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Ɋ.ȼ. Ʉɢɪɢɥɟɧɤɨ, ɇ.Ⱥ. Ƚɭɤ, Ɉ.ȼ. ȼɟɪɛɚ 
Ⱦɧɿɩɪɨɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ 

ɉȿɊȿȾȻȺɑȿɇɇə ɉɋɂɏɈɅɈȽȱɑɇɈȲ ɊȿȺɄɐȱȲ ɄɈɊɂɋɌɍȼȺɑȺ ɉɊɂ 
ɉȿɊȿȽɅəȾȱ ɐɂɎɊɈȼɂɏ ɁɈȻɊȺɀȿɇɖ ɁȺɋɈȻȺɆɂ   

ɆȺɒɂɇɇɈȽɈ ɇȺȼɑȺɇɇə 

ȼ ɫɬɚɬɬɿ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɤɨɦɩɥɟɤɫ ɚɥɝɨɪɢɬɦɿɜ ɞɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ 
ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɩɫɢɯɨɥɨɝɿɱɧɨʀ ɪɟɚɤɰɿʀ ɤɨɪɢɫɬɭɜɚɱɚ ɧɚ ɡɨɛɪɚɠɟɧɧɹ ɩɪɢ ɩɟɪɟɝɥɹɞɿ 
ɰɢɮɪɨɜɢɯ ɡɨɛɪɚɠɟɧɶ. Ⱦɥɹ ɜɢɞɿɥɟɧɧɹ ɨɛɥɢɱ ɧɚ ɡɨɛɪɚɠɟɧɧɹɯ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ 
ɞɿɚɝɪɚɦɢ ɨɪɿєɧɬɨɜɚɧɢɯ ɝɪɚɞɿєɧɬɿɜ. ɉɪɨɝɧɨɡɭɜɚɧɧɹ ɩɫɢɯɨɥɨɝɿɱɧɨʀ ɪɟɚɤɰɿʀ ɜɢɤɨɧɭєɬɶɫɹ 
ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɲɬɭɱɧɚ ɧɟɣɪɨɧɧɚ ɦɟɪɟɠɚ, ɦɟɬɨɞ ɡɜɨɪɨɬɧɨɝɨ ɪɨɡɩɨɜɫɸɞɠɟɧɧɹ 
ɩɨɦɢɥɤɢ, ɚɧɬɪɨɩɨɥɨɝɿɱɧɿ ɬɨɱɤɢ, ɝɿɫɬɨɝɪɚɦɚ ɨɪɿєɧɬɨɜɚɧɢɯ ɝɪɚɞɿєɧɬɿɜ, ɡɝɨɪɬɤɨɜɚ 
ɧɟɣɪɨɧɧɚ ɦɟɪɟɠɚ, ɩɪɨɝɧɨɡɭɜɚɧɧɹ. 
 

ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɨɦɩɥɟɤɫ ɚɥɝɨɪɢɬɦɨɜ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɩɫɢɯɨɥɨɝɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɩɨɥɶɡɨɜɚɬɟɥɹ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɢ 
ɩɪɨɫɦɨɬɪɟ ɰɢɮɪɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɣ . Ⱦɥɹ ɜɵɞɟɥɟɧɢɹ ɥɢɰ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɢɚɝɪɚɦɦɵ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ. ɉɪɨɝɧɨɡɢɪɨɜɚɧɢɟ 
ɩɫɢɯɨɥɨɝɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɢɫɤɭɫɫɬɜɟɧɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ, ɦɟɬɨɞ ɨɛɪɚɬɧɨɝɨ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɨɲɢɛɤɢ, ɚɧɬɪɨɩɨɥɨɝɢɱɟɫɤɢɟ ɬɨɱɤɢ, ɝɢɫɬɨɝɪɚɦɦɚ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ 
ɝɪɚɞɢɟɧɬɨɜ, ɫɜɟɪɬɨɱɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ, ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ. 
 

In the article, a problem of prediction a user's psychological response to the presented 

image is considered. A complex algorithm that solves proposed problem with respect to 

fuzzy input data which operates in real time is proposed. 

A classification problem for each particular user based on previously generated content 

by the user using a set of algorithms including machine learning algorithm is considered. 

Due to a huge amount of variety in possible input data and it’s complexity algorithms that 
reduce fuzziness are considered. In order for a prediction system to understand and learn 

from data it has been provided, it has to be prepared in such a way that the algorithm 

could more easily find patterns and inferences. For that purpose, all incoming data passes 

two additional steps which also allows the system to neglect fuzziness.  

At the first step, the software has to definitely determine a presence of the desired object 

(face, in the article) which must be done fast enough to be made in a time of presenting the 

picture to a user and it must be stable to data fuzziness. In order to solve that problem his-

togram of oriented graphs is considered. Because of its nature, the algorithm solves a prob-

lem in comparatively fast and robust way. At the second step, the face landmark estimation 

algorithm is considered. It allows the system to reduce the number of patterns that have to 

be learned in order to predict the behavior reducing the number of such patterns by nar-

rowing down the two-dimensional transform of the object. 

The last step, prediction, is implemented with an artificial neural network that embraces 

incoming object and determines user’s resolution based on its experience. Such algorithm 

____________________________________________________ 

  Ʉɢɪɢɥɟɧɤɨ Ɋ.ȼ., Ƚɭɤ ɇ.Ⱥ., ȼɟɪɛɚ Ɉ.ȼ., 2018 
 



 ISSN 2074-5893 ɉɢɬɚɧɧɹ ɩɪɢɤɥɚɞɧɨʀ ɦɚɬɟɦɚɬɢɤɢ ɿ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ.  ȼɢɩɭɫɤ 18 
 

 77 

allows the system to keep learning throughout its life cycle which leads to constant im-

provements in its results. The proposed algorithms complex was implemented. High speed, 

fuzziness resistance, independence of external conditions can be considered as its ad-

vantages. Slow learning cycle can be considered as its main disadvantage. Tests’ results 
provided in the article. 

Key words: artificial neural network, method of reverse error propagation, anthropo-

logical points, histogram of oriented gradients, convolutional neural network, forecasting. 

 

ȼɫɬɭɩ. Ⱥɜɬɨɦɚɬɢɡɚɰɿɹ ɩɪɨɰɟɫɿɜ ɭ ɧɚɲ ɱɚɫ ɡɞɿɣɫɧɸєɬɶɫɹ ɭ ɛɚɝɚɬɶɨɯ ɫɮɟɪɚɯ 
ɞɿɹɥɶɧɨɫɬɿ ɥɸɞɢɧɢ. ɉɨɬɪɟɛɚ ɜ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɜɢɧɢɤɥɚ ɳɟ ɜ ɝɥɢɛɨɤɭ ɞɚɜɧɢɧɭ ɿ 
ɩɨɫɬɿɣɧɨ ɡɪɨɫɬɚɥɚ ɜ ɩɪɨɰɟɫɿ ɪɨɡɜɢɬɤɭ ɥɸɞɫɶɤɢɯ ɩɨɬɪɟɛ ɿ ɡɚɫɨɛɿɜ ɜɢɪɨɛɧɢɰɬɜɚ. 
Ɂɚɞɚɱɚ, ɳɨ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɭ ɞɚɧɿɣ ɪɨɛɨɬɿ, ɬɿɫɧɨ ɩɨɜ’ɹɡɚɧɚ ɿɡ ɚɜɬɨɦɚɬɢɡɚɰɿєɸ 
ɩɪɨɰɟɫɿɜ ɦɨɡɤɭ ɥɸɞɢɧɢ, ɚ ɫɚɦɟ ɩɪɨɰɟɫɭ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɨɛɥɢɱɱɹ ɧɚ ɡɨɛɪɚɠɟɧɧɿ 
ɬɚ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɩɫɢɯɨɥɨɝɿɱɧɨʀ ɪɟɚɤɰɿʀ ɥɸɞɢɧɢ  ɩɪɢ ɩɟɪɟɝɥɹɞɿ ɰɶɨɝɨ 
ɡɨɛɪɚɠɟɧɧɹ. ɉɪɨɝɧɨɡɭɜɚɧɧɹ ɜɿɞɛɭɜɚєɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɩɚɬɬɟɪɧɿɜ ɩɨɜɟɞɿɧɤɢ 
ɥɸɞɢɧɢ ɬɚ ɿɫɧɭɸɱɨʀ ɧɚɜɱɚɥɶɧɨʀ ɜɢɛɿɪɤɢ, ɨɬɪɢɦɚɧɨʀ ɩɪɢ ɩɨɩɟɪɟɞɧɶɨɦɭ 
ɩɟɪɟɝɥɹɞɿ ɡɨɛɪɚɠɟɧɶ. Ɋɟɡɭɥɶɬɚɬɢ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɦɨɠɥɢɜɟ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ 
ɩɪɢ ɜɿɞɛɨɪɿ ɨɛɥɢɱ ɞɥɹ ɪɟɤɥɚɦɧɢɯ ɡɨɛɪɚɠɟɧɶ, ɩɪɢ ɮɨɪɦɭɜɚɧɧɿ ɤɨɧɬɟɤɫɬɧɢɯ 
ɜɢɛɿɪɨɤ ɡɨɛɪɚɠɟɧɶ ɧɚ ɫɚɣɬɚɯ ɡɧɚɣɨɦɫɬɜ.  

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ ɡɚ ɬɟɦɨɸ ɞɨɫɥɿɞɠɟɧɧɹ. ȼ ɨɫɬɚɧɧɿ ɪɨɤɢ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ  
ɪɨɡɜɢɬɨɤ ɩɿɞɯɨɞɿɜ ɳɨɞɨ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɡɨɛɪɚɠɟɧɶ ɬɚ ɨɰɿɧɸɜɚɧɧɹ 
ɩɪɢɜɚɛɥɢɜɨɫɬɿ ɨɛɥɢɱ, ɡɚɫɧɨɜɚɧɢɣ ɧɚ ɫɢɫɬɟɦɚɯ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ ɬɚ 
ɤɥɚɫɢɮɿɤɚɬɨɪɚɯ, ɞɥɹ ɹɤɢɯ ɪɨɡɪɨɛɥɹɸɬɶɫɹ ɚɥɝɨɪɢɬɦɢ ɧɚɜɱɚɧɧɹ.   Іɡ 
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ ɦɟɬɨɞɿɜ ɬɚ ɚɥɝɨɪɢɬɦɿɜ ɦɨɠɥɢɜɨ 
ɤɥɚɫɢɮɿɤɭɜɚɬɢ ɨɛɥɢɱɱɹ. ɍ ɪɨɛɨɬɿ  [4]  ɭ ɹɤɨɫɬɿ ɨɡɧɚɤ, ɡɚ ɹɤɢɦɢ ɜɢɡɧɚɱɚєɬɶɫɹ 
ɩɪɢɜɚɛɥɢɜɿɫɬɶ, ɩɪɨɩɨɧɭєɬɶɫɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɩɪɨɩɨɪɰɿʀ ɪɢɫ ɨɛɥɢɱɱɹ ɩɨ 
ɤɥɸɱɨɜɢɦ ɬɨɱɤɚɦ. ɇɟɞɨɥɿɤɨɦ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɩɿɞɯɨɞɭ є ɧɟɨɛɯɿɞɧɿɫɬɶ 
ɜɢɡɧɚɱɚɬɢ ɧɟɨɛɯɿɞɧɿ ɬɨɱɤɢ ɧɚ ɨɛɥɢɱɱɿ ɜɥɚɫɧɨɪɭɱ. ȼ [6] ɞɥɹ ɜɢɞɿɥɟɧɧɹ 
ɯɚɪɚɤɬɟɪɧɢɯ ɨɡɧɚɤ, ɡɚ ɹɤɢɦɢ ɤɥɚɫɢɮɿɤɭєɬɶɫɹ ɡɨɛɪɚɠɟɧɧɹ, ɨɤɪɿɦ ɩɪɨɩɨɪɰɿɣ 
ɛɭɥɨ ɜɢɤɨɪɢɫɬɚɧɨ ɬɚɤɨɠ ɦɟɬɨɞ ɝɨɥɨɜɧɢɯ ɤɨɦɩɨɧɟɧɬ. ȼ [8] ɞɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ 
ɡɚɞɚɱɿ ɜɢɤɨɪɢɫɬɨɜɭɜɚɜɫɹ ɧɟɣɪɨɦɟɪɟɠɟɜɢɣ ɩɿɞɯɿɞ.  

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɿ. Ɂɚɞɚɱɚ ɩɨɥɹɝɚє ɭ ɪɨɡɪɨɛɰɿ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɿɞɯɨɞɭ, ɳɨ 
ɞɨɡɜɨɥɹє ɩɟɪɟɞɛɚɱɢɬɢ ɩɫɢɯɨɥɨɝɿɱɧɭ ɪɟɚɤɰɿɸ ɤɨɪɢɫɬɭɜɚɱɚ ɧɚ ɡɨɛɪɚɠɟɧɧɹ, ɳɨ 
ɞɟɦɨɧɫɬɪɭєɬɶɫɹ, ɛɚɡɭɸɱɢɫɶ ɧɚ ɩɨɩɟɪɟɞɧɶɨɦɭ ɞɨɫɜɿɞɿ ɫɢɫɬɟɦɢ – ɟɦɨɰɿɣɧɢɯ 
ɪɟɚɤɰɿɹɯ ɥɸɞɢɧɢ ɩɪɢ ɩɟɪɟɝɥɹɞɿ ɡɨɛɪɚɠɟɧɶ, ɳɨ ɞɟɦɨɧɫɬɪɭɜɚɥɢɫɶ ɣɨɦɭ ɪɚɧɿɲɟ. 
ȼ ɹɤɨɫɬɿ ɜɯɿɞɧɢɯ ɞɚɧɢɯ ɜɢɫɬɭɩɚє ɮɨɬɨɝɪɚɮɿɱɧɟ ɡɨɛɪɚɠɟɧɧɹ ɨɛɥɢɱɱɹ ɥɸɞɢɧɢ ɜ 
ɦɨɦɟɧɬ ɩɟɪɟɝɥɹɞɭ ɡɨɛɪɚɠɟɧɧɹ. ɇɚ ɜɢɯɨɞɿ ɩɪɨɝɪɚɦɚ ɩɨɜɢɧɧɚ ɧɚɞɚɬɢ ɨɰɿɧɤɭ 
ɟɦɨɰɿɣɧɨʀ ɪɟɚɤɰɿʀ ɤɨɪɢɫɬɭɜɚɱɚ ɧɚ ɩɟɪɟɝɥɹɧɭɬɟ ɡɨɛɪɚɠɟɧɧɹ. 

Ɇɨɞɟɥɶ ɡɚɞɚɱɿ ɩɪɨɝɧɨɡɭɜɚɧɧɹ. ɋɮɨɪɦɭɥɶɨɜɚɧɭ ɡɚɞɚɱɭ ɛɭɞɟɦɨ ɪɨɡɝɥɹɞɚɬɢ 
ɹɤ ɡɚɞɚɱɭ ɤɥɚɫɢɮɿɤɚɰɿʀ ɡɨɛɪɚɠɟɧɶ ɞɥɹ ɤɨɠɧɨɝɨ ɨɤɪɟɦɨ ɜɡɹɬɨɝɨ ɤɨɪɢɫɬɭɜɚɱɚ. 
Ɉɫɤɿɥɶɤɢ ɪɿɲɟɧɧɹ ɩɪɨ ɟɦɨɰɿɣɧɭ ɨɰɿɧɤɭ ɥɸɞɢɧɢ, ɳɨ ɩɪɢɣɦɚє ɫɢɫɬɟɦɚ, 
ɩɨɜɢɧɧɨ ґɪɭɧɬɭɜɚɬɢɫɶ ɧɚ ɩɨɩɟɪɟɞɧɶɨɦɭ ɞɨɫɜɿɞɿ, ɛɭɞɟɦɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ 
ɦɨɞɟɥɿ ɬɚ ɦɟɬɨɞɢ ɦɚɲɢɧɧɨɝɨ ɧɚɜɱɚɧɧɹ, ɹɤ ɚɥɶɬɟɪɧɚɬɢɜɭ ɫɬɜɨɪɟɧɧɸ 
ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ. ɋɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɦɚɬɟɦɚɬɢɱɧɿ ɚɥɝɨɪɢɬɦɢ ɦɚɲɢɧɧɨɝɨ 
ɧɚɜɱɚɧɧɹ ɩɪɚɰɸɸɬɶ ɡ ɜɟɥɢɤɢɦɢ ɨɛɫɹɝɚɦɢ ɞɚɧɢɯ ɿ ɡɞɚɬɧɿ ɡɧɚɯɨɞɢɬɶ ɩɪɢɯɨɜɚɧɿ 
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ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ ɩɨɜɟɞɿɧɤɢ ɨɛ’єɤɬɭ ɫɩɨɫɬɟɪɟɠɟɧɧɹ. Ƚɨɥɨɜɧɢɦ ɩɪɢ 
ɜɢɤɨɪɢɫɬɚɧɧɿ ɬɚɤɢɯ ɦɨɞɟɥɟɣ є ɧɚɹɜɧɿɫɬɶ ɿɧɮɨɪɦɚɰɿʀ ɩɪɨ ɨɛ’єɤɬ. Ⱦɥɹ 
ɪɨɡɜ’ɹɡɚɧɧɹ ɫɮɨɪɦɭɥɶɨɜɚɧɨʀ ɡɚɞɚɱɿ ɛɭɞɟɦɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɜɢɛɿɪɤɭ, ɹɤɚ 
ɫɤɥɚɞɚєɬɶɫɹ ɡ ɫɢɬɭɚɰɿɣɧɢɯ ɩɪɢɤɥɚɞɿɜ ɬɚ ɜɿɞɨɦɢɯ ɪɟɚɤɰɿɣ ɥɸɞɢɧɢ, ɜɢɹɜɥɟɧɢɯ 
ɩɿɞ ɱɚɫ ɩɟɪɟɝɥɹɞɭ ɰɢɯ ɩɪɢɤɥɚɞɿɜ. Ɋɨɡɪɨɛɥɟɧɢɣ ɚɥɝɨɪɢɬɦ ɩɨɜɢɧɟɧ ɭɡɚɝɚɥɶɧɢɬɢ 
ɞɨɫɜɿɞ ɩɨɩɟɪɟɞɧɿɯ ɫɩɨɫɬɟɪɟɠɟɧɶ ɡɚ ɪɟɚɤɰɿɹɦɢ ɥɸɞɢɧɢ ɞɥɹ ɨɛɪɨɛɤɢ ɧɨɜɢɯ 
ɜɢɩɚɞɤɿɜ, ɹɤɿ ɧɟ ɡɭɫɬɪɿɱɚɥɢɫɹ ɪɚɧɿɲɟ, ɬɚ ɪɟɡɭɥɶɬɚɬ ɹɤɢɯ ɡɚɡɞɚɥɟɝɿɞɶ ɧɟ є 
ɜɿɞɨɦɢɦ. Ɍɚɤɚ ɫɢɫɬɟɦɚ ɩɨɜɢɧɧɚ ɜɦɿɬɢ ɧɚɥɚɝɨɞɠɭɜɚɬɢ ɫɜɿɣ ɚɥɝɨɪɢɬɦ 
ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ ɚɜɬɨɦɚɬɢɱɧɨ, ɨɬɪɢɦɭɸɱɢ ɧɚɜɱɚɥɶɧɿ ɩɪɢɤɥɚɞɢ ɩɪɢ 
ɨɩɢɬɭɜɚɧɧɿ ɤɨɪɢɫɬɭɜɚɱɚ ɜ ɪɟɚɥɶɧɨɦɭ ɪɟɠɢɦɿ ɱɚɫɭ. 

ȼ ɪɚɦɤɚɯ ɝɚɥɭɡɿ ɚɧɚɥɿɡɭ ɞɚɧɢɯ ɦɚɲɢɧɧɟ ɧɚɜɱɚɧɧɹ є ɦɟɬɨɞɨɦ, ɹɤɢɣ 
ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɞɥɹ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɫɤɥɚɞɧɢɯ ɦɨɞɟɥɟɣ. Ɇɟɬɨɞɢ ɦɚɲɢɧɧɨɝɨ 
ɧɚɜɱɚɧɧɹ ɞɨɡɜɨɥɹɸɬɶ ɩɨɛɭɞɭɜɚɬɢ ɩɪɨɰɟɫ ɧɚɜɱɚɧɧɹ ɧɚ ɿɫɧɭɸɱɢɯ ɩɪɢɤɥɚɞɚɯ ɿ 
ɜɢɤɨɧɭɜɚɬɢ ɩɟɪɟɞɛɚɱɭɜɚɧɢɣ ɚɧɚɥɿɡ ɧɚ ɧɢɯ. 

Ɇɟɬɨɞ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ. Ⱦɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɫɮɨɪɦɭɥɶɨɜɚɧɨʀ ɡɚɞɚɱɿ 
ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɟɦɨɰɿɣɧɨʀ ɪɟɚɤɰɿʀ ɥɸɞɢɧɢ ɧɚ ɩɟɪɟɝɥɹɧɭɬɟ ɡɨɛɪɚɠɟɧɧɹ  
ɧɟɨɛɯɿɞɧɨ ɡɪɨɛɢɬɢ ɩɨɩɟɪɟɞɧɸ ɨɛɪɨɛɤɭ ɮɨɬɨɝɪɚɮɿʀ ɥɸɞɢɧɢ ɩɿɞ ɱɚɫ ɩɟɪɟɝɥɹɞɭ 
ɡɨɛɪɚɠɟɧɧɹ, ɜɿɞɨɛɪɚɡɢɬɢ ɨɛɥɢɱɱɹ ɭ ɜɢɝɥɹɞɿ ɦɚɫɢɜɭ ɱɢɫɥɨɜɢɯ ɞɚɧɢɯ, 
ɪɨɡɪɨɛɢɬɢ ɫɢɫɬɟɦɭ ɩɿɞɬɪɢɦɤɢ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ, ɳɨ ɨɰɿɧɸє ɟɦɨɰɿɣɧɭ 
ɪɟɚɤɰɿɸ ɥɸɞɢɧɢ  ɫɬɨɫɨɜɧɨ ɩɟɪɟɝɥɹɧɭɬɨɝɨ ɡɨɛɪɚɠɟɧɧɹ, ɹɤ ɩɨɡɢɬɢɜɧɭ ɚɛɨ 
ɧɟɝɚɬɢɜɧɭ.  

ɉɟɪɲɢɦ ɤɪɨɤɨɦ ɡɚɝɚɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɭ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ є ɜɢɡɧɚɱɟɧɧɹ 
ɨɛɥɢɱɱɹ ɧɚ ɮɨɬɨɝɪɚɮɿʀ. Ɇɟɬɨɞ ɩɨɜɢɧɟɧ ɜɿɞɩɪɚɰɶɨɜɭɜɚɬɢ ɞɨɫɢɬɶ ɲɜɢɞɤɨ, 
ɨɫɤɿɥɶɤɢ ɫɢɫɬɟɦɚ ɩɨɜɢɧɧɚ ɩɪɚɰɸɜɚɬɢ ɜ ɪɟɠɢɦɿ ɪɟɚɥɶɧɨɝɨ ɱɚɫɭ ɩɪɢ ɩɟɪɟɝɥɹɞɿ 
ɡɨɛɪɚɠɟɧɶ ɤɨɪɢɫɬɭɜɚɱɟɦ. Ⱦɜɨɦɚ ɿɧɲɢɦɢ ɜɚɠɥɢɜɢɦɢ ɤɪɢɬɟɪɿɹɦɢ є ɫɬɿɣɤɿɫɬɶ 
ɞɨ ɧɚɹɜɧɨɫɬɿ ɲɭɦɭ ɭ ɜɯɿɞɧɢɯ ɞɚɧɢɯ ɬɚ ɨɫɜɿɬɥɟɧɧɹ ɮɨɬɨɝɪɚɮɿʀ. Ⱦɨɞɚɬɤɨɜɢɦ 
ɤɪɨɤɨɦ ɭ ɩɨɩɟɪɟɞɧɶɨʀ ɨɛɪɨɛɰɿ ɡɨɛɪɚɠɟɧɧɹ є ɜɢɪɿɜɧɸɜɚɧɧɹ ɨɛɥɢɱɱɹ 
(ɩɨɡɢɰɿɨɧɭɜɚɧɧɹ). ɐɟɣ ɤɪɨɤ ɞɨɡɜɨɥɹє ɫɢɫɬɟɦɿ ɨɬɪɢɦɚɬɢ ɫɬɿɣɤɿ ɞɨ ɩɨɜɨɪɨɬɿɜ 
ɝɨɥɨɜɢ ɭ ɬɪɢɜɢɦɿɪɧɨɦɭ ɩɪɨɫɬɨɪɿ  ɜɯɿɞɧɿ ɞɚɧɧɿ. ɇɚɫɬɭɩɧɢɣ ɤɪɨɤ – ɤɨɞɭɜɚɧɧɹ 
ɨɛɥɢɱɱɹ. Ƚɨɥɨɜɧɢɦ ɪɟɡɭɥɶɬɚɬɨɦ ɪɨɛɨɬɢ ɚɥɝɨɪɢɬɦɭ ɤɨɞɭɜɚɧɧɹ ɨɛɥɢɱɱɹ є 
ɩɪɟɞɫɬɚɜɥɟɧɧɹ ɜɯɿɞɧɨɝɨ ɡɨɛɪɚɠɟɧɧɹ ɭ ɜɢɝɥɹɞɿ ɦɚɫɢɜɭ ɱɢɫɥɨɜɢɯ ɞɚɧɢɯ.  

Ɏɿɧɚɥɶɧɢɣ ɤɪɨɤ – ɰɟ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɧɹ ɫɬɨɫɨɜɧɨ ɟɦɨɰɿɣɧɨʀ ɨɰɿɧɤɢ 
ɩɟɪɟɝɥɹɧɭɬɨɝɨ ɡɨɛɪɚɠɟɧɧɹ. ɇɚ ɰɶɨɦɭ ɟɬɚɩɿ ɫɢɫɬɟɦɚ ɩɨɜɢɧɧɚ ɩɨɛɭɞɭɜɚɬɢ 
ɪɨɡɜ’ɹɡɨɤ  ɧɚ ɛɚɡɿ ɚɥɝɨɪɢɬɦɭ ɦɚɲɢɧɧɨɝɨ ɧɚɜɱɚɧɧɹ. ɇɚɜɱɚɧɧɹ ɫɢɫɬɟɦɢ 
ɜɿɞɛɭɜɚєɬɶɫɹ ɭ ɪɟɠɢɦɿ ɪɟɚɥɶɧɨɝɨ ɱɚɫɭ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ  ɜɯɿɞɧɨɝɨ ɦɚɫɢɜɭ 
ɞɚɧɢɯ, ɩɨɯɢɛɤɚ ɧɚɜɱɚɧɧɹ ɜɢɡɧɚɱɚєɬɶɫɹ ɹɤ ɪɿɡɧɢɰɹ ɦɿɠ ɪɟɚɥɶɧɨɸ ɜɿɞɩɨɜɿɞɞɸ 
ɤɨɪɢɫɬɭɜɚɱɚ ɬɚ ɜɿɞɩɨɜɿɞɞɸ ɫɢɫɬɟɦɢ, ɨɬɪɢɦɚɧɨʀ ɭ ɪɟɡɭɥɶɬɚɬɿ ɩɪɨɝɧɨɡɭɜɚɧɧɹ. 
Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɨɛɥɢɱɱɹ ɧɚ ɮɨɬɨɝɪɚɮɿʀ ɧɟɨɛɯɿɞɧɨ ɡɚɫɬɨɫɭɜɚɬɢ ɦɟɬɨɞ, ɹɤɢɣ є 
ɫɬɿɣɤɢɦ ɞɨ ɝɟɨɦɟɬɪɢɱɧɢɯ, ɮɨɬɨɦɟɬɪɢɱɧɢɯ ɩɨɯɢɛɨɤ ɬɚ ɹɫɤɪɚɜɨɫɬɿ ɨɛɥɢɱɱɹ.    

ɍ ɪɨɛɨɬɿ ɞɥɹ ɨɞɧɨɡɧɚɱɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ɨɛɥɢɱɱɹ ɧɚ ɮɨɬɨɝɪɚɮɿʀ ɛɭɥɨ 
ɪɟɚɥɿɡɨɜɚɧɨ ɞɟɫɤɪɢɩɬɨɪ ɨɡɧɚɤ [3], ɜɿɞɨɦɢɣ ɹɤ ɝɿɫɬɨɝɪɚɦɚ ɫɩɪɹɦɨɜɚɧɢɯ 
ɝɪɚɞɿєɧɬɿɜ. ȼ ɨɫɧɨɜɿ ɰɶɨɝɨ ɦɟɬɨɞɭ ɥɟɠɢɬɶ ɩɪɢɩɭɳɟɧɧɹ, ɳɨ ɜɢɝɥɹɞ ɪɨɡɩɨɞɿɥɭ 
ɝɪɚɞɿєɧɬɿɜ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɡɨɛɪɚɠɟɧɧɹ ɞɨɡɜɨɥɹє ɞɨɫɢɬɶ ɬɨɱɧɨ ɜɢɡɧɚɱɢɬɢ 
ɧɚɹɜɧɿɫɬɶ ɿ ɮɨɪɦɭ ɪɨɡɬɚɲɨɜɚɧɢɯ ɧɚ ɧɶɨɦɭ ɨɛ'єɤɬɿɜ.  
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Ⱦɥɹ ɨɩɢɫɭ ɡɨɛɪɚɠɟɧɧɹ ɡɞɿɣɫɧɸєɬɶɫɹ ɣɨɝɨ ɞɢɫɤɪɟɬɢɡɚɰɿɹ ɧɚ ɤɿɥɶɤɚ 
ɧɟɜɟɥɢɤɢɯ ɞɿɥɹɧɨɤ, ɤɨɦɿɪɨɤ ɩɪɹɦɨɤɭɬɧɨʀ ɮɨɪɦɢ. ȼ ɤɨɦɿɪɤɚɯ ɨɛɱɢɫɥɸɸɬɶɫɹ 
ɝɿɫɬɨɝɪɚɦɢ ih  ɫɩɪɹɦɨɜɚɧɢɯ ɝɪɚɞɿєɧɬɿɜ ɜɧɭɬɪɿɲɧɿɯ ɬɨɱɨɤ. ɉɨɬɿɦ ɝɿɫɬɨɝɪɚɦɢ 
ɜɧɭɬɪɿɲɧɿɯ ɬɨɱɨɤ ɨɛ'єɞɧɭɸɬɶɫɹ ɜ єɞɢɧɭ ɝɿɫɬɨɝɪɚɦɭ ( )1 kh f h ,...,h= , ɹɤɚ 

ɧɨɪɦɚɥɿɡɭєɬɶɫɹ ɡɚ ɹɫɤɪɚɜɿɫɬɸ  ɿɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 1L  ɚɛɨ 2L   – ɧɨɪɦɢ: 
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ɞɟ   – ɞɟɹɤɚ ɦɚɥɚ ɤɨɧɫɬɚɧɬɚ. 
Ɍɚɤɢɦ ɱɢɧɨɦ, ɞɚɧɢɣ ɞɟɫɤɪɢɩɬɨɪ ɦɿɫɬɢɬɶ ɩɪɨɫɬɨɪɨɜɭ ɿɧɮɨɪɦɚɰɿɸ ɩɪɨ 

ɡɨɛɪɚɠɟɧɧɹ ɿ є ɿɧɜɚɪɿɚɧɬɧɢɦ ɞɨ ɜɢɫɜɿɬɥɟɧɧɹ ɡɨɛɪɚɠɟɧɧɹ. 
ɉɪɢ ɨɛɱɢɫɥɟɧɧɿ ɝɪɚɞɿєɧɬɿɜ ɩɪɨɜɨɞɢɬɶɫɹ ɡɝɨɪɬɤɚ ɡɨɛɪɚɠɟɧɧɹ ɡ ɹɞɪɚɦɢ 

 1 0 1, ,−  ɢ  1 0 1
T

, ,−  ɜ ɪɟɡɭɥɶɬɚɬɿ ɱɨɝɨ ɭɬɜɨɪɸɸɬɶɫɹ ɞɜɿ ɦɚɬɪɢɰɿ xD  ɬɚ yD  

ɩɨɯɿɞɧɢɯ ɭɡɞɨɜɠ ɨɫɟɣ x  ɬɚ y  ɜɿɞɩɨɜɿɞɧɨ. Ɉɡɧɚɱɟɧɿ ɦɚɬɪɢɰɿ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɨɛɱɢɫɥɟɧɧɹ ɤɭɬɿɜ ɿ ɜɟɥɢɱɢɧ (ɦɨɞɭɥɿɜ) ɝɪɚɞɿєɧɬɿɜ ɜ 
ɤɨɠɧɿɣ ɬɨɱɰɿ ɡɨɛɪɚɠɟɧɧɹ. ɇɟɯɚɣ ɦɧɨɠɢɧɚ ɤɭɬɿɜ ( , −  ɪɨɡɛɢɜɚєɬɶɫɹ ɧɚ n  

ɪɿɜɧɢɯ ɿɧɬɟɪɜɚɥɿɜ, ɳɨ ɦɚɸɬɶ ɜɢɝɥɹɞ 
1k k

,
n n

 − −  
, 

ɞɟ 1k ,n= . 
Ʉɨɠɧɨɦɭ ɿɧɬɟɪɜɚɥɭ ɫɬɚɜɢɬɶɫɹ ɭ ɜɿɞɩɨɜɿɞɧɿɫɬɶ ɩɪɨɦɿɧɶ ɝɿɫɬɨɝɪɚɦɢ. Ɍɨɞɿ 

ɝɿɫɬɨɝɪɚɦɚ ɤɨɦɿɪɤɢ ɡɚɩɨɜɧɸєɬɶɫɹ ɭ ɬɚɤɢɣ ɫɩɨɫɿɛ: ɜɟɥɢɱɢɧɚ ɝɪɚɞɿєɧɬɚ ɜ ɤɨɠɧɿɣ 
ɜɧɭɬɪɿɲɧɿɣ ɬɨɱɰɿ ɞɨɞɚєɬɶɫɹ ɞɨ ɜɟɥɢɱɢɧɢ ɩɪɨɦɟɧɸ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɿɧɬɟɪɜɚɥɭ, 
ɹɤɢɣ ɦɿɫɬɢɬɶ ɤɭɬ ɞɚɧɨɝɨ ɝɪɚɞɿєɧɬɚ. 

Ⱦɥɹ ɨɛɱɢɫɥɟɧɧɹ ɿɧɬɟɝɪɚɥɶɧɢɯ ɝɪɚɞɿєɧɬɿɜ ɜɢɯɿɞɧɨɝɨ ɡɨɛɪɚɠɟɧɧɹ m nX R   
ɭɡɞɨɜɠ ɨɫɟɣ x  ɬɚ y , ɞɜɿ ɪɿɡɧɢɰɟɜɿ ɦɚɬɪɢɰɿ xD  ɬɚ yD  ɨɛɱɢɫɥɸɸɬɶɫɹ ɭ ɬɚɤɢɣ 
ɫɩɨɫɿɛ: 

( ) ( ) ( )    xD 1 0 1 0x,y X x,y X x ,y ,x ,...,m ,y ,...,n= − +  −  , 

( ) ( ) ( )    yD 1 0 0 1x,y X x,y X x,y ,x ,...,m ,y ,...,n= − +   − . 

Ɂ ʀɯ ɞɨɩɨɦɨɝɨɸ ɨɛɱɢɫɥɸɸɬɶɫɹ ɦɚɬɪɢɰɿ ɤɭɬɿɜ A  ɿ ɦɨɞɭɥɿɜ V  ɝɪɚɞɿєɧɬɿɜ:  

( ) x

y

D
A x,y arctan

D
= , ( ) ( ) ( )2 2

x xV x,y D x,y D x,y= +  

ɞɟ  0 1x ,...,m − ,  0 1y ,...,n −   

Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɝɿɫɬɨɝɪɚɦɢ ɡ n  ɩɪɨɦɟɧɿɜ ɦɚɬɪɢɰɿ A  ɬɚ V  ɡɜɨɞɹɬɶɫɹ ɞɨ 
ɞɢɫɤɪɟɬɧɨɝɨ ɜɢɝɥɹɞɭ: 

( ) ( )
2

n
n

A x,y A x,y


 =   
, 
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( )
( ) ( )

( )0

n
i

n

V x,y ,якщо A x,y i;
V x,y

,якщо A x,y i,

== 


 

ɞɟ n  — ɤɿɥɶɤɿɫɬɶ ɩɪɨɦɟɧɿɜ,  0 1i ,...,n −  

Ɇɧɨɠɢɧɚ ɦɚɬɪɢɰɶ ( )iI V  ɛɭɞɟ ɧɚɡɢɜɚɬɢɫɶ ɩɪɨɦɟɧɹɦɢ ɿɧɬɟɝɪɚɥɶɧɢɯ 
ɝɪɚɞɿєɧɬɿɜ ɡɨɛɪɚɠɟɧɧɹ. 

ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɛɭɥɨ ɜɢɹɜɥɟɧɨ [10], ɳɨ ɨɩɬɢɦɚɥɶɧɚ ɹɤɿɫɬɶ 
ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɞɨɫɹɝɚєɬɶɫɹ ɩɪɢ ɤɿɥɶɤɨɫɬɿ ɩɪɨɦɟɧɿɜ ɩɨɪɹɞɤɭ ɜɨɫɶɦɢ. Ⱦɚɥɿ ɞɨ 
ɩɪɨɦɟɧɿɜ ɿɧɬɟɝɪɚɥɶɧɢɯ ɝɪɚɞɿєɧɬɿɜ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɨɩɟɪɚɰɿɹ ɩɪɨɪɿɞɠɭɜɚɧɧɹ. 

Ɉɛɱɢɫɥɟɧɧɹ ɞɟɫɤɪɢɩɬɨɪɿɜ ɡɞɿɣɫɧɸєɬɶɫɹ ɜ ɩɪɨɰɟɫɿ ɫɤɚɧɭɜɚɧɧɹ ɡɨɛɪɚɠɟɧɧɹ 
ɧɚ ɪɿɡɧɢɯ ɦɚɫɲɬɚɛɚɯ ɡ ɞɟɹɤɢɦ ɤɨɜɡɚɸɱɢɦ ɜɿɤɧɨɦ U . ɇɟɯɚɣ ( )x yU U ,U=  –

ɪɨɡɦɿɪɢ ɜɿɤɧɚ, ( )x ydU dU ,dU=  – ɩɪɢɪɿɫɬ ɤɪɨɤɭ, ( )x yV V ,V=  – ɪɨɡɦɿɪ 

ɤɨɦɿɪɨɤ, ɡ ɹɤɢɯ ɫɤɥɚɞɚєɬɶɫɹ ɜɿɤɧɨ U , ɚ ( )x ydV dV ,dV=  – ɜɿɞɫɬɚɧɶ ɦɿɠ 
ɤɨɦɿɪɤɚɦɢ. 

ȼɜɟɞɟɦɨ ɬɚɤɨɠ ɩɨɧɹɬɬɹ ɨɞɢɧɢɰɿ ɞɨɜɠɢɧɢ ( )x yE E ,E= , ɹɤ ɜɟɤɬɨɪ 
ɦɚɤɫɢɦɚɥɶɧɨʀ ɞɨɜɠɢɧɢ, ɞɨ ɹɤɨɝɨ ɤɪɚɬɧɿ ɜɟɤɬɨɪɢ U , dU , V , ɢ dV  . ɉɪɢ 

( )11E , , ɧɟ ɜɩɥɢɜɚɸɱɢ ɧɚ ɨɫɬɚɬɨɱɧɢɣ ɪɟɡɭɥɶɬɚɬ, ɿɧɬɟɝɪɚɥɶɧɟ ɡɨɛɪɚɠɟɧɧɹ 
ɦɨɠɟ ɛɭɬɢ ɩɪɨɪɿɞɠɟɧɟ ɬɚɤ, ɳɨɛ ɧɨɜɚ ɨɞɢɧɢɰɹ ɞɨɜɠɢɧɢ ɫɬɚɥɚ ɞɨɪɿɜɧɸɜɚɬɢ 
ɨɞɢɧɢɱɧɨɦɭ ɜɟɤɬɨɪɭ. ɉɪɨɪɿɞɠɟɧɚ ɦɚɬɪɢɰɹ ( )T Y  ɿɧɬɟɝɪɚɥɶɧɨɝɨ ɡɨɛɪɚɠɟɧɧɹ 

( )Y IX=  ɨɛɱɢɫɥɸєɬɶɫɹ ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ: 

( ) ( ) ( )
11

( 1) ( 1) , : , * , *yx

nm
EEm n

y yY R Z R Z T Y Z u v Y u E v E

      + +       +  +           = =    

ɉɪɢ ɩɪɨɪɿɞɠɭɜɚɧɧɿ ɜɫɿ ɩɚɪɚɦɟɬɪɢ ɤɨɜɡɚɧɧɹ ɡɛɟɪɿɝɚɸɬɶ ɫɜɨʀ ɡɧɚɱɟɧɧɹ ɩɪɢ 
ɜɫɿɯ ɦɚɫɲɬɚɛɚɯ ɤɨɜɡɧɨɝɨ ɜɿɤɧɚ, ɡɦɿɧɸєɬɶɫɹ ɬɿɥɶɤɢ ɨɞɢɧɢɰɹ ɞɨɜɠɢɧɢ E . ɉɪɢ 
ɰɶɨɦɭ ɜɿɞɧɨɲɟɧɧɹ x xdU U  ɬɚ y ydU U  ɦɚɸɬɶ ɩɨɫɬɿɣɧɿ ɡɧɚɱɟɧɧɹ, ɬɨɦɭ ɹɤɿɫɬɶ 
ɪɨɡɩɿɡɧɚɜɚɧɧɹ є ɿɧɜɚɪɿɚɧɬɧɨɸ ɞɨ ɪɨɡɦɿɪɭ ɤɨɜɡɧɨɝɨ ɜɿɤɧɚ. Ɉɬɪɢɦɚɜɲɢ 
ɞɟɫɤɪɢɩɬɨɪ ɡɨɛɪɚɠɟɧɧɹ, ɫɢɫɬɟɦɚ ɩɨɟɬɚɩɧɨ ɩɨɪɿɜɧɸє ɣɨɝɨ ɡ ɲɚɛɥɨɧɨɦ 
ɨɛɥɢɱɱɹ, ɨɞɧɨɡɧɚɱɧɨ ɜɢɡɧɚɱɚє ɩɨɥɨɠɟɧɧɹ ɨɛɥɢɱɱɹ ɧɚ ɡɨɛɪɚɠɟɧɧɿ ɬɚ 
ɬɪɚɧɫɮɨɪɦɭє ɜɯɿɞɧɟ ɡɨɛɪɚɠɟɧɧɹ ɬɚɤɢɦ ɱɢɧɨɦ, ɳɨɛ ɧɚ ɧɶɨɦɭ ɡɚɥɢɲɢɥɨɫɶ 
ɥɢɲɟ ɨɛɥɢɱɱɹ. 

Ⱦɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ ɩɨɡɢɰɿɨɧɭɜɚɧɧɹ ɛɭɥɨ ɪɟɚɥɿɡɨɜɚɧɨ ɚɥɝɨɪɢɬɦ, 
ɜɿɞɨɦɢɣ ɩɿɞ ɧɚɡɜɨɸ ɨɰɿɧɤɚ ɨɪɿєɧɬɢɪɿɜ ɨɛɥɢɱɱɹ (face landmark estimation). 
Ɉɫɧɨɜɧɚ ɿɞɟɹ ɩɨɥɹɝɚє ɜ ɬɨɦɭ, ɳɨ ɧɚ ɨɛɥɢɱɱɿ ɥɸɞɢɧɢ ɜɢɡɧɚɱɚɸɬɶɫɹ 68 
ɨɫɨɛɥɢɜɢɯ ɬɨɱɨɤ (ɡɜɚɧɢɯ ɨɪɿєɧɬɢɪɚɦɢ), ɹɤɿ ɿɫɧɭɸɬɶ ɧɚ ɤɨɠɧɨɦɭ ɨɛɥɢɱɱɿ 
ɯɚɪɚɤɬɟɪɧɢɦɢ ɫɟɪɟɞ ɧɢɯ є: ɜɟɪɯɧɹ ɱɚɫɬɢɧɚ ɩɿɞɛɨɪɿɞɞɹ, ɡɨɜɧɿɲɧɹ ɬɨɱɤɚ 
ɤɨɠɧɨɝɨ ɨɤɚ, ɜɧɭɬɪɿɲɧɹ ɬɨɱɤɚ ɤɨɠɧɨʀ ɛɪɨɜɢ ɬɚ ɿɧɲɿ. ɉɨɥɨɠɟɧɧɹ ɨɫɨɛɥɢɜɢɯ 
ɬɨɱɨɤ ɧɚ ɛɭɞɶ-ɹɤɨɦɭ ɨɛɥɢɱɱɿ ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɚɥɝɨɪɢɬɦɭ 
ɦɚɲɢɧɧɨɝɨ ɧɚɜɱɚɧɧɹ. 
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ȼ ɪɨɛɨɬɿ [9] ɩɨɤɚɡɚɧɨ, ɳɨ ɜɢɪɿɜɧɸɜɚɧɧɹ ɨɛɥɢɱɱɹ ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɤɚɫɤɚɞɭ ɮɭɧɤɰɿɣ ɪɟɝɪɟɫɿʀ. ȼ ɞɚɧɨɦɭ ɜɢɩɚɞɤɭ ɤɨɠɧɚ ɮɭɧɤɰɿɹ 
ɪɟɝɪɟɫɿʀ ɜ ɤɚɫɤɚɞɿ ɡɞɚɬɧɚ ɟɮɟɤɬɢɜɧɨ ɨɰɿɧɸɜɚɬɢ ɮɨɪɦɭ ɜɿɞ ɩɨɱɚɬɤɨɜɨʀ ɨɰɿɧɤɢ ɿ 
ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɪɨɡɪɿɞɠɟɧɨɝɨ ɧɚɛɨɪɭ ɩɿɤɫɟɥɿɜ, ɩɪɨɿɧɞɟɤɫɨɜɚɧɢɯ ɳɨɞɨ ɰɿєʀ 

ɩɨɱɚɬɤɨɜɨʀ ɨɰɿɧɤɢ. Ɏɨɪɦɚ ɨɛɥɢɱɱɹ  1 1 fp fp

T

N NS x ,y ,...,x ,y =     ɫɤɥɚɞɚєɬɶɫɹ ɡ 

fpN  ɨɪɿєɧɬɢɪɿɜ ɨɛɥɢɱɱɹ. Ɇɟɬɚ ɜɢɪɿɜɧɸɜɚɧɧɹ ɨɛɥɢɱɱɹ ɩɨɥɹɝɚє ɜ ɬɨɦɭ, ɳɨɛ 
ɨɰɿɧɢɬɢ ɮɨɪɦɭ S , ɹɤɚ ɦɚɤɫɢɦɚɥɶɧɨ ɧɚɛɥɢɠɟɧɚ ɞɨ ɿɫɬɢɧɧɨʀ ɮɨɪɦɿ ɨɛɥɢɱɱɹ tS , 

ɬɨɛɬɨ ɦɿɧɿɦɿɡɭɜɚɬɢ ɜɢɪɚɡ tS S− . ɍ ɪɨɛɨɬɿ ɛɭɥɨ ɜɢɤɨɪɢɫɬɚɧɨ ɩɨɫɢɥɟɧɭ 

ɪɟɝɪɟɫɿɸ, ɳɨɛ ɨɛ'єɞɧɚɬɢ T  ɫɥɚɛɤɢɯ ɪɟɝɪɟɫɿɜ ( )1 t TR ,..R ,...,R  ɚɞɢɬɢɜɧɢɦ ɱɢɧɨɦ. 

ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɡɨɛɪɚɠɟɧɧɹ ɨɛɥɢɱɱɹ I  ɿ ɩɨɱɚɬɤɨɜɭ ɮɨɪɦɭ ɨɛɥɢɱɱɹ 0S , 

ɤɨɠɟɧ ɡ ɪɟɝɪɟɫɨɪɿɜ ɨɛɱɢɫɥɸє ɩɪɢɪɿɫɬ ɮɨɪɦɢ S , ɚ ɩɨɬɿɦ ɨɧɨɜɥɸє ɮɨɪɦɭ 
ɨɛɥɢɱɱɹ ɤɚɫɤɚɞɧɢɦ ɱɢɧɨɦ: 

( )1 1t t t tS S R I ,S− −= + , 1t ,...,T=  

ɞɟ t -ɢɣ ɫɥɚɛɤɢɣ ɪɟɝɪɟɫɨɪ tR  ɨɧɨɜɥɸє ɩɨɩɟɪɟɞɧɸ ɮɨɪɦɭ 1tS −  ɞɨ ɧɨɜɨɝɨ ɜɢɞɭ 
tS . 

Ɇɚɸɱɢ N  ɧɚɜɱɚɥɶɧɢɯ ɩɪɢɤɥɚɞɿɜ, ɪɟɝɪɟɫɨɪɢ ( )1 t TR ,..R ,...,R  ɩɨɫɥɿɞɨɜɧɨ 

ɧɚɜɱɚɸɬɶɫɹ ɞɨ ɬɢɯ ɩɿɪ, ɩɨɤɢ ɡɧɚɱɟɧɧɹ ɩɨɦɢɥɤɢ ɧɚɜɱɚɧɧɹ ɧɟ ɫɬɚɛɿɥɿɡɭєɬɶɫɹ. 
Ʉɨɠɟɧ ɡ ɪɟɝɪɟɫɨɪɿɜ tR  ɧɚɜɱɚєɬɶɫɹ ɲɥɹɯɨɦ ɹɜɧɨʀ ɦɿɧɿɦɿɡɚɰɿʀ ɫɭɦɢ ɩɨɦɢɥɨɤ 
ɜɢɪɿɜɧɸɜɚɧɧɹ: 

( )( )1 1

1

N
t t t

i i i i
R i

R arg min S S R I ,S− −

=
= − +  

ɞɟ  1t
iS −  – ɮɨɪɦɚ, ɹɤɚ ɨɛɱɢɫɥɸєɬɶɫɹ ɧɚ ɩɨɩɟɪɟɞɧɶɨɦɭ ɤɪɨɰɿ. 

Ɋɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ ɤɨɞɭɜɚɧɧɹ ɨɛɥɢɱɱɹ ɡɞɿɣɫɧɸєɬɶɫɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ  
ɡɝɨɪɬɤɨɜɨʀ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɝɥɢɛɨɤɨɝɨ ɧɚɜɱɚɧɧɹ. Ɇɟɬɨɸ ɧɚɜɱɚɧɧɹ ɦɟɪɟɠɿ є 
ɜɢɡɧɚɱɟɧɧɹ ɯɚɪɚɤɬɟɪɧɢɯ ɬɨɱɨɤ ɞɥɹ ɤɨɠɧɨɝɨ ɨɛɥɢɱɱɹ. ɉɿɞ ɱɚɫ ɧɚɜɱɚɧɧɹ 
ɦɟɪɟɠɿ ɜɨɞɧɨɱɚɫ ɡɞɿɣɫɧɸєɬɶɫɹ ɚɧɚɥɿɡ ɬɪɶɨɯ ɡɨɛɪɚɠɟɧɶ: #1 – ɡɨɛɪɚɠɟɧɧɹ 
ɜɿɞɨɦɨɸ ɥɸɞɢɧɢ, ɨɛɪɚɧɟ ɞɥɹ ɧɚɜɱɚɧɧɹ ɦɟɪɟɠɿ; #2 – ɿɧɲɟ ɡɨɛɪɚɠɟɧɧɹ ɬɿєʀ ɠ 
ɥɸɞɢɧɢ; #3 – ɡɨɛɪɚɠɟɧɧɹ ɡɨɜɫɿɦ ɿɧɲɨʀ ɥɸɞɢɧɢ. ɇɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ 
ɜɿɞɛɭɜɚєɬɶɫɹ ɞɨ ɬɢɯ ɩɿɪ, ɩɨɤɢ ɜɢɦɿɪɸɜɚɧɧɹ, ɨɬɪɢɦɚɧɿ ɞɥɹ ɡɨɛɪɚɠɟɧɶ #1 ɿ #2, 
ɛɭɞɭɬɶ ɛɿɥɶɲ ɫɯɨɠɿ, ɚ ɜɢɦɿɪɸɜɚɧɧɹ ɞɥɹ ɡɨɛɪɚɠɟɧɶ #2 ɿ #3 – ɦɟɧɲ ɫɯɨɠɿ. 
ɉɪɨɰɟɫ ɧɚɜɱɚɧɧɹ ɡɝɨɪɬɤɨɜɨʀ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɤɚɪɬɢ ɨɫɿɛ 
ɜɢɦɚɝɚє ɜɟɥɢɤɨʀ ɤɿɥɶɤɨɫɬɿ ɞɚɧɢɯ ɿ ɩɨɬɭɠɧɨɝɨ ɤɨɦɩ'ɸɬɟɪɚ. ɍ ɪɨɛɨɬɿ 
ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɿɫɧɭɸɱɚ ɭ ɜɿɞɤɪɢɬɨɦɭ ɞɨɫɬɭɩɿ ɧɟɣɪɨɧɧɚ ɦɟɪɟɠɚ [7]. 

ɇɚ ɨɫɬɚɧɧɶɨɦɭ ɤɪɨɰɿ ɜɿɞɛɭɜɚєɬɶɫɹ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɧɹ ɪɟɚɤɰɿʀ ɥɸɞɢɧɢ ɧɚ 
ɩɟɪɟɝɥɹɧɭɬɟ ɡɨɛɪɚɠɟɧɧɹ. Ⱦɥɹ ɰɶɨɝɨ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɲɬɭɱɧɚ ɧɟɣɪɨɧɧɚ 
ɦɟɪɟɠɚ ɬɢɩɭ ɩɟɪɫɟɩɬɪɨɧ. Ɍɨɩɨɥɨɝɿɹ ɦɟɪɟɠɿ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɱɨɬɢɪɶɨɯ ɲɚɪɿɜ: 
ɜɯɿɞɧɨɝɨ, ɞɜɨɯ ɩɪɢɯɨɜɚɧɢɯ ɬɚ ɜɢɯɿɞɧɨɝɨ. ɇɚ ɜɯɿɞɧɨɦɭ ɲɚɪɿ ɛɭɥɨ ɪɨɡɬɚɲɨɜɚɧɨ 
128 ɧɟɣɪɨɧɿɜ; ɩɪɢɯɨɜɚɧɿ ɲɚɪɢ ɦɚɸɬɶ 64 ɬɚ 32 ɧɟɣɪɨɧɚ ɜɿɞɩɨɜɿɞɧɨ; ɜɢɯɿɞɧɢɣ 
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ɲɚɪ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɞɜɨɯ ɧɟɣɪɨɧɿɜ. Ⱦɥɹ ɧɚɜɱɚɧɧɹ ɬɚɤɨʀ ɦɟɪɟɠɿ ɛɭɥɨ 
ɪɟɚɥɿɡɨɜɚɧɨ ɚɥɝɨɪɢɬɦ ɡɜɨɪɨɬɧɨɝɨ ɩɨɲɢɪɟɧɧɹ ɩɨɦɢɥɤɢ, ɹɤɢɣ ɧɚɥɟɠɢɬɶ ɞɨ 
ɤɥɚɫɭ ɚɥɝɨɪɢɬɦɿɜ ɧɚɜɱɚɧɧɹ ɡ ɜɱɢɬɟɥɟɦ. Ɉɫɤɿɥɶɤɢ ɦɟɪɟɠɚ ɧɚɜɱɚєɬɶɫɹ ɭ ɪɟɠɢɦɿ 
ɪɟɚɥɶɧɨɝɨ ɱɚɫɭ ɭ ɩɪɨɰɟɫɿ ɪɨɛɨɬɢ ɡ ɤɨɪɢɫɬɭɜɚɱɟɦ, ɭ ɫɢɫɬɟɦɿ ɛɭɥɨ ɪɟɚɥɿɡɨɜɚɧɨ 
ɚɥɝɨɪɢɬɦ ɛɟɡɩɟɪɟɪɜɧɨɝɨ ɧɚɜɱɚɧɧɹ. Ɋɟɞɚɝɭɜɚɧɧɹ ɜɚɝ ɡɚɜ’ɹɡɤɿɜ ɦɟɪɟɠɿ, 
ɜɿɞɛɭɜɚєɬɶɫɹ ɧɚ ɤɨɠɧɨɦɭ ɤɪɨɰɿ ɧɚɜɱɚɧɧɹ, ɳɨ ɞɨɡɜɨɥɹє ɩɨɤɪɚɳɭɜɚɬɢ 
ɪɟɡɭɥɶɬɚɬ ɩɟɪɟɞɛɚɱɟɧɧɹ ɡ ɤɨɠɧɢɦ ɧɚɫɬɭɩɧɢɦ ɤɪɨɤɨɦ. Ɂɚɩɪɨɩɨɧɨɜɚɧɢɣ ɩɿɞɯɿɞ 
ɛɭɥɨ ɪɟɚɥɿɡɨɜɚɧɨ ɭ ɜɢɝɥɹɞɿ ɩɚɤɟɬɭ ɩɪɢɤɥɚɞɧɢɯ ɩɪɨɝɪɚɦ. 

Ɋɟɡɭɥɶɬɚɬɢ. ɉɪɢ ɪɨɡɪɨɛɰɿ ɤɨɠɧɨɝɨ ɡ ɟɬɚɩɿɜ ɪɨɛɨɬɢ ɩɪɨɝɪɚɦɢ (ɚɥɝɨɪɢɬɦɿɜ) 
ɩɪɨɜɨɞɢɥɢɫɶ ɬɟɫɬɭɜɚɧɧɹ ɬɚ ɚɧɚɥɿɡ ɹɤɨɫɬɿ ɪɨɛɨɬɢ. Ⱥɧɚɥɿɡ ɹɤɨɫɬɿ ɜɢɡɧɚɱɟɧɧɹ 
ɨɛɥɢɱɱɹ ɥɸɞɢɧɢ ɧɚ ɡɨɛɪɚɠɟɧɧɿ ɜɢɤɨɧɚɧɨ ɭ ɨɛɱɢɫɥɸɜɚɥɶɧɨɦɭ ɟɤɫɩɟɪɢɦɟɧɬɿ. 
Ⱦɥɹ ɟɤɫɩɟɪɢɦɟɧɬɭ ɛɭɥɨ ɜɿɞɿɛɪɚɧɨ 2103 ɞɨɜɿɥɶɧɢɯ ɡɨɛɪɚɠɟɧɶ ɛɟɡ ɨɛɥɢɱɱɹ ɬɚ 
1698 ɞɨɜɿɥɶɧɢɯ ɡɨɛɪɚɠɟɧɶ ɡ ɨɛɥɢɱɱɹɦ ɡ ɜɿɞɤɪɢɬɨʀ ɛɚɡɢ ɡɨɛɪɚɠɟɧɶ Open 
Images Dataset V4. ɍ ɹɤɨɫɬɿ ɜɯɨɞɭ ɩɪɨɝɪɚɦɿ ɧɚɞɚɜɚɥɨɫɶ ɡɨɛɪɚɠɟɧɧɹ, ɧɚ ɜɢɯɿɞ 
ɩɪɨɝɪɚɦɚ ɞɚɜɚɥɚ ɜɿɞɩɨɜɿɞɶ ɭ ɜɢɝɥɹɞɿ ɛɭɥɟɜɨʀ ɡɦɿɧɧɨʀ – true, ɚɛɨ false, ɳɨ 
ɜɢɪɚɠɚє ɩɪɢɫɭɬɧɿɫɬɶ ɨɛɥɢɱɱɹ ɧɚ ɩɨɞɚɧɨɦɭ ɡɨɛɪɚɠɟɧɧɿ. ɍ ɬɚɛɥ. 1 ɩɨɞɚɧɨ 
ɩɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɨɛɥɢɱ ɧɚ ɡɨɛɪɚɠɟɧɧɹɯ ɡ ɨɛɥɢɱɱɹɦɢ ɬɚ 
ɛɟɡ ɧɢɯ. ɋɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɜɿɞɧɨɫɧɚ ɩɨɯɢɛɤɚ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɦɟɧɲɚ ɭ ɜɢɩɚɞɤɭ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɡɨɛɪɚɠɟɧɶ ɛɟɡ ɨɛɥɢɱ, ɨɫɤɿɥɶɤɢ ɬɚɤɿ ɡɨɛɪɚɠɟɧɧɹ ɦɨɠɭɬɶ ɦɿɫɬɢɬɢ 
ɜɟɥɢɤɭ ɤɿɥɶɤɿɫɬɶ ɡɚɣɜɨʀ ɿɧɮɨɪɦɚɰɿʀ, ɳɨ ɦɢɬɬєɜɨ ɜɿɞɤɢɞɚєɬɶɫɹ. əɤ ɜɢɞɧɨ ɡ 
ɬɚɛɥɢɰɿ, ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɩɿɞɯɨɞɭ ɜɿɞɧɨɫɧɚ ɩɨɯɢɛɤɚ ɧɟ 
ɩɟɪɟɜɢɳɭє 1%  ɩɪɢ ɜɿɞɧɨɫɧɨ ɜɟɥɢɤɿɣ ɲɜɢɞɤɨɫɬɿ ɪɨɛɨɬɢ ɚɥɝɨɪɢɬɦɭ.  

 
Ɍɚɛɥɢɰɹ 1.  

Ɋɟɡɭɥɶɬɚɬ ɬɟɫɬɭɜɚɧɧɹ ɞɟɫɤɪɢɩɬɨɪɭ ɨɡɧɚɤ ɞɥɹ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɨɛɥɢɱ ɧɚ ɡɨɛɪɚɠɟɧɧɿ 
Ɍɢɩɢ  

ɡɨɛɪɚɠɟɧɶ 
Ɋɟɡɭɥɶɬɚɬ 

ɿɞɟɧɬɢɮɿɤɚɰɿʀ 
Ⱦɿɣɫɧɟ 

ɡɧɚɱɟɧɧɹ 
ȼɿɞɧɨɫɧɚ 

ɩɨɯɢɛɤɚ, % 
Ɂɨɛɪɚɠɟɧɶ ɡ ɨɛɥɢɱɱɹɦ 1711 1698 0.7 
Ɂɨɛɪɚɠɟɧɶ ɛɟɡ ɨɛɥɢɱɱɹ 2109 2103 0.2 
 
ɍ ɬɚɛɥɢɰɿ 2  ɧɚɜɟɞɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɩɨɡɢɬɢɜɧɨʀ ɪɟɚɤɰɿʀ 

ɥɸɞɢɧɢ ɧɚ ɩɟɪɟɝɥɹɧɭɬɟ ɡɨɛɪɚɠɟɧɧɹ ɧɚ ɿɬɟɪɚɰɿɹɯ ɚɥɝɨɪɢɬɦɭ.  
ɍ ɨɛɱɢɫɥɸɜɚɥɶɧɨɦɭ ɟɤɫɩɟɪɢɦɟɧɬɿ ɤɨɪɢɫɬɭɜɚɱɟɜɿ ɞɟɦɨɧɫɬɪɭɜɚɥɨɫɶ 

ɡɨɛɪɚɠɟɧɧɹ ɡ ɨɛɥɢɱɱɹɦ, ɩɿɞ ɱɚɫ ɩɟɪɟɝɥɹɞɭ ɜɿɞɛɭɜɚɜɫɹ ɚɧɚɥɿɡ ɫɬɚɧɭ ɨɛɥɢɱɱɹ 
ɝɥɹɞɚɱɚ ɿɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɤɨɧɬɪɨɥɶɧɢɯ ɬɨɱɨɤ ɨɛɥɢɱɱɹ. Ɋɨɡɪɨɛɥɟɧɚ ɫɢɫɬɟɦɚ 
ɧɚɞɚɜɚɥɚ ɩɪɨɝɧɨɡ ɭ ɜɢɝɥɹɞɿ ɜɿɞɫɨɬɤɭ ɿɦɨɜɿɪɧɨɫɬɿ ɩɨɡɢɬɢɜɧɨʀ ɪɟɚɤɰɿʀ ɝɥɹɞɚɱɚ 
ɧɚ ɡɨɛɪɚɠɟɧɧɹ, ɳɨ ɞɟɦɨɧɫɬɪɭɜɚɥɨɫɶ. ɉɿɞ ɿɬɟɪɚɰɿєɸ ɦɚєɬɶɫɹ ɧɚ ɭɜɚɡɿ 
ɩɨɪɹɞɤɨɜɢɣ ɧɨɦɟɪ ɡɨɛɪɚɠɟɧɧɹ, ɳɨ ɞɟɦɨɧɫɬɪɭєɬɶɫɹ; ɩɿɞ ɩɪɨɝɧɨɡɨɦ ɦɚєɬɶɫɹ ɧɚ 
ɭɜɚɡɿ ɿɦɨɜɿɪɧɿɫɬɶ ɩɨɡɢɬɢɜɧɨʀ ɜɿɞɩɨɜɿɞɿ ɤɨɪɢɫɬɭɜɚɱɚ, ɜɢɡɧɚɱɟɧɚ ɧɚ ɿɧɬɟɪɜɚɥɿ 
[0;1], ɳɨ ɨɬɪɢɦɚɧɨ ɿɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɨɛɭɞɨɜɚɧɨʀ ɫɢɫɬɟɦɢ; ɩɿɞ ɞɿɣɫɧɨɸ 
ɜɿɞɩɨɜɿɞɞɸ ɪɨɡɭɦɿєɬɶɫɹ ɨɛɪɚɧɢɣ ɤɨɪɢɫɬɭɜɚɱɟɦ ɜɚɪɿɚɧɬ ɪɟɚɤɰɿʀ (1 – ɩɨɡɢɬɢɜɧɚ, 
0 – ɧɟɝɚɬɢɜɧɚ). ɉɿɞ ɱɚɫ ɟɤɫɩɟɪɢɦɟɧɬɭ ɪɟɡɭɥɶɬɚɬ ɩɪɨɝɧɨɡɭ ɧɟ ɞɟɦɨɧɫɬɪɭɜɚɜɫɹ 
ɤɨɪɢɫɬɭɜɚɱɟɜɿ ɚɛɢ ɧɟ ɜɩɥɢɜɚɬɢ ɧɚ ɩɨɞɚɥɶɲɿ ɣɨɝɨ ɜɿɞɩɨɜɿɞɿ. 
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Ɍɚɛɥɢɰɹ 2  

Ɋɟɡɭɥɶɬɚɬ ɬɟɫɬɭɜɚɧɧɹ ɦɨɞɟɥɿ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ 

Іɬɟɪɚɰɿɹ ɉɪɨɝɧɨɡ (ɩɨɡɢɬɢɜɧɚ 
ɪɟɚɤɰɿɹ) 

Ⱦɿɣɫɧɚ ɜɿɞɩɨɜɿɞɶ 

1 0.781 1 
10 0.677 0 
25 0.602 0 
50 0.364 0 
75 0.79 1 
100 0.891 1 
150 0.155 0 
200 0.923 1 
250 0.931 1 
300 0.939 1 
350 0.921 1 
400 0.95 1 
450 0.045 0 
500 0.943 1 

 

ȼɢɫɧɨɜɤɢ. Ɂɚɩɪɨɩɨɧɨɜɚɧɢɣ ɭ ɞɚɧɿɣ ɪɨɛɨɬɿ ɤɨɦɩɥɟɤɫ ɚɥɝɨɪɢɬɦɿɜ ɭɫɩɿɲɧɨ 
ɪɟɚɥɿɡɨɜɚɧɨ ɬɚ ɩɟɪɟɜɿɪɟɧɨ ɭ ɩɪɚɤɬɢɱɧɢɯ ɭɦɨɜɚɯ. Ⱦɚɧɢɣ ɩɿɞɯɿɞ є ɫɬɿɣɤɢɦ ɞɨ 
ɜɯɿɞɧɢɯ ɞɚɧɢɯ ɡɚ ɧɚɹɜɧɨɫɬɿ ɲɭɦɭ ɬɚ ɡɞɚɬɟɧ ɞɨ ɫɚɦɨɜɞɨɫɤɨɧɚɥɟɧɧɹ ɡ ɩɥɢɧɨɦ 
ɱɚɫɭ.  
 

Ȼɿɛɥɿɨɝɪɚɮɿɱɧɿ ɩɨɫɢɥɚɧɧɹ 
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