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ɋɬɭɞɟɧɬ  Ʉɭɩɪɟɟɜ ɋɟɪɝɟɣ ɘɪɶɟɜɢɱ 
Ƚɪɭɩɩɚ ɆɌ17-01Ɇ  ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 22.04.01.04 
«ɋɢɧɬɟɡ ɢ ɥɢɬɶɟ ɧɨɜɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ» 
Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: 
«Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɤɢ ɢɡ ɠɚɪɨɩɪɨɱɧɨɝɨ ɫɩɥɚɜɚ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɩɪɨɝɪɚɦɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ»  
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ №            ɨɬ             
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ȼ.Ⱥ. Ʉɭɤɚɪɰɟɜ ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ 
ɆɢɌɈɆ 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ:  
- ɢɡɭɱɢɬɶ ɫɜɨɣɫɬɜɚ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɢɦ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɢ ɪɚɡɪɭɲɟɧɢɸ ɩɪɢ ɞɟɣɫɬɜɢɢ 
ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɫɪɟɞ; 
- ɪɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɸ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬɥɢɜɨɤ ɢɡ ɫɬɚɥɢ ɦɚɪɬɟɧɫɢɬɧɨɝɨ 
ɤɥɚɫɫɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɥɢɬɟɣɧɵɯ ɩɪɨɰɟɫɫɨɜ: 
LVMflow ɢ ProCAST; 
- ɩɪɨɢɡɜɟɫɬɢ ɜɵɛɨɪ 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. ɋɩɨɫɨɛɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɨɬɥɢɜɨɤ ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ 
ɫɩɥɚɜɨɜ  
6. Ʌɢɬɶɟ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ 
7. Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬɥɢɜɨɤ ɢɡ ɫɩɥɚɜɚ 20ɏ5ɆɅ  
8. ɉɨɫɬɪɨɟɧɢɟ 3D ɦɨɞɟɥɢ ɜ ɋȺɉɊ SolidWorks 
9. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɥɢɬɟɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɩɪɨɝɪɚɦɦɟ LVMflow 
10. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɥɢɬɟɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɩɪɨɝɪɚɦɦɟ ProCAST 
11. ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɨɩɟɪɚɰɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ 
12. Ɋɚɫɱɺɬ ɧɨɪɦ ɪɚɫɯɨɞɚ ɨɫɧɨɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ: 
-  ɱɟɪɬɟɠ ɞɟɬɚɥɢ;  
-  ɱɟɪɬɺɠ ɨɬɥɢɜɤɢ;  
-  ɫɯɟɦɵ ɦɨɞɟɥɶɧɨɝɨ ɛɥɨɤɚ; 
-  ɫɯɟɦɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ            ȼ.Ⱥ. Ʉɭɤɚɪɰɟɜ                      _____________________ 
                                                                   ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ                                                               ɩɨɞɩɢɫɶ 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ                                                         ɋ.ɘ. Ʉɭɩɪɟɟɜ 
                                                                                                    ɩɨɞɩɢɫɶ, ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ 

 
                                                                                  « ___ » __________ 20__ ɝ. 



ɊȿɎȿɊȺɌ 
 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ «Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɤɢ ɢɡ ɠɚɪɨɩɪɨɱɧɨɝɨ ɫɩɥɚɜɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ 
ɩɪɨɝɪɚɦɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ» ɫɨɞɟɪɠɢɬ 81 ɥɢɫɬ, 57 ɪɢɫɭɧɤɨɜ, 20 ɬɚɛɥɢɰ, 24 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ.  

ɐɟɥɶ ɪɚɛɨɬɵ Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬɥɢɜɨɤ ɢɡ 
ɠɚɪɨɩɪɨɱɧɨɝɨ ɫɩɥɚɜɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɋȺɉɊ SolidWorks, ɩɪɨɝɪɚɦɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɥɢɬɟɣɧɵɯ ɩɪɨɰɟɫɫɨɜ LVMflow ɢ  ProCAST.  

Ɂɚɞɚɱɢ:  
-  ɂɡɭɱɢɬɶ ɫɜɨɣɫɬɜɚ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ; 
-  ɂɡɭɱɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɩɭɬɢ 

ɟɝɨ ɭɜɟɥɢɱɟɧɢɹ; 
- Ɉɩɪɟɞɟɥɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɜ ɪɚɛɨɬɟ ɩɪɨɝɪɚɦɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɥɢɬɟɣɧɵɯ ɩɪɨɰɟɫɫɨɜ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, ɢɯ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɢ  ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ, 
ɥɢɬɟɣɧɵɟ ɫɜɨɣɫɬɜɚ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, ɢ ɫɨɜɪɟɦɟɧɧɨɟ ɩɥɚɜɢɥɶɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ. Ⱥ ɬɚɤ ɠɟ ɫɩɨɫɨɛɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɨɬɥɢɜɨɤ 
ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ  ɩɪɢ ɥɢɬɶɟ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ. 

Ȼɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ ɫɩɨɫɨɛɨɦ ɥɢɬɶɹ ɩɨ 
ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ ɢɡ ɫɩɥɚɜɚ 20ɏ5ɆɅ. Ⱥ ɢɦɟɧɧɨ: ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ 
ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ, ɩɨɫɬɪɨɟɧɚ 3D ɦɨɞɟɥɶ ɜ ɋȺɉɊ SolidWorks, 
ɩɪɨɢɡɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɥɢɬɟɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɩɪɨɝɪɚɦɦɚɯ LVMflow ɢ 
ɩɪɨɝɪɚɦɦɟ ProCAST, ɩɪɨɜɟɞɟɧɵ ɢɡɦɟɧɟɧɢɹ, ɭɫɬɪɚɧɹɸɳɢɟ ɞɟɮɟɤɬɵ ɜ 
ɨɬɥɢɜɤɟ, ɨɩɪɟɞɟɥɟɧ ɜɵɯɨɞ ɝɨɞɧɨɝɨ, ɢ ɢɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɩɪɨɢɡɜɟɞɟɧ ɜɵɛɨɪ 
ɧɟɨɛɯɨɞɢɦɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ.  

ɉɪɟɠɞɟ ɱɟɦ ɩɨɥɭɱɢɬɶ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ, ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ 
7 ɢɫɫɥɟɞɨɜɚɧɢɣ, ɫ ɪɚɡɥɢɱɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ. 

ɇɚɛɥɸɞɟɧɢɟ ɡɚ ɪɚɡɜɢɬɢɟɦ ɩɪɨɰɟɫɫɨɜ ɢ ɱɟɬɤɨɟ ɯɪɨɧɨɦɟɬɪɢɪɨɜɚɧɢɟ 
ɨɛɪɚɡɨɜɚɧɢɹ ɞɟɮɟɤɬɨɜ ɜ ɩɪɨɝɪɚɦɦɚɯ LVMFlow ɢ ProCAST ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɨɧɹɬɶ, ɤɨɝɞɚ ɢ ɜ ɤɚɤɨɣ ɨɛɥɚɫɬɢ ɞɟɮɟɤɬɵ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ, ɱɬɨ ɜ ɫɜɨɸ 
ɨɱɟɪɟɞɶ, ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɹ ɛɵɫɬɪɨɝɨ ɪɟɚɝɢɪɨɜɚɧɢɹ ɢ ɜɧɟɫɟɧɢɹ ɢɡɦɟɧɟɧɢɣ 
ɜ ɤɨɧɫɬɪɭɤɰɢɸ. 

Ɂɚɜɟɪɲɚɸɳɢɦ ɷɬɚɩɨɦ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬ ɧɨɪɦ ɪɚɫɯɨɞɚ ɧɚ 
ɫɜɟɠɢɟ ɲɢɯɬɨɜɵɟ ɦɚɬɟɪɢɚɥɵ. Ɉɧ ɩɨɤɚɡɚɥ ɩɪɟɢɦɭɳɟɫɬɜɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɩɪɨɝɪɚɦɦɵ ProCAST ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ. 

ȼɵɩɨɥɧɟɧɧɚɹ ɪɚɛɨɬɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɚɞɚɧɢɹ.
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Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɜ ɦɢɪɟ ɪɚɡɪɚɛɨɬɚɧɚ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ 
ɲɢɪɨɤɚɹ ɧɨɦɟɧɤɥɚɬɭɪɚ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɩɨ 
ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ, ɫɬɪɭɤɬɭɪɟ ɢ ɫɜɨɣɫɬɜɚɦ. Ȼɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ 
ɥɢɬɟɣɧɵɦ ɫɩɥɚɜɚɦ. ɋɮɟɪɚ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɨɛɲɢɪɧɚ – 
ɫɨɜɪɟɦɟɧɧɵɟ ɠɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ ɩɨɡɜɨɥɹɸɬ ɫɨɡɞɚɜɚɬɶ ɩɪɢɧɰɢɩɢɚɥɶɧɨ 
ɧɨɜɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɬɟɯɧɨɥɨɝɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ, 
ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɣ ɢ ɪɚɤɟɬɧɨɣ ɬɟɯɧɢɤɢ, ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɹ, ɷɧɟɪɝɟɬɢɤɢ, 
ɦɟɞɢɰɢɧɵ ɢ ɞɪ. 

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

ȼ ɞɚɧɧɨɣ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɪɚɡɪɚɛɨɬɤɚ 
ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬɥɢɜɨɤ ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɠɟɥɟɡɚ 
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ LVMFlowCV ɢ ProCAST. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɢɡɭɱɟɧɵ ɫɜɨɣɫɬɜɚ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ. Ȼɵɥ 
ɪɚɡɪɚɛɨɬɚɧ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ ɫɩɨɫɨɛɨɦ ɥɢɬɶɹ 
ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ ɢɡ ɫɩɥɚɜɚ 20ɏ5ɆɅ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɝɪɚɦɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ LVMflow ɢ ProCAST. ɉɪɨɢɡɜɟɞɟɧ ɜɵɛɨɪ ɧɟɨɛɯɨɞɢɦɨɝɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɪɨɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ 
ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɩɪɨɝɪɚɦɦ. 

ȼɵɩɨɥɧɟɧ ɪɚɫɱɟɬ ɧɨɪɦ ɪɚɫɯɨɞɚ ɧɚ ɫɜɟɠɢɟ ɲɢɯɬɨɜɵɟ ɦɚɬɟɪɢɚɥɵ 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: 

ɋɌȺɅɖ ɆȺɊɌȿɇɋɂɌɇɈȽɈ ɄɅȺɋɋȺ, ɈɌɅɂȼɄȺ, ɀȺɊɈɉɊɈɑɇɕȿ 
ɋɉɅȺȼɕ, ɄɈɗɎɎɂɐɂȿɇɌ ɂɋɉɈɅɖɁɈȼȺɇɂə ɆȿɌȺɅɅȺ, 
ɆɈȾȿɅɂɊɈȼȺɇɂȿ, ɅɂɌȿɃɇɕȿ ɉɊɈɐȿɋɋɕ. 
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     ɋɪɟɞɢ ɜɫɟɯ ɜɢɞɨɜ ɡɚɝɨɬɨɜɢɬɟɥɶɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ ɥɢɬɟɣɧɨɟ ɡɚɧɢɦɚɟɬ 
ɜɟɞɭɳɟɟ ɦɟɫɬɨ, ɨɛɟɫɩɟɱɢɜɚɹ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɞɨ 70-
90%. ɋɭɳɟɫɬɜɭɸɳɢɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɡɜɨɥɹɸɬ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɨɬɥɢɜɤɢ ɦɚɫɫɨɣ 
ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɝɪɚɦɦɨɜ ɞɨ 100 ɢ ɛɨɥɟɟ ɬɨɧɧ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɥɢɬɟɣɧɵɟ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɭɳɟɫɬɜɭɸɬ ɜ ɜɢɞɟ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɯ ɥɢɬɟɣɧɵɯ ɡɚɜɨɞɨɜ, ɜ ɜɢɞɟ 
ɰɟɯɨɜ (ɭɱɚɫɬɤɨɜ) ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ, ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ 
ɤɨɦɩɥɟɤɫɨɜ, ɝɨɪɧɨ-ɨɛɨɝɚɬɢɬɟɥɶɧɵɯ ɤɨɦɛɢɧɚɬɨɜ, ɫɭɞɨɫɬɪɨɢɬɟɥɶɧɵɯ 
ɤɨɦɩɚɧɢɹɯ, ɪɟɦɨɧɬɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɡɚɜɨɞɨɜ ɢ ɬ.ɞ. ɂɯ ɫɬɪɭɤɬɭɪɚ ɡɚɜɢɫɢɬ ɨɬ 
ɧɨɦɟɧɤɥɚɬɭɪɵ ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɯ ɨɬɥɢɜɨɤ ɢ ɧɟɨɛɯɨɞɢɦɨɝɨ ɢɯ ɤɨɥɢɱɟɫɬɜɚ. ȼɫɺ 
ɷɬɨ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɩɪɢɦɟɧɹɟɦɭɸ ɬɟɯɧɨɥɨɝɢɸ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦ, ɚ 
ɢɦɟɧɧɨ: ɪɚɡɨɜɵɟ ɩɟɫɱɚɧɨ-ɝɥɢɧɢɫɬɵɟ ɮɨɪɦɵ, ɮɨɪɦɵ ɢɡ ɯɨɥɨɞɧɨ-ɬɜɟɪɞɟɸɳɢɯ 
ɫɦɟɫɟɣ (ɏɌɋ), ɮɨɪɦɵ ɢɡ ɠɢɞɤɨɫɬɟɤɨɥɶɧɵɯ ɫɦɟɫɟɣ (ɀɋɋ), ɨɛɨɥɨɱɤɨɜɵɟ 
ɮɨɪɦɵ ɢ ɬ.ɞ. 

ȼɚɠɧɟɣɲɟɣ ɡɚɞɚɱɟɣ ɫɨɜɪɟɦɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢ 
ɢɡɞɟɥɢɣ ɢɡ ɥɢɬɟɣɧɵɯ ɫɩɥɚɜɨɜ ɹɜɥɹɟɬɫɹ ɫɧɢɠɟɧɢɟ ɢɯ ɬɪɭɞɨɟɦɤɨɫɬɢ ɢ 
ɭɜɟɥɢɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɚɥɥɚ. Ɉɞɢɧ ɢɡ ɫɩɨɫɨɛɨɜ 
ɭɜɟɥɢɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɚɥɥɚ, ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɩɪɨɝɪɚɦɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɥɢɬɟɣɧɵɯ ɩɪɨɰɟɫɫɨɜ.  

Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɬɚɧɨɜɢɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ 
ɩɪɨɰɟɫɫɨɜ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɧɨɜɵɯ ɞɟɬɚɥɟɣ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɹ. Ɉɧɨ ɩɪɢɨɛɪɟɬɚɟɬ ɫɬɚɬɭɫ 
ɜɚɠɧɨɝɨ, ɚ ɡɚɱɚɫɬɭɸ ɪɟɲɚɸɳɟɝɨ ɤɨɧɤɭɪɟɧɬɧɨɝɨ ɩɪɟɢɦɭɳɟɫɬɜɚ. ȼɫɟ ɱɚɳɟ 
ɡɚɤɚɡɱɢɤɢ ɧɚ ɥɢɬɟɣɧɭɸ ɩɪɨɞɭɤɰɢɸ ɜ ɫɩɢɫɤɟ ɬɪɟɛɨɜɚɧɢɣ ɤ ɩɪɨɢɡɜɨɞɢɬɟɥɸ 
ɷɬɨɣ ɩɪɨɞɭɤɰɢɢ ɜɵɞɜɢɝɚɸɬ ɬɪɟɛɨɜɚɧɢɟ ɨɛ ɨɛɹɡɚɬɟɥɶɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɉɪɟɢɦɭɳɟɫɬɜɚ, ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɟ ɫɢɫɬɟɦɚɦɢ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɥɢɬɟɣɧɵɯ ɩɪɨɰɟɫɫɨɜ (ɋȺɆ Ʌɉ) 
ɨɱɟɜɢɞɧɵ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɷɬɨ ɜɨɡɦɨɠɧɨɫɬɶ ɨɬɪɚɛɨɬɤɢ ɧɸɚɧɫɨɜ ɥɢɬɟɣɧɨɣ 
ɬɟɯɧɨɥɨɝɢɢ ɧɚ ɜɢɪɬɭɚɥɶɧɨɦ ɩɪɨɬɨɬɢɩɟ ɢɡɝɨɬɚɜɥɢɜɚɟɦɨɣ ɨɬɥɢɜɤɢ, ɱɬɨ 
ɭɦɟɧɶɲɚɟɬ ɢɥɢ ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɢɡɝɨɬɨɜɥɟɧɢɢ 
ɩɪɨɛɧɵɯ ɨɬɥɢɜɨɤ, ɫɨɤɪɚɳɚɟɬ ɩɪɨɰɟɫɫ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɢ ɫɧɢɠɚɟɬ 
ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɨɬɥɢɜɤɢ. ȼɢɡɭɚɥɢɡɚɰɢɹ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɥɢɬɟɣɧɨɣ 
ɬɟɯɧɨɥɨɝɢɢ, ɬɚɤɢɯ ɤɚɤ: ɡɚɩɨɥɧɟɧɢɟ ɪɚɫɩɥɚɜɨɦ ɩɨɥɨɫɬɢ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ, 
ɨɯɥɚɠɞɟɧɢɟ ɢ ɡɚɬɜɟɪɞɟɜɚɧɢɟ ɦɟɬɚɥɥɚ, ɟɝɨ ɤɨɪɨɛɥɟɧɢɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɩɨɡɜɨɥɹɟɬ ɥɭɱɲɟ ɩɨɧɹɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɷɬɢɯ 
ɩɪɨɰɟɫɫɨɜ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɭɩɪɚɜɥɹɬɶ ɢɦɢ ɫ ɰɟɥɶɸ 
ɫɧɢɠɟɧɢɹ ɛɪɚɤɚ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɨɬɥɢɜɨɤ ɢ ɩɨɜɵɲɟɧɢɹ ɜɵɯɨɞɚ ɝɨɞɧɨɝɨ. 

 



6 

 

ɐɟɥɶ ɪɚɛɨɬɵ: Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɤɢ ɢɡ ɠɚɪɨɩɪɨɱɧɨɝɨ 
ɫɩɥɚɜɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɩɪɨɝɪɚɦɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɥɢɬɟɣɧɵɯ 

ɩɪɨɰɟɫɫɨɜ. 
 
Ɂɚɞɚɱɢ:  ɂɡɭɱɢɬɶ ɫɜɨɣɫɬɜɚ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ. Ʉɨɷɮɮɢɰɢɟɧɬ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɩɭɬɢ ɟɝɨ ɭɜɟɥɢɱɟɧɢɹ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɝɪɚɦɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɥɢɬɟɣɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɫɧɢɠɟɧɢɸ ɪɚɫɯɨɞɚ 
ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢɱɢɧɵ, ɫɞɟɪɠɢɜɚɸɳɢɟ ɛɨɥɟɟ ɲɢɪɨɤɨɟ ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟ.  
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1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ. Ɉɛɳɢɟ 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.  

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. 

Ʉɪɚɬɤɨɜɪɟɦɟɧɧɚɹ ɩɪɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɢɫɩɵɬɚɧɢɣ ɧɚ 
ɪɚɫɬɹɠɟɧɢɟ ɪɚɡɪɵɜɧɵɯ ɨɛɪɚɡɰɨɜ. Ɉɛɪɚɡɰɵ ɩɨɦɟɳɚɸɬ ɜ ɩɟɱɶ ɢ ɢɫɩɵɬɵɜɚɸɬ 
ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ.  

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. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɤɨɪɨɫɬɶ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ 
ɧɚɝɪɭɡɤɟ ɜɵɪɚɠɚɟɬɫɹ ɤɪɢɜɨɣ ɫɨɫɬɨɹɳɟɣ ɢɡ ɬɪɟɯ ɭɱɚɫɬɤɨɜ. Ʉɪɢɜɚɹ ɩɨɥɡɭɱɟɫɬɢ 
ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɨɤ 1. 
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Ɋɢɫɭɧɨɤ 1 – 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. 
ɉɪɟɞɟɥ ɩɨɥɡɭɱɟɫɬɢ – ɧɚɩɪɹɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɡɚ ɨɩɪɟɞɟɥɟɧɧɨɟ ɜɪɟɦɹ ɩɪɢ 

ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɡɵɜɚɟɬ ɡɚɞɚɧɧɨɟ ɫɭɦɦɚɪɧɨɟ ɭɞɥɢɧɟɧɢɟ ɢɥɢ 
ɡɚɞɚɧɧɭɸ ɫɤɨɪɨɫɬɶ ɞɟɮɨɪɦɚɰɢɢ. [1] 

 
2 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 
ɩɪɟɜɨɫɯɨɞɢɬ 5 %, ɥɢɛɨ ɫɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜɫɟɯ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ 
— ɛɨɥɟɟ 10 %. 
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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 %). 

 
ɋɬɚɥɢ ɩɟɪɥɢɬɧɨɝɨ ɤɥɚɫɫɚ 
 
ɋɪɟɞɢ ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ ɜɵɫɨɤɨɣ ɠɚɪɨɩɪɨɱɧɨɫɬɶɸ 

ɨɬɥɢɱɚɸɬɫɹ ɦɨɥɢɛɞɟɧɫɨɞɟɪɠɚɳɢɟ ɫɬɚɥɢ, ɧɚɩɪɢɦɟɪ, ɯɪɨɦɨɦɨɥɢɛɞɟɧɨɜɵɟ, 
ɯɪɨɦɨɦɨɥɢɛɞɟɧɨɜɚɧɚɞɢɟɜɵɟ, ɯɪɨɦɨɦɨɥɢɛɞɟɧɨɜɨɥɶɮɪɚɦɜɚɧɚɞɢɟɜɵɟ, 
ɢɦɟɸɳɢɟ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɥɡɭɱɟɫɬɢ ɢ ɞɥɢɬɟɥɶɧɭɸ 
ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 565–580 °ɋ. Ɍɚɤɢɟ ɫɬɚɥɢ ɭɫɥɨɜɧɨ ɧɚɡɵɜɚɸɬ 
ɬɟɩɥɨɭɫɬɨɣɱɢɜɵɦɢ. ɋɬɚɥɶ ɩɟɪɥɢɬɨɝɨ ɤɥɚɫɫɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2. 

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. ȼ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɩɚɪɨɩɪɨɜɨɞɧɵɯ ɢ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶɧɵɯ ɬɪɭɛ, ɚ ɬɚɤɠɟ ɞɥɹ ɩɪɨɤɚɬɚ ɢ ɩɨɤɨɜɨɤ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ 
ɬɭɪɛɢɧɚɯ ɢ ɩɚɪɨɜɵɯ ɤɨɬɥɚɯ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 2 – Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɥɚɫɬɢɧɱɚɬɨɝɨ ɩɟɪɥɢɬɚ 

 
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 ɞɢɫɤɨɜ ɬɭɪɛɢɧ, ɚ ɬɚɤɠɟ ɞɥɹ ɤɪɟɩɟɠɧɵɯ ɞɟɬɚɥɟɣ. 
Ɉɪɢɟɧɬɢɪɨɜɨɱɧɚɹ ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɞɥɹ ɫɬɚɥɢ 15ɏ12ȼɇɆɎ — 550–580 
°ɋ ɢ 570–600 °ɋ — ɞɥɹ ɫɬɚɥɢ 18ɏ12ȼɆȻɎɊ. 

 
ɋɬɚɥɢ ɚɭɫɬɟɧɢɬɧɨɝɨ ɤɥɚɫɫɚ 
 

ɋɬɚɥɶ ɚɭɫɬɟɧɢɬɧɨɝɨ ɤɥɚɫɫɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɨɤ 3.  ȼ ɨɫɧɨɜɧɨɦ ɷɬɨ 
ɯɪɨɦɨɧɢɤɟɥɟɜɵɟ ɫɬɚɥɢ ɫ ɫɨɞɟɪɠɚɧɢɟɦ Cr ɢ Ni ɜ ɩɪɟɞɟɥɚɯ ɨɬ 7 ɞɨ 25 % 
ɤɚɠɞɨɝɨ, ɧɚɪɹɞɭ ɫ ɤɨɬɨɪɵɦɢ ɩɪɢɫɭɬɫɬɜɭɸɬ W, Mo, Ti, Nb ɢ ɞɪ. ȼ ɬɚɛɥɢɰɚɯ 
1,2 ɩɪɢɜɟɞɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɨɪɬɨɜɨɝɨ ɩɪɨɤɚɬɚ ɢɡ 
ɠɚɪɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ. 
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Ɋɢɫɭɧɨɤ 3 – Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɚɭɫɬɟɧɢɬɚ 

 
ɗɬɨ ɫɚɦɚɹ ɦɧɨɝɨɱɢɫɥɟɧɧɚɹ ɝɪɭɩɩɚ ɠɚɪɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ (ȽɈɋɌ 5632–

72). 
 

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

ɋɬɚɥɶ Ʉɥɚɫɫ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

ı ɜ, 
Ɇɉɚ 

ı 0,2, 
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 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1 
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ɋɬɚɥɶ Ʉɥɚɫɫ 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

ıɜ, 
Ɇɉɚ 

ı 0,2, 
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 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2 
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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 – 

 
ɋɬɚɥɢ ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɤɥɚɫɫɚ 
 

Ɇɚɪɬɟɧɫɢɬ – ɷɬɨ ɡɟɪɧɚ ɢɝɨɥɶɱɚɬɨɣ ɮɨɪɦɵ ɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɦɟɬɚɥɥɚ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɩɟɪɟɧɚɫɵɳɟɧɧɵɣ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ ɭɝɥɟɪɨɞɚ ɜ ɚɥɶɮɚ-
ɠɟɥɟɡɟ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɦɚɪɬɟɧɫɢɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4. Ɍɚɤɚɹ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɫɬɚɥɟɣ, ɩɪɨɲɟɞɲɢɯ ɩɪɨɰɟɞɭɪɭ ɡɚɤɚɥɤɢ, ɚ 
ɬɚɤɠɟ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɱɢɫɬɵɯ ɦɟɬɚɥɥɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɩɨɥɢɦɨɪɮɢɡɦɨɦ. ɋɜɨɢɦ 
ɧɚɡɜɚɧɢɟɦ ɦɚɪɬɟɧɫɢɬ ɨɛɹɡɚɧ Ⱥɞɨɥɶɮɭ Ɇɚɪɬɟɧɫɭ – ɧɟɦɟɰɤɨɦɭ ɭɱɟɧɨɦɭ, 
ɩɨɫɜɹɬɢɜɲɟɦɭ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɫɜɨɟɣ ɠɢɡɧɢ ɜɨɩɪɨɫɚɦ ɢɡɭɱɟɧɢɹ ɦɟɬɚɥɥɨɜ ɢ ɢɯ 
ɫɜɨɣɫɬɜ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɚɪɬɟɧɫɢɬɧɵɟ ɫɬɚɥɢ ɢɡ-ɡɚ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɜɨɟɣ 
ɫɬɪɭɤɬɭɪɵ ɨɬɥɢɱɚɸɬɫɹ ɫɚɦɨɣ ɜɵɫɨɤɨɣ ɬɜɟɪɞɨɫɬɶɸ ɫɪɟɞɢ ɩɨɞɨɛɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ. 
 

 
 
 
 
 
 
 
 
 
 

Ɋɢɫɭɧɨɤ 4 – Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɦɚɪɬɟɧɫɢɬɚ 

 
ɋ ɬɚɤɢɦ ɹɜɥɟɧɢɟɦ, ɤɚɤ ɦɚɪɬɟɧɫɢɬɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ, ɩɪɨɢɫɯɨɞɹɳɢɦ ɩɪɢ 

ɧɚɝɪɟɜɟ ɢ ɨɯɥɚɠɞɟɧɢɢ ɫɬɚɥɢ, ɫɜɹɡɚɧ ɭɧɢɤɚɥɶɧɵɣ ɷɮɮɟɤɬ «ɩɚɦɹɬɢ ɦɟɬɚɥɥɚ», 
ɨɛɧɚɪɭɠɟɧɧɵɣ ɢ ɨɩɢɫɚɧɧɵɣ ɭɱɟɧɵɦɢ Ƚ.ȼ. Ʉɭɪɞɸɦɨɜɵɦ ɢ Ʌ.Ƚ. ɏɚɧɞɪɨɫɨɦ ɜ 
1949 ɝɨɞɭ. ɋɭɬɶ ɞɚɧɧɨɝɨ ɷɮɮɟɤɬɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɞɟɮɨɪɦɚɰɢɹ 
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ɦɟɬɚɥɥɚ, ɫɨɡɞɚɜɚɟɦɚɹ ɜ ɧɟɦ ɜ ɬɨɬ ɦɨɦɟɧɬ, ɤɨɝɞɚ ɩɪɨɢɫɯɨɞɢɬ ɩɪɹɦɨɟ 
ɦɚɪɬɟɧɫɢɬɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ, ɩɨɥɧɨɫɬɶɸ ɢɫɱɟɡɚɟɬ ɜɨ ɜɪɟɦɹ ɨɛɪɚɬɧɨɝɨ 
ɩɪɟɜɪɚɳɟɧɢɹ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɷɮɮɟɤɬɭ ɭɱɟɧɵɦ ɭɞɚɥɨɫɶ ɫɨɡɞɚɬɶ ɫɩɥɚɜɵ, 
ɨɛɥɚɞɚɸɳɢɟ ɩɚɦɹɬɶɸ ɫɜɨɟɣ ɮɨɪɦɵ. ɂɡɞɟɥɢɹ ɢɡ ɬɚɤɢɯ ɫɩɥɚɜɨɜ, ɤɨɬɨɪɵɟ ɛɵɥɢ 
ɩɨɞɜɟɪɝɧɭɬɵ ɞɟɮɨɪɦɚɰɢɢ ɜ ɦɚɪɬɟɧɫɢɬɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɩɪɢɧɢɦɚɸɬ ɫɜɨɸ 
ɩɟɪɜɨɧɚɱɚɥɶɧɭɸ ɮɨɪɦɭ, ɟɫɥɢ ɢɯ ɧɚɝɪɟɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ, ɜɵɡɵɜɚɸɳɟɣ 
ɦɚɪɬɟɧɫɢɬɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɜ ɫɬɚɥɢ. Ɋɢɫɭɧɨɤ 5 ɞɟɦɨɧɫɬɪɢɪɭɟɬ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ ɦɚɪɬɟɧɫɢɬɚ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫɭɧɨɤ 5 – Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɪɟɲɟɬɤɚ ɦɚɪɬɟɧɫɢɬɚ 

 
Ɏɚɡɚɦɢ, ɤɨɬɨɪɵɦɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɫɟ ɫɬɚɥɢ ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɤɥɚɫɫɚ ɩɪɢ ɢɯ 
ɧɚɝɪɟɜɟ, ɹɜɥɹɸɬɫɹ: 

 Ɏɟɪɪɢɬ, ɜ ɤɨɬɨɪɨɦ ɫɨɞɟɪɠɢɬɫɹ ɨɱɟɧɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɭɝɥɟɪɨɞɚ – ɞɨ 0,02%. ɗɥɟɦɟɧɬɚɪɧɵɟ ɹɱɟɣɤɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ 
ɮɟɪɪɢɬɚ ɢɦɟɸɬ ɮɨɪɦɭ ɤɭɛɚ, ɜɟɪɲɢɧɵ, ɢ ɰɟɧɬɪ ɤɨɬɨɪɨɝɨ ɨɛɪɚɡɭɸɬ ɚɬɨɦɵ 
ɠɟɥɟɡɚ. (ȼɫɟ ɨɫɬɚɥɶɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɜ ɬɚɤɢɯ ɹɱɟɣɤɚɯ ɡɚɧɢɦɚɟɬ ɭɝɥɟɪɨɞ); 

 ɐɟɦɟɧɬɢɬ, ɜ ɤɨɬɨɪɨɦ ɫɨɞɟɪɠɚɧɢɟ ɭɝɥɟɪɨɞɚ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ – 
ɞɨ 6,67% (ɪɨɦɛɢɱɟɫɤɭɸ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ ɰɟɦɟɧɬɢɬɚ ɮɨɪɦɢɪɭɸɬ 
ɷɥɟɦɟɧɬɚɪɧɵɟ ɹɱɟɣɤɢ, ɢɦɟɸɳɢɟ ɮɨɪɦɭ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ). 

ɂɫɯɨɞɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɦɚɪɬɟɧɫɢɬɚ ɹɜɥɹɟɬɫɹ ɚɭɫɬɟɧɢɬ. 
Ʉɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɪɟɲɟɬɤɢ ɞɚɧɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ, ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɫɬɚɥɢ, ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ 
ɨɪɢɟɧɬɚɰɢɨɧɧɵɦɢ ɫɨɨɬɧɨɲɟɧɢɹɦɢ. Ɂɚɤɥɸɱɚɟɬɫɹ ɞɚɧɧɚɹ ɫɜɹɡɶ ɜ ɬɨɦ, ɱɬɨ 
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ɩɥɨɫɤɨɫɬɢ ɪɟɲɟɬɨɤ ɚɭɫɬɟɧɢɬɚ ɢ ɦɚɪɬɟɧɫɢɬɚ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɨɩɪɟɞɟɥɟɧɧɵɟ 
ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɧɞɟɤɫɵ, ɩɚɪɚɥɥɟɥɶɧɵ ɞɪɭɝ ɞɪɭɝɭ. 

Ɇɚɪɬɟɧɫɢɬ, ɮɨɪɦɢɪɭɸɳɢɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ ɫɬɚɥɟɣ, ɦɨɠɟɬ 
ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɜ ɧɟɣ ɜ ɞɜɭɯ ɮɨɪɦɚɯ. Ɋɚɡɥɢɱɧɵɟ ɬɢɩɵ ɦɚɪɬɟɧɫɢɬɚ, 
ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɡɚɤɚɥɤɟ ɚɭɫɬɟɧɢɬɚ, ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɨɤ 6. 

 

 
Ɋɢɫɭɧɨɤ 6 – Ɋɚɡɥɢɱɧɵɟ ɬɢɩɵ ɦɚɪɬɟɧɫɢɬɚ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɡɚɤɚɥɤɟ ɚɭɫɬɟɧɢɬɚ 

 
ɉɥаɫɬɢɧɱаɬɵɣ (ɞɜɨɣɧɢɤɨɜɵɣ) ɦаɪɬɟɧɫɢɬ 
 

ɗɬɚ ɫɬɪɭɤɬɭɪɚ ɮɨɪɦɢɪɭɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɢɠɟ 2000. Ɉɧɚ 
ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɭɝɥɟɪɨɞɢɫɬɵɯ ɢ ɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ. ɋɜɨɣɫɬɜɚ ɦɚɪɬɟɧɫɢɬɚ 
ɞɚɧɧɨɝɨ ɬɢɩɚ, ɩɪɢɫɭɬɫɬɜɭɸɳɟɝɨ ɜ ɫɬɪɭɤɬɭɪɟ ɦɟɬɚɥɥɚ ɜ ɜɢɞɟ ɩɥɚɫɬɢɧ, 
ɨɩɪɟɞɟɥɹɟɬ ɧɚɥɢɱɢɟ ɧɚ ɬɚɤɢɯ ɩɥɚɫɬɢɧɚɯ ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ ɦɢɞɪɢɛɚ – ɫɪɟɞɧɟɣ 
ɥɢɧɢɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣɫɹ ɩɨɜɵɲɟɧɧɨɣ ɬɪɚɜɢɦɨɫɬɶɸ. Ⱦɜɨɣɧɢɤɨɜɵɦ ɞɚɧɧɵɣ 
ɦɚɪɬɟɧɫɢɬ ɧɚɡɵɜɚɸɬ ɩɨɬɨɦɭ, ɱɬɨ ɦɢɞɪɢɛ ɤɚɠɞɨɣ ɟɝɨ ɩɥɚɫɬɢɧɵ ɨɛɪɚɡɭɟɬɫɹ 
ɦɧɨɠɟɫɬɜɨɦ ɞɜɨɣɧɢɤɨɜ. Ɍɚɤɢɟ ɞɜɨɣɧɢɤɢ, ɪɚɫɩɨɥɚɝɚɸɳɢɟɫɹ ɩɨ ɩɥɨɫɤɨɫɬɹɦ 
ɩɥɚɫɬɢɧ ɦɚɪɬɟɧɫɢɬɚ, ɢɦɟɸɬ ɬɨɥɳɢɧɭ 5–30 ɧɦ. Ɇɚɪɬɟɧɫɢɬ ɩɥɚɫɬɢɧɱɚɬɨɣ 
ɫɬɪɭɤɬɭɪɵ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 7. 
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Ɋɢɫɭɧɨɤ 7 – Ɉɩɬɢɱɟɫɤɚɹ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹ ɦɚɪɬɟɧɫɢɬɚ ɩɥɚɫɬɢɧɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ 

 
Ɋɟɟɱɧɵɣ (ɞɢɫɥɨɤаɰɢɨɧɧɵɣ) ɦаɪɬɟɧɫɢɬ 

 
ɗɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɫɬɪɭɤɬɭɪɵ ɫɬɚɥɟɣ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ 

ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɦ, ɦɚɥɨ- ɢ ɫɪɟɞɧɟɭɝɥɟɪɨɞɢɫɬɵɦ ɫɬɚɥɹɦ. Ɍɟɦɩɟɪɚɬɭɪɧɵɣ 
ɩɨɪɨɝ, ɩɪɢ ɤɨɬɨɪɨɦ ɜ ɬɚɤɢɯ ɫɬɚɥɹɯ ɩɪɨɢɫɯɨɞɢɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɦɚɪɬɟɧɫɢɬɧɨɣ 
ɫɬɪɭɤɬɭɪɵ, ɧɚɯɨɞɢɬɫɹ ɜɵɲɟ ɨɬɦɟɬɤɢ 3000. Ɇɚɪɬɟɧɫɢɬ ɞɚɧɧɨɝɨ ɬɢɩɚ ɜ ɩɨɥɧɨɦ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɜɨɢɦ ɧɚɡɜɚɧɢɟɦ ɢɦɟɟɬ ɮɨɪɦɭ ɜɵɬɹɧɭɬɵɯ ɜ ɨɞɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ ɪɟɟɤ, ɬɨɥɳɢɧɚ ɤɚɠɞɨɣ ɢɡ ɤɨɬɨɪɵɯ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ 0,2–2 
ɦɤɦ (ɩɪɢ ɷɬɨɦ ɢɯ ɞɥɢɧɚ ɛɨɥɶɲɟ ɲɢɪɢɧɵ ɩɪɢɦɟɪɧɨ ɜ 5 ɪɚɡ). ɋɬɪɭɤɬɭɪɚ 
ɦɟɬɚɥɥɚ, ɫɮɨɪɦɢɪɨɜɚɧɧɚɹ ɢɡ ɦɚɪɬɟɧɫɢɬɚ ɞɚɧɧɨɝɨ ɬɢɩɚ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ 
ɫɨɱɟɬɚɧɢɹ ɝɪɭɩɩ (ɩɚɤɟɬɨɜ) ɬɚɤɢɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɞɪɭɝ ɞɪɭɝɭ ɤɪɢɫɬɚɥɥɨɜ-ɪɟɟɤ. 
ȼ ɷɬɨɣ ɫɬɪɭɤɬɭɪɟ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɢ ɩɪɨɫɥɨɣɤɢ ɦɟɠɞɭ ɪɟɣɤɚɦɢ ɦɚɪɬɟɧɫɢɬɚ, 
ɫɨɫɬɨɹɳɢɟ ɢɡ ɨɫɬɚɬɨɱɧɨɝɨ ɚɭɫɬɟɧɢɬɚ. Ɍɨɥɳɢɧɚ ɬɚɤɢɯ ɩɪɨɫɥɨɟɤ ɜ ɫɩɥɚɜɚɯ 
ɪɚɡɧɨɝɨ ɬɢɩɚ ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ ɨɬ 10 ɞɨ 20 ɧɦ. ɇɚ ɪɢɫɭɧɤɟ 8 ɢɡɨɛɪɚɠɟɧ 
ɦɚɪɬɟɧɫɢɬ ɪɟɟɱɧɨɣ ɫɬɪɭɤɬɭɪɵ. 
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Ɋɢɫɭɧɨɤ 8 – Ɉɩɬɢɱɟɫɤɚɹ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹ ɦɚɪɬɟɧɫɢɬɚ ɪɟɟɱɧɨɣ ɫɬɪɭɤɬɭɪɵ 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ (ɜ ɱɚɫɬɧɨɫɬɢ, ɤɨɝɞɚ ɢɧɬɟɪɜɚɥ ɬɟɦɩɟɪɚɬɭɪ 
ɧɚɱɚɥɚ ɢ ɡɚɜɟɪɲɟɧɢɹ ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɫɥɢɲɤɨɦ ɛɨɥɶɲɨɣ) ɜ 
ɫɬɚɥɹɯ ɦɨɠɟɬ ɫɮɨɪɦɢɪɨɜɚɬɶɫɹ ɦɚɪɬɟɧɫɢɬ ɨɛɨɢɯ ɬɢɩɨɜ. ȼɵɫɨɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɩɪɨɱɧɨɫɬɢ ɚɭɫɬɟɧɢɬɚ, ɩɨɷɬɨɦɭ ɫɬɪɭɤɬɭɪɚ ɦɚɪɬɟɧɫɢɬɚ, 
ɮɨɪɦɢɪɭɸɳɟɝɨɫɹ ɩɪɢ ɷɬɨɦ ɜ ɫɩɥɚɜɟ, ɢɦɟɟɬ ɪɟɟɱɧɭɸ ɮɨɪɦɭ. ɉɪɢ ɩɨɧɢɠɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɝɞɚ ɩɪɨɱɧɨɫɬɶ ɚɭɫɬɟɧɢɬɚ ɜɨɡɪɚɫɬɚɟɬ, ɜ ɫɬɚɥɢ ɮɨɪɦɢɪɭɟɬɫɹ 
ɦɚɪɬɟɧɫɢɬ ɩɥɚɫɬɢɧɱɚɬɨɝɨ ɬɢɩɚ. 

ɋɭɳɟɫɬɜɭɟɬ ɨɩɪɟɞɟɥɟɧɧɚɹ ɤɚɬɟɝɨɪɢɹ ɧɢɡɤɨɭɝɥɟɪɨɞɢɫɬɵɯ ɫɬɚɥɟɣ, ɜ 
ɤɨɬɨɪɵɯ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɬ ɨɫɬɚɬɨɱɧɨɝɨ ɚɭɫɬɟɧɢɬɚ, ɚ ɫɮɨɪɦɢɪɨɜɚɜɲɢɣɫɹ 
ɦɚɪɬɟɧɫɢɬ ɢɦɟɟɬ ɬɨɥɶɤɨ ɪɟɟɱɧɭɸ ɮɨɪɦɭ. Ɍɟɦɩɟɪɚɬɭɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɜ ɬɚɤɢɯ 
ɫɬɚɥɹɯ ɧɚɛɥɸɞɚɸɬɫɹ ɦɚɪɬɟɧɫɢɬɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 4000 ɋ. 

ɍɫɥɨɜɢɟɦ ɞɥɹ ɬɚɤɨɝɨ ɹɜɥɟɧɢɹ, ɤɚɤ ɦɚɪɬɟɧɫɢɬɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ, 
ɜɵɫɬɭɩɚɟɬ ɧɟ ɮɢɤɫɢɪɨɜɚɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɚ ɨɩɪɟɞɟɥɟɧɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ 
ɩɪɨɦɟɠɭɬɨɤ. ȼɟɪɯɧɹɹ ɝɪɚɧɢɰɚ ɷɬɨɝɨ ɢɧɬɟɪɜɚɥɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɦɩɟɪɚɬɭɪɟ, 
ɤɨɬɨɪɚɹ ɦɟɧɶɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɚɭɫɬɟɧɢɬɧɨɝɨ ɪɚɫɩɚɞɚ ɧɚ ɧɟɫɤɨɥɶɤɨ ɫɨɬ 
ɝɪɚɞɭɫɨɜ. Ɉɤɨɧɱɚɧɢɟ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɤɨɬɨɪɚɹ 
ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ ɤɨɦɧɚɬɧɨɣ. Ɍɚɤɢɟ ɭɫɥɨɜɢɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɪɬɟɧɫɢɬɚ 
ɫɜɹɡɚɧɵ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ ɷɬɨɦ ɜ ɫɬɪɭɤɬɭɪɟ ɫɩɥɚɜɚ ɩɪɢɫɭɬɫɬɜɭɟɬ ɟɳɟ ɢ 
ɨɫɬɚɬɨɱɧɵɣ ɚɭɫɬɟɧɢɬ. 

Ʉɨɥɢɱɟɫɬɜɨ ɦɚɪɬɟɧɫɢɬɚ ɜ ɫɬɪɭɤɬɭɪɟ ɫɬɚɥɢ ɦɨɠɧɨ ɭɜɟɥɢɱɢɬɶ, ɟɫɥɢ 
ɩɨɞɜɟɪɝɧɭɬɶ ɫɩɥɚɜ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ. ɋɯɟɦɚ ɢɡɦɟɧɟɧɢɣ ɦɚɪɬɟɧɫɢɬɚ ɜ 
ɩɪɨɰɟɫɫɟ  ɞɟɮɨɪɦɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 9. ɗɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɟɥɚɬɶ 
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ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɪɟɠɢɦɟ, ɬɪɟɛɭɸɳɟɦɫɹ ɞɥɹ ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ. 
Ⱥɭɫɬɟɧɢɬ ɦɨɠɟɬ ɩɪɟɜɪɚɳɚɬɶɫɹ ɜ ɦɚɪɬɟɧɫɢɬ ɢ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɫɩɥɚɜ 
ɩɨɞɜɟɪɝɚɟɬɫɹ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 

 
Ɋɢɫɭɧɨɤ 9 – ɋɯɟɦɚ ɢɡɦɟɧɟɧɢɣ ɦɚɪɬɟɧɫɢɬɚ ɜ ɩɪɨɰɟɫɫɟ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ 

 
Ɋɚɫɫɦɚɬɪɢɜɚɟɦɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ɜ ɫɬɪɭɤɬɭɪɟ ɫɬɚɥɢ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ 

ɮɨɪɦɭ, ɤɨɬɨɪɚɹ ɧɚɡɵɜɚɟɬɫɹ ɦɚɪɬɟɧɫɢɬ ɨɬɩɭɫɤɚ. ɍɫɥɨɜɢɹɦɢ ɞɥɹ ɟɝɨ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɧɚɝɪɟɜ ɫɩɥɚɜɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɬɨɪɚɹ ɧɢɠɟ, ɱɟɦ 
ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɮɟɪɪɢɬɚ ɜ ɚɭɫɬɟɧɢɬ. ɏɚɪɚɤɬɟɪɧɨɣ ɱɟɪɬɨɣ 
ɩɪɨɰɟɫɫɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɛɪɚɡɭɟɬɫɹ ɦɚɪɬɟɧɫɢɬ ɨɬɩɭɫɤɚ, ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 
ɦɚɪɬɟɧɫɢɬ, ɢɦɟɸɳɢɣ ɢɝɨɥɶɱɚɬɭɸ ɢɥɢ ɩɥɚɫɬɢɧɱɚɬɭɸ ɮɨɪɦɭ, ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ 
ɤɚɪɛɢɞɧɵɟ ɜɤɥɸɱɟɧɢɹ ɫɮɟɪɢɱɟɫɤɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ. 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɧɚɱɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɚ ɜ ɦɚɪɬɟɧɫɢɬɧɭɸ, 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɦɨɥɟɤɭɥɵ ɜ ɫɨɫɬɚɜɟ ɤɪɢɫɬɚɥɥɨɜ ɬɚɤɨɝɨ ɫɩɥɚɜɚ 
ɧɚɱɢɧɚɸɬ ɭɩɨɪɹɞɨɱɟɧɧɨ ɩɟɪɟɞɜɢɝɚɬɶɫɹ, ɦɟɧɹɹ ɫɜɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ, ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɮɨɪɦɢɪɭɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ 
ɪɟɲɟɬɤɢ ɧɨɜɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ. Ɉɛɪɚɡɨɜɚɧɢɟ ɤɪɢɫɬɚɥɥɨɜ ɦɚɪɬɟɧɫɢɬɚ ɜ ɡɟɪɧɟ 
ɚɭɫɬɟɧɢɬɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 10. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɢɫɯɨɞɢɬ ɧɟ 
ɪɚɡɪɭɲɟɧɢɟ, ɚ ɬɨɥɶɤɨ ɞɟɮɨɪɦɚɰɢɹ ɹɱɟɟɤ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ, ɱɬɨ ɢ 
ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɧɨɜɨɣ ɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɚ. 

 
Ɋɢɫɭɧɨɤ 10 – Ɉɛɪɚɡɨɜɚɧɢɟ ɤɪɢɫɬɚɥɥɨɜ ɦɚɪɬɟɧɫɢɬɚ ɜ ɡɟɪɧɟ ɚɭɫɬɟɧɢɬɚ 
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Ɇɚɪɬɟɧɫɢɬɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɤɨɦɛɢɧɚɰɢɢ ɫ ɦɨɞɢɮɢɤɚɰɢɹɦɢ 
ɚɬɨɦɧɨɝɨ ɩɨɪɹɞɤɚ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɢɯ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɹɜɥɹɸɬɫɹ ɛɚɡɨɣ ɞɥɹ 
ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ, ɤɨɬɨɪɵɟ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɢɡɦɟɧɹɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɫɪɟɞɫɬɜɨɦ ɢɯ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɥɢɛɨ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. 
Ɉɫɨɛɟɧɧɨɫɬɢ ɫɬɚɥɟɣ, ɨɬɧɨɫɢɦɵɯ ɤ ɦɚɪɬɟɧɫɢɬɧɨɦɭ ɤɥɚɫɫɭ: 

 ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɪɨɬɢɜɨɞɟɣɫɬɜɢɹ ɤɨɪɪɨɡɢɢ ɜ ɪɚɫɬɜɨɪɚɯ 
ɳɟɥɨɱɟɣ, ɧɟɤɨɬɨɪɵɯ ɤɢɫɥɨɬɧɵɯ ɪɚɫɬɜɨɪɚɯ, ɜ ɭɫɥɨɜɢɹɯ ɩɨɜɵɲɟɧɧɨɣ 
ɜɥɚɠɧɨɫɬɢ; 

 ȼɵɫɨɤɚɹ ɠɚɪɨɩɪɨɱɧɨɫɬɶ: ɞɚɧɧɭɸ ɩɨɥɟɡɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ 
ɦɚɪɬɟɧɫɢɬɧɵɣ ɦɟɬɚɥɥ ɩɨɥɭɱɚɟɬ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜɵɩɨɥɧɹɟɬɫɹ ɟɝɨ ɡɚɤɚɥɤɚ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɤɨɥɨ 1050 ɝɪɚɞɭɫɨɜ, ɚ ɡɚɬɟɦ ɢ ɨɬɩɭɫɤ ɧɚ ɬɪɨɨɫɬɢɬ ɥɢɛɨ 
ɫɨɪɛɢɬ; 

 ɋɩɨɫɨɛɧɨɫɬɶ ɤ ɫɚɦɨɡɚɤɚɥɢɜɚɧɢɸ; 
 Ɇɚɥɚɹ ɩɥɚɫɬɢɱɧɨɫɬɶ ɩɪɢ ɜɵɫɨɤɨɦ ɩɨɤɚɡɚɬɟɥɟ ɬɜɟɪɞɨɫɬɢ, ɧɚ 

ɤɨɬɨɪɭɸ ɧɟ ɨɤɚɡɵɜɚɸɬ ɧɢɤɚɤɨɝɨ ɜɥɢɹɧɢɹ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɜɨɞɢɦɵɟ ɜ ɫɩɥɚɜ 
ɥɟɝɢɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ; 

 ȼɵɫɨɤɚɹ ɜɨɞɨɪɨɞɨɭɫɬɨɣɱɢɜɨɫɬɶ, ɫɜɨɣɫɬɜɟɧɧɚɹ ɬɚɤɢɦ ɦɚɪɤɚɦ 
ɫɬɚɥɢ, ɤɚɤ ɏ5ȼɎ, ɏ5Ɇ, ɏ9Ɇ; 

 ɫɥɨɠɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɦɟɬɚɥɥɚ ɪɟɡɚɧɢɟɦ. 
ɉɨɩɭɥɹɪɧɵɟ ɦɚɪɤɢ ɦɚɪɬɟɧɫɢɬɧɵɯ ɫɬɚɥɶɧɵɯ ɫɩɥɚɜɨɜ: 

 20ɏ13: ɜ ɧɟɦ ɫɨɞɟɪɠɢɬɫɹ ɨɬ 12 ɞɨ 14 % ɯɪɨɦɚ, ɦɟɧɟɟ 0,8 % 
ɦɚɪɝɚɧɰɚ ɢ ɤɪɟɦɧɢɹ, ɨɬ 0,16 ɞɨ 0,25 % ɭɝɥɟɪɨɞɚ, ɬɚɤɚɹ ɫɬɚɥɶ ɧɟ ɥɟɝɢɪɭɟɬɫɹ 
ɧɢɤɟɥɟɦ; 

 10ɏ12ɇȾɅ: ɨɫɨɛɟɧɧɨɫɬɶ – ɛɨɥɶɲɨɟ ɫɨɞɟɪɠɚɧɢɟ ɧɢɤɟɥɹ (ɨɬ 1 ɞɨ 
1,5 %); 

 18ɏ11ɆɇɎȻ: ɧɟ ɛɨɥɟɟ 11,5 % ɯɪɨɦɚ, ɨɬ 0,5 ɞɨ 1 % ɧɢɤɟɥɹ, ɞɨ 
0,21 % ɭɝɥɟɪɨɞɚ, ɨɬ 0,8 ɞɨ 1,1 % ɦɨɥɢɛɞɟɧɚ; 

 12ɏ11ȼ2ɆɎ, 10ɏ9ɆɎȻ, 13ɏ11ɇ2ȼ2ɆɎ, 15ɏ11ɆɎ: ɥɟɝɢɪɭɸɬɫɹ 
ɜɚɧɚɞɢɟɦ (ɨɬ 0,18 ɞɨ 0,4 %) ɢ ɦɨɥɢɛɞɟɧɨɦ (ɨɬ 0,35 ɞɨ 1,1 %) ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ 
ɫɬɚɧɞɚɪɬɧɵɦ ɞɨɛɚɜɤɚɦ. 

ɂɫɩɨɥɶɡɭɸɬɫɹ ɨɩɢɫɵɜɚɟɦɵɟ ɫɬɚɥɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ: 
 Ɋɨɬɨɪɨɜ ɢ ɤɨɪɩɭɫɨɜ ɝɚɡɨɜɵɯ ɢ ɩɚɪɨɜɵɯ ɬɭɪɛɢɧ; 
 ɋɜɚɪɧɵɯ ɚɩɩɚɪɚɬɨɜ ɢ ɫɨɫɭɞɨɜ ɫ ɧɚɝɪɭɡɤɚɦɢ ɧɟ ɛɨɥɟɟ 16Ɇɩɚ; 
 Ⱦɢɚɮɪɚɝɦ ɬɭɪɛɢɧ (ɩɚɪɨɜɵɯ); 
 ɋɨɫɬɚɜɥɹɸɳɢɯ ɧɚɫɨɫɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
 Ʌɨɩɚɬɨɤ ɬɭɪɛɢɧ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɩɚɪɭ; 
 ɉɪɭɠɢɧ; 
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 ɉɨɞɜɟɪɝɚɸɳɢɯɫɹ ɧɚɝɪɟɜɭ ɩɨɜɟɪɯɧɨɫɬɟɣ ɤɨɥɥɟɤɬɨɪɨɜ, ɤɨɬɥɨɜ, 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ; 

 ɏɢɪɭɪɝɢɱɟɫɤɨɝɨ, ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɢ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ; 
 ɉɥɚɫɬɢɧ ɤɨɦɩɪɟɫɫɨɪɨɜ ɫ ɤɥɚɩɚɧɚɦɢ [8]. 
 
ɋɩɥɚɜɵ ɧɚ ɠɟɥɟɡɨɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ 
 

ɋɩɥɚɜɵ ɧɚ ɠɟɥɟɡɨɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɨɤ 11. Ɉɧɢ 
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. ɋɩɥɚɜɵ 
ɜɬɨɪɨɣ ɝɪɭɩɩɵ ɛɥɚɝɨɞɚɪɹ ɩɨɜɵɲɟɧɧɨɦɭ ɫɨɞɟɪɠɚɧɢɸ Cr ɠɚɪɨɫɬɨɣɤɢɟ, ɩɨ 
ɠɚɪɨɩɪɨɱɧɵɦ ɫɜɨɣɫɬɜɚɦ ɨɧɢ ɭɫɬɭɩɚɸɬ ɫɩɥɚɜɚɦ ɩɟɪɜɨɣ ɝɪɭɩɩɵ, ɧɚɩɪɢɦɟɪ, 
ɫɩɥɚɜ ɏɇ38ȼɌ. 

 

 
 

Ɋɢɫɭɧɨɤ 11 – ȼɧɟɲɧɢɣ ɜɢɞ ɥɢɬɵɯ ɩɪɭɬɤɨɜɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ɧɚ ɠɟɥɟɡɨɧɢɤɟɥɟɜɨɣ 
ɨɫɧɨɜɟ 

 
ɋɩɥɚɜɵ ɏɇ35ȼɌ, ɏɇ35ȼɆɌ, ɏɇ35ȼɌɘ ɩɨɫɬɚɜɥɹɸɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 

ɜ ɜɢɞɟ ɝɨɪɹɱɟɤɚɬɚɧɵɯ ɢ ɤɨɜɚɧɵɯ 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 ɠɟɥɟɡɨɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ ɩɪɢɦɟɧɹɸɬ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɩɚɪɨɜɵɯ ɢ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ [11]. 

 
ɋɩɥɚɜɵ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ 
 

ɋɩɥɚɜɵ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɞɜɟ ɝɪɭɩɩɵ (ȽɈɋɌ  
5632–72): 1) ɫɩɥɚɜɵ, ɩɪɢɦɟɧɹɟɦɵɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɤɚɤ ɠɚɪɨɩɪɨɱɧɵɟ, ɢ 2) 
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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. ɀɚɪɨɩɪɨɱɧɵɟ ɧɢɤɟɥɟɜɵɟ ɫɩɥɚɜɵ 
ɢɡɝɨɬɨɜɥɹɸɬ ɜ ɜɢɞɟ ɫɨɪɬɨɜɨɝɨ ɩɪɨɤɚɬɚ (ɩɪɭɬɤɢ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ) ɢ ɜ ɜɢɞɟ 
ɩɨɤɨɜɨɤ ɪɚɡɥɢɱɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ. ɋɩɥɚɜɵ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ ɩɪɢɜɟɞɟɧɵ 
ɧɚ ɪɢɫɭɧɤɟ 12. 

 
 

 
 

Ɋɢɫɭɧɨɤ 12 – ȼɧɟɲɧɢɣ ɜɢɞ ɥɢɬɵɯ ɩɪɭɬɤɨɜɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ 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). ɋɩɨɫɨɛɫɬɜɭɸɳɢɯ ɪɚɮɢɧɢɪɨɜɚɧɢɸ ɦɟɬɚɥɥɚ ɢ 
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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 
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. 

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 %. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɠɚɪɨɩɪɨɱɧɨɝɨ ɫɩɥɚɜɚ ɏɇ77ɌɘɊ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 13 
[13]. 
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Ɋɢɫɭɧɨɤ 13 – Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɠɚɪɨɩɪɨɱɧɨɝɨ 
ɫɩɥɚɜɚ ɏɇ77ɌɘɊ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

 
ɋɩɥɚɜɵ ɧɚ ɤɨɛɚɥɶɬɨɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ 
 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ ɥɟɝɢɪɨɜɚɧɢɟ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɤɨɛɚɥɶɬɨɦ ɩɨɜɵɲɚɟɬ 
ɢɯ ɠɚɪɨɩɪɨɱɧɵɟ ɫɜɨɣɫɬɜɚ, ɚ ɬɚɤɠɟ ɭɥɭɱɲɚɟɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɩɥɚɫɬɢɱɧɨɫɬɶ. 
ɋɨɞɟɪɠɚɧɢɟ ɤɨɛɚɥɶɬɚ ɞɨɥɠɧɨ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨ. ȼ ɨɬɟɱɟɫɬɜɟɧɧɵɯ 
ɦɚɪɤɚɯ ɬɚɤɢɯ ɫɩɥɚɜɨɜ ɫɨɞɟɪɠɚɧɢɟ ɤɨɛɚɥɶɬɚ ɜɚɪɶɢɪɭɸɬ ɨɬ 5 ɞɨ 15 %. ȼ 
ɡɚɪɭɛɟɠɧɵɯ ɦɚɪɤɚɯ 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 
ɤɨɛɚɥɶɬɨɫɨɞɟɪɠɚɳɢɯ ɫɩɥɚɜɨɜ. ɍ ɜɫɟɯ ɷɬɢɯ ɫɩɥɚɜɨɜ ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ 
ɚɥɸɦɢɧɢɹ (4,5–6 %), ɩɪɢɱɟɦ ɩɟɪɜɵɟ ɬɪɢ ɫɩɥɚɜɚ ɧɟ ɫɨɞɟɪɠɚɬ ɬɢɬɚɧɚ [7]. 

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. ɋɯɟɦɚ 
ɉɨɜɵɲɟɧɢɟ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɥɚɫɬɢɱɧɨɫɬɢ ɥɢɬɟɣɧɵɯ ɠɚɪɨɩɪɨɱɧɵɯ 
ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɞɥɹ ɥɨɩɚɬɨɤ ɬɭɪɛɢɧ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 14. 
ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɥɢɬɶɹ ɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɥɟɝɢɪɨɜɚɧɢɹ 
ɨɛɟɫɩɟɱɢɥɨ ɫɭɳɟɫɬɜɟɧɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫɩɥɚɜɨɜ, ɩɪɢɱɟɦ 
ɧɚɩɪɚɜɥɟɧɧɵɟ ɢ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɫɩɥɚɜɵ ɝɪɭɩɩɵ ɀɋ ɫɬɚɥɢ ɛɨɥɟɟ 
ɩɥɚɫɬɢɱɧɵɦɢ.  ɉɪɟɞɟɥɶɧɵɟ ɪɚɛɨɱɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɞɟɮɨɪɦɢɪɭɟɦɵɯ 
ɫɩɥɚɜɨɜ ɧɟ ɩɪɟɜɵɲɚɸɬ 1000 °ɋ [4]. 
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Ɋɢɫɭɧɨɤ 14 – ɉɨɜɵɲɟɧɢɟ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ (ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ) ɢ ɩɥɚɫɬɢɱɧɨɫɬɢ 

(ɲɬɪɢɯɨɜɚɹ ɥɢɧɢɹ) ɥɢɬɟɣɧɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ ɞɥɹ ɥɨɩɚɬɨɤ ɬɭɪɛɢɧ 

 
2.1 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. Ⱦɟɬɚɥɢ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɫɩɥɚɜɚ ɗɉ975-
ɂȾ, ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 15. 

 

 
 

Ɋɢɫɭɧɨɤ 15 – 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 
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ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ – ɧɚ 15% (ɡɚɪɭɛɟɠɧɵɟ ɫɩɥɚɜɵ Rene 88DT, N18, 
LSHR); 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. 

Ⱦɟɬɚɥɢ ɢɥ ɫɩɥɚɜɚ ȼɀ175-ɂȾ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 16. 
 

 
 

Ɋɢɫɭɧɨɤ 16 – 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. 

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

ȼɀ159 – ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɣ, ɫɜɚɪɢɜɚɟɦɵɣ, ɪɟɦɨɧɬɨɩɪɢɝɨɞɧɵɣ, 
ɫɥɚɛɨɫɬɚɪɟɸɳɢɣ ɫɩɥɚɜ ɫ ɪɚɛɨɱɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɞɨ 1000 °ɋ, ɩɪɢɦɟɧɹɟɬɫɹ 
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. 
ɉɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɫɬɚɬɨɪɧɵɯ ɞɟɬɚɥɟɣ ȽɌȾ (ɠɚɪɨɜɵɯ 
ɬɪɭɛ, ɫɬɜɨɪɨɤ, ɷɤɪɚɧɨɜ, ɫɨɩɥɚ ɢ ɬ. ɞ.). Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ ɩɪɢɜɟɞɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 17. 

 
Ɋɢɫɭɧɨɤ 17 – ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɩɥɚɜɚ ȼɀ171 
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ȼɀ172 – ɜɵɫɨɤɨɩɪɨɱɧɵɣ ɫɜɚɪɢɜɚɟɦɵɣ ɞɢɫɩɟɪɫɢɨɧɧɨ-ɬɜɟɪɞɟɸɳɢɣ ɫɩɥɚɜ 
ɞɥɹ ɪɨɬɨɪɨɜ ɄȼȾ, ɤɨɪɩɭɫɨɜ ɢ ɜɵɫɨɤɨɧɚɝɪɭɠɟɧɧɵɯ ɞɟɬɚɥɟɣ ɫɬɚɬɨɪɚ ȽɌȾ. 
Ⱦɟɬɚɥɶ ɢɡ ɫɩɥɚɜɚ ȼɀ172, ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 18. 

 

 
 

Ɋɢɫɭɧɨɤ 18 – 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. ȼ ɬɚɛɥɢɰɟ 3 ɢɡɨɛɪɚɠɟɧɵ 
ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɞɟɮɨɪɦɢɪɭɟɦɵɯ, ɠɚɪɨɩɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ [12]. 

 
Ɍɚɛɥɢɰɚ 3 – Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ 
 

ɋɩɥɚɜ 
Ɋɚɛɨɱɚɹ 

ɬɟɦɩɟɪɚɬɭɪɚ, 
°ɋ 

ɋɨɞɟɪɠɚɧɢɟ 
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 
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ȼɀ175-
ɂȾ 

  50-54 1595 15 1050 640 1275 1130 

ɗɉ975-
ɂȾ 

950 53-56 1315 19 - 736 - 950 

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 

 
2.2 Ʌɢɬɟɣɧɵɟ ɠɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ 
 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɟɮɨɪɦɢɪɭɟɦɵɦɢ, ɥɢɬɟɣɧɵɟ ɫɩɥɚɜɵ ɢɦɟɸɬ ɦɟɧɶɲɭɸ 
ɩɪɨɱɧɨɫɬɶ, ɩɥɚɫɬɢɱɧɨɫɬɶ ɢ ɜɵɧɨɫɥɢɜɨɫɬɶ. ȼ ɬɚɛɥɢɰɟ 4 ɩɪɢɜɟɞɟɧɵ ɥɢɬɟɣɧɵɟ 
ɠɚɪɨɩɪɨɱɧɵɟ ɫɩɥɚɜɵ. 

 
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 



28 

 

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 
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, ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 19, ɫ 
ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɫ ɪɚɛɨɱɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɞɨ 1170°ɋ. 
ɋɩɥɚɜ ȼɀɆ4 ɜɧɟɫɟɧ ɜ ɫɩɟɰɢɮɢɤɚɰɢɸ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɉȾ-14 ɞɥɹ 
ɫɚɦɨɥɟɬɚ Ɇɋ-21 [14]. 

 

Ɋɢɫɭɧɨɤ 19 – Ⱦɜɢɝɚɬɟɥɶ ɉȾ-14 
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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. 

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 ɩɪɢɜɟɞɟɧɵ ɜ 
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   

 
Ɋɚɛɨɱɢɟ ɥɨɩɚɬɤɢ ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 20, 

ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ Ni3Al ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɞɥɹ 
ɩɪɢɦɟɧɟɧɢɹ ɜ ɞɟɬɚɥɹɯ ɤɚɦɟɪ ɫɝɨɪɚɧɢɹ ɫ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɞɨ 1300°C, 
ɬɭɪɛɢɧ – ɜ ɤɚɱɟɫɬɜɟ ɫɨɩɥɨɜɵɯ ɨɯɥɚɠɞɚɟɦɵɯ ɥɨɩɚɬɨɤ, 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»). 

ȼɄɇȺ-4ɍ Ɇɨɧɨ – ɫɩɥɚɜ ɩɪɨɲɟɥ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɢɫɩɵɬɚɧɢɟ 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» 
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(ɝ. Ɉɦɫɤ); ɪɟɤɨɦɟɧɞɨɜɚɧ ɞɥɹ ɫɟɪɢɣɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɚɦɨɥɟɬɟ ɂɥ-96 
ɢɡɨɛɪɚɠɟɧɧɨɦ ɧɚ ɪɢɫɭɧɤɟ 21. 

 

 
 

Ɋɢɫɭɧɨɤ 20 – ɪɚɛɨɱɢɟ ɥɨɩɚɬɤɢ ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ 

 

 
 

Ɋɢɫɭɧɨɤ 21 – ɫɚɦɨɥɟɬ 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 
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ɞɜɢɝɚɬɟɥɹ ɜɟɪɬɨɥɟɬɚ ȼɄ-800 ɈȺɈ «Ʉɥɢɦɨɜ». ɋɨɩɥɨɜɵɣ ɚɩɩɚɪɚɬ ɞɜɢɝɚɬɟɥɹ 
ȺɅ-31Ɏ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 22 [15]. 
 

 
Ɋɢɫɭɧɨɤ 22 – ɫɨɩɥɨɜɨɣ ɚɩɩɚɪɚɬ ɞɜɢɝɚɬɟɥɹ ȺɅ-31Ɏ ɢɡ ɫɩɥɚɜɚ ȼɄɇȺ-4ɍɊ  

 

ȼɄɇȺ-25 – ɜɧɟɲɧɢɣ ɜɢɞ ɞɜɭɯɴɹɪɭɫɧɨɝɨ ɛɥɨɤɚ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ 
ɦɚɥɨɝɚɛɚɪɢɬɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɢɡ ɫɩɥɚɜɚ ȼɄɇȺ-25 ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 23. 
ɋɩɥɚɜ ɩɪɨɲɟɥ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɟ ɨɩɪɨɛɨɜɚɧɢɟ ɫ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɷɮɮɟɤɬɨɦ ɜ 
ɫɨɫɬɚɜɟ ɦɚɥɨɝɚɛɚɪɢɬɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɆȾ-120 ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ ɎȽɍɉ "ɇɉɐ 
Ƚɚɡɨɬɭɪɛɨɫɬɪɨɟɧɢɹ «ɋɚɥɸɬ»" 

 
Ɋɢɫɭɧɨɤ 23 – ɜɧɟɲɧɢɣ ɜɢɞ ɞɜɭɯɴɹɪɭɫɧɨɝɨ ɛɥɨɤɚ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɦɚɥɨɝɚɛɚɪɢɬɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ ɢɡ ɫɩɥɚɜɚ ȼɄɇȺ-25 
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ȼɄɇȺ-1ȼ ɢ ȼɄɇȺ-4ɍ – ɫɩɥɚɜɵ ɜɧɟɫɟɧɵ ɜ ɫɩɟɰɢɮɢɤɚɰɢɸ 
ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɉȾ-14 ɞɥɹ ɫɚɦɨɥɟɬɚ Ɇɋ-21. ɉɪɨɱɧɨɫɬɧɵɟ 
ɫɜɨɣɫɬɜɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɫɩɥɚɜɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 6 [5]. 
 
Ɍɚɛɥɢɰɚ 6 – ɩɪɨɱɧɨɫɬɧɵɟ 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°   

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 

 
3 ɋɨɜɪɟɦɟɧɧɨɟ ɩɥɚɜɢɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɢɦɟɧɹɟɦɨɟ ɞɥɹ 

ɜɵɩɥɚɜɤɢ ɥɟɝɢɪɨɜɚɧɧɵɯ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɠɟɥɟɡɚ 
 
ȼɵɩɥɚɜɤɭ ɬɚɤɨɣ ɫɬɚɥɢ ɩɪɨɢɡɜɨɞɹɬ ɜ ɢɧɞɭɤɰɢɨɧɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 

ɩɟɱɚɯ.  
Ⱦɥɹ ɜɵɩɥɚɜɤɢ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɥɟɝɢɪɨɜɚɧɧɵɯ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ 

ɠɟɥɟɡɚ ɩɪɢɦɟɧɹɸɬ ɛɟɫɫɟɪɞɟɱɧɢɤɨɜɵɟ ɢɧɞɭɤɰɢɨɧɧɵɟ ɩɟɱɢ, ɪɚɛɨɬɚɸɳɢɟ ɩɨ 
ɩɪɢɧɰɢɩɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

ɉɟɪɟɦɟɧɧɵɣ ɬɨɤ, ɩɨɞɜɨɞɢɦɵɣ ɤ ɢɧɞɭɤɬɨɪɭ ɢ ɹɜɥɹɸɳɢɣɫɹ ɩɟɪɜɢɱɧɨɣ 
ɨɛɦɨɬɤɨɣ, ɢɧɞɭɤɬɢɪɭɟɬ ɬɨɤ ɜ ɪɚɫɩɥɚɜɥɟɧɧɨɦ ɦɟɬɚɥɥɟ, ɜɵɩɨɥɧɹɸɳɟɦ ɪɨɥɶ 
ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ. ɉɪɢ ɷɬɨɦ ɝɟɧɟɪɢɪɨɜɚɧɢɟ ɬɟɩɥɚ ɩɪɨɢɫɯɨɞɢɬ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɲɢɯɬɟ, ɡɚɝɪɭɠɟɧɧɨɣ ɜ ɬɢɝɟɥɶ ɜɧɭɬɪɢ 
ɢɧɞɭɤɬɨɪɚ. ɗɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɢɣ ɬɟɩɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ 
ɞɟɣɫɬɜɢɹ  ɢ ɞɟɥɚɟɬ ɢɧɞɭɤɰɢɨɧɧɵɟ ɩɟɱɢ ɧɚɢɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɦɢ ɜ 
ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ ɚɝɪɟɝɚɬɚɦɢ. ɂɧɞɭɤɰɢɨɧɧɚɹ ɩɟɱɶ ɫɨɫɬɨɢɬ ɢɡ 
ɨɝɧɟɭɩɨɪɧɨɝɨ ɬɢɝɥɹ, ɨɤɪɭɠɟɧɧɨɝɨ ɬɟɩɥɨɜɨɣ ɢɡɨɥɹɰɢɟɣ, ɢ ɧɚɯɨɞɹɳɟɝɨɫɹ 
ɜɧɭɬɪɢ ɡɦɟɟɜɢɤɚ ɜ ɜɢɞɟ ɦɟɞɧɨɣ ɬɪɭɛɤɢ, ɩɨ ɤɨɬɨɪɨɣ ɬɟɱɟɬ, ɜɨɞɚ ɞɥɹ 
ɨɯɥɚɠɞɟɧɢɹ. ɉɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɩɨ ɡɦɟɟɜɢɤɭ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɜɵɫɨɤɨɣ 
ɱɚɫɬɨɬɵ ɜ ɦɟɬɚɥɥɟ, ɧɚɯɨɞɹɳɟɦɫɹ ɜ ɬɢɝɥɟ, ɨɛɪɚɡɭɸɬɫɹ ɜɢɯɪɟɜɵɟ ɬɨɤɢ ɛɨɥɶɲɨɣ 
ɫɢɥɵ, ɛɵɫɬɪɨ ɧɚɝɪɟɜɚɸɳɢɟ ɦɟɬɚɥɥ ɞɨ ɩɥɚɜɥɟɧɢɹ. ȼɢɯɪɟɜɵɟ ɬɨɤɢ ɷɧɟɪɝɢɱɧɨ 
ɩɟɪɟɦɟɲɢɜɚɸɬ ɦɟɬɚɥɥ, ɫɩɨɫɨɛɫɬɜɭɹ ɷɬɢɦ ɨɱɢɳɟɧɢɸ ɟɝɨ ɨɬ ɩɪɢɦɟɫɢ. 
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ɉɥɚɜɤɚ ɫɬɚɥɢ ɜ ɢɧɞɭɤɰɢɨɧɧɵɯ ɩɟɱɚɯ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɥɟɞɭɸɳɢɟ 
ɩɪɟɢɦɭɳɟɫɬɜɚ: ɛɵɫɬɪɨɬɭ ɩɥɚɜɤɢ, ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɨɤɢɫɥɟɧɢɟ ɲɢɯɬɵ, 
ɧɟɛɨɥɶɲɨɣ ɭɝɚɪ, ɛɵɫɬɪɨɟ ɩɨɥɭɱɟɧɢɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. 

ɇɟɞɨɫɬɚɬɤɨɦ ɷɬɢɯ ɩɟɱɟɣ ɹɜɥɹɟɬɫɹ ɛɨɥɶɲɚɹ ɫɬɨɢɦɨɫɬɶ ɢɯ, ɚ ɬɚɤɠɟ 
ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɫɬɨɣɤɨɫɬɢ ɢ ɩɪɨɱɧɨɫɬɢ ɬɢɝɥɟɣ, 
ɢɡɝɨɬɨɜɥɟɧɢɟ ɤɨɬɨɪɵɯ ɫɥɨɠɧɨ. ȼɫɟ ɷɬɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɲɢɪɨɤɨɦɭ ɜɧɟɞɪɟɧɢɸ 
ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɩɟɱɟɣ. Ɍɚɤɢɟ ɩɟɱɢ ɩɪɢɦɟɧɹɸɬ ɬɨɥɶɤɨ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɧɚɢɛɨɥɟɟ ɰɟɧɧɵɯ ɢ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɫɨɪɬɨɜ ɫɬɚɥɟɣ [3]. 
 

 Ɉɛɡɨɪ ɩɥɚɜɢɥɶɧɵɯ ɢɧɞɭɤɰɢɨɧɧɨ-ɬɢɝɟɥɶɧɵɯ ɩɟɱɟɣ 
 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɂɌɉ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɨɛɭɫɥɨɜɥɟɧɨ ɪɹɞɨɦ 
ɩɪɟɢɦɭɳɟɫɬɜ: 

 Ɉɬɫɭɬɫɬɜɢɟ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɬɨ ɟɫɬɶ 
ɜɵɞɟɥɟɧɢɟ ɷɧɟɪɝɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɡɚɝɪɭɡɤɟ; 

 ɋɬɚɛɢɥɶɧɨɫɬɶ ɫɜɨɣɫɬɜ ɩɨɥɭɱɚɟɦɨɝɨ ɦɟɬɚɥɥɚ; 
 Ɇɢɧɢɦɚɥɶɧɵɣ ɭɝɚɪ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɦɟɬɚɥɥɚ; 
 ɂɧɬɟɧɫɢɜɧɨɟ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɞɜɢɠɟɧɢɟ ɦɟɬɚɥɥɚ ɜ ɬɢɝɥɟ ɛɟɡ  

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
 ɉɪɨɫɬɨɬɚ ɢ ɭɞɨɛɫɬɜɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɩɟɱɢ, ɭɩɪɚɜɥɟɧɢɹ ɢ 

ɪɟɝɭɥɢɪɨɜɤɢ ɩɪɨɰɟɫɫɚ ɩɥɚɜɤɢ, ɲɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɦɟɯɚɧɢɡɚɰɢɢ ɢ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ;  

 ȼɵɫɨɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ; 
 ɏɨɪɨɲɢɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ ɩɪɨɦɵɲɥɟɧɧɨ – ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ 

ɩɟɪɫɨɧɚɥɚ, ɚ ɬɚɤɠɟ ɦɚɥɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɇɚɪɹɞɭ ɫ 
ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɫɜɨɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɂɌɉ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɧɟɞɨɫɬɚɬɤɢ:  
Ȼɨɥɶɲɢɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ, ɨɫɨɛɟɧɧɨ ɞɥɹ ɭɫɬɚɧɨɜɨɤ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ 
ɩɨɜɵɲɟɧɧɵɯ ɢ ɜɵɫɨɤɢɯ ɱɚɫɬɨɬɚɯ;  

 Ɉɬɫɭɬɫɬɜɢɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɧɚɝɪɟɜɚ ɲɥɚɤɚ, ɲɥɚɤ ɝɪɟɟɬɫɹ 
ɬɨɥɶɤɨ ɨɬ ɪɚɫɩɥɚɜɥɹɟɦɨɝɨ ɦɟɬɚɥɥɚ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɡɚɬɪɭɞɧɹɸɬɫɹ ɩɪɨɰɟɫɫɵ 
ɪɚɮɢɧɢɪɨɜɚɧɢɹ, ɚ ɫɬɨɣɤɨɫɬɶ ɮɭɬɟɪɨɜɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɚɹ. 
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Ɉɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɂɌɉ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 24 - ɤɨɪɩɭɫ ɩɟɱɢ, 
ɜɟɪɯɧɹɹ ɩɥɨɳɚɞɤɚ, ɩɨɥɨɫɬɶ ɮɭɬɟɪɨɜɤɢ ɫɥɢɜɧɨɝɨ ɧɨɫɢɤɚ, ɫɬɚɥɶɧɨɣ ɲɚɛɥɨɧ 
ɞɥɹ ɧɚɛɢɜɤɢ ɮɭɬɟɪɨɜɤɢ ɬɢɝɥɹ, ɢɡɨɥɢɪɭɸɳɢɟ ɩɨɞɫɬɚɜɤɢ ɫɟɤɰɢɣ ɤɨɪɩɭɫɚ, 
ɲɚɪɧɢɪɧɚɹ ɨɩɨɪɚ, ɲɬɭɰɟɪɵ ɜɨɞɨɨɯɥɚɠɞɟɧɢɹ ɢɧɞɭɤɬɨɪɚ, ɦɨɫɬ ɩɨɞɚɱɢ 
ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɢɧɞɭɤɬɨɪ, ɜɨɞɨɨɯɥɚɠɞɚɟɦɵɣ ɢɧɞɭɤɬɨɪ, ɪɭɤɨɹɬɤɚ ɚɜɚɪɢɣɧɨɝɨ 
ɪɭɱɧɨɝɨ ɧɚɤɥɨɧɚ, ɪɟɞɭɤɬɨɪ ɧɚɤɥɨɧɚ. 

 

Ɋɢɫɭɧɨɤ 24 – Ɉɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɢɧɞɭɤɰɢɨɧɧɨ-ɬɢɝɟɥɶɧɨɣ ɩɟɱɢ ɮɢɪɦɵ «Inductotherm 
Group»  

 
ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɨɬɤɪɵɬɵɟ ɂɌɉ ɫɪɟɞɧɟɣ ɱɚɫɬɨɬɵ ɞɥɹ 

ɩɥɚɜɤɢ ɫɬɚɥɢ ɺɦɤɨɫɬɶɸ ɞɨ 2,5 ɬ ɩɪɢ ɦɨɳɧɨɫɬɢ ɞɨ 2,5 Ɇȼɬ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɦɟɫɬɢɦɨɫɬɢ ɂɌɉ ɪɚɛɨɬɚɸɬ ɜ ɱɚɫɬɨɬɧɨɦ ɞɢɚɩɚɡɨɧɟ 0,15 ÷ 10 ɤȽɰ. ɋ 
ɭɜɟɥɢɱɟɧɢɟɦ ɱɚɫɬɨɬɵ ɩɪɢ ɬɨɦ ɠɟ ɬɨɤɟ, ɜ ɢɧɞɭɤɬɨɪɟ ɜɨɡɪɚɫɬɚɟɬ ɦɨɳɧɨɫɬɶ 
ɂɌɉ. 

ɂɫɬɨɱɧɢɤɚɦɢ ɩɢɬɚɧɢɹ ɫɪɟɞɧɟɣ ɱɚɫɬɨɬɵ ɞɥɹ ɬɢɝɟɥɶɧɵɯ ɩɟɱɟɣ ɹɜɥɹɸɬɫɹ 
ɫɬɚɬɢɱɟɫɤɢɟ (ɬɢɪɢɫɬɨɪɧɵɟ ɢ ɬɪɚɧɡɢɫɬɨɪɧɵɟ) ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ. Ⱦɥɹ 
13 ɩɢɬɚɧɢɹ ɢɧɞɭɤɰɢɨɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ (ɫɜɵɲɟ 250 ɤȼɬ) 
ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚɯɨɞɹɬ ɬɢɪɢɫɬɨɪɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ 
(Ɍɉɑ). 

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɭ ɂɌɉ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɨɤ (ɨɛɵɱɧɨ 0,03 – 
0,15 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɚɫɬɨɬɵ) ɢ ɢɡɦɟɧɹɟɬɫɹ ɜ ɯɨɞɟ ɩɥɚɜɤɢ, ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ 
ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɨɧɞɟɧɫɚɬɨɪɧɵɟ 
ɛɚɬɚɪɟɢ ɫ ɪɟɝɭɥɢɪɭɟɦɨɣ ɺɦɤɨɫɬɶɸ. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɟɤɨɬɨɪɵɯ ɬɢɩɨɜ ɨɬɤɪɵɬɵɯ ɢ ɜɚɤɭɭɦɧɵɯ 
ɂɌɉ, ɜɵɩɭɫɤɚɟɦɵɯ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɞɥɹ ɩɥɚɜɤɢ ɫɬɚɥɢ (ɬɢɩ ɂɋɌ ɢ ɂɋȼ),  
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ɪɚɧɧɟɟ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɜɨ «ȼɇɂɂɗɌɈ», ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 7. Ɍɟɯɧɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɍɉɑ ɩɪɨɢɡɜɨɞɫɬɜɚ «ɊɗɅɌȿɄ» ɩɪɢɜɟɞɟɧɵ  ɜ ɬɚɛɥɢɰɟ 8, ɚ ɬɚɤ 
ɠɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɉɉɑ ɩɪɨɢɡɜɨɞɫɬɜɚ «Ʉɭɪɚɣ» ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 9. 
 

Ɍɚɛɥɢɰɚ 7 – Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɨɬɤɪɵɬɵɯ ɢɧɞɭɤɰɢɨɧɧɵɯ ɬɢɝɟɥɶɧɵɯ 
ɩɟɱɟɣ ɞɥɹ ɩɥɚɜɤɢ ɫɬɚɥɢ ɪɚɡɪɚɛɨɬɤɢ «ȼɇɂɂɗɌɈ» 

 

 
 Ɋɚɫɫɦɨɬɪɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ ɂɌɉ, ɩɪɨɢɡɜɨɞɢɦɵɯ ɮɢɪɦɚɦɢ: 

«ɊɗɅɌȿɄ» (ȿɤɚɬɟɪɢɧɛɭɪɝ), «ɂɧɞɭɤɬɨɪ» (ɇɨɜɨɡɵɛɤɨɜ), «ABP» (Ƚɟɪɦɚɧɢɹ), 
«EGES» (Ɍɭɪɰɢɹ), «OTTO JUNKER» (Ƚɟɪɦɚɧɢɹ), «ULVAC» (əɩɨɧɢɹ). 
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Ɍɚɛɥɢɰɚ 8 – Ⱦɚɧɧɵɟ ɂɌɉ ɩɪɨɢɡɜɨɞɫɬɜɚ «ɊɗɅɌȿɄ»  

 
Ɍɚɛɥɢɰɚ 9 – Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ Ɍɉɑ ɩɪɨɢɡɜɨɞɫɬɜɚ «Ʉɭɪɚɣ» 

 
Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɧɟɤɨɬɨɪɵɯ ɬɢɩɨɜ ɡɚɪɭɛɟɠɧɵɯ ɂɌɉ, ɚ ɬɚɤɠɟ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ ɩɪɨɢɡɜɨɞɫɬɜɚ «EGES» ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 10. 
Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɂɌɉ ɩɪɨɢɡɜɨɞɫɬɜɚ «OTTO JUNKER» ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 11. 
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Ɍɚɛɥɢɰɚ 10 – Ⱦɚɧɧɵɟ ɂɌɉ ɢ Ɍɉɑ ɩɪɨɢɡɜɨɞɫɬɜɚ «EGES»  

 
Ɍɚɛɥɢɰɚ 11 – Ⱦɚɧɧɵɟ ɂɌɉ ɩɪɨɢɡɜɨɞɫɬɜɚ «OTTO JUNKER»  

 
ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɩɪɨɢɡɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɚɯ 7 – 11  ɜɢɞɧɨ, ɱɬɨ: 

 ɂɌɉ ɞɥɹ ɩɥɚɜɤɢ ɫɬɚɥɢ ɩɢɬɚɸɬɫɹ ɨɬ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɫɪɟɞɧɟɣ 
ɱɚɫɬɨɬɵ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɡɚɝɪɭɡɤɟ;  

 ɍɞɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɫɬɚɥɟɩɥɚɜɢɥɶɧɵɯ ɂɌɉ ɜ ɫɪɟɞɧɟɦ ɫɨɫɬɚɜɥɹɟɬ 
ɨɤɨɥɨ 1 ɤȼɬ/ɤɝ.;   

 Ⱦɢɚɩɚɡɨɧ ɱɚɫɬɨɬ ɩɢɬɚɧɢɹ ɂɌɉ ɫɨɫɬɚɜɥɹɟɬ ɜ ɫɪɟɞɧɟɦ ɨɬ 0,5 ɞɨ 8 
ɤȽɰ. 

 

Ɉɫɧɨɜɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɜ ɪɚɡɜɢɬɢɢ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɗɌɄ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɩɨɜɵɲɟɧɢɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɜɵɩɭɫɤɚ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɦɟɬɚɥɥɚ. 
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ɋɨɜɪɟɦɟɧɧɵɣ ɩɨɞɯɨɞ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɂɌɉ ɤɚɤ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɝɨ, 
ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɷɤɨɧɨɦɢɱɧɨɝɨ ɩɥɚɜɢɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ, ɩɪɟɞɩɨɥɚɝɚɟɬ 
ɭɩɪɚɜɥɟɧɢɟ ɬɟɩɥɨɜɵɦ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɪɟɠɢɦɚɦɢ ɧɚ ɜɫɟɯ ɫɬɚɞɢɹɯ ɩɥɚɜɤɢ ɫ 
ɰɟɥɶɸ ɫɨɤɪɚɳɟɧɢɹ ɜɪɟɦɟɧɢ ɩɥɚɜɤɢ. 

Ɉɫɨɛɟɧɧɨɫɬɢ ɩɥɚɜɤɢ ɫɬɚɥɢ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɂɌɉ: ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɣ 
ɪɚɡɨɝɪɟɜ ɡɚɝɪɭɡɤɢ ɫ ɜɵɞɟɥɟɧɢɟɦ ɷɧɟɪɝɢɢ ɜ ɟɺ ɨɛɴɺɦɟ, ɢɧɬɟɧɫɢɜɧɨɟ 
ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɦɟɬɚɥɥɚ, ɜɵɫɨɤɢɣ ɤ.ɩ.ɞ., ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɵɣ ɪɚɫɯɨɞ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɬɨɧɧɭ ɜɵɩɥɚɜɥɹɟɦɨɝɨ ɦɟɬɚɥɥɚ. 

ɉɨɜɵɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɂɌɉ ɩɪɨɢɡɨɲɥɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 
ɱɚɫɬɨɬɵ ɩɢɬɚɧɢɹ ɨɬ 50 ɞɨ 500 Ƚɰ ɞɥɹ ɤɪɭɩɧɵɯ ɩɟɱɟɣ. ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ 
ɪɚɡɦɟɪɨɜ ɩɟɱɢ ɨɩɬɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 1,0 – 10,0 ɤȽɰ 
ɞɥɹ ɩɟɱɟɣ ɜɦɟɫɬɢɦɨɫɬɶɸ 10-400 ɤɝ. Ⱦɥɹ ɦɚɥɵɯ ɩɟɱɟɣ ɜɦɟɫɬɢɦɨɫɬɶɸ ɦɟɧɶɲɟ 1 
ɤɝ ɨɩɬɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɨɡɪɚɫɬɚɟɬ ɞɨ 440 ɤȽɰ. 

Ɉɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɭɱɺɬ ɜɪɟɦɟɧɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɩɥɚɜɤɢ ɞɥɹ ɡɚɞɚɧɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɜɵɛɢɪɚɬɶ 
ɧɟɨɛɯɨɞɢɦɭɸ ɦɨɳɧɨɫɬɶ ɢ ɱɚɫɬɨɬɭ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɂɌɉ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɟɺ ɝɚɛɚɪɢɬɚɦɢ. Ⱦɥɹ ɫɬɚɥɟɩɥɚɜɢɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɫ ɺɦɤɨɫɬɶɸ ɡɚɝɪɭɡɤɢ ɫɜɵɲɟ 1 
ɬɨɧɧɵ ɬɪɟɛɭɸɬɫɹ: 1 ɱɚɫ ɧɚ ɩɥɚɜɤɭ, 30 ɦɢɧɭɬ ɧɚ ɨɱɢɫɬɤɭ, ɪɚɮɢɧɢɪɨɜɚɧɢɟ ɢ 
ɤɨɪɪɟɤɬɢɪɨɜɤɭ, 30 ɦɢɧɭɬ ɧɚ ɪɚɡɥɢɜɤɭ ɢ ɡɚɝɪɭɡɤɭ ɲɢɯɬɵ. Ɂɚɜɢɫɢɦɨɫɬɢ 
ɜɪɟɦɟɧɢ ɩɥɚɜɤɢ, ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɂɌɉ, ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 25, ɝɞɟ 
ɢɡɨɛɪɚɠɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɩɥɚɜɤɢ ɢ ɺɦɤɨɫɬɢ ɬɢɝɥɹ ɩɪɢ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 1 ɬ/ɱ ɩɨ ɫɬɚɥɢ (1 – ɩɪɢ ɫɪɟɞɧɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɩɟɪɟɦɟɲɢɜɚɧɢɹ, 2 – ɩɪɢ ɜɵɫɨɤɨɣ), ɨɬ ɱɚɫɬɨɬɵ. Ɍɚɤɨɣ ɜɵɛɨɪ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɂɌɉ ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɪɚɜɞɚɧ. 

 
Ɋɢɫɭɧɨɤ 25 – ɦɢɧɢɦɚɥɶɧɵɟ ɜɪɟɦɹ ɩɥɚɜɤɢ ɢ ɺɦɤɨɫɬɶ ɩɟɱɢ ɩɪɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 

1ɬ/ɱ ɜ ɮɭɧɤɰɢɢ ɪɚɛɨɱɟɣ ɱɚɫɬɨɬɵ 
ɉɥɚɜɢɥɶɧɵɟ ɩɟɱɢ ɤɨɦɩɚɧɢɢ ABP. Ʉɨɦɩɚɧɢɢ ASEA ɢ BBC ɹɜɥɹɥɢɫɶ 

ɩɪɚɤɬɢɱɟɫɤɢ ɟɞɢɧɫɬɜɟɧɧɵɦɢ ɡɚɪɭɛɟɠɧɵɦɢ ɩɨɫɬɚɜɳɢɤɚɦɢ ɢɧɞɭɤɰɢɨɧɧɵɯ 
ɩɥɚɜɢɥɶɧɵɯ ɩɟɱɟɣ ɧɚ ɪɵɧɨɤ ɋɨɜɟɬɫɤɨɝɨ ɋɨɸɡɚ. ɂɯ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɨɫɧɚɳɟɧɵ 
ɤɪɭɩɧɟɣɲɢɟ ɥɢɬɟɣɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɚ. ȼ 1971 ɝ. BBC ɩɪɨɞɚɟɬ ɥɢɰɟɧɡɢɸ ɧɚ 
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ɩɪɨɢɡɜɨɞɫɬɜɨ ɤɪɭɩɧɨɬɨɧɧɚɠɧɵɯ ɢɧɞɭɤɰɢɨɧɧɵɯ ɩɟɱɟɣ ɩɪɨɦɵɲɥɟɧɧɨɣ 
ɱɚɫɬɨɬɵ Ɇɢɧɢɫɬɟɪɫɬɜɭ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɋɋɋɊ. 

ȼ ɩɨɫɬɫɨɜɟɬɫɤɢɣ ɩɟɪɢɨɞ ɤɨɦɩɚɧɢɟɣ Ⱥȼȼ – ȺȼɊ ɜ Ɋɨɫɫɢɸ ɩɨɫɬɚɜɥɟɧɨ 
ɛɨɥɟɟ 30-ɬɢ ɫɪɟɞɧɟɱɚɫɬɨɬɧɵɯ ɩɥɚɜɢɥɶɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɟɦɤɨɫɬɶɸ ɨɬ 1ɬ ɞɨ 30ɬ 
ɫ ɟɞɢɧɢɱɧɨɣ ɦɨɳɧɨɫɬɶɸ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɞɨ 12000 ɤȼɬ. 

Ⱦɥɹ ɩɥɚɜɤɢ ɱɟɪɧɵɯ ɦɟɬɚɥɥɨɜ, ɤɨɦɩɚɧɢɹ ABP Induction ɩɪɟɞɥɚɝɚɟɬ 
ɩɪɢɜɟɞɟɧɧɵɟ ɧɢɠɟ ɫɟɪɢɢ ɫɪɟɞɧɟɱɚɫɬɨɬɧɵɯ ɢɧɞɭɤɰɢɨɧɧɵɯ ɬɢɝɟɥɶɧɵɯ ɩɟɱɟɣ, 
ɜ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɢ, ɩɪɢɫɩɨɫɨɛɥɟɧɧɵɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɪɢɦɟɧɟɧɢɣ ɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ: 

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

•ɋɟɪɢɹ IFM – ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɟ ɢɧɞɭɤɰɢɨɧɧɵɟ ɬɢɝɟɥɶɧɵɟ ɩɟɱɢ 
ɟɦɤɨɫɬɶɸ ɨɬ 6ɬ ɞɨ 37ɬ ɦɨɳɧɨɫɬɶɸ ɞɨ 16000 ɤȼɬ  

•Ʉɪɭɩɧɨɬɨɧɧɚɠɧɵɟ ɢɧɞɭɤɰɢɨɧɧɵɟ ɬɢɝɟɥɶɧɵɟ ɩɟɱɢ ɟɦɤɨɫɬɶɸ 20 – 60 ɬ 
ɦɨɳɧɨɫɬɶɸ ɞɨ 17000 ɤȼɬ. [17]. 
 

ɉɥɚɜɢɥɶɧɵɟ ɩɟɱɢ ɤɨɦɩɚɧɢɢ Inductotherm. Ʉɨɦɩɚɧɢɹ ɹɜɥɹɟɬɫɹ 
ɤɪɭɩɧɟɣɲɢɦ ɜ ɦɢɪɟ ɢɡɝɨɬɨɜɢɬɟɥɟɦ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɩɥɚɜɢɥɶɧɨɝɨ ɢ 
ɧɚɝɪɟɜɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Inductotherm Corp. ɢɦɟɟɬ ɛɨɥɟɟ ɱɟɦ 50-
ɥɟɬɧɸɸ ɢɫɬɨɪɢɸ, ɩɪɨɢɡɜɨɞɢɬ ɢ ɩɪɨɞɚɟɬ ɨɛɨɪɭɞɨɜɚɧɢɹ ɛɨɥɶɲɟ, ɱɟɦ ɜɫɟ 
ɤɨɧɤɭɪɟɧɬɵ ɜ ɦɢɪɟ ɜɦɟɫɬɟ ɜɡɹɬɵɟ, ɧɚɩɪɢɦɟɪ: ɛɨɥɟɟ 60 % ɪɵɧɤɚ 
ɢɧɞɭɤɰɢɨɧɧɵɯ ɩɟɱɟɣ ɜ Ƚɟɪɦɚɧɢɢ ɩɪɢɧɚɞɥɟɠɢɬ Inductotherm Corp. 

Ɂɚɜɨɞɵ Inductotherm Corp. ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɫɩɨɥɨɠɟɧɵ 
ɜ 14 ɫɬɪɚɧɚɯ ɦɢɪɚ. ɉɨ ɜɫɟɦɭ ɦɢɪɭ ɭɫɬɚɧɨɜɥɟɧɨ ɛɨɥɟɟ 16000 ɟɞɢɧɢɰ 
ɨɛɨɪɭɞɨɜɚɧɢɹ Inductotherm Group [16]. 

 
4 ɋɩɨɫɨɛɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɨɬɥɢɜɨɤ ɢɡ 

ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ 
 

Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ ɩɪɢɦɟɧɹɸɬ ɦɧɨɠɟɫɬɜɨ ɫɩɨɫɨɛɨɜ ɥɢɬɶɹ:  
 ɜ ɩɟɫɱɚɧɵɟ ɮɨɪɦɵ; 
 ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ; 
 ɜ ɤɨɤɢɥɶ; 
 ɩɨɞ ɞɚɜɥɟɧɢɟɦ; 
 ɰɟɧɬɪɨɛɟɠɧɨɟ ɥɢɬɶɺ ɢ ɬ.ɞ. 
Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɫɩɨɫɨɛɚ ɥɢɬɶɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɨɛɴɺɦɨɦ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɨɱɧɨɫɬɢ 
ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɥɢɜɤɢ, ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶɸ ɢ 
ɞɪɭɝɢɦɢ ɮɚɤɬɨɪɚɦɢ. 

 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ:  
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ɉɨ ɭɫɥɨɜɢɹɦ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɫɩɨɫɨɛɚ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɪɚɡɥɢɱɚɸɬ ɨɬɥɢɜɤɢ: 

 ɝɪɭɩɩɚ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ – ɞɥɹ ɞɟɬɚɥɟɣ, ɧɟ ɪɚɫɫɱɢɬɵɜɚɟɦɵɯ ɧɚ 
ɩɪɨɱɧɨɫɬɶ. Ʉɨɧɮɢɝɭɪɚɰɢɹ ɢ ɪɚɡɦɟɪɵ ɢɯ ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɨɥɶɤɨ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɫɨɨɛɪɚɠɟɧɢɹɦɢ;   

 ɝɪɭɩɩɚ ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ ɨɬɥɢɜɤɢ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ, ɪɚɫɫɱɢɬɵɜɚɟɦɵɯ ɧɚ ɩɪɨɱɧɨɫɬɶ ɢ ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ 
ɰɢɤɥɢɱɟɫɤɢɯ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɤɚɯ;   

 ɝɪɭɩɩɚ ɨɬɥɢɜɨɤ ɨɫɨɛɨ ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ, ɪɚɫɫɱɢɬɵɜɚɟɦɵɯ ɧɚ ɩɪɨɱɧɨɫɬɶ ɢ ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ 
ɰɢɤɥɢɱɟɫɤɢɯ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɤɚɯ. 

Ɋɚɡɧɨɨɛɪɚɡɢɟ ɜɵɩɭɫɤɚɟɦɨɝɨ ɥɢɬɶɹ ɜɵɡɵɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɩɪɢɦɟɧɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɬɟɯɧɨɥɨɝɢɟɣ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ 
ɢɫɯɨɞɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ.  
Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ ɢɡ ɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ ɦɚɫɫɨɣ ɨɬ ɧɟɫɤɨɥɶɤɢɯ 
ɝɪɚɦɦɨɜ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ ɤɢɥɨɝɪɚɦɦɨɜ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɥɢɬɶɺ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ [9]. 

 
5 Ʌɢɬɶɟ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ 
 

ɋɭɳɧɨɫɬɶ ɥɢɬɶɹ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ ɫɜɨɞɢɬɫɹ ɤ ɢɡɝɨɬɨɜɥɟɧɢɸ 
ɨɬɥɢɜɨɤ, ɡɚɥɢɜɤɨɣ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɜ ɪɚɡɨɜɭɸ, ɬɨɧɤɨɫɬɟɧɧɭɸ, 
ɧɟɪɚɡɴɺɦɧɭɸ ɥɢɬɟɣɧɭɸ ɮɨɪɦɭ. ɂɡɝɨɬɨɜɥɟɧɧɭɸ ɢɡ ɠɢɞɤɨɩɨɞɜɢɠɧɨɣ 
ɨɝɧɟɭɩɨɪɧɨɣ ɫɭɫɩɟɧɡɢɢ ɩɨ ɦɨɞɟɥɹɦ ɪɚɡɨɜɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ (ɪɚɡɨɜɵɟ 
ɜɵɩɥɚɜɥɹɟɦɵɟ ɦɨɞɟɥɢ ɢɡɝɨɬɨɜɥɹɸɬ ɢɡ ɥɟɝɤɨɩɥɚɜɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ - 
ɩɚɪɚɮɢɧɚ, ɜɨɫɤɚ, ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɢ ɞɪɭɝɢɯ ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ) ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɡɚɬɜɟɪɞɟɜɚɧɢɟɦ ɡɚɥɢɬɨɝɨ ɦɟɬɚɥɥɚ, ɨɯɥɚɠɞɟɧɢɟɦ ɨɬɥɢɜɤɢ ɜ 
ɮɨɪɦɟ ɢ ɢɡɜɥɟɱɟɧɢɟ ɟɺ ɢɡ ɮɨɪɦɵ. 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɨɩɟɪɚɰɢɣ ɩɪɨɰɟɫɫɚ ɥɢɬɶɹ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ 
ɦɨɞɟɥɹɦ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 26. 
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Ɋɢɫɭɧɨɤ 26 –  ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɨɩɟɪɚɰɢɣ ɩɪɨɰɟɫɫɚ ɥɢɬɶɹ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ 

 
1 – ɢɡɝɨɬɨɜɥɟɧɢɟ ɦɨɞɟɥɟɣ ɜ ɩɪɟɫɫ-ɮɨɪɦɟ;  
2 – ɫɛɨɪ ɦɨɞɟɥɟɣ ɜ ɦɨɞɟɥɶɧɵɣ ɛɥɨɤ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɫɬɨɹɤ;  
3 – ɧɚɧɟɫɟɧɢɟ ɧɚ ɦɨɞɟɥɶɧɵɣ ɛɥɨɤ ɨɝɧɟɭɩɨɪɧɨɣ ɫɭɫɩɟɧɡɢɢ; 
4 - ɨɛɫɵɩɤɚ ɫɥɨɹ ɫɭɫɩɟɧɡɢɢ ɡɟɪɧɢɫɬɵɦ ɦɚɬɟɪɢɚɥɨɦ ɜ ɤɢɩɹɳɟɦ ɫɥɨɟ. 

Ɉɬɥɢɱɢɬɟɥɶɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɥɢɬɶɹ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ 
ɹɜɥɹɸɬɫɹ ɧɢɡɤɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɜɵɫɨɤɚɹ ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɮɨɪɦɵ, 
ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ ɫɤɨɪɨɫɬɶ ɨɬɜɨɞɚ ɬɟɩɥɨɬɵ ɨɬ ɡɚɥɢɬɨɝɨ ɦɟɬɚɥɥɚ ɢ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɥɭɱɲɟɧɢɸ ɧɚɩɨɥɧɹɟɦɨɫɬɢ ɩɨɥɨɫɬɢ ɮɨɪɦɵ, ɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɩɪɢɜɨɞɢɬ ɤ ɭɤɪɭɩɧɟɧɢɸ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ ɢ ɤ ɩɨɹɜɥɟɧɢɸ 
ɭɫɚɞɨɱɧɵɯ ɪɚɤɨɜɢɧ ɢ ɩɨɪɢɫɬɨɫɬɢ ɜ ɫɬɟɧɤɚɯ ɬɨɥɳɢɧɨɣ 6 – 8 ɦɦ. Ʉɟɪɚɦɢɱɟɫɤɚɹ 
ɫɭɫɩɟɧɡɢɹ ɩɨɡɜɨɥɹɟɬ ɬɨɱɧɨ ɜɨɫɩɪɨɢɡɜɟɫɬɢ ɤɨɧɬɭɪɵ ɦɨɞɟɥɢ, ɚ ɨɛɪɚɡɨɜɚɧɢɟ 
ɧɟɪɚɡɴɺɦɧɨɣ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ ɫ ɦɚɥɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɥɭɱɟɧɢɸ ɨɬɥɢɜɨɤ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 
ɪɚɡɦɟɪɨɜ ɢ ɬɨɠɟ ɫ ɦɚɥɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ ɩɨɜɟɪɯɧɨɫɬɢ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ 
ɫɧɢɠɚɟɬ ɨɛɴɺɦ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɨɬɥɢɜɨɤ. ɉɪɢɩɭɫɤ ɧɚ ɦɟɯɚɧɢɱɟɫɤɭɸ 
ɨɛɪɚɛɨɬɤɭ ɫɨɫɬɚɜɥɹɟɬ 0,2 – 0,7 ɦɦ. Ɂɚɥɢɜɤɚ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɜ ɝɨɪɹɱɢɟ 
ɮɨɪɦɵ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɫɥɨɠɧɵɟ ɩɨ ɤɨɧɮɢɝɭɪɚɰɢɢ ɨɬɥɢɜɤɢ ɫ ɬɨɥɳɢɧɨɣ 
ɫɬɟɧɤɢ 1 – 3 ɦɦ ɢ ɦɚɫɫɨɣ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɝɪɚɦɦɨɜ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ 
ɤɢɥɨɝɪɚɦɦɨɜ ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ ɬɪɭɞɧɨɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɫɩɥɚɜɨɜ (ɬɭɪɛɢɧɧɵɟ 
ɥɨɩɚɬɤɢ), ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɯ ɫɬɚɥɟɣ (ɤɨɥɺɫɚ ɞɥɹ ɧɚɫɨɫɨɜ), ɭɝɥɟɪɨɞɢɫɬɵɯ 
ɫɬɚɥɟɣ ɜ ɦɚɫɫɨɜɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ (ɜ ɚɜɬɨ - ɢ ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɢ, ɞɪɭɝɢɯ 
ɨɬɪɚɫɥɹɯ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ). Ɉɬɥɢɜɤɢ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɦɟɬɨɞɨɦ ɥɢɬɶɹ ɩɨ 
ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ, ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 27 [10]. 
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Ɋɢɫɭɧɨɤ 27 – Ɉɬɥɢɜɤɢ ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ ɥɢɬɶɹ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ 
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6 Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬɥɢɜɨɤ ɢɡ ɫɩɥɚɜɚ 20ɏ5ɆɅ 
 
ɐɟɥɶɸ ɦɨɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɨɬɥɢɜɨɤ ɢɡ ɫɬɚɥɢ ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɤɥɚɫɫɚ (ȽɈɋɌ 977-88), ɢɫɩɨɥɶɡɭɟɦɨɣ ɞɥɹ 
ɬɚɤɢɯ ɞɟɬɚɥɟɣ, ɤɚɤ: 

 ɞɟɬɚɥɢ ɚɪɦɚɬɭɪɵ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɭɫɬɚɧɨɜɨɤ; 
 ɩɟɱɧɵɟ ɞɜɨɣɧɢɤɢ; 
  ɤɨɪɩɭɫɚ ɧɚɫɨɫɨɜ ɢ ɞɪɭɝɢɟ ɞɟɬɚɥɢ, ɪɚɛɨɬɚɸɳɢɟ ɜ ɧɟɮɬɹɧɵɯ ɫɪɟɞɚɯ ɩɨɞ 

ɞɚɜɥɟɧɢɟɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 600°C. 
ȼ ɬɚɛɥɢɰɟ 12 ɩɪɢɜɟɞɟɧ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɬɚɥɢ 20ɏ5ɆɅ.  

 
Ɍɚɛɥɢɰɚ 12 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɜ % ɫɬɚɥɢ 20ɏ5ɆɅ 

ɗɥɟɦɟɧɬ Ʉɨɥɢɱɟɫɬɜɨ 
C  0,15-0,25 
Si 0,35 – 0,70 

Mn 0,4–0,6 
Mo 0,4-0,65 

S ɞɨ 0,04 

P ɞɨ 0,04 

Cr 4 – 6,5 

Fe ɨɫɬɚɬɨɤ 

 
Ɂɚɪɭɛɟɠɧɵɟ ɚɧɚɥɨɝɢ ɦɚɪɤɢ ɫɬɚɥɢ 20ɏ5ɆɅ
 əɩɨɧɢɹ:  JIS  SCPH61 
 Ⱥɧɝɥɢɹ:  BS  625 
ɂɬɚɥɢɹ:  UNI  GX15CrMo5 
Ɏɪɚɧɰɢɹ: AFNOR   Z15CD505M 
ɑɟɯɢɹ:  CSN  42277
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ɍɞɟɥɶɧɵɣ ɜɟɫ: 7730 ɤɝ/ɦ3 
Ɍɟɪɦɨɨɛɪɚɛɨɬɤɚ: Ɉɬɠɢɝ 950°C,  Ɉɬɩɭɫɤ 680 - 720°C 
ɋɜɚɪɢɜɚɟɦɨɫɬɶ ɦɚɬɟɪɢɚɥɚ: ɊȾ, ɊȺȾ ɢ ɄɌ 
Ɏɥɨɤɟɧɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ: ɧɟ ɱɭɜɫɬɜɢɬɟɥɶɧɚ. 
ɋɤɥɨɧɧɨɫɬɶ ɤ ɨɬɩɭɫɤɧɨɣ ɯɪɭɩɤɨɫɬɢ: ɧɟ ɫɤɥɨɧɧɚ. 
Ɉɛɪɚɛɚɬɵɜɚɟɦɨɫɬɶ ɪɟɡɚɧɢɟɦ: Ʉ υ ɬɜ. ɫɩɥ=03 
Ʌɢɧɟɣɧɚɹ ɭɫɚɞɤɚ, %: 2.7 [2]. 

 
6.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɬɥɢɜɤɢ  
 

ȼ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɚ ɨɬɥɢɜɤɚ – 
ɤɨɥɟɫɨ ɤɨɦɩɪɟɫɫɨɪɚ, ɢɡ ɫɩɥɚɜɚ 20ɏ5ɆɅ, ɢɡɨɛɪɚɠɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 28. 

 

Ɋɢɫɭɧɨɤ 28 – Ʉɨɥɟɫɨ ɤɨɦɩɪɟɫɫɨɪɚ 
 

Ʉɨɦɩɪɟɫɫɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɟɯɚɧɢɡɦ, ɤɨɬɨɪɵɣ ɩɨɜɵɲɚɟɬ 
ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɣ ɬɟɤɭɱɟɣ ɫɪɟɞɵ, ɧɚɩɪɢɦɟɪ, ɝɚɡɚ, ɩɨɫɪɟɞɫɬɜɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. Ʉɨɦɩɪɟɫɫɨɪɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɪɚɡɧɵɯ ɨɛɥɚɫɬɹɯ 
ɩɪɢɦɟɧɟɧɢɹ, ɜɤɥɸɱɚɹ ɢɯ ɪɚɛɨɬɭ ɜ ɤɚɱɟɫɬɜɟ ɧɚɱɚɥɶɧɨɣ ɫɬɭɩɟɧɢ 
ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. ɋɪɟɞɢ ɪɚɡɧɵɯ ɬɢɩɨɜ ɤɨɦɩɪɟɫɫɨɪɨɜ, ɫɭɳɟɫɬɜɭɸɬ 
ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɰɟɧɬɪɨɛɟɠɧɵɟ ɤɨɦɩɪɟɫɫɨɪɵ, ɪɚɛɨɱɚɹ ɫɪɟɞɚ ɤɨɬɨɪɵɯ ɧɚ 
ɜɩɭɫɤɟ ɜ ɤɨɦɩɪɟɫɫɨɪ ɩɨɥɭɱɚɟɬ ɦɟɯɚɧɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ, ɨɛɟɫɩɟɱɢɜɚɸɳɭɸ 
ɰɟɧɬɪɨɛɟɠɧɨɟ ɭɫɤɨɪɟɧɢɟ. ȼ ɱɚɫɬɧɨɫɬɢ, ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɰɟɧɬɪɨɛɟɠɧɵɟ 
ɤɨɦɩɪɟɫɫɨɪɵ ɨɬɧɨɫɹɬɫɹ ɤ ɤɥɚɫɫɭ ɦɟɯɚɧɢɡɦɨɜ, ɢɡɜɟɫɬɧɵɯ ɩɨɞ ɧɚɡɜɚɧɢɟɦ 
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«ɬɭɪɛɨɦɟɯɚɧɢɡɦɵ» ɢɥɢ «ɬɭɪɛɨɦɚɲɢɧɵ». ɐɟɧɬɪɨɛɟɠɧɵɟ ɤɨɦɩɪɟɫɫɨɪɵ ɦɨɝɭɬ 
ɢɦɟɬɶ ɬɨɥɶɤɨ ɨɞɧɨ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ, ɬɨ ɟɫɬɶ, ɢɦɟɸɬ ɨɞɧɨɫɬɭɩɟɧɱɚɬɭɸ 
ɤɨɧɮɢɝɭɪɚɰɢɸ, ɥɢɛɨ ɧɟɫɤɨɥɶɤɨ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɪɚɛɨɱɢɯ 
ɤɨɥɟɫ, ɩɪɢ ɷɬɨɦ ɜ ɩɨɫɥɟɞɧɟɦ ɫɥɭɱɚɟ ɤɨɦɩɪɟɫɫɨɪɵ ɧɚɡɵɜɚɸɬ 
ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɵɦɢ. Ʉɚɠɞɚɹ ɢɡ ɫɬɭɩɟɧɟɣ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ 
ɨɛɵɱɧɨ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: ɜɩɭɫɤɧɨɣ ɤɚɧɚɥ ɞɥɹ ɩɪɨɬɟɤɚɧɢɹ ɪɚɛɨɱɟɣ ɬɟɤɭɱɟɣ 
ɫɪɟɞɵ, ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ ɢ ɞɢɮɮɭɡɨɪ, ɩɪɟɨɛɪɚɡɭɸɳɢɣ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ 
ɪɚɛɨɱɟɣ ɬɟɤɭɱɟɣ ɫɪɟɞɵ, ɜɵɬɟɤɚɸɳɟɣ ɢɡ ɪɨɬɨɪɚ, ɜ ɷɧɟɪɝɢɸ ɞɚɜɥɟɧɢɹ [6]. 

ɑɟɪɬɟɠ ɞɟɬɚɥɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 29. Ⱦɟɬɚɥɶ ɢɡɝɨɬɨɜɥɟɧɚ ɢɡ 
ɫɬɚɥɢ, ɦɚɪɤɢ 20ɏ5ɆɅ. 
 

 
Ɋɢɫɭɧɨɤ 29 – ɑɟɪɬɟɠ ɞɟɬɚɥɢ 

 
Ɇɧɨɸ ɪɚɡɪɚɛɨɬɚɧ ɱɟɪɬɺɠ ɨɬɥɢɜɤɢ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 30. 
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Ɋɢɫɭɧɨɤ 30 – ɑɟɪɬɟɠ ɨɬɥɢɜɤɢ 

 
6.2 Ɉɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɫɩɨɫɨɛɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɤɢ 

 

Ʌɢɬɶɟ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ – ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɨɬɥɢɜɨɤ ɜ 
ɧɟɪɚɡɴɟɦɧɵɯ ɪɚɡɨɜɵɯ ɮɨɪɦɚɯ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɨɛɨɥɨɱɤɨɜɵɯ, ɨɛɥɚɞɚɸɳɢɯ 
ɩɨɜɵɲɟɧɧɨɣ ɬɨɱɧɨɫɬɶɸ ȽɈɋɌ 26645-85. 

ɂɡɝɨɬɚɜɥɢɜɚɹ ɞɚɧɧɭɸ ɨɬɥɢɜɤɭ ɦɟɬɨɞɨɦ ɅȼɆ, ɦɵ ɫɦɨɠɟɦ ɦɚɤɫɢɦɚɥɶɧɨ 
ɩɪɢɛɥɢɡɢɬɶ ɨɬɥɢɜɤɭ ɩɨ ɮɨɪɦɟ ɢ ɪɚɡɦɟɪɚɦ ɤ ɝɨɬɨɜɨɣ ɞɟɬɚɥɢ, ɚ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ 
ɩɨɥɭɱɢɬɶ ɥɢɬɭɸ ɞɟɬɚɥɶ, ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɤɨɬɨɪɨɣ ɩɟɪɟɞ ɫɛɨɪɤɨɣ ɧɟ 
ɬɪɟɛɭɟɬɫɹ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɪɟɡɤɨ ɫɧɢɠɚɸɬɫɹ ɬɪɭɞɨɟɦɤɨɫɬɶ ɢ ɫɬɨɢɦɨɫɬɶ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɣ, ɭɦɟɧɶɲɚɟɬɫɹ ɪɚɫɯɨɞ ɦɟɬɚɥɥɚ ɢ ɢɧɫɬɪɭɦɟɧɬɚ, 
ɷɤɨɧɨɦɹɬɫɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɟɫɭɪɫɵ, ɫɨɤɪɚɳɚɟɬɫɹ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɪɚɛɨɱɢɯ 
ɜɵɫɨɤɨɣ ɤɜɚɥɢɮɢɤɚɰɢɢ, ɜ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɩɪɢɫɩɨɫɨɛɥɟɧɢɹɯ, 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɥɨɳɚɞɹɯ. Ɇɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɫɥɨɠɧɵɟ 
ɬɨɧɤɨɫɬɟɧɧɵɟ ɨɬɥɢɜɤɢ. Ɍɚɤ ɠɟ ɦɵ ɦɨɠɟɦ ɢɡɝɨɬɨɜɢɬɶ ɨɬɜɟɪɫɬɢɹ ɥɢɬɶɟɦ, ɛɟɡ 
ɩɪɢɦɟɧɟɧɢɹ ɫɬɟɪɠɧɟɣ. Ɇɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɨɬɥɢɜɤɢ ɫ ɜɵɫɨɤɨɣ 
ɬɨɱɧɨɫɬɶɸ ɢ ɯɨɪɨɲɢɦ ɤɚɱɟɫɬɜɨɦ ɩɨɜɟɪɯɧɨɫɬɢ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ 
ɢɡɝɨɬɨɜɥɟɧɢɢ ɞɚɧɧɨɣ ɨɬɥɢɜɤɢ «Ʉɨɥɟɫɨ ɤɨɦɩɪɟɫɫɨɪɚ». 

ɉɪɢɦɟɧɟɧɢɟ ɜɵɫɨɤɨɨɝɧɟɭɩɨɪɧɵɯ ɢ ɬɟɪɦɨɫɬɨɣɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɛɨɥɨɱɤɨɜɵɯ ɮɨɪɦ, ɩɪɢɝɨɞɧɵɯ ɞɥɹ ɧɚɝɪɟɜɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 
ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɥɢɬɟɣɧɨɝɨ ɫɩɥɚɜɚ ɢ ɛɵɫɬɪɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɛɟɡ 
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ɞɟɮɨɪɦɚɰɢɣ ɢ ɪɚɡɪɭɲɟɧɢɣ, ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞɵ 
ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɩɨɥɭɱɚɬɶ ɜɵɫɨɤɨ ɝɟɪɦɟɬɢɱɧɵɟ ɨɬɥɢɜɤɢ ɢ 
ɩɨɥɭɱɚɬɶ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɢɡɞɟɥɢɹ. 
 

6.3 ȼɵɛɨɪ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ 
ɫɢɫɬɟɦɵ 

Ʌɉɋ ɩɪɢ ɥɢɬɶɟ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ ɫɬɪɨɹɬ ɢɡ ɬɪɚɞɢɰɢɨɧɧɵɯ 
ɷɥɟɦɟɧɬɨɜ: ɥɢɬɧɢɤɨɜɵɯ ɜɨɪɨɧɨɤ, ɫɬɨɹɤɨɜ, ɡɭɦɩɮɨɜ ɢ ɥɢɬɧɢɤɨɜɵɯ ɯɨɞɨɜ, 
ɩɪɢɛɵɥɟɣ ɢ ɤɨɥɥɟɤɬɨɪɨɜ. Ȼɥɚɝɨɞɚɪɹ, ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɥɢɬɶɹ ɩɨ 
ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ, ɧɟɪɚɡɴɟɦɧɨɣ ɮɨɪɦɟ ɭɤɚɡɚɧɧɵɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ 
ɷɥɟɦɟɧɬɵ ɭɞɚɟɬɫɹ ɪɚɫɩɨɥɨɠɢɬɶ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ, ɦɚɤɫɢɦɚɥɶɧɨ 
ɢɫɩɨɥɶɡɭɹ ɨɛɴɟɦ ɮɨɪɦɵ. 

Ⱦɥɹ ɨɬɥɢɜɤɢ «Ʉɨɥɟɫɨ ɤɨɦɩɪɟɫɫɨɪɚ» ɥɭɱɲɟ ɜɫɟɝɨ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɭɸ ɫɢɫɬɟɦɭ 1-ɝɨ ɬɢɩɚ, ɝɞɟ ɩɢɬɚɸɳɢɣ ɷɥɟɦɟɧɬ – 
ɰɟɧɬɪɚɥɶɧɵɣ ɫɬɨɹɤ. Ʌɉɋ ɷɬɨɝɨ ɬɢɩɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɬɨɹɤ ɤɨɦɩɚɤɬɧɨɝɨ 
ɫɟɱɟɧɢɹ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ ɤɨɬɨɪɨɦɭ ɫ ɪɚɡɧɵɯ ɫɬɨɪɨɧ ɩɪɢɫɨɟɞɢɧɹɸɬɫɹ 
ɧɟɛɨɥɶɲɢɟ ɨɬɥɢɜɤɢ ɫ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ ɩɢɬɚɬɟɥɹɦɢ. ɐɟɧɬɪɚɥɶɧɵɣ ɫɬɨɹɤ 
ɹɜɥɹɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢ ɥɢɬɧɢɤɨɜɵɦ ɯɨɞɨɦ, ɢ ɤɨɥɥɟɤɬɢɜɧɨɣ ɩɪɢɛɵɥɶɸ, ɚ 
ɩɢɬɚɬɟɥɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɵɩɨɥɧɹɸɬ ɢ ɪɨɥɶ ɲɟɟɤ ɩɪɢɛɵɥɟɣ. ɋɟɱɟɧɢɟ ɫɬɨɹɤɚ 
ɢɦɟɟɬ ɮɨɪɦɭ ɤɪɭɝɚ. ɐɟɧɬɪɚɥɶɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɬɨɹɤɚ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 
ɟɫɬɟɫɬɜɟɧɧɨɟ ɡɚɦɟɞɥɟɧɢɟ ɟɝɨ ɨɯɥɚɠɞɟɧɢɹ ɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɧɚɩɪɚɜɥɟɧɧɨɦɭ 
ɡɚɬɜɟɪɞɟɜɚɧɢɸ ɩɟɪɢɮɟɪɢɣɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɨɬɥɢɜɨɤ. Ɂɭɦɩɮ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ 
ɫɬɨɹɤɚ ɫɦɹɝɱɚɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɞɟɣɫɬɜɢɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɢ ɬɟɩɥɨɜɨɝɨ ɭɞɚɪɨɜ, 
ɢɦɟɸɳɢɯ ɦɟɫɬɨ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɡɚɥɢɜɤɢ. 

ɐɟɧɬɪɚɥɶɧɵɣ ɫɬɨɹɤ ɫɥɭɠɢɬ ɨɫɧɨɜɨɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɤɨɦɩɥɟɤɫɧɨ-
ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɟɛɨɥɶɲɢɯ 
ɨɬɥɢɜɨɤ. ɉɪɢɦɟɧɟɧɢɟ ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɤɚɪɤɚɫɚ ɜ ɤɚɱɟɫɬɜɟ 
ɧɟɫɭɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɞɨɛɫɬɜɨ ɡɜɟɧɶɟɜɨɣ ɫɛɨɪɤɢ ɦɨɞɟɥɶɧɨɝɨ 
ɛɥɨɤɚ ɢ ɟɝɨ ɜɵɫɨɤɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɨɛɨɥɨɱɤɨɜɨɣ ɮɨɪɦɵ. ɍɠɟ 
ɜ ɨɬɥɢɬɨɦ ɛɥɨɤɟ ɰɟɧɬɪɚɥɶɧɵɣ ɫɬɨɹɤ ɧɚɞɟɠɧɨ ɡɚɤɪɟɩɥɹɟɬɫɹ ɜ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɹɯ ɫɬɚɧɤɨɜ ɩɪɢ ɨɱɢɫɬɤɟ ɢ ɨɬɪɟɡɤɟ ɨɬɥɢɜɨɤ. 

 
6.4 Ɋɚɫɱɟɬ ɷɥɟɦɟɧɬɨɜ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ 
 
 

Ɋɚɫɱɟɬ ɪɚɡɦɟɪɨɜ ɷɥɟɦɟɧɬɨɜ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɢɯ ɫɢɫɬɟɦ ɜ ɫɥɭɱɚɟ, 
ɤɨɝɞɚ ɬɪɟɛɭɟɬɫɹ ɩɨɥɭɱɢɬɶ ɩɥɨɬɧɵɟ ɨɬɥɢɜɤɢ ɫ ɩɨɜɵɲɟɧɧɵɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ 
ɫɜɨɣɫɬɜɚɦɢ, ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ ɦɟɬɨɞɢɤɟ, ɪɚɡɪɚɛɨɬɚɧɧɨɣ Ɇ.Ʌ. 
ɏɟɧɤɢɧɵɦ ɧɚ ɨɫɧɨɜɟ ɨɛɲɢɪɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ⱦɚɧɧɚɹ 
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ɦɟɬɨɞɢɤɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɪɚɫɱɟɬɚ ɷɥɟɦɟɧɬɨɜ Ʌɉɋ 1 – 3, 7 
ɬɢɩɨɜ. 

Ɇɟɬɨɞɢɤɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɩɨɞɜɨɞ ɦɟɬɚɥɥɚ ɤ ɧɚɢɛɨɥɟɟ ɦɚɫɫɢɜɧɵɦ 
ɭɡɥɚɦ ɨɬɥɢɜɤɢ. 

ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɨɜ ɷɥɟɦɟɧɬɨɜ ɥɢɬɧɢɤɨɜɨ-
ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɩɪɢɜɟɞɟɧɧɚɹ ɬɨɥɳɢɧɚ ɦɚɫɫɢɜɚ ɨɬɥɢɜɤɢ (ɭɡɥɚ 
ɩɢɬɚɧɢɹ) ɢ ɦɚɫɫɚ ɨɬɥɢɜɤɢ. 

Ɇɨɞɭɥɶ ɨɯɥɚɠɞɟɧɢɹ ɫɟɱɟɧɢɹ ɩɢɬɚɬɟɥɹ (ɨɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɹ 
ɩɢɬɚɬɟɥɹ ɤ ɟɝɨ ɩɟɪɢɦɟɬɪɭ) ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ: 

ɝɞɟ δɨ – ɦɨɞɭɥɶ ɨɯɥɚɠɞɟɧɢɹ ɨɬɥɢɜɤɢ ɢɥɢ ɟɟ ɦɚɫɫɢɜɧɨɝɨ ɭɡɥɚ; 

G – ɦɚɫɫɚ ɨɬɥɢɜɤɢ, ɝ.; 
Lɩ – ɞɥɢɧɚ ɩɢɬɚɬɟɥɹ, ɦɦ.;  
δɫɬ – ɦɨɞɭɥɶ ɨɯɥɚɠɞɟɧɢɹ ɫɟɱɟɧɢɹ ɫɬɨɹɤɚ (ɨɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɹ ɫɬɨɹɤɚ 
ɤ ɟɝɨ ɩɟɪɢɦɟɬɪɭ); 

 
ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɮɨɪɦɭɥɚɯ ɨɬɪɚɠɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɪɚɡɦɟɪɚɦɢ 

Ʌɉɋ ɢ ɨɬɥɢɜɤɢ, ɚ ɬɚɤɠɟ ɪɚɡɦɟɪɚɦɢ ɷɥɟɦɟɧɬɨɜ Ʌɉɋ ɱɟɪɟɡ ɦɨɞɭɥɢ ɨɯɥɚɠɞɟɧɢɹ 
δɫɬ, δɨ, δɩ ɦɚɫɫɭ ɨɬɥɢɜɤɢ G. 
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɵɯ ɨɬɥɢɜɨɤ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɫɥɟɞɭɸɳɟɟ 
ɭɫɥɨɜɢɟ: δɫɬ> δɩ> δɨ, ɬɚɤ ɤɚɤ ɩɪɢ ɷɬɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɚɩɪɚɜɥɟɧɧɨɟ 
ɡɚɬɜɟɪɞɟɜɚɧɢɟ ɨɬ ɨɬɥɢɜɤɢ ɤ ɫɬɨɹɤɭ ɢ ɩɢɬɚɧɢɟ ɨɬɥɢɜɤɢ. 

ɉɨ ɩɪɢɜɟɞɟɧɧɵɦ ɮɨɪɦɭɥɚɦ ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɪɚɡɦɟɪɵ Ʌɉɋ ɞɥɹ 
ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɫɬɚɥɶɧɵɯ ɨɬɥɢɜɨɤ. Ⱦɚɧɧɵɟ ɪɚɫɱɟɬɚ ɩɨɫɥɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ 
ɩɪɨɜɟɪɤɢ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɵ. ɉɨ ɡɚɞɚɧɧɨɣ ɦɚɫɫɟ ɨɬɥɢɜɤɢ, ɢɡɜɟɫɬɧɨɣ ɩɨ 
ɱɟɪɬɟɠɭ, ɨɩɪɟɞɟɥɹɸɬ δɨ ɢ ɜɵɛɢɪɚɸɬ ɡɧɚɱɟɧɢɟ lɩ ɢɡ ɭɫɥɨɜɢɣ ɫɛɨɪɤɢ ɛɥɨɤɨɜ 
ɦɨɞɟɥɟɣ ɢ ɨɬɪɟɡɤɢ ɨɬɥɢɜɨɤ. ȼ ɫɪɟɞɧɟɦ ɩɪɢ G < 0,5 ɤɝ ɞɥɢɧɚ lɩ = 4…10 ɦɦ, 
ɩɪɢ 0,5 < G < 1,5 ɤɝ ɞɥɢɧɚ lɩ = 8…12 ɦɦ. Ɂɚɬɟɦ ɩɨ ɬɚɛɥɢɰɟ ɩɨɥɶɡɭɹɫɶ 
ɢɡɜɟɫɬɧɵɦɢ G ɢ δɨ, ɧɚɯɨɞɹɬ ɞɢɚɦɟɬɪ ɫɬɨɹɤɚ Dɫɬ ɢ ɪɚɡɦɟɪɵ ɩɢɬɚɬɟɥɹ. ȼ 
ɪɚɡɧɨɫɬɟɧɧɵɯ ɨɬɥɢɜɤɚɯ ɫ ɦɚɫɫɢɜɧɵɦɢ ɱɚɫɬɹɦɢ ɦɨɞɭɥɶ ɨɯɥɚɠɞɟɧɢɹ δɨ ɦɨɠɧɨ 
ɪɚɫɫɱɢɬɵɜɚɬɶ ɬɨɥɶɤɨ ɩɨ ɪɚɡɦɟɪɚɦ ɦɚɫɫɢɜɧɨɣ ɱɚɫɬɢ, ɩɪɢɦɵɤɚɸɳɟɣ ɤ 
ɩɢɬɚɬɟɥɸ. ȿɫɥɢ ɪɚɫɫɱɢɬɚɧɧɨɟ ɡɧɚɱɟɧɢɟ Dɫɬ > 60 ɦɦ, ɬɨ ɩɪɢɦɟɧɹɸɬ 
ɥɢɬɧɢɤɨɜɭɸ ɫɢɫɬɟɦɭ ɫ ɤɨɥɥɟɤɬɨɪɚɦɢ, ɤɨɬɨɪɵɟ ɜɵɩɨɥɧɹɸɬ ɮɭɧɤɰɢɸ 
ɩɢɬɚɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ [24]. 
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ɉɨ ɮɨɪɦɭɥɟ 1 ɪɚɫɫɱɢɬɚɧɵ ɪɚɡɦɟɪɵ ɥɢɬɧɢɤɨɜɵɯ ɫɢɫɬɟɦ ɞɥɹ 
ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɬɚɥɶɧɵɯ ɨɬɥɢɜɨɤ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɫɥɟ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɪɨɜɟɪɤɢ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 13, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ 
ɨɩɪɟɞɟɥɢɬɶ ɪɚɡɦɟɪɵ ɷɥɟɦɟɧɬɨɜ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɢɯ ɫɢɫɬɟɦ, ɧɟ ɩɪɢɛɟɝɚɹ ɤ 
ɪɚɫɱɟɬɚɦ. 

ɇɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ ɪɚɡɦɟɪɵ ɷɥɟɦɟɧɬɨɜ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ 
ɫɢɫɬɟɦɵ ɞɥɹ ɨɬɥɢɜɤɢ «Ʉɨɥɟɫɨ ɤɨɦɩɪɟɫɫɨɪɚ».  Ɇɚɬɟɪɢɚɥ – ɠɚɪɨɩɪɨɱɧɚɹ ɫɬɚɥɶ 
20ɏ5ɆɅ. Ɇɚɫɫɚ ɨɬɥɢɜɤɢ G = 84ɝ.  

 
Ɍɚɛɥɢɰɚ 13 – ɪɚɡɦɟɪɵ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɢɯ ɫɢɫɬɟɦ ɞɥɹ ɡɧɚɱɢɬɟɥɶɧɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɫɬɚɥɶɧɵɯ ɨɬɥɢɜɨɤ ɢɡɝɨɬɨɜɥɹɟɦɵɯ ɥɢɬɶɟɦ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ 

ɦɨɞɟɥɹɦ 
 
ɉɪɢɜɟɞɟɧɧɚɹ ɬɨɥɳɢɧɚ ɦɚɫɫɢɜɧɨɝɨ ɭɡɥɚ ɨɬɥɢɜɤɢ 3 ɦɦ. 
ɉɪɢɧɢɦɚɟɦ ɞɥɢɧɭ ɩɢɬɚɬɟɥɹ l = 8 ɦɦ ɞɥɹ ɭɞɨɛɧɨɣ ɨɬɪɟɡɤɢ ɞɢɫɤɨɜɨɣ 

ɮɪɟɡɨɣ. 
Ⱦɥɹ G = 84 ɝ; δɨ = 3 ɦɦ; l = 8 ɦɦ; ɩɨ ɬɚɛɥɢɰɟ ɧɚɯɨɞɢɦ Dɫɬ = 30 ɦɦ. 
ɇɚɯɨɞɢɦ ɩɪɢɜɟɞɟɧɧɵɟ ɬɨɥɳɢɧɵ ɩɢɬɚɬɟɥɹ: 
ɩ = 3.5 ɦɦ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɥɶɰɟɜɨɣ ɩɢɬɚɬɟɥɶ, ɞɥɹ 

ɤɨɬɨɪɨɝɨ ɢɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɜɟɥɢɱɢɧ, ɨɩɪɟɞɟɥɢɦ ɥɢɧɟɣɧɵɟ ɪɚɡɦɟɪɵ 
ɩɢɬɚɬɟɥɹ: 

Lɩ = 8ɦɦ; 
Dɜɧ = 12 ɦɦ; 
Dɜɧɭɬ = 6 ɦɦ. 
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6.5 Ɋɚɡɪɚɛɨɬɤɚ ɫɯɟɦɵ ɦɨɞɟɥɶɧɨɝɨ ɛɥɨɤɚ ɫ ɷɥɟɦɟɧɬɚɦɢ ɥɢɬɧɢɤɨɜɨ-
ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ 
 

ɉɨ ɡɚɞɚɧɧɨɦɭ ɱɟɪɬɟɠɭ ɨɬɥɢɜɤɢ, ɢɡɨɛɪɚɠɟɧɧɨɦ ɧɚ ɪɢɫɭɧɤɟ 30 ɢ 
ɪɚɫɱɟɬɚɦ ɷɥɟɦɟɧɬɨɜ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ, ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɫɯɟɦɚ 
ɦɨɞɟɥɶɧɨɝɨ ɛɥɨɤɚ ɫ ɷɥɟɦɟɧɬɚɦɢ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ ɢɡɨɛɪɚɠɟɧɧɚɹ 
ɧɚ ɪɢɫɭɧɤɟ 31. 

 

Ɋɢɫɭɧɨɤ 31 – ɋɯɟɦɚ ɦɨɞɟɥɶɧɨɝɨ ɛɥɨɤɚ ɫ ɷɥɟɦɟɧɬɚɦɢ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ 
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7 ɉɨɫɬɪɨɟɧɢɟ 3D ɦɨɞɟɥɢ ɜ ɋȺɉɊ SolidWorks 
 

ɉɨ ɡɚɞɚɧɧɨɣ ɫɯɟɦɟ ɦɨɞɟɥɶɧɨɝɨ ɛɥɨɤɚ ɫ ɷɥɟɦɟɧɬɚɦɢ ɥɢɬɧɢɤɨɜɨ-
ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 31, ɜ ɫɢɫɬɟɦɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ SolidWorks ɩɨɫɬɪɨɟɧɚ 3D ɦɨɞɟɥɶ ɛɥɨɤɚ ɫ ɷɥɟɦɟɧɬɚɦɢ 
ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɚɯ 33, 34, 35. 

 

 
 

Ɋɢɫɭɧɨɤ 33 – 3D ɦɨɞɟɥɶ ɛɥɨɤɚ ɫ ɷɥɟɦɟɧɬɚɦɢ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ (ȼɢɞ ɫɩɟɪɟɞɢ) 
 

 
 

Ɋɢɫɭɧɨɤ 34 – 3D ɦɨɞɟɥɶ ɛɥɨɤɚ ɫ ɷɥɟɦɟɧɬɚɦɢ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ (ȼɢɞ ɫɜɟɪɯɭ) 
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Ɋɢɫɭɧɨɤ 35 – 3D ɦɨɞɟɥɶ ɛɥɨɤɚ ɫ ɷɥɟɦɟɧɬɚɦɢ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ (ɂɡɨɦɟɬɪɢɹ) 

 
     Ɇɟɬɚɥɥɨɟɦɤɨɫɬɶ ɞɚɧɧɨɣ ɨɬɥɢɜɤɢ ɫɨɫɬɚɜɥɹɟɬ: 

G=Gɫɬ+(Gɨ*16)  
Gɨ=16*84=1344ɝɪ. 
Gɫɬ=2731ɝɪ. 
G=4075ɝɪ. 

 
    Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɜɵɯɨɞ ɝɨɞɧɨɝɨ: 

 
 

     =1344/4075*100=32.98%. 
 
ȼɪɟɦɹ ɡɚɩɨɥɧɟɧɢɹ ɨɬɥɢɜɤɢ ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
 

Ĳ=ρ∛(δ*G),                                                                                                        
 

ɉɪɢɧɢɦɚɟɦ ɩɨ ɬɚɛɥɢɰɟ 14 ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ S = 1,5. 
 
Ɍɚɛɥɢɰɚ 14 – Ɉɩɵɬɧɵɟ ɜɟɥɢɱɢɧɵ ɤɨɷɮɮɢɰɢɟɧɬɚ S ɞɥɹ ɫɬɚɥɶɧɵɯ ɨɬɥɢɜɨɤ 

ɉɨɞɜɨɞ ɦɟɬɚɥɥɚ 
ɇɨɪɦɚɥɶɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɥɢɜɤɢ ɢ 
ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ 

ɉɨɜɵɲɟɧɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɥɢɜɤɢ ɢ 
ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ 
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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 

 
Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ ɫɬɨɹɤɚ= 30 ɦɦ, ɦɟɬɚɥɥɨɟɦɤɨɫɬɶ ɨɬɥɢɜɤɢ G = 4.075 ɤɝ. 

 
Ɍɨɝɞɚ: 
 

. 

 
ȼɵɫɨɬɚ ɨɬɥɢɜɤɢ ɜɦɟɫɬɟ: 
 

 
 
ɋɤɨɪɨɫɬɶ ɩɨɞɴɟɦɚ ɦɟɬɚɥɥɚ ɜ ɮɨɪɦɟ: 
 

 
 

 
 

8 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɥɢɬɟɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɩɪɨɝɪɚɦɦɟ LVMflow 
 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɥɢɬɧɢɤɨɜɨɣ-ɩɢɬɚɸɳɟɣ 
ɫɢɫɬɟɦɵ ɩɪɢɦɟɧɹɟɦ ɩɪɨɝɪɚɦɦɭ ɦɨɞɟɥɢɪɨɜɚɧɢɹ LVMflow. 

ɉɪɢɦɟɧɟɧɢɟ LVMFlowCV ɩɨɡɜɨɥɹɟɬ:  
• ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɪɟɠɢɦɵ ɡɚɥɢɜɤɢ ɫɩɥɚɜɚ ɢ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɨɬɥɢɜɤɢ;  
• 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.)  
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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 LVMFlow ɫɨɫɬɨɢɬ ɢɡ 
ɫɥɟɞɭɸɳɢɯ ɩɪɢɟɦɨɜ ɢ ɷɬɚɩɨɜ: 

1. Ʉɨɧɜɟɪɬɚɰɢɹ ɝɟɨɦɟɬɪɢɢ ɨɬɥɢɜɤɢ ɜ ɮɨɪɦɚɬ LVMFlow. 
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.  
Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɡɪɟɲɚɟɬ ɩɪɨɫɥɟɞɢɬɶ ɜɫɟ ɩɪɨɰɟɫɫɵ, 

ɤɨɬɨɪɵɟ ɩɪɨɢɫɯɨɞɹɬ ɜ ɦɟɬɚɥɥɟ ɩɪɢ ɡɚɩɨɥɧɟɧɢɢ ɮɨɪɦɵ, ɡɚɬɜɟɪɞɟɜɚɧɢɢ ɢ 
ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɭɫɚɞɨɱɧɵɯ ɞɟɮɟɤɬɨɜ. 

ȼ LVMFlow 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) ɢ 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 
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ɦɟɬɚɥɥɚ ɜ ɬɜɟɪɞɨ-ɠɢɞɤɨɣ 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. 

ɉɨɫɥɟ ɪɚɡɪɚɛɨɬɤɢ ɦɨɞɟɥɢ ɨɬɥɢɜɤɢ ɜ ɩɪɨɝɪɚɦɦɟ SolidWorks, 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɡɚɥɢɜɤɢ ɮɨɪɦɵ, ɜ ɩɪɨɝɪɚɦɦɟ LVMflow, ɝɞɟ 
ɡɚɞɚɸɬɫɹ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɚ [21]. 

ɉɚɪɚɦɟɬɪɵ ɡɚɥɢɜɤɢ ɦɟɬɚɥɥɚ ɩɪɢ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɨɞɢɧɚɤɨɜɵɟ: 
 ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɥɢɜɤɢ ɦɟɬɚɥɚ = 1580; 
 ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ = 20; 
 ɩɪɨɝɪɟɜ ɮɨɪɦɵ ɩɟɪɟɞ ɡɚɥɢɜɤɨɣ ɞɨ 800 ɝɪɚɞɭɫɨɜ; 
 ɤɟɪɚɦɢɱɟɫɤɚɹ ɨɛɨɥɨɱɤɚ ɬɨɥɳɢɧɨɣ 4mm. 
Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 36. 
 
Иɫɫɥɟɞɨɜаɧɢɟ №1 
 

 
Ɋɢɫɭɧɨɤ 36 – ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɩɪɨɝɪɚɦɦɟ LVMflow 

 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɜ ɤɚɤɢɯ ɦɟɫɬɚɯ ɜɨɡɦɨɠɧɨ 
ɨɛɪɚɡɨɜɚɧɢɟ ɞɟɮɟɤɬɨɜ ɭɫɚɞɨɱɧɨɝɨ ɯɚɪɚɤɬɟɪɚ. Ɋɚɡɦɟɪɵ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ 
ɫɢɫɬɟɦɵ: Dɫɬ. – 30ɦɦ., L – 300ɦɦ. 

ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɨɬɥɢɜɤɢ ɫɥɟɞɭɟɬ 
ɜɵɜɨɞ: ɞɚɧɧɚɹ ɥɢɬɧɢɤɨɜɚɹ ɫɢɫɬɟɦɚ, ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɟɡɞɟɮɟɤɬɧɭɸ ɡɚɥɢɜɤɭ. ȼ 
ɫɜɹɡɢ ɫ ɷɬɢɦ, ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ: ɢɡɦɟɧɢɬɶ ɞɢɚɦɟɬɪ ɫɬɨɹɤɚ ɫ 30 ɞɨ 40 ɦɦ. 
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Ⱦɥɹ ɬɨɱɧɨɝɨ ɩɨɢɫɤɚ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɫɥɟɞɭɟɬ ɦɧɨɝɨɤɪɚɬɧɨ ɢɡɦɟɧɹɬɶ 
ɤɨɧɮɢɝɭɪɚɰɢɸ ɷɥɟɦɟɧɬɨɜ Ʌɉɋ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɡɚɥɢɜɤɨɣ. Ɍɚɤɨɣ ɦɟɬɨɞ 
«ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɛɨɪɚ» ɩɨɡɜɨɥɢɬ ɧɚɣɬɢ ɧɭɠɧɨɟ ɪɟɲɟɧɢɟ ɞɥɹ ɭɥɭɱɲɟɧɢɹ 
ɤɚɱɟɫɬɜɚ ɨɬɥɢɜɤɢ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɛɨɪɚ, ɢɡɦɟɧɢɬɫɹ ɜɵɯɨɞ ɝɨɞɧɨɝɨ. 
ɇɚ ɪɢɫɭɧɤɟ 37 ɢɡɨɛɪɚɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɢɡɦɟɧɟɧɧɨɣ 

ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ 
 

Иɫɫɥɟɞɨɜаɧɢɟ №2 
 

Ɋɚɡɦɟɪɵ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ: Dɫɬ. – 40ɦɦ., L – 300ɦɦ. 

 
Ɋɢɫɭɧɨɤ 37 – Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɩɪɨɝɪɚɦɦɟ LVMflow, ɫ ɞɟɮɟɤɬɚɦɢ ɩɨɫɥɟ 

ɢɡɦɟɧɟɧɢɹ Ʌɉɋ 
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ɇɚ ɪɢɫɭɧɤɟ 38 ɢɡɨɛɪɚɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɢɡɦɟɧɟɧɧɨɣ 
ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ 

 
Иɫɫɥɟɞɨɜаɧɢɟ №3 
 

Ɋɚɡɦɟɪɵ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ: Dɫɬ. – 45ɦɦ., L – 320ɦɦ. 
 

 
Ɋɢɫɭɧɨɤ 38 – Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɩɪɨɝɪɚɦɦɟ LVMflow, ɫ ɞɟɮɟɤɬɚɦɢ ɩɨɫɥɟ 

ɢɡɦɟɧɟɧɢɹ Ʌɉɋ 

 ɉɨɫɥɟ ɦɧɨɠɟɫɬɜɚ ɧɟɭɞɚɱɧɵɯ ɡɚɥɢɜɨɤ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɢɡɦɟɧɢɬɶ 
ɤɨɧɫɬɪɭɤɰɢɸ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ  ɫɢɫɬɟɦɵ, ɬɚɤ ɤɚɤ ɪɚɧɟɟ ɜɵɛɪɚɧɧɚɹ, ɧɟ 
ɨɛɟɫɩɟɱɢɜɚɥɚ ɧɟɨɛɯɨɞɢɦɨɟ ɤɚɱɟɫɬɜɨ ɨɬɥɢɜɤɢ. 
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ɇɚ ɪɢɫɭɧɤɟ 39 ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɦɨɞɟɥɶɧɨɝɨ ɛɥɨɤɚ ɫ ɢɡɦɟɧɟɧɧɨɣ 
ɤɨɧɫɬɪɭɤɰɢɟɣ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ. 

Ɋɢɫɭɧɨɤ 39 – ɋɯɟɦɚ ɦɨɞɟɥɶɧɨɝɨ ɛɥɨɤɚ ɫ ɷɥɟɦɟɧɬɚɦɢ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ 
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ɉɨ ɡɚɞɚɧɧɨɣ ɫɯɟɦɟ ɦɨɞɟɥɶɧɨɝɨ ɛɥɨɤɚ ɫ ɷɥɟɦɟɧɬɚɦɢ ɥɢɬɧɢɤɨɜɨ-
ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 39, ɜ ɫɢɫɬɟɦɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ SolidWorks ɩɨɫɬɪɨɟɧɚ 3D ɦɨɞɟɥɶ ɛɥɨɤɚ ɫ ɢɡɦɟɧɟɧɧɨɣ 
ɤɨɧɫɬɪɭɤɰɢɟɣ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 40. 

 

 
 
Ɋɢɫɭɧɨɤ 40 –  3D ɦɨɞɟɥɶ ɨɬɥɢɜɤɢ ɫ ɷɥɟɦɟɧɬɚɦɢ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ 
 

ɋ ɩɪɢɦɟɧɟɧɢɟɦ ɞɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ 
ɤɚɱɟɫɬɜɨ ɨɬɥɢɜɤɢ ɭɥɭɱɲɢɥɨɫɶ. ɋɭɞɹ ɩɨ ɩɨɥɭɱɟɧɧɨɦɭ ɪɟɡɭɥɶɬɚɬɭ, 
ɢɡɨɛɪɚɠɟɧɧɨɦ ɧɚ ɪɢɫɭɧɤɟ 41, ɜɫɹ ɭɫɚɞɤɚ ɭɲɥɚ ɜ ɫɬɨɹɤ ɢ ɩɪɢɛɵɥɶ. Ⱦɚɧɧɵɣ 
ɪɟɡɭɥɶɬɚɬ ɦɨɠɧɨ ɭɥɭɱɲɢɬɶ, ɢɡɦɟɧɹɹ ɪɚɡɦɟɪɵ ɥɢɬɧɬɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ.  
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Иɫɫɥɟɞɨɜаɧɢɟ №4 
 

Ɋɚɡɦɟɪɵ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ: Dɫɬ. – 35ɦɦ., L – 320ɦɦ. 

 

Ɋɢɫɭɧɨɤ 41 – Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɩɪɨɝɪɚɦɦɟ LVMflow, ɤɚɱɟɫɬɜɟɧɧɚɹ ɨɬɥɢɜɤɚ 
ɩɨɫɥɟ ɢɡɦɟɧɟɧɢɹ Ʌɉɋ 

 
Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɟɣ 

ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 42. 
 
Иɫɫɥɟɞɨɜаɧɢɟ №5 

 

Ɋɚɡɦɟɪɵ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ: Dɫɬ. – 30ɦɦ., L – 320ɦɦ. 
 

 
 
 
 
 

 
 
 
 
 
 
 

Ɋɢɫɭɧɨɤ 42 – Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɩɪɨɝɪɚɦɦɟ LVMflow, ɤɚɱɟɫɬɜɟɧɧɚɹ ɨɬɥɢɜɤɚ ɫ 
ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɦ ɪɚɡɦɟɪɨɦ ɫɬɨɹɤɚ 
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ɗɤɫɩɟɪɢɦɟɧɬɢɪɭɹ ɫ ɪɚɡɦɟɪɚɦɢ ɫɬɨɹɤɚ, ɭɞɚɥɨɫɶ ɩɨɞɨɛɪɚɬɶ ɧɚɢɛɨɥɟɟ 
ɨɩɬɢɦɚɥɶɧɵɣ ɢ ɜɵɝɨɞɧɵɣ ɜɚɪɢɚɧɬ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ, ɧɟ 
ɜɥɢɹɸɳɟɣ ɧɚ ɤɚɱɟɫɬɜɨ ɨɬɥɢɜɤɢ: Dɫɬ = 30ɦɦ., Lɫɬ = 320ɦɦ. 
ɂɡɦɟɧɹɹ ɪɚɡɦɟɪɵ Ʌɉɋ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɥɧɵɣ ɩɟɪɟɫɱɟɬ ɞɚɧɧɵɯ ɫ ɩɨɥɭɱɟɧɢɟɦ 
ɧɨɜɨɝɨ ɜɵɯɨɞɚ ɝɨɞɧɨɝɨ [18]. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɜɵɯɨɞ ɝɨɞɧɨɝɨ ɩɪɢ ɬɚɤɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ Ʌɉɋ ɪɚɜɟɧ: 
 

 =1344/4369*100=30.76% 
 
ȼ ɩɪɚɤɬɢɤɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬɥɢɜɨɤ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ ɨɛɵɱɧɨ 

ɌȼȽ = 0,1 - 0,6, ɧɚɲɟ ɡɧɚɱɟɧɢɟ ɌȼȽ - , ɱɬɨ ɜɯɨɞɢɬ ɜ ɷɬɨɬ ɢɧɬɟɪɜɚɥ. 
 

9 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɥɢɬɟɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɩɪɨɝɪɚɦɦɟ ProCAST 

Ɋɚɡɪɚɛɨɬɱɢɤɢ ɢɡɛɪɚɥɢ ɧɟɫɬɚɧɞɚɪɬɧɵɣ ɩɭɬɶ ɩɨɫɬɪɨɟɧɢɹ ɫɢɫɬɟɦɵ: 
ɫɨɫɬɚɜɥɹɸɳɢɟ ɟɟ ɦɨɞɭɥɢ-ɪɟɲɚɬɟɥɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɟ ɤɨɧɤɪɟɬɧɵɦ ɥɢɬɟɣɧɵɦ 
ɬɟɯɧɨɥɨɝɢɹɦ, ɚ ɮɢɡɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɚɦ, ɤɨɬɨɪɵɟ ɜ ɪɚɡɥɢɱɧɵɯ ɫɨɱɟɬɚɧɢɹɯ 
ɪɟɚɥɢɡɭɸɬɫɹ ɷɬɢɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ. 

ɉɨɥɶɡɨɜɚɬɟɥɶ ɮɨɪɦɢɪɭɟɬ ɪɚɫɱɟɬɧɭɸ ɦɨɞɟɥɶ, ɚ ɧɟɨɛɯɨɞɢɦɵɟ ɪɟɲɚɬɟɥɢ 
ɩɨɞɤɥɸɱɚɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɪɟɲɟɧɢɹ (ɤɚɤɢɟ ɢɦɟɧɧɨ — ɡɚɜɢɫɢɬ ɨɬ ɧɚɛɨɪɚ 
ɩɚɪɚɦɟɬɪɨɜ). 

Ⱦɨɫɬɭɩ ɤ ɦɨɞɭɥɹɦ, ɫ ɤɨɬɨɪɵɦɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɪɚɛɨɬɚɟɬ 
ɩɨɥɶɡɨɜɚɬɟɥɶ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɡ ɜɤɥɚɞɤɢ File Manager. Ɋɚɫɫɦɨɬɪɢɦ ɟɟ 
ɩɨɞɪɨɛɧɟɟ: 

 MeshCAST — ɩɨɥɧɨɫɬɶɸ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɝɟɧɟɪɚɬɨɪ 2D ɢ 3D 
(ɬɟɬɪɚɷɞɪɚɥɶɧɨɣ) ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɫɟɬɤɢ ɞɥɹ ɫɢɫɬɟɦɵ ProCAST; 

 PreCAST — ɩɪɟɩɪɨɰɟɫɫɨɪ ɞɥɹ ProCAST, ɩɨɡɜɨɥɹɸɳɢɣ ɫɱɢɬɵɜɚɬɶ 
ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɭɸ ɦɨɞɟɥɶ, ɧɚɡɧɚɱɚɬɶ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɦɨɞɟɥɢ, ɡɚɞɚɜɚɬɶ ɤɨɧɬɚɤɬɧɵɟ, ɝɪɚɧɢɱɧɵɟ ɢ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ; 

 DataCAST — ɤɨɦɩɢɥɢɪɭɟɬ ɧɚɫɬɪɨɣɤɢ ɢ ɫɨɡɞɚɟɬ ɮɚɣɥɵ, 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ; 

 ProCAST — ɨɫɭɳɟɫɬɜɥɹɟɬ ɚɧɚɥɢɡ; 
 ViewCAST — ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɫɬɩɪɨɰɟɫɫɨɪ, ɩɨɡɜɨɥɹɸɳɢɣ 

ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜ ɜɢɞɟ ɨɬɱɟɬɚ ProCAST; 
 Status — ɩɨɦɨɝɚɟɬ ɨɬɫɥɟɠɢɜɚɬɶ ɜɵɩɨɥɧɟɧɢɟ ɪɚɫɱɟɬɚ. 

ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɪɟɫɭɪɫɵ ProCAST ɨɩɪɟɞɟɥɹɸɬɫɹ ɪɟɲɚɬɟɥɹɦɢ, 
ɪɟɚɥɢɡɭɸɳɢɦɢ ɫɚɦɵɟ ɩɟɪɟɞɨɜɵɟ ɪɚɫɱɟɬɧɵɟ ɦɨɞɟɥɢ ɢ ɩɨɞɯɨɞɵ: 



62 
 

 ProCAST Thermal Solver — ɪɚɫɱɟɬɧɵɣ ɦɨɞɭɥɶ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɬɟɩɥɨɜɨɝɨ ɩɪɨɰɟɫɫɚ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɪɨɰɟɫɫɵ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɭɫɚɞɨɱɧɵɯ ɞɟɮɟɤɬɨɜ; 

 Radiation Module — ɦɨɞɭɥɶ ɪɚɫɱɟɬɚ ɬɟɩɥɨɢɡɥɭɱɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɬɥɢɜɤɢ; 

 ProCAST Flow Solver — ɦɨɞɭɥɶ, ɪɚɫɫɱɢɬɵɜɚɸɳɢɣ ɬɟɱɟɧɢɟ ɩɨɬɨɤɚ 
ɪɚɫɩɥɚɜɚ ɢ ɚɧɚɥɢɡɢɪɭɸɳɢɣ ɡɚɩɨɥɧɟɧɢɟ ɮɨɪɦɵ; 

 Lost Foam option — ɨɩɰɢɹ ɤ Flow Solver, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ 
ɪɚɫɱɟɬɚ ɩɪɨɰɟɫɫɚ ɥɢɬɶɹ ɩɨ ɜɵɠɢɝɚɟɦɵɦ ɦɨɞɟɥɹɦ; 

 Tixocasting option — ɨɩɰɢɹ ɤ Flow Solver ɞɥɹ ɪɚɫɱɟɬɚ ɥɢɬɶɹ 
ɬɢɤɫɨɦɚɬɟɪɢɚɥɨɜ; 

 Centrifugal option — ɨɩɰɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɥɢɬɶɹ; 
 Core Blowing option — ɨɩɰɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɪɚɫɱɟɬ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɟɫɱɚɧɵɯ ɫɬɟɪɠɧɟɣ; 
 ProCAST Stress Solver — ɦɨɞɭɥɶ ɪɚɫɱɟɬɚ ɧɚɩɪɹɠɟɧɢɣ ɢ 

ɞɟɮɨɪɦɚɰɢɣ (ɬɟɪɦɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ) ɩɨ ɭɩɪɭɝɨ-ɩɥɚɫɬɢɱɧɵɦ ɢ ɭɩɪɭɝɨ-
ɜɹɡɤɨɩɥɚɫɬɢɱɧɵɦ ɦɨɞɟɥɹɦ; 

 Grain Structure Module (CAFE) — ɦɨɞɭɥɶ ɫɬɨɯɚɫɬɢɱɟɫɤɨɝɨ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɤɚɱɟɫɬɜɚ ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɬɥɢɜɤɢ, ɚ ɬɚɤɠɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɷɜɨɥɸɰɢɢ ɡɟɪɟɧ ɢ ɢɯ ɪɨɫɬɚ ɜ ɫɬɪɭɤɬɭɪɟ ɪɚɫɩɥɚɜɚ ɩɪɢ 
ɡɚɬɜɟɪɞɟɜɚɧɢɢ; 

 Microstructure Module — ɪɚɫɱɟɬ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɞɥɹ ɫɩɥɚɜɨɜ; 

 Inverse Module — ɦɨɞɭɥɶ ɨɛɪɚɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ 
ɭɬɨɱɧɟɧɢɹ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɩɪɨɰɟɫɫɚ ɩɨ ɩɨɥɭɱɟɧɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ 
ɡɚɦɟɪɚɦ; 

 Porosity Module  — ɪɚɫɱɟɬ ɦɚɤɪɨ - ɢ ɦɢɤɪɨɩɨɪɢɫɬɨɫɬɢ ɜ 
ɩɨɥɭɱɚɟɦɨɣ ɨɬɥɢɜɤɟ [22]. 

ȼɫɟ ɦɨɞɭɥɢ ɦɨɞɟɥɢɪɭɸɬ ɪɟɚɥɶɧɭɸ ɮɢɡɢɤɭ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɨɰɟɫɫɨɜ 
(ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɩɨɬɨɤɢ, ɧɚɩɪɹɠɟɧɢɹ ɢ ɬ.ɞ.) ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢɦɟɧɢɦɵ 
ɤ ɥɸɛɨɦɭ ɬɢɩɭ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɥɢɬɶɹ, ɝɞɟ ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶɫɹ 
ɷɬɢ ɮɢɡɢɱɟɫɤɢɟ ɹɜɥɟɧɢɹ. Ɇɨɞɭɥɶɧɨɝɨ ɞɟɥɟɧɢɹ ɩɨ ɜɢɞɭ ɩɪɢɦɟɧɹɟɦɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɧɟɬ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ, ɧɚɩɪɢɦɟɪ, ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɦɨɞɭɥɶ 
ɬɟɱɟɧɢɹ Fluids Module ɦɨɠɟɬ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɬɶɫɹ ɞɥɹ ɱɭɝɭɧɚ, ɫɬɚɥɢ, 
ɚɥɸɦɢɧɢɹ ɢ ɬ.ɞ., ɩɪɢɱɟɦ ɫɢɫɬɟɦɚ ɩɨ ɭɦɨɥɱɚɧɢɸ ɭɱɢɬɵɜɚɟɬ ɫɩɟɰɢɮɢɤɭ 
ɪɚɫɱɟɬɚ ɜɵɛɪɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ProCAST ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɤɨɧɱɟɧɧɨɟ ɪɟɲɟɧɢɟ, ɨɯɜɚɬɵɜɚɸɳɟɟ 
ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɥɢɬɶɹ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ. Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɫɬɚɥɟɣ, ɱɭɝɭɧɨɜ, 
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ɫɩɥɚɜɨɜ Al, Co, Cu, Mg, Ni, Ti ɢ Zn ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɛɚɡɚɯ 
ɞɚɧɧɵɯ ɫɢɫɬɟɦɵ, ɨɬɤɪɵɬɵɯ ɞɥɹ ɩɨɩɨɥɧɟɧɢɹ ɢ ɨɛɧɨɜɥɟɧɢɹ. ɂɧɬɟɪɮɟɣɫ 
ɩɨɡɜɨɥɹɟɬ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɪɚɫɫɱɢɬɚɬɶ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ, ɩɪɨɫɬɨ ɡɚɞɚɜɚɹ ɟɝɨ 
ɫɨɫɬɚɜ [23]. 
 

Иɫɫɥɟɞɨɜаɧɢɟ №6 
ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɡɚ ɨɫɧɨɜɭ ɛɵɥɚ ɜɡɹɬɚ ɦɨɞɟɥɶ ɫ ɧɚɢɛɨɥɟɟ 

ɨɩɬɢɦɚɥɶɧɵɦ ɪɚɡɦɟɪɨɦ ɫɬɨɹɤɚ ɨɬɥɢɜɤɢ: Dɫɬ = 30ɦɦ., Lɫɬ = 320ɦɦ., 
ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 42. ɤɨɬɨɪɨɣ ɭɞɚɥɨɫɶ ɞɨɛɢɬɶɫɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɩɪɟɞɵɞɭɳɟɣ ɩɪɨɝɪɚɦɦɵ LVM FLOW. 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɨɛɟɫɩɟɱɟɧɢɢ ProCAST 
ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɚɯ 43, 44  ɩɨɡɜɨɥɹɸɬ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨ ɢɡɭɱɢɬɶ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɹɜɥɟɧɢɹ ɭɫɚɞɨɱɧɨɣ ɩɨɪɢɫɬɨɫɬɢ ɜ ɩɪɨɰɟɧɬɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ 
ɩɨ ɲɤɚɥɟ ɨɬ 0 ɞɨ 100. ɑɬɨ ɩɨɡɜɨɥɹɟɬ ɛɨɥɟɟ ɬɨɱɧɨ ɫɩɪɨɝɧɨɡɢɪɨɜɚɬɶ 
ɨɛɪɚɡɨɜɚɧɢɟ ɞɟɮɟɤɬɨɜ ɢ ɛɨɥɟɟ ɬɨɱɧɨ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɭɸ 
ɫɢɫɬɟɦɭ ɛɟɡ ɧɚɬɭɪɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Ɋɢɫɭɧɨɤ 43 – ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɩɪɨɝɪɚɦɦɟ ProCAST (ɪɚɡɪɟɡ ɩɨ  
ɨɫɢ: YZ) 
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Ɋɢɫɭɧɨɤ 44 – ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɩɪɨɝɪɚɦɦɟ ProCAST (ɭɫɚɞɨɱɧɚɹ 
ɩɨɪɢɫɬɨɫɬɶ) 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɫɢɫɬɟɦɟ 
ProCAST ɛɵɥɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɭɫɬɪɚɧɟɧɵ ɞɟɮɟɤɬɵ ɱɟɪɬɟɠɟɣ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɜ 
ɢɡɧɚɱɚɥɶɧɨɣ ɦɨɞɟɥɢ. Ȼɵɥɚ ɩɨɫɬɪɨɟɧɚ ɢ ɨɩɬɢɦɢɡɢɪɨɜɚɧɚ 2D ɢ 3D ɫɟɬɤɢ, 
ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɛɨɥɟɟ ɤɚɱɟɫɬɜɟɧɧɨɣ ɨɛɨɥɨɱɤɨɜɨɣ 
ɮɨɪɦɵ ɥɢɬɶɹ. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɫɥɟ ɨɩɬɢɦɢɡɚɰɢɢ ɦɨɞɟɥɢ 
ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 45, 46. 
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Иɫɫɥɟɞɨɜаɧɢɟ №7 

 

Ɋɢɫɭɧɨɤ 45 – ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɩɪɨɝɪɚɦɦɟ ProCAST ɩɨɫɥɟ ɨɩɬɢɦɢɡɚɰɢɢ 
(ɪɚɡɪɟɡ ɩɨ ɨɫɢ: YZ)   

Ɋɢɫɭɧɨɤ 46 – ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɩɪɨɝɪɚɦɦɟ ProCAST ɩɨɫɥɟ ɨɩɬɢɦɢɡɚɰɢɢ 
(ɭɫɚɞɨɱɧɚɹ ɩɨɪɢɫɬɨɫɬɶ) 

 
ɉɨɫɥɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɨɩɬɢɦɢɡɚɰɢɢ 2D  ɢ 3D ɫɟɬɤɢ ɦɨɞɟɥɢ, ɭɞɚɥɨɫɶ 

ɞɨɛɢɬɶɫɹ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɢ ɜɵɝɨɞɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ.  
ɍɦɟɧɶɲɟɧɢɟ ɪɚɡɦɟɪɚ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ ɨɬɥɢɜɤɢ c Dɫɬ = 

30ɦɦ., Lɫɬ = 320ɦɦ. ɞɨ Dɫɬ = 27ɦɦ., Lɫɬ = 310ɦɦ. ɩɨɡɜɨɥɢɥɨ ɩɨɜɵɫɢɬɶ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɜɵɯɨɞ ɝɨɞɧɨɝɨ ɫ 30.76% ɞɨ 31.92%.  

ȼɵɯɨɞ ɝɨɞɧɨɝɨ ɩɪɢ ɬɚɤɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ Ʌɉɋ ɪɚɜɟɧ: 
 =1344/4210*100=31.92% 
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ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɤɨɬɨɪɵɟ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 45, 46 - 
ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɫɧɚɫɬɤɢ ɢ ɩɨɞɛɨɪɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. 

10. ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɨɩɟɪɚɰɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ 

Ɇɧɨɸ ɪɚɡɪɚɛɨɬɚɧɚ ɫɯɟɦɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɨɬɥɢɜɨɤ «Ʉɨɥɟɫɨ ɤɨɦɩɪɟɫɫɨɪɚ», ɪɢɫɭɧɨɤ 47. 
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Ɋɢɫɭɧɨɤ 47 – ɋɯɟɦɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ «Ʉɨɥɟɫɨ 

ɤɨɦɩɪɟɫɫɨɪɚ» 

Ɋɚɫɱɟɬ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ ɂɡɝɨɬɨɜɥɟɧɢɟ ɩɪɟɫɫ-ɮɨɪɦɵ 

ɂɡɝɨɬɨɜɥɟɧɢɟ ɜɵɩɥɚɜɥɹɟɦɵɯ ɦɨɞɟɥɟɣ ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ 

ɂɡɝɨɬɨɜɥɟɧɢɟ ɦɨɞɟɥɟɣ Ʌɉɋ 

ɋɛɨɪɤɚ ɜɵɩɥɚɜɥɹɟɦɵɯ ɦɨɞɟɥɟɣ 

ɉɨɞɝɨɬɨɜɤɚ ɦɚɬɟɪɢɚɥɨɜ ɨɝɧɟɭɩɨɪɧɨɝɨ 
ɩɨɤɪɵɬɢɹ 

ɇɚɧɟɫɟɧɢɟ ɨɝɧɟɭɩɨɪɧɨɝɨ ɩɨɤɪɵɬɢɹ ɢ ɫɭɲɤɚ 

ȼɵɩɥɚɜɥɟɧɢɟ ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ 

ɉɪɨɤɚɥɢɜɚɧɢɟ ɨɛɨɥɨɱɤɢ 

Ɂɚɥɢɜɤɚ ɮɨɪɦɵ ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɫɩɥɚɜɚ 

Ɉɱɢɫɬɤɚ ɛɥɨɤɨɜ ɨɬ ɤɟɪɚɦɢɤɢ 

 Ɉɬɞɟɥɟɧɢɟ ɨɬɥɢɜɤɢ ɨɬ ɫɬɨɹɤɚ 

Ɉɱɢɫɬɤɚ ɨɬɥɢɜɨɤ ɨɬ ɤɟɪɚɦɢɤɢ ɜ ɨɬɜɟɪɫɬɢɹɯ 
(ɜɵɳɟɥɚɱɢɜɚɧɢɟ) 

Ɍɟɪɦɨɨɛɪɚɛɨɬɤɚ ɨɬɥɢɜɨɤ 

Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɂɫɩɪɚɜɥɟɧɢɟ 
ɞɟɮɟɤɬɨɜ 
ɨɬɥɢɜɨɤ 

ɇɟɢɫɩɪɚɜɢɦɵɣ ɛɪɚɤ 

ɋɤɥɚɞ ɝɨɬɨɜɵɯ ɨɬɥɢɜɨɤ 
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ȼɨɡɜɪɚɬ ɥɢɬɧɢɤɨɜ 

ȼ ɦɟɯɚɧɢɱɟɫɤɢɣ ɰɟɯ ɢɥɢ ɧɚ ɫɛɨɪɤɭ 

Ɋɚɡɪɚɛɨɬɤɚ 3D ɦɨɞɟɥɢ 
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ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɨɣ ɦɟɬɚɥɥɨɟɦɤɨɫɬɢ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɥɚɜɢɥɶɧɵɯ 
ɩɟɱɟɣ, ɜɵɛɢɪɚɟɦ ɢɧɞɭɤɰɢɨɧɧɨ-ɬɢɝɟɥɶɧɭɸ ɩɟɱɶ ɤɨɦɩɚɧɢɢ «inductotherm 
group». ɉɟɱɶ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɨɱɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɪɚɡɥɢɜɤɨɣ, ɤɨɬɨɪɨɟ 
ɧɟɨɛɯɨɞɢɦɨ, ɟɫɥɢ ɞɥɹ ɨɩɟɪɚɰɢɢ ɬɪɟɛɭɟɬɫɹ ɬɨɱɧɚɹ ɪɚɡɥɢɜɤɚ ɜ ɫɬɚɰɢɨɧɚɪɧɨɟ 
ɨɬɜɟɪɫɬɢɟ. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɯɚɧɢɡɦ ɧɚɤɥɨɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɢɧɢɦɚɥɶɧɨɟ 
ɩɟɪɟɦɟɳɟɧɢɟ ɩɨɬɨɤɚ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɩɨɫɥɟ ɧɚɱɚɥɚ ɪɚɡɥɢɜɤɢ, 
ɨɛɟɫɩɟɱɢɜɚɹ ɩɪɢ ɷɬɨɦ ɦɚɤɫɢɦɚɥɶɧɭɸ «ɞɨɫɹɝɚɟɦɨɫɬɶ». Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ 
ɧɚɤɥɨɧɧɚɹ ɩɟɱɶ Dura-Line ™ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɥɚɜɧɭɸ ɢ ɤɨɧɬɪɨɥɢɪɭɟɦɭɸ 
ɪɚɡɥɢɜɤɭ, ɱɬɨ ɞɟɥɚɟɬ ɟɟ ɢɞɟɚɥɶɧɨɣ, ɤɨɝɞɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɬɨɱɧɨɟ 
ɩɨɥɨɠɟɧɢɟ ɪɚɡɥɢɜɚ. ɗɬɨ ɞɟɣɫɬɜɢɟ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɛɵɫɬɪɟɟ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ 
ɡɚɥɢɜɤɭ. ɉɟɱɶ ɤɨɦɩɚɧɢɢ «inductotherm group» ɦɨɳɧɨɫɬɶɸ 200 ɤȼɬ, ɨɛɴɟɦɨɦ 
250 ɤɝ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 48 [16]. 

 
  Ɋɢɫɭɧɨɤ 48 – ɂɧɞɭɤɰɢɨɧɧɨ-ɬɢɝɟɥɶɧɚɹ ɩɟɱɶ ɮɢɪɦɵ «Inductotherm Group» ɨɛɴɟɦɨɦ 250 ɤɝ 

 
Ⱦɚɥɟɟ: Аɜɬɨɦаɬ ɞɥя ɩɪɢɝɨɬɨɜɥɟɧɢя ɦɨɞɟɥɶɧɨɣ ɩаɫɬɵ ɦɨɞɟɥɢ 61701 

ɢɡɨɛɪɚɠɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 49, ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɦɨɞɟɥɶɧɨɣ 
ɩɚɫɬɵ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ ɧɟ ɜɵɲɟ 90ºC, ɩɪɢɦɟɧɹɟɦɨɣ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɨɞɟɥɟɣ ɩɪɢ ɫɟɪɢɣɧɨɦ ɢ ɦɚɫɫɨɜɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɨɬɥɢɜɨɤ ɩɨ 
ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ. Ɉɧ ɜɵɩɨɥɧɹɟɬ ɫɥɟɞɭɸɳɢɟ ɨɩɟɪɚɰɢɢ: 
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 ɪɚɫɩɥɚɜɥɟɧɢɟ ɬɜɟɪɞɨɝɨ ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ; 
 ɮɢɥɶɬɪɚɰɢɹ ɢ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɨɞɟɥɶɧɨɝɨ 

ɫɨɫɬɚɜɚ;  
 ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɧɢɟ ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ;  
 ɩɪɢɝɨɬɨɜɥɟɧɢɟ ɦɨɞɟɥɶɧɨɣ ɩɚɫɬɵ ɫ ɡɚɦɟɲɢɜɚɧɢɟɦ ɜ ɧɟɟ ɜɨɡɞɭɯɚ;  
 ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɦɨɞɟɥɶɧɨɣ ɩɚɫɬɵ;  
 ɩɨɞɚɱɚ ɦɨɞɟɥɶɧɨɣ ɩɚɫɬɵ, ɩɨ ɨɛɨɝɪɟɜɚɟɦɵɦ ɩɚɫɬɨɩɪɨɜɨɞɚɦ, ɤ 

ɲɩɪɢɰɚɦ ɦɚɲɢɧ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɨɞɟɥɟɣ. 
 

 
Ɋɢɫɭɧɨɤ 49 – Ⱥɜɬɨɦɚɬ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɦɨɞɟɥɶɧɨɣ ɩɚɫɬɵ 

 
Ⱥɜɬɨɦɚɬ, ɢɡɨɛɪɚɠɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 50, ɩɪɟɞɧɚɡɧɚɱɟɧ  ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɦɨɞɟɥɶɧɵɯ ɡɜɟɧɶɟɜ ɢɡ ɥɟɝɤɨɩɥɚɜɤɢɯ ɦɨɞɟɥɶɧɵɯ ɫɨɫɬɚɜɨɜ ɩɪɢ ɫɟɪɢɣɧɨɦ ɢ 
ɦɚɫɫɨɜɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɬɚɥɶɧɨɝɨ ɢ ɰɜɟɬɧɨɝɨ ɥɢɬɶɹ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ 
ɦɨɞɟɥɹɦ. Ⱥɜɬɨɦɚɬ ɪɚɛɨɬɚɟɬ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɢ ɧɚɥɚɞɨɱɧɨɦ ɪɟɠɢɦɚɯ. 
Ⱥɜɬɨɦɚɬ ɪɚɛɨɬɚɟɬ ɬɨɥɶɤɨ ɫ ɩɪɟɫɫ-ɮɨɪɦɚɦɢ, ɨɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɤɨɬɨɪɵɯ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ȽɈɋɌ 19947, ɫɧɚɛɠɟɧɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ ɜɵɬɚɥɤɢɜɚɧɢɹ 
ɦɨɞɟɥɶɧɵɯ ɡɜɟɧɶɟɜ. 

ɇɚ ɚɜɬɨɦɚɬɟ ɜɵɩɨɥɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ: 
 ɫɦɵɤɚɧɢɟ ɢ ɪɚɡɦɵɤɚɧɢɟ ɩɪɟɫɫ-ɮɨɪɦ; 
 ɡɚɩɪɟɫɫɨɜɤɚ ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ; 
 ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɩɨɜɨɪɨɬ ɫɬɨɥɚ ɫ ɩɪɟɫɫ-ɮɨɪɦɚɦɢ; 
 ɨɯɥɚɠɞɟɧɢɟ ɦɨɞɟɥɶɧɵɯ ɡɜɟɧɶɟɜ; - ɜɵɬɚɥɤɢɜɚɧɢɟ ɝɨɬɨɜɵɯ 

ɦɨɞɟɥɶɧɵɯ ɡɜɟɧɶɟɜ; 
 ɫɦɚɡɤɚ ɩɪɟɫɫ-ɮɨɪɦ; 
 ɞɜɨɣɧɚɹ ɩɪɨɱɢɫɬɤɚ ɥɢɬɧɢɤɨɜɨɝɨ ɨɬɜɟɪɫɬɢɹ ɩɪɟɫɫ-ɮɨɪɦ; 
 ɭɞɚɥɟɧɢɟ ɦɨɞɟɥɶɧɵɯ ɡɜɟɧɶɟɜ ɢɡ ɡɨɧɵ ɪɚɫɤɪɵɬɢɹ ɩɪɟɫɫ-ɮɨɪɦ. 
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Ɋɢɫɭɧɨɤ 50 – Ⱥɜɬɨɦɚɬ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɨɞɟɥɶɧɵɯ ɡɜɟɧɶɟɜ ɦɨɞɟɥɢ  ɦɨɞɢɮɢɤɚɰɢɹ: 

61201Ⱥ 
 

Ⱥɝɪɟɝɚɬ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɨɝɧɟɭɩɨɪɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɢɡɨɛɪɚɠɟɧɧɵɣ ɧɚ 
ɪɢɫɭɧɤɟ 51, ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɨɝɧɟɭɩɨɪɧɨɝɨ 
ɩɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ ɷɬɢɥɫɢɥɢɤɚɬɚ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦ ɩɪɢ ɥɢɬɶɟ ɩɨ 
ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ. Ⱥɝɪɟɝɚɬ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɢɥɢ 
ɰɢɤɥɢɱɟɫɤɨɦ (ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɩɨɪɰɢɣ ɨɝɧɟɭɩɨɪɧɨɝɨ ɩɨɤɪɵɬɢɹ) 
ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ. Ʉɨɧɫɬɪɭɤɰɢɹ ɚɝɪɟɝɚɬɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɟɝɨ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨ ɜɡɪɵɜɨɨɩɚɫɧɵɯ ɩɨɦɟɳɟɧɢɹɯ ɧɟ ɜɵɲɟ ɤɥɚɫɫɚ ȼ-1ɚ. 

 

Ɋɢɫɭɧɨɤ 51 – Ⱥɝɪɟɝɚɬ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɨɝɧɟɭɩɨɪɧɨɝɨ ɩɨɤɪɵɬɢɹ ɦɨɞɟɥɢ, ɦɨɞɢɮɢɤɚɰɢɹ: 
662Ⱥ 
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 Ȼɚɤ ɫ ɦɟɲɚɥɤɨɣ ɞɥɹ ɨɛɦɚɡɤɢ ɛɥɨɤɨɜ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 52. 
ɍɫɬɚɧɨɜɤɚ ɩɪɟɞɧɚɡɧɚɱɚɟɬɫɹ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɜɪɭɱɧɭɸ ɨɝɧɟɭɩɨɪɧɨɝɨ ɩɨɤɪɵɬɢɹ 
ɧɚ ɦɨɞɟɥɶɧɵɟ ɛɥɨɤɢ, ɚ ɬɚɤɠɟ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɫɬɚɛɢɥɶɧɨɫɬɢ ɤɨɧɫɢɫɬɟɧɰɢɢ ɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɨɝɧɟɭɩɨɪɧɨɝɨ ɩɨɤɪɵɬɢɹ ɢ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɦɟɥɤɨɫɟɪɢɣɧɨɦ ɢ 
ɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɥɢɬɶɹ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ [19]. 

 

Ɋɢɫɭɧɨɤ 52 – Ȼɚɤ ɫ ɦɟɲɚɥɤɨɣ ɞɥɹ ɨɛɦɚɡɤɢ ɛɥɨɤɨɜ ɦɨɞɢɮɢɤɚɰɢɹ: 9190 

 
Ȼɨɣɥɟɪɤɥɚɜ ɞɥɹ ɜɵɩɥɚɜɤɢ ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ, ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 

53. Ȼɨɣɥɟɪɤɥɚɜ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɪɚɫɩɥɚɜɥɟɧɢɹ ɢ ɭɞɚɥɟɧɢɹ ɦɨɞɟɥɶɧɨɝɨ 
ɫɨɫɬɚɜɚ ɢɡ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɨɬɥɢɜɨɤ ɦɟɬɨɞɨɦ ɥɢɬɶɹ ɩɨ 
ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ. Ȼɨɣɥɟɪɤɥɚɜ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɜɵɩɥɚɜɤɭ 
ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɢɡ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ 
(ɬɭɪɛɢɧɧɵɟ ɥɨɩɚɬɤɢ, ɪɚɛɨɱɢɟ ɤɨɥɟɫɚ, ɧɚɩɪɚɜɥɹɸɳɢɟ ɚɩɩɚɪɚɬɵ ɢ ɞɪ.). Ɍɚɤɠɟ 
ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɩɥɚɜɤɢ ɦɨɞɟɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɢɡ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ 
ɛɥɨɤɨɜ ɞɢɚɦɟɬɪɨɦ 750 ɦɦ ɢ ɞɥɢɧɨɣ 550 ɦɦ. ɉɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ 
ɜɵɩɥɚɜɤɭ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɦɨɞɟɥɶɧɵɯ ɦɚɫɫ: ɜɨɫɤɨɜɵɯ, ɫɨɥɟɜɨɫɤɨɜɵɯ, 
ɫɨɥɟɜɵɯ. 
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Ɋɢɫɭɧɨɤ 53 – Ȼɨɣɥɟɪɤɥɚɜ ɦɨɞɢɮɢɤɚɰɢɹ: 64501 

ɍɫɬɚɧɨɜɤɚ ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɤɟɪɚɦɢɤɢ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 
54.ɍɫɬɚɧɨɜɤɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ ɫɩɨɫɨɛɨɦ ɭɞɚɪɧɨɣ 
ɜɢɛɪɚɰɢɢ ɛɥɨɤɨɜ ɨɬɥɢɜɨɤ (ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɡ ɭɝɥɟɪɨɞɢɫɬɵɯ ɫɬɚɥɟɣ) ɨɬ 
ɤɟɪɚɦɢɤɢ ɩɪɢ ɫɟɪɢɣɧɨɦ ɢ ɦɟɥɤɨɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɬɨɱɧɨɝɨ ɥɢɬɶɹ ɩɨ 
ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ, ɚ ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɨɬɞɟɥɟɧɢɹ 
ɨɬɥɢɜɨɤ ɨɬ ɫɬɨɹɤɚ ɛɥɨɤɚ. ɍɫɬɚɧɨɜɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɜɭɤɨ- ɢ 
ɜɢɛɪɨɢɡɨɥɢɪɭɸɳɢɣ ɤɨɪɩɭɫ ɫ ɪɚɡɦɟɳɟɧɧɵɦ ɜ ɧɟɦ ɜɢɛɪɨɭɞɚɪɧɵɦ 
ɭɫɬɪɨɣɫɬɜɨɦ ɢ ɦɟɯɚɧɢɡɦɨɦ ɡɚɠɢɦɚ ɛɥɨɤɨɜ. Ɉɛɪɚɛɚɬɵɜɚɟɦɵɣ ɛɥɨɤ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɦɟɠɞɭ ɨɩɨɪɧɵɦ ɤɭɥɚɤɨɦ ɢ ɭɞɚɪɧɢɤɨɦ ɜɢɛɪɨɭɞɚɪɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɢ ɡɚɠɢɦɚɸɬ ɟɝɨ. ɉɨɫɥɟ ɡɚɤɪɵɬɢɹ ɞɜɟɪɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 
ɜɤɥɸɱɚɟɬɫɹ ɜɢɛɪɨɭɞɚɪɧɨɟ ɭɫɬɪɨɣɫɬɜɨ. Ɂɚ ɫɱɟɬ ɭɞɚɪɧɨɣ ɜɢɛɪɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ 
ɪɚɡɪɭɲɟɧɢɟ ɢ ɨɬɞɟɥɟɧɢɟ ɤɟɪɚɦɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɢ ɫ ɩɨɜɟɪɯɧɨɫɬɢ 
ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɛɥɨɤɚ. Ɉɛɪɚɡɭɸɳɚɹɫɹ ɩɪɢ ɷɬɨɦ ɤɟɪɚɦɢɱɟɫɤɚɹ ɤɪɨɲɤɚ 
ɫɫɵɩɚɟɬɫɹ ɜ ɹɳɢɤ ɢɥɢ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ ɜ ɨɫɧɨɜɚɧɢɢ ɤɨɪɩɭɫɚ ɧɚ ɰɟɯɨɜɨɣ 
ɬɪɚɧɫɩɨɪɬɟɪ. ɉɵɥɟɜɢɞɧɵɟ ɱɚɫɬɢɰɵ ɤɟɪɚɦɢɤɢ ɭɞɚɥɹɸɬɫɹ ɱɟɪɟɡ ɫɩɟɰɢɚɥɶɧɨɟ 
ɨɤɧɨ ɜ ɰɟɯɨɜɭɸ ɜɵɬɹɠɧɭɸ ɜɟɧɬɢɥɹɰɢɨɧɧɭɸ ɫɢɫɬɟɦɭ. Ɂɚ ɩɪɨɰɟɫɫɨɦ 
ɨɬɞɟɥɟɧɢɹ ɤɟɪɚɦɢɤɢ ɨɩɟɪɚɬɨɪ ɧɚɛɥɸɞɚɟɬ ɱɟɪɟɡ ɫɦɨɬɪɨɜɨɟ ɨɤɧɨ ɜ ɡɚɝɪɭɡɨɱɧɨɣ 
ɞɜɟɪɢ. ɉɪɢ ɞɥɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɟ ɫɬɚɥɶɧɵɯ ɛɥɨɤɨɜ ɢ ɧɚɥɢɱɢɢ ɩɨɞɪɟɡɚ ɜ 
ɩɢɬɚɬɟɥɟ, ɫɜɹɡɵɜɚɸɳɟɦ ɨɬɥɢɜɤɭ ɫɨ ɫɬɨɹɤɨɦ, ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɨɬɞɟɥɟɧɢɟ 
ɨɬɥɢɜɨɤ ɨɬ ɫɬɨɹɤɚ. 
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Ɋɢɫɭɧɨɤ 54 – ɍɫɬɚɧɨɜɤɚ ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɤɟɪɚɦɢɤɢ ɦɨɞɢɮɢɤɚɰɢɹ: 6Ⱥ92 

ɉɪɟɫɫ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ, ɢɡɨɛɪɚɠɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 55. ɉɪɟɞɧɚɡɧɚɱɚɟɬɫɹ 
ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɨɬɥɢɜɨɤ ɨɬ ɫɬɨɹɤɚ ɜ ɰɟɯɚɯ ɥɢɬɶɹ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ ɜ 
ɤɪɭɩɧɨɫɟɪɢɣɧɨɦ, ɦɚɫɫɨɜɨɦ ɢ ɦɟɥɤɨɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɪɢ ɫɛɨɪɤɟ 
ɛɥɨɤɨɜ ɧɚ ɫɬɨɹɤɚɯ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ. ɋɨɫɬɨɢɬ ɢɡ ɋ-ɨɛɪɚɡɧɨɣ ɫɜɚɪɧɨɣ 
ɫɬɚɧɢɧɵ, ɧɚ ɤɨɬɨɪɨɣ ɪɚɡɦɟɳɟɧɵ ɰɢɥɢɧɞɪɵ, ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɞɥɹ ɨɬɞɟɥɟɧɢɹ 
ɞɟɬɚɥɟɣ ɢ ɰɟɧɬɪɨɜɤɢ ɛɥɨɤɚ, ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɦɟɯɚɧɢɡɦɵ ɭɩɪɚɜɥɟɧɢɹ. 

 

Ɋɢɫɭɧɨɤ 55 – ɉɪɟɫɫ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɨɬɥɢɜɨɤ ɨɬ ɫɬɨɹɤɚ 
ɦɨɞɢɮɢɤɚɰɢɹ: 6Ⱥ93 



74 
 

ɍɫɬɚɧɨɜɤɚ ɞɥɹ ɨɱɢɫɬɤɢ ɨɬɥɢɜɨɤ ɨɬ ɤɟɪɚɦɢɤɢ, ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 
56. ɍɫɬɚɧɨɜɤɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɜɵɳɟɥɚɱɢɜɚɧɢɹ ɜ ɤɢɩɹɳɟɦ ɳɟɥɨɱɧɨɦ 
ɪɚɫɬɜɨɪɟ ɨɫɬɚɬɤɨɜ ɤɟɪɚɦɢɤɢ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɥɢɜɨɤ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ 
ɥɢɬɶɹ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ, ɩɨɫɥɟ ɨɬɞɟɥɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɨɣ ɮɨɪɦɵ [20]. 

 

Ɋɢɫɭɧɨɤ 56 – ɍɫɬɚɧɨɜɤɚ ɞɥɹ ɨɱɢɫɬɤɢ ɨɬɥɢɜɨɤ ɨɬ ɤɟɪɚɦɢɤɢ ɦɨɞɢɮɢɤɚɰɢɹ: ȺȼȺ 
1970Ʌ 
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11 Ɋɚɫɱɺɬ ɲɢɯɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɧɨɪɦɵ ɪɚɫɯɨɞɚ ɨɫɧɨɜɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɪɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ 

 
Ɋɚɫɱɺɬ ɜɟɞɺɦ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ ɩɥɚɜɤɚ ɛɭɞɟɬ ɩɪɨɜɨɞɢɬɶɫɹ ɢɫɩɨɥɶɡɭɹ 

ɫɜɟɠɢɟ ɦɚɬɟɪɢɚɥɵ, ɥɨɦ ɢ ɜɨɡɜɪɚɬ ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ.  
ɂɫɩɨɥɶɡɭɹ ɞɜɟ ɪɚɡɥɢɱɧɵɟ ɩɪɨɝɪɚɦɦɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɥɢɬɟɣɧɵɯ 

ɩɪɨɰɟɫɫɨɜ (LVMflow ɢ ProCAST) ɦɵ ɩɨɥɭɱɢɥɢ ɪɚɡɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɜɵɯɨɞɚ ɝɨɞɧɨɝɨ, ɚ ɢɦɟɧɧɨ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ ProCAST ɭɞɚɥɨɫɶ ɞɨɛɢɬɶɫɹ ɩɨɜɵɲɟɧɢɹ ɌȼȽ ɫ 30.86% ɞɨ 31.92%, 
ɢɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɛɭɞɟɬ ɩɪɨɢɡɜɟɞɟɧɨ ɞɜɚ ɪɚɫɱɟɬɚ. 

 Ⱦɥɹ ɬɨɝɨ  ɱɬɨɛɵ ɩɪɨɢɡɜɟɫɬɢ ɪɚɫɱɟɬɵ, ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ 
ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɌȼȽ 30.86% ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 15. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɌȼȽ 31.92% ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 16. 
ȼɫɟ ɪɚɫɱɟɬɵ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɜ ɩɪɨɝɪɚɦɦɟ Microsoft Excel 2007 [24]. 

 
Ɍɚɛɥɢɰɚ 15 –  ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɦɟɬɚɥɥɨɡɚɜɚɥɤɢ (ɌȼȽ – 

30.86%) 
 
 

Ɍɚɛɥɢɰɚ 16 –  ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɦɟɬɚɥɥɨɡɚɜɚɥɤɢ (ɌȼȽ – 
31.92%) 
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Ⱦɚɥɟɟ ɩɪɟɞɫɬɚɜɥɟɧ ɪɚɫɱɟɬ ɲɢɯɬɵ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɜɟɠɢɯ 
ɦɚɬɟɪɢɚɥɨɜ ɥɨɦɟ ɢ ɜɨɡɜɪɚɬ ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɜ ɬɚɛɥɢɰɟ 17 
ɩɪɟɞɫɬɚɜɥɟɧ ɪɚɫɱɟɬ ɞɥɹ ɌȼȽ 30.86%, ɜ ɬɚɛɥɢɰɟ 18 ɩɪɟɞɫɬɚɜɥɟɧ ɪɚɫɱɟɬ ɞɥɹ 
ɌȼȽ 31.92% 

 

Ɍɚɛɥɢɰɚ 17 – Ɋɚɫɱɟɬ ɲɢɯɬɵ ɧɚ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɚɯ, ɥɨɦɟ ɢ ɜɨɡɜɪɚɬɟ 
ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 

 
Ɍɚɛɥɢɰɚ 18 – Ɋɚɫɱɟɬ ɲɢɯɬɵ ɧɚ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɚɯ,  ɥɨɦɟ ɢ ɜɨɡɜɪɚɬɟ 

ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 

 
Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɧɨɪɦɵ ɪɚɫɯɨɞɚ ɦɚɬɟɪɢɚɥɨɜ, ɪɚɫɱɟɬ 

ɫɬɨɢɦɨɫɬɢ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɚɯ. 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɰɟɧɬɧɨɝɨ ɫɨɞɟɪɠɚɧɢɟ ɜ ɲɢɯɬɟ ɜɫɟɯ 

ɤɨɦɩɨɧɟɧɬɨɜ ɩɟɪɟɧɨɫɹɬɫɹ ɜ ɬɚɛɥɢɰɵ 19, 20 ɧɨɪɦ ɪɚɫɯɨɞɨɜ. ɇɚɩɪɨɬɢɜ, 
ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɭɤɚɡɵɜɚɟɬɫɹ ɧɨɦɟɪ ɝɨɫɬɚ. Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɦɚɫɫɚ ɤɚɠɞɨɝɨ 
ɷɥɟɦɟɧɬɚ ɫ ɭɱɟɬɨɦ ɦɟɬɚɥɥɨɡɚɜɚɥɤɢ ɢ ɜɵɯɨɞɚ ɝɨɞɧɨɝɨ, ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɜɧɨɫɹɬɫɹ ɬɚɛɥɢɰɵ. 
 ɇɚɣɞɟɧɧɵɟ ɜ ɢɧɬɟɪɧɟɬɟ ɞɚɧɧɵɟ ɨ ɫɬɨɢɦɨɫɬɢ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɬɚɤɠɟ 
ɜɧɨɫɹɬɫɹ ɬɚɛɥɢɰɵ 19, 20. 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 
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ɦɚɬɟɪɢɚɥɨɜ, ɧɚ ɩɥɚɜɤɭ ɦɚɫɫɨɣ ɪɚɜɧɨɣ 3240,4407 ɤɝ. ɞɥɹ ɬɚɛɥɢɰɵ 19 ɢ 
3132.83208 ɤɝ. ɞɥɹ ɬɚɛɥɢɰɵ 20. 
 

Ɍɚɛɥɢɰɚ 19 – ɇɨɪɦɚ ɪɚɫɯɨɞɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɪɚɫɱɟɬ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɨɜ 
ɞɥɹ ɌȼȽ 30.86% 

 
 
Ɍɚɛɥɢɰɚ 20 – ɇɨɪɦɚ ɪɚɫɯɨɞɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɪɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɫɜɟɠɢɯ 

ɦɚɬɟɪɢɚɥɨɜ  ɞɥɹ ɌȼȽ 31.92% 

 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɟɞɟɦ ɜ ɨɛɳɭɸ ɞɢɚɝɪɚɦɦɭ,  ɢɡɨɛɪɚɠɟɧɧɭɸ ɧɚ 

ɪɢɫɭɧɤɟ 57.  
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Ɋɢɫɭɧɨɤ 57 – ɫɬɨɢɦɨɫɬɶ ɫɜɟɠɢɯ ɦɚɬɟɪɢɚɥɨɜ ɤɝ/ɬ. ɝɨɞɧɨɝɨ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ProCAST ɧɚɦ 

ɭɞɚɥɨɫɶ ɞɨɛɢɬɶɫɹ ɫɧɢɠɟɧɢɹ ɡɚɬɪɚɬ ɧɚ ɫɜɟɠɢɟ ɦɚɬɟɪɢɚɥɵ. ɂɡ ɪɚɫɱɟɬɚ ɧɚ 1000 
ɤɝ ɜɵɝɨɞɚ ɫɨɫɬɚɜɥɹɟɬ: 6.048 ɪɭɛɥɟɣ. 

Ɍɚɤ ɩɨ ɩɪɢɦɟɪɭ ɡɚɜɨɞɚ «ɄɚɥɭɝɚɌɪɚɧɫɆɚɲ» ɦɨɳɧɨɫɬɶɸ 200ɬ ɜ ɝɨɞ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ ɦɧɨɸ ɬɟɯɧɨɥɨɝɢɢ ɭɫɥɨɜɧɵɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ 
ɫɨɫɬɚɜɢɬ: 1.209.600 ɪɭɛɥɟɣ. 
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ɁȺɄɅɘɑȿɇɂȿ 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, ɢɯ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɢ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ, 
ɥɢɬɟɣɧɵɟ ɫɜɨɣɫɬɜɚ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, ɢ ɫɨɜɪɟɦɟɧɧɨɟ ɩɥɚɜɢɥɶɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ. Ⱥ ɬɚɤ ɠɟ ɫɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢɹ ɨɬɥɢɜɨɤ ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ 
ɩɪɢ ɥɢɬɶɟ ɩɨ ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ. 

Ȼɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ ɫɩɨɫɨɛɨɦ ɥɢɬɶɹ ɩɨ 
ɜɵɩɥɚɜɥɹɟɦɵɦ ɦɨɞɟɥɹɦ ɢɡ ɫɩɥɚɜɚ 20ɏ5ɆɅ. Ⱥ ɢɦɟɧɧɨ: ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ 
ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ, ɩɨɫɬɪɨɟɧɚ 3D ɦɨɞɟɥɶ ɜ ɋȺɉɊ SolidWorks, 
ɩɪɨɢɡɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɥɢɬɟɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɩɪɨɝɪɚɦɦɚɯ LVMflow ɢ 
ɩɪɨɝɪɚɦɦɟ ProCAST, ɩɪɨɜɟɞɟɧɵ ɢɡɦɟɧɟɧɢɹ, ɭɫɬɪɚɧɹɸɳɢɟ ɞɟɮɟɤɬɵ ɜ 
ɨɬɥɢɜɤɟ, ɨɩɪɟɞɟɥɟɧ ɜɵɯɨɞ ɝɨɞɧɨɝɨ, ɢ ɢɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɩɪɨɢɡɜɟɞɟɧ ɜɵɛɨɪ 
ɧɟɨɛɯɨɞɢɦɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ.  

ɉɪɟɠɞɟ ɱɟɦ ɩɨɥɭɱɢɬɶ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ, ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ 
7 ɢɫɫɥɟɞɨɜɚɧɢɣ, ɫ ɪɚɡɥɢɱɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɥɢɬɧɢɤɨɜɨ-ɩɢɬɚɸɳɟɣ ɫɢɫɬɟɦɵ. 
ɇɚɛɥɸɞɟɧɢɟ ɡɚ ɪɚɡɜɢɬɢɟɦ ɩɪɨɰɟɫɫɨɜ ɢ ɱɟɬɤɨɟ ɯɪɨɧɨɦɟɬɪɢɪɨɜɚɧɢɟ 
ɨɛɪɚɡɨɜɚɧɢɹ ɞɟɮɟɤɬɨɜ ɜ ɩɪɨɝɪɚɦɦɚɯ LVMFlow ɢ ProCAST ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɨɧɹɬɶ, ɤɨɝɞɚ ɢ ɜ ɤɚɤɨɣ ɨɛɥɚɫɬɢ ɞɟɮɟɤɬɵ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ, ɱɬɨ ɜ ɫɜɨɸ 
ɨɱɟɪɟɞɶ, ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɹ ɛɵɫɬɪɨɝɨ ɪɟɚɝɢɪɨɜɚɧɢɹ ɢ ɜɧɟɫɟɧɢɹ ɢɡɦɟɧɟɧɢɣ 
ɜ ɤɨɧɫɬɪɭɤɰɢɸ. 

Ɂɚɜɟɪɲɚɸɳɢɦ ɷɬɚɩɨɦ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬ ɧɨɪɦ ɪɚɫɯɨɞɚ ɧɚ 
ɫɜɟɠɢɟ ɲɢɯɬɨɜɵɟ ɦɚɬɟɪɢɚɥɵ. Ɉɧ ɩɨɤɚɡɚɥ ɩɪɟɢɦɭɳɟɫɬɜɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɩɪɨɝɪɚɦɦɵ ProCAST ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɢɯ ɩɪɨɝɪɚɦɦ, ɚ ɨɫɨɛɟɧɧɨ 
ProCAST ɧɟɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɢɡ-ɡɚ 
ɫɥɨɠɧɨɫɬɢ ɜɧɟɞɪɟɧɢɹ. Ⱥ ɢɦɟɧɧɨ: ɢɡ-ɡɚ ɰɟɧɵ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢ 
ɨɬɫɭɬɫɬɜɢɹ ɫɩɟɰɢɚɥɢɫɬɨɜ ɭɦɟɸɳɢɯ ɪɚɛɨɬɚɬɶ ɜ ɞɚɧɧɨɦ ɉɈ. 

ȼɵɩɨɥɧɟɧɧɚɹ ɪɚɛɨɬɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɚɞɚɧɢɹ. 
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