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がごぞんぜごぶぎでとだぎ ばぢづんゑずぎぞごぎ ごぞゑぎでどごぴごだぞぞぼぜ ぢだづどぱぎずぎぜ  
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ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚɞɚɱɚ ɭɩɪɚɜɥɟɧɢɹ ɢɧɜɟɫɬɢɰɢɨɧɧɵɦ ɩɨɪɬɮɟɥɟɦ ɩɟɧɫɢɨɧɧɵɯ 
ɧɚɤɨɩɥɟɧɢɣ [1]. ɉɪɢɱɟɦ ɡɚɞɚɱɚ ɭɩɪɚɜɥɟɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɢ ɤɚɩɢɬɚɥɚ ɦɟɠɞɭ ɜɤɥɸ-

ɱɟɧɧɵɦɢ ɜ ɩɨɪɬɮɟɥɶ ɚɤɬɢɜɚɦɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɫɮɨɪɦɢɪɨɜɚɧɧɵɣ ɩɨɪɬɮɟɥɶ ɫ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡ-
ɦɨɠɧɵɦɢ ɨɬɤɥɨɧɟɧɢɹɦɢ ɫɥɟɞɨɜɚɥ ɤɚɩɢɬɚɥɭ ɷɬɚɥɨɧɧɨɝɨ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɨɪɬɮɟɥɹ. ɉɨɞɨɛɧɚɹ ɡɚɞɚɱɚ 
ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ ɜ ɪɚɛɨɬɟ [2]. Ɉɞɧɚɤɨ, ɜ ɨɬɥɢɱɢɟ ɨɬ [2], ɡɞɟɫɶ ɭɩɪɚɜɥɹɟɦɵɦɢ ɩɟɪɟɦɟɧɧɵɦɢ ɹɜɥɹɸɬɫɹ 
ɤɚɤ ɜɥɨɠɟɧɢɹ ɜ ɪɢɫɤɨɜɵɟ ɚɤɬɢɜɵ, ɬɚɤ ɢ ɜ ɛɟɡɪɢɫɤɨɜɵɟ ɚɤɬɢɜɵ.   

ɋɬɨɢɦɨɫɬɶ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɨɪɬɮɟɥɹ )(tV  ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t , ɫɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɩɨ ɦɨɞɟɥɢ [1], ɪɚɜɧɚ 
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( ) ( ) ( )
N k

i j

i j

V t V t V t
 

   ,     (1) 

ɝɞɟ  )(" tVi  – ɨɛɴɟɦ ɜɥɨɠɟɧɢɣ ɤɚɩɢɬɚɥɚ ɜ i -ɣ ɪɢɫɤɨɜɵɣ ɚɤɬɢɜ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t ; )(' tVi  – ɨɛɴ-

ɟɦ ɜɥɨɠɟɧɢɹ ɤɚɩɢɬɚɥɚ ɜ ɛɟɡɪɢɫɤɨɜɵɣ ɚɤɬɢɜ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t .  

Ⱦɢɧɚɦɢɤɭ ɤɚɩɢɬɚɥɚ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɨɪɬɮɟɥɹ ɜ ɞɢɫɤɪɟɬɧɨɦ ɜɪɟɦɟɧɢ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɟɦ  

  " '

1 1

( 1) 1 ( ) ( ) 1 ( ) ( )
N k

i i j j

i j

V t t V t t V t
 

           ,    (2) 

ɝɞɟ )(ti  – ɫɬɚɜɤɚ ɞɨɯɨɞɧɨɫɬɢ i -ɝɨ ɪɢɫɤɨɜɨɝɨ ɚɤɬɢɜɚ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t ; ( )j t  – ɫɬɚɜɤɚ ɞɨ-
ɯɨɞɧɨɫɬɢ j -ɝɨ ɛɟɡɪɢɫɤɨɜɨɝɨ ɚɤɬɢɜɚ. 

ɋɬɚɜɤɭ ɞɨɯɨɞɧɨɫɬɢ ɪɢɫɤɨɜɨɝɨ ɚɤɬɢɜɚ ɛɭɞɟɦ ɨɩɢɫɵɜɚɬɶ ɫɥɟɞɭɸɳɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ 

)()()( ttt iii   . 

Ɂɞɟɫɶ ))(()( tMt ii    – ɫɪɟɞɧɹɹ ɫɬɚɜɤɚ ɞɨɯɨɞɧɨɫɬɢ i -ɝɨ ɪɢɫɤɨɜɨɝɨ ɜɥɨɠɟɧɢɹ; )(ti  – ɫɥɭɱɚɣ-

ɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɬɚɜɤɢ ɞɨɯɨɞɧɨɫɬɢ i -ɝɨ ɪɢɫɤɨɜɨɝɨ ɚɤɬɢɜɚ ɫ ɩɚɪɚɦɟɬɪɚɦɢ 

 ( ( )) 0, ( ) ( ) , , 1, ,i i j ijM t M t t i j N k        , ɝɞɟ 
ij  – ɦɚɬɪɢɰɚ ɤɨɜɚɪɢɚɰɢɢ ɞɨɯɨɞɧɨɫɬɟɣ ɪɢɫɤɨ-

ɜɵɯ ɚɤɬɢɜɨɜ. 
ɂɫɩɨɥɶɡɭɹ (1), ɩɪɟɨɛɪɚɡɭɟɦ (2) ɤ ɜɢɞɭ 
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 . 

ɍɪɚɜɧɟɧɢɟ ɷɬɚɥɨɧɧɨɝɨ ɩɨɪɬɮɟɥɹ ɨɩɪɟɞɟɥɢɦ ɭɪɚɜɧɟɧɢɟɦ: 

  )()(1)1( 0
0

0 tVttV   ,     (3) 

ɝɞɟ )(0 t  - ɡɚɞɚɧɧɚɹ ɫɬɚɜɤɚ ɷɬɚɥɨɧɧɨɝɨ ɩɨɪɬɮɟɥɹ. Ⱦɚɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɤɥɨɧɧɨɫɬɶ 

ɢɧɜɟɫɬɨɪɚ ɤ ɪɢɫɤɭ: ɱɟɦ ɨɧ ɛɨɥɶɲɟ, ɬɟɦ ɜɵɲɟ ɫɤɥɨɧɧɨɫɬɶ ɤ ɪɢɫɤɭ. )0()0(0 VV   (ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ ɤɚɩɢɬɚɥ ɷɬɚɥɨɧɧɨɝɨ ɩɨɪɬɮɟɥɹ ɫɨɜɩɚɞɚɟɬ ɫ ɤɚɩɢɬɚɥɨɦ ɪɟɚɥɶɧɨɝɨ ɢɧɜɟɫɬɢɰɢɨɧɧɨɝɨ ɩɨɪɬɮɟɥɹ). 

ȼɜɟɞɟɦ ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ  1 2 1 2( ) ( ), ( ),... ( ), ( ), ( ),..., ( )
T

N ky t V t V t V t V t V t V t       

ȼ ɤɚɱɟɫɬɜɟ ɦɟɪɵ ɪɢɫɤɚ ɜɵɛɟɪɟɦ ɤɜɚɞɪɚɬɢɱɧɵɣ ɮɭɧɤɰɢɨɧɚɥ 
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 ,   (4) 

ɝɞɟ ( )R t  – ɞɢɚɝɨɧɚɥɶɧɚɹ ɦɚɬɪɢɰɚ ɜɟɫɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɡɦɟɪɧɨɫɬɢ ( ) ( )N k N k   . 



 

 

 

 

 

ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ  
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Ɉɩɪɟɞɟɥɢɦ ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ  TtVtVtu )(),()( 0 , ɬɨɝɞɚ ɦɨɞɟɥɢ (2), (2) ɩɪɢɦɭɬ ɜɢɞ  
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 Ɏɭɧɤɰɢɨɧɚɥ (4) ɡɚɩɢɲɟɦ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 
1

0

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
T

TT T T T

t

J M u t h h u t y t R t y t y t u T h h u T




           
    (6) 

ɝɞɟ  11 h
. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɫɬɪɚɬɟɝɢɢ ɭɩɪɚɜɥɟɧɢɹ ɫ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ ɩɨ ɤɜɚɞɪɚɬɢɱɧɨɦɭ 
ɤɪɢɬɟɪɢɸ ɢɫɩɨɥɶɡɭɟɬɫɹ ɥɢɧɟɣɧɵɣ ɡɚɤɨɧ ɭɩɪɚɜɥɟɧɢɹ ɜɢɞɚ  

0

1 2( ) ( ) ( ) ( ) ( ) ( ) ( )y t K t V t K t V t K t u t         (7) 

ɝɞɟ   1 2
( ) ( ), ( )K t K t K t  – ɦɚɬɪɢɰɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɦɢ-

ɧɢɦɭɦɚ ɮɭɧɤɰɢɨɧɚɥɚ (4). 

Ɏɭɧɤɰɢɨɧɚɥ (5) ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɜ ɜɢɞɟ 
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ɝɞɟ tr  – ɫɥɟɞ ɦɚɬɪɢɰɵ, ɚ ɦɚɬɪɢɰɚ ɜɬɨɪɵɯ ɦɨɦɟɧɬɨɜ  )()()( tutuMtP T . ɇɚ ɨɫɧɨɜɚɧɢɢ (5) ɢ (7) ɩɨ-
ɥɭɱɢɦ ɪɚɡɧɨɫɬɧɨɟ ɦɚɬɪɢɱɧɨɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɬɪɢɰɵ )(tP : 
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ɉɪɢ ɜɵɜɨɞɟ (8) ɦɵ ɩɪɢɧɹɥɢ ɜɨ ɜɧɢɦɚɧɢɟ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ )(tj  ɢ )(tu j  ɧɟ-

ɡɚɜɢɫɢɦɵ. ɉɨɷɬɨɦɭ ɨɩɟɪɚɰɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɩɨ ɩɟɪɟɦɟɧɧɵɦ )(tj  ɢ )(tu j  ɜɵɩɨɥɧɹɟɬɫɹ 

ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. 
Ɉɩɬɢɦɚɥɶɧɚɹ ɫɬɪɚɬɟɝɢɹ ɭɩɪɚɜɥɟɧɢɹ ɧɚɯɨɞɢɬɫɹ ɩɭɬɟɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ ɞɟɬɟɪɦɢɧɢɪɨ-

ɜɚɧɧɨɣ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɭɪɚɜɧɟɧɢɟɦ ɞɢɧɚɦɢɤɢ ɜɬɨɪɵɯ ɦɨɦɟɧɬɨɜ ɫɨɫɬɨɹɧɢɣ (9), 

ɦɚɬɪɢɰɟɣ K(t) ɤɚɤ ɭɩɪɚɜɥɹɸɳɢɦɢ ɜɨɡɞɟɣɫɬɜɢɹɦɢ ɢ ɮɭɧɤɰɢɨɧɚɥɨɦ (8) ɤɚɤ ɤɪɢɬɟɪɢɟɦ ɤɚɱɟɫɬɜɚ.   
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɨɛɯɨɞɢɦɨ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɤɪɢɬɟɪɢɣ (8) ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɨɝɪɚɧɢɱɟɧɢɹɯ, 

ɨɩɢɫɵɜɚɟɦɵɯ ɪɚɡɧɨɫɬɧɵɦ ɦɚɬɪɢɱɧɵɦ ɭɪɚɜɧɟɧɢɟɦ (9).  

Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ [3]. 

Ʉɪɚɟɜɵɟ ɭɫɥɨɜɢɹ ɧɚ ɦɚɬɪɢɰɵ P(t) ɡɚɞɚɞɢɦ ɜ ɜɢɞɟ: 
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