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Вɜɟɞɟɧɢɟ 
Ɂɚɞɚɱɢ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɯ ɫɢɫɬɟɦ ɨɱɟɧɶ ɱɚɫɬɨ ɫɜɨɞɹɬɫɹ ɤ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɮɨɪɦɚɥɶɧɨɝɨ ɨɩɢɫɚɧɢɹ 

ɩɪɨɬɟɤɚɸɳɟɝɨ ɩɪɨɰɟɫɫɚ, ɦɨɞɟɥɶ ɤɨɬɨɪɨɝɨ 
ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ 
ɦɧɨɠɟɫɬɜɨ ɩɪɨɰɟɫɫɨɜ ɦɨɠɧɨ ɨɩɢɫɚɬɶ 
ɨɩɪɟɞɟɥɟɧɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɭɪɚɜɧɟɧɢɟɦ. 
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ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ, ɞɥɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɱɢɫɥɟɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɛɭɞɟɬ ɜɵɛɪɚɧ 
ɫɢɫɬɟɦɧɵɣ ɩɨɞɯɨɞ «ɍɡɟɥ-Ɏɭɧɤɰɢɹ-Ɉɛɴɟɤɬ» ɤɚɤ 
ɟɞɢɧɵɣ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɩɨɞɯɨɞ ɤ ɢɫɫɥɟɞɨɜɚɧɢɸ 
ɹɜɥɟɧɢɣ ɥɸɛɨɣ ɩɪɢɪɨɞɵ Д1, ɫ. 2Ж. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ, 
ɜ ɬɨɦ ɱɢɫɥɟ, ɩɪɢɡɜɚɧ ɨɛɟɫɩɟɱɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ 
ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜɫɟɯ ɜɢɞɨɜ 
ɡɧɚɧɢɣ. 

ɍɩɨɦɹɧɭɬɵɣ ɩɨɞɯɨɞ ɹɜɥɹɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɨɜɵɦ ɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɱɢɫɥɟɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ. Ⱦɨ ɧɚɫɬɨɹɳɟɝɨ 
ɜɪɟɦɟɧɢ ɞɚɧɧɵɣ ɩɨɞɯɨɞ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɤɚɤ 
ɫɪɟɞɫɬɜɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɢɡɧɟɫ-ɩɪɨɰɟɫɫɨɜ, 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɡɧɚɧɢɣ, ɚ ɬɚɤɠɟ ɫɥɚɛɨ 
ɮɨɪɦɚɥɢɡɭɟɦɵɯ ɩɪɟɞɦɟɬɧɵɯ ɨɛɥɚɫɬɟɣ. 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɩɨɞɯɨɞɚ ɞɥɹ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɡɧɚɧɢɣ ɫ ɰɟɥɶɸ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɩɪɨɰɟɫɫɚ ɪɟɲɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɨɛɭɫɥɨɜɥɟɧɨ ɫɥɟɞɭɸɳɢɦɢ ɫɨɨɛɪɚɠɟɧɢɹɦɢ. 

ɉɪɟɞɦɟɬɧɚɹ ɨɛɥɚɫɬɶ, ɜ ɪɚɦɤɚɯ ɤɨɬɨɪɨɣ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ, ɫɚɦɚ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɭɸ ɫɢɫɬɟɦɭ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɧɚɧɢɹ ɨɛ ɷɬɨɣ ɩɪɟɞɦɟɬɧɨɣ 
ɨɛɥɚɫɬɢ ɬɚɤɠɟ ɞɨɥɠɧɵ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ 
ɫɢɫɬɟɦɭ. Ⱥɧɚɥɢɡ, ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜ ɥɢɬɟɪɚɬɭɪɟ ɩɨ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɚɬɟɦɚɬɢɤɟ ɢ ɱɢɫɥɟɧɧɵɦ 
ɦɟɬɨɞɚɦ, ɜɢɞɨɜ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɜɫɟ 
ɜɢɞɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɦɨɝɭɬ ɛɵɬɶ 
ɫɜɟɞɟɧɵ ɤ ɬɪɟɦ ɛɚɡɨɜɵɦ ɜɢɞɚɦ: ɞɚɧɧɵɦ ɨ 
ɡɚɜɢɫɢɦɵɯ ɢ ɧɟɡɚɜɢɫɢɦɵɯ ɩɚɪɚɦɟɬɪɚɯ ɮɭɧɤɰɢɣ 
(ɧɚ ɭɪɨɜɧɟ ɜɯɨɞɨɜ-ɜɵɯɨɞɨɜ), ɩɪɨɰɟɞɭɪɧɵɦ 
ɞɚɧɧɵɦ (ɨ ɞɢɧɚɦɢɤɟ ɟɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ) ɢ 
ɞɟɤɥɚɪɚɬɢɜɧɵɦ ɞɚɧɧɵɦ ɨ ɫɭɛɫɬɚɧɰɢɢ ɫɢɫɬɟɦɵ (ɨɛ 
ɨɛɴɟɤɬɟ, ɜɵɩɨɥɧɹɸɳɟɦ ɮɭɧɤɰɢɸ). 
ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɫɨɨɛɪɚɠɟɧɢɹ ɢ ɨɛɭɫɥɚɜɥɢɜɚɸɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɍɎɈ-ɩɨɞɯɨɞɚ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 
ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

 

Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ 
ɇɚ ɬɟɤɭɳɟɦ ɷɬɚɩɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɰɟɥɶɸ 

ɹɜɥɹɥɨɫɶ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɪɟɲɟɧɢɹ 
ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ ɜ 
ɬɟɪɦɢɧɚɯ ɮɨɪɦɚɥɢɡɨɜɚɧɧɨɝɨ 
ɝɪɚɮɨɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ «ɍɡɟɥ-Ɏɭɧɤɰɢɹ-

Ɉɛɴɟɤɬ». 
Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ 

ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 
- ɚɞɚɩɬɢɪɨɜɚɬɶ ɍɎɈ-ɩɨɞɯɨɞ ɤ ɡɚɞɚɱɟ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɫ ɰɟɥɶɸ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɪɟɲɟɧɢɹ ɨɛɵɤɧɨɜɟɧɧɵɯ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ; 
- ɪɚɡɪɚɛɨɬɚɬɶ ɞɢɚɝɪɚɦɦɵ, ɨɬɪɚɠɚɸɳɢɟ 

ɩɪɨɰɟɫɫ ɪɟɲɟɧɢɹ ɨɛɵɤɧɨɜɟɧɧɵɯ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɜ 
ɬɟɪɦɢɧɚɯ «ɍɡɟɥ-Ɏɭɧɤɰɢɹ-Ɉɛɴɟɤɬ»; 

- ɩɪɟɞɫɬɚɜɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɣ; 
- ɩɨɫɬɪɨɢɬɶ ɝɪɚɮɢɤɢ ɮɭɧɤɰɢɣ ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɝɪɚɦɦɵ UFOModeler; 

- ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɱɧɨɫɬɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 
ɜɵɱɢɫɥɟɧɢɣ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 
UFOModeler. 

Ȼɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɩɪɨɰɟɫɫ ɢɬɟɪɚɬɢɜɧɨɝɨ 
ɜɵɱɢɫɥɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ 
ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɜ ɜɢɞɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɷɬɚɩɨɜ, 
ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɨɛɥɚɞɚɟɬ ɪɟɡɭɥɶɬɚɬɨɦ. 
ɉɪɢɱɟɦ ɥɸɛɚɹ ɫɜɹɡɶ (ɩɨɬɨɤ) ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ 
ɩɪɨɰɟɫɫɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɨɪ ɤɚɱɟɫɬɜɟɧɧɵɯ 
ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɧɟɤɨɬɨɪɨɝɨ 
ɨɛɴɟɤɬɚ, ɤɨɬɨɪɵɣ ɫɨɡɞɚɟɬɫɹ ɢɥɢ ɜɵɩɨɥɧɹɟɬɫɹ ɜ 
ɪɚɦɤɚɯ ɬɟɤɭɳɟɝɨ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ ɪɟɲɟɧɢɹ ɨɛɵɤɧɨɜɟɧɧɨɝɨ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɫ 
ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɗɣɥɟɪɚ-Ʉɨɲɢ:  

yxy 2' 2     (1) 

Ɇɟɬɨɞ ɗɣɥɟɪɚ-Ʉɨɲɢ ɹɜɥɹɟɬɫɹ ɦɨɞɢɮɢɤɚɰɢɟɣ 
ɦɟɬɨɞɚ ɗɣɥɟɪɚ ɢ ɢɦɟɟɬ ɜɬɨɪɨɣ ɩɨɪɹɞɨɤ ɬɨɱɧɨɫɬɢ 
ɜɵɱɢɫɥɟɧɢɹ. 

Ʉɨɧɬɟɤɫɬɧɚɹ ɦɨɞɟɥɶ ɬɚɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 

ɂɫɯɨɞɹ ɢɡ ɪɢɫɭɧɤɚ 1, ɩɪɨɰɟɫɫ ɜɵɱɢɫɥɟɧɢɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ (1) ɦɨɠɧɨ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɨɩɪɟɞɟɥɟɧɢɟ ɮɭɧɤɰɢɢ y ɨɬ 
«ɧɟɡɚɜɢɫɢɦɵɯ ɩɚɪɚɦɟɬɪɨɜ», ɤ ɧɢɦ ɨɬɧɨɫɹɬ: 
ɢɧɬɟɪɜɚɥ ɧɚ ɤɨɬɨɪɨɦ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɮɭɧɤɰɢɹ 
Д0..1Ж, ɲɚɝ ɪɚɡɛɢɟɧɢɹ ɢɧɬɟɪɜɚɥɚ – 0.1. 

ɉɪɢ ɷɬɨɦ ɡɚɞɚɞɢɦ ɧɚɱɚɥɶɧɨɟ ɭɫɥɨɜɢɟ 
ɪɟɲɟɧɢɹ y(0)=1 – «ɡɚɜɢɫɢɦɵɣ ɩɚɪɚɦɟɬɪ». 

ɉɟɪɜɵɣ ɭɡɟɥ ɞɢɚɝɪɚɦɦɵ «ɢɧɤɪɟɦɟɧɬ ɲɚɝɚ h» 
ɨɬɜɟɱɚɟɬ ɡɚ ɩɪɨɯɨɞ ɩɨ ɜɫɟɦɭ ɢɧɬɟɪɜɚɥɭ 
ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ ɫ ɡɚɞɚɧɧɵɦ ɜ ɭɫɥɨɜɢɢ 
ɲɚɝɨɦ. Ⱦɚɧɧɵɣ ɭɡɟɥ ɨɛɪɚɡɭɟɬ ɫɜɹɡɶ ɫ ɭɡɥɨɦ 
«ɜɵɱɢɫɥɟɧɢɟ ɩɪɢɪɚɳɟɧɢɹ y», ɜ ɤɨɬɨɪɨɦ 
ɜɵɩɨɥɧɹɟɬɫɹ ɜɵɱɢɫɥɟɧɢɟ ),(

ii
yxf  ɢ )~,(

11  ii
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ɝɞɟ i=0,1,2,...,n. 

ɑɢɫɥɨ n – ɤɨɥɢɱɟɫɬɜɨ ɲɚɝɨɜ, ɨɩɪɟɞɟɥɹɟɦɨɟ 
ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɢɧɬɟɪɜɚɥɚ ɤ ɪɚɡɦɟɪɭ ɲɚɝɭ: 

h

xx
n n 0


    (5) 
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Ɋɢɫ. 1. Ʉɨɧɬɟɤɫɬɧɚɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɜɵɱɢɫɥɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ 

Fig. 1. The contextual process model calculations differential equation

Ƚɟɨɦɟɬɪɢɱɟɫɤɢ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɫɧɚɱɚɥɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɩɪɚɜɥɟɧɢɟ ɢɧɬɟɝɪɚɥɶɧɨɣ ɤɪɢɜɨɣ ɜ 
ɢɫɯɨɞɧɨɣ ɬɨɱɤɟ (xi, yi) ɢ ɜɨ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ ɬɨɱɤɟ 

)~,(
11  ii

yx , ɚ ɜ ɤɚɱɟɫɬɜɟ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɧɚɩɪɚɜ-

ɥɟɧɢɹ ɛɟɪɟɬɫɹ ɫɪ1ɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɷɬɢɯ ɧɚɩɪɚɜ-

ɥɟɧɢɣ. 
Ⱦɚɥɟɟ ɩɚɪɚɦɟɬɪɵ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ 

ɜ ɬɟɤɭɳɟɦ ɭɡɥɟ, ɩɟɪɟɞɚɸɬɫɹ ɤ ɫɥɟɞɭɸɳɟɦɭ 
ɫɜɹɡɚɧɧɨɦɭ ɭɡɥɭ «ɜɵɱɢɫɥɟɧɢɟ ɮɭɧɤɰɢɢ y» ɜ 
ɤɨɬɨɪɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɧɚ 
ɬɟɤɭɳɟɦ ɲɚɝɟ ɢɧɬɟɪɜɚɥɚ: 

2

))~,(),((*
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɟ ɪɟɲɟɧɢɟ 
ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɷɬɚɩɨɜ. Ɍɚɤ ɤɚɤ ɚɥɝɨɪɢɬɦ 
ɨɩɪɟɞɟɥɟɧɢɹ ɮɭɧɤɰɢɢ ɹɜɥɹɟɬɫɹ ɢɬɟɪɚɬɢɜɧɵɦ, ɬɨ 
ɨɬɜɟɬ, ɩɨɥɭɱɟɧɧɵɣ ɧɚ ɞɚɧɧɨɦ ɲɚɝɟ, ɜɨɡɜɪɚɳɚɟɬɫɹ 
ɱɟɪɟɡ ɫɜɹɡɶ ɤ ɩɟɪɜɨɦɭ ɭɡɥɭ ɞɢɚɝɪɚɦɦɵ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɚ ɨɱɟɪɟɞɧɨɝɨ ɲɚɝɚ. 

ɋɥɟɞɭɸɳɢɟ ɦɟɬɨɞɵ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ 
ɢɦɟɸɬ ɚɧɚɥɨɝɢɱɧɵɟ ɞɢɚɝɪɚɦɦɵ ɦɨɞɟɥɟɣ, ɧɟ 
ɬɪɟɛɭɸɬ ɢɥɥɸɫɬɪɚɰɢɢ ɢ ɩɨɞɪɨɛɧɨɝɨ ɨɩɢɫɚɧɢɹ, 
ɨɬɥɢɱɚɸɬɫɹ ɬɨɥɶɤɨ ɮɨɪɦɭɥɚɦɢ ɜɵɱɢɫɥɟɧɢɹ 
ɩɪɢɪɚɳɟɧɢɹ ɨɱɟɪɟɞɧɨɝɨ ɲɚɝɚ. 

Ɋɚɫɫɦɨɬɪɢɦ ɪɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ 
ɭɪɚɜɧɟɧɢɹ (1) ɫ ɩɨɦɨɳɶɸ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɨɝɨ 

ɦɟɬɨɞɚ ɗɣɥɟɪɚ. ɍɥɭɱɲɟɧɢɟ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɬɨɦ, ɱɬɨ ɨɬɪɟɡɤɢ, ɩɨɫɬɪɨɟɧɧɵɟ ɦɟɠɞɭ ɬɨɱɤɚɦɢ 
ɮɭɧɤɰɢɢ, ɞɨɥɠɧɵ ɛɵɬɶ ɩɚɪɚɥɥɟɥɶɧɵ ɤɚɫɚɬɟɥɶɧɵɦ, 

ɤɨɬɨɪɵɟ ɩɪɨɜɟɞɟɧɵ ɤ ɝɪɚɮɢɤɭ ɮɭɧɤɰɢɢ y’ ɧɟ ɧɚ 
ɥɟɜɵɯ ɤɪɚɹɯ, ɚ ɩɨ ɰɟɧɬɪɭ ɢɧɬɟɪɜɚɥɨɜ ɪɚɡɛɢɟɧɢɹ. 
ɋɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɷɬɨɝɨ ɦɟɬɨɞɚ ɟɫɬɶ 
ɜɟɥɢɱɢɧɚ Ɉ(h2). 

ɉɪɢɜɟɞɟɦ ɮɨɪɦɭɥɭ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɨɝɨ 
ɦɟɬɨɞɚ ɗɣɥɟɪɚ ɞɥɹ ɭɡɥɚ «ɜɵɱɢɫɥɟɧɢɟ ɩɪɢɪɚɳɟɧɢɹ 
y»: 
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ɉɪɢɜɟɞɟɦ ɮɨɪɦɭɥɭ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɨɝɨ 
ɦɟɬɨɞɚ ɗɣɥɟɪɚ ɞɥɹ ɭɡɥɚ ɞɢɚɝɪɚɦɦɵ «ɜɵɱɢɫɥɟɧɢɟ 
ɮɭɧɤɰɢɢ y»: 
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Ɋɚɫɫɦɨɬɪɢɦ ɪɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ 
ɭɪɚɜɧɟɧɢɹ (1) ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ Ɋɭɧɝɟ-Ʉɭɬɬɚ 
ɱɟɬɜɟɪɬɨɝɨ ɩɨɪɹɞɤɚ. 

Ⱦɚɧɧɵɣ ɦɟɬɨɞ Ɋɭɧɝɟ-Ʉɭɬɬɚ ɬɪɟɛɭɟɬ ɧɚ 
ɤɚɠɞɨɦ ɲɚɝɟ ɱɟɬɵɪɟɯɤɪɚɬɧɨɝɨ ɜɵɱɢɫɥɟɧɢɹ 
ɩɪɚɜɨɣ ɱɚɫɬɢ f(x, y) ɭɪɚɜɧɟɧɢɹ (1). ɋɭɦɦɚɪɧɚɹ 
ɩɨɝɪɟɲɧɨɫɬɶ ɷɬɨɝɨ ɦɟɬɨɞɚ ɟɫɬɶ ɜɟɥɢɱɢɧɚ Ɉ(h4). 

ɉɪɢɜɟɞɟɦ ɮɨɪɦɭɥɭ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɨɝɨ 
ɦɟɬɨɞɚ Ɋɭɧɝɟ-Ʉɭɬɬɚ ɞɥɹ ɭɡɥɚ «ɜɵɱɢɫɥɟɧɢɟ 
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ɉɪɢɜɟɞɟɦ ɮɨɪɦɭɥɭ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɨɝɨ 
ɦɟɬɨɞɚ Ɋɭɧɝɟ-Ʉɭɬɬɚ ɞɥɹ ɭɡɥɚ ɞɢɚɝɪɚɦɦɵ 
«ɜɵɱɢɫɥɟɧɢɟ ɮɭɧɤɰɢɢ y»:  
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ɋɪɚɜɧɢɦ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ, 
ɩɪɨɜɟɞɟɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɟ «UFOModeler» ɫ 
ɬɨɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɮɭɧɤɰɢɢ:  
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ȼɵɱɢɫɥɢɦ ɩɨɝɪɟɲɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 
ɦɟɬɨɞɨɜ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɬɨɱɧɨɦɭ ɡɧɚɱɟɧɢɸ y*. 

Ɂɚɧɟɫɟɦ ɞɚɧɧɵɟ ɜ ɫɜɨɞɧɭɸ ɬɚɛɥɢɰɭ. 

 

Ɍɚɛɥɢɰɚ  
ɉɨɝɪɟɲɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɦɟɬɨɞɚ 

Table 

Error of calculation of the differential equation depending on the method used 

h 

ɲɚɝ 

Ɇ. 
ɗɣɥɟɪɚ-

Ʉɨɲɢ 

ɉɨɝɪɟɲ-ɬɶ 
Ɇ. ɗɣɥɟɪɚ-

Ʉɨɲɢ 

Ɇ. ɍɫɨɜ-ɣ 
ɗɣɥɟɪɚ 

ɉɨɝɪɟɲ-ɬɶ 
Ɇ. ɍɫɨɜ-ɝɨ 

ɗɣɥɟɪɚ 

Ɇ. Ɋɭɧɝɟ-

Ʉɭɬɬɚ 

ɉɨɝɪɟɲ-ɬɶ 
Ɇ. Ɋɭɧɝɟ-

Ʉɭɬɬɚ 

Ɍɨɱɧɵɟ 
ɡɧɚɱɟɧɢɹ 

y* 

0 1 0 1 0 1 0 1 

0,1 0,820500 0,001452 0,820250 0,001202 0,819051 0,00000283 0,819048 

0,2 0,675210 0,00247 0,674755 0,002015 0,672745 0,00000472 0,672740 

0,3 0,559772 0,0031632 0,559149 0,0025401 0,556615 0,00000569 0,556609 

0,4 0,470613 0,0036162 0,469852 0,002855 0,467004 0,00000650 0,466997 

0,5 0,404803 0,00389283 0,403929 0,00301885 0,400917 0,00000683 0,400910 

0,6 0,359938 0,00404232 0,358972 0,00307566 0,355903 0,00000714 0,355896 

0,7 0,334049 0,00410142 0,333007 0,00305876 0,329955 0,00000727 0,329948 

0,8 0,325521 0,00409853 0,324416 0,00299354 0,321430 0,00000788 0,321422 

0,9 0,333027 0,00405283 0,331871 0,00289675 0,328982 0,00000752 0,328974 

1 0,355482 0,003981 0,354284 0,00278301 0,351509 0,00000764 0,351501 

ɂɫɯɨɞɹ ɢɡ ɡɧɚɱɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 1 
ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɦɟɬɨɞ Ɋɭɧɝɟ-

Ʉɭɬɬɚ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɛɥɢɡɤɢɦ ɩɨ ɨɬɧɨɲɟɧɢɸ 
ɤ ɬɨɱɧɨɦɭ ɡɧɚɱɟɧɢɸ, ɩɨɝɪɟɲɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ е| < 

0,00001. Ɇɟɬɨɞ ɗɣɥɟɪɚ-Ʉɨɲɢ ɢ 
ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɵɣ ɦɟɬɨɞ ɗɣɥɟɪɚ ɨɛɥɚɞɚɸɬ 
ɦɟɧɶɲɢɦ ɤɥɚɫɫɨɦ ɬɨɱɧɨɫɬɢ, ɩɨɝɪɟɲɧɨɫɬɶ ɞɚɧɧɵɯ 
ɦɟɬɨɞɨɜ ɫɨɫɬɚɜɥɹɟɬ е| < 0,01. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɬɚɛɥɢɰɵ ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤɢ 
ɮɭɧɤɰɢɣ. ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɮɭɧɤɰɢɟɣ ɩɨɫɬɪɨɟɧɢɹ 
ɝɪɚɮɢɤɨɜ, ɜɫɬɪɨɟɧɧɨɣ ɜ ɩɪɨɝɪɚɦɦɭ 
«UFOModeler». 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɢ 
ɮɭɧɤɰɢɣ, ɢɡ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 
ɬɨɱɧɨɫɬɢ ɩɪɢɛɥɢɠɟɧɧɵɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɣ. 
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Ɋɢɫ. 2. Ɋɚɡɥɢɱɢɹ ɝɪɚɮɢɤɨɜ ɮɭɧɤɰɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɝɪɟɲɧɨɫɬɟɣ 

Fig. 2. Differences of graphs of functions depending on the error

Зɚɤɥɸɱɟɧɢɟ 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɢɡɜɟɞɟɧɚ ɚɞɚɩɬɚɰɢɹ  

ɍɎɈ-ɩɨɞɯɨɞɚ ɤ ɡɚɞɚɱɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɫ ɰɟɥɶɸ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɩɪɨɰɟɫɫɚ ɪɟɲɟɧɢɹ ɨɛɵɤɧɨɜɟɧɧɵɯ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ. 

Ɋɚɡɪɚɛɨɬɚɧɵ ɞɢɚɝɪɚɦɦɵ, ɨɬɪɚɠɚɸɳɢɟ 
ɩɪɨɰɟɫɫ ɪɟɲɟɧɢɹ ɨɛɵɤɧɨɜɟɧɧɵɯ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɜ 
ɬɟɪɦɢɧɚɯ «ɍɡɟɥ-Ɏɭɧɤɰɢɹ-Ɉɛɴɟɤɬ». 
ɋɮɨɪɦɢɪɨɜɚɧɚ ɫɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɪɟɡɭɥɶɬɚɬɨɜ 
ɜɵɱɢɫɥɟɧɢɣ. 

ɉɨɫɬɪɨɟɧɵ ɝɪɚɮɢɤɢ ɪɟɡɭɥɶɬɢɪɭɸɳɢɯ 
ɮɭɧɤɰɢɣ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 
«UFOModeler». 

ɂɦɢɬɚɰɢɨɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 
UFOModeler ɫɩɨɫɨɛɧɨ ɜɟɫɬɢ ɜɵɱɢɫɥɟɧɢɹ ɫ 
ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ, ɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ 
ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ. 
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