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Кɪɟɦɧɢɣ – ɨɫɧɨɜɧɨɣ ɦɚɬɟɪɢɚɥ ɧɚɧɨɷɥɟɤɬɪɨɧɢɤɢ ɢ ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɟɬɢɤɢ. ɇɚ ɨɫɧɨɜɟ ɤɪɟɦɧɢɹ ɜ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɫɨɡɞɚɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɫɬɪɭɤɬɭɪ, ɨɛɥɚɞɚɸɳɢɯ ɭɧɢɤɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ ɩɨɡɜɨɥɹɸɳɢɯ ɪɟɲɚɬɶ ɩɪɢ-
ɤɥɚɞɧɵɟ ɡɚɞɚɱɢ.  
Ɉɞɧɨɣ ɢɡ ɨɛɥɚɫɬɟɣ ɩɪɢɦɟɧɟɧɢɹ ɤɪɟɦɧɢɹ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚ-

ɬɟɥɟɣ ɞɥɹ ɤɨɫɦɢɱɟɫɤɨɣ ɢ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ. ȼ ɩɟɪɫɩɟɤɬɢɜɟ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɪɢɛɨɪɵ ɧɚ ɨɫɧɨɜɟ ɤɪɟɦɧɢɹ 
ɦɨɝɭɬ ɛɵɬɶ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɦɚɬɟɪɢɚɥɨɜ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɥɭɧɧɨɦ ɝɪɭɧɬɟ, ɢ ɤɪɟɦɧɢɣ ɩɨɫɥɭɠɢɬ ɨɫɧɨɜɨɣ ɞɥɹ 
ɫɨɡɞɚɧɢɹ ɤɨɫɦɢɱɟɫɤɢɯ ɫɨɥɧɟɱɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. 
Кɨɧɬɪɨɥɶ ɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɨɫɦɢɱɟɫɤɨɦ ɦɚɬɟɪɢɚ-

ɥɨɜɟɞɟɧɢɢ, ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɟɨɛɯɨɞɢɦɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɚ-
ɬɟɪɢɚɥɨɜ. Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɡɜɢɜɚɸɬɫɹ ɤɚɤ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɬɚɤ ɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɛɪɚ-
ɛɨɬɤɢ ɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ɉɞɧɢɦ ɢɡ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɧɧɚɹ ɫɩɟɤɬɪɨɫɤɨɩɢɹ. 
ɉɪɢ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɤɬɪɨɧɵ ɝɟɧɟɪɢɪɭɸɬ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɜɨɡɛɭɠɞɟɧɢɹ, ɤɨɬɨɪɵɟ ɧɟɫɭɬ 

ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɚɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɧɨɜ ɫ ɜɟɳɟɫɬɜɨɦ. Иɧɬɟɧɫɢɜɧɨ-
ɫɬɢ Ɉɠɟ- ɢ ɮɨɬɨɷɥɟɤɬɪɨɧɧɵɯ ɩɢɤɨɜ ɡɚɜɢɫɹɬ ɨɬ ɜɟɪɨɹɬɧɨɫɬɢ ɧɟɭɩɪɭɝɨɝɨ ɪɚɫɫɟɹɧɢɹ ɤɚɤ ɜɧɭɬɪɢ ɬɜɟɪɞɨɝɨ ɬɟ-
ɥɚ, ɬɚɤ ɢ ɜ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ. ȼɟɪɨɹɬɧɨɫɬɶ ɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɨɧɨɦ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɡɛɭɠɞɟɧɢɣ ɩɪɢ ɟɞɢ-
ɧɢɱɧɨɦ ɚɤɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɡɵɜɚɟɬɫɹ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 
ɭɞɨɛɧɨɣ ɜɟɥɢɱɢɧɨɣ ɞɥɹ ɨɩɢɫɚɧɢɹ ɜɥɢɹɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɡɛɭɠɞɟɧɢɣ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ Ɉɠɟ-ɷɥɟɤɬɪɨɧɨɜ  
ɢ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɩɪɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ ɚɧɚɥɢɡɟ ɜ Ɉɠɟ-ɷɥɟɤɬɪɨɧɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɮɨɬɨ-
ɷɥɟɤɬɪɨɧɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɧɨɜ. 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɫɩɟɤɬɪɵ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɨɬɪɚɠɟɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɩɨɥɭɱɟɧɵ ɞɥɹ ɫɟɪɢɢ ɨɛɪɚɡɰɨɜ Si, ɢɡɝɨ-

ɬɨɜɥɟɧɧɵɯ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɢ ɢɦɟɸɳɢɯ ɪɚɡɧɭɸ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɭɸ ɨɪɢɟɧɬɚɰɢɸ. 

Иɡ ɷɬɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɫɩɟɤɬɪɨɜ ɜɵɱɢɫɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɨɢɡɜɟɞɟɧɢɹ ɫɪɟɞɧɟɣ ɞɥɢɧɵ ɧɟɭɩɪɭɝɨɝɨ ɩɪɨɛɟɝɚ 
ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɧɟɭɩɪɭɝɨɝɨ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ ɨɬ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɧɨɜ. ɉɪɟɞɥɨɠɟɧ 
ɧɨɜɵɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɡɛɭɠɞɟɧɢɣ ɜ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɫɟɱɟɧɢɹ ɧɟɭɩɪɭɝɨɝɨ ɪɚɫ-
ɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɪɚɡɥɨɠɟɧɢɢ ɷɬɢɯ ɫɩɟɤɬɪɨɜ ɧɚ ɩɢɤɢ ɩɨɬɟɪɶ, ɨɩɢɫɵɜɚɟɦɵɟ ɬɪɟɯɩɚɪɚɦɟɬɪɢ-
ɱɟɫɤɢɦɢ ɭɧɢɜɟɪɫɚɥɶɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɫɟɱɟɧɢɹ ɧɟɭɩɪɭɝɨɝɨ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ Ɍɨɭɝɚɚɪɞɚ. 

 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɩɟɤɬɪɨɫɤɨɩɢɹ ɫɟɱɟɧɢɹ ɧɟɭɩɪɭɝɨɝɨ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ, ɫɩɟɤɬɪɨɫɤɨɩɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟ-
ɫɤɢɯ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɧɨɜ, ɩɚɪɚɦɟɬɪ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɡɛɭɠɞɟɧɢɣ. 
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Silicon is the main material of nanotechnology and solar energy. In our days a lot of structures based on silicon 

have unique and useful properties which can help to deal with applied problems. 

One area of silicon application is the creation of silicon-based photovoltaic converters for space and aviation 

equipment. In the future, photovoltaic devices based on silicon can be made from the materials contained in the lunar 

soil, and silicon will form the basis for the development of space solar power. 

Control of the elemental composition and physical properties of materials used in space materials science plays an 

important role, accordingly necessary to improve the methods of research materials. The methods of research materials 

are developed both in technological direction and the direction of the processing and interpretation of experimental 

data. One of the widely used methods of surface investigation is electron spectroscopy. 

At the entrance and exit of the surface electrons generate surface excitations which share quantitative information 

on the various processes of interaction of electrons with matter. The intensities of Auger electron and photoelectron 

peaks depend both on the probability of inelastic scattering within the solid, and the surface layer. The probability of 

generating an electron surface excitations with a single act of interaction with the surface is called the surface excita-

tion parameter that is the most convenient value to describe the effect of surface excitations on the intensity of the Au-

ger electrons and plays an important role in quantitative analysis in Auger electron spectroscopy, X-ray photoelectron 

spectroscopy, electron energy loss spectroscopy. 

In this work energy loss spectra of reflected electrons were obtained for the series of samples of Si. Samples were 

obtained with different technical conditions and some of them have different crystallographic orientation. Energy loss 

dependence of inelastic mean free path and differential inelastic electron scattering cross-section were calculated. We 

have suggested a new method of determination of surface excitation parameter, based on fitting of these spectra with 

the Tougaard’s Three-parameter Universal cross-section. 

 

Keywords: inelastic scattering cross-section, electron energy loss spectroscopy, surface excitation parameter. 

 
ȼɜɟɞɟɧɢɟ. Ʉɪɟɦɧɢɣ – ɨɫɧɨɜɧɨɣ ɷɥɟɦɟɧɬ ɧɚɧɨɷɥɟɤ-

ɬɪɨɧɢɤɢ ɢ ɮɨɬɨɜɨɥɶɬɚɢɱɟɫɤɨɣ ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɟɬɢɤɢ. 
Ʉɪɟɦɧɢɣ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɧɚɧɨɬɟɯɧɨɥɨɝɢɹɯ ɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɣ ɷɥɟɤɬɪɨɧɢɤɟ ɤɚɤ ɧɟɨɬɴɟɦɥɟɦɚɹ 
ɱɚɫɬɶ ɧɚɧɨɝɟɬɟɪɨɫɬɪɭɤɬɭɪ, ɨɛɥɚɞɚɸɳɢɯ ɯɨɪɨɲɨ ɩɨɞ-
ɯɨɞɹɳɢɦɢ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɩɪɢɦɟɧɟɧɢɣ ɤɜɚɧɬɨɜɵɦɢ 
ɷɮɮɟɤɬɚɦɢ [1; 2].  
Ⱥɤɬɭɚɥɶɧɨɣ ɨɛɥɚɫɬɶɸ ɩɪɢɦɟɧɟɧɢɹ ɤɪɟɦɧɢɹ ɹɜɥɹ-

ɟɬɫɹ ɫɨɡɞɚɧɢɟ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɟ-
ɨɛɪɚɡɨɜɚɬɟɥɟɣ ɞɥɹ ɤɨɫɦɢɱɟɫɤɨɣ ɢ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯ-
ɧɢɤɢ [3]. ȼ ɩɟɪɫɩɟɤɬɢɜɟ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɪɢɛɨɪɵ 
ɧɚ ɨɫɧɨɜɟ ɤɪɟɦɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɦɚɬɟ-
ɪɢɚɥɨɜ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɥɭɧɧɨɦ ɝɪɭɧɬɟ (ɪɟɝɨɥɢɬ), ɩɪɢ 
ɷɬɨɦ ɜɨɡɦɨɠɧɚɹ ɷɧɟɪɝɨɞɨɛɵɱɚ ɧɚɦɧɨɝɨ ɩɪɟɜɵɫɢɬ ɡɚ-
ɬɪɚɬɵ ɧɚ ɞɨɫɬɚɜɤɭ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ Ɂɟɦɥɢ [4]. Ʉɪɟɦɧɢɣ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ ɞɥɹ ɷɬɢɯ ɰɟɥɟɣ, 
ɬɚɤ ɤɚɤ ɹɜɥɹɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɦ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɦ, 
ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɢɡ ɥɭɧɧɨɝɨ ɝɪɭɧɬɚ. ɋ ɞɪɭɝɨɣ 
ɫɬɨɪɨɧɵ, ɤɪɟɦɧɢɣ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɢɡɝɨ-
ɬɨɜɥɟɧɢɹ ɫɨɥɨɧɱɚɤɚ, ɤɚɤ ɜɨɡɦɨɠɧɨɝɨ ɪɚɤɟɬɧɨɝɨ ɬɨɩ-
ɥɢɜɚ [5]. 
ȼ ɤɨɫɦɢɱɟɫɤɨɦ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɢ, ɧɚɧɨɬɟɯɧɨɥɨ-

ɝɢɹɯ ɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɣ ɷɥɟɤɬɪɨɧɢɤɟ ɬɪɟɛɭɸɬɫɹ 
ɜɵɫɨɤɨɬɨɱɧɵɟ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɚɜɚ, ɫɬɪɭɤ-
ɬɭɪɵ, ɮɢɡɢɱɟɫɤɢɯ ɢ ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɜɟɪɯɧɨɫɬɢ. 
Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɡɜɢɜɚɸɬɫɹ ɤɚɤ ɜ ɬɟɯɧɨɥɨɝɢ-
ɱɟɫɤɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɬɚɤ ɢ ɧɚɩɪɚɜɥɟɧɢɢ ɨɛɪɚɛɨɬɤɢ  
ɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 
Ɉɞɧɢɦ ɢɡ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɧɧɚɹ ɫɩɟɤɬɪɨɫɤɨɩɢɹ. 
ɉɪɢ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɤɬɪɨɧɵ  

ɝɟɧɟɪɢɪɭɸɬ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɜɨɡɛɭɠɞɟɧɢɹ, ɤɨɬɨɪɵɟ 
ɧɟɫɭɬ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɪɚɡɥɢɱɧɵɯ ɩɪɨ-
ɰɟɫɫɚɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɧɨɜ ɫ ɜɟɳɟɫɬɜɨɦ. ɂɧ-

ɬɟɧɫɢɜɧɨɫɬɢ Ɉɠɟ- ɢ ɮɨɬɨɷɥɟɤɬɪɨɧɧɵɯ ɩɢɤɨɜ ɡɚɜɢɫɹɬ 
ɨɬ ɜɟɪɨɹɬɧɨɫɬɢ ɧɟɭɩɪɭɝɨɝɨ ɪɚɫɫɟɹɧɢɹ ɤɚɤ ɜɧɭɬɪɢ 
ɬɜɟɪɞɨɝɨ ɬɟɥɚ, ɬɚɤ ɢ ɜ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ [6; 7]. 
ɉɨɜɟɪɯɧɨɫɬɧɵɦ ɩɚɪɚɦɟɬɪɨɦ Pse ɧɚɡɵɜɚɟɬɫɹ ɜɟɪɨɹɬ-
ɧɨɫɬɶ ɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɨɧɨɦ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɡɛɭɠ-
ɞɟɧɢɣ ɩɪɢ ɟɞɢɧɢɱɧɨɦ ɚɤɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɩɨɜɟɪɯ-
ɧɨɫɬɶɸ [6; 7]. ɉɨɜɟɪɯɧɨɫɬɧɵɣ ɩɚɪɚɦɟɬɪ ɹɜɥɹɟɬɫɹ ɧɚɢ-
ɛɨɥɟɟ ɭɞɨɛɧɨɣ ɜɟɥɢɱɢɧɨɣ ɞɥɹ ɨɩɢɫɚɧɢɹ ɜɥɢɹɧɢɹ ɩɨ-
ɜɟɪɯɧɨɫɬɧɵɯ ɜɨɡɛɭɠɞɟɧɢɣ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ Ɉɠɟ-
ɷɥɟɤɬɪɨɧɨɜ [7] ɢ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɩɪɢ ɤɨɥɢɱɟɫɬ-
ɜɟɧɧɨɦ ɚɧɚɥɢɡɟ ɜ Ɉɠɟ-ɷɥɟɤɬɪɨɧɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ 
(Ɉɗɋ), ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɮɨɬɨɷɥɟɤɬɪɨɧɧɨɣ ɫɩɟɤɬɪɨɫɤɨ-
ɩɢɢ (ɊɎɗɋ), ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ ɩɨ-
ɬɟɪɶ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɧɚɦɢ (ɋɏɉɗɗ). ȼ ɧɚɫɬɨɹɳɟɣ 
ɪɚɛɨɬɟ ɧɚɦɢ ɩɪɟɞɥɨɠɟɧ ɢ ɨɬɪɚɛɨɬɚɧ ɧɚ ɫɟɪɢɢ ɨɛɪɚɡ-
ɰɨɜ Si ɧɨɜɵɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɚ-
ɪɚɦɟɬɪɚ ɢɡ ɫɩɟɤɬɪɨɜ ɫɟɱɟɧɢɹ ɧɟɭɩɪɭɝɨɝɨ ɪɚɫɫɟɹɧɢɹ 
ɷɥɟɤɬɪɨɧɨɜ. 
Ɇɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɋɩɟɤɬɪɵ ɫɟɱɟɧɢɹ ɧɟɭɩ-

ɪɭɝɨɝɨ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ (ɩɪɨɢɡɜɟɞɟɧɢɹ ɫɪɟɞɧɟɣ 
ɞɥɢɧɵ ɧɟɭɩɪɭɝɨɝɨ ɩɪɨɛɟɝɚ ɷɥɟɤɬɪɨɧɨɜ λ ɢ ɞɢɮɮɟɪɟɧ-
ɰɢɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɧɟɭɩɪɭɝɨɝɨ ɪɚɫɫɟɹɧɢɹ K(E0, E0 – E), 
ɝɞɟ E0 – ɷɧɟɪɝɢɹ ɩɟɪɜɢɱɧɵɯ ɷɥɟɤɬɪɨɧɨɜ, E0 – E – ɩɨɬɟ-
ɪɢ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɧɚɦɢ, Kλ-ɫɩɟɤɬɪɵ) ɦɨɝɭɬ ɛɵɬɶ ɢɫ-
ɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɷɥɟɦɟɧɬɧɨɝɨ 
ɫɨɫɬɚɜɚ ɜ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɤɨɦɩɨɡɢɬɧɵɯ ɫɬɪɭɤɬɭ-
ɪɚɯ [8–11], ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɥɳɢɧɵ ɫɥɨɹ ɞɢɨɤɫɢɞɚ 
ɤɪɟɦɧɢɹ ɧɚ ɤɪɟɦɧɢɟɜɨɣ ɩɨɞɥɨɠɤɟ [12] ɢ ɪɚɫɱɟɬɚ ɩɚ-
ɪɚɦɟɬɪɚ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɡɛɭɠɞɟɧɢɣ [13–15].  
Ȼɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ 3 ɩɪɨɦɵɲɥɟɧɧɵɟ ɦɨɧɨɤɪɢ-

ɫɬɚɥɥɢɱɟɫɤɢɟ ɩɨɞɥɨɠɤɢ Si (100), ɨɞɢɧ ɨɛɪɚɡɟɰ Si (111) 
ɢ ɨɛɪɚɡɟɰ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɷɩɢɬɚɤɫɢɚɥɶɧɵɣ 
ɫɥɨɣ Si ɬɨɥɳɢɧɨɣ 50 ɧɦ ɧɚ ɩɪɨɦɵɲɥɟɧɧɨɣ ɩɨɞɥɨɠɤɟ 
Si (100), ɩɨɥɭɱɟɧɧɵɣ ɦɟɬɨɞɨɦ ɦɨɥɟɤɭɥɹɪɧɨ-ɥɭɱɟɜɨɣ 
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ɷɩɢɬɚɤɫɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 700 °ɋ. ȼɫɟ ɨɛɪɚɡɰɵ ɢɦɟ-
ɥɢ ɷɥɟɤɬɪɨɧɧɵɣ ɬɢɩ ɩɪɨɜɨɞɢɦɨɫɬɢ. 
ɂɡɦɟɪɟɧɢɹ ɮɨɬɨɷɥɟɤɬɪɨɧɧɵɯ ɫɩɟɤɬɪɨɜ ɢ ɢɧɬɟ-

ɝɪɚɥɶɧɵɯ ɫɩɟɤɬɪɨɜ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɨɬɪɚɠɟɧɧɵɯ ɷɥɟɤ-
ɬɪɨɧɨɜ ɩɪɨɜɨɞɢɥɢ ɧɚ ɫɜɟɪɯɜɵɫɨɤɨɜɚɤɭɭɦɧɨɦ ɮɨɬɨ-
ɷɥɟɤɬɪɨɧɧɨɦ ɫɩɟɤɬɪɨɦɟɬɪɟ SPECS (Ƚɟɪɦɚɧɢɹ). ɋɩɟɤ-
ɬɪɵ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɨɬɪɚɠɟɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɩɨɥɭɱɟɧɵ 
ɜ ɢɧɬɟɪɜɚɥɟ 150 ɷȼ ɫ ɲɚɝɨɦ 0,1 ɷȼ. ɗɧɟɪɝɢɹ ɩɨɬɟɪɶ T 
ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ ɤɚɤ ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɷɧɟɪɝɢɟɣ ɩɟɪɜɢɱ-
ɧɵɯ ɷɥɟɤɬɪɨɧɨɜ E0 (ɧɭɥɟɜɵɟ ɩɨɬɟɪɢ) ɢ ɷɧɟɪɝɢɟɣ ɨɬɪɚ-
ɠɟɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ E, T = E0 – E. ɗɧɟɪɝɢɢ ɩɟɪɜɢɱɧɵɯ 
ɷɥɟɤɬɪɨɧɨɜ ɫɨɫɬɚɜɥɹɥɢ 300, 600, 1200, 1900, 3000 ɷȼ, 
ɲɢɪɢɧɚ ɩɟɪɜɢɱɧɨɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɭɱɤɚ ɧɚ ɩɨɥɭɜɵɫɨ-
ɬɟ ɦɟɧɟɟ 1 ɷȼ. 
ɂɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɫɩɟɤɬɪɨɜ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ 

ɨɬɪɚɠɟɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɩɚɤɟɬɚ QUASESTM XS REELS (Quantitative Analysis of 
Surfaces by Electron Spectroscopy cross section 
determined by REELS) [16], ɫɨɝɥɚɫɧɨ ɚɥɝɨɪɢɬɦɭ, ɩɪɟɞ-
ɥɨɠɟɧɧɨɦɭ ɜ [17], ɩɨɥɭɱɟɧɵ ɫɩɟɤɬɪɵ ɫɟɱɟɧɢɹ ɧɟɭɩɪɭ-
ɝɨɝɨ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ. ɋɩɟɤɬɪɵ ɫɟɱɟɧɢɹ ɧɟɭɩɪɭ-
ɝɨɝɨ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɩɟɤɬɪɚ-
ɦɢ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɨɬɪɚɠɟɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ, ɥɭɱɲɟ 
ɩɨɞɯɨɞɹɬ ɞɥɹ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɜɡɚɢɦɨɞɟɣɫɬ-
ɜɢɹ ɷɥɟɤɬɪɨɧɨɜ ɫ ɜɟɳɟɫɬɜɨɦ ɢ ɩɨɡɜɨɥɹɸɬ ɢɫɫɥɟɞɨɜɚɬɶ 
ɡɚɜɢɫɢɦɨɫɬɢ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɢ ɨɛɴ-
ɟɦɧɵɯ ɜɨɡɛɭɠɞɟɧɢɣ ɨɬ ɷɧɟɪɝɢɢ ɩɟɪɜɢɱɧɵɯ ɷɥɟɤɬɪɨ-
ɧɨɜ ɢ ɭɝɥɚ ɷɦɢɫɫɢɢ ɛɨɥɟɟ ɬɨɱɧɨ [18]. 
Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. ȼ ɨɫɧɨɜɟ ɨɩ-

ɪɟɞɟɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɥɟɠɢɬ ɪɚɡɞɟɥɟ-
ɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɢ ɨɛɴɟɦɧɨɣ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɩɟɤ-
ɬɪɚ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɧɚɦɢ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ 
ɷɧɟɪɝɢɢ ɩɟɪɜɢɱɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɤɥɚɞ 
ɨɛɴɟɦɧɵɯ ɜɨɡɛɭɠɞɟɧɢɣ (ɨɛɴɟɦɧɨɝɨ ɩɥɚɡɦɨɧɚ ɢ ɦɟɠ-
ɡɨɧɧɵɯ ɩɟɪɟɯɨɞɨɜ) ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɜɤɥɚɞ ɩɨɜɟɪɯɧɨɫɬ-
ɧɵɯ (ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɩɥɚɡɦɨɧ ɢ ɦɟɠɡɨɧɧɵɟ ɩɟɪɟɯɨɞɵ 
ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɫɨɫɬɨɹɧɢɹ) [19; 20]. 
ɉɪɨɫɥɟɞɢɬɶ ɢɡɦɟɧɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɩɨɜɟɪɯɧɨ-

ɫɬɧɵɯ ɢ ɨɛɴɟɦɧɵɯ ɜɨɡɛɭɠɞɟɧɢɣ ɦɨɠɧɨ ɤɚɤ ɤɚɱɟɫɬ-
ɜɟɧɧɨ, ɢɫɫɥɟɞɭɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɩɟɤɬɪɚ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ 
ɨɬɪɚɠɟɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɨɬ ɷɧɟɪɝɢɢ ɩɟɪɜɢɱɧɵɯ ɷɥɟɤ-
ɬɪɨɧɨɜ ɢ ɭɝɥɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɨɬɪɚɠɟɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ 
[20], ɬɚɤ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨ, ɩɭɬɟɦ ɪɚɡɞɟɥɟɧɢɹ ɜɤɥɚɞɨɜ 
ɪɚɡɧɨɣ ɩɪɢɪɨɞɵ, ɢɫɩɨɥɶɡɭɹ ɮɚɤɬɨɪɧɵɣ ɚɧɚɥɢɡ [18], 
ɦɨɞɟɥɢɪɭɹ ɷɥɟɤɬɪɨɧɧɵɣ ɫɩɟɤɬɪ ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɪɢ-
ɛɥɢɠɟɧɢɹ ɱɚɫɬɢɱɧɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ [7; 21; 22]. 
ɍɩɨɦɹɧɭɬɵɟ ɜɵɲɟ ɩɨɞɯɨɞɵ ɨɬɥɢɱɚɸɬɫɹ ɜɟɫɶɦɚ 

ɝɪɨɦɨɡɞɤɢɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɜɵɱɢɫɥɟɧɢɹɦɢ. Ɉɬɧɨ-
ɫɢɬɟɥɶɧɨ ɩɪɨɫɬɨɣ ɦɟɬɨɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɩɪɟɞɟ-
ɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɢɡ ɫɩɟɤɬɪɨɜ ɫɟɱɟɧɢɹ 
ɧɟɭɩɪɭɝɨɝɨ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ ɛɵɥ ɩɪɟɞɥɨɠɟɧ [13] 
ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧ [14; 15] Ƚɟɪɝɟɥɢ. ɍɫɨɜɟɪɲɟɧɫɬɜɨ-
ɜɚɧɧɵɣ ɦɟɬɨɞ Ƚɟɪɝɟɥɢ ɩɪɟɞɩɨɥɚɝɚɟɬ ɫɥɟɞɭɸɳɢɣ  
ɚɥɝɨɪɢɬɦ: ɫɩɟɤɬɪɵ ɩɪɢ ɜɫɟɯ ɷɧɟɪɝɢɹɯ ɩɟɪɜɢɱɧɵɯ ɷɥɟɤ-
ɬɪɨɧɨɜ ɧɨɪɦɢɪɭɸɬɫɹ ɜ ɬɨɱɤɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɚɤ-
ɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɩɟɤɬɪɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɩɟɪɜɢɱɧɵɯ ɷɥɟɤɬɪɨɧɨɜ; ɫɩɟɤɬɪ 
ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɚɩɩɪɨɤɫɢɦɢɪɭɟɬɫɹ ɜ ɨɛ-
ɥɚɫɬɢ ɨɛɴɟɦɧɨɝɨ ɩɢɤɚ ɬɪɟɯɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ 
ɫɟɱɟɧɢɹ ɧɟɭɩɪɭɝɨɝɨ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ Ɍɨɭɝɚɚɪɞɚ 
[23]; ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɵɱɢɬɚɧɢɟ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɫɩɟɤɬɪɨɜ ɩɢɤɚ Ɍɨɭɝɚɚɪɞɚ (ɨɛɴɟɦɧɨɝɨ ɩɥɚɡɦɨɧɚ) ɢ ɨɛ-
ɪɚɬɧɚɹ ɧɨɪɦɢɪɨɜɤɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɞɟɥɹɟɬɫɹ ɱɚɫɬɶ 

ɫɩɟɤɬɪɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɜɨɡɛɭɠɞɟ-
ɧɢɹɦ ɢ ɨɬɧɟɫɟɧɧɚɹ ɤ ɩɥɨɳɚɞɢ ɜɫɟɝɨ ɫɩɟɤɬɪɚ, ɤɨɬɨɪɚɹ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɧɨɦ 
ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɜɨɡɛɭɠɞɟɧɢɹ. ɉɥɨɳɚɞɢ ɫɩɟɤɬɪɨɜ 
ɫɟɱɟɧɢɹ ɧɟɭɩɪɭɝɨɝɨ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ, ɪɚɫɫɱɢɬɚɧ-
ɧɵɟ ɩɨ ɚɥɝɨɪɢɬɦɭ Ɍɨɭɝɚɚɪɞɚ [17], ɛɥɢɡɤɢ ɤ ɟɞɢɧɢɰɟ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɧɬɟɝɪɚɥ ɨɬ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɫɨɫɬɚɜ-
ɥɹɸɳɟɣ ɫɩɟɤɬɪɚ ɢ ɪɚɜɟɧ ɩɨɜɟɪɯɧɨɫɬɧɨɦɭ ɩɚɪɚɦɟɬɪɭ. 
Ɍɪɟɯɩɚɪɚɦɟɬɪɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ ɫɟɱɟɧɢɹ ɧɟɭɩɪɭɝɨɝɨ 

ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ Ɍɨɭɝɚɚɪɞɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɨɩɢɫɚɧɢɹ ɫɩɟɤɬɪɨɜ ɫɟɱɟɧɢɹ ɧɟɭɩɪɭɝɨɝɨ ɪɚɫɫɟɹɧɢɹ 
ɷɥɟɤɬɪɨɧɨɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɢ ɩɨɥɢɦɟɪɨɜ [23]: 
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ɝɞɟ B, C, D – ɩɨɞɝɨɧɨɱɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɤɨɬɨɪɵɟ ɞɥɹ 
ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɢɦɟɸɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ [23]. 

ɉɚɪɚɦɟɬɪ B ɨɩɪɟɞɟɥɹɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɢɤɚ, ɩɚɪɚɦɟɬɪ 
ɋ – ɩɨɥɨɠɟɧɢɟ, ɩɚɪɚɦɟɬɪ D – ɲɢɪɢɧɭ ɢ ɤɨɫɜɟɧɧɨ 
ɜɥɢɹɟɬ ɧɚ ɩɨɥɨɠɟɧɢɟ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɢɤɚ. 
ɍɧɢɜɟɪɫɚɥɶɧɵɟ ɮɭɧɤɰɢɢ ɫɟɱɟɧɢɹ ɧɟɭɩɪɭɝɨɝɨ ɪɚɫ-

ɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ 
ɚɧɚɥɢɡɚ ɢ ɜɵɱɢɬɚɧɢɹ ɮɨɧɚ ɜ ɊɎɗɋ, Ɉɗɋ ɢ ɋɏɉɗɗ 

[23; 24]. 

ɋɩɟɤɬɪɵ ɫɟɱɟɧɢɹ ɧɟɭɩɪɭɝɨɝɨ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨ-
ɧɨɜ ɩɨ ɩɨɬɟɪɹɦ ɷɧɟɪɝɢɢ ɞɥɹ ɪɚɡɧɵɯ ɨɛɪɚɡɰɨɜ Si ɛɥɢɡ-
ɤɢ ɦɟɠɞɭ ɫɨɛɨɣ, ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɧɟ 
ɩɪɟɜɵɲɚɟɬ 6,5·10–4. ɇɚ ɪɢɫ. 1, ɚ ɩɨɤɚɡɚɧ ɪɟɡɭɥɶɬɚɬ 
ɜɵɞɟɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜ ɫɩɟɤɬɪɟ Si 

(100) ɩɨ ɦɟɬɨɞɭ Ƚɟɪɝɟɥɢ. 

ȼ ɫɩɟɤɬɪɚɯ ɫɟɱɟɧɢɹ ɧɟɭɩɪɭɝɨɝɨ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤ-
ɬɪɨɧɨɜ ɩɨ ɩɨɬɟɪɹɦ ɷɧɟɪɝɢɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜɨɡɛɭɠɞɟ-
ɧɢɣ ɪɚɡɧɨɣ ɩɪɢɪɨɞɵ ɫɤɥɚɞɵɜɚɸɬɫɹ, ɨɛɪɚɡɭɹ ɢɬɨɝɨɜɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ɫɪɟɞɧɟɣ ɞɥɢɧɵ ɧɟɭɩɪɭ-
ɝɨɝɨ ɩɪɨɛɟɝɚ ɷɥɟɤɬɪɨɧɨɜ λ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɫɟ-
ɱɟɧɢɹ ɧɟɭɩɪɭɝɨɝɨ ɪɚɫɫɟɹɧɢɹ K. Ʉɚɤ ɜɢɞɧɨ ɧɚ ɪɢɫ. 1, 

ɦɟɬɨɞ Ƚɟɪɝɟɥɢ ɧɟ ɭɱɢɬɵɜɚɟɬ ɜɥɢɹɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɡɛɭɠɞɟɧɢɣ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɟ-
ɡɭɥɶɬɢɪɭɸɳɟɝɨ ɫɩɟɤɬɪɚ ɜ ɨɛɥɚɫɬɢ ɨɛɴɟɦɧɨɝɨ ɩɥɚɡɦɨ-
ɧɚ (ɢ ɧɚɨɛɨɪɨɬ), ɩɨɷɬɨɦɭ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɛɴɟɦɧɨɝɨ 
ɩɥɚɡɦɨɧɚ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɡɚɜɵɲɟɧɧɨɣ. 

ɉɪɟɞɥɨɠɟɧɧɵɣ ɧɚɦɢ ɦɟɬɨɞ ɪɚɡɥɨɠɟɧɢɹ ɫɩɟɤɬɪɨɜ 
ɫɟɱɟɧɢɹ ɧɟɭɩɪɭɝɨɝɨ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ ɧɚ ɩɢɤɢ 

ɩɨɬɟɪɶ, ɨɩɢɫɵɜɚɟɦɵɟ ɬɪɟɯɩɚɪɚɦɟɬɪɢɱɟɫɤɢɦɢ ɭɧɢɜɟɪ-
ɫɚɥɶɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɫɟɱɟɧɢɹ Ɍɨɭɝɚɚɪɞɚ, ɩɨɡɜɨɥɹɟɬ 
ɭɱɟɫɬɶ ɜɥɢɹɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɡɛɭ-
ɠɞɟɧɢɣ ɧɚ ɪɟɡɭɥɶɬɢɪɭɸɳɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜ ɨɛɥɚɫɬɢ 

ɨɛɴɟɦɧɨɝɨ ɩɥɚɡɦɨɧɚ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɵɞɟɥɢɬɶ ɩɨ-
ɜɟɪɯɧɨɫɬɧɵɣ ɜɤɥɚɞ ɫ ɛɨɥɶɲɟɣ ɬɨɱɧɨɫɬɶɸ. ɇɚ ɪɢɫ. 1, ɛ 

ɩɨɤɚɡɚɧɨ ɪɚɡɥɨɠɟɧɢɟ ɫɩɟɤɬɪɚ Si ɧɚ ɩɢɤɢ ɩɨɬɟɪɶ. ɋɨ-
ɝɥɚɫɧɨ ɨɛɨɡɧɚɱɟɧɢɹɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ [19], ɜ ɫɩɟɤɬɪɟ 
ɩɪɢɫɭɬɫɬɜɭɸɬ ɦɟɠɡɨɧɧɵɟ ɩɟɪɟɯɨɞɵ S1, E2, S3, ɩɨɜɟɪɯ-
ɧɨɫɬɧɵɣ ɩɥɚɡɦɨɧ S ɢ ɨɛɴɟɦɧɵɣ ɩɥɚɡɦɨɧ V. ɉɪɢɪɨɞɚ 
ɩɢɤɚ ɩɨɬɟɪɶ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɢɡ ɡɚɜɢɫɢɦɨɫɬɢ 

ɩɥɨɳɚɞɢ ɩɢɤɚ, ɨɩɪɟɞɟɥɹɸɳɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɨɡɛɭɠ-

ɞɟɧɢɣ, ɨɬ ɷɧɟɪɝɢɢ ɩɟɪɜɢɱɧɵɯ ɷɥɟɤɬɪɨɧɨɜ (ɪɢɫ. 2, ɚ). 
ɉɥɨɳɚɞɢ ɩɢɤɨɜ S3 ɢ S ɭɦɟɧɶɲɚɸɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɷɧɟɪɝɢɢ ɩɟɪɜɢɱɧɵɯ ɷɥɟɤɬɪɨɧɨɜ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɢɯ 
ɩɨɜɟɪɯɧɨɫɬɧɭɸ ɩɪɢɪɨɞɭ, ɡɚɜɢɫɢɦɨɫɬɶ ɩɥɨɳɚɞɢ ɩɢɤɚ 
ɨɛɴɟɦɧɨɝɨ ɩɥɚɡɦɨɧɚ V ɢɦɟɟɬ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ ɯɚ-
ɪɚɤɬɟɪ. Ⱦɥɹ ɩɢɤɨɜ S1 ɢ E2 ɜ ɫɢɥɭ ɢɯ ɦɚɥɨɣ ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɢ ɨɲɢɛɤɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɥɨɳɚɞɢ ɫɪɚɜɧɢɦɚ  
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ɫ ɜɟɥɢɱɢɧɨɣ ɩɥɨɳɚɞɢ, ɩɨɷɬɨɦɭ ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟ-
ɥɢɬɶ ɩɪɢɪɨɞɭ ɷɬɢɯ ɩɢɤɨɜ ɫɥɨɠɧɨ. 
ɂɫɩɨɥɶɡɭɹ ɪɚɡɥɨɠɟɧɢɹ ɫɩɟɤɬɪɨɜ ɫɟɱɟɧɢɹ ɧɟɭɩɪɭ-

ɝɨɝɨ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ ɧɚ ɩɢɤɢ ɩɨɬɟɪɶ, ɦɨɠɧɨ 
ɪɚɫɫɱɢɬɚɬɶ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɩɚɪɚɦɟɬɪ ɨɬɞɟɥɶɧɵɯ ɜɨɡ-
ɛɭɠɞɟɧɢɣ ɢ ɨɛɳɢɣ (ɢɧɬɟɝɪɚɥɶɧɵɣ) ɩɨɜɟɪɯɧɨɫɬɧɵɣ 

ɩɚɪɚɦɟɬɪ ɤɚɤ ɫɭɦɦɭ ɩɥɨɳɚɞɟɣ ɜɫɟɯ ɩɨɜɟɪɯɧɨɫɬɧɨ-
ɩɨɞɨɛɧɵɯ ɜɨɡɛɭɠɞɟɧɢɣ. ɇɚ ɪɢɫ. 2, ɛ ɩɪɢɜɟɞɟɧɵ ɡɚɜɢ-

ɫɢɦɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɨɬ ɷɧɟɪɝɢɢ ɩɟɪ-
ɜɢɱɧɵɯ ɷɥɟɤɬɪɨɧɨɜ, ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɩɨ ɦɟɬɨɞɭ Ƚɟɪɝɟɥɢ 

ɢ ɢɡ ɪɚɡɥɨɠɟɧɢɹ. 
ɉɨɜɟɪɯɧɨɫɬɧɵɣ ɩɚɪɚɦɟɬɪ ɛɵɥ ɪɚɫɫɱɢɬɚɧ ɩɨ ɦɟɬɨ-

ɞɭ Ƚɟɪɝɟɥɢ [14; 15] (Gergely Pse, ɪɢɫ. 2, ɛ) ɤɚɤ ɩɥɨɳɚɞɢ 

ɩɨɞ ɩɢɤɚɦɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɥɚɡɦɨɧɚ S ɢ ɦɟɠɡɨɧɧɨɝɨ 
ɩɟɪɟɯɨɞɚ S3, ɚ ɬɚɤɠɟ ɤɚɤ ɫɭɦɦɚ ɩɥɨɳɚɞɟɣ ɷɬɢɯ ɩɢɤɨɜ S 

+ S3 (ɪɢɫ. 2, ɛ). Ʉɚɤ ɜɢɞɧɨ ɧɚ ɪɢɫ. 2, ɛ, ɩɨɜɟɪɯɧɨɫɬɧɵɣ 

ɩɚɪɚɦɟɬɪ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɤɚɤ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɩɥɚɡɦɨɧɚ, ɩɪɟɜɵɲɚɟɬ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɩɚɪɚɦɟɬɪ, ɪɚɫ-
ɫɱɢɬɚɧɧɵɣ ɩɨ ɦɟɬɨɞɭ Ƚɟɪɝɟɥɢ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ 
ɦɟɬɨɞ Ƚɟɪɝɟɥɢ ɡɚɜɵɲɚɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɛɴɟɦɧɨɝɨ 
ɩɥɚɡɦɨɧɚ, ɡɚɧɢɠɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɦɟɧɶɲɚɹ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɩɚɪɚɦɟɬɪ. 
Иɧɬɪɟɝɪɚɥɶɧɵɣ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɩɚɪɚɦɟɬɪ (ɫɭɦɦɚ 
ɩɥɨɳɚɞɟɣ ɩɢɤɨɜ S ɢ S3) ɬɚɤɠɟ ɩɪɟɜɵɲɚɟɬ ɩɨɜɟɪɯɧɨɫɬ-
ɧɵɣ ɩɚɪɚɦɟɬɪ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɩɨ ɦɟɬɨɞɭ Ƚɟɪɝɟɥɢ. 

Ɋɚɫɱɟɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɩɨ ɦɟɬɨɞɭ Ƚɟɪ-
ɝɟɥɢ ɢ ɢɡ ɪɚɡɥɨɠɟɧɢɹ ɫɩɟɤɬɪɨɜ ɧɚ ɫɨɫɬɚɜɥɹɸɳɢɟ ɞɥɹ 
ɪɚɡɧɵɯ ɨɛɪɚɡɰɨɜ Si ɞɚɟɬ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɳɢɟɫɹ ɦɟɠ-

ɞɭ ɫɨɛɨɣ ɪɟɡɭɥɶɬɚɬɵ. ɉɨɜɟɪɯɧɨɫɬɧɵɣ ɩɚɪɚɦɟɬɪ ɩɪɚɤ-
ɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɣ ɨɪɢɟɧ-

ɬɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ, ɚ ɦɟɬɨɞ ɪɚɡɥɨɠɟɧɢɹ ɫɩɟɤ-
ɬɪɨɜ ɫɟɱɟɧɢɹ ɧɟɭɩɪɭɝɨɝɨ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ ɧɚ 
ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɜɨɫɩɪɨɢɡɜɨɞɢɦɵɟ 
ɪɟɡɭɥɶɬɚɬɵ. 

ȼɫɟ ɩɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɡɚɜɢɫɢɦɨɫɬɢ 

ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɨɣ 

ȼɟɪɧɟɪɚ [6; 7; 22]: 

se
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ɝɞɟ αi = 59°, αd = 0° – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɝɥɵ ɩɚɞɟɧɢɹ  
ɢ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɧɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɨɪɦɚɥɢ  

ɤ ɩɨɜɟɪɯɧɨɫɬɢ. ɉɟɪɜɨɟ ɫɥɚɝɚɟɦɨɟ ɭɱɢɬɵɜɚɟɬ ɜɥɢɹɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɡɛɭɠɞɟɧɢɣ ɩɪɢ ɜɯɨɞɟ ɷɥɟɤɬɪɨɧɨɜ  
ɜ ɨɛɪɚɡɟɰ, ɜɬɨɪɨɟ – ɩɪɢ ɜɵɯɨɞɟ. ɉɨɥɭɷɦɩɢɪɢɱɟɫɤɚɹ 
ɮɨɪɦɭɥɚ ȼɟɪɧɟɪɚ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɢɫɚɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɡɛɭɠɞɟɧɢɣ ɜ ɷɥɟɤɬɪɨɧɧɨɣ ɫɩɟɤɬɪɨ-
ɫɤɨɩɢɢ [6; 7; 14; 15; 22], ɩɨɫɤɨɥɶɤɭ ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɟɬ 
ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɢ ɨɬ ɷɧɟɪɝɢɢ 

ɩɟɪɜɢɱɧɵɯ ɷɥɟɤɬɪɨɧɨɜ, ɢ ɨɬ ɭɝɥɨɜ ɩɚɞɟɧɢɹ ɢ ɞɟɬɟɤɬɢ-

ɪɨɜɚɧɢɹ. 
 

 
  ɚ              ɛ 

 

Ɋɢɫ. 1. ɋɩɟɤɬɪ ɫɟɱɟɧɢɹ ɧɟɭɩɪɭɝɨɝɨ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ Si (100), ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɷɧɟɪɝɢɢ ɩɟɪɜɢɱɧɵɯ ɷɥɟɤ-
ɬɪɨɧɨɜ 1200 ɷȼ. ɉɨɜɟɪɯɧɨɫɬɧɚɹ ɱɚɫɬɶ ɫɩɟɤɬɪɚ ɜɵɞɟɥɟɧɚ ɩɨ ɦɟɬɨɞɭ Ƚɟɪɝɟɥɢ (ɚ) ɢ ɢɡ ɪɚɡɥɨɠɟɧɢɹ ɫɩɟɤɬɪɚ  
 

ɧɚ ɩɢɤɢ ɩɨɬɟɪɶ (ɛ) 

 

 
  ɚ              ɛ 

 

Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɢ ɩɥɨɳɚɞɢ ɩɨɞɝɨɧɨɱɧɵɯ ɩɢɤɨɜ (ɚ)  
ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɚɪɚɦɟɬɪɚ (ɛ) ɨɬ ɷɧɟɪɝɢɢ ɩɟɪɜɢɱɧɵɯ ɷɥɟɤɬɪɨɧɨɜ  
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ɉɨɞɝɨɧɨчɧɵɣ ɩɚɪɚɦɟɬɪ а 
 

Ɇɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ Pse Ɇɟɬɨɞ Ƚɟɪɝɟɥɢ 
Чɟɪɟɡ ɩɥɨɳɚɞɶ 

ɩɢɤɚ S 

Чɟɪɟɡ ɩɥɨɳɚɞɶ ɩɢɤɚ 
S3 

Чɟɪɟɡ ɫɭɦɦɭ ɩɥɨɳɚɞɟɣ 

ɩɢɤɨɜ S ɢ S3 

ɉɨɞɝɨɧɨɱɧɵɣ ɩɚɪɚɦɟɬɪ a 1,41 1,04 7,91 0,83 

 

ɉɨɞɝɨɧɨɱɧɵɣ ɩɚɪɚɦɟɬɪ ɚ ɹɜɥɹɟɬɫɹ ɦɚɬɟɪɢɚɥ-
ɡɚɜɢɫɢɦɵɦ ɢ ɫɨɫɬɚɜɥɹɟɬ 1 ɞɥɹ ɫɜɨɛɨɞɧɨɝɨ ɷɥɟɤɬɪɨɧ-

ɧɨɝɨ ɝɚɡɚ ɢ 2 ɞɥɹ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ [6]. Ɂɧɚɱɟɧɢɟ 
ɩɚɪɚɦɟɬɪɚ a ɞɥɹ Si ɫɨɫɬɚɜɥɹɟɬ ɨɬ 0,7 ɞɨ 1,5 ɫɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ ɜ ɢɫɬɨɱɧɢɤɚɯ [14] ɢ [6]. 

Ɂɧɚɱɟɧɢɹ ɩɨɞɝɨɧɨɱɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɚ ɩɪɢɜɟɞɟɧɵ  

ɜ ɬɚɛɥɢɰɟ. 
ɉɨɥɭɱɟɧɧɵɣ ɧɚɦɢ ɩɚɪɚɦɟɬɪ a ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɩɪɢ-

ɜɟɞɟɧɧɵɦ ɜ ɥɢɬɟɪɚɬɭɪɟ ɞɥɹ Si, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɩɚɪɚ-
ɦɟɬɪɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɡɚɜɢɫɢɦɨɫɬɢ 

ɩɥɨɳɚɞɢ ɦɟɠɡɨɧɧɨɝɨ ɩɟɪɟɯɨɞɚ S3 ɨɬ ɷɧɟɪɝɢɢ ɩɟɪɜɢɱ-
ɧɵɯ ɷɥɟɤɬɪɨɧɨɜ, – ɜɤɥɚɞ ɞɚɧɧɨɝɨ ɩɢɤɚ ɨɱɟɧɶ ɦɚɥ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɜɤɥɚɞɨɦ ɩɢɤɚ S. 

Ɂɚɤɥɸчɟɧɢɟ. ɉɪɟɞɥɨɠɟɧɧɵɣ ɧɚɦɢ ɦɟɬɨɞ ɨɩɪɟɞɟ-
ɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɩɨɡɜɨɥɹɟɬ ɞɟɬɚɥɶɧɨ 
(ɜɩɥɨɬɶ ɞɨ ɪɚɫɱɟɬɚ ɜɟɪɨɹɬɧɨɫɬɢ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɷɥɟɤ-
ɬɪɨɧɨɦ ɧɚ ɜɨɡɛɭɠɞɟɧɢɟ ɦɟɠɡɨɧɧɵɯ ɩɟɪɟɯɨɞɨɜ ɢ ɩɨ-
ɜɟɪɯɧɨɫɬɧɵɯ ɩɥɚɡɦɨɧɨɜ) ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɩɨɜɟɪɯɧɨ-
ɫɬɧɵɯ ɜɨɡɛɭɠɞɟɧɢɣ ɧɚ ɫɩɟɤɬɪ ɫɟɱɟɧɢɹ ɧɟɭɩɪɭɝɨɝɨ 
ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ. Ɋɚɫɱɟɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɚɪɚ-
ɦɟɬɪɚ ɢɡ ɪɚɡɥɨɠɟɧɢɹ ɫɩɟɤɬɪɨɜ ɫɟɱɟɧɢɹ ɧɟɭɩɪɭɝɨɝɨ 
ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ ɧɚ ɩɢɤɢ ɩɨɬɟɪɶ, ɩɨ ɫɪɚɜɧɟɧɢɸ  

ɫ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɩɪɨɫɬ ɜ ɪɟɚɥɢɡɚɰɢɢ ɢ ɜ 
ɨɬɥɢɱɢɟ ɨɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɦɟɬɨɞɚ Ƚɟɪɝɟɥɢ  

ɩɨɡɜɨɥɹɟɬ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɫɩɟɤɬɪ ɤɚɤ 
ɫɭɩɟɪɩɨɡɢɰɢɸ ɜɤɥɚɞɨɜ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ. 

Ɋɚɡɥɨɠɟɧɢɟ ɫɩɟɤɬɪɨɜ ɫɟɱɟɧɢɹ ɧɟɭɩɪɭɝɨɝɨ ɪɚɫɫɟɹ-
ɧɢɹ ɷɥɟɤɬɪɨɧɨɜ ɧɚ ɩɢɤɢ ɩɨɬɟɪɶ ɢ ɡɧɚɱɟɧɢɟ ɩɨɜɟɪɯɧɨ-
ɫɬɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɞɥɹ ɪɚɡɧɵɯ ɨɛɪɚɡɰɨɜ Si ɞɚɟɬ ɯɨɪɨɲɨ 
ɫɨɝɥɚɫɭɸɳɢɟɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɪɟɡɭɥɶɬɚɬɵ, ɱɬɨ ɫɜɢɞɟ-
ɬɟɥɶɫɬɜɭɟɬ ɨ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟ-
ɬɨɞɚ. 
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