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ȼɜɟɞɟɧɢɟ

ɐɟɥɶɸ ɞɢɫɰɢɩɥɢɧɵ «ɉɪɨɮɟɫɫɢɨɧɚɥɶɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɩɚɤɟɬɵ»
ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɩɚɤɟɬɨɜ ɩɪɢɤɥɚɞɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɩɪɨɝɪɚɦɦ ɞɥɹ
ɪɟɲɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɡɚɞɚɱ, ɩɨɥɭɱɟɧɢɹ ɧɚɜɵɤɨɜ ɭɫɬɚɧɨɜɤɢ
ɢ ɦɚɧɢɩɭɥɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɧɧɵɦɢ ɞɨɤɭɦɟɧɬɚɦɢ ɜ ɫɢɫɬɟɦɟ ɫɢɦɜɨɥɶɧɵɯ
ɜɵɱɢɫɥɟɧɢɣ MКбТЦК.

ɍɧɢɜɟɪɫɚɥɶɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɩɚɤɟɬɵ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɧɨɜɵɟ ɲɢɪɨɤɢɟ
ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɨɛɭɱɟɧɢɹ ɧɚ ɜɫɟɯ ɟɝɨ ɷɬɚɩɚɯ,
ɜɤɥɸɱɚɹ ɤɨɦɩɥɟɤɫɧɭɸ ɩɨɞɝɨɬɨɜɤɭ ɨɛɭɱɚɟɦɨɝɨ ɤ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ
ɞɟɹɬɟɥɶɧɨɫɬɢ ɢ ɫɚɦɨɪɟɚɥɢɡɚɰɢɢ. ȼɟɥɢɤɚ ɪɨɥɶ ɩɚɤɟɬɨɜ ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ
ɩɪɢ ɢɡɭɱɟɧɢɢ ɦɚɬɟɦɚɬɢɤɢ: ɨɛɥɟɝɱɚɹ ɪɟɲɟɧɢɟ ɫɥɨɠɧɵɯ ɡɚɞɚɱ, ɨɧɢ ɫɧɢɦɚɸɬ
ɩɫɢɯɨɥɨɝɢɱɟɫɤɢɣ ɛɚɪɶɟɪ ɜ ɢɡɭɱɟɧɢɢ ɦɚɬɟɦɚɬɢɤɢ ɢ ɞɟɥɚɸɬ ɷɬɨɬ ɩɪɨɰɟɫɫ
ɢɧɬɟɪɟɫɧɵɦ ɢ ɛɨɥɟɟ ɩɪɨɫɬɵɦ.

ȼɨ ɜɪɟɦɹ ɨɫɜɨɟɧɢɹ ɞɢɫɰɢɩɥɢɧɵ ɪɟɲɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:
1) ɢɡɭɱɟɧɢɟ ɨɫɧɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɩɚɤɟɬɨɜ, ɫɬɪɭɤɬɭɪɵ ɢ ɢɯ ɮɭɧɤɰɢɣ;
2) ɢɡɭɱɟɧɢɟ ɝɪɚɮɢɱɟɫɤɢɯ ɪɟɞɚɤɬɨɪɨɜ ɞɥɹ ɜɜɨɞɚ ɢ ɦɚɧɢɩɭɥɢɪɨɜɚɧɢɹ
ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɜɵɪɚɠɟɧɢɹɦɢ, ɜɵɱɢɫɥɟɧɢɹɦɢ ɢ ɪɚɫɱɟɬɚɦɢ;
3) ɢɡɭɱɟɧɢɟ ɨɫɧɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɡɚɞɚɱ;
4) ɨɜɥɚɞɟɧɢɟ ɨɫɧɨɜɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢ ɮɭɧɤɰɢɹɦɢ ɫɢɫɬɟɦɵ MКбТЦК ɞɥɹ
ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɥɢɧɟɣɧɨɣ ɚɥɝɟɛɪɵ, ɜɟɤɬɨɪɧɨɣ ɝɟɨɦɟɬɪɢɢ, ɬɟɧɡɨɪɧɨɝɨ
ɚɧɚɥɢɡɚ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ
ɭɪɚɜɧɟɧɢɣ ɢ ɱɢɫɥɟɧɧɨɝɨ ɚɧɚɥɢɡɚ, ɜɢɡɭɚɥɢɡɚɰɢɹ ɩɨɥɭɱɟɧɧɵɯ ɪɟɲɟɧɢɣ;
5) ɩɨɥɭɱɟɧɢɟ ɧɚɜɵɤɨɜ ɢ ɭɦɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɩɚɤɟɬɨɜ
ɜ ɪɟɲɟɧɢɢ ɢɧɠɟɧɟɪɧɵɯ ɡɚɞɚɱ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ.
Ɋɚɫɫɦɨɬɪɟɧɧɚɹ ɜ ɩɨɫɨɛɢɢ ɫɢɫɬɟɦɚ MКбТЦК ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ

ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ:
1) ɩɪɨɜɟɞɟɧɢɟ ɪɚɡɧɨɫɬɨɪɨɧɧɢɯ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ. ȼ ɫɢɫɬɟɦɟ
ɪɟɚɥɢɡɨɜɚɧɨ ɨɝɪɨɦɧɨɟ ɱɢɫɥɨ ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ
ɦɚɬɟɦɚɬɢɤɢ;
2) ɩɪɨɜɟɞɟɧɢɟ ɫɢɦɜɨɥɶɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɢ ɜɵɱɢɫɥɟɧɢɣ, ɪɟɡɭɥɶɬɚɬɨɦ
ɷɬɢɯ ɜɵɱɢɫɥɟɧɢɣ ɹɜɥɹɸɬɫɹ ɮɨɪɦɭɥɵ, ɮɭɧɤɰɢɢ, ɭɪɚɜɧɟɧɢɹ, ɢɧɬɟɝɪɚɥɵ;
3) ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ – ɧɚɩɢɫɚɧɢɟ ɧɟɤɨɬɨɪɨɝɨ ɚɥɝɨɪɢɬɦɚ ɢɡ ɮɭɧɤɰɢɣ,
ɨɩɟɪɚɬɨɪɨɜ: ɩɪɢɫɜɚɢɜɚɧɢɹ, ɰɢɤɥɚ, ɭɫɥɨɜɧɨɝɨ ɨɩɟɪɚɬɨɪɚ ɢ ɨɛɴɟɤɬɨɜ,
ɬɚɤɢɯ ɤɚɤ ɦɚɫɫɢɜɵ, ɫɩɢɫɤɢ, ɜɵɪɚɠɟɧɢɹ, ɤɨɧɫɬɚɧɬɵ, ɩɟɪɟɦɟɧɧɵɟ;
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4) ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɨɜ ɢ ɩɪɨɱɢɯ ɝɪɚɮɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ;
5) ɪɚɡɜɢɬɚɹ ɫɢɫɬɟɦɚ ɫɟɪɜɢɫɨɜ, ɩɨɦɨɳɶ, ɝɪɚɮɢɱɟɫɤɢɣ ɢ ɫɢɦɜɨɥɶɧɵɟ
ɢɧɬɟɪɮɟɣɫɵ;
6) ɷɤɫɩɨɪɬ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɮɨɪɦɭɥ ɜ ɮɨɪɦɚɬɵ TОБ, EpЬ, HTML.
ɋɢɫɬɟɦɚ MКбТЦК ɨɛɥɚɞɚɟɬ ɩɪɨɫɬɵɦ ɢ «ɞɪɭɠɟɫɬɜɟɧɧɵɦ»

ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɵɦ ɝɪɚɮɢɱɟɫɤɢɦ ɢɧɬɟɪɮɟɣɫɨɦ, ɤɨɬɨɪɵɣ ɧɚɡɵɜɚɟɬɫɹ
абMКбТЦК ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɢɡɭɱɟɧɢɢ ɞɚɧɧɨɣ ɞɢɫɰɢɩɥɢɧɵ.

ȼ ɩɨɫɨɛɢɢ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɫɬɟɦɵ
MКбТЦК. Ʉɪɨɦɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɩɨɫɨɛɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɞɚɧɢɹ
ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɪɚɛɨɬɵ ɫɬɭɞɟɧɬɨɜ (ɝɥ. 6) ɢ ɭɤɚɡɚɧɢɹ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ
ɤɨɧɬɪɨɥɶɧɨɣ ɪɚɛɨɬɵ (ɝɥ. 7).

ɂɡɭɱɟɧɢɹ ɞɚɧɧɨɝɨ ɩɨɫɨɛɢɹ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɨɫɜɨɟɧɢɹ ɞɢɫɰɢɩɥɢɧɵ
«ɉɪɨɮɟɫɫɢɨɧɚɥɶɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɩɚɤɟɬɵ». ȼ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ
ɦɚɬɟɪɢɚɥɚ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɫɬɨɱɧɢɤɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɫɩɢɫɤɟ
ɥɢɬɟɪɚɬɭɪɵ.

ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɫɜɨɟɧɢɹ ɞɢɫɰɢɩɥɢɧɵ «ɉɪɨɮɟɫɫɢɨɧɚɥɶɧɵɟ
ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɩɚɤɟɬɵ» ɫɬɭɞɟɧɬ ɞɨɥɠɟɧ:

ɡɧɚɬɶ:
ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɩɚɤɟɬɨɜ;

ɭɦɟɬɶ:
ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱ, ɩɪɢɦɟɧɹɹ ɫɬɪɭɤɬɭɪɵ
ɢ ɮɭɧɤɰɢɢ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɩɚɤɟɬɨɜ;

ɜɥɚɞɟɬɶ:
ɫɨɜɪɟɦɟɧɧɵɦɢ ɩɪɨɝɪɚɦɦɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ,
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ, ɡɚɥɨɠɟɧɧɵɦɢ
ɜ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɩɚɤɟɬɚɯ.
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1 Ɉɫɧɨɜɵ ɪɚɛɨɬɵ ɜ ɫɢɫɬɟɦɟ MКбТmК

1.1 ɂɫɬɨɪɢɹ ɪɚɡɪɚɛɨɬɤɢ
ɑɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɨɣ

ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɢ ɪɚɡɜɢɬɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɦɩɶɸɬɟɪɨɜ. Ɉɞɧɚɤɨ ɪɟɲɟɧɢɟ ɡɚɞɚɱ
ɜ ɱɢɫɥɟɧɧɨɦ ɜɢɞɟ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɹɜɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɵɦ, ɚ ɢɧɨɝɞɚ
ɢ ɜɨɜɫɟ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɪɟɲɟɧɢɸ, ɩɨɷɬɨɦɭ ɧɚɪɹɞɭ ɫ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ
ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɪɚɡɜɢɜɚɸɬɫɹ ɦɟɬɨɞɵ ɫɢɦɜɨɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɣ.

ɉɪɨɫɬɟɣɲɟɣ ɡɚɞɚɱɟɣ ɫɢɦɜɨɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɹɜɥɹɟɬɫɹ ɭɩɪɨɳɟɧɢɟ
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ, ɧɚɩɪɢɦɟɪ ɫɥɨɠɟɧɢɟ ɫ ɧɭɥɟɦ, ɭɦɧɨɠɟɧɢɟ ɧɚ ɧɭɥɶ,
ɭɦɧɨɠɟɧɢɟ ɧɚ ɟɞɢɧɢɰɭ, ɫɨɤɪɚɳɟɧɢɟ ɩɨɞɨɛɧɵɯ ɱɥɟɧɨɜ ɢ ɞɪ.

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɬɚɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɦɟɯɚɧɢɡɦɵ
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ ɜ ɜɢɞɟ ɚɛɫɬɪɚɤɬɧɵɯ
ɫɢɧɬɚɤɫɢɱɟɫɤɢɯ ɞɟɪɟɜɶɟɜ ɢ ɦɚɧɢɩɭɥɢɪɨɜɚɧɢɹ ɢɦɢ. Ⱦɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɷɬɨɝɨ
ɧɚɩɪɚɜɥɟɧɢɹ ɩɨɪɨɞɢɥɨ ɤɨɦɩɶɸɬɟɪɧɭɸ ɚɥɝɟɛɪɭ – ɧɚɭɤɭ, ɨɛɴɟɞɢɧɢɜɲɭɸ ɚɥɝɟɛɪɭ
ɢ ɬɟɨɪɢɸ ɜɵɱɢɫɥɟɧɢɣ. Ɉɞɧɨɣ ɢɡ ɩɟɪɜɵɯ ɫɢɫɬɟɦ ɤɨɦɩɶɸɬɟɪɧɨɣ ɚɥɝɟɛɪɵ
ɩɪɢɧɹɬɨ ɫɱɢɬɚɬɶ ɫɢɫɬɟɦɭ RОНЮМО, ɩɪɟɞɧɚɡɧɚɱɟɧɧɭɸ ɞɥɹ ɪɟɲɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ
ɡɚɞɚɱ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɢɫɬɟɦɵ RОНЮМО Д8Ж,
MКЭСОЦКЭТМК Д9Ж, MКpХО Д10Ж, MКбТЦК Д11Ж ɢ ɞɪ. Ɉɫɬɚɧɨɜɢɦɫɹ ɩɨɞɪɨɛɧɟɟ ɧɚ
MКбТЦК.

ɋɢɫɬɟɦɚ MКбТЦК ɹɜɥɹɟɬɫɹ ɪɚɡɜɢɬɢɟɦ ɢɡɜɟɫɬɧɨɣ ɫɢɫɬɟɦɵ MКМЬвЦК (MAC
SвЦЛШХТМ MКЧТpЮХКЭТШЧ), ɤɨɬɨɪɚɹ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɜ Ɇɚɫɫɚɱɭɫɟɬɫɤɨɦ
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɢɧɫɬɢɬɭɬɟ, ɜ ɪɚɦɤɚɯ ɫɭɳɟɫɬɜɨɜɚɜɲɟɝɨ ɜ 60-ɟ ɝɝ. ББ ɜ.
ɛɨɥɶɲɨɝɨ ɩɪɨɟɤɬɚ MAC. ȼ ɤɚɱɟɫɬɜɟ ɹɡɵɤɚ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɫɢɫɬɟɦɵ ɛɵɥ
ɜɵɛɪɚɧ ɹɡɵɤ LТЬp. ɋɢɫɬɟɦɚ MКМЬвЦК ɛɵɥɚ ɡɚɤɪɵɬɵɦ ɤɨɦɦɟɪɱɟɫɤɢɦ ɩɪɨɟɤɬɨɦ,
ɤɨɬɨɪɵɣ ɩɪɨɫɭɳɟɫɬɜɨɜɚɥ ɞɨ 1999 ɝ.

ȼ 1998 ɝ. ɩɪɨɮɟɫɫɨɪ Ɍɟɯɚɫɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɜ Ɉɫɬɢɧɟ ɍɢɥɶɹɦ ɒɟɥɬɟɪ
ɩɨɥɭɱɢɥ ɩɪɚɜɚ ɧɚ ɩɭɛɥɢɤɚɰɢɸ ɤɨɞɚ MКМЬвЦК ɩɨ ɥɢɰɟɧɡɢɢ GPL ɢ ɫɬɚɥ
ɪɚɡɜɢɜɚɬɶ ɫɜɨɣ ɩɪɨɟɤɬ ɩɨɞ ɧɚɡɜɚɧɢɟɦ MКбТЦК. ɋɟɝɨɞɧɹ MКбТЦК – ɫɜɨɛɨɞɧɨ
ɪɚɫɩɪɨɫɬɪɚɧɹɟɦɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ (ɩɨ ɥɢɰɟɧɡɢɢ GPL).

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ MКбТЦК – ɷɬɨ ɫɢɫɬɟɦɚ ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɚɬɟɦɚɬɢɤɢ,
ɤɨɬɨɪɚɹ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ (ɤɚɤ
ɜ ɫɢɦɜɨɥɶɧɨɦ, ɬɚɤ ɢ ɜ ɱɢɫɥɟɧɧɨɦ ɜɢɞɟ), ɬɚɤɢɯ ɤɚɤ:

ɭɩɪɨɳɟɧɢɟ ɜɵɪɚɠɟɧɢɣ;
ɝɪɚɮɢɱɟɫɤɚɹ ɜɢɡɭɚɥɢɡɚɰɢɹ ɜɵɱɢɫɥɟɧɢɣ;
ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɢ ɢɯ ɫɢɫɬɟɦ;
ɪɟɲɟɧɢɟ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɢ ɢɯ ɫɢɫɬɟɦ;
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ɪɟɲɟɧɢɟ ɡɚɞɚɱ ɥɢɧɟɣɧɨɣ ɚɥɝɟɛɪɵ;
ɪɟɲɟɧɢɟ ɡɚɞɚɱ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɢ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɢɫɱɢɫɥɟɧɢɹ;
ɪɟɲɟɧɢɟ ɡɚɞɚɱ ɬɟɨɪɢɢ ɱɢɫɟɥ ɢ ɤɨɦɛɢɧɚɬɨɪɧɵɯ ɭɪɚɜɧɟɧɢɣ ɢ ɞɪ.

ȼ ɫɢɫɬɟɦɟ ɢɦɟɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɫɬɪɨɟɧɧɵɯ ɤɨɦɚɧɞ ɢ ɮɭɧɤɰɢɣ,
ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɜɚɬɶ ɧɨɜɵɟ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɟ ɮɭɧɤɰɢɢ. ɋɢɫɬɟɦɚ
ɢɦɟɟɬ ɫɜɨɣ ɫɨɛɫɬɜɟɧɧɵɣ ɹɡɵɤ. Ɉɧɚ ɬɚɤɠɟ ɢɦɟɟɬ ɜɫɬɪɨɟɧɧɵɣ ɹɡɵɤ
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɲɟɧɢɹ
ɧɨɜɵɯ ɡɚɞɚɱ ɢ ɫɨɡɞɚɧɢɹ ɨɬɞɟɥɶɧɵɯ ɦɨɞɭɥɟɣ ɢ ɩɨɞɤɥɸɱɟɧɢɹ ɢɯ ɤ ɫɢɫɬɟɦɟ ɞɥɹ
ɪɟɲɟɧɢɹ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɤɪɭɝɚ ɡɚɞɚɱ.

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɜɵɱɢɫɥɟɧɢɣ MКбТЦК ɢɫɩɨɥɶɡɭɟɬ ɬɨɱɧɵɟ ɞɪɨɛɢ, ɰɟɥɵɟ
ɱɢɫɥɚ ɢ ɱɢɫɥɚ ɫ ɩɥɚɜɚɸɳɟɣ ɬɨɱɤɨɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɜɵɱɢɫɥɟɧɢɹ ɫ
ɨɱɟɧɶ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ.

MКбТЦК ɹɜɥɹɟɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɩɚɤɟɬɨɦ,
ɩɨɡɜɨɥɹɸɳɢɦ ɪɟɲɚɬɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɥɨɠɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɛɟɡ
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. ɋɭɳɟɫɬɜɭɸɬ ɜɟɪɫɢɢ ɩɚɤɟɬɚ ɞɥɹ Ɉɋ
АТЧНШаЬ, LТЧЮб ɢ MКМOS.

ɋɚɦɚ ɩɨ ɫɟɛɟ MКбТЦК – ɤɨɧɫɨɥɶɧɚɹ ɩɪɨɝɪɚɦɦɚ, ɢ ɜɫɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ
ɮɨɪɦɭɥɵ ɨɧɚ «ɨɬɪɢɫɨɜɵɜɚɟɬ» ɨɛɵɱɧɵɦɢ ɬɟɤɫɬɨɜɵɦɢ ɫɢɦɜɨɥɚɦɢ. MКбТЦК
ɪɚɛɨɬɚɟɬ ɤɚɤ ɜ ɤɨɧɫɨɥɶɧɨɦ ɪɟɠɢɦɟ, ɬɚɤ ɢ ɜ ɜɢɞɟ ɨɤɨɧɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ. ɉɪɢ
ɷɬɨɦ ɫɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɝɪɚɮɢɱɟɫɤɢɯ ɪɭɫɢɮɢɰɢɪɨɜɚɧɧɵɯ ɢɧɬɟɪɮɟɣɫɨɜ:
бMКбТЦК, абMКбТЦК, TОбMКМЬ. абMКбТЦК (ɨɫɧɨɜɚɧ ɧɚ абАТНРОЭЬ; ɜɤɥɸɱɚɟɬɫɹ
ɜ ɩɨɫɬɚɜɤɭ ɞɥɹ Ɉɋ АТЧНШаЬ) ɬɚɤ ɠɟ, ɤɚɤ ɢ MКбТЦК, ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɨ
ɥɢɰɟɧɡɢɢ GPL. TОБЦКМЬ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɧɚɭɱɧɵɯ
ɬɟɤɫɬɨɜ ɜ MКбТЦК. Ɉɧ ɩɨɡɜɨɥɹɟɬ ɷɤɫɩɨɪɬɢɪɨɜɚɬɶ ɞɨɤɭɦɟɧɬɵ ɜ ɪɹɞ ɩɨɩɭɥɹɪɧɵɯ
ɮɨɪɦɚɬɨɜ, ɜɤɥɸɱɚɹ TОБ/LКTОБ ɢ HTML/MКЭСML.

1.2 ɍɫɬɚɧɨɜɤɚ ɩɪɨɝɪɚɦɦ

1.2.1 ɍɫɬɚɧɨɜɤɚ MКбТmК

ɋɜɨɛɨɞɧɨ ɪɚɫɩɪɨɫɬɪɚɧɹɟɦɭɸ ɜɟɪɫɢɸ ɞɢɫɬɪɢɛɭɬɢɜɚ MКбТЦК,
ɞɨɤɭɦɟɧɬɚɰɢɸ ɧɚ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɟ, ɬɢɩɵ ɢ ɜɢɞɵ ɢɧɬɟɪɮɟɣɫɨɜ ɫɢɫɬɟɦɵ
ɦɨɠɧɨ ɩɨɫɦɨɬɪɟɬɶ ɢ ɫɤɚɱɚɬɶ ɫ ɫɚɣɬɚ ɩɪɨɝɪɚɦɦɵ СЭЭp://ЦКбТЦК.ЬШЮЫМОПШЫРО.ЧОЭ.
Ɋɭɫɫɤɚɹ ɥɨɤɚɥɢɡɚɰɢɹ ɫɚɣɬɚ: СЭЭp://ЦКбТЦК.ЬШЮЫМОПШЫРО.ЧОЭ/ЫЮ/. ɇɚ ɩɟɪɢɨɞ
ɧɚɩɢɫɚɧɢɹ ɩɨɫɨɛɢɹ ɩɨɫɥɟɞɧɹɹ ɜɟɪɫɢɹ ɞɢɫɬɪɢɛɭɬɢɜɚ ɞɥɹ Ɉɋ АТЧНШаЬ – 5.38.1.

ɋɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ ɦɧɨɝɨɩɥɚɬɮɨɪɦɟɧɧɨɣ, ɢɦɟɟɬ ɧɟɛɨɥɶɲɨɣ ɪɚɡɦɟɪ
ɞɢɫɬɪɢɛɭɬɢɜɚ, ɥɟɝɤɨ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ. Ʉɪɚɬɤɨ ɨɩɢɲɟɦ ɩɪɨɰɟɫɫ ɭɫɬɚɧɨɜɤɢ
MКбТЦК ɞɥɹ Ɉɋ АТЧНШаЬ:

1. ɋɤɚɱɚɣɬɟ ɫ ɨɮɢɰɢɚɥɶɧɨɝɨ ɫɚɣɬɚ ɫɢɫɬɟɦɭ MКбТЦК.
2. Ɂɚɩɭɫɬɢɬɟ ɫɤɚɱɚɧɧɵɣ ɭɫɬɚɧɨɜɳɢɤ ɩɪɨɝɪɚɦɦɵ, ɜɵɛɟɪɟɬɟ ɹɡɵɤ
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ɭɫɬɚɧɨɜɤɢ ɢ ɧɚɠɦɢɬɟ ɤɧɨɩɤɭ «ɈɄ» (ɪɢɫ. 1.1).

Ɋɢɫ. 1.1 – ȼɵɛɨɪ ɹɡɵɤɚ ɭɫɬɚɧɨɜɤɢ

3. ȼ ɨɤɧɟ ɩɪɢɜɟɬɫɬɜɢɹ ɧɚɠɦɢɬɟ ɤɧɨɩɤɭ «Ⱦɚɥɟɟ» (ɪɢɫ. 1.2).

Ɋɢɫ. 1.2 – Ɉɤɧɨ ɭɫɬɚɧɨɜɤɢ MКбТЦК

4. Ɉɡɧɚɤɨɦɶɬɟɫɶ ɫ ɥɢɰɟɧɡɢɨɧɧɵɦ ɫɨɝɥɚɲɟɧɢɟɦ, ɩɪɢɦɢɬɟ ɟɝɨ ɭɫɥɨɜɢɹ
ɢ ɧɚɠɦɢɬɟ ɤɧɨɩɤɭ «Ⱦɚɥɟɟ» (ɪɢɫ. 1.3).

Ɋɢɫ. 1.3 – Ɉɡɧɚɤɨɦɥɟɧɢɟ ɫ ɥɢɰɟɧɡɢɨɧɧɵɦ ɫɨɝɥɚɲɟɧɢɟɦ

5. Ɉɡɧɚɤɨɦɶɬɟɫɶ ɫ ɜɚɠɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɢ ɧɚɠɦɢɬɟ ɤɧɨɩɤɭ «Ⱦɚɥɟɟ»
(ɪɢɫ. 1.4).
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Ɋɢɫ. 1.4 – ɂɧɮɨɪɦɚɰɢɹ, ɡɧɚɤɨɦɫɬɜɨ ɫ ɤɨɬɨɪɨɣ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɞ ɭɫɬɚɧɨɜɤɨɣ

6. ȼɵɛɟɪɢɬɟ ɩɚɩɤɭ, ɜ ɤɨɬɨɪɭɸ ɛɭɞɟɬ ɭɫɬɚɧɨɜɥɟɧɚ MКбТЦК, ɢ ɧɚɠɦɢɬɟ
ɤɧɨɩɤɭ «Ⱦɚɥɟɟ» (ɪɢɫ. 1.5).

Ɋɢɫ. 1.5 – ȼɵɛɨɪ ɩɚɩɤɢ ɞɥɹ ɭɫɬɚɧɨɜɤɢ

7. ȼɵɛɟɪɢɬɟ ɤɨɦɩɨɧɟɧɬɵ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɢ ɧɚɠɦɢɬɟ ɤɧɨɩɤɭ «Ⱦɚɥɟɟ»
(ɪɢɫ. 1.6). Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɭɫɬɚɧɨɜɢɬɶ ɝɪɚɮɢɱɟɫɤɭɸ ɨɛɨɥɨɱɤɭ абMКбТЦК.
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Ɋɢɫ. 1.6 – ȼɵɛɨɪ ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ ɭɫɬɚɧɨɜɤɢ

8. ȼɵɛɟɪɢɬɟ ɩɚɩɤɭ ɜ ɦɟɧɸ «ɉɭɫɤ», ɜ ɤɨɬɨɪɨɣ ɛɭɞɭɬ ɪɚɡɦɟɳɟɧɵ ɹɪɥɵɤɢ
MКбТЦК, ɢ ɧɚɠɦɢɬɟ ɤɧɨɩɤɭ «Ⱦɚɥɟɟ» (ɪɢɫ. 1.7).

Ɋɢɫ. 1.7 – ȼɵɛɨɪ ɩɚɩɤɢ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɹɪɥɵɤɨɜ

9. ȼɵɛɟɪɢɬɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɡɚɞɚɱɢ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɜɵɩɨɥɧɟɧɵ ɩɪɢ
ɭɫɬɚɧɨɜɤɟ MКбТЦК, ɢ ɧɚɠɦɢɬɟ ɤɧɨɩɤɭ «Ⱦɚɥɟɟ» (ɪɢɫ. 1.8).
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Ɋɢɫ. 1.8 – ȼɵɛɨɪ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɡɚɞɚɱ ɩɪɢ ɭɫɬɚɧɨɜɤɟ

10. ɉɨɞɬɜɟɪɞɢɬɟ ɜɵɛɪɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɭɫɬɚɧɨɜɤɢ ɢ ɧɚɠɦɢɬɟ ɤɧɨɩɤɭ
«ɍɫɬɚɧɨɜɢɬɶ» (ɪɢɫ. 1.9).

Ɋɢɫ. 1.9 – ȼɵɛɨɪ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɡɚɞɚɱ ɩɪɢ ɭɫɬɚɧɨɜɤɟ

11. Ⱦɨɠɞɢɬɟɫɶ ɨɤɨɧɱɚɧɢɹ ɭɫɬɚɧɨɜɤɢ (ɪɢɫ. 1.10).
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Ɋɢɫ. 1.10 – ȼɵɛɨɪ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɡɚɞɚɱ ɩɪɢ ɭɫɬɚɧɨɜɤɟ

12. Ɉɡɧɚɤɨɦɶɬɟɫɶ ɫ ɜɚɠɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɢ ɧɚɠɦɢɬɟ ɤɧɨɩɤɭ «Ⱦɚɥɟɟ»
(ɪɢɫ. 1.11).

Ɋɢɫ. 1.11 – ɂɧɮɨɪɦɚɰɢɹ, ɡɧɚɤɨɦɫɬɜɨ ɫ ɤɨɬɨɪɨɣ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɥɟ ɭɫɬɚɧɨɜɤɢ

13. ɍɫɬɚɧɨɜɤɚ ɡɚɜɟɪɲɟɧɚ, ɧɚɠɦɢɬɟ ɤɧɨɩɤɭ «Ɂɚɜɟɪɲɢɬɶ» (ɪɢɫ. 1.12).
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Ɋɢɫ. 1.12 – ȼɵɯɨɞ ɢɡ ɩɪɨɝɪɚɦɦɵ ɭɫɬɚɧɨɜɤɢ MКбТЦК

1.2.2 ɍɫɬɚɧɨɜɤɚ абMКбТmК

Ʉɚɤ ɝɨɜɨɪɢɥɨɫɶ ɪɚɧɟɟ, MКбТЦК ɢɦɟɟɬ ɧɟɫɤɨɥɶɤɨ ɢɧɬɟɪɮɟɣɫɨɜ. ɇɚɢɛɨɥɟɟ
ɞɪɭɠɟɫɬɜɟɧɧɵɦ, ɩɪɨɫɬɵɦ ɢ ɭɞɨɛɧɵɦ ɜ ɪɚɛɨɬɟ ɝɪɚɮɢɱɟɫɤɢɦ ɢɧɬɟɪɮɟɣɫɨɦ
ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ ɨɬɞɟɥɶɧɚɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɚɹ ɝɪɚɮɢɱɟɫɤɚɹ
ɩɪɨɝɪɚɦɦɚ абMКбТЦɚ.

Ⱦɨɫɬɨɢɧɫɬɜɚɦɢ абMКбТЦК ɹɜɥɹɸɬɫɹ:
ɜɨɡɦɨɠɧɨɫɬɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɜɵɜɨɞɚ ɮɨɪɦɭɥ;
ɭɩɪɨɳɟɧɧɵɣ ɜɜɨɞ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɮɭɧɤɰɢɣ (ɱɟɪɟɡ
ɞɢɚɥɨɝɨɜɵɟ ɨɤɧɚ);
ɪɚɡɞɟɥɟɧɢɟ ɨɤɧɚ ɜɜɨɞɚ ɞɚɧɧɵɯ ɢ ɨɛɥɚɫɬɢ ɜɵɜɨɞɚ ɪɟɡɭɥɶɬɚɬɨɜ.

ȼ ɞɚɧɧɨɦ ɩɨɫɨɛɢɢ ɨɩɢɫɵɜɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɦɟɧɧɨ ɷɬɨɝɨ
ɢɧɬɟɪɮɟɣɫɚ.

ɀɟɥɚɬɟɥɶɧɨ ɭɫɬɚɧɨɜɢɬɶ ɷɬɨɬ ɝɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ, ɩɨɫɤɨɥɶɤɭ ɨɧ
ɧɟɨɛɯɨɞɢɦ ɩɪɢ ɪɟɲɟɧɢɢ ɧɟɤɨɬɨɪɵɯ ɡɚɞɚɱ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ
ɝɪɚɮɢɱɟɫɤɢɯ ɩɨɫɬɪɨɟɧɢɣ.

абMКбТЦɚ ɜɤɥɸɱɚɟɬɫɹ ɜ ɩɨɫɬɚɜɤɭ ɞɥɹ Ɉɋ АТЧНШаЬ, ɬɨ ɟɫɬɶ ɧɟ ɬɪɟɛɭɟɬ
ɨɬɞɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ. ɇɚ ɩɟɪɢɨɞ ɧɚɩɢɫɚɧɢɹ ɩɨɫɨɛɢɹ ɩɨɫɥɟɞɧɹɹ ɜɟɪɫɢɹ
ɞɢɫɬɪɢɛɭɬɢɜɚ – 16.04.2.

1.3 Ɉɫɧɨɜɧɵɟ ɨɩɪɟɞɟɥɟɧɢɹ
Ɋɚɫɫɦɨɬɪɢɦ ɪɹɞ ɨɩɪɟɞɟɥɟɧɢɣ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɩɪɨɝɪɚɦɦɟ абMКбТЦК

ɢ ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɥɨɠɟɧɢɹ ɦɚɬɟɪɢɚɥɚ.
Ⱦɨɤɭɦɟɧɬ – ɫɨɞɟɪɠɢɦɨɟ ɪɟɞɚɤɬɨɪɚ, ɧɚɯɨɞɹɳɟɟɫɹ ɜɨ ɜɧɭɬɪɟɧɧɟɣ ɩɚɦɹɬɢ

ɪɟɞɚɤɬɨɪɚ. Ⱦɨɤɭɦɟɧɬ ɫɨɫɬɨɢɬ ɢɡ ɜɧɭɬɪɟɧɧɟɣ ɢɧɮɨɪɦɚɰɢɢ
ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɹɱɟɟɤ.
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Ⱦɨɤɭɦɟɧɬ ɦɨɠɧɨ ɫɨɯɪɚɧɢɬɶ ɜ ɮɚɣɥ. ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɞɚɬɶ ɢɦɹ
ɮɚɣɥɭ. Ɋɚɫɲɢɪɟɧɢɟ ɮɚɣɥɚ ɦɨɠɟɬ ɛɵɬɶ .абЦ ɞɥɹ ɪɚɧɧɢɯ ɜɟɪɫɢɣ абMКбТЦК
ɢ .абЦб ɞɥɹ ɜɟɪɫɢɢ 16.04.2.

əɱɟɣɤɚ – ɷɬɨ ɟɞɢɧɢɰɚ ɢɧɮɨɪɦɚɰɢɢ ɝɪɚɮɢɱɟɫɤɨɝɨ ɪɟɞɚɤɬɨɪɚ, ɫɨɫɬɨɹɳɚɹ
ɢɡ ɜɯɨɞɧɨɝɨ ɜɵɪɚɠɟɧɢɹ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ ɜɜɟɞɟɧɨ ɫ ɩɨɦɨɳɶɸ ɤɥɚɜɢɚɬɭɪɵ
ɢɥɢ ɫɤɨɩɢɪɨɜɚɧɨ.

Ʉɚɠɞɚɹ ɹɱɟɣɤɚ ɢɦɟɟɬ ɫɜɨɸ ɦɟɬɤɭ – ɡɚɤɥɸɱɟɧɧɨɟ ɜ ɫɤɨɛɤɢ ɢɦɹ ɹɱɟɣɤɢ.
əɱɟɣɤɢ, ɜ ɤɨɬɨɪɵɯ ɪɚɡɦɟɳɚɸɬɫɹ ɜɯɨɞɧɵɟ ɞɚɧɧɵɟ (ɮɨɪɦɭɥɵ, ɤɨɦɚɧɞɵ,
ɜɵɪɚɠɟɧɢɹ) ɧɚɡɵɜɚɸɬ ɹɱɟɣɤɚɦɢ ɜɜɨɞɚ. Ɉɧɢ ɨɛɨɡɧɚɱɚɸɬɫɹ %ТЧ, ɝɞɟ Ч – ɧɨɦɟɪ
ɹɱɟɣɤɢ ɜɜɨɞɚ (Т – ɫɨɤɪɚɳɟɧɧɨ ɨɬ ɚɧɝɥɢɣɫɤɨɝɨ ɫɥɨɜɚ ТЧpЮЭ – ɜɜɨɞ).

əɱɟɣɤɢ, ɜ ɤɨɬɨɪɵɯ ɪɚɡɦɟɳɚɸɬɫɹ ɜɵɯɨɞɧɵɟ ɞɚɧɧɵɟ (ɫɩɢɫɤɢ ɡɧɚɱɟɧɢɣ,
ɜɵɪɚɠɟɧɢɹ) ɧɚɡɵɜɚɸɬ ɹɱɟɣɤɚɦɢ ɜɵɜɨɞɚ. Ɉɧɢ ɨɛɨɡɧɚɱɚɸɬɫɹ %ШЧ, ɝɞɟ Ч – ɧɨɦɟɪ
ɹɱɟɣɤɢ ɜɵɜɨɞɚ (ɨ – ɫɨɤɪɚɳɟɧɧɨ ɨɬ ɚɧɝɥɢɣɫɤɨɝɨ ɫɥɨɜɚ ШЮЭpЮЭ – ɜɵɜɨɞ).

Ɏɭɧɤɰɢɹ ɜ ɫɢɫɬɟɦɟ MКбТЦК ɦɨɠɟɬ ɛɵɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ, ɧɚɩɪɢɦɟɪ 
, ɢɥɢ ɩɪɨɝɪɚɦɦɨɣ, ɤɨɬɨɪɭɸ ɧɚɩɢɫɚɥ ɩɨɥɶɡɨɜɚɬɟɥɶ, ɢɥɢ ɩɪɨɝɪɚɦɦɨɣ,

ɹɜɥɹɸɳɟɣɫɹ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɫɢɫɬɟɦɵ.
Ʉɨɦɚɧɞɚ (ɜɯɨɞɧɨɟ ɜɵɪɚɠɟɧɢɟ) – ɷɬɨ ɥɸɛɚɹ ɤɨɦɛɢɧɚɰɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ

ɜɵɪɚɠɟɧɢɣ ɢ ɜɫɬɪɨɟɧɧɵɯ ɮɭɧɤɰɢɣ.
Ɂɚɞɚɧɢɟ ɤɨɦɚɧɞɵ ɜ ɹɱɟɣɤɟ ɜɜɨɞɚ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɹɱɟɣɤɢ ɜɵɜɨɞɚ

ɧɚɡɵɜɚɸɬ ɨɬɞɟɥɶɧɨɣ ɫɟɫɫɢɟɣ ɪɚɛɨɬɵ ɫ ɩɪɨɝɪɚɦɦɨɣ абMКбimК.

1.4 ɗɥɟɦɟɧɬɵ ɨɫɧɨɜɧɨɝɨ ɨɤɧɚ абMКбТmК
ɉɨɫɥɟ ɡɚɩɭɫɤɚ абMКбТЦК ɡɚɝɪɭɠɚɟɬɫɹ ɨɫɧɨɜɧɨɟ ɨɤɧɨ. ȿɝɨ ɫɬɪɭɤɬɭɪɚ

ɢɦɟɟɬ ɫɬɚɧɞɚɪɬɧɵɣ ɜɢɞ (ɪɢɫ. 1.13):
1) ɫɬɪɨɤɚ ɡɚɝɨɥɨɜɤɚ, ɜ ɤɨɬɨɪɨɣ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚɡɜɚɧɢɟ ɩɪɨɝɪɚɦɦɵ
ɢ ɢɧɮɨɪɦɚɰɢɹ ɨ ɬɨɦ, ɫɨɯɪɚɧɟɧ ɥɢ ɪɚɛɨɱɢɣ ɞɨɤɭɦɟɧɬ (ɟɫɥɢ ɞɨɤɭɦɟɧɬ
ɫɨɯɪɚɧɟɧ, ɬɨ ɩɪɨɩɢɫɵɜɚɟɬɫɹ ɟɝɨ ɢɦɹ);
2) ɫɬɪɨɤɚ ɦɟɧɸ ɩɪɨɝɪɚɦɦɵ – ɞɨɫɬɭɩ ɤ ɨɫɧɨɜɧɵɦ ɮɭɧɤɰɢɹɦ
ɢ ɧɚɫɬɪɨɣɤɚɦ ɩɪɨɝɪɚɦɦɵ. ȼ ɧɟɣ ɧɚɯɨɞɹɬɫɹ ɮɭɧɤɰɢɢ ɞɥɹ ɪɟɲɟɧɢɹ
ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɢɩɨɜɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɡɚɞɚɱ, ɪɚɡɞɟɥɟɧɧɵɟ ɩɨ
ɝɪɭɩɩɚɦ: «ɍɪɚɜɧɟɧɢɹ», «Ⱥɥɝɟɛɪɚ», «Ⱥɧɚɥɢɡ», «ɍɩɪɨɫɬɢɬɶ», «Ƚɪɚɮɢɤɢ»,
«ɑɢɫɥɟɧɧɵɟ ɪɚɫɱɟɬɵ». Ɂɚɦɟɬɢɦ, ɱɬɨ ɜɜɨɞ ɤɨɦɚɧɞ ɱɟɪɟɡ ɞɢɚɥɨɝɨɜɵɟ ɨɤɧɚ
ɭɩɪɨɳɚɟɬ ɪɚɛɨɬɭ ɫ ɩɪɨɝɪɚɦɦɨɣ ɞɥɹ ɧɚɱɢɧɚɸɳɢɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ;
3) ɩɚɧɟɥɶ ɢɧɫɬɪɭɦɟɧɬɨɜ – ɧɚ ɧɟɣ ɧɚɯɨɞɹɬɫɹ ɤɧɨɩɤɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɨɜɨɝɨ
ɞɨɤɭɦɟɧɬɚ, ɛɵɫɬɪɨɝɨ ɫɨɯɪɚɧɟɧɢɹ ɞɨɤɭɦɟɧɬɚ, ɜɵɡɨɜɚ ɨɤɧɚ ɫɩɪɚɜɤɢ,
ɩɪɟɪɵɜɚɧɢɹ ɜɵɱɢɫɥɟɧɢɣ, ɪɚɛɨɬɵ ɫ ɛɭɮɟɪɨɦ ɨɛɦɟɧɚ ɢ ɞɪ.;
4) ɪɚɛɨɱɚɹ ɨɛɥɚɫɬɶ – ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɚɦ ɞɨɤɭɦɟɧɬ, ɜ ɤɨɬɨɪɨɦ

sin(x)
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ɮɨɪɦɢɪɭɸɬɫɹ ɹɱɟɣɤɢ ɜɜɨɞɚ ɢ ɜɵɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɜɵɩɨɥɧɟɧɧɵɯ
ɤɨɦɚɧɞ;
5) ɩɨɥɨɫɵ ɩɪɨɤɪɭɬɤɢ;
6) ɫɬɪɨɤɚ ɫɨɫɬɨɹɧɢɹ.

Ɋɢɫ. 1.13 – Ɉɫɧɨɜɧɨɟ ɨɤɧɨ абMКбТЦК

1.4.1 ɉɚɧɟɥɶ ɢɧɫɬɪɭɦɟɧɬɨɜ

ɉɟɪɟɱɢɫɥɢɦ ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɩɚɧɟɥɢ ɢɧɫɬɪɭɦɟɧɬɨɜ:
1. ɇɨɜɵɣ ɞɨɤɭɦɟɧɬ .
2. Ɉɬɤɪɵɬɶ ɞɨɤɭɦɟɧɬ .
3. ɋɨɯɪɚɧɢɬɶ ɞɨɤɭɦɟɧɬ .
4. ɇɚɩɟɱɚɬɚɬɶ ɞɨɤɭɦɟɧɬ .
5. ɇɚɫɬɪɨɢɬɶ абMКбТЦК .
6. ȼɵɪɟɡɚɬɶ ɜɵɞɟɥɟɧɢɟ .
7. Ʉɨɩɢɪɨɜɚɬɶ ɜɵɞɟɥɟɧɢɟ .
8. ȼɫɬɚɜɢɬɶ ɢɡ ɛɭɮɟɪɚ .
9. ȼɵɞɟɥɢɬɶ ɜɫɟ .

10. ɇɚɣɬɢ ɢ/ɢɥɢ ɡɚɦɟɧɢɬɶ .
11. Ɉɫɬɚɧɨɜɢɬɶ ɪɚɛɨɬɭ ɫɢɫɬɟɦɵ MКбТЦК ɢ ɩɟɪɟɡɚɩɭɫɬɢɬɶ ɟё .
12. ɉɪɟɪɜɚɬɶ ɬɟɤɭɳɟɟ ɜɵɱɢɫɥɟɧɢɟ . Ⱦɥɹ ɩɟɪɟɡɚɩɭɫɤɚ ɧɚɠɚɬɶ ɤɧɨɩɤɭ,

ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɫɥɟɜɚ ɨɬ ɞɚɧɧɨɣ.
13. ȼɟɪɧɭɬɶɫɹ ɤ ɹɱɟɣɤɟ, ɤɨɬɨɪɚɹ ɨɰɟɧɢɜɚɟɬɫɹ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ .
14. ɉɪɨɜɟɫɬɢ ɜɫɟ ɜɵɱɢɫɥɟɧɢɹ ɫ ɧɚɱɚɥɚ ɞɨ ɹɱɟɣɤɢ ɧɚɞ ɤɭɪɫɨɪɨɦ .
15. ȼɨɫɩɪɨɢɡɜɟɞɟɧɢɟ ɚɧɢɦɚɰɢɢ .
16. ɉɨɦɨɳɶ ɩɨ MКбТЦК .
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1.4.2 Ɉɫɧɨɜɧɵɟ ɩɭɧɤɬɵ ɦɟɧɸ

Ɏɚɣɥ

ɉɨɞɦɟɧɸ ɦɟɧɸ «Ɏɚɣɥ» ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɩɭɧɤɬɨɜ:
ɇɨɜɵɣ (CЭЫХ+N) – ɫɨɡɞɚɧɢɟ ɧɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ.
Ɉɬɤɪɵɬɶ (CЭЫХ+O) – ɨɬɤɪɵɬɢɟ ɭɠɟ ɫɨɡɞɚɧɧɨɝɨ ɞɨɤɭɦɟɧɬɚ.
OpОЧ RОМɟЧЭ – ɨɬɤɪɵɬɢɟ ɞɨɤɭɦɟɧɬɚ, ɤɨɬɨɪɵɣ ɜɯɨɞɢɬ ɜ ɫɩɢɫɨɤ ɧɟɞɚɜɧɢɯ
ɞɨɤɭɦɟɧɬɨɜ.
ɋɨɯɪɚɧɢɬɶ (CЭЫХ+S) – ɫɨɯɪɚɧɟɧɢɟ ɬɟɤɭɳɟɝɨ ɨɬɤɪɵɬɨɝɨ ɞɨɤɭɦɟɧɬɚ.
ɋɨɯɪɚɧɢɬɶ ɤɚɤ (SСТПЭ+CЭЫХ+S) – ɫɨɯɪɚɧɟɧɢɟ ɬɟɤɭɳɟɝɨ ɨɬɤɪɵɬɨɝɨ
ɞɨɤɭɦɟɧɬɚ ɫ ɧɨɜɵɦ ɢɦɟɧɟɦ.
Ɂɚɝɪɭɡɢɬɶ ɩɚɤɟɬ (CЭЫХ+L) – ɡɚɝɪɭɡɢɬɶ (ɩɨɞɤɥɸɱɢɬɶ) ɩɚɤɟɬ ɢɥɢ
ɛɢɛɥɢɨɬɟɤɭ ɮɭɧɤɰɢɣ.
ɉɚɤɟɬɧɵɣ ɮɚɣɥ (CЭЫХ+B) – ɡɚɝɪɭɡɢɬɶ ɢ ɜɵɩɨɥɧɢɬɶ ɜɫɟ ɮɭɧɤɰɢɢ ɩɚɤɟɬɚ
ɢɥɢ ɛɢɛɥɢɨɬɟɤɢ ɮɭɧɤɰɢɣ.
ɗɤɫɩɨɪɬɢɪɨɜɚɬɶ – ɷɤɫɩɨɪɬ ɞɨɤɭɦɟɧɬɚ абMКбТЦК ɜ ɮɨɪɦɚɬɵ ЭОб, ЦКМ
ɢ СЭЦХ.
ɉɟɱɚɬɶ (CЭЫХ+P) – ɩɟɱɚɬɶ ɞɨɤɭɦɟɧɬɚ.
ȼɵɯɨɞ (CЭЫХ+Q) – ɡɚɜɟɪɲɟɧɢɟ ɪɚɛɨɬɵ ɝɪɚɮɢɱɟɫɤɨɝɨ ɪɟɞɚɤɬɨɪɚ
абMКбТЦК.

ɉɪɚɜɤɚ

ɉɨɞɦɟɧɸ ɦɟɧɸ «ɉɪɚɜɤɚ» ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɩɭɧɤɬɵ:
Ɉɬɦɟɧɚ (CЭЫХ+Г) – ɨɬɦɟɧɚ ɩɨɫɥɟɞɧɟɝɨ ɞɟɣɫɬɜɢɹ.
RОНШ (CЭЫХ+В) – ɨɬɦɟɧɚ ɨɬɦɟɧɵ ɩɨɫɥɟɞɧɟɝɨ ɞɟɣɫɬɜɢɹ.
ȼɵɪɟɡɚɬɶ (CЭЫХ+Б) – ɜɵɪɟɡɚɬɶ ɜɵɞɟɥɟɧɧɵɣ ɬɟɤɫɬ ɢɥɢ ɫɨɜɨɤɭɩɧɨɫɬɶ
ɹɱɟɟɤ.
Ʉɨɩɢɪɨɜɚɬɶ (CЭЫХ+C) – ɤɨɩɢɪɨɜɚɬɶ ɜɵɞɟɥɟɧɧɵɟ ɹɱɟɣɤɢ ɢɥɢ ɬɟɤɫɬ.
ɋɤɨɩɢɪɨɜɚɬɶ ɬɟɤɫɬ (CЭЫХ+SСТПЭ+C) – ɤɨɩɢɪɨɜɚɬɶ ɫɨɞɟɪɠɢɦɨɟ
ɜɵɞɟɥɟɧɧɨɣ ɹɱɟɣɤɢ (ɜɦɟɫɬɟ ɜ ɧɨɦɟɪɨɦ ɹɱɟɣɤɢ ɜɜɨɞɚ ɢ ɜɵɜɨɞɚ).
ɋɤɨɩɢɪɨɜɚɬɶ LКTОБ – ɤɨɩɢɪɨɜɚɬɶ ɫɨɞɟɪɠɢɦɨɟ ɜɵɞɟɥɟɧɧɨɣ ɹɱɟɣɤɢ
ɜ ɮɨɪɦɚɬɟ TОБ/LКTОБ. ȼɵɪɚɠɟɧɢɹ ɜ ɮɨɪɦɚɬɟ TОБ/LКTОБ ɦɨɠɧɨ
ɜɵɜɟɫɬɢ ɜ ɞɨɤɭɦɟɧɬ (ɩɭɧɤɬ ɦɟɧɸ «MКбТЦК»  ȼɵɜɟɫɬɢ ɜ ɮɨɪɦɚɬɟ
TОБ/LКTОБ). ɇɚɩɪɢɦɟɪ, ɡɚɞɚɟɦ ɜɵɪɚɠɟɧɢɟ ɢ ɩɨɥɭɱɚɟɦ ɟɝɨ

→
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ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɧɚ ɹɡɵɤɟ ɩɚɤɟɬɚ TОБ/LКTОБ.
ɉɪɢɦɟɪ:

(%Т1)'ТnteРrate(7*б^15+б^2+3*б,б,-5,5);

(%Ш1)

(%Т2)teб(%);

(%Ш2)

CШpв КЬ MКЭСML – ɫɤɨɩɢɪɨɜɚɬɶ ɫɨɞɟɪɠɢɦɨɟ ɜɵɞɟɥɟɧɧɨɣ ɹɱɟɣɤɢ
ɜ ɮɨɪɦɚɬɟ MКЭСML.
ɋɤɨɩɢɪɨɜɚɬɶ ɢɡɨɛɪɚɠɟɧɢɟ – ɫɤɨɩɢɪɨɜɚɬɶ ɜɵɞɟɥɟɧɧɨɟ ɤɚɤ
ɢɡɨɛɪɚɠɟɧɢɟ.
ȼɫɬɚɜɢɬɶ (CЭЫХ+V).
ɇɚɣɬɢ (CЭЫХ+F).
ȼɵɞɟɥɢɬɶ ɜɫɟ (CЭЫХ+A).
SКЯО SОХОМЭТШЧ ЭШ IЦКРО… – ɫɨɯɪɚɧɢɬɶ ɜɵɞɟɥɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ
ɜ ɨɬɞɟɥɶɧɵɣ ɮɚɣɥ.
CШЦЦОЧЭ ЬОХОМЭТШЧ… – ɡɚɤɨɦɦɟɧɬɢɪɨɜɚɬɶ ɜɵɞɟɥɟɧɧɨɟ.
ɇɚɫɬɪɨɣɤɚ – ɧɚɫɬɪɨɣɤɚ абMКбТЦК (ɪɢɫ. 1.14).

5

∫
−5

7x15 + x2 + 3xdx

$ $∖int_ − 5^57∖,x^15 + x^2 + 3∖,x∖; dx$ $

false
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Ɋɢɫ. 1.14 – Ɉɤɧɨ ɧɚɫɬɪɨɟɤ абMКбТЦК

VТОа (ɜɢɞ)

ɉɭɧɤɬ ɦɟɧɸ «ȼɢɞ» ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɛɨɬɭ ɪɚɡɧɨɨɛɪɚɡɧɵɯ
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɨɤɨɧ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɝɪɚɮɢɱɟɫɤɨɝɨ ɪɟɞɚɤɬɨɪɚ.

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɭɧɤɬɵ ɩɨɞɦɟɧɸ:
MКТХ TШШХЛКЫ (AХЭ+SСТПЭ+B) – ɝɥɚɜɧɚɹ ɩɚɧɟɥɶ ɢɧɫɬɪɭɦɟɧɬɨɜ. ȿɫɥɢ
ɜɵɛɪɚɧ ɷɬɨɬ ɩɭɧɤɬ ɩɨɞɦɟɧɸ, ɬɨ ɩɚɧɟɥɶ ɚɤɬɢɜɧɚ.
GОЧОЫКХ MКЭС (AХЭ+SСТПЭ+M) – ɦɚɬɟɦɚɬɢɤɚ. ȿɫɥɢ ɜɵɛɪɚɧ ɷɬɨɬ ɩɭɧɤɬ
ɩɨɞɦɟɧɸ, ɬɨ ɩɨɹɜɢɬɫɹ ɨɤɧɨ ɫ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɨɩɟɪɚɰɢɹɦɢ
(ɪɢɫ. 1.15).

Ɋɢɫ. 1.15 – Ɉɤɧɨ «Ɇɚɬɟɦɚɬɢɤɚ»

ɋɬɚɬɢɫɬɢɤɚ (AХЭ+SСТПЭ+S) – ɟɫɥɢ ɜɵɛɪɚɧ ɷɬɨɬ ɩɭɧɤɬ ɩɨɞɦɟɧɸ, ɬɨ
ɩɨɹɜɢɬɫɹ ɨɤɧɨ ɫ ɨɫɧɨɜɧɵɦɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ ɨɩɟɪɚɰɢɹɦɢ:
ɜɵɱɢɫɥɟɧɢɟ ɫɪɟɞɧɟɝɨ ɢ ɞɢɫɩɟɪɫɢɢ, ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ,
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ɝɢɫɬɨɝɪɚɦɦɚ ɢ ɞɪ. (ɪɢɫ. 1.16).

Ɋɢɫ. 1.16 – Ɉɤɧɨ «ɋɬɚɬɢɫɬɢɤɚ»

GЫООФ ХОЭЭОЫЬ (AХЭ+SСТПЭ+G) – ɝɪɟɱɟɫɤɢɟ ɫɢɦɜɨɥɵ. ȿɫɥɢ ɜɵɛɪɚɧ ɷɬɨɬ
ɩɭɧɤɬ ɩɨɞɦɟɧɸ, ɩɨɹɜɢɬɫɹ ɩɚɧɟɥɶ ɫ ɝɪɟɱɟɫɤɢɦɢ ɫɢɦɜɨɥɚɦɢ (ɪɢɫ. 1.17).

Ɋɢɫ. 1.17 – Ɉɤɧɨ «Ƚɪɟɱɟɫɤɢɟ ɫɢɦɜɨɥɵ»

SвЦЛШХЬ (AХЭ+SСТПЭ+В) – ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɫɢɦɜɨɥɵ. ȿɫɥɢ ɜɵɛɪɚɧ ɷɬɨɬ
ɩɭɧɤɬ ɩɨɞɦɟɧɸ, ɩɨɹɜɢɬɫɹ ɩɚɧɟɥɶ ɫ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɫɢɦɜɨɥɚɦɢ
(ɪɢɫ. 1.18).

Ɋɢɫ. 1.18 – Ɉɤɧɨ «Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɫɢɦɜɨɥɵ»

HТЬЭШЫв (AХЭ+SСТПЭ+I) – ɢɫɬɨɪɢɹ. ȿɫɥɢ ɜɵɛɪɚɧ ɷɬɨɬ ɩɭɧɤɬ ɩɨɞɦɟɧɸ, ɬɨ
ɩɨɹɜɢɬɫɹ ɨɤɧɨ М ɨɬɨɛɪɚɠɟɧɢɟɦ ɜɫɟɯ ɞɟɣɫɬɜɢɣ MКбТЦК (ɪɢɫ. 1.19).
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Ɋɢɫ. 1.19 – Ɉɤɧɨ «ɂɫɬɨɪɢɹ»

TКЛХО ШП ɋШЧЭОЧЭЬ (AХЭ+SСТПЭ+T) – ɫɨɞɟɪɠɚɧɢɟ. Ɉɤɧɨ, ɜ ɤɨɬɨɪɨɦ
ɨɬɨɛɪɚɠɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ, ɟɫɥɢ ɜ ɞɨɤɭɦɟɧɬɟ ɢɦɟɸɬɫɹ ɪɚɡɞɟɥɵ
ɢ ɩɨɞɪɚɡɞɟɥɵ.
БML IЧЬpОМЭШЫ – ɨɤɧɨ ɜ ɤɨɬɨɪɨɦ ɨɬɨɛɪɚɠɚɸɬɫɹ ɫɟɬɟɜɵɟ
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ абMКбТЦК ɢ ɫɢɫɬɟɦɵ MКбТЦК.
Ⱦɨɛɚɜɢɬɶ ɜ ɹɱɟɣɤɭ (AХЭ+SСТПЭ+ɋ) – ɟɫɥɢ ɜɵɛɪɚɧ ɷɬɨɬ ɩɭɧɤɬ ɩɨɞɦɟɧɸ,
ɬɨ ɩɨɹɜɢɬɫɹ ɩɚɧɟɥɶ М ɷɥɟɦɟɧɬɚɦɢ, ɞɨɫɬɭɩɧɵɦɢ ɞɥɹ ɜɫɬɚɜɤɢ (ɪɢɫ. 1.20).

Ɋɢɫ. 1.20 – Ɉɤɧɨ «ȼɫɬɚɜɢɬɶ»

HТНО AХХ TШШХЛКЫЬ (AХЭ+SСТПЭ+«–») – ɫɤɪɵɬɶ ɩɚɧɟɥɶ ɢɧɫɬɪɭɦɟɧɬɨɜ (ɚɧɝɥ.
ЭШШХЛКЫ).
ГШШЦ IЧ (CЭЫХ+«+») – ɭɜɟɥɢɱɢɬɶ ɦɚɫɲɬɚɛ.
ГШШЦ OЮЭ (CЭЫХ+«–») – ɭɦɟɧɶɲɢɬɶ ɦɚɫɲɬɚɛ.
Ɂɚɞɚɬɶ ɭɜɟɥɢɱɟɧɢɟ – ɜɵɛɪɚɬɶ ɦɚɫɲɬɚɛ ɢɡ ɭɤɚɡɚɧɧɵɯ ɡɧɚɱɟɧɢɣ (ɜ %).
ɉɨɥɧɨɷɤɪɚɧɧɵɣ ɪɟɠɢɦ (AХЭ+EЧЭОЫ).

əɱɟɣɤɚ

ɉɭɧɤɬ ɦɟɧɸ «əɱɟɣɤɚ» ɫɨɞɟɪɠɢɬ ɩɨɞɦɟɧɸ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɜɵɱɢɫɥɟɧɢɣ:
ȼɵɱɢɫɥɢɬɶ – ɛɭɞɟɬ ɜɵɱɢɫɥɟɧɚ ɬɟɤɭɳɚɹ ɹɱɟɣɤɚ.
EЯКХЮКЭО AХХ VТЬТЛХО CОХХ (CЭЫХ+R) – ɜɵɱɢɫɥɢɬɶ ɜɫɟ ɜɢɞɢɦɵɟ ɹɱɟɣɤɢ.
EЯКХЮКЭО CОХХЬ (CЭЫХ+SСТПЭ+R) – ɜɵɱɢɫɥɢɬɶ ɜɫɟ ɹɱɟɣɤɢ.
EЯКХЮКЭО CОХХ КЛШЯО ЭСТЬ pШТЧЭ (CЭЫХ+SСТПЭ+P) – ɜɵɱɢɫɥɢɬɶ ɜɫɟ ɹɱɟɣɤɢ,
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ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜɵɲɟ ɤɭɪɫɨɪɚ.
ɍɞɚɥɢɬɶ ɜɟɫɶ ɜɵɜɨɞ.
ɋɤɨɩɢɪɨɜɚɬɶ ɩɪɟɞɵɞɭɳɢɣ ɜɜɨɞ (CЭЫХ+I).
CШpв PЫОЯТШЮЬ OЮЭpЮЭ (CЭЫХ+U) – ɫɤɨɩɢɪɨɜɚɬɶ ɜɵɜɨɞ ɩɪɟɞɵɞɭɳɟɣ
ɹɱɟɣɤɢ.
Ɂɚɜɟɪɲɢɬɶ ɫɥɨɜɨ (CЭЫХ+K) – ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɨɡɜɨɥɹɟɬ ɡɚɜɟɪɲɢɬɶ
ɨɩɪɟɞɟɥɟɧɧɨɟ ɫɥɨɜɨ, ɤɨɬɨɪɨɟ ɢɡɜɟɫɬɧɨ абMКбТЦК.
SСШа TОЦpХКЭО (CЭЫХ+SСТПЭ+K) – ɩɨɤɚɡɚɬɶ ɩɨɞɫɤɚɡɤɭ ɩɪɢ ɜɜɨɞɟ ɤɨɦɚɧɞɵ
(ɪɢɫ. 1.21).

Ɋɢɫ. 1.21 – ɉɨɞɫɤɚɡɤɚ ɜ абMКбТЦК

ɇɨɜɚɹ ɹɱɟɣɤɚ – ɫɨɡɞɚɟɬɫɹ ɧɨɜɚɹ ɹɱɟɣɤɚ, ɜ ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɢɥɢ
ɫɤɨɩɢɪɨɜɚɬɶ ɜɵɪɚɠɟɧɢɟ.
ɇɨɜɵɣ ɤɨɦɦɟɧɬɚɪɢɣ (CЭЫХ+1) – ɫɨɡɞɚɟɬɫɹ ɹɱɟɣɤɚ, ɜ ɤɨɬɨɪɭɸ ɧɚɞɨ
ɡɚɩɢɫɚɬɶ ɬɟɤɫɬ ɤɨɦɦɟɧɬɚɪɢɹ.
ɇɨɜɵɣ ɡɚɝɨɥɨɜɨɤ (CЭЫХ+2) – ɫɨɡɞɚɟɬɫɹ ɹɱɟɣɤɚ, ɜ ɤɨɬɨɪɭɸ ɧɟɨɛɯɨɞɢɦɨ
ɡɚɩɢɫɚɬɶ ɧɚɡɜɚɧɢɟ ɪɚɡɞɟɥɚ, ɤɨɬɨɪɨɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɨɞɱɟɪɤɢɜɚɟɬɫɹ.
ɇɨɜɵɣ ɪɚɡɞɟɥ (CЭЫХ+3) – ɫɨɡɞɚɟɬɫɹ ɹɱɟɣɤɚ, ɜ ɤɨɬɨɪɭɸ ɚɜɬɨɦɚɬɢɱɟɫɤɢ
ɡɚɩɢɫɵɜɚɟɬɫɹ ɧɨɦɟɪ (ɨɞɧɨ ɱɢɫɥɨ) ɢ ɧɟɨɛɯɨɞɢɦɨ ɡɚɩɢɫɚɬɶ ɡɚɝɨɥɨɜɨɤ
ɩɟɪɜɨɝɨ ɭɪɨɜɧɹ (ɝɥɚɜɚ, ɩɨɞɪɚɡɞɟɥ).
ɇɨɜɵɣ ɩɨɞɪɚɡɞɟɥ (CЭЫХ+4) – ɫɨɡɞɚɟɬɫɹ ɹɱɟɣɤɚ, ɜ ɤɨɬɨɪɭɸ
ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɡɚɩɢɫɵɜɚɟɬɫɹ ɧɨɦɟɪ (ɞɜɚ ɱɢɫɥɚ, ɪɚɡɞɟɥɟɧɧɵɟ ɬɨɱɤɨɣ)
ɢ ɧɟɨɛɯɨɞɢɦɨ ɡɚɩɢɫɚɬɶ ɧɚɡɜɚɧɢɟ ɡɚɝɨɥɨɜɤɚ ɜɬɨɪɨɝɨ ɭɪɨɜɧɹ (ɩɨɞɝɥɚɜɵ).
IЧЬОЫЭ SЮЛЬЮЛЬОМЭТШЧЬ CОХХ (CЭЫХ+5) – ɫɨɡɞɚɟɬɫɹ ɹɱɟɣɤɚ, ɜ ɤɨɬɨɪɭɸ
ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɡɚɩɢɫɵɜɚɟɬɫɹ ɧɨɦɟɪ (ɬɪɢ ɱɢɫɥɚ, ɪɚɡɞɟɥɟɧɧɵɟ ɬɨɱɤɨɣ)
ɢ ɧɟɨɛɯɨɞɢɦɨ ɡɚɩɢɫɚɬɶ ɡɚɝɨɥɨɜɨɤ ɬɪɟɬɶɟɝɨ ɭɪɨɜɧɹ (ɩɚɪɚɝɪɚɮɚ).
ȼɫɬɚɜɢɬɶ ɪɚɡɪɵɜ ɫɬɪɚɧɢɰɵ ɜ ɹɱɟɣɤɭ.
ȼɫɬɚɜɢɬɶ ɢɡɨɛɪɚɠɟɧɢɟ ɜ ɹɱɟɣɤɭ.
FШХН AХХ (CЭЫХ+AХЭ+Д) – ɫɤɪɵɬɶ ɜɫɟ.
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UЧПШХН AХХ (CЭЫХ+AХЭ+Ж) – ɨɬɤɪɵɬɶ ɜɫɟ.
ɉɪɟɞɵɞɭɳɚɹ ɤɨɦɚɧɞɚ (AХЭ+ɜɜɟɪɯ).
ɋɥɟɞɭɸɳɚɹ ɤɨɦɚɧɞɚ (AХЭ+ɜɧɢɡ).
MОЫРО CОХХЬ (CЭЫХ+M) – ɨɛɴɟɞɢɧɢɬɶ ɹɱɟɣɤɢ.
DТЯТНО CОХХ (CЭЫХ+D) – ɪɚɡɞɟɥɢɬɶ ɹɱɟɣɤɭ.

MКбТmК

Ƚɪɚɮɢɱɟɫɤɢɣ ɪɟɞɚɤɬɨɪ ɩɟɪɟɞɚɟɬ ɢɫɩɨɥɧɟɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɹɱɟɟɤ
ɜ ɫɢɫɬɟɦɭ MКбТЦК, ɤɨɬɨɪɚɹ ɡɚɩɭɫɤɚɟɬɫɹ ɤɚɤ ɨɬɞɟɥɶɧɵɣ ɩɪɨɰɟɫɫ
ɜ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ. ȼ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɧɚɞɨ ɨɫɬɚɧɨɜɢɬɶ ɩɪɨɰɟɫɫ
ɢɫɩɨɥɧɟɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɹɱɟɟɤ (ɟɫɥɢ ɩɪɨɢɫɯɨɞɢɬ ɡɚɰɢɤɥɢɜɚɧɢɟ, ɞɨɥɝɨ
ɧɟɬ ɨɬɜɟɬɚ ɥɢɛɨ ɨɱɟɧɶ ɛɨɥɶɲɨɣ ɨɛɴɟɦ ɜɵɜɨɞɚ) ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɩɪɨɰɟɫɫ
ɦɨɠɧɨ ɩɪɟɪɜɚɬɶ, ɜɵɛɪɚɜ ɩɭɧɤɬ ɩɨɞɦɟɧɸ «ɉɪɟɪɜɚɬɶ». ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ
ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɡɚɩɭɫɬɢɬɶ ɫɢɫɬɟɦɭ MКбТЦК ɢɥɢ ɨɱɢɫɬɢɬɶ ɩɚɦɹɬɶ. Ʉɪɨɦɟ ɬɨɝɨ
ɟɫɬɶ ɧɟɫɤɨɥɶɤɨ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɩɨɞɦɟɧɸ (SСШа…), ɜ ɤɨɬɨɪɵɯ ɦɨɠɧɨ
ɩɨɫɦɨɬɪɟɬɶ ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɮɭɧɤɰɢɣ, ɨɩɪɟɞɟɥɟɧɧɵɯ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ
(ɪɢɫ. 1.22).

Ɋɢɫ. 1.22 – ɉɨɞɦɟɧɸ ɩɭɧɤɬɚ MКбТЦК

ɉɨɦɨɳɶ

ɉɭɧɤɬ ɦɟɧɸ «ɉɨɦɨɳɶ» ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɜɵɞɚɱɢ
ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɫɢɫɬɟɦɟ MКбТЦК ɫɩɪɚɜɨɱɧɨɝɨ ɢ ɭɱɟɛɧɨɝɨ ɯɚɪɚɤɬɟɪɚ. ɉɨɞɦɟɧɸ
ɷɬɨɝɨ ɩɭɧɤɬɚ ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɷɥɟɦɟɧɬɵ:

абMКбТЦК HОХp (F1) – ɫɩɪɚɜɤɚ ɩɨ абMКбТЦК.
MКбТЦК СОХp – ɫɩɪɚɜɤɚ ɩɨ MКбТЦК.
ɉɪɢɦɟɪ – ɩɪɢ ɜɵɛɨɪɟ ɷɬɨɝɨ ɷɥɟɦɟɧɬɚ ɩɨɹɜɥɹɟɬɫɹ ɨɤɧɨ ɞɥɹ ɜɜɨɞɚ
ɢɦɟɧɢ ɤɨɦɚɧɞɵ ɢɥɢ ɮɭɧɤɰɢɢ. ȿɫɥɢ ɛɭɞɟɬ ɜɜɟɞɟɧɨ ɢɦɹ, ɞɥɹ ɤɨɬɨɪɨɝɨ
ɟɫɬɶ ɢɧɮɨɪɦɚɰɢɹ ɜ ɫɢɫɬɟɦɟ, ɬɨ ɛɭɞɟɬ ɜɵɞɚɧ ɮɚɣɥ ɫ ɩɪɢɦɟɪɨɦ
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ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɨɣ ɤɨɦɚɧɞɵ ɢɥɢ ɮɭɧɤɰɢɢ.
ɉɨɢɫɤ.
SСШа TТpЬ – ɩɨɤɚɡɚɬɶ ɫɨɜɟɬ. Ɉɧ ɦɨɠɟɬ ɩɨɤɚɡɵɜɚɬɶɫɹ ɩɪɢ ɡɚɩɭɫɤɟ
абMКбТЦК.
Ɉɛɭɱɚɸɳɢɟ ɦɚɬɟɪɢɚɥɵ – ɩɟɪɟɯɨɞ ɧɚ ɫɚɣɬ ɫ ɨɛɭɱɚɸɳɢɦɢ ɦɚɬɟɪɢɚɥɚɦɢ.
ɂɧɮɨɪɦɚɰɢɹ ɨ ɫɛɨɪɤɟ.
ɋɨɨɛɳɢɬɶ ɨɛ ɨɲɢɛɤɟ.
ɉɪɨɜɟɪɢɬɶ ɧɚɥɢɱɢɟ ɨɛɧɨɜɥɟɧɢɣ.
Ɉ ɩɪɨɝɪɚɦɦɟ.

1.4.3 Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɩɭɧɤɬɵ ɦɟɧɸ абMКбТmК

Ʉ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɨɬɧɨɫɹɬɫɹ ɫɥɟɞɭɸɳɢɟ ɩɭɧɤɬɵ ɦɟɧɸ:
ɍɪɚɜɧɟɧɢɹ;
Ⱥɥɝɟɛɪɚ;
Ⱥɧɚɥɢɡ;
ɍɩɪɨɫɬɢɬɶ;
Ƚɪɚɮɢɤɢ.

Ʉɚɠɞɚɹ ɢɡ ɝɪɭɩɩ ɦɟɧɸ ɫɨɞɟɪɠɢɬ ɜɵɩɨɥɧɟɧɢɟ ɧɟɤɨɬɨɪɨɣ ɮɭɧɤɰɢɢ
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɚɡɞɟɥɚ ɦɚɬɟɦɚɬɢɤɢ.

Аɥɝɟɛɪɚ

ɉɭɧɤɬ ɦɟɧɸ «Ⱥɥɝɟɛɪɚ» ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɢɚɥɨɝɨɜɵɣ ɜɜɨɞ ɦɚɬɪɢɱɧɵɯ
ɮɭɧɤɰɢɣ ɫɢɫɬɟɦɵ MКбТЦК. ɉɟɪɟɱɢɫɥɢɦ ɩɭɧɤɬɵ ɩɨɞɦɟɧɸ:

ɋɨɡɞɚɬɶ ɦɚɬɪɢɰɭ;
ɋɨɡɞɚɬɶ ɦɚɬɪɢɰɭ ɢɡ ɜɵɪɚɠɟɧɢɹ;
ȼɜɟɫɬɢ ɦɚɬɪɢɰɭ;
Ɉɛɪɚɬɢɬɶ ɦɚɬɪɢɰɭ;
ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɩɨɥɢɧɨɦ;
Ɉɩɪɟɞɟɥɢɬɟɥɶ;
ɋɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ;
ɋɨɛɫɬɜɟɧɧɵɟ ɜɟɤɬɨɪɵ;
ɋɨɩɪɹɠɟɧɧɚɹ ɦɚɬɪɢɰɚ;
Ɍɪɚɧɫɩɨɪɬɢɪɨɜɚɬɶ ɦɚɬɪɢɰɭ;
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MКФО ХТЬЭ – ɫɨɡɞɚɬɶ ɫɩɢɫɨɤ;
AppХв ЭШ LТЬЭ – ɩɪɢɦɟɧɢɬɶ ɮɭɧɤɰɢɸ ɤ ɫɩɢɫɤɭ;
MКp ЭШ LТЬЭ(Ь) – ɩɪɢɦɟɧɢɬɶ ɮɭɧɤɰɢɸ ɤ ɤɚɠɞɨɦɭ ɷɥɟɦɟɧɬɭ ɫɩɢɫɤɚ(ɨɜ);
MКp ЭШ MКЭЫТб – ɩɪɢɦɟɧɢɬɶ ɮɭɧɤɰɢɸ ɤ ɦɚɬɪɢɰɟ.

ɍɪɚɜɧɟɧɢɹ

ɉɭɧɤɬ ɦɟɧɸ «ɍɪɚɜɧɟɧɢɹ» (ɪɢɫ. 1.23) ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ
ɨɩɟɪɚɰɢɣ ɫ ɭɪɚɜɧɟɧɢɹɦɢ (ɥɢɧɟɣɧɵɦɢ, ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ) ɢ ɫɢɫɬɟɦɚɦɢ
ɭɪɚɜɧɟɧɢɣ: ɪɟɲɟɧɢɟ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɟɝɨ ɜ ɪɚɡɧɵɯ ɮɨɪɦɚɬɚɯ, ɧɚɯɨɠɞɟɧɢɟ
ɤɨɪɧɟɣ ɜ ɩɪɟɞɟɥɚɯ ɡɚɞɚɧɧɵɯ ɝɪɚɧɢɰ ɢ ɬ. ɞ.

Ɋɢɫ. 1.23 – ɉɨɞɦɟɧɸ ɩɭɧɤɬɚ MКбТЦК

Аɧɚɥɢɡ

ɉɭɧɤɬ ɦɟɧɸ «Ⱥɧɚɥɢɡ» ɫɨɞɟɪɠɢɬ ɩɨɞɦɟɧɸ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ:
ɂɧɬɟɝɪɢɪɨɜɚɬɶ…
RТЬМС IЧЭОРЫКЭТШЧ… – ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɨ Ɋɢɱɭ.
Ɂɚɦɟɧɢɬɶ ɩɟɪɟɦɟɧɧɭɸ…
Ⱦɢɮɮɟɪɟɧɰɢɪɨɜɚɬɶ…
ɇɚɣɬɢ ɩɪɟɞɟɥ…
ɇɚɣɬɢ ɦɢɧɢɦɭɦ…
GОЭ SОЫТОЬ… – ɪɚɡɥɨɠɢɬɶ ɜ ɪɹɞ.
PКНО AppЫШбТЦКЭТШЧ… – ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɉɚɞɟ.
ȼɵɱɢɫɥɢɬɶ ɫɭɦɦɭ…
ȼɵɱɢɫɥɢɬɶ ɩɪɨɢɡɜɟɞɟɧɢɟ…
ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ…

23



IЧЯОЫЬО LКpХКМО TЫКЧЬПШЫЦ… – ɨɛɪɚɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ.
ɇɚɢɛɨɥɶɲɢɣ ɨɛɳɢɣ ɞɟɥɢɬɟɥɶ.
LОКЬЭ CШЦЦШЧ MЮХЭТpХО – ɧɚɢɦɟɧɶɲɟɟ ɨɛɳɟɟ ɤɪɚɬɧɨɟ.
DТЯТНО PШХвЧШЦТКХЬ – ɪɚɡɞɟɥɢɬɶ ɩɨɥɢɧɨɦ ɧɚ ɩɨɥɢɧɨɦ.
PКЫЭТКХ FЫКМЭТШЧЬ – ɪɚɡɥɨɠɢɬɶ ɜɵɪɚɠɟɧɢɟ ɧɚ ɩɪɨɫɬɵɟ ɞɪɨɛɢ.
CШЧЭТЧЮОН FЫКМЭТШЧ – ɪɚɡɥɨɠɢɬɶ ɜ ɰɟɩɧɭɸ ɞɪɨɛɶ.

ɉɭɧɤɬ ɦɟɧɸ «Ⱥɧɚɥɢɡ» ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɢɚɥɨɝɨɜɵɣ ɜɜɨɞ ɮɭɧɤɰɢɣ
ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ, ɪɚɡɥɨɠɟɧɢɹ ɜ ɪɹɞ ɢ ɩɪɨɱɢɟ ɨɩɟɪɚɰɢɢ
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɫɢɫɬɟɦɵ MКбТЦК. ɇɚɩɪɢɦɟɪ: ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ
ɩɪɨɢɡɜɨɞɧɭɸ ɜɵɪɚɠɟɧɢɹ . ȼɵɛɢɪɚɟɦ ɩɭɧɤɬ ɦɟɧɸ
«Ⱦɢɮɮɟɪɟɧɰɢɪɨɜɚɬɶ», ɡɚɩɨɥɧɹɟɦ ɩɨɥɹ ɜɜɨɞɚ, ɧɚɠɢɦɚɟɦ ɤɥɚɜɢɲɭ «ɈɄ»
(ɪɢɫ. 1.24) ɢ ɩɨɥɭɱɚɟɦ ɪɟɡɭɥɶɬɚɬ, ɩɨɤɚɡɚɧɧɵɣ ɞɚɥɟɟ ɜ ɩɪɢɦɟɪɟ.

Ɋɢɫ. 1.24 – Ⱦɢɚɥɨɝɨɜɵɣ ɜɜɨɞ ɮɭɧɤɰɢɢ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ

ɉɪɢɦɟɪ:
(%Т1)dТПП(eбp(sТn(б)),б,1);

(%Ш1)
Ɋɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ

ɜ ɫɢɦɜɨɥɶɧɨɦ (ɚɧɚɥɢɬɢɱɟɫɤɨɦ) ɢɥɢ ɱɢɫɥɟɧɧɨɦ ɜɢɞɟ.
ɉɨɞ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɪɟɲɟɧɢɟɦ ɩɨɧɢɦɚɸɬ ɬɚɤɢɟ ɪɟɲɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ

ɧɟɢɡɜɟɫɬɧɚɹ ɮɭɧɤɰɢɹ ɜɵɪɚɠɟɧɚ ɱɟɪɟɡ ɧɟɡɚɜɢɫɢɦɵɟ ɩɟɪɟɦɟɧɧɵɟ ɢ ɩɚɪɚɦɟɬɪɵ
ɜ ɜɢɞɟ ɮɨɪɦɭɥ, ɛɟɫɤɨɧɟɱɧɵɯ ɪɹɞɨɜ, ɢɧɬɟɝɪɚɥɨɜ.

ɉɨɞ ɱɢɫɥɟɧɧɵɦ ɪɟɲɟɧɢɟɦ ɩɨɧɢɦɚɸɬ ɪɟɲɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɱɢɫɥɟɧɧɨ
ɩɨɫɥɟ ɩɪɢɛɥɢɠɟɧɧɨɣ ɡɚɦɟɧɵ ɢɫɯɨɞɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɞɪɭɝɢɦ, ɛɨɥɟɟ ɩɪɨɫɬɵɦ
ɭɪɚɜɧɟɧɢɟɦ Д11Ж.

Ƚɥɚɜɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɱɢɫɥɟɧɧɵɯ ɪɟɲɟɧɢɣ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɢɯ ɦɨɠɧɨ
ɩɨɥɭɱɢɬɶ ɞɚɠɟ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɩɨɥɭɱɢɬɶ
ɧɟɜɨɡɦɨɠɧɨ.

ɍɩɪɨɫɬɢɬɶ

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɦɟɧɸ ɩɭɧɤɬɚ «ɍɩɪɨɫɬɢɬɶ»:

exp(sin(x))

%e
sin(x)

cos(x)
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ɍɩɪɨɫɬɢɬɶ ɜɵɪɚɠɟɧɢɟ.
SТЦpХТПв RКНТМКХЬ – ɭɩɪɨɫɬɢɬɶ ɪɚɞɢɤɚɥɵ.
FКМЭШЫ EбpОЬЬТШЧ – ɪɚɡɥɨɠɢɬɶ ɜɵɪɚɠɟɧɢɟ ɧɚ ɦɧɨɠɢɬɟɥɢ.
FКМЭШЫ CШЦpХОб – ɪɚɡɥɨɠɢɬɶ ɤɨɦɩɥɟɤɫɧɨɟ ɱɢɫɥɨ ɧɚ ɦɧɨɠɢɬɟɥɢ.
EбpКЧН EбpОЬЬТШЧ – ɪɚɫɤɪɵɬɶ ɫɤɨɛɤɢ ɜ ɜɵɪɚɠɟɧɢɢ.
EбpКЧН LШРКЫТЭСЦЬ – ɪɚɫɤɪɵɬɶ ɫɤɨɛɤɢ ɜ ɜɵɪɚɠɟɧɢɢ, ɫɨɞɟɪɠɚɳɟɦ
ɥɨɝɚɪɢɮɦɵ.
FКМЭШЫТКХ КЧН GКЦЦК – ɮɚɤɬɨɪɢɚɥɵ ɢ ɝɚɦɦɚ-ɮɭɧɤɰɢɢ. ɉɪɢ ɜɵɛɨɪɟ
ɷɬɨɝɨ ɩɭɧɤɬɚ ɨɬɤɪɵɜɚɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɦɟɧɸ, ɝɞɟ ɦɨɠɧɨ ɜɵɛɪɚɬɶ
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɮɚɤɬɨɪɢɚɥɚ ɢɥɢ ɝɚɦɦɚ-ɮɭɧɤɰɢɢ, ɭɩɪɨɳɟɧɢɟ
ɢ ɨɛɴɟɞɢɧɟɧɢɟ ɮɚɤɬɨɪɢɚɥɚ.
TЫТРШЧШЦОЭЫТМ SТЦpХТПТМКЭТШЧ – ɭɩɪɨɳɟɧɢɟ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɨɝɨ
ɜɵɪɚɠɟɧɢɹ. ɉɪɢ ɜɵɛɨɪɟ ɷɬɨɝɨ ɩɭɧɤɬɚ ɨɬɤɪɵɜɚɟɬɫɹ ɩɨɞɦɟɧɸ, ɝɞɟ
ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɭɩɪɨɳɟɧɢɟ, ɩɪɢɜɟɞɟɧɢɟ, ɪɚɫɤɪɵɬɢɟ ɫɤɨɛɨɤ ɢɥɢ
ɤɚɧɨɧɢɱɟɫɤɭɸ ɮɨɪɦɭ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɨɝɨ ɜɵɪɚɠɟɧɢɹ.
CШЦpХОб SТЦpХТПТМКЭТШЧ – ɭɩɪɨɳɟɧɢɟ ɤɨɦɩɥɟɤɫɧɵɯ ɜɵɪɚɠɟɧɢɣ. ɉɪɢ
ɜɵɛɨɪɟ ɷɬɨɝɨ ɩɭɧɤɬɚ ɨɬɤɪɵɜɚɟɬɫɹ ɩɨɞɦɟɧɸ, ɝɞɟ ɦɨɠɧɨ ɜɵɛɪɚɬɶ
ɩɪɢɜɟɞɟɧɢɟ ɤ ɫɬɚɧɞɚɪɬɧɨɣ ɢɥɢ ɩɨɥɹɪɧɨɣ ɮɨɪɦɟ,
ɤ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɟ ɢɥɢ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɩɪɟɞɫɬɚɜɥɟɧɢɸ,
ɩɨɥɭɱɢɬɶ ɜɟɳɟɫɬɜɟɧɧɭɸ ɢɥɢ ɦɧɢɦɭɸ ɱɚɫɬɢ.
ɉɨɞɫɬɚɜɢɬɶ.
EЯКХЮКЭО NШЮЧ FШЫЦЬ – ɜɵɱɢɫɥɢɬɶ ɧɟɜɵɱɢɫɥɹɟɦɵɟ ɮɨɪɦɵ.
TШРРХО AХРОЛЫКТМ FХКР – ɩɟɪɟɤɥɸɱɢɬɶ ɡɧɚɱɟɧɢɟ ɮɥɚɝɚ КХРОЛЫКТМ.
AНН AХРОЛЫКТМ EРЮКХТЭв – ɞɨɛɚɜɢɬɶ ɚɥɝɟɛɪɚɢɱɟɫɤɨɟ ɪɚɜɟɧɫɬɜɨ.
MШНЮХЮЬ CШЦpЮЭКЭТШЧ – ɜɵɱɢɫɥɟɧɢɟ ɩɨ ɦɨɞɭɥɸ.

Ƚɪɚɮɢɤɢ

ɉɭɧɤɬ ɦɟɧɸ «Ƚɪɚɮɢɤɢ» (ɪɢɫ. 1.25) ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɫɬɪɨɟɧɢɟ 2D- ɢ 3D-
ɝɪɚɮɢɤɨɜ ɜ абMКбТЦК.

Ɋɢɫ. 1.25 – ɉɨɞɦɟɧɸ ɩɭɧɤɬɚ «Ƚɪɚɮɢɤɢ»
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Чɢɫɥɟɧɧɵɟ ɪɚɫɱɟɬɵ

ɉɟɪɟɱɢɫɥɢɦ ɩɭɧɤɬɵ ɩɨɞɦɟɧɸ ɦɟɧɸ «ɑɢɫɥɟɧɧɵɟ ɪɚɫɱɟɬɵ»:
TШРРХО NЮЦОЫТМ OЮЭpЮЭ – ɩɟɪɟɤɥɸɱɢɬɶ (ɜɤɥɸɱɢɬɶ/ɜɵɤɥɸɱɢɬɶ)
ɱɢɫɥɨɜɨɣ ɜɵɜɨɞ.
ȼ ɱɢɫɥɨ ɫ ɩɥɚɜɚɸɳɟɣ ɬɨɱɤɨɣ.
ȼ ɱɢɫɥɨ ɫ ɩɥɚɜɚɸɳɟɣ ɬɨɱɤɨɣ ɩɨɜɵɲɟɧɧɨɣ ɬɨɱɧɨɫɬɢ.
TШ NЮЦОЫТМ (CЭЫХ+SСТПЭ+N) – ɜ ɱɢɫɥɨɜɨɣ ɜɵɜɨɞ.
SОЭ ЛТРПХШКЭ PЫОМТЬТШЧ… – ɭɫɬɚɧɨɜɢɬɶ ɬɨɱɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ ɫ
ɩɥɚɜɚɸɳɟɣ ɬɨɱɤɨɣ.

1.5 Ɋɚɛɨɬɚ ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɪɟɞɚɤɬɨɪɟ
Ɋɚɛɨɬɚ ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɪɟɞɚɤɬɨɪɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:
1. Ɂɚɩɭɫɤɚɟɬɫɹ ɝɪɚɮɢɱɟɫɤɢɣ ɪɟɞɚɤɬɨɪ абMКбТЦК, ɡɚɝɪɭɠɚɟɬɫɹ ɨɫɧɨɜɧɨɟ

ɨɤɧɨ.
2. Ɂɚɝɪɭɠɚɟɬɫɹ ɞɨɤɭɦɟɧɬ ɢɡ ɮɚɣɥɚ ɢɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɜɨɞɹɬɫɹ

ɜɵɪɚɠɟɧɢɹ, ɮɨɪɦɭɥɵ, ɮɭɧɤɰɢɢ, ɤɨɬɨɪɵɟ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɹɱɟɣɤɢ.
ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɫɢɫɬɟɦɚ ɡɚɝɪɭɡɢɥɚɫɶ, ɦɨɠɧɨ ɩɪɢɫɬɭɩɚɬɶ ɤ ɜɵɱɢɫɥɟɧɢɹɦ.

Ⱦɥɹ ɷɬɨɝɨ ɫɥɟɞɭɟɬ ɞɨɛɚɜɢɬɶ ɹɱɟɣɤɭ ɜɜɨɞɚ – ɡɚɞɚɬɶ ɫɚɦɨ ɜɵɪɚɠɟɧɢɟ. ȼɯɨɞɧɨɟ
ɜɵɪɚɠɟɧɢɟ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɹɱɟɣɤɢ, ɨɛɵɱɧɨ ɷɬɨ ɧɟɤɨɬɨɪɨɟ ɜɵɪɚɠɟɧɢɟ,
ɨɩɟɪɚɬɨɪ ɩɪɢɫɜɚɢɜɚɧɢɹ, ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ, ɭɪɚɜɧɟɧɢɟ ɢɥɢ ɩɪɨɝɪɚɦɦɧɚɹ
ɮɭɧɤɰɢɹ. Ʉɚɠɞɨɟ ɜɯɨɞɧɨɟ ɜɵɪɚɠɟɧɢɟ ɡɚɜɟɪɲɚɟɬɫɹ ɫɢɦɜɨɥɨɦ «;», ɜ ɫɥɭɱɚɟ ɟɝɨ
ɨɬɫɭɬɫɬɜɢɹ ɫɢɫɬɟɦɚ ɫɚɦɚ ɞɨɛɚɜɢɬ ɷɬɨɬ ɫɢɦɜɨɥ. ɉɨɫɥɟ ɜɜɨɞɚ ɜɵɪɚɠɟɧɢɹ
ɬɪɟɛɭɟɬɫɹ ɟɝɨ ɨɛɪɚɛɨɬɚɬɶ ɢ ɜɵɜɟɫɬɢ ɪɟɡɭɥɶɬɚɬ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɧɚɠɚɬɶ
ɫɨɱɟɬɚɧɢɟ ɤɥɚɜɢɲ SСТПЭ+EЧЭОЫ (CЭЫХ+EЧЭОЫ ɢɥɢ ɨɞɧɭ ɤɥɚɜɢɲɭ EЧЭОЫ ɧɚ
NЮЦLШМФ)1, ɢɥɢ ɧɚ ɨɞɢɧ ɢɡ ɩɭɧɤɬɨɜ ɩɨɞɦɟɧɸ «əɱɟɣɤɚ», ɧɚɩɪɢɦɟɪ
«ȼɵɱɢɫɥɢɬɶ». Ɉ ɤɚɠɞɨɦ ɩɭɧɤɬɟ ɦɟɧɸ ɩɨɞɪɨɛɧɨ ɛɵɥɨ ɪɚɫɫɤɚɡɚɧɨ ɪɚɧɟɟ.
ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɭɟɬɫɹ ɹɱɟɣɤɚ ɜɜɨɞɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɟɣ ɹɱɟɣɤɚ ɜɵɜɨɞɚ.

ɋɢɫɬɟɦɭ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɤɚɥɶɤɭɥɹɬɨɪɚ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ
ɡɧɚɱɟɧɢɣ ɱɢɫɥɨɜɵɯ ɜɵɪɚɠɟɧɢɣ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɧɚɣɬɢ ɡɧɚɱɟɧɢɟ
ɩɪɨɢɡɜɟɞɟɧɢɹ 120 ɢ 1243, ɧɚɞɨ:

1Ⱦɚɥɟɟ ɜ ɩɨɫɨɛɢɢ ɩɨɞ ɫɨɱɟɬɚɧɢɟɦ ɤɥɚɜɢɲ CЭЫХ+EЧЭОЫ ɛɭɞɟɬ ɩɨɞɪɚɡɭɦɟɜɚɬɶɫɹ ɨɞɧɨ
ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɨɱɟɬɚɧɢɣ: SСТПЭ+EЧЭОЫ, CЭЫХ+EЧЭОЫ ɢɥɢ ɨɞɧɚ ɤɥɚɜɢɲɚ EЧЭОЫ ɧɚ NЮЦLШМФ.
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ɜ ɩɭɧɤɬɟ ɦɟɧɸ «əɱɟɣɤɚ» ɜɵɛɪɚɬɶ «ɇɨɜɚɹ ɹɱɟɣɤɚ» ɢɥɢ ɧɚɠɚɬɶ ɤɥɚɜɢɲɭ
EЧЭОЫ ɧɚ NЮЦLШМФ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɢ ɛɭɞɟɬ ɫɮɨɪɦɢɪɨɜɚɧɚ
ɹɱɟɣɤɚ ɜɜɨɞɚ (ɪɢɫ. 1.26). Ɇɨɠɧɨ ɩɪɨɩɭɫɬɢɬɶ ɞɚɧɧɵɣ ɩɭɧɤɬ, ɩɟɪɟɣɞɹ
ɤ ɜɵɩɨɥɧɟɧɢɸ ɫɥɟɞɭɸɳɟɝɨ ɩɭɧɤɬɚ, ɢ ɹɱɟɣɤɚ ɜɜɨɞɚ ɫɮɨɪɦɢɪɭɟɬɫɹ
ɚɜɬɨɦɚɬɢɱɟɫɤɢ;
ɫ ɤɥɚɜɢɚɬɭɪɵ ɜɜɨɞɢɦ ɤɨɦɚɧɞɭ: 120*1243 ɢ ɧɚɠɢɦɚɟɦ ɤɨɦɛɢɧɚɰɢɸ
ɤɥɚɜɢɲ CЭЫХ+EЧЭОЫ.

Ɋɢɫ. 1.26 – ɇɨɜɚɹ ɹɱɟɣɤɚ ɜɜɨɞɚ ɜ абMКбТЦК

(%Т1)120*1243;
(%Ш1)

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɞɨɤɭɦɟɧɬɟ ɛɵɥɢ ɫɮɨɪɦɢɪɨɜɚɧɵ ɞɜɟ ɫɬɪɨɤɢ: (%Т1) –
ɹɱɟɣɤɚ ɜɜɨɞɚ ɢ ɞɥɹ ɧɟɟ (%ɨ1) – ɹɱɟɣɤɚ ɜɵɜɨɞɚ.

ɉɨɫɥɟ ɜɜɨɞɚ ɤɚɠɞɨɣ ɤɨɦɚɧɞɟ ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ.
ɉɪɢɦɟɪ:

(%Т1)б:3;
(б)

(%Т2)в:10;
(в)

(%Т3)б/в;

(%Ш3)

ɍɤɚɡɚɧɧɵɟ ɜɵɲɟ ɤɨɦɚɧɞɵ ɢɦɟɸɬ ɧɨɦɟɪɚ 1–3 ɢ ɨɛɨɡɧɚɱɚɸɬɫɹ
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (%Т1), (%Т2), (%Т3). Ɋɟɡɭɥɶɬɚɬ ɜɵɱɢɫɥɟɧɢɹ ɬɚɤɠɟ ɢɦɟɟɬ
ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ, ɧɚɩɪɢɦɟɪ (%Ш1), (%Ш2) ɢ ɬ. ɞ. əɱɟɣɤɢ ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶ
ɦɧɨɝɨɫɬɪɨɱɧɵɣ ɜɜɨɞ.

ȼ ɫɢɫɬɟɦɟ MКбТЦК ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɜɜɨɞɚ ɫɪɚɡɭ ɧɟɫɤɨɥɶɤɢɯ

149160

3

10

3

10
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ɤɨɦɚɧɞ ɜ ɨɞɧɨɣ ɫɬɪɨɤɟ. Ⱦɥɹ ɷɬɨɝɨ ɨɞɧɚ ɤɨɦɚɧɞɚ ɨɬɞɟɥɹɟɬɫɹ ɨɬ ɞɪɭɝɨɣ
ɫɢɦɜɨɥɨɦ «;». ɉɪɢ ɷɬɨɦ ɮɨɪɦɢɪɭɟɬɫɹ ɨɞɧɚ ɫɬɪɨɤɚ ɜɜɨɞɚ ɢ ɫɬɨɥɶɤɨ ɫɬɪɨɤ
ɜɵɜɨɞɚ, ɫɤɨɥɶɤɨ ɤɨɦɚɧɞ ɛɵɥɨ ɡɚɞɚɧɨ.

ɉɪɢɦɟɪ:
(%Т3)4+7; 25/5; 3^6;

(%Ш1)

(%Ш2)

(%Ш3)
Ⱦɥɹ ɨɛɨɡɧɚɱɟɧɢɹ ɤɨɧɰɚ ɜɜɨɞɚ ɤɨɦɚɧɞɵ ɦɨɠɧɨ ɜɦɟɫɬɨ ɬɨɱɤɢ ɫ ɡɚɩɹɬɨɣ

ɢɫɩɨɥɶɡɨɜɚɬɶ ɡɧɚɤ $. ɗɬɨ ɛɵɜɚɟɬ ɭɞɨɛɧɨ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɜɵɜɨɞ ɪɟɡɭɥɶɬɚɬɚ
ɜɵɱɢɫɥɟɧɢɹ ɧɚ ɷɤɪɚɧ ɧɟ ɧɭɠɟɧ.

ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜɵɪɚɠɟɧɢɟ ɧɚɞɨ ɨɬɨɛɪɚɡɢɬɶ, ɚ ɧɟ ɜɵɱɢɫɥɢɬɶ, ɩɟɪɟɞ ɧɢɦ
ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɚɜɢɬɶ ɡɧɚɤ «’» (ɨɞɢɧɚɪɧɚɹ ɤɚɜɵɱɤɚ). ɇɨ ɷɬɨɬ ɦɟɬɨɞ ɧɟ
ɪɚɛɨɬɚɟɬ, ɤɨɝɞɚ ɜɵɪɚɠɟɧɢɟ ɢɦɟɟɬ ɹɜɧɨɟ ɡɧɚɱɟɧɢɟ. ɇɚɩɪɢɦɟɪ, ɜɵɪɚɠɟɧɢɟ 
MКбТЦК ɪɚɫɫɦɚɬɪɢɜɚɟɬ ɤɚɤ ɧɭɥɶ ɢ ɩɪɢ ɧɚɥɢɱɢɢ ɚɩɨɫɬɪɨɮɚ.

ɉɪɢɦɟɪ:
(%Т1)'ТnteРrate(б^2+б+3,б);

(%Ш1)

(%Т2)ТnteРrate(б^2+б+3,б);

(%Ш2)

(%Т3)'sТn(%pТ);
(%Ш3)

ɂɦɟɧɚ ɮɭɧɤɰɢɣ ɢ ɩɟɪɟɦɟɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɟ абMКбТЦК ɱɭɜɫɬɜɢɬɟɥɶɧɵ
ɤ ɪɟɝɢɫɬɪɭ, ɬɨ ɟɫɬɶ ɩɪɨɩɢɫɧɵɟ ɢ ɫɬɪɨɱɧɵɟ ɛɭɤɜɵ ɜ ɧɢɯ ɪɚɡɥɢɱɚɸɬɫɹ.

3. ɉɪɨɢɡɜɨɞɢɬɫɹ ɢɫɩɨɥɧɟɧɢɟ ɜɫɟɯ ɜɜɟɞɟɧɧɵɯ ɹɱɟɟɤ ɢɥɢ ɧɟɤɨɬɨɪɨɣ ɢɯ
ɱɚɫɬɢ; ɪɟɞɚɤɬɢɪɭɸɬɫɹ ɜɜɟɞɟɧɧɵɟ ɜɵɪɚɠɟɧɢɹ, ɮɨɪɦɭɥɵ ɢ ɮɭɧɤɰɢɢ.

ȿɫɥɢ ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɜɵɪɚɠɟɧɢɹ ɬɪɟɛɭɟɬɫɹ ɜɧɟɫɬɢ ɜ ɧɟɝɨ
ɢɫɩɪɚɜɥɟɧɢɹ, ɬɨ ɞɥɹ ɷɬɨɝɨ ɞɨɫɬɚɬɨɱɧɨ ɭɫɬɚɧɨɜɢɬɶ ɤɭɪɫɨɪ ɜ ɹɱɟɣɤɟ ɜɜɨɞɚ,
ɜɧɟɫɬɢ ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɚɜɤɢ ɢ ɧɚɠɚɬɶ ɤɨɦɛɢɧɚɰɢɸ ɤɥɚɜɢɲ CЭЫХ+EЧЭОЫ.

4. ɉɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɢɫɩɨɥɧɟɧɢɹ ɹɱɟɟɤ ɞɨɤɭɦɟɧɬ ɧɟɨɛɯɨɞɢɦɨ ɫɨɯɪɚɧɢɬɶ
ɜ ɮɚɣɥ.

ɋɨɯɪɚɧɟɧɢɟ ɞɨɤɭɦɟɧɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɨɛɵɱɧɵɦ ɫɩɨɫɨɛɨɦ ɫ
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɭɧɤɬɚ ɦɟɧɸ «Ɏɚɣɥ» ɢɥɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɧɨɩɤɢ ɧɚ ɩɚɧɟɥɢ

11

5

729

sin(π)

∫ x2 + x + 3dx

+ + 3x
x3

3

x2

2

0
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ɢɧɫɬɪɭɦɟɧɬɨɜ.
Ɉɫɨɛɟɧɧɨɫɬɶɸ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɫɢɫɬɟɦɵ MКбТЦК ɹɜɥɹɟɬɫɹ ɬɨ,

ɱɬɨ ɩɪɢ ɨɬɤɪɵɬɢɢ ɪɚɧɟɟ ɫɨɯɪɚɧɟɧɧɨɝɨ ɞɨɤɭɦɟɧɬɚ ɜ ɪɚɛɨɱɟɦ ɨɤɧɟ ɜɵɜɨɞɹɬɫɹ
ɬɨɥɶɤɨ ɤɨɦɚɧɞɵ, ɜɫɟ ɠɟ ɹɱɟɣɤɢ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɧɟ ɨɬɨɛɪɚɠɚɸɬɫɹ. Ⱦɥɹ ɢɯ
ɜɵɜɨɞɚ ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɨɦɚɧɞɨɣ «EЯКХЮКЭО КХХ МОХХЬ» (ȼɵɱɢɫɥɢɬɶ ɜɫɟ
ɹɱɟɣɤɢ) ɩɭɧɤɬɚ ɦɟɧɸ «əɱɟɣɤɚ».

ȼ ɩɪɨɝɪɚɦɦɟ абMКбТЦК ɦɨɠɧɨ ɞɨɛɚɜɥɹɬɶ ɜ ɞɨɤɭɦɟɧɬ ɬɟɤɫɬɨɜɵɟ
ɤɨɦɦɟɧɬɚɪɢɢ (ɪɢɫ. 1.27). Ⱦɥɹ ɷɬɨɝɨ ɜɵɛɢɪɚɟɦ ɩɭɧɤɬ ɦɟɧɸ «əɱɟɣɤɚ» → ɇɨɜɵɣ
ɤɨɦɦɟɧɬɚɪɢɣ (ɢɥɢ ɫɨɱɟɬɚɧɢɟ ɤɥɚɜɢɲ CЭЫХ+1), ɩɨɫɥɟ ɱɟɝɨ ɫ ɤɥɚɜɢɚɬɭɪɵ
ɧɚɛɢɪɚɟɦ ɬɟɤɫɬ.

Ɋɢɫ. 1.27 – Ɍɟɤɫɬɨɜɵɣ ɤɨɦɦɟɧɬɚɪɢɣ ɜ ɩɪɨɝɪɚɦɦɟ абMКбТЦК

ȼ ɨɤɧɟ ɜɵɜɨɞɚ ɪɟɡɭɥɶɬɚɬɨɜ абMКбТЦК ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɧɟɨɛɯɨɞɢɦɭɸ
ɮɨɪɦɭɥɭ ɢ, ɜɵɡɜɚɜ ɤɨɧɬɟɤɫɬɧɨɟ ɦɟɧɸ ɩɪɚɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ, ɫɤɨɩɢɪɨɜɚɬɶ
ɥɸɛɭɸ ɮɨɪɦɭɥɭ ɜ ɬɟɤɫɬɨɜɨɦ ɜɢɞɟ, ɜ ɮɨɪɦɚɬɟ TОБ/LКTОБ ɢɥɢ ɜ ɜɢɞɟ
ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɜɫɬɚɜɤɢ ɜ ɤɚɤɨɣ-ɥɢɛɨ ɞɨɤɭɦɟɧɬ
(ɪɢɫ. 1.28).

Ɋɢɫ. 1.28 – Ʉɨɧɬɟɤɫɬɧɨɟ ɦɟɧɸ
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Кɨɧɬɪɨлɶɧɵе ɜɨɩɪɨɫɵ ɩɨ ɝлаɜе 1

1. Ⱦɚɣɬɟ ɩɨɧɹɬɢɟ ɫɢɫɬɟɦɵ ɫɢɦɜɨɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɣ.
2. Ⱦɚɣɬɟ ɩɨɧɹɬɢɟ ɫɢɫɬɟɦɵ ɱɢɫɥɟɧɧɵɯ ɜɵɱɢɫɥɟɧɢɣ.
3. ɉɟɪɟɱɢɫɥɢɬɟ ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɟ ɫɢɫɬɟɦɵ ɫɢɦɜɨɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɣ.
4. ɑɬɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɫɬɟɦɚ MКбТЦК?
5. ɉɟɪɟɱɢɫɥɢɬɟ ɨɫɧɨɜɧɵɟ ɭɤɪɭɩɧɟɧɧɵɟ ɮɭɧɤɰɢɢ ɫɢɫɬɟɦɵ MКбТЦК.
6. ɉɟɪɟɱɢɫɥɢɬɟ ɨɫɧɨɜɧɵɟ ɮɭɧɤɰɢɢ ɝɪɚɮɢɱɟɫɤɨɝɨ ɪɟɞɚɤɬɨɪɚ абMКбТЦК.
7. ɑɬɨ ɬɚɤɨɟ ɞɨɤɭɦɟɧɬ ɜ ɫɢɫɬɟɦɟ MКбТЦК?
8. ɑɬɨ ɬɚɤɨɟ ɹɱɟɣɤɚ ɢ ɤɚɤɢɦɢ ɛɵɜɚɸɬ ɹɱɟɣɤɢ?
9. Ʉɚɤɢɟ ɮɭɧɤɰɢɢ ɫɢɫɬɟɦɵ MКбТЦК ɨɩɟɪɢɪɭɸɬ ɮɚɣɥɨɦ ɞɨɤɭɦɟɧɬɚ?

10. ɉɟɪɟɱɢɫɥɢɬɟ ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɦɟɧɸ «əɱɟɣɤɚ».
11. ɉɟɪɟɱɢɫɥɢɬɟ ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɦɟɧɸ «MКбТЦК».
12. ɉɟɪɟɱɢɫɥɢɬɟ ɨɫɧɨɜɧɵɟ ɦɟɧɸ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ

ɨɩɟɪɚɰɢɹɦ.
13. Ʉɚɤ ɨɪɝɚɧɢɡɨɜɚɧ ɪɟɠɢɦ «ɉɨɦɨɳɶ» ɜ ɫɢɫɬɟɦɟ MКбТЦК?
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2 ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ

2.1 Ɉɩɟɪɚɰɢɢ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ
ȼɵɪɚɠɟɧɢɹ ɜ ɫɢɫɬɟɦɟ MКбТЦК ɫɬɪɨɹɬɫɹ ɢɡ ɢɞɟɧɬɢɮɢɤɚɬɨɪɨɜ

(ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɛɭɤɜ, ɰɢɮɪ ɢɥɢ ɡɧɚɤɚ «И», ɧɚɱɢɧɚɸɳɚɹɫɹ ɫ ɛɭɤɜɵ),
ɤɨɧɫɬɚɧɬ, ɡɧɚɤɨɜ ɨɩɟɪɚɰɢɣ, ɮɭɧɤɰɢɣ ɢ ɪɚɡɞɟɥɢɬɟɥɟɣ. ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ
ɡɚɪɟɡɟɪɜɢɪɨɜɚɧɧɵɟ ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ:

ТЧЭОРЫКЭО ЧОбЭ ПЫШЦ НТПП
ТЧ КЭ ХТЦТЭ ЬЮЦ
ПШЫ КЧН ОХЬОТП ЭСОЧ
ОХЬО НШ ШЫ ТП
ЮЧХОЬЬ pЫШНЮМЭ аСТХО ЭСЫЮ
ЬЭОp

ȼɫɟ ɜɵɪɚɠɟɧɢɹ ɞɨɥɠɧɵ ɡɚɤɚɧɱɢɜɚɬɶɫɹ ɬɨɱɤɨɣ ɫ ɡɚɩɹɬɨɣ ɢɥɢ ɡɧɚɤɨɦ $.
ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɢɦɟɪɵ ɜɵɪɚɠɟɧɢɣ.
(%Т2)б: 3 $ /* ɉɟɪɟɦɟɧɧɨɣ  ɩɪɢɫɜɨɢɬɶ ɡɧɚɱɟɧɢɟ 3 */

(ТП (б > 17) tСen 2 else 4);
(%Ш2)

(%Т3)в: (б: 1, Пor Т Пrom 1 tСru 10 do (б: б*Т)) $ /*
ȼɵɱɢɫɥɢɬɶ ɡɧɚɱɟɧɢɟ , ɢɫɩɨɥɶɡɭɹ ɰɢɤɥ ɞɥɹ  ɨɬ 1 ɞɨ
10. Ɋɟɡɭɥɶɬɚɬ ɩɪɢɫɜɨɢɬɶ ɩɟɪɟɦɟɧɧɨɣ */
в;

(%Ш3)
Ⱦɥɹ ɤɨɧɫɬɚɧɬ ɬɚɤɠɟ ɢɦɟɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ (ɬɚɛɥ. 2.1).

Ɍɚɛɥɢɰɚ 2.1 – Ɉɛɨɡɧɚɱɟɧɢɹ ɤɨɧɫɬɚɧɬ ɜ MКбТЦК

ɇɚɡɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ

ɉɥɸɫ ɛɟɫɤɨɧɟɱɧɨɫɬɶ ТnП

Ɇɢɧɭɫ ɛɟɫɤɨɧɟɱɧɨɫɬɶ mТnП

Ʉɨɦɩɥɟɤɫɧɚɹ ɛɟɫɤɨɧɟɱɧɨɫɬɶ ТnПТnТЭв

ɑɢɫɥɨ ɉɢ %pТ

x

4

x i

y

done
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ɇɚɡɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ

ɗɤɫɩɨɧɟɧɬɚ %О

Ɇɧɢɦɚɹ ɟɞɢɧɢɰɚ %Т

ɂɫɬɢɧɚ ЭЫЮО

Ʌɨɠɶ ПКlЬО

Ɂɨɥɨɬɨɟ ɫɟɱɟɧɢɟ %pСТ

Ɉɩɟɪɚɰɢɢ

ɍɧɚɪɧɵɟ ɨɩɟɪɚɰɢɢ: ɭɧɚɪɧɵɣ ɦɢɧɭɫ , ɭɧɚɪɧɵɣ ɩɥɸɫ , ɮɚɤɬɨɪɢɚɥ 
, ɪɟɡɭɥɶɬɚɬ ɩɪɟɞɵɞɭɳɟɣ ɨɩɟɪɚɰɢɢ .

ɉɪɢɦɟɪ:
(%Т1)-2;

(%Ш1)

(%Т2)+5;
(%Ш2)

(%Т3)%+2;
(%Ш3)

(%Т4)5!;
(%Ш4)

Аɪɢɮɦɟɬɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ: ɫɥɨɠɟɧɢɟ, ɜɵɱɢɬɚɧɢɟ, ɭɦɧɨɠɟɧɢɟ, ɞɟɥɟɧɢɟ
ɢ ɜɨɡɜɟɞɟɧɢɟ ɜ ɫɬɟɩɟɧɶ.

ɉɪɢɦɟɪ:
(%Т1)a+b;

(%Ш1)

(%Т2)a-b;
(%Ш2)

(%Т3)a*b;
(%Ш3)

(%Т4)a/b;

(−) (+)
(!) (%)

−2

5

7

120

b + a

a − b

ab
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(%Ш4)

(%Т5)a^b;
(%Ш5)

Ɉɩɟɪɚɰɢɢ ɨɬɧɨɲɟɧɢɹ: ɛɨɥɶɲɟ , ɛɨɥɶɲɟ ɢɥɢ ɪɚɜɧɨ , ɦɟɧɶɲɟ 
 ɦɟɧɶɲɟ ɢɥɢ ɪɚɜɧɨ , ɪɚɜɧɨ , ɧɟɪɚɜɧɨ . ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ

ɩɪɢɦɟɪɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɩɟɪɚɰɢɣ ɨɬɧɨɲɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɮɭɧɤɰɢɢ ТЬ(КЫР),
ɤɨɬɨɪɚɹ ɜɵɩɨɥɧɹɟɬ ɨɩɟɪɚɰɢɸ ɨɬɧɨɲɟɧɢɹ ɢ ɜɵɜɨɞɢɬ ɪɟɡɭɥɶɬɚɬ ɜ ɜɢɞɟ truО ɢɥɢ
ПКlsО. Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ ɨɬɧɨɲɟɧɢɣ ɜ ɭɫɥɨɜɧɵɯ ɨɩɟɪɚɬɨɪɚɯ
ɢ ɨɩɟɪɚɬɨɪɚɯ ɰɢɤɥɚ ɮɭɧɤɰɢɸ ТЬ ɦɨɠɧɨ ɧɟ ɢɫɩɨɥɶɡɨɜɚɬɶ.
(%Т1)[a,b,c,d]:[2,5,9,5];

(%Ш1)

(%Т2)Тs(a>b);
(%Ш2)

(%Т3)Тs(d<c);
(%Ш3)

(%Т4)Тs(d=b);
(%Ш4)

(%Т5)Тs(a#b);
(%Ш5)

(%Т6)Тs(d>=b);
(%Ш6)

Ʌɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ: ɥɨɝɢɱɟɫɤɨɟ «ɢ» (КnН), ɥɨɝɢɱɟɫɤɨɟ «ɢɥɢ» (or),
ɥɨɝɢɱɟɫɤɨɟ «ɧɟ» (not).

ɉɪɢɦɟɪ:
(%Т1)[a,b]:[10,20];

(%Ш1)

(%Т2)Тs(a=10 and b=20);
(%Ш2)

(%Т3)Тs(a>10 or b<30);

a

b

ab

(>) (>=)

(<), (<=) (=) (#)

[2, 5, 9, 5]

false

true

true

true

true

[10, 20]

true
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(%Ш3)

(%Т4)Тs(not a=b);
(%Ш4)

2.2 Ɍɢɩɵ ɞɚɧɧɵɯ. ȼɜɨɞ ɞɚɧɧɵɯ
ȼ MКбТЦК ɢɦɟɟɬɫɹ ɛɨɥɶɲɨɣ ɧɚɛɨɪ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɬɢɩɨɜ ɞɚɧɧɵɯ:

ɱɢɫɥɨɜɵɟ, ɫɬɪɨɤɨɜɵɟ, ɫɩɢɫɤɢ, ɦɚɫɫɢɜɵ.
Чɢɫɥɨɜɵɟ ɞɚɧɧɵɟ ɜ ɆКбТЦК ɦɨɝɭɬ ɛɵɬɶ ɰɟɥɵɦɢ, ɞɪɨɛɧɵɦɢ, ɫ

ɩɥɚɜɚɸɳɟɣ ɡɚɩɹɬɨɣ, ɛɨɥɶɲɢɟ ɫ ɩɥɚɜɚɸɳɟɣ ɡɚɩɹɬɨɣ.
ɉɪɢɦɟɪ:

(%Т1)s:1/100 + 1/101;

(Ь)

(%Т2)%pТ;
(%Ш2)

(%Т3)Пloat(s);
(%Ш3)

(%Т4)bПloat(s);
(%Ш4)

(%Т5)(100!);

(%Ш5)

ɋɬɪɨɤɨɜɵɟ ɞɚɧɧɵɟ ɜ MКбТЦК ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɜɢɞɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ
ɫɢɦɜɨɥɨɜ, ɡɚɤɥɸɱɟɧɧɵɯ ɜ ɤɚɜɵɱɤɢ.

ɉɪɢɦɟɪ:
(%Т1)s:"Hello аorld!";

(Ь)
Ɉɫɧɨɜɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɞɥɹ ɪɚɛɨɬɵ ɫɨ ɫɬɪɨɤɚɦɢ ɹɜɥɹɸɬɫɹ ЬМШЧМКЭ –

ɨɛɴɟɞɢɧɟɧɢɟ ɫɬɪɨɤ, ЬЭЫТЧР – ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜ ɫɬɪɨɤɭ.
ɉɪɢɦɟɪ:

(%Т1)s1:sconcat("Hello ", "аorld", "!");
(Ь1)

(%Т2)s2:strТnР(%e^(в+в^2));

true

true

201

10100

π

0.0199009900990099

1.99009900990099b − 2

933262154439441526816992388562[98digits]

916864000000000000000000000000

Hello world!

Hello world!
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(Ь2)
ɋɩɢɫɤɢ ɜ MКбТЦК ɹɜɥɹɸɬɫɹ ɨɞɧɢɦɢ ɢɡ ɛɚɡɨɜɵɯ ɫɬɪɭɤɬɭɪ. ɋɩɢɫɤɢ

ɡɚɩɢɫɵɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:
(%Т1)LТst:[1,2,3,б+в];

(LТЬЭ)
Ⱦɨɫɬɭɩ ɤ ɷɥɟɦɟɧɬɚɦ ɫɩɢɫɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɭɤɚɡɚɧɢɟ ɧɨɦɟɪɚ

ɷɥɟɦɟɧɬɚ ɫɩɢɫɤɚ, ɡɚɤɥɸɱɟɧɧɨɝɨ ɜ ɤɜɚɞɪɚɬɧɵɟ ɫɤɨɛɤɢ. ɇɭɦɟɪɚɰɢɹ ɷɥɟɦɟɧɬɨɜ
ɫɩɢɫɤɚ ɧɚɱɢɧɚɟɬɫɹ ɫ 1. ɇɚɩɪɢɦɟɪ,
(%Т2)LТst[1];

(%Ш2)

(%Т3)LТst[4];
(%Ш3)

Ɇɨɠɧɨ ɫɨɡɞɚɜɚɬɶ ɜɥɨɠɟɧɧɵɟ ɫɩɢɫɤɢ, ɧɚɩɪɢɦɟɪ:
(%Т1)LТst:[1,5,[7,9],11];

(LТЬЭ)
ɬɨɝɞɚ LТЬЭД3Ж ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɩɢɫɨɤ
(%Т2)LТst[3];

(%Ш2)
ɢ ɞɥɹ ɞɨɫɬɭɩɚ ɤ ɷɥɟɦɟɧɬɚɦ ɷɬɨɝɨ ɫɩɢɫɤɚ ɧɟɨɛɯɨɞɢɦɨ ɭɤɚɡɵɜɚɬɶ ɜɬɨɪɨɣ ɢɧɞɟɤɫ.
ɇɚɩɪɢɦɟɪ,
(%Т3)LТst[3][1];

(%Ш3)

(%Т4)LТst[3][2];
(%Ш4)

ɉɟɪɟɱɢɫɥɢɦ ɨɫɧɨɜɧɵɟ ɮɭɧɤɰɢɢ ɞɥɹ ɪɚɛɨɬɵ ɫɨ ɫɩɢɫɤɚɦɢ: ɮɭɧɤɰɢɹ
ɫɨɡɞɚɧɢɹ ɫɩɢɫɤɨɜ, ɫɬɟɤɨɜɵɟ ɨɩɟɪɚɰɢɢ, ɨɩɟɪɚɰɢɢ ɞɨɫɬɭɩɚ.

Ɏɭɧɤɰɢɹ ɫɨɡɞɚɧɢɹ ɫɩɢɫɤɨɜ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɮɨɪɦɚɬɵ:
ЦКФОХТЬЭ() – ɫɨɡɞɚɧɢɟ ɩɭɫɬɨɝɨ ɫɩɢɫɤɚ;
ЦКФОХТЬЭ(ОбpЫ) – ɫɨɡɞɚɧɢɟ ɫɩɢɫɤɚ ɫ ɨɞɧɢɦ ɷɥɟɦɟɧɬɨɦ, ɪɚɜɧɵɦ ОбpЫ;
ЦКФОХТЬЭ(ОбpЫ, Ч) – ɫɨɡɞɚɧɢɟ ɫɩɢɫɤɚ ɢɡ Ч ɷɥɟɦɟɧɬɨɜ, ɪɚɜɧɵɯ ОбpЫ;
ЦКФОХТЬЭ(ОбpЫИТ, Т, ТИЦКб) – ɫɨɡɞɚɧɢɟ ɫɩɢɫɤɚ, У-ɣ ɷɥɟɦɟɧɬ ɤɨɬɨɪɨɝɨ ɪɚɜɟɧ

%e^(y^2 + y)

[1, 2, 3, y + x]

1

y + x

[1, 5, [7, 9], 11]

[7, 9]

7

9
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ОЯ(ОбpЫ, Т=У), ɩɪɢ ɷɬɨɦ ɢɧɞɟɤɫ У ɦɟɧɹɟɬɫɹ ɨɬ 1 ɞɨ ТИЦКб;
ЦКФОХТЬЭ(ОбpЫИТ, Т, ТИ0, ТИЦКб) – ɫɨɡɞɚɧɢɟ ɫɩɢɫɤɚ, У-ɣ ɷɥɟɦɟɧɬ ɤɨɬɨɪɨɝɨ
ɪɚɜɟɧ ОЯ(ОбpЫ, Т=У), ɩɪɢ ɷɬɨɦ ɢɧɞɟɤɫ У ɦɟɧɹɟɬɫɹ ɨɬ Т0 ɞɨ ТИЦКб;
ЦКФОХТЬЭ(ОбpЫ, Т, ТИ0, ТИЦКб, ЬЭОp) – ɫɨɡɞɚɧɢɟ ɫɩɢɫɤɚ, У-ɣ ɷɥɟɦɟɧɬ
ɤɨɬɨɪɨɝɨ ɪɚɜɟɧ ОЯ(ОбpЫ, Т=У), ɩɪɢ ɷɬɨɦ ɢɧɞɟɤɫ У ɦɟɧɹɟɬɫɹ ɨɬ Т0 ɞɨ ТИЦКб
ɫ ɲɚɝɨɦ, ɪɚɜɧɵɦ ЬЭОp;
ЦКФОХТЬЭ(ОбpЫ, б, ХТЬЭ) – ɫɨɡɞɚɧɢɟ ɫɩɢɫɤɚ, У-ɣ ɷɥɟɦɟɧɬ ɤɨɬɨɪɨɝɨ ɪɚɜɟɧ
ОЯ(ОбpЫ, б=ХТЬЭДУЖ), ɩɪɢ ɷɬɨɦ ɢɧɞɟɤɫ У ɦɟɧɹɟɬɫɹ ɨɬ 1 ɞɨ ХОЧРЭС(ХТЬЭ).

Ɏɭɧɤɰɢɹ ОЯ ɩɪɢɧɭɞɢɬɟɥɶɧɨ ɜɵɱɢɫɥɹɟɬ ɜɵɪɚɠɟɧɢɟ ɢ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ
ɫɢɧɬɚɤɫɢɫ:

ОЯ (ОбpЫ, КЫРИ1, …, КЫРИЧ),
ɝɞɟ ОбpЫ – ɜɵɪɚɠɟɧɢɟ, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɧɚɞɨ ɨɰɟɧɢɬɶ; КЫРИ1, …, КЫРИЧ –
ɚɪɝɭɦɟɧɬɵ, ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɭɪɚɜɧɟɧɢɹ, ɮɭɧɤɰɢɢ,
ɩɟɪɟɤɥɸɱɚɬɟɥɢ (ɞɜɨɢɱɧɵɟ ɮɥɚɝɢ) ɢ ɧɚɡɧɚɱɟɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ КЫРИ1 ɦɨɠɟɬ ɢɦɟɬɶ
ɫɩɟɰɢɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɦɚɧɢɩɭɥɹɰɢɣ ɧɚɞ ɜɵɪɚɠɟɧɢɟɦ,
ɧɚɩɪɢɦɟɪ, ɜɵɩɨɥɧɢɬɶ ɭɩɪɨɳɟɧɢɟ ɢɥɢ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɢ ɬ. ɞ. Ɋɚɫɫɦɨɬɪɢɦ
ɩɪɢɦɟɪɵ ɪɚɛɨɬɵ ɮɭɧɤɰɢɢ ОЯ.
(%Т1)ev(б+в,б=1,в=a);

(%Ш1)

(%Т2)sТn(б)+cos(в)+(а+1)^2+'dТПП(sТn(а),а);

(%Ш2)

(%Т3)ev(%, numer, eбpand, dТПП, б=2, в=1);
(%Ш3)

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪɵ ɫɨɡɞɚɧɢɹ ɫɩɢɫɤɨɜ ɮɭɧɤɰɢɟɣ ЦКФОХТЬЭ.
(%Т1)makelТst(2*n+1,n,0,10); /* ɢɡ 11 ɧɟɱɟɬɧɵɯ ɱɢɫɟɥ */

(%Ш1)

(%Т2)makelТst(concat(б,Т),Т,6) /* ɢɡ 6 ɩɟɪɟɦɟɧɧɵɯ */
(%Ш2)

(%Т3)makelТst(б=в, в, [a,b,c]) /* ɢɡ 3 ɜɵɪɚɠɟɧɢɣ ɢɡ 
, ɝɞɟ  ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɡɚɦɟɧɟɧɨ ɧɚ , ,  */

(%Ш3)

(%Т4)makelТst(random(6),4) /* ɢɡ 4 ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ */

a + 1

cos (y) + sin (x) + sin (w) + (w + 1)2d

dw

cos (w) + w2 + 2w + 2.449599732693821

[1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21]

x1, x2, x3, x4, x5, x6

x = y

y a b c

[x = a, x = b, x = c]
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(%Ш4)
ɋɬɟɤɨɜɵɟ ɨɩɟɪɚɰɢɢ ɪɟɚɥɢɡɨɜɚɧɵ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɣ pЮЬС() ɢ pШp():

pЮЬС(ТЭОЦ,ХТЬЭ) ɩɨɦɟɳɚɟɬ ɷɥɟɦɟɧɬ ТЭОЦ ɜ ɫɩɢɫɨɤ ХТЬЭ ɢ ɷɬɨɬ ɷɥɟɦɟɧɬ
ɫɬɚɧɨɜɢɬɫɹ ɩɟɪɜɵɦ;
pШp(ХТЬЭ) ɭɞɚɥɹɟɬ ɩɟɪɜɵɣ ɷɥɟɦɟɧɬ ɫɩɢɫɤɚ ХТЬЭ.

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɷɬɢ ɮɭɧɤɰɢɢ ɦɨɠɧɨ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɩɪɨɝɪɚɦɦɟ,
ɧɟɨɛɯɨɞɢɦɨ ɡɚɝɪɭɡɢɬɶ ɛɢɛɥɢɨɬɟɤɭ ЛКЬТМ. ɇɚɩɪɢɦɟɪ,
(%Т1)load("basТc")$
(%Т2)lТst:[];

(ХТЬЭ)

(%Т3)pusС(б,lТst);
(%Ш3)

(%Т4)pusС(б^2+в, lТst);
(%Ш4)

(%Т5)pop(lТst);
(%Ш5)

(%Т6)lТst;
(%Ш6)

(%Т7)pop(lТst);
(%Ш7)

(%Т8)lТst;
(%Ш8)

ȼ ɫɢɫɬɟɦɟ MКбТЦК ɦɨɠɧɨ ɫɨɡɞɚɜɚɬɶ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɦɚɫɫɢɜɵ,
ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬɫɹ ɤɚɤ ɤɨɧɬɟɣɧɟɪɵ. Ɉɛɪɚɳɟɧɢɟ ɤ ɷɥɟɦɟɧɬɚɦ ɦɚɫɫɢɜɚ
ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɭɤɚɡɚɧɢɹ ɢɧɞɟɤɫɨɜ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɞɜɭɯɦɟɪɧɨɝɨ
ɦɚɫɫɢɜɚ – ɭɤɚɡɚɧɢɟ ɧɨɦɟɪɨɜ ɫɬɨɤɢ ɢ ɫɬɨɥɛɰɚ. Ɇɚɫɫɢɜ ɦɨɠɧɨ ɫɨɡɞɚɬɶ ɫ
ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ КЫЫКв:

КЫЫКв (ЧКЦО, НТЦИ1, ..., НТЦИЧ) – ɫɨɡɞɚɧɢɟ ɨɛɵɱɧɨɝɨ ɦɚɫɫɢɜɚ ЧКЦО
ɪɚɡɦɟɪɧɨɫɬɶɸ НТЦИ1, ..., НТЦИЧ (ɧɟ ɛɨɥɟɟ 5), ɷɥɟɦɟɧɬɚɦɢ ɤɨɬɨɪɨɝɨ
ɦɨɝɭɬ ɛɵɬɶ ɥɸɛɵɟ ɨɛɴɟɤɬɵ ɢ ɜɵɪɚɠɟɧɢɹ;
КЫЫКв (ЧКЦО, ЭвpО, НТЦИ1, ..., НТЦИЧ) – ɫɨɡɞɚɧɢɟ ɫɩɟɰɢɚɥɶɧɨɝɨ ɦɚɫɫɢɜɚ,

[0, 1, 1, 5]

[]

[x]

[y + x2, x]

y + x2

[x]

x

[]
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ɷɥɟɦɟɧɬɚɦɢ ɤɨɬɨɪɨɝɨ ɦɨɝɭɬ ɛɵɬɶ ɬɨɥɶɤɨ ɰɟɥɵɟ (ЭвpО= ПТбЧЮЦ) ɢɥɢ
ɜɟɳɟɫɬɜɟɧɧɵɟ (ЭвpО= ПХШЧЮЦ) ɱɢɫɥɚ;
КЫЫКв (ДЧКЦОИ1, ..., ЧКЦОИЦЖ, НТЦИ1, ..., НТЦИЧ) – ɫɨɡɞɚɧɢɟ Ц ɨɛɵɱɧɵɯ
ɦɚɫɫɢɜɨɜ, ɨɞɢɧɚɤɨɜɨɣ ɪɚɡɦɟɪɧɨɫɬɶɸ (ɧɟ ɛɨɥɟɟ 5).

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɜɵɲɟ ɬɢɩɵ ɞɚɧɧɵɯ ɹɜɥɹɸɬɫɹ
ɛɚɡɨɜɵɦɢ. ɂɦɟɟɬɫɹ ɨɝɪɨɦɧɵɣ ɧɚɛɨɪ ɞɪɭɝɢɯ ɬɢɩɨɜ, ɧɚɩɪɢɦɟɪ, ɦɚɬɪɢɰɵ,
ɩɨɥɢɧɨɦɵ, ɪɹɞɵ ɢ ɬ. ɞ.

2.3 Ɉɩɟɪɚɬɨɪɵ ɢ ɮɭɧɤɰɢɢ

Ɉɩɟɪɚɬɨɪɵ

Ɉɩɟɪɚɬɨɪ ɩɪɢɫɜɚɢɜɚɧɢɹ ɡɚɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:
б:10,

ɱɬɨ ɨɡɧɚɱɚɟɬ – ɩɟɪɟɦɟɧɧɨɣ б ɩɪɢɫɜɨɢɬɶ ɡɧɚɱɟɧɢɟ 10. ȼ абMКбТЦК ɷɬɨ
ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:
(%Т1)б:10;

(б)
ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧ ɨɩɟɪɚɬɨɪ ɩɪɢɫɜɚɢɜɚɧɢɹ L ɫɩɢɫɤɚ.

(%Т1)L:[10,2,5,7];
(L)

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɦɹ ɩɟɪɟɦɟɧɧɨɣ ɹɜɧɨ ɧɟ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɢɩ
ɞɚɧɧɵɯ, ɬɢɩ ɞɚɧɧɵɯ ɩɟɪɟɦɟɧɧɨɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɦɨɦɟɧɬ ɩɪɢɫɜɚɢɜɚɧɢɹ
ɡɧɚɱɟɧɢɹ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɬɢɩɚ ɞɚɧɧɵɯ ɢɦɟɟɬɫɹ ɩɪɟɞɢɤɚɬ, ɤɨɬɨɪɵɣ ɜɨɡɜɪɚɳɚɟɬ
truО, ɟɫɥɢ ɩɪɨɜɟɪɤɚ ɩɨɥɨɠɢɬɟɥɶɧɚ, ɢɧɚɱɟ – ПКlsО.

ɉɪɢɦɟɪ:
(%Т1)Пloatnump(б); /* ɫɨɞɟɪɠɢɬ ɥɢ  ɱɢɫɥɨ ɫ ɩɥɚɜɚɸɳɟɣ

ɡɚɩɹɬɨɣ? */
(%Ш1)

(%Т2)lТstp(L); /* ɫɨɞɟɪɠɢɬ ɥɢ ɩɟɪɟɦɟɧɧɚɹ  ɫɩɢɫɨɤ? */
(%Ш2)

ȼ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɧɟɨɛɯɨɞɢɦɨ ɨɱɢɫɬɢɬɶ ɩɟɪɟɦɟɧɧɭɸ ɨɬ ɩɪɢɫɜɨɟɧɧɨɝɨ
ɟɣ ɜɵɪɚɠɟɧɢɹ ɢ ɨɫɜɨɛɨɞɢɬɶ ɡɚɧɢɦɚɟɦɭɸ ɷɬɢɦ ɜɵɪɚɠɟɧɢɟɦ ɩɚɦɹɬɶ,
ɢɫɩɨɥɶɡɭɸɬ ɮɭɧɤɰɢɸ ФТХХ. ɇɚɩɪɢɦɟɪ,
(%Т1)kТll(б);

10

[10, 2, 5, 7]

x

false

L

listp(L)
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(%Ш1)
ȿɫɥɢ ɧɚɞɨ ɨɱɢɫɬɢɬɶ ɜɫɟ ɩɟɪɟɦɟɧɧɵɟ, ɬɨ ɢɫɩɨɥɶɡɭɸɬ ɮɭɧɤɰɢɸ ФТХХ(КХХ).
ɋɨɫɬɚɜɧɨɣ ɨɩɟɪɚɬɨɪ – ɷɬɨ ɨɩɟɪɚɬɨɪ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɝɪɭɩɩɢɪɨɜɤɢ

ɧɟɫɤɨɥɶɤɢɯ ɤɨɦɚɧɞ (ɨɩɟɪɚɬɨɪɨɜ). ɋɨɫɬɚɜɧɨɣ ɨɩɟɪɚɬɨɪ ɜ MКбТЦК ɫɨɡɞɚɟɬɫɹ ɫ
ɩɨɦɨɳɶɸ ɤɪɭɝɥɵɯ ɫɤɨɛɨɤ:

(ОбpИ1, ОбpИ2, ..., ОбpИЧ).
Ɉɩɟɪɚɬɨɪɵ, ɡɚɤɥɸɱɟɧɧɵɟ ɜ ɤɪɭɝɥɵɟ ɫɤɨɛɤɢ ɢ ɪɚɡɞɟɥɟɧɧɵɟ ɡɚɩɹɬɨɣ,

ɜɨɫɩɪɢɧɢɦɚɸɬɫɹ ɫɢɫɬɟɦɨɣ ɤɚɤ ɨɞɢɧ ɨɩɟɪɚɬɨɪ. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɜɟɬɜɥɟɧɢɟ
ɜ ɭɫɥɨɜɧɨɦ ɨɩɟɪɚɬɨɪɟ ɢɥɢ ɬɟɥɨ ɧɟɤɨɬɨɪɨɝɨ ɰɢɤɥɚ. ɇɢɠɟ ɡɚɩɢɫɚɧ ɫɨɫɬɚɜɧɨɣ
ɨɩɟɪɚɬɨɪ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɞɜɭɯ ɨɩɟɪɚɬɨɪɨɜ: ɩɪɢɫɜɚɢɜɚɧɢɹ ɢ ɰɢɤɥɚ.
(%Т1)(б:2, Пor Т:1 tСru 10 do б:б+Т^2);

(%Ш1)
ɍɫɥɨɜɧɵɣ ɨɩɟɪɚɬɨɪ ɨɫɭɳɟɫɬɜɥɹɟɬ ɜɟɬɜɥɟɧɢɟ ɜ ɬɟɥɟ ɩɪɨɝɪɚɦɦɵ. ɉɪɚɜɢɥɚ

ɡɚɩɢɫɢ ɫɥɟɞɭɸɳɢɟ:
ТП МШЧНИ1 ЭСОЧ ОбpЫИ1 ОХЬО ОбpЫИ0.

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɷɬɨɝɨ ɨɩɟɪɚɬɨɪɚ ɜɵɱɢɫɥɹɟɬɫɹ ɭɫɥɨɜɢɟ МШЧНИ1. ȿɫɥɢ ɷɬɨ
ɭɫɥɨɜɢɟ ɩɪɢɦɟɬ ɡɧɚɱɟɧɢɟ truО, ɬɨ ɜɵɩɨɥɧɢɬɫɹ ɨɩɟɪɚɬɨɪ ОбpЫИ1, ɚ ɨɩɟɪɚɬɨɪ
ОбpЫИ0 ɛɭɞɟɬ ɩɪɨɩɭɳɟɧ. ȿɫɥɢ ɭɫɥɨɜɢɟ ɩɪɢɦɟɬ ɡɧɚɱɟɧɢɟ ПКlsО, ɬɨ ɨɩɟɪɚɬɨɪ
ОбpЫИ1 ɛɭɞɟɬ ɩɪɨɩɭɳɟɧ ɢ ɜɵɩɨɥɧɢɬɫɹ ɨɩɟɪɚɬɨɪ ОбpЦИ0. ɍɫɥɨɜɢɟ, ɤɚɤ ɩɪɚɜɢɥɨ,
ɡɚɞɚɟɬɫɹ ɧɟɤɨɬɨɪɵɦ ɥɨɝɢɱɟɫɤɢɦ ɜɵɪɚɠɟɧɢɟɦ, ɫɨɫɬɨɹɳɢɦ ɢɡ ɥɨɝɢɱɟɫɤɢɯ
ɨɩɟɪɚɰɢɣ (ɬɚɛɥ. 2.2).

Ɍɚɛɥɢɰɚ 2.2 – Ɍɚɛɥɢɰɚ ɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ

Ɇɟɧɶɲɟ, ɱɟɦ <

Ɇɟɧɶɲɟ ɢɥɢ ɪɚɜɧɨ <=

Ɋɚɜɧɨ (Мɢɧɬɚɤɫɢɱɟɫɤɢ) =

ɇɟ ɪɚɜɧɨ

Ɋɚɜɟɧɫɬɜɨ ɡɧɚɱɟɧɢɣ ОqЮКХ

ɇɟɪɚɜɟɧɫɬɜɨ ɡɧɚɱɟɧɢɣ ЧШЭОqЮКХ

Ȼɨɥɶɲɟ ɪɚɜɧɨ >=

Ȼɨɥɶɲɟ >

Ʌɨɝɢɱɟɫɤɨɟ ɂ  КЧН

Ʌɨɝɢɱɟɫɤɨɟ ɂɅɂ ШЫ

Ʌɨɝɢɱɟɫɤɨɟ ɇȿ ЧШЭ

done

done

≠
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ɉɪɢɦɟɪ:
(%Т1)б:1;

(б)

(%Т2)/* ɉɟɱɚɬɚɬɶ б, ɟɫɥɢ ɨɧ ɥɟɠɢɬ ɜɧɭɬɪɢ ɢɧɬɟɪɜɚɥɚ
[0,10] */
ТП б>=0 and б<=10 tСen prТnt(б);

(%Ш2)

(%Т3)б:12;
(б)

(%Т4)ТП б>=0 and б<=10 tСen prТnt(б);
(%Ш4)

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɱɢɫɥɚ  ɧɚ ɱɟɬɧɨɫɬɶ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɭɧɤɰɢɹ-ɩɪɟɞɢɤɚɬ
ШННp(Ч).

ɉɪɢɦɟɪ:
(%Т1)n:2;

(Ч)

(%Т2)ТП oddp(n) tСen prТnt("ɧɟɱɟɬɧɨɟ") else
prТnt("ɱɟɬɧɨɟ");

ɱɟɬɧɨɟ (%Ш2)

(%Т3)n:1;
(Ч)

(%Т4)ТП oddp(n) tСen prТnt("ɧɟɱɟɬɧɨɟ") else
prТnt("ɱɟɬɧɨɟ");

ɧɟɱɟɬɧɨɟ (%Ш4)
Ɉɩɟɪɚɬɨɪ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ЦКp ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ

ɫɢɧɬɚɤɫɢɫ:
ЦКp (П, ОбpЫИ1, …, ОбpЫИЧ).

ɗɬɚ ɡɚɩɢɫɶ ɨɡɧɚɱɚɟɬ – ɩɪɢɦɟɧɢɬɶ ɮɭɧɤɰɢɸ (ɨɩɟɪɚɬɨɪ, ɫɢɦɜɨɥ ɨɩɟɪɚɰɢɢ)
П ɤɨ ɜɫɟɦ ɜɵɪɚɠɟɧɢɹɦ ОбpЫИ1, …, ОбpЫИЧ, ɩɪɢɱɟɦ ɛɭɞɟɬ ɜɵɩɨɥɧɟɧɚ
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ П(ОбpЫИ1), …, П(ОбpЫИЧ). Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪɵ.
(%Т1)map(S,[б,в,г]);

1

1

12

false

n

2

1
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(%Ш1)

(%Т2)map(Пunc,б+a*в+b*г);
(%Ш2)

Ⱦɥɹ ɫɩɢɫɤɨɜ ЦКp ɪɚɛɨɬɚɟɬ ɧɟɦɧɨɝɨ ɩɨ-ɞɪɭɝɨɦɭ, ɧɚɩɪɢɦɟɪ:
(%Т1)map("=",[a,b],[-0.5,3]);

(%Ш1)
Ɉɩɟɪɚɬɨɪ ɰɢɤɥɚ ɹɜɥɹɟɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦ ɫɬɪɭɤɬɭɪɧɵɦ ɫɪɟɞɫɬɜɨɦ ɹɡɵɤɨɜ

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɨɜɬɨɪɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɩɟɪɚɬɨɪɨɜ, ɡɚɩɢɫɚɧɧɵɯ ɜ ɬɟɥɟ ɰɢɤɥɚ. ȼɵɯɨɞɨɦ ɢɡ ɰɢɤɥɚ
ɹɜɥɹɟɬɫɹ ɧɟɤɨɬɨɪɨɟ ɭɫɥɨɜɢɟ, ɤɨɬɨɪɨɟ ɩɪɨɜɟɪɹɟɬɫɹ ɤɚɠɞɵɣ ɪɚɡ ɢɥɢ ɜ ɧɚɱɚɥɟ,
ɢɥɢ ɜ ɤɨɧɰɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɩɟɪɚɬɨɪɨɜ. Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɢɬɟɪɚɰɢɣ
ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɩɟɪɚɬɨɪ НШ. ȼ MКбТЦК ɢɦɟɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɜɚɪɢɚɧɬɵ ɟɝɨ
ɜɵɡɨɜɚ:

ПШЫ ЯКЫ: ТЧТЭ ЬЭОp ТЧМЫОЦОЧЭ ЭСЫЮ ХТЦТЭ НШ ЛШНв
ПШЫ ЯКЫ: ТЧТЭ ЬЭОp ТЧМЫОЦОЧЭ аСТХО МШЧНТЭТШЧ НШ ЛШНв
ПШЫ ЯКЫ: ТЧТЭ ЬЭОp ТЧМЫОЦОЧЭ ЮЧХОЬЬ МШЧНТЭТШЧ НШ ЛШНв

Ɂɞɟɫɶ ПШЫ – ɤɥɸɱɟɜɨɟ ɫɥɨɜɨ ɧɚɱɚɥɚ ɰɢɤɥɚ, ЯКЫ – ɩɟɪɟɦɟɧɧɚɹ ɰɢɤɥɚ, ТЧТЭ –
ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ, ЬЭОp – ɤɥɸɱɟɜɨɟ ɫɥɨɜɨ ɡɚɞɚɧɢɹ ɢɧɤɪɟɦɟɧɬɚ, ТЧМЫОЦОЧЭ –
ɡɚɞɚɟɬ ɲɚɝ ɢɡɦɟɧɟɧɢɹ ɩɟɪɟɦɟɧɧɨɣ ɰɢɤɥɚ, ЭСЫЮ – ɤɥɸɱɟɜɨɟ ɫɥɨɜɨ ɡɚɞɚɧɢɹ ХТЦТЭ,
ХТЦТЭ – ɩɪɟɞɟɥ ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɨɣ ɰɢɤɥɚ, НШ – ɤɥɸɱɟɜɨɟ ɫɥɨɜɨ, ɡɚɞɚɸɳɟɟ
ɬɟɥɨ ɰɢɤɥɚ ЛШНв.

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ ЭСЫЮ, аСТХО, ЮЧХОЬЬ ɭɤɚɡɵɜɚɸɬ ɧɚ ɫɩɨɫɨɛ ɡɚɜɟɪɲɟɧɢɹ
ɰɢɤɥɚ:

ЭСЫЮ – ɩɨ ɞɨɫɬɢɠɟɧɢɢ ɩɟɪɟɦɟɧɧɨɣ ɰɢɤɥɚ ɡɧɚɱɟɧɢɹ ХТЦТЭ;
аСТХО – ɩɨɤɚ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ МШЧНТЭТШЧ;
ЮЧХОЬЬ – ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɞɨɫɬɢɝɧɭɬɨ ɭɫɥɨɜɢɟ МШЧНТЭТШЧ.

ȿɫɥɢ ɲɚɝ ɢɡɦɟɧɟɧɢɹ ɩɟɪɟɦɟɧɧɨɣ ɪɚɜɟɧ 1, ɬɨ ЬЭОp ɢ ТЧМЫОЦОЧЭ ɦɨɝɭɬ
ɨɬɫɭɬɫɬɜɨɜɚɬɶ.

ɉɪɢɦɟɪ:
(%Т1)/* ȼɵɜɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɡɧɚɱɟɧɢɣ ɩɟɪɟɦɟɧɧɨɣ 

*/
Пor a:-3 step 7 tСru 26 do dТsplaв(a)$

[S(x), S(y), S(z)]

func(bz) + func(ay) + func(x)

[a = −0.5, b = 3]

a

a = −3

a = 4

a = 11
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(%Т4)/* ɉɨɞɫɱɟɬ ɫɭɦɦɵ 10 ɰɟɥɵɯ ɱɢɫɟɥ */
s: 0$
Пor Т: 1 аСТle Т <= 10 do s: s+Т;
s;

(%Ш3)

(%Ш4)

(%Т8)/* ɉɨɥɭɱɟɧɢɟ ɜɵɪɚɠɟɧɢɟ 8 ɩɟɪɜɵɯ ɡɧɚɱɟɧɢɣ ɞɥɹ
ɪɚɡɥɨɠɟɧɢɹ ɜ ɪɹɞ Ɍɟɣɥɨɪɚ ɮɭɧɤɰɢɢ  */ 
serТes:1 $ 
term:eбp(sТn(б))$ 
Пor p:1 unless p>7 do (term:dТПП(term,б)/p,
serТes:serТes+subst(б=0,term)*б^p)$ 
serТes;

(%Ш8)

Ⱦɥɹ ɩɟɪɟɱɢɫɥɢɬɟɥɶɧɵɯ ɡɚɞɚɱ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɩɪɨɫɦɨɬɪɚ ɦɧɨɠɟɫɬɜ
ɢ ɫɩɢɫɤɨɜ, ɢɦɟɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɨɩɟɪɚɬɨɪɚ ɰɢɤɥɚ:

ПШЫ ЯКЫ ТЧ ХТЬЭ ОЧНИЭОЬЭЬ НШ ЛШНв,
ɝɞɟ ЯКЫ – ɢɦɹ ɩɟɪɟɦɟɧɧɨɣ, ТЧ – ɤɥɸɱɟɜɨɟ ɫɥɨɜɨ, ХТЬЭ – ɫɩɢɫɨɤ ɡɧɚɱɟɧɢɣ,
ОЧНИЭОЬЭЬ – ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɭɫɥɨɜɢɟ ɡɚɜɟɪɲɟɧɢɹ, НШ – ɨɩɟɪɚɬɨɪ ɜɵɩɨɥɧɟɧɢɹ
ɢɬɟɪɚɰɢɣ, ЛШНв – ɬɟɥɨ ɰɢɤɥɚ.

Ɏɭɧɤɰɢɢ

ɂɦɟɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ ɮɭɧɤɰɢɣ ɜ MКбТЦК:
1) ɩɪɨɫɬɵɟ ɮɭɧɤɰɢɢ.
2) ɮɭɧɤɰɢɢ-ɚɥɝɨɪɢɬɦɵ.
3) ɪɟɤɭɪɫɢɜɧɵɟ ɮɭɧɤɰɢɢ.
ȼɫɟ ɮɭɧɤɰɢɢ ɡɚɞɚɸɬɫɹ ɨɩɟɪɚɰɢɟɣ :=. ɇɚɩɪɢɦɟɪ:

(%Т1)П(б):=sТn(2*б);
(%Ш1)

Ɍɟɩɟɪɶ ɞɚɧɧɚɹ ɮɭɧɤɰɢɹ ɦɨɠɟɬ ɭɱɚɫɬɜɨɜɚɬɶ ɤɚɤ ɜ ɱɢɫɥɟɧɧɵɯ, ɬɚɤ
ɢ ɜ ɫɢɦɜɨɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɹɯ.

a = 18

a = 25

done

55

exp(sin(x))

− − − + + x + 1
x7

90

x6

240

x5

15

x4

8

x2

2

f(x) := sin (2x)
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ȼ ɨɛɳɟɦ ɜɢɞɟ ɩɪɨɫɬɚɹ ɮɭɧɤɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɡɚɞɚɧɚ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ:
П(б,в,...,г):= (ОбpЫ1, ОбpЫ2, ...., ОбpЫЧ).П(б,в,...,г):= (ОбpЫ1, ОбpЫ2, ...., ОбpЫЧ).

Ɂɧɚɱɟɧɢɟɦ ɮɭɧɤɰɢɢ ɛɭɞɟɬ ɡɧɚɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɩɪɢɧɢɦɚɟɬ ɜɵɪɚɠɟɧɢɟ
ОбpЫЧ. ɇɚɩɪɢɦɟɪ:
(%Т1)П(б,в):=(б1:б+б^2,в1:в/(1+в),б1+в1);

(%Ш1)

(%Т2)П(б,в);

(%Ш2)

Ⱦɥɹ ɡɚɩɢɫɢ ɮɭɧɤɰɢɣ-ɚɥɝɨɪɢɬɦɨɜ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɩɟɰɢɚɥɶɧɭɸ
ɮɭɧɤɰɢɸ ЛХШМФ. ɉɨɹɫɧɢɦ ɫɢɧɬɚɤɫɢɫ ɷɬɨɣ ɮɭɧɤɰɢɢ ɧɚ ɩɪɢɦɟɪɟ:

ЛХШМФ (ДЖ, ОбpЫ1, ОбpЫ2, ..., ОбpЫЧ).
ɉɟɪɜɵɦ ɩɚɪɚɦɟɬɪɨɦ ɜ ɮɭɧɤɰɢɢ ЛХШМФ ɞɨɥɠɟɧ ɛɵɬɶ ɫɩɢɫɨɤ ɥɨɤɚɥɶɧɵɯ

ɩɟɪɟɦɟɧɧɵɯ. Ɉɧ ɦɨɠɟɬ ɛɵɬɶ ɩɭɫɬɵɦ. Ⱦɚɥɟɟ ɱɟɪɟɡ ɡɚɩɹɬɭɸ ɫɥɟɞɭɸɬ ɨɩɟɪɚɬɨɪɵ
ОбpЫ1,...,ОбpЧ.

Ⱦɥɹ ɡɚɜɟɪɲɟɧɢɹ ɜɵɩɨɥɧɟɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɩɟɪɚɬɨɪɨɜ ɦɨɠɧɨ
ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɭɧɤɰɢɸ ЫОЭЮЫЧ(Ы), ɝɞɟ Ы – ɧɟɤɢɣ ɥɨɤɚɥɶɧɵɣ ɩɚɪɚɦɟɬɪ ɢɥɢ
ɤɨɧɫɬɚɧɬɚ. ɇɚɩɪɢɦɟɪ:
(%Т1)Count(б,n):= 

block( [Т,m:lenРtС(б)], 
Пor Т:1 tСru m do ТП б[Т]<n tСen return(Т),

return(m) 
);

(%Ш1)

Ɏɭɧɤɰɢɹ CШЮЧЭ(б,Ч) ɢɦɟɟɬ ɞɜɚ ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɚ: б – ɫɩɢɫɨɤ ɡɧɚɱɟɧɢɣ,
Ч – ɱɢɫɥɨ ɞɥɹ ɫɪɚɜɧɟɧɢɹ. ȼ ɬɟɥɟ ɮɭɧɤɰɢɢ-ɚɥɝɨɪɢɬɦɚ ɢɦɟɸɬɫɹ ɞɜɟ ɥɨɤɚɥɶɧɵɟ
ɩɟɪɟɦɟɧɧɵɟ Т ɢ Ц (Ц ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɢɧɵ ɫɩɢɫɤɚ б).

Кɨɧɬɪɨлɶɧɵе ɜɨɩɪɨɫɵ ɩɨ ɝлаɜе 2

1. ɂɡ ɱɟɝɨ ɫɬɪɨɹɬɫɹ ɜɵɪɚɠɟɧɢɹ ɜ ɫɢɫɬɟɦɟ MКбТЦК?
2. Ʉɚɤɢɦɢ ɡɧɚɤɚɦɢ ɦɨɝɭɬ ɡɚɤɚɧɱɢɜɚɬɶɫɹ ɜɵɪɚɠɟɧɢɹ ɜ ɫɢɫɬɟɦɟ MКбТЦК?
3. ɉɟɪɟɱɢɫɥɢɬɟ ɫɩɟɰɢɚɥɶɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɞɥɹ ɤɨɧɫɬɚɧɬ.

f(x, y) := (x1 : x + x2, y1 : , x1 + y1)y

1 + y

+ x2 + x
y

y + 1

Count(x, n) := block([i,m : length(x)],

for i thru m do if xi < n then return(i), return(m))
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4. ɉɟɪɟɱɢɫɥɢɬɟ ɨɫɧɨɜɧɵɟ ɮɭɧɤɰɢɢ ɞɥɹ ɪɚɛɨɬɵ ɫɨ ɫɬɪɨɤɚɦɢ.
5. ɉɟɪɟɱɢɫɥɢɬɟ ɨɫɧɨɜɧɵɟ ɮɭɧɤɰɢɢ ɞɥɹ ɪɚɛɨɬɵ ɫɨ ɫɩɢɫɤɚɦɢ.
6. Ʉɚɤɚɹ ɮɭɧɤɰɢɹ ɩɪɢɧɭɞɢɬɟɥɶɧɨ ɜɵɱɢɫɥɹɟɬ ɜɵɪɚɠɟɧɢɹ?
7. ɋ ɩɨɦɨɳɶɸ ɤɚɤɢɯ ɮɭɧɤɰɢɣ ɪɟɚɥɢɡɭɸɬ ɫɬɟɤɨɜɵɟ ɨɩɟɪɚɰɢɢ?
8. Ʉɚɤɨɣ ɨɩɟɪɚɬɨɪ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɢɬɟɪɚɰɢɣ?
9. Ʉɚɤɨɣ ɨɩɟɪɚɰɢɟɣ ɡɚɞɚɸɬɫɹ ɜɫɟ ɮɭɧɤɰɢɢ MКбТЦК?

10. Ⱦɚɣɬɟ ɨɩɢɫɚɧɢɟ ɜɵɪɚɠɟɧɢɣ ɜ ɫɢɫɬɟɦɟ MКбТЦК
11. Ʉɚɤɢɟ ɱɢɫɥɚ ɦɨɠɟɬ ɨɛɪɚɛɚɬɵɜɚɬɶ ɫɢɫɬɟɦɚ MКбТЦК?
12. Ʉɚɤ ɡɚɩɢɫɚɬɶ ɱɢɫɥɨ ɫ ɩɥɚɜɚɸɳɟɣ ɡɚɩɹɬɨɣ?
13. ɍɤɚɠɢɬɟ ɩɪɚɜɢɥɚ ɡɚɩɢɫɢ ɨɛɪɚɳɟɧɢɹ ɤ ɷɥɟɦɟɧɬɚɦ ɫɩɢɫɤɚ.
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3 ɋɢɦɜɨɥɶɧɵɟ ɜɵɱɢɫɥɟɧɢɹ

3.1 ɍɩɪɨɳɟɧɢɟ ɜɵɪɚɠɟɧɢɣ, ɧɚɯɨɠɞɟɧɢɟ ɫɭɦɦ ɢ ɩɪɨɢɡɜɟɞɟɧɢɣ, ɝɟɧɟɪɚɰɢɹ
ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ

3.1.1 ɍɩɪɨɳɟɧɢɟ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜɵɪɚɠɟɧɢɣ

Ɏɭɧɤɰɢɹ ОбpКЧН ɨɫɭɳɟɫɬɜɥɹɟɬ ɪɚɫɤɪɵɬɢɟ ɫɤɨɛɨɤ ɜ ɩɪɨɢɡɜɟɞɟɧɢɹɯ ɫɭɦɦ,
ɜɵɩɨɥɧɹɟɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɪɚɰɢɨɧɚɥɶɧɵɯ ɞɪɨɛɟɣ. Ɏɨɪɦɚɬ ɷɬɨɣ ɮɭɧɤɰɢɢ:

ОбpКЧН(ОбpЫ),
ɝɞɟ ОбpЫ – ɧɟɤɨɬɨɪɨɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ. ɇɚɩɪɢɦɟɪ,
(%Т1)eбpand((б+1)^5);

(%Ш1)

(%Т2)eбpand((a+b)^-3);

(%Ш2)

Ɏɭɧɤɰɢɹ ЫКНМКЧ ɩɪɨɢɡɜɨɞɢɬ ɭɩɪɨɳɟɧɢɟ ɜɵɪɚɠɟɧɢɣ, ɫɨɞɟɪɠɚɳɢɯ
ɥɨɝɚɪɢɮɦɵ, ɷɤɫɩɨɧɟɧɬɵ ɢ ɪɚɞɢɤɚɥɵ. Ɏɨɪɦɚɬ ɮɭɧɤɰɢɢ ɫɥɟɞɭɸɳɢɣ:

ЫКНМКЧ (ОбpЫ),
ɝɞɟ ОбpЫ – ɧɟɤɨɬɨɪɨɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ. ɇɚɩɪɢɦɟɪ,
(%Т1)radcan((loР(б+б^2)-loР(б))^a/loР(1+б)^(a/2));

(%Ш1)

(%Т2)radcan((loР(1+2*a^б+a^(2*б))/loР(1+a^б)));
(%Ш2)

(%Т3)radcan((%e^б-1)/(1+%e^(б/2)));
(%Ш3)

Ɏɭɧɤɰɢɹ ЫКЭЬТЦp ɩɪɨɢɡɜɨɞɢɬ ɭɩɪɨɳɟɧɢɟ ɪɚɰɢɨɧɚɥɶɧɵɯ ɜɵɪɚɠɟɧɢɣ.
Ɏɨɪɦɚɬ ɮɭɧɤɰɢɢ ɫɥɟɞɭɸɳɢɣ:

ЫКЭЬТЦp (ОбpЫ),
ɝɞɟ ОбpЫ – ɧɟɤɨɬɨɪɨɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ. ɇɚɩɪɢɦɟɪ,
(%Т1)sТn(б/(б^2+б))=eбp((loР(б)+1)^2-loР(б)^2);

(%Ш1)

(%Т2)ratsТmp(%);

x5 + 5x4 + 10x3 + 10x2 + 5x + 1

+ 3ab2 + 3a2b + a31

b3

log (x + 1)
a

2

2

%e − 1
x

2

sin ( ) = %e(log (x)+1)2−log (x)2x

x2 + x
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(%Ш2)

(%Т3)((б-1)^(3/2)-(б+1)*sqrt(б-1))/sqrt((б-1)*(б+1));

(%Ш3)

(%Т4)ratsТmp (%);

(%Ш4)

Ɏɭɧɤɰɢɹ ЭЫТРОбpКЧН ɩɪɨɢɡɜɨɞɢɬ ɪɚɫɤɪɵɬɢɟ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɯ
ɢ ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ, ɚɪɝɭɦɟɧɬɵ ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɚɬ ɫɭɦɦɵ
ɢ ɩɪɨɢɡɜɟɞɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɢ ɤɨɧɫɬɚɧɬ. Ɏɨɪɦɚɬ ɮɭɧɤɰɢɢ ɫɥɟɞɭɸɳɢɣ:

ЭЫТРОбpКЧН(ОбpЫ),
ɝɞɟ ОбpЫ – ɧɟɤɨɬɨɪɨɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ. ɇɚɩɪɢɦɟɪ,
(%Т1)trТРeбpand(sТn(3*б));

(%Ш1)

(%Т2)trТРeбpand(sТn(3*б)*cos(2*t));
(%Ш2)

Ɏɭɧɤɰɢɹ ЭЫТРЬТЦp ɩɪɨɢɡɜɨɞɢɬ ɭɩɪɨɳɟɧɢɟ ɜɵɪɚɠɟɧɢɣ, ɫɨɞɟɪɠɚɳɢɯ
ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɟ ɢ ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ. Ɏɨɪɦɚɬ ɮɭɧɤɰɢɢ
ɫɥɟɞɭɸɳɢɣ:

ЭЫТРЬТЦp(ОбpЫ),
ɝɞɟ ОбpЫ – ɧɟɤɨɬɨɪɨɟ ɜɵɪɚɠɟɧɢɟ. ɇɚɩɪɢɦɟɪ,
(%Т1)eбpand((sТn(б)^2+cos(б)^2)^3);

(%Ш1)

(%Т2)trТРsТmp(%);
(%Ш2)

(%Т3)sТn(3*a)/sТn(a+%pТ/3);

(%Ш3)

Ɏɭɧɤɰɢɹ ЭЫТРЫКЭ ɩɪɨɢɡɜɨɞɢɬ ɭɩɪɨɳɟɧɢɟ ɜɵɪɚɠɟɧɢɣ, ɫɨɞɟɪɠɚɳɢɯ
ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ, ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɜɵɪɚɠɟɧɢɹ ɜ ɤɚɧɨɧɢɱɟɫɤɨɦ
ɜɢɞɟ. Ɏɨɪɦɚɬ ɮɭɧɤɰɢɢ ɫɥɟɞɭɸɳɢɣ:

sin ( ) = %ex21

x + 1

(x − 1) − √x − 1 (x + 1)
3
2

√(x − 1) (x + 1)

−
2√x − 1

√x2 − 1

3 cos(x)2 sin(x) − sin(x)3

(cos(t)2 − sin(t)2) (3 cos(x)2 sin(x) − sin(x)3)

sin(x)6 + 3 cos(x)2 sin(x)4 + 3 cos(x)4 sin(x)2 + cos(x)6

1

sin(3a)

sin(a + )π

3
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ЭЫТРЫКЭ(ОбpЫ),
ɝɞɟ ОбpЫ – ɧɟɤɨɬɨɪɨɟ ɜɵɪɚɠɟɧɢɟ. ɇɚɩɪɢɦɟɪ,
(%Т1)trТРrat(sТn(3*a)/sТn(a+%pТ/3));

(%Ш1)

3.1.2 ɇɚɯɨɠɞɟɧɢɟ ɫɭɦɦ ɢ ɩɪɨɢɡɜɟɞɟɧɢɣ

ɇɚɯɨɠɞɟɧɢɟ ɫɭɦɦɵ ɨɫɭɳɟɫɬɜɥɹɟɬ ɮɭɧɤɰɢɹ ЬЮЦ, ɤɨɬɨɪɚɹ ɢɦɟɟɬ
ɫɥɟɞɭɸɳɢɣ ɮɨɪɦɚɬ:

ЬЮЦ (ОбpЫ, Т, ТИ0, ТИ1),
ɝɞɟ ОбpЫ – ɧɟɤɨɬɨɪɨɟ ɜɵɪɚɠɟɧɢɟ, Т – ɢɧɞɟɤɫ ɫɭɦɦɢɪɨɜɚɧɢɹ, ТИ0 – ɧɢɠɧɹɹ
ɝɪɚɧɢɰɚ ɫɭɦɦɢɪɨɜɚɧɢɹ, ТИ1 – ɜɟɪɯɧɹɹ ɝɪɚɧɢɰɚ ɫɭɦɦɢɪɨɜɚɧɢɹ. ɗɬɚ ɮɭɧɤɰɢɹ

ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɜɵɪɚɠɟɧɢɹ: .

ɉɪɢɦɟɪ:
(%Т1)sum (Т^2, Т, 1, 7);

(%Ш1)

(%Т2)sum (a[Т], Т, 1, 7);
(%Ш2)

(%Т3)sum (a(Т), Т, 1, n);

(%Ш3)

(%Т4)/* ɋɭɦɦɚ 50 ɩɟɪɜɵɯ ɧɟɱɟɬɧɵɯ ɱɢɫɟɥ */
sum (2*n+1, n, 0, 50);

(%Ш4)

(%Т5)/* Ȼɟɫɤɨɧɟɱɧɚɹ ɫɭɦɦɚ */
sum(1/3^n, n, 1, ТnП);

(%Ш5)

(%Т6)/* ȼɵɱɢɫɥɟɧɢɟ ɛɟɫɤɨɧɟɱɧɨɣ ɫɭɦɦɵ (ɡɧɚɱɟɧɢɟ
ɩɟɪɟɦɟɧɧɨɣ sТmpsum=true) */
sum(1/3^n, n, 1, ТnП), sТmpsum;

(%Ш6)

√3 sin(2a) + cos(2a) − 1

i1

∑
i=i0

expr(i)

140

a7 + a6 + a5 + a4 + a3 + a2 + a1

n

∑
i=1

a(i)

2601

∞

∑
n=1

1

3n

1

2
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ɇɚɯɨɠɞɟɧɢɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬ ɮɭɧɤɰɢɹ pЫШНЮМЭ (ɫɨɤɪɚɳɟɧɧɨ
pЫШН), ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɮɨɪɦɚɬ:

pЫШН (ОбpЫ, Т, ТИ0, ТИ1),
ɝɞɟ ОбpЫ – ɧɟɤɨɬɨɪɨɟ ɜɵɪɚɠɟɧɢɟ, Т – ɢɧɞɟɤɫ ɩɪɨɢɡɜɟɞɟɧɢɹ, ТИ0 – ɧɢɠɧɹɹ
ɝɪɚɧɢɰɚ ɩɪɨɢɡɜɟɞɟɧɢɹ, ТИ1 – ɜɟɪɯɧɹɹ ɝɪɚɧɢɰɚ ɩɪɨɢɡɜɟɞɟɧɢɹ. ɗɬɚ ɮɭɧɤɰɢɹ

ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɜɵɪɚɠɟɧɢɹ: .

ɉɪɢɦɟɪ:
(%Т1)prod(б + Т*(Т+1)/2, Т, 1, 4);

(%Ш1)

(%Т2)/* ɉɪɨɢɡɜɟɞɟɧɢɟ ɤɜɚɞɪɚɬɨɜ  */
product (Т^2, Т, 1, 7);

(%Ш2)

(%Т3)/* ɉɪɨɢɡɜɟɞɟɧɢɟ ɧɟɱɟɬɧɵɯ ɱɢɫɟɥ ɨɬ 1 ɞɨ 41 */
product (2*n+1, n, 0, 20);

(%Ш3)

3.1.3 Ƚɟɧɟɪɚɰɢɹ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ

Ƚɟɧɟɪɚɰɢɹ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦ ɷɥɟɦɟɧɬɨɦ
ɜ ɫɢɫɬɟɦɚɯ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɝɟɧɟɪɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɤɨɧɮɢɝɭɪɚɰɢɣ, ɧɚɩɪɢɦɟɪ,
ɬɟɫɬɨɜɵɯ ɩɪɢɦɟɪɨɜ ɢ ɩɪ. Ƚɟɧɟɪɚɰɢɹ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ
ɩɨɦɨɳɶɸ ɞɚɬɱɢɤɚ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ. Ⱦɥɹ ɪɚɛɨɬɵ ɫ ɞɚɬɱɢɤɨɦ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ
ɜ MКбТЦК ɢɦɟɟɬɫɹ ɧɚɛɨɪ ɫɩɟɰɢɚɥɶɧɵɯ ɮɭɧɤɰɢɣ. ɋɥɭɱɚɣɧɨɟ ɱɢɫɥɨ
ɝɟɧɟɪɢɪɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ ЫКЧНШЦ. Ɏɨɪɦɚɬ ɡɚɩɢɫɢ ɮɭɧɤɰɢɢ:

ЫКЧНШЦ(б),
ɝɞɟ б – ɩɚɪɚɦɟɬɪ ɝɟɧɟɪɚɰɢɢ. ȿɫɥɢ ɷɬɨɬ ɩɚɪɚɦɟɬɪ ɹɜɥɹɟɬɫɹ ɰɟɥɵɦ ɬɢɩɨɦ, ɬɨ
ɝɟɧɟɪɢɪɭɟɬɫɹ ɫɥɭɱɚɣɧɨɟ ɰɟɥɨɟ ɱɢɫɥɨ ɜ ɞɢɚɩɚɡɨɧɟ Д0, б – 1Ж. ȿɫɥɢ ɷɬɨ ɱɢɫɥɨ ɫ
ɩɥɚɜɚɸɳɟɣ ɬɨɱɤɨɣ, ɬɨ ɜɨɡɜɪɚɳɚɟɦɨɟ ɡɧɚɱɟɧɢɟ ɛɨɥɶɲɟ 0 ɢ ɦɟɧɶɲɟ б. ɉɪɢ
ɢɧɵɯ ɬɢɩɚɯ ɩɚɪɚɦɟɬɪɚ б ɝɟɧɟɪɢɪɭɟɬɫɹ ɨɲɢɛɤɚ.

Ⱦɥɹ ɡɚɞɚɧɢɹ ɜɧɭɬɪɟɧɧɢɯ ɩɚɪɚɦɟɬɪɨɜ ɝɟɧɟɪɚɰɢɢ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ
ɢɦɟɟɬɫɹ ɮɭɧɤɰɢɹ ɭɫɬɚɧɨɜɤɢ. ɋɨɡɞɚɧɢɟ ɧɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɞɚɬɱɢɤɚ ɫɥɭɱɚɣɧɵɯ
ɱɢɫɟɥ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ ЦКФОИЫКЧНШЦИЬЭКЭО, ɤɨɬɨɪɚɹ ɢɦɟɟɬ
ɫɥɟɞɭɸɳɢɟ ɮɨɪɦɚɬɵ:

ЦКФОИЫКЧНШЦИЬЭКЭО (Ч) – ɫɨɡɞɚɬɶ ɧɨɜɨɟ ɫɨɫɬɨɹɧɢɟ ɞɚɬɱɢɤɚ, ɡɚɞɚɜ ɰɟɥɨɟ
ɱɢɫɥɨ Ч;

i1

∏
i=i0

expr(i)

(x + 1) (x + 3) (x + 6) (x + 10)

12 ∗ 22 ∗ 32 ∗ 42 ∗ 52 ∗ 62 ∗ 72

25401600

13113070457687988603440625
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ЦКФОИЫКЧНШЦИЬЭКЭО (Ь) – ɩɨɥɭɱɢɬɶ ɤɨɩɢɸ ɫɨɫɬɨɹɧɢɹ ɞɚɬɱɢɤɚ,
ɡɚɩɢɫɚɧɧɭɸ ɜ ɩɚɪɚɦɟɬɪɟ Ь;
ЦКФОИЫКЧНШЦИЬЭКЭО (ЭЫЮО) – ɜɟɪɧɭɬɶ ɤɨɩɢɸ ɫɨɫɬɨɹɧɢɹ ɞɚɬɱɢɤɚ
ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ, ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɜɧɭɬɪɟɧɧɢɯ ɱɚɫɨɜ
ɩɪɨɰɟɫɫɨɪɚ;
ЦКФОИЫКЧНШЦИЬЭКЭО (ПКХЬО) – ɜɟɪɧɭɬɶ ɤɨɩɢɸ ɜɧɭɬɪɟɧɧɟɝɨ ɬɟɤɭɳɟɝɨ
ɫɨɫɬɨɹɧɢɹ ɞɚɬɱɢɤɚ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ.

Ⱦɥɹ ɭɫɬɚɧɨɜɤɢ ɧɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɞɚɬɱɢɤɚ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ ɢɫɩɨɥɶɡɭɟɬɫɹ
ɮɭɧɤɰɢɹ ЬОЭИЫКЧНШЦИЬЭКЭО(Ь), ɝɞɟ Ь – ɫɨɫɬɨɹɧɢɟ ɩɨɥɭɱɟɧɧɨɟ ɫ ɩɨɦɨɳɶɸ
ɮɭɧɤɰɢɢ ЦКФОИЫКЧНШЦИЬЭКЭО. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɭɫɬɚɧɨɜɤɟ
ɫɨɫɬɨɹɧɢɣ Ь ɞɚɬɱɢɤ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ ɮɨɪɦɢɪɭɟɬ ɨɞɧɭ ɢ ɬɭ ɠɟ ɫɥɭɱɚɣɧɭɸ
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɱɢɫɟɥ. Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪɵ.
(%Т1)s1: make_random_state (654321)$
(%Т2)set_random_state (s1);

(%Ш2)

(%Т3)random (1000);
(%Ш3)

(%Т4)random (9573684);
(%Ш4)

(%Т5)random (2^75);
(%Ш5)

(%Т6)s2: make_random_state (Пalse)$
(%Т7)makelТst(random(10),n,1,7);

(%Ш7)

(%Т8)set_random_state (s2);
(%Ш8)

(%Т9)makelТst(random(10),n,1,7);
(%Ш9)

3.2 Ɇɚɬɪɢɰɵ ɢ ɨɩɟɪɚɰɢɢ ɧɚɞ ɧɢɦɢ
Ɇɚɬɪɢɰɚ – ɷɬɨ ɩɪɹɦɨɭɝɨɥɶɧɚɹ ɬɚɛɥɢɰɚ, ɷɥɟɦɟɧɬɚɦɢ ɤɨɬɨɪɨɣ ɹɜɥɹɸɬɫɹ

ɱɢɫɥɚ ɢɥɢ ɜɵɪɚɠɟɧɢɹ. Ɇɚɬɪɢɰɵ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ

done

768

7657880

11804491615036831636390

[7, 8, 8, 2, 7, 0, 4]

done

[7, 8, 8, 2, 7, 0, 4]
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ɡɧɚɧɢɣ. ȼ MКбТЦК ɢɦɟɟɬɫɹ ɨɝɪɨɦɧɵɣ ɧɚɛɨɪ ɮɭɧɤɰɢɣ ɢ ɨɩɟɪɚɰɢɣ ɞɥɹ ɪɚɛɨɬɵ ɫ
ɦɚɬɪɢɰɚɦɢ.

3.2.1 ɋɩɨɫɨɛɵ ɡɚɞɚɧɢɹ ɦɚɬɪɢɰ

Ɇɚɬɪɢɰɚ ɜ MКбТЦК ɞɨɥɠɧɚ ɛɵɬɶ ɹɜɧɨ ɡɚɞɚɧɚ ɤɚɤ ɨɛɴɟɤɬ ɫ ɩɨɦɨɳɶɸ
ɫɩɟɰɢɚɥɶɧɵɯ ɮɭɧɤɰɢɣ ɢɥɢ ɨɩɟɪɚɰɢɣ. Ɋɚɫɫɦɨɬɪɢɦ ɨɫɧɨɜɧɵɟ ɫɩɨɫɨɛɵ ɡɚɞɚɧɢɹ
ɦɚɬɪɢɰ.

əɜɧɵɣ ɫɩɨɫɨɛ ɡɚɞɚɧɢɹ ɦɚɬɪɢɰɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ
ЦКЭЫТб, ɜ ɤɨɬɨɪɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɟɪɟɱɢɫɥɹɸɬɫɹ ɫɬɪɨɤɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ
ɫɩɢɫɤɚɦɢ. ɇɚɩɪɢɦɟɪ,
(%Т1)б:matrТб([1,3],[7,5]);

(б)

Ɂɚɞɚɧɚ ɦɚɬɪɢɰɚ , ɢɦɟɸɳɚɹ ɞɜɟ ɫɬɪɨɤɢ ɢ ɞɜɚ ɫɬɨɥɛɰɚ. Ʉ ɷɥɟɦɟɧɬɚɦ
ɦɚɬɪɢɰɵ ɦɨɠɧɨ ɨɛɪɚɳɚɬɶɫɹ, ɡɚɩɢɫɚɜ ɜ ɤɜɚɞɪɚɬɧɵɯ ɫɤɨɛɤɚɯ ɧɨɦɟɪ ɫɬɪɨɤɢ
ɢ ɧɨɦɟɪ ɫɬɨɥɛɰɚ. ɇɭɦɟɪɚɰɢɹ ɧɚɱɢɧɚɟɬɫɹ ɫ Д1,1Ж. ɇɚɩɪɢɦɟɪ,
(%Т2)б[1,1];

(%Ш2)

(%Т3)б[1,2];
(%Ш3)

(%Т4)б[2,1];
(%Ш4)

(%Т5)б[2,2];
(%Ш5)

ȿɳɟ ɨɞɢɧ ɩɪɢɦɟɪ ɡɚɞɚɧɢɹ ɦɚɬɪɢɰɵ  ɫ ɬɪɟɦɹ ɫɬɪɨɤɚɦɢ ɢ ɞɜɭɦɹ
ɫɬɨɥɛɰɚɦɢ.
(%Т1)u:matrТб([%pТ,a+1],[b^2,%e], [sТn(t), t]);

(Ю)

ɋɥɟɞɭɸɳɢɦ ɫɩɨɫɨɛɨɦ ɡɚɞɚɧɢɹ ɦɚɬɪɢɰɵ ɹɜɥɹɟɬɫɹ ɝɟɧɟɪɚɰɢɹ ɦɚɬɪɢɰɵ.
Ƚɟɧɟɪɚɰɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ РОЧЦКЭЫТб, ɪɚɫɫɦɨɬɪɢɦ
ɩɪɢɦɟɪɵ.

ɉɭɫɬɶ ɡɚɞɚɧɚ ɮɭɧɤɰɢɹ :

( 1 3

7 5
)

x

1

3

7

5

u

⎛⎜⎝
π a + 1

b2 %e

sin(t) t

⎞⎟⎠

g

50



(%Т1)Р[Т,j]:=Т+j;
(%Ш1)

Ƚɟɧɟɪɢɪɭɟɦ ɦɚɬɪɢɰɭ  ɪɚɡɦɟɪɧɨɫɬɶɸ :
(%Т2)г:РenmatrТб(Р,3,3);

(г)

ɉɨɥɭɱɚɟɦ ɦɚɬɪɢɰɭ  ɪɚɡɦɟɪɧɨɫɬɶɸ  ɫ ɩɨɦɨɳɶɸ ɡɚɞɚɧɢɹ ɩɪɚɜɨɝɨ
ɧɢɠɧɟɝɨ ɷɥɟɦɟɧɬɚ Д3,2Ж ɢ ɥɟɜɨɝɨ ɜɟɪɯɧɟɝɨ ɷɥɟɦɟɧɬɚ Д2,1Ж:
(%Т3)s:РenmatrТб(Р,3,2,2,1);

(Ь)

3.2.2 Ɉɩɟɪɚɰɢɢ ɧɚɞ ɦɚɬɪɢɰɚɦɢ

ɋɥɨɠɟɧɢɟ. ɉɭɫɬɶ ɡɚɞɚɧɵ ɦɚɬɪɢɰɵ  ɢ :
(%Т1)б:matrТб([2,-3],[1,4]);

(б)

(%Т2)s:matrТб([3,11],[-1,-2]);

(Ь)

ɉɨɥɭɱɢɦ ɦɚɬɪɢɰɭ , ɪɚɜɧɭɸ ɫɭɦɦɟ ɦɚɬɪɢɰ  ɢ :
(%Т3)r:б+s;

(Ы)

ȼɵɱɢɬɚɧɢɟ. ɉɭɫɬɶ ɡɚɞɚɧɵ ɦɚɬɪɢɰɵ  ɢ  (ɫɦ. ɩɪɢɦɟɪ ɫɥɨɠɟɧɢɹ ɦɚɬɪɢɰ).
ɉɨɥɭɱɢɦ ɦɚɬɪɢɰɭ , ɪɚɜɧɭɸ ɪɚɡɧɨɫɬɢ ɦɚɬɪɢɰ  ɢ :
(%Т4)а:б-s;

(а)

ɍɦɧɨɠɟɧɢɟ. ɍɦɧɨɠɟɧɢɟ ɦɚɬɪɢɰ  ɢ  ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ
ɨɩɟɪɚɰɢɢ  (ɬɨɱɤɚ):
(%Т5)m:б.s;

gi,j := i + j

z 3 × 3

⎛⎜⎝
2 3 4

3 4 5

4 5 6

⎞⎟⎠
s 2 × 2

g g

( 3 4

4 5
)

x s

( 2 −3

1 4
)

( 3 11

−1 −2
)

r x s

( 5 8

0 2
)
x s

w x s

( −1 −14

2 6
)

x s

.
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(Ц)

Ɉɛɪɚɳɟɧɢɟ. Ⱦɥɹ ɨɛɪɚɳɟɧɢɹ ɦɚɬɪɢɰ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɭɧɤɰɢɹ ТЧЯОЫЭ:
(%Т6)a:Тnvert(б);

(К)

ɉɨɥɭɱɟɧɧɭɸ ɦɚɬɪɢɰɭ  ɦɨɠɧɨ ɩɪɨɜɟɪɢɬɶ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ 
ɭɦɧɨɠɢɬɶ ɧɚ . Ɋɟɡɭɥɶɬɚɬɨɦ ɩɪɨɢɡɜɟɞɟɧɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɟɞɢɧɢɱɧɚɹ ɦɚɬɪɢɰɚ:
(%Т7)a.б;

(%Ш7)

ȼɵɱɢɫɥɟɧɢɟ ɨɩɪɟɞɟɥɢɬɟɥɹ. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɨɩɪɟɞɟɥɢɬɟɥɹ ɦɚɬɪɢɰɵ
ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɭɧɤɰɢɹ НОЭОЫЦТЧКЧЭ:
(%Т8)determТnant(б);

(%Ш8)

3.3 Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɢ ɫɢɫɬɟɦ ɭɪɚɜɧɟɧɢɣ
Ɉɞɧɨɣ ɢɡ ɮɭɧɤɰɢɣ ɞɥɹ ɪɟɲɟɧɢɹ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɢ ɫɢɫɬɟɦ

ɭɪɚɜɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɹ ЬШХЯО. ɂɦɟɸɬɫɹ ɬɪɢ ɮɨɪɦɚɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɬɨɣ
ɮɭɧɤɰɢɢ:

ЬШХЯО (ОбpЫ) – ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ ОбpЫ;
ЬШХЯО (ОбpЫ, б) – ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ ОбpЫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɟɪɟɦɟɧɧɨɣ б;
ЬШХЯО (ДОqЧИ1, …, ОqЧИЧЖ, ДбИ1, …, бИЧЖ) – ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ,
ɫɨɫɬɨɹɳɟɣ ɢɡ ɭɪɚɜɧɟɧɢɣ ОqЧИ1, …, ОqЧИЧ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɟɪɟɦɟɧɧɵɯ
бИ1, …, бИЧ.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɧɚɞɨ ɪɟɲɢɬɶ ɨɞɧɨ ɭɪɚɜɧɟɧɢɟ, ɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ
ɩɟɪɜɵɟ ɞɜɚ ɮɨɪɦɚɬɚ. ɉɪɢ ɷɬɨɦ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ, ɟɫɥɢ ОбpЫ – ɜɵɪɚɠɟɧɢɟ ɛɟɡ
ɩɪɚɜɨɣ ɱɚɫɬɢ , ɬɨ MКбТЦК ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɪɢɪɚɜɧɢɜɚɟɬ ɟɝɨ ɤ ɧɭɥɸ.
ɇɚɩɪɢɦɟɪ,
(%Т1)solve(б-7);

(%Ш1)
Ɋɟɲɟɧɢɟ ɤɜɚɞɪɚɬɧɨɝɨ ɭɪɚɜɧɟɧɢɹ. ɉɭɫɬɶ ɞɚɧɨ ɭɪɚɜɧɟɧɢɟ: .

ɇɚɣɞɟɦ ɟɝɨ ɪɟɲɟɧɢɟ:

( 9 28

−1 3
)

⎛⎜⎜⎝−

⎞⎟⎟⎠
4

11

3

11
1

11

2

11
a a

x

( 1 0

0 1
)

11

= 0

[x = 7]

2x2 + x − 2
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(%Т1)r:solve(2*б^2+б-2);

(Ы)

Ʉɚɤ ɜɢɞɧɨ, ɪɟɲɟɧɢɟ ɜɵɞɚɟɬɫɹ ɜ ɜɢɞɟ ɫɩɢɫɤɚ . Ɍɟɩɟɪɶ Д1Ж – ɷɬɨ ɩɟɪɜɨɟ
ɪɟɲɟɧɢɟ, Д2Ж – ɜɬɨɪɨɟ ɪɟɲɟɧɢɟ.
(%Т2)r[1];

(%Ш2)

ȼɵɞɟɥɢɬɶ ɩɪɚɜɭɸ ɱɚɫɬɶ ɪɟɲɟɧɢɹ ɦɨɠɧɨ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ ЫСЬ,
ɧɚɩɪɢɦɟɪ
(%Т3)rСs(r[1]);

(%Ш3)

Ɋɟɲɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ. Ɋɟɲɢɦ ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ
ɭɪɚɜɧɟɧɢɟ :
(%Т1)rП:solve(A(б)=б/(1-A(б)),A(б));

(ЫП)

Ɂɚɩɢɲɟɦ ɩɟɪɜɨɟ ɪɟɲɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɣ ХСЬ – ɜɵɞɟɥɢɬɶ ɥɟɜɭɸ
ɱɚɫɬɶ, ЫСЬ – ɜɵɞɟɥɢɬɶ ɩɪɚɜɭɸ ɱɚɫɬɶ, ОЯ – ɨɰɟɧɢɬɶ, НОПТЧО – ɨɩɪɟɞɟɥɢɬɶ
ɮɭɧɤɰɢɸ:
(%Т2)deПТne(ev(lСs(rП[1])),rСs(rП[1]));

(%Ш2)

Ɋɟɲɟɧɢɟ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ. ɉɭɫɬɶ ɞɚɧɨ ɭɪɚɜɧɟɧɢɟ: 
. ɇɚɣɞɟɦ ɟɝɨ ɪɟɲɟɧɢɟ:

(%Т1)solve(sТn(б)^2 -2*sТn(б) -3);
ЬШХЯО: ЮЬТЧР КЫМ-ЭЫТР ПЮЧМЭТШЧЬ ЭШ РОЭ К ЬШХЮЭТШЧ.
SШЦО ЬШХЮЭТШЧЬ аТХХ ЛО ХШЬЭ.

(%Ш1)

Ɋɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ. ɉɭɫɬɶ ɞɚɧɚ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ:

[x = − ,x = ]√17 + 1

4

√17 − 1

4

r r

r

x = −
√17 + 1

4

−
√17 + 1

4

A(x) = x/(1 − A(x))

[A(x) = − , A(x) = ]√1 − 4x − 1

2

√1 − 4x + 1

2

A(x) := −
√1 − 4x − 1

2

sin(x)2 − 2 sin(x) − 3 = 0

[x = a sin(3), x = − ]π

2

⎧⎪⎨⎪⎩
x + y + z = a

2x + 3y + 5z = b

3x + 5y + 7z = c
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Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɫɢɫɬɟɦɵ ɡɚɩɢɫɵɜɚɟɦ ɫɩɢɫɨɤ ɭɪɚɜɧɟɧɢɣ ɢ ɫɩɢɫɨɤ
ɢɫɤɨɦɵɯ ɩɟɪɟɦɟɧɧɵɯ. ɉɨɫɥɟɞɧɢɣ ɫɩɢɫɨɤ ɩɟɪɟɞɚɟɦ ɜ ɤɚɱɟɫɬɜɟ ɜɬɨɪɨɝɨ
ɚɪɝɭɦɟɧɬɚ ɜ ЬШХЯО ɢ ɩɨɥɭɱɚɟɦ ɪɟɲɟɧɢɟ:
(%Т1)solve([б+в+г=a,2*б+3*в+5*г=b,3*б+5*в+7*г=c],

[б,в,г]);

(%Ш1)

Ɋɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɧɟɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ. ɉɭɫɬɶ ɞɚɧɚ ɫɢɫɬɟɦɚ
ɭɪɚɜɧɟɧɢɣ:

ɇɚɣɞɟɦ ɟɟ ɪɟɲɟɧɢɟ:
(%Т1)solve( [б^2 + в^2 = 1, б + 3*в = 0],[б,в]);

(%Ш1)

ȿɫɥɢ ɤɨɥɢɱɟɫɬɜɨ ɧɟɢɡɜɟɫɬɧɵɯ ɪɚɜɧɨ ɤɨɥɢɱɟɫɬɜɭ ɭɪɚɜɧɟɧɢɣ, ɬɨ ɫɩɢɫɨɤ
ɧɟɢɡɜɟɫɬɧɵɯ ɦɨɠɧɨ ɨɩɭɫɬɢɬɶ.

3.4 ɇɚɯɨɠɞɟɧɢɟ ɩɪɨɢɡɜɨɞɧɵɯ ɢ ɢɧɬɟɝɪɚɥɨɜ

3.4.1 ɇɚɯɨɠɞɟɧɢɟ ɩɪɨɢɡɜɨɞɧɵɯ

ȼɡɹɬɢɟ ɩɪɨɢɡɜɨɞɧɵɯ ɜ MКбТЦК ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ НТПП:
НТПП(ОбpЫ, бЧКЦО, Ч),

ɝɞɟ ОбpЫ – ɜɵɪɚɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɬɶ; бЧКЦО – ɢɦɹ
ɩɟɪɟɦɟɧɧɨɣ; Ч – ɩɨɪɹɞɨɤ ɩɪɨɢɡɜɨɞɧɨɣ. ȿɫɥɢ ɨɩɭɫɬɢɬɶ ɬɪɟɬɢɣ ɩɚɪɚɦɟɬɪ, ɬɨ ɩɨ
ɭɦɨɥɱɚɧɢɸ ɛɭɞɟɬ ɜɡɹɬɚ ɩɟɪɜɚɹ ɩɪɨɢɡɜɨɞɧɚɹ.

ɉɪɢɦɟɪ:
(%Т1)dТПП(б^3,б);

(%Ш1)
Ɋɚɫɫɦɨɬɪɢɦ ɫɥɟɞɭɸɳɢɣ ɩɪɢɦɟɪ. Ɂɚɩɢɲɟɦ  ɤɚɤ ɜɬɨɪɭɸ ɩɪɨɢɡɜɨɞɧɭɸ

ɬɚɧɝɟɧɫɚ:
(%Т1)Р(б):=dТПП(tan(б),б,2);

(%Ш1)

[[x = −c + b + 2a, y = − , z = − ]]−3c + 4b + a

2

c − 2b + a

2

{ x2 + y2 = 1

x + 3y = 0

[[x = − , y = ] , [x = , y = − ]]3

√10

1

√2√5

3

√10

1

√2√5

3x2

g(x)

g(x) := tan (x)
d2

dx2
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(%Т2)Р(t);
(%Ш2)

Ɍɟɩɟɪɶ, ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɨɫɦɨɬɪɟɬɶ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɩɪɢ ,
ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɭɧɤɰɢɸ ОЯ:
(%Т3)ev(Р,dТПП,б=3);

(%Ш3)
ɂ ɟɳɟ ɨɞɢɧ ɩɪɢɦɟɪ ɫ ɜɡɹɬɢɟɦ ɩɪɨɢɡɜɨɞɧɨɣ ɮɭɧɤɰɢɢ :

(%Т1)dТПП(б^(a*б),б);
(%Ш1)

Ɋɚɫɫɦɨɬɪɢɦ ɧɚɯɨɠɞɟɧɢɟ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ. Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ
ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɭɧɤɰɢɹ

НТПП (ОбpЫ, бИ1, ЧИ1, …, бИЦ, ЧИЦ),
ɝɞɟ ОбpЫ – ɜɵɪɚɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɬɶ; бИ1 –
ɩɟɪɜɚɹ ɩɟɪɟɦɟɧɧɚɹ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ, ЧИ1 ɩɨɪɹɞɨɤ ɩɪɨɢɡɜɨɞɧɨɣ ɩɨ бИ1;
бИ2 – ɜɬɨɪɚɹ ɩɟɪɟɦɟɧɧɚɹ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ, ЧИ2 ɩɨɪɹɞɨɤ ɩɪɨɢɡɜɨɞɧɨɣ ɩɨ
бИ2; бИЦ – Ц-ɹ ɩɟɪɟɦɟɧɧɚɹ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ, ЧИЦ ɩɨɪɹɞɨɤ ɩɪɨɢɡɜɨɞɧɨɣ ɩɨ
бИЦ.

ɉɪɢɦɟɪ:
(%Т1)dТПП(3*б^2*в^3-3*б^4+5*в-9,б,1,в,1);

(%Ш1)

(%Т2)u(б,в):=б^2+в^2;
(%Ш2)

(%Т3)v(б,в):=2*б*в;
(%Ш3)

(%Т4)dТПП(u(б,в)/v(б,в),б,1,в,1);

(%Ш4)

3.4.2 ɇɚɯɨɠɞɟɧɢɟ ɢɧɬɟɝɪɚɥɨɜ

MКбТЦК ɦɨɠɟɬ ɛɪɚɬɶ ɢɧɬɟɝɪɚɥɵ: ɧɟɨɩɪɟɞɟɥɟɧɧɵɟ, ɨɩɪɟɞɟɥɟɧɧɵɟ,
ɧɟɫɨɛɫɬɜɟɧɧɵɟ, ɢɧɬɟɝɪɚɥɵ ɨɬ ɧɟɨɝɪɚɧɢɱɟɧɧɵɯ ɮɭɧɤɰɢɣ, ɞɜɨɣɧɵɟ ɢɧɬɟɝɪɚɥɵ
ɢ ɞɪ. Ⱦɥɹ ɧɟɨɩɪɟɞɟɥɟɧɧɵɯ ɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɢɧɬɟɝɪɚɥɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɭɧɤɰɢɹ
ТЧЭОРЫКЭО.

2 sec(t)2 tan(t)

x = 3

g

xax

xax (a log(x) + a)

18xy2

u(x, y) := x2 + y2

v(x, y) := 2xy

− −
y2 + x2

2x2y2

1

y2

1

x2
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ɇɟɨɩɪɟɞɟɥɟɧɧɵɟ ɢɧɬɟɝɪɚɥɵ ɢɦɟɸɬ ɜɢɞ . Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ

ɧɟɨɩɪɟɞɟɥɟɧɧɨɝɨ ɢɧɬɟɝɪɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɡɚɩɢɫɚɬɶ ɮɭɧɤɰɢɸ:
ТЧЭОРЫКЭО(ОбpЫ,бЧКЦО),

ɝɞɟ ОбpЫ – ɜɵɪɚɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɧɬɟɝɪɢɪɨɜɚɬɶ; бЧКЦО – ɢɦɹ
ɩɟɪɟɦɟɧɧɨɣ.

ɉɪɢɦɟɪ:
(%Т1)Р(б):=1+sТn(б);

(%Ш1)

(%Т2)ТnteРrate(Р(б),б);
(%Ш2)

(%Т3)ТnteРrate(1/(1-б),б);
(%Ш3)

ȼ ɫɥɟɞɭɸɳɟɦ ɩɪɢɦɟɪɟ MКбТЦК ɡɚɞɚɫɬ ɜɨɩɪɨɫ ɢ ɩɟɪɟɣɞɟɬ ɜ ɪɟɠɢɦ
ɨɠɢɞɚɧɢɹ, ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɜɜɟɞɟɧ ɨɬɜɟɬ (p ɢɥɢ Ч) ɢ ɧɚɠɚɬɚ ɤɨɦɛɢɧɚɰɢɹ ɤɥɚɜɢɲ
CЭЫХ+EЧЭОЫ:
(%Т1)sР:1/(a+б^2);

(ЬР)

(%Т2)ТnteРrate(sР,б);
IЬ К pШЬТЭТЯО ШЫ ЧОРКЭТЯО? 

(%Ш2)

(%Т3)ТnteРrate(sР,б);
IЬ К pШЬТЭТЯО ШЫ ЧОРКЭТЯО? 

(%Ш3)

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ MКбТЦК ɧɟ ɡɚɞɚɜɚɥɚ ɜɨɩɪɨɫ, ɧɟɨɛɯɨɞɢɦɨ ɡɚɩɢɫɚɬɶ
ɮɭɧɤɰɢɸ

КЬЬЮЦО(pЫОНИ1, …, pЫОНИЧ),
ɝɞɟ pЫОНИ1, …, pЫОНИЧ – ɪɚɜɟɧɫɬɜɚ ɢ ɧɟɪɚɜɟɧɫɬɜɚ, ɡɚɞɚɧɧɵɟ ɜ ɥɨɝɢɱɟɫɤɨɣ
ɮɨɪɦɟ. Ɏɭɧɤɰɢɹ КЬЬЮЦО ɞɨɛɚɜɥɹɟɬ ɮɚɤɬɵ ɜ «ɛɚɡɭ ɞɚɧɧɵɯ» ɮɚɤɬɨɜ. ɍɡɧɚɬɶ

∫ g(x)dx

g(x) := 1 + sin(x)

x − cos(x)

− log (1 − x)

1

x2 + a

n

log( )2x − 2√−a

2x + 2√−a

2√−a

p

a tan( )x

√a

√a
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ɬɟɤɭɳɟɟ ɫɨɫɬɨɹɧɢɟ ɷɬɨɣ ɛɚɡɵ ɦɨɠɧɨ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ ПКМЭЬ().
(%Т4)Пacts();

(%Ш4)

(%Т5)assume(a>0);
(%Ш5)

(%Т6)Пacts();
(%Ш6)

Ɍɨɝɞɚ ɧɚɲ ɢɧɬɟɝɪɚɥ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ:
(%Т7)ТnteРrate(sР,б);

(%Ш7)

ȼ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɮɭɧɤɰɢɹ ТЧЭОРЫКЭО ɧɟ ɦɨɠɟɬ ɜɵɩɨɥɧɢɬɶ ɨɩɟɪɚɰɢɸ
ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɨɧɚ ɜɵɞɚɫɬ ɪɟɡɭɥɶɬɚɬ ПКlsО.

Ɉɩɪɟɞɟɥɟɧɧɵɟ ɢɧɬɟɝɪɚɥɵ ɢɦɟɸɬ ɜɢɞ . Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ

ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɢɧɬɟɝɪɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɡɚɩɢɫɚɬɶ ɮɭɧɤɰɢɸ
ТЧЭОРЫКЭО(Р(б),б,К,Л),

ɝɞɟ Р(б) – ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɟ ɜɵɪɚɠɟɧɢɟ, б – ɩɟɪɟɦɟɧɧɚɹ, К – ɧɢɠɧɢɣ ɩɪɟɞɟɥ
ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, Л – ɜɟɪɯɧɢɣ ɩɪɟɞɟɥ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ.

ɉɪɢɦɟɪ:
(%Т1)os(б):=eбp(б)*sТn(б);

(%Ш1)

(%Т2)ТnteРrate(os(б),б,0,%pТ/2);

(%Ш2)

Ɋɚɫɫɦɨɬɪɢɦ ɟɳɟ ɨɞɢɧ ɩɪɢɦɟɪ ɫ ɧɚɯɨɠɞɟɧɢɟɦ ɢɧɬɟɝɪɚɥɚ 

(%Т1)ТnteРrate(a*б^2+b*б+c,б,-1,2);

(%Ш1)

[]

[a > 0]

[a > 0]

a tan( )x

√a

√a

b

∫
a

gg (x)dx

os(x) := exp(x) sin(x)

+
%e

π

2

2

1

2

2

∫
−1

(ax2 + bx + c)dx :

+
6c + 6b + 8a

3

6c − 3b + 2a

6
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(%Т2)ratsТmp(%);

(%Ш2)

ɉɪɟɞɟɥɵ ɜ ɮɭɧɤɰɢɢ ТЧЭОРЫКЭО ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɩɚɪɚɦɟɬɪɚɦɢ. ɇɚɩɪɢɦɟɪ
(ɫ ɭɱɟɬɨɦ ɮɚɤɬɚ ):
(%Т1)ТnteРrate(eбp(-б^2),б,0,a);

, (%Ш1)

ɝɞɟ ОЫП(б) – ɫɩɟɰɢɚɥɶɧɚɹ ɮɭɧɤɰɢɹ, ɢɡɜɟɫɬɧɚɹ ɤɚɤ ɮɭɧɤɰɢɹ ɨɲɢɛɨɤ (ɮɭɧɤɰɢɹ
Ʌɚɩɥɚɫɚ) Д13Ж.

ɇɟɫɨɛɫɬɜɟɧɧɵɟ ɢɧɬɟɝɪɚɥɵ – ɷɬɨ ɢɧɬɟɝɪɚɥɵ, ɜ ɤɨɬɨɪɨɦ ɨɞɢɧ ɢɥɢ ɨɛɚ
ɩɪɟɞɟɥɚ ɫɬɪɟɦɹɬɫɹ ɤ ɛɟɫɤɨɧɟɱɧɨɫɬɢ (ɞɥɹ ɜɟɪɯɧɟɝɨ) ɢɥɢ ɦɢɧɭɫ ɛɟɫɤɨɧɟɱɧɨɫɬɢ
(ɞɥɹ ɧɢɠɧɟɝɨ). Ⱦɥɹ ɷɬɨɝɨ ɜ MКбТЦК ɢɦɟɟɬɫɹ ɞɜɚ ɤɥɸɱɟɜɵɯ ɫɥɨɜɚ ТЧП –
ɛɟɫɤɨɧɟɱɧɨɫɬɶ, ЦТЧП – ɦɢɧɭɫ ɛɟɫɤɨɧɟɱɧɨɫɬɶ.

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪɵ:
(%Т1)

/* Иɧɬɟɝɪɚɥ  */

ТnteРrate(1/(1+б^2),б,0,ТnП);
(%Ш1)

(%Т2)
/* Иɧɬɟɝɪɚɥ  */

ТnteРrate(eбp(-б^2),б,mТnП,0);

(%Ш2)

(%Т3)
/* Иɧɬɟɝɪɚɥ  */

ТnteРrate(1/(1+б+б^2),б,mТnП,ТnП);

(%Ш3)

ȼ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɢɧɬɟɝɪɚɥ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧ ɧɚ ɨɫɧɨɜɟ
ɮɭɧɤɰɢɢ ТЧЭОРЫКЭО, ɢɫɩɨɥɶɡɭɸɬɫɹ ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ:

qЮКНИqКРЬ ɜɵɱɢɫɥɹɟɬ ɢɧɬɟɝɪɚɥ ɩɨ ɤɨɧɟɱɧɨɦɭ ɨɬɪɟɡɤɭ (ɮɭɧɤɰɢɹ ɩɚɤɟɬɚ
ɞɥɹ ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ qЮКНpКМФ). qЮКНИqКРЬ (ОбpЫ, б, К, Л)
ɜɨɡɜɪɚɳɚɟɬ ɨɰɟɧɤɭ ɢɧɬɟɝɪɚɥɚ ɜɵɪɚɠɟɧɢɹ ОбpЫ ɩɨ ɩɟɪɟɦɟɧɧɨɣ б

6c + 3b + 6a

2

a > 0

√π erf(a)

2

∞

∫
0

1/(1 + x2)dx

π

2
0

∫
−∞

exp(−x2)dx

√π

2
∞

∫
−∞
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2π
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ɜ ɩɪɟɞɟɥɚɯ ɨɬ К ɞɨ Л;
ЫШЦЛОЫР ɜɵɱɢɫɥɹɟɬ ɨɩɪɟɞɟɥёɧɧɵɟ ɢɧɬɟɝɪɚɥɵ ɦɟɬɨɞɨɦ Ɋɨɦɛɟɪɝɚ.
ЫШЦЛОЫР (ОбpЫ, б, К, Л) ɜɨɡɜɪɚɳɚɟɬ ɨɰɟɧɤɭ ɩɨɥɧɨɝɨ ɢɧɬɟɝɪɚɥɚ
ɜɵɪɚɠɟɧɢɹ ОбpЫ ɩɨ ɩɟɪɟɦɟɧɧɨɣ б ɜ ɩɪɟɞɟɥɚɯ ɨɬ К ɞɨ Л.

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ ɜɵɱɢɫɥɟɧɢɹ ɢɧɬɟɝɪɚɥɚ  ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ

ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ:
(%Т1)quad_qaРs(eбp(sТn(б)), б, 0, 1);

(%Ш1)

(%Т2)romberР(eбp(sТn(б)), б, 0, 1);
(%Ш2)

Ȼɨɥɟɟ ɩɨɞɪɨɛɧɨ ɩɪɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɢ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɦɨɠɧɨ
ɩɨɱɢɬɚɬɶ ɜ ɩɨɫɨɛɢɢ Д12Ж.

3.5 ɋɬɟɩɟɧɧɵɟ ɪɹɞɵ
ɋɬɟɩɟɧɧɵɟ ɪɹɞɵ ɹɜɥɹɸɬɫɹ ɜɚɠɧɵɦ ɨɛɴɟɤɬɨɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ.

ȼ MКбТЦК ɢɦɟɟɬɫɹ ɧɚɛɨɪ ɮɭɧɤɰɢɣ ɞɥɹ ɪɚɛɨɬɵ ɫɨ ɫɬɟɩɟɧɧɵɦɢ ɪɹɞɚɦɢ.
Ɋɚɡɥɨɠɟɧɢɟ ɜ ɪɹɞ Ɍɟɣɥɨɪɚ ɢɥɢ Ʌɨɪɚɧɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ЭКвХШЫ.

Ɋɚɫɫɦɨɬɪɢɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɨɣ ɮɭɧɤɰɢɢ ɧɚ ɩɪɢɦɟɪɚɯ:
(%Т1)taвlor(eбp(б)+1,б,0,10);

((%Ш1)/T/)

Ⱥɪɝɭɦɟɧɬɚɦɢ ɮɭɧɤɰɢɢ ЭКвХШЫ ɹɜɥɹɸɬɫɹ: ɜɵɪɚɠɟɧɢɟ ,
ɩɟɪɟɦɟɧɧɚɹ, ɩɨ ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɡɥɨɠɟɧɢɟ ( ), ɬɨɱɤɚ ɪɚɡɥɨɠɟɧɢɹ (0),
ɱɢɫɥɨ ɩɟɪɜɵɯ ɱɥɟɧɨɜ ɪɹɞɚ (10). Ⱦɪɭɝɨɣ ɩɪɢɦɟɪ:
(%Т1)taвlor((1-б)/(1-б-б*в)-1,б,0,5,в,0,5);

((%Ш1)/T/)

ȼ ɷɬɨɦ ɩɪɢɦɟɪɟ ɜ ɪɹɞ ɛɵɥɚ ɪɚɡɥɨɠɟɧɚ ɮɭɧɤɰɢɹ ɞɜɭɯ ɩɟɪɟɦɟɧɧɵɯ 
, ɩɨ ɩɟɪɟɦɟɧɧɵɦ  ɢ  ɜ ɬɨɱɤɟ 0. ȿɫɥɢ ɡɚɩɢɫɚɬɶ
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ɩɨɥɭɱɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜ ɜɢɞɟ ɬɪɟɭɝɨɥɶɧɢɤɚ, ɬɨ ɩɨɥɭɱɢɦ ɬɪɟɭɝɨɥɶɧɢɤ
ɉɚɫɤɚɥɹ.

Ɋɚɡɥɨɠɢɬɶ ɮɭɧɤɰɢɸ ɜ ɪɹɞ ɫ ɡɚɩɢɫɶɸ ɜɵɪɚɠɟɧɢɹ ɨɛɳɟɝɨ ɜɢɞɚ ɞɥɹ ɜɫɟɯ
ɱɥɟɧɨɜ ɪɹɞɚ ɦɨɠɧɨ ɮɭɧɤɰɢɟɣ pШаОЫЬОЫТОЬ. Ɏɨɪɦɚɬ ɡɚɩɢɫɢ:

pШаОЫЬОЫТОЬ (ОбpЫ, б, К),
ɝɞɟ ОбpЫ – ɮɭɧɤɰɢɹ, б – ɩɟɪɟɦɟɧɧɚɹ, К – ɬɨɱɤɚ ɪɚɡɥɨɠɟɧɢɹ.

ɉɪɢɦɟɪ:
(%Т1)poаerserТes(tan(б), б, 0);

(%Ш1)

Ɏɭɧɤɰɢɹ pШаОЫЬОЫТОЬ ɪɟɚɥɢɡɨɜɚɧɚ ɞɥɹ ɨɱɟɧɶ ɭɡɤɨɝɨ ɤɥɚɫɫɚ ɮɭɧɤɰɢɣ.
ɉɨɷɬɨɦɭ ɟɫɬɶ ɮɭɧɤɰɢɢ, ɞɥɹ ɤɨɬɨɪɵɯ MКбТЦК ɧɟ ɦɨɠɟɬ ɡɚɩɢɫɚɬɶ ɜɵɪɚɠɟɧɢɟ
ɨɛɳɟɝɨ ɜɢɞɚ ɜɫɟɯ ɱɥɟɧɨɜ ɪɹɞɚ. ɇɚɩɪɢɦɟɪ:
(%Т1)poаerserТes(eбp(sТn(б)), б, 0);

(%Ш1)

Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɪɚɛɨɬɨɣ Д1Ж.

3.6 Ɋɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ
ɋ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ MКбТЦК ɪɟɲɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ:
1. ɉɟɪɜɨɝɨ ɩɨɪɹɞɤɚ: М ɪɚɡɞɟɥɹɸɳɢɦɢɫɹ ɩɟɪɟɦɟɧɧɵɦɢ, ɥɢɧɟɣɧɵɟ,

ɧɟɥɢɧɟɣɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɨɞɧɨɪɨɞɧɵɟ, ɧɟɨɞɧɨɪɨɞɧɵɟ.
2. ȼɬɨɪɨɝɨ ɩɨɪɹɞɤɚ: ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ, ɥɢɧɟɣɧɵɟ

ɨɞɧɨɪɨɞɧɵɟ ɫ ɧɟɩɨɫɬɨɹɧɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ
ɩɪɟɨɛɪɚɡɨɜɚɧɵ ɤ ɭɪɚɜɧɟɧɢɸ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ.

3. ɍɪɚɜɧɟɧɢɟ ɗɣɥɟɪɚ, ɭɪɚɜɧɟɧɢɹ, ɪɚɡɪɟɲɢɦɵɟ ɦɟɬɨɞɨɦ ɜɚɪɢɚɰɢɢ
ɩɨɫɬɨɹɧɧɵɯ, ɢ ɭɪɚɜɧɟɧɢɹ, ɤɨɬɨɪɵɟ ɞɨɩɭɫɤɚɸɬ ɩɨɧɢɠɟɧɢɟ ɩɨɪɹɞɤɚ.

Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫɢɫɬɟɦɚ MКбТЦК ɢɦɟɸɬɫɹ
ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɢ: НОЬШХЯО, ШНО2, pХШЭНП. Ɋɚɫɫɦɨɬɪɢɦ ɷɬɢ ɮɭɧɤɰɢɢ
ɩɨɞɪɨɛɧɟɟ.

ɂɦɟɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɮɨɪɦɚɬɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɭɧɤɰɢɢ НОЬШХЯО:
НОЬШХЯО (ОqЧ, б) – ɢɳɟɬ ɱɚɫɬɧɵɟ ɪɟɲɟɧɢɹ ɥɢɧɟɣɧɵɯ
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɨɜ,
ɡɚɩɢɫɚɧɧɵɯ ɜ ОqЧ;
НОЬШХЯО (ДОqЧИ1, ..., ОqЧИЧЖ, ДбИ1, ..., бИЧЖ) – ɢɳɟɬ ɱɚɫɬɧɵɟ ɪɟɲɟɧɢɹ

∞∑
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ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ
ɩɨɪɹɞɤɨɜ. ɗɬɚ ɮɭɧɤɰɢɹ ɩɪɢɧɢɦɚɟɬ ɞɜɚ ɚɪɝɭɦɟɧɬɚ, ɩɟɪɜɵɣ ɢɡ
ɤɨɬɨɪɵɯ – ɭɪɚɜɧɟɧɢɟ ɥɢɛɨ ɫɩɢɫɨɤ ɭɪɚɜɧɟɧɢɣ, ɚ ɜɬɨɪɨɣ –
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɞɧɚ ɩɟɪɟɦɟɧɧɚɹ ɢɥɢ ɫɩɢɫɨɤ ɩɟɪɟɦɟɧɧɵɯ.

ȿɫɥɢ ɧɟ ɡɚɞɚɧɵ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɣ ɢ/ɢɥɢ ɢɯ ɩɪɨɢɡɜɨɞɧɵɯ ɜ ɧɭɥɟ, ɬɨ

ɜ ɧɚɣɞɟɧɧɨɦ ɪɟɲɟɧɢɢ ɨɧɢ ɨɬɨɛɪɚɠɚɸɬɫɹ ɜ ɜɢɞɟ  ɢɥɢ . Ɂɚɞɚɬɶ

ɷɬɢ ɡɧɚɱɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɮɭɧɤɰɢɹ
КЭЯКХЮО(ɜɵɪɚɠɟɧɢɟ, ɩɟɪɟɦɟɧɧɚɹ=ɬɨɱɤɚ, ɡɧɚɱɟɧɢɟ),

ɬɨ ɟɫɬɶ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ КЭЯКХЮО(П(б), б=0, ɡɧɚɱɟɧɢɟ) ɢɥɢ КЭЯКХЮО('НТПП(П(б),б)=0,
ɡɧɚɱɟɧɢɟ).

ɉɪɨɢɡɜɨɞɧɵɟ ɜ ɭɪɚɜɧɟɧɢɹɯ ɢ ɫɢɫɬɟɦɚɯ, ɪɟɲɚɟɦɵɯ ɫ ɩɨɦɨɳɶɸ ɷɬɨɣ
ɮɭɧɤɰɢɢ, ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɩɢɫɚɧɵ ɜ ɜɢɞɟ 'НТПП(П(б),б). ȿɫɥɢ ɮɭɧɤɰɢɹ НОЬШХЯО ɧɟ
ɦɨɠɟɬ ɧɚɣɬɢ ɪɟɲɟɧɢɹ, ɬɨ ɨɧɚ ɜɨɡɜɪɚɳɚɟɬ ɡɧɚɱɟɧɢɟ ПКlsО.

Ɏɭɧɤɰɢɹ ШНО2 ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɟɲɟɧɢɹ ɨɛɵɤɧɨɜɟɧɧɵɯ ɥɢɧɟɣɧɵɯ
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. Ɏɨɪɦɚɬ ɡɚɩɢɫɢ:

ШНО2(ОqЧ, НЯКЫ, ТЯКЫ),
ɝɞɟ ОqЧ – ɫɚɦɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ, НЯКЫ – ɡɚɜɢɫɢɦɚɹ ɩɟɪɟɦɟɧɧɚɹ,
ТЯКЫ – ɧɟɡɚɜɢɫɢɦɚɹ ɩɟɪɟɦɟɧɧɚɹ. Ⱦɚɧɧɚɹ ɮɭɧɤɰɢɹ ɦɨɠɟɬ ɜɨɡɜɪɚɳɚɬɶ ɪɟɲɟɧɢɟ
ɜ ɹɜɧɨɦ ɢ ɧɟɹɜɧɨɦ ɜɢɞɟ.

Ɂɞɟɫɶ ɭɠɟ ɡɚɜɢɫɢɦɚɹ ɩɟɪɟɦɟɧɧɚɹ ɭɤɚɡɵɜɚɟɬɫɹ ɜ ɫɩɢɫɤɟ ɩɚɪɚɦɟɬɪɨɜ
ɮɭɧɤɰɢɢ ɹɜɧɨ, ɩɨɷɬɨɦɭ ɨɛɨɡɧɚɱɟɧɢɹ ɜɢɞɚ в(б) ɧɟ ɧɭɠɧɵ. Ɏɭɧɤɰɢɹ
ɢ ɩɟɪɟɦɟɧɧɚɹ ɨɛɨɡɧɚɱɚɸɬɫɹ ɨɞɢɧɨɱɧɵɦɢ ɛɭɤɜɚɦɢ. Ʉɚɤ ɢ ɞɥɹ ɨɛɵɱɧɵɯ
ɭɪɚɜɧɟɧɢɣ ɢ ɫɢɫɬɟɦ, ɦɵ ɦɨɠɟɦ ɩɪɨɜɟɪɢɬɶ ɪɟɲɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɩɨɞɫɬɚɧɨɜɤɢ,
ɧɨ ɩɪɢ ɷɬɨɦ ɧɭɠɧɨ ɟɳɟ ɡɚɞɚɬɶ ɩɪɢɧɭɞɢɬɟɥɶɧɵɟ ɜɵɱɢɫɥɟɧɢɹ ɩɪɨɢɡɜɨɞɧɵɯ, ɬɚɤ
ɤɚɤ ɜ ɭɪɚɜɧɟɧɢɹɯ ɨɧɢ ɮɢɝɭɪɢɪɭɸɬ ɜ ɧɟɫɨɜɟɪɲɟɧɧɨɣ ɮɨɪɦɟ.

ɉɪɨɢɡɜɨɥɶɧɚɹ ɤɨɧɫɬɚɧɬɚ ɞɥɹ ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɨɛɨɡɧɚɱɚɟɬɫɹ
ɱɟɪɟɡ %М. ȼ ɭɪɚɜɧɟɧɢɹɯ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɤɨɧɫɬɚɧɬɵ ɨɛɨɡɧɚɱɚɸɬɫɹ ɤɚɤ %Ф1
ɢ %Ф2. ȿɫɥɢ ɮɭɧɤɰɢɹ ШНО2 ɧɟ ɦɨɠɟɬ ɩɨɥɭɱɢɬɶ ɪɟɲɟɧɢɟ ɩɨ ɤɚɤɨɣ-ɥɢɛɨ
ɩɪɢɱɢɧɟ, ɬɨ ɨɧɚ ɜɨɡɜɪɚɳɚɟɬ ɡɧɚɱɟɧɢɟ ПКlsО, ɩɪɢ ɷɬɨɦ ɜɨɡɦɨɠɟɧ ɜɵɜɨɞ
ɫɨɨɛɳɟɧɢɹ ɨɛ ɨɲɢɛɤɟ.

ɉɨɞɫɬɚɧɨɜɤɚ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɣ ТМ1
(ɞɥɹ ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ), ТМ2 (ɞɥɹ ɭɪɚɜɧɟɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ).

Ɏɭɧɤɰɢɹ pХШЭНП ɩɨɡɜɨɥɹɟɬ ɫɬɪɨɢɬɶ ɬɪɚɟɤɬɨɪɢɢ ɢ ɩɨɥɟ ɧɚɩɪɚɜɥɟɧɢɣ
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɢɥɢ ɚɜɬɨɧɨɦɧɨɣ ɫɢɫɬɟɦɵ ɞɜɭɯ
ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ.

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪɵ.
Ɂɚɞɚɟɦ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ: ɡɚɩɢɫɵɜɚɟɦ ɜɵɪɚɠɟɧɢɹ ɢ ɡɚɩɨɦɢɧɚɟɦ

ɜ ɩɟɪɟɦɟɧɧɵɟ ОqЧИ1, ОqЧИ2.

f(0) = 0 = 0
df

dx
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(%Т1)eqn_1: 'dТПП(П(б),б,2)=sТn(б)+'dТПП(Р(б),б);

(ОqЧИ1)

(%Т2)eqn_2: 'dТПП(П(б),б)+б^2-П(б)=2*'dТПП(Р(б),б,2);

(ОqЧИ2)

Ɋɟɲɚɟɦ ɫ ɩɨɦɨɳɶɸ НОЬШХЯО ɢ ɩɨɥɭɱɚɟɦ ɝɪɨɦɨɡɞɤɨɟ ɪɟɲɟɧɢɟ.
(%Т3)desolve([eqn_1,eqn_2], [П(б),Р(б)]);

f(x) = g(x) + sin (x)
d2

dx2

d

dx

f(x) − f(x) + x2 = 2 ( g(x))d

dx

d2

dx2

⎡⎢⎢⎣f(x) =
⎛⎜⎜⎝%ex

/2

⎛⎜⎜⎝
⎛⎜⎜⎝sin ( )

⎛⎜⎜⎝ −

−
⎞⎟⎟⎠
⎞⎟⎟⎠ /2−

−
⎞⎟⎟⎠
⎞⎟⎟⎠ /2+

+ −

x

2

4 (8 ( g(x)∣∣x=0
) + 2 ( f(x)∣∣x=0

) − 6 f(0) − 4)d

dx

d

dx

5

2 (4 ( g(x)∣∣x=0
) − 4 ( f(x)∣∣x=0

) − 8 f(0) + 16)d

dx

d

dx

5

cos ( ) (4 ( g(x)∣∣x=0
) − 4 ( f(x)∣∣x=0

) − 8 f(0) + 16)x

2
d

dx

d

dx

5

%e−x (2 ( g(x)∣∣x=0
) − 2 ( f(x)∣∣x=0

) + f(0) − 3)d

dx

d

dx

5
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(%Ш3)

ɇɚɱɚɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ ɧɚɦ ɢɡɜɟɫɬɧɨ ( ), ɬɨɝɞɚ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ
ɩɪɢɦɟɬ ɜɢɞ:
(%Т4)eqn_3:'dТПП(П(б),б)='dТПП(Р(б),б)+sТn(б);

(ОqЧИ3)

(%Т5)eqn_4:'dТПП(Р(б),б,2)='dТПП(П(б),б)-cos(б);

(ОqЧИ4)

− + + x2 + 2x + 2,

g(x) =
⎛⎜⎜⎝%ex

/2

⎛⎜⎜⎝
⎛⎜⎜⎝sin( )

⎛⎜⎜⎝ +

+
⎞⎟⎟⎠
⎞⎟⎟⎠ /2+

+
⎞⎟⎟⎠
⎞⎟⎟⎠ /2−

− −

f(x)
∣
∣
∣x=0

− + + 2x + g(0) + 1]

5
3 sin (x)

5

cos (x)

5

x

2

2 (4 ( g(x)∣∣x=0
) + 6 ( f(x)∣∣x=0

) + 2 f(0) − 20)d

dx

d

dx

5

4 (2 ( g(x)∣∣x=0
) − 2 ( f(x)∣∣x=0

) − 4 f(0) + 8)d

dx

d

dx

5

cos ( ) (4 ( g(x)∣∣x=0
) + 6 ( f(x)∣∣x=0

) + 2 f(0) − 20)x

2
d

dx

d

dx

5

%e−x (2 ( g(x)∣∣x=0
) − 2 ( f(x)∣∣x=0

) + f(0) − 3)d

dx

d

dx

5
d

dx

sin(x)

5

2 cos(x)

5

x = 0

f(x) = g(x) + sin(x)
d

dx

d

dx

g(x) = f(x) − cos(x)
d2

dx2

d

dx

ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɡɧɚɱɟɧɢɹ ɢɧɬɟɪɜɚɥɨɜ ɞɥɹ ɮɭɧɤɰɢɣ  ɢ  ɫ
ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ КЭЯКХЮО.
(%Т6)atvalue('dТПП(Р(б),б),б=0,a);

(%Ш6)

(%Т7)atvalue(П(б),б=0,1);
(%Ш7)

Ɍɟɩɟɪɶ ɪɟɲɚɟɦ ɭɪɚɜɧɟɧɢɟ:
(%Т8)reг:desolve([eqn_3, eqn_4], [П(б),Р(б)]);

(ЫОг)

dx

f(x) g(x)

a

1

[f(x) = a%ex − a + 1, g(x) = cos(x) + a%ex − a + g(0) − 1]
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ɉɨɥɭɱɚɟɦ ɤɨɦɩɚɤɬɧɨɟ ɪɟɲɟɧɢɟ. Ⱦɚɥɟɟ ɩɪɨɜɟɪɢɦ ɩɨɥɭɱɟɧɧɨɟ ɪɟɲɟɧɢɟ.
Ⱦɥɹ ɷɬɨɝɨ ɩɨɞɫɬɚɜɥɹɟɦ ɧɚɣɞɟɧɧɵɟ ɮɭɧɤɰɢɢ ɜ ɭɪɚɜɧɟɧɢɹ ɢ ɜɵɩɨɥɧɹɟɦ
ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ.
(%Т9)[eqn_3,eqn_4],reг,dТПП;

(%Ш9)
Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪɵ ɪɟɲɟɧɢɹ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ

ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɨɜ. ɇɚɱɧɟɦ ɫ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ
ɭɪɚɜɧɟɧɢɹ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ. ɉɭɫɬɶ ɞɚɧɨ ɭɪɚɜɧɟɧɢɟ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ, ɝɞɟ  –
ɧɟɡɚɜɢɫɢɦɚɹ ɩɟɪɟɦɟɧɧɚɹ,  – ɡɚɜɢɫɢɦɚɹ.
(%Т1)б^2*'dТПП(в,б) + 3*в*б = sТn(б)/б;

(%Ш1)

Ɋɟɲɚɟɦ ɭɪɚɜɧɟɧɢɟ.
(%Т2)reг:ode2(%,в,б);

(ЫОг)

ɍɫɬɚɧɚɜɥɢɜɚɟɦ ɧɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ ТМ1.
(%Т3)Тc1(reг,б=%pТ,в=0);

(%Ш3)

Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ.
(%Т1)eqn:'dТПП(в,б,2) + в*'dТПП(в,б)^3 = 0;

(ОqЧ)

(%Т2)reг:ode2(eqn,в,б);

(ЫОг)

ɉɨɥɭɱɚɟɦ ɨɛɳɟɟ ɪɟɲɟɧɢɟ. Ɍɟɩɟɪɶ ɩɨɞɫɬɚɜɥɹɟɦ ɧɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ
ɩɟɪɟɦɟɧɧɵɯ ,  ɢ ɩɪɨɢɡɜɨɞɧɨɣ 'НТПП(в,б)=2, ɢɫɩɨɥɶɡɭɹ ɮɭɧɤɰɢɸ ТМ2.
(%Т3)ratsТmp(Тc2(reг,б=0,в=0,'dТПП(в,б)=2));

(%Ш3)

Ȼɨɥɟɟ ɩɨɞɪɨɛɧɨɟ ɨɩɢɫɚɧɢɟ ɩɪɢɦɟɧɟɧɢɹ ɫɢɫɬɟɦɵ MКбТЦК ɞɥɹ
ɜɵɩɨɥɧɟɧɢɹ ɫɢɦɜɨɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɦɨɠɧɨ ɧɚɣɬɢ ɜ ɩɨɫɨɛɢɢ Д5Ж.

[a%e
x = a%e

x
, a%e

x − cos(x) = a%e
x − cos(x)]

x

y

x2 ( y) + 3xy =
d

dx

sin(x)

x

y =
%c − cos(x)

x3

y = −
cos(x) + 1

x3

y + y( y)
3

= 0
d2

dx2

d

dx

= x + %k2
y3 + 6%k1y

6

x = 0 y = 0

= x
y3 + 3y

6
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Кɨɧɬɪɨлɶɧɵе ɜɨɩɪɨɫɵ ɩɨ ɝлаɜе 3

1. Ʉɚɤɚɹ ɮɭɧɤɰɢɹ ɜ ɫɢɫɬɟɦɟ MКбТЦК ɜɵɩɨɥɧɹɟɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ
ɪɚɰɢɨɧɚɥɶɧɵɯ ɞɪɨɛɟɣ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɪɚɫɤɪɵɬɢɟ ɫɤɨɛɨɤ
ɜ ɩɪɨɢɡɜɟɞɟɧɢɹɯ ɫɭɦɦ?

2. ɍɤɚɠɢɬɟ ɧɚɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ЭЫТРЬТЦp.
3. ɋ ɩɨɦɨɳɶɸ ɤɚɤɨɣ ɮɭɧɤɰɢɢ ɜɨɡɦɨɠɧɨ ɩɪɨɢɡɜɟɫɬɢ ɭɩɪɨɳɟɧɢɟ

ɪɚɰɢɨɧɚɥɶɧɵɯ ɜɵɪɚɠɟɧɢɣ?
4. Ʉɚɤɚɹ ɮɭɧɤɰɢɹ ɜ ɫɢɫɬɟɦɟ MКбТЦК ɨɫɭɳɟɫɬɜɥɹɟɬ ɧɚɯɨɠɞɟɧɢɟ

ɩɪɨɢɡɜɟɞɟɧɢɹ?
5. ɍɤɚɠɢɬɟ ɧɚɡɧɚɱɟɧɢɟ ɞɚɬɱɢɤɚ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ. Ʉɚɤ ɩɨɥɭɱɢɬɶ

ɢ ɫɨɯɪɚɧɢɬɶ ɜɧɭɬɪɟɧɧɢɟ ɩɚɪɚɦɟɬɪɵ ɞɚɬɱɢɤɚ?
6. Ʉɚɤ ɩɨɜɬɨɪɢɬɶ ɧɟɤɨɬɨɪɭɸ ɫɥɭɱɚɣɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫ ɩɨɦɨɳɶɸ

ɞɚɬɱɢɤɚ?
7. ɍɤɚɠɢɬɟ ɫɩɨɫɨɛɵ ɡɚɞɚɧɢɹ ɦɚɬɪɢɰ ɜ ɫɢɫɬɟɦɟ MКбТЦК.
8. Ʉɚɤɚɹ ɮɭɧɤɰɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɨɩɪɟɞɟɥɢɬɟɥɹ ɦɚɬɪɢɰɵ?
9. ɉɟɪɟɱɢɫɥɢɬɟ ɨɫɧɨɜɧɵɟ ɮɭɧɤɰɢɢ ɢ ɨɩɟɪɚɰɢɢ ɞɥɹ ɪɚɛɨɬɵ ɫ ɦɚɬɪɢɰɚɦɢ

ɜ ɫɢɫɬɟɦɟ MКбТЦК.
10. Ʉɚɤɚɹ ɮɭɧɤɰɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ ɢ ɫɢɫɬɟɦ

ɭɪɚɜɧɟɧɢɣ ɜ MКбТЦК? Ʉɚɤɢɟ ɮɨɪɦɚɬɵ ɡɚɩɢɫɢ ɢɦɟɸɬɫɹ ɞɥɹ ɞɚɧɧɨɣ
ɮɭɧɤɰɢɢ?

11. Ʉɚɤɢɟ ɮɭɧɤɰɢɢ ɜ ɫɢɫɬɟɦɟ MКбТЦК ɩɨɦɨɝɚɸɬ ɜɵɞɟɥɢɬɶ ɱɚɫɬɢ
ɭɪɚɜɧɟɧɢɹ, ɨɰɟɧɢɬɶ ɢ ɨɩɪɟɞɟɥɢɬɶ ɮɭɧɤɰɢɸ ɩɪɢ ɪɟɲɟɧɢɢ
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ?

12. Ʉɚɤɚɹ ɮɭɧɤɰɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɨɩɪɟɞɟɥɟɧɧɵɯ
ɢ ɧɟɨɩɪɟɞɟɥɟɧɧɵɯ ɢɧɬɟɝɪɚɥɨɜ?

13. ɍɤɚɠɢɬɟ ɧɚɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ КЬЬЮЦО ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɢɧɬɟɝɪɚɥɨɜ.
14. ɍɤɚɠɢɬɟ ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ

ɢɧɬɟɝɪɚɥ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧ ɧɚ ɨɫɧɨɜɟ ɮɭɧɤɰɢɢ ТЧЭОРЫКЭО.
15. ɋ ɩɨɦɨɳɶɸ ɤɚɤɨɣ ɮɭɧɤɰɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɚɡɥɨɠɟɧɢɟ ɜ ɪɹɞ Ɍɟɣɥɨɪɚ

ɢɥɢ Ʌɨɪɚɧɚ?
16. Ʉɚɤɢɟ ɜɢɞɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɪɟɲɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ
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ɫɢɫɬɟɦɵ MКбТЦК?
17. Ⱦɥɹ ɪɟɲɟɧɢɹ ɤɚɤɢɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɪɟɞɧɚɡɧɚɱɟɧɚ

ɮɭɧɤɰɢɹ ШНО2?
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4 ȼɵɜɨɞ ɝɪɚɮɢɤɨɜ

ɋɢɫɬɟɦɚ MКбТЦК ɢɦɟɟɬ ɛɨɝɚɬɵɣ ɚɪɫɟɧɚɥ ɮɭɧɤɰɢɣ ɞɥɹ ɜɵɜɨɞɚ ɝɪɚɮɢɤɨɜ.
Ɋɚɫɫɦɨɬɪɢɦ ɨɫɧɨɜɧɵɟ ɮɭɧɤɰɢɢ pХШЭ2Н ɞɥɹ ɩɥɨɫɤɢɯ ɝɪɚɮɢɤɨɜ ɢ pХШЭ3Н ɞɥɹ
ɬɪɟɯɦɟɪɧɵɯ ɝɪɚɮɢɤɨɜ. ɇɚɱɧɟɦ ɫ ɮɭɧɤɰɢɢ pХШЭ2Н. Ɉɧɚ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ
ɮɨɪɦɚɬɵ:

pХШЭ2Н (pХШЭ, бИЫКЧРО, …, ШpЭТШЧЬ, …), 
pХШЭ2Н (ДpХШЭИ1, …, pХШЭИЧЖ, …, ШpЭТШЧЬ, …), 

pХШЭ2Н (ДpХШЭИ1, …, pХШЭИЧЖ, бИЫКЧРО, …, ШpЭТШЧЬ, …).
Ɂɞɟɫɶ pХШЭ, pХШЭИ1, …, pХШЭИЧ ɦɨɝɭɬ ɛɵɬɶ ɜɵɪɚɠɟɧɢɹɦɢ, ɢɦɟɧɚɦɢ

ɮɭɧɤɰɢɣ ɢɥɢ ɧɟɤɨɬɨɪɨɣ ɫɩɢɫɨɱɧɨɣ ɫɬɪɭɤɬɭɪɨɣ: ДНТЬМЫОЭО, Дб1, ..., бЧЖ, Дв1, ...,
вЧЖЖ, ДНТЬМЫОЭО, ДДб1, в1Ж, ..., ДбЧ, ..., вЧЖЖ ɢɥɢ ДpКЫКЦОЭЫТМ, бИОбpЫ, вИОбpЫ, ЭИЫКЧРОЖ.

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪɵ.

Ɋɢɫ. 4.1 – ȼɵɜɨɞ ɝɪɚɮɢɤɚ ɮɭɧɤɰɢɢ  ɧɚ ɢɧɬɟɪɜɚɥɟ 

ɂɡ ɪɢɫɭɧɤɚ 4.1 ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɮɭɧɤɰɢɢ pХШЭ2Н ɝɪɚɮɢɤ
ɨɬɨɛɪɚɠɚɟɬɫɹ ɜ ɧɨɜɨɦ ɨɤɧɟ. ɉɪɢ ɷɬɨɦ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɧɟɤɨɬɨɪɭɸ ɨɛɥɚɫɬɶ
ɝɪɚɮɢɤɚ, ɡɚɠɚɜ ɥɟɜɭɸ ɤɧɨɩɤɭ ɦɵɲɢ, ɡɚɬɟɦ ɨɬɩɭɫɬɢɬɶ ɡɚɠɚɬɭɸ ɤɧɨɩɤɭ
ɢ ɧɚɠɚɬɶ ɩɪɚɜɭɸ ɤɧɨɩɤɭ ɦɵɲɢ. ɉɨɫɥɟ ɷɬɨɝɨ ɜ ɨɤɧɟ ɛɭɞɟɬ ɩɨɤɚɡɚɧɚ
ɭɜɟɥɢɱɟɧɧɚɹ ɜɵɞɟɥɟɧɧɚɹ ɨɛɥɚɫɬɶ ɝɪɚɮɢɤɚ. Ⱦɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɝɪɚɮɢɤɚ
ɜ ɬɟɤɭɳɟɦ ɮɚɣɥɟ абMКбТЦК ɢɫɩɨɥɶɡɭɣɬɟ ɩɪɟɮɢɤɫ «аб», ɬɨ ɟɫɬɶ ɤɨɦɚɧɞɭ
абpХШЭ2Н.

sin(x) −π, π
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(%Т1)абplot2d (sТn(б), [б, -%pТ, %pТ])$

(%Э1)

ȿɫɥɢ ɮɭɧɤɰɢɹ ɪɚɫɬɟɬ ɨɱɟɧɶ ɛɵɫɬɪɨ, ɬɨ ɦɨɠɧɨ ɨɝɪɚɧɢɱɢɬɶ ɟɟ ɩɨ ɨɫɢ .
ɇɚɩɪɢɦɟɪ.
(%Т1)абplot2d (sec(б), [б, -2, 2], [в, -20, 20])$

(%Э1)

Ɇɨɠɧɨ ɩɨɦɟɧɹɬɶ ɮɨɪɦɚɬ ɜɵɜɨɞɚ ɢ ɜɦɟɫɬɨ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ ɧɚɪɢɫɨɜɚɬɶ
ɨɫɢ  ɢ . Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ ɩɨɦɟɧɹɬɶ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ЛШб.
(%Т1)абplot2d (б^2-1, [б, -3, 3], [в, -2, 10], b[boб,

Пalse], [plot_Пormat, РeomvТeа])$

(%Э1)

y

x y
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ɉɪɢɦɟɪ:
(%Т1)/* ȼɵɜɨɞ ɷɤɫɩɨɧɟɧɬɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ

ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɣ ɲɤɚɥɵ */
абplot2d (eбp(3*s), [s, -2, 2], [loРв])$

(%Э1)

(%Т2)/* ȼɵɜɨɞ ɧɟɫɤɨɥɶɤɢɯ ɝɪɚɮɢɤɨɜ ɮɭɧɤɰɢɣ ɜɦɟɫɬɟ */ 
F(б) := б^2$ 
G(б) := sТn(б)$ 
H(б) := ТП б < 0 tСen б^4- 1 else 1 - б^5 $ 
абplot2d ([F, G, H], [u, -1, 1], [в, -1.5, 1.5])$

(%Э2)

(%Т3)/* ȼɵɜɨɞ ɫɥɨɠɧɨɣ ɤɪɢɜɨɣ, ɡɚɞɚɧɧɨɣ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢ */
r: (eбp(cos(t))-2*cos(4*t)-sТn(t/12)^5)$ 
абplot2d([parametrТc, r*sТn(t), r*cos(t), [t,
-8*%pТ, 8*%pТ], [ntТcks, 2000]])$
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(%Э3)

Ɍɪɟɯɦɟɪɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɜɵɜɨɞɹɬɫɹ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ pХШЭ3Н.
Ɏɨɪɦɚɬɵ ɷɬɨɣ ɮɭɧɤɰɢɢ:

pХШЭ3Н (ОбpЫ, бИЫКЧРО, вИЫКЧРО, …, ШpЭТШЧЬ, …);
pХШЭ3Н (ДОбpЫИ1, …, ОбpЫИЧЖ, бИЫКЧРО, вИЫКЧРО, …, ШpЭТШЧЬ, …).

Ⱥɪɝɭɦɟɧɬɵ ɚɧɚɥɨɝɢɱɧɵ pХШЭ2Н, ɫ ɬɨɣ ɪɚɡɧɢɰɟɣ, ɱɬɨ ɡɞɟɫɶ ɧɟɡɚɜɢɫɢɦɵɯ
ɩɟɪɟɦɟɧɧɵɯ ɞɜɟ.

Ⱦɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɝɪɚɮɢɤɚ ɜ ɬɟɤɭɳɟɦ ɮɚɣɥɟ абMКбТЦК ɢɫɩɨɥɶɡɭɣɬɟ
ɩɪɟɮɢɤɫ «аб», ɬɨ ɟɫɬɶ ɤɨɦɚɧɞɭ абpХШЭ3Н.

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪɵ.
(%Т1)абplot3d (2^(-u^2 + v^2), [u, -3, 3], [v, -2, 2])$

(%Э1)

(%Т2)абplot3d ([2^(-б^2 + в^2), 4*sТn(3*
(б^2+в^2))/(б^2+в^2), [б, -3, 3], [в, -2, 2]])$
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(%Э2)

Кɨɧɬɪɨлɶɧɵе ɜɨɩɪɨɫɵ ɩɨ ɝлаɜе 4

1. Ʉɚɤɢɟ ɮɭɧɤɰɢɢ ɢɦɟɸɬɫɹ ɜ ɫɢɫɬɟɦɟ MКбТЦК ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɨɜ?
2. Ɉɩɢɲɢɬɟ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɮɭɧɤɰɢɣ pХШЭ2Н ɢ pХШЭ3Н.
3. Ʉɚɤ ɨɬɨɛɪɚɠɚɬɶ ɝɪɚɮɢɤ ɜ ɬɟɤɭɳɟɦ ɮɚɣɥɟ абMКбТЦК?
4. Ʉɚɤ ɫɨɡɞɚɬɶ ɝɪɚɮɢɤ ɫ ɧɟɤɨɬɨɪɵɦ ɱɢɫɥɨɦ ɤɪɢɜɵɯ?
5. Ʉɚɤ ɨɬɨɛɪɚɠɚɬɶ ɝɪɚɮɢɤ ɜ ɩɪɹɦɨɭɝɨɥɶɧɢɤɟ?
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5 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɢɫɬɟɦɵ MКбТmК ɜ ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱɟɬɚɯ

5.1 Ɋɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ
Ɋɚɫɫɦɨɬɪɢɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ MКбТЦК ɩɪɢ ɪɚɫɱɟɬɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ.

ɉɭɫɬɶ ɞɚɧɚ ɫɥɟɞɭɸɳɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɰɟɩɶ (ɫɦ. ɪɢɫ. 5.1).

Ɋɢɫ. 5.1 – ɋɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ

ɋɨɫɬɚɜɢɦ ɭɪɚɜɧɟɧɢɹ Ʉɢɪɯɝɨɮɚ:

Ɋɟɲɚɟɦ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɫɪɟɞɫɬɜɚɦɢ MКбТЦК, ɢɫɩɨɥɶɡɭɹ ɮɭɧɤɰɢɸ ЬШХЯО:
(%Т1)S:solve([-Т_1*r_1+Т_3*r_3=-v_1,-Т_2*r_2-Т_3*r_3=-

v_2,-Т_1+Т_2-Т_3=0], [Т_1,Т_2,Т_3]);

(S)

ɉɨɥɭɱɚɟɦ ɨɛɳɟɟ ɪɟɲɟɧɢɟ, ɡɚɩɢɫɚɧɧɨɟ ɜ ɞɜɨɣɧɨɦ ɫɩɢɫɤɟ:

Ɍɨɝɞɚ, ɞɥɹ ɞɨɫɬɭɩɚ ɤ ɮɨɪɦɭɥɟ ɞɥɹ ɬɨɤɚ  ɧɟɨɛɯɨɞɢɦɨ ɡɚɩɢɫɚɬɶ:
(%Т2)S[1][1];

(%Ш2)

Ⱦɥɹ ɬɨɤɚ :
(%Т3)S[1][2];

(1) − I1 ⋅ R1 + I3 ⋅ R3 = −V1

(2) − I2 ⋅ R2 − I3 ⋅ R3 = −V2

(3) − I1 + I2 − I3 = 0

[[i1 = , i2 = ,

i3 = − ]]

r3v2 + (r3 + r2)v1

(r2 + r1) r3 + r1r2

r3v2 + r1v2 + r3v1

(r2 + r1) r3 + r1r2

r2v1 − r1v2

(r2 + r1) r3 + r1r2

[[i1 =. . . , i2 =. . . , i3 =. . . ]]

i1

i1 =
r3v2 + (r3 + r2)v1

(r2 + r1) r3 + r1r2

i2

72



(%Ш3)

Ɍɨɝɞɚ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɞɥɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɪɟɡɢɫɬɨɪɟ 
:

(%Т4)v_1:r1*S[1][1];

(ЯИ1)

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɧɚɣɬɢ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɬɨɤɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ
ɤɨɧɤɪɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɧɚɩɪɹɠɟɧɢɣ ɢ ɪɟɡɢɫɬɨɪɨɜ. ɇɚɩɪɢɦɟɪ:
(%Т5)S,v_1=5,v_2=12,r_1=1000,r_2=2700,r_3=4300;

(%Ш5)

Ɇɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɬɨɤɢ ɢ ɩɪɢ ɞɪɭɝɢɯ ɡɧɚɱɟɧɢɹɯ ɧɚɩɪɹɠɟɧɢɣ
ɢ ɪɟɡɢɫɬɨɪɨɜ:
(%Т6)S,v_1=6,v_2=10,r_1=1000,r_2=1200,r_3=5300;

(%Ш6)

5.2 Ɂɚɞɚɱɢ ɬɟɨɪɢɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ
Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɬɟɨɪɢɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ

MКбТЦК ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɚɤɟɬ ЛШНО. Ɂɚɝɪɭɠɚɟɦ ɷɬɨɬ ɩɚɤɟɬ ɫ
ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ ХШКН:
(%Т1)load(bode)$

Ɂɚɩɢɫɵɜɚɟɦ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ.
(%Т2)W(s):=1/(0.2*s+1)/(0.5*s+1);

(%Ш2)

Ɋɢɫɭɟɦ ɚɦɩɥɢɬɭɞɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ.
(%Т3)bode_РaТn(W(s), [а, 1/1000, 1000]);

i2 =
r3v2 + r1v2 + r3v1

(r2 + r1) r3 + r1r2

R1

i1 r1 =
r1 (r3v2 + (r3 + r2)v1)

(r2 + r1) r3 + r1r2

[[i1 = , i2 = , i3 = − ]]433

93050

851

186100

3

37220

[[i1 = , i2 = , i3 = ]]23

3215

237

32150

7

32150

W(s) :=

1

0.2s + 1

0.5s + 1
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Ɋɢɫɭɟɦ ɮɚɡɨɜɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ.
(%Т4)bode_pСase(W(s), [а, 1/1000, 1000]);

Ɂɚɩɨɦɢɧɚɟɦ ɪɢɫɭɧɨɤ ɚɦɩɥɢɬɭɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜ ɮɚɣɥ РЫКpС321.pЧР.
(%Т5)bode_РaТn(W(s), [а, 1/1000, 1000], [Рnuplot_term,

pnР], [Рnuplot_out_ПТle, "РrapС321.pnР"] )$
Ɋɢɫɭɟɦ ɮɚɡɨɜɵɣ ɩɨɪɬɪɟɬ.

(%Т6)абplot2d([parametrТc, realpart(W(%Т*t)),
ТmaРpart(W(%Т*t))], [t,0,100], [ntТcks,1000])$
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(%Э6)

5.3 ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ
ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɚɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɜɬɨɪɨɝɨ
ɩɨɪɹɞɤɚ

ɉɭɫɬɶ ɡɚɞɚɧɚ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɞɥɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ
ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ:
(%Т1)d(p):=-(14*p-4)/(2*p^2+5*p+2);

(%Ш1)

Ɋɚɫɤɥɚɞɵɜɚɟɦ ɷɬɭ ɮɭɧɤɰɢɸ ɧɚ ɦɧɨɠɢɬɟɥɢ.
(%Т2)Пactor(d(p));

(%Ш2)

Ɋɟɲɚɟɦ ɭɪɚɜɧɟɧɢɟ.
(%Т3)solve([a+2*b=-14,2*a+b=4],[a,b]);

(%Ш3)

Ɂɚɩɢɫɵɜɚɟɦ ɩɪɨɫɬɵɟ ɞɪɨɛɢ.
(%Т4)d(p):=22/(6*p+3)-32/(3*p+6);

(%Ш4)

ɉɟɪɟɯɨɞɧɚɹ ɮɭɧɤɰɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɡɜɟɧɚ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɢɦɟɟɬ ɜɢɞ:
(%Т5)С1(t):=k1*(1-eбp(-1/T1*t));

(%Ш5)

ɉɟɪɟɯɨɞɧɚɹ ɮɭɧɤɰɢɹ ɜɬɨɪɨɝɨ ɚɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɡɜɟɧɚ ɩɟɪɜɨɝɨ ɢɦɟɟɬ ɜɢɞ:

d(p) :=
− (14p − 4)

2p2 + 5p + 2

−
2 (7p − 2)

(p + 2) (2p + 1)

[[a = , b = − ]]22

3

32

3

d(p) := −
22

6p + 3

32

3p + 6

h1(t) := k1 (1 − exp( t))−1

T1
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(%Т6)С2(t):=k2*(1-eбp(-1/T2*t));

(%Ш6)

Ɍɨɝɞɚ ɩɟɪɟɯɨɞɧɚɹ ɮɭɧɤɰɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɡɜɟɧɚ ɜɬɨɪɨɝɨ ɢɦɟɟɬ ɜɢɞ:
(%Т7)С(t):=С1(t)-С2(t);

(%Ш7)
ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɢɦɟɸɬɫɹ ɢɡɦɟɪɟɧɢɹ  ɜɯɨɞɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ

ɢ ɜɵɯɨɞɧɨɝɨ . Ⱦɥɹ ɷɬɨɝɨ ɩɨɞɫɬɚɜɢɦ ɤɨɧɤɪɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ
ɜ С(Э): Ф1=2, T1=2, Ф2=4, T2=0.5. ɂ ɩɨɥɭɱɢɦ ɢɡɦɟɪɟɧɢɹ Д Ж.
(%Т8)С(t):=2.0*(1-eбp(-0.5*t))-4.0*(1-eбp(-2.0*t));

(%Ш8)
ɇɚ ɢɧɬɟɪɜɚɥɚɯ  ɢ   ɩɪɢɦɟɬ ɜɢɞ:

(%Т9)абplot2d(С(t),[t,0,10],[в,-4,0]);

(%Э9)

Ƚɪɚɮɢɤ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ . Ɉɬɤɭɞɚ . Ɍɨɝɞɚ ɧɚɲɟ
ɭɪɚɜɧɟɧɢɟ ɩɪɢɦɟɬ ɜɢɞ

ɉɨɥɭɱɚɟɦ ɫɩɢɫɨɤ ɢɡɦɟɪɟɧɢɣ.
(%Т10)S:makelТst([Т*0.4,С(Т*0.4)],Т,0,10);

(S)

ɉɨɥɭɱɚɟɦ ɦɚɬɪɢɰɭ ɢɡɦɟɪɟɧɢɣ.

h2(t) := k2 (1 − exp( t))−1

T2

h(t) := h1(t) − h2(t)

t

h(t)

ti,h(ti)

h(t) := 2.0 (1 − exp((−0.5) t)) − 4.0 (1 − exp((−2.0) t))

t = [0, 10] y = [−4, 0] h(t)

h(∞) = −2 k1 + k2 = −2

k1 (1 − e−1/T1⋅t) − (k1 + 2) (1 − e−1/T 2⋅t) .

[[0, 0], [0.4, −1.840145649687077], [0.8, −2.533054020092657],

[1.2, −2.734751459030403], [1.6, −2.735609112320978],

[2.0, −2.662496326787948], [2.4, −2.569469435628324],

[2.8, −2.478402473017281], [3.2, −2.397146806896615],

[3.6, −2.327611433209666], [4.0, −2.269328715961615]]
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(%Т11)M:matrТб([0,0], [0.4,-1.840145649687077], 
[0.8,-2.533054020092657],
[1.2,-2.734751459030403], 
[1.6,-2.735609112320979],
[2.0,-2.662496326787948], 
[2.4,-2.569469435628324],
[2.8,-2.478402473017281], 
[3.2,-2.397146806896615],
[3.6,-2.327611433209667], 
[4.0,-2.269328715961615]);

(M)

ɇɚɯɨɞɢɦ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɚɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɡɜɟɧɚ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ
ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ.
(%Т12)lsquares_estТmates (M, [t,в], в=k1*(1-eбp(-A*t))-

-(k1+2)*(1-eбp(-B*t)), [k1,A,B]);
************************************************* 
N= 3 NUMBER OF CORRECTIONS=25 
INITIAL VALUES 
F= 7.994345722246263D-01 GNORM= 1.335798408138610D+00 
*************************************************
I NFN FUNC GNORM STEPLENGTH

1 2 1.694076453649324D-01 4.151055811070038D-01 7.486159542542548D-01

2 3 7.136880450047720D-03 6.703766031759634D-02 1.000000000000000D+00

3 5 5.920866979510155D-03 5.024280358692668D-02 3.514112521787678D-01

4 6 4.758138334540857D-03 4.426970390930440D-02 1.000000000000000D+00

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

0 0

0.4 −1.840145649687077

0.8 −2.533054020092657

1.2 −2.734751459030403

1.6 −2.735609112320979

2.0 −2.662496326787948

2.4 −2.569469435628324

2.8 −2.478402473017281

3.2 −2.397146806896615

3.6 −2.327611433209667

4.0 −2.269328715961615

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
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5 7 1.072776040785802D-03 5.324368805264676D-03 1.000000000000000D+00

6 8 1.007545940129325D-03 3.399367003964240D-03 1.000000000000000D+00

7 9 9.646741494227257D-04 4.003456022429293D-03 1.000000000000000D+00

8 10 8.373296599740941D-04 7.628786228847678D-03 1.000000000000000D+00

9 11 6.079303697546267D-04 1.526545823666326D-02 1.000000000000000D+00

10 12 3.462695550819587D-04 3.134754195374904D-02 1.000000000000000D+00

11 13 1.468912220454425D-04 1.694129611612651D-02 1.000000000000000D+00

12 14 4.198720146698459D-05 4.660973272870397D-03 1.000000000000000D+00

13 15 3.086027860369156D-05 2.321037300868586D-03 1.000000000000000D+00

THE MINIMIГATION TERMINATED АITHOUT DETECTING ERRORS.
IFLAG = 0

(%Ш12)

ɉɨɥɭɱɚɟɦ ɪɟɲɟɧɢɟ ДФ1=1.863,A=0.474,B=2.057Ж. Ɍɟɩɟɪɶ ɩɪɨɢɡɜɨɞɢɦ
ɡɚɲɭɦɥɟɧɢɟ ɢɡɦɟɪɟɧɢɣ ɫ ɩɨɦɨɳɶɸ ɞɚɬɱɢɤɚ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ.
(%Т13)S:makelТst([Т*0.4,С(Т*0.4)+random(0.2)],Т,0,10);

(S)

(%Т14)M1:matrТб([0,0.0084130953081714],
[0.4,-1.670411661117199], 
[0.8,-2.48645850794377], [1.2,-2.596528620105971],
[1.6,-2.613297950682247],
[2.0,-2.488267965233417], 
[2.4,-2.539120532834841],
[2.8,-2.351168935116988], 
[3.2,-2.265440243701179],
[3.6,-2.209487037489596], 
[4.0,-2.175639316829272]);

[[k1 = 1.863791753329846, A = 0.4740884111761064,

B = 2.057591814939932]]

[[0, 0.1827619199225792], [0.4, −1.80110872612752],

[0.8, −2.436575915122333], [1.2, −2.663663447598546],

[1.6, −2.685161336983902], [2.0, −2.579383782243651],

[2.4, −2.446954657777559], [2.8, −2.310039941950097],

[3.2, −2.296028917967852], [3.6, −2.191919034205964],

[4.0, −2.262050052781631]]
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(M1)

(%Т15)lsquares_estТmates (M, [б,в], в=A*(1-eбp(-B*б))-
-(A+2)*(1-eбp(-D*б)), [A,B,D]);

************************************************* 
N= 3 NUMBER OF CORRECTIONS=25 
INITIAL VALUES 
F= 7.994345722246263D-01 GNORM= 1.335798408138610D+00 
*************************************************
I NFN FUNC GNORM STEPLENGTH

1 2 1.694076453649324D-01 4.151055811070038D-01 7.486159542542548D-01

2 3 7.136880450047721D-03 6.703766031759626D-02 1.000000000000000D+00

3 5 5.920866979510155D-03 5.024280358692669D-02 3.514112521787681D-01

4 6 4.758138334540862D-03 4.426970390930465D-02 1.000000000000000D+00

5 7 1.072776040785797D-03 5.324368805263481D-03 1.000000000000000D+00

6 8 1.007545940129325D-03 3.399367003964238D-03 1.000000000000000D+00

7 9 9.646741494227213D-04 4.003456022429255D-03 1.000000000000000D+00

8 10 8.373296599740174D-04 7.628786228849072D-03 1.000000000000000D+00

9 11 6.079303697544768D-04 1.526545823666541D-02 1.000000000000000D+00

10 12 3.462695550818542D-04 3.134754195375536D-02 1.000000000000000D+00

11 13 1.468912220453635D-04 1.694129611611405D-02 1.000000000000000D+00

12 14 4.198720146700505D-05 4.660973272892488D-03 1.000000000000000D+00

13 15 3.086027860374230D-05 2.321037300905208D-03 1.000000000000000D+00

THE MINIMIГATION TERMINATED АITHOUT DETECTING ERRORS. 
IFLAG = 0

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

0 0.0084130953081714

0.4 −1.670411661117199

0.8 −2.48645850794377

1.2 −2.596528620105971

1.6 −2.613297950682247

2.0 −2.488267965233417

2.4 −2.539120532834841

2.8 −2.351168935116988

3.2 −2.265440243701179

3.6 −2.209487037489596

4.0 −2.175639316829272

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
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(%Ш15)

5.4 ɂɫɫɥɟɞɨɜɚɧɢɟ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɝɟɧɟɪɚɬɨɪɚ
ȼɚɠɧɵɦ ɨɬɥɢɱɢɟɦ ɫɢɫɬɟɦɵ MКбТЦК ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɚɬɶ

ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɜ ɜɢɞɟ ɧɟɤɨɬɨɪɨɣ ɮɨɪɦɭɥɵ. ɇɚɩɪɢɦɟɪ, ɩɭɫɬɶ ɢɦɟɟɬɫɹ
ɧɟɤɨɬɨɪɨɟ ɭɪɚɜɧɟɧɢɟ
(%Т1)б=1/10*в+5*в^2-3;

(%Ш1)

Ɋɟɲɚɟɦ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ ЬШХЯО (ɫɦ. ɨɩɢɫɚɧɢɟ ɜ ɩ. 3.3).
(%Т2)solve(%,в);

(%Ш2)

ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɹ  ɜ ɞɚɧɧɭɸ ɮɨɪɦɭɥɭ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɡɧɚɱɟɧɢɹ .
ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ MКбТЦК ɩɨɡɜɨɥɹɟɬ ɝɢɛɤɨ ɨɩɟɪɢɪɨɜɚɬɶ

ɱɢɫɥɨɜɵɦɢ ɞɚɧɧɵɦɢ:
ɰɟɥɵɟ ɱɢɫɥɚ ɢ ɞɪɨɛɢ;
ɱɢɫɥɚ ɫ ɩɥɚɜɚɸɳɟɣ ɚɪɢɮɦɟɬɢɤɨɣ, ɬɚɤɢɟ ɤɚɤ 1.25О-7 ɢɥɢ 0.3. Ⱦɥɹ
ɛɨɥɶɲɟɣ ɬɨɱɧɨɫɬɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɫɲɢɪɟɧɧɵɣ ɮɨɪɦɚɬ
ɩɥɚɜɚɸɳɟɣ ɚɪɢɮɦɟɬɢɤɢ, ɢɫɩɨɥɶɡɭɹ ɮɭɧɤɰɢɸ ЛТРПХШКЭЬ. ɇɚɩɪɢɦɟɪ,
1.25Л-7.

Ɍɚɤɠɟ MКбТЦК ɩɪɨɢɡɜɨɞɢɬ ɪɚɡɥɢɱɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɮɨɪɦɚɬɨɜ.
(%Т1)б=.1*в;

(%Ш1)

(%Т2)solve(%,в);

(%Ш2)
Ɉɛɪɚɬɢɬɟ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɤɨɦɩɶɸɬɟɪɵ ɢɫɩɨɥɶɡɭɸɬ ɞɜɨɢɱɧɵɟ ɱɢɫɥɚ

ɢ ɩɨɷɬɨɦɭ ɧɟ ɦɨɝɭɬ ɬɨɱɧɨ ɩɪɟɞɫɬɚɜɢɬɶ 0,1 ɤɚɤ ɱɢɫɥɨ ɫ ɩɥɚɜɚɸɳɟɣ ɡɚɩɹɬɨɣ.
Ɉɲɢɛɤɚ, ɤɨɬɨɪɭɸ ɜɵɞɚɫɬ ɤɨɦɩɶɸɬɟɪ ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ 1/10 ɤ ɮɨɪɦɚɬɭ ɱɢɫɥɚ ɫ
ɩɥɚɜɚɸɳɟɣ ɬɨɱɤɨɣ, ɱɪɟɡɜɵɱɚɣɧɨ ɦɚɥɚ:
(%Т1)ratТonalТгe(.1);

(%Ш1)

[[A = 1.863791753329753, B = 0.4740884111760785,

D = 2.057591814940007]]

x = 5y2 + − 3
y

10

[y = − , y = ]√2000x + 6001 + 1

100

√2000x + 6001 − 1

100

x y

x = 0.1y

rat: replaced –0.1 by –1/10 = –0.1

[y = 10x]

3602879701896397

36028797018963968
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ɇɨ ɛɵɜɚɟɬ, ɱɬɨ ɩɪɨɫɬɵɟ ɡɚɞɚɱɢ ɬɪɟɛɭɸɬ ɞɨɜɨɥɶɧɨ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ
ɜɵɱɢɫɥɟɧɢɣ. ɇɚɩɪɢɦɟɪ, ɝɞɟ ɨɞɢɧ ɢɡ ɲɚɝɨɜ ɜ ɪɟɲɟɧɢɢ ɭɪɚɜɧɟɧɢɹ ɜɤɥɸɱɚɟɬ
ɜ ɫɟɛɹ ɩɨɞɨɛɧɨɟ ɫɥɟɞɭɸɳɟɦɭ:
(%Т1)(eбpr[ɛɨɥɶɲɨɟ]+eбpr[ɨɱɟɧɶ_ɦɚɥɟɧɶɤɨɟ])/

/eбpr[ɛɨɥɶɲɨɟ]-1;

(%Ш1)

ɇɢɤɨɝɞɚ ɧɟ ɞɨɜɟɪɹɣɬɟ ɪɟɡɭɥɶɬɚɬɭ ɩɪɨɝɪɚɦɦɵ, ɤɨɬɨɪɚɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ
ɪɟɲɚɟɬ ɫɥɟɞɭɸɳɟɟ:
(%Т1)(eбpr[ɛɨɥɶɲɨɟ]+eбpr[ɨɱɟɧɶ_ɦɚɥɟɧɶɤɨɟ])/

/eбpr[ɛɨɥɶɲɨɟ]-1=0;

(%Ш1)

ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɬɚɤɢɯ ɩɪɨɝɪɚɦɦ.

5.4.1 ɋɨɫɬɚɜɥɟɧɢɟ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɡɚɞɚɧɧɨɣ ɰɟɩɢ

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ.

Ɋɢɫ. 5.2 – ɋɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ:  – ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɪɟɡɢɫɬɨɪɟ;  –
ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɤɚɬɭɲɤɟ;  – ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɤɨɧɞɟɧɫɚɬɨɪɟ;  – ɬɨɤ ɰɟɩɢ;  –

ɢɧɞɭɤɬɢɜɧɨɫɬɶ;  – ɟɦɤɨɫɬɶ

Ɂɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ:
(%Т4)Р1:U_R(t)=-R*I_C(t); 

Р2:U_L(t)=-L*dТПП(I_C(t),t); 
Р3:I_C(t)=C*dТПП(U_C(t),t); 
Р4:U_L(t)+U_R(t)=U_C(t);

(Р1)

− 1
exprˑ˚еːь_ ˏ˃ˎеːьˍˑе + expr˄ˑˎь˛ˑе

expr˄ˑˎь˛ˑе

− 1 = 0
exprˑ˚еːь_ ˏ˃ˎеːьˍˑе + expr˄ˑˎь˛ˑе

expr˄ˑˎь˛ˑе

UR UL

UC IC L

C

UR(t) = −RIC(t)
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(Р2)

(Р3)

(Р4)
MКбТЦК ɦɨɠɟɬ ɪɟɲɚɬɶ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢ, ɧɚɩɪɢɦɟɪ:

(%Т2)[б+в=5, в+г=3]; solve(%,[б,в,г]);
(%Ш1)

(%Ш2)
ȼ ɪɟɲɟɧɢɢ ɩɪɢɫɭɬɫɬɜɭɟɬ ɧɨɜɚɹ ɩɟɪɟɦɟɧɧɚɹ Ы1. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ

ɪɟɲɟɧɢɣ ɦɨɠɟɬ ɛɵɬɶ ɦɧɨɝɨ ɢ Ы1 ɹɜɥɹɟɬɫɹ ɫɜɨɛɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ.
Ⱦɥɹ ɫɢɫɬɟɦ ɭɪɚɜɧɟɧɢɣ ɪɚɫɱɟɬɚ ɰɟɩɢ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ

ɪɟɲɟɧɢɟ. ɇɚɩɪɢɦɟɪ, ɫɧɚɱɚɥɚ ɪɟɲɢɬɶ ɭɪɚɜɧɟɧɢɟ Р4. Ɂɚɬɟɦ ɩɨɥɭɱɟɧɧɨɟ ɪɟɲɟɧɢɟ
ɩɨɞɫɬɚɜɥɹɟɦ ɜ ɭɪɚɜɧɟɧɢɟ Р1. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɦ ɮɭɧɤɰɢɸ Р5:ОЯ(Р1,%)
ɢ ɩɨɥɭɱɚɟɦ ɭɪɚɜɧɟɧɢɟ Р5:
(%Т7)Р4; 

solve(Р4,U_R(t)); 
Р5:ev(Р1,%);

(%Ш5)

(%Ш6)

(Р5)
Ⱦɚɥɟɟ ɪɟɲɚɟɦ ɭɪɚɜɧɟɧɢɟ Р5 ɢ ɩɨɥɭɱɚɟɦ ɜɵɪɚɠɟɧɢɹ Р6 ɢ Р7 ɫ ɩɨɦɨɳɶɸ

ɩɨɞɫɬɚɧɨɜɤɢ, ɢɫɩɨɥɶɡɭɹ ɮɭɧɤɰɢɸ ОЯ:
(%Т10)solve(Р5,U_L(t)); 

Р6:ev(Р2,%); 
Р7:ev(Р3,%);

(%Ш8)

(Р6)

(Р7)

Ɍɟɩɟɪɶ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢɫɤɨɦɨɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ
ɪɚɫɱɟɬɚ ɧɚɲɟɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ.

UL(t) = −L ( IC(t))d

dt

IC(t) = C ( UC(t))d

dt

UR(t) + UL(t) = UC(t)

[y + x = 5, z + y = 3]

[[x = %r1 + 2, y = 3 − %r1, z = %r1]]

UR(t) + UL(t) = UC(t)

[UR(t) = UC(t) − UL(t)]

UC(t) − UL(t) = −RIC(t)

[UL(t) = UC(t) + RIC(t)]

UC(t) + RIC(t) = −L( IC(t))d

dt

IC(t) = C ( UC(t))d

dt
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(%Т11)dРl:ev(Р6,Р7);

(НРХ)

ɉɨɥɭɱɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɜɵɝɥɹɞɢɬ ɧɟɭɞɚɱɧɨ. Ⱦɥɹ ɩɪɢɜɵɱɧɨɣ ɡɚɩɢɫɢ
ɭɪɚɜɧɟɧɢɹ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɮɭɧɤɰɢɹɦɢ ХСЬ ɢ ЫСЬ, ɜɵɞɟɥɹɸɳɢɦɢ ɥɟɜɭɸ ɢ ɩɪɚɜɭɸ
ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ ɢɬɨɝɟ ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɟɟ
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ:
(%Т12)lСs(dРl)-rСs(dРl)=0;

(%Ш12)

5.4.2 Ɋɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ

Ɋɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ
ɮɭɧɤɰɢɢ НОЬШХЯО, ɩɪɢ ɷɬɨɦ ɭɤɚɡɵɜɚɟɦ ɭɪɚɜɧɟɧɢɟ ɡɚɩɢɫɚɧɧɨɟ ɜ НРХ ɢ ɢɫɤɨɦɭɸ
ɮɭɧɤɰɢɸ UИC(Э). Ɋɟɲɟɧɢɟ ɩɨɥɭɱɚɟɦ ɜ ɫɚɦɨɦ ɨɛɳɟɦ ɜɢɞɟ. ɉɪɢ ɷɬɨɦ ɫɢɫɬɟɦɚ
ɫɩɪɚɲɢɜɚɟɬ ɡɧɚɱɟɧɢɟ ɜɵɪɚɠɟɧɢɹ  – ɩɨɥɨɠɢɬɟɥɶɧɨɟ,
ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɢɥɢ ɪɚɜɧɨ ɧɭɥɸ. Ⱦɥɹ ɜɜɨɞɚ ɨɬɜɟɬɚ ɧɟɨɛɯɨɞɢɦɨ ɧɚɛɪɚɬɶ p, Ч ɢɥɢ
г ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɧɚɠɚɬɶ CЭЫХ+EЧЭОЫ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɜɜɟɞɟɦ ɨɬɜɟɬ Ч.
(%Т13)solutТon1:desolve(dРl,U_C(t));

IЬ  pШЬТЭТЯО, ЧОРКЭТЯО ШЫ гОЫШ? 

(ЬШХЮЭТШЧ1)

Ɍɟɩɟɪɶ ɢɡɦɟɧɢɦ ɨɬɜɟɬ ɧɚ ɜɨɩɪɨɫ ɢ ɜɜɟɞɟɦ p.
(%Т14)solutТon2:desolve(dРl,U_C(t));

IЬ  pШЬТЭТЯО, ЧОРКЭТЯО ШЫ гОЫШ? 

CR( UC(t)) + UC(t) = −L( (C ( UC(t))))d

dt

d

dt

d

dt

L( (C ( UC(t)))) + CR( UC(t)) + UC(t) = 0
d

dt

d

dt

d

dt

C(CR2 − 4L)

C (CR2 − 4L) n;

UC(t) =

⎛⎜⎜⎜⎜⎝
%e

−

⎛⎜⎜⎜⎜⎝
×

× (2CL(CL( UC(t)
∣
∣
∣t=0

) + UC(0)CR) − UC(0)C2LR) +

+UC(0)CLcos( )))/(CL)

Rt

2L

sin ( )√−C(CR2−4L)t

2CL

√−C (CR2 − 4L)

d

dt

√−C (CR2 − 4L)t

2CL

C (CR2 − 4L) p;
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(ЬШХЮЭТШЧ2)

ȼɢɞɧɨ, ɱɬɨ ɪɟɲɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɨɬɥɢɱɚɸɬɫɹ. ɗɬɨ ɧɟɤɨɬɨɪɚɹ
ɤɨɦɛɢɧɚɰɢɹ ɷɤɫɩɨɧɟɧɬɵ ɢ ɫɢɧɭɫɨɜ.

Заɞаɧɢɟ ɧаɱаɥɶɧɵɯ ɡɧаɱɟɧɢɣ

Ɉɛɳɟɟ ɪɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɩɨɥɭɱɟɧɨ, ɬɟɩɟɪɶ ɧɚɞɨ
ɩɨɥɭɱɢɬɶ ɪɟɲɟɧɢɟ ɩɪɢ ɡɚɞɚɧɧɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. ɇɚɩɪɢɦɟɪ, ɟɦɤɨɫɬɶ
ɤɨɧɞɟɧɫɚɬɨɪɚ ɜ ɧɭɥɟɜɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɪɚɜɧɚ ɧɭɥɸ. ɇɢɠɟ ɩɨɤɚɡɚɧɨ, ɤɚɤ ɷɬɨ
ɫɞɟɥɚɬɶ ɜ MКбТЦК:
(%Т15)atvalue(U_C(t),t=0,U_0)$

ȼɬɨɪɨɟ ɧɚɱɚɥɶɧɨɟ ɭɫɥɨɜɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɫɨɫɬɨɹɧɢɹ
ɤɚɬɭɲɤɢ. Ɇɨɠɧɨ ɡɚɞɚɬɶ ɭɫɥɨɜɢɟ ɞɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɜɥɢɹɧɢɹ ɫɢɧɭɫɨɢɞɚɥɶɧɵɯ
ɤɨɥɟɛɚɧɢɣ. Ⱦɥɹ ɷɬɨɝɨ ɡɚɞɚɞɢɦ ɢ ɪɟɲɢɦ ɫɥɟɞɭɸɳɟɟ ɭɪɚɜɧɟɧɢɟ:
(%Т17)(2*C*L*(U_C(0)*C*R+ 

+(at('dТПП(U_C(t),t,1),t=0))*C*L)-
-U_C(0)*C^2*L*R)=0; 
InТtТalCondТtТon1:solve(%,'dТПП(U_C(t),t));

(%Ш16)

(IЧТЭТКХCШЧНТЭТШЧ1)

(%Т18)InТtТalCondТtТon1[1];

(%Ш18)

Ɍɟɩɟɪɶ ɩɪɢɫɜɨɢɦ ɩɟɪɜɨɣ ɩɪɨɢɡɜɨɞɧɨɣ 'НТПП(UИC(Э),Э) ɜ ɬɨɱɤɟ 0 ɡɧɚɱɟɧɢɟ
ɩɪɚɜɨɣ ɱɚɫɬɢ ɪɟɲɟɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ (ɮɭɧɤɰɢɹ ЬШХЯО ɜɨɡɜɪɚɳɚɟɬ ɫɩɢɫɨɤ
ɪɟɲɟɧɢɣ, ɩɨɷɬɨɦɭ ɧɚɞɨ ɜɡɹɬɶ ɩɟɪɜɵɣ ɷɥɟɦɟɧɬ ɷɬɨɝɨ ɫɩɢɫɤɚ):
(%Т19)atvalue('dТПП(U_C(t),t),t=0,

rСs(InТtТalCondТtТon1[1]))$

UC(t) =

⎛⎜⎜⎜⎜⎝
%e

−

⎛⎜⎜⎜⎜⎝
×

× (2CL(CL( UC(t)
∣
∣
∣t=0

) + UC(0)CR) − UC(0)C2LR) +

+UC(0)CL cosh( ))) /(CL)

Rt

2L

sinh( )√C(CR2−4L)t

2CL

√C (CR2 − 4L)

d

dt

√C (CR2 − 4L)t

2CL

2CL(CL ( UC(t)
∣
∣
∣t=0

) + CRU0) − C2LRU0 = 0
d

dt

[ UC(t) = − ]d

dt

RU0

2L

UC(t) = −
d

dt

RU0

2L
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Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ MКбТЦК ɧɟ ɡɚɞɚɜɚɥɚ ɜɨɩɪɨɫ «IЬ  pШЬТЭТЯО,
ЧОРКЭТЯО ШЫ гОЫШ?» ɡɚɩɢɲɟɦ ɫɥɟɞɭɸɳɟɟ ɭɬɜɟɪɠɞɟɧɢɟ:
(%Т20)assume(C>0,R>0,L>0,C*R^2<4*L);

(%Ш20)
Ɍɟɩɟɪɶ ɩɨɥɭɱɢɦ ɧɨɜɨɟ ɪɟɲɟɧɢɟ, ɛɨɥɟɟ ɹɫɧɨɟ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɮɢɡɢɤɢ

ɩɪɨɰɟɫɫɨɜ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ
(%Т21)solutТon2:desolve(dРl,U_C(t));

(ЬШХЮЭТШЧ2)

5.4.3 ɂɧɬɟɪɩɪɟɬɚɰɢɹ ɪɟɡɭɥɶɬɚɬɚ

ɉɨɫɥɟɞɧɟɟ ɭɪɚɜɧɟɧɢɟ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɜɢɞɟɬɶ, ɱɬɨ ɪɟɡɨɧɚɧɫɧɚɹ
ɱɚɫɬɨɬɚ ɡɚɜɢɫɢɬ ɨɬ ɞɟɦɩɮɢɪɨɜɚɧɢɹ:

C (CR2 − 4L)

[C > 0, R > 0, L > 0, 4L > CR2]

UC(t) = U0%e
−

cos( )Rt

2L
√4L − CR2t

2√CL

ɱɚɫɬɨɬɚ ɡɚɜɢɫɢɬ ɨɬ ɞɟɦɩɮɢɪɨɜɚɧɢɹ:
(%Т22)Frequencв:

П=(sqrt(4*L-C*R^2))/(2*sqrt(C)*L)/(2*%pТ);

(FЫОqЮОЧМв)

ɉɭɫɬɶ ɧɚɦ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ ɪɟɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ UИC(Э) ɨɬ ɡɧɚɱɟɧɢɣ
ɷɥɟɦɟɧɬɨɜ ɰɟɩɢ (R,L,C,UИ0). Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ ɡɧɚɱɟɧɢɹ ɞɥɹ
ɧɟɤɨɬɨɪɵɯ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ. ɇɚɩɪɢɦɟɪ
(%Т23)ElementValues: [L=1, C=1, U_0=1];

(EХОЦОЧЭVКХЮОЬ)
ɉɨɞɫɬɚɜɥɹɟɦ ɜ ɮɨɪɦɭɥɭ ɞɥɹ ɱɚɫɬɨɬɵ ɢɡɜɟɫɬɧɵɟ ɡɧɚɱɟɧɢɹ:

(%Т24)Frequencв;

(%Ш24)

(%Т25)at(Frequencв,ElementValues);

(%Ш25)

Ɂɚɩɢɫɵɜɚɟɦ ɮɭɧɤɰɢɸ VШХЭКРО(R,Э), ɩɨɞɫɬɚɜɢɜ ɡɧɚɱɟɧɢɹ L=1, C=1, UИ0=1
ɜ ɪɟɲɟɧɢɟ ɜɬɨɪɨɝɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ЬШХЮЭТШЧ2:
(%Т26)VoltaРe(R,t):=ev(rСs(solutТon2),ElementValues);

(%Ш26)

f =
√4L − CR2

4π√CL

[L = 1, C = 1, U0 = 1]

f =
√4L − CR2

4π√CL

f =
√4 − R2

4π

Voltage(R, t) := ev(rhs(solution2), ElementValues)
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MКбТЦК ɜɵɩɨɥɧɢɬ ɩɨɞɫɬɚɧɨɜɤɭ ɢ ɡɚɩɢɲɟɬ ɤɨɧɤɪɟɬɧɵɣ ɜɢɞ ɮɭɧɤɰɢɢ:
(%Т27)VoltaРe(R,t);

(%Ш27)

Ɋɚɫɫɱɢɬɚɟɦ ɧɟɫɤɨɥɶɤɨ ɡɧɚɱɟɧɢɣ (21) ɞɥɹ R ɢ ɡɚɩɢɲɟɦ ɟɝɨ ɜ ɫɩɢɫɨɤ
RОЬТЬЭШЫЬ:
(%Т28)ResТstors:makelТst(Т/20,Т,0,20);

(RОЬТЬЭШЫЬ)

ɉɪɟɨɛɪɚɡɭɟɦ ɫɩɢɫɨɤ ɡɧɚɱɟɧɢɣ ɢɡ ɞɪɨɛɧɨɝɨ ɜ ɩɥɚɜɚɸɳɢɣ ɮɨɪɦɚɬ:
(%Т29)Пloat(ResТstors);

(%Ш29)

Ɍɟɩɟɪɶ ɩɨɤɚɠɟɦ ɷɮɮɟɤɬ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜ ɜɢɞɟ ɝɪɚɮɢɱɟɫɤɨɣ
ɚɧɢɦɚɰɢɢ. Ⱦɥɹ ɷɬɨɝɨ ɫɧɚɱɚɥɚ ɡɚɝɪɭɡɢɦ ɩɚɤɟɬ НЫКа:
(%Т30)load("draа")$
LШКНТЧР C:/UЬОЫЬ/ФЫЮ/ЦКбТЦК/ЛТЧКЫв/ЛТЧКЫв-РМХ/ЬСКЫО/НЫКа/РЫМШЦЦШЧ.ШFТЧТЬСОН
ХШКНТЧР 
C:/UЬОЫЬ/ФЫЮ/ЦКбТЦК/ЛТЧКЫв/ЛТЧКЫв-РМХ/ЬСКЫО/НЫКа/РЫМШЦЦШЧ.ШLШКНТЧР 
C:/UЬОЫЬ/ФЫЮ/ЦКбТЦК/ЛТЧКЫв/ЛТЧКЫв-РМХ/ЬСКЫО/НЫКа/РЧЮpХШЭ.ШFТЧТЬСОН ХШКНТЧР 
C:/UЬОЫЬ/ФЫЮ/ЦКбТЦК/ЛТЧКЫв/ЛТЧКЫв-РМХ/ЬСКЫО/НЫКа/РЧЮpХШЭ.ШLШКНТЧР 
C:/UЬОЫЬ/ФЫЮ/ЦКбТЦК/ЛТЧКЫв/ЛТЧКЫв-РМХ/ЬСКЫО/НЫКа/ЯЭФ.ШFТЧТЬСОН ХШКНТЧР 
C:/UЬОЫЬ/ФЫЮ/ЦКбТЦК/ЛТЧКЫв/ЛТЧКЫв-РМХ/ЬСКЫО/НЫКа/ЯЭФ.ШLШКНТЧР 
C:/UЬОЫЬ/ФЫЮ/ЦКбТЦК/ЛТЧКЫв/ЛТЧКЫв-РМХ/ЬСКЫО/НЫКа/pТМЭЮЫО.ШFТЧТЬСОН ХШКНТЧР 
C:/UЬОЫЬ/ФЫЮ/ЦКбТЦК/ЛТЧКЫв/ЛТЧКЫв-РМХ/ЬСКЫО/НЫКа/pТМЭЮЫО.Ш

Ⱦɥɹ ɪɢɫɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɟɦ ɮɭɧɤɰɢɸ аТЭСИЬХТНОЫИНЫКа ɩɚɤɟɬɚ НЫКа.
(%Т33)абplot_sТгe:[1024,768]$ 

абanТmate_Пramerate:2$ 
аТtС_slТder_draа( 
/* TСe parameter аe аant to assТРn to tСe slТder
and all values Тt can assume */ 
R,ResТstors, 

%e
−

cos( )Rt

2
√4 − R2t

2

[0, , , , , , , , , , ,

, , , , , , , , , 1]

1

20

1

10

3

20

1

5

1

4

3

10

7

20

2

5

9

20

1

2

11

20

3

5

13

20

7

10

3

4

4

5

17

20

9

10

19

20

[0.0, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5,

0.55, 0.6, 0.65, 0.7, 0.75, 0.8, 0.85, 0.9, 0.95, 1.0]
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/* TСe tСТnР аe actuallв аant to draа */ 
keв=concat("R=",Пloat(R)," OСm"), 
eбplТcТt( 
ev(VoltaРe(R,t)), 
t,0,20 
),lТne_tвpe=dots,color=black, 
keв=concat("R=0.0 OСm"), 
eбplТcТt( 
ev(VoltaРe(0,t)), 
t,0,20 
), 
вranРe=[-1,1], 
РrТd=true 
)$

(%Э33)

Ɇɨɠɧɨ ɧɚɠɚɬɶ ɧɚ ɩɨɥɭɱɟɧɧɵɣ ɪɢɫɭɧɨɤ ɩɪɚɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ ɢ ɜɵɛɪɚɬɶ
ɩɭɧɤɬ «Ɂɚɩɭɫɬɢɬɶ ɚɧɢɦɚɰɢɸ» ɥɢɛɨ ɜɵɞɟɥɢɬɶ ɪɢɫɭɧɨɤ ɢ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɧɨɩɤɨɣ ɧɚ ɩɚɧɟɥɢ ɢɧɫɬɪɭɦɟɧɬɨɜ (ɫɦ. ɩɩ. 1.4.1).

Ɍɟɩɟɪɶ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɜɨɡɦɨɠɧɨɫɬɹɦɢ 3D-ɝɪɚɮɢɤɢ:
(%Т34)абdraа3d( 

РrТd=true,enСanced3d=true, 
аТred_surПace=true, 
ntТcks=200,contour=base, 
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eбplТcТt( 
ev(VoltaРe(R,t)), 
t,0,10, 
R,0,1 
),colorboб="MaРnТtude" 
)$

(%Э34)

Кɨɧɬɪɨлɶɧɵе ɜɨɩɪɨɫɵ ɩɨ ɝлаɜе 5

1. ɉɟɪɟɱɢɫɥɢɬɟ ɷɬɚɩɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ.
2. Ʉɚɤɭɸ ɮɭɧɤɰɢɸ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ

ɭɪɚɜɧɟɧɢɣ Ʉɢɪɯɝɨɮɚ?
3. Ʉɚɤɨɣ ɩɚɤɟɬ ɮɭɧɤɰɢɣ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ

ɬɟɨɪɢɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ MКбТЦК?
4. Ʉɚɤ ɡɚɩɢɫɵɜɚɟɬɫɹ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɜ ɫɢɫɬɟɦɟ MКбТЦК?
5. ɋ ɩɨɦɨɳɶɸ ɤɚɤɢɯ ɮɭɧɤɰɢɣ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɚɦɩɥɢɬɭɞɧɭɸ ɢ ɮɚɡɨɜɵɟ

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ ɜ ɫɢɫɬɟɦɟ MКбТЦК?
6. Ʉɚɤɨɣ ɦɟɬɨɞ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɫɢɫɬɟɦɟ MКбТЦК ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ

ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɚɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɜɬɨɪɨɝɨ
ɩɨɪɹɞɤɚ?

7. Ʉɚɤ ɩɨɥɭɱɢɬɶ ɝɪɚɮɢɤ ɩɟɪɟɯɨɞɧɨɣ ɮɭɧɤɰɢɢ?
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6 Ɉɪɝɚɧɢɡɚɰɢɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɪɚɛɨɬɵ

6.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɪɚɛɨɬɟ
ȼ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɨɛɭɱɟɧɢɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɚɹ ɪɚɛɨɬɚ ɹɜɥɹɟɬɫɹ

ɨɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ ɜɢɞɨɜ ɭɱɟɛɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɫɜɨɢɬɶ
ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɩɚɤɟɬ MКбТЦК, ɧɟɨɛɯɨɞɢɦɨ:

1) ɭɦɟɬɶ ɩɨɥɶɡɨɜɚɬɶɫɹ ɩɨɢɫɤɨɜɵɦɢ ɫɢɫɬɟɦɚɦɢ ɜ ɂɧɬɟɪɧɟɬɨɦ;
2) ɫɤɚɱɢɜɚɬɶ ɢ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ;
3) ɜɥɚɞɟɬɶ ɧɚɜɵɤɚɦɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɚɩɪɨɫɨɜ ɜ ɪɚɡɥɢɱɧɵɯ
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦɚɯ ɢ ɫɟɬɹɯ.
ɋɚɦɨɫɬɨɹɬɟɥɶɧɚɹ ɪɚɛɨɬɚ ɫɨɫɬɨɢɬ ɢɡ 5 ɡɚɞɚɧɢɣ:

1. ɍɫɬɚɧɨɜɤɚ ɫɢɫɬɟɦɵ MКбТЦК.
2. ɂɡɭɱɟɧɢɟ ɮɭɧɤɰɢɣ ɝɪɚɮɢɱɟɫɤɨɝɨ ɪɟɞɚɤɬɨɪɚ абMКбТЦК.
3. Ɉɫɧɨɜɵ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜ ɫɢɫɬɟɦɟ MКбТЦК.
4. ɍɩɪɨɳɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ.
5. Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɢ ɫɢɫɬɟɦ ɭɪɚɜɧɟɧɢɣ.

6.2 Ɂɚɞɚɧɢɹ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɪɚɛɨɬɵ

6.2.1 ɍɫɬɚɧɨɜɤɚ ɫɢɫɬɟɦɵ MКбТmК

Ⱦɚɧɧɨɟ ɡɚɞɚɧɢɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɭɫɬɚɧɨɜɤɭ ɫɢɫɬɟɦɵ MКбТЦК ɧɚ
ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ ɫɬɭɞɟɧɬɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ
ɜɵɩɨɥɧɢɬɶ ɲɚɝɢ, ɨɩɢɫɚɧɧɵɟ ɜ ɩɩ. 1.2.1.

6.2.2 ɂɡɭɱɟɧɢɟ ɮɭɧɤɰɢɣ ɝɪɚɮɢɱɟɫɤɨɝɨ ɪɟɞɚɤɬɨɪɚ абMКбТmК

Ⱦɚɧɧɨɟ ɡɚɞɚɧɢɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɡɭɱɟɧɢɟ ɨɫɧɨɜɧɵɯ ɮɭɧɤɰɢɣ ɝɪɚɮɢɱɟɫɤɨɝɨ
ɪɟɞɚɤɬɨɪɚ абMКбТЦК. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɢɡɭɱɢɬɶ ɪɚɡɞɟɥɵ ɝɥɚɜɵ 1,
ɩɨɫɜɹɳɟɧɧɵɟ абMКбТЦК, ɢ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɢɟ ɲɚɝɢ.

1. Ɂɚɩɭɫɬɢɬɟ абMКбТЦК.
Ɂɚɩɭɫɤ ɦɨɠɧɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ:
1) ɢɡ ɫɢɫɬɟɦɧɨɝɨ ɦɟɧɸ (ɫɦ. ɪɢɫ. 6.1);
2) ɳɟɥɤɧɭɜ ɦɵɲɤɨɣ ɧɚ ɹɪɥɵɤɟ ɩɪɨɝɪɚɦɦɵ, ɧɚɯɨɞɹɳɟɦɫɹ ɧɚ ɪɚɛɨɱɟɦ
ɫɬɨɥɟ (ɫɦ. ɪɢɫ. 6.2).
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Ɋɢɫ. 6.1 – ɋɢɫɬɟɦɧɨɟ ɦɟɧɸ ɞɥɹ ɡɚɩɭɫɤɚ ɫɢɫɬɟɦɵ абMКбТЦК

Ɋɢɫ. 6.2 – əɪɥɵɤ ɫɢɫɬɟɦɵ абMКбТЦК

ɉɨɫɥɟ ɡɚɩɭɫɤɚ ɩɨɹɜɢɬɫɹ ɫɥɟɞɭɸɳɟɟ ɨɤɧɨ (ɫɦ. ɪɢɫ. 6.3).

Ɋɢɫ. 6.3 – Ɉɤɧɨ абMКбТЦК ɩɨɫɥɟ ɡɚɩɭɫɤɚ

2. ȼɵɩɨɥɧɢɬɟ ɡɚɞɚɧɢɹ:
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ɋɨɡɞɚɬɶ ɧɟɫɤɨɥɶɤɨ ɹɱɟɟɤ, ɧɚɩɪɢɦɟɪ К:7, Л:10, К+Л, ɢɫɩɨɥɶɡɭɹ ɩɭɧɤɬ
ɦɟɧɸ «əɱɟɣɤɚ».
ȼɵɩɨɥɧɢɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɹɱɟɟɤ, ɢɫɩɨɥɶɡɭɹ ɩɭɧɤɬ ɦɟɧɸ
«əɱɟɣɤɚ».
ɋɨɯɪɚɧɢɬɶ ɷɬɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜ ɮɚɣɥ, ɢɫɩɨɥɶɡɭɹ ɩɭɧɤɬ ɦɟɧɸ
«Ɏɚɣɥ».
ȼɵɣɬɢ ɢɡ ɝɪɚɮɢɱɟɫɤɨɝɨ ɪɟɞɚɤɬɨɪɚ.
Ɂɚɩɭɫɬɢɬɶ ɝɪɚɮɢɱɟɫɤɢɣ ɪɟɞɚɤɬɨɪ ɫ ɢɦɟɧɟɦ ɫɨɯɪɚɧёɧɧɨɝɨ ɮɚɣɥɚ.
ȼɵɩɨɥɧɢɬɶ ɜɫɟ ɹɱɟɣɤɢ ɡɚɝɪɭɠɟɧɧɨɝɨ ɮɚɣɥɚ.
ɂɡɭɱɢɬɶ ɩɭɧɤɬ ɦɟɧɸ «ɉɨɦɨɳɶ».
ȼɫɬɚɜɢɬɶ ɪɭɛɪɢɤɚɰɢɸ ɢ ɤɨɦɦɟɧɬɚɪɢɢ ɜ ɞɨɤɭɦɟɧɬ, ɢɫɩɨɥɶɡɭɹ ɩɭɧɤɬ
ɦɟɧɸ «əɱɟɣɤɚ».
ɂɡɭɱɢɬɶ ɩɭɧɤɬ ɦɟɧɸ «VТОа», ɭɫɬɚɧɚɜɥɢɜɚɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɩɰɢɢ.
ɂɡɭɱɢɬɶ ɮɭɧɤɰɢɢ ЬЮЦ, pЫШН.
ɇɚɣɬɢ ɫɭɦɦɭ ɧɟɱɟɬɧɵɯ ɱɢɫɟɥ ɨɬ 1 ɞɨ 100.
ɇɚɣɬɢ ɩɪɨɢɡɜɟɞɟɧɢɟ ɱɟɬɧɵɯ ɱɢɫɟɥ ɨɬ 1 ɞɨ 50.

6.2.3 Ɉɫɧɨɜɵ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜ ɫɢɫɬɟɦɟ MКбТmК

Ⱦɚɧɧɨɟ ɡɚɞɚɧɢɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɡɭɱɟɧɢɟ ɨɫɧɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ
ɜ ɫɢɫɬɟɦɟ MКбТЦК. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɧɢɹ.

1. ɂɡɭɱɢɬɶ ɪɚɡɞɟɥɵ ɩɨɫɨɛɢɹ, ɩɨɫɜɹɳɟɧɧɵɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɸ:
ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛɴɟɤɬɨɜ, ɱɢɫɥɚ, ɫɩɢɫɤɢ, ɫɬɪɨɤɢ, ɦɚɫɫɢɜɵ; ɨɫɜɨɢɬɶ
ɨɩɟɪɚɬɨɪɵ ɩɪɢɫɜɚɢɜɚɧɢɹ, ɰɢɤɥɚ, ɭɫɥɨɜɧɵɟ ɨɩɟɪɚɬɨɪɵ.

2. ɋɨɡɞɚɬɶ ɢɦɟɧɨɜɚɧɧɵɣ ɫɩɢɫɨɤ г:

3. ɋɨɡɞɚɬɶ ɢɦɟɧɨɜɚɧɧɵɣ ɫɩɢɫɨɤ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ:

4. ɇɚɩɢɫɚɬɶ ɮɭɧɤɰɢɸ ɜɵɜɨɞɚ ɫɩɢɫɤɚ:

5. ɇɚɩɢɫɚɬɶ ɮɭɧɤɰɢɸ ɞɥɹ ɜɵɜɨɞɚ ɦɚɬɪɢɰɵ.

z: makelist(n*(n+1)/2,n,1,10).

z: makelist(random(30),n,1,10).

PrintZ(L):=for i:1 thru 10 do print(L[i]).
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6. ɇɚ ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɥɭɱɚɣɧɨɝɨ ɫɩɢɫɤɚ ɧɚɩɢɫɚɬɶ 3 ɮɭɧɤɰɢɢ ɢɡ
ɫɥɟɞɭɸɳɟɝɨ ɫɩɢɫɤɚ:

ɮɭɧɤɰɢɹ ɩɨɞɫɱɟɬɚ ɧɟɧɭɥɟɜɵɯ ɷɥɟɦɟɧɬɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ
ɜ ɫɩɢɫɤɟ;
ɮɭɧɤɰɢɹ ɩɨɞɫɱɟɬɚ ɱɟɬɧɵɯ ɱɢɫɟɥ ɜ ɫɩɢɫɤɟ;
ɮɭɧɤɰɢɹ ɩɨɞɫɱɟɬɚ ɧɟɱɟɬɧɵɯ ɱɢɫɟɥ ɜ ɫɩɢɫɤɟ;
ɮɭɧɤɰɢɹ ɩɨɞɫɱɟɬɚ ɱɢɫɟɥ ɜ ɫɩɢɫɤɟ, ɤɨɬɨɪɵɟ ɞɟɥɹɬɫɹ ɧɚ 5 ɢɥɢ 7;
ɮɭɧɤɰɢɹ ɧɚɯɨɠɞɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɜ ɫɩɢɫɤɟ;
ɮɭɧɤɰɢɹ ɩɨɞɫɱɟɬɚ ɦɢɧɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɜ ɫɩɢɫɤɟ;
ɮɭɧɤɰɢɹ ɫɨɪɬɢɪɨɜɤɢ ɫɩɢɫɤɚ ɩɨ ɜɨɡɪɚɫɬɚɧɢɸ;
ɮɭɧɤɰɢɹ ɫɨɪɬɢɪɨɜɤɢ ɫɩɢɫɤɚ ɩɨ ɭɛɵɜɚɧɢɸ;
ɮɭɧɤɰɢɹ ɧɚɯɨɠɞɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɩɨɜɬɨɪɟɧɢɣ
ɜ ɫɩɢɫɤɟ;
ɮɭɧɤɰɢɹ ɧɚɯɨɠɞɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ ɞɜɭɯ ɱɢɫɟɥ
ɫɩɢɫɤɚ;
ɮɭɧɤɰɢɹ ɧɚɯɨɠɞɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɱɚɫɬɧɨɝɨ ɜ ɫɩɢɫɤɟ;
ɮɭɧɤɰɢɹ ɧɚɯɨɠɞɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɥɢɧɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ
ɧɟɭɛɵɜɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɫɩɢɫɤɚ;
ɮɭɧɤɰɢɹ ɧɚɯɨɠɞɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɡɧɨɫɬɢ ɦɟɠɞɭ ɞɜɭɦɹ
ɥɸɛɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɫɩɢɫɤɚ;
ɮɭɧɤɰɢɹ ɧɚɯɨɠɞɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨɣ ɫɭɦɦɵ ɥɸɛɵɯ ɞɜɭɯ
ɷɥɟɦɟɧɬɨɜ ɫɩɢɫɤɚ;
ɩɭɫɬɶ ɡɚɞɚɧɵ ɞɜɚ ɱɢɫɥɚ:  ɢ , ɨɬɩɟɱɚɬɚɬɶ ɜɫɟ ɱɢɫɥɚ ɫɩɢɫɤɚ,
ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɭɫɥɨɜɢɸ ;
ɩɭɫɬɶ ɡɚɞɚɧɵ ɞɜɚ ɱɢɫɥɚ:  ɢ , ɨɬɩɟɱɚɬɚɬɶ ɜɫɟ ɱɢɫɥɚ ɫɩɢɫɤɚ,
ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɭɫɥɨɜɢɸ ;
ɩɭɫɬɶ ɡɚɞɚɧɵ ɞɜɚ ɱɢɫɥɚ:  ɢ , ɨɬɩɟɱɚɬɚɬɶ ɜɫɟ ɱɢɫɥɚ ɫɩɢɫɤɚ,
ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɭɫɥɨɜɢɸ ;
ɧɚɣɬɢ ɩɚɪɭ ɱɢɫɟɥ ɜ ɫɩɢɫɤɟ, ɤɨɪɟɧɶ ɢɡ ɫɭɦɦɵ ɤɜɚɞɪɚɬɨɜ
ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɰɟɥɵɦ ɱɢɫɥɨɦ;
ɩɨɞɫɱɢɬɚɬɶ ɜɫɟ ɱɢɫɥɚ ɫɩɢɫɤɚ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɤɜɚɞɪɚɬɚɦɢ;
ɩɨɞɫɱɢɬɚɬɶ ɜɫɟ ɱɢɫɥɚ ɫɩɢɫɤɚ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɱɢɫɥɚɦɢ
Ɏɢɛɨɧɚɱɱɢ (1, 2, 3, 5, 8, 13, 21, 34, 55,…).

a b

a < z[i] < b

a b

ab < z[i]

a b

b − a < z[i]2
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Ɉɛɳɢɣ ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɩ. 6 ɫɥɟɞɭɸɳɢɣ:
1) ɩɨɥɭɱɢɬɶ ɢɦɟɧɨɜɚɧɧɵɣ ɫɥɭɱɚɣɧɵɣ ɫɩɢɫɨɤ;
2) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɫɥɨɜɢɟɦ ɡɚɞɚɱɢ ɨɪɝɚɧɢɡɨɜɚɬɶ ɰɢɤɥ ɞɥɹ ɩɪɨɫɦɨɬɪɚ
ɱɢɫɟɥ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɫɥɭɱɚɣɧɨɦ ɫɩɢɫɤɟ;
3) ɩɨɥɭɱɢɬɶ ɪɟɡɭɥɶɬɚɬ;
4) ɜɵɜɟɫɬɢ ɪɟɡɭɥɶɬɚɬ.

6.2.4 ɍɩɪɨɳɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ

ɍɩɪɨɳɟɧɢɟ ɪаɰɢɨɧаɥɶɧɵɯ ɜɵɪаɠɟɧɢɣ

Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɪɚɰɢɨɧɚɥɶɧɵɯ ɜɵɪɚɠɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ
ɮɭɧɤɰɢɟɣ ЫКЭЬТЦp (ɫɦ. ɩ. 3.1). ȼɵɪɚɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɭɩɪɨɫɬɢɬɶ:

1

2

3

4

5

6

7

8

9

10

ɍɩɪɨɳɟɧɢɟ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɯ ɜɵɪаɠɟɧɢɣ

Ⱦɥɹ ɭɩɪɨɳɟɧɢɟ ɪɚɰɢɨɧɚɥɶɧɵɯ ɜɵɪɚɠɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ

36x5 + 30x4 + 60x3 + 38x2 + 20x+ 6

48x5 + 66x4 + 131x3 + 100x2 + 84x+ 27

49x5 + 77x4 + 112x3 + 122x2 + 68x+ 48

56x5 + 70x4 + 76x3 + 90x2 + 28x+ 16

16x5 + 84x4 + 108x3 + 165x2 + 89x+ 63

12x5 + 70x4 + 110x3 + 130x2 + 92x+ 36

30x5 + 37x4 + 51x3 + 39x2 + 15x+ 4

6x5 + 53x4 + 83x3 + 90x2 + 74x+ 24

16x5 + 40x4 + 61x3 + 62x2 + 52x+ 24

24x5 + 26x4 + 38x3 + 38x2 + 16x+ 8

8x5 + 34x4 + 76x3 + 91x2 + 50x+ 14

12x5 + 47x4 + 99x3 + 117x2 + 64x+ 18

40x5 + 21x4 + 93x3 + 61x2 + 54x+ 35

35x5 + 19x4 + 71x3 + 50x2 + 33x+ 20

6x5 + 30x4 + 74x3 + 118x2 + 110x+ 42

16x5 + 48x4 + 114x3 + 148x2 + 120x+ 54

64x5 + 96x4 + 160x3 + 124x2 + 75x+ 27

56x5 + 64x4 + 105x3 + 76x2 + 45x+ 18

5x5 + 12x4 + 20x3 + 23x2 + 9x+ 3

x5 + 4x4 + 16x3 + 27x2 + 33x+ 27
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ɮɭɧɤɰɢɟɣ ЭЫТРЬТЦp (ɫɦ. ɩ. 3.1). ȼɵɪɚɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɭɩɪɨɫɬɢɬɶ:

1

2

3

4

5

6

7

8

9

10

ɍɩɪɨɳɟɧɢɟ ɷɤɫɩɨɧɟɧɰɢаɥɶɧɵɯ ɢ ɥɨɝаɪɢɮɦɢɱɟɫɤɢɯ ɜɵɪаɠɟɧɢɣ

Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɪɚɰɢɨɧɚɥɶɧɵɯ ɜɵɪɚɠɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ
ɮɭɧɤɰɢɟɣ ЫКНМКЧ (ɫɦ. ɩ. 3.1). ȼɵɪɚɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɭɩɪɨɫɬɢɬɶ:

1

2

3

9 tan6 x + 29 tan4 x + 39 tan2 x+ 8 sin6
x+ (24 cos2 x+ 7) sin4 x+

+ (24 cos4 x + 14 cos2 x+ 6) sin2 x+ 8 cos6
x+ 7 cos4 x+ 6 cos2 x+ 23

9 tan6 x + 36 tan4 x+ 51 tan2 x+ 8 sin6
x+ (24 cos2 x+ 5) + sin4 x+

+ (24 cos4 x + 10 cos2 x+ 2) sin2 x+ 8 cos6
x+ 5 cos4 x+ 2 cos2 x+ 34

8 tan6 x+ 33 tan4 x+ 51 tan2 x+ sin6
x+ (3 cos2 x+ 6) + sin4 x+

+ (3 cos4 x+ 12 cos2 x+ 8) sin2 x+ cos6
x+ 6 cos4 x+ 8 cos2 x+ 40

5 tan6 x+ 22 tan4 x+ 31 tan2 x+ sin6
x+ (3 cos2 x+ 9) + sin4 x+

+ (3 cos4 x+ 18 cos2 x+ 2) sin2 x+ cos6
x+ 9 cos4 x+ 2 cos2 x+ 23

7 tan6 x + 30 tan4 x+ 45 tan2 x+ 3 sin6
x+ (9 cos2 x+ 1) + sin4 x+

+ (9 cos4 x+ 2 cos2 x+ 6) sin2 x+ 3 cos6
x + cos4 x+ 6 cos2 x+ 40

3 tan6 x + 12 tan4 x+ 17 tan2 x+ 2 sin6
x+ (6 cos2 x+ 9) + sin4 x+

+ (6 cos4 x+ 18 cos2 x+ 1) sin2 x+ 2 cos6
x + 9 cos4 x + cos2 x+ 18

4 tan6 x+ 17 tan4 x+ 27 tan2 x+ sin6
x+ (3 cos2 x+ 6) + sin4 x+

+ (3 cos4 x+ 12 cos2 x+ 8) sin2 x+ cos6
x+ 6 cos4 x+ 8 cos2 x+ 25

6 tan6 x + 24 tan4 x+ 37 tan2 x+ 9 sin6
x+ (27 cos2 x+ 1) + sin4 x+

+ (27 cos4 x+ 2 cos2 x+ 6) sin2 x+ 9 cos6
x + cos4 x+ 6 cos2 x+ 28

9 tan6 x + 30 tan4 x+ 34 tan2 x+ 9 sin6
x+ (27 cos2 x+ 4) + sin4 x+

+ (27 cos4 x+ 8 cos2 x+ 1) sin2 x+ 9 cos6
x + 4 cos4 x + cos2 x+ 25

7 tan6 x+ 24 tan4 x+ 29 tan2 x+ sin6
x+ (3 cos2 x+ 7) + sin4 x+

+ (3 cos4 x+ 14 cos2 x+ 8) sin2 x+ cos6
x+ 7 cos4 x+ 8 cos2 x+ 27

log( )− log( )ex(3x3+6x2+x+3)

x5

ex(2x2+4x+5)

x5

log( )− log( )ex(8x3+7x2+8x+4)

x4

ex(4x2+4x+1)

x

log( )− log( )ex(9x3+7x2+5x+3)

x

ex(x2+4x+8)

x

94



4

5

6

7

8

9

10

6.2.5 Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɢ ɫɢɫɬɟɦ ɭɪɚɜɧɟɧɢɣ

Рɟɲɟɧɢɟ ɫɢɫɬɟɦ ɭɪаɜɧɟɧɢɣ

Ⱦɥɹ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɮɭɧɤɰɢɟɣ
ЬШХЯО (ɫɦ. 3.2). ɋɩɢɫɨɤ ɡɚɞɚɧɢɣ:

1

2

3

log( )− log( )ex(8x3+7x2+5x+6)

x

ex(4x2+7x+7)

x3

log( )− log( )ex(3x3+x2+8x+4)

x3

ex(7x2+x+8)

x2

log( )− log( )ex(7x3+2x2+x+4)

x5

ex(8x2+6x+4)

x

log(ex(5x3+3x2+x+1)x4) − log(ex(4x2+7x+1)x3)

log( )− log( )ex(3x3+3x2+8x+3)

x2

ex(x2+9x+3)

x2

log( )− log( )ex(5x3+3x2+9x+1)

x5

ex(9x2+6x+9)

x

log( )− log( )ex(x3+8x2+9x+3)

x5

ex(7x2+3x+7)

x4

⎧⎪⎨⎪⎩
9z + 9y + x+ 2 = 0

6z + 5y + 9x+ 6 = 0

5z + 8y + 2x+ 8 = 0

⎧⎪⎨⎪⎩
3z + 2y + 7x+ 9 = 0

2z + 7y + 2x+ 5 = 0

9z + 7y + 2x+ 1 = 0

⎧⎪⎨⎪⎩
8z + 8y + 2x+ 7 = 0

8z + 6y + 7x+ 7 = 0

8z + 4y + 7x+ 6 = 0
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5

6

7

8

9
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Рɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢаɥɶɧɵɯ ɭɪаɜɧɟɧɢɣ

Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɜɵɩɨɥɧɢɬɶ ɞɜɚ ɡɚɞɚɧɢɹ.
1. ɇɚɣɬɢ ɪɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ:

⎧⎪⎨⎪⎩
2z + y + 6x+ 5 = 0

9z + 2y + 9x+ 2 = 0

4z + 2y + 2x+ 5 = 0

⎧⎪⎨⎪⎩
7z + 2y + 3x+ 8 = 0

6z + 5y + 5x+ 8 = 0

8z + 3y + 7x+ 9 = 0

⎧⎪⎨⎪⎩
z + 5y + 9x+ 2 = 0

7z + 8y + 4x+ 3 = 0

6z + 2y + x+ 9 = 0

⎧⎪⎨⎪⎩
6z + 4y + 9x+ 6 = 0

8z + 9y + 5x+ 5 = 0

6z + 3y + 7x+ 4 = 0

⎧⎪⎨⎪⎩
5z + 2y + 3x+ 9 = 0

2z + 6y + 8x+ 8 = 0

z + 3y + 7x+ 9 = 0

⎧⎪⎨⎪⎩
8z + 3y + 9x+ 6 = 0

5z + 4y + 2x+ 5 = 0

2z + 2y + 4x+ 7 = 0

⎧⎪⎨⎪⎩
z + 9y + 4x+ 4 = 0

2z + 6y + 7x+ 3 = 0

z + y + 4x+ 9 = 0

y (x) + p y (x) − qy (x) = 0.
d2

dx2

d

dx

96



Ɂɧɚɱɟɧɢɹ  ɢ  ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ.

9 9 1 10 7 2 10 10 3

1 9 10 3 5 7 9 8 9

2. ɇɚɣɬɢ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɟ ɭɤɚɡɚɧɧɵɦ ɧɚɱɚɥɶɧɵɦ
ɭɫɥɨɜɢɹɦ. ɉɨɫɬɪɨɢɬɶ ɝɪɚɮɢɤ ɪɟɲɟɧɢɹ.

p q

p

q

y + y + 2y = xe−x ,
d2

dx2

d

dx

y = y1,  y = y2.
d

dx
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7 Ɇɟɬɨɞɢɱɟɫɤɢɟ ɭɤɚɡɚɧɢɹ ɩɨ ɜɵɩɨɥɧɟɧɢɸ ɤɨɧɬɪɨɥɶɧɨɣ ɪɚɛɨɬɵ

Ʉɨɧɬɪɨɥɶɧɚɹ ɪɚɛɨɬɚ – ɩɢɫɶɦɟɧɧɚɹ ɪɚɛɨɬɚ ɧɟɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ,
ɩɪɟɞɩɨɥɚɝɚɸɳɚɹ ɩɪɨɜɟɪɤɭ ɡɧɚɧɢɣ ɡɚɞɚɧɧɨɝɨ ɤ ɢɡɭɱɟɧɢɸ ɦɚɬɟɪɢɚɥɚ ɢ ɧɚɜɵɤɨɜ
ɟɝɨ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. Ⱦɚɧɧɚɹ ɤɨɧɬɪɨɥɶɧɚɹ ɪɚɛɨɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ
ɩɪɨɜɟɪɤɢ ɡɧɚɧɢɣ ɩɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɫɢɫɬɟɦɵ MКбТЦК ɢ ɫɨɫɬɨɢɬ ɢɡ ɪɟɲɟɧɢɹ
ɧɟɤɨɬɨɪɨɝɨ ɧɚɛɨɪɚ ɡɚɞɚɱ.

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɤɨɧɬɪɨɥɶɧɨɣ ɪɚɛɨɬɵ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɫɬɭɞɟɧɬɨɦ
ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɜɫɟ ɡɚɞɚɧɢɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɪɚɛɨɬɵ (ɫɦ. ɩ. 6.2). Ɂɚɞɚɧɢɹ
ɤɨɧɬɪɨɥɶɧɨɣ ɪɚɛɨɬɵ ɜɵɩɨɥɧɹɸɬɫɹ ɩɨ ɜɚɪɢɚɧɬɚɦ. ȼɵɛɨɪ ɜɚɪɢɚɧɬɚ ɡɚɞɚɧɢɣ
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɨɛɳɢɦ ɩɪɚɜɢɥɚɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɵ:

ɝɞɟ  – ɢɫɤɨɦɵɣ ɧɨɦɟɪ ɜɚɪɢɚɧɬɚ,  – ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɜɚɪɢɚɧɬɨɜ,  –
ɰɟɥɨɱɢɫɥɟɧɧɨɟ ɞɟɥɟɧɢɟ (ɩɪɢ  ɜɵɛɢɪɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɣ ɜɚɪɢɚɧɬ),  –
ɤɨɞ ɜɚɪɢɚɧɬɚ.

7.1 ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ

1. Ɋɚɫɫɱɢɬɚɬɶ ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ ɜɚɪɢɚɧɬ.
2. ȼɵɩɨɥɧɢɬɶ ɡɚɞɚɧɢɟ ɧɚ ɤɨɧɬɪɨɥɶɧɭɸ ɪɚɛɨɬɭ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɨɦɟɪɨɦ

ɜɚɪɢɚɧɬɚ.
3. ɇɚɩɢɫɚɬɶ ɨɬɱɟɬ ɨ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɟ.

7.2 Ɍɪɟɛɨɜɚɧɢɹ ɤ ɨɮɨɪɦɥɟɧɢɸ ɨɬɱɟɬɚ
Ɉɬɱɟɬ ɞɨɥɠɟɧ ɫɨɞɟɪɠɚɬɶ:

1. Ɍɢɬɭɥɶɧɵɣ ɥɢɫɬ (ɫɦ. ɩɪɢɥɨɠɟɧɢɟ Ⱥ).
2. Ɋɚɫɱɟɬ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ ɡɚɞɚɧɢɣ ɩɨ ɮɨɪɦɭɥɟ
3. Ɋɟɲɟɧɢɟ ɡɚɞɚɧɢɣ, ɤɨɬɨɪɨɟ ɞɨɥɠɧɨ ɜɤɥɸɱɚɬɶ:

ɜɚɪɢɚɧɬ ɡɚɞɚɧɢɹ;
ɨɩɢɫɚɧɢɟ ɮɭɧɤɰɢɢ ɫɢɫɬɟɦɵ MКбТЦК, ɤɨɬɨɪɚɹ ɪɟɲɚɟɬ ɞɚɧɧɨɟ
ɡɚɞɚɧɢɟ;
ɥɢɫɬɢɧɝ ɜɵɜɨɞɚ ɪɟɲɟɧɢɹ, ɤɨɬɨɪɨɟ ɮɨɪɦɢɪɭɟɬ ɫɢɫɬɟɦɚ MКбТЦК.

ɉɪɢ ɨɮɨɪɦɥɟɧɢɢ ɨɬɱɟɬɨɜ ɩɨ ɬɟɤɫɬɨɜɨɣ ɤɨɧɬɪɨɥɶɧɨɣ ɪɚɛɨɬɟ ɫɥɟɞɭɟɬ
ɪɭɤɨɜɨɞɫɬɜɨɜɚɬɶɫɹ ɬɪɟɛɨɜɚɧɢɹɦɢ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɫɬɚɧɞɚɪɬɚ ɜɭɡɚ Ɉɋ ɌɍɋɍɊ
01-2013 «Ɋɚɛɨɬɵ ɫɬɭɞɟɧɱɟɫɤɢɟ ɩɨ ɧɚɩɪɚɜɥɟɧɢɹɦ ɩɨɞɝɨɬɨɜɤɢ ɢ ɫɩɟɰɢɚɥɶɧɨɫɬɹɦ
ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ. Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɢ ɩɪɚɜɢɥɚ ɨɮɨɪɦɥɟɧɢɹ».

V = (N ⋅ K) div 100,

V n div
V = 0 K
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7.3 ɉɪɢɦɟɪ ɜɵɩɨɥɧɟɧɢɹ ɜɚɪɢɚɧɬɚ ɤɨɧɬɪɨɥɶɧɨɣ ɪɚɛɨɬɵ
1. ɍɩɪɨɫɬɢɬɶ ɪɚɰɢɨɧɚɥɶɧɨɟ ɜɵɪɚɠɟɧɢɟ

Ɋɟɲɟɧɢɟ ɜ MКбТЦК.
(%Т1)a:(42*б^5+105*б^4+131*б^3+109*б^2+32*б+18);

(К)

(%Т2)b:(30*б^5+75*б^4+85*б^3+65*б^2+20*б+10);
(Л)

(%Т3)ratsТmp(a/b);

(%Ш3)

2. ɍɩɪɨɫɬɢɬɶ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ

(%Т1)a:5*tan(б)^6+24*tan(б)^4+37*tan(б)^2+
+9*sТn(б)^6+(27*cos(б)^2+6)*sТn(б)^4;

(К)

(%Т2)b:(27*cos(б)^4+12*cos(б)^2+8)*sТn(б)^2+
+9*cos(б)^6+6*cos(б)^4+8*cos(б)^2+25;

(Л)

(%Т3)trТРsТmp(a+b);

(%Ш3)

3. ɍɩɪɨɫɬɢɬɶ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɟ ɜɵɪɚɠɟɧɢɟ

.
42x5 + 105x4 + 131x3 + 109x2 + 32x + 18

30x5 + 75x4 + 85x3 + 65x2 + 20x + 10

42x5 + 105x4 + 131x3 + 109x2 + 32x + 18

30x5 + 75x4 + 85x3 + 65x2 + 20x + 10

7x2 + 7x + 9

5x2 + 5x + 5

5 tan(x)6 + 24 tan(x)4 + 37 tan(x)2 + 9 sin(x)6 + (27 cos(x)2 + 6) sin(x)4+

+(27 cos(x)4 + 12 cos(x)2 + 8) sin(x)2 + 9 cos(x)6 + 6 cos(x)4 + 8 cos(x)2 + 25.

5 tan (x)6 + 24 tan (x)4 + 37 tan (x)2+

+9 sin (x)6 + (27 cos (x)2 + 6) sin (x)4

(27 cos (x)4 + 12 cos (x)2 + 8) sin (x)2+

+9 cos (x)6 + 6 cos (x)4 + 8 cos (x)2 + 25

30 cos (x)6 + 4 cos (x)4 + 9 cos (x)2 + 5

cos (x)6
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Ɋɟɲɟɧɢɟ ɜ MКбТЦК.
(%Т1)radcan(loР(%e^(б*(7*б^3+6*б^2+9*б+4))/б^3)-

-loР(\%e^(б*(9*б^2+9*б+8))/б));
(%Ш1)

4. ɇɚɩɢɫɚɬɶ ɮɭɧɤɰɢɸ: ɜ ɦɚɬɪɢɰɟ ɩɨɞɫɱɢɬɚɬɶ ɫɭɦɦɭ ɷɥɟɦɟɧɬɨɜ, ɫɬɨɹɳɢɯ
ɜ ɧɟɱɟɬɧɵɯ ɫɬɪɨɤɚɯ ɢ ɱɟɬɧɵɯ ɫɬɨɥɛɰɚɯ.

Ɂɚɞɚɟɦ ɦɚɬɪɢɰɭ  ɪɚɡɦɟɪɨɦ .
(%Т1)arraв(T,5,5);

(%Ш1)
ɉɪɢɫɜɚɢɜɚɟɦ ɷɥɟɦɟɧɬɚɦ ɦɚɬɪɢɰɵ ɫɥɭɱɚɣɧɵɟ ɰɟɥɵɟ ɱɢɫɥɚ.

(%Т2)Пor Т:1 tСru 5 do 
Пor j:1 tСru 5 do (T[Т,j]:random(99)+1);

(%Ш2)
ɉɟɱɚɬɚɟɦ ɦɚɬɪɢɰɭ.

(%Т3)Пor Т:1 tСru 5 do
(s:makelТst(T[Т,j],j,1,5),prТnt(s));

(%Ш3)
Ɂɚɩɢɫɵɜɚɟɦ ɢɫɤɨɦɭɸ ɮɭɧɤɰɢɸ.

(%Т4)TeskA(T,n):=block([s:0,Т,j], 
Пor Т:1 tСru n do 
Пor j:1 tСru n do 
( 

log( )− log( ).
ex(7x3+6x2+9x+4)

x3

ex(9x2+9x+8)

x

−2 log (x) + 7x4 − 3x3 − 4x

T 5 × 5

T

done

[84, 70, 66, 87, 38]

[74, 78, 18, 61, 71]

[80, 15, 70, 97, 78]

[94, 25, 92, 47, 8]

[18, 50, 63, 20, 7]

done
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ТП oddp(Т)=true and evenp(j)=true tСen 
(prТnt(T[Т,j]),s:s+T[Т,j]) 
), 
return(s) 
);

ɉɟɱɚɬɚɟɦ ɢɫɤɨɦɭɸ ɫɭɦɦɭ.
(%Т5)prТnt(TeskA(T,5));

(%Ш5)
5. Ɋɟɲɢɬɶ ɫɢɫɬɟɦɭ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ.

(%Т1)v:[4*г+3*в+6*б+8=0, 2*г+8*в+7*б+2=0,
6*г+9*в+2*б+3=0];

(Я)

(%Т2)solve(v,[б,в,г]);

(%Ш2)

6. ɇɚɣɬɢ ɪɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ

(%Т1)p:1;
(p)

(%Т2)q:5;
(q)

(%Т3)task1: 'dТПП(в,б,2)+p*'dТПП(в,б,1)-q=0;

70

87

15

97

50

20

339

339

[4z + 3y + 6x + 8 = 0, 2z + 8y + 7x + 2 = 0, 6z + 9y + 2x + 3 = 0]

[[x = − , y = , z = − ]]99

127

100

127

361

254

y ′′ + py ′ − q = 0.

1

5
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(ЭКЬФ1)

(%Т4)ode2(task1,в,б);
(%Ш4)

7. ɇɚɣɬɢ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɟ ɭɤɚɡɚɧɧɵɦ ɧɚɱɚɥɶɧɵɦ
ɭɫɥɨɜɢɹɦ. ɉɨɫɬɪɨɢɬɶ ɝɪɚɮɢɤ ɪɟɲɟɧɢɹ.

(%Т1)в1:1.1;
(в1)

(%Т2)в2:1.5;
(в2)

(%Т7)task2:
'dТПП(в(б),б,2)+'dТПП(в(б),б,1)+2*в(б)=б*eбp(-б); 
atvalue('dТПП(в(б),б,2),б=0,1.1); 
atvalue('dТПП(в(б),б,1),б=0,1.5); 
atvalue(в(б),б=0,0); 
desolve(task2,в(б));

(ЭКЬФ2)

(%Ш4)

(%Ш5)

(%Ш6)
ЫКЭ: ЫОpХКМОН –1.5 Лв –3/2 = –1.5

(%Ш7)

(%Т8)в(б):=%e^(-б/2)*
*((9*sТn((sqrt(7)*б)/2))/(4*sqrt(7))-

y + y − 5 = 0
d2

dx2

d

dx

y = %k2%e
−x + 5x + %k1 − 5

y ′′ + y ′ + 2y = xe−x ,

y ′(0) = y1,  y(0) = y2

1.1

1.5

y(x) + y(x) + 2 y(x) = x%e
−xd2

dx2

d

dx

1.1

1.5

0

y(x) = %e
−
⎛⎜⎜⎝ −

⎞⎟⎟⎠ + +
x

2

9 sin ( )√7x

2

4√7

cos ( )√7x

2

4

x%e
−x

2

%e
−x

4
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-cos((sqrt(7)*б)/2)/4)+ (б*%e^(-б))/2+%e^(-б)/4;

(%Ш8)

(%Т9)абplot2d(в(б),[б,-10,10]);

(%Э9)

7.4 Ɂɚɞɚɧɢɟ ɧɚ ɤɨɧɬɪɨɥɶɧɭɸ ɪɚɛɨɬɭ
Ʉɨɧɬɪɨɥɶɧɚɹ ɪɚɛɨɬɚ ɫɨɫɬɨɢɬ ɢɡ 4 ɡɚɞɚɧɢɣ:

1. ɍɩɪɨɳɟɧɢɟ ɜɵɪɚɠɟɧɢɣ.
2. ɇɚɩɢɫɚɧɢɟ ɮɭɧɤɰɢɢ.
3. Ɋɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ.
4. Ɋɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ.
Ɂɚɞɚɧɢɹ ɜɵɩɨɥɧɹɸɬɫɹ ɩɨ ɜɚɪɢɚɧɬɚɦ. ȼɵɛɨɪ ɜɚɪɢɚɧɬɚ ɡɚɞɚɧɢɣ

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɨɛɳɢɦ ɩɪɚɜɢɥɚɦ (ɫɦ. ɮɨɪɦɭɥɭ ɜɵɲɟ).

7.4.1 ɍɩɪɨɳɟɧɢɟ ɜɵɪɚɠɟɧɢɣ

ɇɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɥɟɞɭɸɳɟɟ:
1. ɂɡ ɤɚɠɞɨɣ ɝɪɭɩɩɵ ɜɵɪɚɠɟɧɢɣ (ɪɚɰɢɨɧɚɥɶɧɵɟ, ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɟ,

ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɟ ɢ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɟ) ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɩɨ
ɨɞɧɨɦɭ ɜɵɪɚɠɟɧɢɸ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɨɦɟɪɨɦ ɜɚɪɢɚɧɬɚ.

2. Ɉɩɪɟɞɟɥɢɬɶ ɮɭɧɤɰɢɸ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɭɩɪɨɳɟɧɢɟ

y(x) := %e

⎛⎜⎜⎝ −
⎞⎟⎟⎠+ +

−x

2

9 sin( )√7x

2

4√7

cos( )√7x

2

4

x%e
−x

2

%e
−x

4
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ɢ ɩɪɨɢɡɜɟɫɬɢ ɭɩɪɨɳɟɧɢɟ.

Раɰɢɨɧаɥɶɧɵɟ ɜɵɪаɠɟɧɢя

ɇɨɦɟɪ ɜɚɪɢɚɧɬɚ ȼɵɪɚɠɟɧɢɟ ɞɥɹ ɭɩɪɨɳɟɧɢɹ

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

6x5 + 23x4 + 36x3 + 53x2 + 44x+ 18

14x5 + 45x4 + 63x3 + 108x2 + 65x+ 45

9x5 + 21x4 + 51x3 + 57x2 + 45x+ 27

3x5 + 25x4 + 44x3 + 47x2 + 37x+ 12

28x5 + 43x4 + 44x3 + 64x2 + 20x+ 25

16x5 + 44x4 + 58x3 + 57x2 + 40x+ 25

30x5 + 52x4 + 115x3 + 126x2 + 129x+ 54

20x5 + 38x4 + 58x3 + 82x2 + 54x+ 12

15x5 + 44x4 + 69x3 + 87x2 + 74x+ 63

9x5 + 33x4 + 58x3 + 67x2 + 65x+ 56

18x5 + 85x4 + 82x3 + 75x2 + 111x+ 54

81x5 + 27x4 + 119x3 + 102x2 + 49x+ 72

8x5 + 31x4 + 68x3 + 64x2 + 42x+ 7

x5 + 12x4 + 40x3 + 70x2 + 49x+ 8

16x5 + 58x4 + 93x3 + 89x2 + 47x+ 12

8x5 + 22x4 + 27x3 + 22x2 + 8x+ 3

16x5 + 32x4 + 32x3 + 18x2 + 6x+ 1

36x5 + 70x4 + 76x3 + 49x2 + 20x+ 4

9x5 + 39x4 + 78x3 + 108x2 + 126x+ 81

12x5 + 19x4 + 27x3 + 45x2 + 14x+ 9

7x5 + 31x4 + 69x3 + 37x2 + 44x+ 72

49x5 + 63x4 + 81x3 + 93x2 + 62x+ 72

4x5 + 22x4 + 42x3 + 47x2 + 29x+ 3

4x5 + 26x4 + 56x3 + 47x2 + 13x+ 1

3x5 + 20x4 + 44x3 + 44x2 + 21x+ 3

9x5 + 53x4 + 101x3 + 110x2 + 66x+ 21

42x5 + 72x4 + 92x3 + 94x2 + 56x+ 64

21x5 + 71x4 + 64x3 + 47x2 + 67x+ 24

63x5 + 61x4 + 78x3 + 62x2 + 15x+ 1

54x5 + 33x4 + 111x3 + 39x2 + 57x+ 6
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ɇɨɦɟɪ ɜɚɪɢɚɧɬɚ ȼɵɪɚɠɟɧɢɟ ɞɥɹ ɭɩɪɨɳɟɧɢɹ

16

17

18

19

20

Ɍɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɟ ɜɵɪаɠɟɧɢя

ɇɨɦɟɪ ɜɚɪɢɚɧɬɚ ȼɵɪɚɠɟɧɢɟ ɞɥɹ ɭɩɪɨɳɟɧɢɹ

1

2

3

4

5

28x5 + 36x4 + 99x3 + 74x2 + 91x+ 63

21x5 + 55x4 + 49x3 + 74x2 + 63x+ 14

4x5 + 19x4 + 51x3 + 41x2 + 35x+ 18

36x5 + 43x4 + 63x3 + 48x2 + 26x+ 12

6x5 + 27x4 + 54x3 + 62x2 + 76x+ 63

15x5 + 30x4 + 54x3 + 74x2 + 59x+ 56

21x5 + 24x4 + 27x3 + 55x2 + 10x+ 7

12x5 + 18x4 + 36x3 + 52x2 + 32x+ 42

54x5 + 48x4 + 91x3 + 50x2 + 26x+ 3

6x5 + 8x4 + 63x3 + 26x2 + 64x+ 9

4 tan6 x+ 15 tan4 x+ 25 tan2 x+ 5 sin6 x+

+ (15 cos2 x+ 3) sin4 x + (15 cos4 x+ 6 cos2 x+ 4) sin2 x+

+5 cos6 x+ 3 cos4 x+ 4 cos2 x+ 21

4 tan6 x+ 17 tan4 x+ 24 tan2 x+ sin6 x+

+ (3 cos2 x+ 7) sin4 x + (3 cos4 x+ 14 cos2 x+ 4) sin2 x+

+ cos6 x+ 7 cos4 x+ 4 cos2 x+ 19

8 tan6 x+ 33 tan4 x+ 47 tan2 x+ 9 sin6 x+

+ (27 cos2 x+ 6) sin4 x + (27 cos4 x+ 12 cos2 x+ 4) sin2 x+

+9 cos6 x+ 6 cos4 x+ 4 cos2 x+ 30

8 tan6 x+ 29 tan4 x+ 42 tan2 x+ 3 sin6 x+

+ (9 cos2 x+ 4) sin4 x + (9 cos4 x+ 8 cos2 x+ 2) sin2 x+

+3 cos6 x+ 4 cos4 x+ 2 cos2 x+ 37

9 tan6 x+ 28 tan4 x+ 37 tan2 x+ 9 sin6 x+

+ (27 cos2 x+ 6) sin4 x + (27 cos4 x+ 12 cos2 x+ 9) sin2 x+

+9 cos6 x+ 6 cos4 x+ 9 cos2 x+ 22

6

7

+9 cos6 x+ 6 cos4 x+ 9 cos2 x+ 22

5 tan6 x+ 18 tan4 x+ 22 tan2 x+ 8 sin6 x+

+ (24 cos2 x+ 8) sin4 x + (24 cos4 x+ 16 cos2 x+ 7) sin2 x+

+8 cos6 x+ 8 cos4 x+ 7 cos2 x+ 25

4 tan6 x+ 18 tan4 x+ 28 tan2 x+ 4 sin6 x+

+ (12 cos2 x+ 1) sin4 x + (12 cos4 x+ 2 cos2 x+ 1) sin2 x+
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ɇɨɦɟɪ ɜɚɪɢɚɧɬɚ ȼɵɪɚɠɟɧɢɟ ɞɥɹ ɭɩɪɨɳɟɧɢɹ

8

9

10

11

12

13

14

15

16

17

18

+4 cos6 x+ cos4 x+ cos2 x+ 23

9 tan6 x+ 36 tan4 x+ 48 tan2 x+ 5 sin6 x+

+ (15 cos2 x+ 9) sin4 x + (15 cos4 x+ 18 cos2 x+ 9) sin2 x+

+5 cos6 x+ 9 cos4 x+ 9 cos2 x+ 29

8 tan6 x+ 25 tan4 x+ 30 tan2 x+ 7 sin6 x+

+ (21 cos2 x+ 3) sin4 x + (21 cos4 x+ 6 cos2 x+ 1) sin2 x+

+7 cos6 x+ 3 cos4 x + cos2 x+ 30

2 tan6 x+ 10 tan4 x+ 15 tan2 x+ 2 sin6 x+

+ (6 cos2 x+ 3) sin4 x + (6 cos4 x+ 6 cos2 x+ 2) sin2 x+

+2 cos6 x+ 3 cos4 x+ 2 cos2 x+ 18

tan6 x+ 11 tan4 x + 28 tan2 x+ 7 sin6 x+

+ (21 cos2 x+ 3) sin4 x + (21 cos4 x+ 6 cos2 x+ 5) sin2 x+

+7 cos6 x+ 3 cos4 x+ 5 cos2 x+ 27

9 tan6 x+ 28 tan4 x+ 38 tan2 x+ 3 sin6 x+

+ (9 cos2 x+ 8) sin4 x + (9 cos4 x+ 16 cos2 x+ 3) sin2 x+

+3 cos6 x+ 8 cos4 x+ 3 cos2 x+ 26

4 tan6 x+ 21 tan4 x+ 37 tan2 x+ 7 sin6 x+

+ (21 cos2 x+ 7) sin4 x + (21 cos4 x+ 14 cos2 x+ 6) sin2 x+

+7 cos6 x+ 7 cos4 x+ 6 cos2 x+ 25

6 tan6 x+ 19 tan4 x+ 24 tan2 x+ 4 sin6 x+

+ (12 cos2 x+ 3) sin4 x + (12 cos4 x+ 6 cos2 x+ 3) sin2 x+

+4 cos6 x+ 3 cos4 x+ 3 cos2 x+ 22

5 tan6 x+ 20 tan4 x+ 33 tan2 x+ 7 sin6 x+

+ (21 cos2 x+ 9) sin4 x + (21 cos4 x+ 18 cos2 x+ 3) sin2 x+

+7 cos6 x+ 9 cos4 x+ 3 cos2 x+ 23

7 tan6 x+ 22 tan4 x+ 27 tan2 x+ 6 sin6 x+

+ (18 cos2 x+ 7) sin4 x + (18 cos4 x+ 14 cos2 x+ 1) sin2 x+

+6 cos6 x+ 7 cos4 x + cos2 x+ 15

3 tan6 x+ 10 tan4 x+ 12 tan2 x+ sin6 x+

+ (3 cos2 x+ 1) sin4 x + (3 cos4 x+ 2 cos2 x+ 9) sin2 x+

+ cos6 x+ cos4 x+ 9 cos2 x+ 15

4 tan6 x+ 18 tan4 x+ 27 tan2 x+ 9 sin6 x+

+ (27 cos2 x+ 9) sin4 x + (27 cos4 x+ 18 cos2 x+ 1) sin2 x+
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ɇɨɦɟɪ ɜɚɪɢɚɧɬɚ ȼɵɪɚɠɟɧɢɟ ɞɥɹ ɭɩɪɨɳɟɧɢɹ

19

20

Эɤɫɩɨɧɟɧɰɢаɥɶɧɵɟ ɢ ɥɨɝаɪɢɮɦɢɱɟɫɤɢɟ ɜɵɪаɠɟɧɢя

ɇɨɦɟɪ ɜɚɪɢɚɧɬɚ ȼɵɪɚɠɟɧɢɟ ɞɥɹ ɭɩɪɨɳɟɧɢɹ

1

2

3

4

5

6

7

8

9

+9 cos6 x+ 9 cos4 x + cos2 x+ 23

3 tan6 x+ 10 tan4 x+ 12 tan2 x+ sin6 x+

+ (3 cos2 x+ 3) sin4 x + (3 cos4 x+ 6 cos2 x+ 5) sin2 x+

+ cos6 x+ 3 cos4 x+ 5 cos2 x+ 13

7 tan6 x+ 30 tan4 x+ 48 tan2 x+ 3 sin6 x+

+ (9 cos2 x+ 1) sin4 x + (9 cos4 x+ 2 cos2 x+ 2) sin2 x+

+3 cos6 x+ cos4 x+ 2 cos2 x+ 41

log( )− log( )ex(2x3+5x2+4x+9)

x5

ex(5x2+3x+4)

x5

log( )− log( )ex(4x3+4x2+3x+7)

x5

ex(3x2+3x+9)

x4

log( )− log( )ex(2x3+5x2+x+7)

x5

ex(2x2+5x+4)

x4

log( )− log( )ex(6x3+4x2+6x+5)

x3

ex(9x2+5x+2)

x3

log( )− log( )ex(4x3+6x2+2x+6)

x5

ex(3x2+4x+2)

x3

log( )− log( )ex(7x3+8x2+5x+8)

x

ex(2x2+5x+9)

x2

log( )− log( )ex(8x3+2x2+9x+6)

x

ex(5x2+x+9)

x2

log( )− log( )ex(8x3+7x2+7x+1)

x5

ex(3x2+x+9)

x2

log( )− log( )ex(9x3+4x2+2x+5)

x

ex(4x2+x+1)

x2
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ɇɨɦɟɪ ɜɚɪɢɚɧɬɚ ȼɵɪɚɠɟɧɢɟ ɞɥɹ ɭɩɪɨɳɟɧɢɹ

10

11

12

13

14

15

16

17

18

19

20

7.4.2 ɇɚɩɢɫɚɧɢɟ ɮɭɧɤɰɢɢ

ɉɭɫɬɶ ɞɚɧɚ ɤɜɚɞɪɚɬɧɚɹ ɦɚɬɪɢɰɚ , ɫɨɞɟɪɠɚɳɚɹ ɰɟɥɵɟ
ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɱɢɫɥɚ 

ɍɤɚɡɚɧɢɹ: ɧɟɱɟɬɧɵɟ ɫɬɨɥɛɰɵ ɦɚɬɪɢɰɵ ɡɚɩɢɫɵɜɚɸɬɫɹ ,
ɧɟɱɟɬɧɵɟ ɫɬɪɨɤɢ ɦɚɬɪɢɰɵ ɡɚɩɢɫɵɜɚɸɬɫɹ ,  ɦɟɧɹɟɬɫɹ ɨɬ 0 ɞɨ 

,  – ɨɬ 1 ɞɨ .

log( )− log( )ex(x3+4x2+6x+4)

x

ex(4x2+4x+4)

x3

log( )− log( )ex(3x3+4x2+5x+9)

x2

ex(x2+3x+9)

x3

log( )− log( )ex(3x3+x2+9x+4)

x2

ex(x2+4x+8)

x2

log( )− log( )ex(9x3+x2+7x+6)

x

ex(2x2+3x+2)

x3

log( )− log( )ex(3x3+2x2+4x+1)

x2

ex(x2+x+5)

x5

log( )− log( )ex(9x3+8x2+7x+3)

x

ex(7x2+5x+1)

x5

log( )− log( )ex(8x3+3x2+6x+6)

x3

ex(x2+9x+1)

x4

log( )− log( )ex(6x3+7x2+6x+1)

x2

ex(7x2+7x+6)

x4

log( )− log( )ex(4x3+4x2+9x+7)

x

ex(2x2+3x+7)

x4

log( )− log( )ex(4x3+9x2+4x+3)

x5

ex(9x2+4x+6)

x5

log( )− log( )ex(9x3+3x2+3x+3)

x5

ex(5x2+8x+2)

x

x[n][n]
(x[i, j] > 0).

x[j][2i + 1]
x[2i + 1][j] i

(n − 1)/2 j n
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ɇɟɨɛɯɨɞɢɦɨ ɧɚɩɢɫɚɬɶ ɮɭɧɤɰɢɸ (ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɨɦɟɪɨɦ ɜɚɪɢɚɧɬɚ):
1. ɇɚɣɬɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɷɥɟɦɟɧɬɚ ɦɚɬɪɢɰɵ.
2. ɇɚɣɬɢ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɷɥɟɦɟɧɬɚ ɦɚɬɪɢɰɵ.
3. ɇɚɣɬɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɷɥɟɦɟɧɬɚ ɫɪɟɞɢ ɧɟɱɟɬɧɵɯ ɫɬɪɨɤ

ɦɚɬɪɢɰɵ.
4. ɇɚɣɬɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɷɥɟɦɟɧɬɚ ɫɪɟɞɢ ɧɟɱɟɬɧɵɯ ɫɬɨɥɛɰɨɜ

ɦɚɬɪɢɰɵ.
5. ɇɚɣɬɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɷɥɟɦɟɧɬɚ ɫɪɟɞɢ ɱɟɬɧɵɯ ɫɬɪɨɤ ɦɚɬɪɢɰɵ.
6. ɇɚɣɬɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɷɥɟɦɟɧɬɚ ɫɪɟɞɢ ɱɟɬɧɵɯ ɫɬɨɥɛɰɨɜ

ɦɚɬɪɢɰɵ.
7. ɇɚɣɬɢ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɷɥɟɦɟɧɬɚ ɫɪɟɞɢ ɧɟɱɟɬɧɵɯ ɫɬɪɨɤ

ɦɚɬɪɢɰɵ.
8. ɇɚɣɬɢ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɷɥɟɦɟɧɬɚ ɫɪɟɞɢ ɱɟɬɧɵɯ ɫɬɪɨɤ ɦɚɬɪɢɰɵ.
9. ɇɚɣɬɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ ɫɪɟɞɢ

ɧɟɱɟɬɧɵɯ ɫɬɪɨɤ ɦɚɬɪɢɰɵ.
10. ɇɚɣɬɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ ɫɪɟɞɢ

ɱɟɬɧɵɯ ɫɬɪɨɤ ɦɚɬɪɢɰɵ.
11. ɇɚɣɬɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ ɫɪɟɞɢ

ɱɟɬɧɵɯ ɫɬɨɥɛɰɨɜ ɦɚɬɪɢɰɵ.
12. ɇɚɣɬɢ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ ɫɪɟɞɢ

ɧɟɱɟɬɧɵɯ ɫɬɪɨɤ ɦɚɬɪɢɰɵ.
13. ɇɚɣɬɢ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ ɫɪɟɞɢ

ɧɟɱɟɬɧɵɯ ɫɬɨɥɛɰɨɜ ɦɚɬɪɢɰɵ.
14. ɇɚɣɬɢ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ ɫɪɟɞɢ

ɱɟɬɧɵɯ ɫɬɨɥɛɰɨɜ ɦɚɬɪɢɰɵ.
15. ɇɚɣɬɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ ɫɪɟɞɢ

ɧɟɱɟɬɧɵɯ ɫɬɪɨɤ ɦɚɬɪɢɰɵ.
16. ɇɚɣɬɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɭɦɦɵ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ ɫɪɟɞɢ ɧɟɱɟɬɧɵɯ

ɫɬɨɥɛɰɨɜ ɦɚɬɪɢɰɵ.
17. ɇɚɣɬɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɭɦɦɵ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ ɫɪɟɞɢ ɱɟɬɧɵɯ

ɫɬɨɥɛɰɨɜ ɦɚɬɪɢɰɵ.
18. ɇɚɣɬɢ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɭɦɦɵ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ ɫɪɟɞɢ ɧɟɱɟɬɧɵɯ

ɫɬɪɨɤ ɦɚɬɪɢɰɵ.
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19. ɇɚɣɬɢ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɭɦɦɵ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ ɫɪɟɞɢ ɱɟɬɧɵɯ
ɫɬɪɨɤ ɦɚɬɪɢɰɵ.

20. ɇɚɣɬɢ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɭɦɦɵ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ ɫɪɟɞɢ ɱɟɬɧɵɯ
ɫɬɨɥɛɰɨɜ ɦɚɬɪɢɰɵ.

7.4.3 Ɋɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ

ɇɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɨɦɟɪɨɦ
ɜɚɪɢɚɧɬɚ.

ɇɨɦɟɪ ɜɚɪɢɚɧɬɚ ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ

1

2

3

4

5

6

⎧⎪⎨⎪⎩
5z + 4y + 9x+ 2 = 0

3z + 4y + 2x+ 5 = 0

3z + 7y + 5x+ 4 = 0

⎧⎪⎨⎪⎩
9z + 3y + 4x+ 3 = 0

7z + 4y + 3x+ 1 = 0

5z + 2y + 5x+ 4 = 0

⎧⎪⎨⎪⎩
7z + 2y + 5x+ 5 = 0

6z + 4y + 6x+ 9 = 0

9z + 5y + 2x+ 8 = 0

⎧⎪⎨⎪⎩
6z + 2y + 6x+ 4 = 0

4z + 2y + 7x+ 3 = 0

5z + 8y + 9x+ 8 = 0

⎧⎪⎨⎪⎩
9z + 3y + 7x+ 5 = 0

6z + 9y + 2x+ 9 = 0

z + 8y + 2x+ 9 = 0

⎧⎪⎨⎪⎩
3z + 5y + x+ 1 = 0

8z + 7y + 7x+ 8 = 0

3z + y + 9x+ 5 = 0
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ɇɨɦɟɪ ɜɚɪɢɚɧɬɚ ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ

7

8

9

10

11

12

13

14

⎧⎪⎨⎪⎩
4z + 2y + 5x+ 9 = 0

z + y + 8x+ 4 = 0

6z + 4y + x+ 4 = 0

⎧⎪⎨⎪⎩
4z + 2y + x+ 4 = 0

9z + 9y + 4x+ 5 = 0

9z + 3y + 4x+ 9 = 0

⎧⎪⎨⎪⎩
z + y + 3x+ 4 = 0

3z + y + 9x+ 7 = 0

z + 4y + 8x+ 8 = 0

⎧⎪⎨⎪⎩
z + 7y + 6x+ 9 = 0

3z + 2y + 9x+ 2 = 0

4z + y + 2x+ 2 = 0

⎧⎪⎨⎪⎩
5z + 6y + 3x+ 1 = 0

3z + 5y + x+ 7 = 0

8z + 9y + 8x+ 1 = 0

⎧⎪⎨⎪⎩
8z + 7y + 5x+ 6 = 0

8z + 3y + 6x+ 3 = 0

z + 9y + x+ 9 = 0

⎧⎪⎨⎪⎩
7z + 6y + x+ 6 = 0

7z + 6y + 3x+ 7 = 0

9z + 7y + 2x+ 4 = 0

⎧⎪⎨⎪⎩
7z + 2y + 4x+ 3 = 0

3z + 3y + 2x+ 4 = 0

z + 4y + 9x+ 6 = 0
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ɇɨɦɟɪ ɜɚɪɢɚɧɬɚ ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ

15

16

17

18

19

20

7.4.4 Ɋɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ

ɇɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɞɜɚ ɡɚɞɚɧɢɹ.
1. ɇɚɣɬɢ ɪɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ (ɡɧɚɱɟɧɢɹ  ɢ  ɡɚɞɚɧɵ

ɜ ɬɚɛɥɢɰɟ):

⎧⎪⎨⎪⎩
7z + 9y + 4x+ 3 = 0

9z + 3y + 3x+ 7 = 0

5z + 8y + 2x+ 5 = 0

⎧⎪⎨⎪⎩
3z + 3y + 7x+ 3 = 0

7z + y + x+ 6 = 0

z + 4y + 2x+ 7 = 0

⎧⎪⎨⎪⎩
3z + 6y + 2x+ 5 = 0

z + 9y + 9x+ 1 = 0

z + y + x+ 3 = 0

⎧⎪⎨⎪⎩
9z + 9y + 3x+ 6 = 0

9z + y + 7x+ 9 = 0

6z + 3y + 3x+ 4 = 0

⎧⎪⎨⎪⎩
5z + 6y + 4x+ 3 = 0

3z + 5y + 7x+ 1 = 0

z + y + x+ 3 = 0

⎧⎪⎨⎪⎩
7z + 5y + 5x+ 1 = 0

z + 2y + 8x+ 3 = 0

9z + 9y + 8x+ 7 = 0

p q

y (x) + p y (x) − qy (x) = 0.
d2

dx2

d

dx
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ɇɨɦɟɪ ɜɚɪɢɚɧɬɚ

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

9 1 10 7 2 10 10 3 6 4 2 3 3 1 3 9 7 2 10 7

1 9 10 3 5 7 9 8 9 7 8 2 9 2 1 3 6 9 10 2

2. ɇɚɣɬɢ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɟ ɭɤɚɡɚɧɧɵɦ ɧɚɱɚɥɶɧɵɦ
ɭɫɥɨɜɢɹɦ. ɉɨɫɬɪɨɢɬɶ ɝɪɚɮɢɤ ɪɟɲɟɧɢɹ (ɡɧɚɱɟɧɢɹ  ɢ  ɡɚɞɚɧɵ ɜ ɬɚɛɥɢɰɟ)

ɇɨɦɟɪ ɜɚɪɢɚɧɬɚ

1 2 3 4 5 6 7 8 9 10

9 1 10 7 2 10 10 3 6 4

ɇɨɦɟɪ ɜɚɪɢɚɧɬɚ

11 12 13 14 15 16 17 18 19 20

2 3 3 1 3 9 7 2 10 7

0

p

q

y1 y2

y + y = 4ex,
d2

dx2

d

dx

y(0) = y1,  y ′(0) = y2.

y1

y2 −1 −9 −10 −3 −5 −7 −9 −8 −9 −7

y1

y2 −8 −2 −9 −2 −1 −3 −6 −9 −1 −2
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Ɂɚɤɥɸɱɟɧɢɟ

Ⱦɢɫɰɢɩɥɢɧɚ «ɉɪɨɮɟɫɫɢɨɧɚɥɶɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɩɚɤɟɬɵ» ɹɜɥɹɟɬɫɹ
ɜɜɨɞɧɨɣ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨɫɬɟɣ ɫɢɫɬɟɦ ɤɨɦɩɶɸɬɟɪɧɨɣ
ɚɥɝɟɛɪɵ. ɇɚɜɵɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɫɬɭɞɟɧɬɨɦ ɩɪɢ ɢɡɭɱɟɧɢɢ ɞɚɧɧɨɣ ɞɢɫɰɢɩɥɢɧɵ,
ɩɨɡɜɨɥɹɬ ɟɦɭ ɜɵɩɨɥɧɹɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɞɥɹ ɞɢɫɰɢɩɥɢɧ
«Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɷɥɟɤɬɪɨɬɟɯɧɢɤɢ», «Ɍɟɨɪɢɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ
ɭɩɪɚɜɥɟɧɢɹ», «Ɇɟɬɨɞɵ ɚɧɚɥɢɡɚ ɢ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɨɧɧɵɯ ɫɯɟɦ» ɢ ɞɪ.

ȼɨ ɜɪɟɦɹ ɢɡɭɱɟɧɢɹ ɞɢɫɰɢɩɥɢɧɵ ɭ ɨɛɭɱɚɸɳɟɝɨɫɹ ɪɚɡɜɢɜɚɸɬɫɹ
ɨɛɳɟɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɟ ɢ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɟ ɤɨɦɩɟɬɟɧɰɢɢ, ɩɨɡɜɨɥɹɸɳɢɟ
ɫɬɭɞɟɧɬɭ ɞɟɥɚɬɶ ɨɫɨɡɧɚɧɧɵɣ ɜɵɛɨɪ ɢɧɫɬɪɭɦɟɧɬɚɪɢɹ ɞɥɹ ɪɟɲɚɟɦɨɣ
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɡɚɞɚɱɢ, ɨɫɧɨɜɵɜɚɸɳɢɣɫɹ ɧɚ ɩɨɧɢɦɚɧɢɢ ɢ ɹɫɧɨɦ
ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɰɟɥɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɚɛɫɬɪɚɝɢɪɨɜɚɧɢɢ ɨɬ ɲɚɛɥɨɧɨɜ
ɢ ɚɥɝɨɪɢɬɦɨɜ ɩɨɢɫɤɚ ɪɟɲɟɧɢɣ. ɉɨɢɫɤ ɤɨɧɤɪɟɬɧɨɝɨ ɱɢɫɥɨɜɨɝɨ ɪɟɲɟɧɢɹ ɫɬɭɞɟɧɬ
ɞɟɥɟɝɢɪɭɟɬ ɫɢɫɬɟɦɟ MКбТЦК.

ȼɵɩɨɥɧɟɧɢɟ ɤɨɧɬɪɨɥɶɧɨɣ ɢ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɪɚɛɨɬ ɩɨ ɞɚɧɧɨɣ
ɞɢɫɰɢɩɥɢɧɟ ɞɚɟɬ ɧɟɨɛɯɨɞɢɦɵɣ ɨɛɴɟɦ ɡɧɚɧɢɣ, ɭɦɟɧɢɣ, ɧɚɜɵɤɨɜ ɢ ɤɨɦɩɟɬɟɧɰɢɣ,
ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɬɪɟɛɨɜɚɬɶɫɹ ɫɬɭɞɟɧɬɭ, ɨɛɭɱɚɸɳɟɦɭɫɹ ɩɨ ɫɩɟɰɢɚɥɶɧɨɫɬɢ
«ɗɥɟɤɬɪɨɧɢɤɚ ɢ ɧɚɧɨɷɥɟɤɬɪɨɧɢɤɚ», ɜ ɟɝɨ ɭɱɟɛɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɢ ɧɚɭɱɧɨɣ
ɪɚɛɨɬɟ.

ɉɨɜɵɫɢɬɶ ɫɜɨɢ ɧɚɜɵɤɢ ɜ ɱɚɫɬɢ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ
ɩɚɤɟɬɨɜ ɫɬɭɞɟɧɬ ɫɦɨɠɟɬ ɜ ɤɭɪɫɚɯ «Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ
ɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ» ɢ «ɉɪɢɤɥɚɞɧɚɹ ɢɧɮɨɪɦɚɬɢɤɚ».

114



Ʌɢɬɟɪɚɬɭɪɚ

1. Ʉɪɭɱɢɧɢɧ Ⱦ. ȼ. ɋɬɟɩɟɧɢ ɩɪɨɢɡɜɨɞɹɳɢɯ ɮɭɧɤɰɢɣ ɢ ɢɯ ɩɪɢɦɟɧɟɧɢɟ /
Ⱦ. ȼ. Ʉɪɭɱɢɧɢɧ, ȼ. ȼ. Ʉɪɭɱɢɧɢɧ. – Ɍɨɦɫɤ : ɂɡɞ-ɜɨ Ɍɨɦɫɤ. ɝɨɫ. ɭɧ-ɬɚ
ɫɢɫɬɟɦ ɭɩɪ. ɢ ɪɚɞɢɨɷɥɟɤɬɪɨɧɢɤɢ, 2013. – 234 ɫ.

2. Ʉɨɦɩɶɸɬɟɪɧɚɹ ɦɚɬɟɦɚɬɢɤɚ ɫ MКбТЦК : ɪɭɤɨɜɨɞɫɬɜɨ ɞɥɹ ɲɤɨɥɶɧɢɤɨɜ
ɢ ɫɬɭɞɟɧɬɨɜ / ȿ. Ⱥ. ɑɢɱɤɚɪёɜ. – Ɇ. : ALT LТЧЮб, 2012. – 384 ɫ.

3. ɋɬɚɯɢɧ ɇ. Ⱥ. Ɉɫɧɨɜɵ ɪɚɛɨɬɵ ɫ ɫɢɫɬɟɦɨɣ ɚɧɚɥɢɬɢɱɟɫɤɢɯ (ɫɢɦɜɨɥɶɧɵɯ)
ɜɵɱɢɫɥɟɧɢɣ MКбТЦК (ɉɈ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɚɧɚɥɢɬɢɱɟɫɤɢɯ
(ɫɢɦɜɨɥɶɧɵɯ) ɜɵɱɢɫɥɟɧɢɣ) : ɭɱɟɛ. ɩɨɫɨɛɢɟ / ɇ. Ⱥ. ɋɬɚɯɢɧ. – Ɇ.,
2008. – 86 ɫ.

4. ɉɪɚɤɬɢɱɟɫɤɢɟ ɡɚɞɚɧɢɹ ɩɨ ɜɵɫɲɟɣ ɦɚɬɟɦɚɬɢɤɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ
ɩɪɨɝɪɚɦɦɵ MКбТЦК ɞɥɹ ɫɬɭɞɟɧɬɨɜ, ɨɛɭɱɚɸɳɢɯɫɹ ɩɨ ɫɩɟɰɢɚɥɶɧɨɫɬɢ
ɫɨɰɢɨɥɨɝɢɹ. – Ʉɚɡɚɧɶ : ɄɎɍ, 2012. – 87 ɫ.

5. Ƚɭɛɢɧɚ Ɍ. ɇ. Ɋɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜ ɫɢɫɬɟɦɟ
ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɚɬɟɦɚɬɢɤɢ MКбТЦК : ɭɱɟɛ. ɩɨɫɨɛɢɟ / Ɍ. ɇ. Ƚɭɛɢɧɚ,
ȿ. ȼ. Ⱥɧɞɪɨɩɨɜɚ. – ȿɥɟɰ : ȿȽɍ ɢɦ. ɂ. Ⱥ. Ȼɭɧɢɧɚ, 2009. – 99 ɫ.

6. Ʉɨɦɩɶɸɬɟɪɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɧɚɭɤɟ, ɨɛɪɚɡɨɜɚɧɢɢ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟ
ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɯɧɢɤɢ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ / ȼ. ȼ. Ʉɪɭɱɢɧɢɧ,
ɘ. ɇ. Ɍɚɧɨɜɢɰɤɢɣ, ɋ. Ʌ. ɏɨɦɢɱ. – Ɍɨɦɫɤ, 2012. – 154 ɫ. – Ɋɟɠɢɦ
ɞɨɫɬɭɩɚ: СЭЭp://ОНЮ.ЭЮЬЮЫ.ЫЮ/ЭЫКТЧТЧР/pЮЛХТМКЭТШЧЬ/967 (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ:
06.07.2017).

7. Ʉɨɦɩɶɸɬɟɪɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ : ɭɱɟɛ.-ɦɟɬɨɞ.
ɩɨɫɨɛɢɟ ɤ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɪɚɛɨɬɟ, ɩɪɚɤɬɢɱɟɫɤɢɦ ɡɚɧɹɬɢɹɦ
ɢ ɥɚɛɨɪɚɬɨɪɧɵɦ ɪɚɛɨɬɚɦ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ / ȼ. ȼ. Ʉɪɭɱɢɧɢɧ. –
2012. – 56 ɫ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ:
СЭЭp://ОНЮ.ЭЮЬЮЫ.ЫЮ/ЭЫКТЧТЧР/pЮЛХТМКЭТШЧЬ/1211 (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ:
06.07.2017).

8. ȿɞɧɟɪɚɥ ȼ. Ɏ. əɡɵɤ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɵɱɢɫɥɟɧɢɣ REDUCE /
ȼ. Ɏ. ȿɞɧɟɪɚɥ, Ⱥ. ɉ. Ʉɪɸɤɨɜ, Ⱥ. ə. Ɋɨɞɢɨɧɨɜ. – Ɇ. : ɆȽɍ, 1989. –
176 ɫ.

9. Ⱦɶɹɤɨɧɨɜ ȼ. ɉ. MКЭСОЦКЭТМК 5/6/7. ɉɨɥɧɨɟ ɪɭɤɨɜɨɞɫɬɜɨ /
ȼ. ɉ. Ⱦɶɹɤɨɧɨɜ. – Ɇ. : ȾɆɄ ɉɪɟɫɫ, 2009. – 624 ɫ.

10. Ƚɨɜɨɪɭɯɢɧ ȼ. ɇ. ȼɜɟɞɟɧɢɟ ɜ MКpХО. Ɇɚɬɟɦɚɬɢɱɟɫɤɢɣ ɩɚɤɟɬ ɞɥɹ ɜɫɟɯ /

115

http://edu.tusur.ru/training/publications/967
http://edu.tusur.ru/training/publications/1211


ȼ. ɇ. Ƚɨɜɨɪɭɯɢɧ, ȼ. Ƚ. ɐɢɛɭɥɢɧ. – Ɇ. : Ɇɢɪ, 1997. – 208 ɫ.
11. ɑɢɱɤɚɪɟɜ ȿ. Ⱥ. Ʉɨɦɩɶɸɬɟɪɧɚɹ ɦɚɬɟɦɚɬɢɤɚ ɫ MКбТЦК: ɪɭɤɨɜɨɞɫɬɜɨ ɞɥɹ

ɲɤɨɥɶɧɢɤɨɜ ɢ ɫɬɭɞɟɧɬɨɜ / ȿ. Ⱥ. ɑɢɱɤɚɪɟɜ. – Ɇ. : ALT LТЧЮб, 2012. –
384 ɫ.

12. Ɉɫɧɨɜɵ ɪɚɛɨɬɵ ɫ ɫɢɫɬɟɦɨɣ ɤɨɦɩɶɸɬɟɪɧɨɣ ɚɥɝɟɛɪɵ MКбТЦК : ɭɱɟɛ.-
ɦɟɬɨɞ. ɩɨɫɨɛɢɟ / Ɇ. ɋ. Ɇɚɥɚɤɚɟɜ, Ʌ. Ɋ. ɋɟɤɚɟɜɚ, Ɉ. ɇ. Ɍɸɥɟɧɟɜɚ. –
Ʉɚɡɚɧɶ : Ʉɚɡɚɧɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, 2013. – 61 ɫ.

13. MКбТЦК 5.39.0 MКЧЮКХ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ:
СЭЭp://ЦКбТЦК.ЬШЮЫМОПШЫРО.ЧОЭ/НШМЬ/ЦКЧЮКХ/ЦКбТЦКИ15.СЭЦХ (ɞɚɬɚ
ɨɛɪɚɳɟɧɢɹ: 25.05.2017).

116

http://maxima.sourceforge.net/docs/manual/maxima_15.html


Ƚɥɨɫɫɚɪɢɣ

Аɥɝɨɪɢɬɦ – ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ, ɜɵɩɨɥɧɟɧɢɟ ɤɨɬɨɪɨɣ
ɩɪɢɜɨɞɢɬ ɤ ɤɨɧɤɪɟɬɧɨɦɭ ɪɟɡɭɥɶɬɚɬɭ ɡɚ ɤɨɧɟɱɧɨɟ ɱɢɫɥɨ ɲɚɝɨɜ.

Ƚɪɚɮɢɱɟɫɤɢɣ ɪɟɞɚɤɬɨɪ – ɤɨɦɩɶɸɬɟɪɧɚɹ ɩɪɨɝɪɚɦɦɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ
ɞɥɹ ɜɜɨɞɚ, ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɢ ɜɵɜɨɞɚ ɡɚɞɚɱ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ
ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɜɢɞɟ.

Ⱦɨɤɭɦɟɧɬ – ɫɨɞɟɪɠɢɦɨɟ ɝɪɚɮɢɱɟɫɤɨɝɨ ɪɟɞɚɤɬɨɪɚ, ɧɚɯɨɞɹɳɟɟɫɹ ɜɨ
ɜɧɭɬɪɟɧɧɟɣ ɩɚɦɹɬɢ ɪɟɞɚɤɬɨɪɚ.

Иɞɟɧɬɢɮɢɤɚɰɢɹ – ɩɪɨɰɟɫɫ ɩɪɢɫɜɨɟɧɢɹ ɢɦɟɧ ɢɧɮɨɪɦɚɰɢɨɧɧɵɦ
ɨɛɴɟɤɬɚɦ.

Ɇɚɬɟɦɚɬɢɱɟɫɤɢɣ ɩɚɤɟɬ – ɤɨɦɩɶɸɬɟɪɧɚɹ ɩɪɨɝɪɚɦɦɚ ɞɥɹ ɪɟɲɟɧɢɹ
ɧɟɤɨɬɨɪɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɡɚɞɚɱ.

ɉɚɧɟɥɶ ɢɧɫɬɪɭɦɟɧɬɨɜ – ɫɩɟɰɢɚɥɶɧɨɟ ɦɟɧɸ, ɜ ɤɨɬɨɪɨɦ ɡɚɩɢɫɚɧɵ
ɮɭɧɤɰɢɢ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɢ.

ɉɪɨɝɪɚɦɦɚ – ɪɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ.
ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ – ɩɪɨɰɟɫɫ ɧɚɩɢɫɚɧɢɹ ɢ ɨɬɥɚɞɤɢ ɩɪɨɝɪɚɦɦɵ.
ɋɢɦɜɨɥɶɧɨɟ ɪɟɲɟɧɢɟ – ɪɟɲɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɡɚɞɚɱɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ

ɜ ɧɟɤɨɬɨɪɨɦ ɨɛɨɛɳɟɧɧɨɦ ɜɢɞɟ (ɮɨɪɦɭɥɚ ɢɥɢ ɧɟɤɨɬɨɪɵɣ ɚɥɝɨɪɢɬɦ).
ɋɢɫɬɟɦɚ ɤɨɦɩɶɸɬɟɪɧɨɣ ɚɥɝɟɛɪɵ – ɩɪɨɝɪɚɦɦɧɚɹ ɫɢɫɬɟɦɚ,

ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɪɟɲɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɡɚɞɚɱ.
Ɏɚɣɥ – ɢɦɟɧɨɜɚɧɧɚɹ ɨɛɥɚɫɬɶ ɞɚɧɧɵɯ ɧɚ ɧɨɫɢɬɟɥɟ ɢɧɮɨɪɦɚɰɢɢ,

ɪɚɫɩɨɡɧɚɜɚɟɦɚɹ ɤɨɦɩɶɸɬɟɪɨɦ ɤɚɤ ɟɞɢɧɨɟ ɰɟɥɨɟ.
Ɏɭɧɤɰɢɹ – ɜ ɫɢɫɬɟɦɟ MКбТЦК ɮɭɧɤɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ,

ɧɚɩɪɢɦɟɪ , ɢɥɢ ɩɪɨɝɪɚɦɦɨɣ, ɤɨɬɨɪɭɸ ɧɚɩɢɫɚɥ ɩɨɥɶɡɨɜɚɬɟɥɶ, ɢɥɢ
ɩɪɨɝɪɚɦɦɨɣ, ɹɜɥɹɸɳɟɣɫɹ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɫɢɫɬɟɦɵ.

Чɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ – ɪɟɲɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɡɚɞɚɱɢ ɜ ɱɢɫɥɟɧɧɨɦ ɜɢɞɟ.
əɱɟɣɤɚ – ɟɞɢɧɢɰɚ ɢɧɮɨɪɦɚɰɢɢ ɝɪɚɮɢɱɟɫɤɨɝɨ ɪɟɞɚɤɬɨɪɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ

ɜɯɨɞɧɨɝɨ ɜɵɪɚɠɟɧɢɹ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ ɫɤɨɩɢɪɨɜɚɧɨ ɢɥɢ ɜɜɟɞɟɧɨ ɫ
ɩɨɦɨɳɶɸ ɤɥɚɜɢɚɬɭɪɵ.

sin(x)
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