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ȼɜɟɞɟɧɢɟ 

ȼɦɟɫɬɟ ɫ ɲɢɪɨɤɢɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɜɨɡɧɢɤ 

ɜɨɩɪɨɫ ɨ ɫɨɡɞɚɧɢɢ ɢɧɫɬɪɭɦɟɧɬɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɟɩɟɧɢ 

ɭɩɪɨɫɬɢɬɶ ɪɚɡɥɢɱɧɵɟ ɩɪɨɰɟɫɫɵ, ɜ ɱɚɫɬɧɨɫɬɢ, ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɜɵɱɢɫɥɟɧɢɹ. 

ɋɭɳɟɫɬɜɭɸɳɢɟ ɧɚ ɬɨɬ ɦɨɦɟɧɬ ɹɡɵɤɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɯɨɬɹ ɢ ɨɛɥɚɞɚɥɢ 

ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɦ ɮɭɧɤɰɢɨɧɚɥɨɦ,  ɬɪɟɛɨɜɚɥɢ ɨɬ ɩɨɥɶɡɨɜɚɬɟɥɹ ɧɚɥɢɱɢɹ 

ɫɩɟɰɢɚɥɶɧɵɯ ɧɚɜɵɤɨɜ ɪɚɛɨɬɵ ɫ ɧɢɦɢ, ɡɚɱɚɫɬɭɸ ɜɟɫɶɦɚ ɫɥɨɠɧɵɯ ɞɥɹ 

ɨɫɜɨɟɧɢɹ.  

ɋɩɢɫɨɤ ɫɭɳɟɫɬɜɭɸɳɢɯ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɪɟɲɟɧɢɣ, ɩɨɡɜɨɥɹɸɳɢɯ 

ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɜɵɱɢɫɥɟɧɢɣ, ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤ. 

ɋɪɟɞɢ ɧɢɯ ɟɫɬɶ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɚɧɚɥɢɡɚ ɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ (ɧɚɩɪɢɦɟɪ 

Gnuplot, Qtiplot), ɟɫɬɶ ɹɡɵɤɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ(ɧɚɩɪɢɦɟɪ Python), ɤɨɬɨɪɵɟ 

ɛɥɚɝɨɞɚɪɹ ɛɨɥɶɲɨɦɭ ɱɢɫɥɭ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɛɢɛɥɢɨɬɟɤ ɯɨɪɨɲɨ ɩɨɞɯɨɞɹɬ 

ɪɚɡɥɢɱɧɵɯ ɜɵɱɢɫɥɟɧɢɣ. ɂ ɫɭɳɟɫɬɜɭɸɬ ɫɢɫɬɟɦɵ ɤɨɦɩɶɸɬɟɪɧɨɣ ɚɥɝɟɛɪɵ, 

ɩɨɡɜɨɥɹɸɳɢɟ ɩɪɨɜɨɞɢɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɪɚɛɨɬɭ ɫ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ 

ɜɵɪɚɠɟɧɢɹɦɢ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ (ɫɢɦɜɨɥɶɧɨɣ) ɮɨɪɦɟ . 

ȼ ɨɫɧɨɜɟ ɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦ ɥɟɠɢɬ ɫɥɟɞɭɸɳɚɹ ɢɞɟɹ - ɫɨɡɞɚɬɶ 

ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɪɨɜɨɞɢɬɶ 

ɫɥɨɠɧɵɟ ɱɢɫɥɟɧɧɵɟ ɢ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜɵɱɢɫɥɟɧɢɹ, ɥɟɝɤɢɣ ɞɥɹ ɨɫɜɨɟɧɢɹ, ɚ 

ɬɚɤɠɟ ɨɛɥɚɞɚɸɳɢɣ ɫɨɛɫɬɜɟɧɧɵɦ ɹɡɵɤɨɦ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɩɨɡɜɨɥɹɸɳɟɦ 

ɩɨɥɶɡɨɜɚɬɟɥɸ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɨɫɬɚɜɥɹɬɶ ɫɨɛɫɬɜɟɧɧɵɟ ɚɥɝɨɪɢɬɦɵ. ɇɚ 

ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɫɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɩɨɞɨɛɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɩɚɤɟɬɨɜ, 

ɥɢɞɟɪɚɦɢ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɹɜɥɹɸɬɫɹ Maple, Wolfram Mathematica ɢ 

MathCAD.  

ɋɥɟɞɭɟɬ ɫɤɚɡɚɬɶ ɧɟɫɤɨɥɶɤɨ ɫɥɨɜ ɨ ɜɨɡɦɨɠɧɨɫɬɹɯ Wolfram Mathematica. 

Ⱦɚɧɧɵɣ ɩɪɨɞɭɤɬ ɨɬɥɢɱɚɟɬɫɹ ɨɯɜɚɬɨɦ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɡɚɞɚɱ, ɬɚɤ ɤɚɤ ɟɟ 

ɪɚɡɪɚɛɨɬɱɢɤɢ ɡɚɞɚɥɢɫɶ ɰɟɥɶɸ ɨɛɴɟɞɢɧɢɬɶ ɜɫɟ ɢɡɜɟɫɬɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ 

ɦɟɬɨɞɵ, ɢɫɩɨɥɶɡɭɸɳɢɟɫɹ ɞɥɹ ɪɟɲɟɧɢɹ ɧɚɭɱɧɵɯ ɡɚɞɚɱ, ɜ 
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ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɦ ɢ ɫɨɝɥɚɫɨɜɚɧɧɨɦ ɜɢɞɟ, ɜɤɥɸɱɚɹ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɢ 

ɱɢɫɥɟɧɧɵɟ ɪɚɫɱɟɬɵ. 

Ɂɚ ɨɫɧɨɜɭ ɛɵɥ ɜɡɹɬ ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɹɡɵɤ ɫɢɦɜɨɥɶɧɨɝɨ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɵɣ ɫɩɨɫɨɛɟɧ ɨɩɟɪɢɪɨɜɚɬɶ ɨɱɟɧɶ ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ 

ɪɚɡɥɢɱɧɵɯ ɨɛɴɟɤɬɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɧɟɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɛɚɡɢɫɧɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ.  

Wolfram Mathematica ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɩɟɰɢɚɥɢɫɬɚɦ ɪɟɲɚɬɶ ɛɨɥɶɲɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɵɯ ɡɚɞɚɱ, ɧɟ ɜɞɚɜɚɹɫɶ ɜ ɬɨɧɤɨɫɬɢ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɩɪɨɝɪɚɦɦɚ ɩɨɥɭɱɢɥɚ ɲɢɪɨɤɨɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɬɚɤɢɯ ɨɛɥɚɫɬɹɯ, ɤɚɤ ɮɢɡɢɤɚ, ɛɢɨɥɨɝɢɹ, ɷɤɨɧɨɦɢɤɚ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɨɡɦɨɠɧɨɫɬɢ ɫɢɫɬɟɦɵ Wolfram 

Mathematica ɞɥɹ ɚɧɚɥɢɡɚ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ 

ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɨɫɧɨɜɧɵɯ ɩɪɢɧɰɢɩɨɜ ɪɚɛɨɬɵ ɫ ɫɢɫɬɟɦɨɣ  Wolfram 

Mathematica ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɟɲɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɡɚɞɚɱ.  

ȼ ɤɚɱɟɫɬɜɟ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɪɚɫɫɦɚɬɪɢɜɚɸɳɟɣɫɹ 

ɜ ɱɟɬɜɟɪɬɨɣ ɝɥɚɜɟ, ɛɵɥ ɜɵɛɪɚɧ ɨɫɰɢɥɥɹɬɨɪ ȼɚɧ-ɞɟɪ-ɉɨɥɹ ɩɨɞ ɜɧɟɲɧɢɦ 

ɩɟɪɢɨɞɢɱɟɫɤɢɦ ɜɨɡɞɟɣɫɬɜɢɟɦ. Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɞɨɜɨɥɶɧɨ ɩɨɞɪɨɛɧɨ 

ɪɚɫɫɦɨɬɪɟɧɚ ɜ ɪɚɡɥɢɱɧɵɯ ɪɚɛɨɬɚɯ, ɢ ɰɟɥɶɸ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ 

ɩɨɥɭɱɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɫɢɫɬɟɦɟ Wolfram Mathematica c ɜɨɡɦɨɠɧɨɫɬɶɸ ɢɯ 

ɞɚɥɶɧɟɣɲɟɝɨ ɫɪɚɜɧɟɧɢɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɞɪɭɝɢɯ ɪɚɛɨɬɚɯ. 
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ɈɋɇɈȼɇɈȿ ɋɈȾȿɊɀȺɇɂȿ ɊȺȻɈɌЫ 

1. ȼɨɡɦɨɠɧɨɫɬɢ ɫɢɫɬɟɦɵ Mathematica ɞɥɹ аɧаɥɢɡа ɞɢɧаɦɢɱɟɫɤɢɯ 

ɫɢɫɬɟɦ 

ɉɪɢɜɟɞɟɦ ɮɭɧɤɰɢɢ ɩɪɨɝɪɚɦɦɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ 

ɚɧɚɥɢɡɚ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɫ ɤɪɚɬɤɢɦ ɨɩɢɫɚɧɢɟɦ ɢɯ ɮɭɧɤɰɢɨɧɚɥɚ. 

ɋɩɢɫɤɢ ɜ Mathematica ɫɨɡɞɚɸɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɮɢɝɭɪɧɵɯ ɫɤɨɛɨɤ: {...}, ɱɬɨ 

ɹɜɥɹɟɬɫɹ ɫɨɤɪɚɳɟɧɢɟɦ ɨɬ List[...]. Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɫɩɢɫɤɚ ɩɪɢ ɩɨɦɨɳɢ ɮɭɧɤɰɢɢ 

ɭɞɨɛɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɦɚɧɞɭ Table[выраɠɟниɟ,{i,n}] ɫɨɡɞɚɸɳɭɸ ɫɩɢɫɨɤ 

ɡɧɚɱɟɧɢɣ ɜɵɪɚɠɟɧɢɹ ɞɥɹ i ɨɬ 1 ɞɨ n. 

Ɇɚɬɪɢɰɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ Mathematica ɩɪɢ ɩɨɦɨɳɢ ɫɩɢɫɤɨɜ. Ɉɧɢ ɦɨɝɭɬ 

ɛɵɬɶ ɜɜɟɞɟɧɵ ɧɚɩɪɹɦɭɸ ɜ ɧɨɬɚɰɢɢ ɫɩɢɫɤɚ { }, ɫɨɡɞɚɧɵ ɫ ɩɨɦɨɳɶɸ ɮɨɪɦɭɥɵ, 

ɢɥɢ ɢɦɩɨɪɬɢɪɨɜɚɧɵ ɢɡ ɮɚɣɥɚ ɞɚɧɧɵɯ. Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɦɚɬɪɢɰɵ ɫ ɨɞɢɧɚɤɨɜɵɦɢ 

ɷɥɟɦɟɧɬɚɦɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɚɧɞɚ ConstantArray.ȿɫɥɢ ɠɟ ɬɪɟɛɭɟɬɫɹ ɫɨɡɞɚɬɶ 

ɦɚɬɪɢɰɭ ɫ ɨɞɢɧɚɤɨɜɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɧɚ ɝɥɚɜɧɨɣ ɞɢɚɝɨɧɚɥɢ, ɫɥɟɞɭɟɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɦɚɧɞɭ DiagonalMatrix. 

ȼ ɩɪɨɝɪɚɦɦɟ ɪɟɚɥɢɡɨɜɚɧɨ ɦɧɨɠɟɫɬɜɨ ɨɩɟɪɚɰɢɣ ɫ ɦɚɬɪɢɰɚɦɢ. ɉɪɢɜɟɞɟɦ 

ɨɫɧɨɜɧɵɟ: 

1. Tr - ɧɚɯɨɞɢɬ ɫɥɟɞ ɦɚɬɪɢɰɵ. 

2. Det - ɧɚɯɨɞɢɬ ɞɟɬɟɪɦɢɧɚɧɬ ɦɚɬɪɢɰɵ. 

3. Transpose - ɜɵɩɨɥɧɹɟɬ ɬɪɚɧɫɩɨɧɢɪɨɜɚɧɢɟ ɦɚɬɪɢɰɵ. 

Ⱦɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɫɢɝɧɚɥɚ ɜ ɜɢɞɟ ɧɚɛɨɪɚ ɝɚɪɦɨɧɢɤ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɹɦɨɟ 

ɞɢɫɤɪɟɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ, ɚ ɞɥɹ ɨɛɪɚɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɩɟɤɬɪɚ 

ɜɨ ɜɪɟɦɟɧɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ — ɨɛɪɚɬɧɨɟ ɞɢɫɤɪɟɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ. 

Ʉɨɦɚɧɞɚ Fourier [list] ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɪɹɦɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɞɥɹ 

ɫɩɢɫɤɚ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ, ɚ ɤɨɦɚɧɞɚ InverseFourier [list] - ɨɛɪɚɬɧɨɟ. 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɜɟɫɶɦɚ ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɨ ɜ ɪɚɡɥɢɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ, 

ɡɞɟɫɶ ɠɟ ɩɪɢɜɟɞɟɦ ɧɟɤɨɬɨɪɵɟ ɫɜɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ ɫɥɟɞɭɟɬ ɩɨɦɧɢɬɶ ɩɪɢ 

ɩɪɢɦɟɧɟɧɢɢ ɷɬɢɯ ɮɭɧɤɰɢɣ ɜ Wolfram Mathematica.  
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ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɬɫɱɟɬ ɷɥɟɦɟɧɬɨɜ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɧɚɱɢɧɚɟɬɫɹ ɧɟ ɫ ɧɭɥɹ, ɚ ɫ ɟɞɢɧɢɰɵ.  Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɢɦɟɟɬ ɦɟɫɬɨ ɫɦɟɳɟɧɢɟ ɧɭɦɟɪɚɰɢɢ ɢɧɞɟɤɫɨɜ ɧɚ ɟɞɢɧɢɰɭ. 

Ɏɭɧɤɰɢɹ Fourier ɜ ɫɢɫɬɟɦɟ Mathematica ɞɚɟɬ ɜɫɟ N ɷɥɟɦɟɧɬɨɜ 

ɫɨɡɞɚɜɚɟɦɨɝɨ ɟɸ ɜɟɤɬɨɪɚ. Ɇɟɠɞɭ ɬɟɦ, ɥɢɲɶ N/2 ɷɥɟɦɟɧɬɨɜ ɪɟɚɥɶɧɨ 

ɜɨɡɦɨɠɧɵ, ɥɢɲɧɢɟ ɠɟ ɝɚɪɦɨɧɢɤɢ ɹɜɥɹɸɬɫɹ ɜɫɟɝɨ ɥɢɲɶ ɡɟɪɤɚɥɶɧɵɦ 

ɨɬɪɚɠɟɧɢɟɦ ɪɟɚɥɶɧɵɯ ɝɚɪɦɨɧɢɤ . 

Ⱦɥɹ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ ɩɪɢɦɟɧɹɟɬɫɹ ɮɭɧɤɰɢɹ Solve.  

ɋɥɟɞɭɟɬ ɩɨɦɧɢɬɶ, ɱɬɨ ɩɪɢ ɡɚɩɢɫɢ ɭɪɚɜɧɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɜɨɣɧɨɣ ɡɧɚɤ 

ɪɚɜɟɧɫɬɜɚ, ɚ ɧɟ ɨɞɢɧɚɪɧɵɣ. Mathematica ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɧɚɯɨɞɢɬɶ ɱɢɫɥɟɧɧɵɟ 

ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ, ɜɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɮɭɧɤɰɢɟɣ NSolve. Ⱦɥɹ ɪɟɲɟɧɢɹ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫɭɳɟɫɬɜɭɸɬ ɚɧɚɥɨɝɢɱɧɵɟ ɤɨɦɚɧɞɵ DSolve 

(ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ) ɢ NDSolve (ɱɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ). 

ɇɟ  ɦɟɧɟɟ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɜɨɩɪɨɫ ɜɢɡɭɚɥɢɡɚɰɢɢ ɩɨɥɭɱɟɧɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ. ɇɢɠɟ ɩɟɪɟɱɢɫɥɟɧ ɫɩɢɫɨɤ ɮɭɧɤɰɢɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɪɚɡɥɢɱɧɵɯ 

ɬɢɩɨɜ ɝɪɚɮɢɤɨɜ. 

1. Plot - ɫɬɪɨɢɬ ɝɪɚɮɢɤ ɮɭɧɤɰɢɢ, ɡɚɞɚɧɧɨɣ ɹɜɧɵɦ ɭɪɚɜɧɟɧɢɟɦ f(x) 

2. ParametricPlot - ɫɬɪɨɢɬ ɝɪɚɮɢɤ ɤɪɢɜɵɯ, ɡɚɞɚɜɚɟɦɵɯ 

ɩɚɪɚɦɟɬɪɢɱɟɫɤɢ. 

3. ListLinePlot - ɜɢɡɭɚɥɢɡɢɪɭɟɬ ɞɢɫɤɪɟɬɧɵɣ ɧɚɛɨɪ ɬɨɱɟɤ ɜ ɜɢɞɟ 

ɧɟɩɪɟɪɵɜɧɨɣ ɥɢɧɢɢ, ɫɨɟɞɢɧɹɸɳɟɣ ɢɯ. 

4. StreamPlot - ɫɨɡɞɚɟɬ ɝɪɚɮɢɤ ɥɢɧɢɣ ɬɨɤɚ. ɉɪɢ ɚɧɚɥɢɡɭ ɞɢɧɚɦɢɱɟɫɤɢɯ 

ɫɢɫɬɟɦ ɭɞɨɛɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɭɸ ɮɭɧɤɰɢɸ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 

ɝɪɚɮɢɤɚ ɮɚɡɨɜɵɯ ɬɪɚɟɤɬɨɪɢɣ. 
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2. Чɢɫɥɟɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ 

ȼ ɤɚɱɟɫɬɜɟ ɫɢɫɬɟɦɵ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɟɪɟɦ ɨɫɰɢɥɥɹɬɨɪ ȼɚɧ-ɞɟɪ-ɉɨɥɹ 

ɩɨɞ ɜɧɟɲɧɢɦ ɩɟɪɢɨɞɢɱɟɫɤɢɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɢ ɪɚɫɫɦɨɬɪɢɦ ɜɨɡɧɢɤɧɨɜɟɧɢɟ 

ɹɜɥɟɧɢɹ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ. 

ɂɫɫɥɟɞɭɟɦɚɹ ɫɢɫɬɟɦɚ ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɭɪɚɜɧɟɧɢɟɦ: 

ݔ  ′′ − ሺ𝜆 − ݔଶሻݔ ′ + ݔ = 𝑏 ݏ𝑖𝑛𝜔ݐ   ሺͳሻ 

 

ɉɚɪɚɦɟɬɪ b ɨɩɪɟɞɟɥɹɟɬ ɛɟɡɪɚɡɦɟɪɧɭɸ ɚɦɩɥɢɬɭɞɭ, ω - ɱɚɫɬɨɬɭ 

ɜɨɡɞɟɣɫɬɜɢɹ, λ - ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɧɟɥɢɧɟɣɧɨɫɬɶ ɢ ɫɢɥɭ 

ɡɚɬɭɯɚɧɢɹ ɤɨɥɟɛɚɧɢɣ. 

ɋɞɟɥɚɟɦ ɡɚɦɟɧɭ ɩɟɪɟɦɟɧɧɵɯ (2) ɢ ɩɟɪɟɣɞɟɦ ɤ ɫɢɫɬɟɦɟ ɢɡ ɞɜɭɯ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ(3). ݕଵ = ଶݕ ݔ = 𝑑௬1𝑑𝑡 = 𝑑௫1𝑑𝑡   

 

 

 

Ɋɟɲɢɦ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ (1) ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɚ ω ɢ 

ɡɧɚɱɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ  𝜆 = Ͳ,ͷ  ɢ 𝑏 = Ͳ,ʹ . Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɦ ɮɭɧɤɰɢɸ 

ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ..  

Ⱦɥɹ ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɪɟɡɭɥɶɬɚɬɨɦ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ 

ɭɪɚɜɧɟɧɢɣ ɜ ɫɪɟɞɟ Wolfram Mathematica ɹɜɥɹɟɬɫɹ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ݔሺݐሻ ɫ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɢɦ ɫɩɟɤɬɪɚɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 1.  

 𝑑ݕଵ𝑑ݐ =  ଶݕ
(3) 

 𝑑ݕଶ𝑑ݐ = (𝜆 − ʹݕ(ʹͳݕ − ͳݕ + 𝑏 ݏ𝑖𝑛𝜔ݐ 

(2) 
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Ɋɢɫ. 1 ɋɥɟɜа - ɩɨɥɭɱɟɧɧɵɟ ɱɢɫɥɟɧɧɨ ɡаɜɢɫɢɦɨɫɬɢ ɞɢɧаɦɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ ɨɬ ɜɪɟɦɟɧɢ. 
ɋɩɪаɜа - ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɩɟɤɬɪɵ. ȼɟɪɯɧɢɣ ɝɪаɮɢɤ ɨɬɜɟɱаɟɬ ɪɟɠɢɦɭ ɫɢɧɯɪɨɧɢɡаɰɢɢ. 

 

ɉɪɢɜɟɞɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ ɩɪɢ ɦɚɥɨɣ ɚɦɩɥɢɬɭɞɟ ɜɧɟɲɧɟɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ. ȼɟɪɯɧɢɣ ɝɪɚɮɢɤ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɠɢɦɭ ɫɢɧɯɪɨɧɢɡɚɰɢɢ, ɞɜɚ 

ɞɪɭɝɢɯ - ɪɟɠɢɦɭ ɛɢɟɧɢɣ. Ɇɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɱɚɫɬɨɬɟ ɜɧɟɲɧɟɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ 𝜔 = ͳ.Ͳ͸ʹ ɦɨɞɭɥɹɰɢɹ ɫɢɝɧɚɥɚ ɜɨɡɧɢɤɚɟɬ ɫ ɛɨɥɶɲɢɦ ɜɪɟɦɟɧɧɵɦ 

ɩɟɪɢɨɞɨɦ, ɢ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɭɜɟɥɢɱɟɧɢɢ ɱɚɫɬɨɬɵ ɜɨɡɞɟɣɫɬɜɢɹ ɞɚɧɧɵɣ 

ɩɟɪɢɨɞ ɭɦɟɧɶɲɚɟɬɫɹ. Ɍɚɤɠɟ, ɜ ɫɩɟɤɬɪɟ ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɛɥɢɡɤɨ 
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ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, ɤɨɬɨɪɵɟ ɩɨɫɬɟɩɟɧɧɨ ɪɚɫɲɢɪɹɸɬɫɹ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɱɚɫɬɨɬɵ ɜɧɟɲɧɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. 

ɉɨɫɬɪɨɢɦ ɮɚɡɨɜɵɟ ɩɨɪɬɪɟɬɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɨɫɬɨɹɧɢɹɦ ɞɢɧɚɦɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɧɚ ɪɢɫɭɧɤɟ 1. Ⱦɥɹ ɷɬɨɝɨ ɱɢɫɥɟɧɧɨ ɪɟɲɢɦ ɫɢɫɬɟɦɭ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 3. ɩɪɢ ɩɨɦɨɳɢ ɮɭɧɤɰɢɢ NDSolve.  

Ȼɵɥɢ ɩɨɫɬɪɨɟɧɵ ɝɪɚɮɢɤɢ ɪɟɲɟɧɢɹ ɧɚ ɮɚɡɨɜɨɣ ɩɥɨɫɤɨɫɬɢ ɩɪɢ ɩɨɦɨɳɢ 

ɮɭɧɤɰɢɢ ParametricPlot.  

Ɋɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ ɨɩɢɫɚɧɧɵɯ ɤɨɦɚɧɞ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.  

ɇɚ ɪɢɫɭɧɤɟ 2 ɦɨɠɧɨ ɭɜɢɞɟɬɶ, ɱɬɨ ɱɟɪɟɡ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ ɪɚɫɱɟɬɨɜ ɩɨɫɥɟ 

ɜɵɯɨɞɚ ɢɡ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ ɪɟɲɟɧɢɟ ɜɵɯɨɞɢɬ ɧɚ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɰɢɤɥ 

ɤɨɥɟɛɚɧɢɣ, ɧɚɡɵɜɚɟɦɵɣ ɩɪɟɞɟɥɶɧɵɦ ɰɢɤɥɨɦ. ɉɪɢ ɧɚɪɭɲɟɧɢɢ ɪɟɠɢɦɚ 

ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɢ ɭɜɟɥɢɱɟɧɢɢ ɱɚɫɬɨɬɵ ɜɧɟɲɧɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚɛɥɸɞɚɟɬɫɹ 

ɪɚɫɲɢɪɟɧɢɟ ɩɪɟɞɟɥɶɧɨɝɨ ɰɢɤɥɚ.  

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɨɫɨɛɵɯ ɬɨɱɟɤ – ɩɨɥɨɠɟɧɢɣ ɪɚɜɧɨɜɟɫɢɹ ɪɟɲɚɟɬɫɹ ɫɢɫɬɟɦɚ 

ɭɪɚɜɧɟɧɢɣ (4) 

Ɋɢɫ. 2 Фаɡɨɜɵɟ ɩɨɪɬɪɟɬɵ ɨɫɰɢɥɥɹɬɨɪа ȼаɧ-ɞɟɪ-ɉɨɥɹ ɩɨɞ ɜɧɟɲɧɢɦ ɜɨɡɞɟɣɫɬɜɢɟɦ. Кɪаɣɧɢɣ ɫɥɟɜа 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɠɢɦɭ ɫɢɧɯɪɨɧɢɡаɰɢɢ 
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Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɞɢɧɚɦɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɢɦɟɟɬ ɟɞɢɧɫɬɜɟɧɧɨɟ 

ɩɨɥɨɠɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɜ ɬɨɱɤɟ (0,0). ɂɫɫɥɟɞɭɟɦ ɟɝɨ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ. Ɉɛ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɦɨɠɧɨ ɫɭɞɢɬɶ ɩɨ 

ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ 

ɫɢɫɬɟɦɵ.  

Ⱦɥɹ ɚɧɚɥɢɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɫɨɛɨɣ ɬɨɱɤɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ 

ɫɨɛɫɬɜɟɧɧɵɟ ɱɢɫɥɚ ɦɚɬɪɢɰɵ ɥɢɧɟɚɪɢɡɚɰɢɢ, ɹɜɥɹɸɳɢɟɫɹ ɤɨɪɧɹɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ (4.5)    det[𝐴 − [𝐸ݎ = Ͳ                   (5) 

ɝɞɟ A - ɹɤɨɛɢɚɧ, E - ɟɞɢɧɢɱɧɚɹ ɦɚɬɪɢɰɚ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɚɧɚɥɢɬɢɱɟɫɤɢ ɛɵɥɚ 

ɢɫɩɨɥɶɡɨɜɚɧɚ ɮɭɧɤɰɢɹ Solve. Ɍɚɤɠɟ ɩɨɥɭɱɢɦ ɱɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɷɬɨɝɨ 

ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ 𝜆 = Ͳ.ͷ ɢ 𝜆 = −Ͳ.ͷɩɪɢ ɩɨɦɨɳɢ NSolve.  

 ɋɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɦɚɬɪɢɰɵ ɥɢɧɟɚɪɢɡɚɰɢɢ ɞɥɹ ɡɧɚɱɟɧɢɹ 𝜆 = Ͳ.ͷ - 

ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɟɧɧɵɟ ɱɢɫɥɚ ɫ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɱɚɫɬɶɸ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɥɨɠɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɹɜɥɹɟɬɫɹ ɧɟɭɫɬɨɣɱɢɜɵɦ ɮɨɤɭɫɨɦ. ɉɪɢ 𝜆 = −Ͳ.ͷ ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɦɚɬɪɢɰɵ - ɤɨɦɩɥɟɤɫɧɨ-ɫɨɩɪɹɠɟɧɧɵɟ ɱɢɫɥɚ ɫ 

ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɱɚɫɬɶɸ. ɋɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ - ɭɫɬɨɣɱɢɜɵɣ 

ɮɨɤɭɫ. ɉɪɨɞɟɦɨɧɫɬɪɢɪɭɟɦ ɷɬɨ, ɩɨɫɬɪɨɢɜ ɝɪɚɮɢɤɢ ɮɚɡɨɜɵɯ ɬɪɚɟɤɬɨɪɢɣ ɩɪɢ 

ɩɨɦɨɳɢ ɤɨɦɚɧɞɵ StreamPlot. Ɋɟɡɭɥɶɬɚɬ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 3. 

  

ݕ = Ͳ 
(4) 

 
ሺ𝜆 − ݕଶሻݔ − ݔ = Ͳ 
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Ɋɢɫ. 3 Ƚɪаɮɢɤ ɮаɡɨɜɵɯ ɬɪаɟɤɬɨɪɢɣ ɭɪаɜɧɟɧɢɹ ȼаɧ ɞɟɪ ɉɨɥɹ ɩɪɢ ɪаɡɥɢɱɧɵɯ ɡɧаɱɟɧɢɹɯ 
ɩаɪаɦɟɬɪа λ 

ɇɚ ɪɢɫ.3 ɦɵ ɦɨɠɟɦ ɭɜɢɞɟɬɶ, ɱɬɨ ɩɪɢ 𝝀 = −𝟎. 𝟓  ɮɚɡɨɜɵɟ ɬɪɚɟɤɬɨɪɢɢ 

ɫɤɪɭɱɢɜɚɸɬɫɹ ɤ ɧɚɱɚɥɭ ɤɨɨɪɞɢɧɚɬ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɫɨɛɨɣ ɬɨɱɤɟ 

ɭɫɬɨɣɱɢɜɵɣ ɮɨɤɭɫ. ɉɪɢ 𝝀 = 𝟎. 𝟓 ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɬɟɪɹɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ, 

ɮɚɡɨɜɵɟ ɬɪɚɟɤɬɨɪɢɢ ɪɚɫɤɪɭɱɢɜɚɸɬɫɹ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɧɟɭɫɬɨɣɱɢɜɨɝɨ 

ɮɨɤɭɫɚ. Ɍɚɤɠɟ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɫɝɭɳɟɧɢɟ ɮɚɡɨɜɵɯ ɬɪɚɟɤɬɨɪɢɣ ɜ 

ɨɤɪɟɫɬɧɨɫɬɢ ɩɪɟɞɟɥɶɧɨɝɨ ɰɢɤɥɚ.   
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Ɂаɤɥɸɱɟɧɢɟ 

Ȼɥɚɝɨɞɚɪɹ ɛɵɫɬɪɨɦɭ ɪɚɡɜɢɬɢɸ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɜɨɡɦɨɠɧɨɫɬɟɣ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɩɚɤɟɬɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ Wolfram Mathematica, 

ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɜɚɠɧɵɦ, ɭɱɢɬɵɜɚɹ ɧɟɞɨɫɬɚɬɨɤ ɤɚɱɟɫɬɜɟɧɧɨɣ ɢ ɚɤɬɭɚɥɶɧɨɣ 

ɪɭɫɫɤɨɹɡɵɱɧɨɣ ɥɢɬɟɪɚɬɭɪɵ ɩɨ ɞɚɧɧɨɣ ɬɟɦɚɬɢɤɟ.  

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɟɣ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ Wolfram Mathematica ɞɥɹ ɚɧɚɥɢɡɚ ɞɢɧɚɦɢɱɟɫɤɢɯ 

ɫɢɫɬɟɦ.  

ɉɪɢ ɚɧɚɥɢɡɟ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɮɭɧɤɰɢɣ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ 

ɨɬɥɢɱɢɬɟɥɶɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɝɪɚɦɦɵ: 

1. ɛɨɥɶɲɚɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ ɩɪɨɝɪɚɦɦɵ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɪɨɫɬɨɬɟ 

ɹɡɵɤɚ 

2. ɝɢɛɪɢɞɧɚɹ ɫɢɦɜɨɥɶɧɨ - ɱɢɫɥɟɧɧɚɹ ɫɢɫɬɟɦɚ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ 

ɩɨɫɬɪɨɟɧɢɟ ɭɧɢɤɚɥɶɧɵɯ ɝɢɛɪɢɞɧɵɯ ɦɟɬɨɞɨɜ ɞɥɹ ɪɟɲɟɧɢɹ ɦɧɨɝɢɯ ɡɚɞɚɱ 

ɢ ɝɚɪɚɧɬɢɪɭɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢ ɫɨɱɟɬɚɧɢɣ ɜɟɥɢɱɢɧ 

ɩɪɨɢɡɜɨɥɶɧɵɯ ɬɨɱɧɨɫɬɟɣ.  

3. ɟɞɢɧɚɹ ɫɢɫɬɟɦɚ ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɢɧɬɟɝɪɚɰɢɢ ɮɭɧɤɰɢɣ 

ȼ ɱɟɬɜɟɪɬɨɣ ɝɥɚɜɟ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɜɨɡɦɨɠɧɨɫɬɢ Wolfram Mathemtica 

ɞɥɹ ɚɧɚɥɢɡɚ ɤɨɧɤɪɟɬɧɨɣ ɮɢɡɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. Ȼɵɥ ɢɫɫɥɟɞɨɜɚɧ ɩɪɨɰɟɫɫ 

ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɨɫɰɢɥɥɹɬɨɪɚ ȼɚɧ-ɞɟɪ-ɉɨɥɹ ɜɧɟɲɧɢɦ ɩɟɪɢɨɞɢɱɟɫɤɢɦ 

ɫɢɝɧɚɥɨɦ ɢ ɩɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɜ ɫɪɟɞɟ Wolfram Mathematica, ɩɪɨɜɟɞɟɧ 

ɚɧɚɥɢɡ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɨɱɤɢ ɪɚɜɧɨɜɟɫɢɹ ɫɢɫɬɟɦɵ ɩɪɢ ɡɚɞɚɧɧɨɦ ɩɚɪɚɦɟɬɪɟ. 

ɉɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɟɡɭɥɶɬɚɬɵ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ 

ɢɡɥɨɠɟɧɧɵɦɢ ɜ ɞɪɭɝɢɯ ɪɚɛɨɬɚɯ. 
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