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Ⱥɧɧɨɬɚɰɢɹ 

Ⱦɚɧɧɚɹ ɫɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɪɟɚɥɢɡɚɰɢɢ ɨɫɧɨɜɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ 
OpОЧGL ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɫɟɬɤɢ ɪɚɫɫɟɢɜɚɧɢɹ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ 
ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɨɣ, ɨɬɦɟɱɟɧɚ ɚɤɬɭɚɥɶɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɢ ɨɫɧɨɜɧɵɟ 
ɩɪɟɢɦɭɳɟɫɬɜɚ ɛɢɛɥɢɨɬɟɤɢ OpОЧGL ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɢɯ ɝɪɚɮɢɱɟɫɤɢɯ ɢɧɬɟɪɮɟɣɫɨɜ.  
ȼ ɫɬɚɬɶɟ ɨɩɢɫɚɧɵ ɦɟɬɨɞɵ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɫɟɢɜɚɧɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɧɨɦ 
ɜɨɡɞɭɯɟ, ɨɩɢɪɚɸɳɢɟɫɹ ɧɚ ɧɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ, ɭɬɜɟɪɠɞɟɧɧɵɟ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɊɎ. 
ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢɡɥɨɠɟɧɵ ɨɫɧɨɜɧɵɟ ɲɚɝɢ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɤɢ ɪɚɫɫɟɢɜɚɧɢɹ ɜ ɜɢɞɟ 3D 
ɞɢɚɝɪɚɦɦɵ ɫ ɩɨɦɨɳɶɸ OpОЧGL. Ⱦɚɧɧɚɹ ɞɢɚɝɪɚɦɦɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɚɧɚɥɢɡɚ ɢ ɤɨɧɬɪɨɥɹ 
ɡɚ ɫɨɫɬɨɹɧɢɟɦ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɡɨɧɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ ɢ 
ɩɨɤɚɡɵɜɚɟɬ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɟ ɞɥɹ ɫɨɫɬɨɹɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɭɱɚɫɬɤɢ ɢ ɡɨɧɵ 
ɛɟɡɨɩɚɫɧɨɝɨ ɜɥɢɹɧɢɹ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ. ȼ ɡɚɤɥɸɱɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɫɬɚɬɶɢ ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ 
ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɤɢ ɪɚɫɫɟɢɜɚɧɢɹ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ (ɋɈ), ɤɚɤ ɨɫɧɨɜɧɨɝɨ ɡɚɝɪɹɡɧɹɸɳɟɝɨ 
ɜɟɳɟɫɬɜɚ ɜɨɡɞɭɲɧɨɝɨ ɛɚɫɫɟɣɧɚ ɫɬɪɨɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɨɣ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɛɢɛɥɢɨɬɟɤɚ OpОЧGL; ɜɵɛɪɨɫɵ ɜ ɚɬɦɨɫɮɟɪɭ; ɪɚɫɫɟɢɜɚɧɢɟ ɜɵɛɪɨɫɨɜ;  
3D ɞɢɚɝɪɚɦɦɚ. 
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ȺЛЬЭЫКМЭ 
This article is devoted to the implementation of the main features of the OpenGL graphical interface 

for constructing a network of dispersion of harmful substances emissions into the atmosphere by 

road-building equipment while developing the information system, highlighting the relevance and 

main advantages of the OpenGL library relative to other graphical interfaces. The article describes 

methods for calculating the parameters of dispersion of harmful substances in the ambient air, based 

on normative documents approved by the legislation of the Russian Federation. Sequentially 

outlines the basic steps of building a diffusion grid in the form of a 3D diagram using OpenGL. 

Such diagram is intended for the analysis and control of the state of the pollutants in the road 

construction zone and shows the areas and zones of safe influence of harmful substances that are 

most dangerous for the state of the environment. In the final part of the article, an example is given 
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of constructing a grid of carbon monoxide (CO) scattering, as the main pollutant of the air basin by 

construction equipment. 

Keywords: OpenGL; air emissions; emission dissipation grid; 3D diagram. 

 

ȼȼȿȾȿɇɂȿ 
ɋɨɜɪɟɦɟɧɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɧɟɜɨɡɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɬɪɟɯɦɟɪɧɨɣ ɝɪɚɮɢɤɢ ɢ ɜɚɠɧɨɣ ɫɨɫɬɚɜɧɨɣ ɟɟ ɱɚɫɬɢ – ɚɧɢɦɚɰɢɢ. ɋ ɷɬɢɦ ɫɜɹɡɚɧɨ ɦɧɨɠɟɫɬɜɨ 
ɪɚɡɪɚɛɨɬɨɤ ɜ ɨɛɥɚɫɬɢ ɢɧɠɟɧɟɪɢɢ, ɤɨɦɩɶɸɬɟɪɧɵɯ ɢɝɪ, ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 
ɫɢɫɬɟɦ ɢ ɞɪ., ɝɞɟ ɜɫɹ ɝɪɚɮɢɤɚ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɬɪɟɯɦɟɪɧɵɯ ɝɪɚɮɢɱɟɫɤɢɯ ɭɫɤɨɪɢɬɟɥɹɯ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɫ ɧɢɦɢ ɩɪɢɦɟɧɹɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɛɢɛɥɢɨɬɟɤɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ 
ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɣ ɢɧɬɟɪɮɟɣɫ ɢ ɞɟɣɫɬɜɭɸɳɢɟ ɱɟɪɟɡ ɞɪɚɣɜɟɪɵ ɭɫɬɪɨɣɫɬɜ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɭɫɤɨɪɢɬɟɥɹɦɢ.  

 
ȺɄɌɍȺɅɖɇɈɋɌɖ ɌȿɆɕ 
ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɢɧɬɟɪɮɟɣɫɨɜ ɞɥɹ ɪɚɛɨɬɵ ɫ ɝɪɚɮɢɱɟɫɤɢɦɢ ɭɫɤɨɪɢɬɟɥɹɦɢ: OpОЧ GrКpСТМ 

LТЛrКrв (OpОЧGL), DТrОМЭ3D, FТrОMШЧФОв, VЮХФКЧ ɢ ɞɪ. ɇɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɦ ɢɡ ɧɢɯ ɹɜɥɹɟɬɫɹ 
ɝɪɚɮɢɱɟɫɤɚɹ ɛɢɛɥɢɨɬɟɤɚ OpОЧGL. ȼ ɨɬɥɢɱɢɢ ɨɬ DТrОМЭ3D, ɤɨɬɨɪɵɣ ɜ ɨɫɧɨɜɧɨɦ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ 
ɤɨɦɩɚɧɢɟɣ MТМrШsШПЭ ɢ ɩɨɫɬɨɹɧɧɨ ɟɸ ɢɡɦɟɧɹɟɬɫɹ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɟ ɫɨɜɫɟɦ ɭɞɨɛɧɵɦ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ, 
OpОЧGL ɢɡɧɚɱɚɥɶɧɨ ɪɚɡɪɚɛɚɬɵɜɚɥɫɹ ɞɥɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɪɚɛɨɱɢɯ ɩɥɚɬɮɨɪɦɚɯ. 
Vulkan – ɷɬɨ ɩɪɨɞɭɤɬ ɤɨɦɩɚɧɢɢ KСrШЧШs GrШЮp, ɤɨɬɨɪɵɣ ɩɨɤɚ ɬɨɥɶɤɨ ɬɟɨɪɟɬɢɱɟɫɤɢ ɫɨɜɦɟɫɬɢɦ ɫ 
ɧɟɫɤɨɥɶɤɢɦɢ ɩɥɚɬɮɨɪɦɚɦɢ, ɚ ɟɝɨ ɩɨɞɞɟɪɠɤɚ ɧɚɯɨɞɢɬɫɹ ɧɚ ɪɚɧɧɟɣ ɫɬɚɞɢɢ. FТrОMШЧФОв ɬɚɤɠɟ ɢɦɟɟɬ 
ɧɟɤɨɬɨɪɵɟ ɧɟɞɨɫɬɚɬɤɢ, ɤ ɩɪɢɦɟɪɭ ɨɬɫɭɬɫɬɜɢɟ ɷɥɟɦɟɧɬɨɜ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɧɚ ɪɚɛɨɬɭ ɫ ɞɚɧɧɵɦɢ, 
ɯɪɚɧɹɳɢɯɫɹ ɜ ȻȾ. 

OpОЧGL ɧɟ ɩɪɢɜɹɡɚɧɚ ɤ ɤɨɧɤɪɟɬɧɨɣ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ, ɬɚɤ ɤɚɤ ɧɟ ɢɦɟɟɬ ɬɚɤɢɯ 
ɫɩɟɰɢɚɥɶɧɵɯ ɤɨɦɚɧɞ, ɤɚɤ ɪɚɛɨɬɚ ɫ ɨɤɧɚɦɢ ɢ ɨɪɝɚɧɢɡɚɰɢɹ ɜɜɨɞɚ-ɜɵɜɨɞɚ, ɧɨ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɛɨɥɶɲɨɟ 
ɦɧɨɠɟɫɬɜɨ ɤɨɦɚɧɞ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɹɬɶ ɨɛɴɟɤɬɵ ɢ ɨɩɟɪɚɰɢɢ, 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɢɧɬɟɪɚɤɬɢɜɧɵɯ ɬɪɟɯɦɟɪɧɵɯ ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ ɢ ɩɪɢɥɨɠɟɧɢɣ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɢɡɭɚɥɶɧɨɝɨ ɤɨɧɬɪɨɥɹ ɬɪɟɯɦɟɪɧɨɝɨ ɨɛɴɟɤɬɚ Д1Ж. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɛɢɛɥɢɨɬɟɤɢ OpОЧGL ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɟɳɟ ɢ ɬɟɦ, ɱɬɨ ɟɟ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɩɨɫɬɨɹɧɧɨ ɜɵɩɭɫɤɚɟɬ ɪɚɫɲɢɪɟɧɢɹ ɤ ɧɟɣ, ɫɨɞɟɪɠɚɳɢɟ ɧɨɜɵɟ ɧɟɨɛɯɨɞɢɦɵɟ 
ɜɨɡɦɨɠɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɡɦɟɧɟɧɢɟɦ ɚɩɩɚɪɚɬɧɵɯ ɫɪɟɞɫɬɜ, ɩɪɢɱɟɦ ɷɬɢ ɪɚɫɲɢɪɟɧɢɹ ɜ ɨɫɧɨɜɧɨɦ 
ɩɨɹɜɥɹɸɬɫɹ ɪɚɧɶɲɟ, ɱɟɦ ɧɨɜɚɹ ɜɟɪɫɢɹ ɤ DТrОМЭ3D Д2Ж.  

OpenGL – ɷɬɨ ɨɞɢɧ ɢɡ ɫɚɦɵɯ ɩɨɩɭɥɹɪɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɢɧɬɟɪɮɟɣɫɨɜ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ 
ɩɪɢɥɨɠɟɧɢɣ ɜ ɨɛɥɚɫɬɢ ɞɜɭɦɟɪɧɨɣ ɢ ɬɪɟɯɦɟɪɧɨɣ ɝɪɚɮɢɤɢ, ɤɨɬɨɪɵɣ ɫ ɩɨɦɨɳɶɸ ɢɦɟɸɳɟɝɨɫɹ ɧɚɛɨɪɚ 
ɤɨɦɚɧɞ, ɫɩɨɫɨɛɟɧ ɨɬɨɛɪɚɡɢɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ ɧɚ ɷɤɪɚɧɟ Д3Ж.  

ȼɫɟ ɷɬɢ ɫɜɨɣɫɬɜɚ ɛɢɛɥɢɨɬɟɤɢ OpОЧGL ɩɨɡɜɨɥɹɸɬ ɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɩɨɫɬɪɨɟɧɢɢ ɫɟɬɤɢ 
ɪɚɫɫɟɢɜɚɧɢɹ ɜɵɛɪɨɫɨɜ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ (Ɂȼ) ɜ ɚɬɦɨɫɮɟɪɭ ɜ ɮɨɪɦɚɬɟ 3D. 

 

ɆȿɌɈȾɕ ɊȺɋɑȿɌȺ ɉȺɊȺɆȿɌɊɈȼ  
ȼɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɚɬɦɨɫɮɟɪɭ ɜɟɳɟɫɬɜ ɩɪɨɢɫɯɨɞɹɬ ɜ ɩɪɨɰɟɫɫɟ ɥɸɛɨɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ 

ɞɟɹɬɟɥɶɧɨɫɬɢ: ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɩɪɟɞɩɪɢɹɬɢɹɦɢ, ɬɪɚɧɫɩɨɪɬɨɦ ɢ ɞɪɭɝɢɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ 
ɭɫɬɚɧɨɜɤɚɦɢ. ɂɯ ɨɛɴɟɦ ɧɚɫɬɨɥɶɤɨ ɜɵɫɨɤ, ɱɬɨ ɭɪɨɜɟɧɶ ɡɚɝɪɹɡɧɟɧɢɹ ɫɬɚɧɨɜɢɬɫɹ ɨɩɚɫɧɵɦ ɢɡ-ɡɚ 
ɩɪɟɜɵɲɟɧɢɹ ɞɨɩɭɫɬɢɦɵɯ ɫɚɧɢɬɚɪɧɵɯ ɧɨɪɦ, ɱɬɨ ɨɬɪɢɰɚɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɡɞɨɪɨɜɶɟ ɱɟɥɨɜɟɤɚ ɢ 
ɧɟɝɚɬɢɜɧɨ ɫɤɚɡɵɜɚɸɬɫɹ ɧɚ ɛɥɚɝɨɫɨɫɬɨɹɧɢɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ Д4Ж.  

ɉɪɢ ɩɨɫɬɭɩɥɟɧɢɢ Ɂȼ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɩɪɨɢɫɯɨɞɢɬ ɢɯ ɪɚɫɫɟɢɜɚɧɢɟ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 
ɧɟɨɛɯɨɞɢɦɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɫɚɧɢɬɚɪɧɨ-ɡɚɳɢɬɧɨɣ ɡɨɧɵ ɢ ɩɨɫɬɪɨɟɧɢɟ ɫɟɬɤɢ 
ɪɚɫɫɟɢɜɚɧɢɹ ɜɵɛɪɨɫɨɜ ɜ ɮɨɪɦɚɬɟ 3D.   

Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɫɟɢɜɚɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɧɨɦ ɜɨɡɞɭɯɟ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ «Ɇɟɬɨɞɨɜ ɪɚɫɱɟɬɚ ɪɚɫɫɟɢɜɚɧɢɹ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ (ɡɚɝɪɹɡɧɹɸɳɢɯ) 
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ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɧɨɦ ɜɨɡɞɭɯɟ» (ɞɚɥɟɟ Ɇɟɬɨɞɵ), ɭɬɜɟɪɠɞɟɧɧɵɯ ɩɪɢɤɚɡɨɦ Ɇɢɧɩɪɢɪɨɞɵ Ɋɨɫɫɢɢ ɨɬ 
6 ɢɸɧɹ 2017 ɝɨɞɚ № 273 Д5Ж. 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ Ɇɟɬɨɞɚɦ ɧɚ ɩɪɨɰɟɫɫ ɪɚɫɫɟɢɜɚɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɧɨɦ 
ɜɨɡɞɭɯɟ ɜɥɢɹɟɬ ɧɟɫɤɨɥɶɤɨ ɮɚɤɬɨɪɨɜ ɬɚɤɢɯ, ɤɚɤ ɬɟɯɧɨɝɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɢɫɬɨɱɧɢɤɨɜ ɜɵɛɪɨɫɨɜ, 
ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɪɚɫɫɟɢɜɚɧɢɹ ɢ ɮɢɡɢɤɨ-ɝɟɨɝɪɚɮɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɦɟɫɬɧɨɫɬɢ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɫɟɢɜɚɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɟ 
ɫɧɢɠɚɸɬɫɹ. ȼ ɤɚɱɟɫɬɜɟ ɬɟɯɧɨɝɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɵɫɬɭɩɚɸɬ ɜɵɫɨɬɚ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɚ, 
ɬɟɦɩɟɪɚɬɭɪɚ ɜɵɛɪɨɫɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɤɚɤ ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɵɛɪɚɫɵɜɚɟɦɨɣ ɢɫɬɨɱɧɢɤɨɦ 
ɫɦɟɫɢ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ Д6Ж.  

Ƚɪɚɮɢɱɟɫɤɢ ɪɚɫɫɟɢɜɚɧɢɟ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɟ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɞɜɢɠɟɧɢɟɦ 
ɜɵɛɪɨɫɨɜ ɨɬ ɢɫɬɨɱɧɢɤɚ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨ ɬɪɟɦ ɧɚɩɪɚɜɥɟɧɢɹɦ: 

X – ɩɚɪɚɥɥɟɥɶɧɨ ɜɟɬɪɭ ɢ ɡɟɦɥɟ; 
Y – ɩɚɪɚɥɥɟɥɶɧɨ ɡɟɦɥɟ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɜɟɬɪɭ; 
Z – ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɡɟɦɥɟ ɢ ɜɟɬɪɭ (ɫɦ. ɪɢɫɭɧɨɤ 1) [7]. 

 

 
Ɋɢɫ. 1. ɇɚɩɪɚɜɥɟɧɢɹ ɪɚɫɫɟɢɜɚɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɟ 

Fig. 1. Directions of dispersion of pollutants in the atmosphere 

 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɪɚɫɫɟɢɜɚɧɢɟ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɩɥɨɫɤɨɫɬɢ БГ ɧɚ ɨɫɧɨɜɚɧɢɢ Ɇɟɬɨɞɨɜ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɫɬɨɹɧɢɟ бɦ ɨɬ ɢɫɬɨɱɧɢɤɨɜ ɜɵɛɪɨɫɚ, ɧɚ ɤɨɬɨɪɨɦ ɩɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɩɪɢ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɞɨɫɬɢɝɚɟɬ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ Мɦ ɩɨ ɮɨɪɦɭɥɟ: 

бɦ  = 5 − F

4
 ∙ d ∙ H,                                                        (1) 

ɝɞɟ F – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɤɨɪɨɫɬɶ ɨɫɟɞɚɧɢɹ Ɂȼ ɜ ɚɬɦɨɫɮɟɪɧɨɦ ɜɨɡɞɭɯɟ; 
H – ɜɵɫɨɬɚ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɚ, ɦ; 
d – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ 

ɫɜɨɣɫɬɜɚ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɚ. 
Ɂɚɬɟɦ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ cɦu ɩɪɢ 

ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɢ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ u, ɨɬɥɢɱɚɸɳɟɣɫɹ ɨɬ ɨɩɚɫɧɨɣ 
ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ uɦ, ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

cɦu = r ∙ cɦ,                                                              ሺ2ሻ 

ɝɞɟ cɦ – ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɢɡɟɦɧɚɹ ɪɚɡɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ Ɂȼ ɩɪɢ ɨɩɚɫɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ uɦ, ɦɝ/ɦ3; 

r – ɛɟɡɪɚɡɦɟɪɧɚɹ ɜɟɥɢɱɢɧɚ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ u
uɦ

. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɢɡɟɦɧɨɣ ɪɚɡɨɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ cɦ 

ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɩɪɢ ɪɚɫɱɟɬɟ ɪɚɫɫɟɢɜɚɧɢɹ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɨɣ 
ɬɟɯɧɢɤɨɣ Д8Ж. 

Z 

X Y 
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Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɚ бɦ.u, ɧɚ ɤɨɬɨɪɨɦ ɩɪɢ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ u ɢ 
ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɞɨɫɬɢɝɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɪɢɡɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ cɦu ɩɨ ɮɨɪɦɭɥɟ: 

бɦ.u = p ∙  бɦ,                                                              (3) 
ɝɞɟ p – ɛɟɡɪɚɡɦɟɪɧɚɹ ɜɟɥɢɱɢɧɚ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ u

uɦ
. 

ɇɚ ɞɢɚɝɪɚɦɦɟ ɪɚɫɫɟɢɜɚɧɢɟ ɜɵɛɪɨɫɨɜ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɧɨɦ ɜɨɡɞɭɯɟ ɜ 
ɩɥɨɫɤɨɫɬɢ XZ ɢɦɟɟɬ ɜɢɞ ɤɪɢɜɨɣ (ɫɦ. ɪɢɫɭɧɨɤ. 2). 

 

 
Ɋɢɫ. 2. Ɋɚɫɫɟɢɜɚɧɢɟ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɩɥɨɫɤɨɫɬɢ XZ 

Fig. 2. Dispersion of contaminants in the XZ plane 

 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɤɢ ɪɚɫɫɟɢɜɚɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɩɥɨɫɤɨɫɬɢ XYZ ɧɟɨɛɯɨɞɢɦɨ 
ɨɩɪɟɞɟɥɢɬɶ ɭɪɨɜɟɧɶ ɩɪɢɡɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ cв ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ (x; y) ɨɬ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɚ ɩɨ 
ɮɨɪɦɭɥɟ: 

cв= ሺs1 ∙ ɫɦሻ ∙ s2,                                                           (4) 
ɝɞɟ s1 – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɬɧɨɲɟɧɢɹ u

uɦ
 ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ 

F; 

s2 – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ u. 

ɇɚ ɞɢɚɝɪɚɦɦɟ ɫɟɬɤɚ ɪɚɫɫɟɢɜɚɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɩɥɨɫɤɨɫɬɢ XYZ ɜɵɝɥɹɞɢɬ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ (ɫɦ. ɪɢɫɭɧɨɤ 3): 

 

 
Ɋɢɫ. 3. ɋɟɬɤɚ ɪɚɫɫɟɢɜɚɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ 

Fig. 3. Distribution grid for pollutants 
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Ɋɟɡɭɥɶɬɚɬɨɦ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɤɢ ɪɚɫɫɟɢɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɯ ɡɨɧ, ɝɞɟ 
ɧɟɨɛɯɨɞɢɦɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɫɭɳɟɫɬɜɢɬɶ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɩɪɟɞɭɩɪɟɠɞɟɧɢɸ ɢ ɫɧɢɠɟɧɢɸ 
ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɜɵɛɪɨɫɚɦɢ ɩɵɥɢ ɢ ɨɬɪɚɛɨɬɚɜɲɢɦɢ ɝɚɡɚɦɢ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɢɟ 
ɜ ɷɬɢɯ ɡɨɧɚɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɪɢɫɤɨɜ ɢ ɪɢɫɤɨɜ ɞɥɹ ɡɞɨɪɨɜɶɹ ɧɚɫɟɥɟɧɢɹ, ɧɚɧɨɫɢɦɵɯ ɨɤɪɭɠɚɸɳɟɣ 
ɩɪɢɪɨɞɧɨɣ ɫɪɟɞɟ ɢ ɱɟɥɨɜɟɤɭ. 
 

ɉɊɈȽɊȺɆɆɇȺə ɊȿȺɅɂɁȺɐɂə 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɤɢ ɪɚɫɫɟɢɜɚɧɢɹ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ ɨɬ 
ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɫ ɩɨɦɨɳɶɸ OpenGL ɧɟɨɛɯɨɞɢɦɨ ɫɧɚɱɚɥɚ ɢɧɢɰɢɚɥɢɡɢɪɨɜɚɬɶ 
ɩɥɨɫɤɨɫɬɶ ɫɰɟɧɵ ɪɢɫɨɜɚɧɢɹ. 

ɗɬɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫ ɩɨɦɨɳɶɸ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɣ ɮɭɧɤɰɢɢ: 
 

template<typename T> 
void InitOpenGL(T panel) {  
 hDC = GetDC((HWND)panel->Handle.ToPointer()); 
 PixelFormat= ChoosePixelFormat(hDC, &pfd); 
 SetPixelFormat(hDC, PixelFormat, &pfd); 

hRC = wglCreateContext(hDC); 
 wglMakeCurrent(hDC, hRC);  
}  

ɉɚɪɚɦɟɬɪ panel – ɷɬɨ ɤɨɧɬɟɣɧɟɪ, ɜ ɤɨɬɨɪɨɦ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɪɢɫɨɜɚɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 
ɩɪɢɦɢɬɢɜɨɜ. 

ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɧɟɨɛɯɨɞɢɦɨ ɨɱɢɫɬɢɬɶ ɫɰɟɧɭ ɪɢɫɨɜɚɧɢɹ ɢ ɡɚɞɚɬɶ ɰɜɟɬ ɮɨɧɚ, ɨɪɝɚɧɢɡɨɜɚɬɶ 
ɜɪɚɳɟɧɢɟ ɫɰɟɧɵ ɜ 3-ɯ ɩɥɨɫɤɨɫɬɹɯ, ɩɪɢɛɥɢɠɟɧɢɟ ɢ ɨɬɞɚɥɟɧɢɟ, ɚ ɬɚɤɠɟ ɡɚɞɚɬɶ ɩɚɪɚɦɟɬɪɵ ɨɫɜɟɳɟɧɢɹ 
[9].  

ɗɬɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 

// ȥȢțȘаșȠ ȞȢȡȦșȞȥȦ ȤȜȥȢваȡȜя 
glClearColor(1.0, 1.0, 1.0, 1.0); 
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);      
glLoadIdentity(); 
 
// вȤащșȡȜș ȥцșȡы 
glRotated(angleX, 1.0, 0.0, 0.0); 
glRotated(angleY, 0.0, 1.0, 0.0); 
glRotated(angleZ, 0.0, 0.0, 1.0); 
 
glScaled(pow(zoomX, -1.0), pow(zoomY, -1.0), pow(zoomZ, -1.0)); 
 
// ȢȥвșщșȡȜș ȥцșȡы 
glEnable(GL_LIGHTING); 
glEnable(GL_NORMALIZE);  
GLfloat diffuse[] = { 1.0, 1.0, 1.0, 1.0 }; // ȘȜȨȨȧțȡыȝ цвșȦ ȥвșȦа  
GLfloat position[] = { 0.0, 0.0, zoomZ, 1.0 }; // ȡаȣȤавȟșȡȜș ȥвșȦа 
glEnable(GL_LIGHT0); 
glLightfv(GL_LIGHT0, GL_DIFFUSE, diffuse); 
glLightfv(GL_LIGHT0, GL_POSITION, position); 
glEnable(GL_COLOR_MATERIAL); 

 

ɋɟɬɤɚ ɪɚɫɫɟɢɜɚɧɢɹ ɜɵɛɪɨɫɨɜ ɫɬɪɨɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɪɢɦɢɬɢɜɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ 
OpenGL – ɥɢɧɢɣ ɬɢɩɚ GL_LINE_STRIP, ɤɨɝɞɚ ɤɚɠɞɚɹ ɫɥɟɞɭɸɳɚɹ ɜɟɪɲɢɧɚ ɹɜɥɹɟɬɫɹ ɤɨɧɰɨɦ 
ɬɟɤɭɳɟɝɨ ɨɬɪɟɡɤɚ ɩɪɹɦɨɣ ɢ ɧɚɱɚɥɨɦ ɞɥɹ ɫɥɟɞɭɸɳɟɝɨ Д10Ж.  

Ɋɢɫɨɜɚɧɢɟ ɷɬɢɯ ɥɢɧɢɣ ɪɟɚɥɢɡɨɜɚɧɨ ɜ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɣ ɮɭɧɤɰɢɢ: 
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GLvoid glDrawLineStrip(List<Point3D^> ^points, Color ^color, GLdouble width = 1.0) { 
 glColor4d(color->R / 256.0, color->G / 256.0, color->B / 256.0, color->A / 256.0); 
 glLineWidth(width); 
 glBegin(GL_LINE_STRIP);  
 for (int i = 0; i < points->Count; i++)  
  glVertex3d(points[i]->X, points[i]->Y, points[i]->Z);      
 glEnd(); 
} 
 

... 
List<List<Point3D^>^> ^data = substances[indexSubstance]->getCxy(); 
List<List<Point3D^>^> ^data2 = gcnew List<List<Point3D^>^>(); 
for (int i = 0; i < data[0]->Count; i++) { 
 List<Point3D^> ^lines = gcnew List<Point3D^>(); 
 for (int j = 0; j < data->Count – 1; j++)  
  lines->Add(gcnew Point3D(data[j][i]->X, data[j][i]->Y, data[j][i]->Z)); 
 data2->Add(lines); 
} 
for (int i = 0; i < data->Count; i++) { 
 glDrawLineStrip(data[i], substances[indexSubstance]->getColor(), 1.0); 
 for (int j = 0; j < data[i]->Count; j++) data[i][j]->Y *= -1.0; 
 glDrawLineStrip(data[i], substances[indexSubstance]->getColor(), 1.0); 
} 
for (int i = 0; i < data2->Count; i++) { 
 glDrawLineStrip(data2[i], substances[indexSubstance]->getColor(), 1.0); 
 for (int j = 0; j < data2[i]->Count; j++) data2[i][j]->Y *= -1.0; 

glDrawLineStrip(data2[i], substances[indexSubstance]->getColor(), 1.0); 
} 

 

Ⱦɥɹ ɨɛɨɡɧɚɱɟɧɢɹ ɝɪɚɧɢɰ бɦ ɢ бɦ.u ɢɫɩɨɥɶɡɭɟɦ ɷɥɥɢɩɫɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɚɞɢɭɫɨɜ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɢɫɬɨɱɧɢɤɚ ɜɵɛɪɨɫɨɜ.  

Ɋɢɫɨɜɚɧɢɟ ɷɥɥɢɩɫɚ ɪɟɚɥɢɡɨɜɚɧɨ ɜ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɣ ɮɭɧɤɰɢɢ: 
 

GLvoid glDrawEllips(Point3D ^position, GLdouble radiusX, GLdouble radiusY, Color ^color, GLdouble 
width = 1.0) {  
 glColor4d(color->R / 256.0, color->G / 256.0, color->B / 256.0, color->A / 256.0); 
 glLineWidth(width); 
 glBegin(GL_LINE_LOOP);  
 unsigned long int amountSegments = 100; 
 for (unsigned long int i = 0; i < amountSegments; i++) { 
  GLdouble angle = 2.0 * Math::PI * (GLdouble)i / (GLdouble)amountSegments; 
  GLdouble x3 = radiusX * sinf(angle); 
  GLdouble y3 = radiusY * cosf(angle); 
  glVertex3d(x3 + position->X, y3 + position->Y, position->Z); 
 } 
 glEnd(); 
} 

... 
double Xm = substances[indexSubstance]->getXm(); 
double Xmu = substances[indexSubstance]->getXmu(); 
glDrawEllips(gcnew Point3D(0.0, 0.0, 0.0), Xm, Xm, Color::Red, 2); 
glDrawEllips(gcnew Point3D(0.0, 0.0, 0.0), Xmu, Xmu, Color::Green, 2); 
glDrawEllips(gcnew Point3D(0.0, 0.0, 0.0), zoomX, zoomY, Color::Black, 2); 

 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɨɫɬɪɨɢɦ ɫɟɬɤɭ ɪɚɫɫɟɢɜɚɧɢɹ ɜɵɛɪɨɫɨɜ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ (ɋɈ) ɨɬ ɞɨɪɨɠɧɨ-

ɫɬɪɨɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ (ɚɜɬɨɝɪɟɣɞɟɪɚ, ɬɪɚɤɬɨɪɚ ɢ ɚɫɮɚɥɶɬɨɭɤɥɚɞɱɢɤɚ) ɧɚ ɭɱɚɫɬɤɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ɞɨɪɨɝɢ (ɫɦ. ɪɢɫɭɧɨɤ 4) ɫ ɩɨɦɨɳɶɸ OpenGL ɢ ɩɪɟɞɫɬɚɜɢɦ ɟɟ ɜ ɜɢɞɟ 3D ɞɢɝɪɚɦɦɵ. 
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Ɋɢɫ. 4. ɉɨɫɬɪɨɟɧɢɟ ɫɟɬɤɢ ɪɚɫɫɟɢɜɚɧɢɹ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ 

Fig. 4. Construction of a network of carbon monoxide dispersal 

 

ɇɚ ɪɢɫɭɧɤɟ 4 ɜɢɞɧɵ ɡɨɧɵ ɪɚɫɫɟɢɜɚɧɢɹ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ (ɋɈ): ɤɪɚɫɧɵɦ ɰɜɟɬɨɦ (ɧɚ ɪɚɫɫɬɨɹɧɢɢ 
бɦ = 12,6 ɦ ɨɬ ɬɨɱɤɢ ɜɵɛɪɨɫɚ) ɨɛɨɡɧɚɱɟɧɚ ɝɪɚɧɢɰɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɪɟɞɧɨɝɨ ɜɟɳɟɫɬɜɚ, 
ɡɟɥɟɧɵɦ ɰɜɟɬɨɦ (ɧɚ ɪɚɫɫɬɨɹɧɢɢ бɦ.u = 76,8 ɦ ɨɬ ɬɨɱɤɢ ɜɵɛɪɨɫɚ) – ɝɪɚɧɢɰɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢ 
ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ u, ɨɬɥɢɱɚɸɳɟɣɫɹ ɨɬ ɨɩɚɫɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ uɦ. 

 

ɁȺɄɅɘɑȿɇɂȿ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɢɛɥɢɨɬɟɤɚ OpenGL ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɩɨɩɭɥɹɪɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ 
ɢɧɬɟɪɮɟɣɫɨɜ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɩɪɢɥɨɠɟɧɢɣ ɜ ɨɛɥɚɫɬɢ ɞɜɭɦɟɪɧɨɣ ɢ ɬɪɟɯɦɟɪɧɨɣ ɝɪɚɮɢɤɢ. Ʉ ɟɟ 
ɯɚɪɚɤɬɟɪɧɵɦ ɨɫɨɛɟɧɧɨɫɬɹɦ ɨɬɧɨɫɹɬɫɹ ɫɬɚɛɢɥɶɧɨɫɬɶ, ɧɚɞɟɠɧɨɫɬɶ, ɩɨɫɬɨɹɧɧɨ ɪɚɡɜɢɜɚɸɳɢɟɫɹ 
ɞɨɩɨɥɧɟɧɢɹ ɢ ɪɚɫɲɢɪɟɧɢɹ, ɥɟɝɤɨɫɬɶ ɜ ɩɪɢɦɟɧɟɧɢɢ ɢ ɩɨɧɹɬɧɵɣ ɢɧɬɟɪɮɟɣɫ. ɗɬɨ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɨɟ 
ɪɟɲɟɧɢɟ ɜ ɩɨɫɬɪɨɟɧɢɢ ɫɟɬɤɢ ɪɚɫɫɟɢɜɚɧɢɹ ɜɵɛɪɨɫɨɜ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ ɢɡ 
ɪɚɡɥɢɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ.  
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɦɟɧɟɧɢɹ OpenGL ɜ ɨɛɥɚɫɬɢ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɤɢ ɪɚɫɫɟɢɜɚɧɢɹ ɜɵɛɪɨɫɨɜ 
ɮɨɪɦɢɪɭɟɬɫɹ 3D ɞɢɚɝɪɚɦɦɚ ɞɥɹ ɜɢɡɭɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɢ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ 
ɜ ɪɚɛɨɱɟɣ ɡɨɧɟ.  

Ⱦɚɧɧɚɹ ɞɢɚɝɪɚɦɦɚ ɫɥɭɠɢɬ ɧɚɝɥɹɞɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɨɬɨɛɪɚɠɟɧɢɹ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɯ ɞɥɹ 
ɫɨɫɬɨɹɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɭɱɚɫɬɤɨɜ, ɡɨɧ ɩɪɟɞɟɥɶɧɨ-ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ ɢ ɦɟɫɬ, ɝɞɟ ɜɥɢɹɧɢɟ 
ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɹɜɥɹɟɬɫɹ ɛɟɡɨɩɚɫɧɵɦ, ɢ ɨɫɧɨɜɨɣ ɞɥɹ ɩɥɚɧɢɪɨɜɚɧɢɹ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɫɧɢɠɟɧɢɸ 
ɭɪɨɜɧɹ ɡɚɝɪɹɡɧɟɧɢɣ ɤɚɤ ɪɚɛɨɱɟɣ ɡɨɧɵ, ɬɚɤ ɢ ɨɤɪɭɠɚɸɳɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɠɢɥɨɣ ɡɨɧɵ ɜ ɝɨɪɨɞɫɤɢɯ 
ɭɫɥɨɜɢɹɯ. 
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