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Вɫɬɭɩ 

Ɇɟɬɨɞɢɱɧɿ ɜɤɚɡɿɜɤɢ ɞɨ ɥɚɛɨɪɚɬɨɪɧɢɯ ɪɨɛɿɬ 
ɨɛɨɜ’ɹɡɤɨɜɨʀ ɧɚɜɱɚɥɶɧɨʀ ɞɢɫɰɢɩɥɿɧɢ «Ʉɨɦɩ’ɸɬɟɪɧɿ 
ɫɢɫɬɟɦɢ ɲɬɭɱɧɨɝɨ ɿɧɬɟɥɟɤɬɭ» ɫɤɥɚɞɟɧɚ ɜɿɞɩɨɜɿɞɧɨ ɞɨ 
ɨɫɜɿɬɧɶɨ-ɩɪɨɮɟɫɿɣɧɨʀ ɩɪɨɝɪɚɦɢ ɩɿɞɝɨɬɨɜɤɢ ɦɚɝɿɫɬɪɚ 
ɫɩɟɰɿɚɥɶɧɨɫɬɿ 123 «Ʉɨɦɩ’ɸɬɟɪɧɚ ɿɧɠɟɧɟɪɿɹ». ɉɪɟɞɦɟɬɨɦ 
ɜɢɜɱɟɧɧɹ ɧɚɜɱɚɥɶɧɨʀ ɞɢɫɰɢɩɥɿɧɢ є ɮɨɪɦɭɜɚɧɧɹ ɭ ɫɬɭɞɟɧɬɿɜ 
ɬɟɨɪɟɬɢɱɧɢɯ ɡɧɚɧɶ ɿ ɪɨɡɭɦɿɧɧɹ ɩɪɢɧɰɢɩɿɜ ɩɨɛɭɞɨɜɢ ɬɚ 
ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɨɫɧɨɜɧɢɯ ɚɩɚɪɚɬɧɢɯ ɡɚɫɨɛɿɜ 
ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ ɦɚɲɢɧ ɬɚ ɿɧɮɨɪɦɚɰɿɣɧɢɯ ɫɢɫɬɟɦ, ɚ ɬɚɤɨɠ 
ɩɪɚɤɬɢɱɧɢɯ ɧɚɜɢɱɨɤ ɪɨɡɪɨɛɤɢ, ɩɪɨɝɪɚɦɭɜɚɧɧɹ 
ɿɧɮɨɪɦɚɰɿɣɧɨ-ɬɟɯɧɿɱɧɢɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɿ ɦɟɬɨɞɿɜ ɬɚ 
ɩɿɞɯɨɞɿɜ ɲɬɭɱɧɨɝɨ ɿɧɬɟɥɟɤɬɭ. Ɉɩɚɧɭɜɚɧɧɹ ɨɫɧɨɜɧɢɯ 
ɩɨɥɨɠɟɧɶ ɤɨɦɩ’ɸɬɟɪɧɢɯ ɫɢɫɬɟɦ ɲɬɭɱɧɨɝɨ ɿɧɬɟɥɟɤɬɭ 
ɩɟɪɟɞɛɚɱɚє ɧɚɹɜɧɿɫɬɶ ɩɨɩɟɪɟɞɧɿɯ ɡɧɚɧɶ ɬɚɤɢɯ ɞɢɫɰɢɩɥɿɧ, ɹɤ 
"Ʉɨɦɩ’ɸɬɟɪɧɿ ɫɢɫɬɟɦɢ", "ɉɪɨɝɪɚɦɭɜɚɧɧɹ 
ɦɿɤɪɨɤɨɧɬɪɨɥɟɪɿɜ", "Ɍɟɯɧɨɥɨɝɿʀ ɩɪɨɟɤɬɭɜɚɧɧɹ 
ɤɨɦɩ’ɸɬɟɪɧɢɯ ɫɢɫɬɟɦ", "Ⱥɪɯɿɬɟɤɬɭɪɚ ɤɨɦɩ’ɸɬɟɪɚ". ɇɚ 
ɦɚɬɟɪɿɚɥɿ ɞɚɧɨʀ ɞɢɫɰɢɩɥɿɧɢ ґɪɭɧɬɭєɬɶɫɹ ɜ ɩɨɞɚɥɶɲɨɦɭ 
ɧɚɩɢɫɚɧɧɹ ɤɜɚɥɿɮɿɤɚɰɿɣɧɨʀ ɦɚɝɿɫɬɟɪɫɶɤɨʀ ɪɨɛɨɬɢ. 

ɉɟɪɲɚ ɱɚɫɬɢɧɚ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɰɢɤɥɭ (3 

ɥɚɛɨɪɚɬɨɪɧɢɯ ɪɨɛɿɬ) ɩɪɢɫɜɹɱɟɧɚ ɞɨɫɥɿɞɠɟɧɧɸ ɫɩɨɫɨɛɿɜ 
ɩɨɞɚɱɿ ɞɚɧɢɯ ɬɚ ɩɨɲɭɤɭ ɪɿɲɟɧɶ ɜ ɿɧɬɟɥɟɤɬɭɚɥɶɧɢɯ 
ɫɢɫɬɟɦɚɯ ɲɬɭɱɧɨɝɨ ɿɧɬɟɥɟɤɬɭ. Ⱦɥɹ ɤɨɠɧɨɝɨ ɬɢɩɭ ɡɚɞɚɱɿ 
ɜɤɚɡɚɧɨ ɩɨɪɹɞɨɤ ɩɿɞɝɨɬɨɜɤɢ, ɩɟɪɟɥɿɤ ɟɤɫɩɟɪɢɦɟɧɬɿɜ, 
ɦɟɬɨɞɢɤɚ ɞɨɫɥɿɞɠɟɧɶ, ɡɦɿɫɬ ɿɧɮɨɪɦɚɰɿʀ, ɳɨ ɦɚє ɛɭɬɢ ɭ 
ɡɜɿɬɿ ɡ ɥɚɛɨɪɚɬɨɪɧɨʀ ɪɨɛɨɬɢ, ɚ ɬɚɤɨɠ ɧɚɜɟɞɟɧɨ ɨɪɿєɧɬɨɜɧɢɣ 
ɩɟɪɟɥɿɤ ɤɨɧɬɪɨɥɸɸɱɢɯ ɡɚɩɢɬɚɧɶ ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɡɚɫɜɨєɧɢɯ 
ɡɧɚɧɶ. 

Ⱦɨɫɥɿɞɠɟɧɧɹ ɛɚɡɨɜɢɯ ɡɚɞɚɱ ɤɨɦɩ’ɸɬɟɪɧɢɯ ɫɢɫɬɟɦ 
ɲɬɭɱɧɨɝɨ ɿɧɬɟɥɟɤɬɭ ɝɨɬɨɜɢɬɶ ɫɬɭɞɟɧɬɿɜ ɞɨ ɪɨɡɭɦɿɧɧɹ 
ɩɪɢɧɰɢɩɿɜ ɪɨɛɨɬɢ ɡ ɪɨɡɲɢɪɟɧɢɦɢ ɡɚɞɚɱɚɦɢ, ɳɨ ɦɚɸɬɶ 
ɜɢɜɱɚɬɢɫɹ ɜ ɧɚɫɬɭɩɧɨɦɭ ɰɢɤɥɿ ɥɚɛɨɪɚɬɨɪɧɢɯ ɪɨɛɿɬ.  
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1. Ɂɚɝɚɥьɧɿ ɦɟɬɨɞɢɱɧɿ ɜɤɚɡɿɜɤɢ 

 

ɉɟɪɟɞ ɩɨɱɚɬɤɨɦ ɩɟɪɲɨɝɨ ɡɚɧɹɬɬɹ ɜɢɤɥɚɞɚɱ 
ɩɪɨɜɨɞɢɬɶ ɿɧɫɬɪɭɤɬɚɠ ɡ ɬɟɯɧɿɤɢ ɛɟɡɩɟɤɢ ɜ ɞɚɧɿɣ 
ɥɚɛɨɪɚɬɨɪɿʀ ɿ ɩɪɚɜɢɥɚɦɢ ɩɪɨɬɢɩɨɠɟɠɧɨʀ ɛɟɡɩɟɤɢ ɩɪɢ 
ɪɨɛɨɬɿ ɡ ɟɥɟɤɬɪɨɧɧɨ-ɨɛɱɢɫɥɸɜɚɥɶɧɢɦɢ ɦɚɲɢɧɚɦɢ. Ʉɨɠɟɧ 
ɫɬɭɞɟɧɬ ɩɨɜɢɧɟɧ ɫɚɦɨɫɬɿɣɧɨ ɜɢɜɱɢɬɢ ɩɟɪɟɪɚɯɨɜɚɧɿ 
ɞɨɤɭɦɟɧɬɢ ɿ ɪɨɡɩɢɫɨɦ ɭ ɫɩɟɰɿɚɥɶɧɨɦɭ ɠɭɪɧɚɥɿ ɤɚɮɟɞɪɢ 
ɡɚɫɜɿɞɱɢɬɢ ɫɜɨє ɨɡɧɚɣɨɦɥɟɧɧɹ ɡ ɩɪɚɜɢɥɚɦɢ ɿ ɡɚɯɨɞɚɦɢ 
ɛɟɡɩɟɱɧɨɝɨ ɜɢɤɨɧɚɧɧɹ ɪɨɛɿɬ ɭ ɥɚɛɨɪɚɬɨɪɿʀ. 

ɇɚ ɩɟɪɲɨɦɭ ɡɚɧɹɬɬɿ ɜɢɤɥɚɞɚɱ ɩɨɜɿɞɨɦɥɹє ɫɬɭɞɟɧɬɚɦ 
ɩɥɚɧ ɥɚɛɨɪɚɬɨɪɧɢɯ ɡɚɧɹɬɶ ɧɚ ɩɨɬɨɱɧɢɣ ɫɟɦɟɫɬɪ, 
ɪɟɤɨɦɟɧɞɭє ʀɦ ɧɟɨɛɯɿɞɧɭ ɥɿɬɟɪɚɬɭɪɭ, ɡɧɚɣɨɦɢɬɶ ɿɡ 
ɩɪɢɣɧɹɬɨɸ ɦɟɬɨɞɢɤɨɸ ɩɿɞɝɨɬɨɜɤɢ, ɜɢɤɨɧɚɧɧɹ, ɚ ɬɚɤɨɠ ɡ 
ɩɨɪɹɞɤɨɦ ɡɚɯɢɫɬɭ ɡɜɿɬɿɜ ɩɨ ɜɢɤɨɧɚɧɢɯ ɥɚɛɨɪɚɬɨɪɧɢɯ 
ɪɨɛɨɬɚɯ.  

ȼɢɤɨɧɚɧɧɹ ɤɨɠɧɨʀ ɥɚɛɨɪɚɬɨɪɧɨʀ ɪɨɛɨɬɢ ɫɤɥɚɞɚєɬɶɫɹ 
ɡ ɬɪɶɨɯ ɟɬɚɩɿɜ: 

1. ɉɿɞɝɨɬɨɜɤɚ ɞɨ ɥɚɛɨɪɚɬɨɪɧɨʀ ɪɨɛɨɬɢ, ɜɢɜɱɟɧɧɹ 
ɬɟɨɪɟɬɢɱɧɨɝɨ ɦɚɬɟɪɿɚɥɭ, ɩɿɞɝɨɬɨɜɤɚ ɡɚɝɨɬɨɜɤɢ ɡɜɿɬɭ ɡ 
ɨɩɢɫɨɦ ɧɚɡɜɢ, ɦɟɬɢ, ɞɨɫɥɿɞɠɭɜɚɧɢɦɢ ɚɥɝɨɪɢɬɦɚɦɢ ɬɚ 
ɩɟɪɟɥɿɤɨɦ ɡɚɩɥɚɧɨɜɚɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɪɨɛɨɬɢ, ɡɚɝɨɬɨɜɤɚɦɢ 
ɬɚɛɥɢɰɶ ɞɥɹ ɡɚɩɢɫɭ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ. ɉɟɪɟɜɿɪɤɭ 
ɝɨɬɨɜɧɨɫɬɿ ɞɨ ɜɢɤɨɧɚɧɧɹ ɥɚɛɨɪɚɬɨɪɧɨʀ ɪɨɛɨɬɢ ɫɬɭɞɟɧɬɢ 
ɩɪɨɯɨɞɹɬɶ ɩɟɪɟɞ ʀʀ ɩɨɱɚɬɤɨɦ. ɉɪɢ ɰɶɨɦɭ ɩɟɪɟɜɿɪɹєɬɶɫɹ 
ɡɧɚɧɧɹ ɞɨɫɥɿɞɠɭɜɚɧɨʀ ɡɚɞɚɱɿ, ɤɥɚɫɢɮɿɤɚɰɿɣɧɢɯ ɨɡɧɚɤ, 
ɜɯɿɞɧɢɯ ɬɚ ɜɢɯɿɞɧɢɯ ɞɚɧɢɯ, ɨɫɧɨɜɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɬɚ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ȼ ɪɚɡɿ ɧɟɡɚɞɨɜɿɥɶɧɨʀ ɩɿɞɝɨɬɨɜɤɢ ɫɬɭɞɟɧɬɢ 
ɧɟ ɞɨɩɭɫɤɚɸɬɶɫɹ ɞɨ ɩɪɨɜɟɞɟɧɧɹ ɞɨɫɥɿɞɠɟɧɶ. ɍ ɩɪɨɰɟɫɿ 
ɩɿɞɝɨɬɨɜɤɢ ɞɨ ɥɚɛɨɪɚɬɨɪɧɨʀ ɪɨɛɨɬɢ ɫɬɭɞɟɧɬ ɩɨɜɢɧɟɧ ɱɿɬɤɨ 
ɭɫɜɿɞɨɦɢɬɢ ɫɨɛɿ ɤɿɧɰɟɜɭ ɦɟɬɭ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ, 
ɜɢɤɨɧɭɜɚɧɭ ɮɭɧɤɰɿɸ ɞɨɫɥɿɞɠɭɜɚɧɨɝɨ ɩɪɢɫɬɪɨɸ, ɯɚɪɚɤɬɟɪ 
ɡɦɿɧɢ ɜɯɿɞɧɢɯ ɿ ɜɢɯɿɞɧɢɯ ɫɢɝɧɚɥɿɜ. 
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2. ȼɢɤɨɧɚɧɧɹ ɪɨɛɨɬɢ ɩɿɫɥɹ ɨɬɪɢɦɚɧɧɹ ɞɨɩɭɫɤɭ 
ɩɨɱɢɧɚєɬɶɫɹ ɿɡ ɫɤɥɚɞɚɧɧɹ ɞɨɫɥɿɞɠɭɜɚɧɨʀ ɫɯɟɦɢ ɚɥɝɨɪɢɬɦɭ 
ɭ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɿɡ ɯɨɞɨɦ ɪɨɛɨɬɢ.  

3. Ɉɮɨɪɦɥɟɧɧɹ ɡɜɿɬɭ ɡ ɥɚɛɨɪɚɬɨɪɧɨʀ ɪɨɛɨɬɢ ɜ 
ɞɨɦɚɲɧɿɯ ɭɦɨɜɚɯ. Ɂɜɿɬ, ɤɪɿɦ ɩɨɩɟɪɟɞɧɿɯ ɞɚɧɢɯ, ɩɨɜɢɧɟɧ 
ɦɿɫɬɢɬɢ ɪɟɡɭɥɶɬɚɬɢ ɜɢɤɨɧɚɧɧɹ ɥɚɛɨɪɚɬɨɪɧɨʀ ɪɨɛɨɬɢ: 
ɬɚɛɥɢɰɿ ɿɫɬɢɧɧɨɫɬɿ, ɱɚɫɨɜɿ ɞɿɚɝɪɚɦɢ ɞɨɫɥɿɞɠɭɜɚɧɢɯ 
ɩɪɨɰɟɫɿɜ, ɝɪɚɮɿɤɢ, ɚɧɚɥɿɡ ɿ ɩɨɪɿɜɧɹɧɧɹ ɨɬɪɢɦɚɧɢɯ 
ɪɟɡɭɥɶɬɚɬɿɜ ɡ ɬɟɨɪɟɬɢɱɧɢɦɢ, ɩɨɹɫɧɟɧɧɹ ʀɯ ɜɿɞɦɿɧɧɨɫɬɟɣ 
(ɩɪɢ ɧɚɹɜɧɨɫɬɿ). ɑɚɫɨɜɿ ɞɿɚɝɪɚɦɢ ɫɤɥɚɞɚɸɬɶɫɹ ɬɚɤɢɦ 
ɱɢɧɨɦ, ɳɨɛ ɜɨɧɢ ɜɿɞɨɛɪɚɠɚɥɢ ɜɫɿ ɩɪɨɰɟɫɢ ɜ ɤɨɧɬɪɨɥɶɧɢɯ 
ɬɨɱɤɚɯ ɚɥɝɨɪɢɬɦɭ, ɱɚɫɨɜɿ ɞɿɚɝɪɚɦɢ ɜɡɚєɦɨɩɨɜ’ɹɡɚɧɢɯ 
ɩɪɨɰɟɫɿɜ ɪɨɡɬɚɲɨɜɚɧɿ ɨɞɧɚ ɩɿɞ ɿɧɲɨɸ ɬɚ ɫɢɧɯɪɨɧɿɡɨɜɚɧɿ ɜ 
ɱɚɫɿ. Ʉɪɿɦ ɬɨɝɨ, ɞɥɹ ɩɨɥɟɝɲɟɧɧɹ ɪɨɡɭɦɿɧɧɹ ɧɚ ɱɚɫɨɜɢɯ 
ɞɿɚɝɪɚɦɚɯ ɜɤɚɡɭɸɬɶɫɹ ɩɪɢɱɢɧɧɨ-ɧɚɫɥɿɞɤɨɜɿ ɡɜ’ɹɡɤɢ ɭ 
ɜɢɝɥɹɞɿ ɫɬɪɿɥɨɱɨɤ ɜ ɧɚɩɪɹɦɤɭ ɪɨɡɩɨɜɫɸɞɠɟɧɧɹ 
ɩɟɪɟɯɿɞɧɢɯ ɩɪɨɰɟɫɿɜ.  

ɉɨɪɹɞɨɤ, ɜɢɤɨɧɚɧɧɹ ɞɨɫɥɿɞɠɟɧɶ ɭ ɥɚɛɨɪɚɬɨɪɿʀ: 
1. ɋɬɭɞɟɧɬ ɞɨɩɭɫɤɚєɬɶɫɹ ɞɨ ɜɢɤɨɧɚɧɧɹ ɱɟɪɝɨɜɨʀ 

ɥɚɛɨɪɚɬɨɪɧɨʀ ɪɨɛɨɬɢ ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɩɿɞɝɨɬɨɜɥɟɧɨʀ ɞɨ 
ɩɨɬɨɱɧɨɝɨ ɡɚɧɹɬɬɹ ɡɚɝɨɬɨɜɤɢ ɬɚ ɩɪɢ ɜɿɞɫɭɬɧɨɫɬɿ ɧɟɡɞɚɧɢɯ 
ɡɜɿɬɿɜ ɡ ɩɨɩɟɪɟɞɧɿɯ ɪɨɛɿɬ (2 ɿ ɛɿɥɶɲɟ). 

2. ɉɿɫɥɹ ɰɶɨɝɨ ɜɢɤɨɧɭɸɬɶɫɹ ɧɚɦɿɱɟɧɿ ɞɨɫɥɿɞɠɟɧɧɹ, 
ɩɨ ɡɚɤɿɧɱɟɧɧɸ ɹɤɢɯ ɪɟɡɭɥɶɬɚɬɢ ɩɪɟɞ'ɹɜɥɹɸɬɶɫɹ 
ɜɢɤɥɚɞɚɱɟɜɿ ɿ ɡɚ ɣɨɝɨ ɞɨɡɜɨɥɨɦ ɫɯɟɦɚ ɪɨɡɛɢɪɚєɬɶɫɹ ɿ 
ɪɨɛɨɱɟ ɦɿɫɰɟ ɩɪɢɛɢɪɚєɬɶɫɹ.  

3. ȼ ɩɪɨɬɨɤɨɥ ɩɨɬɨɱɧɨʀ ɪɨɛɨɬɢ ɡɚɧɨɫɹɬɶɫɹ 
ɪɟɡɭɥɶɬɚɬɢ, ɳɨ ɨɬɪɢɦɚɧɿ ɫɬɭɞɟɧɬɨɦ ɧɚ ɡɚɧɹɬɬɿ, 
ɩɿɞɩɢɫɭɸɬɶɫɹ ɜɢɤɥɚɞɚɱɟɦ, ɹɤɳɨ ɞɨɫɥɿɞɠɟɧɧɹ ɜɢɤɨɧɚɧɿ ɜ 
ɩɨɜɧɨɦɭ ɨɛɫɹɡɿ. Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɞɚɧɢɦɢ ɨɮɨɪɦɥɹєɬɶɫɹ 
ɨɫɬɚɬɨɱɧɢɣ ɡɜɿɬ ɡ ɪɨɛɨɬɢ. 

4. Ⱦɨ ɧɚɫɬɭɩɧɨʀ ɥɚɛɨɪɚɬɨɪɧɨʀ ɪɨɛɨɬɢ ɨɫɬɚɬɨɱɧɨ 
ɨɮɨɪɦɥɹєɬɶɫɹ ɩɪɨɬɨɤɨɥ ɿ ɩɪɟɞ'ɹɜɥɹєɬɶɫɹ ɜɢɤɥɚɞɚɱɟɜɿ ɧɚ 
ɧɚɫɬɭɩɧɨɦɭ ɡɚɧɹɬɬɿ ɞɥɹ ɡɚɯɢɫɬɭ.  
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5. ɉɪɨɬɨɤɨɥɢ ɜɫɿɯ ɪɨɛɿɬ ɡɛɟɪɿɝɚɸɬɶɫɹ ɭ ɫɬɭɞɟɧɬɚ ɞɨ 
ɜɢɤɨɧɚɧɧɹ ɜɫɶɨɝɨ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɰɢɤɥɭ ɬɚ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɩɿɞɝɨɬɨɜɤɢ ɞɨ ɟɤɡɚɦɟɧɭ.  

Ɋɨɛɨɬɢ № 1 - №4 ɜɢɤɨɧɭɸɬɶɫɹ ɧɚ ɉȿɈɆ ɿɡ 
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɫɩɟɰɿɚɥɿɡɨɜɚɧɨɝɨ ɉɁ MATLAB ɬɚ 
ɤɨɦɩɿɥɹɬɨɪɿɜ ɦɨɜɢ ɋ++. 

2. Ɉɩɢɫ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɧɹ ɥɚɛɨɪɚɬɨɪɧɢɯ ɪɨɛɿɬ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɩɟɪɫɨɧɚɥɶɧɿ ɤɨɦɩ’ɸɬɟɪɢ ɿɡ 
ɜɫɬɚɧɨɜɥɟɧɢɦ ɩɪɨɝɪɚɦɧɢɦ ɡɚɛɟɡɩɟɱɟɧɧɹɦ, ɚ ɫɚɦɟ: 

- MATLAB; 

- NI LabView; 

- CodeBlocks; 

Ⱦɨɞɚɬɤɨɜɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɧɚɫɬɭɩɧɿ ɩɪɨɝɪɚɦɧɿ 
ɦɨɞɭɥɿ: 
- Fuzzy Toolbox; 

- NNTool; 

- MinGW C++; 

ȼɫɟ ɩɟɪɟɪɚɯɨɜɚɧɟ ɩɪɨɝɪɚɦɧɟ ɡɚɛɟɡɩɟɱɟɧɧɹ 
ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɜ ɧɚɜɱɚɥɶɧɨɦɭ ɬɚ ɚɤɚɞɟɦɿɱɧɨɦɭ 
ɪɟɠɢɦɚɯ, ɚ ɬɚɤɨɠ ɿɡ ɭɦɨɜɧɨ-ɛɟɡɤɨɲɬɨɜɧɨɸ ɥɿɰɟɧɡɿєɸ, ɳɨ 
ɜɿɞɩɨɜɿɞɚє ɥɿɰɟɧɡɿɣɧɢɦ ɜɢɦɨɝɚɦ ɞɨ ɜɢɤɨɪɢɫɬɚɧɧɹ 
ɫɩɟɰɿɚɥɿɡɨɜɚɧɨɝɨ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ. 
 

Ʌɚɛɨɪɚɬɨɪɧɚ ɪɨɛɨɬɚ № 1  

Ɇɟɬɨɞɢ ɜɢɞɨɛɭɜɚɧɧɹ ɚɫɨɰɿɚɬɢɜɧɢɯ ɩɪɚɜɢɥ ɡ ɜɟɥɢɤɢɯ 
ɦɚɫɢɜɿɜ ɞɚɧɢɯ 

 

Ɇɟɬɚ ɪɨɛɨɬɢ: ɜɢɜɱɢɬɢ ɨɫɧɨɜɧɿ ɦɟɬɨɞɢ ɜɢɞɨɛɭɜɚɧɧɹ 
ɚɫɨɰɿɚɬɢɜɧɢɯ ɩɪɚɜɢɥ ɡ ɜɟɥɢɤɢɯ ɦɚɫɢɜɿɜ ɞɚɧɢɯ, ɧɚɜɱɢɬɢɫɹ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɫɩɟɰɿɚɥɿɡɨɜɚɧɿ ɩɪɨɝɪɚɦɧɿ ɡɚɫɨɛɢ ɞɥɹ 
ɜɢɞɨɛɭɜɚɧɧɹ ɡɧɚɧɶ ɡ ɦɚɫɢɜɿɜ ɞɚɧɢɯ. 
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Ɍɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ 
Ɉɩɟɪɚɰɿʀ ɡ ɚɫɨɰɿɚɬɢɜɧɢɦɢ ɩɪɚɜɢɥɚɦɢ ɭ ɩɚɤɟɬɿ 

MATLAB ɞɨɡɜɨɥɹє ɜɢɤɨɧɭɜɚɬɢ ɦɨɞɭɥɶ ARMADA. ȼɿɧ 
ɞɨɡɜɨɥɹє ɫɬɜɨɪɸɜɚɬɢ ɚɫɨɰɿɚɬɢɜɧɿ ɩɪɚɜɢɥɚ ɩɨ ɡɚɞɚɧɢɦ 
ɤɨɪɢɫɬɭɜɚɱɟɦ ɞɚɧɢɦ ɜ ɪɚɦɤɚɯ ɫɟɪɟɞɨɜɢɳɚ MATLAB.  

Ⱦɥɹ ɡɚɩɭɫɤɭ ɦɨɞɭɥɸ ARMADA ɧɟɨɛɯɿɞɧɨ ɡɪɨɛɢɬɢ 
ɩɚɩɤɭ, ɞɟ ɡɧɚɯɨɞɢɬɶɫɹ ɰɟɣ ɦɨɞɭɥɸ, ɩɨɬɨɱɧɨɸ, ɩɿɫɥɹ ɱɨɝɨ ɜ 
ɤɨɦɚɧɞɧɨɦɭ ɪɹɞɤɭ ɫɟɪɟɞɨɜɢɳɚ MATLAB ɧɚɩɢɫɚɬɢ 
ɧɚɫɬɭɩɧɭ ɤɨɦɚɧɞɭ: armada 

ȼ ɪɟɡɭɥɶɬɚɬɿ ɡ’ɹɜɢɬɶɫɹ ɝɨɥɨɜɧɚ ɿɧɬɟɪɮɟɣɫɧɚ ɮɨɪɦɚ 
ɦɨɞɭɥɸ, ɜ ɹɤɿɣ ɧɟɨɛɯɿɞɧɨ ɨɛɪɚɬɢ ɮɚɣɥ ɡ ɜɯɿɞɧɢɦɢ ɞɚɧɢɦɢ 
ɬɚ ɩɚɪɚɦɟɬɪɢ ɞɥɹ ɚɧɚɥɿɡɭ ɞɚɧɢɯ (ɪɢɫ. 1). 

 

 
Ɋɢɫ. 1. Ƚɨɥɨɜɧɚ ɿɧɬɟɪɮɟɣɫɧɚ ɮɨɪɦɚ ɦɨɞɭɥɸ ARMADA 

 

Ⱦɥɹ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɝɨ ɚɧɚɥɿɡɭ ɞɚɧɢɯ ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɚɫɨɰɿɚɬɢɜɧɢɯ ɩɪɚɜɢɥ ɜ ɩɨɥɿ FILE DETAILS ɧɟɨɛɯɿɞɧɨ 
ɜɜɟɫɬɢ ɲɥɹɯ ɞɨ ɮɚɣɥɭ ɡ ɞɚɧɢɦɢ ɞɥɹ ɚɧɚɥɿɡɭ. Ɏɚɣɥ ɡ ɞɚɧɢɦɢ 
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ɞɥɹ ɚɧɚɥɿɡɭ ɦɨɠɧɚ ɬɚɤɨɠ ɨɛɪɚɬɢ ɭ ɜɿɤɨɧɧɨɦɭ ɪɟɠɢɦɿ, 
ɧɚɬɢɫɧɭɜɲɢ ɤɧɨɩɤɭ Browse. ȼ ɩɨɥɿ ɡɿ ɫɩɢɫɤɨɦ Delimiting 

Character ɧɟɨɛɯɿɞɧɨ ɜɤɚɡɚɬɢ ɫɢɦɜɨɥ, ɳɨ ɜɿɞɨɤɪɟɦɥɸє ɞɚɧɿ 
ɨɞɧɟ ɜɿɞ ɨɞɧɨɝɨ. 

Ʉɨɦɩɨɧɟɧɬɢ ɝɨɥɨɜɧɨʀ ɮɨɪɦɢ Minimum Confidence 

Minimum Support ɩɪɢɡɧɚɱɟɧɿ ɞɥɹ ɜɜɟɞɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ 
minsupport ɬɚ minconfidence, ɜɿɞɩɨɜɿɞɧɨ. 

Ⱦɥɹ ɜɢɤɨɧɚɧɧɹ ɚɧɚɥɿɡɭ ɞɚɧɢɯ ɬɚ ɨɬɪɢɦɚɧɧɹ ɜɢɯɿɞɧɨʀ 
ɿɧɮɨɪɦɚɰɿʀ ɭ ɜɢɝɥɹɞɿ ɚɫɨɰɿɚɬɢɜɧɢɯ ɩɪɚɜɢɥ ɧɟɨɛɯɿɞɧɨ 
ɧɚɬɢɫɧɭɬɢ ɤɧɨɩɤɭ Begin Mining, ɩɿɫɥɹ ɱɨɝɨ ɜɿɞɛɭɞɟɬɶɫɹ 
ɩɪɨɰɟɫ ɚɧɚɥɿɡɭ ɞɚɧɢɯ, ɬɚ ɡ’ɹɜɢɬɶɫɹ ɮɨɪɦɚ ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ 
ɪɨɛɨɬɢ ɩɪɨɝɪɚɦɢ (ɪɢɫ.2). ȼɢɯɿɞ ɡ ɩɪɨɝɪɚɦɢ ɜɢɤɨɧɭєɬɶɫɹ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɤɧɨɩɤɢ Exit. 

 

Ɋɢɫ. 2. Ɋɟɡɭɥɶɬɚɬɢ ɚɧɚɥɿɡɭ ɞɚɧɢɯ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɨɞɭɥɸ 
ARMADA 

       
      



 10 

 

ȼ ɨɛɥɚɫɬɿ RULES ɧɚɜɟɞɟɧɨ ɨɬɪɢɦɚɧɿ ɚɫɨɰɿɚɬɢɜɧɿ 
ɩɪɚɜɢɥɚ, ɜ ɨɛɥɚɫɬɿ File Items – ɟɥɟɦɟɧɬɢ ɮɚɣɥɭ ɞɥɹ ɚɧɚɥɿɡɭ 
ɬɚ ɤɿɥɶɤɿɫɬɶ ɪɚɡɿɜ, ɹɤɿ ɜɨɧɢ ɡɭɫɬɪɿɱɚɸɬɶɫɹ ɭ ɮɚɣɥɿ. 

Ʉɨɦɩɨɧɟɧɬɢ ɜ ɨɛɥɚɫɬɿ MINING CRITERIA 

ɜɿɞɨɛɪɚɠɚɸɬɶ ɩɚɪɚɦɟɬɪɢ ɚɧɚɥɿɡɭ: ɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ 
minsupport ɬɚ minconfidence, ɚ ɬɚɤɨɠ ɮɚɣɥ ɿɡ ɞɚɧɢɦɢ ɞɥɹ 
ɚɧɚɥɿɡɭ. 

ȼ ɨɛɥɚɫɬɿ MINING REPORT ɜɿɞɨɛɪɚɠɚєɬɶɫɹ 
ɿɧɮɨɪɦɚɰɿɹ ɩɪɨ ɯɿɞ ɜɢɤɨɧɚɧɧɹ ɚɧɚɥɿɡɭ:  

– ɱɚɫ, ɜɢɬɪɚɱɟɧɢɣ ɧɚ ɜɢɤɨɧɚɧɧɹ ɚɧɚɥɿɡɭ (Mining 

Time); 

– ɪɨɡɦɿɪ ɮɚɣɥɭ (File Size); 

– ɱɚɫ, ɡɚɬɪɚɱɟɧɢɣ ɧɚ ɨɞɢɧ ɡɚɩɢɫ (Time per Entry); 

– ɤɿɥɶɤɿɫɬɶ ɨɬɪɢɦɚɧɢɯ ɚɫɨɰɿɚɬɢɜɧɢɯ ɩɪɚɜɢɥ (No. 

Rules) 

Ɂɚ ɞɨɩɨɦɨɝɨɸ ɝɨɥɨɜɧɨɝɨ ɦɟɧɸ ɨɬɪɢɦɚɧɿ ɞɚɧɿ ɦɨɠɧɚ 
ɡɛɟɪɟɝɬɢ ɧɚ ɞɢɫɤ (File –> Save) ɬɚ ɨɬɪɢɦɚɬɢ ɝɪɚɮɿɤɢ, ɳɨ 
ɜɿɞɨɛɪɚɠɚɸɬɶ ɩɪɨɰɟɫ ɚɧɚɥɿɡɭ ɞɚɧɢɯ (Graphics). 

 

Ɂɚɜɞɚɧɧɹ ɞɨ ɪɨɛɨɬɢ 

1. Ɉɡɧɚɣɨɦɢɬɢɫɹ ɡ ɤɨɧɫɩɟɤɬɨɦ ɥɟɤɰɿɣ ɬɚ 
ɪɟɤɨɦɟɧɞɨɜɚɧɨɸ ɥɿɬɟɪɚɬɭɪɨɸ ɡɚ ɬɟɦɨɸ ɪɨɛɨɬɢ 

2. ɋɮɨɪɦɭɜɚɬɢ ɧɚɛɿɪ ɞɚɧɢɯ ɞɥɹ ɨɛɪɨɛɤɢ ɬɚ ɚɧɚɥɿɡɭ. 
3. Ɋɨɡɪɨɛɢɬɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɫɟɪɟɞɨɜɢɳɚ Matlab 

ɩɪɨɝɪɚɦɧɟ ɡɚɛɟɡɩɟɱɟɧɧɹ ɞɥɹ ɜɢɞɨɛɭɜɚɧɧɹ 
ɚɫɨɰɿɚɬɢɜɧɢɯ ɩɪɚɜɢɥ ɡ ɜɟɥɢɤɢɯ ɦɚɫɢɜɿɜ ɞɚɧɢɯ ɚɛɨ 
ɜɢɜɱɢɬɢ ɪɟɤɨɦɟɧɞɨɜɚɧɟ ɩɪɨɝɪɚɦɧɟ ɡɚɛɟɡɩɟɱɟɧɧɹ 
(ɩɚɤɟɬ Armada ɦɨɞɭɥɸ Matlab) ɬɚ ɡɞɿɣɫɧɢɬɢ 
ɨɛɪɨɛɤɭ ɧɚɛɨɪɭ ɞɚɧɢɯ ɡ ɦɟɬɨɸ ɜɢɞɿɥɟɧɧɹ 
ɚɫɨɰɿɚɬɢɜɧɢɯ ɩɪɚɜɢɥ. 

4. Ɉɮɨɪɦɢɬɢ ɡɜɿɬ ɡ ɪɨɛɨɬɢ. 
5. ȼɿɞɩɨɜɿɫɬɢ ɧɚ ɤɨɧɬɪɨɥɶɧɿ ɩɢɬɚɧɧɹ. 
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Ɂɦɿɫɬ ɡɜɿɬɭ 

1. Ɍɟɦɚ ɬɚ ɦɟɬɚ ɪɨɛɨɬɢ. 
2. Ʉɨɪɨɬɤɿ ɬɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ. 
3. ɇɚɛɿɪ ɞɚɧɢɯ ɞɥɹ ɨɛɪɨɛɤɢ (ɹɤɳɨ ɜɿɧ ɜɟɥɢɤɢɣ – 

ɧɚɜɟɫɬɢ ɮɪɚɝɦɟɧɬ). 
4. Ⱦɟɬɚɥɶɧɢɣ ɨɩɢɫ ɩɪɨɰɟɫɭ ɜɢɤɨɪɢɫɬɚɧɧɹ 

ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ɞɥɹ ɨɛɪɨɛɤɢ ɧɚɛɨɪɭ 
ɞɚɧɢɯ, ɳɨ ɦɚє ɛɭɬɢ ɩɪɨɿɥɸɫɬɪɨɜɚɧɢɣ 
ɡɨɛɪɚɠɟɧɧɹɦɢ ɟɤɪɚɧɧɢɯ ɮɨɪɦ ɡ ɨɩɢɫɨɦ ɤɨɠɧɨɝɨ ʀɯ 
ɟɥɟɦɟɧɬɭ ɬɚ ɤɨɦɟɧɬɚɪɹɦɢ ɞɨ ɤɨɠɧɨʀ ɞɿʀ. 

5. Ɍɟɤɫɬ ɩɪɨɝɪɚɦɢ ɡ ɤɨɦɟɧɬɚɪɹɦɢ. 
6. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɛɨɬɢ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ 

(ɧɚɛɿɪ ɨɬɪɢɦɚɧɢɯ ɩɪɚɜɢɥ, ɿɧɲɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ). 
7. ȼɢɫɧɨɜɤɢ, ɳɨ ɦɿɫɬɹɬɶ ɜɿɞɩɨɜɿɞɿ ɧɚ ɤɨɧɬɪɨɥɶɧɿ 

ɡɚɩɢɬɚɧɧɹ, ɚ ɬɚɤɨɠ ɜɿɞɨɛɪɚɠɭɸɬɶ ɪɟɡɭɥɶɬɚɬɢ 
ɜɢɤɨɧɚɧɧɹ ɪɨɛɨɬɢ ɬɚ ʀɯ ɤɪɢɬɢɱɧɢɣ ɚɧɚɥɿɡ. 

 

Ʉɨɧɬɪɨɥьɧɿ ɡɚɩɢɬɚɧɧɹ 

1. ɓɨ ɬɚɤɟ ɚɫɨɰɿɚɬɢɜɧɟ ɩɪɚɜɢɥɨ? 

2. Ⱦɥɹ ɱɨɝɨ ɩɪɢɡɧɚɱɟɧɿ ɚɫɨɰɿɚɬɢɜɧɿ ɩɪɚɜɢɥɚ? 

3. Ⱦɚɬɢ ɜɢɡɧɚɱɟɧɧɹ ɩɨɧɹɬɶ ɩɿɞɬɪɢɦɤɢ ɬɚ 
ɞɨɫɬɨɜɿɪɧɨɫɬɿ ɩɪɚɜɢɥɚ. 

4. əɤɟ ɩɪɢɡɧɚɱɟɧɧɹ ɚɥɝɨɪɢɬɦɿɜ ɩɨɲɭɤɭ ɚɫɨɰɿɚɬɢɜɧɢɯ 
ɩɪɚɜɢɥ? 

5. ɇɚ ɹɤɿ ɩɿɞɡɚɞɚɱɿ ɪɨɡɛɢɜɚєɬɶɫɹ ɡɚɞɚɱɚ ɡɧɚɯɨɞɠɟɧɧɹ 
ɚɫɨɰɿɚɬɢɜɧɢɯ ɩɪɚɜɢɥ? 

6. əɤɿ ɦɟɬɨɞɢ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɡɧɚɯɨɞɠɟɧɧɹ 
ɚɫɨɰɿɚɬɢɜɧɢɯ ɩɪɚɜɢɥ? 

7. əɤɢɦ ɱɢɧɨɦ ɨɛɢɪɚɸɬɶɫɹ ɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ 
minsupport ɬɚ minconfidence? 

8. ɓɨ ɬɚɤɟ ɱɢɫɥɨɜɿ ɚɫɨɰɿɚɬɢɜɧɿ ɩɪɚɜɢɥɚ? 

9. ɉɨɹɫɧɿɬɶ ɩɨɧɹɬɬɹ “ɭɡɚɝɚɥɶɧɟɧɟ ɚɫɨɰɿɚɬɢɜɧɟ 
ɩɪɚɜɢɥɨ”. 

10. ɓɨ ɧɚɡɢɜɚєɬɶɫɹ ɿєɪɚɪɯɿєɸ ɟɥɟɦɟɧɬɿɜ? 
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Ʌɚɛɨɪɚɬɨɪɧɚ ɪɨɛɨɬɚ № 2 

Ⱦɟɪɟɜɚ ɜɢɪɿɲɚɥьɧɢɯ ɩɪɚɜɢɥ 

 

Ɇɟɬɚ ɪɨɛɨɬɢ: ɜɢɜɱɢɬɢ ɨɫɧɨɜɧɿ ɦɟɬɨɞɢ ɩɨɛɭɞɨɜɢ 
ɞɟɪɟɜ ɜɢɪɿɲɚɥɶɧɢɯ ɩɪɚɜɢɥ, ɧɚɜɱɢɬɢɫɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ 
ɫɩɟɰɿɚɥɿɡɨɜɚɧɿ ɩɪɨɝɪɚɦɧɿ ɡɚɫɨɛɢ ɞɥɹ ɩɨɛɭɞɨɜɢ ɞɟɪɟɜ 
ɜɢɪɿɲɚɥɶɧɢɯ ɩɪɚɜɢɥ. 

 

Ɍɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ 
Ⱦɟɪɟɜɚ ɜɢɪɿɲɚɥɶɧɢɯ ɩɪɚɜɢɥ ɭ ɩɚɤɟɬɿ Matlab 

ɪɟɚɥɿɡɨɜɚɧɿ ɭ ɦɨɞɭɥɿ Statistics Toolbox. Ɉɫɧɨɜɧɢɦɢ 
ɮɭɧɤɰɿɹɦɢ ɞɥɹ ɪɨɛɨɬɢ ɡ ɞɟɪɟɜɚɦɢ є: treefit, treeprune, 

treedisp, treetest, treeval.  

 

Ɍɚɛɥɢɰɹ 1 

Ɏɭɧɤɰɿʀ ɩɚɤɟɬɭ Matlab ɞɥɹ ɪɨɛɨɬɢ ɿɡ ɞɟɪɟɜɚɦɢ 
ɜɢɪɿɲɚɥɶɧɢɯ ɩɪɚɜɢɥ 

№ Ɏɨɪɦɚɬ ɜɢɤɥɢɤɭ ɉɪɢɡɧɚɱɟɧɧɹ ɮɭɧɤɰɿʀ 
1 t = treefit(X,y) ɫɬɜɨɪɸє ɞɟɪɟɜɨ ɜɢɪɿɲɚɥɶɧɢɯ 

ɩɪɚɜɢɥ t ɧɚ ɨɫɧɨɜɿ ɡɚɞɚɧɢɯ 
ɡɧɚɱɟɧɶ ɧɟɡɚɥɟɠɧɢɯ ɡɦɿɧɧɢɯ 
(ɦɚɬɪɢɰɹ ɏ) ɬɚ ɡɧɚɱɟɧɶ 
ɜɢɯɿɞɧɨɝɨ ɩɚɪɚɦɟɬɪɭ 
(ɜɟɤɬɨɪ ɭ) 

2 t1 = treeprune(t,'level',n) ɫɬɜɨɪɸє ɞɟɪɟɜɨ ɜɢɪɿɲɚɥɶɧɢɯ 
ɩɪɚɜɢɥ t1 ɧɚ ɨɫɧɨɜɿ ɡɚɞɚɧɨɝɨ 
ɞɟɪɟɜɚ t, ɫɤɨɪɨɱɟɧɨɝɨ ɞɨ n-ɝɨ 
ɪɿɜɧɹ 

t1 = treeprune(t,'nodes',nod) ɫɬɜɨɪɸє ɞɟɪɟɜɨ ɜɢɪɿɲɚɥɶɧɢɯ 
ɩɪɚɜɢɥ t1 ɧɚ ɨɫɧɨɜɿ ɡɚɞɚɧɨɝɨ 
ɞɟɪɟɜɚ t, ɜɢɞɚɥɹɸɱɢ ɩɪɢ 
ɰɶɨɦɭ ɜɭɡɥɢ, ɜɤɚɡɚɧɿ ɜ 
ɡɦɿɧɧɿɣ nod 
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3 treedisp(t) ɜɿɞɨɛɪɚɠɭє ɞɟɪɟɜɨ t ɭ 
ɝɪɚɮɿɱɧɨɦɭ ɜɢɝɥɹɞɿ 

4 ɫ = treetest(t,'test',X,y) ɜɢɤɨɧɭє ɬɟɫɬɭɜɚɧɧɹ ɞɟɪɟɜɚ t 

ɡɚ ɞɨɩɨɦɨɝɨɸ ɬɟɫɬɨɜɨʀ 
ɜɢɛɿɪɤɢ (X, y).  

5 Ycalc = treeval(t,X) ɡɚ ɞɨɩɨɦɨɝɨɸ ɞɟɪɟɜɚ t ɞɥɹ 
ɦɚɫɢɜɭ ɧɟɡɚɥɟɠɧɢɯ ɡɦɿɧɧɢɯ 
ɏ ɪɨɡɪɚɯɨɜɭє ɡɧɚɱɟɧɧɹ 
ɜɢɯɿɞɧɨɝɨ ɩɚɪɚɦɟɬɪɭ Ycalc 

 

ɇɢɠɱɟ ɧɚɜɟɞɟɧɨ ɩɪɢɤɥɚɞ ɫɬɜɨɪɟɧɧɹ ɞɟɪɟɜɚ 
ɜɢɪɿɲɚɥɶɧɢɯ ɩɪɚɜɢɥ ɧɚ ɨɫɧɨɜɿ ɦɚɫɢɜɿɜ ɞɚɧɢɯ meas ɬɚ 
species, ɳɨ ɡɛɟɪɿɝɚɸɬɶɫɹ ɜ ɫɬɪɭɤɬɭɪɿ fisheriris. 

 

load fisheriris; % ɡɚɜɚɧɬɚɠɢɬɢ ɡ ɮɚɣɥɭ fisheriris.mat ɡɦɿɧɧɿ 
meas ɬɚ species ɞɥɹ ɫɬɜɨɪɟɧɧɹ ɞɟɪɟɜɚ ɜɢɪɿɲɚɥɶɧɢɯ ɩɪɚɜɢɥ  
 

t = treefit(meas,species); % ɫɬɜɨɪɢɬɢ ɞɟɪɟɜɨ ɧɚ ɨɫɧɨɜɿ 
ɡɦɿɧɧɢɯ meas ɬɚ species 

 

treedisp(t,'names',{'SL' 'SW' 'PL' 'PW'}); % ɜɢɜɟɫɬɢ ɧɚ ɟɤɪɚɧ 
ɩɨɛɭɞɨɜɚɧɟ ɞɟɪɟɜɨ t ɭ ɝɪɚɮɿɱɧɨɦɭ ɜɢɝɥɹɞɿ. ɉɪɢ ɰɶɨɦɭ ɞɥɹ 
ɩɿɞɩɢɫɭ ɡɧɚɱɟɧɶ ɧɟɡɚɥɟɠɧɢɯ ɡɦɿɧɧɢɯ, ɧɚ ɨɫɧɨɜɿ ɹɤɢɯ ɛɭɥɨ 
ɩɨɛɭɞɨɜɚɧɟ ɞɟɪɟɜɨ t, ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɩɚɪɚɦɟɬɪ names 

 

[c,s,n,best] = treetest(t,'cross',meas,species); % ɩɪɨɬɟɫɬɭɜɚɬɢ 
ɞɟɪɟɜɨ t 
 

tmin = treeprune(t,'level',best); % ɦɿɧɿɦɿɡɭɜɚɬɢ ɞɟɪɟɜɨ t 
 

% ɪɨɡɪɚɯɭɧɨɤ ɬɨɱɧɨɫɬɿ ɤɥɚɫɢɮɿɤɚɰɿʀ ɩɨɛɭɞɨɜɚɧɨɝɨ ɞɟɪɟɜɚ 

sfit = treeval(t,meas);  % ɡɚ ɞɨɩɨɦɨɝɨɸ ɞɟɪɟɜɚ t ɨɬɪɢɦɚɬɢ 
ɜɿɞɩɨɜɿɞɧɿ ɱɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ ɤɥɚɫɿɜ ɞɥɹ ɟɤɡɟɦɩɥɹɪɿɜ ɡ 
ɦɚɫɢɜɭ meas 
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sfit = t.classname(sfit);    % ɨɬɪɢɦɚɬɢ ɜɿɞɩɨɜɿɞɧɿ ɧɚɡɜɢ ɤɥɚɫɿɜ 

mean(strcmp(sfit,species)) % ɪɨɡɪɚɯɭɧɨɤ ɬɨɱɧɨɫɬɿ 
ɤɥɚɫɢɮɿɤɚɰɿʀ 

 

Ɂɚɜɞɚɧɧɹ ɞɨ ɪɨɛɨɬɢ 

1. Ɉɡɧɚɣɨɦɢɬɢɫɹ ɡ ɤɨɧɫɩɟɤɬɨɦ ɥɟɤɰɿɣ ɬɚ 
ɪɟɤɨɦɟɧɞɨɜɚɧɨɸ ɥɿɬɟɪɚɬɭɪɨɸ 

2. ɋɮɨɪɦɭɜɚɬɢ ɧɚɛɿɪ ɞɚɧɢɯ ɞɥɹ ɨɛɪɨɛɤɢ ɬɚ ɚɧɚɥɿɡɭ. 
3. ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɪɟɤɨɦɟɧɞɨɜɚɧɟ ɩɪɨɝɪɚɦɧɟ 

ɡɚɛɟɡɩɟɱɟɧɧɹ ɡɞɿɣɫɧɢɬɢ ɨɛɪɨɛɤɭ ɧɚɛɨɪɭ ɞɚɧɢɯ ɡ 

ɦɟɬɨɸ ɩɨɛɭɞɨɜɢ ɞɟɪɟɜɚ ɜɢɪɿɲɚɥɶɧɢɯ ɩɪɚɜɢɥ. 
4. ȼɢɤɨɪɢɫɬɚɬɢ ɩɨɛɭɞɨɜɚɧɟ ɞɟɪɟɜɨ ɞɥɹ ɩɪɢɣɧɹɬɬɹ 

ɪɿɲɟɧɶ ɧɚ ɤɨɧɤɪɟɬɧɨɦɭ ɩɪɢɤɥɚɞɿ. 
5. Ɉɮɨɪɦɢɬɢ ɡɜɿɬ ɡ ɪɨɛɨɬɢ. 
6. ȼɿɞɩɨɜɿɫɬɢ ɧɚ ɤɨɧɬɪɨɥɶɧɿ ɩɢɬɚɧɧɹ. 

 

Ɂɦɿɫɬ ɡɜɿɬɭ 

1. Ɍɟɦɚ ɬɚ ɦɟɬɚ ɪɨɛɨɬɢ. 
2. Ʉɨɪɨɬɤɿ ɬɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ. 
3. ɇɚɛɿɪ ɞɚɧɢɯ ɞɥɹ ɨɛɪɨɛɤɢ (ɹɤɳɨ ɜɿɧ ɜɟɥɢɤɢɣ – 

ɧɚɜɟɫɬɢ ɮɪɚɝɦɟɧɬ). 
4. Ʌɿɫɬɢɧɝ ɨɫɧɨɜɧɢɯ ɮɭɧɤɰɿɣ ɩɪɨɝɪɚɦɢ ɡ 

ɤɨɦɟɧɬɚɪɹɦɢ. 
5. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɛɨɬɢ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ 

(ɞɟɪɟɜɨ ɜɢɪɿɲɚɥɶɧɢɯ ɩɪɚɜɢɥ, ɪɟɡɭɥɶɬɚɬɢ 
ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ, ɿɧɲɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ). 

6. ȼɢɫɧɨɜɤɢ, ɳɨ ɦɿɫɬɹɬɶ ɜɿɞɩɨɜɿɞɿ ɧɚ ɤɨɧɬɪɨɥɶɧɿ 
ɡɚɩɢɬɚɧɧɹ, ɚ ɬɚɤɨɠ ɜɿɞɨɛɪɚɠɭɸɬɶ ɪɟɡɭɥɶɬɚɬɢ 
ɜɢɤɨɧɚɧɧɹ ɪɨɛɨɬɢ ɬɚ ʀɯ ɤɪɢɬɢɱɧɢɣ ɚɧɚɥɿɡ. 

 

Ʉɨɧɬɪɨɥьɧɿ ɡɚɩɢɬɚɧɧɹ 

 

1. ɓɨ ɬɚɤɟ ɞɟɪɟɜɨ ɜɢɪɿɲɚɥɶɧɢɯ ɩɪɚɜɢɥ? əɤɢɣ ɫɩɨɫɿɛ 
ɩɨɞɚɧɧɹ ɩɪɚɜɢɥ ɜ ɧɢɯ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ? 
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2. Ⱦɚɬɢ ɨɡɧɚɱɟɧɧɹ ɨɫɧɨɜɧɢɯ ɩɨɧɹɬɶ, ɳɨ ɜɿɞɧɨɫɹɬɶɫɹ 
ɞɨ ɬɟɨɪɿʀ ɞɟɪɟɜ ɜɢɪɿɲɚɥɶɧɢɯ ɩɪɚɜɢɥ: ɨɛ’єɤɬ, 
ɚɬɪɢɛɭɬ, ɦɿɬɤɚ ɤɥɚɫɭ, ɜɭɡɨɥ, ɥɢɫɬ, ɩɟɪɟɜɿɪɤɚ. 

3. ɇɚɜɟɫɬɢ ɨɫɧɨɜɧɿ ɤɥɚɫɢ ɡɚɞɚɱ, ɞɨ ɹɤɢɯ ɦɨɠɭɬɶ ɛɭɬɢ 
ɡɚɫɬɨɫɨɜɚɧɿ ɞɟɪɟɜɚ ɜɢɪɿɲɚɥɶɧɢɯ ɩɪɚɜɢɥ. 

4. əɤɢɦ ɱɢɧɨɦ ɜɿɞɛɭɜɚєɬɶɫɹ ɩɨɛɭɞɨɜɚ ɞɟɪɟɜɚ ɪɿɲɟɧɶ? 
əɤɢɣ ɦɟɬɨɞ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɞɥɹ ɰɶɨɝɨ? 

5. ȼ ɱɨɦɭ ɩɨɥɹɝɚє ɩɪɨɰɟɫ ɧɚɜɱɚɧɧɹ ɡ ɭɱɢɬɟɥɟɦ? 

6. ɉɨɪɿɜɧɹɣɬɟ ɦɟɬɨɞɢ, ɳɨ ɪɟɚɥɿɡɭɸɬɶ ɞɟɪɟɜɚ 
ɜɢɪɿɲɚɥɶɧɢɯ ɩɪɚɜɢɥ: CART ɬɚ C4.5. 

7. ɉɨɹɫɧɿɬɶ ɩɪɢɧɰɢɩ ɪɨɛɨɬɢ “ɠɚɞɿɛɧɢɯ” ɚɥɝɨɪɢɬɦɿɜ. 
8. ɉɟɪɟɥɿɱɿɬɶ ɨɫɧɨɜɧɿ ɚɫɩɟɤɬɢ, ɹɤɢɦ ɩɪɢɞɿɥɹєɬɶɫɹ 

ɭɜɚɝɚ ɩɪɢ ɩɨɛɭɞɨɜɿ ɞɟɪɟɜ ɪɿɲɟɧɶ. 
9. ȼ ɱɨɦɭ ɩɨɥɹɝɚє ɩɪɚɜɢɥɨ ɜɿɞɛɨɪɭ ɨɡɧɚɤɢ ɞɥɹ 

ɪɨɡɛɢɬɬɹ? ɋɮɨɪɦɭɥɸɣɬɟ ɡɚɝɚɥɶɧɟ ɩɪɚɜɢɥɨ ɞɥɹ 
ɜɿɞɛɨɪɭ ɚɬɪɢɛɭɬɭ. 

10. ȼɢɤɨɧɚɣɬɟ ɩɨɪɿɜɧɹɥɶɧɢɣ ɚɧɚɥɿɡ ɤɪɢɬɟɪɿʀɜ 
ɨɰɿɧɤɢ ɹɤɨɫɬɿ ɪɨɡɛɢɬɬɹ ɦɧɨɠɢɧɢ ɧɚ ɤɥɚɫɢ. 

 

Ʌɚɛɨɪɚɬɨɪɧɚ ɪɨɛɨɬɚ №3 

ɇɟɣɪɨ-ɧɟɱɿɬɤɿ ɫɢɫɬɟɦɢ 

 

Ɇɟɬɚ ɪɨɛɨɬɢ: ɜɢɜɱɢɬɢ ɨɫɧɨɜɧɿ ɦɨɞɟɥɿ ɬɚ ɦɟɬɨɞɢ 
ɫɢɧɬɟɡɭ ɧɟɣɪɨ-ɧɟɱɿɬɤɢɯ ɫɢɫɬɟɦ, ɨɫɜɨʀɬɢ ɩɪɢɧɰɢɩɢ 
ɩɨɛɭɞɨɜɢ ɧɟɣɪɨ-ɧɟɱɿɬɤɢɯ ɦɟɪɟɠ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɪɨɝɪɚɦɧɢɯ 
ɡɚɫɨɛɿɜ, ɧɚɜɱɢɬɢɫɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɧɟɣɪɨ-ɧɟɱɿɬɤɿ ɦɨɞɟɥɿ 
ɞɥɹ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɝɨ ɚɧɚɥɿɡɭ ɞɚɧɢɯ. 

 

Ɍɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ 
Фɨɪɦɭɜɚɧɧɹ ɛɚɡɢ ɡɧɚɧь ɧɟɣɪɨ-ɧɟɱɿɬɤɨʀ ɦɟɪɟɠɿ 
Ɋɨɡɝɥɹɧɟɦɨ ɨɛ’єɤɬ ɜɢɞɭ y = f(x1, ɯ2, ...,xn) ɞɥɹ ɹɤɨɝɨ 

ɡɜ’ɹɡɨɤ «ɜɯɨɞɢ ɯj – ɜɢɯɿɞ ɭ» ɦɨɠɧɚ ɩɨɞɚɬɢ ɭ ɜɢɝɥɹɞɿ 
ɟɤɫɩɟɪɬɧɨʀ ɦɚɬɪɢɰɿ ɡɧɚɧɶ (ɬɚɛɥ. ȼ.1). 
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Ɍɚɛɥɢɰɹ 3.1 

ȿɤɫɩɟɪɬɧɚ ɦɚɬɪɢɰɹ ɡɧɚɧɶ 

ɇɨɦɟɪ 
ɩɪɚɜɢɥ
ɚ 

əɤɳɨ (ɜɯɨɞɢ) Ɍɨ 

(ɜɢɯɿɞ
) 

ȼɚɝɚ 
ɩɪɚɜɢɥ
ɚ 

x1 x2 ... xn 

11 a1
11 a2

11 ... an
11 

d1 

w11 

12 a1
12 a2

12 ... an
12 w12 

... ... ... ... ... ... 

1k1 jk1

1a  jk1

2a  ... jk1

na  
1k1

w  

       

... ... ... ... ... ... ... 

       

m1 a1
m1 a2

m1 ... an
m1 

dm 

wm1 

m2 a1
m2 a2

m2 ... an
m2 wm2 

... ... ... ... ... ... 

mkm mmk

1a
 

mmk

2a  ... mmk

na  
mmkw  

ɐɿɣ ɦɚɬɪɢɰɿ ɜɿɞɩɨɜɿɞɚє ɧɟɱɿɬɤɚ ɛɚɡɚ ɡɧɚɧɶ: 

,k , 2, 1,  p,m..., 1,2,j,dyɬо

),wɜɚɝою(з)]a(xɬɚ)a(xɬɚ)a[(xɚɛо

)wɜɚɝою (з)]a(xɬɚ)a(xɬɚ)a[(xəкщо

jj

jk
jk
nn

jk

22
jk

11

j1
j1
nn

j1
22

j1
11

j

jjj











 

ɞɟ jp
i

a  – ɥɿɧɝɜɿɫɬɢɱɧɢɣ ɬɟɪɦ, ɳɨ ɨɰɿɧɸє ɡɦɿɧɧɭ xi ɭ ɪɹɞɤɭ ɪ, 
kj – ɤɿɥɶɤɿɫɬɶ ɪɹɞɤɿɜ-ɤɨɧ’ɸɧɤɰɿɣ, ɳɨ ɜɿɞɩɨɜɿɞɚɸɬɶ ɤɥɚɫɭ dj 

ɜɢɯɿɞɧɨʀ ɡɦɿɧɧɨʀ ɭ, jpw  – ɱɢɫɥɨ ɜ ɞɿɚɩɚɡɨɧɿ [0,1], ɳɨ 
ɯɚɪɚɤɬɟɪɢɡɭє ɫɭɛ’єɤɬɢɜɧɭ ɦɿɪɭ ɜɩɟɜɧɟɧɨɫɬɿ ɟɤɫɩɟɪɬɚ ɳɨɞɨ 
ɜɢɫɥɨɜɥɟɧɧɹ ɡ ɧɨɦɟɪɨɦ p. 

əɤɳɨ ɜɢɯɿɞɧɚ ɡɦɿɧɧɚ (ɤɨɧɫɟɤɜɟɧɬ) є ɞɢɫɤɪɟɬɧɨɸ, ɬɨ 
ɤɥɚɫɢ dj, j=1, 2, ..., m, ɮɨɪɦɭɸɬɶɫɹ ɹɤ ɧɨɦɟɪɢ ɞɢɫɤɪɟɬɧɢɯ 
ɡɧɚɱɟɧɶ ɜɢɯɿɞɧɨʀ ɡɦɿɧɧɨʀ. 

 

 

       
      



 17 

Ɇɟɪɟɠɚ Ɇɚɦɞɚɧɿ 
ɇɟɣɪɨ-ɧɟɱɿɬɤɢɣ ɚɩɪɨɤɫɢɦɚɬɨɪ Ɇɚɦɞɚɧɿ (Mamdani 

neuro-fuzzy approximator) є ɧɚɣɛɿɥɶɲ ɭɡɚɝɚɥɶɧɟɧɨɸ ɦɨɞɟɥɥɸ 
ɧɟɣɪɨ-ɧɟɱɿɬɤɨʀ ɦɟɪɟɠɿ, ɩɨɛɭɞɨɜɚɧɨʀ ɧɚ ɩɪɚɜɢɥɚɯ Ɇɚɦɞɚɧɿ. 
ɋɬɪɭɤɬɭɪɭ ɦɟɪɟɠɿ Ɇɚɦɞɚɧɿ ɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫ. 3.1. 

Ɋɢɫ. 3.1. ɋɬɪɭɤɬɭɪɚ ɧɟɣɪɨ-ɧɟɱɿɬɤɨʀ ɦɟɪɟɠɿ Ɇɚɦɞɚɧɿ 
 

ɇɟɣɪɨ-ɧɟɱɿɬɤɚ ɦɟɪɟɠɚ Ɇɚɦɞɚɧɿ ɦɚє ɩ’ɹɬɶ ɲɚɪɿɜ. 
ɉɟɪɲɢɣ (ɜɯɿɞɧɢɣ) ɲɚɪ ɭɬɜɨɪɸɸɬɶ ɟɥɟɦɟɧɬɢ ɜɯɿɞɧɨɝɨ 

ɜɟɤɬɨɪɚ. 
Ⱦɪɭɝɢɣ ɲɚɪ ɦɿɫɬɢɬɶ ɧɟɱɿɬɤɿ ɬɟɪɦɢ, ɹɤɿ ɜɿɞɩɨɜɿɞɚɸɬɶ 

ɜɯɿɞɧɢɦ ɡɦɿɧɧɢɦ, ɬɚ ɨɛɱɢɫɥɸє ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɜɯɿɞɧɨɝɨ 
ɜɟɤɬɨɪɚ ɞɨ ɤɨɠɧɨɝɨ ɡ ɧɟɱɿɬɤɢɯ ɬɟɪɦɿɜ: 

,m1,j,k,1p ,N1,i,

c

bx
1

1
)(xμ

_____

j2

jp
i

jp
ii

ijp 










 


  
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ɞɟ μjp(xi) – ɮɭɧɤɰɿɹ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɡɦɿɧɧɨʀ ɯi ɬɟɪɦɭ p-ɝɨ 
ɪɹɞɤɚ j-ɝɨ ɩɪɚɜɢɥɚ, ai

jp, bi
jp, ci

jp – ɩɚɪɚɦɟɬɪɢ ɧɚɫɬɪɨɸɜɚɧɧɹ 
ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ. 

Ɍɪɟɬɿɣ ɲɚɪ ɭɬɜɨɪɸɸɬɶ ɪɹɞɤɢ-ɤɨɧ’ɸɧɤɰɿʀ 
ɚɧɬɟɰɟɞɟɧɬɿɜ ɩɪɚɜɢɥ ɧɟɱɿɬɤɨʀ ɛɚɡɢ ɡɧɚɧɶ: ɤɨɠɧɢɣ ɜɭɡɨɥ 
ɰɶɨɝɨ ɲɚɪɭ ɪɟɚɥɿɡɭє ɨɩɟɪɚɬɨɪ T-ɧɨɪɦɢ ɬɚ ɜɢɞɚє ɫɬɭɩɿɧɶ 
ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɜɯɿɞɧɨɝɨ ɜɟɤɬɨɪɚ ɞɨ ɫɩɿɜɫɬɚɜɥɟɧɨɝɨ ɜɭɡɥɭ 
ɩɪɚɜɢɥɚ. 

ɑɟɬɜɟɪɬɢɣ ɲɚɪ ɩɨєɞɧɭє ɩɪɚɜɢɥɚ ɜ ɤɥɚɫɢ dj, j=l, 2, …, 
m, ɬɚ ɨɛɱɢɫɥɸє ɫɬɭɩɟɧɿ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɜɯɿɞɧɨɝɨ ɜɟɤɬɨɪɚ ɞɨ 
ɜɿɞɩɨɜɿɞɧɢɯ ɬɟɪɦɿɜ ɜɢɯɿɞɧɨʀ ɡɦɿɧɧɨʀ; ɤɨɠɧɢɣ ɜɭɡɨɥ ɰɶɨɝɨ 
ɲɚɪɭ ɪɟɚɥɿɡɭє ɨɩɟɪɚɬɨɪ T-ɤɨɧɨɪɦɢ. 

Ɏɭɧɤɰɿɹ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɜɯɿɞɧɨɝɨ ɜɟɤɬɨɪɚ ɞɨ j-ɝɨ 
ɬɟɪɦɭ dj ɜɢɯɿɞɧɨʀ ɡɦɿɧɧɨʀ y ɜɢɡɧɚɱɚєɬɶɫɹ ɹɤ:  

]}.)(xμ[minw{max(y)μ ijp
N1,i

jp
k1,p

d
j

j 
  

ɉ’ɹɬɢɣ ɲɚɪ ɦɿɫɬɢɬɶ ɨɞɢɧ ɧɟɣɪɨɧ, ɳɨ ɩɨєɞɧɭє 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɞɨ ɧɟɱɿɬɤɢɯ ɬɟɪɦɿɜ ɜɢɯɿɞɧɨʀ ɡɦɿɧɧɨʀ ɬɚ 
ɜɢɤɨɧɭє ɨɩɟɪɚɰɿɸ ɞɟɮɚɡɢɮɿɤɚɰɿʀ: 

- ɞɥɹ ɞɢɫɤɪɟɬɧɨɝɨ ɜɢɯɨɞɭ:   ;

(y)μ

(y)μd

y
m

1j

d

m

1j

dj

j

j







  

- ɞɥɹ ɧɟɩɟɪɟɪɜɧɨɝɨ ɜɢɯɨɞɭ: 

.

(y)μ

(y)μy(y)μy(y)μy
y

m

1j

d

d1md1d

j

m21








 

ɑɢɫɥɨ ɜɭɡɥɿɜ ɭ ɧɟɣɪɨ-ɧɟɱɿɬɤɿɣ ɦɟɪɟɠɿ ɜɢɡɧɚɱɚєɬɶɫɹ 
ɬɚɤ: ɲɚɪ 1 – ɡɚ ɤɿɥɶɤɿɫɬɸ ɟɥɟɦɟɧɬɿɜ ɜɯɿɞɧɨɝɨ ɜɟɤɬɨɪɚ; ɲɚɪ 2 
– ɡɚ ɤɿɥɶɤɿɫɬɸ ɧɟɱɿɬɤɢɯ ɬɟɪɦɿɜ ɭ ɛɚɡɿ ɡɧɚɧɶ (n); ɲɚɪ 3 – ɡɚ 
ɤɿɥɶɤɿɫɬɸ ɫɬɪɨɤ-ɤɨɧ’ɸɧɤɰɿɣ ɭ ɛɚɡɿ ɡɧɚɧɶ; ɲɚɪ 4 – ɡɚ 
ɤɿɥɶɤɿɫɬɸ ɤɥɚɫɿɜ, ɧɚ ɹɤɿ ɪɨɡɛɢɜɚєɬɶɫɹ ɞɿɚɩɚɡɨɧ ɜɢɯɿɞɧɨʀ 
ɡɦɿɧɧɨʀ (m). 
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Ⱦɭɝɚɦ ɝɪɚɮɚ ɩɪɢɫɜɨɸɸɬɶɫɹ ɬɚɤɿ ɜɚɝɢ: ɨɞɢɧɢɰɹ (ɞɭɝɢ 
ɦɿɠ ɩɟɪɲɢɦ ɿ ɞɪɭɝɢɦ ɲɚɪɚɦɢ); ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ 
ɜɯɨɞɭ ɞɨ ɧɟɱɿɬɤɨɝɨ ɬɟɪɦɭ (ɞɭɝɢ ɦɿɠ ɞɪɭɝɢɦ ɿ ɬɪɟɬɿɦ 
ɲɚɪɚɦɢ); ɜɚɝɢ ɩɪɚɜɢɥ (ɞɭɝɢ ɦɿɠ ɬɪɟɬɿɦ ɿ ɱɟɬɜɟɪɬɢɦ 
ɲɚɪɚɦɢ); ɨɞɢɧɢɰɹ (ɞɭɝɢ ɦɿɠ ɱɟɬɜɟɪɬɢɦ ɿ ɩ’ɹɬɢɦ ɲɚɪɚɦɢ). 
ɉɨɪɨɝɢ ɧɟɣɪɨɧɿɜ ɜɜɚɠɚɸɬɶ ɜɿɞɫɭɬɧɿɦɢ ɚɛɨ ɬɚɤɢɦɢ, ɳɨ 
ɞɨɪɿɜɧɸɸɬɶ ɧɭɥɸ. 

ɇɚɜɱɚɧɧɹ ɧɟɣɪɨ-ɧɟɱɿɬɤɨʀ ɦɟɪɟɠɿ Ɇɚɦɞɚɧɿ 
ɡɞɿɣɫɧɸɸɬɶ ɦɟɬɨɞɨɦ ɡɜɨɪɨɬɧɨɝɨ ɩɨɲɢɪɟɧɧɹ ɩɨɦɢɥɤɢ ɡ 
ɦɟɬɨɸ ɦɿɧɿɦɿɡɚɰɿʀ ɤɪɢɬɟɪɿɸ ɩɨɦɢɥɤɢ 





S
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2s*s )y(y
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E , 

ɳɨ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɜ ɬɟɨɪɿʀ ɧɟɣɪɨɧɧɢɯ ɦɟɪɟɠ, ɞɟ ys* ɬɚ ys – 

ɛɚɠɚɧɟ ɬɚ ɪɨɡɪɚɯɭɧɤɨɜɟ ɡɧɚɱɟɧɧɹ ɜɢɯɨɞɭ ɦɟɪɟɠɿ ɞɥɹ s-ɝɨ 
ɟɤɡɟɦɩɥɹɪɚ. 

Ⱦɨɬɢ, ɩɨɤɢ ɩɨɦɢɥɤɚ E ɧɟ ɞɨɫɹɝɧɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɩɪɢɣɧɹɬɧɨɝɨ ɪɿɜɧɹ, ɩɨɫɥɿɞɨɜɧɨ ɞɥɹ ɤɨɠɧɨɝɨ s-ɝɨ 
ɟɤɡɟɦɩɥɹɪɚ xs, s = 1, 2, …, S, ɜɢɤɨɧɭɸɬɶ ɞɜɚ ɟɬɚɩɢ. ɇɚ 
ɩɟɪɲɨɦɭ ɟɬɚɩɿ (ɩɪɹɦɢɣ ɯɿɞ) ɞɥɹ s-ɝɨ ɟɤɡɟɦɩɥɹɪɚ 
ɨɛɱɢɫɥɸɸɬɶ ɪɨɡɪɚɯɭɧɤɨɜɟ ɡɧɚɱɟɧɧɹ ɜɢɯɨɞɭ ɦɟɪɟɠɿ ys. ɇɚ 
ɞɪɭɝɨɦɭ ɟɬɚɩɿ (ɡɜɨɪɨɬɧɢɣ ɯɿɞ) ɨɛɱɢɫɥɸɸɬɶ ɡɧɚɱɟɧɧɹ 
ɦɢɬɬєɜɨʀ ɩɨɦɢɥɤɢ Et ɬɚ ɩɟɪɟɪɚɯɨɜɭɸɬɶ ɜɚɝɢ ɡɜ’ɹɡɤɿɜ: 
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ɞɟ ys*(t) ɬɚ ys(t) – ɛɚɠɚɧɟ ɬɚ ɪɨɡɪɚɯɭɧɤɨɜɟ ɡɧɚɱɟɧɧɹ ɜɢɯɨɞɭ 
ɦɟɪɟɠɿ ɞɥɹ s-ɝɨ ɟɤɡɟɦɩɥɹɪɚ ɧɚ t-ɦɭ ɤɪɨɰɿ ɧɚɜɱɚɧɧɹ, wjp(t), 

ci
jp(t), bi

jp(t) – ɜɚɝɢ ɩɪɚɜɢɥ ɿ ɩɚɪɚɦɟɬɪɢ ɮɭɧɤɰɿɣ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɧɚ t-ɦɭ ɤɪɨɰɿ ɧɚɜɱɚɧɧɹ; α  – ɜɟɥɢɱɢɧɚ ɤɪɨɤɭ 
ɧɚɜɱɚɧɧɹ. 

ɑɚɫɬɤɨɜɿ ɩɨɯɿɞɧɿ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɭ ɩɪɚɜɢɥɚɯ 
ɤɨɪɟɝɭɜɚɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɦɟɪɟɠɿ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ ɱɭɬɬєɜɿɫɬɶ 
ɩɨɦɢɥɤɢ Et ɞɨ ɡɦɿɧɢ ɩɚɪɚɦɟɬɪɿɜ ɬɚ ɨɛɱɢɫɥɸɸɬɶɫɹ ɬɚɤɢɦ 
ɱɢɧɨɦ: 
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Ɇɟɪɟɠɚ Ɍɚɤɚɝɿ-ɋɭɝɟɧɨ-Ʉɚɧɝɚ 

ɇɟɣɪɨ-ɧɟɱɿɬɤɚ ɦɟɪɟɠɚ Ɍɚɤɚɝɿ-ɋɭɝɟɧɨ-Ʉɚɧɝɚ (Takagi-
Sugeno-Kang Neuro-fuzzy network, TSK) ɜɢɤɨɧɭє ɧɟɱɿɬɤɟ 
ɜɢɜɟɞɟɧɧɹ ɿɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ N ɡɦɿɧɧɢɯ xj ɬɚ m ɩɪɚɜɢɥ: 
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ɉk: əɤɳɨ x1  A(k)
1 ɬɚ x2  A(k)

2 ɬɚ … ɬɚ x  A(k)
N, ɬɨɞɿ 





N

1j

j
k
j

k
0k ,xwwy  

ɞɟ A(k)
j – ɧɟɱɿɬɤɢɣ ɬɟɪɦ, ɞɨ ɹɤɨɝɨ ɦɚє ɧɚɥɟɠɚɬɢ j-ɬɚ 

ɜɯɿɞɧɚ ɡɦɿɧɧɚ, ɳɨɛ ɚɤɬɢɜɿɡɭɜɚɬɢ k-ɬɟ ɩɪɚɜɢɥɨ, wk
j – 

ɜɚɝɨɜɢɣ ɤɨɟɮɿɰɿєɧɬ, k = 1, 2, …, m. 
Ɇɟɪɟɠɚ Ɍɚɤɚɝɿ-ɋɭɝɟɧɨ-Ʉɚɧɝɚ (ɪɢɫ. 3.2) 

ɫɤɥɚɞɚєɬɶɫɹ ɡ ɩ’ɹɬɢ ɲɚɪɿɜ. 
ɉɟɪɲɢɣ ɲɚɪ ɜɢɤɨɧɭє ɨɤɪɟɦɭ ɮɚɡɢɮɿɤɚɰɿɸ ɤɨɠɧɨʀ 

ɜɯɿɞɧɨʀ ɡɦɿɧɧɨʀ xj, j=1, 2, ..., N, ɜɢɡɧɚɱɚɸɱɢ ɞɥɹ ɤɨɠɧɨɝɨ k-ɝɨ 
ɩɪɚɜɢɥɚ ɡɧɚɱɟɧɧɹ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ 
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Ɋɢɫ. 3.2. Ɇɟɪɟɠɚ Ɍɚɤɚɝɿ-ɋɭɝɟɧɨ-Ʉɚɧɝɚ 

 

ɩɚɪɚɦɟɬɪɢ ɹɤɨʀ jkjkjk b,σ,c  ɩɿɞɥɹɝɚɸɬɶ ɚɞɚɩɬɚɰɿʀ ɜ ɩɪɨɰɟɫɿ 
ɧɚɜɱɚɧɧɹ. 

Ⱦɪɭɝɢɣ ɲɚɪ ɜɢɤɨɧɭє ɚɝɪɟɝɭɜɚɧɧɹ ɮɭɧɤɰɿɣ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɜɯɿɞɧɢɯ ɡɦɿɧɧɢɯ ɞɨ ɬɟɪɦɿɜ ɚɧɬɟɰɟɞɟɧɬɿɜ 
ɧɟɱɿɬɤɢɯ ɩɪɚɜɢɥ, ɜɢɡɧɚɱɚɸɱɢ ɩɪɢɧɚɥɟɠɧɿɫɬɶ ɜɯɿɞɧɨɝɨ 
ɜɟɤɬɨɪɚ ɞɨ k-ɝɨ ɩɪɚɜɢɥɚ (ɪɿɜɟɧɶ ɚɤɬɢɜɚɰɿʀ ɩɪɚɜɢɥɚ): 

       
      



 22 


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
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1j

jkjkjkj
)1(
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k )b,σ,c,x(μμ , k = 1, 2, …, m. 

Ɍɪɟɬɿɣ ɲɚɪ ɝɟɧɟɪɭє ɡɧɚɱɟɧɧɹ ɮɭɧɤɰɿɣ ɤɨɧɫɟɤɜɟɧɬɿɜ 
ɧɟɱɿɬɤɢɯ ɩɪɚɜɢɥ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɪɿɜɧɿɜ ɚɤɬɢɜɚɰɿʀ ɩɪɚɜɢɥ: 
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ɐɟ ɩɚɪɚɦɟɬɪɢɱɧɢɣ ɲɚɪ, ɭ ɹɤɨɦɭ ɚɞɚɩɬɚɰɿʀ ɩɿɞɥɹɝɚɸɬɶ 
ɥɿɧɿɣɧɿ ɜɚɝɢ wk

j, k = 1,2, ..., m, j = 1, 2, ..., N. 

ɑɟɬɜɟɪɬɢɣ ɲɚɪ ɚɝɪɟɝɭє m ɩɪɚɜɢɥ ɜɢɜɟɞɟɧɧɹ (ɩɟɪɲɢɣ 
ɧɟɣɪɨɧ) ɿ ɝɟɧɟɪɭє ɧɨɪɦɚɥɿɡɭɸɱɢɣ ɫɢɝɧɚɥ (ɞɪɭɝɢɣ ɧɟɣɪɨɧ): 
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ɉ’ɹɬɢɣ (ɜɢɯɿɞɧɢɣ) ɲɚɪ ɦɿɫɬɢɬɶ ɨɞɢɧ ɧɟɣɪɨɧ ɿ ɡɞɿɣɫɧɸє 
ɧɨɪɦɚɥɿɡɚɰɿɸ, ɮɨɪɦɭɸɱɢ ɜɢɯɿɞɧɢɣ ɫɢɝɧɚɥ ɭ: 

.μμ)x,....,x,x(y )2,4()1,4(
N21   

Ɇɟɪɟɠɚ Ɍɚɤɚɝɿ-ɋɭɝɟɧɨ-Ʉɚɧɝɚ ɦɿɫɬɢɬɶ ɬɿɥɶɤɢ ɞɜɚ 
ɩɚɪɚɦɟɬɪɢɱɧɢɯ ɲɚɪɢ (ɩɟɪɲɢɣ ɿ ɬɪɟɬɿɣ), ɩɚɪɚɦɟɬɪɢ ɹɤɢɯ 
ɭɬɨɱɧɸɸɬɶɫɹ ɜ ɩɪɨɰɟɫɿ ɧɚɜɱɚɧɧɹ. ɉɚɪɚɦɟɬɪɢ ɩɟɪɲɨɝɨ 
ɲɚɪɭ ɛɭɞɟɦɨ ɧɚɡɢɜɚɬɢ ɧɟɥɿɧɿɣɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɚ 
ɩɚɪɚɦɟɬɪɢ ɬɪɟɬɶɨɝɨ ɲɚɪɭ – ɥɿɧɿɣɧɢɦɢ ɜɚɝɚɦɢ. 

əɤɳɨ ɩɪɢɣɧɹɬɢ, ɳɨ ɜ ɤɨɧɤɪɟɬɧɢɣ ɦɨɦɟɧɬ ɱɚɫɭ 
ɩɚɪɚɦɟɬɪɢ ɭɦɨɜ ɡɚɮɿɤɫɨɜɚɧɿ, ɬɨ ɮɭɧɤɰɿɹ y(ɯ1, x2, …, xN) є 
ɥɿɧɿɣɧɨɸ ɳɨɞɨ ɡɦɿɧɧɢɯ ɯ1, x2, …, xN. 

ɉɪɢ ɧɚɹɜɧɨɫɬɿ N ɜɯɿɞɧɢɯ ɡɦɿɧɧɢɯ ɤɨɠɧɟ ɩɪɚɜɢɥɨ 
ɮɨɪɦɭє N+1 ɡɦɿɧɧɢɯ wk

j ɥɿɧɿɣɧɨʀ ɡɚɥɟɠɧɨɫɬɿ ɭk(ɯ1, x2, …, 
xN). ɉɪɢ m ɩɪɚɜɢɥɚɯ ɜɢɜɟɞɟɧɧɹ ɰɟ ɞɚє m(N+1) ɥɿɧɿɣɧɢɯ 
ɩɚɪɚɦɟɬɪɿɜ ɦɟɪɟɠɿ. ɍ ɫɜɨɸ ɱɟɪɝɭ, ɤɨɠɧɚ ɮɭɧɤɰɿɹ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɜɢɤɨɪɢɫɬɨɜɭє ɬɪɢ ɩɚɪɚɦɟɬɪɢ jkjkjk b,σ,c , ɳɨ 
ɩɿɞɥɹɝɚɸɬɶ ɚɞɚɩɬɚɰɿʀ. əɤɳɨ ɩɪɢɣɧɹɬɢ, ɳɨ ɤɨɠɧɚ ɡɦɿɧɧɚ ɯj, 

ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɜɥɚɫɧɨɸ ɮɭɧɤɰɿєɸ ɩɪɢɧɚɥɟɠɧɨɫɬɿ, ɬɨ 
ɩɪɢ m ɩɪɚɜɢɥɚɯ ɜɢɜɟɞɟɧɧɹ ɦɢ ɨɞɟɪɠɢɦɨ 3m ɧɟɥɿɧɿɣɧɢɯ 
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ɩɚɪɚɦɟɬɪɿɜ. ɍ ɫɭɦɿ ɰɟ ɞɚє m(4N+1) ɥɿɧɿɣɧɢɯ ɿ ɧɟɥɿɧɿɣɧɢɯ 
ɩɚɪɚɦɟɬɪɿɜ, ɡɧɚɱɟɧɧɹ ɹɤɢɯ ɩɨɜɢɧɧɿ ɩɿɞɛɢɪɚɬɢɫɹ ɜ ɩɪɨɰɟɫɿ 
ɧɚɜɱɚɧɧɹ ɦɟɪɟɠɿ. 

ɇɚ ɩɪɚɤɬɢɰɿ ɞɥɹ ɡɦɟɧɲɟɧɧɹ ɤɿɥɶɤɨɫɬɿ ɩɚɪɚɦɟɬɪɿɜ, ɳɨ 
ɚɞɚɩɬɭɸɬɶɫɹ, ɨɩɟɪɭɸɬɶ ɦɟɧɲɨɸ ɤɿɥɶɤɿɫɬɸ ɧɟɡɚɥɟɠɧɢɯ 
ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɞɥɹ ɨɤɪɟɦɢɯ ɡɦɿɧɧɢɯ, ɤɟɪɭɸɱɢɫɶ 
ɩɪɚɜɢɥɚɦɢ, ɭ ɹɤɢɯ ɤɨɦɛɿɧɭɸɬɶɫɹ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ 
ɪɿɡɧɢɯ ɡɦɿɧɧɢɯ. əɤɳɨ ɩɪɢɣɧɹɬɢ, ɳɨ ɤɨɠɧɚ ɡɦɿɧɧɚ ɯj ɦɚє kj 

ɪɿɡɧɢɯ ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ, ɬɨ ɦɚɤɫɢɦɚɥɶɧɚ ɤɿɥɶɤɿɫɬɶ 
ɩɪɚɜɢɥ, ɹɤɭ ɦɨɠɧɚ ɫɬɜɨɪɢɬɢ ɩɪɢ ʀɯɧɶɨɦɭ ɤɨɦɛɿɧɭɜɚɧɧɿ, 
ɫɤɥɚɞɟ: m = kj. ɍ ɬɚɤɢɣ ɫɩɨɫɿɛ ɫɭɦɚɪɧɚ ɤɿɥɶɤɿɫɬɶ 
ɧɟɥɿɧɿɣɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɦɟɪɟɠɿ ɩɪɢ m ɩɪɚɜɢɥɚɯ ɜɢɫɧɨɜɤɭ 
ɡɦɟɧɲɭєɬɶɫɹ ɡ 3m ɭ ɡɚɝɚɥɶɧɨɦɭ ɜɢɩɚɞɤɭ ɞɨ 3Nm1/N. 

Ʉɿɥɶɤɿɫɬɶ ɥɿɧɿɣɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɩɪɢ ɩɨɞɿɛɧɿɣ ɦɨɞɢɮɿɤɚɰɿʀ 
ɡɚɥɢɲɚєɬɶɫɹ ɛɟɡ ɡɦɿɧ, ɬɨɛɬɨ m(N+1). 

Ɂɚɜɞɚɧɧɹ ɦɟɪɟɠɿ ɩɨɥɹɝɚє ɜ ɬɚɤɨɦɭ ɜɿɞɨɛɪɚɠɟɧɧɿ ɩɚɪ 
ɞɚɧɢɯ <ɯ, y>, ɳɨɛ ɞɥɹ ɜɯɿɞɧɨɝɨ ɜɟɤɬɨɪɚ xs ɪɨɡɪɚɯɭɧɤɨɜɟ 
ɡɧɚɱɟɧɧɹ ɜɢɯɿɞɧɨʀ ɨɡɧɚɤɢ ys*=ɭ(ɯs) ɧɟ ɫɢɥɶɧɨ ɜɿɞɪɿɡɧɹɥɨɫɹ ɛ 
ɜɿɞ ɫɩɿɜɫɬɚɜɥɟɧɨɝɨ xs ɮɚɤɬɢɱɧɨɝɨ ɡɧɚɱɟɧɧɹ ɰɿɥɶɨɜɨʀ ɨɡɧɚɤɢ ys. 

ɇɚɜɱɚɧɧɹ ɦɟɪɟɠɿ Ɍɚɤɚɝɿ-ɋɭɝɟɧɨ-Ʉɚɧɝɚ ɡɚɫɧɨɜɚɧɨ ɧɚ 
ɦɿɧɿɦɿɡɚɰɿʀ ɰɿɥɶɨɜɨʀ ɮɭɧɤɰɿʀ 

 



S

1s

2s*s ,yy
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1
E  

ɞɟ S – ɤɿɥɶɤɿɫɬɶ ɧɚɜɱɚɸɱɢɯ ɩɚɪ <xs, ys>, ɬɚ є 
ɤɨɧɬɪɨɥɶɨɜɚɧɢɦ. 

Ƚɿɛɪɢɞɧɢɣ ɚɥɝɨɪɢɬɦ ɧɚɜɱɚɧɧɹ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɞɥɹ 
ɦɟɪɟɠɿ Ɍɚɤɚɝɿ-ɋɭɝɟɧɨ-Ʉɚɧɝɚ ɣ ɿɧɲɢɯ ɧɟɣɪɨ-ɧɟɱɿɬɤɢɯ 
ɦɟɪɟɠ, ɩɨɞɿɛɧɢɯ ʀɣ. ɍ ɝɿɛɪɢɞɧɨɦɭ ɚɥɝɨɪɢɬɦɿ ɩɿɞɥɹɝɚɸɱɿ 
ɚɞɚɩɬɚɰɿʀ ɩɚɪɚɦɟɬɪɢ ɪɨɡɩɨɞɿɥɹɸɬɶɫɹ ɧɚ ɞɜɿ ɝɪɭɩɢ: ɨɞɧɚ 
ɝɪɭɩɚ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɥɿɧɿɣɧɢɯ ɩɚɪɚɦɟɬɪɿɜ wk

j ɬɪɟɬɶɨɝɨ ɲɚɪɭ, 
ɚ ɿɧɲɚ ɝɪɭɩɚ – ɡ ɩɚɪɚɦɟɬɪɿɜ ɧɟɥɿɧɿɣɧɢɯ ɮɭɧɤɰɿɣ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɩɟɪɲɨɝɨ ɲɚɪɭ. ɍɬɨɱɧɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ 
ɩɪɨɜɨɞɢɬɶɫɹ ɜ ɞɜɚ ɟɬɚɩɢ. 
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ɇɚ ɩɟɪɲɨɦɭ ɟɬɚɩɿ ɩɪɢ ɮɿɤɫɚɰɿʀ ɜɢɡɧɚɱɟɧɢɯ ɡɧɚɱɟɧɶ 
ɩɚɪɚɦɟɬɪɿɜ ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ (ɭ ɩɟɪɲɨɦɭ ɰɢɤɥɿ – ɰɟ 
ɡɧɚɱɟɧɧɹ, ɨɬɪɢɦɚɧɿ ɜ ɪɟɡɭɥɶɬɚɬɿ ɿɧɿɰɿɚɥɿɡɚɰɿʀ) ɲɥɹɯɨɦ 
ɪɨɡɜ’ɹɡɤɭ ɫɢɫɬɟɦɢ ɥɿɧɿɣɧɢɯ ɪɿɜɧɹɧɶ ɪɨɡɪɚɯɨɜɭɸɬɶɫɹ ɥɿɧɿɣɧɿ 
ɩɚɪɚɦɟɬɪɢ wk

j. ɉɪɢ ɜɿɞɨɦɢɯ ɡɧɚɱɟɧɧɹɯ ɮɭɧɤɰɿʀ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɡɚɥɟɠɧɿɫɬɶ ɭ(ɯ1, x2, …, xN) ɦɨɠɧɚ ɩɨɞɚɬɢ ɜ 
ɥɿɧɿɣɧɿɣ ɮɨɪɦɿ: 
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ɉɪɢ S ɟɤɡɟɦɩɥɹɪɚɯ ɧɚɜɱɚɸɱɨʀ ɜɢɛɿɪɤɢ <ɯs, ys>, s= 1, 

2, ..., S, ɨɞɟɪɠɢɦɨ ɫɢɫɬɟɦɭ ɡ ɥɿɧɿɣɧɢɯ ɪɿɜɧɹɧɶ ɭ ɦɚɬɪɢɱɧɿɣ 
ɮɨɪɦɿ: Aw=y, ɞɟ w=(w1, w2, …,wm)T, wk=(wk

0, w
k

1, …, wk
N)T, 

y=(y1, y2, …, yS)T, A=(a1, a2, …, aS)T, as=(as1, as2,…, asm)T, 

ask=( s
N

s)2(
k

s
2

s)2(
k

s
1

s)2(
k

s)2(
k x)x(μ,...,x)x(μ,x)x(μ),x(μ )T. Ɋɨɡɦɿɪɧɿɫɬɶ 

ɦɚɬɪɢɰɿ Ⱥ ɞɨɪɿɜɧɸє S(N+l)m, ɩɪɢ ɰɶɨɦɭ ɡɜɢɱɚɣɧɨ 
ɤɿɥɶɤɿɫɬɶ ɪɹɞɤɿɜ S ɡɧɚɱɧɨ ɛɿɥɶɲɟ ɤɿɥɶɤɨɫɬɿ ɫɬɨɜɩɰɿɜ 
(N+1)m. Ɋɨɡɜ’ɹɡɨɤ ɰɿєʀ ɫɢɫɬɟɦɢ: w = A-1y. 

ɇɚ ɞɪɭɝɨɦɭ ɟɬɚɩɿ ɩɿɫɥɹ ɮɿɤɫɚɰɿʀ ɡɧɚɱɟɧɶ ɥɿɧɿɣɧɢɯ 
ɩɚɪɚɦɟɬɪɿɜ wk

j ɪɨɡɪɚɯɨɜɭɸɬɶɫɹ ɜɢɯɿɞɧɿ ɫɢɝɧɚɥɢ ɦɟɪɟɠɿ 
y={ys*} (s=1, 2, …,S): y=Aw, ɚ ɫɥɿɞɨɦ ɡɚ ɧɢɦɢ – ɜɟɤɬɨɪ 
ɩɨɦɢɥɤɢ e={es}, ɟs = ɭs* – ys. ɋɢɝɧɚɥɢ ɩɨɦɢɥɨɤ 
ɧɚɩɪɚɜɥɹɸɬɶɫɹ ɱɟɪɟɡ ɩɿɞɤɥɸɱɟɧɭ ɦɟɪɟɠɭ ɡɚ ɧɚɩɪɹɦɤɨɦ ɞɨ 
ɜɯɨɞɭ ɦɟɪɟɠɿ (ɡɜɨɪɨɬɧɟ ɩɨɲɢɪɟɧɧɹ) ɚɠ ɞɨ ɩɟɪɲɨɝɨ ɲɚɪɭ, 
ɞɟ ɦɨɠɭɬɶ ɛɭɬɢ ɪɨɡɪɚɯɨɜɚɧɿ ɤɨɦɩɨɧɟɧɬɢ ɝɪɚɞɿєɧɬɚ ɰɿɥɶɨɜɨʀ 
ɮɭɧɤɰɿʀ ɳɨɞɨ ɤɨɧɤɪɟɬɧɢɯ ɩɚɪɚɦɟɬɪɿɜ 

jkjkjk b,σ,c . 

ɉɿɫɥɹ ɮɨɪɦɭɜɚɧɧɹ ɜɟɤɬɨɪɚ ɝɪɚɞɿєɧɬɚ ɩɚɪɚɦɟɬɪɢ 
ɭɬɨɱɧɸɸɬɶɫɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɨɞɧɨɝɨ ɡ ɝɪɚɞɿєɧɬɧɢɯ ɦɟɬɨɞɿɜ 
ɧɚɜɱɚɧɧɹ. əɤɳɨ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɧɚɣɩɪɨɫɬɿɲɢɣ ɦɟɬɨɞ 
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ɧɚɣɲɜɢɞɲɨɝɨ ɫɩɭɫɤɚ, ɬɨ ɜɿɞɩɨɜɿɞɧɿ ɮɨɪɦɭɥɢ ɚɞɚɩɬɚɰɿʀ 
ɩɪɢɣɦɚɸɬɶ ɮɨɪɦɭ: 

,
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)t(Eα)t(c)1t(ɫ
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bjkjk 


  

ɞɟ t – ɧɨɦɟɪ ɿɬɟɪɚɰɿʀ, αɫ, ασ, αb – ɤɨɪɢɝɭɜɚɥɶɧɿ ɩɪɢɪɨɫɬɢ 
(ɤɪɨɤɢ ɧɚɜɱɚɧɧɹ). 

ɉɿɫɥɹ ɭɬɨɱɧɟɧɧɹ ɧɟɥɿɧɿɣɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɡɧɨɜɭ 
ɡɚɩɭɫɤɚєɬɶɫɹ ɩɪɨɰɟɫ ɚɞɚɩɬɚɰɿʀ ɥɿɧɿɣɧɢɯ ɩɚɪɚɦɟɬɪɿɜ (ɩɟɪɲɢɣ 
ɟɬɚɩ) ɿ ɧɟɥɿɧɿɣɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɦɟɪɟɠɿ (ɞɪɭɝɢɣ ɟɬɚɩ). ɐɟɣ ɰɢɤɥ 
ɩɨɜɬɨɪɸєɬɶɫɹ ɚɠ ɞɨ ɫɬɚɛɿɥɿɡɚɰɿʀ ɜɫɿɯ ɩɚɪɚɦɟɬɪɿɜ ɩɪɨɰɟɫɭ 
ɧɚɜɱɚɧɧɹ. 

Ɉɫɬɚɬɨɱɧɢɣ ɜɢɞ ɮɨɪɦɭɥ ɧɚɫɬɪɨɸɜɚɧɧɹ ɩɚɪɚɦɟɬɪɿɜ 
ɡɚɥɟɠɢɬɶ ɹɤ ɜɿɞ ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɨɝɨ ɜɢɡɧɚɱɟɧɧɹ ɮɭɧɤɰɿʀ ɩɨɦɢɥɤɢ 
ɧɚ ɜɢɯɨɞɿ ɦɟɪɟɠɿ, ɬɚɤ ɿ ɜɿɞ ɜɢɞɭ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ. Ɍɚɤ ɩɪɢ 
ɜɢɤɨɪɢɫɬɚɧɧɿ ɮɭɧɤɰɿɣ Ƚɚɭɫɚ ɹɤ ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɬɚ 
ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɨʀ ɩɨɦɢɥɤɢ, ɱɚɫɬɤɨɜɿ ɩɨɯɿɞɧɿ ɰɿɥɶɨɜɨʀ 
ɮɭɧɤɰɿʀ ɩɪɢɣɦɚɸɬɶ ɜɢɝɥɹɞ: 
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ɇɟɡɜɚɠɚɸɱɢ ɧɚ ɫɤɥɚɞɧɭ ɫɬɪɭɤɬɭɪɭ ɧɚɜɟɞɟɧɢɯ ɮɨɪɦɭɥ, 
ɳɨ ɜɢɪɚɠɚɸɬɶ ɤɨɦɩɨɧɟɧɬɢ ɜɟɤɬɨɪɚ ɝɪɚɞɿєɧɬɚ, ɜɨɧɢ 
ɞɨɡɜɨɥɹɸɬɶ ɚɧɚɥɿɬɢɱɧɨ ɜɢɡɧɚɱɢɬɢ ɜɟɥɢɱɢɧɢ, ɧɟɨɛɯɿɞɧɿ ɞɥɹ 
ɭɬɨɱɧɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɧɟɱɿɬɤɨʀ ɦɟɪɟɠɿ. 

ɉɪɢ ɩɪɚɤɬɢɱɧɿɣ ɪɟɚɥɿɡɚɰɿʀ ɝɿɛɪɢɞɧɨɝɨ ɦɟɬɨɞɭ ɧɚɜɱɚɧɧɹ 
ɧɟɱɿɬɤɢɯ ɦɟɪɟɠ ɞɨɦɿɧɭɸɱɢɦ ɮɚɤɬɨɪɨɦ ʀɯɧɶɨʀ ɚɞɚɩɬɚɰɿʀ 
ɜɜɚɠɚєɬɶɫɹ ɩɟɪɲɢɣ ɟɬɚɩ, ɧɚ ɹɤɨɦɭ ɜɚɝɢ wk

j ɩɿɞɛɢɪɚɸɬɶɫɹ ɡ 
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɫɟɜɞɨɿɧɜɟɪɫɿʀ ɡɚ ɨɞɢɧ ɤɪɨɤ. Ⱦɥɹ 
ɡɪɿɜɧɨɜɚɠɭɜɚɧɧɹ ɣɨɝɨ ɜɩɥɢɜɭ ɞɪɭɝɢɣ ɟɬɚɩ (ɩɿɞɛɿɪ ɧɟɥɿɧɿɣɧɢɯ 
ɩɚɪɚɦɟɬɪɿɜ ɝɪɚɞɿєɧɬɧɢɦ ɦɟɬɨɞɨɦ) ɛɚɝɚɬɨɪɚɡɨɜɨ ɩɨɜɬɨɪɸєɬɶɫɹ 
ɜ ɤɨɠɧɨɦɭ ɰɢɤɥɿ. 

Ƚɿɛɪɢɞɧɢɣ ɚɥɝɨɪɢɬɦ є ɨɞɧɢɦ ɡ ɧɚɣɛɿɥɶɲ ɟɮɟɤɬɢɜɧɢɯ 
ɫɩɨɫɨɛɿɜ ɧɚɜɱɚɧɧɹ ɧɟɣɪɨ-ɧɟɱɿɬɤɢɯ ɦɟɪɟɠ. Ƀɨɝɨ ɝɨɥɨɜɧɚ 
ɨɫɨɛɥɢɜɿɫɬɶ ɩɨɥɹɝɚє ɜ ɪɨɡɩɨɞɿɥɿ ɩɪɨɰɟɫɭ ɧɚɜɱɚɧɧɹ ɧɚ ɞɜɚ 
ɜɿɞɨɫɨɛɥɟɧɢɯ ɭ ɱɚɫɿ ɟɬɚɩɢ. ɇɚ ɤɨɠɧɨɦɭ ɟɬɚɩɿ ɭɬɨɱɧɸєɬɶɫɹ 
ɬɿɥɶɤɢ ɱɚɫɬɢɧɚ ɩɚɪɚɦɟɬɪɿɜ ɦɟɪɟɠɿ. əɤɳɨ ɜɡɹɬɢ ɞɨ ɭɜɚɝɢ, 
ɳɨ ɨɛɱɢɫɥɸɜɚɥɶɧɚ ɫɤɥɚɞɧɿɫɬɶ ɤɨɠɧɨɝɨ ɚɥɝɨɪɢɬɦɭ 
ɨɩɬɢɦɿɡɚɰɿʀ ɩɪɨɩɨɪɰɿɣɧɚ (ɧɟɥɿɧɿɣɧɨ) ɤɿɥɶɤɨɫɬɿ ɩɚɪɚɦɟɬɪɿɜ, 
ɬɨ ɡɦɟɧɲɟɧɧɹ ɪɨɡɦɿɪɧɨɫɬɿ ɡɚɞɚɱɿ ɨɩɬɢɦɿɡɚɰɿʀ ɿɫɬɨɬɧɨ 
ɫɤɨɪɨɱɭє ɤɿɥɶɤɿɫɬɶ ɦɚɬɟɦɚɬɢɱɧɢɯ ɨɩɟɪɚɰɿɣ ɿ ɡɛɿɥɶɲɭє 
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ɲɜɢɞɤɿɫɬɶ ɜɢɤɨɧɚɧɧɹ ɚɥɝɨɪɢɬɦɭ. Ɂɚɜɞɹɤɢ ɰɶɨɦɭ ɝɿɛɪɢɞɧɢɣ 
ɚɥɝɨɪɢɬɦ є ɡɧɚɱɧɨ ɛɿɥɶɲ ɟɮɟɤɬɢɜɧɢɦ, ɧɿɠ ɡɜɢɱɚɣɧɢɣ 
ɝɪɚɞɿєɧɬɧɢɣ ɚɥɝɨɪɢɬɦ ɮɪɨɧɬɚɥɶɧɨɝɨ ɬɢɩɭ, ɜɿɞɩɨɜɿɞɧɨ ɞɨ 
ɹɤɨɝɨ ɭɬɨɱɧɟɧɧɹ ɜɫɿɯ ɩɚɪɚɦɟɬɪɿɜ ɦɟɪɟɠɿ ɪɨɛɢɬɶɫɹ 
ɩɚɪɚɥɟɥɶɧɨ ɣ ɨɞɧɨɱɚɫɧɨ. 

 

Ɇɟɪɟɠɚ ANFIS 

ɇɟɣɪɨ-ɧɟɱɿɬɤɚ ɦɟɪɟɠɚ ANFIS (Adaptive Neuro Fuzzy 

Inference System – ɚɞɚɩɬɢɜɧɚ ɫɢɫɬɟɦɚ ɧɟɣɪɨ-ɧɟɱɿɬɤɨɝɨ 
ɜɢɜɟɞɟɧɧɹ) ɡɚɩɪɨɩɨɧɨɜɚɧɚ əɧɝɨɦ (R. Jang) ɿ ɪɟɚɥɿɡɭє 
ɫɢɫɬɟɦɭ ɧɟɱɿɬɤɨɝɨ ɜɢɜɟɞɟɧɧɹ Ɍɚɤɚɝɿ-ɋɭɝɟɧɨ ɭ ɜɢɝɥɹɞɿ 
ɩ’ɹɬɢɲɚɪɨɜɨʀ ɧɟɣɪɨɧɧɨʀ ɦɟɪɟɠɿ ɩɪɹɦɨɝɨ ɩɨɲɢɪɟɧɧɹ 
ɫɢɝɧɚɥɭ (ɪɢɫ. 3.3). 

 

 
 

Ɋɢɫ. 3.3. Ɇɟɪɟɠɚ ANFIS 

 

Ɇɟɪɟɠɚ ANFIS є ɿɡɨɦɨɪɮɧɨɸ ɛɚɡɿ ɩɪɚɜɢɥ Ɍɚɤɚɝɿ-
ɋɭɝɟɧɨ. 

ɉɟɪɲɢɣ ɲɚɪ ɦɿɫɬɢɬɶ ɧɟɣɪɨɧɢ, ɹɤɿ ɜɿɞɩɨɜɿɞɚɸɬɶ 
ɧɟɱɿɬɤɢɦ ɬɟɪɦɚɦ ɜɯɿɞɧɢɯ ɡɦɿɧɧɢɯ ɿɡ ɮɭɧɤɰɿɹɦɢ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ )x(μ i

)1(
j,i , ɞɟ xi – i-ɢɣ ɜɯɿɞ, j – ɧɨɦɟɪ ɧɟɱɿɬɤɨʀ 

ɦɧɨɠɢɧɢ, ɜɢɡɧɚɱɟɧɨʀ ɞɥɹ i-ɝɨ ɜɯɨɞɭ. əɤ ɮɭɧɤɰɿɹ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɡɚɡɜɢɱɚɣ ɨɛɢɪɚєɬɶɫɹ ɤɨɥɨɤɨɥɨɨɛɪɚɡɧɚ 
ɮɭɧɤɰɿɹ ɚɛɨ ɮɭɧɤɰɿɹ Ƚɚɭɫɚ. ȼɯɨɞɢ ɦɟɪɟɠɿ ɡ’єɞɧɚɧɿ ɬɿɥɶɤɢ ɡɿ 
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ɫɜɨʀɦɢ ɬɟɪɦɚɦɢ. Ʉɿɥɶɤɿɫɬɶ ɜɭɡɥɿɜ ɩɟɪɲɨɝɨ ɲɚɪɭ ɞɨɪɿɜɧɸє 
ɫɭɦɿ ɩɨɬɭɠɧɨɫɬɟɣ ɬɟɪɦ-ɦɧɨɠɢɧ ɜɯɿɞɧɢɯ ɡɦɿɧɧɢɯ. 

Ⱦɪɭɝɢɣ ɲɚɪ ɦɿɫɬɢɬɶ m ɧɟɣɪɨɧɿɜ, ɧɚ ɜɯɨɞɢ ɹɤɢɯ 
ɩɨɫɬɭɩɚɸɬɶ ɡɧɚɱɟɧɧɹ ɡ ɜɢɯɨɞɿɜ ɜɭɡɥɿɜ ɩɟɪɲɨɝɨ ɲɚɪɭ, ɳɨ 
ɮɨɪɦɭɸɬɶ ɚɧɬɟɰɟɞɟɧɬɢ ɩɪɚɜɢɥ. Ʉɨɠɧɢɣ k-ɢɣ ɧɟɣɪɨɧ 
ɞɪɭɝɨɝɨ ɲɚɪɭ ɡɧɚɯɨɞɢɬɶ ɫɬɭɩɿɧɶ ɜɢɤɨɧɚɧɧɹ ɜɿɞɩɨɜɿɞɧɨɝɨ 
ɩɪɚɜɢɥɚ: 

)μw(minμ (1)
ji,

)k,2(
j,i

k,...,2,1j
N,...,2,1i

(2)
k

i


  ɚɛɨ ,1w ,μμ )k,2(
j,i

N

1i

k

1j

(1)
ji,

(2)
k

i


 

 

ɞɟ )k,2(
j,iw = 1, ɹɤɳɨ j-ɢɣ ɬɟɪɦ i-ɨʀ ɨɡɧɚɤɢ ɜɯɨɞɢɬɶ ɜ ɭɦɨɜɭ k-

ɝɨ ɩɪɚɜɢɥɚ, )k,2(
j,iw = 0 – ɭ ɩɪɨɬɢɥɟɠɧɨɦɭ ɜɢɩɚɞɤɭ. 

Ɍɪɟɬɿɣ ɲɚɪ ɦɿɫɬɢɬɶ m ɧɟɣɪɨɧɿɜ, ɹɤɿ ɡɧɚɯɨɞɹɬɶ 
ɧɨɪɦɚɥɿɡɨɜɚɧɿ ɫɬɭɩɟɧɿ ɜɢɤɨɧɚɧɧɹ ɩɪɚɜɢɥ: 

.m ..., 2, 1,j,

μ

μ
μ

m

1i

)2(
i

)2(
j)3(

j





 

ɑɟɬɜɟɪɬɢɣ ɲɚɪ ɦɿɫɬɢɬɶ m ɧɟɣɪɨɧɿɜ, ɹɤɿ ɨɛɱɢɫɥɸɸɬɶ 
ɤɨɧɫɟɤɜɟɧɬɢ (ɥɿɧɿɣɧɿ ɤɨɦɛɿɧɚɰɿʀ ɜɯɿɞɧɢɯ ɫɢɝɧɚɥɿɜ ɡ 
ɭɪɚɯɭɜɚɧɧɹɦ ɫɬɭɩɟɧɿɜ ɜɢɤɨɧɚɧɧɹ) ɩɪɚɜɢɥ: 

m. ..., 2, 1,j,xwμy

N

`1i

i
)j,4(

i
(3)
jj  



 

Ʉɨɠɧɢɣ ɜɭɡɨɥ ɱɟɬɜɟɪɬɨɝɨ ɲɚɪɭ ɡ’єɞɧɚɧɢɣ ɡ ɨɞɧɢɦ 
ɜɭɡɥɨɦ ɬɪɟɬɶɨɝɨ ɲɚɪɭ ɚ ɬɚɤɨɠ ɿɡ ɭɫɿɦɚ ɜɯɨɞɚɦɢ ɦɟɪɟɠɿ. 

ɉ’ɹɬɢɣ ɲɚɪ ɦɿɫɬɢɬɶ ɨɞɢɧ ɧɟɣɪɨɧ, ɹɤɢɣ ɨɛɱɢɫɥɸє 
ɡɚɝɚɥɶɧɢɣ ɜɢɯɿɞ ɦɟɪɟɠɿ, ɫɤɥɚɞɚɸɱɢ ɤɨɧɫɟɤɜɟɧɬɢ ɩɪɚɜɢɥ: 





m

1j

jyy . 

Ⱦɥɹ ɧɚɥɚɝɨɞɠɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ANFIS ɡɚɫɬɨɫɨɜɭɸɬɶ 
ɤɨɦɛɿɧɚɰɿɸ ɝɪɚɞɿєɧɬɧɨɝɨ ɫɩɭɫɤɭ ɭ ɜɢɝɥɹɞɿ ɚɥɝɨɪɢɬɦɭ 
ɡɜɨɪɨɬɧɨɝɨ ɩɨɲɢɪɟɧɧɹ ɩɨɦɢɥɤɢ ɿ ɦɟɬɨɞɭ ɧɚɣɦɟɧɲɢɯ ɤɜɚɞɪɚɬɿɜ. 
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Ⱥɥɝɨɪɢɬɦ ɡɜɨɪɨɬɧɨɝɨ ɩɨɲɢɪɟɧɧɹ ɩɨɦɢɥɤɢ ɧɚɥɚɝɨɞɠɭє 
ɩɚɪɚɦɟɬɪɢ ɚɧɬɟɰɟɞɟɧɬɿɜ ɩɪɚɜɢɥ (ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ). 
Ɇɟɬɨɞɨɦ ɧɚɣɦɟɧɲɢɯ ɤɜɚɞɪɚɬɿɜ ɨɰɿɧɸɸɬɶɫɹ ɤɨɟɮɿɰɿєɧɬɢ 
ɜɢɫɧɨɜɤɿɜ ɩɪɚɜɢɥ, ɬɨɦɭ ɳɨ ɜɨɧɢ ɥɿɧɿɣɧɨ ɡɜ’ɹɡɚɧɿ ɡ ɜɢɯɨɞɨɦ 
ɦɟɪɟɠɿ. 

Ʉɨɠɧɚ ɿɬɟɪɚɰɿɹ ɩɪɨɰɟɞɭɪɢ ɧɚɫɬɪɨɸɜɚɧɧɹ ɜɢɤɨɧɭєɬɶɫɹ ɜ 
ɞɜɚ ɟɬɚɩɢ. ɇɚ ɩɟɪɲɨɦɭ ɟɬɚɩɿ ɧɚ ɜɯɨɞɢ ɩɨɞɚєɬɶɫɹ ɧɚɜɱɚɸɱɚ 
ɜɢɛɿɪɤɚ, ɿ ɡɚ ɜɿɞɯɢɥɨɦ ɦɿɠ ɛɚɠɚɧɨɸ ɿ ɞɿɣɫɧɨɸ ɩɨɜɟɞɿɧɤɨɸ 
ɦɟɪɟɠɿ ɿɬɟɪɚɰɿɣɧɢɦ ɦɟɬɨɞɨɦ ɧɚɣɦɟɧɲɢɯ ɤɜɚɞɪɚɬɿɜ ɡɧɚɯɨɞɹɬɶɫɹ 
ɨɩɬɢɦɚɥɶɧɿ ɩɚɪɚɦɟɬɪɢ ɜɭɡɥɿɜ ɱɟɬɜɟɪɬɨɝɨ ɲɚɪɭ. ɇɚ ɞɪɭɝɨɦɭ 
ɟɬɚɩɿ ɡɚɥɢɲɤɨɜɢɣ ɜɿɞɯɿɥ ɩɟɪɟɞɚєɬɶɫɹ ɡ ɜɢɯɨɞɭ ɦɟɪɟɠɿ ɧɚ ɜɯɨɞɢ, 
ɿ ɦɟɬɨɞɨɦ ɡɜɨɪɨɬɧɨɝɨ ɩɨɲɢɪɟɧɧɹ ɩɨɦɢɥɤɢ ɦɨɞɢɮɿɤɭɸɬɶɫɹ 
ɩɚɪɚɦɟɬɪɢ ɜɭɡɥɿɜ ɩɟɪɲɨɝɨ ɲɚɪɭ. ɉɪɢ ɰɶɨɦɭ ɡɧɚɣɞɟɧɿ ɧɚ 
ɩɟɪɲɨɦɭ ɟɬɚɩɿ ɤɨɟɮɿɰɿєɧɬɢ ɜɢɫɧɨɜɤɿɜ ɩɪɚɜɢɥ ɧɟ ɡɦɿɧɸɸɬɶɫɹ. 
Іɬɟɪɚɰɿɣɧɚ ɩɪɨɰɟɞɭɪɚ ɧɚɫɬɪɨɸɜɚɧɧɹ ɩɪɨɞɨɜɠɭєɬɶɫɹ ɩɨɤɢ ɜɿɞɯɿɥ 
ɩɟɪɟɜɢɳɭє ɡɚɡɞɚɥɟɝɿɞɶ ɭɫɬɚɧɨɜɥɟɧɟ ɡɧɚɱɟɧɧɹ. 

 

Ɂɚɜɞɚɧɧɹ ɞɨ ɪɨɛɨɬɢ 

1. Ɉɡɧɚɣɨɦɢɬɢɫɹ ɡ ɤɨɧɫɩɟɤɬɨɦ ɥɟɤɰɿɣ ɬɚ 
ɪɟɤɨɦɟɧɞɨɜɚɧɨɸ ɥɿɬɟɪɚɬɭɪɨɸ 

2. Ɉɛґɪɭɧɬɨɜɚɧɨ ɫɮɨɪɦɭɜɚɬɢ ɧɚɛɿɪ ɞɚɧɢɯ ɞɥɹ 
ɨɛɪɨɛɤɢ ɬɚ ɚɧɚɥɿɡɭ. 

3. ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɪɟɤɨɦɟɧɞɨɜɚɧɟ ɩɪɨɝɪɚɦɧɟ 
ɡɚɛɟɡɩɟɱɟɧɧɹ ɡɞɿɣɫɧɢɬɢ ɨɛɪɨɛɤɭ ɧɚɛɨɪɭ ɞɚɧɢɯ ɡ 
ɦɟɬɨɸ ɩɨɛɭɞɨɜɢ ɧɟɣɪɨ-ɧɟɱɿɬɤɢɯ ɦɟɪɟɠ. 

4. ɋɩɪɨɛɭɜɚɬɢ ɜɢɤɨɪɢɫɬɚɬɢ ɪɿɡɧɿ ɚɥɝɨɪɢɬɦɢ 
ɤɥɚɫɬɟɪɢɡɚɰɿʀ, ɪɿɡɧɿ ɤɿɥɶɤɨɫɬɿ ɮɭɧɤɰɿɣ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɞɥɹ ɜɯɨɞɿɜ, ɪɿɡɧɿ ɤɿɥɶɤɨɫɬɿ ɰɢɤɥɿɜ 
ɧɚɜɱɚɧɧɹ ɬɚ ɪɿɡɧɿ ɚɥɝɨɪɢɬɦɢ ɧɚɜɱɚɧɧɹ. 

5. ȼɢɤɨɪɢɫɬɚɬɢ ɩɨɛɭɞɨɜɚɧɿ ɧɟɣɪɨ-ɧɟɱɿɬɤɿ ɦɟɪɟɠɿ ɞɥɹ 
ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ ɧɚ ɤɨɧɤɪɟɬɧɨɦɭ ɩɪɢɤɥɚɞɿ. 

6. ɉɪɨɚɧɚɥɿɡɭɜɚɬɢ ɨɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɬɚ ɜɿɞɩɨɜɿɫɬɢ 
ɧɚ ɩɢɬɚɧɧɹ: ɹɤɢɣ ɚɥɝɨɪɢɬɦ ɤɥɚɫɬɟɪ-ɚɧɚɥɿɡɭ 
ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɨɬɪɢɦɚɧɧɹ ɦɟɪɟɠɿ ɦɟɧɶɲɨʀ 
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ɫɤɥɚɞɧɨɫɬɿ; ɹɤ ɜɩɥɢɜɚє ɡɚɞɚɧɚ ɤɿɥɶɤɿɫɬɶ ɰɢɤɥɿɜ 
ɧɚɜɱɚɧɧɹ ɧɚ ɬɨɱɧɿɫɬɶ ɧɚɜɱɚɧɧɹ; ɹɤ ɜɥɢɜɚє ɡɚɞɚɧɚ 
ɬɨɱɧɿɫɬɶ ɧɚɜɱɚɧɧɹ ɧɚ ɬɪɢɜɚɥɿɫɬɶ ɧɚɜɱɚɧɧɹ; ɹɤɿ 
ɜɢɦɨɝɢ ɦɚɸɬɶ ɩɪɟɞ’ɹɜɥɹɬɢɫɹ ɞɨ ɧɚɜɱɚɥɶɧɨʀ 
ɜɢɛɿɪɤɢ ɬɚ ɹɤ ɰɟ ɜɩɥɢɧɟ ɧɚ ɩɪɨɰɟɫ ɧɚɜɱɚɧɧɹ? 

7. Ɉɮɨɪɦɢɬɢ ɡɜɿɬ ɡ ɪɨɛɨɬɢ. 
8. ȼɿɞɩɨɜɿɫɬɢ ɧɚ ɤɨɧɬɪɨɥɶɧɿ ɩɢɬɚɧɧɹ. 
 

Ɂɦɿɫɬ ɡɜɿɬɭ 

1. Ɍɟɦɚ ɬɚ ɦɟɬɚ ɪɨɛɨɬɢ. 
2. Ʉɨɪɨɬɤɿ ɬɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ. 
3. Ɉɛґɪɭɧɬɨɜɚɧɨ ɨɛɪɚɧɢɣ ɧɚɛɿɪ ɞɚɧɢɯ ɞɥɹ ɨɛɪɨɛɤɢ 

(ɹɤɳɨ ɜɿɧ ɜɟɥɢɤɢɣ – ɧɚɜɟɫɬɢ ɮɪɚɝɦɟɧɬ). 
4. Ɉɩɢɫ ɩɪɨɰɟɫɭ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɪɨɝɪɚɦɧɨɝɨ 

ɡɚɛɟɡɩɟɱɟɧɧɹ ɞɥɹ ɨɛɪɨɛɤɢ ɧɚɛɨɪɭ ɞɚɧɢɯ, ɳɨ ɦɚє 
ɛɭɬɢ ɿɥɸɫɬɪɨɜɚɧɢɣ ɡɨɛɪɚɠɟɧɧɹɦɢ ɟɤɪɚɧɧɢɯ ɮɨɪɦ. 

5. Ɍɟɤɫɬɢ ɩɪɨɝɪɚɦ.  
6. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɛɨɬɢ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ 

(ɡɨɛɪɚɠɟɧɧɹ ɫɬɪɭɤɬɭɪɢ ɨɬɪɢɦɚɧɨʀ ɦɟɪɟɠɿ, ʀʀ ɜɚɝɢ, 
ɪɟɡɭɥɶɬɚɬɢ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ, ɿɧɲɿ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ). 

7. ȼɢɫɧɨɜɤɢ, ɳɨ ɦɿɫɬɹɬɶ ɜɿɞɩɨɜɿɞɿ ɧɚ ɤɨɧɬɪɨɥɶɧɿ 
ɡɚɩɢɬɚɧɧɹ, ɚ ɬɚɤɨɠ ɜɿɞɨɛɪɚɠɭɸɬɶ ɪɟɡɭɥɶɬɚɬɢ 
ɜɢɤɨɧɚɧɧɹ ɪɨɛɨɬɢ ɬɚ ʀɯ ɤɪɢɬɢɱɧɢɣ ɚɧɚɥɿɡ. 

 

Ʉɨɧɬɪɨɥьɧɿ ɡɚɩɢɬɚɧɧɹ 

1. ɍ ɱɨɦɭ ɩɨɥɹɝɚɸɬɶ ɨɫɨɛɥɢɜɨɫɬɿ ɿɧɬɟɝɪɨɜɚɧɢɯ ɧɟɣɪɨ-

ɧɟɱɿɬɤɢɯ ɫɢɫɬɟɦ? 

2. Ɉɩɢɲɿɬɶ ɚɪɯɿɬɟɤɬɭɪɭ ɬɚ ɦɟɬɨɞɢ ɧɚɜɱɚɧɧɹ ɧɟɣɪɨ-

ɧɟɱɿɬɤɢɯ ɦɟɪɟɠ: ɚɩɪɨɤɫɢɦɚɬɨɪɚ Ɇɚɦɞɚɧɿ, FALCON, ɦɟɪɟɠɿ 
Ɍɚɤɚɝɿ-ɋɭɝɟɧɨ-Ʉɚɧɝɚ, ɦɟɪɟɠɿ ȼɚɧɝɚ-Ɇɟɧɞɟɥɹ, ANFIS, 
NNFLC, SONFIN, ɧɟɱɿɬɤɨɝɨ ɩɟɪɫɟɩɬɪɨɧɚ, NEFCON, 
NEFCLASS, NEFPROX, NNDFR, GARIC, FINEST, FUN, 
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EFuNN, dmEFuNN, ɝɿɛɪɢɞɧɨʀ ɦɟɪɟɠɿ ɡ ɧɟɱɿɬɤɨɸ 
ɫɚɦɨɨɪɝɚɧɿɡɚɰɿєɸ. 

3. ɍ ɱɨɦɭ ɩɨɥɹɝɚɸɬɶ ɨɫɧɨɜɧɿ ɩɪɢɧɰɢɩɢ ɜɢɤɨɪɢɫɬɚɧɧɹ 
ɦɟɬɨɞɭ ɡɜɨɪɨɬɧɨɝɨ ɩɨɲɢɪɟɧɧɹ ɩɨɦɢɥɤɢ ɞɥɹ ɧɚɜɱɚɧɧɹ 
ɧɟɣɪɨ-ɧɟɱɿɬɤɢɯ ɦɟɪɟɠ? 

3. əɤɿ ɿɫɧɭɸɬɶ ɨɫɧɨɜɧɿ ɟɬɚɩɢ ɝɿɛɪɢɞɧɨɝɨ ɚɥɝɨɪɢɬɦɭ 
ɧɚɜɱɚɧɧɹ ɦɟɪɟɠ Ɍɚɤɚɝɿ-ɋɭɝɟɧɨ-Ʉɚɧɝɚ? 

5. əɤ ɜɢɡɧɚɱɢɬɢ ɚɩɪɿɨɪɧɭ ɿɧɮɨɪɦɚɰɿɸ ɩɪɨ ɧɚɜɱɚɸɱɭ 
ɜɢɛɿɪɤɭ? 

6. ɍ ɱɨɦɭ ɩɨɥɹɝɚє ɦɟɬɨɞ ɪɟɞɭɤɰɿʀ ɧɟɱɿɬɤɢɯ ɬɟɪɦɿɜ? 

7. əɤ ɿ ɞɥɹ ɱɨɝɨ ɦɨɠɧɚ ɜɢɤɨɧɚɬɢ ɨɛ’єɞɧɚɧɧɹ ɫɭɦɿɠɧɢɯ 
ɬɟɪɦɿɜ ɩɨ ɨɡɧɚɤɚɯ? 

8. əɤ ɩɨɛɭɞɭɜɚɬɢ ɬɪɢɲɚɪɨɜɭ ɪɨɡɩɿɡɧɚɸɱɭ ɧɟɣɪɨ-

ɧɟɱɿɬɤɭ ɦɨɞɟɥɶ ɭ  ɧɟɿɬɟɪɚɬɢɜɧɨɦɭ ɪɟɠɢɦɿ? 

9. əɤ ɩɨɛɭɞɭɜɚɬɢ ɱɨɬɢɪɢɲɚɪɨɜɭ ɪɨɡɩɿɡɧɚɸɱɭ ɧɟɣɪɨ-

ɧɟɱɿɬɤɭ ɦɨɞɟɥɶ ɭ  ɧɟɿɬɟɪɚɬɢɜɧɨɦɭ ɪɟɠɢɦɿ? 

10. əɤ ɿ ɞɥɹ ɱɨɝɨ ɦɨɠɧɚ ɩɨɛɭɞɭɜɚɬɢ ɿєɪɚɪɯɿɱɧɭ 
ɥɨɝɿɱɧɨ ɩɪɨɡɨɪɭ ɧɟɣɪɨ-ɧɟɱɿɬɤɭ ɦɨɞɟɥɶ? 

 

Ʌɚɛɨɪɚɬɨɪɧɚ ɪɨɛɨɬɚ № 4 

ɇɟɱɿɬɤɚ ɥɨɝɿɤɚ ɬɚ ɧɟɣɪɨ-ɧɟɱɿɬɤɿ ɦɧɨɠɢɧɢ 

 

Ɇɟɬɚ ɪɨɛɨɬɢ: ɜɢɜɱɢɬɢ ɨɫɧɨɜɧɿ ɦɟɬɨɞɢ ɧɟɱɿɬɤɨʀ 
ɥɨɝɿɤɢ, ɦɟɬɨɞɢ ɪɨɛɨɬɢ ɿɡ ɧɟɣɪɨ-ɧɟɱɿɬɤɢɦɢ ɦɧɨɠɢɧɚɦɢ ɜ 
ɫɟɪɟɞɨɜɢɳɿ MATLAB FuzzyLogic Toolbox 

 

Ɍɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ 
Ɉɩɟɪɚɰɿʀ ɡ ɧɟɱɿɬɤɨɸ ɥɨɝɿɤɨɸ ɭ ɩɚɤɟɬɿ MATLAB 

ɞɨɡɜɨɥɹє ɜɢɤɨɧɭɜɚɬɢ ɦɨɞɭɥɶ Fuzzy Logic Toolbox. ȼɿɧ 
ɞɨɡɜɨɥɹє ɫɬɜɨɪɸɜɚɬɢ ɫɢɫɬɟɦɢ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ 
ɜɢɜɟɞɟɧɧɹ ɿ ɧɟɱɿɬɤɨʀ ɤɥɚɫɢɮɿɤɚɰɿʀ ɜ ɪɚɦɤɚɯ ɫɟɪɟɞɨɜɢɳɚ 
MatLab, ɡ ɦɨɠɥɢɜɿɫɬɸ ʀɯɧɶɨɝɨ ɿɧɬɟɝɪɭɜɚɧɧɹ ɜ Simulink.  

Fuzzy Logic Toolbox ɦɿɫɬɢɬɶ ɧɚɫɬɭɩɧɿ ɤɚɬɟɝɨɪɿʀ 
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ɩɪɨɝɪɚɦɧɢɯ ɿɧɫɬɪɭɦɟɧɬɿɜ: ɮɭɧɤɰɿʀ; ɿɧɬɟɪɚɤɬɢɜɧɿ ɦɨɞɭɥɿ ɡ 
ɝɪɚɮɿɱɧɢɦ ɤɨɪɢɫɬɭɜɚɥɶɧɢɰɶɤɢɦ ɿɧɬɟɪɮɟɣɫɨɦ (ɡ GUI); 
ɛɥɨɤɢ ɞɥɹ ɩɚɤɟɬɚ Simulink; ɞɟɦɨɧɫɬɪɚɰɿɣɧɿ ɩɪɢɤɥɚɞɢ. 

 

FIS-ɫɬɪɭɤɬɭɪɚ 

Ȼɚɡɨɜɢɦ ɩɨɧɹɬɬɹɦ Fuzzy Logic Toolbox є FIS-

ɫɬɪɭɤɬɭɪɚ – ɫɢɫɬɟɦɚ ɧɟɱɿɬɤɨɝɨ ɜɢɜɟɞɟɧɧɹ (Fuzzy Inference 
System). FIS-ɫɬɪɭɤɬɭɪɚ ɦɿɫɬɢɬɶ ɭɫɿ ɧɟɨɛɯɿɞɧɿ ɞɚɧɿ ɞɥɹ 
ɪɟɚɥɿɡɚɰɿʀ ɮɭɧɤɰɿɨɧɚɥɶɧɨɝɨ ɜɿɞɨɛɪɚɠɟɧɧɹ “ɜɯɨɞɢ-ɜɢɯɨɞɢ” 
ɧɚ ɨɫɧɨɜɿ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ ɜɿɞɩɨɜɿɞɧɨ ɞɨ 
ɫɯɟɦɢ, ɩɪɢɜɟɞɟɧɨʀ ɧɚ ɪɢɫ. 4.1. 

 

 

Ɋɢɫ. 4.1. ɇɟɱɿɬɤɟ ɥɨɝɿɱɧɟ ɜɢɜɟɞɟɧɧɹ 

 

ɉɨɡɧɚɱɟɧɧɹ: X – ɜɯɿɞɧɢɣ ɱɿɬɤɢɣ ɜɟɤɬɨɪ; X~ - ɜɟɤɬɨɪ 
ɧɟɱɿɬɤɢɯ ɦɧɨɠɢɧ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɜɯɿɞɧɨɦɭ ɜɟɤɬɨɪɭ X; Y~ - 

ɪɟɡɭɥɶɬɚɬ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ ɭ ɜɢɞɿ ɜɟɤɬɨɪɚ ɧɟɱɿɬɤɢɯ 
ɦɧɨɠɢɧ; Y - ɜɢɯɿɞɧɢɣ ɱɿɬɤɢɣ ɜɟɤɬɨɪ. 

ɋɢɫɬɟɦɚ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ 
ɩɪɟɞɫɬɚɜɥɹєɬɶɫɹ ɜ ɪɨɛɨɱɿɣ ɨɛɥɚɫɬɿ MatLab ɭ ɜɢɝɥɹɞɿ 
ɫɬɪɭɤɬɭɪɢ ɞɚɧɢɯ, ɡɨɛɪɚɠɟɧɨʀ ɧɚ ɪɢɫ. 4.2.  

Ɏɚɡɢɮɿɤɚɬɨɪ Ɇɚɲɢɧɚ 
ɧɟɱɿɬɤɨɝɨ 
ɥɨɝɿɱɧɨɝɨ 
ɜɢɜɟɞɟɧɧɹ

Ⱦɟɮɚɡɢɮɿ-
ɤɚɬɨɪ 

X Y X
~

 Y
~

 

ɇɟɱɿɬɤɚ ɛɚɡɚ 
ɡɧɚɧɶ 

Ɏɭɧɤɰɿʀ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ 
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Ɋɢɫ. 4.2. FIS-ɫɬɪɭɤɬɭɪɚ 

Іɫɧɭє ɞɜɚ ɫɩɨɫɨɛɢ ɡɚɜɚɧɬɚɠɟɧɧɹ FIS ɭ ɪɨɛɨɱɭ 
ɨɛɥɚɫɬɶ: ɡɱɢɬɭɜɚɧɧɹ ɡ ɞɢɫɤɚ ɡɚ ɞɨɩɨɦɨɝɨɸ ɮɭɧɤɰɿʀ readfis; 
ɩɟɪɟɞɚɱɚ ɡ ɨɫɧɨɜɧɨɝɨ fis-ɪɟɞɚɤɬɨɪɚ ɲɥɹɯɨɦ ɜɢɛɨɪɭ ɜ ɦɟɧɸ 
File ɩɿɞɦɿɧɸ Export ɿ ɤɨɦɚɧɞɢ To workspace.  

       
      



 34 

ɉɨɥɹ ɫɬɪɭɤɬɭɪɢ ɞɚɧɿ ɫɢɫɬɟɦɢ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ 
ɜɢɜɟɞɟɧɧɹ ɩɪɢɡɧɚɱɟɧɿ ɞɥɹ ɡɛɟɪɟɠɟɧɧɹ ɧɚɫɬɭɩɧɨʀ 
ɿɧɮɨɪɦɚɰɿʀ: 

 name – ɧɚɣɦɟɧɭɜɚɧɧɹ ɫɢɫɬɟɦɢ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ 
ɜɢɜɟɞɟɧɧɹ; 

 type – ɬɢɩ ɫɢɫɬɟɦɢ (ɩɪɢɩɭɫɬɢɦɿ ɡɧɚɱɟɧɧɹ 'Mamdani' 
ɬɚ 'Sugeno'); 

 andMethod – ɪɟɚɥɿɡɚɰɿɹ ɥɨɝɿɱɧɨʀ ɨɩɟɪɚɰɿʀ "ɌȺ" 
(ɡɚɩɪɨɝɪɚɦɨɜɚɧɿ ɪɟɚɥɿɡɚɰɿʀ: 'min' – ɦɿɧɿɦɭɦ ɿ 'prod' – 

ɦɧɨɠɟɧɧɹ); 
 orMethod – ɪɟɚɥɿɡɚɰɿɹ ɥɨɝɿɱɧɨʀ ɨɩɟɪɚɰɿʀ "ȺȻɈ" 

(ɡɚɩɪɨɝɪɚɦɨɜɚɧɿ ɪɟɚɥɿɡɚɰɿʀ: 'max' – ɦɚɤɫɢɦɭɦ ɿ 'probor' – 

ɿɦɨɜɿɪɧɿɫɧɟ "ȺȻɈ"); 
 defuzzMethod – ɦɟɬɨɞ ɞɟɮɚɡɢɮɿɤɚɰɿʀ 

(ɡɚɩɪɨɝɪɚɦɨɜɚɧɿ ɦɟɬɨɞɢ ɞɥɹ ɫɢɫɬɟɦ ɬɢɩɭ Ɇɚɦɞɚɧɿ: 
'centroid' – ɰɟɧɬɪ ɜɚɝɢ; 'bisector' – ɦɟɞɿɚɧɚ; 'lom' – 

ɧɚɣɛɿɥɶɲɢɣ ɡ ɦɚɤɫɢɦɭɦɿɜ; 'som' – ɧɚɣɦɟɧɲɢɣ ɡ 
ɦɚɤɫɢɦɭɦɿɜ; 'mom' – ɫɟɪɟɞɧє ɡ ɦɚɤɫɢɦɭɦɿɜ; ɡɚɩɪɨɝɪɚɦɨɜɚɧɿ 
ɦɟɬɨɞɢ ɞɥɹ ɫɢɫɬɟɦ ɬɢɩɭ ɋɭɝɟɧɨ: 'wtaver' – ɡɜɚɠɟɧɟ ɫɟɪɟɞɧє 
ɿ 'wtsum' – ɡɜɚɠɟɧɚ ɫɭɦɚ); 

 impMethod – ɪɟɚɥɿɡɚɰɿɹ ɨɩɟɪɚɰɿʀ ɿɦɩɥɿɤɚɰɿʀ 
(ɡɚɩɪɨɝɪɚɦɨɜɚɧɿ ɪɟɚɥɿɡɚɰɿʀ: 'min' – ɦɿɧɿɦɭɦ ɿ 'prod' – 

ɦɧɨɠɟɧɧɹ); 
 aggMethod – ɪɟɚɥɿɡɚɰɿɹ ɨɩɟɪɚɰɿʀ ɨɛ'єɞɧɚɧɧɹ ɮɭɧɤɰɿɣ 

ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɜɢɯɿɞɧɨʀ ɡɦɿɧɧɨʀ (ɡɚɩɪɨɝɪɚɦɨɜɚɧɿ ɪɟɚɥɿɡɚɰɿʀ: 
'max' – ɦɚɤɫɢɦɭɦ; 'sum' – ɫɭɦɚ ɿ 'probor' – ɿɦɨɜɿɪɧɿɫɧɟ 
"ȺȻɈ"); 

 input – ɦɚɫɢɜ ɜɯɿɞɧɢɯ ɡɦɿɧɧɢɯ; 
 input.name – ɧɚɣɦɟɧɭɜɚɧɧɹ ɜɯɿɞɧɨʀ ɡɦɿɧɧɨʀ; 
 input.range – ɞɿɚɩɚɡɨɧ ɡɦɿɧɢ ɜɯɿɞɧɨʀ ɡɦɿɧɧɨʀ; 
 input.mf – ɦɚɫɢɜ ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɜɯɿɞɧɨʀ 

ɡɦɿɧɧɨʀ; 
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 input.mf.name – ɧɚɣɦɟɧɭɜɚɧɧɹ ɮɭɧɤɰɿʀ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɜɯɿɞɧɨʀ ɡɦɿɧɧɨʀ; 

 input.mf.type – ɦɨɞɟɥɶ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ 
ɜɯɿɞɧɨʀ ɡɦɿɧɧɨʀ (ɡɚɩɪɨɝɪɚɦɨɜɚɧɿ ɦɨɞɟɥɿ: dsigmf - ɮɭɧɤɰɿɹ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɭ ɜɢɞɿ ɪɿɡɧɢɰɿ ɦɿɠ ɞɜɨɦɚ ɫɢɝɦɨʀɞɧɢɦɢ 
ɮɭɧɤɰɿɹɦɢ; gauss2mf – ɞɜɨɫɬɨɪɨɧɧɹ ɝɚɭɫɿɜɫɶɤɚ ɮɭɧɤɰɿɹ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ; gaussmf – ɝɚɭɫɿɜɫɶɤɚ ɮɭɧɤɰɿɹ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ; gbellmf – ɭɡɚɝɚɥɶɧɟɧɚ ɤɨɥɨɤɨɥɨɨɛɪɚɡɧɚ 
ɮɭɧɤɰɿɹ ɩɪɢɧɚɥɟɠɧɨɫɬɿ; pimf – ɩɿ-ɩɨɞɿɛɧɚ ɮɭɧɤɰɿɹ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ; psigmf – ɞɨɛɭɬɨɤ ɞɜɨɯ ɫɢɝɦɨʀɞɧɢɯ ɮɭɧɤɰɿɣ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ; sigmf – ɫɢɝɦɨʀɞɧɚ ɮɭɧɤɰɿɹ ɩɪɢɧɚɥɟɠɧɨɫɬɿ; 
smf – s-ɩɨɞɿɛɧɚ ɮɭɧɤɰɿɹ ɩɪɢɧɚɥɟɠɧɨɫɬɿ; trapmf – 

ɬɪɚɩɟɰɿєɩɨɞɿɛɧɚ ɮɭɧɤɰɿɹ ɩɪɢɧɚɥɟɠɧɨɫɬɿ; trimf - ɬɪɢɤɭɬɧɚ 
ɮɭɧɤɰɿɹ ɩɪɢɧɚɥɟɠɧɨɫɬɿ; zmf – z-ɩɨɞɿɛɧɚ ɮɭɧɤɰɿɹ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ); 

 input.mf.params – ɦɚɫɢɜ ɩɚɪɚɦɟɬɪɿɜ ɮɭɧɤɰɿʀ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɜɯɿɞɧɨʀ ɡɦɿɧɧɨʀ; 

 output – ɦɚɫɢɜ ɜɢɯɿɞɧɢɯ ɡɦɿɧɧɢɯ; 
 output.name – ɧɚɣɦɟɧɭɜɚɧɧɹ ɜɢɯɿɞɧɨʀ ɡɦɿɧɧɨʀ; 
 output.range – ɞɿɚɩɚɡɨɧ ɡɦɿɧɢ ɜɢɯɿɞɧɨʀ ɡɦɿɧɧɨʀ; 
 output.mf – ɦɚɫɢɜ ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɜɢɯɿɞɧɨʀ 

ɡɦɿɧɧɨʀ; 
 output.mf.name – ɧɚɣɦɟɧɭɜɚɧɧɹ ɮɭɧɤɰɿʀ 

ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɜɢɯɿɞɧɨʀ ɡɦɿɧɧɨʀ; 
 output.mf.type – ɦɨɞɟɥɶ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ 

ɜɢɯɿɞɧɨʀ ɡɦɿɧɧɨʀ (ɡɚɩɪɨɝɪɚɦɨɜɚɧɿ ɦɨɞɟɥɿ ɞɥɹ ɫɢɫɬɟɦɢ ɬɢɩɭ 
Ɇɚɦɞɚɧɿ: dsigmf – ɮɭɧɤɰɿɹ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɭ ɜɢɞɿ ɪɿɡɧɢɰɿ 
ɦɿɠ ɞɜɨɦɚ ɫɢɝɦɨʀɞɧɢɦɢ ɮɭɧɤɰɿɹɦɢ; gauss2mf – 

ɞɜɨɫɬɨɪɨɧɧɹ ɝɚɭɫɿɜɫɶɤɚ ɮɭɧɤɰɿɹ ɩɪɢɧɚɥɟɠɧɨɫɬɿ; gaussmf – 

ɝɚɭɫɿɜɫɶɤɚ ɮɭɧɤɰɿɹ ɩɪɢɧɚɥɟɠɧɨɫɬɿ; gbellmf – ɭɡɚɝɚɥɶɧɟɧɚ 
ɤɨɥɨɤɨɥɨɨɛɪɚɡɧɚ ɮɭɧɤɰɿɹ ɩɪɢɧɚɥɟɠɧɨɫɬɿ; pimf – ɩɿ-ɩɨɞɿɛɧɚ 
ɮɭɧɤɰɿɹ ɩɪɢɧɚɥɟɠɧɨɫɬɿ; psigmf – ɞɨɛɭɬɨɤ ɞɜɨɯ ɫɢɝɦɨʀɞɧɢɯ 
ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ; ɡɚɩɪɨɝɪɚɦɨɜɚɧɿ ɦɨɞɟɥɿ ɞɥɹ 
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ɫɢɫɬɟɦɢ ɬɢɩɭ ɋɭɝɟɧɨ: constatnt – ɤɨɧɫɬɚɧɬɚ (ɮɭɧɤɰɿɹ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɭ ɜɢɞɿ ɫɿɧɝɥɬɨɧɚ); linear – ɥɿɧɿɣɧɚ 
ɤɨɦɛɿɧɚɰɿɹ ɜɯɿɞɧɢɯ ɡɦɿɧɧɢɯ); 

 output.mf.params – ɦɚɫɢɜ ɩɚɪɚɦɟɬɪɿɜ ɮɭɧɤɰɿʀ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɜɢɯɿɞɧɨʀ ɡɦɿɧɧɨʀ; 

 rule - ɦɚɫɢɜ ɩɪɚɜɢɥ ɧɟɱɿɬɤɨʀ ɛɚɡɢ ɡɧɚɧɶ; 
 rule.antecedent – ɩɨɫɢɥɤɢ ɩɪɚɜɢɥɚ (ɜɤɚɡɭɸɬɶɫɹ 

ɩɨɪɹɞɤɨɜɿ ɧɨɦɟɪɢ ɬɟɪɦɿɜ ɭ ɩɨɪɹɞɤɭ ɡɚɩɢɫɭ ɜɯɿɞɧɢɯ 
ɡɦɿɧɧɢɯ. ɑɢɫɥɨ 0 ɭɤɚɡɭє ɧɚ ɬɟ, ɳɨ ɡɧɚɱɟɧɧɹ ɜɿɞɩɨɜɿɞɧɨʀ 
ɜɯɿɞɧɢɣ ɡɦɿɧɧɨʀ ɧɟ ɜɩɥɢɜɚє ɧɚ ɿɫɬɢɧɧɿɫɬɶ ɩɪɚɜɢɥɚ); 

 rule.consequent – ɜɢɫɧɨɜɨɤ ɩɪɚɜɢɥɚ (ɜɤɚɡɭɸɬɶɫɹ 
ɩɨɪɹɞɤɨɜɿ ɧɨɦɟɪɢ ɬɟɪɦɿɜ ɭ ɩɨɪɹɞɤɭ ɡɚɩɢɫɭ ɜɢɯɿɞɧɢɯ 
ɡɦɿɧɧɢɯ. ɑɢɫɥɨ 0 ɭɤɚɡɭє ɧɚ ɬɟ, ɳɨ ɩɪɚɜɢɥɨ ɧɟ ɩɨɲɢɪɸєɬɶɫɹ 
ɧɚ ɜɿɞɩɨɜɿɞɧɭ ɜɢɯɿɞɧɭ ɡɦɿɧɧɭ); 

 rule.weight – ɜɚɝɚ ɩɪɚɜɢɥɚ. Ɂɚɞɚєɬɶɫɹ ɱɢɫɥɨɦ ɡ 
ɞɿɚɩɚɡɨɧɭ [0, 1]; 

 rule.connection – ɥɨɝɿɱɧɟ ɡɜ'ɹɡɭɜɚɧɧɹ ɡɦɿɧɧɢɯ 
ɭɫɟɪɟɞɢɧɿ ɩɪɚɜɢɥɚ: 1 – ɥɨɝɿɱɧɟ "ɌȺ"; 2 – ɥɨɝɿɱɧɟ "ȺȻɈ". 

Ⱦɥɹ ɞɨɫɬɭɩɭ ɞɨ ɜɥɚɫɬɢɜɨɫɬɟɣ ɫɢɫɬɟɦɢ ɧɟɱɿɬɤɨɝɨ 
ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ ɞɨɫɢɬɶ ɜɤɚɡɚɬɢ ɿɦ'ɹ ɜɿɞɩɨɜɿɞɧɨɝɨ ɩɨɥɹ. 
ɇɚɩɪɢɤɥɚɞ, ɤɨɦɚɧɞɚ FIS_NAME.rule(1).weight=0.5 

ɜɫɬɚɧɨɜɥɸє ɜɚɝɭ ɩɟɪɲɨɝɨ ɩɪɚɜɢɥɚ ɜ 0.5, ɤɨɦɚɧɞɚ 
length(FIS_NAME.rule) ɜɢɡɧɚɱɚє ɤɿɥɶɤɿɫɬɶ ɩɪɚɜɢɥ ɭ ɛɚɡɿ 
ɡɧɚɧɶ, ɚ ɤɨɦɚɧɞɚ FIS_NAME.input(1).mf(1).name='ɧɢɡɶɤɢɣ' 
ɩɟɪɟɣɦɟɧɨɜɭє ɩɟɪɲɢɣ ɬɟɪɦ ɩɟɪɲɨʀ ɜɯɿɞɧɨʀ ɡɦɿɧɧɨʀ ɜ 
“ɧɢɡɶɤɢɣ”. 

FIS-ɪɟɞɚɤɬɨɪ 

FIS-ɪɟɞɚɤɬɨɪ (ɪɢɫ. 4.3) ɩɪɢɡɧɚɱɟɧɢɣ ɞɥɹ ɫɬɜɨɪɟɧɧɹ, 
ɡɛɟɪɟɠɟɧɧɹ, ɡɚɜɚɧɬɚɠɟɧɧɹ ɿ ɜɢɜɟɞɟɧɧɹ ɭ ɞɪɭɤ ɫɢɫɬɟɦ 
ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ, ɚ ɬɚɤɨɠ ɞɥɹ ɪɟɞɚɝɭɜɚɧɧɹ 
ɧɚɫɬɭɩɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ: ɬɢɩ ɫɢɫɬɟɦɢ; ɧɚɣɦɟɧɭɜɚɧɧɹ 
ɫɢɫɬɟɦɢ; ɤɿɥɶɤɿɫɬɶ ɜɯɿɞɧɢɯ ɿ ɜɢɯɿɞɧɢɯ ɡɦɿɧɧɢɯ; 
ɧɚɣɦɟɧɭɜɚɧɧɹ ɜɯɿɞɧɢɯ ɿ ɜɢɯɿɞɧɢɯ ɡɦɿɧɧɢɯ; ɩɚɪɚɦɟɬɪɢ 
ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ. 

       
      



 37 

Ɂɚɜɚɧɬɚɠɟɧɧɹ FIS-ɪɟɞɚɤɬɨɪɚ ɜɿɞɛɭɜɚєɬɶɫɹ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɤɨɦɚɧɞɢ fuzzy. ɍ ɪɟɡɭɥɶɬɚɬɿ ɡ'ɹɜɥɹєɬɶɫɹ 
ɿɧɬɟɪɚɤɬɢɜɧɟ ɝɪɚɮɿɱɧɟ ɜɿɤɧɨ. ɍ ɧɢɠɧɿɣ ɱɚɫɬɢɧɿ ɝɪɚɮɿɱɧɨɝɨ 
ɜɿɤɧɚ FIS-ɪɟɞɚɤɬɨɪɢ ɪɨɡɬɚɲɨɜɚɧɿ ɤɧɨɩɤɢ Help ɿ Close, ɳɨ 
ɞɨɡɜɨɥɹɸɬɶ ɜɢɤɥɢɤɚɬɢ ɜɿɤɧɨ ɞɨɜɿɞɤɢ ɿ ɡɚɤɪɢɬɢ ɪɟɞɚɤɬɨɪ, 
ɜɿɞɩɨɜɿɞɧɨ. 

FIS-ɪɟɞɚɤɬɨɪ ɦɿɫɬɢɬɶ 8 ɦɟɧɸ. ɐɟ ɬɪɢ 
ɡɚɝɚɥɶɧɨɫɢɫɬɟɦɧɢɯ ɦɟɧɸ - File, Edit, View, ɿ ɩ'ɹɬɶ ɦɟɧɸ ɞɥɹ 
ɜɢɛɨɪɭ ɩɚɪɚɦɟɬɪɿɜ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ – And 

Method, Or Method, Implication, Aggregation ɿ 
Defuzzification. 

Мɟɧɸ File – ɰɟ ɡɚɝɚɥɶɧɟ ɦɟɧɸ ɞɥɹ ɜɫɿɯ GUI-ɦɨɞɭɥɿɜ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɢɯ ɿɡ ɫɢɫɬɟɦɚɦɢ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ 
ɜɢɜɟɞɟɧɧɹ. 

Ɂɚ ɞɨɩɨɦɨɝɨɸ ɤɨɦɚɧɞɢ New FIS... ɤɨɪɢɫɬɭɜɚɱ ɦɚє 
ɦɨɠɥɢɜɿɫɬɶ ɫɬɜɨɪɢɬɢ ɧɨɜɭ ɫɢɫɬɟɦɭ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ 
ɜɢɜɟɞɟɧɧɹ. ɉɪɢ ɜɢɛɨɪɿ ɰɿєʀ ɤɨɦɚɧɞɢ ɡ'ɹɜɥɹɬɶɫɹ ɞɜɿ 
ɚɥɶɬɟɪɧɚɬɢɜɢ: Mamdani ɿ Sugeno, ɳɨ ɜɢɡɧɚɱɚɸɬɶ ɬɢɩ 
ɫɬɜɨɪɸɜɚɧɨʀ ɫɢɫɬɟɦɢ. ɋɬɜɨɪɢɬɢ ɫɢɫɬɟɦɭ ɬɢɩɭ Mamdani 
ɦɨɠɧɚ ɬɚɤɨɠ ɧɚɬɢɫɤɚɧɧɹɦ Ctrl+N.  

Ɂɚ ɞɨɩɨɦɨɝɨɸ ɤɨɦɚɧɞɢ Import ɤɨɪɢɫɬɭɜɚɱ ɦɚє 
ɦɨɠɥɢɜɿɫɬɶ ɡɚɜɚɧɬɚɠɢɬɢ ɪɚɧɿɲɟ ɫɬɜɨɪɟɧɭ ɫɢɫɬɟɦɭ 
ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ. ɉɪɢ ɜɢɛɨɪɿ ɰɿєʀ ɤɨɦɚɧɞɢ 
ɡ'ɹɜɥɹɬɶɫɹ ɞɜɿ ɚɥɶɬɟɪɧɚɬɢɜɢ From Workspace... ɿ From disk, 
ɳɨ ɞɨɡɜɨɥɹɸɬɶ ɡɚɜɚɧɬɚɠɢɬɢ ɫɢɫɬɟɦɭ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ 
ɜɢɜɟɞɟɧɧɹ ɡ ɪɨɛɨɱɨʀ ɨɛɥɚɫɬɿ MatLab ɿ ɡ ɞɢɫɤɚ, ɜɿɞɩɨɜɿɞɧɨ. 
ɉɪɢ ɜɢɛɨɪɿ ɤɨɦɚɧɞɢ From Workspace... ɡ'ɹɜɢɬɶɫɹ ɞɿɚɥɨɝɨɜɟ 
ɜɿɤɧɨ, ɭ ɹɤɨɦɭ ɧɟɨɛɯɿɞɧɨ ɜɤɚɡɚɬɢ ɿɞɟɧɬɢɮɿɤɚɬɨɪ ɫɢɫɬɟɦɢ 
ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ, ɳɨ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɪɨɛɨɱɿɣ 
ɨɛɥɚɫɬɿ MatLab. ɉɪɢ ɜɢɛɨɪɿ ɤɨɦɚɧɞɢ From disk ɡ'ɹɜɢɬɶɫɹ 
ɞɿɚɥɨɝɨɜɟ ɜɿɤɧɨ, ɭ ɹɤɨɦɭ ɧɟɨɛɯɿɞɧɨ ɜɤɚɡɚɬɢ ɿɦ'ɹ ɮɚɣɥɭ 
ɫɢɫɬɟɦɢ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ. Ɏɚɣɥɢ ɫɢɫɬɟɦ 
ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ ɦɚɸɬɶ ɪɨɡɲɢɪɟɧɧɹ .fis . 
Ɂɚɜɚɧɬɚɠɢɬɢ ɫɢɫɬɟɦɭ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ ɡ 
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ɞɢɫɤɚ ɦɨɠɧɚ ɬɚɤɨɠ ɧɚɬɢɫɤɚɧɧɹɦ Ctrl+N ɱɢ ɤɨɦɚɧɞɨɸ  
fuzzy FIS_name, ɞɟ FIS_name – ɿɦ'ɹ ɮɚɣɥɭ ɫɢɫɬɟɦɢ 
ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ. 

ɉɪɢ ɜɢɛɨɪɿ ɤɨɦɚɧɞɢ Export ɡ'ɹɜɥɹɬɶɫɹ ɞɜɿ 
ɚɥɶɬɟɪɧɚɬɢɜɢ To Workspace... ɿ To disk, ɳɨ ɞɨɡɜɨɥɹɸɬɶ 
ɫɤɨɩɿɸɜɚɬɢ ɫɢɫɬɟɦɭ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ ɜ 
ɪɨɛɨɱɭ ɨɛɥɚɫɬɶ MatLab ɿ ɧɚ ɞɢɫɤ, ɜɿɞɩɨɜɿɞɧɨ. ɉɪɢ ɜɢɛɨɪɿ 
ɤɨɦɚɧɞɢ To Workspace... ɡ'ɹɜɢɬɶɫɹ ɞɿɚɥɨɝɨɜɟ ɜɿɤɧɨ, ɭ ɹɤɨɦɭ 
ɧɟɨɛɯɿɞɧɨ ɜɤɚɡɚɬɢ ɿɞɟɧɬɢɮɿɤɚɬɨɪ ɫɢɫɬɟɦɢ ɧɟɱɿɬɤɨɝɨ 
ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ, ɩɿɞ ɹɤɢɦ ɜɨɧɚ ɛɭɞɟ ɡɛɟɪɟɠɟɧɚ ɜ 
ɪɨɛɨɱɿɣ ɨɛɥɚɫɬɿ MatLab. ɉɪɢ ɜɢɛɨɪɿ ɤɨɦɚɧɞɢ To disk 
ɡ'ɹɜɢɬɶɫɹ ɞɿɚɥɨɝɨɜɟ ɜɿɤɧɨ, ɭ ɹɤɨɦɭ ɧɟɨɛɯɿɞɧɨ ɜɤɚɡɚɬɢ ɿɦ'ɹ 
ɮɚɣɥɭ ɫɢɫɬɟɦɢ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ. ɋɤɨɩɿɸɜɚɬɢ 
ɫɢɫɬɟɦɭ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ ɜ ɪɨɛɨɱɭ ɨɛɥɚɫɬɶ ɿ 
ɧɚ ɞɢɫɤ ɦɨɠɧɚ ɬɚɤɨɠ ɧɚɬɢɫɤɚɧɧɹɦ Ctrl+T ɿ Ctrl+S, 
ɜɿɞɩɨɜɿɞɧɨ. 

Ʉɨɦɚɧɞɚ Print ɞɨɡɜɨɥɹє ɜɢɜɟɫɬɢ ɧɚ ɩɪɢɧɬɟɪ ɤɨɩɿɸ 
ɝɪɚɮɿɱɧɨɝɨ ɜɿɤɧɚ. ɉɟɱɚɬɤɚ ɦɨɠɥɢɜɚ ɬɚɤɨɠ ɩɨ ɧɚɬɢɫɤɚɧɧɸ 
Ctrl+P. 

Ʉɨɦɚɧɞɚ Close ɡɚɤɪɢɜɚє ɝɪɚɮɿɱɧɟ ɜɿɤɧɨ. Ɂɚɤɪɢɬɬɹ 
ɝɪɚɮɿɱɧɨɝɨ ɜɿɤɧɚ ɜɿɞɛɭɜɚєɬɶɫɹ ɩɨ ɧɚɬɢɫɤɚɧɧɸ Ctrl+W ɱɢ 
ɨɞɧɨɤɪɚɬɧɨɝɨ ɳɢɝɥɢɤɚ ɥɿɜɨʀ ɤɧɨɩɤɢ ɦɢɲɿ ɩɨ ɤɧɨɩɰɿ Close. 

Мɟɧɸ Edit: 
Ʉɨɦɚɧɞɚ Undo ɫɤɚɫɨɜɭє ɪɚɧɿɲɟ ɡɪɨɛɥɟɧɭ ɞɿɸ. 

ȼɢɤɨɧɭєɬɶɫɹ ɬɚɤɨɠ ɩɨ ɧɚɬɢɫɤɚɧɧɸ Ctrl+Z. 
Ʉɨɦɚɧɞɚ Add Variable... ɞɨɡɜɨɥɹє ɞɨɞɚɬɢ ɜ ɫɢɫɬɟɦɭ 

ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ ɳɟ ɨɞɧɭ ɡɦɿɧɧɭ. ɉɪɢ ɜɢɛɨɪɿ 
ɰɿєʀ ɤɨɦɚɧɞɢ ɡ'ɹɜɥɹɬɶɫɹ ɞɜɿ ɚɥɶɬɟɪɧɚɬɢɜɢ Input ɿ Output, ɳɨ 
ɞɨɡɜɨɥɹɸɬɶ ɞɨɞɚɬɢ ɜɯɿɞɧɭ ɿ ɜɢɯɿɞɧɭ ɡɦɿɧɧɭ, ɜɿɞɩɨɜɿɞɧɨ. 

Ʉɨɦɚɧɞɚ Remove Selected Variable ɜɢɞɚɥɹє ɩɨɬɨɱɧɭ 
ɡɦɿɧɧɭ ɿɡ ɫɢɫɬɟɦɢ. Ɉɡɧɚɤɨɸ ɩɨɬɨɱɧɨʀ ɡɦɿɧɧɨʀ є ɱɟɪɜɨɧɚ 
ɨɤɚɧɬɨɜɤɚ ʀʀ ɩɪɹɦɨɤɭɬɧɢɤɚ. ɉɪɢɡɧɚɱɟɧɧɹ ɩɨɬɨɱɧɨʀ ɡɦɿɧɧɨʀ 
ɜɿɞɛɭɜɚєɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɨɞɧɨɤɪɚɬɧɨɝɨ ɳɢɝɥɢɤɚ ɥɿɜɨʀ 
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ɤɧɨɩɤɢ ɦɢɲɿ ɩɨ ʀʀ ɩɪɹɦɨɤɭɬɧɢɤɭ. ȼɢɞɚɥɢɬɢ ɩɨɬɨɱɧɭ 
ɡɦɿɧɧɭ ɦɨɠɧɚ ɬɚɤɨɠ ɡɚ ɞɨɩɨɦɨɝɨɸ ɧɚɬɢɫɤɚɧɧɹ Ctrl+X. 

Ʉɨɦɚɧɞɚ Membership Function... ɜɿɞɤɪɢɜɚє ɪɟɞɚɤɬɨɪ 
ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɟɣ. ɐɹ ɤɨɦɚɧɞɚ ɦɨɠɟ ɛɭɬɢ ɬɚɤɨɠ 
ɜɢɤɨɧɚɧɚ ɧɚɬɢɫɤɚɧɧɹɦ Ctrl+2. 

Ʉɨɦɚɧɞɚ Rules…ɜɿɞɤɪɢɜɚє ɪɟɞɚɤɬɨɪ ɛɚɡɢ ɡɧɚɧɶ. ɐɹ 
ɤɨɦɚɧɞɚ ɦɨɠɟ ɛɭɬɢ ɬɚɤɨɠ ɜɢɤɨɧɚɧɚ ɧɚɬɢɫɤɚɧɧɹɦ Ctrl+3. 

Мɟɧɸ View – ɰɟ ɡɚɝɚɥɶɧɟ ɦɟɧɸ ɞɥɹ ɜɫɿɯ GUI-ɦɨɞɭɥɿɜ, 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɢɯ ɿɡ ɫɢɫɬɟɦɚɦɢ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ 
ɜɢɜɟɞɟɧɧɹ. Ⱦɚɧɟ ɦɟɧɸ ɞɨɡɜɨɥɹє ɜɿɞɤɪɢɬɢ ɜɿɤɧɨ ɜɿɡɭɚɥɿɡɚɰɿʀ 
ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ (ɤɨɦɚɧɞɚ Rules ɚɛɨ 
ɧɚɬɢɫɤɚɧɧɹ ɤɥɚɜɿɲ Ctrl+5) ɿ ɜɿɤɧɨ ɜɢɜɟɞɟɧɧɹ ɩɨɜɟɪɯɧɿ 
“ɜɯɿɞ-ɜɢɯɿɞ”, ɳɨ ɜɿɞɩɨɜɿɞɚє ɫɢɫɬɟɦɿ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ 
ɜɢɜɟɞɟɧɧɹ (ɤɨɦɚɧɞɚ Surface ɚɛɨ ɧɚɬɢɫɤɚɧɧɹ ɤɥɚɜɿɲ Ctrl+6). 

Мɟɧɸ And Method - ɰɟ ɦɟɧɸ ɞɨɡɜɨɥɹє ɭɫɬɚɧɨɜɢɬɢ 
ɧɚɫɬɭɩɧɿ ɪɟɚɥɿɡɚɰɿʀ ɥɨɝɿɱɧɨʀ ɨɩɟɪɚɰɿʀ "ɌȺ": min – ɦɿɧɿɦɭɦ; 
prod – ɦɧɨɠɟɧɧɹ.  

Ʉɨɪɢɫɬɭɜɚɱ ɬɚɤɨɠ ɦɚє ɦɨɠɥɢɜɿɫɬɶ ɭɫɬɚɧɨɜɢɬɢ ɜɥɚɫɧɭ 
ɪɟɚɥɿɡɚɰɿɸ ɨɩɟɪɚɰɿʀ "ɌȺ". Ⱦɥɹ ɰɶɨɝɨ ɧɟɨɛɯɿɞɧɨ ɜɢɛɪɚɬɢ 
ɤɨɦɚɧɞɭ Custom…ɿ ɜ ɝɪɚɮɿɱɧɨɦɭ ɜɿɤɧɿ, ɳɨ ɡ'ɹɜɢɥɨɫɹ, 
ɧɚɞɪɭɤɭɜɚɬɢ ɿɦ'ɹ ɮɭɧɤɰɿʀ, ɳɨ ɪɟɚɥɿɡɭє ɰɸ ɨɩɟɪɚɰɿɸ. 

Мɟɧɸ Or Method - ɰɟ ɦɟɧɸ ɞɨɡɜɨɥɹє ɭɫɬɚɧɨɜɢɬɢ 
ɧɚɫɬɭɩɧɿ ɪɟɚɥɿɡɚɰɿʀ ɥɨɝɿɱɧɨʀ ɨɩɟɪɚɰɿʀ "ȺȻɈ": max – 

ɦɧɨɠɟɧɧɹ;  probor - ɿɦɨɜɿɪɧɿɫɧɟ "ȺȻɈ".  
Ʉɨɪɢɫɬɭɜɚɱ ɬɚɤɨɠ ɦɚє ɦɨɠɥɢɜɿɫɬɶ ɭɫɬɚɧɨɜɢɬɢ ɜɥɚɫɧɭ 

ɪɟɚɥɿɡɚɰɿɸ ɨɩɟɪɚɰɿʀ "ȺȻɈ". Ⱦɥɹ ɰɶɨɝɨ ɧɟɨɛɯɿɞɧɨ ɜɢɛɪɚɬɢ 
ɤɨɦɚɧɞɭ Custom… ɿ ɜ ɝɪɚɮɿɱɧɨɦɭ ɜɿɤɧɿ, ɳɨ ɡ'ɹɜɢɥɨɫɹ, 
ɧɚɞɪɭɤɭɜɚɬɢ ɿɦ'ɹ ɮɭɧɤɰɿʀ, ɳɨ ɪɟɚɥɿɡɭє ɰɸ ɨɩɟɪɚɰɿɸ. 

Мɟɧɸ Implication - ɰɟ ɦɟɧɸ ɞɨɡɜɨɥɹє ɭɫɬɚɧɨɜɢɬɢ 
ɧɚɫɬɭɩɧɿ ɪɟɚɥɿɡɚɰɿʀ ɿɦɩɥɿɤɚɰɿʀ: min – ɦɿɧɿɦɭɦ; prod – 

ɦɧɨɠɟɧɧɹ.  
Ʉɨɪɢɫɬɭɜɚɱ ɬɚɤɨɠ ɦɚє ɦɨɠɥɢɜɿɫɬɶ ɭɫɬɚɧɨɜɢɬɢ ɜɥɚɫɧɭ 

ɪɟɚɥɿɡɚɰɿɸ ɿɦɩɥɿɤɚɰɿʀ. Ⱦɥɹ ɰɶɨɝɨ ɧɟɨɛɯɿɞɧɨ ɜɢɛɪɚɬɢ 
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ɤɨɦɚɧɞɭ Custom… ɿ ɜ ɝɪɚɮɿɱɧɨɦɭ ɜɿɤɧɿ, ɳɨ ɡ'ɹɜɢɥɨɫɹ, 
ɧɚɞɪɭɤɭɜɚɬɢ ɿɦ'ɹ ɮɭɧɤɰɿʀ, ɳɨ ɪɟɚɥɿɡɭє ɰɸ ɨɩɟɪɚɰɿɸ. 

Мɟɧɸ Aggregation - ɰɟ ɦɟɧɸ ɞɨɡɜɨɥɹє ɭɫɬɚɧɨɜɢɬɢ 
ɧɚɫɬɭɩɧɿ ɪɟɚɥɿɡɚɰɿʀ ɨɩɟɪɚɰɿʀ ɨɛ'єɞɧɚɧɧɹ ɮɭɧɤɰɿɣ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɜɢɯɿɞɧɨʀ ɡɦɿɧɧɨʀ: max – ɦɚɤɫɢɦɭɦ; sum – 

ɫɭɦɚ; probor - ɿɦɨɜɿɪɧɿɫɧɟ "ȺȻɈ".  
Ʉɨɪɢɫɬɭɜɚɱ ɬɚɤɨɠ ɦɚє ɦɨɠɥɢɜɿɫɬɶ ɭɫɬɚɧɨɜɢɬɢ ɜɥɚɫɧɭ 

ɪɟɚɥɿɡɚɰɿɸ ɰɿєʀ ɨɩɟɪɚɰɿʀ. Ⱦɥɹ ɰɶɨɝɨ ɧɟɨɛɯɿɞɧɨ ɜɢɛɪɚɬɢ 
ɤɨɦɚɧɞɭ Custom…ɿ ɜ ɝɪɚɮɿɱɧɨɦɭ ɜɿɤɧɿ, ɳɨ ɡ'ɹɜɢɥɨɫɹ, 
ɧɚɞɪɭɤɭɜɚɬɢ ɿɦ'ɹ ɮɭɧɤɰɿʀ, ɳɨ ɪɟɚɥɿɡɭє ɰɸ ɨɩɟɪɚɰɿɸ 

Мɟɧɸ Defuzzification - ɰɟ ɦɟɧɸ ɞɨɡɜɨɥɹє ɜɢɛɪɚɬɢ 
ɦɟɬɨɞ ɞɟɮɚɡɢɮɿɤɚɰɿʀ. Ⱦɥɹ ɫɢɫɬɟɦ ɬɢɩɭ Ɇɚɦɞɚɧɿ 
ɡɚɩɪɨɝɪɚɦɨɜɚɧɿ ɧɚɫɬɭɩɧɿ ɦɟɬɨɞɢ: centroid – ɰɟɧɬɪ ɜɚɝɢ; 
bisector –ɦɟɞɿɚɧɚ; lom – ɧɚɣɛɿɥɶɲɢɣ ɡ ɦɚɤɫɢɦɭɦɿɜ; som – 

ɧɚɣɦɟɧɲɢɣ ɡ ɦɚɤɫɢɦɭɦɿɜ; mom – ɫɟɪɟɞɧє ɡ ɦɚɤɫɢɦɭɦɿɜ. 
Ⱦɥɹ ɫɢɫɬɟɦ ɬɢɩɭ ɋɭɝɟɧɨ ɡɚɩɪɨɝɪɚɦɨɜɚɧɿ ɧɚɫɬɭɩɧɿ ɦɟɬɨɞɢ: 
wtaver – ɡɜɚɠɟɧɟ ɫɟɪɟɞɧє; wtsum – ɡɜɚɠɟɧɚ ɫɭɦɚ.  

Ʉɨɪɢɫɬɭɜɚɱ ɬɚɤɨɠ ɦɚє ɦɨɠɥɢɜɿɫɬɶ ɭɫɬɚɧɨɜɢɬɢ ɜɥɚɫɧɢɣ 
ɦɟɬɨɞ ɞɟɮɚɡɢɮɿɤɚɰɿʀ. Ⱦɥɹ ɰɶɨɝɨ ɧɟɨɛɯɿɞɧɨ ɜɢɛɪɚɬɢ 
ɤɨɦɚɧɞɭ Custom…ɿ ɜ ɝɪɚɮɿɱɧɨɦɭ ɜɿɤɧɿ, ɳɨ ɡ'ɹɜɢɥɨɫɹ, 
ɧɚɞɪɭɤɭɜɚɬɢ ɿɦ'ɹ ɮɭɧɤɰɿʀ, ɳɨ ɪɟɚɥɿɡɭє ɰɸ ɨɩɟɪɚɰɿɸ. 
 

Ɋɟɞɚɤɬɨɪ ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ 
Ɋɟɞɚɤɬɨɪ ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ (Membership 

Function Editor) ɩɪɢɡɧɚɱɟɧɢɣ ɞɥɹ ɡɚɜɞɚɧɧɹ ɧɚɫɬɭɩɧɨʀ 
ɿɧɮɨɪɦɚɰɿʀ ɩɪɨ ɬɟɪɦɢ-ɦɧɨɠɢɧɢ ɜɯɿɞɧɢɯ ɿ ɜɢɯɿɞɧɢɯ 
ɡɦɿɧɧɢɯ: ɤɿɥɶɤɿɫɬɶ ɬɟɪɦɿɜ; ɧɚɣɦɟɧɭɜɚɧɧɹ ɬɟɪɦɿɜ; ɬɢɩ ɿ 
ɩɚɪɚɦɟɬɪɢ ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ, ɳɨ ɧɟɨɛɯɿɞɧɿ ɞɥɹ 
ɩɪɟɞɫɬɚɜɥɟɧɧɹ ɥɿɧɝɜɿɫɬɢɱɧɢɯ ɬɟɪɦɿɜ ɭ ɜɢɝɥɹɞɿ ɧɟɱɿɬɤɢɯ 
ɦɧɨɠɢɧ. 

Ɋɟɞɚɤɬɨɪ ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɦɨɠɟ ɛɭɬɢ 
ɜɢɤɥɢɤɚɧɢɣ ɡ ɛɭɞɶ-ɹɤɨɝɨ GUI-ɦɨɞɭɥɹ, ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɨɝɨ 
ɿɡ ɫɢɫɬɟɦɚɦɢ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ, ɤɨɦɚɧɞɨɸ 
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Membership Functions... ɦɟɧɸ Edit ɚɛɨ ɧɚɬɢɫɤɚɧɧɹɦ ɤɥɚɜɿɲ 
Ctrl+2.  

ɍ FIS-ɪɟɞɚɤɬɨɪɿ ɜɿɞɤɪɢɬɢ ɪɟɞɚɤɬɨɪ ɮɭɧɤɰɿɣ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɦɨɠɧɚ ɬɚɤɨɠ ɩɨɞɜɿɣɧɢɦ ɳɢɝɥɢɤɨɦ ɥɿɜɨɸ 
ɤɧɨɩɤɨɸ ɦɢɲɿ ɩɨ ɩɨɥɸ ɜɯɿɞɧɨʀ ɚɛɨ ɜɢɯɿɞɧɨʀ ɡɦɿɧɧɢɯ. 
Ɂɚɝɚɥɶɧɢɣ ɜɢɞ ɪɟɞɚɤɬɨɪɚ ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɡ 
ɭɤɚɡɿɜɤɨɸ ɮɭɧɤɰɿɨɧɚɥɶɧɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ ɨɫɧɨɜɧɢɯ ɩɨɥɿɜ 
ɝɪɚɮɿɱɧɨɝɨ ɜɿɤɧɚ ɩɪɢɜɟɞɟɧɢɣ ɧɚ ɪɢɫ. 4.4.  

 

 

Ɋɢɫ. 4.4. Ɋɟɞɚɤɬɨɪ ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ 
ɍ ɧɢɠɧɿɣ ɱɚɫɬɢɧɿ ɝɪɚɮɿɱɧɨɝɨ ɜɿɤɧɚ ɪɨɡɬɚɲɨɜɚɧɿ 

ɤɧɨɩɤɢ Help ɿ Close, ɳɨ ɞɨɡɜɨɥɹɸɬɶ ɜɢɤɥɢɤɚɬɢ ɜɿɤɧɨ 
ɞɨɜɿɞɤɢ ɿ ɡɚɤɪɢɬɢ ɪɟɞɚɤɬɨɪ, ɜɿɞɩɨɜɿɞɧɨ. 
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Ɋɟɞɚɤɬɨɪ ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɦɿɫɬɢɬɶ ɱɨɬɢɪɢ 
ɦɟɧɸ – File, Edit, View, Type ɿ ɱɨɬɢɪɢ ɜɿɤɧɚ ɜɜɟɞɟɧɧɹ 
ɿɧɮɨɪɦɚɰɿʀ – Range, Display Range, Name ɿ Params. ɐɿ 
ɱɨɬɢɪɢ ɜɿɤɧɚ ɩɪɢɡɧɚɱɟɧɿ ɞɥɹ ɡɚɜɞɚɧɧɹ ɞɿɚɩɚɡɨɧɭ ɡɦɿɧɢ 
ɩɨɬɨɱɧɨʀ ɡɦɿɧɧɨʀ, ɞɿɚɩɚɡɨɧɭ ɜɢɜɟɞɟɧɧɹ ɮɭɧɤɰɿɣ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ, ɧɚɣɦɟɧɭɜɚɧɧɹ ɩɨɬɨɱɧɨɝɨ ɥɿɧɝɜɿɫɬɢɱɧɨɝɨ 
ɬɟɪɦɭ ɿ ɩɚɪɚɦɟɬɪɿɜ ɣɨɝɨ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ, 
ɜɿɞɩɨɜɿɞɧɨ.  

ɉɚɪɚɦɟɬɪɢ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɦɨɠɧɚ ɩɿɞɛɢɪɚɬɢ 
ɣ ɭ ɝɪɚɮɿɱɧɨɦɭ ɪɟɠɢɦɿ, ɲɥɹɯɨɦ ɡɦɿɧɢ ɮɨɪɦɢ ɮɭɧɤɰɿʀ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɬɟɯɧɨɥɨɝɿʀ “Drug and drop”. 
Ⱦɥɹ ɰɶɨɝɨ ɧɟɨɛɯɿɞɧɨ ɩɨɡɢɰɿɨɧɭɜɚɬɢ ɤɭɪɫɨɪ ɦɢɲɿ ɧɚ ɡɧɚɤɭ 
ɪɟɠɢɦɭ “Drug and drop”, ɧɚɬɢɫɧɭɬɢ ɧɚ ɥɿɜɭ ɤɧɨɩɤɭ ɦɢɲɿ ɿ 
ɧɟ ɜɿɞɩɭɫɤɚɸɱɢ ʀʀ ɡɦɿɧɸɜɚɬɢ ɮɨɪɦɭ ɮɭɧɤɰɿʀ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ. ɉɚɪɚɦɟɬɪɢ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɛɭɞɭɬɶ 
ɩɟɪɟɪɚɯɨɜɭɜɚɬɢɫɹ ɚɜɬɨɦɚɬɢɱɧɨ. 

Мɟɧɸ Edit: 
Ʉɨɦɚɧɞɚ Undo ɫɤɚɫɨɜɭє ɪɚɧɿɲɟ ɡɪɨɛɥɟɧɭ ɞɿɸ. 

ȼɢɤɨɧɭєɬɶɫɹ ɬɚɤɨɠ ɩɨ ɧɚɬɢɫɤɚɧɧɸ Ctrl+Z. 
Ʉɨɦɚɧɞɚ Add MFs…ɞɨɡɜɨɥɹє ɞɨɞɚɬɢ ɬɟɪɦɢ ɜ ɬɟɪɦɢ-

ɦɧɨɠɢɧɭ, ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɚ ɞɥɹ ɥɿɧɝɜɿɫɬɢɱɧɨʀ ɨɰɿɧɤɢ 
ɩɨɬɨɱɧɨʀ ɡɦɿɧɧɨʀ. ɉɪɢ ɜɢɛɨɪɿ ɰɿєʀ ɤɨɦɚɧɞɢ ɡ'ɹɜɢɬɶɫɹ 
ɞɿɚɥɨɝɨɜɟ ɜɿɤɧɨ, ɭ ɹɤɨɦɭ ɧɟɨɛɯɿɞɧɨ ɜɢɛɪɚɬɢ ɬɢɩ ɮɭɧɤɰɿʀ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɿ ɤɿɥɶɤɿɫɬɶ ɬɟɪɦɿɜ. Ɂɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ 
ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɛɭɞɭɬɶ ɜɫɬɚɧɨɜɥɟɧɿ ɚɜɬɨɦɚɬɢɱɧɨ 
ɬɚɤɢɦ ɱɢɧɨɦ, ɳɨɛ ɪɿɜɧɨɦɿɪɧɨ ɩɨɤɪɢɬɢ ɨɛɥɚɫɬɶ ɜɢɡɧɚɱɟɧɧɹ 
ɡɦɿɧɧɨʀ, ɡɚɞɚɧɨʀ ɭ ɜɿɤɧɿ Range. ɉɪɢ ɡɦɿɧɿ ɨɛɥɚɫɬɿ 
ɜɢɡɧɚɱɟɧɧɹ ɭ ɜɿɤɧɿ Range ɩɚɪɚɦɟɬɪɢ ɮɭɧɤɰɿɣ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɛɭɞɭɬɶ ɩɪɨɦɚɲɬɚɛɨɜɚɧɿ. 

Ʉɨɦɚɧɞɚ Add Custom MF…ɞɨɡɜɨɥɹє ɞɨɞɚɬɢ ɨɞɧɢɯ 
ɥɿɧɝɜɿɫɬɢɱɧɢɣ ɬɟɪɦ, ɮɭɧɤɰɿɹ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɹɤɨɝɨ 
ɜɿɞɪɿɡɧɹєɬɶɫɹ ɜɿɞ ɭɛɭɞɨɜɚɧɢɯ. ɉɿɫɥɹ ɜɢɛɨɪɭ ɰɿєʀ ɤɨɦɚɧɞɢ 
ɡ'ɹɜɢɬɶɫɹ ɝɪɚɮɿɱɧɟ ɜɿɤɧɨ, ɭ ɹɤɨɦɭ ɧɟɨɛɯɿɞɧɨ ɧɚɞɪɭɤɭɜɚɬɢ 
ɥɿɧɝɜɿɫɬɢɱɧɢɣ ɬɟɪɦ (ɩɨɥɟ MF name), ɿɦ'ɹ ɮɭɧɤɰɿʀ 
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ɩɪɢɧɚɥɟɠɧɨɫɬɿ (ɩɨɥɟ M-File function name) ɿ ɩɚɪɚɦɟɬɪɢ 
ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ (ɩɨɥɟ Parameter list). 

Ʉɨɦɚɧɞɚ Remove Selected MF ɜɢɞɚɥɹє ɩɨɬɨɱɧɢɣ ɬɟɪɦ 
ɿɡ ɬɟɪɦ-ɦɧɨɠɢɧɢ ɩɨɬɨɱɧɨʀ ɡɦɿɧɧɨʀ. Ɉɡɧɚɤɨɸ ɩɨɬɨɱɧɨʀ 
ɡɦɿɧɧɨʀ є ɱɟɪɜɨɧɚ ɨɤɚɧɬɨɜɤɚ ʀʀ ɩɪɹɦɨɤɭɬɧɢɤɚ. Ɉɡɧɚɤɨɸ 
ɩɨɬɨɱɧɨɝɨ ɬɟɪɦɭ є ɱɟɪɜɨɧɢɣ ɤɨɥɿɪ ɣɨɝɨ ɮɭɧɤɰɿʀ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ. Ⱦɥɹ ɜɢɛɨɪɭ ɩɨɬɨɱɧɨɝɨ ɬɟɪɦɭ ɧɟɨɛɯɿɞɧɨ 
ɩɪɨɜɟɫɬɢ ɩɨɡɢɰɿɨɧɭɜɚɧɧɹ ɤɭɪɫɨɪɭ ɦɢɲɿ ɧɚ ɝɪɚɮɿɤɭ ɮɭɧɤɰɿʀ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɿ ɡɪɨɛɢɬɢ ɳɢɝɥɢɤ ɥɿɜɨɸ ɤɧɨɩɤɨɸ ɦɢɲɿ. 

Ʉɨɦɚɧɞɚ Remove All MFs ɜɢɞɚɥɹє ɜɫɿ ɬɟɪɦɢ ɡ ɬɟɪɦ-

ɦɧɨɠɢɧɢ ɩɨɬɨɱɧɨʀ ɡɦɿɧɧɨʀ.  
Ʉɨɦɚɧɞɚ FIS Properties…ɜɿɞɤɪɢɜɚє FIS-ɪɟɞɚɤɬɨɪ. ɐɹ 

ɤɨɦɚɧɞɚ ɦɨɠɟ ɛɭɬɢ ɬɚɤɨɠ ɜɢɤɨɧɚɧɚ ɧɚɬɢɫɤɚɧɧɹɦ Ctrl+1. 
Ʉɨɦɚɧɞɚ Rules…ɜɿɞɤɪɢɜɚє ɪɟɞɚɤɬɨɪ ɛɚɡɢ ɡɧɚɧɶ. ɐɹ 

ɤɨɦɚɧɞɚ ɦɨɠɟ ɛɭɬɢ ɬɚɤɨɠ ɜɢɤɨɧɚɧɚ ɧɚɬɢɫɤɚɧɧɹɦ Ctrl+3. 
Мɟɧɸ Type ɞɨɡɜɨɥɹє ɭɫɬɚɧɨɜɢɬɢ ɬɢɩ ɮɭɧɤɰɿɣ 

ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɬɟɪɦɿɜ, ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɢɯ ɞɥɹ ɥɿɧɝɜɿɫɬɢɱɧɨʀ 
ɨɰɿɧɤɢ ɩɨɬɨɱɧɨʀ ɡɦɿɧɧɨʀ.  

 

Ɋɟɞɚɤɬɨɪ ɛɚɡɢ ɡɧɚɧь 

Ɋɟɞɚɤɬɨɪ ɛɚɡɢ ɡɧɚɧɶ (Rule Editor) ɩɪɢɡɧɚɱɟɧɢɣ ɞɥɹ 
ɮɨɪɦɭɜɚɧɧɹ ɿ ɦɨɞɢɮɿɤɚɰɿʀ ɧɟɱɿɬɤɢɯ ɩɪɚɜɢɥ. Ɋɟɞɚɤɬɨɪ ɛɚɡɢ 
ɡɧɚɧɶ ɦɨɠɟ ɛɭɬɢ ɜɢɤɥɢɤɚɧɢɣ ɡ ɛɭɞɶ-ɹɤɨɝɨ GUI-ɦɨɞɭɥɹ, 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɨɝɨ ɿɡ ɫɢɫɬɟɦɚɦɢ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ 
ɜɢɜɟɞɟɧɧɹ, ɤɨɦɚɧɞɨɸ Rules…ɦɟɧɸ Edit ɚɛɨ ɧɚɬɢɫɤɚɧɧɹɦ 
ɤɥɚɜɿɲ Ctrl+3. ɍ FIS-ɪɟɞɚɤɬɨɪɿ ɜɿɞɤɪɢɬɢ ɪɟɞɚɤɬɨɪ ɛɚɡɢ 
ɡɧɚɧɶ ɦɨɠɧɚ ɬɚɤɨɠ ɩɨɞɜɿɣɧɢɦ ɳɢɝɥɢɤɨɦ ɥɿɜɨɸ ɤɧɨɩɤɨɸ 
ɦɢɲɿ ɩɨ ɩɪɹɦɨɤɭɬɧɢɤɭ ɡ ɧɚɡɜɨɸ ɫɢɫɬɟɦɢ ɧɟɱɿɬɤɨɝɨ 
ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ, ɪɨɡɬɚɲɨɜɚɧɨɝɨ ɜ ɰɟɧɬɪɿ ɝɪɚɮɿɱɧɨɝɨ 
ɜɿɤɧɚ.  

Ɂɚɝɚɥɶɧɢɣ ɜɢɞ ɪɟɞɚɤɬɨɪɚ ɛɚɡɢ ɡɧɚɧɶ ɿɡ ɭɤɚɡɿɜɤɨɸ 
ɮɭɧɤɰɿɨɧɚɥɶɧɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ ɨɫɧɨɜɧɢɯ ɩɨɥɿɜ ɝɪɚɮɿɱɧɨɝɨ 
ɜɿɤɧɚ ɩɪɢɜɟɞɟɧɢɣ ɧɚ ɪɢɫ. 4.5.  
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Ɋɢɫ. 4.5. Ɋɟɞɚɤɬɨɪ ɛɚɡɢ ɡɧɚɧɶ 

ɍ ɧɢɠɧɿɣ ɱɚɫɬɢɧɿ ɝɪɚɮɿɱɧɨɝɨ ɜɿɤɧɚ ɪɨɡɬɚɲɨɜɚɧɿ 
ɤɧɨɩɤɢ Help ɿ Close, ɳɨ ɞɨɡɜɨɥɹɸɬɶ ɜɢɤɥɢɤɚɬɢ ɜɿɤɧɨ 
ɞɨɜɿɞɤɢ ɿ ɡɚɤɪɢɬɢ ɪɟɞɚɤɬɨɪ, ɜɿɞɩɨɜɿɞɧɨ. 

Ɋɟɞɚɤɬɨɪ ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɦɿɫɬɢɬɶ ɱɨɬɢɪɢ 
ɫɢɫɬɟɦɧɢɯ ɦɟɧɸ File, Edit, View, Options, ɦɟɧɸ ɜɢɛɨɪɭ 
ɬɟɪɦɿɜ ɜɯɿɞɧɢɯ ɿ ɜɢɯɿɞɧɢɯ ɡɦɿɧɧɢɯ, ɩɨɥɹ ɭɫɬɚɧɨɜɤɢ 
ɥɨɝɿɱɧɢɯ ɨɩɟɪɚɰɿɣ ɌȺ, ȺȻɈ, ɇȿ ɿ ɜɚɝ ɩɪɚɜɢɥ, ɚ ɬɚɤɨɠ 
ɤɧɨɩɤɢ ɪɟɞɚɝɭɜɚɧɧɹ ɿ ɩɟɪɟɝɥɹɞɭ ɩɪɚɜɢɥ.  

Ⱦɥɹ ɜɜɟɞɟɧɧɹ ɧɨɜɨɝɨ ɩɪɚɜɢɥɚ ɜ ɛɚɡɭ ɡɧɚɧɶ ɧɟɨɛɯɿɞɧɨ 
ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɢɲɿ ɜɢɛɪɚɬɢ ɜɿɞɩɨɜɿɞɧɭ ɤɨɦɛɿɧɚɰɿɸ 
ɥɿɧɝɜɿɫɬɢɱɧɢɯ ɬɟɪɦɿɜ ɜɯɿɞɧɢɯ ɿ ɜɢɯɿɞɧɢɯ ɡɦɿɧɧɢɯ, 
ɭɫɬɚɧɨɜɢɬɢ ɬɢɩ ɥɨɝɿɱɧɨɝɨ ɡɜ'ɹɡɭɜɚɧɧɹ (ɌȺ ɚɛɨ ȺȻɈ) ɦɿɠ 
ɡɦɿɧɧɢɦɢ ɭɫɟɪɟɞɢɧɿ ɩɪɚɜɢɥɚ, ɭɫɬɚɧɨɜɢɬɢ ɱɢ ɧɚɹɜɧɿɫɬɶ 
ɜɿɞɫɭɬɧɿɫɬɶ ɥɨɝɿɱɧɨʀ ɨɩɟɪɚɰɿʀ ɇȿ ɞɥɹ ɤɨɠɧɨʀ ɥɿɧɝɜɿɫɬɢɱɧɨʀ 
ɡɦɿɧɧɢɣ, ɭɜɟɫɬɢ ɡɧɚɱɟɧɧɹ ɜɚɝɨɜɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ ɩɪɚɜɢɥɚ ɿ 
ɧɚɬɢɫɧɭɬɢ ɤɧɨɩɤɭ Add Rule. Ɂɚ ɡɚɦɨɜɱɭɜɚɧɧɹɦ ɭɫɬɚɧɨɜɥɟɧɿ 
ɧɚɫɬɭɩɧɿ ɩɚɪɚɦɟɬɪɢ: ɥɨɝɿɱɧɟ ɡɜ'ɹɡɭɜɚɧɧɹ ɡɦɿɧɧɢɯ ɭɫɟɪɟɞɢɧɿ 
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ɩɪɚɜɢɥɚ – ɌȺ;  ɥɨɝɿɱɧɚ ɨɩɟɪɚɰɿɹ ɇȿ – ɜɿɞɫɭɬɧɹ; ɡɧɚɱɟɧɧɹ 
ɜɚɝɨɜɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ ɩɪɚɜɢɥɚ – 1.  

Ɇɨɠɥɢɜɿ ɜɢɩɚɞɤɢ, ɤɨɥɢ ɿɫɬɢɧɧɿɫɬɶ ɩɪɚɜɢɥɚ ɧɟ 
ɡɦɿɧɸєɬɶɫɹ ɩɪɢ ɞɨɜɿɥɶɧɨʀ ɡɧɚɱɟɧɧɿ ɞɟɹɤɨʀ ɜɯɿɞɧɨʀ ɡɦɿɧɧɨʀ, 
ɬɨɛɬɨ ɰɹ ɡɦɿɧɧɚ ɧɟ ɜɩɥɢɜɚє ɧɚ ɪɟɡɭɥɶɬɚɬ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ 
ɜɢɜɟɞɟɧɧɹ ɜ ɞɚɧɿɣ ɨɛɥɚɫɬɿ ɮɚɤɬɨɪɧɨɝɨ ɩɪɨɫɬɨɪɭ. Ɍɨɞɿ ɹɤ 
ɥɿɧɝɜɿɫɬɢɱɧɟ ɡɧɚɱɟɧɧɹ ɰɿєʀ ɡɦɿɧɧɨʀ ɧɟɨɛɯɿɞɧɨ ɭɫɬɚɧɨɜɢɬɢ 
none. 

Ⱦɥɹ ɜɢɞɚɥɟɧɧɹ ɩɪɚɜɢɥɚ ɡ ɛɚɡɢ ɡɧɚɧɶ ɧɟɨɛɯɿɞɧɨ ɡɪɨɛɢɬɢ 
ɨɞɧɨɤɪɚɬɧɢɣ ɳɢɝɥɢɤ ɥɿɜɨɸ ɤɧɨɩɤɨɸ ɦɢɲɿ ɧɚ ɰɶɨɦɭ ɩɪɚɜɢɥɿ 
ɬɚ ɧɚɬɢɫɧɭɬɢ ɤɧɨɩɤɭ Delete Rule. 

Ⱦɥɹ ɦɨɞɢɮɿɤɚɰɿʀ ɩɪɚɜɢɥɚ ɧɟɨɛɯɿɞɧɨ ɡɪɨɛɢɬɢ 
ɨɞɧɨɤɪɚɬɧɢɣ ɳɢɝɥɢɤ ɥɿɜɨɸ ɤɧɨɩɤɨɸ ɦɢɲɿ ɧɚ ɰɶɨɦɭ 
ɩɪɚɜɢɥɿ, ɩɨɬɿɦ ɭɫɬɚɧɨɜɢɬɢ ɧɟɨɛɯɿɞɧɿ ɩɚɪɚɦɟɬɪɢ ɩɪɚɜɢɥɚ ɿ 
ɧɚɬɢɫɧɭɬɢ ɤɧɨɩɤɭ Edit Rule. 

Мɟɧɸ Edit: 
Ʉɨɦɚɧɞɚ Undo ɫɤɚɫɨɜɭє ɪɚɧɿɲɟ ɡɪɨɛɥɟɧɭ ɞɿɸ. 

ȼɢɤɨɧɭєɬɶɫɹ ɬɚɤɨɠ ɩɨ ɧɚɬɢɫɤɚɧɧɸ Ctrl+Z.  
Ʉɨɦɚɧɞɚ FIS Properties…ɜɿɞɤɪɢɜɚє FIS-ɪɟɞɚɤɬɨɪ. ɐɹ 

ɤɨɦɚɧɞɚ ɦɨɠɟ ɛɭɬɢ ɬɚɤɨɠ ɜɢɤɨɧɚɧɚ ɧɚɬɢɫɤɚɧɧɹɦ Ctrl+1. 
Ʉɨɦɚɧɞɚ Membership Function…ɜɿɞɤɪɢɜɚє ɪɟɞɚɤɬɨɪ 

ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɟɣ. ɐɹ ɤɨɦɚɧɞɚ ɦɨɠɟ ɛɭɬɢ ɬɚɤɨɠ 
ɜɢɤɨɧɚɧɚ ɧɚɬɢɫɤɚɧɧɹɦ Ctrl+2. 

Мɟɧɸ Options ɞɨɡɜɨɥɹє ɭɫɬɚɧɨɜɢɬɢ ɦɨɜɭ ɿ ɮɨɪɦɚɬ 
ɩɪɚɜɢɥ ɛɚɡɢ ɡɧɚɧɶ. ɉɪɢ ɜɢɛɨɪɿ ɤɨɦɚɧɞɢ Language ɡ'ɹɜɢɬɶɫɹ 
ɫɩɢɫɨɤ ɦɨɜ English (Ⱥɧɝɥɿɣɫɶɤɚ), Deutsch (ɇɿɦɟɰɶɤɚ), 
Francais (Ɏɪɚɧɰɭɡɶɤɚ), ɡ ɹɤɨɝɨ ɧɟɨɛɯɿɞɧɨ ɜɢɛɪɚɬɢ ɨɞɧɭ.  

ɉɪɢ ɜɢɛɨɪɿ ɤɨɦɚɧɞɢ Format ɡ'ɹɜɢɬɶɫɹ ɫɩɢɫɨɤ ɦɨɠɥɢɜɢɯ 
ɮɨɪɦɚɬɿɜ ɩɪɚɜɢɥ ɛɚɡɢ ɡɧɚɧɶ: Verbose - ɥɿɧɝɜɿɫɬɢɱɧɢɣ; 
Symbolic – ɥɨɝɿɱɧɢɣ; Indexed – ɿɧɞɟɤɫɨɜɚɧɢɣ. 

 

Вɿɡɭɚɥɿɡɚɰɿɹ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ 

ȼɿɡɭɚɥɿɡɚɰɿɹ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ 
ɡɞɿɣɫɧɸєɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ GUI-ɦɨɞɭɥɹ Rule Viewer. ɐɟɣ 
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ɦɨɞɭɥɶ ɞɨɡɜɨɥɹє ɩɪɨɿɥɸɫɬɪɭɜɚɬɢ ɯɿɞ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ 
ɡɚ ɤɨɠɧɢɦ ɩɪɚɜɢɥɨɦ, ɨɞɟɪɠɚɧɧɹ ɪɟɡɭɥɶɬɭɸɱɨʀ ɧɟɱɿɬɤɨʀ 
ɦɧɨɠɢɧɢ ɿ ɜɢɤɨɧɚɧɧɹ ɩɪɨɰɟɞɭɪɢ ɞɟɮɚɡɢɮɿɤɚɰɿʀ. Rule 
Viewer ɦɨɠɟ ɛɭɬɢ ɜɢɤɥɢɤɚɧɢɣ ɡ ɛɭɞɶ-ɹɤɨɝɨ GUI-ɦɨɞɭɥɹ, 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɨɝɨ ɿɡ ɫɢɫɬɟɦɚɦɢ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ 
ɜɢɜɟɞɟɧɧɹ, ɤɨɦɚɧɞɨɸ View rules … ɦɟɧɸ View ɱɢ 
ɧɚɬɢɫɤɚɧɧɹɦ ɤɥɚɜɿɲ Ctrl+4. ȼɢɞ Rule Viewer ɞɥɹ ɫɢɫɬɟɦɢ 
ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ tipper ɿɡ ɭɤɚɡɿɜɤɨɸ ɮɭɧɤɰɿɨɧɚɥɶɧɨɝɨ 
ɩɪɢɡɧɚɱɟɧɧɹ ɨɫɧɨɜɧɢɯ ɩɨɥɿɜ ɝɪɚɮɿɱɧɨɝɨ ɜɿɤɧɚ ɩɪɢɜɟɞɟɧɢɣ 
ɧɚ ɪɢɫ. 4.6.  

Ɋɢɫ. 4.6. ȼɿɡɭɚɥɿɡɚɰɿɹ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ  
ɞɥɹ ɫɢɫɬɟɦɢ tipper ɡɚ ɞɨɩɨɦɨɝɨɸ Rule Viewer 

 

Rule Viewer ɦɿɫɬɢɬɶ ɱɨɬɢɪɢ ɦɟɧɸ – File, Edit, View, 

Options, ɞɜɚ ɩɨɥɹ ɭɜɟɞɟɧɧɹ ɿɧɮɨɪɦɚɰɿʀ – Input ɿ Plot points 
ɬɚ ɤɧɨɩɤɢ ɩɪɨɤɪɭɱɭɜɚɧɧɹ ɡɨɛɪɚɠɟɧɧɹ ɜɥɿɜɨ - ɜɩɪɚɜɨ (left-
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right), ɭɧɢɡ (up-down). ɍ ɧɢɠɧɿɣ ɱɚɫɬɢɧɿ ɝɪɚɮɿɱɧɨɝɨ ɜɿɤɧɚ 
ɪɨɡɬɚɲɨɜɚɧɿ ɬɚɤɨɠ ɤɧɨɩɤɢ Help ɿ Close, ɳɨ ɞɨɡɜɨɥɹɸɬɶ 
ɜɢɤɥɢɤɚɬɢ ɜɿɤɧɨ ɞɨɜɿɞɤɢ ɿ ɡɚɤɪɢɬɢ ɪɟɞɚɤɬɨɪ, ɜɿɞɩɨɜɿɞɧɨ. 
Ʉɨɠɧɟ ɩɪɚɜɢɥɨ ɛɚɡɢ ɡɧɚɧɶ ɩɪɟɞɫɬɚɜɥɹєɬɶɫɹ ɭ ɜɢɞɿ 
ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɪɨɡɬɚɲɨɜɚɧɢɯ 
ɩɪɹɦɨɤɭɬɧɢɤɿɜ. ɉɪɢ ɰɶɨɦɭ ɩɟɪɲɿ ɞɜɚ ɩɪɹɦɨɤɭɬɧɢɤɢ 
ɜɿɞɨɛɪɚɠɚɸɬɶ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɟɣ ɬɟɪɦɿɜ ɩɨɫɢɥɤɢ 
ɩɪɚɜɢɥɚ (əɤɳɨ-ɱɚɫɬɢɧɚ ɩɪɚɜɢɥɚ), ɚ ɨɫɬɚɧɧɿɣ ɬɪɟɬɿɣ 
ɩɪɹɦɨɤɭɬɧɢɤ ɜɿɞɩɨɜɿɞɚє ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɬɟɪɦɭ-

ɧɚɫɥɿɞɤɭ ɜɢɯɿɞɧɨʀ ɡɦɿɧɧɨʀ (Ɍɨ-ɱɚɫɬɢɧɚ ɩɪɚɜɢɥɚ).  
ɉɨɪɨɠɧɿɣ ɩɪɹɦɨɤɭɬɧɢɤ ɭ ɜɿɡɭɚɥɿɡɚɰɿʀ ɞɪɭɝɨɝɨ 

ɩɪɚɜɢɥɚ ɨɡɧɚɱɚє, ɳɨ ɜ ɰɶɨɦɭ ɩɪɚɜɢɥɿ ɩɨɫɢɥɤɚ ɡɚ ɡɦɿɧɧɨɸ 
food ɜɿɞɫɭɬɧɹ (food is none). ɀɨɜɬɟ ɡɚɥɢɜɚɧɧɹ ɝɪɚɮɿɤɿɜ 
ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɟɣ ɜɯɿɞɧɢɯ ɡɦɿɧɧɢɯ ɭɤɚɡɭє ɧɚɫɤɿɥɶɤɢ 
ɡɧɚɱɟɧɧɹ ɜɯɨɞɿɜ, ɜɿɞɩɨɜɿɞɚɸɬɶ ɬɟɪɦɚɦ ɞɚɧɨɝɨ ɩɪɚɜɢɥɚ. Ⱦɥɹ 
ɜɢɜɟɞɟɧɧɹ ɩɪɚɜɢɥɚ ɭ ɮɨɪɦɚɬɿ Rule Editor ɧɟɨɛɯɿɞɧɨ 
ɡɪɨɛɢɬɢ ɨɞɧɨɤɪɚɬɧɢɣ ɳɢɝɥɢɤ ɥɿɜɨʀ ɤɧɨɩɤɢ ɦɢɲɿ ɩɨ ɧɨɦɟɪɿ 
ɜɿɞɩɨɜɿɞɧɨɝɨ ɩɪɚɜɢɥɚ. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɡɚɡɧɚɱɟɧɟ ɩɪɚɜɢɥɨ 
ɛɭɞɟ ɜɢɜɟɞɟɧɨ ɜ ɧɢɠɧɿɣ ɱɚɫɬɢɧɿ ɝɪɚɮɿɱɧɨɝɨ ɜɿɤɧɚ. 

Ȼɥɚɤɢɬɧɟ ɡɚɥɢɜɚɧɧɹ ɝɪɚɮɿɤɚ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ 
ɜɢɯɿɞɧɨʀ ɡɦɿɧɧɨʀ ɹɜɥɹє ɫɨɛɨɸ ɪɟɡɭɥɶɬɚɬ ɥɨɝɿɱɧɨɝɨ 
ɜɢɜɟɞɟɧɧɹ ɭ ɜɢɝɥɹɞɿ ɧɟɱɿɬɤɨʀ ɦɧɨɠɢɧɢ ɡɚ ɞɚɧɢɦ ɩɪɚɜɢɥɨɦ. 
Ɋɟɡɭɥɶɬɭɸɱɭ ɧɟɱɿɬɤɭ ɦɧɨɠɢɧɭ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɥɨɝɿɱɧɨɦɭ 
ɜɢɜɟɞɟɧɧɸ ɡɚ ɜɫɿɦɚ ɩɪɚɜɢɥɚɦɢ, ɩɨɤɚɡɚɧɨ ɜ ɧɢɠɧɶɨɦɭ 
ɩɪɹɦɨɤɭɬɧɢɤɭ ɨɫɬɚɧɧɶɨɝɨ ɫɬɨɜɩɰɹ ɝɪɚɮɿɱɧɨɝɨ ɜɿɤɧɚ. ɍ 
ɰɶɨɦɭ ɠ ɩɪɹɦɨɤɭɬɧɢɤɭ ɱɟɪɜɨɧɚ ɜɟɪɬɢɤɚɥɶɧɚ ɥɿɧɿɹ 
ɜɿɞɩɨɜɿɞɚє ɱɿɬɤɨɦɭ ɡɧɚɱɟɧɧɸ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ, 
ɨɬɪɢɦɚɧɨɝɨ ɜ ɪɟɡɭɥɶɬɚɬɿ ɞɟɮɚɡɢɮɿɤɚɰɿʀ. 

ɍɜɟɞɟɧɧɹ ɡɧɚɱɟɧɶ ɜɯɿɞɧɢɯ ɡɦɿɧɧɢɯ ɦɨɠɟ 
ɡɞɿɣɫɧɸɜɚɬɢɫɹ ɞɜɨɦɚ ɫɩɨɫɨɛɚɦɢ: ɲɥɹɯɨɦ ɭɜɟɞɟɧɧɹ 
ɱɢɫɟɥɶɧɢɯ ɡɧɚɱɟɧɶ ɭ ɩɨɥɟ Input; ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɢɲɿ, 
ɲɥɹɯɨɦ ɩɟɪɟɦɿɳɟɧɧɹ ɥɿɧɿɣ-ɩɨɤɚɠɱɢɤɿɜ ɱɟɪɜɨɧɨɝɨ ɤɨɥɶɨɪɭ.  

ȼ ɨɫɬɚɧɧɶɨɦɭ ɜɢɩɚɞɤɭ ɧɟɨɛɯɿɞɧɨ ɩɨɡɢɰɿɨɧɭɜɚɬɢ ɤɭɪɫɨɪ 
ɦɢɲɿ ɧɚ ɱɟɪɜɨɧɿɣ ɜɟɪɬɢɤɚɥɶɧɿɣ ɥɿɧɿʀ, ɧɚɬɢɫɧɭɬɢ ɧɚ ɥɿɜɭ 
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ɤɧɨɩɤɭ ɦɢɲɿ ɿ ɧɟ ɜɿɞɩɭɫɤɚɸɱɢ ɧɟʀ ɩɟɪɟɦɿɫɬɢɬɢ ɩɨɤɚɠɱɢɤ ɧɚ 
ɩɨɬɪɿɛɧɭ ɩɨɡɢɰɿɸ. ɇɨɜɟ ɱɢɫɟɥɶɧɟ ɡɧɚɱɟɧɧɹ ɜɿɞɩɨɜɿɞɧɨʀ 
ɜɯɿɞɧɨʀ ɡɦɿɧɧɨʀ ɛɭɞɟ ɩɟɪɟɥɿɱɟɧɨ ɚɜɬɨɦɚɬɢɱɧɨ ɿ ɜɢɜɟɞɟɧɟ ɭ 
ɜɿɤɧɨ Input. 

ɍ ɩɨɥɟ Plot points ɡɚɞɚєɬɶɫɹ ɤɿɥɶɤɿɫɬɶ ɤɪɚɩɨɤ 
ɞɢɫɤɪɟɬɢɡɚɰɿʀ ɞɥɹ ɩɨɛɭɞɨɜɢ ɝɪɚɮɿɤɿɜ ɮɭɧɤɰɿɣ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ. Ɂɧɚɱɟɧɧɹ ɡɚ ɡɚɦɨɜɱɭɜɚɧɧɹɦ – 101. 

Мɟɧɸ Edit: 
Ʉɨɦɚɧɞɚ FIS Properties…ɜɿɞɤɪɢɜɚє FIS-ɪɟɞɚɤɬɨɪ. ɐɹ 

ɤɨɦɚɧɞɚ ɦɨɠɟ ɛɭɬɢ ɬɚɤɨɠ ɜɢɤɨɧɚɧɚ ɧɚɬɢɫɤɚɧɧɹɦ Ctrl+1. 
Ʉɨɦɚɧɞɚ Membership Functions…ɜɿɞɤɪɢɜɚє ɪɟɞɚɤɬɨɪ 

ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɟɣ. ɐɹ ɤɨɦɚɧɞɚ ɦɨɠɟ ɛɭɬɢ ɬɚɤɨɠ 
ɜɢɤɨɧɚɧɚ ɧɚɬɢɫɤɚɧɧɹɦ Ctrl+2. 

Ʉɨɦɚɧɞɚ Rules…ɜɿɞɤɪɢɜɚє ɪɟɞɚɤɬɨɪ ɛɚɡɢ ɡɧɚɧɶ. ɐɹ 
ɤɨɦɚɧɞɚ ɦɨɠɟ ɛɭɬɢ ɬɚɤɨɠ ɜɢɤɨɧɚɧɚ ɧɚɬɢɫɤɚɧɧɹɦ Ctrl+3. 

Мɟɧɸ Options ɦɿɫɬɢɬɶ ɬɿɥɶɤɢ ɨɞɧɭ ɤɨɦɚɧɞɭ Format, 
ɳɨ ɞɨɡɜɨɥɹє ɭɫɬɚɧɨɜɢɬɢ ɨɞɢɧ ɡ ɧɚɫɬɭɩɧɢɯ ɮɨɪɦɚɬɿɜ 
ɜɢɜɟɞɟɧɧɹ ɨɛɪɚɧɨɝɨ ɩɪɚɜɢɥɨ ɜ ɧɢɠɧɿɣ ɱɚɫɬɢɧɿ ɝɪɚɮɿɱɧɨɝɨ 
ɜɿɤɧɚ: Verbose - ɥɿɧɝɜɿɫɬɢɱɧɢɣ; Symbolic – ɥɨɝɿɱɧɢɣ; 
Indexed – ɿɧɞɟɤɫɨɜɚɧɢɣ.  

 

ANFIS-ɪɟɞɚɤɬɨɪ 

ANFIS є ɚɛɪɟɜɿɚɬɭɪɨɸ Adaptive Neuro-Fuzzy Inference 

System – ɚɞɚɩɬɢɜɧɚ ɧɟɣɪɨ-ɧɟɱɿɬɤɚ ɫɢɫɬɟɦɚ. ANFIS-

ɪɟɞɚɤɬɨɪ ɞɨɡɜɨɥɹє ɚɜɬɨɦɚɬɢɱɧɨ ɫɢɧɬɟɡɭɜɚɬɢ ɡ 
ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɧɟɣɪɨ-ɧɟɱɿɬɤɿ ɦɟɪɟɠɿ. ɇɟɣɪɨ-

ɧɟɱɿɬɤɭ ɦɟɪɟɠɭ ɦɨɠɧɚ ɪɨɡɝɥɹɞɚɬɢ ɹɤ ɨɞɢɧ ɡ ɪɿɡɧɨɜɢɞɿɜ 
ɫɢɫɬɟɦ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ ɬɢɩɭ ɋɭɝɟɧɨ. ɉɪɢ 
ɰɶɨɦɭ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɫɢɧɬɟɡɨɜɚɧɢɯ ɫɢɫɬɟɦ 
ɧɚɥɚɝɨɞɠɟɧɨ (ɧɚɜɱɟɧɨ) ɬɚɤ, ɳɨɛ ɦɿɧɿɦɿɡɭɜɚɬɢ ɜɿɞɯɢɥɟɧɧɹ 
ɦɿɠ ɪɟɡɭɥɶɬɚɬɚɦɢ ɧɟɱɿɬɤɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɣ 
ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ.  

Ɂɚɜɚɧɬɚɠɟɧɧɹ ANFIS-ɪɟɞɚɤɬɨɪɚ ɡɞɿɣɫɧɸєɬɶɫɹ ɡɚ 
ɤɨɦɚɧɞɨɸ anfisedit. ɍ ɪɟɡɭɥɶɬɚɬɿ ɜɢɤɨɧɚɧɧɹ ɰɿєʀ ɤɨɦɚɧɞɢ 
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ɡ'ɹɜɢɬɶɫɹ ɝɪɚɮɿɱɧɟ ɜɿɤɧɨ, ɡɨɛɪɚɠɟɧɟ ɧɚ ɪɢɫ. 4.7. ɇɚ ɰɶɨɦɭ 
ɠ ɪɢɫɭɧɤɭ ɡɚɡɧɚɱɟɧɨ ɮɭɧɤɰɿɨɧɚɥɶɧɿ ɨɛɥɚɫɬɿ ANFIS-

ɪɟɞɚɤɬɨɪɚ, ɨɩɢɫ ɹɤɢɯ ɩɪɢɜɟɞɟɧɨ ɧɢɠɱɟ. 

Ɋɢɫ. 4.7. Ɉɫɧɨɜɧɟ ɜɿɤɧɨ ANFIS-ɪɟɞɚɤɬɨɪɚ 

 

ANFIS-ɪɟɞɚɤɬɨɪ ɦɿɫɬɢɬɶ 3 ɜɟɪɯɧɿɯ ɦɟɧɸ – File, Edit ɿ 
View, ɨɛɥɚɫɬɶ ɜɿɡɭɚɥɿɡɚɰɿʀ, ɨɛɥɚɫɬɶ ɜɥɚɫɬɢɜɨɫɬɟɣ ANFIS, 
ɨɛɥɚɫɬɶ ɡɚɜɚɧɬɚɠɟɧɧɹ ɞɚɧɢɯ, ɨɛɥɚɫɬɶ ɝɟɧɟɪɭɜɚɧɧɹ ɜɢɯɿɞɧɨʀ 
ɫɢɫɬɟɦɢ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ, ɨɛɥɚɫɬɶ ɧɚɜɱɚɧɧɹ, 
ɨɛɥɚɫɬɶ ɬɟɫɬɭɜɚɧɧɹ, ɨɛɥɚɫɬɶ ɜɢɜɟɞɟɧɧɹ ɩɨɬɨɱɧɨʀ 
ɿɧɮɨɪɦɚɰɿʀ, ɚ ɬɚɤɨɠ ɤɧɨɩɤɢ Help ɿ Close, ɳɨ ɞɨɡɜɨɥɹɸɬɶ 
ɜɢɤɥɢɤɚɬɢ ɜɿɤɧɨ ɞɨɜɿɞɤɢ ɿ ɡɚɤɪɢɬɢ ANFIS-ɪɟɞɚɤɬɨɪ, 
ɜɿɞɩɨɜɿɞɧɨ. 
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Мɟɧɸ Edit:  
Ʉɨɦɚɧɞɚ Undo ɫɤɚɫɨɜɭє ɪɚɧɿɲɟ ɡɪɨɛɥɟɧɭ ɞɿɸ. 

ȼɢɤɨɧɭєɬɶɫɹ ɬɚɤɨɠ ɩɨ ɧɚɬɢɫɤɚɧɧɸ Ctrl+Z. 
Ʉɨɦɚɧɞɚ FIS Properties…ɜɿɞɤɪɢɜɚє FIS-ɪɟɞɚɤɬɨɪ. ɐɹ 

ɤɨɦɚɧɞɚ ɦɨɠɟ ɛɭɬɢ ɬɚɤɨɠ ɜɢɤɨɧɚɧɚ ɧɚɬɢɫɤɚɧɧɹɦ Ctrl+1. 

Ʉɨɦɚɧɞɚ Membership Functions…ɜɿɞɤɪɢɜɚє ɪɟɞɚɤɬɨɪ 
ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ. ɐɹ ɤɨɦɚɧɞɚ ɦɨɠɟ ɛɭɬɢ ɬɚɤɨɠ 
ɜɢɤɨɧɚɧɚ ɧɚɬɢɫɤɚɧɧɹɦ Ctrl+2. 

Ʉɨɦɚɧɞɚ Rules…ɜɿɞɤɪɢɜɚє ɪɟɞɚɤɬɨɪ ɛɚɡɢ ɡɧɚɧɶ. ɐɹ 
ɤɨɦɚɧɞɚ ɦɨɠɟ ɛɭɬɢ ɬɚɤɨɠ ɜɢɤɨɧɚɧɚ ɧɚɬɢɫɤɚɧɧɹɦ Ctrl+3. 

Ʉɨɦɚɧɞɚ Anfis…ɜɿɞɤɪɢɜɚє ANFIS-ɪɟɞɚɤɬɨɪ. ɐɹ 
ɤɨɦɚɧɞɚ ɦɨɠɟ ɛɭɬɢ ɬɚɤɨɠ ɜɢɤɨɧɚɧɚ ɧɚɬɢɫɤɚɧɧɹɦ Ctrl+3. 
ɉɨɦɿɬɢɦɨ, ɳɨ ɞɚɧɚ ɤɨɦɚɧɞɚ, ɡɚɩɭɳɟɧɚ ɡ ANFIS-ɪɟɞɚɤɬɨɪɚ 
ɧɟ ɩɪɢɜɨɞɢɬɶ ɞɨ ɜɢɤɨɧɚɧɧɹ ɹɤɢɯ-ɧɟɛɭɞɶ ɞɿɣ, ɬɚɤ ɰɟɣ 
ɪɟɞɚɤɬɨɪ ɭɠɟ ɜɿɞɤɪɢɬɢɣ. Ɉɞɧɚɤ, ɭ ɦɟɧɸ Edit ɿɧɲɢɯ GUI-

ɦɨɞɭɥɿɜ, ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɢɯ ɿɡ ɫɢɫɬɟɦɚɦɢ ɧɟɱɿɬɤɨɝɨ 
ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ, ɞɨɞɚєɬɶɫɹ ɤɨɦɚɧɞɚ Anfis…,ɳɨ 
ɞɨɡɜɨɥɹє ɜɿɞɤɪɢɬɢ ANFIS-ɪɟɞɚɤɬɨɪ ɡ ɰɢɯ ɦɨɞɭɥɿɜ. 

Ɉɛɥɚɫɬɶ ɜɿɡɭɚɥɿɡɚɰɿʀ ɦɿɫɬɢɬɶ ɞɜɚ ɬɢɩɢ ɿɧɮɨɪɦɚɰɿʀ: ɩɪɢ 
ɧɚɜɱɚɧɧɿ ɫɢɫɬɟɦɢ – ɤɪɢɜɚ ɧɚɜɱɚɧɧɹ ɭ ɜɢɞɿ ɝɪɚɮɿɤɚ 
ɡɚɥɟɠɧɨɫɬɿ ɩɨɦɢɥɤɢ ɧɚɜɱɚɧɧɹ ɜɿɞ ɩɨɪɹɞɤɨɜɨɝɨ ɧɨɦɟɪɚ 
ɿɬɟɪɚɰɿʀ; ɩɪɢ ɡɚɜɚɧɬɚɠɟɧɧɿ ɞɚɧɢɯ ɿ ɬɟɫɬɭɜɚɧɧɿ ɫɢɫɬɟɦɢ – 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ ɿ ɪɟɡɭɥɶɬɚɬɢ ɦɨɞɟɥɸɜɚɧɧɹ.  
ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɚɧɿ ɿ ɪɟɡɭɥɶɬɚɬɢ ɦɨɞɟɥɸɜɚɧɧɹ 

ɜɢɜɨɞɹɬɶɫɹ ɭ ɜɢɞɿ ɦɧɨɠɢɧɢ ɤɪɚɩɨɤ ɭ ɞɜɨɜɢɦɿɪɧɨɦɭ 
ɩɪɨɫɬɨɪɿ. ɉɪɢ ɰɶɨɦɭ ɩɨ ɜɿɫɿ ɚɛɰɢɫ ɜɿɞɤɥɚɞɚєɬɶɫɹ 
ɩɨɪɹɞɤɨɜɢɣ ɧɨɦɟɪ ɪɹɞɤɚ ɞɚɧɢɯ ɭ ɜɢɛɿɪɰɿ (ɧɚɜɱɚɥɶɧɨʀ, 
ɬɟɫɬɨɜɨʀ ɚɛɨ ɤɨɧɬɪɨɥɶɧɨʀ), ɚ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ - ɡɧɚɱɟɧɧɹ 
ɜɢɯɿɞɧɨʀ ɡɦɿɧɧɨʀ ɞɥɹ ɞɚɧɨɝɨ ɪɹɞɤɚ ɜɢɛɿɪɤɢ. 
ȼɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɧɚɫɬɭɩɧɿ ɦɚɪɤɟɪɢ: ɛɥɚɤɢɬɧɚ ɤɪɚɩɤɚ (.) – 

ɬɟɫɬɨɜɚ ɜɢɛɿɪɤɚ; ɛɥɚɤɢɬɧɚ ɨɤɪɭɠɧɿɫɬɶ (o) – ɧɚɜɱɚɥɶɧɚ 
ɜɢɛɿɪɤɚ; ɛɥɚɤɢɬɧɢɣ ɩɥɸɫ (+) – ɤɨɧɬɪɨɥɶɧɚ ɜɢɛɿɪɤɚ; ɱɟɪɜɨɧɚ 
ɡɿɪɨɱɤɚ (*) – ɪɟɡɭɥɶɬɚɬɢ ɦɨɞɟɥɸɜɚɧɧɹ. 
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ȼ ɨɛɥɚɫɬɿ ɜɥɚɫɬɢɜɨɫɬɟɣ ANFIS (ANFIS info) 

ɜɢɜɨɞɢɬɶɫɹ ɿɧɮɨɪɦɚɰɿɹ ɩɪɨ ɤɿɥɶɤɿɫɬɶ ɜɯɿɞɧɢɯ ɿ ɜɢɯɿɞɧɢɯ 
ɡɦɿɧɧɢɯ, ɩɪɨ ɤɿɥɶɤɿɫɬɶ ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɞɥɹ ɤɨɠɧɨʀ 
ɜɯɿɞɧɢɣ ɡɦɿɧɧɢɣ, ɚ ɬɚɤɨɠ ɩɪɨ ɤɿɥɶɤɿɫɬɶ ɪɹɞɤɿɜ ɭ ɜɢɛɿɪɤɚɯ. 
ɍ ɰɿɣ ɨɛɥɚɫɬɿ ɪɨɡɬɚɲɨɜɚɧɿ ɞɜɿ ɤɧɨɩɤɢ Structure ɿ Clear Plot. 

ɇɚɬɢɫɤɚɧɧɹ ɤɧɨɩɤɢ Structure ɜɿɞɱɢɧɹє ɧɨɜɟ ɝɪɚɮɿɱɧɟ 
ɜɿɤɧɨ, ɭ ɹɤɨɦɭ ɫɢɫɬɟɦɚ ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ 
ɩɪɟɞɫɬɚɜɥɹє ɭ ɜɢɞɿ ɧɟɣɪɨ-ɧɟɱɿɬɤɨʀ ɦɟɪɟɠɿ. ɇɚɬɢɫɤɚɧɧɹ 
ɤɧɨɩɤɢ Clear Plot ɞɨɡɜɨɥɹє ɨɱɢɫɬɢɬɢ ɨɛɥɚɫɬɶ ɜɿɡɭɚɥɿɡɚɰɿʀ. 

ȼ ɨɛɥɚɫɬɿ ɡɚɜɚɧɬɚɠɟɧɧɹ ɞɚɧɢɯ (Load data) 

ɪɨɡɬɚɲɨɜɚɧɿ: ɦɟɧɸ ɜɢɛɨɪɭ ɬɢɩɭ ɞɚɧɢɯ (Type), ɳɨ ɦɿɫɬɢɬɶ 
ɚɥɶɬɟɪɧɚɬɢɜɢ (Traning - ɧɚɜɱɚɥɶɧɚ ɜɢɛɿɪɤɚ; Testing - 

ɬɟɫɬɨɜɚ ɜɢɛɿɪɤɚ; Checking - ɤɨɧɬɪɨɥɶɧɚ ɜɢɛɿɪɤɚ; Demo - 

ɞɟɦɨɧɫɬɪɚɰɿɣɧɢɣ ɩɪɢɤɥɚɞ); ɦɟɧɸ ɜɢɛɨɪɭ ɞɠɟɪɟɥɚ ɞɚɧɢɯ 
(From), ɳɨ ɦɿɫɬɢɬɶ ɚɥɶɬɟɪɧɚɬɢɜɢ (disk – ɞɢɫɤ; worksp. - 

ɪɨɛɨɱɚ ɨɛɥɚɫɬɶ MatLab); ɤɧɨɩɤɚ ɡɚɜɚɧɬɚɠɟɧɧɹ ɞɚɧɢɯ Load 
Data…, ɩɨ ɧɚɬɢɫɤɚɧɧɸ ɹɤɨʀ ɡ'ɹɜɥɹєɬɶɫɹ ɞɿɚɥɨɝɨɜɟ ɜɿɤɧɨ 
ɜɢɛɨɪɭ ɮɚɣɥɭ, ɹɤɳɨ ɡɚɜɚɧɬɚɠɟɧɧɹ ɞɚɧɢɯ ɜɿɞɛɭɜɚєɬɶɫɹ ɡ 
ɞɢɫɤɚ, ɚɛɨ ɜɿɤɧɨ ɜɜɟɞɟɧɧɹ ɿɞɟɧɬɢɮɿɤɚɬɨɪɚ ɜɢɛɿɪɤɢ, ɹɤɳɨ 
ɡɚɜɚɧɬɚɠɟɧɧɹ ɞɚɧɢɯ ɩɨɯɨɞɢɬɶ ɡ ɪɨɛɨɱɨʀ ɨɛɥɚɫɬɿ; ɤɧɨɩɤɚ 
ɨɱɢɳɟɧɧɹ ɞɚɧɢɯ Clear Data.  

ȼ ɨɛɥɚɫɬɿ ɝɟɧɟɪɭɜɚɧɧɹ (Generate FIS) ɪɨɡɬɚɲɨɜɚɧɿ 
ɦɟɧɸ ɜɢɛɨɪɭ ɫɩɨɫɨɛɭ ɫɬɜɨɪɟɧɧɹ ɜɢɯɿɞɧɨʀ ɫɢɫɬɟɦɢ 
ɧɟɱɿɬɤɨɝɨ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ. Ɇɟɧɸ ɦɿɫɬɢɬɶ ɧɚɫɬɭɩɧɿ 
ɚɥɶɬɟɪɧɚɬɢɜɢ: Load from disk – ɡɚɜɚɧɬɚɠɟɧɧɹ ɫɢɫɬɟɦɢ ɡ 
ɞɢɫɤɚ; Load from worksp. – ɡɚɜɚɧɬɚɠɟɧɧɹ ɫɢɫɬɟɦɢ ɡ ɪɨɛɨɱɨʀ 
ɨɛɥɚɫɬɿ MatLab; Grid partition - ɝɟɧɟɪɭɜɚɧɧɹ ɫɢɫɬɟɦɢ ɩɨ 
ɦɟɬɨɞɭ ґɪɚɬ (ɛɟɡ ɤɥɚɫɬɟɪɢɡɚɰɿʀ); Sub. clustering – 

ɝɟɧɟɪɭɜɚɧɧɹ ɫɢɫɬɟɦɢ ɡɚ ɦɟɬɨɞɨɦ ɫɭɛɤɥɚɫɬɟɪɢɡɚɰɿʀ.  
ȼ ɨɛɥɚɫɬɿ ɬɚɤɨɠ ɪɨɡɬɚɲɨɜɚɧɚ ɤɧɨɩɤɚ Generate, ɩɨ 

ɧɚɬɢɫɤɚɧɧɸ ɹɤɨʀ ɝɟɧɟɪɭєɬɶɫɹ ɜɢɯɿɞɧɚ ɫɢɫɬɟɦɚ ɧɟɱɿɬɤɨɝɨ 
ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ. 

ɉɪɢ ɜɢɛɨɪɿ Load from disk ɡ'ɹɜɥɹєɬɶɫɹ ɫɬɚɧɞɚɪɬɧɟ 
ɞɿɚɥɨɝɨɜɟ ɜɿɤɧɨ ɜɿɞɤɪɢɬɬɹ ɮɚɣɥɭ.  
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ɉɪɢ ɜɢɛɨɪɿ Load from worksp. ɡ'ɹɜɥɹєɬɶɫɹ ɫɬɚɧɞɚɪɬɧɟ 
ɞɿɚɥɨɝɨɜɟ ɜɿɤɧɨ ɜɜɟɞɟɧɧɹ ɿɞɟɧɬɢɮɿɤɚɬɨɪɚ ɫɢɫɬɟɦɢ ɧɟɱɿɬɤɨɝɨ 
ɥɨɝɿɱɧɨɝɨ ɜɢɜɟɞɟɧɧɹ. 

ɉɪɢ ɜɢɛɨɪɿ Grid partition ɡ'ɹɜɥɹєɬɶɫɹ ɜɿɤɧɨ ɜɜɟɞɟɧɧɹ 
ɩɚɪɚɦɟɬɪɿɜ ɦɟɬɨɞɭ ґɪɚɬ, ɭ ɹɤɨɦɭ ɩɨɬɪɿɛɧɨ ɜɤɚɡɚɬɢ ɤɿɥɶɤɿɫɬɶ 
ɬɟɪɦɿɜ ɞɥɹ ɤɨɠɟɧ ɜɯɿɞɧɢɣ ɡɦɿɧɧɨʀ ɿ ɬɢɩ ɮɭɧɤɰɿɣ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɞɥɹ ɜɯɿɞɧɢɯ ɿ ɜɢɯɿɞɧɨʀ ɡɦɿɧɧɢɯ. 

ɉɪɢ ɜɢɛɨɪɿ Sub. clustering ɡ'ɹɜɥɹєɬɶɫɹ ɜɿɤɧɨ ɜɜɟɞɟɧɧɹ 
ɧɚɫɬɭɩɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɦɟɬɨɞɭ ɫɭɛɤɥɚɫɬɟɪɢɡɚɰɿʀ: Range of 
influence – ɪɿɜɧɿ ɜɩɥɢɜɭ ɜɯɿɞɧɢɯ ɡɦɿɧɧɢɯ; Squash factor – 

ɤɨɟɮɿɰɿєɧɬ ɩɪɢɝɧɿɱɟɧɧɹ; Accept ratio – ɤɨɟɮɿɰɿєɧɬ, ɳɨ 
ɜɫɬɚɧɨɜɥɸє ɭ ɫɤɿɥɶɤɢ ɪɚɡɿɜ ɩɨɬɟɧɰɿɚɥ ɞɚɧɨʀ ɬɨɱɤɢ 
ɩɨɜɢɧɧɢɣ ɛɭɬɢ ɜɢɳɟ ɩɨɬɟɧɰɿɚɥɭ ɰɟɧɬɪɚ ɩɟɪɲɨɝɨ ɤɥɚɫɬɟɪɚ 
ɞɥɹ ɬɨɝɨ, ɳɨɛ ɰɟɧɬɪɨɦ ɨɞɧɨɝɨ ɡ ɤɥɚɫɬɟɪɿɜ ɛɭɥɚ ɩɪɢɡɧɚɱɟɧɚ 
ɪɨɡɝɥɹɧɭɬɚ ɬɨɱɤɚ; Reject ratio - ɤɨɟɮɿɰɿєɧɬ, ɳɨ ɜɫɬɚɧɨɜɥɸє 
ɭ ɫɤɿɥɶɤɨɯ ɪɚɡɿɜ ɩɨɬɟɧɰɿɚɥ ɞɚɧɨʀ ɬɨɱɤɢ ɩɨɜɢɧɧɢɣ ɛɭɬɢ 
ɧɢɠɱɟ ɩɨɬɟɧɰɿɚɥɭ ɰɟɧɬɪɚ ɩɟɪɲɨɝɨ ɤɥɚɫɬɟɪɚ, ɳɨɛ 
ɪɨɡɝɥɹɧɭɬɚ ɬɨɱɤɚ ɛɭɥɚ ɜɢɤɥɸɱɟɧɚ ɡ ɦɨɠɥɢɜɢɯ ɰɟɧɬɪɿɜ 
ɤɥɚɫɬɟɪɿɜ. 

ȼ ɨɛɥɚɫɬɿ ɧɚɜɱɚɧɧɹ (Train FIS) ɪɨɡɬɚɲɨɜɚɧɿ ɦɟɧɸ 
ɜɢɛɨɪɭ ɦɟɬɨɞɭ ɨɩɬɢɦɿɡɚɰɿʀ (Optim. method), ɩɨɥɟ ɡɚɜɞɚɧɧɹ 
ɧɟɨɛɯɿɞɧɨʀ ɬɨɱɧɨɫɬɿ ɧɚɜɱɚɧɧɹ (Error tolerance), ɩɨɥɟ 
ɡɚɜɞɚɧɧɹ ɤɿɥɶɤɨɫɬɿ ɿɬɟɪɚɰɿɣ ɧɚɜɱɚɧɧɹ (Epochs) ɿ ɤɧɨɩɤɚ 
Train Now, ɧɚɬɢɫɤɚɧɧɹ ɹɤɨɝɨ ɡɚɩɭɫɤɚє ɪɟɠɢɦ ɧɚɜɱɚɧɧɹ. 
ɉɪɨɦɿɠɧɿ ɪɟɡɭɥɶɬɚɬɢ ɧɚɜɱɚɧɧɹ ɜɢɜɨɞɹɬɶɫɹ ɜ ɨɛɥɚɫɬɶ 
ɜɿɡɭɚɥɿɡɚɰɿʀ ɣ ɭ ɪɨɛɨɱɭ ɨɛɥɚɫɬɶ MatLab. ɍ ANFIS-ɪɟɞɚɤɬɨɪɿ 
ɪɟɚɥɿɡɨɜɚɧɿ ɞɜɚ ɦɟɬɨɞɢ ɧɚɜɱɚɧɧɹ: backpropa – ɦɟɬɨɞ 
ɡɜɨɪɨɬɧɨɝɨ ɩɨɲɢɪɟɧɧɹ ɩɨɦɢɥɤɢ, ɡɚɫɧɨɜɚɧɢɣ ɧɚ ɿɞɟɹɯ 
ɦɟɬɨɞɭ ɧɚɣɲɜɢɞɲɨɝɨ ɫɩɭɫɤɚ; hybrid – ɝɿɛɪɢɞɧɢɣ ɦɟɬɨɞ, ɳɨ 
ɩɨєɞɧɭє ɦɟɬɨɞ ɡɜɨɪɨɬɧɨɝɨ ɩɨɲɢɪɟɧɧɹ ɩɨɦɢɥɤɢ ɡ ɦɟɬɨɞɨɦ 
ɧɚɣɦɟɧɲɢɯ ɤɜɚɞɪɚɬɿɜ.  

ȼ ɨɛɥɚɫɬɿ ɬɟɫɬɭɜɚɧɧɹ (Test FIS) ɪɨɡɬɚɲɨɜɚɧɿ ɦɟɧɸ 
ɜɢɛɨɪɭ ɜɢɛɿɪɤɢ ɿ ɤɧɨɩɤɚ Test Now, ɩɨ ɧɚɬɢɫɤɚɧɧɸ ɩɨ ɹɤɢɣ 
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ɜɿɞɛɭɜɚєɬɶɫɹ ɬɟɫɬɭɜɚɧɧɹ ɧɟɱɿɬɤɨʀ ɫɢɫɬɟɦɢ ɡ ɜɢɜɟɞɟɧɧɹ 
ɪɟɡɭɥɶɬɚɬɿɜ ɜ ɨɛɥɚɫɬɶ ɜɿɡɭɚɥɿɡɚɰɿʀ. 

Ɉɛɥɚɫɬɶ ɜɢɜɟɞɟɧɧɹ ɩɨɬɨɱɧɨʀ ɿɧɮɨɪɦɚɰɿʀ: ɭ ɰɿɣ ɨɛɥɚɫɬɿ 
ɜɢɜɨɞɢɬɶɫɹ ɧɚɣɛɿɥɶɲ ɿɫɬɨɬɧɚ ɩɨɬɨɱɧɚ ɿɧɮɨɪɦɚɰɿɹ, 
ɧɚɩɪɢɤɥɚɞ, ɩɨɜɿɞɨɦɥɟɧɧɹ ɩɪɨ ɡɚɤɿɧɱɟɧɧɹ ɜɢɤɨɧɚɧɧɿ 
ɨɩɟɪɚɰɿɣ, ɡɧɚɱɟɧɧɹ ɩɨɦɢɥɤɢ ɱɢ ɧɚɜɱɚɧɧɹ ɬɟɫɬɭɜɚɧɧɹ ɿ ɬ.ɩ. 

 

Фɭɧɤɰɿʀ Fuzzy Logic Toolbox 

Ɏɭɧɤɰɿʀ, ɳɨ ɜɯɨɞɹɬɶ ɞɨ ɦɨɞɭɥɹ Fuzzy Logic Toolbox 

ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɤɥɢɤɚɧɿ ɡ ɤɨɦɚɧɞɧɨɝɨ ɪɹɞɤɚ. Ⱦɥɹ 
ɨɬɪɢɦɚɧɧɹ ɩɟɪɟɥɿɤɭ ɮɭɧɤɰɿɣ ɫɥɿɞ ɜɜɟɫɬɢ ɤɨɦɚɧɞɭ: help 
fuzzy. ɇɚɜɟɞɟɦɨ ɤɨɪɨɬɤɢɣ ɨɝɥɹɞ ɮɭɧɤɰɿɣ ɦɨɞɭɥɹ Fuzzy 
Logic. 

Ɋɟɞɚɤɬɨɪɢ ɡ ɝɪɚɮɿɱɧɢɦ ɿɧɬɟɪɮɟɣɫɨɦ ɤɨɪɢɫɬɭɜɚɱɚ: 

anfisedit – ɿɧɫɬɪɭɦɟɧɬ ɞɥɹ ɧɚɜɱɚɧɧɹ ɬɚ ɬɟɫɬɭɜɚɧɧɹ ANFIS; 
findcluster - ɿɧɫɬɪɭɦɟɧɬ ɞɥɹ ɤɥɚɫɬɟɪɢɡɚɰɿʀ; fuzzy - ɛɚɡɨɜɢɣ 
ɪɟɞɚɤɬɨɪ FIS; mfedit – ɪɟɞɚɤɬɨɪ ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ; 
ruleedit – ɪɟɞɚɤɬɨɪ ɬɚ ɚɧɚɥɿɡɚɬɨɪ ɩɪɚɜɢɥ; ruleview – 

ɞɟɦɨɧɫɬɪɚɬɨɪ ɩɪɚɜɢɥ ɬɚ ɞɿɚɝɪɚɦ ɧɟɱɿɬɤɨɝɨ ɜɢɜɟɞɟɧɧɹ; 
surfview - ɞɟɦɨɧɫɬɪɚɬɨɪ ɜɢɯɿɞɧɨʀ ɩɨɜɟɪɯɧɿ. 

Фɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ: dsigmf, gauss2mf, gaussmf, 

gbellmf, pimf, psigmf, smf, sigmf, trapmf, trimf, zmf. 

Ɇɨɞɭɥɶ Fuzzy Logic Toolbox ɩɚɤɟɬɭ MATLAB 
ɜɤɥɸɱɚє 11 ɭɛɭɞɨɜɚɧɢɯ ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ, ɳɨ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɬɚɤɿ ɨɫɧɨɜɧɿ ɮɭɧɤɰɿʀ: ɤɭɫɨɱɧɨ-ɥɿɧɿɣɧɭ; 
ɝɚɭɫɿɜɫɶɤɿɣ ɪɨɡɩɨɞɿɥ; ɫɢɝɦɨʀɞɧɭ ɤɪɢɜɭ; ɤɜɚɞɪɚɬɢɱɧɭ ɬɚ 
ɤɭɛɿɱɧɭ ɤɪɢɜɿ.  

Ⱦɥɹ ɡɪɭɱɧɨɫɬɿ ɿɦɟɧɚ ɜɫɿɯ ɭɛɭɞɨɜɚɧɢɯ ɮɭɧɤɰɿɣ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɡɚɤɿɧɱɭɸɬɶɫɹ ɧɚ mf. ȼɢɤɥɢɤ ɮɭɧɤɰɿʀ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɡɞɿɣɫɧɸєɬɶɫɹ ɜ ɬɚɤɢɣ ɫɩɨɫɿɛ: namemf(x, 

params), ɞɟ namemf – ɧɚɣɦɟɧɭɜɚɧɧɹ ɮɭɧɤɰɿʀ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ; x – ɜɟɤɬɨɪ, ɞɥɹ ɤɨɨɪɞɢɧɚɬ ɹɤɨɝɨ ɧɟɨɛɯɿɞɧɨ 
ɪɨɡɪɚɯɭɜɚɬɢ ɡɧɚɱɟɧɧɹ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ; params – 

ɜɟɤɬɨɪ ɩɚɪɚɦɟɬɪɿɜ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ. 
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ɇɚɣɩɪɨɫɬɿɲɿ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɬɪɢɤɭɬɧɚ (trimf) 

ɿ ɬɪɚɩɟɰɿєɩɨɞɿɛɧɚ (trapmf) ɮɨɪɦɭɸɬɶɫɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 
ɤɭɫɨɱɧɨ-ɥɿɧɿɣɧɨʀ ɚɩɪɨɤɫɢɦɚɰɿʀ. Ɍɪɚɩɟɰɿєɩɨɞɿɛɧɚ ɮɭɧɤɰɿɹ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ є ɭɡɚɝɚɥɶɧɟɧɧɹɦ ɬɪɢɤɭɬɧɨʀ, ɜɨɧɚ ɞɨɡɜɨɥɹє 
ɡɚɞɚɜɚɬɢ ɹɞɪɨ ɧɟɱɿɬɤɨʀ ɦɧɨɠɢɧɢ ɭ ɜɢɞɿ ɿɧɬɟɪɜɚɥɭ. ɍ 
ɜɢɩɚɞɤɭ ɬɪɚɩɟɰɿєɩɨɞɿɛɧɨʀ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɦɨɠɥɢɜɚ 
ɧɚɫɬɭɩɧɚ ɡɪɭɱɧɚ ɿɧɬɟɪɩɪɟɬɚɰɿɹ: ɹɞɪɨ ɧɟɱɿɬɤɨʀ ɦɧɨɠɢɧɢ – 

ɨɩɬɢɦɿɫɬɢɱɧɚ ɨɰɿɧɤɚ; ɧɨɫɿɣ ɧɟɱɿɬɤɨʀ ɦɧɨɠɢɧɢ – 

ɩɟɫɢɦɿɫɬɢɱɧɚ ɨɰɿɧɤɚ. 
Ⱦɜɿ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ  – ɫɢɦɟɬɪɢɱɧɚ ɝɚɭɫɿɜɫɶɤɚ 

(gaussmf) ɿ ɞɜɨɫɬɨɪɨɧɧɹ ɝɚɭɫɿɜɫɶɤɚ (gaussmf) ɮɨɪɦɭɸɬɶɫɹ ɡ 
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɝɚɭɫɿɜɫɶɤɨɝɨ ɪɨɡɩɨɞɿɥɭ. Ɏɭɧɤɰɿɹ gaussmf 

ɞɨɡɜɨɥɹє ɡɚɞɚɜɚɬɢ ɚɫɢɦɟɬɪɢɱɧɿ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ. 
ɍɡɚɝɚɥɶɧɟɧɚ ɤɨɥɨɤɨɥɨɨɛɪɚɡɧɚ ɮɭɧɤɰɿɹ ɩɪɢɧɚɥɟɠɧɨɫɬɿ 
(gbellmf) ɡɚ ɫɜɨєɸ ɮɨɪɦɨɸ ɫɯɨɠɚ ɧɚ ɝɚɭɫɿɜɫɶɤɿ. ɐɿ ɮɭɧɤɰɿʀ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɱɚɫɬɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɜ ɧɟɱɿɬɤɢɯ 
ɫɢɫɬɟɦɚɯ, ɬɨɦɭ ɳɨ ɧɚ ɜɫɿɣ ɨɛɥɚɫɬɿ ɜɢɡɧɚɱɟɧɧɹ ɜɨɧɢ є 
ɝɥɚɞɤɢɦɢ ɿ ɩɪɢɣɦɚɸɬɶ ɧɟɧɭɥɶɨɜɿ ɡɧɚɱɟɧɧɹ. 

Ɏɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ sigmf, dsigmf, psigmf 
ɡɚɫɧɨɜɚɧɿ ɧɚ ɜɢɤɨɪɢɫɬɚɧɧɿ ɫɢɝɦɨʀɞɧɨʀ ɤɪɢɜɨʀ. ɐɿ ɮɭɧɤɰɿʀ 
ɞɨɡɜɨɥɹɸɬɶ ɮɨɪɦɭɜɚɬɢ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ, ɡɧɚɱɟɧɧɹ 
ɹɤɢɯ ɩɨɱɢɧɚɸɱɢ ɡ ɞɟɹɤɨɝɨ ɡɧɚɱɟɧɧɹ ɚɪɝɭɦɟɧɬɭ ɿ ɞɨ +(-) ∞ 
ɪɿɜɧɿ 1. Ɍɚɤɿ ɮɭɧɤɰɿʀ ɡɪɭɱɧɿ ɞɥɹ ɡɚɜɞɚɧɧɹ ɥɿɧɝɜɿɫɬɢɱɧɢɯ 
ɬɟɪɦɿɜ ɬɢɩɭ «ɜɢɫɨɤɢɣ» ɚɛɨ «ɧɢɡɶɤɢɣ». 

ɉɨɥɿɧɨɦɿɚɥɶɧɚ ɚɩɪɨɤɫɢɦɚɰɿɹ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɩɪɢ 
ɮɨɪɦɭɜɚɧɧɿ ɮɭɧɤɰɿɣ zmf, pimf ɿ smf, ɝɪɚɮɿɱɧɿ ɡɨɛɪɚɠɟɧɧɹ 
ɹɤɢɯ ɫɯɨɠɿ ɧɚ ɮɭɧɤɰɿʀ sigmf, dsigmf, psigmf, ɜɿɞɩɨɜɿɞɧɨ. 

ɍ Fuzzy Logic Toolbox ɩɟɪɟɞɛɚɱɟɧɚ ɦɨɠɥɢɜɿɫɬɶ ɞɥɹ 
ɤɨɪɢɫɬɭɜɚɱɚ ɫɬɜɨɪɟɧɧɹ ɜɥɚɫɧɨʀ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ. 
Ⱦɥɹ ɰɶɨɝɨ ɧɟɨɛɯɿɞɧɨ ɫɬɜɨɪɢɬɢ m-ɮɭɧɤɰɿɸ, ɳɨ ɦɿɫɬɢɬɶ ɞɜɚ 
ɜɯɿɞɧɢɯ ɚɪɝɭɦɟɧɬɢ – ɜɟɤɬɨɪ, ɞɥɹ ɤɨɨɪɞɢɧɚɬ ɹɤɨɝɨ 
ɧɟɨɛɯɿɞɧɨ ɪɨɡɪɚɯɭɜɚɬɢ ɡɧɚɱɟɧɧɹ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɿ 
ɜɟɤɬɨɪ ɩɚɪɚɦɟɬɪɿɜ ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ. ȼɢɯɿɞɧɢɦ 
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ɚɪɝɭɦɟɧɬɨɦ ɮɭɧɤɰɿʀ ɩɨɜɢɧɧɢɣ ɛɭɬɢ ɜɟɤɬɨɪ ɫɬɭɩɟɧɿɜ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ.  

Фɭɧɤɰɿʀ FIS: addmf – ɞɨɞɚє ɮɭɧɤɰɿɸ ɩɪɢɧɚɥɟɠɧɨɫɬɿ 
ɞɨ FIS; addrule – ɞɨɞɚє ɩɪɚɜɢɥɨ ɞɨ FIS; addvar - ɞɨɞɚє 
ɡɦɿɧɧɭ ɞɨ FIS; defuzz – ɞɟɮɭɡɢɮɿɤɭє ɮɭɧɤɰɿɸ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ; evalfis - ɡɞɿɣɫɧɸє ɨɛɱɢɫɥɟɧɧɹ ɧɟɱɿɬɤɨɝɨ 
ɜɢɜɟɞɟɧɧɹ; evalmf - ɨɛɱɢɫɥɸє ɮɭɧɤɰɿɸ ɩɪɢɧɚɥɟɠɧɨɫɬɿ; 
gensurf – ɝɟɧɟɪɭє ɩɨɜɟɪɯɧɸ ɜɢɯɨɞɭ FIS; getfis - ɩɨɜɟɪɬɚє 
ɜɥɚɫɬɢɜɨɫɬɿ ɧɟɱɿɬɤɨʀ ɫɢɫɬɟɦɢ; mf2mf - ɬɪɚɧɫɥɸє ɩɚɪɚɦɟɬɪɢ 
ɦɿɠ ɮɭɧɤɰɿɹɦɢ ɩɪɢɧɚɥɟɠɧɨɫɬɿ; newfis - ɫɬɜɨɪɸє ɧɨɜɭ FIS; 
parsrule – ɚɧɚɥɿɡɭє ɧɟɱɿɬɤɿ ɩɪɚɜɢɥɚ; plotfis – ɩɨɤɚɡɭє 
ɞɿɚɝɪɚɦɭ "ɜɯɿɞ-ɜɢɯɿɞ" ɞɥɹ FIS; plotmf – ɩɨɤɚɡɭє ɭɫɿ ɮɭɧɤɰɿʀ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɞɥɹ ɨɞɧɿєʀ ɡɦɿɧɧɨʀ; readfis – ɡɚɜɚɧɬɚɠɭє FIS 
ɡ ɞɢɫɤɭ; rmmf – ɜɢɞɚɥɹє ɮɭɧɤɰɿɸ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɡ FIS; 
rmvar – ɜɢɞɚɥɹє ɡɦɿɧɧɭ ɡ FIS; setfis – ɜɫɬɚɧɨɜɥɸє 
ɜɥɚɫɬɢɜɨɫɬɿ ɧɟɱɿɬɤɨʀ ɫɢɫɬɟɦɢ; showfis – ɩɨɤɚɡɭє ɚɧɨɬɨɜɚɧɭ 
FIS; showrule – ɜɿɞɨɛɪɚɠɭє ɩɪɚɜɢɥɚ FIS; writefis – ɡɛɟɪɿɝɚє 
FIS ɧɚ ɞɢɫɤɭ. 

Ɏɭɧɤɰɿɹ output=evalfis(input, fis, numofpoints). 
ɜɢɤɨɧɭє ɨɛɱɢɫɥɟɧɧɹ ɞɥɹ ɜɢɛɿɪɤɢ ɟɤɡɟɦɩɥɹɪɿɜ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɜɤɚɡɚɧɨʀ ɧɟɣɪɨ-ɧɟɱɿɬɤɨʀ ɦɟɪɟɠɿ. Ɋɟɡɭɥɶɬɚɬɨɦ є 
ɨɛɱɢɫɥɟɧɿ ɜɢɯɨɞɢ ɮɭɧɤɰɿʀ, ɹɤɭ ɚɩɪɨɤɫɢɦɭє ɧɟɣɪɨ-ɧɟɱɿɬɤɚ 
ɦɟɪɟɠɚ. Ⱥɪɝɭɦɟɧɬɢ ɬɚ ɪɟɡɭɥɶɬɚɬ ɮɭɧɤɰɿʀ: input – ɜɯɨɞɢ 
ɨɛɱɢɫɥɸɜɚɧɨʀ ɜɢɛɿɪɤɢ; fis – ɧɟɣɪɨ-ɧɟɱɿɬɤɚ ɦɟɪɟɠɚ; 
numofpoints – ɤɿɥɶɤɿɫɬɶ ɬɨɱɨɤ ɞɥɹ ɩɪɨɜɟɞɟɧɧɹ 
ɞɟɮɚɡɢɮɿɤɚɰɿʀ (ɪɟɤɨɦɟɧɞɭєɬɶɫɹ ɛɪɚɬɢ ɡɧɚɱɟɧɧɹ ɧɟ ɦɟɧɲɟ 
100, ɡɦɟɧɲɟɧɧɹ ɰɶɨɝɨ ɩɚɪɚɦɟɬɪɭ ɩɪɢɫɤɨɪɸє ɩɪɨɰɟɫ 
ɨɛɱɢɫɥɟɧɶ, ɚɥɟ ɡɦɟɧɲɭє ɬɨɱɧɿɫɬɶ); output – ɨɛɱɢɫɥɟɧɿ 
ɜɢɯɨɞɢ; 

ȼɢɛɿɪɤɢ ɞɚɧɢɯ ɬɚ ɧɟɣɪɨ-ɧɟɱɿɬɤɿ ɦɟɪɟɠɿ, ɡ ɹɤɢɦɢ 
ɩɪɚɰɸɸɬɶ ɨɩɢɫɚɧɿ ɮɭɧɤɰɿʀ ɩɨɜɢɧɧɿ ɡɛɟɪɿɝɚɬɢɫɹ ɜ ɪɨɛɨɱɿɣ 
ɨɛɥɚɫɬɿ MATLAB (ɜ ɨɩɟɪɚɬɢɜɧɿɣ ɩɚɦ’ɹɬɿ). ȼ ɫɬɨɜɩɰɹɯ 
ɦɚɬɪɢɰɶ, ɳɨ ɩɪɟɞɫɬɚɜɥɹɸɬɶ ɫɨɛɨɸ ɜɢɛɿɪɤɢ, ɡɛɟɪɿɝɚɸɬɶɫɹ 
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ɡɧɚɱɟɧɧɹ ɜɯɨɞɿɜ (ɨɡɧɚɤ) ɬɚ ɜɢɯɨɞɿɜ, ɜ ɪɹɞɤɚɯ – ɟɤɡɟɦɩɥɹɪɢ 
ɜɢɛɿɪɤɢ.  

Ⱦɥɹ ɡɚɜɚɧɬɚɠɟɧɧɹ ɜɢɛɿɪɨɤ ɡ ɞɢɫɤɭ ɚɛɨ ɡɚɩɢɫɭ ɧɚ ɞɢɫɤ 
ɧɟɨɛɯɿɞɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɤɨɦɚɧɞɭ MATLAB: 
s=load(filename), ɹɤɚ. ɡɚɜɚɧɬɚɠɭє ɜɦɿɫɬ ɮɚɣɥɭ ɜ ɡɦɿɧɧɭ s. 
Ɏɭɧɤɰɿɹ save(filename, s). ɡɛɟɪɿɝɚє ɡɦɿɧɧɭ s ɭ ɮɚɣɥ. 

Ⱦɥɹ ɦɨɠɥɢɜɨɫɬɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɫɬɜɨɪɟɧɨʀ ɧɟɣɪɨ-

ɧɟɱɿɬɤɨʀ ɦɟɪɟɠɿ ɜ ɧɚɫɬɭɩɧɢɯ ɫɟɚɧɫɚɯ ɪɨɛɨɬɢ ɚɛɨ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɟɪɟɠɿ ɡ ɩɨɩɟɪɟɞɧɿɯ ɫɥɿɞ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ 
ɬɚɤɿ ɮɭɧɤɰɿʀ ɦɨɞɭɥɹ Fuzzy Logic Toolbox: 
writefis(fis,filename) - ɡɛɟɪɿɝɚє ɧɟɣɪɨ-ɧɟɱɿɬɤɭ ɦɟɪɟɠɭ fis ɜ 
ɮɚɣɥ; fis=readfis(filename) – ɡɚɜɚɧɬɚɠɭє ɡ ɮɚɣɥɭ ɧɟɣɪɨ-

ɧɟɱɿɬɤɭ ɦɟɪɟɠɭ ɜ ɡɦɿɧɧɭ fis. 
ɉɟɪɟɞɨɜɿ ɬɟɯɧɨɥɨɝɿʀ: anfis – ɮɭɧɤɰɿɹ ɧɚɜɱɚɧɧɹ ɞɥɹ 

ɫɢɫɬɟɦɢ ɋɭɝɟɧɨ; ɮɭɧɤɰɿʀ ɤɥɚɫɬɟɪ-ɚɧɚɥɿɡɭ: fcm, genfis1, 
genfis2; subclust. 

Ɋɿɡɧɿ ɮɭɧɤɰɿʀ: convertfis – ɩɟɪɟɬɜɨɪɸє ɧɟɱɿɬɤɭ 
ɦɚɬɪɢɰɸ ɫɬɪɭɤɬɭɪɢ ɜɟɪɫɿʀ 1.0 ɭ ɦɚɬɪɢɰɸ ɫɬɪɭɤɬɭɪɢ ɜɟɪɫɿʀ 
2.0; discfis - ɞɢɫɤɪɟɬɢɡɭє FIS; evalmmf - ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ 
ɞɥɹ ɨɛɱɢɫɥɟɧɧɹ ɦɧɨɠɢɧɧɢɯ ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ; 
fstrvcat- ɩɨєɞɧɭє ɦɚɬɪɢɰɿ ɪɿɡɧɨɝɨ ɪɨɡɦɿɪɭ; fuzarith – 

ɮɭɧɤɰɿɹ ɧɟɱɿɬɤɨʀ ɚɪɢɮɦɟɬɢɤɢ; findrow – ɲɭɤɚє ɪɹɞɤɢ 
ɦɚɬɪɢɰɿ, ɳɨ ɜɿɞɩɨɜɿɞɚɸɬɶ ɜɯɿɞɧɨɦɭ ɪɹɞɤɭ; genparam – 

ɝɟɧɟɪɭє ɩɨɱɚɬɤɨɜɿ ɩɚɪɚɦɟɬɪɢ ɩɟɪɟɞɭɦɨɜ ɞɥɹ ɧɚɜɱɚɧɧɹ 
ANFIS; probor – ɿɦɨɜɿɪɧɿɫɧɟ ȺȻɈ; sugmax – ɦɚɤɫɢɦɚɥɶɧɢɣ 
ɜɢɯɿɞɧɢɣ ɞɿɚɩɚɡɨɧ ɞɥɹ ɫɢɫɬɟɦɢ ɋɭɝɟɧɨ. 

Ɏɭɧɤɰɿɹ C = fuzarith(X, A, B, OPERATOR) ɪɟɚɥɿɡɭє 
ɛɚɡɨɜɿ ɨɩɟɪɚɰɿʀ ɧɟɱɿɬɤɨʀ ɥɨɝɿɤɢ ɬɚ ɩɨɜɟɪɬɚє ɧɟɱɿɬɤɭ 
ɦɧɨɠɢɧɭ C ɹɤ ɪɟɡɭɥɶɬɚɬ ɡɚɫɬɨɫɭɜɚɧɧɹ ɨɩɟɪɚɬɨɪɚ 
OPERATOR ɞɨ ɧɟɱɿɬɤɢɯ ɦɧɨɠɢɧ A ɬɚ B ɡ ɭɧɿɜɟɪɫɚɥɶɧɨʀ 
ɦɧɨɠɢɧɢ X. Ɂɦɿɧɧɿ A, B ɬɚ X ɦɚɸɬɶ ɛɭɬɢ ɜɟɤɬɨɪɚɦɢ 
ɨɞɧɚɤɨɜɨʀ ɪɨɡɦɿɪɧɨɫɬɿ. OPERATOR ɦɚє ɛɭɬɢ ɨɞɧɢɦ ɡ 
ɪɹɞɤɿɜ: 'sum' – ɫɭɦɚ, 'sub' – ɜɢɪɚɯɭɜɚɧɧɹ, 'prod' – ɞɨɛɭɬɨɤ, 
'div' – ɞɿɥɟɧɧɹ. ɇɟɱɿɬɤɚ ɦɧɨɠɢɧɚ C, ɹɤɚ ɩɨɜɟɪɬɚєɬɶɫɹ, є 
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ɜɟɤɬɨɪ-ɫɬɨɜɩɰɟɦ ɬɿєʀ є ɞɨɜɠɢɧɢ, ɳɨ ɣ A ɬɚ B. Ɂɚɭɜɚɠɢɦɨ, 
ɳɨ ɰɹ ɮɭɧɤɰɿɹ ɜɢɤɨɪɢɫɬɨɜɭє ɿɧɬɟɪɜɚɥɶɧɭ ɚɪɢɮɦɟɬɢɤɭ ɬɚ 
ɩɟɪɟɞɛɚɱɚє, ɳɨ: A ɬɚ B є ɨɩɭɤɥɢɦɢ ɧɟɱɿɬɤɢɦɢ ɦɧɨɠɢɧɚɦɢ; 
ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɞɥɹ A ɬɚ B ɩɨɡɚ X є ɧɭɥɟɦ. 

Ⱦɨɩɨɦɿɠɧɿ ɮɭɧɤɰɿʀ ɝɪɚɮɿɱɧɨɝɨ ɤɨɪɢɫɬɭɜɚɥɶɧɢɰɶɤɨɝɨ 
ɿɧɬɟɪɮɟɣɫɭ: cmfdlg – ɞɨɞɚє ɞɿɚɥɨɝ ɜɢɛɨɪɭ ɮɭɧɤɰɿɣ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ; cmthdlg – ɞɨɞɚє ɞɿɚɥɨɝ ɜɢɛɨɪɭ ɦɟɬɨɞɭ 
ɜɢɜɟɞɟɧɧɹ; fisgui – ɞɢɫɤɪɢɩɬɨɪɧɟ ɩɨɫɢɥɚɧɧɹ ɧɚ ɿɧɬɟɪɮɟɣɫɧɿ 
ɡɚɫɨɛɢ ɦɨɞɭɥɹ Fuzzy Logic Toolbox; gfmfdlg – ɝɟɧɟɪɭє FIS ɡ 
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɞɿɚɥɨɝɭ ɦɟɬɨɞɭ ґɪɚɬ; mfdlg – ɞɨɞɚє ɞɿɚɥɨɝ 
ɮɭɧɤɰɿʀ ɩɪɢɧɚɥɟɠɧɨɫɬɿ; mfdrag – ɩɟɪɟɬɹɝɭɜɚɧɧɹ ɮɭɧɤɰɿʀ 
ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɢɲɿ; popundo – ɜɿɞɧɨɜɥɸє ɡɿ 
ɫɬɟɤɭ ɨɫɬɚɧɧɿ ɡɦɿɧɢ (ɜɿɞɦɿɧɹє ɨɫɬɚɧɧɿ ɞɿʀ); pushundo- 

ɩɟɪɟɞɚє ɩɨɬɨɱɧɿ ɞɚɧɿ ɭ ɫɬɟɤ ɜɿɞɧɨɜɥɟɧɧɹ; savedlg – ɞɿɚɥɨɝ 
ɡɚɩɢɫɭ ɩɟɪɟɞ ɡɚɤɪɢɬɬɹɦ; statmsg – ɡɨɛɪɚɠɭє ɩɨɜɿɞɨɦɥɟɧɧɹ 
ɭ ɩɨɥɿ ɫɬɚɬɭɫɭ; updtfis – ɨɧɨɜɥɸє ɡɚɫɨɛɢ ɝɪɚɮɿɱɧɨɝɨ 
ɿɧɬɟɪɮɟɣɫɭ Fuzzy Logic Toolbox; wsdlg – ɞɿɚɥɨɝ "ɜɿɞɤɪɢɬɬɹ 
ɡ" / "ɡɛɟɪɟɠɟɧɧɹ ɞɨ" ɪɨɛɨɱɨʀ ɨɛɥɚɫɬɿ. 

 

Ɂɚɜɞɚɧɧɹ ɞɨ ɪɨɛɨɬɢ 

1.  Ɉɡɧɚɣɨɦɢɬɢɫɹ ɡ ɤɨɧɫɩɟɤɬɨɦ ɥɟɤɰɿɣ ɬɚ 

ɪɟɤɨɦɟɧɞɨɜɚɧɨɸ ɥɿɬɟɪɚɬɭɪɨɸ 

2. Ɉɛґɪɭɧɬɨɜɚɧɨ ɫɮɨɪɦɭɜɚɬɢ ɧɚɛɿɪ ɞɚɧɢɯ ɞɥɹ 
ɨɛɪɨɛɤɢ ɬɚ ɚɧɚɥɿɡɭ. 

3. ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɪɟɤɨɦɟɧɞɨɜɚɧɟ ɩɪɨɝɪɚɦɧɟ 
ɡɚɛɟɡɩɟɱɟɧɧɹ ɡɞɿɣɫɧɢɬɢ ɨɛɪɨɛɤɭ ɧɚɛɨɪɭ ɞɚɧɢɯ ɡ ɦɟɬɨɸ 
ɩɨɛɭɞɨɜɢ ɧɟɣɪɨ-ɧɟɱɿɬɤɢɯ ɦɟɪɟɠ. 

4. ɋɩɪɨɛɭɜɚɬɢ ɜɢɤɨɪɢɫɬɚɬɢ ɪɿɡɧɿ ɚɥɝɨɪɢɬɦɢ 
ɤɥɚɫɬɟɪɢɡɚɰɿʀ, ɪɿɡɧɿ ɤɿɥɶɤɨɫɬɿ ɮɭɧɤɰɿɣ ɩɪɢɧɚɥɟɠɧɨɫɬɿ ɞɥɹ 
ɜɯɨɞɿɜ, ɪɿɡɧɿ ɤɿɥɶɤɨɫɬɿ ɰɢɤɥɿɜ ɧɚɜɱɚɧɧɹ ɬɚ ɪɿɡɧɿ ɚɥɝɨɪɢɬɦɢ 
ɧɚɜɱɚɧɧɹ. 

5. ȼɢɤɨɪɢɫɬɚɬɢ ɩɨɛɭɞɨɜɚɧɿ ɧɟɣɪɨ-ɧɟɱɿɬɤɿ ɦɟɪɟɠɿ ɞɥɹ 
ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ ɧɚ ɤɨɧɤɪɟɬɧɨɦɭ ɩɪɢɤɥɚɞɿ. 

6. ɉɪɨɚɧɚɥɿɡɭɜɚɬɢ ɨɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɬɚ ɜɿɞɩɨɜɿɫɬɢ 
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ɧɚ ɩɢɬɚɧɧɹ: ɹɤɢɣ ɚɥɝɨɪɢɬɦ ɤɥɚɫɬɟɪ-ɚɧɚɥɿɡɭ ɩɪɢɡɜɨɞɢɬɶ ɞɨ 
ɨɬɪɢɦɚɧɧɹ ɦɟɪɟɠɿ ɦɟɧɲɨʀ ɫɤɥɚɞɧɨɫɬɿ; ɹɤ ɜɩɥɢɜɚє ɡɚɞɚɧɚ 
ɤɿɥɶɤɿɫɬɶ ɰɢɤɥɿɜ ɧɚɜɱɚɧɧɹ ɧɚ ɬɨɱɧɿɫɬɶ ɧɚɜɱɚɧɧɹ; ɹɤ ɜɥɢɜɚє 
ɡɚɞɚɧɚ ɬɨɱɧɿɫɬɶ ɧɚɜɱɚɧɧɹ ɧɚ ɬɪɢɜɚɥɿɫɬɶ ɧɚɜɱɚɧɧɹ; ɹɤɿ ɜɢɦɨɝɢ 
ɦɚɸɬɶ ɩɪɟɞ’ɹɜɥɹɬɢɫɹ ɞɨ ɧɚɜɱɚɥɶɧɨʀ ɜɢɛɿɪɤɢ ɬɚ ɹɤ ɰɟ ɜɩɥɢɧɟ 
ɧɚ ɩɪɨɰɟɫ ɧɚɜɱɚɧɧɹ? 

7. Ɉɮɨɪɦɢɬɢ ɡɜɿɬ ɡ ɪɨɛɨɬɢ. 
8. ȼɿɞɩɨɜɿɫɬɢ ɧɚ ɤɨɧɬɪɨɥɶɧɿ ɩɢɬɚɧɧɹ. 
 

Ɂɦɿɫɬ ɡɜɿɬɭ 

1. Ɍɟɦɚ ɬɚ ɦɟɬɚ ɪɨɛɨɬɢ. 
2. Ʉɨɪɨɬɤɿ ɬɟɨɪɟɬɢɱɧɿ ɜɿɞɨɦɨɫɬɿ. 
3. Ɉɛґɪɭɧɬɨɜɚɧɨ ɨɛɪɚɧɢɣ ɧɚɛɿɪ ɞɚɧɢɯ ɞɥɹ ɨɛɪɨɛɤɢ 

(ɹɤɳɨ ɜɿɧ ɜɟɥɢɤɢɣ – ɧɚɜɟɫɬɢ ɮɪɚɝɦɟɧɬ). 
4. Ɉɩɢɫ ɩɪɨɰɟɫɭ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɪɨɝɪɚɦɧɨɝɨ 

ɡɚɛɟɡɩɟɱɟɧɧɹ ɞɥɹ ɨɛɪɨɛɤɢ ɧɚɛɨɪɭ ɞɚɧɢɯ, ɳɨ ɦɚє ɛɭɬɢ 
ɿɥɸɫɬɪɨɜɚɧɢɣ ɡɨɛɪɚɠɟɧɧɹɦɢ ɟɤɪɚɧɧɢɯ ɮɨɪɦ. 

5. Ɍɟɤɫɬɢ ɩɪɨɝɪɚɦ.  
6. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɛɨɬɢ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ 

(ɡɨɛɪɚɠɟɧɧɹ ɫɬɪɭɤɬɭɪɢ ɨɬɪɢɦɚɧɨʀ ɦɟɪɟɠɿ, ʀʀ ɜɚɝɢ, ɪɟɡɭɥɶɬɚɬɢ 
ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ, ɿɧɲɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ). 

7. ȼɢɫɧɨɜɤɢ, ɳɨ ɦɿɫɬɹɬɶ ɜɿɞɩɨɜɿɞɿ ɧɚ ɤɨɧɬɪɨɥɶɧɿ 
ɡɚɩɢɬɚɧɧɹ, ɚ ɬɚɤɨɠ ɜɿɞɨɛɪɚɠɭɸɬɶ ɪɟɡɭɥɶɬɚɬɢ ɜɢɤɨɧɚɧɧɹ 
ɪɨɛɨɬɢ ɬɚ ʀɯ ɤɪɢɬɢɱɧɢɣ ɚɧɚɥɿɡ. 

 

 

Ʉɨɧɬɪɨɥьɧɿ ɡɚɩɢɬɚɧɧɹ 

1. ɉɨɪɿɜɧɹɣɬɟ ɜɥɚɫɬɢɜɨɫɬɿ ɧɟɱɿɬɤɢɯ ɫɢɫɬɟɦ ɬɚ 
ɧɟɣɪɨɧɧɢɯ ɦɟɪɟɠ. 

2. ɓɨ ɬɚɤɟ ɧɟɣɪɨ-ɧɟɱɿɬɤɚ ɦɟɪɟɠɚ? 

3. əɤɿ ɜɥɚɫɬɢɜɨɫɬɿ ɦɚɸɬɶ ɧɟɣɪɨ-ɧɟɱɿɬɤɿ ɦɟɪɟɠɿ? 

4. əɤɿ ɿɫɧɭɸɬɶ ɬɢɩɢ ɧɟɣɪɨ-ɧɟɱɿɬɤɢɯ ɦɟɪɟɠ? 

5. əɤ ɮɨɪɦɭɸɬɶ ɛɚɡɭ ɡɧɚɧɶ ɧɟɣɪɨ-ɧɟɱɿɬɤɨʀ ɦɟɪɟɠɿ? 
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6. Ɂ ɹɤɢɯ ɟɥɟɦɟɧɬɿɜ ɫɤɥɚɞɚɸɬɶɫɹ ɧɟɣɪɨ-ɧɟɱɿɬɤɿ 
ɦɟɪɟɠɿ? 

7. ɍ ɱɨɦɭ ɩɨɥɹɝɚɸɬɶ ɨɫɨɛɥɢɜɨɫɬɿ ɩɚɪɚɥɟɥɶɧɢɯ ɧɟɣɪɨ-

ɧɟɱɿɬɤɢɯ ɦɟɪɟɠ? 

8. ɓɨ ɬɚɤɟ ɧɟɣɪɨ-ɧɟɱɬɿɬɤɚ ɚɫɨɰɿɚɬɢɜɧɚ ɩɚɦ’ɹɬɶ 
Ʉɨɫɤɨ? 

9. əɤ ɜɿɞɛɭɜɚєɬɶɫɹ ɜɢɞɿɥɟɧɧɹ ɧɟɱɿɬɤɢɯ ɩɪɚɜɢɥ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɤɚɪɬ, ɳɨ ɫɚɦɨɨɪɝɚɧɿɡɭɸɬɶɫɹ? 

10. Ɉɩɢɲɿɬɶ ɨɫɨɛɥɢɜɨɫɬɿ ɫɢɫɬɟɦ, ɳɨ ɡɞɚɬɧɿ ɧɚɜɱɚɬɢ 
ɧɟɱɿɬɤɿ ɦɧɨɠɢɧɢ. 

11.ɍ ɱɨɦɭ ɩɨɥɹɝɚɸɬɶ ɨɫɨɛɥɢɜɨɫɬɿ ɤɨɧɤɭɪɟɧɬɧɢɯ 
ɧɟɣɪɨ-ɧɟɱɿɬɤɢɯ ɫɢɫɬɟɦ? 
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Ɋɟɤɨɦɟɧɞɨɜɚɧɚ ɥɿɬɟɪɚɬɭɪɚ 

1. Ⱥɥɢɟɜ Ɋ. Ⱥ., Ⱥɛɞɢɤɟɟɜ ɇ. Ɇ., ɒɚɯɧɚɡɚɪɨɜ Ɇ. Ɇ. 
ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɫɢɫɬɟɦɵ ɫ ɢɫɤɭɫɫɬɜɟɧɧɵɦ ɢɧɬɟɥɥɟɤɬɨɦ. 
Ɇ. : Ɋɚɞɢɨ ɢ ɫɜɹɡɶ, 1990. 264 ɫ. 

2. Ⱥɪɯɚɧɝɟɥɶɫɤɢɣ ȼ. ɂ., Ȼɨɝɚɟɧɤɨ ɂ. ɇ., 
Ƚɪɚɛɨɜɫɤɢɣ Ƚ. Ƚ., Ɋɸɦɲɢɧ ɇ. Ⱥ. ɋɢɫɬɟɦɵ ɮɭɰɰɢ-

ɭɩɪɚɜɥɟɧɢɹ. Ʉ. : Ɍɷɯɧɢɤɚ, 1997. 208 ɫ. 
3. Ȼɟɥɥɦɚɧ Ɋ., Ɂɚɞɟ Ʌ. ɉɪɢɧɹɬɢɟ ɪɟɲɟɧɢɣ ɜ 

ɪɚɫɩɥɵɜɱɚɬɵɯ ɭɫɥɨɜɢɹɯ ȼɨɩɪɨɫɵ ɚɧɚɥɢɡɚ ɢ ɩɪɨɰɟɞɭɪɵ 
ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ. Ɇ. : Ɇɢɪ, 1976. ɋ.172–215. 

4. Ȼɨɤɲɚ ȼ. ȼ., ɋɢɥɨɜ ȼ. Ȼ. ɇɟɱɟɬɤɨɟ ɰɟɥɟɜɨɟ 
ɭɩɪɚɜɥɟɧɢɟ ɫɢɫɬɟɦɚɦɢ ɫ ɡɚɞɚɧɧɵɦ ɤɨɧɟɱɧɵɦ 
ɫɨɫɬɨɹɧɢɟɦ. Аɜɬɨɦɚɬɢɤɚ. 1985. № 3. ɋ.3–8. 

5. Ȼɨɪɢɫɨɜ Ⱥ. ɇ., Ⱥɥɟɤɫɟɟɜ Ⱥ. ȼ., Ʉɪɭɦɛɟɪɝ Ɉ. Ⱥ. ɢ 
ɞɪ. Ɇɨɞɟɥɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ 
ɩɟɪɟɦɟɧɧɨɣ. Ɋɢɝɚ : Ɂɢɧɚɬɧɟ, 1982. 256 ɫ. 

6. Ȼɨɪɢɫɨɜ Ⱥ. ɇ., Ⱥɥɟɤɫɟɟɜ Ⱥ. ȼ., Ɇɟɪɤɭɪɶɟɜɚ Ƚ. ȼ. ɢ 
ɞɪ. Ɉɛɪɚɛɨɬɤɚ ɧɟɱɟɬɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜ ɫɢɫɬɟɦɚɯ ɩɪɢɧɹɬɢɹ 
ɪɟɲɟɧɢɣ. Ɇ. : Ɋɚɞɢɨ ɢ ɫɜɹɡɶ. 1989. 304 ɫ. 

7. Ȼɨɪɢɫɨɜ Ⱥ. ɇ., Ʉɪɭɦɛɟɪɝ Ɉ. Ⱥ., Ɏɟɞɨɪɨɜ ɂ. ɉ. 
ɉɪɢɧɹɬɢɟ ɪɟɲɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɧɟɱɟɬɤɢɯ ɦɨɞɟɥɟɣ. ɉɪɢɦɟɪɵ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ. Ɋɢɝɚ : Ɂɢɧɚɬɧɟ, 1990. 184 ɫ. 

8. Ƚɭɫɟɜ Ʌ. Ⱥ., ɋɦɢɪɧɨɜɚ ɂ. Ɇ. Ɋɚɡɦɵɬɵɟ 
ɦɧɨɠɟɫɬɜɚ. Ɍɟɨɪɢɹ ɢ ɩɪɢɥɨɠɟɧɢɹ (ɨɛɡɨɪ). Аɜɬɨɦɚɬɢɤɚ ɢ 
ɬɟɥɟɦɟɯɚɧɢɤɚ. 1973. № 5. ɋ.66–85. 

9. Ⱦɶɹɤɨɧɨɜ ȼ. MATLAB 6: ɭɱɟɛɧɵɣ ɤɭɪɫ. ɋɉɛ. : 

ɉɢɬɟɪ, 2001. 592 ɫ. 
10. Ɂɚɞɟ Ʌ. Ⱥ. Ɉɫɧɨɜɵ ɧɨɜɨɝɨ ɩɨɞɯɨɞɚ ɤ ɚɧɚɥɢɡɭ 

ɫɥɨɠɧɵɯ ɫɢɫɬɟɦ ɢ ɩɪɨɰɟɫɫɨɜ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ. 
Мɚɬɟɦɚɬɢɤɚ ɫɟɝɨɞɧɹ. Ɇ. : Ɂɧɚɧɢɟ, 1974. ɋ. 5–49. 
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