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ɍȾК 004.0- 519.854.001 

 

Ʉɨɦɩɶɸɬɟɪɧɵɟ ɪɚɫɱɟɬɵ ɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɫɢɫɬɟɦ: ɩɪɨɛɥɟɦɚ ɰɟɧɬɪɚ-ɮɨɤɭɫɚ ɢ ɝɚɪɦɨɧɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ 

 

Ɏɢɥɟɪ Ɂ.ȿ.1, Ⱥɧɞɪɸɯɢɧ Ⱥ.ɂ 
2
 

1Кɢɪɨɜɨɝɪɚɞɫɤɢɣ  ɧɚɰɢɨɧɚɥɶɧɵɣ ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ,  
2Ⱦɨɧɟɰɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ  

filier@ramber.ru, alexandruckin@ramber.ru 

 

Ɏɢɥɟɪ Ɂ.ȿ., Ⱥɧɞɪɸɯɢɧ Ⱥ.ɂ. Ʉɨɦɩɶɸɬɟɪɧɵɟ ɪɚɫɱɟɬɵ ɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦ: ɩɪɨɛɥɟɦɚ ɰɟɧɬɪɚ-ɮɨɤɭɫɚ ɢ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ. Эɬɚ ɪɚɛɨɬɚ ɨɬɧɨɫɢɬɫɹ ɤ 
ɢɡɜɟɫɬɧɨɣ ɩɪɨɛлɟɦɟ   ɨɩɪɟɞɟлɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦ.   Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɛɨɫɧɨɜɚɧɢɹ  
ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ  ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɞлɹ  ɫлɭɱɚɹ   цɟɧɬɪɚ. Ɋɟɲɟɧɢɹ ɞлɹ  лɢɧɟɣɧɵɯ ɢ  ɝɚɪɦɨɧɢɱɧɵɯ 
ɮɭɧɤцɢɣ, ɚ ɬɚɤɠɟ ɨɞɧɨɪɨɞɧɵɯ ɦɧɨɝɨɱлɟɧɨɜ ɜɵɫɲɢɯ ɫɬɟɩɟɧɟɣ  ɨɛɫɭɠɞɚɸɬɫɹ.  Ɋɟɡɭлɶɬɚɬɵ ɤɨɦɩɶɸɬɟɪɧɵɯ 
ɪɚɫɱɟɬɨɜ ɩɪɢɜɟɞɟɧɵ. ȼ ɪɚɫɱɟɬɚɯ ɢɫɩɨлɶɡɨɜɚлɫɹ  ɩɚɤɟɬ Mathematica. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɩɪɨɛлɟɦɚ цɟɧɬɪɚ-ɮɨɤɭɫɚ, ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɢɫɬɟɦɵ , ɜɢɡɭɚлɢɡɚцɢɹ, ɤɨɦɩɶɸɬɟɪ. 
 

Вɜɟɞɟɧɢɟ.  

 

Ɉɛɳɟɢɡɜɟɫɬɧɨ ɜɥɢяɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ  Ⱥ. 
Пɭɚɧɤɚɪɟ ɩɨ ɤɚɱɟɫɬɜɟɧɧɨɦɭ ɢɫɫɥɟɞɨɜɚɧɢɸ 
ɫɢɫɬɟɦ. В ɱɚɫɬɧɨɫɬɢ ɨɧɢ ɩɨɫɥɭɠɢɥɢ ɬɨɥɱɤɨɦ ɞɥя 
ɪɚɛɨɬ Ʌяɩɭɧɨɜɚ ɩɨ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦ ɢ 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɧɚ ɪɚɡɜɢɬɢɟ ɨɛɳɟɣ ɬɟɨɪɢɢ 
ɭɩɪɚɜɥɟɧɢя, ɬɟɨɪɢɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢя, 
ɬɟɨɪɢɢ ɫɢɫɬɟɦ.  

ɋ 1880 ɝ. ɧɚɱɚɥɫя ɰɢɤɥ ɪɚɛɨɬ Ⱥ. Пɭɚɧɤɚɪɟ 
«Ɉ ɤɪɢɜɵɯ, ɨɩɪɟɞɟɥяɟɦɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ 
ɭɪɚɜɧɟɧɢяɦɢ». В ɫɜɨёɦ «Ⱥɧɚɥɢɬɢɱɟɫɤɨɦ ɪɟɡɸɦɟ» 
1  ɨɧ ɜ 1-ɨɦ ɪɚɡɞɟɥɟ «Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ 
ɭɪɚɜɧɟɧɢя» ɜ ɩɨɞɪɚɡɞɟɥɟ  ɨɧ ɞɚёɬ ɚɧɚɥɢɡ ɫɜɨɢɯ 
ɪɚɛɨɬ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. ɇɚ ɫ. 597-598 ɨɧ 
ɩɢɲɟɬ: «… я ɧɚɱɚɥ ɫɜɨɢ ɢɫɫɥɟɞɨɜɚɧɢя … ɫ 
ɢɡɭɱɟɧɢя  ɤɪɢɜɵɯ, ɨɩɪɟɞɟɥяɟɦɵɯ ɭɪɚɜɧɟɧɢяɦɢ 
ɜɢɞɚ  
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 , 

 ɝɞɟ YX , - … ɦɧɨɝɨɱɥɟɧɵ ɨɬ ɯ ɢ ɭ… ɨɧɨ 
ɩɪɢɜɟɥɨ ɤ ɪɚɡɥɢɱɟɧɢɸ 4 ɜɢɞɨɜ ɨɫɨɛɵɯ ɬɨɱɟɤ … ə 
ɞɚɥ ɢɦ … ɧɚɡɜɚɧɢя: 1) ɫёɞɥɚ… 2) ɭɡɥɵ … 3) 
ɮɨɤɭɫɵ … ɧɚɩɨɞɨɛɢɟ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɣ 
ɫɩɢɪɚɥɢ…4) цɟɧɬɪɵ, ɝɞɟ ɜɫɟ ɤɪɢɜɵɟ, … 
ɡɚɦɤɧɭɬɵ, ɧɚɩɨɞɨɛɢɟ ɤɪɢɜɵɯ ɭɪɨɜɧя 
ɬɨɩɨɝɪɚɮɢɱɟɫɤɨɝɨ ɩɥɚɧɚ ɥɢɲɶ ɜ ɤɪɚɣɧɟ ɪɟɞɤɢɯ 
ɫɥɭɱɚяɯ).  Ⱦɚɥɟɟ, ɧɚ ɫ. 599, ɨɧ ɩɢɲɟɬ: «ɂɦɟɟɬɫя 
ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ… .  … ɧɟɨɛɯɨɞɢɦɨ ɛɟɫɤɨɧɟɱɧɨɟ 
ɱɢɫɥɨ ɭɫɥɨɜɢɣ … ɷɬɨ ɱɚɳɟ ɜɫɟɝɨ … ɞɨɤɚɡɵɜɚɟɬɫя, 
ɱɬɨ ɜɫɟ ɭɫɥɨɜɢя ɭɞɨɜɥɟɬɜɨɪɟɧɵ, … ɤɨɝɞɚ …  

0







y

Y

x

X
». 

Ɂɞɟɫɶ ɧɟɬ ɧɢ ɨɞɧɨɣ «ɤɚɪɬɢɧɤɢ» - ɜ 
ɞɨɤɨɦɩɶɸɬɟɪɧɭɸ ɷɪɭ ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɨɜ 
ɪɟɲɟɧɢɣ ɛɵɥɨ ɜɟɫɶɦɚ ɬɪɭɞɨёɦɤɨɣ ɪɚɛɨɬɨɣ.  

В ɧɚɲɟɣ ɫɬɚɬɶɟ ɦɵ  ɩɨɩɵɬɚɟɦɫя ɨɛɨɛɳɢɬɶ 
ɷɬɢ ɪɟɡɭɥɶɬɚɬɵ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɜɪɟɦɟɧɧɵɟ 
ɫɪɟɞɫɬɜɚ, ɩɪɟɞɨɫɬɚɜɥяɟɦɵɟ ɗВɆ. 

 

1 ɋɥɭɱɚɣ ɥɢɧɟɣɧɵɯ ɮɭɧɤɰɢɣ YX , . 

  

Ɉɧ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫя ɩɪɚɤɬɢɱɟɫɤɢ ɜɨ ɜɫɟɯ 
ɩɨɫɨɛɢяɯ ɩɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɭɪɚɜɧɟɧɢяɦ 2-

5. ɂɧɨɝɞɚ ɷɬɨ ɢɡɥɨɠɟɧɢɟ ɡɚɧɢɦɚɟɬ ɦɧɨɝɨ 

ɫɬɪɚɧɢɰ. Ɂɚɦɟɧяя ɭɪɚɜɧɟɧɢɟ 
Y

dy

X

dx
  ɫɢɫɬɟɦɨɣ 

ɭɪɚɜɧɟɧɢɣ ,, YyXx    ɩɨɥɭɱɢɦ ɞɥя 
eycxYbyaxX  ,  ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ 

ɭɪɚɜɧɟɧɢɟ .0)det(  EA   Ɉɧɨ яɜɥяɟɬɫя 
ɤɜɚɞɪɚɬɧɵɦ ɨɬɧɨɫɢɬɟɥɶɧɨ . ɋɥɟɞ ɦɚɬɪɢɰɵ 











ec

ba
A  SpA=a+e ɢ ɟё ɨɩɪɟɞɟɥɢɬɟɥɶ 

bcaeA )det(  ɨɩɪɟɞɟɥяɸɬ ɬɢɩ ɨɫɨɛɨɣ ɬɨɱɤɢ 
Ɉ(0, 0).  

ɐɟɧɬɪ ɛɭɞɟɬ ɩɪɢ ɱɢɫɬɨ ɦɧɢɦɵɯ ɤɨɪɧяɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢя, ɤɨɝɞɚ 
SpA=a+e=0, ɚ bcaeA )det( =20. Ɍɨɝɞɚ ɯ ɢ 
ɭ ɛɭɞɭɬ ɩɟɪɢɨɞɢɱɟɫɤɢɦɢ ɮɭɧɤɰɢяɦɢ ɨɬ t ɱɚɫɬɨɬɵ 
 (ɫ ɩɟɪɢɨɞɨɦ 2). Пɪɢ ɤɨɦɩлɟɤɫɧɵɯ ɤɨɪɧяɯ 
ɷɬɨɝɨ ɭɪɚɜɧɟɧɢя, ɤɨɝɞɚ SpA 0 ɢ 

bcaeA )det( 0 ɧɚɥɢɰɨ ɭɡɟɥ. Вɫɟ ɤɪɢɜɵɟ 
ɛɭɞɭɬ ɩɨɞɨɛɧɵɦɢ ɜɜɢɞɭ ɨɞɧɨɪɨɞɧɨɫɬɢ ɭɪɚɜɧɟɧɢя. 
В ɞɪɭɝɢɯ  ɫɥɭɱɚяɯ ɛɭɞɭɬ  ɭɡɥɵ ɢ ɫёɞɥɚ. ȿɫɥɢ 
ɡɚɩɢɫɚɬɶ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɚɯ 

,0 XdyYdx ɬɨ ɫɤɚɡɚɧɧɨɟ Пɭɚɧɤɚɪɟ ɭɫɥɨɜɢɟ 

0 xy YX  яɜɥяɟɬɫя ɭɫɥɨɜɢɟɦ ɩɨɥɧɨɝɨ 
ɞɢɮɮɟɪɟɧɰɢɚɥɚ ɥɟɜɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢя. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɭɪɚɜɧɟɧɢɟ ɢɦɟɟɬ ɩɨɥɧɵɣ ɢɧɬɟɝɪɚɥ 

mailto:alexandruckin@ramber.ru
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fbyaxycx  22 2  ɩɪɢ ɩɨɫɬɨяɧɧɵɯ 
ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɚɯ. ȿɫɥɢ 

,0,0,2  fbabc  ɬɨ ɨɧɨ ɨɩɢɫɵɜɚɟɬ ɷɥɥɢɩɫ. 
Ɍɨɱɤɚ Ɉ яɜɥяɟɬɫя ɰɟɧɬɪɨɦ. 

Пɟɪɟɯɨɞ ɤ ɤɨɦɩɥɟɤɫɧɨɣ ɮɨɪɦɟ ɞɥя 
ɮɭɧɤɰɢɢ iAzzbiaz  )(  ɩɪɢ 

Aba  22
 ɞɚёɬ ɰɟɧɬɪ ɩɪɢ ɥɸɛɵɯ .,, Aba  

ɍ ɷɬɨɣ ɮɨɪɦɵ ɟɫɬɶ ɩɪɨɫɬɨɣ ɦɟɯɚɧɢɱɟɫɤɢɣ ɫɦɵɫɥ. 
Вɟɤɬɨɪ ɤɚɫɚɬɟɥɶɧɨɣ ɤ ɬɪɚɟɤɬɨɪɢɢ ɩɪɢ 0 ba  

ɩɟɪɩɟɧɞɢɤɭɥяɪɟɧ ɤ ɪɚɞɢɭɫɭ - ɜɟɤɬɨɪɭ ɤɚɠɞɨɣ ɟё  
ɬɨɱɤɢ. Ɍɚɤɨɣ ɥɢɧɢɟɣ яɜɥяɟɬɫя ɨɤɪɭɠɧɨɫɬɶ. Пɪɢ  

0,0  ba ɬɪɚɟɤɬɨɪɢɟɣ яɜɥяɟɬɫя ɷɥɥɢɩɫ. 

 
  

Ɋɢɫɭɧɨɤ.1--a) Ɇɟɯɚɧɢɱɟɫɤɨɟ ɢɫɬɨɥɤɨɜɚɧɢɟ ɰɟɧɬɪɚ - ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢя ɬɨɱɤɢ z ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥ iAz  

ɢ az; ɛ) ɐɟɧɬɪ ɫɢɫɬɟɦɵ ɤɨɧɰɟɧɬɪɢɱɟɫɤɢɯ ɷɥɥɢɩɫɨɜ ɜ) ɮɨɤɭɫ ɩɪɢ  ɚ=1,ɜ=0.8,Ⱥ=1,68,r0=0.9,B=0.01.  

 

В 5, ɫ.128-129 ɩɨ ɩɨɜɨɞɭ ɰɟɧɬɪɚ ɱɢɬɚɟɦ: 
«… ɫɥɭɱɚɣ ɰɟɧɬɪɚ: ɩɪɢ ɦɚɥɨɦ ɢɡɦɟɧɟɧɢɢ 
ɷɥɟɦɟɧɬɨɜ ɦɚɬɪɢɰɵ … ɰɟɧɬɪ ɩɟɪɟɣɞёɬ ɜ … ɮɨɤɭɫ. 
Вɤɥɸɱɟɧɢɟ ɷɬɨɝɨ ɜɵɪɨɠɞɟɧɧɨɝɨ ɫɥɭɱɚя … ɜ 
ɨɫɧɨɜɧɨɣ ɬɟɤɫɬ … ɨɛɴяɫɧяɟɬɫя ɟɝɨ ɜɚɠɧɨɫɬɶɸ». 
Пɟɪɢɨɞɢɱɟɫɤɢɟ ɪɟɲɟɧɢя ɭɪɚɜɧɟɧɢя 2-ɝɨ ɩɨɪяɞɤɚ 
ɢɡɨɛɪɚɠɚɸɬɫя ɡɚɦɤɧɭɬɵɦɢ ɥɢɧɢяɦɢ ɧɚ ɮɚɡɨɜɨɣ 
ɩɥɨɫɤɨɫɬɢ. 

  

2. ɋɥɭɱɚɣ ɨɞɧɨɪɨɞɧɵɯ ɦɧɨɝɨɱɥɟɧɨɜ 
ɜɵɫɲɢɯ ɫɬɟɩɟɧɟɣ.  

 

Ⱦɥя ɫɢɫɬɟɦɵ YyXx   ,  ɭɞɨɛɧɟɟ ɜ 
ɷɬɨɦ ɫɥɭɱɚɟ ɩɟɪɟɣɬɢ ɤ ɩɨɥяɪɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ 

 sin,cos ryrx  . ȿɫɥɢ ɦɧɨɝɨɱɥɟɧɵ   
YX ,  ɝɚɪɦɨɧɢɱɧɵ, ɬɨ ɟɫɬɶ ɥɚɩɥɚɫɢɚɧ ɨɬ ɧɢɯ 

ɪɚɜɟɧ ɧɭɥɸ, ɩɪɚɜɵɟ ɱɚɫɬɢ яɜɥяɸɬɫя ɥɢɧɟɣɧɵɦɢ 
ɤɨɦɛɢɧɚɰɢяɦɢ ɤɨɫɢɧɭɫɨɜ ɢ ɫɢɧɭɫɨɜ ɚɪɝɭɦɟɧɬɚ 

.n , ɭɦɧɨɠɟɧɧɵɯ ɧɚ .n
r  ɍɦɧɨɠɚя ɭɪɚɜɧɟɧɢя ɧɚ 

ɯ ɢ ɭ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɫɤɥɚɞɵɜɚя, ɩɨɥɭɱɢɦ 
ɫɢɫɬɟɦɭ ./)(,/)( 2

ryXxYryYxXr    

Ɉɧɚ ɪɚɜɧɨɫɢɥɶɧɚ ɭɪɚɜɧɟɧɢɸ  
 

))sin()cos((

)),sin()cos((

,
sincos

cossin









nencrY

nbnarX

XY

XY
r

d

dr

n

n










 

 

Пɪɚɜɚя ɱɚɫɬɶ ɭɪɚɜɧɟɧɢя ɢɦɟɟɬ ɬɨɱɤɢ 
ɛɟɫɤɨɧɟɱɧɨɝɨ ɪɚɡɪɵɜɚ, ɜ ɤɨɬɨɪɵɯ 
ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ 

0sincos   XY  ɢɦɟɟɬ ɤɨɪɧɢ.  Ⱦɨɛɚɜɢɜ ɜ 
ɡɧɚɦɟɧɚɬɟɥɶ ɱɢɫɥɨ Ⱥ, ɱɬɨ ɷɤɜɢɜɚɥɟɧɬɧɨ 
ɞɨɛɚɜɥɟɧɢɸ ɜ ɩɪɚɜɵɟ ɱɚɫɬɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɱɥɟɧɨɜ –Ⱥɭ ɢ Ⱥɯ, ɩɨɥɭɱɢɦ ɩɪɢ ɜɵɛɨɪɟ ɩɨɫɬɨяɧɧɨɣ 

Ⱥ 2,1),max[ 22  kba kk , ɝɞɟ 
kk ba ,  - 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɤɚɡɚɧɧɵɯ ɥɢɧɟɣɧɵɯ ɤɨɦɛɢɧɚɰɢɣ.  
В ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɤɨɦɩɥɟɤɫɧɨɣ ɩɟɪɟɦɟɧɧɨɣ iyxz  ɩɨɥɭɱɢɦ 

ɭɪɚɜɧɟɧɢɟ .iAzzz
n

n    Кɨɦɩɥɟɤɫɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ n 
nn iba  ɜɵɛɢɪɚɟɬɫя ɬɚɤ, 

ɱɬɨɛɵ ɜɵɩɨɥɧяɥɢɫɶ ɭɫɥɨɜɢя ɰɟɧɬɪɚ: .Ak  . 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɭɪɚɜɧɟɧɢɟ  ɛɭɞɟɬ 

 

))sin()cos((

)),sin()cos((
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. (2) 

 

 

Ɉɧɨ ɫɨɞɟɪɠɢɬ ɥɢɲɶ 3 ɩɪɨɢɡɜɨɥɶɧɵɯ 
ɩɨɫɬɨяɧɧɵɯ Aba ,, , ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɢɡɦɟɧяɬɶɫя ɢ 
ɧɟ ɦɚɥɨ, ɧɨ ɫɨɝɥɚɫɨɜɚɧɧɨ. 
           В ɞɟɤɚɪɬɨɜɵɯ ɤɨɨɪɞɢɧɚɬɚɯ ɜ ɥɟɜɨɣ ɢ 
ɩɪɚɜɨɣ ɬɨɱɤɚɯ ɫ ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɤɚɫɚɬɟɥɶɧɵɦɢ 

ɩɪɢɯɨɞɢɬɫя ɩɟɪɟɯɨɞɢɬɶ ɨɬ ɭɪɚɜɧɟɧɢя 
X

Y

dx

dy
  ɤ 

ɭɪɚɜɧɟɧɢɸ .
Y

X

dy

dx
  Пɨɷɬɨɦɭ ɭɞɨɛɧɨ ɞɥя 
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ɩɨɫɬɪɨɟɧɢя ɬɪɚɟɤɬɨɪɢɣ ɩɟɪɟɯɨɞɢɬɶ ɤ ɩɨлɹɪɧɵɦ 

ɤɨɨɪɞɢɧɚɬɚɦ.  
ɇɚ ɪɢɫ. 2-4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɰɟɧɬɪɵ ɫ 

ɪɚɡɥɢɱɧɵɦɢ .n  ɇɢɠɧɢɟ ɪɢɫɭɧɤɢ ɩɨɤɚɡɵɜɚɸɬ 
ɢɡɦɟɧɟɧɢɟ ɪɚɞɢɭɫɚ ).0()( rr        

   

  

Ɋɢɫɭɧɨɤ 2--  Кɨɷɮɮɢɰɢɟɧɬɵ ɢɦɟɟɬ ɡɧɚɱɟɧɢя: .68.1,8,1  Aba  

 

«Ⱥɬɨɦɚɪɧɵɟ» ɝɚɪɦɨɧɢɱɟɫɤɢɟ ɦɧɨɝɨɱɥɟɧɵ 
яɜɥяɸɬɫя «ɤɢɪɩɢɱɢɤɚɦɢ», ɢɡ ɤɨɬɨɪɵɯ ɫɬɪɨяɬɫя 
ɮɭɧɤɰɢɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɩɨяɜɥɟɧɢɟ ɰɟɧɬɪɚ.  

Пɪɢɦɟɪɚɦɢ ɢɯ ɩɪɢ 3n  яɜɥяɸɬɫя 2 
ɤɨɧɤɪɟɬɧɵɯ ɦɧɨɝɨɱɥɟɧɚ 3-ɟɣ ɫɬɟɩɟɧɢ: 

;3,3 32

3

23

3 yyxYxyxX    

ɩɪɢ 4n ɢɦɟɟɦ 
.44,6 33

4

4224

4 xyyxYyyxxX   Ɉɧɢ 
яɜɥяɸɬɫя ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ ɢ ɦɧɢɦɵɦɢ ɱɚɫɬяɦɢ 
ɫɬɟɩɟɧɢ nn

iyxz )(  ɩɪɢ ,n ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɪɚɜɧɨɦ 3 ɢ 4.    

 

3. ɋɥɭɱɚɣ ɝɚɪɦɨɧɢɱɧɵɯ ɮɭɧɤɰɢɣ 

 

 Ⱦɥя ɤɨɦɩɥɟɤɫɧɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ 

ɮɭɧɤɰɢɢ 




0
)(

k

k

k zczf  ɰɟɧɬɪ ɧɚɯɨɞɢɬɫя ɜ 

ɬɨɱɤɟ Ɉ ɩɪɢ ɫ0=0;  ɱɥɟɧ zc1  ɞɨɥɠɟɧ ɢɦɟɬɶ ɜɢɞ 
iAzzbia  )( . Кɨɷɮɮɢɰɢɟɧɬɵ 

2,,,,, kbaAba kk
 ɩɪɨɢɡɜɨɥɶɧɵ, ɧɨ ɫɭɦɦɚ 

ɦɨɞɭɥɟɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɯɨɞɹɳɟɝɨɫɹ ɪяɞɚ 
ɞɨɥɠɧɚ ɛɵɬɶ ɦɟɧɶɲɟ Ⱥ.  

Ⱦɥя ɢɡɜɟɫɬɧɵɯ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ 
ɦɨɠɧɨ ɩɨɥɶɡɨɜɚɬɶɫя ɩɪɢɜɵɱɧɵɦɢ ɮɨɪɦɭɥɚɦɢ, 
ɧɚɩɪɢɦɟɪ, ɞɥя ɮɭɧɤɰɢɢ zezf

z  1)(  ɛɭɞɟɦ 
ɢɦɟɬɶ ɰɟɧɬɪ ɜ ɬɨɱɤɟ Ɉ, ɟɫɥɢ ɜɡяɬɶ 

iAzzfiba  )()(  ɫ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɦ 

Ⱥ 22
ba  . Ⱦɟɣɫɬɜɢɬɟɥɶɧɨɣ ɱɚɫɬɶɸ ɷɬɨɣ 

ɮɭɧɤɰɢɢ яɜɥяɟɬɫя ,1)cos( xyeX
x   

ɦɧɢɦɨɣ – ɮɭɧɤɰɢя  .)sin( yyeY
x    

Ⱦɨɛɚɜɥɟɧɢɟ ɜ ɫɨɫɬɚɜ ɨɞɧɨɝɨ ɢɡ 
ɫɥɚɝɚɟɦɵɯ, ɤɨɬɨɪɵɟ ɧɟ ɜɯɨɞяɬ ɜ ɫɨɫɬɚɜ 
ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɱɥɟɧɨɜ, ɞɟɥɚɟɬ ɬɪɚɟɤɬɨɪɢɸ 
ɨɬɥɢɱɧɨɣ ɨɬ ɰɟɧɬɪɚ, ɢɛɨ ɜ ɱɢɫɥɢɬɟɥɟ ɩɨяɜɥяɟɬɫя 
ɩɨɫɬɨяɧɧɚя ɫɨɫɬɚɜɥяɸɳɚя. ɜɟɞɭɳɚя ɤ ɪɨɫɬɭ 
ɦɨɞɭɥя ɩɪɨɢɡɜɨɞɧɨɣ. 
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Ɋɢɫɭɧɨɤ 3ɚ-- ɐɟɧɬɪɵ ɩɪɢ .7,6,5n  Кɨɥɢɱɟɫɬɜɨ «ɥɟɩɟɫɬɤɨɜ» ɢ «ɫɬɨɪɨɧ» ɦɧɨɝɨɭɝɨɥɶɧɢɤɚ ɪɚɜɧɨ .1n  

     

   Ɋɢɫɭɧɨɤ  3ɛ-- ɐɟɧɬɪɵ ɩɪɢ .10,9,8n  ɑɢɫɥɨ «ɥɟɩɟɫɬɤɨɜ» ɢ «ɫɬɨɪɨɧ» ɦɧɨɝɨɭɝɨɥɶɧɢɤɚ ɬɚɤɠɟ ɪɚɜɧɨ .1n  
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В ɭɪɚɜɧɟɧɢɢ (2) ɧɟɨɛɯɨɞɢɦɨ ɜɡяɬɶ ɜɦɟɫɬɨ 
yx,  ɜɵɪɚɠɟɧɢя  sin,cos  rr  

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɱɥɟɧ Ⱥ ɡɚɦɟɧɢɬɶ ɧɚ Ar.  

ɇɚ ɪɢɫ. 4ɚ ɩɨɫɬɪɨɟɧɵ ɬɪɚɟɤɬɨɪɢɢ ɰɟɧɬɪɨɜ 
ɞɥя ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ 

,)sin(,1)cos( yyeyxyex
xx    ɚ ɧɚ 

ɪɢɫ. 4ɛ) – ɞɥя ɫɢɫɬɟɦɵ 
.)()cos(,)()sin( yyshxyxychxx      

В ɷɬɢɯ ɫɢɫɬɟɦɚɯ ɩɪɚɜɵɟ ɱɚɫɬɢ яɜɥяɸɬɫя 
ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ ɢ ɦɧɢɦɵɦɢ ɱɚɫɬяɦɢ 
ɤɨɦɩɥɟɤɫɧɵɯ ɮɭɧɤɰɢɣ 1 ze

z
 ɢ zz )sin(  

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  Вɵɱɢɬɚɟɦɵɟ ɯ ɢ ɭ ɧɟɨɛɯɨɞɢɦɵ, 
ɱɬɨɛɵ ɱɥɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪяɞɨɜ ɧɚɱɢɧɚɥɢɫɶ 
ɫ .2n  Ȼɟɡ ɧɢɯ ɨɫɨɛɚя ɬɨɱɤɚ Ɉ ɛɭɞɟɬ ɮɨɤɭɫɨɦ. 

  

 
     

Ɋɢɫ.4.a) ;1)(  zezf
z

  4ɛ) .)sin()( zzzf   

 

 

Вɵɜɨɞɵ.  
 

 1. В ɧɚɲɟɣ ɪɚɛɨɬɟ ɛɟɪɭɬɫя ɱɥɟɧɵ ɪяɞɚ ɢɡ 
ɨɞɧɨɪɨɞɧɵɯ ɦɧɨɝɨɱɥɟɧɨɜ, ɤɚɤ ɢ ɜ ɞɪɭɝɢɯ ɪɚɛɨɬɚɯ 
3 - 5, ɧɨ ɷɬɢ ɱɥɟɧɵ ɝɚɪɦɨɧɢɱɧɵ. Ɇɨɠɟɬ ɷɬɢɦ ɢ 
ɨɛɴяɫɧяɸɬɫя ɫɥɨɠɧɵɟ ɧɟɨɛɯɨɞɢɦɵɟ ɭɫɥɨɜɢя ɜ 
ɮɨɪɦɟ ɫɜяɡɟɣ ɦɟɠɞɭ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɜ ɫɬɚɬɶяɯ 
Ⱥɥɶɦɭɯɚɦɟɞɨɜɚ  ɢ ɂ.ɋ. Кɭɤɥɟɫɚ 3, ɋ. 87.  

Ɇɟɠɞɭ ɬɟɦ, ɜ ɪɚɛɨɬɚɯ Ⱥ.Пɭɚɧɤɚɪɟ ɟɫɬɶ 

ɭɫɥɨɜɢɟ ɰɟɧɬɪɚ  ,0







y

Y

x

X
, ɜɵɬɟɤɚɸɳɟɟ ɢɡ 

ɭɫɥɨɜɢɣ ɩɨɥɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɚɥɚ, ɫɨɜɩɚɞɚɸɳɟɟ ɫ 
ɨɞɧɢɦ ɢɡ ɭɫɥɨɜɢɣ Кɨɲɢ – Ɋɢɦɚɧɚ ɞɥя 
ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ. 

2. В ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɸɬɫя ɫɨɜɪɟɦɟɧɧɵɟ 
ɩɪɨɝɪɚɦɦɧɵɟ ɤɨɦɩɥɟɤɫɵ, ɩɨɡɜɨɥяɸɳɢɟ 

ɩɪɨɜɟɪяɬɶ ɢ ɢɥɥɸɫɬɪɢɪɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ 
ɚɧɚɥɢɬɢɱɟɫɤɢ ɪɟɡɭɥɶɬɚɬɵ. 

 

 

 

Ʌɢɬɟɪɚɬɭɪɚ 

 

1. Пɭɚɧɤɚɪɟ Ⱥ.ɂɡɛɪɚɧɧɵɟ ɬɪɭɞɵ ɜ 3 
ɬɨɦɚɯ. Ɍɨɦ ІІІ. Ɇɚɬɟɦɚɬɢɤɚ. Ɍɟɨɪɟɬɢɱɟɫɤɚя 

ɮɢɡɢɤɚ. Ⱥɧɚɥɢɡ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ  ɢ ɟɫɬɟɫɬɜɟɧɧɨ - 

ɧɚɭɱɧɵɯ ɪɚɛɨɬ Ⱥɧɪɢ Пɭɚɧɤɚɪɟ.   Ɇ.: ɇɚɭɤɚ, 1974. 
– 772 ɫ. 

2. Пɭɚɧɤɚɪɟ Ⱥ. Ɉ ɤɪɢɜɵɯ, ɨɩɪɟɞɟɥяɟɦɵɯ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ ɭɪɚɜɧɟɧɢяɦɢ. – Ɇ.-Ʌ.: ȽɂɌ-

ɌɅ, 1947. – 392 ɫ. 
3. ɇɟɦɵɰɤɢɣ В.В ɢ ɋɬɟɩɚɧɨɜ В.В. 

Кɚɱɟɫɬɜɟɧɧɚя ɬɟɨɪɢя ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 
ɭɪɚɜɧɟɧɢɣ. Ɇ.-Ʌ.: ȽɂɌ-ɌɅ, 1947. - 448 ɫ. 
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4.  Кɭɪɫ ɨɛɵɤɧɨɜɟɧɧɵɯ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ/ ɇ.П.ȿɪɭɝɢɧ, 
Ƀ.Ɂ.ɒɬɨɤɚɥɨ, П.ɋ.Ȼɨɧɞɚɪɟɧɤɨ, ɂ.Ⱥ.Пɚɜɥɸɤ  ɞɪ. – 

К.: Вɢɳɚ ɲɤɨɥɚ, 1974. – 472 ɫ. 

5.  Пɨɧɬɪяɝɢɧ Ʌ.ɋ. Ɉɛɵɤɧɨɜɟɧɧɵɟ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢя. – Ɇ.: ȽɂɎ-ɆɅ, 
1961. – 312 ɫ. 

 

 

Ɏɢɥɟɪ Ɂ.ȿ., Ⱥɧɞɪɸɯɢɧ Ⱥ.ɂ. Ʉɨɦɩɶɸɬɟɪɧɵɟ ɪɚɫɱɟɬɵ ɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɫɢɫɬɟɦ: ɩɪɨɛɥɟɦɚ ɰɟɧɬɪɚ-ɮɨɤɭɫɚ ɢ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ Эɬɚ ɪɚɛɨɬɚ ɨɬɧɨɫɢɬɫɹ ɤ ɢɡɜɟɫɬɧɨɣ ɩɪɨɛлɟɦɟ   
ɨɩɪɟɞɟлɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦ.   Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɛɨɫɧɨɜɚɧɢɹ  ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ  
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɞлɹ  ɫлɭɱɚɹ   цɟɧɬɪɚ. Ɋɟɲɟɧɢɹ ɞлɹ  лɢɧɟɣɧɵɯ ɢ  ɝɚɪɦɨɧɢɱɧɵɯ ɮɭɧɤцɢɣ,ɚ ɬɚɤɠɟ ɨɞɧɨɪɨɞɧɵɯ 
ɦɧɨɝɨɱлɟɧɨɜ ɜɵɫɲɢɯ ɫɬɟɩɟɧɟɣ  ɨɛɫɭɠɞɚɸɬɫɹ.  Ɋɟɡɭлɶɬɚɬɵ ɤɨɦɩɶɸɬɟɪɧɵɯ ɪɚɫɱɟɬɨɜ ɩɪɢɜɟɞɟɧɵ. ȼ ɪɚɫɱɟɬɚɯ 
ɢɫɩɨлɶɡɨɜɚлɫɹ  ɩɚɤɟɬ MatСОЦatТМa. 
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Filer Z.E., Andryukhin AI Computer calculations and visualization systems stability characteristics: the 

center-focus problem and analytical functions. This work refers to the well-known problem of determining the 

parameters of the systems stability. Theoretical basis of solving this problem are being considered for the center of the 

case. Solutions for linear and harmonic functions, as well as the homogeneous polynomials of higher degrees are 

discussed. computer calculation results are given. The calculations used Mathematica package. 
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