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ɂɋɋɅȿȾɈȼȺɇɂȿ ɉɊɈɐȿɋɋȺ ɈɌȼȿɊɀȾȿɇɂə ɉɈɅɂɆȿɊɇɕɏ ɋȼəɁɍɘЩɂɏ  

ɇȺ ɈɋɇɈȼȿ ȺɇȺɅɂɁȺ ɂɏ ȾɂɗɅȿɄɌɊɂɑȿɋɄɂɏ ɉȺɊȺɆȿɌɊɈȼ ɉɊɂ ɋɈɁȾȺɇɂɂ  

ɌɈɇɄɈɋɌȿɇɇɕɏ ɎɈɊɆɈɋɌȺȻɂɅɖɇɕɏ ɄɈɇɋɌɊɍɄɐɂɃ, ɍɋɌɈɃɑɂȼɕɏ  

Ʉ ɇȿȽȺɌɂȼɇɕɆ ɎȺɄɌɈɊȺɆ ɄɈɋɆɂɑȿɋɄɈȽɈ ɉɊɈɋɌɊȺɇɋɌȼȺ 
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Ɋɚɫɫɦɨɬɪɟɧ ɜɨɩɪɨɫ ɫɨɡɞɚɧɢɹ ɬɨɧɤɨɫɬɟɧɧɵɯ ɮɨɪɦɨɫɬɚɛɢɥɶɧɵɯ ɢɧɬɟɝɪɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɦɟɬɨɞɨɦ ɱɚɫ-
ɬɢɱɧɨɝɨ ɨɬɜɟɪɠɞɟɧɢɹ. Аɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɨɛɭɫɥɨɜɥɟɧɚ ɜɨɡɪɚɫɬɚɸɳɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ, ɩɪɟɞɴɹɜɥɹɟɦɵɦɢ  
ɤ ɤɨɧɫɬɪɭɤɰɢɹɦ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ: ɭɜɟɥɢɱɟɧɢɟɦ ɩɪɨɱɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɧɢɠɟɧɢɟɦ ɟɟ ɜɟɫɚ.  
Иɫɩɨɥɶɡɭɹ ɦɟɬɨɞ ɱɚɫɬɢɱɧɨɝɨ ɨɬɜɟɪɠɞɟɧɢɹ, ɜɨɡɦɨɠɧɨ ɫɨɡɞɚɧɢɟ ɢɧɬɟɝɪɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɩɨɧɢɠɟɧɧɵɦ 

ɜɟɫɨɦ ɡɚ ɫɱɟɬ ɨɬɫɭɬɫɬɜɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɤɪɟɩɥɟɧɢɣ, ɚ ɜɵɫɨɤɚɹ ɩɪɨɱɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ ɞɨɫɬɢɝɚɟɬɫɹ ɮɨɪɦɨɜɚ-
ɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɡɚ ɨɞɢɧ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɰɢɤɥ.  
Ɋɚɫɫɦɨɬɪɟɧ ɜɨɩɪɨɫ ɮɨɪɦɨɫɬɚɛɢɥɶɧɨɫɬɢ ɬɨɧɤɨɫɬɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚ-

ɬɟɪɢɚɥɨɜ, ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɜ ɤɨɫɦɢɱɟɫɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɬɟɩɟɧɢ ɨɬɜɟɪɠɞɟɧɢɹ ɫɜɹɡɭɸɳɟɝɨ. 
ɋɬɟɩɟɧɶ ɨɬɜɟɪɠɞɟɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɱɟɪɟɡ ɠɟɥɚɟɦɨɟ ɫɜɨɣɫɬɜɨ ɤɨɧɟɱɧɨɝɨ ɢɡɞɟɥɢɹ. ɉɪɢ-
ɜɟɞɟɧɨ ɤɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɢ ɫɪɚɜɧɟɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɢ ɨɬɜɟɪɠɞɟɧɢɹ ɫɜɹɡɭɸɳɟɝɨ. 
ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɦɟɬɨɞɚ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɨɞɢɬɶ ɦɨɧɢɬɨ-
ɪɢɧɝ ɩɪɨɰɟɫɫɚ ɨɬɜɟɪɠɞɟɧɢɹ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. Кɪɚɬɤɨ ɪɚɫɫɦɨɬɪɟɧɚ ɬɟɨɪɢɹ ɦɟɬɨɞɚ ɞɢɷɥɟɤɬɪɢɱɟ-
ɫɤɨɝɨ ɚɧɚɥɢɡɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɢ ɨɬɜɟɪɠɞɟɧɢɹ ɬɟɪɦɨɪɟɚɤɬɢɜɧɵɯ, ɜ ɱɚɫɬɧɨɫɬɢ ɷɩɨɤɫɢɞɧɵɯ, ɫɜɹɡɭɸɳɢɯ, 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɚɯ. Ɋɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɨɫɧɚɫɬɤɚ ɫ ɩɪɢɧɭɞɢ-
ɬɟɥɶɧɵɦ ɬɟɩɥɨɨɬɜɨɞɨɦ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɧɬɟɝɪɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ ɦɟɬɨɞɨɦ ɱɚɫɬɢɱɧɨɝɨ ɨɬɜɟɪɠɞɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɨɯɥɚɠɞɚɸɳɟɝɨ ɚɝɟɧɬɚ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜɨɞɚ. ɉɪɨɜɟ-
ɞɟɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɨɰɟɧɤɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɢ ɞɥɹ ɮɨɪɦɨɜɚɧɢɹ ɢɧɬɟɝɪɚɥɶɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ.  
ɉɨɤɚɡɚɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɢ ɞɥɹ ɮɨɪɦɨɜɚɧɢɹ ɢɧɬɟɝɪɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɦɟ-

ɬɨɞɨɦ ɱɚɫɬɢɱɧɨɝɨ ɨɬɜɟɪɠɞɟɧɢɹ. Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɞɥɹ ɦɟɬɨɞɚ ɱɚɫɬɢɱɧɨɝɨ ɨɬɜɟɪɠɞɟɧɢɹ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹ-
ɳɢɦ ɦɟɬɨɞɨɦ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɢ ɨɬɜɟɪɠɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 

ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɢɦɵ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɢɧɬɟɝɪɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦ-

ɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɮɨɪɦɭɟɦɵɯ ɡɚ ɨɞɢɧ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɰɢɤɥ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɱɚɫɬɢɱɧɨɝɨ  
ɨɬɜɟɪɠɞɟɧɢɹ ɫɜɹɡɭɸɳɟɝɨ. 

 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɮɨɪɦɨɫɬɚɛɢɥɶɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɱɚɫɬɢɱɧɨɟ ɨɬɜɟɪɠɞɟɧɢɟ. 
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The article focuses on the creation of thin-walled structures using a dimensionally stable integral partial cross-

linked. Relevance of the work is due to the increasing requirements for aerospace structures, increase structural 

strength and reduce its weight. Using the method of partial cross-linked is possible to create integrated designs 

underweight, due to the absence of mechanical fasteners, and high structural strength is achieved by molding the 

various structural elements in one work cycle. The question of a dimensionally stable thin-walled structures made of 

polymeric composite materials, used in outer space, in terms of the degree of cure of the binder is considered. The 
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degree of cure of the binder can be expressed in terms of the desired property of the final product. A brief description 

and comparison of modern methods of determining the degree of cure of the binder is given. It is shown that an 

advantage of the method of analysis is a dielectric capable of monitoring the curing process in real time. The theory of 

the method of the dielectric analysis to determine the extent of curing thermosetting, in particular epoxy resins used in 

the polymer composites is briefly discussed. The technological equipment with forced heat sink for the manufacture of 

integrated structures of polymeric composite materials by partial curing is used. As the coolant water was used. 

Experimental evaluation of performance tooling for forming integrated structures of polymer composite materials is 

made. The performance of tooling for forming integrated structures using partial cross-linked is shown. It is determined 

that for the method of partially curing the most appropriate method to determine the degree of cure is the dielectric 

analysis. The results can be used for the design and fabrication of integrated structures from polymeric composites, 

molded in one process cycle using the method of partially curing the binder. 

 

Keywords: dielectric parameters, stable dimensions, partial cross-linked. 

 

ȼɜɟɞɟɧɢɟ. ȼ ɪɚɛɨɬɟ [1] ɪɚɫɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 
ɫɨɡɞɚɧɢɹ ɪɚɡɦɟɪɨɫɬɚɛɢɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɉɄɆ, 

ɨɫɧɨɜɨɣ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɬɨɧɤɚɹ ɨɛɨɥɨɱɤɚ ɢ ɫɢɥɨɜɵɟ 
ɲɟɫɬɢɝɪɚɧɧɵɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ, ɜɵɩɨɥɧɟɧ-

ɧɵɟ ɢɡ ɬɨɝɨ ɠɟ ɦɚɬɟɪɢɚɥɚ, ɱɬɨ ɢ ɨɫɧɨɜɧɚɹ ɤɨɧɫɬɪɭɤ-
ɰɢɹ. ɉɪɢ ɷɬɨɦ ɢɡɝɨɬɨɜɥɟɧɢɟ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬ-
ɪɭɤɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɨɞɢɧ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɰɢɤɥ. 
ȼɚɠɧɟɣɲɢɦ ɩɚɪɚɦɟɬɪɨɦ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɪɚɡɦɟ-

ɪɨɫɬɚɛɢɥɶɧɨɫɬɶ, ɚ ɜ ɫɥɭɱɚɟ ɚɧɬɟɧɧɨɝɨ ɪɟɮɥɟɤɬɨɪɚ – 

ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ, ɞɥɢɬɟɥɶɧɨɫɬɶ ɢ 

ɛɟɡɨɬɤɚɡɧɨɫɬɶ ɪɚɛɨɬɵ, ɹɜɥɹɟɬɫɹ ɫɬɨɣɤɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɢ 

ɢɡɞɟɥɢɹ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɮɚɤɬɨɪɨɜ ɤɨɫɦɢɱɟɫɤɨɝɨ ɩɪɨ-
ɫɬɪɚɧɫɬɜɚ. Ʉ ɷɬɢɦ ɮɚɤɬɨɪɚɦ ɜɨɡɦɨɠɧɨ ɨɬɧɟɫɬɢ, ɧɚ-
ɩɪɢɦɟɪ, ɜɚɤɭɭɦ, ɤɨɫɦɢɱɟɫɤɭɸ ɪɚɞɢɚɰɢɸ, ɬɟɪɦɨɰɢɤ-
ɥɢɪɨɜɚɧɢɟ ɢ ɞɪ. 
ɉɪɢɦɟɧɹɟɦɵɟ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɨɧɫɬɪɭɤɰɢɣ ɤɨɫɦɢ-

ɱɟɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɩɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɜ ɱɚɫɬɧɨ-
ɫɬɢ ɷɩɨɤɫɢɞɧɵɟ ɢ ɰɢɚɧɚɬɷɮɢɪɧɵɟ ɫɜɹɡɭɸɳɢɟ, ɯɚɪɚɤ-
ɬɟɪɢɡɭɸɬɫɹ ɧɚɥɢɱɢɟɦ ɬɪɟɯɦɟɪɧɵɯ ɫɲɢɜɨɤ ɢɥɢ ɫɜɹɡɟɣ 

ɦɚɤɪɨɦɨɥɟɤɭɥ. ɉɪɨɰɟɫɫ ɨɛɪɚɡɨɜɚɧɢɹ ɬɪɟɯɦɟɪɧɵɯ 

ɫɲɢɜɨɤ ɧɚɡɵɜɚɟɬɫɹ ɨɬɜɟɪɠɞɟɧɢɟɦ ɢɥɢ ɫɲɢɜɚɧɢɟɦ.  

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚчɢ. ɋɜɨɣɫɬɜɚ ɩɨɥɭɱɚɟɦɵɯ ɩɨɥɢ-

ɦɟɪɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɹɬ ɨɬ ɫɬɟɩɟɧɢ 

ɨɬɜɟɪɠɞɟɧɢɹ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, 
ɫɬɟɩɟɧɶ ɨɬɜɟɪɠɞɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɱɟɪɟɡ ɢɡ-
ɦɟɧɟɧɢɟ ɠɟɥɚɟɦɨɝɨ ɤɨɧɟɱɧɨɝɨ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ. 
Ɇɟɬɨɞɵ ɩɪɨɜɟɞɟɧɢɹ ɦɨɧɢɬɨɪɢɧɝɚ ɩɪɨɰɟɫɫɚ ɨɬɜɟɪɠɞɟ-
ɧɢɹ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɧɟɫɤɨɥɶɤɨ ɝɪɭɩɩ: ɬɟɪɦɢɱɟ-
ɫɤɢɟ ɦɟɬɨɞɵ, ɨɩɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢ ɦɟɬɨɞɵ, ɨɫɧɨɜɚɧ-

ɧɵɟ ɧɚ ɩɪɢɥɨɠɟɧɢɢ ɤ ɨɛɪɚɡɰɭ ɦɚɥɨɝɨ ɜɧɟɲɧɟɝɨ ɩɨɥɹ. 
ȼ ɬɟɪɦɢɱɟɫɤɢɯ ɦɟɬɨɞɚɯ ɦɨɧɢɬɨɪɢɧɝɚ ɮɢɡɢɱɟɫɤɚɹ ɜɟ-
ɥɢɱɢɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɮɭɧɤɰɢɹ ɜɪɟɦɟɧɢ ɢɥɢ ɬɟɦ-

ɩɟɪɚɬɭɪɵ. ɉɪɢɦɟɪɚɦɢ ɮɢɡɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɫɥɭɠɚɬ 
ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɢ ɬɟɦɩɟɪɚɬɭɪɚ. Ɇɟɬɨɞɵ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɚɧɚɥɢɡɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɨ ɞɚɜɧɨ ɢ ɹɜɥɹɸɬɫɹ 
ɧɚɢɛɨɥɟɟ ɢɡɭɱɟɧɧɵɦɢ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɞɚɧɧɨɣ ɝɪɭɩɩɵ 

ɦɟɬɨɞɨɜ ɨɬɧɨɫɢɬɫɹ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵ-

ɬɚɧɢɣ ɧɚ ɦɟɫɬɟ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ, ɬɚɤ ɤɚɤ 
ɨɧɢ ɬɪɟɛɭɸɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɛɨɥɶɲɢɯ ɨɛɪɚɡɰɨɜ. Ɋɟ-
ɡɭɥɶɬɚɬ ɢɫɩɵɬɚɧɢɣ ɧɚ ɨɛɪɚɡɰɟ ɦɚɥɨɝɨ ɪɚɡɦɟɪɚ ɦɨɠɟɬ 
ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɪɟɡɭɥɶɬɚɬɚ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɪɟɚɥɶɧɨɣ 

ɞɟɬɚɥɢ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɩɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɨɫɧɨɜɚɧɨ ɧɚ 
ɫɨɨɛɳɟɧɢɢ ɨɬɜɟɪɠɞɚɟɦɨɦɭ ɦɚɬɟɪɢɚɥɭ ɷɧɟɪɝɢɢ ɩɨ ɜɟ-
ɥɢɱɢɧɟ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɝɨɪɚɡɞɨ ɛɨɥɶɲɟɣ, ɱɟɦ ɜ 
ɩɨɫɥɟɞɧɟɣ, ɬɪɟɬɶɟɣ, ɝɪɭɩɩɟ, ɢ ɨɬɤɥɢɤɟ ɦɚɬɟɪɢɚɥɚ (ɦɨ-
ɥɟɤɭɥɹɪɧɵɯ ɝɪɭɩɩ) ɜ ɜɢɞɟ ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɞɜɢɠɟɧɢɣ, 

ɢɡɥɭɱɟɧɢɹ ɢɥɢ ɩɟɪɟɯɨɞɚ ɜ ɜɨɡɛɭɠɞɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɛɨɥɟɟ ɜɵɫɨɤɨɦɭ ɷɥɟɤɬɪɨɧɧɨɦɭ 
ɭɪɨɜɧɸ. ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɦɟɬɨɞɨɜ ɞɚɧɧɨɝɨ ɬɢɩɚ ɹɜɥɹ-
ɟɬɫɹ ɬɨ, ɱɬɨ ɨɧɢ ɦɨɝɭɬ ɩɪɟɞɨɫɬɚɜɢɬɶ ɢɧɮɨɪɦɚɰɢɸ  

ɨ ɤɨɧɤɪɟɬɧɵɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɝɪɭɩɩɚɯ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ 
ɪɟɚɤɰɢɢ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ 
ɦɟɯɚɧɢɡɦɵ ɪɟɚɤɰɢɢ ɢ ɜ ɩɨɫɥɟɞɭɸɳɟɦ ɩɨɫɬɪɨɢɬɶ ɢɯ 
ɤɢɧɟɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɞɚɧɧɨɣ ɝɪɭɩɩɵ 

ɦɟɬɨɞɨɜ ɨɬɧɨɫɢɬɫɹ ɫɥɨɠɧɨɫɬɶ ɜ ɨɛɪɚɛɨɬɤɟ ɪɟɡɭɥɶɬɚ-
ɬɨɜ ɢɡ-ɡɚ ɜɨɡɦɨɠɧɨɝɨ ɩɟɪɟɤɪɵɜɚɧɢɹ ɥɢɧɢɣ ɫɩɟɤɬɪɚ [2].  

ɇɚɯɨɠɞɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɰɢɤɥɚ ɨɬɜɟɪɠɞɟɧɢɹ 
ɬɪɟɛɭɟɬ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɦɟɬɨɞɭ ɩɪɨɛ  

ɢ ɨɲɢɛɨɤ, ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɢ ɩɨɥɭɱɟɧɢɹ  
ɨɮɥɚɣɧ-ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɨɫɬɨɹɧɢɹ ɨɬɜɟɪɠɞɟɧɢɹ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɬɚɤɢɯ ɦɟɬɨɞɨɜ, ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɞɢɮɮɟ-
ɪɟɧɰɢɚɥɶɧɚɹ ɫɤɚɧɢɪɭɸɳɚɹ ɤɚɥɨɪɢɦɟɬɪɢɹ ɢ ɪɟɨɥɨɝɢ-

ɱɟɫɤɚɹ ɞɢɧɚɦɢɱɟɫɤɚɹ ɫɩɟɤɬɪɨɫɤɨɩɢɹ. Ɍɚɤɢɟ ɢɡɦɟɪɟɧɢɹ 
ɞɨɪɨɝɨɫɬɨɹɳɢɟ ɢ ɬɪɟɛɭɸɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. 

ɉɪɢ ɷɬɨɦ ɷɬɢ ɦɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɵɯ ɞɚɸɬ ɢɧɮɨɪ-
ɦɚɰɢɸ ɬɨɥɶɤɨ ɞɨ ɢ ɩɨɫɥɟ ɝɟɥɟɨɛɪɚɡɨɜɚɧɢɹ, ɜ ɬɨ ɜɪɟɦɹ 
ɤɚɤ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɞɚɬɱɢɤɢ ɦɨɝɭɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ 
ɜɟɫɶ ɰɢɤɥ ɨɬɜɟɪɠɞɟɧɢɹ [3–13]. 

Ɉɫɧɨɜɧɚɹ чɚɫɬɶ. ɇɟɤɨɬɨɪɵɟ ɫɨɜɪɟɦɟɧɧɵɟ ɢɫɫɥɟ-
ɞɨɜɚɧɢɹ ɉɄɆ [14; 15] ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɢɡɭɱɟɧɢɟ ɬɟɪ-
ɦɨɮɢɡɢɱɟɫɤɢɯ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɥɢɦɟɪɧɨɣ 

ɦɚɬɪɢɰɵ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɜɡɚɢɦɨɫɜɹɡɢ ɦɟɠɞɭ ɧɢɦɢ ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ ɜɟɥɢɱɢɧɚɯ ɫɬɟɩɟɧɢ ɨɬɜɟɪɠɞɟɧɢɹ ɩɨɥɢɦɟɪ-
ɧɨɣ ɦɚɬɪɢɰɵ. ɉɨɧɢɦɚɧɢɟ ɩɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɱɚɫɬɢɱɧɨɦ ɫɲɢɜɚɧɢɢ ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚ-
ɜɚɬɶ ɢɧɬɟɝɪɚɥɶɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɧɨɜɵɟ ɩɭɬɢ ɨɛɪɚ-
ɛɨɬɤɢ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɚɪɦɢɪɨɜɚɧɧɵɯ ɭɝɥɟ-
ɪɨɞɧɵɯ ɜɨɥɨɤɧɨɦ. 

Ɉɩɪɟɞɟɥɢɬɶ ɫɬɟɩɟɧɶ ɨɬɜɟɪɠɞɟɧɢɹ ɩɨɥɢɦɟɪɧɨɣ 

ɦɚɬɪɢɰɵ ɦɨɠɧɨ, ɢɫɩɨɥɶɡɭɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ. 
ɋɭɬɶ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. ɉɪɢ ɩɪɨɜɟɞɟ-
ɧɢɢ ɢɡɦɟɪɟɧɢɹ ɩɪɨɛɚ ɧɚɯɨɞɢɬɫɹ ɜ ɤɨɧɬɚɤɬɟ ɫ ɞɜɭɦɹ 
ɷɥɟɤɬɪɨɞɚɦɢ, ɧɚ ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ ɩɨɞɚɟɬɫɹ ɫɢɧɭɫɨɢ-

ɞɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ U. ɗɬɨɬ ɩɪɨɰɟɫɫ ɩɨɥɭɱɢɥ ɧɚɡɜɚ-
ɧɢɟ ɩɪɨɰɟɫɫɚ ɚɤɬɢɜɚɰɢɢ. Ɋɟɡɭɥɶɬɚɬɨɦ ɹɜɥɹɟɬɫɹ ɫɢɝɧɚɥ 
ɩɨ ɬɨɤɭ I, ɫɧɢɦɚɟɦɵɣ ɫɨ ɜɬɨɪɨɝɨ ɷɥɟɤɬɪɨɞɚ. Ɉɛɪɚɡɟɰ, 

ɩɨɞɜɟɪɝɚɟɦɵɣ ɜɨɡɞɟɣɫɬɜɢɸ, ɜɟɞɟɬ ɫɟɛɹ ɤɚɤ ɞɢɷɥɟɤ-
ɬɪɢɤ, ɩɪɢɱɟɦ ɢɡɦɟɪɹɟɦɵɣ ɫɢɝɧɚɥ ɫɞɜɢɧɭɬ ɩɨ ɮɚɡɟ  
ɤ ɜɯɨɞɹɳɟɦɭ ɫɢɝɧɚɥɭ ɢ ɢɦɟɟɬ ɞɪɭɝɭɸ ɚɦɩɥɢɬɭɞɭ: 

 0( ) cos(ω );U t U t=  (1) 

 0( ) cos(ω φ),I t I t= +  (2) 

ɝɞɟ U0 ɢ I0 – ɚɦɩɥɢɬɭɞɵ U(t) ɢ I(t); ω – ɭɝɥɨɜɚɹ ɱɚɫɬɨ-
ɬɚ; φ – ɮɚɡɨɜɵɣ ɫɞɜɢɝ.  
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ɗɬɨ ɩɪɨɢɫɯɨɞɢɬ ɜɫɥɟɞɫɬɜɢɟ ɩɨɞɜɢɠɧɨɫɬɢ ɧɢɡɤɨ-

ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɪɢɦɟɫɟɣ – ɢɨɧɨɜ. ɇɚɩɪɢɦɟɪ, ɜ ɷɩɨɤ-
ɫɢɞɧɵɯ ɫɦɨɥɚɯ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɫɢ ɜɵɫɬɭɩɚɸɬ ɢɨɧɵ 

ɧɚɬɪɢɹ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɫɢɧɬɟɡɟ ɷɩɢɯɥɨɪɝɢɞɪɢɧɚ – 

ɨɫɧɨɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɷɩɨɤɫɢɞɧɵɯ 
ɫɦɨɥ ɢ ɜɵɪɚɜɧɢɜɚɧɢɹ ɞɢɩɨɥɟɣ.  

Ⱦɢɩɨɥɢ ɜ ɦɚɬɟɪɢɚɥɟ ɩɵɬɚɸɬɫɹ ɜɵɪɨɜɧɹɬɶɫɹ ɩɨ ɧɚ-
ɩɪɚɜɥɟɧɢɸ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɨɛɪɚɬɢɦ 

ɢ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɨɛɪɚɬɢɦɨɣ ɪɟɥɚɤɫɚɰɢɢ. Ɂɚɪɹɠɟɧɧɵɟ 
ɢɨɧɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɤɚɤ ɩɪɢɦɟɫɢ, 

ɛɭɞɭɬ ɞɜɢɝɚɬɶɫɹ ɤ ɷɥɟɤɬɪɨɞɭ ɫ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɩɨ-
ɥɹɪɧɨɫɬɶɸ. Ɍɚɤɨɣ ɩɪɨɰɟɫɫ ɧɟɨɛɪɚɬɢɦ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢ 

ɡɚɬɪɚɬɧɵɣ.  

Ɉɫɧɨɜɧɵɟ ɢɡɦɟɪɹɟɦɵɟ ɜɟɥɢɱɢɧɵ ɦɟɬɨɞɚ – ɷɬɨ ɚɦ-

ɩɥɢɬɭɞɚ ɩɪɢɥɨɠɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ U, ɭɝɥɨɜɚɹ ɱɚɫɬɨ-
ɬɚ ω, ɚɦɩɥɢɬɭɞɚ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɬɨɤɚ I ɢ ɮɚɡɨɜɨɣ 

ɫɞɜɢɝ φ. ɉɨɥɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɷɤɜɢɜɚɥɟɧɬɧɚ ɨɛɪɚɬ-
ɧɨɦɭ ɫɨɩɪɨɬɢɜɥɟɧɢɸ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɬɨɝɨ, ɱɬɨ ɨɧɚ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɤɬɨɪ. Ɉɧɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɟɦɤɨɫɬɢ – ɫɩɨɫɨɛɧɨɫɬɢ ɯɪɚɧɢɬɶ ɡɚɪɹɞ,  

ɢ ɩɪɨɜɨɞɢɦɨɫɬɢ – ɫɩɨɫɨɛɧɨɫɬɢ ɩɟɪɟɞɚɜɚɬɶ ɡɚɪɹɞ.  

ɉɨ ɚɧɚɥɨɝɢɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɢɫɩɵɬɚɧɢɹɦɢ, ɟɦɤɨɫɬɶ 
ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɷɤɜɢɜɚɥɟɧɬ ɠɟɫɬɤɨɫɬɢ,  

ɚ ɩɪɨɜɨɞɢɦɨɫɬɶ – ɤɚɤ ɷɤɜɢɜɚɥɟɧɬ ɜɹɡɤɨɫɬɢ. 

ɉɨɥɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɨɛɪɚɡɰɚ  

 ,
I

Y
U

=  (3) 

ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɟɥɢɱɢɧɨɣ ɦɨɞɭɥɹ |Y| ɢ ɧɚ-
ɩɪɚɜɥɟɧɢɟɦ ɮɚɡɨɜɨɝɨ ɫɞɜɢɝɚ φ. ȿɦɤɨɫɬɶ ɹɜɥɹɟɬɫɹ ɫɩɨ-
ɫɨɛɧɨɫɬɶɸ ɯɪɚɧɢɬɶ ɡɚɪɹɞ:  

 sin(φ)ω,ɋ Y=  (4) 

ɝɞɟ ω = 2πf;  f – ɱɚɫɬɨɬɚ. 
ɉɪɨɜɨɞɢɦɨɫɬɶ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɟɪɟɞɚɜɚɬɶ 

ɡɚɪɹɞ:  

 cosφ.G Y=  (5) 

ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ ɮɨɪɦɭɥ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɧɨ-
ɫɢɬɟɥɶɧɚɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ 

 
2

0

ε ,
(ε )

ɋ
A D

′ =  (6) 

ɝɞɟ ε0 ɹɜɥɹɟɬɫɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ  

ɜ ɜɚɤɭɭɦɟ; A/D – ɨɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɢ ɷɥɟɤɬɪɨɞɚ А  

ɤ ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ ɩɥɚɫɬɢɧɚɦɢ ɤɨɧɞɟɧɫɚɬɨɪɚ ɢɥɢ 

ɬɨɥɳɢɧɟ ɨɛɪɚɡɰɚ D. Ɍɚɤɠɟ ɜɜɨɞɢɦ ɨɬɧɨɫɢɬɟɥɶɧɭɸ 

ɩɪɨɜɨɞɢɦɨɫɬɶ 
0

σ
ε

G

A D
=  ɢ ɩɨɥɭɱɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬ 

ɩɨɬɟɪɶ σε
ω
′

′′ =
′

. ȼɟɥɢɱɢɧɵ  εƍ ɢ  εƎ ɹɜɥɹɸɬɫɹ ɛɟɡɪɚɡ-

ɦɟɪɧɵɦɢ. 

ɂɨɧɧɚɹ ɜɹɡɤɨɫɬɶ ɹɜɥɹɟɬɫɹ ɨɛɪɚɬɧɨɣ ɜɟɥɢɱɢɧɨɣ 

ɢɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɪɚɜɧɟ-
ɧɢɟɦ 

 0σ = ε ωε ,′′  (7) 

ɝɞɟ εƎ – ɮɚɤɬɨɪ ɩɨɬɟɪɶ – ɦɟɪɚ ɩɨɥɧɨɣ ɷɧɟɪɝɢɢ, ɩɨɬɟ-
ɪɹɧɧɨɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɪɚɜɧɢɜɚɧɢɹ ɞɢɩɨɥɟɣ ɢ ɩɟɪɟ-
ɦɟɳɟɧɢɹ ɢɨɧɨɜ ɜ ɦɚɬɟɪɢɚɥɟ; ω – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ;  
ε0 – ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜ ɜɚɤɭɭɦɟ. 

ȼ ɩɪɨɰɟɫɫɟ ɨɬɜɟɪɠɞɟɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ɩɪɨɢɫɯɨɞɢɬ 
ɭɦɟɧɶɲɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɢɨɧɨɜ ɢ ɩɨɞɜɢɠɧɨɫɬɢ ɞɢɩɨ-
ɥɟɣ ɜɫɥɟɞɫɬɜɢɟ ɭɦɟɧɶɲɟɧɢɹ ɫɟɝɦɟɧɬɚɥɶɧɨɣ ɩɨɞɜɢɠ-

ɧɨɫɬɢ ɦɚɤɪɨɦɨɥɟɤɭɥ ɢ ɢɡɦɟɧɟɧɢɹ ɮɢɡɢɱɟɫɤɨɝɨ  
ɫɨɫɬɨɹɧɢɹ ɩɨɥɢɦɟɪɚ. ɂɨɧɧɚɹ ɜɹɡɤɨɫɬɶ ɫɥɭɠɢɬ ɦɟɪɨɣ 

ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ ɨɬɜɟɪɠɞɟɧɢɹ ɢ ɮɭɧɤɰɢɟɣ ɞɥɹ 
ɪɚɫɱɟɬɚ ɫɬɟɩɟɧɢ ɨɬɜɟɪɠɞɟɧɢɹ: 

 1 0

2 0

(lgβ lgβ )
α 100 %,

(lgβ lgβ )

−
= ⋅

−
 (8) 

ɝɞɟ 1lgβ  – ɡɧɚɱɟɧɢɟ ɢɨɧɧɨɣ ɜɹɡɤɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɟɟ ɨɩɪɟɞɟɥɹɟɦɨɣ ɫɬɟɩɟɧɢ ɨɬɜɟɪɠɞɟɧɢɹ; 0lgβ  – ɦɢ-

ɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɢɨɧɧɨɣ ɜɹɡɤɨɫɬɢ; 2lgβ  – ɤɨɧɟɱ-
ɧɨɟ ɡɧɚɱɟɧɢɟ ɢɨɧɧɨɣ ɜɹɡɤɨɫɬɢ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥ ɩɪɨɜɟɞɟɧ ɦɨɧɢɬɨɪɢɧɝ  
ɩɪɨɰɟɫɫɚ ɨɬɜɟɪɠɞɟɧɢɹ ɤɨɦɦɟɪɱɟɫɤɨɝɨ ɷɩɨɤɫɢɞɧɨɝɨ 
ɫɜɹɡɭɸɳɟɝɨ SR1710 ɢ ɨɬɜɟɪɞɢɬɟɥɹ ɚɦɢɧɧɨɝɨ ɬɢɩɚ  
SD8824 ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (25 °ɋ) ɢ ɱɚɫɬɨɬɟ 
1 Ƚɰ. ȼ ɤɚɱɟɫɬɜɟ ɚɪɦɢɪɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɢɫɩɨɥɶɡɨɜɚ-
ɥɚɫɶ ɫɬɟɤɥɨɬɤɚɧɶ ɦɚɪɤɢ Ɍ-53 ȼɋɆ. Ɋɟɡɭɥɶɬɚɬ ɩɪɢɜɟ-
ɞɟɧ ɧɚ ɪɢɫ. 1. 

 

 
 

Ɋɢɫ. 1. Ɇɨɧɢɬɨɪɢɧɝ ɩɪɨɰɟɫɫɚ ɨɬɜɟɪɠɞɟɧɢɹ  
ɷɩɨɤɫɢɞɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɚ, ɩɪɨɰɟɫɫ ɨɬɜɟɪɠɞɟɧɢɹ ɩɪɚɤ-
ɬɢɱɟɫɤɢ ɩɪɟɤɪɚɳɚɟɬɫɹ ɩɨ ɩɪɨɲɟɫɬɜɢɢ 420 ɦɢɧ ɩɨɫɥɟ 
ɫɦɟɲɟɧɢɹ.  
Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨ ɫɨɡɞɚɧɢɸ ɪɚɡɦɟɪɨɫɬɚɛɢɥɶ-

ɧɨɝɨ ɪɟɮɥɟɤɬɨɪɚ ɚɧɬɟɧɧɵ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɨɛɨɥɨɱɤɢ ɢ 

ɩɨɞɤɪɟɩɥɹɸɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɢɡɝɨ-
ɬɨɜɥɟɧɢɟ ɨɛɪɚɡɰɚ (ɩɥɚɫɬɢɧɵ) ɢɡ ɉɄɆ ɫ ɡɨɧɚɦɢ ɪɚɡ-
ɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɨɬɜɟɪɠɞɟɧɢɹ ɫɜɹɡɭɸɳɟɝɨ. ȼ ɫɨɨɬɜɟɬ-
ɫɬɜɢɢ ɫ ɷɬɢɦ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɨɫɧɚɫɬɤɚ ɫ ɩɪɢɧɭɞɢ-

ɬɟɥɶɧɵɦ ɬɟɩɥɨɨɬɜɨɞɨɦ. ȼ ɤɚɱɟɫɬɜɟ ɨɯɥɚɠɞɚɸɳɟɝɨ 
ɚɝɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɜɨɞɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 11 °ɋ. Ⱦɥɹ 
ɨɰɟɧɤɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɨɫɧɚɫɬɤɢ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ 
ɢɧɮɪɚɤɪɚɫɧɚɹ ɤɚɦɟɪɚ FLIR A655 sc. Ɋɟɡɭɥɶɬɚɬ ɫɴɟɦɤɢ 

ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 2. Ɍɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɢ ɨɯɥɚɠɞɚɸɳɟɝɨ 
ɤɨɧɬɭɪɚ ɤɨɥɟɛɥɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɬɪɟɯ ɝɪɚɞɭɫɨɜ ɨɬ 11  

ɞɨ 14 °ɋ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ ɨɫɬɚɥɶɧɵɯ ɡɨɧ 

ɨɫɧɚɫɬɤɢ – ɨɬ 21 ɞɨ 23 °ɋ.  

Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɫɬɟɩɟɧɢ ɨɬɜɟɪɠɞɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 
ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɞɚɬɱɢɤɢ: ɩɟɪɜɵɣ ɞɚɬɱɢɤ ɪɚɫɩɨɥɚɝɚɥɫɹ 
ɜ ɡɨɧɟ ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ (ɬɨɱɤɚ SP13), 

ɜɬɨɪɨɣ ɞɚɬɱɢɤ – ɜ ɬɨɱɤɟ SP1, ɡɚ ɩɪɟɞɟɥɚɦɢ ɡɨɧɵ. 
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Ɋɢɫ. 2. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɨɫɧɚɫɬɤɟ ɞɥɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡɞɟɥɢɣ ɢɡ ɉɄɆ ɦɟɬɨɞɨɦ ɱɚɫɬɢɱɧɨɣ  
 

ɫɲɢɜɤɢ 

 

ɉɨɫɥɟ ɜɵɞɟɪɠɤɢ ɨɬɮɨɪɦɨɜɚɧɧɨɝɨ ɨɛɪɚɡɰɚ ɜ ɨɫɧɚ-
ɫɬɤɟ ɜ ɬɟɱɟɧɢɟ 4 ɱɚɫɨɜ ɩɪɨɜɟɞɟɧɚ ɪɟɝɢɫɬɪɚɰɢɹ ɡɧɚɱɟ-
ɧɢɣ ɢɨɧɧɨɣ ɜɹɡɤɨɫɬɢ. ȼ ɡɨɧɟ ɨɯɥɚɠɞɚɸɳɟɝɨ ɤɨɧɬɭɪɚ 
ɡɧɚɱɟɧɢɹ ɢɨɧɧɨɣ ɜɹɡɤɨɫɬɢ ɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢ-

ɰɚɟɦɨɫɬɢ ɫɨɫɬɚɜɢɥɢ 7,96 Ɉɦ·ɫɦ–1 ɢ 6844 ɫɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 2 % ɫɬɟɩɟɧɢ ɨɬɜɟɪɠɞɟɧɢɹ 
ɪɟɮɟɪɟɧɬɧɨɝɨ ɨɛɪɚɡɰɚ. ȼ ɡɨɧɟ ɫ ɞɚɬɱɢɤɨɦ ɜ ɬɨɱɤɟ SP1 

ɫɬɟɩɟɧɶ ɨɬɜɟɪɠɞɟɧɢɹ ɞɨɫɬɢɝɥɚ 45 % ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɫɬɟɩɟɧɢ ɨɬɜɟɪɠɞɟɧɢɹ ɫɜɹɡɭɸɳɟɝɨ, ɡɧɚɱɟɧɢɹ ɢɨɧɧɨɣ 

ɜɹɡɤɨɫɬɢ ɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɫɨɫɬɚɜɢɥɢ 

9,54 Ɉɦ·ɫɦ–1 ɢ 6844 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨ 
ɨɩɪɟɞɟɥɟɧɢɸ ɫɬɟɩɟɧɢ ɨɬɜɟɪɠɞɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 3. 

 

 
 

Ɋɢɫ. 3. ɂɡɦɟɧɟɧɢɟ ɢɨɧɧɨɣ ɜɹɡɤɨɫɬɢ ɷɩɨɤɫɢɞɧɨɝɨ ɫɜɹ-
ɡɭɸɳɟɝɨ ɜ ɩɪɨɰɟɫɫɟ ɨɬɜɟɪɠɞɟɧɢɹ: 1 – ɢɨɧɧɚɹ ɜɹɡ-
ɤɨɫɬɶ ɜ ɡɨɧɟ ɫ ɨɯɥɚɠɞɟɧɢɟɦ; 2 – ɢɨɧɧɚɹ ɜɹɡɤɨɫɬɶ  
 

ɜ ɡɨɧɟ ɛɟɡ ɨɯɥɚɠɞɟɧɢɹ 
 

Ɂɚɤɥɸчɟɧɢɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫ-
ɫɦɨɬɪɟɧ ɦɟɬɨɞ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɧɬɟɝɪɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤ-
ɰɢɣ ɢɡ ɉɄɆ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɩɪɨɜɟɞɟɧɢɢ ɱɚɫɬɢɱɧɨ-
ɝɨ ɫɲɢɜɚɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɨɛ-
ɪɚɡɰɚ. Ɋɟɝɢɫɬɪɚɰɢɸ ɫɬɟɩɟɧɢ ɨɬɜɟɪɠɞɟɧɢɹ ɩɪɨɜɨɞɢɥɢ  

ɫ ɩɨɦɨɳɶɸ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɩɨɡɜɨɥɹɸɳɟɝɨ 

ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɩɪɨɜɨɞɢɬɶ ɩɨɞɨɛɧɨɝɨ 
ɪɨɞɚ ɢɡɦɟɪɟɧɢɹ ɢ ɪɚɫɱɟɬɵ. ɋɬɨɢɬ ɬɚɤɠɟ ɞɨɛɚɜɢɬɶ, ɱɬɨ 
ɢɫɩɨɥɶɡɭɟɦɨɟ ɫɜɹɡɭɸɳɟɟ – ɯɨɥɨɞɧɨɝɨ ɨɬɜɟɪɠɞɟɧɢɹ,  

ɫ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɩɨɞɯɨ-
ɞɹɳɢɦɢ ɬɨɥɶɤɨ ɞɥɹ ɧɚɡɟɦɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. ɉɪɢ ɢɡɝɨ-
ɬɨɜɥɟɧɢɢ ɢɡɞɟɥɢɣ ɤɨɫɦɢɱɟɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɢɫɩɨɥɶ-
ɡɭɸɬɫɹ ɫɜɹɡɭɸɳɢɟ ɝɨɪɹɱɟɝɨ ɨɬɜɟɪɠɞɟɧɢɹ ɫ ɬɟɦɩɟɪɚ-
ɬɭɪɨɣ ɨɬɜɟɪɠɞɟɧɢɹ ɨɬ 150 °ɋ ɢ ɜɵɲɟ, ɩɨɷɬɨɦɭ ɜ ɤɚɱɟ-
ɫɬɜɟ ɯɥɚɞɚɝɟɧɬɚ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɟɳɟɫɬɜɚ,  
ɫ ɛɨɥɶɲɟɣ ɬɟɩɥɨɟɦɤɨɫɬɶɸ. 

 

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

Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ. Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɤɨɧɬɪɚɤɬ  
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Acknowledgements. This work was financially 

supported by the Ministry of Education and Science of the 

Russian Federation. State contract № 02.G25.31.0043. 

 

Ȼɢɛɥɢɨɝɪɚфɢчɟɫɤɢɟ ɫɫɵɥɤɢ 

 

1. Ɋɚɡɪɚɛɨɬɤɚ ɩɪɟɰɢɡɢɨɧɧɵɯ ɚɧɬɟɧɧɵɯ ɪɟɮɥɟɤɬɨ-
ɪɨɜ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ:  
ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ /  

А. ȼ. Ʌɨɩɚɬɢɧ [ɢ ɞɪ.] // ȼɟɫɬɧɢɤ ɋɢɛȽАɍ. 2013. ȼɵɩ. 

3(49). ɋ. 73–78. 

2. Kazilas M. C. Acquisition and Interpretation of 

Dielectric Data For Thermoset Cure Monitoring 

[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] / Cranfield University. Cranfield, 

2003. System requirements: Adobe Acrobat Reader. URL: 

https://dspace.lib.cranfield.ac.uk/bitstream/1826/97/2/ 

Kazilas%20Phd%20Thesis.pdf (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: 1.08.2014). 

3. Reed W. F., Alb A. M. Monitoring from 

polymerization reactions: Fundamentals to applications. 

Wiley, 2013. 488 p. 

4. Wunderlich B. Thermal analysis of polymeric 

material. Springer, 2005. 895 p.  

5. Senturia S. D., Sheppard N. F. Dielectric analysis 

of thermoset cure // Advance in polymer science. 1986. 

Vol. 80. P. 1–47. 

6. Nass K., Seferis J. Analysis of the Dielectric 

Response of Thermosets During Isothermal and 

Nonisothermal Cure // Polymer engineering and science. 

1989. Vol. 29, No. 5. P. 315–324.  

7. Bidstrup S., Sheppard N. F., Senturia S. Dielectric 

analysis of the cure of thermosetting epoxy/amine systems // 

Polymer engineering and science. 1989. Vol. 29, No. 5. 

P. 325–328. 

8. Bilyeu B., Brostow W., Menard K. Epoxy 

thermosets and their applications. II. thermal analysis // 

Journal of material education. 2000. Vol. 22. P. 107–129. 

9. Measurement of dielectric properties of polymers 

using Fourier analysis / A. Bizet [et al.] // Thermochimica 

Acta. 1994. Vol. 237, No. 1. P. 147–157. 

10. Brown M. Handbook of Thermal Analysis and 

Calorimetry. Elsevier, 2007. 780 p. 

11. Menczel J. D., Prime R. B. Thermal Analysis of 

Polymers: Fundamentals and Applications. Wiley, 2009. 

696 p. 

12. Microdielectric study of epoxy-amine systems: 

Gelation and relationships between conductivity and 

kinetics / J. P. Elandou [et al.] // Die Angewandte 

Makromolekulare Chemie. 1999. Vol. 263, No. 1.  

P. 57–70. 



 

 
 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɢ ɦɚɬɟɪɢɚɥɵ 
 

 201

13. Chen G.-X. Epoxy hybrid composites cured with 

octaaminophenyl polyhedral oligomeric silsesquioxane // 

Journal of Applied Polymer Science. 2012. Vol. 125, No. 5. 

P. 3929–3935. 

14. Influence of partial cross-linking degree on basic 

physical properties of RTM6 epoxy resin / J. Moosburger-

Will [et al.] // Journal of Applied Polymer Science. 2013. 

Vol. 130, Iss. 6. P. 4338–4346. 

15. Moosburger-Will J., Greisel M., Horn S. Physical 

aging of partially crosslinked RTM6 epoxy resin // 

Journal of Applied Polymer Science. 2014. Vol. 131,  

Iss. 23. 

 

References 

 

1. Lopatin A. V. [Development of composite 

precision satellite reflector: finite element construction 

modeling]. Vestnik SibGAU. 2013, No. 3(49), P. 73–78 

(In Russ). 

2. Kazilas M. C. Acquisition and Interpretation of 

Dielectric Data For Thermoset Cure Monitoring, 

Cranfield University. Cranfield., 2003. System 

requirements: Adobe Acrobat Reader. Available at: 

https://dspace.lib.cranfield.ac.uk/bitstream/1826/97/2/Kaz

ilas%20Phd%20Thesis.pdf (access date 1.08.2014). 

3. Reed W. F., Alb A. M. Monitoring from 

polymerization reactions: Fundamentals to applications, 

Wiley, 2013, 488 p. 

4. Wunderlich B. Thermal analysis of polymeric 

material. Springer, 2005, 895 p.  

5. Senturia S. D., Sheppard N. F. Dielectric analysis 

of thermoset cure. Advance in polymer science. 1986, 

Vol. 80, P. 1–47. 

6. Nass K, Seferis J. Analysis of the Dielectric 

Response of Thermosets During Isothermal and 

Nonisothermal Cure. Polymer engineering and science. 

1989, Vol. 29, No. 5, P. 315–324.  

7. Bidstrup S., Sheppard N. F., Senturia S. 

Dielectric analysis of the cure of thermosetting 

epoxy/amine systems. Polymer engineering and science. 

1989, Vol. 29, No. 5, P. 325–328. 

8. Bilyeu B., Brostow W., Menard K. Epoxy 

thermosets and their applications. II. thermal analysis 

Journal of material education. 2000, Vol. 22, P. 107–129. 

9. Bizet A., Nakamura N., Teramoto Y. 

Measurement of dielectric properties of polymers using 

Fourier analysis Thermochimica Acta. 1994, Vol. 237,  

No. 1, P. 147–157. 

10. Brown M. Handbook of Thermal Analysis and 

Calorimetry. Elsevier, 2007, 780 p. 

11. Menczel J. D., Prime R. B. Thermal Analysis 

of Polymers: Fundamentals and Applications. Wiley, 

2009, 696 p. 

12. Elandou J. P., Gerard J. F., Pascault J. P. 

Microdielectric study of epoxy-amine systems: Gelation 

and relationships between conductivity and kinetics. Die 

Angewandte Makromolekulare Chemie. 1999, Vol. 263, 

No. 1, P. 57–70. 

13. Chen G.-X. Epoxy hybrid composites cured with 

octaaminophenyl polyhedral oligomeric silsesquioxane 

Journal of Applied Polymer Science. 2012, Vol. 125,  

No. 5, P. 3929–3935. 

14. Moosburger-Will J. Influence of partial cross-

linking degree on basic physical properties of RTM6 

epoxy resin, Journal of Applied Polymer Science, 2013, 

Vol. 130, Iss. 6, P. 4338–4346. 

15. Moosburger-Will J. Physical aging of partially 

crosslinked RTM6 epoxy resin, Journal of Applied 

Polymer Science, 2014, Vol. 131, Iss. 23. 

 

 

 

© ȼɥɚɫɨɜ А. ɘ., ɉɚɫɟɱɧɢɤ Ʉ. А.,  

Ɇɚɪɬɵɧɨɜ ȼ. А., 2014

 


	4_56_-англ
	Внуков
	Власов 1

