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ɍȾɄ 004.942 

ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɢ ɪɚɫɩɨɡɧɚɧɢɹ ɥɢɰɚ 
ɱɟɥɨɜɟɤɚ ɩɨ ɟɝɨ ɦɢɦɢɱɟɫɤɢɦ ɢɡɨɛɪɚɠɟɧɢɹɦ 

Ⱥ.ɋ. Ɇɢɧɟɧɤɨ 

Ⱦɨɧɟɰɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢвɟɪɫɢɬɟɬ 

sam_dntu@i.ua 

  

  

 Ɇɢɧɟɧɤɨ Ⱥ.ɋ. ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɢ ɪɚɫɩɨɡɧɚɧɢɹ ɥɢɰɚ ɱɟɥɨɜɟɤɚ 
ɩɨ ɟɝɨ ɦɢɦɢɱɟɫɤɢɦ ɢɡɨɛɪɚɠɟɧɢɹɦ. Ɋɚɛɨɬɚ ɩɨɫɜящɟɧɚ ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɨɜ, ɦɨɞɟɥɟɣ, 
ɚɥɝɨɪиɬɦɨɜ и ɤɨɦɩɶɸɬɟɪɧɵх ɫɪɟɞɫɬɜ, ɞɥя ɦɨɞɟɥиɪɨɜɚɧия и ɪɚɫɩɨɡɧɚɜɚɧии ɷɦɨɰиɨɧɚɥɶɧɨɣ и 
ɚɪɬиɤуɥяɰиɨɧɧɨɣ ɫɨɫɬɚɜɥяɸщɟɣ ɩɪи ɪɟчɟɨɛɪɚɡɨɜɚɧии ɧɚ ɮɨɬɨɝɪɚɮичɟɫɤих иɡɨɛɪɚɠɟɧиях ɥиɰɚ и 
ɬɪɟхɦɟɪɧɵх ɦɨɞɟɥях ɝɨɥɨɜɵ чɟɥɨɜɟɤɚ ɞɥя ɜɨɫɩɪɨиɡɜɟɞɟɧия и ɪɚɫɩɨɡɧɚɜɚɧия ɠɟɫɬɨɤɨɣ ɪɟчи. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɩɩɪɨɤɫɢɦɚɰɢɹ, ɦɢɦɢɱɟɫɤɢɟ ɩɪɨɹɜɥɟɧɢɹ, ɷɦɨɰɢɢ, ɚɥɝɨɪɢɬɦ, ɫɩɥɚɣɧ-

ɚɩɩɪɨɤɫɢɦɚɰɢɹ. 

 

 

 

Вɜɟɞɟɧɢɟ 

Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢ ɤɨɦɩɶɸɬɟɪɧɵɟ 
ɬɟɯɧɨɥɨɝɢɢ ɚɧɚɥɢɡɚ ɢ ɫɢɧɬɟɡɚ ɥɢɰɚ ɱɟɥɨвɟɤɚ, 
ɷɦɨɰɢɢ ɧɚ ɧɟɦ ɢɫɫɥɟɞɭɸɬɫɹ ɢ ɪɚɡɪɚɛɚɬɵвɚɸɬɫɹ в  
вɟɞɭɳɢɯ ɧɚɭɱɧɵɯ ɨɪɝɚɧɢɡɚɰɢɹɯ ɦɢɪɚ, в 
ɱɚɫɬɧɨɫɬɢ, в Ɇɚɫɫɚɱɭɫɟɬɫɤɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ 
ɢɧɫɬɢɬɭɬɟ, Ɉɤɫɮɨɪɞɫɤɨɦ, Ʉɟɦɛɪɢɞɠɫɤɨɦ, 
ɋɬɷɧɮɨɪɞɫɤɨɦ, Ɇɨɫɤɨвɫɤɨɦ, ɋɚɧɤɬ-

ɉɟɬɟɪɛɭɪɝɫɤɨɦ ɭɧɢвɟɪɫɢɬɟɬɚɯ, ɞɪ. ȼ ɍɤɪɚɢɧɟ 
ɢɫɫɥɟɞɨвɚɧɢɟɦ ɬɚɤɢɯ ɩɪɨɛɥɟɦ ɡɚɧɢɦɚɸɬɫɹ в 
Ⱦɨɧɟɰɤɨɦ ɢɧɫɬɢɬɭɬɟ ɩɪɨɛɥɟɦ ɢɫɤɭɫɫɬвɟɧɧɨɝɨ 
ɢɧɬɟɥɥɟɤɬɚ, ɂɧɫɬɢɬɭɬɟ ɤɢɛɟɪɧɟɬɢɤɢ ɢɦ. 
ȼ.Ɇ.Ƚɥɭɲɤɨвɚ ɇȺɇ ɍɤɪɚɢɧɵ, Ɇɟɠɞɭɧɚɪɨɞɧɨɦɭ 
ɧɚɭɱɧɨ-ɭɱɟɛɧɨɦ ɰɟɧɬɪɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ ɢ ɫɢɫɬɟɦ ɇȺɇ ɍɤɪɚɢɧɵ ɢ 
Ɇɢɧɢɫɬɟɪɫɬвɟ ɨɛɪɚɡɨвɚɧɢɹ ɢ ɧɚɭɤɢ ɍɤɪɚɢɧɵ, 
Ʉɢɟвɫɤɨɦ ɧɚɰɢɨɧɚɥɶɧɨɦ ɭɧɢвɟɪɫɢɬɟɬɟ ɢɦɟɧɢ 
Ɍɚɪɚɫɚ ɒɟвɱɟɧɤɨ ɢ ɞɪɭɝɢɯ ɭɱɪɟɠɞɟɧɢɹɯ. 

ɉɪɢвɟɞɟɦ ɨɛɡɨɪ ɬɟɨɪɢɣ, ɤɨɬɨɪɵɟ 
ɨɛɴɹɫɧɹɸɬ ɦɟɯɚɧɢɡɦɵ вɨɡɧɢɤɧɨвɟɧɢɹ ɢ 
ɩɪɨɹвɥɟɧɢɹ ɷɦɨɰɢɣ Д1-5]. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɧɬɭɪɧɵɯ ɦɨɞɟɥɟɣ ɧɚ 
ɛɚɡɟ NURBS-ɤɪɢɜɵɯ ɞɥɹ ɚɧɚɥɢɡɚ 
ɦɢɦɢɱɟɫɤɢɯ ɩɪɨɹɜɥɟɧɢɣ ɷɦɨɰɢɣ  

Ⱦɥɹ ɚɧɚɥɢɡɚ ɦɢɦɢɱɟɫɤɢɯ ɩɪɨɹвɥɟɧɢɣ 
ɷɦɨɰɢɣ, ɢɦɟɹ в вɢɞɭ ɮɨɪɦɚɥɶɧɭɸ ɦɨɞɟɥɶ ɷɦɨɰɢɣ 
ɫɨɫɬɨɹɧɢɹ ɱɟɥɨвɟɤɚ, ɩɪɟɞɥɚɝɚɟɬɫɹ ɨɪɢɝɢɧɚɥɶɧɚɹ 
ɬɟɯɧɨɥɨɝɢɹ. Ɉɫɧɨвɧɚɹ ɟɟ ɢɞɟɹ ɡɚɤɥɸɱɚɟɬɫɹ в ɬɨɦ, 
ɱɬɨɛɵ ɩɪɟɞɥɨɠɢɬɶ ɚɥɝɨɪɢɬɦ ɚвɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɩɨɥɭɱɟɧɢɹ ɝɢɛɤɢɯ ɲɚɛɥɨɧɨв (ɧɚ ɛɚɡɟ NURBS-

ɤɪɢвɵɯ) ɤɨɧɬɭɪɨв ɛɪɨвɟɣ, ɝɥɚɡ ɢ ɪɬɚ. Ⱦɥɹ 
ɩɨɫɬɪɨɟɧɢɹ ɷɬɢɯ ɲɚɛɥɨɧɨв ɧɭɠɧɨ ɩɪɟɞɥɨɠɢɬɶ. 

- ɦɟɬɨɞ ɤɨɬɨɪɵɣ ɞɚёɬ 
вɨɡɦɨɠɧɨɫɬɶ вɵɞɟɥɢɬɶ ɧɚɢɛɨɥɟɟ вɚɠɧɵɟ ɱɚɫɬɢ 
ɥɢɰɚ ɱɟɥɨвɟɤɚ, ɚ ɢɦɟɧɧɨ: ɧɨɫ, ɛɪɨвɢ, ɝɥɚɡɚ, ɝɭɛɵ ɢ 
ɳɟɤɢ. 
- ɚɥɝɨɪɢɬɦ ɩɨɥɭɱɟɧɢɹ ɬɨɱɟɱɧɵɯ 
ɤɪɢвɵɯ, ɤɨɬɨɪɵɟ ɫɨɨɬвɟɬɫɬвɭɸɬ ɤɨɧɬɭɪɚɦ ɥɢɰɚ, 
ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɚɧɚɥɢɡɢɪɨвɚɬɶɫɹ; 
- ɚɥɝɨɪɢɬɦ ɚɩɩɪɨɤɫɢɦɚɰɢɢ 
ɩɨɥɭɱɟɧɧɵɯ ɬɨɱɟɱɧɵɯ ɤɪɢвɵɯ ɫ ɩɨɦɨɳɶɸ 
NURBS-ɤɪɢвɵɯ; 
- ɚɥɝɨɪɢɬɦ ɚɧɚɥɢɡɚ ɦɢɦɢɱɟɫɤɢɯ 
ɩɪɨɹвɥɟɧɢɣ ɷɦɨɰɢɣ ɢɫɩɨɥɶɡɭɟɬɫɹ в ɤɚɱɟɫɬвɟ 
ɩɪɨɫɬɪɚɧɫɬвɚ вɟɤɬɨɪɧɨɟ ɩɪɨɫɬɪɚɧɫɬвɨ, 
ɩɨɫɬɪɨɟɧɧɵɣ ɫ ɩɨɦɨɳɶɸ ɤɨɨɪɞɢɧɚɬ ɭɩɪɚвɥɹɸɳɢɯ 
ɬɨɱɟɤ NURBS-ɤɪɢвɵɯ, ɤɨɬɨɪɵɟ ɟɫɬɶ ɝɢɛɤɢɦɢ 
ɲɚɛɥɨɧɚɦɢ ɤɨɧɬɭɪɨв ɛɪɨвɟɣ, ɝɥɚɡ ɢ ɪɬɚ. 

Оɩɪɟɞɟɥɟɧɢɟ ɨɩɨɪɧɵɯ ɬɨɱɟɤ ɪɬа  

Ⱦɥɹ вɨɫɩɪɨɢɡвɟɞɟɧɢɹ ɨɬɤɪɵвɚɧɢɹ ɪɬɚ ɧɟɨɛɯɨɞɢɦɨ 
ɬɨɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɟɝɨ ɩɨɥɨɠɟɧɢɟ. Ʉɪɚɣɧɢɟ ɬɨɱɤɢ 
ɦɨɠɧɨ ɧɚɣɬɢ ɩɪɨɝɪɚɦɦɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɧɨ 
ɫɭɳɟɫɬвɭɸɬ ɦɨɞɟɥɢ ɝɨɥɨв, в ɤɨɬɨɪɵɯ ɪɚɫɩɨɡɧɚɬɶ 
ɢɯ ɫ ɧɟɨɛɯɨɞɢɦɨɣ ɬɨɱɧɨɫɬɶɸ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨ. 
ɋɞɟɥɚɟɦ ɷɬɨ в ɪɭɱɧɭɸ, ɱɬɨ ɧɟ ɩɨɬɪɟɛɭɟɬ ɦɧɨɝɨ 
вɪɟɦɟɧɢ ɢ ɧɟ ɛɭɞɟɬ ɞɚвɚɬɶ ɡɧɚɱɢɬɟɥɶɧɵɯ 
ɩɨɝɪɟɲɧɨɫɬɟɣ. Ɉɛɨɡɧɚɱɢɦ ɢɯ ɫɨɨɬвɟɬɫɬвɟɧɧɨ 
(

nn yx , ) – ɤɪɚɣɧɹɹ ɫɩɪɚвɚ ɢ ( ,ɥ ɥx y ) – ɤɪɚɣɧɹɹ 
ɥɟвɚɹ ɬɨɱɤɢ. ɋ ɩɨɦɨɳɶɸ ɷɬɢɯ ɞвɭɯ ɬɨɱɟɤ ɛɭɞɟɦ 
ɨɩɪɟɞɟɥɹɬɶ вɫɟ ɱɚɫɬɢ ɥɢɰɚ.  

ɉɨɫɬɪɨɟɧɢɟ ɱɚɫɬɢ ɩɪɨɮɢɥɹ, ɤɨɬɨɪɚɹ 
ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɧɨɫ 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɩɪɨɮɢɥɹ ɧɨɫɚ ɢɫɩɨɥɶɡɭɟɦ 
ɧɟɫɤɨɥɶɤɨ ɨɫɨɛɟɧɧɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ ɟɝɨ 
ɫɪɟɞɢ вɫɟɯ ɱɚɫɬɟɣ ɥɢɰɚ: 
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- ɫɨ вɫɟɯ ɬɨɱɟɤ ɥɢɰɚ вɵɫɲɚɹ ɬɨɱɤɚ 
ɩɨ z ɧɚɯɨɞɢɬɫɹ ɧɚ ɧɨɫɭ; 

- ɩɪɢ ɞвɢɠɟɧɢɢ вɞɨɥɶ ɩɪɨɮɢɥɹ ɨɬ 
ɪɬɚ ɞɨ ɧɨɫɚ ɦɵ ɧɚɬɚɥɤɢвɚɟɦɫɹ ɧɚ 
ɫɬɪɟɦɢɬɟɥɶɧɵɣ ɩɟɪɟɩɚɞ вɵɫɨɬ, 
ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɢɬ ɧɚɱɚɥɨ 
ɩɪɨɮɢɥɹ ɧɨɫɚ; 

- ɧɨɫ ɩɟɪɟɯɨɞɢɬ в ɥɨɛ, ɩɪɢɱɟɦ, ɟɫɥɢ 
ɨɬɨɣɬɢ ɨɬ ɩɪɨɮɢɥɹ ɭɦɟɧɶɲɚɹ ɢɥɢ 
ɭвɟɥɢɱɢвɚɹ ɚɛɫɰɢɫɫɭ x, ɬɨ 
ɧɚɛɥɸɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ 
ɤɨɨɪɞɢɧɚɬɵ z, ɧɨ ɤɨɝɞɚ ɦɵ 
ɞɨɛɟɪɟɦɫɹ ɥɛɚ, ɬɨ ɤɨɨɪɞɢɧɚɬɚ  z 

ɢɥɢ ɧɟ ɭɦɟɧɶɲɢɬɫɹ, ɢɥɢ ɷɬɨ 
ɭɦɟɧɶɲɟɧɢɟ ɛɭɞɟɬ 
ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ. 

ɇɚɯɨɠɞɟɧɢɟ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ. ɋ ɧɚɱɚɥɚ вɨɡɶɦɟɦ 
ɬɨɱɤɭ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɩɨɫɟɪɟɞɢɧɟ ɪɬɚ 
(

2
,

2

ɥɥ yxxx nn  ). Ɉɬɦɟɬɢɦ, ɱɬɨ ɷɬɚ ɬɨɱɤɚ 

ɧɚɯɨɞɢɬɫɹ ɧɚ ɩɪɨɮɢɥɟ ɝɨɥɨвɵ. 
ɇɚɯɨɠɞɟɧɢɟ ɧɚɱɚɥɚ ɩɪɨɮɢɥɹ ɧɨɫɚ. ɇɚɱɧɟɦ 
ɞвɢɠɟɧɢɟ ɨɬ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ ɩɨ ɧɚɩɪɚвɥɟɧɢɸ 
ɭвɟɥɢɱɟɧɢɹ ɨɪɞɢɧɚɬɵ y, ɩɪɨвɟɪɹɹ ɩɪɢ ɷɬɨɦ 
ɢɡɦɟɧɟɧɢɟ ɤɨɨɪɞɢɧɚɬɵ z. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɨɣɞɟɦ 
ɞɨ ɧɟɤɨɬɨɪɨɣ ɬɨɱɤɢ, в ɨɤɪɟɫɬɧɨɫɬɢ ɤɨɬɨɪɨɣ 
ɧɚɱɧɟɬ ɪɟɡɤɨ ɭвɟɥɢɱɢвɚɬɶɫɹ ɤɨɨɪɞɢɧɚɬɚ z (ɬɨ ɟɫɬɶ 

21yyy zz  - ɧɟɤɨɬɨɪɨɟ ɩɨɪɨɝɨвɨɟ ɡɧɚɱɟɧɢɟ, 
ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɩɪɚɤɬɢɤɟ; в 
ɪɚɡɪɚɛɨɬɚɧɧɨɦ ɩɪɨɝɪɚɦɦɧɨɦ ɩɪɨɞɭɤɬɟ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɡɧɚɱɟɧɢɟ 21yz =2.5). ɗɬɚ ɬɨɱɤɚ ɢ 
ɨɩɪɟɞɟɥɢɬ ɧɚɱɚɥɨ ɩɪɨɮɢɥɹ ɧɨɫɚ. 
ɇɚɯɨɠɞɟɧɢɟ ɜɟɪɯɭɲɤɢ ɧɨɫɚ. ȼɟɪɯɭɲɤɭ 
ɨɩɪɟɞɟɥɢɦ ɩɪɨɞɨɥɠɚɹ ɞвɢɝɚɬɶɫɹ в ɧɚɩɪɚвɥɟɧɢɸ 
ɭвɟɥɢɱɟɧɢɹ ɨɪɞɢɧɚɬɵ y ɩɨɤɚ ' 0yz  , ɬɨ ɟɫɬɶ ɩɨɤɚ 
ɭвɟɥɢɱɢвɚɟɬɫɹ ɤɨɨɪɞɢɧɚɬɚ z. ɂɫɤɨɦɚɹ ɬɨɱɤɚ 
ɧɚɯɨɞɢɬɫɹ ɩɨ ɭɫɥɨвɢɹɦ ' ( , ) 0,yz x y    

' ( , ) 0yz x y    ɇɚɯɨɠɞɟɧɢɟ ɤɨɧɰɚ ɩɪɨɮɢɥɹ ɧɨɫɚ 

Ⱦɚɥɟɟ вɨɫɩɨɥɶɡɭɟɦɫɹ ɫвɨɣɫɬвɨɦ ɧɨɫɚ. ɇɚɱɧɟɦ 
ɢɫɫɥɟɞɨвɚɬɶ ɫɤɥɨɧɵ ɫ ɩɪɨɮɢɥɟɦ, ɤɨɬɨɪɵɣ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɱɟɧɢɹɦɢ ' '( , ), ( , ).

x x
z x y z x y    

ɍɫɥɨвɢɹ  '

11( , )y xz x y z  , '

11( , )y xz x y z   (ɝɞɟ 

11x
z  - ɧɟɤɨɬɨɪɨɟ ɩɨɪɨɝɨвɨɟ ɡɧɚɱɟɧɢɟ ' ( , )xz x y , 

ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬ ɬɚɧɝɟɧɫ ɭɝɥɚ ɧɚɤɥɨɧɚ; 

11 0.5
x

z  )  ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɧɚɥɢɱɢɟ ɫɤɥɨɧɨв. 
Ⱦвɢɝɚɹɫɶ в ɧɚɩɪɚвɥɟɧɢɢ ɭвɟɥɢɱɟɧɢɹ ɨɪɞɢɧɚɬɵ y 

ɞɨɛɟɪɟɦɫɹ ɞɨ ɬɨɱɤɢ ɞɥɹ ɤɨɬɨɪɨɣ ' ( , ) ,
x

z x y    

' ( , )xz x y   , ' ( , ) ,
x

z x y      

' ( , ) .
x

z x y     Ɍɨɱɤɚ ( , )x y  ɟɫɬɶ ɢɫɤɨɦɨɣ. 

Ɉɛɨɡɧɚɱɢɦ ɟɟ ( , ).ɧя ɧяx y  

ɉɨɫɬɪɨɟɧɢɟ ɝɪɚɧɢɰɵ ɧɨɫɚ 

ɇɚ ɩɪɟɞɵɞɭɳɟɦ ɲɚɝɟ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɩɪɨɮɢɥɶ 
ɧɨɫɚ, ɢɫɩɨɥɶɡɭɹ ɫɤɥɨɧɵ ɧɚ ɚɛɫɰɢɫɫɟ x. Ɍɟɩɟɪɶ 
ɢɫɩɨɥɶɡɭɹ ɢɯ ɨɩɪɟɞɟɥɢɦ ɝɪɚɧɢɰɭ ɧɨɫɚ. 
ɇɚɱɧɟɦ ɞвɢɠɟɧɢɟ ɫ ɬɨɱɤɢ ( , ),ɧя ɧяx y ɤɨɬɨɪɚɹ 
ɩɪɟɞɫɬɚвɥɹɟɬ ɫɨɛɨɣ ɬɨɱɤɭ ɩɟɪɟɯɨɞɚ ɧɨɫɚ в ɥɨɛ, 
вɞɨɥɶ ɩɪɨɮɢɥɹ ɩɨ ɧɚɩɪɚвɥɟɧɢɸ ɭɦɟɧɶɲɟɧɢɹ 
ɨɪɞɢɧɚɬɵ y ɫ ɲɚɝɨɦ  . 

Ɋɚɫɫɦɨɬɪɢɦ k-ɣ ɲɚɝ. ,
k ɧя k ɧяx x y y k    

( , )
k k

x y - ɬɨɱɤɚ ɩɪɨɮɢɥɹ. 
Ɂɚɮɢɤɫɢɪɭɟɦ ɨɪɞɢɧɚɬɭ y ɢ ɧɚɱɧɟɦ ɫ ɲɚɝɨɦ   

ɭɦɟɧɶɲɚɬɶ ɚɛɫɰɢɫɫɭ x, ɧɚɛɥɸɞɚɹ ɡɚ вɟɥɢɱɢɧɨɣ 
' ( , )xz x y . Ⱦвɢɠɟɧɢɟ ɛɭɞɟɬ ɩɪɨɞɨɥɠɚɬɶɫɹ ɩɨɤɚ 

),( yxzx
 ɧɟ ɫɬɚɧɟɬ ɦɟɧɶɲɟ ɧɟɤɨɬɨɪɨɝɨ ɩɨɪɨɝɨвɨɝɨ 

ɡɧɚɱɟɧɢɹ )6.0( 1212 xx zz . Ɍɚɤ ɧɚɣɞɟɦ ɧɟɤɨɬɨɪɭɸ 

ɬɨɱɤɭ ),( )()( n

k

n

k yx , ɤɨɬɨɪɚɹ ɥɟɠɢɬ ɧɚ ɩɪɚвɨɣ 
ɝɪɚɧɢɰɟ ɧɨɫɚ. Ⱥɧɚɥɨɝɢɱɧɨ, ɭвɟɥɢɱɢвɚɹ ɚɛɫɰɢɫɫɭ x 

ɩɨɥɭɱɚɟɦ ɫɨɨɬвɟɬɫɬвɭɸɳɭɸ ɬɨɱɤɭ ),( )()( ɥ
k

ɥ
k yx  ɧɚ 

ɥɟвɨɣ ɝɪɚɧɢɰɟ ɧɨɫɚ. ɋɨвɨɤɭɩɧɨɫɬɶ ɬɨɱɟɤ 
),( )()( n

k

n

k yx , ),( )()( ɥ
k

ɥ
k yx  ɛɭɞɟɬ ɫɨɫɬɚвɥɹɬɶ ɝɪɚɧɢɰɭ 

ɧɨɫɚ, ɚ вɫɟ ɬɨɱɤɢ, ɤɨɬɨɪɵɟ ɥɟɠɚɬ в ɷɬɨɣ ɨɛɥɚɫɬɢ 
ɮɨɪɦɢɪɭɸɬ ɫɚɦ ɧɨɫ. 

ɉɨɫɬɪɨɟɧɢɟ ɥɢɧɢɢ ɛɪɨɜɟɣ 

Ʌɢɧɢɢ ɛɪɨвɟɣ ɧɚɱɢɧɚɸɬɫɹ ɫ ɩɟɪɟɧɨɫɢɰɵ. ɗɬɭ 
ɬɨɱɤɭ ɛɵɥɨ ɧɚɣɞɟɧɨ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɩɪɨɮɢɥɹ 
ɧɨɫɚ ɢ ɨɛɨɡɧɚɱɟɧɨ ɤɚɤ ɬɨɱɤɭ ɩɟɪɟɯɨɞɚ ɧɨɫ-ɥɨɛ. 
Ɋɚɫɫɦɨɬɪɢɦ ɧɟɤɨɬɨɪɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɛɪɨвɟɣ. 
ɉɭɫɬɶ ɢɦɟɟɦ ɬɨɱɤɭ (х,у) ɧɚ ɛɪɨвɹɯ. Ɍɨɝɞɚ ɩɪɢ 
ɭɦɟɧɶɲɟɧɢɢ ɨɪɞɢɧɚɬɵ у ɧɚ   ɩɪɨɢɡɨɣɞɟɬ ɪɟɡɤɨɟ 
ɭɦɟɧɶɲɟɧɢɟ ɨɪɞɢɧɚɬɵ z. ɗɬɨ ɭɫɥɨвɢɟ ɡɚɩɢɲɟɦ 
ɬɚɤ: )5.1(,),( 2222  yyy zzyxz    

ɇɚɱɧɟɦ ɞвɢɠɟɧɢɟ ɫ ɬɨɱɤɢ (х,у) в ɧɚɩɪɚвɥɟɧɢɢ 
ɭɦɟɧɶɲɟɧɢɹ ɚɛɫɰɢɫɫɵ х ɩɨ ɥɢɧɢɢ y = 

ny .Ɋɚɫɫɦɨɬɪɢɦ k-ɣ ɲɚɝ. 

ɂɦɟɟɦ ɬɨɱɤɭ ),( kk yx : kx = ɩɥx - k , ky = ɩɥy . 

Ɋɚɫɫɦɨɬɪɢɦ ɥɢɧɢɸ 
kxx  . 

Ȼɭɞɟɦ ɞвɢɝɚɬɶɫɹ вɞɨɥɶ ɟɟ ɩɨ ɬɨɱɤɚɦ 
( , ), 1,2,...

k k
x y l l   ɩɨɤɚ ɧɟ ɧɚɣɞɟɦ ɬɚɤɭɸ 

ɬɨɱɤɭ ( ) ( )( , )n n

k kx y , ɱɬɨ ɛɭɞɟɬ вɵɩɨɥɧɹɬɶɫɹ 

ɧɟɪɚвɟɧɫɬвɨ "

22( , )yy k k yz x y l z  . 

Ⱦвɢɠɟɧɢɟ ɩɨ ɧɚɩɪɚвɥɟɧɢɸ ɭɦɟɧɶɲɟɧɢɹ ɚɛɫɰɢɫɫɵ 
x ɨɫɬɚɧɚвɥɢвɚɟɦ ɤɨɝɞɚ вɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨвɢɟ 

"

23 23( , ) ( 1.3),x k k y yz x y z z    ɬɨ ɟɫɬɶ, ɤɨɝɞɚ ɛɭɞɟɬ 
ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɨɟ ɭɦɟɧɶɲɟɧɢɟ ɤɨɨɪɞɢɧɚɬɵ z. 

Ⱥɧɚɥɨɝɢɱɧɨ ɫɬɪɨɢɬɫɹ ɢ ɥɟвɚɹ ɛɪɨвɶ. 
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ɉɨɫɬɪɨɟɧɢɟ ɤɨɧɬɭɪɚ ɝɥɚɡ 

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɫɬɪɨɟɧɢɟ ɩɪɚвɨɝɨ ɝɥɚɡɚ. 
Ⱦɥɹ ɪɚɫɩɨɡɧɚвɚɧɢɹ ɝɥɚɡɚ ɢɫɩɨɥɶɡɭɟɦ ɧɚɣɞɟɧɧɭɸ 
ɪɚɧɟɟ ɛɪɨвɶ. 
ɇɚɯɨɠɞɟɧɢɟ ɤɪɚɣɧɟɣ ɩɪɚɜɨɣ ɬɨɱɤɢ ɝɥɚɡɚ. 
ɇɚɱɧɟɦ ɞвɢɠɟɧɢɟ ɨɬ ɫɪɟɞɧɟɣ ɬɨɱɤɢ ɛɪɨвɢ ɩɨ 
ɧɚɩɪɚвɥɟɧɢɸ ɭɦɟɧɶɲɟɧɢɹ ɚɛɫɰɢɫɫɵ х ɫ ɲɚɝɨɦ  . 

Ɋɚɫɫɦɨɬɪɢɦ k-ɣ ɲɚɝ. ɇɚɣɞɟɦ ),( kk yx  - ɬɨɱɤɚ 
ɛɪɨвɢ.  
Ɂɚɮɢɤɫɢɪɭɟɦ ɚɛɫɰɢɫɫɭ х ɢ ɧɚɱɧɟɦ ɞвɢɝɚɬɶɫɹ ɩɨ 
ɧɚɩɪɚвɥɟɧɢɸ ɭɦɟɧɶɲɟɧɢɹ ɨɪɞɢɧɚɬɵ у: 

kx = ɩɥx - k , ( , 1,2,...
k k

y y l l    

Ɍɨɱɤɢ ɤɨɧɬɭɪɚ ɝɥɚɡɚ ɧɚɣɞɟɦ ɢɡ ɭɫɥɨвɢɣ 
"

1 24( , )yy k kl yz x y z  

"

2 1 2 3( , ) 0, ,yy k klz x y l l l    

"

3 24( , )yy k kl yz x y z  

ɷɬɢ ɭɫɥɨвɢɹ ɨɩɪɟɞɟɥɹɸɬ ɧɚɥɢɱɢɟ вɨɝɧɭɬɨɫɬɢ ɧɚ 
ɤɪɚɹɯ ɝɥɚɡɚ ɢ вɵɩɭɤɥɨɫɬɢ ɩɨɫɟɪɟɞɢɧɟ). ȿɫɥɢ 
вɨɡɧɢɤɧɟɬ ɫɢɬɭɚɰɢɹ ɤɨɝɞɚ 

3 2 2l l  , ɬɨ ɷɬɚ 
ɧɟɪɚвɟɧɫɬвɨ ɨɩɪɟɞɟɥɢɬ ɤɪɚɣɧɸɸ ɩɪɚвɭɸ ɬɨɱɤɭ 
ɝɥɚɡɚ. 
 Ɉɛɪɚɬɧɨɟ ɞɜɢɠɟɧɢɟ. Ⱦвɢɠɟɧɢɟ 
ɨɪɝɚɧɢɡɭɟɦ ɚɧɚɥɨɝɢɱɧɨ ɩɟɪвɨɦɭ ɷɬɚɩɭ ɫ ɨɬɥɢɱɢɟɦ 
в ɬɨɦ, ɱɬɨ ɞвɢɝɚɬɶɫɹ ɩɨ ɛɪɨвɢ ɛɭɞɟɦ ɫɩɪɚвɚ 
ɧɚɥɟвɨ ɩɨɤɚ ɧɟ ɧɚɣɞɟɦ ɤɪɚɣɧɸɸ ɥɟвɭɸ ɬɨɱɤɭ 
ɝɥɚɡɚ. 
Ⱥɧɚɥɨɝɢɱɧɨ ɛɭɞɟɦ ɤɨɧɬɭɪ ɥɟвɨɝɨ ɝɥɚɡɚ.  

ɉɨɫɬɪɨɟɧɢɟ ɤɨɧɬɭɪɚ ɝɭɛ 

ɉɨɫɬɪɨɟɧɢɟ ɥɢɧɢɢ, ɤɨɬɨɪɚɹ ɩɪɨɯɨɞɢɬ ɦɟɠɞɭ 
ɝɭɛɚɦɢ. Ⱦвɢɠɟɧɢɟ ɧɚɱɧɟɦ ɫ ɤɪɚɣɧɟɣ ɩɪɚвɨɣ 
ɬɨɱɤɢ ɝɭɛ ( , )

n n
x y  (ɧɚɩɨɦɢɧɚɟɦ, ɱɬɨ ɷɬɚ ɬɨɱɤɚ 

ɡɚɞɚɟɬɫɹ вɪɭɱɧɭɸ) ɩɨ ɧɚɩɪɚвɥɟɧɢɸ ɭвɟɥɢɱɟɧɢɹ 
ɚɛɫɰɢɫɫɵ х ɫ ɲɚɝɨɦ  . 

( ) ( )( , )ɥ М k ɫx y - ɬɨɱɤɚ ɧɚ ɢɫɤɨɦɨɣ ɥɢɧɢɢ 

( )k c nx x k   

ȼɟɥɢɱɢɧɭ ( )k ɫy  ɨɩɪɟɞɟɥɢɦ ɬɚɤ: 
"

( ) 1( ) ( ) 1( )
1,1

arg min ( , ).
k c k c yy k c k c

L
y y l z x y l 

     (1) 

ɉɨɫɬɪɨɟɧɢɟ ɥɢɧɢɢ, ɤɨɬɨɪɚɹ ɨɝɪɚɧɢɱɢɜɚɟɬ 
ɜɟɪɯɧɸɸ ɝɭɛɭ. Ⱦвɢɠɟɧɢɟ ɧɚɱɧɟɦ ɫ ɤɪɚɣɧɟɣ 
ɩɪɚвɨɣ ɬɨɱɤɢ ɝɭɛ ( , )

n n
x y  ɩɨ ɧɚɩɪɚвɥɟɧɢɸ 

ɭвɟɥɢɱɟɧɢɹ ɚɛɫɰɢɫɫɵ х ɫ ɲɚɝɨɦ  . 

( ) ( )( , )k c k ɫx y - ɬɨɱɤɚ ɧɚ ɢɫɤɨɦɨɣ ɥɢɧɢɢ 

( )k c nx x k   

ȼɟɥɢɱɢɧɭ ( )k ɫy  ɨɩɪɟɞɟɥɢɦ ɬɚɤ: 

  "

( ) ( ) ( )arg max ( , ).k c k c yy k k c
l Z

y y l z x y l 


       (2) 

ɉɨɫɬɪɨɟɧɢɟ ɥɢɧɢɢ, ɤɨɬɨɪɚɹ ɨɝɪɚɧɢɱɢɜɚɟɬ 
ɧɢɠɧɸɸ ɝɭɛɭ. ɗɬɚ ɥɢɧɢɹ ɫɬɪɨɢɬɫɹ ɚɧɚɥɨɝɢɱɧɨ 
ɩɪɟɞɵɞɭɳɟɣ ɫ ɨɬɥɢɱɢɟɦ в ɨɛɨɡɧɚɱɟɧɢɢ l : 

          "

( )

0

arg max ( , ).yy k k c
l Z
l

l z x y l



                         (3) 

Ɂɚɦɟɱɚɧɢɹ 

Ⱦɥɹ вɵɱɢɫɥɟɧɢɹ ' ( , )
k k

z x y  ɢɫɩɨɥɶɡɭɟɦ 
ɩɪɢɛɥɢɠɟɧɧɭɸ ɮɨɪɦɭɥɭ 

' '1 1 1 1

1 1 1 1

( , ) , ( , )k k k k
x k k y k k

k k k k

z z z z
z x y z x y

x x y y

   

   

 
 

 
        (4) 

Ⱦɥɹ вɵɱɢɫɥɟɧɢɹ '' ( , )
k k

z x y  ɢɫɩɨɥɶɡɭɟɦ 
ɩɪɢɛɥɢɠɟɧɧɭɸ ɮɨɪɦɭɥɭ 

       
' '

'' 1 1

1 1

( , ) ( , )
( , ) x k k x k k

xx k k

k k

z x y z x y
z x y

x x

 

 





            (5) 

  
' '

'' 1 1

1 1

( , ) ( , )
( , ) x k k x k k

yy k k

k k

z x y z x y
z x y

y y

 

 





           (6) 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɫɩɥɚɣɧ-

ɚɩɩɪɨɤɫɢɦɚɰɢɢ NURBS ɞɥɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ 

ȼ ɫɬɚɬɶɟ ɩɪɟɞɥɨɠɟɧɨ ɞɥɹ вɵɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɧɵɯ 
ɩɪɢɡɧɚɤɨв ɱɟɪɬ ɥɢɰɚ ɢɫɩɨɥɶɡɨвɚɬɶ ɦɨɞɟɥɢ 
ɤɨɬɨɪɵɟ ɡɚɞɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɧɟɪɚвɧɨɦɟɪɧɵɯ 
ɪɚɰɢɨɧɚɥɶɧɵɯ ɛɚɡɢɫɧɵɯ ɫɩɥɚɣɧɨв NURBS-

ɤɪɢвɵɯ.  
Ɋɚɫɫɦɨɬɪɢɦ NURBS-ɤɪɢвɵɟ. Ⱦɨɩɭɫɬɢɦ, ɱɬɨ 
ɡɚɞɚɧɨ ɦɚɫɫɢв ɨɩɨɪɧɵɯ ɬɨɱɟɤ 

0,...,
m

p p . 

ɇɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɮɭɧɤɰɢɸ 
       [ , , ]T

p u x u y u z u , ɨɛɨɡɧɚɱɟɧɧɭɸ ɧɚ 

ɢɧɬɟɪвɚɥɟ 
min maxu u u  , ɬɚɤɭɸ, ɱɬɨ ɨɧɚ ɟɫɬɶ 

ɞɨɫɬɚɬɨɱɧɨ ɝɥɚɞɤɨɣ ɢ ɩɪɨɯɨɞɢɬ, в ɨɩɪɟɞɟɥɟɧɧɨɦ 
ɫɦɵɫɥɟ, ɨɤɨɥɨ ɨɩɨɪɧɵɯ ɬɨɱɟɤ. 
Ⱦɨɩɭɫɬɢɦ, ɱɬɨ ɟɫɬɶ ɩɨɫɥɟɞɨвɚɬɟɥɶɧɨɫɬɶ ɭɡɥɨв 

0 1, ,...,
n

u u u , ɬɚɤɚɹ ɱɬɨ: 
                   

min 0 1 max... .
n

u u u u u                    (7) 

ɉɪɢ ɢɫɩɨɥɶɡɨвɚɧɢɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɫɩɥɚɣɧɚɦɢ 
ɮɭɧɤɰɢɹ  p u  ɢɦɟɟɬ вɢɞ ɩɨɥɢɧɨɦɚ ɫɬɟɩɟɧɢ d  ɧɚ 
ɢɧɬɟɪвɚɥɟ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɭɡɥɚɦɢ: 

             
0

,
d

j

jk

j

p u c u


 1k k
u u u   .           (8) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɧɚɣɬɢ ɫɩɥɚɣɧ ɫɬɟɩɟɧɢ ,d  

ɧɟɨɛɯɨɞɢɦɨ ɛɭɞɟɬ ɧɚɣɬɢ  1n d   ɬɪёɯɦɟɪɧɵɣ 

вɟɤɬɨɪ-ɤɨɷɮɮɢɰɢɟɧɬɨв jkc . ɇɟɨɛɯɨɞɢɦɵɟ ɞɥɹ 
ɷɬɨɝɨ ɭɪɚвɧɟɧɢɹ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, ɪɚɫɫɦɚɬɪɢвɚɹ 
ɪɚɡɧɨɝɨ ɪɨɞɚ ɨɝɪɚɧɢɱɟɧɢɹ, ɫвɹɡɚɧɧɵɟ ɫ 
ɧɟɩɪɟɪɵвɧɨɫɬɶɸ ɮɭɧɤɰɢɢ ɢ ɤɪɢɬɟɪɢɟɦ ɛɥɢɡɨɫɬɢ ɤ 
ɨɩɨɪɧɵɦ ɬɨɱɤɚɦ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɤ ɮɨɪɦɢɪɨвɚɧɢɸ 
ɫɩɥɚɣɧɚ ɟɫɬɶ ɝɥɨɛɚɥɶɧɵɦ – ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ 
ɫɢɫɬɟɦɭ ɢɡ   1n d   ɭɪɚвɧɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ 
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 1n d   ɧɟɢɡвɟɫɬɧɵɯ, ɚ ɡɧɚɱɢɬ, ɤɚɠɞɵɣ 
ɩɨɥɭɱɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɛɭɞɟɬ ɡɚвɢɫɢɬ ɨɬ вɫɟɯ 
ɨɩɨɪɧɵɯ ɬɨɱɟɤ. ɏɨɬɹ ɬɚɤɚɹ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɨв ɫɩɥɚɣɧɚ ɢ ɨɛɟɫɩɟɱɢɬɶ ɩɨɥɭɱɟɧɢɟ 
ɝɥɚɞɤɨɣ ɤɪɢвɨɣ, ɱɬɨ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɡɚɞɚɧɧɵɟ 
ɨɩɨɪɧɵɟ ɬɨɱɤɢ, ɨɧɚ ɧɟ ɨɱɟɧɶ ɯɨɪɨɲɨ 
ɫɨɝɥɚɫɨвɵвɚɟɬɫɹ ɫ ɫɩɟɰɢɮɢɤɨɣ ɡɚɞɚɱ 
ɤɨɦɩɶɸɬɟɪɧɨɣ ɝɪɚɮɢɤɢ (вɵɩɨɥɧɟɧɢɟ ɪɟɧɞɟɪɢɧɝɚ 
ɨɛɴɟɤɬɨв в ɪɟɚɥɶɧɨɦ вɪɟɦɟɧɢ). 
ɉɨɞɯɨɞ вɵɛɪɚɧɧɵɣ ɞɥɹ ɮɨɪɦɢɪɨвɚɧɢɹ ȼ-

ɫɩɥɚɣɧɨв ɫɨɫɬɨɢɬ ɢɡ ɬɨɝɨ, ɱɬɨɛ ɨɛɨɡɧɚɱɢɬ ɫɩɥɚɣɧ 
в ɬɟɪɦɢɧɚɯ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ 
ɨɬɥɢɱɧɚɹ ɨɬ ɧɭɥɹ ɬɨɥɶɤɨ ɧɚ ɢɧɬɟɪвɚɥɟ в ɧɟɫɤɨɥɶɤɨ 
ɭɡɥɨв. ɂɬɚɤ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɮɭɧɤɰɢɸ  p u  в 
вɢɞɟ: 

                              
0

m

id i

i

p u B u p


 ,                    (9) 

ɝɞɟ ɤɚɠɞɚɹ ɮɭɧɤɰɢɹ  idB u  ɟɫɬɶ ɩɨɥɢɧɨɦ ɫɬɟɩɟɧɢ 

d  ɧɚ ɢɧɬɟɪвɚɥɟ в ɧɟɫɤɨɥɶɤɨ ɭɡɥɨв ɢ ɪɚвɧɹɟɬɫɹ 
ɧɭɥɸ ɡɚ ɝɪɚɧɢɰɚɦɢ ɷɬɨɝɨ ɢɧɬɟɪвɚɥɚ. ɋɭɳɟɫɬвɭɟɬ 
ɦɧɨɝɨ ɫɩɨɫɨɛɨв ɨɛɨɡɧɚɱɟɧɢɹ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ, 
ɧɨ ɨɫɨɛɟɧɧɨɟ ɦɟɫɬɨ ɩɪɢɧɚɞɥɟɠɢɬ ɨɞɧɨɦɭ ɢɡ ɧɢɯ – 

ɦɟɬɨɞɭ ɪɟɤɭɪɫɢвɧɵɯ ɮɭɧɤɰɢɣ Ʉɨɤɫɚ-ɞɟ Ȼɭɪɚ:   

1

,0

1,  

0    

k k

k

ɟɫɥи u u u
B

ɜ ɞɪуɝɨɦ ɫɥучɚɟ
 

  
 

                                                                   (5) 
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, , 1 1, 1

1 1 1

( ) ( )k k
k d k d k d

k k k d k

u u u u
B B u B u

u u u u


  

   

 
 

 
 

Вɵɜɨɞɵ 

ȼ ɪɚɛɨɬɟ ɪɚɡɪɚɛɨɬɚɧɨ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ 
ɬɟɯɧɨɥɨɝɢɸ, ɚɥɝɨɪɢɬɦ ɢ ɪɟɚɥɢɡɚɰɢɸ ɨɫɧɨвɧɵɯ 
ɦɟɬɨɞɨв ɤɨɬɨɪɵɟ ɩɨɡвɨɥɹɸɬ ɪɟɲɢɬɶ ɡɚɞɚɱɭ 
ɦɨɞɟɥɢɪɨвɚɧɢɹ ɢ ɪɚɫɩɨɡɧɚвɚɧɢɹ ɦɢɦɢɱɟɫɤɢɯ 
ɩɪɨɹвɥɟɧɢɣ ɷɦɨɰɢɨɧɚɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ. Ⱥɧɚɥɢɡ 
ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨв ɞɚɟɬ ɨɫɧɨвɚɧɢɟ ɫɞɟɥɚɬɶ 
ɬɚɤɢɟ вɵвɨɞɵ: 
1) вɩɟɪвɵɟ ɞɥɹ ɩɫɢɯɨɥɨɝɢɱɟɫɤɨɣ 
ɮɨɪɦɚɥɶɧɨɣ ɦɨɞɟɥɢ ɷɦɨɰɢɨɧɚɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ 
ɩɪɟɞɥɨɠɟɧɚ ɮɨɪɦɚɥɶɧɚɹ ɦɨɞɟɥɶ ɦɢɦɢɱɟɫɤɢɯ 
ɩɪɨɹвɥɟɧɢɣ ɷɬɢɯ ɷɦɨɰɢɨɧɚɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ, ɬɨ 
ɟɫɬɶ ɫɞɟɥɚɧ ɩɟɪɟɯɨɞ ɨɬ ɩɪɨɫɬɪɚɧɫɬвɚ ɩɪɢɡɧɚɤɨв, 
ɤɨɬɨɪɵɟ ɨɩɢɫɵвɚɸɬ ɛɚɡɨвɵɟ ɷɦɨɰɢɢ ɫ ɬɨɱɤɢ 
ɡɪɟɧɢɹ ɫɢɬɭɚɰɢɣ в ɤɨɬɨɪɵɯ ɨɧɢ вɨɡɧɢɤɚɸɬ ɞɨ 
ɩɪɨɫɬɪɚɧɫɬвɚ ɩɪɢɡɧɚɤɨв, ɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬ 
вɢɡɭɚɥɶɧɭɸ, ɦɢɦɢɱɟɫɤɭɸ ɫɨɫɬɚвɥɹɸɳɭɸ ɞɥɹ 
ɷɦɨɰɢɨɧɚɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ; 
2) вɩɟɪвɵɟ ɞɥɹ ɩɟɪɟɯɨɞɚ ɨɬ ɮɟɧɨɦɟɧɚɥɶɧɨɝɨ 
ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ ɦɢɦɢɱɟɫɤɢɯ 
ɩɪɢɡɧɚɤɨв ɞɨ ɩɟɪвɨɣ ɢɯ ɮɨɪɦɚɥɢɡɚɰɢɢ, 
ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨвɚɬɶ NURBS-ɤɪɢвɵɟ, ɚ 
ɢɦɟɧɧɨ, вɵɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ ɭɩɪɚвɥɹɸɳɢɟ ɬɨɱɤɢ 
NURBS-ɤɪɢвɨɣ ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɹɸɬ ɫɚɦɭ 
ɤɪɢвɭɸ – ɩɪɟɞɥɨɠɟɧɨ в ɤɚɱɟɫɬвɟ ɤɨɨɪɞɢɧɚɬ 

ɩɪɨɫɬɪɚɧɫɬвɚ ɦɨɞɟɥɢ ɛɪɚɬɶ ɬɨɥɶɤɨ ɤɨɨɪɞɢɧɚɬɵ 
ɭɩɪɚвɥɹɸɳɢɯ ɬɨɱɟɤ; 
3) вɩɟɪвɵɟ ɞɥɹ ɚɧɚɥɢɡɚ ɦɢɦɢɱɟɫɤɢɯ 
ɩɪɨɹвɥɟɧɢɣ ɷɦɨɰɢɣ ɩɪɟɞɥɨɠɟɧɚ ɨɪɢɝɢɧɚɥɶɧɚɹ 
ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ, ɨɫɧɨвɧɚɹ ɢɞɟɹ 
ɤɨɬɨɪɨɣ ɫɨɫɬɨɢɬ в ɚɥɝɨɪɢɬɦɟ ɚвɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɩɨɥɭɱɟɧɢɹ ɝɢɛɤɢɯ ɲɚɛɥɨɧɨв (ɧɚ ɛɚɡɟ NURBS-

ɤɪɢвɵɯ) ɤɨɧɬɭɪɨв ɛɪɨвɟɣ, ɝɥɚɡ ɢ ɪɬɚ, ɞɥɹ ɱɟɝɨ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɤɨɧɬɭɪɟɧɢɹ, ɫɤɟɥɟɞɢɡɚɰɢɹ 
ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɩɪɟɨɛɪɚɡɨвɚɧɢɟ ɬɨɱɟɱɧɵɯ ɤɪɢвɵɯ 
ɫ ɩɨɦɨɳɶɸ ȼ-ɫɩɥɚɣɧ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɧɚ ɝɢɛɤɢɯ 
ɤɪɢвɵɯ  ɲɚɛɥɨɧɵ NURBS-ɤɪɢвɵɟ; 
4) вɩɟɪвɵɟ ɫɨɡɞɚɧɢɟ ɚɥɝɨɪɢɬɦɚ ɢ 
ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɤɨɬɨɪɨɟ ɪɟɚɥɢɡɭɟɬ 
ɰɟɥɨɫɬɧɭɸ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɬɟɯɧɨɥɨɝɢɸ ɞɥɹ 
ɦɨɞɟɥɢɪɨвɚɧɢɹ ɢ ɪɚɫɩɨɡɧɚвɚɧɢɹ ɦɢɦɢɱɟɫɤɢɯ 
ɩɪɨɹвɥɟɧɢɣ ɷɦɨɰɢɨɧɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɧɚ ɥɢɰɟ 
ɱɟɥɨвɟɤɚ. 
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Ⱥ.ɋ. ɆІɇȿɇɄɈ 

Ⱦɨɧɟɰɤиɣ ɧɚɰиɨɧɚɥɶɧɵɣ ɬɟхɧичɟɫɤиɣ уɧиɜɟɪɫиɬɟɬ 

ȱɇɎɈɊɆȺɐȱɃɇȱ ɌȿɏɇɈɅɈȽȱȲ ɉɊɂ ɆɈȾȿɅɘȼȺɇɇȱ ȱ ɊɈɁɉȱɁɇȺȼȺɇɇə ɈȻɅɂɑɑə 
ɅɘȾɂɇɂ ɉɈ ɃɈȽɈ ɆȱɆȱɑɇɂɆ ɁɈȻɊȺɀȿɇɇəɆ 

 Ɋɨɛɨɬɚ ɩɨɫɜячɟɧɚ ɪɨɡɪɨɛɰɿ ɦɟɬɨɞɿɜ, ɦɨɞɟɥɟɣ, ɚɥɝɨɪиɬɦɿɜ ɿ ɤɨɦɩ'ɸɬɟɪɧих ɡɚɫɨɛɿɜ, ɞɥя ɦɨɞɟɥɸɜɚɧɧя ɿ 
ɪɨɡɩɿɡɧɚɜɚɧɧя ɟɦɨɰɿɣɧɨʀ ɬɚ ɚɪɬиɤуɥяɰɿɣɧɨʀ ɫɤɥɚɞɨɜɨʀ ɩɪи ɦɨɜɨɜиɧиɤɧɟɧɧɿ ɧɚ ɮɨɬɨɝɪɚɮɿчɧих 
ɡɨɛɪɚɠɟɧɧях ɨɛɥиччя ɿ ɬɪиɜиɦɿɪɧих ɦɨɞɟɥях ɝɨɥɨɜи ɥɸɞиɧи ɞɥя ɜɿɞɬɜɨɪɟɧɧя ɿ ɪɨɡɩɿɡɧɚɜɚɧɧя ɠɨɪɫɬɤɨʀ 
ɦɨɜи.  
 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɚɩɪɨɤɫиɦɚɰɿя, ɦɿɦɿчɧɿ ɩɪɨяɜи, ɟɦɨɰɿʀ, ɚɥɝɨɪиɬɦ, ɫɩɥɚɣɧ-ɚɩɪɨɤɫиɦɚɰɿя. 
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