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Аɧɨɬаɰіɹ. Ɉɩɢɫɚɧɨ ɩɨɫɥɿɞɨɜɧɿɫɬɶ ɤɪɨɤɿɜ ɩɪɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦɭ ɫɢɧɬɟɡɿ ɰɢɮɪɨɜɨʀ ɚɞɚɩɬɢɜ-
ɧɨʀ ɫɢɫɬɟɦɢ ɚɤɬɢɜɧɨʀ ɤɨɦɩɟɧɫɚɰɿʀ ɜɿɛɪɚɰɿʀ. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɦɟɬɨɞɢɤɭ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɨɛ’єɤɬɚ 
ɤɟɪɭɜɚɧɧɹ, ɳɨ ɞɨɡɜɨɥɹє ɫɢɫɬɟɦɿ ɤɟɪɭɜɚɧɧɹ ɩɪɚɰɸɜɚɬɢ ɭ ɥɿɧɿɣɧɨɦɭ ɞɿɚɩɚɡɨɧɿ. 
 
Клɸɱɨві ɫлɨва: ɚɞɚɩɬɢɜɧɚ ɫɢɫɬɟɦɚ ɤɟɪɭɜɚɧɧɹ, ɚɤɬɢɜɧɿ ɦɟɬɨɞɢ, ɤɨɦɩɟɧɫɚɰɿɹ ɜɿɛɪɚɰɿɣɧɨɝɨ ɩɨɥɹ. 
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Аɧɧɨɬаɰиɹ. Ɉɩɢɫɚɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɲɚɝɨɜ ɩɪɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ ɫɢɧɬɟɡɟ ɰɢɮɪɨɜɨɣ 
ɚɞɚɩɬɢɜɧɨɣ ɫɢɫɬɟɦɵ ɚɤɬɢɜɧɨɣ ɤɨɦɩɟɧɫɚɰɢɢ ɜɢɛɪɚɰɢɢ. ɉɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 
ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɬɚɬɶ ɜ ɥɢɧɟɣɧɨɦ ɞɢɚɩɚɡɨɧɟ. 
 

Клɸɱевые ɫлɨва: ɚɞɚɩɬɢɜɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ, ɚɤɬɢɜɧɵɟ ɦɟɬɨɞɵ, ɤɨɦɩɟɧɫɚɰɢɹ ɜɢɛɪɚɰɢ-
ɨɧɧɨɝɨ ɩɨɥɹ. 
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Abstract. In the article the authors describe the sequence of experimental synthesis stages of a digital 
adaptive control system of active vibration compensation. The methods of identifying the object of 
control have been proposed to allow the control system operation in a linear range. 
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ɇɟɡɜɚɠɚɸɱɢ ɧɚ ɬɟ, ɳɨ ɚɤɬɢɜɧɿ ɦɟɬɨɞɢ ɦɚɸɬɶ 
ɲɢɪɨɤɢɣ ɜɠɢɬɨɤ ɭ ɪɚɦɤɚɯ ɡɚɞɚɱɿ ɤɨɦɩɟɧɫɚɰɿʀ 
ɧɟɛɚɠɚɧɨɝɨ ɜɿɛɪɚɰɿɣɧɨɝɨ ɚɛɨ ɚɤɭɫɬɢɱɧɨɝɨ ɩɨ-
ɥɿɜ, ɞɨɫɿ ɧɚɹɜɧɚ ɩɪɨɛɥɟɦɚ ɚɞɚɩɬɚɰɿʀ ɚɜɬɨɦɚɬɢɱ-
ɧɨʀ ɫɢɫɬɟɦɢ ɤɟɪɭɚɜɧɧɹ, ɩɨɛɭɞɨɜɚɧɨʀ ɧɚ ɨɫɧɨɜɿ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɚɤɬɢɜɧɢɯ ɦɟɬɨɞɿɜ. ɋɚɦɨɧɚɥɚɲ-

ɬɭɜɚɧɧɹ ɫɢɫɬɟɦɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɡɦɿɧ ɭ ɩɚɪɚɦɟ-
ɬɪɚɯ ɜɿɛɪɚɰɿʀ ɨɛ’єɤɬɚ ɤɟɪɭɜɚɧɧɹ є ɜɚɠɤɨɸ ɞɥɹ 
ɿɦɩɥɟɦɟɧɬɚɰɿʀ ɱɟɪɟɡ ɧɟɥɿɧɿɣɧɢɣ ɯɚɪɚɤɬɟɪ ɰɢɯ 
ɡɦɿɧ. Ɉɤɪɟɦɨɸ ɩɪɨɛɥɟɦɨɸ є ɞɨɫɬɨɜɿɪɧɚ ɟɤɫ-
ɩɟɪɢɦɟɧɬɚɥɶɧɚ ɿɞɟɧɬɢɮɿɤɚɰɿɹ ɦɨɞɟɥɿ ɨɛ’єɤɬɚ 

ɤɟɪɭɜɚɧɧɹ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɞɥɹ ɧɚɥɚɲɬɭ-
ɜɚɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɟɝɭɥɹɬɨɪɚ. 
 

  
 

Ⱦɚɧɿɣ ɩɪɨɛɥɟɦɿ ɩɪɢɫɜɹɱɟɧɨ ɪɹɞ ɩɭɛɥɿɤɚɰɿɣ ɹɤ 
ɭ ɜɿɬɱɢɡɧɹɧɢɯ, ɬɚɤ ɿ ɜ ɿɧɨɡɟɦɧɢɯ ɜɢɞɚɧɧɹɯ. 
Ɏɭɧɞɚɦɟɧɬɚɥɶɧɢɦɢ ɞɨɫɥɿɞɠɟɧɧɹɦɢ є [1, 2], 

ɹɤɿ ɩɪɢɫɜɹɱɟɧɨ ɛɚɡɢɫɧɢɦ ɡɚɫɚɞɚɦ ɚɤɬɢɜɧɨɝɨ 
ɤɨɧɬɪɨɥɸ ɬɚ ɚɞɚɩɬɢɜɧɨɝɨ ɤɟɪɭɜɚɧɧɹ. ɋɟɪɟɞ 

ɪɨɛɿɬ ɭɤɪɚʀɧɫɶɤɢɯ ɜɱɟɧɢɯ ɫɥɿɞ ɜɢɞɿɥɢɬɢ [3, 4, 

5], ɤɨɠɧɚ ɡ ɹɤɢɯ ɬɨɪɤɚєɬɶɫɹ ɪɿɡɧɢɯ ɚɫɩɟɤɬɿɜ 
ɞɚɧɨʀ ɩɪɨɛɥɟɦɚɬɢɤɢ.  
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Ɇɟɬɨɸ ɪɨɛɨɬɢ є ɩɪɨɜɟɞɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɚ-
ɥɶɧɨʀ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɨɛ’єɤɬɚ ɤɟɪɭɜɚɧɧɹ ɬɚ ɩɪɨ-
ɝɪɚɦɧɢɣ ɫɢɧɬɟɡ ɰɢɮɪɨɜɨʀ ɚɞɚɩɬɢɜɧɨʀ ɚɜɬɨɦɚ-
ɬɢɱɧɨʀ ɫɢɫɬɟɦɢ ɚɤɬɢɜɧɨʀ ɤɨɦɩɟɧɫɚɰɿʀ ɜɿɛɪɚɰɿʀ 
ɧɚ ɨɫɧɨɜɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɉȱȾ-ɪɟɝɭɥɹɬɨɪɚ ɭ 
ɫɟɪɟɞɨɜɢɳɚɯ ɪɨɡɪɨɛɤɢ Matlab ɬɚ Simulink. 
 

   

     

    
-  

 
Ɂɚ ɨɫɧɨɜɭ ɞɨɫɥɿɞɠɟɧɶ ɜɡɹɬɨ ɦɟɬɨɞ ɩɨɛɭɞɨɜɢ 
ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɧɚ ɨɫɧɨɜɿ ɦɨɞɟɥɿ ɨɛ’єɤɬɚ 
ɤɟɪɭɜɚɧɧɹ (ɪɢɫ. 1). 
 

 

 
 
 
 
 
 
  
Ɋɢɫ. 1. Ɏɭɧɤɰɿɨɧɚɥɶɧɚ ɫɯɟɦɚ ɫɢɫɬɟɦɢ  

ɤɟɪɭɜɚɧɧɹ, ɩɨɛɭɞɨɜɚɧɨʀ ɧɚ ɨɫɧɨɜɿ ɦɨɞɟɥɿ 
ɨɛ’єɤɬɚ ɤɟɪɭɜɚɧɧɹ: 1 – ɪɟɝɭɥɹɬɨɪ; 2 – 
ɨɛ’єɤɬ ɤɟɪɭɜɚɧɧɹ; 3 – ɦɨɞɟɥɶ ɨɛ’єɤɬɚ ɤɟ-
ɪɭɜɚɧɧɹ; Y – ɜɯɿɞ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ;  
ɏ – ɜɢɯɿɞ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ 

 
əɤ ɪɟɝɭɥɹɬɨɪ ɩɪɢɣɧɹɬɨ ɪɿɲɟɧɧɹ ɜɢɤɨɪɢɫɬɚɬɢ 
ɩɪɨɩɨɪɰɿɣɧɨ-ɿɧɬɟɝɪɚɥɶɧɨ-ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɣ 
(ɉȱȾ) ɪɟɝɭɥɹɬɨɪ (ɪɢɫ. 2).  
 

 

 
 
 

 

 
 
 
 

 

Ɋɢɫ. 2. Ɏɭɧɤɰɿɨɧɚɥɶɧɚ ɫɯɟɦɚ ɉȱȾ-ɪɟɝɭɥɹɬɨɪɚ: 
1 – ɩɪɨɩɨɪɰɿɣɧɢɣ ɛɥɨɤ; 2 – ɿɧɬɟɝɪɚɥɶɧɢɣ 
ɛɥɨɤ; 3 – ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɣ ɛɥɨɤ; e(t) – 
ɫɢɝɧɚɥ ɩɨɦɢɥɤɢ; y(t) – ɫɢɝɧɚɥ ɤɟɪɭɜɚɧɧɹ 

 
ɉȱȾ-ɪɟɝɭɥɹɬɨɪ – ɩɪɢɫɬɪɿɣ ɭ ɤɨɥɿ ɡɜɨɪɨɬɧɨɝɨ 
ɡɜ’ɹɡɤɭ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɜ ɫɢɫɬɟɦɚɯ ɚɜ-
ɬɨɦɚɬɢɱɧɨɝɨ ɤɟɪɭɜɚɧɧɹ ɞɥɹ ɮɨɪɦɭɜɚɧɧɹ ɫɢɝ-
ɧɚɥɭ ɤɟɪɭɜɚɧɧɹ. ɉȱȾ-ɪɟɝɭɥɹɬɨɪ ɮɨɪɦɭє ɫɢɝ-
ɧɚɥ ɤɟɪɭɜɚɧɧɹ, ɳɨ є ɫɭɦɨɸ ɬɪɶɨɯ ɫɤɥɚɞɨɜɢɯ, 
ɩɟɪɲɚ ɡ ɹɤɢɯ є ɩɪɨɩɨɪɰɿɣɧɨɸ ɜɯɿɞɧɨɦɭ ɫɢɝ-
ɧɚɥɭ, ɞɪɭɝɚ − ɿɧɬɟɝɪɚɥɨɦ ɜɯɿɞɧɨɝɨ ɫɢɝɧɚɥɭ, 
ɬɪɟɬɹ − ɩɨɯɿɞɧɨɸ ɜɯɿɞɧɨɝɨ ɫɢɝɧɚɥɭ. 

ɋɩɿɜɜɿɞɧɨɲɟɧɧɹ ɫɢɝɧɚɥɭ ɜɢɯɿɞɧɢɯ ɞɚɧɢɯ 
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ɿɉ  
0

)()()( .       (1) 

ȼɢɤɨɪɢɫɬɚɧɧɹ ɉȱȾ-ɪɟɝɭɥɹɬɨɪɚ ɜɢɦɚɝɚє ɩɪɨ-
ɜɟɞɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨʀ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɦɨ-
ɞɟɥɿ ɨɛ’єɤɬɚ ɤɟɪɭɜɚɧɧɹ. Ɉɛ’єɤɬɨɦ ɤɟɪɭɜɚɧɧɹ 
є ɡɚɬɢɫɧɭɬɚ ɫɬɚɥɟɜɚ ɩɥɚɫɬɢɧɚ. ȿɤɫɩɟɪɢɦɟɧɬɚ-
ɥɶɧɚ ɭɫɬɚɧɨɜɤɚ ɩɨɛɭɞɨɜɚɧɚ ɧɚ ɨɫɧɨɜɿ ɦɨɞɟɥɿ 
ɜɿɪɬɭɚɥɶɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ Simulink (ɪɢɫ. 3), ɡ 
ɹɤɨʀ ɱɟɪɟɡ ɰɢɮɪɨɜɨ-ɚɧɚɥɨɝɨɜɟ ɩɟɪɟɬɜɨɪɟɧɧɹ 
ɩɥɚɬɢ ɡɛɨɪɭ ɞɚɧɢɯ Humusoft AD622 ɧɚɞɯɨ-
ɞɢɬɶ ɤɟɪɨɜɚɧɚ ɧɚɩɪɭɝɚ ɧɚ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɣ 
ɞɢɧɚɦɿɤ, ɳɨ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɟɬɚɥɟɜɨɝɨ ɲɬɨɤɚ 
ɩɪɢɤɪɿɩɥɟɧɢɣ ɞɨ ɨɛ’єɤɬɚ ɤɟɪɭɜɚɧɧɹ. ɇɚ 
ɨɛ’єɤɬɿ ɤɟɪɭɜɚɧɧɹ ɫɬɜɨɪɸєɬɶɫɹ ɡɨɜɧɿɲɧє ɜɿɛ-
ɪɚɰɿɣɧɟ ɡɛɭɞɠɟɧɧɹ.  
 
 
 
 
 
 
 
 

 
 

 
 

Ɋɢɫ. 3. ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚ ɭɫɬɚɧɨɜɤɚ: 1 – ɫɬɚ-
ɥɟɜɚ ɩɥɚɫɬɢɧɚ; 2 – ɜɿɛɪɨɞɚɬɱɢɤ; 3 – ɩɿɞ-
ɫɢɥɸɜɚɱ ɫɢɝɧɚɥɭ ɤɟɪɭɜɚɧɧɹ; 4 – ɩɿɞɫɢ-
ɥɸɜɚɱ ɞɥɹ ɜɿɛɪɨɞɚɬɱɢɤɚ; 5 – Ⱥɐɉ; 6 – 
ɉȱȾ-ɪɟɝɭɥɹɬɨɪ; 7 – ɐȺɉ; 8 – ɩɿɞɫɢɥɸɜɚɱ 
ɫɢɝɧɚɥɭ ɡɛɭɞɠɟɧɧɹ; u1(t) – ɜɿɛɪɨɫɢɝɧɚɥ;  
u2(t) – ɫɢɝɧɚɥ ɭɩɪɚɜɥɿɧɧɹ; u3(t)-ɫɢɝɧɚɥ  
ɡɛɭɞɠɟɧɧɹ 

 
ȱɞɟɧɬɢɮɿɤɚɰɿɹ ɨɛ’єɤɬɚ ɤɟɪɭɜɚɧɧɹ ɩɪɨɜɨɞɢɬɶɫɹ 
ɭ ɞɟɤɿɥɶɤɚ ɟɬɚɩɿɜ. ɉɨɬɪɿɛɧɨ ɜɢɡɧɚɱɢɬɢ ɨɩɬɢ-

ɦɚɥɶɧɿ ɤɨɨɪɞɢɧɚɬɢ ɪɨɡɬɚɲɭɜɚɧɧɹ ɜɿɛɪɨɞɚɬɱɢ-

ɤɚ ɬɚ ɜɢɤɨɧɚɜɱɨɝɨ ɩɪɢɫɬɪɨɸ, ɳɨ ɫɬɜɨɪɸɜɚɬɢ-

ɦɟ Fɤ. Ɉɩɬɢɦɚɥɶɧɢɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ ɜɿɛɪɨɞɚ-
ɬɱɢɤɚ ɦɚɸɬɶ ɛɭɬɢ ɬɚɤɿ, ɳɨ ɡɧɚɯɨɞɹɬɶɫɹ ɭ ɜɫɿɯ 
ɦɨɞɚɯ ɤɨɥɢɜɚɧɶ, ɜɢɤɨɧɚɜɱɨɝɨ ɩɪɢɫɬɪɨɸ − ɬɚ-
ɤɿ, ɳɨ ɡɧɚɯɨɞɹɬɶɫɹ ɭ ɜɭɡɥɿ ɩɟɪɲɨʀ ɦɨɞɢ, ɹɤɚ 
ɡɧɚɯɨɞɢɬɶɫɹ ɩɨɡɚ ɡɚɞɚɧɢɦ ɞɿɚɩɚɡɨɧɨɦ ɱɚɫɬɨɬ. 
 

Ⱦɥɹ ɰɶɨɝɨ ɧɟɨɛɯɿɞɧɨ ɩɪɨɚɧɚɥɿɡɭɜɚɬɢ ɨɛ’єɤɬ ɤɟ-
ɪɭɜɚɧɧɹ ɧɚ ɪɟɡɨɧɚɧɫɧɿ ɱɚɫɬɨɬɢ ɭ ɡɚɞɚɧɨɦɭ ɞɿɚ-
ɩɚɡɨɧɿ ɱɚɫɬɨɬ (ɬɚɛɥ. 1). Ⱦɚɥɿ, ɡɛɭɞɠɭɸɱɢ ɨɛ’єɤɬ 
ɤɟɪɭɜɚɧɧɹ ɧɚ ɰɢɯ ɱɚɫɬɨɬɚɯ, ɜɿɡɭɚɥɶɧɨ ɩɪɨɚɧɚɥɿ-
ɡɭɜɚɬɢ ɩɥɚɫɬɢɧɭ ɧɚ ɧɚɹɜɧɿɫɬɶ ɿ ɩɨɥɨɠɟɧɧɹ ɦɨɞ 
ɤɨɥɢɜɚɧɶ. Ⱦɥɹ ɨɬɪɢɦɚɧɧɹ ɡɧɚɱɟɧɶ ɪɟɡɨɧɚɧɫɧɢɯ 
ɱɚɫɬɨɬ ɨɛ’єɤɬ ɤɟɪɭɜɚɧɧɹ ɡɚ 60 ɫɟɤɭɧɞ ɡɛɭɞɠɭ-
єɬɶɫɹ ɧɚ ɱɚɫɬɨɬɿ, ɳɨ ɥɿɧɿɣɧɨ ɡɪɨɫɬɚє ɜɿɞ 40 Ƚɰ ɞɨ 
250 Ƚɰ. ɉɪɨɜɟɞɟɧɨ ɬɪɢ ɞɨɫɥɿɞɢ ɡɚ ɪɿɡɧɢɯ ɤɨɨɪ-
ɞɢɧɚɬ ɜɿɛɪɨɞɚɬɱɢɤɚ. Ʉɨɨɪɞɢɧɚɬɢ ɡɛɭɞɠɭɸɱɨɝɨ 
ɞɢɧɚɦɿɤɚ − 197×182 ɦɦ. 
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Ɍɚɛɥɢɰɹ 1. Ɋɟɡɨɧɚɧɫɧɿ ɱɚɫɬɨɬɢ ɫɬɚɥɟɜɨʀ ɩɥɚɫɬɢɧɢ 
 

Ʉɨɨɪɞɢɧɚɬɢ 
ɜɿɛɪɨɞɚɬɱɢɤɚ, 

ɦɦ 
98×263 98×88 227×248,5 

Ɋɟɡɨɧɚɧɫɧɿ 
ɱɚɫɬɨɬɢ, Ƚɰ 

64,6 66,6 63,8

77,3 75,3 72,2

101,9 99,2 100,7

112,8 115,4 110,6

146,4 146,5 146,9

165,8 160,1 165,4

 
ɒɥɹɯɨɦ ɨɫɟɪɟɞɧɟɧɧɹ ɨɬɪɢɦɭєɦɨ ɪɟɡɨɧɚɧɫɧɿ 
ɱɚɫɬɨɬɢ ɩɥɚɫɬɢɧɢ: 65 Ƚɰ, 75 Ƚɰ, 101 Ƚɰ, 113 Ƚɰ, 
147 Ƚɰ, 164 Ƚɰ. 
 

ɉɪɨɜɟɞɟɧɿ ɞɚɥɿ ɞɨɫɥɿɞɠɟɧɧɹ ɨɛ’єɤɬɚ ɤɟɪɭɜɚɧ-
ɧɹ ɧɚ ɦɨɞɢ ɤɨɥɢɜɚɧɶ ɩɨɤɚɡɚɥɢ ɞɨɰɿɥɶɧɿɫɬɶ 
ɜɫɬɚɧɨɜɥɟɧɧɹ ɜɿɛɪɨɞɚɬɱɢɤɚ ɧɚ ɤɨɨɪɞɢɧɚɬɚɯ 
88×100ɦɦ ɬɚ ɜɢɤɨɧɚɜɱɨɝɨ ɞɢɧɚɦɿɤɚ ɧɚ ɤɨɨɪ-
ɞɢɧɚɬɚɯ 170×248ɦɦ. 

ɇɚɫɬɭɩɧɢɦ ɤɪɨɤɨɦ ɦɚє ɛɭɬɢ ɞɨɫɥɿɞɠɟɧɧɹ 
ɡɚɥɟɠɧɨɫɬɿ ɦɿɠ ɧɚɩɪɭɝɨɸ ɧɚ ɜɢɯɨɞɚɯ Ⱥɐɉ ɬɚ 
ɫɬɜɨɪɸɜɚɧɢɦ ɜɿɛɪɨɩɪɢɫɤɨɪɟɧɧɹɦ. Ⱦɨɰɿɥɶ-
ɧɿɫɬɶ ɞɚɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɛɚɡɭєɬɶɫɹ ɧɚ ɬɨɦɭ 
ɮɚɤɬɿ, ɳɨ ɱɚɫɬɨ ɡɚɥɟɠɧɿɫɬɶ ɦɿɠ ɧɚɩɪɭɝɨɸ ɧɚ 
ɜɢɯɨɞɿ Ⱥɐɉ ɬɚ ɫɬɜɨɪɸɜɚɧɢɦ ɜɿɛɪɨɩɪɢɫɤɨ-
ɪɟɧɧɹɦ ɧɟ є ɥɿɧɿɣɧɨɸ – ɜ ɬɨɣ ɫɚɦɢɣ ɱɚɫ, ɤɨɥɢ 

ɚɞɚɩɬɢɜɧɚ ɫɢɫɬɟɦɚ, ɩɨɛɭɞɨɜɚɧɚ ɧɚ ɉȱȾ-

ɪɟɝɭɥɹɬɨɪɿ, ɜɢɦɚɝɚє ɥɿɧɿɣɧɨɫɬɿ ɫɢɫɬɟɦɢ. Ɍɨɦɭ 
ɧɟɨɛɯɿɞɧɨ ɩɪɨɜɟɫɬɢ ɞɨɫɥɿɞɠɟɧɧɹ ɰɿєʀ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɜ ɞɿɚɩɚɡɨɧɿ ɱɚɫɬɨɬ 40 – 250 Ƚɰ ɞɥɹ 
ɜɢɡɧɚɱɟɧɧɹ ɬɚɤɨʀ ʀʀ ɞɿɥɹɧɤɢ ɧɚ ɤɨɠɧɿɣ ɱɚɫɬɨ-
ɬɿ, ɹɤɚ ɛɭɞɟ ɥɿɧɿɣɧɨɸ. ȼɿɞɩɨɜɿɞɧɨ ɩɨɬɪɿɛɧɨ 
ɜɢɡɧɚɱɢɬɢ ɦɚɤɫɢɦɚɥɶɧɟ ɬɚ ɦɿɧɿɦɚɥɶɧɟ ɡɧɚ-
ɱɟɧɧɹ ɧɚɩɪɭɝɢ ɧɚ ɰɿɣ ɞɿɥɹɧɰɿ. 
 

ɐɟɣ ɞɨɫɥɿɞ ɜɩɪɨɜɚɞɠɭєɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɪɨɛɨɱɨʀ 
ɦɨɞɟɥɿ Simulink (ɪɢɫ. 4). 

 

 

 
 

Ɋɢɫ. 4. Ɇɨɞɟɥɶ Simulink IDpath_Stat_Auto2.mdl 

 

Ⱥɥɝɨɪɢɬɦ ɪɨɛɨɬɢ ɦɨɞɟɥɿ ɧɚɫɬɭɩɧɢɣ. ɋɩɨɱɚɬɤɭ 
ɦɨɞɟɥɶ ɩɨɫɬɭɩɨɜɨ ɩɿɞɜɢɳɭє ɧɚɩɪɭɝɭ ɧɚ ɜɢɯɨɞɿ 
Ⱥɐɉ ɞɨ ɬɢɯ ɩɿɪ, ɞɨɤɢ ɧɟ ɜɿɞɛɭɞɟɬɶɫɹ ɹɜɢɳɟ 
ɩɟɪɟɜɚɧɬɚɠɟɧɧɹ ɡɧɚɱɟɧɧɹ ɜɿɛɪɨɩɪɢɫɤɨɪɟɧɧɹ. 
Ɇɨɞɟɥɶ ɡɚɮɿɤɫɭє ɡɧɚɱɟɧɧɹ ɧɚɩɪɭɝɢ, ɧɚ ɹɤɿɣ ɰɟ 

ɜɿɞɛɭɥɨɫɹ, ɿ ɩɨɱɧɟ ɩɪɨɩɨɪɰɿɣɧɨ ɡɧɢɠɭɜɚɬɢ 

ɧɚɩɪɭɝɭ ɭ 8 ɤɪɨɤɿɜ, ɮɿɤɫɭɸɱɢ ɧɚ ɤɨɠɧɨɦɭ ɡ 
ɧɢɯ ɡɧɚɱɟɧɧɹ ɧɚɩɪɭɝɢ ɿ ɜɿɞɩɨɜɿɞɧɨɝɨ ɣɨɦɭ 
ɜɿɛɪɨɩɪɢɫɤɨɪɟɧɧɹ. ɉɨ ɡɚɜɟɪɲɟɧɧɸ ɜɢɦɿɪɸ-

ɜɚɧɶ ɧɚ ɨɞɧɿɣ ɱɚɫɬɨɬɿ ɦɨɞɟɥɶ ɩɨɜɬɨɪɸє ɜɫɿ 
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ɤɪɨɤɢ ɞɥɹ ɧɚɫɬɭɩɧɨʀ ɱɚɫɬɨɬɢ, ɚɠ ɞɨɤɢ ɧɟ ɜɢ-

ɤɨɧɚє ʀɯ ɧɚ ɜɫɶɨɦɭ ɫɩɟɤɬɪɿ. ɉɨ ɡɚɤɿɧɱɟɧɧɸ 

ɪɨɛɨɬɢ ɦɨɞɟɥɿ ɭ ɪɨɛɨɱɨɦɭ ɫɟɪɟɞɨɜɢɳɿ Matlab 

ɡ’ɹɜɢɬɶɫɹ ɦɚɫɢɜ IO, ɳɨ ɦɿɫɬɢɬɢɦɟ ɡɚɦɿɪɹɧɿ 
ɦɨɞɟɥɥɸ ɞɚɧɿ, ɬɨɦɭ ɡ’ɹɜɢɬɶɫɹ ɦɨɠɥɢɜɿɫɬɶ ɩɨ-
ɛɭɞɭɜɚɬɢ ɝɪɚɮɿɤ ɲɭɤɚɧɨʀ ɡɚɥɟɠɧɨɫɬɿ. 
Ɉɬɪɢɦɚɧɿ ɡɚɥɟɠɧɨɫɬɿ ɧɟɞɨɰɿɥɶɧɨ ɧɚɜɨɞɢɬɢ ɜ 
ɪɚɦɤɚɯ ɞɚɧɨʀ ɫɬɚɬɬɿ, ɜɨɞɧɨɱɚɫ ɫɥɿɞ ɨɤɪɟɫɥɢɬɢ 

ɨɫɧɨɜɧɿ ɦɿɪɤɭɜɚɧɧɹ ɿ ɤɪɨɤɢ, ɡɪɨɛɥɟɧɿ ɧɚ ʀɯ ɨɫ-
ɧɨɜɿ. Ɋɹɞ ɱɚɫɬɨɬ ɩɨɤɚɡɚɜ ɦɚɣɠɟ ɿɞɟɚɥɶɧɨ ɥɿ-
ɧɿɣɧɭ ɡɚɥɟɠɧɿɫɬɶ ɦɿɠ ɧɚɩɪɭɝɨɸ ɬɚ ɫɬɜɨɪɸɜɚ-
ɧɢɦ ɜɿɛɪɨɩɪɢɫɤɨɪɟɧɧɹɦ, ɬɨɦɭ ɧɟɨɛɯɿɞɧɨɫɬɿ 
ɨɛɦɟɠɭɜɚɬɢ ɪɨɛɨɱɢɣ ɞɿɚɩɚɡɨɧ ɧɚɩɪɭɝ ɧɟ ɛɭɥɨ. 
ɇɚ ɩɟɜɧɢɯ ɱɚɫɬɨɬɚɯ ɫɩɨɫɬɟɪɿɝɚɜɫɹ ɦɟɧɲ ɿɞɟɚ-
ɥɶɧɢɣ ɜɢɩɚɞɨɤ, ɿ ɞɨɜɟɥɨɫɹ ɞɟɳɨ ɨɛɦɟɠɢɬɢ 

ɞɿɚɩɚɡɨɧ. ɇɚ ɩɨɨɞɢɧɨɤɢɯ ɱɚɫɬɨɬɚɯ ɫɩɨɫɬɟɪɿɝɚ-
ɜɫɹ ɟɤɫɬɪɟɦɚɥɶɧɢɣ ɜɢɩɚɞɨɤ, ɤɨɥɢ ɞɨɜɟɥɨɫɹ 
ɪɚɞɢɤɚɥɶɧɨ ɨɛɦɟɠɢɬɢ ɞɿɚɩɚɡɨɧ ɪɨɛɨɱɢɯ ɧɚ-
ɩɪɭɝ. 
 

Ⱦɚɥɿ ɧɟɨɛɯɿɞɧɨ ɜɢɡɧɚɱɢɬɢ ɬɪɚєɤɬɨɪɿɸ ɩɪɨɯɨ-
ɞɠɟɧɧɹ ɫɢɝɧɚɥɭ ɩɪɢ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɦɨɞɟɥɿ 
ɫɬɚɥɟɜɨʀ ɩɥɚɫɬɢɧɢ, ɳɨ ɦɚє ɪɨɡɜɢɜɚɬɢɫɹ ɜ ɩɟɜ-
ɧɨɦɭ ɥɿɧɿɣɧɨɦɭ ɞɿɚɩɚɡɨɧɿ. ɇɚ ɪɢɫ. 5. ɡɨɛɪɚ-
ɠɟɧɨ ɦɿɧɿɦɚɥɶɧɨ ɬɚ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɿ 
ɧɚɩɪɭɝɢ ɧɚ ɫɩɟɤɬɪɿ ɱɚɫɬɨɬ ɬɚ ɡɚɩɪɨɩɨɧɨɜɚɧɨ 
ɬɪɚєɤɬɨɪɿɸ ɩɪɨɯɨɞɠɟɧɧɹ ɫɢɝɧɚɥɭ ɞɥɹ ɿɞɟɧ-

ɬɢɮɿɤɚɰɿʀ. Ɉɬɪɢɦɚɧɢɣ ɫɢɝɧɚɥ ɿɡ ɬɪɚєɤɬɨɪɿєɸ 

ɚɦɩɥɿɬɭɞ ɧɚɩɪɭɝ ɩɨ ɫɩɟɤɬɪɭ ɱɚɫɬɨɬ, ɨɬɪɢɦɚ-
ɧɢɣ ɧɚɦɢ ɪɚɧɿɲɟ, ɡɛɭɞɠɭє ɫɬɚɥɟɜɭ ɩɥɚɫɬɢɧɭ, 

ɩɪɨɯɨɞɹɱɢ ɜɟɫɶ ɪɨɛɨɱɢɣ ɫɩɟɤɬɪ ɱɚɫɬɨɬ ɡɚ 
Δt = 30 ɫ. ȼɿɛɪɨɞɚɬɱɢɤ ɩɪɢ ɰɶɨɦɭ ɜɢɦɿɪɸє 
ɜɢɯɿɞ ɫɢɫɬɟɦɢ. Ɇɟɬɨɸ ɞɨɫɥɿɞɠɟɧɧɹ є ɨɬɪɢ-

ɦɚɧɧɹ ɩɟɪɟɞɚɬɨɱɧɨʀ ɮɭɧɤɰɿʀ ɨɛ’єɤɬɚ ɤɟɪɭɜɚɧ-

ɧɹ (ɦɨɞɟɥɿ ɨɛ’єɤɬɚ ɤɟɪɭɜɚɧɧɹ), ɩɿɞ ɹɤɭ ɩɪɨɜɨ-
ɞɢɬɢɦɟɬɶɫɹ ɧɚɥɚɲɬɭɜɚɧɧɹ ɉȱȾ-ɪɟɝɭɥɹɬɨɪɚ. 
Ⱦɨɫɥɿɞ ɩɪɨɜɨɞɢɬɶɫɹ ɞɟɤɿɥɶɤɚ ɪɚɡɿɜ ɭ ɞɜɨɯ ɪɟ-
ɠɢɦɚɯ: ɩɪɹɦɨɦɭ (ɱɚɫɬɨɬɚ ɡɪɨɫɬɚє) ɬɚ ɡɜɨɪɨɬ-
ɧɨɦɭ (ɱɚɫɬɨɬɚ ɫɩɚɞɚє). 
 

 
 

Ɋɢɫ. 5. Ɍɪɚєɤɬɨɪɿɹ ɩɪɨɯɨɞɠɟɧɧɹ ɫɢɝɧɚɥɭ  

ɩɪɢ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɨɛ’єɤɬɚ ɤɟɪɭɜɚɧɧɹ 

ɇɚ ɪɢɫ. 6 ɡɨɛɪɚɠɟɧɨ ɩɪɢɤɥɚɞ ɝɪɚɮɿɱɧɨɝɨ 
ɩɪɟɞɫɬɚɜɥɟɧɧɹ ɜɯɨɞɭ ɨɛ’єɤɬɚ ɤɟɪɭɜɚɧɧɹ, ɚ ɧɚ 
ɪɢɫ. 7 – ɩɪɢɤɥɚɞ ɝɪɚɮɿɱɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɧɹ 
ɜɢɦɿɪɹɧɨɝɨ ɜɢɯɨɞɭ ɫɢɫɬɟɦɢ ɩɪɢ ɿɞɟɧɬɢɮɿɤɚɰɿʀ 
ɩɥɚɫɬɢɧɢ ɭ ɡɜɨɪɨɬɧɨɦɭ ɪɟɠɢɦɿ. 
ɉɟɪɟɞɚɬɨɱɧɭ ɮɭɧɤɰɿɸ ɩɥɚɫɬɢɧɢ ɨɬɪɢɦɭɸɬɶ 
ɲɥɹɯɨɦ ɞɿɥɟɧɧɹ ɜɢɯɿɞɧɢɯ ɡɧɚɱɟɧɶ ɫɢɫɬɟɦɢ ɧɚ 
ɜɯɿɞɧɿ ɡɧɚɱɟɧɧɹ, ɿ ɪɟɡɭɥɶɬɚɬ ɡɚɩɢɫɭєɬɶɫɹ ɭ 
ɡɦɿɧɧɭ ɪɨɛɨɱɨɝɨ ɩɪɨɫɬɨɪɭ Matlab. Ɉɰɿɧɤɚ 
ɨɬɪɢɦɚɧɨʀ ɦɨɞɟɥɿ ɩɪɨɜɨɞɢɬɶɫɹ ɿɡ ɡɚɫɬɨɫɭɜɚɧ-

ɧɹɦ ɜɛɭɞɨɜɚɧɨɝɨ ɧɚɛɨɪɭ ɿɧɫɬɪɭɦɟɧɬɿɜ System 

Identification Toolbox, ɩɿɫɥɹ ɿɦɩɨɪɬɭ ɜ ɹɤɢɣ 

ɜɿɞɩɨɜɿɞɧɨʀ ɡɦɿɧɧɨʀ ɧɟɨɛɯɿɞɧɨ ɨɛɪɚɬɢ ɫɩɨɫɿɛ 

ɨɰɿɧɤɢ ɩɟɪɟɞɚɬɨɱɧɨʀ ɮɭɧɤɰɿʀ. ɇɚɣɤɪɚɳɿ ɪɟ-
ɡɭɥɶɬɚɬɢ ɩɨɤɚɡɚɜ ɫɩɨɫɿɛ OE: [nb nf nk] ɡ ɩɨ-
ɪɹɞɤɚɦɢ 4 4 1. 

  

 
 

Ɋɢɫ. 6. ȼɯɿɞɧɢɣ ɫɢɝɧɚɥ ɨɛ’єɤɬɚ  
ɤɟɪɭɜɚɧɧɹ ɩɪɢ ɿɞɟɧɬɢɮɿɤɚɰɿʀ 

 

 
 

Ɋɢɫ. 7. ȼɢɯɿɞɧɢɣ ɫɢɝɧɚɥ ɨɛ’єɤɬɚ  
ɤɟɪɭɜɚɧɧɹ ɩɪɢ ɿɞɟɧɬɢɮɿɤɚɰɿʀ 

 

Ⱦɚɥɿ ɩɪɨɜɨɞɢɬɶɫɹ ɰɢɮɪɨɜɢɣ ɫɢɧɬɟɡ ɚɞɚɩɬɢɜ-
ɧɨʀ ɫɢɫɬɟɦɢ ɧɚ ɨɫɧɨɜɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɉȱȾ-

ɪɟɝɭɥɹɬɨɪɚ. ɇɚ ɪɢɫ. 7 ɡɨɛɪɚɠɟɧɨ ɦɨɞɟɥɶ 
Simulink PID_final.mdl. 
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Ɋɢɫ. 7. Ɇɨɞɟɥɶ PID_final.mdl 

 
 ɐɹ ɦɨɞɟɥɶ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɞɜɨɯ ɝɪɭɩ ɛɥɨɤɿɜ, 
ɳɨ ɪɟɚɥɿɡɭɸɬɶ ɮɭɧɤɰɿʀ ɡɛɭɞɠɟɧɧɹ ɩɥɚɫɬɢɧɢ 

ɬɚ ɤɨɦɩɟɧɫɚɰɿʀ. Ɉɫɧɨɜɧɢɣ ɛɥɨɤ ɩɟɪɲɨʀ ɝɪɭɩɢ 

ɛɥɨɤɿɜ – ɛɥɨɤ Smooth Sine Generator1. ȼɿɧ 

ɪɟɚɥɿɡɭє ɮɭɧɤɰɿɸ ɝɟɧɟɪɚɰɿʀ ɫɢɧɭɫɨʀɞɚɥɶɧɨɝɨ 
ɫɢɝɧɚɥɭ ɡ ɩɚɪɚɦɟɬɪɚɦɢ, ɹɤɿ ɩɨɫɬɭɩɚɸɬɶ ɧɚ 
ɣɨɝɨ ɜɯɨɞɢ ɡ ɪɟɝɭɥɹɬɨɪɿɜ Ampl.1, Phase,deg1 

ɬɚ Freq, Hz1, ɳɨ  ɡɚɞɚɸɬɶ ɡɧɚɱɟɧɧɹ, ɜɿɞɩɨɜɿɞ-

ɧɨ, ɚɦɩɥɿɬɭɞɢ, ɮɚɡɢ ɬɚ ɱɚɫɬɨɬɢ ɫɢɝɧɚɥɭ ɡɛɭ-

ɞɠɟɧɧɹ. ɉɿɫɥɹ ɰɶɨɝɨ ɫɮɨɪɦɨɜɚɧɢɣ ɫɢɝɧɚɥ 
ɩɨɫɬɭɩɚє ɧɚ ɚɧɚɥɨɝɨɜɢɣ ɜɢɯɿɞ ɩɥɚɬɢ ɡɛɨɪɭ 
ɞɚɧɢɯ Humusoft AD622 ɿ ɞɚɥɿ ɱɟɪɟɡ ɬɪɚɤɬ 
ɡɛɭɞɠɟɧɧɹ ɧɚɞɯɨɞɢɬɶ ɧɚ ɩɥɚɫɬɢɧɭ ɿ ɫɬɜɨɪɸє 
ɜ ɬɨɱɰɿ ɤɪɿɩɥɟɧɧɹ ɞɢɧɚɦɿɤɚ ɜɿɛɪɚɰɿɸ. 

 

ȼɿɛɪɨɞɚɬɱɢɤ ɜɢɦɿɪɸє ɜɿɛɪɨɩɪɢɫɤɨɪɟɧɧɹ ɿ ɩɨ 
ɜɢɦɿɪɸɜɚɥɶɧɨɦɭ ɬɪɚɤɬɭ ɩɟɪɟɞɚє ɫɢɝɧɚɥ ɧɚ ɚɧɚ-
ɥɨɝɨɜɢɣ ɜɯɿɞ ɩɥɚɬɢ ɡɛɨɪɭ ɞɚɧɢɯ Humusoft 

AD622. ɉɿɫɥɹ ɰɶɨɝɨ ɨɬɪɢɦɚɧɿ ɡɧɚɱɟɧɧɹ ɧɚɞɫɢ-

ɥɚɸɬɶɫɹ ɧɚ ɜɯɿɞ ɛɥɨɤɭ Discrete PID Controller, 

ɳɨ ɪɟɚɥɿɡɭє ɮɭɧɤɰɿɸ ɉȱȾ-ɪɟɝɭɥɹɬɨɪɚ. 
 

Ⱦɚɧɿ ɤɨɟɮɿɰɿєɧɬɢ ɛɭɥɨ ɨɬɪɢɦɚɧɨ ɡɚ ɞɨɩɨɦɨɝɨɸ 

ɜɛɭɞɨɜɚɧɨɝɨ ɭ ɛɥɨɤ Discrete PID Controller ɮɭ-
ɧɤɰɿɨɧɚɥɭ ɩɿɞɛɨɪɭ ɡɧɚɱɟɧɶ ɩɪɨɩɨɪɰɿɣɧɨɝɨ, ɿɧ-

ɬɟɝɪɚɥɶɧɨɝɨ ɬɚ ɞɢɮɟɪɟɧɰɿɚɥɶɧɨɝɨ ɦɧɨɠɧɢɤɿɜ 
(ɤɧɨɩɤɢ Tune). Ȼɥɨɤ Discrete PID Controller 

ɩɪɨɩɨɧɭє ɨɩɬɢɦɚɥɶɧɿ ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɿɜ. 
Ɉɬɪɢɦɚɧɿ ɡɧɚɱɟɧɧɹ 
 

Kɩ= -0,160458028047613; 

Kɿ = -0,320916056095227; 

Kɞ = 0; 
 

Ʉɟɪɭɸɱɢɣ ɫɢɝɧɚɥ, ɨɬɪɢɦɚɧɢɣ ɧɚ ɨɫɧɨɜɿ ɰɢɯ 
ɤɨɟɮɿɰɿєɧɬɿɜ, ɛɥɨɤ Discrete PID Controller ɧɚ-
ɩɪɚɜɥɹє ɧɚ ɫɜɿɣ ɜɢɯɿɞ, ɳɨ ɞɚє ɡɦɨɝɭ ɩɨɞɚɬɢ 

ɣɨɝɨ ɧɚ ɚɧɚɥɨɝɨɜɢɣ ɜɢɯɿɞ ɩɥɚɬɢ ɡɛɨɪɭ ɞɚɧɢɯ 
Humusoft AD622 ɬɚ ɜɢɤɨɪɢɫɬɚɬɢ ɹɤ ɤɨɦɩɟɧ-

ɫɭɸɱɢɣ ɫɢɝɧɚɥ. 
 

Ɉɰɿɧɤɚ ɞɨɫɬɨɜɿɪɧɨɫɬɿ ɨɬɪɢɦɚɧɨʀ ɦɨɞɟɥɿ ɩɥɚɫ-
ɬɢɧɢ, ɟɮɟɤɬɢɜɧɨɫɬɿ ɫɢɧɬɟɡɨɜɚɧɨʀ ɫɢɫɬɟɦɢ ɬɚ 
ʀʀ ɚɧɚɥɿɡ ɧɚ ɫɬɿɣɤɿɫɬɶ є ɩɪɟɞɦɟɬɨɦ ɩɨɞɚɥɶɲɢɯ 
ɞɨɫɥɿɞɠɟɧɶ.   

 

 

 

ɍ ɞɚɧɨɦɭ ɞɨɫɥɿɞɠɟɧɧɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɦɟɬɨ-
ɞɢɤɭ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨʀ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɦɨɞɟɥɿ 
ɨɛ’єɤɬɚ ɤɟɪɭɜɚɧɧɹ, ɹɤɚ ɫɩɪɢɹє ɫɢɧɬɟɡɭ ɫɢɫɬɟ-
ɦɢ ɤɟɪɭɜɚɧɧɹ, ɳɨ ɩɪɚɰɸɜɚɬɢɦɟ ɜ ɥɿɧɿɣɧɨɦɭ 

ɞɿɚɩɚɡɨɧɿ. ɉɪɨɜɟɞɟɧɨ ɫɢɧɬɟɡ ɰɢɮɪɨɜɨʀ ɚɞɚɩ-

ɬɢɜɧɨʀ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɚɤɬɢɜɧɨʀ ɤɨɦɩɟɧ-
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ɫɚɰɿʀ ɜɿɛɪɚɰɿɣɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ, ɳɨ ɦɚє ɡɞɚ-
ɬɧɿɫɬɶ ɫɚɦɨɧɚɥɚɲɬɭɜɚɧɧɹ. Ɉɰɿɧɤɚ ɞɨɫɬɨɜɿɪ-
ɧɨɫɬɿ ɨɬɪɢɦɚɧɨʀ ɦɨɞɟɥɿ ɬɚ ɟɮɟɤɬɢɜɧɨɫɬɿ ɫɢɫ-
ɬɟɦɢ ɤɟɪɭɜɚɧɧɹ є ɩɪɟɞɦɟɬɨɦ ɩɨɞɚɥɶɲɢɯ ɞɨɫ-
ɥɿɞɠɟɧɶ. 
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