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2

ȼȼȿȾȿɇɂȿ

ɋɨɜɪɟɦɟɧɧɚɹ ɷɥɟɤɬɪɨɪɚɡɜɟɞɤɚ ɪɟɲɚɟɬ ɲɢɪɨɤɢɣ ɤɪɭɝ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɡɚɞɚɱ

ɢ ɨɛɴɟɞɢɧɹɟɬ ɝɪɭɩɩɭ ɦɟɬɨɞɨɜ ɩɪɢɤɥɚɞɧɨɣ ɝɟɨɮɢɡɢɤɢ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ

ɧɚɛɥɸɞɟɧɢɢ ɢ ɢɡɭɱɟɧɢɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɢɥɢ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ,

ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɰɢɟɣ ɝɨɪɧɵɯ ɩɨɪɨɞ ɢ ɪɭɞ ɩɨ ɮɢɡɢɱɟɫɤɢɦ

ɫɜɨɣɫɬɜɚɦ (ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ,

ɦɚɝɧɢɬɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ).

ɉɪɢ ɩɨɢɫɤɟ ɩɨɥɢɦɟɬɚɥɥɢɱɟɫɤɢɯ ɪɭɞ ɧɚɢɛɨɥɶɲɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɚɟɬ

ɦɟɬɨɞ ɜɵɡɜɚɧɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ (ȼɉ), ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɜɨɡɛɭɠɞɟɧɢɢ

ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɪɟɡɚ ɢɦɩɭɥɶɫɧɵɦ ɢɥɢ ɝɚɪɦɨɧɢɱɟɫɤɢɦ ɬɨɤɨɦ ɫ ɩɨɦɨɳɶɸ

ɡɚɡɟɦɥɟɧɧɨɣ ɩɢɬɚɸɳɟɣ ɥɢɧɢɢ ɢ ɪɟɝɢɫɬɪɚɰɢɢ ɩɟɪɟɯɨɞɧɨɣ ɢɥɢ ɮɚɡɨɜɨɣ

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɩɨɥɭɱɚɟɦɵɯ ɫ ɩɪɢɟɦɧɨɣ ɥɢɧɢɢ [1].

Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɝɟɨɮɢɡɢɱɟɫɤɨɝɨ ɩɪɢɛɨɪɚ,

ɪɟɲɚɸɳɟɝɨ ɡɚɞɚɱɢ ɷɥɟɤɬɪɨɪɚɡɜɟɞɤɢ, ɬɪɟɛɭɟɬ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɞɯɨɞɚ, ɬɚɤ ɤɚɤ

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɪɚɡɭ ɧɟɫɤɨɥɶɤɨ ɛɥɨɤɨɜ, ɩɨɞɥɟɠɚɳɢɯ ɪɟɚɥɢɡɚɰɢɢ. Ʉɚɤ ɩɪɚɜɢɥɨ

ɨɫɧɨɜɧɵɟ ɛɥɨɤɢ ɫɢɫɬɟɦɵ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɚɧɚɥɨɝɨɜɭɸ ɨɛɪɚɛɨɬɤɭ ɢ

ɩɨɫɥɟɞɭɸɳɭɸ ɰɢɮɪɨɜɭɸ ɨɛɪɚɛɨɬɤɭ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ.

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɚɧɚɥɨɝɨɜɵɯ ɫɢɝɧɚɥɨɜ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ

ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɜ ɪɚɦɤɚɯ ɩɪɢɛɨɪɚ, ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɧɚ ɛɚɡɟ

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ.

ɋɟɝɨɞɧɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ ɢɦɟɸɬ ɲɢɪɨɱɚɣɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɦɚɫɫɟ

ɩɪɢɛɨɪɨɜ ɪɚɡɥɢɱɧɵɯ ɫɮɟɪ, ɧɚɱɢɧɚɹ ɨɬ ɛɵɬɨɜɨɣ ɢ ɡɚɤɚɧɱɢɜɚɹ ɜɨɟɧɧɨɣ.

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ

ɝɟɨɮɢɡɢɱɟɫɤɨɝɨ ɩɪɢɛɨɪɚ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɦɟɬɨɞɟ ɩɨɥɭɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɢɡ

ɩɚɫɫɢɜɧɵɯ ɲɭɦɨɜɵɯ ɩɨɥɟɣ ɡɟɦɥɢ.
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1 Ⱥɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ

1.1 Ⱥɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ

Ɏɢɡɢɱɟɫɤɨɣ ɨɫɧɨɜɨɣ ɦɟɬɨɞɚ ȼɉ ɹɜɥɹɟɬɫɹ ɪɟɝɢɫɬɪɚɰɢɹ ɩɚɪɚɦɟɬɪɨɜ

ɞɜɨɣɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɥɨɹ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɷɥɟɤɬɪɨɧɧɨ-ɩɪɨɜɨɞɹɳɟɝɨ

ɪɭɞɧɨɝɨ ɬɟɥɚ ɢ ɢɨɧɨɩɪɨɜɨɞɹɳɟɣ ɫɪɟɞɵ. ɉɪɨɯɨɞɹɳɢɣ ɱɟɪɟɡ ɫɪɟɞɭ

ɩɨɥɹɪɢɡɭɸɳɢɣ ɬɨɤ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ ɜ ɜɢɞɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ

ɩɨɬɟɧɰɢɚɥɚ ɪɚɡɪɹɞɚ ɭɤɚɡɚɧɧɨɣ ɝɪɚɧɢɰɵ.

ȼ ɩɪɚɤɬɢɤɟ ɷɥɟɤɬɪɨɪɚɡɜɟɞɨɱɧɵɯ ɪɚɛɨɬ ɦɟɬɨɞ ɜɵɡɜɚɧɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ

ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɜɢɞɟ ɩɪɨɤɥɚɞɤɢ ɩɢɬɚɸɳɟɣ ɥɢɧɢɢ, ɡɚɡɟɦɥɟɧɧɨɣ ɩɨ ɤɨɧɰɚɦ ɢ

ɩɢɬɚɟɦɨɣ ɢɦɩɭɥɶɫɧɵɦ ɢɥɢ ɝɚɪɦɨɧɢɱɟɫɤɢɦ ɬɨɤɨɦ, ɫ ɦɨɳɧɨɫɬɶɸ ɢɫɬɨɱɧɢɤɚ ɨɬ

100 ɞɨ 10000 ȼɬ. ɉɪɨɤɥɚɞɤɚ ɬɚɤɨɣ ɥɢɧɢɢ ɱɟɪɟɡ ɝɨɪɧɨ-ɬɚɟɠɧɵɣ ɥɚɧɞɲɚɮɬ ɢ

ɡɚɜɨɡ ɧɚ ɦɟɫɬɨ ɪɚɛɨɬ ɞɨɫɬɚɬɨɱɧɨ ɦɨɳɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ, ɬɪɟɛɭɸɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ

ɬɹɠɟɥɨɣ ɬɟɯɧɢɤɢ ɢ ɡɚɧɢɦɚɟɬ ɦɧɨɝɨ ɜɪɟɦɟɧɢ ɢ ɪɚɛɨɱɟɝɨ ɩɟɪɫɨɧɚɥɚ, ɜ ɫɨɫɬɚɜɟ ɧɟ

ɦɟɧɟɟ ɩɹɬɢ ɱɟɥɨɜɟɤ.

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɝɟɨɮɢɡɢɱɟɫɤɢɣ ɩɪɢɛɨɪ ɢɫɩɨɥɶɡɭɟɬ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ

ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɨɪɚɡɪɟɡɚ ɟɫɬɟɫɬɜɟɧɧɵɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɩɨɥɹ Ɂɟɦɥɢ (ȿɗɆɉɁ),

ɱɬɨ ɢɫɤɥɸɱɚɟɬ ɢɡ ɫɯɟɦɵ ɢɡɦɟɪɟɧɢɹ ɦɨɳɧɵɟ ɢɫɬɨɱɧɢɤɢ ɜɨɡɛɭɠɞɚɸɳɟɝɨ ɬɨɤɚ ɢ

ɞɥɢɧɧɭɸ ɩɢɬɚɸɳɭɸ ɥɢɧɢɸ. ɗɬɨ ɞɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɭɞɟɲɟɜɥɟɧɢɟ ɜɟɞɟɧɢɹ

ɷɥɟɤɬɪɨɪɚɡɜɟɞɨɱɧɵɯ ɪɚɛɨɬ. Ɂɚɬɪɚɬɵ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ

ɫɱɢɬɚɸɬɫɹ ɧɟɫɭɳɟɫɬɜɟɧɧɵɦɢ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɛɳɢɯ ɡɚɬɪɚɬ ɧɚ ɩɪɨɜɟɞɟɧɢɟ

ɪɚɡɜɟɞɨɱɧɵɯ ɪɚɛɨɬ [2].

1.1.1 Ɏɢɡɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɦɟɬɨɞɚ ɜɵɡɜɚɧɧɨɣ ɩɨɥяɪɢɡɚɰɢɢ

Ɇɟɬɨɞ ɜɵɡɜɚɧɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɨɫɧɨɜɚɧ ɧɚ ɪɟɝɢɫɬɪɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ

ɩɨɥɟɣ, ɜɵɡɜɚɧɧɵɯ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦɢ ɢ ɷɥɟɤɬɪɨɤɢɧɟɬɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ,

ɜɨɡɧɢɤɚɸɳɢɦɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ, ɜɨɡɛɭɠɞɚɟɦɨɝɨ
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ɫɬɨɪɨɧɧɢɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɜ ɞɜɨɣɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɥɨɹɯ, ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ

ɷɥɟɤɬɪɨɧɧɵɣ ɩɪɨɜɨɞɧɢɤ-ɢɨɧɨɩɪɨɜɨɞɹɳɚɹ ɫɪɟɞɚ [3]. ɗɮɮɟɤɬ ɧɚɛɥɸɞɚɟɬɫɹ ɜ

ɩɨɫɬɨɹɧɧɨɦ ɢɥɢ ɧɢɡɤɨɱɚɫɬɨɬɧɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ (0-100 Ƚɰ) ɬɨɥɶɤɨ ɜ

ɧɟɨɞɧɨɪɨɞɧɵɯ (ɝɟɬɟɪɨɝɟɧɧɵɯ) ɫɪɟɞɚɯ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɬɜɟɪɞɨɝɨ, ɠɢɞɤɨɝɨ ɢɥɢ

ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɜɟɳɟɫɬɜɚ. ɑɟɦ ɜɵɲɟ ɫɬɟɩɟɧɶ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɝɨɪɧɵɯ ɩɨɪɨɞ, ɬɟɦ,

ɤɚɤ ɩɪɚɜɢɥɨ, ɜɵɲɟ ɭɪɨɜɟɧɶ ɩɨɥɹɪɢɡɚɰɢɢ.

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɜɵɡɜɚɧɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɢɫɩɨɥɶɡɭɸɬ ɱɟɬɵɪɟɯɷɥɟɤɬɪɨɞɧɵɟ

ɭɫɬɚɧɨɜɤɢ AMNB, ɢɡɨɛɪɚɠɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 1, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɢɡɦɟɪɹɸɬ

ɩɚɪɚɦɟɬɪ ɤɚɠɭɳɟɣɫɹ ɩɨɥɹɪɢɡɭɟɦɨɫɬɢ . ɉɚɪɚɦɟɬɪ ɷɬɨ ɨɬɧɨɲɟɧɢɟ

ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ ɜɵɡɜɚɧɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɤ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɟɪɜɢɱɧɨɝɨ ɩɨɥɹ

ɢ ɢɡɦɟɪɹɟɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ ɩɪɨɰɟɧɬɚɯ. Ɍɚɤ ɤɚɤ ɜ ɩɪɨɰɟɫɫɟ ɢɡɦɟɪɟɧɢɣ

ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɩɟɪɜɢɱɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ, ɬɨ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɧɚɛɥɸɞɟɧɢɣ

ɨɩɪɟɞɟɥɹɸɬ ɤɚɠɭɳɟɟɫɹ ɫɨɩɪɨɬɢɜɥɟɧɢɟ . ȿɫɥɢ ɢɡɦɟɪɟɧɢɹ ɜɟɞɭɬɫɹ ɧɚ

ɩɟɪɟɦɟɧɧɨɦ ɬɨɤɟ, ɬɨ ɩɨɬɟɧɰɢɚɥ ȼɉ ɦɨɠɧɨ ɢɡɦɟɪɹɬɶ ɜ ɝɪɚɞɭɫɚɯ ɮɚɡɨɜɨɝɨ ɫɞɜɢɝɚ

ɢɡɦɟɪɟɧɧɨɝɨ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɤɨɜɨɝɨ

ɫɢɝɧɚɥɚ , ɨɩɪɟɞɟɥɹɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɟɪɠɤɭ ɜ ɪɟɚɤɰɢɢ ɫɪɟɞɵ

ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɰɟɫɫɚ ɜɨɡɞɟɣɫɬɜɢɹ ɜɧɟɲɧɟɝɨ ɩɨɥɹ [2].

Ɋɢɫɭɧɨɤ 1 – ɂɡɦɟɪɟɧɢɟ ɜɵɡɜɚɧɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ
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ɇɚɢɛɨɥɶɲɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɨɥɹɪɢɡɭɟɦɨɫɬɢ ɨɛɥɚɞɚɸɬ ɩɨɪɨɞɵ ɢ ɪɭɞɵ ɫ

ɜɤɥɸɱɟɧɢɹɦɢ ɷɥɟɤɬɪɨɧɨɩɪɨɜɨɞɹɳɢɯ ɦɢɧɟɪɚɥɨɜ ɩɢɪɢɬɚ, ɯɚɥɶɤɨɩɢɪɢɬɚ, ɝɚɥɟɧɢɬɚ,

ɝɪɚɮɢɬɚ, ɚɧɬɪɚɰɢɬɚ, ɫɚɦɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ (ɦɟɞɶ ɫɚɦɨɪɨɞɧɚɹ, ɪɬɭɬɶ, ɫɟɪɟɛɪɨ) ɢ

ɬ.ɞ. ɉɨɥɹɪɢɡɭɟɦɨɫɬɶ ɬɚɤɢɯ ɩɨɪɨɞ ɛɵɜɚɟɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɱɟɧɶ ɜɵɫɨɤɨɣ ɨɬ 5 ɞɨ 40%

ɢ ɛɨɥɟɟ. Ɋɚɡɥɢɱɚɸɬ ɞɜɚ ɬɢɩɚ ɩɨɥɹɪɢɡɭɟɦɨɫɬɢ ɷɥɟɤɬɪɨɧɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ:

ɩɨɜɟɪɯɧɨɫɬɧɭɸ ɢ ɨɛɴɟɦɧɭɸ. ɉɨɜɟɪɯɧɨɫɬɧɚɹ ɩɨɥɹɪɢɡɭɟɦɨɫɬɶ ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ

ɫɩɥɨɲɧɵɯ ɪɭɞɧɵɯ ɬɟɥ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ, ɭ ɤɨɬɨɪɵɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞ

ɞɟɣɫɬɜɢɟɦ ɩɪɨɬɟɤɚɸɳɟɝɨ ɬɨɤɚ ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɜɬɨɪɢɱɧɵɟ ɡɚɪɹɞɵ. ɉɪɢ

ɜɵɤɥɸɱɟɧɢɢ ɬɨɤɚ ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɫɟɤɭɧɞ ɩɪɨɢɫɯɨɞɢɬ ɪɟɥɚɤɫɚɰɢɹ

ɧɚɤɨɩɥɟɧɧɨɣ ɷɧɟɪɝɢɢ. Ⱦɥɹ ɜɤɪɚɩɥɟɧɧɵɯ ɪɭɞ, ɤɨɬɨɪɵɟ ɧɟ ɨɛɧɚɪɭɠɢɜɚɸɬɫɹ

ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ ɝɟɨɮɢɡɢɤɢ, ɯɚɪɚɤɬɟɪɧɚ ɨɛɴɟɦɧɚɹ ɩɨɥɹɪɢɡɚɰɢɹ. Ⱦɥɹ ɩɨɢɫɤɚ

ɬɚɤɢɯ ɨɛɴɟɤɬɨɜ ɦɟɬɨɞ ɜɵɡɜɚɧɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɜɟɞɭɳɢɦ ɦɟɬɨɞɨɦ

ɢɫɫɥɟɞɨɜɚɧɢɣ. Ȼɟɡɪɭɞɧɵɟ ɩɨɪɨɞɵ (ɨɫɚɞɨɱɧɵɟ ɢ ɦɚɝɦɚɬɢɱɟɫɤɢɟ) ɩɨɥɹɪɢɡɭɸɬɫɹ

ɡɧɚɱɢɬɟɥɶɧɨ ɫɥɚɛɟɟ: ɢɯ ɩɨɥɹɪɢɡɭɟɦɨɫɬɶ ɦɟɧɹɟɬɫɹ ɨɬ 0.5 ɞɨ 3%.

Ʉɪɨɦɟ ɬɨɝɨ, ɦɟɬɨɞ ȼɉ ɬɚɤɠɟ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɨɣ

ɝɟɨɮɢɡɢɤɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɪɨɜɧɹ ɝɪɭɧɬɨɜɵɯ ɜɨɞ ɢ ɜɵɹɜɥɟɧɢɹ ɪɚɡɥɢɱɧɵɯ

ɥɢɬɨɥɨɝɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ ɩɨɪɨɞ ɜ ɪɚɡɪɟɡɟ, ɛɥɚɝɨɞɚɪɹ ɡɚɦɟɬɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ

ɨɫɚɞɨɱɧɵɯ ɩɨɪɨɞ ɨɬ ɜɥɚɠɧɨɫɬɢ, ɝɥɢɧɢɫɬɨɫɬɢ, ɩɨɪɢɫɬɨɫɬɢ.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɫɧɨɜɧɵɟ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɚ ɜɵɡɜɚɧɧɨɣ

ɩɨɥɹɪɢɡɚɰɢɢ: ɩɨɢɫɤɢ ɪɭɞɧɵɯ ɡɚɥɟɠɟɣ, ɝɢɞɪɨɝɟɨɥɨɝɢɹ ɢ ɝɟɨɥɨɝɢɱɟɫɤɨɟ

ɤɚɪɬɢɪɨɜɚɧɢɟ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɦɟɬɨɞ ɧɚɯɨɞɢɬ ɜɫɟ

ɛɨɥɶɲɟɟ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɩɨɢɫɤɚɯ ɧɟɮɬɟɝɚɡɨɜɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ. Ʉɚɤ ɩɨɤɚɡɚɥɢ

ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɩɨɥɟɜɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ, ɧɚɞ ɭɝɥɟɜɨɞɨɪɨɞɧɵɦɢ ɡɚɥɟɠɚɦɢ

ɨɛɪɚɡɭɸɬɫɹ ɫɤɨɩɥɟɧɢɹ ɜɤɪɚɩɥɟɧɧɢɤɨɜ ɩɢɪɢɬɚ, ɱɬɨ ɫɨɡɞɚɟɬ ɮɢɡɢɱɟɫɤɢɟ

ɩɪɟɞɩɨɫɵɥɤɢ ɞɥɹ ɩɨɢɫɤɨɜ ɢ ɨɤɨɧɬɭɪɢɜɚɧɢɹ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɧɟɮɬɢ ɢ ɝɚɡɚ [2].

1.1.2 əɡɵɤɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢя ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ
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ɋɨɡɞɚɧɢɟ ɥɸɛɨɣ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɧɚɩɪɹɦɭɸ ɫɜɹɡɚɧɨ ɫ

ɜɵɛɨɪɨɦ ɩɨɞɯɨɞɹɳɟɝɨ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. əɡɵɤɢ ɪɚɡɥɢɱɚɸɬɫɹ ɩɨ ɫɜɨɟɦɭ

ɫɨɫɬɚɜɭ ɢ ɩɪɢɦɟɧɟɧɢɸ, ɚ ɬɚɤɠɟ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɹɡɵɤɢ ɜɵɫɨɤɨɝɨ ɢ ɧɢɡɤɨɝɨ

ɭɪɨɜɧɟɣ.

əɡɵɤɢ ɧɢɡɤɨɝɨ ɭɪɨɜɧɹ ɬɚɤɢɟ ɤɚɤ Ⱥɫɫɟɦɛɥɟɪ ɛɥɢɡɤɢ ɤ ɦɚɲɢɧɧɨɦɭ ɤɨɞɭ, ɧɨ

ɧɟ ɹɜɥɹɸɬɫɹ ɢɦ. Ʉɚɠɞɨɦɭ ɨɩɟɪɚɬɨɪɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɟ ɛɨɥɟɟ ɨɞɧɨɣ ɦɚɲɢɧɧɨɣ

ɤɨɦɚɧɞɵ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɝɪɨɦɨɡɞɤɨɫɬɢ ɢ ɧɟɭɞɨɛɫɬɜɭ ɞɥɹ ɩɨɧɢɦɚɧɢɹ ɱɟɥɨɜɟɤɨɦ.

Ɉɞɧɚɤɨ, ɩɪɨɝɪɚɦɦɚ ɡɚɧɢɦɚɟɬ ɦɚɥɵɣ ɨɛɴɟɦ ɩɚɦɹɬɢ [5].

Ʉ ɹɡɵɤɚɦ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ

ɨɬɧɨɫɹɬɫɹ: PL/M, Pascal, C/C++. ɉɪɢ ɪɚɛɨɬɟ ɫ ɹɡɵɤɚɦɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɡɚ ɫɱɟɬ ɡɚɦɟɧɵ ɨɞɧɨɝɨ ɨɩɟɪɚɬɨɪɚ ɧɟɫɤɨɥɶɤɢɦɢ ɦɚɲɢɧɧɵɦɢ

ɤɨɦɚɧɞɚɦɢ. əɡɵɤɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ

ɬɪɟɛɭɸɬ ɛɨɥɶɲɢɯ ɡɚɬɪɚɬ ɩɚɦɹɬɢ, ɬɚɤ ɤɚɤ ɨɛɴɟɦ ɬɚɤɨɣ ɩɪɨɝɪɚɦɦɵ ɞɨɫɬɚɬɨɱɧɨ

ɛɨɥɶɲɨɣ. ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ

ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɧɚ ɪɚɡɥɢɱɧɵɯ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚɯ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ

ɩɪɨɝɪɚɦɦ-ɬɪɚɧɫɥɹɬɨɪɨɜ.

ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥ ɹɡɵɤ ɋ/ɋ++. ȿɝɨ ɩɨɩɭɥɹɪɧɨɫɬɶ

ɨɛɨɫɧɨɜɚɧɚ ɪɹɞɨɦ ɩɪɢɱɢɧ. ɋɬɚɧɞɚɪɬɧɵɣ ɹɡɵɤ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɫɯɨɞɧɨɝɨ ɤɨɞɚ ɞɥɹ ɧɭɠɧɨɝɨ ɜ ɪɚɛɨɬɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ. Ⱦɥɹ

ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɚɪɯɢɬɟɤɬɭɪɭ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɜɵɛɪɚɧɧɨɝɨ ɬɢɩɚ

ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɦɩɢɥɹɬɨɪ. Ɍɚɤɠɟ ɤ ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɧɚɞ ɞɪɭɝɢɦɢ ɹɡɵɤɚɦɢ

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɮɚɤɬ ɧɚɥɢɱɢɹ ɜ C/C++

ɦɧɨɠɟɫɬɜɚ ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ ɢ ɛɢɛɥɢɨɬɟɤ [6].

1.2 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ

ȼ ɪɚɦɤɚɯ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɝɟɨɮɢɡɢɱɟɫɤɨɝɨ

ɩɪɢɛɨɪɚ ɧɚ ɛɚɡɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɧɟɨɛɯɨɞɢɦɨ ɪɟɚɥɢɡɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɩɭɧɤɬɵ:
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- ɜɵɛɨɪ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɡɚɞɚɧɧɵɦ ɩɚɪɚɦɟɬɪɚɦ;

- ɜɵɛɨɪ ɩɨɞɯɨɞɹɳɟɣ ɫɪɟɞɵ ɪɚɡɪɚɛɨɬɤɢ;

- ɧɚɩɢɫɚɧɢɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɧɚ ɹɡɵɤɟ ɋ++.

ȼɵɛɪɚɧɧɵɣ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɞɨɥɠɟɧ ɨɬɜɟɱɚɬɶ ɫɥɟɞɭɸɳɢɦ ɬɪɟɛɨɜɚɧɢɹɦ:

- ɹɞɪɨ Cortex-M3 ɚɪɯɢɬɟɤɬɭɪɵARM;

- ɢɦɟɬɶ ɞɜɟɧɚɞɰɚɬɢ ɪɚɡɪɹɞɧɵɣ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ;

- ɫɟɪɢɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ STM32;

- ɧɚɥɢɱɢɟ ɢɧɬɟɪɮɟɣɫɨɜ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ USART, SPI;

- ɧɚɥɢɱɢɟ ɬɚɣɦɟɪɨɜ ɩɪɟɪɵɜɚɧɢɹ;

- ɧɟ ɦɟɧɟɟ ɞɟɫɹɬɢ ɩɨɪɬɨɜ GPIO;

- flash ɩɚɦɹɬɶ ɧɟ ɦɟɧɟɟ 1024 ɤɢɥɨɛɚɣɬ;

- ɬɚɤɬɨɜɚɹ ɱɚɫɬɨɬɚ 72ɆȽɰ;

- ɞɨɫɬɭɩɧɨɫɬɶ ɢ ɰɟɧɚ ɧɟ ɜɵɲɟ ɱɟɦ 5$.
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2 ȼɵɛɨɪ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɞɥя ɪɟɚɥɢɡɚɰɢɢ ɡɚɞɚɱɢ

2.1 ɋɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦɵ ɝɟɨɮɢɡɢɱɟɫɤɨɝɨ ɩɪɢɛɨɪɚ

Ɉɛɳɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɪɢɛɨɪɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.

Ɋɢɫɭɧɨɤ 2 – Ɉɛɳɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɪɢɛɨɪɚ

ȼɯɨɞɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɢ:

- ɭɫɢɥɟɧɢɟ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɫ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɧɟ ɦɟɧɟɟ 1 ɦɤȼ;

- ɩɨɥɨɫɨɜɭɸ ɮɢɥɶɬɪɚɰɢɸ ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ ɨɬ 0.1 ɞɨ 20 Ƚɰ;

- ɩɨɞɚɜɥɟɧɢɟ ɢɦɩɭɥɶɫɧɵɯ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɨɦɟɯ;

- ɦɚɤɫɢɦɚɥɶɧɭɸ ɚɜɬɨɦɚɬɢɡɚɰɢɸ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ;

- ɜɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɟ ɦɟɧɟɟ 3 ɆɈɦ.

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜɵɲɟɢɡɥɨɠɟɧɧɵɯ ɮɭɧɤɰɢɣ ɜɯɨɞɧɨɣ ɛɥɨɤ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ

ɬɪɢ ɭɡɥɚ: ɦɚɥɨɲɭɦɹɳɢɣ ɭɫɢɥɢɬɟɥɶ, ɩɨɥɨɫɨɜɨɣ ɮɢɥɶɬɪ (ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ

ɜɤɥɸɱёɧɧɵɟ Ɏɇɑ ɢ Ɏȼɑ), ɭɡɟɥ ɩɨɞɚɜɥɟɧɢɹ ɢɦɩɭɥɶɫɧɵɯ ɩɨɦɟɯ ɢ ɰɢɮɪɨɜɚɹ

ɫɢɫɬɟɦɚ ɨɛɪɚɛɨɬɤɢ.

Ɇɚɥɨɲɭɦɹɳɢɣ ɭɫɢɥɢɬɟɥɶ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɫɨɜɪɟɦɟɧɧɵɯ

ɦɢɤɪɨɫɯɟɦ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɭɫɢɥɢɬɟɥɟɣ. Ɉɧɢ ɨɛɥɚɞɚɸɬ ɫɥɟɞɭɸɳɢɦɢ

ɩɚɪɚɦɟɬɪɚɦɢ, ɬɚɤɢɦɢ ɤɚɤ, ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ ɫɨɛɫɬɜɟɧɧɵɯ ɲɭɦɨɜ, ɜɵɫɨɤɨɟ

ɜɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɦɚɥɵɟ ɬɨɤɢ ɩɢɬɚɧɢɹ ɢ ɧɚɩɪɹɠɟɧɢɟ ɫɦɟɳɟɧɢɹ, ɧɢɡɤɨɟ

ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɦɟɳɟɧɢɹ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɟɝɨ ɤɨɪɪɟɤɬɢɪɨɜɤɢ,

ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɧɟɲɧɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɞɪɭɝɢɦɢ.
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Ɏɢɥɶɬɪɵ ɧɢɠɧɢɯ ɱɚɫɬɨɬ ɩɪɨɟɤɬɢɪɭɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɦɢɤɪɨɫɯɟɦ-ɮɢɥɶɬɪɨɜ

ɧɚ ɩɟɪɟɤɥɸɱɚɟɦɵɯ ɤɨɧɞɟɧɫɚɬɨɪɚɯ. ɋɨɜɪɟɦɟɧɧɵɟ ɦɢɤɪɨɫɯɟɦɵ-ɮɢɥɶɬɪɵ, ɬɚɤ ɠɟ,

ɤɚɤ ɢ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɟ, ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɢɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ

ɢ ɲɢɪɨɤɢɦ ɚɫɫɨɪɬɢɦɟɧɬɨɦ. ɉɪɢ ɩɪɚɜɢɥɶɧɨɦ ɜɵɛɨɪɟ ɨɧɢ ɜɩɨɥɧɟ ɩɨɞɯɨɞɹɬ ɞɥɹ

ɩɪɢɦɟɧɟɧɢɹ ɜ ɞɚɧɧɨɦ ɭɫɬɪɨɣɫɬɜɟ. Ȼɨɥɶɲɢɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɞɚɧɧɵɯ ɮɢɥɶɬɪɨɜ

ɹɜɥɹɟɬɫɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɝɪɚɦɦɧɵɦ ɨɛɪɚɡɨɦ ɭɩɪɚɜɥɹɬɶ

ɱɚɫɬɨɬɨɣ ɫɪɟɡɚ.

ɍɡɟɥ ɩɨɞɚɜɥɟɧɢɹ ɢɦɩɭɥɶɫɧɵɯ ɩɨɦɟɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɡɦɵɤɚɸɳɢɣ

ɤɥɸɱ, ɫɪɚɛɚɬɵɜɚɸɳɢɣ ɩɨ ɨɩɪɟɞɟɥёɧɧɨɦɭ ɩɨɪɨɝɨɜɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ɫɢɝɧɚɥɚ.

ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɟɪɟɫɬɪɨɣɤɢ ɩɨɪɨɝɚ ɫɪɚɛɚɬɵɜɚɧɢɹ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ

ɦɢɤɪɨɫɯɟɦɵ ɚɧɚɥɨɝɨɜɵɯ ɤɥɸɱɟɣ ɫ ɰɢɮɪɨɜɵɦ ɭɩɪɚɜɥɟɧɢɟɦ.

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟɢɡɥɨɠɟɧɧɵɯ ɞɚɧɧɵɯ ɪɚɡɪɚɛɨɬɚɧɚ ɫɥɟɞɭɸɳɚɹ

ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɜɯɨɞɧɨɝɨ ɛɥɨɤɚ ɚɧɚɥɨɝɨɜɨɣ ɨɛɪɚɛɨɬɤɢ, ɢɡɨɛɪɚɠɟɧɧɚɹ ɧɚ

ɪɢɫɭɧɤɟ 3.

1 – ɍɡɟɥ ɩɨɞɚɜɥɟɧɢɹ ɢɦɩɭɥɶɫɧɵɯ ɩɨɦɟɯ;

2 – ɍɡɟɥ ɭɫɢɥɢɬɟɥɹ;

3 – Ɏɢɥɶɬɪ ɧɢɠɧɢɯ ɱɚɫɬɨɬ;

4 – Ɏɢɥɶɬɪ ɜɟɪɯɧɢɯ ɱɚɫɬɨɬ.

Ɋɢɫɭɧɨɤ 3 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɜɯɨɞɧɨɝɨ ɛɥɨɤɚ ɚɧɚɥɨɝɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɚ

Ȼɥɨɤ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɩɨɥɧɟɧɢɟ

ɫɥɟɞɭɸɳɢɯ ɮɭɧɤɰɢɣ:
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- ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫɢɝɧɚɥɨɜ ɜ ɞɜɭɯ ɤɚɧɚɥɚɯ

ɨɞɧɨɜɪɟɦɟɧɧɨ;

- ɮɢɥɶɬɪɚɰɢɸ ɫɢɝɧɚɥɨɜ;

- ɨɩɟɪɚɬɢɜɧɨɟ ɡɚɩɨɦɢɧɚɧɢɟ ɞɚɧɧɵɯ ɪɟɚɥɢɡɚɰɢɣ ɜ ɩɚɦɹɬɢ ɭɫɬɪɨɣɫɬɜɚ;

- ɨɛɪɚɛɨɬɤɚ ɪɟɚɥɢɡɚɰɢɣ ɧɚ ɨɫɧɨɜɟ ɪɚɡɥɢɱɧɵɯ ɚɥɝɨɪɢɬɦɨɜ

ɨɛɧɚɪɭɠɟɧɢɹ;

- ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɤɨɦɩɟɧɫɚɰɢɸ ɭɪɨɜɧɟɣ ɫɢɝɧɚɥɨɜ ɜ ɤɚɧɚɥɚɯ

ɜɚɪɢɚɰɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ k;

- ɜɵɞɚɱɭ ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɰɢɮɪɨɜɨɣ ɞɢɫɩɥɟɣ.

ɇɚɥɢɱɢɟ ɨɝɪɨɦɧɨɝɨ ɜɵɛɨɪɚ ɪɚɡɥɢɱɧɵɯ ɭɫɬɪɨɣɫɬɜ ɧɚ ɛɚɡɟ

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɜ ɨɫɧɨɜɧɨɦ ɭɡɥɟ ɛɥɨɤɚ

ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ.

Ⱦɥɹ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɧɚ ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ ɢɫɩɨɥɶɡɭɸɬɫɹ

ɫɬɚɧɞɚɪɬɧɵɟ ɦɢɤɪɨɫɯɟɦɵ ɢɧɬɟɪɮɟɣɫɨɜ RS232/USB.

Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɰɢɮɪɨɜɨɝɨ ɛɥɨɤɚ ɧɚɤɨɩɥɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ

ɢɧɮɨɪɦɚɰɢɢ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.

Ɋɢɫɭɧɨɤ 4 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɰɢɮɪɨɜɨɝɨ ɛɥɨɤɚ ɧɚɤɨɩɥɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ

ɢɧɮɨɪɦɚɰɢɢ

Ɉɤɨɧɱɚɬɟɥɶɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.
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Ɋɢɫɭɧɨɤ 5 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ

Ⱥɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫɢɝɧɚɥɨɜ ɜ ɞɜɭɯ ɤɚɧɚɥɚɯ ɨɪɝɚɧɢɡɭɟɬɫɹ

ɩɭɬɟɦ ɦɭɥɶɬɢɩɥɟɤɫɢɪɨɜɚɧɢɹ ɞɜɭɯ ɤɚɧɚɥɨɜ ɧɚ ɨɞɢɧ Ⱥɐɉ [4]. ɉɪɢ ɬɚɤɬɢɪɨɜɚɧɢɢ

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɱɚɫɬɨɬɨɣ 1 ɆȽɰ ɢ ɱɚɫɬɨɬɟ ɞɢɫɤɪɟɬɢɡɚɰɢɢ 256 Ƚɰ ɡɚɞɟɪɠɤɚ

ɦɟɠɞɭ ɜɵɛɨɪɤɚɦɢ ɜ ɪɚɡɧɵɯ ɤɚɧɚɥɚɯ ɛɭɞɟɬ ɫɨɫɬɚɜɥɹɬɶ ɧɟ ɛɨɥɟɟ 50 ɦɤɫ.

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɱɚɫɬɨɬ ɨɬ 1 Ƚɰ ɞɨ 20 Ƚɰ ɪɚɡɧɨɫɬɶ ɜ ɤɚɧɚɥɚɯ ɛɭɞɟɬ ɫɨɫɬɚɜɥɹɬɶ

ɧɟ ɛɨɥɟɟ 0.1%.

ɐɢɮɪɨɜɨɣ ɮɢɥɶɬɪ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɩɚɤɟɬɚ ɩɪɨɝɪɚɦɦ Matlab.

ɂɫɩɨɥɶɡɭɟɬɫɹ ɮɢɥɶɬɪ ɫ ɤɨɧɟɱɧɨɣ ɢɦɩɭɥɶɫɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ. ɗɬɨ

ɨɛɭɫɥɨɜɥɟɧɨ ɧɚɥɢɱɢɟɦ ɜ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɟ ɩɟɪɢɮɟɪɢɣɧɨɝɨ 64 ɪɚɡɪɹɞɧɨɝɨ

ɚɩɩɚɪɚɬɧɨɝɨ ɭɦɧɨɠɢɬɟɥɹ ɫ ɧɚɤɨɩɥɟɧɢɟɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ

ɮɢɥɶɬɪɚɰɢɸ ɫ ɦɟɧɶɲɟɣ ɡɚɬɪɚɬɨɣ ɫɢɫɬɟɦɧɵɯ ɪɟɫɭɪɫɨɜ, ɱɟɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ

ɮɢɥɶɬɪɨɜ ɫ ɛɟɫɤɨɧɟɱɧɨɣ ɢɦɩɭɥɶɫɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ.

Ⱥɥɝɨɪɢɬɦɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɚɛɨɬɵ ɩɪɢɛɨɪɚ ɩɪɢɜɨɞɢɬɶɫɹ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ.

Ⱦɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɩɨɫɥɟ ɜɤɥɸɱɟɧɢɹ ɩɪɢɛɨɪɚ

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɩɟɪɟɯɨɞɢɬ ɜ ɪɟɠɢɦ ɨɠɢɞɚɧɢɹ ɡɚɦɟɪɚ. Ʉɧɨɩɤɨɣ ɧɚɱɚɥɚ ɡɚɦɟɪɚ

ɡɚɩɭɫɤɚɟɬɫɹ Ⱥɐɉ ɢ ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫɢɝɧɚɥɨɜ ɜ ɰɢɮɪɨɜɨɣ ɤɨɞ ɫ

ɱɚɫɬɨɬɨɣ ɞɢɫɤɪɟɬɢɡɚɰɢɢ 256 Ƚɰ. Ⱦɚɥɟɟ, ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɜɵɛɨɪɤɢ

ɫɢɝɧɚɥɚ ɩɨɫɬɭɩɚɸɬ ɜ ɰɢɮɪɨɜɨɣ ɮɢɥɶɬɪ, ɚ ɡɚɬɟɦ ɜ ɈɁɍ. ɉɨɫɥɟ ɷɬɢɯ ɨɩɟɪɚɰɢɣ
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ɜɵɱɢɫɥɹɟɬɫɹ ɩɚɪɚɦɟɬɪ η, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɩɚɪɚɦɟɬɪɭ ɜɵɡɜɚɧɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ

ɪɭɞɧɨɝɨ ɬɟɥɚ. ɉɨɞɨɛɧɵɦ ɨɛɪɚɡɨɦ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɨɩɬɢɦɢɡɚɰɢɹ η ɩɨ ɩɚɪɚɦɟɬɪɭ κ.

Ⱦɚɧɧɵɣ ɩɚɪɚɦɟɬɪ ɜɜɨɞɢɬɶɫɹ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɜɵɪɨɜɧɹɬɶ ɫɢɝɧɚɥɵ ɜ

ɤɚɧɚɥɚɯ ɩɨ ɚɦɩɥɢɬɭɞɟ, ɩɨɫɤɨɥɶɤɭ ɤɚɠɭɳɟɟɫɹ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɥɹ ɪɚɡɧɵɯ

ɤɚɧɚɥɨɜ ɦɨɠɟɬ ɨɬɥɢɱɚɬɶɫɹ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ. Ⱥɜɬɨɦɚɬɢɱɟɫɤɚɹ ɨɩɬɢɦɢɡɚɰɢɹ

ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɚ η ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɦɟɬɨɞɨɦ

ɉɚɭɷɥɚ [1].

ɉɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɮɭɧɤɰɢɢ ɨɩɬɢɦɢɡɚɰɢɢ, ɬɟɤɭɳɢɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ

η ɢ κ ɫɨɯɪɚɧɹɸɬɫɹ ɜɨ Flash ɩɚɦɹɬɶ ɢ ɜɵɜɨɞɹɬɫɹ ɧɚ LCD ɞɢɫɩɥɟɣ.

2.2 ɂɧɬɟɪɮɟɣɫɵ ɞɪɚɣɜɟɪɨɜ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ

ɂɧɬɟɪɮɟɣɫɵ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɫɥɭɠɚɬ ɞɥɹ ɫɜɹɡɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɫ

ɞɪɭɝɢɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ. Ɉɧɢ ɨɩɪɟɞɟɥɹɸɬ ɧɚɛɨɪ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɩɪɚɜɢɥ, ɢ

ɦɟɬɨɞɨɜ ɞɥɹ ɭɫɩɟɲɧɨɝɨ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ ɦɟɠɞɭ ɭɫɬɪɨɣɫɬɜɚɦɢ, ɧɚɩɪɢɦɟɪ,

ɦɟɠɞɭ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ ɢ ɩɟɪɫɨɧɚɥɶɧɵɦ ɤɨɦɩɶɸɬɟɪɨɦ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ

ɫɟɪɢɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɬɢɩɵ ɢɧɬɟɪɮɟɣɫɨɜ,

ɩɨɞɯɨɞɹɳɢɟ ɩɨɞ ɨɩɪɟɞɟɥɟɧɧɵɣ ɜɢɞ ɡɚɞɚɱ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɩɪɢɦɟɧɹɸɬɫɹ

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɢɧɬɟɪɮɟɣɫɵ USART\UART ɢ SPI.

USART\UART – ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɫɢɧɯɪɨɧɧɵɣ \ ɚɫɢɧɯɪɨɧɧɵɣ

ɩɪɢɟɦɨɩɟɪɟɞɚɬɱɢɤ, ɭɞɨɛɧɵɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɤɚɧɚɥɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɨɛɦɟɧɚ

ɦɟɠɞɭ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ ɢ ɜɧɟɲɧɢɦ ɦɢɪɨɦ. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɧɚɡɜɚɧɢɹ,

ɢɧɬɟɪɮɟɣɫ ɩɨɞɞɟɪɠɢɜɚɟɬ ɞɭɩɥɟɤɫɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ, ɬɚɤ ɤɚɤ ɦɨɠɟɬ

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɩɪɢɟɦɚ ɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. Ʉɪɨɦɟ ɷɬɨɝɨ,

ɢɧɬɟɪɮɟɣɫ ɩɨɞɞɟɪɠɢɜɚɟɬ ɩɪɨɬɨɤɨɥ RS-232, ɞɥɹ ɫɜɹɡɢ ɫ ɩɟɪɫɨɧɚɥɶɧɵɦ ɫ

ɩɟɪɫɨɧɚɥɶɧɵɦ ɤɨɦɩɶɸɬɟɪɨɦ.

ɉɪɢ ɩɟɪɟɞɚɱɟ UART ɩɪɟɨɛɪɚɡɭɟɬ ɩɚɪɚɥɥɟɥɶɧɵɣ ɤɨɞ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ

ɢ ɩɟɪɟɞɚɟɬ ɟɝɨ ɩɨɛɢɬɧɨ ɜ ɥɢɧɢɸ, ɨɛɪɚɦɥɹɹ ɢɫɯɨɞɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ

ɛɢɬɚɦɢ ɫɬɚɪɬɚ, ɨɫɬɚɧɨɜɚ ɢ ɤɨɧɬɪɨɥɹ. ɉɪɢ ɩɪɢɟɦɟ ɞɚɧɧɵɯ UART ɩɪɟɨɛɪɚɡɭɟɬ
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ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɤɨɞ ɜ ɩɚɪɚɥɥɟɥɶɧɵɣ. ɇɟɩɪɟɦɟɧɧɵɦ ɭɫɥɨɜɢɟɦ ɩɪɚɜɢɥɶɧɨɣ

ɩɟɪɟɞɚɱɢ ɢɥɢ ɩɪɢɟɦɚ ɹɜɥɹɟɬɫɹ ɨɞɢɧɚɤɨɜɚɹ ɫɤɨɪɨɫɬɶ ɪɚɛɨɬɵ ɩɪɢɟɦɧɨɝɨ ɢ

ɩɟɪɟɞɚɸɳɟɝɨ UART, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɬɚɛɢɥɶɧɨɣ ɱɚɫɬɨɬɨɣ ɤɜɚɪɰɟɜɨɝɨ

ɪɟɡɨɧɚɬɨɪɚ [7].

Ɋɢɫɭɧɨɤ 6 – Ɏɨɪɦɚɬ ɞɚɧɧɵɯ ɢɧɬɟɪɮɟɣɫɚ UART

SPI – ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɩɟɪɢɮɟɪɢɣɧɵɣ ɬɪɟɯɩɪɨɜɨɞɧɵɣ ɢɧɬɟɪɮɟɣɫ,

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ ɦɟɠɞɭ ɞɜɭɦɹ ɭɫɬɪɨɣɫɬɜɚɦɢ.

ɋ ɟɝɨ ɩɨɦɨɳɶɸ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɨɛɦɟɧ ɞɚɧɧɵɦɢ ɦɟɠɞɭ

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ ɢ ɪɚɡɥɢɱɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ, ɬɚɤɢɦɢ, ɤɚɤ ɰɢɮɪɨɜɵɟ

ɩɨɬɟɧɰɢɨɦɟɬɪɵ, Ⱥɐɉ, FLASH-ɉɁɍ, ɢɥɢ ɦɟɠɞɭ ɧɟɫɤɨɥɶɤɢɦɢ

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɱɟɪɟɡ ɢɧɬɟɪɮɟɣɫ SPI ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ. ɒɢɧɚ SPI ɨɪɝɚɧɢɡɨɜɚɧɚ ɩɨ ɩɪɢɧɰɢɩɭ

“ɜɟɞɭɳɢɣ-ɩɨɞɱɢɧɟɧɧɵɣ”. ȼ ɤɚɱɟɫɬɜɟ ɜɟɞɭɳɟɝɨ ɲɢɧɵ ɨɛɵɱɧɨ ɜɵɫɬɭɩɚɟɬ

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ. ɉɨɞɤɥɸɱɟɧɧɵɟ ɤ ɜɟɞɭɳɟɦɭ ɲɢɧɵ ɜɧɟɲɧɢɟ ɭɫɬɪɨɣɫɬɜɚ

ɨɛɪɚɡɭɸɬ ɩɨɞɱɢɧɟɧɧɵɯ ɲɢɧɵ.

Ƚɥɚɜɧɵɦ ɫɨɫɬɚɜɧɵɦ ɛɥɨɤɨɦ ɢɧɬɟɪɮɟɣɫɚ SPI ɹɜɥɹɟɬɫɹ ɨɛɵɱɧɵɣ ɫɞɜɢɝɨɜɵɣ

ɪɟɝɢɫɬɪ, ɫɢɝɧɚɥɵ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɢ ɜɜɨɞɚ/ɜɵɜɨɞɚ ɛɢɬɨɜɨɝɨ ɩɨɬɨɤɚ ɤɨɬɨɪɨɝɨ ɢ

ɨɛɪɚɡɭɸɬ ɢɧɬɟɪɮɟɣɫɧɵɟ ɫɢɝɧɚɥɵ. SPI ɜɵɫɬɭɩɚɟɬ ɜ ɪɨɥɢ ɩɪɨɬɨɤɨɥɚ ɨɛɦɟɧɚ

ɞɚɧɧɵɦɢ ɦɟɠɞɭ ɞɜɭɦɹ ɫɞɜɢɝɨɜɵɦɢ ɪɟɝɢɫɬɪɚɦɢ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ

ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɵɩɨɥɧɹɟɬ ɢ ɮɭɧɤɰɢɸ ɩɪɢɟɦɧɢɤɚ, ɢ ɮɭɧɤɰɢɸ ɩɟɪɟɞɚɬɱɢɤɚ.

ɇɟɩɪɟɦɟɧɧɵɦ ɭɫɥɨɜɢɟɦ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɩɨ ɲɢɧɟ SPI ɹɜɥɹɟɬɫɹ ɝɟɧɟɪɚɰɢɹ
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ɫɢɝɧɚɥɚ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɲɢɧɵ. ɗɬɨɬ ɫɢɝɧɚɥ ɢɦɟɟɬ ɩɪɚɜɨ ɝɟɧɟɪɢɪɨɜɚɬɶ ɬɨɥɶɤɨ

ɜɟɞɭɳɢɣ ɲɢɧɵ ɢ ɨɬ ɷɬɨɝɨ ɫɢɝɧɚɥɚ ɩɨɥɧɨɫɬɶɸ ɡɚɜɢɫɢɬ ɪɚɛɨɬɚ ɩɨɞɱɢɧɟɧɧɨɝɨ

ɲɢɧɵ.

ɉɪɨɬɨɤɨɥ ɩɟɪɟɞɚɱɢ ɩɨ ɢɧɬɟɪɮɟɣɫɭ SPI ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɵɩɨɥɧɟɧɢɢ

ɨɩɟɪɚɰɢɢ ɫɞɜɢɝɚ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨɛɢɬɧɨɝɨ ɜɜɨɞɚ ɢ ɜɵɜɨɞɚ ɞɚɧɧɵɯ ɩɨ

ɨɩɪɟɞɟɥɟɧɧɵɦ ɮɪɨɧɬɚɦ ɫɢɝɧɚɥɚ ɫɢɧɯɪɨɧɢɡɚɰɢɢ. ɍɫɬɚɧɨɜɤɚ ɞɚɧɧɵɯ ɩɪɢ

ɩɟɪɟɞɚɱɟ, ɢ ɜɵɛɨɪɤɚ ɩɪɢ ɩɪɢɟɦɟ ɜɫɟɝɞɚ ɜɵɩɨɥɧɹɸɬɫɹ ɩɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ

ɮɪɨɧɬɚɦ ɫɢɧɯɪɨɧɢɡɚɰɢɢ. ɗɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɝɚɪɚɧɬɢɪɨɜɚɧɢɹ ɜɵɛɨɪɤɢ ɞɚɧɧɵɯ

ɩɨɫɥɟ ɧɚɞɟɠɧɨɝɨ ɢɯ ɭɫɬɚɧɨɜɥɟɧɢɹ. ȿɫɥɢ ɤ ɷɬɨɦɭ ɭɱɟɫɬɶ, ɱɬɨ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɜɨɝɨ

ɮɪɨɧɬɚ ɜ ɰɢɤɥɟ ɩɟɪɟɞɚɱɢ ɦɨɠɟɬ ɜɵɫɬɭɩɚɬɶ ɧɚɪɚɫɬɚɸɳɢɣ ɢɥɢ ɩɚɞɚɸɳɢɣ ɮɪɨɧɬ,

ɬɨ ɜɫɟɝɨ ɜɨɡɦɨɠɧɨ ɱɟɬɵɪɟ ɜɚɪɢɚɧɬɚ ɥɨɝɢɤɢ ɪɚɛɨɬɵ ɢɧɬɟɪɮɟɣɫɚ SPI. ɗɬɢ

ɜɚɪɢɚɧɬɵ ɩɨɥɭɱɢɥɢ ɧɚɡɜɚɧɢɟ ɪɟɠɢɦɨɜ SPI ɢ ɨɩɢɫɵɜɚɸɬɫɹ ɞɜɭɦɹ ɩɚɪɚɦɟɬɪɚɦɢ:

CPOL – ɢɫɯɨɞɧɵɣ ɭɪɨɜɟɧɶ ɫɢɝɧɚɥɚ ɫɢɧɯɪɨɧɢɡɚɰɢɢ, ɟɝɨ ɭɪɨɜɟɧɶ ɨɩɪɟɞɟɥɹɟɬ

ɩɟɪɜɵɣ ɢ ɩɨɫɥɟɞɧɢɣ ɮɪɨɧɬ ɩɟɪɟɞɚɱɢ, ɢ CPHA – ɮɚɡɚ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɨɬ ɷɬɨɝɨ

ɩɚɪɚɦɟɬɪɚ ɡɚɜɢɫɢɬ, ɜ ɤɚɤɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɢ

ɜɵɛɨɪɤɚ ɞɚɧɧɵɯ [8].

Ɋɢɫɭɧɨɤ 7 – Ɋɟɠɢɦɵ ɪɚɛɨɬɵ ɢɧɬɟɪɮɟɣɫɚ SPI
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2.3 Ⱥɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ STM32

ȼ ɨɫɧɨɜɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɥɟɠɢɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɝɨ

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ (Ⱥɐɉ) ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜɯɨɞɧɨɣ ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵ ɜ ɟɟ

ɱɢɫɥɨɜɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ. ȼɯɨɞɧɚɹ ɜɟɥɢɱɢɧɚ ɦɨɠɟɬ ɛɵɬɶ ɥɸɛɨɣ, ɧɚɩɪɢɦɟɪ,

ɫɢɥɨɣ ɬɨɤɚ, ɧɚɩɪɹɠɟɧɢɟɦ, ɟɦɤɨɫɬɶɸ ɢ ɞɪɭɝɢɦɢ ɜɟɥɢɱɢɧɚɦɢ. ɋɚɦɨ

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɪɚɜɧɟɧɢɢ ɷɬɨɣ ɜɯɨɞɧɨɣ ɜɟɥɢɱɢɧɵ ɫ ɧɟɤɨɣ

ɨɩɨɪɧɨɣ ɜɟɥɢɱɢɧɨɣ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫ ɨɩɨɪɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ.

Ⱥɐɉ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɚɠɧɟɣɲɢɦɢ ɢɡ ɤɨɬɨɪɵɯ ɦɨɠɧɨ

ɧɚɡɜɚɬɶ ɱɚɫɬɨɬɭ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɥɢ ɱɚɫɬɨɬɭ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɢ ɪɚɡɪɹɞɧɨɫɬɶ.

ɑɚɫɬɨɬɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɨɛɵɱɧɨ ɢɡɦɟɪɹɟɬɫɹ ɜ ɨɬɫɱɟɬɚɯ ɜ ɫɟɤɭɧɞɭ, ɪɚɡɪɹɞɧɨɫɬɶ –

ɜ ɛɢɬɚɯ. ɑɟɦ ɜɵɲɟ ɫɤɨɪɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɪɚɡɪɹɞɧɨɫɬɶ, ɬɟɦ ɬɪɭɞɧɟɟ

ɞɨɛɢɬɶɫɹ ɬɪɟɛɭɟɦɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɷɬɨ ɜɥɢɹɟɬ ɧɚ ɰɟɧɭ ɢ ɫɥɨɠɧɨɫɬɶ

ɢɡɝɨɬɨɜɥɟɧɢɹ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ.

ȼ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚɯ ɫɟɦɟɣɫɬɜɚ STM32 Ⱥɐɉ ɨɛɥɚɞɚɸɬ ɪɚɡɥɢɱɧɵɦɢ

ɩɚɪɚɦɟɬɪɚɦɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɟɪɢɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ. ȼ ɬɚɛɥɢɰɟ 1

ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ Ⱥɐɉ ɜ ɫɟɪɢɹɯ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ [9].

ɉɚɪɚɦɟɬɪɵ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ

ɜɵɛɨɪɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ, ɚ ɞɚɧɧɵɟ ɫɟɪɢɢ ɩɨɥɧɨɫɬɶɸ ɭɞɨɜɥɟɬɜɨɪɹɸɬ

ɬɪɟɛɨɜɚɧɢɹɦ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɚɞɚɧɢɹ.

STM32W 1 0,1 9 5 –
STM32L 1 1 24 1…25 2…4
STM32F2xx 3 2 24 0,5…16,4
STM32F105 2 16 1…18
STM32F103 2…3 16…21 1…18
STM32F102 1 1,2…18
STM32F101 1 1…18
STM32F100 1

12

1
16

1,17…21

2…5

ɋɟɪɢɹ ɆɄ

Ʉɨɥɢɱɟ
ɫɬɜɨ
Ⱥɐɉ ɜ
ɨɞɧɨɦ
ɆɄ

Ɋɚɡɪɹɞɧɨɫ
ɬɶ, ɛɢɬ

ɑɚɫɬɨɬɚ
ɞɢɫɤɪɟɬɢɡɚɰ

ɢɢ,
Ɇɜɵɛ/ɫɟɤ

Ʉɨɥɢɱɟɫɬ
ɜɨ

ɜɯɨɞɧɵɯ
ɤɚɧɚɥɨɜ

ȼɪɟɦɹ
ɩɪɟɨɛɪɚɡɨɜɚ
ɧɢɹ, ɦɤɫ

ɉɨɝɪɟɲɧɨɫɬ
ɶ

ɩɪɟɨɛɪɚɡɨɜɚ
ɧɢɹ, ɆɁɊ

Ɍɚɛɥɢɰɚ 1 – ɉɚɪɚɦɟɬɪɵ Ⱥɐɉ ɜ ɪɚɡɥɢɱɧɵɯ ɫɟɦɟɣɫɬɜɚɯ STM32
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2.4 ȼɵɛɨɪ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, ɤɨɦɩɚɧɢɹ STMicroelectronics ɡɚɧɢɦɚɟɬ ɨɞɧɭ ɢɡ

ɥɢɞɢɪɭɸɳɢɯ ɩɨɡɢɰɢɣ ɫɪɟɞɢ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɧɚ ɹɞɪɟ ARM

Cortex-M3. ɋɟɦɟɣɫɬɜɨ STM32 ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɛɨɥɟɟ ɞɟɫɹɬɢ ɫɟɪɢɣ

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɰɟɥɟɣ ɢ ɡɚɞɚɱ, ɜɤɥɸɱɚɹ

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ ɫ ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ, ɧɟɞɨɪɨɝɢɟ

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ, ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ ɫ ɧɢɡɤɢɦ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟɦ ɢ ɞɪɭɝɢɟ.

Ȼɚɡɚ ɞɨɫɬɭɩɧɵɯ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɧɚ ɨɮɢɰɢɚɥɶɧɨɦ ɫɚɣɬɟ

ɤɨɦɩɚɧɢɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹ, ɧɚɫɱɢɬɵɜɚɟɬ ɛɨɥɟɟ ɬɵɫɹɱɢ ɪɚɡɥɢɱɧɵɯ ɦɨɞɟɥɟɣ.

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɧɚɡɜɚɧɢɹ, ɨɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɫɟɦɟɣɫɬɜɚ STM32 ɹɜɥɹɟɬɫɹ ɢɯ 32-ɪɚɡɪɹɞɧɨɫɬɶ, ɱɬɨ

ɧɚɩɪɹɦɭɸ ɜɥɢɹɟɬ ɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ. Ʉɪɨɦɟ ɷɬɨɝɨ,

ɫɟɦɟɣɫɬɜɭ ɫɜɨɣɫɬɜɟɧɧɨ ɧɢɡɤɨɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɛɨɬɵ

ɜ ɪɟɠɢɦɚɯ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ. ɉɪɨɰɟɫɫɨɪ Cortex-M3 ɪɚɛɨɬɚɟɬ ɫ ɫɢɫɬɟɦɨɣ

ɤɨɦɚɧɞ Thumb-2, ɤɨɬɨɪɚɹ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɮɭɧɤɰɢɟɣ ɯɪɚɧɟɧɢɹ ɧɟɜɵɪɨɜɧɟɧɧɵɯ

ɞɚɧɧɵɯ ɢ ɩɨɛɢɬɨɜɨɣ ɨɛɪɚɛɨɬɤɢ, ɨɛɟɫɩɟɱɢɜɚɟɬ 32-ɪɚɡɪɹɞɧɭɸ

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɬɨɢɦɨɫɬɢ ɫɨɜɪɟɦɟɧɧɵɯ ɜɨɫɶɦɢ ɢ

ɲɟɫɬɧɚɞɰɚɬɢɪɚɡɪɹɞɧɵɯ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ [10].

ɋɟɦɟɣɫɬɜɨ STM32 ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɞɜɟ ɤɪɭɩɧɵɟ ɥɢɧɟɣɤɢ

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ Access ɢ Performance. ɋɟɪɢɹ Access (F101xx) ɪɚɡɪɚɛɨɬɚɧɚ ɫ

ɰɟɥɶɸ ɜɧɟɞɪɟɧɢɹ 32-ɪɚɡɪɹɞɧɨɣ ɫɯɟɦɨɬɟɯɧɢɤɢ ɜ ɤɪɢɬɢɱɧɵɟ ɤ ɫɬɨɢɦɨɫɬɢ

ɩɪɢɦɟɧɟɧɢɹ ɢɥɢ ɲɟɫɬɧɚɞɰɚɬɢ ɪɚɡɪɹɞɧɵɟ ɩɪɨɟɤɬɵ. Ȼɨɥɟɟ ɫɨɜɪɟɦɟɧɧɚɹ ɥɢɧɟɣɤɚ

Performance (F103xx) ɨɛɥɚɞɚɟɬ ɩɨɱɬɢ ɜɞɜɨɟ ɩɪɟɜɵɲɚɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɢ

ɨɪɢɟɧɬɢɪɭɟɬɫɹ ɧɚ ɩɨɜɵɲɟɧɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ.
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Ɋɢɫɭɧɨɤ 8 – Ⱥɪɯɢɬɟɤɬɭɪɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɫɟɦɟɣɫɬɜɚ STM32

ɂɫɯɨɞɹ ɢɡ ɢɡɥɨɠɟɧɧɵɯ ɪɚɧɟɟ ɬɪɟɛɨɜɚɧɢɣ ɤ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɭ, ɢ

ɨɛɪɚɬɢɜɲɢɫɶ ɤ ɛɚɡɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɧɚ ɫɚɣɬɟ ɤɨɦɩɚɧɢɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹ,

ɩɪɨɢɡɜɟɞɟɧ ɜɵɛɨɪ ɜ ɩɨɥɶɡɭ ɦɨɞɟɥɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ STM32F103RGTx

ɥɢɧɟɣɤɢ Performance. Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ,

ɩɨɥɧɨɫɬɶɸ ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɦɢ ɩɨɫɬɚɜɥɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ [11]:

- ɹɞɪɨ: ARM Cortex M3;

- ɬɚɤɬɨɜɚɹ ɱɚɫɬɨɬɚ: ɞɨ 72ɆȽɰ;

- FLASH-ɩɚɦɹɬɶ: 1024 ɤɛ;

- RAM-ɩɚɦɹɬɶ: 96 ɤɛ;

- ɢɧɬɟɪɮɟɣɫɵ: SPI, I2C, USART, USB 2.0, CAN;

- Ⱥɐɉ: ɞɨ ɞɜɭɯ 12 ɛɢɬ/16 ɤɚɧɚɥɨɜ;

- 14 ɬɚɣɦɟɪɨɜ ɩɪɟɪɵɜɚɧɢɹ;

- ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ: 2…3,6ȼ.
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Ɋɢɫɭɧɨɤ 9 – Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ STM32F103RGTx ɜ ɫɪɟɞɟ STM32CubeMX
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3 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢя

3.1 ɋɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢя

Ⱦɥɹ ɰɟɥɟɣ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɛɪɚɧɚ ɩɪɨɝɪɚɦɦɧɚɹ

ɫɪɟɞɚ Keil uVision, ɨɛɥɚɞɚɸɳɚɹ ɧɚɛɨɪɨɦ ɭɬɢɥɢɬ ɢ ɫɪɟɞɫɬɜ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ

ɩɪɨɝɪɚɦɦ, ɜɤɥɸɱɚɸɳɢɯ ɋ++ ɤɨɦɩɢɥɹɬɨɪɵ, ɦɚɤɪɨɚɫɫɟɦɛɥɟɪɵ, ɨɬɥɚɞɱɢɤɢ,

ɫɢɦɭɥɹɬɨɪɵ, ɥɢɧɤɟɪɵ, IDE-ɩɪɢɥɨɠɟɧɢɹ ɢ ɨɰɟɧɨɱɧɵɟ ɩɥɚɬɵ ɞɥɹ ɪɚɡɥɢɱɧɵɯ

ɫɟɦɟɣɫɬɜ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɥɧɨɫɬɶɸ ɩɨɞɯɨɞɹɳɚɹ ɞɥɹ

ɧɚɩɢɫɚɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ. ɋɪɟɞɚ

ɪɚɡɪɚɛɨɬɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɟ ɢ ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɬɨɥɶɤɨ ɧɚ

ɨɩɟɪɚɰɢɨɧɧɵɣ ɫɢɫɬɟɦɚɯ Windows ɫɟɪɢɣ: 2000; Vista; 7 [12].

Ɋɢɫɭɧɨɤ 10 – ɩɪɨɝɪɚɦɦɧɚɹ ɫɪɟɞɚ Keil uVision
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Keil uVision ɩɨɡɜɨɥɹɟɬ ɪɚɛɨɬɚɬɶ ɫ ɩɪɨɟɤɬɚɦɢ ɥɸɛɨɣ ɫɬɟɩɟɧɢ ɫɥɨɠɧɨɫɬɢ,

ɧɚɱɢɧɚɹ ɫ ɜɜɟɞɟɧɢɹ ɢ ɩɪɚɜɤɢ ɢɫɯɨɞɧɵɯ ɬɟɤɫɬɨɜ ɢ ɡɚɤɚɧɱɢɜɚɹ ɜɧɭɬɪɢɫɯɟɦɧɨɣ

ɨɬɥɚɞɤɨɣ ɤɨɞɚ ɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟɦ ɉɁɍ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ. Ɉɬ ɪɚɡɪɚɛɨɬɱɢɤɚ

ɫɤɪɵɬɚ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɜɬɨɪɨɫɬɟɩɟɧɧɵɯ ɮɭɧɤɰɢɣ, ɱɬɨ ɫɢɥɶɧɨ ɪɚɡɝɪɭɠɚɟɬ

ɢɧɬɟɪɮɟɣɫ ɢ ɞɟɥɚɟɬ ɭɩɪɚɜɥɟɧɢɟ ɢɧɬɭɢɬɢɜɧɨ ɩɨɧɹɬɧɵɦ. Ɉɞɧɚɤɨ ɩɪɢ ɜɨɡɪɚɫɬɚɧɢɢ

ɫɥɨɠɧɨɫɬɢ ɪɟɚɥɢɡɭɟɦɵɯ ɡɚɞɚɱ, ɜɫɟɝɞɚ ɦɨɠɧɨ ɡɚɞɟɣɫɬɜɨɜɚɬɶ ɜɟɫɶ ɩɨɬɟɧɰɢɚɥ

ɦɨɞɭɥɟɣ, ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɯ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ ɟɞɢɧɨɣ ɨɛɨɥɨɱɤɢ. ɇɢɠɟ

ɩɪɢɜɟɞɟɧɨ ɨɩɢɫɚɧɢɟ ɨɫɧɨɜɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ Keil uVision.

Ȼɚɡɚ ɞɚɧɧɵɯ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ, ɫɨɞɟɪɠɢɬ ɩɨɞɪɨɛɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨɛɨ

ɜɫɟɯ ɩɨɞɞɟɪɠɢɜɚɟɦɵɯ ɭɫɬɪɨɣɫɬɜɚɯ. Ɂɞɟɫɶ ɯɪɚɧɹɬɫɹ ɢɯ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɵɟ

ɞɚɧɧɵɟ ɢ ɫɫɵɥɤɢ ɧɚ ɢɫɬɨɱɧɢɤɢ ɢɧɮɨɪɦɚɰɢɢ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ

ɨɩɢɫɚɧɢɹɦɢ. ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɧɨɜɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜ ɩɪɨɟɤɬ ɜɫɟ ɟɝɨ ɭɧɢɤɚɥɶɧɵɟ

ɨɩɰɢɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ.

Ɇɟɧɟɞɠɟɪ ɩɪɨɟɤɬɨɜ, ɫɥɭɠɚɳɢɣ ɞɥɹ ɨɛɴɟɞɢɧɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɬɟɤɫɬɨɜ

ɩɪɨɝɪɚɦɦɧɵɯ ɦɨɞɭɥɟɣ ɢ ɮɚɣɥɨɜ ɜ ɝɪɭɩɩɵ, ɨɛɪɚɛɚɬɵɜɚɟɦɵɟ ɩɨ ɟɞɢɧɵɦ

ɩɪɚɜɢɥɚɦ. ɉɨɞɨɛɧɚɹ ɝɪɭɩɩɢɪɨɜɤɚ ɩɨɡɜɨɥɹɟɬ ɧɚɦɧɨɝɨ ɥɭɱɲɟ ɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ

ɫɪɟɞɢ ɦɧɨɠɟɫɬɜɚ ɮɚɣɥɨɜ.

ȼɫɬɪɨɟɧɧɵɣ ɪɟɞɚɤɬɨɪ, ɨɛɥɟɝɱɚɸɳɢɣ ɪɚɛɨɬɭ ɫ ɢɫɯɨɞɧɵɦ ɬɟɤɫɬɨɦ ɡɚ ɫɱɟɬ

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɧɨɝɨɨɤɨɧɧɨɝɨ ɢɧɬɟɪɮɟɣɫɚ, ɜɵɞɟɥɟɧɢɹ ɫɢɧɬɚɤɫɢɱɟɫɤɢɯ

ɷɥɟɦɟɧɬɨɜ ɲɪɢɮɬɨɦ ɢ ɰɜɟɬɨɦ. ɋɭɳɟɫɬɜɭɟɬ ɨɩɰɢɹ ɧɚɫɬɪɨɣɤɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ

ɜɤɭɫɚɦɢ ɪɚɡɪɚɛɨɬɱɢɤɚ. Ɋɟɞɚɤɬɢɪɨɜɚɧɢɟ ɨɫɬɚɟɬɫɹ ɞɨɫɬɭɩɧɵɦ ɢ ɜɨ ɜɪɟɦɹ ɨɬɥɚɞɤɢ

ɩɪɨɝɪɚɦɦɵ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɪɚɡɭ ɢɫɩɪɚɜɥɹɬɶ ɨɲɢɛɤɢ ɢɥɢ ɨɬɦɟɱɚɬɶ ɩɪɨɛɥɟɦɧɵɟ

ɭɱɚɫɬɤɢ ɤɨɞɚ.

ɋɪɟɞɫɬɜɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɤɨɦɩɢɥɹɰɢɢ, ɚɫɫɟɦɛɥɢɪɨɜɚɧɢɹ ɢ ɤɨɦɩɨɧɨɜɤɢ

ɩɪɨɟɤɬɚ, ɤɨɬɨɪɵɟ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɢɫɩɨɥɧɹɟɦɨɝɨ (ɡɚɝɪɭɡɨɱɧɨɝɨ)

ɦɨɞɭɥɹ ɩɪɨɝɪɚɦɦɵ. ɉɪɢ ɷɬɨɦ ɦɟɠɞɭ ɮɚɣɥɚɦɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɝɟɧɟɪɢɪɭɸɬɫɹ

ɧɨɜɵɟ ɚɫɫɟɦɛɥɟɪɧɵɟ ɢ ɤɨɦɩɢɥɹɬɨɪɧɵɟ ɫɜɹɡɢ, ɤɨɬɨɪɵɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɨɡɜɨɥɹɸɬ

ɨɛɪɚɛɚɬɵɜɚɬɶ ɬɨɥɶɤɨ ɬɟ ɮɚɣɥɵ, ɜ ɤɨɬɨɪɵɯ ɩɪɨɢɡɨɲɥɢ ɢɡɦɟɧɟɧɢɹ ɢɥɢ ɮɚɣɥɵ,

ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧёɧɧɵɯ. Ɏɭɧɤɰɢɹ ɝɥɨɛɚɥɶɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ
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ɩɪɨɟɤɬɚ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɱɶ ɧɚɢɥɭɱɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɝɢɫɬɪɨɜ

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɩɭɬɟɦ ɧɟɨɞɧɨɤɪɚɬɧɨɣ ɤɨɦɩɢɥɹɰɢɢ ɢɫɯɨɞɧɨɝɨ ɤɨɞɚ.

Ʉɨɦɩɢɥɹɬɨɪɵ uVision ɪɚɛɨɬɚɸɬ ɫ ɬɟɤɫɬɚɦɢ, ɧɚɩɢɫɚɧɧɵɦɢ ɧɚ C++ ɢɥɢ

ɚɫɫɟɦɛɥɟɪɟ ɞɥɹ ɤɨɧɬɪɨɥɥɟɪɨɜ ɫɟɦɟɣɫɬɜ ARM, MSC51, C166 ɢ ɦɧɨɝɢɯ ɞɪɭɝɢɯ.

Ʉɪɨɦɟ ɬɨɝɨ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɦɩɢɥɹɬɨɪɨɜ ɞɪɭɝɢɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ.

Ɉɬɥɚɞɱɢɤ-ɫɢɦɭɥɹɬɨɪ, ɨɬɥɚɠɢɜɚɸɳɢɣ ɪɚɛɨɬɭ ɫɤɨɦɩɢɥɢɪɨɜɚɧɧɨɣ

ɩɪɨɝɪɚɦɦɵ ɧɚ ɜɢɪɬɭɚɥɶɧɨɣ ɦɨɞɟɥɢ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚ. Ⱦɨɜɨɥɶɧɨ ɞɨɫɬɨɜɟɪɧɨ

ɦɨɞɟɥɢɪɭɟɬɫɹ ɪɚɛɨɬɚ ɹɞɪɚ ɤɨɧɬɪɨɥɥɟɪɚ ɢ ɟɝɨ ɩɟɪɢɮɟɪɢɣɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ:

ɩɨɪɬɨɜ ɜɜɨɞɚ-ɜɵɜɨɞɚ, ɬɚɣɦɟɪɨɜ, ɤɨɧɬɪɨɥɥɟɪɨɜ ɩɪɟɪɵɜɚɧɢɣ. Ⱦɥɹ ɨɛɥɟɝɱɟɧɢɹ

ɤɨɦɩɥɟɤɫɧɨɣ ɨɬɥɚɞɤɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɜɨɡɦɨɠɧɨ

ɩɨɞɤɥɸɱɟɧɢɟ ɩɪɨɝɪɚɦɦɧɵɯ ɦɨɞɟɥɟɣ ɧɟɫɬɚɧɞɚɪɬɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ.

Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɭɬɢɥɢɬɵ, ɨɛɥɟɝɱɚɸɳɢɟ ɜɵɩɨɥɧɟɧɢɟ ɧɚɢɛɨɥɟɟ

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɡɚɞɚɱ. ɑɢɫɥɨ ɢ ɧɚɛɨɪ ɦɟɧɹɟɬɫɹ ɨɬ ɜɟɪɫɢɢ ɤ ɜɟɪɫɢɢ.

ȼɵɞɟɥɹɸɬ ɫɥɟɞɭɸɳɢɟ ɢɡ ɧɢɯ [13]:

- Source Browser – ɫɨɞɟɪɠɢɬ ɛɚɡɭ ɞɚɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɫɢɦɜɨɥɨɜ ɞɥɹ

ɛɵɫɬɪɨɝɨ ɩɨɢɫɤɚ;

- Find in Files – ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɨɢɫɤɚ ɡɚɞɚɧɧɨɝɨ ɤɨɞɚ ɜɨ ɜɫɟɯ

ɮɚɣɥɚɯ ɭɤɚɡɚɧɧɨɣ ɩɚɩɤɢ ɢɥɢ ɩɪɨɟɤɬɚ;

- Tools Menu – ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɬɢɥɢɬɵ ɫɬɨɪɨɧɧɢɯ

ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ;

- PC-Lint – ɚɧɚɥɢɡɢɪɭɟɬ ɢɫɯɨɞɧɵɣ ɬɟɤɫɬ ɩɪɨɝɪɚɦɦɵ ɫ ɜɵɞɟɥɟɧɢɟɦ

ɩɨɬɟɧɰɢɚɥɶɧɨ ɨɩɚɫɧɵɯ ɦɟɫɬ;

- Flash tool – ɩɪɨɝɪɚɦɦɢɪɭɟɬ FLASH-ɩɚɦɹɬɶ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ.

3.2 ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ STM32CubeMX

ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦ ɞɥɹ

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ STM32, ɫɨɡɞɚɧɧɨɟ ɮɢɪɦɨɣ STMicroelectronics, ɫɥɭɠɢɬ ɞɥɹ
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ɭɩɪɨɳɟɧɢɹ ɩɪɨɰɟɫɫɚ ɪɚɡɪɚɛɨɬɤɢ, ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɞɪɚɣɜɟɪɨɜ ɜɵɫɨɤɨɝɨ

ɭɪɨɜɧɹ ɢ ɭɞɨɛɧɨɣ ɝɪɚɮɢɱɟɫɤɨɣ ɫɪɟɞɵ.

Ɋɢɫɭɧɨɤ 11 – ɩɪɨɝɪɚɦɦɧɚɹ ɫɪɟɞɚ STM32CubeMX

Ⱦɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ:

- STM32CubeMX – ɭɬɢɥɢɬɚ ɫ ɝɪɚɮɢɱɟɫɤɢɦ ɢɧɬɟɪɮɟɣɫɨɦ,

ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɝɟɧɟɪɚɰɢɢ ɤɨɞɚ ɢɧɢɰɢɚɥɢɡɚɰɢɢ STM32 ɢ ɜɫɬɪɨɟɧɧɨɣ ɜ

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɩɟɪɢɮɟɪɢɢ;

- Ʉɨɦɩɥɟɤɫɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɞɥɹ ɜɫɬɪɚɢɜɚɟɦɵɯ

ɩɥɚɬɮɨɪɦ, ɫɤɨɧɮɢɝɭɪɢɪɨɜɚɧɧɨɟ ɞɥɹ ɤɨɧɤɪɟɬɧɨɣ ɫɟɪɢɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ;

- STM32Cube HAL, ɜɫɬɪɚɢɜɚɟɦɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɭɪɨɜɧɹ

ɚɛɫɬɪɚɤɰɢɢ HAL, ɞɥɹ STM32, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɦɚɤɫɢɦɚɥɶɧɭɸ ɩɟɪɟɧɨɫɢɦɨɫɬɶ

ɤɨɞɚ ɜɧɭɬɪɢ ɫɟɦɟɣɫɬɜɚ STM32;

- ɇɚɛɨɪ ɜɫɬɪɚɢɜɚɟɦɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɉɈ, ɬɚɤɢɯ ɤɚɤ RTOS, USB, FatFS,

TCP/IP, Graphics, ɧɚɫɬɪɨɟɧɧɵɣ ɞɥɹ ɢɯ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ;
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- ɉɨɥɧɵɣ ɤɨɦɩɥɟɤɬ ɩɪɢɦɟɪɨɜ, ɞɥɹ ɜɫɟɯ ɩɪɨɝɪɚɦɦɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ

ɭɬɢɥɢɬ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɧɚɛɨɪɟ ɉɈ.

Ⱦɪɚɣɜɟɪɵ HAL ɫɨɞɟɪɠɚɬ ɩɨɥɧɵɣ ɧɚɛɨɪ ɝɨɬɨɜɵɯ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ

ɛɢɛɥɢɨɬɟɤ, ɤɨɬɨɪɵɟ ɞɟɥɚɸɬ ɩɪɨɳɟ ɪɟɚɥɢɡɚɰɢɸ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ ɩɪɢɥɨɠɟɧɢɹ.

ȼ ɢɯ ɱɢɫɥɟ ɪɹɞ ɝɨɬɨɜɵɯ ɮɭɧɤɰɢɣ, ɤɨɧɫɬɚɧɬ, ɤɥɚɫɫɨɜ ɢ ɩɪɨɰɟɞɭɪ. Ȼɢɛɥɢɨɬɟɤɢ

ɞɪɚɣɜɟɪɨɜ ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɛɳɢɟ ɞɥɹ ɜɫɟɯ ɫɟɪɢɣ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɮɭɧɤɰɢɢ, ɚ

ɬɚɤ ɠɟ ɫɨɞɟɪɠɚɬ ɜ ɫɟɛɟ ɛɨɥɟɟ ɫɩɟɰɢɮɢɱɟɫɤɢɟ, ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɮɭɧɤɰɢɢ ɞɥɹ

ɤɨɧɤɪɟɬɧɵɯ ɫɟɦɟɣɫɬɜ. ɂɫɯɨɞɧɵɣ ɤɨɞ ɛɢɛɥɢɨɬɟɤɢ ɞɪɚɣɜɟɪɨɜ ɪɚɡɪɚɛɨɬɚɧ ɜ

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ Strict ANSIC, ɱɬɨ ɞɟɥɚɟɬ ɤɨɞ ɧɟɡɚɜɢɫɢɦɵɦ ɨɬ

ɢɧɫɬɪɭɦɟɧɬɨɜ ɪɚɡɪɚɛɨɬɤɢ. ȼɟɫɶ ɢɫɯɨɞɧɵɣ ɤɨɞ ɩɪɨɜɟɪɟɧ ɫ ɩɨɦɨɳɶɸ

ɢɧɫɬɪɭɦɟɧɬɚ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ CodeSonarTM, ɢ ɩɨɥɧɨɫɬɶɸ

ɞɨɤɭɦɟɧɬɢɪɨɜɚɧ. Ⱦɪɚɣɜɟɪɵ HAL ɪɟɚɥɢɡɭɸɬ ɨɛɧɚɪɭɠɟɧɢɟ ɨɲɢɛɨɤ ɜɨ ɜɪɟɦɹ

ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ, ɬɚɤ ɤɚɤ HAL ɩɪɨɜɟɪɹɟɬ ɜɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ ɜɫɟɯ

ɮɭɧɤɰɢɣ. Ɍɚɤɚɹ ɞɢɧɚɦɢɱɟɫɤɚɹ ɩɪɨɜɟɪɤɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ ɧɚɞɟɠɧɨɫɬɢ

ɜɫɬɪɨɟɧɧɨɝɨ ɉɈ. Ɉɛɧɚɪɭɠɟɧɢɟ ɨɲɢɛɨɤ ɜɨ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ, ɬɚɤɠɟ,

ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɫɤɨɪɟɧɢɸ ɪɚɡɪɚɛɨɬɤɢ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ ɢ ɩɪɨɰɟɫɫɚ

ɨɬɥɚɞɤɢ [14].

3.3 Ɉɩɢɫɚɧɢɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ

ɉɪɨɝɪɚɦɦɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɛɨɬɭ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ, ɩɪɟɨɛɪɚɡɭɹ

ɚɧɚɥɨɝɨɜɵɣ ɫɢɝɧɚɥ ɜ ɰɢɮɪɨɜɨɣ ɢ ɩɟɪɟɞɚɜɚɹ ɟɝɨ ɧɚ ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ.

Ɉɛɳɢɣ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɠɢɞɚɧɢɢ ɧɚ ɩɪɢɟɦ 1 ɛɚɣɬɚ ɢɧɮɨɪɦɚɰɢɢ

– ɫɢɝɧɚɥɚ ɤ ɧɚɱɚɥɭ ɪɚɛɨɬɵ. ɉɨɫɥɟ ɧɚ ɩɨɪɬɚɯ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɜɵɫɬɚɜɥɹɸɬɫɹ

ɱɚɫɬɨɬɵ ɰɢɮɪɨɜɵɯ ɮɢɥɶɬɪɨɜ ɢ ɱɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ. ɉɪɨɢɫɯɨɞɢɬ ɫɱɢɬɵɜɚɧɢɟ

ɞɚɧɧɵɯ ɫ ɚɧɚɥɨɝɨɜɨɣ ɱɚɫɬɢ ɩɪɢɛɨɪɚ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫɢɝɧɚɥɚ ɢ ɨɬɫɵɥɤɚ

ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ ɱɟɪɟɡ Comport ɧɚ ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ ɞɥɹ

ɞɚɥɶɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɢ.
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Ⱦɪɚɣɜɟɪɵ HAL ɢ ɡɚɝɨɥɨɜɨɱɧɵɟ ɮɚɣɥɵ ɛɢɛɥɢɨɬɟɤ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ

ɞɚɧɧɨɦ ɩɪɨɝɪɚɦɦɧɨɦ ɨɛɟɫɩɟɱɟɧɢɢ ɩɨɞɤɥɸɱɚɸɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɪɚɡɞɟɥɚ #include

ɞɨ ɨɩɢɫɚɧɢɹ ɨɫɧɨɜɧɨɣ ɱɚɫɬɢ main.

Ɋɢɫɭɧɨɤ 12 – Ɂɚɝɨɥɨɜɨɱɧɵɟ ɮɚɣɥɵ

<String.h> ɹɜɥɹɟɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦ ɡɚɝɨɥɨɜɨɱɧɵɦ ɮɚɣɥɨɦ ɞɥɹ ɹɡɵɤɨɜ ɋɢ,

“Core.h” ɢ “stm32f1xx_hal.h” ɫɨɞɟɪɠɚɬ ɜ ɫɟɛɟ ɞɪɚɣɜɟɪɵ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɢ

ɛɢɛɥɢɨɬɟɤɭ HAL.

Ɋɚɡɞɟɥ #define ɫɨɡɞɚɟɬ ɦɚɤɪɨɫɵ ɞɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɬɪɨɤɢ. ɗɬɢ ɩɨɪɬɵ

ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɩɟɪɟɞɚɱɢ ɱɟɪɟɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɩɟɪɢɮɟɪɢɣɧɵɣ

ɢɧɬɟɪɮɟɣɫ – SPI.

Ɋɢɫɭɧɨɤ 13 – Ɇɚɤɪɨɫɵ

ȼ ɷɬɨɦ ɪɚɡɞɟɥɟ ɨɩɢɫɵɜɚɸɬɫɹ ɫɬɪɭɤɬɭɪɵ ɞɥɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ:

Ⱥɐɉ, SPI, UART ɢ ɬɚɣɦɟɪɵ
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Ɋɢɫɭɧɨɤ 14 – ɋɬɪɭɤɬɭɪɵ
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Ɋɢɫɭɧɨɤ 15 – ɂɧɢɰɢɚɥɢɡɚɰɢɹ Ⱥɐɉ

Ɍɚɤ ɤɚɤ ɩɪɢɛɨɪ ɩɪɢɧɢɦɚɟɬ ɞɚɧɧɵɟ ɫ ɞɜɭɯ ɤɚɧɚɥɨɜ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ

ɢɧɢɰɢɚɥɢɡɢɪɨɜɚɬɶ Ⱥɐɉ, ɤɨɬɨɪɵɣ ɦɨɝ ɛɵ ɨɛɪɚɛɚɬɵɜɚɬɶ ɞɜɚ ɫɢɝɧɚɥɚ. ɗɬɢ

ɫɢɝɧɚɥɚ ɛɭɞɭɬ ɩɨɫɬɭɩɚɬɶ ɧɚ ADC_CHANNEL 11 ɢ ADC_CHANNEL 12. Ⱦɥɹ

Ⱥɐɉ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɨɪɬɵ PC1 ɢ PC2.

Ⱦɥɹ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɩɟɪɢɮɟɪɢɣɧɵɣ

ɢɧɬɟɪɮɟɣɫ – SPI. ɂɧɬɟɪɮɟɣɫ ɧɚɫɬɪɚɢɜɚɟɬɫɹ ɧɚ ɞɜɭɧɚɩɪɚɜɥɟɧɧɭɸ ɫɜɹɡɶ ɫ

ɫɢɝɧɚɥɨɦ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɩɨ ɧɢɡɤɨɦɭ ɮɪɨɧɬɭ. ɉɪɢ ɩɟɪɟɞɚɱɟ ɩɟɪɜɵɦ

ɨɬɩɪɚɜɥɹɟɬɫɹ ɫɬɚɪɲɢɣ ɛɢɬ.

Ɋɢɫɭɧɨɤ 16 – ɂɧɢɰɢɚɥɢɡɚɰɢɹ SPI
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ɇɚɫɬɪɨɣɤɚ ɩɨɪɬɨɜ PC4, PC5, PB0 ɢ PB1 ɧɚ ɜɵɯɨɞ, ɞɥɹ ɷɬɨɝɨ

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɬɚɤɬɢɪɨɜɚɧɢɟ ɩɨɪɬɨɜ, ɪɟɠɢɦ ɢ ɫɤɨɪɨɫɬɶ ɪɚɛɨɬɵ. Ɋɟɠɢɦ

OUTPUT_PP ɩɨɡɜɨɥɹɟɬ ɜɵɞɚɜɚɬɶ ɧɚ ɩɨɪɬ ɤɚɤ ɥɨɝɢɱɟɫɤɢɣ ɧɨɥɶ ɬɚɤ ɢ ɥɨɝɢɱɟɫɤɭɸ

ɟɞɢɧɢɰɭ.

Ɋɢɫɭɧɨɤ 17 – ɇɚɫɬɪɨɣɤɚ ɩɨɪɬɨɜ

Ⱦɥɹ ɩɪɢɟɦɚ ɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɧɚ ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ ɢɫɩɨɥɶɡɭɟɬɫɹ

ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɚɫɢɧɯɪɨɧɧɵɣ ɩɪɢɟɦɨɩɟɪɟɞɚɬɱɢɤ – UART. ɉɟɪɟɞɚɬɱɢɤ

ɢɫɩɨɥɶɡɭɟɬ ɡɚɪɟɡɟɪɜɢɪɨɜɚɧɧɵɟ ɩɨɪɬɵ PA2 ɢ PA3.
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Ɋɢɫɭɧɨɤ 18 – ɂɧɢɰɢɚɥɢɡɚɰɢɹ UART

ȼ ɩɪɨɝɪɚɦɦɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɹɞ ɬɚɣɦɟɪɨɜ, ɢɧɢɰɢɚɥɢɡɚɰɢɹ ɤɨɬɨɪɵɯ

ɢɞɟɧɬɢɱɧɚ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɩɪɟɞɟɥɢɬɟɥɹ ɢ ɩɟɪɢɨɞɚ. Ɍɚɣɦɟɪɵ Tim1,

Tim2, Tim3, Tim4, Tim5, Tim6, Tim7, Tim12. Tim 4,12 ɢ 6 ɢɫɩɨɥɶɡɭɸɬɫɹ, ɞɥɹ

ɩɪɟɪɵɜɚɧɢɣ, ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɧɚ ɜɯɨɞ ɩɨɪɬɨɜ PINB_0, PINB_1, PIC_5 ɱɚɫɬɨɬ

ɫɪɟɡɨɜ ɮɢɥɶɬɪɨɜ ɢ ɱɚɫɬɨɬɵ ɞɢɫɤɪɟɬɢɡɚɰɢɢ.
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Ɋɢɫɭɧɨɤ 19 – ɂɧɢɰɢɚɥɢɡɚɰɢɹ ɬɚɣɦɟɪɨɜ TIM

Ⱦɥɹ ɩɪɢɟɦɚ ɞɚɧɧɵɯ ɩɨ UART ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɭɧɤɰɢɹ ɩɪɟɪɵɜɚɧɢɹ. Ⱦɚɧɧɵɟ

ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɩɟɪɟɦɟɧɧɭɸ Rx_data[].

Ɋɢɫɭɧɨɤ 20 – ɉɪɟɪɵɜɚɧɢɟ ɞɥɹ UART
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Ɏɭɧɤɰɢɹ ɜɵɩɨɥɧɹɟɬ ɫɥɟɞɭɸɳɢɣ ɧɚɛɨɪ ɤɨɦɚɧɞ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ SPI

ɩɟɪɟɞɚɱɢ. ɉɨ SPI ɩɟɪɟɞɚɟɬɫɹ ɤɨɦɚɧɞɚ varCmd ɨɡɧɚɱɚɸɳɚɹ ɝɨɬɨɜɧɨɫɬɶ

ɢɧɬɟɪɮɟɣɫɚ ɤ ɩɟɪɟɞɚɱɟ ɞɚɧɧɵɯ. ɉɨɫɥɟ ɩɟɪɟɞɚɟɬɫɹ ɨɞɢɧ ɛɚɣɬ ɞɚɧɧɵɯ

ɯɪɚɧɹɳɢɯɫɹ ɜ ɩɟɪɟɦɟɧɧɨɣ data[]. ɉɪɨɰɟɞɭɪɚ ɩɨɜɬɨɪɹɟɬɫɹ ɫɧɨɜɚ, ɫ ɨɬɩɪɚɜɤɢ

ɤɨɦɚɧɞɵ varCmd ɢ ɩɨɫɥɟɞɭɸɲɟɣ ɨɬɩɪɚɜɤɢ ɨɞɧɨɝɨ ɛɚɣɬɚ ɞɚɧɧɵɯ.

Ɋɢɫɭɧɨɤ 21 – ɍɫɬɪɨɣɫɬɜɨ SPI
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Tim1 ɢ Tim2 ɬɚɣɦɟɪɵ ɫɥɭɠɚɬ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɩɪɟɪɵɜɚɧɢɹ, ɫɜɹɡɚɧɧɨɝɨ ɫ

ɧɚɱɚɥɨɦ ɡɚɦɟɪɨɜ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɞɚɧɧɵɯ ɜ Ⱥɐɉ. Ɏɭɧɤɰɢɹ CoreTimer1Setup

ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɱɚɫɬɨɬɭ ɪɚɛɨɬɵ ɩɟɪɜɨɝɨ ɬɚɣɦɟɪɚ.

Ɋɢɫɭɧɨɤ 22 – Ɋɚɛɨɬɚ ɬɚɣɦɟɪɚ Tim1
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Ɋɢɫɭɧɨɤ 23 – Ɋɚɛɨɬɚ ɬɚɣɦɟɪɚ Tim2

Ɍɚɣɦɟɪ Tim3 ɹɜɥɹɟɬɫɹ ɬɚɣɦɟɪɨɦ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɰɢɤɥɚ ɩɪɨɝɪɚɦɦɵ, ɢ

ɫɥɭɠɢɬ ɞɥɹ ɩɪɟɪɵɜɚɧɢɹ ɫɜɹɡɚɧɧɨɝɨ ɫ ɧɚɱɚɥɨɦ ɪɚɛɨɬɵ ɢɡɦɟɪɟɧɢɣ.
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Ɋɢɫɭɧɨɤ 24 – Ɋɚɛɨɬɚ ɬɚɣɦɟɪɚ Tim3
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ɁȺɄɅɘЧȿɇɂȿ

Ɋɟɡɭɥɶɬɚɬɨɦ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɫɬɚɥɨ

ɫɨɡɞɚɧɢɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɝɟɨɮɢɡɢɱɟɫɤɨɝɨ ɩɪɢɛɨɪɚ. ȼ

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɡɥɨɠɟɧɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɡɚɞɚɱɢ ɛɵɥ ɜɵɛɪɚɧ

ɢ ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɫɟɪɢɢ STM32. ɋɪɟɞɨɣ ɪɚɡɪɚɛɨɬɤɢ

ɩɪɨɝɪɚɦɦɵ ɚɧɚɥɨɝɨɜɨ-ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɜɵɛɪɚɧ Keil μvision,

ɩɨɞɞɟɪɠɢɜɚɸɳɢɣ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ C++.

ȼ ɯɨɞɟ ɭɫɩɟɲɧɵɯ ɨɩɵɬɧɵɯ ɪɚɛɨɬ, ɩɪɨɜɨɞɢɦɵɯ ɜ 2015 ɢ 2016 ɝɨɞɚɯ, ɛɵɥ

ɩɪɢɦɟɧɟɧ ɞɚɧɧɵɣ ɞɜɭɯɤɚɧɚɥɶɧɵɣ ɝɟɨɮɢɡɢɱɟɫɤɢɣ ɩɪɢɛɨɪ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɧɨɜɨɦ

ɦɟɬɨɞɟ ɜɵɡɜɚɧɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ.
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ɉɊɂɅɈɀȿɇɂȿA

Ȼɥɨɤ-ɫɯɟɦɵ

Ɋɢɫɭɧɨɤ Ⱥ.1 – Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɵ ɩɪɢɛɨɪɚ
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Ɋɢɫɭɧɨɤ Ⱥ.2 – Ȼɥɨɤ-ɫɯɟɦɚ ɩɪɨɝɪɚɦɦɵ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ
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ɉɊɂɅɈɀȿɇɂȿ Ȼ

Ʌɢɫɬɢɧɝ ɮɚɣɥɨɜ ɢɫɯɨɞɧɨɝɨ ɤɨɞɚ ɩɪɨɝɪɚɦɦɵ

/* USER CODE BEGIN Includes */
#include "Core.h"
#include <string.h>
#include "stm32f1xx_hal.h"

#define NSS_Pin GPIO_PIN_4
#define NSS_GPIO_Port GPIOA
#define SCK_Pin GPIO_PIN_5
#define SCK_GPIO_Port GPIOA
#define MOSI_Pin GPIO_PIN_7
#define MOSI_GPIO_Port GPIOA

/* USER CODE END Includes */

/* Private variables ---------------------------------------------------------*/
ADC_HandleTypeDef hadc1;

SPI_HandleTypeDef hspi1;

TIM_HandleTypeDef htim1;
TIM_HandleTypeDef htim2;
TIM_HandleTypeDef htim3;
TIM_HandleTypeDef htim4;
TIM_HandleTypeDef htim6;
TIM_HandleTypeDef htim7;
TIM_HandleTypeDef htim12;

UART_HandleTypeDef huart2;

/* USER CODE BEGIN PV */
/* Private variables ---------------------------------------------------------*/

/* USER CODE END PV */

/* Private function prototypes -----------------------------------------------*/
void SystemClock_Config(void);
void Error_Handler(void);
static void MX_GPIO_Init(void);
static void MX_SPI1_Init(void);
static void MX_USART2_UART_Init(void);
static void MX_TIM1_Init(void);
static void MX_TIM2_Init(void);
static void MX_TIM3_Init(void);
static void MX_ADC1_Init(void);
static void MX_TIM6_Init(void);
static void MX_TIM7_Init(void);
static void MX_TIM4_Init(void);
static void MX_TIM12_Init(void);

/* USER CODE BEGIN PFP */
/* Private function prototypes -----------------------------------------------*/
uint8_t spiR[4];
uint8_t uartIn[16];
HAL_StatusTypeDef UARTStatus = 0;

uint8_t t[16];

uint8_t Rx_indx, Rx_data[2], Rx_Buffer[100], Transfer_cplt;

volatile uint32_t timestamp = 0;
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/* USER CODE END PFP */

/* USER CODE BEGIN 0 */

/* USER CODE END 0 */

int main(void)
{

/* USER CODE BEGIN 1 */

/* USER CODE END 1 */

/* MCU Configuration----------------------------------------------------------*/

/* Reset of all peripherals, Initializes the Flash interface and the Systick. */
HAL_Init();

/* Configure the system clock */
SystemClock_Config();

/* Initialize all configured peripherals */
MX_GPIO_Init();
MX_SPI1_Init();
MX_USART2_UART_Init();
MX_TIM1_Init();
MX_TIM2_Init();
MX_TIM3_Init();
MX_ADC1_Init();
MX_TIM6_Init();
MX_TIM7_Init();
MX_TIM4_Init();
MX_TIM12_Init();

/* USER CODE BEGIN 2 */
spiR[0]=0x13/* 223*/; spiR[1]=127; spiR[2]=223; spiR[3]=127;

HAL_GPIO_WritePin(GPIOC, GPIO_PIN_4, GPIO_PIN_SET);

GPIO_InitTypeDef GPIO_InitStruct;
GPIO_InitStruct.Pin = NSS_Pin|SCK_Pin|MOSI_Pin;

GPIO_InitStruct.Mode = GPIO_MODE_OUTPUT_PP;
GPIO_InitStruct.Speed = GPIO_SPEED_FREQ_LOW;
HAL_GPIO_Init(GPIOA, &GPIO_InitStruct);

HAL_GPIO_WritePin(GPIOB, GPIO_PIN_1, GPIO_PIN_RESET);
GPIO_InitStruct.Pin = GPIO_PIN_1;
GPIO_InitStruct.Mode = GPIO_MODE_OUTPUT_PP;
GPIO_InitStruct.Speed = GPIO_SPEED_FREQ_HIGH;
HAL_GPIO_Init(GPIOB, &GPIO_InitStruct);

/* USER CODE END 2 */

int grcConst = 100;

int grc1 = 20;
htim6.Init.Period = 1000000 / (2 * grc1 * grcConst);

if (HAL_TIM_Base_Init(&htim6) != HAL_OK)
{
Error_Handler();

}
if(HAL_TIM_Base_Start_IT(&htim6) != HAL_OK)
{

Error_Handler();
}

int grc2 = 60;
htim4.Init.Period = 1000000 / (2 * grc2 * grcConst);

if (HAL_TIM_Base_Init(&htim4) != HAL_OK)
{
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Error_Handler();
}

if(HAL_TIM_Base_Start_IT(&htim4) != HAL_OK)
{

Error_Handler();
}

int grc3 = 200;
htim12.Init.Period = 1000000 / (2 * grc3 * grcConst);

if (HAL_TIM_Base_Init(&htim12) != HAL_OK)
{
Error_Handler();

}
if(HAL_TIM_Base_Start_IT(&htim12) != HAL_OK)
{

Error_Handler();
}

HAL_Delay(500);
CoreStarted = 1;

uint8_t period[2] = {128, 128};
CoreSpiSetup(period);

CoreTimerWorkSetup(5000);

HAL_UART_Receive_IT(&huart2, Rx_data, 1);

while (1)
{
/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
HAL_Delay(1000);

if(timestamp > 1 && Rx_indx > 0)
{

CoreProcessInput(Rx_Buffer, Rx_indx);

Rx_indx = 0;
Transfer_cplt = 0;
memset(Rx_data, 0, 16);
memset(Rx_Buffer, 0, 100);
HAL_UART_Receive_IT(&huart2, Rx_data, 1);

}
}

/* USER CODE END 3 */
}

/** System Clock Configuration
*/
void SystemClock_Config(void)
{

RCC_OscInitTypeDef RCC_OscInitStruct;
RCC_ClkInitTypeDef RCC_ClkInitStruct;
RCC_PeriphCLKInitTypeDef PeriphClkInit;

RCC_OscInitStruct.OscillatorType = RCC_OSCILLATORTYPE_HSI;
RCC_OscInitStruct.HSIState = RCC_HSI_ON;
RCC_OscInitStruct.HSICalibrationValue = 16;
RCC_OscInitStruct.PLL.PLLState = RCC_PLL_ON;
RCC_OscInitStruct.PLL.PLLSource = RCC_PLLSOURCE_HSI_DIV2;
RCC_OscInitStruct.PLL.PLLMUL = RCC_PLL_MUL8;
if (HAL_RCC_OscConfig(&RCC_OscInitStruct) != HAL_OK)
{
Error_Handler();

}

RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE_HCLK|RCC_CLOCKTYPE_SYSCLK
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RCC_CLOCKTYPE_PCLK1|RCC_CLOCKTYPE_PCLK2;
RCC_ClkInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE_PLLCLK;
RCC_ClkInitStruct.AHBCLKDivider = RCC_SYSCLK_DIV1;
RCC_ClkInitStruct.APB1CLKDivider = RCC_HCLK_DIV2;
RCC_ClkInitStruct.APB2CLKDivider = RCC_HCLK_DIV1;
if (HAL_RCC_ClockConfig(&RCC_ClkInitStruct, FLASH_LATENCY_1) != HAL_OK)
{
Error_Handler();

}

PeriphClkInit.PeriphClockSelection = RCC_PERIPHCLK_ADC;
PeriphClkInit.AdcClockSelection = RCC_ADCPCLK2_DIV8;
if (HAL_RCCEx_PeriphCLKConfig(&PeriphClkInit) != HAL_OK)
{
Error_Handler();

}

HAL_SYSTICK_Config(HAL_RCC_GetHCLKFreq()/1000);

HAL_SYSTICK_CLKSourceConfig(SYSTICK_CLKSOURCE_HCLK);

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

}

/* ADC1 init function */
static void MX_ADC1_Init(void)
{

ADC_ChannelConfTypeDef sConfig;

/**Common config
*/

hadc1.Instance = ADC1;
hadc1.Init.ScanConvMode = ADC_SCAN_ENABLE;
hadc1.Init.ContinuousConvMode = DISABLE;
hadc1.Init.DiscontinuousConvMode = ENABLE;
hadc1.Init.NbrOfDiscConversion = 1;
hadc1.Init.ExternalTrigConv = ADC_SOFTWARE_START;
hadc1.Init.DataAlign = ADC_DATAALIGN_RIGHT;
hadc1.Init.NbrOfConversion = 2;
if (HAL_ADC_Init(&hadc1) != HAL_OK)
{
Error_Handler();

}

/**Configure Regular Channel
*/

sConfig.Channel = ADC_CHANNEL_11;
sConfig.Rank = 1;
sConfig.SamplingTime = ADC_SAMPLETIME_239CYCLES_5;
if (HAL_ADC_ConfigChannel(&hadc1, &sConfig) != HAL_OK)
{
Error_Handler();

}

/**Configure Regular Channel
*/

sConfig.Channel = ADC_CHANNEL_12;
sConfig.Rank = 2;
if (HAL_ADC_ConfigChannel(&hadc1, &sConfig) != HAL_OK)
{
Error_Handler();

}

}

/* SPI1 init function */
static void MX_SPI1_Init(void)
{
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hspi1.Instance = SPI1;
hspi1.Init.Mode = SPI_MODE_MASTER;
hspi1.Init.Direction = SPI_DIRECTION_2LINES;
hspi1.Init.DataSize = SPI_DATASIZE_8BIT;
hspi1.Init.CLKPolarity = SPI_POLARITY_LOW;
hspi1.Init.CLKPhase = SPI_PHASE_1EDGE;
hspi1.Init.NSS = SPI_NSS_HARD_INPUT;
hspi1.Init.BaudRatePrescaler = SPI_BAUDRATEPRESCALER_4;
hspi1.Init.FirstBit = SPI_FIRSTBIT_MSB;
hspi1.Init.TIMode = SPI_TIMODE_DISABLE;
hspi1.Init.CRCCalculation = SPI_CRCCALCULATION_DISABLE;
hspi1.Init.CRCPolynomial = 10;
if (HAL_SPI_Init(&hspi1) != HAL_OK)
{
Error_Handler();

}

}

/* TIM1 init function */
static void MX_TIM1_Init(void)
{

TIM_ClockConfigTypeDef sClockSourceConfig;
TIM_MasterConfigTypeDef sMasterConfig;

htim1.Instance = TIM1;
htim1.Init.Prescaler = 799;
htim1.Init.CounterMode = TIM_COUNTERMODE_UP;
htim1.Init.Period = 9999;
htim1.Init.ClockDivision = TIM_CLOCKDIVISION_DIV1;
htim1.Init.RepetitionCounter = 0;
if (HAL_TIM_Base_Init(&htim1) != HAL_OK)
{
Error_Handler();

}

sClockSourceConfig.ClockSource = TIM_CLOCKSOURCE_INTERNAL;
if (HAL_TIM_ConfigClockSource(&htim1, &sClockSourceConfig) != HAL_OK)
{
Error_Handler();

}

sMasterConfig.MasterOutputTrigger = TIM_TRGO_RESET;
sMasterConfig.MasterSlaveMode = TIM_MASTERSLAVEMODE_DISABLE;
if (HAL_TIMEx_MasterConfigSynchronization(&htim1, &sMasterConfig) != HAL_OK)
{
Error_Handler();

}

}

/* TIM2 init function */
static void MX_TIM2_Init(void)
{

TIM_ClockConfigTypeDef sClockSourceConfig;
TIM_MasterConfigTypeDef sMasterConfig;

htim2.Instance = TIM2;
htim2.Init.Prescaler = 799;
htim2.Init.CounterMode = TIM_COUNTERMODE_UP;
htim2.Init.Period = 9999;
htim2.Init.ClockDivision = TIM_CLOCKDIVISION_DIV1;
if (HAL_TIM_Base_Init(&htim2) != HAL_OK)
{
Error_Handler();

}
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sClockSourceConfig.ClockSource = TIM_CLOCKSOURCE_INTERNAL;
if (HAL_TIM_ConfigClockSource(&htim2, &sClockSourceConfig) != HAL_OK)
{
Error_Handler();

}

sMasterConfig.MasterOutputTrigger = TIM_TRGO_RESET;
sMasterConfig.MasterSlaveMode = TIM_MASTERSLAVEMODE_DISABLE;
if (HAL_TIMEx_MasterConfigSynchronization(&htim2, &sMasterConfig) != HAL_OK)
{
Error_Handler();

}

}

/* TIM3 init function */
static void MX_TIM3_Init(void)
{

TIM_ClockConfigTypeDef sClockSourceConfig;
TIM_MasterConfigTypeDef sMasterConfig;

htim3.Instance = TIM3;
htim3.Init.Prescaler = 7999;
htim3.Init.CounterMode = TIM_COUNTERMODE_UP;
htim3.Init.Period = 999;
htim3.Init.ClockDivision = TIM_CLOCKDIVISION_DIV1;
if (HAL_TIM_Base_Init(&htim3) != HAL_OK)
{
Error_Handler();

}

sClockSourceConfig.ClockSource = TIM_CLOCKSOURCE_INTERNAL;
if (HAL_TIM_ConfigClockSource(&htim3, &sClockSourceConfig) != HAL_OK)
{
Error_Handler();

}

sMasterConfig.MasterOutputTrigger = TIM_TRGO_RESET;
sMasterConfig.MasterSlaveMode = TIM_MASTERSLAVEMODE_DISABLE;
if (HAL_TIMEx_MasterConfigSynchronization(&htim3, &sMasterConfig) != HAL_OK)
{
Error_Handler();

}

}

/* TIM4 init function */
static void MX_TIM4_Init(void)
{

TIM_ClockConfigTypeDef sClockSourceConfig;
TIM_MasterConfigTypeDef sMasterConfig;

htim4.Instance = TIM4;
htim4.Init.Prescaler = 31;
htim4.Init.CounterMode = TIM_COUNTERMODE_UP;
htim4.Init.Period = 1;
htim4.Init.ClockDivision = TIM_CLOCKDIVISION_DIV1;
if (HAL_TIM_Base_Init(&htim4) != HAL_OK)
{
Error_Handler();

}

sClockSourceConfig.ClockSource = TIM_CLOCKSOURCE_INTERNAL;
if (HAL_TIM_ConfigClockSource(&htim4, &sClockSourceConfig) != HAL_OK)
{
Error_Handler();

}
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sMasterConfig.MasterOutputTrigger = TIM_TRGO_RESET;
sMasterConfig.MasterSlaveMode = TIM_MASTERSLAVEMODE_DISABLE;
if (HAL_TIMEx_MasterConfigSynchronization(&htim4, &sMasterConfig) != HAL_OK)
{
Error_Handler();

}

}

/* TIM6 init function */
static void MX_TIM6_Init(void)
{

TIM_MasterConfigTypeDef sMasterConfig;

htim6.Instance = TIM6;
htim6.Init.Prescaler = 31;
htim6.Init.CounterMode = TIM_COUNTERMODE_UP;
htim6.Init.Period = 24;
if (HAL_TIM_Base_Init(&htim6) != HAL_OK)
{
Error_Handler();

}

sMasterConfig.MasterOutputTrigger = TIM_TRGO_RESET;
sMasterConfig.MasterSlaveMode = TIM_MASTERSLAVEMODE_DISABLE;
if (HAL_TIMEx_MasterConfigSynchronization(&htim6, &sMasterConfig) != HAL_OK)
{
Error_Handler();

}

}

/* TIM7 init function */
static void MX_TIM7_Init(void)
{

TIM_MasterConfigTypeDef sMasterConfig;

htim7.Instance = TIM7;
htim7.Init.Prescaler = 0;
htim7.Init.CounterMode = TIM_COUNTERMODE_UP;
htim7.Init.Period = 1;
if (HAL_TIM_Base_Init(&htim7) != HAL_OK)
{
Error_Handler();

}

sMasterConfig.MasterOutputTrigger = TIM_TRGO_RESET;
sMasterConfig.MasterSlaveMode = TIM_MASTERSLAVEMODE_DISABLE;
if (HAL_TIMEx_MasterConfigSynchronization(&htim7, &sMasterConfig) != HAL_OK)
{
Error_Handler();

}

}

/* TIM12 init function */
static void MX_TIM12_Init(void)
{

TIM_ClockConfigTypeDef sClockSourceConfig;

htim12.Instance = TIM12;
htim12.Init.Prescaler = 31;
htim12.Init.CounterMode = TIM_COUNTERMODE_UP;
htim12.Init.Period = 1;
htim12.Init.ClockDivision = TIM_CLOCKDIVISION_DIV1;
if (HAL_TIM_Base_Init(&htim12) != HAL_OK)
{
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Error_Handler();
}

sClockSourceConfig.ClockSource = TIM_CLOCKSOURCE_INTERNAL;
if (HAL_TIM_ConfigClockSource(&htim12, &sClockSourceConfig) != HAL_OK)
{
Error_Handler();

}

}

/* USART2 init function */
static void MX_USART2_UART_Init(void)
{

huart2.Instance = USART2;
huart2.Init.BaudRate = 9600;
huart2.Init.WordLength = UART_WORDLENGTH_8B;
huart2.Init.StopBits = UART_STOPBITS_1;
huart2.Init.Parity = UART_PARITY_NONE;
huart2.Init.Mode = UART_MODE_TX_RX;
huart2.Init.HwFlowCtl = UART_HWCONTROL_NONE;
huart2.Init.OverSampling = UART_OVERSAMPLING_16;
if (HAL_UART_Init(&huart2) != HAL_OK)
{
Error_Handler();

}

}

/** Configure pins as
* Analog
* Input
* Output
* EVENT_OUT
* EXTI

*/
static void MX_GPIO_Init(void)
{

GPIO_InitTypeDef GPIO_InitStruct;

/* GPIO Ports Clock Enable */
__HAL_RCC_GPIOD_CLK_ENABLE();
__HAL_RCC_GPIOC_CLK_ENABLE();
__HAL_RCC_GPIOA_CLK_ENABLE();
__HAL_RCC_GPIOB_CLK_ENABLE();

/*Configure GPIO pin Output Level */
HAL_GPIO_WritePin(GPIOC, GPIO_PIN_4|GPIO_PIN_5, GPIO_PIN_RESET);

/*Configure GPIO pin Output Level */
HAL_GPIO_WritePin(GPIOB, GPIO_PIN_0|GPIO_PIN_1, GPIO_PIN_RESET);

/*Configure GPIO pins : PC4 PC5 */
GPIO_InitStruct.Pin = GPIO_PIN_4|GPIO_PIN_5;
GPIO_InitStruct.Mode = GPIO_MODE_OUTPUT_PP;
GPIO_InitStruct.Speed = GPIO_SPEED_FREQ_LOW;
HAL_GPIO_Init(GPIOC, &GPIO_InitStruct);

/*Configure GPIO pins : PB0 PB1 */
GPIO_InitStruct.Pin = GPIO_PIN_0|GPIO_PIN_1;
GPIO_InitStruct.Mode = GPIO_MODE_OUTPUT_PP;
GPIO_InitStruct.Speed = GPIO_SPEED_FREQ_LOW;
HAL_GPIO_Init(GPIOB, &GPIO_InitStruct);

}

/* USER CODE BEGIN 4 */
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void CoreTimer1Start(void)
{

if(HAL_TIM_Base_Start_IT(&htim1) != HAL_OK)
{

Error_Handler();
}

}

void CoreTimer1Stop(void)
{

if(HAL_TIM_Base_Stop_IT(&htim1) != HAL_OK)
{

Error_Handler();
}

}

void CoreTimer1Setup(uint32_t period)
{

CoreTimer1Stop();
htim1.Init.Period = 10000 / period - 1;
if (HAL_TIM_Base_Init(&htim1) != HAL_OK)

{
Error_Handler();

}

}

void CoreTimer2Start(void)
{

if(HAL_TIM_Base_Start_IT(&htim2) != HAL_OK)
{

Error_Handler();
}

}

void CoreTimer2Stop(void)
{

if(HAL_TIM_Base_Stop_IT(&htim2) != HAL_OK)
{

Error_Handler();
}

}

void CoreTimer2Setup(uint32_t period)
{

CoreTimer2Stop();
htim2.Init.Period = 10000 / period - 1;
if (HAL_TIM_Base_Init(&htim2) != HAL_OK)

{
Error_Handler();

}

}

void CoreSpiSetup(uint8_t data[])
{

uint8_t varCmd = 0x13;

HAL_GPIO_WritePin(SCK_GPIO_Port, SCK_Pin, GPIO_PIN_RESET);
HAL_GPIO_WritePin(NSS_GPIO_Port, NSS_Pin, GPIO_PIN_RESET);
HAL_Delay(10);

for(int i=1; i <=8; i++)
{

HAL_GPIO_WritePin(MOSI_GPIO_Port, MOSI_Pin, (varCmd >> (8-i)) & 1 ?
GPIO_PIN_SET : GPIO_PIN_RESET);

HAL_Delay(10);
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HAL_GPIO_WritePin(SCK_GPIO_Port, SCK_Pin, GPIO_PIN_SET);
HAL_Delay(10);
HAL_GPIO_WritePin(SCK_GPIO_Port, SCK_Pin, GPIO_PIN_RESET);
HAL_Delay(10);

}

for(int i=1; i <=8; i++)
{

HAL_GPIO_WritePin(MOSI_GPIO_Port, MOSI_Pin, (data[0] >> (8-i)) & 1 ?
GPIO_PIN_SET : GPIO_PIN_RESET);

HAL_Delay(10);

HAL_GPIO_WritePin(SCK_GPIO_Port, SCK_Pin, GPIO_PIN_SET);
HAL_Delay(10);
HAL_GPIO_WritePin(SCK_GPIO_Port, SCK_Pin, GPIO_PIN_RESET);
HAL_Delay(10);

}

for(int i=1; i <=8; i++)
{

HAL_GPIO_WritePin(MOSI_GPIO_Port, MOSI_Pin, (varCmd >> (8-i)) & 1 ?
GPIO_PIN_SET : GPIO_PIN_RESET);

HAL_Delay(10);

HAL_GPIO_WritePin(SCK_GPIO_Port, SCK_Pin, GPIO_PIN_SET);
HAL_Delay(10);
HAL_GPIO_WritePin(SCK_GPIO_Port, SCK_Pin, GPIO_PIN_RESET);
HAL_Delay(10);

}

for(int i=1; i <=8; i++)
{

HAL_GPIO_WritePin(MOSI_GPIO_Port, MOSI_Pin, (data[1] >> (8-i)) & 1 ?
GPIO_PIN_SET : GPIO_PIN_RESET);

HAL_Delay(10);

HAL_GPIO_WritePin(SCK_GPIO_Port, SCK_Pin, GPIO_PIN_SET);
HAL_Delay(10);
HAL_GPIO_WritePin(SCK_GPIO_Port, SCK_Pin, GPIO_PIN_RESET);
HAL_Delay(10);

}

HAL_GPIO_WritePin(NSS_GPIO_Port, NSS_Pin, GPIO_PIN_SET);
}

void CoreTimerWorkStart(void)
{

if(HAL_TIM_Base_Start_IT(&htim3) != HAL_OK)
{

Error_Handler();
}

}

void CoreTimerWorkStop(void)
{

if(HAL_TIM_Base_Stop_IT(&htim3) != HAL_OK)
{

Error_Handler();
}

}

void CoreTimerWorkSetup(uint32_t period)
{

CoreTimerWorkStop();
htim3.Init.Period = period - 1;
if (HAL_TIM_Base_Init(&htim3) != HAL_OK)
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{
Error_Handler();

}
}

void HAL_UART_RxCpltCallback(UART_HandleTypeDef *huart)
{

if (huart->Instance != USART2)
return;

timestamp = 0;

Rx_Buffer[Rx_indx++]=Rx_data[0]; //add data to Rx_Buffer

HAL_UART_Receive_IT(&huart2, Rx_data, 1); //activate UART receive interrupt
every time
}

/* USER CODE END 4 */

/**
* @brief This function is executed in case of error occurrence.
* @param None
* @retval None
*/

void Error_Handler(void)
{
/* USER CODE BEGIN Error_Handler */
/* User can add his own implementation to report the HAL error return state */
while(1)
{
}
/* USER CODE END Error_Handler */

}

#ifdef USE_FULL_ASSERT

/**
* @brief Reports the name of the source file and the source line number
* where the assert_param error has occurred.
* @param file: pointer to the source file name
* @param line: assert_param error line source number
* @retval None
*/

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,
ex: printf("Wrong parameters value: file %s on line %d\r\n", file, line) */

/* USER CODE END 6 */

}

#endif
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