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Ɋɟɮɟɪɚɬ 

Ɉɬɱɟɬ 22 ɫ., 1 ɱ., 24 ɪɢɫ., 9 ɢɫɬɨɱɧɢɤɨɜ. 

Ɋɟɚɥɢɡɚɰɢɹ ɱɢɫɥɟɧɧɵɯ ɦɨɞɟɥɟɣ ɬɟɥɚ ɱɟɥɨɜɟɤɚ. 

ɉɪɨɜɟɞɟɧɚ ɪɚɛɨɬɚ ɩɨ ɫɨɡɞɚɧɢɸ ɜɵɫɨɤɨɪɚɡɪɟɲɚɸɳɢɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɞɥɹ ɬɟɥ 

ɦɭɠɱɢɧɵ ɢ ɠɟɧɳɢɧɵ. ɉɨɫɬɪɨɟɧɵ ɚɞɚɩɬɢɜɧɵɟ ɪɚɫɱɟɬɧɵɟ ɫɟɬɤɢ. Ɂɚɞɚɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ. 

ɉɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɬɨɤɨɜɵɯ ɢ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɩɨɥɟɣ, ɚ ɬɚɤɠɟ 

ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɮɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɠɧɨ ɞɟɥɚɬɶ 

ɩɪɚɤɬɢɱɟɫɤɢɟ ɜɵɜɨɞɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɤɪɟɬɧɵɯ ɫɯɟɦ ɛɢɨɢɦɩɟɞɚɧɫɧɵɯ ɢɡɦɟɪɟɧɢɣ. 

 Ɋɚɡɪɚɛɨɬɚɧ ɛɢɨɢɦɩɟɞɚɧɫɧɵɣ ɫɬɟɧɞ ɢ ɞɨɪɚɛɨɬɚɧ ɢɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ. 

ȼ ɪɚɛɨɬɟ ɩɪɢɧɹɥ ɭɱɚɫɬɢɟ ɛɨɥɶɲɨɣ ɤɨɥɥɟɤɬɢɜ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ, ɫɬɭɞɟɧɬɨɜ ɢ 

ɚɫɩɢɪɚɧɬɨɜ. ɉɨɥɭɱɟɧɵ ɩɪɚɤɬɢɱɟɫɤɢɟ ɧɚɜɵɤɢ ɪɚɛɨɬɵ ɫ ɛɨɥɶɲɢɦɢ ɨɛɴɟɦɚɦɢ ɞɚɧɧɵɯ ɢ 

ɪɚɫɱɟɬɧɵɦɢ ɫɟɬɤɚɦɢ. Ɋɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦ ɜɧɟɞɪɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɟɤɬɚ ɜ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ. 
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Вɜɟɞɟɧɢɟ 

Ȼɢɨɢɦɩɟɞɚɧɫɧɵɣ ɚɧɚɥɢɡ ɫɨɫɬɚɜɚ ɬɟɥɚ ɱɟɥɨɜɟɤɚ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɦɟɞɢɰɢɧɟ ɞɥɹ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢɞɪɚɬɚɰɢɢ ɬɟɥɚ, ɨɰɟɧɤɢ ɠɢɪɨɜɨɣ, ɦɵɲɟɱɧɨɣ ɦɚɫɫɵ ɢ ɞɪɭɝɢɯ ɡɧɚɱɢɦɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ ɨɪɝɚɧɢɡɦɚ Д1, 2Ж. ɗɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɨɪɝɚɧɨɜ ɢ ɬɤɚɧɟɣ ɪɚɡɥɢɱɧɚ, ɱɬɨ 

ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɜɚɬɶ ɫɨɫɬɚɜ ɬɟɥɚ ɱɟɥɨɜɟɤɚ ɫ ɩɨɦɨɳɶɸ ɢɡɦɟɪɟɧɢɣ ɩɨɥɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ (ɢɦɩɟɞɚɧɫɚ) ɬɟɥɚ ɩɟɪɟɦɟɧɧɨɦɭ ɬɨɤɭ ɧɢɡɤɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ. ɑɢɫɥɟɧɧɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɜ ɧɟɨɞɧɨɪɨɞɧɨɣ ɫɪɟɞɟ ɦɨɠɟɬ 

ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɨɛɨɫɧɨɜɚɧɢɹ ɩɪɢɦɟɧɹɟɦɵɯ ɦɟɬɨɞɢɤ ɢɡɦɟɪɟɧɢɣ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ 

ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨɛ ɭɩɪɨɳɟɧɧɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɮɨɪɦɟ ɬɟɥɚ, ɢ ɪɚɡɜɢɬɢɹ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɢ 

ɷɥɟɤɬɪɨɞɧɵɯ ɫɯɟɦ ɢɡɦɟɪɟɧɢɹ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɟ (ɜ ɪɚɦɤɚɯ ȽɄ №14.740.11.084) 

ɩɪɟɞɥɨɠɟɧɵ ɦɟɬɨɞɵ ɢ ɚɥɝɨɪɢɬɦɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɢɨɢɦɩɟɞɚɧɫɧɵɯ ɢɡɦɟɪɟɧɢɣ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɫɟɬɨɤ. Ɉɩɢɫɚɧɵ ɨɫɧɨɜɧɵɟ ɷɬɚɩɵ ɩɨɫɬɪɨɟɧɢɹ 

ɜɵɫɨɤɨɪɚɡɪɟɲɚɸɳɟɣ ɬɪɟɯɦɟɪɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɬɟɥɚ ɱɟɥɨɜɟɤɚ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɛɢɨɢɦɩɟɞɚɧɫɧɵɯ ɢɡɦɟɪɟɧɢɣ. ȼɵɩɨɥɧɟɧɵ ɪɚɫɱɟɬɵ ɩɨɥɟɣ ɬɨɤɚ ɢ ɩɨɬɟɧɰɢɚɥɚ ɞɥɹ ɪɹɞɚ ɫɯɟɦ 

ɢɡɦɟɪɟɧɢɣ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɛɢɨɢɦɩɟɞɚɧɫɧɨɦ ɚɧɚɥɢɡɟ ɢ ɪɟɨɝɪɚɮɢɢ, ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ 

ɪɟɡɭɥɶɬɚɬɨɜ. Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɦɟɬɨɞɵ ɢ ɚɥɝɨɪɢɬɦɵ, ɚ ɬɚɤɠɟ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɟɞɵɞɭɳɢɯ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɨɬɱɟɬɚɯ ɩɨ ɩɪɨɟɤɬɭ, ɚ ɬɚɤɠɟ ɜ ɫɬɚɬɶɹɯ [3, 4]. 

Ɉɬɱɟɬ ɫɨɫɬɨɢɬ ɢɡ ɲɟɫɬɢ ɪɚɡɞɟɥɨɜ. ȼ ɩɟɪɜɨɦ ɪɚɡɞɟɥɟ ɩɪɢɜɨɞɢɬɫɹ ɤɪɚɬɤɢɣ ɨɛɡɨɪ 

ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɩɪɟɞɵɞɭɳɢɯ ɷɬɚɩɚɯ. 

ȼɬɨɪɨɣ ɪɚɡɞɟɥ ɩɨɫɜɹɳɟɧ ɩɨɫɬɪɨɟɧɢɸ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ ɬɟɥɚ ɱɟɥɨɜɟɤɚ. ȼ 

ɬɪɟɬɶɟɦ ɪɚɡɞɟɥɟ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɪɚɫɱɟɬɭ ɩɨɥɟɣ 

ɩɨɬɟɧɰɢɚɥɚ, ɩɥɨɬɧɨɫɬɟɣ ɬɨɤɚ ɢ ɮɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɥɹ ɩɨɥɢɫɟɝɦɟɧɬɧɨɣ ɦɨɞɟɥɢ 

ɛɢɨɢɦɩɟɞɚɧɫɧɨɝɨ ɚɧɚɥɢɡɚ ɫɨɫɬɚɜɚ ɬɟɥɚ ɱɟɥɨɜɟɤɚ. 

ȼ ɱɟɬɜɟɪɬɨɦ ɪɚɡɞɟɥɟ ɩɪɢɜɨɞɢɬɫɹ ɩɪɨɝɪɚɦɦɚ ɜɧɟɞɪɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɫɬɨɹɳɟɝɨ 

ɩɪɨɟɤɬɚ ɜ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ. 

ȼ ɩɹɬɨɦ ɪɚɡɞɟɥɟ ɨɩɢɫɵɜɚɟɬɫɹ ɨɤɨɧɱɚɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ ɩɪɨɝɪɚɦɦ ɞɥɹ ɪɚɛɨɬɵ ɫ 

ɛɢɨɢɦɩɟɞɚɧɫɧɵɦ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ ɫɬɟɧɞɨɦ. 

ȼ ɲɟɫɬɨɦ ɪɚɡɞɟɥɟ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɪɚɛɨɬɤɢ ɫɬɟɧɞɚ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ 

ɝɢɞɪɚɬɚɰɢɢ ɥɟɝɤɢɯ. 



1. Ɉɛɡɨɪ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɩɪɟɞɵɞɭщɢɯ ɷɬɚɩɚɯ 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɫɬɪɨɟɧɢɹ 

ɧɟɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɬɟɬɪɚɷɞɪɚɥɶɧɵɯ ɫɟɬɨɤ, ɭɱɢɬɵɜɚɸɳɚɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ 

ɪɚɫɱɟɬɧɵɯ ɨɛɥɚɫɬɟɣ, ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɚ ɩɪɨɞɜɢɝɚɟɦɨɝɨ ɮɪɨɧɬɚ, ɩɪɨɜɟɞɟɧɵ ɤɨɧɟɱɧɨ-

ɷɥɟɦɟɧɬɧɵɟ ɪɚɫɱɟɬɵ ɩɚɫɫɢɜɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɨɞɟɥɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ (ɩɨɥɟɣ 

ɩɨɬɟɧɰɢɚɥɨɜ, ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɢ ɮɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ) ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ 

ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ (ɩɪɨɜɨɞɢɦɨɫɬɢ ɬɤɚɧɟɣ, ɜɟɥɢɱɢɧɵ ɡɨɧɞɢɪɭɸɳɟɝɨ ɬɨɤɚ, ɪɚɫɩɨɥɨɠɟɧɢɟ 

ɷɥɟɤɬɪɨɞɨɜ) ɢ ɛɵɥ ɩɪɨɜɟɞɟɧ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ. 

ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɛɵɥɚ ɩɨɞɝɨɬɨɜɥɟɧɚ ɩɪɨɝɪɚɦɦɚ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɫ 

ɭɱɟɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɦɟɸɳɢɯɫɹ ɦɟɞɢɰɢɧɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ, ɩɪɟɞɥɨɠɟɧɵ ɚɥɝɨɪɢɬɦɵ ɢ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ ɞɥɹ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɣ ɨɛɪɚɛɨɬɤɢ ɰɢɮɪɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɣ, 

ɛɵɥɚ ɨɫɭɳɟɫɬɜɥɟɧɚ ɫɟɝɦɟɧɬɚɰɢɹ ɞɜɭɦɟɪɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ ɩɨɫɬɪɨɟɧɵ 

ɬɪёɯɦɟɪɧɵɟ ɦɨɞɟɥɢ ɜɧɭɬɪɟɧɧɢɯ ɨɪɝɚɧɨɜ ɬɟɥɚ ɱɟɥɨɜɟɤɚ ɢ ɞɪɭɝɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɱɚɫɬɟɣ, ɚ 

ɬɚɤɠɟ ɛɵɥɚ ɩɨɫɬɪɨɟɧɵ ɪɚɫɱёɬɧɚɹ ɫɟɬɤɚ ɢ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɦɨɞɟɥɶ ɞɥɹ ɩɨɥɭɱɟɧɧɨɣ 

ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɬɭɥɨɜɢɳɚ. 

ɇɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɜɟɪɢɮɢɤɚɰɢɹ ɩɚɤɟɬɨɜ ɛɢɛɥɢɨɬɟɤ, ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ 

ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ ɭɪɚɜɧɟɧɢɣ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ, ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ 

ɦɨɞɟɥɢ ɞɥɹ ɞɜɭɯ ɫɯɟɦ ɛɢɨɢɦɩɟɞɚɫɧɵɯ ɢɡɦɟɪɟɧɢɣ ɬɭɥɨɜɢɳɚ ɦɭɠɱɢɧɵ, ɩɪɨɜɟɞɟɧɵ 

ɱɢɫɥɟɧɧɵɟ ɪɚɫɱɟɬɵ ɞɥɹ ɦɨɞɟɥɢ ɬɭɥɨɜɢɳɚ ɦɭɠɱɢɧɵ ɩɨ ɧɚɯɨɠɞɟɧɢɸ ɩɨɥɸ ɩɨɬɟɧɰɢɚɥɚ ɢ 

ɮɭɧɤɰɢɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɨɬ ɢ ɫɯɟɦɚɯ ɢɡɦɟɪɟɧɢɣ, ɩɪɟɞɥɨɠɟɧɵ 

ɨɫɧɨɜɧɵɟ ɩɪɨɝɪɚɦɦɧɵɟ ɫɪɟɞɫɬɜɚ ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɢ ɨɛɪɚɛɨɬɤɢ ɪɚɫɱёɬɨɜ. 

ɇɚ ɱɟɬɜɟɪɬɨɦ ɷɬɚɩɟ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫɟɝɦɟɧɬɚɰɢɹ ɜɫɟɝɨ ɬɟɥɚ ɦɭɠɱɢɧɵ ɢ ɠɟɧɳɢɧɵ ɧɚ 

ɨɫɧɨɜɟ ɚɧɚɬɨɦɢɱɟɫɤɢɯ ɫɪɟɡɨɜ ɢɡ ɩɪɨɟɤɬɚ VТЬТЛХО HЮЦКЧ, ɢ ɩɨɫɬɪɨɟɧɵ ɬɟɬɪɚɷɞɪɚɥɶɧɵɟ 

ɪɚɫɱɟɬɧɵɟ ɫɟɬɤɢ ɞɥɹ ɦɨɞɟɥɟɣ ɬɟɥ ɦɭɠɱɢɧɵ ɢ ɠɟɧɳɢɧɵ ɧɚ ɨɫɧɨɜɟ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɵɯ 

ɦɨɞɟɥɟɣ. 

ɉɹɬɵɣ ɷɬɚɩ ɧɚɫɬɨɹɳɟɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɡɚɜɟɪɲɚɸɳɢɦ, ɧɚ ɷɬɨɦ ɷɬɚɩɟ ɩɪɨɜɨɞɹɬɫɹ 

ɱɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɫ ɩɨɥɧɨɣ ɦɨɞɟɥɶɸ ɬɟɥɚ ɱɟɥɨɜɟɤɚ, ɩɪɟɞɥɚɝɚɸɬɫɹ ɩɪɨɝɪɚɦɦɵ 

ɜɧɟɞɪɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ, ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɪɚɛɨɬɤɢ 

ɫɬɟɧɞɚ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɝɢɞɪɚɬɚɰɢɢ ɥɟɝɤɢɯ. 



2. ɉɨɫɬɪɨɟɧɢɟ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɵɯ ɦɨɞɟɥɟɣ ɬɟɥɚ ɱɟɥɨɜɟɤɚ. 

ɂɧɢɰɢɚɥɢɡɚɰɢɹ ɪɚɫɱɟɬɧɵɯ ɦɨɞɟɥɟɣ: ɡɚɞɚɧɢɟ ɡɧɚɱɟɧɢɣ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ, ɝɪɚɧɢɱɧɵɯ 

ɭɫɥɨɜɢɣ 

2.1. Кɨɧɟчɧɨ-ɷɥɟɦɟɧɬɧая ɦɨɞɟɥɶ 

ȼ ɪɚɦɤɚɯ ɱɟɬɜɟɪɬɨɝɨ ɷɬɚɩɚ ɪɚɛɨɬɵ ɧɚɞ ɩɪɨɟɤɬɨɦ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɬɪёɯɦɟɪɧɵɟ 

ɪɚɫɱёɬɧɵɟ ɫɟɬɤɢ ɞɥɹ ɬɟɥ ɦɭɠɱɢɧɵ ɢ ɠɟɧɳɢɧɵ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɩɪɨɟɤɬɚ 

Visible Human Project [5]. ȼ ɪɚɦɤɚɯ ɪɚɛɨɬ ɧɚ ɩɹɬɨɦ ɷɬɚɩɟ ɦɵ ɩɪɢɫɬɭɩɚɟɦ ɤ ɱɢɫɥɟɧɧɨɦɭ 

ɦɨɞɟɥɢɪɨɜɚɧɢɸ. Ⱦɥɹ ɷɬɨɝɨ ɦɵ ɭɬɨɱɧɢɦ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɩɨɫɬɚɧɨɜɤɭ ɡɚɞɚɱɢ, ɨɩɪɟɞɟɥɢɦ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɚɞɚɱɢ, ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ, ɜɜɟɞёɦ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɭɸ ɞɢɫɤɪɟɬɢɡɚɰɢɸ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɢ ɩɪɢɦɟɧɢɦ ɩɚɤɟɬɵ ɞɥɹ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ 

ɭɪɚɜɧɟɧɢɣ. 

ɉɪɟɞɩɨɥɚɝɚɹ, ɱɬɨ ɜɧɟɲɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɩɨɥɹ ɧɟɡɧɚɱɢɬɟɥɶɧɵ, ɢɡ ɭɪɚɜɧɟɧɢɹ 

ɫɨɯɪɚɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡɚɪɹɞɚ ɢ ɡɚɤɨɧɚ Ɉɦɚ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ ɡɚɩɢɲɟɦ 

ɭɪɚɜɧɟɧɢɟ ɉɭɚɫɫɨɧɚ ɞɥɹ ɩɨɥɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ (ɜ ɨɛɨɛɳɟɧɧɨɣ ɮɨɪɦɭɥɢɪɨɜɤɟ ɨɧɨ 

ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɤɭɫɨɱɧɨ-ɨɞɧɨɪɨɞɧɵɯ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɪɟɞ):  

  div (C grad U) = 0 ɜ Ω       (1) 

ɫ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ  

  (J, n) = ±I0 /S± ɧɚ Ƚ±       (2) 

  (J, n) = 0  ɧɚ ∂Ω\Ƚ ±      (3) 

  U(x0, y0, z0) = 0        (4) 

  J = C grad U         (5) 

ɝɞɟ Ω – ɢɫɫɥɟɞɭɟɦɚɹ ɨɛɥɚɫɬɶ, ∂Ω – ɝɪɚɧɢɱɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ, Ƚ± – ɨɛɥɚɫɬɶ 

ɤɨɧɬɚɤɬɚ ɩɪɨɜɨɞɚ ɬɨɤɨɜɵɯ ɷɥɟɤɬɪɨɞɨɜ, n – ɜɧɟɲɧɹɹ ɧɨɪɦɚɥɶ ɤ ɝɪɚɧɢɱɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɥɚ, 

U – ɩɨɬɟɧɰɢɚɥ, C – ɬɟɧɡɨɪ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ, J – ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, I0 – ɜɟɥɢɱɢɧɚ 

ɡɨɧɞɢɪɭɸɳɟɝɨ ɬɨɤɚ, S± – ɩɥɨɳɚɞɢ ɤɨɧɬɚɤɬɨɜ ɷɥɟɤɬɪɨɞɨɜ. ɍɪɚɜɧɟɧɢɟ (1) ɨɩɢɫɵɜɚɟɬ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɜ ɫɪɟɞɟ ɫ ɧɟɨɞɧɨɪɨɞɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ 

ɩɪɨɜɨɞɢɦɨɫɬɢ C. ɍɪɚɜɧɟɧɢɟ (2) ɡɚɞɚёɬ ɮɢɤɫɢɪɨɜɚɧɧɭɸ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɧɚ ɤɨɧɬɚɤɬɧɵɯ 

ɩɨɜɟɪɯɧɨɫɬɹɯ ɷɥɟɤɬɪɨɞɨɜ. Ɉɞɧɨɪɨɞɧɵɟ ɭɫɥɨɜɢɹ ɇɟɣɦɚɧɚ (3) ɧɚ ɝɪɚɧɢɰɟ ɡɚɞɚɧɵ ɜ 

ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɧɟ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɜɨ ɜɧɟɲɧɟɣ ɫɪɟɞɟ. 



ȿɞɢɧɫɬɜɟɧɧɨɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɝɚɪɚɧɬɢɪɭɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ (4), ɜ ɷɬɨɦ ɭɪɚɜɧɟɧɢɢ (x0,y0,z0) – 

ɧɟɤɨɬɨɪɚɹ ɬɨɱɤɚ ɨɛɥɚɫɬɢ Ω. 

ȼ ɫɥɭɱɚɟ ɩɟɪɟɦɟɧɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɮɨɪɦɵ ɭɞɨɛɧɨ ɜɦɟɫɬɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɟɥɢɱɢɧɭ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɢɦɩɟɞɚɧɫɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɭɸ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɢ ɩɪɨɜɨɞɹɳɢɟ, ɢ ɟɦɤɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɬɤɚɧɟɣ. Ɉɬɦɟɬɢɦ, ɱɬɨ 

ɡɚɤɨɧ Ɉɦɚ ɢ ɭɪɚɜɧɟɧɢɟ (1) ɨɫɬɚɸɬɫɹ ɜɟɪɧɵɦɢ ɩɪɢ ɡɚɦɟɧɟ ɨɛɵɱɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɩɪɨɜɨɞɢɦɨɫɬɢ ɧɚ ɩɨɥɧɭɸ ɤɨɦɩɥɟɤɫɧɭɸ ɩɪɨɜɨɞɢɦɨɫɬɶ (ɫɦ. Д1Ж). ɉɪɟɞɩɨɥɚɝɚɟɦ, ɱɬɨ 

ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɹɜɥɹɟɬɫɹ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɨɣ ɜɟɥɢɱɢɧɨɣ ɢ ɦɟɧɹɟɬɫɹ ɩɪɢ 

ɩɟɪɟɯɨɞɟ ɨɬ ɨɞɧɨɝɨ ɨɪɝɚɧɚ ɤ ɞɪɭɝɨɦɭ. ȼ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɢɡɨɬɪɨɩɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɚɬɪɢɰɚ 

ɬɟɧɡɨɪɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢɦɟɟɬ ɞɢɚɝɨɧɚɥɶɧɵɣ ɜɢɞ C = diag(σ,σ,σ), 

σ = σ' + i · σ". ɇɟɤɨɬɨɪɵɟ ɬɤɚɧɢ (ɧɚɩɪɢɦɟɪ, ɦɵɲɰɵ ɢ ɧɟɪɜɧɵɟ ɜɨɥɨɤɧɚ, ɫɥɨɣ ɤɨɠɢ) 

ɨɛɥɚɞɚɸɬ ɚɧɢɡɨɬɪɨɩɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɬɟɧɡɨɪ 

ɩɪɨɜɨɞɢɦɨɫɬɢ C ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɵɦ, ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɦ, ɩɨɥɧɵɦ, ɫɢɦɦɟɬɪɢɱɧɵɦ, 

ɜɨɡɦɨɠɧɨ ɚɧɢɡɨɬɪɨɩɧɵɦ. ɉɨɬɟɧɰɢɚɥ U ɢ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ J ɬɚɤɠɟ ɹɜɥɹɸɬɫɹ ɤɨɦɩɥɟɤɫɧɵɦɢ 

ɜɟɥɢɱɢɧɚɦɢ. 

ɍɪɚɜɧɟɧɢɟ (1) ɫ ɤɨɦɩɥɟɤɫɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɫɢɫɬɟɦɵ 

ɞɜɭɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɫ ɜɟɳɟɫɬɜɟɧɧɵɦɢ 

ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɨɜɨɞɢɦɨɫɬɶ ɢ ɩɨɬɟɧɰɢɚɥ ɡɚɩɢɲɟɦ ɜ ɜɢɞɟ C = СR + iCI, 

U = UR + iUI. ɉɨɫɥɟ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɭɪɚɜɧɟɧɢɟ (1) ɩɪɢɧɢɦɚɟɬ ɜɢɞ  

  div (CR grad UR) – div (CI grad UI) = 0 ɜ Ω,     

  div (CR grad UI) + div (CI grad UR) = 0 ɜ Ω.    (6) 

Ⱦɥɹ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (6) ɫ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ (2)–(5) 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫ ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɵɦɢ ɛɚɡɢɫɧɵɦɢ ɮɭɧɤɰɢɹɦɢ, 

ɤɨɬɨɪɵɣ ɩɨɪɨɠɞɚɟɬ ɫɢɫɬɟɦɭ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɜɢɞɚ 

 
R

R

R I I R

I RI I

AU AU

AU AU

F

F

 
  . (7) 

ɗɬɚ ɫɢɫɬɟɦɚ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ ɪɟɲɚɟɬɫɹ ɢɬɟɪɚɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ. Ⱦɢɫɤɪɟɬɢɡɚɰɢɹ 

ɭɪɚɜɧɟɧɢɣ (6) ɨɫɭɳɟɫɬɜɥɟɧɚ ɫ ɩɨɦɨɳɶɸ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɛɢɛɥɢɨɬɟɤɢ КЧТFEM ɢɡ ɩɚɤɟɬɚ 

Ani3D [7Ж. Ⱦɥɹ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɛɵɥɢ ɜɵɛɪɚɧɵ ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɵɟ P1 ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ. 

Ɇɚɬɪɢɰɚ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (7) ɧɟɜɵɪɨɠɞɟɧɚ, ɩɨɷɬɨɦɭ ɫɢɫɬɟɦɚ ɢɦɟɟɬ ɟɞɢɧɫɬɜɟɧɧɨɟ 

ɪɟɲɟɧɢɟ. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɫɱɟɬɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɛɢɧɚɰɢɹ ɦɟɬɨɞɚ ɦɢɧɢɦɚɥɶɧɵɯ 

ɧɟɜɹɡɨɤ ɢ ɩɟɪɟɨɛɭɫɥɚɜɥɢɜɚɧɢɟ ɧɚ ɨɫɧɨɜɟ ɧɟɩɨɥɧɨɝɨ LU-ɪɚɡɥɨɠɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ [8] ɞɥɹ 

ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ. 



2.2. Заɞаɧɢɟ ɩаɪаɦɟɬɪɨɜ ɢ ɝɪаɧɢчɧɵх ɭɫɥɨɜɢɣ 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɫɬɪɨɟɧɧɨɣ ɤɨɧɟɱɧɨ-

ɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ ɬɟɥɚ ɱɟɥɨɜɟɤɚ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ ɜɟɥɢɱɢɧɵ ɩɪɨɜɨɞɢɦɨɫɬɟɣ ɪɚɡɥɢɱɧɵɯ 

ɨɛɥɚɫɬɟɣ (ɜɧɭɬɪɟɧɧɢɯ ɨɪɝɚɧɨɜ ɢ ɞɪɭɝɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɱɚɫɬɟɣ ɬɟɥɚ ɱɟɥɨɜɟɤɚ) ɢ ɝɪɚɧɢɱɧɵɟ 

ɭɫɥɨɜɢɹ. 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɡɚɞɚɸɬɫɹ ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɷɥɟɤɬɪɨɞɧɨɣ ɫɯɟɦɵ ɢ ɜɟɥɢɱɢɧɨɣ 

ɡɨɧɞɢɪɭɸɳɟɝɨ ɬɨɤɚ, ɩɪɨɩɭɫɤɚɟɦɨɝɨ ɱɟɪɟɡ ɬɨɤɨɜɵɟ ɷɥɟɤɬɪɨɞɵ, ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 

(2), (3). 

ȼ ɪɚɛɨɬɟ ɧɚɞ ɩɪɟɞɵɞɭɳɢɦɢ ɷɬɚɩɚɦɢ ɧɚɫɬɨɹɳɟɝɨ ɩɪɨɟɤɬɚ ɭɠɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɢ 

ɫɨɫɬɚɜɥɟɧɵ ɛɚɡɵ ɞɚɧɧɵɯ ɫ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɪɚɡɥɢɱɧɵɯ ɬɤɚɧɟɣ ɬɟɥɚ ɱɟɥɨɜɟɤɚ. 

ȼ ɉɪɢɥɨɠɟɧɢɢ ɤ ɨɬɱɟɬɭ ɡɚ ɜɬɨɪɨɣ ɷɬɚɩ ɧɚɫɬɨɹɳɟɝɨ ɩɪɨɟɤɬɚ ɜ ɬɚɛɥɢɰɚɯ 1 ɢ 2 ɩɪɢɜɟɞɟɧɵ 

ɡɧɚɱɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɟɣ ɨɫɧɨɜɧɵɯ ɜɧɭɬɪɟɧɧɢɯ ɬɤɚɧɟɣ ɢ ɨɪɝɚɧɨɜ ɩɪɢ ɱɚɫɬɨɬɚɯ ɩɟɪɟɦɟɧɧɨɝɨ 

ɬɨɤɚ 5 ɤȽɰ ɢ 50 ɤȽɰ. Ⱦɚɧɧɵɟ ɢɡ ɷɬɢɯ ɬɚɛɥɢɰ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɢ ɞɚɥɶɧɟɣɲɢɯ ɜɵɱɢɫɥɟɧɢɹɯ. 



3. Чɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɞɥɹ ɦɨɞɟɥɟɣ ɬɟɥɚ ɱɟɥɨɜɟɤɚ ɩɨ 

ɪɚɫɱɟɬɭ ɩɨɥɟɣ ɩɨɬɟɧɰɢɚɥɨɜ, ɩɥɨɬɧɨɫɬɟɣ ɬɨɤɚ ɢ ɮɭɧɤɰɢɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

ɉɨɥɢɫɟɝɦɟɧɬɧɚɹ ɫɯɟɦɚ ɢɡɦɟɪɟɧɢɹ ɛɢɨɢɦɩɟɞɚɧɫɚ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɨɰɟɧɤɢ 

ɫɨɫɬɚɜɚ ɬɟɥɚ ɱɟɥɨɜɟɤɚ. ɂɦɟɸɳɟɟɫɹ ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɹɞɨɦ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ, 

ɜɤɥɸɱɚɹ IЧBШНв (Ʉɨɪɟɹ), TКЧТЭК (əɩɨɧɢɹ), MОНКЬ (Ɋɨɫɫɢɹ, Ɇɨɫɤɜɚ) ɢ ɞɪɭɝɢɟ. Ⱦɥɹ ɩɪɨɜɟɪɤɢ 

ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɯɟɦ ɢɡɦɟɪɟɧɢɣ, ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɫɯɟɦ ɢ ɬɨɱɧɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ 

ɢɡɦɟɪɹɟɦɵɯ ɞɚɧɧɵɯ, ɜɚɠɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɜɤɥɚɞɚ ɬɤɚɧɟɣ ɢ ɨɪɝɚɧɨɜ ɜ 

ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɤɨɧɤɪɟɬɧɨɝɨ ɫɟɝɦɟɧɬɚ ɬɟɥɚ ɱɟɥɨɜɟɤɚ. ȼ ɪɚɦɤɚɯ ɡɚɤɥɸɱɢɬɟɥɶɧɨɝɨ 

ɷɬɚɩɚ ɩɪɨɟɤɬɚ ɦɵ ɩɪɨɜɟɞɟɦ ɚɧɚɥɢɡ ɨɛɥɚɫɬɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɥɹ ɩɨɥɢɫɟɝɦɟɧɬɧɨɣ ɫɯɟɦɵ 

ɢɡɦɟɪɟɧɢɹ ɫɨɫɬɚɜɚ ɬɟɥɚ ɱɟɥɨɜɟɤɚ. 

 

Ɋɢɫɭɧɨɤ 1 – Ɋɚɫɩɨɥɨɠɟɧɢɟ ɷɥɟɤɬɪɨɞɨɜ ɧɚ ɬɟɥɟ ɦɭɠɱɢɧɵ. 

Ʉ ɬɪɟɯɦɟɪɧɨɣ ɦɨɞɟɥɢ ɬɟɥɚ ɱɟɥɨɜɟɤɚ, ɩɨɫɬɪɨɟɧɧɨɣ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɷɬɚɩɟ, ɛɵɥɢ 

ɞɨɛɚɜɥɟɧɵ ɩɹɬɶ ɩɚɪ ɷɥɟɤɬɪɨɞɨɜ. Ⱦɜɭɯɫɥɨɣɧɵɟ ɷɥɟɤɬɪɨɞɵ ɪɚɡɦɟɪɨɦ 23×23 ɦɦ ɪɚɫɩɨɥɨɠɟɧɵ 

ɧɚ ɥɛɭ, ɪɭɤɚɯ ɢ ɧɨɝɚɯ (ɫɦ. Ɋɢɫɭɧɨɤ 1). Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɨɛɨɡɧɚɱɢɦ ɷɥɟɤɬɪɨɞɵ ɫɥɟɞɭɸɳɢɦ 



ɨɛɪɚɡɨɦ: ɧɚ ɥɛɭ – I1, U1 , ɧɚ ɥɟɜɨɣ ɪɭɤɟ – I2, U2, ɧɚ ɥɟɜɨɣ ɧɨɝɟ – I3,U3, ɧɚ ɩɪɚɜɨɣ ɧɨɝɟ – I4, U4 

, ɧɚ ɩɪɚɜɨɣ ɪɭɤɟ – I5, U5. ȼ ɤɚɠɞɨɣ ɩɚɪɟ ɷɥɟɤɬɪɨɞɨɜ ɧɚɢɛɨɥɟɟ ɭɞɚɥɟɧɧɵɣ ɷɥɟɤɬɪɨɞ ɧɚɡɨɜɟɦ 

ɬɨɤɨɜɵɦ – Ik, ɚ ɧɚɢɦɟɧɟɟ ɭɞɚɥɟɧɧɵɣ ɧɚɡɨɜɟɦ ɩɨɬɟɧɰɢɚɥɶɧɵɦ – Uk. 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɨɛɥɚɫɬɟɣ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɮɭɧɤɰɢɹ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ S, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɤɥɚɞ ɜ ɢɡɦɟɪɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɢɦɩɟɞɚɧɫɚ 

ɪɚɡɥɢɱɧɵɯ ɩɨɞɨɛɥɚɫɬɟɣ  ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɨɛɥɚɫɬɢ Д2,9]: 

  cc rec( , ), ( , , ) ( , , ) ,
V

S U S x y z x y z dv   J J      (8) 

ɝɞɟ Jcc=J/I – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɩɪɢ ɡɚɞɚɧɧɵɯ ɬɨɤɨɜɵɯ ɷɥɟɤɬɪɨɞɚɯ, I – ɜɟɥɢɱɢɧɚ 

ɡɨɧɞɢɪɭɸɳɟɝɨ ɬɨɤɚ; Jrec=J2/I, ɝɞɟ J2 – ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, ɩɨɥɭɱɟɧɧɚɹ ɩɪɢ ɢɧɜɟɪɫɢɢ ɬɨɤɨɜɵɯ ɢ 

ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɰɟɩɟɣ, ΔU – ɢɡɦɟɧɟɧɢɟ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ; Δρ – ɢɡɦɟɧɟɧɢɟ ɭɞɟɥɶɧɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɫɨɫɬɚɜɚ ɬɭɥɨɜɢɳɚ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɜɟ ɫɯɟɦɵ ɢɡɦɟɪɟɧɢɹ. 

ɉɟɪɜɚɹ ɫɯɟɦɚ ɫ ɩɟɪɟɤɪɟɫɬɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɷɥɟɤɬɪɨɞɨɜ: ɬɨɤɨɜɚɹ ɩɚɪɚ I5, I3 ɢ 

ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɩɚɪɚ U2, U4. ȼɬɨɪɚɹ ɫɯɟɦɚ ɫ ɩɚɪɚɥɥɟɥɶɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɷɥɟɤɬɪɨɞɨɜ: 

ɬɨɤɨɜɚɹ ɩɚɪɚ I2, I3 ɢ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɩɚɪɚ U5, U4. ɑɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɢ ɚɧɚɥɢɡ ɩɨɥɹ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨɤɚɡɚɥ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɟ ɫɨɜɩɚɞɟɧɢɟ ɞɜɭɯ ɫɯɟɦ ɢɡɦɟɪɟɧɢɹ. Ɂɨɧɵ 

ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫ ɩɨɪɨɝɚɦɢ 90%, 95% ɢ 98% ɩɪɢɜɟɞɟɧɵ ɧɚ Ɋɢɫɭɧɨɤ 2 ɢ Ɋɢɫɭɧɨɤ 

3. 

ɚ)  ɛ)  ɜ)  

Ɋɢɫɭɧɨɤ 2 – Ɂɨɧɵ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɥɹ ɩɟɪɟɤɪɟɫɬɧɨɣ ɫɯɟɦɵ ɢɡɦɟɪɟɧɢɹ: 
ɚ) ɩɨɪɨɝ 90%, ɛ) ɩɨɪɨɝ 95%, ɜ) ɩɨɪɨɝ 98%. 



ɚ) ɛ) ɜ)  

Ɋɢɫɭɧɨɤ 3 – Ɂɨɧɵ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɥɹ ɩɚɪɚɥɥɟɥɶɧɨɣ ɫɯɟɦɵ ɢɡɦɟɪɟɧɢɹ: 
ɚ) ɩɨɪɨɝ 90%, ɛ) ɩɨɪɨɝ 95%, ɜ) ɩɨɪɨɝ 98%. 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɫɨɫɬɚɜɚ ɤɨɧɟɱɧɨɫɬɟɣ ɢ ɝɨɥɨɜɵ ɱɟɥɨɜɟɤɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 

ɫɯɟɦɵ ɢɡɦɟɪɟɧɢɹ. Ɍɨɤɨɜɵɣ ɢ ɩɨɬɟɧɰɢɚɥɶɧɵɣ ɷɥɟɤɬɪɨɞ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɢɫɫɥɟɞɭɟɦɨɣ 

ɤɨɧɟɱɧɨɫɬɢ, ɚ ɜɬɨɪɵɟ ɷɥɟɤɬɪɨɞɵ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɚ ɫɨɫɟɞɧɢɯ ɤɨɧɟɱɧɨɫɬɹɯ, ɬɨɤɨɜɵɣ ɧɚ 

ɨɞɧɨɣ, ɢ ɩɨɬɟɧɰɢɚɥɶɧɵɣ ɧɚ ɞɪɭɝɨɣ. ȼ ɢɫɩɨɥɶɡɭɟɦɵɯ ɨɛɨɡɧɚɱɟɧɢɹɯ ɫɯɟɦɵ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɞɥɹ ɝɨɥɨɜɵ – ɩɚɪɵ I1, I2 ɢ U1, U5; ɞɥɹ ɥɟɜɨɣ ɪɭɤɢ – ɩɚɪɵ I2, I3 ɢ U2, U1; 

ɞɥɹ ɥɟɜɨɣ ɧɨɝɢ – ɩɚɪɵ I3, I4 ɢ U3, U2; ɞɥɹ ɩɪɚɜɨɣ ɧɨɝɢ – ɩɚɪɵ I4, I5 ɢ U4, U3; ɞɥɹ ɩɪɚɜɨɣ 

ɪɭɤɢ – ɩɚɪɵ I5, I1 ɢ U5, U4. 

ɚ)  ɛ)  ɜ)  

Ɋɢɫɭɧɨɤ 4 – Ɂɨɧɵ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɥɹ ɫɯɟɦɵ ɢɡɦɟɪɟɧɢɹ ɝɨɥɨɜɵ: ɚ) ɩɨɪɨɝ 90%, 
ɛ) ɩɨɪɨɝ 95%, ɜ) ɩɨɪɨɝ 98%. 

ɉɨɥɭɱɟɧɧɵɟ ɡɨɧɵ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨɡɜɨɥɹɸɬ ɫɭɞɢɬɶ, ɨ ɬɨɦ ɤɚɤɢɟ ɨɪɝɚɧɵ 

ɢ ɬɤɚɧɢ ɢ ɨɛɥɚɫɬɢ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɬɟɥɚ ɨɤɚɡɵɜɚɸɬ ɨɫɧɨɜɧɨɣ ɜɤɥɚɞ ɜ ɢɡɦɟɪɹɟɦɨɟ ɡɧɚɱɟɧɢɟ 



ɢɦɩɟɞɚɧɫɚ ɩɪɢ ɜɵɛɪɚɧɧɨɣ ɫɯɟɦɟ ɷɥɟɤɬɪɨɞɨɜ. ɇɚ Ɋɢɫɭɧɨɤ 4–Ɋɢɫɭɧɨɤ 8 ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɡɨɧ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɥɹ ɩɪɟɞɥɨɠɟɧɧɵɯ ɷɥɟɤɬɪɨɞɧɵɯ ɫɯɟɦ. 

ɚ)  ɛ)  ɜ)  

Ɋɢɫɭɧɨɤ 5 – Ɂɨɧɵ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɥɹ ɫɯɟɦɵ ɢɡɦɟɪɟɧɢɹ ɥɟɜɨɣ ɪɭɤɢ: 
ɚ) ɩɨɪɨɝ 90%, ɛ) ɩɨɪɨɝ 95%, ɜ) ɩɨɪɨɝ 98%. 

ɚ)  ɛ)  ɜ)  

Ɋɢɫɭɧɨɤ 6 – Ɂɨɧɵ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɥɹ ɫɯɟɦɵ ɢɡɦɟɪɟɧɢɹ ɩɪɚɜɨɣ ɪɭɤɢ: 
ɚ) ɩɨɪɨɝ 90%, ɛ) ɩɨɪɨɝ 95%, ɜ) ɩɨɪɨɝ 98%. 

Ɂɨɧɵ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɥɹ ɩɪɚɜɨɣ ɢ ɥɟɜɨɣ ɪɭɤ ɜɵɝɥɹɞɹɬ ɚɧɚɥɨɝɢɱɧɨ. Ɉɧɢ 

ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɦɵɲɟɱɧɭɸ ɬɤɚɧɶ ɪɭɤɢ ɢ ɧɟɛɨɥɶɲɨɣ ɭɱɚɫɬɨɤ ɩɨɞɤɨɠɧɨɝɨ ɠɢɪɚ ɜɛɥɢɡɢ 

ɷɥɟɤɬɪɨɞɨɜ. ɇɚɱɢɧɚɹ ɫ ɩɨɪɨɝɚ 95% ɩɨɹɜɥɹɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɩɟɪɟɫɟɱɟɧɢɟ ɫ ɡɨɧɨɣ 

ɬɭɥɨɜɢɳɚ. 



ɚ)  ɛ)  ɜ)  

Ɋɢɫɭɧɨɤ 7 – Ɂɨɧɵ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɥɹ ɫɯɟɦɵ ɢɡɦɟɪɟɧɢɹ ɥɟɜɨɣ ɧɨɝɢ: 
ɚ) ɩɨɪɨɝ 90%, ɛ) ɩɨɪɨɝ 95%, ɜ) ɩɨɪɨɝ 98%. 

ɚ)  ɛ)  ɜ)  

Ɋɢɫɭɧɨɤ 8 – Ɂɨɧɵ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɥɹ ɫɯɟɦɵ ɢɡɦɟɪɟɧɢɹ ɩɪɚɜɨɣ ɧɨɝɢ: 
ɚ) ɩɨɪɨɝ 90%, ɛ) ɩɨɪɨɝ 95%, ɜ) ɩɨɪɨɝ 98%. 

Ɂɨɧɵ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɥɹ ɩɪɚɜɨɣ ɢ ɥɟɜɨɣ ɧɨɝ ɬɨɠɟ ɜɵɝɥɹɞɹɬ ɚɧɚɥɨɝɢɱɧɨ. 

Ɉɧɢ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɦɵɲɟɱɧɭɸ ɬɤɚɧɶ ɧɨɝɢ ɢ ɧɟɛɨɥɶɲɨɣ ɭɱɚɫɬɨɤ ɩɨɞɤɨɠɧɨɝɨ ɠɢɪɚ ɜɛɥɢɡɢ 

ɷɥɟɤɬɪɨɞɨɜ. ɇɚ ɪɢɫɭɧɤɚɯ ɯɨɪɨɲɨ ɜɢɞɧɨ, ɱɬɨ ɤɨɫɬɧɚɹ ɬɤɚɧɶ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɞɚɟɬ ɜɤɥɚɞɚ ɜ 

ɢɡɦɟɪɹɟɦɵɟ ɡɧɚɱɟɧɢɹ. ɇɚɱɢɧɚɹ ɫ ɩɨɪɨɝɚ 95% ɬɚɤɠɟ ɩɨɹɜɥɹɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɩɟɪɟɫɟɱɟɧɢɟ 

ɫ ɡɨɧɨɣ ɬɭɥɨɜɢɳɚ. 



ɚ)  ɛ)  

Ɋɢɫɭɧɨɤ 9 – Ɂɨɧɵ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɥɹ ɜɫɟɯ ɤɨɦɛɢɧɚɰɢɣ ɫɯɟɦ ɢɡɦɟɪɟɧɢɹ: 
ɚ) ɩɨɪɨɝ 95%, ɛ) ɩɨɪɨɝ 98%. 

ɇɚ Ɋɢɫɭɧɨɤ 9 ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɡɨɧɵ ɫ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ 

ɞɥɹ ɜɫɟɯ ɢɡɦɟɪɹɟɦɵɯ ɱɚɫɬɟɣ ɬɟɥɚ. ɉɪɢ ɩɨɪɨɝɟ 98% ɫɭɦɦɚɪɧɚɹ ɡɨɧɚ ɜɵɫɨɤɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨɤɪɵɜɚɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɬɟɥɨ. Ɉɞɧɚɤɨ ɭɠɟ ɩɪɢ ɩɨɪɨɝɟ 95% ɥɟɝɤɨ 

ɪɚɡɥɢɱɢɦɵ ɨɛɥɚɫɬɢ ɧɚ ɫɬɵɤɚɯ ɪɚɡɧɵɯ ɱɚɫɬɟɣ, ɤɨɬɨɪɵɟ ɞɚɸɬ ɧɟɡɧɚɱɢɬɟɥɶɧɵɣ ɜɤɥɚɞ. 



4. Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɵ ɜɧɟɞɪɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɇɂɊ ɜ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɟɝɨ ɦɟɠɞɢɫɰɢɩɥɢɧɚɪɧɵɣ ɯɚɪɚɤɬɟɪ: ɪɟɲɟɧɢɟ 

ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɬɪɟɛɭɟɬ ɩɪɢɜɥɟɱɟɧɢɹ ɫɩɟɰɢɚɥɢɫɬɨɜ ɜ ɨɛɥɚɫɬɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 

ɦɚɬɟɦɚɬɢɤɢ, ɢɧɮɨɪɦɚɬɢɤɢ, ɦɟɞɢɰɢɧɫɤɨɝɨ ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɹ ɢ ɦɟɞɢɰɢɧɵ. ɉɨɞɝɨɬɨɜɤɚ 

ɦɨɥɨɞɵɯ ɫɩɟɰɢɚɥɢɫɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɫɬɭɞɟɧɬɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɧɚɞ ɩɪɨɟɤɬɨɦ, ɬɚɤɠɟ ɧɨɫɢɬ 

ɦɟɠɞɢɫɰɢɩɥɢɧɚɪɧɵɣ ɯɚɪɚɤɬɟɪ. ɋɬɭɞɟɧɬɵ ɛɚɡɨɜɨɣ ɤɚɮɟɞɪɵ ɂȼɆ ɊȺɇ "Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ" ɧɚ Ɏɚɤɭɥɶɬɟɬɟ ɩɪɨɛɥɟɦ ɮɢɡɢɤɢ ɢ ɷɧɟɪɝɟɬɢɤɢ 

Ɇɨɫɤɨɜɫɤɨɝɨ ɮɢɡɢɤɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ ɢ ɛɚɡɨɜɨɣ ɤɚɮɟɞɪɵ "ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ 

ɬɟɯɧɨɥɨɝɢɢ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ" ɧɚ Ɏɚɤɭɥɶɬɟɬɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɚɬɟɦɚɬɢɤɢ ɢ ɤɢɛɟɪɧɟɬɢɤɢ 

ɆȽɍ ɢɦ. Ɇ.ȼ.Ʌɨɦɨɧɨɫɨɜɚ ɜ ɪɚɦɤɚɯ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚ ɤɚɮɟɞɪɚɯ ɨɡɧɚɤɨɦɢɥɢɫɶ 

ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɇɂɊ: 

1. Ɇɟɬɨɞɵ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɫ ɦɚɬɪɢɰɚɦɢ 

ɫɩɟɰɢɚɥɶɧɨɝɨ ɛɥɨɱɧɨɝɨ ɜɢɞɚ – 2 ɚɤɚɞɟɦɢɱɟɫɤɢɯ ɱɚɫɚ ɜ ɤɭɪɫɚɯ "ɉɪɚɤɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ 

ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ" (ɆɎɌɂ), "Ɇɧɨɝɨɫɟɬɨɱɧɵɟ ɦɟɬɨɞɵ ɢ ɦɟɬɨɞɵ 

ɞɟɤɨɦɩɨɡɢɰɢɢ ɨɛɥɚɫɬɢ" (ɆɎɌɂ, ȼɆɄ ɆȽɍ, ɥɟɤɬɨɪ ɘ.ȼ.ȼɚɫɢɥɟɜɫɤɢɣ); 

2. Ɇɟɬɨɞɵ ɫɜɟɞɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɤɨɦɩɥɟɤɫɧɵɦɢ 

ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɢ ɩɟɪɟɦɟɧɧɵɦɢ ɤ ɫɢɫɬɟɦɚɦ  ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ 

ɜɟɳɟɫɬɜɟɧɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɢ ɩɟɪɟɦɟɧɧɵɦɢ – 4 ɚɤɚɞɟɦɢɱɟɫɤɢɯ ɱɚɫɚ ɜ ɤɭɪɫɟ "Ɉɫɧɨɜɵ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ" (ɆɎɌɂ, ȼɆɄ ɆȽɍ, ɥɟɤɬɨɪɵ Ⱥ.Ⱥ.Ⱦɚɧɢɥɨɜ, 

ɂ.ȼ.Ʉɚɩɵɪɢɧ); 

3. Ɇɟɬɨɞɵ ɩɨɫɬɪɨɟɧɢɹ ɬɟɬɪɚɷɞɪɚɥɶɧɵɯ ɫɟɬɨɤ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ CGAL ɞɥɹ 

ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɵɯ ɢɥɢ ɜɨɤɫɟɥɶɧɵɯ ɞɚɧɧɵɯ – 2 ɚɤɚɞɟɦɢɱɟɫɤɢɯ ɱɚɫɚ ɜ ɤɭɪɫɟ "ɋɨɜɪɟɦɟɧɧɵɟ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɢ" (ɆɎɌɂ, ȼɆɄ ɆȽɍ, ɥɟɤɬɨɪ ɘ.ȼ.ȼɚɫɢɥɟɜɫɤɢɣ); 

4. Ɇɟɬɨɞɵ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɬɟɬɪɚɷɞɪɚɥɶɧɵɯ ɫɟɬɨɤ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ 

Ani3D – 2 ɚɤɚɞɟɦɢɱɟɫɤɢɯ ɱɚɫɚ ɜ ɤɭɪɫɟ "ȼɚɪɢɚɰɢɨɧɧɨ-ɩɪɨɟɤɰɢɨɧɧɵɟ ɦɟɬɨɞɵ" (ɆɎɌɂ, ȼɆɄ 

ɆȽɍ, ɥɟɤɬɨɪ ɘ.ȼ.ȼɚɫɢɥɟɜɫɤɢɣ); 

5. Ɇɟɬɨɞɵ ɫɟɝɦɟɧɬɚɰɢɢ ɦɟɞɢɰɢɧɫɤɢɯ ɞɚɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɄɌ ɫɪɟɡɨɜ – 2 ɚɤɚɞɟɦɢɱɟɫɤɢɯ 

ɱɚɫɚ ɜ ɤɭɪɫɟ "ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦ" (ȼɆɄ 

ɆȽɍ, ɥɟɤɬɨɪ ɋ.Ƚ.Ɋɭɞɧɟɜ). 



ɉɨɦɢɦɨ ɡɚɩɥɚɧɢɪɨɜɚɧɧɨɝɨ ɢ ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɜɧɟɞɪɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɇɂɊ ɜ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɧɚ ɛɚɡɨɜɵɯ ɤɚɮɟɞɪɚɯ ɆɎɌɂ ɢ ȼɆɄ ɆȽɍ, ɪɟɡɭɥɶɬɚɬɵ ɇɂɊ 

(ɦɟɬɨɞɵ ɩɨɫɬɪɨɟɧɢɹ ɬɟɬɪɚɷɞɪɚɥɶɧɵɯ ɫɟɬɨɤ, ɦɟɬɨɞɵ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɞɢɫɤɪɟɬɢɡɚɰɢɢ) 

ɛɵɥɢ ɢɧɬɟɝɪɢɪɨɜɚɧɵ ɜ ɫɥɟɞɭɸɳɢɟ ɤɭɪɫɵ ɥɟɤɰɢɣ, ɩɪɨɱɢɬɚɧɧɵɟ ɞɥɹ ɪɨɫɫɢɣɫɤɢɯ ɢ 

ɡɚɪɭɛɟɠɧɵɯ ɫɬɭɞɟɧɬɨɜ. 

1. ɘ.ȼ.ȼɚɫɢɥɟɜɫɤɢɣ, "Ʉɪɚɬɤɢɣ ɤɭɪɫ ɩɨ ɩɪɢɛɥɢɠɟɧɧɨɦɭ ɪɟɲɟɧɢɸ ɤɪɚɟɜɵɯ ɡɚɞɚɱ". 

ɉɪɢɝɥɚɲɟɧɧɵɣ ɤɭɪɫ ɥɟɤɰɢɣ ɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɧɹɬɢɣ ɞɥɹ ɫɬɭɞɟɧɬɨɜ ɫɬɚɪɲɢɯ ɤɭɪɫɨɜ ɢ 

ɚɫɩɢɪɚɧɬɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɮɚɤɭɥɶɬɟɬɚ ȻɎɍ ɢɦ. ɂ.Ʉɚɧɬɚ. 

2. ɘ.ȼ.ȼɚɫɢɥɟɜɫɤɢɣ, "ȼɜɟɞɟɧɢɟ ɜ ɦɧɨɝɨɭɪɨɜɧɟɜɵɟ ɢ ɦɧɨɝɨɫɟɬɨɱɧɵɟ ɦɟɬɨɞɵ". 

ɉɪɢɝɥɚɲɟɧɧɵɣ ɤɭɪɫ ɥɟɤɰɢɣ ɧɚ Ɋɢɦɫɤɨ-ɦɨɫɤɨɜɫɤɨɣ ɲɤɨɥɟ ɩɨ ɦɚɬɪɢɱɧɵɦ ɦɟɬɨɞɚɦ ɢ 

ɩɪɢɤɥɚɞɧɨɣ ɥɢɧɟɣɧɨɣ ɚɥɝɟɛɪɟ (ɆȽɍ, ɍɧɢɜɟɪɫɢɬɟɬ Ɍɨɪ ȼɟɪɝɚɬɚ, 

http://www.inm.ras.ru/romos/schedule.pdf) 

3. ɘ.ȼ.ȼɚɫɢɥɟɜɫɤɢɣ, "Ʉɪɚɬɤɢɣ ɤɭɪɫ ɩɨ ɩɪɢɛɥɢɠɟɧɧɨɦɭ ɪɟɲɟɧɢɸ ɤɪɚɟɜɵɯ ɡɚɞɚɱ". 

Ʌɟɬɧɹɹ ɲɤɨɥɚ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ "ȼɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɟ ɜɵɱɢɫɥɟɧɢɹ ɫ ɩɪɢɥɨɠɟɧɢɹɦɢ ɜ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ  ɚɷɪɨɝɢɞɪɨɞɢɧɚɦɢɤɟ", ɉɟɤɢɧɫɤɢɣ ɚɷɪɨɤɨɫɦɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ. 

4. ɘ.ȼ.ȼɚɫɢɥɟɜɫɤɢɣ, "ɋɟɬɨɱɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɢɨɢɦɩɟɞɚɧɫɧɵɯ 

ɢɡɦɟɪɟɧɢɣ ɧɚ ɩɪɢɦɟɪɟ ɞɚɧɧɵɯ VТЬТЛХО HЮЦКЧ PЫШУОМЭ". ɉɪɢɝɥɚɲɟɧɧɵɣ ɞɨɤɥɚɞ ɧɚ 4ɣ 

ɤɨɧɮɟɪɟɧɰɢɢ ɩɨ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɦɨɞɟɥɹɦ ɢ ɱɢɫɥɟɧɧɵɦ ɦɟɬɨɞɚɦ ɜ ɛɢɨɦɚɬɟɦɚɬɢɤɟ (ɂȼɆ 

ɊȺɇ, http://dodo.inm.ras.ru/biomath/files/programIV.pdf), ɩɪɢɝɥɚɲɟɧɧɵɣ ɞɨɤɥɚɞ ɧɚ 

ɪɨɫɫɢɣɫɤɨ-ɤɢɬɚɣɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɩɨ ɱɢɫɥɟɧɧɵɦ ɚɥɝɨɪɢɬɦɚɦ, ɝɞɟ ɛɨɥɶɲɢɧɫɬɜɨ 

ɫɥɭɲɚɬɟɥɟɣ – ɚɫɩɢɪɚɧɬɵ. 

http://dodo.inm.ras.ru/biomath/files/programIV.pdf


5. Ɉɤɨɧɱɚɬɟɥɶɧɚɹ ɞɨɪɚɛɨɬɤɚ ɢɧɬɟɪɮɟɣɫɚ ɩɨɥɶɡɨɜɚɬɟɥɹ ɞɥɹ 

ɩɪɨɝɪɚɦɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɜɢɡɭɚɥɢɡɚɰɢɢ 

ɷɥɟɤɬɪɨɢɦɩɟɞɚɧɫɧɵɯ ɢɡɦɟɪɟɧɢɣ ɬɟɥɚ ɱɟɥɨɜɟɤɚ 

ɇɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ ɪɚɛɨɬ ɧɚɞ ɩɪɨɟɤɬɨɦ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ, 

ɫɨɫɬɨɹɳɢɣ ɢɡ ɞɜɭɯ ɩɪɨɝɪɚɦɦ: ITK-SNAP ɢ ParaView. Ɍɚɤ ɤɚɤ ɪɚɡɪɚɛɨɬɤɚ ɩɨɥɧɨɰɟɧɧɨɝɨ 

ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɡɚɞɚɧɢɹ ɧɚɱɚɥɶɧɵɯ ɩɨɥɨɠɟɧɢɣ ɷɥɟɤɬɪɨɞɨɜ ɢ 

ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɣ, ɛɵɥɨ ɪɟɲɟɧɨ ɨɫɬɚɜɢɬɶ 

ɜɵɛɨɪ ɧɚ ɷɬɢɯ ɞɜɭɯ ɩɪɨɝɪɚɦɦɚɯ. 

ɉɪɨɝɪɚɦɦɧɵɟ ɩɚɤɟɬɵ ITK-SNAP ɢ ParaView ɩɨɞɪɨɛɧɨ ɭɠɟ ɨɩɢɫɵɜɚɥɢɫɶ ɧɚ 

ɩɪɟɞɵɞɭɳɢɯ ɷɬɚɩɚɯ. Ɉɬɦɟɬɢɦ ɬɨɥɶɤɨ, ɱɬɨ ITK-SNAP ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɩɨɡɜɨɥɹɟɬ ɛɵɫɬɪɨ ɢ 

ɬɨɱɧɨ ɪɚɫɩɨɥɨɠɢɬɶ ɤɚɤ ɤɪɭɝɥɵɟ, ɬɚɤ ɢ ɩɪɹɦɨɭɝɨɥɶɧɵɟ ɷɥɟɤɬɪɨɞɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɬɟɥɚ. ɋ 

ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ ɫ ɩɨɦɨɳɶɸ ITK-SNAP ɦɨɠɧɨ ɡɚɞɚɬɶ ɷɥɟɤɬɪɨɞ ɢɥɢ ɧɚɛɨɪ ɷɥɟɤɬɪɨɞɨɜ 

ɩɪɨɢɡɜɨɥɶɧɨɣ ɮɨɪɦɵ, ɱɬɨ ɨɱɟɧɶ ɜɚɠɧɨ ɞɥɹ ɚɧɚɥɢɡɚ ɜɥɢɹɧɢɹ ɪɚɡɥɢɱɧɵɯ ɷɥɟɤɬɪɨɞɨɜ ɧɚ 

ɢɡɦɟɪɹɟɦɵɟ ɩɪɢ ɛɢɨɢɦɩɟɞɚɧɫɧɨɦ ɚɧɚɥɢɡɟ ɜɟɥɢɱɢɧɵ. 

ɋ ɩɨɦɨɳɶɸ ɩɚɤɟɬɚ ɜɢɡɭɚɥɢɡɚɰɢɢ ɢ ɚɧɚɥɢɡɚ ɱɢɫɥɟɧɧɵɯ ɪɟɲɟɧɢɣ ParaView ɦɨɠɧɨ 

ɫɬɪɨɢɬɶ ɧɟ ɬɨɥɶɤɨ ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɩɨɥɹ, ɧɨ ɢ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɥɢɧɢɢ ɬɨɤɚ, ɜɵɱɢɫɥɹɬɶ 

ɮɭɧɤɰɢɸ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ, ɫɬɪɨɢɬɶ ɫɟɱɟɧɢɹ ɢ ɜɵɞɟɥɹɬɶ ɩɨɞɦɧɨɠɟɫɬɜɚ ɢɫɫɥɟɞɭɟɦɨɝɨ 

ɨɛɴɟɤɬɚ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɛɵɥɢ ɫɨɡɞɚɧɵ ɩɪɟɞɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɚɫɬɪɨɣɤɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɫɪɚɡɭ 

ɜɵɞɟɥɹɬɶ ɤɚɤ ɨɬɞɟɥɶɧɵɟ ɨɪɝɚɧɵ, ɬɚɤ ɢ ɝɪɭɩɩɵ ɨɪɝɚɧɨɜ, ɧɚɯɨɞɢɬɶ ɨɛɥɚɫɬɢ ɤɚɤ ɜɵɫɨɤɨɣ, ɬɚɤ ɢ 

ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫ ɪɚɡɥɢɱɧɵɦɢ ɩɨɪɨɝɚɦɢ. 

ɉɪɨɝɪɚɦɦɚ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɞɟɥɶɧɵɣ ɢɫɩɨɥɧɹɟɦɵɣ ɮɚɣɥ 

ɛɟɡ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɢ ɦɨɠɟɬ ɛɵɬɶ ɭɞɚɥɟɧɧɨ ɡɚɩɭɳɟɧɚ ɧɚ 

ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɚɲɢɧɚɯ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɨɩɟɪɚɬɨɪɭ, 

ɩɪɨɜɨɞɹɳɟɦɭ ɪɚɫɱɟɬ, ɡɚɞɚɬɶ ɜɫɟ ɧɚɱɚɥɶɧɵɟ ɞɚɧɧɵɟ ɧɚ ɫɜɨɟɣ ɦɚɲɢɧɟ, ɡɚɩɭɫɬɢɬɶ ɪɚɫɱɟɬ ɧɚ 

ɭɞɚɥɟɧɧɨɣ ɦɚɲɢɧɟ ɢ ɩɪɨɫɦɨɬɪɟɬɶ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɨɩɹɬɶ ɧɚ ɫɜɨɟɣ ɦɚɲɢɧɟ. ȼ ɫɜɨɸ 

ɨɱɟɪɟɞɶ ɷɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ ɧɟɨɛɯɨɞɢɦɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɨɦɩɶɸɬɟɪɭ 

ɨɩɟɪɚɬɨɪɚ. 



6. Ɋɚɡɪɚɛɨɬɤɚ ɛɢɨɢɦɩɟɞɚɧɫɧɨɝɨ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɟɧɞɚ ɞɥɹ 

ɦɨɧɢɬɨɪɢɧɝɚ ɝɢɞɪɚɬɚɰɢɢ ɥɟɝɤɢɯ ɧɚ ɛɚɡɟ ɭɠɟ 

ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɨɝɨ ɢ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ 

ɷɥɟɤɬɪɨɢɦɩɟɞɚɧɫɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɉɪɨɜɟɞɟɧɵ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɫ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɶɸ, 

ɩɨɫɬɪɨɟɧɧɨɣ ɞɥɹ ɚɞɚɩɬɢɪɨɜɚɧɧɨɣ ɧɟɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɣ ɫɟɬɤɢ ɧɚ ɨɫɧɨɜɟ ɭɩɪɨɳɟɧɧɨɣ 

ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɬɭɥɨɜɢɳɚ (ȼɚɫɢɥɟɜɫɤɢɣ ɢ ɫɨɚɜɬ., 2012). ɐɟɥɶɸ 

ɭɤɚɡɚɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɚ ɢɦɢɬɚɰɢɹ ɩɪɨɰɟɫɫɚ ɦɨɧɢɬɨɪɢɧɝɚ ɝɢɞɪɚɬɚɰɢɢ ɥɟɝɤɢɯ ɧɚ 

ɨɫɧɨɜɟ ɬɟɬɪɚɩɨɥɹɪɧɨɣ ɫɯɟɦɵ ɢɡɦɟɪɟɧɢɣ ɞɥɹ ɱɚɫɬɨɬ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ (5 ɤȽɰ, 50 ɤȽɰ) ɢ 

ɤɚɪɞɢɨɝɪɚɮɢɱɟɫɤɢɯ ɷɥɟɤɬɪɨɞɨɜ, ɬɪɚɞɢɰɢɨɧɧɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɛɢɨɢɦɩɟɞɚɧɫɨɦɟɬɪɢɢ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɢ ɩɪɢ ɢɡɦɟɪɟɧɢɹɯ ɛɢɨɢɦɩɟɞɚɧɫɧɵɦ ɚɧɚɥɢɡɚɬɨɪɨɦ ɪɨɫɫɢɣɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ Ⱥȼɋ-01 

«Ɇɟɞɚɫɫ» (ɇɌɐ «Ɇɟɞɚɫɫ», ɝ. Ɇɨɫɤɜɚ). ɉɨɤɚɡɚɧɚ ɜɵɫɨɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɢɡɦɟɪɟɧɧɵɯ 

ɡɧɚɱɟɧɢɣ ɢɦɩɟɞɚɧɫɚ ɤ ɢɡɦɟɧɟɧɢɸ ɩɪɨɜɨɞɢɦɨɫɬɢ ɥɟɝɨɱɧɨɣ ɬɤɚɧɢ (ɜɤɥɚɞ 48%) ɗɬɨ ɨɡɧɚɱɚɟɬ 

ɩɪɢɦɟɧɢɦɨɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɟɬɨɞɢɤɢ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɝɢɞɪɚɬɚɰɢɢ ɥɟɝɤɢɯ ɭ ɛɨɥɶɧɵɯ 

ɪɚɡɥɢɱɧɵɦɢ ɡɚɛɨɥɟɜɚɧɢɹɦɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɩɥɨɬɧɨɫɬɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɛɢɨɢɦɩɟɞɚɧɫɧɵɯ ɢɡɦɟɪɟɧɢɣ 

ɩɨɡɜɨɥɢɥɢ ɨɛɴɹɫɧɢɬɶ ɧɚɛɥɸɞɚɟɦɵɣ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɛɢɨɢɦɩɟɞɚɧɫɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɷɮɮɟɤɬ «ɜɵɫɨɯɲɟɝɨ ɥɟɝɤɨɝɨ» [6], ɬ.ɟ. ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɢɦɩɟɞɚɧɫɚ (ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɢɡɤɢɟ ɨɰɟɧɤɢ ɡɧɚɱɟɧɢɣ ɨɛɴɟɦɚ ɜɨɞɵ ɜ ɥɟɝɤɢɯ ɞɚɠɟ ɩɪɢ ɜɵɪɚɠɟɧɧɨɦ ɢ 

ɨɬɟɤɟ) ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɬɪɚɩɨɥɹɪɧɨɣ ɫɯɟɦɵ ɢɡɦɟɪɟɧɢɣ ɫ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɬɨɤɨɜɵɯ ɢ 

ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɷɥɟɤɬɪɨɞɨɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɝɪɚɧɢɰɟ ɥɟɝɤɢɯ. Ⱦɚɧɧɵɣ ɷɮɮɟɤɬ ɦɨɠɟɬ 

ɨɛɴɹɫɧɹɬɶɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɨɛɴɟɦɚ ɠɢɞɤɨɫɬɢ ɜ ɩɥɟɜɪɚɥɶɧɨɣ ɩɨɥɨɫɬɢ, ɬ.ɟ. ɜ ɨɛɥɚɫɬɢ 

ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɛɢɨɢɦɩɟɞɚɧɫɧɵɯ ɢɡɦɟɪɟɧɢɣ ɩɪɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɯɟɦɟ 

ɪɚɫɩɨɥɨɠɟɧɢɹ ɷɥɟɤɬɪɨɞɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɬɨɞɢɤɚ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɞɢɚɝɧɨɫɬɢɪɨɜɚɬɶ ɧɟ 

ɬɨɥɶɤɨ ɥɟɝɨɱɧɵɟ, ɧɨ ɢ ɩɥɟɜɪɚɥɶɧɵɟ ɨɬɟɤɢ. 

ɉɪɟɞɫɬɚɜɥɹɟɬɫɹ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɩɪɨɜɟɞɟɧɢɟ ɞɚɥɶɧɟɣɲɢɯ ɤɥɢɧɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ 

ɚɧɚɥɢɡɚɬɨɪɚ Ⱥȼɋ-01 Ɇɟɞɚɫɫ ɫ ɰɟɥɶɸ ɨɰɟɧɤɢ ɩɪɢɦɟɧɢɦɨɫɬɢ ɛɢɨɢɦɩɟɞɚɧɫɨɦɟɬɪɢɢ ɞɥɹ 

ɞɢɚɝɧɨɫɬɢɤɢ ɨɬɟɤɨɜ ɥɟɝɤɢɯ ɪɚɡɥɢɱɧɨɣ ɥɨɤɚɥɢɡɚɰɢɢ. ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɫ 

ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɶɸ ɬɟɥɚ ɱɟɥɨɜɟɤɚ ɩɨɡɜɨɥɹɬ ɡɧɚɱɢɬɟɥɶɧɨ 

ɫɨɤɪɚɬɢɬɶ ɧɟɨɛɯɨɞɢɦɵɣ ɨɛɴɟɦ ɬɚɤɢɯ ɢɫɩɵɬɚɧɢɣ ɞɥɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɜɵɛɨɪɚ ɭɫɥɨɜɢɣ 

ɢɡɦɟɪɟɧɢɣ. 



Ɂɚɤɥɸɱɟɧɢɟ 

ɋɨɞɟɪɠɚɧɢɟ ɧɚɫɬɨɹɳɟɝɨ ɨɬɱёɬɚ ɢɫɱɟɪɩɵɜɚɟɬ ɡɚɞɚɧɢɹ ɗɬɚɩɚ № 5 Ʉɚɥɟɧɞɚɪɧɨɝɨ ɩɥɚɧɚ 

Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɤɨɧɬɪɚɤɬɚ № 14.740.11.0844 ɨɬ 01 ɞɟɤɚɛɪɹ 2010ɝ. ɉɨɫɬɚɜɥɟɧɧɵɟ ɡɚɞɚɱɢ 

ɜɵɩɨɥɧɟɧɵ ɩɨɥɧɨɫɬɶɸ. 

ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɚɛɨɬɵ:  

– ɉɨɫɬɪɨɟɧɚ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɵɯ ɦɨɞɟɥɶ ɬɟɥɚ ɱɟɥɨɜɟɤɚ. 

– Ɂɚɞɚɧɵ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ. 

– ɉɪɨɜɟɞɟɧɵ ɱɢɫɥɟɧɧɵɟ ɪɚɫɱɟɬɵ ɩɨɥɟɣ ɩɨɬɟɧɰɢɚɥɨɜ, ɩɥɨɬɧɨɫɬɟɣ ɬɨɤɚ ɢ ɮɭɧɤɰɢɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɥɹ ɩɨɥɢɫɟɝɦɟɧɬɧɨɣ ɦɨɞɟɥɢ ɢɡɦɟɪɟɧɢɹ ɫɨɫɬɚɜɚ ɬɟɥɚ ɱɟɥɨɜɟɤɚ. 

– Ɋɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɚ ɜɧɟɞɪɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɟɤɬɚ ɜ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɣ 

ɩɪɨɰɟɫɫ. 

– ɉɪɨɜɟɞɟɧɚ ɨɤɨɧɱɚɬɟɥɶɧɚɹ ɞɨɪɚɛɨɬɤɚ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɩɨɥɶɡɨɜɚɬɟɥɹ. 

– Ɋɚɡɪɚɛɨɬɚɧ ɛɢɨɢɦɩɟɞɚɧɫɧɵɣ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɫɬɟɧɞ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɝɢɞɪɚɬɚɰɢɢ 

ɥɟɝɤɢɯ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɧɨɫɬɶɸ ɢɫɱɟɪɩɵɜɚɸɬ ɡɚɞɚɧɢɹ ɢ ɰɟɥɢ ɧɚɫɬɨɹɳɟɝɨ 

ɩɪɨɟɤɬɚ. Ɋɚɡɪɚɛɨɬɚɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɬɟɯɧɨɥɨɝɢɢ ɞɥɹ ɷɥɟɤɬɪɨɢɦɩɟɞɚɧɫɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɢ 

ɦɨɧɢɬɨɪɢɧɝɚ. 

Ʉ ɪɚɛɨɬɚɦ ɧɚ ɧɚɫɬɨɹɳɟɦ ɷɬɚɩɟ ɩɪɢɜɥɟɱɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɨɥɨɞɟɠɢ: 6 

ɦɨɥɨɞɵɯ ɤɚɧɞɢɞɚɬɨɜ ɧɚɭɤ, 4 ɚɫɩɢɪɚɧɬɨɜ ɢ 6 ɫɬɭɞɟɧɬɨɜ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɛɨɬɵ 

ɨɩɭɛɥɢɤɨɜɚɧɚ ɨɞɧɚ ɫɬɚɬɶɹ: 

1. Danilov A.A., Nikolaev D.V., Rudnev S.G., Salamatova V.Yu., Vassilevski Yu.V. Modelling 

of bioimpedance measurements: unstructured mesh application to real human anatomy // 

Russ. J. Numer. Anal. Math. Modelling, Vol. 27, No. 5. P.431-440. 

ȼɫɟ ɡɚɞɚɧɧɵɟ ɰɟɥɟɜɵɟ ɢɧɞɢɤɚɬɨɪɵ ɢ ɩɨɤɚɡɚɬɟɥɢ ɞɨɫɬɢɝɧɭɬɵ. 
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