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ɍȾК 004.021 

Ɇɟɬɨɞɵ ɩɨɫɬɪɨɟɧɢя ɩɨɜɟɪхɧɨɫɬɢ ɩɨ ɢɡɨɛɪɚɠɟɧɢяɦ ɄɌ ɞɥя ɫɨɡɞɚɧɢя 
ɦɨɞɟɥɢ ɱɟɥɸɫɬɧɨ-ɥɢɰɟɜɨɝɨ ɫɤɟɥɟɬɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 3D ɩɟɱɚɬɢ. 
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Сɚɮɨɧɨɜ Ɇ. Д., ɇɨɜɢɤɨɜ Д. Д., Прɢɜɚɥɨɜ Ɇ. ȼ. Ɇɟɬɨдɵ ɩɨɫɬрɨɟɧɢɹ ɩɨɜɟрɯɧɨɫɬɢ ɩɨ ɢɡɨɛрɚɠɟɧɢɹɦ 
КɌ дɥɹ ɫɨɡдɚɧɢɹ ɦɨдɟɥɢ ɱɟɥɸɫɬɧɨ-ɥɢɰɟɜɨɝɨ ɫɤɟɥɟɬɚ ɫ ɩрɢɦɟɧɟɧɢɟɦ 3D ɩɟɱɚɬɢ. ȼ ɪɚɛɨɬе ɪɚɫɫɦɨɬɪеɧɚ 
ɡɚɞɚчɚ ɩɨɫɬɪɨеɧɢя ɩɪɢɝɨɞɧɨɣ ɞɥя ɩечɚɬɢ 3D ɦɨɞеɥɢ ɧɚ ɨɫɧɨɜе ɫɧɢɦɤɨɜ чеɥɸɫɬɧɨ-ɥɢɰеɜɨɣ ɨɛɥɚɫɬɢ (ɑɅО). 
ɉɪɨɜеɞеɧ ɚɧɚɥɢɡ ɪɚɡɥɢчɧɵɯ ɦеɬɨɞɨɜ ɩɨɫɬɪɨеɧɢя ɩɨɜеɪɯɧɨɫɬɢ ɨɛɴеɤɬɚ ɫ ɰеɥɶɸ ɨɩɪеɞеɥеɧɢя ɦеɬɨɞɚ, ɛɨɥее 
ɩɨɞɯɨɞяɳеɝɨ ɞɥя ɪеɲеɧɢя ɞɚɧɧɨɣ ɡɚɞɚчɢ. ɉɨɤɚɡɚɧɵ ɨɫɨɛеɧɧɨɫɬɢ ɩɪɢɦеɧеɧɢя ɫɭɳеɫɬɜɭɸɳɢɯ ɦеɬɨɞɨɜ ɤ чɚɫɬяɦ 
ɨɛɴеɤɬɚ, ɬɪеɛɭɸɳɢɦ ɪɚɡɥɢчɧɨɝɨ ɭɪɨɜɧя ɞеɬɚɥɢɡɚɰɢɢ. 

 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɩɨɜеɪɯɧɨɫɬɶ, ɬɪɢɚɧɝɭɥяɰɢя, 3D ɩечɚɬɶ, ɦеɬɨɞ, ɢɦɩɥɚɧɬɚɬ. 

 

 

ȼɜɟɞɟɧɢɟ.  

 

В ɱɟɥюɫɬɧɨ-ɥɢɰɟɜɨɣ ɯɢɪɭɪɝɢɢ ɢ 
ɢɦɩɥаɧɬɨɥɨɝɢɢ ɱаɫɬɨ ɩɪɢɯɨɞɢɬɫɹ ɪɟɲаɬɶ ɡаɞаɱɭ 
ɫɨɡɞаɧɢɹ ɩɪɟɞɨɩɟɪаɰɢɨɧɧыɯ ɲаɛɥɨɧɨɜ ɢ 
ɢɦɩɥаɧɬаɬɨɜ ɞɥɹ ɞаɥɶɧɟɣɲɟɝɨ ɩɪɨɜɟɞɟɧɢɹ 
ɨɩɟɪаɰɢɢ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɲɟɧɢɟ ɞаɧɧɨɣ, 
ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɨɣ, ɡаɞаɱɢ ɦɨɠɧɨ ɩɨɜыɫɢɬɶ 
ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɫɪɟɞɫɬɜ ɤɨɦɩɶюɬɟɪɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜаɧɢɹ ɢ ɩɪɨɟɤɬɢɪɨɜаɧɢɹ. 

В ɩɟɪɜɭю ɨɱɟɪɟɞɶ ɫɬɨɢɬ ɡаɞаɱа 
ɩɨɫɬɪɨɟɧɢɹ 3D ɦɨɞɟɥɢ ɑɅО ɞɥɹ ɧаɝɥɹɞɧɨɝɨ 
ɜыɞɟɥɟɧɢɹ ɨɛɥаɫɬɢ ɩɨɪаɠɟɧɢɹ, ɨɩɪɟɞɟɥɟɧɢɹ ɟё 
ɩаɪаɦɟɬɪɨɜ ɢ ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɢ 
ɩɪɟɞɨɩɟɪаɰɢɨɧɧɨɝɨ ɲаɛɥɨɧа. ɉɨɦɢɦɨ 
ɤɨɦɩɶюɬɟɪɧɨɣ ɦɨɞɟɥɢ ɬɨɱɧɨɫɬɶ ɬаɤɨɝɨ ɲаɛɥɨɧа 
ɩɨɜыɲаɟɬɫɹ ɡа ɫɱёɬ ɜɧɟɫɟɧɢɹ ɪаɡɥɢɱɧыɯ 
ɞɨɩɨɥɧɢɬɟɥɶɧыɯ ɤɨɪɪɟɤɬɢɪɨɜɨɤ ɧа ɨɫɧɨɜаɧɢɢ 
ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɑɅО, ɤɨɬɨɪɭю ɜɨɡɦɨɠɧɨ 
ɩɨɥɭɱɢɬɶ ɫ ɩɨɦɨɳɶю ɫɨɜɪɟɦɟɧɧыɯ ɬɟɯɧɨɥɨɝɢɣ 
3D ɩɟɱаɬɢ. Ⱦɥɹ ɩɨɞɝɨɬɨɜɤɢ ɨɛɴɟɤɬа ɤ 3D ɩɟɱаɬɢ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɬɪɢаɧɝɭɥɹɰɢю 
ɩɨɜɟɪɯɧɨɫɬɢ.  

 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ. 
 

Оɫɧɨɜɨɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ, 
ɩɪɢɝɨɞɧɨɣ ɞɥɹ ɩɟɱаɬɢ, ɹɜɥɹɟɬɫɹ ɫɨɡɞаɧɢɟ 
ɜɨɤɫɟɥɶɧɨɣ ɦɨɞɟɥɢ ɢ ɬɪɢаɧɝɭɥɹɰɢɹ. ɐɟɥɶю 
ɬɪɢаɧɝɭɥɹɰɢɢ ɹɜɥɹɟɬɫɹ ɫɨɡɞаɧɢɟ ɩɥаɧаɪɧɨɝɨ 
ɝɪаɮа ɩɨ ɡаɞаɧɧɨɦɭ ɧаɛɨɪɭ ɤɨɨɪɞɢɧаɬɧыɯ ɬɨɱɟɤ, 
ɤɨɬɨɪыɣ ɜɩɨɫɥɟɞɫɬɜɢɢ ɪаɡɛɢɜаɥ ɛы ɨɛɴɟɤɬ 
ɢɫɫɥɟɞɨɜаɧɢɹ ɧа ɬɪɟɭɝɨɥɶɧɢɤɢ ɢ ɜɧɟɲɧюю 
ɩɨɜɟɪɯɧɨɫɬɶ. ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɝɨ ɪаɡɥɢɱɧыɯ 
ɦɟɬɨɞɨɜ ɞɥɹ ɜыɩɨɥɧɟɧɢɹ ɬɪɢаɧɝɭɥɹɰɢɢ 3D 

ɩɨɜɟɪɯɧɨɫɬɢ, ɤаɠɞыɣ ɢɡ ɤɨɬɨɪыɯ ɢɦɟɟɬ ɫɜɨɢ 
ɩɨɥɨɠɢɬɟɥɶɧыɟ ɢ ɨɬɪɢɰаɬɟɥɶɧыɟ ɫɜɨɣɫɬɜа 
ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɪаɛɨɬɟ ɫ ɦɟɞɢɰɢɧɫɤɢɦɢ 

ɢɡɨɛɪаɠɟɧɢɹɦɢ. Ⱥɧɞɪɟɟɦ ɋɟɦɟɧɢɯɢɧыɦ 
ɩɪɨɜɟɞɟɧɨ ɫɪаɜɧɟɧɢɟ ɪаɛɨɬы ɦɟɬɨɞɨɜ 
ɬɪɢаɧɝɭɥɹɰɢɢ ɧа ɨɛɴɟɤɬаɯ ɪаɡɥɢɱɧɨɣ ɫɥɨɠɧɨɫɬɢ 
(ɰɟɥɨɫɬɧыɟ ɢ ɩɥаɜɧыɟ, ɢɦɟюɳɢɟ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɪаɡɪыɜɨɜ) Д1Ж. 

Ⱦɥɹ ɫɪаɜɧɟɧɢɹ ɪаɡɥɢɱɧыɯ ɦɟɬɨɞɨɜ 
ɬɪɢаɧɝɭɥɹɰɢɢ ɛыɥɢ ɢɫɩɨɥɶɡɨɜаɧы ɫɥɟɞɭюɳɢɟ 
ɤɪɢɬɟɪɢɢ: 

 ɤɨɥɢɱɟɫɬɜɨ ɝɟɧɟɪɢɪɭɟɦыɯ 
ɬɪɟɭɝɨɥɶɧɢɤɨɜ; 

 ɤаɱɟɫɬɜɨ ɝɟɧɟɪɢɪɭɟɦыɯ 
ɬɪɟɭɝɨɥɶɧɢɤɨɜ. 

ɋɪаɜɧɟɧɢɟ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɫɥɟɞɭюɳɢɦ 
ɨɛɪаɡɨɦ: ɧа ɜɯɨɞ ɦɟɬɨɞаɦ ɩɨɞаɜаɥɢɫɶ ɬɟɫɬɨɜыɟ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɡаɞаɧɧыɟ ɧа ɪɟɝɭɥɹɪɧɨɣ ɫɟɬɤɟ 
30ɯ30ɯ30. Ⱦɥɹ ɤаɠɞɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɪɨɫɱɢɬыɜаɥɨɫɶ ɤɨɥɢɱɟɫɬɜɨ ɬɪɟɭɝɨɥɶɧɢɤɨɜ, 
ɜɟɤɬɨɪ ɤаɱɟɫɬɜа ɬɪɟɭɝɨɥɶɧɢɤɨɜ. 

Вɟɤɬɨɪ ɤаɱɟɫɬɜа ɬɪɟɭɝɨɥɶɧɢɤɨɜ (ВКɌ) 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭюɳɢɦ ɨɛɪаɡɨɦ:  
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ɉɪɢ ɷɬɨɦ, Т-ыɣ ɷɥɟɦɟɧɬ ВКɌ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤаɤ 
ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠаɧɢɟ ɬɪɟɭɝɨɥɶɧɢɤɨɜ ɫ ɦɟɪɨɣ 
ɤаɱɟɫɬɜа V, ɜɨ ɦɧɨɠɟɫɬɜɟ ɫɝɟɧɟɪɢɪɨɜаɧɧыɯ 
ɬɪɟɭɝɨɥɶɧɢɤɨɜ, ɝɞɟ V ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
ɫɥɟɞɭюɳɟɦɭ ɧɟɪаɜɟɧɫɬɜɭ: 
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ɋɪɟɞɧɹɹ ɦɟɪа ɤаɱɟɫɬɜа ɬɪɟɭɝɨɥɶɧɢɤɨɜ 
ɫɱɢɬаɥаɫɶ ɤаɤ ɫɪɟɞɧɟɟ аɪɢɮɦɟɬɢɱɟɫɤɨɟ ɦɟɪ 
ɩɪаɜɢɥɶɧɨɫɬɢ ɜɫɟɯ ɬɪɟɭɝɨɥɶɧɢɤɨɜ Д1Ж. 

  

Ɇɟɬɨɞɵ ɬɪɢɚɧɝɭɥɹɰɢɢ. 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬаɜɥɟɧɧыɯ ɡаɞаɱ 
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ɫɭɳɟɫɬɜɭюɬ ɹɱɟɟɱɧыɟ ɢ ɦɨɡаɢɱɧыɟ ɦɟɬɨɞы 
ɬɪɢаɧɝɭɥɹɰɢɢ. 

əɱɟɟɱɧɵɟ ɦɟɬɨɞɵ (cell-based). Оɫɧɨɜа 
ɦɟɬɨɞɨɜ ɞаɧɧɨɝɨ ɬɢɩа, ɧɟɡаɜɢɫɢɦаɹ 
ɬɪɢаɧɝɭɥɹɰɢɹ ɤаɠɞɨɣ ɹɱɟɣɤɢ ɫ ɩɨɦɨɳɶю ɬаɛɥɢɰ 
ɬɪɢаɧɝɭɥɹɰɢɢ, ɹɜɥɹɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢɯ 
ɫɢɥɶɧɨɣ ɢ ɫɥаɛɨɣ ɫɬɨɪɨɧɨɣ. Выɫɨɤаɹ ɫɤɨɪɨɫɬɶ 
ɪаɛɨɬы ɷɬɢɯ ɦɟɬɨɞɨɜ ɞɟɥаɟɬ ɢɯ ɧаɢɛɨɥɟɟ 
ɩɪɢɜɥɟɤаɬɟɥɶɧыɦɢ ɩɨ ɨɬɧɨɲɟɧɢю ɤ ɞɪɭɝɢɦ 
ɦɟɬɨɞаɦ Д2Ж ɢ ɞаɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜаɬɶ ɢɯ 
ɜ ɢɧɬɟɪаɤɬɢɜɧыɯ ɩɪɢɥɨɠɟɧɢɹɯ, ɧɨ ɛɨɥɶɲɢɦ 
ɦɢɧɭɫɨɦ ɫɱɢɬаɟɬɫɹ ɢɯ ɨɬɧɨɫɢɬɟɥɶɧаɹ 
ɢɧɞɢɮɮɟɪɟɧɬɧɨɫɬɶ ɤ ɩɨɜɟɞɟɧɢю ɮɭɧɤɰɢɢ ɜɧɟ 
ɜыɛɪаɧɧɨɝɨ ɦɧɨɠɟɫɬɜа ɬɨɱɟɤ. 

Ⱦаɧɧыɣ ɤɥаɫɫ ɨɩɬɢɦаɥɟɧ ɞɥɹ ɪаɛɨɬы ɫ 
ɦɟɥɤɢɦɢ ɨɛɴɟɤɬаɦɢ, ɬаɤɢɦɢ ɤаɤ ɦɟɥɤɢɟ ɤɨɫɬɢ ɜ 
ɱɟɥюɫɬɧɨɣ ɨɛɥаɫɬɢ ɱɟɪɟɩа, ɢɥɢ ɡɭɛы, ɨɞɧаɤɨ 
ɜɨɡɦɨɠɧы ɬɪɭɞɧɨɫɬɢ ɜ ɫɜɹɡɤɟ ɧɟɫɤɨɥɶɤɢɯ 
ɫɦɟɠɧыɯ ɨɛɴɟɤɬɨɜ ɦɟɠɞɭ ɫɨɛɨɣ. 

Ɇɨɡɚɢɱɧɵɟ ɦɟɬɨɞɵ (pre-tessellation 
methods & particle-based methods) ɩɪɢɦɟɧɢɦы 
ɬɨɥɶɤɨ ɩɪɢ ɜɢɡɭаɥɢɡаɰɢɢ ɩɨɥɟɣ, ɨɩɪɟɞɟɥɟɧɧыɯ ɜ 
ɤаɠɞɨɣ ɬɨɱɤɟ ɬɨɣ ɱаɫɬɢ ɩɪɨɫɬɪаɧɫɬɜа, ɤɨɬɨɪɨɟ 
ɧаɫ ɢɧɬɟɪɟɫɭɟɬ Д3Ж. Ȼɨɥɶɲɢɦ ɩɥюɫɨɦ ɬаɤɢɯ 
ɦɟɬɨɞɨɜ ɦɨɠɧɨ ɫɱɢɬаɬɶ ɢɯ ɡаɜɢɫɢɦɨɫɬɶ ɨɬ 
ɥɨɤаɥɶɧɨɝɨ ɢɫɤɪɢɜɥɟɧɢɹ ɮɭɧɤɰɢɢ – ɩɪɢ 
ɪɟаɥɢɡаɰɢɢ ɬаɤɢɯ ɦɟɬɨɞɨɜ ɦɟɥɤɢɟ ɞɟɬаɥɢ ɨɛɴɟɤɬа 
ɧɟ ɛɭɞɭɬ ɭɩɭɳɟɧы. Ⱦаɧɧыɣ ɤɥаɫɫ ɦɟɬɨɞɨɜ 
ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɨɩɪаɜɞаɧɧыɦ ɞɥɹ ɪаɛɨɬы ɫ 
ɤɪɭɩɧыɦɢ ɢ/ɢɥɢ ɰɟɥɶɧыɦɢ ɨɛɴɟɤɬаɦɢ, ɬаɤɢɦɢ 
ɤаɤ ɤɨɫɬɢ ɱɟɪɟɩа, ɩɪɟɞɨɩɟɪаɰɢɨɧɧыɟ ɲаɛɥɨɧы.  

Ɂаɦɟɬɧɨɟ ɪаɡɥɢɱɢɟ ɦɟɠɞɭ ɹɱɟɟɱɧыɦɢ ɢ 
ɦɨɡаɢɱɧыɦɢ ɦɟɬɨɞаɦɢ ɡаɤɥюɱаɟɬɫɹ ɟɳɟ ɢ ɜ ɬɨɦ, 
ɱɬɨ ɩɟɪɜыɟ ɱаɫɬɨ ɞɨɜɨɥɶɧɨ ɩɪɨɫɬы ɜ ɪɟаɥɢɡаɰɢɢ. 
ɇаɩɪɢɦɟɪ, ɫɨɡɞаɬɶ ɪɟɝɭɥɹɪɧɭю ɫɟɬɤɭ ɧа ɨɫɧɨɜɟ 
ɧɟɪɟɝɭɥɹɪɧɨɣ ɡɧаɱɢɬɟɥɶɧɨ ɩɪɨɳɟ, ɱɟɦ 
ɜɨɫɫɬаɧɨɜɢɬɶ ɮɭɧɤɰɢю ɜ ɤаɠɞɨɣ ɬɨɱɤɟ 
ɩɪɨɫɬɪаɧɫɬɜа. ɗɬɨ ɠɟ ɨɬɧɨɫɢɬɫɹ ɢ ɤ ɩɪɨɛɥɟɦɟ 
ɜɨɫɫɬаɧɨɜɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ ɫɪɟɡаɦ, 
ɜɨɡɧɢɤаюɳɟɣ ɜ ɬɨɦɨɝɪаɮɢɢ. 

 

 
 

Ɋɢɫ 1. ɉɨɜɟɪɯɧɨɫɬɶ ɫɥɟɜа ɩɨɥɭɱɟɧа - ɫ 
ɩɨɦɨɳɶю ɦɟɬɨɞа ɋɬюаɪɬа (predictor-corrector), 

ɫɩɪаɜа ɫ ɩɨɦɨɳɶю ɦɟɬɨɞа ɦаɪɲɢɪɭюɳɢɯ ɤɭɛɨɜ 
(cell-based) 

 

Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɧɟɨɛɯɨɞɢɦɨ ɜыɩɨɥɧɢɬɶ 
ɨɛɨɫɧɨɜаɧɢɟ ɢ ɜыɛɨɪ ɹɱɟɟɱɧɨɝɨ ɦɟɬɨɞа ɞɥɹ 
ɩɨɫɬɪɨɟɧɢɹ 3D ɦɨɞɟɥɢ ɑɅО ɢ ɦɨɡаɢɱɧɨɝɨ ɦɟɬɨɞа 

ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɪɟɞɨɩɟɪаɰɢɨɧɧɨɝɨ ɲаɛɥɨɧа. 
əɱɟɟɱɧыɟ ɦɟɬɨɞы ɬɪɢаɧɝɭɥɹɰɢɢ 

ɩɨɡɜɨɥɹɬ ɧаɦ ɬɪɢаɧɝɭɥɢɪɨɜаɬɶ ɩɨɜɟɪɯɧɨɫɬɶ 
ɱɟɥюɫɬɧɨ-ɥɢɰɟɜɨɣ ɨɛɥаɫɬɢ. Ɋаɡɥɢɱɧыɟ 
ɦɨɞɢɮɢɤаɰɢɢ ɷɬɢɯ ɦɟɬɨɞɨɜ ɩɨɡɜɨɥɹюɬ 
ɭɦɟɧɶɲɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ аɩɩɪɨɤɫɢɦаɰɢɢ, 
ɭɜɟɥɢɱɢɬɶ ɫɤɨɪɨɫɬɶ ɪаɛɨɬы ɡа ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ 
ɤɨɥɢɱɟɫɬɜа ɫɝɟɧɟɪɢɪɨɜаɧɧыɯ ɬɪɟɭɝɨɥɶɧɢɤɨɜ ɢ 
ɭɜɟɥɢɱɟɧɢɹ ɢɯ ɤаɱɟɫɬɜа, ɬаɤɠɟ ɢɫɩɨɥɶɡɭɹ 
ɫɨɜɪɟɦɟɧɧыɟ ɬɟɯɧɨɥɨɝɢɢ ɜɪɟɦɹ ɜыɩɨɥɧɟɧɢɟ 
ɪаɛɨɬы ɞаɧɧыɯ ɦɟɬɨɞɨɜ ɭɦɟɧɶɲаɟɬɫɹ ɡа ɫɱɟɬ 
ɢɫɩɨɥɶɡɨɜаɧɢɹ ɩаɪаɥɥɟɥɶɧыɯ ɢ ɪаɫɩɪɟɞɟɥɟɧɧыɯ 
ɫɢɫɬɟɦ Д4Ж. Ⱥɧаɥɢɡ ɛɭɞɟɦ ɩɪɨɜɨɞɢɬɶ ɩɨ 
ɤɨɥɢɱɟɫɬɜɭ ɫɝɟɧɟɪɢɪɨɜаɧɧыɯ ɬɪɟɭɝɨɥɶɧɢɤɨɜ ɢ ɩɨ 
ɤаɱɟɫɬɜɭ ɩɨɥɭɱɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. Выɞɟɥɢɦ ɞɜа 
ɹɱɟɟɱɧыɯ ɦɟɬɨɞа, ɦɟɬɨɞ Каɧɟɣɪɨ ɢ 
ɦаɪɲɢɪɭюɳɢɯ ɤɭɛɨɜ. 

Ɇɟɬɨɞы Каɧɟɣɪɨ ɢ ɦаɪɲɢɪɭюɳɢɯ ɤɭɛɨɜ 
ɨɬɧɨɫɹɬɫɹ ɤ ɹɱɟɟɱɧыɦ ɦɟɬɨɞаɦ. ɉɪɟɢɦɭɳɟɫɬɜа, 
ɨɩɢɫаɧɧыɟ ɪаɧɟɟ, ɩɨɡɜɨɥɹюɬ ɧаɦ ɭɬɜɟɪɠɞаɬɶ, ɱɬɨ 
ɫ ɩɨɦɨɳɶю ɞаɧɧыɯ ɦɟɬɨɞɨɜ ɥɭɱɲɟ ɫɬɪɨɢɬɶ 
ɩɨɜɟɪɯɧɨɫɬɶ ɱɟɥюɫɬɧɨ-ɥɢɰɟɜɨɣ ɨɛɥаɫɬɢ ɞɥɹ 
ɞаɥɶɧɟɣɲɟɝɨ ɜыɞɟɥɟɧɢɹ ɨɛɥаɫɬɢ ɩɨɪаɠɟɧɢɹ. 

Ⱥɥɝɨɪɢɬɦ ɦаɪɲɢɪɭюɳɢɯ ɤɭɛɨɜ, 
ɩɪɟɞɥɨɠɟɧɧыɣ Ʌɨɪɟɧɫɟɧɨɦ, ɤɨɬɨɪыɣ ɦɨɠɧɨ 
ɪаɡɛɢɬɶ ɧа ɞɜа ɷɬаɩа Д2Ж: 

1. Ɋаɡɛɢɟɧɢɟ ɨɛɥаɫɬɢ G ɩɪɨɫɬɪаɧɫɬɜа 
R

3
 ɧа ɤɨɧɟɱɧɨɟ ɦɧɨɠɟɫɬɜɨ ɹɱɟɟɤ, ɩɨɢɫɤ ɹɱɟɟɤ 

ɩɟɪɟɫɟɤаɟɦыɯ ɢɫɤɨɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶю Д5Ж. 
2. Ⱥɩɩɪɨɤɫɢɦаɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɜ 

ɧаɣɞɟɧɧыɯ ɹɱɟɣɤаɯ. 
Оɬɞɟɥɶɧɨɝɨ ɜɧɢɦаɧɢɹ ɡаɫɥɭɠɢɜаɟɬ 

ɩɟɪɜыɣ ɷɬаɩ, ɤɨɬɨɪыɣ ɹɜɥɹɟɬɫɹ 
ɨɫɧɨɜɨɩɨɥаɝаюɳɢɦ ɜ ɧаɲɟɦ аɧаɥɢɡɟ. 

Оɫɧɨɜɧыɟ ɩɪɨɛɥɟɦы ɷɬɨɝɨ ɷɬаɩа 
ɡаɤɥюɱаɟɬɫɹ ɜ ɫɥɟɞɭюɳɟɦ: 

1. Ɋаɡɛɢɬɶ ɨɛɥаɫɬɶ G ɧа ɹɱɟɣɤɢ. 
2. Выɛɪаɬɶ ɹɱɟɣɤɢ, ɤɨɬɨɪыɟ 

ɩɟɪɟɫɟɤаюɬɫɹ ɫ ɢɫɤɨɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶю. 
ɉɨɫɥɟ ɬɨɝɨ ɤаɤ ɨɛɥаɫɬɶ G ɛɭɞɟɬ ɪаɡɛɢɬа 

ɧа ɹɱɟɣɤɢ, ɡɧаɱɟɧɢɹ ɮɭɧɤɰɢɢ, ɜ ɨɛɳɟɦ ɫɥɭɱаɟ 
ɡаɞаюɳɟɣ ɩɨɜɟɪɯɧɨɫɬɶ, ɛɭɞɭɬ ɢɡɜɟɫɬɧы ɬɨɥɶɤɨ ɜ 
ɜɟɪɲɢɧаɯ ɷɬɢɯ ɹɱɟɟɤ. Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɹɱɟɣɤа 
ɹɜɥɹɟɬɫɹ ɝɥаɜɧɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɟɞɢɧɢɰɟɣ ɜɨ ɜɫɟɯ 
ɦɟɬɨɞаɯ ɧа ɷɬɨɦ ɷɬаɩɟ. 

ɉɪɢ ɪаɡɛɢɟɧɢɢ ɨɛɥаɫɬɢ ɫɥɟɞɭɟɬ ɭɱɟɫɬɶ, 
ɱɬɨ ɟɫɥɢ ɪаɡɦɟɪ ɹɱɟɣɤɢ ɛɭɞɟɬ ɨɱɟɧɶ ɛɨɥɶɲɢɦ, ɬɨ 
ɜɨɡɦɨɠɧа ɛɨɥɶɲаɹ ɩɨɬɟɪɹ ɬɨɱɧɨɫɬɢ. 

ɉɪɢ ɛɨɥɶɲɨɦ ɪаɡɦɟɪɟ ɹɱɟɣɤɢ ɧɟɤɨɬɨɪыɟ 
ɱаɫɬɢ ɢɫɤɨɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɫɬɨ ɧɟ ɛɭɞɭɬ 
ɜɢɞɧы. Оɞɧаɤɨ ɫɢɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɪаɡɦɟɪа 
ɹɱɟɣɤɢ ɦɨɠɟɬ ɫɢɥɶɧɨ ɫɤаɡаɬɶɫɹ ɧа ɫɤɨɪɨɫɬɢ 
ɩɨɫɬɪɨɟɧɢɹ ɩɨɥɢɝɨɧаɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɡаɜɢɫɢɬ 
ɨɬ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɨɛɨɪɭɞɨɜаɧɢɹ). 

Ɇɟɬɨɞ Каɧɟɣɪɨ, ɨɫɧɨɜаɧɧыɣ ɧа 

ɪаɡɛɢɟɧɢɢ ɩɪɨɫɬɪаɧɫɬɜа ɧа ɬɪɟɭɝɨɥɶɧыɟ 
ɩɢɪаɦɢɞы, ɤаɤ ɢ ɦɟɬɨɞ ɦаɪɲɢɪɭюɳɢɯ ɤɭɛɨɜ, 
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ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɷɬаɩɨɜ Д6Ж: 
1. Ɋаɡɛɢɟɧɢɟ ɩɪɨɫɬɪаɧɫɬɜа ɧа ɤɨɧɟɱɧɨɟ 

ɦɧɨɠɟɫɬɜɨ ɹɱɟɟɤ, ɩɨɢɫɤ ɹɱɟɟɤ ɩɟɪɟɫɟɤаɟɦыɯ 
ɢɫɤɨɦɨɣ ɩɨɜɟɪɯɧɨɫɬɶю. 

2. Ⱥɩɩɪɨɤɫɢɦаɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɜ 
ɧаɣɞɟɧɧыɯ ɹɱɟɣɤаɯ. 

Каɤ ɭɠɟ ɛыɥɨ ɫɤаɡаɧɨ, ɦɟɬɨɞ ɢɫɩɨɥɶɡɭɟɬ 
ɜ ɤаɱɟɫɬɜɟ ɹɱɟɟɤ ɬɪɟɭɝɨɥɶɧыɟ ɩɢɪаɦɢɞы. Ⱦɥɹ 
ɷɬɨɝɨ ɩɪɨɫɬɪаɧɫɬɜɨ ɪаɡɛɢɜаɟɬɫɹ ɧа 

ɩаɪаɥɥɟɥɟɩɢɩɟɞы ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɟɬɤɨɣ, ɧа 
ɤɨɬɨɪɨɣ ɡаɞаɧа ɮɭɧɤɰɢɹ, а ɡаɬɟɦ ɤаɠɞыɣ 
ɩаɪаɥɥɟɥɟɩɢɩɟɞ ɪаɡɛɢɜаɟɬɫɹ ɧа ɬɪɟɭɝɨɥɶɧыɟ 
ɩɢɪаɦɢɞы.  

Оɞɧаɤɨ ɩɪɢ ɩɨɞɨɛɧɨɦ ɪаɡɛɢɟɧɢɢ ɲɜы 
ɪаɡɪɟɡɨɜ ɧɟ ɜɫɟɝɞа ɫɨɜɩаɞаюɬ. Ⱦɪɭɝɢɦɢ ɫɥɨɜаɦɢ, 
ɫɬɨɪɨɧы ɬɪɟɭɝɨɥɶɧɢɤɨɜ, ɩɨɥɭɱɟɧɧыɯ ɜ 
ɪɟɡɭɥɶɬаɬɟ ɬɪɢаɧɝɭɥɹɰɢɢ ɫɨɫɟɞɧɢɯ ɹɱɟɟɤ, ɦɨɝɭɬ 
ɫɨɜɩаɞаɬɶ, ɱɬɨ ɩɨɜɥɟɱɟɬ ɡа ɫɨɛɨɣ ɩɨɹɜɥɟɧɢɟ ɞыɪ. 
 

Ɍɚɛɥɢɰɚ 1. ɋɪаɜɧɟɧɢɟ ɦɟɬɨɞɨɜ ɬɪɢаɧɝɭɥɹɰɢɢ ɩɨ ɪɢɫɭɧɤɭ 2. 

ɉɨɜɟɪɯɧɨɫɬɶ 

Кɨɥɢɱɟɫɬɜɨ ɬɪɟɭɝɨɥɶɧɢɤɨɜ 
ɋɪɟɞɧɹɹ ɦɟɪа ɤаɱɟɫɬɜа 

ɬɪɟɭɝɨɥɶɧɢɤɨɜ 

ɋ
ɤаɥа 

Ɇ
Ɍ6 

К
аɧɟɣɪɨ 

Ɇ
.К. 

ɋ
ɤаɥа 

Ɇ
Ɍ6 

Каɧ
ɟɣɪɨ 

Ɇ
.К. 

ɋɮɟɪа (а) 
1

6000 0000 

8

000 000 ,54 ,47 

0,5

4 ,52 

Ɍɨɪ (ɛ) 5

500 500 

2

900 000 ,54 ,47 

0,5

1 ,53 

ɍɫɟɱɟɧɧыɣ ɤɨɧɭɫ (ɜ) 1

1500 900 

5

950 000 ,56 ,46 

0,5

4 ,58 

Кɨɥɶɰɨ (ɝ) 1

4500 500 

7

000 500 ,53 ,46 

0,5

3 ,56 

ɉɪɨɢɡɜɨɥɶɧаɹ 
ɮɢɝɭɪа ɫ ɨɬɜɟɪɫɬɢɹɦɢ (ɞ) 

4

100 000 

2

200 00 ,57 ,47 

0,5

2 ,53 

ɋɟɬɤа (ɟ) 3

000 500 

1

500 500 ,7 ,7 
0,7 

,7 

 
Ɋɢɫ. 2. Ɋаɡɥɢɱɧыɟ ɢɡɨɛɪаɠɟɧɢɹ ɬɪɢаɧɝɭɥɢɪɨɜаɧɧыɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 

 

Ⱥɧаɥɢɡɢɪɭɹ ɪɟɡɭɥɶɬаɬы, ɩɨɥɭɱɟɧɧыɟ ɜ 
ɯɨɞɟ ɢɫɫɥɟɞɨɜаɧɢɣ (ɬаɛɥ. 1), ɦɨɠɧɨ ɫɞɟɥаɬɶ 
ɫɥɟɞɭюɳɢɟ ɜыɜɨɞы: 

- ɦɟɬɨɞ ɋɤаɥы ɝɟɧɟɪɢɪɭɟɬ ɧɟɨɩɪаɜɞаɧɧɨ 
ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɪɟɭɝɨɥɶɧɢɤɨɜ (ɤ ɩɪɢɦɟɪɭ, 
ɩɪɢ ɜɢɡɭаɥɢɡаɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɨɪа ɷɬɨɬ ɦɟɬɨɞ 
ɩɪɨɢɡɜɟɥ ɜ 5 ɪаɡ ɛɨɥɶɲɟ ɬɪɟɭɝɨɥɶɧɢɤɨɜ, ɱɟɦ 
ɦɟɬɨɞ ɦаɪɲɢɪɭюɳɢɯ ɤɭɛɨɜ). 

- ɦɟɬɨɞ ɦаɪɲɢɪɭюɳɢɯ ɤɭɛɨɜ ɝɟɧɟɪɢɪɭɟɬ 
ɡɧаɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɪɟɭɝɨɥɶɧɢɤɨɜ, 
ɱɟɦ ɞɪɭɝɢɟ ɦɟɬɨɞы, а ɤаɱɟɫɬɜɨ ɫɝɟɧɟɪɢɪɨɜаɧɧыɯ 

ɬɪɟɭɝɨɥɶɧɢɤɨɜ ɹɜɥɹɟɬɫɹ ɨɩɪаɜɞаɧɧыɦ ɞɥɹ 
ɩɨɫɬɪɨɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɩɨɞɝɨɬɨɜɢɬɶ ɨɛɴɟɤɬ ɤ ɩɟɱаɬɢ, ɧɟ ɩɪɢɛɟɝаɹ ɤ 
ɜыɫɨɤɨɬɨɱɧɨɦɭ ɢ ɞɨɪɨɝɨɫɬɨɹɳɟɦɭ 
ɨɛɨɪɭɞɨɜаɧɢю. 

 
ȼɵɜɨɞɵ.  
Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɦɨɠɧɨ ɫɤаɡаɬɶ, ɱɬɨ 

ɦɟɬɨɞ ɦаɪɲɢɪɭюɳɢɯ ɤɭɛɨɜ ɢɦɟɟɬ ɥɭɱɲɢɟ 
ɩɨɤаɡаɬɟɥɢ ɤаɱɟɫɬɜа ɩɨ ɤɪɢɬɟɪɢɹɦ ɤɨɥɢɱɟɫɬɜа ɢ 
ɤаɱɟɫɬɜа ɝɟɧɟɪɢɪɭɟɦыɯ ɬɪɟɭɝɨɥɶɧɢɤɨɜ ɞɥɹ 
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ɩɨɫɬɪɨɟɧɢɹ ɬɪɢаɧɝɭɥɢɪɨɜаɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɑɅО.  
ɇɟɫɦɨɬɪɹ ɧа ɫɭɳɟɫɬɜɨɜаɧɢɟ 

ɬɨɩɨɥɨɝɢɱɟɫɤɨɣ ɧɟɬɨɱɧɨɫɬɢ ɜ ɝɟɧɟɪɢɪɭɟɦɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɦɟɬɨɞ ɦаɪɲɢɪɭюɳɢɯ ɤɭɛɨɜ 
ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧа ɩɪаɤɬɢɤɟ, ɬ.ɤ. 
ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɨɹɜɥɟɧɢɹ ɨɲɢɛɨɤ ɬаɤɨɝɨ ɪɨɞа 
ɞɨɫɬаɬɨɱɧɨ ɦаɥа, а ɪɟаɥɢɡаɰɢɹ ɞаɧɧɨɝɨ ɦɟɬɨɞа ɫ 
ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ɩаɪаɥɥɟɥɶɧыɯ ɢ ɪаɫɩɪɟɞɟɥɟɧɧыɯ 
ɜыɱɢɫɥɟɧɢɣ ɩɨɡɜɨɥɢɬ ɪаɛɨɬаɬɶ ɫ ɩɨɜɟɪɯɧɨɫɬɶю ɫ 
ɦɢɧɢɦаɥɶɧыɦɢ ɡаɞɟɪɠɤаɦɢ ɜɨ ɜɪɟɦɟɧɢ 
(ɩɪаɤɬɢɱɟɫɤɢ ɜ ɪɟаɥɶɧɨɦ ɜɪɟɦɟɧɢ) Д4Ж.  

ɐɟɥɟɫɨɨɛɪаɡɧɟɟ ɢɫɩɨɥɶɡɨɜаɬɶ ɦɟɬɨɞ 
ɦаɪɲɢɪɭюɳɢɯ ɤɭɛɨɜ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɢ ɑɅО, а ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 
ɩɪɟɞɨɩɟɪаɰɢɨɧɧɨɝɨ ɲаɛɥɨɧа ɦɟɬɨɞ Каɧɟɣɪɨ. ɗɬɨ 
ɩɨɡɜɨɥɢɬ ɦɢɧɢɦɢɡɢɪɨɜаɬɶ ɜɪɟɦɹ ɜыɩɨɥɧɟɧɢɹ 
ɬɪɢаɧɝɭɥɹɰɢɢ ɨɛɴɟɤɬɨɜ ɢ ɡаɬɪаɬы ɧа ɪɟɫɭɪɫы 
ɤɨɦɩɶюɬɟɪɧɨɣ ɫɢɫɬɟɦы, ɫɨɡɞаɬɶ ɩɨɜɟɪɯɧɨɫɬɶ ɛɟɡ 
ɩɨɬɟɪɢ ɞаɧɧыɯ (ɦɟɥɤɢɯ ɨɛɴɟɤɬɨɜ, ɢɥɢ 
ɮɪаɝɦɟɧɬаɪɧɨ ɨɬɫɭɬɫɬɜɭюɳɢɯ ɷɥɟɦɟɧɬɨɜ), а 
ɬаɤɠɟ ɩɨɡɜɨɥɢɬ ɫɨɡɞаɬɶ ɩɪɟɞɨɩɟɪаɰɢɨɧɧыɣ 
ɲаɛɥɨɧ, ɩɪɢɝɨɞɧыɣ ɞɥɹ ɩɟɱаɬɢ ɧа 3D ɩɪɢɧɬɟɪаɯ 
ɫɪɟɞɧɟɝɨ ɰɟɧɨɜɨɝɨ ɞɢаɩаɡɨɧа. ɇаɩɪаɜɥɟɧɢɟɦ 
ɞаɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜаɧɢɣ ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɢɡаɰɢɹ 
ɦɟɬɨɞɨɜ ɬɪɢаɧɝɭɥɹɰɢɢ ɞɥɹ ɪаɛɨɬы ɫɨ ɫɧɢɦɤаɦɢ 
ɑɅО ɜ ɪɟаɥɶɧɨɦ ɜɪɟɦɟɧɢ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɭɫɤɨɪɢɬɶ 
ɩɪɨɰɟɫɫ ɨɩɪɟɞɟɥɟɧɢɹ ɢ ɜыɞɟɥɟɧɢɹ ɨɛɥаɫɬɢ 
ɩɨɪаɠɟɧɢɹ, а ɬаɤɠɟ ɦɨɞɢɮɢɤаɰɢɹ ɦɟɬɨɞɨɜ 
ɫɨɡɞаɧɢɹ ɩɪɟɞɨɩɟɪаɰɢɨɧɧɨɝɨ ɲаɛɥɨɧа, ɫ ɭɱɟɬɨɦ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪаɫɱɟɬа ɩɪɨɱɧɨɫɬɧыɯ 
ɯаɪаɤɬɟɪɢɫɬɢɤ, ɩɪɢɝɨɞɧɨɝɨ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɤɨɧɟɱɧɨɝɨ ɢɦɩɥаɧɬаɬа. 
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M. D. Safonov, D. D. Novikov, M.V. Privalov. Methods of surface building by CT images for creation of 
the maxillofacial skeleton model using 3D printing. Article deals with the task related to buildup of 3D model of 

the maxillofacial skeleton applicable for printing. Performed analysis of the variety of surface building methods with 

purpose of method selection that is most suitable for described task. Details and specifics of application of existing 

methods to different parts of the objects being modeled have shown. 

Keywords: implant, surface, triangulation, 3D printing, cell. 

  

ɋɬɚɬɶя ɩɨɫɬɭɩɢɥɚ ɜ ɪеɞɚɤɰɢɸ 12.2.2017  

                                                                                Реɤɨɦеɧɞɨɜɚɧɚ ɤ ɩɭɛɥɢɤɚɰɢɢ  ɞ-ɪɨɦ ɬеɯ. ɧɚɭɤ ȼ.ɇ. ɉɚɜɥɵɲɨɦ
 

  


