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Ɋɟɮɟɪɚɬ 
Ɉɬɱɟɬ 44 ɫ., 1 ɱ., 23 ɪɢɫ., 3 ɬɚɛɥ., 44 ɢɫɬɨɱɧ., 1 ɩɪɢɥ. 

 

ɋȿȽɆȿɇɌɂɊɈȼȺɇɂȿ, ɆȺɌȿɆȺɌɂɑȿɋɄɈȿ ɆɈȾȿɅɂɊɈȼȺɇɂȿ, 

ɌɊȿɏɆȿɊɇɕȿ ɇȿɋɌɊɍɄɌɍɊɂɊɈȼȺɇɇɕȿ ɋȿɌɄɂ, ɗɅȿɄɌɊɂɑȿɋɄȺə 

ɉɊɈȼɈȾɂɆɈɋɌɖ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɫɜɹɳɟɧɨ ɜɨɫɫɨɡɞɚɧɢɸ ɪɟɚɥɢɫɬɢɱɧɨɣ ɬɪɟɯɦɟɪɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɬɭɥɨɜɢɳɚ ɦɭɠɱɢɧɵ ɢ ɩɨɫɬɪɨɟɧɢɸ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ ɬɟɥɚ ɱɟɥɨɜɟɤɚ ɤɚɤ 

ɩɪɨɜɨɞɹɳɟɣ ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɞɥɹ ɡɚɞɚɱ ɷɥɟɤɬɪɨɢɦɩɟɞɚɧɫɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɨɛɪɚɛɨɬɤɢ 

(ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ) ɢɡɨɛɪɚɠɟɧɢɣ ɩɨɩɟɪɟɱɧɵɯ ɫɪɟɡɨɜ ɬɟɥɚ ɱɟɥɨɜɟɤɚ ɢ ɝɟɧɟɪɚɰɢɹ ɪɚɫɱɟɬɧɵɯ 

ɫɟɬɨɤ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɥɚɫɬɟɣ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɨɫɬɪɨɟɧɢɟɦ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ 

ɬɭɥɨɜɢɳɚ ɱɟɥɨɜɟɤɚ. 

ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɨɛɡɨɪ ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ ɤɚɤ ɞɥɹ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ 

ɦɟɞɢɰɢɧɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ, ɬɚɤ ɢ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɬɪɟɯɦɟɪɧɵɯ ɧɟɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɫɟɬɨɤ 

ɫ ɭɱɟɬɨɦ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɨɛɥɚɫɬɟɣ. 

ɋ ɩɨɦɨɳɶɸ ɩɪɟɞɥɨɠɟɧɧɵɯ ɩɨɞɯɨɞɨɜ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɪɟɚɥɢɫɬɢɱɧɚɹ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ 

ɦɨɞɟɥɶ ɬɭɥɨɜɢɳɚ ɱɟɥɨɜɟɤɚ ɢ ɩɨɫɬɪɨɟɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɦɨɞɟɥɶ ɞɥɹ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɚɫɫɢɜɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɬɭɥɨɜɢɳɚ ɱɟɥɨɜɟɤɚ ɜ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ 

ɧɚɫɬɨɹɳɟɝɨ ɩɪɨɟɤɬɚ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɧɚɣɞɭɬ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɦɟɬɨɞɨɜ 

ɷɥɟɤɬɪɨɢɦɩɟɞɚɧɫɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ. 
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Вɜɟɞɟɧɢɟ 
 

ɗɥɟɤɬɪɨɢɦɩɟɞɚɧɫɧɚɹ ɞɢɚɝɧɨɫɬɢɤɚ – ɷɮɮɟɤɬɢɜɧɵɣ ɫɨɜɪɟɦɟɧɧɵɣ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɣ 

ɦɟɬɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɢɡɦɟɪɟɧɢɹɯ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɬɟɥɚ ɱɟɥɨɜɟɤɚ. Ⱦɚɧɧɵɣ 

ɜɢɞ ɞɢɚɝɧɨɫɬɢɤɢ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɢɬɶ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɢ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɨɡɜɨɥɹɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɫɨɫɬɨɹɧɢɟ 

ɥɢɩɢɞɧɨɝɨ, ɛɟɥɤɨɜɨɝɨ ɢ ɜɨɞɧɨɝɨ ɨɛɦɟɧɚ ɨɪɝɚɧɢɡɦɚ. 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɷɥɟɤɬɪɨɢɦɩɟɞɚɧɫɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɚɬɶ 

ɡɚɞɚɱɢ ɨ ɥɨɤɚɥɢɡɚɰɢɢ ɨɛɥɚɫɬɟɣ ɢɡɦɟɪɟɧɢɣ, ɨɩɬɢɦɢɡɚɰɢɢ ɱɚɫɬɨɬɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɢ 

ɤɨɧɮɢɝɭɪɚɰɢɢ ɷɥɟɤɬɪɨɞɧɵɯ ɫɯɟɦ. ɇɚɫɬɨɹɳɚɹ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɚɹ ɪɚɛɨɬɚ 

ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɪɟɲɟɧɢɟ ɞɚɧɧɵɯ ɡɚɞɚɱ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɭɸ ɪɚɡɪɚɛɨɬɤɭ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 

ɬɟɯɧɨɥɨɝɢɢ ɷɥɟɤɬɪɨɢɦɩɟɞɚɧɫɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɧɚ ɨɫɧɨɜɟ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ ɬɟɥɚ 

ɱɟɥɨɜɟɤɚ ɤɚɤ ɩɪɨɜɨɞɹɳɟɣ ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ. 

Ʉɥɸɱɟɜɵɦɢ ɷɬɚɩɚɦɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɨɞɨɛɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚɪɢɹ ɹɜɥɹɸɬɫɹ 

ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɟ ɦɟɞɢɰɢɧɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ ɞɥɹ ɜɨɫɫɨɡɞɚɧɢɹ ɪɟɚɥɢɫɬɢɱɧɵɯ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɬɟɥɚ ɱɟɥɨɜɟɤɚ; ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɩɨɫɬɪɨɟɧɢɹ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɫɟɬɨɤ ɞɥɹ ɨɛɥɚɫɬɟɣ ɫɨ ɫɥɨɠɧɵɦɢ ɝɪɚɧɢɰɚɦɢ; ɝɟɧɟɪɚɰɢɹ ɤɨɧɟɱɧɨ-

ɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ ɧɚ ɛɚɡɟ ɪɚɫɱɟɬɧɵɯ ɫɟɬɨɤ; ɚɧɚɥɢɡ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɫ ɚɧɢɡɨɬɪɨɩɧɵɦɢ ɬɟɧɡɨɪɚɦɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. 

ȼ ɪɚɡɞɟɥɟ 1 ɧɚɫɬɨɹɳɟɝɨ ɨɬɱɟɬɚ ɞɚɸɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɪɯɢɜɚ ɦɟɞɢɰɢɧɫɤɢɯ 

ɢɡɨɛɪɚɠɟɧɢɣ ɬɭɥɨɜɢɳɚ ɦɭɠɱɢɧɵ (ɚɪɯɢɜ VHP) ɢ ɪɚɡɥɢɱɧɵɯ ɩɪɨɝɪɚɦɦ ɞɥɹ ɟɝɨ ɨɛɪɚɛɨɬɤɢ. 

Ɍɚɤɠɟ ɜ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɢɜɨɞɢɬɫɹ ɨɛɡɨɪ ɨɫɧɨɜɧɵɯ ɦɟɬɨɞɨɜ ɢ ɩɨɞɯɨɞɨɜ ɤ 

ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɸ ɦɟɞɢɰɢɧɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɜɵɛɢɪɚɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɣ ɚɥɝɨɪɢɬɦ. 

ɋ ɩɨɦɨɳɶɸ ɜɵɛɪɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɛɵɥɚ ɜɨɫɫɨɡɞɚɧɚ ɪɟɚɥɢɫɬɢɱɧɚɹ ɬɪɟɯɦɟɪɧɚɹ 

ɝɟɨɦɟɬɪɢɹ ɬɭɥɨɜɢɳɚ ɱɟɥɨɜɟɤɚ ɧɚ ɛɚɡɟ ɚɪɯɢɜɚ VHP, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɞɥɹ 

ɝɟɧɟɪɚɰɢɢ ɪɚɫɱɟɬɧɵɯ ɬɟɬɪɚɷɞɪɚɥɶɧɵɯ ɫɟɬɨɤ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɩɨɫɬɪɨɟɧɢɹ ɤɨɧɟɱɧɨ-

ɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ ɬɭɥɨɜɢɳɚ ɱɟɥɨɜɟɤɚ. Ɋɚɡɞɟɥɵ 2 ɢ 3 ɩɨɫɜɹɳɟɧɵ ɨɩɢɫɚɧɢɸ ɦɟɬɨɞɨɜ 

ɩɨɫɬɪɨɟɧɢɹ ɧɟɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɬɪɟɯɦɟɪɧɵɯ ɫɟɬɨɤ ɢ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ȼ ɪɚɡɞɟɥɟ 4 ɢɡɭɱɚɟɬɫɹ ɜɨɩɪɨɫ ɨɛ ɢɧɢɰɢɚɥɢɡɚɰɢɢ ɩɨɥɭɱɟɧɧɨɣ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ 

ɦɨɞɟɥɢ ɞɥɹ ɛɭɞɭɳɢɯ ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 
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1. ɉɨɫɬɪɨɟɧɢɟ ɬɪɟɯɦɟɪɧɨɣ ɪɟɚɥɢɫɬɢɱɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ ɬɭɥɨɜɢщɚ ɦɭɠɱɢɧɵ 

1.1. ɉɪɨɟɤɬ Visible Human 

ɉɪɨɟɤɬ Visible Human Project [1] ɛɵɥ ɧɚɱɚɬ ɜ 1986 ɝɨɞɭ ɩɨɞ ɷɝɢɞɨɣ ɩɪɚɜɢɬɟɥɶɫɬɜɚ 

ɋɒȺ ɫ ɰɟɥɶɸ ɫɨɡɞɚɧɢɹ ɨɬɤɪɵɬɨɝɨ ɚɪɯɢɜɚ ɰɢɮɪɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɩɨɩɟɪɟɱɧɵɯ ɫɪɟɡɨɜ ɬɟɥɚ 

ɱɟɥɨɜɟɤɚ, ɚ ɬɚɤɠɟ ɟɝɨ ɆɊɌ ɢ ɊɄɌ ɫɪɟɡɨɜ. ɉɟɪɜɵɣ ɧɚɛɨɪ ɞɚɧɧɵɯ ɛɵɥ ɩɨɥɭɱɟɧ ɜ 1994 ɝɨɞɭ. 

ɋ ɤɨɧɰɚ 90-ɯ ɝɨɞɨɜ ɩɪɨɲɥɨɝɨ ɫɬɨɥɟɬɢɹ ɢ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɩɨɥɭɱɟɧɧɵɟ ɧɚɛɨɪɵ 

ɞɚɧɧɵɯ ɞɥɹ ɬɟɥ ɪɟɚɥɶɧɵɯ ɦɭɠɱɢɧɵ ɢ ɠɟɧɳɢɧɵ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɚɤ ɜ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɰɟɥɹɯ (ɧɚɩɪɢɦɟɪ, ɞɥɹ ɢɡɭɱɟɧɢɹ ɚɧɚɬɨɦɢɢ ɬɟɥɚ ɱɟɥɨɜɟɤɚ ɢ ɜɢɪɬɭɚɥɶɧɨɣ 

ɫɢɦɭɥɹɰɢɢ ɯɢɪɭɪɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ), ɬɚɤ ɢ ɜ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ (ɧɚɩɪɢɦɟɪ, ɞɥɹ 

ɪɚɡɜɢɬɢɹ ɦɟɬɨɞɨɜ ɢ ɪɟɲɟɧɢɹ ɧɨɜɵɯ ɡɚɞɚɱ ɛɢɨɦɟɞɢɰɢɧɫɤɨɣ ɢɧɠɟɧɟɪɢɢ). 

ɉɨɦɢɦɨ Visible Human Project (VHP) ɬɚɤɠɟ ɫɭɳɟɫɬɜɭɟɬ ɩɪɨɟɤɬ Visible Human 

Korean (Korea Institute of Science and Technology, Ajou University School of Medicine) [2], 

ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɚɧɚɥɨɝɢɱɧɵɣ ɚɪɯɢɜ ɚɧɚɬɨɦɢɱɟɫɤɢ ɩɨɞɪɨɛɧɵɯ ɰɢɮɪɨɜɵɯ 

ɢɡɨɛɪɚɠɟɧɢɣ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɚɧɧɵɟ ɩɪɨɟɤɬɚ VHP, ɥɸɛɟɡɧɨ ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɟ 

ɧɚɦ ɇɚɰɢɨɧɚɥɶɧɨɣ ɦɟɞɢɰɢɧɫɤɨɣ ɛɢɛɥɢɨɬɟɤɨɣ ɋɒȺ (U.S. National Library of Medicine). 

Ⱥɪɯɢɜ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɧɚɛɨɪ ɢɡ 1871 ɮɨɬɨɝɪɚɮɢɢ ɩɨɩɟɪɟɱɧɵɯ ɫɪɟɡɨɜ ɡɚɦɨɪɨɠɟɧɧɨɝɨ 

ɬɪɭɩɚ ɦɭɠɱɢɧɵ ɜɞɨɥɶ ɞɥɢɧɵ ɬɟɥɚ ɫ ɪɚɡɪɟɲɟɧɢɟɦ 0.33ɦɦ ɢ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ ɫɪɟɡɚɦɢ 

1ɦɦ. ɉɨɦɢɦɨ ɮɨɬɨɝɪɚɮɢɣ ɬɚɤɠɟ ɢɦɟɸɬɫɹ ɄɌ ɢɡɨɛɪɚɠɟɧɢɹ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɤɚɤ 

ɨɛɵɱɧɨɝɨ, ɬɚɤ ɢ ɡɚɦɨɪɨɠɟɧɧɨɝɨ ɬɪɭɩɚ ɦɭɠɱɢɧɵ. Ɋɚɡɪɟɲɟɧɢɟ ɄɌ ɫɧɢɦɤɨɜ ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ 

0.5ɦɦ ɞɨ 1ɦɦ, ɢɧɬɟɪɜɚɥɵ ɦɟɠɞɭ ɫɧɢɦɤɚɦɢ ɫɨɫɬɚɜɥɹɸɬ 1ɦɦ ɞɥɹ ɡɚɦɨɪɨɠɟɧɧɨɝɨ ɬɪɭɩɚ ɢ 

ɦɟɧɹɸɬɫɹ ɨɬ 1ɦɦ ɞɨ 5ɦɦ ɞɥɹ ɨɛɵɱɧɨɝɨ ɬɪɭɩɚ. Ⱦɥɹ ɧɟɡɚɦɨɪɨɠɟɧɧɨɝɨ ɬɪɭɩɚ ɬɚɤɠɟ 

ɞɨɫɬɭɩɧɵ ɆɊɌ ɫɧɢɦɤɢ ɫ ɪɚɡɪɟɲɟɧɢɟɦ ɨɬ 1ɦɦ ɞɨ 2ɦɦ ɢ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ ɫɧɢɦɤɚɦɢ ɞɨ 

5ɦɦ. ɉɪɢɦɟɪɵ ɫɧɢɦɤɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ Ɋɢɫɭɧɤɟ 1. 

 

Ɋɢɫɭɧɨɤ 1 – ɉɪɢɦɟɪɵ ɰɜɟɬɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɊɄɌ-ɫɪɟɡɚ ɬɟɥɚ ɦɭɠɱɢɧɵ. 
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ɉɟɪɟɞ ɩɨɥɭɱɟɧɢɟɦ ɮɨɬɨɝɪɚɮɢɣ ɫɪɟɡɨɜ ɡɚɦɨɪɨɠɟɧɧɨɝɨ ɬɟɥɚ ɬɪɭɩ ɛɵɥ ɪɚɡɪɟɡɚɧ ɧɚ 

ɧɟɫɤɨɥɶɤɨ ɱɚɫɬɟɣ, ɱɬɨ ɩɪɢɜɟɥɨ ɤ ɩɨɹɜɥɟɧɢɸ ɞɟɮɟɤɬɨɜ ɢ ɫɞɜɢɝɨɜ ɜ ɬɪɟɯɦɟɪɧɨɦ 

ɢɡɨɛɪɚɠɟɧɢɢ. ɉɨɦɢɦɨ ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ ɨɛɪɚɛɨɬɤɢ ɷɬɨɝɨ ɧɚɛɨɪɚ ɞɚɧɧɵɯ, 

ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɪɚɫɫɦɨɬɪɟɧɵ ɧɟɫɤɨɥɶɤɨ ɩɨɡɠɟ, ɨɬɦɟɬɢɦ ɛɨɥɶɲɨɣ ɨɛɴёɦ ɫɚɦɢɯ ɞɚɧɧɵɯ. 

ɉɨɥɧɵɣ ɨɛɴёɦ ɧɚɛɨɪɚ ɞɚɧɧɵɯ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 14Ƚɛ. Ɉɛɪɚɛɨɬɤɚ ɬɚɤɨɝɨ ɨɛɴёɦɚ 

ɞɚɧɧɵɯ ɩɨɬɪɟɛɭɟɬ ɨɝɪɨɦɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ ɤɨɦɩɶɸɬɟɪɚ. ɉɨɷɬɨɦɭ 

ɪɚɡɪɟɲɟɧɢɟ ɫɧɢɦɤɨɜ ɛɵɥɨ ɭɦɟɧɶɲɟɧɨ ɞɨ 1ɦɦ ɡɚ ɫɱёɬ ɨɫɪɟɞɧɟɧɢɹ ɛɥɨɤɨɜ 3x3 ɜ ɢɫɯɨɞɧɵɯ 

ɫɧɢɦɤɚɯ. Ɍɚɤɠɟ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɝɨ ɷɬɚɩɚ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɛɵɥɢ ɢɫɤɥɸɱɟɧɵ ɫɧɢɦɤɢ ɝɨɥɨɜɵ 

ɢ ɧɢɠɧɢɯ ɤɨɧɟɱɧɨɫɬɟɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɛɨɱɢɣ ɦɚɫɫɢɜ ɞɚɧɧɵɯ ɢɦɟɥ ɪɚɡɦɟɪɵ 

573x330x774 ɹɱɟɟɤ (ɜɨɤɫɟɥɟɣ), ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɨɬɜɟɱɚɟɬ ɡɚ ɨɛɴёɦ 1ɦɦ3 ɢ ɫɨɞɟɪɠɢɬ ɬɪɢ 

ɰɜɟɬɨɜɵɯ ɤɨɦɩɨɧɟɧɬɵ (ɤɪɚɫɧɵɣ, ɡɟɥёɧɵɣ ɢ ɫɢɧɢɣ), ɪɚɡɦɟɪ ɦɚɫɫɢɜɚ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 

420Ɇɛ. 

ɉɟɪɜɵɦ ɢ ɨɫɧɨɜɧɵɦ ɷɬɚɩɨɦ ɩɨɫɬɪɨɟɧɢɹ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ ɬɭɥɨɜɢɳɚ 

ɱɟɥɨɜɟɤɚ ɹɜɥɹɟɬɫɹ ɨɛɪɚɛɨɬɤɚ ɩɨɥɭɱɟɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ, ɚ ɢɦɟɧɧɨ, ɫɟɝɦɟɧɬɚɰɢɹ – 

ɜɵɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɱɚɫɬɟɣ ɢ ɜɧɭɬɪɟɧɧɢɯ ɨɪɝɚɧɨɜ ɬɟɥɚ ɱɟɥɨɜɟɤɚ. ɋɭɳɟɫɬɜɟɧɧɵɦ 

ɦɨɦɟɧɬɨɦ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɩɨɫɬɪɨɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɪɪɟɤɬɧɵɯ 

ɦɨɞɟɥɟɣ ɹɜɥɹɟɬɫɹ ɩɨɧɢɦɚɧɢɟ ɚɧɚɬɨɦɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɫɪɟɡɨɜ, ɩɨɡɜɨɥɹɸɳɟɟ 

ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɢɧɬɟɪɟɫɭɸɳɢɟ ɷɥɟɦɟɧɬɵ ɢɡɨɛɪɚɠɟɧɢɹ. 

1.2. ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟчɟɧиɟ ɞɥя ɨɛɪɚɛɨɬɤи ɚɪɯиɜɚ ɞɚɧɧыɯ VHP 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɟɪɟɱɢɫɥɢɦ ɢ ɩɪɨɜɟɞɟɦ ɨɛɡɨɪ ɧɟɤɨɬɨɪɵɯ ɩɪɨɝɪɚɦɦ ɢ ɪɟɫɭɪɫɨɜ, 

ɩɨɡɜɨɥɹɸɳɢɯ ɩɪɨɫɦɚɬɪɢɜɚɬɶ ɢ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɚɧɚɬɨɦɢɱɟɫɤɢɟ ɫɬɪɭɤɬɭɪɵ ɧɚ ɰɜɟɬɧɵɯ 

ɰɢɮɪɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɹɯ ɩɨɩɟɪɟɱɧɵɯ ɫɪɟɡɨɜ ɬɟɥɚ ɱɟɥɨɜɟɤɚ ɢɡ ɚɪɯɢɜɚ VHP. ɇɟɤɨɬɨɪɵɟ ɢɡ 

ɧɢɯ ɧɚɯɨɞɹɬɫɹ ɜ ɨɬɤɪɵɬɨɦ ɞɨɫɬɭɩɟ (ɧɚɩɪɢɦɟɪ, Visible Human Explorer, Edgewarp 3D 

Browser, Visible Human Server, AnatQuest), ɞɪɭɝɢɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɨɦɦɟɪɱɟɫɤɢɟ 

ɩɪɨɝɪɚɦɦɧɵɟ ɩɪɨɞɭɤɬɵ (Voxel-Man, VH Dissector).  

Visible Human Explorer, Visible Human Browser ɢ ɞɪ. – ɷɬɨ ɩɪɨɝɪɚɦɦɵ, 

ɩɨɡɜɨɥɹɸɳɢɟ ɜ ɢɧɬɟɪɚɤɬɢɜɧɨɦ ɪɟɠɢɦɟ ɩɪɨɫɦɚɬɪɢɜɚɬɶ ɢɡɨɛɪɚɠɟɧɢɹ (ɤɚɤ ɩɪɚɜɢɥɨ, 

ɰɜɟɬɧɵɟ) ɩɨɩɟɪɟɱɧɵɯ ɫɪɟɡɨɜ ɬɟɥɚ ɱɟɥɨɜɟɤɚ, ɜ ɬɪɟɯ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɩɪɨɟɤɰɢɹɯ, ɚ ɬɚɤɠɟ 

ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɜɨɟɨɛɪɚɡɧɵɟ ɚɧɚɬɨɦɢɱɟɫɤɢɟ ɚɬɥɚɫɵ ɢ ɩɨɡɜɨɥɹɸɬ 

ɨɩɪɟɞɟɥɹɬɶ ɨɪɝɚɧ ɢɥɢ ɱɚɫɬɶ ɬɟɥɚ, ɤ ɤɨɬɨɪɨɣ ɨɬɧɨɫɢɬɫɹ ɡɚɞɚɧɧɵɣ ɩɢɤɫɟɥɶ ɫɪɟɡɚ. 
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ɚ. Visible Human Explorer 

Visible Human Explorer (http://www.cs.umd.edu/hcil/visible-human/vhe.shtml - 

University Maryland, USA) – ɨɞɢɧ ɢɡ ɩɟɪɜɵɯ ɩɪɨɟɤɬɨɜ ɩɨ ɜɢɡɭɚɥɢɡɚɰɢɢ ɫɪɟɡɨɜ ɚɪɯɢɜɚ VHP 

[3]. Ɋɟɡɭɥɶɬɚɬɨɦ ɞɟɹɬɟɥɶɧɨɫɬɢ ɤɨɦɚɧɞɵ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɫɬɚɥɚ ɢɧɬɟɪɚɤɬɢɜɧɚɹ ɩɪɨɝɪɚɦɦɚ, 

ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɩɪɨɫɦɚɬɪɢɜɚɬɶ ɢ ɫɤɚɱɢɜɚɬɶ ɢɧɬɟɪɟɫɭɸɳɢɟ ɫɪɟɡɵ (ɢɡɨɛɪɚɠɟɧɢɹ) ɬɟɥɚ 

ɱɟɥɨɜɟɤɚ ɩɨɞ ɪɚɡɧɵɦɢ ɭɝɥɚɦɢ. Ⱦɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɤɨɟ ɩɨɞɨɛɢɟ 

ɷɥɟɤɬɪɨɧɧɨɝɨ ɚɧɚɬɨɦɢɱɟɫɤɨɝɨ ɚɬɥɚɫɚ ɫɪɟɡɨɜ VHP (ɫɦ. Ɋɢɫɭɧɨɤ 2). 

 

ɚ. 

 

ɛ. 

Ɋɢɫɭɧɨɤ 2 – ɉɪɨɝɪɚɦɦɚ Visible Human Explorer, ɚ – ɨɤɧɨ ɜɵɛɨɪɚ ɫɪɟɡɨɜ, ɛ – ɨɤɧɨ ɜɵɛɨɪɚ 
ɨɬɞɟɥɶɧɵɯ ɨɪɝɚɧɨɜ. 

http://www.cs.umd.edu/hcil/visible-human/vhe.shtml
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ɛ. The Edgewarp 3D Browser 

Ⱦɚɧɧɵɣ ɩɚɤɟɬ (http://vhp.med.umich.edu/edgewarpss.html), ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɚɜɬɨɪɫɤɢɦ 

ɤɨɥɥɟɤɬɢɜɨɦ ɢɡ University Michigan, USA (UMVH) ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɬɟ ɠɟ 

ɜɨɡɦɨɠɧɨɫɬɢ, ɱɬɨ ɢ Visible Human Explorer, ɢ ɦɨɠɟɬ ɨɬɨɛɪɚɠɚɬɶ ɬɪɢ ɨɪɬɨɝɨɧɚɥɶɧɵɯ 

ɩɪɨɟɤɰɢɢ (ɩɨɩɟɪɟɱɧɚɹ, ɫɚɝɢɬɬɚɥɶɧɚɹ ɢ ɤɨɪɨɧɚɥɶɧɚɹ ɩɥɨɫɤɨɫɬɢ) ɢ ɫɬɪɨɢɬɶ ɬɪɟɯɦɟɪɧɵɟ 

ɦɨɞɟɥɢ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɵɯ ɨɛɥɚɫɬɟɣ (ɫɦ. Ɋɢɫɭɧɨɤ 3). 

 

ɚ. 

 

ɛ. 

Ɋɢɫɭɧɨɤ 3 – ɉɪɨɝɪɚɦɦɚ Edgewarp 3D Browser, ɚ – ɫɪɟɡɵ, ɛ – ɬɪёɯɦɟɪɧɵɟ ɦɨɞɟɥɢ ɨɪɝɚɧɨɜ. 

http://vhp.med.umich.edu/edgewarpss.html
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ɜ. Visible Human Server 

Ƚɪɭɩɩɨɣ The Peripheral Systems Lab (Ecole Polytechnique Fцdцrale de Lausanne, 

EPFL) ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ ɩɪɨɮ. R.D. Hersch ɛɵɥ ɫɨɡɞɚɧ ɢɧɬɟɪɚɤɬɢɜɧɵɣ ɪɟɫɭɪɫ 

http://visiblehuman.epfl.ch, ɤɨɬɨɪɵɣ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɫɥɟɞɭɸɳɢɟ ɜɨɡɦɨɠɧɨɫɬɢ: 

1. ȼɵɞɟɥɟɧɢɟ ɢɧɬɟɪɟɫɭɸɳɢɯ ɫɪɟɡɨɜ, ɩɨɜɟɪɯɧɨɫɬɟɣ ɢ ɫɨɡɞɚɧɢɟ ɚɧɢɦɚɰɢɢ ɢɡ 

ɫɪɟɡɨɜ ɞɥɹ ɧɚɛɨɪɨɜ ɢɡɨɛɪɚɠɟɧɢɣ, ɤɚɤ ɞɥɹ ɦɭɠɱɢɧɵ, ɬɚɤ ɢ ɠɟɧɳɢɧɵ. Ɍɚɤɠɟ ɟɫɬɶ 

ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɫɪɟɡɨɜ ɬɟɥɚ ɱɟɥɨɜɟɤɚ ɩɨɞ ɪɚɡɥɢɱɧɵɦɢ ɭɝɥɚɦɢ ɢ ɫ ɪɚɡɧɵɦɢ 

ɧɚɩɪɚɜɥɟɧɢɹɦɢ. 

2. ɂɧɬɟɪɚɤɬɢɜɧɚɹ ɧɚɜɢɝɚɰɢɹ ɩɨ ɫɪɟɡɚɦ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 

(ɚɧɚɬɨɦɢɱɟɫɤɢɣ ɫɟɤɰɢɨɧɧɵɣ ɚɬɥɚɫ). 

3. ɋɨɡɞɚɧɢɟ ɬɪёɯɦɟɪɧɵɯ ɚɧɚɬɨɦɢɱɟɫɤɢɯ «ɫɰɟɧ», ɢɫɩɨɥɶɡɭɹ ɧɚɛɨɪɵ ɫɪɟɡɨɜ ɢ 

ɬɪёɯɦɟɪɧɵɟ ɦɨɞɟɥɢ ɜɧɭɬɪɟɧɧɢɯ ɫɬɪɭɤɬɭɪ ɬɟɥɚ ɦɭɠɱɢɧɵ (ɫɦ. Ɋɢɫɭɧɨɤ 4). 

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɷɬɨɣ ɝɪɭɩɩɵ ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɧɚ ɤɨɧɮɟɪɟɧɰɢɢ Visible Human 

Conference ɢ ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ ɪɹɞɟ ɪɚɛɨɬ [4, 5] 

  

 

Ɋɢɫɭɧɨɤ 4 – ɂɧɬɟɪɚɤɬɢɜɧɵɣ ɪɟɫɭɪɫ Visible Human Server. 

http://visiblehuman.epfl.ch/
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ɝ. AnatQuest 

Ɉɫɧɨɜɧɨɣ ɰɟɥɶɸ ɩɪɨɟɤɬɚ AnatQuest (http://anatquest.nlm.nih.gov/) ɹɜɥɹɟɬɫɹ 

ɜɢɡɭɚɥɢɡɚɰɢɹ ɬɪёɯ ɩɪɨɟɤɰɢɣ ɬɟɥɚ ɱɟɥɨɜɟɤɚ (ɫɪɟɡɵ ɚɪɯɢɜɚ VHP) ɢ ɬɪёɯɦɟɪɧɵɯ ɦɨɞɟɥɟɣ, 

ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɹɯ VHP. ɂɡɨɛɪɚɠɟɧɢɹ ɫ ɬɪёɯɦɟɪɧɵɦɢ 

ɢɡɨɛɪɚɠɟɧɢɹɦɢ ɫɨɞɟɪɠɚɬ ɩɨɞɩɢɫɢ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɟɣ ɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɰɟɥɹɯ (ɫɦ. Ɋɢɫɭɧɨɤ 5). 

 

ɚ. 

 

ɛ. 

Ɋɢɫɭɧɨɤ 5 – ɉɪɨɝɪɚɦɦɚ AnatQuest, ɚ – ɨɤɧɨ ɩɪɨɫɦɨɬɪɚ ɫɪɟɡɨɜ, ɛ – ɨɤɧɨ ɩɪɨɫɦɨɬɪɚ 
ɬɪёɯɦɟɪɧɵɯ ɦɨɞɟɥɟɣ. 

http://anatquest.nlm.nih.gov/
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ɞ. Voxel-Man 

Voxel-Man Group (http://www.voxel-man.de/) ɧɚ ɛɚɡɟ ɢɡɨɛɪɚɠɟɧɢɣ VHP ɛɵɥɢ 

ɜɨɫɫɨɡɞɚɧɵ ɬɪёɯɦɟɪɧɵɟ ɦɨɞɟɥɢ ɜɧɭɬɪɟɧɧɢɯ ɱɚɫɬɟɣ ɬɟɥɚ ɱɟɥɨɜɟɤɚ, ɤɨɬɨɪɵɟ ɫɨɛɪɚɧɵ ɜ 

ɤɨɦɦɟɪɱɟɫɤɨɦ ɩɪɨɞɭɤɬɟ Voxel-Man 3D Navigator: Inner Organs (ɫɦ. Ɋɢɫɭɧɨɤ 6). Ʉɨɧɟɱɧɵɦ 

ɢɬɨɝɨɦ ɢɯ ɪɚɛɨɬɵ ɫɬɚɥɢ ɢɧɬɟɪɚɤɬɢɜɧɵɟ ɚɧɚɬɨɦɢɱɟɫɤɢɟ ɚɬɥɚɫɵ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɟɣ ɬɟɥɚ 

ɦɭɠɱɢɧɵ (ɝɨɥɨɜɚ, ɬɭɥɨɜɢɳɟ, ɜɟɪɯɧɢɟ ɢ ɧɢɠɧɢɟ ɤɨɧɟɱɧɨɫɬɢ). 

 

ɚ. 

 

ɛ. 

Ɋɢɫɭɧɨɤ 6 – Voxel-Man, ɚ – ɢɧɬɟɪɚɤɬɢɜɧɵɣ ɬɪёɯɦɟɪɧɵɣ ɚɬɥɚɫ, ɛ – ɫɨɨɬɜɟɬɫɬɜɢɟ 
ɩɨɥɭɱɟɧɧɵɯ ɦɨɞɟɥɟɣ ɫɪɟɡɚɦ. 

http://www.voxel-man.de/
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ɟ. VH Dissector 

Touch of Life Technologies, Inc. (http://www.toltech.net/index.htm) ɪɚɡɪɚɛɨɬɚɧ 

ɚɧɚɥɨɝɢɱɧɵɣ ɤɨɦɦɟɪɱɟɫɤɢɣ ɩɪɨɞɭɤɬ ɧɚ ɛɚɡɟ ɫɪɟɡɨɜ VHP ɬɟɥɚ ɦɭɠɱɢɧɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ 

ɫɨɛɨɣ ɬɪёɯɦɟɪɧɵɣ ɚɧɚɬɨɦɢɱɟɫɤɢɣ ɚɬɥɚɫ ɫ ɧɚɛɨɪɨɦ ɨɛɭɱɚɸɳɢɯ ɩɪɨɝɪɚɦɦ ɩɨ ɚɧɚɬɨɦɢɢ 

ɱɟɥɨɜɟɤɚ (ɫɦ. Ɋɢɫɭɧɨɤ 7). 

 

 

 

Ɋɢɫɭɧɨɤ 7 – ɉɪɨɝɪɚɦɦɚ VH Dissector. 

http://www.toltech.net/index.htm
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ɠ. The Albany Medical College Virtual Brain Model  

ɇɚ ɛɚɡɟ ɩɪɨɟɤɬɚ ITK-SNAP, ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ ɞɥɹ ɪɚɛɨɬɵ ɫ ɦɟɞɢɰɢɧɫɤɢɦɢ 

ɢɡɨɛɪɚɠɟɧɢɹɦɢ, ɛɵɥ ɫɨɡɞɚɧ ɬɪёɯɦɟɪɧɵɣ ɚɧɚɬɨɦɢɱɟɫɤɢɣ ɚɬɥɚɫ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɧɚ ɨɫɧɨɜɟ 

ɊɄɌ ɫɪɟɡɨɜ ɝɨɥɨɜɵ ɱɟɥɨɜɟɤɚ (http://www.amc.edu/academic/software/index.html). Ⱦɚɧɧɨɟ 

ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɜ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɰɟɥɹɯ ɤɚɤ ɫɩɪɚɜɨɱɧɨɟ 

ɩɨɫɨɛɢɟ ɩɪɢ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɢ ɱɚɫɬɢ ɢɡɨɛɪɚɠɟɧɢɣ ɚɪɯɢɜɚ VHP, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɝɨɥɨɜɟ 

(ɫɦ. Ɋɢɫɭɧɨɤ 8). 

 

  

Ɋɢɫɭɧɨɤ 8 – Ɉɤɧɨ ɩɪɨɝɪɚɦɦɵ Virtual Brain Model ɢ ɬɪёɯɦɟɪɧɵɟ ɦɨɞɟɥɢ ɫɬɪɨɟɧɢɹ 
ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɱɟɥɨɜɟɤɚ. 

ɋ ɞɪɭɝɢɦɢ ɩɪɨɝɪɚɦɦɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ, ɫɨɡɞɚɧɧɵɦɢ ɧɚ ɛɚɡɟ ɚɪɯɢɜɨɜ VHP, ɦɨɠɧɨ 

ɨɡɧɚɤɨɦɢɬɶɫɹ ɧɚ ɜɟɛ-ɫɚɣɬɟ ɩɪɨɟɤɬɚ Visible Human Project 

http://www.nlm.nih.gov/research/visible/applications.html. 

http://www.amc.edu/academic/software/index.html
http://www.nlm.nih.gov/research/visible/applications.html
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1.3. ɋɟɝɦɟɧɬиɪɨɜɚɧиɟ 

ɋɟɝɦɟɧɬɢɪɨɜɚɧɢɟ (ɫɟɝɦɟɧɬɚɰɢɹ) ɰɢɮɪɨɜɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ – ɷɬɨ ɩɪɨɰɟɫɫ ɪɚɡɞɟɥɟɧɢɹ 

ɟɝɨ ɧɚ ɧɟɫɤɨɥɶɤɨ ɫɟɝɦɟɧɬɨɜ (ɫɭɩɟɪɩɢɤɫɟɥɟɣ), ɩɨɤɪɵɜɚɸɳɢɯ ɜɫё ɢɡɨɛɪɚɠɟɧɢɟ, ɢɥɢ 

ɜɵɞɟɥɟɧɢɹ ɦɧɨɠɟɫɬɜɚ ɤɨɧɬɭɪɨɜ, ɫ ɰɟɥɶɸ ɭɩɪɨɳɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢ ɚɧɚɥɢɡɚ 

ɢɡɨɛɪɚɠɟɧɢɹ. 

ɋɟɝɦɟɧɬɢɪɨɜɚɧɢɟ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɩɨɫɬɪɨɟɧɢɢ ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ. Ʉɚɱɟɫɬɜɨ ɢ 

ɩɪɢɦɟɧɢɦɨɫɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜɨ ɦɧɨɝɨɦ ɡɚɜɢɫɹɬ ɨɬ ɤɚɱɟɫɬɜɚ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ 

ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ. ȼ ɫɥɭɱɚɟ ɟɫɥɢ ɢɦɟɟɬɫɹ ɧɚɛɨɪ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɦɟɞɢɰɢɧɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ 

ɨɞɧɨɝɨ ɩɚɰɢɟɧɬɚ, ɫɧɚɱɚɥɚ ɩɪɨɜɨɞɢɬɫɹ ɢɯ ɪɟɝɢɫɬɪɚɰɢɹ – ɢɡɨɛɪɚɠɟɧɢɹ ɫɞɜɢɝɚɸɬɫɹ ɢ 

ɦɚɫɲɬɚɛɢɪɭɸɬɫɹ ɞɥɹ ɬɨɱɧɨɝɨ ɧɚɥɨɠɟɧɢɹ ɞɪɭɝ ɧɚ ɞɪɭɝɚ. ȿɫɥɢ ɢɡɨɛɪɚɠɟɧɢɹ ɡɚɲɭɦɥɟɧɵ, ɬɨ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɜɨɞɢɬɫɹ ɮɢɥɶɬɪɚɰɢɹ. Ⱦɚɧɧɵɟ, ɞɨɫɬɭɩɧɵɟ ɜ ɩɪɨɟɤɬɟ Visible Human, ɭɠɟ 

ɩɪɨɲɥɢ ɷɬɚɩ ɪɟɝɢɫɬɪɚɰɢɢ, ɩɨɷɬɨɦɭ ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɞɟɣɫɬɜɢɹ ɫ ɧɚɲɟɣ 

ɫɬɨɪɨɧɵ ɧɟ ɧɭɠɧɵ. 

Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧɨ ɧɟɫɤɨɥɶɤɨ ɚɥɝɨɪɢɬɦɨɜ (ɦɟɬɨɞɵ, 

ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɤɥɚɫɬɟɪɢɡɚɰɢɢ; ɦɟɬɨɞɵ ɪɚɡɪɚɫɬɚɧɢɹ ɨɛɥɚɫɬɟɣ; ɦɟɬɨɞɵ ɪɚɡɪɟɡɚ ɝɪɚɮɚ ɢ ɞɪ.). 

Ɍɚɤɠɟ ɜɟɞёɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɚɥɝɨɪɢɬɦɨɜ ɫɟɝɦɟɧɬɚɰɢɢ. ɇɟɫɦɨɬɪɹ ɧɚ ɧɚɥɢɱɢɟ ɛɨɥɶɲɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɚɥɝɨɪɢɬɦɨɜ ɫɟɝɦɟɧɬɚɰɢɢ ɧɢ ɨɞɢɧ ɢɡ ɧɢɯ ɧɟ ɹɜɥɹɟɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɦ, ɩɨɷɬɨɦɭ 

ɱɚɫɬɨ ɩɪɢɯɨɞɢɬɫɹ ɫɨɜɦɟɳɚɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɫɨ ɡɧɚɧɢɟɦ 

ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ, ɜ ɤɨɬɨɪɨɣ ɪɟɲɚɟɬɫɹ ɡɚɞɚɱɚ. 

Ɉɛɪɚɛɨɬɤɚ ɦɟɞɢɰɢɧɫɤɢɣ ɢɡɨɛɪɚɠɟɧɢɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ ɜɢɞɟ ɊɄɌ- 

ɢɥɢ ɆɊɌ-ɫɪɟɡɨɜ, ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɨɣ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ. Ɉɞɧɚ ɢɡ ɨɫɧɨɜɧɵɯ 

ɧɟɪɟɲɟɧɧɵɯ ɡɚɞɚɱ – ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɜɵɞɟɥɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɨɛɥɚɫɬɟɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɪɚɡɥɢɱɧɵɦ ɜɧɭɬɪɟɧɧɢɦ ɨɪɝɚɧɚɦ (ɟɫɥɢ ɡɚɞɚɱɚ ɫɨɫɬɨɢɬ ɜ ɜɵɞɟɥɟɧɢɢ ɨɞɧɨɝɨ ɤɨɧɤɪɟɬɧɨɝɨ 

ɨɪɝɚɧɚ, ɬɨ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɵɯ ɩɪɨɰɟɞɭɪ ɟɝɨ ɦɨɠɧɨ «ɜɵɫɜɟɬɢɬɶ» ɧɚ ɊɄɌ- ɢɥɢ ɆɊɌ-

ɫɪɟɡɚɯ, ɢ ɩɪɨɰɟɫɫ ɫɟɝɦɟɧɬɚɰɢɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢ). 

ɉɨɦɢɦɨ ɧɟɫɤɨɥɶɤɢɯ ɤɨɦɦɟɪɱɟɫɤɢɯ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ 

ɫɟɝɦɟɧɬɚɰɢɸ ɦɟɞɢɰɢɧɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ ɫ ɭɱёɬɨɦ ɢɯ ɫɩɟɰɢɮɢɤɢ, ɬɚɤɢɯ ɤɚɤ Mimics 

(http://www.materialise.com/mimics), Amira (http://www.amira.com/), Matlab 

(http://www.mathworks.com/) ɢ Simpleware (http://www.simpleware.com/), ɫɭɳɟɫɬɜɭɟɬ ɩɚɤɟɬ 

ITK-SNAP (http://www.itksnap.org/), ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɬɫɹ ɜ ɨɬɤɪɵɬɨɦ ɞɨɫɬɭɩɟ ɢ 

ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɩɨɞ ɩɚɬɪɨɧɚɠɟɦ U.S. National Library of Medicine. ȼ ɧɚɫɬɨɹɳɟɦ ɩɪɨɟɤɬɟ 

ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɢ ɪɚɛɨɬɵ ɫ ɢɡɨɛɪɚɠɟɧɢɹɦɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɩɚɤɟɬ ITK-SNAP. 

http://www.materialise.com/mimics
http://www.amira.com/
http://www.mathworks.com/
http://www.simpleware.com/
http://www.itksnap.org/
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Ɉɛɡɨɪ ɚɥɝɨɪɢɬɦɨɜ ɢ ɦɟɬɨɞɨɜ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ ɦɟɞɢɰɢɧɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ 

ȼ ɷɬɨɦ ɪɚɡɞɟɥɟ ɦɵ ɩɪɨɜɟɞёɦ ɤɪɚɬɤɢɣ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɚɥɝɨɪɢɬɦɨɜ ɢ ɦɟɬɨɞɨɜ, 

ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɢ ɬɪёɯɦɟɪɧɵɯ ɦɟɞɢɰɢɧɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ. ɉɪɨɛɥɟɦɨɣ 

ɫɟɝɦɟɧɬɚɰɢɢ ɦɟɞɢɰɢɧɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨ ɡɚɧɢɦɚɸɬɫɹ ɜɨ ɜɫɟɦ ɦɢɪɟ. 

Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɞɚɧɧɚɹ ɡɚɞɚɱɚ ɨɫɬɚёɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɢ ɬɪɟɛɭɟɬ ɩɪɟɨɞɨɥɟɧɢɹ ɪɹɞɚ ɬɪɭɞɧɨɫɬɟɣ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɦɧɨɝɨɨɛɪɚɡɢɟ ɩɚɤɟɬɨɜ ɞɥɹ ɫɟɝɦɟɧɬɚɰɢɢ, ɩɪɢɧɰɢɩɵ ɪɚɛɨɬɵ ɢ ɨɫɧɨɜɧɵɟ 

ɚɥɝɨɪɢɬɦɵ, ɤɨɬɨɪɵɟ ɨɧɢ ɢɫɩɨɥɶɡɭɸɬ, ɩɪɢɦɟɪɧɨ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɞɪɭɝ ɞɪɭɝɭ. 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɟ ɦɟɬɨɞɵ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ ɦɟɞɢɰɢɧɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ 

ɜɤɥɸɱɚɸɬ ɦɟɬɨɞɵ ɩɨɪɨɝɨɜɨɝɨ ɜɵɞɟɥɟɧɢɹ, ɦɟɬɨɞ ɪɚɡɪɚɫɬɚɧɢɹ ɨɛɥɚɫɬɟɣ, ɦɟɬɨɞ ɜɨɞɨɪɚɡɞɟɥɚ. 

ȼ ɨɛɪɚɛɨɬɤɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɬɚɤɠɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɨɩɟɪɚɰɢɢ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɪɮɨɥɨɝɢɢ. 

ɇɚ ɤɨɧɮɟɪɟɧɰɢɹɯ U.S. National Library of Medicine, ɩɨɫɜɹɳёɧɧɵɯ ɨɛɪɚɛɨɬɤɟ 

ɢɡɨɛɪɚɠɟɧɢɣ, ɛɵɥ ɩɪɟɞɫɬɚɜɥɟɧ ɪɹɞ ɩɟɪɟɞɨɜɵɯ ɦɟɬɨɞɨɜ. Ɋɚɫɫɦɨɬɪɢɦ ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ. 

ȼ ɪɚɛɨɬɟ [6] ɩɪɟɞɥɚɝɚɟɬɫɹ ɦɟɬɨɞɢɤɚ ɩɨɥɭɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ 

ɰɜɟɬɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɚɥɝɨɪɢɬɦɚɯ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɝɪɚɮɢɱɟɫɤɢɯ ɨɛɪɚɡɨɜ. ȼ 

ɷɬɨɦ ɫɥɭɱɚɟ ɢɫɫɥɟɞɨɜɚɬɟɥɸ ɧɟɨɛɯɨɞɢɦɨ ɜ ɪɭɱɧɨɦ ɪɟɠɢɦɟ ɩɪɨɜɟɫɬɢ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɟ 

ɤɚɠɞɨɝɨ 5-ɝɨ ɫɪɟɡɚ, ɨɫɬɚɜɲɢɟɫɹ ɫɪɟɡɵ ɦɟɠɞɭ ɧɢɦɢ ɛɭɞɭɬ ɨɛɪɚɛɨɬɚɧɵ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɧɚ 

ɨɫɧɨɜɟ ɢɦɟɸɳɟɣɫɹ ɢɧɮɨɪɦɚɰɢɢ. 

ɋɯɨɠɚɹ ɦɟɬɨɞɢɤɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɪɚɛɨɬɟ [7], ɜ ɤɨɬɨɪɨɣ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɦɟɬɨɞɚ ɩɨɪɨɝɨɜɨɝɨ ɜɵɞɟɥɟɧɢɹ ɞɥɹ ɰɜɟɬɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɫ ɷɥɥɢɩɬɢɱɟɫɤɢɦɢ ɨɛɥɚɫɬɹɦɢ ɜ 

RGB-ɩɪɨɫɬɪɚɧɫɬɜɟ ɜ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɟɜ ɞɥɹ ɨɬɞɟɥɶɧɵɯ ɨɪɝɚɧɨɜ. ɉɨɫɬɪɨɟɧɢɟ 

ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɨɛɥɚɫɬɟɣ ɨɫɧɨɜɚɧɨ ɧɚ ɚɧɚɥɢɡɟ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɵɯ ɷɤɫɩɟɪɬɨɦ ɢɡɨɛɪɚɠɟɧɢɣ. 

Ɇɟɬɨɞɢɤɚ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ, ɰɟɥɶɸ ɤɨɬɨɪɨɝɨ 

ɹɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɜɢɡɭɚɥɢɡɚɰɢɹ. ȼ ɪɚɛɨɬɟ [8] ɨɩɢɫɚɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ ɢ 

ɩɨɫɬɪɨɟɧɢɹ ɪɚɫɱёɬɧɵɯ ɫɟɬɨɤ ɧɚ ɩɪɢɦɟɪɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɪɚɜɦ ɝɨɥɨɜɧɨɝɨ ɦɨɡɝɚ ɩɪɢ ɪɟɡɤɢɯ 

ɭɞɚɪɚɯ. 

ȼ ɪɚɛɨɬɟ [9] ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɝɥɚɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ 

ɚɧɢɡɨɬɪɨɩɢɢ ɜ ɫɟɪɞɟɱɧɵɯ ɦɵɲɰɚɯ ɧɚ ɨɫɧɨɜɟ ɮɨɬɨɫɧɢɦɤɨɜ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɬɟɥɚ 

ɠɟɧɳɢɧɵ ɢɡ ɩɪɨɟɤɬɚ Visible Female. ɂɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɛɢɧɚɰɢɹ ɦɟɬɨɞɨɜ: ɢɧɬɟɪɚɤɬɢɜɧɨ 
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ɞɟɮɨɪɦɢɪɭɟɦɵɟ ɤɨɧɬɭɪɵ, ɩɨɪɨɝɨɜɵɟ ɦɟɬɨɞɵ, ɦɟɬɨɞɵ ɪɚɡɪɚɫɬɚɧɢɹ ɨɛɥɚɫɬɟɣ ɢ ɨɩɟɪɚɰɢɢ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɪɮɨɥɨɝɢɢ. 

ȼ ɪɚɛɨɬɚɯ [10, 11] ɩɪɟɞɥɚɝɚɸɬɫɹ ɧɨɜɵɟ ɦɟɬɨɞɵ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ ɊɄɌ-, ɆɊɌ- ɢ 

ɮɨɬɨ-ɫɧɢɦɤɨɜ ɧɚ ɨɫɧɨɜɟ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɦɟɬɨɞɨɜ ɜɵɞɟɥɟɧɢɹ ɚɤɬɢɜɧɵɯ ɝɪɚɧɢɰ, ɚ 

ɬɚɤɠɟ ɧɚ ɨɫɧɨɜɟ ɤɨɦɛɢɧɚɰɢɢ ɝɪɚɞɢɟɧɬɧɵɯ ɢ ɩɨɪɨɝɨɜɵɯ ɦɟɬɨɞɨɜ. 

Ɉɛɡɨɪ ɦɟɬɨɞɢɤɢ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ ɢ ɩɨɫɬɪɨɟɧɢɹ ɪɚɫɱёɬɧɵɯ ɫɟɬɨɤ ɞɥɹ ɨɬɞɟɥɶɧɵɯ 

ɨɪɝɚɧɨɜ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɪɚɛɨɬɟ [12]. ɑɚɫɬɶ ɪɚɛɨɬ ɩɨɫɜɹɳɟɧɚ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɸ ɤɨɧɤɪɟɬɧɵɯ 

ɨɪɝɚɧɨɜ, ɧɚɩɪɢɦɟɪ ɥёɝɤɢɯ [13], ɝɥɚɡɧɨɣ ɫɢɫɬɟɦɵ [14]. ɉɪɟɞɥɨɠɟɧɧɵɟ ɦɟɬɨɞɵ ɦɨɝɭɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɢ ɞɥɹ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ ɞɪɭɝɢɯ ɨɪɝɚɧɨɜ. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɜɵɞɟɥɟɧɢɹ ɜɧɭɬɪɟɧɧɢɯ 

ɨɪɝɚɧɨɜ ɧɟ ɫɭɳɟɫɬɜɭɟɬ. ɋɬɟɩɟɧɶ ɭɱɚɫɬɢɹ ɱɟɥɨɜɟɤɚ ɜ ɩɪɨɰɟɫɫɟ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ ɦɨɠɟɬ 

ɜɚɪɶɢɪɨɜɚɬɶ, ɨɞɧɚɤɨ ɜɨ ɜɫɟɯ ɚɥɝɨɪɢɬɦɚɯ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɭɱɧɚɹ 

ɪɚɛɨɬɚ ɷɤɫɩɟɪɬɚ. ɉɨɫɥɟ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɨɛɪɚɛɨɬɤɢ ɦɟɞɢɰɢɧɫɤɢɯ 

ɢɡɨɛɪɚɠɟɧɢɣ ɧɚɦɢ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 

ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ ɫ ɰɟɥɶɸ ɩɨɫɬɪɨɟɧɢɹ ɪɚɫɱёɬɧɨɣ ɫɟɬɤɢ. ȼ ɫɥɟɞɭɸɳɟɦ ɪɚɡɞɟɥɟ ɛɭɞɟɬ 

ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɚ ɷɬɚ ɦɟɬɨɞɢɤɚ. 

Ɉɩɢɫɚɧɢɟ ɦɟɬɨɞɢɤɢ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ ɜ ɧɚɫɬɨɹщɟɦ ɩɪɨɟɤɬɟ 

Ȼɨɥɶɲɢɧɫɬɜɨ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɧɚɰɟɥɟɧɨ ɧɚ ɫɟɝɦɟɧɬɚɰɢɸ ɢɡɨɛɪɚɠɟɧɢɣ ɫ 

ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɜɢɡɭɚɥɶɧɵɯ ɦɨɞɟɥɟɣ, ɩɪɢɦɟɧɢɦɵɯ, ɧɚɩɪɢɦɟɪ, ɜ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɰɟɥɹɯ. 

ȼ ɪɚɦɤɚɯ ɧɚɫɬɨɹɳɟɝɨ ɩɪɨɟɤɬɚ ɧɚ ɨɫɧɨɜɟ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɛɭɞɟɬ ɩɨɫɬɪɨɟɧɚ 

ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɦɨɞɟɥɶ, ɱɬɨ ɧɚɤɥɚɞɵɜɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ 

ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɦɭ ɢɡɨɛɪɚɠɟɧɢɸ. Ƚɪɚɧɢɰɵ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɵɯ ɨɛɴɟɤɬɨɜ ɞɨɥɠɧɵ ɛɵɬɶ 

ɝɥɚɞɤɢɦɢ, ɛɟɡ ɞɟɮɟɤɬɨɜ. ȼɧɭɬɪɢ ɨɪɝɚɧɨɜ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɩɭɫɬɨɬ, ɚ ɬɚɤɠɟ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ 

ɩɭɫɬɨɬ ɦɟɠɞɭ ɜɧɭɬɪɟɧɧɢɦɢ ɨɪɝɚɧɚɦɢ. ȼ ɰɟɥɹɯ ɦɢɧɢɦɢɡɚɰɢɢ ɤɨɥɢɱɟɫɬɜɚ ɪɚɫɱёɬɧɵɯ ɹɱɟɟɤ 

ɧɚ ɫɥɟɞɭɸɳɢɯ ɷɬɚɩɚɯ ɦɵ ɬɚɤɠɟ ɛɭɞɟɦ ɢɫɤɥɸɱɚɬɶ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɦɟɥɤɢɟ ɫɬɪɭɤɬɭɪɧɵɟ 

ɷɥɟɦɟɧɬɵ, ɧɚɩɪɢɦɟɪ ɫɨɫɭɞɵ, ɞɢɚɦɟɬɪ ɤɨɬɨɪɵɯ ɦɟɧɶɲɟ 5ɦɦ. Ɍɚɤɠɟ ɦɵ ɭɦɵɲɥɟɧɧɨ 

ɢɫɤɥɸɱɢɦ ɫɥɨɣ ɤɨɠɢ ɢɡ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ, ɬɚɤ ɤɚɤ ɩɨɬɨɦ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɩɟɰɢɚɥɶɧɵɣ 

ɦɟɬɨɞ ɩɨɫɬɪɨɟɧɢɹ ɪɚɫɱёɬɧɨɣ ɫɟɬɤɢ ɞɥɹ ɤɨɠɧɨɝɨ ɫɥɨɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɧɚɱɚɥɶɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɞɚɧɧɵɟ ɩɪɨɟɤɬɚ 

Voxel-Man [15]. Ⱥɪɯɢɜ ɞɚɧɧɵɯ ɫɨɫɬɨɢɬ ɢɡ ɧɚɛɨɪɚ ɩɥɨɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ ɪɚɡɦɟɪɚ 573x330 ɜ 

ɮɨɪɦɚɬɟ TIFF, ɜɫɟɝɨ 774 ɫɥɨɹ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɫɥɨɹ ɞɨɫɬɭɩɧɵ ɬɪɢ ɢɡɨɛɪɚɠɟɧɢɹ: ɰɜɟɬɧɨɟ 

ɢɡɨɛɪɚɠɟɧɢɟ ɮɨɬɨɫɧɢɦɤɚ ɫɪɟɡɚ ɡɚɦɨɪɨɠɟɧɧɨɝɨ ɬɪɭɩɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɊɄɌ ɫɧɢɦɨɤ, ɢ 
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ɢɡɨɛɪɚɠɟɧɢɟ-ɦɚɫɫɢɜ ɫ ɦɟɬɤɚɦɢ ɜɨɤɫɟɥɟɣ. Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɵ ɷɬɢ ɢɡɨɛɪɚɠɟɧɢɹ ɛɵɥɢ 

ɨɛɴɟɞɢɧɟɧɵ ɜ ɨɞɧɨ ɬɪёɯɦɟɪɧɨɟ ɰɜɟɬɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɢ ɦɚɫɫɢɜ ɫ ɦɟɬɤɚɦɢ ɜ ɮɨɪɦɚɬɚɯ 

MetaImage ɢ NIFTI. ɇɚ Ɋɢɫɭɧɤɟ 9 ɢɡɨɛɪɚɠɟɧɵ ɫɟɱɟɧɢɹ ɩɨɥɭɱɟɧɧɨɝɨ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɝɨ 

ɢɡɨɛɪɚɠɟɧɢɹ, ɨɬɤɪɵɬɨɝɨ ɜ ɩɪɨɝɪɚɦɦɟ ITK-SNAP. 

 

Ɋɢɫɭɧɨɤ 9 – ɋɟɝɦɟɧɬɢɪɨɜɚɧɧɵɟ ɞɚɧɧɵɟ ɢɡ ɩɪɨɟɤɬɚ Voxel-Man. 

Ɇɚɫɫɢɜ ɞɚɧɧɵɯ ɫɨɞɟɪɠɢɬ 336 ɪɚɡɧɵɯ ɦɟɬɨɤ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 203 ɚɧɚɬɨɦɢɱɟɫɤɢɦ 

ɫɬɪɭɤɬɭɪɚɦ ɢ ɨɪɝɚɧɚɦ. ɋɟɝɦɟɧɬɵ ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɫ ɩɨɦɨɳɶɸ ɪɚɡɧɵɯ ɦɟɬɨɞɨɜ 

ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ ɮɨɬɨɫɧɢɦɤɨɜ ɢ ɊɄɌ ɫɧɢɦɤɨɜ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɜɟɪɟɧɵ ɷɤɫɩɟɪɬɨɦ. Ɍɟɦ ɧɟ 

ɦɟɧɟɟ, ɨɬɦɟɱɟɧɧɵɟ ɨɛɥɚɫɬɢ ɢɦɟɸɬ ɧɟɝɥɚɞɤɭɸ ɝɪɚɧɢɰɭ, ɚ ɬɚɤɠɟ ɢɦɟɸɬɫɹ ɩɭɫɬɨɬɵ ɤɚɤ 

ɜɧɭɬɪɢ, ɬɚɤ ɢ ɦɟɠɞɭ ɨɪɝɚɧɚɦɢ. Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɷɥɟɦɟɧɬɨɜ ɬɭɥɨɜɢɳɚ ɨɬɦɟɱɟɧɚ ɦɟɬɤɨɣ 

«ɧɟɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɧɚɹ ɬɤɚɧɶ». Ʉɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ ɪɚɧɟɟ, ɬɚɤɨɣ ɧɚɛɨɪ ɞɚɧɧɵɯ ɦɨɠɟɬ 

ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɬɨɥɶɤɨ ɜ ɰɟɥɹɯ ɜɢɡɭɚɥɢɡɚɰɢɢ, ɩɨɫɬɪɨɟɧɢɟ ɧɚ ɨɫɧɨɜɟ ɷɬɢɯ ɞɚɧɧɵɯ 

ɪɚɫɱёɬɧɨɣ ɫɟɬɤɢ ɧɟɜɨɡɦɨɠɧɨ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɢɟɦɥɟɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ 

ɫɥɟɞɭɸɳɢɟ ɞɟɣɫɬɜɢɹ: ɩɪɟɞɨɛɪɚɛɨɬɤɚ ɢɡɨɛɪɚɠɟɧɢɹ, ɪɭɱɧɨɟ ɢɫɩɪɚɜɥɟɧɢɟ 

ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɩɨɫɬɨɛɪɚɛɨɬɤɚ ɢɡɨɛɪɚɠɟɧɢɹ. Ɋɚɫɫɦɨɬɪɢɦ ɤɚɠɞɵɣ ɢɡ 

ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɷɬɚɩɨɜ ɨɬɞɟɥɶɧɨ. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɦɧɨɠɟɫɬɜɟɧɧɵɟ ɦɟɬɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɞɧɨɦɭ ɨɪɝɚɧɭ, ɛɵɥɢ 

ɨɛɴɟɞɢɧɟɧɵ ɜ ɨɞɧɭ. ɉɪɢ ɷɬɨɦ ɫɚɦɢ ɚɧɚɬɨɦɢɱɟɫɤɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɨɪɝɚɧɵ ɛɵɥɢ 

ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɵ ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɝɪɭɩɩɚɦ, ɧɚɩɪɢɦɟɪ, ɤɨɫɬɢ, ɫɨɫɭɞɵ, ɱɚɫɬɢ 

ɩɢɳɟɜɚɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɢ ɬ.ɩ. ɇɚ Ɋɢɫɭɧɤɟ 10 ɢɡɨɛɪɚɠɟɧɵ ɫɪɟɡɵ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɝɨ 

ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɫɥɟ ɨɛɴɟɞɢɧɟɧɢɹ ɦɟɬɨɤ. 
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Ɋɢɫɭɧɨɤ 10 – Ɉɛɴɟɞɢɧɟɧɢɟ ɦɟɬɨɤ ɜ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɦ ɢɡɨɛɪɚɠɟɧɢɢ. 

ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɜ ɪɭɱɧɨɦ ɪɟɠɢɦɟ ɛɵɥɢ ɢɫɩɪɚɜɥɟɧɵ ɡɚɦɟɱɟɧɧɵɟ ɧɟɬɨɱɧɨɫɬɢ ɜ 

ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɵɯ ɞɚɧɧɵɯ, ɨɬɦɟɱɟɧɵ ɧɟɤɨɬɨɪɵɟ ɩɪɨɩɭɳɟɧɧɵɟ ɨɪɝɚɧɵ (ɧɚɩɪɢɦɟɪ, 

ɩɢɳɟɜɨɞ), ɢɫɩɪɚɜɥɟɧɵ ɝɪɚɧɢɰɵ ɩɥɨɯɨ ɨɛɜɟɞёɧɧɵɯ ɨɛɥɚɫɬɟɣ (ɧɚɩɪɢɦɟɪ, ɤɨɫɬɢ, 

ɞɢɚɮɪɚɝɦɚ). Ɉɞɧɨɜɪɟɦɟɧɧɨ ɫ ɷɬɢɦ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɭɩɪɨɳɟɧɢɟ ɦɨɞɟɥɢ ɡɚ ɫɱёɬ ɭɞɚɥɟɧɢɹ 

ɦɚɥɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɧɟ ɢɦɟɸɳɢɯ ɩɪɢɧɰɢɩɢɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɞɥɹ ɧɚɲɟɣ 

ɦɨɞɟɥɢ. Ɋɟɡɭɥɶɬɚɬ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ Ɋɢɫɭɧɤɟ 11. 

 

Ɋɢɫɭɧɨɤ 11 – ɂɫɩɪɚɜɥɟɧɧɨɟ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ. 

ɇɚ ɡɚɜɟɪɲɚɸɳɟɦ ɷɬɚɩɟ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɨɩɟɪɚɰɢɢ ɩɨɫɬɨɛɪɚɛɨɬɤɢ ɢɫɩɪɚɜɥɟɧɧɨɝɨ 

ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ. ɋɧɚɱɚɥɚ ɨɪɝɚɧɵ ɫɨ ɫɯɨɠɢɦɢ 

ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɛɵɥɢ ɨɛɴɟɞɢɧɟɧɵ ɜ ɫɥɟɞɭɸɳɢɟ ɝɪɭɩɩɵ: ɠɢɪ, ɦɵɲɰɵ, 
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ɤɨɫɬɢ, ɜɟɧɵ, ɚɪɬɟɪɢɢ, ɫɟɪɞɰɟ, ɥёɝɤɢɟ, ɩɨɱɤɢ, ɩɟɱɟɧɶ, ɠɟɥɭɞɨɤ, ɤɢɲɟɱɧɢɤ, ɠɟɥɱɧɵɣ ɩɭɡɵɪɶ, 

ɫɟɥɟɡёɧɤɚ, ɩɨɥɨɜɚɹ ɫɢɫɬɟɦɚ ɢ ɧɟɤɨɬɨɪɵɟ ɞɪɭɝɢɟ. 

Ⱦɥɹ ɢɫɩɪɚɜɥɟɧɢɹ ɩɭɫɬɨɬ ɜɧɭɬɪɢ ɨɪɝɚɧɨɜ ɢ ɦɟɠɞɭ ɧɢɦɢ ɛɵɥɨ ɪɟɲɟɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɨɩɟɪɚɰɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɪɮɨɥɨɝɢɢ [16], ɢ ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɪɚɛɨɬɵ ɫ ɨɬɞɟɥɶɧɵɦɢ 

ɦɟɬɤɚɦɢ ɫɧɚɱɚɥɚ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɛɵɥɨ ɪɚɡɛɢɬɨ ɧɚ ɧɟɫɤɨɥɶɤɨ ɫɥɨёɜ, 

ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɨɬɜɟɱɚɥ ɡɚ ɫɜɨɸ ɝɪɭɩɩɭ. Ɋɚɫɫɦɚɬɪɢɜɚɹ ɨɬɞɟɥɶɧɵɣ ɫɥɨɣ ɤɚɤ ɦɚɫɤɭ ɢɥɢ 

ɱёɪɧɨ-ɛɟɥɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɤ ɧɟɦɭ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɨɩɟɪɚɰɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɦɨɪɮɨɥɨɝɢɢ. 

Ɉɛɪɚɛɨɬɚɧɧɵɟ ɫɥɨɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɫɨɛɢɪɚɸɬɫɹ ɨɛɪɚɬɧɨ ɜ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɟ 

ɢɡɨɛɪɚɠɟɧɢɟ ɫ ɭɱёɬɨɦ ɩɪɢɨɪɢɬɟɬɨɜ. ȼ ɧɚɲɟɣ ɪɚɛɨɬɟ ɫɥɨɢ ɛɵɥɢ ɭɩɨɪɹɞɨɱɟɧɵ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ: ɫɚɦɵɣ ɦɥɚɞɲɢɣ ɩɪɢɨɪɢɬɟɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɦɟɸɬ ɫɥɨɢ, ɨɬɜɟɱɚɸɳɢɟ ɡɚ ɧɚɢɛɨɥɟɟ 

ɨɛɴёɦɧɵɟ ɝɪɭɩɩɵ ɨɪɝɚɧɨɜ (ɧɚɩɪɢɦɟɪ, ɦɵɲɰɵ, ɠɢɪ, ɤɢɲɟɱɧɢɤ), ɛɨɥɟɟ ɩɪɢɨɪɢɬɟɬɧɵɟ ɫɥɨɢ 

ɨɬɜɟɱɚɸɬ ɨɪɝɚɧɚɦ ɫ ɦɟɥɤɢɦɢ ɫɬɪɭɤɬɭɪɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ (ɧɚɩɪɢɦɟɪ, ɤɨɫɬɢ, ɤɪɨɜɟɧɨɫɧɵɟ 

ɫɨɫɭɞɵ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɨɬɞɟɥɶɧɵɯ ɫɥɨёɜ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɜɨɤɫɟɥɶ 

ɦɨɠɟɬ ɛɵɬɶ ɨɬɦɟɱɟɧ ɜ ɧɟɫɤɨɥɶɤɢɯ ɫɥɨɹɯ, ɨɞɧɚɤɨ ɜ ɢɬɨɝɨɜɨɦ, ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɦ, 

ɢɡɨɛɪɚɠɟɧɢɢ ɨɧ ɛɭɞɟɬ ɨɬɧɟɫёɧ ɬɨɥɶɤɨ ɤ ɨɞɧɨɣ ɝɪɭɩɩɟ, ɢɦɟɸɳɟɣ ɧɚɢɛɨɥɶɲɢɣ ɩɪɢɨɪɢɬɟɬ. 

ɍɱɢɬɵɜɚɹ ɫɬɪɭɤɬɭɪɭ ɫɥɨёɜ-ɦɚɫɨɤ, ɤ ɤɚɠɞɨɦɭ ɨɬɞɟɥɶɧɨɦɭ ɫɥɨɸ ɛɵɥɢ ɩɪɢɦɟɧɟɧɵ 

ɫɥɟɞɭɸɳɢɟ ɨɩɟɪɚɰɢɢ: ɡɚɤɪɚɲɢɜɚɧɢɟ, ɧɚɪɚɳɢɜɚɧɢɟ, ɷɪɨɡɢɹ, ɫɝɥɚɠɢɜɚɧɢɟ, ɜɵɞɟɥɟɧɢɟ 

ɫɜɹɡɧɵɯ ɤɨɦɩɨɧɟɧɬ. Ɉɩɟɪɚɰɢɹ ɡɚɤɪɚɲɢɜɚɧɢɹ ɫɜɨɞɢɬɫɹ ɤ ɢɧɜɟɪɫɢɢ ɦɚɫɤɢ, ɜɵɞɟɥɟɧɢɸ 

ɧɚɢɛɨɥɶɲɟɣ ɤɨɦɩɨɧɟɧɬɵ ɫɜɹɡɧɨɫɬɢ ɢ ɩɨɜɬɨɪɧɨɣ ɢɧɜɟɪɫɢɢ ɦɚɫɤɢ. Ɏɚɤɬɢɱɟɫɤɢ ɩɪɢ ɷɬɨɦ 

ɜɫɟ ɩɭɫɬɨɬɵ, ɥɟɠɚɳɢɟ ɜɧɭɬɪɢ ɜɵɞɟɥɟɧɧɨɣ ɨɛɥɚɫɬɢ, ɛɭɞɭɬ ɡɚɤɪɚɲɟɧɵ. Ɇɨɪɮɨɥɨɝɢɱɟɫɤɢɟ 

ɨɩɟɪɚɰɢɢ ɧɚɪɚɳɢɜɚɧɢɟ ɢ ɷɪɨɡɢɹ ɪɚɫɲɢɪɹɸɬ ɢ ɭɦɟɧɶɲɚɸɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɝɪɚɧɢɰɵ 

ɜɵɞɟɥɟɧɧɵɯ ɨɛɥɚɫɬɟɣ ɧɚ ɡɚɞɚɧɧɨɟ ɪɚɫɫɬɨɹɧɢɟ. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɨɩɟɪɚɰɢɣ 

ɧɚɪɚɳɢɜɚɧɢɹ ɢ ɷɪɨɡɢɢ ɫ ɨɞɢɧɚɤɨɜɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɟɳё ɧɚɡɵɜɚɸɬ ɡɚɦɵɤɚɧɢɟɦ. Ɉɩɟɪɚɰɢɹ 

ɡɚɦɵɤɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɢɫɩɪɚɜɢɬɶ ɧɟɛɨɥɶɲɢɟ ɞɟɮɟɤɬɵ ɜɛɥɢɡɢ ɝɪɚɧɢɰɵ. Ⱦɥɹ ɫɝɥɚɠɢɜɚɧɢɹ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɢɥɶɬɪ Ƚɚɭɫɫɚ, ɩɪɢ ɷɬɨɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚ ɩɪɚɤɬɢɤɟ ɝɪɚɧɢɰɚ ɨɛɴɟɤɬɚ 

ɫɞɜɢɝɚɟɬɫɹ ɜɧɭɬɪɶ ɧɚ ɧɟɛɨɥɶɲɨɟ ɪɚɫɫɬɨɹɧɢɟ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɷɬɚɩɟ ɩɪɢ 

ɜɵɩɨɥɧɟɧɢɢ ɨɩɟɪɚɰɢɢ ɧɚɪɚɳɢɜɚɧɢɹ ɦɵ ɞɨɩɨɥɧɢɬɟɥɶɧɨ «ɭɬɨɥɳɚɟɦ» ɝɪɚɧɢɰɭ ɨɛɴɟɤɬɚ, 

ɱɬɨɛɵ ɩɨɫɥɟ ɫɝɥɚɠɢɜɚɧɢɹ, ɨɧɚ ɜɟɪɧɭɥɚɫɶ ɧɚ ɫɜɨё ɦɟɫɬɨ. Ɉɩɟɪɚɰɢɹ ɫɝɥɚɠɢɜɚɧɢɹ ɦɨɠɟɬ 

ɩɪɟɜɪɚɬɢɬɶ ɫɜɹɡɧɵɣ ɨɛɴɟɤɬ ɜ ɧɟɫɜɹɡɧɵɣ, ɨɫɬɚɜɲɢɟɫɹ ɦɟɥɤɢɟ ɤɨɦɩɨɧɟɧɬɵ ɫɜɹɡɧɨɫɬɢ 

ɭɞɚɥɹɸɬɫɹ ɧɚ ɡɚɜɟɪɲɚɸɳɟɦ ɷɬɚɩɟ. 

ɉɚɪɚɦɟɬɪɵ ɨɩɟɪɚɰɢɣ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɫɥɨёɜ ɜɵɛɢɪɚɥɢɫɶ ɨɬɞɟɥɶɧɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ, ɬɚɤɢɯ ɤɚɤ ɤɪɢɜɢɡɧɚ ɨɛɴɟɤɬɚ, ɞɢɚɦɟɬɪ ɢɥɢ ɬɨɥɳɢɧɚ 
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ɫɨɫɬɚɜɥɹɸɳɢɯ ɱɚɫɬɟɣ. ɑɚɫɬɶ ɫɥɨёɜ ɛɵɥɚ ɢɫɤɭɫɫɬɜɟɧɧɨ ɪɚɫɲɢɪɟɧɚ, ɱɬɨɛɵ ɨɧɢ ɫɦɨɝɥɢ 

ɡɚɩɨɥɧɢɬɶ ɩɭɫɬɨɬɵ ɦɟɠɞɭ ɜɧɭɬɪɟɧɧɢɦɢ ɨɪɝɚɧɚɦɢ. ɋɥɨɣ ɫ ɧɚɢɦɟɧɶɲɢɦ ɩɪɢɨɪɢɬɟɬɨɦ – 

ɧɟɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɧɵɟ ɬɤɚɧɢ – ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɛɵɥ ɩɨɤɪɵɬ ɞɪɭɝɢɦɢ ɫɥɨɹɦɢ. 

Ɉɫɬɚɜɲɢɟɫɹ ɦɟɥɤɢɟ ɥɨɤɚɥɶɧɵɟ ɢɡɨɥɢɪɨɜɚɧɧɵɟ ɤɭɫɤɢ ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɨɬɧɟɫɬɢ ɤ ɫɨɫɟɞɧɢɦ 

ɨɪɝɚɧɚɦ. Ɉɞɧɚɤɨ ɪɟɡɭɥɶɬɚɬ ɩɨɞɨɛɧɨɣ ɨɩɟɪɚɰɢɢ ɜɢɡɭɚɥɶɧɨ ɜɵɝɥɹɞɢɬ ɩɥɨɯɨ. ɉɨ ɷɬɨɣ 

ɩɪɢɱɢɧɟ ɛɵɥɨ ɪɟɲɟɧɨ ɨɫɬɚɜɢɬɶ ɷɬɢ ɨɛɥɚɫɬɢ ɜ ɦɨɞɟɥɢ, ɩɨɫɬɚɜɢɜ ɢɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫɪɟɞɧɢɟ 

ɡɧɚɱɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɢ ɦɹɝɤɢɯ ɬɤɚɧɟɣ. 

 

Ɋɢɫɭɧɨɤ 12 – Ʉɨɧɟɱɧɨɟ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ. 

Ɋɟɡɭɥɶɬɚɬ ɩɨɫɬɨɛɪɚɛɨɬɤɢ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɢɡɨɛɪɚɠёɧ ɧɚ Ɋɢɫɭɧɤɟ 

12. ɇɚ Ɋɢɫɭɧɤɚɯ 13–15 ɢɡɨɛɪɚɠɟɧɵ ɬɪёɯɦɟɪɧɵɟ ɦɨɞɟɥɢ ɨɬɞɟɥɶɧɵɯ ɨɪɝɚɧɨɜ, ɩɨɥɭɱɟɧɧɵɟ 

ɢɡ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ ITK-SNAP. 

 

Ɋɢɫɭɧɨɤ 13 – Ɍɪёɯɦɟɪɧɚɹ ɦɨɞɟɥɶ ɬɪɚɯɟɢ ɢ ɥёɝɤɢɯ. 
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Ɋɢɫɭɧɨɤ 14 – Ɍɪёɯɦɟɪɧɚɹ ɦɨɞɟɥɶ ɫɟɪɞɰɚ ɢ ɤɪɨɜɟɧɨɫɧɵɯ ɫɨɫɭɞɨɜ. 

 

Ɋɢɫɭɧɨɤ 15 – Ɍɪёɯɦɟɪɧɚɹ ɦɨɞɟɥɶ ɜɧɭɬɪɟɧɧɢɯ ɨɪɝɚɧɨɜ. 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ ɦɟɞɢɰɢɧɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ ɛɭɞɟɬ 

ɢɫɩɨɥɶɡɨɜɚɧɚ ɧɚ ɩɨɫɥɟɞɭɸɳɢɯ ɷɬɚɩɚɯ ɧɚɫɬɨɹɳɟɝɨ ɩɪɨɟɤɬɚ. ɉɨɥɭɱɟɧɧɨɟ ɨɛɪɚɛɨɬɚɧɧɨɟ 

ɢɡɨɛɪɚɠɟɧɢɟ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɚɥɟɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɪɚɫɱёɬɧɵɯ ɫɟɬɨɤ, ɚ ɬɚɤɠɟ ɤɚɤ 

ɨɫɧɨɜɚ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ ɤɨɧɟɱɧɨɫɬɟɣ ɢ ɝɨɥɨɜɵ ɦɭɠɱɢɧɵ. 
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2. ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɪɚɫɱёɬɧɨɣ ɫɟɬɤɢ ɞɥɹ 
ɪɟɚɥɢɫɬɢɱɧɨɣ ɦɨɞɟɥɢ ɬɭɥɨɜɢщɚ 

Ɋɟɡɭɥɶɬɚɬɨɦ ɫɟɝɦɟɧɬɚɰɢɢ ɦɟɞɢɰɢɧɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɹɜɥɹɟɬɫɹ 

ɬɪёɯɦɟɪɧɵɣ ɦɚɫɫɢɜ ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɞɚɧɧɵɯ, ɜ ɤɨɬɨɪɨɦ ɤɚɠɞɨɦɭ ɜɨɤɫɟɥɸ ɫɬɚɜɢɬɫɹ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɟ ɧɨɦɟɪ ɨɪɝɚɧɚ, ɤɨɬɨɪɨɦɭ ɨɧ ɩɪɢɧɚɞɥɟɠɢɬ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɬɪɟɭɝɨɥɶɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɫɟɬɤɢ ɨɬɞɟɥɶɧɨɝɨ ɨɪɝɚɧɚ ɱɚɫɬɨ ɩɪɢɦɟɧɹɸɬ ɦɟɬɨɞɵ Marching Cubes [17] ɢɥɢ 

Marching Tetrahedra [18]. ɗɬɢ ɚɥɝɨɪɢɬɦɵ ɦɨɝɭɬ ɛɵɬɶ ɦɨɞɢɮɢɰɢɪɨɜɚɧɵ ɞɥɹ ɜɵɞɟɥɟɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɟɬɨɤ ɜ ɨɛɥɚɫɬɹɯ ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɦɚɬɟɪɢɚɥɚɦɢ [19,20]. 

Ʉɚɤ ɩɪɚɜɢɥɨ ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɫɟɬɤɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɨɥɶɤɨ 

ɞɥɹ ɜɢɡɭɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ. Ⱦɥɹ ɰɟɥɟɣ ɛɢɨɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɪɟɛɭɟɬɫɹ ɛɨɥɟɟ 

ɫɥɨɠɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɨɫɬɪɨɟɧɢɹ ɪɚɫɱёɬɧɵɯ ɫɟɬɨɤ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɱɢɫɥɟɧɧɨɝɨ ɪɚɫɱёɬɚ ɧɚɦ 

ɩɨɬɪɟɛɭɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɫɟɬɤɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɧɭɬɪɟɧɧɢɯ ɨɪɝɚɧɨɜ, ɧɨ ɢ ɨɛɴёɦɧɚɹ ɫɟɬɤɚ 

ɜɧɭɬɪɢ ɷɬɢɯ ɨɪɝɚɧɨɜ. Ⱦɥɹ ɷɬɢɯ ɰɟɥɟɣ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɥɟɞɭɸɳɚɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ: ɡɚɦɵɤɚɧɢɟ ɫɟɬɤɢ, ɭɩɪɨɳɟɧɢɟ (ɩɪɨɪɟɠɢɜɚɧɢɟ, ɫɝɥɚɠɢɜɚɧɢɟ) 

ɫɟɬɤɢ, ɩɨɫɬɪɨɟɧɢɟ ɬɟɬɪɚɷɞɪɚɥɶɧɨɣ ɫɟɬɤɢ. Ɂɚɦɵɤɚɧɢɟ ɫɟɬɤɢ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɭɞɚɥɟɧɢɹ 

ɩɭɫɬɨɬ ɦɟɠɞɭ ɜɧɭɬɪɟɧɧɢɦɢ ɨɪɝɚɧɚɦɢ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɫ 

ɭɱёɬɨɦ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɥɨɬɧɨɝɨ ɩɪɢɥɟɝɚɧɢɹ ɨɪɝɚɧɨɜ, ɩɨɷɬɨɦɭ ɞɚɧɧɵɣ ɷɬɚɩ ɜ ɧɚɲɟɦ 

ɩɪɨɟɤɬɟ ɧɟ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɦɟɬɨɞɵ ɢ ɚɥɝɨɪɢɬɦɵ ɡɚɦɵɤɚɧɢɹ ɫɟɬɨɤ ɜɨ 

ɦɧɨɝɨɦ ɡɚɜɢɫɹɬ ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɭɫɬɨɬ ɦɟɠɞɭ ɨɪɝɚɧɚɦɢ. 

ɇɚ ɫɬɚɞɢɢ ɭɩɪɨɳɟɧɢɹ ɫɟɬɤɢ ɨɫɧɨɜɧɨɣ ɰɟɥɶɸ ɹɜɥɹɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ 

ɬɪɟɭɝɨɥɶɧɢɤɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ. Ɍɚɤ ɤɚɤ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɵɟ ɱɢɫɥɟɧɧɵɟ ɪɚɫɱёɬɵ ɹɜɥɹɸɬɫɹ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨ ɡɚɬɪɚɬɧɵɦɢ, ɬɨ ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɹɱɟɟɤ ɜ ɫɟɬɤɟ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ 

ɡɚɞɚɱɟɣ. ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɜɚɠɧɨ ɢɡɛɟɝɚɬɶ ɬɪɟɭɝɨɥɶɧɢɤɨɜ ɫ ɞɥɢɧɧɵɦɢ ɪёɛɪɚɦɢ ɢ ɨɫɬɪɵɦɢ 

ɭɝɥɚɦɢ. Ɍɚɤɢɟ ɬɪɟɭɝɨɥɶɧɢɤɢ ɦɨɝɭɬ ɨɬɪɢɰɚɬɟɥɶɧɨ ɩɨɜɥɢɹɬɶ ɧɚ ɤɚɱɟɫɬɜɨ ɨɛɴёɦɧɨɣ ɫɟɬɤɢ ɢ 

ɧɚ ɬɨɱɧɨɫɬɶ ɩɨɫɥɟɞɭɸɳɢɯ ɪɚɫɱёɬɨɜ. 

Ɍɨɥɶɤɨ ɩɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɩɨɥɭɱɟɧɚ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɫɟɬɤɚ ɫ ɯɨɪɨɲɢɦ ɤɚɱɟɫɬɜɨɦ ɢ 

ɦɚɥɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɬɪɟɭɝɨɥɶɧɢɤɨɜ, ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɦɟɬɨɞɵ ɢ ɚɥɝɨɪɢɬɦɵ 

ɩɨɫɬɪɨɟɧɢɹ ɨɛɴёɦɧɵɯ ɫɟɬɨɤ. Ɋɚɫɫɦɨɬɪɢɦ ɧɟɤɨɬɨɪɵɟ ɢɡ ɷɬɚɩɨɜ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɨɤ ɛɨɥɟɟ 

ɞɟɬɚɥɶɧɨ. 

ɇɚ Ɋɢɫɭɧɤɟ 16 ɢɡɨɛɪɚɠɟɧɚ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɫɟɬɤɚ ɞɥɹ ɩɪɚɜɨɝɨ ɥɟɝɤɨɝɨ, ɩɨɥɭɱɟɧɧɚɹ ɫ 

ɩɨɦɨɳɶɸ ɚɥɝɨɪɢɬɦɚ Marching Cubes ɢɡ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. Ʉɚɤ ɩɪɚɜɢɥɨ 

ɩɨɫɬɪɨɟɧɧɚɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɫɟɬɤɚ ɢɦɟɟɬ ɫɬɭɩɟɧɱɚɬɭɸ ɫɬɪɭɤɬɭɪɭ ɢ ɧɟ ɨɬɪɚɠɚɟɬ 
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ɟɫɬɟɫɬɜɟɧɧɭɸ ɤɪɢɜɢɡɧɭ ɨɛɴɟɤɬɚ. ȼɨɨɛɳɟ ɝɨɜɨɪɹ, ɫɭɳɟɫɬɜɭɟɬ ɞɜɚ ɨɫɧɨɜɧɵɯ ɦɟɬɨɞɚ 

ɭɥɭɱɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɩɨɫɬɪɨɟɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɦɨɞɟɥɟɣ: ɫɝɥɚɠɢɜɚɧɢɟ ɢ ɩɪɨɪɟɠɢɜɚɧɢɟ. 

 

Ɋɢɫɭɧɨɤ 16 – ɉɨɜɟɪɯɧɨɫɬɧɚɹ ɫɟɬɤɚ ɩɪɚɜɨɝɨ ɥёɝɤɨɝɨ, ɩɨɥɭɱɟɧɧɚɹ ɢɡ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ. 

ɋɝɥɚɠɢɜɚɧɢɟ – ɨɩɟɪɚɰɢɹ ɢɡɦɟɧɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɜɟɪɲɢɧ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɜɧɟɲɧɟɝɨ 

ɜɢɞɚ ɫɟɬɤɢ ɢ ɤɚɱɟɫɬɜɚ ɟё ɷɥɟɦɟɧɬɨɜ. ȼɨ ɜɪɟɦɹ ɫɝɥɚɠɢɜɚɧɢɹ ɬɨɩɨɥɨɝɢɱɟɫɤɚɹ ɫɜɹɡɧɨɫɬɶ 

ɬɪɟɭɝɨɥɶɧɨɣ ɫɟɬɤɢ ɧɟ ɦɟɧɹɟɬɫɹ, ɦɟɧɹɟɬɫɹ ɬɨɥɶɤɨ ɩɨɥɨɠɟɧɢɟ ɜɟɪɲɢɧ. ɇɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɦ ɜɚɪɢɚɧɬɨɦ ɫɝɥɚɠɢɜɚɧɢɹ ɹɜɥɹɟɬɫɹ Laplacian Smoothing [21], ɜ ɷɬɨɦ 

ɫɥɭɱɚɟ ɤɚɠɞɚɹ ɜɟɪɲɢɧɚ ɫɞɜɢɝɚɟɬɫɹ ɜ ɫɬɨɪɨɧɭ ɰɟɧɬɪɚ ɦɚɫɫ ɫɜɨɢɯ ɫɨɫɟɞɟɣ. Ⱦɪɭɝɢɦ 

ɩɪɢɦɟɪɨɦ ɫɝɥɚɠɢɜɚɧɢɹ ɦɨɠɟɬ ɫɥɭɠɢɬɶ Taubin Smoothing [22], ɫɨɯɪɚɧɹɸɳɟɟ ɨɛɴёɦ 

ɨɛɴɟɤɬɚ. ɇɚ Ɋɢɫɭɧɤɟ 17 ɢɡɨɛɪɚɠɟɧɚ ɫɝɥɚɠɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ ITK-SNAP ɩɨɜɟɪɯɧɨɫɬɶ, 

ɩɨɥɭɱɟɧɧɚɹ ɧɚ ɨɫɧɨɜɟ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡ Ɋɢɫɭɧɤɚ 16. 
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Ɋɢɫɭɧɨɤ 17 – ɋɝɥɚɠɟɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɫɟɬɤɚ ɩɪɚɜɨɝɨ ɥёɝɤɨɝɨ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɫɝɥɚɠɢɜɚɧɢɹ, ɤɨɬɨɪɨɟ ɧɟ ɦɟɧɹɟɬ ɤɨɥɢɱɟɫɬɜɨ ɭɡɥɨɜ ɜ ɫɟɬɤɟ, ɨɩɟɪɚɰɢɹ 

ɩɪɨɪɟɠɢɜɚɧɢɹ ɭɦɟɧɶɲɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɜɟɪɲɢɧ ɢ ɬɪɟɭɝɨɥɶɧɢɤɨɜ ɜ ɫɟɬɤɟ, ɫɨɯɪɚɧɹɹ ɯɨɪɨɲɭɸ 

ɚɩɩɪɨɤɫɢɦɚɰɢɸ ɢɫɯɨɞɧɨɣ ɝɟɨɦɟɬɪɢɢ. ɉɪɢɦɟɪɚɦɢ ɚɥɝɨɪɢɬɦɨɜ ɦɨɝɭɬ ɫɥɭɠɢɬɶ Edge 

Swapping [22], Edge splitting/contraction [23]. ɇɚ Ɋɢɫɭɧɤɟ 18 ɢɡɨɛɪɚɠɟɧɚ ɩɪɨɪɟɠɟɧɧɚɹ 

ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɫɟɬɤɚ, ɩɨɥɭɱɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ ɛɢɛɥɢɨɬɟɤɢ GTS [24]. 

 

Ɋɢɫɭɧɨɤ 18 – ɋɝɥɚɠɟɧɧɚɹ ɢ ɩɪɨɪɟɠɟɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɫɟɬɤɚ ɩɪɚɜɨɝɨ ɥёɝɤɨɝɨ. 

ɉɨɜɬɨɪɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɫɝɥɚɠɢɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɟɳё ɛɨɥɶɲɟ ɭɥɭɱɲɢɬɶ 

ɩɨɜɟɪɯɧɨɫɬɧɭɸ ɦɨɞɟɥɶ ɨɛɴɟɤɬɚ. ɇɚ Ɋɢɫɭɧɤɟ 19 ɢɡɨɛɪɚɠɟɧɚ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɫɟɬɤɚ ɩɪɚɜɨɝɨ 

ɥёɝɤɨɝɨ, ɩɨɥɭɱɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ ɩɪɢɦɟɧɟɧɢɹ ɫɝɥɚɠɢɜɚɧɢɹ, ɩɪɨɪɟɠɢɜɚɧɢɹ ɢ ɮɢɧɚɥɶɧɨɝɨ 

ɫɝɥɚɠɢɜɚɧɢɹ ɜ ɩɚɤɟɬɚɯ ITK-SNAP ɢ GTS, ɤɨɥɢɱɟɫɬɜɨ ɜɟɪɲɢɧ – 6669, ɬɪɟɭɝɨɥɶɧɢɤɨɜ – 
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13334. Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɛɴёɦɧɨɣ ɪɚɫɱёɬɧɨɣ ɫɟɬɤɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɦɟɬɨɞɵ ɢ ɚɥɝɨɪɢɬɦɵ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɢɫɩɨɥɧɢɬɟɥɹɦɢ ɧɚɫɬɨɹɳɟɝɨ ɩɪɨɟɤɬɚ, ɢ ɜɤɥɸɱёɧɧɵɟ ɜ 

ɩɚɤɟɬ ɩɪɨɝɪɚɦɦ Ani3D [25]. 

 

Ɋɢɫɭɧɨɤ 19 – ɉɨɜɟɪɯɧɨɫɬɧɚɹ ɫɟɬɤɚ ɩɪɚɜɨɝɨ ɥёɝɤɨɝɨ, ɩɨɥɭɱɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ ITK-SNAP. 

ȼ ɫɨɫɬɚɜ ɩɚɤɟɬɚ Ani3D ɜɯɨɞɢɬ ɛɢɛɥɢɨɬɟɤɚ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɟɪɟɫɬɪɨɟɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɟɬɨɤ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɝɪɭɛɥɟɧɢɹ ɢ 

ɫɝɥɚɠɢɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɫɟɬɤɢ, ɩɨɥɭɱɟɧɧɨɣ ɢɡ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɵɯ ɞɚɧɧɵɯ. ȼ ɷɬɨɣ 

ɛɢɛɥɢɨɬɟɤɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɪɚɡɛɢɟɧɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɧɟɫɤɨɥɶɤɨ 

ɩɨɱɬɢ ɩɥɨɫɤɢɯ ɭɱɚɫɬɤɨɜ [26]. Ɂɚɞɚɧɧɵɟ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɩɚɪɚɦɟɬɪɵ ɨɩɪɟɞɟɥɹɸɬ 

ɞɨɩɭɫɬɢɦɭɸ ɫɬɟɩɟɧɶ ɨɬɤɥɨɧɟɧɢɹ ɜɵɞɟɥɹɟɦɵɯ ɭɱɚɫɬɤɨɜ ɨɬ ɤɚɫɚɬɟɥɶɧɵɯ ɩɥɨɫɤɨɫɬɟɣ. 

Ⱥɥɝɨɪɢɬɦ ɜɵɞɟɥɟɧɢɹ ɨɱɟɪɟɞɧɨɝɨ ɩɨɱɬɢ ɩɥɨɫɤɨɝɨ ɭɱɚɫɬɤɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: 

ɫɧɚɱɚɥɚ ɜɵɛɢɪɚɟɬɫɹ ɟɳё ɧɟ ɪɚɫɫɦɨɬɪɟɧɧɵɣ ɬɪɟɭɝɨɥɶɧɢɤ ɫ ɧɚɢɛɨɥɶɲɟɣ ɩɥɨɳɚɞɶɸ. Ⱦɚɥɟɟ ɤ 

ɧɟɦɭ ɩɨ ɨɱɟɪɟɞɢ ɞɨɛɚɜɥɹɸɬɫɹ ɫɨɫɟɞɧɢɟ ɬɪɟɭɝɨɥɶɧɢɤɢ, ɟɫɥɢ ɨɧɢ ɧɟ ɧɚɪɭɲɚɸɬ ɡɚɞɚɧɧɵɯ 

ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɤɪɢɬɟɪɢɟɜ ɨɬɤɥɨɧɟɧɢɹ. 

ɉɨɫɥɟ ɪɚɡɛɢɟɧɢɹ ɜɫɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɩɨɱɬɢ ɩɥɨɫɤɢɟ ɭɱɚɫɬɤɢ ɫɨɡɞɚёɬɫɹ ɧɨɜɚɹ 

ɞɢɫɤɪɟɬɢɡɚɰɢɹ ɝɪɚɧɢɰ ɭɱɚɫɬɤɨɜ. Ⱦɚɥɟɟ ɞɥɹ ɤɚɠɞɨɝɨ ɭɱɚɫɬɤɚ ɟɝɨ ɝɪɚɧɢɱɧɚɹ ɞɢɫɤɪɟɬɢɡɚɰɢɹ 

ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɧɚ ɤɚɫɚɬɟɥɶɧɭɸ ɩɥɨɫɤɨɫɬɶ, ɜ ɩɥɨɫɤɨɫɬɢ ɫɬɪɨɢɬɫɹ ɧɨɜɚɹ ɬɪɢɚɧɝɭɥɹɰɢɹ ɢ 

ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɨɛɪɚɬɧɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ. Ɍɚɤ ɤɚɤ ɭɱɚɫɬɨɤ ɩɨɜɟɪɯɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɩɨɱɬɢ 

ɩɥɨɫɤɢɦ, ɬɨ ɢɫɤɚɠɟɧɢɹ ɝɟɨɦɟɬɪɢɢ ɨɛɥɚɫɬɢ ɛɭɞɭɬ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦɢ. Ɂɚ ɫɱёɬ ɪɚɡɛɢɟɧɢɹ ɧɚ 

ɩɨɱɬɢ ɩɥɨɫɤɢɟ ɭɱɚɫɬɤɢ ɢ ɩɨɫɬɪɨɟɧɢɹ ɛɨɥɟɟ ɝɪɭɛɨɣ ɫɟɬɤɢ ɧɚ ɧɢɯ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɧɨɜɭɸ 

ɩɨɜɟɪɯɧɨɫɬɧɭɸ ɫɟɬɤɭ ɫ ɦɟɧɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɬɪɟɭɝɨɥɶɧɢɤɨɜ. ɇɚ Ɋɢɫɭɧɤɟ 20 ɩɨɤɚɡɚɧ 
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ɪɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɷɬɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɤɨɥɢɱɟɫɬɜɨ ɜɟɪɲɢɧ ɜ ɧɨɜɨɣ ɫɟɬɤɟ – 4966, 

ɬɪɟɭɝɨɥɶɧɢɤɨɜ – 9928. 

 

Ɋɢɫɭɧɨɤ 20 – ɍɥɭɱɲɟɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɫɟɬɤɚ ɩɪɚɜɨɝɨ ɥёɝɤɨɝɨ, ɩɨɥɭɱɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ 
Ani3D. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɬɟɬɪɚɷɞɪɚɥɶɧɨɣ ɪɚɫɱёɬɧɨɣ ɫɟɬɤɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɛɢɧɚɰɢɹ ɞɜɭɯ 

ɦɟɬɨɞɨɜ: ɚɥɝɨɪɢɬɦɚ ɩɪɨɞɜɢɝɚɟɦɨɝɨ ɮɪɨɧɬɚ ɢ ɚɥɝɨɪɢɬɦɚ ɬɪɢɚɧɝɭɥɹɰɢɢ Ⱦɟɥɨɧɟ [27], ɬɚɤɠɟ 

ɜɯɨɞɹɳɚɹ ɜ ɫɨɫɬɚɜ ɩɚɤɟɬɚ ɛɢɛɥɢɨɬɟɤ Ani3D. ɇɚ Ɋɢɫɭɧɤɟ 21 ɩɪɢɜɟɞɟɧɨ ɫɟɱɟɧɢɟ 

ɩɨɫɬɪɨɟɧɧɨɣ ɬɟɬɪɚɷɞɪɚɥɶɧɨɣ ɫɟɬɤɢ, ɤɨɥɢɱɟɫɬɜɨ ɬɟɬɪɚɷɞɪɨɜ – 22968. Ɉɬɦɟɬɢɦ, ɱɬɨ ɫɥɟɞ 

ɨɛɴёɦɧɨɣ ɫɟɬɤɢ ɧɚ ɝɪɚɧɢɰɟ ɨɛɴɟɤɬɚ ɫɨɜɩɚɞɚɟɬ ɫ ɬɪɟɭɝɨɥɶɧɨɣ ɫɟɬɤɨɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ. ɗɬɨ 

ɜɚɠɧɨɟ ɫɜɨɣɫɬɜɨ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɨɧɮɨɪɦɧɵɯ ɪɚɫɱёɬɧɵɯ ɫɟɬɨɤ 

ɞɥɹ ɨɛɥɚɫɬɟɣ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɨɛɴɟɤɬɨɜ ɫ ɨɛɳɢɦɢ ɝɪɚɧɢɰɚɦɢ. 

Ɍɚɤ ɤɚɤ ɰɟɥɶɸ ɩɨɫɬɪɨɟɧɢɹ ɪɚɫɱёɬɧɨɣ ɫɟɬɤɢ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɤɨɧɟɱɧɨ-

ɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ, ɜɚɠɧɵɦ ɫɜɨɣɫɬɜɨɦ ɩɨɫɬɪɨɟɧɧɨɣ ɫɟɬɤɢ ɹɜɥɹɟɬɫɹ ɟё ɤɨɧɮɨɪɦɧɨɫɬɶ. 

Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɦ ɩɨɞɯɨɞɨɦ ɤ ɩɨɫɬɪɨɟɧɢɸ ɬɟɬɪɚɷɞɪɚɥɶɧɨɣ ɫɟɬɤɢ ɹɜɥɹɟɬɫɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɚ ɬɟɬɪɚɷɞɪɢɡɚɰɢɢ Ⱦɟɥɨɧɟ ɫ ɧɟɹɜɧɵɦ ɡɚɞɚɧɢɟɦ ɨɛɥɚɫɬɢ ɫ ɩɨɦɨɳɶɸ 

ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɷɬɚɩ ɩɨɫɬɪɨɟɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɟɬɨɤ ɞɥɹ ɨɬɞɟɥɶɧɵɯ ɨɛɴɟɤɬɨɜ ɧɟ ɬɪɟɛɭɟɬɫɹ. ȼ ɪɚɦɤɚɯ ɧɚɫɬɨɹɳɟɝɨ ɩɪɨɟɤɬɚ 

ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɧɚ ɛɚɡɟ ɛɢɛɥɢɨɬɟɤɢ CGAL [28] ɞɥɹ 

ɩɨɫɬɪɨɟɧɢɹ ɬɟɬɪɚɷɞɪɚɥɶɧɨɣ ɫɟɬɤɢ ɧɚ ɨɫɧɨɜɟ ɫɟɝɦɟɧɬɢɪɨɜɚɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 21 – ɋɟɱɟɧɢɟ ɨɛɴёɦɧɨɣ ɫɟɬɤɢ ɩɪɚɜɨɝɨ ɥёɝɤɨɝɨ, ɩɨɥɭɱɟɧɧɨɣ ɫ ɩɨɦɨɳɶɸ Ani3D. 

 

Ɋɢɫɭɧɨɤ 22 – ɋɟɱɟɧɢɟ ɫɟɬɤɢ ɬɭɥɨɜɢɳɚ ɦɭɠɱɢɧɵ, ɩɨɥɭɱɟɧɧɨɣ ɫ ɩɨɦɨɳɶɸ ɛɢɛɥɢɨɬɟɤɢ 
CGAL. 

ɇɚ Ɋɢɫɭɧɤɟ 22 ɢɡɨɛɪɚɠɟɧɚ ɫɟɬɤɚ ɞɥɹ ɬɭɥɨɜɢɳɚ ɦɭɠɱɢɧɵ, ɩɨɥɭɱɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ 

ɛɢɛɥɢɨɬɟɤɢ CGAL. Ʉɨɥɢɱɟɫɬɜɨ ɬɟɬɪɚɷɞɪɨɜ – 720577. ɋɟɬɤɚ ɹɜɥɹɟɬɫɹ ɤɨɧɮɨɪɦɧɨɣ, 
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ɢɧɬɟɪɮɟɣɫɵ ɦɟɠɞɭ ɪɚɡɧɵɦɢ ɨɛɥɚɫɬɹɦɢ ɨɬɤɥɨɧɹɸɬɫɹ ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨ. 

ȼ ɩɪɨɰɟɫɫɟ ɫɟɝɦɟɧɬɚɰɢɢ ɦɵ ɧɚɦɟɪɟɧɨ ɢɫɤɥɸɱɢɥɢ ɤɨɠɭ ɢɡ ɪɚɫɱёɬɧɨɣ ɨɛɥɚɫɬɢ ɢɡ-ɡɚ 

ɟё ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɵ. ɋɟɣɱɚɫ ɧɚ ɡɚɜɟɪɲɚɸɳɟɦ ɷɬɚɩɟ ɤ ɪɚɫɱёɬɧɨɣ ɫɟɬɤɟ ɛɭɞɟɬ ɞɨɛɚɜɥɟɧ 

ɫɥɨɣ ɬɪɟɭɝɨɥɶɧɵɯ ɩɪɢɡɦɚɬɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɞɟɥɢ ɞɥɹ ɞɢɫɤɪɟɬɢɡɚɰɢɢ 

ɤɨɠɧɨɝɨ ɩɨɤɪɨɜɚ, ɚ ɬɚɤɠɟ ɥɨɤɚɥɶɧɵɟ ɫɥɨɢ ɩɪɢɡɦ ɞɥɹ ɦɧɨɝɨɫɥɨɣɧɵɯ ɷɥɟɤɬɪɨɞɨɜ. Ʉɚɠɞɚɹ 

ɢɡ ɩɪɢɡɦ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɛɢɬɚ ɧɚ ɬɪɢ ɬɟɬɪɚɷɞɪɚ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɨɛɳɟɣ ɤɨɧɮɨɪɦɧɨɫɬɢ ɫɟɬɤɢ. 

ȼ ɪɚɦɤɚɯ ɜɬɨɪɨɝɨ ɷɬɚɩɚ ɧɚɫɬɨɹɳɟɝɨ ɩɪɨɟɤɬɚ ɜ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɚ 

ɢɦɟɧɧɨ ɷɬɚ ɫɟɬɤɚ ɤɚɤ ɨɫɧɨɜɧɚɹ ɪɚɫɱёɬɧɚɹ ɫɟɬɤɚ ɞɥɹ ɬɭɥɨɜɢɳɚ ɦɭɠɱɢɧɵ. 
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3. Ɋɚɡɪɚɛɨɬɤɚ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ ɬɭɥɨɜɢщɚ 
ɦɭɠɱɢɧɵ ɧɚ ɨɫɧɨɜɟ ɩɨɫɬɪɨɟɧɧɨɣ ɫɟɬɤɢ 

ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɩɨɫɬɪɨɟɧɚ ɬɪёɯɦɟɪɧɚɹ ɪɚɫɱёɬɧɚɹ ɫɟɬɤɚ, ɦɨɠɧɨ ɩɪɢɫɬɭɩɢɬɶ ɤ 

ɱɢɫɥɟɧɧɨɦɭ ɦɨɞɟɥɢɪɨɜɚɧɢɸ. Ⱦɥɹ ɷɬɨɝɨ ɦɵ ɞɚɞɢɦ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɩɨɫɬɚɧɨɜɤɭ ɡɚɞɚɱɢ, 

ɨɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɚɞɚɱɢ, ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ, ɜɜɟɞёɦ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɭɸ 

ɞɢɫɤɪɟɬɢɡɚɰɢɸ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɢ ɩɪɢɦɟɧɢɦ ɩɚɤɟɬɵ ɞɥɹ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ 

ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ. 

Ⱦɥɹ ɪɚɫɱёɬɚ ɩɨɥɹ ɩɨɬɟɧɰɢɚɥɚ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɢɫɩɨɥɶɡɨɜɚɧɨ ɭɪɚɜɧɟɧɢɟ ɉɭɚɫɫɨɧɚ ɫ ɧɟɨɞɧɨɪɨɞɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɩɪɨɜɨɞɢɦɨɫɬɢ:  

  div (C grad U) = 0 ɜ Ω       (1) 

ɫ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ  

  (J, n) = I± /S0  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, I± – 

ɜɟɥɢɱɢɧɚ ɡɨɧɞɢɪɭɸɳɟɝɨ ɬɨɤɚ, S0 – ɩɥɨɳɚɞɶ ɤɨɧɬɚɤɬɚ ɷɥɟɤɬɪɨɞɚ. 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. 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɹɜɥɹɟɬɫɹ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɨɣ 

ɜɟɥɢɱɢɧɨɣ ɢ ɦɟɧɹɟɬɫɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɨɞɧɨɝɨ ɨɪɝɚɧɚ ɤ ɞɪɭɝɨɦɭ. ɉɪɨɜɨɞɢɦɨɫɬɢ ɬɤɚɧɟɣ 

ɡɚɜɢɫɹɬ ɨɬ ɱɚɫɬɨɬɵ ɬɨɤɚ ɢ ɢɦɟɸɬ ɤɚɤ ɚɤɬɢɜɧɭɸ, ɬɚɤ ɢ ɪɟɚɤɬɢɜɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ. 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) ɨɛɥɚɞɚɸɬ ɚɧɢɡɨɬɪɨɩɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ 

ɨɛɳɟɦ ɫɥɭɱɚɟ ɬɟɧɡɨɪ ɩɪɨɜɨɞɢɦɨɫɬɢ C ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɵɦ, ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɦ, 
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ɩɨɥɧɵɦ, ɜɨɡɦɨɠɧɨ ɚɧɢɡɨɬɪɨɩɧɵɦ ɢ ɫɢɦɦɟɬɪɢɱɧɵɦ. 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 = ɋR + iCI, 

U = UR + iU I. 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. 

ɉɟɪɟɩɢɲɟɦ ɭɪɚɜɧɟɧɢɹ (2),(3),(5),(6) ɜ ɫɥɚɛɨɣ ɩɨɫɬɚɧɨɜɤɟ: ɧɚɣɬɢ UR, UI  ɢɡ ɫɨɛɨɥɟɜɫɤɨɝɨ 

ɩɪɨɫɬɪɚɧɫɬɜɚ 1
2 )(W  , ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɬɨɠɞɟɫɬɜɚɦ  

  
0/Re0 





dSIVVdUCVdUC IIRR , 

  
0/Im0 





dSIVVdUCVdUC RIIR  

ɞɥɹ ɥɸɛɵɯ V ɢɡ 1
2 )(W  . ȼɜɟɞёɦ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɟ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ 

1
2, )(hW   

ɩɪɨɫɬɪɚɧɫɬɜɚ 1
2 )(W  , ɫɨɫɬɨɹɳɟɟ ɢɡ ɧɟɩɪɟɪɵɜɧɵɯ, ɥɢɧɟɣɧɵɯ ɜ ɤɚɠɞɨɦ ɬɟɬɪɚɷɞɪɟ ɫɟɬɤɢ 

ɮɭɧɤɰɢɣ, ɪɚɜɧɵɯ ɧɭɥɸ ɜ ɧɟɤɨɬɨɪɨɦ ɭɡɥɟ ɫɟɬɤɢ (x0,y0,z0). Ɂɚɦɟɧɚ ɜ ɫɥɚɛɨɣ ɩɨɫɬɚɧɨɜɤɟ 

ɩɪɨɫɬɪɚɧɫɬɜɚ 1
2 )(W   ɧɚ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ 

1
2, )(hW   ɩɨɪɨɠɞɚɟɬ ɫɢɫɬɟɦɭ ɥɢɧɟɣɧɵɯ 

ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɜɢɞɚ 

 
R

R

R I I R

I RI I

AU AU

AU AU

F

F

 
  , (7) 

ɤɨɬɨɪɚɹ ɪɟɲɚɟɬɫɹ ɢɬɟɪɚɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ. Ⱦɢɫɤɪɟɬɢɡɚɰɢɹ ɭɪɚɜɧɟɧɢɣ (6) ɨɫɭɳɟɫɬɜɥɟɧɚ ɫ 

ɩɨɦɨɳɶɸ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɛɢɛɥɢɨɬɟɤɢ КЧТFEM ɢɡ ɩɚɤɟɬɚ AЧТ3D [29,30]. Ⱦɥɹ 

ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɛɵɥɢ ɜɵɛɪɚɧɵ ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɵɟ P1 ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ. 

Ɇɚɬɪɢɰɚ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (7) ɧɟɜɵɪɨɠɞɟɧɚ, ɩɨɷɬɨɦɭ ɫɢɫɬɟɦɚ ɢɦɟɟɬ 

ɟɞɢɧɫɬɜɟɧɧɨɟ ɪɟɲɟɧɢɟ. ɉɨɫɤɨɥɶɤɭ ɪɚɡɦɟɪɧɨɫɬɶ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ, 

ɚ ɫɬɪɭɤɬɭɪɚ ɪɚɡɪɟɠɟɧɧɨɫɬɢ ɦɚɬɪɢɰɵ ɩɨɪɨɠɞɟɧɚ ɞɢɫɤɪɟɬɢɡɚɰɢɹɦɢ ɧɚ ɬɪɟɯɦɟɪɧɵɯ ɫɟɬɤɚɯ, 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɹɦɵɯ ɦɟɬɨɞɨɜ ɪɚɡɪɟɠɟɧɧɨɣ ɮɚɤɬɨɪɢɡɚɰɢɢ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 

ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ. ȼ ɰɟɥɹɯ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɦɟɬɨɞɚ ɪɟɲɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɫɢɫɬɟɦ 

ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɧɚɦɢ ɛɵɥɢ ɩɪɨɬɟɫɬɢɪɨɜɚɧɵ ɧɟɫɤɨɥɶɤɨ ɪɚɡɧɵɯ ɚɥɝɨɪɢɬɦɨɜ. ȼ 

ɤɚɱɟɫɬɜɟ ɪɚɫɱёɬɧɨɣ ɫɟɬɤɢ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɭɩɪɨɳёɧɧɚɹ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
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ɬɭɥɨɜɢɳɚ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɧɚɫɬɨɹɳɟɝɨ ɩɪɨɟɤɬɚ. ɇɚ Ɋɢɫɭɧɤɟ 23 ɢɡɨɛɪɚɠɟɧɵ 

ɭɩɪɨɳɟɧɧɚɹ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɢ ɩɨɥɨɠɟɧɢɟ ɷɥɟɤɬɪɨɞɨɜ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɩɪɢ 

ɪɚɫɱёɬɚɯ. 

 

Ɋɢɫɭɧɨɤ 23 – ɉɨɥɨɠɟɧɢɟ ɷɥɟɤɬɪɨɞɨɜ ɢ ɪɚɫɱёɬɧɚɹ ɨɛɥɚɫɬɶ ɞɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɦɟɬɨɞɨɜ 
ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜ ɛɨɤɨɜɨɣ, ɮɪɨɧɬɚɥɶɧɨɣ ɢ ɤɨɫɨɣ ɩɪɨɟɤɰɢɹɯ. 

ȼ ɪɚɦɤɚɯ ɧɚɫɬɨɹɳɟɝɨ ɩɪɨɟɤɬɚ ɧɚɦɢ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɞɜɚ ɢɬɟɪɚɰɢɨɧɧɵɯ ɦɟɬɨɞɚ 

ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ ɫ ɧɟɫɢɦɦɟɬɪɢɱɧɵɦɢ ɦɚɬɪɢɰɚɦɢ: ɨɛɨɛɳёɧɧɵɣ ɦɟɬɨɞ ɦɢɧɢɦɚɥɶɧɵɯ 

ɧɟɜɹɡɨɤ (GMRES) ɢ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ ɛɢɫɨɩɪɹɠёɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ (BiCGstab). 

ɉɟɪɟɨɛɭɫɥɚɜɥɢɜɚɧɢɟ ɦɚɬɪɢɰɵ ɫɢɫɬɟɦɵ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɢɟɦɥɟɦɭɸ ɫɤɨɪɨɫɬɶ ɫɯɨɞɢɦɨɫɬɢ. 

Ȼɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɨɛɚ ɢɬɟɪɚɰɢɨɧɧɵɯ ɦɟɬɨɞɚ ɢ ɧɟɫɤɨɥɶɤɨ ɩɟɪɟɨɛɭɫɥɚɜɥɢɜɚɬɟɥɟɣ, 

ɩɪɟɞɥɚɝɚɟɦɵɯ ɛɢɛɥɢɨɬɟɤɨɣ SPARSKIT ɢ ɛɢɛɥɢɨɬɟɤɨɣ aniILU ɢɡ ɩɚɤɟɬɚ Ani3D. Ʉɪɢɬɟɪɢɟɦ 

ɨɫɬɚɧɨɜɤɢ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ ɛɵɥɨ ɜɵɛɪɚɧɨ ɞɨɫɬɢɠɟɧɢɟ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɧɨɪɦɵ ɧɟɜɹɡɤɢ 10-9 ɩɪɢ ɧɭɥɟɜɨɦ ɧɚɱɚɥɶɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. Ɍɚɤɚɹ ɬɨɱɧɨɫɬɶ 

ɨɛɭɫɥɨɜɥɟɧɚ ɬɟɦ, ɱɬɨ ɜɛɥɢɡɢ ɬɨɤɨɜɵɯ ɷɥɟɤɬɪɨɞɨɜ ɧɚɛɥɸɞɚɸɬɫɹ ɡɨɧɵ ɫ ɛɨɥɶɲɢɦ 

ɡɧɚɱɟɧɢɟɦ ɝɪɚɞɢɟɧɬɚ ɪɟɲɟɧɢɹ, ɢ ɚɦɩɥɢɬɭɞɚ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɧɚ ɧɟɫɤɨɥɶɤɨ ɩɨɪɹɞɤɨɜ 

ɛɨɥɶɲɟ ɪɚɡɧɢɰɵ ɩɨɬɟɧɰɢɚɥɨɜ ɧɚ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɷɥɟɤɬɪɨɞɚɯ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɛɨɥɟɟ 

ɫɥɚɛɨɝɨ ɤɪɢɬɟɪɢɹ ɞɥɹ ɨɫɬɚɧɨɜɤɢ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚɛɥɸɞɚɥɢɫɶ ɡɧɚɱɢɬɟɥɶɧɵɟ 

ɤɨɥɟɛɚɧɢɹ ɤɨɧɬɪɨɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɢɦɩɟɞɚɧɫɚ ɦɟɠɞɭ ɩɨɬɟɧɰɢɚɥɶɧɵɦɢ ɷɥɟɤɬɪɨɞɚɦɢ. ɉɪɢ 

ɪɟɲɟɧɢɢ ɭɱɢɬɵɜɚɥɨɫɶ ɤɚɤ ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ, ɬɚɤ ɢ ɨɛɳɟɟ ɜɪɟɦɹ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ 

ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ. Ʉɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ ɜɚɠɧɨ ɞɥɹ ɚɧɚɥɢɡɚ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɪɚɛɨɬɵ, 

ɡɚɬɪɚɱɟɧɧɨɣ ɧɚ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦ. 

Ɍɚɛɥɢɰɚ 1. ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɦɟɬɨɞɨɜ ɦɢɧɢɦɚɥɶɧɵɯ ɧɟɜɹɡɨɤ ɢ ɛɢɫɨɩɪɹɠɟɧɧɵɯ 

ɝɪɚɞɢɟɧɬɨɜ (h – ɲɚɝ ɫɟɬɤɢ, N – ɤɨɥɢɱɟɫɬɜɨ ɧɟɢɡɜɟɫɬɧɵɯ ɜ ɫɢɫɬɟɦɟ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ) 
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ȼɟɳɟɫɬɜɟɧɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ (σ =  σ') 
 GMRES+ilu(0) GMRES+ilut GMRES+ilu2 BiCGstab+ilu2 

h,ɦɦ N ɢɬɟɪ. ɜɪɟɦɹ, ɫ ɢɬɟɪ. ɜɪɟɦɹ, ɫ ɢɬɟɪ. ɜɪɟɦɹ, ɫ ɢɬɟɪ. ɜɪɟɦɹ, ɫ 
16 27184 87 0.820 59 0.488 35 0.468 25 0.452 
12 54032 107 2.492 76 1.556 47 1.384 33 1.092 
8 153302 163 14.789 77 4.576 72 4.324 57 4.500 

Ʉɨɦɩɥɟɤɫɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ (σ = σ' + i · σ") 
 GMRES+ilu(0) GMRES+ilut GMRES+ilu2 BiCGstab+ilu2 

h,ɦɦ N ɢɬɟɪ. ɜɪɟɦɹ, ɫ ɢɬɟɪ. ɜɪɟɦɹ, ɫ ɢɬɟɪ. ɜɪɟɦɹ, ɫ ɢɬɟɪ. ɜɪɟɦɹ, ɫ 
16 27184 143 1.544 286 5.368 58 0.824 61 0.800 
12 54032 171 4.296 385 16.029 78 2.600 84 2.092 
8 153302 263 24.033 346 35.962 125 8.445 139 10.005 

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɨɞɢɬɫɹ ɫɪɚɜɧɟɧɢɟ ɧɟɤɨɬɨɪɵɯ ɤɨɦɛɢɧɚɰɢɣ ɢɬɟɪɚɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ 

ɢ ɩɟɪɟɨɛɭɫɥɚɜɥɢɜɚɬɟɥɟɣ: ilu(0) – ɧɟɩɨɥɧɨɟ LU-ɪɚɡɥɨɠɟɧɢɟ, ilut – ɞɜɭɯɩɨɪɨɝɨɜɨɟ ɧɟɩɨɥɧɨɟ 

LU-ɪɚɡɥɨɠɟɧɢɟ [31], ilu2 – ɧɟɩɨɥɧɨɟ LU-ɪɚɡɥɨɠɟɧɢɟ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ [32]. ɉɚɪɚɦɟɬɪɵ ɞɥɹ 

ɩɟɪɟɨɛɭɫɥɚɜɥɢɜɚɬɟɥɟɣ ilut ɢ ilu2 ɜɵɛɢɪɚɥɢɫɶ ɫ ɰɟɥɶɸ ɦɢɧɢɦɢɡɚɰɢɢ ɨɛɳɟɝɨ ɜɪɟɦɟɧɢ 

ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɫ ɤɨɦɩɥɟɤɫɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ ɧɚ ɫɚɦɨɣ ɦɟɥɤɨɣ ɫɟɬɤɟ. Ⱦɥɹ ilut ɷɬɢ 

ɩɚɪɚɦɟɬɪɵ ɪɚɜɧɵ Ĳ = 0.01, lfil = 30. Ⱦɥɹ ilu2 ɷɬɢ ɩɚɪɚɦɟɬɪɵ ɪɚɜɧɵ Ĳ1 =0.01, Ĳ2 =0.001. ɉɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɟ ɜɨɲɟɞɲɢɯ ɜ ɬɚɛɥɢɰɭ ɩɟɪɟɨɛɭɫɥɚɜɥɢɜɚɬɟɥɟɣ ilu(1) ɢ ilu(2) – ɧɟɩɨɥɧɨɟ 

LU-ɪɚɡɥɨɠɟɧɢɟ ɫ ɨɞɧɢɦ ɢ ɞɜɭɦɹ ɭɪɨɜɧɹɦɢ ɡɚɩɨɥɧɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ – ɤɨɥɢɱɟɫɬɜɨ 

ɢɬɟɪɚɰɢɣ ɦɟɧɶɲɟ, ɨɞɧɚɤɨ ɨɛɳɟɟ ɜɪɟɦɹ ɪɟɲɟɧɢɹ ɫ ilu(1) ɫɨɩɨɫɬɚɜɢɦɨ ɫ ilu(0), ɚ ɫ ilu(2) 

ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ ɜɫɟɯ ɩɪɨɬɟɫɬɢɪɨɜɚɧɧɵɯ ɩɟɪɟɨɛɭɫɥɚɜɥɢɜɚɬɟɥɟɣ. ɉɟɪɟɨɛɭɫɥɚɜɥɢɜɚɬɟɥɶ 

ilut ɩɨɤɚɡɵɜɚɟɬ ɯɨɪɨɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ ɫɢɦɦɟɬɪɢɱɧɵɯ ɦɚɬɪɢɰ ɜ ɫɥɭɱɚɟ ɜɟɳɟɫɬɜɟɧɧɨɣ 

ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɜɟɞёɬ ɫɟɛɹ ɡɧɚɱɢɬɟɥɶɧɨ ɯɭɠɟ ɜ ɫɥɭɱɚɟ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɦɚɬɪɢɰ, 

ɩɨɪɨɠɞɟɧɧɵɯ ɤɨɦɩɥɟɤɫɧɵɦɢ ɩɪɨɜɨɞɢɦɨɫɬɹɦɢ. ɉɟɪɟɨɛɭɫɥɚɜɥɢɜɚɬɟɥɶ ilu2 ɡɧɚɱɢɬɟɥɶɧɨ 

ɫɨɤɪɚɳɚɟɬ ɜɪɟɦɹ ɪɟɲɟɧɢɹ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ 

ɪɟɲɟɧɢɹ ɧɟɡɧɚɱɢɬɟɥɶɧɚ, GMRES ɧɟɫɤɨɥɶɤɨ ɛɵɫɬɪɟɟ BiCGstab. Ʉɨɦɛɢɧɚɰɢɹ GMRES+ilu2 

ɞɚёɬ ɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɜ ɩɪɨɜɟɞёɧɧɨɣ ɫɟɪɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɩɨɫɥɟɞɭɸɳɢɯ ɷɬɚɩɨɜ ɧɚɫɬɨɹɳɟɝɨ ɩɪɨɟɤɬɚ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ 

ɤɨɦɛɢɧɚɰɢɹ ɦɟɬɨɞɚ ɦɢɧɢɦɚɥɶɧɵɯ ɧɟɜɹɡɨɤ ɢ ɩɟɪɟɨɛɭɫɥɚɜɥɢɜɚɧɢɟ ɧɚ ɨɫɧɨɜɟ ɧɟɩɨɥɧɨɝɨ LU-

ɪɚɡɥɨɠɟɧɢɹ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. 
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4. ɂɧɢɰɢɚɥɢɡɚɰɢɹ ɪɚɫɱёɬɧɨɣ ɦɨɞɟɥɢ: ɡɚɞɚɧɢɟ ɡɧɚɱɟɧɢɣ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ, ɝɪɚɧɢɱɧɵɯ 
ɭɫɥɨɜɢɣ 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɫɬɪɨɟɧɧɨɣ ɤɨɧɟɱɧɨ-

ɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ ɬɭɥɨɜɢɳɚ ɱɟɥɨɜɟɤɚ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ ɜɟɥɢɱɢɧɵ ɩɪɨɜɨɞɢɦɨɫɬɟɣ 

ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɟɣ (ɜɧɭɬɪɟɧɧɢɯ ɨɪɝɚɧɨɜ ɢ ɞɪɭɝɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɱɚɫɬɟɣ ɬɭɥɨɜɢɳɚ 

ɱɟɥɨɜɟɤɚ) ɢ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ. 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɡɚɞɚɸɬɫɹ ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɷɥɟɤɬɪɨɞɧɨɣ ɫɯɟɦɵ ɢ ɜɟɥɢɱɢɧɨɣ 

ɡɨɧɞɢɪɭɸɳɟɝɨ ɬɨɤɚ, ɩɪɨɩɭɫɤɚɟɦɨɝɨ ɱɟɪɟɡ ɬɨɤɨɜɵɟ ɷɥɟɤɬɪɨɞɵ, ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 

ɮɨɪɦɭɥɚɦ (2), (3). 

Ɉɩɪɟɞɟɥɟɧɢɟ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɪɚɡɥɢɱɧɵɯ ɬɤɚɧɟɣ ɬɟɥɚ ɱɟɥɨɜɟɤɚ ɞɨ ɫɢɯ ɩɨɪ 

ɨɫɬɚɟɬɫɹ ɞɨ ɤɨɧɰɚ ɧɟ ɪɟɲɟɧɧɨɣ ɩɪɨɛɥɟɦɨɣ, ɨɫɨɛɟɧɧɨ ɜɚɠɧɨɣ ɜ ɫɜɹɡɢ ɫ ɚɤɬɭɚɥɶɧɵɦɢ 

ɩɪɚɤɬɢɱɟɫɤɢɦɢ ɡɚɞɚɱɚɦɢ, ɝɞɟ ɡɧɚɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɨɬ ɱɚɫɬɨɬɵ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɨɱɟɧɶ ɫɭɳɟɫɬɜɟɧɧɨ. ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ 

ɫɭɳɟɫɬɜɭɟɬ ɧɟ ɬɚɤ ɦɧɨɝɨ ɪɚɛɨɬ, ɩɨɫɜɹɳɟɧɧɵɯ ɢɡɭɱɟɧɢɸ ɞɚɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ. Ɉɞɧɨɣ ɢɡ 

ɤɥɚɫɫɢɱɟɫɤɢɯ ɪɚɛɨɬ, ɝɞɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɦɹɝɤɢɯ 

ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɬɤɚɧɟɣ ɫɬɪɨɹɬɫɹ ɷɦɩɢɪɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ 

ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ, ɹɜɥɹɸɬɫɹ ɪɚɛɨɬɵ Gabriel et al [33, 34, 35Ж. ȼ ɩɪɢɥɨɠɟɧɢɢ 

ɩɪɢɜɨɞɢɬɫɹ ɬɚɛɥɢɰɚ ɡɧɚɱɟɧɢɣ ɩɪɨɜɨɞɢɦɨɫɬɟɣ, ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ «НКЭКЛКЬО 1996» Д36Ж, ɜ 

ɤɨɬɨɪɭɸ ɬɚɤɠɟ ɜɤɥɸɱɟɧɵ ɡɧɚɱɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɟɣ ɞɥɹ ɪɹɞɚ ɨɪɝɚɧɨɜ, ɜɡɹɬɵɯ ɢɡ ɞɪɭɝɢɯ 

ɢɫɬɨɱɧɢɤɨɜ, ɤɨɬɨɪɵɟ ɧɟ ɭɱɢɬɵɜɚɥɢɫɶ ɜ «НКЭКЛКЬО 1996» (ɧɚɩɪɢɦɟɪ, ɞɥɹ ɥɟɝɤɨɝɨ, ɩɟɱɟɧɢ). ȼ 

ɬɚɛɥ. 1 ɩɪɢɥɨɠɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɟɣ ɩɪɢ ɱɚɫɬɨɬɟ 5 ɤȽɰ ɢ 50 ɤȽɰ, ɬɚɤ 

ɤɚɤ ɞɚɧɧɵɟ ɱɚɫɬɨɬɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ ɛɢɨɢɦɩɟɞɚɧɫɧɵɯ ɢɡɦɟɪɟɧɢɹɯ.  

ȼ ɪɚɛɨɬɟ Д37Ж ɩɪɢɜɨɞɢɬɫɹ ɨɛɡɨɪ ɧɨɜɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɡɚ ɩɨɫɥɟɞɧɢɟ 

ɝɨɞɵ, ɩɨ ɢɡɭɱɟɧɢɸ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɹɝɤɢɯ ɬɤɚɧɟɣ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ. Ɍɚɤɠɟ 

ɯɨɬɟɥɨɫɶ ɛɵ ɨɬɦɟɬɢɬɶ ɦɟɬɚ-ɚɧɚɥɢɡ Д38Ж, ɜ ɤɨɬɨɪɨɦ ɩɪɢɜɨɞɹɬɫɹ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ 

ɩɪɨɜɨɞɢɦɨɫɬɟɣ ɞɥɹ 21 ɪɚɡɥɢɱɧɵɯ ɬɤɚɧɟɣ (ɜ ɩɪɟɞɟɥɚɯ ɱɚɫɬɨɬ 100 Ƚɰ-10 ɆȽɰ), ɩɨɥɭɱɟɧɧɵɯ 

ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɡɜɟɫɬɧɵɯ ɪɚɛɨɬ (ɧɚ 1999 ɝɨɞ). ȼ ɩɪɢɥɨɠɟɧɢɢ ɩɪɢɜɟɞɟɧɚ ɬɚɛɥɢɰɚ ɫɪɟɞɧɢɯ 

ɡɧɚɱɟɧɢɣ ɭɞɟɥɶɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɫ ɞɨɜɟɪɢɬɟɥɶɧɵɦ ɢɧɬɟɪɜɚɥɨɦ 95 %.  

Ȼɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɵɲɰ.  ȼ ɨɬɥɢɱɢɟ ɨɬ 

ɞɪɭɝɢɯ ɦɹɝɤɢɯ ɬɤɚɧɟɣ, ɦɵɲɰɵ ɩɪɨɹɜɥɹɸɬ ɪɟɡɤɨ ɜɵɪɚɠɟɧɧɵɟ ɚɧɢɡɨɬɪɨɩɧɵɟ 

ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɩɨɷɬɨɦɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɡɭɱɟɧɢɟ ɞɚɧɧɵɯ ɫɜɨɣɫɬɜ 
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ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɛɥɟɦɚɬɢɱɧɨ. ȼ ɪɚɛɨɬɟ Д39Ж ɨɩɢɫɵɜɚɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɦɟɬɨɞɢɤɚ 

ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɟɣ ɦɵɲɰ ɢ ɩɪɢɜɨɞɹɬɫɹ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɟɣ ɞɥɹ 

50 ɤȽɰ: ɩɪɨɜɨɞɢɦɨɫɬɶ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ – 0.67 ɋɦ/ɦ, ɜ ɩɨɩɟɪɟɱɧɨɦ – 0.13 ɋɦ/ɦ. 

ɉɨɦɢɦɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɢɡɭɱɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɟɣ ɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɬɤɚɧɟɣ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɞɥɹ ɨɩɢɫɚɧɢɹ 

ɡɚɜɢɫɢɦɨɫɬɟɣ ɢɫɤɨɦɵɯ ɜɟɥɢɱɢɧ ɨɬ ɜɧɭɬɪɟɧɧɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ. ȼ ɪɚɛɨɬɟ [40] 

ɩɪɢɜɨɞɢɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɥɹ ɥɟɝɤɢɯ, ɤɨɬɨɪɚɹ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. ȼɟɥɢɱɢɧɵ ɩɪɨɜɨɞɢɦɨɫɬɟɣ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ 

ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɥɟɝɤɢɯ, ɜɤɥɸɱɟɧɵ ɜ ɬɚɛɥ. 1 ɩɪɢɥɨɠɟɧɢɹ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɧɚ ɧɚɱɚɥɶɧɵɯ ɷɬɚɩɚɯ ɞɥɹ ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɟɞɥɚɝɚɟɬɫɹ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɟ «НКЭКЛКЬО 1996» ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɨɜɨɞɢɬɶ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɪɚɫɱɟɬɵ 

ɩɪɢ ɞɪɭɝɢɯ ɡɧɚɱɟɧɢɹɯ ɩɪɨɜɨɞɢɦɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɭ ɪɚɡɧɵɯ ɚɜɬɨɪɨɜ ɦɨɝɭɬ ɨɬɥɢɱɚɬɶɫɹ ɧɚ 

ɩɨɪɹɞɨɤ. 
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Ɂɚɤɥɸɱɟɧɢɟ 

ɋɨɞɟɪɠɚɧɢɟ ɧɚɫɬɨɹɳɟɝɨ ɨɬɱёɬɚ ɢɫɱɟɪɩɵɜɚɟɬ ɡɚɞɚɧɢɹ ɗɬɚɩɚ № 2 Ʉɚɥɟɧɞɚɪɧɨɝɨ 

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

ɡɚɞɚɱɢ ɜɵɩɨɥɧɟɧɵ ɩɨɥɧɨɫɬɶɸ. 

ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɜɨɩɪɨɫɵ ɢ ɡɚɞɚɱɢ:  

– ɜɨɩɪɨɫ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ; ɫ ɭɱɟɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɦɟɸɳɢɯɫɹ 

ɦɟɞɢɰɢɧɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ ɩɪɟɞɥɨɠɟɧɵ ɚɥɝɨɪɢɬɦɵ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ ɞɥɹ 

ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɣ ɨɛɪɚɛɨɬɤɢ ɰɢɮɪɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɣ.  

– ɨɫɭɳɟɫɬɜɥɟɧɚ ɫɟɝɦɟɧɬɚɰɢɹ ɞɜɭɦɟɪɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ 

ɩɨɫɬɪɨɟɧɵ ɬɪёɯɦɟɪɧɵɟ ɦɨɞɟɥɢ ɜɧɭɬɪɟɧɧɢɯ ɨɪɝɚɧɨɜ ɬɟɥɚ ɱɟɥɨɜɟɤɚ ɢ ɞɪɭɝɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ 

ɱɚɫɬɟɣ. 

– ɩɨɫɬɪɨɟɧɵ ɪɚɫɱёɬɧɚɹ ɫɟɬɤɚ ɢ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɦɨɞɟɥɶ ɞɥɹ ɩɨɥɭɱɟɧɧɨɣ 

ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɬɭɥɨɜɢɳɚ. 

ɉɨɥɭɱɟɧɧɚɹ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɟɫɬɢ ɢɧɬɟɪɟɫɭɸɳɢɟ ɧɚɫ 

ɱɢɫɥɟɧɧɵɟ ɪɚɫɱёɬɵ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɩɪɨɜɨɞɢɦɨɫɬɟɣ ɬɤɚɧɟɣ ɢ ɪɚɡɥɢɱɧɵɯ 

ɷɥɟɤɬɪɨɧɧɵɯ ɫɯɟɦɚɯ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɚɡɜɢɬɢɸ ɢ ɨɛɨɫɧɨɜɚɧɢɸ ɦɟɬɨɞɢɤ 

ɛɢɨɢɦɩɟɞɚɧɫɧɨɝɨ ɚɧɚɥɢɡɚ. 

Ʉ ɢɫɫɥɟɞɨɜɚɧɢɸ ɧɚ ɧɚɫɬɨɹɳɟɦ ɷɬɚɩɟ ɩɪɢɜɥɟɱɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɨɥɨɞɟɠɢ: 5 

ɦɨɥɨɞɵɯ ɤɚɧɞɢɞɚɬɨɜ ɧɚɭɤ, 4 ɚɫɩɢɪɚɧɬɚ ɢ 5 ɫɬɭɞɟɧɬɨɜ. ȼ 2011 ɝɨɞɭ ɪɟɡɭɥɶɬɚɬɵ ɧɚɫɬɨɹɳɟɝɨ 

ɩɪɨɟɤɬɚ ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɧɚ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɤɨɧɮɟɪɟɧɰɢɹɯ «Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ  

ɢ ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɜ ɛɢɨɦɚɬɟɦɚɬɢɤɟ»,  2ЧН IЧЭОЫЧКЭТШЧКХ CШЧПОЫОЧМО ШЧ CШЦЩЮЭКЭТШЧКХ & 

Mathematical Biomedical Engineering (CMBE-2011) ɢ MКЭЫТб MОЭСШНЬ ТЧ MКЭСОЦКЭТМЬ КЧН 

Applications (MMMA-2011).  

ȼɫɟ ɡɚɞɚɧɧɵɟ ɰɟɥɟɜɵɟ ɢɧɞɢɤɚɬɨɪɵ ɢ ɩɨɤɚɡɚɬɟɥɢ ɞɨɫɬɢɝɧɭɬɵ. 
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ɉɪɢɥɨɠɟɧɢɟ 

Ɍɚɛɥɢɰɚ 1. Ɂɧɚɱɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɟɣ ı´ ɪɚɡɥɢɱɧɵɯ ɬɤɚɧɟɣ ɩɪɢ ɱɚɫɬɨɬɚɯ 5 ɤȽɰ ɢ 50 

ɤȽɰ 

Ɍɤɚɧɶ 
ı´ ɋɦ/ɦ, 

5 ɤȽɰ 
ı´ ɋɦ/ɦ, 
50 ɤȽɰ 

Ⱥɨɪɬɚ 0.31145 0.31686 

Ȼɟɥɨɟ ɜɟɳɟɫɬɜɨ ɦɨɡɝɚ 0.06672 
0.07758 

0.2558 [41] 

ȼɥɚɠɧɚɹ ɤɨɠɚ 0.00136 0.02937 

Ƚɥɚɧɞɵ 0.52811 0.53395 

Ƚɭɛɱɚɬɚɹ ɤɨɫɬɶ 
 0.0823   

0.08342 
0.1994 [42] 

Ⱦɜɟɧɚɞɰɚɬɢɩɟɪɫɬɧɚɹ ɤɢɲɤɚ 0.52811 0.53369 

ɀɟɥɭɞɨɤ  0.52811 0.53369 

ɀɟɥɱɧɵɣ ɩɭɡɵɪɶ 0.90006 0.90012 

ɀɢɪ 0.02359 0.02425 

Ɂɭɛ 0.02035 0.02064 

Ʉɨɫɬɧɵɣ ɦɨɡɝ 0.00258 0.00313 

Ʉɪɨɜɟɧɨɫɧɵɣ ɫɨɫɭɞ 0.31145 0.31686 

Ʉɪɨɜɶ 0.70001 0.7008 

Ʌɟɝɤɨɟ (ɩɪɢ ɜɵɞɨɯɟ) 0.23484 0.26197 
0.0555[40] 0.0775[40] 

Ʌɟɝɤɨɟ (ɩɪɢ ɜɞɨɯɟ) 0.00891 0.1026 
0.03247[40] 0.0431[40] 

Ʌɢɦɮɚ 0.52811 0.53395 

Ɇɚɬɤɚ 0.50938 0.52584 

Ɇɨɡɠɟɱɨɤ 0.12954 0.14753 

Ɇɨɱɟɜɨɣ ɩɭɡɵɪɶ 0.21142 0.21688 

Ɇɵɲɰɵ 0.33669 0.35182 

ɇɟɪɜ 0.03457 0.06932 
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ɇɨɝɨɬɶ 0.02035 0.02064 

ɉɟɱɟɧɶ 
0.04767 0.07204 

0.082 [43] 0.131[43] 

ɉɢɳɟɜɨɞ 0.52811 0.53369 

ɉɨɞɠɟɥɭɞɨɱɧɚɹ ɠɟɥɟɡɚ 0.52811 0.53395 

ɉɨɱɤɢ 0.12881 
0.15943 
0.28 [44] 

ɉɪɟɞɫɬɚɬɟɥɶɧɚɹ ɠɟɥɟɡɚ 0.42812 0.4344 

Ɋɨɝɨɜɚɹ ɨɛɨɥɨɱɤɚ ɝɥɚɡɚ 0.43128 0.48145 

ɋɟɥɟɡɟɧɤɚ 0.10829 
0.11789 

0.144[44] 

ɋɟɪɞɰɟ 0.13665 0.19543 

ɋɟɪɨɟ ɜɟɳɟɫɬɜɨ ɦɨɡɝɚ 0.10954 
0.12752 

0.2849[41] 

ɋɟɬɱɚɬɤɚ ɝɥɚɡɚ 0.50865 0.51475 

ɋɤɥɟɪɚ 0.50865 0.51475 

ɋɩɢɧɧɨɣ ɦɨɡɝ 0.03457 0.06932 

ɋɩɢɧɧɨɦɨɡɝɨɜɚɹ ɠɢɞɤɨɫɬɶ 2 
2 

1.25[41] 

ɋɬɟɤɥɨɜɢɞɧɨɟ ɬɟɥɨ 1.5 1.5 

ɋɭɯɚɹ ɤɨɠɚ 0.0002 0.00027 

ɋɭɯɨɠɢɥɢɟ 0.38575 0.38779 

Ɍɜɟɪɞɚɹ ɦɨɡɝɨɜɚɹ ɨɛɨɥɨɱɤɚ 0.50114 0.50168 

Ɍɨɥɫɬɚɹ ɤɢɲɤɚ 0.23824 0.24438 

Ɍɨɧɤɚɹ ɤɢɲɤɚ 0.55155 0.58028 

Ɍɪɚɯɟɹ 0.30507 0.32987 

Ɍɪɭɛɱɚɬɚɹ ɤɨɫɬɶ 0.02035 0.02064 

ɏɪɭɫɬɚɥɢɤ 0.33369 0.33849 

ɏɪɹɳ 0.17554 0.17706 
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ɒɟɣɤɚ ɦɚɬɤɢ 0.53346 0.54431 

ɓɢɬɨɜɢɞɧɚɹ ɠɟɥɟɡɚ 0.52811 0.53395 

əɡɵɤ 0.27812 0.28422 

əɢɱɤɨ 0.42812 0.4344 

əɢɱɧɢɤ 0.32806 0.33615 

 

Ɍɚɛɥɢɰɚ 2. ɍɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ: ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɢ ɞɨɜɟɪɢɬɟɥɶɧɵɟ ɢɧɬɟɪɜɚɥɵ 

Ɍɤɚɧɶ 
ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ, 

Ɉɦ·ɦ 

95% ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ, 

Ɉɦ·ɦ 

Ȼɟɪɰɨɜɚɹ ɤɨɫɬɶ (МШЫЭТМКХ) 4.64 3.6-5.97 

Ȼɟɪɰɨɜɚɹ ɤɨɫɬɶ 

(cancellous) 
176 123-252 

ɀɢɪ 38.5 30.5-48.7 

Ʉɨɠɚ 3.29 2.55-4.24 

Ʉɨɫɬɶ 1.24·106 (0.91-1.69)·106 

Ʉɪɨɜɶ 1.51 1.20-1.91 

Ʌɟɝɤɨɟ 1.57 1.22-2.02 

Ɇɚɬɤɚ 2.19 1.70-2.82 

Ɇɨɥɨɱɧɚɹ ɠɟɥɟɡɚ 3.39 2.49-4.63 

Ɇɨɱɟɜɨɣ ɩɭɡɵɪɶ 4.47 2.88-6.93 

Ɇɵɲɰɵ (ɜɞɨɥɶ ɜɨɥɨɤɨɧ) 2.4 1.55-3.72 

Ɇɵɲɰɵ (ɩɨɩɟɪɟɤ 

ɜɨɥɨɤɨɧ) 
6.75 4.35-10.2 

ɉɟɱɟɧɶ 3.42 2.96-3.96 

ɉɨɱɤɚ 2.11 1.6-2.78 

ɋɟɥɟɡɟɧɤɚ 4.05 3.07-5.35 

ɋɟɪɞɰɟ 1.75 1.33-2.31 

ɓɢɬɨɜɢɞɧɚɹ ɠɟɥɟɡɚ 1.83 1.18-2.83 

əɡɵɤ 3.33 2.15-5.17 

əɢɱɤɨ 1.45 0.93-2.24 

əɢɱɧɢɤ 2.24 1.44-3.47 
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