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ɋɟɝɦɟɧɬɚɰɢɹ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɵɦ ɷɬɚɩɨɦ ɜ ɨɛɪɚɛɨɬɤɟ ɢ ɚɧɚɥɢɡɟ ɦɟɞɢɰɢɧɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ. 
ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɜɵɫɨɤɨɣ ɜɚɪɢɚɛɟɥɶɧɨɫɬɶɸ ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɫɥɚɛɨɣ ɤɨɧɬɪɚɫɬɧɨɫɬɶɸ 
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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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INFORMATION TECHNOLOGIES  

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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Abstract 
The article proposes a model that allows to explore a multivariate probability density for random 
variables representing the cosine of phase difference with uniform distribution. The study 
demonstrates the results of modeling as a histogram of the experimental data. The developed 
model allowed getting approximate formulas for the n-dimensional probability density of the 
cosine of the phase difference for n≤5. The results of this study may be relevant when assessing 
the effectiveness of signal reception with random parameters.  
Keywords: computer modeling; multivariate probability density; incoherent reception; 
interpolation. 

Вɜɟɞɟɧɢɟ 

ɉɟɪɟɞɚɱɚ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɤɚɧɚɥɚɦ ɫɜɹɡɢ, 
ɪɚɞɢɨɥɨɤɚɰɢɹ, ɪɚɞɢɨɧɚɜɢɝɚɰɢɹ, ɮɢɡɢɱɟɫɤɢɟ 
ɷɤɫɩɟɪɢɦɟɧɬɵ ɢ ɬ.ɞ. ɫɜɹɡɚɧɵ ɫ ɩɪɨɛɥɟɦɨɣ 
ɢɡɦɟɪɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɨɜ, 
ɧɟɫɭɳɢɯ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɢɫɫɥɟɞɭɟɦɨɦ ɨɛɴɟɤɬɟ. 
ɂɧɮɨɪɦɚɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɡɚɤɥɸɱɟɧɚ ɜ ɚɦɩɥɢɬɭɞɟ 
ɫɢɝɧɚɥɚ, ɱɚɫɬɨɬɟ, ɮɚɡɟ, ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɢ ɬ.ɞ. 
ȼɨ ɜɫɟɯ ɷɬɢɯ ɫɥɭɱɚɹɯ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɫ 
ɧɟɤɨɬɨɪɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ɢɫɬɢɧɧɨɟ ɡɧɚɱɟɧɢɟ 

ɢɡɦɟɪɹɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ. Ɍɟɦ ɛɨɥɟɟ ɱɬɨ ɫɢɝɧɚɥ, 
ɧɟɫɭɳɢɣ ɢɧɮɨɪɦɚɰɢɸ, ɩɨɞɜɟɪɠɟɧ ɜɨɡɞɟɣɫɬɜɢɸ 
ɩɨɦɟɯ ɢ ɢɫɤɚɠɟɧɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ, ɧɚɩɪɢɦɟɪ, ɜ 
ɫɥɭɱɚɟ ɦɧɨɝɨɥɭɱɟɜɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɢɝɧɚɥɚ. 
ɉɨɷɬɨɦɭ ɚɥɝɨɪɢɬɦɵ, ɩɨ ɤɨɬɨɪɵɦ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ 
ɫɢɝɧɚɥɵ, ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶ ɫɥɭɱɚɣɧɵɣ ɯɚɪɚɤɬɟɪ 
ɷɬɢɯ ɫɢɝɧɚɥɨɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɛɵɥɚ ɪɚɡɜɢɬɚ 
ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ, 
ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɟɣ, ɬɟɨɪɢɢ 
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ɫɥɭɱɚɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 
ɫɬɚɬɢɫɬɢɤɢ. 

ȼɨ ɦɧɨɝɢɯ ɡɚɞɚɱɚɯ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ 
ɪɚɞɢɨɬɟɯɧɢɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢɟɦ ɫɢɝɧɚɥɨɜ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɫɭɦɦɭ ɧɟɡɚɜɢɫɢɦɵɯ 
ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ. ɇɚɩɪɢɦɟɪ, ɩɪɢ 
ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɩɨɷɥɟɦɟɧɬɧɨɦ ɩɪɢɟɦɟ ɫ 
ɧɚɤɨɩɥɟɧɢɟɦ, ɜɵɩɨɥɧɹɟɬɫɹ ɫɥɨɠɟɧɢɟ n ɷɥɟɦɟɧɬɨɜ 
ɫɢɝɧɚɥɚ ɫɨ ɫɥɭɱɚɣɧɵɦɢ ɮɚɡɚɦɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ 
ɢɥɢ ɫɥɭɱɚɣɧɨɣ ɚɦɩɥɢɬɭɞɟ Д2Ж. ɉɪɢ ɷɬɨɦ ɤɚɠɞɵɣ 
ɷɥɟɦɟɧɬ ɫɢɝɧɚɥɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɮɪɚɝɦɟɧɬ 
ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɤɨɥɟɛɚɧɢɹ ɫɨ ɫɥɭɱɚɣɧɨɣ 
ɧɚɱɚɥɶɧɨɣ ɮɚɡɨɣ, ɢɦɟɸɳɟɣ ɪɚɜɧɨɦɟɪɧɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚ ɢɧɬɟɪɜɚɥɟ (0÷2π). Ⱥɦɩɥɢɬɭɞɚ 
ɫɭɦɦɵ n ɷɥɟɦɟɧɬɨɜ ɫɢɝɧɚɥɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɫɥɭɱɚɣɧɭɸ ɜɟɥɢɱɢɧɭ, ɡɚɜɢɫɹɳɭɸ ɨɬ ɡɧɚɱɟɧɢɣ ɮɚɡ 
ɤɚɠɞɨɝɨ ɢɡ n ɫɭɦɦɢɪɭɟɦɵɯ ɮɪɚɝɦɟɧɬɨɜ 
ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɤɨɥɟɛɚɧɢɹ. ɂɡɜɟɫɬɧɨ Д4, 7Ж, ɱɬɨ 
ɚɦɩɥɢɬɭɞɚ ɫɭɦɦɵ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ ɫɢɝɧɚɥɚ ɫ 
ɩɨɫɬɨɹɧɧɨɣ ɚɦɩɥɢɬɭɞɨɣ ɩɨɥɧɨɫɬɶɸ ɨɩɢɫɵɜɚɟɬɫɹ 
ɩɥɨɬɧɨɫɬɶɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ 
θ=cos(φ1-φ2)=cos(∆φ), ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɫɨɛɨɣ 
ɤɨɫɢɧɭɫ ɪɚɡɧɨɫɬɢ ɮɚɡ ɞɜɭɯ ɫɭɦɦɢɪɭɟɦɵɯ 
ɤɨɥɟɛɚɧɢɣ.   

2

1
( ) .

1
w 

 



       (1) 

ȼ ɫɥɭɱɚɟ ɫɭɦɦɢɪɨɜɚɧɢɹ n≥3 ɷɥɟɦɟɧɬɨɜ 
ɫɢɝɧɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ n-

ɦɟɪɧɭɸ ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɤɨɫɢɧɭɫɚ 
ɪɚɡɧɨɫɬɢ ɮɚɡ. ȼ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɟɣ ɨɬɫɭɬɫɬɜɭɟɬ 
ɮɨɪɦɭɥɚ n-ɦɟɪɧɨɣ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ 
ɤɨɫɢɧɭɫ ɪɚɡɧɨɫɬɢ ɮɚɡ, ɢɦɟɸɳɢɯ ɪɚɜɧɨɦɟɪɧɨɟ 
ɫɥɭɱɚɣɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, 
ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɬɚɤɨɣ ɮɨɪɦɭɥɟ ɜɨɡɧɢɤɚɟɬ ɜɫɹɤɢɣ 
ɪɚɡ, ɤɨɝɞɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɨɩɟɪɚɰɢɸ 
ɭɫɪɟɞɧɟɧɢɹ ɩɨ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɟ θ. ɍɤɚɡɚɧɧɵɟ 
ɨɛɫɬɨɹɬɟɥɶɫɬɜɚ ɨɩɪɟɞɟɥɹɸɬ ɚɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ 
ɢɫɫɥɟɞɨɜɚɧɢɣ, ɢɡɥɨɠɟɧɧɵɯ ɜ ɞɚɧɧɨɣ ɫɬɚɬɶɟ.  

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɮɨɪɦɭɥ n-ɦɟɪɧɨɣ ɩɥɨɬɧɨɫɬɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɫɢɧɭɫɚ ɪɚɡɧɨɫɬɢ ɮɚɡ ɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ Д1, 3Ж ɥɢɛɨ ɦɟɬɨɞ 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɪɟɲɟɧɢɟɦ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɥɢɛɨ 
ɫɬɚɬɢɫɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫ ɚɩɩɪɨɤɫɢɦɚɰɢɟɣ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɜ ɜɢɞɟ ɤɚɤɨɣ-ɥɢɛɨ 
ɮɭɧɤɰɢɢ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɩɪɢ 
n>>1 ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɟɣ wn(θ) ɞɨɥɠɧɚ 
ɫɬɪɟɦɢɬɶɫɹ ɤ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, 
ɚ ɩɪɢ ɦɚɥɵɯ ɡɧɚɱɟɧɢɹɯ n ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɛɭɞɟɬ ɫɢɥɶɧɨ ɜɢɞɨɢɡɦɟɧɹɬɶɫɹ. ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ ɜ 
ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɣ n-ɦɟɪɧɨɣ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ 

ɤɨɫɢɧɭɫɚ ɪɚɡɧɨɫɬɢ ɮɚɡ ɞɥɹ n≤5, ɚ ɡɚɬɟɦ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɰɟɧɤɚ ɧɨɪɦɚɥɢɡɚɰɢɢ ɫɨɜɦɟɫɬɧɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɥɹ n ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɩɪɢ 
n>>1. 

Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ 

ɐɟɥɶɸ ɫɬɚɬɶɢ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ n-

ɦɟɪɧɨɣ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ 
ɤɨɫɢɧɭɫɚ ɪɚɡɧɨɫɬɢ ɮɚɡ ɞɥɹ ɦɚɥɵɯ ɢ ɛɨɥɶɲɢɯ 
ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɚ n ɦɟɬɨɞɨɦ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

ɉɪɢ ɧɟɤɨɝɟɪɟɧɬɧɵɯ ɦɟɬɨɞɚɯ ɩɟɪɟɞɚɱɢ 
ɫɢɝɧɚɥɨɜ ɩɨ ɤɚɧɚɥɚɦ ɪɚɞɢɨɫɜɹɡɢ ɮɚɡɚ 
ɩɪɢɧɢɦɚɟɦɨɝɨ ɫɢɝɧɚɥɚ ɨɛɵɱɧɨ ɹɜɥɹɟɬɫɹ 
ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɨɣ, ɩɪɢɧɢɦɚɸɳɟɣ ɡɧɚɱɟɧɢɹ ɜ 
ɩɪɟɞɟɥɚɯ ɨɬ 0 ɞɨ 2π. ɉɭɫɬɶ ɮɚɡɚ ɫɢɝɧɚɥɚ – 

ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ φ, ɤɨɬɨɪɚɹ ɪɚɫɩɪɟɞɟɥɟɧɚ 
ɪɚɜɧɨɦɟɪɧɨ ɧɚ ɢɧɬɟɪɜɚɥɟ Д0, 2πЖ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
Д4Ж, ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ φ ɨɩɢɫɵɜɚɟɬɫɹ ɩɪɨɫɬɵɦ 
ɜɵɪɚɠɟɧɢɟɦ f(φ)=1/2π ɩɪɢ 0≤φ≤2π. Ɍɪɟɛɭɟɬɫɹ 
ɢɫɫɥɟɞɨɜɚɬɶ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɧɟɤɨɝɟɪɟɧɬɧɨɝɨ ɩɪɢёɦɚ ɪɚɞɢɨɫɢɝɧɚɥɚ ɫ 
ɧɚɤɨɩɥɟɧɢɟɦ n ɷɥɟɦɟɧɬɨɜ ɧɚ ɨɫɧɨɜɟ 
ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ n-ɦɟɪɧɨɣ ɩɥɨɬɧɨɫɬɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ ɤɨɫɢɧɭɫɚ ɪɚɡɧɨɫɬɢ 
ɮɚɡ ɬɪɟɛɭɟɬɫɹ ɫɨɡɞɚɬɶ ɦɨɞɟɥɶ, ɝɟɧɟɪɢɪɭɸɳɭɸ 
ɡɚɞɚɧɧɨɟ ɦɧɨɠɟɫɬɜɨ n ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ 
θ=ɫos(φ), ɝɞɟ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ φ, ɤɨɬɨɪɚɹ 
ɪɚɫɩɪɟɞɟɥɟɧɚ ɪɚɜɧɨɦɟɪɧɨ ɧɚ ɢɧɬɟɪɜɚɥɟ Д0, 2πЖ. 
ɉɪɨɝɪɚɦɦɚ ɞɨɥɠɧɚ ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɟ ɝɟɧɟɪɚɬɨɪ 
ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ φ, ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɩɨ 
ɪɚɜɧɨɦɟɪɧɨɦɭ ɡɚɤɨɧɭ ɜ ɢɧɬɟɪɜɚɥɟ Д0, 2πЖ, 
ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɭɸ ɮɭɧɤɰɢɸ ɜɵɱɢɫɥɟɧɢɹ 
Мos(φ), ɧɚɤɨɩɢɬɟɥɶ ɫɭɦɦɵ n ɡɧɚɱɟɧɢɣ ɢ ɩɨɜɬɨɪ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɨ ɫɛɨɪɨɦ ɫɬɚɬɢɫɬɢɤɢ. Ⱦɥɹ 
ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ 
ɩɪɢɤɥɚɞɧɚɹ ɩɪɨɝɪɚɦɦɚ MATLAB

®, ɫ ɩɨɦɨɳɶɸ 
ɤɨɬɨɪɨɣ ɪɟɚɥɢɡɨɜɚɧ ɚɥɝɨɪɢɬɦ ɪɚɡɪɚɛɨɬɚɧɧɨɣ 
ɦɨɞɟɥɢ ɢ ɜɢɡɭɚɥɢɡɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɨɞɟɥɢ 
ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫ. 1. 

Ɋɢɫ. 1. ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 

Fig. 1. Statistical model 
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INFORMATION TECHNOLOGIES  

ɉɟɪɟɦɟɧɧɵɦɢ ɜ ɦɨɞɟɥɢ ɹɜɥɹɸɬɫɹ ɞɜɚ 
ɩɚɪɚɦɟɬɪɚ: n – ɱɢɫɥɨ ɫɥɚɝɚɟɦɵɯ ɫɭɦɦɵ, ɢ N – 

ɤɨɥɢɱɟɫɬɜɨ ɨɩɵɬɨɜ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ. Ɋɟɡɭɥɶɬɚɬ 
ɜɵɜɨɞɢɬɫɹ ɜ ɜɢɞɟ ɝɢɫɬɨɝɪɚɦɦ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ 
ɫɬɚɬɢɫɬɢɤɭ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɫɥɭɱɚɣɧɨɣ 
ɜɟɥɢɱɢɧɵ ɢ ɟё ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɨɜɨɞɢɦɵɯ ɧɚ ɞɚɧɧɨɣ 
ɦɨɞɟɥɢ, – ɩɨɥɭɱɢɬɶ ɡɚɤɨɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɥɹ 
ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɣ n ɢ ɧɚɣɬɢ ɩɪɢɛɥɢɠɟɧɢɟ 
ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, 
ɩɨɫɬɪɨɟɧɧɨɟ ɫ ɩɨɦɨɳɶɸ ɜɵɛɨɪɤɢ ɢɡ ɧɟɝɨ. 
Ʉɨɥɢɱɟɫɬɜɨ ɨɩɵɬɨɜ ɩɪɢɧɹɬɨ N=100000, ɢ ɷɬɨ 
ɡɧɚɱɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɜɫɟɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 
ɧɚ ɞɚɧɧɨɣ ɦɨɞɟɥɢ. 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɜɵɪɚɠɟɧɢɹ, ɨɩɢɫɵɜɚɸɳɟɝɨ 
ɷɦɩɢɪɢɱɟɫɤɢɟ ɞɚɧɧɵɟ, ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɟ ɩɨɥɢɧɨɦɵ, ɢ 
ɩɪɨɢɡɜɨɞɢɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɵɱɢɫɥɟɧɢɹ ɜ 
ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɟ MATLAB

®
. 

Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

ȼ ɯɨɞɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɭɱɟɧɵ ɡɚɤɨɧɵ 
ɫɨɜɦɟɫɬɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ n ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ 
ɞɥɹ n≤5. ɇɚ ɪɢɫ. 2, a,ɛ,ɜ,ɝ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɜɢɞɟ ɝɢɫɬɨɝɪɚɦɦ ɩɪɢ 
n=2, 3, 4, 5 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɝɢɫɬɨɝɪɚɦɦ ɩɨɤɚɡɵɜɚɟɬ 
ɫɭɳɟɫɬɜɟɧɧɨɟ ɪɚɡɥɢɱɢɟ ɡɚɤɨɧɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ θn  ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ 

n. ɉɪɢ ɷɬɨɦ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɭɠɟ ɩɪɢ n=5

ɧɚɛɥɸɞɚɟɬɫɹ ɧɨɪɦɚɥɢɡɚɰɢɹ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ θn . 

Ɋɢɫ. 2. Ƚɢɫɬɨɝɪɚɦɦɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 

Fig. 2. Histograms of the experimental data 

Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɚɧɚɥɢɡɚ, ɧɚ ɪɢɫ. 3 ɪɟɡɭɥɶɬɚɬɵ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɝɪɚɮɢɤɨɜ 
ɮɭɧɤɰɢɢ ɫɬɚɬɢɫɬɢɤɢ (ɨɝɢɛɚɸɳɢɯ ɝɢɫɬɨɝɪɚɦɦɵ).  

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɝɪɚɮɢɤɚɦ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ 
ɜɵɩɨɥɧɟɧɢɟ ɡɚɤɨɧɚ ɛɨɥɶɲɢɯ ɱɢɫɟɥ, ɤɨɝɞɚ 
ɫɨɜɦɟɫɬɧɨɟ ɞɟɣɫɬɜɢɟ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɨɞɢɧɚɤɨɜɵɯ 
ɢ ɧɟɡɚɜɢɫɢɦɵɯ ɫɥɭɱɚɣɧɵɯ ɮɚɤɬɨɪɨɜ ɩɪɢɜɨɞɢɬ ɤ 
ɪɟɡɭɥɶɬɚɬɭ, ɜ ɩɪɟɞɟɥɟ ɧɟ ɡɚɜɢɫɹɳɟɦɭ ɨɬ ɫɥɭɱɚɹ. 

ɉɨɥɭɱɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫ ɭɜɟɥɢɱɟɧɢɟɦ n 

ɫɬɪɟɦɢɬɫɹ ɤ ɧɨɪɦɚɥɶɧɨɦɭ (ɝɚɭɫɫɨɜɨɦɭ) ɡɚɤɨɧɭ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɢɥɥɸɫɬɪɚɰɢɟɣ 
ɰɟɧɬɪɚɥɶɧɨɣ ɩɪɟɞɟɥɶɧɨɣ ɬɟɨɪɟɦɵ ɞɥɹ ɨɞɢɧɚɤɨɜɨ 
ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɫɥɚɝɚɟɦɵɯ Д1Ж. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 

ɩɪɢ n=5 ɫɨɜɦɟɫɬɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɥɭɱɚɣɧɵɯ 
ɜɟɥɢɱɢɧ ɭɠɟ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɛɥɢɡɤɢɦ ɤ 
ɧɨɪɦɚɥɶɧɨɦɭ.  
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Ɋɢɫ. 3. ɇɨɪɦɢɪɨɜɚɧɧɵɟ ɝɪɚɮɢɤɢ ɨɝɢɛɚɸɳɢɯ ɝɢɫɬɨɝɪɚɦɦ 

Fig. 3. Normalized graphs of envelope histograms

ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɩɪɨɢɥɥɸɫɬɪɢɪɨɜɚɧɧɵɟ ɜ ɜɢɞɟ 
ɝɪɚɮɢɤɨɜ ɧɚ ɪɢɫ. 3, ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ, 
ɤɨɬɨɪɵɟ ɭɞɨɛɧɟɟ ɨɩɢɫɚɬɶ ɜ ɮɨɪɦɟ ɚɧɚɥɢɬɢɱɟɫɤɢ 
ɡɚɞɚɧɧɵɯ ɮɭɧɤɰɢɣ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɨɢɡɜɟɫɬɢ ɢɧɬɟɪɩɨɥɹɰɢɸ ɢ ɨɩɪɟɞɟɥɢɬɶ 
ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 
[3]. 

Ⱦɥɹ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ 
ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɢɧɬɟɪɩɨɥɹɰɢɹ, ɩɪɢɛɥɢɠɟɧɧɚɹ ɜ 
ɭɡɥɚɯ, ɩɨɡɜɨɥɹɸɳɚɹ ɫɝɥɚɞɢɬɶ ɧɟɬɨɱɧɨɫɬɢ ɢ 
ɨɬɤɥɨɧɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, 
ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹɦɢ, ɧɟɢɡɛɟɠɧɵɦɢ 
ɩɪɢ ɤɨɦɩɶɸɬɟɪɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɨɜɟɞɟɧɢɹ 
ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ Д5Ж. Ɍɚɤ, ɨɝɢɛɚɸɳɢɟ 
ɝɢɫɬɨɝɪɚɦɦɵ, ɨɩɢɫɵɜɚɸɳɢɟ ɡɚɤɨɧɵ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɫɫɥɟɞɭɟɦɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ, 
ɧɟ ɹɜɥɹɸɬɫɹ ɝɥɚɞɤɢɦɢ; ɨɝɪɚɧɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ 
ɨɩɵɬɨɜ ɤɨɧɟɱɧɵɦ ɱɢɫɥɨɦ ɬɚɤɠɟ ɧɟ ɩɨɡɜɨɥɹɟɬ 
ɩɨɥɭɱɢɬɶ ɢɞɟɚɥɶɧɵɟ ɮɭɧɤɰɢɢ. 

Ɉɛɪɚɛɨɬɤɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɫ ɩɨɦɨɳɶɸ 
ɮɭɧɤɰɢɢ MATLAB pШХвПТЭ(), ɤɨɬɨɪɚɹ ɜɵɩɨɥɧɹɟɬ 

ɚɩɩɪɨɤɫɢɦɚɰɢɸ ɩɨɥɢɧɨɦɚɦɢ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ 
ɧɚ ɪɢɫ. 4 ɢɡɨɛɪɚɠɟɧ ɝɪɚɮɢɤ ɢɧɬɟɪɩɨɥɢɪɭɸɳɟɣ 
ɮɭɧɤɰɢɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɫɨɛɨɣ ɩɨɥɢɧɨɦ 
ɲɟɫɬɨɣ ɫɬɟɩɟɧɢ. Ɂɚɞɚɱɚ ɢɧɬɟɪɩɨɥɹɰɢɢ ɜ ɞɚɧɧɨɦ 
ɫɥɭɱɚɟ ɫɜɨɞɢɬɫɹ ɤ ɩɨɢɫɤɭ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɩɨɥɢɧɨɦɚ ɫ ɩɨɦɨɳɶɸ ɜɫɬɪɨɟɧɧɨɣ ɮɭɧɤɰɢɢ 
polyfit(). 

Ɋɢɫ. 4. Ɏɭɧɤɰɢɹ ɢɧɬɟɪɩɨɥɹɰɢɢ 

Fig. 4. Interpolation function 
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Ⱦɚɧɧɚɹ ɢɧɬɟɪɩɨɥɹɰɢɹ ɩɪɨɜɨɞɢɥɚɫɶ ɞɥɹ 
ɮɭɧɤɰɢɢ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɢ n=5. ɇɢɠɟ 
ɩɪɢɜɟɞɟɧɨ ɜɵɪɚɠɟɧɢɟ ɮɭɧɤɰɢɢ ɢɧɬɟɪɩɨɥɹɰɢɢ ɧɚ 
ɪɢɫ. 4 ɜ ɜɢɞɟ ɮɨɪɦɭɥɵ (2). 

 456 0085,000002,00002,0)( xxxxf  

998,00004,0155,00002,0 23  xxx        (2) 

Ⱦɥɹ ɨɰɟɧɤɢ ɬɨɱɧɨɫɬɢ ɢɧɬɟɪɩɨɥɹɰɢɢ ɦɨɠɧɨ 
ɩɪɨɢɡɜɟɫɬɢ ɪɚɫɱɟɬ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ 
ɩɨɝɪɟɲɧɨɫɬɢ ɩɨ ɮɨɪɦɭɥɟ (3). 

2
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
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         (3) 

ɝɞɟ s(t) — ɢɫɯɨɞɧɚɹ ɮɭɧɤɰɢɹ; 
( )s t — ɡɧɚɱɟɧɢɹ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɧɨɣ 

ɮɭɧɤɰɢɢ, ɜɡɹɬɵɟ ɨɬ ɚɪɝɭɦɟɧɬɨɜ ɢɫɯɨɞɧɨɣ. 

Ⱦɥɹ n=5 ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ 
ɢɧɬɟɪɩɨɥɹɰɢɢ ɪɚɜɧɚ 0,024. 

ɇɚ ɪɢɫ. 5 ɩɪɢɜɟɞɟɧɵ ɚɧɚɥɨɝɢɱɧɵɟ 
ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɞɥɹ n=3,4. 

Ɋɢɫ. 5. ɂɧɬɟɪɩɨɥɹɰɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 

Fig. 5. Interpolation of the experimental data

ȼ (4) ɢ (5) ɩɪɢɜɟɞɟɧɵ ɜɵɪɚɠɟɧɢɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɮɭɧɤɰɢɣ ɢɧɬɟɪɩɨɥɹɰɢɢ. 

 3456 0032,003,000005,00013,0)( xxxxxf

037,1009,028,0 2  xx   (4) 

 3456 0003,0014,000002,00037,0)( xxxxxf

9314,0001,019,0 2  xx   (5) 

ɉɪɢ n=3 ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ 
ɢɧɬɟɪɩɨɥɹɰɢɢ ɫɨɫɬɚɜɢɥɚ 0,0821; ɩɪɢ n=4 – 0,0324. 

Ⱦɥɹ n=2 ɩɨɞɨɛɪɚɬɶ ɩɪɨɫɬɭɸ 
ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɭɸ ɮɭɧɤɰɢɸ ɧɟ ɭɞɚɥɨɫɶ. 
Ɉɞɧɚɤɨ ɜɵɱɢɫɥɟɧɢɟ ɞɜɭɦɟɪɧɨɣ ɩɥɨɬɧɨɫɬɢ 
ɜɟɪɨɹɬɧɨɫɬɢ ɧɟ ɬɪɟɛɭɟɬ ɩɨɢɫɤɚ 
ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ, ɬɚɤ ɤɚɤ ɞɥɹ ɧɟɝɨ 
ɫɭɳɟɫɬɜɭɟɬ ɬɨɱɧɨɟ ɜɵɪɚɠɟɧɢɟ, ɨɩɪɟɞɟɥɹɟɦɨɟ 
ɮɨɪɦɭɥɨɣ (1).  

Зɚɤɥɸɱɟɧɢɟ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ 
ɩɨɥɭɱɟɧɵ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɟ ɮɨɪɦɭɥɵ ɞɥɹ n-

ɦɟɪɧɨɣ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɤɨɫɢɧɭɫɚ ɪɚɡɧɨɫɬɢ 

ɮɚɡ ɞɥɹ n≤5. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɡɧɚɱɟɧɢɣ n>5 

ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɟɣ ɦɨɠɟɬ ɛɵɬɶ 
ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɚ ɧɨɪɦɚɥɶɧɵɦ ɡɚɤɨɧɨɦ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɝɭɬ 
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɪɚɫɱёɬɨɜ ɞɥɹ ɨɰɟɧɤɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɟɬɨɞɨɜ ɩɪɢɟɦɚ ɢ ɨɛɪɚɛɨɬɤɢ 
ɫɢɝɧɚɥɨɜ ɫɨ ɫɥɭɱɚɣɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. ȼɟɧɬɰɟɥɶ ȿ.ɋ. Ɍɟɨɪɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ: ɭɱɟɛ. ɞɥɹ
ɜɭɡɨɜ. 6-ɟ ɢɡɞ. ɫɬɟɪ. Ɇ.: ȼɵɫɲɚɹ ɲɤɨɥɚ, 1999. 576 М. 

2. Ƚɭɬɤɢɧ Ʌ.ɋ. Ɍɟɨɪɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɦɟɬɨɞɨɜ
ɪɚɞɢɨɩɪɢɟɦɚ ɩɪɢ ɮɥɭɤɬɭɚɰɢɨɧɧɵɯ ɩɨɦɟɯɚɯ. Ɇ.; Ʌ.: 
Ƚɨɫɷɧɟɪɝɨɢɡɞɚɬ, 1961. 491 ɫ. 

3. Ʉɭɩɟɪ Ⱦɠ., Ɇɚɤɝɢɥɥɟɦ Ʉ. ȼɟɪɨɹɬɧɨɫɬɧɵɟ
ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ ɫɢɝɧɚɥɨɜ ɢ ɫɢɫɬɟɦ: ɉɟɪ. ɫ ɚɧɝɥ. Ɇ.: 
Ɇɢɪ, 1989. 376 ɫ. 

4. Ʌɟɜɢɧ Ȼ.Ɋ. Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ 
ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɪɚɞɢɨɬɟɯɧɢɤɢ. Ʉɧɢɝɚ ɩɟɪɜɚɹ. 2-ɟ ɢɡɞ., 
ɩɟɪɟɪɚɛ. ɢ ɞɨɩ. Ɇ.: ɋɨɜɟɬɫɤɨɟ ɪɚɞɢɨ, 1974. 552 ɫ. 

5. ɉɨɥɨɜɤɨ Ⱥ.Ɇ., Ȼɭɬɭɫɨɜ ɉ.ɇ. MATLAB ɞɥɹ
ɫɬɭɞɟɧɬɚ. ɋɉɛ.: Ȼɏȼ-ɉɟɬɟɪɛɭɪɝ, 2005. 320 ɫ. 

6. ɉɨɬɟɦɤɢɧ ȼ. Ƚ. ȼɵɱɢɫɥɟɧɢɹ ɜ ɫɪɟɞɟ MATLAB.

Ɇ.: Ⱦɢɚɥɨɝ-ɆɂɎɂ, 2004. 720 c. 
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7. Ɍɢɯɨɧɨɜ ȼ.ɂ. ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɪɚɞɢɨɬɟɯɧɢɤɚ.
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Ⱥɧɧɨɬɚɰɢɹ  
Ɋɚɫɫɦɨɬɪɟɧɚ ɪɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ vHGА ɩɨɥɭɬɨɧɨɜɨɣ ɦɨɪɮɨɥɨɝɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɬɟɯɧɨɥɨɝɢɣ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ OpОЧMP ɢ NVIDIA CUDA. 
Ɇɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ ɢɦɟɸɬ ɧɢɡɤɭɸ ɚɪɢɮɦɟɬɢɱɟɫɤɭɸ ɫɥɨɠɧɨɫɬɶ, ɨɞɧɚɤɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɚɪɚɥɥɟɥɢɡɦɚ ɩɨ ɞɚɧɧɵɦ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɭɫɤɨɪɟɧɢɟ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ, 
ɬɚɤɢɯ ɤɚɤ ɝɪɚɮɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɨɪɵ (GPU). ȼɵɩɨɥɧɟɧɢɟ ɷɬɢɯ ɨɩɟɪɚɰɢɣ ɧɚ GPU 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɟɚɥɢɡɚɰɢɟɣ ɧɚ ɰɟɧɬɪɚɥɶɧɨɦ 
ɩɪɨɰɟɫɫɨɪɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɟɪɨɜ ɫɬɪɭɤɬɭɪɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɚɥɝɨɪɢɬɦ 
vHGА ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɛɵɫɬɪɵɯ ɚɥɝɨɪɢɬɦɨɜ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɞɢɥɚɬɚɰɢɢ ɢ ɷɪɨɡɢɢ 
ɛɢɧɚɪɧɵɯ ɢ ɩɨɥɭɬɨɧɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɨɪɟ. ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ 
ɪɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ vHGА ɞɥɹ ɝɪɚɮɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɪɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ 
CUDA ɩɨɜɵɲɚɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ. ɉɨɤɚɡɚɧɚ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɚ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ CUDA ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
OpОЧMP ɩɪɢ ɮɢɥɶɬɪɚɰɢɢ ɩɨɥɭɬɨɧɨɜɨɝɨ ɢ ɛɢɧɚɪɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɣ ɫ ɪɚɡɧɵɦ ɪɚɡɪɟɲɟɧɢɟɦ ɢ 
ɪɚɡɥɢɱɧɵɦ ɪɚɡɦɟɪɨɦ ɫɬɪɭɤɬɭɪɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ.  
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɪɮɨɥɨɝɢɹ, ɦɟɞɢɰɢɧɫɤɢɟ ɢɡɨɛɪɚɠɟɧɢɹ, GPU, OpОЧMP, 
NVIDIA CUDA, vHGА, ɮɢɥɶɬɪɚɰɢɹ. 
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Abstract 
The article discusses the implementation of the algorithm of vHGW grayscale morphology with 
the use of OpenMP parallel programming technology and NVIDIA CUDA. Morphological 
operations have low arithmetic complexity, but the use of data parallelism can improve 
acceleration performance with parallel processors such as graphics processors (GPU). Performing 
these operations for GPU provides significant acceleration compared with the central processor 
implementation for structuring elements of various sizes. It is shown that vHGW algorithm is a 
fast algorithm for computing dilation and erosion of binary and grayscale images on a serial 
processor. The implementation representation of vHGW algorithms for GPUs with CUDA 
technology improves the performance of morphological image processing. The authors 
demonstrate the efficiency of the algorithm implementation using CUDA technology, comparing 
it with the filtration OpenMP binary and grayscale images with different resolution and different 
size of the structuring element. 
Keywords: mathematical morphology; medical imaging; GPU; OpenMP; NVIDIA CUDA; 
vHGW; filtration. 

ȼ ɫɜɹɡɢ ɫ ɛɭɪɧɵɦ ɪɨɫɬɨɦ ɪɚɡɜɢɬɢɹ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɩɨɥɭɱɚɟɬ ɛɨɥɶɲɨɟ ɪɚɡɜɢɬɢɟ ɬɚɤɚɹ ɨɛɥɚɫɬɶ 
ɢɫɫɥɟɞɨɜɚɧɢɹ, ɤɚɤ ɤɨɦɩɶɸɬɟɪɧɚɹ ɨɛɪɚɛɨɬɤɚ 
ɢɡɨɛɪɚɠɟɧɢɣ. Ɉɧɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨ ɦɧɨɝɢɯ 
ɨɛɥɚɫɬɹɯ ɧɚɭɤɢ ɢ ɷɤɨɧɨɦɢɤɢ, ɧɚɩɪɢɦɟɪ, ɜ 
ɨɛɪɚɛɨɬɤɟ ɦɟɞɢɰɢɧɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ, 
ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɬɟɤɫɬɚ, ɨɛɪɚɛɨɬɤɟ ɫɩɭɬɧɢɤɨɜɵɯ 
ɫɧɢɦɤɨɜ, ɦɚɲɢɧɧɨɦ ɡɪɟɧɢɢ, ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 
ɭɩɪɚɜɥɟɧɢɢ ɚɜɬɨɦɨɛɢɥɹɦɢ, ɨɩɪɟɞɟɥɟɧɢɢ ɮɨɪɦɵ 
ɢɧɬɟɪɟɫɭɸɳɟɝɨ ɨɛɴɟɤɬɚ, ɨɩɪɟɞɟɥɟɧɢɢ 
ɩɟɪɟɦɟɳɟɧɢɣ ɨɛɴɟɤɬɚ ɢ ɬ.ɞ. 

 Ɉɩɟɪɚɰɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɪɮɨɥɨɝɢɢ 
ɹɜɥɹɸɬɫɹ ɜɚɠɧɵɦɢ ɫɬɪɨɢɬɟɥɶɧɵɦɢ ɛɥɨɤɚɦɢ 
ɦɧɨɝɢɯ ɚɥɝɨɪɢɬɦɨɜ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ, 
ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɭɞɚɥɟɧɢɟ ɨɛɴɟɤɬɨɜ, 
ɡɚɩɨɥɧɟɧɢɟ ɨɬɜɟɪɫɬɢɣ, ɫɝɥɚɠɢɜɚɧɢɟ ɝɪɚɧɢɰ, 
ɫɤɟɥɟɬɢɡɚɰɢɸ, ɭɞɚɥɟɧɢɟ ɲɭɦɚ ɢ ɬ.ɞ. 

Ɇɨɪɮɨɥɨɝɢɹ (ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɪɮɨɥɨɝɢɹ) – 

ɷɬɨ ɢɧɫɬɪɭɦɟɧɬ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɢ ɚɧɚɥɢɡɚ ɧɚ 
ɢɡɨɛɪɚɠɟɧɢɢ ɝɪɚɮɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɫ ɢɡɜɟɫɬɧɨɣ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ Д2Ж. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ 
ɦɨɪɮɨɥɨɝɢɹ ɹɜɥɹɟɬɫɹ ɪɟɫɭɪɫɨɟɦɤɨɣ ɨɩɟɪɚɰɢɟɣ, 
ɩɨɷɬɨɦɭ ɧɚ ɩɪɚɤɬɢɤɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɮɢɥɶɬɪɵ ɫ 
ɩɪɹɦɨɭɝɨɥɶɧɵɦɢ ɩɪɢɦɢɬɢɜɚɦɢ, ɞɥɹ ɤɨɬɨɪɵɯ 
ɫɭɳɟɫɬɜɭɸɬ ɛɵɫɬɪɵɟ ɚɥɝɨɪɢɬɦɵ ɜɵɱɢɫɥɟɧɢɹ. 

ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ 
ɢɦɟɸɬ ɧɢɡɤɭɸ ɚɪɢɮɦɟɬɢɱɟɫɤɭɸ ɫɥɨɠɧɨɫɬɶ, ɢɯ 
ɩɪɢɦɟɧɢɦɨɫɬɶ ɤ ɩɚɪɚɥɥɟɥɢɡɦɭ ɪɚɛɨɬɵ ɫ ɞɚɧɧɵɦɢ 

ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɹ ɭɫɤɨɪɟɧɢɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ.  
ȼɵɩɨɥɧɟɧɢɟ ɷɬɢɯ ɨɩɟɪɚɰɢɣ ɧɚ ɝɪɚɮɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɪɚɯ (GPU) ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ 
ɭɫɤɨɪɟɧɢɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɟɚɥɢɡɚɰɢɟɣ ɧɚ 
ɰɟɧɬɪɚɥɶɧɨɦ ɩɪɨɰɟɫɫɨɪɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɟɪɨɜ 
ɫɬɪɭɤɬɭɪɢɪɭɸɳɟɝɨɫɹ ɷɥɟɦɟɧɬɚ. Ɉɞɧɚɤɨ, ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɪɚɡɦɟɪɚ ɬɚɤɨɝɨ ɷɥɟɦɟɧɬɚ ɢɥɢ 
ɢɡɨɛɪɚɠɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɫɥɨɠɧɨɫɬɶ 
ɚɥɝɨɪɢɬɦɨɜ ɩɪɟɜɵɲɚɟɬ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ 
ɦɨɳɧɨɫɬɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɨɪɚ, ɢ ɨɧɚ ɧɟ 
ɞɨɫɬɢɝɚɟɬ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɫɚɦɵɯ 
ɛɵɫɬɪɵɯ ɚɥɝɨɪɢɬɦɚɯ ɧɚ ɨɫɧɨɜɟ CPU. 

Van Herk / Gil-Werman (vHGА) ɹɜɥɹɟɬɫɹ 
ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɛɵɫɬɪɵɯ ɚɥɝɨɪɢɬɦɨɜ ɞɥɹ 
ɜɵɱɢɫɥɟɧɢɹ ɞɢɥɚɬɚɰɢɢ ɢ ɷɪɨɡɢɢ ɛɢɧɚɪɧɵɯ ɢ 
ɩɨɥɭɬɨɧɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ 
ɩɪɨɰɟɫɫɨɪɟ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɪɟɚɥɢɡɚɰɢɹ 
ɚɥɝɨɪɢɬɦɚ vHGА ɞɥɹ ɝɪɚɮɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɪɨɜ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ CUDA, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ 
ɚɥɝɨɪɢɬɦɚɦɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɢɡɨɛɪɚɠɟɧɢɣ. ȼ ɫɢɥɭ ɜɵɫɨɤɨɣ ɡɧɚɱɢɦɨɫɬɢ 
ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɪɟɝɢɫɬɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɢ 
ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ 
ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ, ɞɚɧɧɚɹ ɨɛɥɚɫɬɶ 



ʟˢ˄˞˘ ʛ.ʠ., ʠˑˌːˋˍˑ˅˃ ʔ.ʠ., ʐ˃˕ˋ˜ˈ˅ ʓ.ʠ., ʠˋːˡˍ ʑ.ʒ., ʛˋ˘ˈˎˈ˅ ʑ.ʛ. 
ʑ˞˔ˑˍˑ˒˓ˑˋˊ˅ˑˇˋ˕ˈˎ˟ː˞ˌ ˏˈ˕ˑˇ ˃ː˃ˎˋˊ˃ ˋ ˏˑ˓˗ˑˎˑˆˋ˚ˈ˔ˍˑˌ ˑ˄˓˃˄ˑ˕ˍˋ ˋˊˑ˄˓˃ˉˈːˋˌ 

// ʜ˃˖˚ː˞ˌ ˓ˈˊ˖ˎ˟˕˃˕. Иː˗ˑ˓ˏ˃˙ˋˑːː˞ˈ ˕ˈ˘ːˑˎˑˆˋˋ. – ʡ.ͷ, №3, 2016. 

19 

ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 

INFORMATION TECHNOLOGIES  

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɢ ɚɤɬɭɚɥɶɧɨɣ ɞɥɹ 
ɫɨɜɪɟɦɟɧɧɨɣ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ.  

Ⱦɥɹ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɜɵɱɢɫɥɟɧɢɣ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɟɯɧɨɥɨɝɢɢ OpОЧMP ɢ CUDA, ɬɚɤ 
ɤɚɤ ɨɧɢ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ. 

ɉɨɥɭɬɨɧɨɜɵɟ ɨɩɟɪɚɰɢɢ ɞɢɥɚɬɚɰɢɢ ɢ ɷɪɨɡɢɢ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɡɧɚɱɟɧɢɟ ɤɚɠɞɨɝɨ ɩɢɤɫɟɥɹ j ɜ 
ɢɡɨɛɪɚɠɟɧɢɢ ɞɨ ɦɚɤɫɢɦɭɦɚ ɢ ɦɢɧɢɦɭɦɚ 
(ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɞɥɹ ɜɫɟɯ ɩɢɤɫɟɥɟɣ ɜ ɡɚɞɚɧɧɨɣ 
ɨɤɪɟɫɬɧɨɫɬɢ j. Ɉɩɟɪɚɰɢɢ ɨɬɤɪɵɬɢɹ (ɡɚɤɪɵɬɢɹ) 
ɪɟɚɥɢɡɨɜɚɧɵ ɜ ɜɢɞɟ ɷɪɨɡɢɢ (ɞɢɥɚɬɚɰɢɢ) ɫ 
ɩɨɫɥɟɞɭɸɳɟɣ ɞɢɥɚɬɚɰɢɟɣ (ɷɪɨɡɢɟɣ). Ɉɤɪɟɫɬɧɨɫɬɶ, 
ɬɚɤɠɟ ɧɚɡɵɜɚɟɦɚɹ ɫɬɪɭɤɬɭɪɢɪɭɸɳɢɦ ɷɥɟɦɟɧɬɨɦ 
(SE), ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɢɡɜɨɥɶɧɨɣ ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɚ. 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɵ ɪɚɫɫɦɚɬɪɢɜɚɟɦ ɬɨɥɶɤɨ 
ɩɪɹɦɨɭɝɨɥɶɧɵɟ SE. 

Ⱥɥɝɨɪɢɬɦ vHGА (vКЧ HОrФ GТХ-Werman), 

ɨɩɢɫɚɧ ɜɚɧ ɏɟɪɤɨɦ Д10Ж, Ƚɢɥɟɦ ɢ ȼɟɪɦɚɧɨɦ Д6Ж ɜ 
ɫɜɨɢɯ ɪɚɛɨɬɚɯ.  

ɗɬɨ ɚɥɝɨɪɢɬɦ ɩɨɥɭɬɨɧɨɜɨɣ ɦɨɪɮɨɥɨɝɢɢ ɞɥɹ 
ɜɵɱɢɫɥɟɧɢɹ ɞɢɥɚɬɚɰɢɢ ɢ ɷɪɨɡɢɢ ɫɨ ɫɥɨɠɧɨɫɬɶɸ, 
ɧɟɡɚɜɢɫɢɦɨɣ ɨɬ ɪɚɡɦɟɪɚ ɫɬɪɭɤɬɭɪɢɪɭɸɳɟɝɨ 
ɷɥɟɦɟɧɬɚ. Ɉɧ ɪɚɛɨɬɚɟɬ ɞɥɹ ɜɫɟɯ ɫɬɪɭɤɬɭɪɢɪɭɸɳɢɯ 
ɷɥɟɦɟɧɬɨɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɢ / ɢɥɢ 
ɜɟɪɬɢɤɚɥɶɧɵɯ ɥɢɧɟɣɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɢ ɬɪɟɛɭɟɬ ɧɟ 
ɛɨɥɟɟ 3-ɯ ɫɪɚɜɧɟɧɢɣ ɡɧɚɱɟɧɢɣ ɩɢɤɫɟɥɟɣ ɞɥɹ 
ɤɚɠɞɨɝɨ ɜɵɯɨɞɧɨɝɨ ɩɢɤɫɟɥɹ. 

Ⱦɥɹ ɩɨɥɭɬɨɧɨɜɨɣ ɦɨɪɮɨɥɨɝɢɢ ɞɢɥɚɬɚɰɢɹ 
ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 1, ɚ ɷɪɨɡɢɹ ɩɨ 
ɮɨɪɦɭɥɟ 2. ሺ݂ ْ ݇ሻሺݔሻ = max ௭∈�ሺ௫−௭ሻ∈ி{݂ሺݔ − ሻݖ + ሺݖሻ}  {݂ሺݔ ሻݖ−− + ݇ሺݖሻ} (1) ሺ݂ ٓ ݇ሻሺݔሻ = min௭∈�{݂ሺݔ + ሻݖ − ݇ሺݖሻ}     (2) 

Ⱦɥɹ ɷɪɨɡɢɢ, ɜɦɟɫɬɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 
ɧɭɠɧɨ ɢɫɤɚɬɶ ɦɢɧɢɦɚɥɶɧɨɟ.  

Ɋɢɫ. 1. vHGW ɚɥɝɨɪɢɬɦ ɞɥɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɷɥɟɦɟɧɬɚ ɪɚɡɦɟɪɚ p 

Fig. 1. vHGW algorithm for horizontal structural element of p size 

Ⱥɥɝɨɪɢɬɦ ɫɨɫɬɨɢɬ ɢɡ ɬɪёɯ ɨɫɧɨɜɧɵɯ ɷɬɚɩɨɜ 
[3, 5Ж (ɪɢɫ. 1): 

I. ɂɡɨɛɪɚɠɟɧɢɟ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɨɬɪɟɡɤɢ 
ɞɥɢɧɵ p ɫ (p-1)/2 ɧɚ ɤɚɠɞɨɣ ɫɬɨɪɨɧɟ, ɱɬɨɛɵ 
ɫɮɨɪɦɢɪɨɜɚɬɶ ɨɤɧɨ ɪɚɡɦɟɪɨɦ 2p-1, ɫ ɰɟɧɬɪɨɦ ɜ 
ɬɨɱɤɟ ɪ-1, 2p-1, 3p-1, ... 

II. Ⱦɥɹ ɤɚɠɞɨɝɨ ɩɢɤɫɟɥɹ k = [0;p-1Ж ɜ
ɡɚɞɚɧɧɨɦ ɨɤɧɟ w, ɦɚɫɫɢɜ ɩɪɟɮɢɤɫɨɜ R 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɞɥɹ ɩɢɤɫɟɥɨɜ ɫɥɟɜɚ ɨɬ ɰɟɧɬɪɚ 

a) ܴ[݇] = maxሺݓ[݆]ሻ , ݆ = ݇ … ሺ� − ͳሻ,

ɚ ɦɚɫɫɢɜ ɫɭɮɮɢɤɫɨɜ S ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɞɥɹ 
ɩɢɤɫɟɥɨɜ ɫɩɪɚɜɚ ɨɬ ɰɟɧɬɪɚ (p-1) ... (2p-2),  

b) ܵ[݇] = maxሺݓ[� − ͳ + ݆]ሻ , ݆ = Ͳ … ݇
c) R [kЖ ɢ S ДkЖ ɨɛɴɟɞɢɧɹɸɬɫɹ ɜɦɟɫɬɟ,

ɱɬɨɛɵ ɜɵɱɢɫɥɢɬɶ ɦɚɤɫɢɦɭɦ ɮɢɥɶɬɪɚ 

III. Ⱦɥɹ ɤɚɠɞɨɝɨ ɩɢɤɫɟɥɹ 
(p-1)/2<=j<p+(p-1)/2 ɜ w (ɨɬɪɟɡɨɤ ɞɥɢɧɵ p) 

ɪɟɡɭɥɶɬɚɬ ɞɢɥɚɬɚɰɢɢ ݐ݈ݑݏ݁ݎ[݅] = maxሺܴ[݆ − ݉], ܵ[݆ + ݉]ሻ,  ݉ = ሺ� − ͳሻ/ʹ 
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ȼ ɪɟɡɭɥɶɬɚɬɟ, ɦɵ ɧɟ ɨɰɟɧɢɜɚɟɦ ɩɟɪɜɵɟ p / 2 

ɩɢɤɫɟɥɟɣ ɢ, ɜ ɯɭɞɲɟɦ ɫɥɭɱɚɟ, ɩɨɫɥɟɞɧɢɟ 3p / 2 

ɩɢɤɫɟɥɟɣ. ɑɬɨɛɵ ɩɨɥɭɱɢɬɶ ɪɚɡɭɦɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɧɚ ɜɫɟɯ ɩɢɤɫɟɥɹɯ ɜ ɢɡɨɛɪɚɠɟɧɢɢ, ɦɵ ɜɤɥɚɞɵɜɚɟɦ 
ɪɟɚɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɜ ɛɨɥɟɟ ɤɪɭɩɧɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ ɭɜɟɥɢɱɟɧɧɵɯ ɪɚɡɦɟɪɨɜ, ɝɞɟ 
ɞɨɛɚɜɥɟɧɵ ɩɨɝɪɚɧɢɱɧɵɟ ɩɢɤɫɟɥɢ, 
ɢɧɢɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ 0 ɞɥɹ ɞɢɥɚɬɚɰɢɢ ɢ 255 ɞɥɹ 
ɷɪɨɡɢɢ.  

Ⱥɥɝɨɪɢɬɦ vHGА ɜɵɩɨɥɧɹɟɬ ɞɢɥɚɬɚɰɢɸ ɫ 
ɩɨɦɨɳɶɸ SE ɪɚɡɦɟɪɨɦ ɪ = 2Ч + 1 ɡɚ O (n) ɜɪɟɦɟɧɢ 
(n = ɱɢɫɥɨ ɩɢɤɫɟɥɟɣ ɢɡɨɛɪɚɠɟɧɢɹ). ɉɪɢ ɷɬɨɦ 
ɜɵɩɨɥɧɹɟɬ ɦɟɧɟɟ ɬɪɟɯ ɫɪɚɜɧɟɧɢɣ ɧɚ ɩɢɤɫɟɥɶ, 
ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɪɚɡɦɟɪɚ SE. 

ɇɟɫɦɨɬɪɹ ɧɚ ɛɵɫɬɪɨɬɭ ɫɚɦɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɞɥɹ 
ɢɡɨɛɪɚɠɟɧɢɣ ɛɨɥɶɲɨɝɨ ɪɚɡɦɟɪɚ ɬɪɟɛɭɟɬɫɹ ɛɨɥɶɲɟ 
ɜɪɟɦɟɧɢ ɧɚ ɟɝɨ ɨɛɪɚɛɨɬɤɭ, ɚ ɟɫɥɢ ɧɟɨɛɯɨɞɢɦɨ 
ɨɛɪɚɛɨɬɚɬɶ ɤɨɥɥɟɤɰɢɸ ɢɡɨɛɪɚɠɟɧɢɣ, ɬɨ 
ɨɛɪɚɛɨɬɤɚ ɦɨɠɟɬ ɡɚɧɢɦɚɬɶ ɱɚɫɵ. Ⱦɥɹ ɭɫɤɨɪɟɧɢɹ 
ɜɵɩɨɥɧɟɧɢɹ ɚɥɝɨɪɢɬɦɚ ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɚɪɚɥɥɟɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɢ. 

ɂɫɯɨɞɹ ɢɡ ɩɪɢɜɟɞɟɧɧɨɝɨ ɜɵɲɟ ɚɥɝɨɪɢɬɦɚ, 
ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɧɚ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ 

ɧɨɜɨɟ ɡɧɚɱɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɥɹ ɤɚɠɞɨɝɨ 

ɩɢɤɫɟɥɹ ɡɚɜɢɫɢɬ ɨɬ ɩɪɟɞɵɞɭɳɟɝɨ ɡɧɚɱɟɧɢɹ, ɚ 

ɬɚɤɠɟ ɨɬ ɡɧɚɱɟɧɢɣ ɨɤɪɭɠɚɸɳɢɯ ɟɝɨ ɩɢɤɫɟɥɟɣ. 
ɉɨɷɬɨɦɭ, ɱɬɨɛɵ ɢɦɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ 

ɪɚɫɩɚɪɚɥɥɟɥɢɬɶ ɩɪɨɝɪɚɦɦɭ ɫ ɩɨɦɨɳɶɸ OpenMP 

ɧɟɨɛɯɨɞɢɦɨ ɜɵɧɟɫɬɢ ɧɟɤɨɬɨɪɵɟ ɜɵɱɢɫɥɟɧɢɹ ɜ 

ɨɬɞɟɥɶɧɵɟ ɮɭɧɤɰɢɢ. ɉɨɫɥɟ ɷɬɨɝɨ ɦɨɠɧɨ ɜɫɬɚɜɢɬɶ 

ɞɢɪɟɤɬɢɜɭ #pragmaompparallelforprivate(prefix, 

suffix) ɩɟɪɟɞ ɨɫɧɨɜɧɵɦ ɰɢɤɥɨɦ ɚɥɝɨɪɢɬɦɚ. 
Ɍɟɯɧɨɥɨɝɢɹ OpenMP ɢɫɩɨɥɶɡɭɟɬ ɞɥɹ 

ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɦɨɞɟɥɶ «ɜɟɬɜɥɟɧɢɟ-ɫɥɢɹɧɢɟ» 

(fork-joinparallelism), ɩɨɤɚɡɚɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ 2. 

ɉɪɨɝɪɚɦɦɚ ɧɚɱɢɧɚɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɜ ɝɥɚɜɧɨɦ 

ɩɨɬɨɤɟ, ɢ ɤɨɝɞɚ ɜɫɬɪɟɱɚɟɬɫɹ ɩɚɪɚɥɥɟɥɶɧɚɹ ɫɟɤɰɢɹ, 
ɫɨɡɞɚɸɬɫɹ ɧɨɜɵɟ ɩɨɬɨɤɢ, ɢ ɧɚɝɪɭɡɤɚ 

ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɭɠɟ ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɩɨɬɨɤɚɦ, 
ɩɨɫɥɟ ɬɨɝɨ ɤɚɤ ɜɫɟ ɩɨɬɨɤɢ ɜɵɩɨɥɧɢɥɢɫɶ, ɫɧɨɜɚ 

ɧɚɱɢɧɚɟɬ ɪɚɛɨɬɚɬɶ ɬɨɥɶɤɨ ɨɞɢɧ ɝɥɚɜɧɵɣ ɩɨɬɨɤ. ɋ 

ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ – ɷɬɨ ɨɱɟɧɶ 

ɭɞɨɛɧɵɣ ɩɨɞɯɨɞ, ɬ.ɤ. ɧɟɨɛɯɨɞɢɦɨ ɜ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɭɸ ɱɚɫɬɶ ɩɪɨɝɪɚɦɦɵ ɜɫɬɚɜɢɬɶ 

ɜɫɟɝɨ ɥɢɲɶ ɨɞɧɭ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɞɢɪɟɤɬɢɜ [1]. 

Ɋɢɫ. 2. Ɇɨɞɟɥɶ «ɜɟɬɜɥɟɧɢɟ-ɫɥɢɹɧɢɟ» 

Fig. 2. Model "fork-joint parallelism" 

ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɪɟɚɥɢɡɚɰɢɹ vHGW ɧɚ CUDA 

ɢɫɩɨɥɶɡɭɟɬ ɫɥɟɞɭɸɳɢɟ ɞɟɬɚɥɢ: 
• Ɉɬɞɟɥɶɧɵɣ ɤɨɞ ɞɥɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɢ

ɜɟɪɬɢɤɚɥɶɧɨɣ ɜɟɪɫɢɢ ɫɬɪɭɤɬɭɪɢɪɭɸɳɟɝɨ 
ɷɥɟɦɟɧɬɚ. 

• Ɉɞɢɧ ɩɨɬɨɤ ɜɵɱɢɫɥɹɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ
(ɦɢɧɢɦɚɥɶɧɨɟ) ɡɧɚɱɟɧɢɹ ɫɪɚɡɭ ɞɥɹ ɞɜɭɯ ɦɚɫɫɢɜɨɜ 
S [K], R [K] 

• Ɋɚɡɞɟɥɹɟɦɚɹ ɩɚɦɹɬɶ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ,
ɩɨɫɤɨɥɶɤɭ ɷɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɦɭɥɶɬɢɩɪɨɰɟɫɫɨɪɨɜ CUDA ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɪɚɡɦɟɪɚ ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɫɬɪɭɤɬɭɪɢɪɭɸɳɢɯ 
ɷɥɟɦɟɧɬɨɜ. 

ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɫɥɟɞɭɸɳɢɟ 
ɨɩɪɟɞɟɥɟɧɢɹ CUDA: 

• CUDA ɦɭɥɶɬɢɩɪɨɰɟɫɫɨɪ ɫɨɡɞɚёɬ, ɭɩɪɚɜɥɹɟɬ,
ɩɥɚɧɢɪɭɟɬ ɢ ɜɵɩɨɥɧɹɟɬ ɩɨɬɨɤɢ ɜ ɝɪɭɩɩɚɯ ɢɡ 32 
ɩɚɪɚɥɥɟɥɶɧɵɯ ɧɢɬɟɣ, ɧɚɡɵɜɚɟɦɵɯ warp’ɚɦɢ Д9Ж 

• CUDA ɦɭɥɶɬɢɩɪɨɰɟɫɫɨɪ ɫɨɞɟɪɠɢɬ ɪɹɞ
ɛɥɨɤɨɜ ɧɢɬɟɣ, ɫ ɦɚɤɫɢɦɭɦɨɦ 8 ɛɥɨɤɨɜ ɧɢɬɟɣ ɜ 
CUDA CC ɜɟɪɫɢɢ 2.ɯ ɢ ɧɢɠɟ. 

• Ɋɚɡɦɟɪ ɛɥɨɤɚ ɞɨɥɠɟɧ ɛɵɬɶ ɤɪɚɬɧɵɦ
32 ɧɢɬɹɦ (warp) ɫ ɪɟɤɨɦɟɧɞɭɟɦɵɦ ɦɢɧɢɦɭɦɨɦ 
64 (2 warp’ɚ). 

ȿɫɥɢ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜɨɡɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɨɥɶɤɨ 32 ɩɨɬɨɤɚ (ɨɞɢɧ аКrp), ɦɵ 
ɦɨɠɟɦ ɜɵɩɨɥɧɢɬɶ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɞɢɥɚɬɚɰɢɸ ɧɚ 
ɢɡɨɛɪɚɠɟɧɢɢ ɫ 1100 ɫɬɨɥɛɰɨɜ ɜ ɫɬɪɨɤɟ ɢ 
ɫɬɪɭɤɬɭɪɧɨɝɨ ɷɥɟɦɟɧɬɚ ɪɚɡɦɟɪɨɦ 11, ɫ 
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INFORMATION TECHNOLOGIES  

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɨɥɟɟ 32KB ɪɚɡɞɟɥɹɟɦɨɣ ɩɚɦɹɬɢ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

• ɫɬɪɭɤɬɭɪɧɵɣ ɷɥɟɦɟɧɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ
ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɥɢɧɢɸ 11 ɩɢɤɫɟɥɨɜ, ɩɨɷɬɨɦɭ 
ɪ=11; 

• ɤɚɠɞɚɹ ɫɬɪɨɤɚ ɢɡɨɛɪɚɠɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 1100
ɩɢɤɫɟɥɟɣ, ɩɨɷɬɨɦɭ 1100 / ɪ = 100 ɨɤɨɧ; 

• 2 ɦɚɫɫɢɜɚ ɜ ɨɞɧɨɦ ɨɤɧɟ ɫ ɩɨɦɨɳɶɸ 2ɪ
ɡɧɚɱɟɧɢɣ ɢ 2 ɧɢɬɟɣ; 

• ɤɚɠɞɵɣ ɛɥɨɤ ɢɫɩɨɥɶɡɭɟɬ 32 ɩɨɬɨɤɚ;
• ɩɨɷɬɨɦɭ ɤɚɠɞɵɣ ɛɥɨɤ ɬɪɟɛɭɟɬ 

100*2ɪ*32/2≈34K ɪɚɡɞɟɥɹɟɦɨɣ ɩɚɦɹɬɢ, ɤɨɬɨɪɚɹ 
ɪɚɜɧɚ 34KB ɞɥɹ 8 ɛɢɬɧɵɯ ɰɟɥɨɱɢɫɥɟɧɧɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ ɢɥɢ 136 ɄȻ ɞɥɹ 32 ɛɢɬɧɵɯ 

ɢɡɨɛɪɚɠɟɧɢɣ ɫ ɩɥɚɜɚɸɳɟɣ ɬɨɱɤɨɣ; 
• ɤɚɠɞɵɣ ɦɭɥɶɬɢɩɪɨɰɟɫɫɨɪ ɢɦɟɟɬ 48ФЛ

ɪɚɡɞɟɥɹɟɦɨɣ ɩɚɦɹɬɢ ɞɥɹ ɤɚɪɬ, ɩɨɞɞɟɪɠɢɜɚɸɳɢɯ 
CUDA CC 2,0 ɢɥɢ ɜɵɲɟ Д9Ж. 

71% ɪɚɡɞɟɥɹɟɦɨɣ ɩɚɦɹɬɢ ɦɭɥɶɬɢɩɪɨɰɟɫɫɨɪɚ 
ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɢɡɨɛɪɚɠɟɧɢɟ ɫ 8 ɛɢɬɚɦɢ ɬɨɱɧɨɫɬɢ 
(ɞɥɹ ɫɬɪɭɤɬɭɪɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ, ɪɚɡɦɟɪɨɦ 11 
ɩɢɤɫɟɥɟɣ), ɚ ɬɚɤɠɟ ɩɪɟɜɵɲɚɟɬ ɟё ɜ 1,8 ɪɚɡɚ ɞɥɹ 32 
ɛɢɬɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɩɥɚɜɚɸɳɟɣ ɬɨɱɤɨɣ.  

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɪɟɫɭɪɫɨɜ, ɤɨɬɨɪɨɟ ɜɵɞɟɥɹɟɬ 
ɜɫɟ 48kb ɪɚɡɞɟɥɹɟɦɨɣ ɩɚɦɹɬɢ ɧɚ ɨɞɢɧ ɛɥɨɤ ɫ 32 
ɧɢɬɹɦɢ ɜ ɛɥɨɤɟ ɬɨɥɶɤɨ 1 ɚɤɬɢɜɧɵɣ warp ɞɥɹ ɷɬɨɝɨ 
ɦɭɥɶɬɢɩɪɨɰɟɫɫɨɪɚ. Ɍɨɥɶɤɨ ɫ ɨɞɧɢɦ ɚɤɬɢɜɧɵɦ 
warp’ɨɦ ɢɡ ɜɨɡɦɨɠɧɵɯ 48 (CUDACC 2.0) [7] 

ɡɚɩɨɥɧɹɟɦɨɫɬɶ (ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɧɢɬɢ) ɜɫɟɝɨ 2% ɨɬ ɜɨɡɦɨɠɧɨɫɬɟɣ 
ɦɭɥɶɬɢɩɪɨɰɟɫɫɨɪɚ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɨɝɪɚɧɢɱɢɜɚɟɬ 
ɩɨɬɟɧɰɢɚɥ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. 

ɋ ɭɱɟɬɨɦ ɡɚɹɜɥɟɧɧɨɣ ɰɟɥɢ ɚɧɚɥɢɡɚ ɢ 
ɨɛɪɚɛɨɬɤɢ ɛɨɥɶɲɢɯ ɢɡɨɛɪɚɠɟɧɢɣ ɪɚɡɦɟɪɨɦ ɛɨɥɟɟ 
ɨɞɧɨɝɨ ɦɢɥɥɢɨɧɚ ɩɢɤɫɟɥɟɣ, ɫ 8 ɢ ɛɨɥɟɟ ɛɢɬ 
ɬɨɱɧɨɫɬɢ, ɦɚɤɫɢɦɭɦ ɪɚɡɞɟɥɹɟɦɨɣ ɩɚɦɹɬɢ ɞɥɹ 
ɦɚɫɫɢɜɨɜ vHGА ɧɟ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɵɦ.  

Ⱦɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɚ ɦɨɪɮɨɥɨɝɢ-

ɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɢ vHGW, 

ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɣ OpОЧMP 

ɢ CUDA, ɢɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ 
ɧɚ ɪɢɫɭɧɤɟ 3, ɩɨɞɚɜɚɥɨɫɶ ɧɚ ɜɯɨɞ 100 ɪɚɡ ɞɥɹ 
ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɜɪɟɦɟɧɢ ɟɝɨ 
ɜɵɩɨɥɧɟɧɢɹ. Ʉɚɠɞɵɣ ɩɪɨɞɟɥɚɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ 
ɩɪɨɜɨɞɢɥɫɹ ɫ ɨɞɧɢɦ ɢɡɨɛɪɚɠɟɧɢɟɦ, ɧɨ ɪɚɡɧɨɝɨ 
ɪɚɡɪɟɲɟɧɢɹ. ɉɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɨɛɪɚɛɨɬɤɢ 
ɢɡɨɛɪɚɠɟɧɢɣ, ɩɪɨɝɪɚɦɦɚ ɩɪɨɢɡɜɨɞɢɥɚ ɩɨɞɫɱɟɬ 
ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ ɧɚɞ 
ɢɡɨɛɪɚɠɟɧɢɟɦ.  

Ɋɢɫ. 3. ɂɫɯɨɞɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

Fig. 3. The original image of the Earth's surface 

ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɨ ɢɫɯɨɞɧɨɟ 
ɩɨɥɭɬɨɧɨɜɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, 
ɫɧɹɬɨɟ ɢɡ ɤɨɫɦɨɫɚ, ɚ ɧɚ ɪɢɫɭɧɤɟ 4 – ɪɟɡɭɥɶɬɚɬ 
ɷɪɨɡɢɢ ɷɬɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɫɬɪɭɤɬɭɪɢɪɭɸɳɢɦ 
ɷɥɟɦɟɧɬɨɦ ɪɚɡɦɟɪɚ 3×3. Ɂɚɦɟɬɧɨ, ɱɬɨ 
ɢɡɨɛɪɚɠɟɧɢɟ ɫɬɚɥɨ ɧɟɦɧɨɝɨ ɬɟɦɧɟɟ, ɱɬɨ ɜɩɨɥɧɟ 
ɥɨɝɢɱɧɨ, ɭɱɢɬɵɜɚɹ ɬɨ, ɱɬɨ ɚɥɝɨɪɢɬɦ ɧɚɯɨɞɢɬ 
ɥɨɤɚɥɶɧɵɣ ɦɢɧɢɦɭɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜ ɡɚɞɚɧɧɨɣ 
ɨɤɪɟɫɬɧɨɫɬɢ. 

Ɋɢɫ. 4. Ɋɟɡɭɥɶɬɚɬ ɷɪɨɡɢɢ ɢɫɯɨɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ 

Fig. 4. The result of erosion of the original image 

Ɉɞɧɨɣ ɢɡ ɝɥɚɜɧɵɯ ɩɪɨɛɥɟɦ ɨɛɪɚɛɨɬɤɢ 
ɢɡɨɛɪɚɠɟɧɢɣ ɹɜɥɹɟɬɫɹ ɩɪɢɫɭɬɫɬɜɢɟ ɲɭɦɚ ɜ 
ɢɡɨɛɪɚɠɟɧɢɢ. ɗɬɭ ɩɪɨɛɥɟɦɭ ɦɨɠɧɨ ɪɟɲɢɬɶ ɫ 
ɩɨɦɨɳɶɸ ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɣ ɮɢɥɶɬɪɚɰɢɢ Д4, 8].  

ɇɚ ɪɢɫɭɧɤɟ 5 ɩɪɟɞɫɬɚɜɥɟɧɨ ɢɫɯɨɞɧɨɟ 
ɛɢɧɚɪɧɨɟ ɡɚɲɭɦɥɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɨɬɩɟɱɚɬɤɚ 
ɩɚɥɶɰɚ. ɋ ɩɨɦɨɳɶɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɨɩɟɪɚɰɢɣ ɞɢɥɚɬɚɰɢɢ ɢ ɷɪɨɡɢɢ ɭɞɚɥɨɫɶ ɢɡɛɚɜɢɬɶɫɹ 
ɨɬ ɲɭɦɚ, ɱɬɨ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 6. 
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Ɋɢɫ. 5. ɂɫɯɨɞɧɨɟ ɡɚɲɭɦɥɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɨɬɩɟɱɚɬɤɚ 
ɩɚɥɶɰɚ 

Fig. 5. Original noisy fingerprint image 

Ɋɢɫ. 6. Ɋɟɡɭɥɶɬɚɬ ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɣ ɮɢɥɶɬɪɚɰɢɢ 
ɢɡɨɛɪɚɠɟɧɢɹ ɨɬɩɟɱɚɬɤɚ ɩɚɥɶɰɚ 

Fig. 6. The result of morphological filtering of a 

fingerprint image 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ 
ɪɢɫɭɧɤɟ 7, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɡɦɟɪɚ ɫɬɪɭɤɬɭɪɧɨɝɨ 
ɷɥɟɦɟɧɬɚ, ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɚɥɝɨɪɢɬɦɚ ɧɟ ɬɨɥɶɤɨ 
ɧɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɞɚɠɟ ɭɦɟɧɶɲɚɟɬɫɹ, ɤɚɤ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 1 ɩɨɬɨɤɚ, ɬɚɤ ɢ 12-ɬɢ ɩɨɬɨɤɨɜ.  

Ɋɢɫ. 7. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ ɨɬ ɪɚɡɦɟɪɚ 
ɫɬɪɭɤɬɭɪɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɞɥɹ ɩɪɨɝɪɚɦɦɵ  

ɧɚ 1 ɢ 12 ɩɨɬɨɤɚɯ 

Fig. 7. Dependence of the execution time of the size of a 

structuring element for the application on 1 and 12 threads 

ɇɚ ɪɢɫɭɧɤɟ 8 ɜɢɞɢɦ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɪɚɡɪɟɲɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɨɝɪɚɦɦɚ ɫ ɨɞɧɢɦ 
ɩɨɬɨɤɨɦ ɪɚɛɨɬɚɟɬ ɝɨɪɚɡɞɨ ɦɟɞɥɟɧɧɟɟ, ɱɟɦ ɫ 12-ɸ 
ɩɨɬɨɤɚɦɢ. 

Ɋɢɫ. 8. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ ɨɬ 
ɪɚɡɪɟɲɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɞɥɹ ɩɪɨɝɪɚɦɦɵ  

ɧɚ 1 ɢ 12 ɩɨɬɨɤɚɯ 

Fig. 8. Dependence of the execution time of the image 

resolution for the program on 1 and 12 threads 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɧɚɥɢɡɢɪɭɹ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 
ɪɟɚɥɢɡɨɜɚɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɧɚ CPU ɬɪɟɛɭɸɬ 
ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ. ɗɬɨɬ 
ɮɚɤɬ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ 
ɭɥɭɱɲɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɚɥɝɨɪɢɬɦɨɜ ɞɥɹ 
ɭɦɟɧɶɲɟɧɢɹ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɭɥɭɱɲɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɚɥɝɨɪɢɬɦɚ ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɢɡɨɛɪɚɠɟɧɢɣ, ɞɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɛɵɥ ɪɟɚɥɢɡɨɜɚɧ 
ɧɚ GPUc ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ NVIDIACUDA. 

ɇɚ ɪɢɫɭɧɤɟ 9. ɩɪɢɜɨɞɢɬɫɹ ɝɪɚɮɢɤ 
ɡɚɜɢɫɢɦɨɫɬɢ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ ɚɥɝɨɪɢɬɦɚ ɨɬ 
ɪɚɡɦɟɪɚ ɫɬɪɭɤɬɭɪɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɜ ɬɪёɯ 
ɫɥɭɱɚɹɯ: 

- ɧɚ 12 ɩɨɬɨɤɚɯ CPU; 

- ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɧɞɚɪɬɧɵɯ 
ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɧɚ CUDA ɛɢɛɥɢɨɬɟɤɢ 
OpenCV; 

- ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɥɝɨɪɢɬɦɚ, 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɧɚ GPU. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ 
ɪɢɫɭɧɤɟ 9, ɚɥɝɨɪɢɬɦ vHGА ɢ ɟɝɨ ɪɟɚɥɢɡɚɰɢɹ ɧɚ 
GPU ɝɨɪɚɡɞɨ ɷɮɮɟɤɬɢɜɧɟɟ, ɱɟɦ ɚɥɝɨɪɢɬɦɵ, 
ɢɫɩɨɥɶɡɭɸɳɢɟɫɹ ɜ OpОЧCV. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, 
ɪɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ vHGА ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɬɟɯɧɨɥɨɝɢɢ NVIDIA CUDA ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 
ɭɫɤɨɪɟɧɢɟ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜ 15 ɪɚɡ ɛɨɥɶɲɟɟ, ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ 
OpenMP. 
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Ɋɢɫ. 9. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ ɨɬ ɪɚɡɦɟɪɚ 
ɫɬɪɭɤɬɭɪɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ 

Fig. 9. Dependence of the execution time of the size of the 

structuring element 

Ɋɢɫ. 10. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ ɨɬ ɪɚɡɦɟɪɚ 
ɢɡɨɛɪɚɠɟɧɢɹ 

Fig. 10. Dependence of the execution time  

of the image size 

ɉɨ ɝɪɚɮɢɤɚɦ ɡɚɜɢɫɢɦɨɫɬɢ ɜɪɟɦɟɧɢ 
ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ ɨɬ ɪɚɡɪɟɲɟɧɢɹ ɢɫɯɨɞɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 10, 
ɬɚɤɠɟ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɞɥɹ ɫɥɨɠɧɵɯ 
ɨɩɟɪɚɰɢɹ ɧɚɞ ɩɢɤɫɟɥɚɦɢ ɢɡɨɛɪɚɠɟɧɢɹ 
ɷɮɮɟɤɬɢɜɧɟɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟɯɧɨɥɨɝɢɸ 
NVIDIA CUDA.  

ȼ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ 
ɪɚɫɫɦɨɬɪɟɧɚ ɪɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ vHGА 
ɩɨɥɭɬɨɧɨɜɨɣ ɦɨɪɮɨɥɨɝɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɬɟɯɧɨɥɨɝɢɣ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
OpОЧMP ɢ NVIDIA CUDA. ɉɨɤɚɡɚɧɨ, ɱɬɨ 
ɪɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ vHGА ɞɥɹ ɝɪɚɮɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɪɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ CUDA 
ɩɨɜɵɲɚɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɨɪɮɨɥɨɝɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ. ɉɨɤɚɡɚɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɚ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ 
CUDA ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ OpОЧMP ɩɪɢ ɮɢɥɶɬɪɚɰɢɢ 
ɩɨɥɭɬɨɧɨɜɨɝɨ ɢ ɛɢɧɚɪɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɣ ɫ ɪɚɡɧɵɦ 
ɪɚɡɪɟɲɟɧɢɟɦ ɢ ɪɚɡɥɢɱɧɵɦ ɪɚɡɦɟɪɨɦ 
ɫɬɪɭɤɬɭɪɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ. 
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Ⱥɧɧɨɬɚɰɢɹ 

ȼ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɩɢɫɚɧɢɟ ɩɪɢɦɟɧɟɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ «UFOMШНОХОr» ɞɥɹ 
ɩɨɫɬɪɨɟɧɢɹ ɢɦɢɬɚɰɢɨɧɧɵɯ ɦɨɞɟɥɟɣ ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɯ ɫɢɫɬɟɦ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ. 
ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɪɚɛɨɬɟ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɦ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɢɦɢɬɚɰɢɨɧɧɵɯ ɦɨɞɟɥɟɣ ɨɛɴɟɤɬɨɜ. Ɇɨɞɟɥɶ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɸ ɫɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɭɸ ɦɨɞɟɥɶ ɜ ɬɟɪɦɢɧɚɯ 
ɝɪɚɮɨɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ «ɍɡɟɥ-Ɏɭɧɤɰɢɹ-Ɉɛɴɟɤɬ», ɤɨɬɨɪɵɣ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, 
ɩɪɟɞɩɨɥɚɝɚɟɬ ɨɩɢɫɚɧɢɟ ɦɨɞɟɥɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɤɚɤ ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɩɨɞɫɢɫɬɟɦ ɢ 
ɹɜɥɹɸɳɟɣɫɹ ɱɚɫɬɶɸ ɧɟɤɨɬɨɪɨɣ ɧɚɞɫɢɫɬɟɦɵ. 
Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɞɜɚ ɩɪɢɦɟɪɚ ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɟɣ ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ: 
ɬɟɯɧɢɱɟɫɤɚɹ ɥɢɧɢɹ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɩɥɚɫɬɢɤɨɜɨɣ ɬɚɪɵ, ɚ ɬɚɤɠɟ ɥɢɧɢɹ ɩɨ ɫɢɧɬɟɡɭ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɝɢɞɪɨɤɫɢɥɚɩɚɬɢɬɚ. ɉɪɢɜɨɞɹɬɫɹ: ɨɩɢɫɚɧɢɟ 
ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɦɨɞɟɥɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ; ɩɪɨɰɟɫɫ ɪɚɡɪɚɛɨɬɤɢ 
ɫɬɪɭɤɬɭɪɧɨɣ ɝɪɚɮɨɚɧɚɥɢɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ; ɩɪɨɰɟɫɫɵ ɨɩɢɫɚɧɢɹ ɩɨɜɟɞɟɧɢɹ 
ɨɬɞɟɥɶɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɢɫɬɟɦɚ; ɮɭɧɤɰɢɨɧɢɪɭɸɳɚɹ ɫɢɫɬɟɦɚ; ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ; 
ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ; ɞɢɧɚɦɢɤɚ ɫɢɫɬɟɦɵ; ɝɪɚɮɨɚɧɚɥɢɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ; 
«UFOMШНОХОr». 
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ȺЛЬЭЫКМЭ 
TСО КrЭТМХО НОsМrТЛОs ЭСО ЮsО ШП МШЦpХОб sШПЭаКrО “UFOMШНОХОr” ЭШ ЛЮТХН sТЦЮХКЭТШЧ ЦШНОХs ШП 
operating systems of different nature. The introduced software system is a promising instrument 
for construction of simulation models of objects. Model operation of the facility represents a 
system-object model in terms of the "Node-Function-Object" graphic-analytical approach, which 
in turn implies the description of the object being modeled as a system consisting of subsystems 
and which is part of a super-system.  
We consider two examples of construction of models of functioning of technical systems: a 
technical production line of plastic containers, as well as a line on the synthesis of modified 
nanocrystalline hydroxyapatite. We provide: a description of technical devices that make up the 
modeled object; the development process of the graphic-analytical structural system model; the 
processes describing the behavior of certain technical devices.  
Keywords: system; operating system; system state; simulation model; system dynamics; graphic-

КЧКХвЭТМКХ ЦШНОХТЧР; “UFOMШНОХОr”. 

Вɜɟɞɟɧɢɟ 

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɢɦɢɬɚɰɢɨɧɧɨɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɬɚɥɨ ɨɞɧɢɦ ɢɡ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ 
ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɯ 
ɫɢɫɬɟɦ. ɋɭɳɟɫɬɜɭɟɬ ɧɟɦɚɥɨ ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ 
ɢ ɢɧɫɬɪɭɦɟɧɬɨɜ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, 
ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɬɨ, ɱɬɨɛɵ ɭɦɟɧɶɲɢɬɶ 
ɬɪɭɞɨɟɦɤɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ ɢɦɢɬɚɰɢɨɧɧɵɯ 
ɦɨɞɟɥɟɣ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ 
ɢɦɢɬɚɰɢɨɧɧɵɯ ɦɨɞɟɥɟɣ ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɯ 
ɫɢɫɬɟɦ, ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ 
ɫɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɨɝɨ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢ-

ɪɨɜɚɧɢɹ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɢɧɫɬɪɭɦɟɧɬɚɪɢɹ «UFOMШНОХОr» (ɋɜɢɞɟɬɟɥɶɫɬɜɨ ɨ 
ɪɟɝɢɫɬɪɚɰɢɢ ɉɈ № 2015663240, 

http://http://ufomodeler.ru/), ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɫɢɫɬɟɦɧɨɝɨ ɩɨɞɯɨɞɚ «ɍɡɟɥ-

Ɏɭɧɤɰɢɹ-Ɉɛɴɟɤɬ» Д1Ж ɢ ɢɫɱɢɫɥɟɧɢɹ ɨɛɴɟɤɬɨɜ 
Ⱥɛɚɞɢ-Ʉɚɪɞɟɥɢ Д5Ж. 

Ⱦɚɧɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɢɧɫɬɪɭɦɟɧɬɚɪɢɣ 
ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɦɨɞɟɥɢ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-

ɞɟɥɨɜɵɯ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ, ɜɵɱɢɫɥɹɬɶ ɢɧɬɟɪɟɫɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ 
ɩɪɨɰɟɫɫɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɜ ɪɟɠɢɦɟ 
ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɡɚ ɫɱɟɬ ɪɟɚɥɢɡɚɰɢɢ 
ɮɭɧɤɰɢɨɧɚɥɚ ɫɢɫɬɟɦɵ ɜ ɜɢɞɟ ɫɤɪɢɩɬɚ, 
ɨɩɢɫɵɜɚɸɳɟɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜɯɨɞɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɜ ɜɵɯɨɞɧɵɟ. Ɏɚɤɬɢɱɟɫɤɢ, 
ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ ɫɨɫɬɨɢɬ ɢɡ 
ɨɬɞɟɥɶɧɵɯ ɢɫɩɨɥɧɹɟɦɵɯ ɛɥɨɤɨɜ ɩɪɨɝɪɚɦɦɵ. 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ «ɍɡɟɥ-Ɏɭɧɤɰɢɹ-

Ɉɛɴɟɤɬ» Д3, 4Ж  ɩɨɡɜɨɥɹɟɬ ɨɩɢɫɚɬɶ ɩɪɨɰɟɫɫ 
ɫɢɫɬɟɦɧɨ (ɟɝɨ ɫɬɪɭɤɬɭɪɧɵɟ, ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɢ 
ɨɛɴɟɤɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ).  

ɂɦɢɬɚɰɢɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɜ 
«UFOMШНОХОr» ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ 
ɜɵɩɨɥɧɟɧɢɹ ɫɥɟɞɭɸɳɢɯ ɲɚɝɨɜ: 

http://softconnect.ru/
http://http/ufomodeler.ru/


ʕˋ˘˃˓ˈ˅ ʏ.ʒ., ʙˑ˓˚˃ˆˋː˃ ʙ.ʑ., ʐ˖ˊˑ˅ ʞ.ʏ., ʏˍ˖ˎˑ˅ Ю.ʑ., ʕˋ˘˃˓ˈ˅˃ ʛ.ʠ. 
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- ɩɨɫɬɪɨɟɧɢɟ ɤɨɧɬɟɤɫɬɧɨɣ ɦɨɞɟɥɢ 
ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ; 

- ɨɩɪɟɞɟɥɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɭɡɥɨɜ ɢ 
ɩɨɫɬɪɨɟɧɢɟ ɢɟɪɚɪɯɢɱɟɫɤɨɣ ɍɎɈ-ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ; 

- ɨɩɢɫɚɧɢɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨɞɫɢɫɬɟɦ 
ɦɨɞɟɥɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɹɡɵɤɚ 
ɍɎɈ-ɫɤɪɢɩɬ; 

- ɩɪɨɜɟɞɟɧɢɟ ɢɦɢɬɚɰɢɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 
ɫɢɫɬɟɦɵ, ɤɨɬɨɪɚɹ ɩɪɨɢɫɯɨɞɢɬ ɩɭɬɟɦ 
ɢɧɢɰɢɚɥɢɡɚɰɢɢ ɤɨɧɬɟɤɫɬɧɵɯ ɩɨɬɨɤɨɜɵɯ ɨɛɴɟɤɬɨɜ 
(ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɯɨɞɧɵɦ ɫɜɹɡɹɦ ɤɨɧɬɟɤɫɬɧɨɝɨ 
ɩɪɨɰɟɫɫɚ), ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɩɟɪɟɞɚɸɬɫɹ ɜ ɩɨɥɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ ɢ ɜɵɡɵɜɚɸɬ 
ɦɟɬɨɞɵ (ɮɭɧɤɰɢɢ) ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɚ, ɨɩɢɫɚɧɧɵɟ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɹɡɵɤɚ ɍɎɈ-ɫɤɪɢɩɬ. 

Ɋɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɦɟɬɨɞɚ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɫɪɟɞɫɬɜɚ ɩɪɨɜɟɪɟɧɵ ɩɭɬɟɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɹɞɚ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɥɢɧɢɣ. Ɋɚɫɫɦɨɬɪɢɦ ɞɜɚ ɩɪɢɦɟɪɚ 
ɫɨɡɞɚɧɢɹ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ 
ɮɭɧɤɰɢɨɧɢɪɭɸɳɟɣ ɫɢɫɬɟɦɵ. 

1. Мɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɥɢɧɢɢ
ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɩɥɚɫɬɢɤɨɜɨɣ ɬɚɪɵ 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɥɢɧɢɹ 
ɫɨɫɬɨɢɬ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɧɢɠɟ ɚɝɪɟɝɚɬɨɜ 
(ɬɟɯɧɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ): 

1. ɗɤɫɬɪɭɞɟɪ, ɤɨɬɨɪɵɣ ɩɪɨɢɡɜɨɞɢɬ ɩɥɟɧɤɭ
ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɮɨɪɦɨɜɤɢ ɢɡɞɟɥɢɹ. 
ɂɫɩɨɥɶɡɭɟɬɫɹ ɷɤɫɬɪɭɞɟɪ Ⱥɥɟɤɨ Ɇɢɞɢ 1100-55. ɇɚ 
ɜɯɨɞ ɷɤɫɬɪɭɞɟɪɚ ɩɨɞɚɸɬɫɹ ɝɪɚɧɭɥɵ ɉȼȾ 
(ɩɨɥɢɷɬɢɥɟɧ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ) ɫɨ ɫɥɟɞɭɸɳɢɦɢ 
ɮɢɡɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 

- ɩɥɨɬɧɨɫɬɶ 900-930 ɤɝ/ɦ3; 
- ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 100-115 ɝɪɚɞɭɫɨɜ 

ɐɟɥɶɫɢɹ. 
ɉɨɫɥɟ ɩɨɞɚɱɢ ɝɪɚɧɭɥ ɜ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɣ 

ɛɭɧɤɟɪ ɷɤɫɬɪɭɞɟɪɚ, ɝɪɚɧɭɥɵ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 
ɤɚɦɟɪɚɦ ɧɚɝɪɟɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨɝɨ 
ɲɧɟɤɚ, ɩɨɫɥɟ ɱɟɝɨ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɮɨɪɦɢɪɭɟɬɫɹ 
ɩɥɟɧɤɚ ɫ ɡɚɞɚɧɧɨɣ ɬɨɥɳɢɧɨɣ. ɗɤɫɬɪɭɞɟɪ Ⱥɥɟɤɨ 
Ɇɢɞɢ 1100-55 ɢɦɟɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
200 ɤɝ/ɱɚɫ.  

2. ɉɟɱɶ, ɜ ɤɨɬɨɪɭɸ ɩɨɞɚɟɬɫɹ ɩɥɚɫɬɢɤɨɜɨɟ
ɩɨɥɨɬɧɨ ɢ ɧɚɝɪɟɜɚɟɬɫɹ ɞɨ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɩɪɢɞɚɧɢɹ 
ɤɨɧɟɱɧɵɦ ɢɡɞɟɥɢɹɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɮɨɪɦɵ. 
ɉɟɱɶ ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɬɭɸɳɢɦ ɭɫɬɪɨɣɫɬɜɨɦ 
ɬɟɪɦɨɮɨɪɦɨɜɨɱɧɨɣ ɦɚɲɢɧɵ HSC-660A. 

3. Ɍɟɪɦɨɮɨɪɦɨɜɨɱɧɵɣ ɚɝɪɟɝɚɬ ɜ ɜɢɞɟ ɞɜɭɯ
ɪɹɞɨɜ ɮɨɪɦ ɞɥɹ ɫɬɚɤɚɧɱɢɤɨɜ, ɜ ɤɨɬɨɪɵɟ ɩɨɥɨɬɧɨ 
ɡɚɫɚɫɵɜɚɟɬɫɹ ɩɨɞ ɞɚɜɥɟɧɢɟɦ. ɉɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɸ 
ɱɚɫɬɶ ɦɚɲɢɧɵ HSC-660A. 

4. ɍɫɬɪɨɣɫɬɜɨ ɨɯɥɚɠɞɟɧɢɹ ɡɚɝɨɬɨɜɨɤ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɡɚɝɨɬɨɜɨɤ, 
ɹɜɥɹɸɳɟɟɫɹ ɚɝɪɟɝɚɬɨɦ ɦɚɲɢɧɵ HSC-660A. 

5. Ɍɪɢɦɦɟɪ, ɤɨɬɨɪɵɣ ɜɵɪɟɡɚɟɬ ɝɨɬɨɜɵɟ
ɫɬɚɤɚɧɱɢɤɢ ɢɡ ɨɛɳɟɝɨ ɩɨɥɨɬɧɚ. ɉɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɸ ɱɚɫɬɶ ɦɚɲɢɧɵ HSC-660A. 

6. Ƚɪɚɧɭɥɹɬɨɪ, ɜɵɩɨɥɧɹɸɳɢɣ ɩɨɜɬɨɪɧɭɸ
ɩɟɪɟɪɚɛɨɬɤɭ ɨɛɪɟɡɧɵɯ ɨɬɯɨɞɨɜ ɬɪɢɦɦɟɪɚ ɜ ɝɪɚɧɭɥɵ. 
ȼ ɦɨɞɟɥɢɪɭɟɦɨɣ ɥɢɧɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɝɪɚɧɭɥɹɬɨɪ 
Ⱥɧɬɟɣ 60, ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ – 

70 ɤɝ ɜ ɱɚɫ. 
ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɪɚɡɪɚɛɨɬɤɢ ɢɦɢɬɚɰɢɨɧɧɨɣ 

ɦɨɞɟɥɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 
ɥɢɧɢɢ ɫ ɩɨɦɨɳɶɸ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ ɢ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɫɬɪɨɢɬɫɹ ɜɢɡɭɚɥɶɧɚɹ 
ɝɪɚɮɨɚɧɚɥɢɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɚɧɧɨɣ ɥɢɧɢɢ ɜ ɜɢɞɟ 
ɧɚɛɨɪɚ ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɟɟ 
ɚɝɪɟɝɚɬɚɦ, ɤɨɬɨɪɵɟ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ 
ɩɨɬɨɤɨɜɵɦɢ ɨɛɴɟɤɬɚɦɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 
ɪɟɚɥɶɧɵɦ ɩɨɬɨɤɚɦ ɷɥɟɦɟɧɬɨɜ ɦɟɠɞɭ ɚɝɪɟɝɚɬɚɦɢ 
[1, 2, 3Ж. Ɏɨɪɦɚɥɶɧɨ, ɫɪɟɞɫɬɜɚɦɢ ɢɫɱɢɫɥɟɧɢɹ 
ɨɛɴɟɤɬɨɜ Ⱥɛɚɞɢ-Ʉɚɪɞɟɥɢ ɩɨɬɨɤɨɜɵɟ ɨɛɴɟɤɬɵ 
ɨɩɢɫɵɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

ai = [lj = bj],                     (1.1) 

ɝɞɟ: 
- ai – ɢɦɹ ɩɨɬɨɤɨɜɨɝɨ ɨɛɴɟɤɬɚ; 
- lj = bj – ɩɨɥɹ ХУ ɩɨɬɨɤɨɜɨɝɨ ɨɛɴɟɤɬɚ КТ ɫ 

ɧɟɤɨɬɨɪɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ЛУ. 
ȼ ɪɚɦɤɚɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɪɨɟɤɬɚ ɛɵɥɢ 

ɜɵɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɩɨɬɨɤɨɜɵɟ ɨɛɴɟɤɬɵ: 
- Ƚɪɚɧɭɥɵ ɉɗȼȾ ДɜɟɫЖ – ɜɟɫ ɝɪɚɧɭɥ 

ɢɡɦɟɪɹɟɬɫɹ ɜ ɝɪɚɦɦɚɯ; 
- ɉɥɟɧɤɚ ɉɗȼȾ Дɞɥɢɧɚ, ɲɢɪɢɧɚЖ – ɡɧɚɱɟɧɢɹ 

ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ ɦɢɥɥɢɦɟɬɪɚɯ; 
- ɇɚɝɪɟɬɚɹ ɩɥɟɧɤɚ Дɞɥɢɧɚ, ɲɢɪɢɧɚЖ – 

ɡɧɚɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ ɦɢɥɥɢɦɟɬɪɚɯ; 
- Ɂɚɝɨɬɨɜɤɚ ДɤɨɥɢɱɟɫɬɜɨЖ; 
- Ɉɯɥɚɠɞɟɧɧɚɹ ɡɚɝɨɬɨɜɤɚ ДɤɨɥɢɱɟɫɬɜɨЖ; 
- Ƚɨɬɨɜɚɹ ɩɪɨɞɭɤɰɢɹ ДɤɨɥɢɱɟɫɬɜɨЖ; 
- Ɉɬɯɨɞɵ ɬɪɢɦɦɟɪɚ ДɜɟɫЖ – ɜɟɫ ɢɡɦɟɪɹɟɬɫɹ ɜ 

ɝɪɚɦɦɚɯ; 
- Ƚɪɚɧɭɥɵ ɉɗȼȾ (ɨɬɯɨɞ) ДɜɟɫЖ – ɜɟɫ 

ɢɡɦɟɪɹɟɬɫɹ ɜ ɝɪɚɦɦɚɯ. 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɩɢɫɚɧɧɨɣ ɜɵɲɟ 

ɩɪɨɰɟɞɭɪɨɣ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 
ɥɢɧɢɢ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɩɥɚɫɬɢɤɨɜɨɣ ɬɚɪɵ ɛɵɥɚ 
ɪɚɡɪɚɛɨɬɚɧɚ ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 1 ɟɟ 
ɝɪɚɮɨɚɧɚɥɢɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ. ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ 
ɞɚɧɧɨɦ ɪɢɫɭɧɤɟ, ɞɢɚɝɪɚɦɦɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 
ɥɢɧɢɢ ɨɩɪɟɞɟɥɹɟɬ ɝɪɚɧɢɰɵ ɦɨɞɟɥɢ ɢ ɩɨɤɚɡɵɜɚɟɬ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɨɞɧɢɯ 
ɩɨɬɨɤɨɜɵɯ ɨɛɴɟɤɬɨɜ ɜ ɞɪɭɝɢɟ. 

ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɞɥɹ ɤɚɠɞɨɝɨ ɭɡɥɚ 
ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɫɤɪɢɩɬ (ɧɚ ɹɡɵɤɟ ɍɎɈ-ɫɤɪɢɩɬ), 
ɨɩɢɫɵɜɚɸɳɢɣ ɩɪɨɰɟɫɫ (ɮɭɧɤɰɢɸ) 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜɯɨɞɧɵɯ ɩɨɬɨɤɨɜɵɯ ɨɛɴɟɤɬɨɜ ɜ 
ɜɵɯɨɞɧɵɟ. Ⱦɥɹ ɤɚɠɞɨɣ ɮɭɧɤɰɢɢ ɫɨɡɞɚɟɬɫɹ 
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ɨɛɴɟɤɬ, ɤɨɬɨɪɵɣ ɟɟ ɪɟɚɥɢɡɭɟɬ. ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ 
ɫɥɭɱɚɟ ɨɛɴɟɤɬɚɦɢ ɹɜɥɹɸɬɫɹ ɬɟɯɧɢɱɟɫɤɢɟ 

ɭɫɬɪɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ ɪɟɚɥɢɡɭɸɬ ɮɭɧɤɰɢɨɧɚɥɵ 
ɭɡɥɨɜ.

Ɋɢɫ. 1. Ɇɨɞɟɥɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɥɢɧɢɢ 

Fig. 1. Production line model

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ ɷɤɫɬɪɭɞɟɪɚ 
ɡɚɞɚɞɢɦ ɞɢɫɤɪɟɬɧɵɣ ɜɪɟɦɟɧɧɨɣ ɢɧɬɟɪɜɚɥ ɞɥɹ 
ɨɬɫɱɟɬɚ, ɤɨɬɨɪɵɣ ɜ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɦɨɞɟɥɢ 
ɛɭɞɟɬ ɪɚɜɟɧ 1 ɫɟɤɭɧɞɟ. Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ 
ɪɚɫɫɱɢɬɚɬɶ, ɫɤɨɥɶɤɨ ɦɢɥɥɢɦɟɬɪɨɜ ɩɥɟɧɤɢ 
ɩɪɨɢɡɜɨɞɢɬ ɷɤɫɬɪɭɞɟɪ ɜ ɫɟɤɭɧɞɭ ɫ ɭɱɟɬɨɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɵɲɟɨɩɢɫɚɧɧɨɝɨ ɫɵɪɶɹ ɫ ɡɚɞɚɧɧɨɣ 
ɩɥɨɬɧɨɫɬɶɸ ɢ ɬɪɟɛɭɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨɥɨɬɧɚ 

ɧɚ ɜɵɯɨɞɟ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɩɥɚɫɬɢɤɨɜɨɣ ɬɚɪɵ. Ɂɚɪɚɧɟɟ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜɟɫ 
ɩɥɟɧɤɢ ɩɥɨɳɚɞɶɸ ɜ 1 ɤɜ. ɦ. ɢ ɬɨɥɳɢɧɨɣ ɜ 1 ɦɦ 
ɪɚɜɟɧ 1340 ɝɪ. ɉɪɢɦɟɧɹɹ ɹɡɵɤ ɨɩɢɫɚɧɢɹ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɭɡɥɨɜ ɍɎɈ-ɫɤɪɢɩɬ, ɪɚɡɪɚɛɨɬɚɧ 
ɫɤɪɢɩɬ, ɨɩɢɫɵɜɚɸɳɢɣ ɪɚɛɨɬɭ ɷɤɫɬɪɭɞɟɪɚ (ɫɦ. 
ɪɢɫ. 2). 

Ɋɢɫ. 2. ɍɎɈ-ɫɤɪɢɩɬ, ɨɩɢɫɵɜɚɸɳɢɣ ɪɚɛɨɬɭ ɷɤɫɬɪɭɞɟɪɚ Ⱥɥɟɤɨ Ɇɢɞɢ 1100-55 

Fig. 2. UFO script describing the work of the Aleko Midi 1100-55 extruder
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ɉɨ ɚɧɚɥɨɝɢɢ ɫ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɷɤɫɬɪɭɞɟɪɚ, ɛɵɥɢ ɨɩɢɫɚɧɵ ɜɫɟ 
ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɚɝɪɟɝɚɬɵ, ɭɱɚɫɬɜɭɸɳɢɟ ɜ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɥɢɧɢɢ, ɩɨɫɥɟ ɱɟɝɨ ɛɵɥɚ 

ɩɨɥɭɱɟɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 
ɥɢɧɢɢ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɩɥɚɫɬɢɤɨɜɵɯ ɫɬɚɤɚɧɱɢɤɨɜ. 
Ɉɛɳɢɣ ɜɢɞ ɦɨɞɟɥɢ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 3. 

Ɋɢɫ. 3. ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɥɢɧɢɢ 
Fig. 3. The process line simulation model

ɋ ɩɨɦɨɳɶɸ ɩɨɥɭɱɟɧɧɨɣ ɦɨɞɟɥɢ ɩɪɨɜɟɞɟɧ 
ɪɹɞ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɢɥɢ ɫɞɟɥɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ.  

1. Ƚɪɚɧɭɥɹɬɨɪ, ɭɱɚɫɬɜɭɸɳɢɣ ɜ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɥɢɧɢɢ, ɡɚɝɪɭɠɟɧ ɧɟ ɩɨɫɬɨɹɧɧɨ, 
ɧɨ, ɮɚɤɬɢɱɟɫɤɢ, ɪɚɛɨɬɚɟɬ ɩɨɫɬɨɹɧɧɨ ɩɪɢ 
ɜɤɥɸɱɟɧɧɨɣ ɥɢɧɢɢ, ɩɟɪɟɪɚɛɚɬɵɜɚɹ ɧɟɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɨɜ ɬɪɢɦɦɟɪɚ ɨɬɞɟɥɶɧɵɦɢ 
ɩɨɪɰɢɹɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɭɫɬɚɧɨɜɢɬɶ ɧɟɤɢɣ 
ɛɭɧɤɟɪ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɪɚɡɦɟɪɚ, ɜ ɤɨɬɨɪɵɣ ɛɭɞɭɬ 
ɩɨɫɬɭɩɚɬɶ ɨɬɯɨɞɵ ɬɪɢɦɦɟɪɚ ɢ ɤɚɤ ɬɨɥɶɤɨ ɷɬɨɬ 
ɛɭɧɤɟɪ ɛɭɞɟɬ ɧɚɩɨɥɧɟɧ – ɩɨɞɤɥɸɱɚɬɶ ɝɪɚɧɭɥɹɬɨɪ, 
ɬɨɝɞɚ ɧɚ ɪɚɛɨɬɭ ɥɢɧɢɢ ɛɭɞɟɬ ɡɚɬɪɚɱɟɧɨ ɦɟɧɶɲɟ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

2. Ɂɧɚɱɟɧɢɟ (ɡɚɝɪɭɡɤɚ) ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ
ɦɟɠɞɭ ɩɟɱɶɸ ɢ ɬɟɪɦɨɮɨɪɦɨɜɨɱɧɨɣ ɦɚɲɢɧɨɣ 
ɩɨɫɬɨɹɧɧɨ ɪɚɫɬɟɬ, ɷɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ 
ɬɟɪɦɨɮɨɪɦɨɜɨɱɧɚɹ ɦɚɲɢɧɚ ɧɟ ɩɨɡɜɨɥɹɟɬ 
ɨɛɪɚɛɨɬɚɬɶ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɥɟɧɤɢ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɧɢɡɢɬɶ ɦɨɳɧɨɫɬɶ ɪɚɛɨɬɵ 
ɩɟɱɢ ɢɥɢ ɭɜɟɥɢɱɢɬɶ ɦɨɳɧɨɫɬɶ 
ɬɟɪɦɨɮɨɪɦɨɜɨɱɧɨɣ ɦɚɲɢɧɵ, ɱɬɨ ɩɨɜɵɫɢɬ ɨɛɳɭɸ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɥɢɧɢɢ. 

2. Мɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɥɢɧɢɢ
ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ

ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɝɢɞɪɨɤɫɢɥɚɩɚɬɢɬɚ 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɰɟɞɭɪɭ ɪɚɡɪɚɛɨɬɤɢ 
ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 

ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɝɢɞɪɨɤɫɢɥɚɩɚɬɢɬɚ 
(ɆɇȽȺɉ), ɜɵɩɨɥɧɟɧɧɨɣ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɈɈɈ 
«ɇɚɧɨɚɩɩɚɬɢɬ», ɜɤɥɸɱɚɸɳɭɸ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ 
ɧɢɠɟ ɷɬɚɩɵ.  

ɇɚ ɷɬɚɩɟ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɪɚɛɨɬɚ ɜɵɩɨɥɧɹɟɬɫɹ 
ɜ ɭɫɬɚɧɨɜɤɟ ɩɨɥɭɱɟɧɢɹ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ 
ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɤɚɱɟɫɬɜɚ ɍɉȼȺ-5 – ɞɢɫɬɢɥɥɹɬɨɪɟ 
(ɤɨɥɢɱɟɫɬɜɨ ɩɨɬɪɟɛɥɹɟɦɨɣ ɢɫɯɨɞɧɨɣ ɜɨɞɵ 36 ɥ/ɱ, 
ɧɨɦɢɧɚɥɶɧɚɹ ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ – ɧɟ ɛɨɥɟɟ 
3,6 ɤȼɬ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 15ɞɦ3/ɱ). 
ɗɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɩɨɥɭɱɟɧɧɨɣ ɜɨɞɵ 
ɫɨɫɬɚɜɥɹɟɬ1-1,6 ɦɤɋɦ/ɫɦ. 

ɇɚ ɷɬɚɩɟ ɩɨɞɝɨɬɨɜɤɢ ɫɵɪɶɹ ɜɵɯɨɞɧɵɦɢ 
ɩɪɨɞɭɤɬɚɦɢ ɹɜɥɹɸɬɫɹ ɪɚɫɬɜɨɪ ɋɚ(Ɉɇ)2 ɢ ɇ3ɊɈ4. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ɩɪɨɢɫɯɨɞɢɬ 
ɫɦɟɲɢɜɚɧɢɟ ɫɭɯɨɝɨ ɋɚ(Ɉɇ)2 ɢ ɇ3ɊɈ4 ɫ ɜɨɞɨɣ ɜ 
ɟɦɤɨɫɬɹɯ ɋɆɍ-150. 

Ⱦɚɥɟɟ ɪɚɫɬɜɨɪ ɋɚ(Ɉɇ)2, ɪɚɫɬɜɨɪ ɇ3ɊɈ4 ɢ 
ɪɟɚɝɟɧɬɵ ɩɨɫɬɭɩɚɸɬ ɜ ɪɟɚɤɬɨɪ ɞɥɹ ɫɢɧɬɟɡɚ 
ɆɇȽȺɉ – ɟɦɤɨɫɬɶ ɋɆɍ-100, ɦɨɬɨɪ-ɪɟɞɭɤɬɨɪ, ɝɞɟ 
ɩɪɨɢɫɯɨɞɢɬ ɫɦɟɲɢɜɚɧɢɟ ɜɫɟɯ ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ 
ɩɟɪɟɞɚɱɢ ɧɚ ɫɥɟɞɭɸɳɢɣ ɷɬɚɩ – ɫɨɡɪɟɜɚɧɢɟ 
ɆɇȽȺɉ, ɝɞɟ ɜ ɫɩɟɰɢɚɥɶɧɨɣ ɟɦɤɨɫɬɢ (ɪɟɡɟɪɜɭɚɪ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɊɌ-150) ɩɪɨɢɫɯɨɞɢɬ ɫɨɡɪɟɜɚɧɢɟ 
ɢ ɨɬɫɬɚɢɜɚɧɢɟ ɆɇȽȺɉ. 

ɉɨɫɥɟ ɷɬɨɝɨ ɫɨɡɪɟɜɲɢɣ ɆɇȽȺɉ ɩɨɩɚɞɚɟɬ ɜ 
ɰɟɧɬɪɢɮɭɝɭ, ɪɚɡɞɟɥɹɸɳɭɸ ɪɚɡɥɢɱɧɵɟ 
ɩɨ ɤɨɧɫɢɫɬɟɧɰɢɢ ɢ ɩɥɨɬɧɨɫɬɢ ɜɟɳɟɫɬɜɚ. ɉɨɫɥɟ 
ɰɟɧɬɪɢɮɭɝɢ ɫɭɯɨɣ ɆɇȽȺɉ ɩɟɪɟɯɨɞɢɬ ɧɚ ɫɬɚɞɢɸ 
ɫɭɲɤɢ, ɠɢɞɤɢɣ – ɧɚ ɫɬɚɞɢɸ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ. 
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ɉɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɞɚɧɧɵɯ ɷɬɚɩɨɜ ɝɨɬɨɜɵɣ 
ɩɪɨɞɭɤɬ ɪɚɫɮɚɫɨɜɵɜɚɟɬɫɹ, ɦɚɪɤɢɪɭɟɬɫɹ ɢ 
ɭɩɚɤɨɜɵɜɚɟɬɫɹ.  

ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɆɇȽȺɉ ɛɵɥɢ ɜɵɞɟɥɟɧɵ 
ɫɥɟɞɭɸɳɢɟ ɩɨɬɨɤɨɜɵɟ ɨɛɴɟɤɬɵ: 

- ɜɨɞɚ; 
- ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɣ ɆɇȽȺɉ; 
- ɆɇȽȺɉ; – ɆɇȽȺɉ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɣ 

ɜɨ ɮɥɚɤɨɧɟ; – ɆɇȽȺɉ ɫɭɯɨɣ ɪɚɫɮɚɫɨɜɚɧɧɵɣ; – 

ɆɇȽȺɉ ɭɩɚɤɨɜɚɧɧɵɣ; – ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ 
ɆɇȽȺɉ; – ɆɇȽȺɉ ɞɥɹ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ; – 

ɆɇȽȺɉ ɧɚ ɫɭɲɤɭ; 
- ɇ3ɊɈ4; 

- ɨɱɢɳɟɧɧɚɹ ɜɨɞɚ; 
- ɪɟɚɝɟɧɬɵ; 
- ɋɚ(Ɉɇ)2; 
- ɫɭɯɨɣ ɆɇȽȺɉ; 
- ɪ-ɪ ɇ3ɊɈ4;  
- ɱɚɫɬɶ ɇ3ɊɈ4; 
- ɪ-ɪ ɋɚ(Ɉɇ)2; 
- ɱɚɫɬɶ ɋɚ(Ɉɇ)2; 
- ɱɚɫɬɶ ɪɟɚɝɟɧɬɨɜ. 
Ⱦɥɹ ɤɚɠɞɨɝɨ ɭɡɥɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɫɯɟɦɟ 

(ɪɢɫɭɧɨɤ 4), ɫ ɩɨɦɨɳɶɸ ɹɡɵɤɚ ɍɎɈ-ɫɤɪɢɩɬ 
ɨɩɢɫɚɧɚ ɮɭɧɤɰɢɹ, ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɩɪɨɰɟɫɫ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜɯɨɞɹɳɟɝɨ ɩɨɬɨɤɨɜɨɝɨ ɨɛɴɟɤɬɚ ɜ 
ɜɵɯɨɞɹɳɢɣ.  

ȼ ɞɚɧɧɨɦ ɭɡɥɟ ɩɪɨɢɫɯɨɞɢɬ ɡɚɛɨɪ 2 ɟɞɢɧɢɰ 
ɪɚɫɬɜɨɪɚ ɋɚ(Ɉɇ)2, 1 ɟɞɢɧɢɰɵ ɪɚɫɬɜɨɪɚ ɇ3ɊɈ4 ɢ 
0,5 ɟɞɢɧɢɰɵ ɪɟɚɝɟɧɬɨɜ ɜ ɫɟɤɭɧɞɭ. ɉɪɨɢɫɯɨɞɢɬ 
ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɱɚɫɬɟɣ ɆɇȽȺɉ ɜ ɬɟɱɟɧɢɟ 
ɜɪɟɦɟɧɢ Э = 20. ɉɨɫɥɟ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɝɨɬɨɜɵɣ 
ɩɪɨɞɭɤɬ ɩɨɫɬɭɩɚɟɬ ɧɚ ɫɥɟɞɭɸɳɢɣ ɭɡɟɥ ɜ ɨɛɴɟɦɟ 
3,5 ɟɞɢɧɢɰɵ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɆɇȽȺɉ ɜ 
ɫɟɤɭɧɞɭ.  

ɇɚ ɪɢɫɭɧɤɟ 4 ɩɪɟɞɫɬɚɜɥɟɧɨ ɜɢɡɭɚɥɶɧɨɟ 
ɨɬɨɛɪɚɠɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɭɡɥɨɜɵɯ ɢ 
ɩɨɬɨɤɨɜɵɯ ɨɛɴɟɤɬɨɜ ɜ ɯɨɞɟ ɢɦɢɬɚɰɢɨɧɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɤɨɧɤɪɟɬɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. 

ɉɪɢ ɚɧɚɥɢɡɟ ɪɚɛɨɬɵ ɨɛɴɟɤɬɚ «Ɋɟɚɤɬɨɪ ɞɥɹ 
ɫɢɧɬɟɡɚ ɆɇȽȺɉ» ɢ ɭɡɥɚ «ɉɨɞɝɨɬɨɜɤɚ ɫɵɪɶɹ» 
ɜɵɹɜɥɟɧɨ, ɱɬɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɛɴɟɤɬɚ 
«Ɋɟɚɤɬɨɪ ɞɥɹ ɫɢɧɬɟɡɚ ɆɇȽȺɉ» ɧɢɠɟ, ɱɟɦ 
ɫɤɨɪɨɫɬɶ ɩɨɞɝɨɬɨɜɤɢ ɫɵɪɶɹ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ 
ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɫɬɚɢɜɚɧɢɟ ɪɚɫɬɜɨɪɨɜ, ɱɬɨ ɦɨɠɟɬ 
ɜɥɢɹɬɶ ɧɚ ɢɯ ɤɚɱɟɫɬɜɨ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ 
ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɟɨɛɯɨɞɢɦɨ 
ɩɨɜɵɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɪɟɚɤɬɨɪɚ ɢɥɢ 
ɭɦɟɧɶɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɭɡɥɚ 
«ɉɨɞɝɨɬɨɜɤɚ ɫɵɪɶɹ». 

Ɋɢɫ.4. Ɇɨɦɟɧɬ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɆɇȽȺɉ 
Fig. 4. Moment of execution of the MNGAP production process

Зɚɤɥɸɱɟɧɢɟ 

ɉɪɨɝɪɚɦɦɧɵɣ ɢɧɫɬɪɭɦɟɧɬɚɪɢɣ UFOMШНОХОr 
ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɞɟɥɨɜɵɯ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɩɨɡɜɨɥɹɟɬ ɨɩɢɫɚɬɶ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɫɢɫɬɟɦɵ ɫɨ ɫɬɪɭɤɬɭɪɧɨɣ, 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɨɣ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɬɨɱɟɤ 
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ɡɪɟɧɢɹ. ɂɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɢɫɚɧɢɹ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɭɡɥɨɜ ɫɢɫɬɟɦɵ, ɩɨɬɨɤɨɜɵɯ 
ɨɛɴɟɤɬɨɜ, ɚ ɬɚɤ ɠɟ ɨɩɢɫɚɧɢɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 
ɫɢɫɬɟɦɵ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨɝɨ ɫɤɪɢɩɬɚ. ɉɪɢ 
ɡɚɩɭɫɤɟ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɧɚ ɢɫɩɨɥɧɟɧɢɟ, 
ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜɯɨɞɧɵɯ ɩɨɬɨɤɨɜ ɜ 
ɜɵɯɨɞɧɵɟ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɢɥɢ ɜ 
ɡɚɞɚɧɧɨɦ ɜɪɟɦɟɧɧɨɦ ɦɚɫɲɬɚɛɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɢɡɭɱɢɬɶ ɩɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ 
ɭɫɥɨɜɢɹɯ. 

Иɫɫɥɟɞɨɜɚɧɢɟ ɩɨɞɞɟɪɠɚɧɨ ɝɪɚɧɬɚɦɢ ɊɎɎИ: 
14-47-08003; 16-07-00193ɚ, 16-07-00460ɚ 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
1. ɀɢɯɚɪɟɜ Ⱥ.Ƚ., Ɇɚɬɨɪɢɧ ɋ.ɂ., Ɂɚɣɰɟɜɚ ɇ.Ɉ.

ɋɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɵɣ ɢɧɫɬɪɭɦɟɧɬɚɪɢɣ ɞɥɹ 
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Ⱥɧɧɨɬɚɰɢɹ 
Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚɞɚɱɚ ɩɨɫɬɪɨɟɧɢɹ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɫɢɫɬɟɦɚɯ ɭɩɪɚɜɥɟɧɢɹ ɫ 
ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɫɢɫɬɟɦɵ. ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ 
ɦɨɠɟɬ ɛɵɬɶ ɬɪɚɧɫɰɟɧɞɟɧɬɧɨɣ. ȼ ɫɬɚɬɶɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ, ɬ. ɟ. ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɫɢɫɬɟɦɵ ɞɨɥɠɧɚ ɛɵɬɶ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɧɚ ɦɧɢɦɨɣ 
ɨɫɢ ɢ ɜ ɩɪɚɜɨɣ ɩɨɥɭɩɥɨɫɤɨɫɬɢ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɟɪɟɦɟɧɧɨɝɨ. Ɉɞɧɚɤɨ ɩɪɟɞɥɚɝɚɟɦɵɣ 
ɦɟɬɨɞ ɦɨɠɟɬ ɛɵɬɶ ɨɛɨɛɳɟɧ ɧɚ ɫɥɭɱɚɣ ɧɟɭɫɬɨɣɱɢɜɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. Ⱦɥɹ ɪɟɲɟɧɢɹ 
ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɩɪɢɦɟɧɹɸɬɫɹ ɱɚɫɬɨɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɩɨɥɭɱɚɟɦɵɟ ɩɨ 
ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ. ɉɪɢɜɨɞɹɬɫɹ ɪɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɢɦɩɭɥɶɫɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɚ ɬɚɤɠɟ ɦɟɬɨɞ ɩɨɫɬɪɨɟɧɢɹ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɩɪɨɢɡɜɨɥɶɧɨɦ 
ɜɯɨɞɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ. ɉɨɫɬɪɨɟɧɢɟ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
ɫɜɟɪɬɤɢ ɢ ɬɪɟɛɭɟɬ ɨɩɪɟɞɟɥɟɧɢɹ ɢɦɩɭɥɶɫɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ȼ ɨɫɧɨɜɟ ɪɚɫɱɟɬɧɵɯ ɮɨɪɦɭɥ 
ɥɟɠɢɬ ɦɟɬɨɞ Ƚɚɭɫɫɚ ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. ȼ ɫɬɚɬɶɟ ɩɪɢɜɨɞɹɬɫɹ ɩɪɢɦɟɪɵ ɪɚɫɱɟɬɚ 
ɩɟɪɟɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɩɨɫɬɪɨɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɝɪɚɮɢɤɢ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ; ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ; ɱɚɫɬɨɬɧɚɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ; ɩɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ. 
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Abstract  
The article covers the problem of calculation of transition processes in distributed control systems 

for the transfer function of system. The transfer function can be transcendental. The article 

assumes stability of the control system under study, i.e. the transfer function of the system must 

be analytic on the imaginary axis and in the right half of the complex plane of the variable. 

However, the proposed method can be generalized to the case of an unstable control system. To 

solve the problem, the author applies the frequency characteristics obtained by the transfer 

function. The article provides the formulas for calculation of the pulse characteristic and also a 

method of calculation of transition processes in case of any arbitrary input signal. The calculation 

of transition processes is carried out with the convolution formula and requires determination of 

the pulse characteristic. The calculation formulas are based on the method of Gauss of numerical 

integration. The article gives examples of calculation of transient response and corresponding 

graphics. 

Keywords: distributed control systems; transfer function; frequency characteristic; transient 

processes. 
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Вɜɟɞɟɧɢɟ 

ɉɪɢ ɚɧɚɥɢɡɟ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ c ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 
ɨɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ 
ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ Д6, 9, 10Ж. ȼ ɫɢɫɬɟɦɚɯ 
ɭɩɪɚɜɥɟɧɢɹ ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɷɬɚ 
ɡɚɞɚɱɚ ɫ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɜɨɞɢɬɫɹ ɤ 
ɩɨɢɫɤɭ ɨɛɳɟɝɨ ɪɟɲɟɧɢɹ ɧɟɤɨɬɨɪɨɝɨ ɢɧɬɟɝɪɨ-

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɩɪɢ ɡɚɞɚɧɧɵɯ 
ɧɚɱɚɥɶɧɵɯ ɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ, ɚ ɬɚɤɠɟ ɩɪɢ 
ɡɚɞɚɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɹɯ Д6, 7Ж. ȼ ɛɨɥɶɲɢɧɫɬɜɟ 
ɫɥɭɱɚɟɜ ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 
ɧɟ ɜɫɟɝɞɚ ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɪɟɲɟɧɢɟ ɜ ɹɜɧɨɦ 
ɜɢɞɟ ɢɥɢ ɭɫɬɚɧɨɜɢɬɶ ɹɜɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ 
ɩɚɪɚɦɟɬɪɚɦɢ ɫɢɫɬɟɦɵ ɢ ɜɢɞɨɦ ɪɟɲɟɧɢɹ. ɉɨɷɬɨɦɭ 
ɜ ɬɟɨɪɢɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɲɢɪɨɤɨ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢɛɥɢɠɟɧɧɵɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ 
ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ Д4Ж. ȼ ɱɚɫɬɧɨɫɬɢ, 
ɩɪɢɦɟɧɟɧɢɟ ɱɚɫɬɨɬɧɵɯ ɦɟɬɨɞɨɜ ɩɨɡɜɨɥɹɟɬ ɛɟɡ 
ɧɚɯɨɠɞɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɢ 
ɫɨɛɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 
ɭɪɚɜɧɟɧɢɣ ɨɫɭɳɟɫɬɜɥɹɬɶ ɚɧɚɥɢɡ ɩɟɪɟɯɨɞɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɫɢɫɬɟɦ ɜɵɫɨɤɨɝɨ 
ɩɨɪɹɞɤɚ ɢ ɫɢɫɬɟɦ ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ 
ɩɚɪɚɦɟɬɪɚɦɢ. ɑɚɫɬɨɬɧɵɣ ɦɟɬɨɞ ɚɧɚɥɢɡɚ 
ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɨɫɧɨɜɚɧ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɱɚɫɬɨɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ 
ɨɩɪɟɞɟɥɟɧɵ ɩɨ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɫɢɫɬɟɦɵ 
ɢɥɢ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɉɪɢ ɷɬɨɦ ɩɟɪɟɞɚɬɨɱɧɚɹ 
ɮɭɧɤɰɢɹ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɛɵɬɶ ɧɟ ɬɨɥɶɤɨ ɞɪɨɛɧɨ-

ɪɚɰɢɨɧɚɥɶɧɨɣ, ɧɨ ɢ ɬɪɚɧɫɰɟɧɞɟɧɬɧɨɣ ɮɭɧɤɰɢɟɣ 
Д2Ж. ɉɨɷɬɨɦɭ ɞɚɧɧɵɣ ɦɟɬɨɞ ɹɜɥɹɟɬɫɹ 
ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɢ ɩɨɡɜɨɥɹɟɬ ɪɟɲɚɬɶ ɡɚɞɚɱɭ 
ɩɨɫɬɪɨɟɧɢɹ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫɢɫɬɟɦ 
ɭɩɪɚɜɥɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɯ ɤɚɤ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɟ, 
ɬɚɤ ɢ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ. 

1. Чɚɫɬɨɬɧɵɣ ɦɟɬɨɞ ɪɚɫɱɟɬɚ ɩɟɪɟɯɨɞɧɵɯ
ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɉɭɫɬɶ )( p , Cp , – ɧɟɤɨɬɨɪɚɹ
ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ. Ȼɭɞɟɦ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ )( p  – 

ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ ɜ ɩɪɚɜɨɣ ɩɨɥɭɩɥɨɫɤɨɫɬɢ ɢ 
ɧɚ ɦɧɢɦɨɣ ɨɫɢ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ Cp . 

ɉɭɫɬɶ, ɤɪɨɦɟ ɬɨɝɨ, )(tg  – ɩɪɨɢɡɜɨɥɶɧɨɟ ɡɚɞɚɸɳɟɟ 
ɜɨɡɞɟɣɫɬɜɢɟ ɫɢɫɬɟɦɵ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɫɭɳɟɫɬɜɭɟɬ 
ɢɡɨɛɪɚɠɟɧɢɟ ɩɨ Ʌɚɩɥɚɫɭ. Ɍɨɝɞɚ ɢɡɨɛɪɚɠɟɧɢɟ ɩɨ 
Ʌɚɩɥɚɫɭ ɞɥɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɮɨɪɦɭɥɨɣ 

)()()( pGppX  .          (1) 

Ʉɚɤ ɢɡɜɟɫɬɧɨ Д3Ж, ɮɨɪɦɭɥɚ (1) ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɨɪɢɝɢɧɚɥɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɜɟɪɬɤɭ 

 
t

dtgtx
0

)()()(  , 0t .        (2) 

Ɂɞɟɫɶ )(t  – ɢɦɩɭɥɶɫɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ
ɫɢɫɬɟɦɵ ɫ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ )( p , ɬ.ɟ. 
ɪɟɚɤɰɢɹ ɫɢɫɬɟɦɵ ɫ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ )( p  

ɧɚ ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ ɜ ɜɢɞɟ ɞɟɥɶɬɚ-ɮɭɧɤɰɢɢ Ⱦɢɪɚɤɚ 
ɩɪɢ ɧɭɥɟɜɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɚ ɩɨɫɬɪɨɟɧɢɹ 
ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢ 
ɩɪɨɢɡɜɨɥɶɧɨɦ ɜɯɨɞɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɫɜɨɞɢɬɫɹ ɤ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɸ ɧɟɤɨɬɨɪɨɝɨ ɜɵɪɚɠɟɧɢɹ, 
ɫɨɞɟɪɠɚɳɟɝɨ ɢɦɩɭɥɶɫɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɵ. 

ȼɵɪɚɠɟɧɢɟ ɞɥɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ )(tx

ɢɦɟɟɬ ɜɢɞ Д3Ж 







j

j

pt
dpepX

j
tx




)(

2

1
)( , 0t ,        (3) 

ɝɞɟ 





0

)()( dtetxpX
pt

,        (4) 

  – ɚɛɫɰɢɫɫɚ ɚɛɫɨɥɸɬɧɨɣ ɫɯɨɞɢɦɨɫɬɢ ɮɭɧɤɰɢɢ 
)( pX ; ɜ ɩɨɥɭɩɥɨɫɤɨɫɬɢ pRe  ɢɡɨɛɪɚɠɟɧɢɟ 
)( pX  – ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ. ɂɡ ɮɨɪɦɭɥɵ (3) 

ɩɨɫɥɟ ɷɥɟɦɟɧɬɚɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɨɥɭɱɚɟɦ 
ɫɥɟɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ 
[5]: 






 



dejXtx

tj )()(
2

1
)( , 0t .       (5) 

ȿɫɥɢ 0 , ɬɨ ɮɨɪɦɭɥɚ (5) ɩɪɢɨɛɪɟɬɚɟɬ ɜɢɞ 






 



dejXtx

tj)(
2

1
)( , 0t .        (6) 

Ɍɚɤ ɤɚɤ 0)( tx  ɩɪɢ 0t , ɬɨ ɢɡ (6) ɩɨɥɭɱɚɟɦ 






 



dejX

tj)(
2

1
0 .        (7) 

ɉɭɫɬɶ )()()( 
IR

jXXjX  , ɝɞɟ )(
R

X  ɢ 
)(

I
X – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɟɳɟɫɬɜɟɧɧɚɹ ɢ ɦɧɢɦɚɹ
ɱɚɫɬɨɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɉɪɢ ɷɬɨɦ, )(

R
X – 

ɱɟɬɧɚɹ, ɚ )(
I

X – ɧɟɱɟɬɧɚɹ ɮɭɧɤɰɢɢ ɚɪɝɭɦɟɧɬɚ
 . Ɍɨɝɞɚ, ɫɤɥɚɞɵɜɚɹ ɮɨɪɦɭɥɵ (6) ɢ (7), ɩɨɥɭɱɚɟɦ 
ɫɥɟɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ: 

.cos)(
2

cos)(
1

))((
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1
)(

0





























tdXtdjX

deejXtx

R

tjtj

  (8) 

ȼɵɱɢɬɚɹ ɢɡ ɜɵɪɚɠɟɧɢɹ (6) ɜɵɪɚɠɟɧɢɟ (7), 
ɢɦɟɟɦ 
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
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deejXtx
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tjtj

   (9) 

2. ɉɨɫɬɪɨɟɧɢɟ ɢɦɩɭɥɶɫɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ
ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɢɦɩɭɥɶɫɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɨɥɨɠɢɦ )()( ttg  , ɝɞɟ )(t  – ɞɟɥɶɬɚ-ɮɭɧɤɰɢɢ 
Ⱦɢɪɚɤɚ. Ɍɚɤ ɤɚɤ ɢɡɨɛɪɚɠɟɧɢɟ ɩɨ Ʌɚɩɥɚɫɭ ɞɥɹ 
ɞɟɥɶɬɚ-ɮɭɧɤɰɢɢ Ⱦɢɪɚɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ 

1)( t ,        (10) 

ɬɨ ɮɨɪɦɭɥɚ (1) ɩɪɢɧɢɦɚɟɬ ɜɢɞ 

)()( ppX  .      (11) 

Ɍɚɤ ɤɚɤ )( p  – ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ 
ɭɫɬɨɣɱɢɜɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɬɨ )( pX  

ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ ɜ ɩɪɚɜɨɣ 
ɩɨɥɭɩɥɨɫɤɨɫɬɢ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ ɢ ɧɚ 
ɦɧɢɦɨɣ ɨɫɢ ɢ ɩɨɷɬɨɦɭ ɦɨɠɧɨ ɩɨɥɨɠɢɬɶ 0 . 

Ɍɨɝɞɚ ɢɦɩɭɥɶɫɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ )(t  ɦɨɠɟɬ
ɛɵɬɶ ɧɚɣɞɟɧɚ ɩɨ ɮɨɪɦɭɥɚɦ (8) ɢɥɢ (9), ɬ. ɟ. 





00

sin)(
2

cos)(
2

)( 





 tdItdRt ,  (12) 

ɝɞɟ )(R  ɢ )(I  – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɟɳɟɫɬɜɟɧɧɚɹ 
ɢ ɦɧɢɦɚɹ ɱɚɫɬɨɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ )( j . 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɢ 
ɩɪɨɢɡɜɨɥɶɧɨɦ ɜɯɨɞɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ 
ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɮɨɪɦɭɥɨɣ ɫɜɟɪɬɤɢ (2). Ɍɚɤ ɤɚɤ 
ɢɦɩɭɥɶɫɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɦɨɠɟɬ ɛɵɬɶ 
ɜɵɱɢɫɥɟɧɚ ɩɨ ɮɨɪɦɭɥɚɦ (12) ɢ ɜɯɨɞɧɨɟ 
ɜɨɡɞɟɣɫɬɜɢɟ )(tg  ɢɡɜɟɫɬɧɨ, ɬɨ ɩɪɢɦɟɧɹɹ 
ɨɩɢɫɚɧɧɵɟ ɜɵɲɟ ɮɨɪɦɭɥɵ ɞɥɹ ɱɢɫɥɟɧɧɨɝɨ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɧɟɫɨɛɫɬɜɟɧɧɵɯ ɢɧɬɟɝɪɚɥɨɜ, 
ɦɨɠɧɨ ɧɚɣɬɢ ɪɟɚɤɰɢɸ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɩɪɨɢɡɜɨɥɶɧɨɟ ɜɯɨɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 

)(tg . 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ 
ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɧɚɪɹɞɭ ɫ ɢɦɩɭɥɶɫɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɪɚɫɫɱɢɬɵɜɚɸ ɩɟɪɟɯɨɞɧɭɸ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ )(th , ɬ. ɟ. ɪɟɚɤɰɢɸ ɫɢɫɬɟɦɵ ɧɚ 
ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ ɜ ɜɢɞɟ ɮɭɧɤɰɢɢ ɏɟɜɢɫɚɣɞɚ 
(ɮɭɧɤɰɢɢ ɟɞɢɧɢɱɧɨɝɨ ɫɤɚɱɤɚ) ɩɪɢ ɧɭɥɟɜɵɯ 
ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. ɋɨɝɥɚɫɧɨ ɨɩɪɟɞɟɥɟɧɢɸ 
ɩɟɪɟɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɨɠɢɦ )(1)( ttg  , 

ɝɞɟ )(1 t  – ɮɭɧɤɰɢɹ ɏɟɜɢɫɚɣɞɚ. Ɍɨɝɞɚ ɩɟɪɟɯɨɞɧɚɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɢɫɬɟɦɵ )(th  ɜ ɫɢɥɭ ɮɨɪɦɭɥɵ (2) 
ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɮɭɧɤɰɢɢ ɏɟɜɢɫɚɣɞɚ ɢɦɟɟɬ ɜɢɞ 


t

dth
0

)()(  , 0t .      (13) 

Ⱦɥɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɜɵɱɢɫɥɟɧɢɹ 
ɢɦɩɭɥɶɫɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɮɨɪɦɭɥɚɦɢ (12) ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞɵ 
ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɧɟɫɨɛɫɬɜɟɧɧɵɯ 
ɢɧɬɟɝɪɚɥɨɜ. ȼ ɱɚɫɬɧɨɫɬɢ, ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɫɥɟɞɭɸɳɢɣ ɩɨɞɯɨɞ Д1Ж. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ 
ɢɧɬɟɝɪɚɥɚ ɜɢɞɚ 





a

dzzfJ )(      (14) 

ɩɪɟɞɫɬɚɜɢɦ J  ɤɚɤ ɫɭɦɦɭ ɨɩɪɟɞɟɥɟɧɧɨ ɢɧɬɟɝɪɚɥɚ 
1

J  ɩɨ ɤɨɧɟɱɧɨɦɭ ɩɪɨɦɟɠɭɬɤɭ ],[ ba  ɢ 
ɧɟɫɨɛɫɬɜɟɧɧɨɝɨ ɢɧɬɟɝɪɚɥɚ 

2
J  ɩɨ ɩɪɨɦɟɠɭɬɤɭ 

),[ b , ɬ. ɟ. 

21
)()()( JJdzzfdzzfdzzfJ

b

b

aa

 


.     (15) 

Ɂɞɟɫɶ ab   — ɧɟɤɨɬɨɪɨɟ ɱɢɫɥɨ, ɤɨɬɨɪɨɟ 
ɫɥɟɞɭɟɬ ɜɵɛɢɪɚɬɶ ɢɡ ɭɫɥɨɜɢɹ  

||
2

J          (16) 

ɞɥɹ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɧɚɩɟɪɟɞ ɡɚɞɚɧɧɨɝɨ ɱɢɫɥɚ  . 

ɉɪɢ ɷɬɨɦ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢɟɦ, ɤɨɬɨɪɵɣ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɢɡɦɟɧɟɧɢɢ b , 

ɧɚɩɪɢɦɟɪ, ɤɚɤ 
0

b , 
0

2b , 
0

4b , 
0

8b  ɢ ɬ. ɞ., ɝɞɟ 
0

b  – 

ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ b , ɫ ɤɨɧɬɪɨɥɟɦ ɧɚ ɤɚɠɞɨɣ 
i -ɣ ɫɬɚɞɢɢ ɭɫɥɨɜɢɹ 

  ||
1,2,2 ii

JJ .        (17) 

ɂɧɬɟɝɪɚɥ 
1

J  ɦɨɠɧɨ ɜɵɱɢɫɥɹɬɶ ɫ ɩɨɦɨɳɶɸ 
ɦɟɬɨɞɚ Ƚɚɭɫɫɚ. Ɇɟɬɨɞ Ƚɚɭɫɫɚ ɨɫɧɨɜɚɧ ɧɚ 
ɢɧɬɟɪɩɨɥɹɰɢɢ )(zf  ɩɨɥɢɧɨɦɨɦ Ʌɚɝɪɚɧɠɚ, ɧɨ 
ɚɛɫɰɢɫɫɵ 

i
z  ɜɵɛɢɪɚɸɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɦɢɧɢɦɭɦɚ ɩɨɝɪɟɲɧɨɫɬɢ ɢɧɬɟɪɩɨɥɹɰɢɢ. ɉɪɢ ɷɬɨɦ 
ɢɧɬɟɝɪɚɥ 

1
J  ɩɨɞɫɬɚɧɨɜɤɨɣ 

y
abab

z
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

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ɫɜɨɞɢɬɫɹ ɤ ɜɢɞɭ 
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


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yfAdyyfJ

1

1

1
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)()( .      (19) 

Ɇɟɬɨɞ Ƚɚɭɫɫɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɜɵɲɟɧɧɭɸ 
ɬɨɱɧɨɫɬɶ – ɮɨɪɦɭɥɚ ɜɟɪɧɚ ɞɥɹ ɩɨɥɢɧɨɦɨɜ ɞɨ 

)12( n -ɣ ɫɬɟɩɟɧɢ. Ⱦɥɹ 3n  ɢɦɟɟɦ 

3/1,9/5

,0,9/8
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


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tA

tA

tA

.   (20) 

Ɉɫɬɚɬɨɱɧɵɣ ɱɥɟɧ (ɩɨɝɪɟɲɧɨɫɬɶ) ɩɪɢ ɷɬɨɦ 
ɪɚɜɟɧ 
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).(
215750

1 )4(

7

3
f

ab






 

       (21) 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 
ɨɬɪɟɡɨɤ ],[ ba  ɞɪɨɛɢɬɫɹ ɧɚ m  ɱɚɫɬɟɣ. 

3. ɉɪɢɦɟɪɵ
ɋ ɩɨɦɨɳɶɸ ɨɩɢɫɚɧɧɨɣ ɜɵɲɟ ɦɟɬɨɞɢɤɢ 

ɩɨɫɬɪɨɢɦ ɩɟɪɟɯɨɞɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɞɥɹ 
ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɫ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ 

1

1
)(




p
p .      (22) 

ɇɟɬɪɭɞɧɨ ɩɪɨɜɟɪɢɬɶ, ɱɬɨ ɩɟɪɟɯɨɞɧɚɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɥɹ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɢɦɟɟɬ ɜɢɞ 

t
eth
1)( .      (23) 

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɨɱɧɚɹ ɢ ɪɚɫɱɟɬɧɚɹ 
ɩɟɪɟɯɨɞɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ ɫ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ (22). 
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɤɪɢɜɵɟ ɫɨɜɩɚɥɢ. 

Ɋɢɫ. 1. ɉɟɪɟɯɨɞɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Fig. 1. Transient responses 

ɇɚ ɪɢɫ. 2 ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɟɪɟɯɨɞɧɚɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ ɫɨ ɫɥɟɞɭɸɳɟɣ ɩɟɪɟɞɚɬɨɱɧɨɣ 
ɮɭɧɤɰɢɟɣ Д8Ж: 

)1(sh)1(

2shch1sh)1(
)(

2

22





pp

pp
p .      (24) 

ȼɫɟ ɪɚɫɱɟɬɵ ɢ ɝɪɚɮɢɱɟɫɤɢɟ ɩɨɫɬɪɨɟɧɢɹ 
ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɜ ɩɚɤɟɬɟ Matlab. 
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Ɋɢɫ. 2. ɉɟɪɟɯɨɞɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 

Fig. 2. Transient response

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
Ƚɨɫɡɚɞɚɧɢɟɦ № 1.759.2016/ȾААȾ “ɉɪɨɜɟɞɟɧɢɟ 
ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ ɜ ɪɚɦɤɚɯ 
ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɧɚɭɱɧɨ-ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ 
ɫɨɬɪɭɞɧɢɱɟɫɬɜɚ ɩɨ ɩɪɨɝɪɚɦɦɟ «Ɇɢɯɚɢɥ 
Ʌɨɦɨɧɨɫɨɜ» ɩɨ ɬɟɦɟ: «Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɢ 
ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ ɫ 
ɪɚɫɩɪɟɞɟɥёɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ»”. 
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Abstract 
The article describes the introduction of an automated document management system in small 

enterprises through the development of information system software tool "1C: Enterprise". It 

describes the stages of developing a conceptual model of the relationship with the construction of 

the circuit configuration of entities and development of an information system with the 

description of the subsystems that implement functions to be automated; documents for working 

with documents procedures; reports. 
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Вɜɟɞɟɧɢɟ 

ɋɨɜɪɟɦɟɧɧɨɟ ɪɚɡɜɢɬɢɟ ɦɚɥɨɝɨ ɛɢɡɧɟɫɚ 
ɫɬɚɥɤɢɜɚɟɬɫɹ ɫ ɛɨɥɶɲɢɦ ɨɛɴɟɦɨɦ ɩɨɫɬɨɹɧɧɨ 
ɢɡɦɟɧɹɸɳɟɣɫɹ ɢɧɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɭɸ 
ɧɟɨɛɯɨɞɢɦɨ ɨɩɟɪɚɬɢɜɧɨ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɢ 
ɩɪɢɧɢɦɚɬɶ ɩɪɚɜɢɥɶɧɵɟ ɪɟɲɟɧɢɹ. Ɋɚɫɲɢɪɟɧɢɟ 
ɛɢɡɧɟɫɚ ɬɪɟɛɭɟɬ ɫɜɨɟɜɪɟɦɟɧɧɨɝɨ ɱɟɬɤɨɝɨ 
ɤɨɧɬɪɨɥɹ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɪɟɞɨɫɬɚɜɢɬɶ ɬɨɥɶɤɨ 
ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɛɢɡɧɟɫ-ɩɪɨɰɟɫɫɨɜ. 

ɇɚ ɪɵɧɤɟ ɭɫɥɭɝ ɫɭɳɟɫɬɜɭɟɬ ɨɝɪɨɦɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɨɜ, 
ɩɨɡɜɨɥɹɸɳɢɯ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɞɟɣɫɬɜɢɹ 
ɤɨɦɩɚɧɢɣ. ɉɪɢ ɷɬɨɦ ɦɚɥɵɟ ɩɪɟɞɩɪɢɹɬɢɹ ɩɨ ɜɫɟɣ 
ɫɩɟɰɢɮɢɤɟ ɢɫɩɨɥɶɡɭɸɬ ɧɟɛɨɥɶɲɢɟ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɛɚɡɵ ɞɚɧɧɵɯ. ɂɦɟɧɧɨ ɞɥɹ ɬɚɤɢɯ 

ɨɪɝɚɧɢɡɚɰɢɣ ɮɢɪɦɨɣ «1ɋ» ɪɚɡɪɚɛɨɬɚɧɚ ɫɢɫɬɟɦɚ 
«1ɋ: ɉɪɟɞɩɪɢɹɬɢɟ», ɤɨɬɨɪɚɹ ɨɬɨɛɪɚɠɚɟɬ 
ɢɧɬɟɪɩɪɟɬɚɬɨɪ ɢ ɪɚɛɨɱɢɣ ɤɨɧɮɢɝɭɪɚɬɨɪ [1, 2]. 

Ⱦɨɤɭɦɟɧɬɨɨɛɨɪɨɬ ɦɚɥɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ 
ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɩɪɟɞɩɪɢɧɢɦɚɬɟɥɹ ɂɫɦɚɝɢɥɨɜɚ 
Ⱦ.Ɋ. ɩɪɨɜɨɞɢɥɫɹ ɬɨɥɶɤɨ ɜ ɪɭɱɧɨɦ ɛɭɦɚɠɧɨɦ 
ɜɚɪɢɚɧɬɟ. ɗɬɨ ɬɨɪɦɨɡɢɥɨ ɪɚɡɜɢɬɢɟ ɩɪɟɞɩɪɢɹɬɢɹ. 

Ɉɛɴɟɤɬɵ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

Ⱦɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɞɨɤɭɦɟɧɬɨɨɛɨɪɨɬɚ 
ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨɬɚɬɶ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ 
ɫɢɫɬɟɦɭ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɥɚ ɪɟɚɥɢɡɨɜɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɜɨɡɦɨɠɧɨɫɬɢ: ɡɚɩɢɫɶ ɢ ɭɱɟɬ 
ɢɦɟɸɳɢɯɫɹ ɬɨɜɚɪɨɜ ɢ ɭɫɥɭɝ ɜ ɦɚɝɚɡɢɧɟ; 
ɞɨɛɚɜɥɟɧɢɟ ɞɚɧɧɵɯ ɨ ɧɨɜɵɯ ɫɨɬɪɭɞɧɢɤɚɯ; 
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ɞɨɛɚɜɥɟɧɢɟ ɞɚɧɧɵɯ ɨ ɧɨɜɵɯ ɤɥɢɟɧɬɚɯ; ɭɫɬɚɧɨɜɤɚ 
ɰɟɧ ɧɚ ɬɨɜɚɪɵ ɢ ɭɫɥɭɝɢ; ɫɨɡɞɚɧɢɟ ɨɬɱɟɬɚ ɩɨ 
ɨɤɚɡɚɧɧɵɦ ɭɫɥɭɝɚɦ ɤɥɢɟɧɬɭ; ɫɨɡɞɚɧɢɟ ɨɬɱɟɬɚ ɩɨ 
ɨɤɚɡɚɧɧɵɦ ɭɫɥɭɝɚɦ ɫɨɬɪɭɞɧɢɤɚ; ɨɮɨɪɦɥɟɧɢɟ 
ɩɟɪɜɢɱɧɵɯ ɞɨɤɭɦɟɧɬɨɜ; ɨɪɝɚɧɢɡɚɰɢɹ ɞɜɢɠɟɧɢɹ 
ɬɨɜɚɪɨɜ ɧɚ ɫɤɥɚɞɟ.  

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ 
ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɞɜɚ ɨɫɧɨɜɧɵɯ ɷɬɚɩɚ: ɪɚɡɪɚɛɨɬɤɚ 
ɤɨɧɰɟɩɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɢ ɪɟɚɥɢɡɚɰɢɹ ɜ «1ɋ: 
ɉɪɟɞɩɪɢɹɬɢɟ». 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɨɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ 
ɨɫɧɨɜɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɫɢɫɬɟɦɵ: 

 ɋɭɳɧɨɫɬɶ ɉɪɟɞɩɪɢяɬɢɟ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ
ɫɥɟɞɭɸɳɢɟ ɩɨɥɹ: ɉɪɟɞɩɪɢяɬɢɟ (ɈȽɊɇ 
(ɩɟɪɜɢɱɧɵɣ ɤɥɸɱ), ɂɇɇ, ɧɚɢɦɟɧɨɜɚɧɢɟ, ɚɞɪɟɫ, 
ɬɟɥɟɮɨɧ). 

 ɋɭɳɧɨɫɬɶ ɋɨɬɪɭɞɧɢɤɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ
ɫɥɟɞɭɸɳɢɟ ɩɨɥɹ: ɋɨɬɪɭɞɧɢɤ (ɩɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ 

(ɩɟɪɜɢɱɧɵɣ ɤɥɸɱ), ɎɂɈ, ɚɞɪɟɫ, ɞɚɬɚ ɪɨɠɞɟɧɢɹ, 
ɬɟɥɟɮɨɧ, ɞɨɥɠɧɨɫɬɶ). 

 ɋɭɳɧɨɫɬɶ Ⱦɨɤɭɦɟɧɬɵ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ
ɫɥɟɞɭɸɳɢɟ ɩɨɥɹ: Ⱦɨɤɭɦɟɧɬɵ (ɨɬɱɟɬɵ, ɞɨɝɨɜɨɪɚ, 
ɬɨɜɚɪɧɵɟ ɱɟɤɢ). 

 ɋɭɳɧɨɫɬɶ ɋɤɥɚɞ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ
ɫɥɟɞɭɸɳɢɟ ɩɨɥɹ: ɋɤɥɚɞ (ɩɪɢɯɨɞ, ɪɚɫɯɨɞ, 
ɨɫɬɚɬɨɤ). 

 ɋɭɳɧɨɫɬɶ ɍɫɥɭɝɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ
ɫɥɟɞɭɸɳɢɟ ɩɨɥɹ: ɍɫɥɭɝɢ (ɤɨɞ ɭɫɥɭɝɢ (ɩɟɪɜɢɱɧɵɣ 
ɤɥɸɱ), ɧɚɢɦɟɧɨɜɚɧɢɟ, ɰɟɧɚ, ɞɚɬɚ ɨɮɨɪɦɥɟɧɢɹ 
ɡɚɹɜɤɢ ɧɚ ɭɫɥɭɝɢ). 

 ɋɭɳɧɨɫɬɶ Ʉɥɢɟɧɬɵ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ
ɫɥɟɞɭɸɳɢɟ ɩɨɥɹ: Ʉɥɢɟɧɬɵ (ɎɂɈ (ɩɟɪɜɢɱɧɵɣ 
ɤɥɸɱ), ɚɞɪɟɫ, ɬɟɥɟɮɨɧ).Д1Ж 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ 
ɜɡɚɢɦɨɫɜɹɡɢ ɫɭɳɧɨɫɬɟɣ. 

Ɋɢɫ. 1. Ʉɨɧɰɟɩɬɭɚɥɶɧɚɹ ɦɨɞɟɥɶ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ. 
Fig. 1. Conceptual model of the information system

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 

ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨɬɚɬɶ 
ɤɨɧɮɢɝɭɪɚɰɢɸ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ 
ɦɚɝɚɡɢɧɚ «Ⱦɜɟɪɢ» ɛɵɥɢ ɫɨɡɞɚɧɵ ɫɥɟɞɭɸɳɢɟ 
ɨɛɴɟɤɬɵ ɤɨɧɮɢɝɭɪɚɰɢɢ. 

Ɉɛɴɟɤɬɵ ɉɨɞɫɢɫɬɟɦɵ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ 
ɜɵɩɨɥɧɟɧɢɹ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɮɭɧɤɰɢɣ. 

1. Ɉɤɚɡɚɧɢɟɍɫɥɭɝ (ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ 
ɫɥɟɞɭɸɳɢɯ ɮɭɧɤɰɢɣ: ɞɨɛɚɜɥɟɧɢɟ ɞɚɧɧɵɯ ɨ ɧɨɜɵɯ 
ɫɨɬɪɭɞɧɢɤɚɯ; ɞɨɛɚɜɥɟɧɢɟ ɞɚɧɧɵɯ ɨ ɧɨɜɵɯ 
ɤɥɢɟɧɬɚɯ; ɫɨɡɞɚɧɢɟ ɨɬɱɟɬɚ ɩɨ ɨɤɚɡɚɧɧɵɦ ɭɫɥɭɝɚɦ 
ɤɥɢɟɧɬɭ; ɫɨɡɞɚɧɢɟ ɨɬɱɟɬɚ ɩɨ ɨɤɚɡɚɧɧɵɦ ɭɫɥɭɝɚɦ 

ɫɨɬɪɭɞɧɢɤɚ; ɨɮɨɪɦɥɟɧɢɟ ɩɟɪɜɢɱɧɵɯ ɞɨɤɭɦɟɧɬɨɜ).  
Ʉɨɦɩɨɧɟɧɬɵ ɩɨɞɫɢɫɬɟɦɵ Ɉɤɚɡɚɧɢɟɍɫɥɭɝ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2. 

2. ɍɱɟɬɌɨɜɚɪɨɜ (ɪɟɚɥɢɡɭɟɬ ɬɚɤɢɟ ɮɭɧɤɰɢɢ,
ɤɚɤ: ɡɚɩɢɫɶ ɢ ɭɱɟɬ ɢɦɟɸɳɢɯɫɹ ɬɨɜɚɪɨɜ ɜ 
ɦɚɝɚɡɢɧɟ; ɭɫɬɚɧɨɜɤɚ ɰɟɧ ɧɚ ɬɨɜɚɪɵ ɢ ɭɫɥɭɝɢ; 
ɨɪɝɚɧɢɡɚɰɢɹ ɞɜɢɠɟɧɢɹ ɬɨɜɚɪɨɜ ɧɚ ɫɤɥɚɞɟ). 

Ɉɛɴɟɤɬɵ ɋɩɪɚɜɨɱɧɢɤɢ ɫɨɞɟɪɠɚɬ ɨɫɧɨɜɧɭɸ 
ɢɧɮɨɪɦɚɰɢɸ ɧɚɲɟɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ. 

1. Ʉɥɢɟɧɬɵ. ɋɩɪɚɜɨɱɧɢɤ ɫɨɞɟɪɠɢɬ ɞɚɧɧɵɟ ɨ
ɤɥɢɟɧɬɚɯ (ɫɭɳɧɨɫɬɶ ɤɥɢɟɧɬɵ). 
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Ɋɢɫ. 2. ɉɨɞɫɢɫɬɟɦɚ Ɉɤɚɡɚɧɢɟɍɫɥɭɝ 

Fig.2. The Provision of Services subsystem 

2. ɋɨɬɪɭɞɧɢɤɢ. ȼ ɷɬɨɦ ɫɩɪɚɜɨɱɧɢɤɟ 
ɫɨɞɟɪɠɢɬɫɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɫɨɬɪɭɞɧɢɤɚɯ ɦɚɝɚɡɢɧɚ, 
ɪɟɤɜɢɡɢɬɵ ɫɩɪɚɜɨɱɧɢɤɚ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɨɥɹɦ 
ɫɭɳɧɨɫɬɢ ɫɨɬɪɭɞɧɢɤɢ. 

3. ɇɨɦɟɧɤɥɚɬɭɪɚ. ɂɟɪɚɪɯɢɱɟɫɤɢɣ ɫɩɪɚɜɨɱɧɢɤ,

ɫɨɞɟɪɠɚɳɢɣ ɜ ɫɟɛɟ ɞɚɧɧɵɟ ɨ ɬɨɜɚɪɚɯ ɢ ɭɫɥɭɝɚɯ 
ɦɚɝɚɡɢɧɚ (ɇɚɢɦɟɧɨɜɚɧɢɟ: ɋɬɪɨɤɚ, 
ȼɢɞɇɨɦɟɧɤɥɚɬɭɪɵ: ɉɟɪɟɱɢɫɥɟɧɢɟɋɫɵɥɤɚ). 

Ⱦɨɤɭɦɟɧɬɨɨɛɨɪɨɬ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɫɥɟɞɭɸɳɢɟ ɨɛɴɟɤɬɵ ɤɨɧɮɢɝɭɪɚɰɢɢ 
Ⱦɨɤɭɦɟɧɬɵ ɢ Ɉɬɱɟɬɵ.  

1. Ⱦɨɤɭɦɟɧɬ Ɉɤɚɡɚɧɢɟɍɫɥɭɝ ɫɥɭɠɢɬ ɞɥɹ
ɨɮɨɪɦɥɟɧɢɹ ɡɚɤɚɡɚ ɤɥɢɟɧɬɚ, ɮɢɤɫɢɪɭɟɬ 
ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɟ ɭɫɥɭɝɢ ɢ ɪɚɫɯɨɞ ɬɨɜɚɪɨɜ, 
ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ ɨɤɚɡɚɧɢɢ ɷɬɢɯ ɭɫɥɭɝ 
(Ɋɟɤɜɢɡɢɬɵ: ɋɤɥɚɞ, Ʉɥɢɟɧɬ, Ɇɚɫɬɟɪ; Ɍɚɛɥɢɱɧɚɹ 
ɱɚɫɬɶ: ɉɟɪɟɱɟɧɶɇɨɦɟɧɤɥɚɬɭɪɵ, ɪɟɤɜɢɡɢɬɵ: 
ɇɨɦɟɧɤɥɚɬɭɪɚ, Ʉɨɥɢɱɟɫɬɜɨ, ɐɟɧɚ, ɋɭɦɦɚ, 
ɋɬɨɢɦɨɫɬɶ). 

ɉɪɢ ɪɚɛɨɬɟ ɫ ɮɨɪɦɨɣ ɞɨɤɭɦɟɧɬɚ ɜ ɦɨɞɭɥɟ 
Ɋɚɛɨɬɵ ɫ ɞɨɤɭɦɟɧɬɚɦɢ ɛɵɥɢ ɫɨɡɞɚɧɵ 
ɩɪɨɰɟɞɭɪɵ: 

 ɉɪɨɰɟɞɭɪɚ
ɉɟɪɟɱɟɧɶɇɨɦɟɧɤɥɚɬɭɪɵɄɨɥɢɱɟɫɬɜɨɉɪɢИɡɦɟɧɟɧɢ
ɢ() ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɩɨɞɫɱɟɬɚ ɫɭɦɦɵ ɩɪɢ 
ɢɡɦɟɧɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɨɤɚɡɚɧɧɵɯ ɭɫɥɭɝ ɨɞɧɨɝɨ 
ɜɢɞɚ; 

&ɇɚɄɥɢɟɧɬɟ 

ɉɪɨɰɟɞɭɪɚ  
ɉɟɪɟɱɟɧɶɇɨɦɟɧɤɥɚɬɭɪɵɄɨɥɢɱɟɫɬɜɨɉɪɢɂɡɦɟ

ɧɟɧɢɢ(ɗɥɟɦɟɧɬ) 
ɋɬɪɨɤɚɌɚɛɥɢɱɧɨɣɑɚɫɬɢ=ɗɥɟɦɟɧɬɵ.ɉɟɪɟɱɟɧɶ

ɇɨɦɟɧɤɥɚɬɭɪɵ.ɌɟɤɭɳɢɟȾɚɧɧɵɟ; 
ɊɚɛɨɬɚɋȾɨɤɭɦɟɧɬɚɦɢ.Ɋɚɫɱɢɬɚɬɶɋɭɦɦɭ(ɋɬɪɨ

ɤɚɌɚɛɥɢɱɧɨɣɑɚɫɬɢ); 
Ʉɨɧɟɰɉɪɨɰɟɞɭɪɵ 
 ɉɪɨɰɟɞɭɪɚ

ɉɟɪɟɱɟɧɶɇɨɦɟɧɤɥɚɬɭɪɵЦɟɧɚɉɪɢИɡɦɟɧɟɧɢɢ() 
ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɩɨɞɫɱɟɬɚ ɫɭɦɦɵ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 
ɰɟɧɵ ɨɤɚɡɚɧɧɵɯ ɭɫɥɭɝ ɨɞɧɨɝɨ ɜɢɞɚ; 

 ɉɟɪɟɱɟɧɶɇɨɦɟɧɤɥɚɬɭɪɵɇɨɦɟɧɤɥɚɬɭɪɚɉɪ
ɢИɡɦɟɧɟɧɢɢ() ɩɪɨɰɟɞɭɪɚ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɵɜɨɞɚ ɰɟɧɵ, ɩɪɢ ɢɡɦɟɧɟɧɢɢ 
ɜɢɞɚ ɨɤɚɡɵɜɚɟɦɨɣ ɭɫɥɭɝɢ, ɢ ɞɥɹ ɪɚɫɱɟɬɚ ɫɭɦɦɵ; 

 Ɏɭɧɤɰɢɹ Ɋɚɫɫɱɢɬɚɬɶɋɭɦɦɭ() ɧɟɨɛɯɨɞɢɦɚ
ɞɥɹ ɩɨɞɫɱɟɬɚ ɫɭɦɦɵ, ɧɚɯɨɞɢɬɫɹ ɜ ɨɛɳɟɦ ɦɨɞɭɥɟ; 

 ɉɪɨɰɟɞɭɪɚ ɉɟɱɚɬɶ(ɌɚɛȾɨɤ, ɋɫɵɥɤɚ) 
Ɉɤɚɡɚɧɢɟ ɭɫɥɭɝ ɮɨɪɦɢɪɭɟɬ ɬɚɛɥɢɰɭ ɫ ɡɚɤɚɡɨɦ 
ɤɥɢɟɧɬɚ; 

2. Ⱦɨɤɭɦɟɧɬ ɉɪɢɯɨɞɧɚяɇɚɤɥɚɞɧɚя ɮɢɤɫɢɪɭɟɬ
ɮɚɤɬ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɦɚɝɚɡɢɧ ɧɟɨɛɯɨɞɢɦɵɯ 
ɬɨɜɚɪɨɜ (ɪɟɤɜɢɡɢɬɵ: ɋɤɥɚɞ, Ɍɚɛɥɢɱɧɚɹ ɱɚɫɬɶ: 
Ɍɨɜɚɪɵ, ɪɟɤɜɢɡɢɬɵ: Ɍɨɜɚɪ, Ʉɨɥɢɱɟɫɬɜɨ, ɐɟɧɚ, 
ɋɭɦɦɚ). 

1. Ɉɬɱɟɬ Ɋɟɟɫɬɪ ɞɨɤɭɦɟɧɬɨɜ ɨɤɚɡɚɧɢɟ ɭɫɥɭɝɢ
ɜɵɜɨɞɢɬ ɫɩɢɫɨɤ ɫɭɳɟɫɬɜɭɸɳɢɯ ɜ ɛɚɡɟ ɞɚɧɧɵɯ 
ɞɨɤɭɦɟɧɬɨɜ Ɉɤɚɡɚɧɢɟɍɫɥɭɝɢ ɜ ɩɨɪɹɞɤɟ ɢɯ ɞɚɬ ɢ 
ɧɨɦɟɪɨɜ (ɪɢɫ. 3). 

Ɋɢɫ. 3. Ɉɬɱɟɬ Ɋɟɟɫɬɪ ɞɨɤɭɦɟɧɬɨɜ ɨɤɚɡɚɧɢɟ ɭɫɥɭɝɢ 

Fig. 3. The report documents Register of providing services
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2. Ɉɬɱɟɬ ȼɵɪɭɱɤɚ ɦɚɫɬɟɪɨɜ ɫɨɞɟɪɠɢɬ
ɢɧɮɨɪɦɚɰɢɸ ɨ ɬɨɦ, ɤɚɤɚɹ ɜɵɪɭɱɤɚ ɛɵɥɚ ɩɨɥɭɱɟɧɚ 
ɦɚɝɚɡɢɧɨɦ «Ⱦɜɟɪɢ» ɛɥɚɝɨɞɚɪɹ ɪɚɛɨɬɟ ɤɚɠɞɨɝɨ ɢɡ 

ɦɚɫɬɟɪɨɜ, ɫ ɞɟɬɚɥɢɡɚɰɢɟɣ ɩɨ ɜɫɟɦ ɞɧɹɦ ɜ 
ɜɵɛɪɚɧɧɨɦ ɩɟɪɢɨɞɟ ɢ ɪɚɡɜɨɪɨɬɨɦ ɩɨ ɤɥɢɟɧɬɚɦ, 
ɨɛɫɥɭɠɟɧɧɵɦ ɜ ɤɚɠɞɵɣ ɢɡ ɞɧɟɣ (ɪɢɫ. 4). 

Ɋɢɫ. 4. Ɉɬɱɟɬ ȼɵɪɭɱɤɚɆɚɫɬɟɪɨɜ 

Fig. 4. Report RevenueMasters

3. Ɉɬɱɟɬ Ɍɨɜɚɪ – ɩɨɤɚɡɵɜɚɟɬ ɞɜɢɠɟɧɢɟ
ɬɨɜɚɪɨɜ ɧɚ ɫɤɥɚɞɟ (ɪɢɫ. 5). 

Ɋɢɫ. 5. Ɉɬɱɟɬ Ɍɨɜɚɪ 

Fig. 5. Goods Report

Ɉɛɴɟɤɬɵ ɤɨɧɮɢɝɭɪɚɰɢɢ Ɋɟɝɢɫɬɪɵ – ɬɚɛɥɢɰɵ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɧɚɤɨɩɥɟɧɢɹ ɨɩɟɪɚɬɢɜɧɵɯ 
ɞɚɧɧɵɯ ɢ ɩɨɥɭɱɟɧɢɹ ɫɜɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. 

1. Ɋɟɝɢɫɬɪ Цɟɧɵ ɹɜɥɹɟɬɫɹ ɩɟɪɢɨɞɢɱɧɵɦ «ɜ
ɩɪɟɞɟɥɚɯ ɫɟɤɭɧɞɵ», ɧɟɡɚɜɢɫɢɦɵɣ. ɉɪɨɢɡɜɨɞɢɬ 
ɭɫɬɚɧɨɜɤɭ ɰɟɧ ɧɚ ɭɫɥɭɝɢ ɢ ɬɨɜɚɪɵ (ɢɡɦɟɪɟɧɢɹ: 
ɇɨɦɟɧɤɥɚɬɭɪɚ, ɪɟɫɭɪɫɵ: ɐɟɧɚ). ɗɬɨɬ ɪɟɝɢɫɬɪ 
ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɧɹɬɶ ɩɟɪɢɨɞɢɱɟɫɤɢ ɰɟɧɵ ɧɚ 
ɢɦɟɸɳɢɟɫɹ ɭɫɥɭɝɢ. 

2. Ɉɛɨɪɨɬɧɵɣ ɪɟɝɢɫɬɪ ɧɚɤɨɩɥɟɧɢɹ ɉɪɨɞɚɠɢ
(ɢɡɦɟɪɟɧɢɹ: ɇɨɦɟɧɤɥɚɬɭɪɚ, Ʉɥɢɟɧɬ, Ɇɚɫɬɟɪ, 
ɪɟɫɭɪɫɵ: Ʉɨɥɢɱɟɫɬɜɨ, ȼɵɪɭɱɤɚ, ɋɬɨɢɦɨɫɬɶ). 

Ⱦɥɹ ɩɟɱɚɬɢ ɞɨɤɭɦɟɧɬɨɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ 
ɫɢɫɬɟɦɵ ɢɫɩɨɥɶɡɭɸɬɫɹ Ɇɚɤɟɬɵ. 

ɉɟɱɚɬɧɚɹ ɮɨɪɦɚ ɞɨɤɭɦɟɧɬɚ Ɉɤɚɡɚɧɢɟɍɫɥɭɝ, 

ɝɞɟ ɩɪɨɩɢɫɵɜɚɸɬɫɹ ɬɨɜɚɪɵ ɢ ɭɫɥɭɝɢ, ɡɚɤɚɡɚɧɧɵɟ 
ɤɥɢɟɧɬɨɦ (ɪɢɫ. 6). 
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Ɋɢɫ. 6. Ɇɚɤɟɬ ɞɨɤɭɦɟɧɬɚ Ɉɤɚɡɚɧɢɟɍɫɥɭɝ ɜ ɪɟɠɢɦɟ ɤɨɧɮɢɝɭɪɚɬɨɪ 

Fig. 6. The layout of a document providing services in the configurator mode

Ɉɩɪɟɞɟɥɟɧɵ ɪɚɡɧɵɟ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɟ ɭɪɨɜɧɢ 
ɩɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɤɨɧɮɢɝɭɪɚɰɢɢ:  

1. Аɞɦɢɧɢɫɬɪɚɬɨɪ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɩɨɥɧɵɟ
ɩɪɚɜɚ ɧɚ ɪɚɛɨɬɭ ɫ ɞɚɧɧɵɦɢ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ 
ɛɚɡɵ. 

2. Ɇɚɫɬɟɪ. ɍɫɬɚɧɨɜɥɟɧɵ ɜɫɟ ɩɪɚɜɚ ɧɚ
ɨɛɴɟɤɬɵ ɤɨɧɮɢɝɭɪɚɰɢɢ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ 
ɩɨɞɫɢɫɬɟɦɚɦ Ɉɤɚɡɚɧɢɟɍɫɥɭɝ ɢ ɍɱɟɬɌɨɜɚɪɨɜ. Ⱦɥɹ 
ɫɩɪɚɜɨɱɧɢɤɚ ɋɨɬɪɭɞɧɢɤɢ ɭɫɬɚɧɨɜɢɦ ɡɚɩɪɟɬ ɩɪɚɜɚ 
Ⱦɨɛɚɜɥɟɧɢɟ, ɂɡɦɟɧɟɧɢɟ ɢ ɍɞɚɥɟɧɢɟ.  

ȼɵɜɨɞɵ. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ 
ɹɜɥɹɟɬɫɹ ɭɞɨɛɧɵɦ ɫɪɟɞɫɬɜɨɦ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 
ɜɟɞɟɧɢɹ ɞɨɤɭɦɟɧɬɚɰɢɢ ɢ ɞɥɹ ɭɱɟɬɚ ɨɤɚɡɵɜɚɟɦɵɯ 
ɭɫɥɭɝ ɢ ɜɧɟɞɪɟɧɚ ɜ ɞɟɹɬɟɥɶɧɨɫɬɶ ɦɚɝɚɡɢɧɚ 
«Ⱦɜɟɪɢ» ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɩɪɟɞɩɪɢɧɢɦɚɬɟɥɹ 
ɂɫɦɚɝɢɥɨɜ Ⱦ.Ɋ.  

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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ɉɪɟɞɩɪɢɹɬɢɟ 8.3»: ɉɪɚɤɬɢɱɟɫɤɨɟ ɩɨɫɨɛɢɟ 
ɪɚɡɪɚɛɨɬɱɢɤɚ / Ɇ.Ƚ. Ɋɚɞɱɟɧɤɨ. Ɇ., 2010. – 874 ɫ. 

2. Ɋɚɡɪɚɛɨɬɤɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɞɥɹ ɚɞɦɢɧɢɫɬɪɚɬɨɪɚ 
ɤɨɫɦɟɬɢɱɟɫɤɨɝɨ ɫɚɥɨɧɚ ɫɪɟɞɫɬɜɚɦɢ «1ɋ: 
ɉɪɟɞɩɪɢɹɬɢɟ 8.2» // ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ: 
ɬɟɨɪɢɹ, ɢɧɫɬɪɭɦɟɧɬɵ, ɩɪɚɤɬɢɤɚ. 2014. Ɍ.2. ɋ.359-365.  

References 
1. Radchenko M.G., Khrustalev E.Y. "1C: Enterprise

8.3": A Practical Guide Developer / MG Radchenko M.: 

2010. 874 p. 

2. Development of an Automated Information System

Administrator for a Beauty Salon with "1C: Enterprise 8.2" 

// Innovative Technologies: theory, tools and practices. 

2014. Vol.2. P.359-365. 



ʛˋ˘ˈˎё˅ ʑ.ʑ., ʠˋːˡˍ ʑ.ʒ. ʝ˔ːˑ˅ː˞ˈ ˒ˑˎˑˉˈːˋˢ ˠˍ˔˒ˈ˓˕ːˑˌ ˔ˋ˔˕ˈˏ˞ ˔ ˒˓˃˅ˋˎˑˏ ˅˞˅ˑˇ˃ 
ː˃ ˑ˔ːˑ˅ˈ ːˈ˚ё˕ˍˑˌ ˔˕ˈ˒ˈːˋ ˋ˔˕ˋːːˑ˔˕ˋ // ʜ˃˖˚ː˞ˌ ˓ˈˊ˖ˎ˟˕˃˕. 

Иː˗ˑ˓ˏ˃˙ˋˑːː˞ˈ ˕ˈ˘ːˑˎˑˆˋˋ. – ʡ.ͷ, №͹, ͸Ͷͷ6. 
43 

ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 

INFORMATION TECHNOLOGIES  

ɍȾɄ 004.891       DOI: 10.18413/2518-1092-2016-1-3-42-51 

Ɇɢɯɟɥёɜ ȼ.ȼ.
1
 

ɋɢɧɸɤ ȼ.Ƚ.
2 

ɈɋɇɈȼɇɕȿ ɉɈɅɈɀȿɇɂə ɗɄɋɉȿɊɌɇɈɃ ɋɂɋɌȿɆɕ ɋ ɉɊȺȼɂɅɈɆ 
ȼɕȼɈȾȺ ɇȺ ɈɋɇɈȼȿ ɇȿɑЁɌɄɈɃ ɋɌȿɉȿɇɂ ɂɋɌɂɇɇɈɋɌɂ 

1) ɦɚɝɢɫɬɪɚɧɬ ɤɚɮɟɞɪɵ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ,
Ȼɟɥɝɨɪɨɞɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ȼ.Ƚ. ɒɭɯɨɜɚ, Ʉɨɫɬɸɤɨɜɚ 46, 

ɝ. Ȼɟɥɝɨɪɨɞ, 308012, Ɋɨɫɫɢɹ. 
2) ɩɪɨɮɟɫɫɨɪ ɤɚɮɟɞɪɵ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ, ɤɚɧɞɢɞɚɬ

ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ, Ȼɟɥɝɨɪɨɞɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ȼ.Ƚ. ɒɭɯɨɜɚ, 
ɭɥ. Ʉɨɫɬɸɤɨɜɚ 46, ɝ. Ȼɟɥɝɨɪɨɞ, 308012, Ɋɨɫɫɢɹ. e-mail: vgsinuk@mail.ru 

Ⱥɧɧɨɬɚɰɢɹ 
Ɋɚɫɫɦɨɬɪɟɧ ɩɪɨɰɟɫɫ ɧɟɱёɬɤɨɝɨ ɜɵɜɨɞɚ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ ɞɥɹ 
ɩɨɫɬɪɨɟɧɢɹ ɧɟɱёɬɤɢɯ ɫɢɫɬɟɦ ɜɵɜɨɞɚ. ɋɢɫɬɟɦɵ ɧɟɱёɬɤɨɝɨ ɥɨɝɢɱɟɫɤɨɝɨ ɜɵɜɨɞɚ ɢɝɪɚɸɬ 
ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɩɪɢɥɨɠɟɧɢɹɯ ɬɟɨɪɢɢ ɧɟɱёɬɤɢɯ ɦɧɨɠɟɫɬɜ, ɬɚɤɢɯ ɤɚɤ 
ɧɟɱёɬɤɢɟ ɷɤɫɩɟɪɬɧɵɟ ɫɢɫɬɟɦɵ ɢ ɦɧɨɝɨɟ ɞɪɭɝɢɟ. ȼ ɨɫɧɨɜɟ ɬɚɤɢɯ ɫɢɫɬɟɦ ɥɟɠɚɬ ɥɨɝɢɱɟɫɤɢɟ 
ɩɪɚɜɢɥɚ ɜɢɞɚ «ȿɫɥɢ …, ɬɨ …», ɜ ɤɨɬɨɪɵɯ ɩɨɫɵɥɤɢ ɢ ɜɵɜɨɞɵ ɹɜɥɹɸɬɫɹ ɧɟɱёɬɤɢɦɢ 
ɩɨɧɹɬɢɹɦɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɱёɬɤɢɯ ɦɧɨɠɟɫɬɜ ɢ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ ɜɦɟɫɬɟ ɫ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɦ ɩɪɚɜɢɥɨɦ ɜɵɜɨɞɚ Ɂɚɞɟ ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɪɨɢɬɶ ɬɚɤɭɸ ɷɤɫɩɟɪɬɧɭɸ ɫɢɫɬɟɦɭ, 
ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɨɩɟɪɢɪɨɜɚɬɶ ɤɚɤ ɫ ɧɟɱёɬɤɢɦɢ, ɬɚɤ ɢ ɫ ɱёɬɤɢɦɢ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ. ɋ ɞɪɭɝɨɣ 
ɫɬɨɪɨɧɵ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱ, ɬɚɤ ɤɚɤ ɭɦɟɧɶɲɚɟɬɫɹ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɫɥɨɠɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɩɪɨɰɟɫɫ ɧɟɱёɬɤɨɝɨ ɜɵɜɨɞɚ, ɧɟɱёɬɤɚɹ ɫɬɟɩɟɧɶ ɢɫɬɢɧɧɨɫɬɢ, ɧɟɱёɬɤɢɟ 
ɦɧɨɠɟɫɬɜɚ, ɧɟɱёɬɤɢɟ ɫɢɫɬɟɦɵ ɜɵɜɨɞɚ, ɤɨɦɩɨɡɢɰɢɨɧɧɨɟ ɩɪɚɜɢɥɨ ɜɵɜɨɞɚ Ɂɚɞɟ. 
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Abstract  

The article discusses the process of fuzzy output based on the fuzzy extent to construct fuzzy 

inference systems of truth. Fuzzy inference systems play an important role in many applications 

of the fuzzy set theory, such as fuzzy expert systems and many others. At the heart of these 

systems are the logical rules of the form "If ..., then ...", in which the assumptions and conclusions 

are fuzzy concepts. The use of fuzzy sets and fuzzy truth degree with Zadeh compositional rule of 

inference allows to build such an expert system which can operate with both fuzzy and with clear 

inputs. On the other hand, the use of fuzzy truth degree significantly increases the efficiency of 

solving problems, as the computational complexity of the algorithm decreases. 

Keywords: fuzzy inference process; fuzzy truth degree; fuzzy sets; fuzzy inference systems; 

compositional rule of inference Zadeh. 

Вɜɟɞɟɧɢɟ 

ɇɟɱёɬɤɢɟ ɫɢɫɬɟɦɵ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɨɬ 
ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ ɬɟɯɧɢɤɢ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ 
ɞɟɫɹɬɢɥɟɬɢɣ Д8Ж. ɂɯ ɩɨɩɭɥɹɪɧɨɫɬɶ ɨɫɧɨɜɚɧɚ ɧɚ 

ɩɪɨɫɬɨɦ ɢ ɩɨɧɹɬɧɨɦ ɩɨɞɯɨɞɟ ɤ ɧɟɨɩɪɟɞɟɥёɧɧɨɫɬɢ, 
ɤɨɬɨɪɚɹ ɧɟɢɡɛɟɠɧɚ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɢ ɨɰɟɧɤɟ 
ɩɪɨɰɟɫɫɨɜ ɨɤɪɭɠɚɸɳɟɝɨ ɦɢɪɚ. ɇɚ ɩɪɨɬɹɠɟɧɢɢ 
ɦɧɨɝɢɯ ɥɟɬ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɪɚɡɪɚɛɨɬɚɥɢ ɪɚɡɥɢɱɧɵɟ 
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ɩɨɞɯɨɞɵ ɤ ɩɪɨɛɥɟɦɟ ɧɟɱёɬɤɨɝɨ ɜɵɜɨɞɚ. 
Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɛɵɥɢ ɜɜɟɞɟɧɵ Ɂɚɞɟ Д9Ж ɢ ɫ 
ɬɟɯ ɩɨɪ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɞɪɭɝɢɟ ɪɟɲɟɧɢɹ. 
ɋɚɦɵɦɢ ɩɨɩɭɥɹɪɧɵɦɢ ɜ ɩɪɢɥɨɠɟɧɢɹɯ ɹɜɥɹɸɬɫɹ 
ɩɨɞɯɨɞɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ Ɇɚɦɞɚɧɢ Д4Ж, Ʌɚɪɫɟɧ 
Д5Ж, Ɍɨɤɚɝɢ Д15Ж, ɋɭɝɟɧɬɨ Д15Ж, ɚ ɬɚɤɠɟ ɐɭɤɚɦɚɬɨ 
[7]. 

ɗɬɢ ɪɟɲɟɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɢɡ-

ɡɚ ɩɪɨɫɬɨɬɵ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɯ ɪɟɚɥɢɡɚɰɢɢ. 
ȼɦɟɫɬɟ ɫ ɬɟɦ ɦɟɬɨɞɵ ɧɟ ɜ ɩɨɥɧɨɣ ɦɟɪɟ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɟɨɪɢɢ Ɂɚɞɟ ɢɡ-ɡɚ ɡɧɚɱɢɬɟɥɶɧɨɝɨ 
ɭɩɪɨɳɟɧɢɹ. ɉɪɢɱɢɧɚ ɦɨɠɟɬ ɛɵɬɶ ɡɚɦɟɱɟɧɚ ɞɥɹ 
ɫɢɫɬɟɦ ɫɨ ɦɧɨɝɢɦɢ ɧɟɱёɬɤɢɦɢ ɜɯɨɞɚɦɢ ɬ.ɟ. ɤɨɝɞɚ 
ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɮɚɤɬɨɜ ɨɬɥɢɱɚɸɬɫɹ ɨɬ 
ɫɢɧɝɥɬɨɧɨɜ. 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɱɚɫɬɧɵɦ ɫɥɭɱɚɟɦ 
ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɩɪɚɜɢɥɚ ɜɵɜɨɞɚ ɹɜɥɹɟɬɫɹ 
ɨɛɨɛɳёɧɧɨɟ ɩɪɚɜɢɥɨ modus ponens, ɤɨɬɨɪɨɟ 
ɨɩɢɫɵɜɚɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ Д9Ж. �஻′ሺݕሻ = ௫∈௑ �ݑݏ {�஺′ሺݔሻ Tכ �ሺ�஺ሺݔሻ, �஺ሺݔሻሻ}, 
ɝɞɟ �஺′ሺݔሻ, �஺ሺݔሻ, �஻′ሺݔሻ, �஻ሺݔሻ – ɮɭɧɤɰɢɹ
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ, כT – t-ɧɨɪɦɚ ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ,
ɩɟɪɟɫɟɱɟɧɢɟ ɧɟɱёɬɤɨɝɨ ɮɚɤɬɚ ܣ′ ɢ ɧɟɱёɬɤɨɣ
ɢɦɩɥɢɤɚɰɢɢ �, ɚɪɝɭɦɟɧɬɨɦ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ 
ɩɨɫɵɥɤɚ ܣ ɢ ɜɵɜɨɞ ܤ. ɇɟɱёɬɤɢɟ ɦɧɨɠɟɫɬɜɚ 
ɨɩɢɫɵɜɚɸɬɫɹ ɧɚ ɩɪɨɫɬɪɚɧɫɬɜɟ ɪɚɫɫɭɠɞɟɧɢɣ ܺ ɢ  
ɮɚɤɬɚ, ɢ ɧɚ ܻ ɞɥɹ ɡɚɤɥɸɱɟɧɢɹ ܤ ɢ ɪɟɡɭɥɶɬɚɬɚ 
ɜɵɜɨɞɚ ܤ. Ʉ ɫɨɠɚɥɟɧɢɸ, ɞɥɹ ɫɨɫɬɚɜɧɵɯ ɩɨɫɵɥɨɤ 
ɜɵɱɢɫɥɟɧɢɟ ɩɨ ɜɵɲɟɩɪɢɜɟɞёɧɧɨɦɭ ɦɟɬɨɞɭ 
ɫɬɚɧɨɜɢɬɫɹ ɨɱɟɧɶ ɫɥɨɠɧɵɦ ɢɡ-ɡɚ ɦɧɨɝɨɦɟɪɧɨɝɨ 
ɚɧɚɥɢɡɚ. ɗɬɨ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ, ɩɨ 
ɤɨɬɨɪɨɣ ɦɟɬɨɞ ɜ ɭɤɚɡɚɧɧɨɦ ɜɢɞɟ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɞɥɹ ɨɱɟɧɶ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɯ ɩɪɚɜɢɥ ɫ ɫɨɫɬɚɜɧɨɣ 
ɩɨɫɵɥɤɨɣ, ɫɨɞɟɪɠɚɳɟɣ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɫɜɹɡɢ. 
ɇɚɩɪɢɦɟɪ, ɪɟɲɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ 
ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɞɥɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɝɟɧɨɜ, 
ɩɪɨɢɡɜɨɞɹɳɢɯ ɩɪɚɜɢɥɚ ɫ ɬɵɫɹɱɚɦɢ ɩɨɫɵɥɨɤ Д3Ж. 

ȼɚɠɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɩɨɞɯɨɞɚ, 
ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɜ ɫɬɚɬɶɟ ɹɜɥɹɟɬɫɹ ɜɵɜɨɞ ɜ ɪɚɦɤɚɯ 
ɟɞɢɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢɫɬɢɧɧɨɫɬɢ ɞɥɹ ɜɫɟɯ 
ɩɨɫɵɥɨɤ. ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱёɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ ɮɚɤɬɨɦ ɢ ɩɨɫɵɥɤɨɣ ɜ ɬɚɤ 
ɧɚɡɵɜɚɟɦɭɸ ɧɟɱёɬɤɭɸ ɫɬɟɩɟɧɶ ɢɫɬɢɧɧɨɫɬɢ. 
ɉɪɢɜɟɞɟɧɢɟ ɜɫɟɯ ɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ 
ɮɚɤɬɚɦɢ ɢ ɩɨɫɵɥɤɚɦɢ ɜ ɨɞɧɨ ɧɟɱёɬɤɨɟ 
ɩɪɨɫɬɪɚɧɫɬɜɨ ɢɫɬɢɧɧɨɫɬɢ ɭɩɪɨɳɚɟɬ ɜɵɱɢɫɥɟɧɢɟ 
ɫɨɫɬɚɜɧɨɣ ɮɭɧɤɰɢɢ ɢɫɬɢɧɧɨɫɬɢ. ɉɨɷɬɨɦɭ ɞɚɧɧɵɣ 
ɩɨɞɯɨɞ ɥɢɲёɧ ɩɪɨɛɥɟɦ ɦɧɨɝɨɦɟɪɧɨɝɨ ɚɧɚɥɢɡɚ ɢ 
ɥɭɱɲɟ ɩɨɞɯɨɞɢɬ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 
ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ.  

Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɢɦɟɟɬ, ɨɛɥɚɞɚɟɬ 
ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ ɜɨɡɪɚɫɬɚɸɳɟɣ ɫɥɨɠɧɨɫɬɶɸ 

ɜɵɱɢɫɥɟɧɢɹ ɜɵɯɨɞɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ 
ɜɯɨɞɨɜ ɜ ɫɢɫɬɟɦɟ, ɢɥɢ ɟɫɥɢ ɜɯɨɞɧɵɟ ɜɟɥɢɱɢɧɵ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɡ ɫɟɛɹ ɧɟɱёɬɤɢɟ ɡɧɚɱɟɧɢɹ.  Ɇɨɠɧɨ 
ɭɩɪɨɫɬɢɬɶ ɩɪɨɰɟɫɫ ɜɵɜɨɞɚ, ɢɫɩɨɥɶɡɭɹ ɩɨɧɹɬɢɟ 
ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ. 

1. ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ
Ɂɚɞɚɱɚ, ɤɨɬɨɪɚɹ ɪɟɲɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɧɟɱёɬɤɨɣ ɩɪɨɞɭɤɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɮɨɪɦɢɪɭɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ ɫ ݊ 

ɜɯɨɞɚɦɢ � = ,ଵݔ] … , .ݕ ௡] ɢ ɨɞɧɢɦ ɜɯɨɞɨɦݔ

ȼɡɚɢɦɨɫɜɹɡɶ ɜɯɨɞɨɜ ɢ ɜɵɯɨɞɚ ɨɩɢɫɵɜɚɟɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ܰ ɧɟɱёɬɤɢɯ ɩɪɚɜɢɥ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ 
ɜɢɞɟ: ܴ௞: Е˔ли ݔଵ е˔˕ь ܣଵ௞ и… ௡௞ܣ ௡ е˔˕ьݔ  ˕о ݕ е˔˕ь ܤ௞,݇ = ͳ,ܰ̅̅ ̅̅ ̅   (1.1)

ɝɞɟ � ∈ ࢄ = ଵܺ × ܺଶ × …× ܺ௡, ݕ ∈ �� ɢ ࢅ = ଵ௞ܣ ଶ௞ܣ× × …× ௡௞ܣ ⊆ ௞ܤ,ࢄ ⊆ ɹɜɥɹɸɬɫɹ ɧɟɱёɬɤɢɟ ࢅ
ɦɧɨɠɟɫɬɜɚ.  

Ɉɫɨɛɟɧɧɨɫɬɶ ɫɢɫɬɟɦ ɥɨɝɢɱɟɫɤɨɝɨ ɬɢɩɚ 
ɫɨɝɥɚɫɧɨ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɩɪɨɢɡɜɟɞёɧɧɨɣ ɜ Д1Ж 
ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɩɪɚɜɢɥɨ (1) ɮɨɪɦɚɥɢɡɭɟɬɫɹ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɱёɬɤɨɣ ɢɦɩɥɢɤɚɰɢɢ ɜ ɜɢɞɟ 
ɧɟɱёɬɤɨɝɨ (n+1)-ɚɪɧɨɝɨ ɨɬɧɨɲɟɧɢɹ ܴ௞ ⊆ ଵܺ × …×ܺ௡ × ܻ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:ܴ௞ = ଵ௞ܣ × …× ௡௞ܣ × ܻ → ଵܺ × …×× ܺ௡ × ௞ܤ , ݇ = ͳ,ܰ̅̅ ̅̅ ̅
ɝɞɟ «→» – ɧɟɱёɬɤɚɹ ɢɦɩɥɢɤɚɰɢɹ, ɜɵɪɚɠɚɸɳɚɹ 
ɩɪɢɱɢɧɧɨ-ɫɥɟɞɫɬɜɟɧɧɭɸ ɫɜɹɡɶ ɦɟɠɞɭ 
ɚɧɬɟɰɟɞɟɧɬɨɦ «ݔଵе˔˕ь ܣଵ௞ и…и ݔ௡ е˔˕ь ܣ௡௞» ɢ
ɤɨɧɫɟɤɜɟɧɬɨɦ «ݕ е˔˕ь ܤ௞». ɋɬɚɜɢɬɫɹ ɡɚɞɚɱɚ –
ɨɩɪɟɞɟɥɢɬɶ ɧɟɱёɬɤɢɣ ɜɵɜɨɞ ܤ௞′ ⊆ ܻ ɞɥɹ ɫɢɫɬɟɦɵ 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɜɢɞɟ (1), ɟɫɥɢ ɧɚ ɜɯɨɞɚɯ – 

ɧɟɱёɬɤɢɟ ɦɧɨɠɟɫɬɜɚ ܣ′ = ′ଵܣ × …× ′௡ܣ ⊆ ܺ ɢɥɢݔଵ е˔˕ь ܣଵ′  и…и ݔ௡ е˔˕ь ܣ௡′ .

2. Мɟɬɨɞ ɜɵɜɨɞɚ ɧɚ ɨɫɧɨɜɟ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ
ɢɫɬɢɧɧɨɫɬɢ 

ɇɟɱёɬɤɢɣ ɜɵɯɨɞ ܤ௞′  ɞɥɹ ɫɢɫɬɟɦ ɫ ݊ ɜɯɨɞɚɦɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ 
(ɇɋɂ) ɨɫɧɨɜɚɧɧɵɣ ɧɚ  ɨɛɨɛɳёɧɧɨɦ ɩɪɚɜɢɥɟ 
modus ponens Д9Ж, ɫɥɟɞɭɹ Д13Ж ɡɚɩɢɫɵɜɚɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: �஻ೖ′ ሺݕሻ == ௧∈[଴,ଵ]�ݑݏ {�஺ೖ ஺′⁄ ሺݐሻ �כ � ቀ�, �஻ೖሺݕሻቁ} , ݇ = ͳ, ܰ̅̅ ̅̅ ̅, (2.1)

ɝɞɟ �ሺכሻ – ɨɩɟɪɚɰɢɹ ɧɟɱёɬɤɨɣ ɢɦɩɥɢɤɚɰɢɢ; כ    � –
t-ɧɨɪɦɚ; �஻ೖ′ ሺݕሻ ɢ �஻ೖሺݕሻ – ɮɭɧɤɰɢɢ
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɧɟɱёɬɤɢɯ ɦɧɨɠɟɫɬɜ ܤ௞′ ௞ܤ ,
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. �஺ೖ ஺′⁄ ሺݐሻ – ɮɭɧɤɰɢɹ
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɇɋɂ ܣ௞ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ܣ௞′
ɢɫɬɢɧɧɨ, ɤɨɬɨɪɚɹ ɩɪɢ ɧɟɡɚɜɢɫɢɦɵɯ ɜɯɨɞɚɯ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Д13Ж ɪɚɜɧɹɟɬɫɹ: 



ʛˋ˘ˈˎё˅ ʑ.ʑ., ʠˋːˡˍ ʑ.ʒ. ʝ˔ːˑ˅ː˞ˈ ˒ˑˎˑˉˈːˋˢ ˠˍ˔˒ˈ˓˕ːˑˌ ˔ˋ˔˕ˈˏ˞ ˔ ˒˓˃˅ˋˎˑˏ ˅˞˅ˑˇ˃ 
ː˃ ˑ˔ːˑ˅ˈ ːˈ˚ё˕ˍˑˌ ˔˕ˈ˒ˈːˋ ˋ˔˕ˋːːˑ˔˕ˋ // ʜ˃˖˚ː˞ˌ ˓ˈˊ˖ˎ˟˕˃˕. 
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INFORMATION TECHNOLOGIES  

�஺ೖ ஺′⁄ ሺݐሻ = �஼�(஺ೖ,஺′)ሺݐሻ == ሺ௧భ,…,௧�ሻ∈[଴,ଵ]��ሺ௧೔ሻ=௧௜=ଵ,௡̅̅̅̅̅�ݑݏ
{ T௜=ଵ,௡̅̅̅̅̅ሺ�஼�(஺೔ೖ,஺೔′)ሺݐ௜ሻሻ},        (2.2) 

ɝɞɟ ݐ ∈ [Ͳ,ͳ], ݇ = ͳ,ܰ̅̅ ̅̅ ௜௞ܣሺ�ܥ ;̅ , ௜′ሻ – ɧɟɱёɬɤɚɹܣ
ɫɬɟɩɟɧɶ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ܣ௜௞ ɫɨ ɜɯɨɞɧɵɦ ɧɟɱёɬɤɢɦ
ɡɧɚɱɟɧɢɟɦ ܣ௜′ . ɂɫɩɨɥɶɡɭɹ ɨɛɨɡɧɚɱɟɧɢɟ ɫɬɟɩɟɧɢ 
ɫɨɜɦɟɫɬɢɦɨɫɬɢ, (2.2) ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɚ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ܥ�ሺܣ௞ , ሻ′ܣ = T̃௜=ଵ,௡̅̅̅̅̅ሺܥ�ሺܣ௜௞ , ,௜′ሻሻܣ ݇ = ͳ,ܰ̅̅ ̅̅ ̅ (2.3)T̃ – ɪɚɫɲɢɪɟɧɧɚɹ ɩɨ ɩɪɢɧɰɢɩɭ ɨɛɨɛɳɟɧɢɹ n-

ɦɟɫɬɧɚɹ t-ɧɨɪɦɚ Д1Ж. ɂɫɩɨɥɶɡɭɹ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ 

ɩɪɢɦɟɧɹɟɦɵɟ ɧɟɱёɬɤɢɟ ɢɦɩɥɢɤɚɰɢɢ Д11Ж 
ɨɩɪɟɞɟɥɢɦ �ሺ�, �஻ೖሺݕሻሻ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:

 ɛɢɧɚɪɧɚɹ ɢɦɩɥɢɤɚɰɢɹ Ʉɥɢɧɟ-Ⱦɟɧɢɫɚ� ቀ�, �஻ೖሺݕሻቁ = max [ͳ − �, �஻ೖሺݕሻ] (2.4) 

 ɢɦɩɥɢɤɚɰɢɹ Ʌɭɤɚɫɟɜɢɱɚ� ቀ�, �஻ೖሺݕሻቁ = ݉݅݊ [ͳ, ͳ − � + �஻ೖሺݕሻ] (2.5)

 ɢɦɩɥɢɤɚɰɢɹ Ɋɚɣɯɟɛɚɯɚ� ቀ�, �஻ೖሺݕሻቁ =  ͳ − � + � כ �஻ೖሺݕሻ (2.6) 

 ɢɦɩɥɢɤɚɰɢɹ Ɏɨɞɨɪɚ

� ቀ�, �஻ೖሺݕሻቁ = { ͳ, � ≤ �஻ೖሺݕሻmax[ͳ − �, �஻ೖሺݕሻ] , � > �஻ೖሺݕሻ (2.7)

 ɢɦɩɥɢɤɚɰɢɹ Ɋɟɲɟɪɚ� ቀ�, �஻ೖሺݕሻቁ = {ͳ, � ≤ �஻ೖሺݕሻͲ, � > �஻ೖሺݕሻ (2.8) 

 ɢɦɩɥɢɤɚɰɢɹ Ƚɨɝɭɟɧɚ� ቀ�, �஻ೖሺݕሻቁ = {min [ͳ, �ಳೖሺ௬ሻ� ], � > Ͳͳ, � = Ͳ (2.9) 

 ɢɦɩɥɢɤɚɰɢɹ Ƚɟɞɟɥɹ� ቀ�, �஻ೖሺݕሻቁ = { ͳ, � ≤ �஻ೖሺݕሻ�஻ೖሺݕሻ, � > �஻ೖሺݕሻ (2.10) 

 ɢɦɩɥɢɤɚɰɢɹ ȿɝɟɪɚ� ቀ�, �஻ೖሺݕሻቁ = { ͳ, � = Ͳ�஻ೖሺݕሻ�, � > Ͳ          (2.11) 

 ɢɦɩɥɢɤɚɰɢɹ Ɂɚɞɟ� ቀ�, �஻ೖሺݕሻቁ =  max {min[�, �஻ೖሺݕሻ] , ͳ − �} (2.12)

3. ɋɢɫɬɟɦɵ ɧɟɱёɬɤɨɝɨ ɜɵɜɨɞɚ
ɋɢɫɬɟɦɵ ɧɟɱёɬɤɨɝɨ ɥɨɝɢɱɟɫɤɨɝɨ ɜɵɜɨɞɚ 

ɢɝɪɚɸɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ 
ɩɪɢɥɨɠɟɧɢɹɯ ɬɟɨɪɢɢ ɧɟɱёɬɤɢɯ ɦɧɨɠɟɫɬɜ, ɬɚɤɢɯ 
ɤɚɤ ɧɟɱёɬɤɢɟ ɷɤɫɩɟɪɬɧɵɟ ɫɢɫɬɟɦɵ ɢ ɦɧɨɝɨɟ 
ɞɪɭɝɢɟ. ȼ ɨɫɧɨɜɟ ɬɚɤɢɯ ɫɢɫɬɟɦ ɥɟɠɚɬ ɥɨɝɢɱɟɫɤɢɟ 
ɩɪɚɜɢɥɚ ɜɢɞɚ «ȿɫɥɢ …, ɬɨ …», ɜ ɤɨɬɨɪɵɯ 

ɩɨɫɵɥɤɢ ɢ ɜɵɜɨɞɵ ɹɜɥɹɸɬɫɹ ɧɟɱёɬɤɢɦɢ 
ɩɨɧɹɬɢɹɦɢ. Ɍɚɤɨɝɨ ɪɨɞɚ ɩɪɢɛɥɢɠɟɧɧɵɟ 
ɪɚɫɫɭɠɞɟɧɢɹ ɥɟɠɚɬ ɜ ɨɫɧɨɜɟ ɫɩɨɫɨɛɧɨɫɬɢ 
ɱɟɥɨɜɟɤɚ ɩɨɧɢɦɚɬɶ ɟɫɬɟɫɬɜɟɧɧɵɣ ɹɡɵɤ, 
ɪɚɫɩɨɡɧɚɜɚɬɶ ɫɥɨɠɧɵɟ ɨɛɪɚɡɵ, ɩɪɢɧɢɦɚɬɶ 
ɪɟɲɟɧɢɹ ɜ ɫɥɨɠɧɨɣ ɢ ɧɟ ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥёɧɧɨɣ 
ɫɪɟɞɟ. 

ɇɟɱɟɬɤɢɣ ɜɵɜɨɞ ɡɚɧɢɦɚɟɬ ɰɟɧɬɪɚɥɶɧɨɟ ɦɟɫɬɨ 
ɜ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɟ ɢ ɫɢɫɬɟɦɚɯ ɧɟɱɟɬɤɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ. ɉɪɨɰɟɫɫ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɤɨɬɨɪɭɸ ɩɪɨɰɟɞɭɪɭ ɢɥɢ 
ɚɥɝɨɪɢɬɦ ɩɨɥɭɱɟɧɢɹ ɧɟɱɟɬɤɢɯ ɡɚɤɥɸɱɟɧɢɣ ɧɚ 
ɨɫɧɨɜɟ ɧɟɱɟɬɤɢɯ ɭɫɥɨɜɢɣ ɢɥɢ ɩɪɟɞɩɨɫɵɥɨɤ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɵɲɟ ɩɨɧɹɬɢɣ 
ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɫɨɟɞɢɧɹɟɬ ɜ ɫɟɛɟ 
ɜɫɟ ɨɫɧɨɜɧɵɟ ɤɨɧɰɟɩɰɢɢ ɬɟɨɪɢɢ ɧɟɱɟɬɤɢɯ 
ɦɧɨɠɟɫɬɜ: ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ, 
ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɟ ɩɟɪɟɦɟɧɧɵɟ, ɧɟɱɟɬɤɢɟ 
ɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ, ɦɟɬɨɞɵ ɧɟɱɟɬɤɨɣ 
ɢɦɩɥɢɤɚɰɢɢ ɢ ɧɟɱɟɬɤɨɣ ɤɨɦɩɨɡɢɰɢɢ. ɉɨɤɚɠɟɦ ɧɚ 
ɪɢɫɭɧɤɟ 1 ɬɢɩɨɜɭɸ ɫɬɪɭɤɬɭɪɭ ɫɢɫɬɟɦɵ ɧɟɱёɬɤɨɝɨ 
ɜɵɜɨɞɚ ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ 
ɢɫɬɢɧɧɨɫɬɢ. 

Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦɵ ɧɟɱёɬɤɨɝɨ ɜɵɜɨɞɚ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ 

Fig. 1. The structure of the fuzzy system output based on fuzzy truth degree

ɉɨɤɚɠɟɦ ɧɚ ɪɢɫɭɧɤɟ 2 ɪɚɫɲɢɪɟɧɧɭɸ 
ɫɬɪɭɤɬɭɪɭ ɫɢɫɬɟɦɵ ɧɟɱёɬɤɨɝɨ ɜɵɜɨɞɚ, ɨɫɧɨɜɚɧɧɨɣ 

ɧɚ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ. 
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Ɋɢɫ. 2. Ɋɚɫɲɢɪɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦɵ ɧɟɱёɬɤɨɝɨ ɜɵɜɨɞɚ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ 

Fig. 2. Extended structure of the fuzzy system output based on fuzzy truth degree 

4. Эɬɚɩɵ ɧɟɱёɬɤɨɝɨ ɜɵɜɨɞɚ ɜ ɧɟɱёɬɤɢɯ
ɫɢɫɬɟɦɚɯ ɫɨ ɦɧɨɝɢɦɢ ɜɯɨɞɚɦɢ 

ɉɪɨɰɟɫɫ ɜɵɜɨɞɚ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɧɟɱёɬɤɨɦ 
ɡɧɚɱɟɧɢɢ ɢɫɬɢɧɧɨɫɬɢ, ɢɫɯɨɞɹ ɢɡ ɪɢɫɭɧɤɚ 2 ɢ Д3, 6, 
12, 13Ж ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧ ɜ 3 ɲɚɝɚ.  

ɉɟɪɜɵɣ ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɨɥɭɱɟɧɢɟ ɧɟɱёɬɤɨɣ 
ɮɭɧɤɰɢɢ ɢɫɬɢɧɧɨɫɬɢ Д2, 6Ж ɩɪɟɞɩɨɫɵɥɤɢ, ɤɨɬɨɪɚɹ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɬɪɚɠɚɟɬ ɫɨɨɬɜɟɬɫɬɜɢɟ ɮɚɤɬɚ ɢ 
ɩɪɟɞɩɨɫɵɥɤɢ.  

ȼɬɨɪɨɣ ɲɚɝ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɩɪɢɧɰɢɩɚ ɫɜёɪɬɤɢ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ 
ɧɚ ɨɫɧɨɜɟ ɩɪɢɧɰɢɩɚ ɨɛɨɛɳɟɧɢɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɨɛɨɛɳёɧɧɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ. 

Ɍɪɟɬɢɣ ɲɚɝ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɥɭɱɟɧɢɢ 
ɧɟɱёɬɤɨɣ ɮɭɧɤɰɢɢ ɜɵɯɨɞɚ ɫ ɩɨɦɨɳɶɸ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɩɪɚɜɢɥɚ ɜɵɜɨɞɚ 
ɜ ɟɝɨ ɱɚɫɬɧɨɦ ɫɥɭɱɚɟ – modus ponens. 

 ɉɨɥɭɱɟɧɢɟ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ
ɩɨ ɩɪɟɞɩɨɫɵɥɤɟ ɢ ɮɚɤɬɭ.  

Ɋɚɫɫɦɨɬɪɢɦ ɫɨɨɬɧɨɲɟɧɢɟ (2.1). ɂɫɩɨɥɶɡɭɹ 
ɩɪɚɜɢɥɨ ɢɫɬɢɧɧɨɫɬɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ Д2, 3], 

ɩɨɥɭɱɢɬɫɹ: 

∀� ∈ [Ͳ,ͳ]�஼�ሺ஺,஺′ሻሺ�ሻ = sup ௫�௑�=�ಲሺ௫ሻ[�஺′ሺݔሻ]  (4.1)

ȼ ɮɨɪɦɭɥɟ (4.1) �஺ ɢ  �஺′ ɩɪɟɞɫɬɚɜɥɹɸɬ
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɮɭɧɤɰɢɸ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ 
ɩɪɟɞɩɨɫɵɥɨɤ ɢ ɮɚɤɬɨɜ, ɨɩɢɫɚɧɧɵɯ ɜ ɭɧɢɜɟɪɫɭɦɟ 
X. �஼�ሺ஺,஺′ሻሺ�ሻ – ɮɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ
ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ ܥ�ሺܣ, ሻ. Ⱦɪɭɝɢɦɢ′ܣ
ɫɥɨɜɚɦɢ, �஼�ሺ஺,஺′ሻሺ�ሻ – ɩɪɟɞɫɬɚɜɥɹɟɬ ɧɚɢɛɨɥɶɲɟɟ
ɡɧɚɱɟɧɢɟ Б, ɝɞɟ �஺ ɩɪɢɧɢɦɚɟɬ ɚɧɚɥɨɝɢɱɧɨɟ
ɡɧɚɱɟɧɢɟ. ɉɨɷɬɨɦɭ, ɩɨɥɭɱɟɧɢɟ ɨɞɧɨɝɨ ɭɡɥɚ 
ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɢ �஼�ሺ஺,஺′ሻሺ�ሻ ɞɥɹ
ɤɨɧɤɪɟɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ɨɬ � – ɬɪɟɛɭɟɬ ɩɨɢɫɤɚ ɩɨ 
ɭɧɢɜɟɪɫɭɦɭ Б (ɨɩɢɫɵɜɚɸɳɟɝɨ ɭɡɥɵ �஺) ɢ ɩɨɢɫɤɚ
ɬɨɱɟɤ, ɝɞɟ ��ሺݔሻ = �. Ⱦɚɥɟɟ, ɚɧɚɥɢɡɢɪɭɸɬɫɹ ɬɨɱɤɢ�஺′ ɢ ɜɵɛɢɪɚɸɬɫɹ ɢɯ ɦɚɤɫɢɦɭɦɵ. ɋɥɨɠɧɨɫɬɶ ɜ
ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɨɱɟɜɢɞɧɨ, ɥɢɧɟɣɧɚɹ ɢ ɡɚɜɢɫɢɬ ɨɬ 
ɱɢɫɥɚ ɭɡɥɨɜ, ɨɩɢɫɵɜɚɸɳɢɯ �஺ ɮɭɧɤɰɢɸ
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ. ɇɚ ɪɢɫɭɧɤɟ 3 ɩɨɤɚɡɚɧɚ 
ɝɪɚɮɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɮɨɪɦɭɥɵ (4.1).
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Ɋɢɫ. 3. Ƚɪɚɮɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɜɵɱɢɫɥɟɧɢɹ ɩɨ ɮɨɪɦɭɥɟ (4.1) 
Fig. 3. Graphical interpretation of the calculation according to the formula (4.1) 

 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢɧɰɢɩɚ ɫɜёɪɬɤɢ 
ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɩɪɢɧɰɢɩɚ 
ɨɛɨɛɳɟɧɢɹ ��̃ሺ஼�భ,஼�మሻሺτሻ == ௠�௫ሺτభ,τమሻ�[బ,భ]మTሺτభ,τమሻ=τ {ܶ{�஼�భሺτଵሻ, �஼�మሺτଶሻ }} (4.2) 

ȼ ɜɵɲɟ ɩɪɢɜɟɞɟɧɧɨɣ ɮɨɪɦɭɥɟ ��̃ሺ஼�భ,஼�మሻሺ�ሻ –
ɧɟɱёɬɤɚɹ ɫɬɟɩɟɧɶ ɢɫɬɢɧɧɨɫɬɢ ɫɨɫɬɚɜɧɨɣ ɩɨɫɵɥɤɢ 
ɩɪɚɜɢɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɨɫɬɚɜɧɨɝɨ ɮɚɤɬɚ, �஼�భሺ�ଵሻ
ɢ �஼�మሺ�ଶሻ  ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ
ɧɟɱёɬɤɭɸ ɫɬɟɩɟɧɶ ɢɫɬɢɧɧɨɫɬɢ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ 
ɩɨɞ ɭɫɥɨɜɢɹ ɩɪɚɜɢɥɚ. T – ɨɛɨɡɧɚɱɚɟɬ t-ɧɨɪɦɭ, 
ɢɫɩɨɥɶɡɭɟɦɭɸ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɨɛɳёɧɧɨɣ 
ɧɟɱёɬɤɨɣ ɮɭɧɤɰɢɢ ɢɫɬɢɧɧɨɫɬɢ. 

ȼ ɧɚɲɢɯ ɩɪɚɜɢɥɚɯ ɜɢɞɚ (1.1) ɩɪɢɫɭɬɫɬɜɭɸɬ 
ɨɩɟɪɚɰɢɢ «ɂ» ɢ «ɂɅɂ» – ɤɨɧɴɸɧɤɰɢɹ ɢ 
ɞɢɡɴɸɧɤɰɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɥɹ ɢɯ ɜɵɱɢɫɥɟɧɢɹ 
ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɩɪɢɧɰɢɩɨɦ ɨɛɨɛɳɟɧɢɹ Ɂɚɞɟ Д9Ж. 

Ⱦɥɹ ɨɩɟɪɚɰɢɢ «ɂ» ɮɨɪɦɭɥɚ (2) ɩɪɢɦɟɬ 
ɫɥɟɞɭɸɳɢɣ ɜɢɞ: ��̃ሺ஼�భ,஼�మሻሺτሻ ==  ௠�௫ሺτభ,τమሻ�[బ,భ]మౣi౤ ሺτభ,τమሻ=τ {݉݅݊{�஼�భሺτଵሻ, �஼�మሺτଶሻ }} (4.3)

Ⱦɥɹ ɨɩɟɪɚɰɢɢ «ɂɅɂ» ɮɨɪɦɭɥɚ (2.5) ɩɪɢɦɟɬ 
ɫɥɟɞɭɸɳɢɣ ɜɢɞ: ��̃ሺ஼�భ,஼�మሻሺτሻ =

=
௠�௫ሺτభ,τమሻ�[బ,భ]మౣax ሺτభ,τమሻ=τ {݉݅݊{�஼�భሺτଵሻ, �஼�మሺτଶሻ }} (4.4)

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɜɵɲɟɩɪɢɜɟɞёɧɧɵɯ ɮɨɪɦɭɥ (4.3) 
ɢ (4.4), ɢɡɦɟɧɹɟɬɫɹ t-ɧɨɪɦɚ. 

 ɉɨɥɭɱɟɧɢɟ ɧɟɱёɬɤɨɣ ɮɭɧɤɰɢɢ ɜɵɯɨɞɚ ɫ
ɩɨɦɨɳɶɸ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ 

ɩɪɚɜɢɥɚ ɜɵɜɨɞɚ. 

Ɉɛɨɛɳёɧɧɵɣ ɜɵɯɨɞ ɩɨɥɭɱɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɩɪɚɜɢɥɚ 
ɜɵɜɨɞɚ Ɂɚɞɟ:  �஻′ሺݕሻ =  sup� � [଴,ଵ] {�஼�ሺ஺,஺′ሻሺ�ሻ Tכ  �(�, �஻ሺݕሻ)}, (4.5)

ɝɞɟ ܶ ɦɨɠɟɬ ɛɵɬɶ ɥɸɛɨɣ Э-ɧɨɪɦɨɣ. �஼�ሺ஺,஺′ሻሺ�ሻ – ɨɛɨɛɳёɧɧɚɹ ɧɟɱёɬɤɚɹ ɫɬɟɩɟɧɶ
ɢɫɬɢɧɧɨɫɬɢ, ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ (4.3) ɢ 
(4.4) ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɜёɪɬɤɢ ɫɝɟɧɟɪɢɪɨɜɚɧɧɨɝɨ 
ɧɟɱёɬɤɨɝɨ ɩɪɚɜɢɥɚ ɜɵɜɨɞɚ. ȼɵɪɚɠɟɧɢɟ (4.5) 
ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɤɨɦɩɨɡɢɰɢɢ: ܤ′ = ܶ̃஼�ሺ஺,஺′ሻ ל [ܶ̃ × ܻ → ܶ × (4.6) .[ܤ

Ɉɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ (4.6) ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ 
ɫɥɭɱɚɹ, ɬɨɝɞɚ: ܤ = ∫�஻ሺݕሻݕ ௒ , ݕ ∈ ܻ, 

ܶ = ∫ͳ� �  , � ∈ [Ͳ,ͳ], 
ܶ̃ = ∫�� �  , � ∈ [Ͳ,ͳ], 
ܻ = ∫ͳݕ ௒ , ݕ ∈ ܻ, 

Ɇɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜɵɪɚɠɟɧɢɟ ܶ̃ × ܻ → ܶ × ̃ܶ :ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ ܤ × ܻ → ܶ × ܤ = ∫ � ⋀ͳሺ�, ሻݕ → �×௒ ∫ �஻ሺݕሻ ⋀ͳሺ�, ሻ �×௒ݕ = = ∫ �ሺ�,௬ሻ → �×௒ ∫ �ಳሺ௬ሻሺ�,௬ሻ �×௒ = ∫ �→�ಳሺ௬ሻሺ�,௬ሻ �×௒  (4.7) 

Ɂɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ (4.7) ɞɥɹ ɞɢɫɤɪɟɬɧɨɝɨ 
ɫɥɭɱɚɹ, ɩɨɥɭɱɢɦ: 
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∑ ∑ ݅∆�(݅∆�, (௝ݕ →௝=଴,௡̅̅̅̅̅ ∑ ∑ �஻(ݕ௝)(݅∆�, ௝)௝=଴,௡̅̅̅̅̅௜=଴,௠̅̅ݕ ̅̅ ̅ =௜=଴,௠̅̅ ̅̅ ̅  

= ∑ ∑ ௜∆�→�ಳ(௬ೕ)(௜∆�,௬ೕ)௝=଴,௡̅̅̅̅̅௜=଴,௠̅̅ ̅̅ ̅ (4.8) 

ɉɪɟɞɫɬɚɜɢɦ ɜɵɪɚɠɟɧɢɟ (4.8) ɜ ɦɚɬɪɢɱɧɨɣ 
ɮɨɪɦɟ: 

∑ ∑ ݅∆� → �஻(ݕ௝)(݅∆�, (௝ݕ =௝=଴,௡̅̅̅̅̅௜=଴,௠̅̅ ̅̅ ̅ [   
 Ͳ Ͳ Ͳ Ͳ△ � △ � … △ �ʹ △ � ʹ △ � … ʹ △ �… … … …ͳ ͳ … ͳ ]   

 → [  
  �஻ሺݕ଴ሻ �஻ሺݕଵሻ … �஻ሺݕ௡ሻ�஻ሺݕ଴ሻ �஻ሺݕଵሻ … �஻ሺݕ௡ሻ�஻ሺݕ଴ሻ �஻ሺݕଵሻ … �஻ሺݕ௡ሻ… … … …�஻ሺݕ଴ሻ �஻ሺݕଵሻ … �஻ሺݕ௡ሻ]  

  = 

= [  
  ͳ ͳ ͳ ͳ△ � → �஻ሺݕଵሻ △ � → �஻ሺݕଶሻ … △ � → �஻ሺݕ௡ሻʹ △ � → �஻ሺݕଵሻ ʹ △ � → �஻ሺݕଶሻ … ʹ △ � → �஻ሺݕ௡ሻ… … … …ͳ → �஻ሺݕଵሻ ͳ → �஻ሺݕଶሻ … ͳ → �஻ሺݕ௡ሻ ]  

  , (4.9)

ɝɞɟ ݉ – ɤɨɥ-ɜɨ ɞɢɫɤɪɟɬɧɵɯ ɬɨɱɟɤ �஺ሺݔሻ, ݊ – ɤɨɥ-

ɜɨ ɬɨɱɟɤ ɛɚɡɨɜɨɝɨ ɦɧɨɠɟɫɬɜɚ ݕ ∈ ܻ. Ɋɟɡɭɥɶɬɚɬɨɦ 
ɜɵɪɚɠɟɧɢɹ (4.9) ɹɜɥɹɟɬɫɹ ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɨɦ 

݉ × ݊,  ɪɟɡɭɥɶɬɚɬɨɦ ɜɵɪɚɠɟɧɢɹ (4.5)  ɹɜɥɹɟɬɫɹ 
ɜɟɤɬɨɪ ɞɥɢɧɵ ݉. 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ i-ɬɨɝɨ ɷɥɟɦɟɧɬɚ ɜɵɪɚɠɟɧɢɹ 
(4.5) ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɨɣ:  �஻′(ݕ௝) = ௜=଴,௠̅̅{�∆௜} � �ݔ�݉  ̅̅ ̅ {�஼�ሺ஺,஺′ሻሺ݅∆�ሻ Tכ  [݅∆� → �஻(ݕ௝)]} , ݆ = Ͳ, ݊̅̅ ̅̅̅.

ȿɫɥɢ ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɥɨɝɢɱɟɫɤɭɸ ɦɨɞɟɥɶ 
ɫɢɫɬɟɦɵ ɢ ɢɦɟɟɦ ɞɟɥɨ ɫ ɛɥɨɤɨɦ ɩɪɚɜɢɥ, ɬɨ 
ɚɝɪɟɝɢɪɨɜɚɧɢɟ ɜɵɯɨɞɨɜ ɩɨ ɤɚɠɞɨɦɭ ɩɪɚɜɢɥɭ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɚɤ: ܤ′ = ⋂ �′௞ܤ

௞=ଵ ,
ɝɞɟ ܰ – ɤɨɥ-ɜɨ ɧɟɱёɬɤɢɯ ɩɪɚɜɢɥ ɜɵɜɨɞɚ. 

Ɏɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ܤ′ ɜɵɱɢɫɥɹɟɬɫɹ ɫ
ɩɨɦɨɳɶɸ t-ɧɨɪɦɵ: �஻′ሺݕሻ = ܶ௞=ଵ,�̅̅ ̅̅ ̅ �஻ೖ′ ሺݕሻ.

5. Дɟɮɚɡɡɢɮɢɤɚɰɢɹ ɜɵɯɨɞɚ ɫɢɫɬɟɦɵ
Ⱦɟɮɚɡɡɢɮɢɤɚɰɢɹ ɜ ɫɢɫɬɟɦɚɯ ɧɟɱɟɬɤɨɝɨ 

ɜɵɜɨɞɚ – ɷɬɨ ɩɪɨɰɟɫɫ ɩɟɪɟɯɨɞɚ ɨɬ ɮɭɧɤɰɢɢ 
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɜɵɯɨɞɧɨɣ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ 
ɩɟɪɟɦɟɧɧɨɣ ɤ ɟё ɱɟɬɤɨɦɭ (ɱɢɫɥɨɜɨɦɭ) ɡɧɚɱɟɧɢɸ. 
ɐɟɥɶ ɞɟɮɚɡɡɢɮɢɤɚɰɢɢ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ, 
ɢɫɩɨɥɶɡɭɹ ɪɟɡɭɥɶɬɚɬɵ ɚɤɤɭɦɭɥɹɰɢɢ ɜɫɟɯ 

ɜɵɯɨɞɧɵɯ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɯ ɩɟɪɟɦɟɧɧɵɯ, 
ɩɨɥɭɱɢɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɤɚɠɞɨɣ 
ɜɵɯɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɜɧɟɲɧɢɦɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɢɫɬɟɦɟ ɧɟɱɟɬɤɨɝɨ 
ɜɵɜɨɞɚ ɭɫɬɪɨɣɫɬɜɚɦɢ (ɢɫɩɨɥɧɢɬɟɥɶɧɵɦɢ 
ɦɟɯɚɧɢɡɦɚɦɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɋȺɍ). 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɚɧɧɵɣ ɛɥɨɤ ɞɨɥɠɟɧ 
ɨɫɭɳɟɫɬɜɢɬɶ ɨɬɨɛɪɚɠɟɧɢɟ ɧɟɱёɬɤɨɝɨ ɦɧɨɠɟɫɬɜɚ ܤ′ ɜ ɱёɬɤɨɟ ɫɤɚɥɹɪɧɨɟ ɡɧɚɱɟɧɢɟ ̅ݕ. ɂɫɩɨɥɶɡɭɟɦ
ɦɟɬɨɞ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɜ ɟɝɨ ɞɢɫɤɪɟɬɧɨɦ ɜɚɪɢɚɧɬɟ: ̅ݕ = ∑ ሺ௬̅೔כ�ಳሺ௬̅೔ሻሻ೔=భ,�̅̅ ̅̅ ̅ ∑ �ಳሺ௬̅೔ሻ೔=భ,�̅̅ ̅̅ ̅ (5.1) 

ȼ ɜɵɪɚɠɟɧɢɢ (6) ̅ݕ௜ – ɬɨɱɤɚ, ɜ ɤɨɬɨɪɨɣ
ɮɭɧɤɰɢɹ �஻ሺ̅ݕ௜ሻ ɩɪɢɧɢɦɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ
ɡɧɚɱɟɧɢɟ. ȿɫɥɢ ɩɨɞɫɬɚɜɢɬɶ ɧɚ ɦɟɫɬɨ �஻ሺሺ̅ݕ௜ሻ
ɜɵɪɚɠɟɧɢɟ (4.5), ɬɨ ɦɵ ɩɨɥɭɱɢɦ ɨɛɳɭɸ ɮɨɪɦɭɥɭ, 
ɨɩɢɫɵɜɚɸɳɭɸ ɧɚɲɭ ɫɢɫɬɟɦɭ: 

ݕ̅ =  ∑ {௬̅೔כ   Tೖ=భ,�̅̅ ̅̅ ̅{ max� � [బ,భ]ቀ�಴�ೖ(ಲ,ಲ′)ሺ�ሻ �כ �(�,�ಳೖሺ௬̅೔ሻ)ቁ}}௜=ଵ,�̅̅ ̅̅ ̅∑ { Tೖ=భ,�̅̅ ̅̅ ̅{ max� � [బ,భ]ቀ�಴�ೖ(ಲ,ಲ′)ሺ�ሻ �כ �(�,�ಳೖሺ௬̅೔ሻ) ቁ}}೔=భ,�̅̅ ̅̅ ̅
. (5.2) 
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6. Ɍɟɫɬɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɬɧɨɣ ɫɢɫɬɟɦɵ
ɉɭɫɬɶ ɢɦɟɟɬɫɹ ɛɚɤ ɫ ɜɨɞɨɣ, ɤɨɬɨɪɵɣ 

ɡɚɩɨɥɧɹɟɬɫɹ ɜɨɞɨɣ. ɉɭɫɬɶ ɩɨɞɚɱɚ ɜɨɞɵ 
ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɨɜɨɪɨɬɨɦ ɤɪɚɧɚ, ɤɨɬɨɪɵɣ ɦɟɧɹɟɬ 
ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɩɭɫɤɚɟɦɵɯ ɥɢɬɪɨɜ ɜɨɞɵ ɜ ɦɢɧɭɬɭ. 
ɋɞɟɥɚɧɵ ɢɡɦɟɪɟɧɢɹ – ɩɪɟɞɩɨɫɵɥɤɢ, ɩɨɤɚɠɟɦ ɢɯ ɜ 
ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1 

ɂɡɦɟɪɟɧɢɹ ɜɨ ɜɪɟɦɹ ɡɚɩɨɥɧɟɧɢɹ ɛɚɤɚ ɫ ɜɨɞɨɣ 

Table 1 

Measurements at the time of filling the tank with water 

% ɩɨɜɨɪɨɬɚ 
ɤɪɚɧɚ 

Ʉɨɥ-ɜɨ 
ɥɢɬɪɨɜ ɜ ɛɚɤɟ 

ɉɪɨɩɭɫɤɧɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ ɤɪɚɧɚ, 

ɥɢɬɪɨɜ/ɦɢɧ. 
100 0 50 

100 0 100 

75 0 200 

75 50 50 

50 100 50 

50 100 100 

25 150 100 

25 100 200 

0 200 50 

0 200 100 

0 200 150 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɪɚɡɪɚɛɨɬɚɧɧɨɣ 
ɷɤɫɩɟɪɬɧɨɣ ɫɢɫɬɟɦɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ 
ɩɪɚɜɢɥɚ: 

 x1 is M2 AND x2 is M1 OR x1 is M2 AND

x2 is S THEN d is D2; 

 x1 is M2 AND x2 is D1 OR x1 is M1 AND

x2 is M1 THEN d is D1; 

 x1 is S AND x2 is M1 OR x1 is S AND x2 is

S THEN d is S; 

 x1 is D1 AND x2 is S OR x1 is S AND x2 is

D1 THEN d is M1; 

 x1 is D2 AND x2 is M1 OR x1 is D2 AND

x2 is S OR x1 is D2 AND x2 is S THEN d is M2; 

ȼ ɜɵɲɟ ɩɪɢɜɟɞёɧɧɵɯ ɩɪɚɜɢɥɚɯ ɜɜɟɞɟɧɵ 
ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: 

 % ɩɨɜɨɪɨɬɚ ɤɪɚɧɚ – Н, ɜɵɯɨɞ ɫɢɫɬɟɦɵ;
 Ʉɨɥ-ɜɨ ɥɢɬɪɨɜ ɜ ɛɚɤɟ – б1, ɩɟɪɜɵɣ

ɜɯɨɞɧɨɣ ɩɚɪɚɦɟɬɪ; 
 ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɪɚɧɚ – x2,

ɜɬɨɪɨɣ ɜɯɨɞɧɨɣ ɩɚɪɚɦɟɬɪ; 
Ⱦɥɹ ɤɚɠɞɨɝɨ ɩɚɪɚɦɟɬɪɚ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ 

ɨɛɥɚɫɬɢ, ɜ ɤɨɬɨɪɵɯ ɨɧɢ ɢɡɦɟɧɹɸɬɫɹ, ɩɨɤɚɠɟɦ ɢɯ 
ɧɢɠɟ ɜ ɬɚɛɥɢɰɟ 2. 

Ɍɚɛɥɢɰɚ 2 

Ɉɛɥɚɫɬɢ ɞɥɹ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ 

Table 2 

Areas for system settings 

ɉɚɪɚɦɟɬɪ Ɉɛɥɚɫɬɢ 

d 

M2: [0, 25]; M1: [0, 50]; S: [25, 75]; D1: 

[50, 100];  

D2: [75, 100]; 

x1 

M2: [0, 50]; M1: [0, 100]; S: [50, 150]; D1: 

[100, 200]; 

D2: [150, 200]; 

x2 M1: [50, 125]; S: [50, 200]; D1: [125, 200]; 

ɇɚ ɜɯɨɞ ɧɚɲɟɣ ɷɤɫɩɟɪɬɧɨɣ ɫɢɫɬɟɦɵ ɩɨɞɚёɦ 
ɮɚɣɥ ɮɚɤɬɚ, ɫɨɞɟɪɠɚɳɢɣ ɧɟɱёɬɤɢɟ ɬɪɟɭɝɨɥɶɧɵɟ 
ɜɟɥɢɱɢɧɵ ɞɥɹ ɩɚɪɚɦɟɬɪɨɜ. Ⱦɥɹ б1 ɧɟɱёɬɤɚɹ 
ɜɟɥɢɱɢɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɟɣ ɬɪɨɣɤɨɣ: ݔͳ =  ݂ሺʹͲ, ͵Ͳ, ͳ͸Ͳሻ. Ⱦɥɹ б2 ɧɟɱёɬɤɚɹ ɜɟɥɢɱɢɧɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɪɭɝɨɣ ɬɪɨɣɤɨɣ: ݔʹ =  ݂ሺ͵Ͳ, ͷͲ, ʹͲͲሻ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɟɪɜɨɟ ɩɪɚɜɢɥɨ: 
 x1 is M2 AND x2 is M1 OR x1 is M2 AND

x2 is S THEN d is D2; 

Ⱦɚɧɧɨɟ ɩɪɚɜɢɥɨ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɱɚɫɬɟɣ, 
ɨɛɴɟɞɢɧёɧɧɵɯ ɫɜɹɡɤɨɣ «OR». ɉɨɤɚɠɟɦ ɝɪɚɮɢɤɢ 
ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ ɞɥɹ ɩɟɪɜɨɣ ɱɚɫɬɢ 
(б1 Тs M2 AND б2 Тs M1) ɧɚ ɪɢɫɭɧɤɟ 4, ɚ ɧɚ 
ɪɢɫɭɧɤɟ 5 ɪɟɡɭɥɶɬɚɬ ɨɩɟɪɚɰɢɢ «ɂ». 
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Ɋɢɫ. 4. Ƚɪɚɮɢɤɢ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ ɞɥɹ ɩɟɪɜɨɣ ɱɚɫɬɢ ɩɪɚɜɢɥɚ 

Fig. 4. Charts of odd degree of truth for the first part of the rule

Ⱦɚɥɟɟ, ɩɨɤɚɠɟɦ ɝɪɚɮɢɤ ɨɛɴɟɞɢɧёɧɧɨɣ 
ɧɟɱёɬɤɨɣ ɮɭɧɤɰɢɢ ɢɫɬɢɧɧɨɫɬɢ ɧɚ ɪɢɫɭɧɤɟ 5. 

Ɋɢɫ. 5. Ƚɪɚɮɢɤ ɨɛɴɟɞɢɧёɧɧɨɣ ɧɟɱёɬɤɨɣ ɮɭɧɤɰɢɢ ɢɫɬɢɧɧɨɫɬɢ 

Fig. 5. Graph of united fuzzy truth function
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Ⱥɧɚɥɨɝɢɱɧɨ ɩɨɫɬɭɩɚɟɦ ɞɥɹ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ 
ɩɪɚɜɢɥ – ɧɚɣɞёɦ ɧɟɱёɬɤɭɸ ɮɭɧɤɰɢɸ ɜɵɯɨɞɚ ɜɫɟɯ 
ɩɪɚɜɢɥ ɞɥɹ ɜɯɨɞɧɨɝɨ ɮɚɤɬɚ. ɋ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ 

ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ (5.1), ɩɨ ɮɨɪɦɭɥɟ (5.2) ɧɚɣɞёɦ 
ɱёɬɤɢɣ ɜɵɯɨɞ ɫɢɫɬɟɦɵ, ɩɨɤɚɠɟɦ ɟɝɨ ɧɚ ɪɢɫɭɧɤɟ 6. 

Ɋɢɫ. 6. ɑёɬɤɢɣ ɜɵɯɨɞ ɫɢɫɬɟɦɵ 

Fig. 6. A clear system output 

Ⱦɚɧɧɨɟ ɱɢɫɥɨ ɩɨɤɚɡɵɜɚɟɬ ɧɚ ɫɤɨɥɶɤɨ 
ɩɪɨɰɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɟɪɧɭɬɶ ɤɪɚɧ, ɞɥɹ 
ɞɚɧɧɵɯ, ɩɨɫɬɭɩɢɜɲɢɯ ɧɚ ɜɯɨɞ ɫɢɫɬɟɦɵ.  

Зɚɤɥɸɱɟɧɢɟ 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɛɵɥɚ ɨɩɢɫɚɧ ɧɟɱёɬɤɢɣ 
ɩɨɞɯɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ 
ɢɫɬɢɧɧɨɫɬɢ ɞɥɹ ɡɚɞɚɱ ɧɟɱёɬɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. Ȼɵɥɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɷɤɫɩɟɪɬɧɚɹ ɫɢɫɬɟɦɚ ɫ 
ɩɪɚɜɢɥɨɦ ɜɵɜɨɞɚ ɧɚ ɨɫɧɨɜɟ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ 
ɢɫɬɢɧɧɨɫɬɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ 
ɢɫɬɢɧɧɨɫɬɢ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱ, ɬɚɤ ɤɚɤ 
ɭɦɟɧɶɲɚɟɬɫɹ ɫɥɨɠɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɞɚɥɶɧɟɣɲɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢ 
ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɨɞɨɥɠɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ 
ɞɚɧɧɨɣ ɬɟɦɚɬɢɤɟ, ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ: 
ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɤɥɚɫɫɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ 
(ɪɚɡɪɚɛɨɬɤɚ ɩɚɪɚɥɥɟɥɶɧɵɯ ɚɥɝɨɪɢɬɦɨɜ). 
Ɋɚɡɪɚɛɨɬɤɚ ɧɟɱёɬɤɢɯ ɷɤɫɩɟɪɬɧɵɯ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ 
ɚɤɬɭɚɥɶɧɨɣ ɬɟɦɨɣ. ɉɨɷɬɨɦɭ ɩɪɚɤɬɢɱɟɫɤɢ 
ɨɛɨɫɧɨɜɚɧɧɨ ɞɚɥɶɧɟɣɲɟɟ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ 
ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɫɢɫɬɟɦɵ ɢ ɭɜɟɥɢɱɟɧɢɟ ɬɢɩɨɜ, 
ɪɟɲɚɟɦɵɯ ɫ ɩɨɦɨɳɶɸ ɧɟɟ ɡɚɞɚɱ. 
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ɋ ɑɂɋɅɈȼɕɆ ɉɊɈȽɊȺɆɆɇɕɆ ɍɉɊȺȼɅȿɇɂȿɆ 
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Ⱥɧɧɨɬɚɰɢɹ  
ȼ ɫɜɹɡɢ ɫ ɪɨɫɬɨɦ ɤɨɧɤɭɪɟɧɰɢɢ ɧɚ ɪɵɧɤɟ ɨɫɬɪɨ ɫɬɨɢɬ ɩɪɨɛɥɟɦɚ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɨɛɪɚɛɨɬɤɢ ɧɚ ɫɬɚɧɤɚɯ ɫ ɱɢɫɥɨɜɵɦ ɩɪɨɝɪɚɦɦɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ (ɑɉɍ). Ʉɪɨɦɟ ɬɨɝɨ, ɫɟɝɨɞɧɹ 
ɩɪɟɞɩɪɢɹɬɢɹɦ ɧɚɞɨ ɨɛɟɫɩɟɱɢɬɶ ɫɨɨɬɜɟɬɫɬɜɢɟ ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ ɬɪɟɛɨɜɚɧɢɹɦ 
ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɫɬɚɧɞɚɪɬɨɜ ISO. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ Ɋɨɫɫɢɢ ɢɞёɬ ɚɤɬɢɜɧɨɟ ɜɧɟɞɪɟɧɢɟ 
ɧɨɜɵɯ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɪɟɞɫɬɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɩɨɞɞɟɪɠɤɢ ɢɡɞɟɥɢɣ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ 
ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ.  
ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɦɨɞɟɥɢ ɭɩɪɚɜɥɟɧɢɹ ɫɬɚɧɤɚɦɢ ɫ ɱɢɫɥɨɜɵɦ ɩɪɨɝɪɚɦɦɧɵɦ 
ɭɩɪɚɜɥɟɧɢɟɦ. ɋɞɟɥɚɧ ɜɵɜɨɞ, ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɞɥɹ ɪɚɛɨɬɵ ɫ 
ɞɚɧɧɵɦ ɬɢɩɨɦ ɫɬɚɧɤɨɜ. ɉɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫ ɞɜɭɦɹ ɫɤɪɵɬɵɦɢ ɫɥɨɹɦɢ ɫ 3 ɢ 5 
ɧɟɣɪɨɧɚɦɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ; ɭɩɪɚɜɥɟɧɢɟ; ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ; ɱɢɫɥɨɜɨɟ ɩɪɨɝɪɚɦɦɧɨɟ 

ɭɩɪɚɜɥɟɧɢɟ; ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ. 
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Abstract 

Due to increasing competition in the market, there is an acute problem of increasing efficiency of 

processing on the machines with computerized numerical control (CNC). Besides, enterprises 

nowadays have to ensure compliance of products with the requirements of ISO international 

standards. At present, Russia is going through an active introduction of new automated tools of 

information support of products at all stages of the life cycle.  

The article discusses the model of management of machine tools with numerical control. The 

authors draw a conclusion about the efficiency of utilizing neural networks to operate with this 

type of machines. They also provide an example of a neural network with two hidden layerswith3 

and 5neurons respectively.  

Keywords: industry; management; neural network; numerical control; automated systems. 
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Вɜɟɞɟɧɢɟ 

ȼ ɫɜɹɡɢ ɫ ɪɨɫɬɨɦ ɤɨɧɤɭɪɟɧɰɢɢ ɧɚ ɪɵɧɤɟ 
ɨɫɬɪɨ ɫɬɨɢɬ ɩɪɨɛɥɟɦɚ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɨɛɪɚɛɨɬɤɢ ɧɚ ɫɬɚɧɤɚɯ ɫ ɱɢɫɥɨɜɵɦ ɩɪɨɝɪɚɦɦɧɵɦ 
ɭɩɪɚɜɥɟɧɢɟɦ (ɑɉɍ). Ʉɪɨɦɟ ɬɨɝɨ, ɫɟɝɨɞɧɹ 
ɩɪɟɞɩɪɢɹɬɢɹɦ ɧɚɞɨ ɨɛɟɫɩɟɱɢɬɶ ɫɨɨɬɜɟɬɫɬɜɢɟ 
ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ ɬɪɟɛɨɜɚɧɢɹɦ 
ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɫɬɚɧɞɚɪɬɨɜ ISO. ȼ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɜ Ɋɨɫɫɢɢ ɢɞёɬ ɚɤɬɢɜɧɨɟ ɜɧɟɞɪɟɧɢɟ ɧɨɜɵɯ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɪɟɞɫɬɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ 
ɩɨɞɞɟɪɠɤɢ ɢɡɞɟɥɢɣ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ ɠɢɡɧɟɧɧɨɝɨ 
ɰɢɤɥɚ. ɇɚ ɦɧɨɝɢɯ ɩɪɟɞɩɪɢɹɬɢɹ ɩɪɟɨɛɥɚɞɚɟɬ 
ɦɟɥɤɨɫɟɪɢɣɧɨɟ ɢ ɟɞɢɧɢɱɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɞɟɬɚɥɟɣ ɫ ɮɨɪɦɨɨɛɪɚɡɭɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɫɥɨɠɧɨɣ ɮɨɪɦɵ. ɉɪɢ ɷɬɨɦ ɨɛɪɚɛɨɬɤɚ ɜɟɞɟɬɫɹ ɧɚ 
ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɹɯ ɫ ɛɨɥɶɲɢɦɢ ɩɨɞɚɱɚɦɢ 
ɞɟɬɚɥɟɣ. Ȼɨɥɶɲɢɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ 
ɨɛɪɚɛɚɬɵɜɚɸɳɢɯ ɰɟɧɬɪɨɜ ɫ ɑɉɍ, ɹɜɥɹɟɬɫɹ 
ɫɧɢɠɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɤ ɤɜɚɥɢɮɢɤɚɰɢɢ 
ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ.  Ɉɞɧɚɤɨ, ɨɛɳɢɦ 
ɧɟɞɨɫɬɚɬɤɨɦ ɫɢɫɬɟɦ ɫ ɑɉɍ ɹɜɥɹɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɬɚɤɢɯ ɤɚɤ 
ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɲɩɢɧɞɟɥɹ ɢ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ, 
ɨɬ ɩɪɨɝɪɚɦɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɜɧɨɫɢɦɨɣ 
ɩɪɨɝɪɚɦɦɢɫɬɨɦ ɢɥɢ ɩɨɫɬɨɹɧɧɨɣ ɛɚɡɵ ɩɚɪɚɦɟɬɪɨɜ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ, ɦɧɨɝɢɟ ɫɢɫɬɟɦɵ ɫ ɑɉɍ ɪɚɛɨɬɚɸɬ 
ɧɟɷɮɮɟɤɬɢɜɧɨ. 

Мɟɬɨɞɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɚɞɚɱɚ ɩɨɜɵɲɟɧɢɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɟɣ ɪɟɲɚɟɬɫɹ 
ɦɟɬɨɞɚɦɢ ɚɞɚɩɬɢɜɧɨɝɨ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
ɫ ɛɨɥɶɲɢɦ ɞɨɩɭɳɟɧɢɟɦ, ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ 
ɩɨɫɬɨɹɧɫɬɜɨ ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢɡɞɟɥɢɹ. Ɍɟɨɪɢɹ 
ɚɞɚɩɬɢɜɧɨɝɨ, ɨɩɬɢɦɚɥɶɧɨɝɨ ɢ ɤɥɚɫɫɢɱɟɫɤɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɛɚɡɢɪɨɜɚɥɢɫɶ, ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ 
ɫɬɟɩɟɧɢ, ɧɚ ɢɞɟɟ ɥɢɧɟɚɪɢɡɚɰɢɢ ɫɢɫɬɟɦ. Ⱦɥɹ ɢɯ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɬɪɟɛɨɜɚɥɚɫɶ 
ɪɚɡɪɚɛɨɬɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ. ȼ 
ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɠɟ ɟɫɥɢ ɢ ɭɞɚɟɬɫɹ ɩɨɫɬɪɨɢɬɶ 
ɦɨɞɟɥɶ ɬɨɱɧɨ ɨɬɪɚɠɚɸɳɭɸ ɫɜɹɡɶ ɦɟɠɞɭ ɜɵɯɨɞɨɦ 
ɢ ɜɯɨɞɨɦ ɫɢɫɬɟɦɵ, ɬɨ ɨɧɚ ɱɚɫɬɨ ɨɤɚɡɵɜɚɟɬɫɹ 
ɧɟɩɪɢɝɨɞɧɨɣ ɞɥɹ ɰɟɥɟɣ ɭɩɪɚɜɥɟɧɢɹ. ɉɪɚɤɬɢɱɟɫɤɢ 
ɩɪɢɟɦɥɟɦɵɦɢ ɦɨɝɭɬ ɛɵɬɶ ɬɨɥɶɤɨ ɦɨɞɟɥɢ ɫ ɧɢɡɤɨɣ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɩɨ ɩɚɪɚɦɟɬɪɚɦ Д2, 3Ж, ɱɬɨ 
ɫɥɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɞɥɹ ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ. 

ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɭɩɪɚɜɥɟɧɢɹ 
ɩɨɥɭɱɢɥɢ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ 
ɫɨɜɪɟɦɟɧɧɵɯ ɫɢɫɬɟɦɚɯ. ɋɬɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ 
ɩɨɡɜɨɥɹɸɬ ɩɪɨɜɟɫɬɢ ɩɪɨɜɟɪɤɭ ɧɚ ɚɞɟɤɜɚɬɧɨɫɬɶ 
ɩɭɬɟɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɱɚɫɬɨɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ Ɍɚɤ ɠɟ 
ɨɧɢ ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ ɩɪɨɫɬɵɦɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɞɪɭɝɢɦɢ ɦɨɞɟɥɹɦɢ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ. ɉɪɢ 
ɩɨɦɨɳɢ ɬɚɤɨɝɨ ɦɟɬɨɞɚ ɦɨɠɧɨ ɢɫɫɥɟɞɨɜɚɬɶ 
ɩɨɜɟɞɟɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ 
ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ ɩɭɬɟɦ ɚɧɚɥɢɡɚ ɱɚɫɬɨɬɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɟɬɨɞɚɦɢ ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɟɨɪɢɢ 
ɭɩɪɚɜɥɟɧɢɹ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɨɬɧɨɫɹɬɫɹ: 
ɧɟɞɨɫɬɚɬɨɱɧɚɹ ɬɨɱɧɨɫɬɶ ɢ ɨɬɫɭɬɫɬɜɢɟ ɭ 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɟɪɟɦɟɧɧɵɯ ɢ ɩɚɪɚɦɟɬɪɨɜ 
ɮɢɡɢɱɟɫɤɨɝɨ ɫɦɵɫɥɚ. 

Ⱥɞɚɩɬɢɜɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɹɯ, ɨɩɢɫɵɜɚɸɳɢɯ 
ɮɢɡɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɢ ɹɜɥɟɧɢɹ. ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ 
ɭɩɪɚɜɥɹɟɦɵɣ ɩɪɨɰɟɫɫ ɜɟɞɟɬɫɹ ɫɨɝɥɚɫɧɨ ɰɟɥɟɜɨɣ 
ɮɭɧɤɰɢɢ – ɡɚɤɨɧɚ ɭɩɪɚɜɥɟɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɧɚ 
ɞɨɫɬɢɠɟɧɢɟ ɢ ɩɨɞɞɟɪɠɚɧɢɟ ɧɚɢɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɡɧɚɱɟɧɢɹ ɤɚɤɨɝɨ–ɥɢɛɨ ɩɚɪɚɦɟɬɪɚ 
[1, 5, 6]. 

Ʉ ɚɞɚɩɬɢɜɧɨɦɭ ɭɩɪɚɜɥɟɧɢɸ ɨɬɧɨɫɹɬɫɹ 
ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɨɫɧɨɜɟ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ, ɫ 
ɫɚɦɨɧɚɫɬɪɨɣɤɨɣ, ɨɛɨɛɳɟɧɧɨ–ɩɪɨɝɧɨɡɢɪɭɸɳɟɟ 
ɭɩɪɚɜɥɟɧɢɟ Д1Ж.  

ȼɫɟ ɷɬɢ ɫɩɨɫɨɛɵ ɭɩɪɚɜɥɟɧɢɹ ɧɟ ɩɨɥɭɱɢɥɢ 
ɲɢɪɨɤɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ. ɇɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ 
ɪɚɡɥɢɱɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ. Ɉɫɧɨɜɧɵɦɢ 
ɧɟɞɨɫɬɚɬɤɚɦɢ ɞɚɧɧɨɝɨ ɬɢɩɚ ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɫɬɨɹɧɧɨ ɨɩɪɟɞɟɥɹɬɶ 
ɚɞɟɤɜɚɬɧɨɫɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. ɇɟ 
ɫɭɳɟɫɬɜɭɟɬ ɦɟɬɨɞɨɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɞɚɧɧɨɝɨ 
ɩɪɨɰɟɫɫɚ.  Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɚɞɚɩɬɢɜɧɨɝɨ 
ɬɢɩɚ ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɟɝɨ ɦɚɥɚɹ ɝɢɛɤɨɫɬɶ. 
ɉɪɢ ɢɡɦɟɧɟɧɢɹɯ ɜ ɨɛɴɟɤɬɟ ɭɩɪɚɜɥɟɧɢɹ ɢɥɢ ɜɨ 
ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɹɯ ɬɪɟɛɭɟɬɫɹ ɩɟɪɟɫɬɪɚɢɜɚɬɶ 
ɦɨɞɟɥɶ ɢ ɨɩɪɟɞɟɥɹɬɶ ɞɥɹ ɧɟɟ ɧɨɜɵɣ ɡɚɤɨɧ 
ɭɩɪɚɜɥɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɟɛɭɟɬɫɹ ɩɨɫɬɨɹɧɧɨ 
«ɜɪɭɱɧɭɸ» ɨɩɪɟɞɟɥɹɬɶ ɚɞɟɤɜɚɬɧɨɫɬɶ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. 

ɉɪɢɦɟɧɟɧɢɟ ɫɢɫɬɟɦ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ 
ɢɧɬɟɥɥɟɤɬɚ ɧɚ ɬɨɤɚɪɧɵɯ ɫɬɚɧɤɚɯ ɫ Чɉɍ 

Ɉɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ 
ɢɡɝɨɬɨɜɥɹɟɦɵɯ ɜɵɫɨɤɨɬɨɱɧɵɯ ɞɟɬɚɥɟɣ ɧɚ 
ɬɨɤɚɪɧɵɯ ɫɬɚɧɤɚɯ ɫ ɑɉɍ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɨ-ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɣ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ 
ɮɨɪɦɵ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɡɚɝɨɬɨɜɨɤ ɩɨ ɞɥɢɧɟ 
ɨɛɪɚɛɨɬɤɢ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɩɨɹɜɢɥɢɫɶ ɧɨɜɵɟ ɫɩɨɫɨɛɵ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɬɚɤɢɟ ɤɚɤ  ɧɟɣɪɨɪɟɝɭɥɢɪɨɜɚɧɢɟ ɢ 
ɧɟɱɟɬɤɚɹ ɥɨɝɢɤɚ. ɗɬɢ ɫɩɨɫɨɛɵ ɨɬɧɨɫɹɬɫɹ ɤ 
ɤɚɬɟɝɨɪɢɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɢ ɩɨɡɜɨɥɹɸɬ 
ɪɟɚɥɢɡɨɜɚɬɶ ɥɸɛɨɣ ɬɪɟɛɭɟɦɵɣ ɞɥɹ ɩɪɨɰɟɫɫɚ 
ɧɟɥɢɧɟɣɧɵɣ ɚɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ, ɩɪɢ ɧɟɩɨɥɧɨɦ, 
ɧɟɬɨɱɧɨɦ ɨɩɢɫɚɧɢɢ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ. 
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Ɉɞɧɢɦ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ 
ɩɪɨɰɟɫɫɚ ɨɛɪɚɛɨɬɤɢ ɧɚ ɫɬɚɧɤɚɯ ɑɉɍ, 
ɩɪɢɦɟɧɹɟɦɵɦ ɤɚɤ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ, ɬɚɤ ɢ ɡɚ 
ɪɭɛɟɠɨɦ, ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɫɢɫɬɟɦ 
ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ. ȼ ɤɚɱɟɫɬɜɟ ɷɥɟɦɟɧɬɨɜ 
ɫɢɫɬɟɦ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ.  

ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɪɟɲɟɧɢɹ ɫɥɟɞɭɸɳɢɯ ɡɚɞɚɱ: 

 ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɨɛɪɚɡɨɜ – ɭɤɚɡɚɧɢɟ ɧɚ
ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɜɯɨɞɧɨɝɨ ɨɛɪɚɡɚ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɜɟɤɬɨɪɨɦ ɩɪɢɡɧɚɤɨɜ, ɨɞɧɨɦɭ ɢɥɢ 
ɧɟɫɤɨɥɶɤɢɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɟɧɧɵɦ 
ɤɥɚɫɫɚɦ; 

 ɤɥɚɫɬɟɪɢɡɚɰɢɹ – ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɨɛɪɚɡɨɜ
ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɭɱɟɛɧɨɣ ɜɵɛɨɪɤɢ ɫ ɦɟɬɤɚɦɢ 
ɤɥɚɫɫɨɜ; 

 ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ – ɩɪɟɞɭɫɦɨɬɪɟɧɢɟ
ɡɧɚɱɟɧɢɹ в(ЭЧ+1) ɩɪɢ ɢɡɜɟɫɬɧɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ в(Э1), y(t2) ... y(tn); 

 ɨɩɬɢɦɢɡɚɰɢɹ – ɨɛɧɚɪɭɠɟɧɢɟ ɪɟɲɟɧɢɹ,
ɤɨɬɨɪɨɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɫɢɫɬɟɦɭ ɨɝɪɚɧɢɱɟɧɢɣ ɢ 
ɦɚɤɫɢɦɢɡɢɪɭɟɬ ɢɥɢ ɦɢɧɢɦɢɡɢɪɭɟɬ ɰɟɥɟɜɭɸ 
ɮɭɧɤɰɢɸ. ɉɚɦɹɬɶ, ɤɨɬɨɪɚɹ ɚɞɪɟɫɭɟɬɫɹ ɩɨ ɫɦɵɫɥɭ 
(ɚɫɫɨɰɢɚɬɢɜɧɚɹ ɩɚɦɹɬɶ) – ɩɚɦɹɬɶ, ɞɨɫɬɭɩɧɚɹ ɩɪɢ 
ɭɤɚɡɚɧɢɢ ɡɚɞɚɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ; 

 ɭɩɪɚɜɥɟɧɢɟ – ɪɚɫɱɟɬ ɬɚɤɨɝɨ ɜɯɨɞɧɨɝɨ
ɜɥɢɹɧɢɹ ɧɚ ɫɢɫɬɟɦɭ, ɡɚ ɤɨɬɨɪɵɣ ɫɢɫɬɟɦɚ ɪɚɛɨɬɚɟɬ 
ɩɨ ɠɟɥɚɬɟɥɶɧɨɣ ɬɪɚɟɤɬɨɪɢɢ. 

ɋɬɪɭɤɬɭɪɧɨɣ ɨɫɧɨɜɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ 
ɹɜɥɹɟɬɫɹ ɮɨɪɦɚɥɶɧɵɣ ɧɟɣɪɨɧ. ɇɟɣɪɨɧɧɵɟ ɫɟɬɢ 
ɜɨɡɧɢɤɥɢ ɢɡ ɩɨɩɵɬɨɤ ɜɨɫɫɨɡɞɚɬɶ ɫɩɨɫɨɛɧɨɫɬɶ 
ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɭɱɢɬɶɫɹ, ɦɨɞɟɥɢɪɭɹ 
ɧɢɡɤɨɤɨɪɧɟɜɭɸ ɫɬɪɭɤɬɭɪɭ ɦɨɡɝɚ. Ⱦɥɹ ɷɬɨɝɨ ɜ 
ɨɫɧɨɜɭ ɧɟɣɪɨɫɟɬɟɜɨɣ ɦɨɞɟɥɢ ɥɨɠɢɬɫɹ ɷɥɟɦɟɧɬ, 
ɤɨɬɨɪɵɣ ɢɦɢɬɢɪɭɟɬ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ 
ɫɜɨɣɫɬɜɚ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɧɟɣɪɨɧɚ – ɮɨɪɦɚɥɶɧɵɣ 
ɧɟɣɪɨɧ(ɞɚɥɟɟ ɩɪɨɫɬɨ ɧɟɣɪɨɧ). ȼ ɨɪɝɚɧɢɡɦɟ 
ɱɟɥɨɜɟɤɚ ɧɟɣɪɨɧɵ ɷɬɨ ɨɫɨɛɵɟ ɤɥɟɬɤɢ, ɫɩɨɫɨɛɧɵ 
ɪɚɫɩɪɨɫɬɪɚɧɹɬɶ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɫɢɝɧɚɥɵ. 

ɉɪɟɢɦɭɳɟɫɬɜɚɦɢ ɇɋ ɩɟɪɟɞ ɬɪɚɞɢɰɢɨɧɧɵɦɢ 
ɫɢɫɬɟɦɚɦɢ ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ: 

1. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɥɢɧɟɣɧɵɯ ɮɭɧɤɰɢɣ 
ɚɤɬɢɜɚɰɢɢ ɜ ɧɟɣɪɨɧɧɵɯ ɫɟɬɹɯ ɩɨɡɜɨɥɹɟɬ 
ɪɟɚɥɢɡɨɜɚɬɶ ɡɚɞɚɱɢ ɫ ɫɭɳɟɫɬɜɟɧɧɵɦɢ 
ɧɟɥɢɧɟɣɧɨɫɬɹɦɢ; 

2. ɇɋ ɦɨɝɭɬ ɨɛɭɱɚɬɶɫɹ ɥɸɛɵɦ ɮɭɧɤɰɢɹɦ,
ɜɚɠɟɧ ɬɨɥɶɤɨ ɨɛɴɟɦ ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɯ ɞɚɧɧɵɯ ɢ 
ɜɵɛɨɪ ɩɪɚɜɢɥɶɧɨɣ ɧɟɣɪɨɧɧɨɣ ɦɨɞɟɥɢ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ ɇɋ ɩɨɡɜɨɥɹɸɬ ɢɡɛɟɠɚɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɫɥɨɠɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ; 

3. ɇɋ ɹɜɥɹɸɬɫɹ ɫɚɦɨɨɛɭɱɚɟɦɵɦɢ ɫɢɫɬɟɦɚɦɢ.
ɗɬɨ ɨɡɧɚɱɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɭɳɟɫɬɜɥɹɬɶ 
ɭɩɪɚɜɥɟɧɢɟ ɜ ɭɫɥɨɜɢɹɯ ɫɭɳɟɫɬɜɟɧɧɵɯ 
ɧɟɥɢɧɟɣɧɨɫɬɟɣ; 

4. ȼɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ ɇɋ
ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɜɵɱɢɫɥɟɧɢɣ; 

5. Ⱥɪɯɢɬɟɤɬɭɪɚ ɩɚɪɚɥɥɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ 
ɩɨɡɜɨɥɹɟɬ ɇɋ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɞɚɠɟ ɩɪɢ 
ɩɨɜɪɟɠɞɟɧɢɢ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɟɬɢ Д8-10]. 

ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ ɢɦɟɸɬ 
ɛɨɥɶɲɢɟ ɩɟɪɫɩɟɤɬɢɜɵ ɜ ɨɛɥɚɫɬɢ ɭɩɪɚɜɥɟɧɢɹ 
ɫɥɨɠɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ. 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ 
ɭɩɪɚɜɥɟɧɢɹ, ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɧɟɣɪɨɧɧɵɯ ɫɢɫɬɟɦ, 
ɧɟ ɧɭɠɧɨ ɫɨɡɞɚɜɚɬɶ ɬɨɱɧɭɸ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ 
ɦɨɞɟɥɶ, ɬɨɥɶɤɨ ɦɨɞɟɥɶ ɭɩɪɚɜɥɟɧɢɹ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨ ɩɨɫɬɚɜɥɟɧɧɵɦ ɭɫɥɨɜɢɹɦ. 
Ɉɩɬɢɦɚɥɶɧɵɟ ɜɵɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ ɮɨɪɦɢɪɭɸɬɫɹ 
ɩɨ ɨɬɤɥɨɧɟɧɢɸ ɢ ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɨɬɤɥɨɧɟɧɢɹ 
ɢɡɦɟɪɹɟɦɨɣ ɜɟɥɢɱɢɧɵ ɢ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ. 
Ɋɟɡɭɥɶɬɚɬ ɩɨɥɭɱɚɟɬɫɹ ɛɨɥɟɟ ɞɨɫɬɨɜɟɪɧɵɦ, 
ɨɫɨɛɟɧɧɨ  ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɧɟɨɩɪɟɞɟɥɟɧɧɨɣ ɢ 
ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɚɦɢ ɭɩɪɚɜɥɟɧɢɹ. ȼ ɫɜɹɡɢ ɫ 
ɧɟɥɢɧɟɣɧɵɦɢ ɢ ɢɡɦɟɧɹɸɳɢɦɢɫɹ ɜɨ ɜɪɟɦɟɧɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɨɛɪɚɛɨɬɤɢ 
ɞɟɬɚɥɢ, ɬɪɭɞɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ 
ɦɨɞɟɥɶ ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɚ ɨɛɪɚɛɨɬɤɢ, 
ɩɨɷɬɨɦɭ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɢɦɟɧɢɬɶ  ɧɟɣɪɨɧɧɭɸ ɫɟɬɶ 
ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɮɪɟɡɟɪɨɜɚɧɢɹ, ɞɥɹ 
ɭɫɬɚɧɨɜɥɟɧɢɹ ɧɟɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ 
ɩɚɪɚɦɟɬɪɚɦɢ ɨɛɪɚɛɨɬɤɢ ɢ ɫɢɥɵ ɪɟɡɚɧɢɹ. 

ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɧɚ ɫɬɚɧɤɟ ɧɟɨɛɯɨɞɢɦɵɟ 
ɞɚɧɧɵɟ ɨ ɮɚɤɬɢɱɟɫɤɢ ɩɨɥɭɱɚɟɦɵɯ ɪɚɡɦɟɪɚɯ 
ɞɟɬɚɥɟɣ ɞɥɹ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫ ɩɨɦɨɳɶɸ ɥɚɡɟɪɧɵɯ 
ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɢɥɢ ɜɜɨɞɢɬɶ ɜɪɭɱɧɭɸ. 
ɉɨɥɭɱɚɹ ɞɚɧɧɵɟ ɢ ɨɬɫɥɟɠɢɜɚɹ ɢɯ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ 
ɛɭɞɟɬ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɩɪɢɧɢɦɚɬɶ ɪɟɲɟɧɢɟ ɨ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɡɦɟɪɧɨɣ ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ 
ɩɨɞɧɚɫɬɪɨɣɤɢ ɫɬɚɧɤɚ ɢ ɩɪɨɢɡɜɨɞɢɬɶ ɧɟɨɛɯɨɞɢɦɵɟ 
ɤɨɪɪɟɤɰɢɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ ɞɥɹ ɫɬɚɧɤɨɜ ɫ 
ɑɉɍ.  

ɇɚ ɪɢɫɭɧɤɟ ɩɨɤɚɡɚɧɚ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ, 
ɩɨɡɜɨɥɹɸɳɚɹ ɪɟɝɭɥɢɪɨɜɚɬɶ ɭɫɢɥɢɟ ɪɟɡɤɢ 
ɮɪɟɡɟɪɧɨɝɨ ɫɬɚɧɤɚ. 
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Ɋɢɫ.  ɇɟɣɪɨɧɧɚɹɫɟɬɶ 

Fig.  Neural network 

ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɜɢɞɨɜ ɚɥɝɨɪɢɬɦɨɜ 
ɨɛɭɱɟɧɢɹ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɧɚ ɨɫɧɨɜɟ ɫɤɨɪɨɫɬɢ 
ɫɯɨɞɢɦɨɫɬɢ ɚɥɝɨɪɢɬɦɚ, ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɚɦɹɬɢ ɢ 
ɬ.ɞ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɮɭɧɤɰɢɹ ɨɛɭɱɟɧɢɹ 
ɜɵɛɢɪɚɟɬɫɹ ɤɚɤ ɮɭɧɤɰɢɹ Ʌɟɜɟɧɛɟɪɝɚ-Ɇɚɪɤɜɚɪɞɬɚ. 
Ʉɨɥɢɱɟɫɬɜɨ ɜɯɨɞɧɵɯ ɧɟɣɪɨɧɨɜ 3, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɵ; ɤɨɥɢɱɟɫɬɜɨ 
ɜɵɯɨɞɧɵɯ ɧɟɣɪɨɧɨɜ ɪɚɜɧɨ 1.  

ɑɢɫɥɨ ɭɡɥɨɜ ɫɤɪɵɬɨɝɨ ɫɥɨɹ ɧɟɣɪɨɧɨɜ ɢɦɟɟɬ 
ɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ, ɫɥɢɲɤɨɦ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɭɡɥɨɜ ɜɵɡɵɜɚɟɬ ɨɲɢɛɤɢ ɜ ɨɛɭɱɟɧɢɢ ɢ 
ɬɟɫɬɢɪɨɜɚɧɢɢ ɫɟɬɢ, ɫɥɢɲɤɨɦ ɦɚɥɨɟ – ɫɧɢɠɟɧɢɟ 
ɨɬɤɚɡɨɭɫɬɨɣɱɢɜɨɫɬɢ ɫɟɬɢ, ɩɪɚɜɢɥɶɧɨɟ 
ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɫɤɨɪɨɫɬɢ ɢ ɜɨɡɦɨɠɧɨɫɬɶ 
ɨɛɨɛɳɟɧɢɹ.  

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɛɵɫɬɪɟɟ ɞɨɫɬɢɱɶ 
ɧɟɨɛɯɨɞɢɦɨɣ ɫɤɨɪɨɫɬɢ ɢ ɩɨɥɭɱɢɬɶ ɜɵɫɨɤɭɸ 
ɬɨɱɧɨɫɬɶ ɢɫɩɵɬɚɧɢɹ, ɱɢɫɥɨ ɫɤɪɵɬɵɯ ɫɥɨɟɜ ɪɚɜɧɨ 
2, ɤɨɥɢɱɟɫɬɜɨ ɧɟɣɪɨɧɨɜ – 3 ɢ 5 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

Вɵɜɨɞɵ 

ɉɪɢɦɟɧɟɧɢɟ ɧɟɣɪɨɫɟɬɟɜɵɯ ɬɟɯɧɨɥɨɝɢɣ 
ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɬɚɧɤɚ ɫ 
ɑɉɍ ɡɚ ɫɱɟɬ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɬɨɤɚɪɧɨɣ 
ɨɛɪɚɛɨɬɤɢ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɢ 
ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɪɟɠɭɳɟɣ ɤɪɨɦɤɢ 
ɢɧɫɬɪɭɦɟɧɬɚ ɫ ɭɱɟɬɨɦ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ 
ɧɟɬɨɱɧɨɫɬɢ ɫɬɚɧɤɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɦɟɧɟɧɢɟ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ 
ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɫɬɚɧɤɨɜ ɫ 

ɑɉɍ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ, ɱɟɦ 
ɬɪɚɞɢɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. 
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Ⱥɧɧɨɬɚɰɢɹ  
ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɤɥɚɫɫɚ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ ɫ ɧɟɩɪɟɪɵɜɧɵɦ ɜɪɟɦɟɧɟɦ. Ʉɥɚɫɫ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ ɫ ɧɟɩɪɟɪɵɜɧɵɦ ɜɪɟɦɟɧɟɦ ɨɩɢɫɵɜɚɟɬɫɹ ɨɛɵɤɧɨɜɟɧɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ 
ɭɪɚɜɧɟɧɢɟɦ. ɉɨɥɭɱɟɧɚ ɨɰɟɧɤɚ ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ ɨɲɢɛɤɢ ɭɩɪɚɜɥɟɧɢɹ. ɉɪɢɜɨɞɢɬɫɹ ɩɪɢɦɟɪ 
ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ; ɜɯɨɞɧɵɟ ɫɢɝɧɚɥɵ; ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ; 
ɭɫɬɚɧɨɜɢɜɲɚɹɫɹ ɨɲɢɛɤɚ. 

Introduction 

The quality of the synthesized control system 

depends on utilization of information about input 

signals. Therefore, the so-called absorption principle 

[7] in the automatic control theory is widespread. The 

absorption principle is built on class description of 

the input signals by homogeneous differential or 

difference equations with arbitrary initial conditions 

[1, 3-5, 8-11]. In this paper, the larger class of input 

signals of a continuous-time linear control system is 

specified by the stationary heterogeneous differential 

equation with arbitrary initial conditions and a 

restricted right member [2, 6]. This approach can be 

easily extended to discrete systems. 

1. Statement of the problem
Let 

)(
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d

d

d
 , 

)(
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)(

sQ

sR
sW

s

s

s
 ,        (1) 

be transfer functions corresponding to a desirable 

control system and a synthesized control system, 

where )()()( sQsQsD
sd

  is a stable polynomial. 

In this paper, we shall determine the signals 

class ),[
0

 tVV   such that 

).)((0 *

0

*    tttttVf     (2) 

here 
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)())()(()()( sFsWsWsEt
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 , )()( tfsF  .   (3) 

2. Main results

Consider the error E(s)  determined by (3). 

Using (1), we get 
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or 
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where nD deg , mL deg  , and 

)()()()()( sQsRsQsRsL
dssd

 .        (6) 

We show that the input signals class V is

defined by the set of solutions of the linear 

differential equation 

)()()( ttfpL  , 
td

d
p  ,        (7) 

with arbitrary initial conditions and a piecewise 

continuous restricted right member, i.e., 

)()(  Mt  0tt  , 0)( M .        (8) 

Here ),[
0

1  
tCf

m
 and 

)(m
f is piecewise 

continuous. Next we define )(MM  . The 

application of the Laplace transformation to equation 

(7) yields  

)()()()(
0

sLssFsL  ,        (9) 

where
0

L  is a polynomial of degree 1m . Note that 

the Laplace transformation of the functions )(
0

)1(
tf

i
, 

mi ,,1  and   is existed. Combining (5) and

(9), we obtain 
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Since )(sD  is the Hurwitz polynomial, it follows that 
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Here 
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is a transient components of the error ε(t). We can 

therefore write 

))((0
1

*

0

*   ttttt .      (13) 

Let us consider now a steady-state components 
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By the convolution theorem, we have 

 
 







 
1 1

)(

2

0

)()(
)!(

)(
i

k

j

t

t

tjk

i

ij
i

ii det
jk

c
t .   (18) 

Taking into account (8), we get 
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It can easily be checked that 
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Finally, we obviously obtain the estimate 
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where ij
c  is given by (17) and 
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Combining (21) and (13), we get the following 

proposition: 

))()((0 *

0
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Let 2/   and 


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2
)(
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Thus proposition (2) is executed for the input signals 

satisfying conditions (7), (8), and (24). 

Notice that relationships (17) and (22) indicate 

the practical methods for the decrease of the steasy-

state error. If 0)( t , then the steady-state error is 

equal to 0. 

3. Example

Let us consider 

ssW
d
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s
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Therefore, 

2)( ssL  ,   

1

)(  ssD .      (26) 

From (22), we obtain  . Thus the signals class 

),0[ V  is defined by the following conditions: 
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This implies that 
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Clearly, algebraic polynomials of degree 1, 

trigonometric polynomials, decreasing exponents, 

and logarithmic functions belong to the selected class 

V . Note also that the class V  are not exhausted

the listed functions. 

Let us consider now 
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Hence, 
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Using (22), we get /1 . Consequently the 

signals class ),0[ V  is determined by the 

equation 
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where 
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If 0)( t , then the element with transfer function 

(30) realizes the asymptotically fine noise-proof 

differentiating of amplitude modulated signals 
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ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ. Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ 
ɪɚɡɪɚɛɨɬɚɧɚ ɜ ɫɪɟɞɟ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ LКЛVIEА®. ɉɨɤɚɡɚɧɚ ɜɢɡɭɚɥɢɡɚɰɢɹ 
ɩɪɨɰɟɫɫɚ ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɪɚɡɦɧɨɠɟɧɢɢ ɫɩɟɤɬɪɚ 
ɫɢɝɧɚɥɚ ɩɪɢ ɟɝɨ ɞɢɫɤɪɟɬɢɡɚɰɢɢ, ɧɚ ɩɪɢɦɟɪɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɩɨɥɨɫɨɜɨɝɨ ɫɢɝɧɚɥɚ 
ɜɜɟɪɯ ɢ ɜɧɢɡ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɦɨɞɟɥɢ, 
ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɫɬɪɨɣɤɢ ɩɨɥɨɫɨɜɨɝɨ ɮɢɥɶɬɪɚ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɤɨɩɢɢ ɢɫɯɨɞɧɨɝɨ 
ɫɢɝɧɚɥɚ ɜ ɪɚɡɦɧɨɠɟɧɧɨɦ ɫɩɟɤɬɪɟ ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ ɧɚ ɝɚɪɦɨɧɢɤɚɯ ɱɚɫɬɨɬɵ 
ɞɢɫɤɪɟɬɢɡɚɰɢɢ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɰɢɮɪɨɜɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɱɚɫɬɨɬɵ; ɞɢɫɤɪɟɬɢɡɚɰɢɹ; ɢɦɢɬɚɰɢɨɧɧɨɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ; ɤɨɦɩɶɸɬɟɪɧɚɹ ɦɨɞɟɥɶ; ɫɩɟɤɬɪ ɫɢɝɧɚɥɚ. 
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Abstract  
The article describes a simulation model of a digital frequency converter, designed to improve the 

quality of the educational process. This model was developed in the environment of computer 

sТЦЮХКЭТШЧ LКЛVIEА®. TСО sЭЮНв НОЦШЧsЭrКЭОs ЭСО vТsЮКХТгКЭТШЧ ШП НТРТЭКХ ПrОqЮОЧМв МШЧvОrsТШЧ 
based on the reproduction signal spectrum during a sampling signal, the example of the frequency 

conversion bandpass signal up and down. The authors describe the basic operational capabilities 

of the model, the possibility of the bandpass filter settings to select the desired copy of the 

original signal in the reproduction spectrum of the sampled signal at harmonics of the sampling 

frequency. 

Keywords: frequency conversion; sampling; simulation modeling; a computer model; signal 

spectrum. 

Вɜɟɞɟɧɢɟ 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɩɪɢ ɨɛɭɱɟɧɢɢ 

ɫɩɟɰɢɚɥɢɫɬɨɜ ɜ ɨɛɥɚɫɬɢ ɪɚɞɢɨɫɜɹɡɢ, 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɫɨɜɪɟɦɟɧɧɵɟ ɪɚɞɢɨɩɪɢɟɦɧɵɟ ɢ 
ɪɚɞɢɨɩɟɪɟɞɚɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ ɫ ɰɢɮɪɨɜɵɦɢ 
ɦɟɬɨɞɚɦɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ 
ɪɚɞɢɨɫɢɝɧɚɥɨɜ. Ⱦɚɧɧɵɟ ɦɟɬɨɞɵ ɫɭɳɟɫɬɜɟɧɧɨ 

ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɢɡɜɟɫɬɧɵɯ ɚɧɚɥɨɝɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ, 
ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ ɢɯ ɩɨɧɢɦɚɧɢɟ ɢ ɜɨɫɩɪɢɹɬɢɟ. 
ɇɚɢɥɭɱɲɢɦ ɫɩɨɫɨɛɨɦ ɭɫɜɨɢɬɶ ɫɭɬɶ ɫɥɨɠɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɹɜɥɹɟɬɫɹ ɢɦɢɬɚɰɢɨɧɧɨɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɞɟɥɚɸɳɟɟ ɷɬɢ ɩɪɨɰɟɫɫɵ 
ɧɚɝɥɹɞɧɵɦɢ, ɫɩɨɫɨɛɫɬɜɭɹ ɮɨɪɦɢɪɨɜɚɧɢɸ ɛɨɥɟɟ 
ɝɥɭɛɨɤɢɯ ɡɧɚɧɢɣ ɭ ɨɛɭɱɚɸɳɢɯɫɹ. Ɉɞɧɢɦ ɢɡ 
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ɨɫɧɨɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ 
ɫɢɝɧɚɥɨɜ ɜ ɪɚɞɢɨɬɟɯɧɢɤɟ, ɹɜɥɹɟɬɫɹ ɰɢɮɪɨɜɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɱɚɫɬɨɬɵ. ȼ ɨɬɥɢɱɢɢ ɨɬ 
ɚɧɚɥɨɝɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɱɚɫɬɨɬɵ ɪɚɞɢɨɫɢɝɧɚɥɚ ɜɦɟɫɬɨ ɫɦɟɫɢɬɟɥɹ ɢ 
ɝɟɬɟɪɨɞɢɧɚ ɩɪɢɦɟɧɹɟɬɫɹ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɚ ɬɨɱɧɟɟ ɟɝɨ ɩɟɪɜɵɣ ɷɬɚɩ – 

ɞɢɫɤɪɟɬɢɡɚɰɢɹ ɫɢɝɧɚɥɚ. ɂɡɜɟɫɬɧɨ Д4, 5Ж, ɱɬɨ ɩɪɢ 
ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɚɧɚɥɨɝɨɜɨɝɨ ɧɟɩɪɟɪɵɜɧɨɝɨ 
ɫɢɝɧɚɥɚ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɦɧɨɠɟɧɢɟ ɟɝɨ ɫɩɟɤɬɪɚ – 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɟɝɨ ɤɨɩɢɣ ɧɚ ɝɚɪɦɨɧɢɤɚɯ ɱɚɫɬɨɬɵ 
ɞɢɫɤɪɟɬɢɡɚɰɢɢ. ɂɫɩɨɥɶɡɭɹ ɩɨɥɨɫɨɜɨɣ ɮɢɥɶɬɪ, 
ɬɟɨɪɟɬɢɱɟɫɤɢ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɥɸɛɭɸ ɤɨɩɢɸ 
ɫɩɟɤɬɪɚ, ɱɬɨ, ɮɚɤɬɢɱɟɫɤɢ, ɢ ɟɫɬɶ ɩɟɪɟɧɨɫ ɫɩɟɤɬɪɚ 
ɜ ɞɪɭɝɭɸ ɨɛɥɚɫɬɶ ɱɚɫɬɨɬ. Ⱥɧɚɥɨɝɢɱɧɨ, 
ɞɢɫɤɪɟɬɢɡɢɪɭɹ ɩɨɥɨɫɨɜɨɣ ɪɚɞɢɨɱɚɫɬɨɬɧɵɣ 
ɫɢɝɧɚɥ, ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɩɟɪɟɧɨɫ ɟɝɨ ɫɩɟɤɬɪɚ ɜ 
ɨɛɥɚɫɬɶ ɧɢɡɤɢɯ ɱɚɫɬɨɬ. ɂɦɟɧɧɨ ɷɬɢ ɩɪɨɰɟɫɫɵ 
ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɢ ɧɭɠɞɚɸɬɫɹ 
ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɧɚɝɥɹɞɧɨɫɬɢ ɩɪɢ ɢɡɭɱɟɧɢɢ 
ɰɢɮɪɨɜɵɯ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ. ɇɚɢɛɨɥɟɟ 
ɭɞɨɛɧɵɦ ɢ ɟɫɬɟɫɬɜɟɧɧɵɦ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɫɩɨɫɨɛɨɦ ɪɟɲɟɧɢɟ ɷɬɨɣ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ 
ɢɦɢɬɚɰɢɨɧɧɨɟ ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɚɞɚɱɚ ɩɨɫɬɪɨɟɧɢɹ ɤɨɦɩɶɸɬɟɪɧɨɣ 
ɦɨɞɟɥɢ ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ 
ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ. 

Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ 
ɐɟɥɶɸ ɫɬɚɬɶɢ ɹɜɥɹɟɬɫɹ ɨɩɢɫɚɧɢɟ ɫɩɨɫɨɛɚ 

ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ 
ɩɪɨɰɟɫɫɚ ɩɪɢ ɢɡɭɱɟɧɢɢ ɬɟɨɪɢɢ ɰɢɮɪɨɜɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɧɚ ɨɫɧɨɜɟ ɩɨɫɬɪɨɟɧɢɹ 
ɤɨɦɩɶɸɬɟɪɧɨɣ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ.  

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ 
ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɫɪɟɞɭ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ 
ɪɚɡɪɚɛɨɬɚɬɶ ɢɦɢɬɚɰɢɨɧɧɭɸ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ 
ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɨɬɵ. 
ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɰɢɮɪɨɜɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɢ:  

- Ɋɟɚɥɢɡɨɜɵɜɚɬɶ ɰɢɮɪɨɜɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
ɱɚɫɬɨɬɵ ɫɢɝɧɚɥɚ ɜɜɟɪɯ ɢ  ɜɧɢɡ; 

- Ɉɬɨɛɪɚɠɚɬɶ ɫɩɟɤɬɪɵ ɢɫɯɨɞɧɨɝɨ ɢ 
ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɨɜ, ɫɩɟɤɬɪ ɤɨɩɢɢ 
ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ, ɜɵɞɟɥɟɧɧɨɝɨ ɩɨɥɨɫɨɜɵɦ 
ɮɢɥɶɬɪɨɦ ɧɚ ɡɚɞɚɧɧɨɣ ɱɚɫɬɨɬɟ; 

- ɉɪɟɞɨɫɬɚɜɥɹɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɛɨɪɚ 
ɱɚɫɬɨɬɵ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɢ ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ 
ɩɨɥɨɫɨɜɨɝɨ ɮɢɥɶɬɪɚ. 

- ȼɫɟ ɨɩɟɪɚɰɢɢ ɞɨɥɠɧɵ ɨɬɨɛɪɚɠɚɬɶɫɹ ɜ 
ɪɟɚɥɶɧɨɦ ɦɚɫɲɬɚɛɟ ɜɪɟɦɟɧɢ. 

ȼɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɦɨɞɟɥɢɪɭɟɦɨɝɨ 
ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ ɧɟɜɨɡɦɨɠɧɨɫɬɶ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɚɧɚɥɨɝɨɜɨɝɨ 
ɫɢɝɧɚɥɚ, ɬɚɤ ɤɚɤ ɜ ɥɸɛɨɦ ɫɥɭɱɚɟ ɜ ɤɨɦɩɶɸɬɟɪɟ ɨɧ 
ɭɠɟ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɟɧ ɫɜɨɢɦɢ ɨɬɫɱɟɬɚɦɢ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɩɪɨɰɟɫɫɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɭɞɟɬ 
ɮɚɤɬɢɱɟɫɤɢ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɟɪɟɞɢɫɤɪɟɬɢɡɚɰɢɹ 
ɭɠɟ ɞɢɫɤɪɟɬɧɨɝɨ ɫɢɝɧɚɥɚ.  

Ɋɚɡɪɚɛɨɬɤɚ ɦɨɞɟɥɢ 

Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɨɞɟɥɢ 
ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɛɵɥɚ 
ɜɵɛɪɚɧɚ ɫɪɟɞɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ LКЛVIEА® 
(ɜɟɪɫɢɹ 2011), ɬɚɤ ɤɚɤ ɞɚɧɧɚɹ ɫɪɟɞɚ ɢɦɟɟɬ 
ɨɛɲɢɪɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɢɧɬɟɪɮɟɣɫɚ 
ɩɪɨɝɪɚɦɦɵ, ɫɩɨɫɨɛɧɚ ɟɞɢɧɨɜɪɟɦɟɧɧɨ ɩɪɨɜɨɞɢɬɶ 
ɢɡɦɟɪɟɧɢɹ, ɨɛɪɚɛɨɬɤɭ ɞɚɧɧɵɯ ɢ ɜɢɡɭɚɥɢɡɚɰɢɸ 
ɩɪɨɰɟɫɫɨɜ. Ɍɚɤ ɠɟ LКЛVIEА® ɩɪɨɫɬɚ ɜ ɨɫɜɨɟɧɢɢ 
ɢ ɢɦɟɟɬ ɨɛɲɢɪɧɭɸ ɪɟɫɭɪɫɧɭɸ ɛɚɡɭ. 

Ɋɚɡɪɚɛɨɬɤɚ ɦɨɞɟɥɢ ɩɪɨɜɟɞɟɧɚ ɜ ɞɜɚ ɨɫɧɨɜɧɵɯ 
ɷɬɚɩɚ: 

1) ɫɨɡɞɚɧɢɟ ɫɟɝɦɟɧɬɚ ɦɨɞɟɥɢ, ɨɬɜɟɱɚɸɳɟɝɨ ɡɚ
ɝɟɧɟɪɚɰɢɸ ɫɢɝɧɚɥɚ; 

2) ɫɨɡɞɚɧɢɟ ɚɥɝɨɪɢɬɦɚ, ɨɫɭɳɟɫɬɜɥɹɸɳɟɝɨ
ɞɢɫɤɪɟɬɢɡɚɰɢɸ ɫɢɝɧɚɥɚ. 

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɰɢɮɪɨɜɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɫɢɝɧɚɥɚ ɜɧɢɡ ɢ ɜɜɟɪɯ 
ɝɟɧɟɪɢɪɭɟɬɫɹ ɩɨɥɨɫɨɜɨɣ ɫɢɝɧɚɥ, ɜ ɤɨɬɨɪɨɦ 
ɧɚɫɬɪɚɢɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɵ 
(ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ, Fɫɪ Ƚɰ). 
ɒɢɪɢɧɚ ɫɩɟɤɬɪɚ ɮɢɤɫɢɪɨɜɚɧɚ ɢ ɪɚɜɧɚ 10% ɨɬ 
ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ. 

ȼ ɫɪɟɞɟ LКЛVIEА® ɞɚɧɧɵɣ ɫɢɝɧɚɥ 
ɪɟɚɥɢɡɨɜɚɧ ɫɭɦɦɨɣ 11 ɫɢɧɭɫɨɢɞ, ɫ ɰɟɧɬɪɚɥɶɧɨɣ 
ɫɢɧɭɫɨɢɞɨɣ, ɱɚɫɬɨɬɚ ɤɨɬɨɪɨɣ ɪɚɜɧɚ Fɫɪ, Ƚɰ. 
Ɉɫɬɚɥɶɧɵɟ 10 ɫɢɧɭɫɨɢɞ ɨɬɫɬɨɹɬ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɧɚ 
ɜɟɥɢɱɢɧɭ ɪɚɜɧɭɸ 1% ɨɬ Fɫɪ Ƚɰ, ɩɟɪɜɵɟ 5 ɜɜɟɪɯ 
ɩɨ ɱɚɫɬɨɬɧɨɦɭ ɞɢɚɩɚɡɨɧɭ, ɩɨɫɥɟɞɧɢɟ ɜɧɢɡ ɩɨ 
ɱɚɫɬɨɬɧɨɦɭ ɞɢɚɩɚɡɨɧɭ. Ⱥɦɩɥɢɬɭɞɚ ɧɚɢɜɵɫɲɟɣ ɩɨ 
ɱɚɫɬɨɬɟ ɫɢɧɭɫɨɢɞɵ ɮɢɤɫɢɪɨɜɚɧɚ ɢ ɪɚɜɧɚ 10 ȼ, 
ɚɦɩɥɢɬɭɞɵ ɨɫɬɚɥɶɧɵɯ ɫɢɧɭɫɨɢɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɫɧɢɠɚɸɬɫɹ ɧɚ 3% ɨɬ ɩɪɟɞɵɞɭɳɟɣ. 

Ⱥɥɝɨɪɢɬɦ, ɪɟɚɥɢɡɭɸɳɢɣ ɞɢɫɤɪɟɬɢɡɚɰɢɸ 
ɢɫɫɥɟɞɭɟɦɨɝɨ ɫɢɝɧɚɥɚ, ɨɫɧɨɜɚɧ ɧɚ ɛɚɡɟ ɰɢɤɥɚ ПШr. 
Ⱦɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɩɪɟɨɛɪɚɡɭɟɬ ɜɯɨɞɧɨɣ ɦɚɫɫɢɜ 
ɞɚɧɧɵɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɝɟɧɟɪɢɪɭɟɦɨɦɭ 
ɫɢɝɧɚɥɭ, ɨɛɧɭɥɹɹ ɜɫɟ ɡɧɚɱɟɧɢɹ ɦɚɫɫɢɜɚ, ɤɪɨɦɟ ɬɟɯ 
ɡɧɚɱɟɧɢɣ, ɢɧɞɟɤɫ ɤɨɬɨɪɵɯ ɪɚɜɟɧ Ф*Ns (Ns – 

ɩɟɪɢɨɞ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɜ ɨɬɫɱɟɬɚɯ ɫɢɝɧɚɥɚ, Ф – 

ɰɟɥɨɟ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɱɢɫɥɨ, ɪɚɜɧɨɟ ɨɬ 1 ɞɨ Fs*Э 
(Fs – ɱɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ, Э – ɞɥɢɬɟɥɶɧɨɫɬɶ 
ɫɢɝɧɚɥɚ ɪɚɜɧɚɹ 1 ɫ)). Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɚɥɝɨɪɢɬɦ 
ɨɫɬɚɜɥɹɟɬ ɩɨ 1 ɨɬɫɱɟɬɭ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɫ 
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ɩɟɪɢɨɞɨɦ ɪɚɜɧɵɦ ɩɟɪɢɨɞɭ ɞɢɫɤɪɟɬɢɡɚɰɢɢ. 
ɑɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɡɚɞɚɟɬɫɹ ɩɨɥɶɡɨɜɚɬɟɥɟɦ. 

ɉɨɫɥɟ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɫɢɝɧɚɥ ɩɨɫɬɭɩɚɟɬ ɧɚ 
ɜɯɨɞ ɩɨɥɨɫɨɜɨɝɨ ɮɢɥɶɬɪɚ Ȼɚɬɬɟɪɜɨɪɬɚ ɫ 
ɢɡɦɟɧɹɟɦɨɣ ɩɨɥɨɫɨɣ ɩɪɨɩɭɫɤɚɧɢɹ ɞɥɹ ɜɵɞɟɥɟɧɢɹ 
ɧɟɨɛɯɨɞɢɦɨɣ ɫɞɜɢɧɭɬɨɣ ɤɨɩɢɢ ɫɩɟɤɬɪɚ ɢɫɯɨɞɧɨɝɨ 
ɫɢɝɧɚɥɚ. 

Ɋɚɡɪɚɛɨɬɚɧ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɢɧɬɟɪɮɟɣɫ 
ɩɪɨɝɪɚɦɦɵ (ɪɢɫ. 1). ɂɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ 

ɨɬɨɛɪɚɠɚɟɬ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɢɫɯɨɞɧɨɝɨ ɢ 
ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ, ɫɩɟɤɬɪ ɢɫɯɨɞɧɨɝɨ 
ɫɢɝɧɚɥɚ, ɫɩɟɤɬɪ ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ, ɢ 
ɫɩɟɤɬɪ, ɜɵɞɟɥɟɧɧɵɣ ɩɨɥɨɫɨɜɵɦ ɮɢɥɶɬɪɨɦ. ɉɪɢ 
ɩɨɦɨɳɢ ɢɧɬɟɪɮɟɣɫɚ, ɩɨɥɶɡɨɜɚɬɟɥɶ ɡɚɞɚɟɬ ɬɚɤɢɟ 
ɩɚɪɚɦɟɬɪɵ ɤɚɤ: ɫɪɟɞɧɹɹ ɱɚɫɬɨɬɚ ɝɟɧɟɪɢɪɭɟɦɨɝɨ 
ɫɢɝɧɚɥɚ; ɱɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ; ɜɟɪɯɧɹɹ ɢ 
ɧɢɠɧɹɹ ɝɪɚɧɢɰɚ ɩɨɥɨɫɵ ɩɪɨɩɭɫɤɚɧɢɹ ɩɨɥɨɫɨɜɨɝɨ 
ɮɢɥɶɬɪɚ. 

Ɋɢɫ. 1. ɉɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ 

Fig. 1. The user interface 

Ɋɟɡɭɥɶɬɚɬɵ 
Ⱦɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɪɚɛɨɬɵ ɢɦɢɬɚɰɢɨɧɧɨɣ 

ɦɨɞɟɥɢ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɰɢɮɪɨɜɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɫɢɝɧɚɥɚ ɜɜɟɪɯ ɢ ɜɧɢɡ. 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɱɚɫɬɨɬɵ ɫɢɝɧɚɥɚ ɜɜɟɪɯ 
ɨɫɭɳɟɫɬɜɥɟɧɨ ɧɚ ɩɪɢɦɟɪɟ ɩɨɥɨɫɨɜɨɝɨ ɫɢɝɧɚɥɚ ɫ 
ɧɚɢɜɵɫɲɟɣ ɱɚɫɬɨɬɨɣ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ ɪɚɜɧɨɣ 

4200 Ƚɰ, ɲɢɪɢɧɨɣ ɫɩɟɤɬɪɚ 400 Ƚɰ. ɑɚɫɬɨɬɚ 
ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɟɦɨɣ 
Ʉɨɬɟɥɶɧɢɤɨɜɚ ɪɚɜɧɚ 9000 Ƚɰ. ɉɨɥɨɫɚ ɩɪɨɩɭɫɤɚɧɢɹ 
ɩɨɥɨɫɨɜɨɝɨ ɮɢɥɶɬɪɚ ɧɚɫɬɪɨɟɧɚ ɧɚ ɞɢɚɩɚɡɨɧ ɱɚɫɬɨɬ 
ɪɚɜɧɵɣ 30500 Ƚɰ – 31500 Ƚɰ. 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɰɢɥɥɨɝɪɚɦɦɵ 
ɢɫɯɨɞɧɨɝɨ ɢ ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ. 
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Ɋɢɫ. 2. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ: ɚ) ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ; ɛ) ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ 

Fig. 2. Oscillograms of: a) the original signal; b) the sampled signal 

ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɩɟɤɬɪɨɝɪɚɦɦɵ 
ɢɫɯɨɞɧɨɝɨ ɢ ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ, ɚ 

ɬɚɤɠɟ ɤɨɩɢɢ ɫɩɟɤɬɪɚ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ, 
ɜɵɞɟɥɟɧɧɨɝɨ ɩɨɥɨɫɨɜɵɦ ɮɢɥɶɬɪɨɦ. 

Ɋɢɫ. 3. ɋɩɟɤɬɪɨɝɪɚɦɦɵ ɫɢɝɧɚɥɨɜ, ɢɥɥɸɫɬɪɢɪɭɸɳɢɟ ɩɪɨɰɟɫɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜɜɟɪɯ:  
ɚ) ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ; ɛ) ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ; ɜ) ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ 

Fig. 3. Signal spectrogram illustrating the process of frequency up-conversion: a) the original signal 

; b) the converted signal; c) the sampled signal 

Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɰɢɮɪɨɜɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜɧɢɡ, ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɞɢɫɤɪɟɬɢɡɚɰɢɸ, ɧɚɡɵɜɚɟɦɭɸ ɩɨɥɨɫɨɜɨɣ 
ɞɢɫɤɪɟɬɢɡɚɰɢɟɣ. Ɂɞɟɫɶ ɱɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ 
ɜɵɛɢɪɚɟɬɫɹ ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (1): 
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ɝɞɟ Fc – ɫɪɟɞɧɹɹ ɱɚɫɬɨɬɚ ɫɩɟɤɬɪɚ ɩɨɥɨɫɨɜɨɝɨ 
ɫɢɝɧɚɥɚ, Ƚɰ, 
B – ɲɢɪɢɧɚ ɫɩɟɤɬɪɚ ɩɨɥɨɫɨɜɨɝɨ ɫɢɝɧɚɥɚ, Ƚɰ, 
m – ɩɪɨɢɡɜɨɥɶɧɨɟ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɰɟɥɨɟ ɱɢɫɥɨ, 
ɜɵɛɢɪɚɟɦɨɟ ɬɚɤ, ɱɬɨɛɵ ɜɵɩɨɥɧɹɥɨɫɶ 
ɫɨɨɬɧɨɲɟɧɢɟ Fs≥2B. [2] 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɫɝɟɧɟɪɢɪɨɜɚɧ ɫɢɝɧɚɥ ɫɨ 
ɫɪɟɞɧɟɣ ɱɚɫɬɨɬɨɣ Fɫ=500 ɤȽɰ, ɲɢɪɢɧɨɣ ɫɩɟɤɬɪɚ 
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B=50 ɤȽɰ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɨɣ (1) 
ɪɚɫɫɱɢɬɚɧɚ ɱɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɩɪɢ Ц = 6, 
158,3 ɤȽɰ ≥ Fs ≤ 150 ɤȽɰ. ɑɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ 
ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ Fs=155 ɤȽɰ. ɇɚ ɪɢɫɭɧɤɟ 4 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɩɟɤɬɪ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ, ɫɩɟɤɬɪ 

ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ ɢ ɤɨɩɢɹ ɫɩɟɤɬɪɚ, 
ɜɵɞɟɥɟɧɧɚɹ ɩɨɥɨɫɨɜɵɦ ɮɢɥɶɬɪɨɦ, ɜɵɩɨɥɧɹɸɳɢɦ 
ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɮɭɧɤɰɢɸ ɮɢɥɶɬɪɚ ɧɢɠɧɢɯ 
ɱɚɫɬɨɬ, ɬɚɤ ɤɚɤ ɧɚɫɬɪɨɟɧ ɧɚ ɞɢɚɩɚɡɨɧ ɨɬ 1 Ƚɰ ɞɨ 61 
ɤȽɰ. 

Ɋɢɫ. 4. ɋɩɟɤɬɪɨɝɪɚɦɦɵ ɫɢɝɧɚɥɨɜ, ɢɥɥɸɫɬɪɢɪɭɸɳɢɟ ɩɪɨɰɟɫɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜɧɢɡ:  
ɚ) ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ; ɛ) ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ; ɜ) ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ 

Fig. 4. Signal spectrogram illustrating the process of frequency down-conversion: a) the original signal; 

b) the converted signal; c) the sampled signal

Ɍɚɤɠɟ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɧɚɛɥɸɞɚɬɶ ɷɮɮɟɤɬ 
ɧɚɥɨɠɟɧɢɹ ɤɨɩɢɣ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ ɩɪɢ 
ɧɟɤɨɪɪɟɤɬɧɨɦ ɜɵɛɨɪɟ ɱɚɫɬɨɬɵ ɞɢɫɤɪɟɬɢɡɚɰɢɢ. 
ɇɚɩɪɢɦɟɪ, ɞɚɧɧɵɣ ɷɮɮɟɤɬ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ ɱɚɫɬɨɬɵ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɞɨ 
Fs=165 ɤȽɰ, ɱɬɨ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ 
ɮɨɪɦɭɥɵ (1) (ɪɢɫ. 5). 

Ɋɢɫ. 5. ɋɩɟɤɬɪ ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ ɩɪɢ Fs=165 ɤȽɰ 

Fig. 5. Spectrum of sampled signal at Fs = 165 kHz 
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INFORMATION TECHNOLOGIES  

Зɚɤɥɸɱɟɧɢɟ 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ 
ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɩɨɡɜɨɥɹɟɬ 
ɝɥɭɛɠɟ ɭɫɜɨɢɬɶ ɫɭɬɶ ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɱɚɫɬɨɬɵ, ɧɚɝɥɹɞɧɨ ɜɢɡɭɚɥɢɡɢɪɭɹ ɜɫɟ ɨɫɧɨɜɧɵɟ 
ɷɬɚɩɵ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ: ɨɬɨɛɪɚɠɚɸɬɫɹ 
ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɢɫɯɨɞɧɨɝɨ ɢ 
ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ; ɫɩɟɤɬɪɨɝɪɚɦɦɚ 
ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ; ɜɢɡɭɚɥɢɡɢɪɭɟɬɫɹ ɷɮɮɟɤɬ 
ɪɚɡɦɧɨɠɟɧɢɹ ɫɩɟɤɬɪɚ ɩɪɢ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɫɢɝɧɚɥɚ; 
ɪɟɚɥɢɡɭɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɬɪɟɛɭɟɦɨɣ 
ɤɨɩɢɢ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ ɩɨɥɨɫɨɜɵɦ ɮɢɥɶɬɪɨɦ. 

Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ, ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ ɤɚɮɟɞɪɵ 
ɂɧɮɨɪɦɚɰɢɨɧɧɨ-ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 
ɢ ɬɟɯɧɨɥɨɝɢɣ ɇɂɍ «ȻɟɥȽɍ» ɩɪɢ ɢɡɭɱɟɧɢɢ 
ɩɪɢɧɰɢɩɨɜ ɩɨɫɬɪɨɟɧɢɹ ɰɢɮɪɨɜɵɯ ɫɢɫɬɟɦ 
ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɫɩɟɰɢɚɥɶɧɵɯ 
ɞɢɫɰɢɩɥɢɧɚɯ. 
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