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Abstract. The formation of mechanical stresses in the irradiated K-208 glass leads to the rearrangement of the 

glass microstructure. It is important to develop approaches to testing the surface morphology of K-208 glass 

during its testing on experimental stands. In this work, we propose and test a method for testing the surface 

morphology of K-208 glass using atomic force microscopy (AFM). Processing and analysis of the obtained AFM 

images remains an important task and many factors may affect the quality. These factors include: the state of the 

microscope probe, scanning time, scanning conditions, etc. To obtain a high-quality image we apply different 

methods and processing programs. 

 

ȼвɟɞɟɧɢɟ. ɋɢɥɢɤɚɬɧɵɟ ɫɬɟɤɥɚ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɢɯ ɪɚɞɢɚɰɢɨɧɧɵɯ ɧɚɝɪɭɡɨɤ, 

ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɟɦ ɩɨɬɨɤɨɜ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ. ɉɪɢɦɟɪɨɦ ɫɥɭɠɚɬ ɡɚɳɢɬɧɵɟ ɫɬɟɤɥɚ Ʉ-208 ɜ 

ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɚɯ [1]. ɋɬɟɤɥɚ Ʉ-208 ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɷɥɟɦɟɧɬɨɜ 

ɫɨɥɧɟɱɧɵɯ ɛɚɬɚɪɟɣ ɢ ɩɨɞɜɟɪɝɚɸɬɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɧɟɷɤɪɚɧɢɪɨɜɚɧɧɨɝɨ ɤɨɫɦɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ. 

ɉɪɢ ɨɛɥɭɱɟɧɢɢ ɡɚɪɹɠɟɧɧɵɦɢ ɱɚɫɬɢɰɚɦɢ ɞɢɷɥɟɤɬɪɢɤɨɜ ɫ ɧɢɡɤɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ ɜ ɧɢɯ 

ɮɨɪɦɢɪɭɸɬɫɹ ɨɛɥɚɫɬɢ ɫ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɡɚɪɹɞɚ, ɩɨɥɟ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɪɚɡɜɢɬɢɸ 

ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɪɚɡɪɹɞɚ ɦɟɠɞɭ ɨɛɥɚɫɬɶɸ ɥɨɤɚɥɢɡɚɰɢɢ ɡɚɪɹɞɚ ɢ ɩɨɜɟɪɯɧɨɫɬɶɸ ɞɢɷɥɟɤɬɪɢɤɚ [1]. ɋ 

ɧɚɱɚɥɚ 1970-ɯ ɝɨɞɨɜ ɢ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɚ ɫɩɭɬɧɢɤɚɯ ɫɢɫɬɟɦɵ Ƚɥɨɧɚɫɫ, ɜɵɜɟɞɟɧɧɵɯ ɧɚ ɧɚɤɥɨɧɧɭɸ 

ɨɪɛɢɬɭ, ɮɢɤɫɢɪɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɫɛɨɢ ɜ ɪɚɛɨɬɟ ɫɨɥɧɟɱɧɵɯ ɛɚɬɚɪɟɣ. Ɉɞɧɨ ɢɡ ɩɪɨɹɜɥɟɧɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɫ ɨɤɪɭɠɚɸɳɟɣ ɦɚɝɧɢɬɨɫɮɟɪɧɨɣ ɩɥɚɡɦɨɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɚɤɨɩɥɟɧɢɢ ɧɚ ɟɝɨ 

ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡɚɪɹɞɚ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɦ ɪɚɡɪɹɞɚɦ (ЭɋɊ), 

ɫɩɨɫɨɛɧɵɦ ɩɨɜɪɟɠɞɚɬɶ ɢ ɪɚɡɪɭɲɚɬɶ ɡɚɳɢɬɧɵɟ ɫɬɟɤɥɚ Ʉ-208 ɫɨɥɧɟɱɧɵɯ ɛɚɬɚɪɟɣ. Ɉ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ЭɋɊ 

ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɤɨɥ ɩɪɢ ɨɛɥɭɱɟɧɢɢ ɷɥɟɤɬɪɨɧɚɦɢ ɧɚɤɨɩɥɟɧ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɨɛɴɟɦ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ [1-4], ɨɞɧɚɤɨ ɞɚɧɧɵɟ ɨ ɜɨɡɦɨɠɧɵɯ ɦɟɯɚɧɢɡɦɚɯ ɩɪɨɰɟɫɫɨɜ ɨɬɫɭɬɫɬɜɭɸɬ. Ⱦɥɹ 

ɢɦɢɬɚɰɢɢ ɪɟɚɥɶɧɨɣ ɪɚɛɨɬɵ ɤɨɫɦɢɱɟɫɤɨɝɨ ɤɨɪɚɛɥɹ ɜ ɤɨɫɦɨɫɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɢɫɩɵɬɚɧɢɹ ɧɚ 

ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɬɚɧɨɜɤɚɯ, ɢɦɢɬɢɪɭɸɳɢɯ ɮɚɤɬɨɪɵ ɤɨɫɦɢɱɟɫɤɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. Ⱦɥɹ ɷɬɨɝɨ ɩɥɚɧɢɪɭɟɬɫɹ 
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  ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɫɬɚɧɨɜɤɭ «ɉɪɨɝɧɨɡ-3» [5] ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜ ɩɨɥɟ ɷɥɟɤɬɪɨɧɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɛɥɢɡɤɨ ɤ ɫɩɟɤɬɪɭ ɦɚɝɧɢɬɨɫɮɟɪɧɨɣ ɩɥɚɡɦɵ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɨɩɪɨɛɨɜɚɧ ɦɟɬɨɞ ɬɟɫɬɢɪɨɜɚɧɢɹ ɦɨɪɮɨɥɨɝɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɤɥɚ Ʉ-208 

ɦɟɬɨɞɨɦ ɚɬɨɦɧɨ-ɫɢɥɨɜɨɣ ɦɢɤɪɨɫɤɨɩɢɢ (АɋɆ). ȼɚɠɧɨɣ ɡɚɞɚɱɟɣ ɨɫɬɚɟɬɫɹ ɨɛɪɚɛɨɬɤɚ ɢ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ 

АɋɆ ɢɡɨɛɪɚɠɟɧɢɣ, ɡɚɱɚɫɬɭɸ ɫɞɟɥɚɬɶ ɯɨɪɨɲɟɟ ɢɡɨɛɪɚɠɟɧɢɟ ɧɟ ɩɨɥɭɱɚɟɬɫɹ, ɬɚɤ ɤɚɤ ɜɥɢɹɸɬ ɦɧɨɠɟɫɬɜɨ 

ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɫɧɢɠɚɸɬ ɤɚɱɟɫɬɜɨ. Ʉ ɬɚɤɢɦ ɮɚɤɬɨɪɚɦ ɨɬɧɨɫɹɬɫɹ: ɫɨɫɬɨɹɧɢɟ ɡɨɧɞɚ ɦɢɤɪɨɫɤɨɩɚ, ɜɪɟɦɹ 

ɫɤɚɧɢɪɨɜɚɧɢɹ, ɭɫɥɨɜɢɹ ɫɤɚɧɢɪɨɜɚɧɢɹ, ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɩɨɦɟɯɢ ɢ ɬ.ɞ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ 

ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɢɛɟɝɚɸɬ ɤ ɦɟɬɨɞɚɦ ɢ ɪɚɡɥɢɱɧɵɦ ɩɪɨɝɪɚɦɦɚɦ ɨɛɪɚɛɨɬɤɢ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ чɚɫɬɶ. ɉɥɚɫɬɢɧɵ ɫɬɟɤɥɚ Ʉ-208 ɩɨɥɭɱɚɸɬ ɩɭɬɟɦ ɜɵɬɹɝɢɜɚɧɢɹ ɱɟɪɟɡ ɜɚɥɤɢ ɢɡ 

ɪɚɫɩɥɚɜɚ ɫɥɢɬɤɨɜ [5]. Иɡ-ɡɚ ɧɢɡɤɨɣ ɩɪɨɱɧɨɫɬɢ ɩɥɚɫɬɢɧ ɩɪɨɰɟɧɬ ɛɪɚɤɚ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ (ɪɚɡɪɟɡɤɟ, 

ɧɚɤɥɟɣɤɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɢɡɞɟɥɢɹ) ɫɨɫɬɚɜɥɹɟɬ ɞɨ 90 %, ɱɬɨ ɩɪɢɜɨɞɢɬ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤ ɜɨɡɪɚɫɬɚɧɢɸ 

ɫɬɨɢɦɨɫɬɢ ɪɚɛɨɬɵ. Ʉ ɬɨɦɭ ɠɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɤɥɚ ɨɛɪɚɡɭɸɬɫɹ ɞɟɮɟɤɬɵ, 

ɤɨɬɨɪɵɟ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɬɟɤɥɚ ɦɨɝɭɬ ɹɜɥɹɬɶɫɹ ɰɟɧɬɪɚɦɢ ɪɚɡɪɹɞɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɢɜɨɞɹɳɢɯ ɤ 

ɧɚɪɭɲɟɧɢɸ ɰɟɥɨɫɬɧɨɫɬɢ ɫɬɟɤɥɚ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɨɥɧɟɱɧɵɯ ɛɚɬɚɪɟɣ. Ɉɛɧɚɪɭɠɢɬɶ ɬɚɤɢɟ ɞɟɮɟɤɬɵ ɢ 

ɩɪɨɫɥɟɞɢɬɶ ɢɯ ɢɡɦɟɧɟɧɢɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɨɧɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɦɨɠɟɬ ɦɟɬɨɞ АɋɆ. ȼ ɪɚɛɨɬɟ 

ɢɫɩɨɥɶɡɨɜɚɧ ɚɬɨɦɧɨ-ɫɢɥɨɜɨɣ ɦɢɤɪɨɫɤɨɩ INTEGRA-AURA (NT-MDT, Ɋɨɫɫɢɹ). 

Ɋɟɡɭɥɶɬɚɬɵ. Иɡɨɛɪɚɠɟɧɢɹ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ ɤɨɧɬɚɤɬɧɨɦ ɪɟɠɢɦɟ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɡɨɧɞɨɜ NSG01, 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɫɤɚɧɢɪɨɜɚɧɢɟ ɫ ɲɚɝɨɦ 20 ɧɦ, ɫ ɩɨɥɭɱɟɧɢɟɦ ɢɡɨɛɪɚɠɟɧɢɹ ɦɨɪɮɨɥɨɝɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢ 

ɥɚɬɟɪɚɥɶɧɵɯ ɫɢɥ. Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ АɋɆ-ɢɡɨɛɪɚɠɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɜɯɨɞɹɳɟɟ ɜ 

ɫɨɫɬɚɜ ɦɢɤɪɨɫɤɨɩɚ - Image Analysis, ɚ ɬɚɤɠɟ ɩɪɢɥɨɠɟɧɢɟ Gwyddion. Ɇɟɬɨɞ Ʌɚɬɟɪɚɥɶɧɵɯ ɋɢɥ (LF) 

ɩɨɡɜɨɥɹɟɬ ɪɚɡɥɢɱɚɬɶ ɨɛɥɚɫɬɢ ɫ ɪɚɡɥɢɱɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɬɪɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɨɞɱɟɪɤɢɜɚɬɶ ɨɫɨɛɟɧɧɨɫɬɢ 

ɪɟɥɶɟɮɚ ɩɨɜɟɪɯɧɨɫɬɢ. Эɬɢ ɜɨɡɦɨɠɧɨɫɬɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɩɨɥɭɱɟɧɢɟɦ ɪɟɥɶɟɮɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɞɥɹ ɛɨɥɟɟ ɩɨɥɧɨɣ ɯɚɪɚɤɬɟɪɢɡɚɰɢɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ. 

ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɨ ɢɡɨɛɪɚɠɟɧɢɟ ɢɫɯɨɞɧɨɝɨ ɫɬɟɤɥɚ Ʉ-208. ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹ ɲɟɪɨɯɨɜɚɬɨɫɬɶ 

(Sq) 2,827 ɧɦ, ɫɪɟɞɧɹɹ ɲɟɪɨɯɨɜɚɬɨɫɬɶ (Sa) 1,989 ɧɦ. ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɧɚɪɭɠɟɧɵ ɞɟɮɟɤɬɵ ɜɵɫɨɬɨɣ ɞɨ 15 

ɧɦ (ɪɢɫ.1). 
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Ɋɢɫ. 1. АɋɆ ɢɡɨɛɪɚɠɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɤɥɚ К-208 (ɚ), ɁD ɢɡɨɛɪɚɠɟɧɢɟ (ɛ) ɢ ɩɪɨɮɢɥɶ ɩɨ 

ɜɵɞɟɥɟɧɧɨɣ ɥɢɧɢɢ (ɜ) 
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  ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɨ ɢɡɨɛɪɚɠɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨɥɭɱɟɧɧɨɟ ɜ ɪɟɠɢɦɟ LF, ɱɬɨ ɞɚɥɨ ɜɨɡɦɨɠɧɨɫɬɶ 

ɩɨɥɧɟɟ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɩɨɜɟɪɯɧɨɫɬɶ. Ɉɛɧɚɪɭɠɟɧɵ ɩɨɥɨɫɵ, ɨɫɬɚɜɲɢɟɫɹ, ɜɟɪɨɹɬɧɨ, ɩɪɢ ɩɪɨɤɚɬɤɟ ɫɬɟɤɥɚ 

ɜ ɦɨɦɟɧɬ ɩɨɥɭɱɟɧɢɹ. 

 

Ɋɢɫ. 2. ɂɡɨɛɪɚɠɟɧɢɟ, ɩɨɥɭчɟɧɧɨɟ ɜ ɪɟɠɢɦɟ LF 

Ɂɚɤɥɸчɟɧɢɟ. ɉɨɞɨɛɪɚɧ ɨɩɬɢɦɚɥɶɧɵɣ ɪɟɠɢɦ ɫɤɚɧɢɪɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɫɬɟɤɥɚ Ʉ-208 ɦɟɬɨɞɨɦ АɋɆ: 

ɤɨɦɛɢɧɚɰɢɹ ɤɨɧɬɚɤɬɧɨɝɨ ɫɩɨɫɨɛɚ ɢ ɪɟɠɢɦɚ ɥɚɬɟɪɚɥɶɧɵɯ ɫɢɥ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɥɚɧɢɪɭɟɬɫɹ ɨɛɥɭɱɟɧɢɟ 

ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɤɬɪɨɧɧɵɦ ɢɡɥɭɱɟɧɢɟɦ.  

В ɪɚɛɨɬɟ ɩɪɢɦɟɧяɥɨɫɶ ɨɛɨɪɭɞɨɜɚɧɢɟ ЦКɉ ɇɈɂЦ ɇɆɇɌ Ɍɉɍ, ɩɨɞɞɟɪɠɚɧɧɨɝɨ ɩɪɨɟɤɬɨɦ 

Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ № 075-15-2021-710. 

 

ɋɉɂɋɈɄ ɅɂɌȿɊАɌɍɊɕ 
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