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ȺЛЬЭЫКМЭ 
Segmentation is a difficult stage in the processing and analysis of medical images. This is due to 
the high variability of their characteristics, low contrast processed images and the organization of 
complex geometric objects. The article covers the realization of Sobel operator and Canny 
algorithm using OpenMP parallel programming technology and NVIDIA CUDA. It is shown that 
the implementation of these algorithms for GPUs with CUDA technology improves imaging 
performance. Completion of the computational experiment showed the effectiveness of the 
implementation of Canny algorithm using CUDA technology, compared with OpenMP for 
different resolutions of medical images.  

Keywords: segmentation; medical imaging; selection borders; Sobel operator; Canny algorithm; 

GPU; OpenMP; NVIDIA CUDA. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɨɞɧɢɦ ɢɡ ɚɤɬɭɚɥɶɧɵɯ 
ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ ɤɨɦɩɶɸɬɟɪɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 
ɜ ɦɟɞɢɰɢɧɟ ɫɬɚɧɨɜɢɬɫɹ ɨɛɪɚɛɨɬɤɚ ɰɢɮɪɨɜɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ: ɭɥɭɱɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɢɡɨɛɪɚɠɟɧɢɹ, 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɨɜɪɟɠɞɟɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ, 
ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ. ȼ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɞɥɹ ɯɪɚɧɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɟɞɢɰɢɧɫɤɢɯ 
ɢɡɨɛɪɚɠɟɧɢɣ ɩɟɪɫɨɧɚɥɶɧɨɣ ɦɟɞɢɰɢɧɵ ɫɨɡɞɚɸɬɫɹ 
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɨɛɥɚɱɧɵɟ ɫɟɪɜɢɫɵ Д2Ж, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɬɶ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɭɸ ɫɢɫɬɟɦɭ 
ɞɢɚɝɧɨɫɬɢɤɢ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹ 
ɡɞɨɪɨɜɶɹ ɩɚɰɢɟɧɬɨɜ. 

ɉɪɢ ɷɬɨɦ ɤɨɧɟɱɧɵɣ ɪɟɡɭɥɶɬɚɬ ɚɧɚɥɢɡɚ ɜɨ 
ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɱɟɫɬɜɨɦ ɫɟɝɦɟɧɬɚɰɢɢ 
ɢɡɨɛɪɚɠɟɧɢɣ. ɋɟɝɦɟɧɬɚɰɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ 
ɜɵɞɟɥɟɧɢɹ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ ɨɛɥɚɫɬɟɣ ɫ 
ɨɩɪɟɞɟɥёɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ɍɚɤɢɟ ɨɛɥɚɫɬɢ 
ɨɛɵɱɧɨ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɨɛɴɟɤɬɚɦ ɢɥɢ ɢɯ ɱɚɫɬɹɦ, 
ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ ɢɫɫɥɟɞɨɜɚɬɟɥɢ. Ɋɟɡɭɥɶɬɚɬɨɦ 
ɫɟɝɦɟɧɬɚɰɢɢ ɹɜɥɹɟɬɫɹ ɛɢɧɚɪɧɨɟ ɢɥɢ 
ɢɟɪɚɪɯɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɜ ɤɨɬɨɪɨɦ ɤɚɠɞɵɣ 
ɭɪɨɜɟɧɶ ɢɡɨɛɪɚɠɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɨɧɤɪɟɬɧɨɦɭ 
ɤɥɚɫɫɭ ɜɵɞɟɥɟɧɧɵɯ ɨɛɴɟɤɬɨɜ. ɋɟɝɦɟɧɬɚɰɢɹ 
ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɵɦ ɦɨɦɟɧɬɨɦ ɜ ɨɛɪɚɛɨɬɤɟ ɢ 
ɚɧɚɥɢɡɟ ɦɟɞɢɰɢɧɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ 
ɜɵɫɨɤɨɣ ɜɚɪɢɚɛɟɥɶɧɨɫɬɶɸ ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, 
ɫɥɚɛɨɣ ɤɨɧɬɪɚɫɬɧɨɫɬɶɸ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ 
ɨɪɝɚɧɢɡɚɰɢɟɣ ɨɛɴɟɤɬɨɜ. 

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɧɚ ɢɫɫɥɟɞɭɟɦɨɦ 
ɢɡɨɛɪɚɠɟɧɢɢ ɩɪɢɫɭɬɫɬɜɭɸɬ ɲɭɦɵ, ɢɫɤɚɠɟɧɢɹ, 
ɬɟɤɫɬɭɪɧɵɟ ɨɛɥɚɫɬɢ, ɫɯɨɠɢɟ ɫ ɨɛɥɚɫɬɹɦɢ, 
ɩɪɢɧɚɞɥɟɠɚɳɢɦɢ ɢɫɫɥɟɞɭɟɦɨɦɭ ɨɛɴɟɤɬɭ. ȼɫɟ ɷɬɨ 
ɡɚɬɪɭɞɧɹɟɬ ɩɪɨɰɟɫɫ ɜɵɞɟɥɟɧɢɹ ɨɛɴɟɤɬɨɜ ɢ 
ɤɨɪɪɟɤɬɧɨɝɨ ɨɬɨɛɪɚɠɟɧɢɹ ɢɯ ɝɪɚɧɢɰ, ɩɨɷɬɨɦɭ 
ɚɥɝɨɪɢɬɦɵ ɨɤɨɧɬɭɪɢɜɚɧɢɹ ɢ ɫɟɝɦɟɧɬɢɪɨɜɚɧɢɹ 

ɢɝɪɚɸɬ ɨɱɟɧɶ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɩɪɨɰɟɫɫɟ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɦɟɞɢɰɢɧɫɤɢɯ 
ɢɡɨɛɪɚɠɟɧɢɣ.  

Ɉɞɧɢɦɢ ɢɡ ɜɢɞɨɜ ɫɟɝɦɟɧɬɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ 
ɹɜɥɹɸɬɫɹ ɚɥɝɨɪɢɬɦɵ ɜɵɞɟɥɟɧɢɹ ɝɪɚɧɢɰ [1]. 

Ƚɪɚɧɢɰɚ – ɷɬɨ ɪɟɡɤɢɣ ɩɟɪɟɯɨɞ ɹɪɤɨɫɬɢ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɨɛɧɚɪɭɠɟɧɢɢ ɪɚɡɪɵɜɨɜ ɹɪɤɨɫɬɢ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ 
ɧɚɣɬɢ ɪɟɡɤɨɟ ɢɡɦɟɧɟɧɢɟ ɹɪɤɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɨ 
ɧɚɣɬɢ ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ ɝɪɚɞɢɟɧɬɚ, ɬɚɤ ɤɚɤ 
ɧɚɢɛɨɥɶɲɟɟ ɟɝɨ ɢɡɦɟɧɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ ɝɪɚɧɢɰɵ. 

Ⱦɚɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɞɨɜɨɥɶɧɨ ɬɨɱɧɵ, ɨɞɧɚɤɨ 
ɢɦɟɸɬ ɛɨɥɶɲɭɸ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɫɥɨɠɧɨɫɬɶ.  

Ɉɩɟɪɚɬɨɪ ɋɨɛɟɥɹ – ɞɢɫɤɪɟɬɧɵɣ
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɨɩɟɪɚɬɨɪ, ɜɵɱɢɫɥɹɸɳɢɣ 
ɩɪɢɛɥɢɠɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɨɢɡɜɨɞɧɵɯ ɪɚɡɧɨɝɨ 
ɩɨɪɹɞɤɚ ɞɥɹ ɮɭɧɤɰɢɢ ɹɪɤɨɫɬɢ ɩɢɤɫɟɥɟɣ. ɇɚɢɛɨɥɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɩɪɢɦɟɪɨɦ ɩɪɚɤɬɢɱɟɫɤɨɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɝɪɚɧɢɰ 
(ɪɟɛɟɪ) ɨɛɴɟɤɬɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ, ɬ.ɟ. ɬɨɱɟɤ 
ɪɟɡɤɨɝɨ ɢɡɦɟɧɟɧɢɹ ɹɪɤɨɫɬɢ. 

Ⱦɚɧɧɵɣ ɨɩɟɪɚɬɨɪ ɨɫɧɨɜɚɧ ɧɚ ɫɜɟɪɬɤɟ 
ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɰɟɥɨɱɢɫɥɟɧɧɵɦɢ ɮɢɥɶɬɪɚɦɢ. ȼ 
ɩɪɨɫɬɟɣɲɟɦ ɫɥɭɱɚɟ ɨɩɟɪɚɬɨɪ ɩɨɫɬɪɨɟɧ ɧɚ 
ɜɵɱɢɫɥɟɧɢɢ ɫɜɟɪɬɨɤ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɫ 
ɹɞɪɚɦɢ ܥ௬ ɢ , ௬ ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɜɵɱɢɫɥɟɧɢɟܥ
ɩɟɪɜɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɨ ɧɚɩɪɚɜɥɟɧɢɹɦ 

�௫=[−ͳ Ͳ ͳ−ʹ Ͳ ʹ−ͳ Ͳ ͳ] �௬=[−ͳ ʹ −ͳͲ Ͳ Ͳͳ ʹ ͳ ] (1) 

Ɉɩɟɪɚɬɨɪ ɋɨɛɟɥɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɝɪɚɞɢɟɧɬɚ ɮɭɧɤɰɢɢ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɢɤɫɟɥɟɣ Д1, 4Ж. ɉɪɢɦɟɧɟɧɢɟ 



ʠˑˌːˋˍˑ˅˃ ʔ.ʠ., ʟˢ˄˞˘ ʛ.ʠ., ʐ˃˕ˋ˜ˈ˅ ʓ.ʠ., ʠˋːˡˍ ʑ.ʒ., ʛˋ˘ˈˎˈ˅ ʑ.ʛ. 
ʑ˞˔ˑˍˑ˒˓ˑˋˊ˅ˑˇˋ˕ˈˎ˟ː˞ˌ ˏˈ˕ˑˇ ˑ˄ː˃˓˖ˉˈːˋˢ ˆ˓˃ːˋ˙ ː˃  

ˏˈˇˋ˙ˋː˔ˍˋ˘ ˋˊˑ˄˓˃ˉˈːˋˢ˘ // ʜ˃˖˚ː˞ˌ ˓ˈˊ˖ˎ˟˕˃˕.  

Иː˗ˑ˓ˏ˃˙ˋˑːː˞ˈ ˕ˈ˘ːˑˎˑˆˋˋ. – ʡ.ͷ, №͹, ͸Ͷͷ6. 
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ɨɩɟɪɚɬɨɪɚ ܥ௫ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ 
ɩɪɢɛɥɢɠɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɟɪɜɨɣ ɱɚɫɬɧɨɣ 
ɩɪɨɢɡɜɨɞɧɨɣ ɢɡɦɟɧɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, – ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ. 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɦɨɠɧɨ 
ɜɵɱɢɫɥɢɬɶ ɦɚɝɧɢɬɭɞɭ ɝɪɚɞɢɟɧɬɚ ɞɥɹ ɩɢɤɫɟɥɹ ɫ 
ɤɨɨɪɞɢɧɚɬɚɦɢ (i,j) ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (2) |G|  =  |�௫|  + |௬ܥ|   (2) 

Ɍɚɤɠɟ, ɢɫɩɨɥɶɡɭɹ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ, 
ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɝɪɚɞɢɟɧɬɚ ɩɨ 
ɮɨɪɦɭɥɟ (3) �௜௝ = ar�tan ሺீ೤ೣீ

) (3) 

ɉɪɟɞɥɚɝɚɟɬɫɹ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɧɚ 
ɦɟɞɢɰɢɧɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɹɯ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɨɩɟɪɚɬɨɪ Ʉɷɧɧɢ (CКЧЧв) Д6, 7Ж. Ⱥɥɝɨɪɢɬɦ 
ɨɛɧɚɪɭɠɟɧɢɹ ɝɪɚɧɢɰ Ʉɷɧɧɢ ɫɨɫɬɨɢɬ ɢɡ ɱɟɬɵɪɟɯ 
ɷɬɚɩɨɜ: 

1. Ƚɚɭɫɫɨɜɚ ɮɢɥɶɬɪɚɰɢɹ.
2. Ɏɢɥɶɬɪɚɰɢɹ ɋɨɛɟɥɹ.
3. ɉɨɞɚɜɥɟɧɢɟ ɧɟ ɦɚɤɫɢɦɭɦɨɜ.
4. Ⱦɜɨɣɧɚɹ ɩɨɪɨɝɨɜɚɹ ɮɢɥɶɬɪɚɰɢɹ.

Ⱦɟɬɟɤɬɨɪ ɪɟɛɟɪ Ʉɷɧɧɢ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 
ɩɨɢɫɤɚ ɝɪɚɧɢɰ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. Ƚɪɚɧɢɰɵ – ɷɬɨ 
ɥɢɧɢɢ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ, ɜ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ 
ɪɟɡɤɨɟ ɢɡɦɟɧɟɧɢɟ ɹɪɤɨɫɬɢ.  

ɐɟɥɶɸ Ʉɷɧɧɢ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɬɶ ɨɩɬɢɦɚɥɶɧɵɣ 
ɚɥɝɨɪɢɬɦ ɨɛɧɚɪɭɠɟɧɢɹ ɝɪɚɧɢɰ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɣ 
ɬɪёɦ ɤɪɢɬɟɪɢɹɦ: 

 ɯɨɪɨɲɟɟ ɨɛɧɚɪɭɠɟɧɢɟ (Ʉɷɧɧɢ ɬɪɚɤɬɨɜɚɥ
ɷɬɨ ɫɜɨɣɫɬɜɨ ɤɚɤ ɩɨɜɵɲɟɧɢɟ 
ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ); 

 ɯɨɪɨɲɚɹ ɥɨɤɚɥɢɡɚɰɢɹ (ɩɪɚɜɢɥɶɧɨɟ 
ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ); 

 ɟɞɢɧɫɬɜɟɧɧɵɣ ɨɬɤɥɢɤ ɧɚ ɨɞɧɭ ɝɪɚɧɢɰɭ.
Ⱥɥɝɨɪɢɬɦ ɞɟɬɟɤɬɨɪɚ ɝɪɚɧɢɰ ɧɟ 

ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ 
ɜɵɱɢɫɥɟɧɢɟɦ ɝɪɚɞɢɟɧɬɚ ɫɝɥɚɠɟɧɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ. ȼ ɤɨɧɬɭɪɟ ɝɪɚɧɢɰɵ ɨɫɬɚɸɬɫɹ ɬɨɥɶɤɨ 
ɬɨɱɤɢ ɦɚɤɫɢɦɭɦɚ ɝɪɚɞɢɟɧɬɚ ɢɡɨɛɪɚɠɟɧɢɹ, ɚ ɧɟ 
ɦɚɤɫɢɦɚɥɶɧɵɟ ɬɨɱɤɢ, ɥɟɠɚɳɢɟ ɪɹɞɨɦ ɫ ɝɪɚɧɢɰɟɣ, 
ɭɞɚɥɹɸɬɫɹ.  

ȼ ɞɚɧɧɨɦ ɚɥɝɨɪɢɬɦɟ ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɧɚɩɪɚɜɥɟɧɢɢ 
ɝɪɚɧɢɰɵ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɭɞɚɥɹɬɶ ɬɨɱɤɢ ɪɹɞɨɦ ɫ 
ɝɪɚɧɢɰɟɣ ɢ ɧɟ ɪɚɡɪɵɜɚɬɶ ɫɚɦɭ ɝɪɚɧɢɰɭ ɜɛɥɢɡɢ 
ɥɨɤɚɥɶɧɵɯ ɦɚɤɫɢɦɭɦɨɜ ɝɪɚɞɢɟɧɬɚ. ɉɨɫɥɟ ɷɬɨɝɨ ɧɚ 
ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɞɜɭɯ 
ɩɨɪɨɝɨɜ ɭɞɚɥɹɬɶ ɫɥɚɛɵɟ ɝɪɚɧɢɰɵ, ɩɪɢ ɷɬɨɦ 
ɮɪɚɝɦɟɧɬ ɝɪɚɧɢɰɵ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɤɚɤ ɰɟɥɨɟ. 
ȿɫɥɢ ɡɧɚɱɟɧɢɟ ɝɪɚɞɢɟɧɬɚ ɝɞɟ-ɧɢɛɭɞɶ ɧɚ 
ɢɫɫɥɟɞɭɟɦɨɦ ɮɪɚɝɦɟɧɬɟ ɩɪɟɜɵɫɢɬ ɜɟɪɯɧɢɣ ɩɨɪɨɝ, 

ɬɨ ɷɬɨɬ ɮɪɚɝɦɟɧɬ ɨɫɬɚɟɬɫɹ ɬɚɤɠɟ «ɞɨɩɭɫɬɢɦɨɣ» 
ɝɪɚɧɢɰɟɣ, ɚ ɜ ɬɟɯ ɦɟɫɬɚɯ, ɝɞɟ ɡɧɚɱɟɧɢɟ ɝɪɚɞɢɟɧɬɚ 
ɩɚɞɚɟɬ ɧɢɠɟ ɷɬɨɝɨ ɩɨɪɨɝɚ, ɬɨ ɨɧɚ ɧɟ ɫɬɚɧɟɬ ɧɢɠɟ 
ɧɢɠɧɟɝɨ ɩɨɪɨɝɚ. ȿɫɥɢ ɠɟ ɧɚ ɜɫɟɦ ɮɪɚɝɦɟɧɬɟ ɧɟɬ 
ɧɢ ɨɞɧɨɣ ɬɨɱɤɢ ɫɨ ɡɧɚɱɟɧɢɟɦ ɛɨɥɶɲɢɦ ɜɟɪɯɧɟɝɨ 
ɩɨɪɨɝɚ, ɬɨ ɨɧ ɭɞɚɥɹɟɬɫɹ. Ɍɚɤɨɣ ɝɢɫɬɟɪɟɡɢɫ 

ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɱɢɫɥɨ ɪɚɡɪɵɜɨɜ ɜɵɯɨɞɧɵɯ 
ɝɪɚɧɢɰ.  

ȼɤɥɸɱɟɧɢɟ ɜ ɚɥɝɨɪɢɬɦ Ʉɷɧɧɢ 
ɲɭɦɨɩɨɞɚɜɥɟɧɢɹ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɩɨɜɵɲɚɟɬ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ, ɚ ɫ ɞɪɭɝɨɣ – 

ɭɜɟɥɢɱɢɜɚɟɬ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɢ ɩɪɢɜɨɞɢɬ 
ɤ ɢɫɤɚɠɟɧɢɸ ɢ ɞɚɠɟ ɩɨɬɟɪɟ ɩɨɞɪɨɛɧɨɫɬɟɣ ɝɪɚɧɢɰ. 
Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɬɚɤɢɦ ɚɥɝɨɪɢɬɦɨɦ ɫɤɪɭɝɥɹɸɬɫɹ 
ɭɝɥɵ ɨɛɴɟɤɬɨɜ ɢ ɪɚɡɪɭɲɚɸɬɫɹ ɝɪɚɧɢɰɵ ɜ ɬɨɱɤɚɯ 
ɫɨɟɞɢɧɟɧɢɣ.  

Ɋɚɫɫɦɨɬɪɢɦ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɨɫɧɨɜɧɵɟ ɷɬɚɩɵ 
ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦ Ʉɷɧɧɢ Д5, 8]. 

1. ɋɝɥɚɠɢɜɚɧɢɟ: ɭɞɚɥɟɧɢɟ ɲɭɦɚ 
ɩɨɫɪɟɞɫɬɜɨɦ ɮɢɥɶɬɪɚ Ƚɚɭɫɫɚ. 

ɉɭɫɬɶ ɢɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɛɭɞɟɬ ɡɚɞɚɧɨ 
ɹɪɤɨɫɬɶɸ x (m, n). Ƚɚɭɫɫɨɜɨ ɪɚɡɦɵɬɢɟ ɫ ɪɚɞɢɭɫɨɦ 
r  ɫɱɢɬɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4) ݕሺ݉, ݊ሻ = ͳʹ�ݎଶ ∑ ݁−ሺೠమ+ೡమሻమ�మ ሺ݉ݔ + ,ݑ ݊ + ሻ௨,௩ݒ  

(4) 

ɉɪɟɞɟɥɵ ɫɭɦɦɢɪɨɜɚɧɢɹ ɩɨ u ɢ v ɦɨɠɧɨ 
ɜɵɛɢɪɚɬɶ ɤɚɤ ɩɥɸɫ ɦɢɧɭɫ ɧɟɫɤɨɥɶɤɨ ɫɢɝɦ, ɬ.ɟ. 
ɪɚɞɢɭɫɨɜ r, ɱɬɨ ɞɚёɬ ɫɥɨɠɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ 
ɩɨɪɹɞɤɚ O(r2) ɨɩɟɪɚɰɢɣ ɧɚ ɩɢɤɫɟɥɶ.   

ɉɟɪɜɨɟ ɭɫɤɨɪɟɧɢɟ ɞɚёɬ ɫɜɨɣɫɬɜɨ 
ɫɟɩɚɪɚɛɟɥɶɧɨɫɬɢ ɝɚɭɫɫɨɜɚ ɪɚɡɦɵɬɢɹ. Ɍɨ ɟɫɬɶ, 
ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɮɢɥɶɬɪɚɰɢɸ ɩɨ ɨɫɢ x ɞɥɹ ɤɚɠɞɨɣ 
ɫɬɪɨɤɢ, ɩɨɥɭɱɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɨɬɮɢɥɶɬɪɨɜɚɬɶ 
ɩɨ y ɩɨ ɤɚɠɞɨɦɭ ɫɬɨɥɛɰɭ ɢ ɩɨɥɭɱɢɬɶ ɬɨɬ ɠɟ 
ɪɟɡɭɥɶɬɚɬ ɫɨ ɫɥɨɠɧɨɫɬɶɸ O(r) ɨɩɟɪɚɰɢɣ ɧɚ 
ɩɢɤɫɟɥɶ.  

2. ɉɨɢɫɤ ɝɪɚɞɢɟɧɬɨɜ: ɩɪɢɦɟɧɹɟɬɫɹ 
ɞɢɫɤɪɟɬɧɵɣ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɧɵɣ ɨɩɟɪɚɬɨɪ 
ɋɨɛɟɥɹ, ɤɨɬɨɪɵɟ ɜɵɱɢɫɥɹɟɬ ɩɪɢɛɥɢɠɟɧɧɨɟ 
ɡɧɚɱɟɧɢɟ ɝɪɚɞɢɟɧɬɚ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ. 

Ɋɟɡɭɥɶɬɚɬɨɦ ɩɪɢɦɟɧɟɧɢɹ ɨɩɟɪɚɬɨɪɚ ɋɨɛɟɥɹ ɜ 
ɤɚɠɞɨɣ ɬɨɱɤɟ ɢɡɨɛɪɚɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɥɢɛɨ ɜɟɤɬɨɪ 
ɝɪɚɞɢɟɧɬɚ ɹɪɤɨɫɬɢ ɜ ɷɬɨɣ ɬɨɱɤɟ, ɥɢɛɨ ɟɝɨ ɧɨɪɦɚ. 
Ⱦɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɢɡɦɟɧɟɧɢɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ (dx) ɢ ɜɟɪɬɢɤɚɥɶɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ (dy) ɜɵɱɢɫɥɹɸɬɫɹ ɜɟɥɢɱɢɧɚ Ɇ ɤɪɚɹ ɢ 
ɧɚɩɪɚɜɥɟɧɢɟ ɝɪɚɞɢɟɧɬɚ θ ɩɨ ɮɨɪɦɭɥɚɦ (5) ɢ (6) 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%BE%D0%B9_%D1%88%D1%83%D0%BC_%D0%B8%D0%B7%D0%BE%D0%B1%D1%80%D0%B0%D0%B6%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B4%D0%B8%D0%B5%D0%BD%D1%82
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D1%81%D1%82%D0%B5%D1%80%D0%B5%D0%B7%D0%B8%D1%81


ʠˑˌːˋˍˑ˅˃ ʔ.ʠ., ʟˢ˄˞˘ ʛ.ʠ., ʐ˃˕ˋ˜ˈ˅ ʓ.ʠ., ʠˋːˡˍ ʑ.ʒ., ʛˋ˘ˈˎˈ˅ ʑ.ʛ. 
ʑ˞˔ˑˍˑ˒˓ˑˋˊ˅ˑˇˋ˕ˈˎ˟ː˞ˌ ˏˈ˕ˑˇ ˑ˄ː˃˓˖ˉˈːˋˢ ˆ˓˃ːˋ˙ ː˃  

ˏˈˇˋ˙ˋː˔ˍˋ˘ ˋˊˑ˄˓˃ˉˈːˋˢ˘ // ʜ˃˖˚ː˞ˌ ˓ˈˊ˖ˎ˟˕˃˕.  

Иː˗ˑ˓ˏ˃˙ˋˑːː˞ˈ ˕ˈ˘ːˑˎˑˆˋˋ. – ʡ.ͷ, №͹, ͸Ͷͷ6. 
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INFORMATION TECHNOLOGIES  

ܯ = √݀௫ଶ + ݀௬ଶ (5) � = ଵ−݊�ݐ ቀ�೤�ೣቁ (6) 

3. ɉɨɞɚɜɥɟɧɢɟ ɧɟ ɦɚɤɫɢɦɭɦɨɜ: ɥɨɤɚɥɶɧɵɟ
ɦɚɤɫɢɦɭɦɵ ɨɬɦɟɱɚɸɬɫɹ ɤɚɤ ɝɪɚɧɢɰɵ. ɍɞɚɥɹɸɬɫɹ 
ɩɢɤɫɟɥɢ, ɤɨɬɨɪɵɟ ɧɟ ɹɜɥɹɸɬɫɹ ɱɚɫɬɶɸ ɤɪɚɹ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɫɬɚɧɭɬɫɹ ɬɨɥɶɤɨ ɬɨɧɤɢɟ ɥɢɧɢɢ. 
ɇɚ ɷɬɨɦ ɷɬɚɩɟ, ɥɨɤɚɥɶɧɵɣ ɦɚɤɫɢɦɭɦ ɜɞɨɥɶ 
ɧɚɩɪɚɜɥɟɧɢɹ ɝɪɚɞɢɟɧɬɚ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɡɧɚɱɟɧɢɣ Ɇ ɢ θ.  

4. Ⱦɜɨɣɧɚɹ ɩɨɪɨɝɨɜɚɹ ɮɢɥɶɬɪɚɰɢɹ: ɟɫɥɢ
ɡɧɚɱɟɧɢɟ ɩɢɤɫɟɥɹ ɜɵɲɟ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɵ, ɬɨ ɨɧɚ 
ɩɪɢɧɢɦɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ, ɟɫɥɢ ɧɢɠɟ – 

ɩɢɤɫɟɥɶ ɩɨɞɚɜɥɹɟɬɫɹ. Ⱦɜɨɣɧɚɹ ɩɨɪɨɝɨɜɚɹ 
ɮɢɥɶɬɪɚɰɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɫɪɟɞɫɬɜɚ 
ɭɫɬɪɚɧɟɧɢɹ ɩɨɥɨɫ. ɉɨɥɨɫɚ – ɷɬɨ ɪɚɡɛɢɟɧɢɟ 
ɤɨɧɬɭɪɚ ɤɪɚɹ, ɜɵɡɜɚɧɧɨɟ ɨɩɟɪɚɬɨɪɨɦ ɜɵɯɨɞɧɨɝɨ 
ɤɨɥɟɛɚɧɢɹ ɜɵɲɟ ɢ ɧɢɠɟ ɩɨɪɨɝɨɜɨɝɨ ɭɪɨɜɧɹ.  

ȿɫɥɢ ɟɞɢɧɫɬɜɟɧɧɵɣ ɩɨɪɨɝ, Э1 ɩɪɢɦɟɧɹɟɬɫɹ ɤ 
ɢɡɨɛɪɚɠɟɧɢɸ ɢ ɤɪɚɣ ɢɦɟɟɬ ɫɪɟɞɧɸɸ ɫɢɥɭ, 
ɪɚɜɧɭɸ Э1, ɬɨ ɢɡ-ɡɚ ɲɭɦɚ, ɛɭɞɭɬ ɫɥɭɱɚɢ, ɤɨɝɞɚ 
ɤɪɚɣ ɨɩɭɫɤɚɟɬɫɹ ɧɢɠɟ ɩɨɪɨɝɨɜɨɝɨ ɭɪɨɜɧɹ. ȼ 
ɪɚɜɧɨɣ ɫɬɟɩɟɧɢ ɨɧ ɛɭɞɟɬ ɬɚɤɠɟ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ 
ɜɵɲɟ ɩɨɪɨɝɚ ɩɪɢɧɹɬɢɹ ɤɪɚɹ, ɩɨɯɨɠɟɝɨ ɧɚ 
ɩɭɧɤɬɢɪɧɭɸ ɥɢɧɢɸ. Ʌɸɛɨɣ ɩɢɤɫɟɥɶ ɜ 
ɢɡɨɛɪɚɠɟɧɢɢ, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ ɛɨɥɶɲɟɟ, 
ɱɟɦ Э1 ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɹɜɥɹɟɬɫɹ ɤɪɚɟɜɵɦ 
ɩɢɤɫɟɥɟɦ, ɢ ɧɟɦɟɞɥɟɧɧɨ ɨɛɨɡɧɚɱɚɟɬɫɹ ɤɚɤ 
ɬɚɤɨɜɨɣ. Ɂɚɬɟɦ, ɥɸɛɵɟ ɩɢɤɫɟɥɢ, ɤɨɬɨɪɵɟ 
ɫɨɟɞɢɧɹɸɬɫɹ ɫ ɷɬɢɦ ɤɪɚɟɜɵɦ ɩɢɤɫɟɥɟɦ ɢ ɤɨɬɨɪɵɟ 
ɢɦɟɸɬ ɡɧɚɱɟɧɢɟ, ɛɨɥɶɲɟɟ ɱɟɦ Э2, ɬɚɤ ɠɟ 
ɜɵɛɢɪɚɸɬɫɹ ɤɚɤ ɤɪɚɟɜɵɟ ɩɢɤɫɟɥɢ. Ⱦɥɹ ɧɚɱɚɥɚ 
ɞɜɢɠɟɧɢɹ ɜɞɨɥɶ ɤɪɚɹ ɧɟɨɛɯɨɞɢɦ ɝɪɚɞɢɟɧɬ Э2, ɚ 
ɞɥɹ ɨɤɨɧɱɚɧɢɹ – ɝɪɚɞɢɟɧɬ ɧɢɠɟ Э1. 

Ⱦɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɩɪɨɝɪɚɦɦɵ ɫɟɝɦɟɧɬɚɰɢɢ 
ɢɡɨɛɪɚɠɟɧɢɢ ɦɟɬɨɞɨɦ Ʉɷɧɧɢ ɢ ɋɨɛɟɥɹ, 
ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ OpОЧMP 

ɢɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɧɚ 
ɪɢɫɭɧɤɟ, ɩɨɞɚɜɚɥɨɫɶ ɧɚ ɜɯɨɞ 10 ɪɚɡɚ. Ʉɚɠɞɵɣ 
ɩɪɨɞɟɥɚɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɨɞɢɥɫɹ ɫ ɨɞɧɢɦ 
ɢɡɨɛɪɚɠɟɧɢɟɦ, ɧɨ ɪɚɡɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ. ɉɨɫɥɟ 
ɜɵɩɨɥɧɟɧɢɹ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ, ɩɪɨɝɪɚɦɦɚ 
ɩɪɨɢɡɜɨɞɢɥɚ ɩɨɞɫɱɟɬ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ 
ɨɩɟɪɚɰɢɣ ɧɚɞ ɢɡɨɛɪɚɠɟɧɢɟɦ. ȼ ɨɩɟɪɚɬɨɪɟ ɋɨɛɟɥɹ 
ɩɪɨɝɪɚɦɦɚ ɫɱɢɬɚɥɚ ɡɚ ɫɤɨɥɶɤɨ ɜɪɟɦɟɧɢ ɦɚɫɤɚ 
ɩɪɨɣɞɟɬ ɩɨ ɜɫɟɦ ɩɢɤɫɟɥɹɦ. ȼ ɨɩɟɪɚɬɨɪɟ Ʉɷɧɧɢ 
ɩɪɨɝɪɚɦɦɚ ɫɱɢɬɚɥɚ ɡɚ ɫɤɨɥɶɤɨ ɜɪɟɦɟɧɢ 
ɩɪɨɢɡɨɣɞɟɬ ɮɢɥɶɬɪɚɰɢɹ ɩɨ Ƚɚɭɫɫɭ, ɜɵɩɨɥɧɟɧɢɟ 
ɨɩɟɪɚɬɨɪɚ ɋɨɛɟɥɹ, ɩɨɞɚɜɥɟɧɢɟ ɧɟ ɦɚɤɫɢɦɭɦɨɜ ɢ 
ɞɜɨɣɧɭɸ ɩɨɪɨɝɨɜɭɸ ɮɢɥɶɬɪɚɰɢɸ. 

ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɩɪɨɛɥɟɦ ɨɛɪɚɛɨɬɤɢ 
ɢɡɨɛɪɚɠɟɧɢɣ, ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɨɞɧɨɣ ɢɡ 
ɝɥɚɜɧɵɯ ɩɪɨɛɥɟɦ — ɷɬɨ ɩɪɢɫɭɬɫɬɜɢɟ ɲɭɦɚ ɜ 

ɢɡɨɛɪɚɠɟɧɢɢ. ɗɬɚ ɩɪɨɛɥɟɦɚ ɪɟɲɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɝɚɭɫɫɨɜɨɣ ɮɢɥɶɬɪɚɰɢɢ, ɤɨɬɨɪɚɹ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ 
ɞɟɬɟɤɬɨɪɟ Ʉɷɧɧɢ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ 
ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 
ɦɟɞɢɰɢɧɫɤɢɟ ɢɡɨɛɪɚɠɟɧɢɹ Д9Ж. Ɍɚɤ ɧɚ ɪɢɫɭɧɤɟ 1 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɢɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɤɥɟɬɤɢ 
ɤɪɨɜɢ, ɩɨɥɭɱɟɧɧɨɟ ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨɧɧɨɝɨ 
ɦɢɤɪɨɫɤɨɩɚ. ȼɪɚɱɚɦ, ɤɨɬɨɪɵɟ ɢɡɭɱɚɸɬ ɫɜɨɣɫɬɜɚ 
ɤɥɟɬɤɢ ɤɪɨɜɢ ɢ ɦɨɝɭɬ ɩɨ ɪɚɡɦɟɪɚɦ ɢ ɮɨɪɦɚɦ ɷɬɢɯ 
ɤɥɟɬɨɤ ɨɩɪɟɞɟɥɢɬɶ ɞɢɚɝɧɨɡ ɡɚɛɨɥɟɜɚɧɢɹ, 
ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɬɨɱɧɵɟ ɤɨɧɬɭɪɵ ɜɧɭɬɪɟɧɧɢɯ 
ɷɥɟɦɟɧɬɨɜ ɷɬɢɯ ɤɥɟɬɨɤ.  

ɇɚɦɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɝɪɚɧɢɰ 
ɜɧɭɬɪɟɧɧɢɯ ɷɥɟɦɟɧɬɨɜ ɤɥɟɬɨɤ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɵɲɟ 
ɩɪɢɜɟɞɟɧɧɵɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɦɟɬɨɞɵ ɋɨɛɟɥɹ 
ɢ Ʉɷɧɧɢ, ɪɟɚɥɢɡɨɜɚɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɩɚɪɚɥɥɟɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. 

ɇɚ ɪɢɫɭɧɤɚɯ 2 ɢ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɢɡɨɛɪɚɠɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ 
ɢɡɨɛɪɚɠɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 1, ɫ 
ɩɨɦɨɳɶɸ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɦɟɬɨɞɨɜ Ʉɷɧɧɢ ɢ 
ɋɨɛɟɥɹ.  

ɉɨ ɨɛɪɚɛɨɬɚɧɧɵɦ ɢɡɨɛɪɚɠɟɧɢɹɦ ɦɨɠɧɨ 
ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɦɟɬɨɞ Ʉɷɧɧɢ ɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɟɧ, ɬɚɤ ɤɚɤ ɩɨɡɜɨɥɹɟɬ ɭɛɢɪɚɬɶ ɲɭɦ ɧɚ 
ɢɡɨɛɪɚɠɟɧɢɢ, ɚ ɬɚɤɠɟ, ɛɥɚɝɨɞɚɪɹ ɞɜɨɣɧɨɣ 
ɩɨɪɨɝɨɜɨɣ ɮɢɥɶɬɪɚɰɢɢ, ɥɢɧɢɢ ɝɪɚɧɢɰ ɧɚ 
ɨɛɪɚɛɨɬɚɧɧɨɦ ɢɡɨɛɪɚɠɟɧɢɢ ɩɨɥɭɱɚɬɫɹ ɛɨɥɟɟ 
ɬɨɧɤɢɦɢ. Ȼɥɚɝɨɞɚɪɹ ɬɨɦɭ, ɱɬɨ ɦɟɬɨɞ Ʉɷɧɧɢ 
ɩɨɡɜɨɥɹɟɬ ɜɵɞɟɥɢɬɶ ɛɨɥɟɟ ɬɨɧɤɢɟ ɤɪɚɹ 
ɢɡɨɛɪɚɠɟɧɢɹ ɫɩɟɰɢɚɥɢɫɬɭ ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ 
ɜɨɡɦɨɠɧɨɫɬɶ ɛɨɥɟɟ ɤɚɱɟɫɬɜɟɧɧɨ ɜɵɩɨɥɧɢɬɶ 
ɜɢɡɭɚɥɶɧɵɣ ɚɧɚɥɢɡ ɫɜɨɣɫɬɜ ɤɥɟɬɤɢ ɤɪɨɜɢ. 

Ɋɢɫ.1. ɂɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɤɥɟɬɤɢ ɤɪɨɜɢ, 
ɩɨɥɭɱɟɧɧɨɟ ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ 

Fig. 1. Initial blood cell image obtained by an electron 

microscope 
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ȼɚɠɧɨɣ ɡɚɞɚɱɟɣ ɜ ɨɛɥɚɫɬɢ ɨɛɪɚɛɨɬɤɢ 
ɢɡɨɛɪɚɠɟɧɢɣ ɹɜɥɹɟɬɫɹ ɭɫɤɨɪɟɧɢɟ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ 
ɫɥɨɠɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɬɟɯɧɨɥɨɝɢɣ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. 
ɗɬɚ ɩɪɨɛɥɟɦɚ ɛɵɥɚ ɪɟɲɟɧɚ ɧɚɦɢ ɫ ɩɨɦɨɳɶɸ 
ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɨɜ ɧɚ GPU Д3Ж. Ⱦɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɝɨ ɦɟɬɨɞɚ 
ɨɛɧɚɪɭɠɟɧɢɹ ɝɪɚɧɢɰ ɧɚ ɦɟɞɢɰɢɧɫɤɢɯ 
ɢɡɨɛɪɚɠɟɧɢɹɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɥɝɨɪɢɬɦɚ Ʉɷɧɧɢ 

ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɩɚɪɚɥɥɟɥɶɧɨɝɨ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ CUDA [10].  

Ɋɢɫ.2. ɂɡɨɛɪɚɠɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ 
ɢɫɯɨɞɧɨɝɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɦɟɬɨɞɨɦ ɋɨɛɟɥɹ 

Fig. 2. An image obtained after the processing by the 

original modified Sobel 

Ɋɢɫ.3. ɂɡɨɛɪɚɠɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ 
ɢɫɯɨɞɧɨɝɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɦɟɬɨɞɨɦ Ʉɷɧɧɢ 

Fig. 3. The image obtained after processing the original 

modified by Canny method 

Ɋɚɫɱɟɬɵ ɜɵɩɨɥɧɹɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɜɢɞɟɨɤɚɪɬɵ NVIDIA GОFШrМО GT 630M ɧɚ ɛɚɡɟ 
ɚɪɯɢɬɟɤɬɭɪɵ Fermic 2 Ƚɛ ɝɥɨɛɚɥɶɧɨɣ ɩɚɦɹɬɢ ɢ 
ɱɚɫɬɨɬɨɣ 1,3 ȽȽɰ. Ⱦɥɹ ɨɰɟɧɤɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɨɞɯɨɞɚ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ 
ɩɪɨɰɟɫɫɨɪ CPU IЧЭОХ CШrО Т5 2450M ɫ ɱɚɫɬɨɬɨɣ 
2,5 ȽȽɰ ɢ ɩɚɦɹɬɶɸ 8GB. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɭɜɢɞɟɬɶ ɫɭɳɟɫɬɜɟɧɧɭɸ 
ɪɚɡɧɢɰɭ ɜ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɪɚɡɪɚɛɨɬɚɧɧɵɯ 
ɚɥɝɨɪɢɬɦɨɜ ɛɵɥ ɜɵɩɨɥɧɟɧ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ 
ɷɤɫɩɟɪɢɦɟɧɬ, ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɨɝɨ ɛɵɥɨ ɪɟɲɟɧɨ 
ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɝɪɚɮɢɤɚ ɡɚɜɢɫɢɦɨɫɬɢ ɜɪɟɦɟɧɢ 
ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ ɨɬ ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɟɪɨɜ 
ɪɚɡɪɟɲɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 
ɪɚɫɱɟɬɨɜ ɧɚ CPU ɢ ɧɚ GPU. ɉɪɢ ɷɬɨɦ ɧɚ ɨɫɢ 
ɚɛɫɰɢɫɫ ɨɬɦɟɱɚɥɢɫɶ ɩɨɤɚɡɚɧɢɹ ɪɚɡɪɟɲɟɧɢɹ 
ɢɡɨɛɪɚɠɟɧɢɹ, ɧɚ ɨɫɢ ɨɪɞɢɧɚɬ – ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ 
ɩɪɨɝɪɚɦɦɵ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɝɪɚɮɢɤɟ, ɩɪɢɜɟɞɟɧɧɨɦ ɧɚ 
ɪɢɫɭɧɤɟ 4, ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɜɪɟɦɟɧɢ 
ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɬɨɪɚ ɋɨɛɟɥɹ ɨɬ ɪɚɡɥɢɱɧɵɯ 
ɪɚɡɪɟɲɟɧɢɣ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ CPU 
ɢ GPU. 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɞɚɧɧɵɟ ɝɪɚɮɢɤɢ, ɦɨɠɧɨ 
ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɚ 
ɋɨɛɟɥɹ ɧɚ NVIDIA CUDAɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ 
ɭɫɤɨɪɟɧɢɟ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜ 10 ɪɚɡ, ɩɨ ɫɪɚɜɧɟɧɢɸ 
ɫ ɬɟɯɧɨɥɨɝɢɟɣ OpОЧMP. 

Ɋɢɫ. 4. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ 
ɨɩɟɪɚɬɨɪɚ ɋɨɛɟɥɹ ɨɬ ɪɚɡɪɟɲɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ CPU ɢ GPU 

Fig. 4. Graph of Sobel operator time execution dependence 

on the image size by using the CPU and GPU 
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Ɋɢɫ. 5. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ 
ɚɥɝɨɪɢɬɦɚ Ʉɷɧɧɢ ɨɬ ɪɚɡɥɢɱɧɵɯ ɪɚɡɪɟɲɟɧɢɣ 
ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢCPU ɢ GPU 

Fig. 5. Graph of Canny algorithm execution time 

dependence on different image resolutions when using 

CPU and GPU 

ɇɚ ɝɪɚɮɢɤɟ, ɩɪɢɜɟɞɟɧɧɨɦ ɧɚ ɪɢɫɭɧɤɟ 5, 
ɩɨɤɚɡɚɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ 
ɚɥɝɨɪɢɬɦɚ Ʉɷɧɧɢ ɨɬ ɪɚɡɥɢɱɧɵɯ ɪɚɡɪɟɲɟɧɢɣ 
ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ CPU ɢ GPU. Ʉɚɤ 
ɫɥɟɞɭɟɬ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɪɟɚɥɢɡɚɰɢɹ 
ɚɥɝɨɪɢɬɦɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ CUDA 
ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɝɧɭɬɶ ɭɫɤɨɪɟɧɢɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 
ɜ 20 ɪɚɡ. 

ȼ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ 
ɪɚɫɫɦɨɬɪɟɧɚ ɪɟɚɥɢɡɚɰɢɹ ɨɩɟɪɚɬɨɪɚ ɋɨɛɟɥɹ ɢ 
ɚɥɝɨɪɢɬɦɚ Ʉɷɧɧɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɣ 
ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ OpОЧMP ɢ 
NVIDIA CUDA. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɪɟɚɥɢɡɚɰɢɹ ɷɬɢɯ 
ɚɥɝɨɪɢɬɦɨɜ ɞɥɹ ɝɪɚɮɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɪɨɜ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ CUDA ɩɨɜɵɲɚɟɬ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ. 
Ⱦɨɤɚɡɚɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɚ 
Ʉɷɧɧɢ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ CUDA ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ OpОЧMP ɫ ɪɚɡɧɵɦɢ ɪɚɡɪɟɲɟɧɢɹɦɢ 
ɢɡɨɛɪɚɠɟɧɢɣ. 
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