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ɋɢɧɸɤ ȼ.Ƚ.
2 

ɈɋɇɈȼɇɕȿ ɉɈɅɈɀȿɇɂə ɗɄɋɉȿɊɌɇɈɃ ɋɂɋɌȿɆɕ ɋ ɉɊȺȼɂɅɈɆ 
ȼɕȼɈȾȺ ɇȺ ɈɋɇɈȼȿ ɇȿɑЁɌɄɈɃ ɋɌȿɉȿɇɂ ɂɋɌɂɇɇɈɋɌɂ 
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Ⱥɧɧɨɬɚɰɢɹ 
Ɋɚɫɫɦɨɬɪɟɧ ɩɪɨɰɟɫɫ ɧɟɱёɬɤɨɝɨ ɜɵɜɨɞɚ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ ɞɥɹ 
ɩɨɫɬɪɨɟɧɢɹ ɧɟɱёɬɤɢɯ ɫɢɫɬɟɦ ɜɵɜɨɞɚ. ɋɢɫɬɟɦɵ ɧɟɱёɬɤɨɝɨ ɥɨɝɢɱɟɫɤɨɝɨ ɜɵɜɨɞɚ ɢɝɪɚɸɬ 
ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɩɪɢɥɨɠɟɧɢɹɯ ɬɟɨɪɢɢ ɧɟɱёɬɤɢɯ ɦɧɨɠɟɫɬɜ, ɬɚɤɢɯ ɤɚɤ 
ɧɟɱёɬɤɢɟ ɷɤɫɩɟɪɬɧɵɟ ɫɢɫɬɟɦɵ ɢ ɦɧɨɝɨɟ ɞɪɭɝɢɟ. ȼ ɨɫɧɨɜɟ ɬɚɤɢɯ ɫɢɫɬɟɦ ɥɟɠɚɬ ɥɨɝɢɱɟɫɤɢɟ 
ɩɪɚɜɢɥɚ ɜɢɞɚ «ȿɫɥɢ …, ɬɨ …», ɜ ɤɨɬɨɪɵɯ ɩɨɫɵɥɤɢ ɢ ɜɵɜɨɞɵ ɹɜɥɹɸɬɫɹ ɧɟɱёɬɤɢɦɢ 
ɩɨɧɹɬɢɹɦɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɱёɬɤɢɯ ɦɧɨɠɟɫɬɜ ɢ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ ɜɦɟɫɬɟ ɫ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɦ ɩɪɚɜɢɥɨɦ ɜɵɜɨɞɚ Ɂɚɞɟ ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɪɨɢɬɶ ɬɚɤɭɸ ɷɤɫɩɟɪɬɧɭɸ ɫɢɫɬɟɦɭ, 
ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɨɩɟɪɢɪɨɜɚɬɶ ɤɚɤ ɫ ɧɟɱёɬɤɢɦɢ, ɬɚɤ ɢ ɫ ɱёɬɤɢɦɢ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ. ɋ ɞɪɭɝɨɣ 
ɫɬɨɪɨɧɵ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱ, ɬɚɤ ɤɚɤ ɭɦɟɧɶɲɚɟɬɫɹ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɫɥɨɠɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɩɪɨɰɟɫɫ ɧɟɱёɬɤɨɝɨ ɜɵɜɨɞɚ, ɧɟɱёɬɤɚɹ ɫɬɟɩɟɧɶ ɢɫɬɢɧɧɨɫɬɢ, ɧɟɱёɬɤɢɟ 
ɦɧɨɠɟɫɬɜɚ, ɧɟɱёɬɤɢɟ ɫɢɫɬɟɦɵ ɜɵɜɨɞɚ, ɤɨɦɩɨɡɢɰɢɨɧɧɨɟ ɩɪɚɜɢɥɨ ɜɵɜɨɞɚ Ɂɚɞɟ. 
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Abstract  

The article discusses the process of fuzzy output based on the fuzzy extent to construct fuzzy 

inference systems of truth. Fuzzy inference systems play an important role in many applications 

of the fuzzy set theory, such as fuzzy expert systems and many others. At the heart of these 

systems are the logical rules of the form "If ..., then ...", in which the assumptions and conclusions 

are fuzzy concepts. The use of fuzzy sets and fuzzy truth degree with Zadeh compositional rule of 

inference allows to build such an expert system which can operate with both fuzzy and with clear 

inputs. On the other hand, the use of fuzzy truth degree significantly increases the efficiency of 

solving problems, as the computational complexity of the algorithm decreases. 

Keywords: fuzzy inference process; fuzzy truth degree; fuzzy sets; fuzzy inference systems; 

compositional rule of inference Zadeh. 

Вɜɟɞɟɧɢɟ 

ɇɟɱёɬɤɢɟ ɫɢɫɬɟɦɵ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɨɬ 
ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ ɬɟɯɧɢɤɢ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ 
ɞɟɫɹɬɢɥɟɬɢɣ Д8Ж. ɂɯ ɩɨɩɭɥɹɪɧɨɫɬɶ ɨɫɧɨɜɚɧɚ ɧɚ 

ɩɪɨɫɬɨɦ ɢ ɩɨɧɹɬɧɨɦ ɩɨɞɯɨɞɟ ɤ ɧɟɨɩɪɟɞɟɥёɧɧɨɫɬɢ, 
ɤɨɬɨɪɚɹ ɧɟɢɡɛɟɠɧɚ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɢ ɨɰɟɧɤɟ 
ɩɪɨɰɟɫɫɨɜ ɨɤɪɭɠɚɸɳɟɝɨ ɦɢɪɚ. ɇɚ ɩɪɨɬɹɠɟɧɢɢ 
ɦɧɨɝɢɯ ɥɟɬ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɪɚɡɪɚɛɨɬɚɥɢ ɪɚɡɥɢɱɧɵɟ 
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ɩɨɞɯɨɞɵ ɤ ɩɪɨɛɥɟɦɟ ɧɟɱёɬɤɨɝɨ ɜɵɜɨɞɚ. 
Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɛɵɥɢ ɜɜɟɞɟɧɵ Ɂɚɞɟ Д9Ж ɢ ɫ 
ɬɟɯ ɩɨɪ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɞɪɭɝɢɟ ɪɟɲɟɧɢɹ. 
ɋɚɦɵɦɢ ɩɨɩɭɥɹɪɧɵɦɢ ɜ ɩɪɢɥɨɠɟɧɢɹɯ ɹɜɥɹɸɬɫɹ 
ɩɨɞɯɨɞɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ Ɇɚɦɞɚɧɢ Д4Ж, Ʌɚɪɫɟɧ 
Д5Ж, Ɍɨɤɚɝɢ Д15Ж, ɋɭɝɟɧɬɨ Д15Ж, ɚ ɬɚɤɠɟ ɐɭɤɚɦɚɬɨ 
[7]. 

ɗɬɢ ɪɟɲɟɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɢɡ-

ɡɚ ɩɪɨɫɬɨɬɵ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɯ ɪɟɚɥɢɡɚɰɢɢ. 
ȼɦɟɫɬɟ ɫ ɬɟɦ ɦɟɬɨɞɵ ɧɟ ɜ ɩɨɥɧɨɣ ɦɟɪɟ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɟɨɪɢɢ Ɂɚɞɟ ɢɡ-ɡɚ ɡɧɚɱɢɬɟɥɶɧɨɝɨ 
ɭɩɪɨɳɟɧɢɹ. ɉɪɢɱɢɧɚ ɦɨɠɟɬ ɛɵɬɶ ɡɚɦɟɱɟɧɚ ɞɥɹ 
ɫɢɫɬɟɦ ɫɨ ɦɧɨɝɢɦɢ ɧɟɱёɬɤɢɦɢ ɜɯɨɞɚɦɢ ɬ.ɟ. ɤɨɝɞɚ 
ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɮɚɤɬɨɜ ɨɬɥɢɱɚɸɬɫɹ ɨɬ 
ɫɢɧɝɥɬɨɧɨɜ. 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɱɚɫɬɧɵɦ ɫɥɭɱɚɟɦ 
ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɩɪɚɜɢɥɚ ɜɵɜɨɞɚ ɹɜɥɹɟɬɫɹ 
ɨɛɨɛɳёɧɧɨɟ ɩɪɚɜɢɥɨ modus ponens, ɤɨɬɨɪɨɟ 
ɨɩɢɫɵɜɚɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ Д9Ж. �஻′ሺݕሻ = ௫∈௑ �ݑݏ {�஺′ሺݔሻ Tכ �ሺ�஺ሺݔሻ, �஺ሺݔሻሻ}, 
ɝɞɟ �஺′ሺݔሻ, �஺ሺݔሻ, �஻′ሺݔሻ, �஻ሺݔሻ – ɮɭɧɤɰɢɹ
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ, כT – t-ɧɨɪɦɚ ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ,
ɩɟɪɟɫɟɱɟɧɢɟ ɧɟɱёɬɤɨɝɨ ɮɚɤɬɚ ܣ′ ɢ ɧɟɱёɬɤɨɣ
ɢɦɩɥɢɤɚɰɢɢ �, ɚɪɝɭɦɟɧɬɨɦ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ 
ɩɨɫɵɥɤɚ ܣ ɢ ɜɵɜɨɞ ܤ. ɇɟɱёɬɤɢɟ ɦɧɨɠɟɫɬɜɚ 
ɨɩɢɫɵɜɚɸɬɫɹ ɧɚ ɩɪɨɫɬɪɚɧɫɬɜɟ ɪɚɫɫɭɠɞɟɧɢɣ ܺ ɢ  
ɮɚɤɬɚ, ɢ ɧɚ ܻ ɞɥɹ ɡɚɤɥɸɱɟɧɢɹ ܤ ɢ ɪɟɡɭɥɶɬɚɬɚ 
ɜɵɜɨɞɚ ܤ. Ʉ ɫɨɠɚɥɟɧɢɸ, ɞɥɹ ɫɨɫɬɚɜɧɵɯ ɩɨɫɵɥɨɤ 
ɜɵɱɢɫɥɟɧɢɟ ɩɨ ɜɵɲɟɩɪɢɜɟɞёɧɧɨɦɭ ɦɟɬɨɞɭ 
ɫɬɚɧɨɜɢɬɫɹ ɨɱɟɧɶ ɫɥɨɠɧɵɦ ɢɡ-ɡɚ ɦɧɨɝɨɦɟɪɧɨɝɨ 
ɚɧɚɥɢɡɚ. ɗɬɨ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ, ɩɨ 
ɤɨɬɨɪɨɣ ɦɟɬɨɞ ɜ ɭɤɚɡɚɧɧɨɦ ɜɢɞɟ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɞɥɹ ɨɱɟɧɶ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɯ ɩɪɚɜɢɥ ɫ ɫɨɫɬɚɜɧɨɣ 
ɩɨɫɵɥɤɨɣ, ɫɨɞɟɪɠɚɳɟɣ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɫɜɹɡɢ. 
ɇɚɩɪɢɦɟɪ, ɪɟɲɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ 
ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɞɥɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɝɟɧɨɜ, 
ɩɪɨɢɡɜɨɞɹɳɢɯ ɩɪɚɜɢɥɚ ɫ ɬɵɫɹɱɚɦɢ ɩɨɫɵɥɨɤ Д3Ж. 

ȼɚɠɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɩɨɞɯɨɞɚ, 
ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɜ ɫɬɚɬɶɟ ɹɜɥɹɟɬɫɹ ɜɵɜɨɞ ɜ ɪɚɦɤɚɯ 
ɟɞɢɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢɫɬɢɧɧɨɫɬɢ ɞɥɹ ɜɫɟɯ 
ɩɨɫɵɥɨɤ. ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱёɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ ɮɚɤɬɨɦ ɢ ɩɨɫɵɥɤɨɣ ɜ ɬɚɤ 
ɧɚɡɵɜɚɟɦɭɸ ɧɟɱёɬɤɭɸ ɫɬɟɩɟɧɶ ɢɫɬɢɧɧɨɫɬɢ. 
ɉɪɢɜɟɞɟɧɢɟ ɜɫɟɯ ɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ 
ɮɚɤɬɚɦɢ ɢ ɩɨɫɵɥɤɚɦɢ ɜ ɨɞɧɨ ɧɟɱёɬɤɨɟ 
ɩɪɨɫɬɪɚɧɫɬɜɨ ɢɫɬɢɧɧɨɫɬɢ ɭɩɪɨɳɚɟɬ ɜɵɱɢɫɥɟɧɢɟ 
ɫɨɫɬɚɜɧɨɣ ɮɭɧɤɰɢɢ ɢɫɬɢɧɧɨɫɬɢ. ɉɨɷɬɨɦɭ ɞɚɧɧɵɣ 
ɩɨɞɯɨɞ ɥɢɲёɧ ɩɪɨɛɥɟɦ ɦɧɨɝɨɦɟɪɧɨɝɨ ɚɧɚɥɢɡɚ ɢ 
ɥɭɱɲɟ ɩɨɞɯɨɞɢɬ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 
ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ.  

Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɢɦɟɟɬ, ɨɛɥɚɞɚɟɬ 
ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ ɜɨɡɪɚɫɬɚɸɳɟɣ ɫɥɨɠɧɨɫɬɶɸ 

ɜɵɱɢɫɥɟɧɢɹ ɜɵɯɨɞɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ 
ɜɯɨɞɨɜ ɜ ɫɢɫɬɟɦɟ, ɢɥɢ ɟɫɥɢ ɜɯɨɞɧɵɟ ɜɟɥɢɱɢɧɵ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɡ ɫɟɛɹ ɧɟɱёɬɤɢɟ ɡɧɚɱɟɧɢɹ.  Ɇɨɠɧɨ 
ɭɩɪɨɫɬɢɬɶ ɩɪɨɰɟɫɫ ɜɵɜɨɞɚ, ɢɫɩɨɥɶɡɭɹ ɩɨɧɹɬɢɟ 
ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ. 

1. ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ
Ɂɚɞɚɱɚ, ɤɨɬɨɪɚɹ ɪɟɲɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɧɟɱёɬɤɨɣ ɩɪɨɞɭɤɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɮɨɪɦɢɪɭɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ ɫ ݊ 

ɜɯɨɞɚɦɢ � = ,ଵݔ] … , .ݕ ௡] ɢ ɨɞɧɢɦ ɜɯɨɞɨɦݔ

ȼɡɚɢɦɨɫɜɹɡɶ ɜɯɨɞɨɜ ɢ ɜɵɯɨɞɚ ɨɩɢɫɵɜɚɟɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ܰ ɧɟɱёɬɤɢɯ ɩɪɚɜɢɥ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ 
ɜɢɞɟ: ܴ௞: Е˔ли ݔଵ е˔˕ь ܣଵ௞ и… ௡௞ܣ ௡ е˔˕ьݔ  ˕о ݕ е˔˕ь ܤ௞,݇ = ͳ,ܰ̅̅ ̅̅ ̅   (1.1)

ɝɞɟ � ∈ ࢄ = ଵܺ × ܺଶ × …× ܺ௡, ݕ ∈ �� ɢ ࢅ = ଵ௞ܣ ଶ௞ܣ× × …× ௡௞ܣ ⊆ ௞ܤ,ࢄ ⊆ ɹɜɥɹɸɬɫɹ ɧɟɱёɬɤɢɟ ࢅ
ɦɧɨɠɟɫɬɜɚ.  

Ɉɫɨɛɟɧɧɨɫɬɶ ɫɢɫɬɟɦ ɥɨɝɢɱɟɫɤɨɝɨ ɬɢɩɚ 
ɫɨɝɥɚɫɧɨ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, ɩɪɨɢɡɜɟɞёɧɧɨɣ ɜ Д1Ж 
ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɩɪɚɜɢɥɨ (1) ɮɨɪɦɚɥɢɡɭɟɬɫɹ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɱёɬɤɨɣ ɢɦɩɥɢɤɚɰɢɢ ɜ ɜɢɞɟ 
ɧɟɱёɬɤɨɝɨ (n+1)-ɚɪɧɨɝɨ ɨɬɧɨɲɟɧɢɹ ܴ௞ ⊆ ଵܺ × …×ܺ௡ × ܻ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:ܴ௞ = ଵ௞ܣ × …× ௡௞ܣ × ܻ → ଵܺ × …×× ܺ௡ × ௞ܤ , ݇ = ͳ,ܰ̅̅ ̅̅ ̅
ɝɞɟ «→» – ɧɟɱёɬɤɚɹ ɢɦɩɥɢɤɚɰɢɹ, ɜɵɪɚɠɚɸɳɚɹ 
ɩɪɢɱɢɧɧɨ-ɫɥɟɞɫɬɜɟɧɧɭɸ ɫɜɹɡɶ ɦɟɠɞɭ 
ɚɧɬɟɰɟɞɟɧɬɨɦ «ݔଵе˔˕ь ܣଵ௞ и…и ݔ௡ е˔˕ь ܣ௡௞» ɢ
ɤɨɧɫɟɤɜɟɧɬɨɦ «ݕ е˔˕ь ܤ௞». ɋɬɚɜɢɬɫɹ ɡɚɞɚɱɚ –
ɨɩɪɟɞɟɥɢɬɶ ɧɟɱёɬɤɢɣ ɜɵɜɨɞ ܤ௞′ ⊆ ܻ ɞɥɹ ɫɢɫɬɟɦɵ 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɜɢɞɟ (1), ɟɫɥɢ ɧɚ ɜɯɨɞɚɯ – 

ɧɟɱёɬɤɢɟ ɦɧɨɠɟɫɬɜɚ ܣ′ = ′ଵܣ × …× ′௡ܣ ⊆ ܺ ɢɥɢݔଵ е˔˕ь ܣଵ′  и…и ݔ௡ е˔˕ь ܣ௡′ .

2. Мɟɬɨɞ ɜɵɜɨɞɚ ɧɚ ɨɫɧɨɜɟ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ
ɢɫɬɢɧɧɨɫɬɢ 

ɇɟɱёɬɤɢɣ ɜɵɯɨɞ ܤ௞′  ɞɥɹ ɫɢɫɬɟɦ ɫ ݊ ɜɯɨɞɚɦɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ 
(ɇɋɂ) ɨɫɧɨɜɚɧɧɵɣ ɧɚ  ɨɛɨɛɳёɧɧɨɦ ɩɪɚɜɢɥɟ 
modus ponens Д9Ж, ɫɥɟɞɭɹ Д13Ж ɡɚɩɢɫɵɜɚɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: �஻ೖ′ ሺݕሻ == ௧∈[଴,ଵ]�ݑݏ {�஺ೖ ஺′⁄ ሺݐሻ �כ � ቀ�, �஻ೖሺݕሻቁ} , ݇ = ͳ, ܰ̅̅ ̅̅ ̅, (2.1)

ɝɞɟ �ሺכሻ – ɨɩɟɪɚɰɢɹ ɧɟɱёɬɤɨɣ ɢɦɩɥɢɤɚɰɢɢ; כ    � –
t-ɧɨɪɦɚ; �஻ೖ′ ሺݕሻ ɢ �஻ೖሺݕሻ – ɮɭɧɤɰɢɢ
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɧɟɱёɬɤɢɯ ɦɧɨɠɟɫɬɜ ܤ௞′ ௞ܤ ,
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. �஺ೖ ஺′⁄ ሺݐሻ – ɮɭɧɤɰɢɹ
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɇɋɂ ܣ௞ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ܣ௞′
ɢɫɬɢɧɧɨ, ɤɨɬɨɪɚɹ ɩɪɢ ɧɟɡɚɜɢɫɢɦɵɯ ɜɯɨɞɚɯ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Д13Ж ɪɚɜɧɹɟɬɫɹ: 



ʛˋ˘ˈˎё˅ ʑ.ʑ., ʠˋːˡˍ ʑ.ʒ. ʝ˔ːˑ˅ː˞ˈ ˒ˑˎˑˉˈːˋˢ ˠˍ˔˒ˈ˓˕ːˑˌ ˔ˋ˔˕ˈˏ˞ ˔ ˒˓˃˅ˋˎˑˏ ˅˞˅ˑˇ˃ 
ː˃ ˑ˔ːˑ˅ˈ ːˈ˚ё˕ˍˑˌ ˔˕ˈ˒ˈːˋ ˋ˔˕ˋːːˑ˔˕ˋ // ʜ˃˖˚ː˞ˌ ˓ˈˊ˖ˎ˟˕˃˕. 
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INFORMATION TECHNOLOGIES  

�஺ೖ ஺′⁄ ሺݐሻ = �஼�(஺ೖ,஺′)ሺݐሻ == ሺ௧భ,…,௧�ሻ∈[଴,ଵ]��ሺ௧೔ሻ=௧௜=ଵ,௡̅̅̅̅̅�ݑݏ
{ T௜=ଵ,௡̅̅̅̅̅ሺ�஼�(஺೔ೖ,஺೔′)ሺݐ௜ሻሻ},        (2.2) 

ɝɞɟ ݐ ∈ [Ͳ,ͳ], ݇ = ͳ,ܰ̅̅ ̅̅ ௜௞ܣሺ�ܥ ;̅ , ௜′ሻ – ɧɟɱёɬɤɚɹܣ
ɫɬɟɩɟɧɶ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ܣ௜௞ ɫɨ ɜɯɨɞɧɵɦ ɧɟɱёɬɤɢɦ
ɡɧɚɱɟɧɢɟɦ ܣ௜′ . ɂɫɩɨɥɶɡɭɹ ɨɛɨɡɧɚɱɟɧɢɟ ɫɬɟɩɟɧɢ 
ɫɨɜɦɟɫɬɢɦɨɫɬɢ, (2.2) ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɚ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ܥ�ሺܣ௞ , ሻ′ܣ = T̃௜=ଵ,௡̅̅̅̅̅ሺܥ�ሺܣ௜௞ , ,௜′ሻሻܣ ݇ = ͳ,ܰ̅̅ ̅̅ ̅ (2.3)T̃ – ɪɚɫɲɢɪɟɧɧɚɹ ɩɨ ɩɪɢɧɰɢɩɭ ɨɛɨɛɳɟɧɢɹ n-

ɦɟɫɬɧɚɹ t-ɧɨɪɦɚ Д1Ж. ɂɫɩɨɥɶɡɭɹ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ 

ɩɪɢɦɟɧɹɟɦɵɟ ɧɟɱёɬɤɢɟ ɢɦɩɥɢɤɚɰɢɢ Д11Ж 
ɨɩɪɟɞɟɥɢɦ �ሺ�, �஻ೖሺݕሻሻ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:

 ɛɢɧɚɪɧɚɹ ɢɦɩɥɢɤɚɰɢɹ Ʉɥɢɧɟ-Ⱦɟɧɢɫɚ� ቀ�, �஻ೖሺݕሻቁ = max [ͳ − �, �஻ೖሺݕሻ] (2.4) 

 ɢɦɩɥɢɤɚɰɢɹ Ʌɭɤɚɫɟɜɢɱɚ� ቀ�, �஻ೖሺݕሻቁ = ݉݅݊ [ͳ, ͳ − � + �஻ೖሺݕሻ] (2.5)

 ɢɦɩɥɢɤɚɰɢɹ Ɋɚɣɯɟɛɚɯɚ� ቀ�, �஻ೖሺݕሻቁ =  ͳ − � + � כ �஻ೖሺݕሻ (2.6) 

 ɢɦɩɥɢɤɚɰɢɹ Ɏɨɞɨɪɚ

� ቀ�, �஻ೖሺݕሻቁ = { ͳ, � ≤ �஻ೖሺݕሻmax[ͳ − �, �஻ೖሺݕሻ] , � > �஻ೖሺݕሻ (2.7)

 ɢɦɩɥɢɤɚɰɢɹ Ɋɟɲɟɪɚ� ቀ�, �஻ೖሺݕሻቁ = {ͳ, � ≤ �஻ೖሺݕሻͲ, � > �஻ೖሺݕሻ (2.8) 

 ɢɦɩɥɢɤɚɰɢɹ Ƚɨɝɭɟɧɚ� ቀ�, �஻ೖሺݕሻቁ = {min [ͳ, �ಳೖሺ௬ሻ� ], � > Ͳͳ, � = Ͳ (2.9) 

 ɢɦɩɥɢɤɚɰɢɹ Ƚɟɞɟɥɹ� ቀ�, �஻ೖሺݕሻቁ = { ͳ, � ≤ �஻ೖሺݕሻ�஻ೖሺݕሻ, � > �஻ೖሺݕሻ (2.10) 

 ɢɦɩɥɢɤɚɰɢɹ ȿɝɟɪɚ� ቀ�, �஻ೖሺݕሻቁ = { ͳ, � = Ͳ�஻ೖሺݕሻ�, � > Ͳ          (2.11) 

 ɢɦɩɥɢɤɚɰɢɹ Ɂɚɞɟ� ቀ�, �஻ೖሺݕሻቁ =  max {min[�, �஻ೖሺݕሻ] , ͳ − �} (2.12)

3. ɋɢɫɬɟɦɵ ɧɟɱёɬɤɨɝɨ ɜɵɜɨɞɚ
ɋɢɫɬɟɦɵ ɧɟɱёɬɤɨɝɨ ɥɨɝɢɱɟɫɤɨɝɨ ɜɵɜɨɞɚ 

ɢɝɪɚɸɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ 
ɩɪɢɥɨɠɟɧɢɹɯ ɬɟɨɪɢɢ ɧɟɱёɬɤɢɯ ɦɧɨɠɟɫɬɜ, ɬɚɤɢɯ 
ɤɚɤ ɧɟɱёɬɤɢɟ ɷɤɫɩɟɪɬɧɵɟ ɫɢɫɬɟɦɵ ɢ ɦɧɨɝɨɟ 
ɞɪɭɝɢɟ. ȼ ɨɫɧɨɜɟ ɬɚɤɢɯ ɫɢɫɬɟɦ ɥɟɠɚɬ ɥɨɝɢɱɟɫɤɢɟ 
ɩɪɚɜɢɥɚ ɜɢɞɚ «ȿɫɥɢ …, ɬɨ …», ɜ ɤɨɬɨɪɵɯ 

ɩɨɫɵɥɤɢ ɢ ɜɵɜɨɞɵ ɹɜɥɹɸɬɫɹ ɧɟɱёɬɤɢɦɢ 
ɩɨɧɹɬɢɹɦɢ. Ɍɚɤɨɝɨ ɪɨɞɚ ɩɪɢɛɥɢɠɟɧɧɵɟ 
ɪɚɫɫɭɠɞɟɧɢɹ ɥɟɠɚɬ ɜ ɨɫɧɨɜɟ ɫɩɨɫɨɛɧɨɫɬɢ 
ɱɟɥɨɜɟɤɚ ɩɨɧɢɦɚɬɶ ɟɫɬɟɫɬɜɟɧɧɵɣ ɹɡɵɤ, 
ɪɚɫɩɨɡɧɚɜɚɬɶ ɫɥɨɠɧɵɟ ɨɛɪɚɡɵ, ɩɪɢɧɢɦɚɬɶ 
ɪɟɲɟɧɢɹ ɜ ɫɥɨɠɧɨɣ ɢ ɧɟ ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥёɧɧɨɣ 
ɫɪɟɞɟ. 

ɇɟɱɟɬɤɢɣ ɜɵɜɨɞ ɡɚɧɢɦɚɟɬ ɰɟɧɬɪɚɥɶɧɨɟ ɦɟɫɬɨ 
ɜ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɟ ɢ ɫɢɫɬɟɦɚɯ ɧɟɱɟɬɤɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ. ɉɪɨɰɟɫɫ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɤɨɬɨɪɭɸ ɩɪɨɰɟɞɭɪɭ ɢɥɢ 
ɚɥɝɨɪɢɬɦ ɩɨɥɭɱɟɧɢɹ ɧɟɱɟɬɤɢɯ ɡɚɤɥɸɱɟɧɢɣ ɧɚ 
ɨɫɧɨɜɟ ɧɟɱɟɬɤɢɯ ɭɫɥɨɜɢɣ ɢɥɢ ɩɪɟɞɩɨɫɵɥɨɤ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɵɲɟ ɩɨɧɹɬɢɣ 
ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɫɨɟɞɢɧɹɟɬ ɜ ɫɟɛɟ 
ɜɫɟ ɨɫɧɨɜɧɵɟ ɤɨɧɰɟɩɰɢɢ ɬɟɨɪɢɢ ɧɟɱɟɬɤɢɯ 
ɦɧɨɠɟɫɬɜ: ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ, 
ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɟ ɩɟɪɟɦɟɧɧɵɟ, ɧɟɱɟɬɤɢɟ 
ɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ, ɦɟɬɨɞɵ ɧɟɱɟɬɤɨɣ 
ɢɦɩɥɢɤɚɰɢɢ ɢ ɧɟɱɟɬɤɨɣ ɤɨɦɩɨɡɢɰɢɢ. ɉɨɤɚɠɟɦ ɧɚ 
ɪɢɫɭɧɤɟ 1 ɬɢɩɨɜɭɸ ɫɬɪɭɤɬɭɪɭ ɫɢɫɬɟɦɵ ɧɟɱёɬɤɨɝɨ 
ɜɵɜɨɞɚ ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ 
ɢɫɬɢɧɧɨɫɬɢ. 

Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦɵ ɧɟɱёɬɤɨɝɨ ɜɵɜɨɞɚ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ 

Fig. 1. The structure of the fuzzy system output based on fuzzy truth degree

ɉɨɤɚɠɟɦ ɧɚ ɪɢɫɭɧɤɟ 2 ɪɚɫɲɢɪɟɧɧɭɸ 
ɫɬɪɭɤɬɭɪɭ ɫɢɫɬɟɦɵ ɧɟɱёɬɤɨɝɨ ɜɵɜɨɞɚ, ɨɫɧɨɜɚɧɧɨɣ 

ɧɚ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ. 



ʛˋ˘ˈˎё˅ ʑ.ʑ., ʠˋːˡˍ ʑ.ʒ. ʝ˔ːˑ˅ː˞ˈ ˒ˑˎˑˉˈːˋˢ ˠˍ˔˒ˈ˓˕ːˑˌ ˔ˋ˔˕ˈˏ˞ ˔ ˒˓˃˅ˋˎˑˏ ˅˞˅ˑˇ˃ 
ː˃ ˑ˔ːˑ˅ˈ ːˈ˚ё˕ˍˑˌ ˔˕ˈ˒ˈːˋ ˋ˔˕ˋːːˑ˔˕ˋ // ʜ˃˖˚ː˞ˌ ˓ˈˊ˖ˎ˟˕˃˕. 

Иː˗ˑ˓ˏ˃˙ˋˑːː˞ˈ ˕ˈ˘ːˑˎˑˆˋˋ. – ʡ.ͷ, №͹, ͸Ͷͷ6. 
46 

ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 

INFORMATION TECHNOLOGIES  

Ɋɢɫ. 2. Ɋɚɫɲɢɪɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦɵ ɧɟɱёɬɤɨɝɨ ɜɵɜɨɞɚ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ 

Fig. 2. Extended structure of the fuzzy system output based on fuzzy truth degree 

4. Эɬɚɩɵ ɧɟɱёɬɤɨɝɨ ɜɵɜɨɞɚ ɜ ɧɟɱёɬɤɢɯ
ɫɢɫɬɟɦɚɯ ɫɨ ɦɧɨɝɢɦɢ ɜɯɨɞɚɦɢ 

ɉɪɨɰɟɫɫ ɜɵɜɨɞɚ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɧɟɱёɬɤɨɦ 
ɡɧɚɱɟɧɢɢ ɢɫɬɢɧɧɨɫɬɢ, ɢɫɯɨɞɹ ɢɡ ɪɢɫɭɧɤɚ 2 ɢ Д3, 6, 
12, 13Ж ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧ ɜ 3 ɲɚɝɚ.  

ɉɟɪɜɵɣ ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɨɥɭɱɟɧɢɟ ɧɟɱёɬɤɨɣ 
ɮɭɧɤɰɢɢ ɢɫɬɢɧɧɨɫɬɢ Д2, 6Ж ɩɪɟɞɩɨɫɵɥɤɢ, ɤɨɬɨɪɚɹ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɬɪɚɠɚɟɬ ɫɨɨɬɜɟɬɫɬɜɢɟ ɮɚɤɬɚ ɢ 
ɩɪɟɞɩɨɫɵɥɤɢ.  

ȼɬɨɪɨɣ ɲɚɝ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɩɪɢɧɰɢɩɚ ɫɜёɪɬɤɢ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ 
ɧɚ ɨɫɧɨɜɟ ɩɪɢɧɰɢɩɚ ɨɛɨɛɳɟɧɢɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɨɛɨɛɳёɧɧɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ. 

Ɍɪɟɬɢɣ ɲɚɝ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɥɭɱɟɧɢɢ 
ɧɟɱёɬɤɨɣ ɮɭɧɤɰɢɢ ɜɵɯɨɞɚ ɫ ɩɨɦɨɳɶɸ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɩɪɚɜɢɥɚ ɜɵɜɨɞɚ 
ɜ ɟɝɨ ɱɚɫɬɧɨɦ ɫɥɭɱɚɟ – modus ponens. 

 ɉɨɥɭɱɟɧɢɟ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ
ɩɨ ɩɪɟɞɩɨɫɵɥɤɟ ɢ ɮɚɤɬɭ.  

Ɋɚɫɫɦɨɬɪɢɦ ɫɨɨɬɧɨɲɟɧɢɟ (2.1). ɂɫɩɨɥɶɡɭɹ 
ɩɪɚɜɢɥɨ ɢɫɬɢɧɧɨɫɬɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ Д2, 3], 

ɩɨɥɭɱɢɬɫɹ: 

∀� ∈ [Ͳ,ͳ]�஼�ሺ஺,஺′ሻሺ�ሻ = sup ௫�௑�=�ಲሺ௫ሻ[�஺′ሺݔሻ]  (4.1)

ȼ ɮɨɪɦɭɥɟ (4.1) �஺ ɢ  �஺′ ɩɪɟɞɫɬɚɜɥɹɸɬ
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɮɭɧɤɰɢɸ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ 
ɩɪɟɞɩɨɫɵɥɨɤ ɢ ɮɚɤɬɨɜ, ɨɩɢɫɚɧɧɵɯ ɜ ɭɧɢɜɟɪɫɭɦɟ 
X. �஼�ሺ஺,஺′ሻሺ�ሻ – ɮɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ
ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ ܥ�ሺܣ, ሻ. Ⱦɪɭɝɢɦɢ′ܣ
ɫɥɨɜɚɦɢ, �஼�ሺ஺,஺′ሻሺ�ሻ – ɩɪɟɞɫɬɚɜɥɹɟɬ ɧɚɢɛɨɥɶɲɟɟ
ɡɧɚɱɟɧɢɟ Б, ɝɞɟ �஺ ɩɪɢɧɢɦɚɟɬ ɚɧɚɥɨɝɢɱɧɨɟ
ɡɧɚɱɟɧɢɟ. ɉɨɷɬɨɦɭ, ɩɨɥɭɱɟɧɢɟ ɨɞɧɨɝɨ ɭɡɥɚ 
ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɢ �஼�ሺ஺,஺′ሻሺ�ሻ ɞɥɹ
ɤɨɧɤɪɟɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ɨɬ � – ɬɪɟɛɭɟɬ ɩɨɢɫɤɚ ɩɨ 
ɭɧɢɜɟɪɫɭɦɭ Б (ɨɩɢɫɵɜɚɸɳɟɝɨ ɭɡɥɵ �஺) ɢ ɩɨɢɫɤɚ
ɬɨɱɟɤ, ɝɞɟ ��ሺݔሻ = �. Ⱦɚɥɟɟ, ɚɧɚɥɢɡɢɪɭɸɬɫɹ ɬɨɱɤɢ�஺′ ɢ ɜɵɛɢɪɚɸɬɫɹ ɢɯ ɦɚɤɫɢɦɭɦɵ. ɋɥɨɠɧɨɫɬɶ ɜ
ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɨɱɟɜɢɞɧɨ, ɥɢɧɟɣɧɚɹ ɢ ɡɚɜɢɫɢɬ ɨɬ 
ɱɢɫɥɚ ɭɡɥɨɜ, ɨɩɢɫɵɜɚɸɳɢɯ �஺ ɮɭɧɤɰɢɸ
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ. ɇɚ ɪɢɫɭɧɤɟ 3 ɩɨɤɚɡɚɧɚ 
ɝɪɚɮɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɮɨɪɦɭɥɵ (4.1).
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Ɋɢɫ. 3. Ƚɪɚɮɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɜɵɱɢɫɥɟɧɢɹ ɩɨ ɮɨɪɦɭɥɟ (4.1) 
Fig. 3. Graphical interpretation of the calculation according to the formula (4.1) 

 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢɧɰɢɩɚ ɫɜёɪɬɤɢ 
ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɩɪɢɧɰɢɩɚ 
ɨɛɨɛɳɟɧɢɹ ��̃ሺ஼�భ,஼�మሻሺτሻ == ௠�௫ሺτభ,τమሻ�[బ,భ]మTሺτభ,τమሻ=τ {ܶ{�஼�భሺτଵሻ, �஼�మሺτଶሻ }} (4.2) 

ȼ ɜɵɲɟ ɩɪɢɜɟɞɟɧɧɨɣ ɮɨɪɦɭɥɟ ��̃ሺ஼�భ,஼�మሻሺ�ሻ –
ɧɟɱёɬɤɚɹ ɫɬɟɩɟɧɶ ɢɫɬɢɧɧɨɫɬɢ ɫɨɫɬɚɜɧɨɣ ɩɨɫɵɥɤɢ 
ɩɪɚɜɢɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɨɫɬɚɜɧɨɝɨ ɮɚɤɬɚ, �஼�భሺ�ଵሻ
ɢ �஼�మሺ�ଶሻ  ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ
ɧɟɱёɬɤɭɸ ɫɬɟɩɟɧɶ ɢɫɬɢɧɧɨɫɬɢ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ 
ɩɨɞ ɭɫɥɨɜɢɹ ɩɪɚɜɢɥɚ. T – ɨɛɨɡɧɚɱɚɟɬ t-ɧɨɪɦɭ, 
ɢɫɩɨɥɶɡɭɟɦɭɸ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɨɛɳёɧɧɨɣ 
ɧɟɱёɬɤɨɣ ɮɭɧɤɰɢɢ ɢɫɬɢɧɧɨɫɬɢ. 

ȼ ɧɚɲɢɯ ɩɪɚɜɢɥɚɯ ɜɢɞɚ (1.1) ɩɪɢɫɭɬɫɬɜɭɸɬ 
ɨɩɟɪɚɰɢɢ «ɂ» ɢ «ɂɅɂ» – ɤɨɧɴɸɧɤɰɢɹ ɢ 
ɞɢɡɴɸɧɤɰɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱦɥɹ ɢɯ ɜɵɱɢɫɥɟɧɢɹ 
ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɩɪɢɧɰɢɩɨɦ ɨɛɨɛɳɟɧɢɹ Ɂɚɞɟ Д9Ж. 

Ⱦɥɹ ɨɩɟɪɚɰɢɢ «ɂ» ɮɨɪɦɭɥɚ (2) ɩɪɢɦɟɬ 
ɫɥɟɞɭɸɳɢɣ ɜɢɞ: ��̃ሺ஼�భ,஼�మሻሺτሻ ==  ௠�௫ሺτభ,τమሻ�[బ,భ]మౣi౤ ሺτభ,τమሻ=τ {݉݅݊{�஼�భሺτଵሻ, �஼�మሺτଶሻ }} (4.3)

Ⱦɥɹ ɨɩɟɪɚɰɢɢ «ɂɅɂ» ɮɨɪɦɭɥɚ (2.5) ɩɪɢɦɟɬ 
ɫɥɟɞɭɸɳɢɣ ɜɢɞ: ��̃ሺ஼�భ,஼�మሻሺτሻ =

=
௠�௫ሺτభ,τమሻ�[బ,భ]మౣax ሺτభ,τమሻ=τ {݉݅݊{�஼�భሺτଵሻ, �஼�మሺτଶሻ }} (4.4)

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɜɵɲɟɩɪɢɜɟɞёɧɧɵɯ ɮɨɪɦɭɥ (4.3) 
ɢ (4.4), ɢɡɦɟɧɹɟɬɫɹ t-ɧɨɪɦɚ. 

 ɉɨɥɭɱɟɧɢɟ ɧɟɱёɬɤɨɣ ɮɭɧɤɰɢɢ ɜɵɯɨɞɚ ɫ
ɩɨɦɨɳɶɸ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ 

ɩɪɚɜɢɥɚ ɜɵɜɨɞɚ. 

Ɉɛɨɛɳёɧɧɵɣ ɜɵɯɨɞ ɩɨɥɭɱɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɩɪɚɜɢɥɚ 
ɜɵɜɨɞɚ Ɂɚɞɟ:  �஻′ሺݕሻ =  sup� � [଴,ଵ] {�஼�ሺ஺,஺′ሻሺ�ሻ Tכ  �(�, �஻ሺݕሻ)}, (4.5)

ɝɞɟ ܶ ɦɨɠɟɬ ɛɵɬɶ ɥɸɛɨɣ Э-ɧɨɪɦɨɣ. �஼�ሺ஺,஺′ሻሺ�ሻ – ɨɛɨɛɳёɧɧɚɹ ɧɟɱёɬɤɚɹ ɫɬɟɩɟɧɶ
ɢɫɬɢɧɧɨɫɬɢ, ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ (4.3) ɢ 
(4.4) ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɜёɪɬɤɢ ɫɝɟɧɟɪɢɪɨɜɚɧɧɨɝɨ 
ɧɟɱёɬɤɨɝɨ ɩɪɚɜɢɥɚ ɜɵɜɨɞɚ. ȼɵɪɚɠɟɧɢɟ (4.5) 
ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɤɨɦɩɨɡɢɰɢɢ: ܤ′ = ܶ̃஼�ሺ஺,஺′ሻ ל [ܶ̃ × ܻ → ܶ × (4.6) .[ܤ

Ɉɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ (4.6) ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ 
ɫɥɭɱɚɹ, ɬɨɝɞɚ: ܤ = ∫�஻ሺݕሻݕ ௒ , ݕ ∈ ܻ, 

ܶ = ∫ͳ� �  , � ∈ [Ͳ,ͳ], 
ܶ̃ = ∫�� �  , � ∈ [Ͳ,ͳ], 
ܻ = ∫ͳݕ ௒ , ݕ ∈ ܻ, 

Ɇɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜɵɪɚɠɟɧɢɟ ܶ̃ × ܻ → ܶ × ̃ܶ :ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ ܤ × ܻ → ܶ × ܤ = ∫ � ⋀ͳሺ�, ሻݕ → �×௒ ∫ �஻ሺݕሻ ⋀ͳሺ�, ሻ �×௒ݕ = = ∫ �ሺ�,௬ሻ → �×௒ ∫ �ಳሺ௬ሻሺ�,௬ሻ �×௒ = ∫ �→�ಳሺ௬ሻሺ�,௬ሻ �×௒  (4.7) 

Ɂɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ (4.7) ɞɥɹ ɞɢɫɤɪɟɬɧɨɝɨ 
ɫɥɭɱɚɹ, ɩɨɥɭɱɢɦ: 
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∑ ∑ ݅∆�(݅∆�, (௝ݕ →௝=଴,௡̅̅̅̅̅ ∑ ∑ �஻(ݕ௝)(݅∆�, ௝)௝=଴,௡̅̅̅̅̅௜=଴,௠̅̅ݕ ̅̅ ̅ =௜=଴,௠̅̅ ̅̅ ̅  

= ∑ ∑ ௜∆�→�ಳ(௬ೕ)(௜∆�,௬ೕ)௝=଴,௡̅̅̅̅̅௜=଴,௠̅̅ ̅̅ ̅ (4.8) 

ɉɪɟɞɫɬɚɜɢɦ ɜɵɪɚɠɟɧɢɟ (4.8) ɜ ɦɚɬɪɢɱɧɨɣ 
ɮɨɪɦɟ: 

∑ ∑ ݅∆� → �஻(ݕ௝)(݅∆�, (௝ݕ =௝=଴,௡̅̅̅̅̅௜=଴,௠̅̅ ̅̅ ̅ [   
 Ͳ Ͳ Ͳ Ͳ△ � △ � … △ �ʹ △ � ʹ △ � … ʹ △ �… … … …ͳ ͳ … ͳ ]   

 → [  
  �஻ሺݕ଴ሻ �஻ሺݕଵሻ … �஻ሺݕ௡ሻ�஻ሺݕ଴ሻ �஻ሺݕଵሻ … �஻ሺݕ௡ሻ�஻ሺݕ଴ሻ �஻ሺݕଵሻ … �஻ሺݕ௡ሻ… … … …�஻ሺݕ଴ሻ �஻ሺݕଵሻ … �஻ሺݕ௡ሻ]  

  = 

= [  
  ͳ ͳ ͳ ͳ△ � → �஻ሺݕଵሻ △ � → �஻ሺݕଶሻ … △ � → �஻ሺݕ௡ሻʹ △ � → �஻ሺݕଵሻ ʹ △ � → �஻ሺݕଶሻ … ʹ △ � → �஻ሺݕ௡ሻ… … … …ͳ → �஻ሺݕଵሻ ͳ → �஻ሺݕଶሻ … ͳ → �஻ሺݕ௡ሻ ]  

  , (4.9)

ɝɞɟ ݉ – ɤɨɥ-ɜɨ ɞɢɫɤɪɟɬɧɵɯ ɬɨɱɟɤ �஺ሺݔሻ, ݊ – ɤɨɥ-

ɜɨ ɬɨɱɟɤ ɛɚɡɨɜɨɝɨ ɦɧɨɠɟɫɬɜɚ ݕ ∈ ܻ. Ɋɟɡɭɥɶɬɚɬɨɦ 
ɜɵɪɚɠɟɧɢɹ (4.9) ɹɜɥɹɟɬɫɹ ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɨɦ 

݉ × ݊,  ɪɟɡɭɥɶɬɚɬɨɦ ɜɵɪɚɠɟɧɢɹ (4.5)  ɹɜɥɹɟɬɫɹ 
ɜɟɤɬɨɪ ɞɥɢɧɵ ݉. 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ i-ɬɨɝɨ ɷɥɟɦɟɧɬɚ ɜɵɪɚɠɟɧɢɹ 
(4.5) ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɨɣ:  �஻′(ݕ௝) = ௜=଴,௠̅̅{�∆௜} � �ݔ�݉  ̅̅ ̅ {�஼�ሺ஺,஺′ሻሺ݅∆�ሻ Tכ  [݅∆� → �஻(ݕ௝)]} , ݆ = Ͳ, ݊̅̅ ̅̅̅.

ȿɫɥɢ ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɥɨɝɢɱɟɫɤɭɸ ɦɨɞɟɥɶ 
ɫɢɫɬɟɦɵ ɢ ɢɦɟɟɦ ɞɟɥɨ ɫ ɛɥɨɤɨɦ ɩɪɚɜɢɥ, ɬɨ 
ɚɝɪɟɝɢɪɨɜɚɧɢɟ ɜɵɯɨɞɨɜ ɩɨ ɤɚɠɞɨɦɭ ɩɪɚɜɢɥɭ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɚɤ: ܤ′ = ⋂ �′௞ܤ

௞=ଵ ,
ɝɞɟ ܰ – ɤɨɥ-ɜɨ ɧɟɱёɬɤɢɯ ɩɪɚɜɢɥ ɜɵɜɨɞɚ. 

Ɏɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ܤ′ ɜɵɱɢɫɥɹɟɬɫɹ ɫ
ɩɨɦɨɳɶɸ t-ɧɨɪɦɵ: �஻′ሺݕሻ = ܶ௞=ଵ,�̅̅ ̅̅ ̅ �஻ೖ′ ሺݕሻ.

5. Дɟɮɚɡɡɢɮɢɤɚɰɢɹ ɜɵɯɨɞɚ ɫɢɫɬɟɦɵ
Ⱦɟɮɚɡɡɢɮɢɤɚɰɢɹ ɜ ɫɢɫɬɟɦɚɯ ɧɟɱɟɬɤɨɝɨ 

ɜɵɜɨɞɚ – ɷɬɨ ɩɪɨɰɟɫɫ ɩɟɪɟɯɨɞɚ ɨɬ ɮɭɧɤɰɢɢ 
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɜɵɯɨɞɧɨɣ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ 
ɩɟɪɟɦɟɧɧɨɣ ɤ ɟё ɱɟɬɤɨɦɭ (ɱɢɫɥɨɜɨɦɭ) ɡɧɚɱɟɧɢɸ. 
ɐɟɥɶ ɞɟɮɚɡɡɢɮɢɤɚɰɢɢ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ, 
ɢɫɩɨɥɶɡɭɹ ɪɟɡɭɥɶɬɚɬɵ ɚɤɤɭɦɭɥɹɰɢɢ ɜɫɟɯ 

ɜɵɯɨɞɧɵɯ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɯ ɩɟɪɟɦɟɧɧɵɯ, 
ɩɨɥɭɱɢɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɤɚɠɞɨɣ 
ɜɵɯɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɜɧɟɲɧɢɦɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɫɢɫɬɟɦɟ ɧɟɱɟɬɤɨɝɨ 
ɜɵɜɨɞɚ ɭɫɬɪɨɣɫɬɜɚɦɢ (ɢɫɩɨɥɧɢɬɟɥɶɧɵɦɢ 
ɦɟɯɚɧɢɡɦɚɦɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɋȺɍ). 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɚɧɧɵɣ ɛɥɨɤ ɞɨɥɠɟɧ 
ɨɫɭɳɟɫɬɜɢɬɶ ɨɬɨɛɪɚɠɟɧɢɟ ɧɟɱёɬɤɨɝɨ ɦɧɨɠɟɫɬɜɚ ܤ′ ɜ ɱёɬɤɨɟ ɫɤɚɥɹɪɧɨɟ ɡɧɚɱɟɧɢɟ ̅ݕ. ɂɫɩɨɥɶɡɭɟɦ
ɦɟɬɨɞ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɜ ɟɝɨ ɞɢɫɤɪɟɬɧɨɦ ɜɚɪɢɚɧɬɟ: ̅ݕ = ∑ ሺ௬̅೔כ�ಳሺ௬̅೔ሻሻ೔=భ,�̅̅ ̅̅ ̅ ∑ �ಳሺ௬̅೔ሻ೔=భ,�̅̅ ̅̅ ̅ (5.1) 

ȼ ɜɵɪɚɠɟɧɢɢ (6) ̅ݕ௜ – ɬɨɱɤɚ, ɜ ɤɨɬɨɪɨɣ
ɮɭɧɤɰɢɹ �஻ሺ̅ݕ௜ሻ ɩɪɢɧɢɦɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ
ɡɧɚɱɟɧɢɟ. ȿɫɥɢ ɩɨɞɫɬɚɜɢɬɶ ɧɚ ɦɟɫɬɨ �஻ሺሺ̅ݕ௜ሻ
ɜɵɪɚɠɟɧɢɟ (4.5), ɬɨ ɦɵ ɩɨɥɭɱɢɦ ɨɛɳɭɸ ɮɨɪɦɭɥɭ, 
ɨɩɢɫɵɜɚɸɳɭɸ ɧɚɲɭ ɫɢɫɬɟɦɭ: 

ݕ̅ =  ∑ {௬̅೔כ   Tೖ=భ,�̅̅ ̅̅ ̅{ max� � [బ,భ]ቀ�಴�ೖ(ಲ,ಲ′)ሺ�ሻ �כ �(�,�ಳೖሺ௬̅೔ሻ)ቁ}}௜=ଵ,�̅̅ ̅̅ ̅∑ { Tೖ=భ,�̅̅ ̅̅ ̅{ max� � [బ,భ]ቀ�಴�ೖ(ಲ,ಲ′)ሺ�ሻ �כ �(�,�ಳೖሺ௬̅೔ሻ) ቁ}}೔=భ,�̅̅ ̅̅ ̅
. (5.2) 
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6. Ɍɟɫɬɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɬɧɨɣ ɫɢɫɬɟɦɵ
ɉɭɫɬɶ ɢɦɟɟɬɫɹ ɛɚɤ ɫ ɜɨɞɨɣ, ɤɨɬɨɪɵɣ 

ɡɚɩɨɥɧɹɟɬɫɹ ɜɨɞɨɣ. ɉɭɫɬɶ ɩɨɞɚɱɚ ɜɨɞɵ 
ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɨɜɨɪɨɬɨɦ ɤɪɚɧɚ, ɤɨɬɨɪɵɣ ɦɟɧɹɟɬ 
ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɩɭɫɤɚɟɦɵɯ ɥɢɬɪɨɜ ɜɨɞɵ ɜ ɦɢɧɭɬɭ. 
ɋɞɟɥɚɧɵ ɢɡɦɟɪɟɧɢɹ – ɩɪɟɞɩɨɫɵɥɤɢ, ɩɨɤɚɠɟɦ ɢɯ ɜ 
ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1 

ɂɡɦɟɪɟɧɢɹ ɜɨ ɜɪɟɦɹ ɡɚɩɨɥɧɟɧɢɹ ɛɚɤɚ ɫ ɜɨɞɨɣ 

Table 1 

Measurements at the time of filling the tank with water 

% ɩɨɜɨɪɨɬɚ 
ɤɪɚɧɚ 

Ʉɨɥ-ɜɨ 
ɥɢɬɪɨɜ ɜ ɛɚɤɟ 

ɉɪɨɩɭɫɤɧɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ ɤɪɚɧɚ, 

ɥɢɬɪɨɜ/ɦɢɧ. 
100 0 50 

100 0 100 

75 0 200 

75 50 50 

50 100 50 

50 100 100 

25 150 100 

25 100 200 

0 200 50 

0 200 100 

0 200 150 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɪɚɡɪɚɛɨɬɚɧɧɨɣ 
ɷɤɫɩɟɪɬɧɨɣ ɫɢɫɬɟɦɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ 
ɩɪɚɜɢɥɚ: 

 x1 is M2 AND x2 is M1 OR x1 is M2 AND

x2 is S THEN d is D2; 

 x1 is M2 AND x2 is D1 OR x1 is M1 AND

x2 is M1 THEN d is D1; 

 x1 is S AND x2 is M1 OR x1 is S AND x2 is

S THEN d is S; 

 x1 is D1 AND x2 is S OR x1 is S AND x2 is

D1 THEN d is M1; 

 x1 is D2 AND x2 is M1 OR x1 is D2 AND

x2 is S OR x1 is D2 AND x2 is S THEN d is M2; 

ȼ ɜɵɲɟ ɩɪɢɜɟɞёɧɧɵɯ ɩɪɚɜɢɥɚɯ ɜɜɟɞɟɧɵ 
ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: 

 % ɩɨɜɨɪɨɬɚ ɤɪɚɧɚ – Н, ɜɵɯɨɞ ɫɢɫɬɟɦɵ;
 Ʉɨɥ-ɜɨ ɥɢɬɪɨɜ ɜ ɛɚɤɟ – б1, ɩɟɪɜɵɣ

ɜɯɨɞɧɨɣ ɩɚɪɚɦɟɬɪ; 
 ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɪɚɧɚ – x2,

ɜɬɨɪɨɣ ɜɯɨɞɧɨɣ ɩɚɪɚɦɟɬɪ; 
Ⱦɥɹ ɤɚɠɞɨɝɨ ɩɚɪɚɦɟɬɪɚ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ 

ɨɛɥɚɫɬɢ, ɜ ɤɨɬɨɪɵɯ ɨɧɢ ɢɡɦɟɧɹɸɬɫɹ, ɩɨɤɚɠɟɦ ɢɯ 
ɧɢɠɟ ɜ ɬɚɛɥɢɰɟ 2. 

Ɍɚɛɥɢɰɚ 2 

Ɉɛɥɚɫɬɢ ɞɥɹ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ 

Table 2 

Areas for system settings 

ɉɚɪɚɦɟɬɪ Ɉɛɥɚɫɬɢ 

d 

M2: [0, 25]; M1: [0, 50]; S: [25, 75]; D1: 

[50, 100];  

D2: [75, 100]; 

x1 

M2: [0, 50]; M1: [0, 100]; S: [50, 150]; D1: 

[100, 200]; 

D2: [150, 200]; 

x2 M1: [50, 125]; S: [50, 200]; D1: [125, 200]; 

ɇɚ ɜɯɨɞ ɧɚɲɟɣ ɷɤɫɩɟɪɬɧɨɣ ɫɢɫɬɟɦɵ ɩɨɞɚёɦ 
ɮɚɣɥ ɮɚɤɬɚ, ɫɨɞɟɪɠɚɳɢɣ ɧɟɱёɬɤɢɟ ɬɪɟɭɝɨɥɶɧɵɟ 
ɜɟɥɢɱɢɧɵ ɞɥɹ ɩɚɪɚɦɟɬɪɨɜ. Ⱦɥɹ б1 ɧɟɱёɬɤɚɹ 
ɜɟɥɢɱɢɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɟɣ ɬɪɨɣɤɨɣ: ݔͳ =  ݂ሺʹͲ, ͵Ͳ, ͳ͸Ͳሻ. Ⱦɥɹ б2 ɧɟɱёɬɤɚɹ ɜɟɥɢɱɢɧɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɪɭɝɨɣ ɬɪɨɣɤɨɣ: ݔʹ =  ݂ሺ͵Ͳ, ͷͲ, ʹͲͲሻ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɟɪɜɨɟ ɩɪɚɜɢɥɨ: 
 x1 is M2 AND x2 is M1 OR x1 is M2 AND

x2 is S THEN d is D2; 

Ⱦɚɧɧɨɟ ɩɪɚɜɢɥɨ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɱɚɫɬɟɣ, 
ɨɛɴɟɞɢɧёɧɧɵɯ ɫɜɹɡɤɨɣ «OR». ɉɨɤɚɠɟɦ ɝɪɚɮɢɤɢ 
ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ ɞɥɹ ɩɟɪɜɨɣ ɱɚɫɬɢ 
(б1 Тs M2 AND б2 Тs M1) ɧɚ ɪɢɫɭɧɤɟ 4, ɚ ɧɚ 
ɪɢɫɭɧɤɟ 5 ɪɟɡɭɥɶɬɚɬ ɨɩɟɪɚɰɢɢ «ɂ». 
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Ɋɢɫ. 4. Ƚɪɚɮɢɤɢ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ ɢɫɬɢɧɧɨɫɬɢ ɞɥɹ ɩɟɪɜɨɣ ɱɚɫɬɢ ɩɪɚɜɢɥɚ 

Fig. 4. Charts of odd degree of truth for the first part of the rule

Ⱦɚɥɟɟ, ɩɨɤɚɠɟɦ ɝɪɚɮɢɤ ɨɛɴɟɞɢɧёɧɧɨɣ 
ɧɟɱёɬɤɨɣ ɮɭɧɤɰɢɢ ɢɫɬɢɧɧɨɫɬɢ ɧɚ ɪɢɫɭɧɤɟ 5. 

Ɋɢɫ. 5. Ƚɪɚɮɢɤ ɨɛɴɟɞɢɧёɧɧɨɣ ɧɟɱёɬɤɨɣ ɮɭɧɤɰɢɢ ɢɫɬɢɧɧɨɫɬɢ 

Fig. 5. Graph of united fuzzy truth function
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Ⱥɧɚɥɨɝɢɱɧɨ ɩɨɫɬɭɩɚɟɦ ɞɥɹ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ 
ɩɪɚɜɢɥ – ɧɚɣɞёɦ ɧɟɱёɬɤɭɸ ɮɭɧɤɰɢɸ ɜɵɯɨɞɚ ɜɫɟɯ 
ɩɪɚɜɢɥ ɞɥɹ ɜɯɨɞɧɨɝɨ ɮɚɤɬɚ. ɋ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ 

ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ (5.1), ɩɨ ɮɨɪɦɭɥɟ (5.2) ɧɚɣɞёɦ 
ɱёɬɤɢɣ ɜɵɯɨɞ ɫɢɫɬɟɦɵ, ɩɨɤɚɠɟɦ ɟɝɨ ɧɚ ɪɢɫɭɧɤɟ 6. 

Ɋɢɫ. 6. ɑёɬɤɢɣ ɜɵɯɨɞ ɫɢɫɬɟɦɵ 

Fig. 6. A clear system output 

Ⱦɚɧɧɨɟ ɱɢɫɥɨ ɩɨɤɚɡɵɜɚɟɬ ɧɚ ɫɤɨɥɶɤɨ 
ɩɪɨɰɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɟɪɧɭɬɶ ɤɪɚɧ, ɞɥɹ 
ɞɚɧɧɵɯ, ɩɨɫɬɭɩɢɜɲɢɯ ɧɚ ɜɯɨɞ ɫɢɫɬɟɦɵ.  

Зɚɤɥɸɱɟɧɢɟ 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɛɵɥɚ ɨɩɢɫɚɧ ɧɟɱёɬɤɢɣ 
ɩɨɞɯɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ 
ɢɫɬɢɧɧɨɫɬɢ ɞɥɹ ɡɚɞɚɱ ɧɟɱёɬɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. Ȼɵɥɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɷɤɫɩɟɪɬɧɚɹ ɫɢɫɬɟɦɚ ɫ 
ɩɪɚɜɢɥɨɦ ɜɵɜɨɞɚ ɧɚ ɨɫɧɨɜɟ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ 
ɢɫɬɢɧɧɨɫɬɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɱёɬɤɨɣ ɫɬɟɩɟɧɢ 
ɢɫɬɢɧɧɨɫɬɢ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱ, ɬɚɤ ɤɚɤ 
ɭɦɟɧɶɲɚɟɬɫɹ ɫɥɨɠɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɞɚɥɶɧɟɣɲɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢ 
ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɨɞɨɥɠɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ 
ɞɚɧɧɨɣ ɬɟɦɚɬɢɤɟ, ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ: 
ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɤɥɚɫɫɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ 
(ɪɚɡɪɚɛɨɬɤɚ ɩɚɪɚɥɥɟɥɶɧɵɯ ɚɥɝɨɪɢɬɦɨɜ). 
Ɋɚɡɪɚɛɨɬɤɚ ɧɟɱёɬɤɢɯ ɷɤɫɩɟɪɬɧɵɯ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ 
ɚɤɬɭɚɥɶɧɨɣ ɬɟɦɨɣ. ɉɨɷɬɨɦɭ ɩɪɚɤɬɢɱɟɫɤɢ 
ɨɛɨɫɧɨɜɚɧɧɨ ɞɚɥɶɧɟɣɲɟɟ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ 
ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɫɢɫɬɟɦɵ ɢ ɭɜɟɥɢɱɟɧɢɟ ɬɢɩɨɜ, 
ɪɟɲɚɟɦɵɯ ɫ ɩɨɦɨɳɶɸ ɧɟɟ ɡɚɞɚɱ. 
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