
 

 

 

 

 

ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɫɬɭɞɟɧɬɨɜ 
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1 1

( ) ( ) ( ) ( )ln ( ) (exp ) ( ); exp ( ) (ln ) ( ).s t s t s t s tx x x x     

Ⱦɥɹ ɧɢɯ ɛɭɞɭɬ ɫɩɪɚɜɟɞɥɢɜɵ ɫɨɨɬɧɨɲɟɧɢɹ  
( ) ( ) ( ) ( )ln (exp ( )) exp (ln ( )) .s t s t s t s tx x x   

Ⱥɧɚɥɨɝɢɱɧɨ ɦɨɠɧɨ ɜɜɨɞɢɬɶ ɢ ɞɪɭɝɢɟ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɵɟ ɬɨɠɟ ɨɬɧɨɫɹɬɫɹ ɤ ɷɥɟɦɟɧɬɚɪɧɵɦ 

ɮɭɧɤɰɢɹɦ ɫ ɩɟɪɟɦɟɧɧɵɦ ɜɟɳɟɫɬɜɟɧɧɵɦ ɩɨɪɹɞɤɨɦ.  

Ʌɢɬɟɪɚɬɭɪɚ. 
1. ɑɭɪɢɤɨɜ ȼ.Ⱥ. Ʉɪɚɬɤɨɟ ɜɜɟɞɟɧɢɟ ɜ ɞɪɨɛɧɵɣ ɚɧɚɥɢɡ ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɩɨɪɹɞɤɨɜ. – Ɍɨɦɫɤ: ɂɡɞ-ɜɨ 

Ɍɉɍ, - 2011. – 72 ɫ.  
2. ɑɭɪɢɤɨɜ ȼ.Ⱥ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɝɥɚɜɵ ɚɧɚɥɢɡɚ. Ⱦɪɨɛɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɢ ɞɪɨɛɧɨɟ ɞɢɮɮɟɪɟɧɰɢ-

ɪɨɜɚɧɢɟ ɧɚ ɨɫɧɨɜɟ d-ɨɩɟɪɚɬɨɪɚ: ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ. – Ɍɨɦɫɤ: ɂɡɞ-ɜɨ Ɍɨɦɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ 
ɭɧɢɜɟɪɫɢɬɟɬɚ, 2010. – 118 ɫ. 

3. ɑɭɪɢɤɨɜ ȼ.Ⱥ. Ⱦɪɨɛɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɢ ɞɪɨɛɧɵɟ ɢɧɬɟɝɪɚɥɵ ɫ ɩɟɪɟɦɟɧɧɵɦ ɩɨɪɹɞɤɨɦ // Ɍɪɭɞɵ VIII 

Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɫɬɭɞɟɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɺɧɵɯ: ɉɟɪɫɩɟɤɬɢɜɵ ɪɚɡɜɢɬɢɹ ɮɭɧɞɚɦɟɧ-

ɬɚɥɶɧɵɯ ɧɚɭɤ. Ɋɨɫɫɢɹ, Ɍɨɦɫɤ, ɇɂ Ɍɉɍ, 26 – 29 ɚɩɪɟɥɹ 2011 ɝ. (VII International Conference “Pros-

pects of fundamental sciences development”. Russia, Tomsk, April 26 – 29, 2011). – Ɍɨɦɫɤ: ɂɡɞ-ɜɨ 
Ɍɉɍ, – 2011, – ɋ. 513–515. 
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ȼȿɓȿɋɌȼȿɇɇɕɏ ɉɈɊəȾɄɈȼ ȼ d-ȺɇȺɅɂɁȿ 

ゑ.ん. ぶÜëó¡Üç, ¡.â-½.Ö. 
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Ɇɧɨɝɢɟ ɷɥɟɦɟɧɬɚɪɧɵɟ ɮɭɧɤɰɢɢ [1, 2] ɩɨɫɬɨɹɧɧɵɯ ɜɟɳɟɫɬɜɟɧɧɵɯ ɩɨɪɹɞɤɨɜ ɥɟɝɤɨ ɨɛɨɛɳɚɸɬɫɹ 
ɧɚ ɫɥɭɱɚɣ ɩɟɪɟɦɟɧɧɵɯ ɜɟɳɟɫɬɜɟɧɧɵɯ ɩɨɪɹɞɤɨɜ s(t). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɞɪɨɛɧɨɫɬɟɩɟɧɧɵɟ ɪɹɞɵ ɫ ɩɨɫɬɨɹɧ-

ɧɵɦ ɲɚɝɨɦ ɡɚɦɟɧɹɸɬɫɹ ɧɚ ɞɪɨɛɧɨɫɬɟɩɟɧɧɵɟ ɪɹɞɵ ɫ ɩɟɪɟɦɟɧɧɵɦ ɲɚɝɨɦ. 

Ƚɥɚɜɧɚɹ ɷɤɫɩɨɧɟɧɬɚ ɩɨɫɬɨɹɧɧɨɝɨ ɜɟɳɟɫɬɜɟɧɧɨɝɨ ɩɨɪɹɞɤɚ ɨɛɨɛɳɚɟɬɫɹ ɧɚ ɫɥɭɱɚɣ ɩɟɪɟɦɟɧɧɵɯ 
ɜɟɳɟɫɬɜɟɧɧɵɯ ɩɨɪɹɞɤɨɜ s(t), ɤɨɝɞɚ ɩɨɫɬɨɹɧɧɵɣ ɩɨɪɹɞɨɤ ɷɤɫɩɨɧɟɧɬɵ ɡɚɦɟɧɢɬɶ ɮɭɧɤɰɢɟɣ ɩɨɪɹɞɤɚ s(t)  

( ) 1 ( ) 1 2 ( ) 1 3 ( ) 1

( )

1

exp ( ) ...
( ( )) ( ( )) (2 ( )) (3 ( ))

ns t s t s t s t

s t

n

x x x x
x

ns t s t s t s t

   



    
   

 Ɂɞɟɫɶ 
( )exp ( )s t x  - ~¡ïäÜÖñÖöí äñëñ½ñÖÖ▲ê çñàñïöçñÖÖ▲ê äÜë　Ñ¡Üç s(t); ī(…) – ɝɚɦɦɚ-ɮɭɧɤɰɢɹ 

ɗɣɥɟɪɚ. 
ゎóäñëßÜ¿óôñï¡óñ ïóÖÜï▲ ɢ ¡ÜïóÖÜï▲ äñëñ½ñÖÖ▲ê çñàñïöçñÖÖ▲ê äÜë　Ñ¡Üç s(t) ɛɭɞɭɬ:  

( 1) ( ) 1 ( 1) ( ) 1

( ) ( ) ( )

0

1 1 ( )
sh ( ) (exp ( ) exp ( )) ;

2 2 (( 1) ( ))

m s t m s t

s t s t s t
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x x
x x x

m s t

   



 
   

 
 

( 1) ( ) 1 ( 1) ( ) 1

( ) ( ) ( )

0

1 1 ( )
ch ( ) (exp ( ) exp ( )) .

2 2 (( 1) ( ))

m s t m s t

s t s t s t

m

x x
x x x

m s t

   



 
   

 
 

 

ɋɜɹɡɶ ɦɟɠɞɭ ɷɤɫɩɨɧɟɧɬɚɦɢ ɩɟɪɟɦɟɧɧɵɯ ɩɨɪɹɞɤɨɜ ɢ ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɦɢ ɫɢɧɭɫɚɦɢ ɢ ɤɨɫɢɧɭɫɚ-
ɦɢ ɞɚɺɬɫɹ ɪɚɜɟɧɫɬɜɨɦ  

( ) ( ) ( )exp ( ) ch ( ) sh ( )s t s t s tx x x   . 

 

どëóÇÜÖÜ½ñöëóôñï¡óñ ïóÖÜï▲ ɢ ¡ÜïóÖÜï▲ äñëñ½ñÖÖ▲ê çñàñïöçñÖÖ▲ê äÜë　Ñ¡Üç s(t) ɛɭɞɭɬ:  
( 1) ( ) 1 ( 1) ( ) 1

( ) ( ) ( )

0

1 1 ( ) ( )
sin ( ) (exp ( ) exp ( )) ;

2 2 (( 1) ( ))

m s t m s t

s t s t s t

m

ix ix
x ix ix

i i m s t

   



 
   

 
 

 
( 1) ( ) 1 ( 1) ( ) 1
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1 1 ( ) ( )
cos ( ) (exp ( ) exp ( )) .

2 2 (( 1) ( ))

m s t m s t

s t s t s t
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ix ix
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m s t

   



 
   

 
 

Ɉɛɨɛɳɟɧɢɟɦ âÜë½Ü¿▲ Äú¿ñëí Ñ¿　 äñëñ½ñÖÖ▲ê çñàñïöçñÖÖ▲ê äÜë　Ñ¡Üç s(t), ɤɨɬɨɪɚɹ ɫɜɹɡɵɜɚɟɬ 
ɤɨɫɢɧɭɫɵ, ɫɢɧɭɫɵ ɢ ɷɤɫɩɨɧɟɧɬɵ ɩɟɪɟɦɟɧɧɵɯ ɩɨɪɹɞɤɨɜ, ɛɭɞɟɬ  



 

 

 

 

 

 

ɋɟɤɰɢɹ 1: Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɟɫɬɟɫɬɜɨɡɧɚɧɢɢ 
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( ) ( ) ( )exp ( ) cos ( ) sin ( ).s t s t s tix x i x  
 

どëóÇÜÖÜ½ñöëóôñï¡óñ öíÖÇñÖï▲ ɢ ¡ÜöíÖÇñÖï▲, ïñ¡íÖï▲ ɢ ¡Üïñ¡íÖï▲ äñëñ½ñÖÖ▲ê äÜë　Ñ¡Üç s(t) 

( ) ( )

( ) ( )

( ) ( )

( ) ( )

( ) ( )

sin ( ) cos ( )
tg ( ) ; ctg ( ) ;

cos ( ) sin ( )

1 1
sec ( ) ; cosec ( ) .

cos ( ) sin ( )

s t s t

s t s t

s t s t

s t s t

s t s t

x x
x x

x x

x x
x x

  

 

 
Ɏɭɧɤɰɢɢ ɜɢɞɚ  

( )( 1) 1

( )|

0

( ) 1 2 ( ) 1 ( ) 1 ( )( 1) 1

0 1 1
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... ; ; const; 0,1, 2, ... , ,

n
s t i

s t n i
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s t s t s t n s t n

n n i i
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ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɚɥɝɟɛɪɚɢɱɟɫɤɢɟ ɩɨɥɢɧɨɦɚɦɢ ɩɟɪɟɦɟɧɧɵɯ ɜɟɳɟɫɬɜɟɧɧɵɯ ɩɨɪɹɞɤɨɜ s(t) ɫɬɟɩɟɧɢ 

n, ɢɥɢ ɩɨɥɢɧɨɦɚɦɢ ɩɟɪɟɦɟɧɧɵɯ ɞɪɨɛɧɵɯ ɩɨɪɹɞɤɨɜ.  
Ʌɢɬɟɪɚɬɭɪɚ. 

1. ɑɭɪɢɤɨɜ ȼ.Ⱥ. Ʉɪɚɬɤɨɟ ɜɜɟɞɟɧɢɟ ɜ ɞɪɨɛɧɵɣ ɚɧɚɥɢɡ ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɩɨɪɹɞɤɨɜ. – Ɍɨɦɫɤ: ɂɡɞ-ɜɨ 

Ɍɉɍ, - 2011. – 72 ɫ.  
2. ɑɭɪɢɤɨɜ ȼ.Ⱥ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɝɥɚɜɵ ɚɧɚɥɢɡɚ. Ⱦɪɨɛɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɢ ɞɪɨɛɧɨɟ ɞɢɮɮɟɪɟɧɰɢ-

ɪɨɜɚɧɢɟ ɧɚ ɨɫɧɨɜɟ d-ɨɩɟɪɚɬɨɪɚ: ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ. – Ɍɨɦɫɤ: ɂɡɞ-ɜɨ Ɍɨɦɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ 
ɭɧɢɜɟɪɫɢɬɟɬɚ, 2010. – 118 ɫ. 
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d-ɨɩɟɪɚɬɨɪ ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɩɨɪɹɞɤɨɜ ɜ ɫɜɺɪɧɭɬɨɦ ɜɢɞɟ 
ȼ ɨɫɧɨɜɟ d-ɚɧɚɥɢɡɚ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɢɡɜɨɞɧɵɟ ɢ ɢɧɬɟɝɪɚɥɵ ɨɛɨɛɳɚɸɬɫɹ ɧɚ ɥɸɛɵɟ ɜɟɳɟɫɬɜɟɧɧɵɟ 

ɢ ɤɨɦɩɥɟɤɫɧɵɟ ɩɨɪɹɞɤɢ, ɥɟɠɢɬ d-ɨɩɟɪɚɬɨɪ [1, 2], ɜɚɠɧɵɦ ɱɚɫɬɧɵɦ ɫɥɭɱɚɟɦ ɤɨɬɨɪɨɝɨ 

ɹɜɥɹɟɬɫɹ d-ɨɩɟɪɚɬɨɪ ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɜɟɳɟɫɬɜɟɧɧɵɯ ɩɨɪɹɞɤɨɜ m, ɤɨɬɨɪɵɣ ɞɟɣɫɬɜɭɟɬ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɫɬɟɩɟɧɧɵɯ ɮɭɧɤɰɢɣ 

qx  ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɜɟɧɫɬɜɚɦɢ  

Ƚ( 1)
: ; ; ; [( 1, 2, 3, ...) ( 1, 2, 3, ...)];

Ƚ( 1)

[( 1, 2, 3, ...) ( 1, 2, 3, ...)];Ƚ( 1)
: ( );

;Ƚ( 1)

: ln ( ) ( ).
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q
d x x x q m q q m

q m

q q mq
d x x x C x

m qq m

d x x x C x

  



 - -

+

-

ì +ïï = Î Î  =- - -  - ¹- - -ïï - +ïïï ìï  =- - -  + ¹- - -ï+ï ï= +í íï ï ¹-+ + ïî
= +

î

ïïïïïïïï

      (1) 

Ɂɞɟɫɶ ɩɨɥɢɧɨɦɵ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ( ) 0mC x- =  ɢ ɩɨɥɢɧɨɦɵ ɧɭɥɟɜɨɝɨ ɩɨɪɹɞɤɚ 0 ( ) 0C x = ; 

1

0

( )
m

k

m k

k

C x b x




  - ɩɨɥɢɧɨɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɩɨɪɹɞɤɨɜ 1-m, ɞɥɹ ɤɨɬɨɪɵɯ ɫɩɪɚɜɟɞɥɢɜɨ 

ɪɚɜɟɧɫɬɜɨ: : ( ) 0m

md x C x  ; Ʉɨɷɮɮɢɰɢɟɧɬɵ 
kb  ɹɜɥɹɸɬɫɹ ɩɪɨɢɡɜɨɥɶɧɵɦɢ ɤɨɧɟɱɧɵɦɢ ɜɟɳɟɫɬɜɟɧɧɵ-

ɦɢ ¡ÜÖïöíÖöí½ó óÖöñÇëóëÜçíÖó　; ln ( )m x  - ɥɨɝɚɪɢɮɦɵ ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɩɨɪɹɞɤɨɜ. 
ȼɚɠɧɵɦ ɱɚɫɬɧɵɦ ɫɥɭɱɚɟɦ ɞɚɧɧɨɝɨ ɨɩɟɪɚɬɨɪɚ ɹɜɥɹɸɬɫɹ ɨɩɟɪɚɬɨɪɵ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚ-

ɧɢɹ ɩɨɪɹɞɤɚ m=1, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɩɟɪɚɰɢɹɦ ɢɧɬɟɝɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɫɬɟɩɟɧɧɵɯ ɮɭɧɤɰɢɣ ɜ 
ɤɥɚɫɫɢɱɟɫɤɨɦ ɚɧɚɥɢɡɟ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 1ln ( ) ln( )x x= , ɬ. ɟ. ɥɨɝɚɪɢɮɦ ɩɨɪɹɞɤɚ 1 ɫɨɜɩɚɞɚɟɬ ɫ ɧɚɬɭɪɚɥɶ-
ɧɵɦ ɥɨɝɚɪɢɮɦɨɦ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. ɗɬɨ ɜɚɠɧɨɟ ɫɜɨɣɫɬɜɨ ɞɚɧɧɨɝɨ ɨɩɟɪɚɬɨɪɚ, ɩɨɞɬɜɟɪɠɞɚɸɳɟɟ 
ɩɪɢɧɰɢɩ ɫɨɨɬɜɟɬɫɬɜɢɹ.  

 


