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Реферат 
ɐɟɥɶɸ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɧɚɩɢɫɚɧɢɟ ɮɪɟɣɦɜɨɪɤɚ ɞɥɹ ɪɟɧɞɟɪɢɧɝɚ ɢɡɨɛɪɚɠɟɧɢɣ, ɤɨɬɨɪɵɣ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɫɪɚɜɧɢɬɟɥɶɧɨ ɩɪɨɫɬ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɪɚɜɧɢɦ 
ɫ ɧɢɡɤɨɭɪɨɜɧɟɜɵɦɢ ɝɪɚɮɢɱɟɫɤɢɦɢ API. 
Дɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɛɵɥ ɜɵɛɪɚɧ ɦɟɬɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɚɪɯɢɬɟɤɬɭɪɟ Render Graph i. 
Ɍɚɤɨɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɮɪɟɣɦɜɨɪɤɚ ɨɩɢɫɵɜɚɬɶ ɫɜɨɢ ɧɚɦɟɪɟɧɢɹ 
ɩɨɫɪɟɞɫɬɜɨɦ ɜɵɫɨɤɨɭɪɨɜɧɟɜɨɣ ɦɨɞɟɥɢ, ɤɨɬɨɪɚɹ ɫɢɥɚɦɢ ɮɪɟɣɦɜɨɪɤɚ ɨɩɬɢɦɢɡɢɪɭɟɬɫɹ ɢ 
ɤɨɧɜɟɪɬɢɪɭɟɬɫɹ ɜ ɧɢɡɤɨɭɪɨɜɧɟɜɨɟ ɨɩɢɫɚɧɢɟ ɱɟɪɟɡ ɝɪɚɮɢɱɟɫɤɢɣ API. 
В ɬɟɤɭɳɟɣ ɜɟɪɫɢɢ, ɪɟɚɥɢɡɨɜɚɧɵ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɨɛɴɟɤɬɵ ɜ ɭɩɨɦɹɧɭɬɨɣ ɚɪɯɢɬɟɤɬɭɪɟ, 
ɮɪɟɣɦɜɨɪɤ ɭɠɟ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɱɟɫɤɢɯ ɤɨɧɜɟɣɟɪɨɜ. Гɞɟ 
ɜɨɡɦɨɠɧɨ, ɞɨɪɨɝɨɫɬɨɹɳɢɟ ɜɵɡɨɜɵ API ɛɵɥɢ ɫɝɪɭɩɩɢɪɨɜɚɧɵ ɞɥɹ ɩɨɜɵɲɟɧɢɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɭɦɟɧɶɲɟɧɨ ɤɨɥ-ɜɨ ɚɥɥɨɤɚɰɢɣ ɜɢɞɟɨɩɚɦɹɬɢ. 
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Введение 

В ɫɨɜɪɟɦɟɧɧɨɣ ɠɢɡɧɢ ɦɵ ɤɚɠɞɵɣ ɞɟɧɶ ɧɚɛɥɸɞɚɟɦ ɢɡɨɛɪɚɠɟɧɢɹ, ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɟ 
ɤɨɦɩɶɸɬɟɪɨɦ. Ɋɟɧɞɟɪɢɧɝɨɦ ɧɚɡɵɜɚɸɬ ɩɪɨɰɟɫɫ ɝɟɧɟɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɹ ɤɨɦɩɶɸɬɟɪɨɦ 
ɩɨ ɦɨɞɟɥɢ(ɩɨɞ ɦɨɞɟɥɶɸ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ 
ɢɡɨɛɪɚɠɚɟɦɵɯ ɨɛɴɟɤɬɨɜ, ɢɧɮɨɪɦɚɰɢɹ ɨɛ ɨɫɜɟɳɟɧɢɢ, ɩɨɥɨɠɟɧɢɢ ɧɚɛɥɸɞɚɬɟɥɹ ɢ ɬ.ɞ). 
Ɋɟɧɞɟɪɟɪɨɦ ɧɚɡɵɜɚɸɬ ɩɪɨɝɪɚɦɦɭ, ɨɫɭɳɟɫɬɜɥɹɸɳɭɸ ɪɟɧɞɟɪɢɧɝ. 

В ɤɨɧɬɟɤɫɬɟ ɷɬɨɣ ɪɚɛɨɬɵ ɜ ɨɫɧɨɜɧɨɦ ɛɭɞɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ 2D/3D ɪɟɧɞɟɪɢɧɝ ɜ 
ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. В ɬɚɤɨɦ ɜɢɞɟ ɡɚɞɚɱɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɨ ɜɧɭɬɪɟɧɧɟɦɭ 
ɩɪɟɞɫɬɚɜɥɟɧɢɸ ɫɰɟɧɵ ɨɬɪɢɫɨɜɵɜɚɬɶ ɢɡɨɛɪɚɠɟɧɢɟ ɫɨ ɫɤɨɪɨɫɬɶɸ > 20 ɤɚɞɪɨɜ ɜ ɫɟɤɭɧɞɭ, 
ɩɨɥɭɱɚɹ ɩɪɢ ɷɬɨɦ ɤɚɤ ɦɨɠɧɨ ɛɨɥɟɟ ɤɚɱɟɫɬɜɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ. 

Дɥɹ ɨɬɪɢɫɨɜɤɢ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɝɞɚ ɢɫɩɨɥɶɡɭɸɬɫɹ GPU - 
ɭɫɬɪɨɣɫɬɜɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɨɞɧɨɬɢɩɧɨɣ ɨɛɪɚɛɨɬɤɢ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ ɞɚɧɧɵɯ. 
GPU - ɨɬɞɟɥɶɧɨɟ ɨɬ CPU ɭɫɬɪɨɣɫɬɜɨ ɫɨ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɸɳɟɣɫɹ ɚɪɯɢɬɟɤɬɭɪɨɣ ɢ 
ɨɛɥɚɫɬɶɸ ɪɟɲɚɟɦɵɯ ɡɚɞɚɱii. Дɥɹ ɧɚɩɢɫɚɧɢɹ ɩɪɨɝɪɚɦɦ, ɢɫɩɨɥɧɹɟɦɵɯ ɧɚ ɧɢɯ, 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɬɞɟɥɶɧɵɟ (ɯɨɬɹ ɜɨ ɦɧɨɝɨɦ ɩɨɯɨɠɢɟ ɧɚ C/C++) ɹɡɵɤɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
(Ɉɫɧɨɜɧɵɟ ɩɪɢɦɟɪɵ: GLSL,iii HLSLiv). ɉɪɨɝɪɚɦɦɵ ɧɚ ɷɬɢɯ ɹɡɵɤɚɯ ɱɚɫɬɨ ɧɚɡɵɜɚɸɬ 
ɲɟɣɞɟɪɚɦɢ. 

ɉɨɦɢɦɨ ɫɪɟɞɫɬɜ ɞɥɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɫɚɦɢɯ GPU ɧɭɠɧɵ ɫɪɟɞɫɬɜɚ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ 
ɩɨɫɵɥɚɬɶ ɬɭɞɚ ɤɨɦɚɧɞɵ ɢɡ ɩɪɨɰɟɫɫɨɪɚ. ɗɬɨ, ɤɨɧɟɱɧɨ, ɦɨɠɧɨ ɞɟɥɚɬɶ ɱɟɪɟɡ ɞɪɚɣɜɟɪ, ɧɨ 
ɷɬɨ ɤɪɚɣɧɟ ɧɢɡɤɨɭɪɨɜɧɟɜɵɣ ɢ ɬɪɭɞɨɡɚɬɪɚɬɧɵɣ ɫɩɨɫɨɛ. Ʉ ɬɨɦɭ ɠɟ ɫɬɪɚɞɚɟɬ 
ɩɟɪɟɧɨɫɢɦɨɫɬɶ ɧɚɩɢɫɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ. Дɥɹ ɢɫɩɪɚɜɥɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɫɭɳɟɫɬɜɭɸɬ 
ɝɪɚɮɢɱɟɫɤɢɟ API, ɫɥɭɠɚɳɢɟ ɫɥɨɟɦ ɚɛɫɬɪɚɤɰɢɢ ɦɟɠɞɭ ɩɪɨɝɪɚɦɦɨɣ ɢ ɞɪɚɣɜɟɪɨɦ 
ɜɢɞɟɨɤɚɪɬɵ. ɇɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɦɢ API ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɹɜɥɹɸɬɫɹ: 

▫ OpenGL (overviewv) Ɇɭɥɶɬɢɩɥɚɬɮɨɪɦɟɧɧɵɣ, ɜɵɫɨɤɨɭɪɨɜɧɟɜɵɣ API. Ɇɧɨɝɢɟ 
ɡɚɞɚɱɢ ɪɟɲɚɸɬɫɹ ɡɚ ɩɪɨɝɪɚɦɦɢɫɬɚ, ɱɬɨ ɩɨɥɨɠɢɬɟɥɶɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɭɞɨɛɫɬɜɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ. ɐɟɧɨɣ ɷɬɨɦɭ ɫɬɚɧɨɜɢɬɫɹ ɧɟɩɪɟɞɫɤɚɡɭɟɦɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɪɟɫɭɪɫɨɜ 
ɩɪɨɰɟɫɫɨɪɚ, ɡɧɚɱɢɬɟɥɶɧɵɣ overhead ɢ ɧɟɩɨɥɧɨɟ ɡɚɞɟɣɫɬɜɢɟ ɜɨɡɦɨɠɧɨɫɬɟɣ GPU. 

▫ DirectX 11 Аɧɚɥɨɝ ɨɬ Microsoft, ɞɨɫɬɭɩɧɵɣ ɬɨɥɶɤɨ ɧɚ windows. 
▫ Vulkan (overviewvi) Ɉɬɧɨɫɢɬɟɥɶɧɨ ɧɟɞɚɜɧɨ ɩɨɹɜɢɜɲɢɣɫɹ API, ɡɧɚɱɢɬɟɥɶɧɨ 

ɨɬɥɢɱɚɸɳɢɣɫɹ ɨɬ ɫɜɨɢɯ ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ. Ɉɫɧɨɜɧɨɣ ɭɩɨɪ ɜɟɞɟɬɫɹ ɧɚ ɩɟɪɟɞɚɱɭ 
ɤɨɧɬɪɨɥɹ ɜ ɪɭɤɢ ɩɪɨɝɪɚɦɦɢɫɬɚ. Ɇɧɨɝɢɟ ɜɟɳɢ, ɤɨɬɨɪɵɟ ɩɪɨɢɫɯɨɞɢɥɢ ɜ 
OpenGL/DirectX ɚɜɬɨɦɚɬɢɱɟɫɤɢ, ɬɭɬ ɩɪɢɞɟɬɫɹ ɞɟɥɚɬɶ ɜɪɭɱɧɭɸ. Ɍɚɤ ɠɟ ɩɨ 
ɭɦɨɥɱɚɧɢɸ ɬɭɬ ɨɬɫɭɬɫɬɜɭɟɬ ɤɚɤɚɹ-ɥɢɛɨ ɩɪɨɜɟɪɤɚ ɞɟɣɫɬɜɢɣ ɩɪɨɝɪɚɦɦɢɫɬɚ ɧɚ 
ɤɨɪɪɟɤɬɧɨɫɬɶ. Ɂɧɚɱɢɬɟɥɶɧɵɣ ɪɨɫɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɩɪɚɜɢɥɶɧɨɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɟɬɫɹ ɰɟɧɨɣ ɩɪɨɫɬɨɬɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 

Вɜɢɞɭ ɫɟɪɶɟɡɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɠɟɥɚɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨ 
ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɨɫɬɭɩɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ GPU ɬɟɩɟɪɶ ɢɦɟɟɬ ɫɦɵɫɥ ɫɨɡɞɚɜɚɬɶ 
ɪɟɧɞɟɪɟɪɵ, ɢɫɩɨɥɶɡɭɸɳɢɟ Vulkan. 

https://www.khronos.org/opengl/wiki/OpenGL_Shading_Language
https://docs.microsoft.com/en-us/windows/win32/direct3dhlsl/dx-graphics-hlsl
https://www.khronos.org/opengl/%23:~:text=OpenGL%C2%AE%20is%20the%20most,as%20well%20as%20network-transparent.
https://vulkan-tutorial.com/Overview


   
 

   
 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɝɪɚɮɢɱɟɫɤɢɣ ɤɨɧɜɟɣɟɪ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧ ɥɢɲɶ ɫɩɢɫɤɨɦ ɡɚɞɚɱ, 
ɪɟɫɭɪɫɚɦɢ ɢ ɨɩɢɫɚɧɢɟɦ ɬɨɝɨ, ɤɚɤ ɡɚɞɚɱɢ ɢɫɩɨɥɶɡɭɸɬ ɷɬɢ ɪɟɫɭɪɫɵ ɜ ɩɪɨɰɟɫɫɟ 
ɜɵɩɨɥɧɟɧɢɹ. Вɜɢɞɭ ɡɚɥɨɠɟɧɧɵɯ ɩɪɢɧɰɢɩɨɜ, ɜɵɪɚɠɟɧɢɟ ɷɬɨɝɨ ɨɩɢɫɚɧɢɟ ɱɟɪɟɡ Vulkan 
ɡɚɧɢɦɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟ ɤɨɞɚ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɢɥɶɧɟɟ ɩɨɞɜɟɪɠɟɧɨ ɨɲɢɛɤɚɦ. (Дɥɹ 
ɧɚɝɥɹɞɧɨɫɬɢ ɦɨɠɧɨ ɫɪɚɜɧɢɬɶ ɞɜɚ ɬɭɬɨɪɢɚɥɚ ɨɛɚ ɢɡ ɤɨɬɨɪɵɯ ɨɩɢɫɵɜɚɸɬ ɩɪɨɰɟɫɫ 
ɨɬɪɢɫɨɜɤɢ ɬɪɟɭɝɨɥɶɧɢɤɚ ɜ ɨɤɧɟ: Vulkanvii OpenGlviii) Вɨɡɧɢɤɚɟɬ ɩɨɬɪɟɛɧɨɫɬɶ ɧɚɩɢɫɚɬɶ 
ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɮɪɟɣɦɜɨɪɤ, ɤɨɬɨɪɵɣ ɩɨ ɜɵɫɨɤɨɭɪɨɜɧɟɜɨɦɭ ɨɩɢɫɚɧɢɸ ɩɪɨɰɟɫɫɚ ɛɭɞɟɬ 
ɞɨɥɠɧɵɦ ɨɛɪɚɡɨɦ ɢɧɢɰɢɚɥɢɡɢɪɨɜɚɬɶ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ API ɱɬɨɛɵ ɝɟɧɟɪɢɪɨɜɚɬɶ 
ɢɡɨɛɪɚɠɟɧɢɟ ɩɨ ɨɩɢɫɚɧɧɨɦɭ ɩɪɨɰɟɫɫɭ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. 

 

Сравнител̽н̼й анализ 

Аɥɶɬɟɪɧɚɬɢɜɚɦɢ ɫɨɡɞɚɜɚɟɦɨɣ ɩɪɨɝɪɚɦɦɟ ɦɨɝɭɬ ɩɨɫɥɭɠɢɬɶ: 

▫ ɉɨɥɧɨɰɟɧɧɵɣ ɢɝɪɨɜɨɣ ɞɜɢɠɨɤ(ɧɚ ɩɪɢɦɟɪ Unity/Unreal Engine) 
� ɇɟ ɧɭɠɧɨ ɜɧɢɤɚɬɶ ɜ ɧɢɡɤɨɭɪɨɜɧɟɜɵɟ ɞɟɬɚɥɢ ɩɪɨɰɟɫɫɚ. 
� ɋɨɩɪɹɠɟɧɧɵɟ ɩɪɨɰɟɫɫɵ ɩɨ ɬɢɩɭ ɞɨɛɚɜɥɟɧɢɹ ɬɟɤɫɬɭɪ/3D ɦɨɞɟɥɟɣ ɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɯ ɜ ɪɟɧɞɟɪɟɪɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ. 
� Ɍɪɭɞɧɨɞɨɫɬɭɩɧɨɫɬɶ ɛɨɥɟɟ ɧɢɡɤɨɭɪɨɜɧɟɜɵɯ ɢɧɬɟɪɮɟɣɫɨɜ ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ 

ɛɨɥɟɟ ɭɡɤɢɣ ɫɩɟɤɬɪ ɪɟɲɚɟɦɵɯ ɡɚɞɚɱ. 
� Ɍɹɠɟɥɨɜɟɫɧɨɫɬɶ. ɋɨɜɪɟɦɟɧɧɵɟ ɞɜɢɠɤɢ ɤɪɚɣɧɟ ɭɧɢɜɟɪɫɚɥɶɧɵ ɢ ɫɨɞɟɪɠɚɬ 

ɜ ɫɟɛɟ ɞɟɫɹɬɤɢ ɪɚɡɥɢɱɧɵɯ ɩɨɞɫɢɫɬɟɦ. ɗɬɨ ɦɨɠɟɬ ɫɨɡɞɚɬɶ ɨɳɭɬɢɦɵɣ 
overhead ɤɚɤ ɜ runtime’ɟ ɬɚɤ ɢ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ. 

▫ ɂɫɩɨɥɶɡɨɜɚɬɶ Vulkan API ɧɚɩɪɹɦɭɸ 
� ɒɢɪɨɤɢɣ ɫɩɟɤɬɪ ɪɟɲɚɟɦɵɯ ɡɚɞɚɱ. 
� ɇɢɡɤɢɣ overhead, ɜɵɫɨɤɢɣ ɩɨɬɟɧɰɢɚɥ ɜ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 
� ɇɢɡɤɨɭɪɨɜɧɟɜɨɫɬɶ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ API ɬɪɭɞɨɡɚɬɪɚɬɧɨ, ɞɚɠɟ ɩɪɨɫɬɵɟ 

ɡɚɞɚɱɢ ɩɨ ɬɢɩɭ ɢɧɢɰɢɚɥɢɡɚɰɢɢ API ɦɨɝɭɬ ɡɚɧɢɦɚɬɶ ɨɱɟɧɶ ɦɧɨɝɨ ɤɨɞɚ (ɍ 
ɦɟɧɹ ɤɨɞ ɫɜɹɡɚɧɧɵ ɫ ɢɧɢɰɢɚɥɢɡɚɰɢɟɣ Vulkan ɡɚɧɢɦɚɟɬ ɩɨɪɹɞɤɚ 500 ɫɬɪɨɤ 
C++ ɤɨɞɚ ɛɟɡ ɭɱɟɬɚ ɡɚɝɨɥɨɜɨɱɧɵɯ ɮɚɣɥɨɜ). 

▫ ɂɫɩɨɥɶɡɨɜɚɬɶ ɛɨɥɟɟ ɜɵɫɨɤɨɭɪɨɜɧɟɜɵɣ ɝɪɚɮɢɱɟɫɤɢɣ API(ɧɚ ɩɪɢɦɟɪ OpenGL) 
o С̛̬̖̦̜̔ ̏а̛̬а̦̯ ̥̖̙̱̔ ̱̥̔̏́ ̛̛̪̬̖̼̱̺̥̔̔ ̡̪̱̦̯а̛̥͘ 

 

Функционал̽н̼е требовани́ 
ɉɪɨɝɪɚɦɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡ ɫɟɛɹ ɛɢɛɥɢɨɬɟɤɭ ɢ ɡɚɝɨɥɨɜɨɱɧɵɣ ɮɚɣɥ ɫ ɩɭɛɥɢɱɧɵɦɢ 
ɢɧɬɟɪɮɟɣɫɚɦɢ. ɉɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɨɩɢɫɵɜɚɬɶ ɝɪɚɮɢɱɟɫɤɢɣ ɤɨɧɜɟɣɟɪ ɢɫɩɨɥɶɡɭɹ 
ɫɥɟɞɭɸɳɢɟ ɨɛɴɟɤɬɵ: 

▫ RenderPass - ɚɬɨɦɚɪɧɚɹ ɡɚɞɚɱɚ ɜ ɩɪɨɰɟɫɫɟ ɪɟɧɞɟɪɢɧɝɚ. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɭɫɤ 
ɲɟɣɞɟɪɚ, ɢɧɢɰɢɚɥɢɡɚɰɢɹ ɪɟɫɭɪɫɨɜ, ɩɟɪɟɦɟɳɟɧɢɟ ɞɚɧɧɵɯ ɢ ɬ.ɞ. В ɮɪɟɣɦɜɨɪɤɟ 
ɩɪɟɞɫɬɚɜɥɟɧ ɤɚɤ ɛɚɡɨɜɵɣ ɤɥɚɫɫ, ɫɨɞɟɪɠɚɳɢɣ ɮɭɧɤɰɢɨɧɚɥ ɞɥɹ ɩɟɪɟɞɚɱɢ ɜ 
RenderGraph ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɢɫɩɨɥɶɡɭɟɦɵɯ Resource. Ɉɠɢɞɚɟɬɫɹ, ɱɬɨ 
ɩɨɥɶɡɨɜɚɬɟɥɶ ɛɭɞɟɬ ɫɨɡɞɚɜɚɬɶ ɤɥɚɫɫɵ ɧɚɫɥɟɞɧɢɤɢ ɷɬɨɝɨ ɤɥɚɫɫɚ, ɜ ɤɨɬɨɪɵɯ ɛɭɞɟɬ 
ɡɚɞɚɜɚɬɶ ɧɭɠɧɨɟ ɟɦɭ ɩɨɜɟɞɟɧɢɟ. 

https://vulkan-tutorial.com/Overview
http://www.opengl-tutorial.org/beginners-tutorials/tutorial-1-opening-a-window/
https://github.com/Ilistratov/RL/tree/master/base


   
 

   
 

▫ Resource - ɨɛɴɟɤɬ, ɢɫɩɨɥɶɡɭɸɳɢɣɫɹ ɤɚɤ ɜɜɨɞ/ɜɵɜɨɞ ɞɥɹ RenderPass. ɗɬɨ ɦɨɠɟɬ 
ɛɵɬɶ ɜɪɟɦɟɧɧɚɹ ɬɟɤɫɬɭɪɚ, ɢɧɮɨɪɦɚɰɢɹ ɨ ɝɟɨɦɟɬɪɢɢ ɫɰɟɧɵ, ɦɚɫɫɢɜ ɫ ɩɨɡɢɰɢɹɦɢ 
ɢɫɬɨɱɧɢɤɨɜ ɨɫɜɟɳɟɧɢɹ ɢ ɬ.ɞ. ɉɪɟɞɫɬɚɜɥɟɧ ɤɥɚɫɫɚɦɢ Buffer ɢ Image. 

▫ RenderGraph - ɨɛɴɟɤɬ, ɯɪɚɧɹɳɢɣ ɜ ɫɟɛɟ ɢɧɮɨɪɦɚɰɢɸ ɨ ɜɫɟɯ ɪɟɫɭɪɫɚɯ, 
RenderPass’ɚɯ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɢɯ ɢɫɩɨɥɧɟɧɢɹ ɢ ɪɟɚɥɢɡɭɸɳɢɣ ɥɨɝɢɤɭ 
ɨɩɢɫɚɧɢɹ ɫɨɡɞɚɧɢɹ ɢ ɩɪɨɰɟɫɫɚ ɢɫɩɨɥɧɟɧɢɹ ɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɧɜɟɣɟɪɚ. 

Нефункционал̽н̼е требовани́ 
Ɍɪɟɛɨɜɚɧɢɹ ɤ ɧɚɞɟɠɧɨɫɬɢ. 

В отладоɱной сборке 

1. ɇɟɤɨɪɪɟɤɬɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ VulkanAPI ɥɨɝɢɪɭɟɬɫɹ ɨɩɢɫɚɧɢɟ ɨɲɢɛɤɢ, ɩɨɫɥɟ 
ɱɟɝɨ ɩɪɨɝɪɚɦɦɚ ɚɜɚɪɢɣɧɨ ɡɚɜɟɪɲɚɟɬɫɹ. 

2. ɇɚɪɭɲɟɧɢɟ ɜɧɭɬɪɟɧɧɢɯ ɢɧɜɚɪɢɚɧɬɨɜ ɤɥɚɫɫɨɜ, ɨɲɢɛɤɚ ɜɨ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ, 
ɧɟɤɨɪɪɟɤɬɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɮɪɟɣɦɜɨɤɪɚ ɩɪɢɜɨɞɢɬ ɤ ɚɜɚɪɢɣɧɨɦɭ ɡɚɜɟɪɲɟɧɢɸ 
ɩɪɨɝɪɚɦɦɵ. Ɇɟɫɬɨ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɨɲɢɛɤɢ ɢ ɩɪɨɱɢɟ ɞɟɬɚɥɢ ɥɨɝɢɪɭɸɬɫɹ. 

В релизной сборке 

▫ В ɩɭɧɤɬɟ 2 ɜɦɟɫɬɨ ɚɜɚɪɢɣɧɨɝɨ ɡɚɜɟɪɲɟɧɢɹ ɩɪɨɝɪɚɦɦɵ ɜɵɛɪɚɫɵɜɚɟɬɫɹ 
ɢɫɤɥɸɱɟɧɢɟ. Ɉɛɴɟɤɬ, ɛɪɨɫɢɜɲɢɣ ɢɫɤɥɸɱɟɧɢɟ, ɜɨɨɛɳɟ ɝɨɜɨɪɹ, ɦɨɠɟɬ ɨɫɬɚɬɶɫɹ ɜ 
ɧɟɤɨɪɪɟɤɬɧɨɦ ɫɨɫɬɨɹɧɢɢ. ɂɫɤɥɸɱɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɥɢɲɶ ɞɥɹ ɛɨɥɟɟ 
ɛɟɡɨɩɚɫɧɨɝɨ ɡɚɜɟɪɲɟɧɢɹ ɩɪɨɝɪɚɦɦɵ. ɂɯ ɨɬɥɚɜɥɢɜɚɧɢɟ ɧɚ ɫɬɨɪɨɧɟ ɩɨɥɶɡɨɜɚɬɟɥɹ, 
ɜɨɨɛɳɟ ɝɨɜɨɪɹ, ɧɟ ɨɠɢɞɚɟɬɫɹ. 

 

Реализаци́ 
В ̬аб̨̯̖ ̴̨̡̬̖̜̥̬̏а ̨̨̥̙̦ ̛̼̖̣̯̏̔̽ ̛̭̣̖̱̺̖̔̀ ̯̾а̪̼͗ 

x И̶̛̛̦а̛̣̚а̶̛́ ̴̨̡̬̖̜̥̬̏а 
x О̛̪̭а̛̦̖ ̬̐а̴̸̡̨̨̛̖̭̐ ̡̨̦̖̜̖̬̏а 
x И̶̛̛̦а̛̣̚а̶̛́ ̬̐а̴̸̡̨̨̛̖̭̐ ̡̨̦̖̜̖̬̏а 
x И̨̛̭̪̣̦̖̦̖ ̬̐а̴̸̡̨̨̛̖̭̐ ̡̨̦̖̜̖̬̏а 

 

Инициализаци́ фреймворка  
П̨̨̛̛̬̯̭̏̔́̚ а̨̯̥̏а̸̡̛̛̯̖̭ ̛̭̣а̛̥ ̴̨̡̬̖̜̥̬̏а͘ Л̨̡̛̐а͕ ̸̨̯̖̏а̺̀а́ ̚а 
̶̛̛̛̦а̛̣̚а̶̛͕̀ ̦а̵̨̛̯̭̔́ ̏ src/base͘ Д̣́ ̶̛̛̛̦а̛̣̚а̶̛̛ ̨̦̱̙̦ ̨̪̏̚а̯̽ 
base͗͗Base͗͗Init;Ϳ ̪̖̬̖̔а̏ ̴̡̨̛̦̐ ̣̔́ ̡̣а̭̭а Base ̛ ̣̔́ ̡̣а̭̭а Context͘ В ̴̡̨̛̦̖̐ ̣̔́ 
Base ̸̛̪̖̬̖̭̣̯̭́̀́ InstanceExtensionsͬLayers - ̨̡̛̭̪̭ ̶̨̨̛̪̦а̵̣̦̼̽ ̨̥̱̣̖̜̔ 
VulkanAPI͕ ̨̪̬̖̭̯̔а̵̛̣̺̏́̀ ̨̨̛̪̣̦̯̖̣̦̼̜̔̽ ̴̶̡̨̛̱̦̦а̣ͬ̏а̵̛̛̛̣̬̱̺̔̀ ̨̼̼̏̏̚ ̡ 
VulkanAPI͘ В ̴̡̨̛̦̖̐ ̣̔́ Context - а̦а̸̨̛̣̦̼̜̐ ̨̡̛̭̪̭͕ ̨̦ ̱̙̖ ̣̔́ ̨̨̨̨̛̪̣̦̯̖̣̦̔̽̐ 
̴̶̡̨̛̱̦̦а̣а͕ ̯̬̖б̨̱̺̖̀̐ ̨̡̛̪̖̬̙̔̔ ̦а ̨̨̭̯̬̦̖ ̨̡̛̖̏̔а̬̯̼͘ П̨̭̣̖ ̨̪̬̖̭̯̔а̛̣̖̦̏́ 
̴̡̨̛̦̐а ̦а̸̛̦а̖̯̭́ ̶̛̛̛̦а̛̣̚а̶̛́͘ 



   
 

   
 

� С̨̔̚а̖̯̭́ VulkanAPI ̨б̡̻̖̯ VkInstance͘ О̦ ̨̪̯̬̖б̱̖̯̭́ ̛̪̬ ̨̨̛̭̪̣̽̏̚а̛̛̦ 
ба̵̨̼̏̚ ̨̨̼̏̏̏̚ ̡ API͕ ̦̖ ̨̯̪̬а̵̛̣̺̏́̀ ̡̨̥а̦̼̔ ̦а ̡̨̡̨̦̬̖̯̦̖ GPU 
̨̨̱̭̯̬̜̭̯̏ ̛ ̦̖ ̱̪̬а̵̛̣̺̏́̀ ̬̖̭̱̬̭а̛̥ ̦а ̦̖̥͘ На ̨̯̥̾ ̯̾а̪̖ ̨̛̭̪̣̱̖̯̭̽́̚ 
̴̡̨̛̦̐ ̣̔́ Base 

� С̨̔̚а̖̯̭́ DebugMessenger - ̨б̡̻̖̯ API͕ ̛̪̬̭̼̣а̛̺̜̀ ̨̨̭б̛̺̖̦́ ̭ 
̨̛̹б̡а̛̥ ̛ ̸̨̪̬̖̜ ̴̨̛̦̬̥а̶̛̖̜ ̛̚ ̨̨̨̭̯̬̖̦̦̏̐ ̏ Vulkan ̏а̛̣̔а̨̯̬а͘ 

� У ̨̪̖̬а̶̨̨̛̦̦̜ ̛̭̭̯̖̥̼ ̚а̪̬а̛̹̏а̖̯̭́ ̨̡̨̦͘ Д̣́ ̨̡̦а ̨̭̔̚а̖̯̭́ API 
̨б̡̻̖̯ VkSurface͕ ̛̣̺̜́̏́̀ ̨̭б̨̜ ̡̨̨̦̖̯̬̱̀ ̵̨̨̪̖̬̦̭̯͕̏̽ ̦а ̡̨̨̯̬̱̀ 
̨̨̥̙̦ ̨̡̪а̼̏̚а̯̽ ̨̛̚б̬а̛̙̖̦̖͘ 

� С̨̔̚а̖̯̭́ ̨б̡̻̖̯ ̴̨̡̬̖̜̥̬̏а Context͕ ̶̛̛̛̦а̛̛̛̣̬̱̺̜̀̚ ̛ ̨̭̖̬̙̔а̛̺̜ 
API ̨б̡̻̖̯̼ ̣̔́ ̏̚а̨̛̛̥̖̜̭̯̔̏́ ̭ ̡̨̡̛̦̬̖̯̦̼̥ GPU ̨̱̭̯̬̜̭̯̏а̛̥͘ На ̨̯̥̾ 
̯̾а̪̖ ̨̛̭̪̣̱̖̯̭̽́̚ ̴̡̨̛̦̐ ̣̔́ Context͘ И̶̛̛̦а̛̣̚а̶̛́ ̨б̡̻̖̯а ̵̨̨̛̪̬̯̔ 
̯а̡͗ 

� С̨̛̥̯̬̯̭́ ̨̡̛̭̪̭ ̵̨̭̯̱̪̦̼̔ ̏ ̛̭̭̯̖̥̼ GPU ̨̱̭̯̬̜̭̯̏͘ ;Об̸̨̼̦ ̨̯̾ ϭ 
ʹ Ϯ ̨̱̭̯̬̜̭̯̏а͕ ̨̼̖̣̖̦̦̖̏̔ ̛ ̨̨̭̯̬̖̦̦̖̏ ̏ ̶̨̨̪̬̖̭̭̬Ϳ͘ С̛̬̖̔ ̵̛̦ 
̼̏б̛̬а̖̯̭́ ̦а̛б̨̣̖̖ ̨̨̨̛̛̪̬̯̖̣̦̖͕̏̔̽̚ ̨̪̬̖̭̯̔а̣̺̖̖̏́̀ ̖̭̏̽ 
̚а̨̪̬̹̖̦̦̼̜ ̴̶̡̨̛̱̦̦а̣ ;̨̡̛̭̪̭ ̬а̛̛̭̹̬̖̦̜ ̛̚ ̴̡̨̛̦̐а ̣̔́ ̡̣а̭̭а 
ContextͿ͘ Э̯а ̨̡̛̣̐а ̶̡̨̛̖̣̥ ̬а̨̨̭̪̣̙̖̦а ̏ ̡̣а̭̭̖ DevicePicker͘ 

� Д̣́ ̼̏б̬а̨̨̦̦̐ DevicePicker̨̥͛ ̨̱̭̯̬̜̭̯̏а ̨̭̔̚а̯̭̀́ API ̨б̡̻̖̯̼ 
VkDevice ̛ VkQueue͕ ̨̦̖б̵̨̛̥̼̖̔ ̣̔́ ̨̯̪̬а̡̛̏ ̡̨̥а̦̔ ̛ ̣̔́ 
̨̭̔̚а̛̦́ ̬а̸̵̛̣̦̼̚ ̨̬̖̭̱̬̭̏ ̏ ̨̛̖̪̏̔а̛̥̯́ ̨̨̯̾̐ ̨̱̭̯̬̜̭̯̏а͘ 

� С̨̔̚а̖̯̭́ ̨б̡̻̖̯ ̴̨̡̬̖̜̥̬̏а Swapchain͕ ̡̨̨̯̬̼̜ ̛̦̱̯̬̏ ̭̖б́ 
̶̛̛̛̦а̛̛̣̬̱̖̯̚ API ̨б̡̻̖̯ VkSwapchain͘ Э̨̯̯ ̨б̡̻̖̯ ̚а̛̦̥а̖̯̭́ 
̨̪̬̖̭̯̔а̛̣̖̦̖̥̏ ̨̛̚б̬а̛̙̖̦̜͕ ̡̱̔а ̚а̛̪̭̼̏а̖̯̭́ ̬̖̱̣̯̽̚а̯ ̬аб̨̯̼ 
̬̐а̴̸̡̨̨̛̖̭̐ ̡̨̦̖̜̖̬̏а͕ ̛ ̨̛̪̭̣̖̱̺̥̔̀ ̨̡̪а̨̥̚ ̵̛̯̾ ̨̛̚б̬а̛̙̖̦̜ ̦а 
̵̨̨̛̪̖̬̦̭̯̏ VkSurface͘ 

П̨̭̣̖ ̨̛̪̭а̵̦̦̼ ̹а̨̐̏ ̴̨̡̬̖̜̥̬̏ ̨̨̯̐̏ ̡ ̨̨̛̭̪̣̽̏̚а̛̦̀͘ 

 

Описание графи̸еского конвейера 

На ̨̯̥̾ ̯̾а̪̖ ̨̨̪̣̽̏̚а̯̖̣̽ ̭ ̨̨̪̥̺̽̀ ̴̨̡̬̖̜̥̬̏а ̨̛̪̭̼̏а̖̯ ̶̨̪̬̖̭̭ ̛̬̖̦̖̬̦̔̐а͘ 
П̶̨̬̖̭̭ ̨̛̪̭а̛̦́ ̨̛̭̯̬̯̭́ ̛̭̣̖̱̺̥̔̀ ̨б̬а̨̥͗̚ 

� С̨̔̚а̖̯̭́ ̨̪̱̭̯̜ ̨б̡̻̖̯ ̴̨̡̬̖̜̥̬̏а RenderGraph͘ В ̨̛̛̪̭̣̖̭̯̔̏ ̨̯̾ ̛ ̭̯а̦̖̯ 
̡̣а̨̭̭̥͕ ̛̣̺̥́̏́̀ ̨̭б̨̜ ̬̐а̴̸̡̛̛̖̭̜ ̡̨̦̖̜̖̬̏͘ 

� В ResourceManager͕ ̦а̵̨̛̺̜̭̔́́ ̛̦̱̯̬̏ RenderGraph͕ ̨̔ба̣̯̭̏́̀́ ̚а̛̛̪̭ ̨ 
̵̭̖̏ ̬̖̭̱̬̭а̵;̡а̡̛̬̯̦а̵ͬб̴̱̖̬а̵Ϳ͕ ̵̦̱̙̦̼ ̨̛̪̭̼̏а̨̖̥̥̱ ̡̨̦̖̜̖̬̱̏͘ В 
examplesͬraytracer ̨̯̾ ̵̨̨̛̛̪̬̭̯̔ ̯̱̯͗ 
https://github.com/Ilistratov/RL/blob/master/examples/raytracer.cpp#L199 

� В RenderGraph ̨̔ба̣̯̭̏́̀́ Pass̼͛ ̏ ̨̯̜ ̨̨̪̭̣̖̔̏а̨̛̯̖̣̦̭̯͕̽ ̏ ̡̨̨̨̯̬̜ ̨̛̦ 
б̱̱̯̔ ̨̛̭̪̣̦̯̭́̽́͘ Pass̛̥͛ ̖̭̔̽̚ ̦а̼̏̚а̯̭̀́ ̨̪̬̖̖̣̖̦̦̼̖̔ ̨̨̪̣̽̏̚а̯̖̣̖̥ 
̦а̡̛̛̭̣̖̦̔ ̡̣а̭̭а renderͺgraphͬPass͘ На̨̭̣̖̔̏а̯̭̽́ ̨̯ Pass͛а ̛ ̨̪̬̖̖̣̯̔́̽ 
̨̭̖̏ ̨̛̪̖̖̦̖̏̔ ̨̦̱̙̦ ̛̭̣̖̱̺̥̔̀ ̨б̬а̨̥͗̚ 

https://github.com/Ilistratov/RL/blob/master/examples/raytracer.cpp%23L199


   
 

   
 

o В ̡̨̡̨̦̭̯̬̱̯̬̖ ̦а̡̛̭̣̖̦̔а ̨̦̱̙̦ ̛̪̬ ̨̨̛̪̥̺ ̨̨̥̖̯̔̏ AddBufferͬImage 
̨̡̨̨̛̬̯̖̣̭̔̽̐ ̡̣а̭̭а ̨б̛̻̯́̏̽ ̭̖̏ ̬̖̭̱̬̭̼͕ ̡ ̡̨̨̯̬̼̥ Pass ̵̸̨̖̯ ̛̥̖̯̽ 
̨̭̯̱̪̔͘ 

o В ̨̨̪̖̬̖̪̬̖̖̣̖̦̦̥̔ OnResourcesInitialized ̨̨̥̙̦ ̨̛̪̥̖̭̯̯̽ ̨̡̛̣̱̐ 
̶̛̛̛̦а̛̣̚а̶̛̛ Pass͛а͕ ̯̬̖б̱̺̱̀̀ ̦а̸̛̛̣́ ̶̛̛̛̦а̨̛̛̣̬̏̚а̵̦̦̼ 
̚а̵̨̪̬̹̖̦̦̼ ̨̬̖̭̱̬̭̏͘ На ̛̪̬̥̖̬ ̯̱̯ ̏ ̶̛̛̛̦а̨̛̛̣̬̏̚а̦̦̼̜ б̴̱̖̬ 
̚а̛̪̭̼̏а̖̯̭́ ̴̨̛̦̬̥а̶̛͕́ ̡̨̨̯̬̱̀ ̨̨̪̯̥ ̦а̨̔ б̱̖̯̔ ̡̨̨̛̭̪̬̏а̯̽ ̏ 
̨̛̖̪̏̔а̥̯́̽͘ 
https://github.com/Ilistratov/RL/blob/master/examples/raytracer.cpp#L124 

o В ̨̨̪̖̬̖̪̬̖̖̣̖̦̦̥̔ ReserveDescriptorSets ̨̨̥̙̦ ̚а̨̛̪̬̭̯̽ ̛̚ 
̦а̵̨̨̺̖̭̔́̐́ ̛̦̱̯̬̏ RenderGraph DescriptorPool͛а ̡̨̛̖̭̬̪̯̬̼̔͘ Э̛̯ 
̨б̡̻̖̯̼ ̦̱̙̦̼ ̣̔́ ̪̖̬̖̔а̸̛ ̴̨̛̦̬̥а̶̛̛ ̨ ̬̖̭̱̬̭а̵ ̏ ̹̖̜̖̬̼͕̔ 
̨̛̭̪̣̦̖̥̼̖́ ̦а ̨̡̛̖̏̔а̬̯̖͘ ;Е̛̭̣ pass ̦̖ ̚а̡̪̱̭а̖̯ ̹̖̜̖̬̼̔ ̛ 
̥а̛̛̦̪̱̣̬̱̖̯ ̬̖̭̱̬̭а̛̥ ̛̣̹̽ ̭ ̨̨̪̥̺̽̀ ̨̨̼̏̏̏̚ ̡ VulkanAPI͕ ̨̯ ̨̯̯̾ 
̨̥̖̯̔ ̨̨̥̙̦ ̨̨̨̛̛̪̬̦̬̬̐̏а̯̽Ϳ П̛̬̥̖̬͗ 
https://github.com/Ilistratov/RL/blob/master/examples/raytracer.cpp#L177 

o В ̨̨̪̖̬̖̪̬̖̖̣̖̦̦̥̔ ̨̥̖̯̖̔ OnRecord ̦а̡̛̭̣̖̦̔ ̨̣̙̖̦̔ ̚а̛̪̭̼̏а̯̽ 
̙̖̣а̖̥̼̖ ̡̨̥а̦̼̔ ̏ ̪̖̬̖̔а̦̦̼̜ ̖̥̱ VkCommandBuffer͘ 

П̨̭̣̖ ̨̨̯͕̐ ̡а̡ ̭̖̏ ̦̱̙̦̼̖ ̬̖̭̱̬̭̼ ̨б̻̣̖̦̼͕́̏ а ̙̖̣а̖̥̼̖ Pass̼͛ ̨̔ба̣̖̦̼͕̏ ̨̨̥̙̦ 
̏̚а̯̽ ̨̥̖̯̔ Init ̱ RenderGraph͕ ̨̪̭̣̖ ̸̨̖̐ ̦а̸̦̖̯̭́ ̶̨̪̬̖̭̭ ̶̛̛̛̦а̛̣̚а̶̛̛ 
̬̐а̴̸̡̨̨̛̖̭̐ ̡̨̦̖̜̖̬̏а͘ 

 

Инициализаци́ графи̸еского конвейера 
На ̨̯̥̾ ̯̾а̪̖ RenderGraph ̨̭б̛̬а̖̯ ̛̚ Pass̨͛̏ ̴̨̛̦̬̥а̶̛̀ ̨б ̨̨̛̭̪̣̽̏̚а̛̛̦ 
̨̬̖̭̱̬̭͕̏ ̶̛̛̛̦а̛̛̣̬̱̖̯̚ ̵̛ ̛ ̸̨̛̪̬̖ ̨б̡̻̖̯̼͕ ̨̦̖б̵̨̛̥̼̖̔ ̏ ̶̨̪̬̖̭̭̖ ̬аб̨̯̼͘ 

� П̛̬ ̨̭̔̚а̛̛̦ RenderGraph ̛̦̱̯̬̏ ̨̭̔̚а̖̯̭́ ̨б̡̻̖̯ ̴̨̡̬̖̜̥̬̏а CommandPool͕ 
̼̏̔а̛̺̜̀ б̴̱̖̬̼ ̣̔́ ̚а̛̛̪̭ ̡̨̥а̦̔ ̛ ̵̛ ̨̪̭̣̖̱̺̖̜̔̀ ̨̯̪̬а̡̛̏ ̦а 
̨̛̛̭̪̣̦̖̦̖ ̦а gpu͘ 

� В ̨̥̥̖̦̯͕ ̡̨̐̔а ̏ RenderGraph ̨̔ба̣̯̭̏́́ ̸̨̨̖̬̖̦̜̔ Pass͕ ̨б̻̣̖̦̦̼̖́̏ 
̨̛̛̭̪̣̱̖̥̼̥̽̚ ̏ Pass̖͛ ̬̖̭̱̬̭̼ ̨̨̨̭̯̦̭̯̯̭́́ ̭ ̬̖̭̱̬̭а̛̥͕ ̨б̛̻̣̖̦̦̼̥́̏ ̏ 
ResourceManager͕ ̴̨̛̦̬̥а̶̛́ ̨б ̨̨̛̭̪̣̽̏̚а̛̛̦ ̪̖̬̖̔а̖̯̭́ ̨̯ Pass͛а ̡ 
ResourceManager͘ В ̨̯̯̾ ̙̖ ̨̥̥̖̦̯ Pass ̨̥̙̖̯ ̚а̨̛̪̬̭̯̽ ̡̨̛̖̭̬̪̯̬̼̔ ̛̚ 
̦а̵̨̨̺̖̭̔́̐́ ̏ RenderGraph ̪̱̣а͘ 

� С̨̔̚а̯̭̀́ б̴̨̛̱̖̬̼ͬ̚б̬а̛̙̖̦͕́ ̨̔ба̣̖̦̼̖̏ ̏ RenderGraph ̸̖̬̖̚ 
ResourceManager͕ ̛̪̬ ̨̭̔̚а̛̛̦ ̨̛̭̪̣̱̖̯̭̽́̚ ̴̨̛̦̬̥а̶̛́ ̨б ̨̨̛̭̪̣̽̏̚а̛̛̦͕ 
̨̪̬̖̭̯̔а̣̖̦̦̏а́ Pass͛а̛̥͘ С̨̔̚а̦̦̼̖ б̴̨̛̱̖̬̼ͬ̚б̬а̛̙̖̦́ ̚а̪̬а̛̹̏а̯̀ 
̪а̥̯́̽ ̱ DeviceMemoryAllocator͛а͕ ̦а̵̨̨̺̖̭̔́̐́ ̛̦̱̯̬̏ ResourceManager͛а͘ 

� DeviceMemoryAllocator ̬а̨̨̏̚ ̼̖̣̖̯̏̔́ ̨̦̱̙̦̖ ̡̨̣-̨̏ ̪а̛̥̯́ ̵̦̱̙̦̼ ̨̛̯̪̏ 
̣̔́ ̵̭̖̏ ̵̨̛̛̪̭̯̱̪̹̏ ̚а̨̨̪̬̭̏ ;На ̨̡̛̖̏̔а̬̯̖ ̨̥̙̖̯ ̛̥̖̯̭̽́ ̡̨̡̨̦̖̭̣̽ ̨̛̏̔̏ 
̪а̛̥̯͕́ ̸̨̛̯̣а̵̛̺̭̀́ ̨̨̭̯̱̪̦̭̯̔̽̀ ̛ ̴̴̡̨̛̖̯̦̭̯̾̏̽̀ ̨̪̖̬а̶̛̜ ̦а̔ ̛̛̦̥͕ ̱ 

https://github.com/Ilistratov/RL/blob/master/examples/raytracer.cpp%23L124
https://github.com/Ilistratov/RL/blob/master/examples/raytracer.cpp%23L177


   
 

   
 

̡а̨̨̙̔̐ ̬̖̭̱̬̭а ̨̥̙̖̯ б̼̯̽ ̨̭̜̏ ̦аб̨̬ ̨̛̯̪̏ ̪а̛̥̯͕́ ̖̐̔ ̨̦ ̨̥̙̖̯ б̼̯̽ 
̬а̥̖̺̖̦̚͘Ϳ͕ ̼̖̣̖̦̦̏̔а́ ̪а̥̯́̽ ̚а̡̬̖̪̣̖̯̭́́ ̚а ̬̖̭̱̬̭а̛̥͘ 

� На̵̨̛̺̜̭̔́́ ̏ RenderGraph DescriptorPool ̨̭̔̚а̖̯ ̭̖̏ ̚а̨̪̬̹̖̦̦̼̖ 
̡̨̛̖̭̬̪̯̬̼̔͘ 

� Р̖̭̱̬̭̼͕ ̯̬̖б̛̱̺̖̀ ̶̛̛̛̦а̛̣̚а̶̛̛ ̨̨̭̖̏̐ ̨̨̨̛̭̖̬̙̥̔̐ ̏ ̨̛̖̪̏̔а̛̥̯͕́ 
̚а̛̪̭̼̏а̯̀ ̨̦̖б̵̨̛̥̼̖̔ ̣̔́ ̨̨̯̾̐ ̡̨̥а̦̼͕̔ ̨̪̭̣̖ ̸̨̖̐ ̯̖ ̨̯̪̬а̣̯̭̏́̀́ ̦а 
̨̛̛̭̪̣̦̖̦̖͘ 

� П̨ ̸̨̡̨̦а̛̦̀ ̨̛̛̭̪̣̦̖̦́ ̨̯̪̬а̵̣̖̦̦̼̏ ̦а ̪̬̖̼̱̺̖̥̔̔ ̯̾а̪̖ ̡̨̥а̦͕̔ ̱ ̵̭̖̏ 
Pass̨͛̏ ̼̼̏̏̚а̖̯̭́ ̨̥̖̯̔ OnResourceInitialized. 

П̨ ̚а̛̖̬̹̖̦̏̀ ̬аб̨̯̼ ̨̥̖̯̔а RenderGraph͗͗Init ̬̐а̴̸̡̛̛̖̭̜ ̡̨̦̖̜̖̬̏ ̸̛̭̯а̖̯̭́ 
̶̛̛̛̦а̨̛̛̣̬̏̚а̦̦̼̥͕ ̨̨̥̙̦ ̚а̡̪̱̭а̯̽ ̶̨̪̬̖̭̭ ̛̬̖̦̖̬̦̔̐а ̨̨̼̥̏̏̚ 
RenderGraph͗͗RenderFrame;Ϳ͘ Об̸̨̼̦ ̨̯̾ ̖̣̔а̖̯̭́ ̛̦̱̯̬̏ ̶̡̛̣а͘ 

 

Исполнение графи̸еского конвейера 

В̨ ̬̖̥̏́ ̨̛̛̭̪̣̦̖̦͕́ ̭̖̏ Pass̼͛ ̚а̛̪̭̼̏а̯̀ ̨̛̭̏ ̡̨̥а̦̼̔ ̏ б̴̱̖̬͕ ̨̪̬̖̭̯̔а̣̖̦̦̼̜̏  
CommandPool̨̥͛͘ Pass ̭̦а̸а̣а ̚а̛̪̭̼̏а̖̯ ̡̨̥а̦̼͕̔ ̨̪̬̖̖̣̖̦̦̼̖̔ ̨̨̪̣̽̏̚а̯̖̣̖̥ ̏ 
̨̥̖̯̖̔ OnRecord͕ ̚а̯̖̥ ̛̖̦̖̬̬̱̖̯̐ ̡̨̥а̦̼̔ ̣̔́ ̵̨̛̛̭̦̬̦̚а̶̛̛͘ 

Д̨̖̣ ̏ ̨̯̥͕ ̸̨̯ VulkanAPI ̐а̬а̛̦̯̬̱̖̯ ̛̣̹̽ ̸̨̯ ̨̯̪̬а̣̖̦̦̼̖̏ ̦а ̨̛̛̭̪̣̦̖̦̖ ̡̨̥а̦̼̔ 
̦а̸̦̱̯ ̨̼̪̣̦̯̭̏́̽́ ̏ ̨̯̥-̙̖ ̨̡̪̬̖͕́̔ ̏ ̡̨̨̨̯̬̥ б̛̼̣ ̨̯̪̬а̣̖̦̼̏͘ Н̡̛а̵̡̛ ̐а̬а̛̦̯̜ 
̛̦ ̡а̭а̨̖̥ ̨̡̪̬́̔а ̚а̛̖̬̹̖̦͕̏́ ̛̦ ̡а̭а̨̖̥ ̨̛̛̛̥̭̯̏̔ ̨̪̖̬а̶̛̜ ̵̛̪̬̖̼̱̺̔̔ 
̡̨̥а̦̔ ̣̔́ ̵̛̭̣̖̱̺͕̔̀ ̦̖ ̔а̖̯̭́͘ Д̣́ ̨̨̯̾̐ ̯̬̖б̱̖̯̭́ ̸̬̱̦̱̏̀ ̭̯̏а̣̯̏́̽ ̡̨̥а̦̼̔ 
̵̨̛̛̭̦̬̦̚а̶̛̛͕ ̐а̬а̛̛̦̯̬̱̺̖̀ ̏ ̵̨̪̬̖̖̣̖̦̦̼̔ ̥̖̭̯а̵ ̨̛̛̥̭̯̏̔̽ ̛̛̥̖̦̖̦̜̚ б̨̣̖̖ 
̬а̵̛̦̦ ̡̨̥а̦̔ ̣̔́ б̨̣̖̖ ̵̨̛̪̦̔̚͘ Д̣́ ̨̨̯̾̐ ̡̨̐̔а ̨̨̪̣̽̏̚а̯̖̣̽ ̛̦̱̯̬̏ Pass͛а 
̨б̻̣̖̯́̏́ ̨̛̭̪̣̱̖̥̼̖̽̚ ̬̖̭̱̬̭̼͕ ̣̔́ ̡а̨̨̙̔̐ ̬̖̭̱̬̭а ̨̦ ̨̣̙̖̦̔ ̨̡̪а̚а̯͕̽ ̡а̡̛̥ 
̨̛̥̖̦̦ ̨б̬а̨̥̚ Pass ̡ ̦̖̥̱ ̨б̬а̺а̖̯̭́͘ Э̯а ̴̨̛̦̬̥а̶̛́ ̚а̯̖̥ ̨̛̭̪̣̱̖̯̭̽́̚ ̸̨̯б̼ ̏ 
̵̦̱̙̦̼ ̥̖̭̯а̵ ̨̪̭̣̖ ̡̨̥а̦̔ ̭а̨̨̥̐ Pass͛а ̭̯̏а̛̯̏̽ ̡̨̥а̦̼̔ ̵̨̛̛̭̦̬̦̚а̶̛̛ ̛ 
̭̖̣̔а̯̽ ̛̛̥̖̦̖̦́̚ ̏ ̬̖̭̱̬̭а̵ ̛̛̛̥̼̥̏̔ ̣̔́ ̨̭̣̖̱̺̖̔̀̐ ̨̪̯̬̖б̛̯̖̣́͘ 

Ка̡ ̨̡̨̯̣̽ ̭̖̏ ̡̨̥а̦̼̔ б̛̼̣ ̚а̛̪̭а̦̼͕ ̨̛̦ ̨̯̪̬а̣̯̭̏́̀́ ̦а ̨̛̛̭̪̣̦̖̦̖͘ Б̴̱̖̬ 
̨̬̏̏̚а̺а̖̯̭́ ̨б̬а̨̯̦ ̏ CommandPool͘ CommandPool ̭а̨̨̨̥̭̯̯̖̣̦́̽ ̨̛̯̭̣̖̯͕̔ ̡̨̐̔а 
̭̖̏ ̡̨̥а̦̼̔ ̏ б̴̱̖̬̖ ̨̼̪̣̦̯̭̏́́ ̛ б̴̱̖̬ ̨̨̥̙̦ б̱̖̯̔ ̨̨̛̪̖̬̖̭̪̣̽̏̚а̯̽͘ П̛̬ 
̨̦̖б̵̨̨̛̛̥̭̯͕̔ CommandPool б̱̖̯̔ ̼̖̣̯̏̔́̽ ̨̨̛̪̣̦̯̖̣̦̼̖̔̽ б̴̱̖̬̼͘ 

 

В̨̯ ̯а̡ ̏ ̨̛̯̖̐ б̱̖̯̔ ̛̼̣̯̏̐́̔̽ ͘obj͕ ̡̭а̸а̦̦̼̜ ̨̯̭̀̔а͗ https://free3d.com/3d-
model/serpertine-city-32219.html ͕ ̨̨̛̯̬̭̏а̦̦̼̜ ̭ ̨̨̪̥̺̽̀ examplesͬraytracer͘       
;Р̛̭͘ 1, 2) 

 

https://free3d.com/3d-model/serpertine-city-32219.html
https://free3d.com/3d-model/serpertine-city-32219.html


   
 

   
 

РИˁ. 1 

 

РИˁ. 2 

 

СборкаͬЗапуск 
К̨̨̛̣̦̬̏а̯̽ ̨̨̛̛̬̖̪̯̬̜̚ ̭ ̨̪̬̬̐а̨̥̥̜ 

https://github.com/Ilistratov/RL


   
 

   
 

П̬̖̔̏а̨̛̬̯̖̣̦̽ ̯̬̖б̱̖̯̭́ ̱̭̯а̨̛̦̯̏̽ 

▫ VulkanSDK  
▫ GLFW 
▫ Header only tiny_obj_loader.h 
▫ Header only stb_image.h 
▫ GLM 

͘Lib ̨̯ GLFW ̨̣̙̦̼̔ ̨̡а̚а̯̭̽́ ̏ srcͬthirdͺpartyͬlib͘ 

͘h ̨̯ GLFW ̏ srcͬthirdͺpartyͬincludeͬGLFW 

В̭́ ̪а̡̪̱ c ͘h ̨̯ GLM ̏ srcͬthirdͺpartyͬinclude 

Header only б̛б̨̡̛̛̣̯̖ ̨̯̙̖ ̏ srcͬthirdͺpartyͬinclude 

Да̣̖̖ ̨̨̥̙̦ ̨̭б̛̬а̯̽ ̨̡̪̬̖̯ CMakę̥͛ б̖̚ ̨̨̭б̵̼ ̨̯̬̱̦̭̯̖̜̔͘ П̨ ̸̨̱̥̣а̛̦̀ 
̨̭б̛̬а̖̯̭́ б̛б̨̡̛̣̯̖а н ̬̖̦̖̬̖̬̔ ̛̚ examplesͬraytracer͘ Ч̨̯б̼ ̨̨̪̣̽̏̚а̯̭̽́ 
б̛б̨̡̨̛̣̯̖̜͕ ̨̭̯̔а̸̨̨̯̦ ̡̨̛̭̣̦̏а̯̽ ̯а̬̖̯̐ ̭ rlͺlib ̛ ̸̨̡̛̪̣̯̔̀̽ ̚а̸̨̨̨̣̦̼̜̐̏ ̴а̜̣ 
rl.h. 

 

Закл̸̀ение 
П̸̛̖̬̖̭̣̖̦̦̼̖ ̨б̡̻̖̯̼ а̵̡̛̬̯̖̯̱̬̼ render graph ̬̖а̨̛̣̏̚а̦̼͕ ̴̨̡̬̖̜̥̬̏ ̱̙̖ 
̨̨̥̙̦ ̨̨̛̭̪̣̽̏̚а̯̽͘ В ̔а̣̦̖̜̹̖̥̽ ̪̣а̛̦̬̱̖̯̭́ а̨̯̥̏а̨̛̛̯̬̏̚а̯̽ ̱̭̯а̨̡̦̱̏ 
̵̨̨̛̭̯̬̦̦ ̚а̨̛̛̭̥̭̯̖̜̏ ̛̪̬ ̭б̨̡̬̖͕ ̬а̛̛̭̹̬̯̽ ̨̨̨̛̥̙̦̭̯̏̚ 
̴̨̡̬̖̜̥̬̏а;̶̨̨̛̪̦а̨̣̦̖̽ ̨̭̔̚а̛̦̖ ̨̡̦а͕ ̡̡͚̭̣̖̜а͛ ̨̬̖̭̱̬̭̏ ̣̔́ ̡̨̨̛̛̦̥̾ 
̨̛̖̪̏̔а̛̥̯́ ̛ ̯̔͘Ϳ͘  
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