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Ⱥɧɧɨɬɚɰɢɹ 
ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɵ ɦɟɬɨɞɵ ɢ ɩɨɞɯɨɞɵ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ 
ɩɪɨɰɟɫɫɨɦ ɬɪɚɜɥɟɧɢɹ ɯɨɥɨɞɧɨɤɚɬɚɧɨɣ ɩɨɥɨɫɨɜɨɣ ɫɬɚɥɢ ɫ ɷɥɟɦɟɧɬɚɦɢ ɤɨɦɩɚɪɚɬɨɪɧɨɣ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɞɟɮɟɤɬɨɜ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɞɢɚɥɶɧɨ-ɛɚɡɢɫɧɵɯ (RBF) ɫɟɬɟɣ 
ɫ ɝɚɭɫɫɨɜɵɦɢ ɮɭɧɤɰɢɹɦɢ ɚɤɬɢɜɚɰɢɢ (GRB). ɉɪɟɞɥɨɠɟɧ ɤɪɢɬɟɪɢɣ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ 
ɩɪɨɰɟɫɫɚ ɬɪɚɜɥɟɧɢɹ ɩɨ ɨɫɬɚɬɨɱɧɵɦ ɞɟɮɟɤɬɚɦ ɩɨɥɨɫɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɭɫɬɚɧɨɜɤɢ. 
ɉɪɟɞɫɬɚɜɥɟɧɵ ɝɢɩɟɪɩɨɜɟɪɯɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɬɪɚɜɢɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ ɢ 
MISO-ɦɨɞɟɥɶ ɫɬɚɛɢɥɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɜ ɨɩɬɢɦɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɨ ɫɬɨɢɦɨɫɬɧɨɦɭ 
ɤɪɢɬɟɪɢɸ. ɉɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɧɟɱɟɬɤɨɣ ɰɜɟɬɨɜɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɞɟɮɟɤɬɨɜ ɫɬɚɥɶɧɨɣ ɩɨɥɨɫɵ 
ɩɨ ɹɪɤɨɫɬɧɨɣ ɤɨɦɩɨɧɟɧɬɟ ɢ ɢɯ ɩɨɡɢɰɢɨɧɧɨɣ ɫɟɝɦɟɧɬɚɰɢɢ; ɢɡɥɨɠɟɧ ɩɨɞɯɨɞ ɤ ɩɨɫɬɪɨɟɧɢɸ 
ɧɟɱɟɬɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ɞɚɜɥɟɧɢɹ ɜ ɫɨɩɥɚɯ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɛɥɨɤɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 
ɨɪɨɲɟɧɢɹ ɞɟɮɟɤɬɨɜ ɩɨɥɨɫɵ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɢ ɫɢɧɬɟɡɚ ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ ɢ 
ɪɟɝɭɥɹɬɨɪɚ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɨɦɩɚɪɚɬɨɪɧɚɹ ɢɞɟɧɬɢɮɢɤɚɰɢɹ; ɪɚɞɢɚɥɶɧɨ–ɛɚɡɢɫɧɵɟ ɫɟɬɢ; ɝɚɭɫɫɨɜɵ 
ɮɭɧɤɰɢɢ ɚɤɬɢɜɚɰɢɢ; MISO-ɦɨɞɟɥɶ. 
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Abstract  
The paper covers the methods and approaches of intelligent process control of pickling cold 

rolled steel strip with elements of comparator defect identification, based on the use of radial-

basis (RBF) networks with Gaussian activation functions (GRB). The authors offer a criterion for 

assessing the quality of the process of etching the residual defects of the strip at the exit from the 
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ТЧsЭКХХКЭТШЧ. TСО СвЩОrsЮrПКМО ШП ЭСО ЩrШМОss ЩКrКЦОЭОrs’ МСКЧРО ШП ЭСО ОЭМСТЧР sШХЮЭТШЧ КЧН 
MISO-model stabilization of process parameters in an optimal area for cost criteria are presented. 

The method of fuzzy color identification of defects on the steel strip by luminance component 

segmentation and positioning, and the approach to the construction of a fuzzy regulator of 

pressure in the nozzles of the hydraulic unit prior irrigation strip defects are offered. To study the 

process and the synthesis of the classifier and controller the authors used the data obtained in the 

course of the experiment in the production process. 

Keywords: comparator identification; radial-basis networks; activation Gaussian function; the 

MISO-model. 

 
Ɉɰɟɧɢɜɚɧɢɟ ɤɚɱɟɫɬɜɚ ɪɚɛɨɬɵ ɤɨɧɬɭɪɨɜ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ (Ɍɉ) 

ɬɪɚɜɥɟɧɢɹ ɯɨɥɨɞɧɨɤɚɬɚɧɨɣ ɫɬɚɥɢ ɜ ɧɟɩɪɟɪɵɜɧɨɦ 
ɬɪɚɜɢɥɶɧɨɦ ɚɝɪɟɝɚɬɟ (ɇɌА) ɹɜɥɹɟɬɫɹ 
ɧɟɬɪɢɜɢɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. ɉɪɨɰɟɞɭɪɚ ɨɫɧɨɜɚɧɚ ɧɚ 
ɨɰɟɧɢɜɚɧɢɢ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɨɫɬɚɬɤɨɜ 
ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɜɟɥɢɱɢɧɵ 

n
x  (ɞɨɥɢ ɩɥɨɳɚɞɢ 

ɨɫɬɚɬɨɱɧɵɯ ɞɟɮɟɤɬɨɜ) ɢ ɢɯ ɨɬɤɥɨɧɟɧɢɣ Д2Ж. 
ɋɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɤɚɠɞɨɣ ɫɭɦɦɚɪɧɨɣ ɫɬɚɬɢɫɬɢɤɢ 
ɨɛɧɨɜɥɹɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɩɪɚɜɢɥɭ: 

1 (1 )  n n nx x x  ,                (1) 

ɝɞɟ 
n

x  – ɪɚɫɫɱɢɬɚɧɧɨɟ ɩɨ n ɬɨɱɤɚɦ ɫɪɟɞɧɟɟ 
ɡɧɚɱɟɧɢɟ ɨɫɬɚɬɤɚ; 

n
x  – ɞɚɧɧɵɟ ɞɥɹ ɧɨɜɨɣ ɬɨɱɤɢ;   

– ɮɢɥɶɬɪɭɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ. 
Ɋɚɫɫɱɢɬɚɧɧɵɟ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɫɪɟɞɧɢɯ 
ɡɧɚɱɟɧɢɣ ɨɫɬɚɬɤɨɜ ɢ ɢɯ ɨɬɤɥɨɧɟɧɢɣ ɦɨɝɭɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ 
ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɞɥɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɥɨɤɚɥɶɧɨɝɨ 
ɞɟɮɟɤɬɚ ɤɚɱɟɫɬɜɚ ( n

Q ) ɢ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ 
ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɜ Ɍɉ. ɗɬɨɬ 
ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɟɞɥɚɝɚɟɬɫɹ ɜɵɱɢɫɥɹɬɶ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 )(),()( txtFtQ
nnɂɇɋn

 ,             (2) 

ɝɞɟ ɂɇɋF  – ɧɟɣɪɨɫɟɬɟɜɚɹ ɦɨɞɟɥɶ; )(t
n

  ɢ )(tx
n  – 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɢ 
ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɨɫɬɚɬɤɚ ɜ ɪɚɛɨɱɟɦ ɨɤɧɟ n 

(ɪɚɫɫɱɢɬɚɧɧɨɟ ɩɨ n ɬɨɱɤɚɦ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t). 

Ɉɰɟɧɤɚ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɩɨ 
ɩɥɨɳɚɞɢ ɨɫɬɚɬɤɨɜ ɞɟɮɟɤɬɨɜ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɨɫɵ 
ɢ ɢɯ ɨɬɤɥɨɧɟɧɢɣ ɩɪɟɞɥɨɠɟɧɚ ɤɚɤ ɤɪɢɬɟɪɢɣ 
ɨɩɟɪɚɬɢɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ Ɍɉ. 

ȼ Д1Ж ɛɵɥɚ ɮɨɪɦɚɥɢɡɨɜɚɧɚ ɡɚɞɚɱɚ ɬɪɚɜɥɟɧɢɹ ɢ 
ɩɪɟɞɥɨɠɟɧ ɧɟɱɟɬɤɢɣ ɤɥɚɫɫɢɮɢɤɚɬɨɪ ɞɟɮɟɤɬɨɜ (Ⱦ): 

ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ ɩɨ ɤɪɚɹɦ ɪɭɥɨɧɚ ɫɬɚɥɶɧɨɣ 
ɩɨɥɨɫɵ ɢ ɧɟɫɢɫɬɟɦɧɵɯ (ɇȾ) ɜ ɜɢɞɟ ɨɤɚɥɢɧɵ 
ɪɚɡɥɢɱɧɵɯ ɬɨɥɳɢɧ dn ɢ ɨɬɬɟɧɤɨɜ ɫɟɪɨɝɨ ɰɜɟɬɚ. 
ɂɞɟɧɬɢɮɢɤɚɰɢɸ ɰɜɟɬɚ Ⱦ ɩɪɟɞɥɨɠɟɧɨ 

ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɨ ɹɪɤɨɫɬɧɨɣ ɤɨɦɩɨɧɟɧɬɟ, ɮɨɪɦɭɥɚ 
ɩɟɪɟɯɨɞɚ ɤ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ Д12Ж: 

114.0*587.0*299.0* BGRY  ,      (3) 

ɝɞɟ Y – ɹɪɤɨɫɬɶ ɜ ɨɬɬɟɧɤɚɯ ɫɟɪɨɝɨ ɰɜɟɬɚ; R,G,B – 

ɰɜɟɬɨɜɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɜ ɞɢɚɩɚɡɨɧɟ 0255. 

ɋɤɨɪɨɫɬɶ ɬɪɚɜɥɟɧɢɹ ɫɬɚɥɶɧɨɣ ɩɨɥɨɫɵ – tɊ ɜ 
ɫɟɪɧɨɤɢɫɥɨɬɧɵɯ ɬɪɚɜɢɥɶɧɵɯ ɪɚɫɬɜɨɪɚɯ (ɌɊ) 

ɧɟɥɢɧɟɣɧɨ ɫɜɹɡɚɧɚ ɭɪɚɜɧɟɧɢɟɦ Ⱥɪɪɟɧɢɭɫɚ Д3Ж ɫɨ 
ɫɥɟɞɭɸɳɢɦɢ ɭɩɪɚɜɥɹɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ Ɍɉ: Ɍ – 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɫɬɜɨɪɚ, ɋ – ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
ɬɪɚɜɢɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ (ɄɌɊ) ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ, ɋn – 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɦɭɥɶɬɢɝɢɞɪɚɬɨɜ ɫɭɥɶɮɚɬɚ ɠɟɥɟɡɚ 
ɜ ɌɊ. Ɍɉ ɬɪɚɜɥɟɧɢɹ ɩɨɥɨɫɨɜɨɣ ɫɬɚɥɢ ɤɚɤ ɬɢɩɢɱɧɚɹ 
ɤɨɧɜɟɣɟɪɧɚɹ ɥɢɧɢɹ Д9Ж, ɦɨɠɟɬ ɛɵɬɶ ɮɨɪɦɚɥɢɡɨɜɚɧ 
ɧɟɱɟɬɤɨɣ MISO – ɦɨɞɟɥɶɸ ɜɢɞɚ ɏ → Y.  

Ƚɢɩɟɪɩɨɜɟɪɯɧɨɫɬɶ ɦɨɞɟɥɢ tɊ=f(Ɍ,ɋ,ɋn), ɞɥɹ 
ɤɨɬɨɪɨɣ ɢɡ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɢɡɜɟɫɬɧɵ 
ɡɧɚɱɟɧɢɹ (ɏ;Y), ɫɬɪɨɢɬɫɹ ɩɨ m ɨɩɨɪɧɵɦ ɬɨɱɤɚɦ 
ɢɡɦɟɪɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ, ɩɪɢɧɹɬɵɯ ɜ ɤɚɱɟɫɬɜɟ 
ɰɟɧɬɪɨɜ-ɦɟɞɢɚɧ ɤɥɚɫɫɨɜ. Ɏɪɚɝɦɟɧɬɵ 
ɝɢɩɟɪɩɨɜɟɪɯɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 1. 
Ⱥɧɚɥɨɝɢɱɧɨ ɩɪɨɰɟɞɭɪɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ Д11Ж ɞɥɹ 
ɩɨɫɬɪɨɟɧɢɹ ɧɟɣɪɨɧɧɨɣ RBF-ɫɟɬɢ ɜ ɤɚɠɞɨɦ ɢɡ m 

ɤɥɚɫɫɨɜ ɨɩɪɟɞɟɥɟɧɚ GRB-ɮɭɧɤɰɢɹ ɚɤɬɢɜɚɰɢɢ: 
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ɇɚ ɜɵɛɨɪɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɫ 
ɭɱɟɬɨɦ ɪɟɤɨɦɟɧɞɚɰɢɣ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ Д10Ж, ɛɵɥɢ 
ɩɪɨɜɟɞɟɧɵ ɧɚɫɬɪɨɣɤɚ ɰɟɧɬɪɨɜ ic  ɢ ɜɟɥɢɱɢɧ 
ɨɯɜɚɬɚ ɜɟɬɜɟɣ i  ɩɭɬɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ 
«ɨɛɭɱɟɧɢɹ ɫɟɬɢ ɫ ɭɱɢɬɟɥɟɦ» Д7Ж.  

ɉɨɫɬɪɨɟɧɧɚɹ RBF-ɫɟɬɶ ɞɟɮɚɡɡɢɮɢɰɢɪɭɟɬ 
ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ ɦɟɬɨɞɨɦ ɨɞɧɨɬɨɱɟɱɧɵɯ 
ɦɧɨɠɟɫɬɜ, ɨɩɪɟɞɟɥɹɹ ɨɩɬɢɦɚɥɶɧɵɟ ɫɬɪɚɬɟɝɢɢ Ɍɉ 
ɬɪɚɜɥɟɧɢɹ ɦɟɬɚɥɥɚ ɩɪɢ ɪɟɝɥɚɦɟɧɬɧɵɯ 
ɨɝɪɚɧɢɱɟɧɢɹɯ ɩɨ ɫɪɟɡɭ (Ɍ, ɋ), ɢ ɩɨɞɞɟɪɠɢɜɚɟɬ 
ɫɤɨɪɨɫɬɶ ɬɪɚɜɥɟɧɢɹ ɧɚ ɡɚɞɚɧɧɨɦ ɭɪɨɜɧɟ. 
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ɚ) 80ºɋ < Ɍ, ɋ < 25%, ɋn=0% ɛ) 80ºɋ < Ɍ, ɋ < 25%, ɋn=15% 

Ɋɢɫ. 1. Ƚɢɩɟɪɩɨɜɟɪɯɧɨɫɬɶ ɦɨɞɟɥɢ tɊ = f (Ɍ, ɋ, ɋn)  

Fig. 1. TСО ЦШНОХ’s СвЩОrsЮrПКМО tɊ = f (Ɍ, ɋ, ɋn) 

 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɬɪɚɜɥɟɧɢɹ, 
ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɬɜɨɪɨɜ ɞɨɥɠɧɵ ɩɨɫɬɨɹɧɧɨ 
ɩɨɞɞɟɪɠɢɜɚɬɶɫɹ ɧɚ ɬɚɤɨɦ ɭɪɨɜɧɟ, ɱɬɨɛɵ 
ɩɨɤɚɡɚɬɟɥɶ ɜɪɟɦɟɧɢ ɬɪɚɜɥɟɧɢɹ tɊ ɛɵɥ ɦɚɤɫɢɦɚɥɟɧ 
ɜ ɤɚɠɞɨɣ ɬɪɚɜɢɥɶɧɨɣ ɜɚɧɧɟ. Ɉɩɪɟɞɟɥɟɧɢɟ 
ɨɩɬɢɦɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɌɊ ɡɚɜɢɫɢɬ ɨɬ 
ɫɨɪɬɚɦɟɧɬɚ ɢ ɤɚɱɟɫɬɜɚ ɩɨɥɨɫɵ ɩɪɨɤɚɬɚ, ɭɫɥɨɜɢɣ 
ɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ, ɢ ɫɤɨɪɨɫɬɢ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɫɬɢ 
ɌɊ. 

Ɉɩɬɢɦɚɥɶɧɚɹ ɫɬɪɚɬɟɝɢɹ Ɍɉ ɬɪɚɜɥɟɧɢɹ 
ɯɨɥɨɞɧɨɤɚɬɚɧɨɣ ɫɬɚɥɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ 
ɩɨɫɬɟɩɟɧɧɨɟ ɫɧɢɠɟɧɢɟ ɄɌɊ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ 
ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɜɚɧɧɚɯ ɞɨ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɟɞɟɥɚ, ɨɩɪɟɞɟɥɟɧɧɨɝɨ 
ɪɟɝɥɚɦɟɧɬɨɦ (ɨɬ 88 ɋ ɞɨ 99 ɋ). ɍɩɪɚɜɥɟɧɢɟ 
ɩɚɪɚɦɟɬɪɚɦɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɤɪɢɬɟɪɢɸ, 
ɩɪɢɦɟɧɹɟɦɨɦɭ ɤ (4): 

)(minarg Xf
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. (5) 

Ʉɪɢɬɟɪɢɣ ɩɪɢɜɟɞɟɧ ɤ ɫɬɨɢɦɨɫɬɧɨɣ ɲɤɚɥɟ ɜ 
ɭɩɪɨɳɟɧɧɨɣ ɚɞɞɢɬɢɜɧɨɣ ɮɨɪɦɟ ɜɜɟɞɟɧɢɟɦ 
ɫɤɚɥɹɪɚ ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɭɞɟɥɶɧɵɯ ɡɚɬɪɚɬ E ɧɚ ɢɡɦɟɧɟɧɢɟ ɤɚɠɞɨɝɨ ɢɡ 
ɭɩɪɚɜɥɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ∆ɏ, ɢ ɢɦɟɟɬ ɜɢɞ: 
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Ɉɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɣ E, ɫ ɭɱɟɬɨɦ ɜɡɚɢɦɧɨɝɨ 
ɜɥɢɹɧɢɹ ɷɥɟɦɟɧɬɨɜ ɏ ɧɚ ɯɨɞ Ɍɉ, ɩɪɨɜɨɞɢɥɨɫɶ ɜ 
ɜɢɞɟ ɷɤɫɩɟɪɬɧɨɣ ɩɪɨɰɟɞɭɪɵ, ɩɪɟɞɥɨɠɟɧɧɨɣ ɜ Д8Ж.  
ɋɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɬɪɚɜɥɟɧɢɹ – tɊ ɡɚɜɢɫɢɬ ɨɬ: 
ɫɬɚɪɬɨɜɨɣ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɬɪɚɜɢɥɶɧɨɝɨ 
ɪɚɫɬɜɨɪɚ – a

E , ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɨɪɧɸ 
ɤɚɫɚɬɟɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɨɬɨɤɚ ɬɪɚɜɢɥɶɧɨɝɨ 
ɪɚɫɬɜɨɪɚ –  

tcm
P , ɫɨɡɞɚɜɚɟɦɨɝɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɞɟɮɟɤɬɚ ɞɚɜɥɟɧɢɟɦ ɩɨɬɨɤɚ t
P  ɫ ɪɚɫɫɬɨɹɧɢɹ ɨɬ 

ɫɨɩɥɚ ɞɨ ɩɨɜɟɪɯɧɨɫɬɢ l [1]: 

 
tcma

PklE  . (7) 

ɗɬɨɬ ɷɮɮɟɤɬ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɦɵɜɚ 
ɞɟɮɟɤɬɨɜ [4] ɜ 1-ɨɣ ɜɚɧɧɟ ɇɌА, ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ 

ɢɞɟɧɬɢɮɢɤɚɰɢɟɣ ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ: ɤɨɨɪɞɢɧɚɬ ɢ 
ɰɜɟɬɨɜɨɣ RGB-ɨɰɟɧɤɢ, ɤɨɬɨɪɚɹ ɧɟɱɟɬɤɨ 
ɨɩɪɟɞɟɥɹɟɬ ɜɟɥɢɱɢɧɭ ɞɚɜɥɟɧɢɹ, ɫ ɤɨɬɨɪɨɣ 
ɩɨɞɚɟɬɫɹ ɌɊ ɧɚ ɞɟɮɟɤɬɧɭɸ ɨɛɥɚɫɬɶ ɩɨɥɨɫɵ. 
ɍɩɪɚɜɥɟɧɢɟ ɞɚɜɥɟɧɢɟɦ ɌɊ, ɩɨɞɚɜɚɟɦɨɝɨ ɢɡ ɫɨɩɥɚ, 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɡɚɤɨɧɭ ɜɢɞɚ Ɋt=f (dn).  

ȼ ɨɬɥɢɱɢɟ ɨɬ ɡɚɪɭɛɟɠɧɵɯ ɚɧɚɥɨɝɨɜ, ɨɩɢɫɚɧɧɵɯ ɜ [1], 

ɝɞɟ ɧɚɤɚɩɥɢɜɚɥɚɫɶ ɫɬɚɬɢɫɬɢɤɚ ɇȾ ɧɚ ɜɵɛɨɪɤɟ ɢɡ 
ɩɚɪɬɢɢ ɪɭɥɨɧɨɜ ɫɬɚɥɶɧɨɣ ɩɨɥɨɫɵ, ɢ ɨɬɫɭɬɫɬɜɨɜɚɥ 
ɜɵɯɨɞɧɨɣ ɤɨɧɬɪɨɥɶ Imout, ɜ Д4Ж ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ 
ɫɯɟɦɚ ɇɌА ɫ ɤɨɦɩɚɪɚɬɨɪɧɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɟɣ 
ɞɟɮɟɤɬɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 2. 

ɍɫɬɪɨɣɫɬɜɨ ɫɨɞɟɪɠɢɬ: 1 – ɬɪɚɜɢɥɶɧɵɣ 
ɚɝɪɟɝɚɬ ɫ ɭɡɥɚɦɢ ɧɚɝɪɟɜɚ, ɪɟɤɭɩɟɪɚɰɢɢ ɢ 
ɪɟɝɟɧɟɪɚɰɢɢ ɬɪɚɜɢɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ; 2 – 

ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɩɨɥɨɫɭ; 3 – ɛɥɨɤ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɞɚɜɥɟɧɢɹ Ɋt ɬɪɚɜɢɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ ɜ ɫɨɩɥɚɯ 
ɭɫɬɪɨɣɫɬɜɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɨɪɨɲɟɧɢɹ 
ɧɟɫɢɫɬɟɦɧɵɯ ɞɟɮɟɤɬɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨ N 

ɟɞɢɧɢɰ ɩɨ ɨɛɟɢɦ ɫɬɨɪɨɧɚɦ ɩɥɨɫɤɨɫɬɢ 
ɞɜɢɠɭɳɟɣɫɹ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɥɨɫɵ; 4 – 

ɨɩɬɢɱɟɫɤɢɣ ɞɚɬɱɢɤ ɜɵɯɨɞɧɨɝɨ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ 
ɬɪɚɜɥɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɥɨɫɵ ɫ ɨɛɟɢɯ ɫɬɨɪɨɧ; 
5 – ɛɥɨɤ ɨɛɪɚɛɨɬɤɢ ɨɩɬɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢ 
ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ; 6 – 

ɞɨɡɚɬɨɪ; 7 – ɨɩɬɢɱɟɫɤɢɣ ɞɚɬɱɢɤ ɜɯɨɞɧɨɣ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ 
ɧɟɫɢɫɬɟɦɧɵɯ ɞɟɮɟɤɬɨɜ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɥɨɫɵ ɫ 
ɨɛɟɢɯ ɫɬɨɪɨɧ; 8 – ɜɚɧɧɚ ɨɪɨɲɟɧɢɹ ɬɪɚɜɢɥɶɧɨɝɨ 
ɚɝɪɟɝɚɬɚ; 9 – ɜɬɨɪɨɣ ɞɨɡɚɬɨɪ; 10 – ɤɨɦɩɥɟɤɫ 
ɩɨɝɪɭɠɧɵɯ ɬɪɚɜɢɥɶɧɵɯ ɜɚɧɧ (ɢɥɢ ɨɞɧɭ 
ɬɪɚɜɢɥɶɧɭɸ ɜɚɧɧɭ).  
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Ɋɢɫ. 2. ɋɯɟɦɚ ɇɌȺ ɫ ɢɞɟɧɬɢɮɢɤɚɰɢɟɣ ɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟɦ ɧɟɫɢɫɬɟɦɧɵɯ ɞɟɮɟɤɬɨɜ ɩɨɥɨɫɵ ɩɪɨɤɚɬɚ 

Fig. 2. SМСОЦО ШП CPA аТЭС ЭСО ТНОЧЭТПТМКЭТШЧ КЧН ЩШsТЭТШЧТЧР ШП rШХХОН sЭrТЩ’s ЧШЧ-system defects 

 

ɉɪɨɰɟɫɫ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɨɫɵ 
ɩɪɨɢɫɯɨɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉɨɥɭɱɚɹ ɞɚɧɧɵɟ 
ɨɬ (7) ɤɨɧɬɪɨɥɥɟɪ (5) ɨɩɪɟɞɟɥɹɟɬ ɩɨɡɢɰɢɨɧɧɵɟ 
ɤɨɨɪɞɢɧɚɬɵ m–ɝɨ ɞɟɮɟɤɬɚ Dm ɜ ɜɢɞɟ 
ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ ɞɢɚɝɨɧɚɥɶɧɵɯ 
ɜɟɪɲɢɧ (ɯ1

m , y1
m) ɢ (ɯ2

m , y2
m), ɢ ɮɨɪɦɢɪɭɟɬ ɫɢɝɧɚɥ 

ɧɚ (3) ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɫɨɩɟɥ Nj (j=i,i+1,…,k) ɧɚ 
ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ Ɍj=(y2

m–y1
m)/v(t). ɉɪɢɱɟɦ ɨɛɥɚɫɬɶ 

ɨɪɨɲɟɧɢɹ ɫɨɩɟɥ Nj ɩɨɤɪɵɜɚɟɬ ɞɟɮɟɤɬ Dm ɧɚ 
ɭɱɚɫɬɤɟ ɩɨɥɨɫɵ ɲɢɪɢɧɨɣ Дɯ1

m , ɯ2
mЖ. Ʉɨɧɬɪɨɥɥɟɪ 

(5) ɮɨɪɦɢɪɭɟɬ ɫɢɝɧɚɥ (9) ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɧɨɦɢɧɚɥɚ 
ɩɥɨɳɚɞɢ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ Аj ɫɨɩɥɚ, ɫ ɰɟɥɶɸ 
ɞɨɫɬɢɠɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɫɨɩɥɚ Nj ɞɚɜɥɟɧɢɹ 
ɬɪɚɜɢɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ Ɋt ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ 
ɡɧɚɱɟɧɢɟɦ ɮɭɧɤɰɢɢ ɜɨɡɦɨɠɧɨɫɬɢ πn(Xm= «ɐɜɟɬ»). 
ɂɧɬɟɪɩɪɟɬɢɪɭɟɦɨɟ ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ – 

ɢɡɦɟɧɟɧɢɟ ɫɟɱɟɧɢɹ ɫɨɩɥɚ (ɞɚɜɥɟɧɢɹ) ɩɨɞɚɱɢ 
ɬɪɚɜɢɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ Ɋi ɜ i-ɦ ɫɨɩɥɟ ɨɪɨɲɟɧɢɹ, 
ɩɨɡɢɰɢɨɧɧɨ ɩɨɤɪɵɜɚɸɳɢɦ ɨɛɥɚɫɬɶ ɤɨɨɪɞɢɧɚɬ 
ɞɟɮɟɤɬɚ (ɫ ɭɬɨɱɧɟɧɢɟɦ ΔɊt ɜ ɩɪɨɰɟɫɫɟ ɨɛɭɱɟɧɢɹ 
ɫɢɧɬɟɡɢɪɭɟɦɨɝɨ ɧɟɱɟɬɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ). 
Ʌɨɝɢɱɟɫɤɨɟ ɩɪɚɜɢɥɨ ɭɩɪɚɜɥɟɧɢɹ (Ʌɉɍ) 

ɫɟɥɟɤɬɢɜɧɵɦ ɬɪɚɜɥɟɧɢɟɦ ɩɨɥɨɫɵ ɮɨɪɦɢɪɭɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 

ȿɋɅɂ (ɐɜɟɬ= ɏm & Dm) ɌɈ ((ɜɤɥɸɱɢɬɶ Nj 

ɫɨɩɥɚ, j=i, i+1,…,k) & (ɢɡɦɟɧɢɬɶ ɩɥɨɳɚɞɢ 
ɫɟɱɟɧɢɣ Аj, j= i, i+1,…,k ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 
πn(ɏm)). 

(8) 

 

Ⱦɟɮɚɡɡɢɮɢɰɢɪɭɹ Ʌɉɍ, ɩɨɥɭɱɢɦ: 
ȿɋɅɂ (ɏm(ti) & Dm (ti)) ɌɈ ДȺj (ti`)=Аj (π(ɏm(ti))) 

& Аj (ti+Ɍj)=Аj (π(ɏm(ti+Ɍj))], 
(9) 

ɝɞɟ ti`=ti–τon+(L7–3/V(t)), ɞɥɹ j=i,…,k – ɦɨɦɟɧɬ 
ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɜɤɥɸɱɟɧɢɹ ɫɨɩɥɚ; L7–3 – ɞɥɢɧɚ 
ɭɱɚɫɬɤɚ ɩɪɨɤɚɬɚ ɫ ɭɱɟɬɨɦ ɩɟɬɥɢ ɨɬ ɬɨɱɤɢ ɜɯɨɞɧɨɣ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ (ɞɚɬɱɢɤɚ 7), ɤɨɬɨɪɭɸ ɬɨɱɤɚ ɞɨ 
ɫɨɩɟɥ (3) ɩɪɟɨɞɨɥɟɜɚɟɬ ɡɚ ɜɪɟɦɹ t7–3 ɫɨ ɫɤɨɪɨɫɬɶɸ 
ɫɦɚɬɵɜɚɧɢɹ ɩɨɥɨɫɵ V(t) (ɦɚɤɫɢɦɭɦ 120 ɦ/ɫ); τon – 

ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ 
ɢɡɦɟɧɟɧɢɹ ɩɥɨɳɚɞɢ ɩɪɨɯɨɞɧɵɯ ɫɟɱɟɧɢɣ Аj; Ɍj – 

ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ ɜɤɥɸɱɟɧɢɹ ɫɨɩɥɚ ɞɥɹ ɨɛɪɚɛɨɬɤɢ 
ɞɟɮɟɤɬɚ Dm(ɏm(ti)). 

Ɉɬɫɭɬɫɬɜɢɟ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɇȾ 

(ɤɨɥɢɱɟɫɬɜɟ, ɮɨɪɦɟ, ɪɚɡɦɟɪɚɯ) ɩɪɢɜɨɞɢɬ ɤ 
ɦɟɬɨɞɢɤɟ ɩɪɢɦɟɧɟɧɢɹ ɧɟɱɟɬɤɨɣ ɤɥɚɫɬɟɪɢɡɚɰɢɢ 
ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ Imin. Ⱦɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɨɲɢɛɤɢ 
ɧɟɪɚɡɥɢɱɢɦɨɫɬɢ ɇȾ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɛɥɢɡɨɫɬɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ Д5Ж ɩɪɢ 
ɜɥɢɹɧɢɢ ɮɨɧɨɜɵɯ ɨɲɢɛɨɤ ɬɟɥɟɦɟɬɪɢɱɟɫɤɨɣ 
ɚɩɩɚɪɚɬɭɪɵ, ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɜɯɨɞɧɨɣ 
ɫɟɝɦɟɧɬɚɰɢɢ ɇȾ. 

ɉɨ ɧɚɛɨɪɚɦ ɩɨɡɢɰɢɨɧɧɵɯ ɤɨɨɪɞɢɧɚɬ ɱɚɫɬɢ 
ɇȾ ɨɬɧɨɫɹɬ ɤ ɪɚɡɧɵɦ ɫɟɝɦɟɧɬɚɦ Si ɩɨɥɨɫɵ 
ɩɪɨɤɚɬɚ. ɒɢɪɢɧɚ ɫɟɝɦɟɧɬɚ Sj ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨ 
ɪɚɡɦɟɪɭ ɨɪɨɲɚɟɦɨɣ ɱɚɫɬɢ ɩɨɥɨɫɵ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɪɨɤɚɬɚ ɫɨɩɥɨɦ Аj ɜ ɦɨɦɟɧɬ ɨɬɪɚɛɨɬɤɢ 
ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. Ʌɉɍ ɞɚɜɥɟɧɢɟɦ Ɋt 

ɞɥɹ ɫɨɩɥɚ Аj ɫ ɭɱɟɬɨɦ (8) ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ 
ɜɢɞɟ: 

Аj (ti`): Ɋj (ti`) (R {ɏm(ti) | D
m (ti) ϵ Sj}), (10) 

ɝɞɟ R – ɨɩɪɟɞɟɥɹɸɳɟɟ ɩɪɚɜɢɥɨ ɩɪɟɨɛɥɚɞɚɸɳɟɣ 
ɚɥɶɬɟɪɧɚɬɢɜɵ. Ɏɢɡɢɱɟɫɤɢ ɨɛɭɫɥɨɜɥɟɧɧɵɟ 
ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɫɨɩɟɥ N ɩɪɢɜɨɞɹɬ ɤ 
ɧɟɨɞɧɨɡɧɚɱɧɨɫɬɹɦ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɞɥɹ 
ɨɛɪɚɛɨɬɤɢ ɇȾ. ȼ ɫɟɤɬɨɪɟ Sj ɨɛɪɚɛɨɬɤɢ 
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ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɩɥɨɦ Аj ɦɨɝɭɬ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɧɚɯɨɞɢɬɶɫɹ ɞɟɮɟɤɬɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɰɜɟɬɨɜɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɏm. Ɉɬɧɨɲɟɧɢɟ R, 

ɨɩɪɟɞɟɥɹɸɳɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɭɸ ɜɟɬɜɶ 
ɚɥɝɨɪɢɬɦɚ ɭɩɪɚɜɥɟɧɢɹ, ɡɚɞɚɟɬ ɩɪɚɜɢɥɨ 
ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɫɟɤɬɨɪ: ɦɢɧɢɦɚɥɶɧɨɟ, 
ɭɫɪɟɞɧɟɧɧɨɟ ɢɥɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɢɡɦɟɧɟɧɢɹ 

ɞɚɜɥɟɧɢɹ ɜ ɫɨɩɥɟ ɢɥɢ ɄɌɊ, ɢ ɭɫɬɪɚɧɹɟɬ 
ɧɟɱɟɬɤɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ. Ɋɢɫɭɧɨɤ 3 ɢɥɥɸɫɬɪɢɪɭɟɬ 
ɩɪɚɜɢɥɨ R: max (Ɋt) ɞɥɹ ɫɨɩɥɚ А2 ɧɚ ɜɪɟɦɟɧɧɨɦ 
ɨɬɪɟɡɤɟ (t1;t4). ɉɪɢ ɞɟɮɚɡɡɢɮɢɤɚɰɢɢ Ʌɉɍ ɮɭɧɤɰɢɹ 
π(ɏm(ti)) ɡɚɦɟɧɹɟɬɫɹ ɱɢɫɥɨɜɨɣ ɨɰɟɧɤɨɣ ɰɜɟɬɚ 
ɞɟɮɟɤɬɚ ɩɨ ɮɨɪɦɭɥɟ (3). 

 

 
Ɋɢɫ. 3. ȼɯɨɞɧɚɹ ɫɟɝɦɟɧɬɚɰɢɹ ɧɟɫɢɫɬɟɦɧɵɯ ɞɟɮɟɤɬɨɜ ɩɨɥɨɫɵ ɩɪɨɤɚɬɚ 

Fig. 3. TСО ТЧЩЮЭ sОРЦОЧЭКЭТШЧ ШП rШХХОН sЭrТЩ’s ЧШЧ–system defects 

 

ɗɤɫɩɟɪɬɚɦɢ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɣ ɢ 
ɯɢɦɢɱɟɫɤɨɣ ɥɚɛɨɪɚɬɨɪɢɣ ɡɚɜɨɞɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɛɵɥ ɫɨɫɬɚɜɥɟɧ ɤɥɚɫɫɢɮɢɤɚɬɨɪ 
ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ, 
ɩɪɢɜɨɞɹɳɢɯ ɤ ɩɨɥɧɨɦɭ ɭɞɚɥɟɧɢɸ ɇȾ ɩɪɢ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦ ɜɯɨɞɧɨɦ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ 
ɜɨɡɞɟɣɫɬɜɢɢ ɫ ɞɚɜɥɟɧɢɟɦ ɩɨɞɚɱɢ ɌɊ ɧɚ ɫɨɩɥɚ 
Ɋt=(0; 6) Ɇɉɚ ɢ ɩɨɫɥɟɞɭɸɳɟɦ ɩɪɨɯɨɠɞɟɧɢɢ ɢɦɢ 
ɜɫɟɯ ɜɚɧɧ ɇɌА. 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
ɩɪɢɦɟɧɹɥɫɹ ɬɢɬɚɧɨɜɵɣ ɤɥɚɩɚɧ ɬɢɩɚ ɇ331g 

ɞɢɚɦɟɬɪɨɦ ɫɟɱɟɧɢɹ 5ɦɦ ɫ ɪɚɜɧɨɦɟɪɧɨɣ 
ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ, ɨɫɧɚɳɟɧɧɵɣ 
ɪɟɞɭɤɬɨɪɧɵɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɪɢɜɨɞɨɦ ANT 5 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ AS Shneider. 

ȼɪɟɦɹ ɩɨɥɧɨɝɨ ɯɨɞɚ ɲɩɢɧɞɟɥɹ ɨɬ ɡɚɤɪɵɬɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɤɥɚɩɚɧɚ ɞɨ ɨɬɤɪɵɬɨɝɨ ɫɨɫɬɚɜɥɹɟɬ tf=5ɫ. 
Ɂɧɚɱɟɧɢɹ ɜɪɟɦɟɧɢ ɯɨɞɚ ɲɩɢɧɞɟɥɹ ɨɬ ɡɚɤɪɵɬɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɤɥɚɩɚɧɚ ɞɨ ɨɬɤɪɵɬɵɯ ɫɨɫɬɨɹɧɢɣ ɫ 
ɞɨɫɬɢɠɟɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɡɧɚɱɟɧɢɣ Ɋt 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. ɇɚ ɩɪɢɦɵɤɚɸɳɢɯ 
ɨɬɪɟɡɤɚɯ ɡɚɜɢɫɢɦɨɫɬɢ tf(i,i+1)=F(Ɋt(i,i+1)) 

ɩɪɨɹɜɥɹɸɬɫɹ ɥɢɧɟɣɧɨ ɞɥɹ i=1,…,n. 

Ɍɚɛɥɢɰɚ 1 

Ʉɥɚɫɫɢɮɢɤɚɬɨɪ ɇȾ ɢ ɩɚɪɚɦɟɬɪɵ 
ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ 

Table 1 

Qualifier of non-system defects and control 

actions parameters 

n 
Xm=ɐɜɟɬ 

ɞɟɮɟɤɬɚ 
dn ,ɦɤ Y Yi 

Ɋt, 

Ɇɉɚ 
tf, ɫ 

1 Ɇɚɬɨɜɵɣ 
ɚɥɸɦɢɧɢɣ  

0,1÷0,
4 

227 ÷ 231  229 0 0 

2 Ȼɥɟɞɧɨ–
ɝɨɥɭɛɨɣ 

5÷10 218 ÷ 226 223 1,8 1,1 

3 ɋɜɟɬɥɨ–
ɫɟɪɵɣ 

13÷15 200 ÷ 217 209 3,6 2,2 

4 ɋɟɪɵɣ 14÷25 189 ÷ 206 198 3,9 3,0 

5 Ɍɟɦɧɨ–
ɫɟɪɵɣ 

24÷36 137÷ 148 142 4,5 4,0 

6 Ɍɟɦɧɨ–
ɫɟɪɵɣ 
ɦɚɬɨɜɵɣ 

38÷32 45 ÷ 82 67 4,8 4,2 

7 ɉɨɱɬɢ 
ɱɟɪɧɵɣ 

34÷40 3 ÷ 39 21 6,0 5,0 
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ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɡɚɜɢɫɢɦɨɫɬɢ ɞɚɜɥɟɧɢɹ ɨɬ 
ɜɪɟɦɟɧɢ ɯɨɞɚ ɲɩɢɧɞɟɥɹ ΔɊt (Δ tf) ɥɢɧɟɚɪɢɡɨɜɚɧɚ 
ɧɚ ɭɱɚɫɬɤɚɯ (Ɋt(i);tf(i))–(Ɋt(i+1);tf(i+1)) ɡɚ ɫɱɟɬ 
ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɢ ɤɚɦɟɪɵ ɢɝɨɥɶɱɚɬɨɝɨ ɤɥɚɩɚɧɚ. 
ɇɚɩɪɚɜɥɟɧɢɟ ɨɬɪɚɛɨɬɤɢ ɞɜɢɠɟɧɢɹ А(ΔY) 

ɲɩɢɧɞɟɥɹ ɤɥɚɩɚɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɤɨɦ 
ɨɬɤɥɨɧɟɧɢɹ ɨɰɟɧɤɢ Y(Dm(ti+1)), ɩɨɥɭɱɟɧɧɨɣ ɜ 
ɦɨɦɟɧɬ ti+1: 

))(()((()(
1 imim

tDYtDYsignYA   .      (11) 

ȼɟɥɢɱɢɧɚ ɯɨɞɚ ɢɝɥɵ ɤɥɚɩɚɧɚ ɡɚɜɢɫɢɬ ɨɬ 
ɞɥɢɬɟɥɶɧɨɫɬɢ ɜɪɟɦɟɧɢ ɜɤɥɸɱɟɧɢɹ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɩɪɢɜɨɞɹɳɟɝɨ ɜ ɞɜɢɠɟɧɢɟ 
ɲɩɢɧɞɟɥɶ. 

Ɋɟɲɟɧɢɟ ɨɫɧɨɜɚɧɨ ɧɚ FCM-ɦɟɬɨɞɟ 
ɤɥɚɫɬɟɪɢɡɚɰɢɢ Д10Ж ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɋt (ɉɚ) ɨɬ 
ɹɪɤɨɫɬɧɨɣ ɨɰɟɧɤɢ ɰɜɟɬɚ ɞɟɮɟɤɬɚ – Y. Ɉɛɥɚɫɬɶ 
ɨɩɪɟɞɟɥɟɧɢɹ Y=Д0; 231Ж ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ n 

ɧɟɪɚɜɧɵɯ ɩɨɞɨɛɥɚɫɬɟɣ-ɤɥɚɫɬɟɪɨɜ ɫ ɰɟɧɬɪɚɦɢ-

ɦɟɞɢɚɧɚɦɢ ɧɚɡɧɚɱɚɟɦɵɦɢ ɜ ɨɩɨɪɧɵɯ ɬɨɱɤɚɯ ɫ 
ɢɡɜɟɫɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ (Yn, Ɋt n).  

ɂɧɬɟɪɩɨɥɹɰɢɹ Ɋt(Y) ɜɧɭɬɪɢ ɤɥɚɫɫɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ GRB-ɮɭɧɤɰɢɣ 
ɚɧɚɥɨɝɢɱɧɨ (4). ɉɪɢ ɷɬɨɦ Yi ɢ Yi–1 ɩɪɢɧɢɦɚɸɬɫɹ 
ɤɚɤ ɰɟɧɬɪɵ ɫɨɫɟɞɧɢɯ ɤɥɚɫɬɟɪɨɜ. Ɍɟɤɭɳɟɟ 
ɡɧɚɱɟɧɢɟ ɨɰɟɧɤɢ Y(t)=yj ɨɬɧɨɫɹɬ ɤ i-ɦɭ ɤɥɚɫɫɭ ɩɨ 
ɤɪɢɬɟɪɢɸ ɦɢɧɢɦɭɦɚ ȿɜɤɥɢɞɨɜɚ ɪɚɫɫɬɨɹɧɢɹ ɨɬ 
ɨɰɟɧɢɜɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɞɨ ɰɟɧɬɪɚ i-ɝɨ ɤɥɚɫɬɟɪɚ Yi. 

Ⱦɥɹ ɤɚɠɞɨɝɨ i-ɝɨ ɤɥɚɫɬɟɪɚ (i=1,2,3,…,7) ɫɬɪɨɹɬɫɹ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɟ ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɬɢɩɚ: 
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 ,        (12) 

ɝɞɟ l – ɧɚɫɬɪɚɢɜɚɟɦɵɣ ɫɬɟɩɟɧɧɨɣ ɩɨɤɚɡɚɬɟɥɶ, 
ɜɥɢɹɸɳɢɣ ɧɚ ɫɝɥɚɠɢɜɚɧɢɟ ɮɭɧɤɰɢɢ, ɩɪɢɧɹɬ 
ɪɚɜɧɵɦ 4; δ – ɧɚɫɬɪɚɢɜɚɟɦɚɹ ɜɟɥɢɱɢɧɚ 
ɨɬɤɥɨɧɟɧɢɹ ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤ ɤɥɚɫɬɟɪɭ, 
ɤ ɪɟɚɥɢɡɚɰɢɢ ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ 0,3 ɦɢɧɢɦɚɥɶɧɨɝɨ 
ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɰɟɧɬɪɚ ɛɥɢɠɚɣɲɟɝɨ ɤɥɚɫɬɟɪɚ; ω – 

ɥɨɝɢɱɟɫɤɚɹ ɩɟɪɟɦɟɧɧɚɹ  ɬɢɩɚ: 
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Ⱦɥɹ i=1 ɨɛɥɚɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ y(t)≤231, 
ɩɨɷɬɨɦɭ ɞɥɹ i=2 ɮɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ 
ɩɪɢɧɢɦɚɟɬ ɜɢɞ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɢɡ 
ɬɚɛɥɢɰɵ 1: 
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ɝɞɟ ω=1 ɞɥɹ 223<y(t)≤229 ɢ ω=0 ɞɥɹ ɞɪɭɝɢɯ 
ɡɧɚɱɟɧɢɣ y(t). Ⱥɧɚɥɨɝɢɱɧɨ ɫɬɪɨɢɬɫɹ ɮɭɧɤɰɢɹ  
ɞɥɹ i=7. 

ɇɚ ɪɢɫɭɧɤɟ 4 ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ tf(Ɋt). 

ɉɪɟɞɥɨɠɟɧɧɨɟ ɪɟɲɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɧɟɱɟɬɤɨ 
ɜɵɱɢɫɥɹɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɡɧɚɱɟɧɢɹ Ɋt(y(t)) ɜ 
ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɞɥɹ ɫɨɩɥɚ Аj. ȼɪɟɦɹ 
ɡɚɞɟɪɠɤɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɢɡɦɟɧɟɧɢɹ 
ɩɥɨɳɚɞɢ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɫɨɩɥɚ τon 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɥɢɧɟɣɧɨɦɭ ɡɚɤɨɧɭ, ɚɞɚɩɬɢɜɧɨ 
ɢɡɦɟɧɹɸɳɟɦɭɫɹ ɧɚ ɪɚɡɧɵɯ ɨɬɪɟɡɤɚɯ ∆Ɋt. 

 

 
Ɋɢɫ. 4. ɋɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɩɥɨɳɚɞɢ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɫɨɩɥɚ tf(Ɋt) 

Fig. 4. The change rate of flow section of the nozzle square tf(Ɋt) 
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ɋɟɪɢɹ ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 

INFORMATION TECHNOLOGIES Series 

ɇɟɩɪɟɪɵɜɧɚɹ ɮɭɧɤɰɢɹ tf(Ɋt) ɤɭɫɨɱɧɨ 
ɥɢɧɟɚɪɢɡɭɟɬɫɹ ɧɚ ɨɛɥɚɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ Ɋt=(0; 6) c 

ɪɚɡɛɢɟɧɢɟɦ ɧɚ n ɧɟɪɚɜɧɵɯ ɤɥɚɫɫɨɜ, ɝɪɚɧɢɰɵ 
ɤɨɬɨɪɵɯ ɨɛɨɡɧɚɱɟɧɵ ɫɨɫɟɞɧɢɦɢ ɫɢɧɢɦɢ ɬɨɱɤɚɦɢ 
ɧɚ ɪɢɫɭɧɤɟ 4, ɫ ɭɫɥɨɜɧɨ ɩɨɫɬɨɹɧɧɵɦɢ ɡɚɤɨɧɚɦɢ 
tf(Ɋt) ɜɧɭɬɪɢ ɩɨɞɨɛɥɚɫɬɟɣ. ɋ ɰɟɥɶɸ ɢɡɦɟɧɟɧɢɹ 
ɞɚɜɥɟɧɢɹ ɧɚ ɜɟɥɢɱɢɧɭ ΔɊt , ɜɪɟɦɹ ɜɤɥɸɱɟɧɢɹ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ Δtf ɢɡɦɟɧɹɟɬɫɹ ɩɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ kn 

ɜɧɭɬɪɢ n-ɝɨ ɤɥɚɫɫɚ: 
1
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n n
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f f
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t t
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


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

. 
(15) 

ɉɪɢɧɚɞɥɟɠɧɨɫɬɶ ɜɟɥɢɱɢɧɵ Ɋt(ti) n-ɦɭ ɤɥɚɫɫɭ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟɪɚɜɟɧɫɬɜɨɦ

ntitnt
PtPP  )(

1
 ɢ, 

ɩɪɢ ɢɡɜɟɫɬɧɨɦ ɥɢɧɟɣɧɨɦ ɡɚɤɨɧɟ tf(Ɋt), ɜɧɭɬɪɢ 
ɤɥɚɫɫɨɜ, tf i ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɚɞɚɩɬɢɜɧɨɦɭ ɡɚɤɨɧɭ 
ɭɩɪɚɜɥɟɧɢɹ: 
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t 


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ntitnt
PtPP  )(

1
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(16) 

ɉɪɢ ɢɡɜɟɫɬɧɨɦ ɡɧɚɱɟɧɢɢ ɩɪɟɞɵɞɭɳɟɣ ɢɬɟɪɚɰɢɢ 
tf(i-1) ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ ɩɨ ɭɩɪɚɜɥɟɧɢɸ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ: 

τon=‖tf(i)–tf(i–1)‖, (17) 
ɚ ɦɨɦɟɧɬ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɜɤɥɸɱɟɧɢɹ ɫɨɩɥɚ: 

ti`=ti–τon+(L7–3/V(t)). (18) 
Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɢɨɞɚ ɜɪɟɦɟɧɢ ɜɤɥɸɱɟɧɢɹ 
ɨɩɪɟɞɟɥɟɧɚ ɤɚɤ Ɍj=(y2

m–y1
m)/v(t), ɧɚɩɪɚɜɥɟɧɢɟ 

ɜɪɚɳɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (11). 
ɇɟɞɨɫɬɚɬɤɨɦ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɹɜɥɹɟɬɫɹ 
ɛɨɥɶɲɨɟ ɜɪɟɦɹ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ (ɨɤɨɥɨ 60ɫ) ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɜɪɟɦɟɧɟɦ ɭɩɪɚɜɥɹɸɳɟɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ (ɞɨ 1ɫ). ɗɬɨ ɩɪɟɩɹɬɫɬɜɢɟ ɜ 
ɭɩɪɚɜɥɟɧɢɢ Ɍɉ ɭɫɬɪɚɧɹɟɬɫɹ ɫɨɡɞɚɧɢɟɦ ɡɚɩɚɫɚ 
ɫɬɚɥɶɧɨɣ ɩɨɥɨɫɵ ɜ ɩɟɬɥɟɜɨɣ ɹɦɟ (ɞɨ 120ɦ ɩɪɢ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɥɨɫɵ 2 ɦ/ɫ). 
Ɋɚɫɲɢɪɟɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɚ ɚɪɝɭɦɟɧɬɨɜ ɦɨɞɟɥɢ ɞɨ 
tf(i,i+1)=F(C,T,Y,Ɋt(i,i+1)), ɩɨɡɜɨɥɢɬ ɫɢɧɬɟɡɢɪɨɜɚɬɶ 
ɛɨɥɟɟ ɤɨɪɪɟɤɬɧɵɣ ɧɟɣɪɨɧɟɱɟɬɤɢɣ ɪɟɝɭɥɹɬɨɪ. 
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