






Ⱥңɞɚɬɩɚ 

 

Ɇɨɛɢɥɶɞіɤ ԕԝɪɵɥғɵɥɚɪɞɚɧ ɚɥɵɧғɚɧ ɫɭɪɟɬɬɟɪɞі ԧңɞɟɭ, ɠіɤɬɟɭ ɠԥɧɟ ɬɚɧɭ ԕɚɡіɪɝі ɤɟɡɞɟ 
ԧɡɟɤɬі ɦԥɫɟɥɟ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ, ɨɧɵң ɤԧɩɬɟɝɟɧ ɚɫɩɟɤɬіɥɟɪіɧің ԥɥі ɤԛɧɝɟ ɞɟɣіɧɝі ɬɢіɦɞі 
ɲɟɲіɦɞɟɪі ɠɨԕ. 

Ȼԝɥ ɫɚɥɚɞɚғɵ ԕɨɥɞɚɧɛɚɥɵ ɡɟɪɬɬɟɭɥɟɪɞі ɞɚɦɵɬɭ ɧɟɝіɡіɧɟɧ, ɛɟɥɝіɥі ɦɚɬɟɦɚɬɢɤɚɥɵԕ 
ɦɨɞɟɥɶɞɟɪɞі ɠԥɧɟ ɫɭɪɟɬɬɟɪɞі ԧңɞɟɭ ɦɟɧ ɚɣɵɪɵɩ ɬɚɧɭ ԥɞіɫɬɟɪіɧ ԕɨɥɞɚɧɭɞɵң ɠɚңɚ 
ɠɚғɞɚɣɥɚɪɵɧɚ ɛɟɣіɦɞɟɭ ɠɨɥɵɦɟɧ ɠԛɪɭɞɟ. Ⱥɥɚɣɞɚ, ɛɟɣɧɟɥɟɪɞі ɬіɪɤɟɭɞің ɮɭɧɤɰɢɨɧɚɥɞɵԕ 
ɦɨɛɢɥɶɞі ԕԝɪɵɥғɵɥɚɪɵɧɵң ɟɪɟɤɲɟɥіɤɬɟɪі, ɫɨɧɞɚɣ-ɚԕ ɨɥɚɪғɚ ɬԥɧ ɬɟɯɧɢɤɚɥɵԕ ɲɟɤɬɟɭɥɟɪ ɠɚңɚ 
ɦɚɬɟɦɚɬɢɤɚɥɵԕ ɦɨɞɟɥɶɞɟɪ ɦɟɧ ԥɞіɫɬɟɪɞі, ɟɫɟɩɬɟɭ ɚɥɝɨɪɢɬɦɞɟɪіɧ ɠԥɧɟ ɫɬɚɬɢɤɚɥɵԕ ɛɟɣɧɟɥɟɪɞі, 
ɫɨɧɞɚɣ-ɚԕ ɞɢɧɚɦɢɤɚɥɵԕ ɛɟɣɧɟ ɚғɵɧɞɚɪɵɧ ԧңɞɟɭɞің, ɬɚɥɞɚɭɞɵң ɠԥɧɟ ɚɣɵɪɭɞɵң ɚԕɩɚɪɚɬɬɵԕ 
ɬɟɯɧɨɥɨɝɢɹɥɚɪɵɧ ԥɡіɪɥɟɭɞі ɬɚɥɚɩ ɟɬɟɞі. 

Ȼԝɥ ɞɢɩɥɨɦɞɵԕ ɠɨɛɚɞɚ ɧɚԕɬɵ ɭɚԕɵɬɬɚғɵ ɛɟɣɧɟɥɟɪɞɟɝі ɬԝɬɵɧɭ ɬɚɭɚɪɥɚɪɵɧ ɬɚɧɭ ԛɲіɧ 
ɛɚғɞɚɪɥɚɦɚɥɵԕ ԧɧіɦɞі ԥɡіɪɥɟɭ ԕɚɪɚɫɬɵɪɵɥɚɞɵ. 

 
Ⱥɧɧɨɬɚɰɢя 

 

Ɉɛɪɚɛɨɬɤɚ, ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɣ, ɩɨɥɭɱɚɟɦɵɯ ɦɨɛɢɥɶɧɵɦɢ 
ɭɫɬɪɨɣɫɬɜɚɦɢ ɢɯ ɪɟɝɢɫɬɪɚɰɢɢ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɨɣ, ɦɧɨɝɢɟ ɚɫɩɟɤɬɵ 
ɤɨɬɨɪɨɣ ɞɨ ɫɢɯ ɩɨɪ ɧɟ ɢɦɟɸɬ ɷɮɮɟɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ. 

Ɋɚɡɜɢɬɢɟ ɩɪɢɤɥɚɞɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɢɞɟɬ, ɜ ɨɫɧɨɜɧɨɦ, ɩɨ ɩɭɬɢ 
ɚɞɚɩɬɚɰɢɢ ɢɡɜɟɫɬɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɢ ɦɟɬɨɞɨɜ ɨɛɪɚɛɨɬɤɢ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 
ɢɡɨɛɪɚɠɟɧɢɣ ɤ ɧɨɜɵɦ ɭɫɥɨɜɢɹɦ ɩɪɢɦɟɧɟɧɢɹ. Ɉɞɧɚɤɨ ɨɫɨɛɟɧɧɨɫɬɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 
ɦɨɛɢɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɪɟɝɢɫɬɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ, ɚ ɬɚɤɠɟ ɩɪɢɫɭɳɢɟ ɢɦ ɬɟɯɧɢɱɟɫɤɢɟ 
ɨɝɪɚɧɢɱɟɧɢɹ ɬɪɟɛɭɸɬ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɢ ɦɟɬɨɞɨɜ, ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 
ɚɥɝɨɪɢɬɦɨɜ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɨɛɪɚɛɨɬɤɢ, ɚɧɚɥɢɡɚ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɤɚɤ 
ɫɬɚɬɢɱɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ, ɬɚɤ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɜɢɞɟɨɩɨɬɨɤɨɜ. 

ɐɟɥɶɸ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ɞɥɹ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ ɬɨɜɚɪɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɹɯ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. 

 
Annotation 

 

Processing, classification and recognition of images received by mobile devices of their 
registration is an actual scientific problem, many aspects of which still do not have effective 
solutions. 

The development of applied research in this area is mainly on the way of adaptation of known 
mathematical models and methods of image processing and recognition to new conditions of 
application. However, the features of functional mobile image recording devices, as well as their 
inherent technical limitations, require the development of new mathematical models and methods, 
computational algorithms and information technologies for processing, analysis and recognition of 
both static images and dynamic video streams. 

In this project discusses the development of a software product for the recognition of 
consumer products in real-time images. 
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Ʉіɪіɫɩɟ 

 

Ԕɚɡіɪɝі ɭɚԕɵɬɬɚ ɛɟɣɧɟɞɟɝі ɨɛɴɟɤɬіɥɟɪɞі ɬɚɧɭ ɠԥɧɟ ɬɚɥɞɚɭ ɚԕɩɚɪɚɬɬɵԕ 
ɬɟɯɧɨɥɨɝɢɹɧɵң ԧɡɟɤɬі ɦіɧɞɟɬі ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ȼԝɥ ɦіɧɞɟɬ ɛɨɥɚɲɚԕɬɚ ɞɚ ԧɡіɧің 
ԧɡɟɤɬіɥіɝіɧ ɠɨғɚɥɬɩɚɣɞɵ, ɫɟɛɟɛі ɬɟɡ ԕɚɪԕɵɧɦɟɧ ɞɚɦɵɩ ɠɚɬɵɪ. Ȼԛɝіɧɝі ɬɚңɞɚ 
ɠɚɫɚɥғɚɧ ԕɨɫɵɦɲɚɥɚɪ ɛɨɥɚԕɚɲɚԕɬɚ ԕԝɪɵɥɚɬɵɧ ɠɚңɚ ɛɚғɞɚɪɥɚɦɚɥɚɪɞɵң ɧɟɝіɡі 
ɛɨɥɚɞɵ. Ȼԛɝіɧɞɟ ɤɨɦɩɶɸɬɟɪɥіɤ ɤԧɪɭ ɫɚɥɚɫɵɧɞɚ ɠɚɫɚɧɞɵ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɧі 
ɤɟңіɧɟɧ ɩɚɣɞɚɥɚɧɚɞɵ. ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞің ɚɪɬɵԕɲɵɥɵԕɬɚɪɵɧɵң ɛіɪі - ɛԝɥ 
ɛɚɪɥɵԕ ɷɥɟɦɟɧɬɬɟɪ ɩɚɪɚɥɥɟɥɶ ɠԝɦɵɫ іɫɬɟɣ ɚɥɚɞɵ, ɫɨɥ ɚɪԕɵɥɵ ɟɫɟɩɬɟɪɞі ɲɟɲɭ 
ɬɢіɦɞіɥіɝіɧ, ԥɫіɪɟɫɟ ɛɟɣɧɟɥɟɪɞі ԧңɞɟɭɞɟ ɚɣɬɚɪɥɵԕɬɚɣ ɠɨғɚɪɵɥɚɬɚɞɵ.  ɇɟɣɪɨɧɞɵԕ 
ɠɟɥіɥɟɪ ɛɚɫԕɚ ɫɬɚɬɢɫɬɢɤɚɥɵԕ ԥɞіɫɬɟɪɝɟ ԕɚɪɚғɚɧɞɚ, ɛɟɣɧɟɧі ɬɚɧɭ ɤɟɡіɧɞɟ ɬԝɪɚԕɬɵ. 
Ԕɚɡіɪɝі ɭɚԕɵɬɬɚ ɬԛɪɥі ԕɨɥɞɚɧɛɚɥɵ ɟɫɟɩɬɟɪ ԛɲіɧ ɫɭɪɟɬɬɟɪɞі ɚɜɬɨɦɚɬɬɵ ɬɚɧɭ 
ɠԛɣɟɥɟɪіɧің ɛіɪɧɟɲɟ ɬԛɪɥɟɪі ɛɚɪ. Ȼіɪɚԕ ɧɚԕɬɵ ɭɚԕɵɬɬɚ ɫɭɪɟɬɬɟɪɞі ɬɚɧɭ 
ԕɨɫɵɦɲɚɥɚɪɵ ԕɚɪɚɫɬɵɪɵɥɦɚғɚɧ. ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ ɦԝɧɞɚɣ ɠԛɣɟɥɟɪɞі ԥɡіɪɥɟɭ 
ԛɲіɧ ɬɟɨɪɢɹɥɵԕ ɠԥɧɟ ɩɪɚɤɬɢɤɚɥɵԕ ɧɟɝіɡ ɛɨɥɚ ɚɥɚɞɵ. Ɉɫɵɥɚɣɲɚ, ɧɟɣɪɨɧɞɵԕ 
ɠɟɥіɧің ɤԧɦɟɝіɦɟɧ ɛɟɣɧɟɞɟɝі ɨɛɴɟɤɬіɥɟɪɞі ɬɚɧɭ ɠԥɧɟ ɬɚɥɞɚɭ ԛɲіɧ ɛɚғɞɚɪɥɚɦɚɥɵԕ 
ԕɚɦɬɚɦɚɫɵɡ ɟɬɭɞі ԥɡіɪɥɟɭ ɠԥɧɟ ɡɟɪɬɬɟɭ ԧɡɟɤɬі ɦіɧɞɟɬ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 

Ⱦɢɩɥɨɦɞɵԕ ɠɨɛɚ ɛɚɪɵɫɵɧɞɚ ԛɣɪіɬɩɟɥі ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞі ɩɚɣɞɚɥɵɧɵɩ 
ɬԝɬɵɧɭɲɵ ɬɚɭɚɪɥɚɪɵɧ ɬɚɧɭ ɛɚғɞɚɪɥɚɦɚɫɵɧ ԥɡіɪɥɟɭ ԥɞіɫɬɟɪі ԕɚɪɚɫɚɬɵɪɵɥɚɞɵ. 
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1 ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ ɬԛɫіɧіɝі 
 

1.1 ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ ɬɭɪɚɥɵ ɠɚɥɩɵ ɚԕɩɚɪɚɬ 

 

ɇɟɣɪɨɧ - ɚԕɩɚɪɚɬɬɵ ɷɥɟɤɬɪ ɠԥɧɟ ɯɢɦɢɹɥɵԕ ɫɢɝɧɚɥɞɚɪɞɵң ɤԧɦɟɝіɦɟɧ 
ԧңɞɟɣɬіɧ, ɫɚԕɬɚɣɬɵɧ ɠԛɣɤɟ ɠԛɣɟɫіɧің ɷɥɟɤɬɪɥіɤ ԕɨɡɞɵɪғɵɲ ɠɚɫɭɲɚɫɵ. 

 

 
 

1.1-ɫɭɪɟɬ – ɀɚɫɚɧɞɵ ɧɟɣɪɨɧ ɫԝɥɛɚɫɵ 
 
ɀɚɫɚɧɞɵ ɧɟɣɪɨɧ ɛɢɨɥɨɝɢɹɥɵԕ ɫɢɩɚɬԕɚ ԝԕɫɚɫ ԕԝɪɵɥɵɦғɚ ɫԥɣɤɟɫ ɫɚɥɵɧғɚɧ. 

Ȼԝɥ ɬɨɪɚɩ ɛіɪɧɟɲɟ ɤіɪіɫ ɠԥɧɟ ɛіɪɧɟɲɟ ɲɵғɭɞɚɧ ɬԝɪɚɞɵ. Ʉіɪіɫ ԛɲіɧ ɛіɪɧɟɲɟ 
ɞԥɥɟɥɞɟɪ ɬɚɥɚɩ ɟɬіɥɟɞі, ɞԥɥɟɥɞɟɪɞі ɬɨɥɬɵɪɚɞɵ, ɨɥɚɪɞɵң ԥɪԕɚɣɫɵɫɵɧɚɧ ɤɟɣɛіɪ 
ɫɵɡɵԕɬɵԕ ɤɨɦɛɢɧɚɰɢɹɫɵ ԛɲіɧ ɛіɪɵңғɚɣ ɞԥɥɟɥɞі ɤԧɛɟɣɬɟɞі ɧɟɦɟɫɟ ɲɵғɚɪɚɞɵ. 
ɒɵғɭ-ɛԝɥ ɠɚɥɩɵ ɞԥɥɟɥɞің ɫɵɡɵԕɬɵ ɟɦɟɫ ɮɭɧɤɰɢɹɫɵɧɵң ɦԥɧі. Ȼԝɥ ɮɭɧɤɰɢɹ 
ɬɪɢɝɝɟɪ ɮɭɧɤɰɢɹɫɵ ɞɟɩ ɚɬɚɥɚɞɵ. ɇԥɬɢɠɟ ɲɵғɵɫԕɚ ɧɟɦɟɫɟ ɛɚɫԕɚ ɞɚ ɧɟɣɪɨɧɞɚɪғɚ 
ɛіɪɧɟɲɟ ɲɵғɭ ԛɲіɧ ɠіɛɟɪіɥɟɞі. Ȼіɪ-ɛіɪіɦɟɧ ɛɚɣɥɚɧɵɫԕɚɧ ɧɟɣɪɨɧ-ɧɟɣɪɨɧɞɵԕ 
ɠɟɥіɥɟɪ. 

ɀɚɫɚɧɞɵ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞің (ɀɇɋ) ɩɚɣɞɚ ɛɨɥɭɵ ɟң ɚɥɞɵɦɟɧ ɦɢɞɵң 
ɠԝɦɵɫɵɧ ɡɟɪɬɬɟɭɦɟɧ ɛɚɣɥɚɧɵɫɬɵ. Ɂɟɪɬɬɟɭɦɟɧ ɛɚɣɥɚɧɵɫɬɵ ɚɥғɚɲԕɵ ɠԝɦɵɫɬɚɪ 
ɚɪɚɫɵɧɞɚ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ ɍ. Ɇɚɤɤɚɥɨɤ ɩɟɧ ɍ. ɉɢɬɬɫɬің ɢɞɟɹɥɚɪɵɧ ɥɨɝɢɤɚɥɵԕ 
ɟɫɟɩɬɟɭ ɠԥɧɟ ɠԛɣɤɟ ɛɟɥɫɟɧɞіɥіɝі ɬɭɪɚɥɵ ɦɚԕɚɥɚ ɛɨɥɞɵ. Ɇɢ ԧɬɟ ɤԛɪɞɟɥі, ɫɵɡɵԕɬɵ 
ɟɦɟɫ, ɩɚɪɚɥɥɟɥɶ ɤɨɦɩɶɸɬɟɪ (ɚԕɩɚɪɚɬɬɵ ԧңɞɟɭ ɠԛɣɟɫі). Ɉɥ ɧɟɣɪɨɧɞɚɪ ɞɟɩ 
ɚɬɚɥɚɬɵɧ ԧɡіɧің ԕԝɪɵɥɵɦɞɵԕ ɤɨɦɩɨɧɟɧɬɬɟɪіɧ, ɨɥɚɪ ɧɚԕɬɵ ɦіɧɞɟɬɬɟɪɞі 
(ɛɟɣɧɟɥɟɪɞі ɬɚɧɭ, ɫɟɡіɦ ɨɪɝɚɧɞɚɪɵɧɵң ɫɢɝɧɚɥɞɚɪɵɧ ԧңɞɟɭ, ɦɨɬɨɪɥɵԕ 
ɮɭɧɤɰɢɹɥɚɪ ɫɢɹԕɬɵ) ɨɪɵɧɞɚɭғɚ ԕɚɛіɥɟɬɬі, ɟң ɡɚɦɚɧɚɭɢ ɤɨɦɩɶɸɬɟɪɥɟɪɝɟ 
ɦԛɦɤіɧɞіɤ ɛɟɪɟ ɚɥɚɬɵɧɞɚɣ ɟɬіɩ ԝɣɵɦɞɚɫɬɵɪɭғɚ ԕɚɛіɥɟɬɬі. Ⱦԥɥіɪɟɤ, ɦɢ ɞԥɣɟɤɬі 
ɬԛɪɞɟ ɛіɪɧɟɲɟ ɬɚɧɭ ɬɚɩɫɵɪɦɚɥɚɪɵɧ ɨɪɵɧɞɚɣɞɵ (ɦɵɫɚɥɵ, ɬɚɧɵɫ ɚɞɚɦɞɵ 
ɛɟɣɬɚɧɵɫ ɨɪɬɚɞɚ ɬɚɧɭ). Ɉғɚɧ ɲɚɦɚɦɟɧ 100-200 ɦɢɥɥɢɫɟɤɭɧɞ ɤɟɬɟɞі, ɚɥ ԝԕɫɚɫ 
ɬɚɩɫɵɪɦɚɥɚɪɞɵ ɨɪɵɧɞɚɭ ɬіɩɬі ɚɡ ɤԛɪɞɟɥі ɤɨɦɩɶɸɬɟɪɞɟ ɛіɪɧɟɲɟ ɤԛɧ ɚɥɭɵ ɦԛɦɤіɧ. 
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ɇɟɣɪɨɧɞɚɪɞɵң ɞɚɦɭ ɬԛɫіɧіɝі ɦɢɞɵң ɢɤɟɦɞіɥіɝі ԝғɵɦɵɧɚ ɛɚɣɥɚɧɵɫɬɵ. Ⱥɞɚɦ 
ɦɢɵɧɞɚғɵ ɚԕɩɚɪɚɬɬɵ ԧңɞɟɭ ɛіɪɥіɝі ɪɟɬіɧɞɟ ɧɟɣɪɨɧɞɚɪɞɵң ɠԝɦɵɫɵɧɞɚ ɟң 
ɦɚңɵɡɞɵ ɪԧɥ ɚɬԕɚɪɚɞɵ. Ɉɫɵғɚɧ ԝԕɫɚɫ, ɠɚɫɚɧɞɵ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞɟ 
ɤɨɦɩɶɸɬɟɪɥіɤ ɦɨɞɟɥɞɟɭ ɤɟɡіɧɞɟ ɧɟɣɪɨɧɞɵԕ ɠɟɥі ɠԝɦɵɫɵɧɵң ɧɟɝіɡɝі ɩɪɢɧɰɢɩɬɟɪі 
ԕɨɥɞɚɧɵɥɚɞɵ: 

– ɛіɥіɦ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɝɟ ԕɨɪɲɚғɚɧ ɨɪɬɚɞɚɧ ɬԛɫɟɞі ɠԥɧɟ ɨԕɵɬɭ 
ɩɪɨɰɟɫіɧɞɟ ԕɨɥɞɚɧɵɥɚɞɵ. 

– ɛіɥіɦɞі ɠɢɧɚԕɬɚɭ ԛɲіɧ ɫɢɧɚɩɬɢɤɚɥɵԕ ɬɚɪɚɡɵɥɚɪ ɞɟɩ ɚɬɚɥɚɬɵɧ 
ɧɟɣɪɨɧɞɚɪ ɚɪɚɫɵɧɞɚғɵ ɛɚɣɥɚɧɵɫ ԕɨɥɞɚɧɵɥɚɞɵ. 

ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞің ɟɪɟɤɲɟ ԕɚɛіɥɟɬі-ɠɚɥɩɵɥɚɭ ɠɚɫɚɭ. 
Ԕɨɪɵɬɵɧɞɵ ɞɟɩ ɨԕɭ ɛɚɪɵɫɵɧɞɚ ɤɟɡɞɟɫɩɟɝɟɧ ɞɟɪɟɤɬɟɪ ɧɟɝіɡіɧɞɟ  ɧԥɬɢɠɟɧі 

ɚɥɭ ԕɚɛіɥɟɬі ɬԛɫіɧіɥɟɞі. Ȼԝɥ ԕɚɫɢɟɬɬɟɪ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɝɟ ɤԛɪɞɟɥі ɠԥɧɟ 
ɚɭԕɵɦɞɵ ɟɫɟɩɬɟɪɞі ɲɟɲɭɝɟ ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі. Ȼіɪɚԕ іɫ ɠԛɡіɧɞɟ ɚɜɬɨɧɨɦɞɵ ɠԝɦɵɫ 
ɤɟɡіɧɞɟ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ ɞɚɣɵɧ ɲɟɲіɦɞɟɪɞі ԕɚɦɬɚɦɚɫɵɡ ɟɬɟ ɚɥɦɚɣɞɵ. Ɉɥɚɪɞɵ 
ɤԛɪɞɟɥі ɠԛɣɟɥɟɪɝɟ ɛіɪіɤɬіɪɭ ԕɚɠɟɬ. Ⱥɬɚɩ ɚɣɬԕɚɧɞɚ, ɤɟɲɟɧɞі ɬɚɩɫɵɪɦɚɧɵ ɛіɪ 
ɛԧɥіɝі ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɦɟɧ ɲɟɲіɥɭі ɦԛɦɤіɧ ԕɚɪɚɩɚɣɵɦ ɠԛɣɟɥіɥіɤɤɟ ɛԧɥɭɝɟ 
ɛɨɥɚɞɵ. 

ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞі ɩɚɣɞɚɥɚɧɭ ɠԛɣɟɧің ɩɚɣɞɚɥɵ ԕɚɫɢɟɬɬɟɪіɧ ԕɚɦɬɚɦɚɫɵɡ 
ɟɬɟɞі [1, 33-37]: 

Ȼɟɣіɦɞіɥіɝі. ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ ԧɡіɧің ɫɢɧɚɩɬɢɤɚɥɵԕ ɫɚɥɦɚғɵɧ ԕɨɪɲɚғɚɧ 
ɨɪɬɚɧɵң ԧɡɝɟɪɭіɧɟ ɛɟɣіɦɞɟɭɝɟ ԕɚɛіɥɟɬɬі. Ⱥɬɚɩ ɚɣɬԕɚɧɞɚ, ɛɟɥɝіɥі ɛіɪ ɠɟɪɞɟ ԥɪɟɤɟɬ 
ɟɬɭɝɟ ԛɣɪɟɬіɥɝɟɧ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ ɠԝɦɵɫ іɫɬɟɭ ԛɲіɧ ɨңɚɣ ԕɚɣɬɚ ɨԕɵɬɵɥɭɵ 
ɦԛɦɤіɧ. ɋɨɧɵɦɟɧ ԕɚɬɚɪ, ɫɬɚɬɢɫɬɢɤɚ ɭɚԕɵɬ ԧɬɟ ɤɟɥɟ ԧɡɝɟɪɟɬіɧ ɫɬɚɰɢɨɧɚɪɥɵԕ ɟɦɟɫ 
ɨɪɬɚɞɚ ɠԝɦɵɫ іɫɬɟɭ ԛɲіɧ ɧɚԕɬɵ ɭɚԕɵɬɬɚғɵ ɫɢɧɚɩɬɢɤɚɥɵԕ ɫɚɥɦɚԕɬɵ ԧɡɝɟɪɬɟɬіɧ 
ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ ԕԝɪɵɥɭɵ ɦԛɦɤіɧ. ɀԛɣɟɧің ɛɟɣіɦɞіɤ ԕɚɛіɥɟɬі ɠɨғɚɪɵ ɛɨɥғɚɧ 
ɫɚɣɵɧ, ɨɧɵң ɬԝɪɚԕɬɵ ɟɦɟɫ ɨɪɬɚɞɚғɵ ɠԝɦɵɫɵ ɧɟғԝɪɥɵɦ ɬԝɪɚԕɬɵ ɛɨɥɚɞɵ, ɚɥɚɣɞɚ 
ɭɚԕɵɬ ɬɟɡ ԧɡɝɟɪɟɬіɧ ɩɚɪɚɦɟɬɪɥɟɪɦɟɧ ɛɟɣіɦɞіɤ ɠԛɣɟ, ɫɨɧɞɚɣ-ɚԕ ԧɧіɦɞіɥіɤɬің 
ɠɨғɚɥɭɵɧɚ ԥɤɟɩ ɫɨԕɬɵɪɚɬɵɧ ɛԧɝɞɟ ԕɨɡɭɥɚɪғɚ ɞɟ ԥɪɟɤɟɬ ɟɬɟ ɚɥɚɞɵ. Ȼɟɣіɦɞɟɥɭɞің 
ɛɚɪɥɵԕ ɚɪɬɵԕɲɵɥɵԕɬɚɪɵɧ ɩɚɣɞɚɥɚɧɭ ԛɲіɧ ɠԛɣɟɧің ɧɟɝіɡɝі ɩɚɪɚɦɟɬɪɥɟɪі ɫɵɪɬԕɵ 
ɤɟɞɟɪɝіɥɟɪɞі ɟɫɤɟɪɦɟɭ ԛɲіɧ ɠɟɬɤіɥіɤɬі ɬԝɪɚԕɬɵ ɠԥɧɟ ɨɪɬɚɧɵң ȿɥɟɭɥі 
ԧɡɝɟɪіɫɬɟɪіɧɟ ɪɟɚɤɰɢɹɧɵ ԕɚɦɬɚɦɚɫɵɡ ɟɬɭ ԛɲіɧ ɠɟɬɤіɥіɤɬі ɢɤɟɦɞі ɛɨɥɭɵ ɬɢіɫ. Ȼԝɥ 
ɦіɧɞɟɬ ԥɞɟɬɬɟ ɩɥɚɫɬɢɤɚɥɵԕ ɬԝɪɚԕɬɵɥɵԕ ɞɢɥɟɦɦɚɫɵ ɞɟɩ ɚɬɚɥɚɞɵ. 

ɀɚɭɚɩɬɵң ɚɧɵԕ ɛɨɥɭɵ. Ȼɟɣɧɟɥɟɪɞі ɠіɤɬɟɭ ɦіɧɞɟɬі ɤɨɧɬɟɤɫіɧɞɟ ɚԕɩɚɪɚɬɬɵ 
ɠɢɧɚɣɬɵɧ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɧі ɠɚɫɚɭғɚ ɛɨɥɚɞɵ. Ȼԝɥ ɲɟɲіɦ ɬɟɤ ɧɚԕɬɵ ɤɥɚɫɫɬɵ 
ɚɧɵԕɬɚɭ ԛɲіɧ ɠԥɧɟ ɚԕɩɚɪɚɬɬɵ ԝɥғɚɣɬɭ ԛɲіɧ ԕɨɥɞɚɧɵɥɚɞɵ. Ʉɟɣіɧɧɟɧ ɛԝɥ ɚԕɩɚɪɚɬ 
ɤԛɦԥɧɞі ɲɟɲіɦɞɟɪɞі ɛɨɥɞɵɪɦɚɭ ԛɲіɧ ɩɚɣɞɚɥɚɧɵɥɭɵ ɦԛɦɤіɧ. 

Ɇԥɬіɧɦԥɧɞіɤ (ɤɨɧɬɟɤɫɬɧɚɹ) ɚԕɩɚɪɚɬ. Ȼіɥіɦ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɧің ɟң 
ԕԝɪɵɥɵɦɵɧɞɚ ɨɧɵң іɫɤɟ ԕɨɫɭ ɤԛɣі ɚɪԕɵɥɵ ԝɫɵɧɵɥɚɞɵ. ɀɟɥіɧің ԥɪɛіɪ ɧɟɣɪɨɧɵ 
ɨɧɵң ɛɚɪɥɵԕ ɛɚɫԕɚ ɧɟɣɪɨɧɞɚɪɵɧɵң ԥɫɟɪ ɟɬɭі ɦԛɦɤіɧ. ɇԥɬɢɠɟɫіɧɞɟ, ɧɟɣɪɨɧɞɵԕ 
ɠɟɥіɧің ɛɨɥɭɵ ɤɨɧɬɟɤɫɬіɤ ɚԕɩɚɪɚɬɩɟɧ ɬіɤɟɥɟɣ ɛɚɣɥɚɧɵɫɬɵ. 
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Ⱥԕɚɭɥɚɪғɚ ɬԧɡіɦɞіɥіɤ. ɇɟɣɪɨɧɞɵԕ ɠɟɥіɞɟɝі ɚԕɩɚɪɚɬɬɵ ɫɚԕɬɚɭɞɵң ɛԧɥіɧɝɟɧ 
ɫɢɩɚɬɵɧ ɟɫɤɟɪɟ ɨɬɵɪɵɩ, ɧɟɣɪɨɧɞɵԕ ɠɟɥі ԕԝɪɵɥɵɦɵɧɚ ɟɥɟɭɥі ɡɢɹɧ ɤɟɥɬіɪɟɬіɧі 
ɨɧɵң ɠԝɦɵɫɵɧɚ ɚɣɬɚɪɥɵԕɬɚɣ ԥɫɟɪ ɟɬɟɬіɧіɧ ɞԥɥɟɥɞɟɭі ɦԛɦɤіɧ. Ʉіɲɤɟɧɟ 
ɡɚԕɵɦɞɚɪɦɟɧ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɧің ɫɚɩɚɫɵɧɵң ɬԧɦɟɧɞɟɭі ɛɚɹɭ. 

Ɇɚɫɲɬɚɛɬɚɥɭ. ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞің ɩɚɪɚɥɥɟɥɶ ԕԝɪɵɥɵɦɵ ɤɟɣɛіɪ 
ɦіɧɞɟɬɬɟɪɞің ɲɟɲіɦіɧ ɬɟɡɞɟɬɟɞі ɠԥɧɟ VLSI (verylarge-scale-inte-grated) 
ɬɟɯɧɨɥɨɝɢɹɫɵ ɲɟңɛɟɪіɧɞɟ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞің ɚɭԕɵɦɞɵɥɵғɵɧ ԕɚɦɬɚɦɚɫɵɡ 
ɟɬɟɞі. 

Ɍɚɥɞɚɭ ɠԥɧɟ ɠɨɛɚɥɚɭ ɛіɪɤɟɥɤіɥіɝі. ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ 
ɚԕɩɚɪɚɬɬɵ ԧңɞɟɭɞің ԥɦɛɟɛɚɩ ɦɟɯɚɧɢɡɦі. Ȼԝɥ ɞɟɝɟɧіɦіɡ, ɧɟɣɪɨɧɞɵԕ ɠɟɥіɧің ɛіɪ 
ɠɨɛɚɥɵԕ ɲɟɲіɦі ɤԧɩɬɟɝɟɧ ɩԥɧɞіɤ ɫɚɥɚɥɚɪɞɚ ԕɨɥɞɚɧɵɥɭɵ ɦԛɦɤіɧ.Ȼԝɥ ԕɚɫɢɟɬ 
ɛіɪɧɟɲɟ ɠɨɥɦɟɧ ɤԧɪіɧɟɞі. 

Ȼɚɫԕɚɪɭ ɠԛɣɟɥɟɪіɧɞɟɝі ɧɟɣɪɨɠɟɥіɥіɤ ɠɟɥіɥɟɪ 2 ɬԥɫіɥɦɟɧ ԕɨɥɞɚɧɵɥɭɵ 
ɦԛɦɤіɧ. 

On-line-ɇɟɣɪɨɫɟɬɶ ɪɟɠɢɦі ɛіɥіɦ ɚɥɚɞɵ ɠԥɧɟ ɛіɪ ɭɚԕɵɬɬɚ ɛɚɫԕɚɪɭ ɠԛɣɟɫіɧің 
ɚɬԕɚɪɭɲɵ ԕԝɪɵɥғɵɫɵɧɵң ɤіɪіɫіɧɞɟɝі ɛɚɫԕɚɪɭ ԥɫɟɪі. ɀɟɥіɧі ɨԕɵɬɭ ɦɚԕɫɚɬɵ ɠԥɧɟ 
Ɉɛɴɟɤɬіɧі ɛɚɫԕɚɪɭ ɦɚԕɫɚɬɵ ɠԛɣɟɧің ɛіɪɵңғɚɣ ɦɚԕɫɚɬɬɵ ɮɭɧɤɰɢɹɫɵɧɵң 
ɬɚɩɫɵɪɦɚɫɵɧɞɚ ɤԧɪіɧіɫ ɬɚɛɚɞɵ. ɀɟɥі ɧɚԕɬɵ ɭɚԕɵɬɬɚ, ɠԛɣɟɞɟɝі ɩɪɨɰɟɫɬɟɪɞің ԧɬɭ 
ԕɚɪԕɵɧɵɧɞɚ ɨԕɵɬɵɥɚɞɵ. 

Off-line ɪɟɠɢɦі-ɠɟɥі ɠԝɦɵɫɵ ɟɤі ɤɟɡɟңɧɟɧ ɬԝɪɚɞɵ: 1) ɛɟɪіɥɝɟɧ ɨңɬɚɣɥɵ 
ɛɚɫԕɚɪɭ ɮɭɧɤɰɢɹɫɵɧɵң ɠɟɥіɫіɧ ɨԕɵɬɭɞɵң ɚɥɞɵɧ ɚɥɚ ɤɟɡɟңі ɠԥɧɟ 2) ɫɨɥ 
ɠɚғɞɚɣɥɚɪɞɚ ɧɟɦɟɫɟ ɨɥɚɪғɚ ɠɚԕɵɧ ɛɨɥғɚɧ ɠɚғɞɚɣɞɚ ɨɛɴɟɤɬіɧі ɛɚɫԕɚɪɭ ɪɟɠɢɦіɧɞɟ 
Ɉɫɵ ɮɭɧɤɰɢɹɧɵң ɚɩɩɪɨɤɫɢɦɚɰɢɹɫɵɧ ɨɣɧɚɬɭ ɤɟɡɟңі. ɀɟɥіɧі ɨԕɵɬɭɞɵң ɠԥɧɟ 
ɨɛɴɟɤɬіɧі ɛɚɫԕɚɪɭɞɵң ɦɚԕɫɚɬɬɵ ɮɭɧɤɰɢɨɧɚɥɞɚɪɵ ɛіɪ-ɛіɪіɧɟɧ ԧɡɝɟɲɟ ɛɨɥɭɵ 
ɦԛɦɤіɧ. Ȼɚɫԕɚɪɭ ԛɲіɧ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɧі ԕɨɥɞɚɧɭɞɵң ɦԝɧɞɚɣ ɧԝɫԕɚɫɵ-
ɫɭɩɟɪɜɢɡɨɪɥɵԕ ɛɚɫԕɚɪɭ ɞɟɩ ɚɬɚɥɚɬɵɧ-ɧɟɣɪɨɠɟɥіɥіɤ ɤɨɧɬɪɨɥɥɟɪɞі ɫɢɧɬɟɡɞɟɭ 
ɩɪɨɰɟɫі ɠԥɧɟ ɨɧɵң ɩɚɪɚɦɟɬɪɥɟɪіɧ ɛɚɩɬɚɭ ɛԝɥ ɠɚғɞɚɣɞɚ ɧɚԕɬɵ ɭɚԕɵɬ ԧɬɩɟɫɟ ɞɟ, 
ԕɚɡіɪɝі ɭɚԕɵɬԕɚ ɞɟɣіɧ ɛɚɫɵɦ ɬɚɪɚɥɭɵɧ ɬɚɩɬɵ. 

ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞі ԕɚɫɢɟɬɬɟɪі ɛɨɣɵɧɲɚ ɠіɤɬɟɭɝɟ ɛɨɥɚɞɵ: 
– ɤіɪіɫ ɚԕɩɚɪɚɬɵɧɵң ɬԛɪіɧɟ; 
– ɨԕɵɬɭ ɫɢɩɚɬɵ ɛɨɣɵɧɲɚ; 
– ɫɢɝɧɚɥ ɛɟɪɭ ɫɢɩɚɬɵ ɛɨɣɵɧɲɚ; 
– ԕԝɪɵɥɵɦɵ ɛɨɣɵɧɲɚ. 
Ȼіɪіɧɲі ɀɇɋ ɦɨɞɟɥɶɞɟɪі 1940-ɲɵ ɠɵɥɞɚɪɞɵң ɛɚɫɵɧɞɚ ɡɟɪɬɬɟɭɲіɥɟɪ ȼ. 

Ɇɚɤɤɨɥɥɯ ɩɟɧ ȼ. ɉɢɬɬɫ ɠɚɫɚғɚɧ [2]. 
Ɉɥɚɪ ԥɡіɪɥɟɝɟɧ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɧің ɤɨɦɩɶɸɬɟɪɥіɤ ɦɨɞɟɥі ɦɚɬɟɦɚɬɢɤɚɥɵԕ 

ɚɥɝɨɪɢɬɦɞɟɪ ɦɟɧ ɦɢ ɛɟɥɫɟɧɞіɥіɝіɧің ɬɟɨɪɢɹɫɵ ɧɟɝіɡіɧɞɟ ԕԝɪɵɥɞɵ.Ɇɚɤɤɥɭɥɯ ɩɟɧ 
ɉɢɬɫ ɷɥɟɤɬɪɨɧɞɵ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞің ɤɟɡ-ɤɟɥɝɟɧ ɦɚɬɟɦɚɬɢɤɚɥɵԕ ɠԥɧɟ 
ɥɨɝɢɤɚɥɵԕ ɨɩɟɪɚɰɢɹɥɚɪɞɵ ɨɪɵɧɞɚɭғɚ ԕɚɛіɥɟɬɬі, ɫɨɧɞɚɣ-ɚԕ ɢɧɬɟɥɥɟɤɬɬің ɤɟɣɛіɪ 
ɤԧɪіɧіɫɬɟɪіɧɟ ɢɟ: ԛɣɪɟɧɭ, ɬɚɧɭɞɵ ԛɣɪɟɧɭ, ԕɨɪɵɬɵɧɞɵɥɚɭ. 
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ɀɚɫɚɧɞɵ ɧɟɣɪɨɧ ɛɚɪɥɵԕ ɤіɪɟɬіɧ ɫɢɝɧɚɥɞɚɪɞɵң ɚɤɤɭɦɭɥɹɬɨɪɵ ɛɨɥɵɩ 
ɬɚɛɵɥɚɬɵɧ ɠɚɫɚɧɞɵ ɧɟɣɪɨɧɞɵԕ ɠɟɥі ԕԝɪɵɥɵɦɞɵԕ ɛіɪɥіɝі. ɇɟɣɪɨɧ ɬԝɬɚɫ ɞɨɦɟɧɞɟ 
ԛɡɞіɤɫіɡ ɛɨɥɵɩ ɬɚɛɵɥɚɬɵɧ ɧԥɬɢɠɟɥі ɫɚɥɦɚԕɬɵ ɫɨɦɚғɚ ɫɵɡɵԕɬɵ ɟɦɟɫ ɮɭɧɤɰɢɹɧɵ 
ԕɨɥɞɚɧɚɞɵ. ɇԥɬɢɠɟ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɝɟ ɠіɛɟɪіɥɟɞі. ɇɟɣɪɨɧɧɵң ɚғɵɦɞɚғɵ ɠɚғɞɚɣɵ 
ɤɟɥɟɫі ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ ɫɢɩɚɬɬɚɥɭɵ ɦԛɦɤіɧ: 

 ܵ =∑ ௜ݔ ∗ ௜ݓ ଴௡௜=ଵݓ+  
(1.1) 

 
ɦԝɧɞɚғɵ, ݓ଴ − ːˈˌ˓ˑːːың ығы˔˖ ˍˑэ˗˗ˋ˙ˋˈː˕і; ݔ௜ − ݅ − ˛і ˔ˋˆː˃ˎ. 
ɇɟɣɪɨɧɧɵң ɲɵғɭɵ-ɨɧɵң ɤԛɣ ɮɭɧɤɰɢɹɫɵ, ɨɧɵң ɮɨɪɦɭɥɚɫɵ ɬԧɦɟɧɞɟ 

ɤԧɪɫɟɬіɥɝɟɧ: 
ݕ  = ݂ሺݏሻ, (1.2) 
 
ɦԝɧɞɚғɵ, f() – ԕɨɫɵɥɭ ɮɭɧɤɰɢɹɫɵ. 
 
Ȼɟɥɫɟɧɞіɪɭ ɮɭɧɤɰɢяɫɵ. ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞɟ ɚɤɬɢɜɬɟɧɞіɪɭ ɮɭɧɤɰɢɹɥɚɪɵ 

ɤԛɪɞɟɥі ɫɵɡɵԕɬɵ ɟɦɟɫ ɬԥɭɟɥɞіɥіɤɬɟɪɞі ԧңɞɟɭ ԛɲіɧ ԕɨɥɞɚɧɵɥɚɞɵ. ɇɟɣɪɨɧ ɬԛɪіɧɟ 
ɛɚɣɥɚɧɵɫɬɵ ɛɟɥɫɟɧɞіɪɭ ɬԛɪɥі ɮɭɧɤɰɢɹɥɚɪɵ ԕɨɥɞɚɧɵɥɚɞɵ. Ɉɥɚɪɞɵң ɤɟɣɛіɪіɧ 
ԕɚɪɚɫɬɵɪɚɣɵԕ[3]. 

1.2-ɫɭɪɟɬɬɟ ɛіɪɧɟɲɟ ɟɤіɥіɤ ɤіɪіɫ ɛɚɪ, x1, x2, ɲɟɤɬіɤ ɚɤɬɢɜɚɰɢɹɫɵ ɛɚɪ ɧɟɣɪɨɧ 
ɫɯɟɦɚɫɵ ɤԧɪɫɟɬіɥɝɟɧ. 

 

 
 

1.2-ɫɭɪɟɬ – ɉɟɪɫɟɩɬɪɨɧ ɫԝɥɛɚɫɵ 
 
Ɉɫɵ ɬԛɪɞɟɝі ɠɚɫɚɧɞɵ ɧɟɣɪɨɧɞɚ ɧԥɬɢɠɟɧі ɟɫɟɩɬɟɭ ԛɲіɧ ɤɟɥɟɫі ɟɪɟɠɟ 

ԕɨɥɞɚɧɵɥɚɞɵ: ɤіɪɭɥɟɪɝɟ ɤɟɥɟɬіɧ ɫɢɝɧɚɥɞɚɪ ɤԧɛіɧɟ ɫɚɥɦɚԕɬɚɪ, w1, w2, ..., ɨɥɚɪ 
ɲɵғɵɫԕɚ ɲɵғɭɞɵң ɦɚңɵɡɞɵɥɵғɵɧ ɛіɥɞіɪɟɬіɧ ɧɚԕɬɵ ɫɚɧɞɚɪ. ɇɟɣɪɨɧɞɵԕ ɲɵғɭ 
ɦԛɦɤіɧ 0 ɧɟɦɟɫɟ 1 ɦԥɧɞɟɪіɧ ԕɚɛɵɥɞɚɣɞɵ ɠԥɧɟ ԧɥɲɟɧɝɟɧ ɫɨɦɚ Σj ݆ݔ * ݆ݓ ɛɟɥɝіɥі 
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ɛіɪ ɲɟɤɬі ɦԥɧɧɟɧ ɚɫɵɩ ɤɟɬɭіɧɟ ɛɚɣɥɚɧɵɫɬɵ ɚɧɵԕɬɚɥɚɞɵ. ɋɚɥɦɚԕ ɫɢɹԕɬɵ, ɲɟɤ - 
ɧɚԕɬɵ ɫɚɧ, ɛԝɥ ɩɚɪɚɦɟɬɪ ɧɟɣɪɨɧ. 

 

ˍі˓і˔ ˏәː = {  
  Ͳ, ௝ݓ∑ ˓ˈˆˈ ∗ ௝ݔ ≤ ,௝ͳߠ ௝ݓ∑ ˓ˈˆˈ ∗ ௝ݔ > ௝ߠ 

 

 
 
(1.3) 

 

ɋɢɝɦɨɢɞɚɥɶɞі ɧɟɣɪɨɧ. Ʌɨɝɢɫɬɢɤɚɥɵԕ ɮɭɧɤɰɢя. Ȼԝɥ ɦɨɞɟɥɶɞің 
ɟɪɟɤɲɟɥіɝі - ɫɚɥɦɚԕ ɩɟɧ ԧɪіɫɬɟɪɞɟɝі ɲɚɦɚɥɵ ԧɡɝɟɪіɫɬɟɪ ɧɟɣɪɨɧɧɵң ɲɵғɭɵɧɞɚғɵ 
ɲɚɦɚɥɵ ԧɡɝɟɪіɫɬɟɪɞі ɬɭɞɵɪɚɞɵ. ɇɟɣɬɪɨɧɧɵң ɲɟɝіɧɟ ɠɟɬɤɟɧɞɟ, ɫɢɝɧɚɥɞɵ 
ɧɟɣɪɨɧɞɵ ɧɚԕɬɵ ɫɚɧɞɚɪ ɛɨɥɵɩ ɬɚɛɵɥɚɬɵɧ x1, x2, .... ɤіɪіɫɬɟɪі ɛɚɪ. ɒɵғɭ 0-ɞɟɧ 1-
ɝɟ ɞɟɣіɧɝі ɞɢɚɩɚɡɨɧɞɚғɵ ɦԥɧɞɟɪ ɛɨɥɭɵ ɦԛɦɤіɧ, ɫɵɡɛɚɫɵ ɫɵɡɵԕɬɵ ɥɨɝɢɫɬɢɤɚɥɵԕ 
ɚɤɬɢɜɬɟɧɞіɪɭ ɮɭɧɤɰɢɹɫɵ ɚɪԕɵɥɵ ɠԛɡɟɝɟ ɚɫɵɪɵɥɚɞɵ, ɝɪɚɮɢɤɚɫɵ 1.3-ɫɭɪɟɬɬɟ 
ɤԧɪɫɟɬіɥɝɟɧ. Ɏɭɧɤɰɢɹɧɵң ɤɟɥɟɫі ɮɨɪɦɚɫɵ ɛɚɪ: 

 ݂ሺݔሻ = ͳͳ + ݁−𝛽𝑧 
(1.4) 

  
ɦԝɧɞɚғɵ, ݓ ∗ [݅]ݔ ∑ = ݖ[݅]–ɤіɪіɫ ɦԥɧɞɟɪіɧің ԧɥɲɟɧɝɟɧ ԕɨɫɵɧɞɵɫɵ–

ɫɢɝɦɨɢɞɚɥɶɞɵ ɛɟɥɫɟɧɞіɪɭ ɮɭɧɤɰɢɹɫɵɧɵң ɟңіɫ ɩɚɪɚɦɟɬɪі. Ʉɟɫɬɟ ɧɟғԝɪɥɵɦ ɤԧɩ 
ɛɨɥɫɚ,ɫɨғԝɪɥɵɦ ɤԛɲɬі. Sigmoid ԕԝɪɚɥɵ Heviside ɮɭɧɤɰɢɹɫɵɧɚ ԝɦɬɵɥɚɞɵ. 

 

 
 

1.3-ɫɭɪɟɬ – ɋɢɝɦɨɢɞ ɮɭɧɤɰɢɹɫɵ 
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ɋɢɝɦɨɢɞɚɥɶ ɮɭɧɤɰɢɹɫɵ-ɛԝɥ ɨɧɵң ɛɚɪɥɵԕ ɚɣɦɚғɵɧɞɚ ɞɢɮɮɟɪɟɧɰɢɹɥɚɧғɚɧ 
ɨɧɵ ɝɪɚɞɢɟɧɬɬіɤ ԥɞіɫɬɟɪɦɟɧ ɨԕɵɬɭ ɤɟɡіɧɞɟ ɩɚɣɞɚɥɚɧɭғɚ ɦԛɦɤіɧɞіɤ ɛɟɪɟɬіɧ 
ɚɧɵԕɬɚɦɚɥɚɪ. 

Ƚɢɩɟɪɛɨɥɚɥɵԕ ɬɚɧɝɟɧɫ. Ƚɢɩɟɪɛɨɥɚɥɵԕ ɬɚɧɝɟɧɫ-ɫɢɝɦɨɢɞɚɥɶɞɵԕ ɮɭɧɤɰɢɹɞɚɧ 
ɚɣɵɪɦɚɲɵɥɵғɵ ɛɚɪ, ɦԥɧɞɟɪ ɚɣɦɚғɵ (-1;1) ɢɧɬɟɪɜɚɥɵɧɞɚ ɠɚɬɵɪ. 

Ɉɫɵ ɛɟɥɫɟɧɞіɪɭ ɮɭɧɤɰɢɹɫɵ ɬԧɦɟɧɞɟ ɛɟɪіɥɝɟɧ: 
 ݂ሺݖሻ = tanℎ ቆ݁𝛽𝑧 − ݁−𝛽𝑧݁𝛽𝑧 + ݁−𝛽𝑧ቇ 

(1.5) 

 
ɦԝɧɞɚғɵ, 𝛽 - ɮɭɧɤɰɢɹ ɝɪɚɮɢɤɚɫɵɧɵң ɬіɤ ɞԥɪɟɠɟɫіɧ ɚɧɵԕɬɚɣɞɵ; 
                z-ɧɟɣɪɨɧɧɵң ɤіɪіɫ ɦԥɧɞɟɪіɧің ԧɥɲɟɧɝɟɧ ɫɨɦɚɫɵ. 
 

 
 

1.4-ɫɭɪɟɬ – Ƚɢɩɟɪɛɨɥɚɥɵԕ ɬɚɧɝɟɧɫ 
 
Ƚɢɩɟɪɛɨɥɚɥɵԕ ɬɚɧɝɟɧɫ ɮɭɧɤɰɢɹɫɵ ɫɢɝɦɨɢɞɚɥɶɞɵ ɫɢɹԕɬɵ, ɚɧɵԕɬɚɭɞɵң 

ɛɚɪɥɵԕ ɚɣɦɚғɵɧɞɚ ɞɢɮɮɟɪɟɧɰɢɹɥɚɧɚɞɵ. Ɉɧɵң ɟɪɟɤɲɟɥіɝі ɨң ɠԥɧɟ ɬɟɪіɫ ɦԥɧɞɟɪɞі 
ɦɨɞɟɥɶɞɟɭɝɟ ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі. 

Іɫɤɟ ԕɨɫɭɞɵң ɬԛɡɟɬіɥɝɟɧ ɫɵɡɵԕɬɵ ɮɭɧɤɰɢяɫɵ (rectified linear unit, 
ReLU). Ƚɢɩɟɪɛɨɥɚɥɵԕ ɬɚɧɝɟɧɫɬің ɫɢɝɦɨɢɞɚɥɶɞі ɮɭɧɤɰɢɹɫɵ ɦɟɧ ɮɭɧɤɰɢɹɫɵ 
ɫɵɡɵԕɬɵ ɟɦɟɫ ɠԥɧɟ ɨɥɚɪɞɵ ɚɧɵԕɬɚɭɞɵң ɛԛɤіɥ ɨɛɥɵɫɵ ɛɨɣɵɧɲɚ ɫɚɪɚɥɚɧɭɵ 
ɦԛɦɤіɧ, ɛіɪɚԕ ɨɥɚɪɞɵ ԕɨɥɞɚɧɭ ɠɚɬɬɵғɭɥɚɪ ɦɟɧ ɪɟɫɭɪɫɬɵԕ ԕɚɪԕɵɧɞɵ 
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ɟɫɟɩɬɟɭɥɟɪɞің ԝɡɚԕ ɭɚԕɵɬԕɚ ɠɢɧɚԕɬɚɥɭɵ ɚɪԕɵɥɵ ԕɢɵɧɞɚɣɞɵ. Ɇԝɧɞɚɣ 
ɩɪɨɛɥɟɦɚɥɚɪɞɵ ɛɨɥɞɵɪɦɚɭ ԛɲіɧ, ɪɟɤɬɢɮɢɤɚɰɢɹɥɚɧғɚɧ ɠɟɥіɥіɤ ɚɤɬɢɜɬɟɧɞіɪɭ 
ɮɭɧɤɰɢɹɫɵɧ (ɊɌɅ ɫɵɡɵԕɬɵԕ ɛɥɨɤɬɵ - ReLU) [4] ɩɚɣɞɚɥɚɧɭ ԝɫɵɧɵɥɚɞɵ, ɛԝɥ ɨԕɭ 
ԛɞɟɪіɫіɧ ɟɞԥɭіɪ ɠɵɥɞɚɦɞɚɬɭғɚ ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі ɠԥɧɟ ɫɨɧɵɦɟɧ ԕɚɬɚɪ ɨɩɟɪɚɰɢɹ 
ɚɪԕɵɥɵ ɟɫɟɩɬɟɭɥɟɪɞі ɠɟңіɥɞɟɬɟɞіɫɤɚɥɹɪɞɵң ɬɟɪіɫ ɛԧɥіɝіɧ ԕɢɸ. Ԕɨɫɵɥɭ 
ɮɭɧɤɰɢɹɫɵ ɬԧɦɟɧɞɟɝіɞɟɣ: 

 ݂ሺݖሻ = maxሺͲ,  ሻ, (1.6)ݖ
 

 
 

1.5-ɫɭɪɟɬ – ReLu 
 
ReLu ɚɪɬɵԕɲɵɥɵғɵ ɝɪɚɞɢɟɧɬɬɟɪɞің ɨңɚɣɥɚɬɵɥғɚɧ ɟɫɟɩɬɟɭі ɛɨɥɵɩ 

ɬɚɛɵɥɚɞɵ: ɨɫɵ ɮɭɧɤɰɢɹɧɵң ɬɭɵɧɞɵɫɵ z ɦԥɧіɧɞɟɝі z ɦԥɧіɧің ɦԥɧіɧɟ ɬɟң, ɟɝɟɪ ɛԝɥ 
ɦԥɧ ɧԧɥɞɟɧ ԛɥɤɟɧ ɛɨɥɫɚ ɠԥɧɟ ɧԧɥɝɟ ɬɟң ɛɨɥɦɚɫɚ. Ɉɫɵɥɚɣɲɚ, ɝɪɚɞɢɟɧɬ 
ɠɚɪɵɥɵɫɵɧɵң ԥɫɟɪі ɠԥɧɟ ɝɪɚɞɢɟɧɬɬɟɪɞің ɚɡɚɸɵ ɚɡɚɹɞɵ. Ȼԝɥ ɮɭɧɤɰɢɹ ɛɟɥɫɟɧɞіɪɭ 
ɦɚɬɪɢɰɚɫɵɧɵң ԕɚɪɚɩɚɣɵɦ ɲɟɤɬі ԧɡɝɟɪɭіɧ ԕɨɥɞɚɧɭ ɚɪԕɵɥɵ ɠԛɡɟɝɟ ɚɫɵɪɵɥɭɵ 
ɦԛɦɤіɧ, ɨɫɵɥɚɣɲɚ, ɟɫɟɩɬɟɭɥɟɪɞɟ ɛɢіɤɬіɝі ɬɚɥɚɩ ɟɬіɥɟɬіɧ,ɫɢɝɦɚɥɞɵԕɬɚɪ ɦɟɧ 
ɝɢɩɟɪɛɨɥɚɥɵԕ ɬɚɧɝɟɧɬɬɟɪɞɟɧ ɚɣɵɪɦɚɲɵɥɵғɵ, ɪɟɫɭɪɫɬɵԕ ɛɟɥɫɟɧɞі 
ɨɩɟɪɚɰɢɹɥɚɪɞɚɧ ɚɣɵɪɵɥɚɞɵ. Ⱥɥɚɣɞɚ, ReLu ɤɟɦɲіɥіɤɬɟɪі ɬԧɦɟɧɞɟɝіɞɟɣ: ԛɥɤɟɧ 
ɝɪɚɞɢɟɧɬ ɦԥɧі ɧɟɣɪɨɧ ɟɲԕɚɲɚɧ ԕɚɣɬɚɞɚɧ ɛɟɥɫɟɧɞіɪіɥɦɟɣɬіɧ ɬɚɪɚɡɵɥɚɪɞɵң 
ɨɫɵɧɞɚɣ ɠɚңɚɪɬɵɥɭɵɧɚ ԥɤɟɥɭі ɦԛɦɤіɧ, ɹғɧɢ ɨɥ ԧɲіɪіɥɟɞі. Ɇԝɧɞɚɣ ɠɚғɞɚɣɞɚ 
ɧɟɣɪɨɧ ɚɪԕɵɥɵ ԧɬɟɬіɧ ɝɪɚɞɢɟɧɬ ԥɪɞɚɣɵɦ ɧԧɥɝɟ ɬɟң ɛɨɥɚɞɵ. Ɉɫɵ ɬɢɩɬɟɝі 
ԕɚɬɟɥіɤɬɟɪɞің ԥɫɟɪіɧ ɚɡɚɣɬɭ ԛɲіɧ ɨԕɭ ɠɢіɥіɝіɧ ɞԝɪɵɫ ɬɚңɞɚɭ ɤɟɪɟɤ. 

 
1.2 ɇɟɣɪɨɧɞɵ ɠɟɥі ɚɪɯɢɬɟɤɬɭɪɚɫɵ ɦɟɧ ɬԛɪɥɟɪі 
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ɀɚɫɚɧɞɵ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ ɛɢɨɥɨɝɢɹɥɵԕ,ɠԛɣɤɟ ɠɚɫɭɲɚɥɚɪɵɧɵң ɠɟɥіɫіɧ 
ԕԝɪɚɣɞɵ. ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ ɛіɪ-ɛіɪіɦɟɧ ԧɡɚɪɚ ԥɪɟɤɟɬɬɟɫɟɬіɧ ɧɟɣɪɨɧɞɚɪɞɚɧ 
ɬԝɪɚɞɵ. 

Ʉɨɧɜɟɤɬɢɜɬі ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ - ɬɟɪɛɟɣɧɟɥɟɪɞі ɬɢіɦɞі ԧңɞɟɭ ԛɲіɧ 
ԕɨɥɞɚɧɵɥɚɬɵɧ ɬіɤɟɥɟɣ ɬɚɪɚɬɭ ɠɟɥіɥɟɪɞің ɤɥɚɫɵ. Ʉɨɧɜɟɤɬɢɜɬі ɧɟɣɪɨɧɞɵԕ 
ɠɟɥіɥɟɪɞɟ ɞɟɪɟɤɬɟɪɞі ԧңɞɟɭ ɟɪɟɤɲɟɥіɤɬɟɪі ɬԧɦɟɧɞɟɝіɞɟɣ: 

– ɠɟɪɝіɥіɤɬі ԕɚɛɵɥɞɚɭ – ɬԝɬɚɫɬɚɣ ɛіɪ ɟɦɟɫ ɧɟɣɪɨɧɞɵ ɟɧɝіɡɭ ԛɲіɧ ɛɟɪіɥɟɞі. 
Ȼԝɥ ɬԥɫіɥ ɫɭɪɟɬɬің ɬɨɩɨɥɨɝɢɹɫɵɧ ԕɚɛɚɬɬɚɧ ԕɚɛɚɬԕɚ ɫɚԕɬɚɭғɚ ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі; 

– ɨɪɬɚԕ ɫɚɥɦɚԕ - ԛɥɤɟɧ ɦԧɥɲɟɪɞɟɝі ɛɚɣɥɚɧɵɫɬɚɪ ԛɲіɧ ɚɡ ɫɚɥɦɚԕ 
ɠɢɵɧɬɵғɵ; 

– ԧɥɲɟɦɞі ɚɡɚɣɬɭ - ɤɟңіɫɬіɤ ԧɥɲɟɦ ɬԛɫіɪіɥɟɬіɧ ԕɚɛɚɬɬɚɪғɚ ɛɚɣɥɚɧɵɫɬɵ 
ɤɟɫɤіɧ ɛіɪɬɟ-ɛіɪɬɟ ɚɡɚɹɞɵ. 

Ɉɛɴɟɤɬіɧі ɬɚɧɭ ɦɚɫɲɬɚɛԕɚ ԕɚɪɚɦɚɫɬɚɧ ɨɪɵɧɞɚɥɚɞɵ. Ȼԝɥ ɠɚғɞɚɣɞɚ 
ɛɟɥɝіɥɟɪɞің ɛɨɥɭ ɮɚɤɬіɫі ɨɧɵң ɤɟɫɤіɧɞɟɝі ɧɚԕɬɵ ɨɪɧɚɥɚɫԕɚɧ ɠɟɪіɧ ɛіɥɭɞɟɧ 
ɦɚңɵɡɞɵ. 

Ʉɨɧɜɟɤɬɢɜɬі ɧɟɣɪɨɧɞɵԕ ɬɨɪɚɩ ɤɨɧɜɨɥɸɰɢɹɧɵң ɠԥɧɟ ɫɭɛɝɭɦɭɥɹɰɢɹɧɵң 
ɞԥɣɟɤɬі ԕɚɛɚɬɬɚɪɵɧɚɧ ɬԝɪɚɞɵ. Ȼԝɥ ɚɥɞɵңғɵ ԕɚɛɚɬɬɵң ɟɪɟɤɲɟɥіɤɬɟɪ ɤɚɪɬɚɥɚɪɵɧ 
ԧңɞɟɭ ɧɟɝіɡіɧɞɟ ɚғɵɦɞɚғɵ ԕɚɛɚɬɬɚғɵ ɟɪɟɤɲɟɥіɤɬɟɪ ɤɚɪɬɚɥɚɪɵɧ ɠɚɫɚɭғɚ ɦԛɦɤіɧɞіɤ 
ɛɟɪɟɞі. Ɉɫɵɥɚɣɲɚ, ɬԛɪɥі ɟɪɟɤɲɟɥіɤɬɟɪɞің ɤԛɪɞɟɥі ɢɟɪɚɪɯɢɹɫɵɧ ɬɟɪɟң ɬɚɥɞɚɭ 
ɠԛɪɝіɡіɥɟɞі, ɠɟɪɝіɥіɤɬі ɟɪɟɤɲɟɥіɤɬɟɪɞі ɬɚңɞɚɭ ɠԥɧɟ ɬɚɧɭ ԕɚɪɚɫɬɵɪɵɥғɚɧ. 

ɀɚɫɚɧɞɵ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ ɛіɪ ԕɚɛɚɬɬɵ ɠԥɧɟ ɤԧɩ ԕɚɛɚɬɬɵ ɠɟɥіɥɟɪɝɟ 
ɛԧɥіɧɟɞі. 

1.6-ɫɭɪɟɬɬɟ ɛіɪ ԕɚɛɚɬɬɵ ɧɟɣɪɨɧɞɵԕ ɠɟɥі (Single-layer neural network) 
ɤԧɪɫɟɬіɥɝɟɧ. Ȼԝɥ ɠɟɥіɧің ɟɪɟɤɲɟɥіɝі ɤіɪіɫ ԕɚɛɚɬɵɧɚɧ ɫɢɝɧɚɥɞɚɪ ɨɥɚɪ ԧɡɝɟɪɟɬіɧ 
ɒɵғɵɫ ԕɚɛɚɬɵɧɚ ɛіɪɞɟɧ ɛɟɪіɥɟɞі,ɫɨңғɵ ɧԥɬɢɠɟɧі ԕɚɥɵɩɬɚɫɬɵɪɚ ɨɬɵɪɵɩ. [5] 

 

 
 

1.6-ɫɭɪɟɬ – Ȼіɪ ԕɚɛɚɬɬɵ ɧɟɣɪɨɧɞɵ ɠɟɥі 
 
Ʉіɪіɫ ɠԥɧɟ ɲɵғɵɫ ԕɚɛɚɬɬɚɪɵɧɚɧ ɛɚɫԕɚ, 1.7-ɫɭɪɟɬɬɟ ɤɟɥɬіɪіɥɝɟɧ ɤԧɩ ԕɚɛɚɬɬɵ 

ɧɟɣɪɨɧɞɵԕ ɠɟɥіɞɟ ɠɚɫɵɪɵɧ ԕɚɛɚɬɬɚɪ ɛɚɪ,ɨɥɚɪɞɵң ɚɪɚɫɵɧɞɚ ɨɪɧɚɥɚɫԕɚɧ. 
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1.7-ɫɭɪɟɬ – Ʉԧɩ ԕɚɛɚɬɬɵ ɠɚɫɚɧɞɵ ɧɟɣɪɨɧɞɵ ɠɟɥі 
 
Ɇіɧɞɟɬɬɟɪɞі ɲɟɲɭɝɟ ɛɚɣɥɚɧɵɫɬɵ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɞɟ ɛіɪ ɧɟɦɟɫɟ ɛіɪɧɟɲɟ 

ɠɚɫɵɪɵɧ ԕɚɛɚɬɬɚɪ ɛɨɥɭɵ ɦԛɦɤіɧ. Ԥɪ ԕɚɛɚɬɬɚғɵ ԕɚɛɚɬɬɚɪ ɫɚɧɵ ɦɟɧ ɷɥɟɦɟɧɬɬɟɪɞің 
ɫɚɧɵ ɮɭɧɤɰɢɹɧɵң ɤԛɪɞɟɥіɥіɝіɧ ɚɧɵԕɬɚɣɞɵ, ɫɨɧɞɵԕɬɚɧ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɧі 
ɠɨɛɚɥɚɭ ɤɟɡіɧɞɟ ɨɫɵ ɩɚɪɚɦɟɬɪɥɟɪɞі ɞԝɪɵɫ ɚɧɵԕɬɚɭ ɦɚңɵɡɞɵ. Ɉɫɵɥɚɣɲɚ, ɤԧɩ 
ԕɚɛɚɬɬɵ ɧɟɣɪɨɧɞɵԕ ɠɟɥі ɤԛɪɞɟɥіɥіɤɬің ɤɟɡ ɤɟɥɝɟɧ ɞԥɪɟɠɟɫіɧɞɟɝі ɮɭɧɤɰɢɹɧɵ 
ɦɨɞɟɥɶɞɟɭі ɦԛɦɤіɧ. 

Ȼԛɝіɧɝі ɤԛɧі ԥɪɬԛɪɥі ԕԝɪɵɥɵɦɞɚɪɦɟɧ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞі ɤԧɩɬɟɝɟɧ іɫɤɟ 
ɚɫɵɪɭ ɛɚɪ: 

– Ɋɨɡɟɧɛɥɚɬɬ ɩɟɪɫɟɩɬɪɨɧɧɵ; 
– ɪɚɞɢɚɥɞɵ-ɛɚɡɢɫɬіɤ ɮɭɧɤɰɢɹɥɚɪ; 
– ԧɬɤіɡɝіɲɬɟɪ ɤɚɪɬɚɫɵ; 
– ɏɚɤɢɦɨɜɬɵң ɫɩɥɚɣɧ ɦɨɞɟɥі; 
– Ⱦɠɨɪɞɚɧ ɠɟɥіɫі; 
– ɧɟɣɪɨɧɞɵԕ ɝɚɡ; 
– ɯɚɨɬɢɤɚɥɵԕ ɧɟɣɪɨɧ ɠɟɥіɫі; 
– ɨɫɰɢɥɥɹɬɨɪɥɵԕ ɧɟɣɪɨɧ ɠɟɥіɫі; 
– ԕɚɪɫɵ ɬɚɪɚɬɭ ɠɟɥіɫі; 
– ɋɦɢɪɧɨɜ ɠɟɥіɫі; 
– Ɋɟɲɟɬɨɜɬɵң ɵԕɬɢɦɚɥ ɠɟɥіɫі; 
– ɛɟɣіɦɞі ɪɟɡɨɧɚɧɫ ɠɟɥіɥɟɪі; 
– ԛɣіɪɬɩɟɥі ɧɟɣɪɨɧɞɵ ɠɟɥіɥɟɪ; 
– ɢɦɩɭɥɶɫɬі; 
– ɬɟɪɟң ɫɟɧіɦ ɠɟɥіɫі (deep belief network) ɧɟɦɟɫɟ Ȼɚɣɟɫɨɜ ɠɟɥіɫі; 
– ɝɟɧɟɬɢɤɚɥɵԕ ɚɥɝɨɪɢɬɦ. 
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Ɍіɤɟɥɟɣ ɬɚɪɚɬɭ ɠɟɥіɥɟɪі. Ɍіɤɟɥɟɣ ɬɚɪɚɬɭ ɠɟɥіɥɟɪі ԥɞɟɬɬɟ ɤԧɩ ԕɚɛɚɬɬɵ 
ɩɟɪɰɟɩɬɪɨɧ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ȼԝɥ ɠɟɥі, ԥɞɟɬɬɟ, ɤіɪіɫ ɤԧɡɞɟɪɞɟɧ, ɛɚɫɬɚɩԕɵ 
ɬԛɣіɧɞɟɪɞɟɧ, ԥɣɬɩɟɫɟ ɠɚɫɚɧɞɵ ɧɟɣɪɨ ɠɟɥі ɫɵɪɬԕɵ ɨɪɬɚɫɵɧ ɡɟɪɬɬɟɣɬіɧ ɫɟɧɫɨɪɥɵԕ 
ɷɥɟɦɟɧɬɬɟɪɞɟɧ ɬԝɪɚɞɵ. Ȼԝɥ ɤіɪіɫ ɠɢɵɧɵ ɤіɪіɫ ԕɚɛɚɬɵɧ ԕԝɪɚɣɞɵ. ɋɨɞɚɧ ɤɟɣіɧ 
ɨɥɚɪ ɟɫɟɩɬɟɭ ɨɩɟɪɚɰɢɹɥɚɪɵɧ ɨɪɵɧɞɚɣɬɵɧ ɠɚɫɵɪɵɧ ԕɚɛɚɬɬɚɪғɚ ɫɢɝɧɚɥɞɚɪɞɵ 
ɠіɛɟɪɟɞі. 

ɋɨɞɚɧ ɤɟɣіɧ ɫɢɝɧɚɥ ɲɵғɵɫ ԕɚɛɚɬɵɧɚ ɠіɛɟɪɟɞі, ɛԝɥ ԧɡ ɤɟɡɟɝіɧɞɟ ɲɵғɭ 
ɧɟɣɪɨɧɞɚɪɵɧɚ ɚԕɩɚɪɚɬ ɛɟɪɟɞі. 

Ɍіɤɟɥɟɣ ɬɚɪɚɬɭ ɠɟɥіɥɟɪіɧɞɟ ɤԧɪіɧіɩ ɬԝɪғɚɧɞɚɣ, ɫɢɝɧɚɥ ԛɧɟɦі ɛіɪ ɛɚғɵɬɬɚ 
ԕɨɡғɚɥɚɞɵ: ɤіɪіɫ ɤіɪіɫіɧɟɧ ɛɚɪɥɵԕ ԕɚɛɚɬɬɚɪɞɵ ɛіɪ ɭɚԕɵɬɬɚ ԧɬіɩ ɤɟɬɟɞі. Ȼԝɥ 
ɤԧɩɬɟɝɟɧ ɨԕɵɬɭ ɚɥɝɨɪɢɬɦɞɟɪіɧ ɩɚɣɞɚɥɚɧɭ ԛɲіɧ ɵңғɚɣɥɵ. 

Ԛɣіɬɪɩɟɥі ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ. Ȼԝɥ ɧɟɣɪɨɧɞɵԕ ɠɟɥі ɚɪɯɢɬɟɤɬɭɪɚɫɵɧ 
ɮɪɚɧɰɭɡ ғɚɥɵɦɵ əɧ Ʌɟɤɭɧ ԝɫɵɧɞɵ. ȿң ɚɥɞɵɦɟɧ, ɤɨɧɫɬɪɭɤɰɢɹɥɵԕ ɠɚɫɚɧɞɵ 
ɧɟɣɪɨɧɞɵ ɠɟɥі ɛɟɣɧɟɧі ɬɚɧɭғɚ ɛɚғɵɬɬɚɥғɚɧ. Ȼԝɥ Google ɤɨɦɩɚɧɢɹɫɵ ԝɫɵɧғɚɧ 
«ɬɟɪɟңɞɟɬіɩ ɨԕɵɬɭ» ɬɟɯɧɨɥɨɝɢɹɫɵɧɵң ɛіɪ ɛԧɥіɝі.  

ɀɟɥі ԕԝɪɵɥɵɦɵ: ɤԧɩ ԕɚɛɚɬɬɵ, ɛіɪ ɛɚғɵɬɬɵ. Ɉԕɵɬɭ ԥɞɟɬɬɟ ɫɬɚɧɞɚɪɬɬɵ 
ԥɞіɫɬɟɪ ɧɟɝіɡіɧɞɟ ԕɨɥɞɚɧɵɥɚɞɵ, ɦɵɫɚɥɵ, ԕɚɬɟɧі ɤɟɪі ɬɚɪɚɬɭ ԥɞіɫі. Ȼɟɥɫɟɧɞіɪɭ 
ɮɭɧɤɰɢɹɫɵ-ɤɟɡ ɤɟɥɝɟɧ. Ԛɣɪіɬɩɟɥі ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞің ɧɟɝіɡɝі ɟɪɟɤɲɟɥіɝі, ɧɟɝɟ 
ɨɥ ԛɣіɪɬɩɟ ɞɟɩ ɚɬɚɥɚɞɵ, ɨɧɵң ԛɣіɪɬɩɟ ɨɩɟɪɚɰɢɹɫɵ ɛɚɪ. Ԛɣіɪɬɩɟ ɨɩɟɪɚɰɢɹɫɵ-ɛԝɥ 
ɛɟɣɧɟɧің ԥɪɛіɪ ɮɪɚɝɦɟɧɬі ɨɪɚɦɚ ɦɚɬɪɢɰɚɫɵɧɚ ɤԧɛɟɣɬіɥɟɞі, ɧԥɬɢɠɟɫі ɠɢɧɚԕɬɚɥɚɞɵ 
ɠԥɧɟ ɠɚңɚ ɛԛɤɬɟɥɝɟɧ ɛɟɣɧɟɞɟɝі ɬɢіɫɬі ɩɨɡɢɰɢɹғɚ ɠɚɡɵɥɚɞɵ. Ԥɪ ɠɨɥɵ, ԛɣіɪɬі 
ɨɩɟɪɚɰɢɹɫɵ ɚɪԕɵɥɵ ԧɬіɩ, ɫɭɪɟɬ ɦԥɫɟɥɟ ԛɲіɧ ɦɚңɵɡɞɵ ɛԧɥɲɟɤɬɟɪɞі ɫɚԕɬɚɣ 
ɨɬɵɪɵɩ, ɲɭɞɵ ɛԧɥіɩ, ԧɥɲɟɦɞɟ ɚɡɚɹɞɵ. 

Ʉԥɞіɦɝі ɩɟɪɰɟɩɪɨɧɧɚɧ ɚɣɵɪɦɚɲɵɥɵғɵ, ɠɚɫɚɧɞɵ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɧің ԥɪɛіɪ 
ɧɟɣɪɨɧɵ ɛԝɪɵɧғɵ ɛɚɪɥɵԕ ɛɚɣɥɚɧɵɫɬɵ ɠԥɧɟ ɨɥɚɪɞɵң ԥɪԕɚɣɫɵɫɵ ɠɟɤɟ ԛɣіɪɬɩɟɥі 
ɧɟɣɪɨɧɞɵ ɠɟɥі ɤɨɷɮɮɢɰɢɟɧɬі ɩɚɣɞɚɥɚɧɵɥғɚɧ ɤіɲɤɟɧɬɚɣ ɦɚɬɪɢɰɚ ԕɨɥɞɚɧɵɥɚɞɵ, 
ɨɥ ɛԛɤіɥ ԕɚɛɚɬɬɵң ԛɫɬіɧɟɧ «ɠɵɥɠɵɬɚɞɵ». Ȼԝɥ ɦɚɬɪɢɰɚ ɤɟɥɟɫі ԕɚɛɚɬɬɵң ɬɢіɫɬі 
ɧɟɣɪɨɧɵ ԛɲіɧ ɛɟɥɫɟɧɞіɪɭ ɫɢɝɧɚɥɵɧ ԕԝɪɚɣɞɵ. əғɧɢ ԥɪɛіɪ ԕɚɛɚɬ ԕɚɛɚɬɬɚғɵ ɛɚɪɥɵԕ 
ɧɟɣɪɨɧɞɚɪ ԛɲіɧ ɛіɪɞɟɣ ɫɚɥɦɚԕ ɦɚɬɪɢɰɚɥɚɪɵɧ ɩɚɣɞɚɥɚɧɚɞɵ. Ɉɧɵң ԕɨɥɞɚɧɵɥɭɵ 
ɤɨɦɩɶɸɬɟɪɞɟ іɫɤɟ ԕɨɫɵɥғɚɧ ɤɟɡɞɟɝі ANN ԧɥɲɟɦіɧ ɚɡɚɣɬɚɞɵ ɠԥɧɟ ɛɚɪɥɵԕ 
ɧɟɣɪɨɧɞɚɪɞɵң ɛіɪɞɟɣ ԧңɞɟɭіɧ ԕɚɦɬɚɦɚɫɵɡ ɟɬɟɞі.Ɉɫɵ ɦɚɬɪɢɰɚ-ɚԕ ɤɨɧɜɨɥɸɰɢɹ 
ɹɞɪɨɫɵ ɞɟɩ ɚɬɚɥɚɞɵ. Ȼԝɥ ɛɟɥɝіɲɟɧі ɝɪɚɮɢɤɚɥɵԕ ɢɧɬɟɪɩɪɟɬɚɰɢɹɥɚɭ ԕԝɪɚɥɵ 
ɪɟɬіɧɞɟ ɬԛɫіɧɞіɪіɥɟɞі. Ɇɵɫɚɥɵ, ɤіɪіɫ ɤɟɫɤіɧіɧ ɬɚɥɞɚɣɬɵɧ ɛіɪіɧɲі ԕɚɛɚɬ ɤɟɫɤіɧɧің 
ɛɟɥɝіɥі ɛіɪ ɛԧɥіɝіɧɞɟɝі ɛɟɥɝіɥі ɛіɪ ɛԝɪɵɲɩɟɧ ɤԧɥɛɟɭ ɫɵɡɵԕɬɵ ɛԧɥіɩ ɚɥɚɞɵ. 
ɋɨɧɵɦɟɧ ԕɚɬɚɪ, ɤɨɧɜɟɤɬɢɜɬі ɧɟɣɪɨɧɞɵԕ ɠɟɥіɞɟ ɫɚɥɦɚԕɬɵң ɠɢɵɧɬɵғɵ ɛіɪɟɭ ɟɦɟɫ, 
ɚɥ ɤɨɧɜɨɥɸɰɢɹɧɵң ɧԥɬɢɠɟɥɟɪі ԥɪ ɬԛɪɥі ɛɟɥɝіɥɟɪ ɛɨɥɭɵ ɦԛɦɤіɧ. Ɉɥɚɪ ԕɚɛɚɬɬɚɧ 
ԕɚɛɚɬԕɚ ɞɟɣіɧ ԥɪ ɬԛɪɥі ɛɨɥɭɵ ɦԛɦɤіɧ. Ɉɫɵɥɚɣɲɚ, ɤɟɣіɧɝі ԕɚɛɚɬɬɚғɵ 
ɪɟɜɨɥɸɰɢɹɞɚɧ ɤɟɣіɧɝі ɫɭɪɟɬ ԕɚɛіɥɟɬіɧ ɛɟɥɝіɥɟɪɞің ɤɚɪɬɚɫɵ ɪɟɬіɧɞɟ ɚɥɵɧɚɞɵ. 
Ʉɟɥɟɫі ɧɟɦɟɫɟ ɫɨɥ ɦɚɬɪɢɰɚɧɵ ɬɚɥɞɚɭɞɚɧ ɤɟɣіɧ ԕɚɪɚɩɚɣɵɦ ɮɢɝɭɪɚɥɚɪ: ɲɟңɛɟɪ, 
ɲɚɪɲɵ ɠԥɧɟ ɬ.ɛ. ɫɢɹԕɬɵ ɠɚңɚ ɛɟɥɝіɥɟɪɞі ɤԧɪɟɞі. ɋɨңɵɧɞɚ, ɫɨңғɵ ԕɚɛɚɬ ɨɧɵң 
ɛɟɥɝіɥɟɪіɧ ɬɚɥɞɚɣ ɨɬɵɪɵɩ, ԛɣɞің ɧɟɦɟɫɟ ɛіɪɟɭɞің ɛɟɬіɧің ԕɚɣ ɠɟɪɞɟ 
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ɨɪɧɚɥɚɫԕɚɧɵɧ ɚɧɵԕɬɚɣ ɚɥɚɞɵ. ȿɧɝіɡіɥɝɟɧ ɦɚɬɪɢɰɚɧɵң ɦɚɬɪɢɰɚɥɚɪɵ ɚɥɞɵɧ-ɚɥɚ 
ɛɟɥɝіɥɟɧɛɟɝɟɧіɧ, ɛіɪɚԕ ɛіɥіɦ ɚɥɭɞɵң ɧԥɬɢɠɟɫі ɟɤɟɧіɧ ɟɫɤɟɪіңіɡ. Ȼԝɥ 
ɩɟɪɰɟɩɪɨɧɚɥɵԕ ɫɢɧɚɩɫɬɚɪ ɠɢɵɧɬɵғɵ ɪɟɬіɧɞɟ ԕɚɛɵɥɞɚɧɭɵ ɦԛɦɤіɧ: ɛɚɪɥɵғɵ. 
Ⱦɟɝɟɧɦɟɧ, ɦԝɧɞɚ ɦɚɬɪɢɰɚ, ɞԥɥіɪɟɤ ɚɣɬԕɚɧɞɚ, ɧɟɣɪɨɧɞɵԕ ɬɢіɫɬі ɬɨɩɬɚɪ ԛɲіɧ, 
ɤɨɧɜɨɥɢɬɚɰɢɹɥɵԕ ɤɟɫɤіɧ ɛɥɨɤɬɚɪɵ ԛɲіɧ ɛіɪɞɟɣ ɫɚɥɦɚԕɬɵ ɫɚԕɬɚɣɞɵ. Ԥɪɛіɪ 
ɠɚɬɬɵғɭ ɠɢɵɧɵ ԧɡ ɟɪɟɤɲɟɥіɤɬɟɪіɧің ɠɢɵɧɬɵғɵɧ ɠɚɫɚɣɞɵ, ɹғɧɢ ɛіɪ ԕɚɛɚɬɬɚғɵ 
ɠɚɫɚɧɞɵ ɧɟɣɪɨ ɠɟɥі ɤԧɩ ɚɪɧɚɥɵ - ɤԧɩɬɟɝɟɧ ɬԥɭɟɥɫіɡ ɟɪɟɤɲɟɥіɤɬɟɪ ɤɚɪɬɚɥɚɪɵɧ 
ɠɚɫɚɣɞɵ. ɋɭɪɟɬ ɛɥɨɤɬɚɪɵ (ɠɨғɚɪɵɞɚ ɚɬɚɥғɚɧ) 5 * 5-ɬɟɧ 100 * 100-ɝɟ ɞɟɣіɧ ɬԛɪɥі 
ԧɥɲɟɦɞɟɪɞɟ ɛɨɥɭɵ ɦԛɦɤіɧ, ɛԝɥ ɛɥɨɤɬɚ ɦɚɬɪɢɰɚɧɵң ԧɥɲɟɦі ɨɪɧɚɬɵɥɚɞɵ. Ȼіɪ 
ɦɚɬɪɢɰɚ ɛɥɨɤɬɚɪɞɚ «ɠԛɪɦɟɣɞі», ɛɟɥɝіɥɟɪɝɟ «ԕɚɞɚɦ» ɛɟɪɟ ɚɥɚɞɵ, ɛіɪɚԕ ԥɪԕɚɣɫɵɫɵ 
1-3 ɩɢɤɫɟɥɶɞɟɧ ɚɡ ԕɚɞɚɦɞɚɪ ɚɥɚɞɵ. 

ɋɭɛɞɢɫɤɪɟɬɢɡɚɰɢɹ - ɚɥɵɧғɚɧ ɫɢɩɚɬɬɚɦɚɥɚɪ ɤɚɪɬɚɫɵɧɵң ԧɥɲɟɦіɧ ɚɡɚɣɬɭɞɵ 
ɠԛɡɟɝɟ ɚɫɵɪɚɬɵɧ ɨɩɟɪɚɰɢɹ. Ԥɞɟɬɬɟ, ɤɨɧɜɟɬɬɭɬɬɵԕ ɠɚɫɚɧɞɵ ɠɟɥіɥɟɪɞі ɟɧɝіɡɝɟɧɞɟ, 
ɨɫɵ ɦԛɦɤіɧɞіɤɬің ɛɨɥɭɵ ɬɭɪɚɥɵ ɚԕɩɚɪɚɬ ɨɫɵ ɦԛɦɤіɧɞіɤɬɟɪɞің ɛɟɣɧɟɫіɧɞɟ 
ɤɨɨɪɞɢɧɚɬɬɚɪɞɵ ɛіɥɭɞɟɧ ԥɥɞɟԕɚɣɞɚ ɦɚңɵɡɞɵ. Ⱦɟɦɟɤ, ɫіɡ ɫɭɛ-ɢɦɩɨɪɬɬɚɭ ԥɪɟɤɟɬіɧ 
ɩɚɣɞɚɥɚɧɚ ɚɥɚɫɵɡ. Ɉɧɞɚ ɛіɪɧɟɲɟ ɤԧɪɲіɥɟɫ ɧɟɣɪɨɧɞɚɪɞɚɧ 

Ɍɪɚɞɢɰɢɨɧɚɥɞɵԕ ɤɚɪɬɚ ɟң ɦɚңɵɡɞɵ ɧɟɦɟɫɟ ɚɧɵԕ ɤԧɪіɧɟɞі ɠԥɧɟ ɛіɪ ɧɟɣɪɨɧ 
ɪɟɬіɧɞɟ ԕɚɛɵɥɞɚɧɚɞɵ. ɋɵғɵɥғɚɧ ɚɬɪɢɛɭɬ ɤɚɪɬɚɫɵ ɚɥɵɧɚɞɵ, ɛԝɥ ɤɟɥɟɫі ɟɫɟɩɬɟɪɞі 
ԥɪі ԕɚɪɚɣ ɠɵɥɞɚɦɞɚɬɚɞɵ, ɫɨɧɞɚɣ-ɚԕ ɠɚɫɚɧɞɵ ɧɟɣɪɨ ɠɟɥі ɛɚɫɬɚɩԕɵ ɟɧɝіɡɭ 
ɜɟɤɬɨɪɵɧɵң ԧɥɲɟɦіɧɟ ɢɧɜɚɪɢɚɧɬɬɵ ɫɭɪɟɬɬɟɪ. 

Ԛɣіɪɬɩɟɥі ɠɚɫɚɧɞɵ ɠɟɥі ɠԝɦɵɫɵɧ ɬɨɥɵғɵɪɚԕ ԕɚɪɚɫɬɵɪɚɣɵԕ. ɀɟɥі 
ɛіɪɧɟɧɲɟ ԕɚɛɚɬɬɚɪɞɚɧ ɬԝɪɚɞɵ. Ȼɚɫɬɚɩԕɵ ԕɚɛɚɬԕɚ, ɤіɪіɫɤɟ, ɫɭɪɟɬ ɬԛɫɟɞі. Ȼԝɥ ɫɭɪɟɬ 
ԛɣіɪɬɩɟ ɠԥɧɟ ɫɭɛɞɢɫɤɪɟɬɢɡɚɰɢɹ ɤɟɡɟɤɬɟɫɟɬіɧ ԛɣіɪɬɩɟ ԕɚɛɚɬɬɚɪɵɧɵң ɫɟɪɢɹɫɵɧɚɧ 
ԧɬɟɞі. Ԛɣɪіɬɩɟ  ɤɚɪɬɚɫɵɧ ɠɚɫɚɣɞɵ. Ɉɞɚɧ ԥɪі ɟң ɦɚңɵɡɞɵɫɵ ɛԧɥіɧɟɞі. Ԕɚɛɚɬɬɚɧ 
ԕɚɛɚɬԕɚ ɞɟɣіɧ ɛɟɥɝіɥɟɪ ɤɚɪɬɚɫɵ ɦԧɥɲɟɪі ɚɡɚɹɞɵ, ɛіɪɚԕ ɨɧɵң ɚɪɧɚɥɚɪɵɧɵң ɫɚɧɵ 
ɚɪɬɚɞɵ. Ȼԝɥ ɠɚɫɚɧɞɵ ɧɟɣɪɨɧɞɵ ɠɟɥі ɛɟɥɝіɥɟɪɞің ɤԛɪɞɟɥі ɢɟɪɚɪɯɢɹɫɵ ɛɚɪ 
ɧɟғԝɪɥɵɦ ɤԛɪɞɟɥі ɛɟɥɝіɥɟɪɞі ɬɚɧɭ ԕɚɛіɥɟɬіɧ ԕɚɦɬɚɦɚɫɵɡ ɟɬɟɞі. Ȼіɪɧɟɲɟ ԕɚɛɚɬɬɚɧ 
ԧɬɤɟɧɧɟɧ ɤɟɣіɧ ɛɟɥɝіɥɟɪ ɤɚɪɬɚɫɵ ɜɟɤɬɨɪғɚ ɧɟɦɟɫɟ ɬіɩɬі ɫɤɚɥɹɪғɚ ɲɵғɚɪɵɥɚɞɵ. 
Ɇԝɧɞɚɣ ɛɟɥɝіɥɟɪ ɤɚɪɬɚɫɵ ԧɬɟ ɤԧɩ. Ԛɣіɪɬɩɟ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɧің ɲɵғɭɵɧɞɚ 
ɩɟɪɰɟɩɬɪɨɧ ɦɵɫɚɥɵ, ɬɨɥɵԕ ɛɚɣɥɚɧɵɫ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɧің ɛіɪɧɟɲɟ ԕɚɛɚɬɵ 
ԕɨɫɵɦɲɚ ɩɚɣɞɚɥɚɧɵɥɭɵ ɦԛɦɤіɧ. Ɉғɚɧ ɤіɪɭɝɟ ɛɟɥɝіɥɟɪɞің ɫɨңғɵ ɤɚɪɬɚɥɚɪɵ 
ɛɟɪіɥɟɞі, ɩɟɪɰɟɩɬɪɨɧ ɩɚɣɞɚɥɚɧɭɲɵғɚ ɬԛɫіɧіɤɬі ɬԛɪɞɟ ɚɹԕɬɚɥғɚɧ ɧԥɬɢɠɟɧі 
ɲɵғɚɪɚɞɵ. 

Ɋɟɤɭɪɪɟɧɬɬіɤ ɠɟɥіɥɟɪ. Ɋɟɤɭɪɪɟɧɬɬі ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞің ɟɪɟɤɲɟ 
ɟɪɟɤɲɟɥіɝі (Ɋɇɀ) ɤɟɦ ɞɟɝɟɧɞɟ ɛіɪ ɤɟɪі ɛɚɣɥɚɧɵɫɬɵң ɛɨɥɭɵ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ȼԝɥ 
ɧɟɣɪɨɧɞɚɪ ɛɚɣɥɚɧɵɫɬɵ ɛіɪ ɛɚғɵɬɬɚ ɟɦɟɫ, ɫɨɧɞɚɣ-ɚԕ ɚɥɵɫ (ɤіɪɭɞɟɧ) ɠԥɧɟ ɚɡ 
ԕɚɲɵԕɬɚғɵ ɧɟɣɪɨɧɞɚɪɦɟɧ. Ʉɟɪі ɛɚɣɥɚɧɵɫɬɚɪɞɵ ԕɨɥɞɚɧɭ ɚɪԕɚɫɵɧɞɚ ɇɋ ɤіɪіɫ 
ԥɫɟɪɥɟɪіɧің ɪɟɬɬіɥіɝіɧ ɟɫɬɟ ɫɚԕɬɚɭ ɠԥɧɟ ɨɣɧɚɬɭ ԕɚɛіɥɟɬɬі. Ⱥɥ ɪɟɤɭɪɪɟɧɬɬі 
ɇɟɣɪɨɧɞɵ ɠɟɥі ɟɫɬɟ ɫɚԕɬɚɭ ɧɟɝіɡіɧɞɟ ɠіɤɬɟɭɞі ɲɟɲɟ ɚɥɚɞɵ. Ʉɟɪі ɛɚɣɥɚɧɵɫ, 
ɛɚғɞɚɪɥɚɦɚɥɚɭ ɬԝɪғɵɫɵɧɚɧ-ɛԝɥ ɰɢɤɥɞіɤ ɨɪɵɧɞɚɭɞɵң ɚɧɚɥɨɝɵ. 
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1-ɲі Ɋɇɀ ɏɨɩɮɢɥɞ ɠɟɥіɫі ɛɨɥɞɵ. Ɉɥ ɧɟɣɪɨɧɞɚɪ ɨɫɵ ɠɚɞɬɵң ԝɹɲɵԕɬɚɪɵ 
ɛɨɥɵɩ ɬɚɛɵɥɚɬɵɧ ɚɫɫɨɰɢɚɬɢɜɬі ɠɚɞɵ ɢɞɟɹɫɵɧ ɠɚɫɚɧɞɵ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɞɟ іɫɤɟ 
ɚɫɵɪɚɞɵ. Ȼԝɥ Ɋɇɀ ɛіɪ, ɚɥɞɵɧ ɚɥɚ ɛɟɪіɥɝɟɧ, ԧɥɲɟɦіɧің ɬіɡɛɟɤɬɟɪіɦɟɧ ɠԝɦɵɫ 
іɫɬɟɣɞі. ɏɨɩɮɢɥɞ ɠɟɥіɫі ɠɟңіɥɞɟɬіɥɝɟɧ ɠɚғɞɚɣɞɚ ɛіɪ ɇɟɣɪɨɧ ԕɚɛɚɬɵ ɛɚɪ, ɨɧɵң 
ɧɟɣɪɨɧɞɚɪɵ ԧɡɚɪɚ ɛɚɣɥɚɧɵɫɬɵ. Ȼɚɣɥɚɧɵɫ ɨɫɵ ɧɟɣɪɨɧɧɵң ɦɚңɵɡɞɵɥɵғɵɧ 
ɚɧɵԕɬɚɣɬɵɧ ɫɚɥɦɚԕɩɟɧ ɛɟɤіɬіɥɟɞі. Ȼԝɥ ɮɢɡɢɤɚɥɵԕ ɦɚғɵɧɚɞɚ "ɷɧɟɪɝɢɹ" 
ɛɚɥɚɦɚɫɵɦɟɧ ɛɚɣɥɚɧɵɫɬɵɪɭғɚ ɛɨɥɚɞɵ. Ȼԝɥ ɷɧɟɪɝɢɹ ɠԛɣɟɞɟɝі ɛɚɪɥɵԕ ɬɚɪɚɡɵғɚ 
ɛɚɣɥɚɧɵɫɬɵ. Ɉɫɵɥɚɣɲɚ, "ɷɧɟɪɝɢɹ" ԧɡіɧ ɠԝɦɫɚɭғɚ ɠԥɧɟ ɛɚɪɵɧɲɚ ɚɡɚɣɬɭғɚ 
ԝɦɬɵɥғɚɧ ɤɟɡɞɟ ɠɟɥіɧі ɝɪɚɞɢɟɧɬɬі ɬԛɫіɪɭ ԥɞіɫіɦɟɧ ɨԕɵɬɭғɚ ɛɨɥɚɞɵ. Ȼԝɥ ɦɢɧɢɦɭɦ 
1011101 ɫɢɹԕɬɵ ɛɟɥɝіɥі ɛіɪ ԛɥɝіɧі "ɟɫɬɟ ɫɚԕɬɚғɚɧ" ɤɟɡɞɟ ɠɟɥі ɠɚғɞɚɣɵɧɚ ԥɤɟɥɭі 
ɦԛɦɤіɧ. ɀԥɧɟ ɨғɚɧ ɦɚɣɥɚɧғɚɧ ɧɟɦɟɫɟ ɛԝɪɦɚɥɚɧғɚɧ ɫɢɝɧɚɥ ɛɟɪɝɟɧɞɟ, ɦɵɫɚɥɵ 
1010100, ɇɀ "ɟɫɤɟ ɬԛɫіɪɟɞі" ɠԥɧɟ ɨɫɵ ɫɢɝɧɚɥ ɠɚɬɚɬɵɧ ɲɚɛɥɨɧɞɵ ԕɚɥɩɵɧɚ 
ɤɟɥɬіɪɟ ɚɥɚɞɵ. Ɇԝɧɵ ɚɞɚɦɧɵң ɚɫɫɨɰɢɚɬɢɜɬі ɠɚɞɵɦɟɧ ɫɚɥɵɫɬɵɪɭғɚ ɛɨɥɚɞɵ. 
Ⱦɟɝɟɧɦɟɧ, ɨɧɵ ɬіɤɟɥɟɣ ԕɚɛɵɥɞɚɭ ɤɟɪɟɤ ɟɦɟɫ,, ɛіɡ ɠɚɥɩɵ ԕɚғɢɞɚɬɬɚɪ ɬɭɪɚɥɵ 
ɚɣɬɚɦɵɡ, ɠԥɧɟ ɦɢ ɠԝɦɵɫɬɚɪɵɧɵң ɛɚɪɥɵԕ ɚɫɩɟɤɬіɥɟɪі ɏɨɩɮɢɥɞ ɠɟɥіɫіɧɞɟ іɫɤɟ 
ɚɫɵɪɵɥғɚɧ ɠɨԕ. ɏɨɩɮɢɥɞ ɠɟɥіɥɟɪі ԧɡ ɦіɧɞɟɬɬɟɪіɧ ɠɚԕɫɵ ɨɪɵɧɞɚɣɞɵ ɠԥɧɟ ԕԝɪɭ 
ɤɟɡіɧɞɟ ɩɟɪɰɟɩɬɪɨɧɞɚɪɞɵ ɦԛɦɤіɧɞіɤɬɟɪі ɛɨɣɵɧɲɚ ɨңɚɣ ɚɣɧɚɥɵɩ ԧɬɬі. 

ɍɚԕɵɬ ԧɬɟ ɤɟɥɟ Pɇɀ ɛɚɫԕɚɥɚɪɦɟɧ ԧɡɝɟɪɬіɥіɩ, ɞɚɦɵɞɵ. ɏɨɩɮɢɥɞ 
ɬɨɪɥɚɪɵɧɚɧ ɤɟɣіɧ Ⱦɠɟɮɮ Эɥɦɚɧɧɵң «ԕɚɪɚɩɚɣɵɦ ԕɚɣɬɚɥɚɧɚɬɵɧ ɠɟɥіɫі» ɩɚɣɞɚ 
ɛɨɥɞɵ [6]. Ɉɫɵ ɠɟɥіɧі ԕԝɪɚ ɨɬɵɪɵɩ, ɚɜɬɨɪ ɭɚԕɵɬɬɵԕ ɠԛɣɟɧі ɬɚɧɭ ԛɲіɧ 
ɧɟɣɪɨɧɞɵԕ ɠɟɥіɧі ɨԕɵɬɭ ɦԥɫɟɥɟɥɟɪі ɦɟɧ ɩɪɨɛɥɟɦɚɥɚɪɵɧɚ ɬɨԕɬɚɥɞɵ. ɇɟɣɪɨɧɞɵԕ 
ɠɟɥі ɬіɩɬі ɞԥɣɟɤɬіɥіɤɬі ɭɚԕɵɬɵɧɞɚ ɬɚɧɢ ɚɥɚɞɵ ɦɚ? ȿɝɟɪ ɫɨɥɚɣ ɛɨɥɫɚ, ɨɧɵ ԕɚɥɚɣ 
ɠɚɫɚɭғɚ ɛɨɥɚɞɵ? Ɇɵɫɚɥɵ, ɟɝɟɪ ɫіɡ 1011101 ɠԥɧɟ 01011101 ɫɢɝɧɚɥɞɚɪɵɧ 
ɠіɛɟɪɫɟңіɡ, ɨɧɞɚ NA ɨɫɵ ɫɢɝɧɚɥɞɚɪɞɵң ԝԕɫɚɫɬɵғɵɧ ɚɧɵԕɬɚɣɞɵ, ɨɥɚɪɞɵң ɛіɪɟɭі 
ɭɚԕɵɬɬɵ ɚɭɵɫɬɵɪɚɞɵ? Ԥɪɢɧɟ, ɫіɡ ɦԝɧɵ ԕɚɥɚɣ іɫɬɟɣ ɚɥɚɫɵɡ? ȿɝɟɪ ɛіɡ ɏɨɩɮɢɥɞ 
ɠɟɥіɥɟɪіɧің ɠԝɦɵɫɵɧɚ ԕɚɪɚɫɚԕ, ɨɧɞɚ ɨɥ ԝɫɵɧɵɥғɚɧ ɦɵɫɚɥɞɚɪɞɵ «ɟɫɬɟ» ԕɨɹɦɵɡ. 
ɏɨɩɮɢɥɥɞің ɫɵɡɵғɵ ɨɧɵң ɷɜɨɥɸɰɢɹɫɵ ɟɦɟɫ, ɫɢɝɧɚɥɞɚɪɞɵ ɫɚɥɵɫɬɵɪɭ ɦԥɫɟɥɟɫіɧ 
ɲɟɲɟɞі ɠԥɧɟ ɛіɪ ɫɢɝɧɚɥɞɵ ɚɭɵɫɬɵɪɭɞɵ ɚɧɵԕɬɚɣ ɚɥɦɚɣɞɵ. Эɥɦɚɧɧɵң ɲɟɲіɦі 
ԕɚɪɚɩɚɣɵɦ ԕɚɣɬɚɥɚɧɚɬɵɧ ɠɟɥіɝɟ ɬɚғɵ ɛіɪ «ɤɨɧɬɟɤɫɬіɤ» ԕɚɛɚɬ ԕɨɫɵɥғɚɧɵɧɚ 
ɧɟɝіɡɞɟɥɝɟɧ. Іɲɤі ԕɚɛɚɬɬɵң ɤԛɣі ɛԝɥ ԕɚɛɚɬԕɚ, ԥɪɛіɪ ɨԕɭ ɰɢɤɥі ɦɟɧ Ɋɇɀ ɠԝɦɵɫɵɧɚ 
ɤԧɲіɪіɥɞі. Ʉɨɧɬɟɤɫɬіɤ ԕɚɛɚɬɬɚғɵ ɛԝɥ ɛɚɣɥɚɧɵɫɬɚɪ ɞɚ ɨԕɵɬɵɥɭɵ ɦԛɦɤіɧ. Ɉɫɵɧɞɚɣ 
ԕɚɫɢɟɬɬɟɪɝɟ ɛɚɣɥɚɧɵɫɬɵ ɦԝɧɞɚɣ Ɋɇɀ ɭɚԕɵɬɲɚ ɫɟɪɢɹɥɚɪɞɵ ɨңɚɣ ɚɧɵԕɬɚɣɞɵ, 
ɟɪіɤɬі ԝɡɵɧɞɵғɵɧ ɪɟɬɬɟɣɞі. Ȼԝɥ ԕɚɫɢɟɬɬɟɪ Эɥɦɚɧɧɵң «ԕɚɪɚɩɚɣɵɦ Ɋɇɀ» ɛɚɫԕɚ 
ɬԥɫіɥɞɟɪ ɦɟɧ ɠɟɥіɥіɤ ɦɨɞɟɥɶɞɟɪɞɟɧ ɫɚɩɚɥɵ ɚɠɵɪɚɬɚɞɵ. ɋɨɧɵɦɟɧ ԕɚɬɚɪ, 
Эɥɦɚɧɧɵң ɠɟɥіɫі ɬɟɤ ԕɚɧɚ ɫԧɡ ɬԥɪɬіɛіɧɟ ɧɟɝіɡɞɟɥɝɟɧ ɟɬіɫɬіɤɬɟɪɞі, ɫɵɧ ɟɫіɦɞɟɪ ɦɟɧ 
ɫԧɡɞɟɪɞі ɠіɤɬɟɭɝɟ ɠԥɧɟ ɚɠɵɪɚɬɭғɚ ԕɚɛіɥɟɬɬі ɛɨɥɞɵ. ɋɨɥ ɤɟɡɞɟ ɛԝɥ ɧɚԕɬɵ ɫɟɪɩіɥіɫ 
ɛɨɥɞɵ. 

Эɥɦɚɧɧɵң ԕɚɪɚɩɚɣɵɦ Ɋɇ ɠɟɥіɥɟɪі ɛɚɪɥɵԕ ɨԕɢғɚ ɛɚɫɚɦɚɫɵ ɛɨɥɵɩ, ɨɫɞɵɧ 
ɤɟɣіɧ 1997 ɠɵɥɵ ɏɨɯɪɚɣɬɟɪ ɠԥɧɟ ɒɦɢɞɯɭɛɟɪ [6] ԕɚɡіɪɝі ɡɚɦɚɧғɵ Ɋɇɀ ԛɲіɧ ԧɡ 
ɦɚԕɚɥɚɥɚɪɵɧ ɠɚɪɢɹɥɚɞɵ. Ԧɡ ɠԝɦɵɫɵɧɞɚ ɚɜɬɨɪɥɚɪ ԕɚɪɚɩɚɣɵɦ Ɋɇɀ-ɧің ԝɡɚԕ 
ɦɟɪɡіɦɞі ɟɫɬɟ ɫɚԕɬɚɭ ɩɪɨɛɥɟɦɚɫɵɧ ɲɟɲɟɬіɧ ɦɨɞɢɮɢɤɚɰɢɹɧɵ ɫɢɩɚɬɬɚɞɵ: ɨɥɚɪɞɵң 
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ɧɟɣɪɨɧɞɚɪɵ ɠɚԕɵɧɞɚ ԕɚɛɵɥɞɚɧғɚɧ ɚԕɩɚɪɚɬɬɵ ɠɚԕɫɵ «ɟɫɬɟ ԝɫɬɚɣɞɵ», ɛіɪɚԕ 
ɨɥɚɪɞɵң ɛԝɥ ɚԕɩɚɪɚɬ ԕɚɧɲɚɥɵԕɬɵ ɦɚңɵɡɞɵ ɛɨɥғɚɧɵɧɚ ԕɚɪɚɦɚɫɬɚɧ, ɤԧɩɬɟɝɟɧ 
ɰɢɤɥɞɚɪ ԧңɞɟɥɝɟɧ ɧԥɪɫɟɧі ԛɧɟɦі ɟɫɬɟ ɫɚԕɬɚɭ ɦԛɦɤіɧɞіɝі ɠɨԕ. LSTM ɠɟɥіɥɟɪіɧɞɟ 
іɲɤі ɧɟɣɪɨɧ ɤԛɪɞɟɥі ɞɟɩ ɚɬɚɥɚɬɵɧ ɤԛɪɞɟɥі ɠԛɣɟɦɟɧ ɠɚɛɞɵԕɬɚɥғɚɧ, ɫɨɧɞɚɣ-ɚԕ 
Ԝɡɚԕ ɦɟɪɡіɦɞі ɠɚɞɵ ɬԥɪіɡɞі ɠɚɫɭɲɚɥɵԕ ɦɟɦɥɟɤɟɬɬің ɬԝɠɵɪɵɦɞɚɦɚɫɵ. Ԕɚԕɩɚ 
ɚԕɩɚɪɚɬɬɚɪ ԝɹɥɵ ɤԛɣɝɟ ɬԛɫɟɬіɧіɧ ɚɧɵԕɬɚɣɞɵ, ɨɥ ɨɞɚɧ ɬɚɡɚɪɬɵɥɚɞɵ ɠԥɧɟ ɛԝɥ 
ԕɚɞɚɦ ɨɫɵ Ɋɇɀ-ɝɟ ɛɟɪɟɬіɧ ɧԥɬɢɠɟɝɟ ԥɫɟɪ ɟɬɟɞі. Ȼіɡ LSTM-ɬі ɟɝɠɟɣ-ɬɟɝɠɟɣɥі 
ɬɚɥɞɚɣ ɚɥɦɚɣɦɵɡ, ɚɥɚɣɞɚ ɛіɡ ԕɚɡіɪ RNS-ɧің ɛԝɥ ɧԝɫԕɚɥɚɪɵ, ɦɵɫɚɥɵ, Google-ɞɵң 
ɦɚɲɢɧɚ ɚɭɞɚɪɦɚɥɚɪɵ ԛɲіɧ ɤɟңіɧɟɧ ɩɚɣɞɚɥɚɧɵɥɚɬɵɧɞɵғɵɧ ɟɫɤɟɪɟɦіɡ. 

 
1.3 ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞі ɨԕɵɬɭ 

 

ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞің ɦɚңɵɡɞɵ ɟɪɟɤɲɟɥіɝі - ɨɥɚɪɞɵң ɷɤɨɥɨɝɢɹɥɵԕ 
ɞɟɪɟɤɬɟɪɞɟɧ ԛɣɪɟɧɭ ԕɚɛіɥɟɬі ɠԥɧɟ ɨԕɵɬɭ ɧԥɬɢɠɟɫі ɪɟɬіɧɞɟ ɨɥɚɪɞɵң ɠԝɦɵɫɵɧ 
ɠɚԕɫɚɪɬɭ. Ȼɟɥɝіɥі ɛіɪ ɟɪɟɠɟɥɟɪ ɛɨɣɵɧɲɚ ɭɚԕɵɬ ԧɬɟ ɤɟɥɟ ԧɧіɦɞіɥіɤ ɚɪɬɚɞɵ. 
ɇɟɣɪɨɧɞɵԕ ɠɟɥіɧі ɨԕɵɬɭ ɫɢɧɚɩɬɢɤɚɥɵԕ ɬɚɪɚɡɵɥɚɪɞɵ ɬԛɡɟɬɭɞің ɢɧɬɟɪɚɤɬɢɜɬі 
ɩɪɨɰɟɫі ɚɪԕɵɥɵ ɠԛɪɝіɡіɥɟɞі. ȿң ɞԝɪɵɫɵ, ɧɟɣɪɨɧɞɵԕ ɠɟɥі ԥɪɛіɪ ɢɬɟɪɚɰɢɹɞɚ 
ԕɨɪɲɚғɚɧ ɨɪɬɚ ɬɭɪɚɥɵ ɛіɥіɦ ɚɥɚɞɵ. 

Ʉіɪіɫ ɫɢɝɧɚɥɵɧ ԕɨɥɞɚɧғɚɧɞɚ ɞԝɪɵɫ ɠԝɦɵɫ іɫɬɟɣɬіɧ ɠɚɫɚɧɞɵ ɧɟɣɪɨɧɞɵԕ 
ɠɟɥі ɬɢіɫɬі ɲɵғɭ ɫɢɝɧɚɥɵɧɚ ɬԛɪɥɟɧɞіɪɟɞі. ɇɟɣɪɨɧɞɵԕ ɠɟɥіɧі ԛɣɪɟɧɭ ɩɪɨɰɟɫі - 
ɨɫɵɧɞɚɣ ɫɚɥɦɚԕɬɚɪɞɵ ɬɚңɞɚɭ, ɨɧɞɚ ɠɟɥіɞɟɧ ԧɬɤɟɧ ɤіɪіɫ ɫɢɝɧɚɥɵ ԕɚɠɟɬɬі ɧԥɬɢɠɟɝɟ 
ɚɣɧɚɥɞɵɪɵɥɚɞɵ. Ɍɢіɦɞі ɨԕɵɬɭғɚ ɚɪɧɚɥғɚɧ NA ԛɲіɧ ɨԕɭ ɠԥɧɟ ɫɵɧɚԕ ԛɥɝіɫі ɛɨɥɭɵ 
ɤɟɪɟɤ. 

Ɉԕɭ ɠɢɵɧɬɵғɵ - ɠɟɥіɥіɤ ɬɪɟɧɢɧɝ ԧɬɤіɡіɥɟɬіɧ ɤіɪіɫ ɤɟɫɤіɧɞɟɪіɧің ɠɢɵɧɬɵғɵ. 
Ɉԕɵɬɭɲɵ ɨԕɵɬɭɦɟɧ ɛіɪɝɟ, ɤіɪіɫ ɫɢɝɧɚɥɞɚɪɵɧɚ ԕɨɫɵɦɲɚ, ɲɵғɵɫ ɠɢɵɧɬɵғɵ 
ɠɚɫɚɥɚɞɵ. Ɉԕɭ ɤɟɡɟңі ɠԛɣɟɧің ɠԝɦɵɫ іɫɬɟɭ ɤɪɢɬɟɪɢɣіɧің ԕɨɥɚɣɥɵ ɛɚғɚɫɵɧɚ 
ɠɟɬɤɟɧɞɟ ɚɹԕɬɚɥғɚɧ ɞɟɩ ɟɫɟɩɬɟɥɟɞі. 

ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞің ɫɚɩɚɫɵɧ ɛɚғɚɥɚɭ ԛɲіɧ ɨɥɚɪ ɬɟɫɬіɥɟɧɟɞі. Ȼԝɥ ԛɲіɧ 
ɫɵɧɚԕ ɠɢɵɧɬɵғɵ - ɤіɪіɫ ɤɟɫɤіɧɞɟɪіɧің ɠɢɵɧɬɵғɵ (ɞԝɪɵɫ ɲɵғɵɫ ɫɢɝɧɚɥɞɚɪɵɦɟɧ 
ɦԝғɚɥіɦɦɟɧ ɨԕɵɬɭ ɠɚғɞɚɣɵɧɞɚ), ɨɥ ɛɨɣɵɧɲɚ ɠɟɥіɧің ɠԝɦɵɫ ɫɚɩɚɫɵ ɫɵɧɚԕ 
ԛɥɝіɫіɧɞɟɝі ɞԝɪɵɫ ɬɚɧɵɥғɚɧ ɛɟɣɧɟɥɟɪɞің ɩɚɣɵɡɞɵԕ ɤԧɪɫɟɬɤіɲі ɪɟɬіɧɞɟ 
ɛɚғɚɥɚɧɚɞɵ. 

ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥіɤ ɠԛɣɟ ɚɪԕɵɥɵ ɲɟɲіɥɟɬіɧ ɦіɧɞɟɬɬɟɪɝɟ ɛɚɣɥɚɧɵɫɬɵ 
ɨԕɵɬɭɞɵң ɬɢіɫɬі ɬԛɪі ɟɤі ɟң ɤɟң ɬɚɪɚғɚɧ ԥɞіɫɬɟɪɞɟɧ ɬɚңɞɚɥɚɞɵ: ɦԝғɚɥіɦɫіɡ ɧɟɦɟɫɟ 
ɦԝғɚɥіɦɫіɡ ɨԕɵɬɭ. Ɇԝғɚɥіɦɦɟɧ ɠɚɬɬɵғɭ ɤɟɡіɧɞɟ ɛԝɪɵɧ «ɦԝғɚɥіɦ» ɛɟɥɝіɥɟɝɟɧ 
ɞɟɪɟɤɬɟɪ ɧɟɦɟɫɟ ɨԕɭ ԛɥɝіɥɟɪі ԧңɞɟɥɟɞі. Ɇԝғɚɥіɦɞɟɪɞі ɨԕɵɬɭ ɠԛɣɟɫі ɨɫɵɧɞɚɣ 
ɞɟɪɟɤɬɟɪɞі ɬɚɥɞɚɣɞɵ ɠԥɧɟ ɛɟɥɝіɥі ɞɟɪɟɤɬɟɪɞің ɞɚɧɚɥɚɪɵ ɬɭɪɚɥɵ ɠɚңɚ, 
ɬɚңɛɚɥɚɧɛɚғɚɧ ɞɟɪɟɤɬɟɪɞі ɤԧɪɫɟɬɭ ԛɲіɧ ɩɚɣɞɚɥɚɧɵɥɭɵ ɦԛɦɤіɧ іɲɤі ɤԧɪɫɟɬіɥіɦ 
ɮɭɧɤɰɢɹɫɵɧ ԕɚɥɵɩɬɚɫɬɵɪɚɞɵ.Ɇԝғɚɥіɦɫіɡ ɨԕɭ ɛɚɪɵɫɵɧɞɚ ɨɥɚɪ ɛɚɫɬɚɩԕɵɞɚ 
ԧңɞɟɥɦɟɣɞі.ɛɟɥɝіɥɟɧɝɟɧ ɞɟɪɟɤɬɟɪ. Ɇԝғɚɥіɦɫіɡ ɨԕɵɬɭɞɵң ɦɚԕɫɚɬɵ ɞɟɪɟɤɬɟɪɞɟɝі 
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ɠɚɫɵɪɵɧ ԕԝɪɵɥɵɦɞɚɪɞɵ іɡɞɟɭ, ɨɥɚɪɞɵң іɲɤі ɤԧɪіɧіɫіɧ ɚɧɵԕɬɚɭ, ɞɟɪɟɤɬɟɪɞі 
ɤɥɚɫɬɟɪɥɟɭ ɠԥɧɟ ɨɥɚɪɞɵ ɬɚңɛɚɥɚɭɞɵ ɠɟңіɥɞɟɬɭ. 

Ɇұғɚɥіɦɦɟɧ ɨԕɵɬɭ. ȿɝɟɪ ɧɟɣɪɨɧɞɵԕ ɠɟɥі ɚɥɞɵɧ ɚɥɚ ɛɟɥɝіɥі ɞԝɪɵɫ 
ɠɚɭɚɩɬɚɪɞɵ ɩɚɣɞɚɥɚɧɚ ɨɬɵɪɵɩ ɨԕɵɬɵɥɫɚ, ɨɧɞɚ ɦԝɧɞɚɣ ɨԕɵɬɭ ɚɥɝɨɪɢɬɦі ɞɟɩ 
ɚɬɚɥɚɞɵ - ɦԝғɚɥіɦɦɟɧ ɨԕɵɬɭ.Ɇԝғɚɥіɦɦɟɧ ɨԕɵɬɭ ɤɟɡіɧɞɟ ɠԝɦɵɫ ɠԥɧɟ ɢɤɟɦɞі 
ɧɟɣɪɨɧɞɵԕ ɠɟɥіɧі ɠɟɬɤіɥіɤɬі ɦԧɥɲɟɪɞɟ ԕɚɥɵɩɬɚɫɬɵɪɭ ԛɲіɧ ԛɥɤɟɧ ɬɚңɞɚɭ ɬɚɥɚɩ 
ɟɬіɥɟɬіɧіɧ ɚɬɚɩ ԧɬɭ ԕɚɠɟɬ. 

Ɇұғɚɥіɦɫіɡ ɨԕɵɬɭ. Ɇԝғɚɥіɦɫіɡ ɨԕɵɬɭ ɚɥɝɨɪɢɬɦі ɬɟɤ ɤіɪіɫ ɞɟɪɟɤɬɟɪі ɛɟɥɝіɥі 
ɛɨɥғɚɧ ɤɟɡɞɟ ԕɨɥɞɚɧɵɥɚɞɵ. Ɉɥɚɪɞɵң ɧɟɝіɡіɧɞɟ ɤіɪіɫ ɠԥɧɟ ɲɵғɵɫ ɞɟɪɟɤɬɟɪɞі ɛɟɪɭ 
ɧɚԕɬɵ ɛɨɥɵɩ ɟɫɟɩɬɟɥіɧɟɞі. Ɉɥɚɪ ɤɥɚɫɬɟɪɢɡɚɰɢɹɥɚɭғɚ ɠԥɧɟ ɨɛɶɟɤɬіɥɟɪɞің ԧɡіɧɟɧ 
ɛɟɣɧɟɥɟɪɞі ɬɚɛɭғɚ ԕɚɛɵɥɞɚɧɭɵ ɦԛɦɤіɧ. 

ɇɵғɚɣɬɭɦɟɧ ɨԕɵɬɭ. ɇɟɣɪɨɧɞɵԕ ɠɟɥіɧі ɨԕɵɬɭɞɵң ɬɚғɵ ɛіɪ ɬԛɪі, ɨɪɬɚɦɟɧ 
ԧɡɚɪɚ ԥɪɟɤɟɬɬɟɫɟɞі. Ɉɪɬɚ ɩіɤіɪɥɟɪі ɦԝғɚɥіɦɦɟɧ ɨԕɵɬɭ ɤɟɡіɧɞɟɝі ԕɚɬɟɥіɤɬɟɪ ɟɦɟɫ, 
ɛɟɤіɬɭ ɫɢɝɧɚɥɞɚɪɵ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 

Ԕɚɬɟɥɟɪɞі ɬԛɡɟɬɭ ɧɟɝіɡіɧɞɟ ɨԕɵɬɭ. Ɏɪɷɧɤ Ɋɨɡɟɧɛɥɚɬɬ ԝɫɵɧғɚɧ 
ɩɟɪɰɟɩɪɨɧɞɵ ɨԕɵɬɭ ԥɞіɫі. Ⱥɥɝɨɪɢɬɦ - ɛԝɥ ɩɟɪɰɟɩɪɨɧɧɵң ɚғɵɦɞɚғɵ ɪɟɚɤɰɢɹɫɵ 
ɞԝɪɵɫ ɛɨɥғɚɧɲɚ, ɛɚɣɥɚɧɵɫ ɫɚɥɦɚғɵ ԧɡɝɟɪɦɟɣɬіɧ ɨԕɵɬɭ ԥɞіɫі. ȿɝɟɪ ɲɵғɵɫ ɚԕɩɚɪɚɬ 
ԕɚɧɚғɚɬɬɚɧɞɵɪɦɚɫɚ, ɠɟɥі ɩɚɪɚɦɟɬɪɥɟɪі ɬԛɡɟɬіɥɟɞі. Ɍԛɡɟɬɭ ɦԥɧіɧ ɟɫɟɩɬɟɭ ԛɲіɧ 
ɠɟɥіɧің ɧɚԕɬɵ ɠԥɧɟ ԕɚɥɚғɚɧ ɲɵғɭ ɚɪɚɫɵɧɞɚғɵ ɚɣɵɪɦɚɲɵɥɵԕ ԕɨɥɞɚɧɵɥɚɞɵ. 

Ʉԧɩ ԕɚɛɚɬɬɵ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɧі ɨԕɵɬɭ ԥɞіɫɬɟɪіɧің ɛіɪі ԕɚɬɟɥɟɪɞі ɚɪɬԕɚ ԕɚɪɚɣ 
ɬɚɪɚɬɭɞɵң ɚɥɝɨɪɢɬɦі ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ȼԝɥ ɢɬɟɪɚɬɢɜɬі ɝɪɚɞɢɟɧɬ ɚɥɝɨɪɢɬɦі, ɨɧɵң 
ɛɚɫɬɵ ɢɞɟɹɫɵ ɠɟɥіɞɟɝі ɲɵғɭ ɫɢɝɧɚɥɞɚɪɵɧɚɧ ɨɧɵң ɤіɪіɫɬɟɪіɧɟ, ɤɟɪіɫіɧɲɟ 
ԕɚɥɵɩɬɵ ɠԝɦɵɫ ɤɟɡіɧɞɟ ɬіɤɟɥɟɣ ɫɢɝɧɚɥɞɵ ɬɚɪɚɬɭɞɵ ɬɚɪɚɬɭғɚ ɛɚғɵɬɬɚɥғɚɧ. Ԕɚɬɟɧі 
ɛɚғɚɥɚɭ ԛɲіɧ ԥɞɟɬɬɟ ɠɚɭɚɩɬɚɪɞɵң ɨɪɬɚɲɚ ԕɚɬɟɥіɝі ɪɟɬіɧɞɟ ɚɧɵԕɬɚɥғɚɧ ɫɚɩɚɥɵ 
ɮɭɧɤɰɢɨɧɚɥɞɵɥɵԕɬɵ ɟɧɝіɡɭ. 

ɇɟɣɪɨɧɞɵԕ ɠɟɥіɧі ɚɪɬԕɵ ɬɚɪɚɬɭ ԥɞіɫіɧің ԥɞіɫіɧ ԕɨɥɞɚɧɭɦɟɧ ɨԕɵɬɭ ɩɪɨɰɟɫіɧ 
ɟɝɠɟɣ-ɬɟɝɠɟɣɥі ԕɚɪɚɫɬɵɪɚɣɵԕ: ɲɵғɭ ԕɚɬɟɥіɝіɧің ɬɚңɞɚɥғɚɧ ɮɭɧɤɰɢɹɫɵɧɚ 
ɧɟɝіɡɞɟɥɝɟɧ 𝐸 (ݕ௜  ɚғɵɦɞɚғɵ ɲɵғɭ - `ݕ ,௜), ɦԝɧɞɚғɵ y - ɦɚԕɫɚɬɬɵ ɲɵғɵɫ ɦԥɧі`ݕ ,

ɇɟɣɪɨɧɞɵԕ ɠɟɥіɧің ԥɪɛіɪ ԕɚɛɚɬɵɧɵң ɫɚɥɦɚғɵ ɬԧɦɟɧɞɟɝіɞɟɣ ɬԛɡɟɬіɥɟɞі: 
௜ሺ௟ሻݓ  = ௜ሺ௟ሻݓ +  ௜ሺ௟ሻ (1.7)ݓ∆ߟ

 
ɦԝɧɞɚғɵ, l - ԕɚɛɚɬɬɵң ɧԧɦіɪі; 
                 i - ɚғɵɦɞɚғɵ ԕɚɛɚɬɬɚғɵ ɫɚɥɦɚԕ ɧԧɦіɪі; 
 .ɨԕɭ ɠɵɥɞɚɦɞɵғɵɧɵң ɩɚɪɚɦɟɬɪі - ߟ                 
ɋɚɥɦɚԕɬɵ ɬԛɡɟɬɭ ɠԛɪɝіɡіɥɟɬіɧ ɲɚɦɚ ɤɟɥɟɫіɞɟɣ ɚɧɵԕɬɚɥɚɞɵ: 
௜ሺ௟ሻݓ  = −𝛿௜ሺ௟ሻ 𝜕ܽሺݖ௜ሻ𝜕ݖ௜  ௜ሺ௟−ଵሻ (1.8)ݕ

ɦԝɧɞɚғɵ, ܽሺݖ௜ሻ − қ˃ˊі˓ˆі қ˃˄˃˕˕ың қˑ˔˖ ˗˖ːˍ˙ˋя˔ы; 
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௜ݖ                  = ∑ ௝ሺ௟−ଵሻ𝑁௝=ଵݕ௝ሺ௟ሻݓ   - ɚɥɞɵңғɵ ԕɚɛɚɬɬɵң sɵғɵɫ ɦԥɧɞɟɪіɧің 
ԧɥɲɟɧɝɟɧ ɫɨɦɚɫɵ; 

                 N-ԕɚɛɚɬɬɚғɵ ɧɟɣɪɨɧɞɚɪ ɫɚɧɵ. 𝛿௜ሺ௟ሻ - ɤɟɥɟɫіɞɟɣ ɚɧɵԕɬɚɥɚɬɵɧ ԕɚɬɟ ɩɚɪɚɦɟɬɪіɧің ɦԥɧі: 
 
ɲɵғɭ ԕɚɛɚɬɵ ԛɲіɧ 
 𝛿௜ሺ௟ሻ = 𝜕𝐸ሺݕ௜ , ௜`ݕ��௜ሻ`ݕ  

(1.9) 

 
ɠɚɛɵԕ ԕɚɛɚɬ ԛɲіɧ 
 𝛿௜ሺ௟ሻ =∑𝛿௜ሺ௟+ଵሻݓ௜௟𝑁

௝=ଵ  
(1.10) 

 
ȿɝɟɪ ɫɚɥɦɚԕɬɵ ɪɟɬɬɟɝɟɧɧɟɧ ɤɟɣіɧ, ԕɚɬɟ ɛɟɥɝіɥɟɧɝɟɧ ɲɟɤɬі ɦԥɧɧɟɧ ɚɡ ɛɨɥɫɚ, 

ɠɚɬɬɵғɭ ɬɨԕɬɚɣɞɵ, ԥɣɬɩɟɫɟ ɩɪɨɰɟɫɫ ɫɚɩɚ ԧɥɲɟɦі ɨɪɵɧɞɚɥɦɚɣɵɧɲɚ ɢɬɟɪɚɬɢɜɧɨ 
ԕɚɣɬɚɥɚɧɚɞɵ. 

 

 
 

1.8-ɫɭɪɟɬ – Ԕɚɬɟɥɟɪɞі ɤɟɪі ɬɚɪɚɬɭ ɚɥɝɨɪɢɬɦі 
 
ɇɟɣɪɨɧɞɵԕ ɠɟɥіɧі ԛɣɪɟɧɭ ɩɪɨɰɟɫі ɨɧɵң іɲɤі ɩɚɪɚɦɟɬɪɥɟɪіɧ ɧɚԕɬɵ 

ɬɚɩɫɵɪɦɚɧɵ ɨңɬɚɣɥɵ ɨɪɵɧɞɚɭ ԛɲіɧ ɤɨɧɮɢɝɭɪɚɰɢɹɥɚɭ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 
ɇɟɣɪɨɧɞɵԕ ɠɟɥіɧі ɨԕɵɬɭ ɚɥɝɨɪɢɬɦі ɢɬɟɪɚɬɢɜɬі ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ, ɨɧɵң 
ԕɚɞɚɦɞɚɪɵ ɞԥɭіɪ ɞɟɩ ɚɬɚɥɚɞɵ. Epoch - ɠɚɬɬɵғɭ ɩɪɨɰɟɫіɧɞɟ ɛіɪ ɢɬɟɪɚɰɢɹ, ɨɧɵң 
іɲіɧɞɟ ɠɚɬɬɵғɭ ɠɢɵɧɵɧɚɧ ɛɚɪɥɵԕ ɦɵɫɚɥɞɚɪɞɵ ԧңɞɟɭ, ɫɨɧɵɦɟɧ ԕɚɬɚɪ ɠɟɥіɧің 
ɫɚɥɦɚғɵɧ ɬԛɡɟɬɭ. Ɉԕɭ ɤɟɡɟңіɧɞɟ ɞԥɭіɪɥɟɪɞің ɫɚɧɵɧ ɬɚңɞɚɭɞɚɧ ɛɚɫԕɚ, ɠԛɣɟɧі 
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ԧңɞɟɭɝɟ ɚɪɧɚɥғɚɧ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɝɟ ɠɟɬɤіɡіɥɟɬіɧ ɫɟɪɢɹɥɚɪɞɵң (ɩɚɪɬɢɹɥɚɪɞɵң) 
ɦԧɥɲɟɪі ɞɟ ɬԛɡɟɬіɥɟɞі - ɚɥғɚ ɠԥɧɟ ɤɟɪі ԧɬɭɞің ɛіɪ ɢɟɪɚɪɯɚɫɵɧɚ ɚɪɧɚɥғɚɧ ɨԕɭ 
ԛɥɝіɥɟɪіɧің ɫɚɧɵ. ɛіɪ ɞԥɭіɪ. 

ɏɟɛɛ ɨԕɵɬɭɵ. ɏɟɛɛ ɨԕɵɬɭɵ ɮɢɡɢɨɥɨɝɢɹɥɵԕ ɠԥɧɟ ɩɫɢɯɨɥɨɝɢɹɥɵԕ 
ɡɟɪɬɬɟɭɥɟɪɝɟ ɧɟɝіɡɞɟɥɝɟɧ  Ɉԕɵɬɭ ɚɥɝɨɪɢɬɦіɧ 2 ɛԧɥіɦɧɟɧ ɟɪɟɠɟ ɬԛɪіɧɞɟ ԝɫɵɧɭғɚ 
ɛɨɥɚɞɵ: 

– ɟɝɟɪ ɟɤі ɧɟɣɪɨɧ ɫɢɧɚɩɫɬɵң ɟɤі ɠɚғɵɧɞɚ ɛіɪ ɭɚԕɵɬɬɚ ɛɟɥɫɟɧɞіɪіɥɫɟ, ɨɧɞɚ 
ɛԝɥ ԕɨɫɵɥɵɫɬɵң ɛɟɪіɤɬіɝі ɚɪɬɚɞɵ; 

– ɟɝɟɪ ɟɤі ɇɟɣɪɨɧ ɫɢɧɚɩɫɬɵң ɟɤі ɠɚғɵɧɞɚ ɚɫɢɧɯɪɨɧɞɵ ɛɟɥɫɟɧɞіɪіɥɫɟ, 
ɨɧɞɚ ɦԝɧɞɚɣ ɫɢɧɚɩɫ ԥɥɫіɪɟɣɞі ɧɟɦɟɫɟ ɬɨɥɵԕɬɚɣ ɠɨɣɵɥɚɞɵ. 

Ȼԥɫɟɤɟɥɟɫɬіɤ ɨԕɵɬɭ. Ʉԧɩɬɟɝɟɧ ɧɟɣɪɨɧɞɚɪ ɛіɪ ɦɟɡɝіɥɞɟ ԕɨɡғɚɥɚ ɚɥɚɬɵɧ 
ɏɟɛɛ ɨԕɵɬɭɞɵң ɚɣɵɪɦɚɲɵɥɵғɵ, ɛԥɫɟɤɟɥі ɨԕɵɬɭ ɤɟɡіɧɞɟ ɞɟɦɚɥɵɫ ɧɟɣɪɨɧɞɚɪɵ 
ɛіɪ-ɛіɪіɦɟɧ ɛɟɥɫɟɧɞіɪɭɝɟ ɠɚɪɚɫɚɞɵ. əғɧɢ ɛɚɪɥɵғɵ ɤԧɩɬɟɝɟɧ ɲɵғɭ ɧɟɣɪɨɧɞɚɪɵ 
ɬɟɤ ɛіɪ ғɚɧɚ ɩɚɣɞɚɥɚɧɵɥɚɞɵ – ɟң ԛɥɤɟɧ ɲɵғɭɦɟɧ. Ɉԕɵɬɭ ɤɟɡіɧɞɟ ɠɟңɝɟɧ 
ɧɟɣɪɨɧɧɵң ɫɚɥɦɚғɵ ғɚɧɚ ԧɡɝɟɪɟɞі.ɀԥɧɟ ɟң ɠɚԕɫɵ ԕɨɥɚɣɥɵ ɧɟɣɪɨɧ ɦɵɫɚɥғɚ 
ɠɚԕɵɧ ɛɨɥɚɞɵ.  

Ȼԥɫɟɤɟɥɟɫɬіɤ ɨԕɵɬɭ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɟɫɟɩɬɟɪіɧɞɟ ԕɨɥɞɚɧɵɥɚɬɵɧ 
ɫɬɚɬɢɫɬɢɤɚɥɵԕ ԕɚɫɢɟɬɬɟɪɞі ɡɟɪɬɬɟɭ ԛɲіɧ ԧɬɟ ɵңғɚɣɥɵɤіɪіɫ ɛɟɣɧɟɥɟɪі. Ȼԝɥ 
ɠɚғɞɚɣɞɚ ԥɪɛіɪ ɧɟɣɪɨɧ ɲɵғɭ ԕɚɛɚɬɵ ɛіɪ ɫɭɪɟɬ ԛɲіɧ ɠɚɭɚɩ ɛɟɪɟɞі. 

ɏɨɩɮɢɥɶɞ ɨԕɵɬɭɵ. Ȼԝɥ ɨԕɵɬɭ ɦɨɞɟɥі ɪɟɤɭɪɪɟɧɬɬі ɬɨɥɵԕ ɛɚɣɥɚɧɵɫ 
ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ ԛɲіɧ ԕɨɥɞɚɧɵɥɚɞɵ. ɀԝɦɵɫ ɛɚɪɵɫɵɧɞɚ ɦԝɧɞɚɣ ɠɟɥіɥɟɪɞің 
ɞɢɧɚɦɢɤɚɫɵ ɬɟɩɟ-ɬɟңɞіɤ ɟɪɟɠɟɥɟɪіɧің ɛіɪіɧɟ ԝԕɫɚɫ ɛɨɥɚɞɵ. Ȼԝɥ ɠԛɣɟ ԥɪԕɚɲɚɧ 
ɬɵɧɵɲɬɵԕԕɚ ԝɦɬɵɥɚɬɵɧ ɬɟɪɦɨɞɢɧɚɦɢɤɚɦɟɧ ɫɚɥɵɫɬɵɪɭғɚ ɛɨɥɚɞɵ. Ȼԝɥ ɬɟɩɟ-
ɬɟңɞіɤ ɟɪɟɠɟɥɟɪі ɨԕɭ ɩɪɨɰɟɫіɧɞɟ ɚɥɞɵɧ ɚɥɚ ɚɧɵԕɬɚɥɚɞɵ, ɨɥɚɪ ɠɟɥі ɷɧɟɪɝɢɹɫɵ ɞɟɩ 
ɚɬɚɥɚɬɵɧ ɮɭɧɤɰɢɨɧɚɥɞɵң ɠɟɪɝіɥіɤɬі ɦɢɧɢɦɭɦɵ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 

Ⱥɥɝɨɪɢɬɦ. ɀɟɥіɧі ɨԕɵɬɭ - ɛԝɥ ɜɟɤɬɨɪɥɚɪ-ɷɬɚɥɨɧɞɵԕ ɛɟɣɧɟɥɟɪɞі ɟɫɬɟ ɫɚԕɬɚɭ 
ԛɲіɧ ԧɡɚɪɚ ԥɪɟɤɟɬɬɟɫɭ ɦɚɬɪɢɰɚɫɵɧɵң ɫɚɥɦɚғɵ ԕԝɪɚɣɬɵɧ "ɠɚɞɵ". 
Ʉɨɷɮɮɢɰɢɟɧɬɬɟɪɞі ɟɫɟɩɬɟɭ ɤɟɥɟɫі ɟɪɟɠɟɝɟ ɧɟɝіɡɞɟɥɝɟɧ: ɛɚɪɥɵԕ ɟɫɬɟ ԕɚɥғɚɧ 
ɛɟɣɧɟɥɟɪ ԛɲіɧ ɛɚɣɥɚɧɵɫ ௜ܺ ɦɚɬɪɢɰɚɫɵ ɬɟңɞɟɭɞі ԕɚɧɚғɚɬɬɚɧɞɵɪɭɵ ɬɢіɫ. 

 ௜ܺ = ܹ ௜ܺ (1.11) 
 
ȿɫɬɟ ɫɚԕɬɚɥɚɬɵɧ ɜɟɤɬɨɪɥɚɪ ɟɤіɥіɤ ɬԛɪі ɛɨɥɭɵ ɤɟɪɟɤ. ɋɚɥɦɚԕ 

ɤɨɷɮɮɢɰɢɟɧɬɬɟɪіɧ ɟɫɟɩɬɟɭ ɦɵɧɚɞɚɣ ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ ɠԛɪɝіɡіɥɟɞі: 
 

௜ܹ௝ = ͳܰ ∑ ௜ܺ𝑑 ௝ܺ𝑑𝑑−ଵ…௠  
(1.12) 

 
ɦԝɧɞɚғɵ, N - ɜɟɤɬɨɪɥɚɪɞɵң ԧɥɲɟɦі, m - ɟɫɬɟ ɫɚԕɬɚɥɚɬɵɧ ɒɵғɵɫ 

ɜɟɤɬɨɪɥɚɪɵɧɵң ɫɚɧɵ, d - ɟɫɬɟ ɫɚԕɬɚɥɚɬɵɧ ɒɵғɵɫ ɜɟɤɬɨɪɵɧɵң ɧԧɦіɪі, ɟɫɬɟ 
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ɫɚԕɬɚɥɚɬɵɧ j - ɲі ɜɟɤɬɨɪɞɵң i ɤɨɦɩɨɧɟɧɬі. Ȼԝɥ ԧɪɧɟɤ ɚɧɵԕ ɛɨɥɭɵ ɦԛɦɤіɧ, ɟɝɟɪ 
ԧɥɲɟɭ ɦɚɬɪɢɰɚɫɵ W ԥɪ ɟɫɬɟ ɫɚԕɬɚɥɚɬɵɧ ɜɟɤɬɨɪɞɵң ɫɵɪɬԕɵ ɬɭɵɧɞɵɫɵɧ 
ԧɡɞɟɪіɦɟɧ ɟɫɟɩɬɟɩ ɠԥɧɟ ɨɫɵɥɚɣɲɚ ɚɥɵɧғɚɧ ɦɚɬɪɢɰɚɥɚɪɞɵ ԕɨɫɭɦɟɧ ɬɚɛɵɥɭɵ 
ɦԛɦɤіɧ.Ȼԝɥ ɛɵɥɚɣ ɠɚɡɵɥɭɵ ɦԛɦɤіɧ: 

 ܹ = ͳܰ∑ ௜ܺ ௜ܺ𝑇௜  
(1.13) 

  
ɦԝɧɞɚғɵ, ܺ݅ - i-ɲі ɟɫɬɟɥіɤ ɛɚғɚɧ ɜɟɤɬɨɪɵ. Ɉɫɵ ɫɚɥɦɚԕɬɚɪɞɵ ɟɫɟɩɬɟɭ ɬɟɤ ɛіɪ 

ɞԥɭіɪɝɟ ғɚɧɚ ɚɪɧɚɥғɚɧ ɠɟɥіɥіɤ ɨԕɵɬɭ ɞɟɩ ɚɬɚɥɚɞɵ. 
Ȼɨɥɶɰɦɚɧ ɨԕɵɬɭɵ. Ȼԝɥ ɨԕɵɬɭ ɦɨɞɟɥі Ʌɸɞɜɢɝ Ȼɨɥɶɰɦɚɧɧɵң ɠԥɧɟ ɨɧɵң 

ɠԝɦɵɫɵɧɵң ԕԝɪɦɟɬіɧɟ ԧɡ ɚɬɚɭɵɧ ɚɥɞɵ. ɋɬɨɯɚɫɬɢɤɚɥɵԕ ɨԕɵɬɭ ɚɥɝɨɪɢɬɦі ɛɨɥɵɩ 
ɬɚɛɵɥɚɞɵ, cɬɨɯɚɫɬɢɤɚɥɵԕ ɦɟɯɚɧɢɤɚ ɢɞɟɹɥɚɪɵɧɚ ɧɟɝіɡɞɟɥɝɟɧ. Ɉԕɵɬɭ ԛɲіɧ 
ɪɟɤɭɪɪɟɧɬɬі ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ ԕɨɥɞɚɧɵɥɚɞɵ. 

Ⱥɥɝɨɪɢɬɦ. ɏɨɩɮɢɥɞ ɠɟɥіɫіɧɞɟɝі ɫɢɹԕɬɵ, Ȼɨɥɶɰɦɚɧ ɦɚɲɢɧɚɫɵɧɞɚ "ɷɧɟɪɝɢɹ" 
ԝғɵɦɵ ɛɚɪ.Ɉɫɵ ɷɧɟɪɝɢɹɧɵ ɟɫɟɩɬɟɭ ɦɵɧɚ ɬԥɫіɥɦɟɧ ɠԛɪɝіɡіɥɟɞі: 

 𝐸 ௝ݏ௜ݏ௜௝ݓ∑= ௜௜௜<௝ݏ௜ߠ∑−  (
1.14) 

  
ɦԝɧɞɚғɵ, ݓ௜௝ -  ݆ ɠԥɧɟ ݅ ɧɟɣɪɨɧɞɚɪɵ ɚɪɚɫɵɧɞɚғɵ ɛɚɣɥɚɧɵɫ ɤԛɲі, 
                 ௜ܵ – ɤԛɣ; 
                 ݅ –ɧɟɣɪɨɧɵɧɵң - ݏ௜ ∈ {Ͳ,ͳ} ɬɢіɫɬі ɚɪɚɥɵғɵ; 
 .௜ – ݅ ɧɟɣɪɨɧɵɧɵң ɲɟɝіߠ                 
ɏɨɩɮɢɥɞ ɦɚɲɢɧɚɫɵɧɞɚ ɫɢɹԕɬɵ Ȼɨɥɶɰɦɚɧ ɦɚɲɢɧɚɫɵɧ ɨԕɵɬɭɞɵң ɦіɧɞɟɬі 

ɠɟɥі ɠɚғɞɚɣɵɧ ɬԝɪɚԕɬɚɧɞɵɪɭ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ⱥɥɚɣɞɚ (ɏɨɩɮɢɥɞ ɠɟɥіɫіɧɟ 
ԕɚɪɚғɚɧɞɚ) Ȼɨɥɶɰɦɚɧ ɦɚɲɢɧɚɫɵ ɠɟɪɝіɥіɤɬі ɦɢɧɢɦɭɦɞɚɪɞɵ ɟɦɟɫ (ɠԥɧɟ ɨɥɚɪɞɚ 
"ɚɬɭ" ɟɦɟɫ) іɡɞɟɣɞі,ɠɚһɚɧɞɵԕ ɦɢɧɢɦɭɦɞɚɪғɚ ɤіɪɭɝɟ ɬɵɪɵɫɚɞɵ. ɀɟɪɝіɥіɤɬі 
ɦɢɧɢɦɭɦɞɚɪɞɚɧ ɲɵғɭ ɠԥɧɟ ɬɟɪɟң ɦɢɧɢɦɭɦғɚ ɬԛɫɭ ɵԕɬɢɦɚɥɞɵғɵɧ ɚɪɬɬɵɪɭ ԛɲіɧ 
"ɠɵɥɭ ɲɭɵɧ" ɩɚɣɞɚɥɚɧɭ ɢɞɟɹɫɵ ɋ. Ʉɢɪɩɚɬɪɢɤɚ ɬɢɟɫіɥі. Ɉɫɵ ɢɞɟɹɧɵң ɧɟɝіɡіɧɞɟ 
ɤԛɣɞіɪɭɞің ɢɦɢɬɚɰɢɹ ɚɥɝɨɪɢɬɦі ԥɡіɪɥɟɧɞі. 

 𝑃௞ = ͳͳ + ݁−𝐸𝑘 𝑡⁄  
(1.15) 

 
ɦԝɧɞɚғɵ, t – ɠɵɥɭ ɲɭɵɧɵң ɚɧɚɥɨɝɵ; 
                Ek – ɛɚɣɥɚɧɵɫ ɬɚɪɚɡɵɫɵɧɵң ɫɨɦɦɚɫɵ. 
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Ȼɨɥɶɰɦɚɧ ɦɚɲɢɧɚɫɵɧɵң ɨԕɭ ɦԛɦɤіɧɞіɤɬɟɪі ɲɟɤɬɟɭɥі ɛɨɥғɚɧɵɦɟɧ, ɛԝɥ 
ɩɪɨɛɥɟɦɚɥɚɪɞɵ Boltzmann ɦɚɲɢɧɚɫɵɧɵң ɚɪɯɢɬɟɤɬɭɪɚɫɵɧ ԕɨɥɞɚɧɭ ɚɪԕɵɥɵ 
ɲɟɲɭɝɟ ɛɨɥɚɞɵ. Ȼԝɥ ɚɪɯɢɬɟɤɬɭɪɚɞɚ ԕɨɫɵɥɵɫɬɚɪ ɠɚɫɵɪɵɧ ɠԥɧɟ ɤԧɪіɧɟɬіɧ 
ɧɟɣɪɨɧɞɚɪ ɚɪɚɫɵɧɞɚ ғɚɧɚ ɤɟɡɞɟɫɟɞі, ɛіɪɚԕ ɫɨɥ ɤɥɚɫɫ ɧɟɣɪɨɧɞɚɪɵ ɚɪɚɫɵɧɞɚ 
ɛɨɥɦɚɣɞɵ. Ȼԝɥ ɚɪɯɢɬɟɤɬɭɪɚɧɵ ɛɚɫɬɚɩԕɵɞɚ ɉɨɥ ɋɦɨɥɟɧɫɤɢɣ 1986 ɠɵɥɵ 
Harmonium ɚɬɵɦɟɧ ԕɨɥɞɚɧғɚɧ, ɛіɪɚԕ ɏɢɧɬɨɧ 2000-ɠɵɥɞɚɪɞɵң ɨɪɬɚɫɵɧɞɚ 
ɠɵɥɞɚɦ ɨԕɵɬɭ ɚɥɝɨɪɢɬɦɞɟɪіɧ ɨɣɥɚɩ ɬɚɩԕɚɧɧɚɧ ɤɟɣіɧ ғɚɧɚ ɬɚɧɵɦɚɥ ɛɨɥɞɵ. 

Ƚɟɧɟɬɢɤɚɥɵԕ ɚɥɝɨɪɢɬɦ. Ƚɟɧɟɬɢɤɚɥɵԕ ɚɥɝɨɪɢɬɦ - ɛԝɥ ɲɟɲіɦɞɟɪɞің ɟң 
ɠɚԕɫɵ ɠԥɧɟ ɟң ɧɚɲɚɪ ɜɚɪɢɚɰɢɹɥɚɪɵ ɬɚңɞɚɥɚɬɵɧ ɬɚңɞɚɭ ɚɪԕɵɥɵ ɟң ɠɚԕɫɵ 
ɤɨɦɛɢɧɚɰɢɹɧɵ іɡɞɟɭ ԥɞіɫі. Ȼԝɥ ɩɪɨɰɟɫɬі ɬɚɛɢғɚɬɬɚғɵ ɬɚɛɢғɢ іɪіɤɬɟɭɦɟɧ 
ɫɚɥɵɫɬɵɪɭғɚ ɛɨɥɚɞɵ. Іɪіɤɬɟɭ ɠԛɪɝіɡіɥɟɞі, ɨɧɞɚ ɬɚɥɚɩɬɚɪɞɵ ԕɚɧɚғɚɬɬɚɧɞɵɪɚɬɵɧ 
ɚɞɚɦɞɚɪ ғɚɧɚ ԕɚɥɚɞɵ. ɀɚԕɫɵ ɧԥɬɢɠɟɥɟɪ ɚɣԕɵɧɞɚɥɚɞɵ-ɲɟɲіɦɞɟɪɞің ԝɫɵɧɵɦɵ 
ɠɚɫɚɥɚɞɵ. 

 

1.4 ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞің ԕɨɥɞɚɧɵɥɭɵ 

 

ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ ɚɞɚɦɧɵң ɦɢɵɧɚ ԝԕɫɚɫ ɚɧɚɥɢɬɢɤɚɥɵԕ ɟɫɟɩɬɟɭɥɟɪɞі 
ԕɚɠɟɬ ɟɬɟɬіɧ ɤԛɪɞɟɥі ɦԥɫɟɥɟɥɟɪɞі ɲɟɲɭ ԛɲіɧ ԕɨɥɞɚɧɵɥɚɞɵ. ɇɟɣɪɨɧɞɵԕ 
ɠɟɥіɥɟɪɞің ɟң ɤԧɩ ԕɨɥɞɚɧɵɥɚɬɵɧ ɬԛɪɥɟɪі: 

Жіɤɬɟɥɭ – ɞɟɪɟɤɬɟɪɞі ɩɚɪɚɦɟɬɪɥɟɪ ɛɨɣɵɧɲɚ ɛԧɥɭ. Ɇɵɫɚɥғɚ, ɚɞɚɦɞɚɪ 
ɬɨɛɵɧ ɤіɪɟ ɛɟɪɫɟ, ɨɥɚɪɞɵң ԕɚɣɫɵɫɵ ɧɟɫɢɟ ɛɟɪіɩ ɠɚɬԕɚɧɵɧ ɲɟɲɭɝɟ ɬɭɪɚ ɤɟɥɟɞі. 
Ȼԝɥ ɠԝɦɵɫ ɧɟɣɪɨɧɞɵԕ ɠɟɥі ɚɪԕɵɥɵ ɠɚɫɚɥɭɵ ɦԛɦɤіɧ: ɠɚɫ, ɬԧɥɟɦ ԕɚɛіɥɟɬɬіɥіɝі, 
ɧɟɫɢɟ ɬɚɪɢɯɵ ɠԥɧɟ ɬ.ɛ. 

Ȼɨɥɠɚɭ – ɤɟɥɟɫі ԕɚɞɚɦɞɵ ɛɨɥɠɚɭ ɦԛɦɤіɧɞіɝі. Ɇɵɫɚɥɵ, ԕɨɪ ɧɚɪɵғɵɧɞɚғɵ 
ɠɚғɞɚɣғɚ ɧɟɝіɡɞɟɥɝɟɧ ԕɨɪɥɚɪɞɵң ԧɫɭі ɧɟɦɟɫɟ ԕԝɥɞɵɪɚɭɵ. 

Ɍɚɧɭ – ԕɚɡіɪɝі ɭɚԕɵɬɬɚ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞің ɟң ɤɟң ԕɨɥɞɚɧɵɥɭɵ ɛɨɥɵɩ 
ɬɚɛɵɥɚɞɵ. Ɏɨɬɨɫɭɪɟɬɬі ɧɟɦɟɫɟ ɤɚɦɟɪɚɥɵԕ ɬɟɥɟɮɨɧɞɚɪɞɵ іɡɞɟɝɟɧ ɤɟɡɞɟ, Google 
ɫіɡɞің ɛɟɬіңіɡɞің ɨɪɧɵɧ ɚɧɵԕɬɚғɚɧ ɠԥɧɟ ɨɧɵ ɤԧɪɫɟɬɟɬіɧ ɤɟɡɞɟ ɠԥɧɟ ɬ.ɛ. 

Ȼԝɥ ɬɚɪɚɭɞɚ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɦɟɧ ɛɚɣɥɚɧɵɫɬɵ ɠɚɥɩɵ ɬԛɫіɧіɤɬɟɪ 
ԝɫɵɧɵɥɞɵ. Ȼɢɨɥɨɝɢɹɥɵԕ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ ɠԥɧɟ ɨɥɚɪɞɵң ɠԝɦɵɫ іɫɬɟɭ 
ɟɪɟɤɲɟɥіɤɬɟɪі ԕɚɪɚɫɬɵɪɵɥɚɞɵ. ɀɚɫɚɧɞɵ ɧɟɣɪɨɧ ɦɨɞɟɥɶɞɟɪі, ɠɚɫɚɧɞɵ ɧɟɣɪɨɧɞɵԕ 
ɠɟɥіɥɟɪ ԝɫɵɧɵɥғɚɧ. ɋɨɧɞɚɣ-ɚԕ, ɧɟɝіɡɝі ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥіɤ ɚɪɯɢɬɟɤɬɭɪɚɥɚɪ 
ɛɟɪіɥɝɟɧ. ɋɨɧɵɦɟɧ ԕɚɬɚɪ, ɀɇɋ ɨԕɵɬɭɞɵң ɧɟɝіɡɝі ԕɚғɢɞɚɥɚɪɵ ɤԧɪɫɟɬіɥɟɞі, 
ԕɚɬɟɥɟɪɞі ɚɪɬԕɚ ɬɚɪɚɬɭ ԥɞіɫі ɨԕɵɬɭɲɵɦɟɧ ɀɇɋ ɨԕɵɬɭɞɵң ɧɟɝіɡɝі ԥɞіɫі ɪɟɬіɧɞɟ 
ԝɫɵɧɵɥɚɞɵ. 

ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ шɟшɟɬіɧ ɦԥɫɟɥɟɥɟɪ. Ԕɚɡіɪɝі ɭɚԕɵɬɬɚ ɧɟɣɪɨɧɞɵԕ 
ɠɟɥіɥɟɪ ɚɞɚɦ ɦɢɵ ԕɵɡɦɟɬіɧің ԕɚɥɵɩɬɚɫԕɚɧ ɦɨɞɟɥі ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ, ɤɟң ɚɭԕɵɦɞɵ 
ɦԥɫɟɥɟɥɟɪɞі ɲɟɲɭɝɟ ԕɨɥɞɚɧɵɥɚɞɵ. Ɍԧɦɟɧɞɟ [3] ɠԝɦɵɫɬɚ ɤɟɥɬіɪіɥɝɟɧ 
ɫԝɪɵɩɬɚɦɚғɚ ɫɷɣɤɟɫ ɠɚɫɚɧɞɵ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ (ɀɇɀ) ɤԧɦɟɝіɧɞɟ ɲɟɲіɥɟɬіɧ 
ɧɟɝіɡɝі ɩɪɨɛɥɟɦɚɥɵԕ ɦԥɫɟɥɟɥɟɪ ɚɧɵԕɬɚɥғɚɧ [17]:  
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– ɤɥɚɫɫɢɮɢɤɚɰɢɹ/ɛɟɣɧɟɥɟɪɞі ɝɚɧɵɦɞɚɭ. Ɍɚɩɫɵɪɦɚ ɛɟɥɝіɥɟɪ ɜɟɤɬɨɪɵɦɟɧ 
ԝɫɵɧɵɥғɚɧ ɛіɪ ɧɟɦɟɫɟ ɛіɪɧɟɲɟ ɚɧɵԕɬɚɥғɚɧ ɤɥɚɫɬɚɪɞɚɧ ɝԝɪɚɬɵɧ ɤіɪіɫ ɨɛɪɚɡɶɲɶɳ 
ɤіɦɝɟ ɬɢіɫɬі ɟɤɟɧɞіɝіɧ ɤɨɪɫɟɬɭ (ɦɵɫɚɥɵ ɞɵɛɵɫɬɵԕ ɛɟɥɝі ɧɟɦɟɫɟ ԕɨɥɬɚңɛɚ ɛɟɥɝіɫі 
ɚɪԕɵɥɵ).Ⱥɬɚԕɬɵ ԕɨɫɵɦɲɚɥɚɪғɚ ɷɪіɩɬɟɪɞі ɬɚɧɭ, ɞɵɛɵɫɬɵԕ ɬɚɧɭ, 
ɷɥɟɤɬɪɨɤɚɪɞɢɨɝɪɚɦɦɚɥɚɪ ɫɢɝɧɚɥɵɧɵң ɤɥɚɫɫɢɮɢɤɚɰɢɹɫɵ, ԕɚɧ ɠɚɫɭɲɚɥɚɪɵɧɵң 
ɤɥɚɫɫɢɮɢɤɚɰɢɹɥɚɪɵ, ɛɚɪɦɚԕ іɡɞɟɪіɧ ɬɚɧɭ, ɛɟɬ ɩіɲіɧіɧ ɬɚɧɭ ɬ.ɛ.  

–  ɤɥɚɫɬɟɪɢɡɚɰɢɹ/ɤɚɬɟɝɨɪɢɡɚɰɢɹ. Ɍɚɩɫɵɪɦɚɥɚɪɞɵ ɲɟɲɭɞɟ ɤɥɚɫɬɟɪɢɡɚɰɢɹ 
«ԝɫɬɚɫɫɵɡ» ɨɛɪɚɡɞɚɪ ɤɥɚɫɫɢɮɢɤɚɰɢɹɫɵ ɞɟɝɟɧ ɚɬɩɟɧɞɟ ɬɚɧɵɦɚɥ. Ɇԝɧɞɚ ɤɥɚɫɬɚɪ 
ɛɟɥɝіɫі ɚɪԕɵɥɵ ԛɣɪɟɬɭɲі ɬɚңɞɚɭ ɠɨԕ. Ʉɥɚɫɬɟɪɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦі ɨɛɪɚɡɞɚɪ ɬɷɪіɡɞі 
ɧɟɝіɡɞɟɥɝɟɧ. Ɉɥɚɪ ԝԕɫɚɫ ɨɛɪɚɡɞɚɪɞɵ ɛіɪ ɤɥɚɫɬɟɪɝɟ ɠɢɧɚԕɬɚɣɞɵ. Ʉɥɚɫɬɟɪɢɡɚɰɢɹ 
ԥɞіɫі ɦɷɥіɦɟɬɬɟɪ ԕԛɪɚɦɵɧ ɚɧɵԕɬɚғɚɧɞɚ, ɦԥɥіɦɟɬɬɟɪɞі ɫɵԕԕɚɧɞɚ, ԕɚɣɬɚ ԕɚɥɩɵɧɚ 
ɤɟɥɬіɪɭɞɟ ԕɨɥɞɚɧɵɥɚɞɵ. 

– ɮɭɧɤɰɢɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹɫɵ. ɲɭɵɥɦɟɧ ɛԛɪɚɦɚɥɚɧɝɚɧ ɚɧɵԕɬɚɥɦɚғɚɧ (ɯ) 
ɮɭɧɤɰɢɹɫɵ ɚɪԕɵɥɵ ɝɟɧɟɪɥɟɧɝɟɧ ԛɣɪɟɬɭɲі ɬɚңɞɚɭ ɛɚɪ ɞɟɥіɤ. Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ 
ɬɚɩɫɵɪɦɚɫɵ ɚɧɵԕɬɚɥɦɚғɚɧ (ɯ) ɮɭɧɤɰɢɹɫɵɧɵɰ ɛɚғɚɫɵɧ ɬɚɛɭ. Ɏɭɧɤɰɢɹ 
ɚɩɩɪɨɤɫɢɦɚɰɢɹɫɵ ɤԧɩɦԥɧɞі ɢɧɠɟɧɟɪɥіɤ ɠɷɧɟ ғɵɥɵɦɢ ɬɚɩɫɵɪɦɚ ɦɨɟɞɥɶɞɟɪіɧ 
ɚɧɵԕɬɚɭ ԛɲіɧ ԕɚɠɟɬ.  

– ɛɨɥɠɚɦɞɚɭ/ɛɨɥɠɚɭ. t ɭɚԕɵɬɵɧɞɚ ɫԥɬɬɟɪі ɬіɡɛɟɤɬɟɥɝɟɧ ɩ ɞɢɫɤɪɟɬɬі 
ɫɚɧɚғɵ ɛɟɪіɥɝɟɧ ɞɟɥіɤ. Ɇɚԕɫɚɬ t >ɩ+1 ɭɚԕɵɬɬɵң ɤɟɥɟɫі ɫɷɬі ɬіɡɛɟɤɬɟɝі ɭ(() 
ɦɷɧɞɟɪіɧ ɛɨɥɠɚɦɞɚɭɞɚɧ ɬԝɪɚɞɵ. Ȼɨɥɠɚɦɞɚɭ/ɛɨɥɠɚɭ ɛɢɡɧɟɫɬɟ, ғɵɥɵɦɞɚ ɠɷɧɟ 
ɬɟɯɧɢɤɚɞɚ ɲɟɲіɦɞɟɪ ԕɚɛɵɥɞɚɭɞɚ ɤɨɥɟɦɞі ɷɫɟɪɝɟ ɢɟ. Ԕɨɪ ɛɢɪɠɚɫɵɧɞɚɝɵ ɛɚғɚ 
ɛɨɥɠɚɦɵ ɠɷɧɟ ɚɭɚ-ɪɚɣɵ, ɛɟɣɬɚɧɵɫ ԕɨɪɲɚɝɚɧ ɨɪɬɚғɚ ɛɟɣіɦɞɟɥɭ ɠɚғɞɚɣɵɧɞɚ ԧɡі 
ɨԕɭɲɵ ɦɨɛɢɥɶɞіɤ ɞɟɪɛɟɫ ɠԛɣɟɥɟɪɞі ɲɟɲɟɬіɧ ɧɟɝіɡɝі ɦɷɫɟɥɟ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 

– ɨɩɬɢɦɢɡɚɰɢɹ. Ɇɚɬɟɦɚɬɢɤɚɞɚғɵ, ɫɬɚɬɢɫɬɢɤɚɞɚғɵ, ɬɟɯɧɢɤɚɞɚғɵ,ғɵɥɵɦɞɚғ
ɵɦɟɞɢɰɢɧɚɞɚғɵ ɠɷɧɟ ɷɤɨɧɨɦɢɤɚɞɚғɵ ɤԧɩɬɟɝɟɧ ɦɷɫɟɥɟɥɟɪ ɬɢіɦɞɟɫɬіɪɭ  
ɦԥɫɟɥɟɥɟɪі ɪɟɬіɧɞɟ ԕɚɪɚɫɬɵɪɵɥɭɵ ɦԛɦɤіɧ. Ɍɢіɦɞɟɫɬіɪɭ іɡɛɟ -іɡɞіɥіɤɬің ɦіɧɞɟɬі - 
ɦɚԕɫɚɬɬɵ ɬɢіɫɬіɥіɤɬі ɚɡɚɣɬɭ ɧɟɦɟɫɟ ɤԧɛɟɣɬɭ ɠɨɥɵ ɦɟɧ ɲɟɤɬɟɭ ɠԛɣɟɫіɧ 
ԕɚɧɚғɚɬɬɚɧɞɵɪɭɞɵң ɲɟɲіɦіɧ ɬɚɛɭ. NP ɬɨɥɶɬԕ ɤɥɚɫɵɧɞɚ ɟɧɭɲі ɤɨɦɦɢɜɨɹɠɟɪ 
ɦɵɫɚɥɵ ɬɢіɦɞɟɫɬіɪɭ ɦɷɫɟɥɟɫɧіɰ ɤɥɚɫɫɢɤɚɥɵԕ ԛɥɝіɫі ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 

– ɚɫɫɨɰɢɚɬɢɜɬі ɠɚɞɵ. Ɇɚɡɦԝɧɵɧɚ ԕɚɪɚɣ ɛɚғɵɬɬɚɥғɚɧ ɚɫɫɨɰɢɚɬɢɜɬі ɠɚɞɵ 
ɧɟɦɟɟɫ ɠɚɞɵ ԕԝɪɚɦɵ ɬɨɥɵԕ ɟɦɟɫ ɤіɪіɫ ɧɟɦɟɫɟ ɛԝɪɦɚɥɚɧғɚɧ ɦɚɡɦԝɧɧɚɧ ɩɚɣɞɚ 
ɛɨɥɭɵ ɦԛɦɤіɧ. Ⱥɫɫɨɰɢɚɬɢɜɬі ɠɚɞɵ ɦɭɥɶɬɢɦɟɞɢɚɥɵԕ ɚԕɩɚɪɚɬɬɚɪ ԕɨɪɵɧ ԕɭɪɭɞɚ 
ɩɚɣɞɚɥɚɧɵɥɚɞɵ. ɋɨɧɵɦɟɧ ԕɚɬɚɪ ɨɥ ɦɨɛɢɥɶɞіɤ ɪɨɛɨɬɬɚɪɞɵң ɛɚɫԕɚɪɭ ɠԛɣɟɫіɧің 
ɧɟɝіɡі ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ.  

– ɛɚɫԕɚɪɭ. y(t) ɭɚԕɵɬɵɦɟɧ ɛɟɪіɥɝɟɧ ɞɢɧɚɦɢɤɚɥɵԕ ɠԛɣɟɫіɧ ԕɚɪɚɣɦɵɡ 
ɦԝɧɞɚ: u(t)-ɤіɪіɫɬі ɛɚɫԕɚɪɭɲɵ ɷɫɟɪ, y(t)-t ɭɚԕɵɬɬɵԕ ɫԥɬɬɟɝі ɠԛɣɟɥіɤ ɲɵғɵɫ. 
Эɬɚɥɨɧɞɵԕ ɦɨɞɟɥɶɞі ɛɚɫԕɚɪɭ ɠԛɣɟɥɟɪіɧɞɟ ɠԛɣɟ ɷɬɚɥɨɧɞɵԕ ɦɨɞɟɥɶɦɟɧ ɛɟɪіɥɝɟɧ 
ɛɚғɵɬɬɚ ԕɨɡғɚɥɚɬɵɧ ɤіɪіɫɬіɤ ɷɫɟɪɞі u(t) ɟɫɟɩɬɟɩ ɲɵғɭ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 
Ԕɨɡғɚɥɬԕɵɲɬɵ ɛɚɫԕɚɪɭ ɬɪɚɟɤɬɨɪɢɹɫɵ ɦɵɫɚɥ ɛɨɥɚ ɚɥɚɞɵ [17-19].  

Ɂɟɪɬɬɟɭ ɛɚɪɵɫɵɧɞɚ ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞің ɧɟɝіɡɝі ɦɨɞɟɥɶɞɟɪі 
ԕɚɪɚɫɬɵɪɵɥɵɩ, ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞің ɦɨɞɟɥɶɞɟɪіɧɟ ɫɚɥɵɫɬɵɪɦɚɥɵ ɦіɧɟɡɞɟɦɟɫі 
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ɠɚɫɚɥɞɵ. Ʉԧɩԕɚɛɚɬɬɵ ɧɟɣɪɨɧɧɵң ɚԕɩɚɪɚɬɝɵԕ ɠԛɣɟ ɦɨɞɟɥіɧің ɠɟɤɟ ԕɚɫɢɟɬɬɟɪі 
ɦɟɧ ɏɨɩɮɢɥɶɞ ɦɨɞɟɥіɧің ɦԛɦɤіɧɞіɤɬɟɪі ԝɫɵɧɵɥɞɵ. ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞің 
ԕɨɥɞɚɧɵɥɭ ɚɹɫɵɦɟɧ ɬɢіɦɞіɥіɝі ɚɧɵԕɬɚɥɞɵ. 

 

1.5 Ԛɣіɪɬɩɟɥі ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ 

 

Ԛɣіɪɬɩɟɥі ɧɟɣɪɨɧɞɵԕ ɠɟɥі (ԛɣіɪɬɩɟɥі ɧɟɣɪɨɧɞɵԕ ɠɟɥі - CNN) - ɤɟɫɤіɧɞі 
ɬɚɥɞɚɭ ԛɲіɧ ɤɟңіɧɟɧ ԕɨɥɞɚɧɵɥɚɬɵɧ ɬɟɪɟң, ɬіɤɟɥɟɣ ɬɚɪɚɬɵɥɚɬɵɧ ɠɚɫɚɧɞɵ 
ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ ɤɥɚɫɵ. 

Ʉɟɫɤіɧɞі ɬɚɥɞɚɭɞɵң ɛɚɫԕɚ ԥɞіɫɬɟɪіɦɟɧ ɫɚɥɵɫɬɵɪғɚɧɞɚ, ɤɨɧɜɟɤɬɢɜɬі ɇɀ 
ɚɥɞɵɧ ɚɥɚ ԧңɞɟɭɫіɡ ɫɭɪɟɬɬɟɪɞі ɬɢіɦɞі ɬɚɥɞɚɭ ɦԛɦɤіɧɞіɝіɧ ɛɟɪɟɞі. ɀɟɥіɥіɤ ԥɞɟɬɬɟɝі 
ɚɥɝɨɪɢɬɦɞɟɪɞɟ ԕɨɥɦɟɧ ɨɪɧɚɬɵɥғɚɧ ɫԛɡɝі ɤɨɷɮɮɢɰɢɟɧɬɬɟɪіɧ ɚɜɬɨɦɚɬɬɵ ɬԛɪɞɟ 
ɬɚңɞɚɣɞɵ. Ȼԝɥ ɠɟɥі ɦԛɦɤіɧɞіɤɬɟɪі ɨɧɵң ɛɚɫɬɵ ɚɪɬɵԕɲɵɥɵғɵ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 
Ԕɚɡіɪɝі ɤɟɡɞɟ ɤɨɧɜɟɤɬɭɪɚɥɵԕ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ ɛɟɣɧɟɥɟɪɞɟɝі ɤԛɪɞɟɥі ɜɢɡɭɚɥɞɵ 
ɨɛɴɟɤɬіɥɟɪɞің ɤԧɩ ɫɚɧɵɧ ɫɵɧɵɩɬɚɭ ԛɲіɧ ɞԥɥɞіɤ ɠԥɧɟ ɠɵɥɞɚɦɞɵԕ ԥɞіɫɬɟɪіɧɞɟ 
ԛɡɞіɤ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ [8]. 

2.1-ɫɭɪɟɬɬɟ ԝɫɵɧɵɥғɚɧ ɤɨɧɜɟɬɬɭɬɟɧɬɬіɤ ɇɀ ԕԝɪɵɥɵɦɵ ԥɪɬԛɪɥі ԕɚɛɚɬɬɚɪɞɚɧ 
ɬԝɪɚɞɵ: ԛɣіɪɬɩɟɥі (convolutional) ԕɚɛɚɬɬɚɪ, ɫɭɛɞɢɫɤɪɟɬɢɡɚɰɢɹ(subsampling) 
ԕɚɛɚɬɬɚɪ ɠԥɧɟ ɠіɤɬɟɭ ԛɲіɧ ԕɨɥɞɚɧɵɥɚɬɵɧ ɬɨɥɵғɵɦɟɧ ԕɨɫɵɥғɚɧ ԕɚɛɚɬɬɚɪ. 

 

 
 

1.9-ɫɭɪɟɬ – ɋNN ԕԝɪɵɥɵɦɵ 
 
Ԛɣіɪɬɩɟ ԕɚɛɚɬɬɚɪ ɦɟɧ ɫɭɛɞɢɫɤɪɟɬɢɡɚɰɢɹ ɛіɪ-ɛіɪіɦɟɧ ɤɟɡɟɤɬɟɫіɩ, ɤԧɩ 

ԕɚɛɚɬɬɵ ɬɨɥɵԕ ɛɚɣɥɚɧɵɫɬɵ ɤɥɚɫɫɢɮɢɤɚɬɨɪ ԛɲіɧ ɛɟɥɝіɥɟɪɞің ɲɵғɭ ɤɚɪɬɚɫɵɧ 
ԕɚɥɵɩɬɚɫɬɵɪɚɞɵ. 

– ɛԝɥ ԕɚɛɚɬɬɚɪɞɵң ɫɚɧɵ ɠɟɥіɧің ɬɨɩɨɥɨɝɢɹɫɵɧɚ ɛɚɣɥɚɧɵɫɬɵ ɛɨɥɚɞɵ, ɨɥ 
ɤɟɥɟɫі ɛɚғɵɬɬɚɪɞɚ ɚɧɵԕɬɚɥɚɞɵ: 

– ɲɟɲіɥɟɬіɧ ɟɫɟɩ (ɤɥɚɫɫɢɮɢɤɚɰɢɹ, ɛɨɥɠɚɭ, ɝɟɧɟɪɚɰɢɹ ɠԥɧɟ ɬ. ɛ.); 
– ɲɟɲіɥɟɬіɧ ɟɫɟɩɬɟɝі ɲɟɤɬɟɭɥɟɪ (ɠɵɥɞɚɦɞɵԕ, ɠɚɭɚɩɬɵң ɞԥɥɞіɝі ɠԥɧɟ 

ɬ.ɛ.); 
– ɤіɪіɫ ɞɟɪɟɤɬɟɪ (ɬɢɩі, ԧɥɲɟɦі, ɮɨɪɦɚɬɵ); 
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– ɲɵғɵɫ ɞɟɪɟɤɬɟɪ; 
– ɠɟɥі ɝɢɩɟɪɩɚɪɚɦɟɬɪɥɟɪіɧің ԕԝɪɵɥɵɦɵɧ ɨңɬɚɣɥɚɧɞɵɪɭ ɠԥɧɟ ɬɚңɞɚɭ 

ԥɞіɫɬɟɪі. 
Ԛɣіɪɬɩɟɥі ɠɟɥі ɚɪԕɵɥɵ ɨɛɴɟɤɬіɥɟɪɞі ɬɚɧɭɞɚ ɧɟɣɪɨɧɞɵԕ ɠɟɥі ɬɨɩɨɥɨɝɢɹɫɵɧ 

ɬɚңɞɚɭ ɦɚңɵɡɞɵ ɨɪɵɧ ɚɥɚɞɵ. 
Ɍɨɩɨɥɨɝɢɹɧɵ ɬɚңɞɚɭғɚ ɤɟɥɟɫі ԕɚɞɚɦɞɚɪ ԥɫɟɪ ɟɬɭі ɦԛɦɤіɧ: 
– ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɦɟɧ ɲɟɲіɥɟɬіɧ ɦіɧɞɟɬɬɟɪɞі ɚɧɵԕɬɚɭ (ɠіɤɬɟɭ, 

ɛɨɥɠɚɦɞɚɭ, ɦɨɞɢɮɢɤɚɰɢɹɥɚɭ); 
– ɲɟɲіɥɟɬіɧ ɩɪɨɛɥɟɦɚɞɚғɵ ɲɟɤɬɟɭɥɟɪɞі ɚɧɵԕɬɚɭ (ɠɵɥɞɚɦɞɵԕ, ɠɚɭɚɩɬɵң 

ɞԥɥɞіɝі); 
– ɤіɪіɫɬі (ɬɢɩ: ɫɭɪɟɬ, ɞɵɛɵɫ, ԧɥɲɟɦ: 100x100, 30x30, ɮɨɪɦɚɬ: RGB, ɫԝɪ 

ɪɟңɤɬɟ) ɠԥɧɟ ɲɵғɭ ɞɟɪɟɤɬɟɪіɧ (ɫɵɧɵɩɬɚɪ ɫɚɧɵ) ɚɧɵԕɬɚңɵɡ. 
Ɇɟɧің ԕԝɪғɚɧ ɧɟɣɪɨɧɞɵ ɠɟɥі ɬɚɩɫɵɪɦɚɫɵ ɨɥ ɛɟɣɧɟɥɟɪɞің 

ɤɥɚɫɫɢɮɢɤɚɰɢɹɫɵɧ ɚɧɵԕɬɚɭ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. ɇɟɣɪɨɧɞɵ ɠɟɥі ɲɟɤɬɟɭɥіɝі ɛԝɥ 
ɨɧɵң ɠɚɭɚɩɬɵ ɠɵɥɞɚɦ ɛɟɪɭіɧɞɟ(1 ɫɟɤɭɧɞɬɚɧ ɚɡ) ɠԥɧɟ ɬɚɧɭ ɞԥɥɞіɝі(70% ɞɚɧ ɤɟɦ 
ɟɦɟɫ). ɇɟɣɪɨɧɞɵ ɠɟɥіɧің ɠɚɥɩɵ ɬɨɩɨɥɨɝɢɹɫɵ ɬԧɦɟɧɞɟɝі ɫɭɪɟɬɬɟ ɤԧɪɫɟɬіɥɝɟɧ 
(1.10-ɫɭɪɟɬ). 

 

 
 

1.10-ɫɭɪɟɬ – Ԛɣіɪɬɩɟɥі ɧɟɣɪɨɠɟɥіɧің ɬɨɩɨɥɨɝɢɹɫɵ 
 
1.6 Ԛɣіɪɬɩɟɥі ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞің ɚɪɯɢɬɟɤɬɭɪɚɫɵ 

 

ɀɨғɚɪɵɞɚ ɚɣɬɵɥғɚɧɞɚɣ, ɤɨɧɜɟɤɬɢɜɬі ɇɀ-ɧің ɬɢɩɬіɤ ɛԧɥіɝі ɛіɪіɤɬіɪɭɞɟɧ, 
ɛіɪіɤɬіɪɭɞɟɧ ɠԥɧɟ ɫɭɛɞɟɫɤɪɢɬɢɡɚɰɢɹɞɚɧ ɬԝɪɚɞɵ. 
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Ԛɣіɪɬɩɟɥі ԕɚɛɚɬ - ɤіɪіɫɬɟ ԕɚɛɵɥɞɚɧғɚɧ ɮɭɧɤɰɢɹ ɤɚɪɬɚɫɵɧ ԧңɞɟɣɬіɧ ԥɪɛіɪ 
ɚɪɧɚ ɧɟɦɟɫɟ ԛɣɤɟɥіɫ ɹɞɪɨɥɚɪɵ ԛɲіɧ ɫԛɡɝіɥɟɪ ɠɢɧɚғɵɧ ԕɚɦɬɢɞɵ. Ⱦԥɧɟɤɟɪɥɟɭ 
ɹɞɪɨɫɵɧɵң ɫɚɥɦɚғɵ ɨԕɭ ԛɞɟɪіɫіɧɞɟ ɛɟɥɝіɥɟɧɟɞі. ɋɭɛɞɢɫɤɪɟɬɢɡɚɰɢɹ (pooling, 
subsampling) ɨɩɟɪɚɰɢɹɫɵ ɠɚɫɚɥɚɬɵɧ ɟɪɟɤɲɟɥіɤɬɟɪ ɤɚɪɬɚɫɵɧɵң ԧɥɲɟɦіɧ 
ɚɡɚɣɬɚɞɵ. 

 

 
 

1.11-ɫɭɪɟɬ – Ԛɣіɪɬɩɟɥі ɧɟɣɪɨɠɟɥіɧің ɬɢɩɬіɤ ɛɥɨɝɵ 
 
Ԛɣіɪɬɩɟ ԕɚɛɚɬɬɚɪ ɦɟɧ ɫɭɛɞɢɫɤɪɟɬɢɡɚɰɢɹ ɛіɪ-ɛіɪіɦɟɧ ɤɟɡɟɤɬɟɫіɩ, ɤԧɩ 

ԕɚɛɚɬɬɵ ɬɨɥɵԕ ɛɚɣɥɚɧɵɫɬɵ ɤɥɚɫɫɢɮɢɤɚɬɨɪ ԛɲіɧ ɛɟɥɝіɥɟɪɞің ɲɵғɭ ɤɚɪɬɚɫɵɧ 
ԕɚɥɵɩɬɚɫɬɵɪɚɞɵ. 

Ȼԝɥ ԕɚɛɚɬɬɚɪɞɵң ɫɚɧɵ ɠɟɥіɧің ɬɨɩɨɥɨɝɢɹɫɵɧɚ ɛɚɣɥɚɧɵɫɬɵ ɛɨɥɚɞɵ, ɨɥ 
ɤɟɥɟɫі ɛɚғɵɬɬɚɪɞɚ ɚɧɵԕɬɚɥɚɞɵ: 

– ɲɟɲіɥɟɬіɧ ɟɫɟɩ (ɤɥɚɫɫɢɮɢɤɚɰɢɹ, ɛɨɥɠɚɭ, ɝɟɧɟɪɚɰɢɹ ɠԥɧɟ ɬ. ɛ.);   
– ɲɟɲіɥɟɬіɧ ɟɫɟɩɬɟɝі ɲɟɤɬɟɭɥɟɪ (ɠɵɥɞɚɦɞɵԕ, ɠɚɭɚɩɬɵң ɞԥɥɞіɝі ɠԥɧɟ 

ɬ.ɛ.); 
– ɤіɪіɫ ɞɟɪɟɤɬɟɪ (ɬɢɩі, ԧɥɲɟɦі, ɮɨɪɦɚɬɵ); 
– ɲɵғɵɫ ɞɟɪɟɤɬɟɪ; 
– ɠɟɥі ɝɢɩɟɪɩɚɪɚɦɟɬɪɥɟɪіɧің ԕԝɪɵɥɵɦɵɧ ɨңɬɚɣɥɚɧɞɵɪɭ ɠԥɧɟ ɬɚңɞɚɭ 

ԥɞіɫɬɟɪі.[9] 
 

Ԛɣіɪɬɭ ɨɩɟɪɚɰɢяɫɵ. Ԛɣіɪɬɭ ɹɞɪɨɫɵ ɫɚɥɦɚԕɬɵң ɠɢɵɧɬɵғɵ. Ȼԝɥ ɨɩɟɪɚɰɢɹ 
ɧԥɬɢɠɟɫі ɛɟɥɝіɥɟɪ ɤɚɪɬɚɫɵ ɞɟɩ ɚɬɚɥɚɬɵɧ ɫɭɪɟɬɬі ɟɧɝіɡɭɝɟ ɛɨɥɚɞɵ. Ԛɣіɪɬɭ 
ɹɞɪɨɫɵɧɚ ɛɚɣɥɚɧɵɬɵ ɛɟɥɝіɥɟɪ ɤɚɪɬɚɫɵ ԥɪ ɬԛɪɥі ɛɨɥɚɞɵ. Ʉіɪіɫ ɫɢɩɚɬɬɚɦɚɥɚɪɵɧ 
ɛɚɪɵɧɲɚ ɬɨɥɵԕ ɬɚңɞɚɭ ԛɲіɧ ɛіɪɧɟɲɟ ɤɨɧɜɭɤɰɢɹɧɵң ɹɞɪɨɥɚɪɵ ɩɚɣɞɚɥɚɧɵɥɚɞɵ, 
ɫɨɧɞɵԕɬɚɧ ɤɨɧɜɟɤɬɢɜɬіɤ ԕɚɛɚɬɬɚ ɛіɪɧɟɲɟ ɟɪɟɤɲɟɥіɤɬіɤ ɤɚɪɬɚɥɚɪ ɚɥɵɧɚɞɵ. 
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əɞɪɨ - ɛԝɥ ɫԛɡɝі ɧɟɦɟɫɟ ɬɟɪɟɡɟ, ɨɥ ɚɥɞɵңғɵ ɤɚɪɬɚғɚ ɠɵɥɠɵɬɚɞɵ ɠԥɧɟ 
ɨɛɴɟɤɬіɥɟɪɞің ɛɟɥɝіɥі ɛіɪ ɚɬɪɢɛɭɬɬɚɪɵɧ ɬɚɛɚɞɵ. 

Ɇɵɫɚɥɵ, ɠɟɥі ɛіɪɧɟɲɟ ɬԝɥғɚɧɵ ԛɣɪɟɧɫɟ, ɨɧɞɚ ɛіɪɟɭі ɨԕɭ ɩɪɨɰɟɫіɧɞɟ ɤԧɡ, 
ɚɭɵɡ, ԕɚɫ ɧɟɦɟɫɟ ɦԝɪɵɧɞɵ ɟң ԛɥɤɟɧ ɫɢɝɧɚɥ ɲɵғɚɪɭɵ ɦԛɦɤіɧ, ɚɥ ɛɚɫԕɚ ɹɞɪɨ ɛɚɫԕɚ 
ɛɟɥɝіɥɟɪɞі ɚɧɵԕɬɚɣ ɚɥɚɞɵ. ɇɟɝіɡɝі ԧɥɲɟɦі ɤɨɧɜɟɤɬɢɜɬі ԕɚɛɚɬɬɚғɵ ɤɚɪɬɚɥɚɪɞɵң 
ɦԧɥɲɟɪі ɬіɩɬі ɬɟң ɟɬіɩ ɬɚңɞɚɥɚɞɵ, ɛԝɥ ԕɚɛɚɬɬɵң ԧɥɲɟɦі ɚɡɚɹɬɵɧɞɚɣ ɚԕɩɚɪɚɬɬɵ 
ɠɨғɚɥɬɩɚɭғɚ ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі. 

Ԛɣɪіɬɩɟɥі ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞің ɛɚɫɬɵ ɟɪɟɤɲɟɥіɝі ԧңɞɟɥɝɟɧ ɛɟɣɧɟɥɟɪɞі 
ɬɚɥɞɚɭғɚ ɚɪɧɚɥғɚɧ ɤɨɧɜɭɥɶɰɢɹ ɨɩɟɪɚɰɢɹɫɵɧ ɩɚɣɞɚɥɚɧɭ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 
Ʉɨɧɜɭɥɶɫɢɹɥɵԕ ɨɩɟɪɚɰɢɹ ɤɟɥɟɫіɞɟɣ ɨɪɵɧɞɚɥɚɞɵ: ɹɞɪɨ ɤɨɧɜɟɪɫɢɹ ɹɞɪɨ 
ɤɨɷɮɮɢɰɢɟɧɬɬɟɪіɧің ɦԥɧɞɟɪіɧɟ ԕɚɬɵɫɬɵ ɨɫɵ ɚɣɦɚԕɬɵң ɷɥɟɦɟɧɬɬɟɪіɧің ɫɚɥɦɚԕɬɵ 
ɫɨɦɚɫɵɧ ԧңɞɟɣɞі: 

 ሺ݂ ∗ ݃ሻ[݉, ݊] =  ∑݂[݉ − ݇, ݊ − ݈] ∗ ݃[݇, ݈]௞.௟ , 
3.1) 

 
ɦԝɧɞɚғɵ, f – ɛɟɣɧɟɧің ɛɚɫɬɚɩԕɵ ɦɚɬɪɢɰɚɫɵ; 
                 g – ԛɣіɪɩɟ ɹɞɪɨɫɵ. 
1.12-ɫɭɪɟɬɬɟ ԛɣіɪɬɩɟ ɨɩɟɪɚɰɢɹɫɵɧ ɠԝɦɵɫɵ ɤԧɪɫɟɬіɥɝɟɧ. 
 

 
 

1.12-ɫɭɪɟɬ – Ԛɣіɪɬɭ ɨɩɟɪɚɰɢɹɫɵ 
 
Ɇɚɬɟɦɚɬɢɤɚɥɵԕ, ԝɸ ԕɚɛɚɬɵɧɞɚғɵ ɨɩɟɪɚɰɢɹɧɵ ɤɟɥɟɫіɞɟɣ ɤԧɪɫɟɬɭɝɟ ɛɨɥɚɞɵ: 
௟ݔ  = ݂ሺݔ௟−ଵ ∗ ݇௟ + ܾ௟ሻ, (1.16) 
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ɦԝɧɞɚғɵ, ݔ௟ − ݈ қ˃˄˃˕ыːың ˛ығы˔ы; 
                f() – іɫɤɟ ԕɨɫɭ ɮɭɧɤɰɢɹɫɵ; 
                bl – l ԕɚɛɚɬɵɧɵң ɠɵɥɠɭ ɤɨɷɮɮɢɰɢɟɧɬі; 
                * - k ɹɞɪɨɫɵɧɵң x ԛɣіɪɬɩɟ ɨɩɟɪɚɰɢɹɫɵң ɤіɪіɫі. 
 
Ȼɚɫɬɚɩԕɵ ɦɚɬɪɢɰɚɥɚɪɞɵң ɦԧɥɲɟɪі ɚɡɚɹɞɵ: ݔ௝௟ = ݂ ௝௟−ଵݔ∑) ∗ ௝݇௟ + ௝ܾ௟௜ ), (1.17) 

 

ɦԝɧɞɚғɵ, ݔ௝௟ −   ݆ ˄ˈˎˆіˎˈ˓ ˍ˃˓˕˃˔ыሺ݈ қ˃˄˃˕ыːың ˛ығы˔ыሻ;  
                 f() –іɫɤɟ ԕɨɫɭ ɮɭɧɤɰɢɹɫɵ; 
                 bl – l ԕɚɛɚɬɵɧɵң j ɤɚɪɬɚɫɵɧɚ ԕɚɬɵɫɬɵ ɠɵɥɠɵɬɭ ɤɨɷɮɮɢɰɢɟɧɬ 

                 ௝݇௟ − ݈ қ˃˄˃˕˔ыː˃ қ˃˕ы˔˕ы ݆ ˍ˃˓˕˃˔ыːың үˌ˓˕˒ˈ яˇ˓ˑ˔ы; 
                 * - k ɹɞɪɨɫɵɧɵң x ԛɣіɪɬɩɟ ɨɩɟɪɚɰɢɹɫɵң ɤіɪіɫі. 
Ԥɪɛіɪ ԝɸ ԕɚɛɚɬɵ ɤԧɩɬɟɝɟɧ ɬɟңɲɟɥɟɬіɧ ɫɢɧɚɩɬɢɤɚɥɵԕ ɹɞɪɨɥɚɪɞɚɧ ɬԝɪɚɞɵ. 

Ɇԝɧɞɚɣ ɤԧɪіɧіɫ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɞɟ ɛԧɥіɧɟɬіɧ ɬɚɪɚɡɵɥɚɪ ɠԛɣɟɫіɧ іɫɤɟ ɚɫɵɪɭғɚ 
ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі. Ɍɨɥɵԕ ɛɚɣɥɚɧɵɫ ɇɋ ԕɚɪɚғɚɧɞɚ, ԝɸ ɠɟɥіɫіɧɞɟ ɠɚɥɩɵ ɫɚɥɦɚԕ 
ɛɚɣɥɚɧɵɫɬɚɪ ɫɚɧɵɧ ԕɵɫԕɚɪɬɭғɚ ɠԥɧɟ іɫɤɟ ɚɫɵɪɭғɚ ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі 

ɋɭɪɟɬɬің ɛɚɪɥɵԕ ɚɣɦɚғɵɧɞɚ ԝԕɫɚɫ ɛɟɥɝіɥɟɪɞі ɛԧɥɭ ɦԛɦɤіɧɞіɝі. Ԝɸ ԕɚɛɚɬɵ 
ɠԝɦɵɫ ɧԥɬɢɠɟɫіɧɞɟ ɛɟɥɝіɥɟɪ ɤɚɪɬɚɥɚɪɵɧɵң ɠɢɵɧɬɵғɵɧ ԕɚɥɵɩɬɚɫɬɵɪɚɞɵ (feature 
maps). Ԝɸ ԕɚɛɚɬɵɦɟɧ ԕɚɥɵɩɬɚɫɚɬɵɧ ɛɚɪɥɵԕ ɛɟɥɝіɥɟɪ ɤɚɪɬɚɥɚɪɵɧɵң ɦɵɧɚɞɚɣ 
ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ ɟɫɟɩɬɟɥɟɬіɧ ɛіɪɞɟɣ ɦԧɥɲɟɪі ɛɨɥɚɞɵ: 

 ሺݓ, ℎሻ = ሺܹ݉ − ܹ݇ + ͳ,݉𝐻 − ݇𝐻 + ͳሻ, (1.18) 
 
ɦԝɧɞɚғɵ, (w,h) – ɟɫɟɩɬɟɥɟɬің ɤɚɪɬɚɧɵң ԧɥɲɟɦі; 
                mW – ɚɥɞɵңғɵ ɤɚɪɬɚɧɵң ɟɧі; 
                mH – ɚɥɞɵңғɵ ɤɚɪɬɚɧɵң ɛɢіɤɬіɝі; 
                kW – ɹɞɪɨɧɵң ɟɧі; 
                kH – ɹɞɪɨɧɵң ɛɢіɤɬіɝі. 
əɞɪɨ-ɛԝɥ ɫԛɡɝі, ɨɥ ɚɥɞɵңғɵ ɤɚɪɬɚɧɵң ɛɚɪɥɵԕ ɚɣɦɚғɵɧɞɚ ɨɛɴɟɤɬіɥɟɪɞің 

ɛɟɥɝіɥɟɪіɧ ɚɧɵԕɬɚɣɞɵ. 
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1.13-ɫɭɪɟɬ – Ȼɟɥɝіɧі ɛԧɥɭɝɟ ԛɣɪɟɬіɥɝɟɧ ɹɞɪɨɧɵң ԛɥɝіɫі 
 

Ɉԕɵɬɭ ɩɪɨɰɟɫіɧɞɟ ԥɪɛіɪ ɹɞɪɨ ɛɟɥɝіɥі ɛіɪ ɛɟɥɝіɥɟɪɞі ɛԧɥɟɞі,ɦɵɫɚɥɵ, ɛɟɬ, ɤԧɡ 
ɠԥɧɟ ɬ. ɛ. ɹɞɪɨɧɵң ԧɥɲɟɦі ɛԧɥіɧɟɬіɧ ɛɟɥɝіɥɟɪɞің ɦԧɥɲɟɪіɧɟ ɫԥɣɤɟɫ ɬɚңɞɚɥɚɞɵ. 
Ԥɞɟɬɬɟ ɨɧɵ 3ɯ3-ɬɟɧ 7ɯ7-ɝɟ ɞɟɣіɧ ɛɟɪɟɞі. 

ɋɭɛɞɢɫɤɪɟɬɢɡɚɰɢя ԕɚɛɚɬɵ. Ɉɫɵ ɤɟɡɟңɞɟ ɤɚɪɬɚɥɚɪɞɵң ԧɥɲɟɦіɧ ɚɡɚɣɬɭ 
ɦіɧɞɟɬі ɨɪɵɧɞɚɥɚɞɵ ɠɨғɚɪɵ ԕɚɛɚɬɬɚ ɚɥɵɧғɚɧ ɛɟɥɝіɥɟɪ. ɋɭɛɞɢɫɤɪɟɬɢɡɚɰɢɹ 
ɤɟɡɟңіɧɞɟ ɛɟɥɝіɥɟɪɞі іɪіɤɬɟɭ ɨɪɵɧɞɚɥɚɞɵ. Ȼԝɥ ɤɟɥɟɫіɞɟɣ ԕɨɥ ɠɟɬɤіɡіɥɟɞі: ɨɪɚɦɚ 
ԕɚɛɚɬɵɧɚɧ ɚɥɵɧғɚɧ ɛɟɥɝіɥɟɪɞің ԧңɞɟɥɟɬіɧ ɤɚɪɬɚɫɵɧɞɚ ɧɟғԝɪɥɵɦ ɦɚңɵɡɞɵ 
ɛɟɥɝіɥɟɪ ɬɚңɞɚɥɚɞɵ.  Ȼԝɥ ɨɩɟɪɚɰɢɹ ɩɭɥɢɧɝ (pooling) ɞɟɩ ɚɬɚɥɚɞɵ. ȿң ɠɢі ɩɭɥɢɧɝɬі 
ɠԛɡɟɝɟ ɚɫɵɪɭ ԛɲіɧ ԧңɞɟɥɟɬіɧ ɤɚɪɬɚɞɚ ɦɚɤɫɢɦɚɥɞɵ ɦԥɧɞі ɟɫɟɩɬɟɣɬіɧ ɮɭɧɤɰɢɹ 
ԕɨɥɞɚɧɵɥɚɞɵ. 

 

 
 

1.14-ɫɭɪɟɬ – ɋɭɛɞɢɫɤɪɟɬɢɡɚɰɢɹ ɨɩɟɪɚɰɢɹɫɵ 
 
Ȼԝɥ ԕɚɛɚɬɬɵ ɬԧɦɟɧɞɟɝі ɮɨɪɦɭɥɚ ɚɪԕɵɥɵ ɫɢɩɚɬɬɚɭғɚ ɛɨɥɚɞɵ: 
௟ݔ  = ݂ሺܽ௟ ∗ ௟−ଵሻݔ𝑝݈݁ሺ݉ܽݏ𝑢ܾݏ + ܾ௟ሻ , (1.19) 

 
ɦԝɧɞɚғɵ, ݔ௟ – l ԕɚɛɚɬɵɧɵң ɲɵғɭɵ; 
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                f() – ɚɤɬɢɜɚɢɰɢɹ ɮɭɧɤɰɢɹɫɵ; 
                ܽ௟ , ܾ௟ – l  ԕɚɛɚɬɵɧɵң ɠɵɥɠɵɬɭ ɤɨɷɮɮɢɰɢɟɧɬі; 
                subsample() – ɬɚңɞɚɭ ɨɩɟɪɚɰɢɹɫɵң ɠԝɦɵɫ іɫɬɟɭ ɮɭɧɤɰɢɹɫɵ. 
Ԕɨɪɵɬɵɧɞɵɥɚɣ ɤɟɥɟ ɤɨɧɜɟɤɬɢɜɬі ɧɟɣɪɨɧɞɵ ɠɟɥі ɨɛɴɟɤɬіɧің ɦɚɫɲɬɚɛɵɧɵң 

ԧɡɝɟɪіɫіɧɟ, ɨɧɵң ɨɪɵɧ ɚɭɵɫɬɵɪɭɵɧɚ, ɛԝɪɵɥɭɵɧɚ, ɨɧɵң ԥɪɬԛɪɥі ɠɚԕɬɚɧ ɤԧɪіɧɭіɧɟ 
ɛɚɫԕɚ ɞɚ ɚԕɚɭɥɚɪғɚ ɬԧɡіɦɞі ɛɨɥɵɩ ɤɟɥɟɞі. 

ɋɭɛɩɨɡɢɰɢɹ ԕɚɛɚɬɵɧɵң ɬɢіɦɞіɥіɝі: 
– ɟɫɟɩɬɟɭ ɠɵɥɚɞғɵɧɵң ɚɪɬɭɵ(ɤɟɦ ɞɟɝɟɧɞɟ 2-ɟɫɟ), ɹғɧɢ ɛԝɥ ɤɚɪɬɚɥɚɪ 

ɫɚɧɵɧɧɵң ɚɡɚɣɵɩ ɨɬɵɪɭɵɧɚ ɬіɤɟɥɟɣ ɛɚɣɥɚɧɵɫɬɵ; 
– ɤɟɪɟɤ ɟɦɟɫ ɛԧɥɲɟɤɬɟɪɞі ɫԛɡɝіɞɟɧ ԧɬɤіɡɭ; 
– ɠɨғɚɪғɵ ɞɟңɝɟɣɞɟɝі ԕɚɫɟɬɬɟɪɞі іɡɞɟɭ(ɤɟɥɟɫі ԕɚɛɚɬ ԛɲіɧ). 
 
Ɍɨɥɵԕ ԕɨɫɵɥғɚɧ ɠԥɧɟ шɵғɵɫ ԕɚɛɚɬɵ. Ɍɨɥɵԕ ԕɨɫɵɥғɚɧ ԕɚɛɚɬ ɠіɤɬɟɭ 

ɦіɧɞɟɬіɧ ɨɪɵɧɞɚɣɞɵ. Ȼԝɥ ԕɚɛɚɬ ɤԛɪɞɟɥі ɫɵɡɵԕɬɵ ɟɦɟɫ ɮɭɧɤɰɢɹɧɵ ɦɨɞɟɥɶɞɟɣɞі, 
ɨɧɵң ɩɚɪɚɦɟɬɪɥɟɪіɧ ɬɚɧɭ ɫɚɩɚɫɵɧ ɠɚԕɫɚɪɬɚɞɵ. ɀɚɫɵɪɵɥғɚɧ ԕɚɛɚɬɬɵң 
ɧɟɣɪɨɧɞɚɪɵɧɵң ɫɚɧɵ ɫɭɛɫɚɦɥɹɬɨɪɥɵԕ ԕɚɛɚɬɬɵң ɤɚɪɬɚɥɚɪɵɧɵң ɫɚɧɵɧɚ ɬɟң, 
ɫɟɛɟɛі ɚɥɞɵңғɵ ɫɭɛɩɨɥɹɰɢɹɥɵԕ ԕɚɛɚɬɬɵң ԥɪ ɤɚɪɬɚɫɵɧɵң ɧɟɣɪɨɧɞɚɪɵ ɠɚɫɵɪɵɧ 
ԕɚɛɚɬɬɵң ɛіɪ ɧɟɣɪɨɧɵɦɟɧ ɛɚɣɥɚɧɵɫɬɵ. 

 

 
 

1.15-ɫɭɪɟɬ – Ɍɨɥɵԕ ɛɚɣɥɚɧɵɫ ԕɚɛɚɬɵ 
 
ɒɵғɚɪɭɲɵ ԕɚɛɚɬɵ ɚɥɞɵңғɵ ԕɚɛɚɬɬɵң ɛɚɪɥɵԕ ɧɟɣɪɨɧɞɚɪɵɧɚ ԕɨɫɵɥғɚɧ. 

ɇɟɣɪɨɧ ɫɚɧɵ ɬɚɧɵɥɚɬɵɧ ɫɵɧɵɩɬɚɪ ɫɚɧɵɧɚ ɫԥɣɤɟɫ ɤɟɥɟɞі. 
Ɉɫɵ ɬɚɪɚɭɞɚ ɤɨɧɜɨɥɸɰɢɹɥɵԕ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞің ɫԥɭɥɟɬɬіɤ 

ɟɪɟɤɲɟɥіɤɬɟɪі, ɨɥɚɪɞɵ ɩɚɣɞɚɥɚɧɭ ԕɚғɢɞɚɥɚɪɵ ɠԥɧɟ ԕɨɥɞɚɧɭ ɫɚɥɚɥɚɪɵ 
ԕɚɪɚɫɬɵɪɵɥɞɵ. Ɍɟɪɟң ɤɨɧɜɟɤɬɢɜɬі ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞі ɩɚɣɞɚɥɚɧɭ ɤԧɪɫɟɬіɥɝɟɧ 
ɚɥɞɵɧ-ɚɥɚ ԧңɞɟɭɫіɡ ɫɚɧɞɵԕ ɫɭɪɟɬɬɟɪɞі ɬɢіɦɞі ɬɚɥɞɚɭ ɦԛɦɤіɧɞіɝіɧ ɛɟɪɟɞі. 
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1.7 Ȼɚғɞɚɪɥɚɦɚɧɵ ԥɡіɪɥɟɭ ɬɟɯɧɨɥɨɝɢяɥɚɪɵɧ ɫɢɩɚɬɬɚɭ 

 

ɋɨңғɵ ɠɵɥɞɚɪɵ ɦɚɲɢɧɚɥɵԕ ɨԕɵɬɭ ɠԥɧɟ ɠɚɫɚɧɞɵ ɢɧɬɟɥɥɟɤɬ ɠԛɣɥɟɪі 
ɝɢɨɦɟɬɪɢɹɥɵԕ ɩɪɨɝɪɟɫɫɢɹɦɟɧ ɚɪɬɭɞɚ. ɀɚɫɚɧɞɵ ɢɧɬɟɥɥɟɤɬ ɠԛɣɥɟɪіɧің ԕɚɪԕɵɧɞɵ 
ɞɚɦɭɵ, ɨɧɵң ԕɨɥɞɚɧɭ ɚɹɫɵɧɵң ɚɪɬɭɵ ɩɪɨɝɪɚɦɦɢɫɬɟɪ ԕɚɬɚɪɵɧɚɧ ԕɵɡғɭɲɵɥɵԕ 
ɚɪɬɭɵɧɚ ɛɚɣɥɚɧɵɫɬɵ ɤԧɩɬɟɝɟɧ ɠɚңɚ ɬɟɯɧɨɥɨɝɢɹɥɚɪ ɦɟɧ ɮɪɟɣɦɜɨɪɤɬɟɪɞің ɩɚɣɞɚ 
ɛɨɥɭɵɧɚ ɧɟɝіɡ ɛɨɥɞɵ. 

 
 
 
 
1.7.1 Tensor Flow 

 
Google ԥɡіɪɥɟɝɟɧ Tensor Flow - ɬɟɪɟң ɨԕɭɞɵ ԕɨɥɞɚɣɬɵɧ ɫɟɧіɦɞі ɚɲɵԕ 

ɛɚɫɬɚɩԕɵ ɩɥɚɬɮɨɪɦɚ, ɨғɚɧ ɬіɩɬі ɫɦɚɪɬɮɨɧɧɚɧ ɞɚ ԕɨɥ ɠɟɬɤіɡɭɝɟ ɛɨɥɚɞɵ. 
Tensor Flow - ɛԝɥ ɫɬɚɬɢɫɬɢɤɚɥɵԕ ɛɚғɞɚɪɥɚɦɚɥɚɪɞɵ ԕԝɪɭ ɦɟɧ ɞɚɦɵɬɭɞɵң 

ɬɚɦɚɲɚ ԕԝɪɚɥɵ. ɇɟɝіɡɞɟɦɟ ɬɚɪɚɬɵɥғɚɧ ɨԕɵɬɭɞɵ ԝɫɵɧғɚɧɞɵԕɬɚɧ, ɛɚɪɥɵԕ AI 
ԛɥɝіɥɟɪі ɩɚɣɞɚɥɚɧɭɲɵ ɬɚңɞɚғɚɧ ɚɛɫɬɪɚɤɰɢɹɧɵң ɤɟɡ-ɤɟɥɝɟɧ ɞɟңɝɟɣіɧɞɟ ԥɥɞɟԕɚɣɞɚ 
ɬɢіɦɞі ɬԛɪɞɟ ɨԕɵɬɵɥɚɬɵɧ ɛɨɥɚɞɵ.[10] 

Ⱥɪɬɵԕɲɵɥɵԕɬɚɪɵ: 
– Tensor Flow python ɬіɥіɧɞɟ ԕԝɪɵɥғɚɧ. 
– ɛԝɥ ɮɪɟɣɦɜɨɪɤ ԧɬɟ ɚɭԕɵɦɞɵ ɟɫɟɩɬɭ ɤԛɲіɧɟ ɢɟ. Ʉɟɡ ɤɟɥɝɟɧ GPU 

ԕɨɥɞɚɧɭғɚ ɛɨɥɚɞɵ. 
– ɠԛɣɟ ɠɚɫɚɧɞɵ ɢɧɬɟɥɟɤɬ ɦɨɞɟɥɶɞɟɪіɧ ԕԝɪɭ ԛɲіɧ ɝɪɚɮɢɤɚɥɵԕ 

ɚɛɫɬɪɚɰɢɹɥɵԕ ɟɫɟɩɬɟɭɥɟɪɞі ԕɨɥɞɚɧɚɞɵ. 
Ʉɟɦɲіɥіɤɬɟɪі: 
– ɲɟɲіɦ ԕɚɛɵɥɞɚɭ ɦɟɧ ɠɚɭɚɩ ɚɥɭ ԛɲіɧ ɛԝɥ ɮɪɟɣɦɜɨɪɤ ɛіɪɧɟɲɟ ɫɚɬɵɥɵ 

ɤіɪɭ ɚԕɩɚɪɚɬɬɚɪɵɧ ԕɨɥɞɚɧɚɞɵ, ɛԝɥ ɛіɪɚɡ ɭɚԕɵɬɬɵ ɬɚɥɚɩ ɟɬɟɞі. 
– ɠԛɣɟɞɟ ɠɚɫɚɧɞɵ ɢɧɬɟɥɟɤ ɠɟɥіɥɟɪіɧɞɟɝі ɛɚɪ ɦɨɞɟɥɶɞɟɪ ԥɥі 

ԕɚɪɚɫɬɵɥɵɪɦɚғɚɧ. 
 
1.7.2 Microsoft CNTK 

 

Microsoft CNTK ɦԥɬіɧɞі, ɯɚɛɚɪɥɚɪɞɵ ɠԥɧɟ ɞɚɭɵɫɬɵ ԕɚɣɬɚ ԕԝɪɭɞɵ 
ԕɨɥɞɚɣɬɵɧ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɝɟ ɧɟɝіɡɞɟɥɝɟɧ, ɠɵɥɞɚɦ ɠԥɧɟ ɠɚɧ-ɠɚԕɬɵ ɚɲɵԕ 
ɤԧɡі ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. ɉɥɚɬɮɨɪɦɚ ɛɚғɚɥɚɭɞɵң ɫɚɩɚɫɵɧɚ ɫԥɣɤɟɫ ɤɨɦɩɶɸɬɟɪɞің 
ɠɟɞɟɥ ɠɚɥɩɵ ɛɚғɚɥɚɭɵ ɟɫɟɛіɧɟɧ ɬɢіɦɞі ɦɚɫɲɬɚɛɬɵ ɨɪɬɚ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ.[10] 

Microsoft CNTK ɤԧɩɬɟɝɟɧ ɞɟɪɟɤɬɟɪ ɦɚɫɫɢɜɬɟɪіɦɟɧ ɛіɪіɤɬіɪіɥɝɟɧ, ɛԝɥ ɨɫɵ 
ɧɟɝіɡɞі ԧɡɞɟɪіɧің ɟң ɠɚԕɫɵ ɬԛɪɥɟɪіɧ, ɫɨɧɵң іɲіɧɞɟ Skype, Cortana ɠԥɧɟ ɬ.ɛ. 
ɫɢɹԕɬɵ ɠɨɛɚɥɚɪ ԛɲіɧ ɛіɪіɤɬіɪɟɞі. Ȼԝɞɚɧ ɛɚɫԕɚ, ɛԝɥ ԕԝɪɵɥɵɦ ԕɚɪɚɩɚɣɵɦ ɠԥɧɟ 
ɬԛɫіɧіɤɬі ԕԝɪɚɥ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. ɨɧɵɦɟɧ ɬɢіɦɞі ɠԝɦɵɫ іɫɬɟɭɝɟ ɤԧɦɟɤɬɟɫɟɞі. 
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Ⱥɪɬɵԕɲɵɥɵԕɬɚɪɵ: 
– ɩɥɚɬɮɨɪɦɚ Python ɠԥɧɟ ɋ++ ɬіɥɞɟɪіɧ ԕɨɥɞɚɧɚɬɵɧɞɵԕɬɚɧ, ɮɪɟɣɦɜɨɪɤ 

ɛіɪɧɟɲɟ ԕɵɡɦɟɬɩɟɧ ɛіɪ ɭɚԕɵɬɬɚ ɠԝɦɵɫ іɫɬɟɭɝɟ ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі, ɛԝɥ ԧɡ ɤɟɡɟɝіɧɞɟ 
ɨԕɭ ԛɪɞіɫіɧ ɚɣɬɚɪɥɵԕɬɚɣ ɠɵɥɞɚɦɚɞɚɬɵ. 

– ɧɟɝіɡɞɟɦɟ ɠɚɫɚɧɞɵ ɢɧɬɟɥɥɟɤɬ ԥɥɟɦіɧɞɟɝі ɫɨңғɵ  ɨԕɢғɚɥɚɪɞɵ ɟɫɤɟɪɟ 
ɨɬɵɪɵɩ ɠɚɫɚɥғɚɧ. Microsoft CNTK ɚɪɯɢɬɟɤɬɭɪɚɫɵ GAN, RNN ɠԥɧɟ CNN-ɞі 
ԕɨɥɞɚɣɞɵ. 

– ɦԝɧɵң ɛԥɪі ɛԧɥіɧɝɟɧ ɨԕɵɬɭ ɚɪԕɵɥɵ ɀɂ ԛɥɝіɥɟɪі ɬɢіɦɞі ɨԕɵɬɭғɚ 
ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі. 

Ʉɟɦɲіɥіɤɬɟɪі: 
– ɮɪɟɣɦɜɨɪɤɬɟ ɜɢɡɭɚɥɢɡɚɰɢɹ ɩɚɧɟɥі ɦɟɧ ɦɨɛɢɥɶɞі ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɥɵԕ 

ɚɪɯɢɬɟɤɬɭɪɚғɚ ԕɨɥɞɚɭ ɠɨԕ. 
 

1.7.3 Caffe 

 

Caffe - ɛԝɥ ɨԕɵɬɭ ɠԛɣɟɫіɧɞɟɝі ɚɥɞɵɧ-ɚɥɚ ɨɪɧɚɬɵɥғɚɧ ɠɢɵɧɬɵԕɬɚɪɞɵ 
ԕɚɦɬɢɬɵɧ ɩɥɚɬɮɨɪɦɚ. Ȼԝɥ ɠԛɣɟ ɤɟɫɤіɧɞі ԧңɞɟɭ ɦԛɦɤіɧɞіɤɬɟɪі ԛɲіɧ ɛɟɥɝіɥі, ɚɥ 
ɩɥɚɬɮɨɪɦɚ MATLAB ԕɨɥɞɚɧɛɚɥɵ ɛɚғɞɚɪɥɚɦɚɥɵԕ ɠɚɫɚԕɬɚɦɚɫɵɧɵң ɩɚɤɟɬіɧ 
ԕɨɥɞɚɣɞɵ.[10] 

Ⱥɪɬɵԕɲɵɥɵԕɬɚɪɵ: 
– C,C++ ɠԥɧɟ Python ɬіɥɞɟɪіɧ ԝɲɬɚɫɬɵɪɭ ɠԥɧɟ ԕɨɥɞɚɭ, CNN ԕɨɥɞɚɭ 

(ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥіɤ ɬɟɯɧɨɥɨɝɢɹɥɚɪ); 
– ɮɪɟɣɦɜɨɪɤ ɫɨɧɞɚɣ-ɚԕ ԥɪɬԛɪɥі ɟɫɟɩ ɚɣɵɪɵɫɭ ɦԥɫɟɥɟɥɟɪіɧ ɲɟɲɭɝɟ 

ɦɚɦɚɧɞɚɧғɚɧ. 
Ʉɟɦɲіɥіɤɬɟɪі: 
– Caffe ɤԛɪɞɟɥі ɞɟɪɟɤɬɟɪ ɠɢɵɧɬɵғɵɧ ԧңɞɟɣ ɚɥɦɚɣɞɵ, ɛіɪɚԕ ɜɢɡɭɚɥɞɵ 

ɤɟɫɤіɧ ԧңɞɟɭɦɟɧ ɫɚɥɵɫɬɵɪɦɚɥɵ ɬԛɪɞɟ ɠɵɥɞɚɦ. 
 
1.7.4.Theano 

 

Ƚɪɚɮɢɤɚɥɵԕ ɩɪɨɰɟɫɫɨɪɥɚɪɞɵ (GPU) ɩɚɣɞɚɥɚɧɭ ɚɪԕɵɥɵ, ɨɪɬɚɥɵԕ 
ɩɪɨɰɟɫɫɨɪɥɚɪ (CPU) ɨɪɧɵɧɚ, Ɍɟɚɧɨɞɚғɵ ɠɚɫɚɧɞɵ ɢɧɬɟɥɥɟɤɬ ɦɨɞɟɥɶɞɟɪі ԛɥɤɟɧ 
ɟɫɟɩɬіɤ ԕɭɚɬɬɵ ɬɚɥɚɩ ɟɬɟɬіɧ ɟɫɟɩɬɟɭ ɨɩɟɪɚɰɢɹɥɚɪɵ ɤɟɡіɧɞɟ ɠɨғɚɪɵ ɞԥɥɞіɤɬі 
ԕɚɦɬɚɦɚɫɵɡ ɟɬɟɞі. Ʉԧɩ ԧɥɲɟɦɞі ɞɟɪɟɤɬɟɪ ɦɚɫɫɢɜɬɟɪіɧ ɟɫɟɩɬɟɭ ԛɲіɧ ɫіɡɝɟ ɠɨғɚɪɵ 
ԧɧіɦɞіɥіɤ ԕɚɠɟɬ, ɚɥ Ɍheano ɨɧɵ ԕɚɦɬɚɦɚɫɵɡ ɟɬɟ ɚɥɚɞɵ! Theano ɠɵɥɞɚɦ 
ɩɵɫɵԕɬɚɭɞɵ ɠԥɧɟ ɠɚɭɚɩɬɵ ɬɚɥɚɩ ɟɬɟɬіɧ ɬɚɩɫɵɪɦɚɥɚɪɞɚ ԝɡɚԕ ɭɚԕɵɬ ɛɨɣɵ ɠԝɦɵɫ 
іɫɬɟɣɬіɧ Python ɛɚғɞɚɪɥɚɦɚɥɚɭ ɬіɥіɧɟ ɧɟɝіɡɞɟɥɝɟɧ.[10] 

Ⱥɪɬɵԕɲɵɥɵԕɬɚɪɵ: 
– Theano ɛɚɪɥɵԕ ɞɟɪɟɤɬɟɪɞі ԕɚɠɟɬ ɟɬɟɬіɧ ԕɨɫɵɦɲɚɥɚɪɞɵ ɬɢіɦɞі ԕɨɥɞɚɭɞɵ 

ԕɚɦɬɚɦɚɫɵɡ ɟɬɟɞі, ɛіɪɚԕ ɛɚɫԕɚ ɤіɬɚɩɯɚɧɚɥɚɪɦɟɧ ɛіɪіɤɬіɪɭɞі ɬɚɥɚɩ ɟɬɟɞі; 
– ɩɥɚɬɮɨɪɦɚ CPU ɠԥɧɟ GPU-ɦɟɧ ɠԝɦɵɫ іɫɬɟɭ ԛɲіɧ ɨңɬɚɣɥɚɧɞɵɪɵɥғɚɧ. 
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Ʉɟɦɲіɥіɤɬɟɪі: 
– Theano ɧԝɫԕɚɫɵ ɠɚңɚɪɬɭɥɚɪɞɵ ɲɵғɚɪɵɩ, ɮɭɧɤɰɢɨɧɚɥɞɵԕɬɵ ԕɨɫɭɞɵ 

ɠɨɫɩɚɪɥɚɦɚɣɞɵ. 
 

1.8 Ȼɚғɞɚɪɥɚɦɚғɚ ɚɪɧɚɥғɚɧ ɬɟɯɧɨɥɨɝɢяɧɵ ɫɢɩɚɬɬɚɭ 

 

ɀɨғɚɪɵɞɚ ɤԧɪɫɟɬіɥɝɟɧ ɬɟɯɧɨɥɨɝɢɹɥɚɪɞɵ ɫɚɥɵɫɬɵɪɚ ɨɬɵɪɵɩ, ɞɢɩɥɨɦɞɵԕ 
ɠԝɦɵɫɬɵ ɨɪɵɧɞɚɭ ԛɲіɧ ɦɟɧ TensorFlow ɬɟɯɧɨɥɨɝɢɹɫɵɧ ɬɚңɞɚɞɵɦ. 

Tensorflow - ɛԝɥ Google-ɞің ɚɲɵԕ ɞɟɪɟɤ ɤԧɡіɦɟɧ ɲɵғɚɪɚɬɵɧ ɤɨɦɩɶɸɬɟɪɥіɤ 
ɨԕɵɬɭ ɠԥɧɟ ɬɚɪɚɬɵɥɚɬɵɧ ɟɫɟɩɬɟɭ ɬɟɯɧɢɤɚɫɵ. ɇɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞɟɝі ɧɟɝіɡɝі 
ԕɨɫɵɦɲɚɧɵ ɬɚɩɬɵ, ɛіɪɚԕ ɞɟɪɟɤɬɟɪɞі ԧɧɞіɪɭ ɠԥɧɟ ɤԛɪɞɟɥі ɦɚɬɟɦɚɬɢɤɚɥɵԕ 
ɟɫɟɩɬɟɭɥɟɪ ɫɢɹԕɬɵ ɛɚɫԕɚ ɞɚ ɤԧɩɬɟɝɟɧ ɬɚɩɫɵɪɦɚɥɚɪғɚ ɫɚɣ ɤɟɥɟɞі. 

TensorFlow - ɦɚɲɢɧɚ ɠɚɫɚɭ ɠԥɧɟ Google-ɞɟɧ ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞі ɬɟɪɟң 
ɡɟɪɬɬɟɭɝɟ ɚɪɧɚɥғɚɧ ɤіɬɚɩɯɚɧɚ, «Machine Intelligence» ɡɟɪɬɬɟɭ ԝɣɵɦɵ 
ɤɨɦɦɟɪɰɢɹɥɵԕ ɟɦɟɫ ԝɣɵɦ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ, ɨɧɵң ɛɚɫɬɵ ɦɚԕɫɚɬɵ ԕɚɭіɩɫіɡ 
ɠɚɫɚɧɞɵ ɢɧɬɟɥɥɟɤɬ ɠɚɫɚɭ, ɫɨɧɞɚɣ-ɚԕ ԥɥɟɭɟɬɬі ɡɟɪɬɬɟɭ ɠɚɫɚɧɞɵ ɢɧɬɟɥɥɟɤɬ ɠɚɫɚɭ 
ɤɟɡіɧɞɟ ɬɭɵɧɞɚɭɵ ɦԛɦɤіɧ ԕɚɭіɩɬɟɪ ɦɟɧ ɦԛɦɤіɧɞіɤɬɟɪ. 

Ȼԝɥ ɢɤɟɦɞі ɠԥɧɟ ɚɭԕɵɦɞɵ ɠԛɣɟɧі ɫɦɚɪɬɮɨɧɞɚɪ ɦɟɧ ԕɭɚɬɬɵ 
ɤɨɦɩɶɸɬɟɪɥɟɪɞɟ ɩɚɣɞɚɥɚɧɭғɚ ɛɨɥɚɞɵ. Ɇɵɫɚɥɵ, ɛԝɥ ɤіɬɚɩɯɚɧɚ ɤԧɩɬɟɝɟɧ 
ԕɨɥɞɚɧɛɚɥɚɪɞɚ ԕɨɥɞɚɧɵɥɚɞɵ: Google Photos, Google Translate, Inbox ɠԥɧɟ ɛɚɫԕɚ 
ɛɚғɞɚɪɥɚɦɚɥɚɪ. 

 

 
 

1.16-ɫɭɪɟɬ – TensorFlow ɬɟɯɧɨɥɨɝɢɹɫɵɧ ԕɨɥɞɚɧɭғɚ  
ɛɨɥɚɬɵɧ ɛɚғɞɚɪɥɦɚɥɚɭ ɬіɥɞɟɪі 

 
TensorFlow ɬɟɯɧɨɥɨɝɢɹɫɵ ɚɲɵԕ ɬԛɪɞɟɝі ɤіɬɚɩɯɚɧɚ ɛɨɥғɚɧɞɵԕɬɚɧ ɨɥ ԧɬɟ 

ԛɥɤɟɧ ɚɭԕɵɦɞɵ ԕɨɥɞɚɧɵɫɵԕɚ ɢɟ ɠɚңɚ ɬɟɯɧɨɥɨɝɢɹ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ʉɨɦɩɶɬɟɪɥіɤ 
ɤԧɪɭ ɠԥɧɟ ɦɚɲɢɧɚɥɵԕ ɨԕɵɬɭ ɠԛɣɟɫі ɛɨɣɵɧɲɚ ɛԝɥ ɬɟɯɧɨɥɨɝɢɹғɚ ԝɫԕɫɚɫ OpenCv 
ɤіɬɚɩɯɚɧɚɫɵ ɛɚɪ. Ȼіɪɚԕ ɦɟɧің ɬɚңɞɚɭɵɦ TensorFlow ɬɟɯɧɨɥɨɝɢɹɫɵɧɚ ɬԛɫɬі. ɋɟɛɟɛі, 
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TensorFlow ɬɟɯɧɨɥɨɝɢɹɫɵ ɠɚңɚ ԥɪі ɤɪɨɫɩɥɚɬɮɨɪɦɚɥɵ ɬɟɯɧɨɥɨɝɢɹɹ ɛɨɥɵɩ 
ɬɚɛɵɥɚɞɵ. Ɍіɩɬі ɛԝɥ ɬɟɯɧɨɥɨɝɢɹɧɵ ԕɚɪɚɩɚɣɵɦ ɛɪɚɭɡɟɪɥɟɪɞɟ ɨԕɵɩ, ɠԛɡɟɝɟ ɚɫɵɪɚ 
ɚɥɚɞɵ. Ԕɚɡіɪɝі ɤɟɡɞɟɝі ɟң ɬɚɧɦɚɥ ɛɚғɞɚɪɥɚɦɚɥɵԕ ɬіɥ ɪɟɬіɧɞɟ ԕɚɥɵɩɬɚɫԕɚɧ 
JavaScrip ɬіɥіɧɞɟ ɞɟ ɤɟңіɧɟɧ ԕɨɥɞɚɧɵɥɵɩ, ɛɪɚɭɡɟɪ ɚɪԕɵɥɵ ɜɢɪɬɭɚɥɞɵ ɤɟңіɫіɤɬɟ 
ɛіɪɚɡ ɠɨɛɥɚɪ ɦɟɧ ɛɚғɞɚɪɥɚɦɚɥɚɪ ɠɚɫɚɥɵɩ ɛɪɚɭɡɟɪɞɟ ԕɨɥɞɚɧɵɥɭɞɚ. 

Ɇɟɧ ԧɡіɦɧің ɞɢɩɥɨɦɞɵԕ ɠɨɛɚɦɞɚ TensorFlow ɬɟɯɧɨɥɨɝɢɹɫɵɧ Java 
ɛɚғɞɚɪɥɚɦɚɥɵԕ ɬіɥі ɧɟɝіɡіɧɞɟ ԕɨɥɞɚɧɵɩ, android ɩɥɚɬɮɨɪɦɚɫɵɧɚ ԕɨɥɞɚɧɛɚɥɵ 
ɛɚғɞɚɪɥɚɦɚ ɠɚɡɭɞɚ ɩɚɣɞɚɥɚɧɵɩ, ɬɟɤɫɟɪіɫɬɟɪ ɠԛɪɝіɡɞіɦ. 

 
1.8.1 MobileNet ɧɟɣɪɨɠɟɥі ɦɨɞɟɥі 
 

MobileNet (MobileNetwork-ɞɚɧ ԕɵɫԕɚɪɬɵɥғɚɧ, ɦɨɛɢɥɶɞі ɠɟɥі) – ɛԝɥ 
ɦɨɛɢɥɶɞі ɠԥɧɟ ɤіɪіɤɬіɪіɥɝɟɧ ɤɨɦɩɶɸɬɟɪɥіɤ ɤԧɪɭ ɛɚғɞɚɪɥɚɦɚɥɚɪɵɧɞɚ ԕɨɥɞɚɧɭғɚ 
ɚɪɧɚɥғɚɧ ɬɢіɦɞі ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥіɤ ɦɨɞɟɥɞɟɪɞің ɤɥɚɫɵ. 

Ȼԝɥ ɚɪɯɢɬɟɤɬɭɪɚ ɨɪɬɚԕ ɬɟɪɟңɞіɤɬіɤ ɤɨɧɜɨɥɸɰɢɹɧɵ (ɬɟɪɟңɞіɤɬі ɛԧɥɟɤɬɟɥɝɟɧ 
ɤɨɧɜɨɥɸɰɢɹ) ɩɚɣɞɚɥɚɧɭғɚ ɧɟɝіɡɞɟɥɝɟɧ. Ʉԧɩɬɟɝɟɧ ɛɚɫԕɚ ɦɨɞɟɥɶɞɟɪɞɟɧ 
ɚɣɵɪɦɚɲɵɥɵғɵ, ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪɞің ɤԧɥɟɦіɧ ɚɡɚɣɬɭɞɵң ɛɚɫɬɵ ɦɚԕɫɚɬɵ - 
ԕԝɪɵɥғɵɥɚɪɞɵң ɛіɪ ɫɵɧɵɩɬɚɪɵɧɚ ɛɚғɵɬɬɚɥғɚɧ, MobileNet-ɬің ɞɚɦɭɵɧɵң ɛɚɫɬɵ 
ɦɚԕɫɚɬɵ ɠɟɥіɧің ɠԝɦɵɫ іɫɬɟɭі ɤɟɡіɧɞɟ ɬɭɵɧɞɚɣɬɵɧ ɭɚԕɵɬɬɵ ɤіɞіɪɬɭɞі ɚɡɚɣɬɭ 
ɠԥɧɟ ԧɥɲɟɦɞі ɚɡɚɣɬɭɞɵң ɛԛɣіɪɥіɤ ɦɚԕɫɚɬɵ ғɚɧɚ ɛɨɥɞɵ. ɬɟɪɟңɞіɝі ɚɥғɚɲԕɵ 
ɛіɪɧɟɲɟ ԕɚɛɚɬɬɚɪɞɚ ɨɪɵɧɞɚɥғɚɧ ɟɫɟɩɬɟɭɥɟɪɞің ɤԧɥɟɦіɧ ɚɡɚɣɬɭғɚ ɦԛɦɤіɧɞіɤ 
ɛɟɪɟɞі, ɫɨɧɞɵԕɬɚɧ ɨɫɵ ɦɨɞɟɥɶɞің ɛɚɫɬɵ ɦɚԕɫɚɬɵ ɲɟɲіɥɟɞі. 

ɆobileNet ɛіɪіɧɲі ԕɚɛɚɬɵ ɤіɪіɫ ɫɭɪɟɬіɧің ɛɚɪɥɵԕ ɚɪɧɚɥɚɪɵɧɚ ɫɬɚɧɞɚɪɬɬɵ 
ɨɪɚɭɞɵ іɫɤɟ ɚɫɵɪɚɞɵ. Ԝɸ ɹɞɪɨɫɵ ԥɪɛіɪ ԕɚɞɚɦɞɚ ɹɞɪɨ ԕɚɦɬɢɬɵɧ ɤіɪіɫ 
ɩɢɤɫɟɥɶɞɟɪіɧің ԧɥɲɟɧɝɟɧ ɫɨɦɚɫɵɧ ɛɚɪɥɵԕ ɤіɪіɫ ɚɪɧɚɥɚɪɵ ɛɨɣɵɧɲɚ ɟɫɟɩɬɟɩ, 
ɫɭɪɟɬ ɛɨɣɵɧɲɚ ɠɵɥɠɢɞɵ. Ԥɫіɪɟɫɟ ɦɚңɵɡɞɵ ɛԝɥ ɨɩɟɪɚɰɢɹ ɛɚɪɥɵԕ ɤіɪіɫ 
ɚɪɧɚɥɚɪɵɧ ɛіɪіɤɬіɪɟɞі. ȿɝɟɪ ɫɭɪɟɬ 3 ɤіɪіɫ ɚɪɧɚɫɵ ɛɨɥɫɚ, ɨɧɞɚ ɨɫɵ ɫɭɪɟɬ ɛɨɣɵɧɲɚ 
ɛіɪ ɹɞɪɨɧɵ іɫɤɟ ԕɨɫɭ 1 ɚɪɧɚ ɩɢɤɫɟɥɶɝɟ ɲɵғɭ ɫɭɪɟɬіɧɟ ԥɤɟɥɟɞі. 

ɋɨɧɞɵԕɬɚɧ ԥɪɛіɪ ɤіɪіɫ ɩɢɤɫɟɥі ԛɲіɧ, ɨɧɵң ԕɚɧɲɚ ɚɪɧɚɥɚɪɵɧɚ ԕɚɪɚɦɚɫɬɚɧ, 
ɨɪɚɦɚ ɬɟɤ ɛіɪ ɚɪɧɚɦɟɧ ғɚɧɚ ɠɚңɚ ɒɵғɵɫ ɩɢɤɫɟɥіɧ ɠɚɡɚɞɵ (іɫ ɠԛɡіɧɞɟ ɛіɡ ɤіɪіɫ 
ɫɭɪɟɬіɧɞɟ ɨɪɚɦɚ ɹɞɪɨɥɚɪɵɧɵң ɠɢɵɧɬɵғɵɧ іɫɤɟ ԕɨɫɚɦɵɡ ɠԥɧɟ ɨɥɚɪɞɵң 
ԥɪԕɚɣɫɵɫɵ ɲɵғɭɞɚ ԧɡ ɚɪɧɚɫɵɧ ɚɥɚɞɵ). 

Mobile Net ɦɨɞɟɥі ɫɬɚɧɞɚɪɬɬɵ ɨɪɚɭɞɵ ɬɟɤ ɛіɪіɧɲі ɞɟңɝɟɣɞɟ ԕɨɥɞɚɧɚɞɵ. 
Ԕɚɥғɚɧ ԕɚɛɚɬɬɚɪɞɚ ɬɟɪɟңɞіɤɤɟ ɛԧɥɟɬіɝ ɨɪɚɦɚ ԕɚɛɚɬɬɚɪɵɧ ԕɨɥɞɚɧɚɞɵ. Ɉɥ ɟɤі 
ɤɨɦɛɢɧɚɰɢɹɫɵɧ ɛіɥɞіɪɟɞі: ɬɟɪɟңɞіɤɤɟ ɨɪɚɭɵɲɬɚɪ ɠԥɧɟ ɧԛɤɬɟɥі ɨɪɚɭɵɲɬɚɪ. 
Ɍɟɪɟңɞіɤɤɟ ԛɣіɪɬɭ ɨɩɟɪɚɰɢɹɫɵɧɵң ɠԝɦɵɫ 1.17-ɫɭɪɟɬɬɟ ɤԧɪɫɟɬіɥɝɟɧ. 
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1.17-ɫɭɪɟɬ – Ɍɟɪɟңɞіɤɤɟ ԛɣіɪɬɭ 
 

Ԕɚɪɚɩɚɣɵɦ ԛɣіɪɬɭ ɨɩɟɪɚɰɢɹɫɵɧɚ ԕɚɪɚғɚɧɞɚ, ɨɥ ɤіɪіɫ ɚɪɧɚɥɚɪɵɧ 
ɛіɪіɤɬіɪɦɟɣɞі, ԥɪ ɚɪɧɚ ɛɨɣɵɧɲɚ ɛԧɥɟɤ ɨɪɚɭɞɵ ɨɪɵɧɞɚɣɞɵ. 3 ɚɪɧɚɫɵ ɛɚɪ ɫɭɪɟɬ 
ԛɲіɧ, ɬɟɪɟңɞіɤɤɟ ɨɪɚɭ 3 ɚɪɧɚɫɵ ɛɚɪ ɒɵғɵɫ ɫɭɪɟɬіɧ ɠɚɫɚɣɞɵ. Ԥɪɛіɪ ɚɪɧɚ ɚɥɚɞɵ 
ԧɡ ɠɢɵɧɬɵғɵ ɬɚɪɚɡɵ. Ɍɟɪɟңɞіɤɤɟ ɨɪɚɭɞɵң ɦɚԕɫɚɬɵ ɤіɪɭ ɚɪɧɚɥɚɪɵɧ ɫԛɡɭ ɛɨɥɵɩ 
ɬɚɛɵɥɚɞɵ. Ȼԝɥ ɲɟɤɬɟɪɞі ɚɧɵԕɬɚɭ, ɬԛɫɬіɤ ɫԛɡɭ ɠԥɧɟ ɬ.ɛ. ɟɫɟɩɬɟɪɞɟ ԕɨɥɞɚɧɵɥɚɞɵ. 

ȿɝɟɪ ɨɥ 2-ɝɟ ɬɟң ɛɨɥɫɚ, ɨɧɞɚ ԥɪɛіɪ ɤіɪіɫ ɚɪɧɚɫɵ ԛɲіɧ ɬԛɣɪɟɭіɲ 2 ɒɵғɵɫ 
ɚɪɧɚɫɵɧ ɠɚɫɚɣɞɵ (ɠԥɧɟ 2 ɬԛɪɥі ɬɚɪɚɡɵɥɚɪ ɠɢɵɧɬɵғɵɧ ԕɚɥɵɩɬɚɫɬɵɪɚɞɵ). Ȼіɪɚԕ 
MobileNet ɛԝɥ ɩɚɪɚɦɟɬɪ ɟɦɟɫ ɩɚɣɞɚɥɚɧɵɥɚɞɵ. Ɍɟɪɟңɞіɤɤɟ ɨɪɚɭɞɵ ɨɪɵɧɞɚғɚɧɧɚɧ 
ɤɟɣіɧ 1=1 ԧɥɲɟɦɞіɤ ɹɞɪɨɫɵ ɛɚɪ ɨɪɚɦɚ ɨɩɟɪɚɰɢɹɫɵɧ ɛіɥɞіɪɟɬіɧ ɧԛɤɬɟɥіɤ 
ɞԥɧɟɤɟɪɥɟɭ ɨɩɟɪɚɰɢɹɫɵ ɠԛɪɝіɡіɥɟɞі, ɛԝɥ 1.18-ɫɭɪɟɬɬі ɤԧɪɫɟɬɟɞі. 

 

 
 

1.18-ɫɭɪɟɬ – ɇԛɤɬɟɥіɤ ԛɣіɪɬɭ 
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Ȼɚɫԕɚɲɚ ɚɣɬԕɚɧɞɚ, ɦԝɧɞɚɣ ɨɩɟɪɚɰɢɹ ɛɚɪɥɵԕ ɚɪɧɚɥɚɪɞɵ ɠɨɣɵɩ, ɨɥɚɪɞɵң 
ԧɥɲɟɧɝɟɧ ɫɨɦɚɫɵɧ ɟɫɟɩɬɟɩ ɲɵғɚɪɚɞɵ. ɋɬɚɧɞɚɪɬɬɵ ɨɪɚɭ ɠɚғɞɚɣɵɧɞɚ ɫɢɹԕɬɵ, 
ԥɞɟɬɬɟ ɦԝɧɞɚɣ ɚғɵɧɞɵ ɹɞɪɨɥɚɪɞɵң ɠɢɵɧɬɵғɵ ɲɵғɵɫ ɤɚɧɚɥɞɚɪɵ ɚɪԕɵɥɵ ɛɟɣɧɟɧі 
ɚɥɭғɚ ɩɚɣɞɚɥɚɧɵɥɚɞɵ. ɇԛɤɬɟɥіɤ ԛɣіɪɬі ɨɩɟɪɚɰɢɹɫɵɧɵң ɦɚԕɫɚɬɵ ɠɚңɚ ɛɟɥɝіɥɟɪ 
ɤɚɪɬɚɫɵɧɚ ԕɨɥ ɠɟɬɤіɡɭ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ 

Ȼԝɥ ɟɤі ɬԥɫіɥ ɛіɪіɤɬіɪіɥɝɟɧ ɤɟɡɞɟ-ɬɟɪɟңɞіɤɤɟ ɨɪɚɭ ɠԥɧɟ ɠԛɣɟɥі ɚғɵɧɞɵ 
ɨɪɚɭɵɲԕɚ ɛԧɥіɧɟɞі. ɋɬɚɧɞɚɪɬɬɵ ɨɪɚɭɞɚɧ ɚɣɵɪɦɚɲɵɥɵғɵ, ɨɥ ɨɪɵɧɞɚɥɚɞɵ ɫԛɡɭ, 
ɫɨɧɞɚɣ-ɚԕ ɛіɪ ԧɬɭɝɟ ɛіɪіɤɬіɪɭ, ɛԝɥ ɟɤі ɨɩɟɪɚɰɢɹ ɬɟɪɟңɞіɝі ɠɟɤɟ ԕɚɞɚɦ ɪɟɬіɧɞɟ 
ɨɪɵɧɞɚɥɚɞɵ. Ɍɟɪɟңɞіɤɤɟ ɛԧɥɭ ɨɩɟɪɚɰɢɹɫɵ 1.19-ɫɭɪɟɬɬɟ ɤԧɪɫɟɬіɥɝɟɧ. 

ȿɤі ɤԧɡԕɚɪɚɫɬɵң ɬԛɩɤі ɧԥɬɢɠɟɫі ԧɬɟ ԝԕɫɚɫ - ɨɥɚɪ ɞɟɪɟɤɬɟɪɞі ɫԛɡɟɞі ɠԥɧɟ 
ɠɚңɚ ɛɟɥɝіɥɟɪɞі ԕɚɥɵɩɬɚɫɬɵɪɚɞɵ, ɛіɪɚԕ ԥɞɟɬɬɟɝі ɤɨɧɜɨɥɸɰɢɹ ɞԥɥ ɨɫɵɧɞɚɣ 
ɧԥɬɢɠɟɥɟɪɝɟ ɠɟɬɭ ԛɲіɧ ɟɫɟɩɬɟɭɞің ԥɥɞɟԕɚɣɞɚ ɤԧɩ ɦԧɥɲɟɪіɧ ԕɚɠɟɬ ɟɬɟɞі ɠԥɧɟ ɨɥ 
ɤԧɩ ɫɚɥɦɚԕɬɵ ԕɚɠɟɬ ɟɬɟɞі. ɇԥɬɢɠɟɫіɧɞɟ ɨɥɚɪ (ɲɚɦɚɦɟɧ) ɛіɪɞɟɣ ɧԥɪɫɟɧі ɠɚɫɚɫɚ ɞɚ, 
ɛԧɥіɧɝɟɧ ɬɟɪɟң ɤɨɧɜɨɥɸɰɢɹ ɠɵɥɞɚɦɵɪɚԕ ԧɬɟɞі [11]. 1.20-ɫɭɪɟɬ ɛԧɥіɧɝɟɧ 
ɢɤɟɦɞіɥіɤ ɛɥɨɝɵɧ ɬɟɪɟңɞіɤɬɟ ɤԧɪɫɟɬɟɞі. 

 

 
 

1.19-ɫɭɪɟɬ – Ɍɟɪɟңɞіɤɬі ɛԧɥіɩ ԛɣіɪɬɭ ɨɩɟɪɚɰɢɹɫɵ 
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1.20-ɫɭɪɟɬ – MobileNet ɚɪɯɢɬɟɤɬɭɪɚɫɵ 
 

MobileNet ɛԝɥ ɨɪɬɚԕ ɬԛɣіɫɭɥɟɪɞің ԕɚɬɚɪɵɧɚɧ 13 ԕɚɬɚɪғɚ ɞɟɣіɧ ԕɚɬɚɪɵɧ 
ɩɚɣɞɚɥɚɧɚɞɵ. MobileNet ɬɨɥɵԕ ɠɟɥіɫі 30 ԕɚɛɚɬԕɚ ɢɟ. ɀɟɥіɥіɤ ɬɨɩɨɥɨɝɢɹɫɵ ԧɬɟ 
ԕɚɪɚɩɚɣɵɦ: 

– 2 ԕɚɞɚɦɦɟɧ ɤɨɧɜɨɥɸɰɢɹ ԕɚɛɚɬɵ; 
– ɬɟɪɟңɞіɤɬің ԕɚɛɚɬɵ; 
– ɚɪɧɚɥɚɪ ɫɨɦɚɫɵɧ ɟɤі ɟɫɟ ɤԧɛɟɣɬɟɬіɧ ɧԛɤɬɟɥі ɤɨɧɜɟɤɬɢɜɬі ԕɚɛɚɬ; 
– 2 ԕɚɞɚɦɦɟɧ ɬɟɪɟңɞіɤɬің ԕɚɛɚɬɵ; 
– ɚɪɧɚɥɚɪ ɫɨɦɚɫɵɧ ɟɤі ɟɫɟ ɤԧɛɟɣɬɟɬіɧ ɧԛɤɬɟɥі ɤɨɧɜɟɤɬɢɜɬі ԕɚɛɚɬ;  
– ԕɚɛɚɬɬɵ ɬɟɪɟңɞіɤɬɟ ɢɤɟɦɞɟɭ; 
– ɚɣɧɚɥɵɦɞɵԕ ԕɚɛɚɬɬɚғɵ ԕɚɛɚɬ; 
– 2-ɲі ԕɚɞɚɦɦɟɧ ԕɚɛɚɬɬɵң ɬɟɪɟңɞіɝі; 
– ɚɪɧɚɥɚɪ ɫɨɦɚɫɵɧ ɟɤі ɟɫɟ ɤԧɛɟɣɬɟɬіɧ ɧԛɤɬɟɥі ɤɨɧɜɟɤɬɢɜɬі ԕɚɛɚɬ.  
Ȼіɪіɧɲі ԕɚɛɚɬɬɚɧ ɤɟɣіɧ (ɫɬɚɧɞɚɪɬɬɵ ԛɣɤɟɥіɫ) ɬɟɪɟң ɠԥɧɟ ɧԛɤɬɟɥі ԕɚɛɚɬɬɚɪ 

ɬɨɩɬɚɪɵ ɚɭɵɫɬɵɪɵɥɚɞɵ. ɍɚԕɵɬ ɛɨɣɵɧɲɚ, ɬɟɪɟңɞіɤ ԕɚɛɚɬɵ ɠɟɥіɧің ɤԧɦɟɝіɦɟɧ 
ԧɬɟɬіɧ ɞɟɪɟɤɬɟɪ ԧɥɲɟɦіɧ ɚɡɚɣɬɭ ԛɲіɧ 2 ԕɚɞɚɦ ԧɥɲɟɦіɧ ɚɥɚɞɵ. Ʉɟɣɞɟ ɧԛɤɬɟɥі 
ԕɚɛɚɬ ɚɪɧɚɥɚɪɞɵң ɫɚɧɵɧ ɟɤі ɟɫɟ ɤԧɛɟɣɬɟɞі. Ȼɚɪɥɵԕ ɤɨɧɜɟɤɬɢɜɬі ԕɚɛɚɬɬɚɪɞɵ ReLU 
ɛɟɥɫɟɧɞіɪɭ ɮɭɧɤɰɢɹɫɵ ɛɚԕɵɥɚɣɞɵ. 

Ȼԝɥ ɛɚɫɬɚɩԕɵ ԧɥɲɟɦɞіɤ ɤɟɫɤіɧɝɟ ɞɟɣіɧ ɠɚɥғɚɫɚɞɵ 224 × 224 7 × 7 ɩɢɤɫɟɥɶ 
ԧɥɲɟɦіɧɟ ɞɟɣіɧ ɚɡɚɣɬɵɥɦɚɣɞɵ, ɛіɪɚԕ 1024 ɚɪɧɚɦɟɧ. Ɉɫɵɞɚɧ ɤɟɣіɧ ɨɥ ɛɚɪɥɵԕ 
ɫɭɪɟɬɬɟ ɠԝɦɵɫ іɫɬɟɣɬіɧ ɨɪɬɚɲɚɧɵң ɧɟɝіɡіɧɞɟɝі ɚɝɪɟɝɚɰɢɹɫɵ ɛɚɪ ԕɚɛɚɬԕɚ ɬԛɫɟɞі, 
ɨɧɵң ɲɵғɭɵɧɞɚ 1 × 1 × 1024 ԧɥɲɟɦɞіɤ ɫɭɪɟɬɬі ɚɥɚɦɵɡ, ɨɥ ɲɵɧ ɦԥɧіɧɞɟ 1024 
ɷɥɟɦɟɧɬɬɟɧ ɬԝɪɚɬɵɧ ɜɟɤɬɨɪ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. ȿɝɟɪ ɛіɡ MobileNet-ɬі 
ɤɥɚɫɫɢɮɢɤɚɬɨɪ ԛɲіɧ ɧɟɝіɡ ɪɟɬіɧɞɟ ɩɚɣɞɚɥɚɧɫɚԕ, ɦɵɫɚɥɵ, 1000 ɦԛɦɤіɧ ɤɥɚɫɬɚɪɵ 
ɛɚɪ ImageNet-ɬɟ, ɨɧɞɚ ɫɨңғɵ ԕɚɛɚɬ softmaxɚɤɬɢɜɚɰɢɹɫɵ ɛɚɪ ɠԥɧɟ 1000 ɲɵғɭ 
ɠɨɥɵ ɛɚɪ ɬɨɥɵԕ ɛɚɣɥɚɧɵɫ ԕɚɛɚɬɵ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. ȿɝɟɪ MobileNet ɛɚɫԕɚ 
ɞɟɪɟɤɬɟɪ ɠɢɵɧɬɵғɵɧɞɚ ɧɟɦɟɫɟ ɤɥɚɫɫɢɮɢɤɚɬɨɪ ɟɦɟɫ, ɛɟɥɝіɥɟɪɞі ɚɥɚɬɵɧ ɠɟɥі 
ɪɟɬіɧɞɟ ɩɚɣɞɚɥɚɧɵɥɫɚ, ɨɧɞɚ ɨɧɵң ɨɪɧɵɧɚ ɛɚɫԕɚ ԕɚɛɚɬɬɵ ɬԛɩɤі ɪɟɬіɧɞɟ 
ɩɚɣɞɚɥɚɧɭғɚ ɛɨɥɚɞɵ. 
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MobileNet ԧɡі ɦɨɞɟɥɶ ɛɨɥɫɚ ɞɚ,ɠɵɥɞɚɦ ԧңɞɟɭɞі ɠԛɡɟɝɟ ɚɫɵɪɭ, ɫɨɧɵɦɟɧ 
ԕɚɬɚɪ, ɨɫɵ ɚɪɯɢɬɟɤɬɭɪɚɧɵң ԕɢɵɥғɚɧ ɧԝɫԕɚɫɵɧ ɩɚɣɞɚɥɚɧɭғɚ ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі. 
ɀɟɥіɧің ԧɥɲɟɦіɧ ɚɧɵԕɬɚɭғɚ ɚɪɧɚɥғɚɧ ԛɲ ԧɥɲɟɦɞі ɩɚɪɚɦɟɬɪɥɟɪі ɛɚɪ: 

– ɟɧ (α) ɦɭɥɶɬɢɩɥɢɤɚɬɨɪɵ: ɚɪɧɚɥɚɪɞɵң ɫɚɧɵɧ ɪɟɬɬɟɣɞі. ȿɝɟɪ ɟɧ 
ɦɭɥɶɬɢɩɥɢɤɚɬɨɪɵ 1 ɛɨɥɫɚ, ɨɧɞɚ ɠɟɥі 32 ɚɪɧɚɥɚɪɞɚɧ ɛɚɫɬɚɥɵɩ, 1024 ɚɹԕɬɚɥɚɞɵ; 

– ɪԝԕɫɚɬ ɦɭɥɶɬɢɩɥɢɤɚɬɨɪɵ (ɪ): ɤіɪіɫ ɢɦɢɞɠіɧің ԧɥɲɟɦɞɟɪіɧɟ ɠɚɭɚɩ 
ɛɟɪɟɞі (ɤіɪіɫ ɬɟɧɡɨɪɥɚɪɵɧɵң ɤɟңіɫɬіɤɬіɤ ԧɥɲɟɦɞɟɪі). Ԥɞɟɩɤі ɟɧɝіɡɭ ԧɥɲɟɦі - 224 × 
224 ɩɢɤɫɟɥ; 

– ɬɟɪɟңɞіɝі ɬԧɦɟɧɞɟɭі: ɬɨɥɵԕ ɠɟɥіɞɟ ɛɟɫ ԕɚɛɚɬɬɚɧ ɬԝɪɚɬɵɧ ɬɨɩ ɛɚɪ ɨɪɬɚɲɚ 
ɞԥɥɞіɝі ɚɣɬɚɪɥɵԕɬɚɣ ɠɨғɚɥɬɩɚɣ ɩɚɣɞɚɥɚɧɭғɚ ɛɨɥɦɚɣɞɵ. 

Ȼԝɥ ɩɚɪɚɦɟɬɪɥɟɪ ɠɵɥɞɚɦɵɪɚԕ ԧңɞɟɭɞі ɠԛɡɟɝɟ ɚɫɵɪɚɬɵɧ ɤіɲіɪɟɤ ɠɟɥіɧі 
ɠɚɫɚɭ ԛɲіɧ ɩɚɣɞɚɥɚɧɵɥɭɵ ɦԛɦɤіɧ. Ⱥɥɚɣɞɚ ɦԝɧɞɚɣ ԛɡіɥіɫɬɟɪ ɠɟɥіɧің ɞԥɥɞіɝіɧɟ 
ԥɫɟɪ ɟɬɟɞі [12, 13] 

 
1.8.2 TensorFlow 

 
TensorFlow - Google ԥɡіɪɥɟɝɟɧ ɚɲɵԕ ɛɚɫɬɚɩԕɵ ɤіɬɚɩɯɚɧɚ, ɨɥ ɦɚɲɢɧɚɞɚ 

ɨԕɵɬɭ ɬɚɩɫɵɪɦɚɥɚɪɵɧ ɲɟɲɭ ԛɲіɧ ԕɨɥɞɚɧɵɥɚɞɵ. 
Ʉіɬɚɩɯɚɧɚɧɵң ɦԛɦɤіɧɞіɤɬɟɪі ԥɪɬԛɪɥі ɚɪɯɢɬɟɤɬɭɪɚɥɚɪɦɟɧ ANN-ɬі ԕԝɪɭ ɠԥɧɟ 

ɨԕɵɬɭғɚ ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі, ɩɪɨɛɥɟɦɚɥɚɪɞɵң ԥɪɬԛɪɥі ɤɥɚɫɬɚɪɵɧ ɲɟɲɟɞі (ԛɥɝіɥɟɪɞі 
ɚɧɵԕɬɚɭ ɠԥɧɟ ɬɚɧɭ, ԕɚɬɵɧɚɫɬɚɪɞɵ іɡɞɟɭ ɠԥɧɟ ɬ.ɛ.) [16]. 

Ԧɧіɦɞіɥіɤɬі ɚɪɬɬɵɪɭ ԛɲіɧ TensorFlow ɩɪɨɰɟɫɫɨɪ ɦɟɧ ɝɪɚɮɢɤɚɥɵԕ 
ɩɪɨɰɟɫɫɨɪ ɚɪɚɫɵɧɞɚғɵ ɦіɧɞɟɬɬɟɪɞі ɛԧɥɟɞі. ɀԝɦɵɫɬɵң ɠɵɥɞɚɦɞɵғɵɧ ɚɪɬɬɵɪɭ 
ԛɲіɧ ɤԧɩɬɟɝɟɧ ɨɩɟɪɚɰɢɹɥɚɪ C ++ ɛɚғɞɚɪɥɚɦɚɫɵɧɞɚ Egin ɠԥɧɟ cuDNN 
ɤіɬɚɩɯɚɧɚɥɚɪɵɧ ԕɨɥɞɚɧɭ ɚɪԕɵɥɵ ɠԛɡɟɝɟ ɚɫɵɪɵɥɚɞɵ. 

TensorFlow-ɬɟɝі ԥɪɛіɪ ɨɩɟɪɚɰɢɹ ɟɫɟɩɬɟɭɥɟɪɞің ԕɚɥɚɣ ɨɪɵɧɞɚɥɚɬɵɧɵɧ 
ɫɢɩɚɬɬɚɣɬɵɧ ɟɫɟɩɬіɤ ɝɪɚɮɢɤɬі (ɞɟɪɟɤɬɟɪ ɚғɵɧɵɧ ɤɟɫɬɟɫі) ɚɧɵԕɬɚɣɞɵ. Ƚɪɚɮɢɤ 
ԕɢғɚɲɬɚɪɞɚɧ (ɬɨɥɬɵɪғɵɲɬɚɪɞɚɧ), ɚɣɧɵɦɚɥɵɥɚɪɞɚɧ (ɚɣɧɵɦɚɥɵɥɚɪɞɚɧ) ɠԥɧɟ 
ɨɩɟɪɚɰɢɹɥɚɪɞɚɧ (ɨɩɟɪɚɰɢɹɞɚɧ) ɬԝɪɚɞɵ. Ɉɥ ɬɟɧɡɨɪɥɚɪ ɛɨɣɵɧɲɚ ɟɫɟɩɬɟɭɥɟɪɞі 
ɠԛɡɟɝɟ ɚɫɵɪɚɞɵ - 0-ɞɟɧ n-ɝɟ ɞɟɣіɧɝі ԧɥɲɟɦɞɟɪɞің ɦɚɫɫɢɜɬɟɪі. 

Ƚɪɚɮɢɤɬɟ ԥɪɛіɪ ɲɵңɵ ɨɩɟɪɚɰɢɹɧɵ ɠԛɡɟɝɟ ɚɫɵɪɭ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ, 
ɝɪɚɮɢɤɬің ɲɟɬɬɟɪі ɬɟɧɡɨɪɥɚɪ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ (ɤɟɫɬɟ ԕԝɪɭ ɛɚɪɵɫɵɧɞɚ 
ɤԧɪɫɟɬіɥɟɬіɧ ɟɪіɤɬі ԧɥɲɟɦɞɟɪɞің ɦɚɫɫɢɜɬɟɪі). Ɍԥɭɟɥɞіɥіɤɬі ɛɚԕɵɥɚɣɬɵɧ ɚɪɧɚɣɵ 
ɲɵңɞɚɪ ɛɨɥɭɵ ɦԛɦɤіɧ. Ɉɥɚɪ ɚɥɞɵңғɵ ɬԛɣіɧɧің ɚɥɞɵɧɞɚ ɦіɧɞɟɬɬі ɟɤɟɧіɧ 
ɤԧɪɫɟɬɟɞі ɤɟɥɟɫі ɛіɪɟɭɞі ɛɚɫɬɚɦɚɫ ɛԝɪɵɧ ɟɫɟɩɬɟɭɞі ɚɹԕɬɚɭ ɤɟɪɟɤ. 

Ԥɪɛіɪ ɨɩɟɪɚɰɢɹ - ɞɟɪɟɤɫіɡ ɫɢɩɚɬɬɚɦɚɫɵ ɬɢіɫɬі ɧɟɝіɡɝі ɨɩɟɪɚɰɢɹɥɚɪɵ ɛɚɪ 
ɟɫɟɩɬɟɭɥɟɪ. Ɉɩɟɪɚɰɢɹɧɵң ɧɟɝіɡі - ɧɚԕɬɵ ԕԝɪɵɥғɵɦɟɧ, ɨɪɬɚɥɵԕ ɩɪɨɰɟɫɫɨɪɦɟɧ 
ɧɟɦɟɫɟ ɝɪɚɮɢɤɚɥɵԕ ɩɪɨɰɟɫɫɨɪɦɟɧ ɠԛɡɟɝɟ ɚɫɵɪɵɥɭɵ ɦԛɦɤіɧ ɧɚԕɬɵ іɫɤɟ ɚɫɵɪɭ. 

Ⱥɣɧɵɦɚɥɵ ɬɨɤ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ ɚɪɧɚɣɵ ɬɟɧɡɨɪ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ, ɨɥ 
TensorFlow ɫɟɚɧɫɵɧɵң ԥɪ ɬԛɪɥі іɫɤɟ ԕɨɫɵɥғɚɧ ɤɟɡɞɟ ԕɨɥɞɚɧɵɥɭɵ ɦԛɦɤіɧ, ɫɨɧɞɚɣ-
ɚԕ ɫɟɚɧɫɬɚɪ ɚɪɚɫɵɧɞɚғɵ ɚɪɚɥɵԕ ɤԛɣ. ɋɨɧɵɦɟɧ ԕɚɬɚɪ ɚɣɧɵɦɚɥɵɥɚɪɦɟɧ ɠԝɦɵɫ 
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іɫɬɟɭ ԛɲіɧ ɬɢіɫɬі ɬɟɧɡɨɪɞɵң ɦɚɡɦԝɧɵɧ ԧɡɝɟɪɬɟ ɚɥɚɬɵɧ ɚɪɧɚɣɵ ɨɩɟɪɚɰɢɹɥɚɪ 
ɚɣԕɵɧɞɚɥɚɞɵ. 

TensorFlow ɤіɬɚɩɯɚɧɚɫɵɧɵң ɦԛɦɤіɧɞіɤɬɟɪі: 
– ɤіɬɚɩɯɚɧɚ ɬɟɪɟң ԥɞіɫ ɪɟɬіɧɞɟ ԕɨɥɞɚɧɭғɚ ɠɚɪɚɦɞɵ; 
– ɨԕɵɬɭ ɠԥɧɟ ɦɚɲɢɧɚ ɠɚɫɚɭɞɵң ԧɡɝɟ ɞɟ ԥɞіɫɬɟɪі; 
– ɵңғɚɣɥɵ ɬіɪɤɟɭ ɠԛɣɟɥɟɪіɧ, ɜɢɡɭɚɥɢɡɚɰɢɹɥɚɪɞɵ ԕɚɦɬɢɞɵ; 
– ɨԕɭ ԛɞɟɪіɫі ɠԥɧɟ ɟɫɟɩɬіɤ ɝɪɚɮɢɤɬɟɪ; 
– ɬԧɦɟɧɞɟɝіɥɟɪ ԛɲіɧ ɤɪɨɫɫ-ɩɥɚɬɮɨɪɦɚ ɠԛɡɟɝɟ ɚɫɵɪɵɥғɚɧ (Linux, MacOS, 

Windows, Android, iOS); 
– ɛіɪɧɟɲɟ ɬіɥɞɟ ɛɚғɞɚɪɥɚɦɚɥɚɭ ɢɧɬɟɪɮɟɣɫі ɛɚɪ (Python, C ++, Java, Go, 

Haskell). 
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2 Ȼɚғɞɚɪɥɚɦɚɧɵ ɠɨɛɚɥɚɭ 

 

2.1 Ԥɡіɪɥɟɧіɩ ɠɚɬԕɚɧ ɛɚғɞɚɪɥɚɦɚɧɵң ɫɢɩɚɬɬɚɦɚɫɵ 

 

Ⱦɢɩɥɨɦɞɵԕ ɛɚғɞɚɪɥɚɦɚɧɵ ɠɨɛɚɥɚɭ ɟɤі ɤɟɡɟңɧɟɧ ɬԝɪɚɞɵ. Ȼіɪіɧɲі ɤɟɡɟң 
ɛɚғɞɚɪɥɚɦɚғɚ ԕɚɠɟɬɬі ɞɟɪɟɤɬɟɪ ԕɨɪɵɧ ԕɚɥɵɩɬɚɫɬɵɪɭ. ȿɤіɧɲі ɤɟɡɟң ɨɫɵ ɞɟɪɟɤɬɟɪ 
ԕɨɪɵɧ ɛɚғɞɚɪɥɚɦɚɞɚ ԕɨɥɞɚɧɭ. Ⱦɟɪɟɤɬɟɪ ԕɨɪɵ ɪɟɬіɧɞɟ ɛɚғɞɚɪɥɚɦɚғɚ ɨɛɴɟɤɬіɥɟɪ 
ɠɚɣɥɵ ɚԕɩɚɪɚɬ ԕɚɠɟɬ. Ⱦɢɩɥɨɦɞɵԕ ɠԝɦɵɫ ɬɚɩɫɵɪɦɚɫɵ ɛɨɣɵɧɲɚ ԛɣіɪɬɩɟɥі 
ɧɟɣɪɨɧɞɵԕ ɠɟɥі ɧɟɝіɡіɧɞɟ ɨɛɴɟɤɬіɥɟɪɧі ɬɚɧɭ ɠԥɧɟ ɚɧɵԕɬɚɭ ɛɨɥɚɬɵɧ. Ɉɥ ԛɲіɧ ɛіɡ 
ɟң ɚɥɞɵɦɟɧ ԕɚɪɚɩɚɣɵɦ ɧɟɣɪɨɧɞɵԕ ɠɟɥі ɹɞɪɨɫɵɧɚ ɚɥɵɩ, ɦɟɧ ɛԝɥ ɠɚɣғɞɚɣɞɚ 
mobilenet_0.50 ɹɞɪɨɫɵɧ ɚɥɞɵɦ. Ɉɫɵ ԕɚɪɚɩɚɣɵɦ ɧɟɣɪɨɧɞɵ ɠɟɥі ɹɞɪɨɫɵ ɧɟɝіɡіɧɞɟ 
ɨғɚɧ ԛɣіɪɬɩɟ ԕɚɛɚɬɬɚɪ ԕɨɫɭ ɚɪԕɵɥɵ ԕɚɪɚɣɩɚɣɵɦ ɠɟɥіɝɟ ɠɚңɚ ɨɛɴɟɤɬіɥɟɪɞі ɬɚɧɭɞɵ 
ɨԕɵɬɬɵɦ ɨɥ ɩɪɨɰɟɫɫ ɬԧɦɟɧɞɟ ɤԧɪɫɟɬіɥɝɟɧ. 

ȿң ɚɥɞɵɦɟɧ ɛіɡ ɤɟɪɟɤɬі ɨɛɴɟɤɬіɥɟɪɞің ɛɟɣɧɟɥɟɪіɧ ɠɢɧɚԕɬɚɣɦɵɡ. 
 

 
 

2.1-ɫɭɪɟɬ – Ɉɛɴɟɤɬіɥɟɪ ɠɚɣɥɵ ɚԕɩɚɪɚɬ 
 
ɀɨғɚɪɵɞɚғɵ ɫɭɪɟɬɬɟ ɦɟɧ ɠɚңɚɞɚɧ ɨԕɵɬɵɥɚɬɵɧ ɨɛɴɟɤɬіɥɟɪ ɛɟɣɧɟɥɟɪіɧ 

ɠɢɧɚԕɬɚɩ ɚɥɞɵɦ. Ȼԝɥ ɛіɡɞің ԕɚɪɚɩɚɣɵɦ ɧɟɣɪɨɧɞɵԕ ɠɟɥі ԛɫɬіɧɟ ɨԕɵɬɵɥɚɬɵɧ 
ɠɚңɚɣ ԛɣіɪɬɩɟ ԕɚɛɚɬɬɚɪ ɚɪԕɵɥɵ ɚɥɵɧɚɬɵɧ ɠɚңɚ ɨɛɴɟɤɬіɥɟɪ. Ȼԝɥ ɚԕɩɚɪɚɬɬɚɪ 
ɚɪԕɵɥɵ ɛіɡ ɠɚңɚ ɤɥɚɫɫɬɚɪ ɚɥɚɦɵɡ. 

Ԛɣіɪɬɩɟɥі ɠɟɥі ɨԕɵɬɭ ɬԧɦɟɧɞɟɝі ɫɤɪɢɩɬ ɚɪԕɵɥɵ ɠԛɡɟɝɟ ɚɫɵɪɵɥɚɞɵ. Ȼԝɥ 
ɤɟɡɟң ɛіɡ ԕɚɠɟɬɬі ɚԕɩɚɪɚɬɬɚɪɞɵ ɠɢɧɚԕɬɚғɚɧ ɫɨң ɠԛɡɟɝɟ ɚɫɵɪɵɥɚɞɵ. 

 //retrain python -m scripts.retrain --bottleneck_dir=tf_files/bottlenecks --how_many_training_steps=6000 --model_dir=tf_files/models/"mobilenet_0.50_224" --summaries_dir=tf_files/training_summaries/"mobilenet_0.50_224" --learning_rate=0.00001 --output_graph=tf_files/retrained_graph.pb --output_labels=tf_files/retrained_labels.txt --architecture="mobilenet_0.50_224" --image_dir=tf_files/newdataset //check retrained on image 
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python -m tensorflow.python.tools.optimize_for_inference   --input=tf_files/graph.pb   --output=tf_files/optimized_graph.pb   --input_names="input"   --output_names="final_result" 
 
ɀɨғɚɪɵɞɚғɵ ɫɤɪɢɩɬ ɠԛɡɟɝɟ ɚɫɵɩ ɛɨɥғɚɧ ɫɨң ɛіɡ ɬԧɦɟɧɞɟɝі ɮɚɣɥɞɚɪɞɵ 

ɚɥɚɦɵɡ.(2.2-ɫɭɪɟɬ). Ʉɟɥɟɫі ɤɟɡɟңɞɟ ɛɚғɞɚɪɥɚɦɚɦɵɡғɚ ɨɫɵ ɚɥɵɧғɚɧ ɮɚɣɥɞɚɪɞɵ 
ԕɨɥɞɚɧɵɩ ɠɚңɚ ɤɥɚɫɫɢɮɢɤɚɬɨɪ ԕԝɪɚɣɦɵɡ. 

 

 
 

2.2-ɫɭɪɟɬ – ɇɟɣɪɨɧɞɵ ɠɟɥі ɧɟɝіɡіɧɞɟ ɨԕɵɬɵɥғɚɧ  
ɠɚңɚ ԛɣіɪɬɩɟɥі ɧɟɣɪɨɧɞɵ ɠɟɥі ɮɚɣɥɞɚɪɵ 

 
2.2 UML ɞɢɚɝɪɚɦɦɚɥɦɚɪɵ 

 

2.2.1 UML ɬіɥі 
 

UML - ɛіɪɵңғɚɣ ɦɨɞɟɥɶɞɟɧɞіɪɭ ɬіɥі. Ɉɧɵ ԕԝɪɭғɚ ɢɧɞɭɫɬɪɢɹɧɵң ԕɚɧɞɚɣ ɞɚ 
ɛіɪ ɞԥɪɟɠɟɫіɧɞɟ ɛɨɥɦɚɫɵɧ ɛɚɪɥɵԕ ɫɚɥɚɥɚɪɵ ԕɚɬɵɫɬɵ ɛɨɥғɚɧɞɵԕɬɚɧ, "UML -ɛԝɥ 
ɛɚғɞɚɪɥɚɦɚɥɵԕ ɠԛɣɟɥɟɪɞің ɚɪɬɟɮɚɤɬіɥɟɪіɧ ɤԧɪɫɟɬɭ, ɫɩɟɰɢɮɢɤɚɰɢɹɥɚɭ, 
ɤɨɧɫɬɪɭɤɰɢɹɥɚɭ ɠԥɧɟ ԕԝɠɚɬɬɚɧɞɵɪɭ, ɫɨɧɞɚɣ-ɚԕ ɛɢɡɧɟɫ-ɩɪɨɰɟɫɫɬɟɪɞің ɠԥɧɟ 
ɛɚғɞɚɪɥɚɦɚɥɵԕ ɟɦɟɫ ɠԛɣɟɥɟɪɞің ɬіɥі. UML «ɦіɧɞɟɬɬɟɪіɧің» ɬіɡɛɟɫіɧɟ ɛɚɫɬɵ 
ɧɚɡɚɪɞɵ ɚɭɞɚɪɚ ɤɟɬɟɣіɤ. ɋɩɟɰɢɮɢɤɚɰɰɢɹɥɚɭ, ɤԧɪɫɟɬɭ, ɤɨɧɫɬɪɭɤɰɢɹɥɚɭ ɠԥɧɟ 
ԕԝɠɚɬɬɚɧɞɵɪɭ - ɛԝɥɚɪɞɵң ɛɚɪɥɵғɵ ɞɚ ɠɨғɚɪɵ ɞɟңɝɟɣɥі ɠɨɛɚɥɚɭғɚ ɬіɤɟɥɟɣ 
ԕɚɬɵɫɬɵ ɛɨɥɵɩ ɨɬɵɪ[20]. Ⱥɥ ɠɨғɚɪɵ ɞɟңɝɟɣɥі «ԕԝɪɚɥ-ɫɚɣɦɚɧɞɚɪ» ԕɨɥɞɚɧɭɞɵң 
ɛіɪ-ɛіɪɟɝɟɣ ɚɫɩɟɤɬіɫі ɛɨɥɭɵ ɦԛɦɤіɧ ɟɦɟɫ, ɫɨɧɞɵԕɬɚɧ, UML ɚɧɵԕɬɚɦɚɫɵɧ 
ɤɟɥɟɫіɞɟɝі ɤԧɩɚɫɩɟɤɬіɥі ɢɧɬɟɪɩɪɟɬɚɰɢɹɦɟɧ ɬɨɥɵԕɬɵɪɭғɚ ɛɨɥɚɞɵ: 

– UML ԥɞіɫ ɟɫɟɛіɧɞɟ ɠԛɣɟɥɟɪɞің ԕɨɡғɚɥɵɫɵɧ ɬɚɧɭ ԛɲіɧ ɩɚɣɞɚɥɚɧɵɥɚɞɵ; 
– UML ɬіɥ ɟɫɟɛіɧɞɟ ɩԥɧɞіɤ ɚɣɦɚԕ ɬɭɪɚɥɵ ɛіɥіɦɞі «ɟɫɟɩɬɟɧ ɲɵғɚɪɭ» ԛɲіɧ 

ɩɚɞɚɥɚɧɵɥɚɞɵ; 
– UML ɦɨɞɟɥɶɞɟɧɞіɪɭ ɬіɥі ɪɟɬіɧɞɟ ɠԛɣɟɥɟɪɞің ɛɚɣɥɚɧɵɫɭ 

ɡɚңɞɵɥɵԕɬɚɪɵɧ ɬԛɫіɧɭ ԛɲіɧ (ɠԥɧɟ ɦԛɦɤіɧ ɮɨɪɦɚɥɶɞɚɭɞɚ) ɩɚɣɞɚɥɚɧɵɥɚɞɵ; 
– UML ɛіɪɵңғɚɣɥɚɧɞɵɪɭ ɬԛɪі ɪɟɬіɧɞɟ ԕԝɪɚɫɬɵɪɭɲɵɥɚɪɞɵң ԕɵɡɦɟɬіɧ 

ԛɣɥɟɫɬіɪɭ ԛɲіɧ ɩɚɣɞɚɥɚɧɵɥɚɞɵ. 
Ʉԧɩɬɟɝɟɧ ɩɪɨɝɪɚɦɦɢɫɬɬɟɪɞің ɤԧɡԕɚɪɚɫɵ ɤԧɪɫɟɬіɩ ɨɬɵɪғɚɧɞɚɣ, ɠɨɛɚɧɵ іɫ ɤɟ 

ɚɫɵɪɭ ɦԥɫɟɥɟɫі ɛɨɣɵɧɲɚ ɨɣɬɨɥғɚɭɥɚɪ ɲɚɦɚɦɟɧɨғɚɧ ɤɨɞ ɠɚɡɭ ԛɲіɧ ɛɚɥɚɦɚ ɛɨɥɵɩ 
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ɨɬɵɪ. Ʉɟɣɛіɪ ɡɚɬɬɚɪ ɛɚғɞɚɪɥɚɦɚɥɚɧɞɵɪɭɞɵң ԕɚɧɞɚɣ ɞɚ ɛіɪ ɛɨɥɦɚɫɵɧ ɤɨɞɵɧɞɚ 
ɬіɤɟɥɟɣ ɚɥғɚɧɞɚ ԧɬɟ ɠɚԕɫɵ ɦԥɧɟɪɥɟɧɟɞі, ɫɟɛɟɛі ɩɪɨɝɪɚɦɦɚɧɵң ɦԥɬіɧі - ɛԝɥ 
ɚɥɝɨɪɢɬɦɞɟɪɞі ɠԥɧɟ ԧɪɧɟɤɬɟɪɞі ɠɚɡɭ ԛɲіɧ ԧɬɟ ԕɵɫԕɚ ɠԥɧɟ ԕɚɪɚɩɚɣɵɦ ɠɨɥ[20]. 

Ȼіɪɚԕ ɦԝɧɞɚɣ ɠɚғɞɚɣɥɚɪɞɵң ԧɡіɧɞɟ ɩɪɨɝɪɚɦɦɢɫɬ ɛɟɣɪɟɫɦɢ ɛɨɥɫɚ ɞɚ 
ɦɨɞɟɥɶɞɟɧɞіɪɭɦɟɧ ɚɣɧɚɥɵɫɚɞɵ. Ɉɥ ԧɡ ɨɣɵɧɵң ɠɨɛɚɫɵɧ ɬɚԕɬɚɞɚ ɧɟɦɟɫɟ 
ɦɚɣɥɵԕɬɚ ɠɚɡɞɵ ɞɟɥіɤ. Ȼіɪɚԕ ɦԝɧɞɚɣ ɠɚԕɵɧɞɚɫɭ ɠɚғɵɦɫɵɡ ɥɚң ɬɭғɵɡɭɵ ɦԛɦɤіɧ. 
Ȼіɪіɧɲіɞɟɧ, ɤɨɧɰɟɩɰɢɹɥɵԕ ɦɨɞɟɥɶɝɟ ԕɚɬɵɫɬɵ ɫɵɥɬɚɭɥɚɪ ɛɨɣɵɧɲɚ ɨɣ 
ɚɥɦɚɫɭɥɚɪғɚ ԕɚɬɵɫɚɬɵɧ ɩіɤіɪɬɚɥɚɫɬɵң ԕɚɬɵɫɭɲɵɥɚɪɵ ɛіɪ ɬіɥɞɟ ɫԧɣɥɟɫɟɬіɧ ɤɟɡɞɟ 
ғɚɧɚ ɦԛɦɤіɧ ɛɨɥɚɞɵ. ɀɨɛɚɥɚɪɞɚ ɠɚɫɚɭ ɤɟɡіɧɞɟ ɤɨɦɩɚɧɢɹɥɚɪ ɫԧɡɞɟɪіɧің ɬіɥіɧ 
ɠɚңɚɥɵԕ ɟɫɟɛіɧɞɟ ɚɲɭɵ ɬɢіɫ ɛɨɥɚɬɵɧɞɵғɵ ɟɪɟɠɟ ɫɢɹԕɬɵ ɛɨɥɵɩ ɤɟɬɤɟɧ. 

Ȼɚғɞɚɪɥɚɦɚɥɵԕ ԕԝɪɚɥɞɚɪɞɵ ɲɵғɚɪɚɬɵɧ ɤɨɦɩɚɧɢɹ, ɨɪɵɧɞɚɥɚɬɵɧ ɤɨɞɩɟɧ 
ԕɚɬɚɪ ɛɚɫԕɚ ɞɚ ɚɪɬɟɮɚɤɬіɥɟɪɞі ɲɵғɚɪɚɞɵ, ɫɨɧɵңіɲіɧɞɟ ɤɟɥɟɫіɞɟɝіɥɟɪɞі: 

– ɠԛɣɟɝɟ ԕɨɣɵɥɚɬɵɧ ɬɚɥɚɩɬɚɪ;  
– ɚɪɯɢɬɟɤɬɭɪɚ; 
– ɠɨɛɚ; 
– ɛɚɫɬɚɩԕɵ ɤɨɞ; 
– ɠɨɛɚɥɚɭ ɠɨɫɩɚɪɥɚɪɵ;  
– ɬɟɫɬɬɟɪ; 
– ɩɪɨɬɨɬɢɩ; 
– ɛɨɥɠɚɦ ɧԝɫԕɚɦɚɥɚɪɵ, ɠԥɧɟ ɬ.ɛ. 
Ԧңɞɟɭ ɠԧɧіɧɞɟ ԕɚɛɵɥɞɚɧғɚɧ ԥɞіɫɬɟɦɟɝɟ ɛɚɣɥɚɧɵɫɫɵɡ ɛіɪ ɠԝɦɵɫɬɵ 

ɨɪɵɧɞɚɭ ɛɚɫԕɚɥɚɪғɚ ԕɚɪɚғɚɧɞɚ ɪɟɫɦɢіɪɟɤ ɠԛɪɝіɡіɥɟɞі.Ⱥɣɬɵɥғɚɧ ɚɪɬɟɮɚɤɬіɥɟɪ -ɛԝɥ 
ɠɨɛɚɧɵң ԕԝɪɚɦɚɥɵ ɛԧɥіɝіɧің ɠɟɬɤіɡɭɲіɥɟɪі ғɚɧɚ ɟɦɟɫ, ɨɥɚɪ ɛɚɫԕɚɪɭ ԛɲіɧ, 
ɧԥɬɢɠɟɧі ɛɚғɚɥɚɭ ԛɲіɧ, ɫɨɧɞɚɣ-ɚԕ ɠԛɣɟɧі ɠɚɫɚɭ ɠԥɧɟ ɨғɚɧ ԧɪɛіɬɭ ɠɚɫɚɩ ɛɨɥғɚɧ 
ɫɨңғɵ ɭɚԕɵɬɬɚ ԝɠɵɦ ɦԛɲɟɥɟɪі ɚɪɚɫɵɧɞɚғɵ ԕɚɪɵɦ-ԕɚɬɵɧɚɫ ԕԝɪɚɥɵ ɟɫɟɛіɧɞɟ 
ԕɚɠɟɬ. UML ɠԛɣɟɥіɤ ɚɪɯɢɬɟɤɬɭɪɚɧɵ ɠԥɧɟ ɛɚɪɥɵԕ ɨɧɵң ɛԧɥɲɟɤɬɟɪіɧ 
ԕԝɠɚɬɬɚɧɞɵɪɭ ɠԧɧіɧɞɟɝі ɩɪɨɛɥɟɦɚɧɵ ɲɟɲɭɝɟ ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі, ɀԛɣɟɝɟ 
ԕɨɣɵɥɚɬɵɧ ɬɚɥɚɩɬɚɪɞɵ ɬԝɠɵɪɵɦɞɚɭ ɠԥɧɟ ɬɟɫɬɬɟɪɞі ɚɧɵԕɬɚɭ ԛɲіɧ ɬіɥɞі ԝɫɵɧɚɞɵ, 
ɠԥɧɟ ɫɨңɵɧɞɚ ɠɨɛɚɧɵ ɠɨɫɩɚɪɥɚɭ ɠԥɧɟ ɛɨɥɠɚɦɞɚɪɞɵ ɛɚɫԕɚɪɭ ɤɟɡɟңіɧɞɟ 
ɠԝɦɵɫɬɚɪɞɵ ɦɨɞɟɥɶɞɟɧɞіɪɭ ԛɲіɧ ԕԝɪɚɥɞɚɪɞɵ ԝɫɵɧɚɞɵ. UML ɬіɥі ɛіɪіɧɲіɞɟɧ 
ɛɚғɞɚɪɥɚɦɚɥɵԕ ɠԛɣɟɥɟɪɞі ɠɚɫɚɭғɚ ɚɪɧɚɥғɚɧ[21]. 

UML ԕɨɥɞɚɧɭ ɚɹɫɵ ɛɚғɞɚɪɥɚɦɚɥɵԕ ԕɚɦɬɚɦɚɫɵɡ ɟɬɭɞі ɦɨɞɟɥɶɞɟɧɞіɪɭɦɟɧ 
ɲɟɤɬɟɥɦɟɣɞі. Ɉɧɵң ɦԥɧɟɪɥіɥіɝі ɡɚң ɠԛɣɟɫіɧɞɟɝі ԕԝɠɚɬɬɚɧɞɵɪɭ ɚɣɧɚɥɵɦɵɧ, 
ɚɭɪɭɯɚɧɚɥɚɪɞɚғɵ ɟɦɞɟɥɭɲіɥɟɪɝɟ ԕɵɡɦɟɬ ɤԧɪɫɟɬɭ ɠԛɣɟɫіɧің ԕԝɪɵɥɵɦɵɧ ɠԥɧɟ 
ԕɵɡɦɟɬ ɤԧɪɫɟɬɭіɧ, ɚɩɩɚɪɚɬ ԕԝɪɚɥɞɚɪɵɧɚ ɠɨɛɚɥɚɭ ɠɚɫɚɭɞɵ ɦɨɞɟɥɶɞɟɧɞіɪɭɝɟ 
ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі. UML ɠɚɫɚɭɞɚ ɛɚɫɬɵ ɛɨɥɵɩ ɤɟɥɟɫіɞɟɝі ɦɚԕɫɚɬɬɚɪ ɬɚɧɵɥғɚɧ: 

– ɩɚɣɞɚɥɚɧɭɲɵɥɚɪғɚ ɦɚғɵɧɚɥɵ ɦɨɞɟɥɶɞɟɪɞі ɠɚɫɚɭғɚ ɠԥɧɟ ɨɥɚɪɦɟɧ 
ɚɥɦɚɫɭғɚ ɦԛɦɤіɧɞіɤ ɛɟɪɟɬіɧ, ɦɨɞɟɥɶɞɟɧɞіɪɭɞі ɤԧɪɫɟɬɭɲіɥіɤɬің ɦԥɧɟɪɥі ɬіɥіɧ 
ԕɨɥɞɚɧɭғɚ ɞɚɣɵɧ ɟɬіɩ ԝɫɵɧɭ; 

– ɛɚɡɚɥɵԕ ɬԝɠɵɪɵɦɞɚɦɚɧɵ ɤɟңɟɣɬɭ ԛɲіɧ ɤɟңɟɣɬɭ ɠԥɧɟ ɦɚɦɚɧɞɚɧɞɵɪɭ 
ɦɟɯɚɧɢɡɦɞɟɪіɧ ԕɚɪɚɫɬɵɪɭ; 
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– ɛɚғɞɚɪɥɚɦɚɥɚɧɞɵɪɭɞɵң ɧɚԕɬɵ ɬіɥɞɟɪіɧɟɧ ɠԥɧɟ ɠɚɫɚɭ ɩɪɨɰɟɫɬɟɪіɧɟɧ 
ɬԥɭɟɥɫіɡ ɛɨɥɭɵɧ ԕɚɦɬɚɦɚɫɵɡ ɟɬɭ; 

– ɦɨɞɟɥɶɞɟɧɞіɪɭɞің ɨɫɵ ɬіɥіɧ ɬԛɫіɧɭ ԛɲіɧ ɮɨɪɦɚɥɶɞɵ ɧɟɝіɡіɧ ԕɚɦɬɚɦɚɫɵɡ 
ɟɬɭ. 

UML ɩɚɬɟɧɬɬɟɥɝɟɧ ԕԝɪɚɥ ɛɨɥɵɩ ɬɚɛɵɥɦɚɣɞɵ ɠԥɧɟ ɛɚɪɥɵғɵ ԛɲіɧ ɚɲɵԕ. Ɉɥ 
ԧɡі ɧɟɝіɡɞɟɥіɩ ɠɚɫɚɥғɚɧ ԥɞіɫɬɟɪɞі ɩɚɣɞɚɥɚɧɭɞɵң ɬԥɠіɪɢɛɟ ɠԛɡіɧɞɟ ɪɚɫɬɚɥғɚɧ 
ғɵɥɵɦɢ ԕɨғɚɦɞɚɫɬɵԕɬɚɪɵ ɦɟɧ ɬԝɬɵɧɭɲɵɥɚɪɵɧɵң ԕɚɠɟɬɬіɥіɝіɧ ԕɚɧɚғɚɬɬɚɧɞɵɪɭ 
ԛɲіɧ ɬɚғɚɣɵɧɞɚɥғɚɧ. Ɇɟɬɨɞɨɥɨɝɢɹ ɛɨɣɵɧɲɚ ɤԧɩɬɟɝɟɧ ɦɚɦɚɧɞɚɪ, ԝɣɵɦɞɚɪ ɠԥɧɟ 
ɢɧɫɬɪɭɦɟɧɬɚɥɞɵ ԕԝɪɚɥ-ɠɚɛɞɵԕɬɚɪɞɵ ɬɚɫɵɦɚɥɞɚɭɲɵɥɚɪ ɛԝɥ ɬіɥɞі ɩɚɣɞɚɥɚɧɚɦɵɡ 
ɞɟɩ ɦіɧɞɟɬɬɟɦɟ ɚɥғɚɧ. UML Ȼɭɱɬɵң, ɈɆɌ, OOSE ԥɞіɫɬɟɦɟɥɟɪіɧɞɟ ɠԥɧɟ ɛɚɫԕɚ ɞɚ 
ɨɡɵԕ ԥɞіɫɬɟɪіɧɞɟ ɩɚɣɞɚɥɚɧɵɥɭɵ ɫɢɹԕɬɵ, ɫɨɧɞɚɣ-ɚԕ UML ɠԥɧɟ ɤɟң ԕɚɭɵɦɞɚɫɬɵԕ 
ɫɟɪіɤɬɟɫɬɟɪіɧің ԝɫɵɧɵɫɬɚɪɵɧ ɟɧɝіɡɟɬіɧɞіɤɬɟɧ, ɫɟɦɚɧɬɢɤɚɧɵң ɠԥɧɟ ɧɨɬɚɰɢɹɧɵң 
ɧɟɝіɡіɧɞɟ ԕԝɪɵɥғɚɧɞɵԕɬɚɧ ɛԝɥ ɬіɥɞі ɦɨɣɵɧɞɚɩ, ԕɚɞіɪɥɟɭ ɤɟң, ɠɚɪɚɬɵɧɞɵ ɬԛɪɞɟ 
ɛɨɥɭɵ ɬɢіɫ. 

UML ɚɬɚɭɵɧɞɚғɵ «ɛіɪɵңғɚɣɥɚɭ» ɷɩɢɬɟɬіɧің ɟɤі ɚɫɩɟɤɬіɫі ɛɚɪ. Ȼіɪіɧɲіɞɟɧ, 
ɨɥ ɦɨɞɟɥɶɞɟɧɞіɪɭɞің ɟɪɬɟɪɟɤɬɟɝі ԥɞіɫɬɟɪіɧің ɬіɥɞɟɪі ɚɪɚɫɵɧɞɚғɵ ɦɚңɵɡɞɵ ɟɦɟɫ 
ɤԧɩɬɟɝɟɧ ɟɪɟɤɲɟɥіɤɬɟɪɞі іɫ ɠԛɡіɧɞɟ ɠɨԕԕɚ ɲɵғɚɪɚɞɵ. ȿɤіɧɲіɞɟɧ, ɦԛɦɤіɧ ɚɫɚ 
ɟɪɟɤɲɟ ɲɵғɚɪ, ɨɥ ɠԛɣɟɥɟɪɞің ɤԧɩɬɟɝɟɧ ɬԛɪɥі ɬԛɪɥɟɪіɧің ɛɨɥɚɲɚғɵɧ, ɠɚɫɚɭ 
ɮɚɡɚɥɚɪɵɧ (ɬɚɥɚɩɬɚɪɞɵ ɬɚɥɞɚɭ, ɠɨɛɚɥɚɭ ɠԥɧɟ іɫɤɟ ɚɫɵɪɭ) ɠԥɧɟ іɲɤі 
ɬԝɠɵɪɵɦɞɚɪɞɵ ɛіɪɵңғɚɣɥɚɫɬɵɪɚɞɵ (ɨɥɚɪɦɟɧ ɛɚɣɥɚɧɵɫɬɵ ɛɚғɞɚɪɥɚɦɚɥɵԕ 
ԕɚɦɬɚɦɚɫɵɡ ɟɬɭɞі ɟɦɟɫ, ɛɢɡɧɟɫɬі). 

Ⱦɟɝɟɧɦɟɧ, UML ɧɚԕɬɵ ɬіɥɞі ɚɧɵԕɬɚɫɚ ɞɚ, ɛԝɥ ɦɨɞɟɥɶɞɟɧɞіɪɭɞің 
ɬԝɠɵɪɵɦɞɚɪɵɧ ɛɨɥɚɲɚԕɬɚ ɠɟɬіɥɞіɪɭ ԛɲіɧ ɬɨɫԕɚɭɵɥ ɛɨɥɚ ɚɥɦɚɣɞɵ. UML ɠɚɫɚɭ 
ɤɟɡіɧɞɟ ɤԧɩɬɟɝɟɧ ɨɡɵԕ ԥɞіɫɬɟɪ ɧɚɡɚɪғɚ ɚɥɵɧғɚɧ ɛɨɥɚɬɵɧ, ɛіɪɚԕ UML ɤɟɥɟɲɟɤɬɟɝі 
ɛɨɥɠɚɦɵɧɚ ԧɡɝɟ ɞɟ ԥɞіɫɬɟɪ ԧɡ ɵԕɩɚɥɵɧ ɬɢɝіɡɟɬіɧ ɛɨɥɚɞɵ. 

ɋɨɧɵɦɟɧ ԕɚɬɚɪ, UML ɧɟɝіɡіɧɞɟ ɠɚңɚ ɩɟɪɫɩɟɤɬɢɜɚɥɵԕ (ɛɨɥɚɲɚԕ) ԥɞіɫɬɟɪ 
ɚɧɵԕɬɚɥɭɵ ɦԛɦɤіɧ. UML ɨɧɵң ԝɣɵɬԕɵɫɵɧ ԕɚɣɬɚ ɚɧɵԕɬɚɦɚɫɬɚɧ ɚɤ ɤɟңɟɣɬіɥɭі 
ɦԛɦɤіɧ. Ɉɛɴɟɤɬіɥіɤ ɬɟɯɧɨɥɨɝɢɹɥɚɪɞɵ ɞɚɦɵɬɭɞɚ 1989 ɠɵɥɵ ԕԝɪɵɥғɚɧ Object 
Management Group (OMG) ɤɨɧɫɨɪɰɢɭɦɵɧɵң ԕԝɪɵɥɭɵ ɛɚɫɬɵ ɧɟɝіɡ ɛɨɥɵɩ ɨɬɵɪ, 
ɨɧɵң ɦɚԕɫɚɬɵ - ɢɧɬɟɪɨɩɟɪɚɥɶɞɵ ɛіɪɬɟɤɬі ɟɦɟɫ ɛԧɥіɧɝɟɧ ɨɛɴɟɤɬіɥіɤ ɨɪɬɚɥɚɪɞɵ 
ԕԝɪɭ ԛɲіɧ ɢɧɞɭɫɬɪɢɚɥɞɵ ɫɬɚɧɞɚɪɬɬɚɪɞɵ ɠɚɫɚɭ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ.  

Ɉɫɵ ɦɚԕɫɚɬɬɚ OMG ԕɚɛɵɥɞɚғɚɧ ɤԧɪɫɟɬɤіɲɬɟɪɞің ɧԥɬɢɠɟɫіɧɞɟ 1997 
ɠɵɥɞɵң ԕɵɪɤԛɣɟɤ ɚɣɵɧɞɚ ԕɚɛɵɥɞɚɧғɚɧ ɦɨɞɟɥɶɞɟɧɞіɪɭɞің ɛіɪɵңғɚɣɥɚɧɞɵɪɵɥғɚɧ 
ɬіɥі (UML) ɞɟɩ ɚɬɚɥғɚɧ ɬіɥ ɫɬɚɧɞɚɪɬɵɧɵң ԕɚɛɵɥɞɚɧɭɵ ɛɨɥɞɵ[21]. 

UML ɫɬɚɧɞɚɪɬɵɧɵң ɧɟɝіɡіɧ ɨɛɴɟɤɬіɥіɤ ɬɚɥɞɚɭ ɠԥɧɟ ɠɨɛɚɥɚɭ ɠԧɧіɧɞɟɝі ɚɬɵ 
ԥɣɝіɥі ɬɟɯɧɨɥɨɝɢɹɥɚɪɵɧɵң ԛɲ ɨɣɥɚɪɵɦɟɧ ɠɢɧɚԕɬɚɥғɚɧ Ƚ.Ȼɭɱ, OOSE ɂ.əɤɨɛɫɨɧɚ 
ɠԥɧɟ ɈɆɌ Ⱦ.Ɋɷɦɛɨ ɬɟɯɧɨɥɨɝɢɹɥɚɪɵɧɵң Rational Software ɤɨɦɩɚɧɢɹɥɚɪɵɧɵң 
ԝɫɵɧɵɫɬɚɪɵɧɚ ɛіɪԕɚɬɚɪ іɪі ɤɨɪɩɨɪɚɰɢɹɥɚɪɞɵң ԕɨɥɞɚɭ ɤԧɪɫɟɬɤɟɧɞіɝі ɬɚɛɵɥɞɵ. 
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2.2.1 ɉɪɟɰɟɞɟɧɬɬɟɪ ɞɢɚɝɪɚɦɦɚɫɵ 

 

ȿң ɚɥɞɵɦɟɧ ɩɪɟɰɟɞɟɧɬɬɟɪ ɞɢɚɝɪɚɦɚɫɵɧɚɧ ɛɚɫɬɚɣɵԕ. Ȼԝɥ ɞɢɚɝɪɚɦɦɚɞɚ 
ԕɨɥɞɚɧɭɲɵɧɵң ɛɚғɞɚɪɥɚɦɚɦɟɧ ɠԝɦɵɫ іɫɬɟɭ ɩɪɨɰɟɫɫі ɤԧɪɫɟɬіɥɝɟɧ(2.3-ɫɭɪɟɬ). 

 

 
 

2.3-ɫɭɪɟɬ – ɉɪɟɰɟɞɟɧɬɬɟɪ ɞɢɚɝɪɚɦɦɚɫɵ 
 

Ⱦɢɝɪɚɦɦɚɞɚ ԕɨɥɞɚɧɭɲɵɧɵң ɛɚғɞɚɪɥɚɦɚɧɵ ԕɨɥɞɚɧɭ ɦԛɦɤіɧɞіɤɬɟɪі 
ɤԧɪɫɟɬіɥɝɟɧ. ȿң ɚɥɞɵɦɟɧ ԕɨɥɞɚɧɭɲɵ ɛɚғɞɚɪɥɚɦɚɧɵ іɫɤɟ ԕɨɫɭ ɛɚɪɵɫɵɧɞɚ 
ɛɚғɞɚɪɥɚɦɚ ԕɨɥɞɚɧɭɲɵɞɚɧ ɛɚғɞɚɪɥɚɦɚ ԕɨɥɞɚɧɵɥɵɩ ɨɬɵɪғɚɧ ɞɟɜɚɣɫɬɵң 
ɤɚɦɟɪɚɫɵɧɚ ɪԝԕɫɚɬ ɫԝɪɚɣɞɵ. ȿɝɟɪ ԕɨɥɞɚɧɭɲɵ ɨғɚɧ ɪԝԕɫɚɬ ɛɟɪɦɟɝɟɧ ɠɚғɞɚɣɞɚ 
ɛɚғɞɚɪɥɚɦɚɧɵ ɬɨɥɵԕ ԕɨɥɞɚɧɭғɚ ɦԛɦɤіɧɞіɤ ɛɨɥɦɚɣɞɵ. Ԕɨɥɞɚɧɭ ɤɚɦɟɪɚ ɪԝԕɫɚɬ 
ɛɟɪɝɟɧɧɟɧ ɫɨң ɛɚғɞɚɪɥɚɦɚɧɵң ɛɚɪɥɵԕ ɮɭɧɤɰɢɹɫɵɧɚ ɪԝɫɚɬ ɛɟɪіɥɟɞі. Ȼɚғɞɚɪɥɚɦ 
ԛɣіɪɩɟɬɥі ɧɟɣɪɨɧɞɵԕ ɠɟɥі ɧɟɝіɡіɧɞɟ ɨɛɴɟɤɬіɥɟɪɞі ɬɚɧɭғɚ ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі. 
Ⱦɢɚɝɪɚɦɦɚɞɚɧ ɤԧɪіɩ ɬԝɪғɚɧɵɦɵɡɞɚɣ ɛɚғɞɚɪɥɚɦɚɞɚ ɨɛɴɟɤɬіɥɟɪ ɬіɡіɦіɧ ɤԧɪɭɝɟ 
ɦԛɦɤіɧɞіɤ ɛɚɪ. Ȼԝɥ ɨɛɴɟɤɬіɥɟɪ ɬіɡіɦі ɚɥɞɵɧ ɚɥɚ ԛɣіɪɬɩɟɥі ɧɟɣɪɨɧɞɵԕ ɠɟɥі 
ɧɟɝіɡіɧɞɟ ɨԕɵɬɵɥɵɩ ɞɚɣɵɧɞɚɥɵɩ ɚɥɵɧғɚɧ ɨɛɴɟɤɬіɥɟɪ. ɀԥɧɟ ɞɟ ԕɨɥɞɚɧɭɲɵ 
ɛɚғɞɚɪɥɚɦɵ ɬɭɪɚɥɵ ɚԕɩɚɪɚɬɬɵ ɞɚ ɤԧɪɟ ɚɥɚɞɵ. 

 
2.2.2 Ʉɥɚɫɫɬɚɪ ɞɢɚɝɪɚɦɦɚɫɵ 

 

 
 

2.4-ɫɭɪɟɬ – Ʉɥɚɫɫɬɚɪ ɞɢɝɪɚɦɦɚɫɵ 



50 
 

2.4-ɫɭɪɟɬɬɟ ɛɚғɞɚɪɥɚɦɚɞɚ ԕɨɥɞɚɧɵɥɚɬɵɧ ɤɥɚɫɫɬɚɪ ɞɢɚɝɪɚɦɦɚɫɵ 
ɤԧɪɫɟɬіɥɝɟɧ. Ȼɚғɞɚɪɥɚɦɚɧɵ ɠɨɛɚɥɚɭ ɛɚɪɵɫɵɧɞɚ ɛіɡ ɞɚɣɵɧ ɤіɬɚɩɯɚɧɚɥɚɪɞɚɧ 
ɤԧɩɬɟɝɟɧ ɞɚɣɵɧ ɤɥɚɫɫɬɚɪɞɵ ԕɨɥɞɚɧɚɦɵɡ. Ȼіɪɚԕ ɨɥ ɤɥɚɫɫɬɚɪɞɵң ɠԝɦɵɫ іɫɬɟɭ 
ɨɛɴɟɤɬіɥɟɪі ɦɟɧ ɮɭɧɤɰɢɹɥɚɪɵ ɛɟɥɝіɥі ɛɨɥғɚɧɞɵԕɬɚɧ ɛԝɥ ɠɨɛɚɥɚɭ ɤɟɡɟіңɞɟ ɨɥɚɪғɚ 
ɫɢɩɚɬɬɚɦɚ ɛɟɪɦɟɭɞі ɲɟɲɬіɦ. Ȼԝɥ ɤɟɡɟңɞɟ ɬɟɤ ɠɚңɚɞɚɧ ԕɨɥɞɚɧɵɥɚɬɵɧ ɤɥɚɫɫԕɚ 
ɫɢɩɚɬɬɚɦɚ ɛɟɪіɥɝɟɧ. Ⱦɢɝɪɚɦɦɚɞɚɧ ɤԧɪіɩ ɬԝɪғɚɧɵɦɵɡɞɚɣ ɛіɡ ɤɥɚɫɫɢɮɢɤɚɬɨɪ 
ɤɥɚɫɫɵɧ ԕԝɪɚɦɵɡ. Ȼԝɥ ɤɥɚɫɫ ɛіɡɝɟ ԛɣɪіɬɩɟɥі ɧɟɣɪɨɧɞɵ ɠɟɥі ɧɟɝіɡіɧɞɟ ɨԕɵɬɵɥғɚɧ 
ɨɛɴɟɤɬɟɪ ɤɥɚɫɫɵɦɟɧ ɠԝɦɵɫ іɫɬɟɣɞі. Ɉɫɵ ԕԝɪɵɥғɚɧ ɤɥɚɫɫ ɛіɡɞің 
ɛɚғɞɚɪɥɚɦɚɦɵɡɞɵң ɧɟɝіɡі ɹɞɪɨɫɵ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ȼɚғɞɚɪɥɚɦɚɧɵң ɚɪɵ ԕɚɪɚɣғɵ 
ɠԝɦɵɫ іɫɬɟɭ ɩɪɨɰɟɫɫіɧің ɛɚɪɥɵғɵ ɨɫɵ ɤɥɚɫɫԕɚ ɛɚɣɥɚɧɵɫɬɵ. Ȼіɡɞің 
ɛɚғɞɚɪɥɚɦɚɦɵɡɞɚ. TensorFlow ɬɟɯɧɨɥɨɝɢɹɫɵ ɞɚ 
ԕɨɥɞɚɧɵɥғɚɧɞɵԕɬɚɧ ɛіɡɞің ɤɥɚɫɫɢɮɢɤɚɬɨɪ ɤɥɚɫɫɵɦɟɧ ɬɵғɵɡ ɛɚɣɥɚɧɵɫɬɵ.  

 
2.2.3 Ɋɟɬɬіɥіɤ ɞɢɚɝɪɚɦɦɚɫɵ 

 

 
 

2.5 - ɫɭɪɟɬ – Ɋɟɬɬіɥіɤ ɞɢɚɝɪɚɦɦɚɫɵ 
 
Ɋɟɬɬіɥіɤ ɞɢɚɝɪɚɦɦɚɫɵɧɞɚ ԕɨɥɞɚɧɭɲɵɧɵң ɛɚғɞɚɪɥɚɦɚɦɟɧ ɠԝɦɵɫ іɫɬɟɭ 

ԥɪɤɟɬɬɟɪіɧің ɤɟɡɟɝі ɤԧɪɫɟɬіɥɝɟɧ. Ⱦɢɚɝɪɚɦɦɚғɚ ԕɚɪɚɫɚԕ ɟң ɚɥɞɵɦɟɧ ԕɨɥɞɚɧɭɲɵ 
ɛɚғɞɚɪɥɚɦɚɧɵ іɫɤɟ ԕɨɫɚɞɵ. Ȼɚғɞɚɪɥɚɦɚ ԕɨɥɞɚɧɭɲɵɞɚɧ ɞɟɜɚɣɫ ɤɚɦɟɪɚɫɵɧɚ ɪԝԕɫɚɬ 
ɫԝɪɚɣɞɵ. Ɋԝԕɫɚɬ ɛɟɪіɥɝɟɧ ɠɚғɞɚɣɞɚ ɛɚғɞɚɪɥɚɦɚ ɚɪɵ ԕɚɪɚɣ ԧɡ ɠԝɦɵɫɵɧ ɠɚɫɚɣɞɵ. 
ȿɝɟɪ ɪԝԕɫɚɬ ɛɟɪіɥɦɟɝɟɧ ɠɚғɞɚɣɞɚ ɛɚғɞɚɪɥɚɦɚ ɬɨɥɵԕ ɮɭɧɤɰɢɧɚɥɞɵ ɛɨɥɵɩ ɠԝɦɵɫ 
ɠɚɫɚɦɚɣɞɵ. Ʉɚɦɟɪɚ ɪԝԕɫɚɬ ɛɟɪіɥɝɟɧ ɫɨң, ԕɨɥɞɚɧɭɲɵ ɛɚғɞɚɪɚɦɚɧɵ ԕɨɥɞɚɧɭɵɧɚ 
ɦԛɦɤіɧɞіɤ ɚɥɚɞɵ. Ȼɚғɞɚɪɥɚɦɚɧɵ ԕɨɥɞɚɧɭ ɛɚɪɵɫɵɧɞɚ ɛɚғɞɚɪɥɚɦɚ ԕɨɥɞɚɧɭɲɵ 
ɤԧɪɫɟɬɤɟɧ ɨɛɴɟɤɬіɧі ɫɭɪɟɬɤɟ ɬԛɫіɪіɩ ɨɧɵ ɞɟɪɟɤɬɟɪ ԕɨɪɵɧɞɚғɵ ɨɛɴɟɤɬіɥɟɪɦɟɧ 
ɫɚɥɵɫɵɬɵɪɵɩ ԕɨɥɞɚɧɭɲɵғɚ ɨɥ ɨɛɴɟɤɬ ɞɟɪɟɤɬɟɪ ԕɨɪɵɧɞɚ ɛɨɥɫɚ ɨɥ ɬɭɪɚɥɵ ɬɨɥɵԕ 
ɚԕɩɚɪɚɬɬɵ ɲɵғɚɪɵɩ ɛɟɪɟɞі. ȿɝɟɪ ɛɨɥɦɚғɚɧ ɠɚғɞɚɣɞɚ ԕɚɬɟ ɧɟ ɛɨɥɦɚɫɚ ɨɥ ɨɛɴɟɤɬ 
ɬɭɪɚɥɵ ɠɚɥғɚɧ ɚԕɩɚɪɚɬ ɲɵғɭɵ ɦԛɦɤіɧ. 
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2.2.4 Ʉɨɦɩɨɧɟɬɬɟɪ ɞɢɚɝɪɚɦɦɚɫɵ 

 

 
 

2.6 - ɫɭɪɟɬ – Ʉɨɦɩɨɧɟɬɬɟɪ ɞɢɚɝɪɚɦɦɚɫɵ 
 

Ʉɨɦɩɨɧɟɧɬɬɟɪ ɞɢɚɝɪɚɦɦɚɫɵɧɞɚ ɛіɡɞің ɛɚғɞɚɪɥɚɦɚɦɵɡɞɚ ɛɚɪ ɤɨɦɩɨɧɟɧɬɬɟɪ 
ɤԧɪɫɟɬіɥɝɟɧ. Ȼɚғɞɚɪɥɚɦɚ ɢɧɬɟɪɮɟɣɫі 3 ɤɨɦɩɨɧɟɧɬɬɟɧ ɬԝɪɚɞɵ. 1-ɲі ɨɥ ɨɛɴɟɤɬіɥɟɪ 
ɬіɡіɦі, ɹғɧɢ ɛіɡɞің ɛɚғɞɚɪɥɚɦɚɦɵɡɞɵң ɞɟɪɟɤɬɟɪ ԕɨɪɵɧɞɚғɵ ɨɛɴɟɤɬіɥɟɪ ɬіɡіɦі. 2-ɲі 
ɛɚғɞɚɪɥɚɦɚ ɬɭɪɚɥɵ ɚԕɩɚɪɚɬ. 3-ɲі ɛɚғɞɚɪɥɚɦɚ ɹɞɪɨɫɵ, ɹғɧɢ ɤɥɚɫɫɢɮɢɤɚɬɨɪ 
ɨɛɴɟɤɬіɧі ɚɧɵԕɬɚɭ ɬɟɪɟɡɟɫі. 
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3 Ȼɚғɞɚɪɥɚɦɚɧɵ іɫɤɟ ɚɫɵɪɭ 

 

3.1 Ȼɚғɞɚɪɥɚɦɚ ɢɧɬɟɪɮɟɣɫі 
 

Ȼɚғɞɚɪɦɥɚɦɚɧɵ ɫɦɚɪɬɮɨɧɧɚɧ іɫɤɟ ԕɨɫԕɚɧɧɚɧ ɤɟɣіɧ ɛɚғɞɚɪɥɦɚ ɢɧɬɟɪɮɟɣɫі 
ɬԧɦɟɧɞɟɝіɞɟɣ ɛɨɥɚɞɵ(3.1-ɫɭɪɟɬ). 

 

 
 

3.1 - ɫɭɪɟɬ – Ȼɚғɞɚɪɥɚɦɚ ɢɧɬɟɪɮɟɣɫі 
 
ɋɭɪɟɬɬɟ ɤԧɪіɩ ɬԝɪғɚɧɵɦɵɡɞɚɣ ɛɚғɞɚɪɥɚɦɚ 3 ɤɨɦɩɨɧɟɧɬɬɟɧ ɬԝɪɚɞɵ: 
– OBEKTTER TIZIMI; 
– ANYQTAP TANY; 
– BAGDARLAMA TYRALY. 
ȿɧɞі ɨɫɵ ɤɨɦɩɨɧɟɧɬɬɟɪɝɟ ɠɟɤɟ-ɠɟɤɟ ɬɨԕɬɚɥɵɩ ԧɬɟɣіɤ. 
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3.1.1. OBEKTTER TIZIMI 

 

 
 

3.2 - ɫɭɪɟɬ – OBEKTTER TIZIMI 
 
3.2-ɫɭɪɟɬɬɟ ɛɚғɞɚɪɚɥɦɚ іɲіɧɞɟ ɛɚɪ ɨɛɴɟɤɬɬɟɪ ɬіɡіɦі ɤԧɪɫɟɬіɥɝɟɧ. əғɧɢ, 

ԕɚɡіɪɝі ɤɟɡɞɟɝі ɛɚғɞɚɪɥɚɦɚ ɚɧɵԕɬɚɣ ɚɥɚɬɵɧ ɨɛɴɟɤɬіɥɟɪ ɬіɡіɦі. Ȼԝɥ ɬіɡіɦ ԥɡіɪɲɟ 10 
ɨɛɴɟɤɬіɞɟɧ ɬԝɪɚɞɵ. Ɉɧɵ ɫԝɪɚɧɵɫԕɚ ɛɚɣɥɚɧɵɫɬɵ ɚɪɬɬɵɪɵɩ ɨɬɵɪɭғɚ ɛɨɥɚɞɵ 

 
3.1.2. ANYQTAP TANY 

 
3.3-ɫɭɪɟɬɬɟ ɛɚғɞɚɪɥɚɦɚ ɠԝɦɵɫ іɫɬɟɭ ɛɚɪɵɫɵ ɤԧɪɫɟɬіɥɝɟɧ. ɋɭɪɟɬɬɟ 

ɛɚғɞɚɪɥɚɦɚ ɤԧɡіɥɞіɪіɤɬі ɬɚɭɵɩ ɨɧɵ ɚɧɵԕɬɚғɚɧɚ ɛɟɣɧɟɥɟɧɝɟɧ. 
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3.3-ɫɭɪɟɬ – ANYQTAP TANY 
 
3.1.3. BAGDARLAMA TYRALY 

 

Ȼԝɥ ɬɟɪɟɡɟ ɚɪԕɵɥɵ ԕɨɥɞɚɧɭ ɛɚғɞɚɪɥɚɦɚ ɬɭɪɚɥɵ ɬɨɥɵԕ ɚԕɩɚɪɚɬɬɵ ɚɥɚ 
ɚɥɚɞɵ(3.4-ɫɭɪɟɬ). 

 

 
 

3.4-ɫɭɪɟɬ – BAGDARLAMA TYRALY 
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3.2 Ȼɚғɞɚɪɥɚɦɚ ɚɪԕɵɥɵ ɠԛɪɝіɡіɥɝɟɧ ɡɟɪɬɬɟɭɥɟɪ. 
 

Ȼɚғɞɚɪɥɚɦɧɵң ɨɛɴɟɤɬіɥɟɪɞі ɬɚɧɭ ɠԥɧɟ ɚɧɵԕɬɚɭ ɞԥɥɞіɝіɟɧ ɬɟɤɫɟɪɭ 
ɛɚɪɵɫɵɧɞɚ ɛіɪɧɟɲɟ ɨɛɴɟɤɬіɥɟɪɦɟɧ ɡɟɪɬɬɟɭɥɟɪ ɠԛɪɝіɡіɥɞі. Ɉɧɵң ɧԥɬɢɠɟɫі 
ɬԧɦɟɧɞɟɝі ɤɟɫɬɟɞɟ ɤԧɪɫɟɬіɥɝɟɧ(3.1-ɤɟɫɬɟ). 

 
3.1-ɤɟɫɬɟ – Ɍԥɠіɪɛɢɟ ɧԥɬɢɠɟɥɟɪі 

№ Ɉɛɴɟɤɬ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

1 Ʉԧɡіɥɞіɪіɤ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 
2 ɇɨɭɬɛɭɤ 1 1 1 1 1 1 1 1 0 1 1 0 1 1 1 1 1 1 0 1 
3 Ȼԧɬɟɥɤɟ 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

 
Ʉɟɫɬɟɞɟɝі ɚɥɵɧғɚɧ ɚԕɩɚɪɚɬɬɚɪ ɛɨɣɵɧɲɚ ɛɚғɞɚɪɥɚɦɚɧɵң ԥɪɛіɪ ɨɛɴɟɤɬ ԛɲіɧ 

ɞԥɥіɞіɝіɧ ɬɟɤɫɟɪіɩ ɤԧɪɟɣіɤ: 
 
Ʉԧɡіɥɞіɪіɤ ܺ = ͳͲͲ ∗ ͳͻʹͲ = ͻͷ% 

ɇɨɭɬɛɭɤ ܺ = ͳͲͲ ∗ ͳͺʹͲ = ͻͲ% 

Ȼԧɬɟɥɤɟ ܺ = ͳͲͲ ∗ ͳͻʹͲ = ͻͷ% 

 
Ɉɪɬɚɲɚ ɞԥɥɞіɤ: ܺ = ͻͷ + ͻͲ + ͻͷ͵ = ͻ͵,͵͵% 

 
Ȼɚғɞɚɪɥɚɦɚɧɵң ɨɛɴɟɤɬіɥɟɪɞі ɬɚɧɭ ɨɪɬɚɲɚ ɞԥɥіɞіɝі 93,33% ɞɵ ԕԝɪɚɞɵ. 
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4 Эɤɨɧɨɦɢɤɚɥɵԕ ɛԧɥіɦ 

 

4.1  Ȼɚғɞɚɪɥɚɦɚɥɵԕ ԕɚɦɬɚɦɚɫɵɡ ɟɬɭɞі ԥɡіɪɥɟɭɞің ɟңɛɟɤ 
ɫɵɣɵɦɞɵɥɵғɵɧ ɟɫɟɩɬɟɭ 

 
4.1-ɤɟɫɬɟ - ɀԝɦɵɫɬɚɪɞɵ ɤɟɡɟңɞɟɪ ɦɟɧ ɬԛɪɥɟɪ ɛɨɣɵɧɲɚ ɛԧɥɭ ɠԥɧɟ ɨɥɚɪɞɵң 

ɟңɛɟɤ ɫɵɣɵɦɞɵɥɵғɵɧ ɛɚғɚɥɚɭ 
ȻԦ ԥɡіɪɥɟɭ 
ɤɟɡɟңɞɟɪі 

ɀԝɦɵɫ ɬԛɪі Ԥɡіɪɥɟɭɞің ɟңɛɟɤ 
ɫɵɣɵɦɞɵɥɵғɵ, 

ɚɞɚɦ× ɫɚғ. 
1 ɤɟɡɟң Ɍɟɯɧɢɤɚɥɵԕ ɬɚɩɫɵɪɦɚɧɵ ԕԝɪɚɫɬɵɪɭ 10 
2 ɤɟɡɟң Ɉɪɵɧɞɚɭ ԛɲіɧ ԕɚɠɟɬɬі ɞɟɪɟɤɬɟɪɞі ɠɢɧɚɭ 15 
3 ɤɟɡɟң Ԕɨɫɵɦɲɚɧɵ ɠɨɛɚɥɚɭ 20 
4 ɤɟɡɟң Ԕɨɫɵɦɲɚ ԛɲіɧ ɛɚɡɚɧɵ ԥɡіɪɥɟɭ 50 
5 ɤɟɡɟң Ԕɨɫɵɦɲɚɧɵң ԕԝɪɵɥɵɦɵɧ ԥɡіɪɥɟɭ 40 
6 ɤɟɡɟң Ȼɚғɞɚɪɥɚɦɚɧɵ ɠɚɡɭ 100 
7 ɤɟɡɟң ɋɵɧɚԕ ɠԛɪɝіɡɭ 70 
8 ɤɟɡɟң ȿɫɟɩ ɠԥɧɟ ɬɚɥɞɚɭ 15 
Ȼɚғɞɚɪɥɚɦɚɥɵԕ ԧɧіɦɞі ɨɪɵɧɞɚɭɞɵң ɟңɛɟɤ ɫɵɣɵɦɞɵɥɵғɵ 320 

 
Ȼɚғɞɚɪɥɚɦɚɥɵԕ ԕɚɦɬɚɦɚɫɵɡ ɟɬɭɞі ԥɡіɪɥɟɭɝɟ ɚɪɧɚɥғɚɧ шɵғɵɧɞɚɪɞɵ 

ɟɫɟɩɬɟɭ. Ȼɚғɞɚɪɥɚɦɚɥɵԕ ԕɚɦɬɚɦɚɫɵɡ ɟɬɭɞі ԥɡіɪɥɟɭɝɟ ɚɪɧɚɥғɚɧ ɲɵғɵɧɞɚɪɞɵ 
ɚɧɵԕɬɚɭ ɬɢіɫɬі ɫɦɟɬɚɧɵ ɠɚɫɚɭ ɠɨɥɵɦɟɧ ɠԛɪɝіɡіɥɟɞі, ɨɥ ɦɵɧɚɞɚɣ ɛɚɩɬɚɪɞɵ 
ԕɚɦɬɢɞɵ: 

– ɦɚɬɟɪɢɚɥɞɵԕ ɲɵғɵɧɞɚɪ; 
– ɟңɛɟɤɤɟ ɚԕɵ ɬԧɥɟɭ ɲɵғɵɧɞɚɪɵ; 
– ԥɥɟɭɦɟɬɬіɤ ɫɚɥɵԕ; 
– ɧɟɝіɡɝі ԕɨɪɥɚɪɞɵң ɚɦɨɪɬɢɡɚɰɢɹɫɵ; 
– ԧɡɝɟ ɞɟ ɲɵғɵɧɞɚɪ. 
 
4.2-ɤɟɫɬɟ - Ɇɚɬɟɪɢɚɥɞɵԕ ɲɵғɵɧɞɚɪ 

Ɇɚɬɟɪɢɚɥɞɵԕ 
ɪɟɫɭɪɫ ɚɬɚɭɵ 

Ԧɥɲɟɦ 
ɛіɪɥіɝі 

ɋɚɧɵ Ȼіɪ ɞɚɧɚғɚ ɲɚԕԕɚɧɞɚғɵ 
ԕԝɧ, ɬɝ 

ɋɨɦɚɫɵ, ɬɝ 

ɇɨɭɬɛɭɤ Asus 
ROG J771  

Ⱦɚɧɚ 1 300000 300000 

ɋɦɚɪɬɮɨɧ 
Samsung A8+ 

Ⱦɚɧɚ 1 150000 150000 

Ɇɚɬɟɪɢɚɥɞɵԕ ɲɵғɵɧ ԕɨɪɵɬɵɧɞɵɫɵ 450000 
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Ⱥɥɦɚɬɵ ԕɚɥɚɫɵ ɛɨɣɵɧɲɚ 2019 ɠɵɥɵ ɡɚңɞɵ ɬԝɥғɚɥɚɪ ԛɲіɧ Ɍɚɪɢɮ ԔԔɋ 
ɟɫɟɛіɦɟɧ 1 ɤȼɬ/ɫ ԛɲіɧ 18,32 ɬɟңɝɟɧі ԕԝɪɚɣɞɵ ("ȺɥɦɚɬɵЭɧɟɪɝɨɋɛɵɬ"ɀɒɋ ɪɟɫɦɢ 
ɫɚɣɬɵɧɞɚ ԝɫɵɧɵɥғɚɧ ɞɟɪɟɤɬɟɪɝɟ ɫԥɣɤɟɫ). ɒɵғɵɧɞɚɪ 3-ɤɟɫɬɟɞɟ ɤԧɪɫɟɬіɥɝɟɧ. 

 
Эɥɟɤɬɪ ɷɧɟɪɝɢɹɫɵɧɚ ɠԝɦɫɚɥɚɬɵɧ ɲɵғɵɧɞɚɪɞɵң ɠɚɥɩɵ ɫɨɦɚɫɵ (ɁЭ) 

ɦɵɧɚɞɚɣ ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ ɟɫɟɩɬɟɥɟɞі: 
 ʖэ ௜௡ܯ∑=

௜=ଵ ∙ ௜ܭ ∙ ௜ܶ ∙ ʥ 

 
(4.1) 

 
ɦԝɧɞɚғɵ, Ɇі – I ɷɥɟɤɬɪ ɠɚɛɞɵғɵɧɵң ɩɚɫɩɨɪɬɬɵԕ ԕɭɚɬɵ, ɤȼɬ; 
                 Ʉі – ɷɥɟɤɬɪ ɠɚɛɞɵғɵɧɵң ԕɭɚɬɵɧ ɩɚɣɞɚɥɚɧɭ ɤɨɷɮɮɢɰɢɟɧɬі 

(Ʉі=0.70.9 ԕɚɛɵɥɞɚɧɚɞɵ); 
                Ɍі – I-ɲі ɠɚɛɞɵԕɬɵң ɛɚɪɥɵԕ ԥɡіɪɥɟɭ ɤɟɡɟңіɧɞɟɝі ɠԝɦɵɫ ɭɚԕɵɬɵ; 
                ɐ – ɷɥɟɤɬɪ ɷɧɟɪɝɢɹɫɵɧɵң ɛɚғɚɫɵ, ɬɝ / ɤȼɬ×ɫɚғ;  
                і – ɷɥɟɤɬɪ ɠɚɛɞɵғɵɧɵң ɬԛɪі; 
                n – ɷɥɟɤɬɪ ɠɚɛɞɵԕɬɚɪɵɧɵң ɫɚɧɵ. 
 
4.3-ɤɟɫɬɟ – Эɥɟɤɬɪɨɷɧɟɪɝɢɹ ɲɵғɵɧɞɚɪɵ 

Ԕԝɪɚɥ-ɠɚɛɞɵԕ 
ɚɬɚɭɵ 

ɉɚɫɩɨɪɬɬɵԕ 
ԕɭɚɬ, ɤȼɬ 

Ԕɨɥɞɚɧɭ 
ԕɭɚɬɵɧɵң 
ɤɨɷɮɢɰɢɟɧ
ɬі 

Ԥɡіɪɥɟɭɝɟ 
ɠԝɦɫɚɥғɚɧ 
ԕԝɪɚɥ-ɠɚɛɞɵԕ 
ɭɚԕɵɬɵ, ɫɚғ. 

Эɥɟɤɬɪɨ
ɷɧɟɪɝɢɹ 
ɛɚғɚɫɵ, 
ɬɝ/ɤȼɬ ɱ 

ɋɨɦɚɫɵ, 
ɬɝ 

ɇɨɭɬɛɭɤ Asus 
ROG J771 

0.8 0.9 250 18,32 4580 

ɋɦɚɪɬɮɨɧ 
Samsung A8+ 

0.6 0.7 70 18,32 1282,4 

Эɥɟɤɬɪɨɷɧɟɪɝɢɹғɚ ɠԝɦɫɚɥғɚɧ ɲɵғɵɧ ԕɨɪɵɬɵɧɞɵɫɵ 5862,4 

 

4.2 Ȼɚғɞɚɪɥɚɦɚɥɵԕ ԕɚɦɬɚɦɚɫɵɡ ɟɬɭɞі ԥɡіɪɥɟɭɝɟ ɚɪɧɚɥғɚɧ шɵғɵɧɞɚɪɞɵ 
ɟɫɟɩɬɟɭ 

 
Android-ԥɡіɪɥɟɭɲіɧің ɨɪɬɚɲɚ ɠɚɥɚԕɵɫɵ 2019 ɠɵɥɵ 200000 ɬɟңɝɟɧі 

ԕԝɪɚɣɞɵ (Ⱥɥɦɚɬɵ ԕɚɥɚɫɵ ԛɲіɧ).  
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Ԕɵɡɦɟɬɤɟɪɞің ɛіɪ ɚɣɞɚғɵ ɠԝɦɵɫ ɫɚғɚɬɬɚɪɵ ɦɵɧɚɞɚɣ ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ 
ɚɧɵԕɬɚɥɚɞɵ: 

 
ɑɦ=Nɦ∙ɑɪɞ , 

 
ɦԝɧɞɚғɵ, ɑɦ – ɛіɪ ɚɣɞɚғɵ ԕɵɡɦɟɬɤɟɪɞің ɠԝɦɵɫ ɫɚғɚɬɵ; 
                 Nɦ – ɛіɪ ɚɣɞɚғɵ ɠԝɦɵɫ ɤԛɧɞɟɪіɧің ɫɚɧɵ(23); 
                 ɑɪ – ɤԛɧɞɟɝі ɠԝɦɵɫ ɫɚғɚɬɬɚɪɵɧɵң ɫɚɧɵ(8). 
 

ɑɦ=23∙8=184 
 

Ԕɵɡɦɟɬɤɟɪɞің ɫɚғɚɬɬɵԕ ɫɬɚɜɤɚɫɵ ɦɵɧɚɞɚɣ ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ ɟɫɟɩɬɟɥɟɞі: 
 ʦʛ  = Nʛ ∙ ʦ˓ˇ (4.

2) 
 
Android-ԥɡіɪɥɟɭɲі: 
 ʦʠ௜ = ʹͲͲͲͲͲͳͺͶ = ͳͲͺ͸,ͻͷ ˕ˆ 
 
ɦԝɧɞɚғɵ, Ɂɉi – і ԕɵɡɦɟɬɤɟɪɞің ɚɣɥɵԕ ɠɚɥɚԕɵɫɵ, ɬɝɬɝ; 
                 ɎɊȼi – і ԕɵɡɦɟɬɤɟɪɞің ɠԝɦɵɫ ɭɚԕɵɬɵɧɵң ɚɣɥɵԕ ԕɨɪɵ, ɫɚғ. 
 
ȻԦ ԥɡіɪɥɟɭɞің ɟңɛɟɤ ɫɵɣɵɦɞɵɥɵғɵɧ ɚɧɵԕɬɚɭ ԛɲіɧ 1-ɤɟɫɬɟɞɟɝі ɞɟɪɟɤɬɟɪ 

ɩɚɣɞɚɥɚɧɵɥɚɞɵ.  
Android ԥɡіɪɥɟɭɲіɧің ȻԦ ԥɡіɪɥɟɭіɧің ɟңɛɟɤ ɫɵɣɵɦɞɵɥɵғɵ 320 ɚɞɚɦ×ɫɚғ. 

ɬɟɯɧɢɤɚɥɵԕ ɬɚɩɫɵɪɦɚɧɵ ԕԝɪɚɫɬɵɪɭ, ɨɪɵɧɞɚɭ ԛɲіɧ ԕɚɠɟɬɬі ɞɟɪɟɤɬɟɪɞі ɠɢɧɚɭ, 
ԕɨɫɵɦɲɚɥɚɪɞɵ ɠɨɛɚɥɚɭ, ԕɨɫɵɦɲɚɥɚɪ ԛɲіɧ ɞɟɪɟɤɬɟɪ ɛɚɡɚɫɵɧ ԥɡіɪɥɟɭ, 
ԕɨɫɵɦɲɚɥɚɪɞɵң ɫɬɪɭɬɭɪɚɫɵɧ ԥɡіɪɥɟɭ, ԕɨɫɵɦɲɚɥɚɪɞɵ ɠɚɡɭ, ɬɚɥɞɚɭ ɠԥɧɟ ɟɫɟɩ 
ɛɟɪɭ). ʡଵ = ͳͲ + ͳͷ + ʹͲ + ͷͲ + ͶͲ + ͳͲͲ + ͹Ͳ + ͳͷ = ͵ʹͲ 

 
ȿңɛɟɤɚԕɵ ɬԧɥɟɭɝɟ ɠԝɦɫɚɥɚɬɵɧ ɲɵғɵɧɞɚɪɞɵң ɠɚɥɩɵ ɫɨɦɚɫɵ (ɁɌɊ) ɦɵɧɚɞɚɣ 

ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ ɚɧɵԕɬɚɥɚɞɵ: 
 ʖ˕˓  = ∑ ʦʠі ∙ ʡі௡௜=ଵ , (4.3) 

  
ɦԝɧɞɚғɵ, ɑɋі – і ԕɵɡɦɟɬɤɟɪɞің ɫɚғɚɬɬɵԕ ɫɬɚɜɤɚɫɵ, ɬɝ; 
                 Ɍі – ɉɉ ԥɡіɪɥɟɭɞің ɟңɛɟɤ ɫɵɣɵɦɞɵɥɵғɵ, ɚɞɚɦ×ɫɚғ; 
                 I – ԕɵɡɦɟɬɤɟɪɞің ɫɚɧɚɬɵ; 
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                 n – ɉԔ ԥɡіɪɥɟɭɦɟɧ ɚɣɧɚɥɵɫɚɬɵɧ ԕɵɡɦɟɬɤɟɪɥɟɪɞің ɫɚɧɵ. 
 
Android-ԥɡіɪɥɟɭɲі: 
 ʖ˕˓ = ͳͲͺ͸,ͻͷ ∙ ͵ʹͲ = ͵Ͷ͹ͺʹͶ ˕ˆ 
 
4.4-ɤɟɫɬɟ – ȿңɛɟɤ ɚԕɵ ɲɵғɵɧɵ 

Ȼіɥіɤɬіɥіɝі ȻԦ ԥɡіɪɥɟɭɞің ɟңɛɟɤ 
ɫɵɣɵɦɞɵɥɵғɵ, 
ɚɞɚɦ×ɫɚғ 

ɋɚғɚɬɬɵԕ 
ɫɬɚɜɤɚ, 
ɬɝ/ɫɚғ 

ɋɨɦɚɫɵ, ɬɝ 

Android-ԥɡіɪɥɟɭɲі 320 ͳͲͺ͸,ͻͷ 347824 

ȿңɛɟɤ ɚԕɵ ɲɵɧɵɞɚɪɵɧɵң ԕɨɪɵɬɵɧɞɵɫɵ 347824 

 
Ԕɨɫɵɦɲɚ ɟңɛɟɤɚԕɵ: ʖˇˑ˒ = ʖ˕˓ ∙ ͳͲ% ʖˇˑ˒ = ͵Ͷ͹ͺʹͶ ∙ Ͳ,ͳ = ͵Ͷ͹ͺʹ,Ͷ ˕ˆ 
 
ȿңɛɟɤɚԕɵ ԕɨɪɵ: 
 Фˊ˒ = ʖ˕˓.ˑ + ʖˇˑ˒ Фˊ˒ = ͵Ͷ͹ͺʹ͸Ͷ + ͵Ͷ͹ͺʹ,Ͷ = ͵ͺʹ͸Ͳ͸,Ͷ ˕ˆ 
 
Ԥɥɟɭɦɟɬɬіɤ ɫɚɥɵԕɬɵ ɟɫɟɩɬɟɭ: 
 ʜ˔ = ሺФˊ˒ − ʝʞВሻ ∙ ͳͳ% 
 
ɦԝɧɞɚғɵ, ɈɉɁ - ɦіɧɞɟɬɬі ɡɟɣɧɟɬɚԕɵ ɠɚɪɧɚɥɚɪɵ - ɠɚɥɚԕɵ ɠɨɛɚɫɵɧɵң 10%. 
 ʜ˔ = (͵ͺʹ͸Ͳ͸,Ͷ − ሺ͵ͺʹ͸Ͳ͸,Ͷ ∙ Ͳ.ͳሻ) ∙ Ͳ.ͳͳ = ͵͹ͺ͹ͺ,Ͳ͵ ˕ˆ  
4.2.1 ɇɟɝіɡɝі ԕɨɪɥɚɪɞɵң ɚɦɨɪɬɢɡɚɰɢяɫɵɧ ɟɫɟɩɬɟɭ 
 
Ⱥɦɨɪɬɢɡɚɰɢɹɥɵԕ ɚɭɞɚɪɵɦɞɚɪɞɵң ɠɚɥɩɵ ɫɨɦɚɫɵ ɦɵɧɚɞɚɣ ɮɨɪɦɭɥɚ 

ɛɨɣɵɧɲɚ ɚɧɵԕɬɚɥɚɞɵ: 
 ʖАʛ  = ∑ Фі∙ʜАі∙ʡʜʗʟіଵ଴଴∙ʡЭ˗і௡௜=ଵ , (4.4) 



60 
 

 
ɦԝɧɞɚғɵ, Ɏi – ɈɎ ɤԝɧɵ, ɬɝ; 
                 ɇȺi – ɈɎ ɚɦɨɪɬɢɡɚɰɢɹɫɵɧɵң ɠɵɥɞɵԕ ɧɨɪɦɚɫɵ, %; 
                 ɌɇɂɊi – ȻԦ ԥɡіɪɥɟɭɞің ɛɚɪɥɵԕ ɤɟɡɟңіɧɞɟɝі і-ɈɎ ɠԝɦɵɫ ɭɚԕɵɬɵ, 

ɫɚғ.; 
                 ɌЭɮi – і-ɈɎ ɛіɪ ɠɵɥɞɚғɵ ɠԝɦɵɫ ɭɚԕɵɬɵɧɵң ɬɢіɦɞі ԕɨɪɵ, ɫɚғ / 

ɠɵɥ; 
                 i – ɈɎ ɬԛɪі; 
                 n – ɈɎ ɫɚɧɵ. 
 
4.2.2 ɈɎ ɚɦɨɪɬɢɡɚɰɢяɫɵɧɵң ɠɵɥɞɵԕ ɧɨɪɦɚɫɵɧ ɟɫɟɩɬɟɭ 

 

Ԕԝɪɚɥ-ɠɚɛɞɵԕɬɚɪ: 
 ʜАі  = ͳͲͲʡ𝑁і  (4.5) 

 ʜ𝐴௜ = ͳͲͲͶ = ʹͷ 

ɦԝɧɞɚғɵ, ɌNi - ɈɎ ɩɚɣɞɚɥɚɧɭɞɵң ɵԕɬɢɦɚɥ ɦɟɪɡіɦі, ɠɵɥ; 
 
ȻԦ ԥɡіɪɥɟɭ ԛɲіɧ ɠԝɦɵɫ ɭɚԕɵɬɵɧ ɚɧɵԕɬɚɭ ԛɲіɧ 5 ɤɟɫɬɟɞɟɝі ɞɟɪɟɤɬɟɪ 

ɩɚɣɞɚɥɚɧɵɥɚɞɵ. 
ȻԦ ԥɡіɪɥɟɭ ԛɲіɧ Android Studio ɛɨɣɵɧɲɚ ɠԝɦɵɫ ɭɚԕɵɬɵ 100 ɫɚғɚɬɬɵ 

ԕԝɪɚɣɞɵ (ԕɨɫɵɦɲɚɥɚɪɞɵ ɠɚɡɭ). 
Ԕԝɪɚɥ-ɠɚɛɞɵԕɬɚɪ: 
 ʖАʛʜ = ଷ଴଴଴଴଴∙ଶହ∙ଶହ଴ଵ଴଴∙ଵ9ଶ଴ = ͻ͹͸ͷ,͸ʹ ɬɝ 

 ʖАʛʜ = ଵହ଴଴଴଴∙ଶହ∙ଵ଴଴ଵ଴଴∙ଵ9ଶ଴ = ͳͻͷ͵,ʹͷ ɬɝ 

 
4.5-ɤɟɫɬɟ – ɇɟɝіɡɝі ԕɨɪɥɚɪɞɵң ɚɦɨɪɬɢɡɚɰɢɹɫɵ (ɈɎ)  

ȻԔ ɦɟɧ ԕԝɪɚɥ-
ɠɚɛɞɵԕ ɚɬɚɭɵ 

ȻԔ ɦɟɧ 
ԕԝɪɚɥ-
ɠɚɛɞɵԕ 
ԕԝɧɵ, ɬɝ 

ɀɵɥɞɵԕ 
ɚɦɨɪɬɢɡɚɰɢɹ 
ɧɨɪɦɚɫɵ, % 

ɀɚɛɞɵԕɬɵң 
ɠԥɧɟ ȻԔ 
ɠԝɦɵɫ 
ɭɚԕɵɬɵɧɵң 
ɬɢіɦɞі ԕɨɪɵ, 
ɫɚғ / ɠɵɥ 

ȻԦ ԥɡіɪɥɟɭɝɟ 
ɚɪɧɚɥғɚɧ 
ɠɚɛɞɵԕ ɠԥɧɟ 
ȻԔ ɠԝɦɵɫ 
ɭɚԕɵɬɵ, 
ɚɞɚɦ 

ɋɨɦɚɫɵ, 
ɬɝ 

ɇɨɭɬɛɭɤ Asus 300000 25 1920 250 9765,52 
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4.5-ɤɟɫɬɟɧің ɠаɥғаɫы     

ȻԔ ɦɟɧ ԕԝɪɚɥ-
ɠɚɛɞɵԕ ɚɬɚɭɵ 

ȻԔ ɦɟɧ 
ԕԝɪɚɥ-
ɠɚɛɞɵԕ 
ԕԝɧɵ, ɬɝ 

ɀɵɥɞɵԕ 
ɚɦɨɪɬɢɡɚɰɢɹ 
ɧɨɪɦɚɫɵ, % 

ɀɚɛɞɵԕɬɵң 
ɠԥɧɟ ȻԔ 
ɠԝɦɵɫ 
ɭɚԕɵɬɵɧɵң 
ɬɢіɦɞі 
ԕɨɪɵ, ɫɚғ / 
ɠɵɥ 

ȻԦ 
ԥɡіɪɥɟɭɝɟ 
ɚɪɧɚɥғɚɧ 
ɠɚɛɞɵԕ 
ɠԥɧɟ ȻԔ 
ɠԝɦɵɫ 
ɭɚԕɵɬɵ, 
ɚɞɚɦ 

ɋɨ
ɦɚɫɵ, ɬɝ 

ɋɦɚɪɬɮɨɧ 
Samsung A8+ 

150000 25 1920 70 1953,25 

Ԕɨɪɵɬɵɧɞɵ 11715,72 

 
4.6-ɤɟɫɬɟ – ȻԦ ԥɡіɪɥɟɭɝɟ ɚɪɧɚɥғɚɧ ɲɵғɵɧɞɚɪ ɫɦɟɬɚɫɵ 

 

 
 

5.1-ɫɭɪɟɬ – ȻԦ ԥɡіɪɥɟɭɝɟ ɚɪɧɚɥғɚɧ ɲɵғɵɧɞɚɪ ɫɦɟɬɚɫɵ 
 
 

450 000

5862,4

347824

37878,03
11715,72

ȻԦ ԥɡіɪɥɟɭɝɟ ɚɪɧɚɥғɚɧ шɵғɵɧɞɚɪ ɫɦɟɬɚɫɵ

ʺ̌те̛̬̌лдық шығы̦д̬̌

Элект̬ э̦е̬г̛я̭ы̦̌ 
̬̦̌̌лғ̦̌ шығы̦д̬̌

Ең̍ек ̌қы төлеуге ̬̦̌̌лғ̦̌ 
шығы̦д̬̌

Әлеу̥еттік қ̙̌еттілікте̬ге 
̌уд̬̌ы̥д̬̌

ʻегі̚гі қо̬л̬̌дың 
̥̌о̬т̛̌̚ц̛я̭ы

Б̭̌қ̌ шығы̦д̬̌

ɒɵғɵɧ ɚɬɚɭɥɚɪɵ ɋɨɦɚɫɵ, ɬɝ 

1.  Ɇɚɬɟɪɢɚɥɞɵԕ ɲɵғɵɧɞɚɪ 
2. Эɥɟɤɬɪ ɷɧɟɪɝɢɹɫɵɧɚ ɚɪɧɚɥғɚɧ ɲɵғɵɧɞɚɪ 
3.  ȿңɛɟɤ ɚԕɵ ɬԧɥɟɭɝɟ ɚɪɧɚɥғɚɧ ɲɵғɵɧɞɚɪ 
4.  Ԥɥɟɭɦɟɬɬіɤ ԕɚɠɟɬɬіɥіɤɬɟɪɝɟ ɚɭɞɚɪɵɦɞɚɪ 
5.  ɇɟɝіɡɝі ԕɨɪɥɚɪɞɵң ɚɦɨɪɬɢɡɚɰɢɹɫɵ 
6.  Ȼɚɫԕɚ ɲɵғɵɧɞɚɪ 

    450 000 
    ͷͺ͸ʹ,Ͷ 
    ͵Ͷ͹ͺʹͶ 
    ͵͹ͺ͹ͺ,Ͳ͵ 
    11715,72 
          0 

Ԕɨɪɵɬɵɧɞɵ      853279,46 
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4.2.3 ȻԦ ɵԕɬɢɦɚɥ (шɚɪɬɬɵԕ) ɛɚғɚɫɵɧ ɚɧɵԕɬɚɭ 

 

ɒɚɪɬɬɵԕ ɛɚғɚɧɵ ɟɫɟɩɬɟɭ (ɐȾ): 
 ʥˇ = ʖʜʗʟ ∙ ሺͳ + ʟଵ଴଴ሻ, (4.6) 

 
ɦԝɧɞɚғɵ, ɁɇɂɊ - ԥɡіɪɥɟɭɝɟ ɚɪɧɚɥғɚɧ ɲɵғɵɧɞɚɪ ȻԦ (6-ɤɟɫɬɟ), ɬɝ; 
                 Ɋ - ɉɉ ɬɚɛɵɫɬɵɥɵғɵɧɵң ɨɪɬɚɲɚ ɞɟңɝɟɣі - 20% . 
 ʥˇ = ͺͷ͵ʹ͹ͻ,Ͷ͸ + ͳ͹Ͳ͸ͷͷ,ͺͻʹ = ͳͲʹ͵ͻ͵ͷ,͵ͷʹ˕ˆ 
 
2019 ɠɵɥғɚ ԔԔɋ ɫɬɚɜɤɚɫɵ 12% ɦԧɥɲɟɪіɧɞɟ ɛɟɥɝіɥɟɧɝɟɧ. 
ԔԔɋ ɟɫɟɛіɦɟɧ ԧɬɤіɡɭ ɛɚғɚɫɵ ɦɵɧɚɞɚɣ ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ ɟɫɟɩɬɟɥɟɞі: 
 

ɐɪ=ɐɞ + ɐɞ * ɇȾɋ 
 ʥ˓ = ͳͲʹ͵ͻ͵ͷ,͵ͷʹ + ͳͲʹ͵ͻ͵ͷ,͵ͷʹ ∙ Ͳ.ͳʹ = ͳͳͶ͸ͺͲ͹,ͻͶʹͶͷ ɬɝ 

 
4.3 Эɤɨɧɨɦɢɤɚɥɵԕ ɛԧɥіɦ ɛɨɣɵɧшɚ ԕɨɪɵɬɵɧɞɵ 

 
Ԥɡіɪɥɟɧɝɟɧ ԕɨɫɵɦɲɚ ɬԝɬɵɧɭ ɬɚɭɚɪɥɚɪɵɧ ɬɚɧɭ ɩɪɨɰɟɫіɧ ɚɜɬɨɦɚɬɬɚɧɞɵɪɭғɚ 

ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі. Ȼԝɥ ɛԧɥіɦɞɟ ɷɤɨɧɨɦɢɤɚɥɵԕ ɬɢіɦɞіɥіɤ ɬԝɪғɵɫɵɧɚɧ ԥɡіɪɥɟɧɝɟɧ 
ɛɚғɞɚɪɥɚɦɚɥɵԕ ԧɧіɦɝɟ ɬɚɥɞɚɭ ɠɚɫɚɥɞɵ. Ȼɚғɞɚɪɥɚɦɚɥɵԕ ԧɧіɦɞі ɠɚɫɚɭ ɛɨɣɵɧɲɚ 
ɠԝɦɵɫɬɵ ɨɪɵɧɞɚɭ ɦɟɪɡіɦі ɦɟɧ ɟңɛɟɤ ɫɵɣɵɦɞɵɥɵғɵ ɚɧɵԕɬɚɥɞɵ. Ԧɧɞіɪіɥɝɟɧ 
ɟɫɟɩɬɟɭɥɟɪ ɦɟɧ ɤԧɪɫɟɬɤіɲɬɟɪ ɛԝɥ ԧɧіɦɞі ɬԝɬɵɧɭ ɬɚɭɚɪɥɚɪɵɧ ɬɚɧɭɞɵ 
ɚɜɬɨɦɚɬɬɚɧɞɵɪɭ ԛɲіɧ ɫɚɬɭɞɵң ɤԧɩɬɟɝɟɧ ɫɚɥɚɥɚɪɵɧɞɚ ɩɚɣɞɚɥɚɧɭғɚ ɛɨɥɚɞɵ ɞɟɩ 
ɚɣɬɭғɚ ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі.  

Ɉɫɵɥɚɣɲɚ, ԧɬɤіɡɭ ɛɚғɚɫɵ ԔԔɋ ɟɫɟɛіɦɟɧ 1146807,94245 ɬɝ ɬɟң, ԧɡіɧɞіɤ ԕԝɧ 
853279,46 ɬɝ ɬɟң, ɪɟɧɬɚɛɟɥɶɞіɥіɤ(ɩɚɣɞɚ) 170655,892 ɬɝ ɬɟң. 
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5 Ԧɦіɪɬіɪшіɥіɤ ԕɚɭіɩɫіɡɞіɝі 
 

Ⱦɢɩɥɨɦɞɵԕ ɠɨɛɚɧɵң ɬɚԕɵɪɵɛɵ: «Ԛɣіɪɬɩɟɥі ɧɟɣɪɨɧɞɵԕ ɠɟɥіɥɟɪ ɧɟɝіɡіɧɞɟ 
ɛɟɣɧɟɥɟɪɞɟɝі ɬԝɬɵɧɭ ɬɚɭɚɪɥɚɪɵɧ ɚɧɵԕɬɚɭ ɠԥɧɟ ɬɚɧɭ ɛɚғɞɚɪɥɚɦɚɫɵɧ ԥɡіɪɥɟɭ». 
ɀɨɛɚɧɵ ԥɡіɪɥɟɭ ɤɟɡіɧɞɟ ɩɪɨɝɪɚɦɦɢɫɬ ɠԝɦɵɫ ɤɚɛɢɧɟɬіɧɞɟ ɛɨɥɚɞɵ. Ȼԝɥ ɤɚɛɢɧɟɬɬɟ 
ɠԝɦɵɫ ɨɪɧɵɧɵң ɠɟɥɞɟɬɭ, ɲɭ ɠԥɧɟ ɷɪɝɨɧɨɦɢɤɚɫɵ ɬɚɥɚɩɬɚɪғɚ ɫԥɣɤɟɫ ɤɟɥɟɞі. Ⱥɥ 
ɠɚɪɵԕɬɚɧɞɵɪɭ ɠɟɬɤіɥіɤɫіɡ ɛɨɥɞɵ. ɋɨɧɞɵԕɬɚɧ ɞɢɩɥɨɦɞɵԕ ɠɨɛɚɧɵң ɨɫɵ 
ɛԧɥіɦіɧɞɟ ɛԧɥɦɟɧі ɠɚɪɵԕɬɚɧɞɵɪɭɞɵ ɟɫɟɩɬɟɭ ɠԥɧɟ ɩɪɨɝɪɚɦɦɢɫɬ ԛɲіɧ ԕɨɥɚɣɥɵ 
ɠɚғɞɚɣ ɠɚɫɚɭ ɬɭɪɚɥɵ ɲɟɲіɦ ԕɚɛɵɥɞɚɧɞɵ. 

 

5.1 Жɚɪɵԕɬɵ ɟɫɟɩɬɟɭ 

 

Ԥɡіɪɥɟɭɲі ɨɪɧɚɥɚɫԕɚɧ ɠԝɦɵɫ ɤɚɛɢɧɟɬі ԝɡɵɧɞɵғɵ 6 ɦ, ɟɧі 4 ɦ ɠԥɧɟ ɛɢіɤɬіɝі 
3 ɦ., ɛɢіɤɬіɝі 1,4 ɦ, ɬɟɪɟɡɟɧің ɛɚɫɬɚɥɭ ɛɢіɤɬіɝі 0,6 ɦ (5.1-ɫɭɪɟɬ). 

 

 
 

5.1-ɫɭɪɟɬ – Ԥɡіɪɥɟɭɲі ɨɪɧɚɥɚɫԕɚɧ ɠԝɦɵɫ ɤɚɛɢɧɟɬіɧің ɫԝɥɛɚɫɵ 
 
Ȼԝɥ ɛԧɥɦɟɞɟ ɛіɪ ɬɟɪɟɡɟ ɛɚɪ: ɟɧі 2,5 ɦ ɠԥɧɟ ɛɢіɤɬіɝі 1,4 ɦ.ɀɚɪɵԕ 

ɨɣɵԕɬɚɪɵɧɵң ɚɭɞɚɧɵ S=3,5 ɦ2 ɛԧɥɦɟɧі ԕɚɥɵɩɬɵ ɠɚɪɵԕɬɚɧɞɵɪɵɥɭɵ ԛɲіɧ  ɨɫɵ 
ɬɟɪɟɡɟ ɠɟɬɤіɥіɤɬі ɦɚ ɟɤɟɧіɧ ɬɟɤɫɟɪɟɦіɡ. ȿɫɟɩɬɟɭ ɦɵɧɚɞɚɣ ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ 
ɛԛɣіɪɥіɤ ɠɚɪɵԕɬɚɧɞɵɪɭ ɤɟɡіɧɞɟ ɠɚɪɵԕ ɨɣɵԕɬɚɪɵɧɵң ɚɭɞɚɧɵɧ ɚɥɞɵɧ ɚɥɚ 
ɚɧɵԕɬɚɭɞɚɧ ɬԝɪɚɞɵ. 

 ͳͲͲ ܵ଴ܵ௡ = ˈ𝑁ߟˊܭ଴𝜏଴ݎଵ  ˇˊܭ
 

5.1) 

 



64 
 

ɦԝɧɞɚғɵ, ܵ଴ – ɛԛɣіɪɥіɤ ɠɚɪɵԕɬɚɧɞɵɪɭɵ ɛɚɪ ɠɚɪɵԕ ɫɚңɵɥɚɭɥɚɪɵɧɵң 
ɚɥɚңɵ, ɦ2; 

                 ܵ௡ – ɛԧɥɦɟ ɚɭɞɚɧɵ, ɦ2; 
                 ˈː – KEO-ɧɵң ɧɨɪɦɚɥɚɧғɚɧ ɦԥɧі; 
 ԕɚɛɵɥɞɚɧғɚɧ ɠɟңіɥ ɬɚɪɚɬɭɲɵ ɦɚɬɟɪɢɚɥɞɵң ɬіɤ – 1,2 = ˊܭ                 

ɨɪɧɚɥɚɫɭɵɦɟɧ ԕɚɭіɩɫіɡɞіɤ ɤɨɷɮɮɢɰɢɟɧɬі [14]. 
                 𝜏଴ – ɠɚɥɩɵ ԧɬɤіɡɝіɲɬіɝі; 
 ଵ – ɛԧɥɦɟɧің ɛɟɬіɧɟɧ ɠԥɧɟ ғɢɦɚɪɚɬԕɚ іɪɝɟɥɟɫ ɠɚɬԕɚɧ ԕɚɛɚɬɵɧɚɧݎ                 

ɤԧɪіɧɟɬіɧ ɠɚɪɵԕɬɵң ɄЭɈ-ɧің ԧɫɭіɧ ɟɫɤɟɪɟ ɨɬɵɪɵɩ ɚɥɵɧɚɬɵɧ ɤɨɷɮɮɢɰɢɟɧɬ;  
 ғɢɦɚɪɚɬɬɚɪғɚ ԕɚɪɫɵɥɚɫɭ ɚɪԕɵɥɵ ɬɟɪɟɡɟɥɟɪɞің ԕɚɪɚңғɵ – 1 = ˇˊܭ                

ɛɨɥɭɵɧ ɟɫɤɟɪɟ ɨɬɵɪɵɩ ɤɨɷɮɮɢɰɢɟɧɬ [14]. 
ȿɞɟɧ ɚɭɦɚғɵ ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ ɚɧɵԕɬɚɥɚɞɵ: 
  ܵ௡ = ܮ ∗  ܤ

5.2) 
 
Ɉɫɵɥɚɣɲɚ, (4.2) ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ  ɟɞɟɧ ɚɭɞɚɧɵ ɬɟң 
 

L = 6 ɦ, 
B = 4 ɦ, ܵ௡ = ͸ ∗ Ͷ = ʹͶ ˏଶ 

 
Ɍɚɛɢғɢ ɠɚɪɵԕ ɤɨɷɮɮɢɰɢɟɧɬіɧің ɧɨɪɦɚɥɚɧғɚɧ ɦԥɧі ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ 

ɟɫɟɩɬɟɥɟɞі 
 ˈ𝑁 = ˈː ∗ ݉𝑁 (5.3) 
 
ɦԝɧɞɚғɵ, N - ɬɚɛɢғɢ ɠɚɪɵԕɬɵң ɛɨɥɭɵɧɚ ԕɚɪɚɣ ԥɤіɦɲіɥіɤ-ɚɭɦɚԕɬɵԕ 

ɚɣɦɚԕɬɵң ɬɨɩɬɚɪɵɧɵң ɫɚɧɵ; 
           ɛԧɥɦɟ ɠԥɧɟ ɬɚɛɢғɢ ɠɚɪɵԕɬɚɧɞɵɪɭ ɠԛɣɟɫіɧɞɟ ɤԧɪɧɟɤі ɠԝɦɵɫɬɚɪɞɵ 

ɟɪɟɤɲɟɥіɤɬɟɪіɧɟ ԕɚɪɚɣ ɋɇɢɉ 23-05-95 ɚɪԕɵɥɵ ɬɚңɞɚɥɚɬɵɧ ɤɨɷɮɮɢɰɢɟɧɬ ɬɚɛɢғɢ 
ɠɚɪɵԕ, ɹғɧɢ ˈː = 1,5. [14]; 

           ݉𝑁 = 0,65 – ɨңɬԛɫɬіɝіɧɞɟ ɫɵɪɬԕɵ ԕɚɛɵɪғɚɫɵɧɞɚ ɠɚɪɵԕ ɫɚңɵɥɚɭ 
ɬԛɪіɧɟ, ɤԧɤɠɢɟɤ ɠɚғɵɧɚɧ ɨɥɚɪɞɵң ɛɚғɞɚɪ ɠԥɧɟ ɠɟңіɥ ɤɥɢɦɚɬɬɵң ɤɨɷɮɮɢɰɢɟɧɬіɧ 
ԥɤіɦɲіɥіɤ ɚɭɞɚɧɵ ɬɨɛɵ ɫɚɧɵɧɚ ɛɚɣɥɚɧɵɫɬɵ ɤɨɷɮɢɰɢɟɧɬі; 

          (4.3) ɮɨɪɦɭɥɚғɚ ɫԥɣɤɟɫ, ԥɪɬԛɪɥі ɚɭɦɚԕɬɚɪɞɚ ɨɪɧɚɥɚɫԕɚɧ ғɢɦɚɪɚɬɬɚɪ 
ԛɲіɧ ɄȿɈ ˈ𝑁 ɧɨɪɦɚɥɚɧғɚɧ ɦԥɧɞɟɪі ɬɟң: 

 ˈ𝑁 = ˈː ∗ ݉𝑁 = ͳ.ͷ ∗ Ͳ.͸ͷ = Ͳ.ͻ͹ͷ % 
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Ȼіɪ ɠɚԕɬɵ ɠɚɪɵԕɬɚɧɞɵɪɵɥғɚɧ ɛԧɥɦɟɧің ɬɟɪɟңɞіɝі 
 ݈ = ܤ − ͳ = Ͷ − ͳ = ͵ ˏ 
 ଴ ɠɚɪɵԕ ɫɢɩɚɬɬɚɦɚɫɵɧɵң ɦԥɧіɧ ɚɥɭ ԛɲіɧ ɤɟɥɟɫі ԕɚɬɵɧɚɫɬɚɪ ɟɫɟɩɬɟɥɞіߟ 
ܮ݈  = ͸͵ = ʹ 

 ݈ℎ˓˃˔˚ = ݈ሺℎˑˍ + ℎːˑˍሻ − ℎ˓˒ = ͵ሺͲ.͹ + Ͳ.ͺሻ − ͳ = ͸ 

 
ɀɚɪɵԕ ɫɢɩɚɬɬɚɦɚɫɵɧɵң ɦԥɧі ɤɟɫɬɟɞɟɧ  ɚɥɵɧɵɩ ɬɚɫɬɚɥɚɞɵ. Ⱥɥɵɧғɚɧ 

ɦԥɧɞɟɪ ɤɟɫɬɟɞɟɝі ɦԥɧɞɟɪɝɟ ɫԥɣɤɟɫ ɤɟɥɦɟɝɟɧɞіɤɬɟɧ, ɢɧɬɟɪɩɨɥɹɰɢɹ ɠɚɫɚɣɦɵɡ 
ݔ  = ͳ.͵ + ሺͳͷ − ͳ͵ሻ ∗ ሺ͸ − ͷሻ͹,ͷ − ͷ = ͳ͵.ͺ 

଴ߟ  = ͳ͵.ͺ 
 
ɀɚɥɩɵ ɠɚɪɵԕ ԧɬɤіɡɝіɲɬіɤ 𝜏଴  ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ ɚɧɵԕɬɚɥɚɞɵ  
 𝜏଴ = 𝜏ଵ ∗ 𝜏ଶ ∗ 𝜏ଷ ∗ 𝜏ସ  (

5.4) 
 
ɦԝɧɞɚғɵ 𝜏ଵ– ɤɟɫɬɟɝɟ ɫɚɣ ɚɧɵԕɬɚɥғɚɧ ɦɚɬɟɪɢɚɥɞɵ ɠɚɪɵԕ ɛɟɪɭ 

ɤɨɷɮɮɢɰɢɟɧɬі. Ɍɟɪɟɡɟ ɩɚɪɚԕɬɚɪɵ ԛɲіɧ: ɛіɪ, 𝜏ଵ= 0.9; 𝜏ଶ – ɬɟɪɟɡɟɧің ɛɚɣɥɚɧɵɫɬɚɪɵɧɞɚ ɠɚɪɵԕɬɵң ɠɨғɚɥɭɵɧ ɟɫɤɟɪɟ 
ɨɬɵɪɵɩ ɤɨɷɮɮɢɰɢɟɧɬ. Ⱥғɚɲ ɛіɪ ɬɟɪɟɡɟ ɪɚɦɚɥɚɪɵ ԛɲіɧ 𝜏ଶ = 0.75. 𝜏ଷ – ɬіɪɟɤ ɤɨɧɫɬɪɭɤɰɢɹɥɚɪɵɧɞɚғɵ ɠɚɪɵԕ ɠɨғɚɥɭɵɧ ɟɫɟɩɤɟ ɚɥɚ 
ɨɬɵɪɵɩ, ɤɟɫɬɟɝɟ ɫԥɣɤɟɫ ɛԛɣіɪɥіɤ ɠɚɪɵԕɬɚɧɞɵɪɭ 0,8-ɤɟ ɬɟң ɛɨɥғɚɧ ɤɨɷɮɮɢɰɢɟɧɬ; 𝜏ସ = 1 – ɤɟɫɬɟɝɟ ɫɚɣ [14] ɤɟɫɬɟɝɟ ɫԥɣɤɟɫ ɤԛɧ ɫԥɭɥɟɫіɧɟɧ ԕɨɪғɚɣɬɵɧ 
ԕԝɪɵɥғɵɥɚɪɞɚғɵ ɠɚɪɵԕɬɵң ɠɨғɚɥɭɵɧ ɟɫɤɟɪɟ ɨɬɵɪɵɩ ɤɨɷɮɮɢɰɢɟɧɬ. 

 
(5.4) ɮɨɪɦɭɥɚɞɚ ɛɟɥɝіɥі ɦԥɧɞɟɪɦɟɧ ɚɥɦɚɫɬɵɪɚɦɵɡ, 𝜏଴ ɬɚɛɚɦɵɡ: 
 𝜏଴ = 𝜏ଵ ∗ 𝜏ଶ ∗ 𝜏ଷ ∗ 𝜏ସ = Ͳ.ͻ ∗ Ͳ.͹ͷ ∗ Ͳ.ͺ ∗ ͳ = Ͳ.ͷͶ 
 
ɤɟɫɬɟɫіɧɟ ɫԥɣɤɟɫ ɠɚɧɚɦɚ ɠɚɪɵԕɬɚɧɞɵɪɭ ԛɲіɧ  ݎଵ ɤɨɷɮɮɢɰɢɟɧɬіɧ 

ɚɧɵԕɬɚңɵɡ. Ȼԝɥ ԛɲіɧ ɛіɡ: 
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ɛԧɥɦɟɧің ɬɟɪɟңɞіɝіɧ ԥɞɟɬɬɟɝі ɠԝɦɵɫ ɛɟɬіɧің ɞɟңɝɟɣіɧɟɧ ɬɟɪɟɡɟɧің ɠɨғɚɪғɵ 
ɠɚғɵɧɚ ɞɟɣіɧ ԕɚɬɵɧɚɫɵ: 

 ݈ℎ˓˃˔˚ = ͳ͵ = ͸ 

 
ɟɫɟɩɬіɤ ɧԛɤɬɟ ɦɟɧ ɫɵɪɬԕɵ ԕɚɛɵɪғɚ ɚɪɚɫɵɧɞɚғɵ ɛԧɥɦɟɧің ɬɟɪɟңɞіɝіɧɟ ɚɪɚ 

ԕɚɬɵɧɚɫɵ: ݈ܤ = Ͷ͵ = Ͳ.͹ͷ 

ɛԧɥɦɟɧің ԝɡɵɧɞɵғɵɧɚ ɬɟɪɟңɞіɤɤɟ ԕɚɬɵɧɚɫɵ: 
ܮ݈  = ͸͵ = ʹ 

 
Ɍԧɛɟɧің, ԕɚɛɵɪғɚɥɚɪɞɵң ɠԥɧɟ ɟɞɟɧɞің ɨɪɬɚɲɚ ԧɥɲɟɧɝɟɧ ɤɨɷɮɮɢɰɢɟɧɬі 

ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ ɚɧɵԕɬɚɥɚɞɵ 
 𝜌 = 𝜌˒ˑ˕ + 𝜌˔˕ + 𝜌˒ˑˎ͵  

(5.5) 

 
Ɉɫɵɥɚɣɲɚ, ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ (5.5) 
 𝜌 = 𝜌˒ˑ˕ + 𝜌˔˕ + 𝜌˒ˑˎ͵ = ͷͲ + ͵Ͳ + ͳͲ͵ = ͵Ͳ% = Ͳ.͵ 

 
Ⱥɥɵɧғɚɧ ɦԥɧɞɟɪ ɤɟɫɬɟɞɟɝі ɦԥɧɞɟɪɝɟ ɫԥɣɤɟɫ ɤɟɥɦɟɣɬіɧɞіɤɬɟɧ ݎଵ, ɛіɡ 

ɢɧɬɟɪɩɨɥɹɰɢɹ ɠɚɫɚɣɦɵɡ 
 

0.8 – 0.6            0.75 – 0.6 
1.9 – 1.5                 x – 1.5 

ݔ  = ͳ.ͷ + ሺͲ.͹ͷ − Ͳ.͸ሻ ∗ ሺͳ.ͻ − ͳ.ͷሻͲ.ͺ − Ͳ.͸ = ͳ.ͺ 

 

ɦԝɧɞɚғɵ, ݎଵ = ͳ.ͺ. 
 
Ɏɨɪɦɭɥɚ ɛɨɣɵɧɲɚ ɛіɡ ܵ଴ ɠɚɪɵԕɬɚɧɞɵɪɭɦɟɧ ɠɚɪɵԕ ɫɚңɵɥɚɭɥɚɪɵɧɵң 

ɚɭɦɚғɵɧ ɬɚɛɚɦɵɡ 
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ܵ଴ = ܵ௡ˈ𝑁ߟˊܭ଴ܭˊˇͳͲͲ𝜏଴ݎଵ = ʹͶ ∗ Ͳ.ͻ͹ͷ ∗ ͳ.ʹ ∗ ͳ͵.ͺ ∗ ͳͳͲͲ ∗ Ͳ.ͷͶ ∗ ͳ.ͺ = ͵.ͻͺ͹ ˏଶ ≈ Ͷ ˏଶ  
 
Ȼԝɥ ɛԧɥɦɟɞɟ ɠɚɪɵԕ ɚɲɭ ɚɭɦɚғɵ ɬɟɤɫɟɪіɥɞі, ԛɣɞɟ ɠԥɧɟ ɛԝɥ ɠɟɬɤіɥіɤɫіɡ. Ɉɫɵ 

ɞɟɪɟɤɬɟɪɞɟɧ ԕɨɫɵɦɲɚ ɠɚɪɵԕ ɤԧɡɞɟɪі ԕɚɠɟɬ ɞɟɩ ԕɨɪɵɬɵɧɞɵ ɠɚɫɚɭғɚ ɛɨɥɚɞɵ, 
ɹғɧɢ. ɠɚɫɚɧɞɵ ɠɚɪɵԕɬɚɧɞɵɪɭɞɵ ɟɫɟɩɬɟɭ ԕɚɠɟɬ. 

 
5.2 Жɚɫɚɧɞɵ ɠɚɪɵԕɬɚɧɞɵɪɭɞɵ ɟɫɟɩɬɟɭ 

 

Ȼԧɥɦɟɞɟ ɠɚɫɚɧɞɵ ɠɚɪɵԕɬɚɧɞɵɪɭ ɠɚɥɩɵ ɠɚɪɵԕɬɚɧɞɵɪɭ ɚɫɩɚɩɬɚɪɵɧɞɚ 3050 
ɥɦ ɠɚɪɵԕ ɚғɵɧɵ ɛɚɪ 4 ɞɚɧɚ 65 ȼɬ ɥɸɦɢɧɟɫɰɟɧɬɬі ɥɚɦɩɚɥɚɪɦɟɧ ɠԛɡɟɝɟ 
ɚɫɵɪɵɥɚɞɵ. 300 ɥ-ɧɟɧ ɠɚɪɵԕɬɚɧɞɵɪɭ ԛɲіɧ ԕɚɠɟɬɬі ɤԥɞɟɝɟ ɠɚɪɚɬɭ ɤɨɷɮɮɢɰɢɟɧɬіɧ 
ɩɚɣɞɚɥɚɧɵɩ ɲɚɦɞɚɪɞɵң ɫɚɧɵɧ ɟɫɟɩɬɟɩ ɲɵғɚɪɚɦɵɡ, ɛԝɥ ІІІ-ɲі ɫɚɧɚɬɬɚғɵ 
ɜɢɡɭɚɥɞɵ ɠԝɦɵɫɬɚɪɞɵ ԕɚɦɬɚɦɚɫɵɡ ɟɬɭ ԛɲіɧ ɠɟɬɤіɥіɤɬі. 

 ɀɚԕɵɪɬɚɧɞɵɪɭ ɤԧɡɞɟɪіɧ ɚɧɵԕɬɚɭ ԛɲіɧ ɤɟɥɟɫі ɮɨɪɦɭɥɚɧɵ ɩɚɣɞɚɥɚɧɚɦɵɡ: 
 Nʚ = S˒ˑˏˈ˜KˊZEʜФʚnη  

(5.6) 

 
ɦԝɧɞɚғɵ, ɟң ɬԧɦɟɧɝі ɠɚɪɵԕɬɚɧɞɵɪɭ ɤɨɷɮɮɢɰɢɟɧɬі (ɨɪɬɚɲɚ ɠԥɧɟ 

ɦɢɧɢɦɚɥɞɵ ɠɚɪɵԕɬɵɥɵԕ ɚɪɚԕɚɬɵɧɚɫɵ). ȿɫɟɩɬɟɭɥɟɪɞɟ z ɤɨɷɮɮɢɰɢɟɧɬі 1.1 ÷ 1.2 
ɚɭԕɵɦɵɧɞɚ ԕɚɛɵɥɞɚɧɚɞɵ; 

n = 2 - ɲɚɦɞɚғɵ ɲɚɦɞɚɪ ɫɚɧɵ; 
η - ɤԧɪіɧіɫ ɤɨɷɮɮɢɰɢɟɧɬɬɟɪіɧɟ ɠԥɧɟ ɛԧɥɦɟ ɢɧɞɟɤɫіɧɟ ɛɚɣɥɚɧɵɫɬɵ 

ɩɚɣɞɚɥɚɧɭ ɤɨɷɮɮɢɰɢɟɧɬі. Kˊ – ԕɚɭіɩɫіɡɞіɤ ɮɚɤɬɨɪɵ. ɒɚң ɛԧɥɟɬіɧ ԕԝɪɵɥғɵɥɚɪ ɠɨԕ ɛԧɥɦɟ ԛɲіɧ Kˊ= 
1,5. 

ɀɚɪɵԕɬɚɧɞɵɪɭ ԕɨɧɞɵɪғɵɫɵɧ ɩɚɣɞɚɥɚɧɭ ɤɟɡіɧɞɟ ɠԝɦɵɫ ɛɟɬɬɟɪіɧɞɟɝі 
ɠɚɪɵԕɬɚɧɞɵɪɭ ɠɚɪɵԕ ɤԧɡɞɟɪіɧің ɠɚɪɵԕ ɫԥɭɥɟɫіɧ, ɥɚɦɩɚɥɚɪ ɦɟɧ ɠɚɪɵԕɬɚɧɞɵɪɭ 
ԕԝɪɵɥғɵɥɚɪɵɧɵң ɥɚɫɬɚɧɭɵɧ, ɫɨɧɞɚɣ-ɚԕ ɠɚɪɵԕɬɚɧɞɵɪɵɥғɚɧ ɛԧɥɦɟɧің 
ԕɚɛɵɪғɚɥɚɪɵɧ ɠԥɧɟ ɬԧɛɟɫіɧ ɥɚɫɬɚɭ ɚɪԕɵɥɵ ɚɡɚɣɬɵɥɚɞɵ. ɋɨɧɞɵԕɬɚɧ, 
ɠɚɪɵԕɬɚɧɞɵɪɭ ԕɨɧɞɵɪғɵɫɵɧɵң ԕɭɚɬɵɧ ɚɧɵԕɬɚɭ ɤɟɡіɧɞɟ ԕɚɭіɩɫіɡɞіɤ 
ɤɨɷɮɮɢɰɢɟɧɬі ɟɧɝіɡіɥɟɞі. Ԕɚɭіɩɫіɡɞіɤ ɤɨɷɮɮɢɰɢɟɧɬі ɚɭɚɧɵң ɥɚɫɬɚɧɭ ɞɟңɝɟɣіɧɟ 
ɛɚɣɥɚɧɵɫɬɵ ɲɚңɧɚɧ, ɬԛɬіɧɧɟɧ, ɬԛɤɬің ɠԥɧɟ ɬ.ɛ. 

Ȼіɪɤɟɥɤі ɠɚɪɵԕɬɵɥɵԕɬɵ ɫɢɩɚɬɬɚɣɬɵɧ Z ɮɚɤɬɨɪɵ ɤԧɩɬɟɝɟɧ 
ɚɣɧɵɦɚɥɵɥɚɪɞɵң ɮɭɧɤɰɢɹɫɵ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ ɠԥɧɟ ɲɚɦɞɚɪ ɚɪɚɫɵɧɚɧ іɥɝіɲɬің 
(L / h) ɟɫɟɩɬіɤ ɛɢіɤɬіɤɤɟ ɞɟɣіɧɝі ɚɪɚԕɚɬɵɧɚɫɵɧɚ ɬԥɭɟɥɞі ɛɨɥɚɞɵ, ɛԝɥ ɪɟɬɬɟ 
ԝɫɵɧɵɥғɚɧ Z ɦԥɧɞɟɪі ɤԛɪɬ ɚɪɬɚɞɵ. Λ ԝɫɵɧɵɥғɚɧ ɦԥɧɧɟɧ ɚɫɵɩ ɤɟɬɩɟɝɟɧɞɟ, ɫіɡ: 

Z = 1,15 - ԕɵɡɞɵɪɭ ɠԥɧɟ DRL ԛɲіɧ; 
Z = 1.1 - ɮɥɭɨɪɟɫɰɟɧɬɬі ɥɚɦɩɚɥɚɪ ԛɲіɧ [15]. 
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ɀɚɪɵԕɬɚɧɞɵɪɭ ԕɨɧɞɵɪғɵɥɚɪɵɧ ɩɚɣɞɚɥɚɧɭ ɤɨɷɮɮɢɰɢɟɧɬі - ɫԥɭɥɟ ɬԛɫɟɬіɧ 
ɚғɵɧɧɵң ɠԝɦɵɫ ɛɟɬіɧɟ ɤԧɡɞɟɧ ɲɵԕԕɚɧ ɠɚɪɵԕ ɚғɵɧɵɧɚ ԕɚɬɵɧɚɫɵ. 

ɉɚɣɞɚɥɚɧɭ ɠɵɥɞɚɦɞɵғɵɧ ɚɧɵԕɬɚɭ ԛɲіɧ, ɛԧɥɦɟ ɢɧɞɟɤɫіɧ ɚɧɵԕɬɚɭ ɤɟɪɟɤ: 
 ݅ = ܵ˒ሺܮ + ˚˔˃˓ሻℎܤ = ܣ ∗ ܮሺܤ + ) ˚˔˃˓ሻℎܤ

(5.7) 

 
ɦԝɧɞɚғɵ, S, L, B ɬɢіɫіɧɲɟ ɚɭɞɚɧɵ, ԝɡɵɧɞɵғɵ ɠԥɧɟ ɟɧі. 
Ȼɚɪɥɵԕ ɦԥɧɞɟɪɞі ԕɨɣɵɩ ɤɟɥɟɫіɧі ɧԥɬɢɠɟɧі ɚɥɚɦɵɡ 
 ݅ = ܣ ∗ ܮሺܤ + ˚˔˃˓ሻℎܤ = ͸ ∗ Ͷሺ͸ + Ͷሻ ∗ ʹ,ʹ = ͳ.ͳ 

 η = Ͳ.Ͷʹ 
 
ȿɫɟɩɬɟɭɥɟɪɞі ɠԛɪɝіɡɭ ɛɚɪɵɫɵɧɞɚ ɠɚɪɵԕɬɵң ɚғɵɧ ɤԧɪɫɟɬɤіɲі ɬԧɦɟɧɞɟɝі 

ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ ɟɫɟɩɬɟɥіɧɟɞі: 
 

ɩ



η N

K  ZS E
Ɏɥ ɡmin

 

(
(5.8) 

 
ɦԝɧɞɚғɵ, ȿmin - ɟң ɬԧɦɟɧɝі ԕɚɥɵɩɬɵ ɠɚɪɵԕɬɚɧɞɵɪɭ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ, ɥɤ; 
                 k - ԕɚɭіɩɫіɡɞіɤ ɮɚɤɬɨɪɵ (ɥɸɦɟɧɟɫɰɟɧɬɬі ɥɚɦɩɚɥɚɪ ԛɲіɧ, k = 1.3); 
                 S – ɠɚɪɵԕɬɚɧɞɵɪɵɥғɚɧ ɚɥɚң, ɦ2; 
                 Z-ɟң ɚɡ ɠɚɪɵԕɬɚɧɞɵɪɭ ɤɨɷɮɮɢɰɢɟɧɬі (ɛіɪɤɟɥɤі ɠɚɪɵԕɬɵɥɵԕ 

ɤɨɷɮɮɢɰɢɟɧɬі); 
                 N - ɲɚɦɞɚɪ ɫɚɧɵ; 
                 n - ɲɚɦɞɚғɵ ɲɚɦɞɚɪ ɫɚɧɵ; 
                 h – ɠɚɪɵԕɬɚɧɞɵɪɭ ɚғɵɦɵɧɵң ɛіɪɥіɤ ԧɥɲɟɭ ɤɨɷɮɢɰɢɟɧɬі. 
ɀɚɫɚɧɞɵ ɠɚɪɵԕɬɵң ɠɟɬɤіɥіɤɬі ɛɨɥɭɵɧ ɬɟɤɫɟɪɭ ԛɲіɧ ɫіɡ Emin-ɞі ɟɫɟɩɬɟɭіңіɡ 

ɤɟɪɟɤ, ɨɥ 300-ɞɟɧ ɚɫɬɚɦ ɛɨɥɭɵ ɤɟɪɟɤ. 
 

260
5.11.124

42.0243050

 ZS

 n N Ɏ
E ɡɥ

min 








K


 

 
 ȿɫɟɩɬɟɭɥɟɪ ɛɨɣɵɧɲɚ Emin ɛіɡɝɟ ɤɟɪɟɤ ɲɚɦɚɞɚɧ ɚɡ. ɋɨɧɞɵԕɬɚɧ ɛіɡ ɛԝɥ 

ɦԥɫɟɥɟɧі ɲɟɲіɭɞің ɠɨɥɞɚɧɵɪ ԕɚɪɚɫɬɵɪɚɦɵɡ. Ɇɟɧ ɛԝɥ ɦԥɫɟɥɟɧі ɲɟɲɭ ԛɲіɧ 
ɛԝɪɵɧ ɠԝɦɵɫ ɤɚɛɢɧɟɬіɧɞɟ ɨɪɧɚɥɚɫԕɚɧ ɠɚɪɵԕ ɚғɵɧɵ 3050ɥɦ ԕԝɪɚɣɬɵɧ 65ȼɬ  
ɥɸɦɟɧɫɰɟɧɬіɤ ɲɚɦɞɚɪɞɵ ɠɚңɚ ɠɚɪɵԕ ɚғɵɧɵ 3560ɥɦ 80ȼɬ ɥɸɦɟɧɫɰɟɧɬі 
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ɲɚɦɞɚɪɦɟɧ ɚɥɦɚɫɬɵɪɞɵɦ. ɀɚңɚ ɲɚɦɞɚɪɞɵ ɚɭɵɫɬɵɪғɚɧɧɚɧ ɤɟɣіɧ ԕɚɣɬɚ  
ɩɪɨɜɟɪɢɥ Emin ɬɟɤɫɟɪɞіɦ: 

 

302
5.11.124

42.0243560

 ZS

 n N Ɏ
E ɡɥ

min 








K

  

 
 ɇԥɬɢɠɟɫіɧɞɟ ɛіɡ ɠɚɣɥɵ ɛԧɥɦɟɧі ɠɚɪɵԕɬɚɧɞɵɪɭɞɵ ԕɚɦɬɚɦɚɫɵɡ ɟɬɭ ԛɲіɧ 

ɠɟɬɤіɥіɤɬі ɛɨɥɞɵ, ɲɚɦɞɚɪɞɵ ɤԛɲɟɣɬɭ ɤɟɪɟɤ, ɹғɧɢ, ԕɭɚɬɵ 65 ɜɚɬɬ ɚɪɬɵԕ ɲɚɦɞɵ 
ɬɚңɞɚңɵɡ. Ɉɫɵɥɚɣɲɚ ɠɚɥɩɵ ɠɚɪɵԕɬɚɧɞɵɪɭ ԛɲіɧ 3560 ɥɦ ɠɚɪɵԕ ɚғɵɧɵ ɛɚɪ 80 
ȼɬ ɥɸɦɢɧɟɫɰɟɧɬɬі ɲɚɦɞɚɪ ɬɚңɞɚɥɞɵ. 

 Ɏɨɪɦɭɥɚғɚ ɫԥɣɤɟɫ ɛіɡ ɠɚɪɵԕ ɲɚɦɞɚɪɵɧ ɚɧɵԕɬɚɭ ԛɲіɧ ɠɚɪɵԕ ɲɚɦɞɚɪɵɧ 
ɚɧɵԕɬɚɭ ԛɲіɧ 300 ɥɤɫ ɲɚɦɚɫɵɧɞɚ ɠɚɪɵԕ ɲɚɦɞɚɪɵɧ ɚɧɵԕɬɚɭɵɦɵɡ ɤɟɪɟɤ, 3560 ɥɦ 

  ܰ = S˒ˑˏˈ˜KˊZEʜФʚnη = ʹͶ ∗ ͳ,ͷ ∗ ͳ,ͳ ∗ ͵ͲͲ͵ͷ͸Ͳ ∗ ʹ ∗ Ͳ,Ͷʹ = ͵,ͻ͹͵ ≈ Ͷ 

 
Ɏɨɪɦɭɥɚ ɛɨɣɵɧɲɚ ɛіɡɝɟ 4 ɲɚɦ ԕɚɠɟɬ. 
 
 ɒɚɦɞɚɪɞɵң ɨɪɧɚɥɚɫɭ ɛɢіɤɬіɝіɧ ɚɧɵԕɬɚɭ ԕɚɠɟɬ: 
 ℎ˓˃˔˚ = 𝐻˒ˑˏ − ሺ𝐻˔˅ +𝐻˓.˒.ሻ, 
 
ɦԝɧɞɚғɵ, H˔˅ = 0 – ɲɚɦɞɚɪɞɵң ɤԧɬɟɪіɥɭ ɛɢіɤɬіɝі, ɦ; 
                 H˓.˒. = 0,8 – ɟɞɟɧɧɟɧ ɠԝɦɵɫ ɛɟɬіɧің ԕɚɲɵԕɬɵғɵ, ɦ;         

                 H˒ˑˏ = = 3 - ɛԧɥɦɟ ɛɢіɤɬіɝі, ɦ. 
 
ɋɨɞɚɧ ɤɟɣіɧ ɚɫɩɚɥɵ ɲɚɦɞɚɪɞɵң ɛɢіɤɬіɝі 
 ℎ˓˃˔˚ = 𝐻˒ˑˏ − (𝐻˔˅ +𝐻˓.˒.) = ͵ − ሺͲ + Ͳ,ͺሻ = ʹ,ʹ ˏ 

  
Ɏɨɪɦɭɥɚ ɛɨɣɵɧɲɚ ɥɚɦɩɚɥɚɪ ɚɪɚɫɵɧɞɚғɵ ԕɚɠɟɬɬі ԕɚɲɵԕɬɵԕɬɵ 

ɚɧɵԕɬɚɣɦɵɡ: 
 L = λ ∗ h 
 
ɦԝɧɞɚғɵ, L - ɤԧɪɲіɥɟɫ ɲɚɦɞɚɪ ɧɟɦɟɫɟ ɮɥɭɨɪɟɫɰɟɧɬɬі ɥɚɦɩɚɥɚɪ ɚɪɚɫɵɧɞɚғɵ 

ԕɚɲɵԕɬɵԕ; 
                 h - ɲɚɦɧɵң ɠԝɦɵɫ ɠɚɫɚɣɬɵɧ ɠɟɪіɧɟɧ ɚɫɵɩ ɤɟɬɭіɧің ɛɢіɤɬіɝі. 
 ɒɚɦɞɚɪɞɵ ɥɸɦɟɧɟɫɰɟɧɬɬі ɲɚɦɞɚɪɦɟɧ ԕɨɥɞɚɧғɚɧ ɤɟɡɞɟ 
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λ = ͳ.ʹ ÷ ʹ.Ͷ 
 
Ɉɫɵɥɚɣɲɚ, ɲɚɦɞɚɪ ɚɪɚɫɵɧɞɚғɵ ԕɚɠɟɬɬі ԕɚɲɵԕɬɵԕ 
 L = λ ∗ h = ͳ,ͷ ∗ ʹ,ʹ = ͵,͵ ˏ 
 
Ʌɚɦɩɚɥɚɪɞɵң ɚɪɚɫɵɧɞɚғɵ ԕɚɲɵԕɬɵԕ: 
 

Lb=*hp=2,4∙0,8 = 2 ɦ. 
 
ɒɚɦ ɦɟɧ ԕɚɛɵɪғɚ ɚɪɚɫɵɧɞɚғɵ ԕɚɲɵԕɬɵԕ: 
 

la=lb=Lb/3 + [0,3;0,5] =2,5/3+0,47 =1,3 ɦ. 
 
ɒɚɦɞɚɪ ɚɪɚɫɵɧɞɚғɵ ԕɚɲɵԕɬɵԕ: 
 

La= Lb – 1=2 – 1=1 ɦ. 
 
 ɒɚɦɞɚɪ ɦɟɧ ɠɚɪɵԕ ɫɚңɵɥɚɭɥɚɪɵɧɵң ɨɪɧɚɥɚɫɭɵ 5.2 ɫɭɪɟɬɬɟ ɤԧɪɫɟɬіɥɝɟɧ: 
 

 
 

5.2-ɫɭɪɟɬ – ɒɚɦɞɚɪ ɦɟɧ ɠɚɪɵԕ ɫɚңɥɚɭɥɚɪɵɧɵң ɨɪɧɚɥɚɫɭɵ 
 
ɀԛɪɝіɡіɥɝɟɧ ɟɫɟɩɬɟɭɥɟɪ ɧɟɝіɡіɧɞɟ ɠɚɫɚɧɞɵ ɠɚɪɵԕɬɚɧɞɵɪɭ ԕɚɣɬɚ 

ɠɚңɚɪɬɵɥɞɵ. ɀɚɪɵԕ ɚғɵɧɵ 3050 ɥɦ ɛɨɥɚɬɵɧ 65ȼɬ-ɞɚɧ ɟɫɤі ɥɸɦɢɧɟɫɰɟɧɬɬі 
ɲɚɦɞɚɪɞɵ 80ɜɬ-ɞɚɧ ɠɚɪɵԕ ɚғɵɧɵ 3560 ɥɦ ɠɚңɚ ɥɸɦɢɧɟɫɰɟɧɬɬі ɲɚɦɞɚɪғɚ 
ɚɭɵɫɬɵɪɭ ɬɭɪɚɥɵ ɲɟɲіɦ ԕɚɛɵɥɞɚɧɞɵ. 
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Ԕɨɪɵɬɵɧɞɵ 

 
Ⱦɢɩɥɨɦɞɵԕ ɠԝɦɵɫɬɵԕ ɨɪɵɧɞɚɭ ɛɚɪɵɫɵɧɞɚ ɤɟɥɟɫі ɧԥɬɢɠɟɥɟɪɝɟ ԕɨɥ 

ɠɟɬɤіɡɞіɤ: 
– ɛɟɣɧɟɥɟɪɞɟɝі ɬԝɬɵɧɭ ɬɚɭɚɪɥɚɪɵɧ ɬɚɧɭ ɠԥɧɟ ɚɧɵԕɬɚɭ ɬɚɩɫɵɪɦɚɫɵ 

ɛɨɣɵɧɲɚ ɦԥɫɟɥɟɧі ɲɟɲɭ ɧɟɝіɡіɧɞɟ ԛɣіɪɬɩɟɥі ɠɟɥі ɚɪɯɢɬɟɤɬɭɪɚɥɚɪɵ  ɦɟɧ ɠԝɦɵɫ 
іɫɬɟɭ ɩɪɨɰɟɫɫɬɟɪі ԕɚɪɚɫɬɵɪɵɥɵɩ ɬɢіɦɞі ɧɟɣɪɨɧɞɵ ɠɟɥі ɚɧɵԕɬɚɥɞɵ; 

– Mobilenet ɧɟɣɪɨɧɞɵ ɠɟɥі ɹɞɪɨɫɵ ɛɨɣɵɧɲɚ ԛɣіɪɬɩɟɥі ɧɟɣɪɨɧɞɵԕ ɠɟɥі 
ɚɪԕɵɥɵ ɠɚңɚ ɨɛɴɟɤɬіɥɟɪ ɤɥɚɫɫɬɚɪɵ ԕԝɪɚɫɬɵɪɵɥɞɵ; 

– ԕԝɪɚɫɬɵɪɵɥɵғɚɧ ɤɥɚɫɫɬɚɪ ɦԥɥіɦɟɬɬɟɪі ɛɨɣɵɧɲɚ ɛɚғɞɚɪɥɚɦɚɧɵң 
ɚԕɩɚɪɚɬ ԕɨɪɵ ɠɢɧɚԕɬɚɥɞɵ; 

– Android ɩɥɚɬɮɨɪɦɚɫɵɧɚ ԕԝɪɵɥғɚɧ ɤɥɚɫɫɬɚɪ ɛɨɣɵɧɲɚ ɛɚғɞɚɪɥɚɦɚ 
ɠɚɡɵɥɞɵ; 

– ɛɚғɞɚɪɥɚɦɚɧɵ ԥɪɬԛɪɥі ɨɛɴɟɤɬіɥɟɪɞі ɚɧɵԕɬɚɭ ɛɚɪɵɫɵɧɞɚ ɡɟɪɬɬɟɭ 
ɠԝɦɵɫɬɚɪɵ ɠԛɪɝіɡіɥіɩ, ɧԥɬɢɠɟɥɟɪ ɛɨɣɵɧɲɚ ɛɚғɞɚɪɥɚɦɚ ɞԥɥɞіɝі ɚɧɵԕɬɚɥɞɵ; 
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Ⱥ ԕɨɫɵɦшɚɫɵ 

(ɦіɧɞɟɬɬі) 
 

Ɍɟɯɧɢɤɚɥɵԕ ɬɚɩɫɵɪɦɚ 
 

Ⱥ.1 Ɍɚɥɚɩɬɚɪɞɵ ɬɚɥɞɚɭ 

 

Ȼіɪіɧɲі ɤɟɡɟɤɬɟ ԕɨɫɵɦɲɚɧɵ ԕɚɧɚғɚɬɬɚɧɞɵɪɭɵ ɬɢіɫ ɬɚɥɚɩɬɚɪ ɚɧɵԕɬɚɥɞɵ: 
– ԕɨɥɞɚɧɛɚ ԝɹɥɵ ԕԝɪɵɥғɵ ɤɚɦɟɪɚɫɵɧɚɧ ɚғɵɫɬɵ(ɚԕɩɚɪɚɬɬɵ) ɨԕɭ ɤɟɪɟɤ; 
– ԥɪ ɨԕɵɥғɚɧ ɤɚɞɪ TesnsorFlow ɬɟɯɧɨɥɨɝɢɹɫɵɧɚ ɬԛɫіɧіɤɬі ɦɚɬɪɢɰɚɥɵ 

ɫɚɧɞɚɪғɚ ɬԛɪɥɟɧɞіɪіɥɟɞі; 
– ɚɥɵɧғɚɧ ɦɚɬɪɢɰɚɧɵ ɧɟɣɪɨɠɟɥі ɤіɪіɫіɧɟ ɛɟɪɭ ɚɪԕɵɥɵ ԕɨɥɞɚɧɛɚɞɚ ɬԝɬɵɧɭ 

ɬɚɭɚɪɥɚɪɵɧ ɬɚɧɭ ɦԛɦɤіɧɞіɝіɧің ɛɨɥɭɵ; 
– ɧɟɣɪɨɠɟɥі ɦɨɞɟɥіɧің ԕԝɪɵɥɭɵ. 
 
Ⱥ.2 ɇɟɣɪɨɠɟɥі ɦɨɞɟɥі 
 

Ⱦɢɩɥɨɦɞɵԕ ɠɨɛɚ ɛɚɪɵɫɵɧɞɚ Ⱥ.1-ɫɭɪɟɬɬɟ ɤԧɪɫɟɬіɥɝɟɧ ɧɟɣɪɨɠɟɥі ɦɨɞɟɥі 
ԕԝɪɵɥɞɵ. 

 

 
 

Ⱥ.1-ɫɭɪɟɬ – ɇɟɣɪɨɠɟɥі ɚɪɯɢɬɟɤɬɭɪɚɫɵ 
 

Ȼԝɥ ɦɨɞɟɥɶ ɤɟɥɟɫі ɩɪɢɧɰɢɩ ɛɨɣɵɧɲɚ ɠԝɦɵɫ іɫɬɟɣɞі: ɫɭɪɟɬ, ɫɨңғɵ ԕɚɛɚɬ 
ɛɨɥɵɩ ɛԧɥіɧɟɬіɧ ɨɪɚɭɞɵң ɫɨңғɵ ԕɚɛɚɬɵ ɛɨɥɵɩ ɬɚɛɵɥɚɬɵɧ MobileNet 
ɛіɪіɤɬіɪіɥɝɟɧ ɦɨɞɟɥіɧің ɤіɪɭіɧɟ ɬԛɫɟɞі. Ɉɧɵң ɛɟɥɝіɥɟɪі ɲɵғɵɫ ɤɚɪɬɚɥɚɪɵ ɛіɪ 
ɭɚԕɵɬɬɚ ɞɟɬɟɤɰɢɹ ɠԥɧɟ ɠіɤɬɟɭ ɛɥɨɝɵɧɚ, ɫɨɧɞɚɣ-ɚԕ ɛԧɥіɧɟɬіɧ ɨɪɚɭɞɵң ɤɟɥɟɫі 
ԕɚɛɚɬɵɧɚ ɬԛɫɟɞі.  
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Ⱦɟɪɟɤɬɟɪ ɤɚɪɬɚɧɵң ԧɥɲɟɦі 1ɯ1ɯN ԕԝɪɚɣɬɵɧ ԕɚɛɚɬԕɚ ɠɟɬɤɟɧɲɟ ɩɪɨɰɟɫɫ 

ԕɚɣɬɚɥɚɧɚɞɵ, ɦԝɧɞɚ N-ɛɟɥɝіɥɟɪ ɫɚɧɵ. Ȼԝɥ ԕɚɛɚɬɬɚ ɛԧɥіɧɟɬіɧ ɨɪɚɭɞɵ ɠԛɪɝіɡɭɞің 
ԕɚɠɟɬі ɠɨԕ, ɫɨɧɞɵԕɬɚɧ ɛɟɥɝіɥɟɪ ɤɚɪɬɚɥɚɪɵ ɬіɤɟɥɟɣ ɞɟɬɟɤɰɢɹ ɠԥɧɟ ɠіɤɬɟɭ 
ɛɥɨɝɵɧɚ ɬԛɫɟɞі. 

 
Ⱥ.3 Ȼɚғɞɚɪɥɚɦɚɧɵ ԥɡіɪɥɟɭ 

 

Ȼɚғɞɚɪɥɚɦɚɧɵ ԥɡіɪɥɟɭ ԛɲіɧ TensorFlow ɤіɬɚɩɯɚɧɚɫɵ ɠԥɧɟ Python ɬіɥіɧɞɟ 
ɨԕɵɬɵɥғɚɧ MobileNet ɧɟɣɪɨɧɞɵ ɠɟɥі ɦɨɞɟɥі ԕɨɥɞɚɧɵɥɞɵ. 

Ȼɚғɞɚɪɥɚɦɚ ԥɡіɪɥɟɭ ɛіɪіɧɲі ɛіɡɝɟ ɤɟɪɟɤɬі ɤɥɚɫɫɢɮɢɤɚɬɨɪɞɵ ɨԕɵɬɭɞɚɧ ɧɟɝіɡ 
ɚɥɚɞɵ. Ȼіɡ ɟң ɚɥɞɵɦɟɧ Python ɬіɥіɧɞɟ ɠɚɡɵɥғɚɧ ɫɤɪɢɩɬ ɚɪɵɥɵ MobileNet ɧɟɣɪɨ 
ɠɟɥі ɦɨɞɟɥɶіɧɟ ɠɚңɚ ԛɣіɪɬɭ ԕɚɛɚɬɬɚɪɵɧ ԕɨɫɭ ɚɪԕɵɥɵ ɠɚңɚ ɨɛɴɟɤɬіɥɟɪɞі ɨԕɵɬɵɩ 
ɠɚңɚ ɤɥɚɫɫɢɮɢɤɚɬɨɪ ɚɥɚɦɵɡ. Ɍԧɦɟɧɞɟɝі ɫɤɪɢɩɬ ɨɫɵ ɩɪɨɰɟɫɬі ɠԛɡɟɝɟ ɚɫɵɪɚɞɵ: 

//retrain 
 
python -m scripts.retrain --bottleneck_dir=tf_files/bottlenecks --

how_many_training_steps=6000 --model_dir=tf_files/models/"mobilenet_0.50_224" --
summaries_dir=tf_files/training_summaries/"mobilenet_0.50_224" --learning_rate=0.00001 --
output_graph=tf_files/retrained_graph.pb --output_labels=tf_files/retrained_labels.txt --
architecture="mobilenet_0.50_224" --image_dir=tf_files/newdataset 

 
//check retrained on image 
 
python -m tensorflow.python.tools.optimize_for_inference 
  --input=tf_files/graph.pb 
  --output=tf_files/optimized_graph.pb 
  --input_names="input" 
  --output_names="final_result" 
 

Ʉɥɚɫɫɢɮɢɤɚɬɨɪ ɨԕɵɬɵɥɵɩ ɞɚɣɵɧ ɛɨɥғɚɧɧɚɧ ɤɟɣіɧ ɛіɡ ɨɧɵ android-studio 
ԕɨɫɵɦɲɚɫɵ ɚɪԕɵɥɵ android ɩɥɚɬɮɨɪɦɚɫɵɧɚ ɚɪɧɚɥғɚɧ ɛɚғɞɚɪɥɚɦɚ ɠɚɫɚɭ ԛɲіɧ 
ԕɨɥɚɞɚɧɦɵɡ. 

 
Ⱥ.4 Android-studio ԕɨɫɵɦшɚɫɵɧ іɫɤɟ ɚɫɵɪɭ 

 

Ʉɚɦɟɪɚɞɚɧ ɫɭɪɟɬ ɚғɵɧɵ ɧɟɣɪɨɠɟɥіɧің ɤіɪіɫіɧɟ ɛɟɪіɥɟɞі. ɋɨɞɚɧ ɤɟɣіɧ ɛіɡɞің 
ԕԝɪɵɥғɚɧ ɧɟɣɪɨɠɟɥі ɹɞɪɨɫɵ ɚɪԕɵɥɵ ɨɛɴɟɤɬ ԛɣіɪɬɭ ɨɩɟɪɚɰɢɹɫɵɧɚɧ ԧɬɟɞі. Ɍɨɥɵԕ 
ԧңɞɟɭɞɟɧ ԧɬɤɟɧ ɫɭɪɟɬ ԕɨɥɞɚɧɭɲɵғɚ ɦɨɛɢɥɶɞі ɬɟɥɟɮɨɧ ɷɤɪɚɧɵɧɚ ɫɨɥ ɨɛɴɟɤɬ 
ɠɚɣɥɵ ɚԕɩɚɪɚɬɬɵ ԕɚɣɬɚɪɚɞɵ.  

Ȼɚғɞɚɪɥɚɦɚ ɢɧɬɟɪɮɟɣɫі ɤɟɥɟɫіɞɟɣ ɛɨɥɚɞɵ. 
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Ɉɛɴɟɤɬіɥɟɪ ɬіɡіɦі. Ȼԝɥ ɤɨɦɩɨɧɟɧɬɬɟ ԕɨɥɞɚɧɛɚ ɚɧɵԕɬɚɣ ɚɥɚɬɵɧ ɛɚɪɥɵԕ 

ɨɛɴɟɤɬіɥɟɪ ɬіɡіɦі ɬɨɥɵԕɬɚɣ ɤԧɪɫɟɬіɥɟɞі. 
Ⱥɧɵԕɬɚɩ ɬɚɧɭ. Ȼԝɥ ɦԥɡіɪ ԕɨɥɞɚɧɛɚɧɵ ɬɨɥɵԕ ɠԝɦɵɫ іɫɬɟɭ ɚɥɚңɵ. əғɧɢ 

ɛɚғɞɚɪɥɚɦɚɧɵң ɠԝɦɵɫ іɫɬɟɭі. 
Ȼɚғɞɚɪɥɚɦɚ ɬɭɪɚɥɵ. Ԕɨɥɞɚɧɛɚ ɠɚɣɥɵ ɛɚɪɥɵԕ ɚԕɩɚɪɚɬɬɵ ɤԧɪɭ ɦԛɦɤіɧɞіɝі. 
 
Ⱥ.5 Ԕɨɥɞɚɧɛɚɧɵң ɠұɦɵɫ іɫɬɟɭ ɩɪɨɰɟɫі 
 

Ɍԧɦɟɧɞɟɝі ɫɭɪɬɬɟɪɞɟ ԕɨɥɞɚɧɛɚɧɵң ɠԝɦɵɫ іɫɬɟɭ ɩɪɨɰɟɫі ɤԧɪɫɟɬіɥɝɟɧ. 
 

                      
 

 
 

Ⱥ.2-ɫɭɪɟɬ – Ԕɨɥɞɚɧɛɚɧɵң ɠԝɦɵɫ іɫɬɟɭ ɩɪɨɰɟɫɫі 
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Ȼ ԕɨɫɵɦшɚɫɵ 

(ɦіɧɞɟɬɬі) 
 

ɉɪɨɝɪɚɦɦɚ ɥɢɫɬɢɧɝі 
 

package org.tensorflow.demo; 
import android.content.Intent; 
import android.support.v7.app.AppCompatActivity; 

import android.os.Bundle; 
import android.view.View; 
import android.widget.Button; 
 
public class MainActivity extends AppCompatActivity { 
 
    @Override 
    protected void onCreate(Bundle savedInstanceState) { 
        super.onCreate(savedInstanceState); 
        setContentView(R.layout.activity_main); 

 
        Button object_list = (Button) findViewById(R.id.object_list); 
        Button scan = (Button) findViewById(R.id.scan); 
        final Button about_app = (Button) findViewById(R.id.about_app); 
        object_list.setOnClickListener(new View.OnClickListener() { 
            @Override 
            public void onClick(View v) { 
                showObjectList(); 
            } 
        }); 
        scan.setOnClickListener(new View.OnClickListener() { 

            @Override 
            public void onClick(View v) { 
                scan(); 
            } 
        }); 
        about_app.setOnClickListener(new View.OnClickListener() { 
            @Override 
            public void onClick(View v) { 
                showAppInfo(); 
            } 
        }); 
    } 

 
    private void showObjectList() { 
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        startActivity(new Intent(this,ObjectList.class)); 
    } 
    private void showAppInfo() { 
        startActivity(new Intent(this,AboutAppActivity.class)); 
    } 
    private void scan() { 
        startActivity(new Intent(this,ClassifierActivity.class)); 
    } 
} 

package org.tensorflow.demo; 
 
import android.graphics.Bitmap; 

import android.graphics.RectF; 
import java.util.List; 
 
/** 
 * Generic interface for interacting with different recognition engines. 
 */ 
public interface Classifier { 
  /** 
   * An immutable result returned by a Classifier describing what was recognized. 
   */ 
  public class Recognition { 

    /** 
     * A unique identifier for what has been recognized. Specific to the class, not the instance of 
     * the object. 
     */ 
    private final String id; 
 
    /** 
     * Display name for the recognition. 
     */ 
    private final String title; 

    /** 
     * A sortable score for how good the recognition is relative to others. Higher should be better. 
     */ 

    private final Float confidence; 
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    /** Optional location within the source image for the location of the recognized object. */ 
    private RectF location; 
 
    public Recognition( 
        final String id, final String title, final Float confidence, final RectF location) { 
      this.id = id; 
      this.title = title; 
      this.confidence = confidence; 

      this.location = location; 
    } 
 
    public String getId() { 
      return id; 
    } 
 
    public String getTitle() { 
      return title; 
    } 
 

    public Float getConfidence() { 
      return confidence; 
    } 
 
    public RectF getLocation() { 
      return new RectF(location); 
    } 
 
    public void setLocation(RectF location) { 
      this.location = location; 
    } 

    @Override 
    public String toString() { 
      String resultString = ""; 
      if (id != null) { 
        resultString += "[" + id + "] "; 
      } 

 
      if (title != null) { 
        resultString += title + " "; 
      } 
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Ȼ қɨɫыɦшаɫыɧың ɠаɥғаɫы  
      if (confidence != null) { 
        resultString += String.format("(%.1f%%) ", confidence * 100.0f); 
      } 
 
      if (location != null) { 
        resultString += location + " "; 
      } 
 
      return resultString.trim(); 
    } 
  } 

 
  List<Recognition> recognizeImage(Bitmap bitmap); 
 
  void enableStatLogging(final boolean debug); 
   
  String getStatString(); 
 
  void close(); 
} 

package org.tensorflow.demo; 
 
import android.content.res.AssetManager; 
import android.graphics.Bitmap; 
import android.os.Trace; 

import android.util.Log; 
import java.io.BufferedReader; 
import java.io.IOException; 
import java.io.InputStreamReader; 
import java.util.ArrayList; 
import java.util.Comparator; 
import java.util.List; 
import java.util.PriorityQueue; 
import java.util.Vector; 
 
 

/** A classifier specialized to label images using TensorFlow. */ 
public class TensorFlowImageClassifier implements Classifier { 
  private static final String TAG = "TensorFlowImageClassifier"; 
  // Only return this many results with at least this confidence. 
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  private static final int MAX_RESULTS = 3; 
  private static final float THRESHOLD = 0.1f; 
  // Config values. 
  private String inputName; 
  private String outputName; 
  private int inputSize; 
  private int imageMean; 
  private float imageStd; 

 
  // Pre-allocated buffers. 
  private Vector<String> labels = new Vector<String>(); 
  private int[] intValues; 
  private float[] floatValues; 
  private float[] outputs; 
  private String[] outputNames; 
 

 
  private boolean logStats = false; 
 
  private TensorFlowInferenceInterface inferenceInterface; 
 
  private TensorFlowImageClassifier() {} 
 

  /** 
   * Initializes a native TensorFlow session for classifying images. 
   * 
   * @param assetManager The asset manager to be used to load assets. 
   * @param modelFilename The filepath of the model GraphDef protocol buffer. 
   * @param labelFilename The filepath of label file for classes. 
   * @param inputSize The input size. A square image of inputSize x inputSize is assumed. 
   * @param imageMean The assumed mean of the image values. 
   * @param imageStd The assumed std of the image values. 
   * @param inputName The label of the image input node. 

   * @param outputName The label of the output node. 
   * @throws IOException 
   */ 
  public static Classifier create( 
      AssetManager assetManager, 
      String modelFilename, 
      String labelFilename, 
      int inputSize, 
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      int imageMean, 
      float imageStd, 
      String inputName, 
      String outputName) { 
    TensorFlowImageClassifier c = new TensorFlowImageClassifier(); 
    c.inputName = inputName; 
    c.outputName = outputName; 
 

    // Read the label names into memory. 
    // TODO(andrewharp): make this handle non-assets. 
    String actualFilename = labelFilename.split("file:///android_asset/")[1]; 
    Log.i(TAG, "Reading labels from: " + actualFilename); 
    BufferedReader br = null; 
    try { 
      br = new BufferedReader(new InputStreamReader(assetManager.open(actualFilename))); 
      String line; 
      while ((line = br.readLine()) != null) { 
        c.labels.add(line); 
      } 

      br.close(); 
    } catch (IOException e) { 
      throw new RuntimeException("Problem reading label file!" , e); 
    } 
 
    c.inferenceInterface = new TensorFlowInferenceInterface(assetManager, modelFilename); 
 
    // The shape of the output is [N, NUM_CLASSES], where N is the batch size. 
    final Operation = c.inferenceInterface.graphOperation(outputName); 
    final int numClasses = (int) operation.output(0).shape().size(1); 
    Log.i(TAG, "Read " + c.labels.size() + " labels, output layer size is " + numClasses); 

 
    // Ideally, inputSize could have been retrieved from the shape of the input operation.  Alas, 
    // the placeholder node for input in the graphdef typically used does not specify a shape, so it 
    // must be passed in as a parameter. 

    c.inputSize = inputSize; 
    c.imageMean = imageMean; 
    c.imageStd = imageStd; 

    // Pre-allocate buffers. 

    c.outputNames = new String[] {outputName}; 
    c.intValues = new int[inputSize * inputSize]; 
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    c.floatValues = new float[inputSize * inputSize * 3]; 
    c.outputs = new float[numClasses]; 
 
    return c; 
  } 
 
  @Override 
  public List<Recognition> recognizeImage(final Bitmap bitmap) { 

    // Log this method so that it can be analyzed with systrace. 
    Trace.beginSection("recognizeImage"); 
 
    Trace.beginSection("preprocessBitmap"); 
    // Preprocess the image data from 0-255 int to normalized float based 
    // on the provided parameters. 
    bitmap.getPixels(intValues, 0, bitmap.getWidth(), 0, 0, bitmap.getWidth(), bitmap.getHeight()); 
    for (int i = 0; i < intValues.length; ++i) { 
      final int val = intValues[i]; 
      floatValues[i * 3 + 0] = (((val >> 16) & 0xFF) - imageMean) / imageStd; 
      floatValues[i * 3 + 1] = (((val >> 8) & 0xFF) - imageMean) / imageStd; 

      floatValues[i * 3 + 2] = ((val & 0xFF) - imageMean) / imageStd; 
    } 
    Trace.endSection(); 
 
    // Copy the input data into TensorFlow. 
    Trace.beginSection("feed"); 
    inferenceInterface.feed(inputName, floatValues, 1, inputSize, inputSize, 3); 
    Trace.endSection(); 
    // Run the inference call. 
    Trace.beginSection("run"); 
    inferenceInterface.run(outputNames, logStats); 
    Trace.endSection(); 

    // Copy the output Tensor back into the output array. 
    Trace.beginSection("fetch"); 

    inferenceInterface.fetch(outputName, outputs); 
    Trace.endSection(); 
 

 

    // Find the best classifications. 
    PriorityQueue<Recognition> pq = 
        new PriorityQueue<Recognition>( 
            3, 
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            new Comparator<Recognition>() { 
              @Override 
              public int compare(Recognition lhs, Recognition rhs) { 
                // Intentionally reversed to put high confidence at the head of the queue. 
                return Float.compare(rhs.getConfidence(), lhs.getConfidence()); 
              } 
            }); 
    for (int i = 0; i < outputs.length; ++i) { 

      if (outputs[i] > THRESHOLD) { 
        pq.add( 
            new Recognition( 
                "" + i, labels.size() > i ? labels.get(i) : "unknown", outputs[i], null)); 
      } 
    } 
    final ArrayList<Recognition> recognitions = new ArrayList<Recognition>(); 
    int recognitionsSize = Math.min(pq.size(), MAX_RESULTS); 
    for (int i = 0; i < recognitionsSize; ++i) { 
      recognitions.add(pq.poll()); 
    } 

    Trace.endSection(); // "recognizeImage" 
    return recognitions; 
  } 
 
  @Override 
  public void enableStatLogging(boolean logStats) { 
    this.logStats = logStats; 
  } 
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(ɦіɧɞɟɬɬі) 
 

ȿɧɝіɡɭ ɚɤɬіɫі 
 


