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Ɉɩɢɫɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɛɪɚɡɰɨɜ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɧɚɧɟɫɟɧɢɹ ɪɚ-
ɞɢɨɨɬɪɚɠɚɸɳɢɯ ɩɨɤɪɵɬɢɣ. Ɉɛɪɚɡɰɵ ɢɡɝɨɬɚɜɥɢɜɚɥɢɫɶ ɦɟɬɨɞɨɦ ɬɪɚɧɫɮɟɪɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɢ. Ɉɛɪɚɡɰɵ ɢɡɝɨɬɚɜɥɢɜɚɥɢɫɶ ɫ ɞɜɭɦɹ ɬɢɩɚɦɢ ɫɜɹɡɭɸɳɢɯ: 
ɯɨɥɨɞɧɨɝɨ ɢ ɝɨɪɹɱɟɝɨ ɨɬɜɟɪɠɞɟɧɢɹ. Ɋɚɞɢɨɨɬɪɚɠɚɸɳɟɟ ɩɨɤɪɵɬɢɟ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɜ ɜɢɞɟ ɦɧɨɝɨɫɥɨɣɧɨɣ ɤɨɦɩɨ-
ɡɢɰɢɢ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɢɧɢɹ ɫ ɚɞɝɟɡɢɨɧɧɵɦ ɩɨɞɫɥɨɟɦ ɢɡ ɧɢɯɪɨɦɚ ɢ ɡɚɳɢɬɧɵɦ ɫɥɨɟɦ ɢɡ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ. ɉɨɤɪɵ-

ɬɢɟ ɧɚɧɨɫɢɥɢ ɦɟɬɨɞɨɦ ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ ɜ ɜɚɤɭɭɦɟ. ɇɚ ɩɨɥɭɱɟɧɧɵɯ ɩɨɤɪɵɬɢɹɯ ɛɵɥɢ ɢɡɦɟɪɟɧɵ ɤɨɷɮ-

ɮɢɰɢɟɧɬɵ ɪɚɞɢɨɨɬɪɚɠɟɧɢɹ. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɱɚɫɬɨɬɟ 24 ȽȽɰ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɞɢɨɨɬɪɚɠɟɧɢɹ ɨɛɪɚɡɰɨɜ 
ɜɫɟɯ ɬɢɩɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɢ ɫɨɫɬɚɜɥɹɸɬ ɨɤɨɥɨ 0,98. Ɉɞɧɚɤɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 
ɱɚɫɬɨɬɵ ɢɡɥɭɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɨɫɬɚɜɥɹɸɬ ɨɤɨɥɨ 0,95, ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ 
ɜ ɪɟɮɥɟɤɬɨɪɚɯ ɚɧɬɟɧɧ КА. Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɩɪɢɱɢɧ ɭɯɭɞɲɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɤɪɵɬɢɣ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɡɦɟ-
ɪɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɝɚɡɨɜɵɞɟɥɟɧɢɹ ɢɫɯɨɞɧɵɯ ɨɛɪɚɡɰɨɜ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ  
ɫ ɪɚɞɢɨɨɬɪɚɠɚɸɳɢɦ ɩɨɤɪɵɬɢɟɦ. ɉɚɪɚɦɟɬɪɵ ɝɚɡɨɜɵɞɟɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɟɛɨɜɚɧɢɹɦ, ɤɨɬɨɪɵɟ ɩɪɟɞɴ-

ɹɜɥɹɸɬɫɹ ɤ ɩɨɤɪɵɬɢɹɦ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ. Шɟɪɨɯɨɜɚɬɨɫɬɶ ɪɚɞɢɨɨɬɪɚɠɚɸɳɟɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɭɝɥɟɩɥɚɫɬɢɤɟ  
ɫɨɫɬɚɜɥɹɟɬ Ra = 363,8 ɧɦ ɩɪɢ ɞɨɩɭɫɬɢɦɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɞɥɹ 33 ɝȽɰ – 600 ɦɤɦ. Ɍɚɤɠɟ ɛɵɥɢ ɢɡɦɟɪɟɧɵ ɬɟɪ-
ɦɨɪɚɞɢɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɭɱɟɧɧɵɯ ɩɨɤɪɵɬɢɣ. Иɡɦɟɪɟɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ 
ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ Аs ɧɟɫɤɨɥɶɤɨ ɡɚɜɵɲɟɧ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɞɚɧɧɨɦɭ ɤɥɚɫɫɭ ɩɨɤɪɵɬɢɣ, ɚ ɤɨɷɮ-

ɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ ȿn ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɬɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬ-

ɪɨɜ ɩɨɤɪɵɬɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɞɟɧɢɟ ɨɩɟɪɚɰɢɣ ɩɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɩɨɞɝɨɬɨɜɤɟ ɭɝɥɟɩɥɚɫɬɢɤɚ: ɨɱɢɫɬɤɚ  
ɩɨɜɟɪɯɧɨɫɬɢ ɨɬ ɫɥɟɞɨɜ ɚɧɬɢɚɞɝɟɡɢɜɚ, ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɛɟɡɝɚɠɢɜɚɧɢɹ ɭɝɥɟɩɥɚɫɬɢɤɚ ɩɟɪɟɞ  
ɧɚɩɵɥɟɧɢɟɦ, ɫɧɢɠɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɧɚɩɵɥɟɧɢɹ. 
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The technique for preparing samples of composite materials for the subsequent application of radio-reflective 

coatings is described. The samples were fabricated by transfer molding using a specially developed industrial 

equipment. Samples were made with two types of binding: cold and hot curing. Radio-reflective coating was formed as 

a multilayer compositions based on alumina with an adhesive underlayer of nickel-chromium and the protective layer 

of silicon oxide. The coating was applied by magnetron sputtering in a vacuum. On the obtained coatings coefficients of 
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radio reflection were measured. It was revealed that at 24 GHz radio reflection coefficients of both types of samples 

meet the requirements and is about 0,98. However, when the frequency of the radiation coefficients are about 0,95, 

which is insufficient for use in spacecraft antenna reflectors. To identify the causes of degradation of coatings were 

measured options gassing initial samples of carbon plastics and surface roughness of the samples with radio-reflective 

coating. Parameters of gassing compliant coatings that apply to this class are given. The roughness of the radio-

reflective coating on carbon plastics is Ra = 363,8 nm with allowable roughness to 33 GHz – 600 microns is shown. 

Also thermoradiation characteristics resulting coating were measured. Measurements have shown the absorption 

coefficient of solar radiation of As somewhat high compared with the requirements of this class of coatings and 

emissivity En comply with these requirements. The work revealed that in order to set parameters coating is necessary to 

conduct operations on the preliminary preparation of carbon fiber: cleaning the surface of traces of release agent, 

increasing the duration of degassing prior to the deposition of carbon fiber, reducing the intensity during the deposition 

process. 

 

Keywords: The polymeric composite material, carbon fiber, radio-reflective coating, vacuum coating. 

 

ȼɜɟɞɟɧɢɟ. Ɋɚɡɜɢɬɢɟ ɪɵɧɤɚ ɫɩɭɬɧɢɤɨɜ ɬɪɟɛɭɟɬ ɢɡ-
ɝɨɬɨɜɥɟɧɢɹ ɚɧɬɟɧɧ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɦ 

ɞɢɚɩɚɡɨɧɟ ɢ ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɜɵɫɨɤɭɸ ɫɤɨɪɨɫɬɶ  
ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. Ɋɟɮɥɟɤɬɨɪɵ, ɩɨɞɞɟɪɠɢɜɚɸɳɢɟ Ka-

ɞɢɚɩɚɡɨɧ, ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɭɠɟɫɬɨɱёɧɧɵɦ 

ɬɟɯɧɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɨ-
ɜɪɟɦɟɧɧɵɦ ɪɟɮɥɟɤɬɨɪɚɦ S- ɢ Ku-ɞɢɚɩɚɡɨɧɨɜ [1–3]. 

Ɇɚɬɟɪɢɚɥ, ɢɡ ɤɨɬɨɪɨɝɨ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɪɟɮɥɟɤɬɨ-
ɪɵ ɤɨɫɦɢɱɟɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɞɨɥɠɟɧ ɨɛɥɚɞɚɬɶ ɪɹɞɨɦ 

ɧɟɨɛɯɨɞɢɦɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɨɬ ɤɨɬɨɪɵɯ ɡɚɜɢɫɹɬ ɪɚɞɢɨ-
ɨɬɪɚɠɚɸɳɢɟ, ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɞɪɭɝɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

Ɍɚɤɢɦ ɦɚɬɟɪɢɚɥɨɦ ɹɜɥɹɟɬɫɹ ɭɝɥɟɩɥɚɫɬɢɤ, ɤɨɬɨɪɵɣ 

ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɢɦɢ ɩɪɨɱɧɨɫɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, 

ɬɟɪɦɨɫɬɨɣɤɨɫɬɶɸ ɞɨ 150 °ɋ ɢ ɧɢɡɤɢɦ ɬɟɦɩɟɪɚɬɭɪɧɵɦ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. 
ɍɝɥɟɩɥɚɫɬɢɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɚɬɟɪɢɚɥ ɢɡ ɩɟ-

ɪɟɩɥɟɬɟɧɧɵɯ ɧɢɬɟɣ ɭɝɥɟɪɨɞɧɵɯ ɜɨɥɨɤɨɧ, ɪɚɫɩɨɥɨ-
ɠɟɧɧɵɯ ɜ ɦɚɬɪɢɰɟ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ. ɋɨɱɟɬɚɧɢɟ 
ɬɚɤɢɯ ɜɚɠɧɵɯ ɫɜɨɣɫɬɜ, ɤɚɤ ɜɵɫɨɤɚɹ ɩɪɨɱɧɨɫɬɶ, ɠɟɫɬ-
ɤɨɫɬɶ ɢ ɦɚɥɵɣ ɭɞɟɥɶɧɵɣ ɜɟɫ, ɩɪɟɞɨɩɪɟɞɟɥɢɥɢ ɟɝɨ ɲɢ-

ɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜɨ ɦɧɨɝɢɯ ɫɮɟɪɚɯ. ȼ ɪɚɤɟɬɧɨ-
ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɟ ɷɬɨɬ ɦɚɬɟɪɢɚɥ ɫɬɚɥ ɨɫɧɨɜɨɣ 

ɦɧɨɝɢɯ ɤɨɧɫɬɪɭɤɰɢɣ [4]. ȼ ɧɚɩɪɚɜɥɟɧɢɢ ɚɪɦɢɪɭɸɳɢɯ 
ɜɨɥɨɤɨɧ ɨɧ ɢɦɟɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢ-

ɟɧɬɚ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ, ɢ ɩɪɢ ɪɚɰɢɨɧɚɥɶɧɨɦ ɩɪɨ-
ɟɤɬɢɪɨɜɚɧɢɢ ɢɡɞɟɥɢɹ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɩɪɚɤɬɢɱɟɫɤɢ 

ɧɭɥɟɜɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɲɢɪɟɧɢɹ. 
ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɡɧɚɱɢɬɟɥɶɧɵɯ ɬɟɩɥɨɜɵɯ ɞɟ-
ɮɨɪɦɚɰɢɣ, ɭɜɟɥɢɱɢɜɚɟɬ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ ɢ ɩɪɨɞɥɟ-
ɜɚɟɬ ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ. 
ȼ ɫɨɫɬɚɜ ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ 

(ɄȺ) ɜɯɨɞɹɬ ɜɵɫɨɤɨɬɨɱɧɵɟ ɪɟɮɥɟɤɬɨɪɵ ɚɧɬɟɧɧ ɞɢɚ-
ɦɟɬɪɨɦ ɨɬ 0,6 ɞɨ 3 ɦ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɚɧɬɟɧɧɨ-ɮɢɞɟɪɧɵɯ ɫɢɫɬɟɦ (ȺɎɋ) ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫ-
ɩɟɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨɟ ɨɬɪɚɠɟɧɢɟ ɪɚɞɢɨɢɡɥɭɱɟɧɢɹ 
ɪɟɮɥɟɤɬɨɪɚɦɢ ɚɧɬɟɧɧ. Ⱦɥɹ ɷɬɨɝɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɪɟɮ-

ɥɟɤɬɨɪɚ ɧɚɧɨɫɹɬ ɪɚɞɢɨɨɬɪɚɠɚɸɳɟɟ ɩɨɤɪɵɬɢɟ, ɤɨɷɮ-

ɮɢɰɢɟɧɬ ɪɚɞɢɨɨɬɪɚɠɟɧɢɹ ɤɨɬɨɪɨɝɨ ɞɨɥɠɟɧ ɛɵɬɶ ɧɟ 
ɦɟɧɟɟ 0,98, ɬɟɪɦɨɪɚɞɢɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ As  

ɧɟ ɛɨɥɟɟ 0,35, En  ɧɟ ɛɨɥɟɟ 0,20 [5–10]. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɷɬɚɩɨɜ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɪɟɮɥɟɤɬɨɪɧɨɣ ɚɧɬɟɧɧɵ ɹɜɥɹɟɬɫɹ ɩɪɢɞɚɧɢɟ ɟё ɜɧɭɬ-
ɪɟɧɧɟɣ (ɜɨɝɧɭɬɨɣ) ɩɨɜɟɪɯɧɨɫɬɢ ɜɵɫɨɤɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 

ɤ ɨɬɪɚɠɟɧɢɸ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɞɢɚɩɚ-
ɡɨɧɟ 1–33 ȽȽɰ. ɗɬɨɬ ɪɟɡɭɥɶɬɚɬ ɞɨɫɬɢɝɚɟɬɫɹ ɨɫɚɠɞɟɧɢ-

ɟɦ ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɨɛɥɚɞɚɸɳɟɝɨ ɜɵɫɨɤɨɣ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɫɥɨɹ ɦɟɬɚɥɥɚ, 

ɡɚɳɢɳɟɧɧɨɝɨ ɫɩɟɰɢɚɥɶɧɨɣ ɩɥɟɧɤɨɣ ɢɡ ɦɚɬɟɪɢɚɥɚ, 
ɩɪɨɡɪɚɱɧɨɝɨ ɞɥɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɭɤɚ-
ɡɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ. 
ɉɪɢ ɫɨɡɞɚɧɢɢ ɪɚɞɢɨɨɬɪɚɠɚɸɳɟɝɨ ɩɨɤɪɵɬɢɹ ɧɟɨɛ-

ɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɦɧɨɠɟɫɬɜɨ ɮɚɤɬɨɪɨɜ, ɧɟɩɨɫɪɟɞɫɬ-
ɜɟɧɧɨ ɜɥɢɹɸɳɢɯ ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɪɚɡɪɚ-
ɛɨɬɚɧɧɨɣ ɫɯɟɦɵ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ȺɎɋ ɄȺ, ɧɚɱɢɧɚɹ ɨɬ 
ɫɬɪɭɤɬɭɪɵ (ɢɡɨɬɪɨɩɧɨɫɬɢ) ɩɨɜɟɪɯɧɨɫɬɢ ɭɝɥɟɩɥɚɫɬɢɤɨ-
ɜɨɣ ɩɨɞɥɨɠɤɢ, ɫɨɫɬɚɜɚ, ɬɨɥɳɢɧɵ ɦɚɬɟɪɢɚɥɨɜ ɫɥɨɟɜ 
ɪɚɞɢɨɨɬɪɚɠɚɸɳɟɝɨ ɩɨɤɪɵɬɢɹ, ɫɨɝɥɚɫɨɜɚɧɢɹ ɢɯ ɷɥɟɤ-
ɬɪɨɯɢɦɢɱɟɫɤɢɯ, ɬɟɩɥɨɜɵɯ, ɚɞɝɟɡɢɨɧɧɵɯ, ɩɪɨɱɧɨɫɬɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɡɚɤɚɧɱɢɜɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤ ɩɨɤɪɵɬɢɣ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɮɚɤɬɨɪɨɜ ɯɪɚɧɟɧɢɹ ɢ 

ɞɟɫɬɪɭɤɬɢɜɧɵɯ ɮɚɤɬɨɪɨɜ ɤɨɫɦɢɱɟɫɤɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. 
ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɜɨɣɫɬɜ ɪɚ-

ɞɢɨɨɬɪɚɠɚɸɳɢɯ ɩɨɤɪɵɬɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɨɛɪɚɡɰɚɯ 
ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ ɢɡɝɨɬɨɜɥɟɧɢɹ. 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ. Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɩɨɥɢɦɟɪɧɨɝɨ ɤɨɦɩɨɡɢ-

ɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɉɄɆ) ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɬɟɯɧɨɥɨ-
ɝɢɹ ɬɪɚɧɫɮɟɪɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɩɪɢɦɟ-
ɧɟɧɚ ɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɮɥɟɤɬɨɪɨɜ ɚɧɬɟɧɧ ɄȺ ɢ ɩɨ-
ɡɜɨɥɢɬ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɦɟɬɨɞɨɜ ɚɜɬɨ-
ɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ. Ʉ ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɬɪɚɧɫɮɟɪɧɨ-
ɝɨ ɮɨɪɦɨɜɚɧɢɹ ɨɬɧɨɫɢɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɢɡɞɟɥɢɹ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ, ɜɵɫɨɤɚɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɢɡɞɟɥɢɣ, ɫɧɢɠɟɧɢɟ ɫɟɛɟɫɬɨɢɦɨɫɬɢ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɹ ɩɪɢ ɦɟɥɤɨɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞ-

ɫɬɜɟ. Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ 
ɛɵɥɚ ɢɡɝɨɬɨɜɥɟɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɚɹ ɨɫɧɚɫɬɤɚ, ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ ɦɚɬɪɢɰɭ ɢ ɩɭɚɧɫɨɧ, 

ɜɵɩɨɥɧɟɧɧɵɟ ɢɡ ɚɥɸɦɢɧɢɹ.  
ȼ ɤɚɱɟɫɬɜɟ ɫɜɹɡɭɸɳɢɯ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɛɪɚɡɰɨɜ 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɜɟ ɤɨɦɦɟɪɱɟɫɤɢɟ ɷɩɨɤɫɢɞɧɵɟ ɫɢɫɬɟ-
ɦɵ ɫ ɩɨɧɢɠɟɧɧɨɣ ɜɹɡɤɨɫɬɶɸ: ɝɨɪɹɱɟɝɨ (ɨɛɪɚɡɰɵ ɩɨɞ 

ɧɨɦɟɪɚɦɢ 1, 2 ɢ 4) ɢ ɯɨɥɨɞɧɨɝɨ (ɨɛɪɚɡɰɵ № 3) ɨɬɜɟɪ-
ɠɞɟɧɢɹ. 
Ⱦɥɹ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɭɝɥɟɩɥɚɫɬɢɤɨɜɵɯ ɪɟɮ-

ɥɟɤɬɨɪɨɜ ɜ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɞɢɚɩɚɡɨɧɚɯ ɧɚ ɪɚɛɨɱɭɸ 

ɩɨɜɟɪɯɧɨɫɬɶ ɪɟɮɥɟɤɬɨɪɚ ɧɟɨɛɯɨɞɢɦɨ ɧɚɧɨɫɢɬɶ ɪɚɞɢɨ-
ɨɬɪɚɠɚɸɳɟɟ ɩɨɤɪɵɬɢɟ. Ɋɚɞɢɨɨɬɪɚɠɚɸɳɢɣ ɫɥɨɣ ɞɨɥ-
ɠɟɧ ɨɛɥɚɞɚɬɶ ɜɵɫɨɤɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ. ȼ ɤɚɱɟ-
ɫɬɜɟ ɬɚɤɨɝɨ ɫɥɨɹ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɦɟɬɚɥɥɵ 

Al, Cu, Au ɢ Ag. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɬɢɯ ɦɟɬɚɥɥɨɜ ɩɪɢ-

ɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. 
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Ɍɚɛɥɢɰɚ 1 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɬɚɥɥɨɜ ɞɥɹ ɪɚɞɢɨɨɬɪɚɠɚɸщɟɝɨ ɫɥɨɹ 
 

Ɇɟɬɚɥɥ 
Ɍɟɦɩɟɪɚɬɭɪɧɵɣ  

ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ  
ɪɚɫɲɢɪɟɧɢɹ, ɝɪɚɞ-1 

ɍɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ, 
Ɉɦ·ɦɦ2/ɦ 

Ɇɨɞɭɥɶ ɭɩɪɭ-
ɝɨɫɬɢ, Ƚɉɚ As 

 

Ǽn 

 

Ⱥɥɸɦɢɧɢɣ 24,3·10–6 0,027 70 0,078 0,011 

Ɇɟɞɶ 16,8·10–6 0,0175 129,5 0,17 0,01 

ɋɟɪɟɛɪɨ 19,5·10–6 0,016 75 0,05 0,01 

Ɂɨɥɨɬɨ 14,2·10–6 0,023 77 0,19 0,011 

 

Ɍɚɛɥɢɰɚ 2 

Ɍɨɥщɢɧɚ ɫɤɢɧ-ɫɥɨɹ ɞɥɹ ɢɫɫɥɟɞɭɟɦɵɯ ɦɟɬɚɥɥɨɜ 
 

ɑɚɫɬɨɬɵ, ȽȽɰ Ɇɟɬɚɥɥ 
15 25 33 

Ⱥɥɸɦɢɧɢɣ 0,71 ɦɤɦ 0,55 ɦɤɦ 0,48 ɦɤɦ 

Ɇɟɞɶ 0,54 ɦɤɦ 0,42 ɦɤɦ 0,36 ɦɤɦ 

ɋɟɪɟɛɪɨ 0,52 ɦɤɦ 0,40 ɦɤɦ 0,35 ɦɤɦ 

Ɂɨɥɨɬɨ 0,62 ɦɤɦ 0,48 ɦɤɦ 0,42 ɦɤɦ 

 

 

ȼɚɠɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɞɥɹ ɩɪɢɜɟɞёɧɧɵɯ ɜɵɲɟ ɦɟ-
ɬɚɥɥɨɜ ɹɜɥɹɟɬɫɹ ɬɨɥɳɢɧɚ ɫɤɢɧ-ɫɥɨɹ, ɷɬɨ ɝɥɭɛɢɧɚ ɩɪɨ-
ɧɢɤɧɨɜɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ ɜ ɬɨɥɳɭ ɦɚɬɟ-
ɪɢɚɥɚ ɢ ɢɯ ɨɫɥɚɛɥɟɧɢɟ ɩɨ ɦɟɪɟ ɩɪɨɧɢɤɧɨɜɟɧɢɹ.  
ȼ ɬɚɛɥ. 2 ɩɪɢɜɟɞɟɧɵ ɜɟɥɢɱɢɧɵ ɬɨɥɳɢɧɵ ɫɤɢɧ-ɫɥɨёɜ 
ɞɥɹ Al, Cu, Au ɢ Ag ɧɚ ɱɚɫɬɨɬɚɯ 15, 25 ɢ 33 ȽȽɰ. Ɂɧɚ-
ɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ As ɢ En ɜ ɷɬɨɣ ɬɚɛɥɢɰɟ ɹɜɥɹɸɬ-
ɫɹ ɩɪɟɞɟɥɶɧɵɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɜ ɩɪɨɰɟɫɫɟ ɜɚɤɭɭɦɧɨɝɨ 
ɧɚɩɵɥɟɧɢɹ, ɜ ɭɫɥɨɜɢɹɯ, ɛɥɢɡɤɢɯ ɤ ɢɞɟɚɥɶɧɵɦ. 

ɋɪɟɞɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɦɟɬɚɥɥɨɜ ɚɥɸɦɢɧɢɣ ɢ ɡɨ-
ɥɨɬɨ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɩɪɨɦɵɲ-

ɥɟɧɧɨɣ ɚɬɦɨɫɮɟɪɵ. ɉɪɢ ɷɬɨɦ ɚɥɸɦɢɧɢɟɜɵɟ ɩɨɤɪɵɬɢɹ 
ɢɦɟɸɬ ɛɨɥɶɲɭɸ ɚɞɝɟɡɢɨɧɧɭɸ ɩɪɨɱɧɨɫɬɶ ɢ ɡɧɚɱɢɬɟɥɶ-
ɧɨ ɞɟɲɟɜɥɟ, ɱɟɦ ɡɨɥɨɬɵɟ. 
ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵ-

ɜɨɞ, ɱɬɨ ɚɥɸɦɢɧɢɣ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦ 

ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɫɨɡɞɚɧɢɹ ɪɚɞɢɨɨɬɪɚɠɚɸɳɢɯ ɩɨɤɪɵ-

ɬɢɣ. Ɍɚɤɠɟ ɜɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɚɥɸɦɢɧɢɟɜɵɟ ɩɨɤɪɵ-

ɬɢɹ ɨɛɥɚɞɚɸɬ ɩɪɢɟɦɥɟɦɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɬɟɪɦɨɪɚɞɢɚ-
ɰɢɨɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɱɬɨ ɜɚɠɧɨ ɞɥɹ ɪɟɮɥɟɤɬɨɪɨɜ 
ɤɨɫɦɢɱɟɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɩɨɞɜɟɪɝɚɸɳɢɯɫɹ ɰɢɤɥɢɱɟ-
ɫɤɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɫɨɥɧɟɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. 
Ɉɞɧɚɤɨ ɤɪɨɦɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɞɢɨɨɬɪɚɠɟɧɢɹ ɜ ɬɪɟ-

ɛɭɟɦɨɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ ɪɚɞɢɨɨɬɪɚɠɚɸɳɟɟ ɩɨɤɪɵɬɢɟ 
ɞɨɥɠɧɨ ɬɚɤɠɟ ɢɦɟɬɶ ɯɨɪɨɲɢɟ ɨɩɬɢɱɟɫɤɢɟ ɢ ɦɟɯɚɧɢɱɟ-
ɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɫɬɨɣɤɨɫɬɶ ɤ ɤɨɪɪɨɡɢɢ, ɪɚɞɢɚɰɢ-

ɨɧɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɢ ɚɞɝɟɡɢɨɧɧɭɸ ɩɪɨɱɧɨɫɬɶ.  
ȼɫɟ ɷɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɝɭɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɵ 

ɩɪɢ ɫɨɡɞɚɧɢɢ ɪɚɞɢɨɨɬɪɚɠɚɸɳɟɝɨ ɩɨɤɪɵɬɢɹ, ɫɨɫɬɨɹ-
ɳɟɝɨ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɥɨɟɜ.  
ɇɚɧɟɫɟɧɢɟ ɦɧɨɝɨɫɥɨɣɧɵɯ ɪɚɞɢɨɨɬɪɚɠɚɸɳɢɯ ɩɨ-

ɤɪɵɬɢɣ ɧɚ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡ ɤɨɦɩɨ-
ɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɬɧɨɫɢɬɫɹ ɤ ɛɨɥɟɟ ɫɥɨɠɧɵɦ 

ɬɟɯɧɨɥɨɝɢɹɦ, ɱɟɦ ɦɟɬɚɥɥɢɡɚɰɢɹ ɦɨɧɨɫɨɫɬɚɜɧɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ (ɩɨɥɢɦɟɪɧɵɯ ɩɥɟɧɨɤ ɢ ɞɟɬɚɥɟɣ). ɗɬɨ ɜɵɡɜɚɧɨ 
ɬɟɦ, ɱɬɨ ɫɜɨɣɫɬɜɚ ɧɚɩɨɥɧɢɬɟɥɹ ɢ ɫɜɹɡɭɸɳɟɝɨ ɫɭɳɟɫɬ-
ɜɟɧɧɨ ɪɚɡɥɢɱɚɸɬɫɹ ɢ ɧɟɨɛɯɨɞɢɦɨ ɫɨɝɥɚɫɨɜɚɧɢɟ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤ ɫɥɨɟɜ ɩɨɤɪɵɬɢɹ ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɤɨɦɩɨɧɟɧɬɨɜ 
ɦɚɬɟɪɢɚɥɚ ɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɤɨɧɫɬɪɭɤɰɢɢ: ɬɨɱɧɨɫɬɢ 

ɩɪɨɮɢɥɹ, ɞɨɩɭɫɬɢɦɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɬɟɦɩɟɪɚɬɭ-
ɪɚɦ ɢ ɞɪ. Ⱦɥɹ ɫɨɝɥɚɫɨɜɚɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɨɣ ɩɨɞɥɨɠ-

ɤɢ ɫ ɪɚɞɢɨɨɬɪɚɠɚɸɳɢɦ ɩɨɤɪɵɬɢɟɦ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ-

ɦɟɧɟɧɢɟ ɦɧɨɝɨɫɥɨɣɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨɤɪɵɬɢɹ. ɉɟɪɜɵɣ 

ɫɥɨɣ ɞɨɥɠɟɧ ɢɦɟɬɶ ɜɵɫɨɤɭɸ ɚɞɝɟɡɢɸ ɤ ɭɝɥɟɩɥɚɫɬɢɤɭ, 
ɩɪɟɞɨɬɜɪɚɳɚɬɶ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɭɝɥɟɪɨɞɧɵɯ ɜɨɥɨɤɨɧ ɩɨɞɥɨɠɤɢ ɢ ɪɚɞɢɨɨɬɪɚɠɚɸɳɟɝɨ 
ɫɥɨɹ (ɚɥɸɦɢɧɢɹ). ȼɬɨɪɨɣ ɫɥɨɣ – ɢɡ ɜɵɫɨɤɨɷɥɟɤɬɪɨ-
ɩɪɨɜɨɞɧɨɝɨ, ɫɬɚɛɢɥɶɧɨɝɨ ɜ ɭɫɥɨɜɢɹɯ ɯɪɚɧɟɧɢɹ ɢ ɷɤɫ-
ɩɥɭɚɬɚɰɢɢ ɦɚɬɟɪɢɚɥɚ (ɧɚɩɪɢɦɟɪ, ɚɥɸɦɢɧɢɹ), ɞɨɥɠɟɧ 

ɨɛɟɫɩɟɱɢɜɚɬɶ ɡɚɞɚɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɞɢɨɨɬɪɚɠɟɧɢɹ 
ɢ ɬɟɪɦɨɪɚɞɢɚɰɢɨɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɩɪɢ ɷɬɨɦ ɢɦɟɬɶ 
ɧɟɛɨɥɶɲɭɸ ɬɨɥɳɢɧɭ ɞɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɜɧɭɬɪɟɧɧɢɯ 
ɧɚɩɪɹɠɟɧɢɣ ɢ ɜɥɢɹɧɢɹ ɧɚ ɝɟɨɦɟɬɪɢɸ ɪɟɮɥɟɤɬɨɪɚ. 
Ɍɪɟɬɢɣ ɫɥɨɣ – ɡɚɳɢɬɧɵɣ, ɞɨɥɠɟɧ ɢɦɟɬɶ ɜɵɫɨɤɭɸ 

ɬɜɟɪɞɨɫɬɶ ɢ ɩɪɨɱɧɨɫɬɶ, ɛɵɬɶ ɪɚɞɢɨɩɪɨɡɪɚɱɧɵɦ ɢ 

ɨɛɟɫɩɟɱɢɜɚɬɶ ɫɨɯɪɚɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɥɨɹ ɚɥɸɦɢ-

ɧɢɹ ɩɪɢ ɭɞɚɥɟɧɢɢ ɡɚɝɪɹɡɧɟɧɢɣ ɫ ɩɨɤɪɵɬɢɹ, ɜɨɡɦɨɠ-

ɧɵɯ ɩɪɢ ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬɚɯ ɢ ɯɪɚɧɟɧɢɢ ɪɟɮɥɟɤɬɨɪɚ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɞɢɨɨɬɪɚɠɚɸɳɟɟ ɩɨɤɪɵɬɢɟ ɛɭɞɟɬ 

ɫɨɫɬɨɹɬɶ ɢɡ ɬɪɟɯ ɫɥɨɟɜ: 
– ɩɟɪɜɵɣ ɫɥɨɣ – ɩɨɞɫɥɨɣ ɦɚɬɟɪɢɚɥɚ, ɫɜɹɡɵɜɚɸ-

ɳɟɝɨ ɨɫɧɨɜɧɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɫɥɨɣ ɢ ɩɨɞɥɨɠɤɭ; 
– ɜɬɨɪɨɣ – ɨɫɧɨɜɧɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɫɥɨɣ ɦɚɬɟ-

ɪɢɚɥɚ, ɜɵɩɨɥɧɹɸɳɟɝɨ ɮɭɧɤɰɢɸ ɪɚɞɢɨɨɬɪɚɠɟɧɢɹ; 
– ɬɪɟɬɢɣ – ɡɚɳɢɬɧɵɣ ɫɥɨɣ, ɡɚɳɢɳɚɸɳɢɣ ɨɫɧɨɜ-

ɧɨɣ ɫɥɨɣ ɨɬ ɦɟɯɚɧɢɱɟɫɤɢɯ, ɤɨɪɪɨɡɢɨɧɧɵɯ ɢ ɩɪɨɱɢɯ 
ɩɨɜɪɟɠɞɟɧɢɣ. 

Ⱦɥɹ ɜɵɛɨɪɚ ɦɚɬɟɪɢɚɥɚ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɤɚɱɟɫɬɜɟ 
ɩɨɞɫɥɨɹ, ɤɨɬɨɪɵɣ ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɨ ɢ ɜɵɝɨɞɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɢɨɛɪɟɬɟɧɢɹ ɧɭɠɧɵɯ 
ɚɞɝɟɡɢɨɧɧɵɯ ɢ ɢɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɧɟɨɛ-
ɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɨɣɫɬɜ ɨɫɧɨɜɧɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɤɚɱɟɫɬɜɟ ɚɞɝɟɡɢɨɧɧɵɯ ɩɨɞ-

ɫɥɨёɜ. ɇɢɠɟ ɩɪɢɜɟɞɟɧɚ ɬɚɛɥ. 3 ɞɥɹ ɨɰɟɧɤɢ ɦɚɬɟɪɢɚɥɨɜ 
ɩɨɞɫɥɨɹ. 
ȼ ɤɚɱɟɫɬɜɟ ɩɨɞɫɥɨɹ ɧɟɨɛɯɨɞɢɦ ɦɚɬɟɪɢɚɥ, ɤɨɬɨɪɵɣ 

ɛɵ ɨɛɥɚɞɚɥ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɚɞɝɟɡɢɢ ɤ 
ɭɝɥɟɩɥɚɫɬɢɤɭ, ɦɢɧɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɦɨɞɭɥɹ ɭɩɪɭ-
ɝɨɫɬɢ, ɡɧɚɱɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɬɟɪɦɢɱɟ-
ɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɄɅɌɊ), ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɦɟɠɞɭ 
ɄɅɌɊ ɚɥɸɦɢɧɢɹ ɢ ɭɝɥɟɩɥɚɫɬɢɤɚ, ɦɚɥɵɦɢ ɜɟɥɢɱɢɧɚɦɢ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɝɥɟ-
ɪɨɞɚ ɢ ɚɥɸɦɢɧɢɹ. Ɍɚɤɢɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɦɨɝɭɬ ɛɵɬɶ 
ɧɢɯɪɨɦ 20ɏ80ɇ, ɰɢɪɤɨɧɢɣ, ɬɢɬɚɧ, ɚ ɬɚɤɠɟ ɞɢɷɥɟɤɬɪɢɤɢ – 
ɨɤɫɢɞ ɤɪɟɦɧɢɹ, ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ ɢ ɞɪ. 
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ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɨɜ ɩɨɞɫɥɨɹ 
 

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɟ ɜɡɚɢ-

ɦɨɞɟɣɫɬɜɢɟ ɤɨɦɩɨɧɟɧɬɨɜ. 
ɉɨɬɟɧɰɢɚɥ, ȼ,  

ɨɬɧɨɫɢɬɟɥɶɧɨ 

Ɇɚɬɟɪɢɚɥ 

ɋ (0,15) Al(–1,66) 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɥɢɧɟɣɧɨɝɨ 
ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɪɚɫɲɢɪɟɧɢɹ, 

10–6ɝɪɚɞ–1 

Ɇɨɞɭɥɶ ɭɩ-

ɪɭɝɨɫɬɢ, Ƚɉɚ 
ɇɚɩɪɹɠɟɧɢɹ  
ɧɚ ɝɪɚɧɢɰɟ  

ɫ ɭɝɥɟɩɥɚɫɬɢɤɨɦ, 

ɤɝɫ/ɦɦ2 

(ɞɥɹ ǻɌ = 200 °ɋ) 

ɇɚɩɪɹɠɟɧɢɹ ɧɚ ɝɪɚɧɢɰɟ 
ɫ ɚɥɸɦɢɧɢɟɦ, ɤɝɫ/ ɦɦ2 

(ɞɥɹ ǻɌ = 200 °ɋ) 

ɏɪɨɦ –0,6 –0,94 6,2 280 36,2 106 

Ɍɢɬɚɧ –0,05 –1,56 8,5 96,6 16,6 31 

ɇɢɤɟɥɶ –0,1 –1,44 16,6 213 71,7 33 

ɐɢɪɤɨɧɢɣ –0,15 –1,66 5,9 95 11,3 36 

SiO2 0 0 0,5 65,5 0,5 32 

Al2O3 0 0 8,4 241,3 41 78 

ɇɢɯɪɨɦ –0,1 –1,44 10 216 43,7 63 

  

 

ɂɡ ɜɫɟɯ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ ɦɚɬɟɪɢɚɥɚ 
ɩɨɞɫɥɨɹ ɞɥɹ ɰɟɥɟɣ ɫɨɡɞɚɧɢɹ ɫɬɚɛɢɥɶɧɵɯ ɩɥёɧɨɤ ɧɚɢ-

ɥɭɱɲɢɦ ɹɜɥɹɟɬɫɹ ɧɢɯɪɨɦ, ɬɚɤ ɤɚɤ ɨɧ ɨɬɥɢɱɚɟɬɫɹ ɜɵ-

ɫɨɤɨɣ ɚɞɝɟɡɢɟɣ ɤ ɪɚɡɥɢɱɧɵɦ ɦɚɬɟɪɢɚɥɚɦ, ɜɤɥɸɱɚɹ 
ɩɨɥɢɦɟɪɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɛɨɥɶɲɢɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɧɢ-

ɯɪɨɦɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɢɡɜɟɫɬɧɵɦɢ ɫɩɥɚɜɚɦɢ 

ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧ ɪɚɫɩɵɥɹɟɬɫɹ ɛɟɡ ɱɪɟɡɦɟɪɧɨɝɨ ɪɚɡ-
ɞɟɥɟɧɢɹ ɧɚ ɨɬɞɟɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ. Ɍɚɤɠɟ ɩɨɥɟɡ-
ɧɵɦ ɫɜɨɣɫɬɜɨɦ ɧɢɯɪɨɦɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧ ɫɩɨɫɨɛɟɧ 

ɡɚɯɜɚɬɵɜɚɬɶ ɡɚɝɪɹɡɧɹɸɳɢɟ ɤɨɦɩɨɧɟɧɬɵ ɨɫɬɚɬɨɱɧɨɝɨ 
ɝɚɡɚ ɩɪɢ ɧɚɩɵɥɟɧɢɢ (ɪɚɫɩɵɥɟɧɢɢ) ɪɚɞɢɨɨɬɪɚɠɚɸɳɟɝɨ 
ɦɚɬɟɪɢɚɥɚ (ɚɥɸɦɢɧɢɹ). Ɍɚɤɚɹ ɯɟɦɨɫɨɪɛɰɢɹ ɫɩɨɫɨɛɫɬ-
ɜɭɟɬ ɭɥɭɱɲɟɧɢɸ ɱɢɫɬɨɬɵ ɜɚɤɭɭɦɚ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 
ɨɫɚɠɞɟɧɢɸ ɛɨɥɟɟ ɱɢɫɬɨɝɨ ɪɚɞɢɨɨɬɪɚɠɚɸɳɟɝɨ ɦɚɬɟ-
ɪɢɚɥɚ ɩɨɜɟɪɯ ɧɚɧɟɫёɧɧɨɝɨ ɩɨɞɫɥɨɹ. 
ȼɵɫɨɤɢɟ ɚɞɝɟɡɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɧɢɯɪɨɦɚ ɦɨɝɭɬ 

ɛɵɬɶ ɨɛɴɹɫɧɟɧɵ ɧɚɥɢɱɢɟɦ ɬɨɧɤɨɝɨ ɨɤɫɢɞɧɨɝɨ ɫɥɨɹ, 
ɜɨɡɧɢɤɚɸɳɟɝɨ ɦɟɠɞɭ ɩɥёɧɤɨɣ ɢ ɩɨɞɥɨɠɤɨɣ, ɚ ɬɚɤɠɟ 
ɧɟɛɨɥɶɲɢɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɪɚɫɩɵɥɟɧɢɟɦ ɯɪɨɦɚ, 
ɤɨɬɨɪɵɣ ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɧɢɡɤɨɣ ɷɧɟɪɝɢɟɣ ɪɚɫɩɵɥɟɧɢɹ, 
ɱɟɦ ɧɢɤɟɥɶ. ɏɨɪɨɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɢɡɝɨɬɨɜɥɟɧɢɸ 

ɦɟɯɚɧɢɱɟɫɤɢ ɩɪɨɱɧɵɯ ɢ ɫɬɚɛɢɥɶɧɵɯ ɩɥёɧɨɤ ɧɢɯɪɨɦɚ 
ɞɚёɬ ɦɚɝɧɟɬɪɨɧɧɵɣ ɫɩɨɫɨɛ ɪɚɫɩɵɥɟɧɢɹ ɧɢɯɪɨɦɚ.  
ȼ ɤɚɱɟɫɬɜɟ ɡɚɳɢɬɵ ɪɚɞɢɨɨɬɪɚɠɚɸɳɟɝɨ ɩɨɤɪɵɬɢɹ 

ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɤɨɪɪɨɡɢɢ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɜɪɟɠɞɟ-
ɧɢɣ, ɚ ɬɚɤɠɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɤɨɷɮɮɢɰɢ-

ɟɧɬɚ ɢɡɥɭɱɟɧɢɹ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɨɧɤɢɣ 

ɫɥɨɣ ɡɚɳɢɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɧɚɧɨɫɢɦɨɝɨ ɧɟɩɨɫɪɟɞɫɬ-
ɜɟɧɧɨ ɧɚ ɫɥɨɣ ɦɟɬɚɥɥɚ. Ɍɚɤɢɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɦɨɝɭɬ 
ɛɵɬɶ ɨɤɫɢɞɵ ɚɥɸɦɢɧɢɹ ɢ ɤɪɟɦɧɢɹ, ɚ ɬɚɤɠɟ ɤɪɟɦɧɢɣ-

ɨɪɝɚɧɢɱɟɫɤɨɟ ɩɨɤɪɵɬɢɟ.  
ɇɚɩɵɥɟɧɢɟ ɩɪɨɢɡɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɦɚɝɧɟɬɪɨɧɧɨɝɨ 

ɪɚɫɩɵɥɟɧɢɹ [11–15] ɧɚ ɜɚɤɭɭɦɧɨɣ ɭɫɬɚɧɨɜɤɟ ɧɚ ɨɛ-

ɪɚɡɰɵ ɪɚɡɦɟɪɨɦ 100×100 ɦɦ ɢ 35×35 ɦɦ. 

Ⱦɥɹ ɧɚɩɵɥɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɢɲɟɧɢ ɢɡ ɧɢɯɪɨɦɚ 
ɏ20ɇ80 ȽɈɋɌ 10994, ɚɥɸɦɢɧɢɹ ɱɢɫɬɨɬɨɣ ȽɈɋɌ 

25905 ɢ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ. 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ. Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚ-

ɞɢɨɨɬɪɚɠɟɧɢɹ ɢɡɦɟɪɹɥɢ ɜɨɥɧɨɜɨɞɧɵɦ ɦɟɬɨɞɨɦ ɫ ɩɨ-
ɦɨɳɶɸ ɝɟɧɟɪɚɬɨɪɚ Anritsu MG3696B, ɚɬɬɟɧɸɚɬɨɪɚ 
Ⱦ3-35 ɢ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɥɢɧɢɢ Ɋ1-30. Ɋɟɡɭɥɶɬɚɬɵ ɢɡ-
ɦɟɪɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 4. 

ɂɡɦɟɪɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɞɢɨɨɬɪɚɠɟɧɢɹ ɩɨɤɚ-
ɡɚɥɢ, ɱɬɨ ɩɪɢ ɱɚɫɬɨɬɟ 24 ȽȽɰ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɞɢɨɨɬ-
ɪɚɠɟɧɢɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɪɟɞɴɹɜɥɹɟɦɵɦ 

ɬɪɟɛɨɜɚɧɢɹɦ ɢ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 0,98. ɇɟɭɞɨɜɥɟɬɜɨɪɢ-

ɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ ɩɪɢ ɱɚɫɬɨɬɟ 33 ȽȽɰ, ɱɬɨ 
ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɩɨɜɵɲɟɧɧɵɦ ɝɚɡɨɜɵɞɟɥɟɧɢɟɦ 

ɢɫɯɨɞɧɵɯ ɨɛɪɚɡɰɨɜ ɭɝɥɟɩɥɚɫɬɢɤɚ ɢɥɢ ɜɵɫɨɤɨɣ ɲɟɪɨ-
ɯɨɜɚɬɨɫɬɶɸ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɮɚɤɬɨɪɨɜ, 
ɜɥɢɹɸɳɢɯ ɧɚ ɩɨɤɚɡɚɬɟɥɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɞɢɨɨɬɪɚ-
ɠɟɧɢɹ, ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɨɩɪɟɞɟɥɟ-
ɧɢɸ ɜɟɥɢɱɢɧɵ ɝɚɡɨɜɵɞɟɥɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ  
ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ. 

 
Ɍɚɛɥɢɰɚ 4 

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ  

ɪɚɞɢɨɨɬɪɚɠɟɧɢɹ 
 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɞɢɨɨɬɪɚɠɟɧɢɹ, ɞȻ № ɨɛɪɚɡɰɚ 
24 ȽȽɰ 33 ȽȽɰ 

2/2 98,18 95,93 

2/3 98,08 95,69 

2/4 98,36 95,92 

3ɚ/3 98,42 95,0 

3ɚ/4 98,24 96,17 

3ɚ/7 98,35 95,35 

3ɚ/8 98,37 96,19 

 

ɉɚɪɚɦɟɬɪɵ ɝɚɡɨɜɵɞɟɥɟɧɢɹ ɢɡɦɟɪɹɥɢɫɶ ɩɨ ɫɥɟɞɭɸ-

ɳɟɣ ɦɟɬɨɞɢɤɟ. ɉɟɪɟɞ ɜɚɤɭɭɦɧɨ-ɬɟɩɥɨɜɵɦ ɜɨɡɞɟɣɫɬ-
ɜɢɟɦ ɨɛɪɚɡɰɵ ɦɚɬɟɪɢɚɥɨɜ ɩɨɞɜɟɪɝɚɥɢɫɶ ɤɨɧɞɢɰɢɨɧɢ-

ɪɨɜɚɧɢɸ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ (22 ± 3) ºɋ ɜ ɬɟɱɟɧɢɟ 24 ɱ  
ɜ ɷɤɫɢɤɚɬɨɪɟ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɶɸ ɜɨɡɞɭɲɧɨɣ 

ɫɪɟɞɵ (55 ± 3) %. ȼɨɡɞɭɲɧɚɹ ɫɪɟɞɚ ɜ ɷɤɫɢɤɚɬɨɪɟ  
ɫ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɶɸ (55 ± 3) % ɫɨɡɞɚɜɚɥɚɫɶ 
ɩɟɪɟɧɚɫɵɳɟɧɧɵɦ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɚɡɨɬɧɨɤɢɫɥɨɝɨ  
ɦɚɝɧɢɹ (Mg(NO3)2·6H2O), ɧɚɞ ɤɨɬɨɪɵɦ ɪɚɡɦɟɳɚɥɢɫɶ 
ɢɫɩɵɬɵɜɚɟɦɵɟ ɨɛɪɚɡɰɵ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ  

ɫ ȽɈɋɌ 12423–66. 

ɉɨɫɥɟ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɡɜɟ-
ɲɟɧɧɵɟ ɨɛɪɚɡɰɵ ɦɚɬɟɪɢɚɥɨɜ ɢ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɟ ɩɥɚ-
ɫɬɢɧɵ ɩɨɦɟɳɚɥɢɫɶ ɜ ɢɫɩɵɬɚɬɟɥɶɧɵɣ ɛɥɨɤ ɭɫɬɚɧɨɜɤɢ 

ɍȽ-5. 

ɉɪɨɜɨɞɢɥɚɫɶ ɨɬɤɚɱɤɚ ɜɚɤɭɭɦɧɨɣ ɤɚɦɟɪɵ ɞɨ ɨɫɬɚ-
ɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ 7·10–4 ɉɚ (5·10–6 ɦɦ ɪɬ. ɫɬ.). ɉɨɫɥɟ 
ɞɨɫɬɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɯ ɩɥɚ-
ɫɬɢɧɚɯ, ɪɚɜɧɨɣ (25 ± 1) ºɋ, ɜɤɥɸɱɚɥɫɹ ɧɚɝɪɟɜɚɬɟɥɶɧɵɣ 

ɛɥɨɤ ɢ ɭɫɬɚɧɚɜɥɢɜɚɥɚɫɶ ɧɚ ɨɛɪɚɡɰɚɯ ɦɚɬɟɪɢɚɥɨɜ ɬɟɦ-

ɩɟɪɚɬɭɪɚ, ɪɚɜɧɚɹ (125 ± 1) ºɋ. ȼɪɟɦɹ ɜɵɞɟɪɠɤɢ ɨɛɪɚɡ-
ɰɨɜ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 125 ºɋ ɫɨɫɬɚɜɥɹɥɨ 24 ɱ.
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ɉɨɫɥɟ ɜɚɤɭɭɦɧɨ-ɬɟɩɥɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɢ ɜɡɜɟɲɢ-
ɜɚɧɢɹ ɨɛɪɚɡɰɵ ɦɚɬɟɪɢɚɥɨɜ ɩɨɞɜɟɪɝɚɥɢɫɶ ɪɟɤɨɧɞɢɰɢɨ-
ɧɢɪɨɜɚɧɢɸ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ (22 ± 3) ºɋ ɜ ɬɟɱɟɧɢɟ 24 ɱ 
ɜ ɷɤɫɢɤɚɬɨɪɟ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɶɸ ɨɤɪɭɠɚɸ-

ɳɟɝɨ ɜɨɡɞɭɯɚ (55 ± 3) %.  
ɉɨɬɟɪɹ ɦɚɫɫɵ (ɉɆ), ɥɟɬɭɱɢɟ ɤɨɧɞɟɧɫɢɪɭɸɳɢɟɫɹ 

ɜɟɳɟɫɬɜɚ (ɅɄȼ), ɪɚɜɧɨɜɟɫɧɵɣ ɜɨɞɹɧɨɣ ɩɚɪ (Ɋȼɉ) ɢ 
ɩɨɬɟɪɹ ɦɚɫɫɵ ɫ ɭɱɟɬɨɦ ɪɟɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ (ɉɆɊ) 
ɦɚɬɟɪɢɚɥɨɜ ɨɩɪɟɞɟɥɹɥɢɫɶ ɜɡɜɟɲɢɜɚɧɢɟɦ ɨɛɪɚɡɰɨɜ ɢ 
ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɯ ɩɥɚɫɬɢɧ ɞɨ ɢ ɩɨɫɥɟ ɜɚɤɭɭɦɧɨ-
ɬɟɩɥɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɢ ɪɟɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɧɚ 
ɩɪɟɰɢɡɢɨɧɧɵɯ ɷɥɟɤɬɪɨɧɧɵɯ ɜɟɫɚɯ HR-202 ɩɪɨɢɡɜɨɞ-
ɫɬɜɚ ɮɢɪɦɵ A&D Company Ltd (əɩɨɧɢɹ), ɜ ɞɢɚɩɚɡɨɧɟ 
ɜɡɜɟɲɢɜɚɟɦɨɣ ɦɚɫɫɵ ɨɬ 0 ɞɨ 42 ɝ ɫ ɞɢɫɤɪɟɬɧɨɫɬɶɸ 
1·10–5 ɝ. 
ɉɨɝɪɟɲɧɨɫɬɶ ɜɡɜɟɲɢɜɚɧɢɹ ɦɚɫɫɵ ɫɨɫɬɚɜɥɹɥɚ ±120 ɦɤɝ 

ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɭɤɨɜɨɞɫɬɜɨɦ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ 
ɜɟɫɵ HR-202. 
Ɉɛɪɚɡɰɵ ɦɚɬɟɪɢɚɥɨɜ ɢ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɟ ɩɥɚɫɬɢ-

ɧɵ ɜɡɜɟɲɢɜɚɥɢɫɶ ɧɚ ɜɟɫɚɯ ɧɟ ɩɨɡɞɧɟɟ 2-ɯ ɦɢɧɭɬ ɩɨɫɥɟ 
ɢɯ ɢɡɴɹɬɢɹ ɢɡ ɷɤɫɢɤɚɬɨɪɚ. Ɉɛɳɟɟ ɜɪɟɦɹ ɜɡɜɟɲɢɜɚɧɢɹ 
ɨɛɪɚɡɰɨɜ ɦɚɬɟɪɢɚɥɨɜ ɩɨɫɥɟ ɜɚɤɭɭɦɧɨ-ɬɟɩɥɨɜɨɝɨ ɜɨɡ-
ɞɟɣɫɬɜɢɹ ɧɟ ɩɪɟɜɵɲɚɥɨ 0,5 ɱ. 
ɉɆ ɦɚɬɟɪɢɚɥɨɜ, ɫɨɞɟɪɠɚɧɢɟ ɅɄȼ, Ɋȼɉ, ɚ ɬɚɤɠɟ 

ɉɆɊ ɜɵɱɢɫɥɹɥɢɫɶ ɩɨ ɮɨɪɦɭɥɚɦ: 
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 (1) 

ɝɞɟ Ɇ′ɨɛɪ – ɦɚɫɫɚ ɨɛɪɚɡɰɚ ɦɚɬɟɪɢɚɥɚ ɞɨ ɢɫɩɵɬɚɧɢɣ, ɝ; 
Ɇ″ɨɛɪ – ɦɚɫɫɚ ɨɛɪɚɡɰɚ ɦɚɬɟɪɢɚɥɚ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɹ, ɝ; 

 ɤɩ ɤɩ

ɨɛɪ

ɅɄȼ 100 %
m m
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, (2) 

ɝɞɟ m′ɤɩ – ɦɚɫɫɚ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɣ ɩɥɚɫɬɢɧɵ ɞɨ ɢɫɩɵ-

ɬɚɧɢɹ, ɝ;  m″ɤɩ – ɦɚɫɫɚ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɣ ɩɥɚɫɬɢɧɵ 
ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɹ, ɝ; 

 
ɨɛɪ ɨɛɪ

ɨɛɪ

*
Ɋȼɉ 100 %

Ɇ Ɇ
Ɇ

′′−
=

′
, (3) 

ɝɞɟ Ɇ *ɨɛɪ – ɦɚɫɫɚ ɨɛɪɚɡɰɚ ɦɚɬɟɪɢɚɥɚ ɩɨɫɥɟ ɪɟɤɨɧɞɢ-
ɰɢɨɧɢɪɨɜɚɧɢɹ, ɝ; 

 
ɨɛɪ ɨɛɪ

ɨɛɪ

*
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Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɝɚɡɨɜɵɞɟɥɟɧɢɹ ɩɪɨɜɨɞɢ-
ɥɢ ɧɚ ɞɜɭɯ ɨɛɪɚɡɰɚɯ ɤɚɠɞɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɂɚ ɪɟɡɭɥɶɬɚɬ 
ɢɫɩɵɬɚɧɢɣ ɩɪɢɧɢɦɚɥɢ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɢɡ 

ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɤɚɠɞɨɝɨ ɩɚɪɚɦɟɬɪɚ. Ɋɟɡɭɥɶɬɚɬɵ 
ɢɫɩɵɬɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 5.  

 

Ɍɚɛɥɢɰɚ 5 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ 

 

№ ɨɛɪɚɡɰɚ ɉɆ, % ɅɄȼ, % Ɋȼɉ, % ɉɆɊ, % 

4/1 0,97 0,00 0,32 0,66 

2ɚ/1 0,59 0,01 0,21 0,37 

 

ɋɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɦ ɦɚɬɟ-
ɪɢɚɥɚɦ ɩɚɪɚɦɟɬɪɵ ɝɚɡɨɜɵɞɟɥɟɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ:  
ɉɆɊ ≤ 1 %; ɅɄȼ ≤ 0,1 %. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɚɪɚɦɟɬɪɵ 
ɝɚɡɨɜɵɞɟɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɟɛɨɜɚɧɢɹɦ, ɤɨɬɨɪɵɟ 
ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɤ ɩɨɤɪɵɬɢɹɦ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ. 
ɂɡɦɟɪɟɧɢɹ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɭɝɥɟɩɥɚ-

ɫɬɢɤɚ ɫ ɪɚɞɢɨɨɬɪɚɠɚɸɳɢɦ ɩɨɤɪɵɬɢɟɦ ɩɪɨɜɨɞɢɥɢɫɶ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɩɬɢɱɟɫɤɨɝɨ ɢɧɬɟɪɮɟɪɨɦɟɬɪɚ 
MicroXAM-100 ɩɪɢ 100-ɤɪɚɬɧɨɦ ɭɜɟɥɢɱɟɧɢɢ. 
ɒɟɪɨɯɨɜɚɬɨɫɬɶ ɪɚɞɢɨɨɬɪɚɠɚɸɳɟɝɨ ɩɨɤɪɵɬɢɹ ɧɚ 

ɭɝɥɟɩɥɚɫɬɢɤɟ ɫɨɫɬɚɜɥɹɟɬ Ra = 363,8 ɧɦ ɩɪɢ ɞɨɩɭɫɬɢ-
ɦɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɞɥɹ 33 ȽȽɰ – 600 ɦɤɦ.  
Ɋɚɡɪɚɛɚɬɵɜɚɟɦɵɟ ɩɨɤɪɵɬɢɹ ɩɨ ɫɜɨɟɦɭ ɧɚɡɧɚɱɟɧɢɸ 

ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɚ ɜɧɟɲɧɢɯ ɩɨɜɟɪɯɧɨ-
ɫɬɹɯ ɄȺ. Ɋɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɬɚɤɢɯ ɩɨɤɪɵɬɢɣ ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ ɩɨɝɥɨɳɟɧɢɟɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ 
ɋɨɥɧɰɚ ɢ ɢɡɥɭɱɟɧɢɟɦ ɬɟɩɥɚ ɜ ɤɨɫɦɢɱɟɫɤɨɟ ɩɪɨɫɬɪɚɧ-
ɫɬɜɨ. ȼ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ, ɨɬɧɨɫɹ-
ɳɟɣɫɹ ɤ ɩɨɤɪɵɬɢɹɦ, ɤ ɤɨɬɨɪɵɦ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɬɟɪɦɨ-
ɪɚɞɢɚɰɢɨɧɧɵɣ ɫɜɨɣɫɬɜɚ, ɞɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ 
ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɟɪɦɨɪɚɞɢɚɰɢɨɧɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɫɨɥɧɟɱɧɨɣ 
ɪɚɞɢɚɰɢɢ As ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ ȿn. Ⱦɚɧɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɩɨɤɪɵɬɢɣ ɹɜɥɹɸɬɫɹ ɢɧɬɟɝɪɚɥɶɧɵɦɢ ɩɨ 
ɞɢɚɩɚɡɨɧɭ ɞɥɢɧ ɜɨɥɧ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦɭ ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɸ ɩɨɝɥɨɳɚɟɦɨɣ ɢ ɢɡɥɭɱɚɟɦɨɣ ɷɧɟɪɝɢɢ. 
ɂɡɦɟɪɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɝɥɨɳɟɧɢɹ ɫɨɥɧɟɱɧɨɝɨ 

ɢɡɥɭɱɟɧɢɹ (As) ɢ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɬɪɚɠɟ-
ɧɢɹ (Rλ) ɩɪɨɜɨɞɢɥɢ ɫɩɟɤɬɪɨɪɟɮɥɟɤɬɨɦɟɬɪɨɦ LPSR-300 
ɜ ɞɢɚɩɚɡɨɧɟ ɞɥɢɧ ɜɨɥɧ ɨɬ 250 ɞɨ 2800 ɧɦ ɜ ɫɨɨɬɜɟɬɫɬ-
ɜɢɢ ɫ ɬɟɯɧɢɱɟɫɤɨɣ ɢɧɫɬɪɭɤɰɢɟɣ ɢ ɢɧɫɬɪɭɤɰɢɟɣ ɩɨ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢɛɨɪɚ. ɂɡɦɟɪɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩ-
ɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ȿn ɩɪɨɜɨɞɢɥɢ ɪɟɮɥɟɤɬɨɦɟɬɪɨɦ 
ɌȿɆɊ-2000Ⱥ ɜ ɚɛɫɨɥɸɬɧɨɦ ɪɟɠɢɦɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɯ-
ɧɢɱɟɫɤɨɣ ɢɧɫɬɪɭɤɰɢɟɣ ɢ ɢɧɫɬɪɭɤɰɢɟɣ ɩɨ ɷɤɫɩɥɭɚɬɚ-
ɰɢɢ ɩɪɢɛɨɪɚ. ɇɚ ɪɢɫɭɧɤɟ ɩɪɢɜɟɞɟɧɵ ɫɩɟɤɬɪɵ ɨɬɪɚɠɟ-
ɧɢɹ ɨɛɪɚɡɰɨɜ ɜ ɨɩɬɢɱɟɫɤɨɦ ɞɢɚɩɚɡɨɧɟ ɞɥɢɧ ɜɨɥɧ ɨɬ 
200 ɞɨ 3000 ɧɦ.   
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Ⱥɧɚɥɢɡ ɫɩɟɤɬɪɨɜ ɨɬɪɚɠɟɧɢɹ ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɚɥɢɱɢɟ 
ɫɢɥɶɧɨɣ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɜ ɞɢɚɩɚɡɨɧɟ 500–1500 ɧɦ 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɱɢɫɬɵɦ ɚɥɸɦɢɧɢɟɦ. ȼɟɪɨɹɬɧɨɣ ɩɪɢ-

ɱɢɧɨɣ ɡɚɝɪɹɡɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɪɚɫɩɵɥɟɧɢɟ ɩɨɥɢɦɟɪɧɨɣ 

ɱɚɫɬɢ ɩɨɞɥɨɠɤɢ (ɫɜɹɡɭɸɳɟɝɨ) ɜ ɩɪɨɰɟɫɫɟ ɦɚɝɧɟɬɪɨɧ-

ɧɨɝɨ ɧɚɩɵɥɟɧɢɹ. 
Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ As ɢ ȿn 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 6. 
 

Ɍɚɛɥɢɰɚ 6 

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ  

ɬɟɪɦɨɪɚɞɢɚɰɢɨɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
 

ɇɨɦɟɪ  
ɨɛɪɚɡɰɚ 

Ɋɚɡɦɟɪ  
ɨɛɪɚɡɰɚ As En 

2/1 (2) 100×100 0,38 0,06 

1/2 (3) 100×100 0,45 0,07 

2/2 35×35 0,38 0,07 
 

ȼɵɹɜɥɟɧɨ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɫɨɥɧɟɱ-
ɧɨɣ ɪɚɞɢɚɰɢɢ Ⱥs ɧɟɫɤɨɥɶɤɨ ɡɚɜɵɲɟɧ ɩɨ ɫɪɚɜɧɟɧɢɸ  

ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɞɚɧɧɨɦɭ ɤɥɚɫɫɭ ɩɨɤɪɵɬɢɣ, ɚ ɤɨɷɮ-

ɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ ȿn ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɬɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. 

Ɂɚɤɥɸɱɟɧɢɟ. Ⱦɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɢ ɫ ɰɟ-
ɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨɤɪɵɬɢɹ, 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɞɟɧɢɟ ɨɩɟɪɚɰɢɣ ɩɨ ɩɪɟɞɜɚɪɢɬɟɥɶ-
ɧɨɣ ɩɨɞɝɨɬɨɜɤɟ ɭɝɥɟɩɥɚɫɬɢɤɚ: ɨɱɢɫɬɤɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬ 
ɫɥɟɞɨɜ ɚɧɬɢɚɞɝɟɡɢɜɚ, ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ 

ɨɛɟɡɝɚɠɢɜɚɧɢɹ ɭɝɥɟɩɥɚɫɬɢɤɚ ɩɟɪɟɞ ɧɚɩɵɥɟɧɢɟɦ, ɫɧɢ-

ɠɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ (ɭɜɟɥɢɱɟɧɢɟ ɜɪɟɦɟɧɢ) ɜ ɩɪɨɰɟɫ-
ɫɟ ɧɚɩɵɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɨɜɟɞɟɧɢɟ ɦɟɪ 
ɩɨ ɭɦɟɧɶɲɟɧɢɸ ɫɬɟɩɟɧɢ ɡɚɝɪɹɡɧɟɧɢɹ ɩɥɚɡɦɨɨɛɪɚ-
ɡɭɸɳɟɝɨ ɝɚɡɚ ɨɫɬɚɬɨɱɧɨɣ ɚɬɦɨɫɮɟɪɨɣ ɤɚɦɟɪɵ ɢ ɞɨɪɚ-
ɛɨɬɤɚ ɭɫɬɚɧɨɜɤɢ ɫ ɰɟɥɶɸ ɭɞɚɥɟɧɢɹ ɢɡ ɡɨɧɵ ɜɨɡɞɟɣɫɬ-
ɜɢɹ ɩɥɚɡɦɵ ɞɟɬɚɥɟɣ ɜɧɭɬɪɢɤɚɦɟɪɧɨɣ ɨɫɧɚɫɬɤɢ, ɱɬɨ 
ɩɨɡɜɨɥɢɬ ɢɡɝɨɬɨɜɢɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɨɛɪɚɡɰɵ ɫ 
ɬɪɟɛɭɟɦɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 

 

Ȼɥɚɝɨɞɚɪɧɨɫɬɢ. Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ 

ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟ-
ɞɟɪɚɰɢɢ, ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɤɨɧɬɪɚɤɬ № 02.G2531.0043. 
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