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ɇ.ɂ. Ɉɛɨɞɚɧ, ɇ.Ⱥ. Ƚɭɤ, Ⱥ.ɋ. Ɇɚɝɚɫ 
Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ 

ɈȻɊȺɌɇȺə ȽɊȺɇɂɑɇȺə ɁȺȾȺɑȺ ɌȿɈɊɂɂ ȻɂɎɍɊɄȺɐɂɂ  
ȾɅə ɍɊȺȼɇȿɇɂɃ ɄȺɊɆȺɇȺ 

Ɋɚɫɫɦɨɬɪɟɧɚ ɨɛɪɚɬɧɚɹ ɝɪɚɧɢɱɧɚɹ ɡɚɞɚɱɚ ɬɟɨɪɢɢ ɛɢɮɭɪɤɚɰɢɣ ɧɟɥɢɧɟɣɧɨɣ 
ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ ɞɥɹ ɭɪɚɜɧɟɧɢɹ Ʉɚɪɦɚɧɚ. ɋɮɨɪɦɭɥɢɪɨɜɚɧ ɮɭɧɤɰɢɨɧɚɥ, ɦɢɧɢɦɢ-
ɡɚɰɢɹ ɤɨɬɨɪɨɝɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɶ ɫɨɱɟɬɚɧɢɹ ɦɢɧɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ 
ɠɟɫɬɤɨɫɬɟɣ ɨɩɨɪɧɨɝɨ ɤɨɧɬɭɪɚ, ɩɪɢ ɤɨɬɨɪɵɯ ɪɟɚɥɢɡɭɟɬɫɹ ɨɫɨɛɚɹ ɬɨɱɤɚ ɪɟɲɟɧɢɹ. 
ɍɫɬɚɧɨɜɥɟɧɵ ɭɫɥɨɜɢɹ ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɪɟɲɟɧɢɣ ɞɥɹ ɝɪɚɧɢɱɧɵɯ ɡɚɞɚɱ, ɩɨɫɬɪɨɟɧ 
ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɢɫɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 
ɭɫɬɚɧɨɜɥɟɧɨ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɦɢɧɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɤɚɠɞɨɣ ɢɡ ɠɺɫɬɤɨɫɬɟɣ, ɧɟɡɚ-
ɜɢɫɢɦɵɯ ɨɬ ɡɧɚɱɟɧɢɹ ɨɫɬɚɥɶɧɵɯ. 

Ɋɨɡɝɥɹɧɭɬɨ ɨɛɟɪɧɟɧɭ ɝɪɚɧɢɱɧɭ ɡɚɞɚɱɭ ɬɟɨɪɿʀ ɛɿɮɭɪɤɚɰɿɣ ɧɟɥɿɧɿɣɧɨʀ ɤɪɚɣɨ-
ɜɨʀ ɡɚɞɚɱɿ ɞɥɹ ɪɿɜɧɹɧɧɹ Ʉɚɪɦɚɧɚ. ɋɮɨɪɦɭɥɶɨɜɚɧɨ ɮɭɧɤɰɿɨɧɚɥ, ɦɿɧɿɦɿɡɚɰɿɹ 
ɹɤɨɝɨ ɞɚє ɦɨɠɥɢɜɿɫɬɶ ɜɢɡɧɚɱɢɬɢ ɫɩɨɥɭɱɟɧɧɹ ɦɿɧɿɦɚɥɶɧɢɯ ɡɧɚɱɟɧɶ ɠɨɪɫɬɤɨɫ-
ɬɟɣ ɨɩɨɪɧɨɝɨ ɤɨɧɬɭɪɚ, ɡɚ ɹɤɢɯ ɪɟɚɥɿɡɭєɬɶɫɹ ɨɫɨɛɥɢɜɚ ɬɨɱɤɚ ɪɨɡɜ’ɹɡɤɭ. ȼɫɬɚɧɨ-
ɜɥɟɧɨ ɭɦɨɜɢ ɛɟɡɩɟɪɟɪɜɧɨɫɬɿ ɪɨɡɜ’ɹɡɤɿɜ  ɞɥɹ ɝɪɚɧɢɱɧɢɯ ɡɚɞɚɱ, ɩɨɛɭɞɨɜɚɧɨ ɚɥ-
ɝɨɪɢɬɦ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ ɨɩɬɢɦɿɡɚɰɿʀ. ȼ ɪɟɡɭɥɶɬɚɬɿ ɱɢɫɥɨɜɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ 
ɜɫɬɚɧɨɜɥɟɧɨ ɿɫɧɭɜɚɧɧɹ ɦɿɧɿɦɚɥɶɧɢɯ ɡɧɚɱɟɧɶ ɤɨɠɧɨʀ ɡ ɠɨɪɫɬɤɨɫɬɟɣ, ɧɟɡɚɥɟɠ-
ɧɢɯ ɜɿɞ ɡɧɚɱɟɧɶ ɿɧɲɢɯ. 

Inverse boundary problem of bifurcation theory for nonlinear boundary prob-

lem for the Karman’s equation is considered. Functional of inverse problem is for-

mulated.  Combination minimum values of boundary circuit rigidities, which are 

implemented at singular point solutions, are determined as a result of minimization 

the functional. Terms continuity solutions for boundary problems are set, an algo-

rithm for solving the optimization problem is built. The existences of the minimum 

values of stiffness are established as a result of numerical experiment. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɛɪɚɬɧɚɹ ɡɚɞɚɱɚ, ɛɢɮɭɪɤɚɰɢɹ, ɭɪɚɜɧɟɧɢɹ Ʉɚɪɦɚɧɚ, 
ɨɛɨɛɳɟɧɧɨɟ ɪɟɲɟɧɢɟ, ɦɢɧɢɦɚɥɶɧɚɹ ɠɟɫɬɤɨɫɬɶ ɨɩɨɪ. 

ȼɜɟɞɟɧɢɟ. Ɂɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɨɩɨɪɧɨɝɨ ɤɨɧ-
ɬɭɪɚ ɜ ɫɢɫɬɟɦɚɯ, ɨɩɢɫɵɜɚɟɦɵɯ ɧɟɥɢɧɟɣɧɵɦ ɭɪɚɜɧɟɧɢɟɦ Ʉɚɪɦɚɧɚ, ɤɨɝɞɚ 
ɩɪɢ ɡɚɞɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɩɪɚɜɨɣ ɱɚɫɬɢ ɪɟɲɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɪɚɟɜɨɣ 
ɡɚɞɚɱɢ ɧɚɯɨɞɢɬɫɹ ɜ ɨɫɨɛɨɣ ɬɨɱɤɟ, ɹɜɥɹɟɬɫɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɟɣ ɬɟɨɪɢɢ ɛɢ-
ɮɭɪɤɚɰɢɣ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɤɥɚɫɫɢɱɟɫɤɨɣ ɡɚɞɚɱɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ, 
ɡɞɟɫɶ ɫɨɛɫɬɜɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɨɫɨɛɭɸ ɬɨɱɤɭ, ɹɜɥɹ-
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ɸɬɫɹ ɡɧɚɱɟɧɢɹ ɠɟɫɬɤɨɫɬɢ ɨɩɨɪɧɨɝɨ ɤɨɧɬɭɪɚ, ɜɯɨɞɹɳɢɟ ɜ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨ-
ɜɢɹ ɞɥɹ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱ. 

Ɇɟɬɨɞ ɨɛɪɚɬɧɵɯ ɡɚɞɚɱ ɜ ɬɟɨɪɢɢ ɛɢɮɭɪɤɚɰɢɢ ɞɨɫɬɚɬɨɱɧɨ ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɨɫɨɛɟɧɧɨ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ, ɯɢɦɢɱɟɫɤɢɯ ɢ ɦɟɯɚ-
ɧɢɱɟɫɤɢɯ ɡɚɞɚɱɚɯ [2–7; 9–11]. 

Ɂɞɟɫɶ ɨɛɵɱɧɨ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɥɚɫɫɢɱɟɫɤɚɹ ɩɨɫɬɚɧɨɜɤɚ, ɚɧɚɥɨɝɢɱɧɚɹ 
ɩɪɹɦɨɣ ɡɚɞɚɱɟ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ, ɤɨɝɞɚ ɩɚɪɚɦɟɬɪ, ɫɨɛɫɬɜɟɧɧɨɟ ɡɧɚ-
ɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɜɯɨɞɢɬ ɜ ɪɚɡɪɟɲɚɸɳɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɥɢɧɟɣ-
ɧɨ [2]. ȼ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɨɫɨɛɨɣ ɬɨɱɤɢ ɪɟɲɟɧɢɹ 
ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɤɚɤ ɨɩɬɢɦɢɡɚɰɢɨɧɧɚɹ [7; 10], ɨɫɧɨɜɧɵɦ ɬɪɟɛɨɜɚɧɢɟɦ ɤ 
ɮɭɧɤɰɢɨɧɚɥɭ ɤɚɱɟɫɬɜɚ ɹɜɥɹɟɬɫɹ ɟɝɨ ɜɵɩɭɤɥɨɫɬɶ ɢ ɧɟɩɪɟɪɵɜɧɨɫɬɶ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɫɜɨɣɫɬɜ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɮɭɧɤɰɢɢ, ɨɩɢɫɵ-
ɜɚɸɳɢɟ ɩɪɹɦɭɸ ɡɚɞɚɱɭ, ɨɛɥɚɞɚɥɢ ɫɩɟɰɢɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɬ.ɤ. ɜ ɨɛɳɟɦ ɫɥɭ-
ɱɚɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɮɭɧɤɰɢɨɧɚɥ ɧɟ ɹɜɥɹɟɬɫɹ ɜɵɩɭɤɥɵɦ ɢ ɧɟɩɪɟɪɵɜɧɵɦ. 

ɇɢɠɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɨɛɪɚɬɧɚɹ ɡɚɞɚɱɚ ɬɟɨɪɢɢ ɛɢɮɭɪɤɚɰɢɢ ɞɥɹ ɧɟɥɢɧɟɣ-
ɧɨɝɨ ɭɪɚɜɧɟɧɢɹ Ʉɚɪɦɚɧɚ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɚ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɫɜɨɣɫɬɜ ɫɢɫ-
ɬɟɦɵ, ɨɩɢɫɵɜɚɟɦɨɣ ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɶɸ Ʉɚɪɦɚɧɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ 
ɭɫɥɨɜɢɟɦ 

   


 mindxKxK
T

,   KxKK  ,                      (1) 

ɩɪɢ     ,Ȝ 0L u x F x  , x ,    0,~ xKuG , x ,        (2) 

ɢ   grad ,Ȝ 0
U

L L u F x 
  , ɩɪɢ    xuxu

*~  ,    xKxK
* , 

*Ȝ=Ȝ , (3) 

ɝɞɟ 2
R  – ɨɛɥɚɫɬɶ ɫ ɝɪɚɧɢɰɟɣ 2

 C , ɧɚ ɤɨɬɨɪɨɣ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɫɢɫ-
ɬɟɦɚ,   1 2 1 2: , , φ φ, ,L x L x x x x         . 

 xK  – ɜɟɤɬɨɪ-ɮɭɧɤɰɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ «ɠɟɫɬɤɨɫɬɶ» ɝɪɚɧɢɱɧɵɯ ɭɫɥɨ-
ɜɢɣ;  L  – ɧɟɥɢɧɟɣɧɵɣ ɨɩɟɪɚɬɨɪ Ʉɚɪɦɚɧɚ;  xu~  – ɜɟɤɬɨɪ ɧɟɢɡɜɟɫɬɧɵɯ ɮɭɧɤ-
ɰɢɣ ɡɚɞɚɱɢ;  xF  – ɩɪɚɜɚɹ ɱɚɫɬɶ; Ȝ  – ɩɚɪɚɦɟɬɪ;  xu

*~ ,  xK
* , *Ȝ  – ɡɧɚɱɟɧɢɹ 

ɮɭɧɤɰɢɣ  xK  ɢ  xu~ , ɩɪɢ ɤɨɬɨɪɵɯ ɪɟɚɥɢɡɭɟɬɫɹ ɨɫɨɛɚɹ ɬɨɱɤɚ  * *Ȝ ,u . 

Ɂɚɞɚɱɚ ɨɛ ɨɩɪɟɞɟɥɟɧɢɢ ɜɟɤɬɨɪ-ɮɭɧɤɰɢɢ  xK , ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɣ ɭɫɥɨ-
ɜɢɹɦ (1), (2), (3), ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɤɚɤ ɨɛɪɚɬɧɚɹ: 

   KJxK Kminarg , KK
~

 ,                                 (4) 

ɝɞɟ      dxKxKJ
T

 

ɩɪɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɣ (2), (3), ɚ ɬɚɤɠɟ ɨɝɪɚɧɢɱɟɧɢɣ 
0 ii KK , 0 ii KK , 2,1i . 
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Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ. ȼɜɟɞɟɦ ɦɧɨɠɟɫɬɜɨ ɤɨɪɪɟɤɬɧɨɫɬɢ 

2, , , ,sign sign
dK

K K K C K K K c c c c
dU


        
 

 ,         (5) 

ɢ ɧɚ ɨɛɥɚɫɬɢ   ɪɚɫɫɦɨɬɪɢɦ ɧɟɥɢɧɟɣɧɭɸ ɤɪɚɟɜɭɸ ɡɚɞɚɱɭ 

   
 

1 1 1 2 1 1 2

2 2 2 1 1

1 1 Ȝ , 0,

1 1 0.

ijkl ik jl

ij kl kl ij ij

ijkl ik jl

ij kl kl ij ij

L A u u B u F x x

L A u u B u

       

      

  

  
       (6) 

ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɬɢɩɚɯ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɧɚ l :  

1) 
*
11

~ uu  , 
*

1 θ
i i
u   ɧɚ l , 2,1i , il  ; 

2) 
*
11

~ uu  ,  ɧɚ l , 2,1i , 2 il ;                                                               (7) 

3) 
*

1 θ
i i
u  , ɧɚ l , 2,1i , 4 il ; 

4)   111
~~ uxKu iii  ,     121

~~ uxKuiii   ɧɚ l , 2,1i , 6 il  

          ɩɪɢ 0~
2 u , 0~

2  ui , 2,1i .  

Ɂɞɟɫɶ  Tuuu 21
~,~~  ;       TxKxKxK 21 , ;  

k
k

x


 , 

pk
kp

xx 



2

, 2,1, pk .   

ɉɪɢɦɟɦ ɫɨɝɥɚɲɟɧɢɟ ɨ ɫɭɦɦɢɪɨɜɚɧɢɢ ɩɨ ɩɨɜɬɨɪɹɸɳɢɦɫɹ ɢɧɞɟɤɫɚɦ. 
ɋɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɤɪɚɟɜɨɣ ɡɚɞɚɱɟ (6), (7) ɨɛɨɛɳɟɧɧɨɟ ɪɟɲɟɧɢɟ ɢɦɟɟɬ ɜɢɞ 

   

       

1
1

2

0
. *

11 1 1 1 1 1 1 2

* * *

2 2 1 1 1 1 1 1 2

φ φ 1 1 φ φ ,

1φ 1 1 φ .
2

ik jl

ij i j klV
V

ik jl

ij i j klV

u u B u u u d

u u u B u u u u








                

            





  

   
(8) 

ɝɞɟ ɩɪɨɫɬɪɚɧɫɬɜɚ 1V , 2V  ɜɜɨɞɹɬɫɹ ɫɤɚɥɹɪɧɵɦɢ ɩɪɨɢɡɜɟɞɟɧɢɹɦɢ 

 

 

1

2

1 1 1 1 1 1 1 2 1 11

2 2 1 22

,φ φ φ φ ,

,φ φ
l l

ijkl
ij kl i jV

ijkl
ij klV

u A u d K u dS K u dS

u A u d





  



        

   

   

 
        (9) 

ɢ ɧɨɪɦɚɦɢ 




 dSuuKdSuKduuAu jiklij
ijkl

V 112
2

11111

2

1
1

~~~~~~ , 
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


 duuAu klij
ijkl

V 222

2

2
2

~~~  

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ɂɞɟɫɶ ɜɜɟɞɟɧɚ ɡɚɦɟɧɚ 

1
*
11

~~~ uuu  , 

 uuu
0
1

*
1 , 22

~~~ uu , 

ɝɞɟ 0
1u  ɮɭɧɤɰɢɹ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɚɹ ɭɫɥɨɜɢɸ (7), ɚ u  ɞɚɟɬɫɹ ɭɫɥɨɜɢɟɦ  

   
1

1 1φ Ȝ φ
V

u F x d


    . 

Ⱦɨɩɭɫɬɢɦɵɟ ɝɪɚɧɢɱɧɵɟ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɣ 0
u  ɢ 0

ui , 2,1i  ɨɩɪɟɞɟ-

ɥɢɦ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ ɡɚɞɚɧɧɵɟ ɮɭɧɤɰɢɢ *
iu  ɢ  * *θ θ

i
 , 2,1i  ɦɨɝɭɬ ɛɵɬɶ 

ɩɪɨɞɨɥɠɟɧɵ ɜɧɭɬɪɶ ɨɛɥɚɫɬɢ   ɤɚɤ ɮɭɧɤɰɢɢ ɢɡ  2
2W , 

 1
2W . Ⱦɥɹ ɷɬɨɝɨ ɜɜɟ-

ɞɺɦ ɩɪɨɫɬɪɚɧɫɬɜɚ  23
2W  ɢ  21

2W , ɨɩɪɟɞɟɥɹɟɦɵɟ ɤɚɤ ɡɚɦɵɤɚɧɢɟ ɦɧɨɠɟɫɬɜɚ 

 12
 CCu  ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɧɨɪɦɟ [1]. Ɍɨɝɞɚ ɧɟɨɛɯɨɞɢɦɨ  23

2
*

Wu  ɢ 
 1 2*

2θ W  , ɡɞɟɫɶ  2
2W , 

 1
2W  – ɩɪɨɫɬɪɚɧɫɬɜɚ ɋɨɛɨɥɟɜɚ. 

ɉɪɢ ɷɬɨɦ [1] 

     2 3 2 1 2

2 2 2

0 * *θ
l l

W W W
u m u

  

   
 

. 

ɉɨ ɬɟɨɪɟɦɟ Ɋɢɫɫɚ ɢɡ ɫɨɨɬɧɨɲɟɧɢɣ (8) ɫɥɟɞɭɟɬ 

 *
1111 ,~~ uuGu  ,  *

1122 ,~~ uuGu  , 

ɩɪɢ ɷɬɨɦ 

  
 

    

   

1

1
1

2

0
*

1 1 1 1 1 1

*
1 1 2

* *
2 1 1 2 1 1

* *
1 1 1 1 2

, φ φ 1 1 φ

φ ,

, φ 1 1

1 φ .
2

ik jl
ij

V
V

i i j kl

ik jl
ij

V

i j kl

G u u u B

u u u d

G u u u u B

u u u u d










         

    
     

      



 

 

 

          (10) 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɪɨɫɬɪɚɧɫɬɜɚ 1V , 2V  ɢ  2
2W , 

 1
2W  ɷɤɜɢɜɚɥɟɧɬɧɵ [1]. 
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ɉɨɤɚɠɟɦ, ɱɬɨ ɨɩɟɪɚɬɨɪɵ  *
111 ,~ uuG ,  *

112 ,~ uuG   ɭɫɢɥɟɧɧɨ ɧɟɩɪɟɪɵɜɧɵ 

ɜ  1V , 2V   ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨ 0
u . ɉɭɫɬɶ 0

1
0
1 uu n   ɜ 1V . 

Ɍɨɝɞɚ ɢɡ   uu n  ɜ 1V  ɫɥɟɞɭɟɬ *
1

*
1 uu n   ɜ 1V . 

ɂɡ ɪɚɜɟɧɫɬɜɚ (10) ɢɦɟɟɦ 

       
2

* * * * *

2 1 1 2 1 1 1 2 1 1, , φ 1 1ik jl

n ij n
V

G u u G u u u B u u
 

       

  1
*
1

*
111

*
1

2

1
uuuuuu jnijiji  











 duuuuuu njnijinji

*
1

*
1

*
1

*
1

*
11 . 

ȼ ɫɢɥɭ ɬɟɨɪɟɦ ɜɥɨɠɟɧɢɹ 

   *
1

*
1 uu ini   ɜ ɥɸɛɨɦ qL , 1q . 

Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ  

    




 1

*
1

*
1

2

*
112

*
112 111,~,~

L
n

kl

C
ij

jlik

V
n uuBmuuGuuG  

  
 



**

4
1

4

*
1

*
111 uuuuu jiLi

L
nj

C

jlik
 

22

* *

2φi n j n VL
u u



   , 

ɬ.ɟ.     0,~,~

2

*
112

*
112 

V
nuuGuuG . 

Ⱥɧɚɥɨɝɢɱɧɨ ɦɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ 

 

    0,~,~

1

*
111

*
111 

V
nuuGuuG . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɩɟɪɚɬɨɪɵ   *
111 ,~ uuG ,  *

112 ,~
nuuG    ɭɫɢɥɟɧɧɨ ɧɟɩɪɟ-

ɪɵɜɧɵ ɜ  1V  ɢ 2V   ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ɂɚɞɚɞɢɦ uuu  0

~ , ɝɞɟ 0u  – ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ (6), (7), ɬɨɝɞɚ ɭɫɥɨɜɢɟ, 
ɨɩɪɟɞɟɥɹɸɳɟɟ ɬɨɱɤɭ ɜɟɬɜɥɟɧɢɹ, ɢɦɟɟɬ ɜɢɞ 

     
      011

~

011
~

0
11222

1
0
2

0
12111





uBuuAL

uuuBuuAL

ijijkl
jlik

klij
ijkl

ijklijijkl
jlik

klij
ijkl

; 
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ɩɪɢ   0, 21  T
uuu , constBij  , 2,1,,, lkji . 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɡɚɞɚɱɢ 0
~
L ,  ɌLLL 21

~
,

~~
  ɢɦɟɸɬ ɜɢɞ, ɚɧɚɥɨ-

ɝɢɱɧɵɣ (7) ɩɪɢ ɧɭɥɟɜɵɯ ɡɧɚɱɟɧɢɹɯ * *

1 ,θ
i

u . 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɨɛɨɛɳɺɧɧɨɟ ɪɟɲɟɧɢɟ ɢɦɟɟɬ ɜɢɞ 

   
    

1

2

0 0

1 1 1 1 1 2 1 1 2

0

2 2 1 1 1 2

, 1 1 ;

, 1 1 Ȝ , 0,

ik jl

ij i j kl i j klV

ik jl

ij i j klV

u v B v v u u v u u d

u v B u u u v d u





         
        




  (11) 

ɝɞɟ ɩɪɨɫɬɪɚɧɫɬɜɚ 1V , 2V  ɫɨ ɫɤɚɥɹɪɧɵɦ ɩɪɨɢɡɜɟɞɟɧɢɟɦ ɢ ɧɨɪɦɨɣ ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ ɨɩɪɟɞɟɥɟɧɵ ɤɚɤ (9). 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɟɤɬɨɪ-ɮɭɧɤɰɢɹ  XK  ɜɯɨɞɢɬ ɜ ɨɛɨɛɳɟɧɧɨɟ 
ɪɟɲɟɧɢɟ ɤɚɤ ɱɟɪɟɡ ɮɭɧɤɰɢɸ  Ku0 , ɬɚɤ ɢ ɱɟɪɟɡ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ (7). 

Ⱥɧɚɥɨɝɢɱɧɨ ɢɡɥɨɠɟɧɧɨɦɭ ɜɵɲɟ ɦɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɨɩɟɪɚɬɨɪɵ 
 011 ,

~
uuG  ɢ  012 ,

~
uuG , ɨɩɪɟɞɟɥɹɟɦɵɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɟɦɨɣ Ɋɢɫɫɚ ɢɡ 

ɨɛɨɛɳɟɧɧɨɝɨ ɪɟɲɟɧɢɹ (11) ɤɚɤ 

 0122 ,
~

uuGu  ,  0111 ,
~

uuGu  , 

ɭɫɢɥɟɧɧɨ ɧɟɩɪɟɪɵɜɧɵ ɩɨ ɩɟɪɟɦɟɧɧɨɣ 0u , ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɣ ɭɫɥɨɜɢɹɦ (7). 

ɂɡ ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɨɩɟɪɚɬɨɪɨɜ  011 ,
~

uuG  ɢ  012 ,
~

uuG  ɩɨ   xKu
0

 

ɫɥɟɞɭɟɬ ɧɟɩɪɟɪɵɜɧɨɫɬɶ ɨɛɨɛɳɟɧɧɨɝɨ ɪɟɲɟɧɢɹ (11)  ɩɨ  xK . 

Ɇɟɬɨɞ ɪɟɲɟɧɢɹ. Ɂɚɞɚɱɚ (2), (3), (4), (7) ɫɜɨɞɢɬɫɹ ɤ ɤɨɧɟɱɧɨɦɟɪɧɨɣ ɩɭ-
ɬɟɦ ɟɟ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. Ɋɟɲɟɧɢɟ ɭɤɚɡɚɧɧɨɣ 
ɡɚɞɚɱɢ ɨɩɢɫɵɜɚɟɬɫɹ ɜɟɤɬɨɪɚɦɢ 

  MkUU
T

k ,1,0
0  ,   MjUU

T
j ,1,  ,   PpKK

T
ipi ,1,  ,  TiKK  , 

ɝɞɟ okU , jU , ipK  – ɭɡɥɨɜɵɟ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɣ 0u , u , iK  ɧɚ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɢɯ ɫɟɬɤɚɯ. ɉɪɨɰɟɞɭɪɚ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɜɨɞɢɬ ɡɚɞɚɱɭ 
ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɨɛɳɟɧɧɵɯ ɪɟɲɟɧɢɣ uu ,0  ɤ ɫɨɜɦɟɫɬɧɨɦɭ ɪɟɲɟɧɢɸ ɞɜɭɯ 
ɫɢɫɬɟɦ ɭɪɚɜɧɟɧɢɣ:  ɧɟɥɢɧɟɣɧɨɣ ɚɥɝɟɛɪɚɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ  

 1 0 , ȜQ U K R ,                                              (12) 

ɝɞɟ  KUQ ,01  – ɧɟɥɢɧɟɣɧɚɹ ɦɚɬɪɢɰɚ, ȜR  – ɩɪɨɟɤɰɢɹ ɩɪɚɜɨɣ ɱɚɫɬɢ, 
ɢ ɥɢɧɟɣɧɨɣ ɨɞɧɨɪɨɞɧɨɣ 

  0,02 UKUQ , 0U  .                                    (13) 
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ɍɫɥɨɜɢɟɦ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɪɟɲɟɧɢɹ 0U  ɹɜɥɹɟɬɫɹ  
  0,det 02  KUQ .                                       (14) 

ȼɫɥɟɞɫɬɜɢɟ ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɨɛɨɛɳɟɧɧɨɝɨ ɪɟɲɟɧɢɹ (11) ɩɨ K  ɮɭɧɤɰɢɹ 
 K  ɹɜɥɹɟɬɫɹ ɧɟɩɪɟɪɵɜɧɨɣ. 

Ɍɚɤ ɤɚɤ ɞɥɹ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ (12) ɢɫɩɨɥɶɡɭɟɦ ɦɟɬɨɞ ɩɪɨɞɨɥɠɟɧɢɹ ɩɨ 
ɩɚɪɚɦɟɬɪɭ ( Ȝ  ɢɥɢ kU0 ), ɬɨ ɧɚ ɤɚɠɞɨɦ r -ɦ ɲɚɝɟ ɭɤɚɡɚɧɧɨɝɨ ɦɟɬɨɞɚ ɜɵ-
ɱɢɫɥɢɦ 

 
 

     1
1

0 1 0, 1
Ȝr n

rr
U Q U R


                            (15) 

ɩɪɢ ɷɬɨɦ  
         1 1* *

1 0 2 0Ȝ ,Ȝ Ȝ ,Ȝn n
Q U Q U

  ,                      (16) 

ɝɞɟ 1Q  – ɦɚɬɪɢɰɚ Ɏɪɟɲɟ ɞɥɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɦɚɬɪɢɰɵ 1Q ; rR  – ɩɪɢ-
ɪɚɳɟɧɢɟ ɩɪɚɜɨɣ ɱɚɫɬɢ ɧɚ ɲɚɝɟ r . 

ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ ɩɪɨɞɨɥɠɟɧɢɹ ɩɨ ɩɚɪɚɦɟɬɪɭ kU0  (ɩɪɢ * ) 

ɦɚɬɪɢɰɚ   1
01
n

UQ  ɜ ɭɪɚɜɧɟɧɢɢ (15) ɡɚɦɟɧɢɦ ɦɚɬɪɢɰɟɣ   1
01

~ n
UQ , ɩɪɢ 

ɩɨɫɬɪɨɟɧɢɢ ɤɨɬɨɪɨɣ ɜ ɜɟɤɬɨɪɟ  1
0
n

U  ɢɫɤɥɸɱɢɦ ɤɨɦɩɨɧɟɧɬɭ kU0  ɢ ɜɤɥɸ-

ɱɢɦ ɤɨɦɩɨɧɟɧɬɭ 
 1Ȝ n , ɚ ɜ ɦɚɬɪɢɰɟ   1

01
n

UQ  ɫɬɨɥɛɟɰ 
kU

Q

0

1




 ɡɚɦɟɧɢɦ 

ɫɬɨɥɛɰɨɦ 1

Ȝ
Q


. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɩɨ ɩɚɪɚɦɟɬɪɭ ɦɨɠɟɦ ɜɵ-

ɱɢɫɥɢɬɶ ɡɧɚɱɟɧɢɟ      0102 detdet UQUQ
nn  . 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɜɟɤɬɨɪɚ 0U  ɜ ɡɚɜɢɫɢ-
ɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɚ Ȝ  ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɝɨ ɧɟɩɪɟɪɵɜɧɨɫɬɶ, ɬ.ɤ. ɨɫɨɛɚɹ ɬɨɱɤɚ 
ɪɟɲɟɧɢɹ ɜɫɟɝɞɚ ɢɦɟɟɬ ɯɚɪɚɤɬɟɪ ɩɪɟɞɟɥɶɧɨɣ [8]. 

ȼɜɟɞɺɦ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ 
1ȝ ip

, 
2ȝ ip

 

 

 

1

2

1 0
ȝ

0

1 0
ȝ

0

iip

ip

i ip

ip

ɟɫɥɢ K K

ɢɧɚɱɟ

ɟɫɥɢ K K

ɢɧɚɱɟ

   

   


  .                              (17) 

ɉɪɢɫɨɟɞɢɧɢɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɮɭɧɤɰɢɨɧɚɥɚ (4) ɤ ɭɤɚɡɚɧ-
ɧɨɦɭ ɮɭɧɤɰɢɨɧɚɥɭ, ɡɚɩɢɫɚɧɧɨɦɭ ɜ ɞɢɫɤɪɟɬɧɨɣ ɮɨɪɦɟ 

 KUUJK
K

,,minarg 0 , KK
~

 ,                        (18) 
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ɝɞɟ       22

1 1 2 2

,

ψ φ ȝ φ ȝ .T
iiip ip ip ip ip ip

i p

J K K K K K K K        

Ɋɚɡɪɟɲɚɸɳɚɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ KK
~

 , ɭɞɨɜɥɟɬɜɨ-
ɪɹɸɳɟɝɨ ɭɫɥɨɜɢɸ (1), ɢɦɟɟɬ ɜɢɞ 

1 1 1 2 2 22 ψ 2φ ȝ 2φ ȝ 0
ijp ijp ijp ijp ijp ijp ijp

ijp

K
K


     


,             (19) 

  0
0
 UKU

, 
1 1ȝ 0
ip ip
  , 

2 2ȝ 0
ip ip
   

ɩɪɢ  iipip KK 1 ,  ipiip KK 2 , 2,1i , Pp ,1 . 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɧɨɠɢɬɟɥɟɣ φip  ɢɫɩɨɥɶɡɭɟɦ ɦɟɬɨɞ ɝɪɚɞɢɟɧɬɧɨɝɨ ɫɩɭɫɤɚ: 

     
  1

1 1
φ

φ φ ξ
φ

n

n n n

kip kip

kip

J


 


 


, 2,1i , Pp ,1 ,          (20) 

ɝɞɟ     1

ξ
ξ argmin φn n

J
  .  

Ɂɞɟɫɶ     φ φn n

k
 , 

    φ φn n

k ki
 , 

    φ φn n

ki kip
 , 2,1, ik , Pp ,1 . 

ȿɫɥɢ ɩɪɟɞɫɬɚɜɢɬɶ  PpiKip ,1;2,1,   ɜ ɜɢɞɟ ipip kKK  0 , 111 k , 

00 K , ɬɨ ɡɧɚɱɟɧɢɹ  ψ n
, 

 n
ipk , 

 n
kip , 

 n
K0  ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɡ ɭɪɚɜɧɟ-

ɧɢɣ (19) ɩɪɢ 111 k . 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ (19) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɬɟɪɚɬɢɜɧɨɝɨ ɩɪɨ-
ɰɟɫɫɚ: 

1. Ɂɚɞɢɦ 111 k ,
 1 *ξ =ξ , ξ , 

*Ȝ , 
 0
0K , 1n , 

 
10 ipk ,  0φ 0

ip
 , 

2,1, ik , Pp ,1 , ɦɚɥɨɟ ɱɢɫɥɨ  . 

2. Ɉɩɪɟɞɟɥɢɦ ɩɚɪɚɦɟɬɪ  ψ n
 ɢɡ ɩɟɪɜɵɯ  pi  ɭɪɚɜɧɟɧɢɣ (19)  

ɩɪɢ 1i , 1p , 
 1
0
n

K . 

3. Ɉɩɪɟɞɟɥɢɦ ɩɚɪɚɦɟɬɪɵ  n
ipk  ɢɡ  pi  ɭɪɚɜɧɟɧɢɣ (19)  

ɩɪɢ  1
0
n

K ,  1φ n

kip


 2,1i , Pp ,2 , 2i , 1p . 

4. Ɉɩɪɟɞɟɥɢɦ ɡɧɚɱɟɧɢɟ  n
K0  ɢɡ ɭɫɥɨɜɢɹ  

0 n
. 

5. Ɉɩɪɟɞɟɥɢɦ ɡɧɚɱɟɧɢɟ  n
kip , 

 ȝ n

kip , 2,1, ik , Pp ,1 . 
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6. Ɉɩɪɟɞɟɥɢɦ ɦɧɨɠɢɬɟɥɢ  φ n

kip  ɩɨ ɮɨɪɦɭɥɟ (20). 

7. ɇɚɣɞɟɦ 
    1

ξξ argmin φn n
J

  . 

8. ɉɨɜɬɨɪɢɦ ɫ ɩɭɧɤɬɚ 2 ɩɨɤɚ 

             1 1 1

0 0φ , , φ , , εn n n n n n

ip ipJ k K J k K
    . 

ɑɢɫɥɟɧɧɵɣ ɩɪɢɦɟɪ. ɋ ɩɨɦɨɳɶɸ ɢɡɥɨɠɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɛɵɥɢ ɨɩɪɟɞɟɥɟ-
ɧɵ ɮɭɧɤɰɢɢ  xKi , 2,1i , ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɭɫɥɨɜɢɸ (1) ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚ-

ɱɟɧɢɹɯ * , ɞɥɹ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɚɧɟɥɢ ɫ ɩɚɪɚɦɟɬɪɚɦɢ 3RL , 200hR , 

φ 120 
,  1111 3 2

1 12 1 ȝA Eh  ,  1111 2

2 12 1 ȝA Eh  , ɝɞɟ L , R , h  

φ  – ɞɥɢɧɚ,  ɪɚɞɢɭɫ, ɬɨɥɳɢɧɚ, ɭɝɨɥ ɪɚɫɬɜɨɪɚ ɩɚɧɟɥɢ; E , ȝ  – ɦɨɞɭɥɶ ɘɧɝɚ, 

ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ,  ɆɉɚE
4102  ; ȝ 0.3 .  

ɉɚɧɟɥɶ ɧɚɯɨɞɢɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɪɚɜɧɨɦɟɪɧɨɝɨ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ, ɧɚ 
ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɤɪɨɦɤɚɯ ɩɚɧɟɥɢ ɪɟɚɥɢɡɨɜɚɧɵ ɭɫɥɨɜɢɹ ɠɟɫɬɤɨɝɨ ɡɚɳɟɦɥɟ-
ɧɢɹ, ɧɚ ɩɪɨɞɨɥɶɧɵɯ ɤɪɨɦɤɚɯ ɪɟɚɥɢɡɨɜɚɧ 4-ɣ ɬɢɩ ɨɩɢɪɚɧɢɹ (7). Ɏɭɧɤɰɢɢ 

 xKi  2,1i  ɨɝɪɚɧɢɱɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɫɥɨɜɢɟɦ (1), 3.01 K , 

3.11 K , 02 K , 12.02 K . 

ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ  *Ȝ iK , ɝɞɟ ɡɧɚɱɟɧɢɟ iK  – ɨɬɧɟɫɟɧɨ ɤ 
ɟɝɨ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ (7) ɩ.1).  

0

0.4

0.8

1.2

1.6

2

0 0.4 0.8 1.2 1.6 K

ɤɪ

        

0

0.3

0.6

0.9

1.2

1.5

0 0.25 0.5 0.75 L

K

 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɡɧɚɱɟɧɢɣ *Ȝ  

ɨɬ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɠɟɫɬɤɨ-
ɫɬɢ iK  

Ɋɢɫ. 2. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɮɭɧɤɰɢɣ ɠɺ-
ɫɬɤɨɫɬɢ  xK1 ,  xK2  ɜɞɨɥɶ ɤɪɨɦ-
ɤɢ ɩɚɧɟɥɢ 
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ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɭɧɤɰɢɣ  xK1 ,  xK2  ɩɨ ɞɥɢɧɟ 
ɤɪɨɦɤɢ ɩɚɧɟɥɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɹɦ (7) ɩ.1), ɩɪɢ ɡɧɚ-

ɱɟɧɢɢ 
*Ȝ 1.3 .  Ɂɞɟɫɶ ɡɧɚɱɟɧɢɟ *Ȝ  ɨɬɧɟɫɟɧɨ ɤ ɜɟɥɢɱɢɧɟ 

1111

0

9,2Ȝ A

LR Rh
 . 

ȼɵɜɨɞɵ. Ɂɚɞɚɱɚ ɨɛ ɨɩɪɟɞɟɥɟɧɢɢ ɦɢɧɢɦɚɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɝɪɚɧɢɱɧɵɯ 
ɭɫɥɨɜɢɣ ɞɥɹ ɭɪɚɜɧɟɧɢɣ Ʉɚɪɦɚɧɚ, ɩɪɢ ɪɟɲɟɧɢɢ ɤɨɬɨɪɨɣ ɪɟɚɥɢɡɭɟɬɫɹ ɨɫɨɛɚɹ 
ɬɨɱɤɚ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɩɪɚɜɨɣ ɱɚɫɬɢ, ɦɨɠɟɬ ɛɵɬɶ ɪɟɲɟɧɚ ɤɚɤ ɨɛɪɚɬɧɚɹ 
ɡɚɞɚɱɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɧɨɠɟɫɬɜɚ ɤɨɪɪɟɤɬɧɨɫɬɢ ɞɥɹ ɜɨɡɦɨɠɧɵɯ ɪɟɲɟɧɢɣ.  

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɪɚɡɪɟɲɚɸɳɢɟ ɨɩɟɪɚɬɨɪɵ ɡɚɞɚɱɢ Ʉɚɪɦɚɧɚ ɧɟɩɪɟɪɵɜɧɵ ɩɨ 
ɮɭɧɤɰɢɹɦ, ɨɩɢɫɵɜɚɸɳɢɦ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ, ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹ ɩɪɢ-
ɧɚɞɥɟɠɧɨɫɬɢ ɢɯ ɤ ɫɩɟɰɢɚɥɶɧɵɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɩɪɨɫɬɪɚɧɫɬɜɚɦ. Ɋɚɡɪɚɛɨɬɚɧ 
ɢɬɟɪɚɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɟɧɢɹ ɮɭɧɤɰɢɣ ɦɢɧɢɦɚɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɪɟɲɟɧɢɣ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɢɡ ɦɧɨɠɟɫɬɜɚ ɤɨɪ-
ɪɟɤɬɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɩɨɫɬɪɨɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɮɭɧɤɰɢɣ, ɨɩɢɫɵɜɚɸɳɢɯ 
ɠɟɫɬɤɨɫɬɶ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɨɬ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɩɪɚɜɨɣ ɱɚɫɬɢ, ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɟɝɨ ɨɫɨɛɨɣ ɬɨɱɤɟ. 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɢ ɪɨɛɚɫɬɧɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɦɵɯ ɫɢɫɬɟɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɢɯ ɛɢɮɭɪɤɚɰɢɢ ɧɟɨɛ-
ɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɫɧɢɠɟɧɢɟ «ɠɟɫɬɤɨɫɬɢ» ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɨɩɪɟɞɟɥɹɹ 
ɢɯ ɜɨɡɦɨɠɧɨɟ ɦɢɧɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɡɚɞɚɧɧɨɣ ɩɪɚɜɨɣ ɱɚɫɬɢ. 
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