɚɜɚ 40X24ɇ12ɋɅ ɞɢɫɤɚ ɫɬɭɩɟɧɢ ɬɭɪɛɢɧɵ, ɛɵɥɚ 
ɜɵɛɪɚɧɚ ɩɥɚɜɢɥɶɧɚɹ ɩɟɱɶ ɤɨɦɩɚɧɢɢ Inductothermɬɚɤ ɤɚɤ ɩɥɚɜɢɥɶɧɵɟ ɩɟɱɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɋɒȺ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɸɬ ɜɫɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɪɟɞɥɨɠɟɧɧɵɯ ɩɟɱɟɣ, ɢ ɫ ɯɨɪɨɲɢɦ ɤɚɱɟɫɬɜɨɦ ɫɚɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɚɤ ɜ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɬɚɤ ɢ ɜ ɨɛɫɥɭɠɢɜɚɧɢɢ. Ʉɨɧɬɪɟɧɨ ɛɵɥɚ ɜɵɛɪɚɧɚ ɩɟɱɶ ɫ ɨɛɴɺɦɨɦ 
ɬɢɝɥɹ 500 ɤɝ.  
 

5.2 ɉɨɞɝɨɬɨɜɤɚ ɢɫɩɨɥɶɡɭɟɦɵɯ ɨɬɯɨɞɨɜ ɩɪɢ ɩɥɚɜɤɟ 
 
Ʌɢɬɟɣɧɵɟ ɨɬɯɨɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɭɫɤɨɜɭɸ ɲɢɯɬɭ (ɥɢɬɧɢɤɢ, 

ɩɪɢɛɵɥɢ, ɰɟɧɬɪɚɥɶɧɵɟ ɫɬɨɹɤɢ ɢ ɬ.ɞ.). Ⱦɨɥɹ ɨɬɯɨɞɨɜ ɜ ɛɚɥɚɧɫɟ ɦɟɬɚɥɥɚ ɩɪɢ 
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ɩɪɨɢɡɜɨɞɫɬɜɟ ɨɬɥɢɜɨɤ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 80 %, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɳɚɟɬ 
ɫɬɨɢɦɨɫɬɶ ɥɢɬɶɹ. 

ɇɚɢɛɨɥɶɲɭɸ ɞɨɥɸ (ɨɤɨɥɨ 75 – 80%) ɜ ɨɛɳɟɦ ɛɚɥɚɧɫɟ ɥɢɬɟɣɧɵɯ ɨɬɯɨɞɨɜ 
ɰɟɯɚ ɫɨɫɬɚɜɥɹɸɬ ɰɟɧɬɪɚɥɶɧɵɟ ɫɬɨɹɤɢ, ɥɢɬɧɢɤɢ ɢ ɩɪɢɛɵɥɢ. Ȼɪɚɤ ɨɬɥɢɜɨɤ 
ɫɨɫɬɚɜɥɹɟɬ 3 – 5%. Ʉ ɥɢɬɟɣɧɵɦ ɨɬɯɨɞɚɦ ɬɚɤɠɟ ɨɬɧɨɫɹɬɫɹ ɧɚɫɬɵɥɶ ɜ 
ɦɟɬɚɥɥɨɩɪɢɺɦɧɢɤɚɯ ɢ ɡɚɥɢɜɨɱɧɵɯ ɥɨɬɤɚɯ, ɚ ɬɚɤɠɟ ɝɚɪɧɢɫɚɠ ɜɵɲɟɞɲɢɯ ɢɡ 
ɫɬɪɨɹ ɬɢɝɥɟɣ (ɢɯ ɫɭɦɦɚɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɨɫɬɚɜɥɹɟɬ 13 – 15%). ɋɬɪɭɠɤɚ ɩɨɫɥɟ 
ɩɟɪɜɢɱɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɨɬɥɢɜɨɤ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 2%. 

ȼɫɟ ɥɢɬɟɣɧɵɟ ɨɬɯɨɞɵ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɩɨ ɫɬɟɩɟɧɢ ɡɚɝɪɹɡɧɺɧɧɨɫɬɢ 
ɤɥɚɫɫɢɮɢɰɢɪɭɸɬ ɧɚ ɫɨɪɬɨɜɵɟ ɢ ɧɟɫɨɪɬɨɜɵɟ.  

ɋɨɪɬɨɜɵɟ ɨɬɯɨɞɵ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɨɬɯɨɞɵ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɫɨɪɬɚ. Ʉ 
ɨɬɯɨɞɚɦ ɩɟɪɜɨɝɨ ɫɨɪɬɚ ɨɬɧɨɫɹɬɫɹ ɷɥɟɦɟɧɬɵ ɥɢɬɧɢɤɨɜɵɯ ɫɢɫɬɟɦ ɢ ɩɪɢɛɵɥɟɣ, 
ɧɚɫɬɵɥɶ ɜ ɦɟɬɚɥɥɨɩɪɢɺɦɧɢɤɚɯ ɢ ɡɚɥɢɜɨɱɧɵɯ ɥɨɬɤɚɯ, ɛɪɚɤɨɜɚɧɧɵɟ ɩɨ 
ɝɟɨɦɟɬɪɢɢ ɢ ɪɟɧɬɝɟɧɨɤɨɧɬɪɨɥɸ (ɧɨ ɧɟ ɩɨ ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ) ɨɬɥɢɜɤɢ. 

Ʉɨ ɜɬɨɪɨɦɭ ɫɨɪɬɭ ɨɬɧɨɫɹɬɫɹ ɨɬɥɢɜɤɢ, ɡɚɛɪɚɤɨɜɚɧɧɵɟ ɩɨ ɯɢɦɢɱɟɫɤɨɦɭ 
ɫɨɫɬɚɜɭ, ɢ ɨɬɯɨɞɵ, ɨɛɪɚɡɨɜɚɜɲɢɟɫɹ ɩɪɢ ɢɯ ɩɪɨɢɡɜɨɞɫɬɜɟ. 

ɇɟɫɨɪɬɨɜɵɦɢ ɨɬɯɨɞɚɦɢ ɫɱɢɬɚɸɬ ɫɤɪɚɩ ɜ ɩɟɱɢ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ 
ɝɚɪɧɢɫɚɠɵ, ɫɬɪɭɠɤɭ ɨɬ ɱɟɪɧɨɜɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɨɬɥɢɜɨɤ, ɚ ɬɚɤɠɟ 
ɦɟɥɤɨɤɭɫɤɨɜɵɟ ɨɬɯɨɞɵ, ɩɟɪɟɩɭɬɚɧɧɵɟ ɩɨ ɦɚɪɤɚɦ ɫɩɥɚɜɨɜ. 

Ɋɟɝɟɧɟɪɚɰɢɹ ɧɟɫɨɪɬɨɜɵɯ ɨɬɯɨɞɨɜ ɨɱɟɧɶ ɬɪɭɞɨɺɦɤɚ ɢ ɞɥɢɬɟɥɶɧɚ, ɩɨɷɬɨɦɭ 
ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɮɚɫɨɧɧɵɯ ɨɬɥɢɜɨɤ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɬɨɥɶɤɨ ɫɨɪɬɨɜɵɟ ɨɬɯɨɞɵ [16]. 

ɍ ɫɨɪɬɨɜɵɯ ɨɬɯɨɞɨɜ ɡɚɝɪɹɡɧɺɧ ɩɨɫɬɨɪɨɧɧɢɦɢ ɩɪɢɦɟɫɹɦɢ (ɚɡɨɬ, ɭɝɥɟɪɨɞ, 
ɤɢɫɥɨɪɨɞ, ɜɨɞɨɪɨɞ) ɜ ɨɫɧɨɜɧɨɦ ɬɨɧɤɢɣ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ ɝɥɭɛɢɧɨɣ 
ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 0,5 – 0,8 ɦɦ. ɉɪɢ ɪɟɡɤɟ ɢ ɢɡɦɟɥɶɱɟɧɢɢ ɨɬɯɨɞɨɜ ɩɪɨɢɫɯɨɞɢɬ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɦɟɬɚɥɥɚ ɜ ɦɟɫɬɚɯ ɪɟɡɚ. ɇɚɩɪɢɦɟɪ, ɜ ɡɨɧɟ 
ɚɰɟɬɢɥɟɧɨɤɢɫɥɨɪɨɞɧɨɝɨ ɪɟɡɚ ɨɛɪɚɡɭɸɬɫɹ ɪɚɡɥɢɱɧɨɝɨ ɜɢɞɚ ɫɨɟɞɢɧɟɧɢɹ ɬɢɬɚɧɚ ɫ 
ɤɢɫɥɨɪɨɞɨɦ, ɚɡɨɬɨɦ, ɭɝɥɟɪɨɞɨɦ ɢ ɜɨɞɨɪɨɞɨɦ. Ɍɨɥɳɢɧɚ ɝɚɡɨɧɚɫɵɳɟɧɧɨɝɨ ɫɥɨɹ 
ɩɪɢ ɨɩɬɢɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɟɡɤɢ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 0,1 – 0,15 ɦɦ. 

ɉɪɢ ɚɧɨɞɧɨ-ɦɟɯɚɧɢɱɟɫɤɨɣ ɪɟɡɤɟ ɩɨɜɟɪɯɧɨɫɬɶ ɦɟɬɚɥɥɚ ɧɚɫɵɳɚɟɬɫɹ 
ɩɪɨɞɭɤɬɚɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɫ ɚɬɦɨɫɮɟɪɧɵɦɢ ɝɚɡɚɦɢ 
ɧɚ ɝɥɭɛɢɧɭ ɞɨ 0,2 ɦɦ ɢ ɛɨɥɟɟ. 

ɋ ɰɟɥɶɸ ɭɞɚɥɟɧɢɹ ɨɫɬɚɬɤɨɜ ɦɚɬɟɪɢɚɥɚ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ ɫ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɨɪɬɨɜɵɯ ɨɬɯɨɞɨɜ, ɚ ɬɚɤɠɟ ɭɞɚɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɡɚɝɪɹɡɧɺɧɧɨɝɨ ɫɥɨɹ 
ɩɪɢɦɟɧɹɸɬ ɦɟɯɚɧɢɱɟɫɤɭɸ ɢ ɯɢɦɢɱɟɫɤɭɸ ɨɱɢɫɬɤɭ.  

ɉɟɪɟɞ ɨɱɢɫɬɤɨɣ ɨɬɯɨɞɵ ɢɡɦɟɥɶɱɚɸɬ ɞɨ ɪɚɡɦɟɪɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɢɯ 
ɤɨɦɩɚɤɬɧɭɸ ɭɤɥɚɞɤɭ ɩɪɢ ɩɟɪɟɩɥɚɜɟ. 

Ɇɟɯɚɧɢɱɟɫɤɭɸ ɨɱɢɫɬɤɭ ɩɪɨɢɡɜɨɞɹɬ ɜ ɝɚɥɬɨɜɨɱɧɵɯ ɢ ɞɪɨɛɟɦɺɬɧɵɯ 
ɛɚɪɚɛɚɧɚɯ, ɜ ɞɪɨɛɟɦɺɬɧɵɯ ɢ ɞɪɨɛɟɫɬɪɭɣɧɵɯ ɤɚɦɟɪɚɯ. Ⱦɪɨɛɟɫɬɪɭɣɧɚɹ ɢɥɢ 
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ɞɪɨɛɟɦɺɬɧɚɹ ɨɛɪɚɛɨɬɤɚ ɨɱɢɳɚɟɬ ɥɢɬɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɨɬɯɨɞɨɜ ɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɨ, ɱɟɦ ɝɚɥɬɨɜɤɚ. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɱɢɫɬɤɢ ɨɬɯɨɞɨɜ ɧɚ ɝɥɭɛɢɧɭ 
ɨɤɨɥɨ 0,1 ɦɦ ɜ ɝɚɥɬɨɜɨɱɧɵɯ ɛɚɪɚɛɚɧɚɯ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 8 ɞɨ 10 ɱ. 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɬɚɤɨɣ ɠɟ ɨɱɢɫɬɤɢ ɜ ɞɪɨɛɟɦɺɬɧɵɯ ɛɚɪɚɛɚɧɚɯ ɢ ɜ 
ɞɪɨɛɟɫɬɪɭɣɧɵɯ ɤɚɦɟɪɚɯ ɫɨɫɬɚɜɥɹɟɬ 1 – 1,5 ɱ. Ƚɚɥɬɨɜɤɨɣ, ɞɪɨɛɟɦɺɬɧɨɣ ɢ 
ɞɪɨɛɟɫɬɪɭɣɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɨɱɢɳɚɸɬɫɹ ɡɚɤɪɵɬɵɟ ɢ 
ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ. ɉɨɷɬɨɦɭ ɬɚɤɢɟ ɭɱɚɫɬɤɢ ɨɬɯɨɞɨɜ ɭɞɚɥɹɸɬɫɹ 
ɪɟɡɤɨɣ ɢɥɢ ɡɚɱɢɳɚɸɬɫɹ ɧɚ ɧɚɠɞɚɱɧɵɯ ɤɪɭɝɚɯ. 

ɉɨɫɥɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɱɢɫɬɤɢ ɩɪɨɢɡɜɨɞɹɬ ɨɛɪɚɛɨɬɤɭ ɨɤɢɫɥɟɧɧɵɯ 
ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɺɜ ɨɬɯɨɞɨɜ ɪɚɫɬɜɨɪɚɦɢ NaOH (600 – 650 ɝ/ɥ); NaNO3 (200 – 
250 ɝ/ɥ) ɢ  NaNO2 (50 – 60 ɝ/ɥ) ɢɥɢ NaOH (500 – 700 ɝ/ɥ) ɢ NaNO2 (150 – 250 
ɝ/ɥ). Ɍɟɦɩɟɪɚɬɭɪɚ ɪɚɫɬɜɨɪɚ ≈ 140 °ɋ, ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɨɬ 30 ɦɢɧ ɞɨ 2 ɱ. 

Ɂɚɬɟɦ ɨɬɯɨɞɵ ɩɪɨɦɵɜɚɸɬ ɜ ɬɺɩɥɨɣ ɢ ɯɨɥɨɞɧɨɣ ɜɨɞɟ ɢ ɬɪɚɜɹɬ ɜ 
ɤɢɫɥɨɬɧɨɦ ɪɚɫɬɜɨɪɟ ɫɥɟɞɭɸɳɟɝɨ ɫɨɫɬɚɜɚ: S4OH2 (60 – 70 ɦɥ/ɥ; ɩɥɨɬɧɨɫɬɶ 1,84 
ɝ/ɫɦ3) ɢ HF (60 – 140 ɦɥ/ɥ; ɩɥɨɬɧɨɫɬɶ 1,13 ɝ/ɫɦ3). Ɍɟɦɩɟɪɚɬɭɪɚ ɪɚɫɬɜɨɪɚ ≈ 20 
°ɋ. ɋɤɨɪɨɫɬɶ ɬɪɚɜɥɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 0,2 – 0,5 ɦɦ/ɱ. Ɉɱɢɳɟɧɧɵɟ ɨɬɯɨɞɵ 
ɩɪɨɦɵɜɚɸɬ ɜ ɯɨɥɨɞɧɨɣ ɜɨɞɟ ɢ ɫɭɲɚɬ ɩɪɢ 110 – 150 °ɋ. 

ɏɢɦɢɱɟɫɤɢɦ ɬɪɚɜɥɟɧɢɟɦ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɠɚɪɨɩɪɨɱɧɵɯ ɨɬɯɨɞɨɜ ɭɞɚɥɹɟɬɫɹ 
ɧɚɥɺɬ ɠɟɥɟɡɚ ɢ ɚɛɪɚɡɢɜɚ. Ɉɬɯɨɞɵ ɩɨɫɥɟ ɬɪɚɜɥɟɧɢɹ ɩɪɢɨɛɪɟɬɚɸɬ ɯɚɪɚɤɬɟɪɧɵɣ 
ɫɟɪɟɛɪɢɫɬɵɣ ɰɜɟɬ. Ɉɬɯɨɞɵ ɜ ɲɢɯɬɭ ɦɨɝɭɬ ɜɜɨɞɢɬɶɫɹ ɥɢɛɨ ɡɚɝɪɭɡɤɨɣ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɬɢɝɟɥɶ ɩɟɪɟɞ ɩɥɚɜɤɨɣ, ɥɢɛɨ ɜ ɜɢɞɟ ɡɚɪɚɧɟɟ ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ 
ɷɥɟɤɬɪɨɞɚ. Ɋɚɫɯɨɞɭɟɦɵɟ ɷɥɟɤɬɪɨɞɵ ɢɡ ɨɞɧɢɯ ɨɬɯɨɞɨɜ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɫɜɚɪɤɨɣ ɜ 
ɫɪɟɞɟ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ, ɭɤɥɚɞɵɜɚɹ ɤɭɫɤɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɨɥɭɱɟɧɧɵɣ 
ɷɥɟɤɬɪɨɞ ɢɦɟɥ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɛɨɥɟɟ ɢɥɢ ɦɟɧɟɟ ɩɪɚɜɢɥɶɧɭɸ 
ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɮɨɪɦɭ. ɋɜɚɪɧɵɟ ɲɜɵ ɜɵɩɨɥɧɹɸɬ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɝɨ 
ɫɟɱɟɧɢɹ ɜɨ ɢɡɛɟɠɚɧɢɟ ɪɚɡɪɭɲɟɧɢɹ ɷɥɟɤɬɪɨɞɚ ɜ ɩɪɨɰɟɫɫɟ ɩɥɚɜɤɢ [16]. 
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6ɂɡɝɨɬɨɜɥɟɧɢɟ ɮɨɪɦ ɢ ɫɬɟɪɠɧɟɣ 
 

6.1 ɋɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦ ɢ ɫɬɟɪɠɧɟɣ 
 
ȼɚɤɭɭɦ-ɩɥɟɧɨɱɧɚɹ ɮɨɪɦɨɜɤɚ 
 
ȼɚɤɭɭɦɧɨ-ɩɥɟɧɨɱɧɚɹ ɮɨɪɦɨɜɤɚ (V-ɩɪɨɰɟɫɫ) – ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɮɨɪɦ ɞɥɹ ɥɢɬɶɹ ɫ ɩɨɦɨɳɶɸ ɬɟɪɦɨɩɥɚɫɬɢɱɧɨɣ ɩɥɟɧɤɢ (ɪɢɫɭɧɨɤ 35). ɇɚɡɜɚɧɢɟ 
ɪɚɫɩɪɨɫɬɪɚɧɢɥɨɫɶ ɬɚɤɠɟ ɧɚ ɩɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ ɨɬɥɢɜɨɤ ɜ ɮɨɪɦɵ, ɫɨɡɞɚɧɧɵɟ ɩɨ 
ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ.ȼ ɨɫɧɨɜɟ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɮɨɪɦɨɜɚɧɢɹ ɥɟɠɢɬ ɫɨɡɞɚɧɢɟ 
ɜɚɤɭɭɦɚ, ɤɨɬɨɪɵɣ ɭɜɥɟɤɚɟɬ ɬɟɪɦɨɩɥɚɫɬɢɱɧɭɸ ɩɥɟɧɤɭ ɜɧɢɡ ɧɚ ɤɨɧɬɭɪ 
ɩɨɞɝɨɬɨɜɥɟɧɧɨɣ ɦɨɞɟɥɢ ɢ ɫɨɯɪɚɧɹɟɬ ɫɬɚɛɢɥɶɧɨɫɬɶ ɮɨɪɦɵ ɩɪɢ ɡɚɥɢɜɤɟ ɢ 
ɨɯɥɚɠɞɟɧɢɢ ɜɩɥɨɬɶ ɞɨ ɩɪɨɰɟɫɫɚ ɨɬɞɟɥɟɧɢɹ ɨɬɥɢɜɤɢ [24]. 

Ʌɢɬɶɟ ɜ ɜɚɤɭɭɦ-ɩɥɟɧɨɱɧɭɸ ɮɨɪɦɭ ɢɦɟɟɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ ɩɟɪɟɞ ɥɢɬɶɟɦ 
ɜ ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɵɟ ɮɨɪɦɵ, ɩɨɫɤɨɥɶɤɭ ɩɨɡɜɨɥɹɟɬ ɢɡɝɨɬɨɜɢɬɶ ɨɬɥɢɜɤɢ 
ɫɥɨɠɧɨɣ ɮɨɪɦɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɬɨɧɤɨɫɬɟɧɧɵɟ ɢ ɫ ɪɚɡɧɨɣ ɬɨɥɳɢɧɨɣ ɫɬɟɧɨɤ ɫ 
ɭɥɭɱɲɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ: 

- ɛɨɥɟɟ ɩɥɨɬɧɨɣ ɫɬɪɭɤɬɭɪɵ; 
- ɦɟɧɶɲɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ ɡɚ ɫɱɟɬ ɨɫɨɛɵɯ ɭɫɥɨɜɢɣ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɨɯɥɚɠɞɟɧɢɹ ɨɬɥɢɜɤɢ; 
- ɦɢɧɢɦɚɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɩɨɫɬɨɪɨɧɧɢɯ ɜɤɥɸɱɟɧɢɣ; 
- ɱɢɫɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ; 
- ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɪɚɡɦɟɪɨɜ; 
- ɫ ɜɨɡɦɨɠɧɵɦ ɨɬɫɭɬɫɬɜɢɟɦ ɥɢɬɟɣɧɵɯ ɭɤɥɨɧɨɜ ɢ ɪɚɞɢɭɫɨɜ [24]. 
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Ɋɢɫɭɧɨɤ 35 –ȼɚɤɭɭɦɧɨ-ɩɥɟɧɨɱɧɚɹ ɮɨɪɦɨɜɤɚ 

ɋȿɃȺɌɐɍ - ɩɪɨɰɟɫɫ 
 
ɗɬɚ ɬɟɯɧɨɥɨɝɢɹ ɭɩɥɨɬɧɟɧɢɹ ɪɚɡɨɜɵɯ ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɵɯ ɮɨɪɦ ɢ ɭɠɟ 

ɫɬɚɥɚ ɫɬɚɧɞɚɪɬɨɦ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɪɚɡɥɢɱɧɨɣ ɧɨɦɟɧɤɥɚɬɭɪɵ ɨɬɥɢɜɨɤ ɩɨ ɉȽɋ-
ɩɪɨɰɟɫɫɭ (ɪɢɫɭɧɨɤ 36), ɧɚɩɪɢɦɟɪ, ɞɥɹ ɦɢɪɨɜɨɝɨ ɚɜɬɨɩɪɨɦɚ [25]. 

 

 
 

Ɋɢɫɭɧɨɤ 36 –Ɉɛɪɚɡɟɰ ɩɨɥɭɮɨɪɦɵ ɩɨ ɋɟɣɚɬɰɭ-ɩɪɨɰɟɫɫɭ 
 
ɍɩɥɨɬɧɟɧɢɟ ɮɨɪɦɨɜɨɱɧɨɣ ɫɦɟɫɢ ɩɪɨɢɫɯɨɞɢɬ ɫɩɨɫɨɛɨɦ ɋɟɣɚɬɰɭ – 

ɜɨɡɞɭɲɧɵɦ ɩɨɬɨɤɨɦ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɪɟɫɫɨɜɚɧɢɟɦ. ɉɪɨɫɬɪɚɧɫɬɜɨ ɭ 
ɦɨɞɟɥɶɧɨɣ ɨɫɧɚɫɬɤɢ, ɫɨɫɬɨɹɳɟɟ ɢɡ ɩɨɞɦɨɞɟɥɶɧɨɣ ɩɥɢɬɵ/ɞɟɪɠɚɬɟɥɹ 
ɩɨɞɦɨɞɟɥɶɧɨɣ ɩɥɢɬɵ, ɨɩɨɤɢ ɢ ɧɚɩɨɥɧɢɬɟɥɶɧɨɣ ɪɚɦɵ, ɡɚɩɨɥɧɹɟɬɫɹ 
ɧɟɨɛɯɨɞɢɦɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɮɨɪɦɨɜɨɱɧɨɣ ɫɦɟɫɢ ɨɬɤɪɵɜɚɧɢɟɦ ɠɚɥɸɡɢɣɧɵɯ 
ɡɚɬɜɨɪɨɜ ɛɭɧɤɟɪɚ-ɞɨɡɚɬɨɪɚ - ɲɚɝ 1 (ɪɢɫɭɧɨɤ 37). Ɂɚɬɟɦ ɛɭɧɤɟɪ-ɞɨɡɚɬɨɪ 
ɩɟɪɟɞɜɢɝɚɟɬɫɹ ɩɨɞ ɥɟɧɬɨɱɧɵɣ ɩɢɬɚɬɟɥɶ ɛɭɧɤɟɪɚ ɫɦɟɫɢ, ɚ ɩɪɟɫɫɨɜɚɹ ɝɨɥɨɜɤɚ 
ɡɚɧɢɦɚɟɬ ɩɨɥɨɠɟɧɢɟ ɧɚɞ ɩɪɨɫɬɪɚɧɫɬɜɨɦ ɮɨɪɦɵ [25]. 

 

 
 

ɒɚɝ 1 

ɒɚɝ 3 ɒɚɝ 4 

ɒɚɝ 2 
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Ɋɢɫɭɧɨɤ 37 –ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɮɨɪɦ ɩɨ ɋɟɣɚɬɰɭ-ɩɪɨɰɟɫɫɭ 
ɋɬɨɥ ɦɚɲɢɧɵ ɩɨɞɧɢɦɚɟɬɫɹ ɢ ɞɚɜɢɬ ɞɟɪɠɚɬɟɥɶ ɩɨɞɦɨɞɟɥɶɧɨɣ ɩɥɢɬɵ ɫ 

ɨɩɨɤɨɣ ɢ ɧɚɩɨɥɧɢɬɟɥɶɧɨɣ ɪɚɦɨɣ ɤ ɩɪɟɫɫɨɜɨɣ ɝɨɥɨɜɤɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɜɫɟ 
ɩɪɨɫɬɪɚɧɫɬɜɨ ɮɨɪɦɵ ɨɤɚɡɵɜɚɟɬɫɹ ɝɟɪɦɟɬɢɱɧɨ ɡɚɤɪɵɬɵɦ. Ɂɚɬɟɦ 
ɤɪɚɬɤɨɜɪɟɦɟɧɧɨ ɨɬɤɪɵɜɚɟɬɫɹ ɤɥɚɩɚɧ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ. ȼɨɡɞɭɲɧɵɣ ɩɨɬɨɤ 
ɩɪɨɯɨɞɢɬ ɮɨɪɦɨɜɨɱɧɭɸ ɫɦɟɫɶ ɨɬ ɤɨɧɬɪɥɚɞɚɩɨɥɭɮɨɪɦɵ ɜ ɫɬɨɪɨɧɭ ɦɨɞɟɥɢ ɢ 
ɭɯɨɞɢɬ ɱɟɪɟɡ ɜɟɧɬɵ ɜ ɞɟɪɠɚɬɟɥɟ ɩɨɞɦɨɞɟɥɶɧɵɯ ɩɥɢɬ ɢ/ɢɥɢ ɜ ɫɚɦɨɣ 
ɩɨɞɦɨɞɟɥɶɧɨɣ ɩɥɢɬɟ - ɲɚɝ 2 (ɪɢɫɭɧɨɤ 37). Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ ɩɪɟɫɫɨɜɚɧɢɟ ɫɜɟɪɯɭ 
ɩɥɨɫɤɨɣ ɩɪɟɫɫɨɜɨɣ ɩɥɢɬɨɣ, ɦɟɦɛɪɚɧɨɣ ɢɥɢ ɦɧɨɝɨɩɥɭɧɠɟɪɧɨɣ ɝɨɥɨɜɤɨɣ 
ɩɪɨɢɡɜɨɞɢɬ ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɭɩɥɨɬɧɟɧɢɟ ɮɨɪɦɵ - ɲɚɝ 3 (ɪɢɫɭɧɨɤ 37). ȼɨ ɜɪɟɦɹ 
ɩɪɨɰɟɫɫɚ ɭɩɥɨɬɧɟɧɢɹ ɛɭɧɤɟɪ-ɞɨɡɚɬɨɪ ɫɧɨɜɚ ɡɚɩɨɥɧɹɟɬɫɹ ɫɦɟɫɶɸ. ɉɪɨɬɹɠɤɚ 
ɦɨɞɟɥɢ ɢɡ ɮɨɪɦɵ ɩɪɨɢɫɯɨɞɢɬ ɩɭɬɟɦ ɨɩɭɫɤɚɧɢɹ ɫɬɨɥɚ ɦɚɲɢɧɵ. Ɉɞɧɨɜɪɟɦɟɧɧɨ 
ɜ ɢɫɯɨɞɧɨɟ ɩɨɥɨɠɟɧɢɟ ɩɟɪɟɞɜɢɝɚɸɬɫɹ ɛɭɧɤɟɪ-ɞɨɡɚɬɨɪ ɫɦɟɫɢ ɢ ɩɪɟɫɫɨɜɚɹ 
ɝɨɥɨɜɤɚ - ɲɚɝ 4 (ɪɢɫɭɧɨɤ 37). 

 
ɉɪɟɢɦɭɳɟɫɬɜɚ ɋȿɃȺɌɐɍ-ɩɪɨɰɟɫɫɚ 
 
Ɋɚɜɧɨɦɟɪɧɚɹ ɬɜɟɪɞɨɫɬɶ ɮɨɪɦɵ ɹɜɥɹɟɬɫɹ ɩɪɟɞɩɨɫɵɥɤɨɣ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɨɬɥɢɜɨɤ ɜɵɫɨɤɨɣ ɪɚɡɦɟɪɧɨɣ ɬɨɱɧɨɫɬɢ. ɋɪɚɜɧɟɧɢɟ ɦɟɠɞɭ ɜɫɬɪɹɯɢɜɚɧɢɟɦ ɫ 
ɩɨɞɩɪɟɫɫɨɜɤɨɣ ɢ ɋɟɣɚɬɰɭ-ɩɪɨɰɟɫɫɨɦ ɧɚɝɥɹɞɧɨ ɩɨɤɚɡɵɜɚɟɬ ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɭɸ 
ɬɜɟɪɞɨɫɬɶ ɮɨɪɦɵ, ɢɡɝɨɬɨɜɥɟɧɧɨɣ ɫɩɨɫɨɛɨɦ ɋɟɣɚɬɰɭ (ɪɢɫɭɧɨɤ 38) [25]. 

 

 
 

Ɋɢɫɭɧɨɤ 38 – Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɬɜɟɪɞɨɫɬɢ ɮɨɪɦɵ ɩɨ ɢɧɧɨɜɚɰɢɨɧɧɨɦɭ ɫɩɨɫɨɛɭ 
ɭɩɥɨɬɧɟɧɢɹ ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɵɯ ɮɨɪɦ - ɋɟɣɚɬɰɭ-ɩɪɨɰɟɫɫ ɢ ɫɬɚɪɵɦ  

ɬɪɚɞɢɰɢɨɧɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ 

 
Ɋɟɡɨɥ - CO2 
 
ɋɜɹɡɭɸɳɚɹ ɫɢɫɬɟɦɚ Ɋɟɡɨɥ (ɪɢɫɭɧɨɤ 39) ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɯɨɥɨɞɧɨɬɜɟɪɞɟɸɳɢɯ ɫɦɟɫɟɣ, ɩɪɢɦɟɧɹɟɦɵɯ ɩɪɢ ɥɢɬɶɟ ɱɟɪɧɵɯ ɢ ɰɜɟɬɧɵɯ 
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ɦɟɬɚɥɥɨɜ. Ɉɞɧɨɤɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ ɞɟɣɫɬɜɭɟɬ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɝɚɡɨɜɨɝɨ 
ɨɬɜɟɪɠɞɟɧɢɹ (ɭɝɥɟɤɢɫɥɵɦ ɝɚɡɨɦ). 

ɋɜɹɡɭɸɳɢɦ ɜɟɳɟɫɬɜɨɦ ɹɜɥɹɟɬɫɹ ɳɟɥɨɱɧɚɹ ɮɟɧɨɥɨɮɨɪɦɚɥɶɞɟɝɢɞɧɚɹ 
ɫɦɨɥɚ. ȼ ɫɨɫɬɚɜɟ ɜɟɳɟɫɬɜɚ ɨɬɫɭɬɫɬɜɭɟɬ ɚɡɨɬ, ɫɟɪɚ ɢ ɮɨɫɮɨɪ. Ⱦɥɹ ɨɛɪɚɡɨɜɚɧɢɹ 
ɩɨɥɢɦɟɪɚ ɫɦɨɥɚ ɩɟɪɟɦɟɲɢɜɚɟɬɫɹ ɫ ɩɟɫɤɨɦ. Ɂɚɬɟɦ ɜ ɫɬɟɪɠɧɟɜɨɣ ɹɳɢɤ 
ɩɨɫɬɭɩɚɟɬ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ. ȼ ɩɪɨɰɟɫɫɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɥɢɦɟɪɚ ɜɹɠɭɳɟɟ 
ɜɟɳɟɫɬɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ CO2. ɂɡɝɨɬɨɜɥɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ Ɋɟɡɨɥɚ ɫɬɟɪɠɧɢ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɜɫɟɯ ɬɢɩɨɜ ɨɬɥɢɜɨɤ. Ȼɥɚɝɨɞɚɪɹ ɬɟɤɭɱɟɫɬɢ ɢ ɩɨɜɵɲɟɧɧɨɣ 
ɧɚɱɚɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɫɦɟɫɢ ɦɨɠɧɨ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɫɬɟɪɠɧɢ ɫɥɨɠɧɨɣ 
ɤɨɧɮɢɝɭɪɚɰɢɢ. 

 

 
 

Ɋɢɫɭɧɨɤ 39 – Ɏɨɪɦɚ ɜɵɩɨɥɧɟɧɧɚɹ ɢɡ ɫɜɹɡɭɸɳɟɣ ɫɢɫɬɟɦɵ ɪɟɡɨɥ ɋɈ2 

 
ȼɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɝɨɬɨɜɨɝɨ ɢɡɞɟɥɢɹ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ 

ɩɨɤɚɡɚɬɟɥɹɦɢ:  
- ɨɬɫɭɬɫɬɜɢɟ ɫɦɨɥɹɧɵɯ ɧɚɪɨɫɬɨɜ;  
- ɭɫɬɪɚɧɹɟɬɫɹ ɩɨɹɜɥɟɧɢɟ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ;  
- ɜɵɫɨɤɢɟ ɜɪɟɦɟɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɫɯɜɚɬɵɜɚɧɢɹ ɫɦɟɫɢ ɢ ɟɟ ɩɪɨɱɧɨɫɬɢ;  
- ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɦɟɫɢ ɜ ɬɟɱɟɧɢɟ 3 ɫɭɬɨɤ.  
Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɩɟɪɟɪɚɛɨɬɤɟ Ɋɟɡɨɥ CO2 ɧɟ ɜɵɞɟɥɹɟɬ 

ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ, ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ ɡɚɩɚɯ. ɉɨɷɬɨɦɭ ɧɟ ɬɪɟɛɭɟɬɫɹ 
ɩɪɨɜɟɬɪɢɜɚɧɢɹ ɩɨɦɟɳɟɧɢɹ ɩɨɫɥɟ ɪɚɛɨɬɵ [17]. 
 ȼ ɬɚɛɥɢɰɟ 11 ɭɤɚɡɚɧɵ ɨɫɧɨɜɧɵɟ ɫɜɹɡɭɸɳɢɟ ɫɢɫɬɟɦɵ ɢ ɨɩɢɫɚɧɢɟ. 
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Ɍɚɛɥɢɰɚ 11 – Ɉɩɢɫɚɧɢɟ ɫɜɹɡɭɸɳɢɯ ɫɢɫɬɟɦ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɩɢɫɚɧɢɟ 

NOVANOL 165 
Cɜɹɡɭɸɳɚɹ ɫɢɫɬɟɦɚ, ɨɬɧɨɫɹɳɚɹɫɹ ɤ ɫɢɫɬɟɦɚɦ, ɪɚɛɨɬɚɸɳɢɯ 

ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɝɚɡɨɜɨɝɨ ɨɬɜɟɪɠɞɟɧɢɹ (ɫ ɩɨɦɨɳɶɸ ɋɈ2). 

ɋɬɚɜɪɨɮɨɪɦ CO2 
ɋɜɹɡɭɸɳɚɹ ɫɢɫɬɟɦɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɯɨɥɨɞɧɨɬɜɟɪɞɟɸɳɢɯ ɫɦɟɫɟɣ, ɨɬɜɟɪɠɞɚɟɦɵɯ ɭɝɥɟɤɢɫɥɵɦ 
ɝɚɡɨɦ (Rezol-CO2 ɩɪɨɰɟɫɫ). 

 
ColdBoxAmin 
 
Ɍɪɟɯɤɨɦɩɨɧɟɧɬɧɚɹ ɫɢɫɬɟɦɚ Coldbox (ɪɢɫɭɧɨɤ 40) ɩɪɢɦɟɧɹɟɬɫɹ ɜ 

ɥɢɬɟɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɪɢ ɥɢɬɶɟ ɚɥɸɦɢɧɢɹ ɢ ɥɟɝɤɢɯ ɫɩɥɚɜɨɜ. ɋɨɫɬɨɢɬ ɢɡ 
ɬɪɟɯ ɤɨɦɩɨɧɟɧɬɨɜ: ɫɜɹɡɭɸɳɟɝɨ (ɧɚ ɨɫɧɨɜɟ ɮɟɧɨɥɨɮɨɪɦɚɥɶɞɟɝɢɞɧɨɣ ɫɦɨɥɵ), 
ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɚɤɬɢɜɚɬɨɪɚ. 

ɋɜɹɡɭɸɳɟɟ ɜɟɳɟɫɬɜɨ (ɫɦɨɥɚ) ɩɟɪɟɦɟɲɢɜɚɟɬɫɹ ɫ ɧɚɩɨɥɧɢɬɟɥɟɦ (ɩɟɫɨɤ), 
ɩɨɫɥɟ ɱɟɝɨ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɫɨɫɬɚɜ ɡɚɞɭɜɚɟɬɫɹ ɜɨɡɞɭɯɨɦ ɜ ɫɬɟɪɠɧɟɜɭɸ ɢɥɢ 
ɮɨɪɦɨɜɨɱɧɭɸ ɨɫɧɚɫɬɤɭ. Ⱦɥɹ ɨɬɜɟɪɠɟɧɢɹ ɫɦɟɫɶ ɩɪɨɞɭɜɚɟɬɫɹ ɤɚɬɚɥɢɡɚɬɨɪɨɦ 
(ɬɪɟɬɢɱɧɵɣ ɚɦɢɧ) ɫɦɟɲɚɧɧɵɦ ɫ ɫɭɯɢɦ ɜɨɡɞɭɯɨɦ ɢɥɢ ɭɝɥɟɤɢɫɥɵɦ ɝɚɡɨɦ. 
ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɢ ɩɨɞɚɱɭ ɝɚɡɨɨɛɪɚɡɧɨɣ ɫɦɟɫɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɫ ɚɤɬɢɜɚɬɨɪɨɦ 
ɨɫɭɳɟɫɬɜɥɹɸɬ ɫɩɟɰɢɚɥɶɧɵɟ ɝɚɡɨɝɟɧɟɪɚɬɨɪɵ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɣ ɩɪɨɰɟɞɭɪɟ 
ɞɨɫɬɢɝɚɟɬɫɹ ɪɚɜɧɨɦɟɪɧɨɟ ɢ ɛɵɫɬɪɨɟ ɨɬɜɟɪɞɟɧɢɟ ɮɨɪɦɵ ɢɥɢ ɫɬɟɪɠɧɹ. Coldbox 
ɩɪɨɰɟɫɫ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫɬɟɪɠɧɟɣ ɫɥɨɠɧɨɣ ɮɨɪɦɵ. 

 

 
 

Ɋɢɫɭɧɨɤ 40 – Ɏɨɪɦɚ ɜɵɩɨɥɧɟɧɧɚɹ ɢɡ ɫɜɹɡɭɸɳɟɣ ɫɢɫɬɟɦɵCOLD BOX AMIN 

 
ɉɪɟɢɦɭɳɟɫɬɜɚ Coldbox 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ COLD BOX AMIN ɩɪɨɰɟɫɫɚ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ 

ɩɪɟɢɦɭɳɟɫɬɜɚ:  
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- ɜɵɫɨɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɞɨɫɬɢɝɚɟɦɚɹ ɛɥɚɝɨɞɚɪɹ ɩɨɜɵɲɟɧɧɨɣ 
ɫɤɨɪɨɫɬɢ ɫɯɜɚɬɵɜɚɧɢɹ ɢ ɦɨɦɟɧɬɚɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɫɦɟɫɢ;  

- ɬɨɱɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦ ɢ ɫɬɟɪɠɧɟɣ, ɚ ɬɚɤɠɟ ɛɵɫɬɪɨɟ ɭɞɚɥɟɧɢɟ 
ɨɫɧɚɫɬɤɢ;  

- ɦɢɧɢɦɚɥɶɧɨɟ ɜɵɞɟɥɟɧɢɟ ɜɪɟɞɧɵɯ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɟɳɟɫɬɜ.  
 ȼ ɷɤɨɧɨɦɢɱɟɫɤɨɦ ɩɥɚɧɟ, ɫɢɫɬɟɦɚ Coldbox ɢɦɟɟɬ ɧɟɜɵɫɨɤɢɟ ɪɚɫɯɨɞɵ ɧɚ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɢ ɬɪɭɞɨɜɵɟ ɪɟɫɭɪɫɵ [17]. ȼ ɬɚɛɥɢɰɟ 12 ɭɤɚɡɚɧɵ ɨɫɧɨɜɧɵɟ 
ɫɜɹɡɭɸɳɢɟ ɫɢɫɬɟɦɵ ɢ ɨɩɢɫɚɧɢɟ. 
 
Ɍɚɛɥɢɰɚ 12 – Ɉɩɢɫɚɧɢɟ ɫɜɹɡɭɸɳɢɯ ɫɢɫɬɟɦ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɩɢɫɚɧɢɟ 

ASKOCURE 366 ɋɦɨɥɹɧɨɣ ɤɨɦɩɨɧɟɧɬ ɞɥɹ ɫɢɫɬɟɦɵ 
ColdBox-amin ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ, ɫɨɜɦɟɫɬɧɨ 

ɫ ɫɢɫɬɟɦɨɣ ASKOCURE 666, 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɯɪɚɧɟɧɢɹ 
ɫɬɟɪɠɧɟɣ, ɢ ɯɨɪɨɲɭɸ ɧɚɱɚɥɶɧɭɸ ɢ 

ɤɨɧɟɱɧɭɸ ɩɪɨɱɧɨɫɬɶ. 
ASKOCURE 388 ɋɦɨɥɹɧɨɣ ɤɨɦɩɨɧɟɧɬ ɞɥɹ ɫɢɫɬɟɦɵ 

ColdBox-amin ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ, ɫɨɜɦɟɫɬɧɨ 
ɫ ɫɢɫɬɟɦɨɣ ASKOCURE 666 ɢɥɢ 

ASKOCURE 688, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɟ ɜɪɟɦɹ 
ɯɪɚɧɟɧɢɹ ɫɬɟɪɠɧɟɣ, ɢ ɯɨɪɨɲɭɸ ɧɚɱɚɥɶɧɭɸ 

ɢ ɤɨɧɟɱɧɭɸ ɩɪɨɱɧɨɫɬɶ. 
ASKOCURE 666 ɉɨɥɢɢɡɨɰɢɚɧɚɬɧɵɣ ɤɨɦɩɨɧɟɧɬ ɞɥɹ 

ɫɢɫɬɟɦɵ ColdBox. Ɉɩɬɢɦɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ 
ɞɨɫɬɢɝɚɸɬɫɹ ɜ ɤɨɦɛɢɧɚɰɢɢ ɫ ASKOCURE 

366. 
ASKOCURE 688 ɉɨɥɢɢɡɨɰɢɚɧɚɬɧɵɣ ɤɨɦɩɨɧɟɧɬ ɞɥɹ 

ɫɢɫɬɟɦɵ ColdBox. Ɉɩɬɢɦɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ 
ɞɨɫɬɢɝɚɸɬɫɹ ɜ ɤɨɦɛɢɧɚɰɢɢ ɫ ASKOCURE 

388 ɢ 366. 
ECOCURE 300 WM 10 ɋɦɨɥɹɧɨɣ ɤɨɦɩɨɧɟɧɬ ɞɥɹ ɩɪɨɰɟɫɫɚ 

«ColdBox-amin», ɤɨɬɨɪɵɣ, ɫɨɜɦɟɫɬɧɨ ɫ 
ɤɨɦɩɨɧɟɧɬɨɦ «ECOCURE 600 WM 11» ɢɥɢ 

«WM 20», ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɜɵɞɟɥɟɧɢɟ 
ɛɥɟɫɬɹɳɟɝɨ ɭɝɥɟɪɨɞɚ. 

ECOCURE 600 WM 11 ɉɨɥɢɢɡɨɰɢɚɧɚɬɧɵɣ ɤɨɦɩɨɧɟɧɬ ɞɥɹ 
ɩɪɨɰɟɫɫɚ «Cold-Box-amin». Ɉɩɬɢɦɚɥɶɧɵɟ 

ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɵ ɜ ɤɨɦɛɢɧɚɰɢɢ ɫɨ 
ɫɦɨɥɨɣ Ecocure 300 WM 10. 

KATALYSATOR 702 Ⱦɢɦɟɬɢɥɷɬɢɥɚɦɢɧ 
KATALYSATOR 704 Ⱦɢɦɟɬɢɥɢɡɨɩɪɨɩɢɥɚɦɢɧ 
ɋɬɚɜɪɨɮɨɪɦ ȺɆ ɋɜɹɡɭɸɳɚɹ ɫɢɫɬɟɦɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ 
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ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɩɟɫɱɚɧɨ-ɫɦɨɥɹɧɵɯ ɫɦɟɫɟɣ 
ɯɨɥɨɞɧɨɝɨ ɨɬɜɟɪɠɞɟɧɢɹ ɩɨ Cold-box-

ɩɪɨɰɟɫɫɭ 

FURAN 
 

Ɏɨɪɦɨɜɨɱɧɵɟ ɫɦɟɫɢ ɧɚ ɨɫɧɨɜɟ ɮɭɪɚɧɨɜɵɯ ɫɦɨɥ (ɪɢɫɭɧɨɤ 41) ɜ ɤɚɱɟɫɬɜɟ 
ɫɜɹɡɭɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜɨɫɬɪɟɛɨɜɚɧɵ ɩɪɢ ɥɢɬɶɟ ɬɹɠɟɥɵɯ ɱɭɝɭɧɧɵɯ ɨɬɥɢɜɨɤ, 
ɤɨɝɞɚ ɧɟɨɛɯɨɞɢɦɚ ɩɨɜɵɲɟɧɧɚɹ ɩɪɨɱɧɨɫɬɶ ɨɫɧɚɫɬɤɢ. ɋɦɨɥɵ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɫɨɛɨɣ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɟ ɩɨɥɢɦɟɪɧɵɟ ɜɟɳɟɫɬɜɚ, ɩɨɥɭɱɚɟɦɵɟ ɢɡ 
ɮɨɪɦɚɥɶɞɟɝɢɞɚ, ɫɩɢɪɬɚ (ɢɥɢ ɚɰɟɬɨɧɚ) ɢ ɦɨɱɟɜɢɧɵ. 

ȼ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɨɬɜɟɪɠɞɟɧɢɟ ɮɭɪɚɧɨɜɵɯ ɫɦɨɥ ɩɪɨɢɫɯɨɞɢɬ 
ɞɨɜɨɥɶɧɨ ɦɟɞɥɟɧɧɨ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɨɬɜɟɪɠɟɧɢɹ ɧɭɠɧɨ ɥɢɛɨ ɧɚɝɪɟɬɶ 
ɮɭɪɚɧ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 150 ɝɪɚɞɭɫɨɜ, ɥɢɛɨ ɩɪɢɦɟɧɢɬɶ ɤɚɬɚɥɢɡɚɬɨɪ (ɧɚ ɨɫɧɨɜɟ 
ɦɢɧɟɪɚɥɶɧɵɯ ɢɥɢ ɫɭɥɶɮɚɬɧɵɯ ɤɢɫɥɨɬ). ȼ ɩɪɨɰɟɫɫɟ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ 
ɩɨɥɭɱɚɟɬɫɹ ɝɥɚɞɤɚɹ ɢ ɩɪɨɱɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɩɪɟɫɫ-ɮɨɪɦɵ ɢɥɢ ɫɬɟɪɠɧɹ. ɉɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɨɬɢɜɨɩɪɢɝɚɪɧɨɝɨ ɩɨɤɪɵɬɢɹ ɨɬɥɢɜɤɚ ɥɟɝɤɨ ɭɞɚɥɹɟɬɫɹ ɢɡ 
ɮɨɪɦɵ [17]. 

 

 
 

Ɋɢɫɭɧɨɤ 41 – Ɏɨɪɦɚ ɜɵɩɨɥɧɟɧɧɚɹ ɢɡ ɫɜɹɡɭɸɳɟɣ ɫɢɫɬɟɦɵFURAN 
 

Ⱦɨɫɬɨɢɧɫɬɜɚ ɫɜɹɡɭɸɳɟɣ ɫɢɫɬɟɦɵ Furan 
Ɉɬɥɢɱɢɬɟɥɶɧɵɦɢ ɱɟɪɬɚɦɢ ɫɜɹɡɭɸɳɢɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ Furan ɹɜɥɹɸɬɫɹ 

ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ:  
- ɜɵɫɨɤɚɹ ɪɟɚɤɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɩɨɡɜɨɥɹɸɳɚɹ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɭɫɥɨɜɢɹɯ (ɤɚɱɟɫɬɜɟɧɧɵɣ ɨɬɜɟɪɞɢɬɟɥɶ, ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ) ɧɚɛɪɚɬɶ 
ɦɚɤɫɢɦɚɥɶɧɭɸ ɩɪɨɱɧɨɫɬɶ ɜ ɤɪɚɬɱɚɣɲɢɟ ɫɪɨɤɢ;  



60 

- ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɢɞɟɚɥɶɧɨ ɝɥɚɞɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɥɢɜɨɤ 
(ɛɥɚɝɨɞɚɪɹ ɨɬɫɭɬɫɬɜɢɸ ɜ ɫɨɫɬɚɜɟ ɚɡɨɬɚ);  

- ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɢ ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɦɢɧɢɦɚɥɶɧɵɦɢ ɜɵɛɪɨɫɚɦɢ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɩɪɨɰɟɫɫɟ ɮɨɪɦɨɜɤɢ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɜɹɡɭɸɳɚɹ ɫɢɫɬɟɦɚ ɧɚ ɨɫɧɨɜɟ ɮɭɪɚɧɚ ɦɨɠɟɬ ɫ ɭɫɩɟɯɨɦ 
ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɥɸɛɨɦ ɬɢɩɟ ɥɢɬɟɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ [17]. 
 ȼ ɬɚɛɥɢɰɟ 13 ɭɤɚɡɚɧɵ ɨɫɧɨɜɧɵɟ ɫɜɹɡɭɸɳɢɟ ɫɢɫɬɟɦɵ ɢ ɨɩɢɫɚɧɢɟ. 
 
Ɍɚɛɥɢɰɚ 13 – Ɉɩɢɫɚɧɢɟ ɫɜɹɡɭɸɳɢɯ ɫɢɫɬɟɦ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɩɢɫɚɧɢɟ 

ASKURAN 381 Ɏɭɪɚɧɨɜɚɹ ɫɦɨɥɚ ɫ ɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɚɡɨɬɚ. 
ASKURAN NB 7915 D ɉɨɥɢɭɪɟɬɚɧ ɩɪɨɰɟɫɫ No-Bake. 
HARTER GS II Ɉɬɜɟɪɞɢɬɟɥɶ NoBake ɞɥɹ ɮɭɪɚɧɨɜɵɯ ɢ ɮɟɧɨɥɶɧɵɯ ɫɦɨɥ. 
HARTER RAPID 05 Ȼɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɣ ɨɬɜɟɪɞɢɬɟɥɶ NoBake ɞɥɹ 

ɮɭɪɚɧɨɜɵɯ ɢ ɮɟɧɨɥɶɧɵɯ ɫɦɨɥ. 
 
Pepset 
 
ɋɨɜɪɟɦɟɧɧɚɹ ɫɜɹɡɭɸɳɚɹ ɫɢɫɬɟɦɚ Pepset (ɪɢɫɭɧɨɤ 42) ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ 

ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɥɢɬɟɣɧɨɣ ɨɫɧɚɫɬɤɢ ɩɪɢ ɥɢɬɶɟ, ɤɚɤ ɰɜɟɬɧɵɯ, ɬɚɤ ɢ ɱɟɪɧɵɯ 
ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ. ɋɜɹɡɭɸɳɢɦɢ ɜɟɳɟɫɬɜɚɦɢ ɜɵɫɬɭɩɚɸɬ ɫɦɨɥɵ ɧɚ 
ɩɨɥɢɭɪɟɬɚɧɨɜɨɣ ɨɫɧɨɜɟ. 

ɋɢɫɬɟɦɚ ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɫɤɨɪɨɫɬɶ ɨɬɜɟɪɠɞɟɧɢɹ (ɦɟɧɟɟ 2 ɦɢɧɭɬ). 
ɉɪɢɦɟɧɟɧɢɟ ɠɢɞɤɨɝɨ ɚɦɢɧɚ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɫɬɚɜ ɫɦɟɫɢ ɞɥɹ 
ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɨɫɧɚɫɬɤɢ ɜɨ ɦɧɨɝɢɯ ɬɢɩɚɯ ɥɢɬɟɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɉɪɢ ɷɬɨɦ 
ɩɪɨɱɧɨɫɬɶ ɨɬɞɟɥɶɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɫɜɹɡɭɸɳɢɯ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ 
ɨɬɥɢɜɤɢ ɢɡ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ. ɋɜɹɡɭɸɳɢɟ ɤɨɦɩɨɧɟɧɬɵ ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɤɚɤ ɫɨ 
ɫɜɟɠɢɦɢ ɩɟɫɤɚɦɢ, ɬɚɤ ɢ ɫ ɪɟɝɟɧɟɪɢɪɨɜɚɧɧɵɦ ɫɨɫɬɚɜɨɦ. 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ PEPSET  
Ⱦɨɫɬɨɢɧɫɬɜɚɦɢ ɉɟɩɫɟɬ ɩɪɨɰɟɫɫɚ ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɮɚɤɬɨɪɵ:  
- ɜɵɫɨɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɞɨɫɬɢɝɚɟɦɚɹ ɛɥɚɝɨɞɚɪɹ ɛɵɫɬɪɨɦɭ 

ɨɬɜɟɪɠɟɧɢɸ ɫɦɟɫɢ;  
- ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɝɟɧɟɪɚɰɢɢ ɫɨɫɬɚɜɚ;  
- ɜɵɫɨɤɢɟ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɫɫ-ɮɨɪɦɵ ɢ ɫɬɟɪɠɧɟɣ;  
- ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɬɶ ɫɤɨɪɨɫɬɶ ɨɬɜɟɪɠɟɧɢɹ ɫɦɟɫɢ.  
Ʉɪɨɦɟ ɷɬɨɝɨ, ɤ ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ 

ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ ɢ ɩɪɨɫɬɨɬɭ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɫɬɟɦɵ [17]. ȼ ɬɚɛɥɢɰɟ 14 
ɭɤɚɡɚɧɵ ɨɫɧɨɜɧɵɟ ɫɜɹɡɭɸɳɢɟ ɫɢɫɬɟɦɵ ɢ ɨɩɢɫɚɧɢɟ 
 
Ɍɚɛɥɢɰɚ 14 – Ɉɩɢɫɚɧɢɟ ɫɜɹɡɭɸɳɢɯ ɫɢɫɬɟɦ 
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ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɩɢɫɚɧɢɟ 

PEP SET™ ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɚɹ ɢ ɝɢɛɤɚɹ ɫɢɫɬɟɦɚ ɏɌɋ 
ɫɜɹɡɭɸɳɢɯ. 

 
 

 
 

Ɋɢɫɭɧɨɤ 42– PEPSET 

 
Ƚɨɪɹɱɢɟ ɫɬɟɪɠɧɟɜɵɟ ɹɳɢɤɢ - hotbox ɩɪɨɰɟɫɫ, warmbox 
 

ɉɪɨɰɟɫɫ HOT-BOX (ɪɢɫɭɧɨɤ 43) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɰɟɞɭɪɭ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɬɟɪɠɧɟɣ ɩɭɬɟɦ ɨɬɜɟɪɠɞɟɧɢɹ ɢɯ ɜ ɧɚɝɪɟɜɚɟɦɨɣ ɫɜɵɲɟ 200 0C 
ɨɫɧɚɫɬɤɟ. ɋɜɹɡɭɸɳɢɦ ɫɥɭɠɢɬ ɫɢɧɬɟɬɢɱɟɫɤɚɹ ɫɦɨɥɚ, ɩɨɥɭɱɚɟɦɚɹ ɦɟɬɨɞɨɦ 
ɤɨɧɞɟɧɫɚɰɢɢ ɤɚɪɛɚɦɢɞɚ ɫ ɮɨɪɦɚɥɶɞɟɝɢɞɨɦ. 

ɉɪɢɦɟɧɹɟɬɫɹ HotBox ɩɪɨɰɟɫɫ ɩɪɢ ɥɢɬɶɟ ɬɹɠɟɥɵɯ ɨɬɥɢɜɨɤ ɢɡ ɱɭɝɭɧɚ ɢ 
ɫɬɚɥɢ. ȼ ɫɬɟɪɠɧɟɜɵɟ ɹɳɢɤɢ ɝɨɬɨɜɭɸ ɫɦɟɫɶ ɜɜɨɞɹɬ ɩɟɫɤɨɞɭɜɧɵɦ ɫɩɨɫɨɛɨɦ. ȼ 
ɨɫɧɨɜɟ ɩɪɨɰɟɫɫɚ ɨɬɜɟɪɠɞɟɧɢɹ ɥɟɠɢɬ ɩɪɨɰɟɞɭɪɚ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɫɦɨɥ. ɉɨ ɦɟɪɟ 
ɧɚɝɪɟɜɚɧɢɹ ɨɫɧɚɫɬɤɢ ɫɬɟɪɠɟɧɶ ɭɩɪɨɱɧɹɟɬɫɹ. Ⱦɥɹ ɭɫɤɨɪɟɧɢɹ ɨɬɜɟɪɠɞɟɧɢɹ ɜ 
ɫɨɫɬɚɜ ɫɦɟɫɢ ɞɨɛɚɜɥɹɸɬ ɤɢɫɥɵɟ ɫɨɥɢ ɥɚɬɟɧɬɧɨɝɨ ɞɟɣɫɬɜɢɹ. ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ 
ɫɬɟɪɠɧɢ ɩɨɤɢɧɭɥɢ ɝɨɪɹɱɢɟ ɫɬɟɪɠɧɟɜɵɟ ɹɳɢɤɢ, ɨɧɢ ɩɪɢɨɛɪɟɥɢ ɧɟɨɛɪɚɬɢɦɭɸ 
ɫɬɪɭɤɬɭɪɭ ɢ ɧɟ ɩɨɞɥɟɠɚɬ ɪɟɝɟɧɟɪɚɰɢɢ. 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɩɪɢɦɟɧɟɧɢɹ HOT-BOX 
Ɇɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɫɬɟɪɠɧɟɣ ɩɭɬɟɦ ɧɚɝɪɟɜɚɧɢɹ ɜ ɫɬɟɪɠɧɟɜɵɯ ɹɳɢɤɚɯ 

ɢɞɟɧɬɢɱɟɧ WarmBox ɩɪɨɰɟɫɫɭ ɢ ɢɦɟɟɬ ɬɚɤɢɟ ɠɟ ɞɨɫɬɨɢɧɫɬɜɚ:  
- ɜɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ ɢ ɩɪɨɱɧɨɫɬɶ ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɯ ɫɬɟɪɠɧɟɣ;  
- ɤɨɪɨɬɤɢɣ ɫɪɨɤ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɣ:  
- ɜɵɫɨɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɥɢɬɟɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ.  
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ȼɦɟɫɬɟ ɫ ɬɟɦ, ɞɚɧɧɵɣ ɩɪɨɰɟɫɫ ɧɟ ɹɜɥɹɟɬɫɹ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵɦ, 
ɩɨɫɤɨɥɶɤɭ ɜ ɯɨɞɟ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɫɧɚɫɬɤɢ ɜɵɞɟɥɹɸɬɫɹ ɜɪɟɞɨɧɨɫɧɵɟ ɝɚɡɵ [17]. 
 ȼ ɬɚɛɥɢɰɟ 15 ɭɤɚɡɚɧɵ ɨɫɧɨɜɧɵɟ ɫɜɹɡɭɸɳɢɟ ɫɢɫɬɟɦɵ ɢ ɨɩɢɫɚɧɢɟ. 
 
 
Ɍɚɛɥɢɰɚ 15- Ɉɩɢɫɚɧɢɟ ɫɜɹɡɭɸɳɟɣ ɫɢɫɬɟɦɵ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɩɢɫɚɧɢɟ 

ɋɬɚɜɪɨɮɨɪɦ-90Ʌ ɋɜɹɡɭɸɳɚɹ ɫɢɫɬɟɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɤɚɪɛɚɦɢɞɨɮɭɪɚɧɨɜɭɸ ɫɦɨɥɭ ɢ ɹɜɥɹɟɬɫɹ ɩɪɨɞɭɤɬɨɦ 

ɤɨɧɞɟɧɫɚɰɢɢ ɤɚɪɛɚɦɢɞɚ ɫ ɮɨɪɦɚɥɶɞɟɝɢɞɨɦ, 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɭɸ ɮɭɪɮɭɪɢɥɨɜɵɦ ɫɩɢɪɬɨɦ. 

 

 
 

Ɋɢɫɭɧɨɤ 43 –Ɏɨɪɦɚ, ɜɵɩɨɥɧɟɧɧɚɹ ɢɡ ɫɜɹɡɭɸɳɟɣ ɫɢɫɬɟɦɵ Hotbox 

 
 

6.2 Щɟɥɨɱɧɵɟ ɩɨɥɢɮɟɧɨɥɹɬɵ, ɨɬɜɟɪɠɞɚɟɦɵɟ ɠɢɞɤɢɦɢ ɢ 

ɝɚɡɨɨɛɪɚɡɧɵɦɢ ɫɥɨɠɧɵɦɢ ɷɮɢɪɚɦɢ (ALPHA-SEɌ- ɢ BETA-SET- 

ɩɪɨɰɟɫɫɵ) 

 
ɗɬɚ ɫɜɹɡɭɸɳɚɹ ɫɢɫɬɟɦɚ, ɥɟɠɚɳɚɹ ɜ ɨɫɧɨɜɟ ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ ALPHA- 

SET-ɩɪɨɰɟɫɫɚ, ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɚɧɝɥɢɣɫɤɨɣ ɮɢɪɦɨɣ Borden; ɩɟɪɜɵɟ 
ɩɨɫɜɹɳɟɧɧɵɟ ɟɣ ɩɭɛɥɢɤɚɰɢɢ ɩɨɹɜɢɥɢɫɶ ɜ ɤɨɧɰɟ 1979 ɝɨɞɚ. 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɫɜɹɡɭɸɳɟɣ ɫɢɫɬɟɦɵ ɩɨ ALPHA-SET-ɩɪɨɰɟɫɫɭ: 
- ɛɵɫɬɪɨɟ ɨɛɴɟɦɧɨɟ ɨɬɜɟɪɠɞɟɧɢɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɡɚɥɢɜɚɬɶ ɮɨɪɦɵ 

ɦɟɬɚɥɥɨɦ ɱɟɪɟɡ 2—3 ɱ ɩɨɫɥɟ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫɦɟɫɢ; 
- ɦɚɥɵɟ ɨɛɴɟɦɵ ɜɵɞɟɥɟɧɢɣ ɩɚɪɨɜ ɫɜɨɛɨɞɧɨɝɨ ɮɟɧɨɥɚ, 

ɮɨɪɦɚɥɶɞɟɝɢɞɚ ɢ ɦɟɬɚɧɨɥɚ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɢɫɥɨɬɨɨɬɜɟɪɠɞɚɟɦɵɦɢ ɮɟɧɨɥ - 
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ɮɨɪɦɚɥɶɞɟɝɢɞɧɵɦɢ ɢ ɮɭɪɚɧɨɜɵɦɢ ɫɦɨɥɚɦɢ) ɧɚ ɫɬɟɪɠɧɟɜɵɯ ɢ ɮɨɪɦɨɜɨɱɧɵɯ 
ɭɱɚɫɬɤɚɯ; 

- ɩɪɚɤɬɢɱɟɫɤɨɟ ɨɬɫɭɬɫɬɜɢɟ ɜɵɞɟɥɟɧɢɣ ɞɢɨɤɫɢɞɚ ɫɟɪɵ ɢ 
ɫɟɪɨɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɭɱɚɫɬɤɚɯ ɡɚɥɢɜɤɢ, ɨɫɬɵɜɚɧɢɹ ɢ ɜɵɛɢɜɤɢ 
ɮɨɪɦ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɏɌɋ ɫ ɮɭɪɚɧɨɜɵɦɢ ɫɦɨɥɚɦɢ, ɨɬɜɟɪɠɞɚɟɦɵɦɢ 
ɚɪɨɦɚɬɢɱɟɫɤɢɦɢ ɫɭɥɶɮɨɤɢɫɥɨɬɚɦɢ; 

- ɦɟɧɶɲɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɜɥɚɝɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɏɌɋ ɧɚ 
ɮɭɪɚɧɨɜɵɯ ɫɦɨɥɚɯ ɢ ɨɫɨɛɟɧɧɨ ɏɌɋ ɧɚ ɮɟɧɨɥɨɢɡɨɰɢɚɧɚɬɧɵɯ ɫɜɹɡɭɸɳɢɯ; 

- ɩɨɧɢɠɟɧɧɚɹ ɫɤɥɨɧɧɨɫɬɶ ɤ ɧɚɭɝɥɟɪɨɠɢɜɚɧɢɸ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɬɚɥɶɧɵɯ ɨɬɥɢɜɨɤ, ɢɫɤɥɸɱɟɧɢɟ ɧɚɫɵɳɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɥɢɜɨɤ ɫɟɪɨɣ, 
ɨɬɫɭɬɫɬɜɢɟ ɚɡɨɬɚ ɢ ɫɜɹɡɚɧɧɨɣ ɫ ɧɢɦ ɝɚɡɨɜɨɣ ɩɨɪɢɫɬɨɫɬɢ ɜ ɨɬɥɢɜɤɚɯ; 

- ɫɨɱɟɬɚɧɢɟ ɜɵɫɨɤɨɣ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ ɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɨɞɚɬɥɢɜɨɫɬɢ 
ɮɨɪɦ ɢ ɫɬɟɪɠɧɟɣ ɩɪɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɩɪɨɝɪɟɜɟ, ɱɬɨ ɫɧɢɠɚɟɬ (ɯɨɬɹ ɢ ɧɟ 
ɢɫɤɥɸɱɚɟɬ ɩɨɥɧɨɫɬɶɸ) ɜɟɪɨɹɬɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɞɟɮɟɤɬɨɜ ɨɬɥɢɜɨɤ ɬɢɩɚ 
ɩɪɨɫɟɱɟɤ ɢ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ; 

- ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ ɜ ɨɬɧɨɲɟɧɢɢ ɫɩɥɚɜɨɜ ɞɥɹ ɨɬɥɢɜɤɢ - ɜɨɡɦɨɠɧɨ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɤɚɤ ɱɭɝɭɧɧɵɯ, ɬɚɤ ɢ ɫɬɚɥɶɧɵɯ ɨɬɥɢɜɨɤ. 
 ɇɟɞɨɫɬɚɬɤɢ: 

- ɧɟɫɤɨɥɶɤɨ ɦɟɧɶɲɚɹ ɩɪɨɱɧɨɫɬɶ, ɨɫɨɛɟɧɧɨ ɩɪɨɱɧɨɫɬɶ ɤɪɨɦɨɤ 
ɫɬɟɪɠɧɟɣ ɢ ɮɨɪɦ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɏɌɋ ɧɚ ɮɭɪɚɧɨɜɵɯ ɫɦɨɥɚɯ ɫɪɟɞɧɟɣ ɢ 
ɜɵɫɲɟɣ ɤɚɬɟɝɨɪɢɣɧɨɫɬɢ (ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɮɭɪɮɭɪɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɜ ɫɦɨɥɟ 60% ɢ 
ɛɨɥɟɟ) ɢ ɏɌɋ ɧɚ ɮɟɧɨɥɨ-ɢɡɨɰɢɚɧɚɬɧɨɦ ɫɜɹɡɭɸɳɟɦ ɩɪɢ ɛɨɥɶɲɟɦ ɪɚɫɯɨɞɟ 
ɫɜɹɡɭɸɳɟɝɨ (1,5-2,5 ɦɚɫ. ɱ. ɧɚ 100 ɦɚɫ. ɱ. ɩɟɫɤɚ, ɬɨɝɞɚ ɤɚɤ ɜ ɭɩɨɦɹɧɭɬɵɯ ɏɌɋ 
ɫɭɦɦɚɪɧɵɣ ɪɚɫɯɨɞ ɫɜɹɡɭɸɳɟɝɨ ɫɨɫɬɚɜɥɹɟɬ 1,2-1,6 ɦɚɫ.ɱ.); [19]. 

- ɛɨɥɟɟ ɫɥɨɠɧɵɣ ɩɪɨɰɟɫɫ ɪɟɝɟɧɟɪɚɰɢɢ ɨɬɪɚɛɨɬɚɧɧɵɯ ɫɦɟɫɟɣ, 
ɬɪɟɛɭɸɳɢɣ, ɩɨɦɢɦɨ ɬɪɚɞɢɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɜɨɡɜɪɚɬɚ 
ɟɝɨ ɯɢɦɢɱɟɫɤɨɣ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɞɥɹ ɢɡɛɚɜɥɟɧɢɹ ɨɬ ɩɨɜɵɲɟɧɧɨɣ ɳɟɥɨɱɧɨɫɬɢ ɫ 
ɩɨɫɥɟɞɭɸɳɟɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɨɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 700°ɋ. 

Ɂɚ ɪɭɛɟɠɨɦ ɩɪɨɰɟɫɫ ALPHA-SET ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɹɞɨɦ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ 
ɨɬɥɢɜɨɤ, ɯɨɬɹ ɧɟɥɶɡɹ ɝɨɜɨɪɢɬɶ ɨ ɟɝɨ ɝɥɨɛɚɥɶɧɨɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ, ɱɬɨ 
ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɞɪɭɝɢɯ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. ɉɪɢɦɟɪɚɦɢ 
ɢɦɩɨɪɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɸɬɫɹ ɫɜɹɡɭɸɳɟɟ CHEM-REZ 600 ɢ ɫɟɪɢɹ 
ɨɬɜɟɪɞɢɬɟɥɟɣ CHEM-REZ 6000 (Ashland, ɋɒȺ). 

ȼ Ɋɨɫɫɢɢ ɩɪɨɢɡɜɨɞɫɬɜɨ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ALPHA-SET-ɩɪɨɰɟɫɫɚ 
ɨɫɭɳɟɫɬɜɥɟɧɨ ɩɪɟɞɩɪɢɹɬɢɟɦ ɈɈɈ "ɗɄɌɂɋ-2" (ɝ. Ⱦɡɟɪɠɢɧɫɤ) ɫɨɜɦɟɫɬɧɨ ɫ 
ɈȺɈ «ɇɂɂɅɂɌɆȺɒ»: ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɫɜɹɡɭɸɳɟɟ Ɍɟɪɦɷɤɨ-01 (Ɍɍ 
2477¬007-00224656-01) ɢ ɨɬɜɟɪɞɢɬɟɥɢ Ʉ-ɁȻ, Ʉ-Ɂɋ, Ʉ-ɁɆ (Ɍɍ 2332-008-
00224656¬01). 
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ɗɤɨɥɨɝɢɱɟɫɤɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ, ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɵɯ 
ɨɬɥɢɜɨɤ ɢ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ ɥɢɬɟɣɧɵɯ ɫɩɥɚɜɨɜ, ɫɜɨɣɫɬɜɟɧɧɵɟ ALPHA-SET- 
ɩɪɨɰɟɫɫɭ, ɞɚɸɬ ɨɫɧɨɜɚɧɢɟ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɫ ɜɨɡɪɨɠɞɟɧɢɟɦ ɥɢɬɟɣɧɨɣ 
ɡɚɝɨɬɨɜɢɬɟɥɶɧɨɣ ɛɚɡɵ ɜ Ɋɨɫɫɢɢ ɷɬɚ ɬɟɯɧɨɥɨɝɢɹ ɡɚɣɦɟɬ ɞɨɫɬɨɣɧɨɟ ɦɟɫɬɨ ɤɚɤ ɩɪɢ 
ɢɡɝɨɬɨɜɥɟɧɢɢ ɫɬɟɪɠɧɟɣ, ɬɚɤ ɢ ɠɚɤɟɬɧɵɯ (ɛɟɡɨɩɨɱɧɵɯ) ɮɨɪɦ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜɧɟɞɪɟɧɢɸ ɯɨɥɨɞɧɨɬɜɟɪɞɟɸɳɢɯ ɫɦɟɫɟɣ ɧɚ 
ɪɨɫɫɢɣɫɤɢɯ ɥɢɬɟɣɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɚɯ ɩɪɟɩɹɬɫɬɜɭɟɬ ɬɨ, ɱɬɨ ɧɟ ɪɟɲɟɧɚ ɩɪɨɛɥɟɦɚ 
ɨɛɟɫɩɟɱɟɧɢɹ ɫɜɹɡɭɸɳɢɦɢ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦɢ ɫɢɧɬɟɬɢɱɟɫɤɢɦɢ ɦɚɬɟɪɢɚɥɚɦɢ 
ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɢɦɟɸɳɢɦɢ ɦɢɪɨɜɨɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ. 
Ɉɞɧɢɦ ɢɡ ɩɭɬɟɣ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɹɜɥɹɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɜ 2006 ɝ. ɜ 
ɇɢɠɧɟɦ Ɍɚɝɢɥɟ ɫɨɜɦɟɫɬɧɨɝɨ ɪɨɫɫɢɣɫɤɨ-ɢɬɚɥɶɹɧɫɤɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ ɈɈɈ 
«ɍɊȺɅɏɂɆɉɅȺɋɌ- ɄȺȼȿɇȺȽɂ». ɉɪɟɞɩɪɢɹɬɢɟ ɫɩɟɰɢɚɥɢɡɢɪɭɟɬɫɹ ɧɚ 
ɜɵɩɭɫɤɟ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɥɢɬɟɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
ɍɱɪɟɞɢɬɟɥɹɦɢ ɋɉ ɫɬɚɥɢ ɈȺɈ «ɍɪɚɥɶɫɤɚɹ ɯɢɦɢɱɟɫɤɚɹ ɤɨɦɩɚɧɢɹ» ɢ 
ɢɬɚɥɶɹɧɫɤɚɹ ɤɨɦɩɚɧɢɹ CavenaghiS.p.A. Ʉɨɦɩɚɧɢɹ CavenaghiS.p.A. ɢɦɟɟɬ 
ɡɧɚɱɢɬɟɥɶɧɵɣ ɨɩɵɬ ɩɨ ɜɵɩɭɫɤɭ ɥɢɬɟɣɧɵɯ ɫɜɹɡɭɸɳɢɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ȿɣ ɩɪɢɧɚɞɥɟɠɢɬ ɨɤɨɥɨ 60% ɢɬɚɥɶɹɧɫɤɨɝɨ ɪɵɧɤɚ ɥɢɬɟɣɧɵɯ ɫɦɨɥ. 
Ʉɨɦɩɚɧɢɹ ɹɜɥɹɟɬɫɹ ɚɤɬɢɜɧɵɦ ɷɤɫɩɨɪɬɟɪɨɦ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɞɭɤɰɢɢ ɜ 
ɟɜɪɨɩɟɣɫɤɢɟ ɫɬɪɚɧɵ, ɜɥɚɞɟɟɬ ɧɨɜɟɣɲɢɦɢ ɪɟɰɟɩɬɭɪɚɦɢ ɢ ɬɟɯɧɨɥɨɝɢɹɦɢ, 
ɩɪɨɢɡɜɨɞɢɬ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɨɫɧɨɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɬɟɪɠɧɟɣ ɢ 
ɮɨɪɦ: Cold-box, No-bake, Alfa-set, Beta-set, Pep-set, Hot-box, Warm-box, 
Termoshok, Croning, S02, CO -ɩɪɨɰɟɫɫ, ɚ ɬɚɤɠɟ ɠɢɞɤɨɟ ɫɬɟɤɥɨ ɫ ɠɢɞɤɢɦɢ 
ɨɬɜɟɪɞɢɬɟɥɩɦɢ, ɚɧɬɢɩɪɢɝɚɪɧɵɟ, ɪɚɡɞɟɥɢɬɟɥɶɧɵɟ ɩɨɤɪɵɬɢɹ. Ʉɨɦɩɚɧɢɹ 
ɷɤɫɩɨɪɬɢɪɭɟɬ ɩɪɨɞɭɤɰɢɸ ɜ ɫɬɪɚɧɵ ȿɜɪɨɩɵ, ȼɨɫɬɨɤɚ, Ⱥɡɢɢ, ɍɤɪɚɢɧɭ, 
Ȼɟɥɨɪɭɫɫɢɸ. ȿɟ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɹɜɥɹɸɬɫɹ Ferrari, FIAT/Renault, Voest-Alpine ɢ 
ɦɧɨɝɢɟ ɞɪɭɝɢɟ ɜɟɞɭɳɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɨɬɥɢɜɨɤ. ɋɨ ɫɜɨɟɣ ɫɬɨɪɨɧɵ, 
ɍɪɚɥɯɢɦɩɥɚɫɬ ɛɨɥɟɟ 40 ɥɟɬ ɡɚɧɢɦɚɟɬɫɹ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɢ ɩɨɫɬɚɜɤɚɦɢ 
ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɫɦɨɥ ɞɥɹ ɥɢɬɟɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ Ɋɨɫɫɢɢ, ɞɨɦɢɧɢɪɭɟɬ ɧɚ 
ɪɨɫɫɢɣɫɤɨɦ ɪɵɧɤɟ. ɉɪɨɞɭɤɰɢɹ ɨɛɴɟɞɢɧɟɧɧɨɣ ɤɨɦɩɚɧɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɞɜɭɯ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɥɨɳɚɞɤɚɯ: ɜ Ʌɚɢɧɚɬɟ (ɂɬɚɥɢɹ) ɢ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɦ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɜ ɇɢɠɧɟɦ Ɍɚɝɢɥɟ. ɉɪɨɞɭɤɰɢɹ ɪɟɚɥɢɡɭɟɬɫɹ ɱɟɪɟɡ ɫɟɬɶ 
ɞɢɫɬɪɢɛɭɰɢɢ ɍɪɚɥɯɢɦɩɥɚɫɬɚ ɫɨ ɫɤɥɚɞɨɜ ɜ Ɇɨɫɤɜɟ, ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɟ, 
ɇɨɜɨɫɢɛɢɪɫɤɟ, Ɍɨɥɶɹɬɬɢ, Ɋɨɫɬɨɜɟ ɧɚ-Ⱦɨɧɭ. 

Ʉɪɨɦɟ ɜɵɩɭɫɤɚɟɦɵɯ ɬɪɚɞɢɰɢɨɧɧɨ ɤɚɪɛɚɦɢɞɧɨ-ɮɭɪɚɧɨɜɵɯ ɢ ɮɟɧɨɥɶɧɵɯ 
ɫɜɹɡɭɸɳɢɯ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɪɚɡɜɢɬɢɸ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɨɜɵɯ 
ɫɜɹɡɭɸɳɢɯ ɞɥɹ ɯɨɥɨɞɧɨɬɜɟɪɞɟɸɳɢɯ ɫɦɟɫɟɣ (ɏɌɋ). 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜ ɩɪɨɦɵɲɥɟɧɧɨ ɪɚɡɜɢɬɵɯ 
ɫɬɪɚɧɚɯ ɩɪɨɢɫɯɨɞɢɬ ɦɚɫɲɬɚɛɧɵɣ ɩɟɪɟɯɨɞ ɤ ɢɡɝɨɬɨɜɥɟɧɢɸ ɫɬɟɪɠɧɟɣ ɜ 
ɯɨɥɨɞɧɨɣ ɨɫɧɚɫɬɤɟ ɫ ɨɬɜɟɪɠɞɟɧɢɟɦ ɩɭɬɟɦ ɩɪɨɞɭɜɤɢ ɫɬɟɪɠɧɟɣ ɜ ɫɬɟɪɠɧɟɜɵɯ 
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ɹɳɢɤɚɯ ɝɚɡɨɨɛɪɚɡɧɵɦ ɪɟɚɝɟɧɬɨɦ. ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥ Cold-
box— amin— ɩɪɨɰɟɫɫ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɭ ɧɚɫ ɩɪɢɦɟɧɹɸɬ ɧɚ ɧɟɫɤɨɥɶɤɢɯ ɡɚɜɨɞɚɯ, 
ɨɧ, ɜ ɩɪɢɧɰɢɩɟ, ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɢɡɜɟɫɬɟɧ. Ɉɞɧɚɤɨ ɢɦɟɸɬɫɹ ɨɩɪɟɞɟɥɟɧɧɵɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɢ ɫɜɹɡɭɸɳɚɹ ɤɨɦɩɨɡɢɰɢɹ ɩɨɫɬɨɹɧɧɨ 
ɫɨɜɟɪɲɟɧɫɬɜɭɟɬɫɹ ɩɨ ɪɹɞɭ ɧɚɩɪɚɜɥɟɧɢɣ. 

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɪɹɞ ɩɪɟɞɩɪɢɹɬɢɣ ɡɚ ɪɭɛɟɠɨɦ ɢ ɜ Ɋɨɫɫɢɢ ɨɫɜɨɢɥɢ 
ɩɪɨɰɟɫɫ «Ⱥɥɶɮɚ-ɫɟɬ», ɜ ɤɨɬɨɪɨɦ ɫɜɹɡɭɸɳɢɦ ɞɥɹ ɏɌɋ ɹɜɥɹɟɬɫɹ ɳɟɥɨɱɧɚɹ 
ɮɟɧɨɥɨ-ɮɨɪɦɚɥɶɞɟɝɢɞɧɚɹ ɫɦɨɥɚ, ɚ ɤɚɬɚɥɢɡɚɬɨɪɨɦ - ɤɨɦɛɢɧɚɰɢɹ ɫɥɨɠɧɵɯ 
ɷɮɢɪɨɜ. ȼ ɧɚɲɟɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɨɦɦɟɪɱɟɫɤɢɦɢ ɧɚɡɜɚɧɢɹɦɢ ɫɜɹɡɭɸɳɢɯ ɷɬɨɝɨ 
ɬɢɩɚ ɹɜɥɹɸɬɫɹ: ȺɅ-ɄȺɋȿɌ NB 7, ȺɅɄȺɋȿɌ NB ɢɥɢ ALCAFEN. 

ȼ Ɋɨɫɫɢɢ ɷɬɢ ɫɜɹɡɭɸɳɢɟ ɜɵɩɭɫɤɚɸɬɫɹ ɈɈɈ «ɍɪɚɥɯɢɦɩɥɚɫɬ-Ʉɚɜɟɧɚɝɢ» 
(ɇɢɠɧɢɣ Ɍɚɝɢɥ) ɢ «Ʉɚɪɛɨɯɢɦ»(Ⱦɡɟɪɠɢɧɫɤ) [20]. 

ɈɈɈ "ɍɪɚɥɯɢɦɩɥɚɫɬ-Ʉɚɜɟɧɚɝɢ" ɩɪɟɞɥɚɝɚɟɬ ɫɥɟɞɭɸɳɢɟ ɫɜɹɡɭɸɳɢɟ ɞɥɹ 
ɮɟɧɨɥɶɧɵɯ ɫɢɫɬɟɦ: 

Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɫɦɨɥ ɭɤɚɡɚɧɚ ɜ ɬɚɛɥɢɰɟ 16 
 

Ɍɚɛɥɢɰɚ 16 – Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɟ ɫɦɨɥ 
ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 

ȺɅɄȺɋȿɌ NB* Ⱦɥɹ ɨɩɨɱɧɨɣ ɮɨɪɦɨɜɤɢ 
ȺɅɄȺɋȿɌ NB 7*  Ⱦɥɹ ɛɟɡɨɩɨɱɧɨɣ ɮɨɪɦɨɜɤɢ 
 

ɋɤɨɪɨɫɬɶ ɨɬɜɟɪɠɞɟɧɢɹ ɯɢɦɢɤɚɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɛɨɪɨɦ ɨɬɜɟɪɞɢɬɟɥɹ 
«ɄȺɌȺɅɂɌ». ȼɪɟɦɹ ɨɬɜɟɪɠɞɟɧɢɹ ɫɦɟɫɢ ɦɨɠɟɬ ɛɵɬɶ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɦɢɧɭɬ ɞɨ 
1ɱɚɫɚ, ɬɚɛɥɢɰɚ 17. 

 

Ɍɚɛɥɢɰɚ 17 –ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɦɨɥ  
 Ɇɚɪɤɚ ɨɬɜɟɪɞɢɬɟɥɹ 

Ʉɚɬɚɥɢɬ 
1ȼ 

Ʉɚɬɚɥɢɬ 
2ȼ 

Ʉɚɬɚɥɢɬ 
3ȼ 

Ʉɚɬɚɥɢɬ 
6N 

Ʉɚɬɚɥɢɬ 
11N 

ɀɢɜɭɱɟɫɬɶ ɫɦɟɫɢ ɩɪɢ 20°ɋ, ɦɢɧ 5 7 12 20 30 
ȼɪɟɦɹ ɢɡɜɥɟɱɟɧɢɹ ɢɡ ɨɫɧɚɫɬɤɢ 
ɩɪɢ 20°ɋ ɱɟɪɟɡ, ɦɢɧ 

10 15 20 30 60 

 
ɈɈɈ "ɗɄɌɂɋ-2" (ɝ. Ⱦɡɟɪɠɢɧɫɤ) ɫɨɜɦɟɫɬɧɨ ɫ ɈȺɈ «ɇɂɂɅɂɌɆȺɒ»: 

ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɫɜɹɡɭɸɳɟɟ Ɍɟɪɦɷɤɨ-01 (Ɍɍ 2477-007-00224656-01) ɢ 
ɨɬɜɟɪɞɢɬɟɥɢ Ʉ-ɁȻ, Ʉ-Ɂɋ, Ʉ-ɁɆ (Ɍɍ 2332-008-00224656-01). 

Ɍɢɩɨɜɨɣ ɫɨɫɬɚɜ ɫɦɟɫɢ ɞɥɹ ALPHA-SET-ɩɪɨɰɟɫɫɚ ɫɥɟɞɭɸɳɢɣ: 
- ɤɜɚɪɰɟɜɵɣ ɩɟɫɨɤ -100%; 
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- ɫɦɨɥɚ - 0.8 - 2,0% ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɟɫɤɚ, 
ɫɨɨɬɧɨɲɟɧɢɹ ɪɟɝɟɧɟɪɚɬ/ɫɜɟɠɢɣ ɩɟɫɨɤ, ɬɢɩɚ ɫɦɟɫɢɬɟɥɹ, ɬɪɟɛɭɟɦɨɣ ɩɪɨɱɧɨɫɬɢ ɢ 
ɜɪɟɦɟɧɢ ɨɬɜɟɪɠɞɟɧɢɹ; 

- ɨɬɜɟɪɞɢɬɟɥɶ 20-25% ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɫɦɨɥɵ. 
ɉɨ ɨɩɵɬɭ ɡɚɜɨɞɨɜ, ɩɪɢɦɟɧɟɧɢɟ «Ⱥɥɶɮɚ-ɫɟɬ»-ɩɪɨɰɟɫɫɚ ɞɚɟɬ 

ɫɭɳɟɫɬɜɟɧɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ: 
- ɧɟɡɧɚɱɢɬɟɥɶɧɵɣ ɡɚɩɚɯ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɢ ɡɚɩɨɥɧɟɧɢɢ ɨɫɧɚɫɬɤɢ; 
- ɨɝɪɚɧɢɱɟɧɧɚɹ ɬɨɤɫɢɱɧɨɫɬɶ; 
- ɜɨɞɨɪɚɫɬɜɨɪɢɦɨɫɬɶ ɫɜɹɡɭɸɳɟɝɨ, ɜɨɡɦɨɠɧɨɫɬɶ ɨɱɢɫɬɤɢ ɫɦɟɫɢɬɟɥɟɣ 

ɜɨɞɨɣ; 
- ɨɬɫɭɬɫɬɜɢɟ ɜ ɫɜɹɡɭɸɳɟɦ ɚɡɨɬɚ, ɮɨɫɮɨɪɚ, ɫɟɪɵ, ɫɥɚɛɨɟ 

ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɭɝɥɟɪɨɠɢɜɚɧɢɟ; 
- ɞɨɫɬɚɬɨɱɧɚɹ ɩɪɨɱɧɨɫɬɶ ɢ ɬɟɤɭɱɟɫɬɶ; 
- ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɥɸɛɵɯ ɧɚɩɨɥɧɢɬɟɥɟɣ (ɤɜɚɪɰɟɜɨɝɨ ɩɟɫɤɚ, 

ɯɪɨɦɢɬɚ, ɰɢɪɤɨɧɚ, ɞɢɫɬɟɧɫɢɥɥɢɦɚɧɢɬɚ); 
- ɫɥɚɛɚɹ ɩɪɢɥɢɩɚɟɦɨɫɬɶ ɤ ɞɟɪɟɜɹɧɧɨɣ ɢ ɦɟɬɚɥɥɢɱɟɫɤɨɣ (ɤɪɨɦɟ 

ɚɥɸɦɢɧɢɹ) ɨɫɧɚɫɬɤɟ; 
- ɜɨɡɦɨɠɧɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɪɟɝɟɧɟɪɚɰɢɢ; 
- ɯɨɪɨɲɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɨ ɤɚɱɟɫɬɜɭ ɨɬɥɢɜɨɤ, ɜ ɱɚɫɬɧɨɫɬɢ ɩɪɢ 

ɢɡɝɨɬɨɜɥɟɧɢɢ ɫɪɟɞɧɟɝɨ ɢ ɤɪɭɩɧɨɝɨ ɫɬɚɥɶɧɨɝɨ ɥɢɬɶɹ. 
ȼ ɬɚɛɥɢɰɟ18 ɢ 19 ɞɚɧɨ ɫɪɚɜɧɟɧɢɟ «Ⱥɥɶɮɚ-ɫɟɬ»-ɩɪɨɰɟɫɫɚ ɫ ɞɪɭɝɢɦɢ 

ɜɚɪɢɚɧɬɚɦɢ ɏɌɋ. 
ɀɢɜɭɱɟɫɬɶ ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ 

ɩɪɟɞɟɥɚɯ ɨɬ 3-5 ɞɨ 40-90 ɦɢɧ. ɑɚɫɬɨ ɫɨɱɟɬɚɸɬ ɛɵɫɬɪɵɣ ɢ ɦɟɞɥɟɧɧɵɣ 
ɤɚɬɚɥɢɡɚɬɨɪɵ, ɷɬɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɟɫɤɚ. 

ɉɪɟɞɩɪɢɹɬɢɟ «ɍɪɚɥɯɢɦɩɥɚɫɬ -Ʉɚɜɟɧɚɝɢ» ɩɪɨɢɡɜɨɞɢɬ ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɨɬ Ⱥ-10 ɞɨ Ⱥ-60 ɢ ɝɪɭɩɩɭ ɤɚɬɚɥɢɡɚɬɨɪɨɜ «Ʉɚɬɚɥɢɬ» ɫ 
ɠɢɜɭɱɟɫɬɶɸ ɨɬ 5 ɦɢɧ (ɬɚɛɥɢɰɚ 19). 

ɉɪɢ ɜɵɛɨɪɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɭɠɧɨ ɡɧɚɬɶ ɫɬɟɩɟɧɶ ɳɟɥɨɱɧɨɫɬɢ ɩɟɫɤɚ. Ⱦɥɹ 
ɫɜɟɠɟɝɨ ɩɟɫɤɚ ADV [ɤɢɫɥɨɬɧɚɹ ɩɨɬɪɟɛɧɨɫɬɶ]. ɞɨɥɠɧɨ ɛɵɬɶ ɧɢɠɟ 0,5 ɫɦ^ 0,1 
N HCI ɧɚ 1 00 ɝ ɩɟɫɤɚ, ADV ɪɟɝɟɧɟɪɚɬɚ ɞɨɥɠɧɨ ɛɵɬɶ ɧɢɠɟ 5 ɫɦ 0,1 N HCI ɧɚ 
100 ɝ ɩɟɫɤɚ, ɬɨ ɟɫɬɶ ɪɇ=6-8. ɇɭɠɧɨ ɫɥɟɞɢɬɶ ɡɚ ɷɬɢɦ ɩɨɤɚɡɚɬɟɥɟɦ, ɱɬɨɛɵ ɛɵɬɶ 
ɭɜɟɪɟɧɧɵɦ, ɱɬɨ ɤɚɬɚɥɢɡɚɬɨɪ ɞɚɫɬ ɡɚɞɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɨɬɜɟɪɠɞɟɧɢɹ. 

Ɋɟɝɟɧɟɪɚɰɢɹ ɜɤɥɸɱɚɟɬ ɢɫɬɢɪɚɧɢɟ, ɞɚɥɟɟ ɨɯɥɚɠɞɟɧɢɟ ɢ ɤɥɚɫɫɢɮɢɤɚɰɢɹ 
ɩɪɨɞɭɤɬɚ. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɷɮɮɟɤɬ ɫɜɹɡɚɧ ɫ ɧɚɝɪɟɜɨɦ ɩɟɫɤɚ ɢ ɩɨɬɟɪɟɣ 3-5% 
ɩɟɫɤɚ ɜ ɜɢɞɟ ɩɵɥɢ, ɛɟɡ ɹɜɧɨɝɨ ɫɧɢɠɟɧɢɹ ɜ ɨɫɬɚɬɤɟ ɤɨɦɩɨɧɟɧɬɨɜ ɫɜɹɡɭɸɳɟɝɨ, ɜ 
ɱɚɫɬɧɨɫɬɢ ɤɚɥɢɹ [19]. 

 

Ɍɚɛɥɢɰɚ 18 – Ɉɫɧɨɜɧɵɟ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɡɥɢɱɧɵɯ ɫɦɟɫɟɣ. 
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ɉɨɤɚɡɚɬɟɥɶ  Ⱥɥɶɮɚ-ɫɟɬ  Ɏɭɪɚɧ  Ɏɟɧɨɥɶɧɚɹ  Ɏɟɧɨɥɶɧɨ-  
ɢɡɨɰɢɚɧɚɬɧɚɹ 

ɀɢɞɤɨɟ  
ɫɬɟɤɥɨ-ɷɮɢɪ  

Ɂɚɩɚɯ ɩɪɢ 
ɩɟɪɟɦɟɲɢɜɚɧɢɢ 
(ɝɨɪɹɱɢɣ ɩɟɫɨɤ]. 

Ɉɱɟɧɶ 
ɫɥɚɛɵɣ 

ɋɢɥɶɧɵɣ - - - 

ɉɪɢɥɢɩɚɧɢɟ ɤ 
ɨɫɧɚɫɬɤɟ  

Ɉɬɫɭɬɫɬɜɭɟ
ɬ 

ɋɥɚɛɨɟ - - - 

Ɉɱɢɫɬɤɚ ɜɨɞɨɣ  ȼɨɡɦɨɠɧɚ Ɂɚɬɪɭɞɧɟɧɚ - - - 
Ɉɬɧɨɲɟɧɢɟ 
ɠɢɜɭɱɟɫɬɢ ɤ 
StripTime*, %  

30 25 25 50 25 

 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 18 
ȼɥɢɹɧɢɟ ɝɨɪɹɱɟɝɨ 
ɢɥɢ ɯɨɥɨɞɧɨɝɨ 
ɩɟɫɤɚ  

ɍɦɟɪɟɧɧɨɟ ɋɢɥɶɧɨɟ ɋɢɥɶɧɨɟ ɍɦɟɪɟɧɧɨɟ ɍɦɟɪɟɧɧɨɟ 

ɏɪɚɧɟɧɢɟ 
ɫɬɟɪɠɧɟɣ ɢ ɮɨɪɦ  

Ⱦɥɢɬɟɥɶɧɨɟ Ⱦɥɢɬɟɥɶɧɨɟ Ⱦɥɢɬɟɥɶɧɨɟ ɋɪɟɞɧɟɟ Ʉɨɪɨɬɤɨɟ 

Ȼɵɫɬɪɨɟ 
ɬɜɟɪɞɟɧɢɟ  

ȼɨɡɦɨɠɧɨ ȼɨɡɦɨɠɧɨ ɇɟɬ ȼɨɡɦɨɠɧɨ ɇɟɬ 

Ɇɟɞɥɟɧɧɨɟ 
ɬɜɟɪɞɟɧɢɟ  

ȼɨɡɦɨɠɧɨ ȼɨɡɦɨɠɧɨ ȼɨɡɦɨɠɧɨ ɇɟɬ ȼɨɡɦɨɠɧɨ 

Ɋɟɝɟɧɟɪɢɪɭɟɦɨɫɬɶ ɋɪɟɞɧɹɹ ɋɪɟɞɧɹɹ ȼɵɫɨɤɚɹ ȼɵɫɨɤɚɹ ɇɢɡɤɚɹ 

 
 ȼ ɬɚɛɥɢɰɟ 18 ɭɤɚɡɚɧɵ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦ ɫɦɟɫɟɣ, ɚ ɜ 
ɬɚɛɥɢɰɚɯ 19 ɢ 20 ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɢ ɜɪɟɦɹ ɠɢɡɧɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. 
 
 StripTime - ɜɪɟɦɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɟɪɜɢɱɧɨɣ ɩɪɨɱɧɨɫɬɢ. 
 

ɉɪɢɦɟɱɚɧɢɟ: ɋɦɟɫɢ ɫɨɞɟɪɠɚɥɢ 2 ɦɚɫ.ɱ. ɫɦɨɥɵ, 0,4 ɦɚɫ.ɱ. ɤɚɬɚɥɢɡɚɬɨɪɚ 
ɩɪɢ 20-25°ɋ. 
 
Ɍɚɛɥɢɰɚ 19 – ɋɨɜɦɟɫɬɢɦɨɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

ɉɨɤɚɡɚɬɟɥɶ Ⱥɥɶɮɚ-ɫɟɬ Ɏɭɪɚɧ Ɏɟɧɨɥɶɧɚɹ 
Ɏɟɧɨɥɶɧɨ-
ɢɡɨɰɢɚɧɚɬɧɚɹ 

ɀɢɞɤɨɟ 
ɫɬɟɤɥɨ -
ɷɮɢɪ 

Ⱥɡɨɬɢɫɬɚɹ 
ɩɩɨɪɢɫɬɨɫɬɶ ɇɟɬ/ɞɚ ɇɟɬ/ ɞɚ ɇɟɬ/ɞɚ Ⱦɚ ɇɟɬ 

Ɍɟɧɞɟɧɰɢɹ ɤ 
ɭɠɢɦɢɧɚɦ, 
ɩɥɟɧɚɦ  

ɇɢɡɤɚɹ ɇɢɡɤɚɹ ɇɢɡɤɚɹ ɍɦɟɪɟɧɧɚɹ ɇɢɡɤɚɹ 
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ɇɚɫɵɳɟɧɢɟ 
ɫɟɪɨɣ  ɇɟɬ Ⱦɚ/ɧɟɬ Ⱦɚ ɇɟɬ ɇɟɬ 

Ɍɟɧɞɟɧɰɢɹ ɤ 
ɩɪɨɫɟɱɤɚɦ  ɇɢɡɤɚɹ ȼɵɫɨɤɚɹ ȼɵɫɨɤɚɹ ɍɦɟɪɟɧɧɚɹ ɇɢɡɤɚɹ 

ȼɟɪɨɹɬɧɨɫɬɶ 
ɝɚɡɨɜɵɯ 
ɞɟɮɟɤɬɨɜ  

ɇɢɡɤɚɹ ɍɦɟɪɟɧɧɚɹ ɍɦɟɪɟɧɧɚɹ ȼɵɫɨɤɚɹ ɇɢɡɤɚɹ 

ȼɵɛɢɜɚɟɦɨɫɬɶ 
ɏɨɪɨɲɚɹ ɍɦɟɪɟɧɧɚɹ ɍɦɟɪɟɧɧɚɹ ɍɦɟɪɟɧɧɚɹ ɉɥɨɯɚɹ 

Ȼɥɟɫɬɹɳɢɣ 
ɭɝɥɟɪɨɞ  ɇɢɡɤɢɣ ɍɦɟɪɟɧɧɵɣ ɍɦɟɪɟɧɧɵɣ ȼɵɫɨɤɢɣ ɇɢɡɤɢɣ 

 
Ɍɚɛɥɢɰɚ 20 – ȼɪɟɦɹ ɠɢɡɧɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 

ȼɪɟɦɹ 
Ʉɚɬɚɥɢɡɚɬɨɪɵ 

Ⱥ-10 Ⱥ-15 Ⱥ-20 Ⱥ-60 
ɉɪɨɱɧɨɫɬɶ ɧɚ ɪɚɡɪɵɜ, Ɇɉɚ 

1 5 ɦɢɧ 0,15 0,06 0,1 0 
30 ɦɢɧ 0,4 0,12 0,1 0 
1 ɱɚɫ 0,6 0,25 0,35 0 
2 ɱɚɫɚ 0,7 0,4 0,5 0,6 
24 ɱɚɫɚ 1,0 0,6 1,1 0,9 

 
Ʉɨɧɬɪɨɥɶ ɪɟɝɟɧɟɪɚɬɚ ɜɤɥɸɱɚɟɬ ɫɢɬɨɜɨɣ ɚɧɚɥɢɡ, ɉɉɉ, ɪɇ ɢ ɫɨɞɟɪɠɚɧɢɟ 

ɤɚɥɢɹ. Ɉɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɝɟɧɟɪɚɰɢɢ ɥɭɱɲɟ ɫɭɞɢɬɶ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɤɚɥɢɹ, 
ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɨɬ 0,05 ɞɨ 0,15% ɤɚɥɢɹ ɩɪɨɱɧɨɫɬɶ ɫɧɢɠɚɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. 
ȼɚɠɧɨ, ɱɬɨɛɵ ɞɨɛɚɜɤɚ ɫɜɟɠɟɝɨ ɩɟɫɤɚ ɜ ɪɟɝɟɧɟɪɚɬ ɨɛɟɫɩɟɱɢɜɚɥɚ ɫɨɯɪɚɧɟɧɢɟ 
ɫɨɞɟɪɠɚɧɢɹ ɤɚɥɢɹ ɧɚ ɬɪɟɛɭɟɦɨɦ ɭɪɨɜɧɟ ɜ ɩɪɟɞɟɥɚɯ 0,15%. Ʉɚɠɞɵɣ ɰɢɤɥ ɩɪɢ 
1,4% ɫɦɨɥɵ ɞɨɛɚɜɥɹɟɬ ɜ ɫɦɟɫɶ 0,1% ɤɚɥɢɹ. Ⱦɥɹ ɪɚɫɱɟɬɨɜ ɩɨɥɟɡɧɵ ɫɥɟɞɭɸɳɢɟ 
ɞɚɧɧɵɟ:  

40% ɨɫɜɟɠɟɧɢɹ - 0,072% ɤɚɥɢɹ 
30% - 0,096 
20% -0,1 27 
15%-0,147 
10%-0,1 70. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɵɱɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɪɟɝɟɧɟɪɚɬɚ 80-85% ɞɚɟɬ 

ɧɟɨɛɯɨɞɢɦɵɣ ɭɪɨɜɟɧɶ ɨɫɬɚɬɨɱɧɨɝɨ ɤɚɥɢɹ. ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɩɪɢɦɟɧɟɧɢɟ 
ɪɟɝɟɧɟɪɚɬɚ ɨɝɪɚɧɢɱɟɧɨ, ɩɨɫɤɨɥɶɤɭ ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɩɪɢ ɟɝɨ ɫɨɞɟɪɠɚɧɢɢ 80-85% (ɩɪɢ 1,4% ɫɦɨɥɵ]. ɍɜɟɥɢɱɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɡɚ ɫɱɟɬ 
ɫɦɨɥɵ ɧɟɠɟɥɚɬɟɥɶɧɨ, ɬɚɤ ɤɚɤ ɷɬɨ ɞɚɟɬ ɪɨɫɬ ɨɫɬɚɬɨɱɧɨɝɨ ɤɚɥɢɹ, ɢ ɬɨɝɞɚ ɟɝɨ 
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ɨɫɬɚɬɨɱɧɵɣ ɭɪɨɜɟɧɶ ɛɭɞɟɬ ɜɵɲɟ 0,15%. ȿɫɥɢ ɫɦɟɫɶ ɫɜɟɠɟɝɨ ɩɟɫɤɚ ɢ ɪɟɝɟɧɟɪɚɬɚ 
ɧɟ ɞɚɸɬ ɪɟɡɭɥɶɬɚɬɚ, ɧɭɠɧɨ ɭɜɟɥɢɱɢɜɚɬɶ ɞɨɥɸ ɫɜɟɠɟɝɨ ɩɟɫɤɚ [19]. 

 
Ɏɨɪɦɨɜɤɚ ɢ ɢɡɝɨɬɨɜɥɟɧɢɟ ɫɬɟɪɠɧɟɣ  
 
ȼ ɩɪɨɰɟɫɫɟ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫɦɟɫɢ ɢ ɡɚɩɨɥɧɟɧɢɹ ɮɨɪɦ ɫɦɟɫɶ ɩɨɱɬɢ ɧɟ 

ɢɦɟɟɬ ɡɚɩɚɯɚ, ɱɬɨ ɞɚɺɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɢ ɭɩɥɨɬɧɟɧɢɹ ɫɦɟɫɢ. 
ɋɜɟɠɟɩɪɢɝɨɬɨɜɥɟɧɧɚɹ ɫɦɟɫɶ ɨɱɟɧɶ ɬɟɤɭɱɚɹ ɢ ɞɥɹ ɟɺ ɭɩɥɨɬɧɟɧɢɹ ɧɟ ɜɫɟɝɞɚ 
ɬɪɟɛɭɟɬɫɹ ɜɢɛɪɨɫɬɨɥ. ɑɚɫɬɨ ɩɪɢ ɮɨɪɦɨɜɤɟ ɥɺɝɤɢɯ ɢ ɫɪɟɞɧɟɝɨ ɜɟɫɚ ɢɡɞɟɥɢɣ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɥɟɝɤɨɟ ɭɩɥɨɬɧɟɧɢɟ ɮɨɪɦɨɜɨɱɧɨɣ ɫɦɟɫɢ ɫ ɩɨɦɨɳɶɸ ɧɟɛɨɥɶɲɨɣ 
ɜɢɛɪɚɰɢɢ ɩɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɛɨɥɶɲɚɹ ɟɟ ɱɚɫɬɶ ɭɠɟ ɧɚɯɨɞɢɬɫɹ ɜ ɮɨɪɦɟ.  

ɋɤɨɪɨɫɬɶ ɨɬɜɟɪɠɞɟɧɢɹ ɫɦɟɫɢ ɪɟɝɭɥɢɪɭɟɬɫɹ ɬɢɩɨɦ ɨɬɜɟɪɞɢɬɟɥɹ, 
ɤɨɥɢɱɟɫɬɜɨ ɠɟ ɨɫɬɚɺɬɫɹ ɩɨɫɬɨɹɧɧɵɦ. ɏɨɪɨɲɨ, ɤɨɝɞɚ ɫɦɟɫɢɬɟɥɶ ɨɫɧɚɳɺɧ ɞɜɭɦɹ 
ɧɚɫɨɫɚɦɢ-ɞɨɡɚɬɨɪɚɦɢ ɞɥɹ ɨɬɜɟɪɞɢɬɟɥɟɣ, ɬɨɝɞɚ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɩɨɹɜɥɹɟɬɫɹ 
ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɛɨɪɚ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɥɢɛɨ ɦɟɞɥɟɧɧɨɝɨ, ɥɢɛɨ ɛɵɫɬɪɨɝɨ 
ɨɬɜɟɪɞɢɬɟɥɹ. ȿɳɺ ɥɭɱɲɟ ɟɫɥɢ ɫɦɟɫɢɬɟɥɶ ɨɫɧɚɳɺɧ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɝɞɚ 
ɜɨɡɦɨɠɧɨ ɛɟɫɫɬɭɩɟɧɱɚɬɨɟ ɫɦɟɲɢɜɚɧɢɟ ɞɜɭɯ ɬɢɩɨɜ ɨɬɜɟɪɞɢɬɟɥɟɣ ɫ ɩɨɦɨɳɶɸ 
ɩɟɪɟɤɥɸɱɚɬɟɥɹ ɧɚ ɩɚɧɟɥɢ ɭɩɪɚɜɥɟɧɢɹ ɫɦɟɫɢɬɟɥɹ. ȼɪɟɦɹ ɠɢɜɭɱɟɫɬɢ ɫɦɟɫɢ 
ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɨɬɜɟɪɞɢɬɟɥɹ, ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɫɤɚ, ɫɨɞɟɪɠɚɧɢɹ ɜ ɧɺɦ ɩɵɥɢ, ɚ 
ɬɚɤɠɟ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɢ ɫɨɫɬɚɜɚ ɪɟɝɟɧɟɪɢɪɨɜɚɧɧɨɝɨ ɩɟɫɤɚ ɜ ɫɦɟɫɢ. 

Ɉɬɞɟɥɟɧɢɟ ɦɨɞɟɥɟɣ ɢ ɫɬɟɪɠɧɟɜɵɯ ɹɳɢɤɨɜ ɩɪɨɢɫɯɨɞɢɬ ɥɟɝɤɨ. ɂɡɜɥɟɱɟɧɢɟ 
ɢɡ ɨɫɬɧɚɫɬɤɢ ɜɨɡɦɨɠɧɨ ɛɟɡ ɡɚɬɪɭɞɧɟɧɢɣ ɤɚɤ ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɨɬɜɟɪɠɞɟɧɢɹ 
ɫɦɟɫɢ, ɬɚɤ ɢ ɧɚ ɛɨɥɟɟ ɩɨɡɞɧɟɣ ɫɬɚɞɢɢ ɨɬɜɟɪɠɞɟɧɢɹ. ȼ ɩɪɨɰɟɫɫɟ ɨɬɜɟɪɠɞɟɧɢɹ 
ɫɦɟɫɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɜɵɞɟɥɟɧɢɹ ɬɟɩɥɚ, ɩɨɷɬɨɦɭ ɩɨɜɟɪɯɧɨɫɬɶ ɦɨɞɟɥɟɣ 
ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɯɨɪɨɲɟɦ ɫɨɫɬɨɹɧɢɢ ɜ ɬɟɱɟɧɢɢ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɨɫɨɛɟɧɧɨ 
ɩɪɢ ɧɚɧɟɫɟɧɢɢ ɧɚ ɧɟɺ ɯɨɪɨɲɢɯ ɦɨɞɟɥɶɧɵɯ ɥɚɤɨɜ. Ɉɬɜɟɪɞɢɬɟɥɢ ɢ ɫɜɹɡɭɸɳɢɟ, 
ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ AlpHaset –ɩɪɨɰɟɫɫɟ ɧɟ ɪɚɡɦɹɝɱɚɸɬ ɢ ɧɟ ɩɨɜɪɟɠɞɚɸɬ 
ɩɨɜɟɪɯɧɨɫɬɶ ɦɨɞɟɥɢ ɢɥɢ ɥɚɤɚ. ɇɨ ɜɫɺ-ɬɚɤɢ ɩɪɢ ɛɨɥɶɲɨɦ ɪɚɫɯɨɞɟ ɫɜɹɡɭɸɳɢɯ 
ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɡɞɟɥɢɬɟɥɶɧɵɯ ɫɨɫɬɚɜɨɜ.  

Ʉ ɦɨɦɟɧɬɭ ɢɡɜɥɟɱɟɧɢɹ ɢɡ ɨɫɬɧɚɫɬɤɢ ɫɜɹɡɭɸɳɟɟ ɜɟɳɟɫɬɜɨ ɨɤɚɡɵɜɚɟɬɫɹ 
ɬɚɤ ɝɥɭɛɨɤɨ ɩɨɥɢɦɟɪɢɡɨɜɚɧɧɵɦ, ɱɬɨ ɪɚɫɬɜɨɪɢɬɟɥɢ ɩɪɨɬɢɜɨɩɪɢɝɚɪɧɵɯ 
ɩɨɤɪɵɬɢɣ ɧɟ ɫɩɨɫɨɛɧɵ ɜɧɨɜɶ ɪɚɫɬɜɨɪɢɬɶ ɫɜɹɡɭɸɳɟɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɧɚɧɟɫɟɧɢɟ ɩɪɨɬɢɜɨɩɪɢɝɚɪɧɵɯ ɩɨɤɪɵɬɢɣ ɜɨɡɦɨɠɧɨ ɫɪɚɡɭ ɩɨɫɥɟ ɢɡɜɥɟɱɟɧɢɹ 
ɦɨɞɟɥɢ ɢɡ ɨɫɬɧɚɫɬɤɢ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɩɪɢɦɟɧɹɸɬɫɹ ɩɨɤɪɵɬɢɹ ɧɚ ɜɨɞɹɧɨɣ 
ɢɥɢ ɧɚ ɧɚ ɫɩɢɪɬɨɜɨɣ ɨɫɧɨɜɟ. Ɍɟɩɥɨ, ɨɛɪɚɡɭɸɳɟɟɫɹ 6 ɩɪɢ ɩɨɞɠɢɝɚɧɢɢ 
ɫɩɢɪɬɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɭɤɪɟɩɥɹɟɬ ɩɨɜɟɪɯɧɨɫɬɶ ɮɨɪɦ. AlpHaset 
ɩɪɨɰɟɫɫ ɨɫɨɛɟɧɧɨ ɯɨɪɨɲɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɣ ɦɟɬɨɞɨɦ ɩɨɥɢɜɚ. 
ɉɨɤɪɵɬɢɟ ɯɨɪɨɲɨ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɫɥɨɟɦ ɮɨɪɦɵ, ɢ ɬɨɥɳɢɧɚ ɟɝɨ 
ɫɥɨɹ ɩɨɥɭɱɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨɣ ɞɚɠɟ ɩɪɢ ɛɵɫɬɪɨɦ ɩɨɥɢɜɟ.  



70 

ɉɪɢ ɥɢɬɶɟ ɱɭɝɭɧɚ, ɥɺɝɤɢɯ ɢ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɱɚɫɬɨ ɦɨɠɧɨ ɨɛɨɣɬɢɫɶ ɛɟɡ 
ɩɪɨɬɢɜɨɩɪɢɝɚɪɧɵɯ ɩɨɤɪɵɬɢɣ. ɉɪɢ ɷɬɨɦ ɦɨɞɟɥɶɧɚɹ ɨɫɬɧɚɫɬɤɚ ɞɨɥɠɧɚ ɛɵɬɶ 
ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɣ, ɚ ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɨɥɟɟ ɦɟɥɤɨɡɟɪɧɢɫɬɵɣ 
ɩɟɫɨɤ ɪɚɡɦɟɪɨɦ 0,20 - 0,24 ɦɦ ɢ ɩɪɨɢɡɜɨɞɢɬɶ ɷɮɮɟɤɬɢɜɧɨɟ ɭɩɥɨɬɧɟɧɢɟ ɫɦɟɫɢ ɫ 
ɩɨɦɨɳɶɸ ɜɢɛɪɨɫɬɨɥɚ. 

ȼɪɟɦɹ ɯɪɚɧɟɧɢɹ ɫɬɟɪɠɧɟɣ ɢ ɮɨɪɦ ɧɟ ɨɝɪɚɧɢɱɟɧɨ, ɡɚɬɜɟɪɞɟɜɚɸɳɚɹ ɢɥɢ 
ɭɠɟ ɡɚɬɜɟɪɞɟɜɲɚɹ ɫɦɟɫɶ ɧɟ ɝɢɝɪɨɫɤɨɩɢɱɧɚ.  

ȿɫɥɢ ɩɪɢ AlpHaset ɮɨɪɦɨɜɤɟ ɢɫɩɨɥɶɡɭɸɬ ɛɨɥɟɟ ɦɟɥɤɨɡɟɪɧɢɫɬɵɣ ɩɟɫɨɤ, 
ɬɨ ɢ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ ɨɬɜɟɪɠɞɺɧɧɨɣ ɫɦɟɫɢ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɢɠɟ. ȼ 
ɷɬɨɦ ɫɥɭɱɚɟ ɞɥɹ ɭɞɚɥɟɧɢɹ ɜɨɡɞɭɯɚ ɢ ɝɚɡɨɜ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɜɨ ɜɪɟɦɹ ɡɚɥɢɜɤɢ 
ɜɟɪɯɧɸɸ ɩɨɥɭɮɨɪɦɭ ɧɟɨɛɯɨɞɢɦɨ ɨɫɧɚɫɬɢɬɶ ɞɨɫɬɚɬɨɱɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ 
ɨɬɜɟɪɫɬɢɣ ɞɥɹ ɭɞɚɥɟɧɢɹ ɝɚɡɨɜ.  

ɂɡɜɥɟɱɟɧɢɟ ɦɨɞɟɥɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ AlpHaset – ɩɪɨɰɟɫɫɚ ɩɪɨɢɫɯɨɞɢɬ 
ɥɟɝɱɟ, ɱɟɦ ɩɪɢ ɮɨɪɦɨɜɤɟ ɧɚ ɠɢɞɤɨɦ ɫɬɟɤɥɟ. ɉɪɢ ɜɵɟɦɤɟ ɩɨɥɭɮɨɪɦ ɛɨɥɶɲɢɯ 
ɪɚɡɦɟɪɨɜ ɧɟ ɨɛɪɚɡɭɟɬɫɹ ɞɟɮɟɤɬɨɜ ɩɨɜɟɪɯɧɨɫɬɢ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɪɟɝɟɧɟɪɢɪɨɜɚɧɧɨɣ ɫɦɟɫɢ ɫɱɢɬɚɟɬɫɹ ɧɨɪɦɚɥɶɧɵɦ, ɜɵɛɢɜɤɚ ɫɬɟɪɠɧɟɣ ɢ ɮɨɪɦ 
ɩɪɨɢɫɯɨɞɢɬ ɥɟɝɤɨ. ɉɪɨɟɤɬɢɪɨɜɤɚ ɭɱɚɫɬɤɚ ɮɨɪɦɨɜɤɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
AlpHaset – ɩɪɨɰɟɫɫɚ ɝɨɪɚɡɞɨ ɩɪɨɳɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɮɭɪɚɧɨɜɵɦ ɩɪɨɰɟɫɫɨɦ. 
ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢAlpHaset – ɩɪɨɰɟɫɫɚ ɨɩɟɪɚɰɢɸ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɣ ɧɚ 
ɩɨɥɭɮɨɪɦɵ ɦɨɠɧɨ ɨɛɴɟɞɢɧɢɬɶ ɫ ɨɩɟɪɚɰɢɟɣ ɢɡɜɥɟɱɟɧɢɹ ɢɡ ɨɫɬɧɚɫɬɤɢ, ɱɬɨ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɨɡɦɨɠɧɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɦɨɥ ɫ ɤɢɫɥɨɬɧɵɦ ɨɬɜɟɪɠɞɟɧɢɟɦ 
[18]. 

ȼɵɛɢɜɤɚ ɮɨɪɦ ɢ ɪɟɝɟɧɟɪɚɰɢɹ ɫɦɟɫɢ  
 
AlpHaset ɫɜɹɡɭɸɳɟɟ ɪɚɡɥɚɝɚɟɬɫɹ ɬɟɪɦɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɜɨɤɪɭɝ ɨɬɥɢɜɤɢ 

ɩɪɢ ɥɢɬɶɟ ɛɪɨɧɡɵ, ɱɭɝɭɧɚ ɢ ɫɬɚɥɢ, ɩɨɷɬɨɦɭ ɜɵɛɢɜɤɚ ɮɨɪɦ ɢ ɫɬɟɪɠɧɟɣ 
ɩɪɨɢɫɯɨɞɢɬ ɥɟɝɤɨ. 7 Ⱦɥɹ ɜɵɛɢɜɤɢ ɮɨɪɦ ɢ ɩɨɥɭɮɨɪɦ ɜɟɫɨɦ ɦɟɧɟɟ 2.000 ɤɝ 
ɢɦɟɸɬɫɹ ɜɵɛɢɜɧɵɟ ɪɟɲɺɬɤɢ, ɤɨɬɨɪɵɟ ɬɚɤɠɟ ɫɥɭɠɚɬ ɞɥɹ ɞɪɨɛɥɟɧɢɹ ɤɪɭɩɧɵɯ 
ɤɨɦɤɨɜ ɫɦɟɫɢ. ɍɱɚɫɬɨɤ ɩɵɥɟɭɞɚɥɟɧɢɹ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ ɨɯɥɚɠɞɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ 
ɪɚɫɩɨɥɨɠɟɧ ɪɹɞɨɦ ɫ ɜɵɛɢɜɧɨɣ ɪɟɲɺɬɤɨɣ ɧɚɫɤɨɥɶɤɨ ɷɬɨ ɩɨɡɜɨɥɹɸɬ ɩɥɨɳɚɞɢ 
ɩɨɦɟɳɟɧɢɹ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɚɤɨɝɨ ɭɱɚɫɬɤɚ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 10 ɬ/ɱ ɢ 
ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɨɧ ɜɵɲɟ ɭɪɨɜɧɹ ɩɨɥɚ.  

Ⱦɥɹ ɜɵɛɢɜɤɢ ɤɪɭɩɧɵɯ ɮɨɪɦ ɢ ɩɨɥɭɮɨɪɦ ɥɭɱɲɟ ɩɨɞɯɨɞɢɬ ɬɪɚɞɢɰɢɨɧɧɚɹ 
ɜɵɛɢɜɧɚɹ ɪɟɲɺɬɤɚ, ɩɨɞ ɤɨɬɨɪɨɣ ɨɬɪɚɛɨɬɚɧɧɚɹ ɫɦɟɫɶ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɜɨɪɨɧɤɭ ɢ 
ɞɚɥɟɟ ɫ ɩɨɦɨɳɶɸ ɜɢɛɪɨɷɥɟɜɚɬɨɪɚ ɜ ɞɪɨɛɢɥɤɭ, ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɩɨɞ ɜɵɛɢɜɧɨɣ 
ɪɟɲɺɬɤɨɣ. ɂɡ ɞɪɨɛɢɥɤɢ ɫ ɩɨɦɨɳɶɸ ɩɧɟɜɦɚɬɢɱɟɫɤɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɫɦɟɫɶ 
ɩɨɞɚɟɬɫɹ ɜ ɛɭɧɤɟɪ-ɧɚɤɨɩɢɬɟɥɶ ɝɨɪɹɱɟɝɨ ɩɟɫɤɚ. ɉɨɞ ɛɭɧɤɟɪɨɦ ɪɚɡɦɟɳɚɸɬ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɵɥɟɭɞɚɥɟɧɢɹ ɢ ɨɯɥɚɠɞɟɧɢɹ ɩɟɫɤɚ, ɩɨɫɥɟ ɱɟɝɨ ɩɟɫɨɤ 
ɩɟɪɟɦɟɳɚɟɬɫɹ ɥɢɛɨ ɜ ɛɭɧɤɟɪ-ɧɚɤɨɩɢɬɟɥɶ, ɥɢɛɨ ɜ ɩɪɢɺɦɧɵɣ ɛɭɧɤɟɪ ɫɦɟɫɢɬɟɥɹ. 
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ɋɨɜɪɟɦɟɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɪɟɝɟɧɟɪɚɰɢɢ ɫɦɟɫɢ ɩɨɥɧɨɫɬɶɸ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɨ, 
ɚ ɩɧɟɜɦɚɬɢɱɟɫɤɚɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɚ ɩɟɫɤɚ ɧɟ ɜɵɡɵɜɚɟɬ ɢɡɧɨɫɚ ɩɧɟɜɦɨɧɚɫɨɫɨɜ ɢ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ.  

Ɉɬɪɚɛɨɬɚɧɧɚɹ AlpHaset – ɫɦɟɫɶ ɥɟɝɤɨ ɞɪɨɛɢɬɫɹ ɦɟɯɚɧɢɱɟɫɤɢ, ɩɪɢ ɷɬɨɦ 
ɨɛɪɚɡɭɟɬɫɹ ɦɧɨɝɨ ɩɵɥɢ. ɋɢɫɬɟɦɚ ɩɵɥɟɭɞɚɥɟɧɢɹ, ɬɚɤ ɠɟ ɤɚɤ ɢ ɨɯɥɚɠɞɟɧɢɹ 
ɞɨɥɠɧɚ ɛɵɬɶ ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɫ ɞɨɫɬɚɬɨɱɧɵɦ ɡɚɩɚɫɨɦ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 
ɉɪɢ ɥɢɬɶɟ ɜ ɫɦɟɫɢ ɨɛɪɚɡɭɸɬɫɹ ɳɟɥɨɱɧɵɟ ɫɨɥɢ ɦɟɬɚɥɥɨɜ, ɤɨɬɨɪɵɟ 
ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɜɢɞɟ ɩɵɥɟɜɢɞɧɵɯ ɱɚɫɬɢɰ ɜ ɨɫɬɚɬɨɱɧɨɣ ɩɥɺɧɤɟ ɫɦɨɥɵ. 
ɗɮɮɟɤɬɢɜɧɵɣ ɩɨɦɨɥ ɫɦɟɫɢ ɢ ɦɨɳɧɚɹ ɫɢɫɬɟɦɚ ɩɵɥɟɭɞɚɥɟɧɢɹ ɫɨɡɞɚɸɬ 
ɩɪɟɞɩɨɫɵɥɤɢ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɯɨɪɨɲɢɯ ɡɧɚɱɟɧɢɣ ɩɪɨɱɧɨɫɬɢ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɟɝɟɧɟɪɢɪɨɜɚɧɧɨɝɨ ɩɟɫɤɚ.  

Ɋɟɝɟɧɟɪɚɰɢɸ AlpHaset ɫɦɟɫɢ ɬɚɤɠɟ ɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɬɟɪɦɢɱɟɫɤɢɦ 
ɫɩɨɫɨɛɨɦ. ɋɦɟɫɶ ɩɨɫɥɟ ɞɪɨɛɥɟɧɢɹ ɢ ɩɪɨɫɟɢɜɚɧɢɹ ɩɨɫɬɭɩɚɟɬ ɜ ɫɦɟɫɢɬɟɥɶ, ɤɭɞɚ 
ɞɨɛɚɜɥɹɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ ɞɨɛɚɜɤɢ ɧɚ ɜɨɞɧɨɣ ɨɫɧɨɜɟ ɢ ɡɚɬɟɦ ɜ ɩɟɱɶ, ɝɞɟ 
ɨɫɬɚɬɤɢ ɫɦɨɥɵ ɫɠɢɝɚɸɬɫɹ ɜ ɤɢɩɹɳɢɦ ɫɥɨɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɫɜɵɲɟ 800°C. 
ɉɨɫɥɟ ɷɬɨɝɨ ɨɯɥɚɠɞɺɧɧɵɣ ɩɟɫɨɤ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɧɨɜɶ ɜ ɤɚɱɟɫɬɜɟ ɫɜɟɠɟɝɨ 
ɩɟɫɤɚ ɢɥɢ ɦɟɯɚɧɢɱɟɫɤɢ ɫɦɟɲɢɜɚɹ ɫ ɪɟɝɟɧɟɪɢɪɨɜɚɧɧɵɦ ɩɟɫɤɨɦ. ȼɵɞɟɥɹɸɳɚɹɫɹ 
ɩɪɢ ɪɟɝɟɧɟɪɚɰɢɢ ɫɦɟɫɢ ɩɵɥɶ ɨɫɟɞɚɟɬ ɧɚ ɨɩɨɪɵ ɤɚɛɟɥɟɣ ɢ ɨɩɚɫɧɚ ɫɜɨɢɦ 
ɜɨɡɝɨɪɚɧɢɟɦ. ɉɨɠɚɪ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɦɟɞɥɟɧɧɨ ɢ ɜɨɡɧɢɤɚɟɬ ɢɡ ɧɟɛɨɥɶɲɨɝɨ, 
ɩɨɱɬɢ ɧɟ ɡɚɦɟɬɧɨɝɨ ɩɥɚɦɟɧɢ. ɉɨɷɬɨɦɭ ɡɚɩɵɥɺɧɧɵɟ ɦɟɫɬɚ ɪɟɝɟɧɟɪɚɰɢɨɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ ɧɟɨɛɯɨɞɢɦɨ ɪɟɝɭɥɹɪɧɨ ɨɱɢɳɚɬɶ ɨɬ ɩɵɥɢ [18]. 
 

AlpHaset ɩɪɢ ɥɢɬɶɟ ɫɬɚɥɟɣ 
 
 ɉɨɫɥɟ ɜɵɯɨɞɚ ɧɚ ɪɵɧɨɤ ɜ 1982 ɝɨɞɭ AlpHaset ɩɪɨɰɟɫɫ ɧɚɱɚɥɢ ɩɪɢɦɟɧɹɬɶ 
ɫɧɚɱɚɥɚ ɩɪɢ ɥɢɬɶɟ ɫɬɚɥɟɣ. əɜɥɹɹɫɶ ɳɟɥɨɱɧɵɦ AlpHaset ɩɪɨɰɟɫɫ ɨɫɨɛɟɧɧɨ 
ɯɨɪɨɲɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɳɟɥɨɱɧɵɯ ɦɚɪɝɚɧɰɨɜɢɫɬɵɯ ɢ ɯɪɨɦɢɫɬɵɯ ɫɬɚɥɟɣ. ȼ ɥɢɬɶɟ 
ɦɚɪɝɚɧɰɨɜɢɫɬɵɯ ɫɬɚɥɟɣ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬ ɤɜɚɪɰɟɜɵɣ ɩɟɫɨɤ, ɚ ɮɨɪɦɵ ɢ 
ɫɬɟɪɠɧɢ ɩɨɤɪɵɜɚɸɬ ɦɚɝɧɟɡɢɬɨɜɵɦɢ ɩɨɤɪɵɬɢɹɦɢ. Ɍɚɤɠɟ ɧɢɡɤɨɭɝɥɟɪɨɞɢɫɬɵɟ ɢ 
ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɵɟ ɫɬɚɥɢ ɜɫɥɟɞɫɬɜɢɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɥɢɜɤɢ ɯɨɪɨɲɨ 
ɩɨɞɯɨɞɹɬ ɞɥɹ AlpHaset ɩɪɨɰɟɫɫɚ. ɋɜɹɡɭɸɳɟɟ ɪɚɡɥɚɝɚɟɬɫɹ ɦɟɞɥɟɧɧɨ ɬɚɤɠɟ ɢ 
ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɞɚɜɥɟɧɢɟ ɝɚɡɨɜ ɜ ɮɨɪɦɟ ɨɫɬɚɟɬɫɹ ɧɚ ɧɢɡɤɨɦ 
ɭɪɨɜɧɟ. ɉɪɢɦɟɧɟɧɢɟ ɰɢɪɤɨɧɨɜɵɯ ɩɨɤɪɵɬɢɣ ɩɪɢ ɥɢɬɶɟ ɫɬɚɥɟɣ ɧɚɢɛɨɥɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɨ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɥɢɬɶɹ ɦɚɪɝɚɧɰɨɜɢɫɬɵɯ ɫɬɚɥɟɣ.  

Ɍɢɩɢɱɧɵɦɢ ɨɬɥɢɜɤɚɦɢ ɢɡ ɫɬɚɥɟɣ ɹɜɥɹɸɬɫɹ ɱɚɫɬɢ ɧɚɫɨɫɨɜ ɢ ɡɚɩɨɪɧɨɣ 
ɚɪɦɚɬɭɪɵ, ɧɨɠɢ ɞɟɪɟɜɨ ɞɪɨɛɹɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɪɩɭɫɚ ɢ ɢɡɧɚɲɢɜɚɸɳɢɟɫɹ 
ɱɚɫɬɢ ɡɟɦɥɟɪɨɣɧɨɣ ɢ ɝɨɪɧɨɪɭɞɧɨɣ ɬɟɯɧɢɤɢ, ɥɨɩɚɫɬɢ ɬɭɪɛɢɧ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, 
ɜɚɥɵ ɢ ɜɚɥɤɢ ɞɥɹ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɥɢɬɵɟ ɱɚɫɬɢ 
ɤɨɪɩɭɫɨɜ ɫɭɞɨɜ, ɬɚɧɤɨɜ. ɋɚɦɚɹ ɤɪɭɩɧɚɹ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɬɚɥɶɧɚɹ 
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ɨɬɥɢɜɤɚ, ɨɬɥɢɬɚɹ ɜ ɮɨɪɦɭ, ɢɡɝɨɬɨɜɥɟɧɧɭɸ AlpHaset ɩɪɨɰɟɫɫɨɦ ɜɟɫɢɬ 100 ɬ 
ɧɟɬɬɨ. ȼɟɫ ɛɪɭɬɬɨ ɡɚɥɢɜɚɟɦɨɝɨ ɦɟɬɚɥɥɚ ɫɨɫɬɚɜɢɥ 200 ɬ. ȼɟɫ ɧɚɢɦɟɧɶɲɢɯ 
ɫɬɚɥɶɧɵɯ ɨɬɥɢɜɨɤ ɫɨɫɬɚɜɥɹɟɬ ɧɟɫɤɨɥɶɤɨ ɫɨɬ ɝɪɚɦɦɨɜ.  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ AlpHaset ɩɪɨɰɟɫɫ ɩɨɡɜɨɥɢɥ ɩɪɢɦɟɧɟɧɢɟ ɬɟɯɧɢɤɢ 
ɛɟɡɨɩɨɱɧɨɣ ɮɨɪɦɨɜɤɢ ɧɚɪɹɞɭ ɫ ɥɺɝɤɢɦ ɬɚɤɠɟ ɜ ɫɪɟɞɧɟɬɹɠɟɥɨɦ ɢ ɬɹɠɺɥɨɦ 
ɥɢɬɶɟ ɫɬɚɥɢ. ɇɚɢɛɨɥɶɲɢɣ ɜɟɫ ɩɨɥɭɮɨɪɦ ɩɪɢ ɛɟɡɨɩɨɱɧɨɣ ɮɨɪɦɨɜɤɟ ɩɪɟɜɵɲɚɟɬ 
20 ɬ. Ⱦɨɥɹ ɪɟɝɟɧɟɪɢɪɨɜɚɧɧɨɝɨ ɩɟɫɤɚ ɜ ɮɨɪɦɨɜɨɱɧɨɣ ɫɦɟɫɢ ɩɪɢ ɥɢɬɶɟ ɫɬɚɥɢ 
ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ 70 – 90 %. ɉɪɢ ɜɵɫɨɤɢɯ ɬɪɟɛɨɜɚɧɢɹɯ ɤ ɤɚɱɟɫɬɜɭ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɬɥɢɜɨɤ ɞɥɹ ɨɛɥɢɰɨɜɤɢ ɮɨɪɦ ɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɬɟɪɠɧɟɣ ɢɫɩɨɥɶɡɭɸɬ ɫɜɟɠɢɣ 
ɤɜɚɪɰɟɜɵɣ ɢɥɢ ɤɚɱɟɫɬɜɟɧɧɵɣ ɯɪɨɦɢɬɨɜɵɣ ɩɟɫɨɤ [18]. 

 
BETA-SET-ɩɪɨɰɟɫɫ 
 
Ɋɚɡɪɚɛɨɬɚɧ ɮɢɪɦɨɣ Borden (Ⱥɧɝɥɢɹ) ɜ ɧɚɱɚɥɟ 80-ɯ ɝɨɞɨɜ. 
ɋɭɬɶ ɩɪɨɰɟɫɫɚ ɫɨɫɬɨɢɬ ɜ ɨɬɜɟɪɠɞɟɧɢɢ ɩɨɥɢɮɟɧɨɥɹɬɨɜ ɩɭɬɟɦ ɩɪɨɞɭɜɤɢ 

ɫɦɟɫɢ ɜ ɨɫɧɚɫɬɤɟ ɩɚɪɨɨɛɪɚɡɧɵɦ ɷɮɢɪɨɦ - ɦɟɬɢɥɮɨɪɦɢɚɬɨɦ - ɜ ɬɨɤɟ ɢɧɟɪɬɧɨɝɨ 
ɧɨɫɢɬɟɥɹ (ɜɨɡɞɭɯɚ ɢɥɢ ɋɈ2). 

ɉɪɢ ȼȿɌȺ-SET- ɩɪɨɰɟɫɫɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨɟ ɫɜɹɡɭɸɳɟɟ - 
ɳɟɥɨɱɧɨɣ ɪɟɡɨɥɶɧɵɣ ɩɨɥɢɮɟɧɨɥɹɬ. Ⱦɥɹ ɨɬɜɟɪɠɞɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɦɟɬɢɥɮɨɪɦɢɚɬ (ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ ɦɭɪɚɜɶɢɧɨɣ ɤɢɫɥɨɬɵ) ɇɋɈɈɋɇ3 - 
ɩɪɨɡɪɚɱɧɚɹ ɛɟɫɰɜɟɬɧɚɹ ɠɢɞɤɨɫɬɶ ɫɨ ɫɥɚɞɤɨɜɚɬɵɦ ɷɮɢɪɧɵɦ ɡɚɩɚɯɨɦ. ɍɫɬɨɣɱɢɜ 
ɧɚ ɜɨɡɞɭɯɟ, ɥɟɝɤɨ ɜɨɫɩɥɚɦɟɧɹɟɬɫɹ, ɨɛɥɚɞɚɟɬ ɫɥɚɛɨ ɜɵɪɚɠɟɧɧɵɦ ɨɛɳɟ 
ɧɚɪɤɨɬɢɱɟɫɤɢɦ ɞɟɣɫɬɜɢɟɦ. 

ɉȾɄ ɧɚ ɩɚɪɵ ɦɟɬɢɥɮɨɪɦɢɚɬɚ ɜ ɜɨɡɞɭɯɟ ɪɚɛɨɱɟɣ ɡɨɧɵ ɜ Ɋɨɫɫɢɢ ɧɟ 
ɭɫɬɚɧɨɜɥɟɧɵ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɧɟ ɫɬɨɥɶɤɨ ɨ ɟɝɨ ɦɚɥɨɬɨɤɫɢɱɧɨɫɬɢ, ɫɤɨɥɶɤɨ 
ɨ ɧɟɜɨɫɬɪɟɛɨɜɚɧɧɨɫɬɢ ɜɩɥɨɬɶ ɞɨ ɩɨɫɥɟɞɧɟɝɨ ɜɪɟɦɟɧɢ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɞɭɤɬɚ 
ɛɨɥɶɲɨɣ ɯɢɦɢɢ. 

ɏɢɦɢɡɦ ɩɪɨɰɟɫɫɚ ɨɬɜɟɪɠɞɟɧɢɹ ɚɧɚɥɨɝɢɱɟɧ ALPHA-SET-ɩɪɨɰɟɫɫɭ, ɧɨ 
ɨɬɜɟɪɠɞɟɧɢɟ ɫɦɟɫɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɚɪɚɦɢ ɦɟɬɢɥɮɨɪɦɢɚɬɚ ɜ ɯɨɥɨɞɧɨɣ 
ɨɫɧɚɫɬɤɟ. 

Ʉ ɞɨɫɬɨɢɧɫɬɜɚɦ ɬɟɯɧɨɥɨɝɢɢ ɨɬɧɨɫɢɬɫɹ ɯɨɪɨɲɟɟ ɤɚɱɟɫɬɜɨ ɥɢɬɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ (ɫɬɚɥɶ, ɱɭɝɭɧ, ɰɜɟɬɧɵɟ ɫɩɥɚɜɵ), ɨɬɫɭɬɫɬɜɢɟ N ɢ S ɜ ɫɜɹɡɭɸɳɟɦ, 
ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɬɟɪɦɢɱɟɫɤɨɟ ɪɚɫɲɢɪɟɧɢɟ ɫɦɟɫɢ, ɨɬɧɨɫɢɬɟɥɶɧɚɹ 
ɜɥɚɝɨɭɫɬɨɣɱɢɜɨɫɬɶ ɞɪ. 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɨɪɨɝɨɫɬɨɹɳɢɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ ɞɥɹ ɦɚɫɫɨɜɨɝɨ ɢ 
ɤɪɭɩɧɨɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ (Cold-box-amin, FRC ɢ ɞɪ.) ɞɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ 
ɦɨɠɟɬ ɧɚɯɨɞɢɬɶ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɧɟɛɨɥɶɲɢɯ ɫɟɪɢɣ ɫɬɟɪɠɧɟɣ, ɯɨɬɹ ɨɧɚ ɧɟ 
ɦɨɠɟɬ ɫɪɚɜɧɢɬɶɫɹ ɫ ɧɢɦɢ ɩɨ ɩɪɨɱɧɨɫɬɢ ɫɪɚɡɭ ɩɨɫɥɟ ɩɪɨɞɭɜɤɢ ɢ ɨɤɨɧɱɚɬɟɥɶɧɨɣ 
ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ ɨɬɜɟɪɠɞɟɧɢɹ ɫɬɟɪɠɧɹ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ [19]. 
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ɉɪɢɦɟɪɚɦɢ ɢɦɩɨɪɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɥɭɠɚɬ ȼȿɌȺ-SET ȼ 1 ɢ 
ɦɟɬɢɥɮɨɪɦɢɚɬ ȼȿɌȺ-SET ȼɇ 50 (Furten-bach, Ⱥɜɫɬɪɢɹ). ȼ Ɋɨɫɫɢɢ ɦɚɬɟɪɢɚɥɵ 
ɞɥɹ ɷɬɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɨɫɬɚɜɥɹɸɬɫɹ ɮɢɪɦɨɣ ɈɈɈ «ɗɤɬɢɫ-2» (ɝ. Ⱦɡɟɪɠɢɧɫɤ). 

Ⱦɥɹ ɤɪɭɩɧɨɫɟɪɢɣɧɨɝɨ ɢɥɢ ɦɚɫɫɨɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɦɨɥɚ 
ɬɨɝɨ ɠɟ ɬɢɩɚ ɫ ɨɬɜɟɪɠɞɟɧɢɟɦ ɫɬɟɪɠɧɟɣ ɩɭɬɟɦ ɩɪɨɞɭɜɤɢ ɢɯ ɝɚɡɨɨɛɪɚɡɧɵɦ 
ɦɟɬɢɥɮɨɪ-ɦɢɚɬɨɦ [<<Ȼɟɬɚ-ɫɟɬ»-ɩɪɨɰɟɫɫ]. ɗɬɢ ɫɦɨɥɵ ɧɚɡɵɜɚɸɬɫɹ ȺɅɄȺɋȿɌ 
ɋȼ ɢ ALCAFEN ɋȼ (ɍɪɚɥɯɢɦɩɥɚɫɬ). 

ɋɜɹɡɭɸɳɢɦ ɹɜɥɹɟɬɫɹ ɳɟɥɨɱɧɚɹ ɪɟɡɨɥɶɧɚɹ ɮɟɧɨɥɨɮɨɪɦɚɥɶɞɟɝɢɞɧɚɹ 
ɫɦɨɥɚ, ɚɧɚɥɨɝɢɱɧɚɹ ɨɩɢɫɚɧɧɨɦɭ ɜɵɲɟ ɫɜɹɡɭɸɳɟɦɭ ɞɥɹ ɩɪɨɰɟɫɫɚ «Ⱥɥɶɮɚ- ɫɟɬ». 

Ɇɟɬɢɥɮɨɪɦɢɚɬ (ɦɟɬɢɥɨɜɵɣ ɷɮɢɪ ɦɭɪɚɜɶɢɧɨɣ ɤɢɫɥɨɬɵ) ɇɋɈɈ-ɋɇ3 - 
ɩɪɨɡɪɚɱɧɚɹ ɛɟɫɰɜɟɬɧɚɹ ɢɥɢ ɫɜɟɬɥɨ-ɠɟɥɬɚɹ ɠɢɞɤɨɫɬɶ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɢɩɟɧɢɹ 
31,50C ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɫɩɵɲɤɢ ɦɢɧɭɫ 19 0ɋ. 

ȼ ɫɨɫɬɚɜ ɫɦɟɫɢ ɜɯɨɞɢɬ 1,0 - 2 ɦɚɫ.ɱ. ɫɜɹɡɭɸɳɟɝɨ ɧɚ 100 ɦɚɫ.ɱ. ɤɜɚɪɰɟɜɨɝɨ 
ɩɟɫɤɚ ɢɥɢ 0,7-1 ɦɚɫ.ɱ. ɞɥɹ ɫɦɟɫɢ ɧɚ ɨɫɧɨɜɟ ɰɢɪɤɨɧɚ ɢɥɢ ɯɪɨɦɢɬɚ.  

ɋɨɞɟɪɠɚɧɢɟ ɫɜɹɡɭɸɳɟɝɨ ɜ ɭɤɚɡɚɧɧɵɯ ɩɪɟɞɟɥɚɯ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɩɟɫɤɚ - 
ɮɨɪɦɵ ɡɟɪɟɧ, ɫɨɞɟɪɠɚɧɢɹ ɦɟɥɤɢɯ ɮɪɚɤɰɢɣ, ɝɥɢɧɢɫɬɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, 
ɬɪɟɛɭɟɦɨɣ ɩɪɨɱɧɨɫɬɢ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɟɝɟɧɟɪɚɬɚ ɟɝɨ ɩɨɤɚɡɚɬɟɥɶ ɉɉɉ 
(ɩɨɬɟɪɢ ɩɪɢ ɩɪɨɤɚɥɢɜɚɧɢɢ) ɞɨɥɠɟɧ ɛɵɬɶ ɧɟ ɜɵɲɟ 2%. Ȼɨɥɟɟ ɜɵɫɨɤɢɣ 
ɩɨɤɚɡɚɬɟɥɶ ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟɧɢɹ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɜɹɡɭɸɳɟɝɨ, ɱɬɨ 
ɩɨɧɢɠɚɟɬ ɬɟɤɭɱɟɫɬɶ ɢ ɩɨɜɵɲɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɞɟɮɟɤɬɨɜ ɨɬɥɢɜɨɤ. 

ɉɪɢɟɦɥɟɦɨ ɥɸɛɨɟ ɤɚɱɟɫɬɜɟɧɧɨɟ ɭɩɥɨɬɧɟɧɢɟ ɫɦɟɫɢ — ɪɭɱɧɨɟ, 
ɩɟɫɤɨɫɬɪɟɥɶɧɨɟ, ɩɟɫɤɨɞɭɜɧɨɟ, ɜɢɛɪɚɰɢɨɧɧɨɟ. ɍɫɥɨɜɢɹ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɧɟ ɞɨɥɠɧɵ ɩɪɢɜɨɞɢɬɶ ɤ ɫɭɳɟɫɬɜɟɧɧɨɣ ɩɨɬɟɪɟ ɜɥɚɝɢ. ɉɨɬɟɪɹ 
ɜɥɚɝɢ ɫɧɢɠɚɟɬ ɬɟɤɭɱɟɫɬɶ. ɀɢɜɭɱɟɫɬɶ ɫɦɟɫɢ ɜɵɫɨɤɚɹ, ɞɥɹ ɟɟ ɩɨɜɵɲɟɧɢɹ ɧɭɠɧɨ 
ɢɡɛɟɝɚɬɶ ɩɨɬɟɪɢ ɜɥɚɝɢ ɢɥɢ ɢɡɥɢɲɤɨɜ ɡɚɝɪɹɡɧɹɸɳɢɯ ɩɪɢɦɟɫɟɣ. 

Ɉɩɬɢɦɚɥɶɧɵɟ ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɚɸɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɤɜɚɪɰɟɜɨɝɨ ɩɟɫɤɚ ɦɚɪɨɤ 1Ʉ1Ɉ3Ɉ2 ɢɥɢ 016 ɩɪɢ ɜɥɚɠɧɨɫɬɢ ɧɟ ɛɨɥɟɟ 0,5- 1 %. 
ɉɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɫɦɟɫɢ ɜ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ ɬɢɩɨɜ ɏɌɋ ɦɚɥɨ ɡɚɜɢɫɹɬ ɨɬ 
ɜɥɚɠɧɨɫɬɢ ɩɟɫɤɚ ɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɜ ɧɟɦ ɨɤɢɫɥɨɜ ɳɟɥɨɱɧɵɯ ɢ 
ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ, ɨɬ ɜɥɚɠɧɨɫɬɢ ɜɨɡɞɭɯɚ ɩɪɢ ɯɪɚɧɟɧɢɢ ɫɬɟɪɠɧɟɣ. 
ɀɢɜɭɱɟɫɬɶ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɭɫɥɨɜɢɣ ɯɪɚɧɟɧɢɹ (ɬɚɛɥɢɰɚ 21). 

ɂɡ ɨɩɵɬɚ ɪɚɛɨɬɵ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɨɱɧɨɫɬɶ ɫɦɟɫɢ ɞɨɫɬɚɬɨɱɧɚ ɞɥɹ 
ɛɨɥɶɲɢɧɫɬɜɚ ɫɬɟɪɠɧɟɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ. Ɉɛɳɚɹ ɢ 
ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɩɪɨɱɧɨɫɬɢ ɧɟɫɤɨɥɶɤɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɡɚɥɢɜɤɢ ɢɡ- ɡɚ 
ɫɤɥɨɧɧɨɫɬɢ ɤɨɦɩɨɡɢɰɢɢ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ ɨɬɜɟɪɠɞɟɧɢɸ ɩɪɢ ɧɟɛɨɥɶɲɨɦ 
ɧɚɝɪɟɜɟ. 

Ɉɩɬɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɫɤɚ 18-30°ɋ. ȼɪɟɦɹ ɩɪɨɞɭɜɤɢ ɫɬɟɪɠɧɹ 
ɫɨɫɬɚɜɥɹɟɬ 20 - 30 ɫ, ɫɩɟɰɢɚɥɶɧɵɯ ɫɪɟɞɫɬɜ ɞɥɹ ɧɟɣɬɪɚɥɢɡɚɰɢɢɦɟɬɢɥɮɨɪɦɢɚɬɚ 
ɧɟ ɬɪɟɛɭɟɬɫɹ, ɉȾɄ ɞɥɹ ɧɟɝɨ 250 ɦɝ/ɦ , 4-ɣ ɤɥɚɫɫ ɨɩɚɫɧɨɫɬɢ. Ɍɟɨɪɟɬɢɱɟɫɤɢ 
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ɪɚɫɯɨɞ ɷɮɢɪɚ ɫɨɫɬɚɜɥɹɟɬ 20% ɨɬ ɦɚɫɫɵ ɫɜɹɡɭɸɳɟɝɨ. Ɏɚɤɬɢɱɟɫɤɢ ɨɧ ɛɵɜɚɟɬ 
ɜɵɲɟ, ɬɚɤ ɤɚɤ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɬɟɪɠɧɹ, ɜɟɧɬɢɥɹɰɢɢ ɹɳɢɤɚ, ɤɚɱɟɫɬɜɚ 
ɭɩɥɨɬɧɟɧɢɹ ɩɨ ɪɚɡɴɟɦɭ. Ɋɟɚɥɶɧɵɣ ɪɚɫɯɨɞ ɦɟɬɢɥɮɨɪɦɢɚɬɚ - 20 -40% ɨɬ ɦɚɫɫɵ 
ɫɜɹɡɭɸɳɟɝɨ. 

Ɇɟɬɢɥɮɨɪɦɢɚɬ ɹɜɥɹɟɬɫɹ ɧɟ ɤɚɬɚɥɢɡɚɬɨɪɨɦ, ɚ ɪɟɚɤɬɢɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ 
ɦɟɯɚɧɢɡɦɚ ɨɬɜɟɪɠɞɟɧɢɹ. ɉɪɟɜɵɲɟɧɢɟ ɟɝɨ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɪɚɫɯɨɞɚ ɧɟ ɜɥɢɹɟɬ 
ɧɚ ɫɤɨɪɨɫɬɶ ɢ ɤɨɧɟɱɧɵɣ ɭɪɨɜɟɧɶ ɭɩɪɨɱɧɟɧɢɹ. ɋɤɨɪɨɫɬɶ ɡɚɦɟɬɧɨ ɡɚɜɢɫɢɬ ɨɬ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɟɬɢɥɮɨɪɦɢɚɬɚ ɜ ɨɛɴɟɦɟ ɫɬɟɪɠɧɹ ɢɥɢ ɮɨɪɦɵ. Ɉɧɚ ɡɚɜɢɫɢɬ 
ɬɚɤɠɟ ɨɬ ɫɨɨɬɜɟɬɫɬɜɢɹ ɤɨɥɢɱɟɫɬɜɚ ɝɚɡɚ ɪɚɡɦɟɪɭ ɫɬɟɪɠɧɹ ɢ ɟɝɨ ɤɨɧɮɢɝɭɪɚɰɢɢ. 
Ʉɨɥɢɱɟɫɬɜɨ ɝɚɡɚ ɞɨɥɠɧɨ ɛɵɬɶ ɦɢɧɢɦɭɦ 20% ɨɬ ɦɚɫɫɵ ɫɜɹɡɭɸɳɟɝɨ, ɜ 
ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɜɨɡɦɨɠɧɚ ɧɟɞɨɨɬɜɟɪɠɞɟɧɢɟ. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɦɟɫɟɣ ɞɥɹ ɩɪɨɰɟɫɫɚ «Ȼɟɬɚ-ɫɟɬ» [19]. 
 
 
 

Ɍɚɛɥɢɰɚ 21 – Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɬɟɪɠɧɟɣ 
ɋɨɞɟɪɠɚɧɢɟ 
ɫɜɹɡɭɸɳɟɝɨ, 

ɦɚɫ.ɱ. 

ɉɪɨɱɧɨɫɬɶ ɧɚ ɪɚɡɪɵɜ 
ɩɨɫɥɟ ɜɵɞɟɪɠɤɢ, Ɇɉɚ 

ɀɢɜɭɱɟɫɬɶ, 
ɱɚɫ 

Ƚɚɡɨɩɪɨɧɢɰɚ-
ɟɦɨɫɬɶ, ɟɞ. 

Ƚɡɨɬɜɨɪɧɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ, 

ɫɦ3 /ɝ 30 ɫ 1 ɱɚɫ 24 ɱɚɫɚ 

1,5 0,7-0,8 0,8-1,0 1,0-1,2 8 Ȼɨɥɟɟ 200 4-5 
1,8 0,8-1,0 1,0-1,2 1,2-1,4 8 Ȼɨɥɟɟ 200 7-8 

 
 ȼɵɜɨɞ: 
 Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦ ɢ ɫɬɟɪɠɧɟɣ ɜɵɛɪɚɧ AlpHaset ɩɪɨɰɟɫɫ. 
Ɉɫɧɨɜɧɵɦɢ ɤɪɢɬɟɪɢɹɦɢ ɜɵɛɨɪɚAlpHaset ɩɪɨɰɟɫɫɚ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦ ɢ 
ɫɬɟɪɠɧɟɣ ɫɬɚɥɨ: 
 - ɯɨɪɨɲɢɦ ɤɚɱɟɫɬɜɨɦ ɩɨɜɟɪɯɧɨɫɬɢ 
 - ɫɤɨɪɨɫɬɶ ɨɬɜɟɪɠɞɟɧɢɹ ɫɦɟɫɢ ɪɟɝɭɥɢɪɭɟɬɫɹ ɬɢɩɨɦ ɨɬɜɟɪɞɢɬɟɥɹ; 
 - ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɟɡ ɨɩɨɱɧɚɹ ɮɨɪɦɨɜɤɚ; 
 - ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ; 
 - ɛɵɫɬɪɨɟ ɨɛɴɟɦɧɨɟ ɨɬɜɟɪɠɞɟɧɢɟ; 
 - ɦɚɥɵɣ ɨɛɴɺɦ ɜɵɞɟɥɟɧɢɣ ɩɚɪɨɜ; 
 - ɩɨɧɢɠɟɧɧɚɹ ɫɤɥɨɧɧɨɫɬɶ ɤ ɧɚɭɝɥɟɪɨɠɢɜɚɧɢɸ; 
 - ɦɟɧɶɲɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɜɥɚɝɟ; 
 - ɧɢɡɤɚɹ ɜɟɪɨɹɬɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɞɟɮɟɤɬɨɜ ɨɬɥɢɜɨɤ ɬɢɩɚ ɩɪɨɫɟɱɟɤ ɢ 
ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ; 
 - ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɥɸɛɵɯ ɧɚɩɨɥɧɢɬɟɥɟɣ; 
 - ɧɟɡɧɚɱɢɬɟɥɶɧɵɣ ɡɚɩɚɯ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɢ ɡɚɩɨɥɧɟɧɢɢ ɨɫɧɚɫɬɤɢ; 

- ɨɝɪɚɧɢɱɟɧɧɚɹ ɬɨɤɫɢɱɧɨɫɬɶ; 
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 - ɜɨɞɨɪɚɫɬɜɨɪɢɦɨɫɬɶ ɫɜɹɡɭɸɳɟɝɨ, ɜɨɡɦɨɠɧɨɫɬɶ ɨɱɢɫɬɤɢ ɫɦɟɫɢɬɟɥɟɣ 
ɜɨɞɨɣ; 
 - ɪɟɝɟɧɟɪɚɰɢɹ. 
 
 AlpHaset ɩɪɢɡɧɚɧ ɷɮɮɟɤɬɢɜɧɵɦ, ɳɚɞɹɳɢɦ ɤ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ 
ɩɪɨɰɟɫɫɨɦ ɮɨɪɦɨɜɤɢ ɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɬɟɪɠɧɟɣ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ 
ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɨɬɜɟɬɫɬɜɟɧɧɨɟ ɫɬɚɥɶɧɨɟ ɥɢɬɶɺ ɫ ɯɨɪɨɲɢɦ ɤɚɱɟɫɬɜɨɦ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɧɟɛɨɥɶɲɢɯ ɡɚɬɪɚɬɚɯ ɬɪɭɞɚ ɧɚ ɨɱɢɫɬɤɭ ɢ ɨɤɨɧɱɚɬɟɥɶɧɭɸ 
ɨɛɪɚɛɨɬɤɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, AlpHaset ɩɪɨɰɟɫɫɨɦ ɦɨɠɧɨ ɡɚɦɟɧɢɬɶ ɥɢɬɶɟ ɜ 
ɨɛɨɥɨɱɤɨɜɵɟ ɮɨɪɦɵ, ɚ ɬɚɤɠɟ, ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ, ɬɨɱɧɨɟ ɥɢɬɶɟ, ɧɚɫɤɨɥɶɤɨ 
ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɤɨɧɫɬɪɭɤɰɢɹ ɢɡɞɟɥɢɹ.  
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7 Ɋɚɡɪɚɛɨɬɤɚɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬɥɢɜɨɤ ɢɡ ɫɩɥɚɜɚ 
40X24ɇ12ɋɅ 

 
Ɍɚɤ ɤɚɤ ɫɬɨɢɦɨɫɬɶ ɫɩɥɚɜɨɜ ɫ ɪɟɧɢɟɦ ɫɨɡɞɚɜɚɟɦɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɫɢɧɬɟɡɚ, ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɬɪɚɞɢɰɢɨɧɧɵɯ ɫɩɥɚɜɨɜ – ɨɧɢ ɞɨ ɫɢɯ ɩɨɪ ɧɚɯɨɞɹɬ 
ɩɪɢɦɟɧɟɧɢɟ. ɋɪɟɞɧɹɹ ɫɬɨɢɦɨɫɬɶ ɫɩɥɚɜɚ ɛɟɡ ɪɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 1-2 ɦɢɥɥɢɨɧɚ 
ɪɭɛɥɟɣ ɡɚ ɬɨɧɧɭ, ɚ ɫɩɥɚɜɵ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɪɟɧɢɹ 12ɦɢɥɥɢɨɧɚ ɪɭɛɥɟɣ ɡɚ ɬɨɧɧɭ. 

Ɉɞɧɢɦ ɢɡ ɧɢɯ ɹɜɥɹɟɬɫɹ ɫɩɥɚɜ 40X24ɇ12ɋɅ, (ɡɚɦɟɧɢɬɟɥɢ: 35ɏ23ɇ7ɋɅ) 
Ʉɥɚɫɫɢɮɢɤɚɰɢɹ: ɋɬɚɥɶ ɞɥɹ ɨɬɥɢɜɨɤ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɚɹ 
ȼɢɞ ɩɨɫɬɚɜɤɢ: ɨɬɥɢɜɤɢ ȽɈɋɌ 4543-71. 
Ɉɬɥɢɜɤɢ ɢɡ ɫɩɥɚɜɚ 40X24ɇ12ɋɅ ɢɫɩɨɥɶɡɭɸɬɫɹ: ɞɟɬɚɥɢ, ɪɚɛɨɬɚɸɳɢɟ ɩɪɢ 

ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɜɥɟɧɢɢ (ɥɨɩɚɬɤɢ ɤɨɦɩɪɟɫɫɨɪɨɜ ɢ ɫɨɩɥɨɜɵɯ 
ɚɩɩɚɪɚɬɨɜ, ɩɟɱɧɵɟ ɤɨɧɜɟɣɟɪɵ, ɲɧɟɤɢ, ɤɪɟɩɟɠɧɵɟ ɞɟɬɚɥɢ ɢ ɞɪ.). ɋɬɚɥɶ 
ɠɚɪɨɫɬɨɣɤɚɹ ɞɨ 1000 °ɋ, ɠɚɪɨɩɪɨɱɧɚɹ, ɚɭɫɬɟɧɢɬɨ-ɮɟɪɪɢɬɧɨɝɨ ɤɥɚɫɫɚ [20]. 

ɍɞɟɥɶɧɵɣ ɜɟɫ: 7800 ɤɝ/ɦ3 
Ɍɟɪɦɨɨɛɪɚɛɨɬɤɚ: Ɂɚɤɚɥɤɚ 1040 - 1060 °  
Ʌɢɧɟɣɧɚɹ ɭɫɚɞɤɚ 2,7% 
 

Ɍɚɛɥɢɰɚ 22– ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɜ % ɦɚɬɟɪɢɚɥɚ 40ɏ24ɇ12ɋɅ 

C Si Mn Ni S P Cr 

ɞɨ 0.4 0.5 - 1.5 0.3 - 0.8 11 - 13 ɞɨ 0.03 ɞɨ 0.035 22 - 26 

 
Ɍɚɛɥɢɰɚ 23 – Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ 40ɏ24ɇ12ɋɅ 

ɋɜɚɪɢɜɚɟɦɨɫɬɶ: ɛɟɡ ɨɝɪɚɧɢɱɟɧɢɣ. 

Ɏɥɨɤɟɧɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ: ɧɟ ɱɭɜɫɬɜɢɬɟɥɶɧɚ. 

ɋɤɥɨɧɧɨɫɬɶ ɤ ɨɬɩɭɫɤɧɨɣ ɯɪɭɩɤɨɫɬɢ: ɧɟ ɫɤɥɨɧɧɚ. 

 
Ɍɚɛɥɢɰɚ 24 – Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɢ Ɍ=20 °ɋ ɦɚɬɟɪɢɚɥɚ 40ɏ24ɇ12ɋɅ 

ɋɨɪɬɚɦɟɧɬ Ɋɚɡɦɟɪ ɇɚɩɪ. sɜ sT d5 y KCU Ɍɟɪɦɨɨɛɪ. 

- ɦɦ - Ɇɉɚ Ɇɉɚ % % ɤȾɠ / ɦ2 - 

Ɉɬɥɢɜɤɢ, 
ȽɈɋɌ 977-88 

ɞɨ 100 
 

491 245 20 28 
 

Ɂɚɤɚɥɤɚ 
1050oC, 

 

Ɂɚɪɭɛɟɠɧɵɟ ɚɧɚɥɨɝɢ ɦɚɪɤɢ ɫɬɚɥɢ 40X24ɇ12ɋɅ 
əɩɨɧɢɹ SCH12, SCH13A, 
ɋɒȺ  HF, HH, J93503 
Ⱥɧɝɥɢɹ 309C30, 309C35  

Ƚɟɪɦɚɧɢɹ 1.4826, 1.4837 
ȿɜɪɨɫɨɸɡ GX40CrNiSi25-12 
Ʉɢɬɚɣ ZG35Cr26Ni12 
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Ɍɚɛɥɢɰɚ 25 – Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ 40ɏ24ɇ12ɋɅ 

T 
Ƚɪɚɞ 

E 10- 5 
Ɇɉɚ 

a 10 6 
1/Ƚɪɚɞ 

l 
ȼɬ/(ɦ·ɝɪɚɞ) 

r 
ɤɝ/ɦ3 

C 
Ⱦɠ/(ɤɝ·ɝɪɚɞ) 

R 10 9 
Ɉɦ·ɦ 

20 1.96 
  

7800 
 

860 

100 
 

18.4 
    

200 
      

300 
      

400 
      

500 1.67 
     

600 1.57 
     

700 1.45 
     

T E 10- 5 a 10 6 l r C R 10 9 

 
7.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɬɥɢɜɤɢ ɩɪɟɞɫɬɚɜɢɬɟɥɹ 

 
ȼ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɚ ɨɬɥɢɜɤɚ – ɞɢɫɤ ɫɬɭɩɟɧɢ 

ɬɭɪɛɢɧɵ, ɢɡ ɫɩɥɚɜɚ 40X24ɇ12ɋɅ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 44. 
Ɉɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ – ɤɨɪɩɭɫ, ɫɨɩɥɚ ɢ ɥɨɩɚɬɤɢ ɪɨɬɨɪɚ. 

ɉɚɪ ɨɬ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɚɦ ɩɨɞɜɨɞɢɬɫɹ ɤ ɬɭɪɛɢɧɟ. ȼ ɫɨɩɥɚɯ 
ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɩɚɪɚ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɫɬɪɭɢ. 
ȼɵɪɵɜɚɸɳɢɣɫɹ ɢɡ ɫɨɩɟɥ ɩɚɪ ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ ɢɡɨɝɧɭɬɵɟ (ɫɩɟɰɢɚɥɶɧɨ 
ɫɩɪɨɮɢɥɢɪɨɜɚɧɧɵɟ) ɪɚɛɨɱɢɟ ɥɨɩɚɬɤɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɩɨ ɩɟɪɢɮɟɪɢɢ ɪɨɬɨɪ. 
ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɫɬɪɭɢ ɩɚɪɚ ɩɨɹɜɥɹɟɬɫɹ ɬɚɧɝɟɧɰɢɚɥɶɧɚɹ (ɨɤɪɭɠɧɚɹ) ɫɢɥɚ, 
ɩɪɢɜɨɞɹɳɚɹ ɪɨɬɨɪ ɜɨ ɜɪɚɳɟɧɢɟ. 

 

 
 

Ɋɢɫɭɧɨɤ 44 – ɋɬɭɩɟɧɶ ɬɭɪɛɢɧɵ ɢɡ ɫɩɥɚɜɚ 40X24ɇ12ɋɅ 
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Ⱦɢɫɤɫɬɭɩɟɧɢ ɬɭɪɛɢɧɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɣ ɧɚ ɜɚɥɭ ɞɥɹ ɡɚɤɪɟɩɥɟɧɢɹ ɧɚ ɟɝɨ 
ɨɤɪɭɠɧɨɫɬɢ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ. Ɏɨɪɦɚ ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɣ ɞɢɫɤɨɜ ɦɨɠɟɬ ɛɵɬɶ 
ɤɨɧɢɱɟɫɤɚɹ, ɝɢɩɟɪɛɨɥɢɱɟɫɤɚɹ ɢ ɞɪ. ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɟɝɨ ɪɚɛɨɬɵ. 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɞɢɫɤɚɫɬɭɩɟɧɢ ɬɭɪɛɢɧɵ, ɜ ɪɚɡɪɟɡɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 
ɪɢɫɭɧɤɟ 45 
 

 
 

Ɋɢɫɭɧɨɤ 45 – Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɞɢɫɤɚ ɫɬɭɩɟɧɢ ɬɭɪɛɢɧɵ, ɜ ɪɚɡɪɟɡɟ ɢɡ  
ɫɩɥɚɜɚ 40X24ɇ12ɋɅ 
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Ɋɚɡɪɚɛɨɬɚɧ ɱɟɪɬɺɠ ɨɬɥɢɜɤɢ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 46. 
 

 
 

Ɋɢɫɭɧɨɤ 46 – Ɉɬɥɢɜɤɚ ɫ ɮɨɪɦɨɜɨɱɧɵɦɢ ɭɤɥɨɧɚɦɢ 
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7.2 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸщɟɣ ɫɢɫɬɟɦɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɩɪɨɝɪɚɦɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
 
Ɋɚɫɱɺɬ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ ɜɵɩɨɥɧɟɧ ɢɫɯɨɞɹ ɢɡ ɫɥɟɞɭɸɳɢɯ 

ɭɫɥɨɜɢɣ: ɦɚɫɫɚ ɨɬɥɢɜɤɢ ɞɢɫɤɚɫɬɭɩɟɧɢ ɬɭɪɛɢɧɵ (ɫ ɭɱɺɬɨɦ ɩɪɢɩɭɫɤɨɜ, ɞɥɹ 
ɨɬɥɢɜɨɤ, ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɯ ɜ ɭɩɥɨɬɧɹɟɦɵɯ ɮɨɪɦɚɯ ɩɨ ȽɈɋɌ Ɋ 53464-2009) – 
89,5 ɤɝ.  

ɑɢɫɥɨ ɨɬɥɢɜɨɤ ɜ ɮɨɪɦɟ – 2.  
ɉɪɟɨɛɥɚɞɚɸɳɚɹ ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ ɨɬɥɢɜɤɢ – 65ɦɦ.  
Ɋɚɫɱɟɬ ɷɥɟɦɟɧɬɨɜ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ  ɫɢɫɬɟɦɵ ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɨɣ 

ɡɚɥɢɜɤɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ: 
 
ɉɪɢɛɵɥɶ ɜɵɛɪɚɧɚ ɡɚɤɪɵɬɚɹ ɩɨɥɭɫɮɟɪɢɱɟɫɤɚɹ. 
Ⱦɢɚɦɟɬɪ ɫɮɟɪɵ ɢ ɜɟɪɯɧɟɝɨ ɫɟɱɟɧɢɹ ɩɪɢɛɵɥɢ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 Д = 0,45 (𝑉_ж )

3
+ 𝛿,            (1) 

 
ɝɞɟ: V_ɠ – ɨɛɴɟɦ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɩɢɬɚɟɦɨɝɨ ɭɡɥɚ, ɦɦ; 

δ – ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ –65ɦɦ. 
 Д =  0,45 89,5

7,8

3

+ 0,65 = 1,665 ˇˏ 

 
Ⱦɢɚɦɟɬɪ ɩɪɢɛɵɥɢ Ⱦ=16,65 ɫɦ 
ȼɵɫɨɬɚ ɩɪɢɛɵɥɢ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ (1,25-2) 
 
hɩɪ= (1,25-2)Ⱦ=1,4*16,65 =23,31 ɫɦ. 
 
Ɇɚɫɫɭ ɩɪɢɛɵɥɢ ɛɟɡ ɭɱɟɬɚ ɤɨɧɭɫɧɨɫɬɢ ɧɚɣɞɟɦ ɢɡ ɜɵɪɚɠɟɧɢɹ:  
 

˒ܩ             =
𝑉𝑛 ∗   ݕ
1000

=  
𝜋
4
Д2  ℎ˙ +

Д
3
ݕ 

1000
,                                                                 (2) 

 

˒ܩ             =  
3,14

4
16,652  23,31 +

16,65

3
 7,8

1000
= 48,99 ˍˆ 

 
Ɇɚɫɫɚ ɩɪɢɛɵɥɢ ɪɚɜɧɚ Gɩ=48,99 ɤɝ 
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ɉɪɢɧɢɦɚɟɦ ɦɚɫɫɭ ɥɢɬɧɢɤɨɜɨɣ ɫɢɫɬɟɦɵ ɛɟɡ ɩɪɢɛɵɥɢ, ɪɚɜɧɭɸ 0,14*G0, 
ɫɨɝɥɚɫɧɨ ɬɚɛɥɢɰɵ 26[21]. 

 
Ɍɚɛɥɢɰɚ 26 – Ɇɚɫɫɚ ɥɢɬɧɢɤɨɜɨɣ ɫɢɫɬɟɦɵ ɛɟɡ ɩɪɢɛɵɥɢ 

 
 

Gɥ=0,14*89,5=12,53 ɤɝ. 
 
Ɇɟɬɚɥɥɨɟɦɤɨɫɬɶ ɨɬɥɢɜɤɢ ɫɨɫɬɚɜɥɹɟɬ: 
 
G=Gɩ+Gɥ+Gɨ   (3) 
 
G=48,99+12,53+89,5=151,02 ɤɝ. 
 
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɜɵɯɨɞ ɝɨɞɧɨɝɨ: 

            𝜂 =
ܩˑܩ ∗ 100 %,                                                                                                        (4) 

 𝜂 =89,5/151,02*100=59,26%. 
 
 Ɋаɫɱеɬ вɪеɦеɧɢ ɡаɩɨɥɧеɧɢя 
 
ȼɪɟɦɹ ɡɚɩɨɥɧɟɧɢɹ ɨɬɥɢɜɤɢ ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

 
Ĳ=ρ∛(δ*G),    (5) 
 
ɉɪɢɧɢɦɚɟɦ ɩɨ ɬɚɛɥɢɰɟ 27 ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ S = 1,5 [21]. 
 

Ɍɚɛɥɢɰɚ 27 – Ɉɩɵɬɧɵɟ ɜɟɥɢɱɢɧɵ ɤɨɷɮɮɢɰɢɟɧɬɚ S ɞɥɹ ɫɬɚɥɶɧɵɯ ɨɬɥɢɜɨɤ 

ɉɨɞɜɨɞ ɦɟɬɚɥɥɚ 
ɇɨɪɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 

ɡɚɥɢɜɤɢ ɢ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ 
ɉɨɜɵɲɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɡɚɥɢɜɤɢ ɢ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ 

ɋɢɮɨɧɨɦ ɢɥɢ ɜ 
ɬɨɥɫɬɨɫɬɟɧɧɵɟ ɱɚɫɬɢ 

ɨɬɥɢɜɨɤ 
1,3 1,4–1,5 

ɋɛɨɤɭ ɢɥɢ ɫɬɭɩɟɧɱɚɬɨ 1,4 1,5–1,6 
ɋɜɟɪɯɭ ɢɥɢ ɪɚɜɧɨɦɟɪɧɨ ɜ 

ɬɨɧɤɨɫɬɟɧɧɵɟ ɱɚɫɬɢ 
ɨɬɥɢɜɤɢ 

1,5–1,6 1,6–1,8 
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Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ = 65 ɦɦ, ɦɟɬɚɥɥɨɟɦɤɨɫɬɶ ɨɬɥɢɜɤɢ G = 151,02,1 ɤɝ. 
Ɍɨɝɞɚ: 
 𝜏 = 1,5 (65 ∗ 151,02)

3
= 32,1 ˔. 

 
ȼɵɫɨɬɚ ɨɬɥɢɜɤɢ ɜɦɟɫɬɟ ɫ ɩɪɢɛɵɥɶɸ: 
 С = 65 + 233,1 = 298,1 ˏˏ. 
 
ɋɤɨɪɨɫɬɶ ɩɨɞɴɟɦɚ ɦɟɬɚɥɥɚ ɜ ɮɨɪɦɟ: 
 𝑉 =
С𝜏 ,                                                                                                                           (6) 

 

            𝑉 =
298,1

32,1
= 9,28 

ˏˏ̝
 

 
Ʌɢɦɢɬɢɪɭɸɳɢɦ ɫɟɱɟɧɢɟɦ ɫɭɠɚɸɳɢɯɫɹ ɥɢɬɧɢɤɨɜɵɯ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ 

ɫɟɱɟɧɢɟ ɩɢɬɚɬɟɥɟɣ. Ɋɚɫɱɟɬ ɫɟɱɟɧɢɹ ɩɢɬɚɬɟɥɟɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Ȼ. 
Ɉɜɚɧɧɚ: 

ܨ˒   и˕ =
3,2 ∗ 𝜏ܩ ∗ 𝜇 Н˓ ,                                                                                                (7) 

 
Ɋɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɦɟɬɚɥɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ: Н˓ = Н − ℎˑ˕

2
,                                                                                                           (8) 

 
ɝɞɟ: Н –ɪɚɫɱɟɬ ɨɬ ɦɟɫɬɚ ɩɨɞɜɨɞɚ ɦɟɬɚɥɚ ɤ ɨɬɥɢɜɤɟ ɞɨ ɭɪɨɜɧɹ ɪɚɡɴɟɦɚ ɤɨɜɲɚ, 
ɦɦ; ℎˑ˕ –ɜɵɫɨɬɚ ɨɬɥɢɜɤɢ ɩɪɢ ɩɨɥɨɠɟɧɢɢ ɩɪɢ ɡɚɥɢɜɤɟ, ɦɦ; 

ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɪɚɡɦɟɪ ɨɩɨɤ: Ⱦɥɹ ɜɟɪɯɧɟɣ ɨɩɨɤɢ:  
 

            Н˅.ˑ =
ℎˑ˕
2

+ ℎ˒ + а = (65/2) + 233,1 + 90 = 355,6 ˏˏ 

 
ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɪɚɡɦɟɪ ɨɩɨɤ: Ⱦɥɹ ɧɢɠɧɟɣ ɨɩɨɤɢ:  
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            Нː.ˑ =
ℎˑ˕
2

+ ܾ = (65/2) + 90 = 122,5ˏˏ 

ɋɬɚɧɞɚɪɬɧɵɣ ɪɚɡɦɟɪ ɨɩɨɤ, ɤɨɬɨɪɵɟ ɩɨɞɯɨɞɹɬ ɞɥɹ ɨɬɥɢɜɤɢ:  
 
ɇ.ɜ.ɨ = 360   
 
ɇ.ɧ.ɨ = 150 
 
ɉɪɢɧɢɦɚɟɦ ɨɩɨɤɭ ɜɵɫɨɬɨɣ 360 ɦɦ, ɬɨɝɞɚ ɩɟɪɜɨɧɚɱɚɥɶɧɵɣ ɧɚɩɨɪ 

ɫɨɫɬɚɜɢɬ: 
 
H=360 ɦɦ 
 
Ɋɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɩɪɢ ɡɚɥɢɜɤɟ ɫɢɮɨɧɨɦ ɪɚɜɟɧ: Н˓ = Н − С

2
 

  
ɝɞɟ H – ɜɵɫɨɬɚ ɨɩɨɤɢ ɫ ɜɨɪɨɧɤɨɣ, ɫɦ; C – ɜɵɫɨɬɚ ɨɬɥɢɜɤɢ ɫ ɩɪɢɛɵɥɶɸ, ɫɦ. 
 

ɋ = 6,5+23,31 = 29,81 ɫɦ 
  Н˓ = 36− (

29,81

2
)=36-14,905=21,095 ɫɦ 

 

 
 

 
Ɋаɫɱеɬ ɥɢɬɧɢɤɨвɨɣ ɫɢɫɬеɦы 
 
ɋɟɱɟɧɢɹ ɩɢɬɚɬɟɥɹ: 
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ܨ˒  и˕ =
3,2 ∗ 151,02

32,1 ∗ 0,32 ∗  21,095
= 10,24 ˔ˏ2. 

 
ɉɪɢɧɢɦɚɟɦ ɤɨɥɢɱɟɫɬɜɨ ɩɢɬɚɬɟɥɟɣ ɧɚ ɨɞɧɭ ɨɬɥɢɜɤɭ ɪɚɜɧɨɟ ɞɜɭɦ, ɬɨɝɞɚ 

ɫɟɱɟɧɢɟ ɨɞɧɨɝɨ ɩɢɬɚɬɟɥɹ –5,12ɫɦ2 

Ɉɩɪɟɞɟɥɢɦ ɪɚɡɦɟɪɵ ɩɢɬɚɬɟɥɹ ɩɨ ɩɥɨɳɚɞɢ [21]. 
 

a,b,h – ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ ܽ+ܾ
  2
∗ ℎ = ܨ˒  

 
1,8 + 2,86

  2
∗ 2.2 = 5,12 

a=1,8 ɫɦ; b=2,86 ɫɦ; h=1,5ɫɦ 
 
Ɉɛɳɟɟ ɫɟɱɟɧɢɟ ɜɫɟɯ ɩɢɬɚɬɟɥɟɣ ɜ ɮɨɪɦɟ ɞɥɹ ɞɜɭɯ ɨɬɥɢɜɨɤ ɫɨɫɬɚɜɥɹɟɬ: 
ܨ˒   и˕ = 10,24 ∗ 2 = 20,48 ˔ˏ2 

 
Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɥɢɬɧɢɤɨɜɨɝɨ ɯɨɞɚ ɢ ɫɬɨɹɤɚ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ: 
ܨ˒   и˕: ܨˎ .˘: ܨ̝ = 1: 1,2: 1,4. 

 
ɋɨɝɥɚɫɧɨ ɫɨɨɬɧɨɲɟɧɢɸ, ɫɟɱɟɧɢɟ ɨɛɳɟɝɨ ɫɬɨɹɤɚ: 
ܨ̝   = 0ܨ 1,4 = 1,4 ∗ 20,48 = 28,67  ˔ˏ2 

 
Ɉɩɪɟɞɟɥɢɦ ɞɢɚɦɟɬɪ ɫɬɨɹɤɚ ɩɨ ɩɥɨɳɚɞɢ. 
 

 ܴ = ܨ̝   ˕𝜋 =  28,67

3,14
=  9,13 = 3,021 

 
 Ⱦ = R*2= 3,021*2= 6,042 ɫɦ. 

 
ɋɟɱɟɧɢɟ ɥɢɬɧɢɤɨɜɨɝɨ ɯɨɞɚ: 

ܨˎ   .˘ = 0ܨ 1,2 = 1,2 ∗ 20,48  = 24,57 ˔ˏ2 

b 

ɚ 

h 

b 

ɚ 

h 
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Ɉɩɪɟɞɟɥɢɦ ɪɚɡɦɟɪɵ ɥɢɬɧɢɤɨɜɨɝɨ ɯɨɞɚ ɩɨ ɩɥɨɳɚɞɢ. 
a,b,h – ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ ܽ+ܾ

  2
∗ ℎ = ܨ˒  

 
6,042 + 6,5

  2
∗ 3,918 = 24,57 

a=6,042 ɫɦ; b=6,5 ɫɦ; h=3,918 ɫɦ 
 
Ɉɬ ɤɚɠɞɨɣ ɜɟɬɜɢ ɥɢɬɧɢɤɨɜɨɝɨ ɯɨɞɚ ɩɢɬɚɸɬɫɹ ɬɨɥɶɤɨ ɞɜɟ ɨɬɥɢɜɤɢ. 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɥɢɬɧɢɤɨɜɨɣ ɜɨɪɨɧɤɢ ɛɟɪɟɦ ɡɧɚɱɟɧɢɟ: 
 
dɫɬ. ɜ. =6,042+ 0,2= 6,242 ɫɦ, 
 
D=2,7*6,242=16,85 ɫɦ 
 
D=ɇɜ=16,85 ɫɦ 
 
Ɉɤɨɧɱɚɬɟɥɶɧɨ ɢɦɟɟɦ: 
ܨ˒  и˕ = 5,12 ˔ˏ2, 
Ʉɨɥ -ɜɨ ɩɢɬ. = 4 ɲɬ.    ˒ܨ и˕ = 20,48 ˔ˏ2 

ܨˎ  .˘ = 24,57 ˔ˏ2, 
Ʉɨɥ -ɜɨ = 1 ɲɬ.  ˎܨ .˘ = 24,57 ˔ˏ2 

ܨ̝  = 28,67 ˔ˏ2 
Ʉɨɥ -ɜɨ = 1 ɲɬ.  ̝ܨ ˕ = 28,67 ˔ˏ2 
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Ɉɬɥɢɜɤɚ ɫ ɷɥɟɦɟɧɬɚɦɢ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɨɣ, ɜɵɩɨɥɧɟɧɧɚɹ ɜ 

Ʉɨɦɩɚɫ 3D, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 47. 
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Ɋɢɫɭɧɨɤ 47 –ɑɟɪɬɟɠ ɨɬɥɢɜɤɢ, ɫ ɷɥɟɦɟɧɬɚɦɢ ɥɢɬɧɢɤɨɜɨ ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɨɣ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ 
ɫɢɫɬɟɦɵ ɩɪɢɦɟɧɢɦ ɩɪɨɝɪɚɦɦɭ ɦɨɞɟɥɢɪɨɜɚɧɢɹ LVMFlowCV. 

ɉɪɢɦɟɧɟɧɢɟ LVMFlowCV ɩɨɡɜɨɥɹɟɬ: 
- ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɪɟɠɢɦɵ ɡɚɥɢɜɤɢ ɫɩɥɚɜɚ ɢ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɨɬɥɢɜɤɢ;  
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- ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɥɢɬɧɢɤɨɜɭɸ ɫɢɫɬɟɦɭ.  
- ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫɵ ɥɢɬɶɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ (ɭɝɥɟɪɨɞɢɫɬɵɟ ɫɬɚɥɢ; ɥɟɝɢɪɨɜɚɧɧɵɟ ɫɬɚɥɢ; ɱɭɝɭɧɵ ɫɟɪɵɟ, ɛɟɥɵɟ, 
ɤɨɜɤɢɟ ɢ ɜɵɫɨɤɨɩɪɨɱɧɵɟ; ɚɥɸɦɢɧɢɟɜɵɟ, ɬɢɬɚɧɨɜɵɟ, ɛɪɨɧɡɨɜɵɟ, ɦɚɝɧɢɟɜɵɟ 
ɫɩɥɚɜɵ, ɚ ɬɚɤɠɟ ɫɩɥɚɜɵ ɧɚ ɧɢɤɟɥɟɜɨɣ ɢ ɦɟɞɧɨɣ ɨɫɧɨɜɟ ɢ ɞɪ.)  

Ɍɚɤɠɟ LVMFlowCV ɫɭɳɟɫɬɜɟɧɧɨ ɭɫɤɨɪɹɟɬ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɭɸ ɪɚɛɨɬɭ ɩɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɨɬɥɢɜɨɤ, ɨɛɟɫɩɟɱɢɜɚɹ ɯɨɪɨɲɟɟ ɫɨɜɩɚɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɪɚɫɱɟɬɚ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. 

Ⱥɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ ɜ ɫɢɫɬɟɦɟ 
ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɥɢɬɟɣɧɵɯ ɩɪɨɰɟɫɫɨɜ LWMFlowCV ɫɨɫɬɨɢɬ ɢɡ 
ɫɥɟɞɭɸɳɢɯ ɩɪɢɟɦɨɜ ɢ ɷɬɚɩɨɜ: 

1. Ʉɨɧɜɟɪɬɚɰɢɹ ɝɟɨɦɟɬɪɢɢ ɨɬɥɢɜɤɢ ɜ ɮɨɪɦɚɬ LVMFlowCV. 
2. ɋɨɡɞɚɧɢɟ ɪɚɫɱɟɬɧɨɣ ɤɨɧɟɱɧɨ-ɨɛɴɟɦɧɨɣ ɫɟɬɤɢ.  
3. Ɂɚɞɚɧɢɟ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ.   
4. Ɂɚɞɚɧɢɟ ɩɪɟɞɟɥɶɧɵɯ ɭɫɥɨɜɢɣ. 
5. ɉɪɨɜɟɞɟɧɢɟ ɪɚɫɱɟɬɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ.  
6. Ʉɨɧɬɪɨɥɶ ɢɡɦɟɧɟɧɢɣ ɪɚɫɱɟɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ.  
7. Ɋɚɫɱɟɬ ɧɚɩɪɹɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ ɜ ɨɬɥɢɜɤɟ. 
 
Ɉɬɥɢɜɤɚ ɫ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɨɣ, ɜɵɩɨɥɧɟɧɧɚɹ ɜ SolidWorks, 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 48. 
 

 
 

Ɋɢɫɭɧɨɤ 48 - Ɉɬɥɢɜɤɚ ɫ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɨɣ, 
ɜɵɩɨɥɧɟɧɧɚɹ ɜ SolidWorks 

Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɡɪɟɲɚɟɬ ɩɪɨɫɥɟɞɢɬɶ ɜɫɟ ɩɪɨɰɟɫɫɵ, 
ɤɨɬɨɪɵɟ ɩɪɨɢɫɯɨɞɹɬ ɜ ɦɟɬɚɥɥɟ ɩɪɢ ɡɚɩɨɥɧɟɧɢɢ ɮɨɪɦɵ, ɡɚɬɜɟɪɞɟɜɚɧɢɢ ɢ 
ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɭɫɚɞɨɱɧɵɯ ɞɟɮɟɤɬɨɜ. 
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ȼ LVMFlowCV ɟɫɬɶ ɬɪɢ ɪɚɫɱɟɬɧɵɯ ɦɨɞɭɥɹ: «Ʉɪɢɫɬɚɥɥɢɡɚɰɢɹ», 
«Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɱɟɧɢɹ ɪɚɫɩɥɚɜɚ», «ɉɨɥɧɚɹ ɡɚɞɚɱɚ». 

ȼ ɦɨɞɭɥɟ «Ʉɪɢɫɬɚɥɥɢɡɚɰɢɹ» ɮɨɪɦɚ ɫɧɚɱɚɥɚ ɫɱɢɬɚɟɬɫɹ ɦɝɧɨɜɟɧɧɨ 
ɡɚɩɨɥɧɟɧɧɨɣ ɪɚɫɩɥɚɜɨɦ ɢ ɦɨɞɟɥɢɪɭɟɬɫɹ ɩɪɨɰɟɫɫ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɫɩɥɚɜɚ. ȼ 
ɨɫɧɨɜɟ ɦɨɞɟɥɢ ɥɟɠɢɬ ɧɟɪɚɜɧɨɜɟɫɧɚɹ ɬɟɨɪɢɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɩɥɚɜɚ.  

ȼ ɦɨɞɭɥɟ «Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɱɟɧɢɹ ɪɚɫɩɥɚɜɚ» ɦɨɞɟɥɢɪɭɟɬɫɹ ɡɚɩɨɥɧɟɧɢɟ 
ɮɨɪɦɵ ɪɚɫɩɥɚɜɨɦ, ɤɨɬɨɪɨɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɬɟɱɟɧɢɟ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ 
ɛɟɡ ɭɱɟɬɚ ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɩɟɪɟɞɚɱɢ. 

Ɉɞɧɨɜɪɟɦɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɡɚɩɨɥɧɟɧɢɹ ɮɨɪɦɵ ɪɚɫɩɥɚɜɨɦ 
ɢ ɟɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɦɨɞɭɥɟ «ɉɨɥɧɚɹ ɡɚɞɚɱɚ». 

ɉɨ ɦɟɯɚɧɢɡɦɭ ɨɛɪɚɡɨɜɚɧɢɹ ɜɵɞɟɥɹɸɬ ɞɜɚ ɬɢɩɚ ɭɫɚɞɨɱɧɵɯ ɞɟɮɟɤɬɨɜ:  
1) ɪɚɤɨɜɢɧɵ (ɦɚɤɪɨɩɨɪɢɫɬɨɫɬɶ); 
2) ɦɢɤɪɨɩɨɪɢɫɬɨɫɬɶ.  
Ɇɚɤɪɨɩɨɪɢɫɬɨɫɬɶ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɧɟɞɨɫɬɚɬɤɟ ɩɢɬɚɧɢɹ ɜɵɲɟ ɡɟɪɤɚɥɚ 

ɪɚɫɩɥɚɜɚ, ɤɨɝɞɚ ɨɬɫɭɬɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɵɣ ɟɝɨ ɨɛɴɟɦ ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɭɫɚɞɤɢ. 
Ⱦɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɦɚɤɪɨɩɨɪɢɫɬɨɫɬɢ ɦɨɞɟɥɢɪɭɟɬɫɹ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɢ 
ɞɜɢɠɟɧɢɟ ɡɟɪɤɚɥɚ ɪɚɫɩɥɚɜɚ. ɉɟɪɟɦɟɳɟɧɢɟ ɡɟɪɤɚɥɚ ɨɛɭɫɥɨɜɥɟɧɨ ɨɛɴɟɦɧɨɣ 
ɭɫɚɞɤɨɣ, ɚ ɟɝɨ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɢ 
ɡɚɬɜɟɪɞɟɜɚɧɢɢ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɨɛɴɟɦɨɜ ɪɚɫɩɥɚɜɚ. 

Ɇɢɤɪɨɩɨɪɢɫɬɨɫɬɶ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɧɟɞɨɫɬɚɬɤɟ ɞɚɜɥɟɧɢɹ ɧɢɠɟ ɡɟɪɤɚɥɚ ɜ 
ɨɛɥɚɫɬɢ ɬɟɨɪɟɬɢɱɟɫɤɢ ɞɨɫɬɚɬɨɱɧɨɝɨ ɩɢɬɚɧɢɹ. ɉɚɞɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɝɥɭɛɢɧɟ 
ɡɨɧɵ ɫ ɮɨɪɦɚɥɶɧɨ ɯɨɪɨɲɢɦɢ ɭɫɥɨɜɢɹɦɢ ɩɢɬɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɫɥɟɞɭɸɳɢɦ 
ɩɪɢɱɢɧɚɦ: ɛɨɥɶɲɚɹ ɨɛɴɟɦɧɚɹ ɭɫɚɞɤɚ, ɡɚɬɪɭɞɧɟɧɧɨɟ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ 
ɜ ɬɜɟɪɞɨɠɢɞɤɨɣ ɡɨɧɟ, ɢɡɨɥɹɰɢɹ ɨɬ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ 
ɬɜɟɪɞɨɣ ɮɚɡɵ ɧɚ ɝɪɚɧɢɰɚɯ ɩɪɢɥɨɠɟɧɢɹ ɞɚɜɥɟɧɢɹ.  

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɷɬɚɩɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɩɪɨɝɪɚɦɦɟ 
SolidWorks ɛɵɥɨ ɫɨɡɞɚɧɨ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ ɨɬɥɢɜɨɤ, ɱɬɨɛɵ ɧɚ ɫɬɚɞɢɢ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɜɟɪɢɬɶ, ɤɚɤɨɣ ɢɡ ɜɚɪɢɚɧɬɨɜ (ɪɚɡɦɟɳɟɧɢɹ ɨɬɥɢɜɨɤ ɜ ɮɨɪɦɟ, 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ) ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦ [20]. 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ (ɪɢɫɭɧɨɤ49) ɩɨɤɚɡɵɜɚɸɬ, ɜ ɤɚɤɢɯ ɦɟɫɬɚɯ 
ɜɨɡɦɨɠɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɞɟɮɟɤɬɨɜ ɭɫɚɞɨɱɧɨɝɨ ɯɚɪɚɤɬɟɪɚ. 

ɉɨ ɞɚɧɧɨɦɭ ɢɡɨɛɪɚɠɟɧɢɸ ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɞɟɮɟɤɬɨɜ ɜ ɨɬɥɢɜɤɟ. 
ɂɦɟɟɬɫɹ ɜɢɞɵ ɨɬɥɢɜɤɢ ɫɛɨɤɭ, ɫɜɟɪɯɭ, ɫɩɟɪɟɞɢ ɢ ɜ ɢɡɨɦɟɬɪɢɢ. ȼɫɟ ɜɢɞɵ 
ɢɦɟɸɬɫɹ ɪɟɧɬɝɟɧɨɜɫɤɭɸ ɩɪɨɡɪɚɱɧɨɫɬɶ, ɢ ɜɫɟ ɞɟɮɟɤɬɵ ɩɪɨɟɰɢɪɭɸɬɫɹ ɧɚ 
ɞɚɧɧɵɣ ɜɢɞ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɚɧɚɥɢɡ, ɱɬɨ ɨɬɥɢɜɤɚ ɹɜɥɹɟɬɫɹ 
ɧɟɝɨɞɧɨɣ, ɬɚɤ ɤɚɤ ɫɨɞɟɪɠɚɧɢɟ ɞɟɮɟɤɬɨɜ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɨ. ɇɟɨɛɯɨɞɢɦɨ 
ɩɪɨɜɨɞɢɬɶ ɧɨɜɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ. 
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Ɋɢɫɭɧɨɤ 49 – Ɋɟɡɭɥɶɬɚɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ 

 
ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɨɬɥɢɜɤɢ ɫɥɟɞɭɟɬ ɜɵɜɨɞ: 

ɞɚɧɧɚɹ ɥɢɬɧɢɤɨɜɚɹ ɫɢɫɬɟɦɚ, ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɟɡɞɟɮɟɤɬɧɭɸ ɡɚɥɢɜɤɭ. ȼ ɫɜɹɡɢ ɫ 
ɷɬɢɦ, ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ. ɂɡɦɟɧɢɬɶ ɜɵɫɨɬɭ ɩɪɢɛɵɥɢ, ɤɨɧɮɢɝɭɪɚɰɢɸ 
ɩɪɢɛɵɥɢ, ɪɚɡɦɟɪɵ ɲɥɚɤɨɭɥɨɜɢɬɟɥɹ ɢ ɩɢɬɚɬɟɥɹ. 

Ⱦɥɹ ɬɨɱɧɨɝɨ ɩɨɢɫɤɚ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɭ ɫɥɟɞɭɟɬ ɢɡɦɟɧɹɬɶ ɤɨɧɮɢɝɭɪɚɰɢɸ 
ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ Ʌɉɋ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɡɚɥɢɜɤɨɣ. Ɍɚɤɨɣ ɦɟɬɨɞ 
«ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɛɨɪɚ» ɩɨɡɜɨɥɢɬ ɧɚɣɬɢ ɧɭɠɧɨɟ ɪɟɲɟɧɢɟ ɞɥɹ ɭɥɭɱɲɟɧɢɹ 
ɤɚɱɟɫɬɜɚ ɨɬɥɢɜɤɢ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɚɤɢɯ ɞɟɣɫɬɜɢɟ ɢɡɦɟɧɢɬɫɹ ɜɵɯɨɞ ɝɨɞɧɨɝɨ. 
ɉɨɷɬɚɩɧɨɟ ɢɡɦɟɧɟɧɢɟ Ʌɉɋ(ɪɢɫɭɧɨɤ50) 
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Ɋɢɫɭɧɨɤ 50 – Ɉɬɥɢɜɤɢ ɫ ɞɟɮɟɤɬɚɦɢ ɩɨɫɥɟ ɢɡɦɟɧɟɧɢɹ Ʌɉɋ 

 
 ɉɨɫɥɟ ɦɧɨɠɟɫɬɜɚ ɡɚɥɢɜɨɤ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɩɨɦɟɧɹɬɶ 
ɤɨɧɮɢɝɭɪɚɰɢɸ ɩɪɢɛɵɥɢ ɬɚɤ ɪɚɧɟɟ ɜɵɛɪɚɧɧɚɹ ɩɪɢɛɵɥ ɧɟ ɨɛɟɫɩɟɱɢɜɚɥɚ 
ɧɟɨɛɯɨɞɢɦɨɟ ɤɚɱɟɫɬɜɨ ɨɬɥɢɜɤɢ (ɪɢɫɭɧɨɤ 51)  
 

 

 
Ɋɢɫɭɧɨɤ 51 – Ʉɨɥɩɚɤɨɜɚɹ ɩɪɢɛɵɥɶ  

 
 ɇɚ ɪɢɫɭɧɤɟ 52 ɩɨɤɚɡɚɧ ɱɟɪɬɟɠ ɨɬɥɢɜɤɢ ɫ ɧɨɜɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɥɢɬɧɢɤɨɜɨ-
ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ. 
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Ɋɢɫɭɧɨɤ 52 – ɑɟɪɬɟɠ ɨɬɥɢɜɤɢ, ɫ ɷɥɟɦɟɧɬɚɦɢ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ 

 
ɋ ɩɪɢɦɟɧɟɧɢɟɦ ɞɚɧɧɨɣ ɩɪɢɛɵɥɢ ɤɚɱɟɫɬɜɨ ɨɬɥɢɜɤɢ ɭɜɟɥɢɱɢɥɨɫɶ (ɪɢɫɭɧɨɤ 

53) ɫɭɞɹ ɩɨ ɩɨɥɭɱɟɧɧɨɦɭ ɢɡɨɛɪɚɠɟɧɢɸ ɜɫɹ ɭɫɚɞɤɚ ɭɲɥɚ ɜ ɩɪɢɛɵɥɶ, ɧɨ ɞɚɧɧɵɣ 
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ɪɟɡɭɥɶɬɚɬ ɦɨɠɧɨ ɭɥɭɱɲɢɬɶ, ɢɡɦɟɧɢɜ ɪɚɡɦɟɪ ɩɪɢɛɵɥɢ, ɱɬɨ ɨɱɟɧɶ ɫɤɚɡɵɜɚɟɬɫɹ 
ɧɚ ɜɵɯɨɞɟ ɝɨɞɧɨ. 

 

 
Ɋɢɫɭɧɨɤ 53 – Ʉɚɱɟɫɬɜɟɧɧɚɹ ɨɬɥɢɜɤɚ 

 
ɂɡɦɟɧɢɜ ɪɚɡɦɟɪɵ Ʌɉɋ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɥɧɵɣ ɩɟɪɟɫɱɟɬ ɞɚɧɧɵɯ ɫ 

ɩɨɥɭɱɟɧɢɟɦ ɧɨɜɨɝɨ ɜɵɯɨɞɚ ɝɨɞɧɨɝɨ. 
 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɡɦɟɪɵ ɩɢɬɚɬɟɥɹ ɫɨɫɬɚɜɥɹɸɬ: 
 
a=1,8 ɫɦ; b=2,86 ɫɦ; h=2,2ɫɦ 
 
Ɋɚɡɦɟɪɵ ɥɢɬɧɢɤɨɜɨɝɨ ɯɨɞɚ: 
 
a=4 ɫɦ; b=4,5 ɫɦ; h=5 ɫɦ 
 
Ɋɚɡɦɟɪɵ ɫɬɨɹɤɚ: 
 
Dɜɟɪɯɧɢɣ= 6,042 ɫɦ;    Dɧɢɠɧɢɣ = 4 ɫɦ 

 
ȼɵɯɨɞ ɝɨɞɧɨɝɨ ɩɪɢ ɬɚɤɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ Ʌɉɋ ɪɚɜɟɧ: 
 

             𝜂 =
161,56

295,21
∗ 100 ≈ 54,73 %. 

 
ɋɨɝɥɚɫɧɨ ɬɚɛɥɢɰɵ 30 ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɜɵɯɨɞ ɝɨɞɧɨɝɨ ɩɨɩɚɞɚɟɬ ɜ 

ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɩɪɟɞɟɥɵ  

b 

ɚ 

h 

b 

ɚ 
h 

Dɜ 

Dɧ 
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Ɍɚɛɥɢɰɚ 28 – Ɉɪɢɟɧɬɢɪɨɜɨɱɧɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɜɵɯɨɞ ɝɨɞɧɨɝɨ ɞɥɹ ɨɬɥɢɜɨɤ 
ɢɡ ɭɝɥɟɪɨɞɢɫɬɵɯ ɢ ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ 
Ɍɢɩ ɨɬɥɢɜɨɤ Ɇɚɫɫɚ ɨɬɥɢɜɨɤ, 

ɤɝ 
 
 

ɉɪɟɨɛɥɚɞɚɸɳɚɹ 
ɬɨɥɳɢɧɚ 
ɫɬɟɧɨɤ, ɦɦ 
 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɜɵɯɨɞ ɝɨɞɧɨɝɨ, 
% 
ɉɪɢɛɵɥɢ 
ɨɬɤɪɵɬɵɟ 
 

ɉɪɢɛɵɥɢ 
ɡɚɤɪɵɬɵɟ 
ɩɨɥɭɲɚɪɨɜɵɟ 

Ɇɟɥɤɢɟ 
ɨɬɥɢɜɤɢ: 
ɨɬɜɟɬɫɬɜɟɧɧɵɟ 

Ⱦɨ 100 
 

Ⱦɨ 20 
20-50 
ɋɜ. 50 

54-62 
53-60 
52-58 

59-67 
58-65 
57-63 
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8. ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɨɩɟɪɚɰɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ. 

 
Ɇɧɨɸ ɪɚɡɪɚɛɨɬɚɧɚ ɫɯɟɦɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɨɬɥɢɜɨɤ «Ⱦɢɫɤ ɫɬɭɩɟɧɢ ɬɭɪɛɢɧɵ», ɪɢɫɭɧɨɤ 54. 
 

 
 

Ɋɢɫɭɧɨɤ 54 – ɋɯɟɦɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ  
«Ⱦɢɫɤ ɫɬɭɩɟɧɢɬɭɪɛɢɧɵ» 

 
ɂɫɯɨɞɹ ɢɯ ɷɬɨɣ ɫɯɟɦɵ, ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦ, ɦɧɨɸ ɜɵɛɪɚɧɨ 

ɨɛɨɪɭɞɨɜɚɧɢɟ ɮɢɪɦɵ Omega. 
 
Ɍɚɛɥɢɰɚ29 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɦɟɫɢɬɟɥɟɣ SpartanII 

 

ɉ
ɪɨ

ɢɡ
ɜɨ

ɞɢ
ɬɟ

ɥ
ɶɧ

ɨɫ
ɬɶ

 ɬ
/ɱ

 

Ɇ
ɨɳ

ɧɨ
ɫɬ

ɶ 
ɩɪ

ɢɜ
ɨɞ

ɚ 
Ʉ

ȼ
ɬ  

Ɇ
ɨɳ

ɧɨ
ɫɬ

ɶ 
ɧɚ

ɫɨ
ɫɚ

 Ʉ
ȼ

ɬ  

Ⱥ
 

B
 

C
 

D
 

E
 

F
 

G
 

ɋ
ɤɨ

ɪɨ
ɫɬ

ɶ 
ɜɪ

ɚɳ
ɟɧ

ɢɹ
 

ɜɚ
ɥɚ

 ɨ
ɛ/

ɦɢ
ɧ  

Spartan 
203P 

1-3 3 0,43 1479 587 725 642 1038 1588 500 720 

Spartan 
205P 

3-6 4 0,43 2855 1138 1492 1352 1368 1963 600 520 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 29 
Spartan 
210P 

5-12 4 0,43 3105 1178 1695 1530 1324 2093 700 520 

Spartan 
220P 

10-
20 

11 0,43 3082 820 1965 1750 1281 2080 750 520 

Spartan 
235P 

20-
35 

18,5 0,43 3331 985 2026 1811 1296 2200 750 520 

 
 Ⱦɥɹ ɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɢɡ ɬɚɛɥɢɰɵ 29 ɛɵɥ ɜɵɛɪɚɧ ɫɦɟɫɢɬɟɥɶ 
Smartn. 205Pɫ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 3-6 ɬɨɧɧ ɜ ɱɚɫ ɱɬɨ ɛɨɥɶɲɟ ɜɫɟɝɨ ɩɨɞɯɨɞɢɬ 
ɞɥɹ ɧɚɫ. 

 
Ɋɚɛɨɬɚ ɫ Ɏɨɪɦɨɣ  
 
Ʉɚɪɭɫɟɥɶɤɨɦɩɚɤɬɧɚɹ ɢ ɷɤɨɧɨɦɢɱɧɚɹ ɚɥɶɬɟɪɧɚɬɢɜɚ ɮɨɪɦɨɜɨɱɧɨɣ ɫɢɫɬɟɦɟ 

Fast-loop (ɬɚɛɥɢɰɚ 30). 
 

Ɍɚɛɥɢɰɚ 30 – Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɤɚɪɭɫɟɥɢ 

ɉɥɢɬɚ 

 Ɋɚɡɦɟɪ 1 Ɋɚɡɦɟɪ 2 Ɋɚɡɦɟɪ 3 Ɋɚɡɦɟɪ 4 
Ⱦɥɢɧɚ 800 1000 1200 1600 
ɒɢɪɢɧɚ 600 800 1000 1200 
Ƚɥɭɛɢɧɚ ɩɨɥɭɮɨɪɦɵ 300 350 425 475 

Ɇɚɲɢɧɚ A 2943 3780 4595 5465 
 B 515 625 625 625 

 
 ɇɚ ɪɢɫɭɧɤɟ 55 ɢɡɨɛɪɚɠɟɧɚ ɲɟɫɬɢɩɨɡɢɰɢɨɧɧɚɹ ɤɚɪɭɫɟɥɶɸ 
 

 
 

Ɋɢɫɭɧɨɤ 55 – ɒɟɫɬɢ ɩɨɡɢɰɢɨɧɧɚɹ ɤɚɪɭɫɟɥɶ 
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ɇɚ ɪɢɫɭɧɤɟ 56 ɢɡɨɛɪɚɠɟɧ ɜɢɛɪɨɫɬɨɥ. 
 
 

 
 

Ɋɢɫɭɧɨɤ 56 – ȼɢɛɪɨɫɬɨɥ 

 
ɋɨɝɥɚɫɧɨ ɬɚɛɥɢɰɟ 31 ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɩɨɞɯɨɞɢɬɶ ɜɢɛɪɨɫɬɨɥ 

ɦɚɪɤɢ «H» 
 
 
Ɍɚɛɥɢɰɚ 31 – Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɜɢɛɪɨɫɬɨɥɨɜ 

Ɇɨɞɟɥɶ A B C D E 
Ɇɚɤɫɢɦɚɥɶɧɚɹ 

ɧɚɝɪɭɡɤɚ, ɤɝ 
ȺȺȺ ɍɩɥɨɬɧɟɧɢɟ 1070 610 500 820 520 300 
AA 1525 610 570 975 580 955 
A 1675 610 560 1125 580 1305 
C 1555 762 560 1290 580 915 
D 1555 762 560 1290 580 1280 
G 1820 915 560 1590 590 835 
H 1820 915 735 1590 765 1210 
J 1820 915 735 1590 765 2706 
M 2500 915 760 2270 790 4755 
P 2500 1210 760 2270 790 4755 
Q 3590 2500 1100 3130 1150 7500 
R 4200 2500 1100 3380 1150 10000 

 
 
Ʉɚɧɬɨɜɚɬɟɥɢ, ɩɟɪɟɞɚɬɨɱɧɵɟ ɬɟɥɟɠɤɢ ɢ ɫɬɚɥɤɢɜɚɬɟɥɢ ɮɨɪɦ  

  
 ɉɨɥɭɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɤɚɧɬɨɜɚɬɟɥɢɞɥɹ ɪɚɛɨɬɵ ɫ ɪɭɱɧɨɣ ɮɨɪɦɨɜɨɱɧɨɣ 
ɥɢɧɢɟɣ. ɉɨɥɧɨɫɬɶɸ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɤɚɧɬɨɜɚɬɟɥɢ ɫ ɩɪɢɜɨɞɧɵɦ ɥɟɧɬɨɱɧɵɦ 
ɤɨɧɜɟɣɟɪɨɦ ɞɥɹ ɜɫɬɪɚɢɜɚɧɢɹ ɜ ɥɢɧɢɢ Fast-loop ɢɥɢ ɤɚɪɭɫɟɥɢ. ȼɫɟ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɤɚɧɬɨɜɚɬɟɥɢ – ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɢ ɫɧɚɛɠɟɧɵ ɜɢɛɪɚɬɨɪɨɦ, ɱɬɨ 
ɩɨɦɨɝɚɟɬ ɨɫɜɨɛɨɠɞɟɧɢɸ ɮɨɪɦɵ (ɞɨɫɬɭɩɧɨ ɜ ɤɚɱɟɫɬɜɟ ɨɩɰɢɢ ɞɥɹ 
ɩɨɥɭɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ). 
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Ɋɟɝɟɧɟɪɚɰɢɹ ɋɦɟɫɢ 
 
ɇɢɡɤɨɭɪɨɜɧɟɜɚɹ ɫɢɫɬɟɦɚ ɪɟɝɟɧɟɪɚɰɢɢ«Gammavator» ɢ «LL» (LowLevel) 
- Ɋɚɡɦɟɪ ɮɨɪɦ ɞɨ 2 ɯ 2 ɦ 
- ȼɟɫ ɮɨɪɦ ɞɨ 3 ɬ/ɱɚɫ 

Ɇɨɞɟɥɶ ɫɬɟɪɠɧɟɜɨɣɦɚɲɢɧɚ SA5M-I ɛɵɥɚ ɜɵɛɪɚɧɚ ɢɡ ɬɚɛɥɢɰɵ 32, ɜɵɛɨɪ 
ɩɪɨɢɡɜɨɞɢɥɫɹ ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɪɚɡɦɟɪɭ ɹɳɢɤɚ. 

 
 

Ɍɚɛɥɢɰɚ 32 – Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɬɟɪɠɧɟɜɵɯ ɦɚɲɢɧ 

Ɇɨɞɟɥɶ 
Ɇɨɞɟɥɶ Ɇɚɤɫ. 
ɪɚɡɦɟɪ ɹɳɢɤɚ 

(ɦɦ) 
ȼɟɫ ɫɬɟɪɠɧɹ (ɤɝ)  Ƚɚɛɚɪɢɬɵ 

  Ɉɞɢɧɨɱɧɵɣ 
ɧɚɞɭɜ 

Ⱦɜɨɣɧɨɣ 
ɧɚɞɭɜ 

ɋɭɯɨɣ 
ɰɢɤɥ 
(ɫɟɤ) 

Ⱦɥɢɧɧɚ 
(ɦɦ) 

ɒɢɪɢɧɚ 
(ɦɦ) 

ȼɵɫɨɬɚ 
(ɦɦ) 

SA2.5D 420 x 380 x 280 3.5 6 20 1388 1055 2260 
SA2.5SD 420 x 380 x 280 3.5 6 26 1798 1506 2260 
SA5M-I 630 x 410 x 400 7 12 24 2417 2280 2453 
SA5SM-I 630 x 410 x 400 7 12 24 2837 2280 2453 
COMPACT 12 800 x 500 x 530 16 31 30 2797 2341 2545 
COMPACT 12S  16 31 36 3167 2341 2545 
B12GS/I 810 x 500 x 530 16 31 24 3792 2341 2768 
B25GS/I 810 x 700 x 700 35 68 30 3792 2341 2789 
B40GS/I 810 x 700 x 700 60 110 35 3792 2341 2789 
B60GS/I 950 x 900 x 720 90 160 40 3792 2720 3300 
TM100S 1000 x 1000 x 950 140 250 40 6100 2480 4080 
Ɍɨɥɶɤɨ ɞɥɹ ɹɳɢɤɨɜ ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɪɚɡɴɟɦɨɦ 
B12GS/J/I 600 x 600 x 650 16 31 18 3792 2341 2768 
B25GS/J/I 600 x 600 x 800 35 68 18 3792 2341 2789 

 
  

Ȼɵɥɚ ɜɵɛɪɚɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɮɨɪɦɨɜɨɱɧɚɹ ɥɢɧɢɣ FastLoop (ɪɢɫɭɧɨɤ 
57). 
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Ɋɢɫɭɧɨɤ 57- ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɮɨɪɦɨɜɨɱɧɚɹ ɥɢɧɢɣ FastLoop 

 
Ɍɟɪɦɨɨɛɪɚɛɨɬɤɚ 
 
Ɉɛɪɟɡɤɚ ɩɪɢɛɵɥɟɣ ɢ ɷɥɟɦɟɧɬɨɜ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɝɚɡɨɜɵɦɢ ɪɟɡɚɤɚɦɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɫɬɪɭɤɬɭɪɵ 
ɦɟɬɚɥɥɚ ɜ ɦɟɫɬɟ ɪɟɡɚ. Ⱦɥɹ ɜɵɪɚɜɧɢɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɩɪɢɦɟɧɹɟɬɫɹ ɨɬɠɢɝ 
ɨɬɥɢɜɨɤ ɜ ɬɟɪɦɢɱɟɫɤɢɯ ɩɟɱɚɯ, ɬɚɤɢɯ ɤɚɤ ɋȾɈ. ɇɚ ɪɢɫɭɧɤɟ 58, ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɩɟɱɶ ɋȾɈ ɞɥɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɨɬɥɢɜɨɤ. 

 

 
 

Ɋɢɫɭɧɨɤ 58- ɉɟɱɶ ɋȾɈ ɞɥɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɨɬɥɢɜɨɤ 

 
Ɉɱɢɫɬɤɚ ɞɪɨɛɟɦɟɬɧɚɹ 
 
Ɉɫɧɨɜɧɵɦɢ ɨɩɟɪɚɰɢɹɦɢ ɨɱɢɫɬɤɢ ɨɬɥɢɜɨɤ ɹɜɥɹɸɬɫɹ: ɨɱɢɫɬɤɚ ɢɯ 

ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɬ ɩɪɢɝɨɪɟɜɲɟɣ ɮɨɪɦɨɜɨɱɧɨɣ ɢ ɫɬɟɪɠɧɟɜɨɣ ɫɦɟɫɢ; ɭɞɚɥɟɧɢɟ 
ɷɥɟɦɟɧɬɨɜ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɩɪɢɛɵɥɟɣ; ɭɞɚɥɟɧɢɟ 
ɡɚɥɢɜɨɜ; ɨɛɪɭɛɤɚ ɢ ɡɚɱɢɫɬɤɚ. ɇɚ ɪɢɫɭɧɤɟ59 ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɦɟɪɚ ɨɱɢɫɬɧɚɹ 
ɞɪɨɛɟɦɟɬɧɚɹ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ 

 

 



100 

 
Ɋɢɫɭɧɨɤ 59 - Ʉɚɦɟɪɚ ɨɱɢɫɬɧɚɹ ɞɪɨɛɟɦɟɬɧɚɹ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ 

 
Ɍɚɛɥɢɰɚ33– ɇɟɨɛɯɨɞɢɦɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
ɩ/ɧ ɇɚɢɦɟɧɨɜɚɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ 
1 ɉɥɚɜɢɥɶɧɚɹ ɩɟɱɶInductotherm ɫ ɨɛɴɟɦɨɦ ɬɢɝɥɹ 500 ɤɝ 
2 ɉɟɱɶ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɋȾɈ 
3 Ʉɚɦɟɪɚ ɨɱɢɫɬɧɚɹ ɞɪɨɛɟɦɟɬɧɚɹ 
4 ɋɬɟɪɠɧɟɜɚɹ ɦɚɲɢɧɚ SA5M-I «OMEGA» 
5 ɍɫɬɚɧɨɜɤɚ ɪɟɝɟɧɟɪɚɰɢɢ 20HL «HighLevel» «OMEGA» 
6 Ʉɚɧɬɨɜɚɬɟɥɶ, ɪɚɡɦɟɪ 4 «OMEGA» 
7 ȼɢɛɪɨɫɬɨɥ ɦɨɞɟɥɶ H «OMEGA» 
8 Ɏɨɪɦɨɜɨɱɧɚɹ ɥɢɧɢɹ Fast-Loop 
9 ɋɦɟɫɢɬɟɥɶ Spartan II «Spartan 205P» 

 
ȼɫɺ ɧɟɨɛɯɨɞɢɦɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɫɜɟɞɟɧɵ ɜ ɨɛɳɭɸ ɬɚɛɥɢɰɭ 33 
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9 Ɋɚɫɱɺɬ ɧɨɪɦ ɪɚɫɯɨɞɚ ɨɫɧɨɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
 
Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɨɢɡɜɟɫɬɢ ɪɚɫɱɟɬɵ, ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɢɫɯɨɞɧɵɟ 

ɞɚɧɧɵɟ.: ɜɵɯɨɞ ɝɨɞɧɨɝɨ (54,73%), ɛɪɚɤ (10%), ɭɝɚɪ (5%), ɥɢɬɧɢɤɢ ɢ ɩɪɢɛɵɥɢ 
(25,77%), ɛɟɡɜɨɡɜɪɚɬɧɵɟ ɩɨɬɟɪɢ (3%), ɫɤɪɚɩ (2,5%). ȼɵɯɨɞ ɝɨɞɧɨɝɨ ɫɨɫɬɚɜɥɹɟɬ 
1000 ɤɝ, ɜ ɫɥɟɞɫɬɜɢɢ ɱɟɝɨ ɞɥɹ ɜɵɩɥɚɜɤɢ ɧɟɨɛɯɨɞɢɦɨ 1827,151471 ɤɝ. ɦɟɬɚɥ-
ɥɨɡɚɜɚɥɤɢ, ɤɨɬɨɪɚɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: [23]. 

 
1000

54,73
=
ݔ

100
   ⇨ ݔ  =

100000

54,73
 = 1827,151471                                           (9) 

  
Ɂɚɧɨɫɢɦ ɜɫɟ ɞɚɧɧɵɟ ɜ ɬɚɛɥɢɰɭ 34. 

 
Ɍɚɛɥɢɰɚ 34 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɦɟɬɚɥɥɨɡɚɜɚɥɤɢ 

40ɏ24ɇ12ɋɅ 

Ʉɨɥɢɱɟɫɬɜɨ 
Ɇɟɬɚɥɥɚ ɜ ɝɨɞ ɤɝ 

Si Mn Ni Cr Cu C 

0,5- 1,5 0,3- 0,8 II-I3 22-26 ɞɨ 0,3 ɞɨ 0,4 

Ⱦɚɧɧɵɟ % ɤɝ 1000 

ȼɵɯɨɞ ɝɨɞɧɨɝɨ 54,73 1000 
Ʉɨɥɢɱɟɫɬɜɨ 

ɦɟɬɚɥɥɚ 
ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ 

ɩɥɚɜɤɢ,  ɤɝ 

Ȼɪɚɤ 10 182,7151471 
ɍɝɚɪ 4 73,08605883 
Ʌɢɬɧɢɤɢ ɢ ɩɪɢɛɵɥɢ 25,77 470,856934 

Ȼɟɡɜɨɡɜɪɚɬɧɵɟ ɩɨɬɟɪɢ 3 54,81454413 

ɋɤɪɚɩ 2,5 45,67878677 1827,151471 

ɢɬɨɝ: 1827,151471 

 
Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɦ ɪɚɫɱɟɬ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ: 

- ɧɚ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɚɯ ɢ ɥɨɦɟ; 
- ɧɚ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɚɯ, ɜɨɡɜɪɚɬɟ ɢ ɥɨɦɟ; 
- ɧɚ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɚɯ, ɜɨɡɜɪɚɬɟ, ɥɨɦɟ-1ɢ ɥɨɦɟ-2; 

ɉɪɨɰɟɧɬ ɜɨɡɜɪɚɬɚ ɜɡɹɬ ɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 
ɩɪɢ ɪɚɫɱɟɬɟ ɦɟɬɚɥɥɨɡɚɜɚɥɤɢ. 

ɇɚ ɩɪɢɦɟɪɟ ɨɞɧɨɣ ɬɚɛɥɢɰɟ ɩɪɨɢɡɜɨɞɢɦ ɪɚɫɱɟɬ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ. 
Ɋɚɫɱɟɬ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɚɯ ɢ ɥɨɦɟ ɧɚɱɢɧɚɟɬɫɹ ɫ 

ɪɚɡɛɨɪɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɨɫɧɨɜɧɨɝɨ ɫɩɥɚɜɚ (40ɏ24ɇ12ɋɅ), ɤɨɬɨɪɵɣ 
ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ. ȼɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ ɜɫɟ ɷɥɟɦɟɧɬɵ ɫ ɩɪɨɰɟɧɬɧɵɦ 
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ɫɨɞɟɪɠɚɧɢɟɦ ɜ ɦɚɬɟɪɢɚɥɟ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɫɨɞɟɪɠɚɧɢɟ 
ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɛɟɪɟɦ ɜ ɫɟɪɟɞɢɧɟ ɢɯ ɞɨɩɭɫɤɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɣ ɲɢɯɬɵ ɛɟɪɟɦ ɥɨɦ 40ɏ13, ɜɵɛɪɚɧɧɵɣ ɢɡ ȽɈɋɌ 
2787-75 «ɋɬɚɥɢ ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɟ ɢ ɫɩɥɚɜɵ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ, 
ɠɚɪɨɫɬɨɣɤɢɟ ɢ ɠɚɪɨɩɪɨɱɧɵɟ» ɨɬɧɨɫɹɳɢɣɫɹ ɤ ɤɚɬɟɝɨɪɢɢ Ȼ-28. ȼɧɨɫɢɦ ɜ 
ɬɚɛɥɢɰɭ ɜɫɟ ɷɥɟɦɟɧɬɵ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɫ ɩɪɨɰɟɧɬɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɜ 
ɦɚɬɟɪɢɚɥɟ. ɍɫɜɨɟɧɢɟ ɥɨɦɚ ɛɟɪɟɦ 99% 

ɋɨɞɟɪɠɚɧɢɟ ɥɨɦɚ ɜ ɲɢɯɬɟ ɢɡɧɚɱɚɥɶɧɨ ɛɟɪɟɦ 69,7%, ɞɚɥɟɟ ɛɭɞɟɦ 
ɩɟɪɢɨɞɢɱɟɫɤɢ ɟɝɨ ɦɟɧɹɬɶ ɱɬɨ ɛɵ ɩɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɨɜ 
ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɧɟ ɩɪɟɜɵɲɚɥɨ 100% . 

Ɍɟɩɟɪɶ, ɡɧɚɹ ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɲɢɯɬɟ, 
ɭɫɜɨɟɧɢɟ ɢ ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɫɚɦɨɝɨ ɥɨɦɚ ɜ ɲɢɯɬɟ. ɉɨɫɱɢɬɚɟɦ 
ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɲɢɯɬɟ ɥɨɦɚ ɩɨ ɮɨɪɦɭɥɟ: 

 

             ܵ𝑖ш =
ܵ𝑖ˏ ∗ Сш ∗ ܵ𝑖˖˔˅ 

10000
                                                                                   (10) 

 ܵ𝑖ш =
0,6 ∗ 69,7 ∗ 98

10000
= 0,414 % 

 
 Ƚɞɟ Siɲ – ɫɨɞɟɪɠɚɧɢɟ ɤɪɟɦɧɢɹ ɜ ɲɢɯɬɟ, Siɦ – ɫɨɞɟɪɠɚɧɢɟ ɤɪɟɦɧɢɹ ɜ 
ɦɚɬɟɪɢɚɥɟ, Siɭɫв– ɭɫɜɨɟɧɢɟ ɥɨɦɚ, ɋɲ– ɋɨɞɟɪɠɚɧɢɟ ɜ ɲɢɯɬɟ ɫɚɦɨɝɨ ɥɨɦɚ. 
 ɉɨ ɮɨɪɦɭɥɟ 10, ɬɚɤ ɠɟ ɪɚɫɫɱɢɬɚɟɦ ɫɨɞɟɪɠɚɧɢɟ ɜ ɲɢɯɬɟ ɨɫɬɚɥɶɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɜɧɟɫɟɦ ɜ ɬɚɛɥɢɰɭ. 
 Ⱦɚɥɟɟ, ɞɥɹ ɬɨɝɨ ɱɬɨ ɛɵ ɩɨɩɚɫɬɶ ɜ ɫɟɪɟɞɢɧɭ ɞɨɩɭɫɤɚ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 
ɷɥɟɦɟɧɬɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɨɬɧɹɬɶ ɨɬ ɩɪɟɞɟɥɚ ɞɨɩɭɫɤɚ ɩɨɥɭɱɚɟɦɨɝɨ ɫɩɥɚɜɚ, 
ɩɨɥɭɱɢɜɲɟɟɫɹ ɫɨɞɟɪɠɚɧɢɟ ɜ ɲɢɯɬɟ ɷɥɟɦɟɧɬɚ. ȼɵɹɜɥɟɧɧɭɸ ɪɚɡɧɢɰɭ ɞɨɛɚɜɢɬɶ ɜ 
ɜɢɞɟ ɫɜɟɠɟɝɨ ɦɚɬɟɪɢɚɥɚ. ɋɜɟɠɢɟ ɦɚɬɟɪɢɚɥɵ ɬɚɤ ɠɟ ɛɟɪɭɬɫɹ ɩɨ ɝɨɫɬɭ.  
 ȼ ɫɚɦɭ ɬɚɛɥɢɰɭ ɜɧɨɫɹɬɫɹ ɞɚɧɧɵɟ ɨ ɩɪɨɰɟɧɬɧɨɦ ɫɨɞɟɪɠɚɧɢɢ ɦɚɬɟɪɢɚɥɚ ɜ 
ɲɢɯɬɟ ɢ ɩɪɨɰɟɧɬɧɨɦ ɫɨɞɟɪɠɚɧɢɢ ɜ ɦɚɬɟɪɢɚɥɟ. ɉɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ 
ɦɚɬɟɪɢɚɥɚ ɜ ɨɫɧɨɜɧɨɣ ɲɢɯɬɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

            Сш =
𝑀𝑛ш ∗ 10000𝑀𝑛˖˔˅ ∗ 𝑀𝑛ˏ                                                                                              (11) 

 Сш =
1,9389 ∗ 10000

99 ∗ 98,8
= 1,96244104 
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 Ⱦɚɧɧɵɟ ɪɚɫɱɟɬɵ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɞɥɹ ɜɫɟɯ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢ 

ɜɧɟɫɬɢ ɜ ɬɚɛɥɢɰɭ. Ⱦɚɥɟɟ ɩɨɫɥɟ ɪɚɫɱɟɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɱɢɬɚɬɶ ɭɝɚɪ ɦɚɪɝɚɧɰɚ, 

ɤɨɬɨɪɵɣ ɪɚɜɟɧ 15% ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɜ ɲɢɯɬɟ.  

Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɩɪɢ ɪɚɫɱɟɬɟ ɭɝɚɪɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ 

ɞɨɛɚɜɢɬɶ ɨɩɪɟɞɟɥɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɨɜ ɬɚɤ, ɱɬɨɛɵ ɩɨɫɥɟ ɭɝɚɪɚ, 

ɫɨɞɟɪɠɚɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ ɛɵɥɨ ɜ ɫɟɪɟɞɢɧɟ ɟɝɨ ɞɨɩɭɫɤɚ. 

Ⱦɚɥɟɟ ɪɚɫɫɱɢɬɵɜɚɟɦ ɨɫɬɚɥɶɧɵɟ ɬɚɛɥɢɰɵ 35,36,37, ɚɧɚɥɨɝɢɱɧɵɦ 

ɫɩɨɫɨɛɨɦ.  

 
Ɍɚɛɥɢɰɚ 35 – Ɋɚɫɱɟɬ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɚɯ ɢ ɥɨɦɟ 

 
 
Ɍɚɛɥɢɰɚ 36 – Ɋɚɫɱɟɬ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɚɯ, ɜɨɡɜɪɚɬɟ ɢ 
ɥɨɦɟ 

 
 
Ɍɚɛɥɢɰɚ 37– Ɋɚɫɱɟɬ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɚɯ, ɜɨɡɜɪɚɬɟ, 
ɥɨɦɟ-1 ɢ ɥɨɦɟ-2 

ȼ ɦɚɬ. ȼ ɲɢɯɬɟ ȼ ɦɚɬ. ȼ ɲɢɯɬɟ ȼ ɦɚɬ. ȼ ɲɢɯɬɟ ȼ ɦɚɬ. ȼ ɲɢɯɬɟ ȼ ɦɚɬ. ȼ ɲɢɯɬɟ ȼ ɦɚɬ. ȼ ɲɢɯɬɟ
Ʌɨɦ 40ɏ13 69,7 0,6 0,41402 0,6 0,414018 0,6 0,42242 13 8,97039 0,4 0,27601 99
ɍɝɚɪ 0 0 15 0,35294 0 0 0 0 0 0 0 0
ɋ ɭɱɟɬɨɦ ɭɝɚɪɚ 2,000
Ʉɪ0 (ɤɪɟɦɧɢɣ) 0,605203255 98,8 0,58598 0 0 0 0 0 0 0 0 0 0 98
Mɧ 998 (ɦɚɪɝɚɧɟɰ)1,962441044 0 0 99,8 1,9389 0 0 99
ɏ99(ɏɪɨɦ) 15,49124923 0 0 0 0 0 0 99 15,02961 0 0 0 0 98
ɉ-803(ɬ.ɭɝɥɟɪɨɞ) 0,126505459 0 0 0 0 0 0 0 0 0 0 99 0,12399 99
ɇɉ2 (ɇɢɤɟɥɶ) 11,81264744 0 0 0 0 99 11,5776 0 0 0 0 99
M2(Ɇɟɞɶ) 0,309214595 0 0 0 0 0 0 0 0 99 0,3 0 0 98
ɂɬɨɝ: 100,007261 1 1 2 2 1I-13 12 22-26 24 ɞɨ 0,3 0,3 ɞɨ 0,4 0,4

ɇɚɢɦɟɧɨɜɚɧɢɟ  
ɲɢɯɬɨɜɵɯ 

ɦɚɬɟɪɢɚɥɨɜ

ɋɨɞɟɪɠɚɧɢɟ 
ɜ ɲɢɯɬɟ %

ɍɫɜɨɟɧɢɟ 
%

Si Mn Ni Cr Cu C

ȼ ɦɚɬ. ȼ ɲɢɯɬɟ ȼ ɦɚɬ. ȼ ɲɢɯɬɟ ȼ ɦɚɬ. ȼ ɲɢɯɬɟ ȼ ɦɚɬ. ȼ ɲɢɯɬɟ ȼ ɦɚɬ. ȼ ɲɢɯɬɟ ȼ ɦɚɬ. ȼ ɲɢɯɬɟ
Ʌɨɦ 40ɏ13 46,8 0,6 0,27518 0,6 0,275184 0,6 0,27518 13 5,96232 0,4 0,18346 98
ȼɨɡɜɪɚɬ 
40ɏ24ɇ12ɋɅ 32,5 1 0,32175 2 0,6435 12 3,861 24 7,722 0,3 0,09653 0,4 0,1287 99

ɍɝɚɪ 0 0 15 0,352943 0 0 0 0 0 0 0 0

ɋ ɭɱɟɬɨɦ ɭɝɚɪɚ 2,000
Ʉɪ0 (ɤɪɟɦɧɢɣ) 0,412082362 98,8 0,40307 0 0 0 0 0 0 0 0 0 0 99
Mɧ 998 (ɦɚɪɝɚɧɟɰ)1,451656849 0 0 99,8 1,434266 0 0 99
ɏ99(ɏɪɨɦ) 10,52513009 0 0 0 0 0 0 99 10,31568 0 0 0 0 99
ɉ-803(ɬ.ɭɝɥɟɪɨɞ) 0,089627589 0 0 0 0 0 0 0 0 0 0 99 0,08784 99
ɇɉ2 (ɇɢɤɟɥɶ) 8,023483318 0 0 0 0 99 7,86382 0 0 0 0 99
M2(ɦɟɞɶ) 0,207606367 0 0 0 0 0 0 0 0 99 0,20348 0 0 99
ɂɬɨɝ: 100,0095866 1 1 2 2 1I-13 12 22-26 24 ɞɨ 0,3 0,3 ɞɨ 0,4 0,4

Cu C
ɇɚɢɦɟɧɨɜɚɧɢɟ  

ɲɢɯɬɨɜɵɯ 
ɦɚɬɟɪɢɚɥɨɜ

ɋɨɞɟɪɠɚɧɢɟ 
ɜ ɒɢɯɬɟ %

ɍɫɜɨɟɧɢɟ 
%

Si Mn Ni Cr
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2.2 ɇɨɪɦɵ ɪɚɫɯɨɞɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɪɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ 

 
Ⱦɚɥɟɟ ɩɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɧɨɪɦɵ ɪɚɫɯɨɞɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɪɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ: 

- ɧɚ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɚɯ ɢ ɥɨɦɟ; 
- ɧɚ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɚɯ, ɜɨɡɜɪɚɬɟ ɢ ɥɨɦɟ; 
- ɧɚ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɚɯ, ɜɨɡɜɪɚɬɟ, ɥɨɦɟ-1ɢ ɥɨɦɟ-2; 

 ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɰɟɧɬɧɨɝɨ ɫɨɞɟɪɠɚɧɢɟ ɜ ɲɢɯɬɟ ɜɫɟɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɩɟɪɟɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 38 ɧɨɪɦ ɪɚɫɯɨɞɨɜ. ɇɚɩɪɨɬɢɜ, ɤɚɠɞɨɝɨ 
ɷɥɟɦɟɧɬɚ ɭɤɚɡɵɜɚɟɦ ɧɨɦɟɪ ɝɨɫɬɚ. ɉɨɫɱɢɬɚɟɦ ɦɚɫɫɭ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɫ ɭɱɟɬɨɦ 
ɦɟɬɚɥɥɨɡɚɜɚɥɤɢ ɢ ɜɵɯɨɞɚ ɝɨɞɧɨɝɨ, ɜɧɟɫɟɦ ɜ ɬɚɛɥɢɰɭ 38. 
 ɇɚɣɞɟɧɧɵɟ ɜ ɢɧɬɟɪɧɟɬɟ ɞɚɧɧɵɟ ɨ ɫɬɨɢɦɨɫɬɢ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɬɚɤɠɟ 
ɜɧɨɫɢɦ ɜ ɨɛɳɭɸ ɬɚɛɥɢɰɭ 38.Ɍɚɛɥɢɰɵ 39 ɢ 40 ɜɵɩɨɥɧɹɟɦ ɢɞɟɧɬɢɱɧɨ ɬɚɛɥɢɰɟ 
38 
 
Ɍɚɛɥɢɰɚ 38 – ɇɨɪɦɚ ɪɚɫɯɨɞɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɪɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɧɚ ɫɜɟɠɢɯ 
ɦɚɬɟɪɢɚɥɚɯ ɢ ɥɨɦɟ 

 
 
Ɍɚɛɥɢɰɚ 39 – ɇɨɪɦɚ ɪɚɫɯɨɞɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɪɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɧɚ ɫɜɟɠɢɯ 
ɦɚɬɟɪɢɚɥɚɯ, ɜɨɡɜɪɚɬɟ ɢ ɥɨɦɟ 

ȼ ɦɚɬ. ȼ ɲɢɯɬɟ ȼ ɦɚɬ. ȼ ɲɢɯɬɟ ȼ ɦɚɬ. ȼ ɲɢɯɬɟ ȼ ɦɚɬ. ȼ ɲɢɯɬɟ ȼ ɦɚɬ. ȼ ɲɢɯɬɟ ȼ ɦɚɬ. ȼ ɲɢɯɬɟ
Ʌɨɦ ɏ25H20 40,1 1 0,39298 2 0,78596 18,5 7,27013 22,5 8,84205 0,15 0,05895 98
Ʌɨɦ 40ɏ13 20,2 0,6 0,11878 0,6 0,118776 0,6 0,11878 13 2,57348 0,4 0,07918 98
ȼɨɡɜɪɚɬ  
40ɏ24ɇ12ɋɅ 32,5 1 0,3185 2 0,637 12 3,822 24 7,644 0,3 0,09555 0,4 0,1274 98

ɍɝɚɪ 0 0 15 0,352943 0 0 0 0 0 0 0 0

ɋ ɭɱɟɬɨɦ ɭɝɚɪɚ 2,000
Ʉɪ0 (ɤɪɟɦɧɢɣ) 0,175311906 98,8 0,16974 0 0 0 0 0 0 0 0 0 0 98
Mɧ 998 (ɦɚɪɝɚɧɟɰ)0,821050181 0 0 99,8 0,811214 0 0 99
ɏ99(ɏɪɨɦ) 5,092218099 0 0 0 0 0 0 99 4,94047 0 0 0 0 98
ɉ-803(ɬ.ɭɝɥɟɪɨɞ) 0,138599258 0 0 0 0 0 0 0 0 0 0 99 0,13447 98
ɇɉ2 (ɇɢɤɟɥɶ) 0,813331272 0 0 0 0 99 0,78909 0 0 0 0 98
M2(ɦɟɞɶ) 0,210729746 0 0 0 0 0 0 0 0 99 0,20445 0 0 98
ɂɬɨɝ: 100,0512405 1 1 2 2 1I-13 12 22-26 24 ɞɨ 0,3 0,3 ɞɨ 0,4 0,4

ɍɫɜɨɟɧɢɟ 
%

Si Mn Ni Cr Cu C
ɇɚɢɦɟɧɨɜɚɧɢɟ  

ɲɢɯɬɨɜɵɯ 
ɦɚɬɟɪɢɚɥɨɜ

ɋɨɞɟɪɠɚɧɢɟ 
ɜ ɒɢɯɬɟ %

% ɤɝ/ɝ
Ʌɨɦ 40ɏ13 ȽɈɋɌ 2787-75 69,7 697 1273,5246 10 12735,25
ɏ99(ɏɪɨɦ) ȽɈɋɌ   5905 - 2004 15,491 154,912 283,049 730 206625,47
ɉ-803(ɬ.ɭɝɥɟɪɨɞ) ȽɈɋɌ   16099 - 80 0,127 1,265 2,311 25 57,79
Ʉɪ0 (ɤɪɟɦɧɢɣ) ȽɈɋɌ   2169 - 69 0,605 6,000 10,963 240 2631,10
Mɧ 998 (ɦɚɪɝɚɧɟɰ) ȽɈɋɌ   6008 - 90 1,962 19,624 35,857 140 5019,95
ɇɉ2 (ɇɢɤɟɥɶ) ȽɈɋɌ   492 - 2006 11,813 118,126 215,835 3550 766214,11
M2(ɦɟɞɶ) ȽɈɋɌ   25442 - 82 0,309 3,092 5,650 320 1807,94

1000,021 1827,189
-0,021 -0,038

Ɂɚɝɪɡ. 
ɦɚɫɫɚɇɚɢɦɟɧɨɜɚɧɢɟ Ƚɨɫɬ, Ɍɍ

ɐɟɧɚ ɡɚ 
ɤɝ.(ɪɭɛɥɢ)

Ɉɛɳɚɹ 
ɫɭɦɦɚ

ɧɨɪɦɚ ɪɚɫɯɨɞɚ
ɇɨɪɦɚ ɊȺɋɏɈȾȺ

995091,60Ɋɚɡɛɟɝ
ɂɬɨɝ:
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Ⱦɥɹ ɬɨɝɨ ɱɬɨ ɛɵ ɭɡɧɚɬɶ ɨɛɳɭɸ ɫɬɨɢɦɨɫɬɶ ɜɫɟɯ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ 

ɧɟɨɛɯɨɞɢɦɨ, ɭɦɧɨɠɢɬɶ ɫɬɨɢɦɨɫɬɶ ɤɚɠɞɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɟɝɨ ɦɚɫɫɭ. 
ɋɭɦɦɢɪɭɟɦ ɜɫɟ ɰɟɧɵ ɢ ɩɨɥɭɱɚɟɦ ɨɛɳɭɸ ɫɬɨɢɦɨɫɬɶ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɧɚ 
ɩɥɚɜɤɭ ɦɚɫɫɨɣ ɪɚɜɧɨɣ 1652,892562 ɤɝ. 
 
Ɍɚɛɥɢɰɚ 40 – ɇɨɪɦɚ ɪɚɫɯɨɞɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɪɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɧɚ ɫɜɟɠɢɯ 
ɦɚɬɟɪɢɚɥɚɯ, ɜɨɡɜɪɚɬɟ, ɥɨɦɟ-1 ɢ ɥɨɦɟ-2 

 
 
 ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɟɞɟɦ ɜ ɨɛɳɭɸ ɬɚɛɥɢɰɭ ɫɬɨɢɦɨɫɬɢ ɪɚɫɯɨɞɨɜ ɢ 
ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɪɚɫɯɨɞɨɜ. 
 

% ɤɝ/ɝ
Ʌɨɦ 40ɏ13 ȽɈɋɌ 2787-75 46,8 468 855,107 10 8551,07
ȼɨɡɜɪɚɬ 40ɏ24ɇ12ɋɅ ȽɈɋɌ   5632 - 72 32,5 325 593,824 35 20783,85

ɏ99(ɏɪɨɦ) ȽɈɋɌ   5905 - 2004 10,525 105,251 192,310 730 140386,35

ɉ-803(ɬ.ɭɝɥɟɪɨɞ) ȽɈɋɌ   16099 - 80 0,090 0,896 1,638 25 40,94
Ʉɪ0 (ɤɪɟɦɧɢɣ) ȽɈɋɌ   2169 - 69 0,412 4,121 7,529 240 1807,05
Mn 998 (ɦɚɪɝɚɧɟɰ) ȽɈɋɌ   6008 - 90 1,452 14,517 26,524 140 3713,36
ɇɉ2 (ɇɢɤɟɥɶ) ȽɈɋɌ   492 - 2006 8,023 80,235 146,601 3550 520434,24
M(ɦɟɞɶ) ȽɈɋɌ   25442 - 82 0,208 2,076 3,793 320 1213,85

1000,096 1827,327
-0,096 -0,175

ɐɟɧɚ ɡɚ 
ɤɝ.(ɪɭɛɥɢ)

Ɉɛɳɚɹ 
ɫɭɦɦɚ

695123,65

Ɂɚɝɪɡ. 
ɦɚɫɫɚɇɚɢɦɟɧɨɜɚɧɢɟ Ƚɨɫɬ, Ɍɍ

ɧɨɪɦɚ ɪɚɫɯɨɞɚ
ɇɨɪɦɚ ɊȺɋɏɈȾȺ

ɂɬɨɝ:
Ɋɚɡɛɟɝ

% ɤɝ/ɝ
Ʌɨɦ ɏ25ɇ20 ȽɈɋɌ 2787-75 40,1 401 732,688 80 58615,02
Ʌɨɦ 40ɏ13 ȽɈɋɌ 2787-75 20,2 202 369,085 10 3690,85
ȼɨɡɜɪɚɬ 40ɏ24ɇ12ɋɅ ȽɈɋɌ   5632 - 72 32,5 325 593,824 35 20783,85

ɉ-803(ɬ.ɭɝɥɟɪɨɞ) ȽɈɋɌ   16099 - 80 0,139 1,386 2,532 25 63,31

ɇɉ2 (ɇɢɤɟɥɶ) ȽɈɋɌ   492 - 2006 0,813 8,133 14,861 3550 52755,82
Ʉɪ0 (ɤɪɟɦɧɢɣ) ȽɈɋɌ   2169 - 69 0,175 1,753 3,203 240 768,77
Mɧ998 (ɦɚɪɝɚɧɟɰ) ȽɈɋɌ   6008 - 90 0,821 8,211 15,002 140 2100,26
ɏ99(ɏɪɨɦ) ȽɈɋɌ   5905 - 2004 5,092 50,922 93,043 730 67921,05
M2(ɦɟɞɶ) ȽɈɋɌ   25442 - 82 0,211 2,107 3,850 320 1232,11

1000,512 1828,088
-0,512 -0,936

207931,04

ɐɟɧɚ ɡɚ 
ɤɝ.(ɪɭɛɥɢ)

Ɉɛɳɚɹ 
ɫɭɦɦɚ

Ɂɚɝɪɡ. 
ɦɚɫɫɚȽɨɫɬ, Ɍɍ

ɧɨɪɦɚ ɪɚɫɯɨɞɚ

ɂɬɨɝ:
Ɋɚɡɛɟɝ

ɇɨɪɦɚ ɊȺɋɏɈȾȺ

ɇɚɢɦɟɧɨɜɚɧɢɟ 
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Ɋɢɫɭɧɨɤ 60 –Ƚɪɚɮɢɤ ɰɟɧ ɧɚ ɪɚɫɯɨɞɵ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɱɟɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɟɫɤɢ 

ɜɵɝɨɞɧɵɦ ɜɚɪɢɚɧɬɨɦ ɞɥɹ ɫɨɫɬɚɜɚ ɲɢɯɬɵ ɹɜɥɹɸɬɫɹ ɞɚɧɧɵɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ 
ɪɢɫɭɧɤɟ58, – ɧɚ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɚɯ, ɜɨɡɜɪɚɬɟ, ɥɨɦɟ-1 ɢ ɥɨɦɟ-2. 
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 ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɢɡɭɱɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɧɬɟɡɚ ɫɩɥɚɜɨɜ, ɢɯ ɩɟɪɫɩɟɤɬɢɜɵ, ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɢ 
ɨɫɧɨɜɧɵɟ ɩɪɟɞɩɪɢɹɬɢɹ Ɋɨɫɫɢɢ, ɡɚɧɢɦɚɸɳɢɟɫɹ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨ ɫɢɧɬɟɡɨɦ 
ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ. Ȼɵɥɨ ɜɵɹɫɧɟɧɨ ɱɬɨ ɨɫɧɨɜɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ, ɤɨɬɨɪɨɟ 
ɡɚɧɢɦɚɟɬɫɹ ɫɢɧɬɟɡɨɦ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɹɜɥɹɟɬɫɹ ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ɋɚɛɨɬɵ ɩɨ 
ɫɨɡɞɚɧɢɸ ɧɨɜɵɯ ɫɩɥɚɜɨɜ ɢɞɭɬ ɛɨɥɶɲɢɦɢ ɬɟɦɩɚɦɢ. ɇɨɜɵɟ ɡɚɞɚɱɢ ɩɨɪɨɠɞɚɸɬ 
ɧɨɜɵɟ ɫɩɥɚɜɵ. 

Ȼɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ, 
ɢɫɩɨɥɶɡɭɹ ɩɪɨɝɪɚɦɦɭ LWMFlowCV, ɩɪɨɜɟɞɟɧɵ ɢɡɦɟɧɟɧɢɹ, ɭɫɬɪɚɧɹɸɳɢɟ 
ɞɟɮɟɤɬɵ ɜ ɨɬɥɢɜɤɟ, ɨɩɪɟɞɟɥɟɧ ɜɵɯɨɞ ɝɨɞɧɨɝɨ, ɢ ɢɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɩɪɨɢɡɜɟɞɟɧ 
ɜɵɛɨɪ ɩɥɚɜɢɥɶɧɨɣ ɩɟɱɢ. Ɍɚɤɠɟ, ɨɩɪɟɞɟɥɟɧ ɦɟɬɨɞ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦɵ, 
ɜɵɛɪɚɧɚ ɫɦɟɫɶ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦɵ, ɩɥɚɜɢɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ 
ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɧɨɪɦ ɪɚɫɯɨɞɚ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 
ɧɟɨɛɯɨɞɢɦɵɣ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢ ɜɵɯɨɞ ɝɨɞɧɨɝɨ ɫɩɥɚɜɚ 40ɏ24ɇ12ɋɅ.  

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɢɡɭɱɟɧɵ ɫɜɨɣɫɬɜɚ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, 
ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɢ 
ɪɚɡɪɭɲɟɧɢɸ ɩɪɢ ɞɟɣɫɬɜɢɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɫɪɟɞ. Ȼɵɥɢ 
ɜɵɛɪɚɧɵ ɫɨɜɪɟɦɟɧɧɵɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɢ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ 
ɢɡɫɩɥɚɜɚ 40ɏ24ɇ12ɋɅ.  

ɉɪɟɠɞɟ, ɱɟɦ ɩɨɥɭɱɢɬɶ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ, ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ 6 
ɢɫɫɥɟɞɨɜɚɧɢɣ, ɫ ɭɱɺɬɨɦ ɢɡɦɟɧɟɧɢɹ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ: ɬɟɦɩɟɪɚɬɭɪɚ 
ɡɚɥɢɜɤɢ, ɜɪɟɦɹ ɡɚɩɨɥɧɟɧɢɹ ɮɨɪɦɵ, ɜɪɟɦɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɦɚɬɟɪɢɚɥ ɮɨɪɦɵ, 
ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɮɨɪɦɵ, ɦɚɬɟɪɢɚɥ ɫɬɟɪɠɧɹ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɟ ɜɵɛɪɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ 
ɤɨɧɮɢɝɭɪɚɰɢɢ ɩɨɡɜɨɥɢɥɢ ɩɨɥɭɱɢɬɶ ɧɟɨɛɯɨɞɢɦɵɣ ɪɟɡɭɥɶɬɚɬ. ɇɚɛɥɸɞɟɧɢɟ ɡɚ 
ɪɚɡɜɢɬɢɟɦ ɩɪɨɰɟɫɫɨɜ ɢ ɱɟɬɤɨɟ ɯɪɨɧɨɦɟɬɪɢɪɨɜɚɧɧɵɟ ɨɛɪɚɡɨɜɚɧɢɹ ɞɟɮɟɤɬɨɜ ɜ 
ɩɪɨɝɪɚɦɦɟ LVMFlowCV ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɧɹɬɶ, ɤɨɝɞɚ ɢ ɜ ɤɚɤɨɣ ɨɛɥɚɫɬɢ 
ɞɟɮɟɤɬɵ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɨɡɜɨɥɹɟɬ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ, ɜ 
ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ ɜɧɨɫɢɬɶ ɢɡɦɟɧɟɧɢɹ ɜ ɤɨɧɫɬɪɭɤɰɢɸ ɥɢɬɧɢɤɨɜɨɣ ɫɢɫɬɟɦɵ. 

Ɂɚɜɟɪɲɚɸɳɢɦ ɷɬɚɩɨɦ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬ ɧɨɪɦ ɪɚɫɯɨɞɚ 
ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɧɟɨɛɯɨɞɢɦɵɣ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢ 
ɜɵɯɨɞ ɝɨɞɧɨɝɨ ɫɩɥɚɜɚ 40ɏ24ɇ12ɋɅ.  

ȼɵɩɨɥɧɟɧɧɚɹ ɪɚɛɨɬɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɚɞɚɧɢɹ. 
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