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ȼɜɟɞɟɧɢɟ 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɫɬɨɹɧɧɨ ɪɚɫɬɭɳɢɣ ɨɛɴɟɦ 

ɝɪɚɮɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɬɪɟɛɭɟɬ ɫɩɟɰɢɚɥɶɧɵɯ 
ɦɟɬɨɞɨɜ ɞɥɹ ɟɟ ɚɧɚɥɢɡɚ ɢ ɨɛɪɚɛɨɬɤɢ. Ɇɨɳɧɵɦ 
ɭɫɬɪɨɣɫɬɜɨɦ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ 
ɩɪɢ ɪɟɲɟɧɢɢ ɲɢɪɨɤɨɝɨ ɤɥɚɫɫɚ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 
ɡɚɞɚɱ ɹɜɥɹɟɬɫɹ ɝɪɚɮɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫɨɪ (GPU – 
Graphics Processing Unit). ɋɨɜɪɟɦɟɧɧɵɟ GPU 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɦɚɫɫɢɜɧɨ-ɩɚɪɚɥɥɟɥɶɧɵɟ ɜɵ-
ɱɢɫɥɢɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ, ɨɛɥɚɞɚɸɳɢɟ ɜɵɫɨɤɨɣ 
ɫɬɟɩɟɧɶɸ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɢ ɛɨɥɶɲɢɦ ɨɛɴɟɦɨɦ 
ɫɨɛɫɬɜɟɧɧɨɣ ɩɚɦɹɬɢ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢ-
ɜɚɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ CUDA. ɐɟ-
ɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɨɢɫɤɚ ɝɪɚ-
ɞɢɟɧɬɚ ɢɡɨɛɪɚɠɟɧɢɹ, ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɧɚ GPU. 

 
Ɍɟɯɧɨɥɨɝɢɹ CUDA 
Ɍɟɯɧɨɥɨɝɢɹ CUDA (Compute Unified Device 

Architecture) ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɤɨɦɩɚɧɢɟɣ NVIDIA 
c ɰɟɥɶɸ ɨɛɥɟɝɱɟɧɢɹ ɧɚɩɢɫɚɧɢɹ GPGPU – ɩɪɢɥɨ-
ɠɟɧɢɣ. Ⱦɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɚɡ-
ɪɚɛɨɬɤɢ ɩɪɢɥɨɠɟɧɢɣ ɞɥɹ ɦɚɫɫɢɜɧɨ-ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ. Ɉɫɧɨɜɧɵɦɢ ɟɟ ɩɪɟ-
ɢɦɭɳɟɫɬɜɚɦɢ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɨɬɚ (ɜɫɟ ɩɪɨɝɪɚɦɦɵ 
ɩɢɲɭɬɫɹ ɧɚ ɪɚɫɲɢɪɟɧɧɨɦ ɹɡɵɤɟ ɋ), ɧɚɛɨɪ ɝɨɬɨɜɵɯ 
ɢɧɫɬɪɭɦɟɧɬɨɜ ɢ ɛɢɛɥɢɨɬɟɤ, ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧ-
ɧɨɫɬɶ. Ʉɨɧɰɟɩɰɢɹ CUDA ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸ-
ɳɟɦμ GPU ɜɵɫɬɭɩɚɟɬ ɜ ɪɨɥɢ ɦɚɫɫɢɜɧɨ-
ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɫɨɩɪɨɰɟɫɫɨɪɚ ɤ CPU. ɉɪɨɝɪɚɦɦɚ ɧɚ 
CUDA ɡɚɞɟɣɫɬɜɭɟɬ ɤɚɤ CPU ɬɚɤ ɢ GPU. ɉɪɢ ɷɬɨɦ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹ ɱɚɫɬɶ ɤɨɞɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ CPU, 
ɚ ɞɥɹ ɦɚɫɫɢɜɧɨ – ɩɚɪɚɥɥɟɥɶɧɵɟ ɜɵɱɢɫɥɟɧɢɹ ɨɫɭ-
ɳɟɫɬɜɥɹɸɬɫɹ ɧɚ GPU, ɩɪɟɞɫɬɚɜɥɹɸɳɢɦ ɧɚɛɨɪ ɨɞ-
ɧɨɜɪɟɦɟɧɧɨ ɜɵɩɨɥɧɹɸɳɢɯɫɹ ɩɨɬɨɤɨɜ. 

 
Ⱥɥɝɨɪɢɬɦ Ʉɚɧɧɢ 
Ⱦɟɬɟɤɬɨɪ ɪɟɛɟɪ Ʉɚɧɧɢ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɨɢɫ-

ɤɚ ɝɪɚɧɢɰ ɨɛɴɟɤɬɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. 
Ʉɪɚɹ(ɝɪɚɧɢɰɵ) – ɷɬɨ ɬɚɤɢɟ ɤɪɢɜɵɟ ɧɚ ɢɡɨɛɪɚɠɟ-
ɧɢɢ, ɜɞɨɥɶ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ ɢɡɦɟɧɟɧɢɟ 
ɹɪɤɨɫɬɢ ɢɥɢ ɞɪɭɝɢɯ ɜɢɞɨɜ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ.  

Ⱥɥɝɨɪɢɬɦ ɫɨɫɬɨɢɬ ɢɡ ɩɹɬɢ ɨɬɞɟɥɶɧɵɯ ɲɚɝɨɜ: 
1. ɋɝɥɚɠɢɜɚɧɢɟ. Ɋɚɡɦɵɬɢɟ ɢɡɨɛɪɚɠɟɧɢɹ 

ɞɥɹ ɭɞɚɥɟɧɢɹ ɲɭɦɚ.ɍɞɚɥɟɧɢɟ ɲɭɦɚ ɧɚ ɢɡɨɛɪɚɠɟ-
ɧɢɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɢɦɟɧɟɧɢɹ ɮɢɥɶɬɪɚ 
Ƚɚɭɫɫɚ 

2. ɉɨɢɫɤ ɝɪɚɞɢɟɧɬɨɜ. Ƚɪɚɧɢɰɵ ɨɬɦɟɱɚɸɬɫɹ 
ɬɚɦ, ɝɞɟ ɝɪɚɞɢɟɧɬ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɢɨɛɪɟɬɚɟɬ ɦɚɤ-
ɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ. ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɩɪɢɦɟɧɹɟɬ-
ɫɹ ɨɩɟɪɚɬɨɪ ɋɨɛɟɥɹ, ɞɢɫɤɪɟɬɧɵɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶ-
ɧɵɣ ɨɩɟɪɚɬɨɪ, ɜɵɱɢɫɥɹɸɳɢɣ ɩɪɢɛɥɢɠɟɧɧɨɟ ɡɧɚ-

ɱɟɧɢɟ ɝɪɚɞɢɟɧɬɚ ɹɪɤɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ. Ɉɩɟɪɚɬɨɪ 
ɋɨɛɟɥɹ ɨɫɧɨɜɚɧ ɧɚ ɫɜɺɪɬɤɟ ɢɡɨɛɪɚɠɟɧɢɹ ɧɟɛɨɥɶ-
ɲɢɦɢ ɰɟɥɨɱɢɫɥɟɧɧɵɦɢ ɮɢɥɶɬɪɚɦɢ ɜ ɜɟɪɬɢɤɚɥɶ-
ɧɨɦ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɹɯ. Ɋɟɡɭɥɶɬɚɬɨɦ 
ɩɪɢɦɟɧɟɧɢɹ ɨɩɟɪɚɬɨɪɚ ɋɨɛɟɥɹ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ 
ɢɡɨɛɪɚɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɥɢɛɨ ɜɟɤɬɨɪ ɝɪɚɞɢɟɧɬɚ ɹɪ-
ɤɨɫɬɢ ɜ ɷɬɨɣ ɬɨɱɤɟ, ɥɢɛɨ ɟɝɨ ɧɨɪɦɚ. 

3. ɉɨɞɚɜɥɟɧɢɟ ɧɟ-ɦɚɤɫɢɦɭɦɨɜ. Ɍɨɥɶɤɨ 
ɥɨɤɚɥɶɧɵɟ ɦɚɤɫɢɦɭɦɵ ɨɬɦɟɱɚɸɬɫɹ ɤɚɤ ɝɪɚɧɢɰɵ. 
ɉɢɤɫɟɥɹɦɢ ɝɪɚɧɢɰ ɨɛɴɹɜɥɹɸɬɫɹ ɩɢɤɫɟɥɢ, ɜ ɤɨɬɨ-
ɪɵɯ ɞɨɫɬɢɝɚɟɬɫɹ ɥɨɤɚɥɶɧɵɣ ɦɚɤɫɢɦɭɦ ɝɪɚɞɢɟɧɬɚ ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ ɜɟɤɬɨɪɚ ɝɪɚɞɢɟɧɬɚ. Ɂɧɚɱɟɧɢɟ ɧɚɩɪɚɜ-
ɥɟɧɢɹ ɞɨɥɠɧɨ ɛɵɬɶ ɤɪɚɬɧɨ 45°. 

4. Ⱦɜɨɣɧɚɹ ɩɨɪɨɝɨɜɚɹ ɮɢɥɶɬɪɚɰɢɹ. ɉɨ-
ɬɟɧɰɢɚɥɶɧɵɟ ɝɪɚɧɢɰɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨɪɨɝɚɦɢ. 
ȼɵɞɟɥɟɧɢɟ ɝɪɚɧɢɰ Ʉɚɧɧɢ ɢɫɩɨɥɶɡɭɟɬ ɞɜɚ ɩɨɪɨɝɚ 
ɮɢɥɶɬɪɚɰɢɢμ ɟɫɥɢ ɡɧɚɱɟɧɢɟ ɩɢɤɫɟɥɹ ɜɵɲɟ ɜɟɪɯɧɟɣ 
ɝɪɚɧɢɰɵ – ɨɧ ɩɪɢɧɢɦɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 
(ɝɪɚɧɢɰɚ ɫɱɢɬɚɟɬɫɹ ɞɨɫɬɨɜɟɪɧɨɣ), ɟɫɥɢ ɧɢɠɟ – 
ɩɢɤɫɟɥɶ ɩɨɞɚɜɥɹɟɬɫɹ, ɬɨɱɤɢ ɫɨ ɡɧɚɱɟɧɢɟɦ, ɩɨɩɚ-
ɞɚɸɳɢɦ ɜ ɞɢɚɩɚɡɨɧ ɦɟɠɞɭ ɩɨɪɨɝɨɜ, ɩɪɢɧɢɦɚɸɬ 
ɮɢɤɫɢɪɨɜɚɧɧɨɟ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ (ɨɧɢ ɛɭɞɭɬ ɭɬɨɱ-
ɧɟɧɵ ɧɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ). 

5. Ɍɪɚɫɫɢɪɨɜɤɚ ɨɛɥɚɫɬɢ ɧɟɨɞɧɨɡɧɚɱɧɨɫɬɢ. 
ɂɬɨɝɨɜɵɟ ɝɪɚɧɢɰɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɭɬɺɦ ɩɨɞɚɜɥɟ-
ɧɢɹ ɜɫɟɯ ɤɪɚɺɜ, ɧɟɫɜɹɡɚɧɧɵɯ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ 
(ɫɢɥɶɧɵɦɢ) ɝɪɚɧɢɰɚɦɢ. Ɂɚɞɚɱɚ ɫɜɨɞɢɬɫɹ ɤ ɜɵɞɟɥɟ-
ɧɢɸ ɝɪɭɩɩ ɩɢɤɫɟɥɟɣ, ɩɨɥɭɱɢɜɲɢɯ ɧɚ ɩɪɟɞɵɞɭɳɟɦ 
ɷɬɚɩɟ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɡɧɚɱɟɧɢɟ, ɢ ɨɬɧɟɫɟɧɢɸ ɢɯ ɤ 
ɝɪɚɧɢɰɟ (ɟɫɥɢ ɨɧɢ ɫɨɟɞɢɧɟɧɵ ɫ ɨɞɧɨɣ ɢɡ ɭɫɬɚɧɨɜ-
ɥɟɧɧɵɯ ɝɪɚɧɢɰ) ɢɥɢ ɢɯ ɩɨɞɚɜɥɟɧɢɸ (ɜ ɩɪɨɬɢɜɧɨɦ 
ɫɥɭɱɚɟ). ɉɢɤɫɟɥɶ ɞɨɛɚɜɥɹɟɬɫɹ ɤ ɝɪɭɩɩɟ, ɟɫɥɢ ɨɧ 
ɫɨɩɪɢɤɚɫɚɟɬɫɹ ɫ ɧɟɣ ɩɨ ɨɞɧɨɦɭ ɢɡ κ-ɦɢ ɧɚɩɪɚɜɥɟ-
ɧɢɣ. 
 

Ɋɟɚɥɢɡɚɰɢɹ ɩɨɢɫɤɚ ɝɪɚɞɢɟɧɬɚ ɮɭɧɤɰɢɢ 
Ɉɩɟɪɚɬɨɪ ɋɨɛɟɥɹ ɜɵɩɨɥɧɹɟɬ ɢɡɦɟɪɟɧɢɟ ɝɪɚɞɢ-

ɟɧɬɚ βD-ɢɡɨɛɪɚɠɟɧɢɹ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɩɚɪɚ γбγ ɦɚ-
ɫɨɤ ɫɜɟɪɬɤɢμ ɨɰɟɧɤɢ ɝɪɚɞɢɟɧɬɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɯ 
(ɫɬɨɥɛɰɵ) ɢ ɨɰɟɧɤɢ ɝɪɚɞɢɟɧɬɚ ɜ В-ɧɚɩɪɚɜɥɟɧɢɢ 
(ɫɬɪɨɤ). Ⱦɚɧɧɵɟ ɨɰɟɧɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɢɠɟμ 

 
Ɋɢɫ. 1. Ɉɰɟɧɤɢ ɝɪɚɞɢɟɧɬɚ 
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ȼɟɥɢɱɢɧɚ, ɢɥɢ ɤɪɚɣ ɫɢɥɵ, ɝɪɚɞɢɟɧɬɚ ɡɚɬɟɦ ɚɩ-
ɩɪɨɤɫɢɦɢɪɭɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟμ 

|G| = |Gx| + |Gy|, 
ɬɨ ɟɫɬɶ . 

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ 
ɩɨɢɫɤɚ ɝɪɚɞɢɟɧɬɚ ɮɭɧɤɰɢɢ ɫ ɩɨɦɨɳɶɸ ɨɩɟɪɚɬɨɪɚ 
ɋɨɛɟɥɹ. ȼ ɞɚɧɧɨɣ ɩɪɨɝɪɚɦɦɟ, ɜ ɰɟɥɹɯ ɭɦɟɧɶɲɟɧɢɹ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ, ɢɡɨɛɪɚɠɟɧɢɟ ɢɡɧɚɱɚɥɶɧɨ 
ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɨɬɬɟɧɤɢ ɫɟɪɨɝɨ. ɉɨɞɨɛɧɵɣ ɩɨɞɯɨɞ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨ ɦɧɨɝɢɯ ɦɟɬɨɞɚɯ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛ-
ɪɚɠɟɧɢɹ. 
__global__ void Kernel(float *matrix, float *fmatrix, 
int sizeX, int sizeY) 
{ 
int idx=blockIdx.x * blockDim.x +  threadIdx.x; 
int idy=blockIdx.y * blockDim.y +  threadIdx.y; 
 int id =  idy*sizeX+idx; 
 
double sobel[3][3]; 
double sobel1[3][3]; 
 
double sum =0; 
 for (int fi=0; fi<3; fi++) 
  for(int fj=0; fj<3; fj++) 
  
 sum+=matrix[(idy+fj)*sizeX+idx+fi]*sobel[
fi][fj]; 
  
double sum1 =0; 
 for (int fi=0; fi<3; fi++) 
  for(int fj=0; fj<3; fj++) 
 
sum1+=matrix[(idy+fj)*sizeX+idx+fi]*sobel1[fi][fj]; 
 fmatrix[id] =  sqrt(sum*sum+sum1*sum1); 
} 

ȼ ɞɚɧɧɨɣ ɩɪɨɝɪɚɦɦɟ: __global__ void Kernel – 
ɮɭɧɤɰɢɹ, ɨɩɢɫɵɜɚɸɳɚɹ ɚɥɝɨɪɢɬɦ ɮɢɥɶɬɪɚ ɋɨɛɟɥɹ; 
sum+=matrix[(idy+fj)*sizeX+idx+fi]*sobel[fi][fj]; 
ɢ 
sum1+=matrix[(idy+fj)*sizeX+idx+fi]*sobel1[fi][fj
]; – ɜɵɱɢɫɥɟɧɢɟ ɫɨɫɬɚɜɥɹɸɳɢɯ ɝɪɚɞɢɟɧɬɚ ɋɨɛɟɥɹ 
ɩɨ ɯ ɢ ɭ ɫ ɩɨɦɨɳɶɸ ɦɚɬɪɢɰ. 
 

Ɋɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ 

 
Ɋɢɫ. β. ɂɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ 

 

 
Ɋɢɫ. γ. Ɉɛɪɚɛɨɬɚɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ 

 
Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɨɩɟɪɚɬɨɪɚ ɋɨɛɟɥɹ ɩɨɤɚɡɵɜɚ-

ɟɬ, ɧɚɫɤɨɥɶɤɨ «ɪɟɡɤɨ» ɢɥɢ «ɩɥɚɜɧɨ» ɦɟɧɹɟɬɫɹ ɹɪ-
ɤɨɫɬɶ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ. 

 
Ɂɚɤɥɸɱɟɧɢɟ 
ɉɨɢɫɤ ɝɪɚɞɢɟɧɬɚ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɜɟɪɨɹɬ-

ɧɨɫɬɶ ɧɚɯɨɠɞɟɧɢɹ ɬɨɱɤɢ ɧɚ ɝɪɚɧɢ ɢɡɨɛɪɚɠɟɧɢɹ, ɚ 
ɬɚɤɠɟ ɨɪɢɟɧɬɚɰɢɸ ɝɪɚɧɢɰɵ. ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ 
ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɚɩɩɪɨɤɫɢɦɚɰɢɹ 
ɝɪɚɞɢɟɧɬɚ ɞɨɫɬɚɬɨɱɧɨ ɝɪɭɛɚɹ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɩɪɨɹɜ-
ɥɹɟɬɫɹ ɧɚ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɤɨɥɟɛɚɧɢɹ ɢɡɨɛɪɚɠɟ-
ɧɢɹ. 
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