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Ⱥɧɧɨɬɚɰɢɹ  
Ɉɛɫɭɠɞɚɸɬɫɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɣ АШХПrКЦ RОsОКrМС, ɦɟɬɨɞɢɱɟɫɤɢɟ ɢ 
ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ, ɤɨɬɨɪɵɟ ɫɭɳɟɫɬɜɟɧɧɨ ɞɨɩɨɥɧɹɸɬ ɧɚɛɨɪ ɢɧɫɬɪɭɦɟɧɬɨɜ ɫɨɡɞɚɧɢɹ, 
ɫɨɩɪɨɜɨɠɞɟɧɢɹ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɠɢɜɨɝɨ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɤɨɧɬɟɧɬɚ, ɪɟɤɨɦɟɧɞɭɟɦɨɝɨ ɤ 
ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɜ ɭɱɟɛɧɨɦ ɩɪɨɰɟɫɫɟ ɩɪɢ ɩɪɟɩɨɞɚɜɚɧɢɢ ɞɢɫɰɢɩɥɢɧ ɢ ɢɡɭɱɟɧɢɢ ɪɚɡɞɟɥɨɜ ɩɨ 
ɨɫɧɨɜɚɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɦɟɯɚɧɢɤɟ. ɉɨɹɫɧɹɸɬɫɹ ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ 
ɢɧɬɟɪɚɤɬɢɜɧɨɫɬɶ ɷɥɟɤɬɪɨɧɧɵɯ ɪɟɫɭɪɫɨɜ ɬɢɩɨɜɵɟ ɷɥɟɦɟɧɬɵ, ɤɥɸɱɟɜɵɟ ɤɨɧɫɬɪɭɤɰɢɢ, 
ɮɭɧɤɰɢɢ ɢ ɨɩɰɢɢ ɫɢɫɬɟɦɵ ɤɨɦɩɶɸɬɟɪɧɨɣ ɚɥɝɟɛɪɵ Mathematica. 

ɉɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ ɢɡ ɩɪɚɤɬɢɤɢ ɩɨɞɝɨɬɨɜɤɢ ɭɱɟɛɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɢɫɰɢɩɥɢɧ 
«Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ» ɧɟɫɤɨɥɶɤɢɯ ɫɩɟɰɢɚɥɢɡɚɰɢɣ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɢɧɬɟɪɚɤɬɢɜɧɵɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɟ ɪɟɫɭɪɫɵ; ɫɢɫɬɟɦɚ ɤɨɦɩɶɸɬɟɪɧɨɣ 
ɚɥɝɟɛɪɵ Mathematica; ɮɨɪɦɚɬ ɜɵɱɢɫɥɹɟɦɵɯ ɞɨɤɭɦɟɧɬɨɜ; ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 
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Abstract 
The article discusses the possibilities of using the Wolfram Research technologies, the 

methodological and technical solutions, which considerably implement a set of tools for creation, 

maintenance and distribution of the live dynamic content which is recommended for use in the 

educational process in teaching disciplines and learning sections on the basics of computer 

modelling in mechanics. The authors explain the typical elements, providing the interactivity of 

electronic resources, the key constructions, functions and options of the Mathematica computer 

algebra system.  

The authors give examples from their practice of preparation of teaching materials of the 

discipline «Computer Modelling» of several specializations.  

Keywords: interactive educational resources; Mathematica computer algebra system; 

Computable Document Format; computer graphics. 

ȼɜɟɞɟɧɢɟ 
ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 
ɩɪɢɨɪɢɬɟɬɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ 
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ɫɨɜɪɟɦɟɧɧɨɝɨ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ Д0, 2Ж. ȼ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɩɩɚɪɚɬɧɨɟ ɢ ɩɪɨɝɪɚɦɦɧɨɟ 
ɨɛɟɫɩɟɱɟɧɢɟ ɤɨɦɩɶɸɬɟɪɨɜ ɢ ɪɚɡɧɨɨɛɪɚɡɧɵɯ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɩɪɟɞɨɫɬɚɜɥɹɸɬ 
ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɥɹ ɫɨɡɞɚɧɢɹ 
ɷɥɟɤɬɪɨɧɧɵɯ ɫɩɟɰɢɚɥɶɧɵɯ «ɞɨɤɭɦɟɧɬɨɜ» ɫ 
ɤɨɦɩɨɧɟɧɬɚɦɢ ɢɧɬɟɥɥɟɤɬɚ, ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɢɧɬɟɪɚɤɬɢɜɧɨɫɬɢ. Ɍɚɤɢɟ ɦɚɬɟɪɢɚɥɵ 
(«ɞɨɤɭɦɟɧɬɵ») ɢɦɟɸɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ ɩɟɪɟɞ 
ɩɟɱɚɬɧɵɦɢ ɢɡɞɚɧɢɹɦɢ. Ⱥɤɬɭɚɥɶɧɨɣ (ɨɫɨɛɟɧɧɨ ɩɪɢ 
ɨɪɝɚɧɢɡɚɰɢɢ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɨɛɭɱɟɧɢɹ Д3]), 

ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɝɪɚɦɦɧɵɯ 
ɫɪɟɞɫɬɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɪɟɲɚɬɶ ɜɨɩɪɨɫɵ ɫɨɡɞɚɧɢɹ 
ɢ ɫɨɩɪɨɜɨɠɞɟɧɢɹ ɢɧɬɟɪɚɤɬɢɜɧɵɯ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ ɲɢɪɨɤɨɦɭ ɤɪɭɝɭ 
ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɬɟɦ, ɤɬɨ ɧɟ ɢɦɟɟɬ 
ɨɩɵɬɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ 
ɩɨɥɭɱɢɥɢ ɢɡɥɨɠɟɧɧɵɟ ɜ Д4Ж ɬɟɯɧɢɱɟɫɤɢɟ 
ɪɟɲɟɧɢɹ, ɜɤɥɸɱɚɸɳɢɟ ɩɪɢɦɟɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɣ 
ɤɨɦɩɚɧɢɢ АШХПrКЦ RОsОКrМС. ȼ ɱɚɫɬɧɨɫɬɢ, 
ɨɬɦɟɱɟɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ 
ɫɢɫɬɟɦɵ ɤɨɦɩɶɸɬɟɪɧɨɣ ɚɥɝɟɛɪɵ Mathematica 

[5Ж, ɮɨɪɦɚɬɚ ɜɵɱɢɫɥɹɟɦɵɯ ɞɨɤɭɦɟɧɬɨɜ CDF Д6], 

ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɢɥɨɠɟɧɢɣ-ɩɪɨɟɤɬɨɜ ɢɡ ɤɚɬɚɥɨɝɚ 
Wolfram Demonstrations [7Ж ɞɥɹ ɫɨɡɞɚɧɢɹ, 
ɫɨɩɪɨɜɨɠɞɟɧɢɹ ɢ ɫɜɨɛɨɞɧɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 
ɢɧɬɟɪɚɤɬɢɜɧɵɯ ɝɪɚɮɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ, 
ɩɪɨɝɪɚɦɦɧɵɯ ɦɨɞɭɥɟɣ, ɢɥɥɸɫɬɪɢɪɭɸɳɢɯ 
ɪɟɲɟɧɢɹ ɤɥɚɫɫɢɱɟɫɤɢɯ ɢ ɫɨɜɪɟɦɟɧɧɵɯ ɡɚɞɚɱ 
ɦɟɯɚɧɢɤɢ ɫɩɥɨɲɧɵɯ ɫɪɟɞ. ɉɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ 
ɢɡ ɩɪɚɤɬɢɤɢ ɩɨɞɝɨɬɨɜɤɢ ɭɱɟɛɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɞɢɫɰɢɩɥɢɧ ɫɩɟɰɢɚɥɢɡɚɰɢɢ «Ʉɨɦɩɶɸɬɟɪɧɵɣ 
ɫɟɪɜɢɫ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ» Д8], 

«Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ» Д9Ж. ɋɩɟɰɢɮɢɤɚ 
ɩɪɟɩɨɞɚɜɚɧɢɹ ɧɚɡɜɚɧɧɵɯ ɩɪɟɞɦɟɬɨɜ ɫɨɫɬɨɢɬ ɜ 
ɬɨɦ, ɱɬɨ ɜɨ ɦɧɨɝɢɯ ɬɟɦɚɯ ɷɬɢɯ ɞɢɫɰɢɩɥɢɧ 
ɢɡɭɱɚɸɬɫɹ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɫɨ ɫɥɨɠɧɨɣ 
ɦɚɬɟɦɚɬɢɤɨɣ, ɞɥɹ ɩɨɧɢɦɚɧɢɹ ɬɪɟɛɭɟɬɫɹ 
ɫɨɩɪɨɜɨɠɞɚɸɳɢɣ ɝɪɚɮɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ, 
ɩɪɢɱɟɦ ɫ ɢɥɥɸɫɬɪɚɰɢɹɦɢ ɞɢɧɚɦɢɤɢ ɩɪɨɰɟɫɫɨɜ. 
Ɉɬɞɟɥɶɧɨ ɨɬɦɟɬɢɦ, ɱɬɨ ɧɚɝɥɹɞɧɨɫɬɶ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɜɨɡɦɨɠɧɨɫɬɶ 
ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɜɨɨɛɪɚɠɚɟɦɵɯ ɦɨɞɟɥɟɣ ɩɨ ɢɯ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɨɩɢɫɚɧɢɹɦ - ɨɞɧɨ ɢɡ 
ɧɟɨɛɯɨɞɢɦɵɯ ɬɪɟɛɨɜɚɧɢɣ ɞɥɹ ɤɨɪɪɟɤɬɧɨɝɨ 
ɩɨɧɢɦɚɧɢɹ ɫɭɬɢ ɦɨɞɟɥɟɣ ɢ ɢɯ ɨɩɢɫɚɧɢɣ. ȼ 
ɨɬɞɟɥɶɧɵɯ ɬɟɦɚɯ ɧɚɡɜɚɧɧɵɯ ɞɢɫɰɢɩɥɢɧ 
ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɧɟ ɬɨɥɶɤɨ 

ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɚɹ, ɧɨ ɢ ɬɪɭɞɨɟɦɤɚɹ ɜ 
ɜɵɤɥɚɞɤɚɯ, ɩɨɷɬɨɦɭ ɜɚɠɧɨ ɢɦɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ 
ɞɟɥɚɬɶ ɭɩɪɨɳɟɧɢɹ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɩɪɢɱёɦ ɜ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɧɨɬɚɰɢɢ, ɧɚ ɩɟɪɫɨɧɚɥɶɧɨɦ 
ɤɨɦɩɶɸɬɟɪɟ. Ɉɛɳɢɟ ɜɨɩɪɨɫɵ ɩɨɞɝɨɬɨɜɤɢ ɢ 
ɚɞɚɩɬɚɰɢɢ ɤ ɤɨɧɤɪɟɬɧɵɦ ɝɪɭɩɩɚɦ ɩɨɥɶɡɨɜɚɬɟɥɟɣ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɧɬɟɪɚɤɬɢɜɧɵɯ ɫɜɨɛɨɞɧɨ 
ɪɚɫɩɪɨɫɬɪɚɧɹɟɦɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɦɨɞɭɥɟɣ 
ɩɪɢɜɟɞɟɧɵ ɜ Д10Ж, ɜ ɱɚɫɬɧɨɫɬɢ ɨɛɨɫɧɨɜɚɧɚ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɩɪɢɧɹɬɢɹ ɫɢɫɬɟɦɵ 
Mathematica ɜ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɣ ɩɥɚɬɮɨɪɦɵ. 

ɉɪɢɦɟɪɵ ɢ ɢɥɥɸɫɬɪɚɰɢɢ ɢɧɬɟɪɚɤɬɢɜɧɵɯ 
ɭɱɟɛɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ 
ɚɩɩɚɪɚɬ ɦɟɯɚɧɢɤɢ ɫɩɥɨɲɧɵɯ ɫɪɟɞ ɫɨɞɟɪɠɢɬɫɹ ɜ 
ɫɢɫɬɟɦɟ Mathematica ɜ ɨɛɴɟɦɟ, ɩɪɟɜɵɲɚɸɳɟɦ 
ɥɸɛɨɣ ɭɱɟɛɧɢɤ ȼɍɁɚ. ȼ ɫɢɫɬɟɦɟ ɪɟɚɥɢɡɨɜɚɧɵ 
ɜɫɟ ɢɡɜɟɫɬɧɵɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ 
ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɢ 
ɭɪɚɜɧɟɧɢɣ ɫ ɱɚɫɬɧɵɦɢ ɩɪɨɢɡɜɨɞɧɵɦɢ, ɪɟɲɟɧɢɹ 
ɩɨɹɫɧɹɸɬɫɹ ɩɪɢɦɟɪɚɦɢ, ɤɨɬɨɪɵɟ ɩɨɥɶɡɨɜɚɬɟɥɶ 
ɦɨɠɟɬ ɦɟɧɹɬɶ, ɜɤɥɸɱɚɬɶ ɜ ɫɨɛɫɬɜɟɧɧɵɟ 
ɩɪɨɝɪɚɦɦɧɵɟ ɩɪɢɥɨɠɟɧɢɹ; ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɧɨɬɚɰɢɸ РrКН, НТЯ, МЮrХ, 
LКЩХКМТКЧ (ɝɪɚɞɢɟɧɬ, ɞɢɜɟɪɝɟɧɰɢɹ, ɪɨɬɨɪ, 
ɥɚɩɥɚɫɢɚɧ); ɪɟɚɥɢɡɨɜɚɧɵ ɜɫɟ ɮɭɧɤɰɢɢ 
ɜɟɤɬɨɪɧɨɝɨ ɚɧɚɥɢɡɚ, ɩɪɢɱёɦ ɜ ɪɚɡɧɵɯ ɫɢɫɬɟɦɚɯ 
ɤɨɨɪɞɢɧɚɬ. 

ɋɨɞɟɪɠɚɬɟɥɶɧɵɟ ɚɫɩɟɤɬɵ ɤɨɦɩɶɸɬɟɪɧɵɯ 
ɦɨɞɟɥɟɣ, ɢɡɭɱɚɟɦɵɯ ɫɬɭɞɟɧɬɚɦɢ ɜ ɞɢɫɰɢɩɥɢɧɚɯ 
ɫɩɟɰɢɚɥɢɡɚɰɢɢ, ɩɪɟɩɨɞɚɜɚɟɦɵɯ ɚɜɬɨɪɚɦɢ ɷɬɨɣ 
ɪɚɛɨɬɵ, ɢɡɥɨɠɟɧɵ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ Д8, 9Ж. Ɋɹɞ 
ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɵɯ ɩɪɢɦɟɪɨɜ ɢɧɬɟɪɚɤɬɢɜɧɵɯ 
ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɢɥɨɠɟɧɢɣ ɢɡ ɤɨɥɥɟɤɰɢɣ Д7], 

ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɭɱɟɛɧɨɦ ɩɪɨɰɟɫɫɟ, 
ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ɫɬɭɞɟɧɬɚɦ, ɚɞɚɩɬɢɪɨɜɚɧɧɵɯ ɤ 
ɢɡɭɱɚɟɦɵɦ ɬɟɦɚɦ, ɨɬɦɟɱɟɧɵ ɧɢɠɟ. ɉɪɢёɦɵ 
ɧɚɫɬɪɨɣɤɢ ɢ ɚɞɚɩɬɚɰɢɢ ɢɧɬɟɪɚɤɬɢɜɧɵɯ 
ɩɪɨɝɪɚɦɦɧɵɯ ɦɨɞɭɥɟɣ ɢɡɥɨɠɟɧɵ ɜ Д4, 10]. 

ɉɟɪɜɚɹ ɫɟɪɢɹ - ɩɪɨɟɤɬɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɩɪɢ 
ɢɡɭɱɟɧɢɢ ɬɟɦɵ «Ɋɚɫɱɟɬɵ ɧɚɩɪɹɠɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɯ 
ɷɥɟɦɟɧɬɨɜ». ȼ ɨɬɨɛɪɚɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ 
ɦɨɞɭɥɹɯ ɬɚɤɠɟ ɩɨɹɫɧɹɸɬɫɹ ɢɥɥɸɫɬɪɚɰɢɹɦɢ 
ɨɫɧɨɜɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɦɨɫɬɨɜ. Ɏɪɚɝɦɟɧɬɵ 
ɤɨɩɢɣ ɷɤɪɚɧɚ ɦɨɞɭɥɟɣ ɷɬɨɣ ɫɟɪɢɢ ɞɚɧɵ ɧɚ 
ɪɢɫɭɧɤɚɯ 1 ɢ 2.
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Ɋɢɫ. 1. ɂɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ ɢ ɜɢɞɵ ɦɨɞɟɥɢɪɭɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ  
ɞɥɹ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɚ ɪɚɡɜёɪɬɤɢ 

Fig. 1. The types of software applications and the simulated design interface for different values of the parameter sweep 

ɇɚ ɪɢɫɭɧɤɚɯ 1 ɢ 2 ɩɨɤɚɡɚɧɵ ɫɤɪɢɧɲɨɬɵ 
ɨɞɧɨɣ ɩɚɧɟɥɢ ɭɩɪɚɜɥɟɧɢɹ, ɤɚɞɪɵ ɫ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɛɨɬɵ ɧɟɫɤɨɥɶɤɢɯ ɩɪɨɝɪɚɦɦɧɵɯ 
ɦɨɞɭɥɟɣ. ɂɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɧɚ 
ɩɚɧɟɥɹɯ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɜɢɞɚ 
ɤɨɧɫɬɪɭɤɰɢɢ, ɤɚɠɞɨɟ ɞɟɣɫɬɜɢɟ ɭɩɪɚɜɥɟɧɢɹ 
ɦɨɠɧɨ ɜɵɩɨɥɧɹɬɶ, ɱɬɨ ɢɥɥɸɫɬɪɢɪɭɟɬ ɪɢɫɭɧɨɤ 1, 
ɡɚɞɚɜɚɹ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɜ ɩɨɥɟ ɜɜɨɞɚ ɢɥɢ 
ɩɟɪɟɦɟɳɟɧɢɟɦ ɛɟɝɭɧɤɚ; ɬɚɤɠɟ ɦɨɠɧɨ ɡɚɩɭɫɤɚɬɶ 
ɩɪɨɫɦɨɬɪ ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɢɡɦɟɧɟɧɢɟɦ 
ɩɚɪɚɦɟɬɪɚ, ɪɟɝɭɥɢɪɨɜɚɬɶ ɫɤɨɪɨɫɬɶ ɢ 
ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɨɤɪɭɬɤɢ ɜɢɞɟɨ. ȼɨ ɜɫɟɯ ɦɨɞɭɥɹɯ 
ɜɢɡɭɚɥɢɡɚɰɢɢ ɜ ɛɥɨɤɧɨɬɚɯ ɫɢɫɬɟɦɵ ɮɨɪɦɚɬɚ NB, 
CDF ɞɨɤɭɦɟɧɬɚɯ ɤɪɨɦɟ ɦɚɧɢɩɭɥɹɰɢɣ ɫ 
ɩɨɥɡɭɧɤɚɦɢ ɧɚ ɩɚɧɟɥɹɯ ɞɥɹ ɢɡɦɟɧɟɧɢɹ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɰɜɟɬɨɜ, 
ɩɪɨɡɪɚɱɧɨɫɬɢ ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɭ ɜɵɜɨɞɢɦɵɯ 
ɨɛɴɟɤɬɨɜ 3D ɝɪɚɮɢɤɢ ɦɟɧɹɬɶ ɦɚɫɲɬɚɛ ɨɛɴɟɤɬɚ, 
ɩɨɜɨɪɚɱɢɜɚɬɶ ɟɝɨ ɜ ɪɚɡɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. 

Ɍ.ɤ. ɜ ɤɨɥɥɟɤɰɢɹɯ Д7Ж ɞɨɫɬɭɩɧɵ ɢɫɯɨɞɧɵɟ 
ɤɨɞɵ, ɫɬɭɞɟɧɬɚɦ ɩɪɟɞɨɫɬɚɜɥɹɸɬɫɹ ɜɤɥɸɱɚɟɦɵɟ ɜ 
ɭɱɟɛɧɵɟ ɦɚɬɟɪɢɚɥɵ ɩɪɨɝɪɚɦɦɧɵɟ ɦɨɞɭɥɢ ɧɟ ɜ 
ɨɪɢɝɢɧɚɥɶɧɨɣ ɜɟɪɫɢɢ, ɚ ɞɨɪɚɛɨɬɚɧɧɵɟ. ȼ 
ɱɚɫɬɧɨɫɬɢ: ɞɥɹ ɨɩɨɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ 
ɩɪɟɞɥɚɝɚɸɬɫɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ 
ɩɪɢɦɢɬɢɜɵ; ɞɚɸɬɫɹ ɬɟɤɫɬɨɜɵɟ ɩɨɹɫɧɟɧɢɹ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɭɫɫɤɨɹɡɵɱɧɨɣ ɬɟɪɦɢɧɨɥɨɝɢɢ; 

ɨɮɨɪɦɥɟɧɢɟ ɝɪɚɮɢɤɢ ɫɞɟɥɚɧɨ, ɤɚɤ ɜ ɛɚɡɨɜɵɯ 
ɭɱɟɛɧɢɤɚɯ ɢ ɩɨɫɨɛɢɹɯ; ɤɨɦɦɟɧɬɚɪɢɢ ɜ ɦɨɞɭɥɹɯ 
ɩɟɪɟɜɟɞɟɧɵ ɧɚ ɪɭɫɫɤɢɣ ɹɡɵɤ, ɢɯ ɨɛɴɟɦ 
ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɟɧ.  

Ɂɚɦɟɬɢɦ, ɱɬɨ ɜ ɨɬɜɟɬ ɧɚ ɡɚɩɪɨɫ ɜ ɩɨɥɟ ɩɨɢɫɤɚ 
ɫɚɣɬɚ Д7Ж ɩɨ ɤɥɸɱɟɜɨɦɭ ɫɥɨɜɭ bridge ɞɚɟɬɫɹ 
ɫɩɢɫɨɤ 36 ɪɚɡɧɵɯ ɩɪɨɟɤɬɨɜ. ȼ ɬɨɦ ɱɢɫɥɟ, 
ɭɩɨɦɢɧɚɸɬɫɹ ɩɪɟɡɟɧɬɚɰɢɢ ɫ ɢɡɥɨɠɟɧɢɟɦ ɢ 
ɨɩɢɫɚɧɢɹɦɢ: 

 ɤɨɧɤɪɟɬɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɦɨɫɬɨɜ ɢ ɢɯ
ɦɨɞɟɥɟɣ; ɜ ɱɚɫɬɧɨɫɬɢ, ɩɪɨɟɤɬɵ: Ʉɨɧɫɨɥɶɧɵɣ ɦɨɫɬ 
/Cantilever Bridge/, ɉɨɞɜɟɫɧɵɟ ɦɨɫɬɵ ɫ 
ɤɪɟɩɹɳɢɦɢ ɨɩɨɪɚɦɢ ɪɚɡɧɨɣ ɮɨɪɦɵ /Bridges with 

Catenary Shaped Supports/, Ɋɚɡɜɨɪɚɱɢɜɚɸɳɢɣɫɹ 
ɦɨɫɬ /Rolling Bridge/, Ƚɨɥɥɚɧɞɫɤɢɣ ɪɚɡɜɨɞɧɨɣ 
ɦɨɫɬ /Dutch Drawbridge/, ɉɨɞɴɟɦɧɵɣ ɦɨɫɬ 
/Bascule (Seesaw) Bridge/, Ƚɟɣɬɫɯɟɞɫɤɢɣ ɦɨɫɬ 
ɬɵɫɹɱɟɥɟɬɢɹ /Gateshead Millennium Bridge/; 

 ɨɛɳɢɯ ɜɨɩɪɨɫɨɜ ɦɟɬɨɞɢɤ ɪɚɫɱёɬɚ; ɜ
ɱɚɫɬɧɨɫɬɢ, ɩɪɨɟɤɬɵ: Ɇɨɞɟɥɶ ɩɪɨɝɨɧɚ ɦɨɫɬɚ 
/Girder Bridge ModeХ/, Ⱥɧɚɥɢɡ ɭɫɢɥɢɣ ɜ ɮɟɪɦɚɯ 
/Analysis of Forces on a Truss/, Ɋɚɡɧɨɜɢɞɧɨɫɬɢ 
ɦɨɫɬɨɜ /Bridge Varieties/, ɇɚɝɪɭɡɤɢ ɜ ɮɟɪɦɚɯ 
ɦɨɫɬɨɜ /Stress Propagation in a Truss Bridge/, 

Ⱥɧɚɥɢɡ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɮɟɪɦɚɯ ɢ ɭɡɥɚɯ 
ɫɨɟɞɢɧɟɧɢɹ /Stress-Strain Analysis by the Finite 
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Element Method/. 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɢɜɟɞɟɧɵ ɮɪɚɝɦɟɧɬɵ ɨɤɨɧ 
ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɢɥɨɠɟɧɢɣ, ɢɥɥɸɫɬɪɢɪɭɸɳɢɯ 
ɧɟɫɤɨɥɶɤɨ ɢɡ ɭɩɨɦɹɧɭɬɵɯ ɜɵɲɟ ɦɨɞɟɥɟɣ ɦɨɫɬɨɜ. 

Ɋɢɫ. 2. ɉɹɬɶ ɦɨɞɟɥɟɣ ɪɚɡɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɦɨɫɬɨɜ 

Fig. 2. Five different models of bridges 
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ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɢɜɟɞɟɧɵ ɮɪɚɝɦɟɧɬɵ ɨɤɨɧ 
ɚɞɚɩɬɢɪɨɜɚɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɢɥɨɠɟɧɢɣ Girder 

Bridge Model ɢ Stress-Strain Analysis by the Finite 

Element Method, ɤɨɬɨɪɵɟ ɢɥɥɸɫɬɪɢɪɭɸɬ ɦɨɞɟɥɢ ɢ 

ɜɚɪɢɚɧɬɵ ɜɢɡɭɚɥɢɡɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ 
ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɯ ɷɥɟɦɟɧɬɨɜ. 

Ɋɢɫ. 3. ɉɪɢɦɟɪɵ ɦɨɞɭɥɟɣ ɫ ɜɢɡɭɚɥɢɡɚɰɢɟɣ ɧɚɝɪɭɡɤɢ 

Fig. 3. Examples of load-visualization modules 

ȼɬɨɪɚɹ ɫɟɪɢɹ - ɩɪɨɟɤɬɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɩɪɢ 
ɢɡɭɱɟɧɢɢ ɬɟɦɵ «ɉɪɨɫɬɟɣɲɢɟ ɦɨɞɟɥɢ 
ɝɢɞɪɨɞɢɧɚɦɢɤɢ». ɋɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɬɨɥɶɤɨ ɜ 
ɤɨɥɥɟɤɰɢɢ Д7Ж ɬɚɤɢɯ ɦɨɞɟɥɟɣ ɛɨɥɟɟ 100. 
ɋɬɭɞɟɧɬɚɦ ɧɚ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɧɹɬɢɹɯ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɨɫɜɨɢɬɶ ɢ ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɬɶ ɫ 
ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɞɨɩɨɥɧɟɧɢɹɦɢ ɩɟɪɟɱɢɫɥɟɧɧɵɟ 
ɧɢɠɟ ɦɨɞɟɥɢ. 

Ɉɫɧɨɜɧɵɟ ɦɨɞɟɥɢ ɷɬɨɣ ɫɟɪɢɢ, ɢɫɩɨɥɶɡɭɟɦɵɟ 
ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɪɚɛɨɬɵ ɫɬɭɞɟɧɬɨɜ: ɉɨɬɨɤ ɱɟɪɟɡ 
ɨɬɤɪɵɬɵɣ ɤɚɧɚɥ /FХШа ЭСrШЮРС КЧ OЩОЧ CСКЧЧОХ/, 
ɂɫɬɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ ɢɡ ɟɦɤɨɫɬɢ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ 
/Flow of Liquid through a Hole/, Ȼɟɡɜɢɯɪɟɜɨɟ 
ɬɟɱɟɧɢɟ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɜɛɥɢɡɢ ɭɝɥɚ /FХЮТН 
FХШа КrШЮЧН К CШrЧОr/, Ɍɟɱɟɧɢɟ Ʉɭɷɬɬɚ /ɜ 
ɜɚɪɢɚɧɬɚɯ CШЮОЭЭО FХШа ɢ DШЮЛХО-Sided Couette 

FХШа/, Ʌɚɦɢɧɚɪɧɵɣ ɩɨɬɨɤ ɦɟɠɞɭ ɞɜɭɦɹ 
ɷɤɫɰɟɧɬɪɢɱɧɵɦɢ ɬɪɭɛɚɦɢ /LКЦТЧКr FХШа ЛОЭаООЧ 
TаШ EММОЧЭrТМ TЮЛОs/, Ʌɢɧɢɢ ɬɨɤɚ ɥɚɦɢɧɚɪɧɨɝɨ 

ɩɨɬɨɤɚ ɜɛɥɢɡɢ ɜɪɚɳɚɸɳɟɝɨɫɹ ɬɜɟɪɞɨɝɨ ɰɢɥɢɧɞɪɚ 
/Streamlines for Laminar Flow Past a Rotating Solid 

CвХТЧНОr/, ɉɪɨɮɢɥɶ ɫɤɨɪɨɫɬɟɣ ɩɨɬɨɤɚ 
ɧɟɫɦɟɲɢɜɚɸɳɢɯɫɹ ɜɹɡɤɢɯ ɠɢɞɤɨɫɬɟɣ /VОХШМТЭв 
PrШПТХО ПШr IЦЦТsМТЛХО VТsМШЮs FХЮТНs/, Ɉɛɬɟɤɚɧɢɟ 
ɤɪɵɥɚ ɞɥɹ ɪɚɡɧɵɯ ɭɫɥɨɜɢɣ ɧɚɛɟɝɚɸɳɟɝɨ ɩɨɬɨɤɚ 
/Potential Flow over an Airfoil Specified by 

NЮЦОrТМКХ DКЭК FТХО/, Ɂɚɩɭɫɤ ɪɚɤɟɬɵ /LКЮЧМСТЧР К 
RШМФОЭ/, ɋɨɩɥɨ Ʌɚɜɚɥɹ /DО LКЯКХ NШггХО/. 

ɂɥɥɸɫɬɪɚɰɢɢ ɬɢɩɢɱɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ 
ɩɪɢɥɨɠɟɧɢɣ ɷɬɨɣ ɫɟɪɢɢ ɞɚɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 4, 5. 
ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɫ 
ɚɞɚɩɬɢɪɨɜɚɧɧɵɦɢ ɩɪɨɝɪɚɦɦɧɵɦɢ ɦɨɞɭɥɹɦɢ 
«Ʌɚɦɢɧɚɪɧɵɣ ɩɨɬɨɤ ɦɟɠɞɭ ɞɜɭɦɹ 
ɷɤɫɰɟɧɬɪɢɱɧɵɦɢ ɬɪɭɛɚɦɢ» (ɩɨɤɚɡɚɧɵ ɢɡɨɥɢɧɢɢ 
ɦɨɞɭɥɹ ɛɟɡɪɚɡɦɟɪɧɨɣ ɫɤɨɪɨɫɬɢ), ɧɚ ɪɢɫɭɧɤɟ 5 - 

ɩɪɨɮɢɥɶ ɫɤɨɪɨɫɬɟɣ ɩɨɬɨɤɚ ɧɟɫɦɟɲɢɜɚɸɳɢɯɫɹ 
ɜɹɡɤɢɯ ɠɢɞɤɨɫɬɟɣ (ɫɥɟɜɚ) ɢ ɥɢɧɢɢ ɬɨɤɚ 
ɥɚɦɢɧɚɪɧɨɝɨ ɩɨɬɨɤɚ ɜɛɥɢɡɢ ɜɪɚɳɚɸɳɟɝɨɫɹ 
ɬɜɟɪɞɨɝɨ ɰɢɥɢɧɞɪɚ (ɫɩɪɚɜɚ): 
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Ɋɢɫ. 4. ɉɪɢɦɟɪɵ ɦɨɞɭɥɟɣ ɫ ɜɢɡɭɚɥɢɡɚɰɢɟɣ, ɷɮɮɟɤɬ ɢɡɦɟɧɟɧɢɹ ɡɧɚɱɟɧɢɹ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ 

Fig. 4. Examples of modules with visualization, the effect of changing the value of eccentricity 

Ɋɢɫ. 5. ɉɪɢɦɟɪɵ ɦɨɞɭɥɟɣ ɫ ɜɢɡɭɚɥɢɡɚɰɢɟɣ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɢ ɥɢɧɢɣ ɬɨɤɚ 

Fig. 5. Examples of modules with visualization of velocity and streamlines 

Ȼɚɡɨɜɵɟ ɩɪɨɝɪɚɦɦɧɵɟ ɢɧɫɬɪɭɦɟɧɬɵ 

Ɉ ɫɪɟɞɫɬɜɚɯ ɧɚɫɬɪɨɣɤɢ ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɢɧɬɟɪɚɤɬɢɜɧɨɫɬɢ 

ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜ ɛɥɨɤɧɨɬɚɯ Mathematica 

ɞɢɧɚɦɢɱɟɫɤɚɹ ɢɧɬɟɪɚɤɬɢɜɧɨɫɬɶ, ɞɢɚɥɨɝɨɜɵɟ ɨɤɧɚ, 
ɭɩɪɚɜɥɟɧɢɟ ɩɚɪɚɦɟɬɪɚɦɢ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ 
ɜɵɱɢɫɥɟɧɢɣ, ɩɨɫɬɪɨɟɧɢɟ ɢ ɩɪɨɫɦɨɬɪ ɝɪɚɮɢɤɨɜ 
ɪɟɚɥɢɡɭɸɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɭɧɤɰɢɣ 
Manipulate, Animate, Dynamic. ȼ ɱɚɫɬɧɨɫɬɢ, 
ɦɨɞɭɥɶ Manipulate ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɪɚɡɥɢɱɧɵɟ 
ɢɧɬɟɪɚɤɬɢɜɧɵɟ ɫɪɟɞɫɬɜɚ ɩɨ ɡɚɞɚɧɧɨɦɭ 
ɜɵɪɚɠɟɧɢɸ ОбЩr ɫ ɚɪɝɭɦɟɧɬɚɦɢ (ɩɚɪɚɦɟɬɪɚɦɢ), 
ɩɪɢɱɟɦ, ɜɵɪɚɠɟɧɢɟ ОбЩr ɬɪɚɤɬɭɟɬɫɹ ɜ ɫɚɦɨɦ 
ɨɛɳɟɦ ɜɢɞɟ ɢ ɦɨɠɟɬ ɛɵɬɶ ɫɩɢɫɤɨɦ, ɜɤɥɸɱɚɸɳɢɦ 
ɧɚɡɜɚɧɢɹ, ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ, 
ɝɪɚɮɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɢ ɬ.ɞ. Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɩɪɢ 
ɩɨɹɫɧɟɧɢɹɯ ɜ ɩɪɟɞɫɬɚɜɥɹɟɦɵɯ ɫɬɭɞɟɧɬɚɦ 

ɩɪɢɥɨɠɟɧɢɹɯ ɭɞɟɥɟɧɨ ɜɨɩɪɨɫɚɦ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɵɜɨɞɚ, 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɧɫɬɪɭɦɟɧɬɨɜ ɢɧɬɟɪɚɤɬɢɜɧɨɫɬɢ - 

ɩɪɢɦɟɪɚɦɢ ɢɥɥɸɫɬɪɢɪɭɸɬɫɹ ɮɭɧɤɰɢɢ ɢ ɨɩɰɢɢ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɜɵɱɢɫɥɟɧɢɣ, ɜɤɥɸɱɟɧɢɹ ɢ 
ɜɵɤɥɸɱɟɧɢɹ ɢɧɞɢɤɚɬɨɪɨɜ, ɨɪɝɚɧɢɡɚɰɢɢ ɮɥɚɠɤɨɜ, 
ɤɧɨɩɨɤ, ɢɟɪɚɪɯɢɱɟɫɤɢɯ ɢ ɜɵɩɚɞɚɸɳɢɯ ɦɟɧɸ, 
ɥɨɤɚɬɨɪɨɜ. ɉɨɹɫɧɹɸɬɫɹ: PopupMenu (ɜɵɩɚɞɚɸɳɟɟ 
ɦɟɧɸ), ActionMenu (ɦɟɧɸ ɫ ɞɟɣɫɬɜɢɹɦɢ), 
ButtonBar (ɩɨɥɨɫɚ ɤɧɨɩɨɤ), DОХТЦТЭОr 
(ɪɚɡɞɟɥɢɬɟɥɶɧɚɹ ɥɢɧɢɹ), CСОМФЛШбBКr (ɩɨɥɨɫɚ 
ɱɟɤɛɨɤɫɨɜ), RКНТШBЮЭЭШЧBКr (ɪɹɞ ɪɚɞɢɨɤɧɨɩɨɤ), 
SОЭЭОrBКr (ɪɹɞ ɭɫɬɚɧɨɜɨɱɧɵɯ ɷɥɟɦɟɧɬɨɜ), 
TШРРХОrBКr (ɪɹɞ ɩɟɪɟɤɥɸɱɚɬɟɥɟɣ), CШЧЭrШХTвЩО 
(ɬɢɩ ɷɥɟɦɟɧɬɚ ɭɩɪɚɜɥɟɧɢɹ), LШМКЭШr (ɭɤɚɡɚɬɟɥɶ, 
ɭɫɬɪɨɣɫɬɜɨ ɜɜɨɞɚ ɩɨɡɢɰɢɢ), SХТНОr (ɩɨɥɡɭɧɨɤ), 
Slider2D (2-ɦɟɪɧɵɣ ɩɨɥɡɭɧɨɤ), CШХШrSХТНОr 
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(ɰɜɟɬɨɜɨɣ ɩɨɥɡɭɧɨɤ), LТsЭPТМФОr (ɷɥɟɦɟɧɬ ɜɵɛɨɪɚ 
ɫɨ ɫɩɢɫɤɚ), AЮЭШrЮЧSОqЮОЧМТЧР (ɩɨɪɹɞɨɤ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɥɟɦɟɧɬɨɜ 
ɭɩɪɚɜɥɟɧɢɹ). 

Ɉɩɰɢɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɢɧɬɟɪɚɤɬɢɜɧɨɫɬɢ ɜ 
CDF ɞɨɤɭɦɟɧɬɚɯ 

ɉɪɢ ɩɨɞɝɨɬɨɜɤɟ ɛɥɨɤɧɨɬɨɜ ɜ Mathematica, 

ɟɫɥɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɢɯ ɫɨɯɪɚɧɟɧɢɟ, ɩɪɨɫɦɨɬɪ ɜ 
CDF PХКвОr, ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɹɬɶ ɢɧɢɰɢɚɥɢɡɚɰɢɸ 
(Initialization:->) ɢɥɢ ɫɨɯɪɚɧɢɬɶ ɩɚɪɚɦɟɬɪɵ ɞɥɹ 
ɚɧɢɦɚɰɢɢ (SКЯОDОПТЧТЭТШЧs). ɗɬɨ ɨɛɹɡɚɬɟɥɶɧɨ, ɬ.ɤ. 
CDF PХКвОr ɧɟ ɦɨɠɟɬ ɡɚɝɪɭɠɚɬɶ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɟ 
ɞɚɧɧɵɟ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ. Ⱦɨɩɭɫɬɢɦɚ ɪɚɛɨɬɚ 
ɬɨɥɶɤɨ ɫ ɬɟɦɢ ɫɩɢɫɤɚɦɢ, ɤɨɦɩɥɟɤɬɚɦɢ, ɧɚɛɨɪɚɦɢ, 
ɤɨɬɨɪɵɟ ɜɤɥɸɱɟɧɵ ɜ ɛɚɡɭ ɡɧɚɧɢɣ, ɬ.ɟ. ɜɫɹ 
ɢɫɩɨɥɶɡɭɟɦɚɹ ɮɭɧɤɰɢɟɣ Manipulate ɢɧɮɨɪɦɚɰɢɹ 
ɞɨɥɠɧɚ ɛɵɥɚ ɜɫɬɪɨɟɧɚ ɜ ɢɧɬɟɪɚɤɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ 
.МНП ɮɚɣɥɚ. 

Ɉɮɨɪɦɥɟɧɢɟ 

ȼ ɱɚɫɬɢ ɨɮɨɪɦɥɟɧɢɹ, ɧɚɫɬɪɨɣɤɢ ɜɢɞɚ 
ɨɛɴɟɤɬɨɜ ɫɰɟɧɵ ɜ ɭɩɪɚɠɧɟɧɢɹ ɜɤɥɸɱɟɧɵ 
ɩɨɹɫɧɟɧɢɹ ɩɪɚɜɢɥ ɡɚɞɚɧɢɹ ɬɨɥɳɢɧɵ ɢ ɬɢɩɚ ɥɢɧɢɣ 
(Thickness, Thick, Thin, AbsoluteThickness. Dashed, 

Dotted, DotDashed), ɰɜɟɬɨɜ ɢ ɩɪɨɡɪɚɱɧɨɫɬɢ 
(Colors, Opacity). ȼɤɥɸɱɟɧɵ ɩɨɞɪɨɛɧɵɟ ɩɪɢɦɟɪɵ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɭɧɤɰɢɣ ɢ ɨɩɰɢɣ ɭɩɪɚɜɥɟɧɢɹ 
ɤɚɞɪɨɦ ɜɵɜɨɞɚ: PХШЭRОРТШЧ (ɨɩɰɢɹ ɮɭɧɤɰɢɣ 
ɝɪɚɮɢɤɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɵɜɨɞɢɦɨɣ ɧɚ ɷɤɪɚɧ 
ɱɚɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ), PХШЭRКЧРО (ɨɬɨɛɪɚɠɚɟɦɵɣ 
ɢɧɬɟɪɜɚɥ ɤɨɨɪɞɢɧɚɬ ɝɪɚɮɢɤɚ), PХШЭRКЧРОCХТЩЩТЧР 
(ɭɫɥɨɜɢɹ ɨɬɫɟɱɟɧɢɹ ɜɵɯɨɞɹɳɟɝɨ ɡɚ ɞɢɚɩɚɡɨɧ), 
AspectRatiШ (ɨɬɧɨɲɟɧɢɟ ɦɚɫɲɬɚɛɨɜ ɩɨ ɨɫɹɦ), 
BШбRКЭТШs (ɫɨɨɬɧɨɲɟɧɢɟ ɩɨɤɚɡɵɜɚɟɦɵɯ ɞɥɢɧ 
ɫɬɨɪɨɧ ɨɝɪɚɧɢɱɢɜɚɸɳɟɝɨ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ 3D 

ɢɡɨɛɪɚɠɟɧɢɹ), Translate (ɩɟɪɟɦɟɳɟɧɢɟ), Rotate 

(ɩɨɜɨɪɨɬɵ), GОШЦОЭrТМTrКЧsПШrЦКЭТШЧ 
(ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ), VТОаPШТЧЭ 
(ɬɨɱɤɚ ɨɛɡɨɪɚ), VТОаAЧРХО (ɭɝɨɥ ɨɛɡɨɪɚ). 

Ɉɛ ɨɫɧɨɜɧɵɯ ɫɟɪɜɢɫɧɵɯ ɮɭɧɤɰɢɹɯ 
ɤɨɦɩɶɸɬɟɪɧɵɯ ɦɨɞɟɥɟɣ 

Ⱦɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɦɨɞɟɥɟɣ, ɤɨɝɞɚ ɟɫɬɶ 
ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ, ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ 
ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɢ ɫɢɫɬɟɦɵ Mathematica: 

 Plot - ɝɪɚɮɢɤ ɚɧɚɥɢɬɢɱɟɫɤɢ ɡɚɞɚɧɧɨɣ 
ɮɭɧɤɰɢɢ (ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɮɭɧɤɰɢɣ), ɨɛɟ ɲɤɚɥɵ 
ɥɢɧɟɣɧɵɟ; 

 ParametricPlot - ɝɪɚɮɢɤ ɤɪɢɜɨɣ (ɚ ɬɚɤɠɟ 
ɩɨɜɟɪɯɧɨɫɬɢ), ɡɚɞɚɧɧɨɣ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢ; 

 PolarPlot - ɝɪɚɮɢɤ ɮɭɧɤɰɢɢ ɜ ɩɨɥɹɪɧɨɣ 
ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɤɚɤ ɩɨɥɨɠɟɧɢɟ ɤɨɧɰɚ ɪɚɞɢɭɫ-

ɜɟɤɬɨɪɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɭɝɥɚ ɜ ɡɚɞɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ 
(ɩɨɥɹɪɧɚɹ ɞɢɚɝɪɚɦɦɚ); 

 Graphics – ɝɟɧɟɪɢɪɭɟɬ ɩɪɢɦɢɬɢɜɵ 2D 

ɝɪɚɮɢɤɢ (ɨɬɪɟɡɤɢ, ɩɨɥɢɝɨɧɵ, ɪɚɡɧɵɟ ɬɪɟɭɝɨɥɶɧɢɤɢ, 
ɩɪɹɦɨɭɝɨɥɶɧɢɤɢ, ɩɚɪɚɥɥɟɥɨɝɪɚɦɦɵ, ɪɨɦɛɵ, 
ɨɤɪɭɠɧɨɫɬɢ, ɞɭɝɢ, ɫɟɝɦɟɧɬɵ, B-ɫɩɥɚɣɧɵ, Ȼɟɡɶɟ-

ɤɪɢɜɵɟ); 
 ContourPlot – ɤɨɧɬɭɪɧɵɣ ɝɪɚɮɢɤ; ɝɪɚɮɢɤ, 

ɤɨɬɨɪɵɣ ɩɨɤɚɡɵɜɚɟɬ ɥɢɧɢɢ ɪɚɜɧɨɝɨ ɭɪɨɜɧɹ 
(ɢɡɨɥɢɧɢɢ); ɤɨɧɬɭɪɧɵɟ ɝɪɚɮɢɤɢ (ɢɥɢ ɝɪɚɮɢɤɢ ɜ 
ɝɨɪɢɡɨɧɬɚɥɹɯ) ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɢɡɨɛɪɚɠɟɧɢɹ 
ɢɡɨɥɢɧɢɣ ɧɚɛɨɪɚ ɫɤɚɥɹɪɧɵɯ ɞɚɧɧɵɯ, 
ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ; 

 DensityPlot – ɩɥɨɬɧɨɫɬɧɵɣ ɝɪɚɮɢɤ (ɤɚɪɬɚ 
ɡɨɧ); 

 RegionPlot – ɜɢɡɭɚɥɢɡɚɰɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ 
ɮɢɝɭɪɵ ɧɚ ɩɥɨɫɤɨɫɬɢ; 

 ParametricPlot – ɝɪɚɮɢɤ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢ 
ɡɚɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɧɚ ɩɥɨɫɤɨɫɬɢ; 

 Plot3D – 3D ɜɢɡɭɚɥɢɡɚɰɢɹ ɮɭɧɤɰɢɢ ɞɜɭɯ 
ɩɟɪɟɦɟɧɧɵɯ, ɡɚɞɚɧɧɨɣ ɹɜɧɨ ɚɧɚɥɢɬɢɱɟɫɤɢ ɜ 
ɞɟɤɚɪɬɨɜɵɯ ɤɨɨɪɞɢɧɚɬɚɯ; ɫ ɝɪɚɮɢɤɨɦ ɦɨɠɧɨ 
ɪɚɛɨɬɚɬɶ ɢɧɬɟɪɚɤɬɢɜɧɨ, ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ: 
ɢɡɦɟɧɟɧɢɟ ɦɚɫɲɬɚɛɚ, ɩɨɜɨɪɨɬɵ ɢ ɩɟɪɟɦɟɳɟɧɢɹ; 

 ContourPlot3D – ɤɨɧɬɭɪɧɵɣ ɝɪɚɮɢɤ ɹɜɧɨ 
ɡɚɞɚɧɧɨɣ ɜ ɞɟɤɚɪɬɨɜɵɯ ɤɨɨɪɞɢɧɚɬɚɯ ɮɭɧɤɰɢɢ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ; ɬɪɟɯɦɟɪɧɵɣ ɤɨɧɬɭɪɧɵɣ ɝɪɚɮɢɤ 
ɜɤɥɸɱɚɟɬ ɬɚɤɠɟ ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɥɢɧɢɢ ɪɚɜɧɨɝɨ ɭɪɨɜɧɹ, ɩɨɤɚɡɵɜɚɸɳɢɟ ɝɪɚɧɢɰɵ 
ɫɥɨɟɜ ɬɪɟɯɦɟɪɧɨɣ ɮɢɝɭɪɵ ɜ ɫɟɤɭɳɢɯ ɩɥɨɫɤɨɫɬɹɯ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɚɪɚɥɥɟɥɶɧɨ ɨɩɨɪɧɨɣ ɩɥɨɫɤɨɫɬɢ 
ɮɢɝɭɪɵ; 

 RegionPlot3D – ɜɢɡɭɚɥɢɡɚɰɢɹ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɢɝɭɪɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ; 

 DensityPlot3D – ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ
ɝɪɚɮɢɤ, ɢɥɥɸɫɬɪɢɪɭɸɳɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɡɚɞɚɧɧɨɣ ɮɭɧɤɰɢɢ ɨɬ ɞɜɭɯ 
ɩɟɪɟɦɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɧɟɩɪɟɪɵɜɧɨɣ ɢɥɢ 
ɫɩɟɰɢɚɥɶɧɨ ɡɚɞɚɜɚɟɦɨɣ ɰɜɟɬɨɜɨɣ ɫɯɟɦɵ; 

 ParametricPlot3D – ɝɪɚɮɢɤ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢ 
ɡɚɞɚɧɧɨɣ ɤɪɢɜɨɣ ɢɥɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ; 

 SphericalPlot3D – ɝɪɚɮɢɤ ɜ ɫɮɟɪɢɱɟɫɤɢɯ 
ɤɨɨɪɞɢɧɚɬɚɯ. 

ȼ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ 
ɦɨɞɟɥɟɣ ɫɨɡɞɚɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɩɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɧɚɛɥɸɞɟɧɢɣ ɢ ɡɚɦɟɪɨɜ ɧɚ ɪɟɝɭɥɹɪɧɵɯ 
ɢɥɢ ɧɟɪɟɝɭɥɹɪɧɵɯ ɫɟɬɨɤ (ɧɚ ɪɚɫɫɟɹɧɧɨɦ 
ɦɧɨɠɟɫɬɜɟ ɬɨɱɟɤ), ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ 
ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɢ: 

 ListPlot – ɞɢɚɝɪɚɦɦɚ ɪɚɡɛɪɨɫɚ ɞɚɧɧɵɯ; 
ɜɵɜɨɞɢɬ ɝɪɚɮɢɤ ɫɩɢɫɤɚ ɜɟɥɢɱɢɧ, ɤɨɨɪɞɢɧɚɬɵ 
ɤɨɬɨɪɵɯ ɡɚɞɚɸɬɫɹ ɡɧɚɱɟɧɢɹɦɢ ɫɩɢɫɤɚ/ɫɩɢɫɤɨɜ; 

 ListLinePlot – ɥɢɧɟɣɧɵɣ ɝɪɚɮɢɤ ɩɨ ɬɨɱɤɚɦ 
ɫɩɢɫɤɚ ɞɚɧɧɵɯ (ɩɟɪɟɱɟɧɶ ɡɧɚɱɟɧɢɣ ɢɥɢ ɫɩɢɫɨɤ 
ɩɚɪ ɤɨɨɪɞɢɧɚɬɚ - ɡɧɚɱɟɧɢɟ); 
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 ListStepPlot – ɫɬɭɩɟɧɱɚɬɵɣ ɝɪɚɮɢɤ ɩɨ 
ɫɩɢɫɤɭ ɡɧɚɱɟɧɢɣ; 

 ListPolarPlot – ɞɢɚɝɪɚɦɦɚ ɪɚɡɛɪɨɫɚ ɞɚɧɧɵɯ 
ɜ ɩɨɥɹɪɧɵɯ ɤɨɨɪɞɢɧɚɬɚɯ; 

 DateListPlot – ɝɪɚɮɢɤ ɨɬ ɤɚɥɟɧɞɚɪɧɨɝɨ 
ɜɪɟɦɟɧɢ; 

 TimeSeries – ɜɪɟɦɟɧɧɨɣ ɪɹɞ; 
 ListContourPlot – ɤɨɧɬɭɪɧɵɣ ɝɪɚɮɢɤ ɩɨ 

ɦɚɫɫɢɜɭ ɡɧɚɱɟɧɢɣ; 
 ListDensityPlot – ɩɥɨɬɧɨɫɬɧɵɣ ɝɪɚɮɢɤ ɩɨ 

ɦɚɫɫɢɜɭ ɡɧɚɱɟɧɢɣ; 
 ListPlot3D – ɬɪɟɯɦɟɪɧɚɹ ɞɢɚɝɪɚɦɦɚ 

ɪɚɡɛɪɨɫɚ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ ɦɚɫɫɢɜɭ ɡɧɚɱɟɧɢɣ ɜɵɫɨɬ ɜ ɬɨɱɤɚɯ; 

 ListContourPlot3D – ɤɨɧɬɭɪɧɵɣ 3D-ɝɪɚɮɢɤ 
ɩɨ ɦɚɫɫɢɜɭ ɡɧɚɱɟɧɢɣ; 

 ListSurfacePlot3D – 3D-ɝɪɚɮɢɤ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɩɨ ɫɩɢɫɤɭ ɬɨɱɟɤ; 

 ListPointPlot3D – 3D-ɞɢɚɝɪɚɦɦɚ ɪɚɡɛɪɨɫɚ 
ɞɚɧɧɵɯ, ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɝɟɧɟɪɢɪɭɸɬɫɹ 
ɢɡɨɛɪɚɠɟɧɢɹ ɬɨɱɟɤ ɫ ɬɪɟɦɹ ɡɚɞɚɧɧɵɦɢ 
ɤɨɨɪɞɢɧɚɬɚɦɢ; 

 ListDensityPlot3D – ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ 
ɩɥɨɬɧɨɫɬɧɵɣ ɝɪɚɮɢɤ ɩɨ ɞɚɧɧɵɦ. 

ɂɧɫɬɪɭɦɟɧɬɵ ɢ ɮɭɧɤɰɢɢ ɪɚɛɨɬɵ ɫ 
ɜɟɤɬɨɪɧɵɦɢ ɩɨɥɹɦɢ: 

 StreamPlot – ɥɢɧɢɢ ɬɨɤɚ ɧɚ ɩɥɨɫɤɨɫɬɢ 
(ɞɢɚɝɪɚɦɦɚ ɩɨɬɨɤɨɜ); 

 StreamDensityPlot – ɥɢɧɢɢ ɬɨɤɚ ɧɚ 
ɩɥɨɫɤɨɫɬɢ ɫ ɮɨɧɨɦ ɩɥɨɬɧɨɫɬɢ ɮɭɧɤɰɢɢ 
(ɩɥɨɬɧɨɫɬɧɚɹ ɞɢɚɝɪɚɦɦɚ ɩɨɬɨɤɨɜ); 

 VectorPlot – ɜɟɤɬɨɪɧɵɟ ɩɨɥɹ ɧɚ ɩɥɨɫɤɨɫɬɢ 
(ɜɟɤɬɨɪɧɚɹ ɞɢɚɝɪɚɦɦɚ); 

 VectorDensityPlot – ɜɟɤɬɨɪɧɨ-ɩɥɨɬɧɨɫɬɧɚɹ 
ɞɢɚɝɪɚɦɦɚ; 

 ListVectorPlot – ɜɟɤɬɨɪɧɚɹ ɞɢɚɝɪɚɦɦɚ, 
ɮɨɪɦɢɪɭɟɦɚɹ ɩɨ ɞɚɧɧɵɦ; 

 ListVectorDensityPlot – ɩɥɨɬɧɨɫɬɧɨ-
ɜɟɤɬɨɪɧɚɹ ɞɢɚɝɪɚɦɦɚ ɩɨ ɞɚɧɧɵɦ; 

 ListStreamPlot – ɞɢɚɝɪɚɦɦɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɩɨɬɨɤɨɜ, ɮɨɪɦɢɪɭɟɦɚɹ ɩɨ ɬɚɛɥɢɰɚɦ ɞɚɧɧɵɯ, ɬ.ɟ. 
ɜɵɩɨɥɧɹɟɬɫɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹ, ɚ ɡɚɬɟɦ ɩɨɫɬɪɨɟɧɢɟ 
ɥɢɧɢɣ ɬɨɤɚ ɧɚ ɩɥɨɫɤɨɫɬɢ; 

 ListStreamDensityPlot – ɩɥɨɬɧɨɫɬɧɚɹ
ɞɢɚɝɪɚɦɦɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɬɨɤɨɜ ɩɨ ɞɚɧɧɵɦ; 

 ArrayPlot – ɢɡɨɛɪɚɠɟɧɢɟ ɦɚɫɫɢɜɚ; 
ɝɟɧɟɪɢɪɭɟɬ ɢɡɨɛɪɚɠɟɧɢɟ, ɜ ɤɨɬɨɪɨɦ ɡɧɚɱɟɧɢɹɦ 
ɦɚɫɫɢɜɚ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɫɤɪɚɲɟɧɧɵɟ ɤɜɚɞɪɚɬɵ; 

 VectorPlot3D – ɜɟɤɬɨɪɧɚɹ ɞɢɚɝɪɚɦɦɚ 
(ɜɟɤɬɨɪɧɵɟ ɩɨɥɹ) ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ; 

 ListVectorPlot3D – ɜɟɤɬɨɪɧɚɹ 3D-
ɞɢɚɝɪɚɦɦɚ ɩɨ ɞɚɧɧɵɦ. 

Ɂɚɤɥɸɱɟɧɢɟ 
ɉɪɢɜɟɞɟɧɵ ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɵɟ ɩɪɢɦɟɪɵ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢ ɩɪɟɩɨɞɚɜɚɧɢɢ ɞɢɫɰɢɩɥɢɧ ɩɨ 
ɨɫɧɨɜɚɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ 
ɦɟɯɚɧɢɤɟ ɠɢɜɨɝɨ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɤɨɧɬɟɧɬɚ, 
ɫɨɡɞɚɜɚɟɦɨɝɨ ɢ ɫɨɩɪɨɜɨɠɞɚɟɦɨɝɨ ɧɚ ɨɫɧɨɜɟ 
ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɟɬɨɞɢɤɢ ɢɧɬɟɝɪɚɰɢɢ ɫɪɟɞɫɬɜ 
ɫɢɫɬɟɦɵ Mathematica, ɮɨɪɦɚɬɚ ɜɵɱɢɫɥɹɟɦɵɯ 
ɞɨɤɭɦɟɧɬɨɜ CDF, ɦɨɞɭɥɟɣ ɤɨɥɥɟɤɰɢɢ ɫɜɨɛɨɞɧɨ 
ɪɚɫɩɪɨɫɬɪɚɧɹɟɦɵɯ ɢɧɬɟɪɚɤɬɢɜɧɵɯ ɩɪɢɥɨɠɟɧɢɣ. 
Ɉɩɪɟɞɟɥɟɧɵ ɢ ɨɬɦɟɱɟɧɵ ɪɟɤɨɦɟɧɞɭɟɦɵɟ ɞɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɢɤɢ ɛɚɡɨɜɵɟ ɩɪɨɝɪɚɦɦɧɵɟ 
ɢɧɫɬɪɭɦɟɧɬɵ. 
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