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Ⱥɧɧɨɬɚɰɢɹ. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ ɭɩɪɚɜɥɟɧɢɹ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɨɣ ɝɢɛɪɢɞɧɨ-
ɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɦɢɧɢɦɢɡɢɪɭɸɳɟɝɨ ɜɟɤɬɨɪɧɵɣ ɤɪɢɬɟɪɢɣ ɤɚɱɟɫɬɜɚ ɩɪɢ ɧɚɥɢɱɢɢ ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ 
ɩɚɪɚɦɟɬɪɵ ɫɨɫɬɨɹɧɢɹ ɢ ɜɟɤɬɨɪ ɭɩɪɚɜɥɟɧɢɹ. ɉɪɢɜɟɞɟɧɚ ɮɨɪɦɚɥɶɧɚɹ ɩɨɫɬɚɧɨɜɤɚ ɨɩɬɢɦɢɡɚɰɢ-
ɨɧɧɨɣ ɡɚɞɚɱɢ. 
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ɧɢɟ, ɜɟɤɬɨɪɧɵɣ ɤɪɢɬɟɪɢɣ ɤɚɱɟɫɬɜɚ. 
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Ⱥɧɨɬɚɰɿɹ. Ɋɨɡɝɥɹɞɚɽɬɶɫɹ ɡɚɞɚɱɚ ɨɩɬɢɦɿɡɚɰɿʀ ɭɩɪɚɜɥɿɧɧɹ ɫɢɥɨɜɨɸ ɭɫɬɚɧɨɜɤɨɸ ɝɿɛɪɢɞɧɨɝɨ ɚɜ-
ɬɨɦɨɛɿɥɹ, ɳɨ ɦɿɧɿɦɿɡɭɽ ɜɟɤɬɨɪɧɢɣ ɤɪɢɬɟɪɿɣ ɹɤɨɫɬɿ ɡɚ ɧɚɹɜɧɨɫɬɿ ɨɛɦɟɠɟɧɶ ɧɚ ɩɚɪɚɦɟɬɪɢ ɫɬɚ-
ɧɭ ɿ ɜɟɤɬɨɪ ɭɩɪɚɜɥɿɧɧɹ. ɉɪɢɜɟɞɟɧɨ ɮɨɪɦɚɥɶɧɭ ɩɨɫɬɚɧɨɜɤɭ ɨɩɬɢɦɿɡɚɰɿɣɧɨʀ ɡɚɞɚɱɿ. 
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ɤɬɨɪɧɢɣ ɤɪɢɬɟɪɿɣ ɹɤɨɫɬɿ. 
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Abstract. The problem of hybrid vehicle power unit control optimization that minimizes vector quality 
criterion under constraints on conditional parameters as well as the control vector is considered. The 
formal statement of the optimization problem is suggested. 
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ȼɜɟɞɟɧɢɟ 
 
ɗɤɨɧɨɦɢɱɧɨɫɬɶ ɢ ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫ-
ɧɨɫɬɶ ɝɢɛɪɢɞɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɜ ɡɧɚɱɢɬɟɥɶ-
ɧɨɣ ɫɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɱɟɫɬɜɨɦ ɭɩɪɚɜ-
ɥɟɧɢɹ ɟɝɨ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɨɣ ɢ ɫɬɟɩɟɧɶɸ 
ɫɨɨɬɜɟɬɫɬɜɢɹ ɜɵɛɪɚɧɧɨɣ ɫɬɪɚɬɟɝɢɢ ɭɩɪɚɜɥɟ-
ɧɢɹ ɬɟɤɭɳɟɦɭ ɬɹɝɨɜɨ-ɫɤɨɪɨɫɬɧɨɦɭ ɪɟɠɢɦɭ. 
Ⱦɚɧɧɨɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɞɢɤɬɭɟɬ ɧɟɨɛɯɨɞɢ-
ɦɨɫɬɶ ɩɪɢɞɚɧɢɹ ɫɢɫɬɟɦɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɝɢɛɪɢɞɧɨɣ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɨɣ 
(ɋȺɍ Ƚɋɍ) ɚɞɚɩɬɢɜɧɵɯ ɫɜɨɣɫɬɜ, ɬ.ɟ. ɫɩɨɫɨɛ-
ɧɨɫɬɢ ɜɵɛɨɪɚ ɫɬɪɚɬɟɝɢɢ ɭɩɪɚɜɥɟɧɢɹ ɚɝɪɟɝɚ-
ɬɚɦɢ Ƚɋɍ, ɤɨɬɨɪɚɹ ɦɢɧɢɦɢɡɢɪɭɟɬ ɜɵɛɪɚɧ-
ɧɵɣ ɮɭɧɤɰɢɨɧɚɥ ɧɚ ɬɟɤɭɳɟɦ ɟɡɞɨɜɨɦ ɰɢɤɥɟ 
ɩɪɢ ɡɚɞɚɧɧɵɯ ɨɝɪɚɧɢɱɟɧɢɹɯ.  

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 
 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɞɨɫɬɚɬɨɱɧɨ 
ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢ 
ɡɚɪɭɛɟɠɧɵɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ, ɩɨɫɜɹɳɟɧɧɵɯ 
ɨɩɬɢɦɢɡɚɰɢɢ ɭɩɪɚɜɥɟɧɢɹ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜ-
ɤɨɣ ɝɢɛɪɢɞɧɵɯ ɚɜɬɨɦɨɛɢɥɟɣ [1–3]. ȼɦɟɫɬɟ ɫ 
ɬɟɦ ɪɹɞ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɨɰɟɫɫɚ ɭɩɪɚɜɥɟɧɢɹ 
Ƚɋɍ ɨɫɬɚɸɬɫɹ ɧɟɢɫɫɥɟɞɨɜɚɧɧɵɦɢ. Ɍɚɤ, ɩɪɢ 
ɮɨɪɦɚɥɶɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɯ 
ɡɚɞɚɱ ɧɟ ɭɞɟɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɜɧɢɦɚɧɢɹ ɢɯ 
ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɫɬɢ ɢ ɬɟɦ ɨɫɨɛɟɧɧɨɫɬɹɦ, 
ɤɨɬɨɪɵɟ ɩɨɪɨɠɞɚɟɬ ɞɚɧɧɨɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ. 
ɉɪɢ ɷɬɨɦ ɨɫɬɚɺɬɫɹ ɧɟɡɚɞɟɣɫɬɜɨɜɚɧɧɵɦ ɛɨɝɚ-
ɬɵɣ ɚɪɫɟɧɚɥ ɫɪɟɞɫɬɜ ɬɟɨɪɢɢ ɜɟɤɬɨɪɧɨɣ ɨɩɬɢ-
ɦɢɡɚɰɢɢ [4–7].  
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ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
 
ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɡɚɞɚɱɢ ɫɢɧɬɟɡɚ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɨɣ ɝɢɛɪɢɞɧɨɝɨ 
ɚɜɬɨɦɨɛɢɥɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɟɤɬɨɪɧɨɝɨ 
ɮɭɧɤɰɢɨɧɚɥɚ ɨɩɬɢɦɚɥɶɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ 
ɩɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɦɩɨ-
ɧɟɧɬɨɜ ɜɟɤɬɨɪɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ, ɚ ɬɚɤɠɟ 
ɪɚɫɫɦɨɬɪɟɧɵ ɧɟɤɨɬɨɪɵɟ ɫɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢɹ 
ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ 
ɡɚɞɚɱɢ ɢɡ ɦɧɨɠɟɫɬɜɚ ɩɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɵɯ 
ɪɟɲɟɧɢɣ.  
 

Ƚɢɛɪɢɞɧɵɣ ɚɜɬɨɦɨɛɢɥɶ 
ɤɚɤ ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɫɤɨɪɨɫɬɢ 

 
ɉɭɫɬɶ ɚɜɬɨɦɨɛɢɥɶ ɫ Ƚɋɍ ɤɚɤ ɭɩɪɚɜɥɹɟɦɚɹ 
ɫɢɫɬɟɦɚ ɦɨɠɟɬ ɛɵɬɶ ɢɞɟɚɥɢɡɢɪɨɜɚɧ ɧɚɫɬɨɥɶ-
ɤɨ, ɱɬɨ ɜ ɤɚɠɞɵɣ ɮɢɤɫɢɪɨɜɚɧɧɵɣ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ ɧɚɛɥɸɞɟɧɢɹ t t  ɧɚ ɢɧɬɟɪɜɚɥɟ 

 s fT t t t t   , t T  ɟɝɨ ɫɜɨɣɫɬɜɚ ɦɨɝɭɬ 
ɛɵɬɶ ɨɩɢɫɚɧɵ ɞɜɭɦɹ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ ɱɢɫ-
ɥɚɦɢ: ( )t  – ɬɟɤɭɳɚɹ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚ-
ɳɟɧɢɹ ɜɟɞɭɳɢɯ ɤɨɥɺɫ; ( )TAB t  – ɫɨɫɬɨɹɧɢɟ 
ɧɚɤɨɩɢɬɟɥɹ ɷɧɟɪɝɢɢ (ɫɬɟɩɟɧɶ ɡɚɪɹɠɟɧɧɨɫɬɢ 
ɬɹɝɨɜɨɣ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ). Ȼɭɞɟɦ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɞɚɧɧɵɟ ɜɟɥɢɱɢɧɵ ɤɚɤ ɤɨɦɩɨ-
ɧɟɧɬɵ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ 

 ( ) ( ), ( ) T
TABt t t   x x  ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 

t . Ɇɧɨɠɟɫɬɜɨ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɫɨɫɬɨɹɧɢɣ ɜ 
ɪɚɡɥɢɱɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ t T  ɨɛɪɚɡɭɸɬ 
ɞɜɭɯɦɟɪɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɫɨɫɬɨɹɧɢɣ X  

 
2
+x X   , t T  , max0

0 1TAB

   
     

X , 

 
ɝɞɟ max  – ɦɚɤɫɢɦɚɥɶɧɚɹ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ 
ɜɪɚɳɟɧɢɹ ɜɟɞɭɳɢɯ ɤɨɥɺɫ.  
 
ɇɚ ɦɧɨɠɟɫɬɜɟ X  ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɩɨɞɦɧɨ-
ɠɟɫɬɜɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɨɫɬɨɹɧɢɣ  
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ȼɵɯɨɞ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ ɡɚ ɩɪɟɞɟɥɵ exX  ɧɟ 
ɠɟɥɚɬɟɥɟɧ, ɯɨɬɹ ɢ ɧɟ ɜɟɞɺɬ ɤ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭ-
ɚɰɢɢ. 
 
Ȼɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɚɜɬɨɦɨɛɢɥɶ ɫ Ƚɋɍ ɤɚɤ 
ɦɧɨɝɨɦɟɪɧɵɣ ɧɟɥɢɧɟɣɧɵɣ ɫɬɚɰɢɨɧɚɪɧɵɣ 
ɨɛɴɟɤɬ ɜɢɞɚ 
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ɝɞɟ  , , , T

D M T    u  – ɜɟɤɬɨɪ ɭɩɪɚɜɥɟɧɢɹ; 

D  – ɫɢɝɧɚɥ ɭɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɶɸ Ⱦȼɋ. 
1D    ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɬɤɥɸɱɟɧɧɨɦɭ ɫɨɫɬɨ-

ɹɧɢɸ Ⱦȼɋ; M  – ɫɢɝɧɚɥ ɭɩɪɚɜɥɟɧɢɹ ɜɫɩɨɦɨ-
ɝɚɬɟɥɶɧɨɣ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɨɣ (ɷɥɟɤɬɪɨɦɚɝ-
ɧɢɬɧɵɦ ɦɨɦɟɧɬɨɦ ɜɟɧɬɢɥɶɧɨɝɨ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ); T  – ɫɢɝɧɚɥ ɭɩɪɚɜɥɟɧɢɹ 
ɫɢɫɬɟɦɨɣ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɨɪɦɨɠɟɧɢɹ;   – 
ɩɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ɬɪɚɧɫɦɢɫɫɢɢ ɚɜɬɨ-
ɦɨɛɢɥɹ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɹɬɢɫɬɭɩɟɧɱɚɬɨɣ 
ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ   ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɨɞɧɨ ɢɡ 
ɩɹɬɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɣ. ɉɨɥɚɝɚɟɦ, 
ɱɬɨ ɭɩɪɚɜɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɞɨɥɠɧɵ ɛɵɬɶ 
ɨɝɪɚɧɢɱɟɧɵ, ɬ.ɟ. 4u UɈ Ɇ t T  , 

 

 

1, 0 1
1 1
0 1

, 1,5

D D

M

T

i i

      
         
 

    

U . 

 
ȼɟɤɬɨɪ ɭɩɪɚɜɥɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɡɚɞɚɧ ɤɚɤ 
ɩɪɨɝɪɚɦɦɧɨɟ ɭɩɪɚɜɥɟɧɢɟ 

 

         , , ,
T

D M Tt t t t t       u u  
 

ɥɢɛɨ ɜ ɜɢɞɟ ɤɨɨɪɞɢɧɚɬɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
 

         , , ,
T

D M T       u u x x x x x ; 
 

ȟ  – ɜɟɤɬɨɪ ɜɨɡɦɭɳɚɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ  
 

      2
0,t t tȟ ȟ        , t T  ; 

 
  – ɭɤɥɨɧ ɞɨɪɨɝɢ; 0  – ɫɤɨɪɨɫɬɶ ɜɫɬɪɟɱɧɨɝɨ 
ɜɟɬɪɚ; y  – ɜɟɤɬɨɪ ɜɵɯɨɞɚ 
 

        3, ,
T

T Tt V t G t E ty y       , t T  ;  
 
V  – ɫɤɨɪɨɫɬɶ ɚɜɬɨɦɨɛɢɥɹ; TG  – ɱɚɫɨɜɨɣ ɪɚɫ-
ɯɨɞ ɬɨɩɥɢɜɚ Ⱦȼɋ; NOx CO HC( , , )T TE f C C C  – 
ɫɬɟɩɟɧɶ ɬɨɤɫɢɱɧɨɫɬɢ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ 
Ⱦȼɋ; NOxC , COC , HCC  – ɱɚɫɨɜɚɹ ɷɦɢɫɫɢɹ ɨɤ-
ɫɢɞɨɜ ɚɡɨɬɚ, ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɢ ɭɝɥɟɜɨɞɨɪɨ-
ɞɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; ( )f   ɢ ( )h   – ɢɡɜɟɫɬɧɵɟ 
ɧɟɩɪɟɪɵɜɧɵɟ ɢɥɢ ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɵɟ ɜɟɤ-
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ɬɨɪ-ɮɭɧɤɰɢɢ ɜɟɤɬɨɪɧɵɯ ɚɪɝɭɦɟɧɬɨɜ, ɨɩɪɟɞɟ-
ɥɟɧɧɵɟ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɧɨɠɟɫɬɜɚɯ.  

 
Ʉɪɨɦɟ ɭɫɥɨɜɢɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɫɨɫɬɨɹɧɢɹ 
ɚɜɬɨɦɨɛɢɥɹ ɫ Ƚɋɍ ɢ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣ-
ɫɬɜɢɣ ɤ ɦɧɨɠɟɫɬɜɚɦ ɜɨɡɦɨɠɧɵɯ ɫɨɫɬɨɹɧɢɣ 
x X , t T   ɢ ɞɨɩɭɫɬɢɦɵɯ ɭɩɪɚɜɥɟɧɢɣ 
u U , t T  , ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɭɸ ɞɢɧɚɦɢ-

ɱɟɫɤɭɸ ɫɢɫɬɟɦɭ ɧɚɥɨɠɟɧɵ ɨɝɪɚɧɢɱɟɧɢɹ ɜ 
ɜɢɞɟ ɧɟɝɨɥɨɧɨɦɧɨɣ ɫɜɹɡɢ ( , , ) 0cf x x u , ɨɛɭ-
ɫɥɨɜɥɟɧɧɵɟ ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɫɨɛ-
ɫɬɜɟɧɧɨ ɚɜɬɨɦɨɛɢɥɹ, Ƚɋɍ ɢ ɚɩɩɚɪɚɬɭɪɵ 
ɭɩɪɚɜɥɟɧɢɹ. Ⱦɚɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɨɩɪɟɞɟɥɹ-
ɸɬɫɹ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɫɯɟɦɨɣ Ƚɋɍ ɢ ɬɪɚɧɫ-
ɦɢɫɫɢɢ ɚɜɬɨɦɨɛɢɥɹ 

 

0K VR SP FRM M
dJ M
dt


     , 

 
ɝɞɟ ( )K KJ J   – ɫɭɦɦɚɪɧɵɣ ɦɨɦɟɧɬ ɢɧɟɪ-
ɰɢɢ; ( , u)VR VRM M   – ɦɨɦɟɧɬ ɫɢɥ ɜɪɚɳɟ-
ɧɢɹ, ɪɚɡɜɢɜɚɟɦɵɣ Ƚɋɍ; ( , )SP SPM M    – 
ɦɨɦɟɧɬ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɠɟɧɢɸ ɚɜɬɨ-
ɦɨɛɢɥɹ; FRM  – ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɨɛɭ-
ɫɥɨɜɥɟɧɧɵɣ ɫɢɥɚɦɢ ɬɪɟɧɢɹ ɜ ɷɥɟɦɟɧɬɚɯ 
ɬɪɚɧɫɦɢɫɫɢɢ. ȼ ɩɨɫɥɟɞɧɟɦ ɜɵɪɚɠɟɧɢɢ ɦɨ-
ɦɟɧɬ ɢɧɟɪɰɢɢ ɢ ɜɫɟ ɦɨɦɟɧɬɵ ɫɢɥ ɩɪɢɜɟɞɟɧɵ 
ɤ ɨɫɢ ɜɪɚɳɟɧɢɹ ɜɟɞɭɳɢɯ ɤɨɥɺɫ. 
 

Ɇɟɬɨɞɨɥɨɝɢɹ ɜɵɛɨɪɚ ɦɢɧɢɦɢɡɢɪɭɟɦɨɝɨ 
ɮɭɧɤɰɢɨɧɚɥɚ 

 
Ɉɫɧɨɜɧɨɣ ɮɭɧɤɰɢɟɣ ɋȺɍ Ƚɋɍ ɹɜɥɹɟɬɫɹ ɜɵ-
ɩɨɥɧɟɧɢɟ ɡɚɞɚɱɢ ɫɥɟɠɟɧɢɹ, ɬ.ɟ. ɩɨɞɞɟɪɠɚɧɢɟ 
ɫ ɦɢɧɢɦɚɥɶɧɨɣ ɨɲɢɛɤɨɣ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ 
ɚɜɬɨɦɨɛɢɥɹ ( )zdV t  ɩɪɢ ɧɚɥɢɱɢɢ ɜɨɡɦɭɳɟɧɢɣ 

( )tȟ , t T . Ʉɪɨɦɟ ɷɬɨɝɨ ɩɪɨɰɟɫɫ ɭɩɪɚɜɥɟɧɢɹ 
ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɪɹɞɭ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɭɫɥɨɜɢɣ: ɦɢɧɢɦɢɡɚɰɢɢ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ, 
ɭɪɨɜɧɹ ɬɨɤɫɢɱɧɨɫɬɢ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ, ɨɬ-
ɤɥɨɧɟɧɢɹ ɫɬɟɩɟɧɢ ɡɚɪɹɠɟɧɧɨɫɬɢ ɌȺȻ ɨɬ ɨɩ-
ɬɢɦɚɥɶɧɨɣ. Ʉɚɠɞɨɟ ɢɡ ɷɬɢɯ ɭɫɥɨɜɢɣ ɦɨɠɟɬ 
ɜɵɪɚɠɚɬɶɫɹ ɜ ɜɢɞɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɪɢɬɟ-
ɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ – ɬɪɟɛɨɜɚɧɢɹ ɨɛɟɫɩɟɱɟ-
ɧɢɹ ɷɤɫɬɪɟɦɭɦɚ ɧɟɤɨɬɨɪɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ 

1JX  , ɡɚɜɢɫɹɳɟɝɨ ɨɬ ɜɢɞɚ ɮɭɧɤɰɢɣ ( ),zdV t  
( )tx , ( )tu , ( )ty  ɢ ( )tȟ , ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ 

ɚɪɝɭɦɟɧɬɚɦɢ ɞɚɧɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ. Ʉɪɢɬɟ-
ɪɢɢ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɞɨɥɠɧɵ ɛɵɬɶ ɫɨɝɥɚɫɨɜɚ-
ɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɫ ɩɪɢɧɹɬɵɦɢ ɨɝɪɚɧɢɱɟɧɢ-
ɹɦɢ ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ ɬɪɢɜɢɚɥɶɧɵɯ ɢɥɢ 
ɜɵɪɨɠɞɟɧɧɵɯ ɪɟɲɟɧɢɣ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ 
ɡɚɞɚɱɢ, ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ ɨɩɢɫɵɜɚɬɶ ɰɟɥɶ 
ɨɩɬɢɦɢɡɚɰɢɢ [8], ɚ ɬɚɤɠɟ ɞɨɥɠɧɵ ɛɵɬɶ ɧɟɡɚ-

ɜɢɫɢɦɵ ɢ ɦɨɧɨɬɨɧɧɵ ɩɨ ɩɪɟɞɩɨɱɬɟɧɢɸ, ɬ.ɟ. 
ɭɥɭɱɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ ɞɨɥɠɧɨ ɫɨ-
ɨɬɜɟɬɫɬɜɨɜɚɬɶ ɭɦɟɧɶɲɟɧɢɟ ɡɧɚɱɟɧɢɹ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɟɝɨ ɤɪɢɬɟɪɢɹ [6]. 
 
Ⱦɥɹ ɮɨɪɦɚɥɶɧɨɣ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ ɨɩɬɢɦɢ-
ɡɚɰɢɢ ɭɩɪɚɜɥɟɧɢɹ Ƚɋɍ ɨɩɪɟɞɟɥɢɦ ɦɧɨɝɨɤɪɢ-
ɬɟɪɢɚɥɶɧɵɣ (ɜɟɤɬɨɪɧɵɣ) ɮɭɧɤɰɢɨɧɚɥ ɤɚɱɟ-
ɫɬɜɚ    , , J , J , J , J T

V G ET J = J x y , 4
J . 

Ⱦɚɧɧɵɣ ɜɟɤɬɨɪɧɵɣ ɮɭɧɤɰɢɨɧɚɥ ɞɨɥɠɟɧ ɨɬ-
ɪɚɠɚɬɶ ɜɟɥɢɱɢɧɭ ɩɨɬɟɪɶ ɪɚɡɥɢɱɧɵɯ ɪɟɫɭɪɫɨɜ 
ɩɪɢ ɭɩɪɚɜɥɟɧɢɢ ɚɜɬɨɦɨɛɢɥɟɦ ɧɚ ɟɡɞɨɜɨɦ 
ɰɢɤɥɟ, ɨɩɪɟɞɟɥɹɟɦɨɦ ɡɚɞɚɧɧɨɣ ɮɭɧɤɰɢɟɣ 
ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ( )zdV t , t T . Ɉɬɞɟɥɶɧɵɟ 
ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɟɞ-
ɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɪɢɬɟɪɢɢ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɩɨ 
ɤɚɠɞɨɦɭ ɢɡ ɭɫɥɨɜɢɣ, ɤɨɬɨɪɵɦ ɞɨɥɠɟɧ ɭɞɨ-
ɜɥɟɬɜɨɪɹɬɶ ɩɪɨɰɟɫɫ ɭɩɪɚɜɥɟɧɢɹ: 
 
1. Ʉɪɢɬɟɪɢɣ ɬɨɱɧɨɫɬɢ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɫɤɨɪɨ-
ɫɬɢ 

 

 
    
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f
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S V t
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J  , 

 
ɝɞɟ VS  – ɮɭɧɤɰɢɹ ɲɬɪɚɮɚ ɡɚ ɜɵɯɨɞ ɢɡ ɨɛɥɚ-
ɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɟɠɢɦɨɜ exX  
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.maxexV  – ɦɚɤɫɢɦɚɥɶɧɚɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ ɫɤɨ-
ɪɨɫɬɶ, .max .maxex k exV r  ; kr  – ɪɚɞɢɭɫ ɤɚɱɟɧɢɹ 
ɜɟɞɭɳɢɯ ɤɨɥɺɫ; 
 
2. Ʉɪɢɬɟɪɢɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɹɝɨɜɨɣ ɚɤɤɭɦɭ-
ɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ (ɌȺȻ) 
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 
 

  

2
.0

2

2
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f

s

TABt

TAB N TAB
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S t
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           
   

J , 

 
ɝɞɟ .0TAB  – ɨɩɬɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ ɡɚɪɹɠɟɧɧɨ-
ɫɬɢ ɌȺȻ. Ⱦɥɹ NiMH ɚɤɤɭɦɭɥɹɬɨɪɨɜ 

.0 0,6TAB  ; S  – ɮɭɧɤɰɢɹ ɲɬɪɚɮɚ ɡɚ ɜɵɯɨɞ 
ɢɡ ɨɛɥɚɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɟɠɢɦɨɜ exX : 

( ( )) 0TABS t   , ɩɪɢ .min .max( )ex TAB ext     ; 

.min( ( )) ( )TAB ex TABS t t      , ɩɪɢ ɭɫɥɨɜɢɢ 

.min .max( )ex TAB ext     . Ⱦɥɹ NiMH ɚɤɤɭɦɭ-
ɥɹɬɨɪɨɜ .min 0,4ex  ;   .max 0,8ex  ; 
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3. Ʉɪɢɬɟɪɢɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ Ⱦȼɋ 
 

   2
3 =J ,

f

s

t

G T NG T
t

G T K G t dt J ; 

 
4. Ʉɪɢɬɟɪɢɣ ɫɬɟɩɟɧɢ ɬɨɤɫɢɱɧɨɫɬɢ ɨɬɪɚɛɨ-
ɬɚɜɲɢɯ ɝɚɡɨɜ Ⱦȼɋ 
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ENOxK , ECOK , EHCK  – ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɨɤ-

ɫɢɱɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɨɬ-
ɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ. Ⱦɚɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɞɨɥɠɧɵ ɨɩɪɟɞɟɥɹɬɶɫɹ ɫ ɭɱɺɬɨɦ ɜɥɢɹɧɢɹ ɤɨɦ-
ɩɨɧɟɧɬɨɜ ɧɚ ɡɞɨɪɨɜɶɟ ɱɟɥɨɜɟɤɚ ɢ ɨɤɪɭɠɚɸ-
ɳɭɸ ɫɪɟɞɭ, ɚ ɬɚɤɠɟ ɢɯ ɭɞɟɥɶɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ 
ɜ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɚɯ. ɉɪɢ ɷɬɨɦ ɞɨɥɠɧɨ ɜɵ-
ɩɨɥɧɹɬɶɫɹ ɫɨɨɬɧɨɲɟɧɢɟ 

 
1ENOx ECO EHCK K K   ; 

 
NVK , NK  , NGK , NEK  – ɤɨɷɮɮɢɰɢɟɧɬɵ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɩɪɢɜɟɞɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ 
ɜɟɤɬɨɪɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɤɚɱɟɫɬɜɚ ɤ ɛɟɡɪɚɡ-
ɦɟɪɧɵɦ ɜɟɥɢɱɢɧɚɦ ɢ ɧɨɪɦɢɪɨɜɚɧɢɟ.  
 
ȼ ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ɨɬɞɟɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɜɟɤ-
ɬɨɪɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɢɦɟɸɬ ɪɚɡɧɵɣ ɮɢɡɢɱɟ-
ɫɤɢɣ ɫɦɵɫɥ ɢ ɞɢɚɩɚɡɨɧɵ ɢɡɦɟɧɟɧɢɹ, ɢɯ ɧɨɪ-
ɦɢɪɨɜɚɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɨ ɫɨɝɥɚɫɧɨ 
ɜɵɪɚɠɟɧɢɸ [6] 

 

   1
min mini i i iO i

  J J J J J ,  1, 4i  , 
 

ɝɞɟ i
J  – ɡɧɚɱɟɧɢɟ i -ɝɨ ɤɪɢɬɟɪɢɹ ɞɨ ɧɨɪɦɢɪɨ-

ɜɚɧɢɹ; miniJ  – ɦɢɧɢɦɚɥɶɧɨ-ɜɨɡɦɨɠɧɨɟ ɡɧɚɱɟ-
ɧɢɟ i -ɝɨ ɤɪɢɬɟɪɢɹ, ɩɨɥɭɱɟɧɧɨɟ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɪɟɲɟɧɢɹ ɨɞɧɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɡɚɞɚɱɢ ɨɩɬɢɦɢ-
ɡɚɰɢɢ ɛɟɡ ɭɱɺɬɚ ɨɫɬɚɥɶɧɵɯ ɤɪɢɬɟɪɢɟɜ; iOJ  – 
ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ i -ɝɨ ɤɪɢɬɟɪɢɹ ɩɪɢ ɭɩɪɚɜ-
ɥɟɧɢɢ, ɛɥɢɡɤɨɦ ɤ ɨɩɬɢɦɚɥɶɧɨɦɭ ɧɚ ɡɚɞɚɧɧɨɦ 
ɟɡɞɨɜɨɦ ɰɢɤɥɟ. Ⱦɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ min 0i J , 
ɦɨɠɧɨ ɜɜɟɫɬɢ ɧɨɪɦɢɪɭɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 

1
Ni iO

K J  ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɤɪɢɬɟɪɢɟɜ 

 , , , T
N NV N NG NEK K K KK .  

 

ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ ɤɪɢɬɟɪɢɟɜ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɜ 
ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɦɨɠɟɬ 
ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɧɟ ɧɚ ɜɫɺɦ ɢɧɬɟɪɜɚɥɟ ɧɚɛɥɸ-
ɞɟɧɢɹ T , ɚ ɜ ɫɤɨɥɶɡɹɳɟɦ ɨɤɧɟ ɲɢɪɢɧɨɣ T  
 ,t t T  . 

 
ɍɱɢɬɵɜɚɹ, ɱɬɨ ( , )hy x u , ɜ ɞɚɥɶɧɟɣɲɟɦ 
ɦɨɠɧɨ ɫɱɢɬɚɬɶ ( , , ) ( , , )T TJ x y J x u . Ɋɟɲɟɧɢɟ 
ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ 
ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɦɧɨ-
ɠɟɫɬɜɚ pU ɧɟɭɥɭɱɲɚɟɦɵɯ ɩɨ ɉɚɪɟɬɨ (ɩɚɪɟɬɨ-
ɨɩɬɢɦɚɥɶɧɵɯ) ɭɩɪɚɜɥɟɧɢɣ [4, 5] 

 
p p  u U U , 
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ɝɞɟ iJ  – i -ɣ ɤɨɦɩɨɧɟɧɬ ɜɟɤɬɨɪɧɨɝɨ ɮɭɧɤɰɢ-
ɨɧɚɥɚ. ɍɩɪɚɜɥɟɧɢɹ, ɩɪɢɧɚɞɥɟɠɚɳɢɟ ɦɧɨɠɟ-
ɫɬɜɭ pU , ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɭɥɭɱɲɟɧɵ ɨɞɧɨɜɪɟ-
ɦɟɧɧɨ ɩɨ ɜɫɟɦ ɤɪɢɬɟɪɢɹɦ, ɬ.ɟ. ɨɧɢ ɹɜɥɹɸɬɫɹ 
ɧɟɫɪɚɜɧɢɦɵɦɢ ɩɨ ɜɟɤɬɨɪɧɨɦɭ ɮɭɧɤɰɢɨɧɚɥɭ, 
ɩɨɫɤɨɥɶɤɭ ɬɪɟɛɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɤɪɢɬɟɪɢɟɜ 
ɩɪɨɬɢɜɨɪɟɱɢɜɵ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɜɨɡɧɢɤɚɟɬ 
ɩɪɨɛɥɟɦɚ ɜɵɛɨɪɚ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
ɢɡ ɦɧɨɠɟɫɬɜɚ ɉɚɪɟɬɨ ɧɚ ɨɫɧɨɜɟ ɧɟɤɨɬɨɪɨɣ 
ɫɯɟɦɵ ɤɨɦɩɪɨɦɢɫɫɚ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɨɬɞɟɥɶ-
ɧɵɦɢ ɤɪɢɬɟɪɢɹɦɢ ɭɫɥɨɜɧɵɯ ɦɢɧɢɦɭɦɨɜ. 
ɋɭɳɟɫɬɜɭɟɬ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ ɩɨɞɯɨɞɨɜ ɤ 
ɪɟɲɟɧɢɸ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ, ɤɨɬɨɪɵɟ ɫɬɪɨɝɨ 
ɨɩɪɟɞɟɥɹɸɬ ɫɜɨɣɫɬɜɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ 
ɢ ɬɨ, ɜ ɤɚɤɨɦ ɫɦɵɫɥɟ ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ 
ɩɪɟɜɨɫɯɨɞɢɬ ɜɫɟ ɨɫɬɚɥɶɧɵɟ ɞɨɩɭɫɬɢɦɵɟ ɪɟ-
ɲɟɧɢɹ [6, 7].  
 
Ɉɞɧɢɦ ɢɡ ɩɨɞɯɨɞɨɜ ɤ ɨɛɟɫɩɟɱɟɧɢɸ ɟɞɢɧ-
ɫɬɜɟɧɧɨɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɜɟɤɬɨɪɧɨɣ ɨɩɬɢ-
ɦɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢɧɰɢɩɚ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ (ɦɢɧɢɦɚɤɫɚ), 
ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɨɩɬɢɦɚɥɶɧɵɦ ɫɱɢɬɚɟɬɫɹ 
ɭɩɪɚɜɥɟɧɢɟ u U , ɞɨɫɬɚɜɥɹɸɳɟɟ ɧɚɢɥɭɱ-
ɲɟɟ ɡɧɚɱɟɧɢɟ ɧɚɢɯɭɞɲɟɦɭ ɤɪɢɬɟɪɢɸ: 

 
   

1, 4
arg min max , ,ii

t T

 u U
u = J x u ,   t T  . 

 
ɇɚ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɚɯ ɟɡɞɨɜɨɝɨ ɰɢɤɥɚ ɩɪɢɨ-
ɪɢɬɟɬɵ ɨɬɞɟɥɶɧɵɯ ɤɪɢɬɟɪɢɟɜ, ɫɨɫɬɚɜɥɹɸɳɢɯ 
ɜɟɤɬɨɪɧɵɣ ɮɭɧɤɰɢɨɧɚɥ, ɦɨɝɭɬ ɢɡɦɟɧɹɬɶɫɹ. 
Ⱦɥɹ ɭɱɺɬɚ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɜɚɠɧɨɫɬɢ ɤɪɢ-
ɬɟɪɢɟɜ ɦɨɠɟɬ ɛɵɬɶ ɜɜɟɞɺɧ ɜɟɤɬɨɪ 
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 , , , T
P PV P PG PEK K K KK , 

 

1Pi
i

K ,    0Pi K ,    1, 4i  . 

 
ȼɵɛɨɪ ɤɨɦɩɨɧɟɧɬɨɜ ɜɟɤɬɨɪɚ PK  ɹɜɥɹɟɬɫɹ 
ɧɟɬɪɢɜɢɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. Ⱦɥɹ ɟɺ ɪɟɲɟɧɢɹ ɦɨ-
ɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɦɟɬɨɞ ɚɧɚɥɢɡɚ ɢɟɪɚɪ-
ɯɢɣ ɢɥɢ ɦɟɬɨɞ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɚɥɶɬɟɪɧɚɬɢɜ, 
ɢɡɥɨɠɟɧɧɵɟ ɜ [6]. ȼɟɤɬɨɪɧɚɹ ɮɭɧɤɰɢɹ ɨɩɬɢ-
ɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢ ɧɟɪɚɜɧɨɡɧɚɱɧɵɯ 
ɤɪɢɬɟɪɢɹɯ 

 

   arg min J , ,SVt T

u U
u = x u ,     t T  , 

 
ɝɞɟ 

    
1, 4

J , , max , ,SV Pi ii
T T


x u = K J x u ,  

 

  1J , ,SV Tx u   . 
 

ɍɩɪɚɜɥɟɧɢɟ, ɹɜɥɹɸɳɟɟɫɹ ɪɟɲɟɧɢɟɦ ɦɢɧɢ-
ɦɚɤɫɧɨɣ ɡɚɞɚɱɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ 
ɭɩɪɚɜɥɟɧɢɹɦɢ, ɝɚɪɚɧɬɢɪɭɟɬ ɧɚɢɛɨɥɶɲɟɟ ɭɞɚ-
ɥɟɧɢɟ ɧɚɢɯɭɞɲɟɝɨ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ ɜɟɤɬɨɪɧɨ-
ɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɨɬ ɝɪɚɧɢɰɵ ɨɛɥɚɫɬɢ ɞɨɩɭ-
ɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ [7]. Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ 
ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɚɹ ɩɨɬɟɪɹ 
ɝɥɚɞɤɨɫɬɢ ɩɨɥɭɱɚɟɦɨɣ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ 
J ( , , )SV Tx u , ɨɞɧɚɤɨ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɩɪɢ-
ɦɟɧɟɧɢɟ ɦɢɧɢɦɚɤɫɧɨɣ ɫɜɺɪɬɤɢ ɹɜɥɹɟɬɫɹ ɞɨ-
ɫɬɚɬɨɱɧɨ ɭɞɨɛɧɵɦ. 
 
Ⱦɪɭɝɨɣ ɩɨɞɯɨɞ ɤ ɩɨɥɭɱɟɧɢɸ ɟɞɢɧɫɬɜɟɧɧɨɝɨ 
ɪɟɲɟɧɢɹ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ ɩɪɟɞɩɨɥɚ-
ɝɚɟɬ ɫɜɟɞɟɧɢɟ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɨɩɬɢɦɢ-
ɡɚɰɢɢ ɤ ɨɞɧɨɤɪɢɬɟɪɢɚɥɶɧɨɣ ɩɭɬɺɦ ɥɢɧɟɣɧɨɝɨ 
ɫɜɺɪɬɵɜɚɧɢɹ ɜɟɤɬɨɪɧɨɝɨ ɤɪɢɬɟɪɢɹ ɜ ɫɭɩɟɪ-
ɤɪɢɬɟɪɢɣ 

 

   arg min J , ,SVt T

u U
u = x u ,  t T  , 
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  1J , ,SV Tx u   . 
 

ɉɪɨɫɬɨɬɚ ɢ ɧɚɝɥɹɞɧɨɫɬɶ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ 
ɨɩɪɟɞɟɥɹɸɬ ɟɝɨ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟ-
ɧɢɟ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɷɮɮɟɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟ ɥɢɧɟɣɧɨɣ ɫɜɺɪɬɤɢ ɤɪɢɬɟɪɢɟɜ ɜɨɡɦɨɠɧɨ 
ɬɨɥɶɤɨ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɩɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɵɟ 
ɪɟɲɟɧɢɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɤɪɢɬɟɪɢɟɜ ɨɩɬɢ-
ɦɚɥɶɧɨɫɬɢ ɨɛɪɚɡɭɸɬ ɜɵɩɭɤɥɨɟ ɦɧɨɠɟɫɬɜɨ. ȼ 

ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɧɟɤɨɬɨɪɵɟ ɭɩɪɚɜɥɟɧɢɹ 
pu U  ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɫɨɨɬɜɟɬ-

ɫɬɜɭɸɳɢɦ ɜɵɛɨɪɨɦ PK . Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɪɹɞɟ 
ɫɥɭɱɚɟɜ ɦɚɥɵɦ ɩɪɢɪɚɳɟɧɢɹɦ ɜɟɫɨɜɵɯ ɤɨɷɮ-
ɮɢɰɢɟɧɬɨɜ PiK , 1, 4i   ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɛɨɥɶɲɢɟ ɩɪɢɪɚɳɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɚ JSV  ɢ 
ɪɟɲɟɧɢɟ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ ɦɨɠɟɬ 
ɨɤɚɡɚɬɶɫɹ ɧɟɭɫɬɨɣɱɢɜɵɦ [6, 7]. 
 
Ɂɚɞɚɱɭ ɨɩɬɢɦɢɡɚɰɢɢ ɭɩɪɚɜɥɟɧɢɹ ɚɜɬɨɦɨ-
ɛɢɥɶɧɨɣ Ƚɋɍ ɫɮɨɪɦɭɥɢɪɭɟɦ ɫɥɟɞɭɸɳɢɦ ɨɛ-
ɪɚɡɨɦ. Ⱦɥɹ ɟɡɞɨɜɨɝɨ ɰɢɤɥɚ, ɨɩɪɟɞɟɥɹɟɦɨɝɨ 
ɡɚɞɚɧɧɨɣ ɮɭɧɤɰɢɟɣ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɚɜ-
ɬɨɦɨɛɢɥɹ ( )zdV t , t T , ɧɚɣɬɢ ɭɩɪɚɜɥɟɧɢɟ 

( )tu , ɤɨɬɨɪɨɟ ɞɨɫɬɚɜɥɹɟɬ ɦɢɧɢɦɭɦ ɮɭɧɤɰɢ-
ɨɧɚɥɭ J ( , , )SV Tx u  ɢ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɩɪɢɧɹɬɵɦ 
ɨɝɪɚɧɢɱɟɧɢɹɦ 

 

,
J J ( , , ) min J ( , , )SV SV SVT T  

x u
= x u = x u , 

 
x X ,  u U ,  ( , , ) 0cf

   x x u   t T  . 
 

ɉɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɟ JSV
  ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɨɩ-

ɬɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɮɭɧɤɰɢɨɧɚɥɚ, ɚ ɜɟɤ-
ɬɨɪɧɭɸ ɮɭɧɤɰɢɸ  

 

   arg min J , ,SVt T

u
u = x u , 

 
ɞɨɫɬɚɜɥɹɸɳɭɸ ɮɭɧɤɰɢɨɧɚɥɭ ɨɩɬɢɦɚɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ, – ɨɩɬɢɦɚɥɶɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ.  
 

ɉɨɫɬɚɧɨɜɤɚ  ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ  ɡɚɞɚɱɢ  
ɜ ɞɢɫɤɪɟɬɧɨɦ ɜɢɞɟ 

 
Ɇɨɞɟɥɶ ɝɢɛɪɢɞɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɤɚɤ ɨɛɴɟɤɬɚ 
ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɫɤɨɪɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞ-
ɫɬɚɜɥɟɧɚ ɜ ɞɢɫɤɪɟɬɧɨɦ ɜɢɞɟ. Ⱦɥɹ ɷɬɨɝɨ ɜɵɛɟ-
ɪɟɦ ɲɚɝ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɭɩɪɚɜɥɟɧɢɹ 
ɩɨ ɜɪɟɦɟɧɢ T . Ȼɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜɟɤ-
ɬɨɪɧɵɟ ɮɭɧɤɰɢɢ ( )tx , ( )tu , ( )ty  ɢ ( )tȟ  ɬɨɥɶ-
ɤɨ ɜ ɞɢɫɤɪɟɬɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ 

k st t k T   , 0,k N , 1( )f sN t t T    : 
( ) ( )kk tx x ; ( ) ( )kk tu u ; ( ) ( )kk ty y  ɢ 
( ) ( )kk tȟ ȟ , kt T . ȿɫɥɢ ɩɪɢɦɟɧɢɬɶ ɡɚɦɟɧɭ 

ɩɪɨɢɡɜɨɞɧɨɣ ɤɨɧɟɱɧɨɣ ɪɚɡɧɨɫɬɶɸ 
 

     11k k T      x x x x , 
 

ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɪɚɡɧɨɫɬɧɵɟ ɭɪɚɜɧɟɧɢɹ ɚɜɬɨ-
ɦɨɛɢɥɹ ɫ Ƚɋɍ 
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          
      

1 , ,

,

k k T f k k k

k h k k

     




x x x u ȟ

y x u
. 

 
ɍɪɚɜɧɟɧɢɟ ɧɟɝɨɥɨɧɨɦɧɨɣ ɫɜɹɡɢ ɜ ɷɬɨɦ ɫɥɭ-
ɱɚɟ ɩɪɢɨɛɪɟɬɟɬ ɜɢɞ 

 

     

     

1

0

K

VR SP FRM M

k k
J k

T
k k M k

  
 


   

. 

 
Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɡɚɦɟɧɚ ɨɩɟɪɚɰɢɢ ɞɢɮɮɟɪɟɧ-
ɰɢɪɨɜɚɧɢɹ ɜɡɹɬɢɟɦ ɤɨɧɟɱɧɨɣ ɪɚɡɧɨɫɬɢ ɛɵɥɚ 
ɩɪɚɜɨɦɟɪɧɚ, ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ T  ɛɵɥɨ 
ɦɚɥɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɚɢɦɟɧɶɲɟɣ ɢɡ ɩɨɫɬɨ-
ɹɧɧɵɯ ɜɪɟɦɟɧɢ ɩɪɨɰɟɫɫɚ ɭɩɪɚɜɥɟɧɢɹ. 

 
Ɉ ɤɚɱɟɫɬɜɟ ɤɚɠɞɨɝɨ k-ɝɨ ɲɚɝɚ ɭɩɪɚɜɥɟɧɢɹ, 
ɩɟɪɟɜɨɞɹɳɟɝɨ ɫɢɫɬɟɦɭ ɢɡ ɫɨɫɬɨɹɧɢɹ ( )kx  ɜ 
ɫɨɫɬɨɹɧɢɟ ( 1)k x , ɦɨɠɧɨ ɫɭɞɢɬɶ ɩɨ ɫɥɟɞɭ-
ɸɳɢɦ ɤɪɢɬɟɪɢɹɦ: 

 

 
    

  

2

2

1 1
J

1
zd

Vk NV
V

V k V k
k K

S V k

     
   

; 

 

 
 
 

  

2
.0

2

1

J 1

1

TAB

k N TAB

TAB

k
k K k

S k
 



             
    

; 

 
   2JGk NG Tk K G k ; 

 

 
 
 
 

2

2

2

J
ENOx NOx

Ek NE ECO CO

EHC HC

K C k

k K K C k

K C k

  
 
    
 
   

. 

 
ɍɤɚɡɚɧɧɵɟ ɤɪɢɬɟɪɢɢ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ 
ɜɢɞɟ ɜɟɤɬɨɪɚ  

 

     , , = = J , J , J , J T
Vk k Gk Ekk k  x y , 
 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨ ɤɚɱɟɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ ɧɚ  
k-ɦ ɲɚɝɟ. ȼɟɤɬɨɪɧɵɣ ɮɭɧɤɰɢɨɧɚɥ ɤɚɱɟɫɬɜɚ 
ɭɩɪɚɜɥɟɧɢɹ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɞɢɫɤɪɟɬɢɡɚɰɢɢ 
ɩɪɢɦɟɬ ɜɢɞ 

 

   
1

0
, ,

N

k
N T k





   J x y . 

 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɨɫɬɨɹɧɧɵɣ ɦɧɨɠɢɬɟɥɶ T  
ɞɥɹ ɪɟɲɟɧɢɹ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ ɧɟ 
ɫɭɳɟɫɬɜɟɧɟɧ ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɟɝɨ ɦɨɠɧɨ ɢɫ-
ɤɥɸɱɢɬɶ. ɍɱɢɬɵɜɚɹ, ɱɬɨ ( , )hy x u , ɛɭɞɟɦ 
ɫɱɢɬɚɬɶ ( , , ) ( , , )N NJ x y J x u . 
 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɟɞɢɧɫɬɜɟɧɧɨɫɬɢ ɪɟɲɟɧɢɹ 
ɡɚɞɚɱɢ ɢɡ ɨɛɥɚɫɬɢ ɩɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɵɯ 
ɭɩɪɚɜɥɟɧɢɣ ɩɪɟɨɛɪɚɡɭɟɦ ɜɟɤɬɨɪɧɵɣ ɮɭɧɤɰɢ-
ɨɧɚɥ ɤ ɫɤɚɥɹɪɧɨɦɭ ɜɢɞɭ ɨɞɧɢɦ ɢɡ ɫɥɟɞɭɸɳɢɯ 
ɫɩɨɫɨɛɨɜ 

 

    

 

1, 4

1

1, 4 0

J , , max , ,

max

SV Pi ii

N

Pi ii k

N N

k





 

 
  

 


x u = K J x u =

= K
 

 
– ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɢɧɢɦɚɤɫɧɨɣ ɫɜɺɪɬɤɢ ɢ  

 

   

 

4

1
1 4

0 1

J , , , ,SV Pi i
i

N

Pi i
k i

N N

k





 

 

 





x u K J x u

K
 

 
– ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɥɢɧɟɣɧɨɣ ɫɜɺɪɬɤɢ ɤɪɢ-
ɬɟɪɢɟɜ ɨɩɬɢɦɚɥɶɧɨɫɬɢ.  

 
Ɍɟɩɟɪɶ ɨɩɬɢɦɢɡɚɰɢɨɧɧɚɹ ɡɚɞɚɱɚ ɫɜɨɞɢɬɫɹ ɤ 
ɜɵɛɨɪɭ ɨɩɬɢɦɚɥɶɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɭɩɪɚɜɥɟɧɢɣ ( )ku , ɤɨɬɨɪɚɹ ɧɚ ɡɚɞɚɧɧɨɦ ɟɡ-
ɞɨɜɨɦ ɰɢɤɥɟ ( )zdV k , 0,k N  ɞɨɫɬɚɜɥɹɟɬ ɦɢ-
ɧɢɦɭɦ ɮɭɧɤɰɢɨɧɚɥɭ J J ( , , )SV SV N= x u  ɢ ɭɞɨ-
ɜɥɟɬɜɨɪɹɟɬ ɨɝɪɚɧɢɱɟɧɢɹɦ ɧɚ ɩɟɪɟɦɟɧɧɵɟ 
ɫɨɫɬɨɹɧɢɹ, ɭɩɪɚɜɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɢ 
ɨɝɪɚɧɢɱɟɧɢɹɦ ɧɟɝɨɥɨɧɨɦɧɨɣ ɫɜɹɡɢ 

 

   
,

J J , , min J , ,
SV SV SVN N   

x u
= x u x u , 

 
( )k x X ,    ( )k u U , 

 

      , , 0cf k k k   x x u ,    0,k N  . 
 

ɉɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɟ J
SV
  ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɨɩ-

ɬɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɮɭɧɤɰɢɨɧɚɥɚ ɤɚɱɟɫɬɜɚ 
ɭɩɪɚɜɥɟɧɢɹ, ɚ ɜɟɤɬɨɪɧɭɸ ɮɭɧɤɰɢɸ 

 
 arg min J , ,SV N

u U
u = x u , 

 
ɞɨɫɬɚɜɥɹɸɳɭɸ ɮɭɧɤɰɢɨɧɚɥɭ ɨɩɬɢɦɚɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ, – ɨɩɬɢɦɚɥɶɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ.  
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Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜɵɛɨɪ ɫɬɪɚɬɟɝɢɢ ɭɩɪɚɜɥɟɧɢɹ 
ɞɨɥɠɟɧ ɫɬɪɟɦɢɬɶɫɹ ɤ ɭɦɟɧɶɲɟɧɢɸ ɜɟɥɢɱɢɧɵ 
ɩɨɬɟɪɶ ɪɚɡɥɢɱɧɵɯ ɪɟɫɭɪɫɨɜ ɧɚ ɞɨɫɬɚɬɨɱɧɨ 
ɞɥɢɬɟɥɶɧɨɦ ɨɬɪɟɡɤɟ ɜɪɟɦɟɧɢ T  . ɉɪɢ 
ɷɬɨɦ ɩɪɨɹɜɥɹɟɬɫɹ ɧɟɫɨɜɟɪɲɟɧɫɬɜɨ ɜɵɛɪɚɧɧɨ-
ɝɨ ɮɭɧɤɰɢɨɧɚɥɚ, ɤɨɬɨɪɵɣ ɧɟɨɝɪɚɧɢɱɟɧɧɨ 
ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ N  . Ⱦɥɹ ɩɪɟɨɞɨɥɟɧɢɹ 
ɭɤɚɡɚɧɧɨɝɨ ɧɟɞɨɫɬɚɬɤɚ ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ 
ɮɭɧɤɰɢɨɧɚɥɚ ɤɚɱɟɫɬɜɚ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟ ɜɡɜɟɲɟɧɧɨɝɨ (discounted) ɫɭɦɦɢɪɨɜɚ-
ɧɢɹ ɤɪɢɬɟɪɢɟɜ. Ⱦɥɹ ɥɢɧɟɣɧɨɣ ɫɜɺɪɬɤɢ ɤɪɢɬɟ-
ɪɢɟɜ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɩɨɥɭɱɢɦ 

 

   
4

0 1
J j

SV Pi i
j i

k k j



 

    K , 

 
ɝɞɟ   – ɞɢɫɤɨɧɬɧɵɣ ɮɚɤɬɨɪ, 0 1   . Ⱦɢɫ-
ɤɨɧɬɧɵɣ ɮɚɤɬɨɪ ɭɱɢɬɵɜɚɟɬ, ɱɬɨ ɱɟɦ ɞɚɥɶɲɟ 
ɋȺɍ Ƚɋɍ ɡɚɝɥɹɞɵɜɚɟɬ ɜ ɛɭɞɭɳɟɟ ɩɪɢ ɜɵɛɨɪɟ 
ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɬɟɦ ɦɟɧɶɲɟ ɟɺ 
ɭɜɟɪɟɧɧɨɫɬɶ ɜ ɨɰɟɧɤɟ ɛɭɞɭɳɢɯ ɩɨɬɟɪɶ ɪɚɡ-
ɥɢɱɧɵɯ ɪɟɫɭɪɫɨɜ ɢɡ-ɡɚ ɧɟɞɨɫɬɚɬɤɚ ɚɩɪɢɨɪɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ.  
 

ȼɵɜɨɞɵ 
 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɨɫɨɛɟɧɧɨɫɬɟɣ ɚɜɬɨɦɨ-
ɛɢɥɹ ɫ ɝɢɛɪɢɞɧɨɣ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɨɣ ɤɚɤ 
ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɫɤɨɪɨɫɬɢ ɨɛɨɫɧɨɜɚɧɚ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɟɤɬɨɪɧɨɝɨ 
ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɩɪɢ ɩɨɫɬɚɧɨɜɤɟ ɢ 
ɪɟɲɟɧɢɢ ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɯ ɡɚɞɚɱ. 
 
ɋɨɝɥɚɫɧɨ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɟɬɨɞɢɤɟ ɜɵɛɨɪɚ 
ɮɭɧɤɰɢɨɧɚɥɚ ɤɚɱɟɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɦɩɨ-
ɧɟɧɬɚɦɢ ɞɚɧɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɹɜɥɹɸɬɫɹ 
ɤɪɢɬɟɪɢɢ ɬɨɱɧɨɫɬɢ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɫɤɨɪɨɫɬɢ, 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɹɝɨɜɨɣ ɚɤɤɭ-
ɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ, ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɢ ɷɤɨ-
ɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ Ⱦȼɋ. 
 
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɨɩ-
ɬɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ ɢɡ ɦɧɨɠɟɫɬɜɚ ɩɚɪɟɬɨ-
ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶ-
ɡɨɜɚɬɶ ɩɪɢɧɰɢɩ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ 
(ɦɢɧɢɦɚɤɫɚ) ɥɢɛɨ ɥɢɧɟɣɧɨɟ ɫɜɺɪɬɵɜɚɧɢɟ 
ɜɟɤɬɨɪɧɨɝɨ ɤɪɢɬɟɪɢɹ ɜ ɫɭɩɟɪɤɪɢɬɟɪɢɣ. 
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