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ɂɫɫɥɟɞɨɜɚɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɜ ɨɪɝɚɧɨɩɥɚɫɬɢɤɟ ɧɚ ɨɫɧɨɜɟ ɚɪɚ-

ɦɢɞɧɨɣ ɬɤɚɧɢ ɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɷɩɨɤɫɢɞɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɩɨ-
ɥɢɫɭɥɶɮɨɧɨɦ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɟ ɫɜɨɣɫɬɜɟɧɧɚ ɮɚɡɨɜɚɹ ɧɟɨɞɧɨɪɨɞ-
ɧɨɫɬɶ: ɨɞɧɨɮɚɡɨɜɨɟ ɦɢɤɪɨɞɢɫɩɟɪɫɧɨɟ ɫɬɪɨɟɧɢɟ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɷɩɨɤ-
ɫɢɞɧɨɝɨ ɩɨɥɢɦɟɪɚ ɜ ɡɨɧɚɯ ɫ ɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɨɣ ɜɨɥɨɤɨɧ (ɜɧɭɬɪɢ ɧɢɬɢ); ɞɜɭɯɮɚɡɨɜɨɟ 
ɫɬɪɨɟɧɢɟ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɷɩɨɤɫɢɞɧɨɝɨ ɩɨɥɢɦɟɪɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 
ɩɨɥɢɫɭɥɶɮɨɧɨɦ, ɜ ɡɨɧɚɯ ɫ ɦɟɧɟɟ ɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɨɣ ɜɨɥɨɤɨɧ (ɦɟɠɞɭ ɧɢɬɹɦɢ ɢ ɫɥɨɹɦɢ 
ɬɤɚɧɢ). ɂɫɫɥɟɞɨɜɚɧɢɹɦɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɞɬɜɟɪɠɞɟɧɨ, ɱɬɨ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɨɪɝɚ-
ɧɨɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ ɚɪɚɦɢɞɧɨɣ ɬɤɚɧɢ ɢ ɪɚɫɩɥɚɜɧɨɝɨ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɷɩɨɤɫɢɞɧɨɝɨ 
ɫɜɹɡɭɸɳɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɫɜɹɡɭɸɳɟɝɨ ɜ ɦɟɠɜɨɥɨɤɨɧɧɨɦ 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɚɪɦɢɪɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ ɫ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɩɨɥɢ-
ɫɭɥɶɮɨɧɚ ɦɟɠɞɭ ɧɢɬɹɦɢ ɢ ɫɥɨɹɦɢ ɬɤɚɧɢ, ɩɪɢɜɨɞɹɳɢɦ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɞɜɭɯɮɚɡɨɜɨɣ 
ɫɬɪɭɤɬɭɪɵ. 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɪɝɚɧɨɩɥɚɫɬɢɤ, ɦɧɨɝɨɮɚɡɨɜɚɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ, ɩɨɥɢɦɟɪɧɚɹ ɦɚɬ-
ɪɢɰɚ, ɫɤɚɧɢɪɭɸɳɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ, ɪɚɫɩɥɚɜ, ɷɩɨɤɫɢɞɧɨɟ ɫɜɹɡɭɸɳɟɟ, ɦɨɞɢɮɢ-
ɤɚɬɨɪ. 

 
I.S. Deev1, G.F. Zhelezina1, S.L. Lonsky1, E.V. Kurshev1 
 
FEATURES  OF  FORMING 
OF  THE MICROSTRUCTURE  OF  THE  POLYMERIC  MATRIX 
IN  ORGANOPLASTY  ON  THE  BASIS 
OF  THE  MULTICOMPONENT  EPOXY  BINDING 
 

The microstructure of a polymeric matrix in organoplasty on the basis of an aramide fabric 
and the multicomponent epoxy binding modified by polysulphone is investigated. It is estab-
lished that phase heterogeneity is peculiar to a polymeric matrix: the one-phase microdisperse 
structure is characteristic for a microstructure of epoxy polymer in zones with dense packing of 
fibers (in a thread); the two-phase structure is characteristic for a microstructure of the epoxy 
polymer modified by polysulphone, in zones with less dense packing of fibers (between threads 
and fabric layers). With researches of a microstructure it is confirmed that when manufacturing 
the organoplasty on the basis of an aramide fabric and the meltable multicomponent epoxy 
binding happens redistribution of components of a reinforcing filler binding in interfiber space 
to a primary arrangement of polysulphone between threads and the fabric layers, bringing to 
formation of two-phase structure. 

Keywords: organoplasty, multiphase microstructure, polymeric matrix, scanning electron 
microscopy, melt, epoxy binding, modifier. 
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ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
State Unitary Enterprise «AХХ-Russian Scientific Research Institute of Aviation Materials» State Research 
Center of the Russian Federation]; e-mail: admin@viam.ru 
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ȼɜɟɞɟɧɢɟ 
ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɉɄɆ) ɜɚɠɧɭɸ 

ɪɨɥɶ ɢɝɪɚɸɬ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɬɟɤɚɸɳɢɟ ɩɪɢ ɫɨɜɦɟɳɟɧɢɢ ɫɜɹɡɭɸɳɟɝɨ 
ɫ ɚɪɦɢɪɭɸɳɢɦ ɧɚɩɨɥɧɢɬɟɥɟɦ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɩɢɬɤɢ ɢ ɨɬɜɟɪɠɞɟɧɢɹ. ɗɬɢ ɩɪɨɰɟɫɫɵ ɨɤɚ-
ɡɵɜɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɉɄɆ ɢ 
ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶɫɹ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɹ Д1–6]. 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɦɟɠɞɭ ɚɪɦɢɪɭɸɳɢɦ ɜɨɥɨɤɧɨɦ ɢ ɫɜɹɡɭɸɳɢɦ 
ɧɚɱɢɧɚɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɩɢɬɤɢ ɩɪɢ ɫɦɚɱɢɜɚɧɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɚɪɦɢɪɭɸɳɢɯ ɜɨɥɨɤɨɧ 
ɫɜɹɡɭɸɳɢɦ ɢ ɡɚɩɨɥɧɟɧɢɢ ɢɦ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɚɪɦɢɪɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ Д7, 8Ж. 
ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜɨɥɨɤɧɚ ɜ ɚɪɦɢɪɭɸɳɟɦ ɧɚɩɨɥɧɢɬɟɥɟ ɪɚɫɩɪɟɞɟɥɟɧɵ ɧɟɪɚɜɧɨɦɟɪɧɨ, ɪɚɫ-
ɫɬɨɹɧɢɹ ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ ɢɦɟɸɬ ɪɚɡɧɭɸ ɜɟɥɢɱɢɧɭ, ɱɬɨ ɜɥɢɹɟɬ ɧɚ ɯɚɪɚɤɬɟɪ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɹ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɜ ɨɛɴɟɦɟ ɉɄɆ Д9–14]. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɮɨɪɦɨɜɚɧɢɹ ɢɡɞɟɥɢɹ ɡɚɩɨɥɧɟɧɢɟ ɫɜɹɡɭɸɳɢɦ ɫɜɨɛɨɞ-
ɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɚɪɦɢɪɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɭɬɟɦ ɩɪɟɞɜɚɪɢ-
ɬɟɥɶɧɨɣ ɩɪɨɩɢɬɤɢ ɚɪɦɢɪɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ ɪɚɫɬɜɨɪɨɦ ɢɥɢ ɪɚɫɩɥɚɜɨɦ ɫɜɹɡɭɸɳɟɝɨ ɧɚ 
ɫɬɚɞɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɨɥɭɮɚɛɪɢɤɚɬɚ (ɩɪɟɩɪɟɝɨɜɚɹ ɬɟɯɧɨɥɨɝɢɹ, «ɦɨɤɪɚɹ» ɧɚɦɨɬɤɚ) ɢɥɢ 
ɩɭɬɟɦ ɢɧɠɟɤɰɢɢ ɫɜɹɡɭɸɳɟɝɨ ɜ ɡɚɤɪɵɬɭɸ ɮɨɪɦɭ, ɜ ɤɨɬɨɪɨɣ ɧɚɯɨɞɢɬɫɹ ɫɭɯɨɣ ɧɚɩɨɥɧɢ-
ɬɟɥɶ (RTM-ɬɟɯɧɨɥɨɝɢɢ, ɜɚɤɭɭɦɧɚɹ ɢɧɮɭɡɢɹ) Д15Ж. 

Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɩɪɨɢɡɜɨɞɫɬɜɭ ɉɄɆ, ɹɜɥɹɟɬɫɹ 
ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɱɬɨ ɞɢɤɬɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɛɟɡɪɚɫɬɜɨɪɧɵɯ 
ɪɚɫɩɥɚɜɧɵɯ ɫɜɹɡɭɸɳɢɯ. ɋɨɜɪɟɦɟɧɧɵɟ ɪɚɫɩɥɚɜɧɵɟ ɫɜɹɡɭɸɳɢɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɉɄɆ 
ɚɜɢɚɰɢɨɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɦɟɸɬ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ, ɱɬɨ ɧɟɨɛ-
ɯɨɞɢɦɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɚɬɪɢɰ ɫ ɬɪɟɛɭɟɦɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɚɞɝɟɡɢɢ, ɩɪɨɱɧɨɫɬɢ, 
ɭɞɚɪɨɫɬɨɣɤɨɫɬɢ, ɬɟɩɥɨ- ɢ ɜɥɚɝɨɫɬɨɣɤɨɫɬɢ. Ɍɚɤ, ɧɚɥɢɱɢɟ ɜ ɫɬɪɭɤɬɭɪɟ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢ-
ɰɵ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɦɨɞɢɮɢɤɚɬɨɪɨɜ (ɬɟɪɦɨɩɥɚɫɬɨɜ, ɤɚɭɱɭɤɨɜ ɢ ɞɪ.) ɫ ɩɨɜɵɲɟɧɧɨɣ 
ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɩɨɜɵɲɚɟɬ ɟɟ ɫɬɨɣɤɨɫɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɢ ɪɨɫɬɭ ɦɢɤɪɨɬɪɟɳɢɧ ɩɪɢ ɪɚɡ-
ɪɭɲɟɧɢɢ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɉɄɆ  
ɢ ɪɟɫɭɪɫɚ ɢɡɞɟɥɢɣ Д16, 17Ж. 

ɉɪɢ ɩɪɨɩɢɬɤɟ ɚɪɦɢɪɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ ɷɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɪɚɜɧɨɦɟɪɧɨ-
ɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɫɜɹɡɭɸɳɟɝɨ ɜ ɨɛɴɟɦɟ ɚɪɦɢɪɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ, ɚ 
ɬɚɤɠɟ ɤ ɭɦɟɧɶɲɟɧɢɸ ɩɨɥɧɨɬɵ ɡɚɩɨɥɧɟɧɢɹ ɦɟɠɜɨɥɨɤɨɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɩɨɹɜɥɟɧɢɸ 
ɜɨɡɞɭɲɧɵɯ ɩɨɥɨɫɬɟɣ ɧɚ ɝɪɚɧɢɰɚɯ ɪɚɡɞɟɥɚ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɤ ɫɧɢɠɟɧɢɸ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɉɄɆ. Ʉɪɨɦɟ ɬɨɝɨ, ɮɨɪɦɚ ɢ ɪɚɡɦɟɪɵ ɷɥɟɦɟɧɬɚɪɧɵɯ 
ɹɱɟɟɤ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɚɪɦɢɪɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ, ɡɚɩɨɥɧɹɟɦɨɝɨ ɫɜɹɡɭɸɳɢɦ, 
ɦɨɝɭɬ ɜɥɢɹɬɶ ɧɚ ɩɪɨɰɟɫɫɵ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ. Ɏɚɡɨɜɨɦɭ ɪɚɡ-
ɞɟɥɟɧɢɸ ɜ ɨɬɜɟɪɠɞɚɸɳɢɯɫɹ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɫɢɫɬɟɦɚɯ ɩɨɫɜɹɳɟɧ ɪɹɞ 
ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ Д17–19Ж. ɗɬɢ ɹɜɥɟɧɢɹ ɦɨɝɭɬ ɧɚɛɥɸɞɚɬɶɫɹ 
ɬɚɤɠɟ ɧɚ ɫɬɚɞɢɹɯ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫɜɹɡɭɸɳɢɯ ɢ ɜ ɩɪɨɰɟɫɫɟ ɢɯ ɯɪɚɧɟɧɢɹ Д18Ж. 

ɂɡɭɱɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɫɩɥɚɜɧɵɯ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɜɹɡɭɸ-
ɳɢɯ ɫ ɚɪɦɢɪɭɸɳɢɦ ɧɚɩɨɥɧɢɬɟɥɟɦ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɩɨɥɢɦɟɪ-
ɧɨɣ ɦɚɬɪɢɰɵ – ɜɚɠɧɚɹ ɡɚɞɚɱɚ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɫɨɫɬɚɜɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɡɝɨɬɨɜɥɟɧɢɹ ɉɄɆ 
ɫɨ ɫɜɨɣɫɬɜɚɦɢ, ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɤɨɬɨɪɵɯ ɬɪɟɛɭɟɬɫɹ ɞɥɹ ɫɨɡɞɚɧɢɹ ɢɡɞɟɥɢɣ ɫɨɜɪɟɦɟɧɧɨɣ 
ɢ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɬɟɯɧɢɤɢ. ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɮɨɪɦɢɪɨ-
ɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɜ ɨɪɝɚɧɨɩɥɚɫɬɢɤɟ ɧɚ ɨɫɧɨɜɟ ɦɧɨɝɨɤɨɦɩɨ-
ɧɟɧɬɧɨɝɨ ɪɚɫɩɥɚɜɧɨɝɨ ɷɩɨɤɫɢɞɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɢ ɬɤɚɧɨɝɨ ɚɪɦɢɪɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ 
ɢɡ ɚɪɚɦɢɞɧɵɯ ɜɨɥɨɤɨɧ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 13.2. 
«Ʉɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɉɄɆ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ  
ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ») Д20, 21]. 
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Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɨɪɝɚɧɨɩɥɚɫɬɢɤ ɧɚ ɨɫɧɨɜɟ ɬɤɚɧɢ ɢɡ ɚɪɚɦɢɞɧɨɝɨ 

ɜɨɥɨɤɧɚ ɪɨɫɫɢɣɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɪɚɫɩɥɚɜɧɨɝɨ ɷɩɨɤɫɢɞɧɨɝɨ 
ɫɜɹɡɭɸɳɟɝɨ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ, ɤɪɨɦɟ ɷɩɨɤɫɢɞɧɵɯ ɨɥɢɝɨɦɟɪɨɜ ɢ ɨɬɜɟɪɞɢɬɟɥɹ, ɜɯɨɞɢɥɢ 
ɩɨɪɨɲɤɨɨɛɪɚɡɧɵɟ ɩɨɥɢɫɭɥɶɮɨɧɵ ɤɚɤ ɦɨɞɢɮɢɰɢɪɭɸɳɢɟ ɤɨɦɩɨɧɟɧɬɵ (Ⱥ ɢ Ȼ) ɞɥɹ ɩɨ-
ɜɵɲɟɧɢɹ ɞɟɮɨɪɦɚɬɢɜɧɨɫɬɢ ɢ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɢ ɨɛɟɫɩɟɱɟɧɢɹ 
ɚɞɝɟɡɢɢ ɤ ɚɪɚɦɢɞɧɨɦɭ ɜɨɥɨɤɧɭ. ȼ ɤɚɱɟɫɬɜɟ ɚɪɦɢɪɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ ɜ ɨɪɝɚɧɨɩɥɚɫɬɢ-
ɤɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɬɤɚɧɶ ɫɚɬɢɧɨɜɨɝɨ ɩɟɪɟɩɥɟɬɟɧɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ 90 ɝ/ɦ2 ɢɡ 
ɚɪɚɦɢɞɧɵɯ ɜɨɥɨɤɨɧ Ɋɭɫɚɪ ɫ ɥɢɧɟɣɧɨɣ ɩɥɨɬɧɨɫɬɶɸ 14,3 ɬɟɤɫ. 

Ɉɪɝɚɧɨɩɥɚɫɬɢɤ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɦɟɬɨɞɨɦ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɩɚɤɟɬɚ, ɫɨɛɪɚɧ-
ɧɨɝɨ ɢɡ ɫɥɨɟɜ ɩɪɟɩɪɟɝɚ. ɉɪɟɩɪɟɝ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɧɚ ɩɪɨɩɢɬɨɱɧɨɣ ɭɫɬɚɧɨɜɤɟ Coatema ɩɭɬɟɦ 
ɩɪɨɩɢɬɤɢ ɚɪɚɦɢɞɧɨɣ ɬɤɚɧɢ ɫɜɹɡɭɸɳɢɦ, ɩɨɞɜɟɪɝɧɭɬɵɦ ɧɚɝɪɟɜɭ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɚɫɩɥɚɜɚ. 
ɂɡ ɨɬɮɨɪɦɨɜɚɧɧɵɯ ɩɥɢɬ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɦɟɬɨɞɨɦ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɝɨɬɚɜɥɢɜɚ-
ɥɢ ɨɛɪɚɡɰɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ. 
Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɦɢɤɪɨ-
ɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ: ɩɥɨɬɧɨɫɬɶ 1,35 ɝ/ɫɦ3, ɩɪɨɱɧɨɫɬɶ 
ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ 750 Ɇɉɚ, ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 3,5 Ƚɉɚ, ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɫɠɚɬɢɢ 20 Ɇɉɚ, 
ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɢɡɝɢɛɟ 48 Ɇɉɚ, ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɦɟɠɫɥɨɣɧɨɦ ɫɞɜɢɝɟ 35 Ɇɉɚ. 

ɉɪɢ ɩɨɞɝɨɬɨɜɤɟ ɤ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɨɛɪɚɡɰɵ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ 
ɪɚɡɞɟɥɹɥɢ ɧɚ ɞɜɟ ɱɚɫɬɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɞɜɭɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɪɚɫɫɥɨɟɧɢɹ, ɧɚ ɨɞɧɨɣ ɢɡ ɤɨ-
ɬɨɪɵɯ ɩɨɫɥɟ ɪɚɫɫɥɨɟɧɢɹ ɨɫɬɚɜɚɥɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɥɨɣ ɦɚɬɪɢɰɵ, ɧɚ ɞɪɭɝɨɣ – ɫɥɨɣ 
ɚɪɚɦɢɞɧɨɣ ɬɤɚɧɢ. ɉɨɫɥɟ ɱɟɝɨ ɪɚɫɫɥɨɟɧɧɵɟ ɨɛɪɚɡɰɵ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɩɪɢɤɥɟɢɜɚɥɢ ɫ ɩɨ-
ɦɨɳɶɸ ɬɨɤɨɩɪɨɜɨɞɹɳɟɝɨ ɭɝɥɟɪɨɞɧɨɝɨ ɤɥɟɹ ɤ ɫɩɟɰɢɚɥɶɧɵɦ ɞɟɪɠɚɬɟɥɹɦ ɨɛɪɚɡɰɨɜ. Ɇɢɤ-
ɪɨɫɬɪɭɤɬɭɪɭ ɨɛɟɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɪɚɫɫɥɨɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɜ ɢɫɫɥɟɞɨɜɚɥɢ 
ɧɚ ɫɤɚɧɢɪɭɸɳɟɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ ɦɨɞɟɥɢ TESCAN VEGA 3XMU ɜ ɪɟɠɢɦɟ 
ɜɬɨɪɢɱɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɩɪɢ ɭɜɟɥɢɱɟɧɢɹɯ ɨɬ ×2000 ɞɨ ×15000 ɩɨ ɦɟɬɨɞɢɤɟ, ɨɩɢɫɚɧɧɨɣ ɜ 
ɪɚɛɨɬɟ Д22Ж. Ʉɨɥɢɱɟɫɬɜɟɧɧɭɸ ɨɛɪɚɛɨɬɤɭ ɩɨɥɭɱɟɧɧɵɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɞɚɧɧɵɯ ɩɪɨɜɨ-
ɞɢɥɢ ɧɚ ɫɟɪɢɢ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɣ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɜɟɥɢɱɟɧɢɹɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɝɪɚɦɦ-
ɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɚɧɚɥɢɡɚ ɢɡɨɛɪɚɠɟɧɢɣ ImageScopeColor (ɪɚɡɪɚɛɨɬɱɢɤ ɈɈɈ «ɋɢɫɬɟɦɵ 
ɞɥɹ ɦɢɤɪɨɫɤɨɩɢɢ ɢ ɚɧɚɥɢɡɚ»). 

 
Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ ɬɤɚɧɨɝɨ 
ɚɪɦɢɪɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ ɢɡ ɚɪɚɦɢɞɧɵɯ ɜɨɥɨɤɨɧ ɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɪɚɫɩɥɚɜɧɨɝɨ 
ɷɩɨɤɫɢɞɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢɫɭɥɶɮɨɧɨɦ, ɩɨɤɚɡɚɥɢ (ɪɢɫ. 1), ɱɬɨ ɜ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɩɪɢɫɭɬɫɬɜɭɸɬ ɡɨɧɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɮɚɡɨɜɵɦɢ ɨɛ-
ɪɚɡɨɜɚɧɢɹɦɢ, ɨɬɥɢɱɚɸɳɢɦɢɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɫɬɪɨɟɧɢɟɦ ɢ ɪɚɡɦɟɪɚɦɢ: 

– ɨɞɧɨɮɚɡɨɜɚɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫ ɨɞɧɨɪɨɞɧɵɦ ɦɢɤɪɨɞɢɫɩɟɪɫɧɵɦ ɫɬɪɨɟɧɢɟɦ, ɯɚɪɚɤ-
ɬɟɪɧɚɹ ɞɥɹ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɢɡ ɷɩɨɤɫɢɞɧɨɝɨ ɩɨɥɢɦɟɪɚ, ɧɟ ɫɨɞɟɪɠɚɳɟɝɨ ɩɨɥɢɫɭɥɶ-
ɮɨɧɨɜ; 

– ɞɜɭɯɮɚɡɨɜɚɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ, ɫɨɞɟɪɠɚɳɚɹ ɫɮɟɪɢɱɟɫɤɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɡɥɢɱɧɨɝɨ 
ɞɢɚɦɟɬɪɚ (0,5–1 ɢ 1–10 ɦɤɦ), ɯɚɪɚɤɬɟɪɧɚɹ ɞɥɹ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɢɡ ɷɩɨɤɫɢɞɧɨɝɨ ɩɨ-
ɥɢɦɟɪɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢɫɭɥɶɮɨɧɚɦɢ; 

– ɦɧɨɝɨɮɚɡɨɜɚɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɫ ɧɚɥɢɱɢɟɦ ɪɵɯɥɨ ɭɩɚɤɨɜɚɧ-
ɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɟɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɵ ɢ ɦɢɤɪɨɞɟɮɟɤɬɨɜ, ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ, 
ɩɨ-ɜɢɞɢɦɨɦɭ, ɢɡ ɨɫɬɚɬɤɨɜ ɧɟɩɪɨɪɟɚɝɢɪɨɜɚɜɲɢɯ ɤɨɦɩɨɧɟɧɬɨɜ. 
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Ɋɢɫ. 1. Ɏɚɡɨɜɚɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ (ɚ–ɜ – ×10000; ɝ – ×20000) ɨɬɜɟɪɠɞɟɧɧɨɝɨ ɪɚɫɩɥɚɜɧɨɝɨ 

ɷɩɨɤɫɢɞɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɜ ɨɪɝɚɧɨɩɥɚɫɬɢɤɟ: 
ɚ – ɨɛɥɚɫɬɶ ɦɧɨɝɨɮɚɡɨɜɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ; ɛ – ɭɱɚɫɬɨɤ ɫ ɧɟɪɚɜɧɨɦɟɪɧɵɦ 

ɫɨɜɦɟɳɟɧɢɟɦ ɮɚɡ ɦɨɞɢɮɢɤɚɬɨɪɚ ɫ ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɨɣ; ɜ, ɝ – ɩɪɨɫɥɨɣɤɢ ɷɩɨɤɫɢɞɧɨɝɨ ɩɨɥɢɦɟɪɚ 
ɦɟɠɞɭ ɮɚɡɨɣ ɦɨɞɢɮɢɤɚɬɨɪɚ ɨɤɪɭɝɥɨɣ ɮɨɪɦɵ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ ɨɬɜɟɪɠɞɟɧɧɨɣ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɨɪɝɚɧɨ-

ɩɥɚɫɬɢɤɚ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɪɚɫɩɥɚɜɧɨɝɨ ɷɩɨɤ-
ɫɢɞɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ, ɫɨɞɟɪɠɚɳɟɝɨ ɦɨɞɢɮɢɤɚɬɨɪ ɩɨɥɢɫɭɥɶɮɨɧ, ɢɦɟɸɬɫɹ ɡɨɧɵ ɫ ɨɞɧɨ-
ɮɚɡɨɜɨɣ ɢ ɦɧɨɝɨɮɚɡɨɜɨɣ ɫɬɪɭɤɬɭɪɚɦɢ, ɚ ɬɚɤɠɟ ɨɛɥɚɫɬɢ, ɫɨɞɟɪɠɚɳɢɟ ɫɬɪɭɤɬɭɪɧɵɟ ɧɟɫɨ-
ɜɟɪɲɟɧɫɬɜɚ ɢ ɞɟɮɟɤɬɵ. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɚɤɨɣ ɮɚɡɨɜɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ 
ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɩɪɨɰɟɫɫɚ ɩɪɨɩɢɬɤɢ ɚɪɚɦɢɞɧɨɣ ɬɤɚɧɢ ɪɚɫɩɥɚɜɧɵɦ 
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɦ ɷɩɨɤɫɢɞɧɵɦ ɫɜɹɡɭɸɳɢɦ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɪɟɩɪɟɝɚ. Ɋɚɜɧɨɦɟɪ-
ɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɫɜɹɡɭɸɳɟɝɨ ɜ ɚɪɦɢɪɭɸɳɟɦ ɧɚɩɨɥɧɢɬɟɥɟ ɡɚɜɢɫɢɬ 
ɨɬ ɫɬɪɭɤɬɭɪɧɵɯ ɢ ɯɢɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɚɦɢɯ ɤɨɦɩɨɧɟɧɬɨɜ (ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ, 
ɫɬɟɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɚɞɫɨɪɛɰɢɹ ɤ ɜɨɥɨɤɧɭ ɢ ɬ. ɞ.), ɚ ɬɚɤɠɟ ɨɬ ɩɥɨɬɧɨɫɬɢ ɭɩɚɤɨɜɤɢ 
ɚɪɚɦɢɞɧɵɯ ɜɨɥɨɤɨɧ ɜ ɪɚɡɥɢɱɧɵɯ ɦɢɤɪɨɨɛɴɟɦɚɯ ɚɪɦɢɪɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ (ɧɢɬɢ, 
ɬɤɚɧɢ, ɦɟɠɫɥɨɣɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ). Ȼɨɥɟɟ ɤɪɭɩɧɵɟ ɮɚɡɨɜɵɟ ɨɛɪɚɡɨɜɚɧɢɹ ɦɨɞɢɮɢɤɚɬɨ-
ɪɚ ɩɨɥɢɫɭɥɶɮɨɧɚ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ ɪɚɫɩɥɚɜɟ ɫɜɹɡɭɸɳɟɝɨ, ɨɱɟɜɢɞɧɨ, ɧɟ ɩɪɨɧɢɤɚɸɬ  
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ɜ ɦɟɠɜɨɥɨɤɨɧɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɜɧɭɬɪɢ ɧɢɬɢ, ɝɞɟ ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɨɥɨɤɨɧ  
ɜɵɫɨɤɚɹ, ɚ ɤɨɧɰɟɧɬɪɢɪɭɸɬɫɹ ɦɟɠɞɭ ɧɢɬɹɦɢ ɢɥɢ ɫɥɨɹɦɢ ɬɤɚɧɢ. 

ɇɚ ɪɢɫ. 2 ɢ 3 ɩɨɤɚɡɚɧɵ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɫɥɨɟɧɢɹ ɨɪɝɚɧɨɩɥɚɫɬɢ-
ɤɚ, ɧɚ ɤɨɬɨɪɨɣ ɨɫɬɚɥɢɫɶ «ɨɝɨɥɟɧɧɵɟ» (ɩɨɫɥɟ ɨɬɫɥɨɟɧɢɹ ɦɚɬɪɢɰɵ) ɚɪɚɦɢɞɧɵɟ ɜɨɥɨɤɧɚ. 
ɇɚ ɩɪɢɜɟɞɟɧɧɵɯ ɮɨɬɨɝɪɚɮɢɹɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɜɢɞɧɨ, ɱɬɨ ɩɨɥɢɦɟɪɧɚɹ ɦɚɬɪɢɰɚ ɧɟɪɚɜ-
ɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɚ ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ ɜɨɥɨɤɧɚɦɢ. ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɫɥɨɟɧɢɹ ɨɪ-
ɝɚɧɨɩɥɚɫɬɢɤɚ ɨɛɧɚɪɭɠɟɧɵ ɭɱɚɫɬɤɢ ɬɤɚɧɢ ɤɚɤ ɫ ɩɪɨɫɥɨɣɤɚɦɢ ɦɚɬɪɢɰɵ ɦɟɠɞɭ ɨɬɞɟɥɶɧɵ-
ɦɢ ɜɨɥɨɤɧɚɦɢ (ɪɢɫ. 2, ɜ; 3, ɚ, ɛ), ɬɚɤ ɢ ɭɱɚɫɬɤɢ, ɝɞɟ ɩɪɨɫɥɨɣɤɢ ɦɚɬɪɢɰɵ ɦɟɠɞɭ ɜɨɥɨɤɧɚ-
ɦɢ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ (ɪɢɫ. 2, ɝ; 3, ɜ, ɝ). ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɬɨɥɳɢɧɚ ɩɪɨɫɥɨɟɤ 
ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ ɡɧɚɱɢɬɟɥɶɧɨ ɪɚɡɥɢɱɚɟɬɫɹ ɩɨ ɪɚɡɦɟɪɚɦ – ɨɬ 0 ɞɨ 
10 ɦɤɦ. ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɜ ɨɛɴɟɦɟ ɉɄɆ ɨɛɭ-
ɫɥɨɜɥɟɧɚ ɪɚɡɥɢɱɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɭɩɚɤɨɜɤɢ ɚɪɦɢɪɭɸɳɢɯ ɜɨɥɨɤɨɧ, ɱɬɨ ɜɥɢɹɟɬ ɧɚ ɩɪɨɰɟɫɫ 
ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɫɜɹɡɭɸɳɟɝɨ ɜ ɦɟɠɜɨɥɨɤɨɧɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɧɚ ɫɬɚɞɢɢ 
ɩɪɨɩɢɬɤɢ ɚɪɦɢɪɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ. 

 

 
Ɋɢɫ. 2. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (ɚ – ×200; ɛ – ×500; ɜ, ɝ – ×2000) ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɫɥɨɟɧɢɹ ɨɪɝɚɧɨ-

ɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ ɪɚɫɩɥɚɜɧɨɝɨ ɷɩɨɤɫɢɞɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ (ɩɨɜɟɪɯɧɨɫɬɶ ɫ ɬɤɚɧɶɸ): 
ɚ, ɛ – ɨɛɳɢɣ ɜɢɞ ɭɱɚɫɬɤɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɨɧ ɜ ɬɤɚɧɢ; ɜ – ɩɨɜɟɪɯɧɨɫɬɶ ɜɨɥɨɤɨɧ ɢ ɩɪɨɫɥɨɣ-

ɤɢ ɦɚɬɪɢɰɵ ɦɟɠɞɭ ɧɢɦɢ; ɝ – ɩɨɜɟɪɯɧɨɫɬɶ ɜɨɥɨɤɨɧ ɛɟɡ ɩɪɨɫɥɨɟɤ ɦɚɬɪɢɰɵ ɦɟɠɞɭ ɧɢɦɢ 
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Ɋɢɫ. 3. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (×5000) ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɫɥɨɟɧɢɹ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ ɪɚɫɩɥɚɜ-

ɧɨɝɨ ɷɩɨɤɫɢɞɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ (ɩɨɜɟɪɯɧɨɫɬɶ ɫ ɬɤɚɧɶɸ): 
ɚ, ɛ – ɩɨɜɟɪɯɧɨɫɬɶ ɜɨɥɨɤɨɧ ɢ ɩɪɨɫɥɨɣɤɢ ɦɚɬɪɢɰɵ ɦɟɠɞɭ ɧɢɦɢ; ɜ, ɝ – ɩɨɜɟɪɯɧɨɫɬɶ ɜɨɥɨɤɨɧ 

ɛɟɡ ɩɪɨɫɥɨɟɤ ɦɚɬɪɢɰɵ ɦɟɠɞɭ ɧɢɦɢ 
 
ɇɚ ɪɢɫ. 4 ɢ 5 ɩɨɤɚɡɚɧɵ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɫɥɨɟɧɢɹ ɨɪɝɚɧɨɩɥɚɫɬɢ-

ɤɚ, ɧɚ ɤɨɬɨɪɨɣ ɨɫɬɚɥɚɫɶ ɩɥɟɧɤɚ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɫ ɨɬɩɟɱɚɬɤɚɦɢ (ɪɟɩɥɢɤɚɦɢ) ɨɬɫɥɨ-
ɟɧɧɵɯ ɚɪɚɦɢɞɧɵɯ ɜɨɥɨɤɨɧ. ȼ ɷɬɨɣ ɩɥɟɧɤɟ ɦɚɬɪɢɰɵ ɯɨɪɨɲɨ ɜɢɞɧɚ ɩɪɨɞɨɥɶɧɚɹ ɨɪɢɟɧɬɚ-
ɰɢɹ, ɩɪɢɫɭɳɚɹ ɩɨɜɟɪɯɧɨɫɬɢ ɚɪɚɦɢɞɧɵɯ ɜɨɥɨɤɨɧ (ɪɟɩɥɢɤɚ ɜɨɥɨɤɨɧ). Ⱦɥɹ ɩɨɥɢɦɟɪɧɨɣ 
ɦɚɬɪɢɰɵ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɦɟɠɜɨɥɨɤɨɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɜɧɭɬɪɢ ɧɢɬɢ, ɝɞɟ ɪɚɫɫɬɨɹɧɢɟ 
ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ ɦɢɧɢɦɚɥɶɧɨɟ, ɯɚɪɚɤɬɟɪɧɚ ɨɞɧɨɪɨɞɧɚɹ ɦɢɤɪɨɞɢɫɩɟɪɫɧɚɹ ɫɬɪɭɤɬɭɪɚ. 
Ⱥɧɚɥɨɝɢɱɧɚɹ ɫɬɪɭɤɬɭɪɚ ɬɚɤɠɟ ɩɪɢɫɭɳɚ ɩɥɟɧɤɟ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɚɪɚɦɢɞɧɵɯ ɜɨɥɨɤɨɧ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨ-
ɜɚɧɢɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɜ ɡɨɧɚɯ ɫ ɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɨɣ ɜɨɥɨɤɨɧ (ɜ ɧɢɬɹɯ)  
ɢ ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɨɧ ɮɨɪɦɢɪɭɟɬɫɹ ɬɨɧɤɢɣ ɫɥɨɣ ɷɩɨɤɫɢɞɧɨɝɨ ɩɨɥɢɦɟɪɚ ɫ ɨɞɧɨɮɚɡɨ-
ɜɨɣ ɫɬɪɭɤɬɭɪɨɣ. 
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Ɋɢɫ. 4. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (ɚ – ×200; ɛ – ×500; ɜ, ɝ – ×2000) ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɫɥɨɟɧɢɹ ɨɪɝɚɧɨ-

ɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ ɪɚɫɩɥɚɜɧɨɝɨ ɷɩɨɤɫɢɞɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ (ɩɨɜɟɪɯɧɨɫɬɶ ɫ ɦɚɬɪɢɰɟɣ): 
ɚ – ɨɛɳɢɣ ɜɢɞ ɩɥɟɧɤɢ ɦɚɬɪɢɰɵ, ɨɬɫɥɨɢɜɲɟɣɫɹ ɨɬ ɜɨɥɨɤɨɧ; ɛ – ɭɱɚɫɬɨɤ ɩɥɟɧɤɢ ɦɚɬɪɢɰɵ, ɨɬ-

ɫɥɨɢɜɲɟɣɫɹ ɨɬ ɜɨɥɨɤɨɧ; ɜ, ɝ – ɪɟɩɥɢɤɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɨɧ ɜ ɩɥɟɧɤɟ ɦɚɬɪɢɰɵ, ɨɬɫɥɨɢɜɲɟɣɫɹ 
ɨɬ ɜɨɥɨɤɨɧ 

 
Ⱦɥɹ ɦɚɬɪɢɰɵ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ ɦɟɠɜɨɥɨɤɨɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫ ɭɜɟɥɢɱɟɧɧɵɦɢ 

ɪɚɫɫɬɨɹɧɢɹɦɢ ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ, ɚ ɬɚɤɠɟ ɦɟɠɞɭ ɫɥɨɹɦɢ ɬɤɚɧɢ ɯɚɪɚɤɬɟɪɧɚ ɞɜɭɯɮɚɡɨɜɚɹ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ, ɜ ɤɨɬɨɪɨɣ ɧɚɪɹɞɭ ɫ ɦɢɤɪɨɞɢɫɩɟɪɫɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɷɩɨɤɫɢɞɧɨɝɨ ɩɨɥɢ-
ɦɟɪɚ ɜɢɞɧɵ ɫɮɟɪɢɱɟɫɤɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɡɦɟɪɚɦɢ ɨɬ 1 ɞɨ 10 ɦɤɦ, ɩɪɢɫɭɳɢɟ, ɩɨ-
ɜɢɞɢɦɨɦɭ, ɱɚɫɬɢɰɚɦ ɩɨɪɨɲɤɨɨɛɪɚɡɧɨɝɨ ɦɨɞɢɮɢɤɚɬɨɪɚ (ɩɨɥɢɫɭɥɶɮɨɧɚ). 

ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɜ ɨɪɝɚɧɨɩɥɚɫɬɢɤɟ 
ɩɨɡɜɨɥɢɥ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɪɢ ɩɪɨɩɢɬɤɟ ɚɪɦɢɪɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ ɦɧɨɝɨɤɨɦɩɨ-
ɧɟɧɬɧɵɦ ɪɚɫɩɥɚɜɧɵɦ ɫɜɹɡɭɸɳɢɦ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɩɨɥɢɫɭɥɶɮɨɧɨɦ, ɤɨɦɩɨɧɟɧɬɵ 
ɫɜɹɡɭɸɳɟɝɨ ɡɚɩɨɥɧɹɸɬ ɦɟɠɜɨɥɨɤɨɧɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɧɟɪɚɜɧɨɦɟɪɧɨ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ 
ɦɟɠɜɨɥɨɤɨɧɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɡɚɩɨɥɧɹɟɬɫɹ ɷɩɨɤɫɢɞɧɵɦ ɨɥɢɝɨɦɟɪɨɦ ɢ ɨɬɜɟɪɞɢɬɟɥɟɦ, ɤɨ-
ɬɨɪɵɟ ɩɪɢ ɨɬɜɟɪɠɞɟɧɢɢ ɮɨɪɦɢɪɭɸɬ ɩɨɥɢɦɟɪɧɭɸ ɦɚɬɪɢɰɭ ɫ ɨɞɧɨɮɚɡɨɜɨɣ ɫɬɪɭɤɬɭɪɨɣ. 
Ⱦɚɥɟɟ, ɟɫɥɢ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ, ɜ ɦɟɠɜɨɥɨɤɨɧɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ 
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ɩɨɫɬɭɩɚɟɬ ɤɨɦɩɨɧɟɧɬ ɫ ɛɨɥɟɟ ɤɪɭɩɧɵɦɢ ɮɚɡɨɜɵɦɢ ɨɛɪɚɡɨɜɚɧɢɹɦɢ (ɩɨɥɢɫɭɥɶɮɨɧ). ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɥɟ ɨɬɜɟɪɠɞɟɧɢɹ ɮɨɪɦɢɪɭɟɬɫɹ ɞɜɭɯɮɚɡɨɜɚɹ ɫɬɪɭɤɬɭɪɚ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢ-
ɰɵ, ɜ ɤɨɬɨɪɨɣ ɦɢɤɪɨɞɢɫɩɟɪɫɧɚɹ ɨɞɧɨɪɨɞɧɚɹ ɮɚɡɚ ɷɩɨɤɫɢɞɧɨɝɨ ɩɨɥɢɦɟɪɚ ɫɨɱɟɬɚɟɬɫɹ  
ɫɨ ɜɬɨɪɨɣ ɮɚɡɨɣ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɱɚɫɬɢɰ ɩɨɥɢɫɭɥɶɮɨɧɚ. 

 

 
Ɋɢɫ. 5. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ (×5000) ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɫɥɨɟɧɢɹ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɧɚ ɨɫɧɨɜɟ ɪɚɫɩɥɚɜ-

ɧɨɝɨ ɷɩɨɤɫɢɞɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ (ɩɨɜɟɪɯɧɨɫɬɶ ɫ ɦɚɬɪɢɰɟɣ): 
ɚ, ɝ – ɪɟɩɥɢɤɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɨɧ ɜ ɩɥɟɧɤɟ ɦɚɬɪɢɰɵ ɩɨɫɥɟ ɢɯ ɨɬɫɥɨɟɧɢɹ ɢ ɩɪɨɫɥɨɣɤɢ ɦɚɬ-

ɪɢɰɵ ɦɟɠɞɭ ɧɢɦɢ; ɛ, ɜ – ɪɟɩɥɢɤɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɨɧ ɜ ɩɥɟɧɤɟ ɦɚɬɪɢɰɵ ɩɨɫɥɟ ɢɯ ɨɬɫɥɨɟɧɢɹ 
 
Ɉɩɢɫɚɧɧɵɣ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɮɚɡɨɜɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬ-

ɪɢɰɵ ɜ ɨɪɝɚɧɨɩɥɚɫɬɢɤɟ, ɢɡɝɨɬɨɜɥɟɧɧɨɦ ɧɚ ɨɫɧɨɜɟ ɬɤɚɧɢ ɢɡ ɚɪɚɦɢɞɧɵɯ ɜɨɥɨɤɨɧ ɢ ɪɚɫ-
ɩɥɚɜɧɨɝɨ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ, ɧɚɝɥɹɞɧɨ ɢɥɥɸɫɬɪɢɪɭɟɬ ɫɯɟɦɚ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɫɜɹɡɭɸɳɟɝɨ (ɷɩɨɤɫɢɞɧɨɝɨ ɨɥɢɝɨɦɟɪɚ ɢ ɦɨɞɢɮɢɤɚɬɨɪɨɜ Ⱥ ɢ Ȼ) ɦɟɠɞɭ 
ɜɨɥɨɤɧɚɦɢ (ɪɢɫ. 6). ȼɢɞɧɨ, ɱɬɨ ɩɨɥɢɦɟɪɧɚɹ ɦɚɬɪɢɰɚ ɜ ɨɪɝɚɧɨɩɥɚɫɬɢɤɟ, ɚɪɦɢɪɨɜɚɧɧɨɦ 
ɚɪɚɦɢɞɧɨɣ ɬɤɚɧɶɸ, ɢɦɟɟɬ ɡɨɧɵ ɫ ɪɚɡɥɢɱɧɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ. Ɉɞɧɨɮɚɡɨɜɚɹ ɫɬɪɭɤɬɭɪɚ 
ɷɩɨɤɫɢɞɧɨɝɨ ɩɨɥɢɦɟɪɚ ɯɚɪɚɤɬɟɪɧɚ ɤɚɤ ɞɥɹ ɡɨɧ ɫ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɭɩɚɤɨɜɤɢ ɚɪɚɦɢɞ-
ɧɵɯ ɜɨɥɨɤɨɧ, ɬɚɤ ɢ ɞɥɹ ɩɥɟɧɤɢ ɦɚɬɪɢɰɵ ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ. Ɇɧɨɝɨɮɚɡɨɜɭɸ  
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ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ ɢɦɟɟɬ ɩɨɥɢɦɟɪɧɚɹ ɦɚɬɪɢɰɚ ɦɟɠɞɭ ɫɥɨɹɦɢ ɬɤɚɧɢ ɢ ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ  
ɜ ɧɢɬɹɯ, ɝɞɟ ɲɢɪɢɧɚ ɦɟɠɜɨɥɨɤɨɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɚɹ ɞɥɹ ɩɪɨɧɢɤɧɨ-
ɜɟɧɢɹ ɦɨɞɢɮɢɰɢɪɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɩɥɚɜɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ. 

 

 
 

Ɋɢɫ. 6. ɋɯɟɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɦɧɨɝɨɮɚɡɨɜɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ  
ɜ ɨɪɝɚɧɨɩɥɚɫɬɢɤɟ: 

1 – ɩɨɜɟɪɯɧɨɫɬɶ ɜɨɥɨɤɨɧ; 2 – ɩɥɟɧɤɚ ɦɚɬɪɢɰɵ ɫ ɨɞɧɨɮɚɡɨɜɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ; 3 – ɩɥɟɧɤɚ 
ɦɚɬɪɢɰɵ ɫ ɦɧɨɝɨɮɚɡɨɜɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ; 4 – ɱɚɫɬɢɰɵ ɦɨɞɢɮɢɤɚɬɨɪɚ Ⱥ; 5 – ɱɚɫɬɢɰɵ ɦɨɞɢɮɢ-
ɤɚɬɨɪɚ Ȼ; 6 – ɪɟɩɥɢɤɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɧɚ ɜ ɩɥɟɧɤɟ ɦɚɬɪɢɰɵ ɫ ɨɞɧɨɮɚɡɨɜɨɣ ɫɬɪɭɤɬɭɪɨɣ 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɨɪɝɚɧɨɩɥɚɫɬɢɤɚ ɩɪɨɰɟɫɫ ɩɪɨɩɢɬɤɢ ɬɤɚɧɢ ɢɡ 
ɚɪɚɦɢɞɧɵɯ ɜɨɥɨɤɨɧ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɦ ɪɚɫɩɥɚɜɧɵɦ ɷɩɨɤɫɢɞɧɵɦ ɫɜɹɡɭɸɳɢɦ, ɫɨɞɟɪ-
ɠɚɳɢɦ ɩɨɪɨɲɤɨɨɛɪɚɡɧɵɟ ɩɨɥɢɫɭɥɶɮɨɧɵ, ɢɦɟɟɬ ɧɟɤɨɬɨɪɵɟ ɨɫɨɛɟɧɧɨɫɬɢ: ɞɥɹ ɦɢɤɪɨ-
ɫɬɪɭɤɬɭɪɵ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɜ ɨɪɝɚɧɨɩɥɚɫɬɢɤɟ ɯɚɪɚɤɬɟɪɧɚ ɮɚɡɨɜɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ; 
ɜ ɦɟɠɜɨɥɨɤɨɧɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɜ ɧɢɬɢ/ɬɤɚɧɢ ɫ ɩɥɨɬɧɨɭɩɚɤɨɜɚɧɧɵɦɢ ɜɨɥɨɤɧɚɦɢ ɩɪɨɧɢ-
ɤɚɸɬ ɤɨɦɩɨɧɟɧɬɵ ɷɩɨɤɫɢɞɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɢ ɨɬɜɟɪɞɢɬɟɥɶ; ɛɨɥɟɟ ɲɢɪɨɤɨɟ ɩɪɨɫɬɪɚɧ-
ɫɬɜɨ ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ ɜ ɧɢɬɹɯ ɢ ɦɟɠɞɭ ɫɥɨɹɦɢ ɬɤɚɧɢ ɡɚɩɨɥɧɹɟɬɫɹ ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɨɣ, 
ɨɬɜɟɪɞɢɬɟɥɟɦ ɢ ɱɚɫɬɢɰɚɦɢ ɩɨɥɢɫɭɥɶɮɨɧɚ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɡɨɧɚɯ ɫ ɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɨɣ ɜɨɥɨɤɨɧ (ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ  
ɜɨɥɨɤɧɚɦɢ 0,1–0,3 ɦɤɦ) ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɢɦɟɟɬ ɨɞɧɨɮɚɡɨɜɨɟ ɦɢɤ-
ɪɨɞɢɫɩɟɪɫɧɨɟ ɫɬɪɨɟɧɢɟ. ȼ ɡɨɧɚɯ ɫ ɦɟɧɟɟ ɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɨɣ ɜɨɥɨɤɨɧ (ɫ ɪɚɫɫɬɨɹɧɢɟɦ  
ɦɟɠɞɭ ɧɢɦɢ ɛɨɥɟɟ 0,5 ɦɤɦ) ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɢɦɟɟɬ ɞɜɭɯɮɚɡɨɜɨɟ 
ɫɬɪɨɟɧɢɟ ɢ ɜɤɥɸɱɚɟɬ ɫɮɟɪɢɱɟɫɤɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɢɡ ɩɨɥɢɫɭɥɶɮɨɧɚ ɪɚɡɥɢɱɧɨɝɨ ɞɢɚɦɟɬɪɚ  
(ɨɬ 0,5 ɞɨ 1 ɦɤɦ ɢ ɨɬ 1 ɞɨ 10 ɦɤɦ). 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɜ ɨɪɝɚɧɨɩɥɚ-
ɫɬɢɤɟ ɩɨɞɬɜɟɪɞɢɥɢ, ɱɬɨ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɜ ɧɚ ɨɫɧɨɜɟ ɚɪɚɦɢɞɧɨɣ ɬɤɚɧɢ 
ɢ ɪɚɫɩɥɚɜɧɨɝɨ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɷɩɨɤɫɢɞɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɢɦɟɟɬ ɦɟɫɬɨ ɩɟɪɟɪɚɫɩɪɟ-
ɞɟɥɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɫɜɹɡɭɸɳɟɝɨ ɜ ɦɟɠɜɨɥɨɤɨɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɚɪɦɢɪɭɸɳɟɝɨ 
ɧɚɩɨɥɧɢɬɟɥɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɨɞɟɪɠɚɧɢɹ ɩɨɪɨɲɤɨɨɛɪɚɡɧɨɝɨ ɦɨɞɢɮɢɤɚɬɨɪɚ 
(ɩɨɥɢɫɭɥɶɮɨɧɚ) ɦɟɠɞɭ ɧɢɬɹɦɢ ɢ ɫɥɨɹɦɢ ɬɤɚɧɢ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɞɜɭɯɮɚɡɨɜɨɣ ɫɬɪɭɤɬɭɪɵ. 

 
Ȼɥɚɝɨɞɚɪɧɨɫɬɢ 

Ⱥɜɬɨɪɵ ɛɥɚɝɨɞɚɪɹɬ ɫɨɬɪɭɞɧɢɤɨɜ ɎȽɍɉ «ȼɂȺɆ» ɋ.ɂ. ȼɨɣɧɨɜɚ ɢ Ƚ.ɋ. Ʉɭɥɚɝɢɧɭ 
ɡɚ ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɟ ɨɛɪɚɡɰɵ ɦɚɬɟɪɢɚɥɨɜ. 
 

ɅɂɌȿɊȺɌɍɊȺ 
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