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ȼȼȿȾȿɇɂȿ

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ.
ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɨɛɳɟɫɬɜɚ ɪɚɫɬɟɬ ɢ ɤɨɥɢɱɟɫɬɜɨ

ɬɪɟɛɭɟɦɨɝɨ ɫɵɪɶɹ, ɩɪɢɦɟɧɹɟɦɨɝɨ ɜ ɫɨɜɪɟɦɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ, ɜ ɬɨɦ ɱɢɫɥɟ,

ɪɚɫɬɭɬ ɢ ɨɛɴɟɦɵ ɞɨɛɵɱɢ ɪɭɞ [1-3]. ɍɜɟɥɢɱɟɧɢɟ ɞɨɛɵɱɢ ɪɭɞ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ

ɩɨɜɵɲɚɟɬ ɬɪɟɛɨɜɚɧɢɟ ɤ ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ ɝɨɪɧɨɞɨɛɵɜɚɸɳɢɯ ɢ ɝɨɪɧɨ-

ɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɩɪɟɞɩɪɢɹɬɢɣ, ɩɪɢ ɷɬɨɦ ɩɪɨɛɥɟɦɵ ɨɛɟɫɩɟɱɟɧɢɹ

ɛɟɫɩɟɪɟɛɨɣɧɨɣ ɪɚɛɨɬɵ, ɞɨɛɵɱɢ ɢ ɩɟɪɟɪɚɛɨɬɤɢ ɪɭɞ ɫɬɚɧɨɜɹɬɫɹ ɤɚɤ ɧɢɤɨɝɞɚ

ɚɤɬɭɚɥɶɧɵɦɢ. ȼ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɨɞɧɨɣ ɢɡ ɩɪɨɛɥɟɦ ɹɜɥɹɟɬɫɹ ɩɨɩɚɞɚɧɢɟ ɜ ɩɨɬɨɤɢ

ɪɭɞ ɪɚɡɥɢɱɧɵɯ ɩɨɫɬɨɪɨɧɧɢɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɪɟɞɦɟɬɨɜ (ɡɭɛɶɹ

ɤɨɜɲɟɣ, ɛɭɪɢɥɶɧɵɟ ɤɨɪɨɧɤɢ ɢ ɬ.ɞ.), ɩɨɩɚɞɚɧɢɟ ɥɸɛɨɝɨ ɢɡ ɷɬɢɯ ɩɪɟɞɦɟɬɨɜ ɜ ɡɟɜ

ɞɪɨɛɢɥɤɢ ɩɪɢɜɨɞɢɬ ɤ ɩɨɥɨɦɤɟ ɞɪɨɛɹɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɡɚɤɥɢɧɢɜɚɧɢɸ, ɢ ɜɵɯɨɞɭ ɢɡ

ɫɬɪɨɹ ɞɨɪɨɝɨɫɬɨɹɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɝɥɚɜɧɨɟ ɤ ɨɫɬɚɧɨɜɤɟ ɜɫɟɝɨ ɩɪɨɰɟɫɫɚ

ɩɟɪɟɪɚɛɨɬɤɢ ɪɭɞɵ ɧɚ ɥɢɧɢɢ. Ɋɟɦɨɧɬ ɞɪɨɛɢɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɹɜɥɹɟɬɫɹ

ɞɨɪɨɝɨɫɬɨɹɳɢɦ ɢ ɡɚɧɢɦɚɟɬ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ, ɱɬɨ ɟɳɟ ɛɨɥɶɲɟ ɭɫɭɝɭɛɥɹɟɬ

ɫɢɬɭɚɰɢɸ. ɂɦɟɟɬɫɹ ɢ ɪɹɞ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɧɟɝɚɬɢɜɧɵɯ ɩɨɫɥɟɞɫɬɜɢɣ: ɩɪɨɛɥɟɦɵ

ɭɫɬɪɚɧɟɧɢɹ ɩɨɥɨɦɨɤ ɩɪɢ ɩɨɞɡɟɦɧɨɣ ɞɨɛɵɱɟ, ɭɝɪɨɡɚ ɡɞɨɪɨɜɶɹ ɢ ɠɢɡɧɢ

ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ ɢ ɩɪ.

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɩɪɢɦɟɧɹɸɬ ɪɚɡɥɢɱɧɨɝɨ

ɬɢɩɚ ɦɚɝɧɢɬɧɵɟ ɦɟɬɚɥɥɨ-ɨɬɞɟɥɢɬɟɥɢ ɪɚɡɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ

ɧɚ ɩɨɞɚɸɳɢɯ ɪɭɞɭ ɤɨɧɜɟɣɟɪɚɯ [4]. Ɉɞɧɚɤɨ, ɬɚɤɨɣ ɩɨɞɯɨɞ ɧɟ ɩɨɡɜɨɥɹɟɬ

ɩɨɥɧɨɫɬɶɸ ɨɱɢɫɬɢɬɶ ɪɭɞɭ ɨɬ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɪɟɞɦɟɬɨɜ, ɬɚɤ ɤɚɤ ɱɚɫɬɶ ɢɡ ɧɢɯ

ɦɨɠɟɬ ɛɵɬɶ ɫɥɚɛɨɦɚɝɧɢɬɧɨɣ, ɥɢɛɨ ɧɟ ɦɚɝɧɢɬɧɨɣ ɜɨɨɛɳɟ (ɧɚɩɪɢɦɟɪ, ɡɭɛɶɹ

ɤɨɜɲɟɣ, ɢɡɝɨɬɚɜɥɢɜɚɸɳɢɟɫɹ ɢɡ ɦɚɪɝɚɧɰɨɜɢɫɬɨɣ ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɫɬɚɥɢ) [5].

Ɋɚɡɪɚɛɨɬɤɟ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɫɩɨɫɨɛɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɬɚɥɨ-ɮɪɚɝɦɟɧɬɨɜ

ɩɨɫɜɹɳɟɧɵ ɪɚɛɨɬɵ ɫɩɟɰɢɚɥɢɫɬɨɜ ɜɟɞɭɳɢɯ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢ ɡɚɪɭɛɟɠɧɵɯ

ɩɪɟɞɩɪɢɹɬɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ «ɉɄɎ ɗɥɶɛɪɭɫ», «Steinert», «Garrett». ɂɫɫɥɟɞɨɜɚɧɢɟɦ

ɨɡɧɚɱɟɧɧɵɯ ɩɪɨɛɥɟɦ ɩɨɫɜɹɳɟɧɵ ɪɚɛɨɬɵ ɑɟɥɩɚɧɨɜɚ Ƚ. ȼ., Ȼɪɨɧɢɤɨɜɚ Ⱥ. Ⱥ.,

ɋɜɢɪɫɤɨɝɨ ɘ. Ʉ., Ʉɨɫɬɸɯɢɧɚ ȼ. Ⱥ., Ɋɟɭɬɨɜɚ ɘ. ə. ɢ ɞɪɭɝɢɯ ɫɩɟɰɢɚɥɢɫɬɨɜ.



Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɢɡɜɟɫɬɧɵɟ ɩɨɞɯɨɞɵ ɢ ɩɪɢɦɟɧɹɟɦɨɟ ɚɩɩɚɪɚɬɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ

ɞɥɹ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɧɟ ɩɨɡɜɨɥɹɸɬ ɞɨɛɢɬɶɫɹ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɢ ɢ

ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɬɪɟɛɭɟɦɨɣ ɧɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ ɪɚɡɜɢɬɢɹ ɪɭɞɨɞɨɛɵɜɚɸɳɢɯ ɢ

ɪɭɞɨ ɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɩɪɟɞɩɪɢɹɬɢɣ.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɤɬɭɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ, ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ

ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɪɟɞɦɟɬɨɜ ɫ ɩɨɜɵɲɟɧɧɨɣ ɬɨɱɧɨɫɬɶɸ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ, ɚ ɬɚɤɠɟ

ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ (ȺɉɄ) ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɜɧɟɞɪɟɧɢɹ ɧɚ

ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ.

ɐɟɥɶ ɪɚɛɨɬɵ: Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɢ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ ɩɪɨɝɪɚɦɦɧɨ-

ɚɩɩɚɪɚɬɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɞɥɹ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɜ ɩɨɬɨɤɚɯ

ɝɨɪɧɨɣ ɪɭɞɵ.

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɭɤɚɡɚɧɧɨɣ ɰɟɥɢ ɨɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ
ɢɫɫɥɟɞɨɜɚɧɢɹ:

̵ ɚɧɚɥɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɢ ɚɩɩɚɪɚɬɧɵɯ ɫɪɟɞɫɬɜ ɞɥɹ

ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɦɟɬɚɥɨ-ɨɛɴɟɤɬɨɜ;

̵ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɩɨɢɫɤɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ;

̵ ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɣ ɦɨɞɟɥɢ;

̵ ɪɚɡɪɚɛɨɬɤɚ ɚɪɯɢɬɟɤɬɭɪɵ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɚɩɩɚɪɚɬɭɪɵ ɢ ɉɈ

ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɤɨɧɬɪɨɥɹ ɪɭɞ;

̵ ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɨɜ ɢ ɉɈ ɧɢɠɧɟɝɨ ɭɪɨɜɧɹ ɞɥɹ ɤɨɧɬɪɨɥɢɪɭɸɳɟɝɨ ȺɉɄ;

̵ ɪɚɡɪɚɛɨɬɤɚ ɦɚɤɟɬɚ ɢ ɩɪɨɜɟɞɟɧɢɟ ɢɫɩɵɬɚɧɢɣ ȺɉɄ.

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ:
̵ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɜ ɩɨɬɨɤɚɯ

ɝɨɪɧɵɯ ɪɭɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɪɢɧɰɢɩɟ ɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ

ɫɤɚɧɢɪɭɟɦɨɣ ɨɛɥɚɫɬɢ, ɢ ɩɨɫɥɟɞɭɸɳɟɦ ɚɧɚɥɢɡɟ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜɨɡɧɢɤɚɸɳɟɝɨ ɜ ɫɤɚɧɢɪɭɟɦɨɣ ɨɛɥɚɫɬɢ, ɩɨɡɜɨɥɹɸɳɢɣ

ɞɟɬɟɤɬɢɪɨɜɚɬɶ ɜɧɨɫɢɦɵɟ ɜ ɨɛɥɚɫɬɶ ɫɤɚɧɢɪɨɜɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ ɫ

ɨɛɴɟɦɨɦ ɫ ɪɚɡɦɟɪɨɦ ɨɬ 3 ɫɦ3.



Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ, ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ:
̵ ɦɟɬɨɞ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ;

̵ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɚɹ ɦɨɞɟɥɶ ɦɟɬɚɥɥɨɞɟɬɟɤɬɨɪɚ;

̵ ɥɚɛɨɪɚɬɨɪɧɵɣ ɦɚɤɟɬ ɦɟɬɚɥɥɨɞɟɬɟɤɬɨɪɚ.

ȼ ɯɨɞɟ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɨɩɭɛɥɢɤɨɜɚɧɚ ɨɞɧɚ

ɩɭɛɥɢɤɚɰɢɹ, ɩɨɥɭɱɟɧ ɞɢɩɥɨɦ ɩɟɪɜɨɣ ɫɟɩɟɧɢ ɡɚ ɩɭɛɥɢɤɚɰɢɸ, ɢ ɜɵɩɨɥɧɟɧɚ

ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɪɟɝɢɫɬɪɚɰɢɹ ɉɈ, ɫɜɢɞɟɬɟɥɶɫɬɜɨ ɨ ɪɟɝɢɫɬɪɚɰɢɢ №2018612340.



Глава ϭ Ⱥɧɚɥɢɡ ɦɟɬɨɞɨɜ ɢ ɫɪɟɞɫɬɜ ɩɨɢɫɤɚ ɢ ɨɛɧɚɪɭɠɟɧɢɹ ɦɟɬɚɥɨ
ɮɪɚɝɦɟɧɬɨɜ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ

ϭ.ϭ Ⱥɧɚɥɢɡ ɫɨɫɬɨɹɧɢɹ ɨɬɪɚɫɥɢ

ȼ ɪɚɦɤɚɯ ɢɡɭɱɟɧɢɹ ɬɟɤɭɳɟɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ ɜ

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ Ɋ 15.011-96 ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɩɚɬɟɧɬɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ

(ɩɪɢɥɨɠɟɧɢɟ Ƚ), ɫɨɫɬɨɹɳɟɟ ɢɡ ɫɛɨɪɚ ɢ ɨɛɪɚɛɨɬɤɢ ɞɨɫɬɭɩɧɨɣ ɩɚɬɟɧɬɧɨɣ ɢ

ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɩɨ ɦɟɬɨɞɚɦ ɢ ɫɩɨɫɨɛɚɦ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ

ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɩɚɬɟɧɬɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ

ɨɬɞɟɥɶɧɵɦ ɞɨɤɭɦɟɧɬɨɦ.

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɧɵɟ ɦɟɬɨɞɵ ɢ ɫɩɨɫɨɛɵ ɨɬɧɨɫɹɬɫɹ ɤ ɨɛɥɚɫɬɢ ɮɢɡɢɤɢ,

ɩɨɞɨɛɥɚɫɬɢ ɢɡɦɟɪɟɧɢɣ ɢ ɢɫɩɵɬɚɧɢɣ G01, ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ

ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɫɪɟɞɚɯ.

Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɟɪɜɨɫɬɟɩɟɧɧɨɣ ɡɚɞɚɱɟɣ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ

ɦɟɬɚɥɥɨɢɫɤɚɬɟɥɹ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨɝɨ ɭɪɨɜɧɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ

ɩɪɢɛɨɪɚ ɞɥɹ ɪɚɛɨɬɵ ɜ ɫɪɟɞɟ ɫ ɡɚɞɚɧɧɵɦ ɭɪɨɜɧɟɦ ɦɟɬɚɥɥɢɡɚɰɢɢ ɢ ɭɪɨɜɧɟɦ

ɩɨɦɟɯ. ɋɥɟɞɭɸɳɟɣ ɩɨ ɜɚɠɧɨɫɬɢ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɞɢɫɤɪɢɦɢɧɚɰɢɢ

ɨɛɧɚɪɭɠɢɦɵɯ ɨɛɴɟɤɬɨɜ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɫɧɨɜɧɵɟ ɩɪɨɛɥɟɦɵ ɫɜɹɡɚɧɵ ɫ ɷɬɢɦɢ

ɡɚɞɚɱɚɦɢ, ɚ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɢ ɫɩɨɫɨɛɵ ɩɪɢɡɜɚɧɵ ɢɯ ɪɟɲɢɬɶ.

ȼ ɯɨɞɟ ɩɚɬɟɧɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɚ ɫɮɨɪɦɢɪɨɜɚɧɚ ɫɥɟɞɭɸɳɚɹ ɨɰɟɧɤɚ

ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɞɨɫɬɭɩɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɨɛɥɚɫɬɢ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ

ɝɨɪɧɨɞɨɛɵɜɚɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ:

̵ ɩɪɢɦɟɧɹɟɦɵɟ ɫɩɨɫɨɛɵ ɢ ɦɟɬɨɞɵ ɧɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɬɪɟɛɭɟɦɵɣ ɭɪɨɜɟɧɶ

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɦɟɬɚɥɨ-ɞɟɬɟɤɬɨɪɨɜ ɢ ɧɟ ɫɩɨɫɨɛɧɵ ɩɪɨɜɨɞɢɬɶ ɞɟɬɟɤɬɢɪɨɜɚɧɢɟ

ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɜ ɫɢɥɶɧɨ ɦɟɬɚɥɥɢɡɢɪɨɜɚɧɧɨɣ ɫɪɟɞɟ;

̵ ɩɪɢɦɟɧɹɟɦɵɟ ɦɟɬɨɞɵ ɢ ɫɩɨɫɨɛɵ ɧɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɬɪɟɛɭɟɦɵɣ ɭɪɨɜɟɧɶ

ɞɢɫɤɪɢɦɢɧɚɰɢɢ ɨɛɧɚɪɭɠɟɧɧɵɯ ɨɛɴɟɤɬɨɜ.

ɉɨ ɢɬɨɝɚɦ ɚɧɚɥɢɡɚ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ

ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɦɟɬɨɞ ɨɛɧɚɪɭɠɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɜ



ɦɟɬɚɥɥɢɡɢɪɨɜɚɧɧɨɣ ɫɪɟɞɟ ɹɜɥɹɟɬɫɹ ɧɨɜɵɦ ɦɟɬɨɞɨɦ.

ϭ.Ϯ Ɉɫɧɨɜɧɵɟ ɤɥɚɫɫɵ ɦɟɬɨɞɨɜ ɞɥɹ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ
ɨɛɴɟɤɬɨɜ

ȼɵɞɟɥɟɧ ɪɹɞ ɤɥɚɫɫɨɜ, ɚ ɢɦɟɧɧɨ: ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɧɚɥɢɡɚ

ɨɩɬɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɨɛɴɟɤɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɢ ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɧɚɥɢɡɚ

ɹɜɥɟɧɢɣ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɚɤ «ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɟ» (ɤ

ɩɪɢɦɟɪɭ, ɚɧɚɥɢɡ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ LC ɤɨɧɬɭɪɚ ɢɥɢ ɚɧɚɥɢɡ ɜɢɯɪɟɜɵɯ ɬɨɤɨɜ,

ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɨɛɴɟɤɬɚɯ ɫɤɚɧɢɪɨɜɚɧɢɹ).

Ɇɟɬɨɞɵ, ɨɫɧɨɜɵɜɚɸɳɢɟɫɹ ɧɚ ɚɧɚɥɢɡɟ ɨɩɬɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɹɜɥɹɸɬɫɹ

ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦɢ ɢ ɩɨɥɭɱɚɸɬɫɹ ɧɚɢɦɟɧɟɟ ɞɨɪɨɝɨɫɬɨɹɳɢɦɢ ɜ ɪɟɚɥɢɡɚɰɢɢ. ɗɬɢ

ɦɟɬɨɞɵ ɩɨɞɪɚɡɭɦɟɜɚɸɬ ɩɨɞ ɫɨɛɨɣ ɞɟɬɟɤɬɢɪɨɜɚɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɧɚ

ɨɫɧɨɜɟ ɜɧɟɲɧɟɝɨ ɜɢɞɚ ɨɛɴɟɤɬɨɜ ɜ ɫɤɚɧɢɪɭɟɦɨɣ ɨɛɥɚɫɬɢ. Ʉ ɩɪɢɦɟɪɭ,

ɩɨɫɪɟɞɫɬɜɨɦ ɨɩɬɢɱɟɫɤɢɯ ɞɚɬɱɢɤɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɤɨɧɜɟɣɟɪɟ. ɉɨɦɢɦɨ

ɧɢɡɤɨɣ ɬɨɱɧɨɫɬɢ ɷɬɢ ɦɟɬɨɞɵ ɢɦɟɸɬ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ

ɚɧɚɥɢɡɢɪɭɟɦɵɦ ɦɚɬɟɪɢɚɥɚɦ ɱɬɨ ɫɢɥɶɧɨ ɫɭɠɚɟɬ ɨɛɥɚɫɬɶ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɥɢɛɨ

ɭɜɟɥɢɱɢɜɚɟɬ ɫɥɨɠɧɨɫɬɶ ɜɧɟɞɪɟɧɢɹ.

Ɇɟɬɨɞɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɧɚɨɛɨɪɨɬ ɨɛɥɚɞɚɸɬ ɬɨɱɧɨɫɬɶɸ

ɧɟɞɨɫɬɢɠɢɦɨɣ ɞɥɹ ɞɪɭɝɢɯ ɦɟɬɨɞɨɜ, ɨɞɧɚɤɨ, ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɬɚɤɢɯ ɦɟɬɨɞɨɜ

ɧɟɨɛɯɨɞɢɦɨ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ

ɫɬɨɢɦɨɫɬɶɸ ɢ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɫɪɟɞɟ, ɜ ɤɨɬɨɪɨɣ ɨɧɢ ɛɭɞɭɬ ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶɫɹ. Ʉ

ɩɪɢɦɟɪɭ, ɤ ɬɚɤɢɦ ɦɟɬɨɞɚɦ ɨɬɧɨɫɢɬɫɹ «Ɋɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɵɣ ɚɧɚɥɢɡ» [6]. Ʉ

ɬɨɦɭ ɠɟ, ɩɪɢɦɟɧɟɧɢɟ ɫɩɟɤɬɪɨɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ

ɬɪɟɛɨɜɚɧɢɣ ɤ ɬɟɯɧɢɤɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ ɫɢɥɭ ɮɢɡɢɱɟɫɤɨɣ ɨɫɧɨɜɵ ɬɚɤɢɯ ɦɟɬɨɞɨɜ

(ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɢɡɥɭɱɟɧɢɣ, ɜ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ

ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ, ɷɬɨ ɪɟɧɬɝɟɧɨɜɫɤɨɟ ɢɡɥɭɱɟɧɢɟ). ɉɨɷɬɨɦɭ,

ɬɚɤɢɟ ɦɟɬɨɞɵ ɤɚɤ ɫɩɟɤɬɪɨɫɤɨɩɢɹ ɢɫɩɨɥɶɡɭɸɬ ɬɨɥɶɤɨ ɜ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɬɪɟɛɭɟɬɫɹ

ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɚ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɨɛɴɟɤɬɨɜ, ɞɥɹ

ɩɪɨɫɬɨɝɨ ɨɛɧɚɪɭɠɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɨɧɚ ɹɜɥɹɟɬɫɹ ɢɡɛɵɬɨɱɧɨɣ.



Ʉ ɤɥɚɫɫɭ «ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɯ» ɦɟɬɨɞɨɜ ɨɬɧɨɫɹɬ ɦɟɬɨɞɵ, ɚɧɚɥɢɡɢɪɭɸɳɢɟ

ɜɨɡɛɭɠɞɚɟɦɨɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɦɟɬɨɞɵ ɚɧɚɥɢɡɢɪɭɸɳɢɟ ɤɨɥɟɛɚɬɟɥɶɧɵɟ

ɤɨɧɬɭɪɵ LC ɢɥɢ RC ɤɨɧɬɭɪɵ [7-9]. Ɍɚɤɢɟ ɦɟɬɨɞɵ ɨɛɥɚɞɚɸɬ ɧɚɢɥɭɱɲɢɦ

ɫɨɨɬɧɨɲɟɧɢɟɦ ɩɪɨɫɬɨɬɵ ɩɪɢɦɟɧɟɧɢɹ, ɬɨɱɧɨɫɬɢ, ɢ ɫɥɨɠɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɞɥɹ

ɩɪɢɦɟɧɟɧɢɹ ɜ ɞɟɬɟɤɬɢɪɨɜɚɧɢɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ, ɱɬɨ ɞɟɥɚɟɬ ɢɯ ɫɚɦɵɦɢ

ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɜ ɦɟɬɚɥɥ ɞɟɬɟɤɬɢɪɨɜɚɧɢɢ. ɉɨɞɪɨɛɧɟɟ ɬɚɤɢɟ ɦɟɬɨɞɵ

ɪɚɫɫɦɨɬɪɟɧɵ ɧɢɠɟ.

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ, ɦɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ

«ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɯ» ɹɜɥɟɧɢɹɯ, ɛɵɥɢ ɩɪɢɡɧɚɧɵ ɧɚɢɛɨɥɟɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ

ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ. ɍɫɬɪɨɣɫɬɜɚ, ɪɟɚɥɢɡɨɜɚɧɧɵɟ ɧɚ ɨɫɧɨɜɟ

ɞɚɧɧɵɯ ɦɟɬɨɞɨɜ ɨɛɟɫɩɟɱɢɜɚɸɬ ɬɪɟɛɭɟɦɵɣ ɭɪɨɜɟɧɶ ɬɨɱɧɨɫɬɢ ɢ ɫɩɨɫɨɛɧɵ

ɪɚɛɨɬɚɬɶ ɞɚɠɟ ɜ ɫɚɦɵɯ ɬɹɠɟɥɵɯ ɭɫɥɨɜɢɹɯ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɧɟ ɜɵɫɨɤɨɣ ɰɟɧɵ.

Ɉɞɧɚɤɨ, ɞɥɹ ɩɨɥɧɨɰɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɢɦɟɧɢɦɨɫɬɢ ɬɪɟɛɭɟɬɫɹ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɟ

ɪɚɫɫɦɨɬɪɟɧɢɟ ɞɚɧɧɵɯ ɦɟɬɨɞɨɜ ɫ ɪɚɡɞɟɥɟɧɢɟɦ ɧɚ ɜɢɞɵ ɜɧɭɬɪɢ ɤɥɚɫɫɚ.

ϭ.Ϯ.ϭ Ɇɟɬɨɞɵ ɪɚɞɢɨɥɨɤɚɰɢɨɧɧɵɟ

Ɋɚɞɢɨɥɨɤɚɰɢɨɧɧɵɟ ɦɟɬɨɞɵ, ɨɫɧɨɜɚɧɵ ɧɚ ɨɬɪɚɠɟɧɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ

ɜɨɥɧ ɜɵɫɨɤɨɣ ɱɚɫɬɨɬɵ [7, 9]. ɋɢɥɶɧɨɣ ɫɬɨɪɨɧɨɣ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɤɢ

ɞɚɥɶɧɨɫɬɢ ɞɟɬɟɤɬɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɩɨ ɚɧɚɥɢɡɭ ɜɪɟɦɟɧɢ ɡɚɞɟɪɠɤɢ ɫɢɝɧɚɥɚ,

ɨɰɟɧɤɢ ɟɝɨ ɪɚɡɦɟɪɚ ɫ ɩɨɦɨɳɶɸ ɚɧɚɥɢɡɚ ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɚ, ɢ ɨɰɟɧɤɟ ɜɧɟɲɧɟɝɨ

ɦɚɬɟɪɢɚɥɚ ɨɛɴɟɤɬɚ, ɩɨ ɨɰɟɧɤɟ ɮɚɡɨɜɨɝɨ ɫɞɜɢɝɚ. Ɉɞɧɚɤɨ, ɬɚɤɢɟ ɦɟɬɨɞɵ ɬɪɟɛɭɸɬ

ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɮɢɥɶɬɪɚɰɢɢ ɢ ɩɨɞɚɜɥɟɧɢɹ, ɪɟɚɥɢɡɚɰɢɢ ɫɥɨɠɧɵɯ ɚɥɝɨɪɢɬɦɨɜ

ɜɵɱɢɫɥɟɧɢɣ, ɚ ɬɚɤɠɟ ɧɟɫɩɨɫɨɛɧɵ ɨɬɥɢɱɚɬɶ ɰɟɥɶɧɨɦɟɬɚɥɥɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ ɨɬ

ɨɛɴɟɤɬɨɜ, ɩɨɤɪɵɬɵɯ ɦɟɬɚɥɥɨɦ.

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɦɟɬɚɥɥɨɞɟɬɟɤɬɨɪɵ ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɬɚɤɨɦ ɜɢɞɟ ɦɟɬɨɞɨɜ ɧɚ

ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɧɟ ɩɨɥɭɱɢɥɢ ɜɵɫɨɤɨɣ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɨɫɬɢ, ɧɨ ɜ ɛɭɞɭɳɟɦ

ɨɠɢɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɬɚɤɢɯ ɭɫɬɪɨɣɫɬɜ ɡɚ ɫɱɟɬ ɬɟɯɧɢɱɟɫɤɨɝɨ

ɩɪɨɝɪɟɫɫɚ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɛɨɥɟɟ ɬɨɱɧɨ ɭɤɚɡɚɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɧɚɣɞɟɧɧɨɝɨ ɨɛɴɟɤɬɚ

ɩɨɥɶɡɨɜɚɬɟɥɸ.



ϭ.Ϯ.Ϯ Ɇɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɢɡɦɟɪɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ
ɤɨɧɬɭɪɚ LC

Ɇɟɬɨɞɵ ɞɚɧɧɨɝɨ ɜɢɞɚ ɨɫɧɨɜɵɜɚɸɬɫɹ ɧɚ ɢɡɦɟɪɟɧɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ LC-

ɤɨɧɬɭɪɚ [8]. Ⱥɧɚɥɢɡɢɪɭɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɹɜɥɹɸɬɫɹ ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ

ɤɨɧɬɭɪɚ ɢ/ɢɥɢ ɟɝɨ ɞɨɛɪɨɬɧɨɫɬɶ (ɚɦɩɥɢɬɭɞɚ). Ɋɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɦɨɝɭɬ

ɢɫɩɨɥɶɡɨɜɚɬɶ, ɤɚɤ ɨɞɢɧ ɢɡ ɩɚɪɚɦɟɬɪɨɜ, ɬɚɤ ɢ ɫɪɚɡɭ ɨɛɚ ɩɚɪɚɦɟɬɪɚ LC-ɤɨɧɬɭɪɚ.

Ʉ ɩɥɸɫɚɦ ɞɚɧɧɵɯ ɦɟɬɨɞɨɜ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɢɯ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɩɪɨɫɬɨɬɭ

ɪɟɚɥɢɡɚɰɢɢ. Ɉɞɧɚɤɨ, ɬɚɤɢɟ ɦɟɬɚɥɥɨɢɫɤɚɬɟɥɢ ɨɬɥɢɱɚɸɬɫɹ ɦɚɥɨɣ ɬɨɱɧɨɫɬɶɸ ɢ

ɞɚɥɶɧɨɫɬɶɸ ɪɚɛɨɬɵ. Ɍɚɤ ɤɚɤ ɞɚɧɧɵɟ ɦɟɬɨɞɵ ɛɚɡɢɪɭɸɬɫɹ ɧɚ ɩɪɢɦɟɧɟɧɢɢ LC-

ɤɨɧɬɭɪɚ, ɬɚɤɢɟ ɦɟɬɚɥɥɨɞɟɬɟɤɬɨɪɵ ɩɨɞɜɟɪɠɟɧɵ ɜɥɢɹɧɢɸ ɢɫɫɥɟɞɭɟɦɨɣ ɫɪɟɞɵ, ɤ

ɩɪɢɦɟɪɭ, ɢɦɟɟɬɫɹ ɫɢɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɜɥɚɠɧɨɫɬɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢɥɢ

ɬɟɦɩɟɪɚɬɭɪɵ. ɉɨɷɬɨɦɭ ɬɚɤɢɟ ɭɫɬɪɨɣɫɬɜɚ ɨɫɧɚɳɚɸɬɫɹ ɩɨɞɫɬɪɨɟɱɧɵɦ

ɦɟɯɚɧɢɡɦɨɦ ɢ ɬɪɟɛɭɸɬ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɤɚɥɢɛɪɨɜɤɢ ɩɨɞ ɬɟɤɭɳɢɟ ɩɚɪɚɦɟɬɪɵ

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ.

ɉɨ ɷɬɢɦ ɩɪɢɱɢɧɚɦ ɧɚɢɛɨɥɶɲɟɟ ɩɪɢɦɟɧɟɧɢɟ ɬɚɤɢɟ ɦɟɬɚɥɥɨɞɟɬɟɤɬɨɪɵ

ɧɚɯɨɞɹɬ ɜ ɤɨɦɩɚɤɬɧɵɯ ɞɚɬɱɢɤɚɯ ɢɥɢ ɥɸɛɢɬɟɥɶɫɤɢɯ ɦɟɬɚɥɥɨɢɫɤɚɬɟɥɹɯ.

ϭ.Ϯ.ϯ Ɇɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɜɨɡɛɭɠɞɟɧɢɢ ɜɢɯɪɟɜɵɯ ɬɨɤɨɜ

Ɇɟɬɨɞɵ ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɷɬɨɦɭ ɩɨɞɜɢɞɭ ɩɨɞɪɚɡɭɦɟɜɚɸɬ ɝɟɧɟɪɚɰɢɸ

ɩɟɪɟɦɟɧɧɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɨɛɥɚɫɬɢ ɫɤɚɧɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɨɟ

ɜɨɡɛɭɠɞɚɟɬ ɜ ɦɟɬɚɥɥɚɯ ɤɨɥɶɰɟɜɵɟ ɦɢɤɪɨɬɨɤɢ (ɬɨɤɢ Ɏɭɤɨ ɢɥɢ ɜɢɯɪɟɜɵɟ ɬɨɤɢ)

[10-12]. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɬɨɤɢ Ɏɭɤɨ, ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɨɛɴɟɤɬɚɯ,

ɜɵɡɵɜɚɸɬ ɜɬɨɪɢɱɧɨɟ ɡɚɬɭɯɚɸɳɟɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɤɨɬɨɪɨɟ ɢ

ɚɧɚɥɢɡɢɪɭɟɬɫɹ ɜ ɫɩɨɫɨɛɚɯ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɜɢɯɪɟɬɨɤɨɜɨɦ ɚɧɚɥɢɡɟ.

ɗɬɨɬ ɩɨɞɜɢɞ ɨɛɥɚɞɚɟɬ ɨɛɲɢɪɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɫɩɨɫɨɛɨɜ ɪɟɚɥɢɡɚɰɢɣ.

Ȼɨɥɶɲɢɧɫɬɜɨ ɫɩɨɫɨɛɨɜ ɩɨɞɪɚɡɭɦɟɜɚɸɬ ɩɪɢɦɟɧɟɧɢɟ ɨɬɞɟɥɶɧɵɯ ɤɚɬɭɲɟɤ ɞɥɹ

ɝɟɧɟɪɚɰɢɢ ɩɟɪɜɢɱɧɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɢ ɞɥɹ ɩɪɢɟɦɚ ɜɬɨɪɢɱɧɨɝɨ

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɩɨɪɨɠɞɚɟɦɨɝɨ ɬɨɤɚɦɢ Ɏɭɤɨ. Ɉɞɧɚɤɨ, ɫɭɳɟɫɬɜɭɸɬ

ɫɩɨɫɨɛɵ, ɤɨɬɨɪɵɟ ɩɨɞɪɚɡɭɦɟɜɚɸɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɞɧɨɣ ɤɚɬɭɲɤɢ ɤɚɤ ɞɥɹ



ɝɟɧɟɪɚɰɢɢ, ɬɚɤ ɢ ɩɪɢɟɦɚ ɫɢɝɧɚɥɚ. Ɍɚɤ ɠɟ, ɫɩɨɫɨɛɵ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɩɨ ɫɩɨɫɨɛɭ

ɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ: ɢɦɩɭɥɶɫɧɚɹ ɝɟɧɟɪɚɰɢɹ, ɫɢɧɭɫɨɢɞɚɥɶɧɚɹ ɢɥɢ

ɩɢɥɨɨɛɪɚɡɧɚɹ ɝɟɧɟɪɚɰɢɹ.

ɇɚɥɢɱɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɢ ɢɯ ɨɛɴɟɦ ɜ ɬɚɤɢɯ ɦɟɬɨɞɚɯ ɢɡɦɟɪɹɟɬɫɹ

ɫ ɩɨɦɨɳɶɸ ɚɧɚɥɢɡɚ ɚɦɩɥɢɬɭɞɵ ɜɬɨɪɢɱɧɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. Ɍɚɤ ɠɟ

ɢɡɜɟɫɬɧɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɡɚɬɭɯɚɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɡɚɜɢɫɢɬ ɨɬ

ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɨɛɴɟɤɬɚ ɢ ɟɝɨ ɩɪɨɜɨɞɢɦɨɫɬɢ [10, 12]. ȼɬɨɪɢɱɧɨɟ

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɫɨɜɩɚɞɚɟɬ ɩɨ ɱɚɫɬɨɬɟ ɤɨɥɟɛɚɧɢɣ ɫ ɩɟɪɜɢɱɧɵɦ,

ɝɟɧɟɪɢɪɭɟɦɵɦ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ, ɨɞɧɚɤɨ ɨɬɥɢɱɚɟɬɫɹ ɩɨ ɮɚɡɟ ɜ

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɚɬɟɪɢɚɥɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɫɧɨɜɟ

ɢɫɫɥɟɞɨɜɚɧɢɹ ɮɚɡɨɜɨɝɨ ɫɞɜɢɝɚ ɜɬɨɪɢɱɧɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ

ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɟɪɜɢɱɧɨɝɨ ɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ ɡɚɤɥɸɱɟɧɢɟ ɨ ɦɚɬɟɪɢɚɥɟ

ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. Ɇɟɬɨɞɵ ɢɫɩɨɥɶɡɭɸɳɢɟ ɢɦɩɭɥɶɫɧɭɸ ɝɟɧɟɪɚɰɢɸ

ɩɟɪɜɢɱɧɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɨɡɜɨɥɹɸɬ, ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ

ɜɵɲɟɨɩɢɫɚɧɧɨɦɭ, ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɞɥɢɬɟɥɶɧɨɫɬɶ ɡɚɬɭɯɚɧɢɹ ɜɬɨɪɢɱɧɨɝɨ

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɱɬɨ ɬɚɤ ɠɟ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɞɢɫɤɪɢɦɢɧɚɰɢɸ

ɨɛɴɟɤɬɨɜ.

Ɋɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɩɨɞɪɚɡɭɦɟɜɚɸɬ ɚɧɚɥɢɡ ɨɞɧɨɝɨ ɢɡ ɜɵɲɟɨɩɢɫɚɧɧɵɯ

ɩɚɪɚɦɟɬɪɨɜ, ɥɢɛɨ ɫɪɚɡɭ ɧɟɫɤɨɥɶɤɢɯ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɨɛɧɚɪɭɠɟɧɢɹ, ɢɥɢ

ɬɨɱɧɨɫɬɢ ɞɢɫɤɪɢɦɢɧɚɰɢɢ. Ʉɨɦɩɥɟɤɫɧɵɟ ɦɟɬɨɞɵ ɯɨɬɶ ɢ ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ

ɫɥɨɠɧɵɦɢ ɱɟɦ ɢɯ ɩɪɨɫɬɵɟ ɚɧɚɥɨɝɢ, ɨɞɧɚɤɨ, ɭɥɭɱɲɚɸɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ

ɦɟɬɚɥɥɨɞɟɬɟɤɬɨɪɚ.

Ʉ ɦɢɧɭɫɚɦ ɞɚɧɧɵɯ ɦɟɬɨɞɨɜ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɫɥɨɠɧɨɫɬɶ ɢɯ ɪɟɚɥɢɡɚɰɢɢ, ɬ.ɤ.

ɧɟ ɬɨɥɶɤɨ ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɪɹɬɶ ɫɥɚɛɵɟ ɜɬɨɪɢɱɧɵɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɩɨɥɹ, ɱɬɨ

ɬɪɟɛɭɟɬ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɭɫɢɥɟɧɢɹ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ, ɧɨ ɢ ɧɟ ɞɨɩɭɫɬɢɬɶ

ɜɥɢɹɧɢɹ ɩɟɪɜɢɱɧɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɩɪɢɧɢɦɚɸɳɭɸ ɤɚɬɭɲɤɭ. Ɍɚɤ

ɠɟ, ɮɚɡɨɜɵɣ ɫɞɜɢɝ ɦɨɠɟɬ ɨɬɥɢɱɚɬɶɫɹ ɞɥɹ ɩɪɟɞɦɟɬɨɜ ɪɚɡɧɵɯ ɮɨɪɦ, ɫɨɫɬɨɹɳɢɯ ɢɡ

ɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɱɬɨ ɧɟɫɤɨɥɶɤɨ ɫɭɠɚɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɞɢɫɤɪɢɦɢɧɚɰɢɢ ɨɛɴɟɤɬɨɜ.

Ʉɪɨɦɟ ɬɨɝɨ, ɜɨɡɦɨɠɧɚ ɫɢɬɭɚɰɢɹ, ɤɨɝɞɚ ɦɧɨɠɟɫɬɜɨ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɜ

ɡɨɧɟ ɫɤɚɧɢɪɨɜɚɧɢɹ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɩɪɚɜɢɥɶɧɨɣ ɞɢɫɤɪɢɦɢɧɚɰɢɢ ɫɢɝɧɚɥɚ, ɬ.ɤ.



ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɛɭɞɟɬ ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɦɚɥɵɯ

ɜɬɨɪɢɱɧɵɯ ɩɨɥɟɣ ɨɬ ɤɚɠɞɨɝɨ ɨɛɴɟɤɬɚ.

Ɉɫɧɨɜɧɵɟ ɧɚɡɜɚɧɢɹ ɦɟɬɨɞɨɜ ɷɬɨɝɨ ɤɥɚɫɫɚ: «ȼɢɯɪɟɬɨɤɨɜɨɣ ɫɩɨɫɨɛ»,

«ɂɦɩɭɥɶɫɧɵɣ ɫɩɨɫɨɛ», «ɉɟɪɟɞɚɱɚ-ɉɪɢɟɦ ɫɩɨɫɨɛ», «ɂɧɞɭɤɰɢɨɧɧɵɣ ɫɩɨɫɨɛ». ȼ

ɢɧɨɫɬɪɚɧɧɨɣ ɬɟɪɦɢɧɨɥɨɝɢɢ «Very Low Frequency» (VLF), «Induction Balance»

(IB), «Pulse Induction» (PI) [13].

ϭ.ϯ Ɉɛɳɢɟ ɩɨɥɨɠɟɧɢɹ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɟɬɨɞɚ

ɇɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɢ ɫɩɨɫɨɛɨɜ

ɨɛɧɚɪɭɠɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨ ɪɚɡɪɚɛɨɬɤɟ

ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɦɟɬɨɞɚ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɭɪɨɜɧɹ ɬɨɱɧɨɫɬɢ ɢ

ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɧɚɪɭɠɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɜ ɜɵɫɨɤɨɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ

ɫɪɟɞɟ (ɪɭɞɚ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɦɟɬɚɥɥɚ ɞɨ 45%).

ɉɪɟɞɥɚɝɚɟɦɵɣ ɦɟɬɨɞ ɧɚ ɨɫɧɨɜɚɧ ɧɚ ɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɜ

ɫɤɚɧɢɪɭɟɦɨɣ ɨɛɥɚɫɬɢ, ɮɢɥɶɬɪɚɰɢɢ ɢ ɩɨɫɥɟɞɭɸɳɟɦ ɚɧɚɥɢɡɟ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. Ⱦɥɹ ɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɢ ɩɨɥɭɱɟɧɢɹ

ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɩɪɢɦɟɧɹɟɬɫɹ ɞɜɟ ɢɧɞɭɤɬɢɜɧɵɟ ɤɚɬɭɲɤɢ. Ɉɞɧɚ ɢɡ ɤɚɬɭɲɟɤ

ɹɜɥɹɟɬɫɹ ɩɟɪɟɞɚɸɳɟɣ (ɝɟɧɟɪɢɪɭɸɳɟɣ ɩɟɪɜɢɱɧɨɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ),

ɜɬɨɪɚɹ ɤɚɬɭɲɤɚ ɹɜɥɹɟɬɫɹ ɩɪɢɧɢɦɚɸɳɟɣ, ɬɨ ɟɫɬɶ ɜɵɪɚɛɚɬɵɜɚɟɬ ɩɨɥɟɡɧɵɣ ɫɢɝɧɚɥ.

Ɂɚɤɥɸɱɟɧɢɟ ɨ ɧɚɥɢɱɢɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɜ ɨɛɥɚɫɬɢ ɫɤɚɧɢɪɨɜɚɧɢɹ

ɩɪɟɞɥɚɝɚɟɬɫɹ ɜɵɩɨɥɧɹɬɶ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ ɫ ɩɪɢɧɢɦɚɸɳɟɣ

ɤɚɬɭɲɤɢ.

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɩɨɥɟɡɧɵɣ ɫɢɝɧɚɥ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɫɜɨɣɫɬɜ ɨɛɴɟɤɬɨɜ

ɜ ɨɛɥɚɫɬɢ ɫɤɚɧɢɪɨɜɚɧɢɹ ɜ ɫɥɟɞɫɬɜɢɢ ɬɨɝɨ, ɱɬɨ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ ɜ ɡɨɧɟ

ɫɤɚɧɢɪɨɜɚɧɢɹ ɛɭɞɭɬ ɝɟɧɟɪɢɪɨɜɚɬɶ ɜɬɨɪɢɱɧɨɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɨɬ

ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɬɨɤɨɜ Ɏɭɤɨ, ɚ ɡɧɚɱɢɬ, ɜɧɨɫɢɬɶ ɢɡɦɟɧɟɧɢɹ ɜ ɤɨɧɟɱɧɨɟ

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ. Ɍɚɤ ɠɟ, ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ ɛɭɞɭɬ ɜɥɢɹɬɶ ɧɚ

ɩɚɪɚɦɟɬɪɵ ɢɧɞɭɤɬɢɜɧɵɯ ɤɚɬɭɲɟɤ, ɚ ɡɧɚɱɢɬ ɜɥɢɹɬɶ ɤɚɤ ɧɚ ɝɟɧɟɪɢɪɭɟɦɨɟ

ɩɟɪɜɢɱɧɨɟ ɩɨɥɟ (ɜ ɫɥɟɞɫɬɜɢɢ ɱɟɝɨ ɢ ɧɚ ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ), ɬɚɤ ɢ ɧɚ

ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ ɧɚ ɩɪɢɧɢɦɚɸɳɟɣ ɤɚɬɭɲɤɟ.



ɇɚ ɝɟɧɟɪɢɪɭɸɳɭɸ ɤɚɬɭɲɤɭ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɨɞɚɜɚɬɶ ɩɪɹɦɨɭɝɨɥɶɧɵɣ

ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɫɢɝɧɚɥ, ɤɚɤ ɧɚɢɛɨɥɟɟ ɩɨɞɜɟɪɠɟɧɧɵɣ ɤ ɜɥɢɹɧɢɸ ɩɚɪɚɦɟɬɪɨɜ

ɢɧɞɭɤɬɢɜɧɵɯ ɤɚɬɭɲɟɤ ɢ ɫɤɚɧɢɪɭɟɦɨɣ ɨɛɥɚɫɬɢ ɧɚ ɮɨɪɦɭ ɫɢɝɧɚɥɚ.

Ɉɬɥɢɱɢɟ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ ɨɬ ɫɭɳɟɫɬɜɭɸɳɢɯ ɜ ɬɨɦ, ɱɬɨ ɧɟ ɬɪɟɛɭɟɬɫɹ

ɜɵɱɢɬɚɧɢɟ ɩɟɪɜɢɱɧɨɝɨ ɫɢɝɧɚɥɚ ɢɡ ɩɨɥɟɡɧɨɝɨ. ɉɟɪɜɢɱɧɵɣ ɫɢɝɧɚɥ ɤɨɫɜɟɧɧɨ

ɡɚɜɢɫɢɬ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɩɨɥɭɱɚɟɦɨɣ ɢɧɞɭɤɰɢɨɧɧɨ ɫɜɹɡɚɧɧɨɣ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɵɟ

ɢɡɦɟɧɹɸɬɫɹ ɩɨɞ ɜɥɢɹɧɢɟɦ ɨɛɴɟɤɬɨɜ ɫɤɚɧɢɪɨɜɚɧɢɹ. ȼ ɨɬɥɢɱɢɢ ɨɬ

ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ, ɞɥɹ ɝɟɧɟɪɚɰɢɢ ɩɟɪɜɢɱɧɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ

ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɫɢɝɧɚɥ. Ɉɞɧɚɤɨ,

ɦɟɬɨɞ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɩɨɞɜɢɞɭ «ɜɢɯɪɟɬɨɤɨɜɵɯ» ɦɟɬɨɞɨɜ.

ϭ.ϰ ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ

Ɇɟɬɨɞɵ, ɜɯɨɞɹɳɢɟ ɜ «ɨɩɬɢɱɟɫɤɢɣ» ɤɥɚɫɫ ɧɟ ɩɪɢɦɟɧɢɦɵ ɧɚ

ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɞɥɹ ɩɨɢɫɤɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɧɚ

ɤɨɧɜɟɣɟɪɟ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɪɭɞ ɜ ɫɥɟɞɫɬɜɢɢ ɫɥɟɞɭɸɳɢɯ ɩɪɢɱɢɧ:

̵ ɬɪɟɛɭɟɬɫɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɨɛɴɟɤɬɨɜ ɫɤɚɧɢɪɨɜɚɧɢɹ (ɨɱɢɫɬɤɚ

ɨɬ ɝɪɹɡɢ ɢ ɩɵɥɢ), ɱɬɨ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɱɪɟɡɦɟɪɧɨɟ ɭɫɥɨɠɧɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ

ɨɛɪɚɛɨɬɤɢ ɪɭɞ;

̵ ɬɚɤɢɟ ɦɟɬɨɞɵ ɧɟ ɫɩɨɫɨɛɧɵ ɩɪɨɜɨɞɢɬɶ ɚɧɚɥɢɡ ɨɛɴɟɤɬɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɩɨɞ

ɞɪɭɝɢɦɢ ɨɛɴɟɤɬɚɦɢ, ɜ ɫɥɟɞɫɬɜɢɢ ɱɟɝɨ ɦɚɥɵɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ ɛɭɞɭɬ

ɡɚɱɚɫɬɭɸ ɩɪɨɩɭɳɟɧɵ;

̵ «ɨɩɬɢɱɟɫɤɢɣ» ɚɧɚɥɢɡ ɤɪɚɣɧɟ ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ ɢ

ɩɨɷɬɨɦɭ ɬɪɟɛɭɟɬ ɫɩɟɰɢɚɥɶɧɨɝɨ ɨɫɜɟɳɟɧɢɹ, ɱɬɨ ɬɪɭɞɧɨɨɫɭɳɟɫɬɜɢɦɨ ɜ ɭɫɥɨɜɢɹɯ

ɬɹɠɟɥɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ.

Ɇɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɩɪɢɡɧɚɧɵ ɱɪɟɡɦɟɪɧɨ

ɞɨɪɨɝɨɫɬɨɹɳɢɦɢ ɢ ɬɟɯɧɢɱɟɫɤɢ ɫɥɨɠɧɵɦɢ ɜ ɪɟɚɥɢɡɚɰɢɢ ɞɥɹ ɡɚɞɚɱɢ ɦɟɬɚɥɥɨ

ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ.

Ɇɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɚɧɚɥɢɡɟ ɨɬɪɚɠɟɧɧɵɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ

ɩɪɢɡɧɚɧɵ ɧɟ ɩɨɞɯɨɞɹɳɢɦɢ ɜ ɫɥɟɞɫɬɜɢɢ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɨɬɥɢɱɢɹ

ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɨɬ ɨɛɴɟɤɬɚ, ɩɨɤɪɵɬɨɝɨ ɦɟɬɚɥɥɨɦ, ɤɨɬɨɪɵɣ ɩɨ



ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɚɤɢɯ ɦɟɬɨɞɨɜ, ɛɭɞɟɬ ɫɯɨɠ ɫ ɤɭɫɤɨɦ

ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɟɣ ɪɭɞɵ.

ȼɢɞ ɦɟɬɨɞɨɜ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɚɧɚɥɢɡɟ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ LC-ɤɨɧɬɭɪɚ ɩɪɢɡɧɚɧ

ɧɟɷɮɮɟɤɬɢɜɧɵɦ ɜ ɫɜɹɡɢ ɫ ɦɚɥɨɣ ɬɨɱɧɨɫɬɶɸ ɢ ɫɢɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɨɬ

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ.

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɜɢɞ ɦɟɬɨɞɨɜ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɚɧɚɥɢɡɟ ɜɬɨɪɢɱɧɨɝɨ

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɜɨɡɧɢɤɚɸɳɟɝɨ ɜ ɫɥɟɞɫɬɜɢɢ ɜɢɯɪɟɜɵɯ ɬɨɤɨɜ ɜ ɨɛɴɟɤɬɚɯ

ɫɤɚɧɢɪɨɜɚɧɢɹ ɩɪɢɡɧɚɧ ɩɨɞɯɨɞɹɳɢɦ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɭɤɚɡɚɧɧɨɣ ɩɪɟɞɦɟɬɧɨɣ

ɨɛɥɚɫɬɢ. Ɉɞɧɚɤɨ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɬɪɟɛɭɸɬ ɭɱɢɬɵɜɚɬɶ ɜɥɢɹɧɢɹ

ɩɟɪɜɢɱɧɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɩɨɥɟɡɧɵɣ ɫɢɝɧɚɥ, ɱɬɨ ɭɫɥɨɠɧɹɟɬ ɫɯɟɦɭ

ɪɚɛɨɬɵ ɢ ɟɟ ɚɥɝɨɪɢɬɦ, ɚ ɬɚɤɠɟ ɭɦɟɧɶɲɚɟɬ ɜɨɡɦɨɠɧɭɸ ɬɨɱɧɨɫɬɶ ɪɚɛɨɬɵ.

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɚɤɬɭɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɨɝɨ ɦɟɬɨɞɚ, ɤɨɬɨɪɵɣ

ɩɨɡɜɨɥɢɬ ɞɨɛɢɬɶɫɹ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɢɡɛɟɠɚɜ

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɵɱɢɬɚɧɢɹ ɩɨɦɟɯ ɨɬ ɩɟɪɜɢɱɧɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ.

Ⱥɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɨɛɧɚɪɭɠɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ

ɩɪɢɜɟɥ ɤ ɫɥɟɞɭɸɳɟɣ ɨɰɟɧɤɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ (ɬɚɛɥɢɰɚ 1).

Ɍɚɛɥɢɰɚ 1 – ȼɢɞɵ ɦɟɬɨɞɨɜ ɢ ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ

Ɇɟɬɨɞɵ,
ɨɫɧɨɜɚɧɧɵɟ ɧɚ

«ɷɥɟɤɬɪɨɮɢɡɢɱɟɫ
ɤɢɯ» ɹɜɥɟɧɢɹɯ

ɋɭɳɟɫɬɜɭɸɬ
ɦɟɬɨɞɵ ɫ ɜɵɫɨɤɢɦ
ɭɪɨɜɧɟɦ ɬɨɱɧɨɫɬɢ

Ɋɚɡɧɨɨɛɪɚɡɢɟ
ɩɨɞɜɢɞɨɜ ɦɟɬɨɞɨɜ

Ɉɬɫɭɬɫɬɜɢɟ "ɫɢɥɶɧɵɯ" ɫɬɨɪɨɧ

Ɇɟɬɨɞɵ ɫ
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ
ɫɩɟɤɬɪɨɫɤɨɩɢɢ

ȼɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ
ȼɨɡɦɨɠɧɨɫɬɶ

ɪɚɡɛɨɪɚ ɫɨɫɬɚɜɚ
ɨɛɴɟɤɬɚ

ȼɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɢ ɬɪɟɛɨɜɚɧɢɹ ɤ
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ

ɉɨɜɵɲɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɬɟɯɧɢɤɟ
ɛɟɡɨɩɚɫɧɨɫɬɢ

ȼɵɫɨɤɚɹ ɬɟɯɧɢɱɟɫɤɚɹ ɫɥɨɠɧɨɫɬɶ
ɨɛɨɪɭɞɨɜɚɧɢɹ

Ɉɩɬɢɱɟɫɤɢɟ
ɦɟɬɨɞɵ

Ɇɚɥɚɹ ɫɬɨɢɦɨɫɬɶ
ɉɪɨɫɬɨɬɚ

ɨɛɨɪɭɞɨɜɚɧɢɹ

Ɇɚɥɚɹ ɬɨɱɧɨɫɬɶ
ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ
ɨɛɪɚɛɨɬɤɢ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ

ȼɢɞ ɦɟɬɨɞɚ ɋɢɥɶɧɵɟ ɫɬɨɪɨɧɵ ɋɥɚɛɵɟ ɫɬɨɪɨɧɵ



Глава Ϯ Ɇɟɬɨɞ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɢ ɦɨɞɟɥɶ
ɪɚɛɨɬɵ ɦɟɬɨɞɚ

Ϯ.ϭ Ɉɩɢɫɚɧɢɟ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ

ɉɪɟɞɥɚɝɚɟɦɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ

ɨɛɴɟɤɬɨɜ ɜ ɡɨɧɟ ɫɤɚɧɢɪɨɜɚɧɢɹ. ɋɭɬɶ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɝɟɧɟɪɢɪɨɜɚɧɢɢ

ɩɟɪɟɦɟɧɧɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɢ ɩɨɫɥɟɞɭɸɳɟɦ ɚɧɚɥɢɡɟ ɨɬɤɥɨɧɟɧɢɢ

ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɡɨɧɟ ɫɤɚɧɢɪɨɜɚɧɢɢ ɨɬ ɨɠɢɞɚɟɦɵɯ

ɡɧɚɱɟɧɢɣ. Ƚɟɧɟɪɚɰɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ (ɞɚɥɟɟ «ɩɟɪɜɢɱɧɨɟ

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ») ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɟɪɜɢɱɧɨɣ, ɝɟɧɟɪɢɪɭɸɳɟɣ,

ɤɚɬɭɲɤɢ. ȼɵɯɨɞɧɵɦ ɫɢɝɧɚɥɨɦ ɹɜɥɹɟɬɫɹ ɗȾɋ ɜɨɡɧɢɤɚɸɳɚɹ ɧɚ ɩɪɢɧɢɦɚɸɳɟɣ

ɤɚɬɭɲɤɟ ɤɨɬɨɪɚɹ ɪɚɡɦɟɳɟɧɚ ɜ ɪɟɡɭɥɶɬɢɪɭɸɳɟɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦ ɩɨɥɟ.

ɇɢɠɟ ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɛɨɥɟɟ ɜɫɟɝɨ

ɩɨɞɜɟɪɠɟɧ ɢɡɦɟɧɟɧɢɹɦ ɩɪɢ ɜɧɟɫɟɧɢɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɜ ɡɨɧɭ

ɫɤɚɧɢɪɨɜɚɧɢɹ.

Ɋɢɫɭɧɨɤ 1 – ɋɯɟɦɚ ɪɚɡɦɟɳɟɧɢɣ ɤɚɬɭɲɟɤ



Ɍɚɤɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɤɚɬɭɲɟɤ ɞɨɛɚɜɥɹɟɬ ɮɚɤɬɨɪ ɱɚɫɬɢɱɧɨɝɨ ɨɬɪɚɠɟɧɢɹ

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ ɨɬ ɫɤɚɧɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ, ɤɨɬɨɪɵɟ ɧɟ ɛɭɞɭɬ ɩɨɩɚɞɚɬɶ ɜ

ɡɨɧɭ ɩɪɢɧɢɦɚɸɳɟɣ ɤɚɬɭɲɤɢ ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɗȾɋ ɛɭɞɟɬ ɢɡɦɟɧɹɬɫɹ ɩɪɢ

ɜɧɟɫɟɧɢɢ ɨɛɴɟɤɬɚ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ ɛɭɞɭɬ

ɜɵɫɬɭɩɚɬɶ ɢɝɪɚɬɶ ɪɨɥɶ «ɡɚɫɥɨɧɚ» ɦɟɠɞɭ ɩɟɪɜɢɱɧɨɣ ɢ ɜɬɨɪɢɱɧɨɣ ɤɚɬɭɲɤɚɦɢ.

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɦɚɬɟɪɢɚɥɨɦ, ɬɨɥɳɢɧɨɣ,

ɪɚɡɦɟɪɚɦɢ ɨɛɴɟɤɬɚ, ɢ ɩɚɪɚɦɟɬɪɚɦɢ ɨɬɪɚɠɟɧɢɹ ɫɢɝɧɚɥɚ, ɚ ɡɧɚɱɢɬ, ɦɚɬɟɪɢɚɥ

ɨɛɴɟɤɬɚ ɢ ɟɝɨ ɪɚɡɦɟɪ ɛɭɞɭɬ ɩɪɹɦɨ ɜɥɢɹɬɶ ɧɚ ɜɵɯɨɞɧɨɣ ɩɨɥɟɡɧɵɣ ɫɢɝɧɚɥ.

Ɉɞɧɚɤɨ, ɨɫɧɨɜɧɵɦ ɜɥɢɹɸɳɢɦ ɧɚ ɩɨɥɟɡɧɵɣ ɫɢɝɧɚɥ ɮɚɤɬɨɪɨɦ ɹɜɥɹɟɬɫɹ

ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɜɬɨɪɢɱɧɵɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ

ɩɪɨɬɟɤɚɸɳɢɦɢ ɜ ɩɪɨɜɨɞɧɢɤɚɯ (ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɚɯ) ɬɨɤɨɜ Ɏɭɤɨ [14]. Ɍɨɤɢ

Ɏɭɤɨ ɜɨɡɧɢɤɚɸɬ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɨɜɨɞɧɢɤɚɯ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɜɨ ɜɪɟɦɟɧɢ

ɩɨɬɨɤɚ, ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ ɧɢɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. ɗɬɢɦ ɢ ɨɛɴɹɫɧɹɟɬɫɹ

ɩɨɹɜɥɟɧɢɹ ɜɬɨɪɢɱɧɵɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ. ȼɬɨɪɢɱɧɵɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ

ɩɨɥɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɬɥɢɱɚɸɬɫɹ ɩɨ ɮɚɡɟ, ɧɚɩɪɹɠɟɧɧɨɫɬɢ

(ɚɦɩɥɢɬɭɞɟ), ɢ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ [11, 15-16]. ȼ ɫɥɟɞɫɬɜɢɢ ɷɬɨɝɨ, ɩɚɪɚɦɟɬɪɵ

ɨɛɴɟɤɬɨɜ ɜ ɡɨɧɟ ɫɤɚɧɢɪɨɜɚɧɢɹ ɛɭɞɭɬ ɜɥɢɹɬɶ ɧɚ ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ.

Ɍɪɟɬɶɢɦ, ɧɚɢɦɟɧɟɟ ɜɥɢɹɸɳɢɦ ɮɚɤɬɨɪɨɦ, ɹɜɥɹɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ

ɩɚɪɚɦɟɬɪɨɜ ɢɧɞɭɤɰɢɨɧɧɵɯ ɤɚɬɭɲɟɤ (ɤɚɤ ɩɪɢɧɢɦɚɸɳɟɣ, ɬɚɤ ɢ ɝɟɧɟɪɢɪɭɸɳɟɣ)

ɨɬ ɧɚɥɢɱɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɦɟɠɞɭ ɧɢɦɢ. ɉɪɢ ɧɚɥɢɱɢɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ

ɨɛɴɟɤɬɨɜ ɪɹɞɨɦ ɫ ɢɧɞɭɤɰɢɨɧɧɨɣ ɤɚɬɭɲɤɨɣ ɢɡɦɟɧɹɟɬɫɹ ɟɟ ɢɧɞɭɤɬɢɜɧɨɫɬɶ, ɚ

ɡɧɚɱɢɬ, ɢ ɚɦɩɥɢɬɭɞɚ ɫ ɮɨɪɦɨɣ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ.

Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɟɣ ɮɨɪɦɨɣ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɞɥɹ

ɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɹɜɥɹɟɬɫɹ ɦɟɚɧɞɪ. ɗɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɬɟɦ,

ɱɬɨ ɨɧ ɧɚɢɛɨɥɟɟ ɜɫɟɝɨ ɩɨɞɜɟɪɠɟɧ ɜɥɢɹɧɢɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɚɤɬɢɜɧɨɝɨ

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɫɬɨɱɧɢɤɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɤɨɢɦ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ,

ɹɜɥɹɟɬɫɹ ɫɜɹɡɚɧɧɚɹ ɫɢɫɬɟɦɚ ɢɡ ɤɚɬɭɲɟɤ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɢ ɨɛɴɟɤɬɨɜ ɜ ɡɨɧɟ

ɫɤɚɧɢɪɨɜɚɧɢɹ. ȼ ɬɨɦ ɱɢɫɥɟ, ɩɪɢ ɢɦɩɭɥɶɫɧɨɦ ɢɡɦɟɧɟɧɢɢ ɫɢɝɧɚɥɚ (ɚ ɡɧɚɱɢɬ ɢ

ɝɟɧɟɪɢɪɭɟɦɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ), ɜ ɞɟɣɫɬɜɢɟ ɜɫɬɭɩɚɸɬ ɩɚɪɚɦɟɬɪɵ ɬɨɤɨɜ



Ɏɭɤɨ ɜ ɫɤɚɧɢɪɭɟɦɵɯ ɨɛɴɟɤɬɚɯ, ɜɪɟɦɹ ɡɚɬɭɯɚɧɢɹ ɢ ɮɚɡɚ. ɉɪɢ ɩɨɫɬɨɹɧɧɨɦ, ɧɟ

ɢɦɩɭɥɶɫɧɨɦ, ɢɡɦɟɧɟɧɢɢ ɫɢɝɧɚɥɚ (ɫɢɧɭɫɨɢɞɚɥɶɧɵɣ ɢɥɢ ɩɢɥɨɨɛɪɚɡɧɵɣ ɫɢɝɧɚɥ)

ɷɬɢ ɩɚɪɚɦɟɬɪɵ ɧɟ ɜɥɢɹɸɬ ɫɬɨɥɶ ɹɜɧɨ. ɇɢɠɟ ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɨɞɧɨɝɨ ɩɟɪɢɨɞɚ

ɜɵɯɨɞɧɨɝɨ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɚɧɞɪɚ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ

ɫɢɝɧɚɥɚ.

Ɋɢɫɭɧɨɤ 2 – Ɏɨɪɦɚ ɜɵɯɨɞɧɨɝɨ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ (ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ)

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɩɨɥɟɡɧɵɣ ɫɢɝɧɚɥ ɢɦɟɟɬ ɩɟɪɢɨɞɢɱɟɫɤɭɸ ɮɨɪɦɭ

ɢɫɤɚɠɟɧɧɨɝɨ ɦɟɚɧɞɪɚ. Ⱦɚɧɧɚɹ ɮɨɪɦɚ ɜɨɫɩɪɨɢɡɜɟɞɟɧɚ ɧɚ ɨɫɧɨɜɟ

ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɉɪɢɦɟɪ ɪɟɚɥɶɧɨɝɨ ɫɢɝɧɚɥɚ ɛɵɥ ɩɨɥɭɱɟɧ ɩɨɡɠɟ

ɩɪɢ ɬɟɫɬɢɪɨɜɚɧɢɢ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ (ɪɢɫɭɧɨɤ 21).

ɇɢɠɟ ɩɪɢɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɩɨɥɭɩɟɪɢɨɞɨɜ ɫɢɝɧɚɥɨɜ ɦɟɠɞɭ ɧɚɥɢɱɢɟɦ

ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɢ ɛɟɡ ɧɚɥɢɱɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɜ ɡɨɧɟ

ɫɤɚɧɢɪɨɜɚɧɢɹ.



Ɋɢɫɭɧɨɤ 3 – ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɮɨɪɦɵ ɫɢɝɧɚɥɨɜ ɩɨɥɟɡɧɵɯ ɫɢɝɧɚɥɨɜ

ɇɚ ɜɵɲɟɩɪɢɜɟɞɟɧɧɨɦ ɩɪɢɦɟɪɟ ɢɡ ɨɬɤɥɨɧɟɧɢɹ ɫɢɝɧɚɥɚ ɜɢɞɧɨ, ɱɬɨ

ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɨɛɴɟɤɬ ɜɵɡɵɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɚ ɛɥɢɠɟ ɤ ɤɨɧɰɭ

ɩɨɥɭɩɟɪɢɨɞɚ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɧɚɱɚɥɟ ɩɨɥɭɩɟɪɢɨɞɚ ɫɢɝɧɚɥ ɢɡɦɟɧɹɟɬɫɹ ɧɟ ɫɬɨɥɶ

ɫɢɥɶɧɨ, ɢɧɵɦɢ ɫɥɨɜɚɦɢ, ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɨɛɴɟɤɬ ɜ ɡɨɧɟ ɫɤɚɧɢɪɨɜɚɧɢɹ ɢɡɦɟɧɢɥ

ɮɨɪɦɭ ɫɢɝɧɚɥɚ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɭɤɚɡɚɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜɵɡɜɚɧɵ ɫɬɚɥɶɧɵɦ

ɰɢɥɢɧɞɪɨɦ, ɢ ɢɡɦɟɧɢɬɟ ɮɨɪɦɵ ɫɢɝɧɚɥɚ ɡɚɜɢɫɢɬ ɨɬ ɟɝɨ ɦɚɬɟɪɢɚɥɚ, ɤ ɩɪɢɦɟɪɭ,

ɨɤɫɢɮɟɪɨɜɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚɨɛɨɪɨɬ ɭɦɟɧɶɲɚɬ ɚɦɩɥɢɬɭɞɭ ɫɢɝɧɚɥɚ.

ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ, ɧɚɥɢɱɢɟ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɜ ɡɨɧɟ

ɫɤɚɧɢɪɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɨɬɤɥɨɧɟɧɢɸ ɮɨɪɦɵ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɨɬ

ɨɠɢɞɚɟɦɨɣ. ɂɫɤɚɬɶ ɷɬɨ ɨɬɤɥɨɧɟɧɢɟ ɦɨɠɧɨ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɚɧɚɥɢɡɢɪɭɹ

ɫɢɧɮɚɡɧɵɟ ɢ ɤɜɚɞɪɚɬɭɪɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɢɝɧɚɥɚ, ɪɚɫɫɱɢɬɵɜɚɹ

ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɫɢɝɧɚɥɚ ɢ ɬ.ɞ. ȼɵɛɨɪ ɩɨɞɯɨɞɚ ɤ ɚɧɚɥɢɡɭ ɮɨɪɦɵ

ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɤɪɟɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ ɢ ɜɨɡɦɨɠɧɨɫɬɟɣ ɚɩɩɚɪɚɬɭɪɵ (ɟɟ

ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɨɳɧɨɫɬɢ).



Ϯ.Ϯ ɋɩɨɫɨɛ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɚ

ɋɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɮɨɪɦɵ ɩɨɥɭɱɚɟɦɨɝɨ

ɫɢɝɧɚɥɚ ɧɚɢɛɨɥɶɲɢɟ ɨɬɤɥɨɧɟɧɢɟ ɫɢɝɧɚɥ ɩɪɢɧɢɦɚɟɬ ɛɥɢɠɟ ɤ ɤɨɧɰɭ ɩɨɥɭɩɟɪɢɨɞɚ,

ɢ ɫɬɚɛɢɥɟɧ ɜ ɟɝɨ ɧɚɱɚɥɟ ɞɨ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɨɱɤɢ (ɧɚɝɥɹɞɧɨ ɜɢɞɧɨ ɧɚ ɪɢɫɭɧɤɟ 3).

Ɂɧɚɱɢɬ, ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɛɭɞɟɬ ɨɰɟɧɢɜɚɬɶ ɮɨɪɦɭ ɫɢɝɧɚɥɚ ɩɨ ɧɚɤɥɨɧɧɨɣ

ɩɥɨɫɤɨɫɬɢ ɦɟɠɞɭ ɷɬɢɦɢ ɞɜɭɦɹ ɬɨɱɤɚɦɢ, ɨɛɨɡɧɚɱɢɦ ɷɬɢ ɬɨɱɤɢ ɤɚɤ a ɢ b. ɂɧɚɱɟ,

ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɮɨɪɦɭ ɜɫɟɝɨ ɫɢɝɧɚɥɚ ɩɨ ɮɨɪɦɟ ɷɬɨɝɨ ɨɬɪɟɡɤɚ,

ɞɥɹ ɤɚɠɞɨɝɨ ɩɨɥɭɩɟɪɢɨɞɚ ɫɢɝɧɚɥɚ ɨɬɞɟɥɶɧɨ. ȼ ɩɪɨɫɬɟɣɲɟɦ ɫɥɭɱɚɟ ɮɨɪɦɚ

ɨɬɪɟɡɤɚ — ɷɬɨ ɟɝɨ ɧɚɤɥɨɧ, ɬɨ ɟɫɬɶ ɨɬɧɨɲɟɧɢɟ ɞɜɭɯ ɟɝɨ ɤɪɚɣɧɢɯ ɬɨɱɟɤ, ɜ ɧɚɲɟɦ

ɫɥɭɱɚɟ ɨɬɧɨɲɟɧɢɟ ɬɨɱɟɤ a ɢ b.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɨɪɦɚ ɫɢɝɧɚɥɚ r ɜ ɩɨɥɭɩɟɪɢɨɞɟ, ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ

ɮɭɧɤɰɢɟɣ:

,

(1)

ɝɞɟ ap – ɡɧɚɱɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɜ ɬɨɱɤɟ a ɩɨɥɭɩɟɪɢɨɞɚ;

bp – ɡɧɚɱɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɜ ɬɨɱɤɟ b ɩɨɥɭɩɟɪɢɨɞɚ;

p – ɢɧɞɟɤɫ ɩɨɥɭɩɟɪɢɨɞɚ ɫɢɝɧɚɥɚ;

rp – ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɮɨɪɦɵ ɷɬɨɝɨ ɩɨɥɭɩɟɪɢɨɞɚ.

ɇɢɠɟ ɩɪɢɜɟɞɟɧ ɧɚɝɥɹɞɧɵɣ ɩɪɢɦɟɪ ɜɵɛɨɪɚ ɬɨɱɟɤ ɧɚ ɩɨɥɭɩɟɪɢɨɞɟ.



Ɋɢɫɭɧɨɤ 4 – ɉɪɢɦɟɪ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ ɫ ɜɵɛɨɪɨɦ ɬɨɱɟɤ

Ɉɞɧɚɤɨ, ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɤɚɠɞɨɝɨ ɩɨɥɭɩɟɪɢɨɞɚ ɧɟɨɛɯɨɞɢɦɨ

ɜɵɛɢɪɚɬɶ ɨɞɢɧɚɤɨɜɵɟ ɬɨɱɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɱɚɥɚ ɩɨɥɭɩɟɪɢɨɞɚ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ

ɩɟɪɢɨɞɵ tA ɢ tAB ɭɤɚɡɚɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ, ɞɨɥɠɧɵ ɛɵɬɶ ɩɨɫɬɨɹɧɧɵ ɢ ɧɟ

ɢɡɦɟɧɹɬɫɹ ɫɨ ɜɪɟɦɟɧɟɦ.

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ, ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɜɥɢɹɧɢɹ ɲɭɦɨɜ ɢɫɯɨɞɧɨɝɨ ɩɨɥɟɡɧɨɝɨ

ɫɢɝɧɚɥɚ, ɤɨɬɨɪɵɟ ɧɟ ɭɞɚɥɨɫɶ ɨɬɮɢɥɶɬɪɨɜɚɬɶ ɫ ɩɨɦɨɳɶɸ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ

ɮɢɥɶɬɪɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɭɫɪɟɞɧɢɬɶ ɡɧɚɱɟɧɢɹ ɬɨɱɟɤ a ɢ b. ɉɪɟɞɥɚɝɚɟɬɫɹ ɭɫɪɟɞɧɹɬɶ

ɷɬɢ ɬɨɱɤɢ ɫ ɫɨɫɟɞɧɢɦɢ ɢɦ ɡɧɚɱɟɧɢɹɦɢ.

Ɏɨɪɦɭɥɚ ɪɚɫɱɟɬɚ ɭɫɪɟɞɧɟɧɧɨɣ ɬɨɱɤɢ A:

,

(2)

ɝɞɟ Ap – ɭɫɪɟɞɧɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɜ ɬɨɱɤɟ a;

a – ɡɧɚɱɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɜ ɬɨɱɤɟ a ɩɨɥɭɩɟɪɢɨɞɚ;



p – ɢɧɞɟɤɫ ɩɨɥɭɩɟɪɢɨɞɚ ɫɢɝɧɚɥɚ;

n – ɢɧɞɟɤɫ ɬɨɱɟɤ ɜɧɭɬɪɢ ɩɨɥɭɩɟɪɢɨɞɚ.

Ɏɨɪɦɭɥɚ ɪɚɫɱɟɬɚ ɭɫɪɟɞɧɟɧɧɨɣ ɬɨɱɤɢ B:

,

(3)

ɝɞɟ Bp – ɭɫɪɟɞɧɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɜ ɬɨɱɤɟ b;

b – ɡɧɚɱɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɜ ɬɨɱɤɟ b ɩɨɥɭɩɟɪɢɨɞɚ;

p – ɢɧɞɟɤɫ ɩɨɥɭɩɟɪɢɨɞɚ ɫɢɝɧɚɥɚ;

n – ɢɧɞɟɤɫ ɬɨɱɟɤ ɜɧɭɬɪɢ ɩɨɥɭɩɟɪɢɨɞɚ.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɧɟɱɧɚɹ ɮɨɪɦɭɥɚ ɪɚɫɱɟɬɚ ɮɨɪɦɵ ɫɢɝɧɚɥɚ ɜɵɝɥɹɞɢɬ

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:

,

(4)

ɝɞɟ Rp – ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɮɨɪɦɵ ɷɬɨɝɨ ɩɨɥɭɩɟɪɢɨɞɚ;

Ap – ɭɫɪɟɞɧɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɜ ɬɨɱɤɟ a;

Bp – ɭɫɪɟɞɧɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɜ ɬɨɱɤɟ b.

ɉɪɢ ɜɧɟɫɟɧɢɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɜ ɡɨɧɭ ɫɤɚɧɢɪɨɜɚɧɢɹ ɩɪɨɢɡɨɣɞɟɬ

ɢɡɦɟɧɟɧɢɟ ɮɨɪɦɵ ɫɢɝɧɚɥɚ, ɚ ɡɧɚɱɢɬ, ɢɡɦɟɧɢɬɫɹ ɮɭɧɤɰɢɹ R ɫɨɨɬɧɨɲɟɧɢɹ ɷɬɢɯ

ɬɨɱɟɤ. ɗɬɨ ɢɡɦɟɧɟɧɢɟ ɢ ɫɥɟɞɭɟɬ ɨɛɧɚɪɭɠɢɬɶ, ɢɧɵɦɢ ɫɥɨɜɚɦɢ, ɫɪɚɜɧɢɬɶ ɮɭɧɤɰɢɢ

ɬɨɱɟɤ ɜ ɪɚɡɥɢɱɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ (ɩɨɥɭɩɟɪɢɨɞɵ), ɢɧɚɱɟ, ɪɚɫɫɱɢɬɚɬɶ

ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɢ ɫɪɚɜɧɢɬɶ ɟɝɨ ɫ ɮɚɤɬɢɱɟɫɤɢɦ ɡɧɚɱɟɧɢɟɦ ɧɚ ɞɚɧɧɵɣ

ɦɨɦɟɧɬ. Ɉɛɨɡɧɚɱɢɦ ɡɧɚɱɟɧɢɟ R ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɤɚɤ Rm.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɨɠɟɧɧɵɣ ɩɪɢɧɰɢɩ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɨɫɧɨɜɚɧ ɧɚ

ɩɨɫɬɪɨɟɧɢɢ ɷɬɚɥɨɧɧɨɝɨ R ɢ ɪɚɫɱɟɬɚ ɟɝɨ ɩɚɪɚɦɟɬɪɨɜ, ɨɛɨɡɧɚɱɢɦ ɟɝɨ Re.

ɍɫɪɟɞɧɟɧɢɟ ɫ ɧɚɤɨɩɥɟɧɢɟɦ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɫɢɝɧɚɥɚ ɩɨɡɜɨɥɢɬ ɫɨɡɞɚɬɶ

ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɷɬɚɥɨɧɧɨɝɨ ɫɢɝɧɚɥɚ Re. ɉɪɚɤɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɟɞɦɟɬɧɨɣ

ɨɛɥɚɫɬɢ ɩɨɡɜɨɥɢɥɢ ɫɞɟɥɚɬɶ ɨɛɨɫɧɨɜɚɧɧɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɩɨɞɯɨɞɹɳɢɣ

ɩɟɪɢɨɞ ɭɫɪɟɞɧɟɧɢɹ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɡɛɪɨɫɟ ɨɬ ɬɪɟɯ ɞɨ ɩɹɬɢ ɫɟɤɭɧɞ.

ɉɪɢ ɧɚɥɢɱɢɢ ɦɟɬɚɥɥɨ ɮɪɚɝɦɟɧɬɚ ɜ ɧɟɤɢɣ ɦɨɦɟɧɬ m ɢɡɦɟɧɢɬɫɹ ɮɨɪɦɚ

ɫɢɝɧɚɥɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɡɦɟɧɢɬɫɹ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ Rm ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ



ɷɬɚɥɨɧɧɵɦ Re. ɗɬɨ ɢ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɩɪɢɡɧɚɤɨɦ ɧɚɥɢɱɢɹ ɦɟɬɚɥɥɨ ɮɪɚɝɦɟɧɬɚ.

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɵɣ ɫɩɨɫɨɛ ɨɬɫɥɟɠɢɜɚɧɢɹ ɢ ɨɰɟɧɤɢ

ɢɡɦɟɧɟɧɢɹ ɮɨɪɦɵ ɫɢɝɧɚɥɚ ɦɨɠɟɬ ɨɬɥɢɱɚɬɫɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɥɭɱɚɟɜ, ɢ ɜɵɛɨɪ

ɚɥɝɨɪɢɬɦɨɜ ɫɥɟɞɭɟɬ ɜɵɛɢɪɚɬɶ ɩɨɞ ɤɨɧɤɪɟɬɧɵɟ ɭɫɥɨɜɢɹ ɢ ɬɪɟɛɨɜɚɧɢɹ. Ʉ ɩɪɢɦɟɪɭ,

ɩɨ ɢɡɦɟɧɢɜɲɢɣɫɹ ɨɛɳɟɣ ɚɦɩɥɢɬɭɞɟ ɫɢɝɧɚɥɚ ɦɨɠɧɨ ɨɰɟɧɢɜɚɬɶ ɪɚɡɦɟɪ ɩɪɟɞɦɟɬɚ,

ɧɨ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ ɰɟɥɶ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɥɶɤɨ ɧɚɥɢɱɢɹ

ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɜ ɨɛɥɚɫɬɢ ɫɤɚɧɢɪɨɜɚɧɢɹ.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɬɨɥɶɤɨ ɫɩɨɫɨɛ ɫ ɞɜɭɦɹ ɬɨɱɤɚɦɢ ɜ ɤɚɠɞɨɦ

ɩɨɥɭɩɟɪɢɨɞɟ, ɨɞɧɚɤɨ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɞɜɭɯ ɬɨɱɟɤ ɦɨɠɟɬ ɛɵɬɶ

ɧɟɞɨɫɬɚɬɨɱɧɨ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɨɛɯɨɞɢɦɵɦ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɨɞɟɥɢ ɢ

ɜɵɩɨɥɧɟɧɢɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɫɧɨɜɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ

ɬɪɟɛɨɜɚɧɢɣ ɤ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɚɩɩɚɪɚɬɭɪɟ, ɚ ɬɚɤɠɟ ɨɫɧɨɜɧɵɯ ɜɪɟɦɟɧɧɵɯ

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɬɪɟɛɨɜɚɧɢɣ ɤ ɩɚɪɚɦɟɬɪɚɦ ɫɢɫɬɟɦɵ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɢ ɚɧɚɥɢɡɚ

ɫɢɝɧɚɥɚ. ȼ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ, ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ ɦɨɠɧɨ ɭɜɟɥɢɱɢɬɶ, ɧɨ ɬɨɝɞɚ

ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɜɵɪɚɫɬɭɬ.

Ϯ.ϯ Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɛɨɬɵ ɦɟɬɨɞɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ

Ϯ.ϯ.ϭ ɂɫɬɨɱɧɢɤ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ ɦɟɬɨɞɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ

ɨɛɴɟɤɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɚɧɧɵɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɨɥɭɱɟɧɧɵɟ ɫ ɨɩɵɬɧɨɝɨ

ɫɬɟɧɞɚ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɨɩɵɬɧɵɣ ɫɬɟɧɞ ɩɨɫɥɭɠɢɥ ɨɫɧɨɜɨɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɦɚɤɟɬɚ

ɦɟɬɚɥɥɨɞɟɬɟɤɬɨɪɚ.

ɇɢɠɟ ɩɪɢɜɟɞɟɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɛɨɬɵ ɦɨɞɟɥɢ (ɪɢɫɭɧɨɤ 5).



Ɋɢɫɭɧɨɤ 5 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ

ȼɵɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɫ ɬɚɤɨɝɨ ɫɬɟɧɞɚ ɹɜɥɹɟɬɫɹ ɨɰɢɮɪɨɜɚɧɧɵɣ ɢ

ɨɬɮɢɥɶɬɪɨɜɚɧɧɵɣ (ɫɪɟɞɫɬɜɚɦɢ ɩɪɢɦɟɧɹɟɦɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɨɰɢɮɪɨɜɤɢ ɢ

ɮɢɥɶɬɪɚɰɢɢ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ) ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ, ɤɨɬɨɪɵɣ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ,

ɹɜɥɹɟɬɫɹ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɦɨɞɟɥɢ ɢɫɩɨɥɶɡɭɟɦɨɣ ɞɥɹ ɨɬɪɚɛɨɬɤɢ ɦɟɬɨɞɚ.

Ⱦɥɹ ɝɟɧɟɪɚɰɢɢ ɫɢɝɧɚɥɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɪɚɣɜɟɪ ɧɚ ɨɫɧɨɜɟ H-ɦɨɫɬɚ

ɭɩɪɚɜɥɹɟɦɵɣ ɫ ɩɨɦɨɳɶɸ ɩɥɚɬɵ ɪɚɡɪɚɛɨɬɱɢɤɚ STM32F429I-DISC1 [17].

ɂɞɟɧɬɢɱɧɵɣ ɫɩɨɫɨɛ ɝɟɧɟɪɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɜ ɞɚɥɶɧɟɣɲɟɦ ɞɥɹ ɫɨɡɞɚɧɢɹ

ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ ɦɟɬɚɥɥɨɞɟɬɟɤɬɨɪɚ, ɨɩɢɫɚɧɢɟ ɤɨɬɨɪɨɝɨ ɧɚɯɨɞɢɬɫɹ ɜ ɝɥɚɜɟ

3.

ȼ ɤɚɱɟɫɬɜɟ ɭɫɬɪɨɣɫɬɜɚ ɨɰɢɮɪɨɜɤɢ, ɮɢɥɶɬɪɚɰɢɢ ɢ ɭɫɢɥɟɧɢɹ ɫɢɝɧɚɥɚ

ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɜɧɟɲɧɟɟ ɭɫɬɪɨɣɫɬɜɨ ɨɰɢɮɪɨɜɤɢ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ ɫɢɝɧɚɥɨɜ E-

MU 0404 ɤɨɬɨɪɨɟ ɩɨ ɫɪɟɞɫɬɜɚɦ ɩɪɨɜɨɞɧɨɝɨ USB ɫɨɟɞɢɧɟɧɢɹ ɩɟɪɟɞɚɜɚɥɚ

ɨɰɢɮɪɨɜɚɧɧɵɟ ɞɚɧɧɵɟ ɧɚ ɉɄ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɡɚɩɢɫɢ ɜ ɞɜɨɢɱɧɵɯ ɮɚɣɥɚɯ [18].



Ɋɢɫɭɧɨɤ 6 – E-MU 0404

ȼ ɤɚɱɟɫɬɜɟ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɜɵɫɬɭɩɚɥ ɫɬɚɥɶɧɨɣ ɰɢɥɢɧɞɪ

ɞɢɚɦɟɬɪɨɦ 30 ɦɦ ɢ ɜɵɫɨɬɨɣ 30 ɦɦ. Ⱦɥɹ ɫɛɨɪɚ ɞɚɧɧɵɯ ɨɛɴɟɤɬ ɩɪɨɧɨɫɢɥɫɹ

ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɱɟɪɟɡ ɡɨɧɭ ɫɤɚɧɢɪɨɜɚɧɢɹ ɱɟɪɟɡ ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɪɨɦɟɠɭɬɤɢ.

ɉɪɨɦɟɠɭɬɤɢ ɡɚɩɢɫɵɜɚɥɢɫɶ ɨɬɞɟɥɶɧɨ ɧɚ ɛɭɦɚɠɧɨɦ ɧɨɫɢɬɟɥɟ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ

ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɦɨɦɟɧɬɵ ɩɪɨɧɨɫɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɜ

ɩɨɥɭɱɟɧɧɵɯ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɫɨɨɬɧɟɫɹ ɜɪɟɦɹ ɩɪɨɧɨɫɚ ɢ ɤɨɥɢɱɟɫɬɜɨ ɞɚɧɧɵɯ

ɩɨɫɥɟ ɧɚɱɚɥɚ ɡɚɩɢɫɢ.

Ϯ.ϯ.Ϯ Ɇɨɞɟɥɶ ɦɟɬɨɞɚ

ɉɨɥɭɱɚɟɦɵɟ ɩɨɫɪɟɞɫɬɜɨɦ ɨɩɵɬɧɨɝɨ ɫɬɟɧɞɚ ɞɚɧɧɵɟ ɜɵɯɨɞɧɨɝɨ ɩɨɥɟɡɧɨɝɨ

ɫɢɝɧɚɥɚ ɹɜɥɹɸɬɫɹ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɦɨɞɟɥɢ ɦɟɬɨɞɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ

ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ. Ɉɧɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɞɜɨɢɱɧɵɯ ɮɚɣɥɨɜ.

ȼɵɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɪɚɛɨɬɵ ɦɨɞɟɥɢ ɹɜɥɹɸɬɫɹ ɩɨɫɬɪɨɟɧɧɵɟ ɜɪɟɦɟɧɧɵɟ

ɝɪɚɮɢɤɢ ɡɧɚɱɟɧɢɣ ɬɨɱɟɤ A ɢ B, ɝɪɚɮɢɤɢ ɡɧɚɱɟɧɢɣ Re ɢ Rm, ɞɥɹ ɧɚɝɥɹɞɧɨɝɨ

ɨɬɫɥɟɠɢɜɚɧɢɹ ɢɡɦɟɧɟɧɢɹ ɮɨɪɦɵ ɫɢɝɧɚɥɚ ɜɨ ɜɪɟɦɟɧɢ, ɚ ɬɚɤɠɟ, ɤɨɧɟɱɧɨɟ

ɡɚɤɥɸɱɟɧɢɟ ɨ ɧɚɥɢɱɢɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɜ ɡɨɧɟ ɫɤɚɧɢɪɨɜɚɧɢɹ.

ȼ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɨɞɟɥɢ Re ɪɚɫɫɱɢɬɵɜɚɥɨɫɶ ɤɚɤ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ



ɨɠɢɞɚɧɢɟ, ɜ ɬɟɱɟɧɢɢ ɬɪɟɯɫɟɤɭɧɞɧɨɝɨ ɢɧɬɟɪɜɚɥɚ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɣ ɧɚɥɢɱɢɹ

ɦɟɬɚɥɥ ɮɪɚɝɦɟɧɬɨɜ ɜ ɨɛɥɚɫɬɢ, ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɩɪɚɜɢɥɨ ɬɪɟɯ ɫɢɝɦ, ɫɨɝɥɚɫɧɨ

ɤɨɬɨɪɨɦɭ, ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɧɨɪɦɚɥɶɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ

ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɥɟɠɢɬ ɜ ɢɧɬɟɪɜɚɥɟ ɬɪɟɯ ɤɜɚɞɪɚɬɢɱɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɨɬ

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ (ɤɜɚɞɪɚɬɚ ɨɬ ɞɢɫɩɟɪɫɢɢ) ɪɚɜɧɹɟɬɫɹ 0,9973.

Ɏɨɪɦɭɥɚ ɪɚɫɱɟɬɚ ɫɢɝɦɵ σ:

,

(5)

ɝɞɟ xi – ɡɧɚɱɟɧɢɟ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ;

n – ɱɢɫɥɨ ɧɚɛɥɸɞɟɧɢɣ;

m(x) – ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ;

σ – ɫɢɝɦɚ.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɧɬɟɪɜɚɥ ɡɧɚɱɟɧɢɣ ɞɥɹ Rm, ɩɪɢ ɤɨɬɨɪɵɯ ɫɱɢɬɚɟɬɫɹ ɱɬɨ

ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɜ ɡɨɧɟ ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɟɬ, ɪɚɜɟɧ (Re-3σ; Re+3σ). ȿɫɥɢ Rm

ɧɚɯɨɞɢɬɫɹ ɜɧɟ ɭɤɚɡɚɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚ, ɬɨ ɜ ɡɨɧɭ ɫɤɚɧɢɪɨɜɚɧɢɹ ɜɧɟɫɥɢ

ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɨɛɴɟɤɬ.

Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɜɨɡɞɟɣɫɬɜɢɹ ɲɭɦɨɜ ɧɚ ɪɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ, ɜɯɨɞɧɵɟ

ɞɚɧɧɵɟ ɩɨɞɜɟɪɝɚɸɬɫɹ ɩɪɟɞɨɛɪɚɛɨɬɤɟ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɣ ɨɬɛɪɚɫɵɜɚɸɬɫɹ ɱɟɬɵɪɟ

ɦɥɚɞɲɢɯ ɡɧɚɱɚɳɢɯ ɪɚɡɪɹɞɚ.

ɉɪɨɝɪɚɦɦɧɚɹ ɦɨɞɟɥɶ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɜ ɩɚɤɟɬɟ ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ

MatLab. ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɞ ɦɨɞɟɥɢ ɩɪɢɜɟɞɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ.

ɇɢɠɟ ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ

ɦɨɞɟɥɢ:



Ɋɢɫɭɧɨɤ 7 – Ⱥɥɝɨɪɢɬɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ

Ϯ.ϰ Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ

Ɉɞɧɢɦ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɝɪɚɮɢɤ ɪɚɫɫɱɢɬɚɧɧɵɯ

ɭɫɪɟɞɧёɧɧɵɯ ɡɧɚɱɟɧɢɣ A ɢ B (ɪɢɫɭɧɨɤ 8).



Ɋɢɫɭɧɨɤ 8 – Ɂɧɚɱɟɧɢɹ ɬɨɱɟɤ Ⱥ ɢ B

Ɇɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɜ ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɪɨɦɟɠɭɬɤɢ ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ

ɢɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɣ, ɷɬɢ ɩɪɨɦɟɠɭɬɤɢ ɫɨɜɩɚɞɚɸɬ ɫ ɦɨɦɟɧɬɚɦɢ ɩɪɨɧɨɫɚ

ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɱɟɪɟɡ ɡɨɧɭ ɫɤɚɧɢɪɨɜɚɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɬɨɱɤɚ B

ɩɨɞɜɟɪɝɚɟɬɫɹ ɛɨɥɶɲɢɦ ɢɡɦɟɧɟɧɢɹɦ ɧɟɠɟɥɢ А. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɞɬɜɟɪɠɞɟɧɨ

ɨɬɥɢɱɢɟ ɮɨɪɦɵ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ ɫ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɨɛɴɟɤɬɨɦ ɜ ɡɨɧɟ

ɫɤɚɧɢɪɨɜɚɧɢɹ ɨɬ ɮɨɪɦɵ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ ɛɟɡ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɜ ɡɨɧɟ

ɫɤɚɧɢɪɨɜɚɧɢɹ.

ɉɪɢɜɟɞɟɧɧɵɣ ɧɢɠɟ ɝɪɚɮɢɤ ɩɨɞɬɜɟɪɠɞɚɟɬ ɷɬɢ ɜɵɜɨɞɵ, ɧɚ ɧɟɦ ɜɢɞɧɵ

ɪɟɡɤɢɟ ɢɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɣ Re ɢ Rm, ɤɨɬɨɪɵɟ ɫɨɜɩɚɞɚɸɬ ɩɨ ɜɪɟɦɟɧɢ

ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɫ ɮɥɭɤɬɭɚɰɢɹɦɢ ɡɧɚɱɟɧɢɣ ɬɨɱɟɤ А ɢ B, ɬɨ ɟɫɬɶ ɩɪɨɢɫɯɨɞɹɬ ɜ

ɩɟɪɢɨɞɵ ɩɪɨɧɨɫɚ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɫɤɜɨɡɶ ɡɨɧɭ ɫɤɚɧɢɪɨɜɚɧɢɹ.



Ɋɢɫɭɧɨɤ 9 – Ɂɧɚɱɟɧɢɹ Re ɢ Rm

ɇɚ ɪɢɫɭɧɤɟ 10 ɩɪɢɜɟɞɟɧ ɝɪɚɮɢɤ ɤɨɧɟɱɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɪɚɛɨɬɵ ɦɟɬɨɞɚ.

Ⱦɚɧɧɵɟ ɧɚ ɧɟɦ ɢɡɨɛɪɚɠɟɧɧɵɟ ɫɨɜɩɚɞɚɸɬ ɫ ɩɪɨɦɟɠɭɬɤɚɦɢ ɧɚɯɨɠɞɟɧɢɹ

ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɜ ɡɨɧɟ ɫɤɚɧɢɪɨɜɚɧɢɹ.



Ɋɢɫɭɧɨɤ 10 – ɇɚɥɢɱɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɜ ɨɛɥɚɫɬɢ

ȼɵɲɟɩɪɢɜɟɞɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɦɨɞɟɥɢ ɩɨɞɬɜɟɪɞɢɥɢ

ɞɨɫɬɚɬɨɱɧɨɫɬɶ ɞɜɭɯ ɬɨɱɟɤ ɞɥɹ ɚɧɚɥɢɡɚ ɮɨɪɦɵ ɫɢɝɧɚɥɚ, ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ

ɫɬɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ.

Ϯ.ϱ ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ

ɇɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ ɢ ɩɚɬɟɧɬɧɨɝɨ

ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɚ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ

ɨɛɴɟɤɬɨɜ ɢ ɩɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɠɟɧɢɢ ɡɚ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨ

ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɜ ɫɤɚɧɢɪɭɟɦɨɣ ɨɛɥɚɫɬɢ. ȼɵɯɨɞɧɨɣ

ɩɨɥɟɡɧɵɣ ɫɢɝɧɚɥ ɩɨɥɭɱɚɟɬɫɹ ɜ ɫɥɟɞɫɬɜɢɢ ɢɡɦɟɪɟɧɢɹ ɗȾɋ ɧɚ ɩɪɢɧɢɦɚɸɳɟɣ

ɢɧɞɭɤɬɢɜɧɨɣ ɤɚɬɭɲɤɟ ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɷɬɨɦ ɩɨɥɟ. ɂɫɬɨɱɧɢɤɨɦ ɩɟɪɜɢɱɧɨɝɨ ɩɨɥɹ

ɹɜɥɹɟɬɫɹ ɝɟɧɟɪɢɪɭɸɳɚɹ ɢɧɞɭɤɬɢɜɧɚɹ ɤɚɬɭɲɤɚ, ɢɫɯɨɞɧɵɣ ɫɢɝɧɚɥ ɢɦɟɟɬ ɮɨɪɦɭ

ɦɟɚɧɞɪɚ. ɋɥɟɠɟɧɢɟ ɡɚ ɩɨɥɟɡɧɵɦ ɫɢɝɧɚɥɨɦ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɟɝɨ



ɮɨɪɦɵ ɢ ɫɪɚɜɧɟɧɢɢ ɬɟɤɭɳɟɣ ɮɨɪɦɵ ɫɢɝɧɚɥɚ ɫ ɨɠɢɞɚɟɦɨɣ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ.

Ɉɠɢɞɚɟɦɚɹ ɮɨɪɦɚ ɫɢɝɧɚɥɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɩɨɥɭɱɚɟɦɵɯ ɜ

ɬɟɱɟɧɢɢ ɩɨɫɥɟɞɧɢɯ 3ɯ ɫɟɤɭɧɞ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɫɤɨɪɨɫɬɶɸ ɞɜɢɠɟɧɢɹ

ɬɪɚɧɫɩɨɪɬɧɨɣ ɥɟɧɬɵ

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɞɬɜɟɪɞɢɥɢ ɟɝɨ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɢ

ɚɞɟɤɜɚɬɧɨɫɬɶ ɫɩɨɫɨɛɚ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ.



Глава ϯ Ɋɚɡɪɚɛɨɬɤɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ
ɦɟɬɚɥɥɨɞɟɬɟɤɬɨɪɚ

ϯ.ϭ Ɍɪɟɛɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɚ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɦɚɤɟɬɚ

ɇɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɢ ɫɮɨɪɦɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɟ

ɬɪɟɛɨɜɚɧɢɹ ɤ ɥɚɛɨɪɚɬɨɪɧɨɦɭ ɦɚɤɟɬɭ:

̵ ɦɚɤɟɬ ɞɨɥɠɟɧ ɢɦɟɬɶ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ Ⱥɐɉ ɫɩɨɫɨɛɧɵɣ ɩɪɨɜɨɞɢɬɶ ɞɨ

1Ɇɜ/ɫɟɤɭɧɞɭ;

̵ ɦɚɤɟɬ ɞɨɥɠɟɧ ɨɛɥɚɞɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɧɚ ɉɄ ɱɟɪɟɡ

ɩɪɨɜɨɞɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɧɟ ɦɟɧɟɟ 1Ɇɛɚɣɬ/ɫɟɤɭɧɞɭ;

̵ ɜɵɱɢɫɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɦɚɤɟɬɚ ɞɨɥɠɟɧ ɢɦɟɟɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ

ɞɨ 100 ɬɵɫɹɱ ɜɵɱɢɫɥɟɧɢɢ (ɞɟɥɟɧɢɣ ɨɞɢɧɚɪɧɨɣ ɬɨɱɧɨɫɬɢ ɫ ɩɥɚɜɚɸɳɟɣ ɬɨɱɤɨɣ) ɜ

ɫɟɤɭɧɞɭ (ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɬɵ ɦɟɬɨɞɚ ɧɚ ɱɚɫɬɨɬɟ ɞɨ 10ɤȽɰ);

̵ ɇɟɨɛɯɨɞɢɦɨ ɧɚɥɢɱɢɟ ɭɫɬɪɨɣɫɬɜɚ ɜɵɜɨɞɚ ɞɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɞɚɱɢ

ɫɢɝɧɚɥɚ ɨ ɧɚɥɢɱɢɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɜ ɨɛɥɚɫɬɢ ɫɤɚɧɢɪɨɜɚɧɢɹ.

Ɍɪɟɛɨɜɚɧɢɟ ɤ ɜɨɡɦɨɠɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɧɚ ɉɄ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɞɨɫɬɭɩɚ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɞɚɧɧɵɦ, ɜ ɬɨɦ ɱɢɫɥɟ, ɤ ɢɫɯɨɞɧɨɦɭ

ɩɨɥɟɡɧɨɦɭ ɫɢɝɧɚɥɭ ɞɨ ɟɝɨ ɚɧɚɥɢɡɚ.

ɇɚ ɨɫɧɨɜɟ ɷɬɢɯ ɬɪɟɛɨɜɚɧɢɣ ɢ ɪɚɧɟɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɨɩɵɬɧɨɝɨ ɫɬɟɧɞɚ

(ɪɢɫɭɧɨɤ 5) ɪɚɡɪɚɛɨɬɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ (ɪɢɫɭɧɨɤ 11).



Ɋɢɫɭɧɨɤ 11 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ ɫɬɟɧɞɚ

ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɩɪɢɦɟɧɹɟɬɫɹ ɞɪɚɣɜɟɪ ɧɚ ɨɫɧɨɜɟ

H-ɦɨɫɬɚ. Ⱦɪɚɣɜɟɪ ɭɩɪɚɜɥɹɟɬɫɹ ɜɧɟɲɧɢɦɢ ɫɢɝɧɚɥɚɦɢ, ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɚɞɚɸɳɢɣ

ɫɢɝɧɚɥ (ɦɟɚɧɞɪ) ɫ ɡɚɞɚɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ.

ϯ.Ϯ ɗɥɟɦɟɧɬɧɚɹ ɛɚɡɚ

ȼ ɤɚɱɟɫɬɜɟ ɨɞɧɨɩɥɚɬɧɨɝɨ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɢ ɭɩɪɚɜɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ

ɛɵɥɚ ɜɵɛɪɚɧɚ ɨɬɥɚɞɨɱɧɚɹ ɩɥɚɬɚ STM32F429I-DISC1.

Ɋɢɫɭɧɨɤ 12 – ȼɧɟɲɧɢɣ ɜɢɞ STM32F429I-DISC1



ȼ ɨɫɧɨɜɟ ɷɬɨɣ ɩɥɚɬɵ ɥɟɠɢɬ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ STM32F429ZI [17,19].

Ⱦɚɧɧɵɣ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɫɩɨɫɨɛɟɧ ɨɛɟɫɩɟɱɢɬɶ ɧɟɨɛɯɨɞɢɦɭɸ

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɡɚ ɫɱɟɬ ɜɵɫɨɤɨɣ ɱɚɫɬɨɬɵ ɪɚɛɨɬɵ (ɞɨ 180ɆȽɰ) ɢ ARM

Cortex-M4 ɹɞɪɭ ɫ FPU ɛɥɨɤɨɦ [20]. ȼɫɬɪɨɟɧɧɵɣ ɬɪɟɯɤɚɧɚɥɶɧɵɣ Ⱥɐɉ ɫɩɨɫɨɛɟɧ

ɩɪɨɢɡɜɨɞɢɬɶ ɞɨ 6Ɇɜ/ɫɟɤɭɧɞɭ. Ɉɬɥɚɞɨɱɧɚɹ ɩɥɚɬɚ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɢɦɟɟɬ

ɜɫɬɪɨɟɧɧɵɣ LCD ɷɤɪɚɧ ɫ ɪɚɡɪɟɲɟɧɢɟɦ 320ɯ240, ɱɬɨ ɩɨɡɜɨɥɢɬ ɨɛɟɫɩɟɱɢɬɶ

ɬɪɟɛɨɜɚɧɢɹ ɤ ɭɫɬɪɨɣɫɬɜɭ ɜɵɜɨɞɚ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ, ɩɥɚɬɚ ɢɦɟɟɬ USB ɩɨɪɬ,

ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɦɟɠɞɭ ɤɨɧɬɪɨɥɥɟɪɨɦ ɢ ɉɄ.

L293D ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɜ ɤɚɱɟɫɬɜɟ ɞɪɚɣɜɟɪɚ ɩɨ ɩɪɢɱɢɧɟ ɟɝɨ ɞɨɫɬɭɩɧɨɫɬɢ,

ɪɚɫɩɪɨɫɬɪɚɧёɧɧɨɫɬɢ, ɢ ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ

ɩɪɟɞɟɥɶɧɨɣ ɦɨɳɧɨɫɬɢ. ɂɦɟɟɬ ɱɟɬɵɪɟ ɩɨɥɭ-ɤɚɧɚɥɚ ɫ ɪɟɤɨɦɟɧɞɭɟɦɨɣ ɩɪɟɞɟɥɶɧɨɣ

ɞɥɢɬɟɥɶɧɨɣ ɬɨɤɨɩɪɨɜɨɞɧɨɫɬɶɸ ɞɨ 0,6Ⱥ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ 33ȼ, ɱɬɨ ɩɪɢ

ɩɚɪɚɥɥɟɥɶɧɨɦ ɩɨɞɤɥɸɱɟɧɢɢ ɤɚɧɚɥɨɜ ɞɪɚɣɜɟɪɚ ɫɨɫɬɚɜɥɹɟɬ 1,2Ⱥ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ

33ȼ [21].

ɂɧɞɭɤɬɢɜɧɵɟ ɤɚɬɭɲɤɢ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɜɪɭɱɧɭɸ ɢɡ ɬɨɤɨɩɪɨɜɨɞɹɳɟɝɨ

ɦɟɞɧɨɝɨ ɩɪɨɜɨɞɚ ɞɢɚɦɟɬɪɨɦ 0,31ɦɦ ɞɥɹ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɢ 0,13ɦɦ ɞɥɹ

ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ. Ƚɟɧɟɪɢɪɭɸɳɚɹ ɤɚɬɭɲɤɚ ɫɨɫɬɨɢɬ ɢɡ ɱɟɬɵɪɟɯ ɫɥɨɟɜ ɩɨ 300

ɜɢɬɤɨɜ ɤɚɠɞɵɣ, ɚ ɩɪɢɧɢɦɚɸɳɚɹ ɤɚɬɭɲɤɚ ɫɨɫɬɨɢɬ ɢɡ ɱɟɬɵɪɟɯ ɫɥɨɟɜ ɩɨ 500

ɜɢɬɤɨɜ ɤɚɠɞɵɣ.

ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɨɜ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɩɥɚɬɵ ɮɢɥɶɬɪɚɰɢɢ ɢ ɝɟɧɟɪɚɰɢɢ

ɫɢɝɧɚɥɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɥɚɛɨɪɚɬɨɪɧɵɣ ɛɥɨɤ ɩɢɬɚɧɢɹ SPS-606 ɤɨɦɩɚɧɢɢ Good

Will Instek [22], ɢɫɬɨɱɧɢɤ ɢɡɨɛɪɚɠɟɧɧ ɧɚ ɪɢɫɭɧɤɟ 13.



Ɋɢɫɭɧɨɤ 13 – GW Instek SPS-606

ɉɪɨɢɡɜɨɞɢɬɟɥɟɦ ɡɚɹɜɥɟɧɚ ɦɚɤɫɢɦɚɥɶɧɚɹ ɞɥɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɫ

ɦɨɳɧɨɫɬɶɸ ɞɨ 360 ȼɬ ɫ ɧɚɩɪɹɠɟɧɢɟɦ ɬɨɤɚ ɞɨ 60 ȼ ɢ ɫɢɥɨɣ ɬɨɤɚ ɞɨ 6 A.

ϯ.ϯ Ɋɚɡɪɚɛɨɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɵ

ɇɚ ɨɫɧɨɜɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɢ ɜɵɛɪɚɧɧɨɣ ɷɥɟɦɟɧɬɧɨɣ

ɛɚɡɵ ɩɪɨɜɟɞɟɧɚ ɪɚɡɪɚɛɨɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɵ.

Ɉɞɧɢɦ ɢɡ ɨɛɹɡɚɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ ɩɪɢ ɪɚɛɨɬɟ ɫ ɢɧɞɭɤɰɢɨɧɧɵɦɢ

ɤɚɬɭɲɤɚɦɢ ɹɜɥɹɟɬɫɹ ɫɧɚɛɛɟɪɧɚɹ RC-ɰɟɩɶ, ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦ

ɞɜɭɧɚɩɪɚɜɥɟɧɧɵɣ ɫɧɚɛɛɟɪ ɪɚɛɨɬɚɸɳɢɣ ɬɨɥɶɤɨ ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ

ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɞɥɹ ɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ

(ɪɢɫɭɧɨɤ 14).



Ɋɢɫɭɧɨɤ 14 – ɋɧɚɛɛɟɪɧɚɹ RC-ɰɟɩɶ

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɚɤɨɣ ɰɟɩɢ ɩɨɡɜɨɥɢɬ ɧɟ ɬɨɥɶɤɨ ɫɝɥɚɞɢɬɶ ɛɪɨɫɤɢ

ɚɦɩɥɢɬɭɞɵ ɜ ɧɚɱɚɥɟ ɩɨɥɭɩɟɪɢɨɞɨɜ, ɧɨ ɢ ɬɚɤ ɠɟ ɡɚɳɢɬɢɬɶ ɨɬ ɧɢɯ ɠɟ ɞɪɚɣɜɟɪ.

Ⱦɪɭɝɢɦɢ ɨɛɹɡɚɬɟɥɶɧɵɦ ɷɥɟɦɟɧɬɨɦ ɫɯɟɦɵ ɹɜɥɹɸɬɫɹ ɜɵɯɨɞɧɵɟ ɮɢɥɶɬɪɵ. ȼ

ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɫɯɟɦɟ ɩɪɢɦɟɧɟɧɵ ɫɝɥɚɠɢɜɚɸɳɢɟ ɮɢɥɶɬɪɵ ɧɢɠɧɢɯ ɢ ɜɟɪɯɧɢɯ

ɱɚɫɬɨɬ ɧɚ ɨɫɧɨɜɟ RC-ɰɟɩɢ. ɇɢɠɟ ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɜɵɯɨɞɧɵɯ ɮɢɥɶɬɪɨɜ.



Ɋɢɫɭɧɨɤ 15 – ȼɵɯɨɞɧɵɟ ɮɢɥɶɬɪɵ

ɍɫɢɥɢɬɟɥɶɧɨɝɨ ɦɚɫɫɢɜɚ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɦɨɞɭɥɶ ɧɚ

ɨɫɧɨɜɟ Ɉɍ (ɪɢɫɭɧɨɤ 16).

ɉɨɫɥɟ ɮɢɥɶɬɪɚɰɢɢ ɫɢɝɧɚɥ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɜɟɪɝɧɭɬɶ ɭɫɢɥɟɧɢɸ ɢ

ɜɵɩɪɹɦɥɟɧɢɸ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɨɰɢɮɪɨɜɤɢ ɫɢɥɚɦɢ Ⱥɐɉ ɜ ɫɨɫɬɚɜɟ

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɧɚ ɩɥɚɬɟ ɪɚɡɪɚɛɨɬɱɢɤɚ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɢɦɟɧɟɧɚ ɫɯɟɦɚ ɧɚ ɨɫɧɨɜɟ

ɨɞɧɨɝɨ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɭɫɢɥɢɬɟɥɹ.

Ɋɢɫɭɧɨɤ 16 – Cɯɟɦɚ ɭɫɢɥɟɧɢɹ ɢ ɜɵɩɪɹɦɥɟɧɢɹ ɫɢɝɧɚɥɚ

ɉɨɥɧɨɫɬɶɸ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɩɪɢɜɟɞɟɧɚ ɜ

ɩɪɢɥɨɠɟɧɢɢ Ⱥ.



ɉɟɪɟɱɟɧɶ ɢɫɩɨɥɶɡɭɟɦɵɯ ɷɥɟɦɟɧɬɨɜ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 2.

Ɍɚɛɥɢɰɚ 2 – ɉɟɪɟɱɟɧɶ ɷɥɟɦɟɧɬɨɜ

R7-R8 Ɋɟɡɢɫɬɨɪ 10 ɤɈɦ 2
R6 Ɋɟɡɢɫɬɨɪ 1 ɤɈɦ 1
R5 Ɋɟɡɢɫɬɨɪ 10 ɤɈɦ 1
R4 Ɋɟɡɢɫɬɨɪ 680 ɤɈɦ 1
R3 Ɋɟɡɢɫɬɨɪ 2 ɤɈɦ 1

R1-R2 Ɋɟɡɢɫɬɨɪ 100 Ɉɦ 2
C4 Ʉɨɧɞɟɧɫɚɬɨɪ 1500 ɩɎ 1
ɋ3 Ʉɨɧɞɟɧɫɚɬɨɪ 1 ɦɤɎ 1

ɋ1-ɋ2 Ʉɨɧɞɟɧɫɚɬɨɪ 47 ɦɤɎ 2

L2 Ʉɚɬɭɲɤɚ ɢɧɞɭɤɬɢɜɧɨɫɬɢ,
ɩɪɢɧɢɦɚɸɳɚɹ 1

L1 Ʉɚɬɭɲɤɚ ɢɧɞɭɤɬɢɜɧɨɫɬɢ
ɝɟɧɟɪɢɪɭɸɳɚɹ 1

VD1 ɋɬɚɛɢɥɢɬɪɨɧ 1.5KE33CA 1
DA2 Ɉɩɟɪɚɰɢɨɧɧɵɣ ɭɫɢɥɢɬɟɥɶTL072CN 1
DA1 L293D 1

STM32F429I-
DISC1

Ɉɬɥɚɞɨɱɧɚɹ ɩɥɚɬɚ STM32F429I-
DISC1 1

ɉɨɡ.
ɨɛɨɡɧɚɱɟɧɢɟ ɇɚɢɦɟɧɨɜɚɧɢɟ Ʉɨɥ. ɉɪɢɦɟɱɚɧɢɟ

ϯ.ϰ ɂɫɩɵɬɚɧɢɟ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ ɦɟɬɚɥɥɨɞɟɬɟɤɬɨɪɚ

ɇɚ ɨɫɧɨɜɚɧɢɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ ɢɡɝɨɬɨɜɥɟɧ ɦɚɤɟɬ

ɦɟɬɚɥɥɨɞɟɬɟɤɬɨɪɚ ɛɵɥ ɢɡɝɨɬɨɜɥɟɧ. ɉɥɚɬɚ ɝɟɧɟɪɚɰɢɢ ɫɢɝɧɚɥɚ ɢ ɩɥɚɬɚ

ɮɢɥɶɬɪɚɰɢɢ, ɭɫɢɥɟɧɢɹ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɢɡɝɨɬɨɜɥɟɧɵ ɨɬɞɟɥɶɧɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ

(ɪɢɫɭɧɤɢ 17, 18



Ɋɢɫɭɧɨɤ 17 – Ɉɛɳɢɣ ɜɢɞ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ

Ɋɢɫɭɧɨɤ 18 – ɉɥɚɬɵ ɝɟɧɟɪɚɰɢɢ ɢɫɯɨɞɧɨɝɨ ɢ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɨɜ

ɇɚ ɪɢɫɭɧɤɟ 19 ɩɪɢɜɟɞɟɧɚ ɨɫɰɢɥɥɨɝɪɚɦɦɚ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɛɟɡ

ɩɪɟɞɭɫɢɥɢɬɟɥɟɣ ɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɮɢɥɶɬɪɚɰɢɢ. Ʉɚɧɚɥ CH1 ɨɫɰɢɥɥɨɝɪɚɮɚ

ɨɬɨɛɪɚɠɚɟɬ ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ ɞɥɹ ɝɟɧɟɪɢɪɭɸɳɟɣ ɤɚɬɭɲɤɢ, ɚ ɤɚɧɚɥ CH2 ɜɵɯɨɞɧɨɣ

ɫɢɝɧɚɥ, ɩɨɥɭɱɚɟɦɵɣ ɫ ɩɪɢɧɢɦɚɸɳɟɣ ɤɚɬɭɲɤɢ.



Ɋɢɫɭɧɨɤ 19 – Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɞɨ ɜɜɨɞɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɢ

ɭɫɢɥɟɧɢɹ

ȼ ɫɥɟɞɫɬɜɢɢ ɩɚɪɚɡɢɬɧɵɯ ɟɦɤɨɫɬɟɣ ɜ ɫɨɫɬɚɜɟ ɫɯɟɦɵ ɩɨɥɭɱɚɟɬɫɹ

ɤɨɥɟɛɚɬɟɥɶɧɵɣ LC ɤɨɧɬɭɪ ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɢɫɬɨɱɧɢɤɨɦ ɲɭɦɨɜ ɜɢɞɧɵɯ ɧɚ

ɨɫɰɢɥɥɨɝɪɚɦɦɟ, ɞɥɹ ɮɢɥɶɬɪɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɮɢɥɶɬɪɵ. Ɉɫɰɢɥɨɝɪɚɦɦɵ

ɫɢɝɧɚɥɚ ɞɨ ɢ ɩɨɫɥɟ ɮɢɥɶɬɪɚɰɢɢ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 21 ɢ 22.



Ɋɢɫɭɧɨɤ 20 – ɍɜɟɥɢɱɟɧɧɚɹ ɨɫɰɢɥɥɨɝɪɚɦɦɚ ɞɨ ɮɢɥɶɬɪɚɰɢɢ

Ɋɢɫɭɧɨɤ 21 – Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɫɢɝɧɚɥɚ ɩɨɫɥɟ ɩɪɢɦɟɧɟɧɢɹ ɮɢɥɶɬɪɨɜ



ɉɨɫɥɟ ɮɢɥɶɬɪɚɰɢɢ ɚɦɩɥɢɬɭɞɚ ɫɢɝɧɚɥɚ ɭɩɚɥɚ ɜ ɞɜɚ ɪɚɡɚ – 100 ɦȼ ɢ 0,80 ɦȼ

ɧɚ ɚɧɚɥɢɡɢɪɭɟɦɨɦ ɜ ɦɟɬɨɞɟ ɩɪɨɦɟɠɭɬɤɟ ɩɨɥɭɩɟɪɢɨɞɚ ɫɢɝɧɚɥɚ. Ⱦɚɧɧɨɣ

ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɚ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ Ⱥɐɉ ɜ STM32F429, ɩɨɫɤɨɥɶɤɭ

ɦɢɧɢɦɚɥɶɧɚɹ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɭɪɨɜɧɹɦɢ ɧɚɩɪɹɠɟɧɢɹ 0,003515625 ȼ (ɫ ɭɱɟɬɨɦ

ɨɬɛɪɚɫɵɜɚɧɢɹ ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ), ɱɬɨ ɦɟɧɶɲɟ ɱɟɦ 1% ɨɬ ɬɨɱɤɢ B ɧɚ

ɩɪɢɜɟɞёɧɧɨɦ ɫɢɝɧɚɥɟ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨ ɩɪɨɛɥɟɦɵ ɩɪɢɦɟɧɟɧɚ ɪɚɧɟɟ

ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɫɯɟɦɚ ɭɫɢɥɟɧɢɹ ɫɢɝɧɚɥɚ, ɫɨɜɦɟɳɟɧɧɚɹ ɫ ɜɵɩɪɹɦɢɬɟɥɟɦ ɫɢɝɧɚɥɚ

ɧɚ ɛɚɡɟ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɭɫɢɥɢɬɟɥɹ (ɪɢɫɭɧɨɤ 16).

Ɋɟɡɭɥɶɬɢɪɭɸɳɢɣ ɫɢɝɧɚɥ ɦɚɤɟɬɚ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 22.

Ɋɢɫɭɧɨɤ 22 – Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɜɵɯɨɞɧɨɝɨ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ ɩɨɫɥɟ ɭɫɢɥɟɧɢɹ

Ɉɞɧɚɤɨ, ɢɡ-ɡɚ ɩɪɢɧɰɢɩɚ ɪɚɛɨɬɵ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɭɫɢɥɢɬɟɥɹ, ɭɪɨɜɟɧɶ ɧɨɥɹ

ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɩɨɞɧɹɥɫɹ ɧɚ 6,26 ȼ, ɱɬɨ ɨɡɧɚɱɚɟɬ ɱɬɨ ɞɥɹ ɩɪɢ ɪɚɫɱɟɬɚɯ ɨɬ

ɫɢɝɧɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɨɬɧɢɦɚɬɶ ɷɬɨ ɡɧɚɱɟɧɢɟ.

Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɜɵɲɟ ɫɧɹɬɚ ɛɟɡ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɜ ɡɨɧɟ

ɫɤɚɧɢɪɨɜɚɧɢɹ, ɧɚ ɧɟɣ ɜɵɫɬɚɜɥɟɧɵ ɭɤɚɡɚɬɟɥɢ, ɤɨɬɨɪɵɟ ɩɨɦɨɝɭɬ ɪɚɫɫɱɢɬɚɬɶ



ɡɧɚɱɟɧɢɟ R ɞɥɹ ɩɨɥɭɱɟɧɧɨɝɨ ɫɢɝɧɚɥɚ. Ʉɭɪɫɨɪ №1 ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨɱɤɭ A, ɚ ɤɭɪɫɨɪ

№2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ ɬɨɱɤɭ B.

Ɋɚɡɜɟɪɧɭɬɵɣ ɫɢɝɧɚɥ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 23.

Ɋɢɫɭɧɨɤ 23 – Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɜɵɯɨɞɧɨɝɨ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ

Ɉɞɧɚɤɨ, ɧɟɤɨɪɪɟɤɬɧɨ ɛɪɚɬɶ ɩɪɢɜɟɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ, ɬ.ɤ. ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ

«ɩɨɞɧɹɬ» ɧɚ 6,25 ȼ ɜɜɟɪɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɨɥɹ ɢɡ-ɡɚ ɨɫɨɛɟɧɧɨɫɬɟɣ ɪɚɛɨɬɵ

ɜɵɩɪɹɦɢɬɟɥɹ ɫɢɝɧɚɥɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɩɪɢɜɟɞёɧɧɨɦ ɜɵɲɟ ɫɢɝɧɚɥɟ ɡɧɚɱɟɧɢɟ

A ɪɚɜɧɨ 400 ɦȼ, ɚ ɡɧɚɱɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɚ ɜ ɬɨɱɤɟ B ɪɚɜɧɨ 240 ɦȼ. ɇɚ

ɨɫɧɨɜɟ ɷɬɢɯ ɡɧɚɱɟɧɢɣ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɷɬɚɥɨɧɧɨɟ Re, ɨɧɨ ɪɚɜɧɨ 1,64.

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɦɚɤɟɬɚ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɱɟɬɵɪɟ

ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɪɟɞɦɟɬɚ. ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɫɤɚɧɢɪɨɜɚɧɢɹ ɜɡɹɬɵ:

ɚɥɸɦɢɧɢɟɜɚɹ ɩɥɚɫɬɢɧɚ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɣ ɛɥɨɤ ɜ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɡ

ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɣ ɫɬɚɥɢ, ɤɨɪɩɭɫ ɨɬ ɠɟɫɬɤɨɝɨ ɞɢɫɤɚ ɜ ɤɚɱɟɫɬɜɟ

ɞɸɪɚɥɸɦɢɧɢɟɜɨɝɨ ɨɛɴɟɤɬɚ ɢ ɢɧɞɭɤɬɢɜɧɵɣ ɫɟɪɞɟɱɧɢɤ ɤɚɤ ɨɤɫɢɮɟɪɢɬɨɜɵɣ

ɨɛɴɟɤɬ.



ɇɚ ɪɢɫɭɧɤɚɯ 24-27 ɩɪɢɜɟɞɟɧs ɨɫɰɢɥɥɨɝɪɚɦɦs ɫɢɝɧɚɥɚ ɩɪɢ ɜɧɟɫɟɧɢɢ

ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɨɛɴɟɤɬɨɜ.

Ɋɢɫɭɧɨɤ 24 – ȼɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɫ ɚɥɸɦɢɧɢɟɜɨɣ ɩɥɚɫɬɢɧɧɨɣ ɜ ɡɨɧɟ ɫɤɚɧɢɪɨɜɚɧɢɹ



Ɋɢɫɭɧɨɤ 25 – ȼɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɫ ɨɤɫɢɮɟɪɢɬɨɜɵɦ ɨɛɴɟɤɬɨɦ

Ɋɢɫɭɧɨɤ 26 – ȼɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɫ ɞɸɪɚɥɶ-ɚɥɸɦɢɧɢɟɦ ɜ ɡɨɧɟ ɫɤɚɧɢɪɨɜɚɧɢɹ



Ɋɢɫɭɧɨɤ 27 – ȼɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɫ ɨɛɴɟɤɬɨɦ ɢɡ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɣ ɫɬɚɥɢ ɜ ɡɨɧɟ

ɫɤɚɧɢɪɨɜɚɧɢɹ

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɯ ɨɫɰɢɥɥɨɝɪɚɦɦ, ɤɚɠɞɵɣ ɢɡ ɨɛɴɟɤɬɨɜ

ɜɧɨɫɢɬ ɢɡɦɟɧɟɧɢɹ ɜ ɜɵɯɨɞɧɨɣ ɩɨɥɟɡɧɵɣ ɫɢɝɧɚɥ ɦɚɤɟɬɚ ɦɟɬɚɥɥɨɞɟɬɟɤɬɨɪɚ. ɇɢɠɟ

ɩɪɢɜɟɞɟɧɚ ɬɚɛɥɢɰɚ ɜɫɟɯ ɡɧɚɱɟɧɢɣ ɢ ɪɚɫɫɱɢɬɚɧɧɵɯ ɡɧɚɱɟɧɢɣ Rm, ɚ ɬɚɤɠɟ

ɨɬɧɨɲɟɧɢɹ ɷɬɚɥɨɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɛɟɡ ɦɟɬɚɥɥɚ ɜ ɡɨɧɟ ɫɤɚɧɢɪɨɜɚɧɢɹ ɢ Rm.

Ɍɚɛɥɢɰɚ 3 – Ɍɚɛɥɢɰɚ ɢɫɩɵɬɚɧɢɹ ɦɚɤɟɬɚ

Ⱦɸɪɚɥɶ-ɚɥɸɦɢɧɢɟɜɵɣ ɨɛɴɟɤɬ 0,32 0,21 1,523809 7,084785134

Ɉɛɴɟɤɬ ɢɡ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɣ ɫɬɚɥɢ 0,43 0,27 1,592592 2,890695574

Ɉɤɫɢɮɟɪɢɬɨɜɵɣ ɨɛɴɟɤɬ 0,52 0,33 1,575757 3,91722099

Ⱥɥɸɦɢɧɢɣ 0,28 0,18 1,555555 5,149051491

ɉɪɟɞɦɟɬ ɜ ɡɨɧɟ ɫɤɚɧɢɪɨɜɚɧɢɹ A, ȼ B, ȼ Rm Ɉɬɥɢɱɢɟ ɨɬ

ɷɬɚɥɨɧɚ, %

Ɋɟɡɭɥɶɬɚɬɵ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ, ɩɨɞɬɜɟɪɠɞɚɸɬ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ

ɨɬɥɢɱɢɢ ɮɨɪɦɵ ɫɢɝɧɚɥɨɜ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ.



ϯ.ϱ ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ

ɇɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɚ ɪɚɡɪɚɛɨɬɤɚ

ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ ɦɟɬɚɥɥɨɞɟɬɟɤɬɨɪɚ ɧɚ ɨɫɧɨɜɟ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ. Ⱦɥɹ

ɷɬɨɝɨ ɪɚɡɪɚɛɨɬɚɧɵ ɫɬɪɭɤɬɭɪɧɚɹ ɢ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɵ, ɚ

ɬɚɤɠɟ ɜɵɛɪɚɧɵ ɤɨɦɩɨɧɟɧɬɵ ɦɚɤɟɬɚ.

ɋɨɝɥɚɫɧɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɟ

ɢɡɝɨɬɨɜɥɟɧ ɥɚɛɨɪɚɬɨɪɧɵɣ ɦɚɤɟɬ ɢ ɩɪɨɜɟɞɟɧɨ ɢɫɩɵɬɚɧɢɟ ɦɚɤɟɬɚ.

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɩɵɬɚɧɢɹ ɦɚɤɟɬɚ ɩɨɞɬɜɟɪɞɢɥɢ ɚɞɟɤɜɚɬɧɨɫɬɶ

ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ ɢ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ȼ

ɱɚɫɬɧɨɫɬɢ, ɩɨɞɬɜɟɪɠɞɟɧɨ ɜɥɢɹɧɢɟ ɦɚɬɟɪɢɚɥɚ ɨɛɴɟɤɬɚ ɧɚ ɮɨɪɦɭ ɫɢɝɧɚɥɚ ɢ

ɜɨɡɦɨɠɧɨɫɬɶ ɨɬɥɢɱɢɹ ɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɨɬ ɞɪɭɝɨɝɨ ɩɨ ɚɧɚɥɢɡɭ ɨɬɧɨɲɟɧɢɹ ɞɜɭɯ

ɬɨɱɟɤ ɜ ɤɚɠɞɨɦ ɩɨɥɭɩɟɪɢɨɞɟ ɫɢɝɧɚɥɚ.

Ɉɞɧɚɤɨ, ɜ ɞɚɥɶɧɟɣɲɟɦ ɧɟɨɛɯɨɞɢɦɨ ɦɨɞɟɪɧɢɡɢɪɨɜɚɬɶ ɥɚɛɨɪɚɬɨɪɧɵɣ ɦɚɤɟɬ,

ɜ ɱɚɫɬɧɨɫɬɢ, ɨɛɟɫɩɟɱɢɬɶ ɛɨɥɶɲɟɟ ɤɚɱɟɫɬɜɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɚ

(ɮɢɥɶɬɪɚɰɢɢ ɢ ɭɫɢɥɟɧɢɹ), ɚ ɬɚɤɠɟ ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɪɟɚɥɢɡɚɰɢɸ ɦɟɬɨɞɚ ɫɢɥɚɦɢ

ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɦɚɤɟɬɚ.



ɁȺɄɅɘɑȿɇɂȿ

ȼ ɯɨɞɟ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɩɪɨɜɟɞɟɧɨ ɩɚɬɟɧɬɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ,

ɫɨɝɥɚɫɧɨ ȽɈɋɌ Ɋ 15.011-96 ɢ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ.

Ɋɟɡɭɥɶɬɚɬɨɦ ɚɧɚɥɢɡɚ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ ɫɬɚɥ ɜɵɜɨɞ ɨ ɚɤɬɭɚɥɶɧɨɫɬɢ

ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɨɝɨ ɦɟɬɨɞɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɜ ɩɨɬɨɤɚɯ

ɦɟɬɚɥɥɢɡɢɪɨɜɚɧɧɵɯ ɪɭɞ, ɫɩɨɫɨɛɧɨɝɨ ɨɛɟɫɩɟɱɢɬɶ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɱɟɦ ɫɭɳɟɫɬɜɭɸɳɢɟ.

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɥɭɱɟɧɧɵɦ ɡɚɞɚɧɢɟɦ ɧɚ ɜɵɩɭɫɤɧɭɸ

ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɭɸ ɪɚɛɨɬɭ ɪɚɡɪɚɛɨɬɚɧ ɢ ɩɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɦɟɬɨɞ

ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɜ ɩɨɬɨɤɚɯ ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɪɭɞ.

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ ɜɵɩɨɥɧɟɧɚ

ɪɚɡɪɚɛɨɬɤɚ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɨɣ ɦɨɞɟɥɢ ɦɟɬɚɥɥɨɞɟɬɟɤɬɨɪɚ.

ɇɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɮɨɪɦɢɪɨɜɚɧɵ ɬɪɟɛɨɜɚɧɢɹ ɤ

ɥɚɛɨɪɚɬɨɪɧɨɦɭ ɢɫɩɵɬɚɬɟɥɶɧɨɦɭ ɦɚɤɟɬɭ, ɪɚɡɪɚɛɨɬɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɢ

ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɵ, ɢɡɝɨɬɨɜɥɟɧ ɦɚɤɟɬ. ɂɫɩɵɬɚɧɢɹ ɦɚɤɟɬɚ

ɩɨɤɚɡɚɥɢ ɚɞɟɤɜɚɬɧɨɫɬɶ ɩɪɢɦɟɧёɧɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɢ ɩɨɞɬɜɟɪɞɢɥɢ

ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ.

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɦɚɤɟɬ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɢɦ ɩɨɬɟɧɰɢɚɥɨɦ ɤ ɪɚɫɲɢɪɟɧɢɸ ɢ

ɞɨɛɚɜɥɟɧɢɸ ɧɨɜɵɯ ɮɭɧɤɰɢɣ. ɇɨ, ɉɈ ɧɢɡɤɨɝɨ ɭɪɨɜɧɹ ɦɚɤɟɬɚ ɬɪɟɛɭɟɬ

ɞɚɥɶɧɟɣɲɟɣ ɞɨɪɚɛɨɬɤɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɞɞɟɪɠɤɢ ɪɚɛɨɬɵ ɦɟɬɨɞɚ ɜ ɪɟɠɢɦɟ

ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ.

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɡɚɞɚɧɢɸ ɧɚ ȼɄɊ. Ɉɞɧɚɤɨ, ɜ

ɞɚɥɶɧɟɣɲɟɦ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɜ

ɧɚ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɢ ɩɪɨɜɟɫɬɢ ɩɪɚɤɬɢɱɟɫɤɨɟ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ

ɦɟɬɚɥɥɨɫɨɞɟɪɠɚɳɢɯ ɪɭɞ ɧɚ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ.
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ȼɄɊ – ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ

ȺɉɄ – Ⱥɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ

ɗȾɋ – ɗɥɟɤɬɪɨɞɜɢɠɭɳɚɹ ɫɢɥɚ

ɉɈ – ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ
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ɗɥɟɤɬɪɢɱɟɫɤɚɹ-ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ
ɦɟɬɚɥɥɨɞɟɬɟɤɬɨɪɚ

Ɋɢɫɭɧɨɤ ȼ.1 – ɗɥɟɤɬɪɢɱɟɫɤɚɹ-ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɦɚɤɟɬɚ

ɦɟɬɚɥɥɨɞɟɬɟɤɬɨɪɚ



ɉɊɂɅɈɀȿɇɂȿ Ȼ

Ʉɨɞ ɩɪɨɝɪɚɦɦɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɦɨɞɟɥɢ
close all;
clear all;

file_name = 'Dumps_3\dump5.bin';
file_name_2 = 'Dumps_3\dump9.bin';
file_name_3 = 'Dumps_3\dump13.bin';
file_name_4 = 'Dumps_3\dump17.bin';
file_name_5 = 'Dumps_3\dump20.bin';

draw_type = 1;
draw_reference = 1;
draw_limit = 400;

read_limit = 0;
data_limit = 0;
data_cutoff = 1;

if (data_limit >= read_limit || data_limit == 0)
data_limit = read_limit;

end

%[data_raw, data_wide, data_length] =
Read_File(read_limit,file_name);
%[data_raw, data_wide, data_length] =
Read_File(read_limit,file_name_2);
%[data_raw, data_wide, data_length] =
Read_File(read_limit,file_name,file_name_2);
[data_raw, data_wide, data_length] =
Read_File(read_limit,file_name,file_name_2, file_name_3,
file_name_4, file_name_5);

[data_wide, data_length] = size(data_raw);
if (read_limit == 0)

data_limit = data_length;
end
%cut_low_level = -256;
cut_low_level = -4096;

for i = 1:1:data_length
data_raw(i) = bitand(data_raw(i), cut_low_level, 'int64');

end

for i = 1:1:data_length - 1
if (data_raw(i) < 0 && data_raw(i+1) > 0)

if (data_limit + i > data_length)
data_limit = data_length - i;



end
data_raw = data_raw((i + 1):i+data_limit);
[data_wide, data_length] = size(data_raw);
break;

end
end

window_small_width = 500;
window_big_width = 3000;

period_length = 50;

a_area_start = 15;
a_area_lenght = 3;

b_area_start = 85;
b_area_lenght = 3;

data_a_window_small = [];
data_b_window_small = [];
data_r_window_small = [];

window_small_a = zeros(1, window_small_width);
window_small_b = zeros(1, window_small_width);
window_small_r = zeros(1, window_small_width);

data_a_window_big = [];
data_b_window_big = [];
data_r_window_big = [];

window_big_a = zeros(1, window_big_width);
window_big_b = zeros(1, window_big_width);
window_big_r = zeros(1, window_big_width);

deviation_mult=1;
data_dispersion_window_big = [];
data_deviation_window_big = [];
data_deviation_mult_window_big = [];

data_r_window_big_deviation_mult_plus = [];
data_r_window_big_deviation_mult_minus = [];

data_presence = [];

for i = 1:period_length:data_length - period_length
a_area =

sum(data_raw(i+a_area_start:i+a_area_start+a_area_lenght));
b_area =

sum(data_raw(i+b_area_start:i+b_area_start+b_area_lenght));

a_area = abs(a_area/a_area_lenght);
b_area = abs(b_area/b_area_lenght);



r = a_area / b_area;

window_small_a = cat(2, window_small_a(2:end), a_area);
window_small_b = cat(2, window_small_b(2:end), b_area);
window_small_r = cat(2, window_small_r(2:end), r);

window_big_a = cat(2, window_big_a(2:end), a_area);
window_big_b = cat(2, window_big_b(2:end), b_area);
window_big_r = cat(2, window_big_r(2:end), r);

dispersion_window_big_current = ((sum(window_big_r.^2)) ./
window_big_width) - ((sum(window_big_r)/ window_big_width)^2);

deviation = dispersion_window_big_current^0.5;

data_a_window_small = [data_a_window_small,
sum(window_small_a)/window_small_width];

data_b_window_small = [data_b_window_small,
sum(window_small_b)/window_small_width];

data_r_window_small = [data_r_window_small,
sum(window_small_r)/window_small_width];

data_a_window_big = [data_a_window_big,
sum(window_big_a)/window_big_width];

data_b_window_big = [data_b_window_big,
sum(window_big_b)/window_big_width];

data_r_window_big = [data_r_window_big,
sum(window_big_r)/window_big_width];

data_dispersion_window_big = [data_dispersion_window_big,
dispersion_window_big_current];

data_deviation_window_big = [data_deviation_window_big,
deviation];

data_deviation_mult_window_big =
[data_deviation_mult_window_big, deviation*deviation_mult];

data_r_window_big_deviation_mult_plus =
[data_r_window_big_deviation_mult_plus,
data_r_window_big(end)+data_deviation_mult_window_big(end)];

data_r_window_big_deviation_mult_minus =
[data_r_window_big_deviation_mult_minus, data_r_window_big(end)-
data_deviation_mult_window_big(end)];

if ((data_r_window_small(end) <
data_r_window_big_deviation_mult_minus(end)) ||
(data_r_window_small(end) >
data_r_window_big_deviation_mult_plus(end)))

data_presence = [data_presence, 1];
else

data_presence = [data_presence, 0];
end

end



if( data_cutoff==1)
data_a_window_small =

data_a_window_small(window_big_width:end);
data_b_window_small =

data_b_window_small(window_big_width:end);
data_r_window_small =

data_r_window_small(window_big_width:end);

data_a_window_big = data_a_window_big(window_big_width:end);
data_b_window_big = data_b_window_big(window_big_width:end);
data_r_window_big = data_r_window_big(window_big_width:end);

data_dispersion_window_big =
data_dispersion_window_big(window_big_width:end);

data_deviation_window_big =
data_deviation_window_big(window_big_width:end);

data_deviation_mult_window_big =
data_deviation_mult_window_big(window_big_width:end);

data_r_window_big_deviation_mult_plus =
data_r_window_big_deviation_mult_plus(window_big_width:end);

data_r_window_big_deviation_mult_minus =
data_r_window_big_deviation_mult_minus(window_big_width:end);

data_presence = data_presence(window_big_width:end);
end

if (draw_type ~= 0)
end
if (draw_type == 1)

Create_Figure_Window('Raw');
plot(data_raw,'-b');
Create_Figure_Window('A&B of small and big windows');
plot(data_a_window_small,'-b');
plot(data_b_window_small,'-r');
plot(data_a_window_big,'--b');
plot(data_b_window_big,'--r');
Create_Figure_Window('R of small and big windows');
plot(data_r_window_small,'-b');
plot(data_r_window_big,'--b');
Create_Figure_Window('Dispersion of big windows');
plot(data_dispersion_window_big,'-b');
Create_Figure_Window('Deviation and mult deviation of big

windows');
plot(data_deviation_window_big,'-b');
plot(data_deviation_mult_window_big,'-r');
Create_Figure_Window('R of small and big windows with mult

deviation');
plot(data_r_window_big,'-b');
plot(data_r_window_big_deviation_mult_plus,'-r');
plot(data_r_window_big_deviation_mult_minus,'-g');
plot(data_r_window_small,'--b');
Create_Figure_Window('Presence');



plot(data_presence,'-b');
end
if (draw_type == 2)

Create_Figure_Window('Dispersion of big windows');
plot(data_dispersion_window_big,'-b');
Create_Figure_Window('Deviation and mult deviation of big

windows');
plot(data_deviation_window_big,'-b');
plot(data_deviation_mult_window_big,'-r');
Create_Figure_Window('R of small and big windows with mult

deviation');
plot(data_r_window_big,'-b');
plot(data_r_window_big_deviation_mult_plus,'-r');
plot(data_r_window_big_deviation_mult_minus,'-g');
plot(data_r_window_small,'--b');
Create_Figure_Window('Presence');
plot(data_presence,'-b');

end
if (draw_type == 3)

Create_Figure_Window('Raw');
plot(data_raw,'-b');
Create_Figure_Window('A&B of small and big windows');
plot(data_a_window_small,'-b');
plot(data_b_window_small,'-r');
plot(data_a_window_big,'--b');
plot(data_b_window_big,'--r');

end
if (draw_type == 4)

Create_Figure_Window('Raw');
plot(data_raw(4000000:4000100),'-b');
plot(data_raw(4200000:4200100),'-r');

end
if (draw_type ~= 0)

hold off
end



ɉɊɂɅɈɀȿɇɂȿ ȼ

ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɞ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɉɈ ɞɥɹ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɦɚɤɟɬɚ
Файл main.c
#include "main.h"
#include "stm32f4xx_hal.h"
#include "GR_main_things.h"
#include "GR_timers.h"

LTDC_HandleTypeDef hltdc;

void SystemClock_Config(void);
static void MX_GPIO_Init(void);

void TIM7_IRQHandler (void)
{

TIM7->SR = 0;
Driver_Set_Cycle();

}

int main(void)
{

HAL_Init();
SystemClock_Config();

Sys_Delay(2);
MX_GPIO_Init();

Driver_Pins_Init();

TIM7_Init(); //Driver control
TIM7_UIE(2);
TIM7_ENABLE();

while (1)
{



}
}

void SystemClock_Config(void)
{

RCC_OscInitTypeDef RCC_OscInitStruct;
RCC_ClkInitTypeDef RCC_ClkInitStruct;
RCC_PeriphCLKInitTypeDef PeriphClkInitStruct;

//Configure the main internal regulator output voltage

__HAL_RCC_PWR_CLK_ENABLE();

__HAL_PWR_VOLTAGESCALING_CONFIG(PWR_REGULATOR_VOLTAGE_SCALE1);

/**Initializes the CPU, AHB and APB busses clocks
*/

RCC_OscInitStruct.OscillatorType = RCC_OSCILLATORTYPE_HSE;
RCC_OscInitStruct.HSEState = RCC_HSE_ON;
RCC_OscInitStruct.PLL.PLLState = RCC_PLL_ON;
RCC_OscInitStruct.PLL.PLLSource = RCC_PLLSOURCE_HSE;
RCC_OscInitStruct.PLL.PLLM = 4;
RCC_OscInitStruct.PLL.PLLN = 180;
RCC_OscInitStruct.PLL.PLLP = RCC_PLLP_DIV2;
RCC_OscInitStruct.PLL.PLLQ = 7;
if (HAL_RCC_OscConfig(&RCC_OscInitStruct) != HAL_OK)
{
_Error_Handler(__FILE__, __LINE__);

}

/**Activate the Over-Drive mode
*/

if (HAL_PWREx_EnableOverDrive() != HAL_OK)
{
_Error_Handler(__FILE__, __LINE__);

}



/**Initializes the CPU, AHB and APB busses clocks
*/

RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE_HCLK|RCC_CLOCKTYPE_SYSCLK
|RCC_CLOCKTYPE_PCLK1|RCC_CLOCKTYPE_PCLK2;

RCC_ClkInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE_PLLCLK;
RCC_ClkInitStruct.AHBCLKDivider = RCC_SYSCLK_DIV1;
RCC_ClkInitStruct.APB1CLKDivider = RCC_HCLK_DIV4;
RCC_ClkInitStruct.APB2CLKDivider = RCC_HCLK_DIV2;

if (HAL_RCC_ClockConfig(&RCC_ClkInitStruct, FLASH_LATENCY_5) != HAL_OK)
{
_Error_Handler(__FILE__, __LINE__);

}

PeriphClkInitStruct.PeriphClockSelection = RCC_PERIPHCLK_LTDC;
PeriphClkInitStruct.PLLSAI.PLLSAIN = 100;
PeriphClkInitStruct.PLLSAI.PLLSAIR = 4;
PeriphClkInitStruct.PLLSAIDivR = RCC_PLLSAIDIVR_4;
if (HAL_RCCEx_PeriphCLKConfig(&PeriphClkInitStruct) != HAL_OK)
{
_Error_Handler(__FILE__, __LINE__);

}

/**Configure the Systick interrupt time
*/

HAL_SYSTICK_Config(HAL_RCC_GetHCLKFreq()/1000);

/**Configure the Systick
*/

HAL_SYSTICK_CLKSourceConfig(SYSTICK_CLKSOURCE_HCLK);

/* SysTick_IRQn interrupt configuration */
HAL_NVIC_SetPriority(SysTick_IRQn, 0, 0);

}

static void MX_GPIO_Init(void)
{



GPIO_InitTypeDef GPIO_InitStruct;

/* GPIO Ports Clock Enable */
__HAL_RCC_GPIOC_CLK_ENABLE();
__HAL_RCC_GPIOF_CLK_ENABLE();
__HAL_RCC_GPIOH_CLK_ENABLE();
__HAL_RCC_GPIOA_CLK_ENABLE();
__HAL_RCC_GPIOB_CLK_ENABLE();
__HAL_RCC_GPIOG_CLK_ENABLE();
__HAL_RCC_GPIOE_CLK_ENABLE();
__HAL_RCC_GPIOD_CLK_ENABLE();

/*Configure GPIO pin Output Level */
HAL_GPIO_WritePin(ACP_RST_GPIO_Port, ACP_RST_Pin, GPIO_PIN_RESET);

/*Configure GPIO pin Output Level */
HAL_GPIO_WritePin(GPIOD, RDX_Pin|WRX_DCX_Pin, GPIO_PIN_RESET);

/*Configure GPIO pin Output Level */
HAL_GPIO_WritePin(GPIOG, LD3_Pin|LD4_Pin, GPIO_PIN_RESET);

/*Configure GPIO pin : BOOT1_Pin */
GPIO_InitStruct.Pin = BOOT1_Pin;
GPIO_InitStruct.Mode = GPIO_MODE_INPUT;
GPIO_InitStruct.Pull = GPIO_NOPULL;
HAL_GPIO_Init(BOOT1_GPIO_Port, &GPIO_InitStruct);

}

void _Error_Handler(char *file, int line)
{
/* USER CODE BEGIN Error_Handler_Debug */
/* User can add his own implementation to report the HAL error return state */
while(1)
{
}
/* USER CODE END Error_Handler_Debug */

}



void assert_failed(uint8_t* file, uint32_t line)
{
/* USER CODE BEGIN 6 */
/* User can add his own implementation to report the file name and line number,

tex: printf("Wrong parameters value: file %s on line %d\r\n", file, line)
*/
/* USER CODE END 6 */

}

Файл GR_main_things.h
#include "main.h"
#include "stm32f4xx_hal.h"

#ifndef __GR_timers_H__
#define __GR_timers_H__

#define TIM7_ENABLE() SET_BIT(TIM7->CR1, TIM_CR1_CEN);
#define TIM7_DISABLE() CLEAR_BIT(TIM7->CR1, TIM_CR1_CEN);

void TIM7_UIE(uint8_t priority);
void TIM7_Init(void);

#endif

Файл GR_main_things.c
#include "main.h"
#include "stm32f4xx_hal.h"
#include "GR_timers.h"

void TIM7_UIE(uint8_t priority)
{

if(priority > 15)
{

priority = 15;
}
SET_BIT(TIM7->DIER, TIM_DIER_UIE);
NVIC_SetPriority(TIM7_IRQn, priority);
NVIC_EnableIRQ(TIM7_IRQn);



}

void TIM7_Init()
{

__HAL_RCC_TIM7_CLK_ENABLE();
TIM7_DISABLE();
TIM7->CR1 = 0;
TIM7->DIER = 0;
TIM7->ARR = 9*1; //1ms on 90Mh
TIM7->PSC = (10000-1); //Prescaller value to integer divide 6,25 Mh

}

Файл GR_timers.h
#include "main.h"
#include "stm32f4xx_hal.h"

#ifndef __GR_main_things_H__
#define __GR_main_things_H__

#define CHARACTER_CR 0x0D

#define SYSTICK_EBABLE() SET_BIT(SysTick->CTRL,
SysTick_CTRL_ENABLE_Pos);
#define SYSTICK_DISABLE() CLEAR_BIT(SysTick->CTRL,
SysTick_CTRL_ENABLE_Pos);

#define DRIVER_STATE_RESET 99
#define DRIVER_STATE_0 0
#define DRIVER_STATE_1 1

void Sys_Delay(uint32_t delay);

void Driver_Pins_Init(void);
void Driver_Set_Reset(void);
void Driver_Set_Cycle(void);

#endif



Файл GR_timers.c
#include "main.h"
#include "stm32f4xx_hal.h"
#include "GR_main_things.h"

volatile uint32_t sys_tick_counter = 0;
volatile uint32_t driver_state = DRIVER_STATE_RESET;

void SysTick_Handler(void)
{
HAL_IncTick();
HAL_SYSTICK_IRQHandler();

if(sys_tick_counter != 0x00)
{

sys_tick_counter--;
}else
{

//SYSTICK_DISABLE();
}

}

void Sys_Delay(uint32_t delay)
{

sys_tick_counter = delay;
//SYSTICK_EBABLE()
while(sys_tick_counter != 0)
{

__nop();
}

}

void Driver_Set_Reset(void)
{

GPIOG->BSRR |= (GPIO_BSRR_BR2 | GPIO_BSRR_BR3);
driver_state = DRIVER_STATE_RESET;

}

void Driver_Set_0(void)



{
GPIOG->BSRR |= (GPIO_BSRR_BR3);
GPIOG->BSRR |= (GPIO_BSRR_BS2);
driver_state = DRIVER_STATE_0;

}

void Driver_Set_1(void)
{

GPIOG->BSRR |= (GPIO_BSRR_BR2);
GPIOG->BSRR |= (GPIO_BSRR_BS3);
driver_state = DRIVER_STATE_1;

}

void Driver_Set_Cycle(void)
{

if(driver_state == DRIVER_STATE_RESET || driver_state == DRIVER_STATE_0 )
{

Driver_Set_1();
return;

}
Driver_Set_0();

}

void Driver_Pins_Init(void)
{

//Dirvers's pins are PG2 for red and PG3 for green
__HAL_RCC_GPIOG_CLK_ENABLE();
GPIOG->MODER &= (~(GPIO_MODER_MODE2_Msk | GPIO_MODER_MODE3_Msk));
GPIOG->MODER |= (GPIO_MODER_MODE2_0 | GPIO_MODER_MODE3_0);
GPIOG->OTYPER &= (~(GPIO_OTYPER_OT2_Msk | GPIO_OTYPER_OT3_Msk));
GPIOG->PUPDR &= (~(GPIO_PUPDR_PUPD2_Msk | GPIO_PUPDR_PUPD3_Msk));
GPIOG->PUPDR |= ((GPIO_PULLDOWN << GPIO_PUPDR_PUPD2_Pos) | (GPIO_PULLDOWN

<< GPIO_PUPDR_PUPD3_Pos));
GPIOG->BSRR |= (GPIO_BSRR_BR2 | GPIO_BSRR_BR3);

}
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