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Ⱥɧɨɬɚɰɿɹ 

 

ȼ ɩɟɪɲɨɦɭ ɪɨɡɞɿɥɿ ɤɜɚɥɿɮɿɤɚɰɿɣɧɨʀ ɪɨɛɨɬɢ ɦɚɝɿɫɬɪɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɝɥɹɞ 

ɬɟɯɧɨɥɨɝɿʀ ɜɢɪɨɛɧɢɰɬɜɚ ɦɨɪɨɡɢɜɚ ɬɚ ɚɧɚɥɿɡ ɿɫɧɭɸɱɢɯ ɚɜɬɨɦɚɬɢɡɨɜɚɧɢɯ ɫɢɫɬɟɦ 

ɤɟɪɭɜɚɧɧɹ ɩɪɨɰɟɫɨɦ ɜɢɪɨɛɧɢɰɬɜɚ ɦɨɪɨɡɢɜɚ. 

ȼ ɞɪɭɝɨɦɭ ɪɨɡɞɿɥɿ ɤɜɚɥɿɮɿɤɚɰɿɣɧɨʀ ɪɨɛɨɬɢ ɦɚɝɿɫɬɪɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɡɚɜɞɚɧɧɹ 

ɧɚ ɪɨɡɪɨɛɤɭ ɫɢɫɬɟɦɢ ɚɜɬɨɦɚɬɢɡɚɰɿʀ, ɬɚɤɨɠ ɧɚɜɟɞɟɧɨ ɨɩɢɫ ɫɯɟɦɢ ɚɜɬɨɦɚɬɢɡɚɰɿʀ 

ɬɚ ɫɩɟɰɢɮɿɤɚɰɿɹ ɩɪɢɥɚɞɿɜ ɬɚ ɡɚɫɨɛɿɜ ɚɜɬɨɦɚɬɢɡɚɰɿʀ, ɨɩɢɫɚɧɨ ɤɨɦɩɨɧɭɜɚɧɧɹ 

ɦɨɞɭɥɿɜ ɉɅɄ ɬɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɩɢɫ ɮɭɧɤɰɿɣ, ɳɨ ɿɧɬɟɥɟɤɬɭɚɥɿɡɭɸɬɶɫɹ ɡɚ 

ɞɨɩɨɦɨɝɨɸ ɞɿɚɝɪɚɦ ɧɚ ɦɨɜɿ SysML. 

ȼ ɬɪɟɬɶɨɦɭ ɪɨɡɞɿɥɿ ɤɜɚɥɿɮɿɤɚɰɿɣɧɨʀ ɪɨɛɨɬɢ ɦɚɝɿɫɬɪɚ ɪɨɡɝɥɹɞɚєɬɶɫɹ 

ɪɨɡɪɨɛɤɚ ɬɚ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ 

ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ. Ɉɩɢɫɚɧɨ: ɪɨɡɪɨɛɤɭ ɛɚɡɢ ɡɧɚɧɶ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ; 

ɪɨɡɪɨɛɤɭ ɫɬɪɭɤɬɭɪɢ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ; ɩɪɨɰɟɫ ɧɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ.  

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɦɨɪɨɡɢɜɨ, ɚɜɬɨɦɚɬɢɡɚɰɿɹ, SysML, Deep Network Designer, 

MATLAB GUIDE, ɧɟɣɪɨɧɧɚ ɦɟɪɟɠɚ. 
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Annotation 

 

In the first section of the master's qualification work presents the overview of 

ice cream production technology and analysis of existing automated control systems 

for the ice cream production process. 

In the second section of the master's qualification work presents tasks for the 

development of automation system, also describes the automation scheme and 

specification of automation devices and means, describes the layout of PLC modules 

and describes the functions that are intellectualized using diagrams in SysML. 

In the third section of the master's qualification work considers the 

development and operation of an intelligent control system for recognizing the 

quality of ice cream packaging. Described: development of knowledge base for ice 

cream packaging; development of the neural network structure; neural network 

learning process. 

Keywords: ice cream, automation, SysML, Deep Network Designer, 

MATLAB GUIDE, neural network. 
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ȼɫɬɭɩ 

 

Ʉɨɧɬɪɨɥɶ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɜ ɩɪɨɰɟɫɿ ɜɢɪɨɛɧɢɰɬɜɚ ɜɿɞɿɝɪɚє 

ɜɚɠɥɢɜɭ ɪɨɥɶ ɜ ɩɨɞɚɥɶɲɨɦɭ ɞɥɹ ɪɟɚɥɿɡɚɰɿʀ ɝɨɬɨɜɨʀ ɩɪɨɞɭɤɰɿʀ ɜ ɬɨɪɝɿɜɟɥɶɧɢɯ 

ɦɟɪɟɠɚɯ ɦɚɝɚɡɢɧɿɜ, ɨɫɤɿɥɶɤɢ ɭɩɚɤɨɜɤɚ ɡɧɚɱɧɨ ɜɩɥɢɜɚє ɧɚ ɫɩɪɢɣɧɹɬɬɹ 

ɫɩɨɠɢɜɚɱɚɦɢ ɹɤɨɫɬɿ ɩɪɨɞɭɤɰɿʀ ɿ ʀʀ ɜɚɪɬɨɫɬɿ. 

Ɂɚɜɞɚɧɧɹ ɤɨɧɬɪɨɥɸ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɜɢɪɿɲɭє ɫɢɫɬɟɦɚ ɤɟɪɭɜɚɧɧɹ 

ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ. Ⱦɚɧɚ ɫɢɫɬɟɦɚ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɜɢɞɭ 

ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɩɨɜɢɧɧɚ ɜɢɪɿɲɭɜɚɬɢ ɧɚɫɬɭɩɧɿ ɡɚɞɚɱɿ: 

– ɜɢɹɜɥɟɧɧɹ ɪɜɚɧɢɯ ɚɛɨ ɜɿɞɫɭɬɧɿɯ ɟɬɢɤɟɬɨɤ; 

– ɜɢɹɜɥɟɧɧɹ ɩɨɲɤɨɞɠɟɧɶ ɚɛɨ ɜɦ'ɹɬɢɧɢ ɧɚ ɤɨɪɨɛɤɚɯ; 

– ɩɟɪɟɜɿɪɤɚ ɹɤɨɫɬɿ ɞɪɭɤɭ ɟɬɢɤɟɬɨɤ; 

– ɩɟɪɟɜɿɪɤɚ ɧɚɹɜɧɨɫɬɿ ɤɨɞɭ ɞɚɬɢ; 

– ɤɨɧɬɪɨɥɶ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɩɪɨɞɭɤɬɭ ɣɨɝɨ ɟɬɢɤɟɬɰɿ; 

– ɤɨɧɬɪɨɥɶ ɧɚɹɜɧɨɫɬɿ ɡɚɯɢɫɧɨʀ ɩɥɿɜɤɢ. 

Ɉɞɧɢɦ ɿɡ ɫɩɨɫɨɛɿɜ ɪɟɚɥɿɡɚɰɿʀ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ 

ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ є ɡɚɫɬɨɫɭɜɚɧɧɹ ɬɟɯɧɨɥɨɝɿʀ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ. 

Ɋɟɚɥɿɡɚɰɿɹ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ 

ɞɨɡɜɨɥɢɬɶ ɜɢɹɜɥɹɬɢ ɧɟɹɤɿɫɧɨ ɭɩɚɤɨɜɚɧɭ ɩɪɨɞɭɤɰɿɸ ɬɚ ɜɢɥɭɱɚɬɢ ʀʀ ɞɨ ɬɨɝɨ, ɹɤ 

ɜɨɧɚ ɩɨɬɪɚɩɢɬɶ ɧɚ ɩɪɢɥɚɜɤɢ ɬɨɪɝɿɜɟɥɶɧɢɯ ɦɟɪɟɠ ɦɚɝɚɡɢɧɿɜ, ɬɢɦ ɫɚɦɢɦ 

ɡɦɟɧɲɢɜɲɢ ɡɛɢɬɤɢ ɩɿɞɩɪɢєɦɫɬɜɚ ɧɚ ɪɟɚɥɿɡɚɰɿɸ ɩɪɨɞɭɤɰɿʀ. 

Ɉɛ’єɤɬɨɦ ɞɨɫɥɿɞɠɟɧɧɹ є ɬɟɯɧɨɥɨɝɿɱɧɢɣ ɩɪɨɰɟɫ ɜɢɪɨɛɧɢɰɬɜɚ ɦɨɪɨɡɢɜɚ. 

ɉɪɟɞɦɟɬɨɦ ɞɨɫɥɿɞɠɟɧɧɹ є ɚɧɚɥɿɡ ɞɿɥɹɧɤɢ ɜɢɪɨɛɧɢɰɬɜɚ ɬɚ ɭɩɚɤɨɜɤɢ 

ɦɨɪɨɡɢɜɚ ɡ ɦɟɬɨɸ ɡɚɛɟɡɩɟɱɟɧɧɹ ɨɬɪɢɦɚɧɧɹ ɹɤɿɫɧɨ ɭɩɚɤɨɜɚɧɨɝɨ ɦɨɪɨɡɢɜɚ. 

Ɇɟɬɚ ɞɨɫɥɿɞɠɟɧɧɹ ɩɨɥɹɝɚє ɭ ɪɨɡɪɨɛɰɿ ɫɢɫɬɟɦɢ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɩɪɨɰɟɫɭ 

ɜɢɪɨɛɧɢɰɬɜɚ ɦɨɪɨɡɢɜɚ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɫɭɱɚɫɧɢɯ ɡɚɫɨɛɿɜ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɬɚ 

ɪɨɡɪɨɛɤɢ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ 

ɦɨɪɨɡɢɜɚ. 

Ɇɟɬɨɞɨɥɨɝɿɹ ɞɨɫɥɿɞɠɟɧь ɩɨɥɹɝɚє ɭ ɪɨɡɪɨɛɰɿ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɫɢɫɬɟɦɢ 

ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɬɟɯɧɨɥɨɝɿɣ 



9 

 

ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ ɧɚ ɨɫɧɨɜɿ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ. 

ɇɚɭɤɨɜɚ ɧɨɜɢɡɧɚ ɩɨɥɹɝɚє ɭ ɪɨɡɪɨɛɰɿ ɫɢɫɬɟɦɢ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɩɪɨɰɟɫɭ 

ɜɢɪɨɛɧɢɰɬɜɚ ɦɨɪɨɡɢɜɚ ɡ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɸ ɫɢɫɬɟɦɨɸ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ 

ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɬɚ ɨɩɢɫ ɩɪɨɰɟɫɭ ɪɨɡɪɨɛɤɢ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɫɢɫɬɟɦɢ 

ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɡɚ ɞɨɩɨɦɨɝɨɸ ɞɿɚɝɪɚɦ ɧɚ 

ɦɨɜɿ SysML. 

Ⱥɤɬɭɚɥьɧɿɫɬь ɞɨɫɥɿɞɠɟɧɧɹ. Ɋɨɡɪɨɛɤɚ ɫɢɫɬɟɦɢ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɩɪɨɰɟɫɭ 

ɜɢɪɨɛɧɢɰɬɜɚ ɦɨɪɨɡɢɜɚ ɡ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɸ ɫɢɫɬɟɦɨɸ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ 

ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɞɥɹ ɜɢɹɜɥɟɧɧɹ ɧɟɹɤɿɫɧɨ ɭɩɚɤɨɜɚɧɨʀ ɩɪɨɞɭɤɰɿʀ є 

ɚɤɬɭɚɥɶɧɨɸ ɡɚɞɚɱɟɸ. 
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Ɋɨɡɞɿɥ 1. Ⱥɧɚɥɿɡ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɨɛ’єɤɬɭ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɬɚ ɿɫɧɭɸɱɢɯ ȺɋɄ 

1.1. Ⱥɧɚɥɿɡ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɨɛ’єɤɬɭ ɚɜɬɨɦɚɬɢɡɚɰɿʀ 
  

ȼɢɪɨɛɧɢɰɬɜɨ ɦɨɪɨɡɢɜɚ ɜɤɥɸɱɚє ɧɚɫɬɭɩɧɿ ɨɩɟɪɚɰɿʀ: ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ 

ɧɚɹɜɧɨʀ ɫɢɪɨɜɢɧɢ ɜɢɛɢɪɚɸɬɶ ɪɟɰɟɩɬɭɪɢ ɚɛɨ ɪɨɡɪɚɯɨɜɭɸɬɶ ɦɚɫɭ ɤɨɦɩɨɧɟɧɬɿɜ ɡ 

ɭɪɚɯɭɜɚɧɧɹɦ ɯɿɦɿɱɧɨɝɨ ɫɤɥɚɞɭ ɫɢɪɨɜɢɧɢ ɿ ɝɨɬɨɜɨɝɨ ɩɪɨɞɭɤɬɭ, ɩɟɪɟɜɿɪɹɸɬɶ 

ɹɤɿɫɬɶ ɫɢɪɨɜɢɧɢ, ɫɤɥɚɞɚɸɬɶ ɫɭɦɿɲ ɞɥɹ ɦɨɪɨɡɢɜɚ, ɩɚɫɬɟɪɢɡɭɸɬɶ, ɮɿɥɶɬɪɭɸɬɶ, 

ɝɨɦɨɝɟɧɿɡɭɸɬɶ, ɨɯɨɥɨɞɠɭɸɬɶ ɿ ɩɪɨɜɨɞɹɬɶ ɞɨɡɪɿɜɚɧɧɹ ɫɭɦɿɲɿ, ɡɚɦɨɪɨɠɭɸɬɶ, 

ɮɚɫɭɸɬɶ ɿ ɡɚɝɚɪɬɨɜɭɸɬɶ ɦɨɪɨɡɢɜɨ. 

ɋɭɦɿɲ ɝɨɬɭɸɬɶ ɜ єɦɧɿɫɧɢɯ ɩɚɫɬɟɪɢɡɚɬɨɪɚɯ ɡ ɦɿɲɚɥɤɨɸ. ɉɨɩɟɪɟɞɧɶɨ 

ɤɨɦɩɨɧɟɧɬɢ ɩɿɞɝɨɬɨɜɥɹɸɬɶ ɿ ɜɿɞɜɚɠɭɸɬɶ. ȼ ɩɟɪɲɭ ɱɟɪɝɭ ɡɚɜɚɧɬɚɠɭɸɬɶ ɪɿɞɤɿ 

ɤɨɦɩɨɧɟɧɬɢ – ɜɨɞɭ, ɦɨɥɨɤɨ, ɜɟɪɲɤɢ, ɩɿɞɿɝɪɿɜɚɸɬɶ ʀɯ ɞɨ ɬɟɦɩɟɪɚɬɭɪɢ 35-45 °ɋ, 

ɳɨ ɡɚɛɟɡɩɟɱɭє ɧɚɣɛɿɥɶɲ ɩɨɜɧɟ ɿ ɲɜɢɞɤɟ ɪɨɡɱɢɧɟɧɧɹ. ɐɭɤɪɨɜɢɣ ɩɿɫɨɤ ɜɧɨɫɹɬɶ ɜ 

ɫɭɯɨɦɭ ɜɢɝɥɹɞɿ ɩɿɫɥɹ ɩɪɨɫɿɸɜɚɧɧɹ ɚɛɨ ɭ ɜɢɝɥɹɞɿ ɫɢɪɨɩɭ. ɋɭɯɿ ɦɨɥɨɱɧɿ ɩɪɨɞɭɤɬɢ 

ɡɦɿɲɭɸɬɶ ɡ ɰɭɤɪɨɜɢɦ ɩɿɫɤɨɦ ɜ ɫɩɿɜɜɿɞɧɨɲɟɧɧɿ 1:2 ɿ ɪɨɡɱɢɧɹɸɬɶ ɜ ɧɟɜɟɥɢɤɿɣ 

ɤɿɥɶɤɨɫɬɿ ɦɨɥɨɤɚ ɞɨ ɨɬɪɢɦɚɧɧɹ ɨɞɧɨɪɿɞɧɨʀ ɦɚɫɢ. Ɂɝɭɳɟɧɿ ɦɨɥɨɱɧɿ ɩɪɨɞɭɤɬɢ 

ɜɧɨɫɹɬɶ ɜ єɦɧɿɫɧɿ ɩɚɫɬɟɪɢɡɚɬɨɪɢ ɛɟɡɩɨɫɟɪɟɞɧɶɨ. 

Ɉɛɪɨɛɤɚ ɫɭɦɿɲɿ. Ɉɛɪɨɛɤɚ ɜɤɥɸɱɚє ɮɿɥьɬɪаɰɿɸ, ɩаɫɬɟɪɢɡаɰɿɸ ɿ 

ɝɨɦɨɝɟɧɿɡаɰɿɸ. 

Фɿɥьɬɪаɰɿєɸ ɜɢɞɚɥɹɸɬɶɫɹ ɦɟɯɚɧɿɱɧɿ ɞɨɦɿɲɤɢ ɿ ɱɚɫɬɤɢ ɤɨɦɩɨɧɟɧɬɿɜ, ɳɨ 

ɧɟ ɪɨɡɱɢɧɢɥɢɫɹ. ɓɨɛ ɩɨɩɟɪɟɞɢɬɢ ɜɬɨɪɢɧɧɟ ɛɚɤɬɟɪɿɚɥɶɧɟ ɨɛɫɿɦɟɧɿɧɧɹ, 

ɮɿɥьɬɪаɰɿɸ ɤɪɚɳɟ ɩɪɨɜɨɞɢɬɢ ɞɨ ɩаɫɬɟɪɢɡаɰɿʀ. Ɂɚɡɜɢɱɚɣ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ 

ɩɚɫɬɟɪɢɡɚɰɿɣɧɨ-ɨɯɨɥɨɞɠɭɜɚɥɶɧɿ ɭɫɬɚɧɨɜɤɢ, ɜ ɹɤɢɯ ɜɯɨɞɹɬɶ ɬɚɤɨɠ ɮɿɥɶɬɪ ɿ 

ɝɨɦɨɝɟɧɿɡɚɬɨɪ. 

Ɉɛɪɨɛɤɚ ɫɭɦɿɲɿ ɩɪɨɯɨɞɢɬɶ ɜ ɬɨɧɤɨɦɭ ɲɚɪɿ ɿ ɜ ɛɟɡɩɟɪɟɪɜɧɨɦɭ ɩɨɬɨɰɿ, ɛɟɡ 

ɞɨɫɬɭɩɭ ɩɨɜɿɬɪɹ, ɱɢɦ ɡɚɛɟɡɩɟɱɭєɬɶɫɹ ɜɢɫɨɤɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɩаɫɬɟɪɢɡаɰɿʀ, 

ɡɛɟɪɟɠɟɧɧɹ ɚɪɨɦɚɬɢɱɧɢɯ ɪɟɱɨɜɢɧ, ɚ ɬɚɤɨɠ ɜɿɬɚɦɿɧɿɜ. Паɫɬɟɪɢɡаɰɿɹ 

ɩɪɨɜɨɞɢɬɶɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ 85 °ɋ ɡ ɜɢɬɪɢɦɤɨɸ 50-60 ɫ. 
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ɋɭɦɿɲɿ ɧɚ ɦɨɥɨɱɧɿɣ ɨɫɧɨɜɿ ɧɟɨɛɯɿɞɧɨ ɨɛɨɜ'ɹɡɤɨɜɨ ɝɨɦɨɝɟɧɿɡɭɜаɬɢ, 

ɨɫɨɛɥɢɜɨ ɹɤɳɨ ɜ ɹɤɨɫɬɿ ɞɨɞɚɬɤɨɜɨɝɨ ɞɠɟɪɟɥɚ ɠɢɪɭ ɡɚɫɬɨɫɨɜɭɸɬɶ ɜɟɪɲɤɨɜɟ 

ɦɚɫɥɨ. Ɂɚɜɞɹɤɢ ɝɨɦɨɝɟɧɿɡаɰɿʀ ɠɢɪɨɜɿ ɤɭɥɶɤɢ ɞɪɨɛɥɹɬɶɫɹ ɿ ɪɿɜɧɨɦɿɪɧɨ 

ɪɨɡɩɨɞɿɥɹɸɬɶɫɹ ɜ ɫɭɦɿɲɿ. Ʉɪɿɦ ɬɨɝɨ, ɞɪɿɛɧɿ ɠɢɪɨɜɿ ɤɭɥɶɤɢ ɲɜɢɞɲɟ ɫɩɪɢɣɦɚɸɬɶ 

ɬɟɦɩɟɪɚɬɭɪɢ ɨɯɨɥɨɞɠɟɧɧɹ ɿ ɡɚɝɚɪɬɨɜɭɜɚɧɧɹ. Ƚɨɦɨɝɟɧɿɡаɰɿɸ ɧɟɨɛɯɿɞɧɨ 

ɩɪɨɜɨɞɢɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɛɥɢɡɶɤɢɯ ɞɨ ɬɟɦɩɟɪɚɬɭɪɢ ɩɚɫɬɟɪɢɡɚɰɿʀ, ɚɥɟ ɧɟ 

ɧɢɠɱɟ 63 °ɋ. 

Ɉɯɨɥɨɞɠɟɧɧɹ ɿ ɞɨɡɪɿɜɚɧɧɹ ɫɭɦɿɲɿ. Ƚɨɦɨɝɟɧɿɡɨɜɚɧɭ ɫɭɦɿɲ ɧɟɨɛɯɿɞɧɨ 

ɲɜɢɞɤɨ ɨɯɨɥɨɞɢɬɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɢ 0-6 °ɋ ɬɚ ɧɚɩɪɚɜɢɬɢ ɜ єɦɧɿɫɧɢɣ ɚɩɚɪɚɬ ɡ 

ɦɿɲɚɥɤɨɸ ɞɥɹ ɞɨɡɪɿɜɚɧɧɹ ɿ ɡɛɟɪɿɝɚɧɧɹ ɫɭɦɿɲɿ. 

ɉɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɜ ɹɤɨɫɬɿ ɫɬɚɛɿɥɿɡɚɬɨɪɚ ɠɟɥɚɬɢɧɭ ɿ ɞɟɹɤɢɯ ɿɧɲɢɯ 

ɪɟɱɨɜɢɧ ɧɟɨɛɯɿɞɧɨ ɮɿɡɢɱɧɟ ɞɨɡɪɿɜɚɧɧɹ ɫɭɦɿɲɿ. ȼɨɧɨ ɩɪɨɜɨɞɢɬɶɫɹ ɩɪɢ ɬɿɣ ɠɟ 

ɬɟɦɩɟɪɚɬɭɪɿ ɩɪɨɬɹɝɨɦ ɜɿɞ 4 ɞɨ 24 ɝɨɞɢɧ, ɩɪɢ ɰɶɨɦɭ ɜɿɞɛɭɜɚєɬɶɫɹ ɝɿɞɪɚɬɚɰɿɹ 

ɛɿɥɤɿɜ ɦɨɥɨɤɚ ɿ ɫɬɚɛɿɥɿɡɚɬɨɪɚ, ɩɨɞɚɥɶɲɚ ɚɞɫɨɪɛɰɿɹ ɪɿɡɧɢɣ ɪɟɱɨɜɢɧ, ɳɨ ɦɿɫɬɹɬɶɫɹ 

ɜ ɫɭɦɿɲɿ, ɧɚ ɩɨɜɟɪɯɧɿ ɠɢɪɨɜɢɯ ɤɭɥɶɨɤ; ɡɚɬɜɟɪɞɿɧɧɹ ɝɥɿɰɟɪɢɞɿɜ ɦɨɥɨɱɧɨɝɨ ɠɢɪɭ 

ɭ ɜɢɝɥɹɞɿ ɡɦɿɲɚɧɢɯ ɤɪɢɫɬɚɥɿɜ ɜ ɨɛɫɹɡɿ ɠɢɪɨɜɢɯ ɝɥɨɛɭɥ. 

Ɂɚɜɞɹɤɢ ɨɬɜɟɪɞɿɥɨɝɨ ɠɢɪɭ ɞɨɡɪɿɥɚ ɫɭɦɿɲ ɞɨɛɪɟ ɩɨɝɥɢɧɚє ɿ ɭɬɪɢɦɭє 

ɛɭɥɶɛɚɲɤɢ ɩɨɜɿɬɪɹ ɩɪɢ ɡɚɦɨɪɨɠɭɜɚɧɧɿ ɫɭɦɿɲɿ ɿ ɡɚɝɚɪɬɭɜɚɧɧɹ ɦɨɪɨɡɢɜɚ. 

Ƚɨɬɨɜɢɣ ɩɪɨɞɭɤɬ, ɜɢɝɨɬɨɜɥɟɧɢɣ ɡ ɞɨɡɪɿɥɨʀ ɫɭɦɿɲɿ, ɦɚє ɜɢɫɨɤɭ ɡɛɢɬɿɫɬɶ ɿ ɧɿɠɧɭ 

ɫɬɪɭɤɬɭɪɭ. 

Ɏɪɿɡɟɪɭɜɚɧɧɹ ɫɭɦɿɲɿ. ɉɿɞ ɱɚɫ ɩɪɨɰɟɫɭ ɮɪɿɡɟɪɭɜɚɧɧɹ ɫɭɦɿɲ ɧɚɫɢɱɭєɬɶɫɹ 

ɩɨɜɿɬɪɹɦ ɩɪɢ ɨɞɧɨɱɚɫɧɨɦɭ ɱɚɫɬɤɨɜɨɦɭ ɡɚɦɨɪɨɠɭɜɚɧɧɿ. ȼ ɪɟɡɭɥɶɬɚɬɿ 

ɭɬɜɨɪɸєɬɶɫɹ ɧɨɜɚ ɮɚɡɚ, ɪɨɡɞɿɥɟɧɚ ɩɪɨɲɚɪɤɚɦɢ ɪɿɞɤɨʀ ɮɚɡɢ. ȼɿɞ ɩɪɚɜɢɥɶɧɨɫɬɿ 

ɩɪɨɜɟɞɟɧɧɹ ɰɶɨɝɨ ɩɪɨɰɟɫɭ ɡɚɥɟɠɚɬɶ ɫɬɪɭɤɬɭɪɚ ɿ ɤɨɧɫɢɫɬɟɧɰɿɹ ɝɨɬɨɜɨɝɨ 

ɩɪɨɞɭɤɬɭ. 
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ɉɪɢ ɡɚɦɨɪɨɠɭɜɚɧɧɿ ɜɿɞɛɭɜɚєɬɶɫɹ ɮɚɡɨɜɟ ɩɟɪɟɬɜɨɪɟɧɧɹ ɜɨɞɢ, ɩɪɢ 

ɮɪɿɡɟɪɭɜɚɧɧɿ ɫɭɦɿɲɟɣ ɦɨɪɨɡɢɜɚ ɧɚ ɦɨɥɨɱɧɿɣ ɨɫɧɨɜɿ ɡɚɦɟɪɡɚє ɜɿɞ 45 ɞɨ 67 %, ɚ 

ɩɥɨɞɨɜɨ-ɹɝɿɞɧɢɯ – ɬɿɥɶɤɢ 25 % ɜɿɞ ɡɚɝɚɥɶɧɨʀ ɱɚɫɬɤɢ ɜɨɥɨɝɢ. ɑɢɦ ɛɿɥɶɲɟ ɜɨɞɢ 

ɡɚɦɨɪɨɡɢɬɢ, ɬɢɦ ɦɟɧɲɟ ɱɚɫɭ ɛɭɞɟ ɩɨɬɪɿɛɧɨ ɧɚ ɡɚɝɚɪɬɭɜɚɧɧɹ ɿ ɬɢɦ ɤɪɚɳɟ ɛɭɞɟ 

ɹɤɿɫɬɶ ɦɨɪɨɡɢɜɚ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɱɚɬɤɭ ɡɚɦɨɪɨɠɭɜɚɧɧɹ ɫɭɦɿɲɿ ɤɨɥɢɜɚєɬɶɫɹ ɜ 

ɦɟɠɚɯ ɜɿɞ -2,2 ɞɨ -3,5 °ɋ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɜɢɞɭ ɫɭɦɿɲɿ. 

ɍ ɦɨɪɨɡɢɜɿ ɩɿɫɥɹ ɮɪɿɡɟɪɭɜɚɧɧɿ ɜɟɥɢɤɚ ɱɚɫɬɢɧɚ ɠɢɪɭ ɩɟɪɟɯɨɞɢɬɶ ɜ 

ɬɜɟɪɞɢɣ ɫɬɚɧ, ɪɿɞɤɨɝɨ ɠɢɪɭ ɡɚɥɢɲɚєɬɶɫɹ 11-12 %. Ɍɟɦɩɟɪɚɬɭɪɚ ɦɨɪɨɡɢɜɚ ɜ ɤɿɧɰɿ 

ɮɪɿɡɟɪɭɜɚɧɧɿ ɫɬɚɧɨɜɢɬɶ ɜɿɞ -4,5 ɞɨ -6 °ɋ. 

Ⱦɥɹ ɡɚɦɨɪɨɠɭɜɚɧɧɹ ɫɭɦɿɲɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɮɪɿɡɟɪɢ ɩɟɪɿɨɞɢɱɧɨʀ ɞɿʀ 

(ɎɉȾ) ɡ ɨɯɨɥɨɞɠɟɧɧɹɦ ɡɚ ɞɨɩɨɦɨɝɨɸ ɪɨɡɫɨɥɭ ɚɛɨ ɛɟɡɩɨɫɟɪɟɞɧɿɦ 

ɜɢɩɚɪɨɜɭɜɚɧɧɹɦ ɯɨɥɨɞɢɥɶɧɨɝɨ ɚɝɟɧɬɭ, ɚ ɬɚɤɨɠ ɮɪɿɡɟɪɢ ɛɟɡɩɟɪɟɪɜɧɨʀ ɞɿʀ (ɎȻȾ) ɡ 

ɛɟɡɩɨɫɟɪɟɞɧɿɦ ɨɯɨɥɨɞɠɟɧɧɹɦ. 

Ɏɚɫɭɜɚɧɧɹ ɿ ɡɚɝɚɪɬɨɜɭɜɚɧɧɹ ɦɨɪɨɡɢɜɚ. Ɇɨɪɨɡɢɜɨ ɡ ɮɪɿɡɟɪɚ ɲɜɢɞɤɨ 

ɮɚɫɭɸɬɶ ɿ ɧɟɝɚɣɧɨ ɧɚɩɪɚɜɥɹɸɬɶ ɧɚ ɡɚɝɚɪɬɨɜɭɜɚɧɧɹ, ɬɚɤ ɹɤ ɩɪɢ ɡɚɬɪɢɦɰɿ ɱɚɫɬɢɧɚ 

ɡɚɤɪɢɫɬɚɥɿɡɨɜɚɧɨʀ ɜɨɞɢ ɡɦɨɠɟ ɪɨɡɬɚɧɭɬɢ, ɰɟ ɜ ɩɨɞɚɥɶɲɨɦɭ ɦɨɠɟ ɩɪɢɡɜɟɫɬɢ ɞɨ 

ɭɬɜɨɪɟɧɧɹ ɜɟɥɢɤɢɯ ɤɪɢɫɬɚɥɿɜ ɥɶɨɞɭ. 

ɍ ɩɪɨɰɟɫɿ ɡɚɝɚɪɬɨɜɭɜɚɧɧɹ ɬɟɦɩɟɪɚɬɭɪɚ ɡɧɢɠɭєɬɶɫɹ ɞɨ -15…-18 °ɋ. 

Ƚɥɿɰɟɪɢɞɢ ɦɨɥɨɱɧɨɝɨ ɠɢɪɭ ɦɚɣɠɟ ɩɨɜɧɿɫɬɸ ɩɟɪɟɯɨɞɹɬɶ ɜ ɬɜɟɪɞɢɣ ɫɬɚɧ, ɪɿɞɤɨɝɨ 

ɠɢɪɭ ɡɚɥɢɲɚєɬɶɫɹ ɜɫɶɨɝɨ ɥɢɲɟ ɱɚɫɬɤɢ ɜɿɞɫɨɬɤɚ. 

Ɍɪɢɜɚɥɿɫɬɶ ɡɚɝɚɪɬɨɜɭɜɚɧɧɹ ɡɚɥɟɠɢɬɶ ɜɿɞ ɫɤɥɚɞɭ ɦɨɪɨɡɢɜɚ, ɬɟɦɩɟɪɚɬɭɪɢ 

ɧɚɜɤɨɥɢɲɧɶɨɝɨ ɫɟɪɟɞɨɜɢɳɚ, ɹɤɟ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ (ɦɨɪɨɡɢɥɶɧɿ ɚɩɚɪɚɬɢ, ɪɨɡɫɨɥɭ 

ɝɟɧɟɪɚɬɨɪ, ɯɨɥɨɞɢɥɶɧɿ ɤɚɦɟɪɢ ɬɚ ɿɧ.), ȼɢɞɭ ɭɩɚɤɨɜɤɢ ɬɚ ɿɧ. 

Ɂɚɡɜɢɱɚɣ ɩɪɨɰɟɫ ɮɚɫɭɜɚɧɧɹ ɿ ɡɚɝɚɪɬɨɜɭɜɚɧɧɹ ɦɨɪɨɡɢɜɚ ɩɨɜɧɿɫɬɸ 

ɦɟɯɚɧɿɡɨɜɚɧɢɣ: ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɩɨɬɨɤɨɜɿ ɥɿɧɿʀ, ɳɨ ɫɤɥɚɞɚɸɬɶɫɹ ɡ ɎȻȾ, 

ɞɨɡɚɬɨɪɚ-ɚɜɬɨɦɚɬɚ ɿ ɦɨɪɨɡɢɥɶɧɨɝɨ ɚɩɚɪɚɬɭ, ɫɩɨɥɭɱɟɧɢɯ ɫɢɫɬɟɦɨɸ 

ɬɪɚɧɫɩɨɪɬɟɪɿɜ. 
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Ɂɚɜɞɹɤɢ ɿɧɬɟɧɫɢɜɧɨɦɭ ɩɟɪɟɦɿɲɭɜɚɧɧɸ ɨɯɨɥɨɞɠɟɧɨɝɨ ɞɨ -30 °ɋ ɩɨɜɿɬɪɹ ɜ 

ɦɨɪɨɡɢɥɶɧɨɦɭ ɚɩɚɪɚɬɿ ɡɚɝɚɪɬɨɜɭɜɚɧɧɹ ɬɪɢɜɚє 35-45 ɯɜ. Ɇɨɪɨɡɢɜɨ, ɳɨ ɜɢɯɨɞɢɬɶ 

ɦɚє ɬɟɦɩɟɪɚɬɭɪɭ -12…-18 °ɋ. Ɍɚɤɟ ɲɜɢɞɤɟ ɡɚɝɚɪɬɨɜɭɜɚɧɧɹ ɫɩɪɢɹє ɭɬɜɨɪɟɧɧɸ 

ɞɪɿɛɧɢɯ ɤɪɢɫɬɚɥɢɤɿɜ ɥɶɨɞɭ ɡ ɧɿɠɧɨɸ ɫɬɪɭɤɬɭɪɨɸ ɦɨɪɨɡɢɜɚ. 

Ɂɛɟɪɿɝɚɧɧɹ ɦɨɪɨɡɢɜɚ. Ɂɚɝɚɪɬɨɜɚɧɟ ɦɨɪɨɡɢɜɨ ɭɩɚɤɨɜɭɸɬɶ ɜ ɤɚɪɬɨɧɧɿ 

ɤɨɪɨɛɤɢ ɬɚ ɧɚɩɪɚɜɥɹɸɬɶ ɜ ɤɚɦɟɪɢ ɡɛɟɪɿɝɚɧɧɹ ɡ ɬɟɦɩɟɪɚɬɭɪɨɸ -18…-25 °ɋ ɿ 

ɜɿɞɧɨɫɧɨɸ ɜɨɥɨɝɿɫɬɸ ɩɨɜɿɬɪɹ 85-90 %. 

ȼ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɜɢɞɭ ɭɩɚɤɨɜɚɧɟ ɦɨɪɨɡɢɜɨ ɦɨɠɟ ɡɛɟɪɿɝɚɬɢɫɹ ɞɨ 2 

ɦɿɫɹɰɿɜ. ɉɿɞ ɱɚɫ ɜɢɩɭɫɤɭ ɡ ɩɿɞɩɪɢєɦɫɬɜɚ ɦɨɪɨɡɢɜɚ ɣɨɝɨ ɬɟɦɩɟɪɚɬɭɪɚ ɦɨɥɨɱɧɢɯ 

ɜɢɞɿɜ ɧɟ ɩɨɜɢɧɧɚ ɩɟɪɟɜɢɳɭɜɚɬɢ -10 °ɋ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɮɪɭɤɬɨɜɨ-ɹɝɿɞɧɨɝɨ ɿ 

ɚɪɨɦɚɬɢɱɧɨɝɨ ɦɨɪɨɡɢɜɚ – ɧɟ ɩɨɜɢɧɧɚ ɩɟɪɟɜɢɳɭɜɚɬɢ -12 °ɋ [19]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



14 

 

1.2. Ⱥɧɚɥɿɡ ɿɫɧɭɸɱɢɯ ȺɋɄ ɬɟɯɧɨɥɨɝɿɱɧɢɦ ɨɛ’єɤɬɨɦ. 

Ɇɚɲɢɧɧɢɣ ɡɿɪ ɜ ɯɚɪɱɨɜɿɣ ɩɪɨɦɢɫɥɨɜɨɫɬɿ 

 

Ɂɚ ɨɫɬɚɧɧє ɞɟɫɹɬɢɥɿɬɬɹ ɬɟɯɧɨɥɨɝɿʀ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ, ɳɨ ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ 

ɞɥɹ ɩɪɨɦɢɫɥɨɜɨʀ ɚɜɬɨɦɚɬɢɡɚɰɿʀ, ɡɪɨɛɢɥɢ ɜɟɥɢɤɢɣ ɹɤɿɫɧɢɣ ɤɪɨɤ ɜɩɟɪɟɞ. 

Ɍɟɯɧɿɱɧɢɣ ɦɚɲɢɧɧɢɣ ɡɿɪ ɫɬɚɜ ɫɬɚɛɿɥɶɧɿɲɟ ɿ ɧɚɞɿɣɧɿɲɟ, ɩɪɨɫɬɿɲɟ ɭ ɜɢɤɨɪɢɫɬɚɧɧɿ 

ɿ ɞɟɲɟɜɲɟ. ȼ ɪɟɡɭɥɶɬɚɬɿ ɫɢɫɬɟɦɢ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ ɜɠɟ ɦɨɠɧɚ ɡɭɫɬɪɿɬɢ ɧɚ 

ɜɿɞɧɨɫɧɨ ɧɟɜɟɥɢɤɢɯ ɜɢɪɨɛɧɢɰɬɜɚɯ, ɜ ɬɨɦɭ ɱɢɫɥɿ ɿ ɜ ɯɚɪɱɨɜɿɣ ɝɚɥɭɡɿ. ɐɿ ɫɢɫɬɟɦɢ 

ɞɨɩɨɦɚɝɚɸɬɶ ɩɿɞɜɢɳɭɜɚɬɢ ɹɤɿɫɬɶ ɩɪɨɞɭɤɰɿʀ, ɦɿɧɿɦɿɡɭɜɚɬɢ ɜɩɥɢɜ ɥɸɞɫɶɤɨɝɨ 

ɮɚɤɬɨɪɭ, ɚɜɬɨɦɚɬɢɡɭɜɚɬɢ ɜɢɤɨɧɭɜɚɧɿ ɜɪɭɱɧɭ ɨɩɟɪɚɰɿʀ, ɜɿɞɫɬɟɠɭɜɚɬɢ 

ɩɟɪɟɦɿɳɟɧɧɹ ɩɪɨɞɭɤɰɿʀ ɬɚ ɛɚɝɚɬɨ ɿɧɲɨɝɨ. 

Ɋɚɡɨɦ ɡ ɬɢɦ ɬɚɤɿ ɫɢɫɬɟɦɢ ɞɨɬɟɩɟɪ ɪɿɞɤɿɫɬɶ: ɜɨɧɢ ɩɨɤɢ ɡɭɫɬɪɿɱɚɸɬɶɫɹ, ɜ 

ɨɫɧɨɜɧɨɦɭ, ɧɚ ɩɿɞɩɪɢєɦɫɬɜɚɯ ɡ ɿɧɨɡɟɦɧɢɦɢ ɤɪɚʀɧɚɦɢ ɚɛɨ ɡ'ɹɜɥɹɸɬɶɫɹ ɧɚ 

ɜɢɪɨɛɧɢɰɬɜɚɯ ɜ ɫɤɥɚɞɿ ɡɚɤɨɪɞɨɧɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. 

Ⱦɨɜɝɿ ɪɨɤɢ ɛɭɞɶ-ɹɤɚ ɫɢɫɬɟɦɚ ɬɟɯɧɿɱɧɨɝɨ ɡɨɪɭ ɬɪɚɞɢɰɿɣɧɨ ɩɪɟɞɫɬɚɜɥɹɥɚ 

ɫɨɛɨɸ ɤɨɦɩɥɟɤɫ ɡ ɜɿɞɟɨɤɚɦɟɪɢ, ɤɨɦɩ'ɸɬɟɪɚ ɿ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ (ɉɈ). 

Ɉɫɧɨɜɧɢɦɢ ɧɟɞɨɥɿɤɚɦɢ ɬɚɤɢɯ ɫɢɫɬɟɦ є ɫɤɥɚɞɧɿɫɬɶ, ɬɪɢɜɚɥɿɫɬɶ ɿ ɞɨɪɨɠɧɟɱɚ 

ɪɨɡɪɨɛɤɢ (ɧɚɜɿɬɶ ɧɟɡɜɚɠɚɸɱɢ ɧɚ ɿɫɧɭɜɚɧɧɹ ɝɨɬɨɜɢɯ ɩɪɨɝɪɚɦɧɢɯ ɛɿɛɥɿɨɬɟɤ 

ɮɭɧɤɰɿɣ ɨɛɪɨɛɤɢ ɿ ɚɧɚɥɿɡɭ ɡɨɛɪɚɠɟɧɶ).  

Ⱦɥɹ ɪɹɞɭ ɩɪɨɝɪɚɦ ɿ ɫɶɨɝɨɞɧɿ ɬɚɤɚ ɤɨɧɮɿɝɭɪɚɰɿɹ ɨɛɥɚɞɧɚɧɧɹ ɡɚɥɢɲɚєɬɶɫɹ 

єɞɢɧɨ ɦɨɠɥɢɜɨɸ. Ⱥɥɟ ɛɿɥɶɲɿɫɬɶ ɧɚɣɛɿɥɶɲ ɬɢɩɨɜɢɯ ɡɚɞɚɱ ɜɠɟ ɦɨɠɧɚ ɜɢɪɿɲɢɬɢ ɡ 

ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɤɨɦɩɚɤɬɧɨɝɨ ɩɪɢɫɬɪɨɸ ɜ єɞɢɧɨɦɭ ɤɨɪɩɭɫɿ – ɫɦɚɪɬ-ɤɚɦɟɪɢ, ɹɤɚ 

ɩɨɡɛɚɜɥɟɧɚ ɡɚɡɧɚɱɟɧɢɯ ɧɟɞɨɥɿɤɿɜ.  

 

 

 

 

ɉɪɢɤɥɚɞ ɫɦɚɪɬ-ɤɚɦɟɪɢ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɧɚ ɪɢɫ. 1.1. 
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Ɋɢɫ. 1.1. ɋɦɚɪɬ-ɤɚɦɟɪɚ. 

 

ɋɦɚɪɬ-ɤɚɦɟɪɚ – ɰɟ ɜɿɞɟɨɤɚɦɟɪɚ, ɹɤɚ ɜɠɟ ɦɿɫɬɢɬɶ ɜ ɫɨɛɿ ɤɨɦɩ'ɸɬɟɪ, ɡɚɫɨɛɢ 

ɤɨɦɭɧɿɤɚɰɿʀ ɡɿ ɫɬɨɪɨɧɧɿɦ ɨɛɥɚɞɧɚɧɧɹɦ ɿ ɩɿɞɫɜɿɱɭɜɚɧɧɹ (ɭ ɞɟɹɤɢɯ ɦɨɞɟɥɟɣ). 

Ʉɨɦɩɚɤɬɧɿɫɬɶ ɿ ɜɛɭɞɨɜɚɧɿ ɩɪɨɝɪɚɦɧɨ-ɚɩɚɪɚɬɧɿ ɡɚɫɨɛɢ ɤɨɦɭɧɿɤɚɰɿʀ ɡ 

ɤɨɧɬɪɨɥɟɪɚɦɢ, ɪɨɛɨɬɚɦɢ, ɫɬɨɪɨɧɧɿɦɢ ɩɪɨɝɪɚɦɧɢɦɢ ɫɢɫɬɟɦɚɦɢ ɡɚɛɟɡɩɟɱɭɸɬɶ 

ɞɭɠɟ ɩɪɨɫɬɭ, ɲɜɢɞɤɭ ɿ, ɹɤ ɪɟɡɭɥɶɬɚɬ, ɧɟɞɨɪɨɝɭ ɿɧɬɟɝɪɚɰɿɸ ɤɚɦɟɪɢ ɜ ɜɢɪɨɛɧɢɱɢɣ 

ɩɪɨɰɟɫ. 

 

 

ɉɈ Cognex, ɳɨ ɜɤɥɸɱɚє ɜ ɫɟɛɟ ɫɟɪɟɞɨɜɢɳɟ ɞɥɹ ɩɪɨɝɪɚɦɭɜɚɧɧɹ ɫɦɚɪɬ-

ɤɚɦɟɪ ɿ ɛɿɛɥɿɨɬɟɤɭ ɚɥɝɨɪɢɬɦɿɜ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ, ɞɨɡɜɨɥɹє ɩɪɨɝɪɚɦɭɜɚɬɢ ɤɚɦɟɪɢ, 

ɧɟ ɦɚɸɱɢ ɹɤɢɯɨɫɶ ɫɩɟɰɿɚɥɶɧɢɯ ɡɧɚɧɶ ɚɛɨ ɞɨɫɜɿɞɭ ɩɪɨɝɪɚɦɭɜɚɧɧɹ. əɤ ɧɚɫɥɿɞɨɤ, 

ɩɪɨɰɟɫ ɪɨɡɪɨɛɤɢ ɩɪɨɝɪɚɦɢ ɞɥɹ ɤɚɦɟɪɢ ɜ ɛɿɥɶɲɨɫɬɿ ɜɢɩɚɞɤɿɜ ɡɚɣɦɚє, ɜ 

ɩɨɪɿɜɧɹɧɧɿ ɡ ɤɥɚɫɢɱɧɢɦ «ɤɨɦɩ'ɸɬɟɪɧɢɦ» ɩɿɞɯɨɞɨɦ, ɧɚ ɩɨɪɹɞɨɤ ɦɟɧɲɟ ɱɚɫɭ. 
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Ʉɿɥɶɤɿɫɬɶ ɮɭɧɤɰɿɣ ɨɛɪɨɛɤɢ ɿ ɚɧɚɥɿɡɭ ɡɨɛɪɚɠɟɧɶ ɜ ɛɿɛɥɿɨɬɟɰɿ Cognex 

ɨɛɱɢɫɥɸєɬɶɫɹ ɫɨɬɧɹɦɢ. ɐɟ ɮɭɧɤɰɿʀ ɥɨɤɚɥɿɡɚɰɿʀ (ɜɢɹɜɥɟɧɧɹ) ɨɛ'єɤɬɚ, 

ɜɢɦɿɪɸɜɚɧɧɹ ɪɨɡɦɿɪɿɜ, ɩɨɪɿɜɧɹɧɧɹ ɡ ɲɚɛɥɨɧɨɦ, ɩɨɲɭɤɭ ɞɟɮɟɤɬɿɜ, ɡɱɢɬɭɜɚɧɧɹ 

ɬɟɤɫɬɨɜɨʀ ɦɚɪɤɭɜɚɧɧɹ, ɡɱɢɬɭɜɚɧɧɹ ɲɬɪɢɯ-ɤɨɞɿɜ ɿ ɞɜɨɜɢɦɿɪɧɢɯ ɦɚɬɪɢɱɧɢɯ ɤɨɞɿɜ 

ɬɚ ɿɧ. Ȼɚɝɚɬɨ ɡ ɮɭɧɤɰɿɣ, ɧɟɡɜɚɠɚɸɱɢ ɧɚ ɩɪɨɫɬɨɬɭ ɜɢɤɨɪɢɫɬɚɧɧɹ, ɡɚɫɧɨɜɚɧɿ ɧɚ 

ɫɤɥɚɞɧɿɣ ɦɚɬɟɦɚɬɢɤɢ. 

Іɫɧɭє ɞɭɦɤɚ, ɳɨ ɩɪɢ ɡɦɿɧɿ ɭɦɨɜ ɨɫɜɿɬɥɟɧɧɹ ɫɢɫɬɟɦɢ ɬɟɯɧɿɱɧɨɝɨ ɡɨɪɭ 

ɩɨɱɢɧɚɸɬɶ ɩɪɚɰɸɜɚɬɢ ɧɟɫɬɚɛɿɥɶɧɨ ɿ ʀɯ ɩɨɬɪɿɛɧɨ ɩɟɪɟɧɚɫɬɪɨɸɜɚɬɢ. 

ɍ ɡɜ'ɹɡɤɭ ɡ ɰɢɦ ɫɥɿɞ ɡɚɡɧɚɱɢɬɢ ɮɭɧɤɰɿɸ PatMax, ɡɚɫɧɨɜɚɧɭ ɧɚ 

ɜɢɫɨɤɨɬɨɱɧɨɦɭ, ɫɬɚɛɿɥɶɧɨɦɭ ɚɥɝɨɪɢɬɦɿ ɞɥɹ ɜɢɹɜɥɟɧɧɹ ɧɟɮɿɤɫɨɜɚɧɢɯ ɨɛ'єɤɬɿɜ, 

ɡɚɩɚɬɟɧɬɨɜɚɧɨɦɭ Cognex ɜ 1997 ɪ. PatMax ɨɩɟɪɭє ɜɟɤɬɨɪɧɢɯ ɨɩɢɫɨɦ ɡɨɛɪɚɠɟɧɶ. 

ɐɟ ɞɨɡɜɨɥɹє ɜɢɹɜɥɹɬɢ ɨɛ'єɤɬɢ ɧɚɜɿɬɶ ɧɟɡɜɚɠɚɸɱɢ ɧɚ ɡɦɿɧɢ ɨɫɜɿɬɥɟɧɨɫɬɿ ɿ 

ɦɚɫɲɬɚɛɭ, ɚ ɬɚɤɨɠ ɜ ɿɧɲɢɯ ɫɤɥɚɞɧɢɯ ɜɢɩɚɞɤɚɯ (ɪɢɫ. 1.2). 

 

 

 

Ɋɢɫ. 1.2. ȼɢɹɜɥɟɧɧɹ ɨɛ’єɤɬɭ ɩɨɲɭɤɭ. 

 

Ɉɤɪɟɦɢɣ ɧɚɛɿɪ ɮɭɧɤɰɿɣ ɜɿɞɩɨɜɿɞɚє ɡɚ ɤɨɦɭɧɿɤɚɰɿɸ ɤɚɦɟɪɢ ɡ ɿɧɲɢɦɢ 

ɩɪɢɫɬɪɨɹɦɢ. ɋɦɚɪɬ-ɤɚɦɟɪɢ Cognex ɩɿɞɤɥɸɱɚɸɬɶɫɹ ɜ ɦɟɪɟɠɭ Ethernet ɿ 

ɩɿɞɬɪɢɦɭɸɬɶ ɜɫɿ ɩɨɲɢɪɟɧɿ ɩɪɨɬɨɤɨɥɢ: Profinet, Profibus, Modbus, OPC, TCP, 
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UDP, FTP, DeviceNet, ɩɪɨɬɨɤɨɥɢ ɪɨɛɨɬɿɜ ɿ ɛɚɝɚɬɨ ɿɧɲɢɯ. Ⱦɥɹ ɭɩɪɚɜɥɿɧɧɹ ɛɭɞɶ-

ɹɤɢɦɢ ɜɢɤɨɧɚɜɱɢɦɢ ɦɟɯɚɧɿɡɦɚɦɢ ɧɚ ɥɿɧɿʀ, ɧɚɩɪɢɤɥɚɞ ɞɥɹ ɜɿɞɛɪɚɤɨɜɭɜɚɧɧɹ, 

ɦɨɠɧɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɞɢɫɤɪɟɬɧɿ ɜɢɯɨɞɢ ɤɚɦɟɪɢ. 

Ʉɿɥɶɤɿɫɬɶ ɜɢɪɨɛɧɢɱɢɯ ɡɚɜɞɚɧɶ, ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɹɤɢɯ ɦɨɠɭɬɶ 

ɡɚɫɬɨɫɨɜɭɜɚɬɢɫɹ ɫɦɚɪɬ-ɤɚɦɟɪɢ, ɞɭɠɟ ɜɟɥɢɤɟ, ɬɚɤ ɹɤ ɛɭɞɶ-ɹɤɟ ɜɢɪɨɛɧɢɰɬɜɨ ɜ ɬɿɣ 

ɱɢ ɿɧɲɿɣ ɦɿɪɿ ɭɧɿɤɚɥɶɧɨ ɿ ɛɚɝɚɬɨ ɡɚɜɞɚɧɶ ɬɟɠ ɭɧɿɤɚɥɶɧɿ. Ⱥɥɟ ɪɚɡɨɦ ɡ ɬɢɦ є ɪɹɞ 

ɞɨɫɢɬɶ ɬɢɩɨɜɢɯ ɩɪɨɝɪɚɦ, ɬɚɤɢɯ ɹɤ ɡɱɢɬɭɜɚɧɧɹ ɬɟɤɫɬɨɜɨʀ ɦɚɪɤɭɜɚɧɧɹ ɬɚ ɤɨɞɿɜ, 

ɤɨɧɬɪɨɥɶ ɮɨɪɦɢ ɩɪɨɞɭɤɬɭ, ɩɟɪɟɜɿɪɤɚ ɤɨɦɩɥɟɤɬɧɨɫɬɿ, ɤɨɧɬɪɨɥɶ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ, 

ɭɩɪɚɜɥɿɧɧɹ ɪɨɛɨɬɚɦɢ. Ɍɟɯɧɿɱɧɚ ɪɟɚɥɿɡɚɰɿɹ ɬɚɤɢɯ ɩɪɨɟɤɬɿɜ ɦɚє ɫɜɨʀ ɨɫɨɛɥɢɜɨɫɬɿ, 

ɹɤɿ ɨɛɨɜ'ɹɡɤɨɜɨ ɫɥɿɞ ɜɪɚɯɨɜɭɜɚɬɢ ɳɟ ɧɚ ɟɬɚɩɿ ɩɟɪɜɢɧɧɨʀ ɨɩɪɚɰɸɜɚɧɧɹ ɿɞɟʀ. 

 

 

 

Ɂɚɜɞɚɧɧɹ ɡɱɢɬɭɜɚɧɧɹ ɦɚɪɤɭɜɚɧɧɹ, ɧɟɡɜɚɠɚɸɱɢ ɧɚ ɭɹɜɧɭ ɩɪɨɫɬɨɬɭ, ɦɚє 

ɤɿɥɶɤɚ ɧɸɚɧɫɿɜ. ɉɨ-ɩɟɪɲɟ, ɫɥɿɞ ɛɪɚɬɢ ɞɨ ɭɜɚɝɢ ɮɨɧ, ɧɚ ɹɤɨɦɭ ɧɚɞɪɭɤɨɜɚɧɢɣ 

ɬɟɤɫɬ. əɤɳɨ ɮɨɧ ɦɨɠɟ ɡɦɿɧɸɜɚɬɢɫɹ, ɬɨ ɡɱɢɬɭɜɚɧɧɹ ɦɚɪɤɭɜɚɧɧɹ ɫɬɚє ɫɤɥɚɞɧɢɦ. 

ɉɨ-ɞɪɭɝɟ, ɞɥɹ ɤɨɪɟɤɬɧɨɝɨ ɡɱɢɬɭɜɚɧɧɹ ɦɚɪɤɭɜɚɧɧɹ ɹɤɿɫɬɶ ɞɪɭɤɭ ɦɚє ɛɭɬɢ 

ɫɬɚɛɿɥɶɨɸ, ɹɤɳɨ, ɡɜɢɱɚɣɧɨ, ɩɟɪɟɞ ɫɢɫɬɟɦɨɸ ɬɟɯɧɿɱɧɨɝɨ ɡɨɪɭ ɧɟ ɫɬɨʀɬɶ ɡɚɜɞɚɧɧɹ 

ɹɤɪɚɡ ɜɢɹɜɥɟɧɧɹ ɧɟɹɤɿɫɧɨɝɨ ɞɪɭɤɭ. ɉɨ-ɬɪɟɬє, ɛɚɠɚɧɨ, ɳɨɛ ɫɢɦɜɨɥɢ ɛɭɥɢ ɡɚɜɠɞɢ 

ɨɞɧɨɦɚɧɿɬɧɨ ɪɨɡɬɚɲɨɜɚɧɿ ɿ ɧɟ ɡɥɢɜɚɥɢɫɹ ɨɞɢɧ ɡ ɨɞɧɢɦ (ɪɢɫ. 1.3). Іɧɚɤɲɟ ɰɟ 

ɜɧɨɫɢɬɶ ɞɨɞɚɬɤɨɜɿ ɫɤɥɚɞɧɨɫɬɿ, ɿɧɨɞɿ ɩɟɪɟɛɨɪɧɿ, ɿɧɨɞɿ – ɧɿ. ȼ ɿɧɲɢɯ ɠɟ ɜɢɩɚɞɤɚɯ 

ɡɱɢɬɭɜɚɧɧɹ ɦɚɪɤɭɜɚɧɧɹ ɹɜɥɹє ɫɨɛɨɸ ɞɨɫɢɬɶ ɩɪɨɫɬɭ ɡɚɞɚɱɭ ɹɤ ɞɥɹ ɫɚɦɨʀ ɫɦɚɪɬ-

ɤɚɦɟɪɢ, ɬɚɤ ɿ ɞɥɹ ɮɚɯɿɜɰɹ, ɹɤɢɣ ʀʀ ɩɪɨɝɪɚɦɭє. 
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Ɋɢɫ. 1.3. ɉɪɢɤɥɚɞ ɫɤɥɚɞɧɨʀ ɫɢɬɭɚɰɿʀ ɞɥɹ ɡɱɢɬɭɜɚɧɧɹ. 

 

Ʉɨɧɬɪɨɥɶ ɝɟɨɦɟɬɪɢɱɧɨʀ ɮɨɪɦɢ ɜɢɪɨɛɿɜ – ɳɟ ɨɞɧɚ ɞɨɫɢɬɶ ɩɨɲɢɪɟɧɚ 

ɡɚɜɞɚɧɧɹ (ɪɢɫ. 1.4). ɋɥɿɞ ɨɤɪɟɦɨ ɪɨɡɝɥɹɞɚɬɢ ɤɨɧɬɪɨɥɶ 2D-ɮɨɪɦɢ (ɧɚ ɩɥɨɳɢɧɿ) ɿ 

3D-ɤɨɧɬɪɨɥɶ ɬɪɢɜɢɦɿɪɧɨʀ ɮɨɪɦɢ ɜɢɪɨɛɭ. 
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Ɋɢɫ.1.4. Ʉɨɧɬɪɨɥɶ ɮɨɪɦɢ ɜɢɩɿɱɤɢ. 

 

Ʉɨɧɬɪɨɥɶ ɮɨɪɦɢ ɧɚ ɩɥɨɳɢɧɿ ɛɿɥɶɲ ɩɪɨɫɬɢɣ, ɿ ɝɨɥɨɜɧɟ ɩɢɬɚɧɧɹ, ɹɤɟ 

ɡɚɡɜɢɱɚɣ ɫɬɨʀɬɶ ɩɟɪɟɞ ɪɨɡɪɨɛɧɢɤɚɦɢ ɜ ɰɶɨɦɭ ɜɢɩɚɞɤɭ, – ɹɤ ɫɬɜɨɪɢɬɢ ɬɚɤɿ ɭɦɨɜɢ, 

ɳɨɛ ɨɛ'єɤɬ ɤɨɧɬɪɨɥɸ ɞɨɛɪɟ ɤɨɧɬɪɚɫɬɭɜɚɜ ɡ ɮɨɧɨɦ. Ɂɚɡɜɢɱɚɣ ɰɟ ɞɨɫɹɝɚєɬɶɫɹ ɡɚ 

ɞɨɩɨɦɨɝɨɸ ɫɩɟɰɿɚɥɿɡɨɜɚɧɨʀ ɩɿɞɫɜɿɱɭɜɚɧɧɹ, ɫɜɿɬɥɨɮɿɥɶɬɪɿɜ ɬɚ ɿɧɲɢɯ ɡɚɯɨɞɿɜ. 

 

ɍ ɞɟɹɤɢɯ ɜɢɩɚɞɤɚɯ ɩɨɬɪɿɛɧɨ ɤɨɧɬɪɨɥɸɜɚɬɢ ɬɪɢɜɢɦɿɪɧɭ ɮɨɪɦɭ ɩɪɨɞɭɤɬɭ. 

ȼ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɥɚɡɟɪɧɿ ɬɪɿɚɧɝɭɥɹɰɿɣɧɿ ɤɚɦɟɪɢ, ɹɤɿ 

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɥɚɡɟɪɧɟ ɥɿɧɿɣɧɟ ɩɿɞɫɜɿɱɭɜɚɧɧɹ ɿ, ɜɢɯɨɞɹɱɢ ɡ ɮɨɪɦɢ ɫɦɭɠɤɢ 

ɫɜɿɬɥɚ ɜɿɞ ɥɚɡɟɪɧɨɝɨ ɩɪɨɦɟɧɸ ɩɨɩɟɪɟɤ ɪɭɯɨɦɨɝɨ ɩɪɨɞɭɤɬɭ ɿ ɲɜɢɞɤɨɫɬɿ ɪɭɯɭ 

ɩɪɨɞɭɤɬɭ, ɜɢɡɧɚɱɚɸɬɶ ɣɨɝɨ ɮɨɪɦɭ. Ɋɨɡɝɥɹɞ ɬɟɯɧɨɥɨɝɿʀ ɬɪɿɚɧɝɭɥɹɰɿɣɧɢɯ ɤɚɦɟɪ, 

ʀɯ ɦɨɠɥɢɜɨɫɬɟɣ ɿ ɨɛɦɟɠɟɧɶ – ɰɟ ɨɤɪɟɦɚ ɰɿɤɚɜɚ ɬɟɦɚ.  

ɋɥɿɞ ɥɢɲɟ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɧɚɣɤɪɚɳɢɦ ɱɢɧɨɦ ɞɚɧɚ ɬɟɯɧɨɥɨɝɿɹ ɜɢɹɜɥɹє 
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ɫɟɛɟ ɞɥɹ ɡɚɜɞɚɧɶ ɤɨɧɬɪɨɥɸ ɧɚɹɜɧɨɫɬɿ/ɜɿɞɫɭɬɧɨɫɬɿ, ɤɨɧɬɪɨɥɸ ɩɨɪɰɿɣ, ɤɨɧɬɪɨɥɸ 

ɩɨɥɨɠɟɧɧɹ ɤɨɜɩɚɱɤɚ ɿ ɬ.ɞ. ɍɧɢɤɚɬɢ ɠ ɫɥɿɞ ɡɚɜɞɚɧɶ, ɩɨɜ'ɹɡɚɧɢɯ ɡ ɤɨɧɬɪɨɥɟɦ 

ɩɪɨɡɨɪɢɯ ɿ ɞɡɟɪɤɚɥɶɧɢɯ ɨɛ'єɤɬɿɜ, ɚ ɬɚɤɨɠ ɡɚɜɞɚɧɶ, ɞɟ ɧɟɦɨɠɥɢɜɨ ɥɿɧɿɣɧɟ 

ɩɟɪɟɦɿɳɟɧɧɹ ɩɪɨɞɭɤɬɭ ɳɨɞɨ ɤɚɦɟɪɢ (ɚɛɨ ɧɚɜɩɚɤɢ). 

ɇɚɫɬɭɩɧɚ ɞɨɫɢɬɶ ɩɨɲɢɪɟɧɟ ɡɚɜɞɚɧɧɹ – ɿɧɫɩɟɤɰɿɹ ɭɩɚɤɨɜɤɢ. ɉɪɨɰɟɫ 

ɭɩɚɤɨɜɤɢ ɩɪɨɞɭɤɰɿʀ ɩɨɜ'ɹɡɚɧɢɣ ɡ ɨɩɟɪɚɰɿɹɦɢ, ɳɨ ɦɟɯɚɧɿɱɧɨ ɦɚɧɿɩɭɥɸɸɬɶ  

ɩɚɩɟɪɨɦ, ɚ ɬɚɤɨɠ ɤɚɪɬɨɧɨɦ ɪɚɡɨɦ ɡ ɮɨɥɶɝɨɸ ɬɚ ɩɥɚɫɬɢɤɨɦ. ɉɪɚɤɬɢɱɧɨ 

ɧɟɦɢɧɭɱɟ ɬɚɤɿ ɜɢɪɨɛɧɢɱɿ ɩɪɨɰɟɫɢ ɿɧɨɞɿ ɞɚɸɬɶ ɡɛɨʀ, ɪɟɡɭɥɶɬɚɬɨɦ ɱɨɝɨ є 

ɨɬɪɢɦɚɧɧɹ ɧɟɹɤɿɫɧɨʀ ɭɩɚɤɨɜɤɢ. ȼ ɭɦɨɜɚɯ ɡɪɨɫɬɚɸɱɨʀ ɤɨɧɤɭɪɟɧɰɿʀ ɛɭɞɶ ɹɤɢɣ 

ɨɬɪɢɦɚɧɢɣ ɧɟɞɨɥɿɤ ɡɨɜɧɿɲɧɶɨɝɨ ɜɢɝɥɹɞɭ ɭɩɚɤɨɜɤɢ є ɤɪɢɬɢɱɧɢɦ ɞɥɹ ɜɢɪɨɛɧɢɤɚ. 

Ɍɨɦɭ ɧɚ ɟɬɚɩɿ ɩɪɨɰɟɫɭ ɤɨɧɬɪɨɥɸ ɭɩɚɤɨɜɤɢ ɫɢɫɬɟɦɢ ɬɟɯɧɿɱɧɨɝɨ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ 

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɜɫɟ ɱɚɫɬɿɲɟ (ɪɢɫ. 1.5). 
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Ɋɢɫ.1.5. Ʉɨɧɬɪɨɥɶ ɭɩɚɤɨɜɤɢ ɜɚɮɟɥɶ. 

 

ɋɢɫɬɟɦɢ ɬɟɯɧɿɱɧɨɝɨ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ ɦɚɸɬɶ ɡɞɚɬɧɿɫɬɶ ɩɟɪɟɜɿɪɹɬɢ 

ɧɚɹɜɧɿɫɬɶ ɮɿɡɢɱɧɢɯ ɩɨɲɤɨɞɠɟɧɶ ɧɚ ɭɩɚɤɨɜɰɿ, ɫɟɪɟɞ ɹɤɢɯ ɦɨɠɭɬɶ ɛɭɬɢ 

ɡɦɨɪɲɨɤɢ, ɚ ɬɚɤɨɠ ɡɚɫɬɪɹɝɚɧɧɹ ɬɚ ɪɨɡɪɢɜɢ, ɳɟ є ɦɨɠɥɢɜɿɫɬɶ ɜɢɹɜɥɹɬɢ ɞɟɮɟɤɬɢ 

ɧɚɤɥɟɸɜɚɧɧɹ ɟɬɢɤɟɬɨɤ ɧɚ ɩɪɨɞɭɤɬ (ɚ ɫɚɦɟ ɦɿɫɰɟ ɪɨɡɬɚɲɭɜɚɧɧɹ ɟɬɢɤɟɬɤɢ ɿ ɹɤ 

ɪɿɜɧɨ ɟɬɢɤɟɬɤɚ ɪɨɡɬɚɲɨɜɚɧɚ), ɬɚɤɨɠ ɧɚɹɜɧɿɫɬɶ ɬɚ ɫɬɚɧ ɛɭɞɶ-ɹɤɢɯ ɟɥɟɦɟɧɬɿɜ 

ɭɩɚɤɨɜɤɢ (ɧɚɩɪɢɤɥɚɞ, ɧɚɹɜɧɿɫɬɶ ɤɪɢɲɤɢ ɧɚ ɩɥɹɲɰɿ, ɪɢɫ. 1.6), ɬɚ 

ɧɟɤɨɦɩɥɟɤɬɧɿɫɬɶ ɩɪɨɞɭɤɬɭ (ɪɢɫ. 1.7) ɿ ɿɧɲɿ ɞɟɮɟɤɬɢ. 
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Ɋɢɫ. 1.6. Ʉɨɧɬɪɨɥɶ ɧɚɹɜɧɨɫɬɿ ɬɚ ɩɨɥɨɠɟɧɧɹ ɩɪɨɛɤɢ ɧɚ ɩɥɹɲɰɿ. 

 

Ɋɢɫ. 1.7. Ʉɨɧɬɪɨɥɶ ɤɨɦɩɥɟɤɬɧɨɫɬɿ ɩɪɨɞɭɤɰɿʀ ɲɜɢɞɤɨɝɨ ɯɚɪɱɭɜɚɧɧɹ. 

ɇɚ ɯɚɪɱɨɜɢɯ ɜɢɪɨɛɧɢɰɬɜɚɯ ɡɚ ɤɨɪɞɨɧɨɦ ɞɨɫɢɬɶ ɩɨɲɢɪɟɧɟ ɡɚɫɬɨɫɭɜɚɧɧɹ 
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ɪɨɛɨɬɿɜ. ȼ ɍɤɪɚʀɧɿ ɰɹ ɬɟɧɞɟɧɰɿɹ ɬɿɥɶɤɢ ɧɚɛɢɪɚє ɨɛɟɪɬɿɜ. ȼ ɭɤɪɚʀɧɫɶɤɿɣ ɩɪɚɤɬɢɰɿ 

ɞɨɫɢɬɶ ɱɚɫɬɚ ɤɚɪɬɢɧɚ, ɤɨɥɢ ɩɿɞɩɪɢєɦɫɬɜɨ ɧɚɛɭɜɚє ɞɭɠɟ ɜɢɫɨɤɨɩɪɨɞɭɤɬɢɜɧɿ 

ɫɭɱɚɫɧɿ ɥɿɧɿʀ, ɚɥɟ ɧɚ ɩɪɨɦɿɠɧɢɯ ɜɢɪɨɛɧɢɱɢɯ ɟɬɚɩɚɯ, ɹɤ ɿ ɪɚɧɿɲɟ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ 

ɪɭɱɧɚ ɩɪɚɰɹ, ɳɨ ɡɜɨɞɢɬɶ ɧɚɧɿɜɟɰɶ ɜɫɿ ɲɜɢɞɤɿɫɧɿ ɩɟɪɟɜɚɝɢ ɨɛɥɚɞɧɚɧɧɹ. ɍ ɬɚɤɢɯ 

ɫɢɬɭɚɰɿɹɯ ɡɚɫɬɨɫɭɜɚɧɧɹ ɪɨɛɨɬɿɜ ɫɩɿɥɶɧɨ ɡ ɫɢɫɬɟɦɚɦɢ ɬɟɯɧɿɱɧɨɝɨ ɦɚɲɢɧɧɨɝɨ 

ɡɨɪɭ ɦɨɠɟ ɞɨɩɨɦɨɝɬɢ ɿɫɬɨɬɧɨ ɩɿɞɜɢɳɢɬɢ ɟɮɟɤɬɢɜɧɿɫɬɶ ɜɢɪɨɛɧɢɰɬɜɚ. 

Ƚɨɜɨɪɹɱɢ ɩɪɨ ɦɨɠɥɢɜɨɫɬɿ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ ɜɢɪɿɲɭɜɚɬɢ ɡɚɜɞɚɧɧɹ ɿɡ 

ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɪɨɛɨɬɿɜ, ɫɥɿɞ ɜɪɚɯɨɜɭɜɚɬɢ, ɳɨ ɫɭɱɚɫɧɢɣ ɪɿɜɟɧɶ ɪɨɡɜɢɬɤɭ 

ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ ɞɨɡɜɨɥɹє ɟɮɟɤɬɢɜɧɨ ɜɢɪɿɲɭɜɚɬɢ ɡɚɜɞɚɧɧɹ ɜ 2D ɿ ɩɨɤɢ ɳɟ 

ɫɢɥɶɧɨ ɨɛɦɟɠɟɧɢɣ ɜ ɡɞɚɬɧɨɫɬɿ ɜɢɪɿɲɭɜɚɬɢ ɡɚɜɞɚɧɧɹ ɜ 3D.  

ɇɚɩɪɢɤɥɚɞ, ɬɟɯɧɨɥɨɝɿʀ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ ɥɟɝɤɨ ɞɨɡɜɨɥɹɸɬɶ ɜɢɪɿɲɭɜɚɬɢ 

ɡɚɜɞɚɧɧɹ ɩɨ ɩɟɪɟɦɿɳɟɧɧɸ ɿ ɭɩɚɤɨɜɰɿ ɨɛ'єɤɬɿɜ ɩɪɨɫɬɨʀ ɮɨɪɦɢ, ɧɚɩɪɢɤɥɚɞ ɬɚɤɢɯ, 

ɹɤ ɤɨɜɛɚɫɚ (ɪɢɫ. 1.8) ɚɛɨ ɤɨɬɥɟɬɢ. Ɍɚɤɿ ɜɢɪɨɛɢ ɦɨɠɭɬɶ ɦɚɬɢ ɞɨɜɿɥɶɧɟ ɩɨɥɨɠɟɧɧɹ 

ɧɚ ɤɨɧɜɟєɪɿ, ɫɢɫɬɟɦɚ ɜ ɛɭɞɶ-ɹɤɨɦɭ ɜɢɩɚɞɤɭ ɛɚɱɢɬɶ ʀɯ ɨɞɧɨɦɚɧɿɬɧɨ. 

 

 

Ɋɢɫ. 1.8. Ɋɨɛɨɬɢɡɨɜɚɧɚ ɭɩɚɤɨɜɤɚ ɤɨɜɛɚɫɧɢɯ ɜɢɪɨɛɿɜ. 

Ɇɚɧɿɩɭɥɸɜɚɧɧɹ ɠ ɨɛ'єɤɬɚɦɢ ɡ ɛɿɥɶɲ ɫɤɥɚɞɧɨɸ ɬɪɢɜɢɦɿɪɧɨɸ ɮɨɪɦɨɸ 

ɹɜɥɹє ɫɨɛɨɸ ɧɚ ɩɨɪɹɞɨɤ ɫɤɥɚɞɧɿɲɟ ɡɚɜɞɚɧɧɹ, ɿ ɧɚ ɫɭɱɚɫɧɨɦɭ ɟɬɚɩɿ ɪɨɡɜɢɬɤɭ 
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ɬɟɯɧɨɥɨɝɿɣ ɰɟ ɧɟ ɡɚɜɠɞɢ ɦɨɠɥɢɜɨ.  

ɇɚɩɪɢɤɥɚɞ, ɜɿɞ ɫɢɫɬɟɦɢ ɩɨɬɪɿɛɧɨ ɧɚɜɨɞɢɬɢ ɪɨɛɨɬɚ ɡɚɯɨɩɥɸɜɚɬɢ ɬɭɲɤɢ 

ɤɭɪɱɚɬ. əɤɳɨ ɤɭɪɱɚɬɚ ɪɨɡɬɚɲɨɜɚɧɿ ɧɚ ɤɨɧɜɟєɪɿ ɇȿ ɜɩɨɪɹɞɤɨɜɚɧɨ, ɬɨ ɞɥɹ 

ɫɢɫɬɟɦɢ ɜɨɧɢ ɜɫɟ ɜɢɝɥɹɞɚɸɬɶ ɩɨ-ɪɿɡɧɨɦɭ, ɬɨɦɭ ɥɨɤɚɥɿɡɚɰɿɹ (ɜɢɹɜɥɟɧɧɹ) ɨɛ'єɤɬɚ 

ɭɫɤɥɚɞɧɟɧɚ.  

ɋɢɫɬɟɦɚ «ɩɚɦ'ɹɬɚє» ɜɢɞ ɤɭɪɱɚɬɢ ɜ ɩɟɜɧɨɦɭ ɪɚɤɭɪɫɿ. Ɍɭɬ ɦɨɠɧɚ ɩɪɨɜɟɫɬɢ 

ɚɧɚɥɨɝɿɸ ɡ ɥɸɞɢɧɨɸ. əɤɳɨ ɜɚɦ ɩɨɤɚɡɚɬɢ ɱɢɸɫɶ ɮɨɬɨɝɪɚɮɿɸ ɜ ɩɪɨɮɿɥɶ, ɬɨ 

ɡɨɜɫɿɦ ɧɟ ɨɛɨɜ'ɹɡɤɨɜɨ, ɳɨ ɜɢ ɞɿɡɧɚєɬɟɫɹ ɰɿєʀ ɥɸɞɢɧɢ ɜ ɮɚɫ. 

ɇɚɫɬɭɩɧɚ ɜɟɥɶɦɢ ɩɨɲɢɪɟɧɚ ɤɚɬɟɝɨɪɿɹ ɡɚɜɞɚɧɶ ɞɥɹ ɫɢɫɬɟɦ ɬɟɯɧɿɱɧɨɝɨ 

ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ – ɰɟ ɡɱɢɬɭɜɚɧɧɹ ɜɫɿɥɹɤɢɯ ɤɨɞɿɜ. Cognex ɜɢɞɿɥɹє ɨɤɪɟɦɭ ɥɿɧɿɣɤɭ 

ɫɦɚɪɬ-ɤɚɦɟɪ DataMan, ɮɭɧɤɰɿɨɧɚɥ ɹɤɢɯ ɨɛɦɟɠɟɧɢɣ ɡɱɢɬɭɜɚɧɧɹɦ ɤɨɞɿɜ. 

ɋɢɫɬɟɦɢ ɬɟɯɧɿɱɧɨɝɨ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ ɩɿɲɥɢ ɞɚɥɟɤɨ ɜɩɟɪɟɞ ɜɿɞ ɡɜɢɱɧɢɯ 

ɥɚɡɟɪɧɢɯ ɫɤɚɧɟɪɿɜ (ɬɚɤɢɯ, ɹɤɿ ɜɫɬɚɧɨɜɥɟɧɿ ɧɚ ɤɚɫɿ ɛɭɞɶ-ɹɤɨɝɨ ɫɭɩɟɪɦɚɪɤɟɬɭ).  

Ȼɭɞɶ ɫɤɚɧɟɪ Cognex DataMan – ɰɟ ɫɦɚɪɬ-ɤɚɦɟɪɚ. ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ ɥɚɡɟɪɧɢɯ 

ɫɤɚɧɟɪɿɜ, ɤɚɦɟɪɚ ɚɧɚɥɿɡɭє ɧɟ ɫɜɿɬɥɨ ɜɿɞɛɢɬɨɝɨ ɥɚɡɟɪɚ, ɚ ɛɟɡɩɨɫɟɪɟɞɧɶɨ 

ɜɿɞɟɨɡɨɛɪɚɠɟɧɧɹ ɤɨɞɭ. ɐɟ ɞɚє ɦɚɫɭ ɩɟɪɟɜɚɝ: ɛɿɥɶɲ ɜɢɫɨɤɭ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɿ 

ɞɨɜɝɨɜɿɱɧɿɫɬɶ (ɧɟɦɚє ɨɛɟɪɬɨɜɨɝɨ ɞɡɟɪɤɚɥɚ), ɦɨɠɥɢɜɿɫɬɶ ɱɢɬɚɧɧɹ ɞɨɜɿɥɶɧɨ 

ɨɪɿєɧɬɨɜɚɧɢɯ ɤɨɞɿɜ, ɦɨɠɥɢɜɿɫɬɶ ɱɢɬɚɧɧɹ ɞɜɨɜɢɦɿɪɧɢɯ ɦɚɬɪɢɱɧɢɯ ɤɨɞɿɜ (2D-

ɤɨɞɿɜ), ɚ ɬɚɤɨɠ ɤɿɥɶɤɨɯ ɤɨɞɿɜ ɨɞɧɨɱɚɫɧɨ, ɦɨɠɥɢɜɿɫɬɶ ɡɛɟɪɟɠɟɧɧɹ ɤɚɪɬɢɧɤɢ ɤɨɞɭ 

(ɧɚɩɪɢɤɥɚɞ, ɤɨɞ ɧɟɱɢɬɚɧɢɣ, ɿ ɩɨɬɪɿɛɧɨ ɡɪɨɡɭɦɿɬɢ ɱɨɦɭ), ɦɨɠɥɢɜɿɫɬɶ ɱɢɬɚɧɧɹ 

ɩɨɲɤɨɞɠɟɧɢɯ ɿ ɧɟɹɤɿɫɧɨ ɧɚɞɪɭɤɨɜɚɧɢɯ ɤɨɞɿɜ, ɜɿɡɭɚɥɿɡɚɰɿɸ ɿ ɛɚɝɚɬɨ ɿɧɲɨɝɨ. 

 

 

 

 

Ɇɨɞɟɥɿ ɫɤɚɧɟɪɿɜ ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɩɪɨɞɭɤɬɢɜɧɿɫɬɸ, ɡɞɚɬɧɿɫɬɸ ɡɱɢɬɭɜɚɬɢ 

ɩɟɜɧɿ ɜɢɞɢ ɤɨɞɿɜ, ɞɨɡɜɨɥɨɦ ɦɚɬɪɢɰɿ ɿ ɿɧɲɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. ȼɚɪɬɿɫɬɶ ɜɫɟɪɟɞɢɧɿ 

ɦɨɞɟɥɶɧɨɝɨ ɪɹɞɭ ɦɨɠɟ ɜɚɪɿɸɜɚɬɢɫɹ ɧɚ ɩɨɪɹɞɨɤ, ɬɨɦɭ ɩɿɞɛɿɪ ɫɤɚɧɟɪɚ ɤɪɚɳɟ 

ɧɚɞɚɬɢ ɮɚɯɿɜɰɹɦ. ɋɩɟɰɿɚɥɿɫɬ ɨɩɟɪɭє ɬɚɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɹɤ ɪɨɡɦɿɪ ɡɨɧɢ 

ɤɨɧɬɪɨɥɸ, ɦɿɧɿɦɚɥɶɧɢɣ ɪɨɡɦɿɪ ɤɨɞɭ, ɦɿɧɿɦɚɥɶɧɢɣ ɪɨɡɦɿɪ ɦɨɞɭɥɹ ɤɨɞɭ (ɲɢɪɢɧɚ 
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ɫɦɭɠɤɢ ɲɬɪɢɯ-ɤɨɞɭ ɚɛɨ ɪɨɡɦɿɪ ɨɞɧɨɝɨ ɟɥɟɦɟɧɬɚ 2D-ɤɨɞɭ), ɞɨɡɜɿɥ ɿ 

ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɤɚɦɟɪɢ, ɜɢɡɧɚɱɚє ɧɟɨɛɯɿɞɧɿɫɬɶ ɭ ɞɨɞɚɬɤɨɜɿɣ ɩɨɫɢɥɟɧɨɸ 

ɩɿɞɫɜɿɱɭɜɚɧɧɿ (ɪɢɫ. 1.9). 

 

 

Ɋɢɫ. 1.9. Ɂɱɢɬɭɜɚɧɧɹ ɤɨɞɿɜ ɧɚ ɚɤɰɢɡɧɨʀ ɦɚɪɤɢ. 

 

 

 

 

əɤ ɡɚɝɚɥɶɧɟ ɫɩɨɫɬɟɪɟɠɟɧɧɹ ɫɥɿɞ ɡɚɭɜɚɠɢɬɢ, ɳɨ ɧɚ ɜɿɞɦɿɧɭ ɜɿɞ ɡɚɯɿɞɧɢɯ 

ɩɨɤɭɩɰɿɜ ɭɤɪɚʀɧɫɶɤɢɣ ɫɩɨɠɢɜɚɱ ɩɪɢ ɤɭɩɿɜɥɿ ɨɛɥɚɞɧɚɧɧɹ ɩɨɤɢ ɞɭɠɟ ɪɿɞɤɨ 

ɦɢɫɥɢɬɶ ɤɚɬɟɝɨɪɿɹɦɢ «ɜɚɪɬɿɫɬɶ ɜɨɥɨɞɿɧɧɹ» ɿ «ɜɚɪɬɿɫɬɶ ɪɨɛɨɬɢ», ɜ ɨɫɧɨɜɧɨɦɭ 

ɥɢɲɟ ɨɪɿєɧɬɭɸɱɢɫɶ ɧɚ ɜɚɪɬɿɫɬɶ ɨɛɥɚɞɧɚɧɧɹ.  

ɇɚ ɩɪɢɤɥɚɞɿ ɫɤɚɧɟɪɿɜ ɤɨɞɿɜ ɰɟ ɧɚɨɱɧɨ ɜɢɞɧɨ: ɜɚɪɬɿɫɬɶ ɪɨɛɨɬɢ ɩɨ 

ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɩɪɨɞɭɤɰɿʀ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɜɚɪɬɨɫɬɿ ɫɤɚɧɟɪɚ, ɬɪɭɞɨɜɢɬɪɚɬ ɧɚ ɣɨɝɨ 

ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ ɿ ɜɚɪɬɨɫɬɿ ɪɭɱɧɢɯ ɨɩɟɪɚɰɿɣ ɜ ɬɢɯ ɜɢɩɚɞɤɚɯ, ɤɨɥɢ ɫɤɚɧɟɪ ɧɟ ɡɦɿɝ 
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ɩɪɨɱɢɬɚɬɢ ɤɨɞ. Ʉɨɠɟɧ ɧɟɩɪɨɱɢɬɚɧɢɣ ɤɨɞ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɧɟɨɛɯɿɞɧɨɫɬɿ ɩɨɜɟɪɧɭɬɢ 

ɨɩɟɪɚɬɨɪɚ ɿ ɜɪɭɱɧɭ ɡɚɪɟєɫɬɪɭɜɚɬɢ ɩɪɨɞɭɤɬ ɬɚ ɞɨ ɡɚɬɪɢɦɨɤ ɧɚ ɜɢɪɨɛɧɢɱɿɣ ɥɿɧɿʀ, ɜ 

ɪɟɡɭɥɶɬɚɬɿ ɱɨɝɨ ɜɢɪɨɛɧɢɤ ɧɟɩɨɦɿɬɧɨ ɜɬɪɚɱɚє ɝɪɨɲɿ [20]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɉɪɨɦɢɫɥɨɜɿ  ɫɢɫɬɟɦɢ ɬɟɯɧɿɱɧɨɝɨ ɡɨɪɭ In-Sight Cognex 

 

ɉɨɜɧɿɫɬɸ ɚɜɬɨɧɨɦɧɿ ɩɪɨɦɢɫɥɨɜɿ  ɫɢɫɬɟɦɢ ɬɟɯɧɿɱɧɨɝɨ ɡɨɪɭ In-

Sight  Cognex ɜɤɥɸɱɚɸɬɶ ɜ ɫɟɛɟ ɿɧɫɬɪɭɦɟɧɬɢ ɜɢɫɨɤɨɲɜɢɞɤɿɫɧɨɝɨ ɡɚɯɨɩɥɟɧɧɹ ɿ 

ɨɛɪɨɛɤɢ ɡɨɛɪɚɠɟɧɶ. Ⱥɫɨɪɬɢɦɟɧɬ ɦɨɞɟɥɟɣ ɫɟɪɿʀ In-Sight, ɜ ɬɨɦɭ ɱɢɫɥɿ ɤɚɦɟɪ 

ɥɿɧɿɣɧɨɝɨ ɫɤɚɧɭɜɚɧɧɹ ɿ ɪɨɡɩɿɡɧɚɜɚɧɧɹ, ɦɚє ɲɢɪɨɤɢɣ ɰɿɧɨɜɢɣ ɞɿɚɩɚɡɨɧ ɿ ɪɿɡɧɿ 

ɟɤɫɩɥɭɚɬɚɰɿɣɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɞɨɡɜɨɥɹɸɱɢ: 

– ɫɨɪɬɭɜɚɬɢ ɩɪɨɞɭɤɬɢ ɯɚɪɱɭɜɚɧɧɹ ɡɚ ɤɨɥɶɨɪɨɦ ɚɛɨ ɮɨɪɦɿ, ɨɪɿєɧɬɭɜɚɬɢ ɧɚ 

ɪɨɡɥɢɜ ɚɛɨ ɭɩɚɤɨɜɤɭ; 
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– ɜɢɹɜɥɹɬɢ ɞɟɮɟɤɬɢ, ɩɟɪɟɜɿɪɹɬɢ ɩɪɚɜɢɥɶɧɿɫɬɶ ɫɤɥɚɞɚɧɧɹ, ɜɢɡɧɚɱɚɬɢ ɪɿɜɟɧɶ 

ɡɚɩɨɜɧɟɧɧɹ ɿ ɞɚɜɚɬɢ ɜɤɚɡɿɜɤɢ ɪɨɛɨɬɭ ɧɚ ɩɟɪɟɜɚɧɬɚɠɟɧɧɹ ɚɛɨ ɩɚɥɥɟɬɢɡɚɰɿɸ 

ɬɨɜɚɪɭ;  

– ɜɢɡɧɚɱɚɬɢ ɧɟɩɪɚɜɢɥɶɧɨ ɨɪɿєɧɬɨɜɚɧɿ ɩɥɹɲɤɢ ɿ ɩɨɞɚɜɚɬɢ ɫɢɝɧɚɥ ɩɪɢɜɨɞɧɨɝɨ 

ɦɟɯɚɧɿɡɦɭ ɧɚ ɪɨɡɜɨɪɨɬ ɩɥɹɲɤɢ ɜ ɩɪɚɜɢɥɶɧɟ ɩɨɥɨɠɟɧɧɹ; 

– ɤɨɧɬɪɨɥɸɜɚɬɢ ɧɚɹɜɧɿɫɬɶ ɤɪɢɲɨɤ ɿ ɡɛɟɪɟɠɟɧɧɹ ɩɥɨɦɛ ɧɚ ɩɥɹɲɤɚɯ;  

– ɜɢɹɜɥɹɬɢ ɜɫɬɚɜɥɟɧɿ ɚɛɨ ɩɪɢɤɪɿɩɥɟɧɿ ɞɨ ɭɩɚɤɨɜɤɢ ɥɢɫɬɤɢ-ɜɤɥɚɞɢɲɿ;  

– ɩɨɦɿɱɚɬɢ ɜɿɞɫɭɬɧɿɫɬɶ ɚɛɨ ɩɨɲɤɨɞɠɟɧɧɹ ɩɪɨɞɭɤɬɭ;  

– ɩɟɪɟɜɿɪɹɬɢ ɧɚɹɜɧɿɫɬɶ ɛɪɚɤɨɜɚɧɨɝɨ ɩɪɨɞɭɤɬɭ ɜ ɩɥɹɲɤɚɯ ɚɛɨ ɿɧɲɿɣ 

ɭɩɚɤɨɜɰɿ;  

– ɤɨɧɬɪɨɥɸɜɚɬɢ ɫɬɚɧ ɟɬɢɤɟɬɤɢ.  

Ʉɚɦɟɪɢ In-Sight ɬɚɤɨɠ ɨɫɧɚɳɟɧɿ ɜɟɥɢɤɨɸ ɛɿɛɥɿɨɬɟɤɨɸ ɡɚɫɨɛɿɜ 

ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ Cognex, ɞɨɫɬɭɩɧɢɯ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɪɨɫɬɨɝɨ ɜ ɟɤɫɩɥɭɚɬɚɰɿʀ ɉɈ 

In-Sight Explorer. 

 

 

 

 

ɐɟ ɡɚɫɨɛɢ ɡɿɫɬɚɜɥɟɧɧɹ ɨɛɪɚɡɿɜ (PatMax Redline, PatMax ɿ PatFind), 

ɮɿɥɶɬɪɚɰɿʀ (ɱɨɪɧɨ-ɛɿɥɿ ɬɚ ɤɨɥɶɨɪɨɜɿ ɡɨɛɪɚɠɟɧɧɹ), ɪɨɛɨɬɢ ɡ ɤɨɥɶɨɪɨɦ 

(ɿɞɟɧɬɢɮɿɤɚɰɿɹ ɤɨɥɶɨɪɭ, ɜɢɹɜɥɟɧɧɹ ɤɨɥɶɨɪɭ, ɤɨɥɿɪɧɚ ɝɿɫɬɨɝɪɚɦɚ), ɩɟɪɟɜɿɪɤɢ ɧɚ 

ɞɟɮɟɤɬɢ (ɞɟɮɟɤɬɢ ɩɨɜɟɪɯɧɿ ɿ ɝɧɭɱɤɢɯ ɤɚɛɟɥɿɜ, ɩɟɪɟɜɿɪɤɚ ɤɨɧɬɭɪɿɜ) ɿ 

ɿɞɟɧɬɢɮɿɤɚɰɿʀ (ɲɬɪɢɯ ɿ 2D ɤɨɞɢ, OCR).  

Іɧɫɬɪɭɦɟɧɬɢ ɱɚɫɬɨ ɨɧɨɜɥɸɸɬɶɫɹ: ɧɚɩɪɢɤɥɚɞ, ɧɨɜɟ ɩɨɤɨɥɿɧɧɹ PatMax 

Redline ɫɟɪɿʀ In-Sight 8000 ɡɚɛɟɡɩɟɱɭє ɜɢɫɨɤɨɲɜɢɞɤɿɫɧɟ ɡɿɫɬɚɜɥɟɧɧɹ ɨɛɪɚɡɿɜ, ɹɤɟ 

ɜ 4-7 ɪɚɡɿɜ ɲɜɢɞɲɟ, ɧɿɠ ɭ PatMax. ɉɪɢ ɰɶɨɦɭ ɧɚ ɬɨɱɧɨɫɬɿ ɿ ɧɚɞɿɣɧɨɫɬɿ ɩɨɲɭɤɭ 

ɰɟ ɧɟ ɩɨɡɧɚɱɚєɬɶɫɹ. ȼɢɤɨɪɢɫɬɚɧɧɹ ɫɢɫɬɟɦ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ ɿ ɩɪɨɦɢɫɥɨɜɨʀ 

ɿɞɟɧɬɢɮɿɤɚɰɿʀ Cognex In-Sight ɜ ɬɨɦɭ ɱɢɫɥɿ ɞɨɡɜɨɥɹє ɩɨɥɿɩɲɢɬɢ ɹɤɿɫɬɶ ɜɢɩɭɫɤɭ 

ɝɨɬɨɜɢɯ ɫɬɪɚɜ ɿ ɿɫɬɨɬɧɨ ɡɧɢɡɢɬɢ ɜɢɬɪɚɬɢ ɧɚ ʀɯ ɜɢɪɨɛɧɢɰɬɜɨ. 
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Ɋɢɫ. 1.10. Ʉɨɧɬɪɨɥɶ ɩɪɨɰɟɫɭ ɜɢɪɨɛɧɢɰɬɜɚ ɩɿɰɢ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɸ ɤɚɦɟɪɨɸ 

Cognex In-Sight. 

 

 

 

 

ɇɚ ɪɢɫ 1.10 ɩɨɤɚɡɚɧɿ ɟɬɚɩɢ ɚɜɬɨɦɚɬɢɱɧɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ ɿ ɭɩɚɤɨɜɤɢ ɝɨɬɨɜɢɯ 

ɫɬɪɚɜ, ɹɤɿ ɤɨɧɬɪɨɥɸє ɿɧɬɟɥɟɤɬɭɚɥɶɧɚ ɤɚɦɟɪɚ Cognex In-Sight. əɤ ɩɪɢɤɥɚɞ 

ɪɨɡɝɥɹɧɟɦɨ ɩɪɨɰɟɫ ɜɢɪɨɛɧɢɰɬɜɚ ɩɿɰɢ. Ʉɨɦɩɚɧɿɹɦ-ɜɢɪɨɛɧɢɤɚɦ ɡ ɨɛɫɹɝɨɦ 

ɜɢɩɭɫɤɭ ɩɨɧɚɞ 100 ɬɢɫ. ɩɿɰ ɳɨɞɧɹ ɧɟɨɛɯɿɞɧɨ ɡɚɛɟɡɩɟɱɢɬɢ ɤɨɧɬɪɨɥɶ ɹɤɨɫɬɿ 

ɩɪɨɞɭɤɰɿʀ, ɳɨ ɜɢɩɭɫɤɚєɬɶɫɹ. Ɋɭɱɧɚ ɿɧɫɩɟɤɰɿɹ ɩɪɢ ɬɚɤɢɯ ɜɟɥɢɤɢɯ ɨɛɫɹɝɚɯ ɜ 

ɭɦɨɜɚɯ ɜɢɪɨɛɧɢɱɨɝɨ ɩɪɨɰɟɫɭ ɰɶɨɝɨ ɡɪɨɛɢɬɢ ɧɟ ɦɨɠɟ. 

ɋɢɫɬɟɦɚ Cognex In-Sight ɜ ɩɨєɞɧɚɧɧɿ ɡ ɉɈ Cognex VisionPro ɿɧɫɩɟɤɬɭє ɫɬɚɧ ɩɿɰɢ 

ɧɚ ɤɨɧɜɟєɪɿ, ɩɟɪɟɜɿɪɹɸɱɢ ɡɨɜɧɿɲɧɿɣ ɜɢɝɥɹɞ, ɪɨɡɦɿɪ ɿ ɮɨɪɦɭ ɩɪɨɞɭɤɬɭ – ɧɚɜɿɬɶ 

ɲɚɪ ɫɢɪɭ ɧɚ ɩɨɜɟɪɯɧɿ ɝɨɬɨɜɨɝɨ ɩɪɨɞɭɤɬɭ. Ȼɭɞɶ-ɹɤɚ ɩɿɰɚ, ɹɤɚ ɧɟ ɜɿɞɩɨɜɿɞɚє 

ɫɬɚɧɞɚɪɬɭ, ɜɿɞɛɪɚɤɨɜɭɸɬɶ. ɇɚ ɟɬɚɩɿ ɭɩɚɤɨɜɤɢ ɩɪɨɰɟɫ ɭɫɤɥɚɞɧɸєɬɶɫɹ, ɹɤɳɨ ɪɿɡɧɿ 

ɜɢɞɢ ɩɿɰ ɪɭɯɚɸɬɶɫɹ ɩɨ ɤɨɧɜɟєɪɧɿɣ ɫɬɪɿɱɰɿ ɜ ɞɨɜɿɥɶɧɨɦɭ ɩɨɪɹɞɤɭ. 

ɋɢɫɬɟɦɚ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ Cognex In-Sight ɿɞɟɧɬɢɮɿɤɭє ɩɿɰɢ ɪɿɡɧɢɯ ɬɢɩɿɜ ɭ ɦɿɪɭ 

ʀɯ ɩɪɨɯɨɞɠɟɧɧɹ ɩɨ ɤɨɧɜɟєɪɧɿɣ ɫɬɪɿɱɰɿ ɿ ɩɟɪɟɞɚє ɪɨɛɨɬɭ ɿɧɮɨɪɦɚɰɿɸ ɩɪɨ 

ɫɬɚɧɨɜɢɳɟ ɤɨɠɧɨʀ ɩɿɰɢ. ɉɨɞɿɛɧɚ ɫɢɫɬɟɦɚ ɡɞɚɬɧɚ ɭɩɚɤɨɜɭɜɚɬɢ 60-80 ɩɿɰ ɜ 

ɯɜɢɥɢɧɭ, ɳɨ ɧɟ ɞɟɮɨɪɦɭɸɱɢ ʀɯ ɿ ɧɟ ɝɭɛɥɹɱɢ ɧɚɱɢɧɤɭ.  
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Іɧɬɟɥɟɤɬɭɚɥɶɧɿ ɤɚɦɟɪɢ In-Sight ɬɚɤɨɠ ɦɨɠɧɚ ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɩɪɢ ɜɢɪɨɛɧɢɰɬɜɿ 

ɧɚɩɨʀɜ (ɪɢɫ. 1.11). 

 

Ɋɢɫ. 1.11. Ʉɨɧɬɪɨɥɶ ɩɪɨɰɟɫɭ ɜɢɪɨɛɧɢɰɬɜɚ ɧɚɩɨʀɜ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɸ ɤɚɦɟɪɨɸ 

Cognex In-Sight. 

 

Ⱦɥɹ ɭɫɬɚɧɨɜɤɢ ɜ ɜɚɠɤɨɞɨɫɬɭɩɧɢɯ ɦɿɫɰɹɯ ɩɨɬɪɿɛɧɿ ɞɭɠɟ ɤɨɦɩɚɤɬɧɿ ɤɚɦɟɪɢ 

- ɹɤ, ɧɚɩɪɢɤɥɚɞ, In-Sight Micro 8000 (ɪɢɫ. 1.12). Ʉɚɦɟɪɢ ɰɿєʀ ɫɟɪɿʀ ɜɦɿɳɚɸɬɶ ɜ 

ɫɟɛɟ ɚɜɬɨɧɨɦɧɭ ɫɢɫɬɟɦɭ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ ɜ ɤɨɪɩɭɫɿ ɡ ɪɨɡɦɿɪɚɦɢ ɫɬɚɧɞɚɪɬɧɨʀ 

ɤɚɦɟɪɢ (31ɯ31ɯ64 ɦɦ) ɿ ɡɞɚɬɧɿ ɩɪɚɰɸɜɚɬɢ ɧɚ ɜɢɫɨɤɿɣ ɲɜɢɞɤɨɫɬɿ.  

Ʉɨɠɧɚ ɫɢɫɬɟɦɚ ɦɚє ɮɨɪɦ-ɮɚɤɬɨɪ ɬɪɚɞɢɰɿɣɧɨʀ «ɧɟɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ» ɤɚɦɟɪɢ 

GigE Vision. ȼɫɿ ɦɨɞɟɥɿ ɫɟɪɿʀ In-Sight 8000 ɨɫɧɚɳɟɧɿ ɮɭɧɤɰɿєɸ ɠɢɜɥɟɧɧɹ ɱɟɪɟɡ 

Ethernet (POE – power over Ethernet). 

 

 

Ɋɢɫ. 1.12. Ʉɚɦɟɪɚ In-Sight Micro 8000. 
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ɉɨɜɧɚ ɥɿɧɿɣɤɚ ɤɨɦɩɚɤɬɧɢɯ ɚɜɬɨɧɨɦɧɢɯ ɫɢɫɬɟɦ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ ɫɟɪɿʀ In-

Sight 8000 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɢɫɬɟɦɚɦɢ ɡ ɞɨɡɜɨɥɚɦɢ VGA, 1, 2 ɿ 5 Ɇɩɿɤɫ. Ɂɚɜɞɹɤɢ 

ɩɿɞɬɪɢɦɰɿ Gigabit Ethernet, ɳɨ ɡɚɛɟɡɩɟɱɭє ɜɢɫɨɤɨɲɜɢɞɤɿɫɧɭ ɩɟɪɟɞɚɱɭ ɞɚɧɢɯ, 

ɜɨɧɢ ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɲɜɢɞɤɢɦ ɡɚɯɨɩɥɟɧɧɹɦ ɡɨɛɪɚɠɟɧɶ ɿ ɞɜɨɦɚ ɪɿɜɧɹɦɢ 

ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ. Ɇɨɞɟɥɿ In-Sight Micro ɦɨɠɧɚ ɤɪɿɩɢɬɢ ɩɿɞ ɤɭɬɚɦɢ ɞɨ 45 ° ɡɚ 

ɞɨɩɨɦɨɝɨɸ ɧɟɥɿɧɿɣɧɨʀ ɤɚɥɿɛɪɭɜɚɧɧɹ, ɬɨɦɭ ɜɨɧɢ ɩɿɞɯɨɞɹɬɶ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɜ 

ɬɪɭɞɧɨɞɨɫɬɭɩɧɢɯ ɦɿɫɰɹɯ, ɧɚ ɪɨɛɨɬɚɯ, ɨɛɥɚɞɧɚɧɧɿ ɚɛɨ ɛɭɞɶ-ɹɤɿɣ ɞɿɥɹɧɰɿ 

ɜɢɪɨɛɧɢɱɨʀ ɥɿɧɿʀ. 

 

 

 

 

ɇɚɩɪɢɤɥɚɞ, ɡɚɜɨɞɚɦ ɩɨ ɭɩɚɤɨɜɰɿ ɜ ɩɚɤɟɬɢɤɢ ɩɪɨɞɭɤɬɿɜ ɲɜɢɞɤɨɝɨ 

ɯɚɪɱɭɜɚɧɧɹ ɜɿɞɨɦɚ ɩɪɨɛɥɟɦɚ ɤɨɧɬɪɨɥɸ ɫɤɥɟɣɤɢ ɩɚɤɟɬɿɜ ɡ ɝɨɬɨɜɨɸ ɩɪɨɞɭɤɰɿєɸ 

ɧɚ ɮɿɧɚɥɶɧɿɣ ɫɬɚɞɿʀ ɜɢɪɨɛɧɢɱɨɝɨ ɩɪɨɰɟɫɭ. Ⱦɥɹ ɛɟɡɩɟɪɟɛɿɣɧɨʀ ɪɨɛɨɬɢ ɡ ɧɭɥɶɨɜɢɦ 

ɪɿɜɧɟɦ ɛɪɚɤɭ ɧɟɨɛɯɿɞɧɢɣ ɚɜɬɨɦɚɬɢɡɨɜɚɧɢɣ ɤɨɧɬɪɨɥɶ, ɹɤɢɣ ɝɚɪɚɧɬɭє ɩɨɜɧɭ 

ɜɿɞɫɭɬɧɿɫɬɶ ɞɟɮɟɤɬɿɜ. 

Ʉɨɦɩɥɟɤɫɧɨ ɜɢɪɿɲɭɜɚɬɢ ɞɚɧɭ ɩɪɢɤɥɚɞɧɭ ɡɚɞɚɱɭ ɦɨɠɟ ɭɫɬɚɧɨɜɤɚ ɫɢɫɬɟɦɢ 

ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ In-Sight Micro ɡ ɬɟɯɧɨɥɨɝɿєɸ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɨɛɪɚɡɿɜ PatMax, ɉɈ 

In-Sight Explorer ɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɚɧɟɥɿ ɜɿɡɭɚɥɿɡɚɰɿʀ Cognex VisionView 700. ɍ 

ɱɨɪɧɨ-ɛɿɥɨɦɭ ɪɟɠɢɦɿ ɪɨɛɨɬɢ ɤɚɦɟɪɢ ɤɨɧɬɪɚɫɬ ɡɜɚɪɧɢɯ ɡ'єɞɧɚɧɶ ɜɿɞɨɛɪɚɠɚєɬɶɫɹ 

ɹɤ ɪɿɡɧɢɰɹ ɬɟɦɧɢɯ ɿ ɫɜɿɬɥɢɯ ɨɛɥɚɫɬɟɣ. ɐɟ ɞɨɡɜɨɥɹє ɜɢɹɜɢɬɢ ɧɚɯɥɟɫɬɢ ɦɚɬɟɪɿɚɥɿɜ 

ɚɛɨ ɞɟɮɟɤɬɧɿ ɲɜɢ ɿ ɡɧɹɬɢ ɩɪɨɞɭɤɬ ɡ ɜɢɪɨɛɧɢɰɬɜɚ. 

Іɧɲɢɣ ɜɚɠɥɢɜɢɣ ɩɚɪɚɦɟɬɪ ɹɤɨɫɬɿ – ɤɭɬ, ɭɬɜɨɪɟɧɢɣ ɡɜɚɪɟɧɢɦ ɲɜɨɦ ɿ 

ɡɨɜɧɿɲɧɿɦ ɤɪɚєɦ ɩɚɤɟɬɚ. ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɬɟɯɧɨɥɨɝɿʀ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɨɛɪɚɡɿɜ 

PatMax, In-Sight Micro ɨɛɪɨɛɥɹє ɡɧɚɱɟɧɧɹ, ɨɬɪɢɦɚɧɿ ɩɪɢ ɜɢɩɪɨɛɭɜɚɧɧɹɯ, 

ɩɟɪɟɜɿɪɹє ʀɯ ɩɨ ɜɿɞɧɨɲɟɧɧɸ ɞɨ ɡɧɚɱɟɧɶ ɞɨɩɭɫɤɭ ɡɚ ɞɨɩɨɦɨɝɨɸ ɜɧɭɬɪɿɲɧɶɨɝɨ 

ɩɪɨɰɟɫɨɪɚ, ɿ, ɹɤɳɨ ɦɚє ɦɿɫɰɟ ɡɚɜɢɳɟɧɧɹ ɚɛɨ ɡɚɧɢɠɟɧɧɹ ɡɧɚɱɟɧɧɹ, ɧɚ ɉɅɄ 

ɧɚɞɫɢɥɚєɬɶɫɹ ɫɢɝɧɚɥ ɩɪɨ ɪɨɡɛɿɠɧɨɫɬɿ ɡ ɞɨɩɭɫɬɢɦɢɦɢ ɡɧɚɱɟɧɧɹɦɢ ɿ ɩɪɨɞɭɤɬ 
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ɜɢɞɚɥɹєɬɶɫɹ ɡ ɩɪɨɰɟɫɭ. Ɍɚɤɨɠ, ɨɛɪɿɡɚɸɱɢ ɡɨɛɪɚɠɟɧɧɹ ɞɨ ɨɛɥɚɫɬɟɣ, ɳɨ 

ɜɿɞɧɨɫɹɬɶɫɹ ɞɨ ɩɟɪɟɜɿɪɤɢ ɹɤɨɫɬɿ ɩɪɢ ɧɚɥɚɲɬɭɜɚɧɧɿ, ɫɢɫɬɟɦɚ ɞɚє ɦɨɠɥɢɜɿɫɬɶ 

ɩɿɞɜɢɳɢɬɢ ɧɨɪɦɭ ɨɰɿɧɤɢ ɤɚɞɪɿɜ ɜ ɯɜɢɥɢɧɭ. 

ɋɢɫɬɟɦɢ ɚɜɬɨɿɞɟɧɬɢɮɿɤɚɰɿʀ ɞɨɡɜɨɥɹɸɬɶ ɡɚɯɢɫɬɢɬɢ ɬɨɜɚɪɢ ɜɿɞ ɩɿɞɪɨɛɤɢ ɿ 

ɪɨɡɤɪɚɞɚɧɧɹ, ɚ ɬɚɤɨɠ ɫɩɪɨɫɬɢɬɢ ɿ ɚɜɬɨɦɚɬɢɡɭɜɚɬɢ ɥɨɝɿɫɬɢɤɭ. Ɉɞɢɧ ɡ ɧɚɣɛɿɥɶɲ 

ɡɪɭɱɧɢɯ ɧɚ ɫɶɨɝɨɞɧɿ ɦɟɬɨɞɿɜ ɚɜɬɨɿɞɟɧɬɿɮɿɤɚɰɿʀ ɩɪɨɞɭɤɬɿɜ ɯɚɪɱɭɜɚɧɧɹ – ʀɯ 

ɦɚɪɤɭɜɚɧɧɹ ɡ ɧɚɧɟɫɟɧɧɹɦ ɩɟɜɧɢɯ ɝɪɚɮɿɱɧɢɯ ɤɨɞɿɜ, ɡɱɢɬɭɜɚɧɧɹ ɹɤɢɯ 

ɡɚɛɟɡɩɟɱɭɸɬɶ ɫɩɟɰɿɚɥɶɧɿ ɩɪɢɥɚɞɢ – ɫɤɚɧɟɪɢ ɤɨɞɿɜ.  

 

 

 

 

 

Ɋɨɡɝɥɹɧɟɦɨ ɹɤ ɩɪɢɤɥɚɞ ɫɟɪɿɸ ɤɚɦɟɪ Cognex DataMan 262X (ɪɢɫ. 1.13).   

ɐɿ ɫɬɚɰɿɨɧɚɪɧɿ ɡɱɢɬɭɜɚɱɿ ɿɞɟɧɬɢɮɿɤɚɰɿɣɧɢɯ ɤɨɞɿɜ ɧɚ ɨɫɧɨɜɿ ɚɧɚɥɿɡɭ ɡɨɛɪɚɠɟɧɶ 

ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɜɢɫɨɤɨɸ ɩɪɨɞɭɤɬɢɜɧɿɫɬɸ, ɝɧɭɱɤɿɫɬɸ ɿ ɩɪɨɫɬɨɬɨɸ ɜɢɤɨɪɢɫɬɚɧɧɹ 

ɩɪɢ ɡɱɢɬɭɜɚɧɧɿ ɨɞɧɨɜɢɦɿɪɧɢɯ ɥɿɧɿɣɧɢɯ ɲɬɪɢɯ-ɤɨɞɿɜ, ɞɜɨɦɿɪɧɢɯ ɦɚɬɪɢɱɧɢɯ 

ɤɨɞɿɜ, ɚ ɬɚɤɨɠ ɤɨɞɿɜ ɩɪɹɦɢɣ ɦɚɪɤɭɜɚɧɧɹ ɞɟɬɚɥɟɣ (DPM).  

ɉɚɪɚɦɟɬɪɢ Cognex DataMan 262:  

– ɩɪɨɬɨɤɨɥɢ ɩɟɪɟɞɚɱɿ ɞɚɧɢɯ – Ethernet, Profinet, Modbus TCP, RS232;  

– ɡɱɢɬɭɜɚɧɧɹ ɤɨɞɿɜ ɡ ɩɨɝɚɧɢɦ ɤɨɧɬɪɚɫɬɨɦ ɿ ɦɚɥɢɦ ɞɨɡɜɨɥɨɦ ɞɪɭɤɭ;  

– ɤɨɧɬɪɨɥɶ ɹɤɨɫɬɿ ɦɚɪɤɭɜɚɧɧɹ ɧɚ ɜɢɪɨɛɧɢɰɬɜɿ;  

– ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ – ɞɨ 70 ɬɢɫ. ɩɥɹɲɨɤ ɡɚ ɝɨɞ.;  

– ɡɱɢɬɭɜɚɧɧɹ ɜ ɞɢɧɚɦɿɰɿ ɩɪɢ ɛɭɞɶ-ɹɤɨɦɭ ɨɫɜɿɬɥɟɧɧɿ;  

– ɫɟɪɟɞɧɿɣ ɱɚɫ ɡɱɢɬɭɜɚɧɧɹ - 35 ɦɫ. 
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Ɋɢɫ. 1.13. ɋɬɚɰɿɨɧɚɪɧɢɣ ɡɱɢɬɭɜɚɱ DataMan 262X. 

 

Ʉɨɦɩɥɟɤɬ ɡɱɢɬɭɜɚɱɚ DataMan 262X ɜɤɥɸɱɚє ɜ ɫɟɛɟ ɡɱɢɬɭɜɚɱ DMR-262X 

(ɡɱɢɬɭɜɚɧɧɹ ɧɚ ɞɢɫɬɚɧɰɿʀ ɞɨ 400 ɦɦ), «ɪɿɞɤɢɣ» ɨɛ'єɤɬɢɜ (6,2 ɦɦ ɡ ɚɜɬɨɮɨɤɭɫɨɦ) ɿ 

ɜɛɭɞɨɜɚɧɭ ɩɿɞɫɜɿɬɤɭ ɱɟɪɜɨɧɨɝɨ ɤɨɥɶɨɪɭ. Ⱦɚɧɢɣ ɡɱɢɬɭɜɚɱ ɤɨɞɿɜ ɡɪɭɱɧɨ 

ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɞɥɹ ɡɱɢɬɭɜɚɧɧɹ 2D-ɤɨɞɿɜ PDF417 ɬɚ ɚɤɰɢɡɧɢɯ ɦɚɪɨɤ [21]. 
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ɉɪɨɝɪɚɦɧɢɣ ɩɪɨɞɭɤɬ MVTec Halcon 

 

Ɇɨɠɥɢɜɨɫɬɿ ɲɬɭɱɧɨɝɨ ɿɧɬɟɥɟɤɬɭ ɞɥɹ ɨɛɪɨɛɤɢ ɡɨɛɪɚɠɟɧɶ ɳɟ 

ɪɨɡɜɢɜɚɸɬɶɫɹ, ɚɥɟ ɜɠɟ ɡɚɪɚɡ ɦɢ ɛɚɱɢɦɨ ɜɟɥɢɤɢɣ ɫɬɪɢɛɨɤ ɡ ɜɩɪɨɜɚɞɠɟɧɧɹ 

"Ɋɨɡɭɦɧɨɝɨ" ɤɨɧɬɪɨɥɸ ɧɟ ɬɿɥɶɤɢ ɧɚ ɜɢɪɨɛɧɢɰɬɜɚ. ɒɬɭɱɧɢɣ ɿɧɬɟɥɟɤɬ ɞɨɡɜɨɥɢɜ 

ɡɚɦɿɧɢɬɢ ɛɚɝɚɬɨ ɝɨɞɢɧ ɩɪɨɝɪɚɦɭɜɚɧɧɹ ɬɚ ɧɚɥɚɝɨɞɠɟɧɧɹ ɫɢɫɬɟɦ ɞɥɹ ɩɨɲɭɤɭ 

ɩɨɬɪɿɛɧɢɯ ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɜ ɨɛ'єɤɬɿɜ ɞɟɮɟɤɬɿɜ, ɡɦɿɧɢ ɮɨɪɦɢ ɿ ɬ.ɞ. 

Ɂɚɫɬɨɫɭɜɚɧɧɹ TensorFlow, Keras ɿ ɿɧɲɢɯ ɧɟɣɪɨɦɟɪɟɠ ɜ ɩɪɨɦɢɫɥɨɜɿɣ 

ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɩɨɱɚɥɨ ɡɭɫɬɪɿɱɚɬɢɫɹ ɜɫɟ ɱɚɫɬɿɲɟ ɿ ɱɚɫɬɿɲɟ, ɡɚɜɞɹɤɢ ɦɨɠɥɢɜɨɫɬɿ 

ɜɛɭɞɭɜɚɬɢ ɧɟɣɪɨɧɧɭ ɦɟɪɟɠɭ ɜ ɭɠɟ ɿɫɧɭɸɱɭ ɫɢɫɬɟɦɭ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ. Ȼɿɥɶɲɿɫɬɶ 

ɤɚɦɟɪ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ ɦɚɸɬɶ API ɞɥɹ ɪɨɛɨɬɢ ɡ Python, ɳɨ ɞɨɡɜɨɥɹє 

ɩɿɞɤɥɸɱɢɬɢ ɿ TensorFlow ɞɨ ɨɛɪɨɛɤɢ ɡɧɿɦɤɿɜ ɡ ɤɚɦɟɪɢ. 

Ɍɚɤ ɞɥɹ ɤɚɦɟɪ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ Baumer (ɪɢɫ. 1.14) ɩɪɨɝɪɚɦɭɜɚɧɧɹ ɩɿɞ 

Python ɪɟɚɥɿɡɨɜɚɧɨ ɜ neoAPI. ɉɪɨɝɪɚɦɢ ɦɨɠɧɚ ɩɢɫɚɬɢ ɹɤ ɩɿɞ Ɉɋ Windows, ɬɚɤ ɿ 

ɩɿɞ Linux (ɜɤɥɸɱɚɸɱɢ ARM ɩɥɚɬɮɨɪɦɢ).  

 

 

Ɋɢɫ. 1.14. Ʉɚɦɟɪɚ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ Baumer. 

Ⱦɥɹ ɤɚɦɟɪ Teledyne Dalsa ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɛɿɛɥɿɨɬɟɤɢ GEV Linux API ɡ 
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ɩɪɢɤɥɚɞɚɦɢ ɧɚ Python. 

Ʉɚɦɟɪɢ ɦɨɠɧɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɡ ɩɨɩɭɥɹɪɧɨɸ ɛɿɛɥɿɨɬɟɤɨɸ ɞɥɹ 

ɦɚɲɢɧɧɨɝɨ ɧɚɜɱɚɧɧɹ – TensorFlow ɡ OpenCV. Ⱥ ɡɚɜɞɹɤɢ ɩɿɞɬɪɢɦɤɢ ARM 

ɩɥɚɬɮɨɪɦ, ɦɨɠɥɢɜɨ ɜɢɝɨɬɨɜɢɬɢ ɤɨɦɩɚɤɬɧɟ ɜɛɭɞɨɜɭєɬɶɫɹ ɪɿɲɟɧɧɹ ɡ Jetson Nano 

ɚɛɨ ɿɧɲɢɦɢ ɨɞɧɨɩɥɚɬɧɢɦɢ ɉɄ, ɳɨ ɩɿɞɬɪɢɦɭɸɬɶ ɪɨɛɨɬɭ ɡ ɧɟɣɪɨɧɧɢɦɢ 

ɦɟɪɟɠɚɦɢ. 

əɤɳɨ ɫɬɨʀɬɶ ɫɟɪɣɨɡɧɚ ɡɚɞɚɱɚ, ɡ ɜɢɫɨɤɢɦɢ ɜɢɦɨɝɚɦɢ ɧɚ ɧɚɞɿɣɧɿɫɬɶ, 

ɿɧɮɨɪɦɚɰɿɣɧɭ ɛɟɡɩɟɤɭ, ɞɨɜɝɨɜɿɱɧɿɫɬɶ ɿ ɹɤɿɫɧɭ ɬɟɯɧɿɱɧɭ ɩɿɞɬɪɢɦɤɭ – ɬɨ 

ɪɟɤɨɦɟɧɞɭєɬɶɫɹ ɜɿɞɦɨɜɢɬɢɫɹ ɜɿɞ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜɿɞɤɪɢɬɨɝɨ ɩɪɨɝɪɚɦɧɨɝɨ 

ɡɚɛɟɡɩɟɱɟɧɧɹ ɿ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɤɨɦɩɥɟɤɫɧɟ ɩɪɨɝɪɚɦɧɟ ɡɚɛɟɡɩɟɱɟɧɧɹ ɡ 

ɿɧɫɬɪɭɦɟɧɬɨɦ Deep Learning – MVTec Halcon. ȼɨɧɨ ɩɨɜɧɿɫɬɸ ɜɿɞɩɨɜɿɞɚє 

ɜɢɦɨɝɚɦ ɩɨ ɩɪɨɝɪɚɦɧɨʀ ɛɟɡɩɟɤɢ, ɬɚɤɨɠ ɧɚɞɚєɬɶɫɹ ɬɟɯɧɿɱɧɚ ɩɿɞɬɪɢɦɤɚ 

ɩɪɨɮɟɫɿɨɧɚɥɚɦɢ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ, ɚ ɥɿɰɟɧɡɿɹ ɧɚ ɧɶɨɝɨ ɤɭɩɭєɬɶɫɹ ɞɨɜɿɱɧɨ ɡ 

ɜɢɩɭɫɤɨɦ ɪɟɝɭɥɹɪɧɢɯ ɨɧɨɜɥɟɧɶ ɛɟɡɩɟɤɢ [22]. 
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1.3. ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɿ ɤɜɚɥɿɮɿɤɚɰɿɣɧɨʀ ɪɨɛɨɬɢ ɦɚɝɿɫɬɪɚ 

 

Ɇɟɬɨɸ ɞɚɧɨʀ ɤɜɚɥɿɮɿɤɚɰɿɣɧɨʀ ɪɨɛɨɬɢ ɦɚɝɿɫɬɪɚ ɹɜɥɹєɬɶɫɹ ɪɨɡɪɨɛɤɚ 

ɫɢɫɬɟɦɢ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɩɪɨɰɟɫɭ ɜɢɪɨɛɧɢɰɬɜɚ ɦɨɪɨɡɢɜɚ ɡ ɫɬɜɨɪɟɧɧɹɦ 

ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ (ІɋɊəɍ) ɦɨɪɨɡɢɜɚ ɡ 

ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɿɧɬɟɥɟɤɬɭɚɥɶɧɢɯ ɬɟɯɧɨɥɨɝɿɣ ɬɚ ɫɭɱɚɫɧɢɯ ɬɟɯɧɿɱɧɢɯ ɡɚɫɨɛɿɜ 

ɚɜɬɨɦɚɬɢɡɚɰɿʀ. 

Іɧɬɟɥɟɤɬɭɚɥɶɧɚ ɫɢɫɬɟɦɚ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ (ІɋɊəɍ) ɦɨɪɨɡɢɜɚ 

ɩɪɢɡɧɚɱɟɧɚ ɞɥɹ: 

– ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɧɟɡɚɞɨɜɿɥɶɧɨʀ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɧɚ ɤɨɧɜɟєɪɿ ɬɚ 

ɩɟɪɟɧɚɩɪɚɜɥɟɧɧɹ ɛɪɚɤɨɜɚɧɨʀ ɩɪɨɞɭɤɰɿʀ ɧɚ ɿɧɲɢɣ ɦɚɪɲɪɭɬ; 

– ɚɧɚɥɿɬɢɱɧɨʀ ɨɛɪɨɛɤɢ ɪɟɡɭɥɶɬɚɬɿɜ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɬɚ 

ɫɬɜɨɪɟɧɧɹ ɛɚɡɢ ɡɧɚɧɶ ɞɥɹ ɩɨɞɚɥɶɲɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ, ɡɨɤɪɟɦɚ ɩɪɢ 

ɭɩɪɚɜɥɿɧɧɿ ɹɤɿɫɬɸ. 

ɐɿɥɹɦɢ ɫɬɜɨɪɟɧɧɹ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ 

(ІɋɊəɍ) ɦɨɪɨɡɢɜɚ є:  

– ɡɦɟɧɲɢɬɢ ɱɚɫ ɩɪɨɫɬɨɸ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɬɚ ɡɛɿɥɶɲɢɬɢ ɜɢɯɿɞ 

ɹɤɿɫɧɨ ɭɩɚɤɨɜɚɧɨɝɨ ɦɨɪɨɡɢɜɚ; 

– ɡɦɟɧɲɢɬɢ ɜɩɥɢɜ ɥɸɞɫɶɤɨɝɨ ɮɚɤɬɨɪɭ ɧɚ ɩɪɨɰɟɫ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɬɚ 

ɡɚɛɟɡɩɟɱɢɬɢ ɹɤɿɫɬɶ ɩɪɨɰɟɫɭ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ;  

– ɨɛɥɿɤ ɤɿɥɶɤɨɫɬɿ ɭɩɚɤɨɜɚɧɨʀ ɩɪɨɞɭɤɰɿʀ ɬɚ ɤɿɥɶɤɨɫɬɿ ɛɪɚɤɭ ɞɥɹ ɩɨɞɚɥɶɲɨɝɨ 

ɚɧɚɥɿɡɭ ɬɚ ɩɿɞɜɢɳɟɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ;  

– ɧɟɞɨɩɭɫɤɚɧɧɹ ɜɬɪɚɬɢ ɬɨɜɚɪɧɨɝɨ ɜɢɞɭ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɬɚ ɜɢɩɭɫɤ 

ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɧɟɡɚɞɨɜɿɥɶɧɨʀ ɹɤɨɫɬɿ. 

 

 

 

 

 



36 

 

Ɍɟɯɧɿɱɧɚ ɫɬɪɭɤɬɭɪɚ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ 

ɭɩɚɤɨɜɤɢ (ІɋɊəɍ) ɦɨɪɨɡɢɜɚ, ɳɨ ɪɨɡɪɨɛɥɹєɬɶɫɹ, ɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫ. 1.15. 

 

 

Ɋɢɫ. 1.15. Ɍɟɯɧɿɱɧɚ ɫɬɪɭɤɬɭɪɚ (ІɋɊəɍ) ɦɨɪɨɡɢɜɚ. 
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Ɋɨɡɞɿɥ 2. Ɂɚɝɚɥьɧɨɫɢɫɬɟɦɧɿ ɪɿɲɟɧɧɹ  

2.1. Ɋɨɡɪɨɛɤɚ ɫɢɫɬɟɦɢ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɜɢɪɨɛɧɢɰɬɜɚ ɦɨɪɨɡɢɜɚ 

2.1.1. Ɂɚɜɞɚɧɧɹ ɧɚ ɪɨɡɪɨɛɤɭ ɫɢɫɬɟɦɢ ɚɜɬɨɦɚɬɢɡɚɰɿʀ 
 

Ɂɚɜɞɚɧɧɹ ɧɚ ɪɨɡɪɨɛɤɭ ɫɢɫɬɟɦɢ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɜɢɪɨɛɧɢɰɬɜɚ ɦɨɪɨɡɢɜɚ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥ. 2.1. 

 

Ɍɚɛɥɢɰɹ 2.1. Зɚɜɞɚɧɧɹ ɧɚ ɪɨɡɪɨɛɤɭ ɫɢɫɬɟɦɢ ɚɜɬɨɦɚɬɢɡɚɰɿʀ. 
№

№ 

Ɇɚɲɢɧɚ, 

ɚɝɪɟɝɚɬ, 

ɭɫɬɚɧɨɜɤɚ 

ɉɚɪɚɦɟɬɪ, 

ɦɿɫɰɟ 

ɜɿɞɛɨɪɭ 

ɫɢɝɧɚɥɭ 

ɉɪɢɩɭɫ-

ɬɢɦɟ 

ɡɧɚɱɟɧɧɹ 

ɩɚɪɚɦɟɬɪɚ 

ȼɢɞ 

ɚɜɬɨɦɚɬɢ-

ɡɚɰɿʀ 

ɏɚɪɚɤɬɟɪ 

ɤɨɧɬɪɨɥɸ ɱɢ 

ɭɩɪɚɜɥɿɧɧɹ 

Ɂɚɫɨɛɢ ɭɩɪɚɜɥɿɧɧɹ ɬɚ 

ɤɨɧɬɪɨɥɸ, ɪɟɚɥɿɡɚɰɿʀ 

ɭɩɪɚɜɥɹɸɱɨʀ ɞɿʀ 

Ⱦɨɞɚɬɤɨɜɿ 

ɭɦɨɜɢ 

1 
Ɍɪɭɛɨɩɪɨ-

ɜɿɞ 

ȼɢɬɪɚɬɚ 

ɚɦɿɚɤɭ 
5 ɦ3/ɝɨɞ 

Ɋɟɝɭɥɸɜɚ-

ɧɧɹ 
ɋɬɚɛɿɥɿɡɚɰɿɹ 

ȼɩɥɢɜ ɧɚ ɤɥɚɩɚɧ 

ɩɨɞɚɱɿ ɚɦɿɚɤɭ 

 

  Ɍɢɫɤ  250 ɤɉɚ Ʉɨɧɬɪɨɥɶ ȼɿɞɨɛɪɚ-ɠɟɧɧɹ ȺɊɆ ɨɩɟɪɚɬɨɪɚ  

  Ⱦɜɢɝɭɧ Ɇ5 ȼɤɥ/ȼɢɤɥ ɍɩɪɚɜɥɿ-ɧɧɹ ɋɬɚɧ 
ȼɩɥɢɜ ɧɚ ɫɬɚɧ 

ɪɨɛɨɬɢ ɞɜɢɝɭɧɚ 

 

2 Єɦɧɿɫɬɶ Ɋɿɜɟɧɶ 90 % 
Ɋɟɝɭɥɸɜɚ-

ɧɧɹ 
ɋɬɚɧ 

ȼɩɥɢɜ ɧɚ ɫɬɚɧ 

ɪɨɛɨɬɢ ɞɜɢɝɭɧɚ Ɇ1 

 

  
Ɍɟɦɩɟɪɚɬɭɪ

ɚ 
70 ɋ 

Ɋɟɝɭɥɸɜɚ-

ɧɧɹ 
ɋɬɚɛɿɥɿɡɚɰɿɹ 

ȼɩɥɢɜ ɧɚ ɤɥɚɩɚɧ 

ɩɨɞɚɱɿ ɯɨɥɨɞɧɨʀ 

ɜɨɞɢ 

 

  Ⱦɜɢɝɭɧ Ɇ3 ȼɤɥ/ȼɢɤɥ ɍɩɪɚɜɥɿ-ɧɧɹ ɋɬɚɧ 
ȼɩɥɢɜ ɧɚ ɫɬɚɧ 

ɪɨɛɨɬɢ ɞɜɢɝɭɧɚ 
 

3 Ɏɪɿɡɟɪ Ɋɿɜɟɧɶ 90 % 
Ɋɟɝɭɥɸɜɚ-

ɧɧɹ 
ɋɬɚɧ 

ȼɩɥɢɜ ɧɚ ɫɬɚɧ 

ɪɨɛɨɬɢ ɞɜɢɝɭɧɚ Ɇ2 

 

  Ⱦɜɢɝɭɧ Ɇ4 ȼɤɥ/ȼɢɤɥ ɍɩɪɚɜɥɿ-ɧɧɹ ɋɬɚɧ 
ȼɩɥɢɜ ɧɚ ɫɬɚɧ 

ɪɨɛɨɬɢ ɞɜɢɝɭɧɚ 
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2.1.2. ɋɯɟɦɚ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɜɢɪɨɛɧɢɰɬɜɚ ɦɨɪɨɡɢɜɚ 

 

Ɏɭɧɤɰɿɨɧɚɥɶɧɚ ɫɯɟɦɚ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɜɢɪɨɛɧɢɰɬɜɚ ɦɨɪɨɡɢɜɚ ɜɿɞɨɛɪɚɠɚє 

ɤɨɧɬɪɨɥɶ ɬɢɫɤɭ ɜ ɬɪɭɛɨɩɪɨɜɨɞɿ ɚɦɿɚɤɭ, ɪɟɝɭɥɸɜɚɧɧɹ ɪɿɜɧɹ ɫɭɦɿɲɿ ɜ єɦɧɨɫɬɿ ɬɚ ɭ 

ɮɪɢɡɟɪɿ, ɪɟɝɭɥɸɜɚɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɫɭɦɿɲɿ ɜ єɦɧɨɫɬɿ, ɪɟɝɭɥɸɜɚɧɧɹ ɜɢɬɪɚɬɢ 

ɚɦɿɚɤɭ ɭ ɮɪɢɡɟɪ ɿ ɭɩɪɚɜɥɿɧɧɹ ɧɚɫɨɫɚɦɢ ɬɚ ɞɜɢɝɭɧɚɦɢ.     

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɭɦɿɲɿ ɜ єɦɧɨɫɬɿ ɜɢɡɧɚɱɚєɬɶɫɹ ɞɚɬɱɢɤɨɦ KOBOLD DTM 

(ɩɨɡ. 1ɚ), ɬɚ ɪɟɝɭɥɸєɬɶɫɹ ɩɧɟɜɦɚɬɢɱɧɢɦ ɤɥɚɩɚɧɨɦ Dwyer Hi-Flow (ɩɨɡ. 1ɜ), ɹɤɢɣ 

ɡɦɿɧɸє ɤɿɥɶɤɿɫɬɶ ɩɨɞɚɱɿ ɯɨɥɨɞɧɨʀ ɜɨɞɢ ɜ ɩɪɨɫɬɿɪ ɦɿɠ ɫɬɿɧɤɚɦɢ єɦɧɨɫɬɿ. 

ɉɧɟɜɦɚɬɢɱɧɢɣ ɤɥɚɩɚɧ ɨɬɪɢɦɭє ɫɢɝɧɚɥ ɭɩɪɚɜɥɿɧɧɹ ɜɿɞ ɉɅɄ ɡɚ ɞɨɩɨɦɨɝɨɸ 

ɟɥɟɤɬɪɨɩɧɟɜɦɚɬɢɱɧɨɝɨ ɩɟɪɟɬɜɨɪɸɜɚɱɚ Samson 6111 (ɩɨɡ. 1ɛ). 

Ɍɢɫɤ ɚɦɿɚɤɭ ɜ ɬɪɭɛɨɩɪɨɜɨɞɿ ɜɢɡɧɚɱɚєɬɶɫɹ ɞɚɬɱɢɤɨɦ ɬɢɫɤɭ KOBOLD 

MAN-LD (ɩɨɡ. 2ɚ) ɬɚ ɜɿɞɛɭɜɚєɬɶɫɹ ɣɨɝɨ ɤɨɧɬɪɨɥɶ.  

Ɋɿɜɟɧɶ ɫɭɦɿɲɿ ɜ єɦɧɨɫɬɿ ɬɚ ɭ ɮɪɢɡɟɪɿ ɜɢɡɧɚɱɚєɬɶɫɹ ɪɿɜɧɟɦɿɪɨɦ KOBOLD 

LNP (ɩɨɡ. 3ɚ ɬɚ 4ɚ), ɬɚ ɪɟɝɭɥɸєɬɶɫɹ ɧɚɫɨɫɚɦɢ Grundfos TP 150-110/6 (ɩɨɡ. Ɇ1 ɬɚ 

Ɇ2). ɇɚɫɨɫɢ ɪɟɝɭɥɸɸɬɶɫɹ ɞɢɫɤɪɟɬɧɨ ɡ ɉɅɄ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɚɝɧɿɬɧɢɯ ɩɭɫɤɚɱɿɜ 

(ɩɨɡ. ɄɆ1 ɬɚ ɄɆ2). 

 ȼɢɬɪɚɬɚ ɚɦɿɚɤɭ ɜ ɬɪɭɛɨɩɪɨɜɨɞɿ ɜɢɡɧɚɱɚєɬɶɫɹ ɜɢɬɪɚɬɨɦɿɪɨɦ KOBOLD 

DVH (ɩɨɡ. 5ɚ), ɬɚ ɪɟɝɭɥɸєɬɶɫɹ ɩɧɟɜɦɚɬɢɱɧɢɦ ɤɥɚɩɚɧɨɦ Dwyer Hi-Flow (ɩɨɡ. 

5ɜ), ɹɤɢɣ ɡɦɿɧɸє ɤɿɥɶɤɿɫɬɶ ɩɨɞɚɱɿ ɚɦɿɚɤɭ ɭ ɮɪɢɡɟɪ. ɉɧɟɜɦɚɬɢɱɧɢɣ ɤɥɚɩɚɧ 

ɨɬɪɢɦɭє ɫɢɝɧɚɥ ɭɩɪɚɜɥɿɧɧɹ ɜɿɞ ɉɅɄ ɡɚ ɞɨɩɨɦɨɝɨɸ ɟɥɟɤɬɪɨɩɧɟɜɦɚɬɢɱɧɨɝɨ 

ɩɟɪɟɬɜɨɪɸɜɚɱɚ Samson 6111 (ɩɨɡ. 5ɛ). 

Ⱦɜɢɝɭɧɢ (ɩɨɡ. Ɇ3-Ɇ5) ɡɦɿɲɭɜɚɱɿɜ ɬɚ ɤɨɦɩɪɟɫɨɪɚ ɜɦɢɤɚɸɬɶɫɹ ɚɛɨ 

ɜɢɦɢɤɚɸɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɚɝɧɿɬɧɢɯ ɩɭɫɤɚɱɿɜ KM3-KM5, ɳɨ ɭɩɪɚɜɥɹɸɬɶɫɹ 

ɫɢɝɧɚɥɚɦɢ ɡ ɦɨɞɭɥɹ ɞɢɫɤɪɟɬɧɢɯ ɜɢɯɨɞɿɜ ɉɅɄ.  
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2.1.3. ɋɩɟɰɢɮɿɤɚɰɿɹ ɩɪɢɥɚɞɿɜ ɬɚ ɡɚɫɨɛɿɜ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɜɢɪɨɛɧɢɰɬɜɚ 
ɦɨɪɨɡɢɜɚ 

 

ɋɩɟɰɢɮɿɤɚɰɿɹ ɩɪɢɥɚɞɿɜ ɬɚ ɡɚɫɨɛɿɜ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɜɢɪɨɛɧɢɰɬɜɚ ɦɨɪɨɡɢɜɚ  

ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɿ 2.2. 

 

Ɍɚɛɥɢɰɹ. 2.2. ɋɩɟɰɢɮɿɤɚɰɿɹ ɩɪɢɥɚɞɿɜ ɬɚ ɡɚɫɨɛɿɜ ɚɜɬɨɦɚɬɢɡɚɰɿʀ.  

ɉɨɡ. 
ɇɚɣɦɟɧɭɜɚɧɧɹ ɬɚ ɬɟɯɧɿɱɧɚ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɡɚɫɨɛɭ 

Ɍɢɩ, ɦɚɪɤɚ, 

ɩɨɡɧɚɱɟɧɧɹ 

ɞɨɤɭɦɟɧɬɭ, ɥɢɫɬɚ 

ɨɩɢɬɭɜɚɧɧɹ 

Ʉɨɞ 

ɨɛɥɚɞɧɚɧɧɹ, 

ɜɢɪɨɛɭ, 

ɦɚɬɟɪɿɚɥɭ 

Ɂɚɜɨɞ-

ɜɢɝɨɬɨɜ-

ɥɸɜɚɱ/ 

ɜɢɪɨɛɧɢɤ 

Ɉɞɢ

ɧɢɰɹ 

ɜɢɦɿ

ɪɭ 

Ʉɿɥɶ

ɤɿɫɬɶ 

Ɇɚɫɚ 

ɨɞɢɧɢ

ɰɿ, ɤɝ 

ɉɪɢɦɿɬɤɚ 

1 2 3 4 5 6 7 8 9 

1ɚ 

 

ɐɢɮɪɨɜɢɣ ɬɟɪɦɨɦɟɬɪ ɨɩɨɪɭ  

Pt100 ɡ ɭɧɿɮ. ɜɢɯ. ɫɢɝ. 4-20ɦȺ, 

ɧɚɩɪ. ɠɢɜ. 24 ȼ DC, ɞɿɚɩ. ɜɢɦ.  

-20…+40 ɋ 

KOBOLD DTM 

ɬɟɯɧɿɱɧɢɣ ɨɩɢɫ 

ɜɢɪɨɛɭ [23] 

DTM-SC 24 

P 41 A4G 

KOBOLD, 

ɇɿɦɟɱɱɢɧɚ 

ɲɬ. 1 -  6 °ɋ, 

ɬɟɦɩɟɪɚ-

ɬɭɪɚ ɜ 

єɦɧɨɫɬɿ 

1ɛ ɉɟɪɟɬɜɨɪɸɜɚɱ 

ɟɥɟɤɬɪɨɩɧɟɜɦɚɬɢɱɧɢɣ 

ɩɟɪɟɬɜɨɪɟɧɧɹ ɭɧɿɮ. ɜɢɯ. ɫɢɝ.  

4-20ɦȺ ɜ ɭɧɿɮ. ɩɧɟɜɦ. ɫɢɝ. 20-

100 ɤɉɚ. Ʉɥ.ɬ. 0,5. Ɋɠɢɜɥ.=140 

ɤɉɚ, ɧɚɩɪ. ɠɢɜ. 24 ȼ DC. 

Samson 6111 

ɬɟɯɧɿɱɧɢɣ ɨɩɢɫ 

ɜɢɪɨɛɭ [24] 

Samson 

6111 

Samson, 

ɇɿɦɟɱɢɧɧɚ 

ɲɬ. 1 -   

1ɜ ɉɧɟɜɦɚɬɢɱɧɢɣ ɜɢɤ. ɦɟɯ., Ɋɠɢɜ. 

= 140 ɤɉɚ, 

Ɋɜɢɯ. = 20-100 ɤɉɚ. 

Dwyer Hi-Flow 

ɬɟɯɧɿɱɧɢɣ ɨɩɢɫ 

ɜɢɪɨɛɭ [25] 

Dwyer Hi-

Flow 

2005VA32-

233 

Dwyer, 

ȼɟɥɢɤɚ 

Ȼɪɢɬɚɧɿɹ 

ɲɬ. 1 -  Ʉɥɚɩɚɧ 

ɩɨɞɚɱɿ 

ɯɨɥɨɞɧɨʀ 

ɜɨɞɢ ɜ 

єɦɧɿɫɬɶ 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰɿ 2.2. 
1 2 3 4 5 6 7 8 9 

2ɚ 

 

ɐɢɮɪɨɜɢɣ ɦɚɧɨɦɟɬɪ ɡ ɭɧɿɮ. ɜɢɯ. 

ɫɢɝ. 4-20ɦȺ, ɧɚɩɪ. ɠɢɜ. 24 ȼ DC, 

ɞɿɚɩ. ɜɢɦ. 0…4 ɛɚɪ 

KOBOLD MAN 

ɬɟɯɧɿɱɧɢɣ ɨɩɢɫ 

ɜɢɪɨɛɭ [26] 

MAN-LD1S 

6 B4 S 

KOBOLD, 

ɇɿɦɟɱɱɢɧɚ 

ɲɬ. 1 -  250 ɤɉɚ, 

ɬɢɫɤ 

ɚɦɿɚɤɭ ɜ 

ɬɪɭɛɨ-

ɩɪɨɜɨɞɿ 

3ɚ 

 

ɉɨɬɟɧɰɿɨɦɟɬɪɢɱɧɢɣ ɪɿɜɧɟɦɿɪ ɡ 

ɭɧɿɮ. ɜɢɯ. ɫɢɝ. 4-20ɦȺ, ɧɚɩɪ. 

ɠɢɜ. 24 ȼ DC, ɞɿɚɩ. ɜɢɦ. 0…2000 

ɦɦ 

KOBOLD LNP 

ɬɟɯɧɿɱɧɢɣ ɨɩɢɫ 

ɜɢɪɨɛɭ [27] 

LNP-G25 

TM1 20 

KOBOLD, 

ɇɿɦɟɱɱɢɧɚ 

ɲɬ. 1 -  90 %, 

ɪɿɜɟɧɶ 

ɫɭɦɿɲɿ ɜ 

єɦɧɨɫɬɿ 

4ɚ 

 

ɉɨɬɟɧɰɿɨɦɟɬɪɢɱɧɢɣ ɪɿɜɧɟɦɿɪ ɡ 

ɭɧɿɮ. ɜɢɯ. ɫɢɝ. 4-20ɦȺ, ɧɚɩɪ. 

ɠɢɜ. 24 ȼ DC, ɞɿɚɩ. ɜɢɦ.  

0…2000 ɦɦ 

KOBOLD LNP 

ɬɟɯɧɿɱɧɢɣ ɨɩɢɫ 

ɜɢɪɨɛɭ [27] 

LNP-G25 

TM1 20 

KOBOLD, 

ɇɿɦɟɱɱɢɧɚ 

ɲɬ. 1 -  90 %, 

ɪɿɜɟɧɶ 

ɫɭɦɿɲɿ ɜ 

ɮɪɿɡɟɪɿ 

5ɚ 

 

ȼɢɬɪɚɬɨɦɿɪ ɜɢɯɪɨɜɢɣ ɡ ɭɧɿɮ. 

ɜɢɯ. ɫɢɝ. 4-20ɦȺ, ɧɚɩɪ. ɠɢɜ.  

24 ȼ DC, ɞɿɚɩ. ɜɢɦ. 0-9 ɦ3/ɝɨɞ 

KOBOLD DVH-

V ɬɟɯɧɿɱɧɢɣ 

ɨɩɢɫ ɜɢɪɨɛɭ [28] 

DVH-V 20 1 

S L L 2 S 0H 

KOBOLD, 

ɇɿɦɟɱɱɢɧɚ 

ɲɬ. 1 -  5 ɦ3/ɝɨɞ, 

ɜɢɬɪɚɬɚ 

ɚɦɿɚɤɭ ɜ 

ɮɪɿɡɟɪ 

5ɛ ɉɟɪɟɬɜɨɪɸɜɚɱ 

ɟɥɟɤɬɪɨɩɧɟɜɦɚɬɢɱɧɢɣ 

ɩɟɪɟɬɜɨɪɟɧɧɹ ɭɧɿɮ. ɜɢɯ. ɫɢɝ.  

4-20ɦȺ ɜ ɭɧɿɮ. ɩɧɟɜɦ. ɫɢɝ. 20-

100 ɤɉɚ. Ʉɥ.ɬ. 0,5. Ɋɠɢɜɥ.=140 

ɤɉɚ, ɧɚɩɪ. ɠɢɜ. 24 ȼ DC. 

Samson 6111 

ɬɟɯɧɿɱɧɢɣ ɨɩɢɫ 

ɜɢɪɨɛɭ [24] 

Samson 

6111 

Samson, 

ɇɿɦɟɱɢɧɧɚ 

ɲɬ. 1 -   

5ɜ ɉɧɟɜɦɚɬɢɱɧɢɣ ɜɢɤ. ɦɟɯ., Ɋɠɢɜ. 

= 140 ɤɉɚ, 

Ɋɜɢɯ. = 20-100 ɤɉɚ. 

Dwyer Hi-Flow 

ɬɟɯɧɿɱɧɢɣ ɨɩɢɫ 

ɜɢɪɨɛɭ [25] 

Dwyer Hi-

Flow 

2005VA32-

233 

Dwyer, 

ȼɟɥɢɤɚ 

Ȼɪɢɬɚɧɿɹ 

ɲɬ. 1 -  Ʉɥɚɩɚɧ 

ɩɨɞɚɱɿ 

ɯɨɥɨɞɧɨʀ 

ɜɨɞɢ ɜ 

єɦɧɿɫɬɶ 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰɿ 2.2. 
1 2 3 4 5 6 7 8 9 

ɄɆ1

-

ɄɆ5 

ȿɥɟɤɬɪɨɦɚɝɧɿɬɧɟ ɪɟɥɟ. 3 

ɤɨɧɬɚɤɬɢ. ɇɚɩɪ. ɦɚɤɫ. 440 ȼ AC, 

ɫɬɪɭɦ ɤɨɦɭɬɚɰɿʀ 20 Ⱥ. 

ɋȼ «Ⱥɥɶɬɟɪɚ» 

ɤɚɬɚɝɨɥ ɜɢɪɨɛɿɜ 

[29] 

relpol 

R3(N)-2013-

23-5024-

WTL 

ɋȼ 

«Ⱥɥɶɬɟɪɚ» 

ɦ. Ʉɢʀɜ 

ɲɬ. 5 -  

M1, 

M2 

ɇɚɫɨɫ ɡ 3-ɯ ɮɚɡ. ɚɫɢɧɯ. 

ɞɜɢɝɭɧɨɦ, ɩɨɬ. 5.5 ɤȼɬ, ɧɚɩɪ. 

ɠɢɜ. 380 ȼ. 

Grundfos TP 

ɬɟɯɧɿɱɧɢɣ ɨɩɢɫ 

ɜɢɪɨɛɭ [31] 

Grundfos TP 

150-110/6 

ɇɚɫɨɫ-

Ɇɨɧɬɚɠ  

ɦ. Ʉɢʀɜ 

ɲɬ. 2 -  

M3, 

M4, 

M5 

3-ɯ ɮɚɡ. ɚɫɢɧɯ. ɞɜɢɝɭɧ, ɩɨɬ. 3 

ɤȼɬ, ɧɚɩɪ. ɠɢɜ. 380 ȼ 

ȺɂɊ90L2 

ɬɟɯɧɿɱɧɢɣ ɨɩɢɫ 

ɜɢɪɨɛɭ [30] 

ȺɂɊ90L2 ɈɈɈ  

"ɋɢɫɬɟ-

ɦɚɤɫ"     

ɦ. Ʉɢʀɜ 

ɲɬ. 3 -  
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2.1.4. ɉɪɨєɤɬɧɟ ɤɨɦɩɨɧɭɜɚɧɧɹ ɩɪɨɦɢɫɥɨɜɨɝɨ ɥɨɝɿɱɧɨɝɨ ɤɨɧɬɪɨɥɟɪɚ (ɉɅɄ) 

 

Ⱦɥɹ ɫɢɫɬɟɦɢ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɜɢɪɨɛɧɢɰɬɜɚ ɦɨɪɨɡɢɜɚ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ 

ɩɪɨɦɢɫɥɨɜɢɣ ɥɨɝɿɱɧɢɣ ɤɨɧɬɪɨɥɟɪ (ɉɅɄ) Schneider Electric M340. 

ȼ ɬɚɛɥɢɰɿ 2.3 ɧɚɜɟɞɟɧɨ ɜɢɤɨɪɢɫɬɚɧɢɣ ɩɪɨɰɟɫɨɪɧɢɣ ɦɨɞɭɥɶ, ɦɨɞɭɥɶ 

ɠɢɜɥɟɧɧɹ, ɦɨɞɭɥɶ ɚɧɚɥɨɝɨɜɢɯ ɜɯɨɞɿɜ, ɦɨɞɭɥɶ ɚɧɚɥɨɝɨɜɢɯ ɜɢɯɨɞɿɜ ɬɚ ɦɨɞɭɥɶ 

ɞɢɫɤɪɟɬɧɢɯ ɜɢɯɨɞɿɜ. 

 

Ɍɚɛɥɢɰɹ 2.3. Вɢɤɨɪɢɫɬɚɧɿ ɦɨɞɭɥɿ ɞɥɹ ɉɅɄ. 

Ɇɨɞɭɥɿ ɜɜɨɞɭ/ɜɢɜɨɞɭ 
ɉɪɢɦɿɬɤɚ 

ɇɚɣɦɟɧɭɜɚɧɧɹ Ʉɿɥɶɤɿɫɬɶ  

BMX P34 2020 1 ɦɨɞɭɥɶ ɩɪɨɰɟɫɨɪɚ 

BMX CPS 2000 1 ɛɥɨɤ ɠɢɜɥɟɧɧɹ  

BMX AMI 0810 1 ɦɨɞɭɥɶ 4-ɯ ɚɧɚɥɨɝɨɜɢɯ ɜɯɨɞɿɜ 

BMX AMO 0410 1 ɦɨɞɭɥɶ 8-ɦɢ ɚɧɚɥɨɝɨɜɢɯ ɜɢɯɨɞɿɜ  

BMX DDO 1602 1 ɦɨɞɭɥɶ 16-ɬɢ ɞɢɫɤɪɟɬɧɢɯ ɜɢɯɨɞɿɜ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



44 

 

Аɧаɥɨɝɨɜɿ ɜɯɨɞɢ. Ⱦɚɬɱɢɤɢ ɬɟɦɩɟɪɚɬɭɪɢ, ɪɿɜɧɹ, ɜɢɬɪɚɬɢ ɬɚ ɬɢɫɤɭ 

ɩɿɞɤɥɸɱɟɧɿ ɞɨ ɦɨɞɭɥɹ ɚɧɚɥɨɝɨɜɢɯ ɜɯɨɞɿɜ BMX AMI 0810 ɡɚ ɞɨɩɨɦɨɝɨɸ 

ɭɧɿɮɿɤɨɜɚɧɢɯ ɫɬɪɭɦɨɜɢɯ ɫɢɝɧɚɥɿɜ 4-20 ɦȺ (ɪɢɫ. 2.1). 

 

 

Ɋɢɫ. 2.1. ɉɿɞɤɥɸɱɟɧɧɹ ɞɚɬɱɢɤɿɜ ɞɨ ɚɧɚɥɨɝɨɜɨɝɨ ɦɨɞɭɥɹ ɜɯɨɞɿɜ BMX AMI 0810. 
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Аɧаɥɨɝɨɜɿ ɜɢɯɨɞɢ. ɋɮɨɪɦɨɜɚɧɿ ɫɢɝɧɚɥɢ ɭɩɪɚɜɥɿɧɧɹ, ɩɨɞɚɸɬɶɫɹ ɧɚ 

ɦɨɞɭɥɶ ɚɧɚɥɨɝɨɜɢɯ ɜɢɯɨɞɿɜ BMX AMO 0410 ɞɟ ɩɟɪɟɬɜɨɪɸɸɬɶɫɹ ɡ ɰɢɮɪɨɜɨʀ 

ɮɨɪɦɢ ɜ ɚɧɚɥɨɝɨɜɭ (ɭɧɿɮɿɤɨɜɚɧɢɣ ɫɬɪɭɦɨɜɢɣ ɫɢɝɧɚɥ 4-20 ɦȺ).  ɍɧɿɮɿɤɨɜɚɧɿ 

ɫɬɪɭɦɨɜɿ ɫɢɝɧɚɥɢ ɩɨɞɚɸɬɶɫɹ ɞɨ ɟɥɟɤɬɪɨɩɧɟɜɦɚɬɢɱɧɢɯ ɩɟɪɟɬɜɨɪɸɜɚɱɿɜ ɞɥɹ 

ɭɩɪɚɜɥɿɧɧɹ ɩɧɟɜɦɚɬɢɱɧɢɦɢ ɤɥɚɩɚɧɚɦɢ (ɪɢɫ. 2.2). 

 

 

Ɋɢɫ. 2.2. ɉɿɞɤɥɸɱɟɧɧɹ ɟɥɟɤɬɪɨɩɧɟɜɦɚɬɢɱɧɢɯ ɩɟɪɟɬɜɨɪɸɜɚɱɿɜ ɞɨ ɦɨɞɭɥɹ 

ɚɧɚɥɨɝɨɜɢɯ ɜɢɯɨɞɿɜ BMX AMO 0410. 
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Ⱦɢɫɤɪɟɬɧɿ ɜɢɯɨɞɢ. ɇɚɫɨɫɢ Ɇ1-Ɇ2 ɬɚ ɞɜɢɝɭɧɢ Ɇ3-Ɇ5 ɡɦɿɲɭɜɚɱɿɜ ɬɚ 

ɤɨɦɩɪɟɫɨɪɚ ɜɦɢɤɚɸɬɶɫɹ ɬɚ ɜɢɦɢɤɚɸɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɚɝɧɿɬɧɢɯ ɩɭɫɤɚɱɿɜ 

KM1-KM5, ɳɨ ɩɿɞɤɥɸɱɟɧɿ ɞɨ ɦɨɞɭɥɹ ɞɢɫɤɪɟɬɧɢɯ ɜɢɯɨɞɿɜ BMX DDO 1602 (ɪɢɫ. 

2.3). 

 

 

Ɋɢɫ. 2.3. ɉɿɞɤɥɸɱɟɧɧɹ ɦɚɝɧɿɬɧɢɯ ɩɭɫɤɚɱɿɜ ɞɨ ɦɨɞɭɥɹ ɞɢɫɤɪɟɬɧɢɯ ɜɢɯɨɞɿɜ BMX 

DDO 1602. 
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2.1.5. Ɂɚɝɚɥьɧɚ ɫɯɟɦɚ ɩɿɞɤɥɸɱɟɧɧɹ ɞɚɬɱɢɤɿɜ ɬɚ ȼɆ ɞɨ ɉɅɄ 

 

ɉɪɢ ɪɨɡɪɨɛɰɿ ɩɪɢɧɰɢɩɨɜɨʀ ɫɯɟɦɢ ɩɿɞɤɥɸɱɟɧɧɹ ɞɚɬɱɢɤɿɜ ɬɚ ȼɆ ɞɨ ɉɅɄ 

ɜɢɤɨɪɢɫɬɚɧɿ ɧɚɫɬɭɩɧɿ ɤɨɦɩɨɧɟɧɬɢ ɞɥɹ ɭɩɪɚɜɥɿɧɧɹ ɠɢɜɥɟɧɧɹɦ ɬɟɯɧɿɱɧɢɯ ɡɚɫɨɛɿɜ 

ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɜɢɪɨɛɧɢɰɬɜɚ ɦɨɪɨɡɢɜɚ: 

– ɚɜɬɨɦɚɬɢɱɧɿ ɜɢɦɢɤɚɱɿ QF1-QF8 ɜ ɹɤɿ ɜɛɭɞɨɜɚɧɢɣ ɡɚɯɢɫɬ ɩɨ ɫɬɪɭɦɭ, 

ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɭɩɪɚɜɥɿɧɧɹ ɩɨɞɚɱɟɸ ɠɢɜɥɟɧɧɹ ɧɚ ɬɟɯɧɿɱɧɿ 

ɡɚɫɨɛɢ ɚɜɬɨɦɚɬɢɡɚɰɿʀ; 

– ɛɥɨɤɢ ɠɢɜɥɟɧɧɹ Ȼɀ1-Ȼɀ2 ɠɢɜɥɹɬɶ ɩɨɫɬɿɣɧɨɸ ɧɚɩɪɭɝɨɸ 24 ȼ 

ɬɟɯɧɿɱɧɿ ɡɚɫɨɛɢ ɚɜɬɨɦɚɬɢɡɚɰɿʀ. 

 Ɋɨɡɪɨɛɥɟɧɚ ɩɪɢɧɰɢɩɨɜɚ ɫɯɟɦɚ ɩɿɞɤɥɸɱɟɧɧɹ ɞɚɬɱɢɤɿɜ ɬɚ ȼɆ ɞɨ ɉɅɄ 

ɜɢɤɨɪɢɫɬɨɜɭє ɬɚɤɭ ɧɭɦɟɪɚɰɿɸ ɩɪɨɜɿɞɧɢɤɿɜ: 

– 800-845 – ɩɪɨɜɿɞɧɢɤɢ ɡ ɡɦɿɧɧɢɦ ɫɬɪɭɦɨɦ; 

– 900-919 – ɩɪɨɜɿɞɧɢɤɢ ɡ ɩɨɫɬɿɣɧɢɦ ɫɬɪɭɦɨɦ; 

– 001-004 – ɩɪɨɜɿɞɧɢɤɢ  ɡ ɩɧɟɜɦɚɬɢɱɧɢɦ ɫɢɝɧɚɥɨɦ; 

– 100-104 – ɩɪɨɜɿɞɧɢɤɢ ɡ ɜɢɦɿɪɸɜɚɥɶɧɢɦ ɫɢɝɧɚɥɨɦ ɜɿɞ ɞɚɬɱɢɤɿɜ; 

– 200-223 – ɩɪɨɜɿɞɧɢɤɿɜ ɡ ɫɢɝɧɚɥɚɦɢ ɭɩɪɚɜɥɿɧɧɹ ɞɨ 

ɟɥɟɤɬɪɨɩɧɟɜɦɚɬɢɱɧɢɯ ɩɟɪɟɬɜɨɪɸɜɚɱɿɜ ɬɚ ɦɚɝɧɿɬɧɢɯ ɩɭɫɤɚɱɿɜ ɧɚɫɨɫɿɜ 

ɬɚ ɞɜɢɝɭɧɿɜ. 
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2.2. Ɉɩɢɫ ɮɭɧɤɰɿɣ, ɳɨ ɿɧɬɟɥɟɤɬɭɚɥɿɡɭɸɬьɫɹ 

2.2.1. Ɋɨɡɪɨɛɤɚ ɜɢɦɨɝ ɞɨ ІɋɄ (Requirements diagram) 

 

ȼɢɦɨɝɢ, ɹɤɿ ɩɨɫɬɚɜɥɟɧɿ ɞɨ ɪɨɡɪɨɛɤɢ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ 

ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɨɩɢɫɚɧɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɞɿɚɝɪɚɦɢ ɜɢɦɨɝ (Requirements 

diagram) ɧɚ ɪɢɫ. 2.4. 

 

 

Ɋɢɫ. 2.4. Requirements diagram – ɞɿɚɝɪɚɦɚ ɜɢɦɨɝ. 
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 Ⱦɥɹ ɧɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ 

ɧɟɨɛɯɿɞɧɨ: 

– ɫɬɜɨɪɢɬɢ ɛɚɡɭ ɡɧɚɧɶ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ: ɹɤɚ ɜɤɥɸɱɚє ɜ ɫɟɛɟ 

ɡɨɛɪɚɠɟɧɧɹ ɭɩɚɤɨɜɤɢ ɡ ɛɪɚɤɨɦ ɿ ɛɟɡ ɞɥɹ ɩɨɞɚɥɶɲɨɝɨ ɧɚɜɱɚɧɧɹ 

ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ; 

– ɫɬɜɨɪɢɬɢ ɫɬɪɭɤɬɭɪɭ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɞɥɹ ɩɨɞɚɥɶɲɨɝɨ ɧɚɜɱɚɧɧɹ 

ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ. 

ɉɿɫɥɹ ɫɬɜɨɪɟɧɧɹ ɬɚ ɧɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ 

ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɧɟɨɛɯɿɞɧɨ ɪɨɡɪɨɛɢɬɢ ɫɢɫɬɟɦɭ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ 

ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ. 

Ɋɨɡɪɨɛɥɟɧɭ ɫɢɫɬɟɦɭ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ 

ɞɚɥɿ ɜɩɪɨɜɚɞɠɭɸɬɶ ɧɚ ɜɢɪɨɛɧɢɰɬɜɨ. 
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2.2.2. ȼɢɡɧɚɱɟɧɧɹ ɮɭɧɤɰɿɣ ɤɨɪɢɫɬɭɜɚɱɿɜ (Use Case diagram) 

 

 ȼɡɚєɦɨɞɿɹ ɪɨɡɪɨɛɧɢɤɚ ɬɚ ɨɩɟɪɚɬɨɪɚ ɩɿɞ ɱɚɫ ɩɪɨɰɟɫɭ ɪɨɡɪɨɛɤɢ ɬɚ 

ɜɢɤɨɪɢɫɬɚɧɧɹ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ 

ɨɩɢɫɚɧɿ ɭ ɜɢɝɥɹɞɿ ɞɿɚɝɪɚɦɢ ɮɭɧɤɰɿɣ ɤɨɪɢɫɬɭɜɚɱɿɜ (Use Case diagram) ɧɚ ɪɢɫ. 2.5. 

 

 

Ɋɢɫ. 2.5. Use Case diagram – ɞɿɚɝɪɚɦɚ ɮɭɧɤɰɿɣ ɤɨɪɢɫɬɭɜɚɱɿɜ. 

 

Ɋɨɡɪɨɛɧɢɤ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ 

ɩɪɢ ɪɨɡɪɨɛɰɿ ɫɢɫɬɟɦɢ ɫɩɨɱɚɬɤɭ: 

– ɧɚɩɨɜɧɸє ɛɚɡɭ ɡɧɚɧɶ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɡɨɛɪɚɠɟɧɧɹɦ ɭɩɚɤɨɜɤɢ ɡ 

ɛɪɚɤɨɦ ɿ ɛɟɡ ɞɥɹ ɩɨɞɚɥɶɲɨɝɨ ɧɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ; 

– ɫɬɜɨɪɸє ɫɬɪɭɤɬɭɪɭ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɞɥɹ ɩɨɞɚɥɶɲɨɝɨ ɧɚɜɱɚɧɧɹ 

ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ. 

ɉɿɫɥɹ ɫɬɜɨɪɟɧɧɹ ɬɚ ɧɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ 

ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɪɨɡɪɨɛɧɢɤ ɪɨɡɪɨɛɥɹє ɫɢɫɬɟɦɭ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ 

ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ, ɹɤɚ ɜ ɩɨɞɚɥɶɲɨɦɭ ɛɭɞɟ ɜɡɚєɦɨɞɿɹɬɢ ɡ ɬɟɯɧɨɥɨɝɿɱɧɢɦ 

ɨɛɥɚɞɧɚɧɧɹɦ ɧɚ ɜɢɪɨɛɧɢɰɬɜɿ ɞɥɹ ɭɩɪɚɜɥɿɧɧɹ ɤɨɧɜɟєɪɨɦ.  
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Ɋɨɡɪɨɛɥɟɧɭ ɫɢɫɬɟɦɭ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ 

ɞɚɥɿ ɜɩɪɨɜɚɞɠɭɸɬɶ ɧɚ ɜɢɪɨɛɧɢɰɬɜɨ ɞɥɹ ʀʀ ɩɨɞɚɥɶɲɨɝɨ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ. 

ɋɢɫɬɟɦɭ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɪɨɡɩɿɡɧɚє ɧɚ 

ɤɨɧɜɟєɪɿ ɛɪɚɤɨɜɚɧɭ ɭɩɚɤɨɜɤɭ ɬɚ ɜɩɥɢɜɚє ɧɚ ɪɨɛɨɬɭ ɤɨɧɜɟєɪɚ ɞɥɹ ɜɢɥɭɱɟɧɧɹ ɡ 

ɤɨɧɜɟєɪɚ ɛɪɚɤɨɜɚɧɨʀ ɩɪɨɞɭɤɰɿʀ. 

Ɉɩɟɪɚɬɨɪ ɤɨɧɬɪɨɥɸє ɪɨɛɨɬɭ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ 

ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɬɚ ɪɨɛɨɬɭ ɤɨɧɜɟєɪɚ. ɉɟɪɟɜɿɪɹє ɛɪɚɤ ɭɩɚɤɨɜɤɢ ɬɚ ɧɚɩɪɚɜɥɹє 

ɩɪɨɞɭɤɰɿɸ ɧɚ ɩɨɜɬɨɪɧɭ ɭɩɚɤɨɜɤɭ. 
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2.2.3. Ɋɨɡɪɨɛɤɚ ɛɥɨɤɿɜ ɫɤɥɚɞɨɜɢɯ ɟɥɟɦɟɧɬɿɜ ɫɢɫɬɟɦɢ (Block Definition 

Diagram)  

 

Ȼɥɨɤɢ ɡ ɹɤɢɯ ɫɤɥɚɞɚєɬɶɫɹ ɩɪɨɰɟɫ ɪɨɡɪɨɛɤɢ ɬɚ ɜɢɤɨɪɢɫɬɚɧɧɹ ɫɢɫɬɟɦɢ 

ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɨɩɢɫɚɧɿ ɭ ɜɢɝɥɹɞɿ ɞɿɚɝɪɚɦɿ 

ɜɢɡɧɚɱɟɧɧɹ ɛɥɨɤɿɜ (Block Definition Diagram) ɧɚ ɪɢɫ 2.6. 

 

 

Ɋɢɫ. 2.6. Block Definition Diagram – ɞɿɚɝɪɚɦɚ ɜɢɡɧɚɱɟɧɧɹ ɛɥɨɤɿɜ. 
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ȼɢɯɨɞɹɱɢ ɡ ɪɨɡɪɨɛɥɟɧɨʀ ɞɿɚɝɪɚɦɢ ɜɢɦɨɝ (Requirements diagram) 

ɪɨɡɪɨɛɥɹєɬɶɫɹ ɞɿɚɝɪɚɦɚ ɜɢɡɧɚɱɟɧɧɹ ɛɥɨɤɿɜ (Block Definition Diagram). 

Ⱦɿɚɝɪɚɦɚ ɜɢɡɧɚɱɟɧɧɹ ɛɥɨɤɿɜ (Block Definition Diagram) ɜɤɥɸɱɚє ɧɚɫɬɭɩɧɿ 

ɛɥɨɤɢ: 

– block5 – ɛɚɡɚ ɡɧɚɧь ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ: ɹɤɚ ɜɤɥɸɱɚє ɜ ɫɟɛɟ 

ɡɨɛɪɚɠɟɧɧɹ ɭɩɚɤɨɜɤɢ ɡ ɛɪɚɤɨɦ ɿ ɛɟɡ ɞɥɹ ɩɨɞɚɥɶɲɨɝɨ ɧɚɜɱɚɧɧɹ 

ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ; 

– block4 – ɫɬɪɭɤɬɭɪɚ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ: ɞɥɹ ɩɨɞɚɥɶɲɨɝɨ ɧɚɜɱɚɧɧɹ 

ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ; 

– block3 – ɧɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ: ɞɥɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ 

ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ;  

– block2 – ɪɨɡɪɨɛɤɚ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ 

ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ: ɞɥɹ ɜɡɚєɦɨɞɿʀ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɡ 

ɬɟɯɧɨɥɨɝɿɱɧɢɦ ɨɛɥɚɞɧɚɧɧɹɦ ɧɚ ɜɢɪɨɛɧɢɰɬɜɿ; 

– block1 – ɫɢɫɬɟɦɚ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ 
ɦɨɪɨɡɢɜɚ: ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ 

ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ. 
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2.2.4. Ɋɨɡɪɨɛɤɚ ɚɥɝɨɪɢɬɦɿɱɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ІɋɄ 

2.2.4.1. ȼɢɡɧɚɱɟɧɧɹ ɠɢɬɬєɜɨɝɨ ɰɢɤɥɭ ІɋɄ ɬɚ ʀʀ ɩɪɨɰɟɫɿɜ (Activity diagram) 

 

ȼɡɚєɦɨɞɿɹ ɛɥɨɤɿɜ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ 

ɦɨɪɨɡɢɜɚ ɨɩɢɫɚɧɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɞɿɚɝɪɚɦɢ ɞɿɹɥɶɧɨɫɬɿ (Activity diagram) ɧɚ ɪɢɫ. 

2.7. 

 

 

Ɋɢɫ. 2.7. Activity diagram – ɞɿɚɝɪɚɦɚ ɞɿɹɥɶɧɨɫɬɿ. 
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ȼɡɚєɦɨɞɿɹ ɦɿɠ ɫɨɛɨɸ ɧɚɫɬɭɩɧɢɯ ɛɥɨɤɿɜ: 

– block5 – ɛɚɡɚ ɡɧɚɧɶ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ; 

– block4 – ɫɬɪɭɤɬɭɪɚ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ; 

– block3 – ɧɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ;  

– block2 – ɪɨɡɪɨɛɤɚ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ 

ɦɨɪɨɡɢɜɚ; 

– block1 – ɫɢɫɬɟɦɚ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ; 

ɹɤɿ ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɚ ɞɿɚɝɪɚɦɿ ɜɢɡɧɚɱɟɧɧɹ ɛɥɨɤɿɜ (Block Definition Diagram) 

ɨɩɢɫɚɧɨ ɡɚ ɞɨɩɨɦɨɝɨɸ ɞɿɚɝɪɚɦɢ ɞɿɹɥɶɧɨɫɬɿ (Activity diagram). 

Ɂ ɞɿɚɝɪɚɦɢ ɞɿɹɥɶɧɨɫɬɿ (Activity diagram) ɜɢɞɧɨ, ɳɨ ɩɪɨɰɟɫ ɫɬɜɨɪɟɧɧɹ 

ɫɬɪɭɤɬɭɪɢ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɬɚ ʀʀ ɧɚɜɱɚɧɧɹ ɦɨɠɟ ɩɪɨɯɨɞɢɬɢ ɧɟ ɨɞɢɧ ɪɚɡ. І ɜɿɧ 

ɩɨɜɬɨɪɸєɬɶɫɹ ɞɨɤɢ ɧɟ ɞɨɫɹɝɧɟɬɶɫɹ ɡɚɞɨɜɿɥɶɧɚ ɩɨɯɢɛɤɚ ɩɪɨɰɟɫɭ ɧɚɜɱɚɧɧɹ 

ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ. 
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2.2.4.2. ȼɢɪɿɲɟɧɧɹ ɩɪɨɛɥɟɦɢ ɫɢɧɯɪɨɧɿɡɚɰɿʀ ɩɿɞɫɢɫɬɟɦ (Sequence diagram) 

 

ȼɡɚєɦɨɞɿɸ ɛɥɨɤɿɜ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ 

ɦɨɪɨɡɢɜɚ ɧɚ ɱɚɫɨɜɿɣ ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɨɩɢɫɚɧɚ ɡɚ ɞɨɩɨɦɨɝɨɸ ɞɿɚɝɪɚɦɢ 

ɩɨɫɥɿɞɨɜɧɨɫɬɿ (Sequence diagram) ɧɚ ɪɢɫ. 2.8. 

 

 

Ɋɢɫ. 2.8. Sequence diagram – ɞɿɚɝɪɚɦɚ ɩɨɫɥɿɞɨɜɧɨɫɬɿ. 

 

Ⱦɿɚɝɪɚɦɚ ɩɨɫɥɿɞɨɜɧɨɫɬɿ (Sequence diagram) ɡɨɛɪɚɠɭє, ɹɤ ɜɪɚɯɨɜɭɸɱɢ 

ɱɚɫɨɜɭ ɩɨɫɥɿɞɨɜɧɿɫɬɶ ɜɿɞɛɭɜɚɸɬɶɫɹ ɩɪɨɰɟɫɢ ɦɿɠ ɧɚɫɬɭɩɧɢɦɢ ɛɥɨɤɚɦɢ: 

– ɛɚɡɚ ɡɧɚɧɶ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ; 

– ɫɬɪɭɤɬɭɪɚ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ; 

– ɧɟɣɪɨɧɧɚ ɦɟɪɟɠɚ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ;  

– ɪɨɡɪɨɛɤɚ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ 

ɦɨɪɨɡɢɜɚ; 

– ɮɭɧɤɰɿɸɜɚɧɧɹ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ 

ɦɨɪɨɡɢɜɚ. 
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Ɍɚɤɨɠ ɧɚ ɞɿɚɝɪɚɦɚ ɩɨɫɥɿɞɨɜɧɨɫɬɿ (Sequence diagram) ɡɨɛɪɚɠɭєɬɶɫɹ, ɹɤ 

ɜɡɚєɦɨɞɿɸɬɶ ɡ ɫɢɫɬɟɦɨɸ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ 

ɪɨɡɪɨɛɧɢɤ ɬɚ ɨɩɟɪɚɬɨɪ. 

ɇɚ ɞɿɚɝɪɚɦɿ ɩɨɫɥɿɞɨɜɧɨɫɬɿ (Sequence diagram) ɰɢɤɥɨɦ loop ɡɨɛɪɚɠɟɧɨ 

ɩɪɨɰɟɫ ɫɬɜɨɪɟɧɧɹ ɫɬɪɭɤɬɭɪɢ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɬɚ ʀʀ ɧɚɜɱɚɧɧɹ, ɨɫɤɿɥɶɤɢ ɜɿɧ 

ɩɨɬɪɟɛɭє ɩɨɜɬɨɪɟɧɧɹ ɧɟ ɨɞɢɧ ɪɚɡ ɞɨɤɢ ɧɟ ɞɨɫɹɝɧɟɬɶɫɹ ɡɚɞɨɜɿɥɶɧɚ ɩɨɯɢɛɤɚ 

ɩɪɨɰɟɫɭ ɧɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ. 
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Ɋɨɡɞɿɥ 3. Ɋɨɡɪɨɛɤɚ ɿɧɬɟɥɟɤɬɭɚɥьɧɨʀ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ 
ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ (ІɋɊəɍ) ɦɨɪɨɡɢɜɚ  

3.1. Ɋɨɡɪɨɛɤɚ ɛɚɡɢ ɡɧɚɧь ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ 

 

Іɧɬɟɥɟɤɬɭɚɥɶɧɚ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ 

(ІɋɊəɍ) ɦɨɪɨɡɢɜɚ ɮɭɧɤɰɿɨɧɭɜɚɬɢɦɟ ɧɚ ɛɚɡɿ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ. 

Ⱦɥɹ ɧɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɧɟɨɛɯɿɞɧɨ ɫɬɜɨɪɢɬɢ ɛɚɡɭ ɡɧɚɧɶ, ɜ ɹɤɿɣ 

ɛɭɞɭɬɶ ɦɿɫɬɢɬɢɫɹ ɡɨɛɪɚɠɟɧɧɹ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɡ ɛɪɚɤɨɦ ɬɚ ɛɟɡ ɛɪɚɤɭ. 

Ȼɚɡɚ ɡɧɚɧɶ ɞɥɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɫɬɜɨɪɸєɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɧɚɫɬɭɩɧɨɝɨ 

ɡɨɛɪɚɠɟɧɧɹ ɭɩɚɤɨɜɤɢ, ɳɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 3.1. 

 

 

Ɋɢɫ. 3.1. ȼɢɞ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ. 
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Ⱦɥɹ ɡɦɟɧɲɟɧɧɹ ɩɨɬɭɠɧɨɫɬɿ ɧɟɨɛɯɿɞɧɢɯ ɪɟɫɭɪɫɿɜ ɞɥɹ ɧɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ 

ɦɟɪɟɠɿ ɬɚ ɡɦɟɧɲɟɧɧɹ ɱɚɫɭ ɧɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɡɨɛɪɚɠɟɧɧɹ ɜ ɛɚɡɿ ɡɧɚɧɶ 

ɡɛɟɪɿɝɚɸɬɶɫɹ ɭ ɫɿɪɨɦɭ ɮɨɪɦɚɬɿ ɡɨɛɪɚɠɟɧɧɹ – grey. 

Ɂɨɛɪɚɠɟɧɧɹ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɜ ɛɚɡɿ ɡɧɚɧɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɩɿɞ ɪɿɡɧɢɦ 

ɤɭɬɨɦ ɨɫɤɿɥɶɤɢ ɧɚ ɤɨɧɜɟєɪɿ ɦɨɪɨɡɢɜɨ ɦɨɠɟ ɡɧɚɯɨɞɢɬɢɫɹ ɜ ɞɨɜɿɥɶɧɨɦɭ 

ɩɨɥɨɠɟɧɧɿ. 

Ȼɚɡɚ ɡɧɚɧɶ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɦɿɫɬɢɬɶ ɧɚɫɬɭɩɧɿ ɡɨɛɪɚɠɟɧɧɹ ɭɩɚɤɨɜɤɢ 

ɦɨɪɨɡɢɜɚ ɛɟɡ ɛɪɚɤɭ, ɳɨ ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɚ ɪɢɫ. 3.2. 

 

 

Ɋɢɫ. 3.2. Ɂɨɛɪɚɠɟɧɧɹ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɛɟɡ ɛɪɚɤɭ. 
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Ȼɚɡɚ ɡɧɚɧɶ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɦɿɫɬɢɬɶ ɧɚɫɬɭɩɧɿ ɡɨɛɪɚɠɟɧɧɹ ɭɩɚɤɨɜɤɢ 

ɦɨɪɨɡɢɜɚ ɛɟɡ ɛɪɚɤɭ, ɳɨ ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɚ ɪɢɫ. 3.2. 

 

 

Ɋɢɫ. 3.3. Ɂɨɛɪɚɠɟɧɧɹ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɡ ɛɪɚɤɨɦ. 
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 Ɂɨɛɪɚɠɟɧɧɹ ɞɥɹ ɛɚɡɢ ɡɧɚɧɶ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɡɧɚɯɨɞɹɬɶɫɹ ɜ ɩɚɩɰɿ –

D:\workspace\ice, ɜ ɳɟ ɡɧɚɯɨɞɹɬɶɫɹ 2 ɩɚɩɤɢ:  

 D:\workspace\ice\ice-bad – ɜ ɞɚɧɿ ɩɚɩɰɿ ɡɧɚɯɨɞɹɬɶɫɹ ɡɨɛɪɚɠɟɧɧɹ ɡ ɛɪɚɤɨɦ; 

 D:\workspace\ice\ice-good – ɜ ɞɚɧɿ ɩɚɩɰɿ ɡɧɚɯɨɞɹɬɶɫɹ ɡɨɛɪɚɠɟɧɧɹ ɛɟɡ 

ɛɪɚɤɭ. 

 Ʉɨɦɚɧɞɨɸ imageDatastore ɜ ɫɟɪɟɞɨɜɢɳɿ MATLAB ɞɥɹ ɫɬɜɨɪɸєɬɶɫɹ ɛɚɡɚ 

ɡɧɚɧɶ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ: 

   

>> imds = imageDatastore('D:\workspace\ice', 'IncludeSubfolders', true, 

'LabelSource', 'foldernames') 

 

imds =  

 

  ImageDatastore with properties: 

 

                       Files: { 

                              'D:\workspace\ice\ice-bad\010b.png'; 

                              'D:\workspace\ice\ice-bad\011b.png'; 

                              'D:\workspace\ice\ice-bad\012b.png' 

                               ... and 18 more 

                              } 

                      Labels: [ice-bad; ice-bad; ice-bad ... and 18 more categorical] 

    AlternateFileSystemRoots: {} 

                    ReadSize: 1 

                     ReadFcn: @readDatastoreImage 

 

 Ɂɨɛɪɚɠɟɧɧɹ ɜ ɛɚɡɿ ɡɧɚɧɶ ɡɛɟɪɿɝɚɸɬɶɫɹ ɡ ɦɿɬɤɚɦɢ ice-bad ɬɚ ice-good 

ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɧɚɡɜɢ ɩɚɩɨɤ. 
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3.2. Ɋɨɡɪɨɛɤɚ ɫɬɪɭɤɬɭɪɢ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ 
 

 ɋɬɪɭɤɬɭɪɚ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɫɬɜɨɪɸєɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɪɟɞɚɤɬɨɪɚ Deep 

Network Designer. ȼɢɞ ɪɟɞɚɤɬɨɪɚ Deep Network Designer ɡɨɛɪɚɠɟɧɧɹ ɧɚ ɪɢɫ. 3.4. 

 

 

Ɋɢɫ. 3.4. Ɋɟɞɚɤɬɨɪ Deep Network Designer. 

 

 

 

 

 

 

 

 

 

 

 



63 

 

 ɉɿɫɥɹ ɩɪɨɜɟɞɟɧɧɹ ɞɨɫɥɿɞɠɟɧɧɹ ɜɢɛɪɚɧɨ ɧɚɫɬɭɩɧɭ ɫɬɪɭɤɬɭɪɭ ɧɟɣɪɨɧɧɨʀ 

ɦɟɪɟɠɿ, ɳɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 3.5. 

 

 

Ɋɢɫ. 3.5. ɋɬɪɭɤɬɭɪɚ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɜ ɪɟɞɚɤɬɨɪɿ Deep Network Designer. 
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 Ⱥɧɚɥɿɡ ɫɬɪɭɤɬɭɪɢ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɫɬɜɨɪɟɧɨʀ ɜ ɪɟɞɚɤɬɨɪɿ Deep Network 

Designer ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 3.6. 

 

 

Ɋɢɫ. 3.6. Ⱥɧɚɥɿɡ ɫɬɪɭɤɬɭɪɢ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɜ ɪɟɞɚɤɬɨɪɿ Deep Network 

Designer. 

 

 ɇɟɣɪɨɧɧɚ ɦɟɪɟɠɚ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɧɚɫɬɭɩɧɢɯ ɲɚɪɿɜ: 

 imageinput (Image input layer) – ɲɚɪ ɜɜɟɞɟɧɧɹ ɡɨɛɪɚɠɟɧɧɹ. ȼɯɿɞɧɢɣ 

ɪɿɜɟɧɶ ɡɨɛɪɚɠɟɧɧɹ, ɜɜɨɞɢɬɶ ɡɨɛɪɚɠɟɧɧɹ ɜ ɦɟɪɟɠɭ ɿ ɡɚɫɬɨɫɨɜɭє ɧɨɪɦɚɥɿɡɚɰɿɸ 

ɞɚɧɢɯ. ɉɚɪɚɦɟɬɪɢ ɲɚɪɭ Image input layer ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɚ ɪɢɫ. 3.7. Ɏɨɪɦɚɬ 

ɜɯɿɞɧɨɝɨ ɡɨɛɪɚɠɟɧɧɹ 400ɯ400.   

 

 

Ɋɢɫ. 3.7. ɉɚɪɚɦɟɬɪɢ ɲɚɪɭ Image input layer. 
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 conv (Convolution2DLayer) – ɞɜɨɜɢɦɿɪɧɢɣ ɡɝɨɪɬɤɨɜɢɣ ɲɚɪ ɡɚɫɬɨɫɨɜɭє 

ɤɨɜɡɧɿ ɡɝɨɪɬɤɨɜɿ ɮɿɥɶɬɪɢ ɞɨ ɜɯɨɞɭ. ɒɚɪ ɡɝɨɪɬɚє ɜɯɿɞɧɿ ɞɚɧɿ, ɩɟɪɟɦɿɳɭɸɱɢ 

ɮɿɥɶɬɪɢ ɜɡɞɨɜɠ ɜɯɿɞɧɨɝɨ ɡɨɛɪɚɠɟɧɧɹ ɜɟɪɬɢɤɚɥɶɧɨ ɬɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨ, 

ɨɛɱɢɫɥɸɸɱɢ ɞɨɛɭɬɨɤ ɜɚɝ ɬɚ ɡɧɚɱɟɧɶ ɜɯɿɞɧɨɝɨ ɡɨɛɪɚɠɟɧɧɹ, ɚ ɩɨɬɿɦ ɞɨɞɚɸɱɢ 

ɡɧɚɱɟɧɧɹ ɡɦɿɳɟɧɧɹ.  

 ɉɚɪɚɦɟɬɪɢ ɲɚɪɭ Convolution2DLayer ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɚ ɪɢɫ. 3.8. 

 

 

Ɋɢɫ. 3.8. ɉɚɪɚɦɟɬɪɢ ɲɚɪɭ Convolution2DLayer. 

 

ɉɚɪɚɦɟɬɪ FilterSize ɡɚɞɚє ɜɢɫɨɬɭ ɬɚ ɲɢɪɢɧɭ ɮɿɥɶɬɪɿɜ, ɡɚɞɚɧɿ ɹɤ ɜɟɤɬɨɪ [h 

w] ɞɜɨɯ ɞɨɞɚɬɧɢɯ ɰɿɥɢɯ ɱɢɫɟɥ, ɞɟ h – ɜɢɫɨɬɚ, ɚ w – ɲɢɪɢɧɚ. FilterSize ɜɢɡɧɚɱɚє 

ɪɨɡɦɿɪ ɥɨɤɚɥɶɧɢɯ ɨɛɥɚɫɬɟɣ, ɞɨ ɹɤɢɯ ɧɟɣɪɨɧɢ ɩɿɞɤɥɸɱɚɸɬɶɫɹ ɧɚ ɜɯɨɞɿ. ȼ ɞɚɧɨɦɭ 

ɲɚɪɿ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɪɨɡɦɿɪ ɮɿɥɶɬɪɭ 4ɯ4. 

ɉɚɪɚɦɟɬɪ NumFilters – ɤɿɥɶɤɿɫɬɶ ɮɿɥɶɬɪɿɜ, ɜɤɚɡɚɧɢɯ ɹɤ ɞɨɞɚɬɧɟ ɰɿɥɟ 

ɱɢɫɥɨ. ɐɟ ɱɢɫɥɨ ɜɿɞɩɨɜɿɞɚє ɤɿɥɶɤɨɫɬɿ ɧɟɣɪɨɧɿɜ ɭ ɡɝɨɪɬɤɨɜɨɦɭ ɲɚɪɿ, ɹɤɿ 

ɩɿɞɤɥɸɱɚɸɬɶɫɹ ɞɨ ɬɿєʀ ɫɚɦɨʀ ɨɛɥɚɫɬɿ ɧɚ ɜɯɨɞɿ. ȼ ɞɚɧɨɦɭ ɲɚɪɿ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ 

10 ɮɿɥɶɬɪɿɜ. 
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ɉɚɪɚɦɟɬɪ Stride – ɪɨɡɦɿɪ ɤɪɨɤɭ ɞɥɹ ɨɛɯɨɞɭ ɜɯɿɞɧɢɯ ɞɚɧɢɯ ɩɨ ɜɟɪɬɢɤɚɥɿ 

ɬɚ ɝɨɪɢɡɨɧɬɚɥɿ, ɡɚɞɚɧɢɣ ɹɤ ɜɟɤɬɨɪ [a b] ɞɜɨɯ ɞɨɞɚɬɧɢɯ ɰɿɥɢɯ ɱɢɫɟɥ, ɞɟ a – 

ɜɟɪɬɢɤɚɥɶɧɢɣ ɪɨɡɦɿɪ ɤɪɨɤɭ, ɚ b – ɪɨɡɦɿɪ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɤɪɨɤɭ. ȼ ɞɚɧɨɦɭ ɲɚɪɿ 

ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɤɪɨɤ 4 ɩɨ ɝɨɪɢɡɨɧɬɚɥɿ ɬɚ ɜɟɪɬɢɤɚɥɿ. 

leakyrelu (LeakyReLULayer – Leaky Rectified Linear Unit (ReLU) layer) – 

ɜɢɤɨɧɭє ɩɨɪɨɝɨɜɭ ɨɩɟɪɚɰɿɸ, ɞɟ ɛɭɞɶ-ɹɤɟ ɜɯɿɞɧɟ ɡɧɚɱɟɧɧɹ ɦɟɧɲɟ ɧɭɥɹ 

ɦɧɨɠɢɬɶɫɹ ɧɚ ɮɿɤɫɨɜɚɧɢɣ ɫɤɚɥɹɪ:  

 

ȼ ɞɚɧɨɦɭ ɲɚɪɿ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɡɧɚɱɟɧɧɹ scale=0.1. ɉɚɪɚɦɟɬɪɢ ɲɚɪɭ 

LeakyReLULayer ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɚ ɪɢɫ. 3.9. 

 

 

Ɋɢɫ. 3.9. ɉɚɪɚɦɟɬɪɢ ɲɚɪɭ LeakyReLULayer. 

 

avgpool (AveragePooling2dLayer – Average pooling layer) – ɜɢɤɨɧɭє 

ɨɛ'єɞɧɚɧɧɹ ɜɢɛɿɪɤɭ ɲɥɹɯɨɦ ɩɨɞɿɥɭ ɜɯɿɞɧɢɯ ɞɚɧɢɯ ɧɚ ɩɪɹɦɨɤɭɬɧɿ ɨɛɥɚɫɬɿ 

ɨɛ'єɞɧɚɧɧɹ ɬɚ ɨɛɱɢɫɥɟɧɧɹ ɫɟɪɟɞɧɿɯ ɡɧɚɱɟɧɶ ɤɨɠɧɨʀ ɨɛɥɚɫɬɿ.  

ɉɚɪɚɦɟɬɪɢ ɲɚɪɭ AveragePooling2dLayer ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɚ ɪɢɫ. 3.10. 
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Ɋɢɫ. 3.10. ɉɚɪɚɦɟɬɪɢ ɲɚɪɭ AveragePooling2dLayer.  

ɉɚɪɚɦɟɬɪ PoolSize – ɪɨɡɦɿɪɢ ɩɪɹɦɨɤɭɬɧɨʀ ɨɛɥɚɫɬɿ ɨɛ'єɞɧɚɧɧɹ, ɡɚɞɚɧɿ ɹɤ 

ɜɟɤɬɨɪ ɞɜɨɯ ɧɚɬɭɪɚɥɶɧɢɯ ɱɢɫɟɥ [h w], ɞɟ h – ɜɢɫɨɬɚ, ɚ w – ɲɢɪɢɧɚ. ɋɬɜɨɪɸɸɱɢ 

ɲɚɪ, ɜɢ ɦɨɠɟɬɟ ɜɤɚɡɚɬɢ PoolSize ɹɤ ɫɤɚɥɹɪ, ɳɨɛ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɨɞɧɟ ɿ ɬɟ ɠ 

ɡɧɚɱɟɧɧɹ ɞɥɹ ɨɛɨɯ ɜɢɦɿɪɿɜ. əɤɳɨ ɪɨɡɦɿɪɢ ɤɪɨɤɭ Stride ɦɟɧɲɿ ɡɚ ɜɿɞɩɨɜɿɞɧɿ 

ɪɨɡɦɿɪɢ ɨɛ'єɞɧɚɧɧɹ, ɬɨɞɿ ɨɛɥɚɫɬɿ ɨɛ'єɞɧɚɧɧɹ ɩɟɪɟɤɪɢɜɚɸɬɶɫɹ. Ɋɨɡɦɿɪɢ 

ɡɚɩɨɜɧɟɧɧɹ PaddingSize ɩɨɜɢɧɧɿ ɛɭɬɢ ɦɟɧɲɢɦɢ ɡɚ ɪɨɡɦɿɪɢ ɨɛɥɚɫɬɿ ɨɛ'єɞɧɚɧɧɹ 

PoolSize. ȼ ɞɚɧɨɦɭ ɲɚɪɿ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɪɨɡɦɿɪ ɩɪɹɦɨɤɭɬɧɨʀ ɨɛɥɚɫɬɿ 

ɨɛ'єɞɧɚɧɧɹ – 4ɯ4. 

ɉɚɪɚɦɟɬɪ Stride – ɪɨɡɦɿɪ ɤɪɨɤɭ ɞɥɹ ɨɛɯɨɞɭ ɜɯɿɞɧɢɯ ɞɚɧɢɯ ɩɨ ɜɟɪɬɢɤɚɥɿ 

ɬɚ ɝɨɪɢɡɨɧɬɚɥɿ, ɡɚɞɚɧɢɣ ɹɤ ɜɟɤɬɨɪ ɞɜɨɯ ɞɨɞɚɬɧɢɯ ɰɿɥɢɯ ɱɢɫɟɥ [a b], ɞɟ a – 

ɜɟɪɬɢɤɚɥɶɧɢɣ ɪɨɡɦɿɪ ɤɪɨɤɭ, ɚ b – ɪɨɡɦɿɪ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɤɪɨɤɭ. ɋɬɜɨɪɸɸɱɢ 

ɲɚɪ, ɜɢ ɦɨɠɟɬɟ ɜɤɚɡɚɬɢ Stride ɹɤ ɫɤɚɥɹɪ, ɳɨɛ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɨɞɧɟ ɿ ɬɟ ɠ 

ɡɧɚɱɟɧɧɹ ɞɥɹ ɨɛɨɯ ɜɢɦɿɪɿɜ. ȼ ɞɚɧɨɦɭ ɲɚɪɿ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɤɪɨɤ 4 ɩɨ 

ɝɨɪɢɡɨɧɬɚɥɿ ɬɚ ɜɟɪɬɢɤɚɥɿ. 

dropout (DropoutLayer) – ɲɚɪ ɜɢɩɚɞɤɨɜɨ ɜɢɞɚɥɹє ɡɜ’ɹɡɤɢ ɦɿɠ ɧɟɣɪɨɧɚɦɢ 

ɿɡ ɡɚɞɚɧɨɸ ɣɦɨɜɿɪɧɿɫɬɸ.  

ɉɚɪɚɦɟɬɪɢ ɲɚɪɭ DropoutLayer ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɚ ɪɢɫ. 3.11. 
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Ɋɢɫ. 3.11. ɉɚɪɚɦɟɬɪɢ ɲɚɪɭ DropoutLayer. 

 

ɉɚɪɚɦɟɬɪ Probability – ɣɦɨɜɿɪɧɿɫɬɶ ɜɢɞɚɥɟɧɧɹ ɡɜ’ɹɡɤɿɜ ɦɿɠ ɧɟɣɪɨɧɚɦɢ ɩɿɞ 

ɱɚɫ ɧɚɜɱɚɧɧɹ, ɡɚɡɧɚɱɟɧɨɝɨ ɹɤ ɱɢɫɥɨɜɢɣ ɫɤɚɥɹɪ ɜ ɞɿɚɩɚɡɨɧɿ 0–1. Ȼɿɥɶɲɚ ɤɿɥɶɤɿɫɬɶ 

ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɬɨɝɨ, ɳɨ ɛɿɥɶɲɟ ɧɟɣɪɨɧɿɜ ɜɿɞɩɚɞɚє ɩɿɞ ɱɚɫ ɬɪɟɧɭɜɚɧɧɹ. ȼ ɞɚɧɨɦɭ 

ɲɚɪɿ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɡɧɚɱɟɧɧɹ 0.1. 

 

fc (FullyConnectedLayer) – ɩɨɜɧɿɫɬɸ ɩɨɜ'ɹɡɚɧɢɣ ɲɚɪ, ɹɤɢɣ ɦɧɨɠɢɬɶ 

ɜɯɿɞɧɿ ɞɚɧɿ ɧɚ ɦɚɬɪɢɰɸ ɜɚɝɢ, ɚ ɩɨɬɿɦ ɞɨɞɚє ɜɟɤɬɨɪ ɡɦɿɳɟɧɧɹ. 

ɉɚɪɚɦɟɬɪɢ ɲɚɪɭ FullyConnectedLayer ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɚ ɪɢɫ. 3.12. 

 

 

Ɋɢɫ. 3.12. ɉɚɪɚɦɟɬɪɢ ɲɚɪɭ FullyConnectedLayer. 

 

ɉɚɪɚɦɟɬɪ OutputSize – ɜɤɚɡɭє ɤɿɥɶɤɿɫɬɶ ɜɢɯɨɞɿɜ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ, 

ɡɚɥɟɠɢɬɶ ɜɿɞ ɡɚɞɚɱɿ ɤɥɚɫɢɮɿɤɚɰɿʀ, ɬɨɛɬɨ ɤɿɥɶɤɿɫɬɶ ɤɥɚɫɿɜ ɧɚ ɜɢɯɨɞɿ. ȼ ɞɚɧɨɦɭ 

ɲɚɪɿ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɡɧɚɱɟɧɧɹ 2 (ɤɥɚɫ  ice-bad ɬɚ ice-good). 

softmax (SoftmaxLayer) – ɲɚɪ softmax ɡɚɫɬɨɫɨɜɭє ɮɭɧɤɰɿɸ softmax ɞɨ 

ɜɯɨɞɭ. 

ȼ ɞɚɧɨɦɭ ɲɚɪɿ ɜɿɞɫɭɬɧɿ ɩɚɪɚɦɟɬɪɢ (ɪɢɫ. 3.13). 
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Ɋɢɫ. 3.13. ɒɚɪ SoftmaxLayer. 

 

 

classoutput (ClassificationOutputLayer) – ɲɚɪ ɤɥɚɫɢɮɿɤɚɰɿʀ, ɜɢɡɧɚɱɚє ɤɥɚɫ 

ɡɨɛɪɚɠɟɧɧɹ, ɳɨ ɩɨɞɚєɬɶɫɹ ɧɚ ɜɯɿɞ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ. 

ȼ ɞɚɧɨɦɭ ɲɚɪɿ ɜɿɞɫɭɬɧɿ ɩɚɪɚɦɟɬɪɢ (ɪɢɫ. 3.14). 

 

 

Ɋɢɫ. 3.14. ɒɚɪ ClassificationOutputLayer. 

 

 

 

 

 

 

 

 

 

3.3. ɇɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ 
 

 ɋɬɜɨɪɟɧɚ ɛɚɡɚ ɡɧɚɧɶ ɞɥɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɬɚ ɪɨɡɪɨɛɥɟɧɚ ɫɬɪɭɤɬɭɪɚ 

ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɞɨɡɜɨɥɹє ɩɟɪɟɣɬɢ ɞɨ ɩɪɨɰɟɫɭ ɧɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ. 
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 Ⱦɥɹ ɩɨɱɚɬɤɭ ɩɪɨɰɟɫɭ ɧɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɧɟɨɛɯɿɞɧɨ ɡɚɞɚɬɢ 

ɩɚɪɚɦɟɬɪɢ ɧɚɜɱɚɧɧɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɧɚɫɬɭɩɧɨʀ ɤɨɦɚɧɞɢ ɜ ɩɪɨɝɪɚɦɧɨɦɭ 

ɫɟɪɟɞɨɜɢɳɿ  MATLAB: 

 

>> options = trainingOptions('sgdm', 'MaxEpochs', 1000, 'InitialLearnRate', 1e-4, 

'Verbose', false, 'Plots', 'training-progress', 'ExecutionEnvironment', 'parallel') 

 

options =  

 

  TrainingOptionsSGDM with properties: 

 

                     Momentum: 0.9000 

             InitialLearnRate: 1.0000e-04 

    LearnRateScheduleSettings: [1×1 struct] 

             L2Regularization: 1.0000e-04 

      GradientThresholdMethod: 'l2norm' 

            GradientThreshold: Inf 

                    MaxEpochs: 1000 

                MiniBatchSize: 128 

                      Verbose: 0 

             VerboseFrequency: 50 

               ValidationData: [] 

          ValidationFrequency: 50 

           ValidationPatience: Inf 

                      Shuffle: 'once' 

               CheckpointPath: '' 

         ExecutionEnvironment: 'parallel' 

                   WorkerLoad: [] 

                    OutputFcn: [] 

                        Plots: 'training-progress' 
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               SequenceLength: 'longest' 

         SequencePaddingValue: 0 

 

 ɋɟɪɟɞ ɨɫɧɨɜɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɧɟɨɛɯɿɞɧɨ ɡɚɞɚɬɢ ɧɚɫɬɭɩɧɿ ɩɚɪɚɦɟɬɪɢ:  

 'sgdm' – ɫɬɨɯɚɫɬɢɱɧɢɣ ɝɪɚɞɿєɧɬɧɢɣ ɫɩɭɫɤ ɡ ɨɩɬɢɦɿɡɚɬɨɪɨɦ ɿɦɩɭɥɶɫɭ 

(stochastic gradient descent with momentum (SGDM)). 

 'MaxEpochs' – ɦɚɤɫɢɦɚɥɶɧɚ ɤɿɥɶɤɿɫɬɶ ɟɩɨɯ, ɹɤɭ ɩɨɬɪɿɛɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ 

ɞɥɹ ɧɚɜɱɚɧɧɹ, ɜɤɚɡɚɧɚ ɹɤ ɩɚɪɚ, ɪɨɡɞɿɥɟɧɚ ɤɨɦɚɦɢ, ɳɨ ɫɤɥɚɞɚєɬɶɫɹ ɡ 'MaxEpochs' 

ɿ ɰɿɥɨɝɨ ɞɨɞɚɬɧɨɝɨ ɱɢɫɥɚ. 

 Іɬɟɪɚɰɿɹ – ɰɟ ɨɞɢɧ ɤɪɨɤ, ɡɪɨɛɥɟɧɢɣ ɜ ɚɥɝɨɪɢɬɦɿ ɝɪɚɞɿєɧɬɧɨɝɨ ɫɩɭɫɤɭ, ɞɨ 

ɦɿɧɿɦɿɡɚɰɿʀ ɮɭɧɤɰɿʀ ɜɬɪɚɬ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɿɧɿ-ɩɚɪɬɿʀ. ȿɩɨɯɚ – ɰɟ ɩɨɜɧɢɣ ɩɪɨɯɿɞ 

ɧɚɜɱɚɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɭ ɡɚ ɜɟɫɶ ɧɚɜɱɚɥɶɧɢɣ ɧɚɛɿɪ, ɜ ɞɚɧɨɦɭ ɜɢɩɚɞɤɭ ɰɟ ɱɢɫɥɨ 

ɦɚє ɡɧɚɱɟɧɧɹ 1000; 

 'InitialLearnRate' – ɩɨɱɚɬɤɨɜɚ ɲɜɢɞɤɿɫɬɶ ɧɚɜɱɚɧɧɹ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ 

ɞɥɹ ɧɚɜɱɚɧɧɹ, ɜɢɡɧɚɱɚєɬɶɫɹ ɹɤ ɩɚɪɚ, ɪɨɡɞɿɥɟɧɚ ɤɨɦɚɦɢ, ɳɨ ɫɤɥɚɞɚєɬɶɫɹ ɡ 

'InitialLearnRate' ɬɚ ɩɨɡɢɬɢɜɧɨɝɨ ɫɤɚɥɹɪɚ. Ɂɧɚɱɟɧɧɹ ɡɚ ɡɚɦɨɜɱɭɜɚɧɧɹɦ 0,01 ɞɥɹ 

ɜɢɪɿɲɭɜɚɱɚ 'sgdm' ɬɚ 0,001 ɞɥɹ ɜɢɪɿɲɭɜɚɱɿɜ 'rmsprop' ɬɚ 'adam'. əɤɳɨ ɪɿɜɟɧɶ 

ɧɚɜɱɚɧɧɹ ɡɚɧɚɞɬɨ ɧɢɡɶɤɢɣ, ɬɨ ɧɚɜɱɚɧɧɹ ɡɚɣɦɚє ɛɚɝɚɬɨ ɱɚɫɭ. əɤɳɨ ɪɿɜɟɧɶ 

ɧɚɜɱɚɧɧɹ ɡɚɧɚɞɬɨ ɜɢɫɨɤɢɣ, ɬɨɞɿ ɧɚɜɱɚɧɧɹ ɦɨɠɟ ɞɨɫɹɝɬɢ ɧɟɨɩɬɢɦɚɥɶɧɨɝɨ 

ɪɟɡɭɥɶɬɚɬɭ ɚɛɨ ɪɨɡɯɨɞɢɬɢɫɹ. ȼ ɞɚɧɨɦɭ ɜɢɩɚɞɤɭ ɰɟ ɱɢɫɥɨ ɦɚє ɡɧɚɱɟɧɧɹ 1e-4. 

 

 

 

 

 

 

 ɉɪɨɰɟɫ ɧɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɡɚɞɚєɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɧɚɫɬɭɩɧɨʀ 

ɤɨɦɚɧɞɢ ɜ ɩɪɨɝɪɚɦɧɨɦɭ ɫɟɪɟɞɨɜɢɳɿ  MATLAB: 

 

>> net = trainNetwork(imds, lgraph, options) 
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net =  

 

  DAGNetwork with properties: 

 

         Layers: [8×1 nnet.cnn.layer.Layer] 

    Connections: [7×2 table] 

 

 ɉɚɪɚɦɟɬɪɢ ɤɨɦɚɧɞɢ ɧɟɨɛɯɿɞɧɨ ɡɚɞɚɬɢ ɧɚɫɬɭɩɧɿ: 

 imds – ɫɬɜɨɪɟɧɚ ɛɚɡɚ ɡɧɚɧɶ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ, ɳɨ ɜɤɥɸɱɚє ɜ ɫɟɛɟ 

ɡɨɛɪɚɠɟɧɧɹ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɡ ɛɪɚɤɨɦ ɬɚ ɛɟɡ ɛɪɚɤɭ; 

 lgraph – ɪɨɡɪɨɛɥɟɧɚ ɫɬɪɭɤɬɭɪɚ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɬɚ ɿɦɩɨɪɬɨɜɚɧɚ ɡ 

ɪɟɞɚɤɬɨɪɭ Deep Network Designer ɜ ɡɦɿɧɧɭ lgraph; 

 options – ɩɚɪɚɦɟɬɪɢ ɧɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ. 

  

 

 

 

ɉɪɨɰɟɫ ɧɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɡɨɛɪɚɠɟɧɨ ɧɚ ɝɪɚɮɿɤɚɯ, ɹɤɿ 

ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɚ ɪɢɫ. 3.15. 

 



73 

 

 

Ɋɢɫ. 3.15. ɉɪɨɰɟɫ ɧɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ. 

 

 ɇɚ ɝɪɚɮɿɤɭ ɡɜɟɪɯɭ ɡɨɛɪɚɠɟɧɨ ɬɨɱɧɿɫɬɶ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɧɚ ɤɨɠɧɨɦɭ 

ɤɪɨɰɿ, ɚ ɧɚ ɝɪɚɮɿɤɭ ɡɧɢɡɭ ɩɪɟɞɫɬɚɜɥɟɧɨ ɩɨɯɢɛɤɚ ɧɚɜɱɚɧɧɹ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɧɚ 

ɤɨɠɧɨɦɭ ɤɪɨɰɿ 

 Ⱦɥɹ ɩɟɪɟɜɿɪɤɢ ɪɨɛɨɬɢ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɫɬɜɨɪɸєɦɨ ɛɚɡɭ ɡɨɛɪɚɠɟɧɶ ɜ ɹɤɿɣ 

ɦɿɫɬɹɬɶɫɹ ɡɨɛɪɚɠɟɧɧɹ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɡ ɛɪɚɤɨɦ ɬɚ ɛɟɡ ɛɪɚɤɭ ɡɚ ɞɨɩɨɦɨɝɨɸ 

ɧɚɫɬɭɩɧɨʀ ɤɨɦɚɧɞɢ ɜ ɩɪɨɝɪɚɦɧɨɦɭ ɫɟɪɟɞɨɜɢɳɿ  MATLAB: 

 

>> test = imageDatastore('D:\workspace\Test', 'IncludeSubfolders', true, 

'LabelSource', 'foldernames') 

 

test =  
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  ImageDatastore with properties: 

 

                       Files: { 

                              'D:\workspace\Test\001.png'; 

                              'D:\workspace\Test\002.png'; 

                              'D:\workspace\Test\003.png' 

                               ... and 11 more 

                              } 

                      Labels: [Test; Test; Test ... and 11 more categorical] 

    AlternateFileSystemRoots: {} 

                    ReadSize: 1 

                     ReadFcn: @readDatastoreImage 

 

 Ȼɚɡɚ ɡɨɛɪɚɠɟɧɶ ɜ ɹɤɿɣ ɦɿɫɬɹɬɶɫɹ ɡɨɛɪɚɠɟɧɧɹ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɡ ɛɪɚɤɨɦ 

ɬɚ ɛɟɡ ɛɪɚɤɭ ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 3.16. 

 

 

Ɋɢɫ. 3.16. Ȼɚɡɚ ɡɨɛɪɚɠɟɧɶ ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ.  
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 Ɂɚ ɞɨɩɨɦɨɝɨɸ ɤɨɦɚɧɞɢ classify ɜ ɩɪɨɝɪɚɦɧɨɦɭ ɫɟɪɟɞɨɜɢɳɿ  MATLAB 

ɜɿɞɛɭɜɚєɬɶɫɹ ɩɟɪɟɜɿɪɤɚ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ. ɉɚɪɚɦɟɬɪɢ ɤɨɦɚɧɞɢ ɧɚɫɬɭɩɧɿ: 

 net – ɧɚɜɱɟɧɚ ɧɟɣɪɨɧɧɚ ɦɟɪɟɠɚ; 

 test – ɛɚɡɚ ɡɨɛɪɚɠɟɧɶ ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ. 

 Ɋɟɡɭɥɶɬɚɬɢ ɩɟɪɟɜɿɪɤɚ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɢɠɱɟ: 

 

>> YPred = classify(net, test) 

 

YPred =  

 

  14×1 categorical array 

 

     ice-bad  

     ice-good  

     ice-bad  

     ice-good  

     ice-bad  

     ice-good  

     ice-bad  

     ice-good  

     ice-bad  

     ice-bad  

     ice-good  

     ice-bad  

     ice-bad  

     ice-bad 
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3.4. Ɋɨɡɪɨɛɤɚ ɿɧɬɟɥɟɤɬɭɚɥьɧɨʀ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ 

ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ 

 

ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɪɟɞɚɤɬɨɪ ɝɪɚɮɿɱɧɨɝɨ ɿɧɬɟɪɮɟɣɫɭ GUIDE ɜ ɩɪɨɝɪɚɦɧɨɦɭ 

ɡɚɛɟɡɩɟɱɟɧɧɿ MATLAB ɪɨɡɪɨɛɥɹєɬɶɫɹ ɝɪɚɮɿɱɧɢɣ ɿɧɬɟɪɮɟɣɫ ɿɧɬɟɥɟɤɬɭɚɥɶɧɚ 

ɫɢɫɬɟɦɚ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɞɥɹ ɳɢɬɚ ɨɩɟɪɚɬɨɪɚ 

(ɪɢɫ. 3.17). 
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Ɋɢɫ. 3.17. Ɋɟɞɚɤɬɨɪ ɝɪɚɮɿɱɧɨɝɨ ɿɧɬɟɪɮɟɣɫɭ GUIDE ɜ MATLAB. 

 ɉɪɨɝɪɚɦɧɢɣ ɤɨɞ ɞɥɹ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɝɪɚɮɿɱɧɨɝɨ ɿɧɬɟɪɮɟɣɫɭ ɡɨɛɪɚɠɟɧɨ 

ɧɢɠɱɟ: 
 

function varargout = ice(varargin) 

% Begin initialization code - DO NOT EDIT 

gui_Singleton = 1; 

gui_State = struct('gui_Name',       mfilename, ... 

                   'gui_Singleton',  gui_Singleton, ... 

                   'gui_OpeningFcn', @ice_OpeningFcn, ... 
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                   'gui_OutputFcn',  @ice_OutputFcn, ... 

                   'gui_LayoutFcn',  [] , ... 

                   'gui_Callback',   []); 

if nargin && ischar(varargin{1}) 

    gui_State.gui_Callback = str2func(varargin{1}); 

end 

 

if nargout 

    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:}); 

else 

    gui_mainfcn(gui_State, varargin{:}); 

end 

% End initialization code - DO NOT EDIT 

 

% --- Executes just before ice is made visible. 

function ice_OpeningFcn(hObject, eventdata, handles, varargin) 

% Choose default command line output for ice 

handles.output = hObject; 

 

 

 

% Update handles structure 

guidata(hObject, handles); 

newnet = matfile('D:\ice\net.mat'); 

im2 = imread('D:\ice\good.png'); 

im3 = imread('D:\ice\bad.png'); 

 

for i=1:1:14 

    test = imageDatastore('D:\workspace\Test', 'IncludeSubfolders', true, 'LabelSource', 'foldernames'); 

    axes(handles.axes1); 

    im1 = imread(string(test.Files(i))); 

    imshow(im1); 

    YPred = classify(newnet.net, test); 

     

    if string(YPred(i)) == "ice-good" 

        axes(handles.axes2); 

        imshow(im2); 

    elseif string(YPred(i)) == "ice-bad" 
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        axes(handles.axes2); 

        imshow(im3); 

    end 

    pause(2); 

end 

 

% --- Outputs from this function are returned to the command line. 

function varargout = ice_OutputFcn(hObject, eventdata, handles)  

% Get default command line output from handles structure 

varargout{1} = handles.output; 

Ɂɨɛɪɚɠɟɧɧɹ ɪɨɡɪɨɛɥɟɧɨɝɨ ɿɧɬɟɪɮɟɣɫɭ ɤɨɪɢɫɬɭɜɚɱɚ ɧɚ ɳɢɬɿ ɨɩɟɪɚɬɨɪɚ ɞɥɹ 

ɤɨɧɬɪɨɥɸ ɨɩɟɪɚɬɨɪɚ ɡɚ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹɦ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ 

ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 3.18. ɬɚ ɪɢɫ. 3.19. 
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Ɋɢɫ. 3.18. ȼɿɞɫɭɬɧɿɣ ɛɪɚɤ ɧɚ ɭɩɚɤɨɜɰɿ ɦɨɪɨɡɢɜɚ. 
 

 

Ɋɢɫ. 3.19. ɉɪɢɫɭɬɧɿɣ ɛɪɚɤ ɧɚ ɭɩɚɤɨɜɰɿ ɦɨɪɨɡɢɜɚ. 
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3.5. Ɏɭɧɤɰɿɨɧɭɜɚɧɧɹ ɿɧɬɟɥɟɤɬɭɚɥьɧɨʀ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ 
ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ 

 

Ɍɟɯɧɿɱɧɚ ɫɬɪɭɤɬɭɪɚ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ 

ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ (ІɋɊəɍ) ɦɨɪɨɡɢɜɚ ɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫ. 3.20. 

 

 

Ɋɢɫ. 3.20. Ɍɟɯɧɿɱɧɚ ɫɬɪɭɤɬɭɪɚ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ 

ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ (ІɋɊəɍ) ɦɨɪɨɡɢɜɚ. 

 

Ɂɝɿɞɧɨ ɬɟɯɧɿɱɧɨʀ ɫɬɪɭɤɬɭɪɢ ɿɧɬɟɥɟɤɬɭɚɥɶɧɚ ɫɢɫɬɟɦɚ ɤɟɪɭɜɚɧɧɹ 

ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ (ІɋɊəɍ) ɦɨɪɨɡɢɜɚ ɮɭɧɤɰɿɨɧɭє ɧɚɫɬɭɩɧɢɦ 

ɱɢɧɨɦ. 

Ɂɨɛɪɚɠɟɧɧɹ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɧɚ ɤɨɧɜɟєɪɿ ɨɬɪɢɦɚɧɟ ɤɚɦɟɪɨɸ ɧɚɞɯɨɞɢɬɶ 

ɞɨ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɫɢɫɬɟɦɚ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ (ІɋɊəɍ) 

ɦɨɪɨɡɢɜɚ. ɇɟɣɪɨɧɧɚ ɦɟɪɟɠɚ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ 

ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ (ІɋɊəɍ) ɦɨɪɨɡɢɜɚ ɪɨɡɩɿɡɧɚє ɹɤɿɫɬɶ ɭɩɚɤɨɜɤɢ, ɡɨɛɪɚɠɭє 

ɪɟɡɭɥɶɬɚɬ ɜ ɝɪɚɮɿɱɧɨɦɭ ɿɧɬɟɪɮɟɣɫɿ ɧɚ ɳɢɬɿ ɨɩɟɪɚɬɨɪɚ.  
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ȼ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɦɨɪɨɡɢɜɚ ɿɧɬɟɥɟɤɬɭɚɥɶɧɚ ɫɢɫɬɟɦɚ 

ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ (ІɋɊəɍ) ɦɨɪɨɡɢɜɚ ɩɨɞɚє ɤɨɦɚɧɞɭ ɞɥɹ 

ɉɅɄ, ɹɤɢɣ ɭɩɪɚɜɥɹє ɦɟɯɚɧɿɡɦɚɦɢ ɤɨɧɜɟєɪɚ.  

Ʉɨɧɜɟєɪ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɤɨɦɚɧɞɢ ɉɅɄ ɧɚɩɪɚɜɥɹє ɹɤɿɫɧɨ ɭɩɚɤɨɜɚɧɟ 

ɦɨɪɨɡɢɜɨ ɧɚ ɫɤɥɚɞ, ɚ ɭɩɚɤɨɜɚɧɟ ɦɨɪɨɡɢɜɨ ɡ ɛɪɚɤɨɦ ɧɚɩɪɚɜɥɹє ɭ ɦɿɫɰɟ 

ɬɢɦɱɚɫɨɜɨɝɨ ɧɚɤɨɩɢɱɟɧɧɹ ɛɪɚɤɭ.  

Ɂɚ ɞɨɩɨɦɨɝɨɸ ɪɨɡɪɨɛɥɟɧɨɝɨ ɝɪɚɮɿɱɧɨɝɨ ɿɧɬɟɪɮɟɣɫɭ ɨɩɟɪɚɬɨɪ ɤɨɧɬɪɨɥɸє 

ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ 

ɭɩɚɤɨɜɤɢ (ІɋɊəɍ) ɦɨɪɨɡɢɜɚ.  
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ȼɢɫɧɨɜɤɢ 

 

ȼ ɤɜɚɥɿɮɿɤɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɦɚɝɿɫɬɪɚ ɩɪɨɜɟɞɟɧɨ ɨɝɥɹɞ ɬɟɯɧɨɥɨɝɿʀ 

ɜɢɪɨɛɧɢɰɬɜɚ ɦɨɪɨɡɢɜɚ ɬɚ ɿɫɧɭɸɱɢɯ ɬɟɯɧɨɥɨɝɿɣ ɬɚ ɬɟɯɧɿɱɧɢɯ ɡɚɫɨɛɿɜ 

ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ ɩɪɨɞɭɤɰɿʀ.  

Ɋɨɡɪɨɛɥɟɧɨ ɫɢɫɬɟɦɭ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɩɪɨɰɟɫɭ ɜɢɪɨɛɧɢɰɬɜɚ ɦɨɪɨɡɢɜɚ ɡ 

ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɫɭɱɚɫɧɢɯ ɬɟɯɧɿɱɧɢɯ ɡɚɫɨɛɿɜ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɬɚ ɉɅɄ Schneider 

Electric Modicon M340. 

ɇɚ ɦɨɜɿ SysML ɪɨɡɪɨɛɥɟɧɨ ɞɿɚɝɪɚɦɢ, ɡɚ ɞɨɩɨɦɨɝɨɸ ɹɤɢɯ ɩɪɨɜɨɞɢɬɶɫɹ 

ɨɩɢɫ ɮɭɧɤɰɿɣ, ɳɨ ɿɧɬɟɥɟɤɬɭɚɥɿɡɭɸɬɶɫɹ. 

Ɋɨɡɪɨɛɥɟɧɨ ɿɧɬɟɥɟɤɬɭɚɥɶɧɭ ɫɢɫɬɟɦɭ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɹɤɨɫɬɿ 

ɭɩɚɤɨɜɤɢ (ІɋɊəɍ) ɦɨɪɨɡɢɜɚ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɬɟɯɧɨɥɨɝɿɣ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ ɧɚ 

ɨɫɧɨɜɿ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ. 

Ɋɨɡɪɨɛɥɟɧɚ ɫɢɫɬɟɦɚ ɿɧɬɟɥɟɤɬɭɚɥɶɧɚ ɫɢɫɬɟɦɚ ɤɟɪɭɜɚɧɧɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ 

ɹɤɨɫɬɿ ɭɩɚɤɨɜɤɢ (ІɋɊəɍ) ɦɨɪɨɡɢɜɚ ɞɨɡɜɨɥɹє ɜɢɹɜɢɬɢ ɧɟɹɤɿɫɧɨ ɭɩɚɤɨɜɚɧɭ 

ɩɪɨɞɭɤɰɿɸ ɬɚ ɜɢɥɭɱɚɬɢ ʀʀ ɞɨ ɬɨɝɨ, ɹɤ ɜɨɧɚ ɩɨɬɪɚɩɢɬɶ ɧɚ ɩɪɢɥɚɜɤɢ ɬɨɪɝɿɜɟɥɶɧɢɯ 

ɦɟɪɟɠ ɦɚɝɚɡɢɧɿɜ, ɬɢɦ ɫɚɦɢɦ ɡɦɟɧɲɢɜɲɢ ɡɛɢɬɤɢ ɩɿɞɩɪɢєɦɫɬɜɚ ɧɚ ɪɟɚɥɿɡɚɰɿɸ 

ɩɪɨɞɭɤɰɿʀ. 
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ɋɩɢɫɨɤ ɜɢɤɨɪɢɫɬɚɧɨʀ ɥɿɬɟɪɚɬɭɪɢ 

 

1. Ʌɭɰɶɤɚ ɇ.Ɇ. ɋɭɱɚɫɧɿ ɬɟɯɧɨɥɨɝɿʀ ɩɪɨɟɤɬɭɜɚɧɧɹ ɿɧɬɟɥɟɤɬɭɚɥɶɧɢɯ ɫɢɫɬɟɦ 

ɤɟɪɭɜɚɧɧɹ [ȿɥɟɤɬɪɨɧɧɢɣ ɪɟɫɭɪɫ] ɤɨɧɫɩɟɤɬ ɥɟɤɰɿɣ ɞɥɹ ɡɞɨɛɭɜɚɱɿɜ 

ɨɫɜɿɬɧɶɨɝɨ ɫɬɭɩɟɧɹ «Ɇɚɝɿɫɬɪ» ɫɩɟɰɿɚɥɶɧɨɫɬɿ 151 «Ⱥɜɬɨɦɚɬɢɡɚɰɿɹ ɬɚ 

ɤɨɦɩ’ɸɬɟɪɧɨ-ɿɧɬɟɝɪɨɜɚɧɿ ɬɟɯɧɨɥɨɝɿʀ» ɨɫɜɿɬɧɶɨ-ɩɪɨɮɟɫɿɣɧɨʀ ɩɪɨɝɪɚɦɢ 

«Іɧɬɟɥɟɤɬɭɚɥɶɧɿ ɤɨɦɩ’ɸɬɟɪɧɿ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ» ɞɟɧɧɨʀ ɬɚ ɡɚɨɱɧɨʀ ɮɨɪɦ 

ɧɚɜɱɚɧɧɹ / ɇ.Ɇ. Ʌɭɰɶɤɚ, Ⱥ.ɉ. Ʌɚɞɚɧɸɤ Ʉ.: ɇɍɏɌ, 2019. – 117 ɫ. 

2. ɂɰɤɨɜɢɱ ɗ.Ʌ. Ɇɟɬɨɞɵ ɤɨɦɩɥɟɤɫɧɨɣ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɩɪɟɞɩɪɢɹɬɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɬɪɚɫɥɟɣ / ɗ.Ʌ. ɂɰɤɨɜɢɱ. – Ɇ.: ɄɊȺɋȺɇȾ. 

2013. – 232 ɫ.  

3. Ɇɟɬɨɞɢɱɧɿ ɪɟɤɨɦɟɧɞɚɰɿʀ ɞɨ ɜɢɤɨɧɚɧɧɹ ɜɢɩɭɫɤɧɨʀ ɤɜɚɥɿɮɿɤɚɰɿɣɧɨʀ ɪɨɛɨɬɢ 

ɧɚ ɡɞɨɛɭɬɬɹ ɨɫɜɿɬɧɶɨɝɨ ɫɬɭɩɟɧɹ «ɦɚɝɿɫɬɪ» ɫɩɟɰɿɚɥɶɧɨɫɬɿ 151 

«Ⱥɜɬɨɦɚɬɢɡɚɰɿɹ ɬɚ ɤɨɦɩ’ɸɬɟɪɧɨ-ɿɧɬɟɝɪɨɜɚɧɿ ɬɟɯɧɨɥɨɝɿʀ» ɨɫɜɿɬɧɶɨʀ 

ɩɪɨɝɪɚɦɢ «Іɧɬɟɥɟɤɬɭɚɥɶɧɿ ɤɨɦɩ’ɸɬɟɪɧɿ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ» ɞɟɧɧɨʀ ɬɚ 

ɡɚɨɱɧɨʀ ɮɨɪɦ ɧɚɜɱɚɧɧɹ / ɍɤɥɚɞ.: Ⱥ.ɉ. Ʌɚɞɚɧɸɤ, ɇ.Ɇ. Ʌɭɰɶɤɚ, ə.ȼ. 

ɋɦɿɬɸɯ, ȼ.Ⱦ. Ʉɢɲɟɧɶɤɨ.[ȿɥɟɤɬɪɨɧɧɢɣ ɪɟɫɭɪɫ]. – Ʉ. : ɇɍɏɌ, 2020. – 70 ɫ. 

4. ɉɪɨɟɤɬɭɜɚɧɧɹ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɝɚɥɭɡɿ [ȿɥɟɤɬɪɨɧɧɢɣ ɪɟɫɭɪɫ]: Ɇɟɬɨɞ. 

ɪɟɤɨɦɟɧɞɚɰɿʀ ɞɨ ɜɢɤɨɧ. ɤɭɪɫ. ɩɪɨɟɤɬɭ ɞɥɹ ɫɬɭɞ. ɨɫɜɿɬɧɶɨɝɨ ɫɬɭɩɟɧɹ 

«ɦɚɝɿɫɬɪ» ɫɩɟɰɿɚɥɶɧɨɫɬɿ 151 «Ⱥɜɬɨɦɚɬɢɡɚɰɿɹ ɬɚ ɤɨɦɩ’ɸɬɟɪɧɨ-ɿɧɬɟɝɪɨɜɚɧɿ 
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