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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 ɢ ɫɜɹɡɚɧɧɵɯ ɫ ɧɢɦɢ ɜɨɡɦɨɠɧɨɫɬɟɣ 

ɨɫɬɚɸɬɫɹ ɧɟɢɫɫɥɟɞɨɜɚɧɧɵɦɢ. Ɍɚɤ, ɩɪɢ ɢɫɫɥɟ-
ɞɨɜɚɧɢɢ ɩɪɨɰɟɫɫɨɜ ɚɞɚɩɬɚɰɢɢ ɫɬɪɚɬɟɝɢɢ 

ɭɩɪɚɜɥɟɧɢɹ ɚɝɪɟɝɚɬɚɦɢ Ƚɋɍ ɤ ɢɡɦɟɧɹɸɳɢɦ-

ɫɹ ɭɫɥɨɜɢɹɦ ɢɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɚɤɬɢɱɟ-
ɫɤɢ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɛɨɝɚɬɵɟ ɜɨɡɦɨɠɧɨ-
ɫɬɢ ɦɟɬɨɞɨɜ ɧɟɣɪɨɭɩɪɚɜɥɟɧɢɹ ɧɚ ɨɫɧɨɜɟ 
ɚɞɚɩɬɢɜɧɵɯ ɤɪɢɬɢɤɨɜ [4–6].  
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ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɡɚɞɚɱɢ ɫɢɧɬɟɡɚ ɚɞɚɩɬɢɜɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɨɣ ɝɢɛɪɢɞɧɨɝɨ 
ɚɜɬɨɦɨɛɢɥɹ. ɉɪɢ ɷɬɨɦ ɩɪɟɞɥɨɠɟɧ ɷɮɮɟɤɬɢɜ-
ɧɵɣ ɫɩɨɫɨɛ ɭɦɟɧɶɲɟɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ ɨɩɬɢ-

ɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ ɩɭɬɺɦ ɜɜɟɞɟɧɢɹ ɧɨɜɨɣ 

ɩɟɪɟɦɟɧɧɨɣ – ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. Ɋɚɫɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 
ɪɟɚɥɢɡɚɰɢɢ ɚɞɚɩɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ Ƚɋɍ ɧɚ 
ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɨɞɚ ɧɟɣɪɨɫɟɬɟɜɵɯ 

ɚɞɚɩɬɢɜɧɵɯ ɤɪɢɬɢɤɨɜ. 
 

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  ɨɛɪɚɡɭɟɬ 
ɞɜɭɦɟɪɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɫɨɫɬɨɹɧɢɣ X  
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ɝɞɟ max  – ɦɚɤɫɢɦɚɥɶɧɚɹ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ 
ɜɪɚɳɟɧɢɹ ɜɟɞɭɳɢɯ ɤɨɥɺɫ. ɇɚ ɦɧɨɠɟɫɬɜɟ X  

ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɩɨɞɦɧɨɠɟɫɬɜɨ ɷɤɫɩɥɭɚɬɚ-
ɰɢɨɧɧɵɯ 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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x x u ȟ

y x u
, 

 

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. 4  u U t T  , 
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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 ; 

 

     0,t t t     ȟ ȟ  – ɜɟɤɬɨɪ ɜɨɡɦɭɳɚɸ-

ɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ, 2ȟ  t T  ;   – ɭɤɥɨɧ 

ɞɨɪɨɝɢ; 0  – ɫɤɨɪɨɫɬɢ ɜɫɬɪɟɱɧɨɝɨ ɜɟɬɪɚ; 

       , ,
T

T Tt V t G t E t    y y  – ɜɟɤɬɨɪ ɜɵ-

ɯɨɞɚ, 3y  , t T  ; V  – ɫɤɨɪɨɫɬɶ ɚɜɬɨɦɨ-
ɛɢɥɹ; TG  – ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ Ⱦȼɋ; 

 NOx CO HC, ,T TE f C C C  – ɫɬɟɩɟɧɶ ɬɨɤɫɢɱɧɨ-
ɫɬɢ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ Ⱦȼɋ; NOxC , COC , 

HCC  – ɱɚɫɨɜɚɹ ɷɦɢɫɫɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ, ɨɤɫɢɞɚ 
ɭɝɥɟɪɨɞɚ ɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 

( )f   ɢ ( )h   – ɢɡɜɟɫɬɧɵɟ ɧɟɩɪɟɪɵɜɧɵɟ ɢɥɢ 

ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɵɟ ɜɟɤɬɨɪ-ɮɭɧɤɰɢɢ ɜɟɤ-
ɬɨɪɧɵɯ ɚɪɝɭɦɟɧɬɨɜ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɧɚ ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɢɯ ɦɧɨɠɟɫɬɜɚɯ.  
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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 , 

ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ 

ɫɨɛɫɬɜɟɧɧɨ ɚɜɬɨɦɨɛɢɥɹ, Ƚɋɍ ɢ ɚɩɩɚɪɚɬɭɪɵ 

ɭɩɪɚɜɥɟɧɢɹ. Ⱦɚɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɨɩɪɟɞɟɥɹ-
ɸɬɫɹ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɫɯɟɦɨɣ Ƚɋɍ ɢ ɬɪɚɧɫ-
ɦɢɫɫɢɢ ɚɜɬɨɦɨɛɢɥɹ 

 

0K VR SP FRM M
d

J M
dt


     , 

 

ɝɞɟ (Ȗ)K KJ J  – ɫɭɦɦɚɪɧɵɣ ɦɨɦɟɧɬ ɢɧɟɪ-
ɰɢɢ; (Ȧ, )VR VRM M u  – ɦɨɦɟɧɬ ɫɢɥ ɜɪɚɳɟ-
ɧɢɹ, ɪɚɡɜɢɜɚɟɦɵɣ Ƚɋɍ; (Ȧ, )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. 
 

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. 

 

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  

ɬɨɥɶɤɨ ɜ ɞɢɫɤɪɟɬɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ 

k st t k T   , 0,k N ,   1
f sN t t T    : 

   kk tx x ;    kk tu u ;    kk ty y  ɢ 

   kk tȟ ȟ , kt T . ȿɫɥɢ ɩɪɢɦɟɧɢɬɶ ɡɚɦɟɧɭ 
ɩɪɨɢɡɜɨɞɧɨɣ ɤɨɧɟɱɧɨɣ ɪɚɡɧɨɫɬɶɸ 

     11k k T      x x x x , ɦɨɠɧɨ ɡɚɩɢ-

ɫɚɬɶ ɪɚɡɧɨɫɬɧɵɟ ɭɪɚɜɧɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɫ 
Ƚɋɍ 

 

          
      

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. 
 

Ɏɭɧɤɰɢɨɧɚɥ ɤɚɱɟɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ Ƚɋɍ ɦɨ-
ɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ 

 

   
1 4

0 1

J , ,
N

SV Pi i

k i

N k


 

 x u K , 

 

ɝɞɟ  , , ,
T

P PV P PG PEK K K KK  – ɜɟɤɬɨɪ ɩɪɢ-

ɨɪɢɬɟɬɨɜ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɬɟɩɟɧɶ ɜɚɠɧɨɫɬɢ 

ɨɬɞɟɥɶɧɵɯ ɤɪɢɬɟɪɢɟɜ ɨɩɬɢɦɚɥɶɧɨɫɬɢ; 

   = J , J , J , J
T

Vk k Gk Ekk   – ɜɟɤɬɨɪɧɵɣ ɤɪɢ-

ɬɟɪɢɣ ɤɚɱɟɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ ɧɚ k -ɦ ɲɚɝɟ. Ɉɬ-
ɞɟɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ  k  ɯɚɪɚɤɬɟ-
ɪɢɡɭɸɬ ɭɩɪɚɜɥɟɧɢɟ, ɩɟɪɟɜɨɞɹɳɟɟ ɫɢɫɬɟɦɭ ɢɡ 
ɫɨɫɬɨɹɧɢɹ  kx  ɜ ɫɨɫɬɨɹɧɢɟ  1k x  

 

 
    

  

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 ; 
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2

2

2

J

ENOx NOx

Ek NE ECO CO

EHC HC

K C k

k K K C k

K C k

  
 
    
 
   

, 

 

ɝɞɟ  , , ,
T

N NV N NG NEK K K KK  – ɜɟɤɬɨɪ 
ɧɨɪɦɢɪɭɸɳɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɨɛɟɫɩɟɱɢɜɚ-
ɸɳɢɯ ɩɪɢɜɟɞɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜɟɤɬɨɪɚ 
 k  ɤ ɛɟɡɪɚɡɦɟɪɧɵɦ ɜɟɥɢɱɢɧɚɦ ɢ ɧɨɪɦɢɪɨ-

ɜɚɧɢɟ; VS  – ɮɭɧɤɰɢɹ ɲɬɪɚɮɚ ɡɚ ɜɵɯɨɞ ɢɡ ɨɛ-

ɥɚɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɟɠɢɦɨɜ exX  

 

    
   

.max

.max .max

0, ,

, ;

ex

V

ex ex

V k V
S V k

V k V V k V

  
 

 

 

.max .maxex k exV r   – ɦɚɤɫɢɦɚɥɶɧɚɹ ɷɤɫɩɥɭɚɬɚ-
ɰɢɨɧɧɚɹ ɫɤɨɪɨɫɬɶ; kr  – ɪɚɞɢɭɫ ɤɚɱɟɧɢɹ ɜɟ-
ɞɭɳɢɯ ɤɨɥɺɫ; .0TAB  – ɨɩɬɢɦɚɥɶɧɚɹ ɫɬɟɩɟɧɶ 
ɡɚɪɹɠɟɧɧɨɫɬɢ ɌȺȻ; S  – ɮɭɧɤɰɢɹ ɲɬɪɚɮɚ ɡɚ 
ɜɵɯɨɞ ɬɟɤɭɳɟɣ ɫɬɟɩɟɧɢ ɡɚɪɹɠɟɧɧɨɫɬɢ ɌȺȻ 

ɢɡ ɨɛɥɚɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɟɠɢɦɨɜ exX : 

   0TABS t   , ɩɪɢ  .min .maxex TAB ext     ; 

    .minTAB ex TABS t t      , ɩɪɢ ɭɫɥɨɜɢɢ 

 .min .maxex TAB ext     ; ENOxK , ECOK , EHCK  

– ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɨɤɫɢɱɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭ-
ɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ. 
Ⱦɚɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɨɥɠɧɵ ɨɩɪɟɞɟɥɹɬɶɫɹ 
ɫ ɭɱɺɬɨɦ ɜɥɢɹɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɡɞɨɪɨɜɶɟ 
ɱɟɥɨɜɟɤɚ ɢ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɚ ɬɚɤɠɟ ɢɯ 
ɭɞɟɥɶɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɜ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɚɯ. 
ɉɪɢ ɷɬɨɦ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɫɨɨɬɧɨɲɟɧɢɟ  

1ENOx ECO EHCK K K   . 

 

Ɉɩɬɢɦɢɡɚɰɢɨɧɧɚɹ ɡɚɞɚɱɚ ɭɩɪɚɜɥɟɧɢɹ Ƚɋɍ 

ɫɜɨɞɢɬɫɹ ɤ ɜɵɛɨɪɭ ɨɩɬɢɦɚɥɶɧɨɣ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨɫɬɢ ɭɩɪɚɜɥɟɧɢɣ  k

u , ɤɨɬɨɪɚɹ ɧɚ ɡɚ-

ɞɚɧɧɨɦ ɟɡɞɨɜɨɦ ɰɢɤɥɟ ( )zdV k , 0,k N  ɞɨ-
ɫɬɚɜɥɹɟɬ ɦɢɧɢɦɭɦ ɮɭɧɤɰɢɨɧɚɥɭ 

 J J , ,SV SV N= x u  ɢ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɨɝɪɚɧɢɱɟ-
ɧɢɹɦ ɧɚ ɩɟɪɟɦɟɧɧɵɟ ɫɨɫɬɨɹɧɢɹ, ɭɩɪɚɜɥɹɸ-

ɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɢ ɨɝɪɚɧɢɱɟɧɢɹɦ ɧɟɝɨɥɨ-
ɧɨɦɧɨɣ 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.  

 

Ɋɟɝɭɥɹɬɨɪ ɫɤɨɪɨɫɬɢ ɚɜɬɨɦɨɛɢɥɹ 

 

Ɋɟɲɟɧɢɟ ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɨɣ ɨɩɬɢɦɢɡɚɰɢɨɧ-

ɧɨɣ ɡɚɞɚɱɢ ɧɚɬɚɥɤɢɜɚɟɬɫɹ ɧɚ ɪɹɞ ɬɪɭɞɧɨɫɬɟɣ, 

ɫɜɹɡɚɧɧɵɯ ɫ ɢɞɟɧɬɢɮɢɤɚɰɢɟɣ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɨɣ ɦɨɞɟɥɢ ɝɢɛɪɢɞɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɤɚɤ 
ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɫ ɧɟɞɨɫɬɚɬɤɨɦ 

ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɩɚɪɚɦɟɬɪɚɯ ɟɡɞɨ-
ɜɨɝɨ ɰɢɤɥɚ. 
 

Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɩɪɟɨɞɨɥɟɧɢɹ ɭɤɚɡɚɧɧɵɯ 
ɬɪɭɞɧɨɫɬɟɣ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɧɰɟɩ-

ɰɢɢ ɚɞɚɩɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɝɞɚ ɧɢɡɤɚɹ 
ɬɨɱɧɨɫɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɢ ɧɟɞɨɫɬɚ-
ɬɨɤ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜɨɫɩɨɥɧɹɸɬɫɹ ɡɚ 
ɫɱɺɬ ɛɨɥɟɟ ɩɨɥɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɤɭɳɟɣ 

ɢɧɮɨɪɦɚɰɢɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɟɞɫɬɚ-
ɜɢɬɶ ɜ ɜɢɞɟ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢ ɡɚɞɚɜɚɟɦɵɯ 

ɮɭɧɤɰɢɣ, ɚ ɧɚɫɬɪɨɣɤɭ ɩɪɨɢɡɜɨɞɢɬɶ ɩɭɬɺɦ 

ɢɬɟɪɚɬɢɜɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ. 
 

ȼɦɟɫɬɟ ɫ ɬɟɦ ɧɚɯɨɠɞɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ 

u  ɧɚ ɡɚɞɚɧɧɨɦ ɟɡɞɨɜɨɦ ɰɢɤɥɟ ɧɟ 
ɭɤɚɡɵɜɚɟɬ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɩɭɬɢ ɞɥɹ ɩɨɫɬɪɨ-
ɟɧɢɹ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 

ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɫɢɧɬɟɡɚ ɚɥɝɨɪɢɬɦɚ ɭɩɪɚɜɥɟ-
ɧɢɹ (ɪɟɝɭɥɹɬɨɪɚ), ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɩɨɥɭɱɟ-
ɧɢɟ ɭɩɪɚɜɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɢɥɢ ɛɥɢɡɤɨɝɨ ɤ 
ɨɩɬɢɦɚɥɶɧɨɦɭ ɡɚ ɫɱɺɬ ɡɚɦɵɤɚɧɢɹ ɫɢɫɬɟɦɵ ɩɨ 
ɩɟɪɟɦɟɧɧɵɦ ɫɨɫɬɨɹɧɢɹ:  ,u zdf V u x . 

Ʉɪɨɦɟ ɞɚɧɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ, ɋȺɍ Ƚɋɍ ɞɨɥɠ-

ɧɚ ɢɦɟɬɶ ɜ ɫɜɨɺɦ ɫɨɫɬɚɜɟ ɛɥɨɤ ɚɞɚɩɬɚɰɢɢ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɟ ɩɪɢɛɥɢ-

ɠɟɧɢɟ *J J
SVSV   ɢ u u  ɩɪɢ t   ɩɭɬɺɦ 

ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ ɪɟɝɭɥɹɬɨɪɚ. 
 

Ɋɚɫɫɦɨɬɪɢɦ ɫɬɪɭɤɬɭɪɧɭɸ ɫɯɟɦɭ ɋȺɍ Ƚɋɍ, 

ɩɪɢɜɟɞɟɧɧɭɸ ɧɚ ɪɢɫ. 1.  
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Ɋɢɫ. 1.  ɋɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɨɣ ɝɢɛɪɢɞɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ 
 

ɇɚ ɞɚɧɧɨɣ ɫɯɟɦɟ .VR zdM  – ɦɨɦɟɧɬ ɜɪɚɳɟɧɢɹ 
Ƚɋɍ, ɬɪɟɛɭɟɦɵɣ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɞɚɧɧɨɝɨ 

ɬɹɝɨɜɨ-ɫɤɨɪɨɫɬɧɨɝɨ ɪɟɠɢɦɚ. ɉɪɢ ɷɬɨɦ ɫɢɫɬɟ-
ɦɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɨɪɦɨɠɟɧɢɹ ɭɫɥɨɜɧɨ ɨɬ-
ɧɟɫɟɧɚ ɤ Ƚɋɍ ɞɥɹ ɭɞɨɛɫɬɜɚ ɢɡɥɨɠɟɧɢɹ. ɋɢɝ-
ɧɚɥ .VR zdM  ɹɜɥɹɟɬɫɹ ɜɵɯɨɞɧɵɦ ɞɥɹ 
ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ ɚɜɬɨɦɨɛɢɥɹ  

 

 . . ,VR zd V RG zdM f V V  

 

ɢ ɜɯɨɞɧɵɦ ɫɢɝɧɚɥɨɦ ɚɞɚɩɬɢɜɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ 
Ƚɋɍ. 

 

Ɇɨɦɟɧɬ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɠɟɧɢɸ ɚɜɬɨ-
ɦɨɛɢɥɹ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɜɟɞɭɳɢɦ ɤɨɥɺɫɚɦ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ [7] 

 

 SP K L kM F F F r   , 

 

ɝɞɟ  cosK pk AF k m g    – ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ ɤɚɱɟɧɢɸ, ɹɜɥɹɸɳɚɹɫɹ ɫɥɟɞɫɬɜɢɟɦ ɞɟ-
ɮɨɪɦɚɰɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɡɨɧɟ ɤɨɧɬɚɤɬɚ 
ɲɢɧɵ ɫ ɞɨɪɨɝɨɣ;  sinAF m g     – ɫɢɥɚ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɠɟɧɢɸ ɧɚ ɩɨɞɴɺɦ ɢɥɢ ɩɨɞ 

ɭɤɥɨɧ;  2

0 00,5L w AF c S V    – ɫɢɥɚ ɚɷɪɨ-
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; pkk  – ɤɨɷɮ-

ɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɟɪɟɤɚɬɵɜɚɧɢɸ, ɤɨ-
ɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɨɫɨɛɟɧɧɨɫɬɟɣ ɞɨɪɨɠɧɨɝɨ 

ɩɨɤɪɵɬɢɹ ɢ ɤɚɱɟɫɬɜɚ ɲɢɧ; Am  – ɦɚɫɫɚ ɚɜɬɨ-
ɦɨɛɢɥɹ; g  – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ; 

0  – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ; wc  – ɤɨɷɮɮɢɰɢɟɧɬ 
ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; AS  – 

ɩɥɨɳɚɞɶ ɧɚɢɛɨɥɶɲɟɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ 
ɚɜɬɨɦɨɛɢɥɹ. 
 

ȿɫɥɢ . . ( )VR zd VR zdM M t  ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ 
ɫɤɚɥɹɪɧɨɟ ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ 

  1
. .min .max,VR zd VR VRM M M   , t T   ɢ 

ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 0 0 , ɝɢɛɪɢɞɧɵɣ ɚɜɬɨ-
ɦɨɛɢɥɶ ɤɚɤ ɞɢɧɚɦɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɦɨɠɟɬ 
ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɦɨɞɟɥɶɸ ɜɢɞɚ 

 
2

.VR zdMaV bV c   ,  

 

ɝɞɟ     1
K ka J r ;     00,5 w A kb c S r  ;  

 K k FRc F F r M   . 

 

ɉɪɢɦɟɧɢɦ ɤ ɭɩɪɚɜɥɹɸɳɟɦɭ ɜɨɡɞɟɣɫɬɜɢɸ 

ɫɢɫɬɟɦɵ ɧɟɥɢɧɟɣɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜɢɞɚ 
 

  2
. . .,VR zd np VR zd VR zdM M Mf V bV bV     , 

 

ɝɞɟ constb  . ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɦ ɥɢɧɟɣ-

ɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɝɢ-

ɛɪɢɞɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɩɪɚɜɥɟ-
ɧɢɹ .VR zdM : .VR zdMaV bV c    . 

 

Ⱦɥɹ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɧ-

ɞɚɪɬɧɵɯ ɦɟɬɨɞɨɜ ɬɟɨɪɢɢ ɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ 

ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɪɟɝɭɥɹɬɨɪ ɫɤɨɪɨɫɬɢ ɚɜ-
ɬɨɦɨɛɢɥɹ  . . ,VR zd VR zd zdM M V V  , ɨɛɟɫɩɟɱɢ-

ɜɚɸɳɢɣ ɦɢɧɢɦɢɡɚɰɢɸ ɮɭɧɤɰɢɨɧɚɥɚ 
J minV  , ɢ ɢɫɫɥɟɞɨɜɚɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɢ-

ɫɬɟɦɵ. Ɂɚɬɟɦ ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ 
.VR zdM  ɧɚɯɨɞɢɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɪɚɬɧɨ-

ɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
 

   1
. . ., ,VR zd np VR zd V RG zdM Mf V f V V  . 
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Ⱥɞɚɩɬɢɜɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɚɝɪɟɝɚɬɚɦɢ  

ɝɢɛɪɢɞɧɨɣ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɢ 

 

Ⱦɥɹ Ƚɋɍ ɫ ɩɚɪɚɥɥɟɥɶɧɨɣ ɫɯɟɦɨɣ ɩɨɫɬɪɨɟɧɢɹ 
ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 

 

   
   

1

1

Ȧ, Ȗ ȦȖ ,ȕ

Ȗ ȦȖ ,ȕ ȕ ,

VR DVS D

M VD M M trm T

M M

M M





 

 

u
 

 

ɝɞɟ DVSM  – ɷɮɮɟɤɬɢɜɧɵɣ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ 
Ⱦȼɋ,  

 

   1 1
.min .maxȦȖ , ȦȖDVS DVS VRM M M

    ; 

 

VDM  – ɦɨɦɟɧɬ ɜɪɚɳɟɧɢɹ ɢɥɢ ɬɨɪɦɨɠɟɧɢɹ, 
ɪɚɡɜɢɜɚɟɦɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɜ ɞɜɢɝɚɬɟɥɶ-
ɧɨɦ ɢɥɢ ɝɟɧɟɪɚɬɨɪɧɨɦ ɪɟɠɢɦɟ, 

 

   1 1
.min .maxȦ , ȦVD VD M VD MM M M

      ; 

 

trmM  – ɬɨɪɦɨɡɧɨɣ ɦɨɦɟɧɬ, ɪɚɡɜɢɜɚɟɦɵɣ ɝɢɞ-

ɪɚɜɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ ɬɨɪɦɨɠɟɧɢɹ,  
 

 .max0,trm trmM M ; 

 

ȖM  – ɩɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ɬɪɚɧɫɦɢɫɫɢɢ 

ɨɬ ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɤ ɜɟɞɭɳɢɦ ɤɨ-
ɥɺɫɚɦ. Ɂɚɞɚɱɟɣ ɚɞɚɩɬɢɜɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ Ƚɋɍ 

ɹɜɥɹɟɬɫɹ ɬɚɤɨɟ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɝɪɭɡɤɢ 

ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ ɟɺ ɚɝɪɟɝɚɬɚɦɢ, ɤɨɬɨɪɨɟ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɞɞɟɪɠɚɧɢɟ ɡɚɞɚɧɧɨɝɨ ɬɹɝɨɜɨ-
ɫɤɨɪɨɫɬɧɨɝɨ ɪɟɠɢɦɚ .VR VR zdM M  ɢ ɨɛɪɚɳɚ-
ɟɬ ɜ ɦɢɧɢɦɭɦ ɜɵɛɪɚɧɧɵɣ ɮɭɧɤɰɢɨɧɚɥ ɤɚɱɟ-
ɫɬɜɚ J minSV  . 

 

ɋ ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ ɡɚɞɚɱɢ ɞɥɹ 
ɨɩɢɫɚɧɢɹ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ 
ɚɝɪɟɝɚɬɚɦɢ Ƚɋɍ ɜɜɟɞɺɦ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ  

 

İ
ȖM VD

VR

M

M
 ,      0VRM  . 

 

ȼ ɩɪɨɰɟɫɫɟ ɬɨɪɦɨɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ, ɤɨɝɞɚ 
0VRM  , ɤɨɷɮɮɢɰɢɟɧɬ  İ 0,1  ɯɚɪɚɤɬɟɪɢɡɭ-

ɟɬ ɭɪɨɜɟɧɶ ɪɟɤɭɩɟɪɚɰɢɢ ɷɧɟɪɝɢɢ ɬɨɪɦɨɠɟ-
ɧɢɹ. ɉɪɢ İ 0  ɬɨɪɦɨɠɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɡɚ ɫɱɺɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɬɨɪ-
ɦɨɡɧɨɣ ɫɢɫɬɟɦɵ. ɉɪɢ İ 1  ɜɟɫɶ ɬɪɟɛɭɟɦɵɣ 

ɬɨɪɦɨɡɧɨɣ ɦɨɦɟɧɬ ɫɨɡɞɚɺɬɫɹ ɬɹɝɨɜɵɦ ɷɥɟɤ-
ɬɪɨɩɪɢɜɨɞɨɦ ɜ ɝɟɧɟɪɚɬɨɪɧɨɦ ɪɟɠɢɦɟ: 

ȖVR M VDM M  , .min 0VD VDM M  . ɉɪɢ 

0 İ 1   ɬɨɪɦɨɡɧɨɟ ɭɫɢɥɢɟ ɫɨɡɞɚɺɬɫɹ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɟɢɯ ɬɨɪɦɨɡɧɵɯ ɫɢɫɬɟɦ. 

 

ɉɪɢ ɪɚɡɝɨɧɟ ɚɜɬɨɦɨɛɢɥɹ ɥɢɛɨ ɪɚɜɧɨɦɟɪɧɨɦ 

ɞɜɢɠɟɧɢɢ, ɤɨɝɞɚ 0VRM  , ɤɨɷɮɮɢɰɢɟɧɬ 
 İ ,1   ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɩɨɬɪɟɛɥɹɟɦɨɣ ɷɧɟɪɝɢɢ ɦɟɠɞɭ Ⱦȼɋ ɢ ɬɹɝɨɜɵɦ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ. ɉɪɢ İ 0  ɬɹɝɨɜɵɣ ɷɥɟɤ-
ɬɪɨɩɪɢɜɨɞ ɪɚɛɨɬɚɟɬ ɜ ɝɟɧɟɪɚɬɨɪɧɨɦ ɪɟɠɢɦɟ 
ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɨɞɡɚɪɹɞɤɭ ɬɹɝɨɜɨɣ ɚɤɤɭɦɭ-
ɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɧɟɪɝɢɢ, 

ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ Ⱦȼɋ. ȿɫɥɢ İ 0 , ɞɥɹ ɫɨ-
ɡɞɚɧɢɹ ɬɹɝɨɜɨɝɨ ɭɫɢɥɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ 
Ⱦȼɋ. ɉɪɢ 0 İ 1   ɬɹɝɨɜɨɟ ɭɫɢɥɢɟ ɫɨɡɞɚɺɬɫɹ 
ɡɚ ɫɱɺɬ ɫɨɜɦɟɫɬɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɹɝɨɜɨɝɨ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɢ Ⱦȼɋ. ɉɪɢ İ 1  ɢɫɩɨɥɶɡɭ-

ɟɬɫɹ ɬɨɥɶɤɨ ɬɹɝɨɜɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ. 

 

Ɋɚɫɫɦɨɬɪɢɦ ɞɢɫɤɪɟɬɧɵɣ ɩɪɨɰɟɫɫ ɭɩɪɚɜɥɟɧɢɹ 
Ƚɋɍ. ɉɪɢ ɢɡɜɟɫɬɧɵɯ ɦɨɞɟɥɹɯ ɚɝɪɟɝɚɬɨɜ, ɜɯɨ-

ɞɹɳɢɯ ɜ ɫɨɫɬɚɜ Ƚɋɍ: 
Ȧ

,ȕ
ȖDVS DVS DM M

 
  

 
, 

Ȧ
,ȕ

ȖVD VD M

M

M M
 

  
 

 ɢ  ȕtrm trm TM M , ɦɨ-

ɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɢɯ ɨɛɪɚɬɧɵɟ ɦɨɞɟɥɢ ɜɢɞɚ 
1 Ȧȕ ,

ȖD DVS DVSM M
  

  
 

, 1 Ȧȕ ,
ȖM VD VD

M

M M
  

  
 

 

ɢ  1ȕT trm trmM M
 . ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɧɚ k -ɦ ɲɚ-

ɝɟ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢ ɡɚɞɚɧɧɨɦ ɤɨɷɮɮɢɰɢɟɧɬɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ  İ k  ɭɩɪɚɜ-
ɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ Ƚɋɍ 

         , , ,
T

D M Tk k k k k      u , ɤɨɬɨ-
ɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɬɪɟɛɭɟɦɨɟ ɡɧɚɱɟɧɢɟ 

 .VR zdM k , ɧɚɯɨɞɹɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɥɟ-
ɞɭɸɳɢɯ ɜɵɪɚɠɟɧɢɣ. 

 

ɉɪɢ  . 0VR zdM k   ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ 
ɭɩɪɚɜɥɟɧɢɹ 
 

  1D k   ; 

 

      1 1
.,M VD M VD zdM Mk k k      ; 

 

    1
.T trm trm zdM Mk k  ; 

 

   1k k    , 
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ɝɞɟ  

     .
. .minİ ,max VR zd

VD zd VD

M

M
M M

k
k k

 
   

; 

 

 
    

.

. . .max,min

trm zd

M VD zd VR zd trm

M

M M M

k

k k



  
. 

 

Ʉɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢ 

 . 0VR zdM k   

 

 

      
 

 

1 1
.

. .min

. .min

Ȧ , ,

ɩɪɢ ;ȕ
1,

ɩɪɢ ;

DVS DVS zd

DVS zd DVS
D

DVS zd DVS

M M

M M

M M

k k k

k
k

k

   

  

 

 

 

      1 1
.ȕ Ȧ ,M VD M VD zdM Mk k k    ; 

 

  0T k  ; 

 

      

 
       1

, 1,5

, 1

arg min , 1
i

D

e D
i

k k k

g k k k

  

      

     
, 

 

ɝɞɟ  
 

 
   

 

.

. .
.max,min

Ȗ

DVS zd

VR zd M VD zd
DVS

M

M M
M

k

k k

k





    
  

; 

 

     .
. .maxİ ,min

Ȗ
VR zd

VD zd VD

M

M
M M

k
k k

 
  

 
, 

ɩɪɢ  . 0VD zdM k  ; 
 

     .
. .minİ ,max

Ȗ
VR zd

VD zd VD

M

M
M M

k
k k

 
  

 
, 

ɩɪɢ  . 0VD zdM k  ; 

 

 1,e e Dg g     – ɡɚɜɢɫɢɦɨɫɬɶ ɷɮɮɟɤɬɢɜ-

ɧɨɝɨ ɰɢɤɥɨɜɨɝɨ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɨɬ ɫɤɨɪɨɫɬɢ 

ɜɪɚɳɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɢ ɩɨɥɨɠɟɧɢɹ ɨɪ-
ɝɚɧɚ ɭɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɶɸ Ⱦȼɋ.  

 

ɉɪɢ  . 0VR zdM k   ɜɫɟ ɚɝɪɟɝɚɬɵ Ƚɋɍ ɨɬɤɥɸ-

ɱɟɧɵ:   1D k   ;   0M k  ;   0T k  ; 

   1k k    . 

Ɂɚɜɢɫɢɦɨɫɬɢ  

 

 1ȦȖ ,ȕDVS DVS DM M
 ,  1,e e Dg g    ,  

 

 1ȦȖ ,ȕVD VD M MM M
 ,  ȕtrm trm TM M  

 

ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɟɨɪɟɬɢ-

ɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɥɢ ɫɬɟɧɞɨɜɵɯ ɢɫɩɵɬɚ-
ɧɢɣ ɚɝɪɟɝɚɬɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ Ƚɋɍ. 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ ɭɩɪɚɜ-
ɥɟɧɢɹ Ƚɋɍ ɦɨɠɟɬ ɛɵɬɶ ɫɜɟɞɟɧɚ ɤ ɡɚɞɚɱɟ 
ɨɩɪɟɞɟɥɟɧɢɹ ɮɭɧɤɰɢɢ  
 

      .İ İ ,VR zdMk k k x , 

 

ɤɨɬɨɪɚɹ ɦɢɧɢɦɢɡɢɪɭɟɬ ɮɭɧɤɰɢɨɧɚɥ  
 J , , minSV N x u  ɧɚ ɬɟɤɭɳɟɦ ɟɡɞɨɜɨɦ ɰɢɤ-

ɥɟ. Ɂɚɬɟɦ, ɩɪɢ ɢɡɜɟɫɬɧɨɦ ɤɨɷɮɮɢɰɢɟɧɬɟ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ  , ɭɩɪɚɜɥɹɸ-

ɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ Ƚɋɍ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɪɟɝɭɥɹɬɨɪɨɦ Ƚɋɍ  . ., ,GSU RG VR zdMf u x  

ɫɨɝɥɚɫɧɨ ɜɵɪɚɠɟɧɢɹɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜɵɲɟ.  
 

ɍɱɢɬɵɜɚɹ ɧɟɞɨɫɬɚɬɨɤ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚ-
ɰɢɢ ɨ ɯɚɪɚɤɬɟɪɟ ɟɡɞɨɜɨɝɨ ɰɢɤɥɚ, ɩɨɞɨɛɧɨ  
ɫɢɫɬɟɦɚɦ ɩɪɨɝɧɨɡɢɪɭɸɳɟɝɨ ɦɨɞɟɥɶɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ, ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ   ɧɚ k -ɦ ɲɚɝɟ 
ɞɨɥɠɧɚ ɜɵɛɢɪɚɬɶɫɹ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ ɫ 
ɭɱɺɬɨɦ ɨɰɟɧɨɤ ɛɭɞɭɳɟɝɨ ɡɧɚɱɟɧɢɹ ɤɪɢɬɟɪɢɟɜ 
ɤɚɱɟɫɬɜɚ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜɵɛɨɪ ɫɬɪɚɬɟɝɢɢ 

ɭɩɪɚɜɥɟɧɢɹ ɞɨɥɠɟɧ ɫɬɪɟɦɢɬɶɫɹ ɤ ɭɦɟɧɶɲɟ-
ɧɢɸ ɜɟɥɢɱɢɧɵ ɩɨɬɟɪɶ ɪɚɡɥɢɱɧɵɯ ɪɟɫɭɪɫɨɜ ɧɚ 
ɞɨɫɬɚɬɨɱɧɨ ɞɥɢɬɟɥɶɧɨɦ ɨɬɪɟɡɤɟ ɜɪɟɦɟɧɢ 

T  . ɉɪɢ ɷɬɨɦ ɩɪɨɹɜɥɹɟɬɫɹ ɧɟɫɨɜɟɪɲɟɧ-

ɫɬɜɨ ɜɵɛɪɚɧɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ, ɤɨɬɨɪɵɣ ɧɟ-
ɨɝɪɚɧɢɱɟɧɧɨ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ N  . Ⱦɥɹ 
ɩɪɟɨɞɨɥɟɧɢɹ ɭɤɚɡɚɧɧɨɝɨ ɧɟɞɨɫɬɚɬɤɚ ɩɪɢ ɜɵ-

ɱɢɫɥɟɧɢɢ ɮɭɧɤɰɢɨɧɚɥɚ ɤɚɱɟɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ 
ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɡɜɟɲɟɧɧɨɟ (discounted) 

ɫɭɦɦɢɪɨɜɚɧɢɟ ɤɪɢɬɟɪɢɟɜ 
 

   
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.  
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Ɋɚɫɫɦɨɬɪɢɦ ɫɬɪɭɤɬɭɪɧɭɸ ɫɯɟɦɭ ɚɞɚɩɬɢɜɧɨɝɨ 

ɪɟɝɭɥɹɬɨɪɚ ɝɢɛɪɢɞɧɨɣ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɢ, 

ɤɨɬɨɪɵɣ ɪɟɚɥɢɡɭɟɬ ɤɨɧɰɟɩɰɢɸ ɧɟɣɪɨɫɟɬɟɜɨ-
ɝɨ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɚɞɚɩɬɢɜɧɨɣ ɤɪɢɬɢɤɢ 

[8–10], ɩɪɢɜɟɞɟɧɧɭɸ ɧɚ ɪɢɫ. 2. 

 

ɇɚ k -ɦ ɲɚɝɟ ɭɩɪɚɜɥɟɧɢɹ ɜɵɱɢɫɥɟɧɢɟ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟɣɪɨɤɨɧɬɪɨɥɥɟɪɨɦ 

 

 . .,GSU NC VR zdMf  x , 

 

ɤɨɬɨɪɵɣ ɪɟɚɥɢɡɨɜɚɧ ɜ ɜɢɞɟ ɬɪɺɯɫɥɨɣɧɨɣ ɢɫ-
ɤɭɫɫɬɜɟɧɧɨɣ ɫɟɬɢ (ɂɇɋ) ɩɪɹɦɨɝɨ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɢɹ ɫ ɚɤɬɢɜɚɰɢɨɧɧɨɣ ɮɭɧɤɰɢɟɣ ɧɟɣɪɨ-
ɧɨɜ ɫɤɪɵɬɵɯ ɫɥɨɺɜ ɜ ɜɢɞɟ ɮɭɧɤɰɢɢ 

ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɝɨ ɬɚɧɝɟɧɫɚ ɢ ɥɢɧɟɣɧɨɦ 

ɧɟɣɪɨɧɟ ɜɵɯɨɞɧɨɝɨ ɫɥɨɹ 
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, 

ɝɞɟ 1NCW , 2NCW , 3NCW  – ɦɚɬɪɢɰɵ ɜɟɫɨɜɵɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɟɣɪɨɧɨɜ ɩɟɪɜɨɝɨ [12×3], 

ɜɬɨɪɨɝɨ [4×12] ɢ ɬɪɟɬɶɟɝɨ [1×4] ɫɥɨɟɜ ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ; 1NCB , 2NCB , 3NCB  – ɜɟɤɬɨɪɵ 

ɫɦɟɳɟɧɢɣ ɧɟɣɪɨɧɨɜ ɩɟɪɜɨɝɨ [12×1], ɜɬɨɪɨɝɨ 
[4×1] ɢ ɬɪɟɬɶɟɝɨ [1×1] ɫɥɨɟɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
ɋɢɦɜɨɥɨɦ «:» ɨɛɨɡɧɚɱɚɟɬɫɹ ɩɨɷɥɟɦɟɧɬɧɨɟ 
ɞɟɥɟɧɢɟ ɜɟɤɬɨɪɨɜ. 
 

Ɂɚɬɟɦ ɪɟɝɭɥɹɬɨɪ Ƚɋɍ ɨɩɪɟɞɟɥɹɟɬ ɜɟɤɬɨɪ 
ɭɩɪɚɜɥɟɧɢɹ  . ., ,GSU RG VR zdMf u x . ɍɩɪɚɜ-
ɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɩɨɞɚɸɬɫɹ ɧɚ ɜɯɨɞ ɨɛɴ-

ɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ. 
 

Ⱥɞɚɩɬɢɜɧɵɣ ɤɪɢɬɢɤ ɨɫɭɳɟɫɬɜɥɹɟɬ ɨɰɟɧɤɭ 
ɤɚɱɟɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɞɚɧɧɨɦ ɲɚɝɟ 

 . .Ĵ , ,SV GSU AC VR zdMf  x  ɫ ɭɱɺɬɨɦ ɩɪɨɝɧɨɡɚ 
ɛɭɞɭɳɢɯ ɩɨɫɥɟɞɫɬɜɢɣ ɞɚɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 
Ⱥɞɚɩɬɢɜɧɵɣ ɤɪɢɬɢɤ ɪɟɚɥɢɡɨɜɚɧ ɧɚ ɛɚɡɟ ɢɫ-
ɤɭɫɫɬɜɟɧɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫ ɚɪɯɢɬɟɤɬɭɪɨɣ, 

ɩɨɞɨɛɧɨɣ ɂɇɋ ɧɟɣɪɨɤɨɧɬɪɨɥɥɟɪɚ: 
 

.

2
1

1 exp 2

AC

AC VR zd ACM



 
   
        

      

1

1 1

N

W B

x

 ; 

 

  
2

1
1 exp 2

AC

AC AC AC

 
  2

2 1 2

N
W N B

; 

 

ĴSV AC AC AC 3 2 3W N B , 

 

ɝɞɟ 1ACW , 2ACW , 3ACW  – ɦɚɬɪɢɰɵ ɜɟɫɨɜɵɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɟɣɪɨɧɨɜ ɩɟɪɜɨɝɨ [12×4], 

ɜɬɨɪɨɝɨ [4×12] ɢ ɬɪɟɬɶɟɝɨ [1×4] ɫɥɨɟɜ ɫɨɨɬ- 

 

.VR zdM  
u

ȟ

 kx  

Ⱥɞɚɩɬɢɜɧɵɣ ɪɟɝɭɥɹɬɨɪ  Ƚɋɍ

ɇɟɣɪɨ- 
ɤɨɧɬɪɨɥɥɟɪ 

.VR zdM  
 

Ɋɟɝɭɥɹɬɨɪ 
Ƚɋɍ   

Ⱥɞɚɩɬɢɜɧɵɣ 

ɤɪɢɬɢɤ 
.VR zdM  
  

Ⱥɜɬɨɦɨɛɢɥɶ
ɫ Ƚɋɍ

TG

TE

Ɉɰɟɧɤɚ  
ɤɚɱɟɫɬɜɚ 
ɭɩɪɚɜɥɟɧɢɹ 

ȼɵɱɢɫɥɟɧɢɟ ɨɲɢɛɤɢ 

ɜɪɟɦɟɧɧɨɣ ɪɚɡɧɨɫɬɢ 

  
ĴSV

zdV  

Ⱥɥɝɨɪɢɬɦ ɚɞɚɩɬɚɰɢɢ 

  ,AC AC W B

 1k x  

 kx  

 kx  

 kx  

 kx

,NC NC W B
 

 

Ɋɢɫ. 2.  Ⱥɞɚɩɬɢɜɧɵɣ ɪɟɝɭɥɹɬɨɪ ɝɢɛɪɢɞɧɨɣ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɢ 
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ɜɟɬɫɬɜɟɧɧɨ; 1ACB , 2ACB , 3ACB  – ɜɟɤɬɨɪɵ 

ɫɦɟɳɟɧɢɣ ɧɟɣɪɨɧɨɜ ɩɟɪɜɨɝɨ [12×1], ɜɬɨɪɨɝɨ 
[4×1] ɢ ɬɪɟɬɶɟɝɨ [1×1] ɫɥɨɟɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

Ȼɥɨɤ ɚɞɚɩɬɚɰɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɚɪɚɦɟɬɪɢɱɟ-
ɫɤɭɸ ɧɚɫɬɪɨɣɤɭ (ɨɛɭɱɟɧɢɟ) ɂɇɋ ɧɟɣɪɨ-
ɤɨɧɬɪɨɥɥɟɪɚ ɢ ɚɞɚɩɬɢɜɧɨɝɨ ɤɪɢɬɢɤɚ ɩɭɬɺɦ 

ɧɚɫɬɪɨɣɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɚɬɪɢɰ ɜɟɫɨɜɵɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢ ɜɟɤɬɨɪɨɜ ɫɦɟɳɟɧɢɣ ɧɟɣɪɨ-
ɧɨɜ. ɐɟɥɟɜɨɣ ɮɭɧɤɰɢɟɣ ɧɚɫɬɪɨɣɤɢ ɧɟɣɪɨ-
ɤɨɧɬɪɨɥɥɟɪɚ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɢɡɚɰɢɹ ɮɭɧɤɰɢ-

ɨɧɚɥɚ J minSV  . Ⱥɞɚɩɬɢɜɧɵɣ ɤɪɢɬɢɤ 
ɨɛɭɱɚɟɬɫɹ ɫ ɦɢɧɢɦɚɥɶɧɨɣ ɨɲɢɛɤɨɣ ɚɩɩɪɨɤ-
ɫɢɦɢɪɨɜɚɬɶ ɮɭɧɤɰɢɸ 

 . .J , ,SV GSU AC VR zdMf  x . 

 

ȼɵɪɚɠɟɧɢɟ ɞɥɹ ɮɭɧɤɰɢɨɧɚɥɚ ɤɚɱɟɫɬɜɚ 
ɭɩɪɚɜɥɟɧɢɹ ɧɚ k -ɦ ɲɚɝɟ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚ-
ɧɨ ɜ ɜɢɞɟ 

 

     
4

1

J J 1SV Pi i SV
i

k k k 


   K . 

 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɨɲɢɛɤɭ ɚɞɚɩɬɢɜɧɨɝɨ ɤɪɢɬɢɤɚ 
ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɨɲɢɛɤɢ ɜɪɟɦɟɧ-

ɧɨɣ ɪɚɡɧɨɫɬɢ 
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1
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1

ˆ ˆJ J 1

ˆ ˆJ 1 1 J
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K

K

. 

 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɨɲɢɛɤɢ ɜɪɟɦɟɧɧɨɣ ɪɚɡɧɨɫɬɢ 

ɞɨɥɠɧɵ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɨɰɟɧɤɢ  ĴSV k  ɢ 

 Ĵ 1SV k   ɩɪɢ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɡɧɚɱɟɧɢɹɯ 
ɩɚɪɚɦɟɬɪɨɜ ɂɇɋ ɚɞɚɩɬɢɜɧɨɝɨ ɤɪɢɬɢɤɚ. 
 

Ʉɨɪɪɟɤɰɢɹ ɩɚɪɚɦɟɬɪɨɜ ɂɇɋ ɚɞɚɩɬɢɜɧɨɝɨ 

ɤɪɢɬɢɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɦɢɧɢɦɢ-

ɡɚɰɢɢ ɤɜɚɞɪɚɬɢɱɧɨɣ ɨɲɢɛɤɢ 20,5e    ɫɨ-
ɝɥɚɫɧɨ ɜɵɪɚɠɟɧɢɹɦ 

 

     1ACi ACi ACik k k   W W W ; 

 

     1ACi ACi ACik k k   B B B ,    1, 3i  , 
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SV T

AC




 2
N

W
;  

 

1
2 2

ˆ ˆJ J

AC

SV SV T

AC AC

  


 
N
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ˆ ˆJ JSV SV

VR zd
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M
  
     

x
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AC  – ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɨɛɭɱɟɧɢɹ ɂɇɋ 

ɚɞɚɩɬɢɜɧɨɝɨ ɤɪɢɬɢɤɚ; AC  – ɤɨɷɮɮɢɰɢɟɧɬ 
ɢɧɟɪɰɢɨɧɧɨɫɬɢ ɨɛɭɱɟɧɢɹ, ɤɨɬɨɪɵɣ ɜ ɪɹɞɟ 
ɫɥɭɱɚɟɜ ɩɨɡɜɨɥɹɟɬ ɩɪɟɨɞɨɥɟɬɶ ɥɨɤɚɥɶɧɵɟ 
ɦɢɧɢɦɭɦɵ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɩɚɪɚɦɟɬɪɨɜ ɫɟɬɢ; ɫɢɦɜɨɥɨɦ « » ɨɛɨɡɧɚɱɚɟɬ-
ɫɹ ɩɨɷɥɟɦɟɧɬɧɨɟ ɭɦɧɨɠɟɧɢɟ ɜɟɤɬɨɪɨɜ. 
 

Ʉɨɪɪɟɤɰɢɹ ɩɚɪɚɦɟɬɪɨɜ ɂɇɋ ɧɟɣɪɨɤɨɧɬɪɨɥ-
ɥɟɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ ɜɵɪɚɠɟɧɢɹɦ: 

 

     1NCi NCi NCik k k   W W W ; 

 

     1NCi NCi NCik k k   B B B ,    1, 3i  , 
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Ĵ
1

NCi NC NCi

SV

NC NC

NCi

k k

k k

k k



     

 
    

 

W W

W

; 

 

   

   
 

 
 

1

Ĵ
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NC  – ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɨɛɭɱɟɧɢɹ ɂɇɋ 

ɧɟɣɪɨɤɨɧɬɪɨɥɥɟɪɚ; NC  – ɤɨɷɮɮɢɰɢɟɧɬ 
ɢɧɟɪɰɢɨɧɧɨɫɬɢ ɨɛɭɱɟɧɢɹ. ɋɢɦɜɨɥɨɦ « 

1
 » 

ɨɛɨɡɧɚɱɚɟɬɫɹ ɩɟɪɜɵɣ ɷɥɟɦɟɧɬ ɜɟɤɬɨɪɚ. 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɭɥɭɱɲɚɟɬɫɹ 
ɡɚɤɨɧ ɭɩɪɚɜɥɟɧɢɹ ɩɭɬɺɦ ɨɛɭɱɟɧɢɹ ɧɟɣɪɨ-
ɤɨɧɬɪɨɥɥɟɪɚ, ɚ ɬɚɤɠɟ ɩɨɜɵɲɚɟɬɫɹ ɫɩɨɫɨɛ-
ɧɨɫɬɶ ɫɢɫɬɟɦɵ ɨɰɟɧɢɜɚɬɶ ɫɢɬɭɚɰɢɸ ɩɭɬɺɦ 

ɨɛɭɱɟɧɢɹ ɤɪɢɬɢɤɚ. Ʉɨɪɪɟɤɰɢɹ ɩɚɪɚɦɟɬɪɨɜ 
ɩɪɨɞɨɥɠɚɟɬɫɹ, ɩɨɤɚ ɫɢɫɬɟɦɚ ɧɟ ɞɨɫɬɢɝɧɟɬ 
ɬɪɟɛɭɟɦɨɝɨ ɤɚɱɟɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ.  
 

ȼɵɜɨɞɵ 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɨɫɨɛɟɧɧɨɫɬɟɣ ɚɜɬɨɦɨ-
ɛɢɥɹ ɫ ɝɢɛɪɢɞɧɨɣ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɨɣ ɤɚɤ 
ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɫɤɨɪɨɫɬɢ ɩɨɤɚɡɚɧɚ 
ɜɨɡɦɨɠɧɨɫɬɶ ɭɦɟɧɶɲɟɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ ɨɩ-

ɬɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ ɩɭɬɺɦ ɜɜɟɞɟɧɢɹ ɧɨɜɨɣ 

ɩɟɪɟɦɟɧɧɨɣ – ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɺɧɧɵɦ ɨɛ-
ɪɚɡɨɦ ɫɜɹɡɚɧ ɫ ɜɟɤɬɨɪɨɦ ɭɩɪɚɜɥɟɧɢɹ ɫɢɥɨɜɨɣ 

ɭɫɬɚɧɨɜɤɨɣ ɩɪɢ ɢɡɜɟɫɬɧɵɯ ɡɚɞɚɸɳɟɦ ɜɨɡɞɟɣ-

ɫɬɜɢɢ ɢ ɜɟɤɬɨɪɟ ɫɨɫɬɨɹɧɢɹ.   
 

Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɥɟɤ-
ɬɪɨɩɪɢɜɨɞɚ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɭɩɪɚɜɥɟɧɢɹ, 
ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ ɩɪɢɛɥɢɠɚɸɳɢɟɫɹ ɤ ɨɩɬɢ-

ɦɚɥɶɧɵɦ ɜ ɩɪɨɰɟɫɫɟ ɞɜɢɠɟɧɢɹ ɩɨ ɡɚɞɚɧɧɨɦɭ 
ɟɡɞɨɜɨɦɭ ɰɢɤɥɭ, ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɧɚ 
ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɨɞɚ ɧɟɣɪɨɫɟɬɟɜɵɯ 
ɚɞɚɩɬɢɜɧɵɯ ɤɪɢɬɢɤɨɜ ɩɪɢ ɩɨɫɬɚɧɨɜɤɟ ɨɩɬɢ-

ɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ ɜ ɞɢɫɤɪɟɬɧɨɦ ɜɢɞɟ. 
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