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Ɇɟɬɨɞ ɫɤɚɧɢɪɭɸɳɟɣ ɤɨɧɬɚɤɬɧɨɣ ɩɨɬɟɧɰɢɨɦɟɬɪɢɢ (ɋɄɉ) ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ 
ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɜ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɢɯ ɤɨɨɪɞɢɧɚɬ. Ⱦɥɹ 
ɷɬɨɝɨ ɛɵɥ ɩɨɞɝɨɬɨɜɥɟɧ ɫɩɟɰɢɚɥɶɧɵɣ ɨɛɪɚɡɟɰ, ɫɜɚɪɟɧɧɵɣ ɪɭɱɧɨɣ ɞɭɝɨɜɨɣ ɫɜɚɪɤɨɣ ɢɡ ɞɜɭɯ 
ɩɨɥɨɜɢɧ ɚɭɫɬɟɧɢɬɧɨɣ ɫɬɚɥɢ 1βɏ18ɇ10Ɍ ɪɚɡɦɟɪɨɦ β00×110×1γ,5 ɦɦ ɫ ɪɚɛɨɱɟɣ ɲɢɪɢɧɨɣ ɲɜɚ 
1β ɦɦ. ɉɨɫɥɟ ɫɜɚɪɤɢ ɲɨɜ ɛɵɥ ɩɪɨɫɜɟɱɟɧ ɧɚ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɭɫɬɚɧɨɜɤɟ ɢ ɩɨɥɭɱɟɧ ɫɧɢɦɨɤ 
ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɡɦɟɪɟɧɢɣ ɩɨɫɬɪɨɟɧɵ ɩɨɜɟɪɯɧɨɫɬɧɵɟ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɵ ɢ ɩɪɨɜɟɞɟɧɚ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ 
ɧɚ ɩɨɬɟɧɰɢɨɝɪɚɦɦɚɯ ɫ ɢɯ ɢɡɨɛɪɚɠɟɧɢɹɦɢ ɧɚ ɫɧɢɦɤɟ ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɧɟɪɚɡɪɭɲɚɸɳɢɣ ɤɨɧɬɪɨɥɶ, ɦɟɬɨɞ ɋɄɉ, ɫɜɚɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɜ ɫɬɚɥɢ, 
ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ, ɞɢɫɤɪɟɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫɢɝɧɚɥɨɜ. 

 

ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ β8.11.β01λ 

ɉɨɫɥɟ ɞɨɪɚɛɨɬɤɢ γ0.0γ.β0β0 

ɉɪɢɧɹɬɚ ɤ ɩɭɛɥɢɤɚɰɢɢ 07.04.β0β0 

 

ȼɜɟɞɟɧɢɟ 

ȼɫɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɞɢɚɝɧɨɫɬɢɤɢ ɢ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɦɨɠɧɨ 
ɭɫɥɨɜɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɤɨɧɬɚɤɬɧɵɟ ɦɟɬɨɞɵ ɢ ɛɟɫɤɨɧɬɚɤɬɧɵɟ. ȼ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɦɟɧɟɧɢɹ ɤɨɧɬɚɤɬɧɨɝɨ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ – 

ɦɟɬɨɞɚ ɋɄɉ ɞɥɹ ɤɨɧɬɪɨɥɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɜ ɫɜɚɪɧɨɦ ɫɨɟɞɢɧɟɧɢɢ Д1, 2]. 

ɉɪɢ ɷɬɨɦ ɩɪɢɦɟɧɟɧ ɧɨɜɵɣ ɮɢɡɢɱɟɫɤɢɣ ɩɨɞɯɨɞ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɶ 
ɪɚɡɞɟɥɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ-ɨɛɪɚɡɟɰ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. Ⱦɚɧɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɨɡɜɨɥɹɟɬ, ɧɚɩɪɢɦɟɪ, ɪɚɫɫɦɚɬɪɢɜɚɬɶ 
ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɧɚ ɜɵɯɨɞɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɤɚɤ ɪɟɡɭɥɶɬɚɬ 
ɜɥɢɹɧɢɹ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ ɜɨɥɧ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɢɡɥɭɱɚɟɦɵɯ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɹɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ ɫɜɚɪɧɨɦ ɫɨɟɞɢɧɟɧɢɢ. ȼ ɤɚɱɟɫɬɜɟ ɩɟɪɜɢɱɧɵɯ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɤɨɧɬɚɤɬɵ, ɢɡɝɨɬɨɜɥɹɟɦɵɟ ɢɡ ɪɚɡɥɢɱɧɵɯ 
ɦɟɬɚɥɥɨɜ ɢɥɢ ɫɩɥɚɜɨɜ. Ɋɚɡɥɢɱɚɸɬɫɹ ɩɨɧɹɬɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɢ ɦɟɯɚɧɢɱɟɫɤɨɝɨ 
ɤɨɧɬɚɤɬɨɜ. ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɤɨɧɬɚɤɬ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɨɯɨɠɞɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ 
ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɧɬɚɤɬɚ. ȿɫɥɢ ɞɜɚ ɦɟɬɚɥɥɚ ɫɨɩɪɢɤɚɫɚɸɬɫɹ, ɨɛɪɚɡɭɸɬɫɹ ɞɜɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɷɮɮɟɤɬɢɜɧɵɟ ɛɚɪɶɟɪɵ ɞɥɹ 
ɷɥɟɤɬɪɨɧɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ. Ɇɟɠɞɭ ɚɬɨɦɚɦɢ ɷɬɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɜɨɡɧɢɤɚɸɬ ɫɢɥɵ, 
ɩɪɢɜɨɞɹɳɢɟ ɤ ɤɨɪɪɟɥɢɪɨɜɚɧɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɢɯ ɷɥɟɤɬɪɨɧɧɵɯ ɨɛɨɥɨɱɟɤ, ɢ ɡɚɜɢɫɹɳɢɟ ɨɬ 
ɜɟɥɢɱɢɧɵ ɡɚɡɨɪɚ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɹɦɢ. ȼ ɡɨɧɟ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɤɨɧɬɚɤɬɚ ɜɨɡɦɨɠɧɨ 
ɩɪɨɬɟɤɚɧɢɟ ɫɥɟɞɭɸɳɢɯ ɩɪɨɰɟɫɫɨɜ Дγ-4]: 
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- ɯɟɦɨɫɨɪɛɰɢɹ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɥɢ ɚɞɫɨɪɛɰɢɹ ɝɚɡɨɜ, ɩɚɪɨɜ, 
ɜɟɳɟɫɬɜɚ ɢɡ ɪɚɫɬɜɨɪɨɜ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ ɯɢɦɢɱɟɫɤɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɯɟɦɨɫɨɪɛɰɢɹ ɡɚɜɢɫɢɬ ɨɬ ɱɢɫɬɨɬɵ ɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɢ ɚɞɫɨɪɛɟɧɬɚ, ɢ ɜɨɡɦɨɠɧɚ ɩɪɢ ɧɚɥɢɱɢɢ ɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ 
ɩɨɜɟɪɯɧɨɫɬɢ; 
- ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɢ ɛɢɦɟɬɚɥɥɢɱɟɫɤɚɹ ɚɞɝɟɡɢɹ; 
- ɤɨɝɟɡɢɜɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɚɥɥɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɩɪɨɢɫɯɨɞɢɬ 

ɫɰɟɩɥɟɧɢɟ ɦɨɥɟɤɭɥ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥ ɩɪɢɬɹɠɟɧɢɹ ɤɨɜɚɥɟɧɬɧɨɣ, ɢɨɧɧɨɣ ɢɥɢ 
ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ. 

ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɩɪɨɰɟɫɫɵ ɦɨɝɭɬ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɬɶ ɧɚ ɪɟɡɭɥɶɬɚɬ 
ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ, ɨɞɧɚɤɨ, ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɨɧɢ ɧɟ ɢɝɪɚɸɬ ɡɚɦɟɬɧɨɣ 
ɪɨɥɢ. Ɉɛɵɱɧɨ ɩɟɪɟɧɨɫ ɡɚɪɹɞɚ ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɧɬɚɤɬɚ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɜ 
ɫɜɹɡɵɜɚɸɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɪɚɡɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ (ɩɨɬɟɧɰɢɚɥɨɜ ȼɨɥɶɬɚ), 
ɤɨɬɨɪɚɹ ɜɨɡɧɢɤɚɟɬ ɦɟɠɞɭ ɤɨɧɬɚɤɬɢɪɭɸɳɢɦɢ ɬɟɥɚɦɢ ɜ ɭɫɥɨɜɢɹɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɪɚɜɧɨɜɟɫɢɹ ɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɪɚɡɧɨɫɬɢ ɪɚɛɨɬ ɜɵɯɨɞɚ ɦɟɬɚɥɥɨɜ, ɨɬɧɟɫɺɧɧɨɣ ɤ 
ɡɚɪɹɞɭ ɷɥɟɤɬɪɨɧɚ. 

ɉɪɢ ɦɟɯɚɧɢɱɟɫɤɨɦ ɤɨɧɬɚɤɬɟ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɧɬɚɤɬɚ ɦɨɠɟɬ 
ɨɬɫɭɬɫɬɜɨɜɚɬɶ ɥɢɛɨ ɛɵɬɶ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɵɦ, ɤɚɤ ɧɚɩɪɢɦɟɪ ɷɬɨ ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɥɭɱɚɟ 
ɤɨɧɬɚɤɬɚ «ɩɪɨɜɨɞɧɢɤ-ɢɡɨɥɹɬɨɪ», «ɢɡɨɥɹɬɨɪ-ɢɡɨɥɹɬɨɪ» ɢ ɜ ɪɹɞɟ ɞɪɭɝɢɯ ɫɥɭɱɚɟɜ. 
ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɤɨɧɬɚɤɬɚ ɡɚɜɢɫɹɬ ɨɬ ɤɚɱɟɫɬɜɚ ɨɛɪɚɛɨɬɤɢ ɢ 
ɱɢɫɬɨɬɵ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɨɫɨɛɟɧɧɨɫɬɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɦɟɬɚɥɥɨɜ ɢ ɪɹɞɚ ɞɪɭɝɢɯ 
ɮɚɤɬɨɪɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɤɨɧɬɚɤɬ ɜ ɤɚɱɟɫɬɜɟ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɤɨɬɨɪɵɣ ɩɪɟɨɛɪɚɡɭɟɬ ɜɧɟɲɧɟɟ ɦɟɯɚɧɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɜ 
ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɢɝɧɚɥɵ. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɨɩɢɫɵɜɚɟɬɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ ɡɚɤɨɧɚɦɢ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɲɟɪɨɯɨɜɚɬɨɫɬɢ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɢ ɩɪɢɥɨɠɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɪɚɡɦɟɪ ɩɹɬɟɧ ɪɟɚɥɶɧɨɝɨ ɤɨɧɬɚɤɬɚ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 
0,1 ɞɨ 10-40 ɦɤɦ. ɇɚ ɷɬɢɯ ɩɹɬɧɚɯ ɜɨɡɧɢɤɚɸɬ ɞɚɜɥɟɧɢɹ, ɞɨɫɬɢɝɚɸɳɢɟ 10-β0% ɨɬ 
ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɧɚɝɪɭɡɤɢ ɪɨɫɬ ɩɥɨɳɚɞɢ ɪɟɚɥɶɧɨɝɨ 
ɤɨɧɬɚɤɬɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɨɫɧɨɜɧɨɦ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɱɢɫɥɚ ɩɹɬɟɧ ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ 
ɜɨɡɪɚɫɬɚɧɢɢ ɢɯ ɪɚɡɦɟɪɨɜ. 

ɉɥɨɳɚɞɶ ɪɟɚɥɶɧɨɝɨ ɤɨɧɬɚɤɬɚ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 10-4
 ɞɨ 10-1

 ɧɨɦɢɧɚɥɶɧɨɣ ɩɥɨɳɚɞɢ 
ɤɚɫɚɧɢɹ S0 ɢ ɞɚɠɟ ɩɪɢ ɛɨɥɶɲɢɯ ɧɚɝɪɭɡɤɚɯ ɧɟ ɩɪɟɜɵɲɚɟɬ 40%. Ⱦɥɹ ɩɚɪɵ ɦɟɬɚɥɥɨɜ ɫ 
ɪɚɡɥɢɱɧɨɣ ɬɜɟɪɞɨɫɬɶɸ ɩɥɨɳɚɞɶ ɮɚɤɬɢɱɟɫɤɨɝɨ ɤɨɧɬɚɤɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɜɨɣɫɬɜɚɦɢ ɛɨɥɟɟ 
ɦɹɝɤɨɝɨ ɦɟɬɚɥɥɚ ɢ ɝɟɨɦɟɬɪɢɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɨɝɨ Д5-7].  

ɋɨɜɪɟɦɟɧɧɚɹ ɬɟɨɪɢɹ ɦɟɯɚɧɢɤɢ ɤɨɧɬɚɤɬɨɜ ɬɜɟɪɞɵɯ ɬɟɥ ɫɩɪɚɜɟɞɥɢɜɚ ɩɪɢ ɭɫɥɨɜɢɢ 
ɜɵɩɨɥɧɟɧɢɹ ɧɟɪɚɜɟɧɫɬɜɚ S<<S0, ɝɞɟ S – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɚɥɶɧɨɝɨ ɤɨɧɬɚɤɬɚ. ȼ 
ɨɫɧɨɜɟ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɪɚɛɨɬ ɩɨ ɦɟɯɚɧɢɤɟ ɤɨɧɬɚɤɬɨɜ ɬɜɟɪɞɵɯ ɬɟɥ ɥɟɠɢɬ ɩɪɢɛɥɢɠɟɧɢɟ 
«ɝɪɭɛɨɣ» ɩɨɜɟɪɯɧɨɫɬɢ ɫɨ ɫɥɭɱɚɣɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɧɟɪɨɜɧɨɫɬɟɣ ɜ ɜɢɞɟ ɫɮɟɪɢɱɟɫɤɢɯ 
ɢɥɢ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɜɵɫɬɭɩɨɜ, ɞɥɹ ɤɨɬɨɪɵɯ ɫɩɪɚɜɟɞɥɢɜɚ ɤɨɧɬɚɤɬɧɚɹ ɬɟɨɪɢɹ Ƚɟɪɰɚ. ȼ 
ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɭɩɪɭɝɢɦ ɤɨɧɬɚɤɬɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ 
ɧɟɪɨɜɧɨɫɬɟɣ ɜ ɡɨɧɟ ɤɨɧɬɚɤɬɚ, ɟɫɥɢ ɫɪɟɞɧɟɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ 
ɤɨɧɬɚɤɬɢɪɭɸɳɢɦɢ ɨɛɥɚɫɬɹɦɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɨ. 

 

ɗɤɫɩɟɪɢɦɟɧɬ. ɉɨɞɝɨɬɨɜɤɚ ɨɛɪɚɡɰɚ ɤɨɧɬɪɨɥɶɧɨɝɨ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɢ ɟɝɨ 
ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ 

ɇɚ ɩɪɟɞɩɪɢɹɬɢɢ ɈɈɈ «Ɍɟɯɧɨɫɤɚɧ» ɜ ɝɨɪɨɞɟ ȼɨɥɝɨɞɨɧɫɤɟ (Ɋɨɫɫɢɹ) ɩɨɞɝɨɬɨɜɥɟɧ 
ɫɩɟɰɢɚɥɶɧɵɣ ɨɛɪɚɡɟɰ – ɤɨɧɬɪɨɥɶɧɨɟ ɫɜɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ (Ʉɋɋ) ɢ ɩɪɨɜɟɞɟɧ 
ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ ɨɛɪɚɡɰɚ. Ɉɛɪɚɡɟɰ Ʉɋɋ ɫɜɚɪɟɧ ɪɭɱɧɨɣ ɞɭɝɨɜɨɣ ɫɜɚɪɤɨɣ ɢɡ 
ɞɜɭɯ ɩɨɥɨɜɢɧ ɚɭɫɬɟɧɢɬɧɨɣ ɫɬɚɥɢ 1βɏ18ɇ10Ɍ ɪɚɡɦɟɪɨɦ β00×110×1γ,5 ɦɦ (ɪɢɫ. 1). ȼ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɨɝɪɚɦɦɨɣ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɫɜɚɪɤɢ ɫɜɚɪɳɢɤɨɦ 



 ȼɕəȼɅȿɇɂȿ ɋɌɊɍɄɌɍɊɇɕɏ ɇȿɈȾɇɈɊɈȾɇɈɋɌȿɃ ȼ ɋȼȺɊɇɕɏ ɋɈȿȾɂɇȿɇɂəɏ 57 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

ɛɵɥɢ ɞɨɩɭɳɟɧɵ ɧɚɪɭɲɟɧɢɹ ɩɪɚɜɢɥ ɫɜɚɪɢɜɚɧɢɹ ɢɡɞɟɥɢɣ ɢ ɜɜɟɞɟɧɵ ɜ Ʉɋɋ ɪɚɡɥɢɱɧɵɟ 
ɫɬɪɭɤɬɭɪɧɵɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ (ɞɟɮɟɤɬɵ), ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 1. Ɍɢɩɨɪɚɡɦɟɪ Ʉɋɋ 
ɢɦɟɟɬ ɲɢɪɢɧɭ ɲɜɚ ɪɚɜɧɭɸ 1β ɦɦ ɢ ɜɨɝɧɭɬɨɫɬɶ ɜɚɥɢɤɚ – ɨɬ 40 ɞɨ 55 ɦɦ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Ɋɢɫɭɧɨɤ 1 – ȼɧɟɲɧɢɣ ɜɢɞ ɨɛɪɚɡɰɚ Ʉɋɋ ɩɨɫɥɟ ɫɜɚɪɤɢ (ɫɥɟɜɚ). ɇɚ ɮɨɬɨ ɫɩɪɚɜɚ ɩɨɤɚɡɚɧ ɨɛɪɚɡɟɰ ɩɨɫɥɟ 
ɫɧɹɬɢɹ ɭɫɢɥɟɧɢɹ ɲɜɚ. ȼɜɟɪɯɭ ɧɚ ɜɫɬɚɜɤɟ ɜɵɞɟɥɟɧ ɭɱɚɫɬɨɤ, ɧɚ ɤɨɬɨɪɨɦ ɛɵɥɚ ɢɡɦɟɪɟɧɚ ɲɟɪɨɯɨɜɚɬɨɫɬɶ 

ɩɨɜɟɪɯɧɨɫɬɢ Ra, ɫ ɭɤɚɡɚɧɧɵɦɢ ɱɢɫɥɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɜ ɦɤɦ ДAЩЩОКЫКЧМО ШП МШЧЭЫШХ ЬКЦЩХО КПЭОЫ аОХНТЧР 
(left). The photo on the right shows the sample after removing the reinforcement of the seam. At the top of the 

inset, the area where the surface roughness Ra was measured with the indicated numerical values in ȝm] 
 

Ɍɚɛɥɢɰɚ 1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɟɮɟɤɬɨɜ Ʉɋɋ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 7512-82 [Characteristics of control 

sample defects in accordance with 7512-82 All-Union State Standart] 

№ 

ɩ/ɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɞɟɮɟɤɬɚ 

Ɉɛɨɡɧɚɱɟɧɢɟ Ɉɩɢɫɚɧɢɟ ɞɟɮɟɤɬɚ Ɋɢɫɭɧɨɤ 

ɪɭɫ. ɚɧɝɥ. 
1 ɋɦɟɳɟɧɢɟ 

ɤɪɨɦɨɤ 

ɋɤɪ45 FН45 ɇɟɞɨɫɬɚɬɨɱɧɨ ɩɪɨɜɚɪɟɧɧɵɣ 
ɫɜɚɪɧɨɣ ɲɨɜ. ȼɵɪɚɠɟɧɧɚɹ 
ɥɢɧɢɹ ɩɨɱɟɪɧɟɧɢɹ ɜ ɡɨɧɟ 
ɞɟɮɟɤɬɚ. 
 

 

 

β ɉɪɟɪɵɜɢɫɬɵɣ 
ɧɟɩɪɨɜɚɪ 

ɜ ɤɨɪɧɟ 

ɇɤ1β 

 

DК1β ɇɟɞɨɫɬɚɬɨɱɧɨ ɩɪɨɜɚɪɟɧɧɵɣ 
ɫɜɚɪɧɨɣ ɲɨɜ. ȼɵɪɚɠɟɧɧɚɹ 
ɥɢɧɢɹ ɩɨɱɟɪɧɟɧɢɹ ɜ ɡɨɧɟ 
ɞɟɮɟɤɬɚ. 

 

γ ɉɪɟɪɵɜɢɫɬɵɣ 
ɧɟɩɪɨɜɚɪ 

ɜ ɤɨɪɧɟ 

ɇɤ100 

 

DК100 

4 ɇɟɩɪɨɜɚɪ 

ɩɨ ɪɚɡɞɟɥɤɟ ɲɜɚ 

ɇɪλ5 DМλ5 ɇɟɞɨɫɬɚɬɨɱɧɨ ɩɪɨɜɚɪɟɧɧɵɣ 
ɫɜɚɪɧɨɣ ɲɨɜ. Ɍɨɧɤɚɹ ɥɢɧɢɹ 
ɩɨɱɟɪɧɟɧɢɹ, ɫɦɟɳɟɧɧɚɹ ɨɬ ɨɫɢ 
ɲɜɚ. 

 

 

 
5 ɇɟɩɪɨɜɚɪ 

ɩɨ ɪɚɡɞɟɥɤɟ ɲɜɚ 

ɇɪβ0 DМβ0 

6 ɇɟɩɪɨɜɚɪ 

ɩɨ ɪɚɡɞɟɥɤɟ ɲɜɚ 

ɇɪ45 DМ45 

7 ɉɨɪɚ (ɞɜɟ ɩɨɪɵ) βɉ0,7 βȺɚ0,7 Ɉɬɞɟɥɶɧɨɟ ɲɚɪɨɨɛɪɚɡɧɨɟ 
ɜɤɥɸɱɟɧɢɟ ɝɚɡɚ. Ɍɟɦɧɵɟ 
ɤɪɭɝɥɵɟ ɬɨɱɤɢ ɪɚɡɧɨɝɨ ɪɚɡɦɟɪɚ. 

 

 

 

 

8 ɇɟɩɪɨɜɚɪ 

ɩɨ ɪɚɡɞɟɥɤɟ ɲɜɚ 

ɇɪ15 DМ15 ɇɟɞɨɫɬɚɬɨɱɧɨ ɩɪɨɜɚɪɟɧɧɵɣ 
ɫɜɚɪɧɨɣ ɲɨɜ. Ɍɨɧɤɚɹ ɥɢɧɢɹ 
ɩɨɱɟɪɧɟɧɢɹ, ɫɦɟɳɟɧɧɚɹ ɨɬ ɨɫɢ 
ɲɜɚ. 
 

 

 

  



58 ȺɅȼȺɏȿȻȺ ɢ ɞɪ.  

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1 

№ 

ɩ/ɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɞɟɮɟɤɬɚ 

Ɉɛɨɡɧɚɱɟɧɢɟ Ɉɩɢɫɚɧɢɟ ɞɟɮɟɤɬɚ Ɋɢɫɭɧɨɤ 

ɪɭɫ. ɚɧɝɥ. 
λ ɉɨɪɚ ɉ0,8 Ⱥɚ0,8 Ɉɬɞɟɥɶɧɨɟ ɲɚɪɨɨɛɪɚɡɧɨɟ 

ɜɤɥɸɱɟɧɢɟ ɝɚɡɚ. Ɍɟɦɧɵɟ 
ɤɪɭɝɥɵɟ ɬɨɱɤɢ ɪɚɡɧɨɝɨ ɪɚɡɦɟɪɚ. 

 

10 ɉɨɪɚ ɉ0,γ Ⱥɚ0,γ Ɉɬɞɟɥɶɧɨɟ ɲɚɪɨɨɛɪɚɡɧɨɟ 
ɜɤɥɸɱɟɧɢɟ ɝɚɡɚ. Ɍɟɦɧɵɟ 
ɤɪɭɝɥɵɟ ɬɨɱɤɢ ɪɚɡɧɨɝɨ ɪɚɡɦɟɪɚ. 

 

 

11 ɋɤɨɩɥɟɧɢɟ ɩɨɪ 
(ɞɥɢɧɚ ɫɤɨɩɥɟɧɢɹ 
β ɦɦ) 

ɋβɉ0,4 ȺɫβȺɚ0,
4 

ɇɟɪɟɝɭɥɹɪɧɨ ɪɚɡɛɪɨɫɚɧɧɵɟ 
ɲɚɪɨɨɛɪɚɡɧɵɟ ɜɤɥɸɱɟɧɢɹ ɝɚɡɚ. 
Ɍɟɦɧɵɟ ɤɪɭɝɥɵɟ ɬɨɱɤɢ ɪɚɡɧɨɝɨ 
ɪɚɡɦɟɪɚ. 

 

 

 

1β ɋɜɢɳ ɧɟ 
ɫɬɚɧɞɚɪɬ
ɢɡɢɪɨɜɚɧ 

– Ɍɪɭɛɱɚɬɨɟ ɢɥɢ 
ɜɨɪɨɧɤɨɨɛɪɚɡɧɨɟ ɭɝɥɭɛɥɟɧɢɟ ɜ 
ɲɜɟ. Ɍɟɦɧɨɟ ɩɹɬɧɨ ɫ 
ɧɟɪɨɜɧɵɦɢ ɤɪɚɹɦɢ ɜ ɰɟɧɬɪɟ 
ɲɜɚ. 

 

 

1γ ȼɨɥɶɮɪɚɦɨɜɨɟ 
ɜɤɥɸɱɟɧɢɟ 

ȼ ɋɚ  ɋɜɟɬɥɨɟ ɩɹɬɧɨ ɩɪɨɢɡɜɨɥɶɧɨɣ 
ɮɨɪɦɵ. 
 

 

 

 

Ɋɚɞɢɨɝɪɚɮɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ Ʉɋɋ ɜɵɩɨɥɧɟɧ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɢ ɊȺɉȺɇ Ɇ β00/100, 
ɡɚɜ. № 10γγβ6 ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ ɩɨ ɧɨɪɦɚɬɢɜɭ ɉɇȺɗ Ƚ-7-017-8λ. Ɉɰɟɧɤɚ 
ɤɚɱɟɫɬɜɚ Ʉɋɋ ɩɪɨɜɟɞɟɧɚ ɩɨ ɉɇȺɗ Ƚ-7-010-8λ, ɬɢɩ ɩɥɟɧɤɢ AGFA D7 (100×β40), 
ɤɚɬɟɝɨɪɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ – 0,2. 

ɇɚ ɫɧɢɦɤɟ ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ (ɪɢɫ. β) ɩɪɢɫɭɬɫɬɜɭɸɬ ɢɡɨɛɪɚɠɟɧɢɹ 
ɫɥɟɞɭɸɳɢɯ ɞɟɮɟɤɬɨɜμ 
 ɧɟɩɪɨɜɚɪ ɤɨɪɧɹ (ɇɤ); 

 ɧɟɩɪɨɜɚɪ ɩɨ ɪɚɡɞɟɥɤɟ (ɇɪ); 

 ɫɦɟɳɟɧɢɟ ɤɪɨɦɨɤ (ɋɤɪ); 

 ɫɤɨɩɥɟɧɢɟ ɩɨɪ ɢ ɨɬɞɟɥɶɧɵɟ ɩɨɪɵ (ɋɩ, ɉ); 

 ɫɜɢɳ; 
 ɜɨɥɶɮɪɚɦɨɜɨɟ ɜɤɥɸɱɟɧɢɟ (ȼ). 

Ɋɢɫɭɧɨɤ β – ɋɧɢɦɨɤ ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ Ʉɋɋ ДCШЧЭЫШХ ЬКЦЩХО ЫКНТШРЫКЩСТМ ТЧЬЩОМЭТШЧЖ 

 

ɉɨ ɨɫɢ Ʉɋɋ ɪɚɫɩɨɥɨɠɟɧɵ ɬɟɦɧɵɟ ɩɪɨɬɹɠɟɧɧɵɟ ɩɹɬɧɚ, ɨɛɪɚɡɨɜɚɧɧɵɟ ɧɚ ɩɥɟɧɤɟ ɨɬ 
ɧɟɫɩɥɚɜɥɟɧɧɨɝɨ ɤɨɪɧɹ ɲɜɚ. ȼ ɧɟɤɨɬɨɪɵɯ ɦɟɫɬɚɯ ɨɧɢ ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɪɚɠɟɧɧɵɟ 



 ȼɕəȼɅȿɇɂȿ ɋɌɊɍɄɌɍɊɇɕɏ ɇȿɈȾɇɈɊɈȾɇɈɋɌȿɃ ȼ ɋȼȺɊɇɕɏ ɋɈȿȾɂɇȿɇɂəɏ 59 
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ɨɱɟɪɬɚɧɢɹ, ɜ ɞɪɭɝɢɯ – ɦɟɧɟɟ ɜɵɪɚɠɟɧɧɵɟ. Ⱦɚɧɧɵɣ ɞɟɮɟɤɬ ɨɛɨɡɧɚɱɚɟɬɫɹ ɛɭɤɜɚɦɢ (ɇɤ). 

Ɍɨɧɤɚɹ ɬɟɦɧɚɹ ɥɢɧɢɹ ɩɨ ɤɪɚɸ ɲɜɚ ɩɨɤɚɡɵɜɚɟɬ ɧɟɩɪɨɜɚɪ ɩɨ ɪɚɡɞɟɥɤɟ ɲɜɚ. ɇɚɱɚɥɨ 
ɤɨɨɪɞɢɧɚɬ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɫɧɢɦɤɟ ɫɥɟɜɚ, ɭɤɚɡɚɧɧɨɟ ɫɬɪɟɥɤɚɦɢ, ɢ ɫɨɜɩɚɞɚɟɬ ɫ ɧɚɱɚɥɨɦ 
ɤɨɨɪɞɢɧɚɬ ɧɚ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɩɨɬɟɧɰɢɨɝɪɚɦɦɚɯ. 

ȼɢɞɧɵ ɬɚɤɠɟ ɛɨɥɶɲɢɟ ɫɤɨɩɥɟɧɢɹ ɩɨɪμ ɜɧɢɡɭ ɨɬ ɡɧɚɤɚ «11» ɢ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ. 
Ɍɟɦɧɨɟ ɩɹɬɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɨɝɨ ɪɚɡɦɟɪɚ, ɩɪɚɤɬɢɱɟɫɤɢ, ɩɨɫɟɪɟɞɢɧɟ ɲɜɚ – ɷɬɨ 
ɢɡɨɛɪɚɠɟɧɢɟ «ɫɜɢɳɚ». Ⱦɚɧɧɵɣ ɞɟɮɟɤɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɡɚɩɨɥɧɟɧɧɭɸ ɦɟɬɚɥɥɨɦ 
ɬɪɭɛɱɚɬɭɸ ɜɨɡɞɭɲɧɭɸ ɩɨɥɨɫɬɶ, ɩɨɥɭɱɟɧɧɭɸ ɩɪɢ ɫɜɚɪɤɟ ɩɨɫɥɟ ɜɫɩɥɵɬɢɹ ɝɚɡɨɜɨɝɨ 
ɩɭɡɵɪɹ ɤ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɟɮɟɤɬ ɧɚɩɪɚɜɥɟɧ ɜɝɥɭɛɶ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ Ʉɋɋ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 
ɝɥɭɛɢɧɚ ɟɝɨ ɡɚɥɟɝɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 5 ɦɢɥɥɢɦɟɬɪɨɜ. ɉɪɚɜɟɟ ɨɬ ɫɜɢɳɚ 
ɧɚɛɥɸɞɚɟɬɫɹ ɫɤɨɩɥɟɧɢɟ ɩɨɪ, ɨɛɴɟɞɢɧɟɧɧɵɯ ɜ ɤɥɚɫɬɟɪɵ, ɚ ɬɚɤɠɟ ɢɦɟɸɬɫɹ ɨɬɞɟɥɶɧɵɟ 
ɩɨɪɵ. 

ɇɚ ɫɧɢɦɤɟ ɦɨɠɧɨ ɬɚɤɠɟ ɜɢɞɟɬɶ ɜɨɥɶɮɪɚɦɨɜɨɟ ɜɤɥɸɱɟɧɢɟ ɜ ɜɢɞɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨ 
ɜɵɬɹɧɭɬɨɝɨ ɜɞɨɥɶ ɨɫɢ ɲɜɚ ɫɜɟɬɥɨɝɨ ɩɹɬɧɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɫ ɥɟɜɨɣ ɫɬɨɪɨɧɵ ɨɬ ɞɟɮɟɤɬɚ 
«ɫɜɢɳ». Ƚɥɭɛɢɧɚ ɟɝɨ ɡɚɥɟɝɚɧɢɹ, ɨɩɪɟɞɟɥɟɧɧɚɹ ɦɟɬɨɞɨɦ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɤɨɧɬɪɨɥɹ, 
ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 10 ɦɦ. 

 

Ɇɟɬɨɞɢɤɚ ɜɵɩɨɥɧɟɧɢɹ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ (ɗɎɄ) 
ɗɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɜɵɩɨɥɧɟɧɵ ɧɚ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɨɦ ɤɨɦɩɥɟɤɫɟ 

«ElphysLAB-ɂȾɋ» ɦɨɛɢɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɪɚɡɦɟɳɟɧɧɨɣ 
ɧɚ ɧɨɭɬɛɭɤɟ AЬЮЬ Б554L. Ɇɟɬɨɞɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɬɟɯɧɨɥɨɝɢɢ ɢɡɦɟɪɟɧɢɣ ɩɨɞɪɨɛɧɨ 
ɢɡɥɨɠɟɧɵ ɜ ɪɚɛɨɬɟ Д8Ж. ɋ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɨɛɧɚɪɭɠɟɧɢɹ ɞɟɮɟɤɬɨɜ ɜ 
Ʉɋɋ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ ɢɡɦɟɪɟɧɢɹɦɢ, ɲɥɢɮɨɜɤɨɣ ɛɵɥɨ ɭɞɚɥɟɧɨ ɭɫɢɥɟɧɢɟ 
ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɉɨɫɥɟ ɱɟɝɨ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɪɭɱɧɨɟ ɩɨɬɨɱɟɱɧɨɟ ɫɤɚɧɢɪɨɜɚɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɢ Ʉɋɋ ɩɨ ɜɨɫɶɦɢ ɩɪɨɞɨɥɶɧɵɦ ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɞɨɪɨɠɤɚɦ (ɪɢɫ. γ).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Ɋɢɫɭɧɨɤ γ – Ɋɭɱɧɨɟ ɩɨɬɨɱɟɱɧɨɟ ɫɤɚɧɢɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɨ ɜɨɫɶɦɢ 

ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɞɨɪɨɠɤɚɦ ДMКЧЮКХ ЩШТЧЭ-by-point scanning of the weld surface along eight measuring tracks] 
 

Ⱥɧɚɥɢɡ ɩɨɬɟɧɰɢɨɝɪɚɦɦ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ 
ɚɦɩɥɢɬɭɞɧɨɝɨ ɞɢɫɤɪɢɦɢɧɚɬɨɪɚ (ɉȺȾ) ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɫɢɝɧɚɥɨɜ ɫ ɪɟɝɭɥɢɪɭɟɦɨɣ ɲɤɚɥɨɣ 
ɚɦɩɥɢɬɭɞɧɨɣ ɞɢɫɤɪɢɦɢɧɚɰɢɢ ɜ ɞɢɚɩɚɡɨɧɟ 40 ɞȻ. ɇɚɡɧɚɱɟɧɢɟ ɞɢɫɤɪɢɦɢɧɚɬɨɪɚ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɬɫɟɱɤɟ ɬɟɯ ɡɧɚɱɟɧɢɣ ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɚ, ɤɨɬɨɪɵɟ ɩɪɟɜɵɲɚɸɬ 
ɤɨɧɬɪɨɥɶɧɵɣ ɭɪɨɜɟɧɶ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɩɨɬɟɧɰɢɚɥɚ ɜ ɪɚɡɧɵɯ ɦɚɫɲɬɚɛɚɯ. ɍɡɤɨɩɨɥɨɫɧɵɣ ɮɢɥɶɬɪ ɩɨɡɜɨɥɹɟɬ ɧɚɫɬɪɚɢɜɚɬɶ ɉȺȾ ɩɨ 
ɚɦɩɥɢɬɭɞɟ, ɧɚɱɢɧɚɹ ɫ ɭɪɨɜɧɹ ɞɟɫɹɬɵɯ ɦɢɤɪɨɜɨɥɶɬ, ɫ ɲɚɝɨɦ 0,1 ɦɤȼ, ɲɢɪɨɤɨɩɨɥɨɫɧɵɣ – 

ɨɬ ɟɞɢɧɢɰ ɢ ɞɨ ɞɟɫɹɬɤɨɜ ɦɢɥɥɢɜɨɥɶɬ. ɂɡɦɟɪɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ ɤɨɦɩɥɟɤɫɚ «ElphysLAB-

ɂȾɋ» ɭɩɪɚɜɥɹɟɬɫɹ OS Windows, ɱɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɢɡɦɟɪɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ 1 Ƚɰ. 



60 ȺɅȼȺɏȿȻȺ ɢ ɞɪ.  
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ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɗɎɄ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɤɨɧɢɱɟɫɤɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɫ ɭɝɥɨɦ 
ɤɨɧɭɫɚ, ɛɥɢɡɤɢɦ ɤ λ0 ɝɪɚɞɭɫɨɜ ɢ ɪɚɞɢɭɫɨɦ ɫɤɪɭɝɥɟɧɢɹ ɜɟɪɲɢɧɵ, ɪɚɜɧɵɦ ɩɪɢɦɟɪɧɨ 0,γ 
ɦɦ. ɒɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ (Ra) ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɢɡ 
ɚɭɫɬɟɧɢɬɧɨɣ ɫɬɚɥɢ ɏ18ɇ10Ɍ, ɛɵɥɚ ɢɡɦɟɪɟɧɚ ɩɪɨɮɢɥɨɦɟɬɪɨɦ, ɩɨɪɬɚɬɢɜɧɵɦ ɰɢɮɪɨɜɵɦ, 
ɮɢɪɦɵ Vogel, ɢ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ ɡɧɚɱɟɧɢɸ 0,15 ɦɤɦ. 

Ɇɟɯɚɧɢɱɟɫɤɨɟ ɪɭɱɧɨɟ ɫɤɚɧɢɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ Ʉɋɋ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɫ ɰɟɥɶɸ 
ɨɛɧɚɪɭɠɟɧɢɹ ɜɜɟɞɟɧɧɵɯ ɩɪɢ ɫɜɚɪɤɟ ɞɟɮɟɤɬɨɜ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɢɯ ɤɨɨɪɞɢɧɚɬ. 
ɉɨɬɟɧɰɢɨɝɪɚɦɦɵ ɩɨɫɬɪɨɟɧɵ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɭɪɨɜɧɟɣ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ 
ɫɢɝɧɚɥɚ (SLS) (SLS=|lg|φее, ɝɞɟ φ – ɮɭɧɤɰɢɹ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ). Ɍɨɱɟɱɧɨɟ 
ɫɤɚɧɢɪɨɜɚɧɢɟ ɫ ɲɚɝɨɦ ɢɡɦɟɪɟɧɢɣ ɨɤɨɥɨ β ɦɦ ɩɪɨɜɨɞɢɥɨɫɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨ ɜɨɫɶɦɢ 
ɞɨɪɨɠɤɚɦ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɫɨɫɬɚɜɥɹɥɨ 1,5 ɦɦ. ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶɸ 
ɫɤɚɧɢɪɨɜɚɧɢɹ ɛɵɥɚ ɪɚɜɧɚ, ɩɪɢɦɟɪɧɨ, β ɦɦ/ɫɟɤ. 

ɉɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɞɟɮɟɤɬɨɜ ɩɪɢ ɪɭɱɧɨɦ ɫɤɚɧɢɪɨɜɚɧɢɢ 
ɫɨɫɬɚɜɥɹɟɬ ɨɬ ɨɞɧɨɝɨ ɞɨ ɞɜɭɯ ɦɢɥɥɢɦɟɬɪɨɜ. ȼ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɩɪɢɛɨɪɨɜ ɢ ɭɫɬɚɧɨɜɨɤ ɞɚɧɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ 
ɭɦɟɧɶɲɟɧɚ ɞɨ ɡɧɚɱɟɧɢɹ 0,1 ɦɦ ɢ ɦɟɧɟɟ ДλЖ. 

ȼ ɬɚɛɥɢɰɟ β ɩɪɢɜɟɞɟɧɨ ɧɚɢɦɟɧɨɜɚɧɢɟ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɢɛɨɪɚ ɢ 
ɉɄ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ «ElphysLAB-ɂȾɋ». 

 
Ɍɚɛɥɢɰɚ β – ɇɚɢɦɟɧɨɜɚɧɢɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɢɛɨɪɚ ɢ ɧɨɭɬɛɭɤɚ ДNКЦО ШП ЦОКЬЮЫТЧР НОЯТМО КЧН ХКЩЭШЩЖ 

№ 

ɩ/ɩ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɪɢɛɨɪɚ 

Ɍɢɩ Ɂɚɜɨɞɫɤɨɣ ɧɨɦɟɪ Ⱦɢɚɩɚɡɨɧ 
ɢɡɦɟɪɟɧɢɣ 

Ɉɫɧɨɜɧɚɹ ɩɪɟɞɟɥɶɧɚɹ 
ɩɨɝɪɟɲɧɨɫɬɶ ɜ 

ɭɤɚɡɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ 

1 Ɇɭɥɶɬɢɦɟɬɪ 
AРТХОЧЭ 

ɧɚɫɬɨɥɶɧɵɣ MВ 450407β4 

γ4401Ⱥ 

ɞɨ 1 ɦȼ 0,5 ɦɤȼ 

β ɇɨɭɬɛɭɤ AЬЮЬ 
Б554L 

ɧɚɫɬɨɥɶɧɵɣ FBN0CVγ661γ7460 – – 

 

ɇɚ ɪɢɫɭɧɤɟ 4 ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɞɟɣɫɬɜɢɹ ɉȺȾ ɧɚ ɚɦɩɥɢɬɭɞɭ ɮɭɧɤɰɢɢ φ(Э), ɤɨɬɨɪɚɹ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɫɢɧɭɫɨɢɞɚɥɶɧɵɦɢ ɮɭɧɤɰɢɹɦɢ. ɋɢɦɦɟɬɪɢɱɧɨɟ ɜɨ 
ɜɪɟɦɟɧɢ ɨɝɪɚɧɢɱɟɧɢɟ ɫɢɝɧɚɥɚ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɚɦɩɥɢɬɭɞ. 
Ƚɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɩɭɧɤɬɢɪɧɵɦɢ ɥɢɧɢɹɦɢ ɩɨɤɚɡɚɧɵ ɡɧɚɱɟɧɢɹ SLS ɬɨɥɶɤɨ ɞɥɹ 
ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɩɨɥɭɜɨɥɧ ɜɵɲɟ ɧɭɥɟɜɨɣ ɨɬɦɟɬɤɢ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Ɋɢɫɭɧɨɤ 4 – ɋɯɟɦɚ ɫɢɦɦɟɬɪɢɱɧɨɝɨ ɨɝɪɚɧɢɱɟɧɢɹ ɫɢɝɧɚɥɚ ɩɨ ɚɦɩɥɢɬɭɞɟ ɞɥɹ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɣ SLS [The 

scheme of the symmetric limitation of the signal in amplitude for different SLS values] 



 ȼɕəȼɅȿɇɂȿ ɋɌɊɍɄɌɍɊɇɕɏ ɇȿɈȾɇɈɊɈȾɇɈɋɌȿɃ ȼ ɋȼȺɊɇɕɏ ɋɈȿȾɂɇȿɇɂəɏ 61 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɤɨɦɩɶɸɬɟɪɧɚɹ ɩɪɨɝɪɚɦɦɚ ɞɥɹ ɚɧɚɥɢɡɚ ɩɨɬɟɧɰɢɨɝɪɚɦɦ ɩɨɡɜɨɥɹɟɬ 
ɦɚɫɲɬɚɛɢɪɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɥɢɧɟɣɧɵɟ ɪɚɡɦɟɪɵ ɨɬɞɟɥɶɧɵɯ ɞɟɮɟɤɬɨɜ, ɧɨ ɢ ɜɫɟ 
ɢɡɨɛɪɚɠɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɞɥɹ ɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ SLS. ɗɮɮɟɤɬ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ 
ɢɡɨɛɪɚɠɟɧɢɣ, ɧɚɛɥɸɞɚɟɦɵɯ ɧɚ ɩɨɬɟɧɰɢɨɝɪɚɦɦɚɯ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɜɢɡɭɚɥɶɧɨ ɩɨɯɨɠ ɧɚ 
ɷɮɮɟɤɬ ɭɜɟɥɢɱɟɧɢɹ ɪɚɡɪɟɲɟɧɢɹ ɨɩɬɢɱɟɫɤɨɝɨ ɦɢɤɪɨɫɤɨɩɚ ɩɪɢ ɧɚɛɥɸɞɟɧɢɢ ɱɟɪɟɡ ɨɤɭɥɹɪ 
ɡɚ ɩɨɜɟɪɯɧɨɫɬɶɸ ɨɛɪɚɡɰɚ. ȼɢɞ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɩɨɬɟɧɰɢɨɝɪɚɦɦɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɡɚɞɚɧɧɨɣ ɮɭɧɤɰɢɟɣ ɷɤɫɬɪɚɩɨɥɹɰɢɢ ɢ ɧɚɤɥɚɞɵɜɚɟɦɵɦɢ ɧɚ ɧɟɟ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ. 
ɉɪɨɝɪɚɦɦɚ ɮɪɚɝɦɟɧɬɢɪɭɟɬ ɭɱɚɫɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ ɩɪɢɧɰɢɩɭ ɪɚɜɧɵɯ ɡɧɚɱɟɧɢɣ 
ɚɦɩɥɢɬɭɞɵ, ɨɝɪɚɧɢɱɢɜɚɟɬ ɢɯ ɡɚɦɤɧɭɬɵɦ ɤɨɧɬɭɪɨɦ ɢ ɨɤɪɚɲɢɜɚɟɬ ɷɬɢ ɭɱɚɫɬɤɢ ɜ 
ɨɩɪɟɞɟɥɟɧɧɵɣ ɰɜɟɬ. ɍɱɚɫɬɤɢ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɚɦɩɥɢɬɭɞɨɣ ɫɢɝɧɚɥɚ, ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ 
ɡɧɚɱɟɧɢɹ SLS, ɨɤɪɚɲɢɜɚɸɬɫɹ ɜ ɤɪɚɫɧɨ-ɨɪɚɧɠɟɜɵɟ ɬɨɧɚ, ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ 
ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ ɢɥɢ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ – ɜ ɫɢɧɟ-ɝɨɥɭɛɵɟ ɬɨɧɚ. 

 

Ɇɟɬɨɞɢɤɚ ɞɢɫɤɪɟɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɚ ɫ ɨɤɧɨɦ ɏɟɦɦɢɧɝɚ 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɬɨɞɚ ɋɄɉ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɜɨɩɪɨɫɨɜ ɹɜɥɹɟɬɫɹ ɜɨɩɪɨɫ ɨɛ 
ɨɛɧɚɪɭɠɟɧɢɢ ɦɟɥɤɢɯ ɞɟɮɟɤɬɨɜ ɧɚ ɮɨɧɟ ɛɨɥɟɟ ɤɪɭɩɧɵɯ. Ɉɩɵɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɤɨɧɧɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɞɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ ɞɢɧɚɦɢɱɟɫɤɢ ɢɡɦɟɧɹɸɳɢɯɫɹ ɜɨ 
ɜɪɟɦɟɧɢ ɩɪɨɰɟɫɫɨɜ, ɧɚɩɪɢɦɟɪ, ɬɚɤɢɯ, ɤɚɤ ɩɨɥɡɭɱɟɫɬɶ ɦɟɬɚɥɥɨɜ ɢɥɢ ɭɫɬɚɥɨɫɬɧɚɹ 
ɩɪɨɱɧɨɫɬɶ Д10, 11]. 

 

Ɋɚɫɫɦɨɬɪɢɦ ɮɭɧɤɰɢɸ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ φ(Э) ɤɨɧɟɱɧɨɣ ɷɧɟɪɝɢɢ ɧɚ 
ɤɨɧɟɱɧɨɦ ɜɪɟɦɟɧɧɨɦ ɢɧɬɟɪɜɚɥɟ Дt1, t2Ж. Ɍɨɝɞɚ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɢɧɬɟɝɪɚɥɶɧɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɨɬ ɮɭɧɤɰɢɢ φ(Э) ɢɦɟɟɬ ɜɢɞ (1):  

 

                               ሺ ሻ  ∫  ሺ ሻ                                                             (1) 

 

ɉɨɫɤɨɥɶɤɭ ɷɤɫɩɨɧɟɧɬɚ e-ТωЭ
 ɜ (1) ɨɩɪɟɞɟɥɟɧɚ ɧɚ ɜɫɟɣ ɜɟɳɟɫɬɜɟɧɧɨɣ ɨɫɢ, ɡɧɚɱɟɧɢɹ 

 ሺ ሻ ɛɭɞɭɬ ɡɚɜɢɫɟɬɶ ɨɬ ɤɨɧɤɪɟɬɧɵɯ ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɢ φ(Э) ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. 
ȼ ɞɚɧɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɥɨɤɚɥɢɡɨɜɚɬɶ ɫɬɪɭɤɬɭɪɧɵɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɩɨ ɱɚɫɬɨɬɟ ɧɟ 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɤɨɧɧɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɪɚɫɤɥɚɞɵɜɚɟɬ ɮɭɧɤɰɢɸ ɧɚ ɫɨɫɬɚɜɥɹɸɳɢɟ ɝɚɪɦɨɧɢɤɢ.  

Ɋɟɡɭɥɶɬɢɪɭɸɳɟɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɫ ɨɤɧɨɦ ɨɬ ɮɭɧɤɰɢɢ φ(Э) ɡɚɩɢɲɟɦ  
ɜ ɜɢɞɟ (2):  

                                   ሺ   ሻ  ∫  ሺ ሻ ሺ   ሻ                                                    ሺ ሻ 
 

Ɍɚɤɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ Ɏɭɪɶɟ, 
ɩɨɫɤɨɥɶɤɭ ɭɦɧɨɠɟɧɢɟ ɧɚ ɮɭɧɤɰɢɸ q(t-u) ɥɨɤɚɥɢɡɭɟɬ ɢɧɬɟɝɪɚɥ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɱɤɢ t=u. 

Ɂɚɩɢɫɶ ɮɭɧɤɰɢɢ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɜ ɜɢɞɟ ɞɢɫɤɪɟɬɧɨɝɨ ɪɹɞɚ Ɏɭɪɶɟ 
ɹɜɥɹɟɬɫɹ ɱɚɫɬɧɵɦ ɫɥɭɱɚɟɦ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ. ȿɫɥɢ ɮɭɧɤɰɢɸ φ(Э) 
ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ (3) [12]:  

                                      ሺ ሻ  ∑  [ ]�ሺ   ሻ                                                  ሺ ሻ       

 

ɝɞɟ δ(   ) – ɞɟɥɶɬɚ ɮɭɧɤɰɢɹ Ⱦɢɪɚɤɚ, ɬɨɝɞɚ  
  ሺ ሻ  ∑  [ ]                 



62 ȺɅȼȺɏȿȻȺ ɢ ɞɪ.  

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

Ⱦɥɹ ɥɸɛɨɝɨ Ч∈Z, ɝɞɟ Z – ɦɧɨɠɟɫɬɜɨ ɰɟɥɵɯ ɱɢɫɟɥ, ɷɤɫɩɨɧɟɧɬɚ e-ТωЧ
 ɢɦɟɟɬ ɩɟɪɢɨɞ, 

ɪɚɜɧɵɣ β, ɩɨɷɬɨɦɭ ɢ ɪɹɞ Ɏɭɪɶɟ ɢɦɟɟɬ ɬɚɤɠɟ ɩɟɪɢɨɞ, ɪɚɜɧɵɣ β. ȼɫɟ ɮɭɧɤɰɢɢ, 
ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɭɫɥɨɜɢɸ ∫| ሺ ሻ|       

 

ɢ ɩɪɢɧɚɞɥɟɠɚɳɢɟ ɩɪɨɫɬɪɚɧɫɬɜɭ ɮɭɧɤɰɢɣ ɫ ɤɨɧɟɱɧɨɣ ɷɧɟɪɝɢɟɣ L2, ɦɨɝɭɬ ɛɵɬɶ ɡɚɩɢɫɚɧɵ 
ɜ ɜɢɞɟ ɪɹɞɚ Ɏɭɪɶɟ. ɉɨ ɨɩɪɟɞɟɥɟɧɢɸ ɞɢɫɤɪɟɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ (ȾɉɎ) ɮɭɧɤɰɢɢ 
φ ɟɫɬɶμ  

 [ ]  ∑ [ ]    ሺ       ሻ   
     

 

Ɉɛɪɚɬɧɨɟ ɞɢɫɤɪɟɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɢɦɟɟɬ ɜɢɞ (4):  

                                                             [ ]    ∑  [ ]    (      )     
                                              ሺ ሻ 

 

Ⱦɢɫɤɪɟɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɮɭɧɤɰɢɢ φ ɫ ɩɟɪɢɨɞɨɦ N ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɟɟ 
ɡɧɚɱɟɧɢɹɦ ɜ ɢɧɬɟɪɜɚɥɟ 0 ≤ n < N. ȼɚɠɧɨ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɮɭɧɤɰɢɹ 
ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɞɨɥɠɧɚ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɭɫɥɨɜɢɸ ɩɟɪɢɨɞɢɱɧɨɫɬɢ ɫ ɩɟɪɢɨɞɨɦ 
N, ɚ ɧɟ ɛɵɬɶ ɩɪɨɫɬɨ ɮɭɧɤɰɢɟɣ ɤɨɧɟɱɧɨɝɨ ɫɢɝɧɚɥɚ ɩɨ N ɨɬɫɱɟɬɚɦ. Ⱦɢɫɤɪɟɬɧɚɹ ɫɭɦɦɚ 
Ɏɭɪɶɟ (4) ɨɩɪɟɞɟɥɹɟɬ ɫɢɝɧɚɥ ɫ ɩɟɪɢɨɞɨɦ N, ɭ ɤɨɬɨɪɨɝɨ ɡɧɚɱɟɧɢɹ ɧɚ ɤɨɧɰɚɯ ɢɧɬɟɪɜɚɥɚ 
φД0Ж ɢ  [   ] ɞɨɥɠɧɵ ɛɵɬɶ ɟɫɥɢ ɧɟ ɪɚɜɧɵɦɢ, ɬɨ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɛɥɢɡɤɢɦɢ. ȿɫɥɢ 
ɡɧɚɱɟɧɢɹ φД0Ж ɢ  [   ] ɫɢɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɬɨ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ 
ɫɤɚɱɤɭ ɜɫɟɣ ɫɭɦɦɵ Ɏɭɪɶɟ, ɚ ɬɚɤɠɟ ɩɨɹɜɥɹɸɬɫɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɢɦɢ ɚɦɩɥɢɬɭɞɚɦɢ. 

Ⱦɢɫɤɪɟɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɫ ɨɤɧɨɦ  [ ] ɞɥɹ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ  [ ] 
ɫ ɩɟɪɢɨɞɨɦ N ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ (5): 

                                                       [   ]  ∑  [ ] [   ]    ሺ       ሻ   
                                 ሺ ሻ 

 

ɢ ɜɵɱɢɫɥɹɟɬɫɹ ɞɥɹ ɤɚɠɞɨɝɨ ɡɧɚɱɟɧɢɹ m ɜ ɢɧɬɟɪɜɚɥɟ       ɢ ɡɧɚɱɟɧɢɹ l ɜ ɢɧɬɟɪɜɚɥɟ       ɫ ɩɨɦɨɳɶɸ ɩɪɨɢɡɜɟɞɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɮɭɧɤɰɢɣ  [ ] [   ]. 
ȼ ɤɚɱɟɫɬɜɟ ɮɭɧɤɰɢɢ ɨɤɧɚ  ሺ ሻ  ɜɵɛɪɚɧɚ ɮɭɧɤɰɢɹ ɏɟɦɦɢɧɝɚ ɫ ɩɟɪɢɨɞɨɦ,  

ɪɚɜɧɵɦ T (6): 

                                                                  ሺ ሻ              (    )                                           ሺ ሻ 
 

ɤɨɬɨɪɚɹ, ɫɨɝɥɚɫɧɨ ɪɚɛɨɬɟ Д1βЖ ɜ ɢɧɬɟɪɜɚɥɟ ɢɡɦɟɧɟɧɢɹ Д-1/β,1/βЖ ɢɦɟɟɬ 
ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɭɸ ɲɢɪɢɧɭ ɞɢɚɩɚɡɨɧɚ, ɪɚɜɧɭɸ 0,5. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɚɦɩɥɢɬɭɞɚ 
ɩɟɪɜɵɯ ɛɨɤɨɜɵɯ ɦɚɤɫɢɦɭɦɨɜ ɷɬɨɣ ɮɭɧɤɰɢɢ ɪɚɜɧɚ –4γ ɞȻ, ɲɢɪɢɧɚ ɞɢɚɩɚɡɨɧɚ   = 1,36 

ɢ ɫɬɟɩɟɧɶ ɚɫɫɢɦɩɬɨɬɢɱɟɫɤɨɝɨ ɭɛɵɜɚɧɢɹ ɧɚ ɛɨɥɶɲɢɯ ɱɚɫɬɨɬɚɯ ɪɚɜɧɚ ɧɭɥɸ. Ɉɤɧɨ  [ ] 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɦɦɟɬɪɢɱɧɵɣ ɞɢɫɤɪɟɬɧɵɣ ɫɢɝɧɚɥ ɫ ɩɟɪɢɨɞɨɦ N ɢ ɟɞɢɧɢɱɧɨɣ 
ɧɨɪɦɨɣ ‖ ‖   , ɝɞɟ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɧɨɪɦɵμ 
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‖ ‖  ቆ∫ | ሺ ሻ|     
  ቇ  ⁄   

 

Ⱦɥɹ ɞɢɫɤɪɟɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɮɭɧɤɰɢɹ ɨɤɧɚ ɏɟɦɦɢɧɝɚ ɩɪɢɧɢɦɚɟɬ  
ɜɢɞ (7):                                                      [ ]              (       )                                               ሺ ሻ 

 

Ƚɪɚɮɢɤ ɞɚɧɧɨɣ ɮɭɧɤɰɢɢ ɞɥɹ N = 100 ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 5.  
 

 

 

 

 

 

 

 

 

 

 

 

 
Ɋɢɫɭɧɨɤ 5 – Ƚɪɚɮɢɤ ɨɤɧɚ ɏɟɦɦɢɧɝɚ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɞɥɹ ɗɎɄ Ʉɋɋ [The graph of the Hamming window 

used for the electrophysical testing of control sample] 
 

Ʉɚɠɞɵɣ ɞɟɮɟɤɬ ɫɬɪɭɤɬɭɪɵ ɨɛɥɚɞɚɟɬ ɫɜɨɟɣ ɢɡɥɭɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɜɨɥɧ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ. Ȼɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɟ ɢɡɥɭɱɟɧɢɟ ɞɟɮɟɤɬɚ ɧɚ ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ 
ɞɚɟɬ ɢɡɨɛɪɚɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɚɦɩɥɢɬɭɞɟ ɫɢɝɧɚɥɚ. Ⱦɥɹ 
ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɦɵ ɩɪɢɦɟɧɹɟɦ ɮɢɡɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, ɫɨɝɥɚɫɧɨ 
ɤɨɬɨɪɨɣ ɤɚɠɞɨɦɭ ɞɟɮɟɤɬɭ, ɧɚɯɨɞɹɳɟɦɭɫɹ ɜ ɫɜɚɪɧɨɦ ɫɨɟɞɢɧɟɧɢɢ, ɩɨɫɬɚɜɥɟɧ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɟ ɧɟɤɢɣ ɝɚɪɦɨɧɢɱɟɫɤɢɣ ɨɫɰɢɥɥɹɬɨɪ, ɚɦɩɥɢɬɭɞɚ ɤɨɬɨɪɨɝɨ ɨɩɢɫɵɜɚɟɬɫɹ 
ɮɭɧɤɰɢɟɣ C(t) (8):  

                             ሺ ሻ      ∑ ቆ      (    )       (    )ቇ                                   ሺ ሻ 
 

ɝɞɟ    – ɩɨɫɬɨɹɧɧɚɹ, ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɭɫɪɟɞɧɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ 
ɡɨɧɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɞɟɮɟɤɬɚ;     ɢ    – ɤɨɷɮɮɢɰɢɟɧɬɵ ɝɚɪɦɨɧɢɤ. ɍɩɪɭɝɢɟ ɜɨɥɧɵ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɨɬ ɞɟɮɟɤɬɚ, ɞɨɯɨɞɹɳɢɟ ɞɨ ɩɨɜɟɪɯɧɨɫɬɢ ɛɢɦɟɬɚɥɥɢɱɟɫɤɨɝɨ 
ɤɨɧɬɚɤɬɚ, ɢɡɦɟɧɹɸɬ ɪɚɜɧɨɜɟɫɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɧɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɷɬɨɣ 
ɨɛɥɚɫɬɢ, ɱɬɨ ɦɝɧɨɜɟɧɧɨ ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɡɧɚɤɟ ɢ ɚɦɩɥɢɬɭɞɟ ɪɟɝɢɫɬɪɢɪɭɟɦɨɝɨ ɫɢɝɧɚɥɚ. 
ȼɨɥɧɵ ɧɟɨɛɪɚɬɢɦɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢɜɨɞɹɬ ɤ ɢɡɦɟɧɟɧɢɸ ɱɢɫɥɚ ɩɹɬɟɧ 
ɤɨɧɬɚɤɬɚ ɢ ɢɯ ɩɥɨɳɚɞɢ, ɱɬɨ ɬɚɤɠɟ ɜɥɢɹɟɬ ɧɚ ɜɢɞ ɮɭɧɤɰɢɢ   (t) [13]. 

 

Ɋɟɡɭɥɶɬɚɬɵ 

ɇɚ ɪɢɫɭɧɤɟ 6 ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɩɨɬɟɧɰɢɨɝɪɚɦɦɚ Ʉɋɋ ɞɥɹ ɧɢɡɤɨɝɨ 
ɭɪɨɜɧɹ SLS=1,8β4 ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɚɦɩɥɢɬɭɞɨɣ   = 0,015 ȼ. ɉɨ ɨɫɢ ɯ ɨɛɨɡɧɚɱɟɧɚ 
ɤɨɨɪɞɢɧɚɬɚ ɜɞɨɥɶ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɞɨɪɨɠɟɤ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɯ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɡɧɚɱɟɧɢɸ ɞɥɢɧɵ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɉɨ ɨɫɢ ɭ ɩɨɤɚɡɚɧ ɧɨɦɟɪ ɢɡɦɟɪɢɬɟɥɶɧɨɣ 
ɞɨɪɨɠɤɢ. ȼ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɪɢɫɭɧɤɚ ɩɪɢɜɟɞɟɧ ɮɪɚɝɦɟɧɬ ɫɧɢɦɤɚ ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɨɝɨ 



64 ȺɅȼȺɏȿȻȺ ɢ ɞɪ.  
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ɤɨɧɬɪɨɥɹ Ʉɋɋ (ɫɦ. ɪɢɫ. β). ɇɚ ɞɚɧɧɨɦ ɫɬɪɭɤɬɭɪɧɨɦ ɭɪɨɜɧɟ ɜɢɞɧɵ ɢɡɨɛɪɚɠɟɧɢɹ ɫɚɦɵɯ 
ɦɨɳɧɵɯ ɩɨ ɚɦɩɥɢɬɭɞɟ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ. ȼ ɱɚɫɬɧɨɫɬɢ, ɯɨɪɨɲɨ ɜɢɞɧɨ 
ɫɦɟɳɟɧɢɟ ɤɪɨɦɨɤ Ʉɋɋ (ɨɛɨɡɧɚɱɟɧɢɟ ɩɨ ȽɈɋɌ 751β-8β «ɋɤɪ») – ɲɢɪɨɤɢɟ ɩɨɥɨɫɵ 
ɫɜɟɬɥɨ-ɡɟɥɟɧɨɝɨ ɰɜɟɬɚ. ɇɚ ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɦɨɠɧɨ ɜɢɞɟɬɶ ɬɚɤɠɟ ɞɜɚ ɥɨɤɚɥɶɧɵɯ 
ɧɟɩɪɨɜɚɪɚ ɩɨ ɪɚɡɞɟɥɤɟ (ɇɪ-ɇɪ, ɫɥɟɜɚ ɜɧɢɡɭ) ɢ ɞɟɮɟɤɬ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɧɚ ɰɟɧɬɪɚɥɶɧɨɣ 

ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɞɨɪɨɠɤɟ (ɇɤ). ȼ ɧɢɠɧɟɦ ɩɪɚɜɨɦ ɭɝɥɭ ɪɢɫɭɧɤɚ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɞɜɚ 
ɢɡɨɛɪɚɠɟɧɢɹμ ɩɨɪɵ (ɉ) ɢ ɧɟɩɪɨɜɚɪɚ ɩɨ ɪɚɡɞɟɥɤɟ ɲɜɚ (ɇɪ). ɐɢɮɪɵ, ɩɨɤɚɡɚɧɧɵɟ ɨɤɨɥɨ 
ɞɟɮɟɤɬɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɝɪɚɞɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɩɨɬɟɧɰɢɚɥɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɰɜɟɬɭ ɢɡɨɛɪɚɠɟɧɢɹ. 

 

Ɋɢɫɭɧɨɤ 6 – ɂɡɨɛɪɚɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɢ ɢɯ ɤɨɨɪɞɢɧɚɬɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɞɥɹ SLS = 1,824 [Images of structural heterogeneities and their coordinates on the surface 

potentiogram for SLS = 1,824] 

 

ɇɚ ɛɨɥɟɟ ɜɵɫɨɤɨɦ ɫɬɪɭɤɬɭɪɧɨɦ ɭɪɨɜɧɟ SLS = β,4β (ɪɢɫ. 7) ɜɢɞɧɵ ɩɪɨɬɹɠɟɧɧɵɟ 
ɲɢɪɨɤɢɟ ɩɨɥɨɫɵ ɫɜɟɬɥɨ-ɤɨɪɢɱɧɟɜɨɝɨ ɰɜɟɬɚ (ɜɞɨɥɶ ɞɨɪɨɠɟɤ γ ɢ 4) ɜ ɜɢɞɟ ɫɬɭɩɟɧɶɤɢ, 
ɢɞɟɧɬɢɮɢɰɢɪɭɟɦɵɟ ɤɚɤ ɧɟɩɪɨɜɚɪ ɩɨ ɪɚɡɞɟɥɤɟ Ʉɋɋ (ɇɪ). 

 

Ɋɢɫɭɧɨɤ 7 – ɂɡɨɛɪɚɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɢ ɢɯ ɤɨɨɪɞɢɧɚɬɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɞɥɹ SLS = 2,42 [Images of structural heterogeneities and their coordinates on the surface 

potentiogram for SLS = 2,42] 
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Ɍɨɧɤɚɹ ɫɬɪɭɤɬɭɪɚ ɧɟɩɪɨɜɚɪɚ ɩɨ ɪɚɡɞɟɥɤɟ (ɇɪ) ɜɢɞɧɚ ɧɚ ɛɨɥɟɟ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ  
SLS = β,λ5λ (ɪɢɫ. 8)μ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɡɤɢɣ ɩɨ ɲɢɪɢɧɟ ɝɪɟɛɟɧɶ ɧɟɩɪɨɜɚɪɚ, ɠɟɥɬɨ-

ɨɪɚɧɠɟɜɨɝɨ ɰɜɟɬɚ, ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ   = 600 ɦɤȼ. Ɇɨɠɧɨ ɩɪɟɞɥɨɠɢɬɶ ɨɩɢɫɚɧɢɟ ɞɚɧɧɨɝɨ 
ɞɟɮɟɤɬɚ ɜ ɨɛɴɟɦɟμ ɩɥɚɜɧɵɟ ɧɢɫɩɚɞɚɸɳɢɟ ɫɤɥɨɧɵ ɪɚɫɩɨɥɨɠɟɧɵ ɫɢɦɦɟɬɪɢɱɧɨ ɫ ɨɛɟɢɯ 
ɟɝɨ ɫɬɨɪɨɧ (ɜɫɬɚɜɤɚ ɜ ɩɪɚɜɨɦ ɜɟɪɯɧɟɦ ɭɝɥɭ ɩɨɬɟɧɰɢɨɝɪɚɦɦɵ). Ɂɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ 
ɭɦɟɧɶɲɚɸɬɫɹ ɧɚ ɫɤɥɨɧɚɯ ɢ ɞɨɫɬɢɝɚɸɬ ɧɚɢɦɟɧɶɲɟɝɨ ɡɧɚɱɟɧɢɹ, ɪɚɜɧɨɝɨ   = 100 ɦɤȼ. 

Ɋɢɫɭɧɨɤ 8 – ɂɡɨɛɪɚɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɢ ɢɯ ɤɨɨɪɞɢɧɚɬɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɞɥɹ SLS = 2,959 [Images of structural heterogeneities and their coordinates on the surface 

potentiogram for SLS = 2,959] 

 

ɉɟɪɟɯɨɞ ɧɚ ɩɨɫɥɟɞɭɸɳɢɣ ɭɪɨɜɟɧɶ ɫɨ ɡɧɚɱɟɧɢɟɦ SLS=4,155 ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 
ɛɨɥɟɟ ɜɵɫɨɤɨɟ ɪɚɡɪɟɲɟɧɢɟ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ. ɇɚ ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɩɨɹɜɥɹɸɬɫɹ 
ɞɟɮɟɤɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɧɟɩɪɨɜɚɪɨɦ ɤɨɪɧɹ (ɇɤ). ɉɪɟɪɵɜɢɫɬɵɣ ɯɚɪɚɤɬɟɪ ɞɚɧɧɨɝɨ ɞɟɮɟɤɬɚ 
ɯɨɪɨɲɨ ɡɚɦɟɬɟɧ ɜɛɥɢɡɢ ɰɟɧɬɪɚɥɶɧɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɞɨɪɨɠɤɢ (ɧɨɦɟɪ 5). ɇɚ ɞɚɧɧɨɦ 
ɪɢɫɭɧɤɟ ɦɨɠɧɨ ɬɚɤɠɟ ɜɢɞɟɬɶ ɢɡɨɛɪɚɠɟɧɢɟ ɬɨɝɨ ɦɟɫɬɚ, ɝɞɟ ɧɚ ɫɧɢɦɤɟ ɧɚɯɨɞɢɬɫɹ 
ɜɨɥɶɮɪɚɦɨɜɨɟ ɜɤɥɸɱɟɧɢɟ (ȼ) ɢ ɧɟɤɨɬɨɪɵɟ ɞɪɭɝɢɟ ɞɟɮɟɤɬɵ. ɂɡɨɛɪɚɠɟɧɢɹ ɞɟɮɟɤɬɨɜ (ɇɤ) 

ɢ (ȼ) ɢɦɟɸɬ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɰɜɟɬ – ɠɟɥɬɵɣ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɨɧɢ ɜɫɟ 
ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɤɨɬɨɪɭɸ ɭɫɥɨɜɧɨ ɦɨɠɧɨ ɧɚɡɜɚɬɶ «ɩɥɨɫɤɨɫɬɶɸ 
ɫɟɱɟɧɢɹ», ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɡɧɚɱɟɧɢɟɦ SLS. Ⱦɟɮɟɤɬ ɠɟ (ɋɤɪ) ɢɦɟɟɬ «ɜɧɭɬɪɟɧɧɟɟ 
ɭɝɥɭɛɥɟɧɢɟ», ɱɬɨ ɨɫɨɛɟɧɧɨ ɯɨɪɨɲɨ ɡɚɦɟɬɧɨ ɧɚ ɪɢɫɭɧɤɚɯ λ ɢ 10. 

 

Ɋɢɫɭɧɨɤ 9 – ɂɡɨɛɪɚɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɢ ɢɯ ɤɨɨɪɞɢɧɚɬɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɞɥɹ SLS=4,155 [Images of structural heterogeneities and their coordinates on the surface 

potentiogram for SLS =4,155] 
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Ɋɢɫɭɧɨɤ 10 – ɂɡɨɛɪɚɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɢ ɢɯ ɤɨɨɪɞɢɧɚɬɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɞɥɹ SLS = 5 [Images of structural heterogeneities and their coordinates on the surface 

potentiogram for SLS = 5] 
 

ɉɪɢ ɫɜɚɪɢɜɚɧɢɢ ɝɥɭɛɨɤɢɯ ɲɜɨɜ ɩɪɢɯɨɞɢɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɫɥɨɣɧɨɟ ɫɜɚɪɢɜɚɧɢɟ. 
ɉɟɪɜɵɣ ɫɥɨɣ ɧɚɩɥɚɜɥɹɸɬ ɜɵɫɨɬɨɣ γ-5 ɦɦ, ɲɢɪɢɧɚ ɤɨɬɨɪɨɝɨ γ-4 ɦɦ. ɉɨɫɥɟɞɭɸɳɢɟ ɫɥɨɢ 
ɜɵɩɨɥɧɹɟɬ ɷɥɟɤɬɪɨɞɚɦɢ ɛɨɥɶɲɟɝɨ ɞɢɚɦɟɬɪɚ 4-5 ɦɦ. ɉɟɪɟɞ ɧɚɩɥɚɜɤɨɣ ɨɱɟɪɟɞɧɨɝɨ ɫɥɨɹ 
ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɡɞɟɥɤɢ ɲɜɚ ɡɚɱɢɳɚɟɬɫɹ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɳɟɬɤɨɣ ɨɬ ɲɥɚɤɚ ɢ ɛɪɵɡɝ 
ɦɟɬɚɥɥɚ. ɉɪɢ ɷɬɨɦ, ɟɫɥɢ ɫɩɟɰɢɚɥɶɧɨ ɧɟ ɩɪɨɝɪɟɜɚɬɶ ɫɜɚɪɢɜɚɟɦɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɬɨ 
ɩɨɫɥɟɞɭɸɳɢɣ ɫɥɨɹ ɦɟɬɚɥɥɚ ɥɨɠɢɬɫɹ ɧɚ ɨɫɬɵɜɚɸɳɢɣ ɫɥɨɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜɨɡɧɢɤɚɸɬ 
ɥɨɤɚɥɶɧɵɟ ɝɪɚɞɢɟɧɬɵ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɜɨɞɢɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɭɫɬɨɬ 
ɢɥɢ ɦɢɤɪɨɬɪɟɳɢɧ. 

Ɋɢɫɭɧɨɤ 11 ɞɚɟɬ ɢɡɨɛɪɚɠɟɧɢɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɭɪɨɜɧɟ SLS = 5 ɢ ɢɯ ɨɛɴɟɦɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ. ɋɪɚɜɧɢɜɚɹ ɷɬɢ 
ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɢɡɨɛɪɚɠɟɧɢɹɦɢ ɧɚ ɫɧɢɦɤɟ ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɦɨɠɧɨ ɩɨɧɹɬɶ ɤ 
ɤɚɤɢɦ ɢɦɟɧɧɨ ɞɟɮɟɤɬɚɦ ɨɬɧɨɫɹɬɫɹ ɷɬɢ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɨɩɪɟɞɟɥɢɬɶ ɢɯ ɤɨɨɪɞɢɧɚɬɵ. 
Ɉɛɪɚɬɢɦ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɧɚ ɞɚɧɧɨɦ ɫɬɪɭɤɬɭɪɧɨɦ ɭɪɨɜɧɟ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɵ, ɩɨ-ɩɪɟɠɧɟɦɭ, ɩɪɢɫɭɬɫɬɜɭɟɬ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ (ɋɤɪ), ɱɬɨ ɝɨɜɨɪɢɬ ɨ 
ɲɢɪɨɤɨɦ ɩɨ ɚɦɩɥɢɬɭɞɟ ɞɢɚɩɚɡɨɧɟ ɢɡɥɭɱɟɧɢɹ ɞɚɧɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ. ȼ ɜɟɪɯɧɟɣ ɱɚɫɬɢ 
ɪɢɫɭɧɤɚ 10 ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɡɟɥɟɧɵɯ ɨɬɬɟɧɤɨɜ ɜɢɞɟɧ ɧɟɩɪɨɜɚɪ ɩɨ ɪɚɡɞɟɥɤɟ 
(ɇɪ).  

Ɋɢɫɭɧɨɤ 11 – ɂɡɨɛɪɚɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɢ ɢɯ ɤɨɨɪɞɢɧɚɬɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɞɥɹ SLS =5,398 [Images of structural heterogeneities and their coordinates on the surface 

potentiogram for SLS =5,398] 
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ɇɚ ɪɢɫɭɧɤɟ 12 ɯɨɪɨɲɨ ɜɢɞɧɚ ɬɨɧɤɚɹ ɫɬɪɭɤɬɭɪɚ ɧɟɩɪɨɜɚɪɚ ɤɨɪɧɹ (ɇɤ) ɜɞɨɥɶ 
ɰɟɧɬɪɚɥɶɧɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɞɨɪɨɠɤɢ ɢ ɬɨɧɤɚɹ ɫɬɪɭɤɬɭɪɚ ɫɦɟɳɟɧɢɹ ɤɪɨɦɨɤ ɞɥɹ  
SLS = 5,γλ8. ȼ ɱɚɫɬɧɨɫɬɢ, ɦɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɝɥɭɛɢɧɚ ɞɟɮɟɤɬɚ ɋɤɪ ɧɟɪɚɜɧɨɦɟɪɧɚ ɩɨ ɟɝɨ 
ɞɥɢɧɟ, ɚ ɫɚɦ ɞɟɮɟɤɬ ɫɨɫɬɨɢɬ ɢɡ ɨɬɞɟɥɶɧɵɯ ɮɪɚɝɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɨɜɚɥɢɫɶ ɜ 
ɩɪɨɰɟɫɫɟ ɫɜɚɪɤɢ. ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ ɢ ɲɢɪɨɤɭɸ ɥɢɧɢɸ ɧɟɩɪɨɜɚɪɚ ɩɨ ɪɚɡɞɟɥɤɟ 
ɜɟɪɯɧɟɣ ɱɚɫɬɢ Ʉɋɋ. ɋɪɚɜɧɢɜɚɹ ɞɚɧɧɵɣ ɪɢɫɭɧɨɤ ɫ ɩɪɟɞɵɞɭɳɢɦ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ 
ɧɚ ɧɟɦ ɧɟɬ ɞɟɮɟɤɬɚ (ȼ) ɜɫɥɟɞɫɬɜɢɟ ɨɬɫɭɬɫɬɜɢɹ ɜɨɥɧ ɧɚɩɪɹɠɟɧɢɣ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ 
ɢɧɬɟɪɜɚɥɟ ɚɦɩɥɢɬɭɞ. Ʌɨɤɚɥɢɡɚɰɢɹ ɞɟɮɟɤɬɚ «ɫɜɢɳ» ɢ ɩɨɥɟ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ 
ɨɤɨɥɨ ɜɨɥɶɮɪɚɦɨɜɨɝɨ ɜɤɥɸɱɟɧɢɹ (ȼ) ɩɪɢ SLS = 5,6λλ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 1β. Ⱦɟɮɟɤɬ 
(ɋɤɪ) ɮɪɚɝɦɟɧɬɢɪɨɜɚɧ ɧɚ ɞɚɧɧɨɦ ɪɢɫɭɧɤɟ ɧɚ ɨɬɞɟɥɶɧɵɟ ɰɜɟɬɨɜɵɟ ɩɹɬɧɚ ɫɢɧɟ-ɝɨɥɭɛɵɯ 
ɨɬɬɟɧɤɨɜ ɢ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɨɫɬɪɨɤɨɧɟɱɧɵɟ ɬɪɟɭɝɨɥɶɧɢɤɢ ɧɟɛɨɥɶɲɨɝɨ ɪɚɡɦɟɪɚ. 
Ɍɪɟɭɝɨɥɶɧɢɤɢ ɪɚɫɩɪɟɞɟɥɟɧɵ ɜɞɨɥɶ ɜɬɨɪɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɞɨɪɨɠɤɢ, ɫ ɤɨɨɪɞɢɧɚɬɚɦɢμ 
ɧɚɱɚɥɨ     , ɤɨɧɟɰ     .  

 

Ɋɢɫɭɧɨɤ 1β – ɂɡɨɛɪɚɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɢ ɢɯ ɤɨɨɪɞɢɧɚɬɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɞɥɹ SLS = 5,699 [Images of structural heterogeneities and their coordinates on the surface 

potentiogram for SLS = 5,699] 
 

ɇɚ ɪɢɫɭɧɤɟ 1γ ɩɪɢɜɟɞɟɧɚ ɩɨɬɟɧɰɢɨɝɪɚɦɦɚ ɫ ɜɵɫɨɤɢɦ ɚɦɩɥɢɬɭɞɧɵɦ ɪɚɡɪɟɲɟɧɢɟɦ 
ɞɥɹ SLS = 6, ɧɚ ɤɨɬɨɪɨɣ ɥɨɤɚɥɢɡɨɜɚɧɵ ɞɟɮɟɤɬɵ «ɫɜɢɳ», ɧɟɩɪɨɜɚɪ ɤɨɪɧɹ (ɇɤ), ɩɨɪɚ (ɉ), 

ɜɨɥɶɮɪɚɦɨɜɨɟ ɜɤɥɸɱɟɧɢɟ (ȼ) ɢ ɫɦɟɳɟɧɢɟ ɤɪɨɦɨɤ (ɋɤɪ) ɩɨ ɜɫɟɣ ɞɥɢɧɟ Ʉɋɋ. ȼɢɞɧɵ 
ɬɚɤɠɟ ɤɨɨɪɞɢɧɚɬɵ ɷɬɢɯ ɞɟɮɟɤɬɨɜ. Ʉɚɤ ɛɭɞɟɬ ɩɨɤɚɡɚɧɨ ɧɢɠɟ ɞɟɮɟɤɬ ɩɨɪɚ (ɉ) ɢ 
ɜɨɥɶɮɪɚɦɨɜɨɟ ɜɤɥɸɱɟɧɢɟ (ȼ) ɨɤɚɠɭɬɫɹ ɧɟ ɨɞɢɧɨɱɧɵɦɢ, ɚ ɫɩɚɪɟɧɧɵɦɢ ɞɟɮɟɤɬɚɦɢ. 

Ɋɢɫɭɧɨɤ 1γ – ɂɡɨɛɪɚɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɢ ɢɯ ɤɨɨɪɞɢɧɚɬɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɞɥɹ SLS = 6 [Images of structural heterogeneities and their coordinates on the surface 

potentiogram for SLS = 6] 
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ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɪɢɫɭɧɤɨɜ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɞɟɮɟɤɬ (ɋɤɪ) ɞɚɟɬ ɢɡɥɭɱɟɧɢɟ 
ɜɨɥɧ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɚɦɩɥɢɬɭɞ. ɇɚ ɷɬɨɦ ɮɨɧɟ 
ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦɚ ɨɛɧɚɪɭɠɟɧɢɹ ɛɨɥɟɟ ɦɟɥɤɢɯ ɩɨ ɪɚɡɦɟɪɚɦ ɞɟɮɟɤɬɨɜ. Ʉɪɨɦɟ ɷɬɨɝɨ 
ɢɡɥɭɱɟɧɢɟ ɨɬ ɦɟɥɤɢɯ ɞɟɮɟɤɬɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɝɥɭɛɨɤɨ ɜ Ʉɋɋ, ɨɫɥɚɛɥɹɟɬɫɹ ɡɚ ɫɱɟɬ 
ɡɚɬɭɯɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɜɨɥɧ ɜ ɨɛɴɟɦɟ ɦɚɬɟɪɢɚɥɚ. Ɉɩɪɟɞɟɥɟɧɧɵɟ ɬɪɭɞɧɨɫɬɢ ɜɨɡɧɢɤɚɸɬ 
ɩɪɢ ɨɛɧɚɪɭɠɟɧɢɢ ɞɜɭɯ ɧɟɛɨɥɶɲɢɯ ɩɨ ɪɚɡɦɟɪɚɦ ɞɟɮɟɤɬɨɜ, ɧɚɯɨɞɹɳɢɣɫɹ ɨɞɢɧ ɩɨɞ 
ɞɪɭɝɢɦ. 

ȼɨɩɪɨɫ ɨ ɮɢɡɢɱɟɫɤɨɦ ɦɟɯɚɧɢɡɦɟ ɨɛɪɚɡɨɜɚɧɢɹ ɜɨɥɧ ɧɚɩɪɹɠɟɧɢɣ ɨɬ ɞɟɮɟɤɬɨɜ ɜ 
ɫɜɚɪɧɨɦ ɫɨɟɞɢɧɟɧɢɢ, ɚ ɬɚɤɠɟ, ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɜɨɥɧɵ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜɥɢɹɸɬ 
ɧɚ ɜɟɥɢɱɢɧɭ ɢ ɡɧɚɤ ɪɟɝɢɫɬɪɢɪɭɟɦɨɝɨ ɫɢɝɧɚɥɚ, ɩɨɤɚ ɨɫɬɚɟɬɫɹ ɨɬɤɪɵɬɵɦ. Ɍɚɤ ɩɪɢ ɚɧɚɥɢɡɟ 
ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɩɨɬɟɧɰɢɨɝɪɚɦɦ ɫɬɚɥɶɧɨɝɨ ɛɪɭɫɚ ɫ ɩɪɨɫɜɟɪɥɟɧɧɵɦɢ ɝɥɭɯɢɦɢ 
ɨɬɜɟɪɫɬɢɹɦɢ ɪɚɡɧɨɣ ɝɥɭɛɢɧɵ, ɛɵɥɨ ɡɚɦɟɱɟɧɨ, ɱɬɨ ɢɡɨɛɪɚɠɟɧɢɹ ɜɧɭɬɪɟɧɧɢɯ ɤɪɨɦɨɤ 
ɨɬɜɟɪɫɬɢɣ ɩɪɨɢɫɯɨɞɹɬ ɨɬ ɜɨɥɧ ɧɚɩɪɹɠɟɧɢɣ, ɢɡɥɭɱɚɟɦɵɯ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɨɬɜɟɪɫɬɢɹ, ɨɛɪɚɡɨɜɚɧɧɨɝɨ ɩɪɢ ɫɜɟɪɥɟɧɢɢ ɤɪɨɦɤɨɣ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ. 

 

ȼɵɹɜɥɟɧɢɟ ɞɟɮɟɤɬɨɜ ɫ ɩɨɦɨɳɶɸ ɞɢɫɤɪɟɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ 

ɋɨɜɦɟɫɬɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɭɡɤɨɩɨɥɨɫɧɨɝɨ ɮɢɥɶɬɪɚ ɉȺȾ ɫ ɜɵɫɨɤɢɦ ɪɚɡɪɟɲɟɧɢɟɦ 
ɩɨ ɚɦɩɥɢɬɭɞɟ ɫɢɝɧɚɥɚ ɢ ɮɨɪɦɚɥɢɡɦɚ ȾɉɎ ɫ ɱɚɫɬɨɬɧɨ-ɜɪɟɦɟɧɧɵɦɢ ɨɤɧɚɦɢ ɩɨɡɜɨɥɹɟɬ 
ɷɮɮɟɤɬɢɜɧɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɞɟɮɟɤɬɵ Ʉɋɋ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɨɛɪɚɡɭɸɳɢɟɫɹ ɫɩɚɪɟɧɧɵɟ 
ɞɟɮɟɤɬɵ. 

ɇɚ ɪɢɫɭɧɤɚɯ 14 ɢ 15 ɩɨɤɚɡɚɧɵ ɩɪɢɦɟɪɵ ɱɚɫɬɨɬɧɨɣ ɥɨɤɚɥɢɡɚɰɢɢ ɞɟɮɟɤɬɨɜ ɜ Ʉɋɋ. 
ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɢɫɭɧɤɚ 14 ɩɪɢɜɨɞɢɬɫɹ ɜɢɞ ɥɨɤɚɥɢɡɨɜɚɧɧɨɝɨ ɞɟɮɟɤɬɚ ɧɚ ɥɢɧɟɣɧɨɣ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ (ɪɨɡɨɜɵɣ ɰɜɟɬ) ɢ ɟɝɨ ɝɚɪɦɨɧɢɤɚ ɜ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ȾɉɎ (ɤɨɫɢɧɭɫɨɢɞɚ 
ɫɢɧɟɝɨ ɰɜɟɬɚ). ɒɤɚɥɚ ɩɨ ɨɫɢ ɭ ɨɬɧɨɫɢɬɫɹ ɤ ɨɛɟɢɦ ɤɪɢɜɵɦ ɨɞɧɨɜɪɟɦɟɧɧɨ. Ⱦɟɮɟɤɬ ɛɵɥ 
ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧ ɤɚɤ ɥɨɤɚɥɶɧɵɣ ɧɟɩɪɨɜɚɪ ɤɨɪɧɹ ɧɚ ɭɪɨɜɧɟ SLS = 1,8β4 (ɫɦ. ɪɢɫ. 6), 

ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɧɚ ɩɹɬɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɞɨɪɨɠɤɟ. ɇɚ ɪɢɫɭɧɤɟ 15 ɩɨɤɚɡɚɧ ɪɟɡɭɥɶɬɚɬ 
ɨɛɧɚɪɭɠɟɧɢɹ ɧɚ ɬɪɟɬɶɟɣ ɞɨɪɨɠɤɟ ɧɟɩɪɨɜɚɪɚ ɤɨɪɧɹ ɢ ɞɟɮɟɤɬɚ (ɋɤɪ) ɧɚ ɩɹɬɨɣ ɞɨɪɨɠɤɟ ɧɚ 
ɭɪɨɜɧɟ SLS = 4,155 (ɫɦ. ɪɢɫ. λ), ɚ ɬɚɤɠɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɬɢɦ ɞɟɮɟɤɬɚɦ ɫɩɟɤɬɪɵ 
Ɏɭɪɶɟ. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Ɋɢɫɭɧɨɤ 14 – ɑɚɫɬɨɬɧɚɹ ɥɨɤɚɥɢɡɚɰɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ. Ɉɞɢɧɨɱɧɵɣ ɞɟɮɟɤɬ ɧɟɩɪɨɜɚɪɚ ɤɨɪɧɹ 
(ɇɤ) ɥɨɤɚɥɢɡɨɜɚɧ ɧɚ ɥɢɧɟɣɧɨɣ ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɪɢɫɭɧɤɚ. ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɢɫɭɧɤɚ 

ɞɚɧɧɵɣ ɞɟɮɟɤɬ ɜɵɞɟɥɟɧ ɪɨɡɨɜɵɦ ɰɜɟɬɨɦ. Ƚɚɪɦɨɧɢɤɚ, ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ ɤɨɫɢɧɭɫɚ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɞɚɧɧɨɦɭ ɞɟɮɟɤɬɭ ɜ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ȾɉɎ, ɩɨɤɚɡɚɧɚ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɢɫɭɧɤɚ ɫɢɧɢɦ 

ɰɜɟɬɨɦ ДFЫОqЮОЧМв ХШМКХТгКЭТШЧ ШП ЬЭЫЮМЭЮЫКХ СОЭОЫШРОЧОТЭТОЬ. A single root deficiency defect (ɇɤ) is localized on 

a linear potentiogram in the upper part of the figure. At the bottom of the figure, this defect is highlighted in 

pink. Harmonics, the trigonometric cosine function corresponding to a given defect in the DFT representation is 

shown in blue at the bottom of the figure] 
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Ɋɢɫɭɧɨɤ 15 – ɑɚɫɬɨɬɧɚɹ ɥɨɤɚɥɢɡɚɰɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ. ȼ ɰɟɧɬɪɟ ɪɢɫɭɧɤɚ ɩɨɤɚɡɚɧɚ 
ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɩɨɬɟɧɰɢɨɝɪɚɦɦɚ. ȼɜɟɪɯɭ ɨɬ ɧɟɟ ɩɪɢɜɟɞɟɧɚ ɥɢɧɟɣɧɚɹ ɩɨɬɟɧɰɢɨɝɪɚɦɦɚ ɢ ɫɩɟɤɬɪ Ɏɭɪɶɟ ɫ 

ɨɤɧɨɦ ɏɟɦɦɢɧɝɚ ɞɥɹ ɞɟɮɟɤɬɚ ɧɟɩɪɨɜɚɪ ɤɨɪɧɹ (ɇɤ), ɚ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɢɫɭɧɤɚ ɩɪɢɜɟɞɟɧɚ ɥɢɧɟɣɧɚɹ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɚ ɢ ɫɩɟɤɬɪ Ɏɭɪɶɟ ɫ ɨɤɧɨɦ ɏɟɦɦɢɧɝɚ ɞɥɹ ɞɟɮɟɤɬɚ ɧɟɩɪɨɜɚɪ ɩɨ ɪɚɡɞɟɥɤɟ (ɇɪ) [Frequency 

localization of structural heterogeneities. In the center of the figure, a surface potentiogram is shown. At the top 

of it is a linear potentiogram and Fourier spectrum with a Hamming window for a root penetration defect (ɇɤ), 

and at the bottom of the figure, a linear potentiogram and a Fourier spectrum with a Hamming window for a root 

penetration defect (ɇɪ) are shown] 

 

ɇɚ ɪɢɫɭɧɤɟ 16 ɩɨɤɚɡɚɧ ɩɪɢɦɟɪ ɨɛɧɚɪɭɠɟɧɢɹ ɞɜɭɯ ɫɩɚɪɟɧɧɵɯ ɞɟɮɟɤɬɨɜ 
(ɞɜɨɣɧɢɤɨɜ), ɨɛɪɚɡɨɜɚɧɧɵɯ ɧɚ 4-ɬɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɞɨɪɨɠɤɟ, ɩɟɪɜɨɧɚɱɚɥɶɧɨ 
ɢɞɟɧɬɢɮɢɰɢɪɭɟɦɵɯ ɤɚɤ ɩɨɪɚ (ɉ) ɢ ɜɨɥɶɮɪɚɦɨɜɨɟ ɜɤɥɸɱɟɧɢɟ (ȼ, ɫɦ. ɪɢɫ. 1γ). ɇɚ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɚɯ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɜɢɞɧɚ ɬɚɤɠɟ ɞɟɬɚɥɢɡɚɰɢɹ ɞɟɮɟɤɬɨɜ ɋɤɪ. 

ɉɟɪɜɨɧɚɱɚɥɶɧɨ, ɫɥɟɞɭɹ ɪɢɫɭɧɤɭ 16 ɚ ɩɪɢ SLS = 6, ɛɵɥ ɫɞɟɥɚɧ ɨɲɢɛɨɱɧɵɣ ɜɵɜɨɞ ɨ ɬɨɦ, 
ɱɬɨ ɧɚ ɥɢɧɟɣɧɨɣ ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ (ɪɢɫ.16 ɚ, ɫɥɟɜɚ) ɩɪɢɫɭɬɫɬɜɭɸɬ ɢɡɨɛɪɚɠɟɧɢɹ ɱɟɬɵɪɟɯ 
ɨɬɞɟɥɶɧɵɯ ɞɟɮɟɤɬɨɜ ɧɚ 4-ɬɨɣ ɢ 5-ɬɨɣ ɞɨɪɨɠɤɚɯ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɹɬɨɣ ɦɨɞɟɥɶɸ 
(ɮɨɪɦɭɥɚ 8) ȾɉɎ ɞɚɟɬ ɥɨɤɚɥɢɡɚɰɢɸ ɱɟɬɵɪɟɯ ɝɚɪɦɨɧɢɤ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɨɬ ɱɟɬɵɪɟɯ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɟɣɫɬɜɭɸɳɢɯ ɢɫɬɨɱɧɢɤɨɜ. Ɉɞɧɚɤɨ, ɩɪɢ ɛɨɥɟɟ ɜɧɢɦɚɬɟɥɶɧɨɦ 
ɪɚɫɫɦɨɬɪɟɧɢɢ ɝɪɚɮɢɤɨɜ ɦɨɠɧɨ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ ɬɨɥɶɤɨ ɞɜɚ ɞɟɮɟɤɬɚ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɚ 4-

ɬɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɞɨɪɨɠɤɟ, ɚ ɞɜɚ ɞɪɭɝɢɯ – ɧɚ ɫɨɫɟɞɧɟɣ ɩɹɬɨɣ ɞɨɪɨɠɤɟ. ɉɪɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ SLS ɨɬ 6 ɞɨ 6,β6 ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɢɡɨɛɪɚɠɟɧɢɹ, 
ɧɚ ɤɨɬɨɪɵɯ ɞɜɨɣɧɢɤɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ 4-ɬɨɣ ɞɨɪɨɠɤɟ, ɧɚɱɢɧɚɸɬ ɪɚɫɩɚɞɚɬɶɫɹ ɧɚ 
ɨɞɢɧɨɱɧɵɟ ɞɟɮɟɤɬɵ ɢ ɡɚɬɟɦ ɢɫɱɟɡɚɸɬ ɩɪɢ SLS = 6,β6 (ɪɢɫ. 16 ɞ). ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɮɢɥɶɬɪɚɰɢɢ ɧɚ ɩɨɬɟɧɰɢɨɝɪɚɦɦɟ ɨɫɬɚɟɬɫɹ ɬɨɥɶɤɨ ɨɞɢɧ ɞɟɮɟɤɬ ɧɚ 5-ɬɨɣ ɞɨɪɨɠɤɟ, 
ɢɞɟɧɬɢɮɢɰɢɪɭɟɦɵɣ ɤɚɤ ɥɨɤɚɥɶɧɵɣ ɧɟɩɪɨɜɚɪ ɤɨɪɧɹ (ɇɤ). ɂɡɨɛɪɚɠɟɧɢɟ ɷɬɨɝɨ ɞɟɮɟɤɬɚ 
ɢɫɱɟɡɚɟɬ ɫ ɩɨɬɟɧɰɢɨɝɪɚɦɦɵ ɩɪɢ SLS = 6,31. 



70 ȺɅȼȺɏȿȻȺ ɢ ɞɪ.  

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

Ɋɢɫɭɧɨɤ 16 – ɂɡɨɛɪɚɠɟɧɢɹ ɫɩɚɪɟɧɧɵɯ ɞɜɨɣɧɢɤɨɜ ɜ Ʉɋɋ. Ⱦɜɨɣɧɢɤɢ ɜɵɞɟɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ, ɚ ɜ ɛɟɥɵɣ ɤɪɭɝ 
ɢ ɩɨɤɚɡɚɧɵ ɫɬɪɟɥɤɨɣ. ɋ ɥɟɜɨɣ ɫɬɨɪɨɧɵ ɪɢɫɭɧɤɨɜ ɩɪɢɜɟɞɟɧɵ ɥɢɧɟɣɧɵɟ ɩɨɬɟɧɰɢɨɝɪɚɦɦɵ (ɪɨɡɨɜɨɝɨ ɰɜɟɬɚ) 

ɢ ɤɪɢɜɵɟ ȾɉɎ ɫ ɨɤɧɨɦ ɏɟɦɦɢɧɝɚ (ɫɢɧɟɝɨ ɰɜɟɬɚ). ɂɡɨɛɪɚɠɟɧɢɹ ɩɨɥɭɱɟɧɵ ɞɥɹ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ SLS:  

ɚ – 6; ɛ – 6,046; ɜ – 6,097; ɝ – 6,155; ɞ – 6,26 [Images of twin counterparts in control sample. Doubles are 

highlighted in figure a in a white circle and are shown by an arrow. On the left side of the figures are linear 

potentiograms (pink) and DFT curves with a Hamming window (blue). Images were obtained for high SLS 

values: ɚ – 6; ɛ – 6,046; ɜ – 6,097; ɝ – 6,155; ɞ – 6,26] 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɧɚ ɨɫɧɨɜɟ 
ɭɡɤɨɩɨɥɨɫɧɨɝɨ ɮɢɥɶɬɪɚ ɉȺȾ ɫ ɲɚɝɨɦ 0,1 ɦɤȼ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɩɚɪɟɧɧɵɟ ɞɟɮɟɤɬɵ 
(ɞɜɨɣɧɵɟ, ɬɪɨɣɧɵɟ ɢ ɬ.ɞ.), ɤɨɬɨɪɵɟ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɞɪɭɝ ɨɬ 
ɞɪɭɝɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ, ɥɢɛɨ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ (ɞɪɭɝ ɩɨɞ ɞɪɭɝɨɦ). 

 

ȼɵɜɨɞ 

Ɇɟɬɨɞ ɫɤɚɧɢɪɭɸɳɟɣ ɤɨɧɬɚɤɬɧɨɣ ɩɨɬɟɧɰɢɨɦɟɬɪɢɢ (ɋɄɉ) ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ 
ɨɛɧɚɪɭɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɜ ɫɜɚɪɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɢɯ 
ɤɨɨɪɞɢɧɚɬ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥ ɩɨɞɝɨɬɨɜɥɟɧ ɫɩɟɰɢɚɥɶɧɵɣ ɨɛɪɚɡɟɰ, ɫɜɚɪɟɧɧɵɣ ɪɭɱɧɨɣ 
ɞɭɝɨɜɨɣ ɫɜɚɪɤɨɣ ɢɡ ɞɜɭɯ ɩɨɥɨɜɢɧ ɚɭɫɬɟɧɢɬɧɨɣ ɫɬɚɥɢ 1βɏ18ɇ10Ɍ ɪɚɡɦɟɪɨɦ 
200×110×1γ,5 ɦɦ ɫ ɪɚɛɨɱɟɣ ɲɢɪɢɧɨɣ ɲɜɚ 1β ɦɦ. ɉɨɫɥɟ ɫɜɚɪɤɢ ɲɨɜ ɛɵɥ ɩɪɨɫɜɟɱɟɧ ɧɚ 
ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɭɫɬɚɧɨɜɤɟ ɢ ɩɨɥɭɱɟɧ ɫɧɢɦɨɤ ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ. ɉɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɢɡɦɟɪɟɧɢɣ ɩɨɫɬɪɨɟɧɵ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɩɨɬɟɧɰɢɨɝɪɚɦɦɵ ɢ ɩɪɨɜɟɞɟɧɚ 
ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɞɟɮɟɤɬɨɜ ɧɚ ɩɨɬɟɧɰɢɨɝɪɚɦɦɚɯ ɫ ɢɯ ɢɡɨɛɪɚɠɟɧɢɹɦɢ ɧɚ 
ɫɧɢɦɤɟ ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ. ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ 
ɩɨɬɟɧɰɢɨɝɪɚɦɦɚɯ ɞɚɟɬ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɢɡɨɛɪɚɠɟɧɢɹɦɢ ɷɬɢɯ ɠɟ 
ɞɟɮɟɤɬɨɜ ɧɚ ɫɧɢɦɤɟ ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɨɛɴɹɫɧɹɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɪɚɧɟɟ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɪɚɫɱɟɬɧɵɯ ɢ ɮɢɡɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ. 

ȼ ɱɚɫɬɧɨɫɬɢ, ɞɟɮɟɤɬ ɫɦɟɳɟɧɢɹ ɤɪɨɦɨɤ ɞɚɟɬ ɢɡɥɭɱɟɧɢɟ ɜɨɥɧ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɧɚɩɪɹɠɟɧɢɣ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɚɦɩɥɢɬɭɞ. ɇɚ ɷɬɨɦ ɮɨɧɟ ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦɚ 
ɨɛɧɚɪɭɠɟɧɢɹ ɛɨɥɟɟ ɦɟɥɤɢɯ ɩɨ ɪɚɡɦɟɪɚɦ ɞɟɮɟɤɬɨɜ. Ʉɪɨɦɟ ɷɬɨɝɨ ɢɡɥɭɱɟɧɢɟ ɨɬ ɦɟɥɤɢɯ 
ɞɟɮɟɤɬɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɝɥɭɛɨɤɨ ɜ Ʉɋɋ, ɨɫɥɚɛɥɹɟɬɫɹ ɡɚ ɫɱɟɬ ɡɚɬɭɯɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɜɨɥɧ ɜ ɨɛɴɟɦɟ ɦɚɬɟɪɢɚɥɚ. Ɉɩɪɟɞɟɥɟɧɧɵɟ ɬɪɭɞɧɨɫɬɢ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɨɛɧɚɪɭɠɟɧɢɢ ɞɜɭɯ 
ɧɟɛɨɥɶɲɢɯ ɩɨ ɪɚɡɦɟɪɚɦ ɞɟɮɟɤɬɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɪɹɞɨɦ ɢɥɢ ɨɞɢɧ ɩɨɞ ɞɪɭɝɢɦ. 
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ɋɨɜɦɟɫɬɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɭɡɤɨɩɨɥɨɫɧɨɝɨ ɮɢɥɶɬɪɚ ɉȺȾ ɫ ɜɵɫɨɤɢɦ ɪɚɡɪɟɲɟɧɢɟɦ 
ɩɨ ɚɦɩɥɢɬɭɞɟ ɫɢɝɧɚɥɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɮɨɪɦɚɥɢɡɦɚ ȾɉɎ ɫ ɱɚɫɬɨɬɧɨ-ɜɪɟɦɟɧɧɵɦɢ 
ɨɤɧɚɦɢ ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɞɟɮɟɤɬɵ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɢ ɨɛɪɚɡɭɸɳɢɟɫɹ ɫɩɚɪɟɧɧɵɟ ɞɟɮɟɤɬɵ. 

 
Ȼɥɚɝɨɞɚɪɧɨɫɬɶ 

Ⱥɜɬɨɪɵ ɛɥɚɝɨɞɚɪɹɬ ɫɜɚɪɳɢɤɚ ɈɈɈ «Ɍɟɯɧɨɫɤɚɧ» Ʉɨɥɵɯɚɥɨɜɚ ɘ. Ⱥ. ɡɚ ɩɨɞɝɨɬɨɜɤɭ ɨɛɪɚɡɰɚ 
ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɚ ɝɪɚɧɬɨɦ ɊɎɎɂ ɩɨ ɞɨɝɨɜɨɪɭ №1λ-08-00β66/1λ ɨɬ 10.01.β01λ. 
 

ɋɉɂɋɈɄ ɅɂɌȿɊȺɌɍɊɕ 

 

1. ɋɭɪɢɧ, ȼ. ɂ. Ɇɟɬɨɞɵ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɢ ɤɨɧɬɪɨɥɹ ɪɟɚɤɬɨɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ / 
ȼ. ɂ. ɋɭɪɢɧ, Ɂ. ɋ. ȼɨɥɤɨɜɚ, Ɋ. Ⱥ. Ⱦɟɧɢɫɨɜ, ȼ. Ⱦ. Ɇɨɬɨɜɢɥɢɧ, ɇ. ȼ. Ɋɟɣɧ // Ƚɥɨɛɚɥɶɧɚɹ ɹɞɟɪɧɚɹ 
ɛɟɡɨɩɚɫɧɨɫɬɶ. – № 4(β1). – 2016. – ɋ. 51-62. 

2. Surin, V. I. New potential for potentiometry. Nuclear Engineering International. 63 (765). 2018.  

Ɋ. 30-32. 

3. Ferrante J., Smith J.R. Theory of metallic adhesion. Physical Review. B.V.19. 1979. P.3911-3920.  

4. Rose J.H., Ferrante J., Smith J.R. Universal binding energy curves for metals and bimetallic 

interfaces. Physical Review Letters. V.47. 1981. P.675-678. 

5. Ɍɟɣɛɨɪ, Ⱦ. ɉɪɨɛɥɟɦɵ ɬɪɟɧɢɹ ɢ ɫɦɚɡɤɢ / Ⱦ. Ɍɟɣɛɨɪ. – 1981. – Ɍ.10γ. – №β. – ɋ. 1-19. 

6. Ⱦɪɨɡɞɨɜ, ɘ. ɇ. ɉɪɨɬɢɜɨɡɚɞɢɪɧɚɹ ɫɬɨɣɤɨɫɬɶ ɬɪɭɳɢɯɫɹ ɬɟɥ / ɘ. ɇ. Ⱦɪɨɡɞɨɜ, ȼ. Ƚ. Ⱥɪɱɟɝɨɜ,  
ȼ. ɂ. ɋɦɢɪɧɨɜ. – Ɇɨɫɤɜɚ μ ɇɚɭɤɚ, 1λ81. – 1γλ ɫ. 

7. Ȼɚɪɚɧɨɜ, ȼ.Ɇ., Ⱥɤɭɫɬɢɱɟɫɤɚɹ ɷɦɢɫɫɢɹ ɩɪɢ ɬɪɟɧɢɢ / ȼ. Ɇ. Ȼɚɪɚɧɨɜ, ȿ. Ɇ. Ʉɭɞɪɹɜɰɟɜ,  
Ƚ. Ⱥ. ɋɚɪɵɱɟɜ, ȼ. Ɇ. ɓɚɜɟɥɢɧ. – Ɇɨɫɤɜɚ μ ɗɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 1λλ8. – β56 ɫ. 

8. ɋɭɪɢɧ ȼ. ɂ. ɗɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɪɟɚɤɬɨɪɧɵɯ ɦɚɬɟɪɢɚɥɨ / ȼ. ɂ. ɋɭɪɢɧ, ɇ. Ⱥ. ȿɜɫɬɸɯɢɧ. – Ɇɨɫɤɜɚ μ ɆɂɎɂ, β008. – 167 ɫ. 

9. ɋɭɪɢɧ ȼ. ɂ. Ɋɚɡɪɚɛɨɬɤɚ ɫɪɟɞɫɬɜ ɢ ɦɟɬɨɞɨɜ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɨɣ 
ɞɢɚɝɧɨɫɬɢɤɢ ɞɥɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɦɚɬɟɪɢɚɥɨɜ / ȼ. ɂ. ɋɭɪɢɧ, Ⱥ. Ⱥ. Ⱥɛɭ Ƚɚɡɚɥ,  
ȿ. ȼ. ȼɨɥɨɲɢɧ, ȿ. ɘ. Ɍɟɥɶɧɨɜ, Ⱦ. Ɉ. Ɍɢɬɨɜɟɰ // ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟ. – 2017. – № 4(166). – ɋ. 55-59. 

10.  ɋɭɪɢɧ, ȼ. ɂ. ɑɚɫɬɨɬɧɨ-ɜɪɟɦɟɧɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɨɝɨ 
ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ / ȼ. ɂ. ɋɭɪɢɧ, ɂ. Ⱥ. ȿɪɨɮɟɟɜ, ɂ. ɋ. Ʉɪɸɤɨɜ, ȼ. ɂ. ɋɚɜɢɧ // VII 

Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɚɹ ɲɤɨɥɚ-ɤɨɧɮɟɪɟɧɰɢɹ (ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɨɛɥɟɦɵ ɮɢɡɢɤɢ ɢ ɬɟɯɧɨɥɨɝɢɢ) 
– Ɇɨɫɤɜɚ μ ɇɂəɍ ɆɂɎɂ, β018. – ɋ. β07-208. 

11. ɋɭɪɢɧ, ȼ. ɂ. ɉɨɜɟɪɯɧɨɫɬɧɚɹ ɩɨɬɟɧɰɢɨɦɟɬɪɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɞɥɢɬɟɥɶɧɵɯ 
ɭɫɬɚɥɨɫɬɧɵɯ ɢɫɩɵɬɚɧɢɹɯ / ȼ. ɂ. ɋɭɪɢɧ, Ɍ. ɇ. Ɂɨɪɢɧɚ, Ⱥ. Ɏ. Ʉɨɪɨɬɢɧ // ɇɚɭɱɧɚɹ ɫɟɫɫɢɹ ɇɂəɍ 
ɆɂɎɂ-β010, Ɍɨɦ β. ɇɚɧɨɮɢɡɢɤɚ ɢ ɧɚɧɨɬɟɯɧɨɥɨɝɢɢ. Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɧɚɭɤɢ. – 

Ɇɨɫɤɜɚ μ ɇɂəɍ ɆɂɎɂ, β010. – γ44 ɫ. 
12. Mallat, S. A wavelet tour of signal processing. Second Edition. Academic Press, 1999. 

13. Persson, B.N.J. Contact mechanics for randomly rough surfaces. Surface Science Reports. 2006. 

V.61. P. 201-227. 

  

REFERENCES 

 
[1] Surin V.I., Volkova Z.S., Denisov R.A., Motovilin V.D., Rein N.V. Metody` e`lektrofizicheskoj 

diagnostiki i kontrolya reaktornogo oborudovaniya [Methods of Electrophysical Diagnostics and 

Control of Reactor Equipment]. Global`naya yadernaya bezopasnost`[Global Nuclear Security]. № 
4(21). Ɋ. 51-62 (in Russian). 

[2] Surin V.I. New Potential for Potentiometry. Nuclear Engineering International. 63 (765). 2018. Ɋ. 

30-32. 

[3] Ferrante J., Smith J.R. Theory of Metallic Adhesion. Physical Review. B.V.19. 1979. P.3911-3920. 

[4] Rose J.H., Ferrante J., Smith J.R. Universal Binding Energy Curves for Metals and Bimetallic 

Interfaces. Physical Review Letters. V.47. 1981. P.675-678. 

[5] Tabor D. Problemy` treniya i smazki [Problems of Friction and Lubrication]. 1981. Ɍ.10γ. №β. ɋ. 1-

19 (in Russian). 

[6] Drozdov Y.N., Archegov V.G., Smirnov V.I. Protivozadirnaya stojkost` trushhixsya tel [Extreme 

Pressure Resistance of Rubbing Bodies]. Ɇoskva: Nauka [Moscow: The Science]. 1981. 139 p.  

(in Russian). 



72 ȺɅȼȺɏȿȻȺ ɢ ɞɪ.  

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) 2020 

[7] Baranov V.M., Kudryavtsev E.M., Sarychev G.A., Shovelin V.M. Akusticheskaya e`missiya pri 

trenii [Acoustic Emission in Friction]. Moskva: E`nergoatomizdat [Moscow: Energoatomizdat]. 

1998. 256 ɪ. (in Russian). 

[8] Surin V.I., Evstyukhin N.A. E`lektrofizicheskie metody` nerazrushayushhego kontrolya i 

issledovaniya reaktorny`x materialov [Electro-physical Methods of Nondestructive Testing and 

Research of Reactor Materials]. Moskva: ɆIFI [Moscow: MEPhI]. 2008. 167 p. (in Russian). 

[9] Surin V.I., Abu ghazal A.A., Voloshin E.V., Telnov E.Yu., Titovets D.O. Razrabotka sredstv i 

metodov obrabotki signalov e`lektrofizicheskoj diagnostiki dlya fiziko-mexanicheskix ispy`tanij 

materialov [Development of Means and Methods of Processing of Electrophysical Diagnostics 

Signals for Physical and Mechanical Tests of Materials]. Informacionny`e texnologii v 

proektirovanii i proizvodstve [Information technologies in design and production]. Moskva: FGUP 

VIMI [MoscШаμ FSUE VIMIЖ. β017. №4 (166). P.55-59 (in Russian). 

[10] Surin V.I., Erofeev A.I., Kryukov I.S., Savin, V.I. Chastotno-vremennoe predstavlenie rezul`tatov 

e`lektrofizicheskogo nerazrushayushhego kontrolya [Time-Frequency Representation of the Results 

of Non-Destructive Control of Electrophysical] VII Mezhdunarodnaya nauchnaya shkola-

konferenciya (Sovremenny`e problemy` fiziki i texnologii) [VII International Scientific School-

Conference (Modern Problems of Physics and Technology)]. Moskva: ɆIFI [Moscow: MEPhI]. 

2018. P.207-208 (in Russian). 

[11] Surin V.I., Zorina T.N., Korotin A.F. Poverxnostnaya potenciometriya metallicheskix materialov pri 

dlitel`ny`x ustalostny`x ispy`taniyax [Surface Potentiometry of Metal Materials during Long-Term 

Fatigue Tests]. Nauchnaya sessiya NIYaU MIFI-2010. Tom 2. Nanofizika i nanotexnologii. 

Fundamental`ny`e problemy` nauki [Scientific Session of MEPhI-2010. Volume 2. Nanophysics and 

Nanotechnologies. Fundamental Problems of Science]. Moskva: ɆIFI [Moscow: MEPhI]. 2010. 344 

p. (in Russian). 

[12] Mallat S. A Wavelet Tour of Signal Processing. Second Edition. Academic Press. 1999. 

[13] Persson B.N.J. Contact Mechanics for Randomly Rough Surfaces. Surface Science Reports. 2006. 

V.61. P. 201-227. 
 

Detection of Welded Joint Defects by Scanning Contact Potentiometry 
 

A.I. Alwaheba
*1

, V.I. Surin
*2

, T.E. Ivanova
**3

, O.V. Ivanov
**4

,  

V.G. Beketov
***5

, V.Ⱥ. Goshkoderov
*6

  
 

*NКЭТШЧКХ RОЬОКrМС NЮМХОКr UЧТЯОrЬТЭв «MEPСI», KКЬСТrЬФШвО ЬСШЬЬО, 31, MШЬМШа, RЮЬЬТК 115409 
**

Tekhnoskan Company, Chernikov str., 2, building 31, sq. 162, Volgodonsk, Russia 347375 
***

VETI NRNU MEPhI, Lenin street, 73/94. Volgodonsk, Russia 347360 
1
ORCID iD: 0000-0002-9964-9146 

e-mail: anas.kloub@jaec.gov.jo 
2
ORCID iD: 0000-0001-6153-0206 

e-mail: visconst@rambler.ru 
3
ORCID iD: 0000-0003-0517-8898 

e-mail: tehnoskan@mail.ru 
4
ORCID iD: 0000-0001-5302-8988 

e-mail: iovoi@mail.ru 
5
ORCID iD: 0000-0003-0242-6745 

e-mail: VGBeketov@mephi.ru 
6
ORCID iD: 0000-0002-5526-6290 

e-mail: vovagosh@mail.ru 

 

Abstract – Scanning contact potentiometry (SCP) is used for defects detection and for determine 

the coordinates of the defects localized in welded joints. Studied samples are welded by manual 

arc welding of two halves austenitic steel 321H (Chromium-Nickel-titanium stainless Steel) 

НТЦОЧЬТШЧ ШП ОКМС β00×110×1γ.5 ЦЦ. TСОЫОКПЭОЫ аОХНТЧР, ЬОКЦ аТНЭС ТЬ КЛШЮЭ 1β ЦЦ. 
Subsequently welded sample is inspected using X-ray radiographic testing system. In order to 

compare techniques capabilities, plotted potentiograms and weld radiograph are compared. 

Experimental outcomes prove that defects can be detected by SCP technique. SCP results are 

complied with mathematical signal analysis of defects. This method may substitute some 

destructive or nondestructive methods. 

 

Keywords: Scanning contact potentiometry, nondestructive testing, welded joints, X-ray 

radiographic testing, Signal discrete transformation, Chromium-Nickel-titanium stainless Steel. 
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