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УȾɄ η17.λ1μ η18.1 

Ⱥɧɚɥɢɡ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦ ɧɟɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɧɚ ɨɫɧɨɜɟ ɥɢɧɟɚɪɢɡɚɰɢɢ ɢ ɦɭɥɶɬɢɩɥɢɤɚɬɢɜɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 

ɪɚɡɧɨɫɬɧɵɯ ɫɯɟɦ 

С.Ƚ. Ȼɭɥɚɧɨɜ, Ⱥ.Ⱥ. ɂɥюɯɢɧ 

Ɍɚɝɚɧɪɨɝɫɤɢɣ ɢɧɫɬɢɬɭɬ ɢɦɟɧɢ Ⱥ. ɉ. ɑɟɯɨɜɚ 

bulanovtgpi@mail.ru 

 

 

Ȼɭɥɚɧɨɜ ɋ.Ƚ., ɂɥɸɯɢɧ Ⱥ.Ⱥ. Ⱥɧɚɥɢɡ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦ ɧɟɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 
ɭɪɚɜɧɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɥɢɧɟɚɪɢɡɚɰɢɢ ɢ ɦɭɥɶɬɢɩɥɢɤɚɬɢɜɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɪɚɡɧɨɫɬɧɵɯ ɫɯɟɦ. 
ɉɪɟɞɥɨɠɟɧ ɩɨɞхɨɞ ɤ ɚɧɚɥɢɡɭ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɈȾɍ ɧɚ ɨɫɧɨɜɟ ɥɢɧɟɚɪɢɡɚɰɢɢ ɜ 
ɨɤɪɟɫɬɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɪɟɲɟɧɢɹ. ɇɚ ɞɚɧɧɨɣ ɨɫɧɨɜɟ ɢ ɫ ɩɨɦɨɳɶɸ ɦɭɥɶɬɢɩɥɢɤɚɬɢɜɧɵх 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɪɚɡɧɨɫɬɧɵх ɫхɟɦ ɤɨɧɫɬɪɭɢɪɭɟɬɫɹ ɫхɟɦɚ ɱɢɫɥɟɧɧɨɝɨ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɚɧɚɥɢɡɚ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɥɢɧɟɣɧɵх ɫɢɫɬɟɦ. Кɨɦɩɶɸɬɟɪɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɫхɟɦɵ ɩɨɡɜɨɥɹɟɬ ɨɞɧɨɡɧɚɱɧɨ 
ɨɩɪɟɞɟɥɢɬɶ хɚɪɚɤɬɟɪ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɥɢɛɨ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ 
ɫɢɫɬɟɦ ɧɟɥɢɧɟɣɧɵх ɈȾɍ ɛɟɡ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɪɟɲɟɧɢɹ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɮɨɪɦɟ. Ⱦɚɧɚ 
ɪɚɡɧɨɜɢɞɧɨɫɬɶ ɫхɟɦɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ. ɉɪɢɜɨɞɹɬɫɹ ɤɨɞɵ ɩɪɨɝɪɚɦɦ ɢ 
ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: Кɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ; ɪɚɡɧɨɫɬɧɵɟ ɪɟɲɟɧɢɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵх ɭɪɚɜɧɟɧɢɣ; ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɨ Ʌɹɩɭɧɨɜɭ.  

 

ȼɜɟɞɟɧɢɟ 

Ⱥɧɚɥɢɡ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ Ʌɹɩɭɧɨɜɭ 
ɬɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɹɬɶ ɜɨ ɦɧɨɝɢɯ ɚɤɬɭɚɥɶɧɵɯ 
ɨɛɥɚɫɬɹɯ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɜɨ ɜɫɟɯ 
ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɞɟɬɚɥɹɯ, ɬɚɤɨɣ ɚɧɚɥɢɡ ɫɨɯɪɚɧɹɟɬ 
ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ ɫɥɨɠɧɨɫɬɢ ɧɚ ɩɪɚɤɬɢɤɟ. 
Ɂɚɱɚɫɬɭю ɚɧɚɥɢɡ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɪɟɛɭɟɬɫɹ 
ɜɵɩɨɥɧɹɬɶ ɞɥɹ ɫɢɫɬɟɦ ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɜ 
ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɱɬɨ ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ. ɉɨɷɬɨɦɭ 
ɚɤɬɭɚɥɶɧɚ ɡɚɞɚɱɚ ɩɨɫɬɪɨɟɧɢɹ ɤɨɦɩɶюɬɟɪɧɵɯ ɫɯɟɦ 
ɚɧɚɥɢɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦ ɨɛɵɤɧɨɜɟɧɧɵɯ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ (ɈȾУ). Ɂɧɚɱɢɦɵɦ 
ɧɚɩɪɚɜɥɟɧɢɟɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 
ɦɟɬɨɞɨɜ ɫɜɟɞɟɧɢɹ ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɈȾУ ɤ 
ɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɟ «ɛɥɢɡɤɨɣ ɤ ɢɫɯɨɞɧɨɣ». 
ɐɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɞɚɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɨɛɭɫɥɨɜɥɟɧɚ ɬɟɦ, ɱɬɨ ɞɥɹ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɈȾУ 
ɫɭɳɟɫɬɜɭюɬ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ, 
ɤɨɬɨɪɵɟ ɞɨɩɭɫɤɚюɬ ɤɨɦɩɶюɬɟɪɧɭю ɪɟɚɥɢɡɚɰɢю 
Д1, βЖ. ɉɨɷɬɨɦɭ, ɟɫɥɢ ɜɨɡɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ 
ɩɪɢɛɥɢɠɟɧɢɟ ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɈȾУ ɥɢɧɟɣɧɨɣ 
ɫɢɫɬɟɦɨɣ ɜ ɧɟɤɨɬɨɪɵɯ ɨɝɪɚɧɢɱɟɧɢɹɯ, ɬɨ ɩɨ ɦɟɪɟ 
ɨɝɪɚɧɢɱɟɧɢɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɨɦɩɶюɬɟɪɢɡɢɪɭɟɬɫɹ 
ɚɧɚɥɢɡ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ ɈȾУ. 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɨɞɯɨɞ ɤ ɚɧɚɥɢɡɭ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɈȾУ ɧɚ 

ɨɫɧɨɜɟ ɥɢɧɟɚɪɢɡɚɰɢɢ, ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɦɟɫɬɨ ɬɨɥɶɤɨ 
ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɪɟɲɟɧɢɹ. ȼ ɪɚɦɤɚɯ 
ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɤɨɧɫɬɪɭɢɪɭɟɬɫɹ ɫɯɟɦɚ 
ɱɢɫɥɟɧɧɨɝɨ ɤɨɦɩɶюɬɟɪɧɨɝɨ ɚɧɚɥɢɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ, ɩɪɢɜɨɞɹɬɫɹ ɤɨɞɵ ɩɪɨɝɪɚɦɦ, 
ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚɞɚɱɚ Ʉɨɲɢ ɞɥɹ 
ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɈȾУ 
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ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ ɬɚɤɠɟ, ɱɬɨ ɜ ɨɛɥɚɫɬɢ 

 
00000

į~
:)(

~
,)(;:  YYtYtYttR  ɮɭɧɤɰɢɹ 
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ɫɩɪɚɜɚ), ɤɨɦɩɨɧɟɧɬɵ ɷɬɨɣ ɮɭɧɤɰɢɢ 
ɭɞɨɜɥɟɬɜɨɪɹюɬ ɭɫɥɨɜɢю Ʌɢɩɲɢɰɚμ 



                                   

                                

                                           ɂɇɎɈɊɆȺɌɂɄȺ ɂ ɄɂȻȿɊɇȿɌɂɄȺ                    №  2(8), 2017 

Ⱦɨɧɟɰɤ ȾɨɧɇɌУ 

                                                                                                                              

                                          

 

 
36 

               ,
~

)
~

,(),( YYLYtFYtF                (2) 

00

~
const RYRYL  . 

ȼ ɞɚɧɧɵɯ ɩɪɟɞɩɨɥɨɠɟɧɢɹɯ ɢɫɫɥɟɞɭɟɬɫɹ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɧɟɜɨɡɦɭɳɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
(1). Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ДβЖ ɭɩɪɨɳɟɧɨ ɜ 
ɩɪɢɧɹɬɵɯ ɨɝɪɚɧɢɱɟɧɢɹɯμ ɪɟɲɟɧɢɟ )(tYY   

ɭɫɬɨɣɱɢɜɨ, ɟɫɥɢ 0ε  ɧɚɣɞɟɬɫɹ  , 
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00

~
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ɟɫɥɢ ɨɧɨ ɭɫɬɨɣɱɢɜɨ ɢ ɧɚɣɞɟɬɫɹ 
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~
 tYtY  ɩɪɢ 
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Ɉɩɢɫɚɧɢɟ ɦɟɬɨɞɚ 

ȼɵɩɨɥɧɹɟɬɫɹ ɫɥɟɞɭюɳɟɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
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.  (3) 

Ȼɭɞɟɦ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɭɫɬɨɣɱɢɜɨɫɬɶ 
ɪɟɲɟɧɢɹ )(1 ty , …, )(ty

n
 ɫɢɫɬɟɦɵ (1), ɫɨɩɨɫɬɚɜɥɹɹ 

ɚɧɚɥɢɡ ɫ ɭɫɬɨɣɱɢɜɨɫɬɶю ɫɢɫɬɟɦɵ (γ). 
ȿɫɥɢ ɤɚɠɞɭю ɞɢɚɝɨɧɚɥɶɧɭю ɤɨɦɩɨɧɟɧɬɭ ɜ 

ɦɚɬɪɢɰɟ ɢɡ (γ) ɡɚɦɟɧɢɬɶ ɧɚ ɚɧɚɥɢɬɢɱɟɫɤɨɟ 
ɜɵɪɚɠɟɧɢɟ ɨɬ t  ɜ ɹɜɧɨɣ ɮɨɪɦɟ, ɬɨ ɩɨɥɭɱɢɦ ɞɥɹ 
ɚɧɚɥɢɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɥɢɧɟɣɧɭю ɫɢɫɬɟɦɭ, 
ɩɨɫɤɨɥɶɤɭ ɦɚɬɪɢɰɚ ɨɬ )(1 ty , …, )(ty

n
 ɧɟ ɛɭɞɟɬ 

ɡɚɜɢɫɟɬɶ. Эɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚ ɩɪɚɤɬɢɤɟ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɚɩɩɚɪɚɬ ɚɧɚɥɢɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɈȾУ ɞɥɹ ɤɚɠɞɨɝɨ ɨɬɞɟɥɶɧɨɝɨ 
ɪɟɲɟɧɢɹ ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ (1). 
ɉɪɟɨɛɪɚɡɨɜɚɧɧɭю ɬɚɤɨɣ ɩɨɞɫɬɚɧɨɜɤɨɣ ɫɢɫɬɟɦɭ (γ) 
ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɥɢɧɟɣɧɭю ɫɢɫɬɟɦɭ ɜɢɞɚ 

                             YtA
dt

dY
)( ,                               (4) 

ɝɞɟ ɞɢɚɝɨɧɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɡɚɜɢɫɹɬ ɬɨɥɶɤɨ ɨɬ 
ɩɟɪɟɦɟɧɧɨɣ t . 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ (4) 
ɪɚɧɟɟ ɩɨɥɭɱɟɧɵ ɤɪɢɬɟɪɢɢ ДβЖμ 

Ɋɟɲɟɧɢɟ ɭɫɬɨɣɱɢɜɨ ɬɨɝɞɚ ɢ ɬɨɥɶɤɨ ɬɨɝɞɚ, 
ɤɨɝɞɚ 

    const))((lim
0







ctAhE
i

i
i 

   ,0tt .    (5) 

Ɋɟɲɟɧɢɟ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɨ ɬɨɝɞɚ 
ɢ ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɜɵɩɨɥɧɟɧɨ (η) ɢ, ɤɪɨɦɟ ɬɨɝɨ, 
ɩɪɢ t ɜɵɩɨɥɧɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟ 

                     0))((lim
0







i

i
i

tAhE


 .                 (6) 

ȼ (η), (θ) E  – ɟɞɢɧɢɱɧɚɹ ɦɚɬɪɢɰɚ, nn , h  

– ɲɚɝ ɪɚɡɧɨɫɬɧɨɝɨ ɦɟɬɨɞɚ Эɣɥɟɪɚ. 
ɂɡɥɚɝɚɟɦɚɹ ɧɢɠɟ ɢɞɟɹ ɡɚɤɥюɱɚɟɬɫɹ ɜ ɬɨɦ, 

ɱɬɨ ɬɨɱɧɨɟ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɜ (γ) ɦɨɠɧɨ 
ɡɚɦɟɧɢɬɶ ɧɚ ɪɚɡɧɨɫɬɧɨɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ (γ) 
ɫɜɨɞɢɬɫɹ ɤ ɚɧɚɥɢɡɭ ɭɫɬɨɣɱɢɜɨɫɬɢ ɥɢɧɟɣɧɨɣ 
ɫɢɫɬɟɦɵ (4) ɫ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɪɚɜɨɣ ɱɚɫɬɢ ɢ 
ɪɟɲɟɧɢɹ ɧɚ ɞɢɚɝɨɧɚɥɢ. 

Ɍɟɦ ɫɚɦɵɦ ɢɫɫɥɟɞɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɫɜɨɞɢɬɫɹ ɤ ɤɨɦɩɶюɬɟɪɧɨɦɭ ɚɧɚɥɢɡɭ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɤɪɢɬɟɪɢɟɜ (η), (θ). 

ɉɨɥɭɱɟɧɧɵɟ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɛɭɞɭɬ 
ɫɪɚɜɧɢɜɚɬɶɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɚɧɚɥɢɡɚ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɫɥɟɞɭюɳɟɝɨ ɤɪɢɬɟɪɢɹ ДγЖμ 
ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɭɫɥɨɜɢɹɯ ɞɥɹ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ (1) ɧɟɨɛɯɨɞɢɦɨ ɢ ɞɨɫɬɚɬɨɱɧɨ 
ɫɭɳɟɫɬɜɨɜɚɧɢɟ 1 , 010  , ɬɚɤɨɝɨ, ɱɬɨ ɞɥɹ 
ɜɫɟɯ ɪɟɲɟɧɢɣ )( tYY  , 
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~
)( YtY   ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɢ 
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~
0  YY  ɜɵɩɨɥɧɹɟɬɫɹ ɧɟɪɚɜɟɧɫɬɜɨ 
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,                      (7) 

const~
1 c ,   ,0tt , nk ,...,1 . 

Ⱦɥɹ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɬɟɯ 
ɠɟ ɭɫɥɨɜɢɹɯ ɧɟɨɛɯɨɞɢɦɨ ɢ ɞɨɫɬɚɬɨɱɧɨ, ɱɬɨɛɵ 
ɜɵɩɨɥɧɹɥɨɫɶ (7) ɢ ɫɭɳɟɫɬɜɨɜɚɥɨ 12  , ɬɚɤɨɟ, 

ɱɬɨ ɧɟɪɚɜɟɧɫɬɜɨ 200

~
0  YY  ɜɥɟɱɟɬ 

                0~
)()(~

lim
00






kk

kk

t yy

tyty
, nk ,...,1 .             (8) 

Ʉɨɦɩɶюɬɟɪɧɚɹ ɪɟɚɥɢɡɚɰɢɹ (7), (8) 
ɜɵɩɨɥɧɹɟɬɫɹ ɡɚɦɟɧɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɢ 
ɜɨɡɦɭɳɟɧɢɹ ɧɚ ɩɪɢɛɥɢɠɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɪɟɲɟɧɢɹ, 
ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɧɚ ɨɫɧɨɜɟ ɪɚɡɧɨɫɬɧɨɝɨ ɦɟɬɨɞɚ 
[4]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɟɛɭɟɬɫɹ ɡɚɦɟɧɢɬɶ 

k

nk

y

yytf ),...,,( 1  ɩɪɢ ɜɫɟɯ k  ɜ (γ) ɧɚ ɪɚɡɧɨɫɬɧɨɟ 

ɩɪɢɛɥɢɠɟɧɢɟ ɢ ɫɨɩɨɫɬɚɜɢɬɶ ɪɟɡɭɥɶɬɚɬɵ 
ɤɨɦɩɶюɬɟɪɧɨɝɨ ɚɧɚɥɢɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɪɟɲɟɧɢɹ 
ɫɢɫɬɟɦɵ (1) ɧɚ ɨɫɧɨɜɟ (7), (8) ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ 
ɤɨɦɩɶюɬɟɪɧɨɝɨ ɚɧɚɥɢɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ (γ) 
ɜ ɮɨɪɦɟ (4) ɧɚ ɨɫɧɨɜɟ (η), (θ) ɩɨɫɥɟ ɭɤɚɡɚɧɧɨɣ 
ɡɚɦɟɧɵ. 

ȼ ɬɚɤɨɦ ɩɟɪɟɯɨɞɟ ɜɫɟɝɞɚ ɟɫɬɶ ɬɨ 
ɩɪɟɢɦɭɳɟɫɬɜɨ, ɱɬɨ ɞɥɹ ɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɜɫɟ 
ɪɟɲɟɧɢɹ ɭɫɬɨɣɱɢɜɵ, ɟɫɥɢ ɭɫɬɨɣɱɢɜɨ ɥюɛɨɟ ɨɞɧɨ 
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ɪɟɲɟɧɢɟ, ɢ ɨɛɪɚɬɧɨ ДηЖ. Ɍɚɤ ɱɬɨ ɦɨɠɧɨ ɛɪɚɬɶ 
ɪɟɲɟɧɢɟ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɫ ɬɟɦɢ ɧɚɱɚɥɶɧɵɦɢ 
ɞɚɧɧɵɦɢ, ɤɨɬɨɪɵɟ ɞɚɧɵ ɜ (1). 

Ʉɨɧɤɪɟɬɧɨ, ɟɫɥɢ ɩɪɢɛɥɢɠɟɧɧɨɟ ɪɟɲɟɧɢɟ 
(1) ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɦɟɬɨɞɭ Эɣɥɟɪɚ 

nkyytfhyy
inikikik

,,2,1,),...,,( )()(1)()1(  , 

ɬɨ ɧɚ i -ɦ ɲɚɝɟ ɦɚɬɪɢɰɚ (4) ɞɥɹ (γ) ɩɪɢɦɟɬ ɜɢɞμ 
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ȼ ɬɚɤɨɦ ɜɢɞɟ ɷɬɢ ɦɚɬɪɢɰɵ ɩɨɫɥɟ 
ɭɦɧɨɠɟɧɢɹ ɧɚ h  ɢ ɫɥɨɠɟɧɢɹ ɫ E  ɩɟɪɟɦɧɨɠɚюɬɫɹ 
ɫɨɝɥɚɫɧɨ ɤɪɢɬɟɪɢɹɦ (η), (θ). 

Ʌɟɜɚɹ ɱɚɫɬɶ (7), (8) ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɷɬɨɦ 
ɫɥɭɱɚɟ ɚɧɚɥɨɝɢɱɧɨ ɢ ɧɟɪɚɜɟɧɫɬɜɨ (7) ɩɪɨɜɟɪɹɟɬɫɹ 
ɜ ɜɢɞɟμ 
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ɞɥɹ nk ,,2,1  . 

ɑɢɫɥɟɧɧɵɣ ɢ ɩɪɨɝɪɚɦɦɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ 

ɉɭɫɬɶ ɱɢɫɥɟɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɩɨ ɚɧɚɥɢɡɭ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ (1) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɪɟɲɟɧɢɹ ɤ 
ɦɚɬɪɢɱɧɨɦɭ ɜɢɞɭ (λ) ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ (η), 
(6). 

ɉɪɨɝɪɚɦɦɚ, ɪɟɚɥɢɡɭюɳɚɹ ɞɚɧɧɵɣ ɜɚɪɢɚɧɬ 
ɚɧɚɥɢɡɚ ɞɥɹ ɫɢɫɬɟɦɵ 
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ɩɪɢɜɨɞɢɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɢɠɟ ДθЖ. 
ɂɫɫɥɟɞɭɟɬɫɹ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɧɭɥɟɜɨɟ ɪɟɲɟɧɢɟ 
ɷɬɨɣ ɫɢɫɬɟɦɵ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ 
ɩɪɨɦɟɠɭɬɤɟ ]10000,5.0[  ɫ ɲɚɝɨɦ 00001.0h . 

ɉɪɟɞɫɬɚɜɥɟɧɢɟ (λ) ɬɪɟɛɭɟɬ ɨɝɪɚɧɢɱɟɧɢɹ ɞɥɹ ɜɫɟɯ 
ɧɨɦɟɪɨɜ ɭɪɚɜɧɟɧɢɣ 0

k
y

 
 ɉɪɟɞɥɨɠɟɧɧɵɣ ɩɨɞɯɨɞ 

ɩɪɢ ɞɚɧɧɨɦ ɨɝɪɚɧɢɱɟɧɢɢ ɧɟ ɩɨɡɜɨɥɹɟɬ ɧɚɩɪɹɦɭю 
ɢɫɫɥɟɞɨɜɚɬɶ ɧɭɥɟɜɨɟ ɪɟɲɟɧɢɟ, ɩɨɷɬɨɦɭ 
ɜɵɩɨɥɧɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɟɤɨɬɨɪɨɝɨ ɟɝɨ 
ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɨɝɨ ɜɨɡɦɭɳɟɧɢɹμ y0: array[1..n] of 

extended=(0.000001, 0.000001); y1:= y01; y2:= y02. 

ɉɪɨɝɪɚɦɦɚ ɢɦɟɟɬ ɜɢɞμ 
program lin_kriteriy; 
{$APPTYPE CONSOLE} 

uses 
  SysUtils; 
const 
   h=0.00001;  n=2; 
y0 : array[1..n] of extended=(0.000001, 
0.000001); 
type 
matr=array[1..n,1..n] of extended; 
stolb=array[1..n] of extended; 
var 
   A, B, C : matr;  i, j, l : integer; 
   y1, y2, y11, t0, t, s, norma : extended; 
  k : longint; s01 : array[1..n] of extended; 
function f1(t, y1, y2 : extended) : extended; 
begin 
   f1:=(0.5*y1/sqrt(t*sqr(t)))-
((y1*sqr(y2)/sqr(t))*(1+t+sqr(t)+t*sqr(t))* 
(1+sqr(y2)+sqr(y2)*sqr(y2)+ sqr(y2)*sqr(y2)* 
sqr(y2))); 
end; 
function f2(t, y1, y2 : extended) : extended; 
begin  f2:=y2/sqrt(t*sqr(t));  end; 
begin 
t:=0.5; k:=50000; y1:=y0[1]; y2:=y0[2]; 
for i:=1 to n do  for j:=1 to n do 
begin 
a[1,2]:=0; a[2,1]:=0; 
a[1,1]:=1+(h*f1(t, y1, y2)/y1); 
a[2,2]:=1+(h*f2(t, y1, y2)/y2); 
end; 
repeat 
   y11:=y1; 
   y1:=y1+h*f1(t, y1, y2); 
   y2:=y2+h*f2(t, y11, y2); 
k:=k+1;  t:=t+h; 
if (y1<>0) and (y2<>0) then 
begin 
for i:=1 to n do  for j:=1 to n do 
begin 
b[1,1]:=1+(h*f1(t, y1, y2)/y1); 
b[2,2]:=1+(h*f2(t, y1, y2)/y2); 
b[1,2]:=0; b[2,1]:=0; 
end; end; 
for i:=1 to n do  for j:=1 to n do 
begin 
s:=0; 
for l:=1 to n do 
s:=s+a[i,l]*b[l,j]; 
c[i,j]:=s; 
end; 
for i:=1 to n do  for j:=1 to n do 
a[i,j]:=c[i,j]; 
if k>=100000000 then 
begin 
writeln(‘t=’,t); 
for i:=1 to n do 
begin 
s01[i]:=0; 
for j:=1 to n do 
s01[i]:=s01[i]+abs(a[i,j]); 
end; 
   norma:=s01[1]; 
for i:=2 to n do 
if s01[i]>norma then norma:=s01[i]; 
writeln(‘norma=’,norma);k:=0; 
end; 
until t>10000; readln; 
end. 
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Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵμ 

Ɍɚɛɥɢɰɚ 1. Ɂɧɚɱɟɧɢɹ ɧɨɪɦɵ ɩɨ ɤɪɢɬɟɪɢɹɦ (η), (θ) 
ɞɥɹ ɫɢɫɬɟɦɵ (10). 

t  1norma  2norma  

1000 15.88198 15.88198 

2000 16.17893 16.17893 

3000 16.31225 16.31225 

4000 16.39224 16.39224 

5000 16.44706 16.44706 

6000 16.48764 16.48764 

7000 16.51925 16.51925 

8000 16.54477 16.54477 

9000 16.56595 16.56595 

10000 16.58388 16.58388 

Ɂɧɚɱɟɧɢɹ ɧɨɪɦɵ ɩɪɢ ɨɛɨɢɯ ɡɧɚɱɟɧɢɹɯ 
ɜɨɡɦɭɳɟɧɢɹ ɨɝɪɚɧɢɱɟɧɵ ɤɨɧɫɬɚɧɬɨɣ 17c , ɱɬɨ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɪɢɬɟɪɢɟɦ (η) ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ 
ɭɫɬɨɣɱɢɜɨɫɬɢ. 

ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɜɟɥɢɱɢɧɚ ɧɚɱɚɥɶɧɨɝɨ 
ɜɨɡɦɭɳɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɪɚɜɧɨɣ 001.0 , ɪɟɡɭɥɶɬɚɬɵ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɬɨɛɪɚɠɟɧɵ ɜɨ ɜɬɨɪɨɦ ɫɬɨɥɛɰɟ 
ɬɚɛɥɢɰɵ 1 (ɡɧɚɱɟɧɢɹ ɧɨɪɦɵ ɩɨ ɤɪɢɬɟɪɢю η). 
Ⱦɚɥɟɟ ɜɟɥɢɱɢɧɚ ɧɚɱɚɥɶɧɨɝɨ ɜɨɡɦɭɳɟɧɢɹ 
ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ 000001.0  ɢ ɜɧɨɜɶ ɜɵɩɨɥɧɹɟɬɫɹ 
ɚɧɚɥɢɡ ɭɫɬɨɣɱɢɜɨɫɬɢ (ɬɪɟɬɢɣ ɫɬɨɥɛɟɰ ɬɚɛɥɢɰɵ 1). 

ɇɢɠɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɚ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɭɥɟɜɨɝɨ ɪɟɲɟɧɢɹ ɡɚɦɟɧɹɟɬɫɹ 
ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɦɚɥɵɯ ɜɨɡɦɭɳɟɧɢɣ ɧɭɥɟɜɨɝɨ 
ɪɟɲɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɧɭɥɟɜɨɟ 
ɪɟɲɟɧɢɟ ɩɨɩɚɞɚɟɬ ɜ ɨɤɪɟɫɬɧɨɫɬɶ ɷɬɨɝɨ 
ɜɨɡɦɭɳɟɧɢɹ. Сɥɟɞɨɜɚɬɟɥɶɧɨ ɚɧɚɥɢɡ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɧɭɥɟɜɨɝɨ ɪɟɲɟɧɢɹ ɷɤɜɢɜɚɥɟɧɬɟɧ ɚɧɚɥɢɡɭ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɤɨɥɶ ɭɝɨɞɧɨ ɦɚɥɨ ɜɨɡɦɭɳɟɧɧɵɯ 
ɪɟɲɟɧɢɣ ɢɡ ɟɝɨ ɨɤɪɟɫɬɧɨɫɬɢ. 

Сɨɝɥɚɫɧɨ ɞɚɧɧɨɦɭ ɡɚɦɟɱɚɧɢю 
ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɤɨɧɫɬɚɧɬɨɣ ɦɚɥɵɯ ɜɨɡɦɭɳɟɧɢɣ 
ɨɡɧɚɱɚɟɬ ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɜɨɡɦɭɳɟɧɢɣ ɜ 
ɨɤɪɟɫɬɧɨɫɬɢ ɧɭɥɹ, ɬ.ɟ. ɬɨɱɤɢ ɩɨɤɨɹ. 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɧɭɥɟɜɨɝɨ ɪɟɲɟɧɢɹ ɤɪɢɬɟɪɢɢ 
(7), (8) ɩɪɢɦɭɬ ɜɢɞμ 
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Ʉɪɢɬɟɪɢɢ (11), (1β) ɢɫɩɨɥɶɡɭюɬ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɨɡɦɭɳɟɧɧɨɟ ɪɟɲɟɧɢɟ, ɩɨɷɬɨɦɭ 
ɨɝɨɜɨɪɤɚ 0

k
y  ɫɩɟɰɢɚɥɶɧɨ ɞɥɹ ɷɬɢɯ ɤɪɢɬɟɪɢɟɜ ɧɟ 

ɬɪɟɛɭɟɬɫɹ. ɂɯ ɦɨɠɧɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɢɦɟɧɢɬɶ 
ɤ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɟ. 

Сɨɨɬɜɟɬɫɬɜɭюɳɚɹ ɩɪɨɝɪɚɦɦɚ ɩɪɢɦɟɬ ɜɢɞμ 
program nelin_kriteriy; 

{$APPTYPE CONSOLE} 
uses 
  SysUtils; 
const 
   TT=10000; h =0.00001; 
   eps1=0.000001;  eps2=0.000001; 
var 
   t, norma, y1, y2, yv1, yv2, y11, yv11 : 
extended;  k: longint; 
   delta1, delta2, deltay1, deltay2, y01, 
y02, yv01, yv02 : extended; 
function f1(t, y1, y2 : extended) : extended; 
begin 
    f1:=(0.5*y1/sqrt(t*sqr(t)))-( 
(y1*sqr(y2)/sqr(t))*(1+t+sqr(t)+t*sqr(t))*(1+
sqr(y2)+sqr(y2)*sqr(y2)+ sqr(y2)*sqr(y2)* 
sqr(y2) )  ); 
end; 
function f2(t, y1, y2 : extended) : extended; 
begin f2:=y2/sqrt(t*sqr(t)); end; 
begin 
   y01:=0;  y02:=0; 
   yv01:=y01+eps1; yv02:=y02+eps2; 
   t:=0.5; k:=0; y1:=y01; y2:=y02; 
   yv1:=yv01; yv2:=yv02; 
   delta1:=yv01-y01;  delta2:=yv02-y02; 
repeat 
   y11:=y1;  yv11:=yv1; 
   y1:=y1+h*f1(t, y1, y2); 
   y2:=y2+h*f2(t, y11, y2); 
   yv1:=yv1+h*f1(t, yv1, yv2); 
   yv2:=yv2+h*f2(t, yv11, yv2); 
   deltay1:=(yv1-y1)/delta1; 
   deltay2:=(yv2-y2)/delta2; 
   norma:=sqrt(sqr(deltay1)+sqr(deltay2)); 
   k:=k+1; t:=t+h; 
   if k>=10000000 then 
begin 
writeln(‘t=’,t:6:1,’ ‘,’norma=’,norma); k:=0; 
writeln(‘y1=’,y1,’       ‘,’yv1=’,yv1); 
writeln(‘y2=’,y2,’       ‘,’yv2=’,yv2); 
end; 
until t>=TT; readln; 
end. 

Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɞɚɧ ɜ 
ɬɚɛɥ. β, ɝɞɟ ɡɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ 3norma  

ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɪɚɜɟɧɫɬɜɚ 
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norma  ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭюɳɟɣ 

ɧɚɱɚɥɶɧɨɣ ɜɟɥɢɱɢɧɟ ɜɨɡɦɭɳɟɧɢɹ 001.0 . 

ɉɟɪɟɦɟɧɧɚɹ 4norma  ɨɩɪɟɞɟɥɹɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ ɞɥɹ 
ɧɚɱɚɥɶɧɨɣ ɜɟɥɢɱɢɧɵ ɜɨɡɦɭɳɟɧɢɹ 000001.0 . 

Ɍɚɛɥɢɰɚ β. Ɂɧɚɱɟɧɢɹ ɧɨɪɦɵ ɩɨ ɤɪɢɬɟɪɢɹɦ (11), 
(1β) ɞɥɹ ɫɢɫɬɟɦɵ (10). 

t  3norma  4norma  

1000 15.88198 16.37424 

2000 16.17893 16.67094 

3000 16.31225 16.80368 

4000 16.39224 16.88280 

5000 16.44706 16.93647 

6000 16.48764 16.97563 

7000 16.51925 17.00555 

8000 16.54477 17.02913 

9000 16.56595 17.04809 
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10000 16.58388 17.06355 

Ɂɧɚɱɟɧɢɹ ɧɨɪɦɵ ɧɚ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɦ 
ɩɪɨɦɟɠɭɬɤɟ ɨɝɪɚɧɢɱɟɧɵ ɤɨɧɫɬɚɧɬɨɣ 17c , ɱɬɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɫɬɨɣɱɢɜɨɫɬɢ. 
Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɚɧɚɥɢɡɚ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɨɛɨɢɦ ɪɚɫɫɦɨɬɪɟɧɧɵɦ 
ɤɪɢɬɟɪɢɹɦ ɷɤɜɢɜɚɥɟɧɬɧɵ ɢ ɫɨɜɩɚɞɚюɬ ɫ 
ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɨɰɟɧɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ Д4, θЖ. 

ȼ ɩɪɢɦɟɪɟ ɧɢɠɟ ɢɫɫɥɟɞɭɟɬɫɹ ɧɚ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɬɨɱɤɚ ɩɨɤɨɹ ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ 
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ɂɫɩɨɥɶɡɭюɬɫɹ ɬɟ ɠɟ ɩɪɨɝɪɚɦɦɵμ 
lin_kriteriy, nelin_kriteriy ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɫɢɫɬɟɦɟ 
(1γ). ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɧɚ 
ɩɪɨɦɟɠɭɬɤɟ ]5.2,5.0[  ɩɨ ɤɪɢɬɟɪɢɹɦ (η), (θ) 
(ɬɚɛɥ. γ) ɢ ɩɨ ɤɪɢɬɟɪɢɹɦ (11), (1β) (ɬɚɛɥ. 4) 

ɧɚɛɥюɞɚɟɬɫɹ ɪɟɡɤɢɣ ɪɨɫɬ ɡɧɚɱɟɧɢɣ ɧɨɪɦɵ, ɱɬɨ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ. 

 

Ɍɚɛɥɢɰɚ γ. Ɂɧɚɱɟɧɢɹ ɧɨɪɦɵ ɩɨ ɤɪɢɬɟɪɢɹɦ (η), (θ) 
ɞɥɹ ɫɢɫɬɟɦɵ (1γ). 

t  1norma  2norma  

0,7 1.19E+0002 1.20E+0005 

0,9 2.79E+0002 2.80E+0005 

1,1 4.79E+0002 4.80E+0005 

1,3 7.19E+0002 7.20E+0005 

1,5 9.99E+0002 1.00E+0006 

1,7 1.58E+0004 1.32E+0006 

1,9 3.28E+0019 4.01E+0019 

2,1 1.01E+0095 2.38E+0095 

2,3 2.90E+0432 7.96E+0433 

2,5 7.27E+1735 4.03E+1740 

Ɍɚɛɥɢɰɚ 4. Ɂɧɚɱɟɧɢɹ ɧɨɪɦɵ ɩɨ ɤɪɢɬɟɪɢɹɦ (11), 
(1β) ɞɥɹ ɫɢɫɬɟɦɵ (1γ). 

t  3norma  4norma  

0,7 1.51E+0000 1.51E+0000 

0,9 1.66E+0000 1.66E+0000 

1,1 1.95E+0000 1.96E+0000 

1,3 2.99E+0000 3.00E+0000 

1,5 1.42E+0001 1.43E+0001 

1,7 1.58E+0004 1.65E+0004 

1,9 3.27E+0019 3.99E+0019 

2,1 9.95E+0094 2.34E+0095 

2,3 2.69E+0432 7.40E+0433 

2,5 5.59E+1735 3.10E+1740 

Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɚɧɚɥɢɡɚ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɨɛɨɢɦ ɤɪɢɬɟɪɢɹɦ ɷɤɜɢɜɚɥɟɧɬɧɵ, 
ɤɪɨɦɟ ɬɨɝɨ, ɨɧɢ ɫɨɜɩɚɞɚюɬ ɫ ɚɧɚɥɢɬɢɱɟɫɤɨɣ 
ɨɰɟɧɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɵ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ Д4, θЖ. 
Ⱦɚɥɟɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɫɢɫɬɟɦɚ 
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ɂɫɫɥɟɞɭɟɬɫɹ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɬɨɱɤɚ ɩɨɤɨɹ 
ɫɢɫɬɟɦɵ (14). ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɢɫɬɟɦɵ ɧɚ 
ɩɪɨɦɟɠɭɬɤɟ ]1500,5.0[  ɩɨ ɤɪɢɬɟɪɢɹɦ (η), (θ) (ɬɚɛɥ. 
η) ɢ ɩɨ ɤɪɢɬɟɪɢɹɦ (11), (1β) (ɬɚɛɥ. θ) ɧɚɛɥюɞɚɟɬɫɹ 
ɦɨɧɨɬɨɧɧɨɟ ɭɛɵɜɚɧɢɟ ɡɧɚɱɟɧɢɣ ɧɨɪɦɵ, ɱɬɨ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ. 
Ɍɚɛɥɢɰɚ η. Ɂɧɚɱɟɧɢɹ ɧɨɪɦɵ ɩɨ ɤɪɢɬɟɪɢɹɦ (η), (θ) 

ɞɥɹ ɫɢɫɬɟɦɵ (14). 

t  1norma  2norma  

150 9.72E-0006 9.72E-0006 

300 6.09E-0008 6.09E-0008 

450 1.24E-0009 1.24E-0009 

600 4.66E-0011 4.66E-0011 

750 2.59E-0012 2.59E-0012 

900 1.89E-0013 1.89E-0013 

1050 1.71E-0014 1.71E-0014 

1200 1.83E-0015 1.83E-0015 

1350 2.23E-0016 2.23E-0016 

1500 3.06E-0017 3.06E-0017 

Ɍɚɛɥɢɰɚ θ. Ɂɧɚɱɟɧɢɹ ɧɨɪɦɵ ɩɨ ɤɪɢɬɟɪɢɹɦ (11), 
(1β) ɞɥɹ ɫɢɫɬɟɦɵ (14). 

t  3norma  4norma  

150 9.72E-0006 9.72E-0006 

300 6.09E-0008 6.09E-0008 

450 1.24E-0009 1.24E-0009 

600 4.66E-0011 4.66E-0011 

750 2.59E-0012 2.59E-0012 

900 1.89E-0013 1.89E-0013 

1050 1.71E-0014 1.71E-0014 

1200 1.83E-0015 1.83E-0015 

1350 2.23E-0016 2.23E-0016 

1500 3.06E-0017 3.06E-0017 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ 
ɚɧɚɥɢɡɚ ɩɨ ɨɛɨɢɦ ɪɚɫɫɦɨɬɪɟɧɧɵɦ ɤɪɢɬɟɪɢɹɦ 
ɷɤɜɢɜɚɥɟɧɬɧɵ, ɢ, ɤɪɨɦɟ ɬɨɝɨ, ɨɧɢ ɫɨɜɩɚɞɚюɬ ɫ 
ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɨɰɟɧɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɨɱɤɢ ɩɨɤɨɹ 
ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ Д4, θЖ. 

Ⱦɚɥɟɟ, ɚɧɚɥɢɡɢɪɭɟɬɫɹ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ 
ɫɥɟɞɭюɳɚɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ДηЖμ  
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                      (15) 

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɢɫɬɟɦɵ ɫ ɩɨɦɨɳɶю 
ɬɟɯ ɠɟ ɩɪɨɝɪɚɦɦ ɧɚ ɩɪɨɦɟɠɭɬɤɟ ]1500,1[  ɩɨ 
ɤɪɢɬɟɪɢɹɦ (η), (θ) (ɬɚɛɥ. 7), (11), (1β) (ɬɚɛɥ. 8) 



                                   

                                

                                           ɂɇɎɈɊɆȺɌɂɄȺ ɂ ɄɂȻȿɊɇȿɌɂɄȺ                    №  2(8), 2017 

Ⱦɨɧɟɰɤ ȾɨɧɇɌУ 

                                                                                                                              

                                          

 

 
40 

ɧɚɛɥюɞɚɟɬɫɹ ɦɨɧɨɬɨɧɧɵɣ ɪɨɫɬ ɡɧɚɱɟɧɢɣ ɧɨɪɦɵ, 
ɱɬɨ ɹɜɥɹɟɬɫɹ ɩɪɢɡɧɚɤɨɦ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ. 
Ɍɚɛɥɢɰɚ 7. Ɂɧɚɱɟɧɢɹ ɧɨɪɦɵ ɩɨ ɤɪɢɬɟɪɢɹɦ (η), (θ) 

ɞɥɹ ɫɢɫɬɟɦɵ (1η). 

t  1norma  2norma  

150 1.49E+0002 1.50E+0002 

300 2.99E+0002 3.00E+0002 

450 4.49E+0002 4.50E+0002 

600 5.99E+0002 6.00E+0002 

750 7.49E+0002 7.50E+0002 

900 8.99E+0002 9.00E+0002 

1050 1.04E+0003 1.05E+0003 

1200 1.19E+0003 1.20E+0003 

1350 1.34E+0003 1.35E+0003 

1500 1.49E+0003 1.50E+0003 

Ɍɚɛɥɢɰɚ 8. Ɂɧɚɱɟɧɢɹ ɧɨɪɦɵ ɩɨ ɤɪɢɬɟɪɢɹɦ (11), 

(1β) ɞɥɹ ɫɢɫɬɟɦɵ (1η). 

t  3norma  4norma  

150 1.49E+0002 1.50E+0002 

300 2.99E+0002 2.99E+0002 

450 4.49E+0002 4.49E+0002 

600 5.99E+0002 5.99E+0002 

750 7.49E+0002 7.49E+0002 

900 8.99E+0002 8.99E+0002 

1050 1.04E+0003 1.04E+0003 

1200 1.19E+0003 1.19E+0003 

1350 1.34E+0003 1.34E+0003 

1500 1.49E+0003 1.49E+0003 

Ɉɛɳɟɟ ɪɟɲɟɧɢɟ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɢɦɟɟɬ 
ɜɢɞ ДηЖ 
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Ɉɬɫюɞɚ ɧɭɥɟɜɨɟ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ 
ɧɟɭɫɬɨɣɱɢɜɨ ɫɩɪɚɜɚ Д4Ж, ɱɬɨ ɫɨɜɩɚɞɚɟɬ ɫ 
ɩɪɢɜɟɞɟɧɧɵɦɢ ɜɵɲɟ ɪɟɡɭɥɶɬɚɬɚɦɢ ɱɢɫɥɟɧɧɨɝɨ 
ɤɨɦɩɶюɬɟɪɧɨɝɨ ɚɧɚɥɢɡɚ. 

ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ ɚɧɚɥɢɬɢɱɟɫɤɨɟ 
ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ (1), ɬɨ ɷɬɢɦ ɚɧɚɥɢɬɢɱɟɫɤɢɦ 
ɜɵɪɚɠɟɧɢɟɦ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɡɚɦɟɧɢɬɶ ɪɚɡɧɨɫɬɧɵɟ 
ɩɪɢɛɥɢɠɟɧɢɹ ɪɟɲɟɧɢɣ ɜ ɦɚɬɪɢɰɟ ɢɡ ɫɢɫɬɟɦɵ (γ). 
Сɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɩɪɨɳɚɟɬɫɹ ɤɨɧɫɬɪɭɤɰɢɹ 
ɩɪɨɝɪɚɦɦɵ linИФrТЭОrТвμ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɪɟɲɟɧɢɹ ɢ ɩɪɚɜɨɣ 
ɱɚɫɬɢ ɫɢɫɬɟɦɵ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɪɚɛɨɬɵ 
ɩɪɨɝɪɚɦɦɵ, ɞɢɚɝɨɧɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɦɚɬɪɢɰɵ ɢɡ 
(λ) ɫɬɚɧɨɜɹɬɫɹ ɢɡɜɟɫɬɧɵɦɢ ɮɭɧɤɰɢɹ ɨɬ 
ɩɟɪɟɦɟɧɧɨɣ t . 

ȼ ɢɬɨɝɟ ɤɨɞ ɩɪɨɝɪɚɦɦɵ lin_kriteriy 

ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɤ ɜɢɞɭμ 
program lin_kriteriy_reschur; 
{$APPTYPE CONSOLE} 
uses 
  SysUtils; 

const 
   h=0.00001; n=2; 
type 
matr=array[1..n,1..n] of extended; 
stolb=array[1..n] of extended; 
var 
   A, B, C : matr; 
   t0, t, s, norma : extended; 
   i, j, l : integer; k, k0 : longint; 
   s01 : array[1..n] of extended; 
function y1(t : extended) : extended; 
begin  y1:=t*exp(-t);  end; 
function y2(t : extended) : extended; 
begin  y2:=1/t;  end; 
function f1(t : extended) : extended; 
begin 
f1:=(y1(t)/t)-(sqr(t)*y1(t)*sqr(y2(t))); 
end; 
function f2(t : extended) : extended; 
begin  f2:=-y2(t)/t;  end; 
begin 
   t:=1; k:=100000; 
if (y1(t)<>0) and (y2(t)<>0) then 
begin 
for i:=1 to n do for j:=1 to n do 
begin 
a[1,2]:=0; a[2,1]:=0; 
a[1,1]:=1+(h*f1(t)/y1(t)); 
a[2,2]:=1+(h*f2(t)/y2(t)); 
end; end; 
repeat 
k:=k+1;  t:=t+h; 
if (y1(t)<>0) and (y2(t)<>0) then 
begin 
for i:=1 to n do for j:=1 to n do 
begin 
b[1,1]:=1+(h*f1(t)/y1(t)); 
b[2,2]:=1+(h*f2(t)/y2(t)); 
b[1,2]:=0; b[2,1]:=0; 
end; end; 
for i:=1 to n do for j:=1 to n do 
begin 
s:=0; 
for l:=1 to n do s:=s+a[i,l]*b[l,j]; 
c[i,j]:=s; 
end; 
for i:=1 to n do for j:=1 to n do 
a[i,j]:=c[i,j]; 
if k>=15000000 then 
   begin writeln(‘t=’,t:5:3); 
for i:=1 to n do 
begin 
s01[i]:=0; 
for j:=1 to n do s01[i]:=s01[i]+abs(a[i,j]); 
end; 
norma:=s01[1]; 
for i:=2 to n do 
if s01[i]>norma then norma:=s01[i]; 
writeln(‘norma=’,norma); k:=0; 
end; 
until t>1500; readln; 
end. 

 

ȼ ɬɚɛɥ. λ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ (1η) ɩɪɢ 

ɧɟɧɭɥɟɜɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ( 1,/1 0201  yey ) 

ɩɨ ɤɪɢɬɟɪɢɹɦ (η), (θ) ɫ ɩɨɦɨɳɶю ɩɪɨɝɪɚɦɦɵ 
lin_kriteriy_reschur (ɜɬɨɪɨɣ ɫɬɨɥɛɟɰ ɬɚɛɥ. λ) ɢ ɩɨ 
ɤɪɢɬɟɪɢɹɦ (7), (8) ɫ ɩɨɦɨɳɶю ɩɪɨɝɪɚɦɦɵ 
nelin_kriteriy (ɬɪɟɬɢɣ ɫɬɨɥɛɟɰ ɬɚɛɥ. λ). 
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Ɍɚɛɥɢɰɚ λ. Ɂɧɚɱɟɧɢɹ ɧɨɪɦɵ ɩɨ ɤɪɢɬɟɪɢɹɦ (η)-(8) 

ɞɥɹ ɫɢɫɬɟɦɵ (1η). 

t  5norma  6norma  

150 6.66E-0003 6.66E-0003 

300 3.33E-0003 3.33E-0003 

450 2.22E-0003 2.22E-0003 

600 1.66E-0003 1.66E-0003 

750 1.33E-0003 1.33E-0003 

900 1.11E-0003 1.11E-0003 

1050 9.52E-0004 9.52E-0004 

1200 8.33E-0004 8.33E-0004 

1350 7.40E-0004 7.40E-0004 

1500 6.66E-0004 6.66E-0004 

Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɷɤɜɢɜɚɥɟɧɬɧɵ ɢ ɫɨɨɬɜɟɬɫɬɜɭюɬ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ (1η). 

Ʉɨɧɫɬɪɭɤɰɢɹ ɩɪɨɝɪɚɦɦɵ lin_kriteriy 

ɦɨɠɟɬ ɛɵɬɶ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɚ. Ɍɚɤ ɤɚɤ 
ɧɟɧɭɥɟɜɵɟ ɷɥɟɦɟɧɬɵ ɜ ɩɟɪɟɦɧɨɠɚɟɦɵɯ ɦɚɬɪɢɰɚɯ 
ɧɚɯɨɞɹɬɫɹ ɧɚ ɝɥɚɜɧɨɣ ɞɢɚɝɨɧɚɥɢ, ɬɨ ɜɦɟɫɬɨ 
ɭɦɧɨɠɟɧɢɹ ɦɚɬɪɢɰ ɞɨɫɬɚɬɨɱɧɨ ɩɟɪɟɦɧɨɠɚɬɶ ɥɢɲɶ 
ɢɯ ɞɢɚɝɨɧɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɵɯ 
ɡɧɚɱɟɧɢɹɯ ɩɟɪɟɦɟɧɧɨɣ t . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɛɭɞɟɬ 
ɫɮɨɪɦɢɪɨɜɚɧɨ n  ɩɪɨɢɡɜɟɞɟɧɢɣ, ɝɞɟ n  

ɪɚɡɦɟɪɧɨɫɬɶ ɦɚɬɪɢɰɵ (λ)μ 
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Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɞɭɥɹ ɷɬɢɯ 
ɩɪɨɢɡɜɟɞɟɧɢɣ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɡɧɚɱɟɧɢю 
ɧɨɪɦɵ ɦɚɬɪɢɰɵ ɢ, ɬɟɦ ɫɚɦɵɦ, ɨɧɨ ɛɭɞɟɬ 
ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɯɚɪɚɤɬɟɪ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɫɨɝɥɚɫɧɨ ɤɪɢɬɟɪɢю (η), (θ). 

Ʉɨɞ ɪɟɚɥɢɡɭюɳɟɣ ɷɬɭ ɦɨɞɢɮɢɤɚɰɢю 
ɩɪɨɝɪɚɦɦɵ ɢɦɟɟɬ ɜɢɞμ 
program lin_kriteriy_vektor; 
{$APPTYPE CONSOLE} 
uses 
  SysUtils; 
const 
   h=0.00001; n=2; 
 y0 : array[1..n] of extended=(0.001, 0.001); 
var 
   y1, y2, y11, t0, t, s, norma, p1, p2 : 
extended; 
   i, j, l : integer; k, k0 : longint; 
   s01 : array[1..n] of extended; 
function f1(t, y1, y2 : extended) : extended; 
begin f1:=(y1/t)-(sqr(t)*y1*sqr(y2)); end; 

function f2(t, y1, y2 : extended) : extended; 
begin f2:=-y2/t; end; 
begin 
t:=1; k:=100000; y1:=y0[1]; y2:=y0[2]; 
if (y1<>0) and (y2<>0) then 
begin 
   p1:=(1+(h*f1(t, y1, y2)/y1)); 
   p2:=(1+(h*f2(t, y1, y2)/y2)); 
end; 
repeat 
   y11:=y1; 
   y1:=y1+h*f1(t, y1, y2); 
   y2:=y2+h*f2(t, y11, y2); 
   k:=k+1;  t:=t+h; 
if (y1<>0) and (y2<>0) then 
begin 
   p1:=p1*(1+(h*f1(t, y1, y2)/y1)); 
   p2:=p2*(1+(h*f2(t, y1, y2)/y2)); 
end; 
   if k>=15000000 then 
begin 
writeln(‘t=’,t:5:3); 
if abs(p1)>abs(p2) then norma:=abs(p1) else 
norma:=abs(p2); 
writeln(‘norma=’,norma); k:=0; 
end; 
until t>1500; readln; 
end. 

Ⱦɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɜɵɩɨɥɧɹɟɬ ɩɨɜɬɨɪɧɵɣ 
ɚɧɚɥɢɡ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ (1η) ɧɚ ɨɫɧɨɜɟ 
ɤɪɢɬɟɪɢɟɜ (η), (θ) (ɜɬɨɪɨɣ ɫɬɨɥɛɟɰ ɬɚɛɥ. 10). ȼ 
ɬɚɛɥɢɰɟ ɞɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɜɨɫɩɪɨɢɡɜɨɞɢɬɫɹ 
ɩɪɟɞɵɞɭɳɢɣ ɪɟɡɭɥɶɬɚɬ ɧɚ ɨɫɧɨɜɟ ɤɪɢɬɟɪɢɟɜ (11), 
(1β) (ɬɪɟɬɢɣ ɫɬɨɥɛɟɰ ɬɚɛɥ. 10). 

Ɍɚɛɥɢɰɚ 10. Ɂɧɚɱɟɧɢɹ ɧɨɪɦɵ ɩɨ ɤɪɢɬɟɪɢɹɦ (η), 
(θ), (11), (1β) ɞɥɹ ɫɢɫɬɟɦɵ (1η). 

t  7norma  8norma  

150 1.49E+0002 1.50E+0002 

300 2.99E+0002 3.00E+0002 

450 4.49E+0002 4.50E+0002 

600 5.99E+0002 6.00E+0002 

750 7.49E+0002 7.50E+0002 

900 8.99E+0002 9.00E+0002 

1050 1.04E+0003 1.05E+0003 

1200 1.19E+0003 1.20E+0003 

1350 1.34E+0003 1.35E+0003 

1500 1.49E+0003 1.50E+0003 

Ɋɟɡɭɥɶɬɚɬɵ ɬɨɠɞɟɫɬɜɟɧɧɵ 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɜ ɬɚɛɥɢɰɟ 7, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ 
ɪɚɧɟɟ ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɯɚɪɚɤɬɟɪ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɫɢɫɬɟɦɵ. ɉɪɢ ɷɬɨɦ ɜɪɟɦɹ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ 
ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɳɚɟɬɫɹ, ɬɚɤ ɤɚɤ ɩɪɨɰɟɫɫ 
ɩɟɪɟɦɧɨɠɟɧɢɹ ɦɚɬɪɢɰ ɡɚɦɟɧɹɟɬɫɹ ɩɟɪɟɦɧɨɠɟɧɢɟɦ 
ɫɨɨɬɜɟɬɫɬɜɭюɳɢɯ ɞɢɚɝɨɧɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

Ɂɚɤɥɸɱɟɧɢɟ 

ɉɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɚɧɚɥɢɡɚ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦ ɧɟɥɢɧɟɣɧɵɯ ɈȾУ ɧɚ ɨɫɧɨɜɟ 
ɥɢɧɟɚɪɢɡɚɰɢɢ, ɤɨɬɨɪɚɹ ɫɜɹɡɚɧɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫ 
ɢɫɫɥɟɞɭɟɦɵɦ ɪɟɲɟɧɢɟɦ. Ʉɨɦɩɶюɬɟɪɧɚɹ 
ɪɟɚɥɢɡɚɰɢɹ ɫɯɟɦɵ ɩɨɤɚɡɚɥɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ 
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ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɧɚ ɩɪɚɤɬɢɤɟ. 
Ⱥɧɚɥɢɡ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɨɣ ɫɯɟɦɵ ɩɨɡɜɨɥɹɟɬ 

ɨɩɪɟɞɟɥɢɬɶ ɯɚɪɚɤɬɟɪ ɭɫɬɨɣɱɢɜɨɫɬɢ, 
ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɥɢɛɨ 
ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦ ɧɟɥɢɧɟɣɧɵɯ ɈȾУ ɛɟɡ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɪɟɲɟɧɢɹ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɮɨɪɦɟ, 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨ ɡɧɚɱɟɧɢɹɦ ɪɚɡɧɨɫɬɧɵɯ 
ɩɪɢɛɥɢɠɟɧɢɣ ɪɟɲɟɧɢɹ ɢ ɩɪɚɜɨɣ ɱɚɫɬɢ ɫɢɫɬɟɦɵ. 
Эɬɨ ɜɥɟɱɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɦɩɶюɬɟɪɧɨɝɨ ɚɧɚɥɢɡɚ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ ɜ ɪɟɠɢɦɟ 
ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɛɟɡ ɨɛɪɚɳɟɧɢɹ ɤ 
ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɦɟɬɨɞɚɦ ɤɚɱɟɫɬɜɟɧɧɨɣ ɬɟɨɪɢɢ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ. 
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ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɚɧɚɥɢɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɥɢɧɟɣɧɵх ɫɢɫɬɟɦ. Кɨɦɩɶɸɬɟɪɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɫхɟɦɵ 
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ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵх ɭɪɚɜɧɟɧɢɣ; ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɨ Ʌɹɩɭɧɨɜɭ. 

Bulanov S.G., Ilyuhin A.A. The stability analysis of nonlinear differential equations systems based on 

linearization and multiplicative transformations of difference schemes. It is proposed approach to the 

stability analysis of nonlinear system of ordinary differential equation (ODE) on the basis of linearization 

in the neighborhood of the studied solutions. On this basis, and using multiplicative transformations of 

difference schemes the method of the numerical computer analysis of stability of nonlinear systems is 

constructed. Computer implementation of the scheme allows to unambiguously determine the nature of 

stability, asymptotic stability or instability of nonlinear systems of ODE without presenting the solution in 

an analytical form. A variation of scheme which uses analytical solutions is given. The codes and results 

of the numerical experiment are presented. 

Keywords: Computer simulation of stability; differential solutions differential equations; Lyapunov 

stability. 
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