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Ⱥɧɧɨɬɚɰɢɹ: ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɨɰɟɧɢɜɚɧɢɹ ɦɚɬɪɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɤɭɫɨɱɧɨ-
ɧɟɩɪɟɪɵɜɧɨɣ ɦɨɞɟɥɢ ɩɨ ɩɟɪɟɯɨɞɧɵɦ ɩɪɨɰɟɫɫɚɦ ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɦɟɬɨɞɨɦ 
ɫɥɭɱɚɣɧɨɝɨ ɩɨɢɫɤɚ. Ɉɩɪɟɞɟɥɟɧ ɨɞɢɧ ɢɡ ɞɢɚɩɚɡɨɧɨɜ ɜɨɡɦɨɠɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ 
ɦɨɞɟɥɢ ɧɟɥɢɧɟɣɧɨɝɨ ɨɛɴɟɤɬɚ. ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɦɟɧɟɧɢɹ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɩɨɞɯɨɞɚ ɩɪɢ ɫɨɡɞɚɧɢɢ 
ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ ɦɨɞɟɥɢ ɚɜɢɚɰɢɨɧɧɨɝɨ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ.   
 
Ʉлɸɱеɜые ɫлɨɜɚ: ɧɟɥɢɧɟɣɧɵɣ ɨɛɴɟɤɬ, ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɚɹ ɦɨɞɟɥɶ, ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɧɟɥɢɧɟɣɧɨɣ 

ɦɨɞɟɥɢ, ɦɟɬɨɞ ɫɥɭɱɚɣɧɨɝɨ ɩɨɢɫɤɚ, ɞɢɚɩɚɡɨɧ ɜɨɡɦɨɠɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ ɦɨɞɟɥɢ  
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Abstract: This paper presents a nonlinear plant piecewise-continuous model matrix parameters estimation 
technique using nonlinear model time responses and random search method. One of piecewise-continuous model 
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1. ȼȼȿȾȿɇɂȿ 
 
Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɚɥɝɨɪɢɬɦɨɜ ɭɩɪɚɜɥɟɧɢɹ, 
ɚɥɝɨɪɢɬɦɨɜ ɨɛɧɚɪɭɠɟɧɢɹ, ɥɨɤɚɥɢɡɚɰɢɢ, 
ɤɨɧɤɪɟɬɢɡɚɰɢɢ ɢ ɩɚɪɢɪɨɜɚɧɢɹ ɨɬɤɚɡɨɜ 
ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (ɋАɍ), 
ɚ ɬɚɤɠɟ ɞɥɹ ɨɰɟɧɢɜɚɧɢɹ ɪɨɛɚɫɬɧɨɫɬɢ ɷɬɢɯ 
ɫɢɫɬɟɦ ɢ ɢɯ ɚɥɝɨɪɢɬɦɨɜ  ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɥɢɧɟɣɧɵɟ ɦɨɞɟɥɢ ɧɟɥɢɧɟɣɧɵɯ ɨɛɴɟɤɬɨɜ 
ɭɩɪɚɜɥɟɧɢɹ. Ɇɚɬɪɢɱɧɵɟ ɩɚɪɚɦɟɬɪɵ 
ɥɢɧɟɣɧɵɯ ɦɨɞɟɥɟɣ ɨɰɟɧɢɜɚɸɬɫɹ ɩɨ 
ɩɟɪɟɯɨɞɧɵɦ ɩɪɨɰɟɫɫɚɦ ɧɟɥɢɧɟɣɧɵɯ ɦɨɞɟɥɟɣ 
ɨɛɴɟɤɬɨɜ ɭɩɪɚɜɥɟɧɢɹ. ɇɟɫɤɨɥɶɤɨ ɥɢɧɟɣɧɵɯ 
ɦɨɞɟɥɟɣ, ɦɚɬɪɢɱɧɵɟ ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɵɯ 
ɞɨɥɠɧɵ ɨɰɟɧɢɜɚɬɶɫɹ ɢ ɫɦɟɧɹɬɶɫɹ ɞɪɭɝ 

ɞɪɭɝɨɦ ɫɨɝɥɚɫɨɜɚɧɧɨ, ɫɨɫɬɚɜɥɹɸɬ ɤɭɫɨɱɧɨ-
ɥɢɧɟɣɧɭɸ ɦɨɞɟɥɶ ɧɟɥɢɧɟɣɧɨɝɨ ɨɛɴɟɤɬɚ. 
Ʉɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ 
ɩɨɫɬɪɨɢɬɶ ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɭɸ ɦɨɞɟɥɶ, 
ɫɨɫɬɨɹɳɭɸ ɢɡ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɱɢɫɥɚ 
ɫɨɝɥɚɫɨɜɚɧɧɵɯ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɥɢɧɟɣɧɵɯ 
ɦɨɞɟɥɟɣ.        Ɍɨɱɧɨɫɬɶ ɬɚɤɨɣ ɤɭɫɨɱɧɨ-
ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɦɨɠɟɬ ɛɵɬɶ ɦɚɤɫɢɦɚɥɶɧɨ 
ɩɪɢɛɥɢɠɟɧɚ ɤ ɬɨɱɧɨɫɬɢ ɤɭɫɨɱɧɨ-
ɧɟɩɪɟɪɵɜɧɨɣ ɦɨɞɟɥɢ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɫɬɪɭɤɬɭɪɚ, ɨɫɨɛɟɧɧɨɫɬɢ 
ɨɰɟɧɢɜɚɧɢɹ ɦɚɬɪɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɨɞɢɧ ɢɡ 
ɞɢɚɩɚɡɨɧɨɜ ɜɨɡɦɨɠɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ ɦɨɞɟɥɢ ɧɟɥɢɧɟɣɧɨɝɨ 
ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ.  
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2. ɇȿɅɂɇȿɃɇȺə, ɅɂɇȿɃɇȺə  
ɂ ɄɍɋɈɑɇɈ-ɇȿɉɊȿɊɕȼɇȺə  
ɆɈȾȿɅɂ ɇȿɅɂɇȿɃɇɈȽɈ ɈȻɔȿɄɌȺ 
ɍɉɊȺȼɅȿɇɂə 
 
ɇɟɥɢɧɟɣɧɚɹ ɦɨɞɟɥɶ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ, 
ɢɦɟɟɬ ɜɢɞ [1], [2], [3]  
  .,, ppp wuxfx  (1) 

 
Ɂɞɟɫɶ xp ― ɜɟɤɬɨɪ ɫɨɫɬɨɹɧɢɹ, up ― ɜɟɤɬɨɪ 
ɭɩɪɚɜɥɟɧɢɹ, wp ― ɜɟɤɬɨɪ ɜɧɟɲɧɢɯ 
ɜɨɡɞɟɣɫɬɜɢɣ, ɚ f ― ɧɟɥɢɧɟɣɧɚɹ ɜɟɳɟɫɬɜɟɧɧɚɹ 
ɜɟɤɬɨɪɧɚɹ ɮɭɧɤɰɢɹ. Ʉɨɨɪɞɢɧɚɬɵ ɜɟɤɬɨɪɚ 
ɫɨɫɬɨɹɧɢɹ (ɩɟɪɟɦɟɧɧɵɟ ɫɨɫɬɨɹɧɢɹ) ɬɚɤɨɝɨ 
ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ, ɧɚɩɪɢɦɟɪ ɚɜɢɚɰɢɨɧɧɨɝɨ 
ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ (ȽɌȾ), ɷɬɨ 
ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɨɜ, ɬɟɦɩɟɪɚɬɭɪɵ ɢ 
ɞɚɜɥɟɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɫɟɱɟɧɢɹɯ ɩɪɨɬɨɱɧɨɣ 
ɱɚɫɬɢ ɞɜɢɝɚɬɟɥɹ. Ʉɨɨɪɞɢɧɚɬɵ ɜɟɤɬɨɪɚ 
ɭɩɪɚɜɥɟɧɢɹ (ɩɟɪɟɦɟɧɧɵɟ ɭɩɪɚɜɥɟɧɢɹ) ― ɷɬɨ 
ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɢɡɦɟɧɹɟɦɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɞɜɢɝɚɬɟɥɹ, 
ɜ ɱɚɫɬɧɨɫɬɢ, ɩɥɨɳɚɞɶ ɤɪɢɬɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ 
ɪɟɚɤɬɢɜɧɨɝɨ ɫɨɩɥɚ ɢ ɭɝɥɵ ɩɨɜɨɪɨɬɚ 
ɧɚɩɪɚɜɥɹɸɳɢɯ ɚɩɩɚɪɚɬɨɜ ɜɟɧɬɢɥɹɬɨɪɚ ɢ 
ɤɨɦɩɪɟɫɫɨɪɚ. Ʉɨɨɪɞɢɧɚɬɵ ɜɟɤɬɨɪɚ ɜɧɟɲɧɢɯ 
ɜɨɡɞɟɣɫɬɜɢɣ (ɩɟɪɟɦɟɧɧɵɟ ɜɧɟɲɧɢɯ 
ɜɨɡɞɟɣɫɬɜɢɣ) ɷɬɨ ɭɝɨɥ ɨɬɤɥɨɧɟɧɢɹ ɪɵɱɚɝɚ 
ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɟɦ (ɭɩɪɚɜɥɹɸɳɟɟ 
ɜɨɡɞɟɣɫɬɜɢɟ), ɚ ɬɚɤɠɟ ɜɵɫɨɬɚ ɢ ɫɤɨɪɨɫɬɶ 
ɩɨɥɟɬɚ (ɩɟɪɟɦɟɧɧɵɟ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ). 
ɉɨɫɬɨɹɧɧɵɟ ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɢ 
ɜɧɟɲɧɢɟ ɭɫɥɨɜɢɹ, ɜɯɨɞɹɳɢɟ ɜ ɜɟɤɬɨɪ sw, 
ɨɩɪɟɞɟɥɹɸɬ ɭɫɬɚɧɨɜɢɜɲɢɣɫɹ ɪɟɠɢɦ ɪɚɛɨɬɵ 
ɞɜɢɝɚɬɟɥɹ (ɪɚɛɨɱɭɸ ɬɨɱɤɭ), ɤɨɬɨɪɨɦɭ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɜɟɤɬɨɪ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ 
ɡɧɚɱɟɧɢɣ ɩɟɪɟɦɟɧɧɵɯ ɭɩɪɚɜɥɟɧɢɹ su ɢ 
ɜɟɤɬɨɪ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɡɧɚɱɟɧɢɣ 
ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ sx. 
ȼ ɧɟɛɨɥɶɲɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɩɪɨɢɡɜɨɥɶɧɨɝɨ r-
ɨɝɨ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɪɟɠɢɦɚ ɧɟɥɢɧɟɣɧɵɣ 
ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ ɦɨɠɧɨ Д1], [2], [3] 
ɩɪɢɛɥɢɠɟɧɧɨ ɨɩɢɫɚɬɶ ɫ ɩɨɦɨɳɶɸ ɥɢɧɟɣɧɨɣ 
ɦɨɞɟɥɢ ɜ ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɨɬɤɥɨɧɟɧɢɹɯ ɨɬ 
ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɡɧɚɱɟɧɢɣ 
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rA, rB  – ɦɚɬɪɢɰɵ ɞɢɧɚɦɢɱɟɫɤɨɣ ɥɢɧɟɣɧɨɣ 
ɦɨɞɟɥɢ ɞɥɹ r-ɨɝɨ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɪɟɠɢɦɚ; 
rA, rB , r = 1,2,…,R ɦɚɬɪɢɰɵ ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ; n
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r = 1,2,…,R ɜɟɤɬɨɪɚ ɫɬɚɬɢɱɟɫɤɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ.   
ɉɭɫɬɶ ɭ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ ɦɨɞɟɥɢ 
ɜɟɤɬɨɪɚ ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ 
ɡɧɚɱɟɧɢɣ ɩɟɪɟɦɟɧɧɵɯ ɭɩɪɚɜɥɟɧɢɹ sun ɢ 
ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ sxn, ɚ ɬɚɤɠɟ ɦɚɬɪɢɰɵ 
A ɢ B ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ   
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3. ɈɐȿɇɂȼȺɇɂȿ ɆȺɌɊɂɐ   
ɄɍɋɈɑɇɈ-ɇȿɉɊȿɊɕȼɇɈɃ 
ɆɈȾȿɅɂ ɇȿɅɂɇȿɃɇɈȽɈ ɈȻɔȿɄɌȺ 

 
Ⱦɥɹ ɨɰɟɧɢɜɚɧɢɹ ɦɚɬɪɢɰ ɤɭɫɨɱɧɨ-
ɧɟɩɪɟɪɵɜɧɨɣ ɦɨɞɟɥɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ R 
ɫɨɫɟɞɧɢɦ ɭɫɬɚɧɨɜɢɜɲɢɦɫɹ ɪɟɠɢɦɚɦ, ɞɥɹ 
ɤɨɬɨɪɵɯ ɢɡɜɟɫɬɧɵ ɜɟɤɬɨɪɚ ɧɨɪɦɢɪɨɜɚɧɧɵɯ 
ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɡɧɚɱɟɧɢɣ ɩɟɪɟɦɟɧɧɵɯ 
ɭɩɪɚɜɥɟɧɢɹ ɢ ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ  
 

n
su
r , n

sxr , r = 1,2,…,R, 

 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ 
ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ, ɬɨ ɟɫɬɶ ɧɚɛɨɪɵ 
ɡɧɚɱɟɧɢɣ ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ 
  kt

nɇɅ x , Nk ,...,0 , 

 
ɚ ɬɚɤɠɟ ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɜɟɤɬɨɪɚ ɭɩɪɚɜɥɟɧɢɹ 
  kt

nɇɅu , 1,...,0  Nk  

 
ɜ ɞɢɫɤɪɟɬɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ 

 ,,,,,, 1210 kk ttttt , ɩɪɢɱɟɦ ttt kk 1 , ɝɞɟ 
Δt ɷɬɨ ɲɚɝ ɞɢɫɤɪɟɬɧɨɫɬɢ.  
ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɞɥɹ ɩɟɪɟɦɟɧɧɵɯ 
ɭɩɪɚɜɥɟɧɢɹ ɜ ɪɚɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɟ 
ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɧɟɫɤɨɥɶɤɨ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɫɬɭɩɟɧɱɚɬɵɯ ɜɨɡɞɟɣɫɬɜɢɣ, 
ɜɤɥɸɱɚɸɳɢɯ ɜ ɫɟɛɹ ɥɢɧɟɣɧɵɟ ɮɭɧɤɰɢɢ 
ɜɪɟɦɟɧɢ, ɧɚɤɥɨɧɵ ɤɨɬɨɪɵɯ ɩɪɢɦɟɪɧɨ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɟɪɟɯɨɞɧɵɦ ɩɪɨɰɟɫɫɚɦ ɜ 
ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ. Эɬɢ 
ɥɢɧɟɣɧɵɟ ɮɭɧɤɰɢɢ ɫɨɟɞɢɧɹɸɬ ɡɧɚɱɟɧɢɹ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɧɟɫɤɨɥɶɤɢɦ ɫɨɫɟɞɧɢɦ 
ɭɫɬɚɧɨɜɢɜɲɢɦɫɹ ɪɟɠɢɦɚɦ.  
Ɉɰɟɧɢɜɚɧɢɟ ɦɚɬɪɢɰ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ 
ɦɨɞɟɥɢ ɦɨɠɟɬ ɛɵɬɶ ɫɜɟɞɟɧɨ ɤ ɡɚɞɚɱɟ 
ɧɟɥɢɧɟɣɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜɢɞɚ  
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Ɂɞɟɫɶ  ktWx , Nk ,...,1  ɩɨɥɨɠɢɬɟɥɶɧɨ 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɞɢɚɝɨɧɚɥɶɧɵɟ ɜɟɫɨɜɵɟ 
ɦɚɬɪɢɰɵ, ɚ ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɤɬɨɪɚ 
ɫɨɫɬɨɹɧɢɹ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ ɦɨɞɟɥɢ  
    0

nɇɅ
0

n = tt xx . 

 
Ɂɚɞɚɱɚ ɧɟɥɢɧɟɣɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
ɪɟɲɚɟɬɫɹ ɦɟɬɨɞɨɦ ɫɥɭɱɚɣɧɨɝɨ ɩɨɢɫɤɚ. ȼ 
ɤɚɱɟɫɬɜɟ ɧɚɱɚɥɶɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɚɬɪɢɰɵ ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɨɣ 
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ɦɨɞɟɥɢ [1]. ɋɥɭɱɚɣɧɵɣ ɩɨɢɫɤ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ± 0.1 ɨɬ 
ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɤɚɠɞɨɝɨ ɢɡ ɷɥɟɦɟɧɬɨɜ 
ɦɚɬɪɢɰ Rrrr ,...,2,1,, BA .    

Ɉɲɢɛɤɢ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ ɦɨɞɟɥɢ 
ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɤɚɠɞɨɣ ɢɡ ɩɟɪɟɦɟɧɧɵɯ 
ɫɨɫɬɨɹɧɢɹ  
     .,...,1,max nɇɅn

1,...,
nitxtx kiki

Nk
i      (11) 

    
 

4. ɑɂɋɅȿɇɇɕɃ ɉɊɂɆȿɊ 
ɈɐȿɇɂȼȺɇɂə ɆȺɌɊɂɐ ɄɍɋɈɑɇɈ-
ɇȿɉɊȿɊɕȼɇɈɃ ɆɈȾȿɅɂ 

 
Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɬɪɢɰ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ 
ɦɨɞɟɥɢ ɩɨ ɩɟɪɟɯɨɞɧɵɦ ɩɪɨɰɟɫɫɚɦ 
ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɞɜɭɯɜɚɥɶɧɨɝɨ 
ɞɜɭɯɤɨɧɬɭɪɧɨɝɨ ɬɭɪɛɨɪɟɚɤɬɢɜɧɨɝɨ 
ɚɜɢɚɰɢɨɧɧɨɝɨ ȽɌȾ ɜ ɪɚɡɨɦɤɧɭɬɨɣ ɋАɍ. 
ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ 
ɧɚɱɢɧɚɸɬɫɹ ɧɚ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɪɟɠɢɦɭ 
ɪɚɛɨɬɵ ɩɪɢ ɡɧɚɱɟɧɢɢ ɭɝɥɚ ɨɬɤɥɨɧɟɧɢɹ 
ɪɵɱɚɝɚ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɟɦ 68ɪɭɞ  , ɚ 
ɡɚɬɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɟɪɟɯɨɞɧɵɦ ɩɪɨɰɟɫɫɚɦ 
ɞɥɹ ɩɟɪɟɦɟɧɧɵɯ ɭɩɪɚɜɥɟɧɢɹ ɜ ɪɚɡɨɦɤɧɭɬɨɣ 
ɫɢɫɬɟɦɟ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɧɟɫɤɨɥɶɤɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɫɬɭɩɟɧɱɚɬɵɯ 
ɜɨɡɞɟɣɫɬɜɢɣ. Ʉɚɠɞɨɟ ɢɡ ɷɬɢɯ ɜɨɡɞɟɣɫɬɜɢɣ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɡɦɟɧɟɧɢɸ ɡɧɚɱɟɧɢɹ ɭɝɥɚ 
ɨɬɤɥɨɧɟɧɢɹ ɪɵɱɚɝɚ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɟɦ 

60ɪɭɞ  , 50ɪɭɞ  , 40ɪɭɞ  , 30ɪɭɞ  , 
25ɪɭɞ  .   

ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɩɪɢɦɟɪɟ ɜɵɫɨɬɚ ɢ 
ɫɤɨɪɨɫɬɶ ɩɨɥɟɬɚ ɪɚɜɧɵ ɧɭɥɸ. Чɟɬɵɪɟ 
ɩɟɪɟɦɟɧɧɵɟ ɭɩɪɚɜɥɟɧɢɹ (m=4) 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ ɜ ɨɫɧɨɜɧɨɣ 
ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ ɬɨG , ɩɥɨɳɚɞɢ ɤɪɢɬɢɱɟɫɤɨɝɨ 
ɫɟɱɟɧɢɹ ɪɟɚɤɬɢɜɧɨɝɨ ɫɨɩɥɚ ɤɪF , ɭɝɥɭ 
ɩɨɜɨɪɨɬɚ ɧɚɩɪɚɜɥɹɸɳɢɯ ɚɩɩɚɪɚɬɨɜ 
ɜɟɧɬɢɥɹɬɨɪɚ ɧɚɜ  ɢ ɭɝɥɭ ɩɨɜɨɪɨɬɚ 
ɧɚɩɪɚɜɥɹɸɳɢɯ ɚɩɩɚɪɚɬɨɜ ɤɨɦɩɪɟɫɫɨɪɚ ɧɚɤ . 

ɉɹɬɶ ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ ɨɛɴɟɤɬɚ 
ɭɩɪɚɜɥɟɧɢɹ (n=5) ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɱɚɫɬɨɬɟ 
ɜɪɚɳɟɧɢɹ ɜɟɧɬɢɥɹɬɨɪɚ ɞɜɢɝɚɬɟɥɹ ɜn , ɱɚɫɬɨɬɟ 
ɜɪɚɳɟɧɢɹ ɤɨɦɩɪɟɫɫɨɪɚ ɞɜɢɝɚɬɟɥɹ ɤn , 

ɞɚɜɥɟɧɢɸ ɬɨɪɦɨɠɟɧɢɹ ɡɚ ɤɨɦɩɪɟɫɫɨɪɨɦ 
ɤɊ , 

ɞɚɜɥɟɧɢɸ ɬɨɪɦɨɠɟɧɢɹ ɡɚ ɬɭɪɛɢɧɨɣ 
ɬɊ  ɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɬɨɪɦɨɠɟɧɢɹ ɡɚ ɬɭɪɛɢɧɨɣ 
ɬT . 

ȼɟɤɬɨɪɚ ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ 
ɡɧɚɱɟɧɢɣ ɭɩɪɚɜɥɟɧɢɹ ɢ ɫɨɫɬɨɹɧɢɹ ɞɥɹ 
ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜɵɲɟ ɪɟɠɢɦɨɜ   
   ,0,0,4515.0,1n6
s

Tu    ,1,1,1,1,1n6
s

Tx    ,0,0893.0,4441.0,9442.0n5
s

Tu    ,9790.0,9783.0,9656.0,9834.0,9741.0n5
s

Tx    ,0,3741.0,4441.0,7713.0n4
s

Tu    ,9225.0,8618.0,8355.0,9414.0,9176.0n4
s

Tx   ,1072.0,7402.0,4441.0,5724.0n3
s

Tu    ,8507.0,7125.0,6724.0,8991.0,8449.0n3
s

Tx   ,2264.0,1,4441.0,2880.0n2
s

Tu    ,6900.0,4787.0,4505.0,8399.0,7231.0n2
s

Tx   ,4019.0,1,4441.0,1864.0n1
s

Tu    .6114.0,3788.0,3348.0,7929.0,6202.0n1
s

Tx   

 
Ɇɚɬɪɢɰɵ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ ɦɨɞɟɥɢ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɦ 
ɫɨɫɟɞɧɢɦ ɭɫɬɚɧɨɜɢɜɲɢɦɫɹ ɪɟɠɢɦɚɦ, 
ɨɰɟɧɢɜɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ (10) ɦɟɬɨɞɨɦ 
ɫɥɭɱɚɣɧɨɝɨ ɩɨɢɫɤɚ  
 

,
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2318.18053.07726.30831.16
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6880.14124.08247.19006.17
1365.24864.23070.442314.9
5488.12365.22595.472718.14
2008.01194.05737.06004.0

2514.04239.02715.25647.0

5















   B

  

,

9813.292843.34493.3
07211.180344.5
05759.117169.19
000
000
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,

3086.29959.08779.37038.16
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,
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5486.11666.04710.29908.38
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ɉɪɢ ɨɰɟɧɢɜɚɧɢɢ 2001,...,1k , 025.0t , ɚ 
ɜɟɫɨɜɵɟ ɦɚɬɪɢɰɵ ɟɞɢɧɢɱɧɵɟ. 
ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɵ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ 
ɪɚɡɨɦɤɧɭɬɨɣ ɋАɍ ɧɨɪɦɢɪɨɜɚɧɧɨɣ 
ɩɟɪɟɦɟɧɧɨɣ ɫɨɫɬɨɹɧɢɹ n

5x  ɧɟɥɢɧɟɣɧɨɣ 
ɦɨɞɟɥɢ ɢ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ ɦɨɞɟɥɢ, 
ɤɨɬɨɪɚɹ ɨɩɢɫɵɜɚɟɬ ɧɟɥɢɧɟɣɧɵɣ ɨɛɴɟɤɬ ɜ 
ɨɤɪɟɫɬɧɨɫɬɹɯ ɩɹɬɢ ɫɨɫɟɞɧɢɯ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ 
ɪɟɠɢɦɨɜ.  
 

Ɋɢɫɭɧɨɤ 1. ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ 
ɪɚɡɨɦɤɧɭɬɨɣ ɋАУ ɧɨɪɦɢɪɨɜɚɧɧɨɣ 

ɩɟɪɟɦɟɧɧɨɣ ɫɨɫɬɨяɧɢя nx5  ɧɟɥɢɧɟɣɧɨɣ (НɅ) 
ɦɨɞɟɥɢ ɢ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ (ɄН) ɦɨɞɟɥɢ, 

ɤɨɬɨɪɚя ɨɩɢɫɵɜɚɟɬ ɧɟɥɢɧɟɣɧɵɣ ɨɛɴɟɤɬ ɜ 
ɨɤɪɟɫɬɧɨɫɬяɯ ɩяɬɢ ɫɨɫɟɞɧɢɯ 

ɭɫɬɚɧɨɜɢɜɲɢɯɫя ɪɟɠɢɦɨɜ. 
 
 
 

Ɉɲɢɛɤɢ ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɩɟɪɟɦɟɧɧɵɯ 
ɫɨɫɬɨɹɧɢɹ n

1x , n
2x , n

3x , n
4x  ɢ n

5x  ɤɭɫɨɱɧɨ-

ɧɟɩɪɟɪɵɜɧɨɣ ɦɨɞɟɥɢ ɜ ɪɚɡɨɦɤɧɭɬɨɣ ɋАɍ 
0.0108, 0.0026, 0.0057, 0.0111. 
ɇɚ ɪɢɫ. 2, 3, 4, 5, 6 ɩɨɤɚɡɚɧɵ ɩɟɪɟɯɨɞɧɵɟ 
ɩɪɨɰɟɫɫɵ ɜ ɡɚɦɤɧɭɬɨɣ ɋАɍ ɧɨɪɦɢɪɨɜɚɧɧɵɯ 
ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ n

1x , n
2x , n

3x , n
4x  ɢ n

5x  

ɧɟɥɢɧɟɣɧɨɣ ɢ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ ɦɨɞɟɥɟɣ 
ɩɪɢ ɢɡɦɟɧɟɧɢɸ ɡɧɚɱɟɧɢɹ ɭɝɥɚ ɨɬɤɥɨɧɟɧɢɹ 
ɪɵɱɚɝɚ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɟɦ ɨɬ 68ɪɭɞ   

ɞɨ 25ɪɭɞ  , ɚ ɡɚɬɟɦ ɨɬ 25ɪɭɞ   ɞɨ 
68ɪɭɞ  .  

 

 
Ɋɢɫɭɧɨɤ 2. ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ  
ɜ ɡɚɦɤɧɭɬɨɣ ɋАУ ɧɨɪɦɢɪɨɜɚɧɧɨɣ 

ɩɟɪɟɦɟɧɧɨɣ ɫɨɫɬɨяɧɢя nx1   ɧɟɥɢɧɟɣɧɨɣ (НɅ) 
ɦɨɞɟɥɢ ɢ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ (ɄН) ɦɨɞɟɥɢ  

ɜ ɨɤɪɟɫɬɧɨɫɬяɯ ɩяɬɢ ɫɨɫɟɞɧɢɯ 
ɭɫɬɚɧɨɜɢɜɲɢɯɫя ɪɟɠɢɦɨɜ. 
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Ɋɢɫɭɧɨɤ 3. ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɡɚɦɤɧɭɬɨɣ 
ɋАУ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɫɨɫɬɨяɧɢя 

nx2   ɧɟɥɢɧɟɣɧɨɣ (НɅ) ɦɨɞɟɥɢ ɢ ɤɭɫɨɱɧɨ-
ɧɟɩɪɟɪɵɜɧɨɣ (ɄН) ɦɨɞɟɥɢ ɜ ɨɤɪɟɫɬɧɨɫɬяɯ 
ɩяɬɢ ɫɨɫɟɞɧɢɯ ɭɫɬɚɧɨɜɢɜɲɢɯɫя ɪɟɠɢɦɨɜ. 

 

Ɋɢɫɭɧɨɤ 4. ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɡɚɦɤɧɭɬɨɣ 
ɋАУ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɫɨɫɬɨяɧɢя nx3   

ɧɟɥɢɧɟɣɧɨɣ (НɅ) ɦɨɞɟɥɢ ɢ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ 
(ɄН) ɦɨɞɟɥɢ ɜ ɨɤɪɟɫɬɧɨɫɬяɯ ɩяɬɢ ɫɨɫɟɞɧɢɯ 

ɭɫɬɚɧɨɜɢɜɲɢɯɫя ɪɟɠɢɦɨɜ. 

Ɋɢɫɭɧɨɤ 5. ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɡɚɦɤɧɭɬɨɣ 
ɋАУ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɫɨɫɬɨяɧɢя 

nx4   ɧɟɥɢɧɟɣɧɨɣ (НɅ) ɦɨɞɟɥɢ ɢ ɤɭɫɨɱɧɨ-
ɧɟɩɪɟɪɵɜɧɨɣ (ɄН) ɦɨɞɟɥɢ ɜ ɨɤɪɟɫɬɧɨɫɬяɯ 
ɩяɬɢ ɫɨɫɟɞɧɢɯ ɭɫɬɚɧɨɜɢɜɲɢɯɫя ɪɟɠɢɦɨɜ. 

 

 
Ɋɢɫɭɧɨɤ 6. ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɡɚɦɤɧɭɬɨɣ 
ɋАУ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɫɨɫɬɨяɧɢя 

nx5   ɧɟɥɢɧɟɣɧɨɣ (НɅ) ɦɨɞɟɥɢ ɢ ɤɭɫɨɱɧɨ-

ɧɟɩɪɟɪɵɜɧɨɣ (ɄН) ɦɨɞɟɥɢ ɜ ɨɤɪɟɫɬɧɨɫɬяɯ 
ɩяɬɢ ɫɨɫɟɞɧɢɯ ɭɫɬɚɧɨɜɢɜɲɢɯɫя ɪɟɠɢɦɨɜ. 
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Ɋɢɫɭɧɨɤ 7. ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ 
ɡɚɦɤɧɭɬɨɣ ɋАУ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ 

ɫɨɫɬɨяɧɢя nx5   ɧɟɥɢɧɟɣɧɨɣ (НɅ) ɦɨɞɟɥɢ ɢ 
ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɨɣ (ɄɅ) ɦɨɞɟɥɢ, ɩɨɥɭɱɟɧɧɨɣ 

ɢɡ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ ɦɨɞɟɥɢ ɱɟɪɟɡ 
ɤɚɠɞɵɟ 0.1 ɫ, ɜ ɨɤɪɟɫɬɧɨɫɬяɯ ɩяɬɢ 
ɫɨɫɟɞɧɢɯ ɭɫɬɚɧɨɜɢɜɲɢɯɫя ɪɟɠɢɦɨɜ. 

 

 
Ɋɢɫɭɧɨɤ 8. ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ 

ɡɚɦɤɧɭɬɨɣ ɋАУ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ 
ɫɨɫɬɨяɧɢя nx5   ɧɟɥɢɧɟɣɧɨɣ (НɅ) ɦɨɞɟɥɢ ɢ 

ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɨɣ (ɄɅ) ɦɨɞɟɥɢ, ɩɨɥɭɱɟɧɧɨɣ 
ɢɡ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ ɦɨɞɟɥɢ ɱɟɪɟɡ 
ɤɚɠɞɵɟ 0.25 ɫ, ɜ ɨɤɪɟɫɬɧɨɫɬяɯ ɩяɬɢ 
ɫɨɫɟɞɧɢɯ ɭɫɬɚɧɨɜɢɜɲɢɯɫя ɪɟɠɢɦɨɜ. 

 
ɇɚ ɪɢɫ. 7, 8 ɩɨɤɚɡɚɧɵ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ 
ɜ ɡɚɦɤɧɭɬɨɣ ɋАɍ ɧɨɪɦɢɪɨɜɚɧɧɨɣ 
ɩɟɪɟɦɟɧɧɨɣ ɫɨɫɬɨɹɧɢɹ n

5x  ɧɟɥɢɧɟɣɧɨɣ 

ɦɨɞɟɥɢ ɢ ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ, 
ɩɨɥɭɱɟɧɧɨɣ ɢɡ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ 
ɦɨɞɟɥɢ.  
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɵɯ ɦɨɞɟɥɟɣ 
ɢɡ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ ɦɨɞɟɥɢ ɱɟɪɟɡ 
ɤɚɠɞɵɟ 0.1 ɫ ɢ 0.25 ɫ ɮɢɤɫɢɪɭɸɬɫɹ ɜɟɤɬɨɪɚ 
ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɡɧɚɱɟɧɢɣ 
ɩɟɪɟɦɟɧɧɵɯ ɭɩɪɚɜɥɟɧɢɹ sun ɢ ɩɟɪɟɦɟɧɧɵɯ 
ɫɨɫɬɨɹɧɢɹ sxn, ɚ ɬɚɤɠɟ ɦɚɬɪɢɰɵ A ɢ B 
ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ ɦɨɞɟɥɢ. ɉɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɷɬɨɝɨ ɢɧɬɟɪɜɚɥɚ ɨɲɢɛɤɢ 
ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɫɨɫɬɨɹɧɢɹ n

5x  

ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɪɚɫɬɭɬ ɢ 
ɫɬɚɧɨɜɹɬɫɹ ɧɟɩɪɢɟɦɥɟɦɵɦɢ. Ɉɲɢɛɤɢ ɞɪɭɝɢɯ 
ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ 
ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɪɚɫɬɭɬ ɝɨɪɚɡɞɨ 
ɦɟɞɥɟɧɧɟɟ.   
Ɉɲɢɛɤɢ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ ɢ ɤɭɫɨɱɧɨ-
ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɟɣ ɩɨ ɤɚɠɞɨɣ ɢɡ ɩɟɪɟɦɟɧɧɵɯ 
ɫɨɫɬɨɹɧɢɹ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ (11).  
 
 
5. ɁȺɄɅɘɑȿɇɂȿ 
 
Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɨɰɟɧɢɜɚɧɢɹ 
ɦɚɬɪɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɤɭɫɨɱɧɨ-
ɧɟɩɪɟɪɵɜɧɨɣ ɦɨɞɟɥɢ ɧɟɥɢɧɟɣɧɨɝɨ ɨɛɴɟɤɬɚ 
ɭɩɪɚɜɥɟɧɢɹ. 
ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɨɰɟɧɢɜɚɧɢɹ 
ɦɚɬɪɢɰ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɨɣ ɦɨɞɟɥɢ ɫ 
ɩɨɦɨɳɶɸ ɚɥɝɨɪɢɬɦɚ ɫɥɭɱɚɣɧɨɝɨ ɩɨɢɫɤɚ, 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ 
ɩɟɪɟɦɟɧɧɵɯ ɭɩɪɚɜɥɟɧɢɹ ɢ ɩɟɪɟɦɟɧɧɵɯ 
ɫɨɫɬɨɹɧɢɹ ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ.  
Ɋɟɡɭɥɶɬɚɬɵ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɦɨɝɭɬ ɛɵɬɶ 
ɩɪɢɦɟɧɟɧɵ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɚɥɝɨɪɢɬɦɨɜ 
ɭɩɪɚɜɥɟɧɢɹ ɧɟɥɢɧɟɣɧɵɦɢ ɨɛɴɟɤɬɚɦɢ, 
ɤɨɬɨɪɵɟ ɩɪɢɛɥɢɠɟɧɧɨ ɨɩɢɫɵɜɚɸɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɵɯ ɢ ɤɭɫɨɱɧɨ-
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ɥɢɧɟɣɧɵɯ ɦɨɞɟɥɟɣ, ɚ ɬɚɤɠɟ ɚɥɝɨɪɢɬɦɨɜ  
ɨɛɧɚɪɭɠɟɧɢɹ ɨɬɤɚɡɨɜ ɞɚɬɱɢɤɨɜ ɢ 
ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɜ ɢɯ ɋАɍ.  

 
 

ɋɉɂɋɈɄ ɅɂɌȿɊȺɌɍɊɕ 
 
1. Ʌеɣɛɨɜ Ɋ.Ʌ. ɉɪɢɤɥɚɞɧɵɟ ɦɟɬɨɞɵ 

ɬɟɨɪɢɢ ɭɩɪɚɜɥɟɧɢɹ. – Ɇ.: Аɋȼ, 2014. –
 192 ɫ. 

2. Ʌеɣɛɨɜ Ɋ.Ʌ. Ɇɟɬɨɞɢɤɚ ɩɨɫɬɪɨɟɧɢɹ 
ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɧɟɥɢɧɟɣɧɨɝɨ 
ɨɛɴɟɤɬɚ. // International Journal for 
Computational Civil and Structural 
Engineering, 2013, Volume 9, Issue 4, pp. 
186-198. 

3. Ʌеɣɛɨɜ Ɋ.Ʌ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 
ɛɢɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɞɥɹ ɭɥɭɱɲɟɧɢɹ 
ɫɜɨɣɫɬɜ ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ 
ɧɟɥɢɧɟɣɧɨɝɨ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ. 
// International Journal for Computational 
Civil and Structural Engineering, 2015, 
Volume 11, Issue 2, pp. 107-130. 

 
 
 
REFERENCES 
 
1. Leibov R.L. Prikladnye Metody Teorii 

Upravlenija [Applied Methods of Control 
Theory]. Moscow, ASV Publishing 
House, 2014, 192 pages. 

2. Leibov R.L. Metodika Postroenija 
Kusochno-Linejnoj Modeli Nelinejnogo 
Objekta [Method of Construction of 
Piecewise Linear Model of Nonlinear 
Object]. // International Journal for 
Computational Civil and Structural 
Engineering, 2013, Volume 9, Issue 4, pp. 
186-198. 

3. Lejbov R.L. Ispol'zovanie Bilinejnoj 
Modeli dlja Uluchshenija Svojstv 
Kusochno-Linejnoj Modeli Nelinejnogo 
Objekta Upravlenija [Use of a Bilinear 
Model to Improve the Properties of a 
Piecewise Linear Model of a Nonlinear 
Control Object]. // International Journal 
for Computational Civil and Structural 

Engineering, 2015, Volume 11, Issue 2, 
pp. 107-130. 

 
 
Ʌɟɣɛɨɜ Ɋɨɦɚɧ Ʌɶɜɨɜɢɱ, ɤɚɮɟɞɪɚ ɩɪɢɤɥɚɞɧɨɣ 
ɦɚɬɟɦɚɬɢɤɢ, ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɫɬɪɨɢɬɟɥɶɧɵɣ 
ɭɧɢɜɟɪɫɢɬɟɬ; 129337, Ɋɨɫɫɢɹ, ɝ. Ɇɨɫɤɜɚ, əɪɨɫɥɚɜɫɤɨɟ 
ɲɨɫɫɟ, ɞɨɦ 26; ɤɚɮɟɞɪɚ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ, Ɇɨɫɤɨɜɫɤɢɣ 
ɚɜɢɚɰɢɨɧɧɵɣ ɢɧɫɬɢɬɭɬ (ɧɚɰɢɨɧɚɥɶɧɵɣ 
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ); 125993, Ɋɨɫɫɢɹ,  
ɝ. Ɇɨɫɤɜɚ, ȼɨɥɨɤɨɥɚɦɫɤɨɟ ɲɨɫɫɟ, ɞɨɦ 4,   
ɬɟɥ./ɮɚɤɫ +7(499)183-59-94; 
e-mail: r_leibov@mtu-net.ru. 
 
Roman L. Leibov, Department of Applied Mathematics, 
National Research Moscow State University of Civil 
Engineering; 26, Yaroslavskoe Highway, 129337, 
Moscow, RUSSIA; Department of Control Systems, 
Moscow Aviation Institute (National Research 
University), 4, Volokolamskoe Highway, 125993, 
Moscow, RUSSIA,  
tel./fax +7(499)183-59-94; 
e-mail: r_leibov@mtu-net.ru. 
 
 


	Page 1-3 (2017)
	Pages (2-3)-3 (2017)
	Page 4-3 (2017)
	Page 5-3 (2017)
	Pages (6-8)-3 (2017)
	Contents 2017-3 fin
	paper 1-3 2017 fin
	paper 2-3 2017 fin
	paper 3-3 2017 fin
	paper 4-3 2017 fin
	paper 5-3 2017 fin
	paper 6-3 2017 fin
	paper 7-3 2017 fin
	paper 8-3 2017 fin
	paper 9-3 2017 fin
	paper 10-3 2017 fin
	paper 11-3 2017 fin
	paper 12-3 2017 fin

