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В ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɞɢɧɚɦɢɤɨɣ ɧɟɥɢɧɟɣɧɵɯ 
ɞɢɫɤɪɟɬɧɵɯ ɫɢɫɬɟɦ. Пɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɫɩɨɫɨɛ ɭɩɪɚɜɥɟɧɢɹ ɯɚɨɫɨɦ ɱɟɪɟɡ 
ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɫɨɫɬɨɹɧɢɣ ɫɢɫɬɟɦɵ (ɢɥɢ ɮɭɧɤɰɢɣ ɨɬ ɷɬɢɯ ɫɨɫɬɨɹɧɢɣ), ɜɵɱɢɫɥɟɧɧɵɯ ɜ 
ɩɪɟɞɵɞɭɳɢɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɥɨɤɚɥɶɧɨ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɧɚɩɟɪёɞ 
ɧɟɢɡɜɟɫɬɧɵɟ ɰɢɤɥɵ ɡɚɞɚɧɧɨɣ ɞɥɢɧɵ. Ʉɚɤ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ, ɷɬɨɬ ɫɩɨɫɨɛ ɜɤɥɸɱɚɟɬ ɜ 
ɫɟɛɹ ɦɟɬɨɞ ɫɬɚɛɢɥɢɡɚɰɢɢ ɰɢɤɥɚ ɩɪɢ ɩɨɦɨɳɢ ɧɟɥɢɧɟɣɧɨɣ ɡɚɩɚɡɞɵɜɚɸɳɟɣ ɨɛɪɚɬɧɨɣ 
ɫɜɹɡɢ. Пɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ. 

Ʉлючевые словɚ: ɧɟɥɢɧɟɣɧɵɟ ɞɢɫɤɪɟɬɧɵɟ ɫɢɫɬɟɦɵ, ɭɩɪɚɜɥɟɧɢɟ ɯɚɨɫɨɦ, 
ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɫɨɫɬɨɹɧɢɣ ɫɢɫɬɟɦɵ. 

ȼвеɞеɧие 

Пɪɨɛɥɟɦɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɯɚɨɬɢɱɟɫɤɢɣ ɪɟɠɢɦ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɜ ɧɟɥɢɧɟɣɧɨɣ ɞɢɧɚɦɢɤɟ. ɐɟɥɶɸ ɬɚɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɹɜɥɹɸɬɫɹ 
ɫɢɧɯɪɨɧɢɡɚɰɢɹ ɯɚɨɬɢɱɟɫɤɢɯ ɞɜɢɠɟɧɢɣ ɢɥɢ, ɧɚɨɛɨɪɨɬ, ɯɚɨɬɢɡɚɰɢɹ ɪɟɝɭɥɹɪɧɵɯ 
ɞɜɢɠɟɧɢɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɬɟɨɪɢɢ ɭɩɪɚɜɥɟɧɢɹ ɧɟɥɢɧɟɣɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɫɱɢɬɚɸɬ 
ɞɨɩɭɫɬɢɦɵɦɢ ɥɢɲɶ ɦɚɥɵɟ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɟ, ɬɟɦ ɧɟ ɦɟɧɟɟ, ɩɨɥɧɨɫɬɶɸ ɢɡɦɟɧɹɸɬ 
ɯɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ. ɂɡɜɟɫɬɧɵ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɩɨɞɯɨɞɵ ɤ ɩɨɫɬɪɨɟɧɢɸ ɫɢɫɬɟɦ 
ɭɩɪɚɜɥɟɧɢɹ ɯɚɨɫɨɦ Д1-13], ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɫɭɳɟɫɬɜɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ Д14]. 
Пɨɷɬɨɦɭ ɡɚɞɚɱɚ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɭɩɪɚɜɥɟɧɢɹ ɯɚɨɫɨɦ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ.  

В ɫɬɚɬɶɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɧɨɜɵɣ ɦɟɬɨɞ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɩɬɢɦɚɥɶɧɨɣ ɫɬɚɛɢɥɢɡɚɰɢɢ 
ɰɢɤɥɨɜ ɜ ɫɟɦɟɣɫɬɜɚɯ ɞɢɫɤɪɟɬɧɵɯ ɚɜɬɨɧɨɦɧɵɯ ɫɢɫɬɟɦ, ɚ ɢɦɟɧɧɨ, ɦɟɬɨɞ, ɢɫɩɨɥɶɡɭɸɳɢɣ  
ɩɪɨɰɟɞɭɪɭ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɩɪɟɞɵɞɭɳɢɯ ɫɨɫɬɨɹɧɢɣ ɫɢɫɬɟɦɵ ɢɥɢ ɮɭɧɤɰɢɣ ɷɬɢɯ 
ɫɨɫɬɨɹɧɢɣ. В ɱɚɫɬɧɵɯ ɫɥɭɱɚɹɯ ɦɟɬɨɞ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɫɨɜɩɚɞɚɟɬ ɫ ɭɩɪɚɜɥɟɧɢɟɦ ɩɨ 
ɩɪɢɧɰɢɩɭ ɡɚɩɚɡɞɵɜɚɸɳɟɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ Д2, 15, 16].  

Цель рɚɛɨтɵ ɫɨɫɬɨɢɬ ɜ ɩɨɫɬɪɨɟɧɢɢ ɚɥɝɨɪɢɬɦɨɜ ɩɨɞɚɜɥɟɧɢɹ ɯɚɨɫɚ ɜ ɧɟɥɢɧɟɣɧɵɯ 
ɞɢɫɤɪɟɬɧɵɯ ɫɢɫɬɟɦɚɯ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɧɨɜɵɯ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɜ ɪɚɛɨɬɟ ɤɥɚɫɫɚ 
ɡɚɞɚɱ ɮɢɡɢɱɟɫɤɢɯ ɩɪɢɧɰɢɩɚɯ. 

Зɚɞɚчɚ ɫɨɫɬɨɢɬ ɜ ɜɵɛɨɪɟ ɫɬɪɭɤɬɭɪɵ ɢ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɩɪɢ 
ɤɨɬɨɪɵɯ ɧɚɩɟɪɟɞ ɧɟɢɡɜɟɫɬɧɵɟ ɰɢɤɥɵ ɡɚɞɚɧɧɨɣ ɞɥɢɧɵ ɛɵɥɢ ɛɵ ɥɨɤɚɥɶɧɨ 
ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɵɦɢ. 

ɉосɬɚɧовɤɚ ɡɚɞɚчи и ɩɪеɞвɚɪиɬелɶɧые ɪеɡɭлɶɬɚɬы 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɟɤɬɨɪɧɚɹ ɧɟɥɢɧɟɣɧɚɹ ɞɢɫɤɪɟɬɧɚɹ ɫɢɫɬɟɦɚ, ɤɨɬɨɪɚɹ ɩɪɢ 
ɨɬɫɭɬɫɬɜɢɢ ɭɩɪɚɜɥɟɧɢɹ ɢɦɟɟɬ ɜɢɞ 
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ɝɞɟ  xf  - ɞɢɮɮɟɪɟɧɰɢɪɭɟɦɚɹ ɜɟɤɬɨɪɧɚɹ ɮɭɧɤɰɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɪɚɡɦɟɪɧɨɫɬɢ. 
Пɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɫɢɫɬɟɦɚ (1) ɢɦɟɟɬ ɢɧɜɚɪɢɚɧɬɧɨɟ ɜɵɩɭɤɥɨɟ ɦɧɨɠɟɫɬɜɨ A , ɬ.ɟ., ɟɫɥɢ 

A , ɬɨ ɢ   Af  . Ɍɚɤɠɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜ ɷɬɨɣ ɫɢɫɬɟɦɟ ɢɦɟɟɬɫɹ ɨɞɢɧ ɢɥɢ 
ɧɟɫɤɨɥɶɤɨ ɧɟɭɫɬɨɣɱɢɜɵɯ T - ɰɢɤɥɨɜ  T ,...,1

, ɝɞɟ ɜɫɟ ɜɟɤɬɨɪɵ  
T ,...,1

 ɪɚɡɥɢɱɧɵ 
ɢ ɩɪɢɧɚɞɥɟɠɚɬ ɢɧɜɚɪɢɚɧɬɧɨɦɭ ɦɧɨɠɟɫɬɜɭ A , ɬ.ɟ. 

   Tjj fTjf   11 ,1,,1,  . Ɇɭɥɶɬɢɩɥɢɤɚɬɨɪɵ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ 
ɧɟɭɫɬɨɣɱɢɜɵɯ ɰɢɤɥɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ, ɤɚɤ ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɨɢɡɜɟɞɟɧɢɣ ɦɚɬɪɢɰ 

əɤɨɛɢ  



T

j

jf
1

  ɪɚɡɦɟɪɧɨɫɬɟɣ H . 

Ɍɪɟɛɭɟɬɫɹ ɩɨɫɬɪɨɢɬɶ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ ɜɢɞɚ 

,
1 1

1  
 

 







M

j

N

i

TiTnijjn xfx   (2) 

ɝɞɟ 0,0  ijj  , 1
1




M

j

j , Mj
N

i

ij ,,1,1
1




 , MN , . ɐɟɥɶ ɭɩɪɚɜɥɟɧɢɹ – 

ɫɞɟɥɚɬɶ ɥɨɤɚɥɶɧɨ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɵɦɢ ɜɫɟ (ɢɥɢ ɯɨɬɹ ɛɵ ɧɟɤɨɬɨɪɵɟ) T - ɰɢɤɥɵ 

ɫɢɫɬɟɦɵ (2). Вɚɠɧɨ, ɱɬɨ ɞɥɹ ɫɢɫɬɟɦɵ (2) ɜɵɩɭɤɥɨɟ ɦɧɨɠɟɫɬɜɨ A  ɨɫɬɚɟɬɫɹ 
ɢɧɜɚɪɢɚɧɬɧɵɦ, ɬ.ɟ., ɟɫɥɢ ɜɟɤɬɨɪɵ TNTT )1(20 ,,,,    ɩɪɢɧɚɞɥɟɠɚɬ ɦɧɨɠɟɫɬɜɭ A , ɬɨ 
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)(  ɩɪɢɧɚɞɥɟɠɢɬ ɦɧɨɠɟɫɬɜɭ A . ɂ, ɤɪɨɦɟ ɬɨɝɨ, ɫɢɫɬɟɦɚ (2) 

ɛɭɞɟɬ ɢɦɟɬɶ ɬɨɬ ɠɟ T - ɰɢɤɥ, ɱɬɨ ɢ ɫɢɫɬɟɦɚ (1). 

Ɏɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɭɩɪɚɜɥɟɧɢɹ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ: ɜɵɪɚɠɟɧɢɟ 
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  - ɤɚɤ ɜɧɟɲɧɟɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɜɵɪɚɠɟɧɢɟ  
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  ɨɡɧɚɱɚɟɬ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɭɩɪɚɜɥɟɧɢɟ ɫ ɜɧɟɲɧɢɦ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ ɷɤɜɢɜɚɥɟɧɬɧɨ ɭɩɪɚɜɥɟɧɢɸ ɫ 
ɧɟɥɢɧɟɣɧɨɣ ɡɚɩɚɡɞɵɜɚɸɳɟɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ [15]. 

Пɪɢɦɟɧɢɦ ɫɥɟɞɭɸɳɭɸ ɫɯɟɦɭ  ɥɢɧɟɚɪɢɡɚɰɢɢ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɪɢɰɵ əɤɨɛɢ 
ɫɢɫɬɟɦɵ (2) ɢ ɟё ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ. ɗɬɚ ɫɯɟɦɚ ɛɵɥɚ ɨɛɨɫɧɨɜɚɧɚ ɜ ɪɚɛɨɬɚɯ 
[16, 17]. 
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Пɨɞɫɬɚɜɢɦ ɪɟɲɟɧɢɟ (4) ɜ (3), ɫɱɢɬɚɹ, ɱɬɨ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɰɢɤɥɚ ɜɟɥɢɱɢɧɵ T

mm uu ,,1   

ɦɚɥɵ ɧɚɫɬɨɥɶɤɨ, ɱɬɨ ɜɵɩɨɥɧɹɸɬɫɹ ɭɫɥɨɜɢɹ ɬɟɨɪɟɦɵ ɨɛ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɩɟɪɜɨɦɭ 
ɩɪɢɛɥɢɠɟɧɢɸ [1]. 

Пɭɫɬɶ Tmn  . Ɍɨɝɞɚ 
2

211 mTmn uxx    , 
3

322 mTmn uxx    , … ,  
1

11)1(   mmTTn uxx  .  

Вɵɞɟɥɹɹ ɥɢɧɟɣɧɭɸ ɱɚɫɬɶ ɢ ɭɱɢɬɵɜɚɹ, ɱɬɨ    121 ,,  ff T   , ɩɨɥɭɱɚɟɦ 
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В (7)  
jf   , Tj ,,1 , - ɦɚɬɪɢɰɵ əɤɨɛɢ, I  - ɟɞɢɧɢɱɧɚɹ ɦɚɬɪɢɰɚ, 0 - ɧɭɥɟɜɚɹ ɦɚɬɪɢɰɚ 

(ɜɫɟ ɦɚɬɪɢɰɵ ɪɚɡɦɟɪɧɨɫɬɢ H ),   )...( 11

21

1   N

Naaap  . 

Сɬɚɧɞɚɪɬɧɚɹ ɦɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ T - ɰɢɤɥɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɩɪɨɜɟɪɤɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɫɟɯ ɧɭɥɟɣ ɨɩɪɟɞɟɥɢɬɟɥɹ ɦɚɬɪɢɰɵ ɫɢɫɬɟɦɵ (7) ɜ ɰɟɧɬɪɚɥɶɧɨɦ 
ɟɞɢɧɢɱɧɨɦ ɤɪɭɝɟ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ  1:  zz . В ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ 
ɨɩɪɟɞɟɥɢɬɟɥɶ  ɦɚɬɪɢɰɵ ɫɢɫɬɟɦɵ (7) ɪɚɜɟɧ 
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)(det1det  , 

ɝɞɟ 
H ,,1  ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɦɚɬɪɢɰɵ  




T

j

jf
1

 .  

Ɂɚɞɚчɚ оɩɬиɦɚлɶɧоɝо ɩеɪеɦеɲивɚɧиɹ 

ɍɫɥɨɜɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ T - ɰɢɤɥɚ ɫɢɫɬɟɦɵ (2) ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɜɫɟ ɤɨɪɧɢ 
ɭɪɚɜɧɟɧɢɹ  
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   ,0
1

1

1

)1( 



H

j

T

N

N

j

TN
aa   (8) 

ɞɨɥɠɧɵ ɥɟɠɚɬɶ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɟɞɢɧɢɱɧɨɦ ɤɪɭɝɟ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ. 
Сɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɡɚɞɚɱɚ ɭɩɪɚɜɥɟɧɢɹ ɯɚɨɫɨɦ ɜ ɫɢɫɬɟɦɟ (1) ɩɭɬɟɦ ɩɟɪɟɦɟɲɢɜɚɧɢɹ 
ɡɧɚɱɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ ɢ ɮɭɧɤɰɢɣ ɨɬ ɷɬɢɯ ɡɧɚɱɟɧɢɣ ɜ ɩɪɟɞɲɟɫɬɜɭɸɳɢɟ ɦɨɦɟɧɬɵ 
ɜɪɟɦɟɧɢ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɞɥɹ ɡɚɞɚɧɧɨɣ ɞɥɢɧɵ ɰɢɤɥɚ  T  ɢ 
ɡɚɞɚɧɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɥɨɤɚɥɢɡɚɰɢɢ ɦɭɥɶɬɢɩɥɢɤɚɬɨɪɨɜ ɧɚɣɬɢ ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɜɧɭɬɪɟɧɧɟɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ MjNiij ,,1,,,1,   , ɢ ɜɧɟɲɧɟɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ 

Mjj ,,1,  , ɬɚɤ, ɱɬɨɛɵ ɰɢɤɥ ɞɥɢɧɵ T  ɛɵɥ ɛɵ ɥɨɤɚɥɶɧɨ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ 
ɭɫɬɨɣɱɢɜɵɦ; ɩɪɢ ɷɬɨɦ ɜɟɥɢɱɢɧɚ ɢɫɩɨɥɶɡɭɟɦɨɣ ɩɪɟɞɵɫɬɨɪɢɢ ɞɨɥɠɧɚ ɛɵɬɶ ɦɢɧɢɦɚɥɶɧɨ 
ɜɨɡɦɨɠɧɨɣ.  

Дɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɜ ɭɪɚɜɧɟɧɢɢ (8) ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɤɨɷɮɮɢɰɢɟɧɬɵ Naa ,,1   

ɬɚɤ, ɱɬɨɛɵ ɜɫɟ ɤɨɪɧɢ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɥɟɠɚɥɢ ɛɵ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɟɞɢɧɢɱɧɨɦ ɤɪɭɝɟ 
ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɢ ɜɟɥɢɱɢɧɚ N  ɛɵɥɚ ɛɵ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ.  

ȿɫɬɟɫɬɜɟɧɧɨ, ɱɬɨ ɪɟɲɟɧɢɟ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɡɚɜɢɫɢɬ ɨɬ ɨɛɥɚɫɬɢ ɥɨɤɚɥɢɡɚɰɢɢ 
ɦɭɥɶɬɢɩɥɢɤɚɬɨɪɨɜ  H ,,1  . Ȼɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɞɜɟ ɜɨɡɦɨɠɧɨɫɬɢ: ɜɫɟ 
ɦɭɥɶɬɢɩɥɢɤɚɬɨɪɵ ɜɟɳɟɫɬɜɟɧɧɵ     1,:,,1

  RH ; ɜɫɟ ɦɭɥɶɬɢɩɥɢɤɚɬɨɪɵ 
ɩɪɢɧɚɞɥɟɠɚɬ ɥɟɜɨɣ ɩɨɥɭɩɥɨɫɤɨɫɬɢ     RRCH   :,,1  , 1 , 21R . 

Дɥɹ ɤɚɠɞɨɝɨ ɢɡ ɷɬɢɯ ɫɥɭɱɚɟɜ ɚɥɝɨɪɢɬɦ ɧɚɯɨɠɞɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨɝɨ N  ɢ ɨɩɬɢɦɚɥɶɧɵɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ  Naa ,,1   ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɲɚɝɨɜ Д19].  

 ɜɵɱɢɫɥɹɸɬɫɹ ɭɡɥɵ: 
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  RH  
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 ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɩɬɢɦɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ  
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 ɩɪɢ N  – ɱɟɬɧɨɦ,  
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 ɩɪɢ N  – ɧɟɱɟɬɧɨɦ; ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ N  
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 ɩɪɢ N  – ɧɟɱɟɬɧɨɦ; ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ N  

ɜɵɱɢɫɥɹɟɬɫɹ, ɤɚɤ ɦɢɧɢɦɚɥɶɧɨɟ ɧɚɬɭɪɚɥɶɧɨɟ ɱɢɫɥɨ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɟ ɧɟɪɚɜɟɧɫɬɜɭ 

)(2

1
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R  . 

ȿɫɥɢ ɨɩɬɢɦɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɧɚɣɞɟɧɵ, ɬɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɟɪɟɦɟɲɢɜɚɧɢɹ 
ɦɨɠɧɨ ɧɚɣɬɢ ɢɡ ɫɢɫɬɟɦɵ (6), ɤɨɬɨɪɭɸ ɭɞɨɛɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɦɚɬɪɢɱɧɨɣ ɮɨɪɦɟ: 
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 (9) 

Ʉ ɫɢɫɬɟɦɟ (9) ɧɟɨɛɯɨɞɢɦɨ ɞɨɛɚɜɢɬɶ ɭɫɥɨɜɢɹ ɧɨɪɦɢɪɨɜɤɢ, ɬɨɝɞɚ ɨɧɚ ɩɪɢɦɟɬ ɜɢɞ: 
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Зɚɦɟɬɢɦ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ, 
ɨɞɧɚɤɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɨɩɪɟɞɟɥɹɸɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɦ 
ɨɛɪɚɡɨɦ. 

Ɉɩɬиɦɚлɶɧɚɹ сɬɚɛилиɡɚɰиɹ хɚосɚ 

Ɋɚɫɫɦɨɬɪɢɦ ɨɬɨɛɪɚɠɟɧɢɟ Д20]   xxxf 









2

1

2

1
)21( , 

ɩɨɪɨɠɞɚɸɳɟɟ ɞɢɧɚɦɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ «ɜɧɟɡɚɩɧɨɝɨ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɯɚɨɫɚ» (SOC).  

 ,1 nn xfx   (10) 
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В Д20] ɞɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ (ɧɚɯɨɠɞɟɧɢɹ) ɰɢɤɥɨɜ ɞɥɢɧ ɨɬ 1 ɞɨ 6 ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ 
ɩɪɨɝɧɨɡɢɪɭɸɳɟɟ ɭɩɪɚɜɥɟɧɢɟ Д3]. Нɢɠɟ ɢɥɥɸɫɬɪɢɪɭɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ 
ɩɟɪɟɦɟɲɢɜɚɧɢɹ  ɞɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ 3-ɰɢɤɥɚ (ɪɢɫ. 1) , 7-ɰɢɤɥɨɜ (ɪɢɫ. 2)  ɜ ɫɢɫɬɟɦɟ SOC.  

Дɥɹ ɫɢɫɬɟɦɵ (10) ɢɧɜɚɪɢɚɧɬɧɵɦ ɹɜɥɹɟɬɫɹ ɦɧɨɠɟɫɬɜɨ 









2

2
1,0 ; ɩɨɥɨɠɟɧɢɟɦ 

ɪɚɜɧɨɜɟɫɢɹ – ɬɨɱɤɚ 1z .  

Нɚɣɞɟɦ 3-ɰɢɤɥ ɫɢɫɬɟɦɵ (10). Дɥɹ ɷɬɨɝɨ ɪɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ  
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j

TjTnjn xafffx
1

1  (11) 

ɩɪɢ 1T , 8N ,    013.0,050.0,102.0,154.0,193.0,204.0,176.0,107.0,, 81 aa  .  

 
 

ɚ ɛ 

Ɋис. 1. Дɢɧɚɦɢɤɚ ɪɟɲɟɧɢɣ ɫɢɫɬɟɦɵ (11); ɚ – ɜ ɩɥɨɫɤɨɫɬɢ  nxn, ; ɛ – ɜ ɩɥɨɫɤɨɫɬɢ 
 nn xx ,1  

 

Вɢɞɧɨ, ɱɬɨ ɜ ɫɢɫɬɟɦɟ (11) ɢɦɟɟɬɫɹ ɞɜɚ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ: 11 z  ɢ 471.02 z . 

Пɟɪɜɨɟ ɩɨɥɨɠɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɹɜɥɹɟɬɫɹ ɩɨɥɨɠɟɧɢɟɦ ɪɚɜɧɨɜɟɫɢɹ ɢ ɞɥɹ ɢɫɯɨɞɧɨɣ 
ɫɢɫɬɟɦɵ (10), ɚ ɜɨɬ ɜɬɨɪɨɟ – ɨɩɪɟɞɟɥɹɟɬ 3-ɰɢɤɥ ɫɢɫɬɟɦɵ (10):  138.0,609.1,471.0 . 

Аɧɚɥɨɝɢɱɧɨ ɧɚɯɨɞɢɦ 7-ɰɢɤɥ ɫɢɫɬɟɦɵ (10). Сɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ  

,
1

1


































































































 




N

TjTn
xafffffffx

j
jn  (12) 

ɢɫɩɨɥɶɡɭɟɦ ɩɪɢ 1T , 12N , 

    004.0,017.0,037.0,061.0,087.0,111.0,130.0,139.0,138.0,124.0,095.0,054.0,, 121 aa  .  

 

 



ІНɎɈɊɆАɌɂɄА ɌА ɆАɌȿɆАɌɂЧНІ ɆȿɌɈДɂ В ɆɈДȿɅɘВАННІ ▪ 2016 ▪ Ɍɨɦ 6, №1 

 17 

  

ɚ ɛ 

Ɋис. 2. Дɢɧɚɦɢɤɚ ɪɟɲɟɧɢɣ ɫɢɫɬɟɦɵ (12); ɚ – ɜ ɩɥɨɫɤɨɫɬɢ  nxn, ; ɛ – ɜ 
ɩɥɨɫɤɨɫɬɢ  nn xx ,1  
 

Пɨɥɨɠɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɜ ɫɢɫɬɟɦɟ (12) 723.0z  ɨɩɪɟɞɟɥɹɟɬ ɢɫɤɨɦɵɣ 7-ɰɢɤɥ 
ɫɢɫɬɟɦɵ (10):  195.1,862.0,252.0,529.1,448.0,391.1,723.0 .  

Ɂɚɤлючеɧие 

В ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɚ ɚɤɬɭɚɥɶɧɚɹ ɩɪɨɛɥɟɦɚ ɫɬɚɛɢɥɢɡɚɰɢɢ ɧɚɩɟɪɟɞ ɧɟ ɢɡɜɟɫɬɧɵɯ 
ɧɟɭɫɬɨɣɱɢɜɵɯ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɨɪɛɢɬ ɞɢɫɤɪɟɬɧɵɯ ɫɢɫɬɟɦ ɫ ɯɚɨɬɢɱɟɫɤɨɣ ɞɢɧɚɦɢɤɨɣ. 
Пɨɞɯɨɞ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɜɹɡɚɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ, ɩɨɫɬɪɨɟɧɧɨɣ ɧɚ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɤɨɨɪɞɢɧɚɬ ɩɪɟɞɵɫɬɨɪɢɢ ɢɥɢ ɮɭɧɤɰɢɣ ɷɬɢɯ 
ɤɨɨɪɞɢɧɚɬ. ɗɬɨɬ ɩɨɞɯɨɞ ɨɛɨɛɳɚɟɬ ɩɪɟɞɥɨɠɟɧɧɵɣ ɜ Д14, 15] ɦɟɬɨɞ ɫɬɚɛɢɥɢɡɚɰɢɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɥɢɧɟɣɧɨɣ ɡɚɩɚɡɞɵɜɚɸɳɟɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ (DFC). Ɉɧ ɫɨɯɪɚɧɹɟɬ ɜɫɟ 
ɩɪɟɢɦɭɳɟɫɬɜɚ ɦɟɬɨɞɚ DFC ɢ ɞɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɜɵɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ 
ɩɟɪɟɦɟɲɢɜɚɧɢɹ, ɱɬɨ ɱɪɟɡɜɵɱɚɣɧɨ ɜɚɠɧɨ ɞɥɹ ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ, ɩɨɡɜɨɥɹɹ ɪɚɫɲɢɪɹɬɶ 
ɛɚɫɫɟɣɧɵ ɩɪɢɬɹɠɟɧɢɹ ɫɬɚɛɢɥɢɡɢɪɭɟɦɵɯ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɨɪɛɢɬ. Ɍɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɜɧɭɬɪɟɧɧɟɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɳɚɟɬ ɨɛɴɟɦ ɜɵɱɢɫɥɟɧɢɣ, ɬ.ɤ. ɨɬɩɚɞɚɟɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜɵɱɢɫɥɹɬɶ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɚɹ ɡɚɞɚɟɬ ɞɢɧɚɦɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ, 
ɛɨɥɶɲɟɟ ɱɢɫɥɨ ɪɚɡ, ɱɟɦ ɜ ɫɢɫɬɟɦɟ ɛɟɡ ɩɟɪɟɦɟɲɢɜɚɧɢɹ. Ɍɚɤɠɟ ɦɵ ɧɚɞɟɟɦɫɹ, ɱɬɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɧɭɬɪɟɧɧɟɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɨɛɥɟɝɱɢɬ ɮɢɡɢɱɟɫɤɭɸ ɪɟɚɥɢɡɚɰɢɸ 
ɩɪɟɞɥɨɠɟɧɧɨɣ ɫɯɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɯɚɨɫɨɦ ɜ ɧɟɥɢɧɟɣɧɵɯ ɞɢɫɤɪɟɬɧɵɯ ɫɢɫɬɟɦɚɯ.  

ɋɩисоɤ лиɬеɪɚɬɭɪы 

1. Ott, E. Controlling chaos Phys. Rev. / E. Ott, C. Grebodgi, J.A. Yorke. – 1990. - Lett. 64. -            

P. 1196 - 1199 . 

2. Vieira, D.S. Controlling chaos using nonlinear feedback with delay / D.S. Vieira, A.J. Lichtenberg, 

// Phys.Rev. – 1996. - E 54. – PP. 1200 – 1207. 

3. Polyak, B.T. Stabilizing chaos with predictive control. Automation and Remote Control.66(11) / 

B.T. Polyak. – 2005. – PP. 1791 - 1804.  

4. Morgul, O. On the stability of delayed feedback controllers / O. Morgul // Phys. - 2003. - Lett.       

A 314. – PP. 278 – 285.  

5. Pyragas, K. Delayed feedback control of chaos / K. Pyragas // Phil. Trans. R. Soc. A 364. –     

2006. –  No.1846, PP. 2309 – 2334.  

6. Calvo, O. Fuzzy control of chaos /International Journal of Bifurcation and Chaos / O. Calvo,        

J. H. Cartwright. - 1998. - Vol.8. –No.8. - PP. 1743 – 1747. 



Д.В. Дɦɢɬɪɢɲɢɧ, ɂ.Ɇ. Сɤɪɢɧɧɢɤ  

 18 

7. Wu, X.Q. Parameter identification and backstepping control of uncertain Lu system, Chaos, 

Solitons, Fractals 18 / X.Q. Wu, J.A. Lu. – 2003. – PP. 721 - 729. 

8. Lima, R. Supression of chaos by resonant parametric perturbation. / R. Lima, M. Pettini // Phys. – 

1990. - Rev. A, 41: PP. 726 – 733.  

9. Astrom, K.J. Adaptive control. Dover Publications / K.J. Astrom, B. Wittenmark // INC. Mineola, 

N.-Y. - 578 p.  

10. Wang, H. O. Fuzzy modeling and control of chaotic systems / H. O. Wang, K. Tanaka, T. Ikeda // 

Proc. IEEE Int. Symp. Circuits and Systems. – 1996. - Vol.3. - PP. 209 - 212. 

11. Kokame, H. Difference feedback can stabilize uncertain steady states / H. Kokame, K. Hirata,      

K. Konishi, T. Mori // IEEE Trans. on Automatic Control. - 2001. - Vol.46. - No.12. -                    

PP. 1908 - 1913. 

12. Zelinka, I. Motivation for Application of Evolutionary Computation to Chaotic Systems. 

Evolutionary Algorithms and Chaotic Systems / I. Zelinka, G. Chen // Springer., series Studies in 

Computational Intelligence. – 2000. – Vol.267. - PP. 3 - 36. 

13. Gauthier, D. J. / Resource letter / D. J. Gauthier // Controlling chaos, Am. J. Phys. – 2003. – 71 p. 

14. Аɧɞɪɢɟɜɫɤɢɣ, Ȼ.Ɋ. ɍɩɪɚɜɥɟɧɢɟ ɯɚɨɫɨɦ: ɦɟɬɨɞɵ ɢ ɩɪɢɥɨɠɟɧɢɹ, ɱɚɫɬɶ І / Ȼ.Ɋ. Аɧɞɪɢɟɜɫɤɢɣ, 
А.Ʌ. Ɏɪɚɞɤɨɜ // АɢɌ. – 2003. – Ɍ.5. – С. 3-45.  

15. Dmitrishin, D. Methods of harmonic analysis in nonlinear dynamics / D. Dmitrishin,                     

A. Khamitova // Comptes Rendus Mathematique. - 2013. - Vol.351. – PP. 367 - 370. 

16. Dmitrishin, D. Fejer polynomials and Chaos / D. Dmitrishin, A. Khamitova, A. Stokolos // 

Springer Proceedings in Mathematics and Statistics. – 2014. - PP. 49 - 75. 

17. Dmitrishin, D. On the stability of cycles by delayed feedback control / D. Dmitrishin,                    

P. Hagelstein, A. Khamitova, A. Stokolos // arXiv:1501.04573. Published online in Linear and 

multilinear Algebra. – 2014. – 256 ɪ. 
18. Khamitova, A. About the characteristТМ pШlвЧШЦТКl ШП prШНЮМЭ FrШЛОЧТЮs’ ЦКЭrТб, VТsЧвФ 

Odeskoho Natsionalnoho Universytetu / A. Khamitova. - 2015. - Vol.20. - PP. 71 - 80. 

19. Dmitrishin, D. Finding cycles in nonlinear autonomous discrete dynamical systems, in    

preparation / D. Dmitrishin, A. Khamitova, A. Stokolos,  M. Tohaneanu // Tian L., Dong G. 

Predictive control of sudden occurrence of chaos. – 2008. – PP. 99 - 105. 

20. Tian, L. Predictive control of sudden occurrence of chaos / L. Tian // Int. J. Nonlinear Science. – 

2008. – PP. 99 – 105. 

 

 
ɉЕɊЕɆІɒУȼАɇɇə, əɄ ɋɉɈɋІȻ УɉɊАȼɅІɇɇə ХАɈɋɈɆ 

Д.В. Дɦɢɬɪɢɲɢɧ, І.Ɇ. Сɤɪɢɧɧɢɤ 

Ɉɞɟɫɶɤɢɣ Нɚɰɿɨɧɚɥɶɧɢɣ Пɨɥɿɬɟɯɧɿɱɧɢɣ ɍɧɿɜɟɪɫɢɬɟɬ 

ɩɪ. ɒɟɜɱɟɧɤɚ, 1, Ɉɞɟɫɚ, 65044, ɍɤɪɚʀɧɚ; О-mail: anton_dora@mail.ru 

ɍ ɫɬɚɬɬɿ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɦɨɠɥɢɜɿɫɬɶ ɭɩɪɚɜɥɿɧɧɹ ɞɢɧɚɦɿɤɨɸ ɧɟɥɿɧɿɣɧɢɯ ɞɢɫɤɪɟɬɧɢɯ 
ɫɢɫɬɟɦ. Зɚɩɪɨɩɨɧɨɜɚɧɨ ɧɨɜɢɣ ɫɩɨɫɿɛ ɭɩɪɚɜɥɿɧɧɹ ɯɚɨɫɨɦ ɱɟɪɟɡ ɩɟɪɟɦɿɲɭɜɚɧɧɹ ɫɬɚɧɿɜ 
ɫɢɫɬɟɦɢ (ɚɛɨ ɮɭɧɤɰɿɣ ɜɿɞ ɰɢɯ ɫɬɚɧɿɜ) ɜɢɡɧɚɱɟɧɢɯ ɜ ɩɨɩɟɪɟɞɧɿɣ ɦɨɦɟɧɬ ɱɚɫɭ. ɐɟ 
ɞɨɡɜɨɥɹє ɥɨɤɚɥɶɧɨ ɫɬɚɛɿɥɿɡɭɜɚɬɢ ɧɚɩɟɪɟɞ ɧɟɜɿɞɨɦɿ ɰɢɤɥɢ ɡɚɞɚɧɨʀ ɞɨɜɠɢɧɢ. əɤ 
ɨɤɪɟɦɢɣ ɜɢɩɚɞɨɤ, ɰɟɣ ɫɩɨɫɿɛ ɜɤɥɸɱɚє ɜ ɫɟɛɟ ɦɟɬɨɞ ɫɬɚɛɿɥɿɡɚɰɿʀ ɰɢɤɥɭ ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɧɟɥɿɧɿɣɧɨɝɨ ɡɜɨɪɨɬɧɨɝɨ ɡɜ'ɹɡɤɭ ɿɡ ɡɚɩɿɡɧɟɧɧɹɦ. Нɚɜɟɞɟɧɿ ɩɪɢɤɥɚɞɢ. 
Ʉлючові словɚ: ɧɟɥɿɧɿɣɧɿ ɞɢɫɤɪɟɬɧɿ ɫɢɫɬɟɦɢ, ɭɩɪɚɜɥɿɧɧɹ ɯɚɨɫɨɦ, ɩɟɪɟɦɿɲɭɜɚɧɧɹ 
ɫɬɚɧɿɜ ɫɢɫɬɟɦɢ 
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In the article we consider the possibility of controlling the dynamics of nonlinear discrete 

systems. A new way to chaos control by mixing states of the system (or the functions of 

these states) calculated in the previous time. This approach allows to locally stabilize 

beforehand unknown cycles of a given length. As a special case, the method includes a 

cycle stabilization method using nonlinear feedback retarded.  
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