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ɆȺɌȿɆȺɌɂɑɇȿ ɆɈȾȿɅɘȼȺɇɇə ɉɊɈɐȿɋɍ ȼɂɌɊɂɆɄɂ 
ɁȺɅȱɁɈȻȿɌɈɇɇɈȽɈ ȼɂɊɈȻɍ ɉɊɂ ɌȿɉɅɈȼɈɅɈȽȱɃ ɈȻɊɈȻɐȱ  

ɍ ɎɈɊɆȱȼɇɈɆɍ ɋɌȿɇȾȱ 
 

ɑɭɦɚɤ Ʌ. І., ɞɨɰɟɧɬ; Ʉɨɜɬɭɧ Ⱥ. ȼ., ɑɟɪɧɟɧɤɨ ȼ. Ɉ., ɉȾȺȻȺ, ɦ. Ⱦɧɿɩɪɨ 
 

Ɇɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ ɩɪɨɰɟɫɭ ɹɜɥɹє ɫɨɛɨɸ ɡɚɥɟɠɧɿɫɬɶ ɜɢɯɿɞɧɢɯ 
ɜɟɥɢɱɢɧ ɩɪɨɰɟɫɭ ɜɿɞ ɜɯɿɞɧɢɯ ɩɚɪɚɦɟɬɪɿɜ. Ɇɨɞɟɥɶ ɨɛ’єɤɬɚ ɭɩɪɚɜɥɿɧɧɹ ɦɨɠɟ 
ɛɭɬɢ ɡɧɚɣɞɟɧɚ ɧɚ ɩɿɞɫɬɚɜɿ ɚɧɚɥɿɡɭ ɮɿɡɢɱɧɢɯ ɡɚɤɨɧɿɜ. ȼ ɨɫɧɨɜɿ ɥɟɠɢɬɶ ɦɟɬɨɞ 
ɦɚɥɢɯ ɜɿɞɯɢɥɟɧɶ ɡɦɿɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɳɨ ɜɯɨɞɢɬɶ ɭ ɪɿɜɧɹɧɧɹ ɬɟɩɥɨɜɨɝɨ 
ɛɚɥɚɧɫɭ. Ⱦɚɥɿ ɡ ɨɞɟɪɠɚɧɨɝɨ ɪɿɜɧɹɧɧɹ ɜɿɞɧɿɦɚɸɬɶ ɜɢɯɿɞɧɿ ɿ ɪɟɡɭɥɶɬɚɬ ɞɿɥɹɬɶ ɧɚ 
ɩɪɢɪɿɫɬ ɱɚɫɭ. Ɉɬɪɢɦɚɧɟ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ є ɦɚɬɟɦɚɬɢɱɧɨɸ ɦɨɞɟɥɥɸ ɩɪɨɰɟɫɭ 
ɜɢɬɪɢɦɤɢ ɡɚɥɿɡɨɛɟɬɨɧɧɨɝɨ ɜɢɪɨɛɭ. [1] 

Ɋɿɜɧɹɧɧɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɭ ɡɨɧɢ ɜɢɬɪɢɦɤɢ ɡɚɥɿɡɨɛɟɬɨɧɧɨɝɨ ɜɢɪɨɛɭ 
ɩɪɢ ɬɟɩɥɨɜɨɥɨɝɿɫɧɿɣ ɨɛɪɨɛɰɿ ɭ ɮɨɪɦɿɜɧɨɦɭ ɫɬɟɧɞɿ ɦɚє ɜɢɝɥɹɞ: 

 

Q1 – Q2 – Q3 = 0     (1) 
 

ɉɪɢɣɦɚєɬɶɫɹ, ɳɨ ɡɚɥɿɡɨɛɟɬɨɧɧɢɣ ɜɢɪɿɛ ɭ ɡɨɧɿ ɜɢɬɪɢɦɤɢ ɧɟɫɟ ɪɿɜɧɭ 
ɱɚɫɬɤɭ ɬɟɩɥɚ. Ʉɪɿɦ ɬɨɝɨ, ɡɦɿɧɢ, ɳɨ ɜɿɞɛɭɜɚɸɬɶɫɹ ɿɡ ɡɚɥɿɡɨɛɟɬɨɧɧɢɦ ɜɢɪɨɛɨɦ, 
ɧɟ ɡɦɿɧɸɸɬɶ ɤɿɥɶɤɨɫɬɿ ɬɟɩɥɚ ɜ ɩɪɨɰɟɫɿ ɜɢɬɪɢɦɤɢ. Ɍɨɞɿ ɜ ɪɿɜɧɹɧɧɿ (1) 
ɭɪɚɯɨɜɭɸɬɶɫɹ ɬɚɤɿ ɩɨɬɨɤɢ ɬɟɩɥɚ: Q1- ɬɟɩɥɨɜɢɣ ɩɨɬɿɤ, ɳɨ ɣɞɟ ɡɬɟɩɥɨɨɛɦɿɧɧɢɤɚ 
ɧɚ ɜɢɪɿɛ; Q2- ɬɟɩɥɨɜɢɣ ɩɨɬɿɤ, ɳɨ ɡɚɥɢɲɚє ɡɨɧɭ ɜɢɬɪɢɦɤɢ; Q3- ɩɨɬɿɤ ɬɟɩɥɨɜɢɯ 
ɜɬɪɚɬ ɱɟɪɟɡ ɨɝɨɪɨɞɠɟɧɧɹ ɮɨɪɦɿɜɧɨɝɨ ɫɬɟɧɞɭ. 

ɋɥiɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɩɨɬɨɤɢ Q1 ɬɚ Q2- ɤɟɪɭɸɱi, ɚ Q3- ɡɛɭɪɟɧɧɹ. 
Ɋɟɝɭɥɶɨɜɚɧɨɸ ɜɟɥɢɱɢɧɨɸ є ɬɟɦɩɟɪɚɬɭɪɚ Ѳɩ ɭ ɡɨɧi ɜɢɬɪɢɦɤɢ. Ɂɚɜɞɚɧɧɹ 
ɞɨɫɥiɞɠɟɧɧɹ ɩɨɥɹɝɚє ɭ ɜɫɬɚɧɨɜɥɟɧɧiɡɚɥɟɠɧɨɫɬi ɰiєʀ ɬɟɦɩɟɪɚɬɭɪɢ ɜiɞ 
ɡɦiɧɢɜɯiɞɧɢɯ ɜɟɥɢɱɢɧ ( ɤɟɪɭɸɱɢɯ iɡɛɭɪɸɜɚɥɶɧɢɯ ) iɡ ɱɚɫɨɦ. 

ɉɿɫɥɹ ɜɢɜɟɞɟɧɧɹ ɞɢɧɚɦɿɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɛ’єɤɬɭ ɿ ɫɩɪɨɳɟɧɧɹ 
ɪɿɜɧɹɧɶ ɞɢɧɚɦɿɤɢ, ɨɬɪɢɦɚєɦɨ ɩɟɪɟɞɚɬɨɱɧɭ ɮɭɧɤɰɿɸ ɡɨɧɢ ɜɢɬɪɢɦɤɢ 
ɮɨɪɦɿɜɧɨɝɨ ɫɬɟɧɞɚ: 

 

    (2) 
 

ȼɪɚɯɨɜɭɸɱɢ ɜɢɯɿɞɧɿ ɩɚɪɚɦɟɬɪɢ ɨɛ’єɤɬɭ ɬɚ ɡɦɿɧɧɿ ɬɟɩɥɨɜɨɥɨɝɨʀ 
ɨɛɪɨɛɤɢ, ɛɭɥɨ ɨɬɪɢɦɚɧɨ ɩɟɪɟɞɚɬɨɱɧɭ ɮɭɧɤɰɿɸ ɨɛ’єɤɬɚ ɪɟɝɭɥɸɜɚɧɧɹ: 

 

   (3) 
 

ɍ ɪɟɡɭɥɶɬɚɬɿ ɪɨɡɪɚɯɭɧɤɿɜ Ɍ0
2
 = 2,21; Ɍ1 = 0,44; Ɍ2 = 440,44; k = 60,71. 

Ⱦɥɹ ɜɢɤɨɧɚɧɧɹ ɨɩɬɢɦɿɡɚɰɿʀ ɫɢɫɬɟɦɢ ɭɩɪɚɜɥɿɧɧɹ ɩɪɨɰɟɫɨɦ ɜɢɬɪɢɦɤɢ 
ɡɚɥɿɡɨɛɟɬɨɧɧɨɝɨ ɜɢɪɨɛɭ ɪɨɡɪɨɛɥɟɧɨ ɛɥɨɤ-ɫɯɟɦɭ ɦɨɞɟɥɿ ( ɪɢɫ. 1) ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɩɚɤɟɬɭ ɩɪɨɝɪɚɦɢ MATLAB 2017, ɝɪɚɮiɱɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ Simulink.  

Ɋɟɡɭɥɶɬɚɬɢ ɦɨɞɟɥɸɜɚɧɧɹ ɧɚ ɪɢɫ. 2 
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Ɋɢɫɭɧɨɤ 1 – Ȼɥɨɤ-ɫɯɟɦɚ ɦɨɞɟɥɿ ɋȺɊ ɜɢɬɪɢɦɤɢ ɡɚɥɿɡɨɛɟɬɨɧɧɨɝɨ ɜɢɪɨɛɭ 
 

 
Ɋɢɫɭɧɨɤ 2 – ɉɟɪɟɯɿɞɧɢɣ ɩɪɨɰɟɫ:  

1 – ɞɨ ɨɩɬɢɦɿɡɚɰɿʀ ɫɢɫɬɟɦɢ; 2 – ɩɿɫɥɹ ɨɩɬɢɦɿɡɚɰɿʀ ɫɢɫɬɟɦɢ 
 

ɍ ɪɟɡɭɥɶɬɚɬɿ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɛɭɥɨ ɡɧɚɣɞɟɧɨ ɩɟɪɟɞɚɬɨɱɧɭ 
ɮɭɧɤɰɿɸ ɫɢɫɬɟɦɢ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ ɩɪɨɰɟɫɭ ɜɢɬɪɢɦɤɢ 
ɡɚɥɿɡɨɛɟɬɨɧɧɨɝɨ ɜɢɪɨɛɭ ɩɪɢ ɬɟɩɥɨɜɨɥɨɝɿɣ ɨɛɪɨɛɰɿ ɭ ɮɨɪɦɿɜɧɨɦɭ ɫɬɟɧɞɿ; 
ɪɨɡɪɨɛɥɟɧɚ ɿ ɪɟɚɥɿɡɨɜɚɧɚ ɛɥɨɤ-ɫɯɟɦɚ ɦɨɞɟɥɿ, ɡɞɿɣɫɧɟɧɨ ɪɟɝɭɥɸɜɚɧɧɹ 
ɬɟɦɩɟɪɚɬɭɪɢ, ɩɨɛɭɞɨɜɚɧɨ ɩɟɪɟɯɿɞɧɢɣ ɩɪɨɰɟɫ, ɩɪɨɜɟɞɟɧɨ ɨɩɬɢɦɿɡɚɰɿɸ 
ɫɢɫɬɟɦɢ. ɐɟ ɞɨɩɨɦɨɠɟ ɩɨɥɿɩɲɢɬɢ ɹɤɿɫɶ ɪɟɝɭɥɸɜɚɧɧɹ ɩɪɨɰɟɫɭ ɜɢɬɪɢɦɤɢ 
ɡɚɥɿɡɨɛɟɬɨɧɧɨɝɨ ɜɢɪɨɛɭ ɩɪɢ ɬɟɩɥɨɜɨɥɨɝɿɣ ɨɛɪɨɛɰɿ ɭ ɮɨɪɦɿɜɧɨɦɭ ɫɬɟɧɞɿ, 
ɡɦɟɧɲɢɬɢ ɜɢɬɪɚɬɢ ɬɟɩɥɨɧɨɫɿɹ. 
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