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ɍȾɄ 004.0-519.854.001 

Ʉɨɦɩɶɸɬɟɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɜɢɡɭɚɥɢɡɚɰɢɹ ɤɨɥɟɛɚɬɟɥɶɧɨɣ 

ɞɢɧɚɦɢɤɢ ɫɢɫɬɟɦ ɜ  ɤɨɦɩɥɟɤɫɧɨɣ ɮɨɪɦɟ 

 

Ɏɢɥɟɪ З.ȿ.1,Ⱥɧɞɪɸɯɢɧ Ⱥ.ɂ.2
 

1Ʉɢɪɨɜɨɝɪɚɞɫɤɢɣ  ɧɚцɢɨɧɚɥɶɧɵɣ ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ,  
2Ⱦɨɧɟцɤɢɣ ɧɚцɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

filier@ramber.ru, alexandruckin@ramber.ru 

 
Фɢɥɟɪ Ɂ.ȿ,Ⱥɧɞɪɸɯɢɧ Ⱥ.ɂ.  Ʉɨɦɩɶɸɬɟɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɜɢɡɭɚɥɢɡɚɰɢɹ ɤɨɥɟɛɚɬɟɥɶɧɨɣ 

ɞɢɧɚɦɢɤɢ ɫɢɫɬɟɦ ɜ ɤɨɦɩɥɟɤɫɧɨɣ ɮɨɪɦɟ. Ɋаɫɫɦаɬɪɢɜаɸɬɫя ɤɨɥɟɛаɧɢя ɫ ɩɨɦɨɳɶɸ ɢɫɩɨɥɶɡɨɜаɧɢя 
ɤɨɦɩɥɟɤɫɧɨɣ ɮɨɪɦɵ ɭɪаɜɧɟɧɢя. ȼɵɞɟɥяɸɬɫя  ɥɢɧɟɣɧɵɟ чаɫɬɢ.  ȼɵɩɨɥɧяɟɬɫя ɢɯ ɩɨɫɥɟɞɭɸɳɟɟ 
ɢɧɬɟɝɪɢɪɨɜаɧɢɟ ȼɵɩɨɥɧяɟɬɫя.  Ɏаɡɨɜɵɟ ɩɨɪɬɪɟɬɵ ɢ ɝɪаɮɢɤɢ ɩɟɪɟɦɟɳɟɧɢɣ   ɫɬɪɨяɬɫя ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ 
ɩаɤɟɬа ȼɨɥɶɮɪаɦ  Ɇаɬɟɦаɬɢɤа .  Ɋɟɡɭɥɶɬаɬɵ ɪаɫчɟɬɨɜ ɩɪɢɜɟɞɟɧɵ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɨɥɟɛɚɧɢɹ, ɧɟɥɢɧɟɣɧɵɟ, ɤɨɦɩɥɟɤɫɧɵɟ ɭɪɚɜɧɟɧɢɹ 

 
ȼɜɟɞɟɧɢɟ 
 
ȼ ɬɟɨɪɢɢ ɤɨɥɟɛɚɧɢɣ 1 ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɤɨɦɩɥɟɤɫɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɤɚɤ ɚɩɩɚɪɚɬ ɚɧɚɥɢɡɚ 
ɪɟɲɟɧɢɣ ɛɥɚɝɨɞɚɪɹ ɮɨɪɦɭɥɟ ɗɣɥɟɪɚ 

)sin()cos( tite
ti   . ɇɚɦ ɧɟɢɡɜɟɫɬɧɵ 

ɮɚɤɬɵ ɲɢɪɨɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɞɢɮɮɟɪɟɧцɢɚɥɶɧɵɯ  ɭɪаɜɧɟɧɢɣ ɜ ɤɨɦɩɥɟɤɫɧɨɣ 
ɮɨɪɦɟ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɲɟɧɢɣ ɢ ɩɨɫɬɪɨɟɧɢɹ ɢɯ 
ɝɪɚɮɢɤɨɜ. 

ȼ ɧɚɫɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɸɬ ɩɚɤɟɬɵ, 
ɬɚɤɢɟ ɤɚɤ  Wolfram Mathematica, ɤɨɬɨɪɵɟ 
ɩɨɡɜɨɥɹɸɬ ɫɬɪɨɢɬɶ ɢɯ ɪɟɲɟɧɢɹ ɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɝɪɚɮɢɤɢ, ɢɫɩɨɥɶɡɭɹ ɢɯ 
ɤɨɦɩɥɟɤɫɧɭɸ ɮɨɪɦɭ.  

Ɉɧɚ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɩɨɪɹɞɨɤ 
ɭɪɚɜɧɟɧɢɣ ɜɞɜɨɟ ɢ ɭɩɪɨɫɬɢɬɶ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ 
ɮɨɪɦɭɥ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɲɟɧɢɣ ɢ ɩɨɫɬɪɨɟɧɢɹ ɢɯ 
ɝɪɚɮɢɤɨɜ.. 

 

1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
 

ɍɪɚɜɧɟɧɢɹ ɚɜɬɨɧɨɦɧɵɯ ɤɨɥɟɛɚɧɢɣ     ݔ +ሷ �ሺݔሻ = Ͳ, �ሺͲሻ = Ͳ, �′ሺͲሻ= ʹ                ሺͳሻ 

ɦɨɠɟɬ ɛɵɬɶ ɡɚɦɟɧɟɧɨ ɫɢɫɬɟɦɨɣ ɭɪɚɜɧɟɧɢɣ 

ݔ       =ሶ − ݕ, 
     ,/))(( 2  xxfxy          (2)  

 

ɉɨɫɥɟɞɧɹɹ ɮɨɪɦɭɥɚ, ɦɨɠɟɬ ɛɵɬɶ 
ɡɚɦɟɧɟɧɚ  ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɭɪɚɜɧɟɧɢɟɦ 

 

y

xfxx

dx

dy
2

22 ))((


 

 .  (3) 

 

Ɇɨɠɧɨ ɩɟɪɟɣɬɢ ɨɬ ɫɢɫɬɟɦɵ (2) ɤ ɨɞɧɨɦɭ 
ɭɪɚɜɧɟɧɢɸ ɞɥɹ ɤɨɦɩɥɟɤɫɧɨɣ ɮɭɧɤцɢɢ 

:)()()( tiytxtz   

 

).Re)(Re(/ 2
zzfiziz    (4) 

 

ȼɬɨɪɨɟ ɫɥɚɝɚɟɦɨɟ ɜ (4) ɧɟ ɫɨɞɟɪɠɢɬ 
ɩɨɫɬɨɹɧɧɨɣ ɢ ɥɢɧɟɣɧɨɣ ɫɥɚɝɚɟɦɵɯ ɜ ɫɨɫɬɚɜɟ 
ɩɪɚɜɨɣ ɱɚɫɬɢ. ȿɫɥɢ ɠɟ ɮɭɧɤцɢɹ )(xf  ɥɢɧɟɣɧɚ, 
ɬɨ  

)cos(0 taxezz
ti    ɩɪɢ 

.0 Raz   (5) 

Ɉɱɟɜɢɞɧɨ,  )0(f ɱɚɫɬɨɬɚ ɦɚɥɵɯ 
ɤɨɥɟɛɚɧɢɣ, ɚ ɩɨɷɬɨɦɭ ɩɟɪɢɨɞ ɦɚɥɵɯ ɤɨɥɟɛɚɧɢɣ 

 /2)0( T . 

Ɇɟɠɞɭ ɩɪɨɱɢɦ, ɥɢɧɟɣɧɨɟ ɭɪɚɜɧɟɧɢɟ 
ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ                                   

 

zibaziz )(                              (6) 

ɢɦɟɟɬ ɪɟɲɟɧɢɟ  
tbiat eeztz )(

0)(  
ɢ ɩɪɢ 

0a  ɢɦɟɟɬ ɮɨɤɭɫ (ɧɟɭɫɬɨɣɱɢɜɵɣ ɩɪɢ 0a  ɢ 
ɭɫɬɨɣɱɢɜɵɣ ɩɪɢ 0a  (ɪɢɫ. 1). 

 

mailto:alexandruckin@ramber.ru
mailto:alexandruckin@ramber.ru
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Ɋɢɫɭɧɨɤ 1ɚ. – ɇɟɡɚɬɭɯɚɸɳɢɟ ɤɨɥɟɛɚɧɢɹ ɩɪɢ К=0 
 

ɇɚ ɪɢɫ.1ɚ  ɚ=0, 2b  ɢ 1,3 0  z ɢ 

ɦɟɧɶɲɟ. ɉɨɫɬɪɨɢɦ ɝɪɚɮɢɤɢ )(tz  ɢ )).(Re( tz  

ɉɟɪɜɵɣ ɝɪɚɮɢɤ ɛɭɞɟɬ ɛɥɢɡɨɤ ɤ ɨɤɪɭɠɧɨɫɬɢ ɩɪɢ 

,
5

2
0


 t  ɜɬɨɪɨɣ – ɤ ɤɨɫɢɧɭɫɨɢɞɟ ɚɦɩɥɢɬɭɞɨɣ 

1 ɢ ɬɨɝɨ ɠɟ ɩɟɪɢɨɞɚ. 

 

 

 

Ɋɢɫɭɧɨɤ 1ɛ. –  Зɚɬɭɯɚɸɳɢɟ ɤɨɥɟɛɚɧɢɹ ɩɪɢ ɚ=-1. 

 

ȼɬɨɪɨɣ ɪɢɫ.1ɛ ɩɪɢ ɚ=-1 ɢ ɨɫɬɚɥɶɧɵɯ 
ɞɚɧɧɵɯ – ɡɚɤɪɭɱɢɜɚɸɳɚɹɫɹ ɫɩɢɪɚɥɶ ɢ 
ɡɚɬɭɯɚɸɳɚɹ ɤɨɫɢɧɭɫɨɢɞɚ; Ɍɪɟɬɢɣ ɝɪɚɮɢɤ  ɪɢɫ.1ɜ 

ɛɭɞɟɬ ɩɪɢ ɚ=1 – ɪɚɫɤɪɭɱɢɜɚɸɳɚɹɫɹ ɫɩɢɪɚɥɶ ɢ 
ɧɚɪɚɫɬɚɸɳɚɹ  ɤɨɫɢɧɭɫɨɢɞɚ. 
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Ɋɢɫɭɧɨɤ 1ɜ. –  ɇɚɪɚɫɬɚɸɳɢɟ ɤɨɥɟɛɚɧɢɹ ɩɪɢ ɚ=+1. 

 

ɇɚ ɪɢɫ.2 ɢɡɨɛɪɚɠɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɝɪɚɮɢɤɢ ɩɪɢ ,49)( 3

xxxf  ɚ ɧɚ ɪɢɫ. 3 – 

ɝɪɚɮɢɤɢ ɩɪɢ .49)( 3
xxxf   ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ 

,9)0( f ɚ ɡɧɚɱɢɬ, ..3 ɉɨɷɬɨɦɭ ɩɟɪɢɨɞ 

Ɍ(0)= .3/2  ɉɪɢɧɢɦɚɹ ɚ0=0.1, 0.2, 0.3, ɢ ɬ.ɞ., 
ɩɨɥɭɱɢɦ ɡɚɜɢɫɢɦɨɫɬɶ ɩɟɪɢɨɞɚ Ɍ(ɚ). 

 

 

Ɋɢɫɭɧɨɤ 2. –  Ɏɚɡɨɜɚɹ ɬɪɚɟɤɬɨɪɢɹ ɢ ɝɪɚɮɢɤ ɩɪɢ 349)( xxxf  . 
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Ɋɢɫɭɧɨɤ 3. – Ɏɚɡɨɜɚɹ ɬɪɚɟɤɬɨɪɢɹ ɢ ɝɪɚɮɢɤ ɩɪɢ 349)( xxxf  . 

 

ɇɚ ɪɢɫ. 4 ɢɡɨɛɪɚɠɟɧɵ ɮɚɡɨɜɵɟ 
ɬɪɚɟɤɬɨɪɢɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ 
Z0=a. 

 

 
,49)( 3

xxxf      .49)( 3
xxxf   

Ɋɢɫɭɧɨɤ 4. –  Ɏɚɡɨɜɵɟ ɬɪɚɟɤɬɨɪɢɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ Z0=a. 
 

ȿɫɬɶ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɩɚɤɟɬɚɯ ɪɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧцɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɤɨɦɩɥɟɤɫɧɨɣ ɮɭɧɤцɢɢ z 

ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɚɪɝɭɦɟɧɬɚ t. ɩɨɷɬɨɦɭ ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɬɪɚɟɤɬɨɪɢɸ ɞɥɹ z(t), ɧɚɯɨɞɹ ɩɟɪɢɨɞ ),(aT ɢɫɯɨɞɹ ɨɬ 
Ɍ(0). 
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ə.Ƚ. ɉɚɧɨɜɤɨ Д2,3Ж ɩɪɟɞɥɨɠɢɥ ɦɟɬɨɞ 
ɩɪɹɦɨɣ ɥɢɧɟɚɪɢɡɚцɢɢ ɧɟɥɢɧɟɣɧɨɣ ɮɭɧɤцɢɢ f(x) 

ɡɚɦɟɧɨɣ ɥɢɧɟɣɧɨɣ ɮɭɧɤцɢɢ kx, ɤɨɬɨɪɚɹ ɧɚɢɛɨɥɟɟ 
ɛɥɢɡɤɚ ɜ ɫɦɵɫɥɟ ɫɪɟɞɧɟɝɨ ɤɜɚɞɪɚɬɢɱɟɫɤɨɝɨ ɫ 
ɜɟɫɨɦ :)(x  

 
a

dxxkxxf
0

2 min,)(])([   Ɉɬɫɸɞɚ 

ɩɨɥɭɱɚɟɦ ɩɪɢ :)(x = xxmxx  )(,32   

 

 ,4,0)( 322
maa   ɚ ɩɪɢ 1       

,5,0)( 322
maa             (7) 

 

ȼɟɫɨɜɚɹ ɮɭɧɤцɢɹ  :)( xx   

ɩɨɥɨɠɢɬɟɥɶɧɚ ɢ ɩɪɢɞɚёɬ ɛɨɥɶɲɢɣ ɜɟɫ ɛɨɥɶɲɢɦ 
ɡɧɚɱɟɧɢɹɦx. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ 349)( xxxf    ɢ 

ɩɨɷɬɨɦɭ ,44,09)( 32
aa   Ⱦɚɧɧɵɟ, ɫɧɹɬɵɟ 

ɫ ɩɪɚɜɵɯ ɝɪɚɮɢɤɨɜ ɬɢɩɚ  ɪɢɫ. 2 ɢ 3, ɩɨɡɜɨɥɹɸɬ 
ɨцɟɧɢɬɶ ɬɨɱɧɨɫɬɶ ɮɨɪɦɭɥ (7), ɢɫɩɨɥɶɡɭɹ 
ɪɚɜɟɧɫɬɜɨ ./2 T   

ɇɚ ɪɢɫ.5 ɩɨɤɚɡɚɧɵ ɝɪɚɮɢɤɢ )(a  ɩɨ 
ɮɨɪɦɭɥɚɦ (7) ɢ ɢɯ «ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ» 
ɡɧɚɱɟɧɢɹ, ɫɧɹɬɵɟ ɫ ɝɪɚɮɢɤɨɜ ɪɢɫ. 2 ɢ 3. 

 

2 ɉɟɪɢɨɞ ɤɨɥɟɛɚɧɢɣ – ɮɭɧɤɰɢɹ 
ɚɦɩɥɢɬɭɞɵ ɤɨɧɫɟɪɜɚɬɢɜɧɨɣ ɫɢɫɬɟɦɵ 

 
ɂɡ ɭɪɚɜɧɟɧɢɹ (1) ɞɥɹ ɧɟɱёɬɧɨɣ ɮɭɧɤцɢɢ 

)(x ɩɨɥɭɱɚɟɦ ,
)(2)(2

4)(
0 


a

xa

dx
aT

ɝɞɟ  )(x ɩɟɪɜɨɨɛɪɚɡɧɚɹ ɮɭɧɤцɢɢ 
).()(),( xxx    ɂɧɬɟɝɪɚɥ ɹɜɥɹɟɬɫɹ 

ɧɟɫɨɛɫɬɜɟɧɧɵɦ, ɬ.ɤ. ɩɨɞɵɧɬɟɝɪɚɥɶɧɚɹ ɮɭɧɤцɢɹ 
ɨɛɪɚɳɚɟɬɫɹ ɜ ɛɟɫɤɨɧɟɱɧɨɫɬɶ ɜ ɩɪɚɜɨɣ ɬɨɱɤɟ 
ɢɧɬɟɪɜɚɥɚ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ .ax   ɂɫɩɨɥɶɡɭɹ 
ɚɞɞɢɬɢɜɧɨɫɬɶ ɢɧɬɟɝɪɚɥɚ, ɩɨɥɭɱɢɦ, ɜɵɞɟɥɢɜ 
ɦɚɥɵɣ ɨɬɪɟɡɨɤ ( ).,aea    Ⱦɥɹ ɨɫɧɨɜɧɨɣ ɱɚɫɬɢ 
ɨɬɪɟɡɤɚ ],0[ ea   ɢɧɬɟɝɪɚɥ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɩɨ 
ɨɞɧɨɣ ɢɡ ɮɨɪɦɭɥ ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɚ 
ɧɚ ɤɨɧɟɱɧɨɣ ɱɚɫɬɢ ɨɬɪɟɡɤɚ ( ),aea   

ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɨɪɦɭɥɭ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 

,arcsinarcsin
22 c

b

c

a

tc

dta

b


  ɢɫɩɨɥɶɡɭɹ 

ɩɪɢɛɥɢɠɟɧɢɟ ɮɭɧɤцɢɢ Ɏ(ɯ)Ɏ2(ɯ)=Ɏ(
2))((5.0))(() axaaxxa    ɟё 

ɦɧɨɝɨɱɥɟɧɨɦ Ɍɟɣɥɨɪɚ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɱɤɢ a . 

ɉɨɫɥɟɞɧɢɣ ɪɚɜɟɧ 

)).(/)(1arccos(
)(

4
aae

a






 

 

 
 

Ɋɢɫɭɧɨɤ 5ɚ. –  Зɚɜɢɫɢɦɨɫɬɶ ɩɟɪɢɨɞɚ ɞɥɹ
349)( xxxf  . 

 

 

 

 

 
 

Ɋɢɫɭɧɨɤ 5ɛ. – Зɚɜɢɫɢɦɨɫɬɶ ɩɟɪɢɨɞɚ ɞɥɹ
349)( xxxf  . 
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3 Ȼɨɥɟɟ ɨɛɳɟɟ ɧɟɥɢɧɟɣɧɨɟ 
ɚɜɬɨɧɨɦɧɨɟ  ɭɪɚɜɧɟɧɢɟ 

 

0)0,0(

,0)0,0(,0),(

2 



xf

fxxfx 
      (8) 

ɦɨɠɟɬ ɛɵɬɶ ɚɧɚɥɨɝɢɱɧɨ ɫɜɟɞɟɧɨ ɤ ɭɪɚɜɧɟɧɢɸ 
ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɞɥɹ ɤɨɦɩɥɟɤɫɧɨɣ ɮɭɧɤцɢɢ :)(tz ݔ       =ሶ − ݕ, 
     ./))(( 2  xyxfxy                 (9) 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɟɯɨɞɚ ɤ ɤɨɦɩɥɟɤɫɧɨɣ ɮɭɧɤцɢɢ 
),(tz ɩɨɥɭɱɚɟɦ ɭɪɚɜɧɟɧɢɟ 

./]Re

)Im,(Re[

2 



z

zzfziz




             (10) 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɭɪɚɜɧɟɧɢɟ ȼɚɧ 
ɞɟɪ ɉɨɥɹ 

  

..0),1( 2
exxexx            (11) 

 

ɂɫɩɨɥɶɡɭɹ  ɮɨɪɦɭɥɭ (10), ɩɨɥɭɱɢɦ 
ɭɪɚɜɧɟɧɢɟ 

 

).)(Re1(Im 2
zzieizz             (12) 

 

 ɂɧɬɟɪɟɫɧɨ ɩɨɥɭɱɢɬɶ ɮɚɡɨɜɵɟ ɬɪɚɟɤɬɨɪɢɢ 
ɢ ɝɪɚɮɢɤɢ ɤɨɥɟɛɚɧɢɣ ɩɪɢ ɪɚɡɧɵɯ ɧɚɱɚɥɶɧɵɯ 
ɭɫɥɨɜɢɹɯ ɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ «ɦɚɥɨɝɨ 
ɩɚɪɚɦɟɬɪɚ».  

Ɋɚɫɫɦɨɬɪɢɦ ɧɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 
5;1.0)0( z  ɢ ɩɚɪɚɦɟɬɪɚ ɟ=0.1; 1; 5. ɂɡɜɟɫɬɧɨ, 

ɱɬɨ ɭɪɚɜɧɟɧɢɟ (11) ɢɦɟɟɬ ɩɪɟɞɟɥɶɧɵɣ ɰɢɤɥ, ɞɥɹ 
ɤɨɬɨɪɨɝɨ ,2)0( z  ɩɨɷɬɨɦɭ ɜɵɛɪɚɧɵ ɧɚɱɚɥɶɧɵɟ 
ɬɨɱɤɢ ɜɧɭɬɪɢ цɢɤɥɚ ɢ ɜɧɟ ɟɝɨ. ɉɪɟɞɟɥɶɧɵɣ цɢɤɥ 
ɭɫɬɨɣɱɢɜ ɨɪɛɢɬɚɥɶɧɨ.  

Ɋɢɫ. 6 ɢ 7a, 7b ɢɥɥɸɫɬɪɢɪɭɸɬ ɫɤɚɡɚɧɧɨɟ. 
 

 

 

 

4  ɇɟɚɜɬɨɧɨɦɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫ 
ɝɚɪɦɨɧɢɱɟɫɤɢɦ ɜɨɡɛɭɠɞɟɧɢɟɦ 

 

0)0,0(

,0)0,0(),sin(),(

2 



xf

fptExxfx 
 

 

ɚɧɚɥɨɝɢɱɧɨ ɫɜɨɞɢɬɫɹ ɤ ɭɪɚɜɧɟɧɢɸ 
ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɫ ɤɨɦɩɥɟɤɫɧɨɣ ɮɭɧɤцɢɟɣ 

 

./)]sinRe

)Im,(Re[

2 



ptEz

zzfziz




         (13) 

 

Ɍɭɬ ɢɧɬɟɪɟɫɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɪɟɡɨɧɚɧɫɧɵɣ 
ɢ ɧɟ ɪɟɡɨɧɚɧɫɧɵɣ ɪɟɠɢɦɵ. ȼ ɤɚɱɟɫɬɜɟ ɮɭɧɤцɢɢ 

),( xxf   ɦɨɠɧɨ ɜɡɹɬɶ xxx  349 , ɪɜɡɹɬɶ 2, 
3, 5 – ɞɨɪɟɡɨɧɚɧɫɧɵɣ, ɪɟɡɨɧɚɧɫɧɵɣ ɢ 
ɡɚɪɟɡɨɧɚɧɫɧɵɣ ɪɟɠɢɦɵ. Ɍɭɬ ɩɪɨɹɜɢɬɫɹ 
ɩɟɪɟɯɨɞɧɨɣ ɩɪɨцɟɫɫ ɢ ɭɫɬɚɧɨɜɢɜɲɢɣɫɹ ɪɟɠɢɦ. 
Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨцɟɫɫɚ ɡɚɜɢɫɢɬ ɨɬ 
ɤɨɷɮɮɢцɢɟɧɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 0. 

Ⱦɥɹ ɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɥɭɱɚɟɦ ɭɪɚɜɧɟɧɢɟ ɜ 
ɤɨɦɩɥɟɤɫɧɨɣ ɮɨɪɦɟ 

 

 
iptti

ipt

e
p

E
iCez

eEziz












/

/

  

 

ɂɦɟɟɦ ɩɪɢ p  (ɧɟɪɟɡɨɧɚɧɫɧɵɣ 
ɪɟɠɢɦ) . 

Ɋɟɡɭɥɶɬɚɬɵ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (13) 
ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 8-10 ɩɪɢ =0,1 ɞɥɹ ɮɭɧɤцɢɢ 

xxx  349 .  

Ⱦɥɹ ɮɭɧɤцɢɢ  xxx  349      

ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ.11.  
Зɧɚɱɟɧɢɟ ȿ  ɪɚɜɧɨ 1. 
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Ɋɢɫɭɧɨɤ ɛ–.Ɋɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (11). 

 
Ɋɢɫɭɧɨɤ 7ɚ–.Ɋɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (11) ɩɪɢ e=5. 
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Ɋɢɫɭɧɨɤ 7ɛ. – Ɋɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (11) ɩɪɢ z(0)=4. 
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Ɋɢɫɭɧɨɤ 8. – Ƚɪɚɮɢɤɢ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (13), p=3, ɚ) z(0)=0.1;ɛ) z(0)=1.5;ɜ) z(0)=2. 

 
Ɋɢɫɭɧɨɤ 9. – Ƚɪɚɮɢɤɢ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (13), p=2, ɚ) z(0)=0.1;ɛ) z(0)=1.5;ɜ) z(0)=2. 

 

 
Ɋɢɫɭɧɨɤ 10. – Ƚɪɚɮɢɤɢ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (13), p=5, ɚ) z(0)=0.1;ɛ) z(0)=1.5;ɜ) z(0)=2. 
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Ɋɢɫɭɧɨɤ11. – Ƚɪɚɮɢɤɢ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (13), p=1.5, ɚ) z(0)=0.01;ɛ) z(0)=0.1;ɜ) z(0)=0.105. 

 

 
 
 
Ɂɚɤɥɸɱɟɧɢɟ 
 

ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢ 
цɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɧɨɣ 
ɮɨɪɦɵ ɞɢɮɮɟɪɟɧцɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɞɥɹ 
ɚɧɚɥɢɡɚ ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɩɪɨцɟɫɫɨɜ ɫ 
ɜɢɡɭɚɥɢɡɚцɢɟɣ ɪɟɡɭɥɶɬɚɬɨɜД4Ж. 

2.  ɉɟɪɟɯɨɞ ɤ ɤɨɦɩɥɟɤɫɧɵɦ ɩɟɪɟɦɟɧɧɵɦ 
ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɜɞɜɨɟ ɩɨɪɹɞɨɤ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɢɮɮɟɪɟɧцɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ. 

3.  ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɩɚɤɟɬɨɜ ɬɢɩɚ Wolfram 

Mathematica ɭɩɪɨɳɚɟɬ ɩɪɨцɟɫɫ ɩɨɥɭɱɟɧɢɹ  
ɜɢɡɭɚɥɢɡɚцɢɢ ɪɟɲɟɧɢɣД5Ж. 

4. ɀɟɥɚɬɟɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɞɥɹ ɚɧɚɥɢɡɚ ɤɨɥɟɛɚɧɢɣ 
ɫɢɫɬɟɦ ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ. 
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ɦɟɯɚɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ. – Ɇ.: ɇɚɭɤɚ, 1991. – 256 

ɫ. 
4. Ⱦɢɮɮɟɪɟɧцɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ. 

ɗɥɟɤɬɪɨɧɧɵɣ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɢɣ ɤɨɦɩɥɟɤɫ ɩɨ 
ɞɢɫцɢɩɥɢɧɟ «Ⱦɢɮɮɟɪɟɧцɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ» ɞɥɹ 
ɫɬɭɞɟɧɬɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɮɚɤɭɥɶɬɟɬɚ/ 
ɇ.Ⱥ.Ʉɭɱɟɪ, Ⱦ.Ⱥ.ɉɪɨɤɭɞɢɧ, Ɉ.ȼ.Ɇɚɥɵɲɟɧɤɨ. – 

Ʉɟɦɟɪɨɜɨ: Ʉɟɦɟɪɨɜɫɤɢɣ ɝɨɫɭɧɢɜɟɪɫɢɬɟɬ. 
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 5. Diran Basmadjian and Ramin Famood . 
The Art of Modeling in Science and Engineering 

with Mathematica, Second Edition, YiGU Hall/CRC 

,2006 

 

 

 

 

 

 

 

 

Filer Z.E., Andryukhin AI Computer investigation and  visualization of vibrational dynamics of systems 

in complex form. We consider fluctuations through the use of an integrated form of the equation. linear parts of 

these equations are determined. Their subsequent integration is performed. Phase portraits and motion graphics 

built using Wolfram Mathematika package. The calculation results are shown 

 

Keywords: vibrations, non-linear, complex equations 

 

Фɢɥɟɪ Ɂ.ȿ, Ⱥɧɞɪɸɯɢɧ Ⱥ.ɂ.  Ʉɨɦɩɶɸɬɟɪɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɜɢɡɭɚɥɢɡɚɰɢɹ ɤɨɥɟɛɚɬɟɥɶɧɨɣ 
ɞɢɧɚɦɢɤɢ ɫɢɫɬɟɦ ɜ ɤɨɦɩɥɟɤɫɧɨɣ ɮɨɪɦɟ. Ɋаɫɫɦаɬɪɢɜаɸɬɫя ɤɨɥɟɛаɧɢя ɫ ɩɨɦɨɳɶɸ ɢɫɩɨɥɶɡɨɜаɧɢя 
ɤɨɦɩɥɟɤɫɧɨɣ ɮɨɪɦɵ ɭɪаɜɧɟɧɢя. ȼɵɞɟɥяɸɬɫя  ɥɢɧɟɣɧɵɟ чаɫɬɢ.  ȼɵɩɨɥɧяɟɬɫя ɢɯ ɩɨɫɥɟɞɭɸɳɟɟ 
ɢɧɬɟɝɪɢɪɨɜаɧɢɟ ȼɵɩɨɥɧяɟɬɫя.  Ɏаɡɨɜɵɟ ɩɨɪɬɪɟɬɵ ɢ ɝɪаɮɢɤɢ ɩɟɪɟɦɟɳɟɧɢɣ   ɫɬɪɨяɬɫя ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ 
ɩаɤɟɬа ȼɨɥɶɮɪаɦ  Ɇаɬɯɟɦаɬɢɤа .  Ɋɟɡɭɥɶɬаɬɵ ɪаɫчɟɬɨɜ ɩɪɢɜɟɞɟɧɵ 
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