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1,2,3ɏɚɪɤɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɚɜɬɨɦɨɛɿɥɶɧɨ-ɞɨɪɨɠɧɿɣ ɭɧɿɜɟɪɫɢɬɟɬ  

 
Аɧɨɬаɰіɹ. Ɋɨɡɝɥɹɧɭɬɨ ɡɚɜɞɚɧɧɹ ɩɿɞɜɢɳɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɫɢɫɬɟɦɢ ɜɢɝɨɬɨɜ-
ɥɟɧɧɹ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɨʀ ɫɭɦɿɲɿ ɡɚ ɪɚɯɭɧɨɤ ɦɨɞɟɥɸɜɚɧɧɹ ɫɢɫɬɟɦɢ ɭɩɪɚɜɥɿɧɧɹ. ɉɪɨɚɧɚɥɿɡɨɜɚ-

ɧɨ ɫɬɪɭɤɬɭɪɧɿ ɫɯɟɦɢ ɚɜɬɨɧɨɦɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɢɦ ɞɨɡɭɜɚɧɧɹɦ. Ɉɛґɪɭɧɬɨɜɚɧɨ 

ɫɟɪɟɞɨɜɢɳɟ ɦɨɞɟɥɸɜɚɧɧɹ. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɚɥɝɨɪɢɬɦ ɮɨɪɦɭɜɚɧɧɹ ɫɢɝɧɚɥɿɜ ɭɩɪɚɜɥɿɧɧɹ ɞɨɡɚɬɨɪɚ-

ɦɢ, ɪɨɡɪɨɛɥɟɧɨ ɩɪɨɝɪɚɦɭ ɜ ɫɟɪɟɞɨɜɢɳɿ Arduino ɬɚ ɫɯɟɦɚ ɦɨɞɟɥɸɜɚɧɧɹ ɭ Proteus. 

Клɸɱɨві ɫлɨва: ɟɮɟɤɬɢɜɧɿɫɬɶ, ɦɨɞɟɥɸɜɚɧɧɹ, ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɟ ɞɨɡɭɜɚɧɧɹ, ɫɬɪɭɤɬɭɪɚ, ɟɥɟ-
ɦɟɧɬɧɚ ɛɚɡɚ, ɛɥɨɤ ɭɩɪɚɜɥɿɧɧɹ, ɚɥɝɨɪɢɬɦ, ɩɪɨɝɪɚɦɚ, ɨɩɬɢɦɿɡɚɰɿɹ, ɦɨɞɟɥɶ. 
 

ȼɫɬɭɩ 

ɉɪɨɰɟɫɢ ɡɜɚɠɭɜɚɧɧɹ, ɞɨɡɭɜɚɧɧɹ ɬɚ ɡɦɿɲɭ-

ɜɚɧɧɹ ɧɚ ɩɿɞɩɪɢєɦɫɬɜɚɯ є ɨɫɧɨɜɨɩɨɥɨɠɧɢɦɢ 

ɣ ɧɚɣɜɚɠɥɢɜɿɲɢɦɢ. Ʉɨɦɩɨɧɟɧɬɢ ɰɢɯ ɩɪɨɰɟ-
ɫɿɜ ɦɚɸɬɶ ɪɿɡɧɿ ɮɿɡɢɤɨ-ɦɟɯɚɧɿɱɧɿ, ɯɿɦɿɤɨ-

ɛɿɨɥɨɝɿɱɧɿ ɨɫɨɛɥɢɜɨɫɬɿ, ɩɪɨɯɨɞɹɬɶ ɪɿɡɧɿ ɜɢɞɢ 

ɨɛɪɨɛɨɤ ɿ ɧɚ ɩɟɜɧɢɯ ɟɬɚɩɚɯ ɡɦɿɲɭɸɬɶɫɹ. Ɍɚɤ, 

ɧɚɩɪɢɤɥɚɞ, ɞɟɹɤɿ ɪɟɱɨɜɢɧɢ ɞɨɞɚɸɬɶɫɹ ɦɿɤɪɨ-

ɞɨɡɚɬɨɪɚɦɢ ɧɚɩɪɢɤɿɧɰɿ ɩɪɨɰɟɫɭ, ɩɿɫɥɹ ɜɫɿɯ 

ɬɟɪɦɚɥɶɧɢɯ ɨɛɪɨɛɨɤ. Іɧɚɤɲɟ ɩɿɞ ɱɚɫ ɬɟɪɦɨɨ-

ɛɪɨɛɤɢ ʀɯɧɹ ɫɬɪɭɤɬɭɪɚ ɡɪɭɣɧɭєɬɶɫɹ, ɿ ɞɨɞɚ-
ɜɚɧɧɹ ɫɬɚɧɟ ɩɨ ɫɭɬɿ ɛɟɡɝɥɭɡɞɢɦ. Ɂɚ ɭɦɨɜɢ ɧɟ-
ɩɪɚɜɢɥɶɧɨɝɨ ɚɛɨ ɧɟɬɨɱɧɨɝɨ ɡɜɚɠɭɜɚɧɧɹ ɬɚ 
ɞɨɡɭɜɚɧɧɹ ɩɨɪɭɲɭɸɬɶɫɹ ɡɚɤɥɚɞɟɧɿ ɪɟɰɟɩɬɭ-

ɪɨɸ ɜɿɞɫɨɬɤɨɜɿ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɤɨɦɩɨɧɟɧɬɿɜ 

ɭ ɫɭɦɿɲɚɯ, ɳɨ ɡɧɢɠɭє ʀɯɧɸ ɹɤɿɫɬɶ, ɚ ɜ ɞɟɹɤɢɯ 

ɜɢɩɚɞɤɚɯ ɦɨɠɟ ɩɪɢɡɜɟɫɬɢ ɞɨ ɧɟɛɟɡɩɟɱɧɢɯ 

ɩɪɨɰɟɫɿɜ [1]. 

ɋɭɱɚɫɧɿ ɫɢɫɬɟɦɢ ɞɨɡɭɜɚɧɧɹ ɦɚɬɟɪɿɚɥɭ ɛɚ-
ɡɭɸɬɶɫɹ ɧɚ ɪɨɡɪɨɛɰɿ ɬɚ ɜɩɪɨɜɚɞɠɟɧɧɿ «ɿɧɬɟ-
ɥɟɤɬɭɚɥɶɧɢɯ» ɩɪɨɝɪɚɦ. ɍɧɚɫɥɿɞɨɤ ɜɡɚєɦɨɞɿʀ 
ɜɛɭɞɨɜɚɧɢɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɿɧɧɹ ɬɚ ɦɟɪɟɠɧɢɯ 

ɬɟɯɧɨɥɨɝɿɣ ɜɢɧɢɤɥɚ ɧɨɜɚ ɬɟɯɧɨɥɨɝɿɹ ɭɩɪɚɜ-

ɥɿɧɧɹ ɨɛ’єɤɬɚɦɢ ɣ ɩɪɨɰɟɫɚɦɢ – ɤɿɛɟɪɮɿɡɢɱɧɚ 
ɫɢɫɬɟɦɚ (cyber-physical system, CPS), ɹɤɚ ɯɚ-
ɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɬɿɫɧɨɸ ɿɧɬɟɝɪɚɰɿєɸ ɬɚ ɤɨɨɪ-

ɞɢɧɚɰɿєɸ ɦɿɠ ɨɛɱɢɫɥɸɜɚɥɶɧɢɦɢ ɣ ɮɿɡɢɱɧɢɦɢ 

ɩɪɨɰɟɫɚɦɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɟɪɟɠɧɢɯ ɬɟɯɧɨɥɨ-

ɝɿɣ. ȼɚɠɥɢɜɢɦ ɨɛɦɟɠɟɧɧɹɦ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ 
ɫɢɫɬɟɦ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɞɨɡɭɜɚɧɧɹ є 
ɜɿɞɫɭɬɧɿɫɬɶ ɟɮɟɤɬɢɜɧɨɫɬɿ ɜ ɭɩɪɚɜɥɿɧɧɿ ɩɪɨɰɟ-
ɫɨɦ ɞɨɡɭɜɚɧɧɹ, ɚ ɫɚɦɟ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ʀɯ ɜɢ-

ɤɨɧɚɜɱɨʀ ɫɢɫɬɟɦɢ, ɨɫɧɨɜɧɨɸ ɦɟɬɨɸ ɹɤɨʀ є ɪɟɚ-
ɥɿɡɚɰɿɹ ɨɩɬɢɦɚɥɶɧɨʀ ɫɯɟɦɢ ɨɛɪɨɛɤɢ ɪɟɰɟɩɬɭ.  

ȼɢɩɚɞɤɨɜɢɣ ɯɚɪɚɤɬɟɪ ɿ ɜɚɪɿɚɬɢɜɧɿɫɬɶ ɪɟ-
ɰɟɩɬɭɪɢ ɬɚ ɡɨɜɧɿɲɧɿɯ ɭɦɨɜ ɩɿɞ ɱɚɫ ɟɤɫɩɥɭɚ-

ɬɚɰɿʀ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɧɟɨɛɯɿɞɧɨɫɬɿ ɜɩɪɨɜɚ-
ɞɠɟɧɧɹ ɧɨɜɢɯ ɮɭɧɤɰɿɣ ɫɢɫɬɟɦɢ ɩɨɞɚɱɿ ʀʀ ɜɢ-

ɤɨɧɚɜɱɨɝɨ ɦɟɯɚɧɿɡɦɭ, ɡɚɛɟɡɩɟɱɟɧɧɹ ɚɞɚɩɬɚɰɿʀ 
ɪɟɠɢɦɿɜ ɪɨɛɨɬɢ ɞɨɡɚɬɨɪɿɜ ɧɚ ɨɫɧɨɜɿ ɿɧɬɟɥɟɤ-

ɬɭɚɥɶɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ. Ɉɬɠɟ, ɨɞɧɢɦ ɿɡ ɩɟɪɫ-
ɩɟɤɬɢɜɧɢɯ ɧɚɩɪɹɦɿɜ ɭɞɨɫɤɨɧɚɥɟɧɧɹ ɬɟɯɧɿɱ-

ɧɨɝɨ ɪɿɜɧɹ ɫɢɫɬɟɦ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɨɝɨ 

ɞɨɡɭɜɚɧɧɹ є ɨɫɧɚɳɟɧɧɹ ʀɯ ɫɢɫɬɟɦɚɦɢ CPS. ɐɟ 
ɞɨɡɜɨɥɢɬɶ ɪɟɚɥɿɡɭɜɚɬɢ ɚɞɚɩɬɢɜɧɭ ɨɩɬɢɦɿɡɚ-
ɰɿɸ ɩɪɨɰɟɫɭ ɞɨɡɭɜɚɧɧɹ ɡɚ ɤɪɢɬɟɪɿɹɦɢ ɬɨɱɧɨ-

ɫɬɿ, ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ, ɪɟɫɭɪɫɿɜ ɧɚ ɨɫɧɨɜɿ ɦɨɞɟ-
ɥɸɜɚɧɧɹ. 

 

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

ɉɢɬɚɧɧɹ ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɪɨɛɨɬɢ ɟɥɟɦɟɧɬɿɜ 

ɩɨɞɚɱɿ ɜɢɤɨɧɚɜɱɢɯ ɨɪɝɚɧɿɜ ɫɢɫɬɟɦ ɛɚɝɚɬɨɤɨ-

ɦɩɨɧɟɧɬɧɨɝɨ ɞɨɡɭɜɚɧɧɹ ɧɚ ɨɫɧɨɜɿ ɦɟɯɚɬɪɨɧ-

ɧɨʀ ɞɿʀ ɜɢɨɤɪɟɦɥɸɸɬɶɫɹ ɜ ɧɢɡɰɿ ɪɨɛɿɬ [1, 2]. 

ɉɪɨɩɨɧɭɸɬɶɫɹ ɚɞɚɩɬɢɜɧɿ ɚɥɝɨɪɢɬɦɢ ɨɩɬɢɦɿ-
ɡɚɰɿʀ: ɰɢɤɥ ɨɛɪɨɛɤɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɪɟɰɟɩɬɭɪɢ ɜ 

ɪɟɠɢɦɿ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɡɚ ɤɪɢɬɟɪɿɹɦɢ ɪɟɫɭɪɫɭ 

ɬɚ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ; ɬɨɱɧɨɫɬɿ ɬɚ ɹɤɨɫɬɿ ɜɢɝɨɬɨ-

ɜɥɟɧɧɹ ɫɭɦɿɲɿ. 
ɉɪɨɟɤɬɭɜɚɧɧɹ CPS ɩɨɬɪɟɛɭє ɧɚɹɜɧɨɫɬɿ 

ɛɿɥɶɲ ɧɚɞɿɣɧɢɯ ɦɨɞɟɥɟɣ ɮɿɡɢɱɧɢɯ ɩɪɨɰɟɫɿɜ, 

ɳɨ ɩɪɨɬɿɤɚɸɬɶ ɭ ɫɢɫɬɟɦɚɯ ɞɨɡɭɜɚɧɧɹ. 

ȼɿɞ ɬɨɝɨ, ɹɤ ɦɨɞɟɥɶ ɫɩɿɜɜɿɞɧɨɫɢɬɶɫɹ ɡ ɪɟɚɥɶ-
ɧɿɫɬɸ, ɡɚɥɟɠɢɬɶ ɩɪɚɰɟɡɞɚɬɧɿɫɬɶ CPS. ɍ ɩɪɨ-

ɦɢɫɥɨɜɿɣ ɩɪɚɤɬɢɰɿ ɚɩɚɪɚɬɧɿ ɬɚ ɩɪɨɝɪɚɦɧɿ 
ɫɤɥɚɞɨɜɿ ɛɚɝɚɬɶɨɯ ɫɢɫɬɟɦ ɞɨɡɭɜɚɧɧɹ ɞɨɫɿ ɪɨɡ-
ɪɨɛɥɹɸɬɶɫɹ ɨɤɪɟɦɨ, ɛɟɡ ɭɪɚɯɭɜɚɧɧɹ ʀɯɧɶɨʀ 
ɜɡɚєɦɨɞɿʀ ɦɿɠ ɫɨɛɨɸ ɬɚ ɡɨɜɧɿɲɧɿɦ ɫɟɪɟɞɨɜɢ-

ɳɟɦ. ɉɿɫɥɹ ɪɨɡɪɨɛɤɢ ɫɢɫɬɟɦɢ ɭɩɪɚɜɥɿɧɧɹ, 

ɩɟɪɟɜɿɪɤɢ ʀʀ ɧɚ ɦɨɞɟɥɹɯ, ɭɫɭɜɚєɬɶɫɹ ɜɩɥɢɜ 

ɪɿɡɧɨɝɨ ɪɨɞɭ ɧɟɜɢɡɧɚɱɟɧɨɫɬɟɣ ɲɥɹɯɨɦ ɜɢɤɨ-

ɪɢɫɬɚɧɧɹ ɫɩɟɰɿɚɥɶɧɢɯ ɦɟɬɨɞɿɜ ɧɚɫɬɪɨɣɤɢ. 
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ɐɟɣ ɩɪɨɰɟɫ є ɬɪɭɞɨɦɿɫɬɤɢɦ ɿ ɞɨɪɨɝɢɦ, ɚ ɡ 
ɭɫɤɥɚɞɧɟɧɧɹɦ ɫɢɫɬɟɦ – ɩɪɚɤɬɢɱɧɨ ɧɟɡɞɿɣɫ-
ɧɟɧɧɢɦ [3]. 

Ⱥɥɶɬɟɪɧɚɬɢɜɧɢɦ ɩɿɞɯɨɞɨɦ ɞɨ ɩɪɨɟɤɬɭɜɚɧ-

ɧɹ CPS є ɜɢɤɨɪɢɫɬɚɧɧɹ ɬɟɯɧɨɥɨɝɿʀ ɦɨɞɟɥɶɧɨ-

ɨɪɿєɧɬɨɜɚɧɨɝɨ ɩɪɨɟɤɬɭɜɚɧɧɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 

ɩɥɚɬɮɨɪɦɢ Arduino, ɹɤɚ ɿɫɬɨɬɧɨ ɫɩɪɨɳɭє ɪɨ-

ɡɪɨɛɤɭ CPS. ɐɟ ɡɚɥɭɱɟɧɧɹ ɞɨɡɜɨɥɹє ɧɟ ɬɿɥɶɤɢ 

ɫɩɪɨɫɬɢɬɢ ɩɪɨɰɟɞɭɪɭ ɩɪɨɟɤɬɭɜɚɧɧɹ, ɚɥɟ ɣ 

ɜɢɪɿɲɭɜɚɬɢ ɞɨɫɢɬɶ ɫɤɥɚɞɧɿ ɡɚɜɞɚɧɧɹ ɭɩɪɚɜ-

ɥɿɧɧɹ. ɉɪɨɰɟɫ ɭɩɪɚɜɥɿɧɧɹ ɪɟɚɥɿɡɭєɬɶɫɹ ȿɈɆ 

ɜɟɪɯɧɶɨɝɨ ɪɿɜɧɹ, ɩɥɚɬɮɨɪɦɚ Arduino ɤɨɧɬɪɨ-

ɥɸє ɩɟɪɢɮɟɪɿɸ – ɩɚɪɚɦɟɬɪɢ ɫɢɫɬɟɦɢ ɞɨɡɭ-

ɜɚɧɧɹ ɣ ɪɟɚɥɿɡɭє ɩɪɨɬɨɤɨɥ ɨɛɦɿɧɭ ɞɨɫɬɭɩɨɦ 

ɞɨ ɫɟɪɜɟɪɚ. ɉɪɨɬɨɤɨɥ ɨɛɦɿɧɭ ɞɚɧɢɦɢ ɞɨɡɜɨ-

ɥɹє ɨɩɬɢɦɿɡɭɜɚɬɢ ɩɪɨɰɟɫ ɜɡɚєɦɨɞɿʀ ɟɥɟɦɟɧɬɿɜ 

ɫɢɫɬɟɦɢ ɬɚ ɩɿɞɜɢɳɢɬɢ ɹɤɿɫɬɶ ɭɩɪɚɜɥɿɧɧɹ ɞɢ-

ɧɚɦɿɱɧɢɦɢ ɛɚɝɚɬɨɜɢɦɿɪɧɢɦɢ ɩɪɨɰɟɫɚɦɢ ɡɚ 
ɪɚɯɭɧɨɤ ɡɦɟɧɲɟɧɧɹ ɡɚɩɿɡɧɸɜɚɧɧɹ ɭ ɜɢɡɧɚ-
ɱɟɧɧɿ ɫɬɚɧɭ ɨɛ’єɤɬɿɜ. ȼɢɤɨɧɚɧɧɹ ɩɨɩɟɪɟɞɧɶɨʀ 
ɨɛɪɨɛɤɢ ɩɨɤɚɡɧɢɤɿɜ ɞɚɬɱɢɤɿɜ ɡɚɫɨɛɚɦɢ 

Arduino ɩɿɞɜɢɳɭє ɝɧɭɱɤɿɫɬɶ CPS ɡɚ ɪɚɯɭɧɨɤ 

ɦɨɠɥɢɜɨɫɬɿ ɡɦɿɧɢ ɚɩɚɪɚɬɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ 

ɛɟɡ ɡɦɿɧɢ ɩɪɨɝɪɚɦɧɨɝɨ ɤɨɞɭ [4]. 

ɉɪɨɬɨɤɨɥ ɦɨɠɟ ɛɭɬɢ ɦɨɞɢɮɿɤɨɜɚɧɢɣ ɞɥɹ 

ɡɚɫɬɨɫɭɜɚɧɧɹ ɡ ɿɧɲɢɦɢ ɫɟɪɟɞɨɜɢɳɚɦɢ ɦɨɞɟ-
ɥɸɜɚɧɧɹ, ɧɚɩɪɢɤɥɚɞ LabVIEW, Proteus, ɚ ɬɚ-
ɤɨɠ ɪɟɚɥɿɡɨɜɚɧɢɣ ɧɚ ɨɫɧɨɜɿ ɿɧɲɢɯ ɩɥɚɬɮɨɪɦ 

(Raspberry ɬɚ ɿɧ.) ɬɚ ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɚɯ – PIC, 

MSP430, MCS51, ARM, MISP ɬɨɳɨ. ɉɨɫɥɿ-
ɞɨɜɧɢɣ ɨɛɦɿɧ ɦɨɠɟ ɛɭɬɢ ɩɨɛɭɞɨɜɚɧɢɣ ɡ ɜɢ-

ɤɨɪɢɫɬɚɧɧɹɦ ɛɟɡɞɪɨɬɨɜɢɯ Bluetooth (HC05 

ɬɚ ɿɧ.), WiFi (ESP8266 ɬɨɳɨ), XBee ɬɚ ɿɧɲɢɯ 

ɦɨɞɟɦɿɜ. ɐɟ ɪɨɡɲɢɪɸє ɫɮɟɪɭ ɡɚɫɬɨɫɭɜɚɧɧɹ 

ɩɪɨɩɨɧɨɜɚɧɢɯ ɩɿɞɯɨɞɿɜ [5]. 

 

Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ 

Ɋɨɡɪɨɛɤɚ ɬɚ ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɫɢɫɬɟɦ ɜɢɝɨ-

ɬɨɜɥɟɧɧɹ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɨʀ ɫɭɦɿɲɿ є ɨɞɧɢɦ 

ɡ ɚɤɬɭɚɥɶɧɢɯ ɡɚɜɞɚɧɶ ɭ ɜɢɪɨɛɧɢɰɬɜɿ ɦɚɬɟɪɿɚ-
ɥɿɜ ɿ ɜɟɞɟɬɶɫɹ ɡ ɦɟɬɨɸ ɩɿɞɜɢɳɟɧɧɹ ɩɪɨɞɭɤɬɢ-

ɜɧɨɫɬɿ ɡɚ ɭɦɨɜɢ ɡɚɛɟɡɩɟɱɟɧɧɹ ɡɚɞɚɧɨʀ ɬɨɱɧɨɫ-
ɬɿ ɪɟɰɟɩɬɭɪɢ ɞɨɡɭɜɚɧɧɹ. Ɇɟɬɚ ɪɨɛɨɬɢ – 

ɩɿɞɜɢɳɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɩɪɨɰɟɫɭ ɜɢɝɨɬɨɜ-

ɥɟɧɧɹ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɨʀ ɫɭɦɿɲɿ ɲɥɹɯɨɦ 

ɦɨɞɟɥɸɜɚɧɧɹ ɬɚ ɚɧɚɥɿɡɭ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ 

[6].  

Ɂɚɜɞɚɧɧɹ ɪɨɛɨɬɢ: ɚɧɚɥɿɡ ɿ ɫɬɪɭɤɬɭɪɢɡɚɰɿɹ 

ɮɭɧɤɰɿɣ ɫɢɫɬɟɦ ɞɨɡɭɜɚɧɧɹ; ɪɨɡɪɨɛɤɚ ɦɿɤɪɨ-

ɤɨɧɬɪɨɥɟɪɧɨɝɨ ɛɥɨɤɭ ɤɟɪɭɜɚɧɧɹ ɞɨɡɚɬɨɪɚ-
ɦɢ; ɪɨɡɪɨɛɤɚ ɚɥɝɨɪɢɬɦɭ ɮɨɪɦɭɜɚɧɧɹ ɤɟɪɭɸ-

ɱɢɯ ɞɿɣ; ɦɨɞɟɥɸɜɚɧɧɹ ɬɚ ɚɧɚɥɿɡ ɪɟɠɢɦɿɜ 

ɪɨɛɨɬɢ ɫɢɫɬɟɦɢ ɞɨɡɭɜɚɧɧɹ ɞɥɹ ɩɿɞɜɢɳɟɧɧɹ 

ɬɨɱɧɨɫɬɿ ɬɚ ɦɨɠɥɢɜɨɫɬɿ ɤɨɪɟɝɭɜɚɧɧɹ ɡɚɜɞɚɧ-

ɧɹ.  

 

Ɂɚɝɚɥɶɧɟ ɡɚɜɞɚɧɧɹ ɞɨɫɥɿɞɠɟɧɧɹ 

Ɋɨɡɝɥɹɧɟɦɨ ɤɨɦɩɥɟɤɫ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɨ-

ɝɨ ɞɨɡɭɜɚɧɧɹ ɄɆȾ 8-1-50 [7] ɳɨ є ɧɚɞɿɣɧɨɸ 

ɫɭɱɚɫɧɨɸ ɫɢɫɬɟɦɨɸ ɞɨɡɭɜɚɧɧɹ ɬɚ ɡɜɚɠɭɜɚɧɧɹ 

ɤɨɦɩɨɧɟɧɬɿɜ, ɳɨ ɦɿɫɬɹɬɶɫɹ ɜ ɫɭɦɿɲɿ ɜ ɧɟɜɟ-
ɥɢɤɢɯ ɤɿɥɶɤɨɫɬɹɯ. Ⱦɨɡɭɜɚɧɧɹ ɤɨɦɩɨɧɟɧɬɿɜ ɭ 

ɄɆȾ 8-1-50 ɡɞɿɣɫɧɸєɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɨɫ-
ɥɿɞɨɜɧɨɝɨ ɫɩɪɚɰɶɨɜɭɜɚɧɧɹ ɩɧɟɜɦɚɬɢɱɧɢɯ ɡɚ-
ɫɭɜɨɤ (1), ɹɤɿ ɩɪɟɞɫɬɚɜɥɹɸɬɶ ɤɨɦɩɨɧɟɧɬɢ ɡ 
ɜɨɫɶɦɢ ɡɚɜɚɧɬɚɠɭɜɚɥɶɧɢɯ ɛɭɧɤɟɪɿɜ (2) ɭ ɛɭɧ-

ɤɟɪ ɜɚɝɨɜɢɣ (3), ɭɫɬɚɧɨɜɥɟɧɢɣ ɧɚ ɬɪɶɨɯ ɬɟɧ-

ɡɨɞɚɬɱɢɤɚɯ (4). Ɋɿɡɧɿ ɞɨɡɢ ɤɨɦɩɨɧɟɧɬɿɜ ɧɚɤɨ-

ɩɢɱɭɸɬɶɫɹ ɭ ɜɚɝɨɜɨɦɭ ɛɭɧɤɟɪɿ. ȿɥɟɤɬɪɢɱɧɢɣ 

ɫɢɝɧɚɥ ɜɿɞ ɞɚɬɱɢɤɿɜ ɜɢɡɧɚɱɚє ɤɿɥɶɤɿɫɬɶ (ɦɚɫɭ) 

ɤɨɦɩɨɧɟɧɬɿɜ. ɒɜɢɞɤɟ ɪɨɡɜɚɧɬɚɠɟɧɧɹ ɩɨɪɰɿʀ 
ɤɨɦɩɨɧɟɧɬɿɜ ɡɞɿɣɫɧɸєɬɶɫɹ ɲɥɸɡɨɜɢɦ ɡɚɬɜɨ-

ɪɨɦ (5). 

 

 
Ɋɢɫ. 1. Ʉɨɦɩɥɟɤɫ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɞɨɡɭ-

ɜɚɧɧɹ 

 

ɍ ɞɨɡɚɬɨɪɚɯ ɞɢɫɤɪɟɬɧɨʀ ɞɿʀ ɜɚɝɨɜɢɣ ɛɭɧɤɟɪ 

ɫɩɪɢɣɦɚє ɨɞɧɨɱɚɫɧɨ ɫɬɚɬɢɱɧɟ  ɿ ɞɢɧɚɦɿɱɧɟ 
 ɜɩɥɢɜɢ ɩɨɬɨɤɭ ɦɚɬɟɪɿɚɥɭ, ɬɨɦɭ ɜ ɩɪɨɰɟɫɿ 

ɡɚɜɚɧɬɚɠɟɧɧɹ ɫɬɪɿɥɤɚ ɰɢɮɟɪɛɥɚɬɧɨɝɨ ɩɨɤɚɠ-

ɱɢɤɚ ɛɭɞɟ ɡɚɣɦɚɬɢ ɩɨɥɨɠɟɧɧɹ, ɹɤɟ ɩɟɪɟɜɢɳɭє 
ɨɰɿɧɤɭ ɲɤɚɥɢ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɦɚɫɿ ɦɚɬɟɪɿɚɥɭ, 

ɹɤɢɣ ɡɜɚɠɭєɬɶɫɹ [7]. Ɉɞɧɚɤ ɬɨɦɭ ɳɨ ɦɚɫɚ 
ɫɬɨɜɩɚ, ɳɨ ɩɟɪɟɛɭɜɚє ɜ ɩɨɜɿɬɪɿ ɦɿɠ ɠɢɜɢɥɶ-

ɧɢɤɨɦ ɿ ɪɿɜɧɟɦ ɡɚɜɚɧɬɚɠɟɧɧɹ ɛɭɧɤɟɪɚ, ɡɚɜ-

ɠɞɢ ɛɿɥɶɲɚ ɡɚ ɞɢɧɚɦɿɱɧɢɣ ɜɩɥɢɜ ɰɶɨɝɨ ɠ 

ɫɬɨɜɩɚ, ɬɨ ɜ ɪɚɡɿ ɜɿɞɫɿɱɟɧɧɹ ɦɚɬɟɪɿɚɥɭ ɜ ɡɚɞɚ-
ɧɿɣ ɬɨɱɰɿ ɲɤɚɥɢ ɰɢɮɟɪɛɥɚɬɧɨɝɨ ɩɨɤɚɠɱɢɤɚ 
ɛɭɞɟ ɫɩɨɫɬɟɪɿɝɚɬɢɫɹ ɩɨɡɢɬɢɜɧɚ ɩɨɝɪɿɲɧɿɫɬɶ 

ɞɨɡɭɜɚɧɧɹ. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɞɥɹ ɡɚɛɟɡɩɟɱɟɧ-

ɧɹ ɧɟɨɛɯɿɞɧɨʀ ɬɨɱɧɨɫɬɿ ɞɨɡɭɜɚɧɧɹ ɤɨɦɚɧɞɚ ɧɚ 
ɜɿɞɫɿɱɟɧɧɹ ɦɚɬɟɪɿɚɥɭ ɩɨɞɚєɬɶɫɹ ɡ ɩɨɩɟɪɟ-
ɞɠɟɧɧɹɦ Y ɫɬɨɫɨɜɧɨ ɡɚɞɚɧɨʀ ɞɨɡɢ ɦɚɬɟɪɿɚɥɭ. 

Ɍɨɞɿ, ɡ ɨɝɥɹɞɭ ɧɚ ɱɚɫ ɡɚɩɿɡɧɸɜɚɧɧɹ Ĳ ɭ ɜɢɤɨ-
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ɧɚɜɱɨɦɭ ɦɟɯɚɧɿɡɦɿ ɞɨɡɚɬɨɪɚ, ɦɨɠɧɚ ɡɚɩɢɫɚɬɢ 

ɬɚɤɢɣ ɜɢɪɚɡ ɞɥɹ ɞɢɧɚɦɿɱɧɨʀ ɩɨɝɪɿɲɧɨɫɬɿ ɞɨ-

ɡɭɜɚɧɧɹ : 

 

,   (1) 

 

ɞɟ  – ɫɟɪɟɞɧɹ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɠɢɜɢɥɶɧɢɤɚ 
ɜ ɩɟɪɿɨɞ ɦɿɠ ɩɨɞɚɱɟɸ ɤɨɦɚɧɞɢ ɧɚ ɜɿɞɤɥɸ-

ɱɟɧɧɹ ɜɢɤɨɧɚɜɱɨɝɨ ɦɟɯɚɧɿɡɦɭ ɣ ɜɿɞɫɿɱɟɧɧɹɦ 

ɦɚɬɟɪɿɚɥɭ. 

Ɉɫɤɿɥɶɤɢ ɩɚɪɚɦɟɬɪɢ, ɭɤɥɚɞɟɧɿ ɜ ɞɭɠɤɢ, ɿɫ-
ɬɨɬɧɨ ɡɚɥɟɠɚɬɶ ɜɿɞ ɛɚɝɚɬɶɨɯ ɜɢɩɚɞɤɨɜɢɯ ɱɢɧ-

ɧɢɤɿɜ (ɮɿɡɢɤɨ-ɦɟɯɚɧɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɚɬɟ-
ɪɿɚɥɭ, ɜɢɫɨɬɢ ɫɬɨɜɩɚ, ɬɢɫɤɭ ɩɨɜɿɬɪɹ ɜ 

ɩɧɟɜɦɚɬɢɱɧɢɯ ɠɢɜɢɥɶɧɢɤɚɯ ɬɚ ɿɧ.), ɬɨ ɡɚ 
ɭɦɨɜɢ ɩɨɫɬɿɣɧɨɝɨ ɡɧɚɱɟɧɧɹ Y ɞɢɧɚɦɿɱɧɚ ɩɨɝ-
ɪɿɲɧɿɫɬɶ ɦɨɠɟ ɩɪɢɣɦɚɬɢ ɧɟɩɪɢɩɭɫɬɢɦɿ ɡɧɚ-
ɱɟɧɧɹ. Ⱦɥɹ ɩɿɞɜɢɳɟɧɧɹ ɬɨɱɧɨɫɬɿ ɞɨɡɭɜɚɧɧɹ 

ɩɟɪɟɞɛɚɱɚєɬɶɫɹ ɪɟɠɢɦ ɞɨɫɢɩɚɧɧɹ, ɤɨɥɢ ɩɨɪ-

ɰɿʀ ɦɚɬɟɪɿɚɥɭ, ɳɨ ɧɚɞɯɨɞɢɬɶ ɭ ɜɚɝɨɜɢɣ ɛɭɧ-

ɤɟɪ, ɦɚɸɬɶ ɦɚɫɭ, ɹɤɚ ɞɨɪɿɜɧɸє ɩɪɢɩɭɫɬɢɦɿɣ 

ɩɨɝɪɿɲɧɨɫɬɿ ɡɜɚɠɭɜɚɧɧɹ. Ʉɪɿɦ ɬɨɝɨ, ɭ ɞɨɡɭ-

ɜɚɧɧɿ ɤɨɦɩɨɧɟɧɬɿɜ ɧɚɪɨɫɬɚɸɱɢɦ ɩɿɞɫɭɦɤɨɦ 

ɦɨɠɧɚ ɤɨɪɢɝɭɜɚɬɢ ɡɚɜɞɚɧɧɹ ɤɨɠɧɨʀ ɧɚɫɬɭɩ-

ɧɨʀ ɞɨɡɢ ɡɚ ʀʀ ɦɚɫɨɸ ɜ ɩɨɩɟɪɟɞɧɶɨɦɭ ɰɢɤɥɿ. ɍ 

ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɳɢɪɟ ɡɧɚɱɟɧɧɹ ɦɚɫɢ  ɦɚɬɟ-
ɪɿɚɥɭ ɜ i-ɦɭ ɰɢɤɥɿ ɞɨɡɭɜɚɧɧɹ ɜɢɡɧɚɱɚєɬɶɫɹ 

ɬɚɤ: 

 

,  (2) 

 

ɞɟ  – ɜɟɥɢɱɢɧɚ ɡɚɞɚɧɨʀ ɞɨɡɢ ɤɨɦɩɨɧɟɧ-

ɬɚ;  – ɩɨɝɪɿɲɧɿɫɬɶ ɞɨɡɭɜɚɧɧɹ ɜ ɞɚɧɨɦɭ 

ɰɢɤɥɿ;  – ɩɨɝɪɿɲɧɿɫɬɶ ɞɨɡɭɜɚɧɧɹ ɜ ɩɨ-

ɩɟɪɟɞɧɶɨɦɭ ɰɢɤɥɿ. Ɂɚ ɭɦɨɜɢ ɬɚɤɨɝɨ ɚɥɝɨɪɢɬ-
ɦɭ ɤɟɪɭɜɚɧɧɹ ɫɭɦɚɪɧɚ ɚɛɫɨɥɸɬɧɚ ɩɨɝɪɿɲ-

ɧɿɫɬɶ ɰɢɤɥɿɜ ɧɟ ɛɭɞɟ ɩɟɪɟɜɢɳɭɜɚɬɢ 

ɚɛɫɨɥɸɬɧɨʀ ɩɨɦɢɥɤɢ ɨɫɬɚɧɧɶɨɝɨ (n-ɝɨ) ɰɢɤɥɭ 

ɞɨɡɭɜɚɧɧɹ : 

 

.   (3) 

 

ȼɿɞɧɨɫɧɚ ɩɨɝɪɿɲɧɿɫɬɶ  ɯɚɪɚɤɬɟɪɢɡɭ-

єɬɶɫɹ ɜɿɞɧɨɲɟɧɧɹɦ ɩɨɝɪɿɲɧɨɫɬɿ ɨɫɬɚɧɧɶɨʀ 
ɞɨɡɢ ɞɨ ɡɚɞɚɧɨʀ ɦɚɫɢ ɦɚɬɟɪɿɚɥɭ ɜ  ɞɨɡɚɯ, ɳɨ 

ɦɿɫɬɹɬɶɫɹ ɜ ɫɭɦɿɲɿ: 
 

  (4) 

 

ɍ ɞɨɡɚɬɨɪɚɯ ɛɟɡɩɟɪɟɪɜɧɨʀ ɞɿʀ, ɩɪɢɡɧɚɱɟɧɢɯ 

ɞɥɹ ɞɨɡɭɜɚɧɧɹ ɫɢɩɭɱɢɯ ɦɚɬɟɪɿɚɥɿɜ, ɜɚɧɬɚɠɨ-

ɩɪɢɣɦɚɥɶɧɢɦɢ ɩɪɢɫɬɪɨɹɦɢ є ɫɬɪɿɱɤɨɜɿ ɤɨɧ-

ɜɟєɪɢ ɿɡ ɜɛɭɞɨɜɚɧɨɸ ɜɚɝɨɜɨɸ ɪɨɥɢɤɨɨɩɨɪɨɸ. 

ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɩɨɝɪɿɲɧɿɫɬɶ ɚɜɬɨɦɚɬɢɱɧɨɝɨ 

ɞɨɡɭɜɚɧɧɹ ɜɢɡɧɚɱɚєɬɶɫɹ ɦɿɧɥɢɜɿɫɬɸ ɲɜɢɞɤɨ-

ɫɬɿ ɤɨɧɜɟєɪɚ, ɞɨɜɠɢɧɢ ɣɨɝɨ ɡɚɜɚɧɬɚɠɟɧɧɹ ɣ 

ɦɢɬɬєɜɨɝɨ ɡɧɚɱɟɧɧɹ ɧɚɜɚɧɬɚɠɟɧɧɹ ɦɚɬɟɪɿɚɥɭ 

ɧɚ ɫɬɪɿɱɰɿ ɤɨɧɜɟєɪɚ. 
Ⱥɜɬɨɦɚɬɢɱɧɿ ɤɨɧɜɟєɪɧɿ ɜɚɝɢ ɛɭɜɚɸɬɶ ɞɢɫ-

ɤɪɟɬɧɨʀ ɬɚ ɛɟɡɩɟɪɟɪɜɧɨʀ ɞɿʀ. ȼɿɞɩɨɜɿɞɧɨ ɞɨ 

ɩɪɢɧɰɢɩɭ ɞɿʀ ɤɨɧɜɟєɪɧɢɯ ɜɚɝ ɭ ɧɢɯ ɡɚɫɬɨɫɨ-

ɜɭɸɬɶɫɹ ɞɢɫɤɪɟɬɧɿ ɚɛɨ ɛɟɡɩɟɪɟɪɜɧɿ, ɳɨ ɡɜɚ-
ɠɭɸɬɶ, ɩɿɞɫɭɦɨɜɭɸɱɿ ɣ ɿɧɬɟɝɪɭɸɱɿ ɦɟɯɚɧɿɡ-
ɦɢ. Іɧɬɟɝɪɭɸɱɿ ɦɟɯɚɧɿɡɦɢ ɞɢɫɤɪɟɬɧɨʀ ɞɿʀ 
ɜɢɡɧɚɱɚɸɬɶ ɫɭɦɚɪɧɭ ɦɚɫɭ G ɦɚɬɟɪɿɚɥɭ ɹɤ ɫɭ-

ɦɭ ɞɢɫɤɪɟɬɧɢɯ ɡɧɚɱɟɧɶ ɦɚɫ  ɿ ɦɚɬɟɪɿɚ-
ɥɭ, ɩɟɜɧɢɯ ɧɚ ɜɚɝɨɜɢɯ ɞɿɥɹɧɤɚɯ ɫɬɪɿɱɤɢ ɤɨɧ-

ɜɟєɪɚ ɡɚ ɤɨɠɧɢɣ ɰɢɤɥ  ɡɜɚɠɭɜɚɧɧɹ. 

ɍ ɪɚɡɿ ɩɨɫɬɿɣɧɨʀ ɲɜɢɞɤɨɫɬɿ ɫɬɪɿɱɤɢ ɤɨɧɜɟ-
єɪɚ  ɨɬɪɢɦɭєɦɨ [7] 

 

. (5) 
 

ɑɚɫ  ɰɢɤɥɭ ɡɜɚɠɭɜɚɧɧɹ ɦɿɫɬɢɬɶ ɭ ɫɨɛɿ 
ɩɨɫɬɿɣɧɭ ɱɚɫɭ ɫɩɪɚɰɶɨɜɭɜɚɧɧɹ ɩɿɞɫɭɦɨɜɭɸ-

ɱɢɯ ɿ ɦɟɯɚɧɿɡɦɿɜ, ɳɨ ɪɟєɫɬɪɭɸɬɶ, ɚ ɬɚɤɨɠ ɜɚ-
ɝɨɜɨɝɨ ɜɚɧɬɚɠɨɩɪɢɣɨɦɧɨɝɨ ɩɪɢɫɬɪɨɸ. Іɧɬɟɝ-
ɪɭɸɱɿ ɦɟɯɚɧɿɡɦɢ ɛɟɡɩɟɪɟɪɜɧɨʀ ɞɿʀ ɦɨɠɭɬɶ 

ɛɟɡɭɩɢɧɧɨ ɜɢɡɧɚɱɚɬɢ ɫɭɦɚɪɧɭ ɦɚɫɭ ɦɚɬɟɪɿɚɥɭ 

G ɹɤ ɿɧɬɟɝɪɚɥ ɜɿɞ ɮɭɧɤɰɿʀ , ɳɨ ɯɚɪɚɤɬɟ-
ɪɢɡɭє ɡɚɥɟɠɧɿɫɬɶ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɤɨɧɜɟєɪɚ 
ɜɿɞ ɱɚɫɭ: 

 

, (6) 

 

. (7) 
 

ɍ ɥɨɝɨɦɟɬɪɢɱɧɿɣ ɫɯɟɦɿ ɤɨɧɜɟєɪɧɢɯ ɜɚɝ 
(ɪɢɫ. 2) ɟɥɟɤɬɪɢɱɧɢɣ ɦɿɫɬ ɜɚɝɨɱɭɬɥɢɜɨɝɨ ɟɥɟ-
ɦɟɧɬɚ ɠɢɜɢɬɶɫɹ ɧɚɩɪɭɝɨɸ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ, 
ɦɟɯɚɧɿɱɧɨ ɩɨɜ’ɹɡɚɧɨɝɨ ɡ ɮɪɢɤɰɿɣɧɢɦ ɪɨɥɢ-

ɤɨɦ ɤɨɧɜɟєɪɚ. Ɍɨɦɭ ɜɢɯɿɞɧɚ ɧɚɩɪɭɝɚ ɜɢɦɿɪɸ-

ɜɚɥɶɧɨɝɨ ɦɨɫɬɭ ɩɪɨɩɨɪɰɿɣɧɚ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ: 
 

. (8) 
 

Ɍɟɧɡɨɦɟɬɪɢɱɧɿ ɤɨɧɜɟєɪɧɿ ɜɚɝɢ ɦɨɠɭɬɶ 

ɩɪɚɰɸɜɚɬɢ ɡɚ ɤɨɦɩɟɧɫɚɰɿɣɧɨɸ ɫɯɟɦɨɸ, ɞɟ 
ɧɚɩɪɭɝɚ U ɬɟɧɡɨɪɟɡɢɫɬɨɪɿɜ ɩɪɨɩɨɪɰɿɣɧɚ ɩɨ-

ɝɨɧɧɨɦɭ ɧɚɜɚɧɬɚɠɟɧɧɸ , ɜɢɯɿɞɧɢɣ ɫɢɝɧɚɥ ɡ 
ɩɨɬɟɧɰɿɨɦɟɬɪɚ, ɩɪɨɩɨɪɰɿɣɧɢɣ ɩɪɨɞɭɤɬɢɜɧɨɫ-
ɬɿ ɤɨɧɜɟєɪɚ ɧɚ ɩɟɜɧɢɣ ɦɨɦɟɧɬ ɱɚɫɭ.  

ɍ ɬɚɯɨɦɟɬɪɢɱɧɿɣ ɫɯɟɦɿ ɜɚɝ (ɪɢɫ. 3) ɨɛɦɨɬ-
ɤɭ ɡɛɭɞɠɟɧɧɹ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ɌȽ ɩɿɞɤɥɸɱɟɧɨ 

ɞɨ ɜɢɩɪɹɦɥɹɱɚ, ɫɬɪɭɦ ɭ ɥɚɧɰɸɝɭ ɹɤɨɝɨ ɩɪɨ-

ɩɨɪɰɿɣɧɢɣ ɩɨɝɨɧɧɨɦɭ ɧɚɜɚɧɬɚɠɟɧɧɸ . Ɍɨɦɭ 

ɧɚɩɪɭɝɚ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ  ɩɪɨɩɨɪɰɿɣɧɚ ɩɪɨ-

ɞɭɤɬɢɜɧɨɫɬɿ ɜɚɝ Q.  

ȼ ɚɧɚɥɿɡɿ ɫɭɱɚɫɧɢɯ ɫɢɫɬɟɦ ɞɨɡɭɜɚɧɧɹ [6], 

ɜɢɤɨɧɚɧɢɯ ɡɚ ɫɬɪɭɤɬɭɪɨɸ «ɞɚɬɱɢɤ ɦɚɫɢ – ɩɿ-
ɞɫɢɥɸɜɚɱ – ɜɢɤɨɧɚɜɱɢɣ ɦɟɯɚɧɿɡɦ», ɚ ɬɚɤɨɠ 

ɧɚ ɩɿɞɫɬɚɜɿ ɥɚɛɨɪɚɬɨɪɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɿ ɡɚɜɨɞ-
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ɫɶɤɢɯ ɜɢɩɪɨɛɭɜɚɧɶ ɫɢɫɬɟɦ ɡ ɬɚɤɨɸ ɫɬɪɭɤɬɭ-

ɪɨɸ ɡ’ɹɫɨɜɚɧɨ, ɳɨ ɧɚɜɿɬɶ ɭ ɪɚɡɿ ɩɪɚɜɢɥɶɧɨɝɨ 

ɜɢɛɨɪɭ ɩɚɪɚɦɟɬɪɿɜ ɥɚɧɨɤ ɫɢɫɬɟɦɢ ɭɩɪɚɜɥɿɧɧɹ 

(ɞɚɬɱɢɤɚ, ɩɿɞɫɢɥɸɜɚɱɚ, ɜɢɤɨɧɚɜɱɨɝɨ ɦɟɯɚɧɿɡ-
ɦɭ) ɿ ɜɢɫɨɤɨʀ ɬɨɱɧɨɫɬɿ ɨɤɪɟɦɨʀ ɭɡɹɬɨʀ ɥɚɧɤɢ,  

ɬɚɤɿ ɫɢɫɬɟɦɢ ɭɩɪɚɜɥɿɧɧɹ ɜ ɞɢɧɚɦɿɱɧɨɦɭ ɪɟ-
ɠɢɦɿ ɡɜɚɠɭɜɚɧɧɹ ɦɚɸɬɶ ɧɢɡɶɤɭ ɬɨɱɧɿɫɬɶ ɿ ɧɟ 
ɜɿɞɩɨɜɿɞɚɸɬɶ ɜɢɦɨɝɚɦ ɞɨɡɭɜɚɧɧɹ ɤɨɦɩɨɧɟɧ-

ɬɿɜ ɫɭɦɿɲɿ. 
 

 
 

Ɋɢɫ. 2. Ʌɨɝɨɦɟɬɪɢɱɧɚ ɫɯɟɦɚ ɬɟɧɡɨɪɟɡɢɫɬɨɪ-

ɧɢɯ ɤɨɧɜɟєɪɧɢɯ ɜɚɝ 
 

 
 

Ɋɢɫ. 3. Ɍɚɯɨɦɟɬɪɢɱɧɚ ɫɯɟɦɚ ɬɟɧɡɨɪɟɡɢɫɬɨɪ-

ɧɢɯ ɤɨɧɜɟєɪɧɢɯ ɜɚɝ 
 

Ɇɨɠɥɢɜɿɫɬɶ ɩɟɪɟɯɨɞɭ ɞɨ ɩɪɨɝɪɟɫɢɜɧɿɲɢɯ 

ɿ ɟɤɨɧɨɦɿɱɧɨ ɞɨɰɿɥɶɧɿɲɢɯ ɦɟɬɨɞɿɜ ɚɜɬɨɦɚɬɢ-

ɡɨɜɚɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ ɩɨɜ’ɹɡɚɧɚ ɡɿ ɡɦɿɧɨɸ ɬɟɯ-

ɧɿɱɧɨʀ ɛɚɡɢ ɛɭɞɿɜɟɥɶɧɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ ɣ ɤɨɦ-

ɩɥɟɤɬɭɜɚɧɧɹɦ ɣɨɝɨ ɧɨɜɿɬɧɿɦɢ ɡɚɫɨɛɚɦɢ 

ɦɿɤɪɨɩɪɨɰɟɫɨɪɧɨʀ ɬɟɯɧɿɤɢ ɬɚ ɩɪɨɝɪɚɦɚɦɢ ɦɨ-

ɞɟɥɸɜɚɧɧɹ [7].  

ɍ ɦɨɞɟɥɸɜɚɧɧɿ ɦɨɠɥɢɜɨ ɿɦɿɬɭɜɚɬɢ ɿɧɬɟɥɟ-
ɤɬɭɚɥɶɧɿ ɮɭɧɤɰɿʀ, ɬɚɤɿ ɹɤ ɝɧɭɱɤɿ ɡɚɦɨɜɥɟɧɧɹ ɣ 

ɛɿɥɶɲ ɞɟɬɚɥɿɡɨɜɚɧɟ ɤɟɪɭɜɚɧɧɹ ɪɭɯɨɦ, ɪɨɛɨɬɢ 

ɡ ɦɟɪɟɠɿ ɣ ɨɛɪɨɛɤɢ ɿɧɮɨɪɦɚɰɿʀ. Ɉɛ’єɞɧɚɧɧɹ 

ɰɢɮɪɨɜɢɯ ɜɯɨɞɿɜ ɿ ɜɢɯɨɞɿɜ ɜɢɤɨɧɚɜɱɢɯ ɩɪɢ-

ɫɬɪɨʀɜ ɞɨɡɜɨɥɹє ɿɧɬɟɝɪɭɜɚɬɢ ɣ ɨɩɬɢɦɿɡɭɜɚɬɢ 

ɡɚɫɨɛɢ ɤɟɪɭɜɚɧɧɹ ɜ ɫɤɥɚɞɿ ɫɢɫɬɟɦɢ [8].  

Ⱦɥɹ ɪɟɚɥɿɡɚɰɿʀ ɫɢɫɬɟɦɢ ɭɩɪɚɜɥɿɧɧɹ ɩɨɬɪɿɛ-

ɧɨ: ɩɪɨɦɢɫɥɨɜɢɣ ɤɨɧɬɪɨɥɟɪ; ɦɨɞɭɥɶ ɭɩɪɚɜ-

ɥɿɧɧɹ ɡɚɫɥɿɧɤɚɦɢ ɞɨɡɚɬɨɪɿɜ; ɦɨɞɭɥɶ ɡɛɨɪɭ 

ɞɚɧɢɯ. ɋɯɟɦɭ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ ɩɪɟɞɫɬɚɜɥɟ-
ɧɨ ɧɚ ɪɢɫ. 4. Ⱦɥɹ ɦɨɞɟɥɸɜɚɧɧɹ ɪɨɛɨɬɢ ɩɪɨ-

ɩɨɧɨɜɚɧɨʀ ɫɢɫɬɟɦɢ ɭɩɪɚɜɥɿɧɧɹ ɨɛɪɚɧɨ ɫɢɦɭ-

ɥɹɬɨɪ Arduino.  
 

 
 

Ɋɢɫ. 4. ɋɯɟɦɚ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ 

Ɂɚ ɭɦɨɜɢ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɞɨɡɭɜɚɧɧɹ 

ɞɟɤɿɥɶɤɚ ɞɨɡɚɬɨɪɿɜ ɛɟɡɩɟɪɟɪɜɧɨʀ ɞɿʀ ɡ ɚɜɬɨɧɨ-

ɦɧɢɦ ɤɟɪɭɜɚɧɧɹɦ ɨɛ’єɞɧɭɸɬɶɫɹ ɜ ɫɢɫɬɟɦɭ, 

ɹɤɚ ɦɨɠɟ ɮɭɧɤɰɿɨɧɭɜɚɬɢ ɬɚɤɢɦ ɱɢɧɨɦ. 
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ȼɚɪɿɚɧɬ 1. ɇɟɡɜ’ɹɡɧɟ ɞɨɡɭɜɚɧɧɹ ɞɟɤɿɥɶɤɨɯ 

ɤɨɦɩɨɧɟɧɬɿɜ ɡ ɩɪɨɞɭɤɬɢɜɧɿɫɬɸ, ɳɨ ɩɿɞɬɪɢɦɭ-

єɬɶɫɹ ɜ ɡɚɞɚɧɨɦɭ ɩɨɫɬɿɣɧɨɦɭ ɫɩɿɜɜɿɞɧɨɲɟɧɧɿ 
(ɪɢɫ. 5), ɡɞɿɣɫɧɸєɬɶɫɹ ɜɿɞ ɡɚɝɚɥɶɧɨɝɨ ɞɥɹ ɜɫɿɯ 

ɞɨɡɚɬɨɪɿɜ ɤɚɧɚɥɭ. ɋɢɝɧɚɥ ɜɿɞ ɩɪɨɝɪɚɦɧɨɝɨ 

ɡɚɞɚɬɱɢɤɚ, ɳɨ ɜɢɡɧɚɱɚє ɡɧɚɱɟɧɧɹ ɩɪɨɞɭɤɬɢɜ-

ɧɨɫɬɿ ɜɫɿɯ ɤɨɦɩɨɧɟɧɬɿɜ, ɩɨɞɚєɬɶɫɹ ɞɥɹ ɨɩɟɪɚ-
ɰɿɣ ɦɧɨɠɟɧɧɹ ɧɚ ɩɨɫɬɿɣɧɢɣ ɤɨɟɮɿɰɿєɧɬ 
( ) ɧɚ ɚɧɚɥɨɝɨ-ɦɧɨɠɭɜɚɥɶɧɿ ɩɪɢ-

ɫɬɪɨʀ ȺɆɉ, ɱɢɫɥɨ ɹɤɢɯ ɞɨɪɿɜɧɸє ɱɢɫɥɭ ɞɨɡɚ-
ɬɨɪɿɜ; ɡɧɚɱɟɧɧɹ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɦɨɠɧɚ ɡɦɿ-
ɧɸɜɚɬɢ ɡɦɿɧɨɸ ɤɨɟɮɿɰɿєɧɬɿɜ К1 – К3. 

 

 
Ɋɢɫ. 5. ɋɬɪɭɤɬɭɪɧɚ ɫɯɟɦɚ ɧɟɡɜ’ɹɡɧɨɝɨ ɞɨɡɭ-

ɜɚɧɧɹ ɤɨɦɩɨɧɟɧɬɿɜ 
 

ȼɚɪɿɚɧɬ 2. Ɏɭɧɤɰɿɨɧɚɥɶɧɟ ɞɨɡɭɜɚɧɧɹ ɞɟ-
ɤɿɥɶɤɨɯ ɤɨɦɩɨɧɟɧɬɿɜ ɡ ɤɨɪɟɤɰɿєɸ ɫɩɿɜɜɿɞɧɨ-

ɲɟɧɧɹ ɬɚ ɩɚɪɚɥɟɥɶɧɢɦ ɡ’єɞɧɚɧɧɹɦ ɞɨɡɚɬɨɪɿɜ 

(ɪɢɫ. 6). Ɍɚɤɢɦ ɫɩɨɫɨɦ ɞɨɡɚɬɨɪ 1 ɨɫɧɨɜɧɨɝɨ 

ɤɨɦɩɨɧɟɧɬɚ ɩɪɢɣɦɚєɬɶɫɹ ɩɪɨɜɿɞɧɢɦ. ɇɚ ɧɶɨ-

ɝɨ ɩɨɫɬɭɩɚє ɫɢɝɧɚɥ ɡɚɜɞɚɧɧɹ ɱɟɪɟɡ ɮɭɧɤɰɿɣ-

ɧɢɣ ɛɥɨɤ ȺɆɍ ɱɢ ɩɪɨɝɪɚɦɧɢɣ ɡɚɞɚɬɱɢɤ. 

ɐɟɣ ɠɟ ɫɢɝɧɚɥ є ɜɯɿɞɧɢɦ ɞɥɹ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ 

ɛɥɨɤɿɜ ɜɿɞɨɦɢɯ ɞɨɡɚɬɨɪɿɜ 2 ɬɚ 3, ɧɚ ɹɤɿ ɧɚɞɯɨ-

ɞɹɬɶ ɫɢɝɧɚɥɢ, ɳɨ ɤɨɪɢɝɭɸɬɶ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ 

ɤɨɠɧɨɝɨ ɞɨɡɚɬɨɪɚ. 
 

 
 

Ɋɢɫ. 6. ɋɯɟɦɚ ɞɨɡɭɜɚɧɧɹ ɤɨɦɩɨɧɟɧɬɿɜ ɡ ɤɨɪɟ-
ɤɰɿєɸ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɡɚ ɭɦɨɜɢ ɩɚɪɚɥɟɥɶ-

ɧɨɝɨ ɡ’єɞɧɚɧɧɹ ɞɨɡɚɬɨɪɿɜ 

 

ȼɚɪɿɚɧɬ 3. Ɏɭɧɤɰɿɨɧɚɥɶɧɟ ɞɨɡɭɜɚɧɧɹ ɞɟ-
ɤɿɥɶɤɨɯ ɤɨɦɩɨɧɟɧɬɿɜ ɿɡ ɤɨɪɟɤɰɿєɸ ɫɩɿɜɜɿɞɧɨ-

ɲɟɧɧɹ ɬɚ ɩɨɫɥɿɞɨɜɧɢɦ ɡ’єɞɧɚɧɧɹɦ ɞɨɡɚɬɨɪɿɜ 

(ɪɢɫ. 7). Ɍɚɤɢɦ ɫɩɨɫɨɦ ɭ ɪɚɡɿ ɬɪɢɤɨɦɩɨɧɟɧɬ-
ɧɨɝɨ ɞɨɡɭɜɚɧɧɹ ɞɨɡɚɬɨɪɢ 2 ɬɚ 3 ɩɪɢɣɦɚɸɬɶɫɹ 

ɹɤ ɜɿɞɨɦɿ, ɳɨ ɜɦɢɤɚɸɬɶɫɹ ɩɨɫɥɿɞɨɜɧɨ ɡ ɩɪɨ-

ɜɿɞɧɢɦ ɞɨɡɚɬɨɪɨɦ 1 ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. 
 

 
 

Ɋɢɫ. 7. ɋɯɟɦɚ ɞɨɡɭɜɚɧɧɹ ɤɨɦɩɨɧɟɧɬɿɜ ɡ ɤɨɪɟ-
ɤɰɿєɸ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɡɚ ɭɦɨɜɢ ɩɨɫɥɿɞɨɜ-

ɧɨɝɨ ɡ’єɞɧɚɧɧɹ ɞɨɡɚɬɨɪɿɜ 
 

Ɋɨɡɝɥɹɧɟɦɨ ɦɨɞɟɥɸɜɚɧɧɹ ɩɪɨɰɟɫɭ ɞɨɡɭ-

ɜɚɧɧɹ ɡɚ ɩɟɪɲɢɦ ɜɚɪɿɚɧɬɨɦ – ɧɟɡɜ’ɹɡɧɟ ɞɨɡɭ-

ɜɚɧɧɹ ɞɟɤɿɥɶɤɨɯ ɤɨɦɩɨɧɟɧɬɿɜ ɿɡ ɩɪɨɞɭɤɬɢɜɧɿ-
ɫɬɸ, ɳɨ ɩɿɞɬɪɢɦɭєɬɶɫɹ ɭ ɡɚɞɚɧɨɦɭ 

ɩɨɫɬɿɣɧɨɦɭ ɫɩɿɜɜɿɞɧɨɲɟɧɧɿ. 
Ⱦɥɹ ɤɟɪɭɜɚɧɧɹ ɟɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɞɨɡɚɬɨ-

ɪɿɜ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɫɢɥɨɜɿ ɦɨɞɭɥɿ – ɞɪɚɣ-

ɜɟɪɢ, ɳɨ ɡɚɛɟɡɩɟɱɭɸɬɶ ɧɟɨɛɯɿɞɧɿ ɡɧɚɱɟɧɧɹ 

ɫɬɪɭɦɿɜ ɬɚ ɧɚɩɪɭɝ ɞɥɹ ɨɛɟɪɬɚɧɧɹ ɟɥɟɤɬɪɨɞɜɢ-

ɝɭɧɿɜ ɞɨɡɚɬɨɪɿɜ ɿɡ ɡɚɞɚɧɨɸ ɲɜɢɞɤɿɫɬɸ ɿ ɜ ɧɟ-
ɨɛɯɿɞɧɨɦɭ ɧɚɩɪɹɦɤɭ.  

Ʌɨɝɿɱɧɿ ɫɢɝɧɚɥɢ ɤɟɪɭɜɚɧɧɹ ɰɢɦɢ ɞɪɚɣɜɟ-
ɪɚɦɢ ɮɨɪɦɭɸɬɶɫɹ ɛɥɨɤɨɦ ɤɟɪɭɜɚɧɧɹ (ɪɢɫ. 8). 

 

 
 

Ɋɢɫ. 8. Ɇɿɤɪɨɤɨɧɬɪɨɥɟɪɧɢɣ ɛɥɨɤ ɤɟɪɭɜɚɧɧɹ 

 

Ʉɿɥɶɤɿɫɬɶ ɞɨɡɚɬɨɪɿɜ ɜɢɡɧɚɱɚє ɤɿɥɶɤɿɫɬɶ ɤɨ-

ɨɪɞɢɧɚɬ ɭɩɪɚɜɥɿɧɧɹ: ɏn+ – ɜɿɞɤɪɢɬɢ ɛɭɧ-

ɤɟɪ n; ɏn- – ɡɚɤɪɢɬɢ ɛɭɧɤɟɪ n. Ɏɨɪɦɚɥɿɡɭєɦɨ 

ɨɩɢɫ ɪɨɛɨɬɢ ɩɪɢɫɬɪɨɸ ɤɟɪɭɜɚɧɧɹ ɩɟɪɟɦɿ-
ɳɟɧɧɹɦ ɡɚɫɥɿɧɨɤ ɛɭɧɤɟɪɿɜ ɩɨ ɜɭɡɥɚɯ (X+, ɏ-).  

Ⱦɥɹ ɤɨɠɧɨɝɨ ɤɪɨɤɭ ɤɟɪɭɜɚɧɧɹ ɮɨɪɦɭєɦɨ 

ɤɨɦɛɿɧɚɰɿɸ ɤɟɪɭɸɱɢɯ ɫɢɝɧɚɥɿɜ X+, X- ɿ ɬɪɢ-

ɜɚɥɿɫɬɶ ɤɪɨɤɭ Ɍ, ɫ. Ɍɪɢɜɚɥɿɫɬɶ Ɍ ɜɢɡɧɚɱɚє ɱɚɫ 
ɪɨɛɨɬɢ ɜɿɞɩɨɜɿɞɧɨɝɨ ɞɨɡɚɬɨɪɚ. ɇɚɩɪɢɤɥɚɞ, 

ɞɥɹ ɬɪɶɨɯ ɞɨɡɚɬɨɪɿɜ ɡɚɥɟɠɧɨ ɜɿɞ ɪɟɰɟɩɬɭɪɢ 

ɮɨɪɦɭєɬɶɫɹ ɬɚɛɥɢɰɹ ɜɟɤɬɨɪɿɜ ɪɨɛɨɬɢ ɟɥɟɤɬ-
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ɪɨɞɜɢɝɭɧɿɜ. ɇɟɨɛɯɿɞɧɨ ɜɢɝɨɬɨɜɢɬɢ ɫɭɦɿɲ ɡɚ 
ɬɚɤɢɦ ɪɟɰɟɩɬɨɦ (ɬɚɛɥ. 1). 

 
Ɍɚɛɥɢɰɹ 1 – ɉɚɪɚɦɟɬɪɢ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɩɪɨɰɟɫɭ 

ɉɚɪɚɦɟɬɪɢ Ɇɚɫɚ ɦɚɬɟɪɿɚɥɭ 

m1 m2 m3 

Ɋɟɰɟɩɬ, ɤɝ 27 81 99 

Ɇɿɤɫɟɪ, t, ɫ 20 

ɇɚɝɪɿɜ, Ɍ, ºɋ 38 

ȼɿɞɜɚɧɬɚɠɟɧɧɹ, ɤɝ 2/3 ɜɿɞ ɦɚɫɢ 

 

ɋɢɝɧɚɥɢ ɭɩɪɚɜɥɿɧɧɹ ɡɚɫɥɿɧɤɚɦɢ ɞɨɡɚɬɨɪɿɜ, 
ɞɜɢɝɭɧɚ ɦɿɤɫɟɪɚ ɬɚ ɞɜɢɝɭɧɚ ɦɨɞɭɥɹ ɜɿɞɜɚɧɬɚ-
ɠɟɧɧɹ ɧɚɜɟɞɟɧɨ ɜ ɬɚɛɥ. 2.  

ɍ ɩɪɨɰɟɫɿ ɫɬɜɨɪɟɧɧɹ ɩɪɨɝɪɚɦɢ ɜɢɡɧɚɱɚ-
ɸɬɶɫɹ ɡɦɿɧɧɿ ɣ ɨɩɟɪɚɬɨɪɢ ɫɟɪɟɞɨɜɢɳɚ ɩɪɨ-
ɝɪɚɦɭɜɚɧɧɹ Arduino, ɧɟɨɛɯɿɞɧɿ ɞɥɹ ɪɟɚɥɿɡɚɰɿʀ 
ɚɥɝɨɪɢɬɦɭ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɚ 
ɬɚ ɮɨɪɦɭɜɚɧɧɹ ɤɟɪɭɸɱɢɯ ɞɿɣ (ɪɢɫ. 9). 

ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɚɥɝɨɪɢɬɦɭ ɪɨɛɨɬɢ ɫɬɜɨɪɸ-
єɬɶɫɹ ɬɟɤɫɬ ɩɪɨɝɪɚɦɢ. ɍɧɚɫɥɿɞɨɤ ɤɨɦɩɿɥɹɰɿʀ 
ɩɪɨɝɪɚɦɢ ɨɬɪɢɦɭєɦɨ ɩɨɜɿɞɨɦɥɟɧɧɹ ɩɪɨ ɪɨɡ-
ɦɿɪ ɤɨɞɭ ɞɥɹ ɡɚɜɚɧɬɚɠɟɧɧɹ ɜ ɩɚɦ’ɹɬɶ ɦɿɤɪɨ-
ɤɨɧɬɪɨɥɟɪɚ (ɪɢɫ. 10).  

Ɍɚɛɥɢɰɹ 2 – ɋɢɝɧɚɥɢ ɭɩɪɚɜɥɿɧɧɹ ɞɨɡɚɬɨɪɚɦɢ  
 

Dir ɏ1+ X1- X2+ ɏ2- X3+ X3- F3+ F3- N+ N- D+ D- Ɍ, ɫ
0 0 0 0 0 0 0 0 0 0 0 0 0 1

1 1 0 0 0 0 0 0 0 0 0 0 0 3

2 0 1 0 0 0 0 0 0 0 0 0 0 1

3 0 0 1 0 0 0 0 0 0 0 0 0 9

4 0 0 0 1 0 0 0 0 0 0 0 0 1

5 0 0 0 0 1 0 0 0 0 0 0 0 11

6 0 0 0 0 0 1 0 0 0 0 0 0 1

7 0 0 0 0 0 0 1 0 0 0 0 0 7

8 0 0 0 0 0 0 0 1 0 0 0 0 1

9 0 0 0 0 0 0 0 0 1 0 0 0 20

10 0 0 0 0 0 0 0 0 0 1 0 0 1

11 0 0 0 0 0 0 0 0 0 0 1 0 16

12 0 0 0 0 0 0 0 0 0 0 0 1 1

13 0 0 0 0 0 0 0 0 0 0 0 0 1

 

 
Ɋɢɫ. 9. ɋɯɟɦɚ ɚɥɝɨɪɢɬɦɭ ɮɨɪɦɭɜɚɧɧɹ ɤɟɪɭɸɱɢɯ ɞɿɣ 
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Ɋɢɫ. 10. ȼɢɝɥɹɞ ɩɪɨɝɪɚɦɢ ɣ ɪɟɡɭɥɶɬɚɬ ɤɨɦɩɿ-
ɥɸɜɚɧɧɹ 
 

ɉɿɞɩɪɨɝɪɚɦɢ ɭɩɪɚɜɥɿɧɧɹ ɞɨɞɚɬɤɨɜɢɦɢ 

ɮɭɧɤɰɿɹɦɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 11. 
 

 
 

Ɋɢɫ. 11. ɉɿɞɩɪɨɝɪɚɦɢ ɭɩɪɚɜɥɿɧɧɹ ɞɨɞɚɬɤɨɜɢ-

ɦɢ ɮɭɧɤɰɿɹɦɢ 

 

ɋɟɪɟɞɨɜɢɳɟ Proteus [9] ɞɚє ɡɦɨɝɭ ɩɨɛɭɞɭ-

ɜɚɬɢ ɫɯɟɦɭ ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɧɨɝɨ ɩɪɢɫɬɪɨɸ 

(ɪɢɫ. 12), ɡɜ’ɹɡɚɬɢ ɦɿɤɪɨɤɨɧɬɪɨɥɟɪ ɡ hex- 

ɮɚɣɥɨɦ ɦɿɫɬɤɨɫɬɿ ɩɚɦ’ɹɬɿ ɩɪɨɝɪɚɦ ɬɚ ɜɢɤɨɧɚ-

ɬɢ ɦɨɞɟɥɸɜɚɧɧɹ ɪɨɛɨɬɢ ɩɪɢɫɬɪɨɸ ɡɚ ɡɚɞɚɧɢɦ 

ɚɥɝɨɪɢɬɦɨɦ. ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ ɚɧɚɥɨɝɿɱɧɢɯ ɩɚ-
ɤɟɬɿɜ ɩɪɨɝɪɚɦ, ɧɚɩɪɢɤɥɚɞ, Electronics 

Workbench, Multisim, Micro Cap, Tina ɬɨɳɨ ɜ 

ɪɨɡɜɢɧɟɧɿɣ ɫɢɫɬɟɦɿ ɫɢɦɭɥɹɰɿʀ (ɿɧɬɟɪɚɤɬɢɜɧɨ-

ɝɨ ɧɚɥɚɝɨɞɠɟɧɧɹ ɜ ɪɟɠɢɦɿ ɪɟɚɥɶɧɨɝɨ ɱɚɫɭ) 

ɞɥɹ ɪɿɡɧɢɯ ɫɿɦɟɣɫɬɜ ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɿɜ: 8051, 

PIC (ɦɿɤɪɨɱɢɩ), AVR (Atmel) ɬɚ ɿɧ. Proteus 

ɦɚє ɜɟɥɢɤɿ ɛɿɛɥɿɨɬɟɤɢ ɤɨɦɩɨɧɟɧɬɿɜ, ɡɨɤɪɟɦɚ 
ɩɟɪɢɮɟɪɿɣɧɿ ɩɪɢɫɬɪɨʀ: ɫɜɿɬɥɨɞɿɨɞɧɿ ɬɚ ɊɄ ɿɧ-

ɞɢɤɚɬɨɪɢ, ɞɚɬɱɢɤɢ ɬɟɦɩɟɪɚɬɭɪɢ, ɝɨɞɢɧɧɢɤɢ ɜ 

ɪɟɠɢɦɿ ɪɟɚɥɶɧɨɝɨ ɱɚɫɭ – ɊɌɄ; ɿɧɬɟɪɚɤɬɢɜɧɿ 
ɟɥɟɦɟɧɬɢ ɜɜɟɞɟɧɧɹ/ɜɢɜɟɞɟɧɧɹ (ɤɧɨɩɤɢ, ɤɨɦɭ-

ɬɚɬɨɪɢ, ɜɿɪɬɭɚɥɶɧɿ ɩɨɪɬɢ ɬɚ ɜɿɪɬɭɚɥɶɧɿ ɜɢɦɿ-
ɪɸɜɚɥɶɧɿ ɩɪɢɥɚɞɢ); ɿɧɬɟɪɚɤɬɢɜɧɚ ɝɪɚɮɿɤɚ, –

ɳɨ ɧɟ ɡɚɜɠɞɢ ɩɪɢɫɭɬɧɿ ɜ ɿɧɲɢɯ ɩɨɞɿɛɧɢɯ 

ɩɪɨɝɪɚɦɚɯ.  

 

 
 

Ɋɢɫ. 12. ɋɯɟɦɚ ɩɪɢɫɬɪɨɸ ɜ Proteus 

 

ɇɚ ɬɚɛɥɨ ɜɢɜɨɞɢɬɶɫɹ ɿɧɮɨɪɦɚɰɿɹ, ɳɨ ɜɿɞ-

ɩɨɜɿɞɚє ɫɢɝɧɚɥɚɦ ɭɩɪɚɜɥɿɧɧɹ ɞɨɡɚɬɨɪɚɦɢ ɡɚ 
ɚɥɝɨɪɢɬɦɨɦ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɩɪɨɰɟɫɭ, ɳɨ 

ɩɪɚɰɸє ɡɚ ɩɪɨɝɪɚɦɨɸ ɜ ɫɟɪɟɞɨɜɢɳɿ Arduino 

(ɪɢɫ. 13).  

 

 

 

Ɋɢɫ. 13. Іɧɞɢɤɚɬɨɪɧɟ ɬɚɛɥɨ ɜ Proteus 
 

ȼɢɫɧɨɜɤɢ 

ɍ ɪɚɡɿ ɡɦɿɧɢ ɪɟɰɟɩɬɭɪɢ ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬ-
ɧɨɝɨ ɞɨɡɭɜɚɧɧɹ ɜ ɚɜɬɨɧɨɦɧɨɦɭ ɪɟɠɢɦɿ ɦɨɠɟ 
ɡɦɿɧɸɜɚɬɢɫɹ ɚɥɝɨɪɢɬɦ ɤɟɪɭɸɱɢɯ ɞɿɣ (ɩɪɨ-

ɝɪɚɦɧɢɣ ɫɤɟɬɱ) ɡɚɥɟɠɧɨ ɜɿɞ ɜɚɪɿɚɧɬɚ (ɫɯɟɦɢ) 

ɤɟɪɭɜɚɧɧɹ ɞɨɡɚɬɨɪɚɦɢ. Ⱦɥɹ ɩɿɞɜɢɳɟɧɧɹ ɬɨɱ-

ɧɨɫɬɿ ɞɨɡɭɜɚɧɧɹ ɩɟɪɟɞɛɚɱɚєɬɶɫɹ ɪɟɠɢɦ ɞɨɫɢ-
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ɩɚɧɧɹ, ɤɨɥɢ ɩɨɪɰɿʀ ɦɚɬɟɪɿɚɥɭ, ɳɨ ɧɚɞɯɨɞɢɬɶ ɭ 

ɜɚɝɨɜɢɣ ɛɭɧɤɟɪ, ɦɚɸɬɶ ɦɚɫɭ, ɹɤɚ ɞɨɪɿɜɧɸє 
ɩɪɢɩɭɫɬɢɦɿɣ ɩɨɝɪɿɲɧɨɫɬɿ ɡɜɚɠɭɜɚɧɧɹ. Ʉɪɿɦ 

ɬɨɝɨ, ɡɚ ɭɦɨɜɢ ɞɨɡɭɜɚɧɧɹ ɤɨɦɩɨɧɟɧɬɿɜ ɧɚɪɨɫ-
ɬɚɸɱɢɦ ɩɿɞɫɭɦɤɨɦ ɦɨɠɧɚ ɤɨɪɢɝɭɜɚɬɢ ɡɚ-
ɜɞɚɧɧɹ ɤɨɠɧɨʀ ɧɚɫɬɭɩɧɨʀ ɞɨɡɢ ɡɚ ʀʀ ɦɚɫɨɸ ɜ 

ɩɨɩɟɪɟɞɧɶɨɦɭ ɰɢɤɥɿ. 
ȼɢɤɨɪɢɫɬɚɧɧɹ ɝɨɬɨɜɨʀ ɩɥɚɬɢ ɦɿɤɪɨɤɨɧɬɪɨ-

ɥɟɪɧɨɝɨ ɩɪɢɫɬɪɨɸ ɿɡ ɩɪɨɝɪɚɦɨɸ, ɪɨɡɪɨɛɥɟ-
ɧɨɸ ɜ ɫɟɪɟɞɨɜɢɳɿ Arduino, ɞɨɡɜɨɥɹє ɪɟɚɥɿɡɭ-

ɜɚɬɢ ɧɟɨɛɯɿɞɧɢɣ ɚɥɝɨɪɢɬɦ ɤɟɪɭɜɚɧɧɹ 

ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɜɢɯɿɞɧɢɯ ɞɚɧɢɯ. ɋɭɦɿɫɧɿ ɩɪɨ-

ɝɪɚɦɧɿ ɫɢɦɭɥɹɬɨɪɢ ɬɢɩɭ Proteus ɞɨɡɜɨɥɹɸɬɶ 

ɩɟɪɟɜɿɪɢɬɢ ɥɨɝɿɤɭ ɪɨɛɨɬɢ ɩɪɢɫɬɪɨɸ ɭɩɪɚɜ-

ɥɿɧɧɹ ɧɚ ɦɚɤɟɬɿ, ɳɨ ɫɩɪɢɹє ɧɚɛɭɬɬɸ ɩɪɚɤɬɢɱ-

ɧɢɯ ɧɚɜɢɱɨɤ ɩɪɨɝɪɚɦɭɜɚɧɧɹ ɣ ɫɢɦɭɥɹɰɿʀ ɪɟɚ-
ɥɶɧɢɯ CPS ɡɚ ɪɚɯɭɧɨɤ ɜɢɤɨɧɚɧɧɹ 

ɩɨɩɟɪɟɞɧɶɨʀ ɨɛɪɨɛɤɢ ɩɨɤɚɡɧɢɤɿɜ ɞɚɬɱɢɤɿɜ 

ɡɚɫɨɛɚɦɢ Arduino, ɳɨ ɩɿɞɜɢɳɭє ɝɧɭɱɤɿɫɬɶ 
CPS ɡɚ ɪɚɯɭɧɨɤ ɦɨɠɥɢɜɨɫɬɿ ɡɦɿɧɢ ɚɩɚɪɚɬɧɨɝɨ 

ɡɚɛɟɡɩɟɱɟɧɧɹ ɛɟɡ ɡɦɿɧɢ ɩɪɨɝɪɚɦɧɨɝɨ ɤɨɞɭ. 
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The task of modeling a multicomponent mixture 

preparation system 

Abstract. The task of modeling the control system for 

the multicomponent mixture preparation was carried 

out. The analysis of existing researches and 

publications is made, in which the main problem is 

highlighted, namely that the variability of the 

formulation and external conditions during 

operation leads to the need to introduce new 

functions of the actuator control system and ensuring 

the adaptation of dispenser operating modes based 

on intelligent control. As a result of the existing 

research, the purpose is set, namely: increasing the 

efficiency of the multicomponent mixture preparing 

process due to modeling and analysis of the working 

process. The concept of ɚ multicomponent dosing, set 

of indicators for assessing the properties of a design 

system and its total effect have been substantiated. 

The results of the research are as follows: the 

functions of dosing systems were structured; a 

microcontroller control unit for dispensers is 

developed; an algorithm for generating control 

signals is made; the operating modes of the dosing 

system to increase the accuracy and possibility of 

data correction are modelled and analyzed. The 

practical value lies in the fact that the simulation of 

control systems makes it possible to make 

adjustments at the design stage. The originality lies 

in the fact that the results of simulation testify to the 

use of pre-processing of sensor readings using 

Arduino and Proteus, which enhances CPS flexibility 

by modifying hardware without changing software 

code, therefore, optimization and quality monitoring. 

Keywords: efficiency, modeling, multicomponent 

dosing, structure, element base, control unit, 

algorithm, program, optimization, model. 
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Ɂɚɞɚɱɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɩɪɢɝɨɬɨɜɥɟ-
ɧɢɹ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɣ ɫɦɟɫɢ 

Аɧɧɨɬаɰиɹ. ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɡɚɞɚɱɢ ɦɨ-

ɞɟɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ ɩɪɢ-

ɝɨɬɨɜɥɟɧɢɹ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɣ ɫɦɟɫɢ. ɉɪɨɜɟɞɟɧ 

ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɭɛɥɢɤɚ-

ɰɢɣ, ɜ ɤɨɬɨɪɵɯ ɜɵɞɟɥɟɧɚ ɨɫɧɨɜɧɚɹ ɩɪɨɛɥɟɦɚ, ɚ 

ɢɦɟɧɧɨ ɜɚɪɢɚɬɢɜɧɨɫɬɶ ɪɟɰɟɩɬɭɪɵ ɢ ɜɧɟɲɧɢɯ 
ɭɫɥɨɜɢɣ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢɜɨɞɢɬ ɤ ɧɟɨɛɯɨɞɢ-

ɦɨɫɬɢ ɜɧɟɞɪɟɧɢɹ ɧɨɜɵɯ ɮɭɧɤɰɢɣ ɫɢɫɬɟɦɵ ɤɨɧɬ-

ɪɨɥɹ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɪɝɚɧɚ, ɨɛɟɫɩɟɱɟɧɢɟ ɚɞɚɩ-

ɬɚɰɢɢ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɞɨɡɚɬɨɪɨɜ ɧɚ ɨɫɧɨɜɟ 
ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɚɧɚɥɢɡɚ ɜɵɞɟɥɟɧɚ ɰɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɩɨɜɵɲɟɧɢɟ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɦɧɨɝɨ-

ɤɨɦɩɨɧɟɧɬɧɨɣ ɫɦɟɫɢ ɡɚ ɫɱɟɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ 

ɚɧɚɥɢɡɚ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ. Ɉɛɨɫɧɨɜɚɧɚ ɤɨɧɰɟɩ-

ɰɢɹ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɞɨɡɢɪɨɜɚɧɢɹ, ɧɟɨɛɯɨ-

ɞɢɦɚɹ ɢ ɞɨɫɬɚɬɨɱɧɚɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɩɨɤɚɡɚɬɟ-
ɥɟɣ, ɩɨɡɜɨɥɹɸɳɢɯ ɨɰɟɧɢɜɚɬɶ ɫɜɨɣɫɬɜɚ 

ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɢɫɬɟɦɵ ɢ ɟɟ ɫɭɦɦɚɪɧɵɣ ɷɮ-

ɮɟɤɬ. Ɋɟɡɭɥɶɬɚɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ: 
ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɟ ɮɭɧɤɰɢɣ ɫɢɫɬɟɦ ɞɨɡɢɪɨɜɚɧɢɹ; 
ɪɚɡɪɚɛɨɬɤɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɧɨɝɨ ɛɥɨɤɚ ɭɩɪɚɜ-
ɥɟɧɢɹ ɞɨɡɚɬɨɪɚɦɢ; ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɮɨɪ-

ɦɢɪɨɜɚɧɢɹ ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɝɧɚɥɨɜ; ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɢ ɚɧɚɥɢɡ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɞɨɡɢɪɨɜɚɧɢɹ 
ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɤɨɪɪɟ-
ɤɬɢɪɨɜɤɢ ɞɚɧɧɵɯ. Ɉɪɢɝɢɧɚɥɶɧɨɫɬɶ ɡɚɤɥɸɱɚɟɬɫɹ 
ɜ ɬɨɦ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚ-

ɧɢɹ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɟɞɜɚ-

ɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɤɚɡɚɧɢɣ ɞɚɬɱɢɤɨɜ ɫɪɟɞ-

ɫɬɜɚɦɢ Arduino ɢ Proteus, ɱɬɨ ɩɨɜɵɲɚɟɬ 

ɝɢɛɤɨɫɬɶ CPS ɡɚ ɫɱɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ 
ɚɩɩɚɪɚɬɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɩɪɨɝɪɚ-

ɦɦɧɨɝɨ ɤɨɞɚ, ɡɧɚɱɢɬ ɨɩɬɢɦɢɡɚɰɢɢ ɢ ɦɨɧɢɬɨɪɢɧ-

ɝɚ ɤɚɱɟɫɬɜɚ. 
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