
Ɇɿɧɿɫɬɟɪɫɬɜɨ ɨɫɜɿɬɢ ɿ ɧɚɭɤɢ ɍɤɪɚʀɧɢ 

ɇɚɰɿɨɧɚɥьɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɜɨɞɧɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ ɬɚ 
ɩɪɢɪɨɞɨɤɨɪɢɫɬɭɜɚɧɧɹ 

ɇɚɜɱɚɥьɧɨ-ɧɚɭɤɨɜɢɣ ɿɧɫɬɢɬɭɬ ɚɜɬɨɦɚɬɢɤɢ, ɤɿɛɟɪɧɟɬɢɤɢ ɬɚ 
ɨɛɱɢɫɥɸɜɚɥьɧɨʀ ɬɟɯɧɿɤɢ 

 

Ʉɚɮɟɞɪɚ ɚɜɬɨɦɚɬɢɡɚɰɿʀ, ɟɥɟɤɬɪɨɬɟɯɧɿɱɧɢɯ ɬɚ ɤɨɦɩ’ɸɬɟɪɧɨ-

ɿɧɬɟɝɪɨɜɚɧɢɯ ɬɟɯɧɨɥɨɝɿɣ 

 

04-03-216 
 

 

ɆȿТɈȾɂЧɇІ ȼɄАɁІȼɄɂ 

ɞɨ ɥɚɛɨɪɚɬɨɪɧɢɯ ɪɨɛɿɬ ɿɡ ɧɚɜɱɚɥьɧɨʀ ɞɢɫɰɢɩɥɿɧɢ 

«ȱɧɬɟɥɟɤɬɭɚɥьɧɿ ɫɢɫɬɟɦɢ ɭɩɪɚɜɥɿɧɧɹ» (ɑɚɫɬɢɧɚ 2) 

 

ɞɥɹ ɡɞɨɛɭɜɚɱɿɜ ɜɢɳɨʀ ɨɫɜɿɬɢ ɞɪɭɝɨɝɨ (ɦɚɝɿɫɬɟɪɫьɤɨɝɨ) ɪɿɜɧɹ 

ɡɚ ɫɩɟɰɿɚɥьɧɿɫɬɸ 151 «Аɜɬɨɦɚɬɢɡɚɰɿɹ ɬɚ ɤɨɦɩ’ɸɬɟɪɧɨ-

ɿɧɬɟɝɪɨɜɚɧɿ ɬɟɯɧɨɥɨɝɿʀ» 

ɞɟɧɧɨʀ ɬɚ ɡɚɨɱɧɨʀ ɮɨɪɦ ɧɚɜɱɚɧɧɹ 

 

 

 
Ɋɟɤɨɦɟɧɞɨɜɚɧɨ ɧɚɭɤɨɜɨ-ɦɟɬɨɞɢɱɧɨɸ 
ɤɨɦɿɫɿєɸ ɡɿ ɫɩɟɰɿɚɥьɧɨɫɬɿ 151 
«Аɜɬɨɦɚɬɢɡɚɰɿɹ ɬɚ ɤɨɦɩ’ɸɬɟɪɧɨ-

ɿɧɬɟɝɪɨɜɚɧɿ ɬɟɯɧɨɥɨɝɿʀ» 
ɉɪɨɬɨɤɨɥ № 9 ɜɿɞ 24 ɱɟɪɜɧɹ 2019 ɪ. 
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Ɇɟɬɨɞɢɱɧɿ ɜɤɚɡɿɜɤɢ ɞɨ ɥɚɛɨɪɚɬɨɪɧɢɯ ɪɨɛɿɬ ɡ ɧɚɜɱɚɥьɧɨʀ 
ɞɢɫɰɢɩɥɿɧɢ «ȱɧɬɟɥɟɤɬɭɚɥьɧɿ ɫɢɫɬɟɦɢ ɭɩɪɚɜɥɿɧɧɹ» (ɑɚɫɬɢɧɚ 
2) ɞɥɹ ɡɞɨɛɭɜɚɱɿɜ ɜɢɳɨʀ ɨɫɜɿɬɢ ɞɪɭɝɨɝɨ (ɦɚɝɿɫɬɟɪɫьɤɨɝɨ) 
ɪɿɜɧɹ ɡɚ ɫɩɟɰɿɚɥьɧɿɫɬɸ 151 «Аɜɬɨɦɚɬɢɡɚɰɿɹ ɬɚ 
ɤɨɦɩ’ɸɬɟɪɧɨ-ɿɧɬɟɝɪɨɜɚɧɿ ɬɟɯɧɨɥɨɝɿʀ» ɇɍȼȽɉ ɞɟɧɧɨʀ ɬɚ 
ɡɚɨɱɧɨʀ ɮɨɪɦɢ ɧɚɜɱɚɧɧɹ / ɋɬɟɰь ɋ. Є. – Ɋɿɜɧɟ : ɇɍȼȽɉ, 
2019. – 18 ɫ.  
 

 

 

 

ɍɤɥɚɞɚɱ: ɋɬɟɰь ɋ. Є., ɤɚɧɞɢɞɚɬ ɬɟɯɧɿɱɧɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ 

ɤɚɮɟɞɪɢ ɚɜɬɨɦɚɬɢɡɚɰɿʀ, ɟɥɟɤɬɪɨɬɟɯɧɿɱɧɢɯ ɬɚ ɤɨɦɩ’ɸɬɟɪɧɨ-

ɿɧɬɟɝɪɨɜɚɧɢɯ ɬɟɯɧɨɥɨɝɿɣ.  

 

 

 

 

ȼɿɞɩɨɜɿɞɚɥьɧɢɣ ɡɚ ɜɢɩɭɫɤ: Ⱦɪɟɜɟɰьɤɢɣ ȼ. ȼ., ɞɨɤɬɨɪ 
ɬɟɯɧɿɱɧɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɨɪ, ɡɚɜɿɞɭɜɚɱ ɤɚɮɟɞɪɢ 
ɚɜɬɨɦɚɬɢɡɚɰɿʀ, ɟɥɟɤɬɪɨɬɟɯɧɿɱɧɢɯ ɬɚ ɤɨɦɩ’ɸɬɟɪɧɨ-

ɿɧɬɟɝɪɨɜɚɧɢɯ ɬɟɯɧɨɥɨɝɿɣ.  
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Ʌɚɛɨɪɚɬɨɪɧɚ ɪɨɛɨɬɚ № 3 

ɉɟɪɫɟɩɬɪɨɧɢ ɿ ɨɞɧɨɲɚɪɨɜɿ ɩɟɪɫɟɩɬɪɨɧɧɿ ɧɟɣɪɨɧɧɿ ɦɟɪɟɠɿ 
 

Ɇɟɬɚ ɪɨɛɨɬɢ 
ȼɢɜɱɢɬɢ ɦɨɞɟɥь ɧɟɣɪɨɧɚ ɩɟɪɫɟɩɬɪɨɧɚ ɿ ɚɪɯɿɬɟɤɬɭɪɭ 

ɩɟɪɫɟɩɬɪɨɧɧɨʀ ɨɞɧɨɲɚɪɨɜɨʀ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ. ɋɬɜɨɪɢɬɢ ɿ 
ɞɨɫɥɿɞɢɬɢ ɦɨɞɟɥь ɩɟɪɫɟɩɬɪɨɧɧɢɯ ɧɟɣɪɨɧɧɢɯ ɦɟɪɟɠ ɜ ɫɢɫɬɟɦɿ 
MATLAB.  

 

Тɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ 
ɉɟɪɫɟɩɬɪɨɧɨɦ ɧɚɡɢɜɚєɬьɫɹ ɧɚɣɩɪɨɫɬɿɲɚ ɧɟɣɪɨɧɧɚ ɦɟɪɟɠɚ, 

ɜɚɝɢ ɿ ɡɦɿɳɟɧɧɹ ɹɤɨʀ ɦɨɠɭɬь ɛɭɬɢ ɧɚɥɚɲɬɨɜɚɧɿ ɬɚɤɢɦ ɱɢɧɨɦ, 
ɳɨɛ ɜɢɪɿɲɢɬɢ  ɡɚɞɚɱɭ ɤɥɚɫɢɮɿɤɚɰɿʀ ɜɯɿɞɧɢɯ ɜɟɤɬɨɪɿɜ. Зɚɞɚɱɿ 
ɤɥɚɫɢɮɿɤɚɰɿʀ ɞɨɡɜɨɥɹɸɬь ɪɨɡɜ’ɹɡɭɜɚɬɢ ɫɤɥɚɞɧɿ ɩɪɨɛɥɟɦɢ ɚɧɚɥɿɡɭ 
ɤɨɦɭɬɚɰɿɣɧɢɯ ɡ'єɞɧɚɧь, ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɨɛɪɚɡɿɜ ɬɚ ɿɧɲɢɯ ɡɚɞɚɱ 
ɤɥɚɫɢɮɿɤɚɰɿʀ ɡ ɜɢɫɨɤɨɸ ɲɜɢɞɤɨɞɿєɸ ɿ ɝɚɪɚɧɬɿєɸ ɩɪɚɜɢɥьɧɨɝɨ 
ɪɟɡɭɥьɬɚɬɭ. 

Аɪɯɿɬɟкɬɭɪа ɩɟɪɫɟɩɬɪɨɧа.  

ɇɟɣɪɨɧ ɩɟɪɫɟɩɬɪɨɧɚ. ɇɟɣɪɨɧ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭєɬьɫɹ ɜ ɦɨɞɟɥɿ 
ɩɟɪɫɟɩɬɪɨɧɚ, ɦɚє ɫɬɭɩɿɧɱɚɫɬɭ ɮɭɧɤɰɿɸ ɚɤɬɢɜɚɰɿʀ hardlim ɡ 
ɠɨɪɫɬɤɢɦɢ ɨɛɦɟɠɟɧɧɹɦɢ (ɪɢɫ. 3.1). 

Ʉɨɠɧɟ ɡɧɚɱɟɧɧɹ ɟɥɟɦɟɧɬɚ ɜɟɤɬɨɪɚ ɜɯɨɞɭ ɩɟɪɫɟɩɬɪɨɧɚ 
ɩɨɦɧɨɠɟɧɟ ɧɚ ɜɿɞɩɨɜɿɞɧɭ ɜɚɝɭ w1j, ɿ ɫɭɦɚ ɨɬɪɢɦɚɧɢɯ ɡɜɚɠɟɧɢɯ 
ɟɥɟɦɟɧɬɿɜ є ɜɯɨɞɨɦ ɮɭɧɤɰɿʀ ɚɤɬɢɜɚɰɿʀ.  

əɤɳɨ ɜɯɿɞ ɮɭɧɤɰɿʀ ɚɤɬɢɜɚɰɿʀ n ≥ 0, ɬɨ ɧɟɣɪɨɧ ɩɟɪɫɟɩɬɪɨɧɚ 
ɩɨɜɟɪɬɚє 1, ɹɤɳɨ n <0, ɬɨ 0.  

Ɏɭɧɤɰɿɹ ɚɤɬɢɜɚɰɿʀ ɡ ɠɨɪɫɬɤɢɦɢ ɨɛɦɟɠɟɧɧɹɦɢ ɧɚɞɚє 
ɩɟɪɫɟɩɬɪɨɧɭ ɡɞɚɬɧɿɫɬь ɤɥɚɫɢɮɿɤɭɜɚɬɢ ɜɟɤɬɨɪɢ ɜɯɨɞɭ, ɪɨɡɞɿɥɹɸɱɢ 
ɩɪɨɫɬɿɪ ɜɯɨɞɿɜ ɧɚ ɞɜɿ ɨɛɥɚɫɬɿ, ɹɤ ɰɟ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 3.2, ɞɥɹ 
ɩɟɪɫɟɩɬɪɨɧɚ ɡ ɞɜɨɦɚ ɜɯɨɞɚɦɢ ɿ ɡɦɿɳɟɧɧɹɦ. 

ɉɪɨɫɬɿɪ ɜɯɨɞɿɜ ɞɿɥɢɬьɫɹ ɧɚ ɞɜɿ ɨɛɥɚɫɬɿ ɥɿɧɿєɸ L, ɹɤɚ ɞɥɹ 
ɞɜɨɜɢɦɿɪɧɨɝɨ ɜɢɩɚɞɤɭ ɡɚɞɚєɬьɫɹ ɪɿɜɧɹɧɧɹɦ 

W
Ɍ

ɪ+b=0    (1) 

ɐɹ ɥɿɧɿɹ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɞɨ ɜɟɤɬɨɪɚ ɜɚɝ w ɿ ɡɦɿɳɟɧɚ ɧɚ 
ɜɟɥɢɱɢɧɭ b. 
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Ɋɢɫ.3.1. Ɇɨɞɟɥь ɩɟɪɫɟɩɬɪɨɧɚ 

 

 
Ɋɢɫ. 3.2. Ƚɪɚɮɿɤ ɮɭɧɤɰɿʀ ɚɤɬɢɜɚɰɿʀ 

 

       
      



5 
 

ȼɟɤɬɨɪɢ ɜɯɨɞɭ ɜɢɳɟ ɥɿɧɿʀ L ɜɿɞɩɨɜɿɞɚɸɬь ɩɨɡɢɬɢɜɧɨɦɭ 
ɩɨɬɟɧɰɿɚɥɭ ɧɟɣɪɨɧɚ, ɿ, ɜɿɞɩɨɜɿɞɧɨ, ɜɢɯɿɞ ɩɟɪɫɟɩɬɪɨɧɚ ɞɥɹ ɰɢɯ 
ɜɟɤɬɨɪɿɜ ɛɭɞɟ ɞɨɪɿɜɧɸɜɚɬɢ 1; ɜɟɤɬɨɪɢ ɜɯɨɞɭ ɧɢɠɱɟ ɥɿɧɿʀ L 
ɜɿɞɩɨɜɿɞɚɸɬь ɜɢɯɨɞɭ ɩɟɪɫɟɩɬɪɨɧɚ, ɪɿɜɧɨɦɭ 0. 

ɉɪɢ ɡɦɿɧɿ ɡɧɚɱɟɧь ɡɫɭɜɭ ɿ ɜɚɝ ɦɟɠɚ ɥɿɧɿʀ L ɡɦɿɧɸє ɫɜɨє 
ɩɨɥɨɠɟɧɧɹ.  

ɉɟɪɫɟɩɬɪɨɧ ɛɟɡ ɡɦɿɳɟɧɧɹ ɡɚɜɠɞɢ ɮɨɪɦɭє ɪɨɡɞɿɥьɧɭ ɥɿɧɿɸ, ɳɨ 
ɩɪɨɯɨɞɢɬь ɱɟɪɟɡ ɩɨɱɚɬɨɤ ɤɨɨɪɞɢɧɚɬ; ɞɨɞɚɜɚɧɧɹ ɡɫɭɜɭ ɮɨɪɦɭє 
ɥɿɧɿɸ, ɹɤɚ ɧɟ ɩɪɨɯɨɞɢɬь ɱɟɪɟɡ ɩɨɱɚɬɨɤ ɤɨɨɪɞɢɧɚɬ, ɹɤ ɰɟ ɩɨɤɚɡɚɧɨ 
ɧɚ ɪɢɫ. 3.2.  

ɍ ɪɚɡɿ, ɤɨɥɢ ɪɨɡɦɿɪɧɿɫɬь ɜɟɤɬɨɪɚ ɜɯɨɞɭ ɩɟɪɟɜɢɳɭє 2, ɬɨɛɬɨ 
ɜɯɿɞɧɢɣ ɜɟɤɬɨɪ Ɋ ɦɚє ɛɿɥьɲɟ ɧɿɠ 2 ɟɥɟɦɟɧɬɢ, ɪɨɡɞɿɥьɧɨɸ 

ɝɪɚɧɢɰɟɸ ɫɥɭɠɢɬɢɦɟ ɝɿɩɟɪɩɥɨɳɢɧɚ. 
Аɪɯɿɬɟкɬɭɪа ɦɟɪɟɠɿ. 
ɉɟɪɫɟɩɬɪɨɧ ɫɤɥɚɞɚєɬьɫɹ ɡ єɞɢɧɨɝɨ ɲɚɪɭ, ɳɨ ɜɤɥɸɱɚє S 

ɧɟɣɪɨɧɿɜ, ɹɤ ɰɟ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 3.3, ɚ ɿ ɛ ɭ ɜɢɝɥɹɞɿ ɪɨɡɝɨɪɧɭɬɨʀ ɿ 
ɭɤɪɭɩɧɟɧɨʀ ɫɬɪɭɤɬɭɪɧɢɯ ɫɯɟɦ ɜɿɞɩɨɜɿɞɧɨ. 

ȼɚɝɢ wij - ɰɟ ɤɨɟɮɿɰɿєɧɬɢ ɩɟɪɟɞɚɱɿ ɜɿɞ j-ɝɨ ɜɯɨɞɭ ɞɨ i-ɝɨ 
ɧɟɣɪɨɧɚ.  

Ɋɿɜɧɹɧɧɹ ɨɞɧɨɲɚɪɨɜɨɝɨ ɩɟɪɫɟɩɬɪɨɧɚ ɦɚє ɜɢɝɥɹɞ  
a = f (Wp + b). 

 
Ɋɢɫ. 3.3. ɋɬɪɭɤɬɭɪɧɿ ɫɯɟɦɢ ɩɟɪɫɟɩɬɪɨɧɚ 

 

       
      



6 
 

Ɇɨɞɟɥь ɩɟɪɫɟɩɬɪɨɧɚ. Ⱦɥɹ ɮɨɪɦɭɜɚɧɧɹ ɦɨɞɟɥɿ ɨɞɧɨɲɚɪɨɜɨɝɨ 
ɩɟɪɫɟɩɬɪɨɧɚ ɜ ɫɢɫɬɟɦɿ MATLAB ɩɪɢɡɧɚɱɟɧɚ ɮɭɧɤɰɿɹ newp.  

net = newp(PR, S) ɡ ɧɚɫɬɭɩɧɢɦɢ ɜɯɿɞɧɢɦɢ ɚɪɝɭɦɟɧɬɚɦɢ:  
PR - ɦɚɫɢɜ ɦɿɧɿɦɚɥьɧɢɯ ɿ ɦɚɤɫɢɦɚɥьɧɢɯ ɡɧɚɱɟɧь ɞɥɹ R 

ɟɥɟɦɟɧɬɿɜ ɜɯɨɞɭ ɪɨɡɦɿɪɭ Rx2;  
S - ɱɢɫɥɨ ɧɟɣɪɨɧɿɜ ɜ ɲɚɪɿ.  
ɇɚɩɪɢɤɥɚɞ, ɮɭɧɤɰɿɹ net = newp([0 2], 1); ɫɬɜɨɪɸє ɩɟɪɫɟɩɬɪɨɧ 

ɡ ɨɞɧɨɟɥɟɦɟɧɬɧɢɦ ɜɯɨɞɨɦ ɿ ɨɞɧɢɦ ɧɟɣɪɨɧɨɦ; ɞɿɚɩɚɡɨɧ ɡɧɚɱɟɧь 
ɜɯɨɞɭ - [0 2].  

ȼ ɹɤɨɫɬɿ ɮɭɧɤɰɿʀ ɚɤɬɢɜɚɰɿʀ ɩɟɪɫɟɩɬɪɨɧɚ ɡɚ ɡɚɦɨɜɱɭɜɚɧɧɹɦ 
ɜɢɤɨɪɢɫɬɨɜɭєɬьɫɹ ɮɭɧɤɰɿɹ hardlim.  

Ɇɨɞɟɥɸɜɚɧɧɹ ɩɟɪɫɟɩɬɪɨɧɚ. Ɋɨɡɝɥɹɧɟɦɨ ɨɞɧɨɲɚɪɨɜɢɣ 
ɩɟɪɫɟɩɬɪɨɧ ɡ ɨɞɧɢɦ ɞɜɨɟɥɟɦɟɧɬɧɢɦ ɜɟɤɬɨɪɨɦ ɜɯɨɞɭ, ɡɧɚɱɟɧɧɹ 
ɟɥɟɦɟɧɬɿɜ ɹɤɨɝɨ ɡɦɿɧɸɸɬьɫɹ ɜ ɞɿɚɩɚɡɨɧɿ ɜɿɞ -2 ɞɨ +2 (ɪ1 = [-2 2], 

ɪ2 = [-2 2], ɱɢɫɥɨ ɧɟɣɪɨɧɿɜ ɜ ɦɟɪɟɠɿ S = 1): 
clear, net = newp ([- 2 2-; -2 2], 1);% Сɬɜɨɪɟɧɧɹ ɩɟɪɫɟɩɬɪɨɧɚ net.  

Зɚ ɡɚɦɨɜɱɭɜɚɧɧɹɦ ɜɚɝɢ ɿ ɡɦɿɳɟɧɧɹ ɞɨɪɿɜɧɸɸɬь ɧɭɥɸ, ɿ ɞɥɹ 
ɬɨɝɨ, ɳɨɛ ɜɫɬɚɧɨɜɢɬɢ ɛɚɠɚɧɿ ɡɧɚɱɟɧɧɹ, ɧɟɨɛɯɿɞɧɨ ɡɚɫɬɨɫɭɜɚɬɢ 
ɬɚɤɿ ɨɩɟɪɚɬɨɪɢ:  

net.IW {1,1} = [-1 1]; %    ȼɚɝɢ 
11
w  = -1; 

12
w  = 1  

net.b {1} = [1]; %              Зɦɿɳɟɧɧɹ b = 1  
Зɚɩɢɲɟɦɨ ɪɿɜɧɹɧɧɹ (1) ɜ ɪɨɡɝɨɪɧɭɬɨɦɭ ɜɢɝɥɹɞɿ ɞɥɹ ɞɚɧɨʀ 

ɦɟɪɟɠɿ: 

 
ȼ ɰьɨɦɭ ɜɢɩɚɞɤɭ ɪɨɡɞɿɥьɧɚ ɥɿɧɿɹ ɦɚє ɜɢɝɥɹɞ  L: -p1 + p2 + 1 = 

0 ɿ ɜɿɞɩɨɜɿɞɚє ɥɿɧɿʀ L ɧɚ ɪɢɫ. 3.2.  

ȼɢɡɧɚɱɢɦɨ ɪɟɚɤɰɿɸ ɦɟɪɟɠɿ ɧɚ ɜɯɿɞɧɿ ɜɟɤɬɨɪɢ ɪ1 ɿ ɪ2, 

ɪɨɡɬɚɲɨɜɚɧɿ ɩɨ ɪɿɡɧɿ ɫɬɨɪɨɧɢ ɜɿɞ ɪɨɡɞɿɥьɧɨʀ ɥɿɧɿʀ:  
p1 = [1; 1]; 

a1 = sim (net, p1% Ɇɨɞɟɥɸɜɚɧɧɹ ɦɟɪɟɠɿ net ɡ ɜɯɿɞɧɢɦ 
ɜɟɤɬɨɪɨɦ p1  
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a1 = 1  

p2 = [1; -1];  

a2 = sim (net, p2)% Ɇɨɞɟɥɸɜɚɧɧɹ ɦɟɪɟɠɿ net ɡ ɜɯɿɞɧɢɦ 
ɜɟɤɬɨɪɨɦ p2  

a2 =  0  

ɉɟɪɫɟɩɬɪɨɧ ɩɪɚɜɢɥьɧɨ ɤɥɚɫɢɮɿɤɭɜɚɜ ɰɿ ɞɜɚ ɜɟɤɬɨɪɢ. 
Зɚɭɜɚɠɢɦɨ, ɳɨ ɦɨɠɧɚ ɛɭɥɨ ɛ ɜɜɟɫɬɢ ɩɨɫɥɿɞɨɜɧɿɫɬь ɞɜɨɯ ɜɟɤɬɨɪɿɜ 
ɭ ɜɢɝɥɹɞɿ ɦɚɫɢɜɭ ɤɨɦɿɪɨɤ ɿ ɨɬɪɢɦɚɬɢ ɪɟɡɭɥьɬɚɬ ɬɚɤɨɠ ɭ ɜɢɝɥɹɞɿ 
ɦɚɫɢɜɭ ɤɨɦɿɪɨɤ  

p3 = {[1; 1] [1; -1]}  
a3 = sim (net, p3)% Ɇɨɞɟɥɸɜɚɧɧɹ ɦɟɪɟɠɿ net ɩɪɢ ɜɯɿɞɧɨɦɭ 

ɫɢɝɧɚɥɿ p3  

p3 = [2x1 double] [2x1 double]  
a3 = [1] [0] 

Іɧɿɰɿɚɥɿɡɚɰɿɹ ɩɚɪɚɦɟɬɪɿɜ. Ⱦɥɹ ɨɞɧɨɲɚɪɨɜɨɝɨ ɩɟɪɫɟɩɬɪɨɧɚ ɜ 
ɹɤɨɫɬɿ ɩɚɪɚɦɟɬɪɿɜ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɜ ɡɚɝɚɥьɧɨɦɭ ɜɢɩɚɞɤɭ 
ɜɢɫɬɭɩɚɸɬь ɜɚɝɢ ɜɯɨɞɿɜ ɿ ɡɫɭɜɭ. ɉɪɢɩɭɫɬɢɦɨ, ɳɨ ɫɬɜɨɪɸєɬьɫɹ 
ɩɟɪɫɟɩɬɪɨɧ ɡ ɞɜɨɟɥɟɦɟɧɬɧɢɦ ɜɟɤɬɨɪɨɦ ɜɯɨɞɭ ɿ ɨɞɧɢɦ ɧɟɣɪɨɧɨɦ  

clear, net = newp ([- 2 2-; -2 2], 1);  

Зɚɩɢɬɚєɦɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɚɝ ɜɯɨɞɭ  
net.inputweights {1, 1}  

ans =  

delays: 0  
initFcn: 'initzero'  

learn: 1  

learnFcn: 'learnp'  

learnParam: []  
size: [1 2]  

userdata: [1x1 struct]  

weightFcn: 'dotprod'  
З ɰьɨɝɨ ɫɩɢɫɤɭ ɫɥɿɞɭє, ɳɨ ɜ ɹɤɨɫɬɿ ɮɭɧɤɰɿʀ ɿɧɿɰɿɚɥɿɡɚɰɿʀ ɡɚ 

ɡɚɦɨɜɱɭɜɚɧɧɹɦ ɜɢɤɨɪɢɫɬɨɜɭєɬьɫɹ ɮɭɧɤɰɿɹ initzero, ɹɤɚ ɩɪɢɫɜɨɸє 
ɜɚɝɚɦ ɜɯɨɞɭ ɧɭɥьɨɜɿ ɡɧɚɱɟɧɧɹ. ȼ ɰьɨɦɭ ɦɨɠɧɚ ɩɟɪɟɤɨɧɚɬɢɫɹ, 
ɜɢɬɹɝɧɭɜɲɢ ɡɧɚɱɟɧɧɹ ɟɥɟɦɟɧɬɿɜ ɦɚɬɪɢɰɿ ɜɚɝ ɿ ɡɫɭɜɭ:  

wts = net.IW {1,1}, bias = net.b {1}  

wts = 0 0  

bias = 0  
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Ɍɟɩɟɪ ɜɫɬɚɧɨɜɢɦɨ ɧɨɜɿ ɡɧɚɱɟɧɧɹ ɟɥɟɦɟɧɬɿɜ ɦɚɬɪɢɰɿ ɜɚɝ ɿ 
ɡɫɭɜɭ: 

net.IW{1,1} = [3, 4]; net.b{1} = 5;  
wts = net.IW{1,1}, bias = net.b{1}    

wts =     3     4  

bias =    5 
Ⱦɥɹ ɬɨɝɨ ɳɨɛ ɩɨɜɟɪɧɭɬɢɫɹ ɞɨ ɩɨɩɟɪɟɞɧɿɯ ɧɚɥɚɲɬɭɜɚɧь 

ɩɚɪɚɦɟɬɪɿɜ ɩɟɪɫɟɩɬɪɨɧɚ, ɩɪɢɡɧɚɱɟɧɚ ɮɭɧɤɰɿɹ init: 
net = init(net); wts = net.IW{1,1}, bias = net.b{1}    

wts =      0     0 
bias =     0 

Ɇɨɠɧɚ ɡɦɿɧɢɬɢ ɫɩɨɫɿɛ, ɹɤɢɦ ɿɧɿɰɿɚɥɿɡɭєɬьɫɹ ɩɟɪɫɟɩɬɪɨɧ ɡ 
ɞɨɩɨɦɨɝɨɸ ɮɭɧɤɰɿʀ init. Ⱦɥɹ ɰьɨɝɨ ɞɨɫɬɚɬɧьɨ ɡɦɿɧɢɬɢ ɬɢɩ 
ɮɭɧɤɰɿɣ ɿɧɿɰɿɚɥɿɡɚɰɿʀ, ɹɤɿ ɡɚɫɬɨɫɨɜɭɸɬьɫɹ ɞɥɹ ɜɫɬɚɧɨɜɥɟɧɧɹ 
ɩɨɱɚɬɤɨɜɢɯ ɡɧɚɱɟɧь ɜɚɝ ɜɯɨɞɿɜ ɿ ɡɫɭɜɿɜ. ɇɚɩɪɢɤɥɚɞ, 
ɫɤɨɪɢɫɬɚєɦɨɫɹ ɮɭɧɤɰɿєɸ ɿɧɿɰɿɚɥɿɡɚɰɿʀ rands, ɹɤɚ ɜɫɬɚɧɨɜɥɸє 
ɜɢɩɚɞɤɨɜɿ ɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɩɟɪɫɟɩɬɪɨɧɚ:  

% Зɚɞɚɬɢ ɮɭɧɤɰɿʀ ɿɧɿɰɿɚɥɿɡɚɰɿʀ ɜɚɝ ɿ ɡɫɭɜɿɜ  
net.inputweights {1,1} .initFcn = 'rands';  

net.biases {1} .initFcn = 'rands';  
% ȼɢɤɨɧɚɬɢ ɿɧɿɰɿɚɥɿɡɚɰɿɸ ɪɚɧɿɲɟ ɫɬɜɨɪɟɧɨʀ ɦɟɪɟɠɿ ɡ ɧɨɜɢɦɢ 

ɮɭɧɤɰɿɹɦɢ  
net = init (net);  
wts = net.IW {1,1}, bias = net.b {1}  

wts = -0.1886 0.8709  

bias = -0.6475  

ȼɢɞɧɨ, ɳɨ ɜɚɝɢ ɿ ɡɦɿɳɟɧɧɹ ɨɛɪɚɧɿ ɜɢɩɚɞɤɨɜɨ. 
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ɉɨɪяɞɨɤ ɜɢɤɨɧɚɧɧя ɪɨɛɨɬɢ 

1. Ⱦɥɹ ɡɚɞɚɧɨɝɨ ɜɢɤɥɚɞɚɱɟɦ ɜɚɪɿɚɧɬɚ (ɬɚɛɥ. 3.1.) ɪɨɡɪɨɛɢɬɢ 
ɫɬɪɭɤɬɭɪɧɭ ɫɯɟɦɭ ɩɟɪɫɟɩɬɪɨɧɧɨʀ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ.  

2. Ɋɨɡɪɨɛɢɬɢ ɚɥɝɨɪɢɬɦ ɫɬɜɨɪɟɧɧɹ ɿ ɦɨɞɟɥɸɜɚɧɧɹ 
ɩɟɪɫɟɩɬɪɨɧɧɨʀ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ.  

3. Ɋɟɚɥɿɡɭɜɚɬɢ ɪɨɡɪɨɛɥɟɧɢɣ ɚɥɝɨɪɢɬɦ ɜ ɫɢɫɬɟɦɿ MATLAB.  
4. ȼɢɡɧɚɱɢɬɢ ɩɚɪɚɦɟɬɪɢ ɫɬɜɨɪɟɧɨʀ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ (ɜɚɝɢ ɿ 

ɡɦɿɳɟɧɧɹ) ɿ ɩɟɪɟɜɿɪɢɬɢ ɩɪɚɜɢɥьɧɿɫɬь ɪɨɛɨɬɢ ɦɟɪɟɠɿ ɞɥɹ 
ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɜɯɿɞɧɢɯ ɜɟɤɬɨɪɿɜ (ɧɟ ɦɟɧɲɟ 5).  

5. ɉɨɛɭɞɭɜɚɬɢ ɝɪɚɮɿɤ, ɚɧɚɥɨɝɿɱɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɨɦɭ ɧɚ ɪɢɫ. 
2.1, ɞɥɹ ɫɜɨʀɯ ɜɢɯɿɞɧɢɯ ɞɚɧɢɯ.  

6. ɉɟɪɟɭɫɬɚɧɨɜɢɬɢ ɡɧɚɱɟɧɧɹ ɦɚɬɪɢɰь ɜɚɝ ɿ ɡɦɿɳɟɧь ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɪɨɡɝɥɹɧɭɬɢɯ ɮɭɧɤɰɿɣ ɿɧɿɰɿɚɥɿɡɚɰɿʀ.  

7. Ɋɨɡɞɪɭɤɭɜɚɬɢ ɬɟɤɫɬ ɩɪɨɝɪɚɦɢ.  
Ɍɚɛɥ. 3.1. 

ɇɨɦɟɪ 
ɜɚɪɿɚɧɬɚ 

Ʉɿɥьɤɿɫɬь 
ɜɯɨɞɿɜ 

Ⱦɿɚɩɚɡɨɧ 
ɡɧɚɱɟɧь 
ɜɢɯɨɞɿɜ 

Ʉɿɥьɤɿɫɬь 
ɧɟɣɪɨɧɿɜ ɜ 

ɲɚɪɿ 
1 2 –9…+9 3 
2 2 –7…+7 2 
3 2 –5…+5 3 
4 2 –3…+3 2 
5 2 –6…+6 3 
6 2 –3…+3 2 
7 2 –1…+1 3 
8 2 –4…+4 2 
9 2 –2…+2 3 

10 2 –8…+8 2 
 

Зɚ ɪɟɡɭɥьɬɚɬɚɦɢ ɜɢɤɨɧɚɧɧɹ ɥɚɛɨɪɚɬɨɪɧɨʀ ɪɨɛɨɬɢ ɫɤɥɚɫɬɢ ɡɜɿɬ, 
ɹɤɢɣ ɩɨɜɢɧɟɧ ɦɿɫɬɢɬɢ:  

- Ɇɟɬɭ ɥɚɛɨɪɚɬɨɪɧɨʀ ɪɨɛɨɬɢ;  
- ɋɬɪɭɤɬɭɪɧɭ ɫɯɟɦɭ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ;  
- Аɥɝɨɪɢɬɦ, ɬɟɤɫɬ ɩɪɨɝɪɚɦɢ ɿ ɝɪɚɮɿɤ;  
- ȼɢɫɧɨɜɤɢ. 
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Ʉɨɧɬɪɨɥьɧɿ ɩɢɬɚɧɧя 

1. ɓɨ ɧɚɡɢɜɚɸɬь ɩɟɪɫɟɩɬɪɨɧɨɦ? 

2. əɤɭ ɫɬɭɩɿɧɱɚɫɬɭ ɮɭɧɤɰɿɸ ɚɤɬɢɜɚɰɿʀ ɦɚє ɧɟɣɪɨɧ, ɳɨ 
ɜɢɤɨɪɢɫɬɨɜɭєɬьɫɹ ɜ ɦɨɞɟɥɿ ɩɟɪɫɟɩɬɪɨɧɚ? 

3. ɓɨ є ɜɯɨɞɨɦ ɮɭɧɤɰɿʀ ɚɤɬɢɜɚɰɿʀ ɧɟɣɪɨɧɚ ɩɟɪɫɟɩɬɪɨɧɚ? 

4. ɓɨ ɧɚɞɚє ɩɟɪɫɟɩɬɪɨɧɭ ɮɭɧɤɰɿɹ ɚɤɬɢɜɚɰɿʀ ɡ ɠɨɪɫɬɤɢɦɢ 
ɨɛɦɟɠɟɧɧɹɦɢ? 

5. ɑɢɦ є ɪɨɡɞɿɥьɧɚ ɝɪɚɧɢɰɹ ɩɟɪɫɟɩɬɪɨɧɚ, ɤɨɥɢ ɪɨɡɦɿɪɧɿɫɬь 
ɜɟɤɬɨɪɚ ɜɯɨɞɭ ɩɟɪɟɜɢɳɭє 2?  

6. Зɚɩɢɲɿɬь ɪɿɜɧɹɧɧɹ ɨɞɧɨɲɚɪɨɜɨɝɨ ɩɟɪɫɟɩɬɪɨɧɚ. 
7. əɤɚ ɮɭɧɤɰɿɹ ɩɪɢɡɧɚɱɟɧɚ ɞɥɹ ɮɨɪɦɭɜɚɧɧɹ ɦɨɞɟɥɿ 

ɨɞɧɨɲɚɪɨɜɨɝɨ ɩɟɪɫɟɩɬɪɨɧɚ ɜ ɫɢɫɬɟɦɿ MATLAB? 

8. əɤɚ ɮɭɧɤɰɿɹ ɩɪɢɡɧɚɱɟɧɚ ɞɥɹ ɩɨɜɟɪɧɟɧɧɹ ɞɨ ɩɨɩɟɪɟɞɧɿɯ 
ɧɚɥɚɲɬɭɜɚɧь ɩɚɪɚɦɟɬɪɿɜ ɩɟɪɫɟɩɬɪɨɧɚ? 

9. əɤɚ ɮɭɧɤɰɿɹ ɜɫɬɚɧɨɜɥɸє ɜɢɩɚɞɤɨɜɿ ɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ 
ɩɟɪɫɟɩɬɪɨɧɚ? 
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Ʌɚɛɨɪɚɬɨɪɧɚ ɪɨɛɨɬɚ №4 

Ɇɨɞɟɥь ɧɟɣɪɨɧɚ. Ƚɪɚɮɿɱɧɚ ɜɿɡɭɚɥɿɡɚɰɿя ɪɨɡɪɚɯɭɧɤɿɜ ɜ 
ɫɢɫɬɟɦɿ MATLAB 

 

Ɇɟɬɚ ɪɨɛɨɬɢ 

ȼɢɜɱɢɬɢ ɫɬɪɭɤɬɭɪɧɿ ɫɯɟɦɢ ɦɨɞɟɥɿ ɧɟɣɪɨɧɚ ɿ ɡɚɫɨɛɿɜ ɫɢɫɬɟɦɢ 
MATLAB, ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬьɫɹ ɞɥɹ ɩɨɛɭɞɨɜɢ ɝɪɚɮɿɤɿɜ ɮɭɧɤɰɿɣ 
ɚɤɬɢɜɚɰɿʀ ɧɟɣɪɨɧɚ.  

 

Тɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ 
ɉɪɨɫɬɢɣ ɧɟɣɪɨɧ. ȿɥɟɦɟɧɬɚɪɧɨɸ ɱɚɫɬɢɧɤɨɸ ɧɟɣɪɨɧɧɨʀ 

ɦɟɪɟɠɿ є ɧɟɣɪɨɧ. ɋɬɪɭɤɬɭɪɚ ɧɟɣɪɨɧɚ ɡ єɞɢɧɢɦ ɫɤɚɥɹɪɧɢɦ 
ɜɯɨɞɨɦ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 4.1, ɚ. 
 ȼɯɿɞ   ɇɟɣɪɨɧ ɛɟɡ ɡɦɿɳɟɧɧɹ             ȼɯɿɞ     ɇɟɣɪɨɧ ɡɿ ɡɦɿɳɟɧɧɹɦ 

 
                     ɚ                                                        ɛ 

Ɋɢɫ. 4.1. ɋɬɪɭɤɬɭɪɚ ɧɟɣɪɨɧɚ ɡ єɞɢɧɢɦ ɫɤɚɥɹɪɧɢɦ ɜɯɨɞɨɦ 

 
ɋɤɚɥɹɪɧɢɣ ɜɯɿɞɧɢɣ ɫɢɝɧɚɥ p ɦɧɨɠɢɬьɫɹ ɧɚ ɫɤɚɥɹɪɧɢɣ ɜɚɝɨɜɢɣ 

ɤɨɟɮɿɰɿєɧɬ w, ɿ ɪɟɡɭɥьɬɭɸɱɢɣ ɡɜɚɠɟɧɢɣ ɜɯɿɞ w · p є ɚɪɝɭɦɟɧɬɨɦ 
ɮɭɧɤɰɿʀ ɚɤɬɢɜɚɰɿʀ ɧɟɣɪɨɧɚ f, ɹɤɚ ɭɬɜɨɪɸє ɫɤɚɥɹɪɧɢɣ ɜɢɯɿɞ ɚ. 

ɇɟɣɪɨɧ, ɩɨɤɚɡɚɧɢɣ ɧɚ ɪɢɫ. 4.1, ɛ, ɞɨɩɨɜɧɟɧɢɣ ɫɤɚɥɹɪɧɢɦ 
ɡɦɿɳɟɧɧɹɦ b. Зɦɿɳɟɧɧɹ ɞɨɞɚєɬьɫɹ ɡɿ ɡɜɚɠɟɧɢɦ ɜɯɨɞɨɦ w · p ɿ 
ɩɪɢɡɜɨɞɢɬь ɞɨ ɡɦɿɳɟɧɧɹ ɚɪɝɭɦɟɧɬɭ ɮɭɧɤɰɿʀ f ɧɚ ɜɟɥɢɱɢɧɭ b. Ⱦɿɸ 

ɡɦɿɳɟɧɧɹ ɦɨɠɧɚ ɡɜɟɫɬɢ ɞɨ ɫɯɟɦɢ ɡɜɚɠɭɜɚɧɧɹ, ɹɤɳɨ ɭɹɜɢɬɢ, ɳɨ 
ɧɟɣɪɨɧ ɦɚє ɞɪɭɝɢɣ ɜɯɿɞɧɢɣ ɫɢɝɧɚɥ ɿɡ ɡɧɚɱɟɧɧɹɦ, ɪɿɜɧɢɦ 1 (b · 1). 

ȼɯɿɞ n ɮɭɧɤɰɿʀ ɚɤɬɢɜɚɰɿʀ ɧɟɣɪɨɧɚ ɿ ɪɚɧɿɲɟ ɡɚɥɢɲɚєɬьɫɹ 
ɫɤɚɥɹɪɧɢɦ ɿ ɪɿɜɧɢɦ ɫɭɦɿ ɡɜɚɠɟɧɨɝɨ ɜɯɨɞɭ ɿ ɡɦɿɳɟɧɧɹ b. ɐɹ ɫɭɦɚ 
(w · p + b · 1) ɹɜɥɹєɬьɫɹ ɚɪɝɭɦɟɧɬɨɦ ɮɭɧɤɰɿʀ ɚɤɬɢɜɚɰɿʀ f, ɚ 
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ɜɢɯɨɞɨɦ ɮɭɧɤɰɿʀ ɚɤɬɢɜɚɰɿʀ є ɫɢɝɧɚɥ ɚ. Ʉɨɧɫɬɚɧɬɢ w ɿ b є 
ɫɤɚɥɹɪɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɧɟɣɪɨɧɚ. Ɉɫɧɨɜɧɢɣ ɩɪɢɧɰɢɩ ɪɨɛɨɬɢ 
ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɩɨɥɹɝɚє ɜ ɧɚɥɚɲɬɭɜɚɧɧɿ ɩɚɪɚɦɟɬɪɿɜ ɧɟɣɪɨɧɚ 
ɬɚɤɢɦ ɱɢɧɨɦ, ɳɨɛ ɩɨɜɟɞɿɧɤɚ ɦɟɪɟɠɿ ɜɿɞɩɨɜɿɞɚɥɚ ɞɟɹɤɿɣ ɛɚɠɚɧɿɣ 
ɩɨɜɟɞɿɧɰɿ. Ɋɟɝɭɥɸɸɱɢ ɜɚɝɢ ɿ ɩɚɪɚɦɟɬɪɢ ɡɦɿɳɟɧɧɹ, ɦɨɠɧɚ 
ɧɚɜɱɢɬɢ ɦɟɪɟɠɭ ɜɢɤɨɧɭɜɚɬɢ ɤɨɧɤɪɟɬɧɭ ɪɨɛɨɬɭ; ɦɨɠɥɢɜɨ ɬɚɤɨɠ, 
ɳɨ ɦɟɪɟɠɚ ɫɚɦɚ ɛɭɞɟ ɤɨɪɢɝɭɜɚɬɢ ɫɜɨʀ ɩɚɪɚɦɟɬɪɢ, ɳɨɛ ɞɨɫɹɝɬɢ 
ɧɟɨɛɯɿɞɧɨɝɨ ɪɟɡɭɥьɬɚɬɭ.  

Ɋɿɜɧɹɧɧɹ ɧɟɣɪɨɧɚ ɡɿ ɡɦɿɳɟɧɧɹɦ ɦɚє ɜɢɝɥɹɞ: 
a = f (w · p + b · 1).     (2) 

əɤ ɜɠɟ ɡɚɡɧɚɱɚɥɨɫɹ, ɡɦɿɳɟɧɧɹ b - ɧɚɥɚɲɬɨɜɭє ɫɤɚɥɹɪɧɢɣ 
ɩɚɪɚɦɟɬɪ ɧɟɣɪɨɧɚ, ɹɤɢɣ ɧɟ є ɜɯɨɞɨɦ. ȼ ɰьɨɦɭ ɜɢɩɚɞɤɭ b - ɜɚɝɚ, ɚ 
ɤɨɧɫɬɚɧɬɚ 1, ɹɤɚ ɭɩɪɚɜɥɹє ɡɦɿɳɟɧɧɹɦ, ɪɨɡɝɥɹɞɚєɬьɫɹ ɹɤ ɜɯɿɞ ɿ 
ɦɨɠɟ ɛɭɬɢ ɜɪɚɯɨɜɚɧɚ ɭ ɜɢɝɥɹɞɿ ɥɿɧɿɣɧɨʀ ɤɨɦɛɿɧɚɰɿʀ ɜɟɤɬɨɪɿɜ 
ɜɯɨɞɭ 

 
ɇɟɣɪɨɧ ɡ ɜɟɤɬɨɪɧɢɦ ɜɯɨɞɨɦ. 

ɇɟɣɪɨɧ ɡ ɨɞɧɢɦ ɜɟɤɬɨɪɨɦ ɜɯɨɞɭ p ɡ R ɟɥɟɦɟɧɬɚɦɢ p1, p2, ..., pR 
ɩɨɤɚɡɚɧɢɣ ɧɚ ɪɢɫ. 4.2.  

 
Ɋɢɫ. 4.2. ɋɯɟɦɚ ɧɟɣɪɨɧɚ 
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Ɍɭɬ ɤɨɠɟɧ ɟɥɟɦɟɧɬ ɜɯɨɞɭ ɦɧɨɠɢɬьɫɹ ɧɚ ɜɚɝɢ w11, w12, ..., w1R 

ɜɿɞɩɨɜɿɞɧɨ, ɿ ɡɜɚɠɟɧɿ ɡɧɚɱɟɧɧɹ ɩɟɪɟɞɚɸɬьɫɹ ɧɚ ɫɭɦɚɬɨɪ. Ȳɯ ɫɭɦɚ 
ɞɨɪɿɜɧɸє ɫɤɚɥɹɪɧɨɦɭ ɞɨɛɭɬɤɭ ɜɟɤɬɨɪɚ-ɪɹɞɤɚ W ɧɚ ɜɟɤɬɨɪ-
ɫɬɨɜɩɟɰь ɜɯɨɞɭ p.  

ɇɟɣɪɨɧ ɦɚє ɡɦɿɳɟɧɧɹ b, ɹɤɟ ɩɿɞɫɭɦɨɜɭєɬьɫɹ ɡɿ ɡɜɚɠɟɧɨɸ 
ɫɭɦɨɸ ɜɯɨɞɿɜ. ɪɟɡɭɥьɬɭɸɱɚ ɫɭɦɚ 

n = w11p1 + w12 p2 +… + w1R pR + b · 1 

ɚɛɨ 

n = w11p1 + w12 p2 +… + w1R pR + b                     (3) 

ɿ ɫɥɭɠɢɬь ɚɪɝɭɦɟɧɬɨɦ ɮɭɧɤɰɿʀ ɚɤɬɢɜɚɰɿʀ f. ȼ ɧɨɬɚɰɿʀ ɦɨɜɢ 
MATLAB ɰɟ ɜɢɪɚɡ ɡɚɩɢɫɭєɬьɫɹ ɬɚɤ:  

n = W · p + b. 

ɋɬɪɭɤɬɭɪɚ ɧɟɣɪɨɧɚ, ɩɨɤɚɡɚɧɚ ɜɢɳɟ, є ɪɨɡɝɨɪɧɭɬɨɸ. ɉɪɢ 
ɪɨɡɝɥɹɞɿ ɦɟɪɟɠ ɿɡ ɡɧɚɱɧɨɸ ɱɚɫɬɢɧɨɸ ɧɟɣɪɨɧɿɜ, ɡɚɡɜɢɱɚɣ 
ɜɢɤɨɪɢɫɬɨɜɭєɬьɫɹ ɭɤɪɭɩɧɟɧɚ ɫɬɪɭɤɬɭɪɧɚ ɫɯɟɦɚ ɧɟɣɪɨɧɚ (ɪɢɫ. 
4.3). 

 
Ɋɢɫ. 4.3. ɍɤɪɭɩɧɟɧɚ ɫɬɪɭɤɬɭɪɧɚ ɫɯɟɦɚ ɧɟɣɪɨɧɚ 

 

ȼɯɿɞ ɧɟɣɪɨɧɚ ɡɨɛɪɚɠɭєɬьɫɹ ɭ ɜɢɝɥɹɞɿ ɬɟɦɧɨʀ ɜɟɪɬɢɤɚɥьɧɨʀ 
ɪɢɫɤɢ, ɩɿɞ ɹɤɨɸ ɜɤɚɡɭєɬьɫɹ ɤɿɥьɤɿɫɬь ɟɥɟɦɟɧɬɿɜ ɜɯɨɞɭ R. Ɋɨɡɦɿɪ 
ɜɟɤɬɨɪɚ ɜɯɨɞɭ p ɜɤɚɡɭєɬьɫɹ ɧɢɠɱɟ ɫɢɦɜɨɥɭ p ɿ ɞɨɪɿɜɧɸє Rx1.  
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ȼɟɤɬɨɪ ɜɯɨɞɭ ɦɧɨɠɢɬьɫɹ ɧɚ ɜɟɤɬɨɪ-ɪɹɞɨɤ W ɞɨɜɠɢɧɢ R. əɤ 
ɪɨɡɝɥɹɞɚɥɨɫɹ ɜɢɳɟ, ɤɨɧɫɬɚɧɬɚ l є ɜɯɨɞɨɦ, ɹɤɢɣ ɦɧɨɠɢɬьɫɹ ɧɚ 
ɫɤɚɥɹɪɧɟ ɡɦɿɳɟɧɧɹ b.  

ȼɯɨɞɨɦ n ɮɭɧɤɰɿʀ ɚɤɬɢɜɚɰɿʀ ɧɟɣɪɨɧɚ ɫɥɭɠɢɬь ɫɭɦɚ ɡɦɿɳɟɧɧɹ 
b ɿ ɞɨɛɭɬɨɤ W · p. ɐɹ ɫɭɦɚ ɩɟɪɟɬɜɨɪɢɬьɫɹ ɮɭɧɤɰɿєɸ ɚɤɬɢɜɚɰɿʀ f, 
ɧɚ ɜɢɯɨɞɿ ɹɤɨʀ ɨɬɪɢɦɭєɦɨ ɜɢɯɿɞ ɧɟɣɪɨɧɚ ɚ, ɹɤɢɣ ɜ ɞɚɧɨɦɭ 
ɜɢɩɚɞɤɭ є ɫɤɚɥɹɪɧɨɸ ɜɟɥɢɱɢɧɨɸ.  

ɋɬɪɭɤɬɭɪɧɚ ɫɯɟɦɚ, ɧɚɜɟɞɟɧɚ ɧɚ ɪɢɫ. 4.3, ɧɚɡɢɜɚєɬьɫɹ ɲɚɪɨɦ 
ɦɟɪɟɠɿ. ɒɚɪ ɯɚɪɚɤɬɟɪɢɡɭєɬьɫɹ ɦɚɬɪɢɰɟɸ ɜɚɝ W, ɡɦɿɳɟɧɧɹɦ b, 

ɨɩɟɪɚɰɿɹɦɢ ɦɧɨɠɟɧɧɹ W · p, ɩɿɞɫɭɦɨɜɭɜɚɧɧɹɦ ɿ ɮɭɧɤɰɿєɸ 
ɚɤɬɢɜɚɰɿʀ f. ȼɟɤɬɨɪ ɜɯɨɞɿɜ p ɡɚɡɜɢɱɚɣ ɧɟ ɜɤɥɸɱɚєɬьɫɹ ɜ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɲɚɪɭ. ɓɨɪɚɡɭ, ɤɨɥɢ ɜɢɤɨɪɢɫɬɨɜɭєɬьɫɹ 
ɫɤɨɪɨɱɟɧɟ ɩɨɡɧɚɱɟɧɧɹ ɦɟɪɟɠɿ, ɪɨɡɦɿɪɧɿɫɬь ɦɚɬɪɢɰь ɜɤɚɡɭєɬьɫɹ 
ɩɿɞ ɿɦɟɧɚɦɢ ɜɟɤɬɨɪɧɨ-ɦɚɬɪɢɱɧɢɯ ɡɦɿɧɧɢɯ (ɞɢɜ. ɪɢɫ. 4.3). ɐɹ 
ɫɢɫɬɟɦɚ ɩɨɡɧɚɱɟɧь ɩɨɹɫɧɸє ɛɭɞɨɜɭ ɦɟɪɟɠɿ ɿ ɩɨɜ'ɹɡɚɧɭ ɡ ɧɟɸ 
ɦɚɬɪɢɱɧɭ ɦɚɬɟɦɚɬɢɤɭ.  

Фɭɧкɰɿʀ акɬиваɰɿʀ. Ɏɭɧɤɰɿʀ ɚɤɬɢɜɚɰɿʀ (ɩɟɪɟɞɚɬɨɱɧɿ ɮɭɧɤɰɿʀ) 
ɧɟɣɪɨɧɚ ɦɨɠɭɬь ɦɚɬɢ ɪɿɡɧɢɣ ɜɢɝɥɹɞ. Ɏɭɧɤɰɿɹ ɚɤɬɢɜɚɰɿʀ f, ɹɤ 
ɩɪɚɜɢɥɨ, ɧɚɥɟɠɢɬь ɞɨ ɤɥɚɫɭ ɫɢɝɦɨʀɞɚɥьɧɢɯ ɮɭɧɤɰɿɣ, ɹɤɿ ɦɚɸɬь 
ɞɜɿ ɝɨɪɢɡɨɧɬɚɥьɧɿ ɚɫɢɦɩɬɨɬɢ ɿ ɨɞɧɭ ɬɨɱɤɭ ɩɟɪɟɝɢɧɭ, ɡ 
ɚɪɝɭɦɟɧɬɨɦ ɮɭɧɤɰɿʀ n (ɜɯɨɞɨɦ) ɿ ɡɧɚɱɟɧɧɹɦ ɮɭɧɤɰɿʀ a (ɜɢɯɨɞɨɦ).  

Ɋɨɡɝɥɹɧɟɦɨ ɬɪɢ ɧɚɣɛɿɥьɲ ɩɨɲɢɪɟɧɿ ɮɨɪɦɢ ɮɭɧɤɰɿʀ ɚɤɬɢɜɚɰɿʀ.  
Ɉɞɢɧɢɱɧɚ ɮɭɧɤɰɿɹ ɚɤɬɢɜɚɰɿʀ ɡ ɠɨɪɫɬɤɢɦ ɨɛɦɟɠɟɧɧɹɦ 

hardlim. 

ɐɹ ɮɭɧɤɰɿɹ ɨɩɢɫɭєɬьɫɹ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ a = hardlim (n) = 1 

(n) ɿ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 4.4. 

 
Ɋɢɫ. 4.4. Ɉɞɢɧɢɱɧɚ ɮɭɧɤɰɿɹ ɚɤɬɢɜɚɰɿʀ 

 

ȼɨɧɚ ɞɨɪɿɜɧɸє 0, ɹɤɳɨ n <0, ɿ ɞɨɪɿɜɧɸє 1, ɹɤɳɨ n ≥ 0.  
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ɓɨɛ ɩɨɛɭɞɭɜɚɬɢ ɝɪɚɮɿɤ ɰɿєʀ ɮɭɧɤɰɿʀ ɜ ɞɿɚɩɚɡɨɧɿ ɡɧɚɱɟɧь 
ɜɯɨɞɭ ɜɿɞ -5 ɞɨ +5, ɧɟɨɛɯɿɞɧɨ ɜɜɟɫɬɢ ɧɚɫɬɭɩɧɿ ɨɩɟɪɚɬɨɪɢ ɦɨɜɢ 
MATLAB ɜ ɤɨɦɚɧɞɧɨɦɭ ɜɿɤɧɿ:  

n = -5:0.1:5;   

plot(n,hardlim(n),'b+:');    

Ʌɿɧɿɣɧɚ ɮɭɧɤɰɿɹ ɚɤɬɢɜɚɰɿʀ purelin. 
ɐɹ ɮɭɧɤɰɿɹ ɨɩɢɫɭєɬьɫɹ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ a = purelin (n) = n ɿ 

ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 4.5. 

 
Ɋɢɫ. 4.5. Ʌɿɧɿɣɧɚ ɮɭɧɤɰɿɹ ɚɤɬɢɜɚɰɿʀ 

 

ɓɨɛ ɩɨɛɭɞɭɜɚɬɢ ɝɪɚɮɿɤ ɰɿєʀ ɮɭɧɤɰɿʀ ɜ ɞɿɚɩɚɡɨɧɿ ɡɧɚɱɟɧь 
ɜɯɨɞɭ ɜɿɞ -5 ɞɨ +5, ɧɟɨɛɯɿɞɧɨ ɜɜɟɫɬɢ ɧɚɫɬɭɩɧɿ ɨɩɟɪɚɬɨɪɢ ɦɨɜɢ 
MATLAB ɜ ɤɨɦɚɧɞɧɨɦɭ ɜɿɤɧɿ: 

n=-5:0.1:5;   
plot(n,purelin(n),'b+:'); 

Ʌɨɝɿɫɬɢɱɧɚ ɮɭɧɤɰɿɹ ɚɤɬɢɜɚɰɿʀ logsig  

ɐɹ ɮɭɧɤɰɿɹ ɨɩɢɫɭєɬьɫɹ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ a = logsig (n) = 1 / (1 
+ exp (-n)) ɿ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 4.6. 

 
Ɋɢɫ. 4.6. Ʌɨɝɿɫɬɢɱɧɚ ɮɭɧɤɰɿɹ ɚɤɬɢɜɚɰɿʀ 
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Ⱦɚɧɚ ɮɭɧɤɰɿɹ ɧɚɥɟɠɢɬь ɞɨ ɤɥɚɫɭ ɫɢɝɦɨʀɞɚɥьɧɢɯ ɮɭɧɤɰɿɣ, ɿ ʀʀ 
ɚɪɝɭɦɟɧɬ ɦɨɠɟ ɩɪɢɣɦɚɬɢ ɛɭɞь-ɹɤɟ ɡɧɚɱɟɧɧɹ ɜ ɞɿɚɩɚɡɨɧɿ ɜɿɞ -∞ ɞɨ 
+ ∞, ɚ ɜɢɯɿɞ ɡɦɿɧɸєɬьɫɹ ɜ ɞɿɚɩɚɡɨɧɿ ɜɿɞ 0 ɞɨ 1. Зɚɜɞɹɤɢ 
ɜɥɚɫɬɢɜɨɫɬɿ ɞɢɮɟɪɟɧɰɿɸɜɚɧɧɹ (ɧɟɦɚє ɬɨɱɨɤ ɪɨɡɪɢɜɭ) ɰɹ ɮɭɧɤɰɿɹ 
ɱɚɫɬɨ ɜɢɤɨɪɢɫɬɨɜɭєɬьɫɹ ɜ ɦɟɪɟɠɚɯ ɡ ɧɚɜɱɚɧɧɹɦ ɧɚ ɨɫɧɨɜɿ ɦɟɬɨɞɭ 

ɡɜɨɪɨɬɧɨɝɨ ɩɨɲɢɪɟɧɧɹ ɩɨɦɢɥɤɢ.  
ɓɨɛ ɩɨɛɭɞɭɜɚɬɢ ɝɪɚɮɿɤ ɰɿєʀ ɮɭɧɤɰɿʀ ɜ ɞɿɚɩɚɡɨɧɿ ɡɧɚɱɟɧь 

ɜɯɨɞɭ ɜɿɞ -5 ɞɨ +5, ɧɟɨɛɯɿɞɧɨ ɜɜɟɫɬɢ ɧɚɫɬɭɩɧɿ ɨɩɟɪɚɬɨɪɢ ɦɨɜɢ 
MATLAB ɜ ɤɨɦɚɧɞɧɨɦɭ ɜɿɤɧɿ: 

n=-5:0.1:5;   
plot(n,logsig(n),'b+:'); 

ɇɚ ɡɛɿɥьɲɟɧɿɣ ɫɬɪɭɤɬɭɪɧɿɣ ɫɯɟɦɿ ɞɥɹ ɩɨɡɧɚɱɟɧɧɹ ɬɢɩɭ 
ɮɭɧɤɰɿʀ ɚɤɬɢɜɚɰɿʀ ɡɚɫɬɨɫɨɜɭɸɬь ɫɩɟɰɿɚɥьɧɿ ɝɪɚɮɿɱɧɿ ɫɢɦɜɨɥɢ; 
ɞɟɹɤɿ ɡ ɧɢɯ ɧɚɜɟɞɟɧɿ ɧɚ ɪɢɫ. 4.7, ɞɟ ɚ - ɫɬɭɩɿɧɱɚɫɬɚ, ɛ - ɥɿɧɿɣɧɚ, ɜ - 

ɥɨɝɿɫɬɢɱɧɚ. 

 
                           ɚ                          ɛ                         ɜ  

Ɋɢɫ. 4.7. Ƚɪɚɮɿɱɧɿ ɫɢɦɜɨɥɢ ɩɨɡɧɚɱɟɧɧɹ ɮɭɧɤɰɿʀ ɚɤɬɢɜɚɰɿʀ 
 

ɉɨɛɭɞɨɜɚ ɝɪɚɮɿɤɿɜ ɮɭɧɤɰɿɣ ɨɞɧɿєʀ ɡɦɿɧɧɨʀ ɜ ɫɢɫɬɟɦɿ 
MATLAB. 

Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɝɪɚɮɿɤɚ ɮɭɧɤɰɿʀ ɨɞɧɿєʀ ɡɦɿɧɧɨʀ ɜ ɫɢɫɬɟɦɿ 
MATLAB ɜɢɤɨɪɢɫɬɨɜɭєɬьɫɹ ɨɩɟɪɚɬɨɪ plot. ɉɪɢ ɰьɨɦɭ ɝɪɚɮɿɤɢ 
ɛɭɞɭɸɬьɫɹ ɜ ɨɤɪɟɦɢɯ ɦɚɫɲɬɚɛɨɜɚɧɢɯ ɿ ɩɟɪɟɦɿɳɭɜɚɧɢɯ ɜɿɤɧɚɯ. 
ɇɚɩɪɢɤɥɚɞ, ɞɥɹ ɩɨɛɭɞɨɜɢ ɝɪɚɮɿɤɚ ɮɭɧɤɰɿʀ sin x ɞɨɫɬɚɬɧьɨ 
ɫɩɨɱɚɬɤɭ ɡɚɞɚɬɢ ɞɿɚɩɚɡɨɧ ɿ ɤɪɨɤ ɡɦɿɧɢ ɚɪɝɭɦɟɧɬɭ, ɚ ɩɨɬɿɦ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɨɩɟɪɚɬɨɪ plot (ɪɢɫ. 4.8): 

x=-5:0.1:5;   

plot(x,sin(x)) 
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Ɋɢɫ. 4.8. Ƚɪɚɮɿɤ ɮɭɧɤɰɿʀ 

 

Ɉɩɟɪɚɬɨɪ plot є ɩɨɬɭɠɧɢɦ ɿɧɫɬɪɭɦɟɧɬɨɦ ɞɥɹ ɩɨɛɭɞɨɜɢ 
ɝɪɚɮɿɤɿɜ ɮɭɧɤɰɿɣ ɨɞɧɿєʀ ɡɦɿɧɧɨʀ. ȼɿɧ ɞɨɡɜɨɥɹє ɛɭɞɭɜɚɬɢ ɝɪɚɮɿɤɢ 
ɜɿɞɪɚɡɭ ɞɟɤɿɥьɤɨɯ ɮɭɧɤɰɿɣ ɿ ɦɚє ɪɿɡɧɿ ɮɨɪɦɢ, ɫɢɧɬɚɤɫɢɫ ɹɤɢɯ 
ɦɨɠɧɚ ɞɿɡɧɚɬɢɫɹ, ɫɤɨɪɢɫɬɚɜɲɢɫь ɤɨɦɚɧɞɨɸ help plot.  

 

ɉɨɪяɞɨɤ ɜɢɤɨɧɚɧɧя ɪɨɛɨɬɢ  
1. ɉɨɛɭɞɭɜɚɬɢ ɝɪɚɮɿɤɢ ɮɭɧɤɰɿɣ ɚɤɬɢɜɚɰɿʀ ɜ ɡɚɞɚɧɢɯ 

ɞɿɚɩɚɡɨɧɚɯ ɡɧɚɱɟɧь ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɜɚɪɿɚɧɬɚ (ɬɚɛɥ. 4.1), 

ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɮɭɧɤɰɿɸ plot.  
2. ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɮɭɧɤɰɿɸ plot, ɩɨɛɭɞɭɜɚɬɢ ɝɪɚɮɿɤɢ ɜɫɿɯ 

ɡɚɞɚɧɢɯ ɮɭɧɤɰɿɣ, ɡɝɿɞɧɨ ɡ ɜɚɪɿɚɧɬɨɦ, ɜ ɨɞɧɨɦɭ ɝɪɚɮɿɱɧɨɦɭ ɜɿɤɧɿ.  
 

  

       
      



18 
 

Ɍɚɛɥ. 4.1. 

ɧɨɦɟɪ 

ɜɚɪɿɚɧɬɚ 

ɞɿɚɩɚɡɨɧɢ 

ɡɧɚɱɟɧь ɜɯɨɞɭ 

ɿɦ'ɹ 

ɮɭɧɤɰɿʀ 

1 –3…+3 hardlim 

2 –1…+1 hardlims 

3 –4…+4 purelin 

4 –2…+2 poslin 

5 –8…+8 satlin 

6 –9…+9 satlins 

7 –7…+7 radbas 

8 –5…+5 tribas 

9 –3…+3 logsig 

10 –6…+6 Tansig 

 
Зɚ ɪɟɡɭɥьɬɚɬɚɦɢ ɜɢɤɨɧɚɧɧɹ ɥɚɛɨɪɚɬɨɪɧɨʀ ɪɨɛɨɬɢ ɫɤɥɚɫɬɢ ɡɜɿɬ, 

ɹɤɢɣ ɩɨɜɢɧɟɧ ɦɿɫɬɢɬɢ: 
- Ɇɟɬɭ ɥɚɛɨɪɚɬɨɪɧɨʀ ɪɨɛɨɬɢ; 
- Ƚɪɚɮɿɤɢ ɮɭɧɤɰɿɣ;  
- ȼɢɫɧɨɜɤɢ. 
 

Ʉɨɧɬɪɨɥьɧɿ ɩɢɬɚɧɧя 
1. ɓɨ є ɟɥɟɦɟɧɬɚɪɧɨɸ ɱɚɫɬɢɧɤɨɸ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ? 

2. əɤɢɣ ɜɢɝɥɹɞ ɦɚє ɫɬɪɭɤɬɭɪɚ ɧɟɣɪɨɧɚ ɡ єɞɢɧɢɦ ɫɤɚɥɹɪɧɢɦ 
ɜɯɨɞɨɦ? 

3. ɇɚɜɟɞɿɬь ɪɿɜɧɹɧɧɹ ɧɟɣɪɨɧɚ ɡɿ ɡɦɿɳɟɧɧɹɦ. 

4. ȼ ɱɨɦɭ ɨɫɨɛɥɢɜɿɫɬь ɧɟɣɪɨɧɚ ɡ ɜɟɤɬɨɪɧɢɦ ɜɯɨɞɨɦ? 

5. ɇɚɡɜɿɬь ɧɚɣɛɿɥьɲ ɩɨɲɢɪɟɧɿ ɮɨɪɦɢ ɮɭɧɤɰɿʀ ɚɤɬɢɜɚɰɿʀ 
ɧɟɣɪɨɧɚ. 

6. ɓɨ ɧɚɡɢɜɚɸɬь ɲɚɪɨɦ ɦɟɪɟɠɿ? 

7. əɤɢɦ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ ɨɩɢɫɭєɬьɫɹ ɥɿɧɿɣɧɚ ɮɭɧɤɰɿɹ 
ɚɤɬɢɜɚɰɿʀ purelin? 

8. əɤɢɣ ɨɩɟɪɚɬɨɪ ɜɢɤɨɪɢɫɬɨɜɭєɬьɫɹ ɞɥɹ ɩɨɛɭɞɨɜɢ ɝɪɚɮɿɤɚ 
ɮɭɧɤɰɿʀ ɨɞɧɿєʀ ɡɦɿɧɧɨʀ ɜ ɫɢɫɬɟɦɿ MATLAB?  

       
      


