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ɊȿȺɅɂɁȺɐɂə ɆȿɌɈȾȺ əɄɈȻɂ ɇȺ GPU ȾɅə ɆȺɋɋɂȼɈȼ 
ɋ ɊȺɁɆȿɊɈɆ, ɉɊȿȼɕɒȺɘɓɂɆ ɈȻɔȿɆ GPU-ɉȺɆəɌɂ 

 
Ⱥ.ȼ.Ʉɨɱɭɪɨɜ1,2, Ⱦ.Ƚ.ȼɨɪɨɬɧɢɤɨɜɚ1,2, Ⱦ.Ʌ.Ƚɨɥɨɜɚɲɤɢɧ1

 

 

1ɂɧɫɬɢɬɭɬ ɋɢɫɬɟɦ Ɉɛɪɚɛɨɬɤɢ ɂɡɨɛɪɚɠɟɧɢɣ ɊȺɇ (ɂɋɈɂ ɊȺɇ) 

2ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɷɪɨɤɨɫɦɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɚɤɚɞɟɦɢɤɚ ɋ.ɉ. Ʉɨɪɨɥёɜɚ 

(ɧɚɰɢɨɧɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ) 
 

ȼ ɫɬɚɬɶɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɦɟɬɨɞ ɞɥɹ ɪɚɫɲɢɪɟɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ ɫɟɬɤɢ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɨɛɪɚɛɨɬɚɧɚ ɧɚ GPU 
ɧɟɹɜɧɵɦ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɵɦ ɦɟɬɨɞɨɦ. ɉɨɞɯɨɞ ɨɫɧɨɜɚɧ ɧɚ ɦɟɬɨɞɟ ɩɢɪɚɦɢɞ. ɉɪɟɞɥɚɝɚɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ 
ɦɨɞɟɥɶ ɞɥɹ ɩɪɟɞɫɤɚɡɚɧɢɹ ɞɥɢɬɟɥɶɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ. ɗɬɚ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɧɚɯɨɞɢɬɶ ɨɩɬɢɦɚɥɶɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɚɥɝɨɪɢɬɦɚ. ȼ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, 
ɩɨɞɬɜɟɪɠɞɚɸɳɟɝɨ, ɱɬɨ ɦɨɞɟɥɶ ɨɛɥɚɞɚɟɬ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɞɥɹ ɩɪɟɞɫɤɚɡɚɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 
 

ȼɜɟɞɟɧɢɟ 
ȼɨɩɪɨɫɚɦ ɜɵɱɢɫɥɟɧɢɹ ɧɚ ɝɪɚɮɢɱɟɫɤɢɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ (GPU) ɢ, ɜ 

ɱɚɫɬɧɨɫɬɢ, ɪɟɲɟɧɢɹ ɫɟɬɨɱɧɵɯ ɭɪɚɜɧɟɧɢɣ ɧɚ GPU, ɩɨɫɜɹɳɟɧɨ ɦɧɨɠɟɫɬɜɨ ɫɬɚɬɟɣ Д1, 2Ж. 
Ɉɫɧɨɜɧɨɣ ɧɟɞɨɫɬɚɬɨɤ ɦɟɬɨɞɨɜ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɷɬɢɯ ɫɬɚɬɶɹɯ, ɫɨɫɬɨɢɬ ɜ ɬɪɟɛɨɜɚɧɢɢ 

ɧɚɥɢɱɢɹ ɜɫɟɣ ɫɟɬɨɱɧɨɣ ɨɛɥɚɫɬɢ ɜ ɜɢɞɟɨɩɚɦɹɬɢ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ. ɂɡɜɟɫɬɧɵɟ ɛɢɛɥɢɨɬɟɤɢ 
ɞɥɹ GPU ɫ ɨɬɤɪɵɬɵɦ ɢɫɯɨɞɧɵɦ ɤɨɞɨɦ, ɤɨɬɨɪɵɟ ɪɟɲɚɸɬ ɷɬɢ ɡɚɞɚɱɢД3Ж, ɨɛɥɚɞɚɸɬ ɬɚɤɢɦ ɠɟ 
ɨɝɪɚɧɢɱɟɧɢɟɦ. ɋɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɫɨɜɪɟɦɟɧɧɵɟ GPU ɧɟ ɩɨɞɪɚɡɭɦɟɜɚɸɬ ɪɚɫɲɢɪɟɧɢɹ 
ɩɚɦɹɬɢ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɬɢɩɢɱɧɵɣ ɤɨɦɩɶɸɬɟɪ ɨɫɧɚɳɟɧ ɈɁɍ, ɜ ɪɚɡɵ ɛɨɥɶɲɢɦ, ɱɟɦ 
ɜɢɞɟɨɩɚɦɹɬɢ. ȼ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ ɨɰɟɧɤɢ ɪɚɡɦɟɪɚ ɫɟɬɤɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɨɛɪɚɛɚɬɵɜɚɬɶɫɹ CPU ɢ GPU ɧɚ ɧɟɤɨɬɨɪɵɯ ɫɢɫɬɟɦɚɯ. 

 

Ɍɚɛɥɢɰɚ 1. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ ɫɟɬɨɱɧɨɣ ɨɛɥɚɫɬɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɛɪɚɛɨɬɚɬɶ ɭɡɥɵ ɧɟɤɨɬɨɪɵɯ ɤɥɚɫɬɟɪɨɜ 

Ʉɥɚɫɬɟɪ ɈɁɍ Ɋɚɡɦɟɪ ɫɟɬɤɢ ɞɥɹ ɈɁɍ* ȼɢɞɟɨɩɚɦɹɬɶ Ɋɚɡɦɟɪ ɫɟɬɤɢ ɞɥɹ GPU* 
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* ɇɚ ɨɫɧɨɜɟ ɨɰɟɧɨɤ ɢɡ Д12Ж                            ** K-100 ɷɬɨ ɤɥɚɫɬɟɪ Д11Ж 
ɇɚ ɩɪɚɤɬɢɤɟ ɲɢɪɨɤɨɦɚɫɲɬɚɛɧɵɟ ɡɚɞɚɱɢ ɬɪɟɛɭɸɬ ɫɟɬɤɢ ɪɚɡɦɟɪɨɦ ɜ ɬɵɫɹɱɢ ɭɡɥɨɜ ɩɨ 

ɜɫɟɦ ɢɡɦɟɪɟɧɢɹɦ. ɉɨɞɨɛɧɵɟ ɡɚɞɚɱɢ ɜɨɡɧɢɤɚɸɬ ɜɨ ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ, ɝɞɟ ɩɪɢɦɟɧɹɸɬɫɹ 
ɪɚɡɧɨɫɬɧɵɟ ɫɯɟɦɵ, ɬɚɤɢɯ ɤɚɤ ɪɚɡɪɚɛɨɬɤɚ ɦɢɤɪɨɧɧɵɯ ɨɩɬɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɫ 
ɧɚɧɨɦɟɬɪɨɜɵɦɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɹɦɢД4Ж, ɫɢɦɭɥɹɰɢɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɜɟɬɚ ɦɟɬɨɞɨɦ 
FDTDД5Ж, ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɟɣɫɦɢɱɟɫɤɢɯ ɜɨɥɧ Д6Ж. ɋɭɳɟɫɬɜɭɟɬ ɨɩɪɟɞɟɥɟɧɧɚɹ ɩɨɬɪɟɛɧɨɫɬɶ ɜ 
ɦɟɬɨɞɚɯ ɪɟɲɟɧɢɹ ɪɚɡɧɨɫɬɧɵɯ ɭɪɚɜɧɟɧɢɣ ɧɚ GPU ɞɥɹ ɫɟɬɨɱɧɵɯ ɨɛɥɚɫɬɟɣ ɛɨɥɶɲɢɯ, ɱɟɦ 
ɦɨɠɟɬ ɜɦɟɫɬɢɬɶ ɜɢɞɟɨɩɚɦɹɬɶ. 
 Ⱦɥɹ ɹɜɧɵɯ ɪɚɡɧɨɫɬɧɵɯ ɫɯɟɦ ɢɡɜɟɫɬɧɨ ɧɟɫɤɨɥɶɤɨ ɩɨɞɯɨɞɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ 
ɩɪɢɦɟɧɹɬɶ 

GPU ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɞɨɛɧɵɯ ɡɚɞɚɱ, ɤɚɤ ɬɨ: ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ GPU ɢɥɢ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɤɥɚɫɬɟɪɚ, ɨɫɧɚɳɟɧɧɨɝɨ GPU Д6Ж ɢɥɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɯ 
ɭɥɨɜɨɤ, ɩɨɡɜɨɥɹɸɳɢɯ ɡɚ ɫɱёɬ ɞɭɛɥɢɪɨɜɚɧɢɹ ɜɵɱɢɫɥɟɧɢɣ ɫɨɤɪɚɬɢɬɶ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɚɦɹɬɢ 
ɩɭɬɟɦ ɯɪɚɧɟɧɢɹ ɨɫɧɨɜɧɨɝɨ ɦɚɫɫɢɜɚ ɞɚɧɧɵɯ ɜ ɈɁɍ ɢ ɨɩɟɪɚɬɢɜɧɨɣ ɩɟɪɟɫɵɥɤɢ ɧɟɨɛɯɨɞɢɦɵɯ 
ɞɥɹ ɜɵɱɢɫɥɟɧɢɣ ɛɥɨɤɨɜ ɞɚɧɧɵɯ ɧɚ GPU ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ ɜɵɱɢɫɥɟɧɢɹɦɢ Д7Ж. 
Ɉɛɨɛɳɟɧɧɚɹ ɜɟɪɫɢɹ ɩɨɫɥɟɞɧɟɝɨ ɩɨɞɯɨɞɚ ɛɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɚɜɬɨɪɚɦɢ ɜ ɩɪɨɲɥɨɦ ɝɨɞɭ Д8Ж ɢ 
ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɚ ɜɩɟɱɚɬɥɹɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 
 ɂ ɯɨɬɹ ɹɜɧɵɟ ɪɚɡɧɨɫɬɧɵɟ ɫɯɟɦɵ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɦɨɝɭɬ ɨɛɟɫɩɟɱɢɬɶ ɬɪɟɛɭɟɦɭɸ 
ɬɨɱɧɨɫɬɶ, ɧɟɹɜɧɵɟ ɪɚɡɧɨɫɬɧɵɟ ɫɯɟɦɵ ɤɚɤ ɩɪɚɜɢɥɨ ɨɛɟɫɩɟɱɢɜɚɸɬ ɛɨɥɟɟ ɛɵɫɬɪɭɸ 
ɫɯɨɞɢɦɨɫɬɶ ɢ ɧɚɤɥɚɞɵɜɚɸɬ ɦɟɧɶɲɟ ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ ɪɟɲɟɧɢɟ, ɯɚɪɚɤɬɟɪɢɡɭɹɫɶ ɛɟɡɭɫɥɨɜɧɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ. 
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 Ɉɫɧɨɜɧɨɣ ɨɩɟɪɚɰɢɟɣ ɜ ɪɟɲɟɧɢɢ ɧɟɹɜɧɵɯ ɪɚɡɧɨɫɬɧɵɯ ɫɯɟɦ ɹɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟ ɋɅȺɍ 

ɫ ɜɟɤɬɨɪɚɦɢ ɧɟɢɡɜɟɫɬɧɵɯ, ɪɚɡɦɟɪ ɤɨɬɨɪɵɯ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɡɦɟɪɭ ɫɟɬɨɱɧɨɣ ɨɛɥɚɫɬɢ, ɱɬɨ 
ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɫɬɨɥɶ ɠɟ ɫɭɳɟɫɬɜɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɨɛɴɟɦɭ ɈɁɍ, ɤɚɤ ɢ ɞɥɹ ɹɜɧɵɯ ɫɯɟɦ.  
 ɐɟɥɶ ɞɚɧɧɨɣ ɫɬɚɬɶɢ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɦɚɫɲɬɚɛɧɵɟ ɡɚɞɚɱɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɹɜɧɵɯ ɪɚɡɧɨɫɬɧɵɯ ɫɯɟɦ ɦɨɝɭɬ ɛɵɬɶ ɪɟɲɟɧɵ ɧɚ GPU ɛɟɡ ɫɭɳɟɫɬɜɟɧɧɵɯ 
ɧɚɤɥɚɞɧɵɯ ɪɚɫɯɨɞɨɜ ɧɚ ɫɭɳɟɫɬɜɭɸɳɟɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɰɟɧɨɣ ɧɟɤɨɬɨɪɨɝɨ ɭɯɭɞɲɟɧɢɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɷɬɨɝɨ ɦɵ ɩɪɨɞɟɦɨɧɫɬɪɢɪɭɟɦ, ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɦɟɬɨɞ 
əɤɨɛɢ ɦɨɠɟɬ ɛɵɬɶ ɷɮɮɟɤɬɢɜɧɨ ɩɪɢɦɟɧɟɧ ɞɥɹ ɪɟɲɟɧɢɹ ɋɅȺɍ ɞɥɹ ɜɟɤɬɨɪɨɜ ɧɟɢɡɜɟɫɬɧɵɯ, 
ɪɚɡɦɟɪ ɤɨɬɨɪɵɯ ɩɪɟɜɵɲɚɟɬ ɪɚɡɦɟɪ ɞɨɫɬɭɩɧɨɣ ɜɢɞɟɨɩɚɦɹɬɢ. 
 ɏɨɬɹ ɦɟɬɨɞ əɤɨɛɢ ɢ ɫɱɢɬɚɟɬɫɹ ɩɪɨɫɬɵɦ ɢ ɤɪɢɬɢɤɭɟɬɫɹ ɡɚ ɦɟɞɥɟɧɧɭɸ ɫɯɨɞɢɦɨɫɬɶ ɜ 
ɱɚɫɬɢ ɫɥɭɱɚɟɜ, ɧɨ ɛɥɚɝɨɞɚɪɹ ɟɝɨ ɩɪɨɫɬɨɬɟ ɢ ɯɨɪɨɲɨ ɢɡɭɱɟɧɧɨɣ ɫɯɨɞɢɦɨɫɬɢ ɨɧ ɩɨ 
ɩɪɟɠɧɟɦɭ ɚɤɬɢɜɧɨ ɢɡɭɱɚɟɬɫɹ Д13Ж, ɜ ɱɚɫɬɧɨɫɬɢ ɜ ɩɪɢɦɟɧɟɧɢɢ ɤ ɜɵɱɢɫɥɟɧɢɹɦ ɧɚ GPU Д14Ж. 

Ɇɟɬɨɞ 
ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɥɨɠɟɧɢɹ ɞɥɹ ɦɟɬɨɞɚ əɤɨɛɢ Д15Ж ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɪɚɡɧɨɫɬɧɨɣ ɫɯɟɦɨɣ 

ɞɥɹ ɞɜɭɦɟɪɧɨɝɨ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (ɞɢɮɮɭɡɢɢ) ɜɢɞɚ 
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ɝɞɟ П(б,в) – ɮɭɧɤɰɢɹ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ, D - ɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ, U(б, в) – 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ ɜɪɟɦɟɧɢ, ɡɚɞɚɧɧɨɟ ɧɚ ɤɜɚɞɪɚɬɧɨɣ ɨɛɥɚɫɬɢ 
   X0,y,X0,x  , ɫ ɤɪɚɟɜɵɦɢ ɭɫɥɨɜɢɹɦɢ ɜɢɞɚ         0=Xx,U=,0xU=yX,U=y0,U . 

 ɇɟɹɜɧɚɹ ɪɚɡɧɨɫɬɧɚɹ ɫɯɟɦɚ ɧɚ ɪɚɜɧɨɦɟɪɧɨɣ ɫɟɬɤɟ ɞɥɹ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɢɦɟɟɬ ɜɢɞ 

ji,

2

ji,1ji,1+ji,j1,ij1,+i f
D

h
=u4u+u+u+u


 . 

 Ʉɚɤ ɜɢɞɧɨ, ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ji,u  ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɋɅȺɍ ɜɢɞɚ b=Ax  ɝɞɟ x 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɤɬɨɪ, ɫɨɫɬɨɹɳɢɣ ɢɯ ɩɨɫɬɪɨɱɧɨɣ ɪɚɡɜɟɪɬɤɢ ɷɥɟɦɟɧɬɨɜ ɦɚɬɪɢɰɵ u , 

ɬ.ɟ. k1,k u=x ɞɥɹ Nk2,k u=xN,,=k 1,... ɞɥɹ N+N=k 1,...,2 , ɢ ɬ.ɞ., ɜɟɤɬɨɪ Л - ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɬɚɤɭɸ ɠɟ ɩɨɫɬɪɨɱɧɭɸ ɪɚɡɜɟɪɬɤɭ ɦɚɬɪɢɰɵ f
D

h
2

, ɚ ɦɚɬɪɢɰɚ A ɢɦɟɟɬ ɜɢɞ 

.

..

...

..



































TI

I

I

IT=A

, 
.

41

1..

...

..1

14

































=T
. 

 Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɢɚɝɨɧɚɥɶ ɦɚɬɪɢɰɵ A ɧɟ ɫɨɞɟɪɠɢɬ ɧɭɥɟɜɵɯ ɷɥɟɦɟɧɬɨɜ. Ɍɨɝɞɚ 
ɢɬɟɪɚɰɢɹ ɦɟɬɨɞɚ əɤɨɛɢ ɞɥɹ ɷɬɨɝɨ ɋɅȺɍ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

















i

k
j

ij

ji,
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1+k
i b+xa

a

1
=x ,          (1) 

ɝɞɟ k
ixN,,0,1,...=kN,,1,...=i - ɡɧɚɱɟɧɢɹ ɩɪɢɛɥɢɠɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ Ф-ɨɣ ɢɬɟɪɚɰɢɢ. 0

ix

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɱɚɥɶɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɪɟɲɟɧɢɹ. 
 ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɦɚɬɪɢɰɚ A ɹɜɥɹɟɬɫɹ ɩɹɬɢɞɢɚɝɨɧɚɥɶɧɨɣ ɦɚɬɪɢɰɟɣ, 
ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɨɞ ɡɧɚɤɨɦ ɫɭɦɦɵ ɜ ɮɨɪɦɭɥɟ (1) ɨɫɬɚɟɬɫɹ ɜɫɟɝɨ 4 ɫɥɚɝɚɟɦɵɯ. 
 ȼɵɩɨɥɧɢɜ ɨɛɪɚɬɧɵɣ ɩɟɪɟɯɨɞ ɨɬ ɜɟɤɬɨɪɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ix ɤ ɦɚɬɪɢɱɧɨɦɭ 
ɩɪɟɞɫɬɚɜɥɟɧɢɸ ji,u ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɭɸ ɮɨɪɦɭɥɭ ɞɥɹ ɢɬɟɪɚɰɢɢ ɦɟɬɨɞɨɦ əɤɨɛɢ: 
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 Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɫɯɟɦɚ ɞɥɹ ɬɪɟɯɦɟɪɧɨɝɨ ɭɪɚɜɧɟɧɢɹ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ  
D
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U
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x

U
2

2

2

2

2

2 











 . Ɋɚɡɧɨɫɬɧɚɹ ɫɯɟɦɚ ɞɥɹ ɧɟɝɨ ɢɦɟɟɬ ɜɢɞ: 
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1
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Ʉɚɤ ɜɢɞɧɨ, ɞɥɹ ɩɪɨɢɡɜɟɞɟɧɢɹ ɜɵɱɢɫɥɟɧɢɣ ɧɚ ɨɞɢɧ ɲɚɝ ɧɟɨɛɯɨɞɢɦɨ ɞɟɪɠɚɬɶ ɜ 
ɩɚɦɹɬɢ ɦɚɬɪɢɰɵ t

u ,
1t+

u  ɢ f . Ɋɚɡɦɟɪ ɜɢɞɟɨɩɚɦɹɬɢ ɧɚɤɥɚɞɵɜɚɟɬ ɨɱɟɜɢɞɧɨɟ ɨɝɪɚɧɢɱɟɧɢɟ 
ɧɚ ɪɚɡɦɟɪ ɪɟɲɚɟɦɵɯ ɡɚɞɚɱ. Ɉɞɧɚɤɨ, ɩɨɫɤɨɥɶɤɭ ɩɨ ɮɨɪɦɟ ɮɨɪɦɭɥɚ 2 ɩɨɯɨɠɚ ɧɚ ɢɬɟɪɚɰɢɸ 
ɨɛɵɱɧɨɣ ɹɜɧɨɣ ɪɚɡɧɨɫɬɧɨɣ ɫɯɟɦɵ ɞɥɹ ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɞɥɹ 
ɧɟё ɩɪɢɦɟɧɢɦ ɦɟɬɨɞ ɩɢɪɚɦɢɞ, ɪɚɧɟɟ ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɹɜɧɵɯ ɪɚɡɧɨɫɬɧɵɯ ɫɯɟɦ Д8Ж. 
 ɗɬɨɬ ɦɟɬɨɞ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɈɁɍ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɯɪɚɧɢɥɢɳɚ 
ɡɧɚɱɟɧɢɣ ɫɟɬɨɱɧɨɣ ɮɭɧɤɰɢɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜɫɹ ɫɟɬɨɱɧɚɹ ɨɛɥɚɫɬɶ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ 
ɩɟɪɟɫɟɤɚɸɳɢɟɫɹ ɛɥɨɤɢ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɤɨɩɢɪɭɟɬɫɹ ɜ ɜɢɞɟɨɩɚɦɹɬɶ ɢɡ 
ɈɁɍ, ɧɚ GPU ɜɵɩɨɥɧɹɟɬɫɹ ɨɛɪɚɛɨɬɤɚ ɧɟɫɤɨɥɶɤɢɯ ɜɪɟɦɟɧɧɵɯ ɲɚɝɨɜ ɪɚɡɧɨɫɬɧɨɣ ɫɯɟɦɵ, ɢ 
ɡɚɬɟɦ ɪɟɡɭɥɶɬɢɪɭɸɳɢɟ ɞɚɧɧɵɟ ɤɨɩɢɪɭɸɬɫɹ ɨɛɪɚɬɧɨ ɜ ɈɁɍ. ɑɢɫɥɨ ɲɚɝɨɜ, ɜɵɩɨɥɧɹɟɦɵɯ ɡɚ 
ɪɚɡ ɧɚ GPU ɧɚɡɵɜɚɟɬɫɹ ɜɵɫɨɬɨɣ ɩɢɪɚɦɢɞɵ Ч. ɉɟɪɟɫɟɱɟɧɢɟ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɛɥɨɤɚɦɢ 
ɢɦɟɟɬ 2Ч ɭɡɥɨɜ ɜ ɲɢɪɢɧɭ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɹ, ɩɨɩɚɞɚɸɳɢɟ ɜ ɨɛɥɚɫɬɶ ɩɟɪɟɫɟɱɟɧɢɹ 
ɛɭɞɭɬ ɜɵɱɢɫɥɟɧɵ ɞɜɚɠɞɵ ɞɥɹ ɞɜɭɯ ɛɥɨɤɨɜ. 
 ȼɵɫɨɬɚ ɩɢɪɚɦɢɞ ɹɜɥɹɟɬɫɹ ɩɚɪɚɦɟɬɪɨɦ ɞɟɤɨɦɩɨɡɢɰɢɢ. ɋɥɢɲɤɨɦ ɦɚɥɵɟ ɡɧɚɱɟɧɢɹ ɟɝɨ 
ɩɪɢɜɨɞɹɬ ɤ ɢɡɛɵɬɨɱɧɵɦ ɩɟɪɟɫɵɥɤɚɦ, ɫɥɢɲɤɨɦ ɛɨɥɶɲɢɟ ɠɟ ɜɟɞɭɬ ɤ ɱɪɟɡɦɟɪɧɨɦɭ 
ɞɭɛɥɢɪɨɜɚɧɢɸ ɜɵɱɢɫɥɟɧɢɣ. ɉɪɟɞɫɬɚɜɥɹɟɬɫɹ ɪɚɡɭɦɧɵɦ ɜɵɛɪɚɬɶ ɜɵɫɨɬɭ ɩɢɪɚɦɢɞ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɳɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ ɛɵɥɚ ɦɢɧɢɦɚɥɶɧɚ. 
 Ʉɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ Д8Ж, ɞɥɹ ɞɥɢɬɟɥɶɧɨɫɬɢ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɜ ɫɥɭɱɚɟ ɨɞɧɨɦɟɪɧɨɣ 
ɞɟɤɨɦɩɨɡɢɰɢɢ ɫɟɬɨɱɧɨɣ ɨɛɥɚɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɚ ɫɥɟɞɭɸɳɚɹ ɨɰɟɧɤɚ: 
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
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 ac
3 τ+τ

n

2

n2R

nR
1IKτ , 

ɝɞɟ τ - ɞɥɢɬɟɥɶɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ, K - ɨɛɳɟɟ ɱɢɫɥɨ ɜɪɟɦɟɧɧɵɯ ɲɚɝɨɜ, ɧɚ ɤɨɬɨɪɵɟ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɜɵɱɢɫɥɟɧɢɹ, Ч - ɜɵɫɨɬɚ ɩɢɪɚɦɢɞɵ, I - ɪɚɡɦɟɪ ɫɟɬɤɢ ɩɨ ɨɞɧɨɦɭ 
ɢɡɦɟɪɟɧɢɸ (ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ, ɱɬɨ ɫɟɬɤɚ ɢɦɟɟɬ ɨɞɢɧɚɤɨɜɵɣ ɪɚɡɦɟɪ ɩɨ ɜɫɟɦ ɢɡɦɟɪɟɧɢɹɦ),   
R - ɲɢɪɢɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɛɥɨɤɚ, cτ - ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɫɵɥɤɢ ɨɞɧɨɝɨ ɡɧɚɱɟɧɢɹ ɢɡ ɈɁɍ 
ɜ ɜɢɞɟɨɩɚɦɹɬɶ ɢɥɢ ɨɛɪɚɬɧɨ, aτ – ɞɥɢɬɟɥɶɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɹ ɨɞɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɨ ɲɚɛɥɨɧɭ.  
 ɍɱɢɬɵɜɚɹ, ɱɬɨ ɞɥɹ ɩɪɨɢɡɜɟɞɟɧɢɹ ɨɞɧɨɣ ɢɬɟɪɚɰɢɢ ɦɟɬɨɞɚ əɤɨɛɢ ɜ ɨɬɥɢɱɢɢ ɨɬ 
ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ Д8Ж ɹɜɧɨɣ ɪɚɡɧɨɫɬɧɨɣ ɫɯɟɦɵ ɬɪɟɛɭɟɬɫɹ ɫɤɨɩɢɪɨɜɚɬɶ ɜ ɜɢɞɟɨɩɚɦɹɬɶ ɧɟ 
ɬɨɥɶɤɨ ɡɧɚɱɟɧɢɹ ɫɚɦɨɣ ɫɟɬɨɱɧɨɣ ɮɭɧɤɰɢɢ, ɧɨ ɢ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɚ f . 

ɉɨɷɬɨɦɭ, ɨɰɟɧɤɚ ɞɨɥɠɧɚ ɛɵɬɶ ɭɬɨɱɧɟɧɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɜɵɫɨɬɵ ɩɢɪɚɦɢɞ Ч ɧɟɨɛɯɨɞɢɦɨ 
ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɦɢɧɢɦɢɡɚɰɢɢ τ . ɉɨɫɤɨɥɶɤɭ ɱɢɫɥɨ ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ Ч ɧɟ ɩɪɟɜɵɲɚɟɬ 
R/2, ɬɨ ɷɬɚ ɡɚɞɚɱɚ ɦɨɠɟɬ ɛɵɬɶ ɪɟɲɟɧɚ ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ ɩɟɪɟɛɨɪɨɦ ɰɟɧɨɣ 
ɧɟɫɨɢɡɦɟɪɢɦɵɯ ɫ ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɜɵɱɢɫɥɟɧɢɣ ɧɚ GPU ɜɪɟɦɟɧɧɵɯ ɡɚɬɪɚɬ.  
 ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɫɭɳɟɫɬɜɟɧɧɨɟ ɨɬɥɢɱɢɟ ɦɟɬɨɞɚ əɤɨɛɢ ɨɬ ɨɛɵɱɧɨɣ ɹɜɧɨɣ 
ɪɚɡɧɨɫɬɧɨɣ ɫɯɟɦɵ: ɟɫɥɢ ɩɪɢ ɪɟɲɟɧɢɢ ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɞɟɥɚɥɨɫɶ ɡɚɞɚɧɧɨɟ 
ɱɢɫɥɨ ɲɚɝɨɜ ɩɨ ɜɪɟɦɟɧɢ (ɢɬɟɪɚɰɢɣ) K, ɬɨ ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɤɢ ɢɬɟɪɚɰɢɣ ɦɟɬɨɞɚ əɤɨɛɢ 
ɢɦɟɟɬ ɜɢɞ   ε<uu

k1+k  . Ɍ.ɟ. ɞɥɹ ɦɟɬɨɞɚ əɤɨɛɢ ɱɢɫɥɨ ɢɬɟɪɚɰɢɣ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɨ 
ɡɚɪɚɧɟɟ. Ɉɞɧɚɤɨ ɨɩɵɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ ɩɢɪɚɦɢɞ ɹɜɥɹɟɬɫɹ 
ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɣ ɜɟɥɢɱɢɧɨɣ (ɩɨɪɹɞɤɚ ɫɨɬɟɧ), ɜ ɬɨ ɜɪɟɦɹ ɱɢɫɥɨ ɢɬɟɪɚɰɢɣ ɦɟɬɨɞɚ 
əɤɨɛɢ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɪɚɡɭɦɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ε , ɧɚ ɩɨɪɹɞɨɤ ɜɵɲɟ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ ɚɜɬɨɪɚɦɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɚɥɝɨɪɢɬɦ 1. 
Ⱥɥɝɨɪɢɬɦ 1. Ɇɟɬɨɞɵ ɩɢɪɚɦɢɞ ɞɥɹ ɫɯɟɦɵ əɤɨɛɢ 
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ȼɯɨɞ: 0u – ɧɚɱɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ, ɦɚɫɫɢɜ ɪɚɡɦɟɪɚ NNN  . 

ȼɯɨɞ: f – ɩɥɨɬɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ, ɦɚɫɫɢɜ ɪɚɡɦɟɪɚ NNN  . Ⱦɚɧɧɵɟ ɞɨɥɠɧɵ ɛɵɬɶ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɭɦɧɨɠɟɧɵ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ D. 
ȼɯɨɞ: optimalPyramidHeight – ɨɩɬɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ ɩɢɪɚɦɢɞ. 
ȼɯɨɞ: maxPyramidHeight – ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ ɩɢɪɚɦɢɞ. 
ȼɯɨɞ: ε – ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ. 
ȼɯɨɞ: N  – ɪɚɡɦɟɪ ɫɟɬɤɢ. 
ȼɯɨɞ: h – ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ ɲɚɝ ɫɟɬɤɢ. 
ȼɯɨɞ: R – ɱɢɫɥɨ ɫɥɨёɜ ɪɚɡɦɟɪɚ NN  , ɤɨɬɨɪɵɟ ɦɨɠɟɬ ɨɛɪɚɛɨɬɚɬɶ GPU. 
ȼɵɯɨɞ: nu – ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ, ɦɚɫɫɢɜ ɪɚɡɦɟɪɚ NNN  . 

1:  0u=:u  

2:   amidHeightoptimalPyrHeight;maxPyramidmin=:n  

3:   Nn;idsbuildPyram=:blocks  

4:  repeat  

5:   NzeroMatrix=:un  

6:   doblockssizɟ=fori :1  

7:          n;iblocksneaddGhostZoupucopyRamToG=ugpu  

8:          n;iblocksneaddGhostZofpucopyRamToG=f gpu  

9:      don=ifor :1  

10:          gpugpugpu f;uelJacobiKern=:tmp  

11:          
gpugpu u;tmpswap  

12:    endfor  

13:        gpun uamcopyGpuToR=:iblocksu  

14: endfor  

15:  nuu;swap  

16:   ε<uuuntil n   

 ɉɪɟɞɥɨɠɟɧɧɵɣ ɚɥɝɨɪɢɬɦ 1 ɢɫɩɨɥɶɡɭɟɬ ɬɪɢ ɜɪɟɦɟɧɧɵɯ ɦɚɫɫɢɜɚ ɜ ɜɢɞɟɨɩɚɦɹɬɢ (
gpugpugpu f,tmp,u ɪɚɡɦɟɪɨɦ NNR  .  JacobiKernel – ɷɬɨ ɹɞɪɨ ɧɚ GPU, ɤɨɬɨɪɨɟ ɜɵɩɨɥɧɹɟɬ 

ɢɬɟɪɚɰɢɸ əɤɨɛɢ ɧɚɞ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ. ȼɫɟ ɩɪɨɱɢɟ ɨɩɟɪɚɰɢɢ ɜɵɩɨɥɧɹɸɬɫɹ ɧɚ 
ɰɟɧɬɪɚɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɨɪɟ. 
 Ɉɫɧɨɜɧɨɟ ɹɞɪɨ JКМШЛТKОrЧОХ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɢɩɢɱɧɭɸ ɲɚɛɥɨɧɧɭɸ (ɨɤɨɧɧɭɸ) 
ɨɛɪɚɛɨɬɤɭ, ɚɥɝɨɪɢɬɦ ɹɞɪɚ ɩɪɢɜɟɞɟɧ ɜ ɚɥɝɨɪɢɬɦɟ 2. Ʉɚɠɞɵɣ ɩɨɬɨɤ GPU ɨɛɪɚɛɚɬɵɜɚɟɬ 

2R  ɡɧɚɱɟɧɢɣ. ɗɬɨ ɹɞɪɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɡɚɝɪɭɡɤɭ GPU ɧɚ 
ɚɩɩɚɪɚɬɧɨɦ ɨɛɟɫɩɟɱɟɧɢɢ, ɤɨɬɨɪɨɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɚɜɬɨɪɵ (ɫɦ. ɬɚɛ. 1) ɢ, ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ 
NVТНТК VТsЮКХ PrШПТХОr, ɹɜɥɹɟɬɫɹ ɨɝɪɚɧɢɱɟɧɧɵɦ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 
ȺɅɍ, ɧɟɠɟɥɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɩɚɦɹɬɢ. 

Ɋɟɡɭɥɶɬɚɬɵ 
 Ȼɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɚ ɞɥɹ ɨɩɢɫɚɧɧɨɝɨ ɜɵɲɟ ɦɟɬɨɞɚ ɩɢɪɚɦɢɞ. Ɋɟɡɭɥɶɬɚɬɵ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. ɗɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɨɞɢɥɫɹ ɧɚ 
ɤɨɦɩɶɸɬɟɪɟ, ɨɫɧɚɳɟɧɧɨɦ GPU NЯТНТК TОsХК C2050 (448 ɹɞɟɪ CUDA, 3 ȽȻ ɜɢɞɟɨɩɚɦɹɬɢ), 96 
ȽȻ ɈɁɍ ɢ 2 CPU БОШЧ Б5670 М 6 ɹɞɪɚɦɢ. Ɍɨɱɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ ɡɚɞɚɜɚɥɚɫɶ ɤɚɤ 5

10=
 . 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɚ f ɛɵɥɨ ɡɚɞɚɧɨ ɜ ɜɢɞɟ 8-ɨɤɬɚɜɧɨɝɨ ɲɭɦɚ ɉɟɪɥɢɧɚ ɫ 
ɞɢɚɩɚɡɨɧɨɦ ɡɧɚɱɟɧɢɣ ɨɬ -1 ɞɨ 1. ɇɚɱɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 0u  ɡɚɩɨɥɧɹɥɨɫɶ ɫɥɭɱɚɣɧɵɦɢ 
ɱɢɫɥɚɦɢ, ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ -1 ɞɨ 1. ȼɫɟ ɜɵɱɢɫɥɟɧɢɹ 
ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɫ ɨɞɢɧɚɪɧɨɣ ɬɨɱɧɨɫɬɶɸ (FP32).  
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ 2, ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɩɢɪɚɦɢɞ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 
ɡɧɚɱɢɬɟɥɶɧɵɣ ɜɵɢɝɪɵɲ ɜ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɟɪɟɞ ɜɵɱɢɫɥɟɧɢɹɦɢ ɧɚ CPU ɧɟɫɦɨɬɪɹ ɧɚ 
ɬɨ, ɱɬɨ ɪɚɡɦɟɪ ɜɢɞɟɨɩɚɦɹɬɢ ɧɟ ɩɨɡɜɨɥɹɟɬ ɜɦɟɳɚɬɶ ɦɚɬɪɢɰɵ u ɢ f ɰɟɥɢɤɨɦ.  
 

Ɍɚɛɥɢɰɚ 2.  Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

Ɋɚɡɦ. ɫɟɬɤɢ I Ɋɚɡɦ. ɞɚɧɧɵɯ, Ƚɛ # ɢɬɟɪɚɰɢɣ Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ, ɫɟɤ. 

CPU, 12 ɩɨɬɨɤɨɜ Ɇɟɬɨɞ ɩɢɪɚɦɢɞ 

800 5.7 8300 9687 1353 

900 8.1 11200 20003 2671 

1000 11.2 12300 33543 4218 

  

Ɂɚɤɥɸɱɟɧɢɟ 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɬɨɞ ɩɢɪɚɦɢɞ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ GPU ɤ ɪɟɲɟɧɢɸ ɧɟɹɜɧɵɯ 
ɫɟɬɨɱɧɵɯ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɫɬɚɰɢɨɧɚɪɧɵɯ ɡɚɞɚɱ, ɪɚɡɦɟɪ ɫɟɬɤɢ ɤɨɬɨɪɵɯ ɩɪɟɜɵɲɚɟɬ 
ɞɨɫɬɭɩɧɵɣ ɨɛɴɟɦ ɜɢɞɟɨɩɚɦɹɬɢ. ɉɪɢ ɷɬɨɦ ɞɨɫɬɢɝɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɥɭɱɲɚɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɱɟɦ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ GPU (ɭɫɤɨɪɟɧɢɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɦɧɨɝɨɩɨɬɨɱɧɨɣ ɩɪɨɝɪɚɦɦɨɣ ɞɥɹ CPU ɫɨɫɬɚɜɥɹɟɬ 7-8).  

 ɏɚɪɚɤɬɟɪɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɧɵɣ ɦɟɬɨɞ əɤɨɛɢ ɦɨɠɟɬ ɛɵɬɶ ɡɚɦɟɧɟɧ ɛɨɥɟɟ 
ɢɡɨɳɪɟɧɧɵɦ ɦɟɬɨɞɨɦ Ƚɚɭɫɫɚ-Ɂɟɣɞɟɥɹ ɥɢɲɶ ɩɭɬɟɦ ɧɟɛɨɥɶɲɨɣ ɦɨɞɢɮɢɤɚɰɢɢ.  
 Ɋɟɲɟɧɧɚɹ ɫɬɚɰɢɨɧɚɪɧɚɹ ɡɚɞɚɱɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɫɶɦɚ ɛɥɢɡɤɭɸ ɡɚɞɚɱɭ ɤ ɨɞɧɨɦɭ ɜɪɟɦɟɧɧɨɦɭ ɲɚɝɭ ɧɟɹɜɧɨɣ 
ɪɚɡɧɨɫɬɧɨɣ ɫɯɟɦɵ ɞɥɹ ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ ɡɚɞɚɱɢ, ɬɟɦ ɫɚɦɵɦ ɪɚɫɲɢɪɹɹ ɝɪɚɧɢɰɵ 
ɩɪɢɦɟɧɢɦɨɫɬɢ ɦɟɬɨɞɚ ɩɢɪɚɦɢɞ ɢ ɧɚ ɧɟɹɜɧɵɟ ɪɚɡɧɨɫɬɧɵɟ ɫɯɟɦɵ ɞɥɹ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ 
ɡɚɞɚɱ, ɤɨɬɨɪɵɟ ɭɫɬɨɣɱɢɜɟɟ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɪɚɧɟɟ ɹɜɧɵɯ ɪɚɡɧɨɫɬɧɵɯ ɫɯɟɦ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ 
ɧɚɞɟɹɬɶɫɹ, ɱɬɨ ɧɟɹɜɧɵɟ ɪɚɡɧɨɫɬɧɵɟ ɫɯɟɦɵ ɦɨɝɭɬ ɛɵɬɶ ɷɮɮɟɤɬɢɜɧɵ ɧɚ GPU ɞɚɠɟ ɩɪɢ 
ɭɫɥɨɜɢɢ, ɱɬɨ ɪɚɡɦɟɪ ɞɚɧɧɵɯ ɩɪɟɜɨɫɯɨɞɢɬ ɨɛɴɟɦ ɞɨɫɬɭɩɧɨɣ ɜɢɞɟɨɩɚɦɹɬɢ.  
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