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ɊȿɎȿɊȺɌ 

Ȼɚɤɚɥɚɜɪɫɤɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɪɢɦɟɧɟɧɢɟ ɬɪɢɚɧɝɭɥɹɰɢɨɧɧɵɯ 

ɧɟɪɟɝɭɥɹɪɧɵɯ ɫɟɬɨɤ ɞɥɹ ɫɨɡɞɚɧɢɹ ɦɨɞɟɥɟɣ ɪɟɥɶɟɮɚ» ɫɨɞɟɪɠɢɬ 30 ɫɬɪɚɧɢɰ ɬɟɤɫɬɚ, 

6 ɩɪɢɥɨɠɟɧɢɣ, 7 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɐɂɎɊɈȼȺə ɆɈȾȿɅɖ ɊȿɅɖȿɎȺ, ɆɈȾȿɅɖ TIN, ɊȺɋɌɊɈȼɈȿ 

ɉɊȿȾɋɌȺȼɅȿɇɂȿ ɆɈȾȿɅɂ, ɌɊɂȺɇȽɍɅəɐɂə ȾȿɅɈɇȿ, ɉɈɅɖɋɄɂɃ 

ɎɈɊɆȺɌ. 

ɐɟɥɶ ɪɚɛɨɬɵ – ɪɟɚɥɢɡɨɜɚɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɧɟɪɟɝɭɥɹɪɧɨɣ ɬɪɢɚɧɝɭɥɹɰɢɨɧɧɨɣ ɫɟɬɤɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɰɢɮɪɨɜɨɣ ɦɨɞɟɥɢ 

ɦɟɫɬɧɨɫɬɢ ɩɨ ɜɟɤɬɨɪɧɵɦ ɤɚɪɬɚɦ ɜ ɩɨɥɶɫɤɨɦ ɮɨɪɦɚɬɟ. ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ 

ɹɜɥɹɸɬɫɹ ɬɟɤɫɬɨɜɵɟ ɮɚɣɥɵ, ɫɨɞɟɪɠɚɳɢɟ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɨɛɴɟɤɬɚɯ ɦɟɫɬɧɨɫɬɢ, ɜ 

ɬɨɦ ɱɢɫɥɟ ɧɚɛɨɪɵ ɢɡɨɥɢɧɢɣ. Ʉɚɠɞɚɹ ɢɡ ɢɡɨɥɢɧɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɨɪ 

ɤɨɨɪɞɢɧɚɬ ɫ ɨɞɢɧɚɤɨɜɨɣ ɜɵɫɨɬɨɣ. ɋɬɪɨɢɬɫɹ ɰɢɮɪɨɜɚɹ ɦɨɞɟɥɶ ɫ ɩɨɦɨɳɶɸ 

ɚɥɝɨɪɢɬɦɚ ɬɪɢɚɧɝɭɥɹɰɢɢ Ⱦɟɥɨɧɟ ɢ ɜɨɥɧɨɜɨɝɨ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. 

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɪɚɫɬɪɨɜɚɹ ɦɨɞɟɥɶ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɦɨɞɟɥɶ TIN (Triangulated Irregular Network), ɤɚɤ ɧɚɢɛɨɥɟɟ 

ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɟ. Ɉɛɟ ɦɨɞɟɥɢ ɨɤɚɡɚɥɢɫɶ ɩɨ-ɫɜɨɟɦɭ ɢɧɬɟɪɟɫɧɵɦɢ ɢ ɧɚ ɢɯ ɨɫɧɨɜɟ 

ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɩɪɢɦɟɪɨɜ – ɩɨɫɬɪɨɟɧɢɹ ɝɨɪɧɨɝɨ 

ɯɪɟɛɬɚ Ȼɨɪɭɫ, Ʉɭɬɭɪɱɢɧ, ȿɪɝɚɤɢ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɨɩɢɫɚɧɧɵɯ ɩɪɢɦɟɪɨɜ ɧɚɩɢɫɚɧɵ 

ɩɪɨɝɪɚɦɦɵ ɧɚ ɹɡɵɤɟ C++ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɪɚɮɢɱɟɫɤɨɣ ɛɢɛɥɢɨɬɟɤɢ OpenGL. 
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ȼȼȿȾȿɇɂȿ 
 

ɋ ɩɨɹɜɥɟɧɢɟɦ ɩɟɪɜɵɯ ɤɨɦɩɶɸɬɟɪɨɜ ɦɧɨɝɨɤɪɚɬɧɨ ɜɨɡɪɨɫɥɢ ɜɨɡɦɨɠɧɨɫɬɢ 

ɯɪɚɧɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɫɪɚɡɭ ɠɟ ɛɵɥɢ ɩɪɟɞɩɪɢɧɹɬɵ ɩɨɩɵɬɤɢ ɞɥɹ 

ɪɟɚɥɢɡɚɰɢɢ ɤɚɪɬ ɧɚ ɤɨɦɩɶɸɬɟɪɚɯ ɫ ɰɟɥɶɸ ɫɜɹɡɚɬɶ ɤɚɠɞɵɣ ɨɛɴɟɤɬ ɤɚɪɬɵ ɫ ɟɝɨ 

ɨɩɢɫɚɧɢɟɦ, ɜɧɟɫɟɧɧɵɦ ɜ ɛɚɡɭ ɞɚɧɧɵɯ. Ɉɫɧɨɜɧɵɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ ɞɥɹ ɬɚɤɢɯ Ƚɂɋ 

– ɦɨɞɟɥɟɣ, ɤɪɨɦɟ ɩɪɢɜɵɱɧɨɣ ɲɢɪɨɬɵ ɢ ɞɨɥɝɨɬɵ ɫɥɭɠɢɥɢ ɬɚɤɠɟ ɞɚɧɧɵɟ ɨ ɜɵɫɨɬɟ 

(ɝɥɭɛɢɧɟ). ɂɫɫɥɟɞɭɟɦɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɡɚɞɚɟɬɫɹ ɧɚɛɨɪɨɦ ɬɨɱɟɤ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ ɢ 

ɜ ɫɜɹɡɢ ɫ ɞɨɫɬɭɩɧɨɫɬɶɸ ɛɵɫɬɪɨɣ ɤɨɦɩɶɸɬɟɪɧɨɣ ɨɛɪɚɛɨɬɤɢ ɝɪɨɦɚɞɧɵɯ ɦɚɫɫɢɜɨɜ 

ɞɚɧɧɵɯ, ɫɬɚɧɨɜɢɬɫɹ ɪɟɚɥɶɧɨ ɜɵɩɨɥɧɢɦɨɣ ɡɚɞɚɱɚ ɫɨɡɞɚɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨ ɬɨɱɧɨɣ 

ɰɢɮɪɨɜɨɣ ɦɨɞɟɥɢ ɪɟɥɶɟɮɚ (ɐɆɊ) [6]. 

ɐɢɮɪɨɜɭɸ ɦɨɞɟɥɶ ɨɱɟɧɶ ɭɞɨɛɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ, ɩɨɫɤɨɥɶɤɭ ɫɨɜɪɟɦɟɧɧɵɟ 

ɬɟɯɧɨɥɨɝɢɢ ɬɪɟɯɦɟɪɧɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɞɚɠɟ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨ 

ɧɟɩɨɞɝɨɬɨɜɥɟɧɧɵɦ ɥɸɞɹɦ «ɩɨɥɟɬɚɬɶ» ɧɚɞ ɦɟɫɬɧɨɫɬɶɸ ɢ «ɜɡɝɥɹɧɭɬɶ» ɧɚ ɪɟɥɶɟɮ 

ɦɟɫɬɧɨɫɬɢ ɢɡ ɥɸɛɨɣ ɬɨɱɤɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɩɨɞ ɥɸɛɵɦ ɭɝɥɨɦ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɬɨɝɨ 

ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɭɝɥɟ ɧɚɤɥɨɧɚ, ɜɵɫɨɬɟ, ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɢɥɢ 

ɩɪɨɫɬɨ ɩɪɨɥɨɠɢɬɶ ɭɞɨɛɧɵɣ ɦɚɪɲɪɭɬ ɞɥɹ ɩɟɪɟɞɜɢɠɟɧɢɹ. Ɍɨ ɟɫɬɶ ɐɆɊ ɞɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɢɬɶ ɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɭɸ ɤɚɪɬɢɧɭ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɪɟɥɶɟɮɟ.  

ȼ ɧɚɱɚɥɟ 2000 ɝɨɞɨɜ ɩɨɹɜɢɥɫɹ ɧɨɜɵɣ ɮɨɪɦɚɬ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɝɟɨɞɚɧɧɵɯ, 

ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɩɪɨɫɬɭɸ ɢ ɯɨɪɨɲɨ ɞɨɤɭɦɟɧɬɢɪɨɜɚɧɧɭɸ ɫɬɪɭɤɬɭɪɭ. Ⱦɚɧɧɵɣ 

ɮɨɪɦɚɬ ɩɨɥɭɱɢɥ ɧɚɡɜɚɧɢɟ «ɩɨɥɶɫɤɢɣ ɮɨɪɦɚɬ» ɢɥɢ ɮɨɪɦɚɬ MP, ɬɚɤ ɤɚɤ 

ɢɡɧɚɱɚɥɶɧɨ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɩɨɥɶɫɤɢɦɢ ɩɪɨɝɪɚɦɦɢɫɬɚɦɢ. ɉɨɥɶɫɤɢɣ ɮɨɪɦɚɬ – ɷɬɨ 

ɮɨɪɦɚɬ ɞɥɹ ɜɟɤɬɨɪɧɵɯ ɤɚɪɬ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ ɨɛ ɨɛɴɟɤɬɚɯ 

ɦɟɫɬɧɨɫɬɢ ɜ ɬɟɤɫɬɨɜɨɦ ɮɨɪɦɚɬɟ ɢ ɩɪɢɦɟɧɹɟɦɵɣ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ 

ɮɨɪɦɚɬɚ ɩɪɢ ɤɨɧɜɟɪɬɢɪɨɜɚɧɢɢ ɢɥɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɢ ɷɥɟɤɬɪɨɧɧɵɯ ɤɚɪɬ.  

Ⱦɚɧɧɵɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɩɨɥɶɫɤɨɦ ɮɨɪɦɚɬɟ, ɥɟɝɤɨ ɩɨɞɞɚɸɬɫɹ 

ɪɟɞɚɤɬɢɪɨɜɚɧɢɸ ɢ ɫɨɯɪɚɧɹɸɬ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɫ ɩɪɨɝɪɚɦɦɚɦɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɫɨ 

ɫɬɚɧɞɚɪɬɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɩɨɥɶɫɤɨɝɨ ɮɨɪɦɚɬɚ. Ɍɨ ɟɫɬɶ ɬɚɤɨɣ ɬɟɤɫɬɨɜɵɣ ɮɨɪɦɚɬ 

ɥɟɝɤɨ ɪɚɫɲɢɪɹɬɶ, ɞɨɩɨɥɧɹɬɶ ɫɜɨɢɦɢ ɨɛɴɟɤɬɚɦɢ ɢɥɢ ɩɨɥɹɦɢ ɨɛɴɟɤɬɨɜ, ɱɬɨ ɞɟɥɚɟɬ 
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ɟɝɨ ɭɞɨɛɧɵɦ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɤɚɪɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɉɈ ɫɨ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ 

ɬɪɟɛɨɜɚɧɢɹɦɢ.  

ɐɟɥɶ ɪɚɛɨɬɵ: ɪɟɚɥɢɡɨɜɚɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɧɟɪɟɝɭɥɹɪɧɨɣ ɬɪɢɚɧɝɭɥɹɰɢɨɧɧɨɣ ɫɟɬɤɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɰɢɮɪɨɜɨɣ ɦɨɞɟɥɢ 

ɦɟɫɬɧɨɫɬɢ ɩɨ ɜɟɤɬɨɪɧɵɦ ɤɚɪɬɚɦ ɜ ɩɨɥɶɫɤɨɦ ɮɨɪɦɚɬɟ. ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ 

ɹɜɥɹɸɬɫɹ ɬɟɤɫɬɨɜɵɟ ɮɚɣɥɵ, ɫɨɞɟɪɠɚɳɢɟ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɨɛɴɟɤɬɚɯ ɦɟɫɬɧɨɫɬɢ, ɜ 

ɬɨɦ ɱɢɫɥɟ ɧɚɛɨɪɵ ɢɡɨɥɢɧɢɣ. Ʉɚɠɞɚɹ ɢɡ ɢɡɨɥɢɧɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɨɪ 

ɤɨɨɪɞɢɧɚɬ ɫ ɨɞɢɧɚɤɨɜɨɣ ɜɵɫɨɬɨɣ. 

ɐɢɮɪɨɜɚɹ ɦɨɞɟɥɶ ɪɟɥɶɟɮɚ ɫɬɪɨɢɬɫɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɪɟɭɝɨɥɶɧɨɣ ɢɥɢ 

ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɫɟɬɤɢ ɩɨ ɩɪɨɟɤɰɢɹɦ ɢɫɯɨɞɧɵɯ ɬɨɱɟɤ ɧɚ ɩɥɨɫɤɨɫɬɢ XOY, ɜ ɭɡɥɚɯ 

ɤɨɬɨɪɨɣ ɫɨɞɟɪɠɚɬɫɹ ɡɧɚɱɟɧɢɹ ɜɵɫɨɬ. Ȼɥɚɝɨɞɚɪɹ ɬɪɟɭɝɨɥɶɧɨɣ ɫɟɬɤɟ, ɜ ɩɨɥɭɱɚɟɦɨɣ 

ɰɢɮɪɨɜɨɣ ɦɨɞɟɥɢ ɫɨɯɪɚɧɹɸɬɫɹ ɢɫɯɨɞɧɵɟ ɬɨɱɤɢ ɢ ɭɱɢɬɵɜɚɸɬɫɹ ɨɝɪɚɧɢɱɟɧɢɹ, 

ɧɚɥɚɝɚɟɦɵɟ ɫɬɪɭɤɬɭɪɧɵɦɢ ɥɢɧɢɹɦɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɱɟɝɨ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɹɦɨɭɝɨɥɶɧɨɣ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɨɛɭɫɥɨɜɥɟɧɚ ɪɚɡɜɢɬɢɟɦ ɝɟɨɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɬɟɯɧɨɥɨɝɢɣ ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɬɪɟɛɧɨɫɬɟɣ ɜ ɝɟɨɝɪɚɮɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɵɯ ɪɟɥɶɟɮɚ ɜ ɰɢɮɪɨɜɨɣ ɮɨɪɦɟ ɞɥɹ ɪɟɲɟɧɢɹ ɪɚɡɥɢɱɧɵɯ 

ɡɚɞɚɱ. Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɵɲɚɬɶ ɤɚɱɟɫɬɜɨ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦɟɬɨɞɨɜ ɫɨɡɞɚɧɢɹ 

ɐɆɊ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɝɨɬɨɜɵɯ ɦɨɞɟɥɟɣ.  

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɜ ɪɚɛɨɬɟ ɬɪɟɛɨɜɚɥɨɫɶ ɪɟɲɢɬɶ 

ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. ɪɚɡɪɚɛɨɬɚɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ ɩɨɫɬɪɨɟɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɥɶɟɮɚ; 

2. ɪɟɚɥɢɡɨɜɚɬɶ ɚɥɝɨɪɢɬɦ ɧɚ ɹɡɵɤɟ ɋ++ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɝɪɚɮɢɱɟɫɤɨɣ ɛɢɛɥɢɨɬɟɤɢ OpenGL; 

3. ɩɪɨɜɟɫɬɢ ɬɟɫɬɨɜɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. 
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1 Ɉɛɡɨɪ ɰɢɮɪɨɜɵɯ ɦɨɞɟɥɟɣ ɪɟɥɶɟɮɚ 

ɐɆɊ (ɐɢɮɪɨɜɚɹ Ɇɨɞɟɥɶ Ɋɟɥɶɟɮɚ) – ɰɢɮɪɨɜɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɬɪɟɯɦɟɪɧɵɯ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɨɛɴɟɤɬɨɜ ɜ ɜɢɞɟ ɬɪɟɯɦɟɪɧɵɯ ɞɚɧɧɵɯ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ X, Y, Z, 

ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ: 

• ɜɞɨɥɶ ɢɡɨɥɢɧɢɣ (ɜɟɤɬɨɪɧɚɹ ɦɨɞɟɥɶ); 

• ɜ ɭɡɥɚɯ ɥɸɛɨɣ ɪɟɝɭɥɹɪɧɨɣ ɫɟɬɤɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɚɬɪɢɰɵ 

ɜɵɫɨɬ (ɪɚɫɬɪɨɜɚɹ ɦɨɞɟɥɶ); 

• ɜ ɭɡɥɚɯ ɧɟɪɟɝɭɥɹɪɧɨɣ ɬɪɟɭɝɨɥɶɧɨɣ ɫɟɬɤɢ (TIN-ɦɨɞɟɥɶ). 

Ⱦɚɧɧɵɟ ɜɢɞɵ ɦɨɞɟɥɟɣ ɐɆɊ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 1. 

 

Ɋɢɫɭɧɨɤ 1 – ȼɢɞɵ ɐɆɊ: ɜɟɤɬɨɪɧɚɹ ɦɨɞɟɥɶ, ɪɚɫɬɪɨɜɚɹ ɦɨɞɟɥɶ ɢ ɦɨɞɟɥɶ TIN 
 

Ɋɚɫɬɪɨɜɚɹ ɦɨɞɟɥɶ ɢ ɦɨɞɟɥɶ TIN ɫɱɢɬɚɸɬɫɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɦɢ 

ɫɩɨɫɨɛɚɦɢ ɩɨɫɬɪɨɟɧɢɹ ɐɆɊ. Ⱦɚɥɟɟ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɪɚɫɫɦɨɬɪɢɦ ɤɚɠɞɨɟ ɢɡ 

ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɐɆɊ. 

1.1 Ɋɚɫɬɪɨɜɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ 

Ɋɚɫɬɪɨɜɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ – ɷɬɨ ɝɪɚɮɢɱɟɫɤɢɣ ɮɨɪɦɚɬ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɜɢɞɟ ɦɚɬɪɢɰɵ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɬɨɱɟɤ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ ɫɜɨɢɦ ɩɚɪɚɦɟɬɪɨɦ Z (ɜɵɫɨɬɚ ɦɟɫɬɧɨɫɬɢ, ɤɨɥɢɱɟɫɬɜɨ ɨɫɨɛɟɣ 

ɢ ɬ.ɞ.), ɬɨ ɟɫɬɶ ɪɚɫɬɪɨɜɚɹ ɦɨɞɟɥɶ ɢɫɩɨɥɶɡɭɟɬ ɪɟɝɭɥɹɪɧɭɸ ɫɟɬɤɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ 

ɫɦɟɠɧɵɯ ɧɟ ɩɟɪɟɫɟɤɚɸɳɢɯɫɹ ɝɪɚɧɟɣ ɩɪɚɜɢɥɶɧɨɝɨ n-ɭɝɨɥɶɧɢɤɚ. Ʌɸɛɨɣ ɷɥɟɦɟɧɬ 

ɪɚɫɬɪɚ ɢɦɟɟɬ ɬɨɥɶɤɨ ɨɞɧɨ ɡɧɚɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɢɥɢ ɰɜɟɬɚ. 
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ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɢɞɵ ɪɟɝɭɥɹɪɧɵɯ ɫɟɬɨɤ. 

 

Ɋɢɫɭɧɨɤ 2 – ȼɢɞɵ ɪɟɝɭɥɹɪɧɵɯ ɫɟɬɨɤ: ɚ – ɩɪɹɦɨɭɝɨɥɶɧɚɹ, ɛ – ɬɪɟɭɝɨɥɶɧɚɹ, 
ɜ – ɲɟɫɬɢɭɝɨɥɶɧɚɹ 

Ɍɚɤɢɟ ɪɚɫɬɪɨɜɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɤɚɤ ɢɡɨɛɪɚɠɟɧɢɟ ɞɜɭɦɟɪɧɨɣ ɤɚɪɬɵ, 

ɫɤɚɧɢɪɨɜɚɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɤɚɪɬɵ, ɥɢɛɨ ɤɨɫɦɢɱɟɫɤɢɣ ɢɥɢ ɚɷɪɨɮɨɬɨɫɧɢɦɨɤ 

ɧɚɬɹɝɢɜɚɸɬɫɹ ɩɨɜɟɪɯ ɦɨɞɟɥɢ ɪɟɥɶɟɮɚ ɦɟɬɨɞɨɦ ɬɟɤɫɬɭɪɢɪɨɜɚɧɢɹ (ɪɢɫɭɧɨɤ 3). 

 

Ɋɢɫɭɧɨɤ 3 – Ɋɚɫɬɪɨɜɚɹ ɦɨɞɟɥɶ ɪɟɥɶɟɮɚ 

Ɋɚɡɥɢɱɚɸɬ "ɪɟɲɟɬɨɱɧɭɸ" ɢ "ɹɱɟɢɫɬɭɸ" ɦɨɞɟɥɢ (ɪɢɫɭɧɨɤ 4) ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɫɩɨɫɨɛɚ ɜɵɱɢɫɥɟɧɢɹ ɜɵɫɨɬ ɦɟɠɞɭ ɬɨɱɤɚɦɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. 
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Ɋɢɫɭɧɨɤ 4 – ȼɢɞɵ ɪɚɫɬɪɨɜɵɯ ɦɨɞɟɥɟɣ: "ɪɟɲɟɬɨɱɧɚɹ" ɢ "ɹɱɟɢɫɬɚɹ" 

Ɇɨɞɟɥɶ ɫɥɟɜɚ «ɪɟɲɟɬɨɱɧɚɹ» ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɡɧɚɱɟɧɢɣ, 

ɢɧɬɟɪɩɨɥɢɪɭɟɦɵɯ ɩɨ ɡɧɚɱɟɧɢɹɦ Z ɜ ɧɟɫɤɨɥɶɤɢɯ ɫɨɫɟɞɧɢɯ ɬɨɱɤɚɯ. Ɇɨɞɟɥɶ ɫɩɪɚɜɚ 

«ɹɱɟɢɫɬɚɹ» ɢ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɜɵɫɨɬ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɰɟɧɬɪɚɥɶɧɵɯ ɬɨɱɟɤ 

ɹɱɟɟɤ ɫɨ ɡɧɚɱɟɧɢɹɦɢ Z, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɱɟɪɟɡ ɪɚɜɧɵɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɢɧɬɟɪɜɚɥɵ. 

Ƚɥɚɜɧɵɦ ɞɨɫɬɨɢɧɫɬɜɨɦ ɪɚɫɬɪɨɜɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɹɜɥɹɟɬɫɹ 

ɜɵɫɨɤɨɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɢ ɩɪɨɫɬɨɬɚ ɨɛɪɚɛɨɬɤɢ ɪɚɫɬɪɨɜɵɯ ɞɚɧɧɵɯ. Ɍɚɤɠɟ 

ɛɥɚɝɨɞɚɪɹ ɪɟɝɭɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɟ ɭɞɚɟɬɫɹ ɢɡɛɟɠɚɬɶ ɪɟɡɤɢɯ ɝɪɚɧɟɣ ɢ ɜɵɫɬɭɩɨɜ, ɬɨ 

ɟɫɬɶ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ «ɫɝɥɚɠɢɜɚɧɢɟ» ɦɨɞɟɥɢɪɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ.  

Ɉɞɧɚɤɨ ɪɟɝɭɥɹɪɧɚɹ ɫɬɪɭɤɬɭɪɚ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɢ ɞɥɹ ɧɟɞɨɫɬɚɬɤɨɜ, 

ɧɚɩɪɢɦɟɪ ɨɧɚ ɧɟ ɩɪɢɫɩɨɫɨɛɥɟɧɚ ɤ ɢɡɦɟɧɟɧɢɹɦ ɫɥɨɠɧɨɝɨ ɪɟɥɶɟɮɚ, ɬɨɱɧɵɟ 

ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɬɨɱɟɤ ɜɟɪɲɢɧ, ɞɧɚ ɬɟɪɹɸɬɫɹ. Ɍɚɤɠɟ ɪɚɫɬɪɨɜɵɟ ɢɡɨɛɪɚɠɟɧɢɹ 

ɡɚɧɢɦɚɸɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɛɨɥɶɲɢɟ ɨɛɴɟɦɵ ɩɚɦɹɬɢ ɢɡ-ɡɚ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɪɚɡɛɢɟɧɢɣ. Ɋɚɫɬɪɨɜɵɟ ɨɛɴɟɤɬɵ ɫɥɨɠɧɨ ɦɚɫɲɬɚɛɢɪɨɜɚɬɶ: ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ 

ɨɛɴɟɤɬɚ ɫɬɚɧɨɜɹɬɫɹ ɜɢɞɧɵ ɨɬɞɟɥɶɧɵɟ ɩɢɤɫɟɥɢ, ɩɪɨɩɚɞɚɟɬ ɝɥɚɞɤɨɫɬɶ, 

ɢɡɨɛɪɚɠɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ ɡɟɪɧɢɫɬɵɦ. 

1.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɨɞɟɥɢ TIN 

Ɇɨɞɟɥɶ TIN (Triangulation Irregular Network – ɬɪɢɚɧɝɭɥɹɰɢɨɧɧɚɹ 

ɧɟɪɟɝɭɥɹɪɧɚɹ ɫɟɬɶ) ɝɟɨɝɪɚɮɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ – ɦɨɞɟɥɶ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɜɢɞɟ ɫɟɬɢ 

ɫɦɟɠɧɵɯ ɧɟ ɩɟɪɟɫɟɤɚɸɳɢɯɫɹ ɬɪɟɭɝɨɥɶɧɵɯ ɝɪɚɧɟɣ, ɨɩɪɟɞɟɥɟɧɧɚɹ ɩɨ ɭɡɥɚɦ ɢ 

ɪɟɛɪɚɦ, ɤɨɬɨɪɵɟ ɩɨɤɪɵɜɚɸɬ ɩɨɜɟɪɯɧɨɫɬɶ [7].  
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Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɲɢɪɨɤɨ ɢɡɜɟɫɬɧɚ ɢ ɩɪɢɦɟɧɢɦɚ, ɬɚɤ ɤɚɤ ɩɟɪɟɞɚɟɬ ɪɟɥɶɟɮ 

ɦɟɫɬɧɨɫɬɢ ɧɚɢɛɨɥɟɟ ɬɨɱɧɨ. Ɍɨɱɧɨɫɬɶ ɨɛɭɫɥɨɜɥɟɧɚ ɩɥɨɬɧɵɦ «ɩɪɢɥɟɝɚɧɢɟɦ» 

ɬɪɟɭɝɨɥɶɧɢɤɨɜ ɤ ɦɨɞɟɥɢɪɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɫɬɪɨɟɧɢɟ ɐɆɊ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɞɟɥɢ TIN ɫɜɨɞɢɬɫɹ ɤ ɫɨɡɞɚɧɢɸ ɨɩɬɢɦɚɥɶɧɨɣ ɧɟɪɟɝɭɥɹɪɧɨɣ 

ɫɟɬɢ ɬɪɟɭɝɨɥɶɧɢɤɨɜ, ɝɞɟ ɬɪɟɭɝɨɥɶɧɢɤɢ «ɫɬɪɟɦɹɬɫɹ» ɤ ɪɚɜɧɨɫɬɨɪɨɧɧɢɦ, ɢ ɥɸɛɚɹ 

ɬɨɱɤɚ ɞɜɭɦɟɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢɦɟɟɬ ɬɨɥɶɤɨ ɨɞɧɭ ɜɵɫɨɬɧɭɸ ɤɨɨɪɞɢɧɚɬɭ.  

ɇɚ ɪɢɫɭɧɤɟ 5 ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɢ TIN. 

 

Ɋɢɫɭɧɨɤ 5 – TIN ɩɪɟɞɫɬɚɜɥɟɧɢɟ: Ⱥ – ɩɥɚɧ ɧɚ ɩɥɨɫɤɨɫɬɢ (ɧɟɪɟɝɭɥɹɪɧɚɹ 
ɬɪɢɚɧɝɭɥɹɰɢɨɧɧɚɹ ɫɟɬɶ); Ȼ – 3D ɨɬɨɛɪɚɠɟɧɢɟ 

 
Ɇɨɞɟɥɶ TIN ɨɛɥɚɞɚɟɬ ɧɟɤɨɬɨɪɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɜ ɫɪɚɜɧɟɧɢɢ ɫ 

ɪɚɫɬɪɨɜɵɦɢ ɦɨɞɟɥɹɦɢ. ȼɨ-ɩɟɪɜɵɯ, ɪɚɫɩɨɥɨɠɟɧɢɟ ɬɨɱɟɤ ɚɞɚɩɬɢɪɨɜɚɧɨ ɩɨɞ 

ɦɟɫɬɧɨɫɬɶ: ɧɚ ɪɚɜɧɢɧɧɵɯ ɭɱɚɫɬɤɚɯ ɬɨɱɤɢ ɪɚɫɩɨɥɨɠɟɧɵ ɪɟɠɟ, ɚ ɧɚ ɝɨɪɢɫɬɵɯ – 

ɱɚɳɟ. ȼɵɛɨɪɨɱɧɵɟ ɬɨɱɤɢ ɫɨɟɞɢɧɹɸɬɫɹ ɨɬɪɟɡɤɚɦɢ, ɨɛɪɚɡɭɸɳɢɦɢ ɬɪɟɭɝɨɥɶɧɢɤɢ, 

ɜɧɭɬɪɢ ɤɨɬɨɪɵɯ ɩɨɜɟɪɯɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɩɥɨɫɤɨɫɬɶɸ. ɋɬɪɭɤɬɭɪɵ ɞɚɧɧɵɯ ɜ 

TIN-ɦɨɞɟɥɹɯ ɛɨɥɟɟ ɤɨɦɩɚɤɬɧɵ ɢ ɷɤɨɧɨɦɢɱɧɵ: TIN-ɦɨɞɟɥɢ ɢɡ ɫɨɬɟɧ ɬɨɱɟɤ ɦɨɠɟɬ 

ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɪɚɫɬɪɨɜɚɹ DEM ɢɡ ɞɟɫɹɬɤɨɜ ɬɵɫɹɱ ɬɨɱɟɤ [2]. ɇɟɫɦɨɬɪɹ ɧɚ ɜɫɟ 

ɞɨɫɬɨɢɧɫɬɜɚ ɦɨɞɟɥɢ, ɫɨɡɞɚɧɢɟ ɦɨɞɟɥɢ TIN ɬɪɟɛɭɟɬ ɪɟɲɟɧɢɹ ɪɹɞɚ ɫɥɨɠɧɵɯ ɡɚɞɚɱ, 

ɧɚɩɪɢɦɟɪ: ɤɚɤ ɪɚɫɩɨɥɚɝɚɬɶ ɜɵɛɨɪɨɱɧɵɟ ɬɨɱɤɢ, ɤɚɤ ɨɛɴɟɞɢɧɹɬɶ ɬɨɱɤɢ ɜ 

ɬɪɟɭɝɨɥɶɧɢɤɢ ɢɥɢ ɤɚɤ ɦɨɞɟɥɢɪɨɜɚɬɶ ɩɨɜɟɪɯɧɨɫɬɶ ɜɧɭɬɪɢ ɬɪɟɭɝɨɥɶɧɢɤɚ. 

ɇɚ ɪɢɫɭɧɤɟ 6 ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧ ɩɪɢɦɟɪ ɩɨɫɬɪɨɟɧɧɨɣ ɦɨɞɟɥɢ TIN. 
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Ɋɢɫɭɧɨɤ 6 – Ɇɨɞɟɥɶ TIN 

ȿɫɥɢ ɨɛɨɛɳɚɬɶ ɜɵɲɟ ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɢɧɮɨɪɦɚɰɢɸ, ɬɨ ɞɥɹ ɪɚɫɬɪɨɜɨɝɨ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɫɜɨɣɫɬɜɟɧɟɧ ɷɮɮɟɤɬ ɪɚɡɦɵɜɚɧɢɹ ɢɡ-ɡɚ ɱɟɝɨ ɫ 

ɤɪɭɩɧɵɦɢ ɦɚɫɲɬɚɛɚɦɢ ɩɪɢɦɟɧɟɧɢɟ ɨɝɪɚɧɢɱɟɧɨ. Ɇɨɞɟɥɶ TIN ɠɟ ɞɚɟɬ ɛɨɥɟɟ 

ɬɨɱɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɤɪɭɩɧɨɝɨ ɦɚɫɲɬɚɛɚ ɫɢɥɶɧɨɩɟɪɟɫɟɱɟɧɧɨɣ ɦɟɫɬɧɨɫɬɢ, ɜɟɞɶ 

ɬɨɱɤɢ ɪɚɫɩɨɥɚɝɚɸɬ ɜ ɭɡɥɚɯ ɧɟɪɟɝɭɥɹɪɧɨɣ ɫɟɬɤɢ ɬɚɤ, ɱɬɨɛɵ ɥɭɱɲɢɦ ɨɛɪɚɡɨɦ 

ɨɛɨɝɧɭɬɶ ɩɨɜɟɪɯɧɨɫɬɶ.  Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɨɛɴɟɦɵ ɡɚɧɢɦɚɟɦɨɣ ɩɚɦɹɬɢ ɢ 

ɬɨɱɧɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ ɧɟ ɝɥɚɜɧɨɟ, ɚ ɨɫɨɛɨ ɜɚɠɧɨ ɜɪɟɦɹ ɢ ɨɛɳɟɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ 

ɦɟɫɬɧɨɫɬɢ, ɬɨ ɥɭɱɲɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɫɬɪɨɜɭɸ ɦɨɞɟɥɶ, ɬɚɤ ɤɚɤ ɨɧɚ ɩɪɨɳɟ ɢ 

ɛɵɫɬɪɟɟ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ. 
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2  ɉɨɥɭɱɟɧɢɟ ɞɚɧɧɵɯ ɨɛ ɢɫɯɨɞɧɨɦ ɧɚɛɨɪɟ ɢɡɨɥɢɧɢɣ 

ȼ ɬɟɤɫɬɨɜɨɦ ɮɚɣɥɟ ɫ ɪɚɫɲɢɪɟɧɢɟɦ .mp ɯɪɚɧɹɬɫɹ ɞɚɧɧɵɟ ɨɛ ɢɫɯɨɞɧɨɦ 

ɧɚɛɨɪɟ ɢɡɨɥɢɧɢɣ. Ɍɚɤɨɣ ɬɟɤɫɬɨɜɵɣ ɮɚɣɥ ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɸ ɧɟ ɬɨɥɶɤɨ ɨɛ 

ɢɡɨɥɢɧɢɹɯ, ɧɨ ɢ ɨɛɨ ɜɫɟɯ ɨɛɴɟɤɬɚɯ ɦɟɫɬɧɨɫɬɢ (ɪɟɤɢ, ɨɡɟɪɚ, ɪɭɱɶɢ, ɬɪɨɩɵ, ɥɟɫɚ, 

ɡɞɚɧɢɹ ɢɥɢ ɫɨɨɪɭɠɟɧɢɹ), ɤɨɬɨɪɵɟ ɡɚɞɚɸɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɩɨɥɢɥɢɧɢɣ ɢ ɩɨɥɢɝɨɧɨɜ, 

ɫɨɞɟɪɠɚɳɢɯ ɝɟɨɝɪɚɮɢɱɟɫɤɢɟ ɤɨɨɪɞɢɧɚɬɵ (ɲɢɪɨɬɭ ɢ ɞɨɥɝɨɬɭ) ɦɧɨɠɟɫɬɜɚ ɬɨɱɟɤ.  

ɂɡɨɥɢɧɢɹ (ɥɢɧɢɹ ɨɞɧɨɝɨ ɭɪɨɜɧɹ) – ɷɬɨ ɭɫɥɨɜɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ ɧɚ ɤɚɪɬɟ ɢɥɢ 

ɱɟɪɬɟɠɟ ɜ ɜɢɞɟ ɥɢɧɢɢ, ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɤɨɬɨɪɨɣ ɡɧɚɱɟɧɢɟ ɢɫɫɥɟɞɭɟɦɨɣ ɜɟɥɢɱɢɧɵ 

ɧɟɢɡɦɟɧɧɨ. 

ɉɨɥɢɥɢɧɢɹ – ɷɬɨ ɧɟɡɚɦɤɧɭɬɵɣ ɧɚɛɨɪ ɫɨɟɞɢɧɟɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɨɬɪɟɡɤɨɜ 

ɢɥɢ ɞɭɝ, ɜɨɫɩɪɢɧɢɦɚɟɦɵɣ ɤɚɤ ɟɞɢɧɵɣ ɨɛɴɟɤɬ. 

ɉɨɥɢɝɨɧ – ɡɚɦɤɧɭɬɚɹ ɩɨɥɢɥɢɧɢɹ.  

ɇɚ ɪɢɫɭɧɤɟ 7 ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɯɪɚɧɟɧɢɹ ɢɡɨɥɢɧɢɢ ɜ ɬɟɤɫɬɨɜɨɦ ɮɚɣɥɟ ɫ 

ɪɚɫɲɢɪɟɧɢɟɦ .mp. 

 

Ɋɢɫɭɧɨɤ 7 – ɉɪɢɦɟɪ ɯɪɚɧɟɧɢɹ ɢɡɨɥɢɧɢɣ ɜ ɬɟɤɫɬɨɜɨɦ ɮɚɣɥɟ  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɬɟɤɫɬɨɜɨɝɨ ɮɚɣɥɚ ɫɱɢɬɵɜɚɟɬɫɹ ɢɧɮɨɪɦɚɰɢɹ ɬɨɥɶɤɨ ɨɛ 

ɨɛɴɟɤɬɟ ɢɡɨɥɢɧɢɹ ɢ ɜ ɯɨɞɟ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɝɟɨɝɪɚɮɢɱɟɫɤɢɟ ɤɨɨɪɞɢɧɚɬɵ 

(ɲɢɪɨɬɚ ɢ ɞɨɥɝɨɬɚ) ɩɟɪɟɜɨɞɹɬɫɹ ɜ ɟɞɢɧɭɸ ɫɢɫɬɟɦɭ – ɦɟɬɪɵ (ɢɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ 

ɜɵɫɨɬɚ ɜ ɮɚɣɥɟ ɡɚɞɚɧɚ ɜ ɦɟɬɪɚɯ) ɫ ɩɨɦɨɳɶɸ ɩɪɨɫɬɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɚɞɨɤ.    

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɡɧɚɬɶ ɫɤɨɥɶɤɨ, ɤɢɥɨɦɟɬɪɨɜ ɡɚɤɥɸɱɟɧɨ ɜ ɨɞɧɨɦ ɝɪɚɞɭɫɟ 

ɲɢɪɨɬɵ, ɧɭɠɧɨ ɪɚɡɞɟɥɢɬɶ ɞɥɢɧɭ ɦɟɪɢɞɢɚɧɚ, ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɥɹɟɬ 40000 ɤɦ, ɧɚ 360 ͶͲͲͲͲ км͵6Ͳ = ͳͳͳ,ͳͳͳ км = ͳͳͳ ∗ ͳͲଷм. (1) 
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Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɩɨɥɭɱɚɟɦ, ɱɬɨ ɧɚ ɷɤɜɚɬɨɪɟ ɨɞɢɧ ɝɪɚɞɭɫ ɞɨɥɝɨɬɵ 

ɛɭɞɟɬ ɬɨɠɟ ɪɚɜɟɧ 111,111 ɤɦ, ɧɨ ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɤ ɩɨɥɸɫɚɦ, ɞɥɢɧɚ ɝɪɚɞɭɫɚ 

ɞɨɥɝɨɬɵ ɛɭɞɟɬ ɭɦɟɧɶɲɚɬɶɫɹ, ɩɨɤɚ ɧɟ ɫɬɚɧɟɬ ɪɚɜɧɨɣ ɧɭɥɸ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɩɟɪɟɜɨɞ ɞɨɥɝɨɬɵ ɜ ɤɢɥɨɦɟɬɪɵ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɲɢɪɨɬɵ ɦɟɫɬɧɨɫɬɢ. Ɍɨɝɞɚ 

ɪɚɫɫɱɢɬɚɬɶ ɟɟ ɦɨɠɧɨ ɛɭɞɟɬ ɭɦɧɨɠɢɜ ɞɥɢɧɭ ɷɤɜɚɬɨɪɚ ɧɚ ɤɨɫɢɧɭɫ ɭɝɥɚ, ɪɚɜɧɨɝɨ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ ɝɪɚɞɭɫɭ ɲɢɪɨɬɵ  ͳͳͳ,ͳͳͳ км ∗ cosሺ𝜒ሻ = ͳͳͳ ∗ ͳͲଷ ∗ cosሺ𝜒ሻ м. (2) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɱɢɫɥɟɧɢɣ ɩɨɥɭɱɢɦ, ɱɬɨ ɨɞɢɧ ɝɪɚɞɭɫ 

ɲɢɪɨɬɵ ɪɚɜɟɧ ͳͳͳ ∗ ͳͲଷм, ɚ ɨɞɢɧ ɝɪɚɞɭɫ ɞɨɥɝɨɬɵ ͳͳͳ ∗ ͳͲଷм *cosሺ𝜒ሻ м, ɝɞɟ 𝜒 – 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɝɪɚɞɭɫ ɲɢɪɨɬɵ. 

  



12 

3 ɂɫɫɥɟɞɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɬɪɢɚɧɝɭɥяɰɢɢ Ⱦɟɥɨɧɟ 

ɇɚɢɥɭɱɲɟɣ ɬɪɢɚɧɝɭɥɹɰɢɟɣ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɟɥɶɟɮɚ ɹɜɥɹɟɬɫɹ 

ɬɪɢɚɧɝɭɥɹɰɢɹ Ⱦɟɥɨɧɟ, ɬɚɤ ɤɚɤ ɷɬɨɬ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɞɨɛɢɬɶɫɹ ɧɚɢɛɨɥɟɟ ɬɨɱɧɨɝɨ 

ɫɨɨɬɜɟɬɫɬɜɢɹ ɩɨɥɭɱɟɧɧɨɣ ɦɨɞɟɥɢ ɢɫɯɨɞɧɨɦɭ ɦɧɨɠɟɫɬɜɭ ɜɟɪɲɢɧ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ. Ɍɚɤɠɟ ɞɚɧɧɵɣ ɦɟɬɨɞ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɨɫɧɨɜɧɵɦ ɫɜɨɣɫɬɜɚɦ 

ɐɆɊ ɨɩɢɫɚɧɧɵɦɢ Ɉ. Ɋ. Ɇɭɫɢɧɵɦ ɢ Ⱥ. ȼ. ɋɤɜɨɪɰɨɜɵɦ: 

• ɬɪɢɚɧɝɭɥɹɰɢɹ ɛɥɢɡɤɚ ɤ ɪɚɜɧɨɭɝɨɥɶɧɨɣ ɬɪɢɚɧɝɭɥɹɰɢɢ; 

• ɜɵɩɨɥɧɹɟɬɫɹ ɫɜɨɣɫɬɜɨ ɦɚɤɫɢɦɚɥɶɧɨɫɬɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɝɥɚ; 

• ɜɵɩɨɥɧɹɟɬɫɹ ɫɜɨɣɫɬɜɨ ɦɢɧɢɦɚɥɶɧɨɫɬɢ ɩɥɨɳɚɞɢ ɨɛɪɚɡɭɟɦɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ. 

3.1 Ɂɚɞɚɱɚ ɩɨɫɬɪɨɟɧɢя ɬɪɢɚɧɝɭɥяɰɢɢ Ⱦɟɥɨɧɟ 

ɉɭɫɬɶ ɧɚ ɩɥɨɫɤɨɫɬɢ ɡɚɞɚɧɨ ɦɧɨɠɟɫɬɜɨ ɬɨɱɟɤ {Si=(xi,yi)} ɢɫɩɨɥɶɡɭɹ ɤɨɬɨɪɨɟ 

ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ ɬɪɢɚɧɝɭɥɹɰɢɸ Ⱦɟɥɨɧɟ.  

Ɍɪɢɚɧɝɭɥɹɰɢɟɣ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɩɥɚɧɚɪɧɵɣ ɝɪɚɮ, ɜɫɟ ɜɧɭɬɪɟɧɧɢɟ ɨɛɥɚɫɬɢ 

ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɬɪɟɭɝɨɥɶɧɢɤɚɦɢ. 

Ɍɪɢɚɧɝɭɥɹɰɢɟɣ Ⱦɟɥɨɧɟ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɬɚɤɭɸ ɬɪɢɚɧɝɭɥɹɰɢɸ ɞɥɹ 

ɡɚɞɚɧɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɬɨɱɟɤ Si ɧɚ ɩɥɨɫɤɨɫɬɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɞɥɹ ɥɸɛɨɝɨ 

ɬɪɟɭɝɨɥɶɧɢɤɚ ɜɫɟ ɬɨɱɤɢ ɢɡ ɞɚɧɧɨɝɨ ɦɧɨɠɟɫɬɜɚ Si ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɬɨɱɟɤ, 

ɹɜɥɹɸɳɢɯɫɹ ɟɝɨ ɜɟɪɲɢɧɚɦɢ, ɛɭɞɭɬ ɥɟɠɚɬɶ ɜɧɟ ɨɤɪɭɠɧɨɫɬɢ, ɨɩɢɫɚɧɧɨɣ ɜɨɤɪɭɝ 

ɷɬɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ.  

Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɬɨɱɤɢ ɧɭɠɧɨ ɫɨɟɞɢɧɢɬɶ ɜ ɬɪɟɭɝɨɥɶɧɢɤɢ ɬɚɤ, ɱɬɨɛɵ 

ɜɵɩɨɥɧɹɥɨɫɶ ɭɫɥɨɜɢɟ Ⱦɟɥɨɧɟ.  

ɍɫɥɨɜɢɟ Ⱦɟɥɨɧɟ: ɜɧɭɬɪɶ ɨɤɪɭɠɧɨɫɬɢ, ɨɩɢɫɚɧɧɨɣ ɜɨɤɪɭɝ ɥɸɛɨɝɨ 

ɩɨɫɬɪɨɟɧɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ, ɧɟ ɞɨɥɠɧɚ, ɩɨɩɚɞɚɬɶ ɧɢɤɚɤɚɹ ɢɡ ɬɨɱɟɤ 

ɬɪɢɚɧɝɭɥɹɰɢɢ. ɇɚ ɪɢɫɭɧɤɟ 8 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɢɦɟɪɵ, ɝɞɟ ɭɫɥɨɜɢɟ Ⱦɟɥɨɧɟ 

ɜɵɩɨɥɧɹɟɬɫɹ ɢ ɧɟɬ. 
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Ɋɢɫɭɧɨɤ 8 – ɍɫɥɨɜɢɟ Ⱦɟɥɨɧɟ ɜɵɩɨɥɧɹɟɬɫɹ (ɫɥɟɜɚ) ɢ ɭɫɥɨɜɢɟ Ⱦɟɥɨɧɟ ɧɟ 
ɜɵɩɨɥɧɹɟɬɫɹ (ɫɩɪɚɜɚ) 

ɇɚ ɪɢɫɭɧɤɟ 9 ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɬɪɟɭɝɨɥɶɧɨɣ ɫɟɬɤɢ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɣ 

ɭɫɥɨɜɢɸ Ⱦɟɥɨɧɟ. 

 

Ɋɢɫɭɧɨɤ 9 – Ɍɪɟɭɝɨɥɶɧɚɹ ɫɟɬɤɚ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɚɹ ɭɫɥɨɜɢɸ Ⱦɟɥɨɧɟ 

3.2 ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢя Ⱦɟɥɨɧɟ ɱɟɪɟɡ ɭɪɚɜɧɟɧɢɟ ɨɩɢɫɚɧɧɨɣ ɨɤɪɭɠɧɨɫɬɢ 

ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɹ Ⱦɟɥɨɧɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɭɪɚɜɧɟɧɢɟ ɨɩɢɫɚɧɧɨɣ 

ɨɤɪɭɠɧɨɫɬɢ. ɍɪɚɜɧɟɧɢɟ ɨɤɪɭɠɧɨɫɬɢ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɬɪɢ ɬɨɱɤɢ (x1,y1), (x2,y2), 

(x3,y3) ɢɦɟɟɬ ɜɢɞ ሺݔଶ + ଶሻݕ ∗ ܽ − ݔ ∗ ܾ + ݕ ∗ ܿ − ݀ = Ͳ, (3) 

ɝɞɟ   

ܽ = ଵݔ] ଵݕ ͳݔଶ ଶݕ ͳݔଷ ଷݕ ͳ], (4) 
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ܾ = ଵଶݔ] + ଵଶݕ ଵݕ ͳݔଶଶ + ଶଶݕ ଶݕ ͳݔଷଶ + ଷଶݕ ଷݕ ͳ], (5) 

ܿ = ଵଶݔ]  + ଵଶݕ ଵݔ ͳݔଶଶ + ଶଶݕ ଶݔ ͳݔଷଶ + ଷଶݕ ଷݔ ͳ], (6) 

݀ = ଵଶݔ]  + ଵଶݕ ଵݔ ଶଶݔଵݕ + ଶଶݕ ଶݔ ଷଶݔଶݕ + ଷଶݕ ଷݔ  ଷ]. (7)ݕ

Ɍɨɝɞɚ ɢɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɭɫɥɨɜɢɟ Ⱦɟɥɨɧɟ ɞɥɹ ɥɸɛɨɝɨ ɡɚɞɚɧɧɨɝɨ 

ɬɪɟɭɝɨɥɶɧɢɤɚ ((x1,y1), (x2,y2), (x3,y3)) ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɬɨɝɞɚ ɢ ɬɨɥɶɤɨ ɬɨɝɞɚ, 

ɤɨɝɞɚ ɞɥɹ ɥɸɛɨɝɨ ɭɡɥɚ (x0,y0) ɢɡ ɬɪɢɚɧɝɭɥɹɰɢɢ ɧɟ ɹɜɥɹɸɳɟɝɨɫɹ ɜɟɪɲɢɧɚɦɢ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɧɟɪɚɜɟɧɫɬɜɨ (ሺݔ଴ଶ + ଴ଶሻݕ ∗ ܽ − ଴ݔ ∗ ܾ + ଴ݕ ∗ ܿ − ݀) ∗ 𝑠𝑔𝑛 ܽ ≥ Ͳ. (8) 

Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɤɨɝɞɚ ɥɸɛɨɣ ɭɡɟɥ (x0,y0) ɢɡ ɬɪɢɚɧɝɭɥɹɰɢɢ ɧɟ ɩɨɩɚɞɚɟɬ 

ɜɧɭɬɪɶ ɨɤɪɭɠɧɨɫɬɢ, ɨɩɢɫɚɧɧɨɣ ɜɨɤɪɭɝ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ ((x1,y1), 

(x2,y2), (x3,y3)).  

3.3 Ɉɛɡɨɪ ɨɫɧɨɜɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɩɨɫɬɪɨɟɧɢя ɬɪɢɚɧɝɭɥяɰɢɢ Ⱦɟɥɨɧɟ 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɢɡɜɟɫɬɧɨ ɧɟɦɚɥɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɚɥɝɨɪɢɬɦɨɜ 

ɩɨɫɬɪɨɟɧɢɹ ɬɪɢɚɧɝɭɥɹɰɢɢ Ⱦɟɥɨɧɟ, ɤɨɬɨɪɵɟ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɫɥɟɞɭɸɳɢɟ ɝɪɭɩɩɵ: 

• ɢɬɟɪɚɬɢɜɧɵɟ ɚɥɝɨɪɢɬɦɵ; 

• ɚɥɝɨɪɢɬɦɵ ɩɪɹɦɨɝɨ ɩɨɫɬɪɨɟɧɢɹ; 

• ɚɥɝɨɪɢɬɦɵ ɫɥɢɹɧɢɹ; 

• ɞɜɭɯɩɪɨɯɨɞɧɵɟ ɚɥɝɨɪɢɬɦɵ; 

• ɩɭɡɵɪɶɤɨɜɚɹ ɭɩɚɤɨɜɤɚ (Bubble packing). 
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4 Ⱥɥɝɨɪɢɬɦɵ ɩɨɫɬɪɨɟɧɢя ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɥɶɟɮɚ ɦɟɫɬɧɨɫɬɢ 

ɂɡ ɜɫɟɯ ɢɡɜɟɫɬɧɵɯ ɦɟɬɨɞɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɰɢɮɪɨɜɵɯ 

ɦɨɞɟɥɟɣ ɪɟɥɶɟɮɚ ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ, ɹɜɥɹɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ 

ɬɪɢɚɧɝɭɥɹɰɢɢ, ɬɚɤ ɤɚɤ ɦɧɨɝɢɟ ɫɭɳɟɫɬɜɭɸɳɢɟ ɚɥɝɨɪɢɬɦɵ ɧɟɞɨɪɚɛɨɬɚɧɵ, ɬɨ ɟɫɬɶ 

ɩɨ-ɩɪɟɠɧɟɦɭ ɧɟɭɫɬɨɣɱɢɜɵ ɢ ɢɦɟɸɬ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɪɚɛɨɬɵ. 

ɉɪɢɦɟɧɹɹ ɪɚɡɧɵɟ ɫɩɨɫɨɛɵ ɬɪɢɚɧɝɭɥɹɰɢɢ, ɦɧɨɠɟɫɬɜɨ ɬɨɱɟɤ ɧɚ ɩɥɨɫɤɨɫɬɢ 

ɛɭɞɟɬ ɬɪɢɚɧɝɭɥɢɪɨɜɚɬɶɫɹ ɩɨ-ɪɚɡɧɨɦɭ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɛɭɞɭɬ ɩɨɥɭɱɚɬɶɫɹ 

ɪɚɡɥɢɱɧɵɟ ɧɟɦɧɨɝɨ ɫɯɨɠɢɟ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɞɜɚ 

ɪɚɡɥɢɱɧɵɯ ɚɥɝɨɪɢɬɦɚ ɬɪɢɚɧɝɭɥɹɰɢɢ ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɪɚɡɧɵɯ ɜɢɞɨɜ ɐɆɊ, ɚ 

ɢɦɟɧɧɨ ɦɨɞɟɥɢ TIN ɢ ɪɚɫɬɪɨɜɨɣ ɦɨɞɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɥɹ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɦɨɞɟɥɢ TIN ɜɵɛɪɚɧ ɚɥɝɨɪɢɬɦ «ɩɪɹɦɨɝɨ ɩɨɫɬɪɨɟɧɢɹ 

ɬɪɢɚɧɝɭɥɹɰɢɢ» Ⱦɟɥɨɧɟ, ɞɥɹ ɪɚɫɬɪɨɜɨɣ ɦɨɞɟɥɢ ɜɨɥɧɨɜɨɣ ɢɬɟɪɚɰɢɨɧɧɵɣ 

ɚɥɝɨɪɢɬɦ. Ɂɞɟɫɶ ɭɬɨɱɧɢɦ, ɱɬɨ ɪɚɫɬɪɨɜɚɹ ɦɨɞɟɥɶ, ɢɫɩɨɥɶɡɭɸɳɚɹ ɪɟɝɭɥɹɪɧɭɸ 

ɬɪɢɚɧɝɭɥɹɰɢɨɧɧɭɸ ɫɟɬɤɭ, ɡɚɢɧɬɟɪɟɫɨɜɚɥɚ ɦɟɧɹ ɜ ɯɨɞɟ ɪɚɛɨɬɵ ɢ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɫ ɰɟɥɶɸ ɜɨɡɦɨɠɧɨɫɬɢ ɧɚɝɥɹɞɧɨ ɫɪɚɜɧɢɬɶ ɫ ɦɨɞɟɥɶɸ TIN 

ɢɫɩɨɥɶɡɭɸɳɟɣ ɧɟɪɟɝɭɥɹɪɧɭɸ ɬɪɢɚɧɝɭɥɹɰɢɨɧɧɭɸ ɫɟɬɤɭ.  

4.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

Ⱦɚɧɚ ɧɟɤɨɬɨɪɚɹ ɢɫɯɨɞɧɚɹ ɩɪɹɦɨɭɝɨɥɶɧɚɹ ɨɛɥɚɫɬɶ  Ω = ,௠௜௡ݔ] [௠𝑎௫ݔ × ௠௜௡ݕ] ,  ௠𝑎௫], (9)ݕ

ɧɚ ɤɨɬɨɪɨɣ ɡɚɞɚɧ ɧɚɛɨɪ ɢɡɨɥɢɧɢɣ ܮ = {𝑙଴, 𝑙ଵ, … , 𝑙௠−ଵ}. Ʉɚɠɞɚɹ ɢɡ ɢɡɨɥɢɧɢɣ 

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɩɚɪɨɣ 𝑙௞ =< ℎ௞ , 𝑉௞ > , ɝɞɟ ℎ௞ – ɭɪɨɜɟɧɶ ɢɡɨɥɢɧɢɢ ɢɥɢ ɜɵɫɨɬɚ 

ɧɚɛɨɪɚ ɜɟɪɲɢɧ 𝑉௞ = ,௜௞ݔ)} ,(௜௞ݕ ݅ = Ͳ, … , 𝑛௞}. 

ɉɨ ɞɚɧɧɵɦ ɢɡɨɥɢɧɢɹɦ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɐɆɊ, ɩɪɨɢɡɜɟɞɹ 

ɬɪɢɚɧɝɭɥɹɰɢɸ ɨɛɥɚɫɬɢ Ω , ɢɫɩɨɥɶɡɭɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɚɥɝɨɪɢɬɦɵ №1(ɦɟɬɨɞ 

Ⱦɟɥɨɧɟ) ɢ №2(ɜɨɥɧɨɜɨɣ ɢɬɟɪɚɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ), ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɞɚɥɟɟ. 
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4.2 ȼɵɱɢɫɥɢɬɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ №1 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɢ TIN ɛɵɥɨ ɪɟɲɟɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ 

ɬɪɢɚɧɝɭɥɹɰɢɢ Ⱦɟɥɨɧɟ ɢɡ-ɡɚ ɜɵɩɨɥɧɟɧɢɹ ɪɚɧɟɟ ɭɤɚɡɚɧɧɵɯ ɫɜɨɣɫɬɜ ɐɆɊ. Ⱦɥɹ 

ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ ɛɵɥ ɜɵɛɪɚɧ ɨɞɢɧ ɢɡ ɚɥɝɨɪɢɬɦɨɜ, ɤɨɬɨɪɵɣ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɜ ɝɥɚɜɟ 3.3, ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ 

ɚɥɝɨɪɢɬɦɚ «ɩɪɹɦɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɬɪɢɚɧɝɭɥɹɰɢɢ».  

ɉɪɢ ɢɡɭɱɟɧɢɢ ɦɟɬɨɞɚ ɜɵɛɨɪ ɩɚɥ ɢɦɟɧɧɨ ɧɚ ɷɬɨɬ ɚɥɝɨɪɢɬɦ ɬɚɤ ɤɚɤ ɫ ɟɝɨ 

ɩɪɢɦɟɧɟɧɢɟɦ ɫɬɪɨɹɬɫɹ ɫɪɚɡɭ ɧɭɠɧɵɟ ɬɪɟɭɝɨɥɶɧɢɤɢ, ɤɨɬɨɪɵɟ ɡɚɜɟɞɨɦɨ ɛɭɞɭɬ 

ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɭɫɥɨɜɢɸ Ⱦɟɥɨɧɟ ɜ ɢɬɨɝɨɜɨɣ ɬɪɢɚɧɝɭɥɹɰɢɢ, ɢ ɧɟ ɛɭɞɭɬ 

ɩɟɪɟɫɬɪɚɢɜɚɬɶɫɹ, ɤɚɤ ɜ ɢɧɵɯ ɚɥɝɨɪɢɬɦɚɯ. Ɂɚ ɫɱɟɬ ɱɟɝɨ, ɞɚɧɧɵɣ ɚɥɝɨɪɢɬɦ 

ɫɬɚɧɨɜɢɬɫɹ ɧɟɦɧɨɝɨ ɩɪɨɳɟ ɜ ɪɟɚɥɢɡɚɰɢɢ. Ⱥɥɝɨɪɢɬɦ «ɩɪɹɦɨɝɨ ɩɨɫɬɪɨɟɧɢɹ 

ɬɪɢɚɧɝɭɥɹɰɢɢ» Ⱦɟɥɨɧɟ ɨɩɢɫɚɧ ɋɤɜɨɪɰɨɜɵɦ Ⱥ.ȼ. ɜ ɤɧɢɝɟ «Ɍɪɢɚɧɝɭɥɹɰɢɹ Ⱦɟɥɨɧɟ 

ɢ ɟё ɩɪɢɦɟɧɟɧɢɟ» [4].  

ȼɵɱɢɫɥɢɬɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ №1 ɡɚɤɥɸɱɚɟɬɫɹ: 

1. ɜ ɩɨɥɭɱɟɧɢɢ ɞɚɧɧɵɯ ɨɛ ɢɫɯɨɞɧɨɦ ɧɚɛɨɪɟ ɢɡɨɥɢɧɢɣ;  

2. ɜ ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɚ «ɩɪɹɦɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɬɪɢɚɧɝɭɥɹɰɢɢ» 

ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɤɢ Ⱦɟɥɨɧɟ ɩɨ ɡɚɞɚɧɧɨɦɭ ɧɚɛɨɪɭ ɬɨɱɟɤ, ɝɞɟ ɜɯɨɞɧɵɟ 

ɞɚɧɧɵɟ: ɦɧɨɠɟɫɬɜɨ ɬɨɱɟɤ, ɚ ɜɵɯɨɞɧɵɟ ɞɚɧɧɵɟ: ɧɟɪɟɝɭɥɹɪɧɚɹ 

ɬɪɟɭɝɨɥɶɧɚɹ ɫɟɬɤɚ Ⱦɟɥɨɧɟ ɫ ɜɵɫɨɬɧɵɦɢ ɨɬɦɟɬɤɚɦɢ ɜ ɭɡɥɚɯ;   

3. ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɨɫɬɪɨɟɧɧɨɣ ɧɟɪɟɝɭɥɹɪɧɨɣ 

ɬɪɢɚɧɝɭɥɹɰɢɨɧɧɨɣ ɫɟɬɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɛɥɢɨɬɟɤɢ OpenGL ɧɚ 

ɹɡɵɤɟ ɋ++. 

Ɉɩɢɲɟɦ ɨɫɧɨɜɧɵɟ ɲɚɝɢ ɚɥɝɨɪɢɬɦɚ «ɩɪɹɦɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɬɪɢɚɧɝɭɥɹɰɢɢ» 

Ⱦɟɥɨɧɟ. 

ɇɚ ɩɟɪɜɨɦ ɲɚɝɟ ɚɥɝɨɪɢɬɦɚ ɧɚɯɨɞɢɬɫɹ ɧɚɱɚɥɶɧɨɟ ɪɟɛɪɨ, ɤɨɬɨɪɨɟ ɡɚɜɟɞɨɦɨ 

ɜɨɣɞɟɬ ɜ ɬɪɢɚɧɝɭɥɹɰɢɸ, ɤɚɤ ɨɞɧɨ ɢɡ ɪɟɛɟɪ ɦɧɨɝɨɭɝɨɥɶɧɢɤɚ ɜɵɩɭɤɥɨɣ ɨɛɨɥɨɱɤɢ 

ɢɫɯɨɞɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɬɨɱɟɤ. ɉɟɪɜɚɹ ɬɨɱɤɚ (A) ɢɫɤɨɦɨɝɨ ɪɟɛɪɚ ɜɵɛɢɪɚɟɬɫɹ ɤɚɤ 

ɬɨɱɤɚ ɫ ɧɚɢɦɟɧɶɲɟɣ ɤɨɨɪɞɢɧɚɬɨɣ ɩɨ x, ɚ ɫɪɟɞɢ ɬɨɱɟɤ ɫ ɨɞɢɧɚɤɨɜɨɣ ɤɨɨɪɞɢɧɚɬɨɣ 



17 

x – ɤɚɤ ɬɨɱɤɚ ɫ ɧɚɢɦɟɧɶɲɟɣ ɤɨɨɪɞɢɧɚɬɨɣ ɩɨ y ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ. 

ȼɬɨɪɚɹ ɬɨɱɤɚ (B) ɧɚɱɚɥɶɧɨɝɨ ɪɟɛɪɚ – ɷɬɨ ɬɨɱɤɚ ɫ ɧɚɢɦɟɧɶɲɢɦ ɭɝɥɨɜɵɦ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɨɬɪɟɡɤɚ [AB].  

ɇɚ ɪɢɫɭɧɤɟ 10 ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɜɵɛɨɪɚ ɩɟɪɜɨɝɨ ɪɟɛɪɚ. 

 

Ɋɢɫɭɧɨɤ 10 – ȼɵɛɨɪ ɩɟɪɜɨɝɨ ɪɟɛɪɚ [АВ] 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɩɨɫɬɨɹɧɧɨ ɦɨɞɢɮɢɰɢɪɭɟɬɫɹ ɫɩɢɫɨɤ ɚɤɬɢɜɧɵɯ 

ɪɟɛɟɪ edges, ɝɞɟ «ɚɤɬɢɜɧɵɦɢ» ɪɟɛɪɚɦɢ ɧɚɡɵɜɚɸɬɫɹ ɪɟɛɪɚ, ɭ ɤɨɬɨɪɵɯ ɫ ɨɞɧɨɣ 

ɫɬɨɪɨɧɵ ɭɠɟ ɟɫɬɶ ɬɪɟɭɝɨɥɶɧɢɤ, ɚ ɫ ɞɪɭɝɨɣ ɟɳɟ ɧɚɞɨ ɩɪɢɫɬɪɨɢɬɶ (ɧɚ ɪɢɫɭɧɤɟ 11 

«ɚɤɬɢɜɧɵɟ» ɪɟɛɪɚ ɜɵɞɟɥɟɧɵ ɫɩɥɨɲɧɵɦ ɱɟɪɧɵɦ ɰɜɟɬɨɦ). ȼ ɷɬɨɬ ɫɩɢɫɨɤ ɨɞɧɢ 

ɪɟɛɪɚ ɞɨɛɚɜɥɹɸɬɫɹ, ɞɪɭɝɢɟ ɭɞɚɥɹɸɬɫɹ. ɂɡɧɚɱɚɥɶɧɨ ɫɩɢɫɨɤ ɫɨɫɬɨɢɬ ɢɡ 

ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɪɟɛɪɚ [AB].  

 

 

Ɋɢɫɭɧɨɤ 11 – ȼɢɞɵ ɪɟɛɟɪ 

Ⱦɚɥɶɧɟɣɲɢɣ ɚɥɝɨɪɢɬɦ ɫɨɫɬɨɢɬ ɜ ɩɨɜɬɨɪɟɧɢɢ ɫɥɟɞɭɸɳɢɯ ɲɚɝɨɜ:  

• ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɵɛɨɪ ɨɱɟɪɟɞɧɨɝɨ ɪɟɛɪɚ ɢɡ ɫɩɢɫɤɚ edges. ȿɫɥɢ 

ɷɬɨ ɩɟɪɜɨɟ ɪɟɛɪɨ, ɬɨ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɟɝɨ ɭɞɚɥɟɧɢɟ ɢɡ ɫɩɢɫɤɚ; 
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• ɩɨɢɫɤ ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ ɪɟɛɪɚ ɜɟɪɲɢɧɵ – ɭɡɥɚ, ɤɨɬɨɪɵɣ ɜɦɟɫɬɟ 

ɫ ɤɨɧɰɚɦɢ ɜɵɛɪɚɧɧɨɝɨ ɪɟɛɪɚ ɜ ɬɪɢɚɧɝɭɥɹɰɢɢ Ⱦɟɥɨɧɟ ɛɭɞɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶ 

ɜɟɪɲɢɧɵ ɨɞɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ. Ɍɨ ɟɫɬɶ ɦɵ ɜɵɛɢɪɚɟɦ ɫɪɟɞɢ ɜɫɟɯ ɬɨɱɟɤ 

ɦɧɨɠɟɫɬɜɚ ɬɚɤɭɸ ɬɨɱɤɭ Pi , ɱɬɨ ɭɝɨɥ APiB ɛɭɞɟɬ ɦɚɤɫɢɦɚɥɶɧɵɦ ɢɥɢ ɪɚɞɢɭɫ 

ɨɤɪɭɠɧɨɫɬɢ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɬɨɱɤɢ APiB, ɛɭɞɟɬ ɧɚɢɦɟɧɶɲɢɦ. ɇɚɣɞɟɧɧɚɹ 

ɜɟɪɲɢɧɚ ɫɨɟɞɢɧɹɟɬɫɹ ɨɬɪɟɡɤɚɦɢ ɫ ɤɨɧɰɚɦɢ ɨɬɪɟɡɤɚ ɢ ɨɛɪɚɡɭɟɬ ɬɪɟɭɝɨɥɶɧɢɤ 

APiB. ɇɚ ɪɢɫɭɧɤɟ 12 ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɩɨɢɫɤɚ ɜɟɪɲɢɧɵ ɨɬ ɜɵɛɪɚɧɧɨɝɨ 

ɪɟɛɪɚ [AB]. 

 

Ɋɢɫɭɧɨɤ 12 – ɉɪɨɰɟɫɫ ɩɨɢɫɤɚ ɜɟɪɲɢɧɵ 

• ɧɨɜɵɟ ɪёɛɪɚ APi ɢ BPi ɩɨɫɬɪɨɟɧɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ 

ɞɨɛɚɜɥɹɸɬɫɹ ɜ ɫɩɢɫɨɤ edges, ɟɫɥɢ ɢɯ ɬɚɦ ɟɳɟ ɧɟɬ. ȿɫɥɢ ɟɫɬɶ – ɬɨ ɭɞɚɥɹɟɦ, 

ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɨɛɪɚɛɨɬɤɚ ɪɟɛɪɚ ɛɵɥɚ ɡɚɜɟɪɲɟɧɚ.  

Ⱥɥɝɨɪɢɬɦ ɩɪɨɞɨɥɠɚɟɬ ɪɚɛɨɬɭ, ɩɨɤɚ ɫɩɢɫɨɤ ɚɤɬɢɜɧɵɯ ɪɟɛɟɪ ɧɟ ɫɬɚɧɟɬ 

ɩɭɫɬɵɦ. 

ȿɫɥɢ ɬɨɱɟɤ Pi ɫ ɧɚɢɦɟɧɶɲɢɦ ɪɚɞɢɭɫɨɦ ɨɤɪɭɠɧɨɫɬɢ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɫɤɨɥɶɤɨ 

(ɪɢɫɭɧɤɟ 13(ɚ)), ɧɚɞɨ ɧɟ ɜɵɛɢɪɚɬɶ ɤɚɤɭɸ-ɬɨ ɨɞɧɭ ɢɡ ɷɬɢɯ ɬɨɱɟɤ, ɚ ɫɪɚɡɭ ɞɨɛɚɜɢɬɶ 

ɜɫɟ ɩɨɥɭɱɚɸɳɢɟɫɹ ɬɪɟɭɝɨɥɶɧɢɤɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɧɟ ɛɵɥɨ 

ɫɚɦɨɩɟɪɟɫɟɱɟɧɢɣ ɢ ɤɨɧɟɱɧɨ, ɦɨɞɢɮɢɰɢɪɨɜɚɬɶ ɫɩɢɫɨɤ ɚɤɬɢɜɧɵɯ ɪɟɛɟɪ. ɇɚ 

ɪɢɫɭɧɤɟ 13(ɛ) ɩɨɤɚɡɚɧɵ ɞɨɛɚɜɥɹɟɦɵɟ ɬɪɟɭɝɨɥɶɧɢɤɢ – AC1B, C1C2B, C2C3B ɢ 

ɧɨɜɵɟ ɚɤɬɢɜɧɵɟ ɪɟɛɪɚ AC1, C1C2, C2C3, C2C3, C3B. 
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Ɋɢɫɭɧɨɤ 13 – ɇɟɫɤɨɥɶɤɨ ɬɨɱɟɤ ɫ ɧɚɢɦɟɧɶɲɢɦ ɪɚɞɢɭɫɨɦ ɨɤɪɭɠɧɨɫɬɢ (ɚ).    
Ⱦɨɛɚɜɥɹɟɦɵɟ ɬɪɟɭɝɨɥɶɧɢɤɢ, ɩɨɫɥɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɫɩɢɫɤɚ ɚɤɬɢɜɧɵɯ ɪɟɛɟɪ (ɛ). 

4.3 ȼɵɱɢɫɥɢɬɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ №2 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɪɚɫɬɪɨɜɨɣ ɰɢɮɪɨɜɨɣ ɦɨɞɟɥɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɚɜɧɨɦɟɪɧɚɹ 

ɩɪɹɦɨɭɝɨɥɶɧɚɹ ɫɟɬɤɚ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ №2, ɩɨɡɜɨɥɹɸɳɢɣ ɫɨɡɞɚɜɚɬɶ 

ɞɨɫɬɨɜɟɪɧɵɟ ɐɆɊ ɩɨ ɜɵɫɨɬɚɦ ɞɥɹ ɥɸɛɨɝɨ ɬɢɩɚ ɪɟɥɶɟɮɚ.  

ȼ ɨɛɥɚɫɬɢ Ω̅  ɫɬɪɨɢɬɫɹ ɪɚɜɧɨɦɟɪɧɚɹ ɩɪɹɦɨɭɝɨɥɶɧɚɹ ɫɟɬɤɚ Ωℎ , ɤɨɬɨɪɚɹ 

ɹɜɥɹɟɬɫɹ ɭɞɨɛɧɨɣ ɢ ɩɪɨɫɬɨɣ ɫɬɪɭɤɬɭɪɨɣ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ: Ωℎ = ௜ݔ)} , ௜ݔ ;(௝ݕ = ௠௜௡ݔ + ݅ ∗ ℎ௫, ௝ݕ = ௠௜௡ݕ + ݆ ∗ ℎ௬; ݅ = Ͳ, … , ܰ; ݆= Ͳ, … ,  (10) ,{ܯ

ɝɞɟ N, M – ɤɨɥɢɱɟɫɬɜɨ ɭɡɥɨɜ ɫɟɬɤɢ ɜɞɨɥɶ ɨɫɢ OX ɢ OY, ɚ ℎ௫, ℎ௬ – ɲɚɝ ɫɟɬɤɢ 

ɩɨ ɨɫɢ OX ɢ OY ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ  

ℎ௫ = ௠𝑎௫ݔ − ௠௜௡ܰݔ , (11) 

ℎ௬ = ௠𝑎௫ݕ − ܯ௠௜௡ݕ . (12) 

ɉɪɢ ɫɨɡɞɚɧɢɢ ɪɟɝɭɥɹɪɧɨɣ ɫɟɬɤɢ ɜɵɫɨɬ 

ɠɟɥɚɬɟɥɶɧɨ ɭɱɢɬɵɜɚɬɶ ɩɥɨɬɧɨɫɬɶ ɫɟɬɤɢ (ɲɚɝ ɫɟɬɤɢ) ɩɨɫɤɨɥɶɤɭ, ɱɟɦ ɦɟɧɶɲɟ 

ɜɵɛɪɚɧɧɵɣ ɲɚɝ, ɬɟɦ ɬɨɱɧɟɟ ɐɆɊ, ɧɨ ɬɟɦ ɛɨɥɶɲɟ ɤɨɥɢɱɟɫɬɜɨ ɭɡɥɨɜ ɫɟɬɤɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ ɩɨɬɪɟɛɭɟɬɫɹ ɧɚ ɜɵɱɢɫɥɟɧɢɹ ɢ ɛɨɥɶɲɟ ɦɟɫɬɚ ɞɥɹ 

ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ.  
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ȼ ɤɚɠɞɨɣ ɬɨɱɤɟ Ωℎ  ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɹɬɶ ɡɧɚɱɟɧɢɹ ɜɵɫɨɬɵ ݖ௜௝  ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɜɨɥɧɨɜɨɝɨ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɨɩɢɫɚɧɧɨɝɨ ɜ ɫɬɚɬɶɟ Ʉɨɲɟɥɶ 

ɋ.Ɇ. «Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɪɟɥɶɟɮɚ ɩɨ ɢɡɨɥɢɧɢɹɦ» [3]. 

Ⱥɥɝɨɪɢɬɦ №2 ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɫɤɨɪɨɦ ɜɵɱɢɫɥɟɧɢɢ ɪɚɫɫɬɨɹɧɢɣ ɞɨ ɞɜɭɯ 

ɛɥɢɠɚɣɲɢɯ ɢɡɨɥɢɧɢɣ ɪɚɡɧɨɝɨ ɭɪɨɜɧɹ, ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɥɢɧɟɣɧɨɣ ɢɧɬɟɪɩɨɥɹɰɢɢ, 

ɤɚɤ ɢ ɜ ɩɚɤɟɬɚɯ GRASS ɢ ILWIS, ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɪɪɟɤɬɧɨ ɨɩɪɟɞɟɥɹɬɶ 

ɜɵɫɨɬɵ ɜ ɭɡɥɚɯ ɧɚ ɭɱɚɫɬɤɚɯ, ɨɝɪɚɧɢɱɟɧɧɵɯ ɢɡɨɥɢɧɢɟɣ ɬɨɥɶɤɨ ɨɞɧɨɝɨ ɭɪɨɜɧɹ, 

ɨɩɢɪɚɹɫɶ ɧɚ ɡɧɚɱɟɧɢɹ ɧɚ ɫɨɫɟɞɧɢɯ ɭɱɚɫɬɤɚɯ. Ⱦɥɹ ɤɚɱɟɫɬɜɟɧɧɨɣ ɪɚɛɨɬɵ 

ɩɪɨɝɪɚɦɦɵ ɧɟɨɛɯɨɞɢɦɨ ɛɟɡɨɲɢɛɨɱɧɨ ɩɨɞɝɨɬɨɜɢɬɶ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɬɚɤ ɤɚɤ 

ɚɥɝɨɪɢɬɦ ɨɩɢɪɚɟɬɫɹ ɧɚ ɬɨɩɨɥɨɝɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɢɡɨɥɢɧɢɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ 

ɤɨɪɪɟɤɬɧɨɣ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɨɰɢɮɪɨɜɚɧɧɵɟ ɢɡɨɥɢɧɢɢ ɞɨɥɠɧɵ ɛɵɬɶ 

ɡɚɦɤɧɭɬɵɦɢ ɢɥɢ ɧɚɱɢɧɚɬɶɫɹ ɢ ɡɚɤɚɧɱɢɜɚɬɶɫɹ ɜɧɟ ɨɛɥɚɫɬɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɬɨ ɟɫɬɶ 

ɧɟ ɞɨɥɠɧɵ ɢɦɟɬɶ ɪɚɡɪɵɜɨɜ. ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɜɟɤɬɨɪɧɵɯ ɤɚɪɬɚɯ ɜ ɩɨɥɶɫɤɨɦ 

ɮɨɪɦɚɬɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɭɫɥɨɜɢɹ ɭɱɬɟɧɵ ɟɳɟ ɩɪɢ ɫɨɫɬɚɜɥɟɧɢɢ. 

ɇɚ ɪɢɫɭɧɤɟ 14 ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɨɞɧɨɝɨ ɢɡ ɜɨɡɦɨɠɧɵɯ ɧɚɛɨɪɨɜ ɢɡɨɥɢɧɢɣ. 

 

Ɋɢɫɭɧɨɤ 14 – ɉɪɢɦɟɪ ɢɫɯɨɞɧɨɝɨ ɧɚɛɨɪɚ ɢɡɨɥɢɧɢɣ. 

ȼɵɱɢɫɥɢɬɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ №2 ɡɚɤɥɸɱɚɟɬɫɹ: 

1. ɜ ɩɨɥɭɱɟɧɢɢ ɞɚɧɧɵɯ ɨɛ ɢɫɯɨɞɧɨɦ ɧɚɛɨɪɟ ɢɡɨɥɢɧɢɣ; 

2. ɜ ɪɟɚɥɢɡɚɰɢɢ ɜɨɥɧɨɜɨɝɨ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɞɥɹ 

ɜɵɱɢɫɥɟɧɢɹ ɜɵɫɨɬ ɜ ɭɡɥɚɯ ɪɟɝɭɥɹɪɧɨɣ ɬɪɢɚɧɝɭɥɹɰɢɨɧɧɨɣ ɫɟɬɤɢ ɩɨ 

ɧɚɛɨɪɭ ɬɨɱɟɤ ɢɡɨɥɢɧɢɣ, ɝɞɟ ɜɯɨɞɧɵɟ ɞɚɧɧɵɟ: ɧɚɛɨɪ ɢɡɨɥɢɧɢɣ ɢ 

ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɛɢɟɧɢɣ ɫɟɬɤɢ, ɚ ɜɵɯɨɞɧɵɟ ɞɚɧɧɵɟ: ɪɟɝɭɥɹɪɧɚɹ 

ɬɪɟɭɝɨɥɶɧɚɹ ɫɟɬɤɚ ɫ ɨɛɪɚɡɨɜɚɧɧɨɣ ɦɚɬɪɢɰɟɣ ɜɵɫɨɬ; 
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3. ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɩɨɫɬɪɨɟɧɧɨɣ ɪɟɝɭɥɹɪɧɨɣ 

ɬɪɢɚɧɝɭɥɹɰɢɨɧɧɨɣ ɫɟɬɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɛɥɢɨɬɟɤɢ OpenGL ɧɚ 

ɹɡɵɤɟ ɋ++. 

ȼɨɥɧɨɜɨɣ ɢɬɟɪɚɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɨɫɧɨɜɧɵɯ ɷɬɚɩɨɜ.  

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ (ɪɢɫɭɧɨɤ 15) ɧɚɯɨɞɹɬɫɹ ɜɫɟ ɩɟɪɟɫɟɱɟɧɢɹ ɢɡɨɥɢɧɢɣ ɫɨ 

ɜɫɟɦɢ ɪɟɛɪɚɦɢ ɫɟɬɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɞɢɚɝɨɧɚɥɶɧɵɦɢ. ɗɬɢ ɪɟɛɪɚ ɩɨɦɟɱɚɸɬɫɹ, ɚ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ ɭɡɥɭ ɫɟɬɤɢ ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɵɫɨɬɵ ɢ ɧɟ 

ɛɨɥɟɟ ɞɜɭɯ ɛɥɢɠɚɣɲɢɯ ɪɚɫɫɬɨɹɧɢɣ ɞɨ ɬɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ ɫ ɢɡɨɥɢɧɢɟɣ ɪɚɡɧɵɯ 

ɭɪɨɜɧɟɣ. ȼ ɯɨɞɟ ɩɪɢɫɜɨɟɧɢɹ ɪɚɫɫɬɨɹɧɢɣ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɬɪɢ ɫɥɭɱɚɹ: 

1. ɟɫɥɢ ɭɡɥɭ ɭɠɟ ɩɪɢɩɢɫɚɧɨ ɧɟɤɨɬɨɪɨɟ ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɢɡɨɥɢɧɢɢ 

ɬɨɝɨ ɠɟ ɭɪɨɜɧɹ, ɬɨ ɜɵɛɢɪɚɟɬɫɹ ɦɟɧɶɲɟɟ ɢɡ ɪɚɫɫɬɨɹɧɢɣ ɢ ɡɚɩɨɦɢɧɚɟɬɫɹ 

ɭɪɨɜɟɧɶ ɢɡɨɥɢɧɢɢ; 

2. ɟɫɥɢ ɭɡɥɭ ɩɪɢɩɢɫɚɧɨ ɬɨɥɶɤɨ ɨɞɧɨ ɪɚɫɫɬɨɹɧɢɟ, ɩɪɢɱɟɦ ɞɨ 

ɢɡɨɥɢɧɢɢ ɞɪɭɝɨɝɨ ɭɪɨɜɧɹ, ɬɨ ɡɚɩɨɦɢɧɚɸɬɫɹ ɨɛɚ ɪɚɫɫɬɨɹɧɢɹ ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɪɨɜɧɢ ɢɡɨɥɢɧɢɣ; 

3. ɟɫɥɢ ɭɡɥɭ ɩɪɢɩɢɫɚɧɵ ɞɜɚ ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɢɡɨɥɢɧɢɣ ɪɚɡɧɨɝɨ 

ɭɪɨɜɧɹ, ɩɪɢɱɟɦ ɧɨɜɨɟ ɪɚɫɫɬɨɹɧɢɟ ɜɵɱɢɫɥɟɧɨ ɞɨ ɢɡɨɥɢɧɢɢ ɬɪɟɬɶɟɝɨ ɭɪɨɜɧɹ, 

ɬɨ ɡɚɩɨɦɢɧɚɸɬɫɹ ɬɨɥɶɤɨ ɞɜɚ ɡɧɚɱɟɧɢɹ ɫ ɧɚɢɦɟɧɶɲɢɦɢ ɪɚɫɫɬɨɹɧɢɹɦɢ. 

ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɪɚɛɨɬɵ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɚɥɝɨɪɢɬɦɚ ɦɵ ɢɦɟɟɦ ɧɟɤɨɬɨɪɵɟ 

ɩɨɦɟɱɟɧɧɵɟ ɪɟɛɪɚ ɫɟɬɤɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɡɥɵ, ɤɨɬɨɪɵɦ ɩɪɢɩɢɫɚɧɵ 

ɪɚɫɫɬɨɹɧɢɹ ɧɟ ɛɨɥɟɟ ɱɟɦ ɞɨ ɞɜɭɯ ɢɡɨɥɢɧɢɣ ɪɚɡɧɨɝɨ ɭɪɨɜɧɹ (ɧɚ ɪɢɫɭɧɤɟ 15 ɬɚɤɢɟ 

ɭɡɥɵ ɨɛɨɡɧɚɱɟɧɵ ɱɟɪɧɵɦɢ ɬɨɱɤɚɦɢ). 
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Ɋɢɫɭɧɨɤ 15 – ɉɟɪɜɵɣ ɷɬɚɩ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 

ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɚɥɝɨɪɢɬɦɚ ɧɚɯɨɞɹɬɫɹ ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɞɜɭɯ ɛɥɢɠɚɣɲɢɯ 

ɢɡɨɥɢɧɢɣ ɜ ɬɟɯ ɭɡɥɚɯ ɫɟɬɤɢ, ɤɨɬɨɪɵɦ ɟɳɟ ɧɟ ɩɪɢɩɢɫɚɧɵ ɡɧɚɱɟɧɢɹ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ 

(ɧɚ ɪɢɫɭɧɤɟ 15 ɷɬɢ ɭɡɥɵ ɨɛɨɡɧɚɱɟɧɵ ɛɟɥɵɦɢ ɬɨɱɤɚɦɢ) ɫ ɩɨɦɨɳɶɸ ɜɨɥɧɨɜɨɝɨ 

ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɟɪɟɛɢɪɚɸɬɫɹ ɭɡɥɵ 

ɫɟɬɤɢ, ɢ ɢɡ ɭɡɥɨɜ, ɤɨɬɨɪɵɦ ɭɠɟ ɩɪɢɩɢɫɚɧɵ ɪɚɫɫɬɨɹɧɢɹ, ɜɵɩɭɫɤɚɟɬɫɹ "ɜɨɥɧɚ" ɜ 

ɜɨɫɶɦɢ ɧɚɩɪɚɜɥɟɧɢɹɯ (ɪɢɫɭɧɤɟ 16) ɜɞɨɥɶ ɪɟɛɟɪ ɫɟɬɤɢ, ɟɫɥɢ ɪɟɛɪɨ ɧɟ ɛɵɥɨ 

ɩɨɦɟɱɟɧɨ, ɢɧɚɱɟ ɞɜɢɠɟɧɢɟ ɜ ɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɡɚɩɪɟɳɚɟɬɫɹ.  

 

Ɋɢɫɭɧɨɤ 16 – ȼɬɨɪɨɣ ɷɬɚɩ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 

Ⱦɚɥɟɟ ɤ ɪɚɫɫɬɨɹɧɢɹɦ, ɤɨɬɨɪɵɟ ɩɪɢɫɜɨɟɧɵ ɜ ɬɟɤɭɳɟɦ ɭɡɥɭ ɧɚɩɪɢɦɟɪ ɫ 

ɢɧɞɟɤɫɚɦɢ (i,j), ɩɪɢɛɚɜɥɹɟɬɫɹ ɞɥɢɧɚ ɪɟɛɪɚ ɫɟɬɤɢ ɜɞɨɥɶ ɤɨɬɨɪɨɝɨ ɞɜɢɝɚɟɦɫɹ (ɧɚ 

ɪɢɫɭɧɤɟ 16 ɞɥɢɧɵ ɪɟɛɟɪ ɫɟɬɤɢ ɨɛɨɡɧɚɱɟɧɵ ɱɟɪɟɡ DX, DY, DXY). ɇɨɜɵɟ 

ɩɨɥɭɱɟɧɧɵɟ ɪɚɫɫɬɨɹɧɢɹ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɭɪɨɜɧɢ ɢɡɨɥɢɧɢɢ ɫɪɚɜɧɢɜɚɸɬɫɹ 
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ɫ ɬɟɦɢ, ɤɨɬɨɪɵɟ ɩɪɢɩɢɫɚɧɵ ɭɡɥɭ, ɜ ɤɨɬɨɪɵɣ ɦɵ ɩɨɩɚɞɚɟɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɜɢɠɟɧɢɹ. 

ȼ ɧɨɜɨɦ ɭɡɥɟ ɡɚɦɟɧɚ ɡɧɚɱɟɧɢɣ ɪɚɫɫɬɨɹɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɬɚɤɠɟ, ɤɚɤ ɢ ɧɚ ɩɟɪɜɨɦ 

ɷɬɚɩɟ, ɝɞɟ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɬɪɢ ɜɨɡɦɨɠɧɵɯ ɫɥɭɱɚɹ. ɂɬɟɪɚɰɢɢ ɜɵɩɨɥɧɹɸɬɫɹ ɞɨ 

ɬɟɯ ɩɨɪ, ɩɨɤɚ ɜ ɭɡɥɚɯ ɩɪɨɢɫɯɨɞɹɬ ɢɡɦɟɧɟɧɢɹ ɫ ɩɪɢɩɢɫɚɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ 

ɪɚɫɫɬɨɹɧɢɣ. Ʉɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ ɩɪɢ ɷɬɨɦ ɜɫɟɝɞɚ ɛɭɞɟɬ ɤɨɧɟɱɧɨ.  

ɇɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ ɜɵɱɢɫɥɹɸɬɫɹ ɜɵɫɨɬɵ ɜɨ ɜɫɟɯ ɭɡɥɚɯ ɫɟɬɤɢ. Ɍɨ ɟɫɬɶ ɩɨɫɥɟ 

ɬɨɝɨ, ɤɚɤ ɰɢɤɥ ɢɬɟɪɚɰɢɣ ɛɭɞɟɬ ɡɚɜɟɪɲɟɧ, ɜɫɟɦ ɭɡɥɚɦ ɫɟɬɤɢ ɛɭɞɭɬ ɩɪɢɩɢɫɚɧɵ 

ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɛɥɢɠɚɣɲɢɯ ɢɡɨɥɢɧɢɣ ɢ ɡɧɚɱɟɧɢɹ ɭɪɨɜɧɟɣ ɷɬɢɯ ɢɡɨɥɢɧɢɣ. ɉɪɢɱɟɦ 

ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɭɡɥɨɜ ɛɥɢɠɚɣɲɢɯ ɪɚɫɫɬɨɹɧɢɣ ɞɨ ɢɡɨɥɢɧɢɣ ɛɭɞɟɬ ɞɜɚ, ɚ ɞɥɹ 

ɧɟɤɨɬɨɪɵɯ – ɬɨɥɶɤɨ ɨɞɧɨ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɢɡɨɥɢɧɢɢ ɪɚɡɛɢɜɚɸɬ ɐɆɊ ɧɚ ɭɱɚɫɬɤɢ, 

ɜ ɝɪɚɧɢɰɭ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɜɯɨɞɢɬɶ ɥɢɛɨ ɢɡɨɥɢɧɢɢ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɟɣ, ɥɢɛɨ 

ɬɨɥɶɤɨ ɨɞɧɨɝɨ, ɧɚɩɪɢɦɟɪ ɥɨɤɚɥɶɧɵɟ ɯɨɥɦɵ ɢɥɢ ɜɩɚɞɢɧɵ. Ⱦɥɹ ɭɡɥɨɜ ɫ ɞɜɭɦɹ 

ɪɚɫɫɬɨɹɧɢɹɦɢ ɡɧɚɱɟɧɢɟ ɜɵɫɨɬɵ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ℎ = ℎଵ݀ଶ + ℎଶ݀ଵ݀ଵ + ݀ଶ , (13) 

ɝɞɟ d1, d2 – ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɛɥɢɠɚɣɲɢɯ ɢɡɨɥɢɧɢɣ, h1, h2 – ɡɧɚɱɟɧɢɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɭɪɨɜɧɟɣ ɢɡɨɥɢɧɢɣ.  

ɍɡɥɚɦ ɫ ɨɞɧɢɦ ɪɚɫɫɬɨɹɧɢɟɦ ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɜɵɫɨɬɵ, ɪɚɜɧɨɟ 

ɭɪɨɜɧɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɢɡɨɥɢɧɢɢ. ȼɵɱɢɫɥɟɧɢɹ ɧɚ ɷɬɨɦ ɡɚɤɚɧɱɢɜɚɸɬɫɹ. 
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5 ɗɬɚɩɵ ɩɨɫɬɪɨɟɧɢя ɩɨɜɟɪɯɧɨɫɬɢ 

Ɉɩɢɲɟɦ ɨɛɳɢɟ ɷɬɚɩɵ ɩɨɫɬɪɨɟɧɢɹ ɐɆɊ: 

1. ɫɱɢɬɵɜɚɸɬɫɹ ɢɡɨɥɢɧɢɢ ɢɡ ɬɟɤɫɬɨɜɨɝɨ ɮɚɣɥɚ; 

2. ɢɫɯɨɞɧɨɟ ɦɧɨɠɟɫɬɜɨ ɬɨɱɟɤ ɧɚɧɨɫɢɬɫɹ ɧɚ ɩɥɨɫɤɨɫɬɶ XOY (ɛɟɡ 

ɭɱɟɬɚ ɤɨɨɪɞɢɧɚɬɵ z (ɜɵɫɨɬɵ)). ȼɵɫɨɬɵ ɤɚɠɞɨɣ ɬɨɱɤɢ ɯɪɚɧɹɬɫɹ ɨɬɞɟɥɶɧɨ;  

3. ɩɥɨɫɤɨɫɬɶ XOY ɨɤɪɚɲɢɜɚɟɬɫɹ ɰɜɟɬɚɦɢ ɫ ɭɱɟɬɨɦ ɡɧɚɱɟɧɢɹ 

ɤɨɨɪɞɢɧɚɬɵ z ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɧɚ ɩɥɨɫɤɨɫɬɢ; 

4. ɫɬɪɨɢɬɫɹ ɬɪɢɚɧɝɭɥɹɰɢɨɧɧɚɹ ɫɟɬɤɚ ɧɚ ɩɥɨɫɤɨɫɬɢ XOY ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɪɢɚɧɝɭɥɹɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ; 

5. ɫɬɪɨɢɬɫɹ ɐɆɊ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ XYZ, ɩɪɢ ɩɨɦɨɳɢ ɫɨɟɞɢɧɟɧɢɹ 

ɬɨɱɟɤ ɧɚ ɩɥɨɫɤɨɫɬɢ XOY ɫ ɢɡɜɟɫɬɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɜɵɫɨɬ. 

ɇɚ ɪɢɫɭɧɤɟ 17 ɩɪɢɜɟɞɟɧɵ ɧɚɝɥɹɞɧɵɟ ɷɬɚɩɵ ɩɨɫɬɪɨɟɧɢɹ ɢɫɤɭɫɫɬɜɟɧɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ. 

 

Ɋɢɫɭɧɨɤ 17 – ɂɫɤɭɫɫɬɜɟɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ 

ȼ ɩɪɢɥɨɠɟɧɢɢ Ⱥ ɧɚ ɪɢɫɭɧɤɟ Ⱥ.1 ɩɪɢɜɟɞɟɧɵ ɧɚɝɥɹɞɧɵɟ ɷɬɚɩɵ ɩɨɫɬɪɨɟɧɢɹ 

ɪɟɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɝɨɪɧɨɝɨ ɯɪɟɛɬɚ Ȼɨɪɭɫ. 

2) 

 

3) 

4) 

 

 

5) 
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6 Ɋɟɡɭɥɶɬɚɬɵ ɬɟɫɬɨɜɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɚɥɝɨɪɢɬɦɵ №1 ɢ №2 ɪɟɚɥɢɡɨɜɚɧɵ ɜ ɜɢɞɟ ɩɪɢɤɥɚɞɧɵɯ 

ɩɪɨɝɪɚɦɦ ɧɚ ɹɡɵɤɟ C++ [5] ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɪɚɮɢɱɟɫɤɨɣ ɛɢɛɥɢɨɬɟɤɢ OpenGL 

[1]. ȼ ɤɚɱɟɫɬɜɟ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɩɪɨɝɪɚɦɦ ɜɵɫɬɭɩɚɸɬ ɬɟɤɫɬɨɜɵɟ ɮɚɣɥɵ, 

ɫɨɞɟɪɠɚɳɢɟ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɨɛɴɟɤɬɚɯ ɦɟɫɬɧɨɫɬɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɧɚɛɨɪɵ ɢɡɨɥɢɧɢɣ. 

Ʉɚɠɞɚɹ ɢɡ ɢɡɨɥɢɧɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɨɪ ɤɨɨɪɞɢɧɚɬ ɫ ɨɞɢɧɚɤɨɜɨɣ ɜɵɫɨɬɨɣ. 

ȼ ɩɪɨɝɪɚɦɦɚɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɬɟɧɢɟ ɜɯɨɞɧɵɯ ɬɟɤɫɬɨɜɵɯ ɮɚɣɥɨɜ, ɢɡ ɤɨɬɨɪɵɯ 

ɜɵɞɟɥɹɟɬɫɹ ɢɧɮɨɪɦɚɰɢɹ ɬɨɥɶɤɨ ɨɛ ɢɡɨɥɢɧɢɹɯ, ɜɫɹ ɨɫɬɚɥɶɧɚɹ ɢɧɮɨɪɦɚɰɢɹ 

ɨɬɛɪɚɫɵɜɚɟɬɫɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦ ɧɚ ɷɤɪɚɧ ɜɵɜɨɞɢɬɫɹ ɢɡɨɛɪɚɠɟɧɢɟ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨɫɬɪɨɟɧɧɨɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɝɪɚɮɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɛɢɛɥɢɨɬɟɤɢ 

OpenGL. ɉɪɨɝɪɚɦɦɵ ɩɨɞɞɟɪɠɢɜɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɭɳɟɫɬɜɢɬɶ ɩɨɜɨɪɨɬɵ 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɥɹ ɭɞɨɛɫɬɜɚ ɜɨɫɩɪɢɹɬɢɹ ɩɨɥɶɡɨɜɚɬɟɥɟɦ. ɉɪɢ 

ɜɵɜɨɞɟ ɢɡɨɛɪɚɠɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɚɥɢɬɪɚ ɰɜɟɬɨɜ, ɤɚɠɞɵɣ ɰɜɟɬ ɤɨɬɨɪɨɣ 

ɨɛɨɡɧɚɱɚɟɬ ɪɚɡɧɵɟ ɭɪɨɜɧɢ ɜɵɫɨɬɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɩɨɥɭɱɚɟɦ ɰɜɟɬɧɨɟ 

ɢɡɨɛɪɚɠɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɢɥɥɸɫɬɪɢɪɭɸɳɟɟ ɪɟɥɶɟɮ ɦɟɫɬɧɨɫɬɢ. 

6.1 ɉɨɫɬɪɨɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɥɶɟɮɚ ɞɥя ɬɟɫɬɨɜɨɝɨ ɧɚɛɨɪɚ ɢɡɨɥɢɧɢɣ 

Ⱦɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɛɵɥ ɫɝɟɧɟɪɢɪɨɜɚɧ ɧɚɛɨɪ ɢɡɨɥɢɧɢɣ 

(ɪɢɫɭɧɨɤ 19), ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɧɟɤɭɸ ɢɫɤɭɫɫɬɜɟɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ. ɗɬɨɬ ɧɚɛɨɪ 

ɫɨɞɟɪɠɢɬ 12 ɢɡɨɥɢɧɢɣ (109 ɬɨɱɟɤ), ɪɚɡɞɟɥɹɸɳɢɯɫɹ ɧɚ ɬɪɢ ɝɪɭɩɩɵ, ɤɚɠɞɚɹ ɢɯ, 

ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɤɨɟ ɩɨɞɨɛɢɟ ɝɨɪɵ. ɉɟɪɟɩɚɞ ɜɵɫɨɬ ɜ ɢɡɨɥɢɧɢɹɯ 

ɫɨɫɬɚɜɥɹɟɬ ɨɬ 0 ɞɨ 140 ɦɟɬɪɨɜ.  

ɇɚ ɪɢɫɭɧɤɟ 18 ɩɪɟɞɫɬɚɜɥɟɧ ɜɵɜɨɞ ɩɪɨɝɪɚɦɦɵ ɨɛ ɭɫɩɟɲɧɨɦ ɱɬɟɧɢɢ ɞɚɧɧɵɯ 

ɢɡ ɜɯɨɞɧɨɝɨ ɬɟɤɫɬɨɜɨɝɨ ɮɚɣɥɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɜɵɲɟɭɤɚɡɚɧɧɵɣ ɧɚɛɨɪ ɢɡɨɥɢɧɢɣ. 

 

Ɋɢɫɭɧɨɤ 18 – ȼɵɜɨɞ ɩɪɨɝɪɚɦɦɵ ɨɛ ɭɫɩɟɲɧɨɦ ɱɬɟɧɢɢ ɞɚɧɧɵɯ ɢɡ 
ɬɟɤɫɬɨɜɨɝɨ ɮɚɣɥɚ 
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Ɍɟɤɫɬɨɜɵɣ ɮɚɣɥ, ɫɨɞɟɪɠɚɳɢɣ ɭɤɚɡɚɧɧɵɣ ɧɚɛɨɪ ɢɡɨɥɢɧɢɣ (ɪɢɫɭɧɨɤ 19), 

ɩɪɢɜɟɞɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ. 

 

Ɋɢɫɭɧɨɤ 19 – ɂɫɯɨɞɧɵɣ ɧɚɛɨɪ ɢɡɨɥɢɧɢɣ ɢɫɤɭɫɫɬɜɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ, ɪɟɚɥɢɡɭɸɳɟɣ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ 

№1 ɞɥɹ ɧɚɛɨɪɚ ɢɡɨɥɢɧɢɣ (ɪɢɫɭɧɨɤ 19), ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 20 ɫ ɱɟɬɵɪɟɯ 

ɪɚɤɭɪɫɨɜ (ɩɨɜɨɪɨɬ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ). 

 

Ɋɢɫɭɧɨɤ 20 – ɉɨɜɟɪɯɧɨɫɬɢ, ɩɨɫɬɪɨɟɧɧɵɟ ɞɥɹ ɫɝɟɧɟɪɢɪɨɜɚɧɧɨɝɨ ɧɚɛɨɪɚ 
ɢɡɨɥɢɧɢɣ 

 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ, ɫɬɪɨɹɳɭɸ ɪɟɝɭɥɹɪɧɭɸ ɫɟɬɤɭ, ɩɪɢɜɟɞɟɧɵ 

ɧɚ ɪɢɫɭɧɤɟ 21. ȼɵɱɢɫɥɟɧɢɹ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɞɥɹ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɫɟɬɤɢ ɫ ɱɢɫɥɨɦ 

ɪɚɡɛɢɟɧɢɣ N=6;20;60;120 ɩɨ ɤɚɠɞɨɣ ɪɚɡɦɟɪɧɨɫɬɢ.  
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Ɋɢɫɭɧɨɤ 21 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɪɟɝɭɥɹɪɧɨɣ ɫɟɬɤɢ ɫ ɱɢɫɥɨɦ 
ɪɚɡɛɢɟɧɢɣ ɚ) N=120; ɛ) N=6; ɜ) N=60; ɝ) N=20 

 

6.2 ɉɨɫɬɪɨɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɥɶɟɮɚ ɝɨɪɧɨɝɨ ɯɪɟɛɬɚ Ȼɨɪɭɫ 

Ⱥɥɝɨɪɢɬɦɵ ɩɪɢɦɟɧɹɥɢɫɶ ɢ ɬɟɫɬɢɪɨɜɚɥɢɫɶ ɬɚɤɠɟ ɞɥɹ ɪɟɚɥɶɧɨɣ ɦɟɫɬɧɨɫɬɢ, 

ɫ ɰɟɥɶɸ ɫɨɡɞɚɬɶ ɨɛɴɟɦɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɨɛɴɟɤɬɚ ɩɨ 

ɢɦɟɸɳɟɦɭɫɹ ɧɚɛɨɪɭ ɢɡɨɥɢɧɢɣ. Ⱦɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ ɛɵɥɚ ɜɵɛɪɚɧɚ ɜɟɤɬɨɪɧɚɹ ɤɚɪɬɚ 

ɝɨɪɧɨɝɨ ɯɪɟɛɬɚ Ȼɨɪɭɫ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɧɚ ɸɝɟ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ, ɜ ɫɢɫɬɟɦɟ 

Ɂɚɩɚɞɧɨɝɨ ɋɚɹɧɚ. Ʉɚɪɬɚ ɫɨɞɟɪɠɢɬ ɛɨɥɟɟ 500 ɢɡɨɥɢɧɢɣ, ɤɨɬɨɪɵɟ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ 

ɢɦɟɸɬ ɨɤɨɥɨ 3*105 ɬɨɱɟɤ. ɉɪɨɬɹɠɟɧɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 91.20º ɞɨ 91.40º 

ɜɨɫɬɨɱɧɨɣ ɞɨɥɝɨɬɵ ɢ ɨɬ 52.42º ɞɨ 52.54º ɫɟɜɟɪɧɨɣ ɲɢɪɨɬɵ, ɚ ɩɟɪɟɩɚɞ ɜɵɫɨɬ ɨɬ 

320 ɞɨ 2260 ɦɟɬɪɨɜ ɧɚɞ ɭɪɨɜɧɟɦ ɦɨɪɹ. ɇɚ ɪɢɫɭɧɤɟ 22 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɫɬɪɨɜɵɟ 

ɤɚɪɬɵ ɝɨɪɧɨɝɨ ɯɪɟɛɬɚ Ȼɨɪɭɫ, ɡɚɝɪɭɠɟɧɧɵɟ ɢɡ ɫɟɬɢ ɢɧɬɟɪɧɟɬ (ɫɩɪɚɜɚ ɫɤɪɢɧɲɨɬ 

ɤɚɪɬɵ ɢɡ Google Earth), ɞɥɹ ɜɨɡɦɨɠɧɨɝɨ ɫɪɚɜɧɟɧɢɹ ɢɯ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɛɨɬɵ 

ɩɪɨɝɪɚɦɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 24,25. 

 

Ɋɢɫɭɧɨɤ 22 – Ɋɚɫɬɪɨɜɵɟ ɤɚɪɬɵ ɝɨɪɧɨɝɨ ɯɪɟɛɬɚ Ȼɨɪɭɫ 
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ɇɚ ɪɢɫɭɧɤɟ 23 ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧ ɜɵɜɨɞ ɩɪɨɝɪɚɦɦɵ ɨɛ ɭɫɩɟɲɧɨɦ ɱɬɟɧɢɢ 

ɞɚɧɧɵɯ ɢɡ ɜɯɨɞɧɨɝɨ ɬɟɤɫɬɨɜɨɝɨ ɮɚɣɥɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɧɚɛɨɪ ɢɡɨɥɢɧɢɣ ɨ ɝɨɪɧɨɦ 

ɯɪɟɛɬɟ Ȼɨɪɭɫ. 

 

Ɋɢɫɭɧɨɤ 23 – ȼɵɜɨɞ ɩɪɨɝɪɚɦɦɵ ɨɛ ɭɫɩɟɲɧɨɦ ɱɬɟɧɢɢ ɞɚɧɧɵɯ ɢɡ 
ɬɟɤɫɬɨɜɨɝɨ ɮɚɣɥɚ 

 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ, ɪɟɚɥɢɡɭɸɳɟɣ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ 

№1, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 24 ɫ ɱɟɬɵɪɟɯ ɪɚɤɭɪɫɨɜ (ɩɨɜɨɪɨɬ ɩɨɜɟɪɯɧɨɫɬɢ 

ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ). 

 

Ɋɢɫɭɧɨɤ 24 – ȼɵɱɢɫɥɢɬɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ №1. ɇɟɪɟɝɭɥɹɪɧɚɹ ɬɪɟɭɝɨɥɶɧɚɹ ɫɟɬɤɚ 
 

ɋ ɩɪɢɦɟɧɟɧɢɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɚ №2 ɩɨɫɬɪɨɟɧɚ ɪɟɝɭɥɹɪɧɚɹ 

ɬɪɟɭɝɨɥɶɧɚɹ ɫɟɬɤɚ. ȼɵɱɢɫɥɟɧɢɹ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɞɥɹ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɫɟɬɤɢ ɫ 

ɱɢɫɥɨɦ ɪɚɡɛɢɟɧɢɣ N=20;80;180;400 ɩɨ ɤɚɠɞɨɣ ɪɚɡɦɟɪɧɨɫɬɢ.  ɉɨɥɭɱɟɧɧɵɟ 

ɰɢɮɪɨɜɵɟ ɦɨɞɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫ ɱɟɬɵɪɟɯ ɪɚɡɧɵɯ ɪɚɤɭɪɫɨɜ ɧɚ ɪɢɫɭɧɤɟ 25 

(ɩɨɜɨɪɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ).  
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Ɋɢɫɭɧɨɤ 25 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɪɟɝɭɥɹɪɧɨɣ ɫɟɬɤɢ ɫ 
ɱɢɫɥɨɦ ɪɚɡɛɢɟɧɢɣ ɚ) N=180; ɛ) N=400; ɜ) N=20; ɝ) N=80 

 

6.3 ɉɨɫɬɪɨɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɥɶɟɮɚ ɝɨɪɧɨɝɨ ɯɪɟɛɬɚ Ʉɭɬɭɪɱɢɧ 

Ʉɭɬɭɪɱɢɧɫɤɨɟ Ȼɟɥɨɝɨɪɶɟ (Ʉɭɬɭɪɱɢɧ) – ɝɨɪɧɵɣ ɯɪɟɛɟɬ ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ 

ɨɤɨɥɨ 80 ɤɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɜ Ʉɪɚɫɧɨɹɪɫɤɨɦ ɤɪɚɟ, ɜ ɩɪɟɞɟɥɚɯ ȼɨɫɬɨɱɧɨɝɨ 

ɋɚɹɧɚ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɯɪɟɛɬɨɜ, ɜɟɪɲɢɧ ɢ ɝɨɪɧɵɯ ɩɥɚɬɨ.  

ɉɪɨɬɹɠɟɧɧɨɫɬɶ ɜɵɛɪɚɧɧɨɣ ɤɚɪɬɵ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 93.61º ɞɨ 94.35º ɜɨɫɬɨɱɧɨɣ 

ɞɨɥɝɨɬɵ ɢ ɨɬ 54.69º ɞɨ 55.05º ɫɟɜɟɪɧɨɣ ɲɢɪɨɬɵ. Ʉɚɪɬɚ ɫɨɞɟɪɠɢɬ 3070 ɢɡɨɥɢɧɢɣ, 

ɤɨɬɨɪɵɟ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɨɞɟɪɠɚɬ ɨɤɨɥɨ 23*104 ɜɟɪɲɢɧ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ 

ɯɪɟɛɬɚ – 1876 ɦ. ɉɨɥɭɱɟɧɧɵɟ ɰɢɮɪɨɜɵɟ ɦɨɞɟɥɢ ɩɪɢɜɟɞɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ. 

6.4 ɉɨɫɬɪɨɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɥɶɟɮɚ ɝɨɪɧɨɝɨ ɯɪɟɛɬɚ ȿɪɝɚɤɢ 

Ƚɨɪɧɵɣ ɯɪɟɛɟɬ ȿɪɝɚɤɢ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɸɝɟ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ, ɜɯɨɞɢɬ 

ɜ ɫɨɫɬɚɜ Ɂɚɩɚɞɧɨɝɨ ɋɚɹɧɚ. ɉɪɨɬɹɠёɧɧɨɫɬɶ ɫ ɫɟɜɟɪɚ ɧɚ ɸɝ ɫɨɫɬɚɜɥɹɟɬ 75 ɤɦ, ɚ ɩɨ 

ɞɨɥɝɨɬɟ – ɨɤɨɥɨ 120 ɤɦ.   

ɉɪɨɬɹɠɟɧɧɨɫɬɶ ɜɵɛɪɚɧɧɨɣ ɤɚɪɬɵ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 92.87º ɞɨ 93.70º ɜɨɫɬɨɱɧɨɣ 

ɞɨɥɝɨɬɵ ɢ ɨɬ 52.44º ɞɨ 53.01º ɫɟɜɟɪɧɨɣ ɲɢɪɨɬɵ. Ʉɚɪɬɚ ɫɨɞɟɪɠɢɬ 3108 ɢɡɨɥɢɧɢɣ, 

ɤɨɬɨɪɵɟ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɨɞɟɪɠɚɬ ɨɤɨɥɨ 16*105 ɜɟɪɲɢɧ. ȼɵɫɨɬɚ ɨɬ 1100 ɦ ɞɨ 
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1800 ɦ. Ƚɥɚɜɧɵɟ ɩɢɤɢ ȿɪɝɚɤ ɞɨɫɬɢɝɚɸɬ 2000-2200 ɦ. ɇɚɢɜɵɫɲɚɹ ɜɟɪɲɢɧɚ – ɩɢɤ 

Ɂɜёɡɞɧɵɣ, ɜɵɫɨɬɚ 2265 ɦ. ɉɨɥɭɱɟɧɧɵɟ ɰɢɮɪɨɜɵɟ ɦɨɞɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɩɪɢɥɨɠɟɧɢɢ Ƚ. 

Ɍɟɤɫɬɵ ɩɪɨɝɪɚɦɦ, ɪɟɚɥɢɡɭɸɳɢɟ ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ 

ɚɥɝɨɪɢɬɦɵ ɩɪɢɜɟɞɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɹɯ. ȼ ɩɪɢɥɨɠɟɧɢɢ Ⱦ ɩɪɟɞɫɬɚɜɥɟɧ ɬɟɤɫɬ 

ɩɪɨɝɪɚɦɦɵ, ɪɟɚɥɢɡɭɸɳɟɣ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ №1, ɚ ɜ ɩɪɢɥɨɠɟɧɢɢ ȿ – 

ɬɟɤɫɬ ɩɪɨɝɪɚɦɦɵ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɚ №2. 
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ɁȺɄɅɘɑȿɇɂȿ 
 

ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɪɟɲɟɧɵ ɜɫɟ ɩɨɫɬɚɜɥɟɧɧɵɟ ɡɚɞɚɱɢ. 

1. Ɋɟɚɥɢɡɨɜɚɧ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ ɩɨɫɬɪɨɟɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɥɶɟɮɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɪɢɚɧɝɭɥɹɰɢɢ Ⱦɟɥɨɧɟ.  

2. Ɋɟɚɥɢɡɨɜɚɧ ɜɨɥɧɨɜɨɣ ɢɬɟɪɚɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ ɩɨɫɬɪɨɟɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɥɶɟɮɚ.  

3. ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɚɥɝɨɪɢɬɦɵ ɪɟɚɥɢɡɨɜɚɧɵ ɜ ɜɢɞɟ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɧɚ ɹɡɵɤɟ ɋ++ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɪɚɮɢɱɟɫɤɨɣ 

ɛɢɛɥɢɨɬɟɤɢ OpenGL. 

4. ɉɪɨɜɟɞɟɧɵ ɬɟɫɬɨɜɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 
 

1. Ȼɚɪɚɧɨɜ ɋ. ɇ.   Ɉɫɧɨɜɵ ɤɨɦɩɶɸɬɟɪɧɨɣ ɝɪɚɮɢɤɢ [Ɍɟɤɫɬ] : ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ 

/ ɋ. ɇ. Ȼɚɪɚɧɨɜ, ɋ. Ƚ. Ɍɨɥɤɚɱ ; ɋɢɛ. ɮɟɞɟɪ. ɭɧ-ɬ, ɂɧ-ɬ ɦɚɬɟɦɚɬɢɤɢ ɢ 

ɮɭɧɞɚɦɟɧɬ. ɢɧɮɨɪɦɚɬɢɤɢ. - Ʉɪɚɫɧɨɹɪɫɤ: ɋɎɍ, 2018. ‒ 85 ɫ. 

2. ȼɚɪɮɨɥɨɦɟɟɜ ɂ.ȼ.  Ⱥɥɝɨɪɢɬɦɵ ɢ ɫɬɪɭɤɬɭɪɵ ɞɚɧɧɵɯ ɝɟɨɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɫɢɫɬɟɦ: Ɇɟɬɨɞɢɱɟɫɤɢɟ ɭɤɚɡɚɧɢɹ ɞɥɹ ɫɬɭɞɟɧɬɨɜ ɫɩɟɰɢɚɥɶɧɨɫɬɢ 071903 – 

«Ƚɟɨɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ» / ȼɚɪɮɨɥɨɦɟɟɜ ɂ.ȼ., ȿɪɦɚɤɨɜɚ ɂ.Ƚ., 

ɋɚɜɟɥɶɟɜ Ⱥ.ɋ. – Ʉɪɚɫɧɨɹɪɫɤ: ɄȽɌɍ, 2003. – 34 ɫ.  

3. Ʉɨɲɟɥɶ ɋ.Ɇ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɪɟɥɶɟɮɚ ɩɨ ɢɡɨɥɢɧɢɹɦ. Ƚɟɨɝɪɚɮɢɱɟɫɤɢɣ 

ɮɚɤɭɥɶɬɟɬ ɆȽɍ ɢɦ. Ʌɨɦɨɧɨɫɨɜɚ,  ɤɚɮɟɞɪɚ ɤɚɪɬɨɝɪɚɮɢɢ ɢ 

ɝɟɨɢɧɮɨɪɦɚɬɢɤɢ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: ‒ Ɋɟɠɢɦ ɞɨɫɬɭɩɚ 

https://www.researchgate.net/publication/294870416_Modelirovanie_relefa_p

o_izoliniam  

4. Ɉɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɧɚ C++: ɭɱɟɛɧɢɤ / ɂ.ȼ. 

Ȼɚɪɚɧɨɜɚ, ɋ.ɇ. Ȼɚɪɚɧɨɜ, ɂ.ȼ. Ȼɚɠɟɧɨɜɚ [ɢ ɞɪ.]. ‒ Ʉɪɚɫɧɨɹɪɫɤ: ɋɢɛ. ɮɟɞɟɪ. 

ɭɧ-ɬ, 2019. ‒ 288ɫ. 

5. ɋɤɜɨɪɰɨɜ Ⱥ.ȼ. Ɍɪɢɚɧɝɭɥɹɰɢɹ Ⱦɟɥɨɧɟ ɢ ɟё ɩɪɢɦɟɧɟɧɢɟ. Ɍɨɦɫɤ. 2002. – 128 

ɫ.  

6. ɏɪɨɦɵɯ ȼ.ȼ. ɐɢɮɪɨɜɵɟ ɦɨɞɟɥɢ ɪɟɥɶɟɮɚ: ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ɏɪɨɦɵɯ ȼ.ȼ., 

ɏɪɨɦɵɯ Ɉ.ȼ. – Ɍɨɦɫɤ: ɂɡɞ-ɜɨ «ɌɆɅ-ɉɪɟɫɫ», 2007. – 178 ɫ.  

7. ɒɧɢɬɤɨ ɋ.Ƚ. Ʉɨɧɫɩɟɤɬ ɥɟɤɰɢɣ ɩɨ ɩɪɟɞɦɟɬɭ «Ƚɂɋ ɜ ɝɟɨɞɟɡɢɢ» 

[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ:  

http://konferenciya.seluk.ru/lekcii/1099429-1-konspekt-lekciy-obschie-

svedeniya-geoinformacionnih-sistemah-ponyatie-geograficheskoy-

informacionnoy-sistemi-poyavlenie.php 
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ɉɊɂɅɈɀȿɇɂə 

ɉɪɢɥɨɠɟɧɢɟ Ⱥ. ɗɬɚɩɵ ɩɨɫɬɪɨɟɧɢя ɩɨɜɟɪɯɧɨɫɬɢ ɝɨɪɧɨɝɨ ɯɪɟɛɬɚ Ȼɨɪɭɫ 

 

Ɋɢɫɭɧɨɤ Ⱥ.1 – ɗɬɚɩɵ ɩɨɫɬɪɨɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɝɨɪɧɨɝɨ ɯɪɟɛɬɚ Ȼɨɪɭɫ

 

 

2) 

 

 

 

3) 

 

 

 

 

4) 

 

 

 

 

5) 



 

ɉɪɢɥɨɠɟɧɢɟ Ȼ. ɇɚɛɨɪ ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɯ ɢɡɨɥɢɧɢɣ  
 

[POLYLINE] 
Type=0x20 
Label=0 
Data=(10,55),(17.5,60),(27.5,65),(37.5,67.5),(45,75),(52.
5,80),(67.5,85),(75,85),(82.5,82.5),(90,77.5),(95,82.5),(
102.5,87.5),(112.5,87.5),(117.5,82.5),(120,77.5),(125,75)
,(130,70),(130,65),(132.5,60),(132.5,55),(130,50),(125,47
.5),(115,37.5),(107.5,35),(105,30),(102.5,22.5),(100,12.5
),(90,10),(75,5),(70,5),(65,2.5),(60,2.5),(47.5,10),(40,2
0),(35,22.5),(32.5,30),(25,32.5),(20,35),(15,35),(10,37.5
),(7.5,42.5),(7.5,47.5) 
[END] 
[POLYLINE] 
Type=0x20 
Label=20 
Data=(27.5,60),(40,62.5),(45,52.5),(47.5,42.5),(42.5,35),
(32.5,32.5),(20,37.5),(15,40),(15,47.5),(15,52.5) 
[END] 
[POLYLINE] 
Type=0x20 
Label=20 
Data=(97.5,72.5),(102.5,82.5),(112.5,82.5),(117.5,72.5),(
125,65),(125,52.5),(110,40),(110,50),(107.5,60) 
[END] 
[POLYLINE] 
Type=0x20 
Label=40 
Data=(20,52.5),(35,57.5),(42.5,50),(42.5,40),(35,37.5),(2
5,40),(20,47.5) 
[END] 
[POLYLINE] 
Type=0x20 
Label=40 
Data=(57.5,57.5),(47.5,70),(60,80),(72.5,82.5),(80,77.5),
(90,70),(100,55),(107.5,42.5),(100,30),(92.5,17.5),(67.5,
10),(55,10),(47.5,25),(60,42.5) 
[END] 
[POLYLINE] 
Type=0x20 
Label=60 
Data=(25,50),(30,52.5),(40,50),(40,42.5),(27.5,42.5) 
[END] 
[POLYLINE] 



 

Type=0x20 
Label=60 
Data=(107.5,72.5),(115,67.5),(120,60),(117.5,52.5),(107.5
,60) 
[END] 
[POLYLINE] 
Type=0x20 
Label=80 
Data=(27.5,47.5),(32.5,50),(35,45) 
[END] 
[POLYLINE] 
Type=0x20 
Label=80 
Data=(115,60) 
[END] 
[POLYLINE] 
Type=0x20 
Label=80 
Data=(67.5,45),(80,55),(90,47.5),(92.5,30),(80,17.5),(62.
5,17.5),(57.5,27.5) 
[END] 
[POLYLINE] 
Type=0x20 
Label=100 
Data=(67.5,32.5),(77.5,40),(85,30),(77.5,20),(70,22.5) 
[END] 
[POLYLINE] 
Type=0x20 
Label=140 
Data=(75,27.5) 
[END] 

  



 

ɉɪɢɥɨɠɟɧɢɟ ȼ. ɉɨɥɭɱɟɧɧɵɟ ɰɢɮɪɨɜɵɟ ɦɨɞɟɥɢ ɝɨɪɧɨɝɨ ɯɪɟɛɬɚ 
Ʉɭɬɭɪɱɢɧ 

ɉɨɥɭɱɟɧɧɚɹ ɐɆɊ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɚ №1 ɫ 

ɱɟɬɵɪɟɯ ɪɚɤɭɪɫɨɜ (ɩɨɜɨɪɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ) 

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ ȼ.1. 

 

 

Ɋɢɫɭɧɨɤ ȼ.1 – ȼɵɱɢɫɥɢɬɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ №1 

 

ɉɨɥɭɱɟɧɧɚɹ ɐɆɊ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɚ №2 ɫ 

ɱɟɬɵɪɟɯ ɪɚɤɭɪɫɨɜ (ɩɨɜɨɪɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ) ɞɥɹ 

ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɫɟɬɤɢ ɫ ɱɢɫɥɨɦ ɪɚɡɛɢɟɧɢɣ N=30;80;160;400 ɩɨ ɤɚɠɞɨɣ 

ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ ȼ.2.  



 

 

Ɋɢɫɭɧɨɤ ȼ.2 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɪɟɝɭɥɹɪɧɨɣ ɫɟɬɤɢ ɫ ɱɢɫɥɨɦ 
ɪɚɡɛɢɟɧɢɣ ɚ) N=160; ɛ) N=30; ɜ) N=400; ɝ) N=80 

  



 

ɉɪɢɥɨɠɟɧɢɟ Ƚ. ɉɨɥɭɱɟɧɧɵɟ ɰɢɮɪɨɜɵɟ ɦɨɞɟɥɢ ɝɨɪɧɨɝɨ ɯɪɟɛɬɚ 
ȿɪɝɚɤɢ 

ɉɨɥɭɱɟɧɧɚɹ ɐɆɊ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɚ №1 ɫ 

ɱɟɬɵɪɟɯ ɪɚɤɭɪɫɨɜ (ɩɨɜɨɪɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ) 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ Ƚ.1. 

 

 

Ɋɢɫɭɧɨɤ Ƚ.1 – ȼɵɱɢɫɥɢɬɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ №1 

 

ɉɨɥɭɱɟɧɧɚɹ ɐɆɊ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɚ №2 ɫ 

ɱɟɬɵɪɟɯ ɪɚɤɭɪɫɨɜ (ɩɨɜɨɪɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ) ɞɥɹ 

ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɫɟɬɤɢ ɫ ɱɢɫɥɨɦ ɪɚɡɛɢɟɧɢɣ N=30;60;150;400 ɩɨ ɤɚɠɞɨɣ 

ɪɚɡɦɟɪɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ Ƚ.2. 



 

 

Ɋɢɫɭɧɨɤ Ƚ.2 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɪɟɝɭɥɹɪɧɨɣ ɫɟɬɤɢ ɫ ɱɢɫɥɨɦ 
ɪɚɡɛɢɟɧɢɣ ɚ) N=150; ɛ) N=30; ɜ) N=60; ɝ) N=400 

 

  



 

ɉɪɢɥɨɠɟɧɢɟ Ⱦ. Ɍɟɤɫɬ ɩɪɨɝɪɚɦɦɵ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɚ №1 
 

#include <iostream> 
#include <math.h> 
#include <windows.h> 
#include <vector> 
#include <fstream> 
#include <string> 
#include <GL/gl.h> 
#include <GL/glu.h> 
#include "glaux.h" 
using namespace std; 
#include "Delaunay.h" 
#pragma comment (lib,"opengl32.lib") 
#pragma comment (lib,"glu32.lib") 
#pragma comment (lib, "glaux.lib") 
#pragma comment(lib, "legacy_stdio_definitions.lib")  
// Ɉɩɢɫɚɧɢɟ ɬɢɩɨɜ ɞɚɧɧɵɯ: 
struct Point //ɡɚɩɢɫɶ ɬɨɱɟɤ 
{ 
 double x, y, z; 
 Point(double x_ = 0, double y_ = 0, double z_ = 0) 
 { 
  x = x_; 
  y = y_; 
  z = z_; 
 } 
}; 
typedef vector<Point> Vector; 
Vector V; 
pvector p, tr; 
void Load(string filename, Vector& V);//Ɂɚɝɪɭɡɤɚ 
float anglez = 45, anglex = 0, rz = 200; 
float ex = 0, ey = 10, ez = 0; 
float ax = 0, ay = 0, az = 0; 
int  zmax; 
const int CountColors = 20; 
double RGB[CountColors][3] = 
{ 
 {0,0,0}, 
 {0.15,0.07,0}, 
 {0.27,0.17,0.06}, 
 {0.44,0.26,0.17}, 
 {0.40,0.27,0.19}, 
 {0.37,0.21,0.08}, 



 

 {0.56,0.33,0.17}, 
 {0.45,0.29,0.17}, 
      {0.63,0.39,0.2}, 
 {0.79,0.62,0.25}, 
      {0.85,0.69,0.3}, 
      {0.77,0.76,0.38}, 
      {0.58,0.62,0.27}, 
 {0.35,0.46,0.15}, 
 {0.18,0.34,0.04}, 
 {0.1,0.25,0.01}, 
      {0.03,0.18,0.04}, 
 {0.0,0.14,0.06}, 
 {0,0.13,0.18}, 
      {0,0.09,0.08} 
}; 
void CALLBACK PressKeyA(void) // ɲɚɝ ɩɨ ɤɪɭɝɭ 
{ 
 anglez += 0.1; 
} 
void CALLBACK PressKeyD(void) // ɲɚɝ ɩɨ ɤɪɭɝɭ 
{ 
 anglez -= 0.1; 
} 
 
void CALLBACK PressKeyW(void) // ɲɚɝ ɜɩɟɪɟɞ 
{ 
 rz -= 1; 
} 
void CALLBACK PressKeyS(void)// ɲɚɝ ɧɚɡɚɞ 
{ 
 rz += 1; 
} 
void CALLBACK PressKeyQ(void) // ɲɚɝ ɜɜɟɪɯ 
{ 
 ey += 10; 
} 
void CALLBACK PressKeyE(void) // ɲɚɝ ɜɧɢɡ 
{ 
 ey -= 10; 
} 
void CALLBACK resize(int width, int height) 
{ 
 glViewport(0, 0, width, height);//ɨɛɥɚɫɬɶ ɜɵɜɨɞɚ 
OpenGL-ɝɪɚɮɢɤɢ, ɫɨɜɩɚɞɚɟɬ ɫ ɪɚɡɦɟɪɨɦ ɨɤɧɚ 



 

 glMatrixMode(GL_PROJECTION);//ɜɤɥɸɱɟɧɢɟ ɪɟɠɢɦɚ ɪɚɛɨɬɵ 
ɫ ɦɚɬɪɢɰɟɣ ɩɪɨɟɤɰɢɣ  
 glLoadIdentity();//ɡɚɝɪɭɡɤɚ ɟɞɢɧɢɱɧɨɣ ɦɚɬɪɢɰɵ, 
ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ ɫɛɪɨɫ ɬɟɤɭɳɟɣ ɦɚɬɪɢɰɵ 
 gluPerspective(1500, double(width) / height, 1, 
1000);//ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɬɢɩ ɩɪɨɟɤɰɢɢ. Ɂɚɞɚɧɢɟ ɩɟɪɫɩɟɤɬɢɜɧɨɣ 
ɩɪɨɟɤɰɢɢ 
 glMatrixMode(GL_MODELVIEW);//ɜɤɥɸɱɟɧɢɟ ɪɟɠɢɦɚ ɪɚɛɨɬɵ 
ɫ ɦɨɞɟɥɶɧɨ-ɜɢɞɨɜɨɣ ɦɚɬɪɢɰɟɣ  
} 
void system(int n) // Ɏɭɧɤɢɹ - ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ 
{ 
 glLineWidth(2); 
 //ɨɫɶ OX - ɤɪɚɫɧɵɣ 
 glBegin(GL_LINES); 
 glColor3d(1, 0, 0); 
 glVertex3d(-n, 0, 0); 
 glVertex3d(n, 0, 0); 
 glEnd(); 
 //ɫɬɪɟɥɤɢ ɧɚ Ɉɏ 
 glBegin(GL_LINE_STRIP); 
 glVertex3d(n - 2, 2, 0); 
 glVertex3d(n, 0, 0); 
 glVertex3d(n - 2, -2, 0); 
 glEnd(); 
 //ɨɫɶ OY - ɫɢɧɢɣ 
 glBegin(GL_LINES); 
 glColor3d(0, 0, 1); 
 glVertex3d(0, -n, 0); 
 glVertex3d(0, n, 0); 
 glEnd(); 
 //ɫɬɪɟɥɤɢ ɧɚ ɈY 
 glBegin(GL_LINE_STRIP); 
 glVertex3d(-2, n - 2, 0); 
 glVertex3d(0, n, 0); 
 glVertex3d(2, n - 2, 0); 
 glEnd(); 
 //ɨɫɶ OZ - ɡɟɥɟɧɵɣ 
 glBegin(GL_LINES); 
 glColor3d(0, 1, 0); 
 glVertex3d(0, 0, n); 
 glVertex3d(0, 0, -n); 
 glEnd(); 
 //ɫɬɪɟɥɤɢ ɧɚ ɈZ 
 glBegin(GL_LINE_STRIP); 



 

 glVertex3d(0, -2, n - 2); 
 glVertex3d(0, 0, n); 
 glVertex3d(0, 2, n - 2); 
 glEnd(); 
} 
 
void DrawTriangle(GLdouble x1, GLdouble y1, GLdouble z1, 
 GLdouble x2, GLdouble y2, GLdouble z2, 
 GLdouble x3, GLdouble y3, GLdouble z3, 
 GLdouble r1, GLdouble g1, GLdouble b1, 
 GLdouble r2, GLdouble g2, GLdouble b2, 
 GLdouble r3, GLdouble g3, GLdouble b3) 
{ // ɩɟɪɟɞɚɸɬɫɹ ɤɨɨɪɞɢɧɚɬɵ ɢ ɰɜɟɬɚ ɬɪɟɯ ɬɨɱɟɤ ɬɪɟɭɝɨɥɶɧɢɤɚ 
 glBegin(GL_TRIANGLES); 
 glColor3d(r1, g1, b1);  glVertex3d(x1, y1, z1); 
 glColor3d(r2, g2, b2);  glVertex3d(x2, y2, z2); 
 glColor3d(r3, g3, b3);  glVertex3d(x3, y3, z3); 
 glEnd(); 
} 
void TRIANGLES_Kontur(float x1, float y1, float z1, float 
x2, float y2, float z2, float x3, float y3, float z3, float 
r, float b, float g) //ɤɨɧɬɭɪ ɬɪɟɭɝɨɥɶɧɢɤɚ  
{ 
 glPolygonMode(GL_FRONT_AND_BACK,GL_LINE);//ɪɟɠɢɦ 
ɪɚɫɬɟɪɢɡɚɰɢɢ(ɡɚɥɢɜɤɚ, ɤɨɧɬɭɪ ɢɥɢ ɬɨɱɤɢ ɜɟɪɲɢɧ)- ɤɨɧɬɭɪ 
 glLineWidth(4); 
 glBegin(GL_TRIANGLES); 
 glColor3d(r, g, b); 
 glVertex3f(x1, y1, z1); 
 glVertex3f(x2, y2, z2); 
 glVertex3f(x3, y3, z3); 
 glEnd(); 
 glPolygonMode(GL_FRONT_AND_BACK, 
GL_FILL);//ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɪɟɠɢɦɚ ɩɨ ɭɦɨɥɱɚɧɢɸ - ɡɚɥɢɜɤɚ 
} 
void san() 
{ 
 float H; 
 int k1, k2, k3; 
 float r1, r2, r3, g1, g2, g3, b1, b2, b3; 
 float min_z, max_z, min_x, max_x, min_y, max_y; 
//ɧɚɯɨɠɭ ɦɚɤɫɢɦɚɥɶɧɵɟ ɢ ɦɢɧɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɯ,y,z 
 min_z = max_z = V[0].z; 
 min_x = max_x = V[0].x; 
 min_y = max_y = V[0].y; 



 

 for (int i = 0;i < V.size();i++) 
 { 
  if (V[i].z < min_z) 
   min_z = V[i].z; 
  if (V[i].z > max_z) 
   max_z = V[i].z; 
  if (V[i].x < min_x) 
   min_x = V[i].x; 
  if (V[i].x > max_x) 
   max_x = V[i].x; 
  if (V[i].y < min_y) 
   min_y = V[i].y; 
  if (V[i].y > max_y) 
   max_y = V[i].y; 
 } 
 H = (max_z - min_z) / CountColors;// ɪɚɡɛɢɜɚɸ ɜɵɫɨɬɵ 
ɧɚ ɱɚɫɬɢ ɩɨ ɰɜɟɬɚɢ 
 Point A, B, C; 
 for (int i = 0;i < tr.size(); i++) 
 { 
  for (int j = 0; j < p.size(); j++) 
  { 
   if (tr[i].x == p[j].x && tr[i].y == p[j].y) { 
    tr[i].z = p[j].z; 
    break; 
   } 
  } 
 } 
 for (int i = 0;i < tr.size(); i += 3) 
 { 
  A.x = tr[i].x; A.y = tr[i].y; A.z = tr[i].z; 
  B.x = tr[i + 1].x; B.y = tr[i + 1].y; B.z = tr[i 
+ 1].z; 
  C.x = tr[i + 2].x; C.y = tr[i + 2].y; C.z = tr[i 
+ 2].z; 
 
  k1 = (max_z - A.z) / H; 
  if (k1 == CountColors) k1 = CountColors - 1; 
  r1 = RGB[k1][0];g1 = RGB[k1][1];b1 = RGB[k1][2]; 
 
  k2 = (max_z - B.z) / H; 
  if (k2 == CountColors) k2 = CountColors - 1; 
  r2 = RGB[k2][0];g2 = RGB[k2][1];b2 = RGB[k2][2]; 
 
  k3 = (max_z - C.z) / H; 



 

  if (k3 == CountColors) k3 = CountColors - 1; 
  r3 = RGB[k3][0];g3 = RGB[k3][1];b3 = RGB[k3][2]; 
  //ɪɢɫɭɸ ɬɪɟɭɝɨɥɶɧɢɤ 
  DrawTriangle( 
   A.x, A.y, A.z, 
   B.x, B.y, B.z, 
   C.x, C.y, C.z, 
   r1, g1, b1, 
   r2, g2, b2, 
   r3, g3, b3); 
 } 
} 
void scene() 
{ 
 glRotated(-90, 1, 0, 0); 
 glRotatef(0.45f, 0.0f, 0.0f, 1.0f); //ɩɨɜɨɪɚɱɢɜɚɟɦ ɩɨ 
ɲɤɨɥɟ z ɧɚ 45 ɝɪɚɞɭɫɨɜ,  
 glPushMatrix();//ɫɨɯɪɚɧɢɥɢ ɬɟɤɭɳɭɸ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ
  
 san(); 
 glPopMatrix(); 
} 
void CALLBACK display(void) 
{ 
 glClear(GL_COLOR_BUFFER_BIT|GL_DEPTH_BUFFER_BIT); 
//ɨɱɢɳɚɟɦ ɛɭɮɟɪ ɰɜɟɬɚ ɢ ɛɭɮɟɪ ɝɥɭɛɢɧɵ 
 glLoadIdentity(); 
 ex = rz * sin(anglez); 
 ez = rz * cos(anglez); 
 gluLookAt(ex, ey, ez, ax, ay, az, 0, 1, 0); 
 scene(); 
 auxSwapBuffers();//ɷɬɚ ɤɨɦɚɧɞɚ ɜɵɜɨɞɢɬ ɫɨɞɟɪɠɢɦɨɝɨ 
ɛɭɮɟɪɚ ɧɚ ɷɤɪɚɧ  
} 
void RunOpenGL() 
{ 
 auxKeyFunc(AUX_w, PressKeyW); 
 auxKeyFunc(AUX_s, PressKeyS); 
 auxKeyFunc(AUX_a, PressKeyA); 
 auxKeyFunc(AUX_d, PressKeyD); 
 auxKeyFunc(AUX_q, PressKeyQ); 
 auxKeyFunc(AUX_e, PressKeyE); 
 auxInitPosition(0, 0, 1000, 1000);// ɜɟɪɯɧɢɣ ɥɟɜɵɣ 
ɭɝɨɥ (0,0), ɲɢɪɢɧɚ ɢ ɜɵɫɨɬɚ - 1000 



 

 auxInitDisplayMode(AUX_RGB|AUX_DEPTH|AUX_DOUBLE);// 
ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɩɚɪɚɦɟɬɪɵ ɤɨɧɬɟɤɫɬɚ OpenGL 
 auxInitWindow(L"Glaux Template");// ɫɨɡɞɚɟɦ ɨɤɧɨ ɧɚ 
ɷɤɪɚɧɟ 
 // ɧɚɲɟ ɨɤɧɨ ɛɭɞɟɬ ɩɨɥɭɱɚɬɶ ɫɨɨɛɳɟɧɢɹ ɨɬ ɤɥɚɜɢɚɬɭɪɵ, 
ɦɵɲɢ, ɬɚɣɦɟɪɚ ɢɥɢ ɥɸɛɵɟ ɞɪɭɝɢɟ 
 // ɤɨɝɞɚ ɧɢɤɚɤɢɯ ɫɨɨɛɳɟɧɢɣ ɧɟɬ, ɛɭɞɟɬ ɜɵɡɵɜɚɬɶɫɹ 
ɮɭɧɤɰɢɹ display. Ɍɚɤ ɦɵ ɩɨɥɭɱɚɟɦ ɚɧɢɦɚɰɢɸ 
 auxIdleFunc(display); 
 auxReshapeFunc(resize); 
 glClearColor(1, 1, 1, 0); //ɰɜɟɬ ɮɨɧɚ 
 glEnable(GL_DEPTH_TEST);//ɜɤɥɸɱɢɬɶ ɬɟɫɬ ɝɥɭɛɢɧɵ 
} 
void Load(string filename, Vector& V)//Ɂɚɝɪɭɡɤɚ ɦɧɨɠɟɫɬɜɚ 
ɬɨɱɟɤ ɫ ɮɚɣɥɚ 
{ 
 fstream Loading(filename.c_str()); 
 string str, str2; 
 char symbol; 
 double h, x, y, z; 
 while (!Loading.eof()) 
 { 
  do 
  { 
   getline(Loading, str, '\n'); 
  } while (str != "[POLYLINE]"); 
  getline(Loading, str, '\n'); // Type 
  getline(Loading, str, '='); // Label 
  Loading >> h; 
  getline(Loading, str, '='); // Data0 
  Loading.get(); 
  while (1) 
  { 
   Loading >> y >> symbol >> x; 
   do 
   { 
    Loading >> symbol; 
   } while (!isdigit(Loading.peek()) && symbol 
!= '['); 
   V.push_back(Point(x * 67000, y * 111000, 
h));// ɩɪɨɢɡɜɟɥɚ ɩɟɪɟɜɨɞ ɲɢɪɨɬɵ ɢ ɞɨɥɝɨɬɵ ɜ ɦɟɬɪɵ 
   //V.push_back(Point(x, y, h)); 
   //V.push_back(Point(floor(x*10)/100, floor(y 
* 10) / 100, h/10)); 
   if (symbol == '[' || symbol == 'E') break; 



 

  } 
  getline(Loading, str, '\n'); 
  Loading.get(); 
 } 
 //ɧɚɯɨɠɭ ɦɚɤɫɢɦɚɥɶɧɵɟ ɢ ɦɢɧɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɯ,y,z 
 float min_z, max_z, min_x, max_x, min_y, max_y; 
 min_z = max_z = V[0].z; 
 min_x = max_x = V[0].x; 
 min_y = max_y = V[0].y; 
 for (int i = 0;i < V.size();i++) 
 { 
  if (V[i].z < min_z) 
   min_z = V[i].z; 
  if (V[i].z > max_z) 
   max_z = V[i].z; 
  if (V[i].x < min_x) 
   min_x = V[i].x; 
  if (V[i].x > max_x) 
   max_x = V[i].x; 
  if (V[i].y < min_y) 
   min_y = V[i].y; 
  if (V[i].y > max_y) 
   max_y = V[i].y; 
 } 
 float DX = (max_x + min_x) / 2; //ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ 
 float DY = (max_y + min_y) / 2; 
 float DZ = (max_z + min_z) / 2; 
 float MAXXX = max((max_z - min_z) / 2, max((max_x - 
min_x) / 2, (max_y - min_y) / 2)); 
 for (int i = 0;i < V.size();i++) 
 { 
  V[i].x -= DX; 
  V[i].x = (V[i].x / MAXXX); 
  V[i].x *= 100; // ɪɚɡɦɟɪɧɨɫɬɶ ɨɬ -100 ɞɨ 100 
  V[i].y -= DY; 
  V[i].y = (V[i].y / MAXXX); 
  V[i].y *= 100; 
  V[i].z -= DZ; 
  V[i].z = (V[i].z / MAXXX); 
  V[i].z *= 100; 
 } 
} 
void main()//ɬɟɥɨ ɩɪɨɝɪɚɦɦɵ 
{ 
 Load("borus_full.txt", V); //Ɂɚɝɪɭɡɤɚ ɢɡɨɥɢɧɢɣ 



 

 for (int i = 0; i < V.size();i ++) 
 { 
  p.add(V[i].x, V[i].y, V[i].z); 
 } 
 Delaunay(p, tr); 
 RunOpenGL(); 
 auxMainLoop(display);//Ɂɚɩɭɫɤɚɟɦ ɨɫɧɨɜɧɨɣ ɰɢɤɥ 
ɨɛɪɚɛɨɬɤɢ ɫɨɛɵɬɢɣ.  
} 

  



 

ɉɪɢɥɨɠɟɧɢɟ ȿ. Ɍɟɤɫɬ ɩɪɨɝɪɚɦɦɵ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɚ №2 
 

#include <iostream> 
#include <list> 
#include "point.h" 
#include <math.h> 
#include <windows.h> 
#include <vector> 
#include <fstream> 
#include <string> 
#include <GL/gl.h> 
#include <GL/glu.h> 
#include "glaux.h" 
using namespace std; 
#pragma comment (lib,"opengl32.lib") 
#pragma comment (lib,"glu32.lib") 
#pragma comment (lib, "glaux.lib") 
#pragma comment(lib, "legacy_stdio_definitions.lib")  
//Ɉɩɢɫɚɧɢɟ ɬɢɩɨɜ ɞɚɧɧɵɯ: 
int N = 150, M = N; // ɤɨɥ-ɜɨ ɪɚɡɛɢɟɧɢɣ ɩɨ Ɉɯ ɢ ɩɨ Ɉɭ 
int CountT = 2 * N * M; 
double x_min(0), x_max(0), y_min(0), y_max(0), z_min(0), 
z_max(0); 
double hx, hy; 
const int CountColors = 20; 
double RGB[CountColors][3] = 
{ 
   {0,0,0}, 
   {0.15,0.07,0}, 
   {0.27,0.17,0.06}, 
   {0.44,0.26,0.17}, 
   {0.40,0.27,0.19}, 
   {0.37,0.21,0.08}, 
   {0.56,0.33,0.17}, 
   {0.45,0.29,0.17}, 
   {0.63,0.39,0.2}, 
   {0.79,0.62,0.25}, 
   {0.85,0.69,0.3}, 
   {0.77,0.76,0.38}, 
   {0.58,0.62,0.27}, 
   {0.35,0.46,0.15}, 
   {0.18,0.34,0.04}, 
   {0.1,0.25,0.01}, 
   {0.03,0.18,0.04}, 
   {0.0,0.14,0.06}, 



 

   {0,0.13,0.18}, 
   {0,0.09,0.08} 
}; 
float anglez = 45, anglex = 0, rz = 200; 
float ex = 0, ey = 10, ez = 0; 
float ax = 0, ay = 0, az = 0; 
struct Vershina //ɡɚɩɢɫɶ ɜɟɪɲɢɧ ɫɟɬɤɢ 
{ 
   float R1, R2, H1, H2, H; 
   bool b1, b2; 
}; 
typedef vector<vector<Vershina>> VectorNodes; 
typedef vector < vector<bool>> VectorRebro; 
typedef list<pair<list<CPoint>, double> > IsoLines; 
VectorNodes Nodes; 
VectorRebro RebroV, RebroG, RebroN, RebroS; 
IsoLines lines; 
void Load(string filename, IsoLines& lines);//Ɂɚɝɪɭɡɤɚ 
void Search_min_max(const IsoLines& lines); 
void statistics(const IsoLines& points); 
//ɫɬɚɧɞɚɪɬɧɵɟ ɮɭɧɤɰɢɢ ɞɥɹ ɝɪɚɮɢɤɢ (ɨɬɪɢɫɨɜɤɢ ɩɨɜɟɪɯɧɨɫɬɢ) 
void CALLBACK PressKeyA(void) // ɲɚɝ ɩɨ ɤɪɭɝɭ 
{ 
   anglez += 0.1; 
} 
void CALLBACK PressKeyD(void) // ɲɚɝ ɩɨ ɤɪɭɝɭ 
{ 
   anglez -= 0.1; 
} 
void CALLBACK PressKeyW(void) // ɲɚɝ ɜɩɟɪɟɞ 
{ 
   rz -= 1; 
} 
void CALLBACK PressKeyS(void)// ɲɚɝ ɧɚɡɚɞ 
{ 
   rz += 1; 
} 
void CALLBACK PressKeyQ(void) // ɲɚɝ ɜɜɟɪɯ 
{ 
   ey += 10; 
} 
void CALLBACK PressKeyE(void) // ɲɚɝ ɜɧɢɡ 
{ 
   ey -= 10; 
} 



 

void CALLBACK resize(int width, int height) 
{ 
   glViewport(0, 0, width, height);//ɨɛɥɚɫɬɶ ɜɵɜɨɞɚ 
OpenGL-ɝɪɚɮɢɤɢ, ɫɨɜɩɚɞɚɟɬ ɫ ɪɚɡɦɟɪɨɦ ɨɤɧɚ 
   glMatrixMode(GL_PROJECTION);//ɜɤɥɸɱɟɧɢɟ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɫ 
ɦɚɬɪɢɰɟɣ ɩɪɨɟɤɰɢɣ  
   glLoadIdentity();//ɡɚɝɪɭɡɤɚ ɟɞɢɧɢɱɧɨɣ ɦɚɬɪɢɰɵ, ɞɪɭɝɢɦɢ 
ɫɥɨɜɚɦɢ ɫɛɪɨɫ ɬɟɤɭɳɟɣ ɦɚɬɪɢɰɵ 
   gluPerspective(1500, double(width) / height, 1, 
1000);//ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɬɢɩ ɩɪɨɟɤɰɢɢ. Ɂɚɞɚɧɢɟ ɩɟɪɫɩɟɤɬɢɜɧɨɣ 
ɩɪɨɟɤɰɢɢ 
   glMatrixMode(GL_MODELVIEW);//ɜɤɥɸɱɟɧɢɟ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɫ 
ɦɨɞɟɥɶɧɨ-ɜɢɞɨɜɨɣ ɦɚɬɪɢɰɟɣ  
} 
void system(int n) //Ɏɭɧɤɢɹ - ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ 
{ 
   glLineWidth(2); 
   //ɨɫɶ OX - ɤɪɚɫɧɵɣ 
   glBegin(GL_LINES); 
   glColor3d(1, 0, 0); 
   glVertex3d(-n, 0, 0); 
   glVertex3d(n, 0, 0); 
   glEnd(); 
   //ɫɬɪɟɥɤɢ ɧɚ Ɉɏ 
   glBegin(GL_LINE_STRIP); 
   glVertex3d(n - 2, 2, 0); 
   glVertex3d(n, 0, 0); 
   glVertex3d(n - 2, -2, 0); 
   glEnd(); 
   //ɨɫɶ OY - ɫɢɧɢɣ 
   glBegin(GL_LINES); 
   glColor3d(0, 0, 1); 
   glVertex3d(0, -n, 0); 
   glVertex3d(0, n, 0); 
   glEnd(); 
   //ɫɬɪɟɥɤɢ ɧɚ ɈY 
   glBegin(GL_LINE_STRIP); 
   glVertex3d(-2, n - 2, 0); 
   glVertex3d(0, n, 0); 
   glVertex3d(2, n - 2, 0); 
   glEnd(); 
   //ɨɫɶ OZ - ɡɟɥɟɧɵɣ 
   glBegin(GL_LINES); 
   glColor3d(0, 1, 0); 
   glVertex3d(0, 0, n); 



 

   glVertex3d(0, 0, -n); 
   glEnd(); 
   //ɫɬɪɟɥɤɢ ɧɚ ɈZ 
   glBegin(GL_LINE_STRIP); 
   glVertex3d(0, -2, n - 2); 
   glVertex3d(0, 0, n); 
   glVertex3d(0, 2, n - 2); 
   glEnd(); 
} 
void Load(string filename, IsoLines& lines)//Ɂɚɝɪɭɡɤɚ 
{ 
   fstream Loading(filename.c_str()); 
   string str, str2; 
   char symbol; 
   double h, x, y, z; 
   while (!Loading.eof()) 
   { 
      do 
      { 
         getline(Loading, str, '\n'); 
         if (Loading.eof()) return; 
      }  
while (str != "[POLYLINE]"); 
      getline(Loading, str, '='); // ɋɥɨɜɨ Type 
      getline(Loading, str, '\n'); // Ɂɧɚɱɟɧɢɟ 
      if (!(str == "0x20" || str == "0x21" || str == 
"0x22")) 
      { 
         continue; 
      } 
      getline(Loading, str, '='); // Label 
      if (str != "Label") continue; 
      Loading >> h; 
      getline(Loading, str, '='); // Data0 
      Loading.get(); 
      lines.push_back(make_pair(list<CPoint>(), h)); 
      while (1) 
      { 
         Loading >> y >> symbol >> x; 
         do 
         { 
            Loading >> symbol; 
            if (symbol == 'D') 
               getline(Loading, str, '='); 



 

         } while (!isdigit(Loading.peek()) && symbol != 
'['); 
         lines.back().first.push_back(CPoint(x * 67000, y 
* 111000)); 
         if (symbol == '[' || symbol == 'E') break; 
      } 
      getline(Loading, str, '\n'); 
      Loading.get(); 
   } 
} 
void Search_min_max(const IsoLines& lines) 
{ 
   IsoLines::const_iterator iter_lines = lines.begin(); 
   list<CPoint>::const_iterator p = iter_lines-
>first.begin(); 
   x_min = x_max = p->x; 
   y_min = y_max = p->y; 
   z_min = z_max = iter_lines->second; 
   double h; 
   for (iter_lines = lines.begin(); iter_lines != 
lines.end(); ++iter_lines) 
   { 
      // ɐɢɤɥ ɩɨ ɬɨɱɤɚɦ ɢɡɨɥɢɧɟɣ 
      h = iter_lines->second; 
      if (h < z_min)  
         z_min = h; 
      if (h > z_max)  
         z_max = h; 
      for (p = iter_lines->first.begin(); p != iter_lines-
>first.end(); ++p) 
      { 
         if (p->x < x_min) x_min = p->x; 
         if (p->x > x_max) x_max = p->x; 
         if (p->y < y_min) y_min = p->y; 
         if (p->y > y_max) y_max = p->y; 
      } 
   } 
   hx = (x_max - x_min) / N; 
   hy = (y_max - y_min) / M; 
} 
 
void statistics(const IsoLines& points) 
{ 
   cout << "Ʉɨɥɢɱɟɫɬɜɨ ɢɡɨɥɢɧɢɣ = " << points.size() << 
endl; 



 

   IsoLines::const_iterator iter_lines; 
   long long Count(0); 
   for (iter_lines = points.begin(); iter_lines != 
points.end(); ++iter_lines) 
   { 
      Count += iter_lines->first.size(); 
   } 
   cout << "Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɨ ɬɨɱɟɤ = " << Count << endl; 
   cout << "Ɇɢɧɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ = " << z_min << endl; 
   cout << "Ɇɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ = " << z_max << endl; 
} 
bool Peresechenie(double x1, double y1, double x2, double 
y2, double x3, double y3, double x4, double y4, double &r1, 
double &r2) 
{  
   double v1, v2, v3, v4; 
   v1 = (x4 - x3) * (y1 - y3) - (y4 - y3) * (x1 - x3); 
   v2 = (x4 - x3) * (y2 - y3) - (y4 - y3) * (x2 - x3); 
   v3 = (x2 - x1) * (y3 - y1) - (y2 - y1) * (x3 - x1); 
   v4 = (x2 - x1) * (y4 - y1) - (y2 - y1) * (x4 - x1); 
   double Px, Py; 
   Px = x1 + (x2 - x1) * fabs(v1)/fabs(v2 - v1); 
   Py = y1 + (y2 - y1) * fabs(v1)/fabs(v2 - v1); 
   if ( (v1*v2<=0) && (v3*v4<=0)) 
   { 
      r1 = sqrt((Px - x3) * (Px - x3) + (Py - y3) * (Py - 
y3)); 
      r2 = sqrt((Px - x4) * (Px - x4) + (Py - y4) * (Py - 
y4)); 
      return true; 
   } 
   else 
   { 
      return false; 
   } 
} 
bool SetVershina(int i, int j, double distance, double h, 
VectorRebro& Rebro) 
{ 
   Rebro[i][j] = true; 
   if (!Nodes[i][j].b1)// 1 ɫɥɭɱɚɣ 
   { 
      Nodes[i][j].b1 = true; 
      Nodes[i][j].R1 = distance; 
      Nodes[i][j].H1 = h; 



 

      return true; 
   } 
   else if (!Nodes[i][j].b2) // 2 ɫɥɭɱɚɣ 
   { 
      if (Nodes[i][j].H1 != h) 
      { 
         Nodes[i][j].b2 = true; 
         Nodes[i][j].R2 = distance; 
         Nodes[i][j].H2 = h; 
         return true; 
      } 
      else 
      { 
         Nodes[i][j].b1 = true; 
         Nodes[i][j].R1 = min(distance, Nodes[i][j].R1); 
         Nodes[i][j].H1 = h; 
         return true; 
      } 
   } 
   else   
      if (!(distance > Nodes[i][j].R1 && distance > 
Nodes[i][j].R2)) // 3 ɫɥɭɱɚɣ 
   { 
      if ((Nodes[i][j].H1 != h) && (Nodes[i][j].H2 != h)) 
// ɟɫɥɢ ɜɫɟ 3 ɭɡɥɚ ɪɚɡɧɵɯ ɭɪɨɜɧɟɣ 
      { 
         if (Nodes[i][j].R1 < Nodes[i][j].R2) // ?????? 
         { 
            Nodes[i][j].R2 = distance; 
            Nodes[i][j].H2 = h; 
            return true; 
         } 
         else 
         { 
            Nodes[i][j].R1 = distance; 
            Nodes[i][j].H1 = h; 
            return true; 
         } 
      } 
      else // ɟɫɥɢ ɭɪɨɜɟɧɶ ɧɨɜɝɨ ɭɡɥɚ ɪɚɜɟɧ ɭɪɨɜɧɸ ɤɚɤɨɝɨ-
ɬɨ ɞɪɭɝɨ ɭɡɥɚ ɢɡ 2 
      { 
         if (Nodes[i][j].H1 == h)  // ɟɫɥɢ ɭɪɨɜɟɧɶ ɧɨɜɨɝɨ 
ɭɡɥɚ ɪɚɜɟɧ ɭɪɨɜɧɸ 1 ɭɡɥɚ 
         { 



 

            Nodes[i][j].R1 = min(distance, 
Nodes[i][j].R1); 
            Nodes[i][j].H1 = h; 
            return true; 
         } 
         if (Nodes[i][j].H2 == h)// ɟɫɥɢ ɭɪɨɜɟɧɶ ɧɨɜɨɝɨ 
ɭɡɥɚ ɪɚɜɟɧ ɭɪɨɜɧɸ 2 ɭɡɥɚ 
         { 
            Nodes[i][j].R2 = min(distance, 
Nodes[i][j].R2); 
            Nodes[i][j].H2 = h; 
            return true; 
         } 
      } 
   } 
   return false; 
} 
void FirstStage(IsoLines& lines, VectorRebro& Rebro, int 
ykaz) 
{ 
   bool f; 
   int i, j, i0, j0, i1, j1; 
   double distance1, distance2; 
   double h, x_1, x_2, y_1, y_2, x3, x4, y3, y4; 
   IsoLines::iterator iter_lines; 
   for (iter_lines = lines.begin(); iter_lines != 
lines.end(); ++iter_lines) 
   { 
      h = iter_lines->second; 
      // ɐɢɤɥ ɩɨ ɬɨɱɤɚɦ ɢɡɨɥɢɧɟɣ 
      list<CPoint>::iterator p = iter_lines-
>first.begin()++; 
      list<CPoint>::reverse_iterator p_end; 
      list<CPoint>::iterator q = ++p; 
      for (p = iter_lines->first.begin(); p != --
iter_lines->first.end(); ) 
      { 
         x_1 = min(p->x, q->x); 
         x_2 = max(p->x, q->x); 
         y_1 = min(p->y, q->y); 
         y_2 = max(p->y, q->y); 
         i0 = (x_1 - x_min) / hx;  
         i1 = (x_2 - x_min) / hx;  
         j0 = (y_1 - y_min) / hy;  
         j1 = (y_2 - y_min) / hy;  



 

         if (ykaz == 1) 
         {  
            for (i = i0; i <= i1 && i <= N; i++) 
               for (j = j0; j <= j1 && j < M; j++) 
            { 
               x3 = x4 = x_min + i * hx; 
               y3 = y_min + j * hy; 
               y4 = y_min + (j + 1) * hy; 
 
               f = Peresechenie(p->x, p->y, q->x, q->y, 
x3, y3, x4, y4, distance1, distance2); 
               if (f) 
               { 
                  Rebro[i][j] = true; 
                  SetVershina(i, j, distance1, h, Rebro); 
                  SetVershina(i, j+1, distance2, h, 
Rebro); 
               } 
            } 
         } 
         else  
            if (ykaz == 2) 
            { 
               for (i = i0; i <= i1 && i< N; i++) 
                  for (j = j0; j <= j1 && j<= M; j++) 
                  { 
                     x3 = x_min +  i* hx; 
                     x4 = x_min + (i + 1) * hx; 
                     y3 = y4 = y_min + j * hy; 
 
                     f = Peresechenie(p->x,p->y,q->x,q-
>y,x3,y3,x4,y4,distance1,distance2); 
                     if (f) 
                     { 
                        Rebro[i][j] = true; 
                        SetVershina(i, j, distance1, h, 
Rebro); 
                        SetVershina(i+1, j, distance2, h, 
Rebro); 
 
                     } 
                  } 
            } 
            else 
               if (ykaz == 3) 



 

               { 
                  for (i = i0; i <= i1 && i < N; i++) 
                     for (j = j0; j <= j1 && j < M; j++) 
                     { 
                        x3 = x_min + i * hx; 
                        x4 = x_min + (i + 1) * hx; 
                        y3 = y_min + j * hy; 
                        y4 = y_min + (j + 1) * hy; 
 
                        f = Peresechenie(p->x,p->y,q-
>x,q->y,x3,y3,x4,y4,distance1,distance2); 
                        if (f) 
                        { 
                           Rebro[i][j] = true; 
                           SetVershina(i, j, distance1, h, 
Rebro); 
                           SetVershina(i+1, j+1, 
distance2, h, Rebro); 
                        } 
                     } 
               } 
               else 
                  if (ykaz == 4) 
                  { 
                     for (i = i0; i <= i1 && i < N; i++) 
                        for (j = j0; j <= j1 && j < M; j++) 
                        { 
                           x3 = x_min + i * hx; 
                           x4 = x_min + (i + 1) * hx; 
                           y3 = y_min + (j+1) * hy; 
                           y4 = y_min + j * hy; 
 
                           f = Peresechenie(p->x,p->y,q-
>x,q->y,x3,y3,x4,y4,distance1,distance2); 
                           if (f) 
                           { 
                              Rebro[i][j] = true 
                              SetVershina(i, j+1, 
distance1, h, Rebro); 
                              SetVershina(i+1, j, 
distance2, h, Rebro); 
                           } 
                        } 
                  } 
         p = q;         // ɉɟɪɟɞɜɢɠɟɧɢɟ ɢɬɟɪɚɬɨɪɨɜ 



 

         if (q != iter_lines->first.end())  
            ++q; 
      } 
      p = iter_lines->first.begin(); 
      p_end = iter_lines->first.rbegin(); 
      x_1 = min(p->x, p_end->x); 
      x_2 = max(p->x, p_end->x); 
      y_1 = min(p->y, p_end->y); 
      y_2 = max(p->y, p_end->y); 
      i0 = (x_1 - x_min) / hx;  
      i1 = (x_2 - x_min) / hx;  
      j0 = (y_1 - y_min) / hy;  
      j1 = (y_2 - y_min) / hy;  
      if (ykaz == 1) 
      {  
         for (i = i0; i <= i1 && i <= N; i++) 
            for (j = j0; j <= j1 && j < M; j++) 
         { 
            x3 = x4 = x_min + i * hx; 
            y3 = y_min + j * hy; 
            y4 = y_min + (j + 1) * hy; 
            f = Peresechenie(p->x,p->y,p_end->x,p_end-
>y,x3,y3,x4,y4, distance1, distance2); 
            if (f) 
            { 
               Rebro[i][j] = true; 
               SetVershina(i, j, distance1, h, Rebro); 
               SetVershina(i, j + 1, distance2, h, Rebro); 
            } 
         } 
      } 
      else 
         if (ykaz == 2) 
         { 
            for (i = i0; i <= i1 && i < N; i++) 
               for (j = j0; j <= j1 && j <= M; j++) 
               { 
                  x3 = x_min + i * hx; 
                  x4 = x_min + (i + 1) * hx; 
                  y3 = y4 = y_min + j * hy; 
                  f = Peresechenie(p->x, p->y, p_end->x, 
p_end->y, x3, y3, x4, y4, distance1, distance2); 
                  if (f) 
                  { 
                     Rebro[i][j] = true; 



 

                     SetVershina(i, j, distance1, h, 
Rebro); 
                     SetVershina(i+1, j, distance2, h, 
Rebro); 
                  } 
               } 
         } 
         else 
            if (ykaz == 3) 
            { 
               for (i = i0; i <= i1 && i < N; i++) 
                  for (j = j0; j <= j1 && j < M; j++) 
                  { 
                     x3 = x_min + i * hx; 
                     x4 = x_min + (i + 1) * hx; 
                     y3 = y_min + j * hy; 
                     y4 = y_min + (j + 1) * hy; 
 
                     f = Peresechenie(p->x, p->y, p_end-
>x, p_end->y, x3, y3, x4, y4, distance1, distance2); 
                     if (f) 
                     { 
                        Rebro[i][j] = true; 
                        SetVershina(i, j, distance1, h, 
Rebro); 
                        SetVershina(i+1, j+1, distance2, 
h, Rebro); 
                     } 
                  } 
            } 
            else 
               if (ykaz == 4) 
               { 
                  for (i = i0; i <= i1 && i < N; i++) 
                     for (j = j0; j <= j1 && j < M; j++) 
                     { 
                        x3 = x_min + i * hx; 
                        x4 = x_min + (i + 1) * hx; 
                        y3 = y_min + (j + 1) * hy; 
                        y4 = y_min + j * hy; 
                        f = Peresechenie(p->x, p->y, 
p_end->x, p_end->y, x3, y3, x4, y4, distance1, distance2); 
                        if (f) 
                        { 
                           Rebro[i][j] = true; 



 

                           SetVershina(i, j+1, distance1, 
h, Rebro); 
                           SetVershina(i+1, j, distance2, 
h, Rebro); 
                        } 
                     } 
               } 
   } 
} 
void SecondStage(IsoLines& lines, VectorRebro& RebroV, 
VectorRebro& RebroG, VectorRebro& RebroN, VectorRebro& 
RebroS, bool& otmetka) 
{ 
   int i, j, jj, ii; 
   double NewDistance0, NewDistance, NewH; 
   otmetka = false; // ɩɪɟɞɩɨɥɚɝɚɟɦ, ɱɬɨ ɛɨɥɶɲɟ ɧɟ ɨɫɬɚɥɨɫɶ 
ɧɟɩɨɦɟɱɟɧɧɵɯ ɪɟɛɟɪ ɬ.ɟ ɜɫɟ ɪɟɛɪɚ ɢɦɟɸɬ ɩɟɪɟɫɟɱɟɧɢɹ 
   // ɩɪɨɯɨɞɢɦ ɩɨ ɜɫɟɦ ɭɡɥɚɦ 
   for (i = 0; i <= N; i++) 
      for (j = 0; j <= M; j++) 
      { 
         if (Nodes[i][j].b1 == true || Nodes[i][j].b2 == 
true) // ɟɫɥɢ ɭɡɥɭ ɭɠɟ ɩɪɢɩɢɫɚɧɵ ɪɚɫɫɬɨɹɧɢɹ (ɯɨɬɹ ɛɵ 1) 
         { 
            if (Nodes[i][j].b1 && Nodes[i][j].b2) 
            { 
               if (Nodes[i][j].R1 < Nodes[i][j].R2) 
               { 
                  NewDistance = Nodes[i][j].R1; 
                  NewH = Nodes[i][j].H1; 
               } 
               else 
               { 
                  NewDistance = Nodes[i][j].R2; 
                  NewH = Nodes[i][j].H2; 
               } 
            } 
            else if (Nodes[i][j].b1) 
            { 
               NewDistance = Nodes[i][j].R1; 
               NewH = Nodes[i][j].H1; 
            } 
            else 
            { 
               NewDistance = Nodes[i][j].R2; 



 

               NewH = Nodes[i][j].H2; 
            } 
         //ȼɵɩɭɫɤɚɟɦ ɜɨɥɧɭ ɜ ɬɪɟɯ ɧɚɩɪɚɜɥɟɧɢɹɯ 
            if (i > 0 && j > 0 && !RebroN[i - 1][j - 1]) 
// ɘ-ɋ (ɜɥɟɜɨ ɜɧɢɡ) 
            { 
               ii = i - 1; 
               jj = j -1; 
               NewDistance0 = NewDistance; 
               while (RebroN[ii][jj] == false && ii > 0 && 
jj > 0 )// ɩɨɤɚ ɪɟɛɪɨ ɧɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ  
               { 
                  NewDistance0 += sqrt(hy*hy + hx*hx); 
                  otmetka += SetVershina(ii, jj, 
NewDistance0, NewH, RebroN); 
                  ii--; 
                  jj--; 
               } 
            } 
            if (i > 0 && !RebroG[i - 1][j]) //ɜɥɟɜɨ 
            { 
               ii = i - 1; 
               NewDistance0 = NewDistance; 
               while (ii > 0 && RebroG[ii][j] == false  ) 
// ɩɨɤɚ ɪɟɛɪɨ ɧɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ  
               { 
                  NewDistance0 += hx; 
                  otmetka += SetVershina(ii, j, 
NewDistance0, NewH, RebroG); 
                  ii--; 
               } 
            } 
            if (i > 0 && j < M && !RebroS[i - 1][j + 1]) 
// C-ɘ (ɜɥɟɜɨ ɜɜɟɪɯ) 
            { 
               ii = i - 1; 
               jj = j + 1; 
               NewDistance0 = NewDistance; 
               while (ii > 0 && jj < M && RebroS[ii][jj] 
== false  ) // ɩɨɤɚ ɪɟɛɪɨ ɧɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ  
               { 
                  NewDistance0 += sqrt(hy * hy + hx * hx); 
                  otmetka += SetVershina(ii, jj, 
NewDistance0, NewH, RebroS); 
                  ii--; 



 

                  jj++; 
               } 
            } 
            if (j < M && !RebroV[i][j + 1])// ɜɜɟɪɯ 
            { 
               jj = j + 1; 
               NewDistance0 = NewDistance; 
               while (jj < M && RebroV[i][jj] == false ) 
// ɩɨɤɚ ɪɟɛɪɨ ɧɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ  
               { 
                  NewDistance0 += hy; 
                  otmetka += SetVershina(i, jj, 
NewDistance0, NewH, RebroV); 
                  jj++; 
               } 
            } 
            if (i < N && j < M && !RebroN[i+1][j+1])// ɘ-
ɋ (ɜɩɪɚɜɨ ɜɜɟɪɯ) 
            { 
               ii = i + 1; 
               jj = j + 1; 
               NewDistance0 = NewDistance; 
               while (ii < N && jj < M && RebroN[ii][jj] 
== false) // ɩɨɤɚ ɪɟɛɪɨ ɧɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ  
               { 
                  NewDistance0 += sqrt(hy * hy + hx * hx); 
                  otmetka += SetVershina(ii, jj, 
NewDistance0, NewH, RebroN); 
                  ii++; 
                  jj++; 
               } 
            } 
            if (i < N && !RebroG[i+1][j])// ɜɩɪɚɜɨ 
            { 
               ii = i + 1; 
               NewDistance0 = NewDistance; 
               while (ii < N && RebroG[ii][j] == false) // 
ɩɨɤɚ ɪɟɛɪɨ ɧɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ  
               { 
                  NewDistance0 += hx; 
                  otmetka += SetVershina(ii, j, 
NewDistance0, NewH, RebroG); 
                  ii++; 
               } 
            } 



 

            if (i < N && j>0 && !RebroS[i + 1][j - 1])// 
ɋ-ɘ (ɜɩɪɚɜɨ ɜɧɢɡ) 
            { 
               ii = i + 1; 
               jj = j - 1; 
               NewDistance0 = NewDistance; 
               while (ii < N && jj > 0 && RebroS[ii][jj] 
== false ) // ɩɨɤɚ ɪɟɛɪɨ ɧɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ  
               { 
                  NewDistance0 += sqrt(hy * hy + hx * hx); 
                  otmetka += SetVershina(ii, jj, 
NewDistance0, NewH, RebroS); 
                  ii++; 
                  jj--; 
               } 
            } 
            if (j > 0 && !RebroV[i][j - 1])// ɜɧɢɡ 
            { 
               jj = j - 1; 
               NewDistance0 = NewDistance; 
               while (jj > 0 && RebroV[i][jj] == false ) 
// ɩɨɤɚ ɪɟɛɪɨ ɧɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ  
               { 
                  NewDistance0 += hy; 
                  otmetka = SetVershina(i, jj, 
NewDistance0, NewH, RebroV); 
                  jj--; 
               } 
            } 
         } 
      } 
} 
void DrawTriangle(GLdouble x1, GLdouble y1, GLdouble z1, 
GLdouble x2, GLdouble y2, GLdouble z2, GLdouble x3, 
GLdouble y3, GLdouble z3, GLdouble r1, GLdouble g1, 
GLdouble b1, GLdouble r2, GLdouble g2, GLdouble b2, 
GLdouble r3, GLdouble g3, GLdouble b3) 
{ // ɩɟɪɟɞɚɸɬɫɹ ɤɨɨɪɞɢɧɚɬɵ ɢ ɰɜɟɬɚ ɬɪɟɯ ɬɨɱɟɤ ɬɪɟɭɝɨɥɶɧɢɤɚ 
   glBegin(GL_TRIANGLES); 
   glColor3d(r1, g1, b1);  glVertex3d(x1, y1, z1); 
   glColor3d(r2, g2, b2);  glVertex3d(x2, y2, z2); 
   glColor3d(r3, g3, b3);  glVertex3d(x3, y3, z3); 
   glEnd(); 
} 



 

void TRIANGLES_Kontur(float x1, float y1, float z1, float 
x2, float y2, float z2, float x3, float y3, float z3, float 
r, float b, float g)  
{ 
   glPolygonMode(GL_FRONT_AND_BACK,GL_LINE);//ɪɟɠɢɦ 
ɪɚɫɬɟɪɢɡɚɰɢɢ(ɡɚɥɢɜɤɚ, ɤɨɧɬɭɪ ɢɥɢ ɬɨɱɤɢ ɜɟɪɲɢɧ)- ɤɨɧɬɭɪ 
   glLineWidth(4); 
   glBegin(GL_TRIANGLES); 
   glColor3d(r, g, b); 
   glVertex3f(x1, y1, z1); 
   glVertex3f(x2, y2, z2); 
   glVertex3f(x3, y3, z3); 
   glEnd(); 
   glPolygonMode(GL_FRONT_AND_BACK, 
GL_FILL);//ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɪɟɠɢɦɚ ɩɨ ɭɦɨɥɱɚɧɢɸ - ɡɚɥɢɜɤɚ 
} 
void drawtriangle() 
{ 
   //ɐɢɤɥ ɩɨ ɬɪɟɭɝɨɥɶɧɢɤɚɦ 
   float H; 
   int k1,k2,k3; 
   float r1, r2, r3, g1, g2, g3, b1, b2, b3; 
   H = (z_max - z_min) / CountColors; 
   //ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ 
   float DX = (x_max + x_min) / 2; 
   float DY = (y_max + y_min) / 2; 
   float DZ = (z_max + z_min) / 2; 
   float MAXXX = max((z_max - z_min) / 2, max((x_max - 
x_min) / 2, (y_max - y_min) / 2)); 
   float K = hy / hx; 
   for (int i = 1; i < N-1; i++) 
      for (int j = 1; j < M-1; j++) 
      {    
         // ɧɢɠɧɢɣ ɬɪɟɭɝɨɥɶɧɢɤ 
         k1 = (z_max - Nodes[i][j].H) / H; 
         if (k1 == CountColors) k1 = CountColors - 1; 
         r1 = RGB[k1][0]; g1 = RGB[k1][1]; b1 = RGB[k1][2]; 
         k2 = (z_max - Nodes[i + 1][j].H) / H; 
         if (k2 == CountColors) k2 = CountColors - 1; 
         r2 = RGB[k2][0]; g2 = RGB[k2][1]; b2 = RGB[k2][2]; 
         k3 = (z_max - Nodes[i + 1][j + 1].H) / H; 
         if (k3 == CountColors) k3 = CountColors - 1; 
         r3 = RGB[k3][0]; g3 = RGB[k3][1]; b3 = RGB[k3][2]; 
         //ɪɢɫɭɸ ɬɪɟɭɝɨɥɶɧɢɤ 
         DrawTriangle( 



 

            (x_min+i*hx-DX)/MAXXX*100*K, (y_min + j * hy-
DY) / MAXXX * 100, (Nodes[i][j].H-DZ) / MAXXX * 100*2, 
            (x_min + (i+1) * hx - DX) / MAXXX * 100 * K, 
(y_min + j * hy-DY) / MAXXX * 100,  (Nodes[i+1][j].H - DZ) 
/ MAXXX * 100 * 2, 
            (x_min + (i + 1) * hx - DX) / MAXXX * 100 * K, 
(y_min + (j+1) * hy-DY) / MAXXX * 100, (Nodes[i+1][j+1].H 
- DZ) / MAXXX * 100 * 2, 
            r1, g1, b1, 
            r2, g2, b2, 
            r3, g3, b3); 
         // ɜɟɪɯɧɢɣ ɬɪɟɭɝɨɥɶɧɢɤ 
         k1 = (z_max - Nodes[i][j].H) / H; 
         if (k1 == CountColors) k1 = CountColors - 1; 
         r1 = RGB[k1][0]; g1 = RGB[k1][1]; b1 = RGB[k1][2]; 
         k2 = (z_max - Nodes[i][j + 1].H) / H; 
         if (k2 == CountColors) k2 = CountColors - 1; 
         r2 = RGB[k2][0]; g2 = RGB[k2][1]; b2 = RGB[k2][2]; 
         k3 = (z_max - Nodes[i + 1][j + 1].H) / H; 
         if (k3 == CountColors) k3 = CountColors - 1; 
         r3 = RGB[k3][0]; g3 = RGB[k3][1]; b3 = RGB[k3][2]; 
         //ɪɢɫɭɸ ɬɪɟɭɝɨɥɶɧɢɤ 
         DrawTriangle( 
            (x_min + i * hx - DX) / MAXXX * 100 * K, (y_min 
+ j * hy - DY) / MAXXX * 100, (Nodes[i][j].H - DZ) / MAXXX 
* 100 * 2, 
            (x_min + i * hx - DX) / MAXXX * 100 * K, (y_min 
+ (j+1) * hy - DY) / MAXXX * 100, (Nodes[i][j+1].H - DZ) / 
MAXXX * 100 * 2, 
            (x_min + (i + 1) * hx - DX) / MAXXX * 100 * K, 
(y_min + (j + 1) * hy - DY) / MAXXX * 100, (Nodes[i + 1][j 
+ 1].H - DZ) / MAXXX * 100 * 2, 
            r1, g1, b1, 
            r2, g2, b2, 
            r3, g3, b3); 
      } 
} 
void scene() 
{ 
   glRotated(-90, 1, 0, 0); 
   glRotatef(0.45f, 0.0f, 0.0f, 1.0f); //ɩɨɜɨɪɚɱɢɜɚɟɦ ɩɨ 
ɲɤɨɥɟ z ɧɚ 45 ɝɪɚɞɭɫɨɜ  
   glPushMatrix();//ɫɨɯɪɚɧɢɥɢ ɬɟɤɭɳɭɸ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ    
   drawtriangle(); 
   glPopMatrix(); 



 

} 
void CALLBACK display(void) 
{ 
   glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT); 
//ɨɱɢɳɚɟɦ ɛɭɮɟɪ ɰɜɟɬɚ ɢ ɛɭɮɟɪ ɝɥɭɛɢɧɵ 
   glLoadIdentity(); 
   ex = rz * sin(anglez); 
   ez = rz * cos(anglez); 
   gluLookAt(ex, ey, ez, ax, ay, az, 0, 1, 0); 
   scene(); 
   auxSwapBuffers();//ɷɬɚ ɤɨɦɚɧɞɚ ɜɵɜɨɞɢɬ ɫɨɞɟɪɠɢɦɨɝɨ 
ɛɭɮɟɪɚ ɧɚ ɷɤɪɚɧ  
} 
void RunOpenGL() 
{ 
   auxKeyFunc(AUX_w, PressKeyW); 
   auxKeyFunc(AUX_s, PressKeyS); 
   auxKeyFunc(AUX_a, PressKeyA); 
   auxKeyFunc(AUX_d, PressKeyD); 
   auxKeyFunc(AUX_q, PressKeyQ); 
   auxKeyFunc(AUX_e, PressKeyE); 
   auxInitPosition(0, 0, 1000, 1000);// ɜɟɪɯɧɢɣ ɥɟɜɵɣ ɭɝɨɥ 
(0,0), ɲɢɪɢɧɚ ɢ ɜɵɫɨɬɚ - 1000 
   auxInitDisplayMode(AUX_RGB | AUX_DEPTH | AUX_DOUBLE);// 
ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɩɚɪɚɦɟɬɪɵ ɤɨɧɬɟɤɫɬɚ OpenGL 
   auxInitWindow(L"Glaux Template");// ɫɨɡɞɚɟɦ ɨɤɧɨ ɧɚ 
ɷɤɪɚɧɟ 
   // ɧɚɲɟ ɨɤɧɨ ɛɭɞɟɬ ɩɨɥɭɱɚɬɶ ɫɨɨɛɳɟɧɢɹ ɨɬ ɤɥɚɜɢɚɬɭɪɵ, 
ɦɵɲɢ, ɬɚɣɦɟɪɚ ɢɥɢ ɥɸɛɵɟ ɞɪɭɝɢɟ 
   // ɤɨɝɞɚ ɧɢɤɚɤɢɯ ɫɨɨɛɳɟɧɢɣ ɧɟɬ, ɛɭɞɟɬ ɜɵɡɵɜɚɬɶɫɹ ɮɭɧɤɰɢɹ 
display. Ɍɚɤ ɦɵ ɩɨɥɭɱɚɟɦ ɚɧɢɦɚɰɢɸ 
   auxIdleFunc(display); 
   //ɪɟɝɢɫɬɪɢɪɭɟɦ  resize 
   auxReshapeFunc(resize); 
   glClearColor(1, 1, 1, 0); //ɰɜɟɬ ɮɨɧɚ 
   glEnable(GL_DEPTH_TEST);//ɜɤɥɸɱɢɬɶ ɬɟɫɬ ɝɥɭɛɢɧɵ 
} 
//ɬɟɥɨ ɩɪɨɝɪɚɦɦɵ 
void main() 
{ 
   int ykaz; Search_min_max(lines); statistics(lines); int 
i, j; 
   setlocale(LC_ALL, "RUS"); 
   Load("borus_full.txt", lines);//Ɂɚɝɪɭɡɤɚ ɪɟɚɥɶɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ 



 

   cout << "ɂɡɨɥɢɧɢɢ ɡɚɝɪɭɠɟɧɵ!\n"; 
   cout << "___________________ɗɌȺɉ №1___________________" 
<< endl; 
   Nodes.resize(N + 1); 
   RebroV.resize(N + 1); 
   RebroG.resize(N + 1); 
   RebroN.resize(N + 1); 
   RebroS.resize(N + 1); 
   for (i = 0; i <= N; i++) 
   { 
      Nodes[i].resize(M + 1); 
      RebroV[i].resize(M + 1); 
      RebroG[i].resize(M + 1); 
      RebroN[i].resize(M + 1); 
      RebroS[i].resize(M + 1); 
      for (j = 0; j <= M; j++) 
      { 
         Nodes[i][j].b1 = Nodes[i][j].b2 = false; 
         Nodes[i][j].R1 = Nodes[i][j].R2 = 0; 
         RebroV[i][j] = false; 
         RebroG[i][j] = false; 
         RebroN[i][j] = false; 
         RebroS[i][j] = false; 
      } 
   } 
   cout << "___________ɉȿɊȿɋȿɑȿɇɂə ɋ ȼȿɊɌɂɄȺɅɖɇɕɆɂ ɊȿȻɊȺɆɂ 
ɋȿɌɄɂ___________ " << endl; 
   FirstStage(lines, RebroV,1); 
   cout << "___________ɉȿɊȿɋȿɑȿɇɂə ɋ ȽɈɊɂɁɈɇɌȺɅɖɇɕɆɂ 
ɊȿȻɊȺɆɂ ɋȿɌɄɂ___________ " << endl; 
   FirstStage(lines, RebroG,2);  
   cout << "___________ɉȿɊȿɋȿɑȿɇɂə ɋ ȾɂȺȽɈɇȺɅɖɇɕɆɂ ɘ-ɋ 
ɊȿȻɊȺɆɂ ɋȿɌɄɂ___________ " << endl; 
   FirstStage(lines, RebroN,3);  
   cout << "___________ɉȿɊȿɋȿɑȿɇɂə ɋ ȾɂȺȽɈɇȺɅɖɇɕɆɂ ɋ-ɘ 
ɊȿȻɊȺɆɂ ɋȿɌɄɂ___________ " << endl; 
   FirstStage(lines, RebroS,4); 
   cout << "___________________ɗɌȺɉ №2___________________" 
<< endl; 
   bool otmetka = true; 
   while (otmetka)  
      { 
         SecondStage(lines, RebroV, RebroG, RebroN, 
RebroS,otmetka); 
      } 



 

   //ɜɵɱɢɫɥɹɟɦ ɜɵɫɨɬɭ ɜ ɭɡɥɚɯ ɫ ɞɜɭɦɹ ɡɧɚɱɟɧɢɹɦɢ 
   for (i = 0; i <= N; i++)  
      for (j = 0; j <= M; j++) 
      { 
         if (Nodes[i][j].b1 && Nodes[i][j].b2) 
         { 
            Nodes[i][j].H = (Nodes[i][j].H1* 
Nodes[i][j].R2 + Nodes[i][j].H2 * 
Nodes[i][j].R1)/(Nodes[i][j].R1 + Nodes[i][j].R2);  
         } 
         else if (Nodes[i][j].b1) 
            { 
               Nodes[i][j].H = Nodes[i][j].H1; 
            } 
            else 
            { 
               Nodes[i][j].H = Nodes[i][j].H2; 
            } 
      } 
   RunOpenGL(); 
   auxMainLoop(display);//Ɂɚɩɭɫɤɚɟɦ ɨɫɧɨɜɧɨɣ ɰɢɤɥ 
ɨɛɪɚɛɨɬɤɢ ɫɨɛɵɬɢɣ. 
   system("pause"); 
} 
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