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Ɋɚɫɫɦɨɬɪɟɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɢ ɫɢɫɬɟɦɚɬɢɡɚɰɢɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞ-
ɫɬɜɚ ɩɪɟɰɢɡɢɨɧɧɵɯ ɢɡɞɟɥɢɣ ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɦɟɬɨɞɨɦ ɬɪɚɧɫɮɟɪ-
ɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ – Resin Ɍransfer Molding. Ɇɟɬɨɞ ɬɪɚɧɫɮɟɪɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɜ ɧɚɫɬɨɹщɟɟ ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ ɨɞ-
ɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɦɟɬɨɞɨɜ, ɩɨɡɜɨɥɹɸщɢɯ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɢɡɞɟɥɢɹ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɨ 
ɤɚɱɟɫɬɜɭ ɧɟ ɭɫɬɭɩɚɸщɢɟ ɢɡɞɟɥɢɹɦ, ɩɨɥɭɱɟɧɧɵɦ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɚɜɬɨɤɥɚɜɧɨɝɨ ɨɬɜɟɪɠɞɟɧɢɹ ɩɪɟɩɪɟɝɨɜ. Аɤɬɭ-
ɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɨɛɭɫɥɨɜɥɟɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɚɞɟɤɜɚɬɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɨ-
ɫɬɪɨɟɧɢɹ ɚɞɚɩɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɣ ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɢɡ ɩɨɥɢ-
ɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɦɟɬɨɞɨɦ ɬɪɚɧɫɮɟɪɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ. 
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɣ ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚ-

ɥɨɜ ɪɚɫɫɦɨɬɪɟɧ ɤɚɤ ɫɥɨɠɧɵɣ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɣ ɦɟɯɚɧɢɡɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɨɦɩɨɧɟɧɬ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚ-
ɬɟɪɢɚɥɚ ɜ ɭɫɥɨɜɢɹɯ ɪɚɫɫɟɹɧɢɹ ɫɜɨɣɫɬɜ ɜɫɟɯ ɫɨɫɬɚɜɥɹɸщɢɯ ɷɥɟɦɟɧɬɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. ɉɚɪɚɦɟɬɪɵ, 

ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɣ, ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɜɯɨɞɧɵɟ, ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɢ ɜɵɯɨɞɧɵɟ. 
ȼɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡɞɟɥɢɣ ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɧɚ ɩɪɢɦɟɪɟ ɚɧɬɟɧɧɵɯ 
ɪɟɮɥɟɤɬɨɪɨɜ ɪɚɡɞɟɥɟɧɵ ɧɚ ɨɩɪɟɞɟɥɹɸщɢɟ, ɭɩɪɚɜɥɹɟɦɵɟ ɢ ɜɨɡɦɭщɚɸщɢɟ. Ɉɩɪɟɞɟɥɟɧɚ ɜɡɚɢɦɨɫɜɹɡɶ ɜɯɨɞɧɵɯ ɩɚ-
ɪɚɦɟɬɪɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɚɧɬɟɧɧɵɯ ɪɟɮɥɟɤɬɨɪɨɜ ɦɟɬɨɞɨɦ ɬɪɚɧɫɮɟɪɧɨɝɨ ɮɨɪɦɨɜɚ-
ɧɢɹ ɢ ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɤɚɱɟɫɬɜɨ ɤɨɧɟɱɧɨɝɨ ɢɡɞɟɥɢɹ. ɇɚ ɩɪɢɦɟɪɟ ɤɨɦɦɟɪɱɟɫɤɢɯ ɷɩɨɤ-
ɫɢɞɧɵɯ ɫɜɹɡɭɸщɢɯ ɨɩɪɟɞɟɥɟɧɵ ɜɢɞɵ ɤɥɸɱɟɜɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɜɹɡɭɸщɟɝɨ ɢ ɩɨɤɚɡɚɧɵ ɫɩɨɫɨɛɵ ɢɯ 
ɪɟɝɢɫɬɪɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɢ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ.  
ɉɨɥɭɱɟɧɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɚɞɚɩɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɟɰɢɡɢɨɧɧɵɯ ɢɡɞɟɥɢɣ ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɦɟɬɨɞɨɦ 

ɬɪɚɧɫɮɟɪɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ. 
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ɚɧɬɟɧɧɵɣ ɪɟɮɥɟɤɬɨɪ, ɬɪɚɧɫɮɟɪɧɨɟ ɮɨɪɦɨɜɚɧɢɟ. 
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The article is devoted to definition and systematization of the basic parameters of the technological process of 

production of precision products of complex shape of the polymer composite materials by Resin transfer molding. Resin 

transfer molding is currently one of the main methods to make products from polymeric composite materials, the same 

quality as the products obtained by the technology of autoclave curing prepregs. The relevance of the work is due to the 

need of adequate management, in particular the possibility of building an adaptive process control of manufacturing 

complex shapes of polymer composite materials by transfer molding.  

The paper considers the manufacturing process for shaped articles from polymer composite materials considered as 

a complex of physico-chemical mechanism for interaction of the components of the composite material in the scattering 

properties of all the constituent elements of the technological system. The parameters that define the process of 
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manufacturing products are divided into input, output and functionality. Input parameters of the technological process 

of production of complex shapes, an example of antenna reflectors are divided into defining controlled and disturbing. 

The correlation of the input parameters of the technological process of production of antenna reflectors transfers 

molding method and shows the effect of input parameters on the quality of the final product. On the example of 

commercial epoxy resins kinds of key technology of communication parameters are defined and show how they are 

registered using the equipment for the study of the rheological and thermomechanical properties. 

The obtained information can be used in the construction of an adaptive process control precision products of 

complex shape of the polymer composite materials by transfer molding. 

 

Keywords: key parameters, technological process, polymer composites, resin transfer molding. 

 

ȼɜɟɞɟɧɢɟ. Ɋɚɡɜɢɬɢɟ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ ɜɟ-
ɞɟɬ ɤ ɪɨɫɬɭ ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɢɡɞɟɥɢɹɦ ɢ 

ɬɟɯɧɨɥɨɝɢɹɦ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɹ. ɂɡɞɟɥɢɹ ɢɡ ɩɨɥɢɦɟɪ-
ɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɉɄɆ) ɚɷɪɨɤɨɫɦɢ-

ɱɟɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɦɟɧɶɲɢɦ ɜɟɫɨɦ 

ɢ ɜɵɫɨɤɢɦ ɦɨɞɭɥɟɦ ɭɩɪɭɝɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢ-

ɰɢɨɧɧɨ ɩɪɢɦɟɧɹɟɦɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ. ȼɵɛɨɪ ɬɟɯɧɨɥɨ-
ɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɧɤɪɟɬɧɨɝɨ ɢɡɞɟɥɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɫɬɨɢɦɨ-
ɫɬɶɸ ɤɨɧɟɱɧɨɝɨ ɢɡɞɟɥɢɹ. ɋɭɳɟɫɬɜɟɧɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦ ɬɟɯɧɨɥɨɝɢɸ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɣ 

ɢɡ ɉɄɆ, ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɫɟɪɢɣɧɨɝɨ ɜɵɩɭɫɤɚ 
ɢɡɞɟɥɢɣ ɫ ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɦ ɤɚɱɟɫɬɜɨɦ. 

Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɜɥɢɹɸɳɢɦɢ ɧɚ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɉɄɆ, ɹɜɥɹɸɬɫɹ ɦɨɞɭɥɶ 
ɭɩɪɭɝɨɫɬɢ ɜɨɥɨɤɧɢɫɬɨɝɨ ɧɚɩɨɥɧɢɬɟɥɹ, ɟɝɨ ɨɛɴɟɦɧɨɟ 
ɫɨɞɟɪɠɚɧɢɟ ɢ ɫɨɞɟɪɠɚɧɢɟ ɩɨɪ ɜ ɥɚɦɢɧɚɬɟ. Ɍɚɤ, ɬɢ-

ɩɢɱɧɵɟ ɉɄɆ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɝɨ ɤɥɚɫɫɚ ɩɪɨɢɡɜɨɞɹɬ  
ɫ ɩɨɪɢɫɬɨɫɬɶɸ ɨɤɨɥɨ 1 %, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɥɹ ɞɪɭɝɢɯ 
ɤɥɚɫɫɨɜ ɉɄɆ ɩɨɪɢɫɬɨɫɬɶ ɦɨɠɟɬ ɜɚɪɶɢɪɨɜɚɬɶɫɹ ɨɬ 2 ɞɨ 
5 %. ɋɨɞɟɪɠɚɧɢɟ ɩɨɪ ɭɯɭɞɲɚɟɬ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬ-
ɜɚ ɢɡɞɟɥɢɹ. Ɍɚɤ, ɭɜɟɥɢɱɟɧɢɟ ɩɨɪɢɫɬɨɫɬɢ ɨɬ 1 ɞɨ 3 % 

ɜɥɟɱɟɬ ɭɯɭɞɲɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɧɚ 20 % [1]. 

ɉɨɫɤɨɥɶɤɭ ɩɨɤɚɡɚɬɟɥɢ ɩɨɪɢɫɬɨɫɬɢ ɢ ɨɛɴɟɦɧɨɝɨ ɫɨ-
ɞɟɪɠɚɧɢɹ ɜɨɥɨɤɧɚ ɨɱɟɧɶ ɜɚɠɧɵ ɞɥɹ ɩɪɟɰɢɡɢɨɧɧɵɯ 
ɢɡɞɟɥɢɣ ɢɡ ɉɄɆ, ɬɨ ɬɟɯɧɨɥɨɝɢɹ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɚɜɬɨ-
ɤɥɚɜɧɨɣ ɨɛɪɚɛɨɬɤɟ, ɹɜɥɹɟɬɫɹ ɤɥɸɱɟɜɨɣ ɩɪɢ ɨɩɬɢɦɢɡɚ-
ɰɢɢ ɫɜɨɣɫɬɜ ɉɄɆ. Ɉɞɧɚɤɨ ɚɜɬɨɤɥɚɜɧɚɹ ɬɟɯɧɨɥɨɝɢɹ 
ɹɜɥɹɟɬɫɹ ɞɨɪɨɝɨɫɬɨɹɳɟɣ ɤɚɤ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɤɫɩɥɭɚ-
ɬɚɰɢɨɧɧɵɯ ɪɚɫɯɨɞɨɜ, ɬɚɤ ɢ ɩɨ ɬɪɭɞɨɟɦɤɨɫɬɢ ɢɡɝɨɬɨɜ-
ɥɟɧɢɹ, ɱɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɪɚɡɦɟɪɵ ɢɡɞɟɥɢɹ ɢ ɨɛɴɟɦɵ 

ɩɪɨɢɡɜɨɞɫɬɜɚ. 
ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɞɥɹ ɦɟɥɤɨɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɯ ɩɪɟɰɢɡɢɨɧɧɵɯ ɢɡɞɟɥɢɣ ɫɥɨɠ-

ɧɨɣ ɮɨɪɦɵ ɧɟɨɛɯɨɞɢɦɨ ɫɬɪɟɦɢɬɶɫɹ ɤ ɪɚɡɪɚɛɨɬɤɟ  
ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɬɟɯɧɨɥɨɝɢɣ ɜɧɟ ɚɜɬɨɤɥɚɜɚ. Ɉɞɧɨɣ ɢɡ 
ɬɚɤɢɯ ɛɟɡɚɜɬɨɤɥɚɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɹɜɥɹɟɬɫɹ ɬɟɯɧɨɥɨ-
ɝɢɹ RTM (ɬɪɚɧɫɮɟɪɧɨɟ ɮɨɪɦɨɜɚɧɢɟ). ɋɭɬɶ ɬɟɯɧɨɥɨɝɢɢ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɨɩɢɬɤɟ ɫɜɹɡɭɸɳɢɦ ɩɨɞ ɞɚɜɥɟɧɢɟɦ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɭɥɨɠɟɧɧɨɝɨ ɜ ɮɨɪɦɭ ɫɭɯɨɝɨ ɚɪɦɢ-

ɪɭɸɳɟɝɨ ɩɚɤɟɬɚ [2–11]. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɚɜɬɨɤɥɚɜɧɨɣ 

ɬɟɯɧɨɥɨɝɢɢ RTM-ɬɟɯɧɨɥɨɝɢɹ ɬɪɟɛɭɟɬ ɛɨɥɶɲɟ ɦɟɪ ɩɨ 
ɤɨɧɬɪɨɥɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. ɉɨɫɤɨɥɶɤɭ ɡɚ-
ɬɪɚɬɵ ɧɚ ɫɨɡɞɚɧɢɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɮɢɤɫɢɪɨɜɚɧɵ, 

ɬɨ ɤɨɧɤɭɪɟɧɬɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɞɥɹ ɨɩɪɟɞɟɥёɧɧɨɝɨ 
ɤɥɚɫɫɚ ɢɡɞɟɥɢɣ ɨɱɟɜɢɞɧɨ. ɍɩɪɚɜɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɦ ɩɪɨɰɟɫɫɨɦ ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɹɜɥɹ-
ɟɬɫɹ ɝɚɪɚɧɬɢɟɣ ɡɚɞɚɧɧɨɝɨ ɤɚɱɟɫɬɜɚ ɢɬɨɝɨɜɨɝɨ ɢɡɞɟɥɢɹ 
ɢ ɫɧɢɠɚɟɬ ɩɪɨɰɟɧɬ ɛɪɚɤɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɟɨɛɯɨɞɢɦɚ 
ɪɚɡɪɚɛɨɬɤɚ ɚɞɚɩɬɢɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɞɢɚɩɚɡɨɧɨɜ ɢɡɦɟɧɟɧɢɹ 
ɤɥɸɱɟɜɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɫɬɚɛɢɥɶɧɨɫɬɶ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
ɇɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ ɪɚɡɜɢɜɚɟɬ ɪɚɛɨɬɵ [12; 13] ɜ ɱɚɫ-

ɬɢ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɣ ɫɥɨɠɧɨɣ ɮɨɪɦɵ 

ɢɡ ɉɄɆ, ɞɨɩɨɥɧɹɹ ɩɨɧɢɦɚɧɢɟɦ ɜɥɢɹɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɜɡɚɢɦɧɨɝɨ ɜɥɢɹɧɢɹ, ɨɬɞɟɥɶɧɵɯ ɤɚɬɟɝɨɪɢɣ ɩɚɪɚɦɟɬɪɨɜ 
ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɚɞɚɩɬɢɜɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ. 

Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ. ɉɚɪɚɦɟɬɪɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɩɪɨ-
ɬɟɤɚɧɢɟ ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɟɰɢɡɢɨɧɧɵɯ ɢɡɞɟ-
ɥɢɣ ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɢɡ ɉɄɆ, ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ  
ɧɚ ɜɯɨɞɧɵɟ, ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɢ ɜɵɯɨɞɧɵɟ. ȼɯɨɞɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɨɩɪɟɞɟɥɹɸɳɢɟ, ɭɩɪɚɜ-
ɥɹɟɦɵɟ ɢ ɜɨɡɦɭɳɚɸɳɢɟ [14]. ɇɚɛɨɪ ɭɩɪɚɜɥɹɸɳɢɯ  
ɢ ɜɨɡɦɭɳɚɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɬɟɯɧɨɥɨ-
ɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡɞɟɥɢɣ ɫɥɨɠɧɨɣ 

ɮɨɪɦɵ ɢɡ ɉɄɆ, ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥ. 1; ɜ ɬɚɛɥ. 2 ɩɪɟɞ-
ɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɩɚɪɚɦɟɬɪɚɦɢ. 

Ɉɩɪɟɞɟɥɹɸɳɢɟ, ɢɥɢ ɨɛɹɡɚɬɟɥɶɧɵɟ, ɩɚɪɚɦɟɬɪɵ  

ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɟ  
ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ. Ʉ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɦ 

ɩɚɪɚɦɟɬɪɚɦ ɨɬɧɨɫɹɬɫɹ ɩɚɪɚɦɟɬɪɵ, ɤɨɬɨɪɵɟ ɡɚɤɥɚɞɵ-

ɜɚɸɬɫɹ ɧɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢɡɞɟɥɢɹ, ɧɚɩɪɢɦɟɪ, 
ɬɚɤɢɟ ɤɚɤ ɦɚɪɤɚ ɢɫɩɨɥɶɡɭɟɦɵɯ ɚɪɦɢɪɭɸɳɢɯ ɢ ɫɜɹ-
ɡɭɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɬɪɟɛɭɟɦɚɹ ɬɨɱɧɨɫɬɶ ɝɟɨɦɟɬɪɢɱɟ-
ɫɤɢɯ ɪɚɡɦɟɪɨɜ, ɬɨɱɧɨɫɬɶ ɮɨɪɦɵ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ ɩɨ-
ɜɟɪɯɧɨɫɬɟɣ, ɤɚɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ, ɬɪɟɛɭɟɦɵɟ 
ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɡɞɟɥɢɹ, ɝɟɨɦɟɬɪɢɱɟ-
ɫɤɢɟ ɪɚɡɦɟɪɵ, ɫɨɨɬɧɨɲɟɧɢɟ ɚɪɦɢɪɭɸɳɟɝɨ ɢ ɫɜɹɡɭɸ-

ɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɝɨɬɨɜɨɦ ɢɡɞɟɥɢɢ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢ-

ɦɢ ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɹɜɥɹɸɬɫɹ ɦɢɧɢ-

ɦɚɥɶɧɚɹ ɜɹɡɤɨɫɬɶ ɫɜɹɡɭɸɳɟɝɨ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɜɪɟɦɹ 
ɟɝɨ ɠɢɡɧɢ. 

ɍɩɪɚɜɥɹɟɦɵɟ ɢɥɢ ɤɨɧɬɪɨɥɢɪɭɟɦɵɟ ɜɯɨɞɧɵɟ ɩɚɪɚ-
ɦɟɬɪɵ (ɍȼɉ) ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɩɚɪɚɦɟɬɪɵ, ɤɨɬɨɪɵɟ 
ɞɨɩɭɫɤɚɸɬ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɵɣ ɜɵɛɨɪ ɩɪɢ ɩɪɨɟɤɬɢɪɨ-
ɜɚɧɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. ȼ ɫɥɭɱɚɟ RTM-

ɩɪɨɰɟɫɫɚ ɷɬɭ ɤɚɬɟɝɨɪɢɸ ɩɚɪɚɦɟɬɪɨɜ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɪɢ ɩɨɞɤɚɬɟɝɨɪɢɢ: ɍȼɉ ɫɜɹɡɭɸɳɟɝɨ ɦɚ-
ɬɟɪɢɚɥɚ, ɍȼɉ ɚɪɦɢɪɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɍȼɉ ɬɟɯɧɨ-
ɥɨɝɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɢ. 

ɋɪɟɞɢ ɜɨɡɦɭɳɚɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ ɩɪɟɰɢɡɢɨɧɧɵɯ ɢɡɞɟɥɢɣ ɢɡ ɉɄɆ ɦɨɠɧɨ ɜɵɞɟ-
ɥɢɬɶ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɢ ɫɥɭɱɚɣɧɵɟ ɩɚɪɚɦɟɬɪɵ.  

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ (Ɏȼɉ) ɤɨɥɢɱɟɫɬɜɟɧ-

ɧɨ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, ɤɨɬɨɪɵɣ, 

ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɚ ɩɨɞɩɪɨɰɟɫɫɚ. 
ɉɟɪɜɵɦ ɢɡ ɧɢɯ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ ɢɧɠɟɤɰɢɢ ɫɜɹɡɭɸ-

ɳɟɝɨ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɨɫɧɚɫɬɤɭ ɫ ɚɪɦɢɪɭɸɳɢɦ 

ɩɚɤɟɬɨɦ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ Ɏȼɉ ɹɜɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶ  
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ɢɧɠɟɤɰɢɢ ɢ ɨɛɴɟɦ ɢɧɠɟɤɬɢɪɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɞɜɚ ɷɬɢɯ ɩɚɪɚɦɟɬɪɚ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɮɭɧɤɰɢɸ 

ɩɪɨɰɟɫɫɚ ɢɧɠɟɤɰɢɢ, ɨɩɪɟɞɟɥɹɸɳɭɸ ɩɪɨɩɢɬɤɭ ɦɚɬɟ-
ɪɢɚɥɚ. ȼɬɨɪɵɦ ɩɨɞɩɪɨɰɟɫɫɨɦ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ ɨɬ-
ɜɟɪɠɞɟɧɢɹ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ. Ⱦɚɧɧɵɣ ɩɪɨɰɟɫɫ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɚɪɚɦɟɬɪɨɦ ɢɨɧɧɨɣ ɜɹɡɤɨɫɬɢ, ɨɩɪɟ-
ɞɟɥɹɟɦɵɦ ɢɡ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɜɹ-
ɡɭɸɳɟɝɨ – ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɢ ɞɢɷɥɟɤ-
ɬɪɢɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ ɩɨɬɟɪɶ, ɚ ɬɚɤɠɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨ-
ɫɬɶɸ ɩɪɨɰɟɫɫɚ ɨɬɜɟɪɠɞɟɧɢɹ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɯɚ-
ɪɚɤɬɟɪɢɡɭɟɬ ɞɢɧɚɦɢɤɭ ɢɡɦɟɧɟɧɢɹ ɢɨɧɧɨɣ ɜɹɡɤɨɫɬɢ 

ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɜ ɩɪɨɰɟɫɫɟ ɨɬɜɟɪɠɞɟɧɢɹ. 
Ʉɨɥɢɱɟɫɬɜɨ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɭɩɪɚɜɥɟɧɢɹ ɭɠɟ 

ɫɚɦɨ ɩɨ ɫɟɛɟ ɞɟɥɚɟɬ ɩɪɨɢɡɜɨɞɫɬɜɨ ɤɨɦɩɨɡɢɬɧɵɯ ɢɡɞɟ-
ɥɢɣ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɦ. ɉɪɨɰɟɫɫ ɬɚɤɠɟ ɭɫɥɨɠɧɹ-
ɟɬɫɹ ɬɟɦ, ɱɬɨ ɩɚɪɚɦɟɬɪɵ ɩɨɞɫɢɫɬɟɦ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ 
ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɜ ɫɥɨɠɧɵɯ ɧɟɥɢɧɟɣɧɵɯ ɨɬɧɨɲɟɧɢɹɯ. 
ɗɮɮɟɤɬɢɜɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫ-
ɫɨɦ ɜɨɡɦɨɠɧɨ ɥɢɲɶ ɩɪɢ ɧɚɥɢɱɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ. ɉɪɢ ɟɟ ɨɬɫɭɬɫɬɜɢɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. ɉɨɷɬɨɦɭ 
ɪɟɝɭɥɢɪɭɹ ɥɢɲɶ ɨɞɢɧ ɮɚɤɬɨɪ, ɜɩɨɥɧɟ ɥɨɝɢɱɧɨ, ɱɬɨ 
ɞɨɫɬɢɱɶ ɠɟɥɚɟɦɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ 
ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ.  

Ɉɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɚɫɩɟɤɬɨɜ ɤɨɧɬɪɨɥɹ ɬɟɯɧɨɥɨ-
ɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ ɡɧɚɧɢɟ ɪɟɠɢɦɨɜ ɩɟɪɟɪɚ-
ɛɨɬɤɢ ɫɜɹɡɭɸɳɟɝɨ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɨɛɴɟɤɬɚɦɢ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɥɭɠɢɥɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ ɷɩɨɤɫɢɞ-
ɧɵɟ ɫɜɹɡɭɸɳɢɟ Sicomin SR 1710 ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɨɬɜɟɪ-
ɞɢɬɟɥɟɦ SD 8824 ɢ Huntsmann Araldite LY 8615 ɜ ɫɨ-
ɱɟɬɚɧɢɢ ɫ ɨɬɜɟɪɞɢɬɟɥɟɦ XB 5173. 

ɗɩɨɤɫɢɞɧɨɟ ɫɜɹɡɭɸɳɟɟ Sicomin SR 1710 ɩɪɟɞɫɬɚɜ-
ɥɹɟɬ ɫɨɛɨɣ ɫɦɟɫɶ ɞɢɝɥɢɰɢɞɢɥɨɜɨɝɨ ɷɮɢɪɚ ɛɢɫɮɟɧɨɥɚ 
Ⱥ ɢ ɞɢɝɥɢɰɢɞɢɥ ɷɮɢɪɚ ɚɧɢɥɢɧɚ. Ɉɬɜɟɪɞɢɬɟɥɶ SD 8824 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɦɟɫɶ ɦɟɬɢɥɩɟɧɬɚɧɞɢɚɦɢɧɚ ɢ m-

ɤɫɢɥɟɧɞɢɚɦɢɧɚ. 
ɗɩɨɤɫɢɞɧɨɟ ɫɜɹɡɭɸɳɟɟ Araldite LY 8615 ɩɪɟɞ-

ɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɭɸ ɫɦɟɫɶ, ɫɨɫɬɨɹ-
ɳɭɸ ɢɡ ɩɪɨɞɭɤɬɨɜ ɤɨɧɞɟɧɫɚɰɢɢ ɷɩɢɯɥɨɪɝɢɞɪɢɧɚ ɢ 

ɛɢɫɮɟɧɨɥɚ Ⱥ, ɬɪɢɝɥɢɰɢɞɢɥ-p-ɚɦɢɧɨɮɟɧɢɥɚ, ɬɟɬɪɚɝɥɢ-

ɰɢɞɢɥɚ-4,4’-ɞɢɚɦɢɧɨɞɢɮɟɧɢɥɦɟɬɚɧɚ, ɚ ɬɚɤɠɟ 1,4-

ɛɚɬɚɧɞɢɨɥ-ɞɢɝɥɢɰɢɞɢɥɷɮɢɪɚ. Ɉɬɜɟɪɞɢɬɟɥɶ XB5173 

ɹɜɥɹɟɬɫɹ ɫɦɟɫɶɸ ɢɡɨɮɨɪɨɧɞɢɚɦɢɧɚ ɢ 2,2’-ɞɢɦɟɬɢɥ-
4,4’-ɦɟɬɢɥɟɧɛɢɫɚ (ɰɢɤɥɨɝɟɤɫɢɥɚɦɢɧɚ).  

 

 
 

Ɋɢɫ. 1. Ɉɩɪɟɞɟɥɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨɣ ɜɹɡɤɨɫɬɢ ɫɜɹɡɭɸɳɢɯ:  
1 – Araldite, 2 – Sicomin 

 

Ⱦɥɹ ɫɜɹɡɭɸɳɢɯ ɫ ɩɨɦɨɳɶɸ ɜɢɫɤɨɡɢɦɟɬɪɚ Ȼɪɭɤ-
ɮɢɥɶɞɚ (ɦɨɞɟɥɶ DV2T LV, ɋШȺ) ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ 
ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɚɹ ɜɹɡɤɨɫɬɶ, ɩɪɢ ɤɨɬɨɪɨɣ ɰɟɥɟ-
ɫɨɨɛɪɚɡɧɨ ɩɪɨɜɨɞɢɬɶ ɢɧɠɟɤɰɢɸ. ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɵ 

ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ 

ɷɩɨɤɫɢɞɧɵɯ ɫɜɹɡɭɸɳɢɯ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ RTM-

ɬɟɯɧɨɥɨɝɢɢ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɨɫɭɳɟɫɬɜɥɟɧɢɹ 
ɩɪɨɰɟɫɫɚ ɩɪɨɩɢɬɤɢ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɚɹ ɜɹɡɤɨɫɬɶ 
ɧɟ ɞɨɥɠɧɚ ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɹɬɶɫɹ ɜ ɬɟɱɟɧɢɟ ɩɪɨ-
ɞɨɥɠɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. ɉɨɷɬɨɦɭ ɨɞɧɨɣ ɢɡ ɡɚɞɚɱ ɩɨ 

ɭɫɬɚɧɨɜɥɟɧɢɸ ɤɥɸɱɟɜɵɯ ɩɚɪɚɦɟɬɪɨɜ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯ-
ɩɪɨɰɟɫɫɨɦ ɫɥɭɠɢɬ ɨɩɪɟɞɟɥɟɧɢɟ ɜɪɟɦɟɧɢ ɠɢɡɧɢ ɫɜɹ-
ɡɭɸɳɟɝɨ ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɜɵɞɟɪɠɤɚɯ (ɪɢɫ. 2, 3) [15]. 
 

 
 

Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɪɟɦɟɧɢ ɠɢɡɧɢ ɫɜɹɡɭɸɳɟɝɨ Sicomin  

ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɢ 

 

 
 

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɪɟɦɟɧɢ ɠɢɡɧɢ ɫɜɹɡɭɸɳɟɝɨ Huntsmann  

ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɢ 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɨɬɜɟɪɠɞɟɧɢɹ ɷɩɨɤɫɢɞɧɵɯ 
ɫɜɹɡɭɸɳɢɯ ɩɪɨɜɨɞɢɥɨɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɢɷɥɟɤ-
ɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚɬɨɪɚ DEA 288. ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟ-
ɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɫɜɹɡɭɸɳɟɝɨ SR1710 ɧɚ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɦ ɚɧɚɥɢɡɚɬɨɪɟ. 

 

 
 

Ɋɢɫ. 4. Ɇɨɧɢɬɨɪɢɧɝ ɩɪɨɰɟɫɫɚ ɨɬɜɟɪɠɞɟɧɢɹ  
ɷɩɨɤɫɢɞɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ SR1710
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Ɍɚɛɥɢɰɚ 1  

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɟɮɥɟɤɬɨɪɨɜ 
 

ȼɥɢɹɸɳɢɟ ɩɚɪɚɦɟɬɪɵ 
Шɢɮɪ  
ɩɚɪɪɚ 

Ɇɚɪɤɢ ɢɫɩɨɥɶɡɭɟɦɵɯ ɚɪɦɢɪɭɸɳɢɯ ɢ ɫɜɹ-
ɡɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ 1 

Ɍɪɟɛɭɟɦɵɟ ɬɨɱɧɨɫɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟ-
ɪɨɜ, ɬɨɱɧɨɫɬɶ ɮɨɪɦɵ ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨ-
ɜɟɪɯɧɨɫɬɟɣ 2 

Ʉɚɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ 3 

Ɍɪɟɛɭɟɦɵɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 
ɢɡɞɟɥɢɹ, ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɞɪ. 4 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ, ɮɨɪɦɚ ɢɡɞɟɥɢɹ 5 

Ʉɨɧɫɬɪɭɤɬɨɪɫɤɢɟ  

Ɍɪɟɛɭɟɦɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɚɪɦɢɪɭɸɳɟɝɨ ɢ 

ɫɜɹɡɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ 6 

Ɇɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɚɹ ɜɹɡɤɨɫɬɶ 
7 

Ɉ
ɩɪ
ɟɞ
ɟɥ
ɹɸ
ɳ
ɢɟ

 ɜ
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ɵ
ɟ 
ɩɚ
ɪɚ
ɦɟ
ɬɪ
ɵ

 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ  Ɇɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɜɪɟɦɹ ɝɟɥɟɨɛɪɚɡɨ-
ɜɚɧɢɹ 8 

ȼɹɡɤɨɫɬɶ 9 

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɜɹɡɭɸɳɟɝɨ 10 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɬɜɟɪɠɞɟɧɢɹ 11 

Ɍɟɦɩɟɪɚɬɭɪɚ ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɩɢɤɚ 12 

ɋɜɹɡɭɸɳɟɟ  

ȼɪɟɦɹ ɝɟɥɟɨɛɪɚɡɨɜɚɧɢɹ 13 

Ɍɢɩ ɩɥɟɬɟɧɢɹ 14 

ɉɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɢ ɩɪɢɪɨɞɚ ɚɩɩɪɟɬɚ 15 Ⱥɪɦɢɪɭɸɳɢɣ ɦɚɬɟɪɢɚɥ ɋɬɪɭɤɬɭɪɚ ɠɝɭɬɚ (1Ʉ, 2Ʉ, …), ɧɚɥɢɱɢɟ ɢ ɧɚ-
ɩɪɚɜɥɟɧɢɟ ɤɪɭɱɟɧɢɹ 16 

ɉɪɨɧɢɰɚɟɦɨɫɬɶ 17 

ɋɯɟɦɚ ɭɤɥɚɞɤɢ 18 

ɉɥɨɬɧɨɫɬɶ ɚɪɦɢɪɭɸɳɟɝɨ ɩɚɤɟɬɚ 19 

Ⱦɚɜɥɟɧɢɟ ɢɧɠɟɤɰɢɢ 20 

Ɋɚɫɩɨɥɨɠɟɧɢɟ ɜɯɨɞɧɵɯ ɤɚɧɚɥɨɜ 21 ɍ
ɩɪ
ɚɜ
ɥɹ
ɟɦ
ɵ
ɟ 
ɜɯ
ɨɞ
ɧɵ
ɟ 
ɩɚ
ɪɚ
ɦɟ
ɬɪ
ɵ

 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɨɫɧɚɫɬɤɚ 

Ɋɚɫɩɨɥɨɠɟɧɢɟ ɜɟɧɬɢɥɢɪɭɟɦɵɯ ɤɚɧɚɥɨɜ 22 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɜɹɡɤɨɫɬɢ 23 

Ƚɪɚɞɢɟɧɬ ɞɚɜɥɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɢɧɠɟɤɰɢɢ 24 

ɂɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɪɨɩɢɬɤɢ 25 
ɋɢɫɬɟɦɧɵɟ ɩɚɪɚɦɟɬɪɵ 

ɂɡɦɟɧɟɧɢɟ ɮɪɨɧɬɚ ɩɨɬɨɤɚ 26 

Ʉɨɥɟɛɚɧɢɟ ɜɟɥɢɱɢɧɵ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɪɚɡɥɢɱ-
ɧɵɯ ɨɛɥɚɫɬɟɣ ɢɡɞɟɥɢɹ 27 

ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɮɪɨɧɬɚ ɩɨɬɨɤɚ 28 

ɍɫɥɨɜɢɹ ɢ ɫɪɨɤ ɯɪɚɧɟɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ɦɚɬɟ-
ɪɢɚɥɚ 29 
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ȼ
ɨɡ
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ɇɟɫɢɫɬɟɦɧɵɟ ɩɚɪɚɦɟɬɪɵ 

ɍɫɥɨɜɢɹ ɢ ɫɪɨɤ ɯɪɚɧɟɧɢɹ ɚɪɦɢɪɭɸɳɟɝɨ ɦɚ-
ɬɟɪɢɚɥɚ 30 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɧɠɟɤɰɢɢ 31 

ɋɤɨɪɨɫɬɶ ɢɧɠɟɤɰɢɢ 31,1 
Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ 

ɩɪɨɰɟɫɫɚ ɢɧɠɟɤɰɢɢ 
Ɉɛɴɟɦ ɢɧɠɟɤɬɢɪɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ 31,2 

ɂɨɧɧɚɹ ɜɹɡɤɨɫɬɶ 32 

Ⱦɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ε’ 32,1 

Ⱦɢɷɥɟɤɬɪɢɱɟɫɤɢɣ ɮɚɤɬɨɪ ɩɨɬɟɪɶ φ  32,2 

ȼ
ɯɨ
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ɵ
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ɩɚ
ɪɚ
ɦɟ
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Ɏ
ɭɧ
ɤɰ
ɢɨ
ɧɚ
ɥɶ
ɧɵ
ɟ 

ɜɯ
ɨɞ
ɧɵ
ɟ 
ɩɚ
ɪɚ
ɦɟ
ɬɪ
ɵ

 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ 
ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬ-
ɪɵ ɩɪɨɰɟɫɫɚ ɩɨ-
ɥɢɦɟɪɢɡɚɰɢɢ 

Ⱦɢɧɚɦɢɤɚ ɢɡɦɟɧɟ-
ɧɢɹ ɢɨɧɧɨɣ ɜɹɡɤɨ-
ɫɬɢ ɫɜɹɡɭɸɳɟɝɨ 
ɦɚɬɟɪɢɚɥɚ  ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɩɨɥɢɦɟɪɢɡɚ-

ɰɢɢ 33 

ɉɨɪɢɫɬɨɫɬɶ 34 
Ɉɩɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɋɨɞɟɪɠɚɧɢɟ ɦɢɤɪɨɬɪɟɳɢɧ 35 

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɬɟɤɥɨɜɚɧɢɹ 36 
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Ɍɚɛɥɢɰɚ 2  

Ɉɩɢɫɚɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɟɮɥɟɤɬɨɪɨɜ 
 

ȼɥɢɹɸɳɢɟ ɩɚɪɚɦɟɬɪɵ* Шɢɮɪ  
ɩɚɪɪɚ 1 2 3 4 5 6 7 8 9 10 11 12 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 31,1 31,2 32–33 34 35 

1  ɏ ɏ ɏ         Ɉ                       

2            Ɉ Ɉ                       

3                                    

4                                    

5                                    

6  ɏ                                  

7 ɏ                           ɏ        

8 ɏ                           ɏ        

9 ɏ      ɏ   ɏ                  ɏ        

10 ɏ       ɏ                            

11 ɏ ɏ        ɏ                          

12 ɏ Ɉ         ɏ                 ɏ        

13 ɏ       ɏ   ɏ                         

14 Ɉ Ɉ                                  

15 ɏ                            ɏ       

16 ɏ ɏ                                  

17 ɏ        ɏ    ɏ ɏ ɏ  ɏ     ɏ       ɏ       

18  ɏ   ɏ                               

19      ɏ                              

20                ɏ  ɏ        ɏ          

21     ɏ                               

22     ɏ                    ɏ           

23 ɏ      ɏ                     ɏ  ɏ      

24                ɏ   ɏ ɏ ɏ     ɏ          

Ɂɚ
ɜɢ
ɫɢ
ɦɵ
ɟ 
ɩɚ
ɪɚ
ɦɟ
ɬɪ
ɵ

 

25                       ɏ             

26                        ɏ            

27 ɏ                ɏ                   

28                                    

29 X X                                  

30 ɏ ɏ                                  

31                         ɏ  ɏ    ɏ ɏ    

31,1                   ɏ                 

31,2     ɏ                               

32–33 ɏ ɏ         ɏ ɏ                        

34 ɏ                            ɏ  ɏ     

35 ɏ           ɏ                 ɏ    ɏ   

36–38 ɏ           ɏ                ɏ ɏ    ɏ ɏ ɏ 

Ɂɚ
ɜɢ
ɫɢ
ɦɵ
ɟ 
ɩɚ
ɪɚ
ɦɟ
ɬɪ
ɵ

 

39–41 ɏ           ɏ     ɏ           ɏ ɏ    ɏ ɏ ɏ 
 

* ɏ – ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ; Ɉ – ɞɜɭɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ. 
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ɉɨɤɚɡɚɬɟɥɟɦ ɤɚɱɟɫɬɜɚ ɨɬɜɟɪɠɞɟɧɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ 
ɢ ɜɵɯɨɞɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɩɪɢɧɢɦɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɤɥɨɜɚɧɢɹ. Ɉɩɪɟɞɟɥɟɧɢɟ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɩɟɪɟɪɚɛɨɬɤɢ ɫɜɹɡɭɸɳɟɝɨ – ɫɭ-
ɳɟɫɬɜɟɧɧɚɹ ɢ ɬɪɭɞɨɟɦɤɚɹ ɡɚɞɚɱɚ ɩɪɢ ɨɩɬɢɦɢɡɚɰɢɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. Ɍɟɦɩɟɪɚɬɭɪɚ ɫɬɟɤɥɨɜɚɧɢɹ 
ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɫɬɨɬɜɟɪɠɞɟɧɢɹ, ɜɪɟɦɟɧɢ 

ɩɨɫɬɨɬɜɟɪɠɞɟɧɢɹ, ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɩɪɟɞɟ- 
ɥɹɸɬ ɫɬɟɩɟɧɶ ɨɬɜɟɪɠɞɟɧɢɹ. Ɍɟɦɩɟɪɚɬɭɪɭ ɩɨɫɬɨɬɜɟɪ-
ɠɞɟɧɢɹ ɫɜɹɡɭɸɳɟɝɨ Huntsmann ɨɩɪɟɞɟɥɹɥɢ ɢɫɯɨɞɹ ɢɡ 
ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɱɬɨ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ 

ɧɚ ȾɆȺ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɬɟɩɟɧɢ ɫɲɢɜɤɢ, ɜɨɡɪɚɫɬɚɟɬ. 
ɂɥɥɸɫɬɪɢɪɭɟɬ ɞɚɧɧɵɣ ɦɟɬɨɞ ɪɢɫ. 5. Ɉɱɟɜɢɞɧɨ, ɱɬɨ 
ɩɪɨɰɟɫɫ ɨɬɜɟɪɠɞɟɧɢɹ ɩɪɨɞɨɥɠɚɟɬɫɹ ɜɩɥɨɬɶ ɞɨ ɬɟɦɩɟ-
ɪɚɬɭɪɵ 200 °ɋ, ɨɞɧɚɤɨ ɪɨɫɬ ɦɨɞɭɥɹ ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚ-
ɬɭɪɟ ɧɟɡɧɚɱɢɬɟɥɶɧɵɣ, ɩɨɷɬɨɦɭ ɡɚ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɫɬ-
ɨɬɜɟɪɠɞɟɧɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɧɹɬɶ 190 °ɋ.  

 

 
 

Ɋɢɫ. 5. Ɉɩɪɟɞɟɥɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɨɫɬɨɬɜɟɪɠɞɟɧɢɹ: 1 – ɢɡɦɟɧɟɧɢɟ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ;  
 

2 – ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵ-

ɞɟɪɠɤɢ ɫɜɹɡɭɸɳɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɞɟɧɢɟ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚ ɩɪɢ ɜɵɛɪɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɫɬɨɬɜɟɪɠɞɟ-
ɧɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɡɚ ɨɩɬɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɩɨɫɬɨɬɜɟɪ-
ɠɞɟɧɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɧɢɦɚɬɶ ɜɪɟɦɹ ɨɤɨɧɱɚɧɢɹ 
ɪɨɫɬɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ. 

Ɂɚɤɥɸɱɟɧɢɟ. ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɢ 

ɫɢɫɬɟɦɚɬɢɡɚɰɢɹ ɩɚɪɚɦɟɬɪɨɜ, ɤɨɧɬɪɨɥɶ ɡɚ ɤɨɬɨɪɵɦɢ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɬɚɛɢɥɶɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫ-
ɫɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɟɰɟɡɢɨɧɧɵɯ ɢɡɞɟɥɢɣ ɢɡ ɉɄɆ ɦɟ-
ɬɨɞɨɦ ɬɪɚɧɫɮɟɪɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ. ɂɫɯɨɞɹ ɢɡ ɢɯ ɤɨɥɢ-

ɱɟɫɬɜɚ ɢ ɧɟɥɢɧɟɣɧɨɫɬɢ ɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ ɧɢɦɢ, 

ɭɩɪɚɜɥɟɧɢɟ ɩɪɨɰɟɫɫɨɦ ɬɪɚɧɫɮɟɪɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ – 

ɫɥɨɠɧɚɹ ɢ ɬɪɭɞɨɟɦɤɚɹ ɡɚɞɚɱɚ. ɉɨɤɚɡɚɧɵ ɩɪɢɟɦɵ ɢ 

ɦɟɬɨɞɵ ɨɰɟɧɤɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 
ɫɜɨɣɫɬɜ ɫɜɹɡɭɸɳɢɯ, ɩɨɡɜɨɥɹɸɳɢɯ ɩɨɥɭɱɚɬɶ ɤɚɱɟɫɬ-
ɜɟɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɜɵɛɪɚɧɧɵɯ 
ɫɜɹɡɭɸɳɢɯ. 

 

Ȼɥɚɝɨɞɚɪɧɨɫɬɢ. Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨ-
ɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ 

Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ. Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɤɨɧɬɪɚɤɬ  
№ 02.G25.31.0043. 
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