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ɩɪɨɬɟɫɬɢɪɨɜɚɧɚ ɧɚ ɧɟɫɤɨɥɶɤɢɯ ɧɚɛɨɪɚɯ ɬɟɫɬɨɜɵɯ ɞɚɧɧɵɯ. 
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ȼ ɫɜɹɡɢ ɫ ɬɟɯɧɢɱɟɫɤɢɦ ɩɪɨɝɪɟɫɫɨɦ ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɤ ɫɤɨɪɨɫɬɢ 

ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ, ɜɫɟ ɱɚɳɟ ɩɪɢɦɟɧɹɟɬɫɹ ɩɚɪɚɥɥɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ. ȼ 

ɱɚɫɬɧɨɫɬɢ, ɫɬɚɧɨɜɹɬɫɹ ɩɨɩɭɥɹɪɧɵɦɢ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɝɞɟ 

ɤɚɠɞɵɣ ɛɥɨɤ ɨɬɜɟɱɚɟɬ ɡɚ ɭɩɪɚɜɥɟɧɢɟ ɨɬɞɚɧɧɨɣ ɟɦɭ ɱɚɫɬɢ ɫɢɫɬɟɦɵ. 

Ɋɟɚɥɢɡɭɸɬɫɹ ɬɚɤɢɟ ɫɢɫɬɟɦɵ ɱɚɳɟ ɜɫɟɝɨ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɮɟɣɫɚ CAN, ɤɨɬɨɪɵɣ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɞɟɠɧɵɣ ɢ ɛɵɫɬɪɵɣ ɨɛɦɟɧ ɞɚɧɧɵɦɢ ɦɟɠɞɭ ɧɟɡɚɜɢɫɢɦɵɦɢ 

ɭɫɬɪɨɣɫɬɜɚɦɢ. 

ȼɨɡɦɨɠɧɨɫɬɢ ɬɚɤɢɯ ɫɢɫɬɟɦ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɢ, ɨɞɧɚɤɨ ɩɨ ɬɟɦ ɢɥɢ ɢɧɵɦ 

ɩɪɢɱɢɧɚɦ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɥɢɛɨ ɢɫɤɭɫɫɬɜɟɧɧɨ ɨɝɪɚɧɢɱɢɜɚɸɬ ɷɬɢ ɜɨɡɦɨɠɧɨɫɬɢ, 

ɥɢɛɨ ɞɚɠɟ ɧɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɢɯ. ɂɡɜɟɫɬɧɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɷɥɟɤɬɪɨɧɢɤɢ 

ɡɚɧɹɥɢ ɧɢɲɭ ɩɪɨɢɡɜɨɞɫɬɜɚ CAN-ɫɟɬɟɣ, ɫɬɚɥɢ ɩɪɚɤɬɢɱɟɫɤɢ ɦɨɧɨɩɨɥɢɫɬɚɦɢ, 

ɬɟɦ ɫɚɦɵɦ ɥɢɲɢɜ ɜɨɡɦɨɠɧɨɫɬɢ ɬɚɤ ɢɥɢ ɢɧɚɱɟ ɞɨɩɨɥɧɹɬɶ ɫɜɨɢ ɫɢɫɬɟɦɵ ɬɟɦ, 

ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɩɨɬɪɟɛɢɬɟɥɸ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ IDE ɞɥɹ ɭɩɪɨɳɟɧɧɨɝɨ 

ɫɨɡɞɚɧɢɹ CAN-ɫɟɬɟɣ ɧɚ ɨɫɧɨɜɟ ɢɡɜɟɫɬɧɵɯ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɯ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ, ɱɬɨ ɞɚɫɬ ɜɨɡɦɨɠɧɨɫɬɶ ɤɚɤ ɫɨɡɞɚɜɚɬɶ ɫ ɧɭɥɹ ɛɨɪɬɨɜɵɟ ɫɟɬɢ, 

ɬɚɤ ɢ ɞɨɩɨɥɧɹɬɶ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɟ. 

Ⱦɚɧɧɚɹ ɫɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ ɞɨɥɠɧɚ ɩɨɡɜɨɥɢɬɶ ɫɩɟɰɢɚɥɢɫɬɚɦ ɪɚɡɥɢɱɧɵɯ 

ɨɛɥɚɫɬɟɣ ɩɪɨɝɪɚɦɦɢɪɨɜɚɬɶ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ ɫ ɢɧɬɟɪɮɟɣɫɨɦ CAN ɞɥɹ 

ɞɚɥɶɧɟɣɲɟɝɨ ɢɯ ɨɛɴɟɞɢɧɟɧɢɹ ɜ ɫɟɬɶ. 
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1 Ⱥɧɚɥɢɡ ɡɚɞɚɧɢɹ ɧɚ ȼɄɊ. ɂɡɭɱɟɧɢɟ ɚɪɯɢɬɟɤɬɭɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ 

ɢɧɬɟɪɮɟɣɫɚ CAN ɢ ɩɪɨɰɟɫɫɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɜ 
ɫɬɪɭɤɬɭɪɟ CAN-ɫɟɬɟɣ. 

 
ɋɨɝɥɚɫɧɨ ɡɚɞɚɧɢɸ ɧɚ ȼɄɊ, ɧɟɨɛɯɨɞɢɦɨ ɢɫɫɥɟɞɨɜɚɬɶ ɚɪɯɢɬɟɤɬɭɪɭ CAN- 

ɫɟɬɟɣ ɢ ɪɚɡɪɚɛɨɬɚɬɶ ɝɪɚɮɢɱɟɫɤɭɸ IDE ɤɚɤ ɢɧɫɬɪɭɦɟɧɬ, ɭɩɪɨɳɚɸɳɟɣ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ CAN-ɫɟɬɟɣ ɛɨɪɬɨɜɨɝɨ ɢ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɧɚ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɧɨɣ ɨɫɧɨɜɟ. ɗɬɨɬ ɪɚɡɞɟɥ ɫɨɞɟɪɠɢɬ ɨɩɢɫɚɧɢɟ CAN 

ɢɧɬɟɪɮɟɣɫɚ, ɟɝɨ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɜɨɡɦɨɠɧɨɫɬɢ ɢ ɨɫɧɨɜɧɵɟ ɨɛɥɚɫɬɢ 

ɩɪɢɦɟɧɟɧɢɹ. 

 

 
1.1 Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɬɨɤɨɥɚ 

 

 
CAN (Controller Area Network) — ɷɬɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɩɪɨɬɨɤɨɥ ɫɜɹɡɢ 

ɫ ɷɮɮɟɤɬɢɜɧɨɣ ɩɨɞɞɟɪɠɤɨɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɬɪɨɥɹ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɢ 

ɨɱɟɧɶ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɛɟɡɨɩɚɫɧɨɫɬɢ. Ɉɫɧɨɜɧɨɟ ɧɚɡɧɚɱɟɧɢɟ: ɨɪɝɚɧɢɡɚɰɢɹ 

ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɫɥɨɠɧɵɯ ɭɫɥɨɜɢɹɯ, ɬɚɤɢɯ ɤɚɤ ɫɪɟɞɵ ɫ ɜɵɫɨɤɢɦ 

ɭɪɨɜɧɟɦ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɩɨɦɟɯ. ɗɬɨɬ ɩɪɨɬɨɤɨɥ ɩɟɪɟɞɚɱɢ ɩɪɢɦɟɧɹɟɬɫɹ ɜ 

ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɷɥɟɤɬɪɨɧɢɤɟ, ɦɚɲɢɧɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ ɭɩɪɚɜɥɟɧɢɹ, ɞɚɬɱɢɤɚɯ 

ɩɪɢ ɩɟɪɟɞɚɱɟ ɢɧɮɨɪɦɚɰɢɢ ɫɨ ɫɤɨɪɨɫɬɹɦɢ ɞɨ 1 Ɇɛɢɬ/ɫɟɤ. 

ɉɪɨɬɨɤɨɥ CAN ɪɚɡɪɚɛɚɬɵɜɚɥɫɹ ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, 

ɨɬɫɸɞɚ ɜɵɬɟɤɚɸɬ ɧɟɤɨɬɨɪɵɟ ɟɝɨ ɨɫɨɛɟɧɧɨɫɬɢ, ɜ ɱɢɫɥɟ ɤɨɬɨɪɵɯ: 

 ɩɪɢɨɪɢɬɟɬ ɫɨɨɛɳɟɧɢɹ; 

 ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɟ ɜɪɟɦɟɧɚ ɨɠɢɞɚɧɢɹ; 

 ɝɢɛɤɨɫɬɶ ɤɨɧɮɢɝɭɪɚɰɢɢ; 

 ɝɪɭɩɩɨɜɨɣ ɩɪɢѐɦ ɫ ɜɪɟɦɟɧɧɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɟɣ; 

 ɫɢɫɬɟɦɚ ɧɟɩɪɨɬɢɜɨɪɟɱɢɜɨɫɬɢ ɞɚɧɧɵɯ; 

 multimaster; 
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 ɨɛɧɚɪɭɠɟɧɢɟ ɢ ɫɢɝɧɚɥɢɡɚɰɢɹ ɨɲɢɛɨɤ; 

 ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɪɟɬɪɚɧɫɥɹɰɢɹ ɪɚɡɪɭɲɟɧɧɵɯ ɫɨɨɛɳɟɧɢɣ; 

 ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ ɜɪɟɦɟɧɧɵɦɢ ɨɲɢɛɤɚɦɢ ɢ ɩɨɫɬɨɹɧɧɵɦɢ ɨɬɤɚɡɚɦɢ 
ɭɡɥɨɜ ɢ ɚɜɬɨɧɨɦɧɨɟ ɨɬɤɥɸɱɟɧɢɟ ɞɟɮɟɤɬɧɵɯ ɭɡɥɨɜ. [1] 

 

 
1.2 ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɦɚɪɲɪɭɬɢɡɚɰɢɹ 

 

 
ȼ CAN ɧɟɬ ɧɢɤɚɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɟɬɢ 

(ɧɚɩɪɢɦɟɪ, ɚɞɪɟɫɚ ɭɡɥɚ). ɗɬɨ ɢɦɟɟɬ ɧɟɫɤɨɥɶɤɨ ɜɚɠɧɵɯ ɫɥɟɞɫɬɜɢɣ: 

 Ƚɢɛɤɨɫɬɶ ɫɢɫɬɟɦɵ – ɭɡɟɥ ɦɨɠɟɬ ɛɵɬɶ ɞɨɛɚɜɥɟɧ ɜ CAN-ɫɟɬɶ, ɛɟɡ 

ɤɚɤɢɯ-ɥɢɛɨ ɢɡɦɟɧɟɧɢɣ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɢɥɢ ɚɩɩɚɪɚɬɧɨɦ ɨɛɟɫɩɟɱɟɧɢɢ, ɤɚɤɨɝɨ- 

ɥɢɛɨ ɭɡɥɚ ɜ ɫɟɬɢ; 

 Ɇɚɪɲɪɭɬɢɡɚɰɢɹ ɫɨɨɛɳɟɧɢɣ – ɫɨɞɟɪɠɚɧɢɟ ɫɨɨɛɳɟɧɢɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɞɟɧɬɢɮɢɤɚɬɨɪɨɦ. ɂɞɟɧɬɢɮɢɤɚɬɨɪ ɧɟ ɭɤɚɡɵɜɚɟɬ ɚɞɪɟɫɚ 

ɫɨɨɛɳɟɧɢɹ, ɚ ɨɩɢɫɵɜɚɟɬ ɡɧɚɱɟɧɢɟ ɞɚɧɧɵɯ ɬɚɤ, ɱɬɨɛɵ ɜɫɟ ɭɡɥɵ ɫɟɬɢ ɛɵɥɢ 

ɫɩɨɫɨɛɧɵ ɪɟɲɢɬɶ ɮɢɥɶɬɪɚɰɢɟɣ ɫɨɨɛɳɟɧɢɣ, ɧɭɠɧɵ ɢɦ ɷɬɢ ɞɚɧɧɵɟ ɢɥɢ ɧɟɬ; 

 ɉɟɪɟɞɚɱɚ ɝɪɭɩɩɟ – ɤɚɤ ɫɥɟɞɭɟɬ ɢɡ ɮɢɥɶɬɪɚɰɢɢ ɫɨɨɛɳɟɧɢɣ, ɥɸɛɨɟ 

ɱɢɫɥɨ ɭɡɥɨɜ ɦɨɠɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɨɥɭɱɚɬɶ ɢ ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ ɨɞɧɨ ɢ ɬɨɠɟ 

ɫɨɨɛɳɟɧɢɟ; 

 ɇɟɩɪɨɬɢɜɨɪɟɱɢɜɨɫɬɶ ɞɚɧɧɵɯ – ɜɧɭɬɪɢ ɫɟɬɢ CAN ɝɚɪɚɧɬɢɪɨɜɚɧɨ, 
ɱɬɨ ɫɨɨɛɳɟɧɢɟ ɩɪɢɧɹɬɨ ɜɫɟɦɢ ɭɡɥɚɦɢ ɢɥɢ ɧɢ ɨɞɧɢɦ ɭɡɥɨɦ; 

 ɋɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɜ CAN-ɫɟɬɢ ɦɨɠɟɬ ɛɵɬɶ 

ɪɚɡɥɢɱɧɨɣ ɞɥɹ ɤɚɠɞɨɣ ɫɟɬɢ. Ɉɞɧɚɤɨ ɜ ɤɚɠɞɨɣ ɤɨɧɤɪɟɬɧɨɣ ɫɟɬɢ ɫɤɨɪɨɫɬɶ 

ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɮɢɤɫɢɪɨɜɚɧɚ; 

 ɂɞɟɧɬɢɮɢɤɚɬɨɪ ɢ RTR-ɛɢɬ ɨɩɪɟɞɟɥɹɸɬ ɫɬɚɬɢɱɟɫɤɢɣ ɩɪɢɨɪɢɬɟɬ 
ɫɨɨɛɳɟɧɢɹ ɜ ɬɟɱɟɧɢɟ ɞɨɫɬɭɩɚ ɤ ɲɢɧɟ; 
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 ɉɨɫɵɥɚɹ ɤɚɞɪ ɭɞɚɥɟɧɧɨɝɨ ɡɚɩɪɨɫɚ ɞɚɧɧɵɯ, ɭɡɟɥ ɦɨɠɟɬ ɩɨɬɪɟɛɨɜɚɬɶ 

ɞɚɧɧɵɟ ɨɬ ɞɪɭɝɨɝɨ ɭɡɥɚ. Ʉɚɞɪ ɞɚɧɧɵɯ ɢ ɤɚɞɪ ɭɞɚɥɟɧɧɨɝɨ ɡɚɩɪɨɫɚ ɞɚɧɧɵɯ 

ɞɨɥɠɧɵ ɢɦɟɬɶ ɨɞɢɧɚɤɨɜɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ; 

 Ʉɨɝɞɚ ɲɢɧɚ ɫɜɨɛɨɞɧɚ, ɥɸɛɨɣ ɭɡɟɥ ɦɨɠɟɬ ɧɚɱɚɬɶ ɩɟɪɟɞɚɱɭ 

ɫɨɨɛɳɟɧɢɹ. ȿɫɥɢ ɞɜɚ ɢɥɢ ɛɨɥɶɲɟ ɭɡɥɚ ɧɚɱɢɧɚɸɬ ɩɟɪɟɞɚɜɚɬɶ ɫɨɨɛɳɟɧɢɹ ɜ ɨɞɧɨ 

ɢ ɬɨɠɟ ɜɪɟɦɹ, ɤɨɧɮɥɢɤɬ ɩɪɢ ɞɨɫɬɭɩɟ ɤ ɲɢɧɟ ɛɭɞɟɬ ɪɟɲɟɧ ɩɨɪɚɡɪɹɞɧɵɦ 

ɚɪɛɢɬɪɚɠɟɦ ɢɫɩɨɥɶɡɭɹ ɢɞɟɧɬɢɮɢɤɚɬɨɪ ɢ RTR - ɛɢɬ. Ɇɟɯɚɧɢɡɦ ɚɪɛɢɬɪɚɠɚ 

ɝɚɪɚɧɬɢɪɭɟɬ, ɱɬɨ ɧɢ ɜɪɟɦɹ, ɧɢ ɢɧɮɨɪɦɚɰɢɹ ɧɟ ɛɭɞɭɬ ɩɨɬɟɪɹɧɵ. ȿɫɥɢ ɤɚɞɪ 

ɞɚɧɧɵɯ ɢ ɤɚɞɪ ɭɞɚɥɟɧɧɨɝɨ ɡɚɩɪɨɫɚ ɞɚɧɧɵɯ ɧɚɱɢɧɚɸɬ ɩɟɪɟɞɚɜɚɬɶɫɹ ɜ ɨɞɧɨ 

ɜɪɟɦɹ, ɬɨ ɤɚɞɪ ɞɚɧɧɵɯ ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɩɪɢɨɪɢɬɟɬ, ɱɟɦ ɤɚɞɪ ɭɞɚɥɟɧɧɨɝɨ 

ɡɚɩɪɨɫɚ ɞɚɧɧɵɯ. ȼ ɬɟɱɟɧɢɟ ɚɪɛɢɬɪɚɠɚ ɤɚɠɞɵɣ ɩɟɪɟɞɚɬɱɢɤ ɫɪɚɜɧɢɜɚɟɬ ɭɪɨɜɟɧɶ 

ɩɟɪɟɞɚɧɧɨɝɨ ɛɢɬɚ ɫ ɭɪɨɜɧɟɦ, ɫɱɢɬɵɜɚɟɦɵɦ ɫ ɲɢɧɵ. ȿɫɥɢ ɷɬɢ ɭɪɨɜɧɢ 

ɨɞɢɧɚɤɨɜɵ, ɭɡɟɥ ɦɨɠɟɬ ɩɪɨɞɨɥɠɚɬɶ ɩɨɫɵɥɚɬɶ ɞɚɧɧɵɟ ɞɚɥɶɲɟ. ȿɫɥɢ ɛɵɥ 

ɩɨɫɥɚɧ ɭɪɨɜɟɧɶ ɥɨɝ. '1' (recessive), ɚ ɫ ɲɢɧɵ ɫɱɢɬɚɧ ɭɪɨɜɟɧɶ ɥɨɝ. '0' (dominant), 

ɬɨ ɭɡɟɥ ɬɟɪɹɟɬ ɩɪɚɜɨ ɞɚɥɶɧɟɣɲɟɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɢ ɞɨɥɠɟɧ ɩɪɟɤɪɚɬɢɬɶ 

ɩɨɫɵɥɤɭ ɞɚɧɧɵɯ ɧɚ ɲɢɧɭ; 

 ɑɬɨɛɵ ɞɨɫɬɢɱɶ ɜɵɫɨɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɩɪɢɧɹɬɵ 

ɦɨɳɧɵɟ ɦɟɪɵ ɧɚɯɨɠɞɟɧɢɹ ɨɲɢɛɨɤ, ɫɢɝɧɚɥɢɡɚɰɢɢ ɨɲɢɛɨɤ ɢ ɫɚɦɨɬɟɫɬɢɪɨɜɚɧɢɟ 

ɜ ɤɚɠɞɨɦ CAN – ɭɡɥɟ; 

 Ⱦɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɨɲɢɛɨɤ ɩɪɢɧɹɬɵ ɬɚɤɢɟ ɦɟɪɵ, ɤɚɤ ɬɟɤɭɳɢɣ 

ɤɨɧɬɪɨɥɶ (ɩɟɪɟɞɚɬɱɢɤɢ ɫɪɚɜɧɢɜɚɸɬ ɭɪɨɜɧɢ ɛɢɬɨɜ, ɤɨɬɨɪɵɟ ɩɟɪɟɞɚɧɵ, ɫ 

ɭɪɨɜɧɹɦɢ ɧɚ ɋɢɝɧɚɥɢɡɚɰɢɹ ɨɲɢɛɤɢ ɢ ɜɪɟɦɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ. Ɋɚɡɪɭɲɟɧɧɵɟ 

ɫɨɨɛɳɟɧɢɹ ɩɨɦɟɱɚɸɬɫɹ ɭɡɥɨɦ, ɨɛɧɚɪɭɠɢɜɲɢɦ ɨɲɢɛɤɭ. Ɍɚɤɢɟ ɫɨɨɛɳɟɧɢɹ 

ɩɪɟɪɵɜɚɸɬɫɹ ɢ ɛɭɞɭɬ ɩɟɪɟɞɚɧɵ ɫɧɨɜɚ. ɍɡɥɵ CAN ɫɩɨɫɨɛɧɵ ɨɬɥɢɱɢɬɶ 

ɜɪɟɦɟɧɧɵɟ ɨɲɢɛɤɢ ɨɬ ɩɨɫɬɨɹɧɧɵɯ ɨɬɤɚɡɨɜ. Ⱦɟɮɟɤɬɧɵɟ ɭɡɥɵ ɛɭɞɭɬ 

ɨɬɤɥɸɱɟɧɵ; 

 ȼɫɟ ɩɪɢѐɦɧɢɤɢ ɩɪɨɜɟɪɹɸɬ ɧɟɩɪɨɬɢɜɨɪɟɱɢɜɨɫɬɶ ɩɪɢɧɢɦɚɟɦɨɝɨ 
ɫɨɨɛɳɟɧɢɹ ɢ ɩɨɞɬɜɟɪɠɞɚɸɬ ɧɟɩɪɨɬɢɜɨɪɟɱɢɜɨɟ ɫɨɨɛɳɟɧɢɟ; 

 ɑɬɨɛɵ ɭɦɟɧɶɲɢɬɶ ɩɨɬɪɟɛɥɹɟɦɭɸ ɦɨɳɧɨɫɬɶ ɫɢɫɬɟɦɵ, ɭɡɟɥ CAN 

ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɜɟɞɟɧ ɜ ɪɟɠɢɦ "ɫɧɚ". Ɋɟɠɢɦ "ɫɧɚ" ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɩɪɢ ɥɸɛɨɦ 
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ɞɟɣɫɬɜɢɢ ɧɚ ɲɢɧɟ ɢɥɢ ɜɧɭɬɪɟɧɧɟɦ ɫɨɫɬɨɹɧɢɢ ɫɢɫɬɟɦɵ. ɉɪɢ ɩɪɨɛɭɠɞɟɧɢɢ 

ɡɚɩɭɫɤɚɟɬɫɹ ɜɧɭɬɪɟɧɧɹɹ ɫɢɧɯɪɨɧɢɡɚɰɢɹ, ɤɚɧɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɠɞѐɬ 

ɫɬɚɛɢɥɢɡɚɰɢɢ ɝɟɧɟɪɚɬɨɪɚ ɫɢɫɬɟɦɵ, ɚ ɡɚɬɟɦ ɛɭɞɟɬ ɨɠɢɞɚɬɶ ɫɚɦɨɫɢɧɯɪɨɧɢɡɚɰɢɢ 

ɤ ɞɟɣɫɬɜɢɹɦ ɧɚ ɲɢɧɟ (ɫɢɧɯɪɨɧɢɡɚɰɢɹ ɤ ɞɟɣɫɬɜɢɹɦ ɧɚ ɲɢɧɟ ɡɚɤɚɧɱɢɜɚɟɬɫɹ 

ɩɨɫɥɟ ɩɪɢɧɹɬɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 11 ɛɢɬɨɜ ɫ ɥɨɝ. "1"). Ⱦɥɹ ɩɪɨɛɭɠɞɟɧɢɹ 

ɭɡɥɚ ɢɡ ɪɟɠɢɦɚ ɩɨɤɨɹ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɧɟɤɨɬɨɪɨɟ ɫɨɨɛɳɟɧɢɟ 

ɩɪɨɛɭɠɞɟɧɢɹ ɫɨ ɫɩɟɰɢɚɥɶɧɵɦ ɢɞɟɧɬɢɮɢɤɚɬɨɪɨɦ. 

 
1.3 ɉɨɞɤɥɸɱɟɧɢɟ ɭɫɬɪɨɣɫɬɜ ɤ CAN-ɲɢɧɟ 

 

 
Ʌɢɧɢɹ ɫɜɹɡɢ ɩɨ ɩɪɨɬɨɤɨɥɭ CAN – ɷɬɨ ɲɢɧɚ, ɤ ɤɨɬɨɪɨɣ ɦɨɠɟɬ ɛɵɬɶ 

ɩɨɞɤɥɸɱёɧ ɪɹɞ ɭɡɥɨɜ. Ʉɨɥɢɱɟɫɬɜɨ ɭɡɥɨɜ ɧɟ ɢɦɟɟɬ ɧɢɤɚɤɨɝɨ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ 

ɩɪɟɞɟɥɚ. Ɏɚɤɬɢɱɟɫɤɢ ɤɨɥɢɱɟɫɬɜɨ ɭɡɥɨɜ ɛɭɞɟɬ ɨɝɪɚɧɢɱɟɧɨ ɜɪɟɦɟɧɚɦɢ ɡɚɞɟɪɠɟɤ 

ɢ/ɢɥɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɨɣ ɧɚ ɥɢɧɢɢ ɲɢɧɵ. ɋɩɨɫɨɛ, ɤɨɬɨɪɵɦ ɜɵɩɨɥɧɟɧɚ 

ɲɢɧɚ, ɧɟ ɭɫɬɚɧɨɜɥɟɧ ɜ ɞɚɧɧɨɣ ɫɩɟɰɢɮɢɤɚɰɢɢ. ɇɚɩɪɢɦɟɪ, ɷɬɨ ɦɨɠɟɬ ɛɵɬɶ 

ɨɞɢɧɨɱɧɵɣ ɩɪɨɜɨɞ (+ɡɟɦɥɹ), ɞɜɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɩɪɨɜɨɞɚ, ɨɩɬɢɱɟɫɤɨɟ 

ɫɬɟɤɥɨɜɨɥɨɤɧɨ. 

ɒɢɧɚ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɨɞɧɨ ɢɡ ɞɨɩɨɥɧɹɸɳɢɯ ɞɪɭɝ ɞɪɭɝɚ ɡɧɚɱɟɧɢɣ: 

"dominant" ɢ "recessive". ȼ ɫɥɭɱɚɟ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɩɨɞɚɱɢ "dominant" ɛɢɬɚ ɢ 

"recessive" ɛɢɬɚ, ɜɨɡɧɢɤɚɸɳɟɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɡɧɚɱɟɧɢɟ ɲɢɧɵ ɛɭɞɟɬ "dominant". 

(ɉɪɢɦ. ɩɟɪɟɜɨɞɱɢɤɚ: ɞɚɥɟɟ ɫɱɢɬɚɟɬɫɹ ɱɬɨ "recessive" = ɥɨɝ. "1", ɚ "dominant" = 

"0"). 

 

 
1.4 ɉɪɢɦɟɧɟɧɢɟ CAN 

 
 

CAN-ɫɟɬɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɫɢɫɬɟɦɚɯ ɭɩɪɚɜɥɟɧɢɹ, ɫ ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ 

ɫɨɜɨɤɭɩɧɨɣ ɞɥɢɧɵ ɩɪɨɜɨɞɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɞɚɬɱɢɤɨɜ ɢ 

ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ. ȼ ɱɚɫɬɧɨɫɬɢ, ɫ ɩɨɹɜɥɟɧɢɟɦ ɢɧɬɟɪɮɟɣɫɚ CAN ɜ 
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ɚɜɬɨɦɨɛɢɥɟɫɬɪɨɟɧɢɢ, ɮɭɧɤɰɢɣ ɭ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɫɬɚɧɨɜɢɬɫɹ ɜɫɟ ɛɨɥɶɲɟ, 

ɩɪɢ ɬɨɦ, ɱɬɨ ɫɥɨɠɧɨɫɬɶ ɭɤɥɚɞɤɢ ɩɪɨɜɨɞɨɜ – ɜɫɟ ɧɢɠɟ. 

ȼɜɢɞɭ ɪɚɡɥɢɱɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɱɚɫɬɨɬɟ ɩɟɪɟɞɚɜɚɟɦɵɯ ɫɢɝɧɚɥɨɜ, ɨɛɴɟɦɭ 

ɢɧɮɨɪɦɚɰɢɢ ɢ ɤ ɪɟɡɟɪɜɢɪɨɜɚɧɢɸ ɞɚɧɧɵɯ, ɜ ɩɪɟɞɟɥɚɯ ɚɜɬɨɦɨɛɢɥɹ ɲɢɧɵ CAN 

ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɬɪɢ ɜɢɞɚ: 

 ɒɢɧɚ CAN ɫɢɥɨɜɨɝɨ ɚɝɪɟɝɚɬɚ (ɛɵɫɬɪɚɹ ɲɢɧɚ), ɩɨɡɜɨɥɹɸɳɚɹ 
ɩɟɪɟɞɚɜɚɬɶ ɢɧɮɨɪɦɚɰɢɸ ɫɨ ɫɤɨɪɨɫɬɶɸ) 500 ɤɛɢɬ/ɫ. Ɉɧɚ ɫɥɭɠɢɬ ɞɥɹ ɫɜɹɡɢ 

ɦɟɠɞɭ ɛɥɨɤɚɦɢ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɥɢɧɢɢ ɞɜɢɝɚɬɟɥɹ ɢ ɬɪɚɧɫɦɢɫɫɢɢ. 

 ɒɢɧɚ CAN ɫɢɫɬɟɦɵ "Ʉɨɦɮɨɪɬ" (ɦɟɞɥɟɧɧɚɹ ɲɢɧɚ), ɩɨɡɜɨɥɹɸɳɚɹ 

ɩɟɪɟɞɚɜɚɬɶ ɢɧɮɨɪɦɚɰɢɸ ɫɨ ɫɤɨɪɨɫɬɶɸ 100 ɤɛɢɬ/ɫ. Ɉɧɚ ɫɥɭɠɢɬ ɞɥɹ ɫɜɹɡɢ 

ɦɟɠɞɭ ɛɥɨɤɚɦɢ ɭɩɪɚɜɥɟɧɢɹ, ɜɯɨɞɹɳɢɦɢ ɜ ɫɢɫɬɟɦɭ "Ʉɨɦɮɨɪɬ". 

 ɒɢɧɚ ɞɚɧɧɵɯ CAN ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɤɨɦɚɧɞɧɨɣ ɫɢɫɬɟɦɵ 

(ɦɟɞɥɟɧɧɚɹ ɲɢɧɚ), ɩɨɡɜɨɥɹɸɳɚɹ ɩɟɪɟɞɚɜɚɬɶ ɞɚɧɧɵɟ ɫɨ ɫɤɨɪɨɫɬɶɸ 100 ɤɛɢɬ/ɫ. 

Ɉɧɚ ɫɥɭɠɢɬ ɞɥɹ ɫɜɹɡɢ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ ɨɛɫɥɭɠɢɜɚɸɳɢɦɢ ɫɢɫɬɟɦɚɦɢ, 

ɧɚɩɪɢɦɟɪ, ɪɚɞɢɨɫɢɫɬɟɦɨɣ, ɬɟɥɟɮɨɧɧɨɣ ɢ ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɚɦɢ. 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɚɹ ɫɜɹɡɶ ɲɢɧ CAN ɫɢɥɨɜɨɝɨ ɚɝɪɟɝɚɬɚ ɢ ɫɢɫɬɟɦɵ 

"Ʉɨɦɮɨɪɬ" ɧɟɜɨɡɦɨɠɧɚ ɜɜɢɞɭ ɪɚɡɥɢɱɧɨɝɨ ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɣ ɢ ɪɚɡɥɢɱɧɵɯ 

ɧɚɝɪɭɡɨɱɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ. ɉɪɢ ɷɬɨɦ ɢɦɟɸɬ ɦɟɫɬɨ ɟɳɟ ɪɚɡɥɢɱɧɵɟ ɫɤɨɪɨɫɬɢ 

ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɩɨ ɲɢɧɚɦ, ɱɬɨ ɢɫɤɥɸɱɚɟɬ ɨɛɪɚɛɨɬɤɭ ɪɚɡɧɨɬɢɩɧɵɯ ɫɢɝɧɚɥɨɜ 

ɜ ɨɞɧɨɦ ɭɫɬɪɨɣɫɬɜɟ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

(ɦɨɫɬɚ) ɞɥɹ ɫɜɹɡɢ ɦɟɠɞɭ ɲɢɧɚɦɢ. Ɍɚɤɢɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɹɜɥɹɟɬɫɹ ɬɚɤ 

ɧɚɡɵɜɚɟɦɵɣ ɦɟɠɫɟɬɟɜɨɣ ɢɧɬɟɪɮɟɣɫ (Gateway). ɇɚ ɚɜɬɨɦɨɛɢɥɟ ɬɚɤɨɣ 

ɢɧɬɟɪɮɟɣɫ ɦɨɠɟɬ ɛɵɬɶ ɜɫɬɪɨɟɧ ɜ ɤɨɦɛɢɧɚɰɢɸ ɩɪɢɛɨɪɨɜ ɢɥɢ ɜ ɛɥɨɤ 

ɭɩɪɚɜɥɟɧɢɹ ɛɨɪɬɨɜɨɣ ɫɟɬɶɸ, ɚ ɬɚɤɠɟ ɜɵɞɟɥɟɧ ɜ ɨɬɞɟɥɶɧɵɣ ɩɪɢɛɨɪ ɦɟɠɫɟɬɟɜɨɣ 

ɫɜɹɡɢ. [3] 
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1.5 ȼɵɜɨɞɵ ɤ ɪɚɡɞɟɥɭ 
 
 

ɉɨɞɜɨɞɹ ɢɬɨɝ ɞɚɧɧɨɝɨ ɪɚɡɞɟɥɚ, ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ 

ɢɧɬɟɪɮɟɣɫ CAN ɩɪɢɦɟɧɹɟɬɫɹ ɩɨɜɫɟɦɟɫɬɧɨ, ɯɨɬɶ ɢ ɢɦɟɟɬ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɭɸ 

ɚɪɯɢɬɟɤɬɭɪɭ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ ɩɨɪɨɝ ɜɯɨɠɞɟɧɢɹ ɜ ɷɬɭ ɨɛɥɚɫɬɶ. 

ɂɦɟɟɬ ɫɦɵɫɥ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɵɟ 

ɩɪɨɰɟɫɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɪɚɡɪɚɛɨɬɤɨɣ ɉɈ ɞɥɹ ɤɨɦɩɨɧɟɧɬɨɜ ɫɟɬɢ CAN. 

 

 
2 Ⱥɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɨɜ ɪɚɡɪɚɛɨɬɤɢ 

ɉɈ ɞɥɹ CAN-ɫɟɬɟɣ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɤ ɫɪɟɞɟ ɪɚɡɪɚɛɨɬɤɢ ɢ ɟɟ 
ɤɨɦɩɨɧɟɧɬɚɦ. 

 

 
ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɤɪɚɬɤɨ ɨɩɢɫɚɧɵ ɫɭɳɟɫɬɜɭɸɳɢɟ ɧɚ ɪɵɧɤɟ ɬɟɯɧɨɥɨɝɢɢ 

ɞɥɹ ɪɚɛɨɬɵ ɫ ɭɫɬɪɨɣɫɬɜɚɦɢ ɧɚ CAN-ɲɢɧɟ, ɡɚɬɟɦ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ, 

ɫɮɨɪɦɢɪɨɜɚɧɵ ɬɪɟɛɨɜɚɧɢɹ ɤ IDE. 

 
 
 

2.1 ɋɭɳɟɫɬɜɭɸɳɢɟ ɩɪɨɞɭɤɬɵ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ CAN-ɫɟɬɟɣ 

 

 
ɉɨɫɤɨɥɶɤɭ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɢɧɬɟɪɮɟɣɫ CAN ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɤɚɠɞɨɦ 

ɫɨɜɪɟɦɟɧɧɨɦ ɚɜɬɨɦɨɛɢɥɟ, ɧɚ ɪɵɧɤɟ ɜɫɟ ɱɚɳɟ ɩɨɹɜɥɹɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ 

ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɫɛɨɟɜ ɜ ɪɚɛɨɬɟ ɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɞɪɭɝɨɣ ɜɚɠɧɨɣ 

ɢɧɮɨɪɦɚɰɢɢ, ɤɚɫɚɸɳɟɣɫɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɨɛɫɥɭɠɢɜɚɧɢɹ ɚɜɬɨɦɨɛɢɥɹ. Ɍɚɤɢɟ 

ɭɫɬɪɨɣɫɬɜɚ, ɤɚɤ ɩɪɚɜɢɥɨ, ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧɵ ɧɚ ɤɨɧɤɪɟɬɧɭɸ ɦɚɪɤɭ 

ɚɜɬɨɦɨɛɢɥɹ, ɚ ɢɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɤ ɧɢɦ ɩɨɡɜɨɥɹɟɬ 

ɜɵɩɨɥɧɢɬɶ ɨɝɪɚɧɢɱɟɧɧɵɣ ɫɩɢɫɨɤ ɮɭɧɤɰɢɣ. Ɍɚɤ ɤɚɤ ɞɚɧɧɚɹ ɪɚɛɨɬɚ ɧɚɩɪɚɜɥɟɧɚ 

ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɢ ɫɟɬɟɣ, ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɷɬɢ ɩɪɢɛɨɪɵ 

ɧɟ ɢɦɟɟɬ ɫɦɵɫɥɚ. 
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ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜ ɦɢɪɟ ɫɭɳɟɫɬɜɭɟɬ ɬɨɥɶɤɨ ɨɞɢɧ ɩɪɨɞɭɤɬ, 

ɧɚɰɟɥɟɧɧɵɣ ɧɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɭɧɢɜɟɪɫɚɥɶɧɵɯ can-ɤɨɧɬɪɨɥɥɟɪɨɜ. ɗɬɨɬ 

ɩɪɨɞɭɤɬ ɫɨɫɬɨɢɬ ɢɡ ɫɪɟɞɵ ɪɚɡɪɚɛɨɬɤɢ CannyLab ɢ ɫɟɪɢɢ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɯ 

ɤɨɧɬɪɨɥɥɟɪɨɜ CANNY. 

CannyLab — ɢɧɬɟɝɪɢɪɨɜɚɧɧɚɹ ɫɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɯ ɥɨɝɢɱɟɫɤɢɯ ɤɨɧɬɪɨɥɥɟɪɨɜ CANNY 7, 

CANNY 7.2 duo, CANNY 5.3 pico, CANNY 5.3 MD 1, CANNY 5.2, CANNY 5 

nano, CANNY 5.2 duo, CANNY 3 tiny. 
 

ɂɧɬɟɝɪɢɪɨɜɚɧɧɚɹ ɫɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ CannyLab ɹɜɥɹɟɬɫɹ ɢɧɫɬɪɭɦɟɧɬɨɦ 

ɪɚɡɪɚɛɨɬɤɢ ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɹɡɵɤɚ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 

ɛɥɨɤɨɜɵɯ ɞɢɚɝɪɚɦɦ CFD ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɧɚɩɢɫɚɧɢɹ, ɨɬɥɚɞɤɢ ɢ ɡɚɩɢɫɢ 

ɩɪɨɝɪɚɦɦ ɜɨ ɜɧɭɬɪɟɧɧɸɸ ɩɚɦɹɬɶ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɯ ɥɨɝɢɱɟɫɤɢɯ ɤɨɧɬɪɨɥɥɟɪɨɜ 

CANNY 7, CANNY 7.2 duo, CANNY 5.3 pico, CANNY 5.3 MD 1, CANNY 5.2, 

CANNY 5 nano, CANNY 5.2 duo, CANNY 3 tiny. 
 

ɂɧɬɟɪɮɟɣɫ ɩɨɥɶɡɨɜɚɬɟɥɹ CannyLab ɫɨɫɬɨɢɬ ɢɡ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɨɤɧɚ - 

ɝɥɚɜɧɨɝɨ ɨɤɧɚ ɩɪɨɝɪɚɦɦɵ. 

Ƚɥɚɜɧɨɟ ɨɤɧɨ ɩɪɨɝɪɚɦɦɵ ɞɟɥɢɬɫɹ ɧɚ ɧɟɫɤɨɥɶɤɨ ɨɛɥɚɫɬɟɣ: 
 

 ɡɚɝɨɥɨɜɨɤ ɨɤɧɚ; 

 ɩɚɧɟɥɶ ɝɥɚɜɧɨɝɨ ɦɟɧɸ; 

 ɩɚɧɟɥɢ ɢɧɫɬɪɭɦɟɧɬɨɜ ɪɟɞɚɤɬɨɪɚ; 

 ɩɚɧɟɥɶ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɥɨɤɨɜ; 

 ɪɚɛɨɱɚɹ ɨɛɥɚɫɬɶ; 

 ɫɬɪɨɤɚ ɫɨɫɬɨɹɧɢɹ. [2] 
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Ɋɢɫɭɧɨɤ 1 – Ƚɥɚɜɧɨɟ ɨɤɧɨ CannyLab 
 

ɉɪɟɢɦɭɳɟɫɬɜɚɦɢ CannyLab ɹɜɥɹɸɬɫɹ ɭɞɨɛɧɵɣ ɢɧɬɟɪɮɟɣɫ, ɩɪɨɫɬɨɣ 

ɝɪɚɮɢɱɟɫɤɢɣ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ ɫɢɦɭɥɹɰɢɢ 

ɪɚɛɨɬɵ ɤɨɧɬɪɨɥɥɟɪɚ. 

ɇɟɞɨɫɬɚɬɤɚɦɢ ɞɚɧɧɨɝɨ ɩɪɨɞɭɤɬɚ ɹɜɥɹɸɬɫɹ: 
 

 ȼɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ; 

 Ɉɬɫɭɬɫɬɜɢɟ ɝɢɛɤɨɫɬɢ (ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɝɪɚɦɦɢɪɨɜɚɬɶ ɬɨɥɶɤɨ 
ɤɨɧɬɪɨɥɥɟɪɵ ɫɟɪɢɢ CANNY); 

 Ɉɬɫɭɬɫɬɜɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɫɢɦɭɥɹɰɢɢ ɢ ɨɬɥɚɞɤɢ ɫɟɬɢ ɢɡ 
ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ. 

 
 

2.2 ȼɵɜɨɞɵ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɤ ɫɪɟɞɟ ɪɚɡɪɚɛɨɬɤɢ 
 
 

ɂɧɬɟɪɮɟɣɫ CAN ɫɥɭɠɢɬ ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ, ɜ 

ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɫɥɨɠɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɩɨɫɪɟɞɫɬɜɨɦ ɨɛɪɚɛɨɬɤɢ 

ɫɢɝɧɚɥɨɜ ɨɬ ɞɚɬɱɢɤɨɜ ɢ ɩɨɞɚɱɢ ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɝɧɚɥɨɜ ɧɚ ɢɫɩɨɥɧɢɬɟɥɶɧɵɟ 

ɭɫɬɪɨɣɫɬɜɚ. Ⱦɨɫɬɚɬɨɱɧɨ ɪɟɞɤɨ ɨɬ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɲɢɧɟ CAN ɬɪɟɛɭɸɬɫɹ 

ɛɨɥɟɟ ɫɥɨɠɧɵɟ ɨɩɟɪɚɰɢɢ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɜ ɪɚɦɤɚɯ ȼɄɊ ɞɨɫɬɚɬɨɱɧɨ 

ɨɝɪɚɧɢɱɢɬɶ ɮɭɧɤɰɢɨɧɚɥ ɛɭɞɭɳɟɣ IDE ɩɪɨɫɬɵɦɢ ɥɨɝɢɱɟɫɤɢɦɢ ɢ 
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ɚɪɢɮɦɟɬɢɱɟɫɤɢɦɢ ɨɩɟɪɚɰɢɹɦɢ, ɜɨɡɦɨɠɧɨɫɬɶɸ ɨɬɩɪɚɜɥɹɬɶ ɫɨɨɛɳɟɧɢɹ ɢ 

ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ ɡɚɪɚɧɟɟ ɩɪɨɩɢɫɚɧɧɵɟ ɫɨɨɛɳɟɧɢɹ. 

Ɉɩɢɪɚɹɫɶ ɧɚ ɚɧɚɥɨɝ, ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɫɨɡɞɚɜɚɬɶ IDE ɩɨɞ ɝɪɚɮɢɱɟɫɤɢɣ 

ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɨɧ ɛɨɥɟɟ ɩɪɨɫɬ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɬɟɤɫɬɨɜɵɦɢ, ɢ ɦɨɠɟɬ ɛɵɬɶ ɢɧɬɭɢɬɢɜɧɨ ɩɨɧɹɬɟɧ ɞɥɹ ɥɸɞɟɣ, ɩɥɨɯɨ ɡɧɚɤɨɦɵɯ ɫ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟɦ. 

 
 

3 ȼɵɛɨɪ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɜ ɤɚɱɟɫɬɜɟ ɰɟɥɟɜɵɯ ɢ ɨɩɢɫɚɧɢɟ ɢɯ 
ɩɪɨɝɪɚɦɦɧɵɯ (ɪɟɝɢɫɬɪɨɜɵɯ) ɦɨɞɟɥɟɣ. 

 

 
Ⱦɚɧɧɵɣ ɪɚɡɞɟɥ ɩɨɫɜɹɳɟɧ ɮɨɪɦɢɪɨɜɚɧɢɸ ɩɟɪɟɱɧɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ, 

ɧɚ ɤɨɬɨɪɵɟ ɧɚɰɟɥɟɧɚ ɫɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ, ɚ ɬɚɤɠɟ ɨɩɢɫɚɧɢɸ ɢɯ ɚɪɯɢɬɟɤɬɭɪɵ. 
 
 
 
 

3.1 ȼɵɛɨɪ ɰɟɥɟɜɵɯ ɭɫɬɪɨɣɫɬɜ 
 

 
ɉɪɢ ɜɵɛɨɪɟ ɰɟɥɟɜɵɯ ɭɫɬɪɨɣɫɬɜ ɞɥɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɧɭɠɧɨ ɨɩɢɪɚɬɶɫɹ 

ɧɚ ɩɨɞɞɟɪɠɤɭ ɢɧɬɟɪɮɟɣɫɚ CAN. ɗɬɨ ɝɥɚɜɧɵɣ ɤɪɢɬɟɪɢɣ, ɩɨɫɤɨɥɶɤɭ ɰɟɥɶ 

ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɫɨɡɞɚɬɶ ɭɧɢɜɟɪɫɚɥɶɧɭɸ ɫɪɟɞɭ ɪɚɡɪɚɛɨɬɤɢ. ȼ ɩɪɨɰɟɫɫɟ 

ɢɡɭɱɟɧɢɹ ɩɨɞɯɨɞɹɳɢɯ ɭɫɬɪɨɣɫɬɜ ɜɵɹɫɧɢɥɨɫɶ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɬɚɤɢɯ 

ɭɫɬɪɨɣɫɬɜ ɜ ɤɚɱɟɫɬɜɟ CAN-ɚɞɚɩɬɟɪɚ ɢɫɩɨɥɶɡɭɸɬ ɤɨɧɬɪɨɥɥɟɪɵ MCP2510 ɢ 

MCP2515. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɪɚɡɧɢɰɵ ɜ ɧɚɫɬɪɨɣɤɟ ɢ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ ɢɧɬɟɪɮɟɣɫɚ CAN ɭ ɪɚɡɧɵɯ ɫɟɦɟɣɫɬɜ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ 

ɧɟɬ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɢɦɟɟɬ ɫɦɵɫɥ ɜɵɛɪɚɬɶ ɧɚɢɛɨɥɟɟ ɤɪɭɩɧɨɟ ɫɟɦɟɣɫɬɜɨ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ, ɩɨɞɞɟɪɠɢɜɚɸɳɢɯ CAN, ɫ ɧɚɢɦɟɧɶɲɟɣ ɫɬɨɢɦɨɫɬɶɸ. 

ɋɪɚɜɧɢɦ ɩɨɩɭɥɹɪɧɵɟ ɫɟɪɢɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɭɫɬɪɨɣɫɬɜ ɫ 

CAN ɚɞɚɩɬɟɪɨɦ. ȼ ɫɥɟɞɭɸɳɟɣ ɬɚɛɥɢɰɟ [4] ɫɪɚɜɧɢɜɚɸɬɫɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ 

8081, PIC, AVR ɢ ARM. 
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Ɍɚɛɥɢɰɚ 1 – ɨɫɧɨɜɧɨɟ ɪɚɡɥɢɱɢɹ ɦɟɠɞɭ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚɦɢ AVR, ARM, 8051 ɢ PIC 
 

 8051 PIC AVR ARM 

 
Ɋɚɡɪɹɞɧɨɫɬɶ 

 
8 ɛɢɬ 

 
8/16/32 ɛɢɬ 

 
8/32 ɛɢɬ 

32 ɛɢɬ, ɢɧɨɝɞɚ 64 
ɛɢɬ 

 
 

Иɧɬɟɪɮɟɣɫɵ 

 
UART, 

USART,SPI,I2C 

PIC, UART, 
USART, LIN, 

CAN, 
Ethernet, 
SPI, I2S 

 
UART, USART, SPI, 

I2C, ɢɧɨɝɞɚ CAN, 
USB, Ethernet 

UART, USART, LIN, 
I2C, SPI, CAN, USB, 
Ethernet, I2S, DSP, 

SAI, IrDA 

 
ɋɤɨɪɨɫɬɶ 

12 ɬɚɤɬɨɜ ɧɚ 
ɢɧɫɬɪɭɤɰɢɸ 

4 ɬɚɤɬɚ ɧɚ 
ɢɧɫɬɪɭɤɰɢɸ 

1 ɬɚɤɬ ɧɚ 
ɢɧɫɬɪɭɤɰɢɸ 

1 ɬɚɤɬ ɧɚ 
ɢɧɫɬɪɭɤɰɢɸ 

 
ɉɚɦɹɬɶ 

ROM, SRAM, 
FLASH 

SRAM, 
FLASH 

Flash, SRAM, 
EEPROM 

Flash, SDRAM, 
EEPROM 

ɒɢɧɧɚɹ 
ɚɪɯɢɬɟɤɬɭɪɚ 

 
CLSC 

ɑɚɫɬɢɱɧɨ 
RISC 

 
RISC 

 
RISC 

 

Аɪɯɢɬɟɤɬɭɪɚ 
ɩɚɦɹɬɢ 

 

Фɨɧ- 
ɧɟɣɦɚɧɨɜɫɤɚɹ 

 
 

Ƚɚɪɜɚɪɞɫɤɚɹ 

 
 

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɚɹ 

 

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɚɹ 
ɝɚɪɜɚɪɞɫɤɚɹ 

 
Эɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ 

 
ɋɪɟɞɧɟɟ 

 
ɇɢɡɤɨɟ 

 
ɇɢɡɤɨɟ 

 
ɇɢɡɤɨɟ 

 

ɋɟɦɟɣɫɬɜɚ 

 

ȼɚɪɢɚɰɢɢ 8051 
PIC16,PIC17, 

PIC18, 
PIC24, PIC32 

 
Tiny, Atmega, 

Xmega, ɫɩɟɰ. AVR 

 

ARMv4,5,6,7 ... 

 
 

ɉɪɨɢɡɜɨɞɢɬɟɥɢ 

NXP, Atmel, 
Silicon Labs, 

Dallas, Cyprus, 
Infineon ... 

 
 

Microchip 

 
 

Atmel (Microchip) 

Apple, Nvidia, 
Qualcomm, 
Samsung 

Electronics, TI ... 

ɋɬɨɢɦɨɫɬɶ ɇɢɡɤɚɹ ɋɪɟɞɧɹɹ ɋɪɟɞɧɹɹ ɇɢɡɤɚɹ 

 
ɉɨɩɭɥɹɪɧɵɟ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ 

 
AT89C51, 

P89v51 

PIC18fXX8, 
PIC16f88X, 
PIC32MXX 

Atmega8, 16, 32; 
ɜɚɪɢɚɰɢɢ ɞɥɹ 

Arduino 

LPC2148, ARM 
Cortex-M0, ARM 
Cortex-M3, ARM 

Cortex-M7 

 
 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ 1, ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ – ɷɬɨ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ ɫ ɹɞɪɨɦ ARM. Ɋɚɡɪɚɛɨɬɚɧɵ ɬɚɤɢɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ ɧɚ 

ɛɚɡɟ ɚɪɯɢɬɟɤɬɭɪɵ RISC ɤɨɦɩɚɧɢɟɣ Advanced RISC Machines (ARM). 

ɉɪɢɦɟɧɹɸɬɫɹ ɜ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ, ɬɚɤɢɯ ɤɚɤ 

ɫɦɚɪɬɮɨɧɵ, ɩɥɚɧɲɟɬɵ, ɦɭɥɶɬɢɦɟɞɢɣɧɵɟ ɩɪɨɢɝɪɵɜɚɬɟɥɢ ɢ ɞɪɭɝɢɟ ɦɨɛɢɥɶɧɵɟ 

ɭɫɬɪɨɣɫɬɜɚ. ɂɡ-ɡɚ ɫɨɤɪɚɳɟɧɧɨɝɨ ɧɚɛɨɪɚ ɤɨɦɚɧɞ ɢɦ ɬɪɟɛɭɟɬɫɹ ɦɟɧɶɲɟ 

ɬɪɚɧɡɢɫɬɨɪɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɪɚɡɦɟɪ ɦɚɬɪɢɰɵ ɢɧɬɟɝɪɚɥɶɧɨɣ ɫɯɟɦɵ. 
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ɉɪɨɰɟɫɫɨɪɵ ARM ɫ ɦɟɧɶɲɢɦɢ ɪɚɡɦɟɪɚɦɢ ɭɦɟɧɶɲɚɸɬ ɫɥɨɠɧɨɫɬɶ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɫɨɤɪɚɳɚɸɬ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ, ɱɬɨ ɞɟɥɚɟɬ ɢɯ ɩɪɢɝɨɞɧɵɦɢ 

ɞɥɹ ɛɨɥɟɟ ɦɢɧɢɚɬɸɪɧɵɯ ɭɫɬɪɨɣɫɬɜ. 

ɇɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɟ ARM ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ ɫɪɟɞɢ ɪɚɡɪɚɛɨɬɱɢɤɨɜ – 

STM32, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɟɜɪɨɩɟɣɫɤɨɣ ɤɨɦɩɚɧɢɟɣ STMicroelectronics. ɋɟɪɢɹ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ STM32, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɹɞɪɟ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɫɬɚɧɞɚɪɬɚ, 

ɩɨɫɬɚɜɥɹɟɬɫɹ ɫ ɲɢɪɨɤɢɦ ɜɵɛɨɪɨɦ ɢɧɫɬɪɭɦɟɧɬɨɜ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

ɞɥɹ ɩɨɞɞɟɪɠɤɢ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɟɤɬɨɜ, ɱɬɨ ɞɟɥɚɟɬ ɷɬɨ ɫɟɦɟɣɫɬɜɨ ɩɪɨɞɭɤɬɨɜ 

ɢɞɟɚɥɶɧɵɦ ɤɚɤ ɞɥɹ ɧɟɛɨɥɶɲɢɯ ɩɪɨɟɤɬɨɜ, ɬɚɤ ɢ ɞɥɹ ɫɤɜɨɡɧɵɯ ɩɥɚɬɮɨɪɦ [5]. 

ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɞɚɥɶɧɟɣɲɢɟ ɞɟɣɫɬɜɢɹ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɧɚɩɪɚɜɥɟɧɵ ɧɚ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ STM32. 

 

 
3.2 Ɉɩɢɫɚɧɢɟ ɰɟɥɟɜɵɯ ɭɫɬɪɨɣɫɬɜ 

 
 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ ɉɈ, ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɧɚ 

ɫɨɡɞɚɧɢɟ ɩɪɨɝɪɚɦɦ ɞɥɹ ɭɫɬɪɨɣɫɬɜ ɫɟɪɢɢ STM32, ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɩɪɟɞɦɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɩɚɦɹɬɶɸ, ɩɨɪɬɚɦɢ 

ɜɜɨɞɚ-ɜɵɜɨɞɚ ɢ ɩɟɪɢɮɟɪɢɟɣ, ɚ ɬɚɤɠɟ ɨɡɧɚɤɨɦɢɬɶɫɹ ɫ ɹɡɵɤɚɦɢ ɢ ɫɩɨɫɨɛɚɦɢ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɭɫɬɪɨɣɫɬɜ. 

 

 
3.2.1 Ʉɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɫɟɪɢɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ STM32 

 
 
 

Ʉ ɨɫɨɛɟɧɧɨɫɬɹɦ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɫɟɪɢɢ STM32 ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɨɛɴɟɦ 

Flash ɩɚɦɹɬɢ ɞɨ 1-ɝɨ Ɇɛ, Dual Bank, ɚ ɬɚɤɠɟ ɫɨɛɫɬɜɟɧɧɵɣ ɢɧɬɟɪɮɟɣɫ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɩɚɦɹɬɶɸ ɩɪɨɝɪɚɦɦ Flash memory interface (FLITF), ɤɨɬɨɪɵɣ 

ɡɚɳɢɳɚɟɬ ɩɚɦɹɬɶ ɨɬ ɱɬɟɧɢɹ ɢ ɡɚɩɢɫɢ ɢɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ. 
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Ɂɚ ɫɱɟɬ ɬɟɯɧɨɥɨɝɢɢ Dual Bank ɜ ɭɫɬɪɨɣɫɬɜɚɯ STM32 ɪɟɚɥɢɡɨɜɚɧɚ 

ɜɨɡɦɨɠɧɨɫɬɶ read-while-write, ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɨɤɚ ɜ ɨɞɧɨɣ ɨɛɥɚɫɬɢ ɩɚɦɹɬɢ 

ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɨɝɪɚɦɦɚ ɡɚɩɢɫɢ ɢɥɢ ɱɬɟɧɢɹ, ɞɪɭɝɚɹ ɨɛɥɚɫɬɶ ɦɨɠɟɬ ɛɵɬɶ 

ɞɨɫɬɭɩɧɚ ɞɥɹ ɞɪɭɝɨɣ ɨɩɟɪɚɰɢɢ, ɧɟ ɞɨɠɢɞɚɹɫɶ ɨɫɜɨɛɨɠɞɟɧɢɹ ɩɟɪɜɨɣ ɨɛɥɚɫɬɢ. 

ɉɨɦɢɦɨ ɷɬɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ, ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ STM32 ɢɦɟɸɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɨɬɥɚɞɤɢ, ɪɟɠɢɦɵ ɫɧɚ, ɨɫɬɚɧɨɜɤɢ ɢ ɨɠɢɞɚɧɢɹ ɢ ɞɨ 80 ɩɨɪɬɨɜ 

ɜɜɨɞɚ-ɜɵɜɨɞɚ. 

 

 
3.2.2 ɉɟɪɢɮɟɪɢɣɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɫɟɪɢɢ STM32 

 
 
 

Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ STM32 ɢɦɟɸɬ ɞɨ 9 ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ 

ɢɧɬɟɪɮɟɣɫɨɜ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ I2C, SPI, USART, CAN, LIN, USB2.0 ɢ ɞɪɭɝɢɟ. ȼ 

ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɞɨɫɬɚɬɨɱɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɭɫɬɪɨɣɫɬɜ 

ɱɟɪɟɡ ɢɧɬɟɪɮɟɣɫ CAN. 

Ⱦɥɹ ɧɚɫɬɪɨɣɤɢ ɢɧɬɟɪɮɟɣɫɚ CAN ɧɚ ɭɫɬɪɨɣɫɬɜɚɯ ɫɟɪɢɢ STM32 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɤɥɸɱɢɬɶ ɬɚɤɬɢɪɨɜɚɧɢɟ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ 

ɤɨɧɬɪɨɥɥɟɪɚ ɲɢɧɵ CAN, ɜɵɫɬɚɜɢɬɶ ɬɚɤɬɨɜɭɸ ɱɚɫɬɨɬɭ, ɢɧɢɰɢɚɥɢɡɢɪɨɜɚɬɶ 

ɲɢɧɭ ɢ ɧɚɫɬɪɨɢɬɶ ɮɢɥɶɬɪ ɜɯɨɞɹɳɢɯ ɫɨɨɛɳɟɧɢɣ. ȿɫɥɢ ɤɨɧɬɪɨɥɥɟɪ ɲɢɧɵ 

ɩɪɢɧɢɦɚɟɬ ɫɨɨɛɳɟɧɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɮɢɥɶɬɪɭ, ɬɨ ɨɬ ɤɨɧɬɪɨɥɥɟɪɚ ɲɢɧɵ ɧɚ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɩɪɢɯɨɞɢɬ ɩɪɟɪɵɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɪɚɧɟɟ ɩɪɨɩɢɫɚɧɧɵɯ ɤɨɦɚɧɞ ɜ flash-ɩɚɦɹɬɢ ɭɫɬɪɨɣɫɬɜɚ. 

Ⱦɥɹ ɨɬɩɪɚɜɤɢ ɫɨɨɛɳɟɧɢɹ ɩɨ CAN ɲɢɧɟ ɧɟɨɛɯɨɞɢɦɨ ɫɮɨɪɦɢɪɨɜɚɬɶ 

ɡɚɝɨɥɨɜɨɤ ɫɨɨɛɳɟɧɢɹ ɢ ɩɨɞɝɨɬɨɜɢɬɶ ɧɟɫɤɨɥɶɤɨ ɛɚɣɬ ɞɚɧɧɵɯ. Ɂɚɬɟɦ, ɫ 

ɩɨɦɨɳɶɸ ɨɩɪɟɞɟɥɟɧɧɨɣ ɮɭɧɤɰɢɢ ɷɬɨɬ ɧɚɛɨɪ ɞɚɧɧɵɯ ɨɬɩɪɚɜɥɹɟɬɫɹ 

ɤɨɧɬɪɨɥɥɟɪɭ ɲɢɧɵ CAN, ɤɨɬɨɪɵɣ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɜɵɛɟɪɟɬ ɩɨɞɯɨɞɹɳɢɣ 

ɦɨɦɟɧɬ ɢ ɨɬɩɪɚɜɢɬ ɫɨɨɛɳɟɧɢɟ 
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3.2.3 ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɢ ɩɪɨɲɢɜɤɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ STM32 
 
 
 

Ⱦɥɹ ɩɟɪɟɡɚɩɢɫɢ ɩɪɨɝɪɚɦɦ ɜ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚɯ ɫɟɪɢɢ STM32 

ɩɪɟɞɭɫɦɨɬɪɟɧ ɫɩɟɰɢɚɥɶɧɵɣ ɤɨɧɬɪɨɥɥɟɪ ɡɚɩɢɫɢ ɢ ɫɛɪɨɫɚ FPEC (Flash program 

and erase controller). FPEC ɫɨɞɟɪɠɢɬ 12 ɪɟɝɢɫɬɪɨɜ ɩɨ 32 ɛɢɬɚ: 

● Ɋɟɝɢɫɬɪ ɤɨɧɬɪɨɥɹ ɞɨɫɬɭɩɚ Flash (FLASH_ACR), ɨɛɳɢɣ ɞɥɹ ɛɚɧɤɚ 1 ɢ 

ɛɚɧɤɚ 2 

● Ɋɟɝɢɫɬɪ ɤɥɸɱɟɣ FPEC (FLASH_KEYR), ɞɥɹ ɛɚɧɤɚ 1 
 

● Ɉɩɰɢɨɧɚɥɶɧɵɣ ɪɟɝɢɫɬɪ ɛɚɣɬɨɜɵɯ ɤɥɸɱɟɣ (FLASH_OPTKEYR), ɨɛɳɢɣ 

ɞɥɹ ɛɚɧɤɚ 1 ɢ ɛɚɧɤɚ 2 

● Ɋɟɝɢɫɬɪ ɭɩɪɚɜɥɟɧɢɹ Flash (FLASH_CR), ɜɵɞɟɥɟɧɧɵɣ ɞɥɹ ɛɚɧɤɚ 1 ɢ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɛɚɣɬɨɜ 

● Ɋɟɝɢɫɬɪ ɫɨɫɬɨɹɧɢɹ Flash (FLASH_SR), ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɛɚɧɤɚ 1 
 

● Ɋɟɝɢɫɬɪ Flash-ɚɞɪɟɫɚ (FLASH_AR), ɜɵɞɟɥɟɧɧɵɣ ɞɥɹ ɛɚɧɤɚ 1 
 

● Ɉɩɰɢɨɧɚɥɶɧɵɣ ɛɚɣɬɨɜɵɣ ɪɟɝɢɫɬɪ (FLASH_OBR), ɨɛɳɢɣ ɞɥɹ ɛɚɧɤɨɜ 1 

ɢ 2 
 

● Ɋɟɝɢɫɬɪ ɡɚɳɢɬɵ ɨɬ ɡɚɩɢɫɢ (FLASH_WRPR), ɨɛɳɢɣ ɞɥɹ ɛɚɧɤɨɜ 1 ɢ 2 
 

● Ɋɟɝɢɫɬɪ ɤɥɸɱɚ FPEC2 (FLASH_KEYR2), ɜɵɞɟɥɟɧɧɵɣ ɞɥɹ ɛɚɧɤɚ 2 
 

● Ɋɟɝɢɫɬɪ ɭɩɪɚɜɥɟɧɢɹ Flash2 (FLASH_CR2), ɜɵɞɟɥɟɧɧɵɣ ɞɥɹ ɛɚɧɤɚ 2 
 

● Ɋɟɝɢɫɬɪ ɫɨɫɬɨɹɧɢɹ Flash2 (FLASH_SR2), ɜɵɞɟɥɟɧɧɵɣ ɞɥɹ ɛɚɧɤɚ 2 

● Ɏɥɷɲ-ɚɞɪɟɫ ɪɟɝɢɫɬɪɚ2 (FLASH_AR2), ɜɵɞɟɥɟɧɧɵɣ ɛɚɧɤɭ 2 

ɉɟɪɟɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɧɟ ɛɭɞɟɬ ɛɥɨɤɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫɨɪ, ɩɨɤɚ 

ɩɪɨɰɟɫɫɨɪ ɧɟ ɞɚɫɬ ɞɨɫɬɭɩ ɤ Flash ɩɚɦɹɬɢ. 
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ɉɚɦɹɬɶ ɩɪɨɝɪɚɦɦ ɫɨɫɬɨɢɬ ɢɡ 32-ɯ ɛɢɬɧɵɯ ɹɱɟɟɤ ɢ ɦɨɠɟɬ ɯɪɚɧɢɬɶ ɜ ɫɟɛɟ 

ɤɚɤ ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɵ, ɬɚɤ ɢ ɧɟɤɨɬɨɪɵɟ ɩɨɫɬɨɹɧɧɵɟ ɞɚɧɧɵɟ. Ɇɨɞɭɥɶ ɩɚɦɹɬɢ 

ɩɪɨɝɪɚɦɦ ɪɚɡɦɟɳɟɧ ɩɨ ɨɫɨɛɨɦɭ ɚɞɪɟɫɭ, ɤɨɬɨɪɵɣ ɨɬɥɢɱɚɟɬɫɹ ɞɥɹ ɤɚɠɞɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ. ɉɨɫɥɟ ɤɚɠɞɨɝɨ ɫɛɪɨɫɚ ɩɚɦɹɬɢ ɩɪɨɝɪɚɦɦ ɛɥɨɤ FPEC ɡɚɳɢɳɟɧ ɢ 

ɪɟɝɢɫɬɪ FLASH_CR ɧɟɞɨɫɬɭɩɟɧ. ɑɬɨɛɵ ɪɚɡɛɥɨɤɢɪɨɜɚɬɶ ɡɚɩɢɫɶ, ɜ ɪɟɝɢɫɬɪ 

FLASH_KEYR ɞɨɥɠɧɚ ɛɵɬɶ ɡɚɩɢɫɚɧɚ ɛɢɬɨɜɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 

ɪɚɡɛɥɨɤɢɪɨɜɤɢ. Ʌɸɛɚɹ ɧɟɩɪɚɜɢɥɶɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɛɥɨɤɢɪɭɟɬ ɛɥɨɤ 

FPEC ɢ ɪɟɝɢɫɬɪ FLASH_CR ɞɨ ɫɥɟɞɭɸɳɟɝɨ ɫɛɪɨɫɚ. 

 

 
3.3 ȼɵɜɨɞɵ ɤ ɪɚɡɞɟɥɭ 

 
 

ȼ ɤɚɱɟɫɬɜɟ ɰɟɥɟɜɵɯ ɭɫɬɪɨɣɫɬɜ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ IDE ɛɵɥɢ ɜɵɛɪɚɧɵ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ ɫɟɪɢɢ STM32, ɩɨɫɤɨɥɶɤɭ ɷɬɨ ɫɚɦɚɹ ɞɨɫɬɭɩɧɚɹ ɢ 

ɩɨɩɭɥɹɪɧɚɹ ɥɢɧɟɣɤɚ ɭɫɬɪɨɣɫɬɜ ɫ ɤɨɧɬɪɨɥɥɟɪɨɦ ɢɧɬɟɪɮɟɣɫɚ CAN. ȼ ɪɚɦɤɚɯ 

ȼɄɊ ɬɪɟɛɭɟɬɫɹ ɞɨɛɚɜɢɬɶ ɤ IDE ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɤɥɸɱɚɬɶ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ 

ɫ ɩɨɪɬɚɦɢ ɰɢɮɪɨɜɨɝɨ ɜɜɨɞɚ-ɜɵɜɨɞɚ, ɚ ɬɚɤɠɟ ɫ ɤɨɧɬɪɨɥɥɟɪɨɦ ɲɢɧɵ CAN. 
 
 

 

4 ɋɨɡɞɚɧɢɟ ɝɪɚɮɢɱɟɫɤɨɣ ɫɪɟɞɵ ɪɚɡɪɚɛɨɬɤɢ ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ CAN- 

ɫɟɬɟɣ 
 
 

 
ɗɬɨɬ ɪɚɡɞɟɥ ɩɨɫɜɹɳɟɧ ɪɚɡɪɚɛɨɬɤɟ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ, 

ɚɥɝɨɪɢɬɦɨɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɝɪɚɮɢɱɟɫɤɢɯ ɫɯɟɦ ɜ ɩɪɨɲɢɜɤɭ ɩɨɞɞɟɪɠɢɜɚɟɦɵɯ 

ɭɫɬɪɨɣɫɬɜ, ɚ ɬɚɤɠɟ ɨɩɢɫɚɧɢɸ ɧɨɜɨɝɨ ɝɪɚɮɢɱɟɫɤɨɝɨ ɹɡɵɤɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ 

ɞɥɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜ ɞɚɧɧɨɣ ɫɪɟɞɟ 
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4.1 Ɉɩɢɫɚɧɢɟ ɝɪɚɮɢɱɟɫɤɨɝɨ ɹɡɵɤɚ ɞɥɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜ ɞɚɧɧɨɣ 

ɫɪɟɞɟ ɪɚɡɪɚɛɨɬɤɢ 

 

 
Ʌɸɛɨɣ IDE ɬɪɟɛɭɟɬɫɹ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɧɚ ɤɨɬɨɪɵɣ ɨɧɚ ɛɭɞɟɬ 

ɧɚɩɪɚɜɥɟɧɚ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɧɚɛɨɪ ɹɡɵɤɨɜ, ɞɨɫɬɭɩɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɸ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɯ ɩɨɩɭɥɹɪɧɨɫɬɶɸ ɢ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɶɸ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɭ 

ɛɨɥɶɲɢɧɫɬɜɚ IDE ɞɥɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɞɨɫɬɭɩɧɵ ɹɡɵɤɢ Assembler ɢ C. ȼ 

ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɜ ɰɟɥɹɯ ɭɩɪɨɳɟɧɢɹ ɞɥɹ ɤɨɧɟɱɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɜɵɛɪɚɧ ɬɨɥɶɤɨ 

ɨɞɢɧ ɹɡɵɤ – ɝɪɚɮɢɱɟɫɤɢɣ. Ⱦɥɹ ɷɬɨɝɨ ɹɡɵɤɚ ɧɟɨɛɯɨɞɢɦɨ ɨɩɢɫɚɬɶ ɜɫɟ ɞɨɫɬɭɩɧɵɟ 

ɬɢɩɵ ɢ ɫɬɪɭɤɬɭɪɵ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɧɚɞɨɛɢɬɶɫɹ ɩɨɥɶɡɨɜɚɬɟɥɸ ɩɪɢ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ ɭɫɬɪɨɣɫɬɜ. 

 

 
4.1.1 Ɍɢɩɵ ɞɚɧɧɵɯ 

 

 
ɉɟɪɜɨɟ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɥɸɛɨɦɭ ɹɡɵɤɭ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ – ɷɬɨ 

ɤɨɧɫɬɚɧɬɵ ɢ ɩɟɪɟɦɟɧɧɵɟ. ɋɬɚɧɞɚɪɬɧɵɦ ɧɚɛɨɪɨɦ ɹɜɥɹɸɬɫɹ ɬɢɩɵ «ɰɟɥɨɟ 

ɱɢɫɥɨ», «ɞɪɨɛɧɨɟ ɱɢɫɥɨ», «ɫɢɦɜɨɥ», «ɫɬɪɨɤɚ», «ɥɨɝɢɱɟɫɤɢɣ (1 ɛɢɬ)». 

ȿɫɥɢ ɨɩɢɪɚɬɶɫɹ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɟ ɝɪɚɮɢɱɟɫɤɢɟ ɹɡɵɤɢ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɬɨ ɤɨɧɫɬɚɧɬɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɞɧɢɦ ɛɥɨɤɨɦ ɫ 

ɜɵɯɨɞɧɨɣ ɧɨɠɤɨɣ ɫɩɪɚɜɚ, ɚ ɩɟɪɟɦɟɧɧɚɹ ɦɨɠɟɬ ɛɵɬɶ ɬɚɤɢɦ ɠɟ ɛɥɨɤɨɦ, ɧɨ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɨɫɬɭɩɚ ɤ ɧɟɣ, ɧɨɠɤɚ ɦɨɠɟɬ ɛɵɬɶ ɫɥɟɜɚ ɢɥɢ ɫɩɪɚɜɚ. ɇɚ ɨɫɧɨɜɟ 

ɷɬɨɝɨ, ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɬɶ ɤɨɧɫɬɚɧɬɵ ɢ ɩɟɪɟɦɟɧɧɵɟ ɜ ɜɢɞɟ 

ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɪɚɡɦɟɪɚ ɫ ɰɜɟɬɨɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ 

ɫɜɨɟɦɭ ɬɢɩɭ. ȼɧɭɬɪɢ ɷɬɨɝɨ ɛɥɨɤɚ, ɟɫɥɢ ɷɬɨ ɤɨɧɫɬɚɧɬɚ, – ɡɧɚɱɟɧɢɟ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɬɢɩɭ, ɚ ɜ ɫɥɭɱɚɟ ɫ ɩɟɪɟɦɟɧɧɨɣ – ɟɟ ɢɦɹ. ɉɪɟɞɫɬɚɜɥɟɧɢɟ 

ɤɨɧɫɬɚɧɬ ɢ ɩɟɪɟɦɟɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 2 ɢ 3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 



20  

 
 

Ɋɢɫɭɧɨɤ 2 – ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɤɨɧɫɬɚɧɬ 
 
 

 
Ɋɢɫɭɧɨɤ 3 – ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɟɪɟɦɟɧɧɵɯ 

 
ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɞɚɧɧɵɯ, ɤɚɠɞɵɣ ɢɡ ɷɬɢɯ ɛɥɨɤɨɜ ɩɪɢɧɢɦɚɟɬ ɧɚ ɜɯɨɞ ɢɥɢ 

ɨɬɞɚɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɟɦɭ ɬɢɩ. 

Ⱦɚɥɟɟ, ɬɨ, ɛɟɡ ɱɟɝɨ ɧɟ ɦɨɠɟɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ – ɨɩɢɫɚɧɢɟ ɩɨɪɬɨɜ ɜɜɨɞɚ-ɜɵɜɨɞɚ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 

ɞɨɫɬɚɬɨɱɧɨ ɨɩɢɫɚɬɶ ɰɢɮɪɨɜɵɟ ɩɨɪɬɵ ɜɜɨɞɚ-ɜɵɜɨɞɚ ɢ ɛɥɨɤɢ ɩɪɢɟɦɚ ɢ ɨɬɩɪɚɜɤɢ 

ɫɨɨɛɳɟɧɢɣ ɩɨ CAN. ɐɢɮɪɨɜɨɣ ɩɨɪɬ ɜɜɨɞɚ ɩɨ ɮɭɧɤɰɢɨɧɚɥɭ ɧɚɩɨɦɢɧɚɟɬ 

ɤɨɧɫɬɚɧɬɭ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɜɵɝɥɹɞɟɬɶ ɨɧ ɞɨɥɠɟɧ ɩɨɯɨɠɢɦ ɨɛɪɚɡɨɦ. ȼ ɰɟɧɬɪɟ 

ɛɥɨɤɚ ɧɚɩɢɫɚɧɨ ɢɦɹ ɩɨɪɬɚ ɫɨɝɥɚɫɧɨ ɞɨɤɭɦɟɧɬɚɰɢɢ ɧɚ ɭɫɬɪɨɣɫɬɜɨ. ȼɵɯɨɞɧɨɣ 

ɩɨɪɬ ɞɨɥɠɟɧ ɜɵɝɥɹɞɟɬɶ ɩɨɯɨɠɢɦ ɨɛɪɚɡɨɦ, ɧɨ ɫ ɨɝɨɜɨɪɤɨɣ ɧɚ ɬɨ, ɱɬɨ ɨɧ ɞɨɥɠɟɧ 

ɩɪɢɧɢɦɚɬɶ ɡɧɚɱɟɧɢɟ, ɚ ɧɟ ɨɬɞɚɜɚɬɶ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɨɠɤɚ ɞɨɥɠɧɚ ɛɵɬɶ 

ɪɚɫɩɨɥɨɠɟɧɚ ɫɥɟɜɚ. Ȼɥɨɤɢ ɩɪɢɟɦɚ ɢ ɨɬɩɪɚɜɤɢ ɫɨɨɛɳɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɬɨ ɬɚɤɢɟ ɠɟ ɩɨɪɬɵ, ɧɨ ɞɥɹ ɞɪɭɝɨɝɨ ɬɢɩɚ ɞɚɧɧɵɯ, ɦɨɠɧɨ 

ɩɪɟɞɫɬɚɜɢɬɶ ɩɨɞɨɛɧɵɦ ɨɛɪɚɡɨɦ, ɧɨ ɨɛɨɡɧɚɱɢɜ ɞɪɭɝɢɦ ɰɜɟɬɨɦ ɞɥɹ ɧɚɝɥɹɞɧɨɫɬɢ. 

Ɍɚɤɠɟ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɨɦɟɫɬɢɬɶ ɬɟɤɫɬ ɨɠɢɞɚɟɦɨɝɨ ɫɨɨɛɳɟɧɢɹ ɜɧɭɬɪɢ ɛɥɨɤɚ 

ɩɪɢɟɦɚ. Ɉɛɨɡɧɚɱɟɧɢɹ ɩɨɪɬɨɜ ɜɜɨɞɚ ɢ ɜɵɜɨɞɚ, ɚ ɬɚɤɠɟ ɛɥɨɤɨɜ ɩɪɢɟɦɚ ɢ 

ɨɬɩɪɚɜɤɢ ɫɨɨɛɳɟɧɢɣ ɩɨ CAN ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4. 
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Ɋɢɫɭɧɨɤ 4 – Ɉɛɨɡɧɚɱɟɧɢɟ ɩɨɪɬɨɜ 
 

ɑɬɨɛɵ ɨɩɢɫɚɬɶ ɬɢɩ ɞɚɧɧɵɯ, ɨɬɞɚɜɚɟɦɵɣ ɢɥɢ ɩɪɢɧɢɦɚɟɦɵɣ ɷɬɢɦɢ 

ɛɥɨɤɚɦɢ, ɧɭɠɧɨ ɡɚɞɭɦɚɬɶɫɹ ɨ ɞɚɥɶɧɟɣɲɟɣ ɫɬɪɭɤɬɭɪɟ ɨɩɢɫɚɧɢɹ ɝɪɚɮɢɱɟɫɤɨɝɨ 

ɤɨɞɚ. ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɞɚɬɶ ɰɢɮɪɨɜɵɦ ɩɨɪɬɚɦ ɥɨɝɢɱɟɫɤɢɣ 

ɬɢɩ, ɩɨɫɤɨɥɶɤɭ ɢɯ ɪɚɡɦɟɪɧɨɫɬɢ ɫɨɜɩɚɞɚɸɬ. Ȼɥɨɤɭ ɨɬɩɪɚɜɤɢ ɫɨɨɛɳɟɧɢɹ ɩɨ CAN 

– ɫɬɪɨɤɨɜɵɣ ɬɢɩ, ɬɚɤ ɤɚɤ ɞɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɫɨɨɛɳɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɜ 

ɛɚɣɬɨɜɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ, ɚ ɛɥɨɤɭ ɩɪɢɟɦɚ, ɬɚɤ ɤɚɤ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɪɚɛɨɬɵ 

ɚɥɝɨɪɢɬɦɚ ɩɪɢɟɦ ɫɨɨɛɳɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɟɪɵɜɚɧɢɟɦ, ɪɚɡɭɦɧɨ ɩɪɢɫɜɨɢɬɶ 

ɥɨɝɢɱɟɫɤɢɣ ɬɢɩ ɞɚɧɧɵɯ, ɝɞɟ ɩɪɚɜɞɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɫɩɟɲɧɨɦɭ ɩɪɢɟɦɭ 

ɫɨɨɛɳɟɧɢɹ. 

 

 
4.1.2 Ɉɩɟɪɚɰɢɢ ɫ ɞɚɧɧɵɦɢ 

 

 
ɉɪɢ ɨɩɢɫɚɧɢɢ ɬɟɤɫɬɨɜɨɝɨ ɹɡɵɤɚ ɦɨɠɧɨ ɨɩɢɫɵɜɚɬɶ ɭɫɥɨɜɧɨ ɛɟɫɤɨɧɟɱɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɨɩɟɪɚɰɢɣ ɧɚɞ ɩɟɪɟɦɟɧɧɵɦɢ, ɧɨ ɜ ɫɥɭɱɚɟ ɫ ɝɪɚɮɢɱɟɫɤɢɦ ɹɡɵɤɨɦ ɷɬɨ 

ɤɨɥɢɱɟɫɬɜɨ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɤɚɤ ɦɢɧɢɦɭɦ ɪɚɡɦɟɪɚɦɢ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. 

Ɍɚɤɠɟ, ɤɨɥɢɱɟɫɬɜɨ ɨɩɟɪɚɰɢɣ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɶɸ. 

Ʉɨɧɟɱɧɨɦɭ ɩɨɥɶɡɨɜɚɬɟɥɸ ɞɨɫɬɚɬɨɱɧɨ ɞɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɪɚɛɚɬɵɜɚɬɶ 

ɫɢɝɧɚɥɵ ɫ ɩɨɪɬɨɜ, ɞɥɹ ɱɟɝɨ ɟɦɭ ɩɨɧɚɞɨɛɹɬɫɹ ɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ ɂ, ɂ-ɇȿ, 

ɂɅɂ, ɂɅɂ-ɇȿ, XOR ɢ ɇȿ. ɂɯ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɧɚ ɪɢɫɭɧɤɟ 5. 
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Ɋɢɫɭɧɨɤ 5 – ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ 
 

ȼɨɡɦɨɠɧɵ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɬɪɟɛɭɟɬɫɹ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɜɯɨɞɨɜ. 

Ɋɟɲɟɧɢɟ ɬɚɤɨɣ ɩɪɨɛɥɟɦɵ ɧɚ ɩɪɢɦɟɪɟ ɛɥɨɤɚ ɂ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 6. 
 
 
 

 

Ɋɢɫɭɧɨɤ 6 – ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɩɟɪɚɰɢɢ ɂ ɫ 2, 3, 4 ɢ 5 ɜɯɨɞɚɦɢ 

ɉɨɦɢɦɨ ɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ, ɩɨɥɶɡɨɜɚɬɟɥɸ ɧɭɠɧɨ ɞɚɬɶ ɩɪɢɜɵɱɧɵɟ 

ɟɦɭ – ɚɪɢɮɦɟɬɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ. Ⱦɨɫɬɚɬɨɱɧɨ ɨɝɪɚɧɢɱɢɬɶɫɹ ɫɥɟɞɭɸɳɢɦ 

ɧɚɛɨɪɨɦ: 
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 ɋɭɦɦɚ

 Ɋɚɡɧɨɫɬɶ

 ɉɪɨɢɡɜɟɞɟɧɢɟ

 ɑɚɫɬɧɨɟ

 Ɉɫɬɚɬɨɤ ɨɬ ɞɟɥɟɧɢɹ

 Ɉɤɪɭɝɥɟɧɢɟ (ɤ ɛɥɢɠɚɣɲɟɦɭ, ɤ ɦɟɧɶɲɟɦɭ ɢ ɤ ɛɨɥɶɲɟɦɭ)
 

Ɉɩɟɪɚɰɢɢ ɩɪɢɧɢɦɚɸɬ ɧɚ ɜɯɨɞ ɱɢɫɥɨɜɵɟ ɞɚɧɧɵɟ ɢ ɨɬɞɚɸɬ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ. ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɞɚɧɧɵɯ ɨɩɟɪɚɰɢɣ ɧ ɪɢɫɭɧɤɟ 7 

 

 

 
Ɋɢɫɭɧɨɤ 7 – ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ 

 
Ⱦɚɥɟɟ, ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɬɚɤɠɟ ɩɪɢɜɵɱɧɵɟ ɩɨɥɶɡɨɜɚɬɟɥɸ ɥɨɝɢɱɟɫɤɢɟ 

ɨɩɟɪɚɰɢɢ ɧɚɞ ɱɢɫɥɚɦɢ: ɛɨɥɶɲɟ, ɦɟɧɶɲɟ, ɪɚɜɧɨ ɢ ɩɨɞɨɛɧɵɟ. Ɍɚɤɢɟ ɨɩɟɪɚɰɢɢ 

ɩɪɢɧɢɦɚɸɬ ɧɚ ɜɯɨɞ ɜɫɟ ɱɢɫɥɨɜɵɟ ɬɢɩɵ ɞɚɧɧɵɯ ɢ ɜɨɡɜɪɚɳɚɸɬ ɥɨɝɢɱɟɫɤɢɣ. Ʉɚɤ 

ɩɪɢɧɹɬɨ ɜɨ ɦɧɨɝɢɯ ɝɪɚɮɢɱɟɫɤɢɯ ɹɡɵɤɚɯ, ɩɟɪɜɵɣ ɨɩɟɪɚɧɞ ɪɚɫɩɨɥɚɝɚɟɬɫɹ 

ɫɜɟɪɯɭ, ɜɬɨɪɨɣ – ɫɧɢɡɭ. Ɉɛɨɡɧɚɱɟɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 8. 
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Ɋɢɫɭɧɨɤ 8 – ɨɛɨɡɧɚɱɟɧɢɟ ɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɧɚɞ ɱɢɫɥɚɦɢ 
 
 
 

4.1.3 ȼɟɬɜɥɟɧɢɟ 
 

 
Ɍɨ, ɛɟɡ ɱɟɝɨ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɨɛɵɱɧɭɸ 

ɤɨɦɛɢɧɚɰɢɨɧɧɭɸ ɫɯɟɦɭ ɫ ɭɫɥɨɠɧɟɧɢɹɦɢ – ɷɬɨ ɜɟɬɜɥɟɧɢɟ. ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɚɹ 

ɞɥɹ ɩɨɧɢɦɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɹ – ȿɋɅɂ-ɌɈ-ɂɇȺɑȿ. ɗɬɭ ɤɨɧɫɬɪɭɤɰɢɸ ɦɨɠɧɨ 

ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ, ɩɪɢɜɵɱɧɨɦ ɞɥɹ ɥɸɞɟɣ, ɡɧɚɤɨɦɵɯ ɫ ɷɥɟɤɬɪɨɫɯɟɦɚɦɢ, – ɜ 

ɜɢɞɟ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ, ɝɞɟ ɜ ɤɚɱɟɫɬɜɟ ɚɞɪɟɫɚ ɜɵɫɬɭɩɚɟɬ ɤɚɤɨɟ-ɥɢɛɨ ɭɫɥɨɜɢɟ, 

ɜɨɡɜɪɚɳɚɸɳɟɟ ɥɨɝɢɱɟɫɤɢɣ ɬɢɩ, ɚ ɜ ɤɚɱɟɫɬɜɟ ɞɚɧɧɵɯ ɦɨɠɟɬ ɛɵɬɶ ɥɸɛɨɣ 

ɞɨɫɬɭɩɧɵɣ ɬɢɩ ɞɚɧɧɵɯ. Ɉɛɨɡɧɚɱɟɧɢɟ ɛɥɨɤɚ ɟɫɥɢ ɢ ɟɝɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ 

ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɭɥɶɬɢɩɥɟɤɫɨɪɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 9. 
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Ɋɢɫɭɧɨɤ 9 – ɛɥɨɤ ɟɫɥɢ 
 

ɉɪɢɜɵɱɧɨɣ ɞɥɹ ɜɫɟɯ ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɐɂɄɅ ɧɟ 

ɛɭɞɟɬ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ, ɩɨɫɤɨɥɶɤɭ ɜ ɪɚɦɤɚɯ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ ɜ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɪɭɝɢɯ ɰɢɤɥɨɜ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ. 

 

 
4.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɯɟɦɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɩɨɥɶɡɨɜɚɬɟɥɟɦ 

 
 
 

ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶɫɹ ɫɨ ɫɯɟɦɨɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɦɟɠɞɭ ɩɪɢɥɨɠɟɧɢɟɦ ɢ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɦ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ. ɉɨɫɤɨɥɶɤɭ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ STM32 ɢɦɟɸɬ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ ɦɟɯɚɧɢɡɦɨɜ ɡɚɳɢɬɵ ɨɬ 

ɩɟɪɟɡɚɩɢɫɢ ɩɚɦɹɬɢ ɩɪɨɝɪɚɦɦ, ɬɨ ɞɥɹ ɩɪɨɲɢɜɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɭɠɟ ɝɨɬɨɜɵɟ ɪɟɲɟɧɢɹ. ɇɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɟ ɩɪɨɝɪɚɦɦɚɬɨɪɵ ɞɥɹ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ STM32 – ɷɬɨ ST-Link, J-Link ɢ Black Magic Probe. ȼ 

ɪɚɦɤɚɯ ɷɬɨɣ ɪɚɛɨɬɵ ɨɬ ɩɪɨɝɪɚɦɦɚɬɨɪɚ ɧɟ ɬɪɟɛɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 

ɜɨɡɦɨɠɧɨɫɬɟɣ, ɩɨɷɬɨɦɭ ɞɨɫɬɚɬɨɱɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɚɦɵɣ ɞɟɲɟɜɵɣ. ɇɚ 

ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ – ɷɬɨ ST_Link v2. ɉɪɢɱɟɦ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ 

ɪɚɡɥɢɱɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɞɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɚɬɨɪɚ, ɜ ɱɢɫɥɟ ɤɨɬɨɪɵɯ 

ɩɪɨɝɪɚɦɦɚɬɨɪɵ ɨɬ ɮɢɪɦɵ STM (ɪɢɫ. 10) ɢ ɨɬ ɤɢɬɚɣɫɤɢɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ (ɪɢɫ. 

11) 
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STM32CubeProg 

STLink-Utility 


 


 
 

Ɋɢɫɭɧɨɤ 10 – ɉɪɨɝɪɚɦɦɚɬɨɪɵ ST-Link ɨɬ STMicroelectronics 
 

Ɋɢɫɭɧɨɤ 11 – ɉɪɨɝɪɚɦɦɚɬɨɪ ST-Link ɨɬ ɤɢɬɚɣɫɤɨɣ ɮɢɪɦɵ XM 

Ɉɩɪɟɞɟɥɢɜɲɢɫɶ ɫ ɩɪɨɝɪɚɦɦɚɬɨɪɨɦ, ɧɭɠɧɨ ɜɵɛɪɚɬɶ ɩɪɨɝɪɚɦɦɧɨɟ 

ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɩɪɨɲɢɜɤɢ ɭɫɬɪɨɣɫɬɜ. Ⱦɥɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ STM32 ɮɢɪɦɚ 

STMicroelectronics ɩɪɟɞɥɚɝɚɟɬ ɧɟɫɤɨɥɶɤɨ ɛɟɫɩɥɚɬɧɵɯ ɭɬɢɥɢɬ: 
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 STVP (STM32)

 Flasher-STM32 – ɞɥɹ ɡɚɝɪɭɡɤɢ ɱɟɪɟɡ UART

 DfuSe – ɞɥɹ ɡɚɝɪɭɡɤɢ ɱɟɪɟɡ USB
 

Ⱦɥɹ ɜɵɛɨɪɚ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɟɝɨ, ɪɚɫɫɦɨɬɪɢɦ ɤɚɠɞɭɸ ɢɡ ɷɬɢɯ ɭɬɢɥɢɬ. 

ɉɟɪɜɚɹ – STM32CubeProg. Cube Programmer, ɩɨɦɢɦɨ ɩɪɨɲɢɜɤɢ ɩɨɡɜɨɥɹɟɬ 

ɜɵɩɨɥɧɹɬɶ ɫɥɟɞɭɸɳɢɟ ɨɩɟɪɚɰɢɢ: 
 

 ɑɢɬɚɬɶ ɢ ɫɨɯɪɚɧɹɬɶ Flash-ɩɚɦɹɬɶ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ, ɟɫɥɢ ɨɧɚ ɧɟ 
ɡɚɳɢɳɟɧɚ ɨɬ ɱɬɟɧɢɹ;

 Ɉɱɢɳɚɬɶ ɤɚɤ Flash-ɩɚɦɹɬɶ, ɬɚɤ ɢ ɜɧɟɲɧɸɸ ɩɚɦɹɬɶ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ. ɉɪɢɱɟɦ ɨɱɢɳɚɬɶ ɦɨɠɧɨ ɤɚɤ ɨɬɞɟɥɶɧɵɟ ɛɥɨɤɢ, ɬɚɤ ɢ ɜɫɟ 

ɰɟɥɢɤɨɦ. ɉɨɞ ɜɧɟɲɧɟɣ ɩɚɦɹɬɶɸ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɩɚɦɹɬɶ, ɩɨɞɤɥɸɱɟɧɧɚɹ 

ɩɨɫɪɟɞɫɬɜɨɦ SPI, FMC, FSMC, QSPI, OCTOSPI ɢ ɞɪɭɝɢɦɢ ɢɧɬɟɪɮɟɣɫɚɦɢ, ɧɨ 

ɪɚɛɨɬɚɬɶ ɫ ɧɟɣ ɦɨɠɧɨ ɬɨɥɶɤɨ ɩɪɢ ɩɨɦɨɳɢ ɜɧɟɲɧɟɝɨ ɡɚɝɪɭɡɱɢɤɚ (ɜ ɤɨɦɩɥɟɤɬɟ 

ɭɠɟ ɢɞɟɬ ɧɚɛɨɪ ɢɡ ɜɧɟɲɧɢɯ ɡɚɝɪɭɡɱɢɤɨɜ ɩɨɞ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɟ ɩɥɚɬɵ);

 ɍɫɬɚɧɚɜɥɢɜɚɬɶ ɢɥɢ ɫɧɢɦɚɬɶ ɮɥɚɝɢ ɡɚɩɪɟɬɚ ɱɬɟɧɢɹ Flash ɢɧɚɱɟ ɱɟɦ 

ɢɡ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ, ɜɵɩɨɥɧɹɟɦɨɝɨ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ, ɫɧɢɦɚɬɶ ɢɥɢ 

ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɮɥɚɝɢ ɡɚɩɪɟɬɚ ɡɚɩɢɫɢ ɜ ɤɨɧɤɪɟɬɧɵɟ ɫɟɤɬɨɪɚ ɧɚ Flash, ɢ 

ɧɟɤɨɬɨɪɵɟ ɞɪɭɝɢɟ ɮɭɧɤɰɢɢ;
 

STM32CubeProg ɩɨɦɢɦɨ ST-Link ɦɨɠɟɬ ɩɨɞɤɥɸɱɚɬɶɫɹ ɩɨ UART, USB ɢ 

OTA (ɨɛɧɨɜɥɟɧɢɟ ɩɨ ɜɨɡɞɭɯɭ). Ⱦɥɹ ɧɚɱɚɥɚ ɪɚɫɫɦɨɬɪɢɦ ɧɚɢɛɨɥɟɟ 

ɢɧɬɟɪɟɫɭɸɳɢɣ ɧɚɫ ɜɚɪɢɚɧɬ ɩɨɞɤɥɸɱɟɧɢɹ ɩɨɫɪɟɞɫɬɜɨɦ ST-Link. ɉɪɢ 

ɩɨɞɤɥɸɱɟɧɢɢ ST-Link V2 ɤ ɤɨɦɩɶɸɬɟɪɭ ɢ ɜɵɛɨɪɟ ɜɚɪɢɚɧɬɚ ɡɚɝɪɭɡɤɢ ɱɟɪɟɡ ST- 

Link ɜ ɨɤɧɟ ST-LINK Configuration ɨɬɨɛɪɚɠɚɸɬɫɹ ɧɟɤɨɬɨɪɵɟ ɧɚɫɬɪɨɣɤɢ, 

ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɜɥɢɹɬɶ ɧɚ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɞɤɥɸɱɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 12 – Ɉɤɧɨ ɤɨɧɮɢɝɭɪɚɰɢɢ STM32CubeProg 
 

ɋɥɟɞɭɸɳɚɹ ɭɬɢɥɢɬɚ – ST-Link Utility, ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɚ ɫɪɟɞɢ 

ɪɚɡɪɚɛɨɬɱɢɤɨɜ. ɉɨ ɧɚɛɨɪɭ ɜɨɡɦɨɠɧɨɫɬɟɣ ɢ ɮɭɧɤɰɢɣ ST-Link Utility 

ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɩɨɜɬɨɪɹɟɬ STM32CubeProg ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɞɜɭɯ 

ɦɨɦɟɧɬɨɜ. Utility ɪɚɛɨɬɚɟɬ ɩɨɞ Windows, Utility ɦɨɠɟɬ ɩɨɞɤɥɸɱɚɬɶɫɹ ɤ ɩɥɚɬɚɦ 

ɬɨɥɶɤɨ ɩɨɫɪɟɞɫɬɜɨɦ SWD ɢɥɢ JTAG. ȼɫɟ ɨɫɬɚɥɶɧɨɟ, ɧɚɱɢɧɚɹ ɨɬ ɧɚɫɬɪɨɣɤɢ 

Option Bytes ɢ ɡɚɤɚɧɱɢɜɚɹ ɜɧɟɲɧɢɦɢ ɡɚɝɪɭɡɱɢɤɚɦɢ ɫ ɤɨɦɚɧɞɧɨɣ ɫɬɪɨɤɨɣ 

ɩɨɜɬɨɪɹɟɬ STM32CubeProg. Ⱦɥɹ ɩɪɨɲɢɜɤɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɫ ɩɨɦɨɳɶɸ 

ɞɚɧɧɨɣ ɭɬɢɥɢɬɵ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɤɥɸɱɢɬɶɫɹ ɤ ɭɫɬɪɨɣɫɬɜɭ, ɨɱɢɫɬɢɬɶ Flash- 

ɩɚɦɹɬɶ, ɜɵɛɪɚɬɶ ɮɚɣɥ ɩɪɨɲɢɜɤɢ firmware.bin ɢ ɧɚɠɚɬɶ Start. ɑɟɪɟɡ 

ɧɟɡɧɚɱɢɬɟɥɶɧɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɩɟɪɟɣɞɟɬ ɤ 

ɜɵɩɨɥɧɟɧɢɸ ɧɨɜɨɣ ɩɪɨɝɪɚɦɦɵ. 
 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ST-Link Utility ɩɨɥɧɨɫɬɶɸ ɩɨɜɬɨɪɹɟɬ ɱɚɫɬɶ ɮɭɧɤɰɢɣ 

STM32CubeProg, ɦɧɨɝɢɟ ɪɚɡɪɚɛɨɬɱɢɤɢ ɢɫɩɨɥɶɡɭɸɬ ɢɦɟɧɧɨ ɟɟ, ɬɚɤ ɤɚɤ 

ɫɱɢɬɚɸɬ, ɱɬɨ ɷɬɨɬ ɩɪɨɞɭɤɬ ɛɨɥɟɟ ɧɚɞɟɠɟɧ ɢ ɩɪɨɫɬ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ. 
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ɍɬɢɥɢɬɚ STVP (ST Visual Programmer) ɪɚɛɨɬɚɟɬ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ 

Windows ɢ ɩɨɞɞɟɪɠɢɜɚɟɬ ɧɟ ɬɨɥɶɤɨ STM32, ɧɨ ɢ ɱɢɩɵ ɫɟɦɟɣɫɬɜɚ STM8. STVP 

ɩɨɦɢɦɨ ɫɚɦɨɣ ɭɬɢɥɢɬɵ ɞɥɹ ɩɪɨɲɢɜɤɢ ɜɤɥɸɱɚɟɬ ɟɳɟ ɫɪɟɞɭ ɪɚɡɪɚɛɨɬɤɢ STVD 

ɩɨɞ ɹɡɵɤ Assembler. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɷɬɚ ɭɬɢɥɢɬɚ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɬɨɥɶɤɨ ɫ 

ɮɚɣɥɚɦɢ hex ɢ s19. 

 
 

 

Ɋɢɫɭɧɨɤ 14 – ɍɬɢɥɢɬɚ STVP 

Ɋɢɫɭɧɨɤ 13 – Ɉɤɧɨ ɩɪɨɲɢɜɤɢ ST-Link Utility 
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Flasher-STM32 (ɪɚɧɟɟ STM32 Flash loader demonstrator) ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 

ɡɚɝɪɭɡɤɢ ɩɪɨɫɬɵɯ ɩɪɨɝɪɚɦɦ. Ɂɚɝɪɭɠɚɟɬ ɩɪɨɲɢɜɤɢ ɬɨɥɶɤɨ ɱɟɪɟɡ UART (ɨɧ ɠɟ 

COM-ɩɨɪɬ) ɢ ɪɚɛɨɬɚɟɬ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɩɨɞ Windows. ɋɪɟɞɢ ɜɫɟɯ ɭɬɢɥɢɬ 

ɞɚɧɧɚɹ ɨɛɥɚɞɚɟɬ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ ɢɧɬɟɪɮɟɣɫɨɦ, ɩɨɫɤɨɥɶɤɭ ɜ ɧɟɣ 

ɩɪɢɫɭɬɫɬɜɭɸɬ ɬɨɥɶɤɨ ɧɟɨɛɯɨɞɢɦɵɟ ɮɭɧɤɰɢɢ, ɬɚɤɢɟ ɤɚɤ ɨɱɢɫɬɤɚ ɛɢɬɚ ɡɚɳɢɬɵ 

flash-ɩɚɦɹɬɢ ɱɢɩɚ ɨɬ ɱɬɟɧɢɹ, ɭɩɪɚɜɥɟɧɢɟ ɡɚɳɢɬɨɣ ɡɚɩɢɫɢ ɢ ɱɬɟɧɢɹ ɫɟɤɬɨɪɨɜ 

ɜɫɬɪɨɟɧɧɨɣ flash-ɩɚɦɹɬɢ, ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɝɪɭɡɤɢ ɢ ɜɵɝɪɭɡɤɢ ɩɪɨɲɢɜɤɢ ɢ 

ɫɨɞɟɪɠɢɦɨɝɨ flash-ɩɚɦɹɬɢ ɱɢɩɚ ɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ Option Bytes (ɧɚɫɬɪɨɟɤ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ). 
 

 

Ɋɢɫɭɧɨɤ 15 – Ɉɤɧɨ ɩɪɨɝɪɚɦɦɵ Flasher-STM32 
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ɉɨɫɥɟɞɧɹɹ ɭɬɢɥɢɬɚ –DfuSe (Device Firmware Upgrade STMicroelectronics 

Extension). Ɇɟɬɨɞɢɤɚ DFU ɛɵɥɚ ɩɪɢɞɭɦɚɧɚ ɞɥɹ ɟɳɟ ɛɨɥɟɟ ɩɪɨɫɬɨɝɨ 

ɨɛɧɨɜɥɟɧɢɹ ɩɪɨɲɢɜɨɤ. ɉɪɨɝɪɚɦɦɚ ɪɚɛɨɬɚɟɬ ɬɨɥɶɤɨ ɱɟɪɟɡ ɩɨɞɤɥɸɱɟɧɢɟ ɩɨ 

USB. Ⱦɨɫɬɭɩɧɵ ɛɢɛɥɢɨɬɟɤɢ ɞɥɹ ɧɚɩɢɫɚɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɩɪɢɥɨɠɟɧɢɣ ɩɨ 

ɡɚɝɪɭɡɤɟ ɩɪɨɲɢɜɨɤ ɜ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ. DfuSe ɩɪɢɧɢɦɚɟɬ ɧɚ ɛɨɪɬ ɩɪɨɲɢɜɤɢ 

ɬɨɥɶɤɨ ɜ ɮɨɪɦɚɬɟ DFU. Ɏɨɪɦɚɬ ɫɨɞɟɪɠɢɬ ɧɟ ɬɨɥɶɤɨ ɫɚɦɭ ɩɪɨɲɢɜɤɭ ɤɚɤ 

ɬɚɤɨɜɭɸ, ɧɨ ɟɳɟ ɢ ɦɚɧɢɮɟɫɬ (ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɥɚɬɟ). ȿɫɥɢ ɩɨɞɤɥɸɱɟɧɧɚɹ ɩɥɚɬɚ 

ɧɟ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ, ɬɨ ɩɪɨɲɢɜɤɢ ɧɟ ɩɪɨɢɡɨɣɞɟɬ. Ɍɟɦ ɫɚɦɵɦ ɫɭɳɟɫɬɜɟɧɧɨ 

ɭɩɪɨɳɚɟɬɫɹ ɜɫɹ ɩɪɨɰɟɞɭɪɚ ɩɪɨɲɢɜɤɢ ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɪɢɫɤ ɩɨɪɱɢ ɩɥɚɬɵ ɩɪɢ 

ɩɪɨɲɢɜɤɟ, ɧɨ ɧɭɠɧɚ ɩɨɞɞɟɪɠɤɚ ɪɟɠɢɦɚ DFU ɧɚ ɫɚɦɨɣ ɩɥɚɬɟ, ɱɬɨ ɧɟɫɤɨɥɶɤɨ 

ɫɨɤɪɚɳɚɟɬ ɩɨɩɭɥɹɪɧɨɫɬɶ ɩɪɨɝɪɚɦɦɚɬɨɪɚ. Ɏɚɣɥɵ DFU ɫɨɡɞɚɸɬɫɹ ɩɪɢ ɩɨɦɨɳɢ 

ɤɨɦɩɥɟɤɬɧɨɣ ɭɬɢɥɢɬɵ DFU File Manager. Ɉɧɚ ɦɨɠɟɬ ɤɚɤ ɡɚɩɚɤɨɜɚɬɶ ɩɪɨɲɢɜɤɭ 

ɜ ɮɚɣɥ, ɬɚɤ ɢ ɪɚɫɩɚɤɨɜɚɬɶ. 
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Ɋɢɫɭɧɨɤ 16 – Ɉɤɧɨ ɩɪɨɝɪɚɦɦɵ DfuSe 
 

 
Ɋɢɫɭɧɨɤ 17 – DFU File Manager 

 
 
 

ɉɨɫɤɨɥɶɤɭ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɫɥɟɞɭɟɬɫɹ ɰɟɥɶ ɭɩɪɨɳɟɧɢɹ ɪɚɡɪɚɛɨɬɤɢ, ɬɨ 

ɢ ɭɬɢɥɢɬɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɭɩɪɨɳɟɧɧɨɣ. ɂɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ 

ɫɚɦɵɣ ɩɨɩɭɥɹɪɧɵɣ ɢ ɭɞɨɛɧɵɣ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɢɧɬɟɪɮɟɣɫ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ – ɷɬɨ USB, ɬɨ ɢ ɭɬɢɥɢɬɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɞɨɥɠɧɚ ɪɚɛɨɬɚɬɶ 

ɩɨ USB, ɚ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɚɹ ɫɪɟɞɢ ɬɚɤɨɜɵɯ – DfuSe. 

ɍɪɨɜɧɟɦ ɜɵɲɟ ɞɨɥɠɟɧ ɧɚɯɨɞɢɬɶɫɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɤɨɞɚ, ɨɧ ɠɟ 

ɤɨɦɩɢɥɹɬɨɪ. ɗɬɨɬ ɭɪɨɜɟɧɶ ɞɨɥɠɟɧ ɛɵɬɶ ɪɚɡɛɢɬ ɧɚ ɧɟɫɤɨɥɶɤɨ, ɬɚɤ ɤɚɤ 

ɩɨɥɶɡɨɜɚɬɟɥɶ ɜɢɞɢɬ ɢ ɫɨɡɞɚɟɬ ɩɪɨɝɪɚɦɦɭ ɧɚ ɝɪɚɮɢɱɟɫɤɨɦ ɹɡɵɤɟ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɢ ɩɪɟɠɞɟ, ɱɟɦ ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶ ɷɬɭ ɩɪɨɝɪɚɦɦɭ ɜ 

ɩɪɨɲɢɜɤɭ, ɛɭɞɟɬ ɩɪɚɜɢɥɶɧɟɟ ɫɝɟɧɟɪɢɪɨɜɚɬɶ ɟɟ ɤɨɞ ɧɚ ɹɡɵɤɟ C ɢɥɢ Assembler. 

ɋɪɚɡɭ ɠɟ ɜɫɬɚɟɬ ɜɨɩɪɨɫ ɜɵɛɨɪɚ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɹɡɵɤɚ. ɋɭɳɟɫɬɜɭɸɬ ɝɨɬɨɜɵɟ 

ɤɨɦɩɢɥɹɬɨɪɵ ɤɚɤ ɞɥɹ ɹɡɵɤɚ C, ɬɚɤ ɢ ɞɥɹ Assembler, ɩɨɷɬɨɦɭ ɮɭɧɤɰɢɨɧɚɥɶɧɨ 

ɪɚɡɧɢɰɵ ɧɟɬ. Ɉɞɧɚɤɨ, ɩɪɚɤɬɢɱɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ 

ɹɡɵɤɚ ɛɨɥɟɟ ɜɵɫɨɤɨɭɪɨɜɧɟɜɵɣ ɹɡɵɤ, ɩɨɫɤɨɥɶɤɭ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɫɨɤɪɚɳɚɸɬɫɹ 

ɪɢɫɤɢ ɪɚɡɥɢɱɧɵɯ ɨɲɢɛɨɤ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɹɡɵɤɚ 

ɧɭɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ C, ɚ ɤɨɦɩɢɥɹɬɨɪ ɤ ɧɟɦɭ – GNU C. 
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ɂɫɯɨɞɹ ɢɡ ɨɩɢɫɚɧɧɨɝɨ ɜɵɲɟ, ɭɩɪɨɳɟɧɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɛɭɞɭɳɟɝɨ 

ɩɪɢɥɨɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 18. 
 

 
Ɋɢɫɭɧɨɤ 18 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɪɢɥɨɠɟɧɢɹ 

 
4.3 Ɉɩɢɫɚɧɢɟ ɚɥɝɨɪɢɬɦɚ 

 
ɋ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ, ɫɨɡɞɚɧɢɟ ɩɪɨɲɢɜɤɢ ɧɚɱɢɧɚɟɬɫɹ ɫ 

ɫɨɡɞɚɧɢɹ ɧɨɜɨɝɨ ɮɚɣɥɚ ɢ ɫɨɫɬɚɜɥɟɧɢɹ ɝɪɚɮɢɱɟɫɤɨɣ ɫɯɟɦɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɩɨɪɬɨɜ ɜɜɨɞɚ-ɜɵɜɨɞɚ, ɢɧɬɟɪɮɟɣɫɨɜ ɢ ɫɬɪɭɤɬɭɪ ɞɚɧɧɵɯ. ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɛɭɞɟɬ 

ɝɨɬɨɜɚ ɫɯɟɦɚ ɩɪɢɥɨɠɟɧɢɹ, ɩɨɥɶɡɨɜɚɬɟɥɶ ɞɨɥɠɟɧ ɡɚɩɭɫɬɢɬɶ ɫɛɨɪɤɭ. ɇɚ ɷɬɨɦ 

ɷɬɚɩɟ ɝɟɧɟɪɚɬɨɪ ɜ ɩɚɪɟ ɫ ɤɨɦɩɢɥɹɬɨɪɨɦ ɩɨɞɝɨɬɨɜɹɬ ɮɚɣɥɵ ɞɥɹ ɩɪɨɲɢɜɤɢ ɢ 

ɫɨɨɛɳɚɬ ɨɛ ɷɬɨɦ ɜ ɝɥɚɜɧɨɦ ɨɤɧɟ ɩɪɢɥɨɠɟɧɢɹ. Ⱦɚɥɟɟ, ɩɨɥɶɡɨɜɚɬɟɥɶ ɞɨɥɠɟɧ 

ɛɭɞɟɬ ɢɡ ɝɥɚɜɧɨɝɨ ɨɤɧɚ ɡɚɩɭɫɬɢɬɶ ɭɬɢɥɢɬɭ GfuSe ɢ ɭɠɟ ɫ ɟɟ ɩɨɦɨɳɶɸ ɩɪɨɲɢɬɶ 

ɭɫɬɪɨɣɫɬɜɨ. Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 19. 
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Ɋɢɫɭɧɨɤ 19 – Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɵ ɩɪɢɥɨɠɟɧɢɹ 
 
 

4.4 Ɉɩɢɫɚɧɢɟ ɤɥɚɫɫɨɜ 
 
 
 

ɉɨɫɤɨɥɶɤɭ ɡɚ ɤɨɦɩɢɥɹɰɢɸ ɢ ɩɪɨɲɢɜɤɭ ɨɬɜɟɱɚɸɬ ɭɠɟ ɝɨɬɨɜɵɟ ɪɟɲɟɧɢɹ, 

ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɧɭɠɧɨ ɨɩɢɫɚɬɶ 2 ɦɨɞɭɥɹ: ɝɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɢ 
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ɝɟɧɟɪɚɬɨɪ ɤɨɞɚ ɧɚ ɹɡɵɤɟ C. Ƚɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɞɨɥɠɟɧ ɩɪɟɞɨɫɬɚɜɥɹɬɶ 

ɩɨɥɶɡɨɜɚɬɟɥɸ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɦɟɳɚɬɶ ɝɪɚɮɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ, ɨɩɢɫɚɧɧɵɟ ɜ 

ɛɥɨɤɟ 2.3, ɧɚ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɢ ɷɤɪɚɧɚ ɜ ɩɪɨɢɡɜɨɥɶɧɨɦ ɩɨɪɹɞɤɟ ɢ ɫɨɡɞɚɜɚɬɶ 

ɜɡɚɢɦɨɫɜɹɡɢ ɦɟɠɞɭ ɧɢɦɢ. Ƚɟɧɟɪɚɬɨɪ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɞɨɥɠɟɧ ɩɨɥɭɱɚɬɶ ɨɬ 

ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɦɚɫɫɢɜ ɞɚɧɧɵɯ, ɩɨ ɤɨɬɨɪɵɦ ɨɧ ɢ ɛɭɞɟɬ ɝɟɧɟɪɢɪɨɜɚɬɶ 

ɤɨɞ ɧɚ ɹɡɵɤɟ C. 

 

 
4.4.1 ɉɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɢɧɬɟɪɮɟɣɫ 

 
 
 

ɂɫɯɨɞɹ ɢɡ ɜɵɲɟ ɭɤɚɡɚɧɧɨɝɨ, ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ 

ɢɧɬɟɪɮɟɣɫɚ ɧɭɠɧɵ ɢɧɫɬɪɭɦɟɧɬɵ ɞɥɹ ɪɚɛɨɬɵ ɫ ɝɪɚɮɢɤɨɣ. ɇɚɢɛɨɥɟɟ 

ɩɨɩɭɥɹɪɧɵɟ ɢɡ ɧɢɯ – Canvas ɢ QGraphicsScene. Ɉɬɥɢɱɚɸɬɫɹ ɨɧɢ ɤɨɥɢɱɟɫɬɜɨɦ 

ɧɚɞɫɬɪɨɟɤ. Canvas – ɩɭɫɬɚɹ ɝɪɚɮɢɱɟɫɤɚɹ ɫɰɟɧɚ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɧɚɛɨɪɨɦ 

ɤɨɦɚɧɞ ɧɚ ɩɨɞɨɛɢɟ setPen() ɢ moveTo(). ȿɝɨ ɩɥɸɫ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ 

ɛɢɛɥɢɨɬɟɤɢ ɞɥɹ ɪɚɛɨɬɵ ɫ Canvas ɫɭɳɟɫɬɜɭɸɬ ɜɨ ɜɫɟɯ ɫɨɜɪɟɦɟɧɧɵɯ ɹɡɵɤɚɯ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢ ɪɚɡɦɟɬɤɢ. Ɇɢɧɭɫɨɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɞɚɠɟ ɞɥɹ ɨɬɪɢɫɨɜɤɢ 

ɨɞɧɨɝɨ  ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ  ɩɪɢɞɟɬɫɹ  ɜɵɩɨɥɧɢɬɶ  ɩɨɪɹɞɤɚ  6  ɨɩɟɪɚɰɢɣ  ɩɨ ɬɢɩɭ 

«ɩɟɪɟɦɟɫɬɢɬɶ ɤɭɪɫɨɪ» ɢ «ɭɫɬɚɧɨɜɢɬɶ ɤɢɫɬɶ». Ɍɚɤɢɦ ɫɩɨɫɨɛɨɦ ɨɩɢɫɵɜɚɬɶ 

ɢɧɬɟɪɮɟɣɫ ɞɥɹ ɝɪɚɮɢɱɟɫɤɨɣ ɫɪɟɞɵ ɪɚɡɪɚɛɨɬɤɢ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ. 

QGraphicScene ɹɜɥɹɟɬɫɹ ɧɚɫɥɟɞɧɢɤɨɦ QtWidget ɢ ɧɟ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɨɬɞɟɥɶɧɨ 

ɨɬ ɛɢɛɥɢɨɬɟɤɢ Qt ɢ QGraphicsView. ɗɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɫɩɢɫɨɤ ɞɨɫɬɭɩɧɵɯ 

ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɨɞɧɚɤɨ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɟ ɹɡɵɤɢ 

ɩɨɞɞɟɪɠɢɜɚɸɬ ɷɬɢ ɛɢɛɥɢɨɬɟɤɢ. QGraphicsScene ɢɦɟɟɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ ɩɟɪɟɞ 

Canvas: ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɞɚɧɧɚɹ ɛɢɛɥɢɨɬɟɤɚ ɢɦɟɟɬ ɨɝɪɨɦɧɨɟ ɦɧɨɠɟɫɬɜɨ 

ɦɟɬɨɞɨɜ ɞɥɹ ɨɬɪɢɫɨɜɤɢ, ɞɨɛɚɜɥɟɧɢɹ, ɩɟɪɟɦɟɳɟɧɢɹ, ɭɞɚɥɟɧɢɹ ɪɚɡɥɢɱɧɵɯ 

ɨɛɴɟɤɬɨɜ, ɚ QGraphicsView, ɫɨɡɞɚɧɧɵɣ ɞɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɫɰɟɧɵ ɢɦɟɟɬ ɪɹɞ 

ɜɨɡɦɨɠɧɨɫɬɟɣ,   ɛɟɡ   ɤɨɬɨɪɵɯ   ɫɟɝɨɞɧɹ   ɧɟ   ɦɨɠɟɬ   ɫɭɳɟɫɬɜɨɜɚɬɶ   ɧɢ   ɨɞɢɧ 
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ɝɪɚɮɢɱɟɫɤɢɣ ɪɟɞɚɤɬɨɪ (ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ, ɫɤɪɨɥɥɢɧɝ, ɩɨɞɝɨɧɤɚ ɢɡɨɛɪɚɠɟɧɢɹ, 

ɮɢɥɶɬɪ ɫɨɛɵɬɢɣ ɢ ɬɚɤ ɞɚɥɟɟ). 

ɇɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɟ ɹɡɵɤɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɩɨɞɞɟɪɠɢɜɚɸɳɢɟ 

ɮɪɟɣɦɜɨɪɤ Qt, ɷɬɨ C++, Python, Ruby ɢ PHP. PHP ɩɨ ɩɨɧɹɬɧɵɦ ɩɪɢɱɢɧɚɦ ɧɟ 

ɩɨɞɯɨɞɢɬ, ɚ ɫɪɟɞɵ ɨɫɬɚɥɶɧɵɯ, ɜɵɛɨɪ ɩɚɥ ɧɚ Python, ɩɨ ɞɜɭɦ ɨɫɧɨɜɧɵɦ 

ɩɪɢɱɢɧɚɦ: ɧɚɢɛɨɥɟɟ ɭɞɨɛɧɚɹ ɫɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ PyCharm ɨɬ ɤɨɦɩɚɧɢɢ JetBrains 

ɢ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɛɢɛɥɢɨɬɟɤ, 

ɫɨɡɞɚɧɧɵɯ ɞɥɹ ɭɫɤɨɪɟɧɢɹ ɢ ɭɩɪɨɳɟɧɢɹ ɩɪɨɰɟɫɫɚ ɪɚɡɪɚɛɨɬɤɢ. 

Ɉɩɪɟɞɟɥɢɜɲɢɫɶ ɫ ɨɫɧɨɜɨɣ, ɧɟɨɛɯɨɞɢɦɨ ɩɨɧɹɬɶ, ɤɚɤɢɟ ɤɥɚɫɫɵ ɛɭɞɭɬ 

ɧɟɨɛɯɨɞɢɦɵ ɜ ɞɚɥɶɧɟɣɲɟɦ. ɉɨɫɤɨɥɶɤɭ ɩɪɢɥɨɠɟɧɢɟ ɡɚɬɚɱɢɜɚɟɬɫɹ ɩɨɞ ɪɚɛɨɬɭ ɫ 

ɝɪɚɮɢɤɨɣ, ɬɨ ɢ ɛɨɥɶɲɢɧɫɬɜɨ ɤɥɚɫɫɨɜ ɞɨɥɠɧɵ ɨɩɢɫɵɜɚɬɶ ɝɪɚɮɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ. 

Ʉɚɠɞɵɣ ɤɥɚɫɫ ɞɨɥɠɟɧ ɛɵɬɶ ɭɧɚɫɥɟɞɨɜɚɧ ɨɬ ɝɪɚɮɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɢ ɨɩɢɫɵɜɚɬɶ 

ɬɢɩ ɢɥɢ ɫɬɪɭɤɬɭɪɭ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɨɧ ɛɭɞɟɬ ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ. 

ɋɨɝɥɚɫɧɨ ɨɩɢɫɚɧɢɸ ɝɪɚɮɢɱɟɫɤɨɝɨ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɨɩɪɟɞɟɥɢɦ 
ɤɥɚɫɫɵ, ɨɩɢɫɵɜɚɸɳɢɟ ɞɚɧɧɵɟ ɨɛɴɟɤɬɵ. 

 
 

Ɍɚɛɥɢɰɚ 2 – Ʉɥɚɫɫɵ ɞɥɹ ɪɚɛɨɬɵ ɫ ɝɪɚɮɢɱɟɫɤɢɦɢ ɨɛɴɟɤɬɚɦɢ 
 

ˀод̛тел̽ Кл̭̭̌ Оп̛̛̭̦̌е ʺетод̼ 

 

 
Qgraphicsitem 

 

 
Constant 

Кл̭̭̌, оп̛̛̭̼̺̜̏̌̀ 
ото̬̙̍̌е̛̦е ̴̸̛̬̐̌е̭к̵̛ 

о̻̍екто̏, 
̭оот̏ет̭т̏у̵̛̺̀ т̛пу 
д̵̦̦̼̌ "Ко̦̭т̦̌т̼" 

 
   

init (), boundingRect(), select(), 

unselect() 

 
 

Constant 

INTConstant ̶елое ̸̛̭ло  
 

init (), doubleClickEvent(), paint(), 

getWriteInfo() 

FLTConstant ̭ пл̺̌̏̌̀е̜ то̸ко̜ 

BOOLConstant ло̸̛̐е̭к̛̜ т̛п 

STRConstant ̭т̬ок̌ 

CHRConstant ̛̭̥̏ол 

 
 
 

Qgraphicsitem 

 
 
 

Item 

Кл̭̭̌, оп̛̛̭̼̺̜̏̌̀ 
ото̬̙̍̌е̛̦е ̴̸̛̬̐̌е̭к̵̛ 

о̻̍екто̏, 
̭оот̏ет̭т̏у̵̛̺̀ 
̭тукту̬̥̌ д̵̦̦̼̌ 

"Опе̶̛̛̬̌" 

 

 
    init (), boundingRect(), select(), 

unselect() 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2 

 

ˀод̛тел̽ Кл̭̭̌ Оп̛̛̭̦̌е ʺетод̼ 

 
 
 
 
 
 
 
 
 
 
 

Item 

AndItem Ло̸̛̐е̭кое И  
 
 
 
 
 
 
 
 
 
 

    init (), paint(), getWriteInfo() 

OrItem Ло̸̛̐е̭кое ИЛИ 

NOrItem Ло̸̛̐е̭кое ИЛИ-ʻЕ 

NAndItem Ло̸̛̐е̭кое И-ʻЕ 

NotItem Ло̸̛̐е̭кое ʻЕ 

XORItem Ло̸̛̐е̭кое ̭ло̙е̛̦е 

SUMItem ʤ̴̬̥ет̸̛е̭кое ̭ло̙е̛̦е 

DIFItem ʤ̴̛̬̥ет̸̛е̭к̌́ ̬̦̌̚о̭т̽ 

MULTItem ʿ̬о̛̏̚еде̛̦е 

DIVItem Ч̭̌т̦ое 

MODItem О̭т̌ток от деле̛̦́ 

ROUNDItem Ок̬у̐ле̛̦е к ̍л̛̙̜̹̌е̥у 

TRUNKItem Ок̬у̐ле̛̦е к ̥е̦̹̽е̥у 

CEILItem Ок̬у̐ле̛̦е к ̍ол̹̽е̥у 

BGRItem ˄̭ло̛̏е ̍ол̹̽е 

LSRItem ˄̭ло̛̏е ̥е̦̹̽е 

EQItem ˄̭ло̛̏е ˀ̦̌̏о 

EQBItem ˄̭ло̛̏е ʥол̹̽е-̬̦̌̏о 

EQLItem ˄̭ло̛̏е ʺе̦̹̽е-̬̦̌̏о 

IF ʺул̽т̛плек̭о̬ 

 

 
Qgraphicsitem 

 

 
net 

Кл̭̭̌, оп̛̛̭̼̺̜̏̌̀ 
ото̬̙̍̌е̛̦е ̴̸̛̬̐̌е̭к̵̛ 

о̻̍екто̏, 
̭оот̏ет̭т̏у̵̛̺̀ т̛пу 
д̵̦̦̼̌ "Л̛̛̦́ ̛̭̏́̚" 

 
 

    init (), paint(), getWriteInfo() 

 

 
Qgraphicsitem 

 

 
Port 

Кл̭̭̌, оп̛̛̭̼̺̜̏̌̀ 
ото̬̙̍̌е̛̦е ̴̸̛̬̐̌е̭к̵̛ 

о̻̍екто̏, 
̭оот̏ет̭т̏у̵̛̺̀ т̛пу 

д̵̦̦̼̌ "ʿо̬т̼" 

 
 
 
 
 
 

init (), paint(), getWriteInfo() 
 
 
 

Port 

DI_Port ʿо̬т ̶̴̛̬о̏о̐о ̏̏од̌ 

DO_Port ʿо̬т ̶̴̛̬о̏о̐о ̼̏̏од̌ 

CAN_Send ʿо̬т отп̬̌̏к̛ ̭оо̺̍е̛̦́ 
по CAN 

 
CAN_Dump 

ʿо̬т п̬е̛̬̼̦̏̌́ п̛̬е̥̌ 
̭оо̺̍е̛̦́ от ко̦т̬олле̬̌ 

CAN 



38  

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2 
 

ˀод̛тел̽ Кл̭̭̌ Оп̛̛̭̦̌е ʺетод̼ 

 

 
Qgraphicsitem 

 

 
Var 

Кл̭̭̌, оп̛̛̭̼̺̜̏̌̀ 
ото̬̙̍̌е̛̦е ̴̸̛̬̐̌е̭к̵̛ 

о̻̍екто̏, 
̭оот̏ет̭т̏у̵̛̺̀ т̛пу 
д̵̦̦̼̌ "ʿе̬е̥е̦̦̼е" 

 
   

init (), boundingRect(), select(), 

unselect(), invert() 

 
 
 

Var 

StrVat ˁт̬око̏̌́ пе̬е̥е̦̦̌́  
 
 

    init (), paint(), getWriteInfo() 

ChrVar ˁ̛̥̏ол̦̽̌́ пе̬е̥е̦̦̌́ 

IntVar 
Цело̸̛̭ле̦̦̌́ 
пе̬е̥е̦̦̌́ 

FltVar 
ʿе̬е̥е̦̦̌́ ̭ пл̺̌̏̌̀е̜ 
то̸ко̜ 

BoolVAr Ло̸̛̐е̭к̌́ пе̬е̥е̦̦̌́ 

 
 
 

4.4.2 Ƚɟɧɟɪɚɬɨɪ ɤɨɞɚ 
 
 

Ɂɚɞɚɱɚ ɞɚɧɧɨɝɨ ɦɨɞɭɥɹ – ɩɪɢɧɢɦɚɬɶ ɨɬ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ 
ɞɚɧɧɵɟ ɨ ɡɚɩɨɥɧɟɧɢɢ ɝɪɚɮɢɱɟɫɤɨɣ ɫɰɟɧɵ ɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɢɦɢ 
ɝɟɧɟɪɢɪɨɜɚɬɶ ɤɨɞ. ɇɚ ɜɯɨɞ ɫɥɨɜɚɪɶ, ɨɩɢɫɵɜɚɸɳɢɣ ɝɪɚɮɢɱɟɫɤɭɸ ɫɰɟɧɭ ɫ 
ɨɛɴɟɤɬɚɦɢ. 

ɋɥɟɞɭɟɬ ɡɚɜɟɫɬɢ ɦɟɬɨɞɵ ɞɥɹ ɝɟɧɟɪɚɰɢɢ ɧɨɜɨɝɨ ɮɚɣɥɚ ɫ ɤɨɞɨɦ. 
ɉɨɫɥɟɞɧɢɣ ɬɚɤɠɟ ɞɨɥɠɟɧ ɯɪɚɧɢɬɶ ɤɨɞ ɜ ɩɚɦɹɬɢ ɜ ɬɟɤɫɬɨɜɨɦ ɮɨɪɦɚɬɟ 
ɨɬɞɟɥɶɧɵɦɢ ɛɥɨɤɚɦɢ. 

 
 

Ɍɚɛɥɢɰɚ 3 – Ɇɟɬɨɞɵ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɝɪɚɮɢɤɢ ɜ ɤɨɞ 
 

 
 

Кл̭̭̌ 

 
 

ʺетод 

 
 

Оп̛̛̭̦̌е 

˃̛п 

̏о̬̺̏̌̌̚е̥о̐о 
о̻̍ект̌ 

 
т̛п п̛̛̬̦̥̌е̥о̐о 
о̻̍ект̌ 

 
 

 
Generator 

 
    init   

И̶̛̛̦̌л̶̛̛̌̚ 
́ о̻̍ект̌ 

 
- 

 
- 

 
 
 
 

search 

ˀеку̛̬̭̦̼̜̏ 
о̵̍од ̛ 
̭о̭т̌̏ле̛̦е 
̭келет̌ 

̴о̬̥ул 

 
 

Ко̬те̙ ;̭т̬ок̌, 
ко̦е̸̦̼̜ о̻̍ект 
;̭ло̬̏̌̽ͿͿ 

 
 
 
 

ˁт̬ок̌ 



39  

Око̸̛̦̦̌е т̌̍л̶̛̼ 3 
 

 

 
Кл̭̭̌ 

 

 
ʺетод 

 

 
Оп̛̛̭̦̌е 

˃̛п 
̏о̬̺̏̌̌̚е̥о̐о 
о̻̍ект̌ 

 
т̛п п̛̛̬̦̥̌е̥о̐о 
о̻̍ект̌ 

  

 

 

 

findLine 

ʿо̛̭к л̛̛̛̦ 
̛̭̏́̚ ̦̌ 
ко̦к̬ет̦о̥ 
̵̼̏оде 

о̻̍ект̌ 

 

 

 

 

Л̛̛̦́ ;̭ло̬̏̌̽Ϳ 

 

 

 

Ко̬те̙;о̻̍ект;̭ло̬̏̌̽ͿͿ, 
̛̥́ по̬т̌;̭т̬ок̌Ϳ 

 

 

 

findObjByEndOfLine 

ʿо̛̭к о̻̍кт̌ 
̦̌ о̬̍̌т̦о̥ 
ко̶̦е л̛̛̛̦ 

̛̭̏́̚ 

 

 

 

О̻̍ект ;̭ло̬̏̌̽Ϳ 

 

 

 

Л̛̛̦́;̭ло̬̏̌̽Ϳ 
 

 

 

getPorts 

ʿо̛̭к 
о̻̍екто̏ 

кл̭̭̌̌ по̬т ̦̌ 
̶̭е̦е 

 

 

 

ʺ̛̭̭̌̏ о̻̍екто̏ 

 

 

 

- 

 

 

getQuestPorts 

ʧе̦е̶̛̬̌́ 

оп̬о̭̌ по̬то̏ 
̏̏од̌ 

 

 

ʺ̛̭̭̌̏ ̭т̬ок 

 

 

- 

 

 

 

 

 

getResult 

О̭̦о̦̏о̜ 
̥етод, 
̐е̦е̛̬̬у̛̺̜̀ 
код ̦̌ ̼́̚ке C 
̛̚ ̭келето̏ 

̴у̦к̶̛̜ 

Ко̬те̙ ̛̚ 
̛̥̭̭̌̏о̏ ̭т̬ок, 
̭оот̏ет̭т̏у̵̛̺̀ 
̭̐е̦е̛̬̬о̦̦̏̌о̥у 
коду дл́ к̙̌до̐о 

̍лок̌ 

 

 

 

 

 

- 

 

 

 

4.5 ɋɨɡɞɚɧɢɟ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ IDE 
 
 
 

ɉɟɪɟɞ ɬɟɦ, ɤɚɤ ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɢɧɬɟɪɮɟɣɫ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɨɩɢɫɚɬɶ 

ɞɢɚɝɪɚɦɦɭ ɪɚɛɨɬɵ ɩɪɢɥɨɠɟɧɢɹ. ɉɪɢ ɡɚɩɭɫɤɟ, ɩɪɢɥɨɠɟɧɢɟ ɠɞɟɬ ɨɬ 

ɩɨɥɶɡɨɜɚɬɟɥɹ ɜɜɨɞɚ ɨɞɧɨɝɨ ɢɡ ɫɢɝɧɚɥɨɜ: 

 Ⱦɨɛɚɜɥɟɧɢɟ ɷɥɟɦɟɧɬɚ ɧɚ ɫɰɟɧɭ

 ɋɨɡɞɚɧɢɟ ɧɨɜɨɝɨ ɩɪɨɟɤɬɚ

 ɋɨɯɪɚɧɟɧɢɟ ɩɪɨɟɤɬɚ

 ɋɨɡɞɚɧɢɟ ɝɥɨɛɚɥɶɧɨɣ ɩɟɪɟɦɟɧɧɨɣ

 ɋɛɨɪɤɚ ɩɪɨɟɤɬɚ
 

Ɉɛɪɚɛɨɬɤɚ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɫɢɬɭɚɰɢɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 20. 
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Ɋɢɫɭɧɨɤ 20 – ɞɢɚɝɪɚɦɦɚ ɪɚɛɨɬɵ ɩɪɢɥɨɠɟɧɢɹ 
 

ɉɟɪɜɨɟ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɫɞɟɥɚɬɶ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɪɢɥɨɠɟɧɢɹ ɧɚ PyQt, –ɷɬɨ 

ɜ ɫɪɟɞɟ QtDesigner ɫɨɡɞɚɬɶ ɪɚɡɦɟɬɤɭ ɝɥɚɜɧɨɝɨ ɨɤɧɚ. Ɉɫɧɨɜɧɵɟ ɧɟɨɛɯɨɞɢɦɵɟ 

ɤɨɦɩɨɧɟɧɬɵ – QgraphicsView ɞɥɹ ɝɥɚɜɧɨɣ ɫɰɟɧɵ ɢ ɞɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɩɪɨɫɦɨɬɪɚ ɨɛɴɟɤɬɚ, TreeWidget ɞɥɹ ɜɵɛɨɪɚ ɨɛɴɟɤɬɚ ɢ Label ɞɥɹ ɨɬɨɛɪɚɠɟɧɢɹ 

ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. 
 

 
Ɋɢɫɭɧɨɤ 21 – ɉɪɨɟɤɬɢɪɭɟɦɵɣ ɢɧɬɟɪɮɟɣɫ 
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ɉɨɫɥɟ ɷɬɨɝɨ, ɮɚɣɥ .ui ɫ ɩɨɦɨɳɶɸ python ɛɢɛɥɢɨɬɟɤɢ PyQt ɩɪɟɨɛɪɚɡɭɟɬɫɹ 

ɜ ɮɚɣɥ .py, ɜ ɤɨɬɨɪɨɦ ɨɩɢɫɵɜɚɟɬɫɹ ɢɧɬɟɪɮɟɣɫ. ɗɬɨɬ ɮɚɣɥ ɧɟɨɛɯɨɞɢɦɨ 

ɢɦɩɨɪɬɢɪɨɜɚɬɶ ɢ ɢɧɢɰɢɚɥɢɡɢɪɨɜɚɬɶ ɜ ɮɚɣɥɟ app.py. ɉɨɫɥɟ ɷɬɨɝɨ ɦɨɠɧɨ 

ɡɚɩɭɫɬɢɬɶ ɩɪɢɥɨɠɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɤɨɦɚɧɞɵ python app.py ɢɥɢ ɠɟ ɢɡ ɫɪɟɞɵ 

PyCharm. 
 

 
Ɋɢɫɭɧɨɤ 22 – Ƚɥɚɜɧɨɟ ɨɤɧɨ ɩɪɢɥɨɠɟɧɢɹ 

 
Ⱦɚɥɟɟ, ɞɨɛɚɜɢɦ ɩɪɢɥɨɠɟɧɢɸ ɫɥɭɲɚɬɟɥɢ ɢɥɢ ɮɢɥɶɬɪɵ ɫɨɛɵɬɢɣ ɧɚ 

ɨɛɪɚɛɨɬɤɭ ɩɟɪɟɦɟɳɟɧɢɣ ɦɵɲɢ ɢɥɢ ɧɚɠɚɬɢɣ. Ɉɞɢɧ ɢɡ ɬɚɤɢɯ ɮɢɥɶɬɪɨɜ ɛɭɞɟɬ 

ɨɬɨɛɪɚɠɚɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɨɡɢɰɢɢ ɤɭɪɫɨɪɚ ɧɚ ɝɪɚɮɢɱɟɫɤɨɣ ɫɰɟɧɟ. 
 

Ɋɢɫɭɧɨɤ 23 – ȼɵɜɨɞ ɢɧɮɨɪɦɚɰɢɢ ɨ ɩɨɥɨɠɟɧɢɢ ɤɭɪɫɨɪɚ 
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ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɧɟɨɛɯɨɞɢɦɨ ɨɩɢɫɚɬɶ ɜ ɤɨɞɟ ɤɥɚɫɫɵ ɝɪɚɮɢɱɟɫɤɢɯ 

ɷɥɟɦɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɞɨɛɚɜɢɬɶ ɮɢɥɶɬɪɵ ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɩɨɥɶɡɨɜɚɬɟɥɟɦ. 

Ⱦɥɹ ɞɨɛɚɜɥɟɧɢɹ ɨɛɴɟɤɬɨɜ ɧɚ ɫɰɟɧɭ ɪɚɧɟɟ ɛɵɥ ɞɨɛɚɜɥɟɧ TreeWidget, ɜ ɤɨɬɨɪɨɦ 

ɨɩɢɫɚɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɝɪɚɮɢɱɟɫɤɨɦɭ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɵ. 

Ⱦɨɛɚɜɥɟɧ ɨɛɪɚɛɨɬɱɢɤ ɫɨɛɵɬɢɹ click ɩɨ ɜɢɞɠɟɬɭ TreeWidget, ɜ ɤɨɬɨɪɨɦ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɛɪɚɧɧɵɣ ɷɥɟɦɟɧɬ. 
 

Ɋɢɫɭɧɨɤ 24 – ȼɵɛɨɪ ɷɥɟɦɟɧɬɚ ɢɡ ɝɥɚɜɧɨɝɨ ɨɤɧɚ 
 

Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɞɨɛɚɜɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɞɨɛɚɜɥɹɬɶ ɷɥɟɦɟɧɬ ɧɚ 

ɨɫɧɨɜɧɭɸ ɫɰɟɧɭ ɩɨ ɧɚɠɚɬɢɸ ɧɚ ɩɪɨɢɡɜɨɥɶɧɵɣ ɟɟ ɭɱɚɫɬɨɤ. Ⱦɥɹ ɷɬɨɝɨ ɜ ɮɢɥɶɬɪɟ 

ɫɨɛɵɬɢɣ ɦɵɲɢ ɨɩɪɟɞɟɥɢɦ ɩɨɡɢɰɢɸ, ɬɢɩ ɫɨɛɵɬɢɹ ɢ ɟɫɥɢ ɬɢɩ ɫɨɛɵɬɢɹ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɥɢɤɭ ɥɟɜɨɣ ɤɧɨɩɤɢ ɦɵɲɢ, ɞɨɛɚɜɥɹɟɬɫɹ ɜɵɛɪɚɧɧɵɣ ɪɚɧɟɟ 

ɷɥɟɦɟɧɬ ɧɚ ɧɭɥɟɜɭɸ ɩɨɡɢɰɢɸ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ 

QGraphicssScene.addItem(QGraphicsItem), ɡɚɬɟɦ ɩɟɪɟɦɟɳɚɟɬɫɹ ɧɚ ɡɚɞɚɧɧɭɸ 

ɩɨɡɢɰɢɸ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ QGraphicsItem.setPos(QPointF). 
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Ɋɢɫɭɧɨɤ 25 – Ⱦɨɛɚɜɥɟɧɢɟ ɷɥɟɦɟɧɬɚ ɧɚ ɝɥɚɜɧɭɸ ɫɰɟɧɭ 
 

Ʌɸɛɚɹ ɝɪɚɮɢɱɟɫɤɚɹ IDE ɞɨɥɠɧɚ ɩɨɡɜɨɥɹɬɶ ɩɟɪɟɦɟɳɚɬɶ ɨɛɴɟɤɬɵ ɩɨ 

ɫɰɟɧɟ. ɑɬɨɛɵ ɷɬɨ ɫɞɟɥɚɬɶ, ɧɟɨɛɯɨɞɢɦɨ ɫ ɩɨɦɨɳɶɸ ɮɢɥɶɬɪɨɜ ɫɨɛɵɬɢɣ 

ɨɛɪɚɛɨɬɚɬɶ ɧɚɠɚɬɢɟ ɤɥɚɜɢɲɢ ɦɵɲɢ, ɩɟɪɟɦɟɳɟɧɢɟ ɤɭɪɫɨɪɚ ɢ ɨɫɜɨɛɨɠɞɟɧɢɟ 

ɦɵɲɢ. Ɂɞɟɫɶ ɧɚ ɩɨɦɨɳɶ ɩɪɢɯɨɞɢɬ ɪɚɧɟɟ ɭɤɚɡɚɧɧɵɣ ɦɟɬɨɞ setPos(). 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɨɛɴɟɤɬɚ ɜ ɡɚɞɚɧɧɨɣ ɩɨɡɢɰɢɢ ɫ 

ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ QGraphicsScene.itemAt(QPointF, QTransform). 



44  

 
 

Ɋɢɫɭɧɨɤ 26 – ɉɟɪɟɦɟɳɟɧɢɟ ɨɛɴɟɤɬɚ 
 

Ɍɚɤɠɟ ɧɟɦɚɥɨɜɚɠɧɨɣ ɱɚɫɬɶɸ ɪɟɞɚɤɬɨɪɚ ɹɜɥɹɟɬɫɹ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ 

ɫɰɟɧɵ. ȼɢɞɠɟɬ QGraphicsView ɩɨɡɜɨɥɹɟɬ ɨɬɨɛɪɚɠɚɬɶ ɫɰɟɧɭ ɫ ɡɚɞɚɧɧɵɦ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ. Ɉɫɬɚɟɬɫɹ ɬɨɥɶɤɨ ɨɛɪɚɛɨɬɚɬɶ ɫɨɛɵɬɢɟ 

ɤɨɥɟɫɢɤɚ ɦɵɲɢ ɫ ɧɚɠɚɬɨɣ ɤɥɚɜɢɲɟɣ ‘Ctrl’ ɢ ɩɪɨɦɚɫɲɬɚɛɢɪɨɜɚɬɶ ɫɰɟɧɭ. 
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Ɋɢɫɭɧɨɤ 27 – Ɇɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɫɰɟɧɵ 
 

Ⱦɥɹ ɛɨɥɟɟ ɭɞɨɛɧɨɣ ɪɚɛɨɬɵ ɫɨ ɫɰɟɧɨɣ ɧɟɨɛɯɨɞɢɦɨ ɨɛɪɚɛɨɬɚɬɶ ɫɨɛɵɬɢɟ 

ɤɨɥɟɫɢɤɚ ɦɵɲɢ ɬɚɤɠɟ ɢ ɞɥɹ ɩɟɪɟɦɟɳɟɧɢɹ ɩɨ ɫɰɟɧɟ ɩɨ ɱɟɬɵɪɟɦ ɧɚɩɪɚɜɥɟɧɢɹɦ: 

ɜɜɟɪɯ, ɜɧɢɡ, ɜɥɟɜɨ ɢ ɜɩɪɚɜɨ. Ⱦɥɹ ɩɟɪɟɦɟɳɟɧɢɹ ɜɜɟɪɯ-ɜɧɢɡ ɨɛɪɚɛɨɬɚɟɦ ɫɨɛɵɬɢɟ 

ɤɨɥɟɫɢɤɚ ɦɵɲɢ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɥɚɜɢɲ, ɚ ɞɥɹ ɩɟɪɟɦɟɳɟɧɢɹ ɜɥɟɜɨ-ɜɩɪɚɜɨ 

– ɫ ɤɥɚɜɢɲɟɣ ‘Shift’. Ɍɟɩɟɪɶ ɭɞɨɛɧɨ ɩɟɪɟɦɟɳɚɬɶɫɹ ɩɨ ɫɰɟɧɟ ɫ ɩɨɦɨɳɶɸ 

ɨɛɳɟɩɪɢɧɹɬɵɯ ‘ɠɟɫɬɨɜ’. 
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Ɋɢɫɭɧɨɤ 28 – ɉɟɪɟɦɟɳɟɧɢɟ ɩɨ ɫɰɟɧɟ 
 

ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɪɚɡɨɛɪɚɥɢɫɶ ɫɨ ɫɬɚɬɢɱɟɫɤɢɦɢ ɨɛɴɟɤɬɚɦɢ, ɧɟɨɛɯɨɞɢɦɨ 

ɨɛɪɚɛɨɬɚɬɶ ɬɚɤɢɟ ɨɛɴɟɤɬɵ ɤɚɤ ɤɨɧɫɬɚɧɬɵ, ɩɨɪɬɵ ɜɜɨɞɚ-ɜɵɜɨɞɚ ɢ ɫɬɪɭɤɬɭɪɵ. 

Ⱦɥɹ ɢɡɦɟɧɟɧɢɹ ɡɧɚɱɟɧɢɹ ɤɨɧɫɬɚɧɬɵ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɛɵɬɢɟ 

ɞɜɨɣɧɨɝɨ ɧɚɠɚɬɢɹ ɩɨ ɧɟɦɭ. Ɂɚɬɟɦ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɤɨɧɫɬɚɧɬɵ, ɞɨɥɠɧɨ 

ɩɨɹɜɢɬɶɫɹ ɞɢɚɥɨɝɨɜɨɟ ɨɤɧɨ, ɜ ɤɨɬɨɪɨɦ ɩɪɟɞɥɚɝɚɸɬɫɹ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ. ȼ 

ɫɥɭɱɚɟ ɫ ɥɨɝɢɱɟɫɤɨɣ ɤɨɧɫɬɚɧɬɨɣ, ɞɨɫɬɚɬɨɱɧɨ ɩɪɢ ɞɜɨɣɧɨɦ ɧɚɠɚɬɢɢ 

ɩɟɪɟɤɥɸɱɚɬɶ ɫɨɫɬɨɹɧɢɟ ɫ ɩɪɚɜɞɵ ɧɚ ɥɨɠɶ ɢ ɧɚɨɛɨɪɨɬ, ɱɬɨɛɵ ɭɦɟɧɶɲɢɬɶ 

ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɹ. 
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Ɋɢɫɭɧɨɤ 29 – Ʉɨɧɫɬɚɧɬɵ ɩɪɚɜɞɚ/ɥɨɠɶ 
 
 

 
Ɋɢɫɭɧɨɤ 30 – Ʉɨɧɫɬɚɧɬɚ «ɰɟɥɨɟ ɱɢɫɥɨ» 

 
 

 
Ɋɢɫɭɧɨɤ 31 – Ʉɨɧɫɬɚɧɬɚ «ɞɪɨɛɧɨɟ ɱɢɫɥɨ» 
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Ɋɢɫɭɧɨɤ 32 – Ʉɨɧɫɬɚɧɬɚ «ɫɬɪɨɤɚ» 
 
 

 
Ɋɢɫɭɧɨɤ 33 – Ʉɨɧɫɬɚɧɬɚ «ɋɢɦɜɨɥ» 

 
Ⱦɥɹ ɪɚɛɨɬɵ ɫ ɩɨɪɬɚɦɢ ɜɜɨɞɚ-ɜɵɜɨɞɚ ɡɚɞɚɱɚ ɧɟɫɤɨɥɶɤɨ ɭɫɥɨɠɧɹɟɬɫɹ. 

Ɂɞɟɫɶ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɬɢɩ ɩɥɚɬɵ ɫ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɪɚɛɨɬɚ. 

Ⱦɚɥɟɟ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɷɬɨɝɨ, ɩɨɞɝɪɭɡɢɦ ɍȽɈ ɞɚɧɧɨɣ ɩɥɚɬɵ ɫ ɞɨɫɬɭɩɧɵɦɢ 

ɩɨɪɬɚɦɢ (ɤɨɥɢɱɟɫɬɜɨ ɞɨɫɬɭɩɧɵɯ ɩɨɪɬɨɜ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɢɯ ɧɚ 

ɫɰɟɧɭ, ɬɚɤɠɟ ɨɧɨ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɩɨɪɬɚ). 
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Ɋɢɫɭɧɨɤ 34 – ɉɨɪɬɵ ɜɜɨɞɚ-ɜɵɜɨɞɚ 
 

ɋ ɩɨɹɜɥɟɧɢɟɦ ɧɟɤɨɬɨɪɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɛɴɟɤɬɨɜ ɧɚ ɫɰɟɧɟ ɩɨɹɜɢɥɚɫɶ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜɵɞɟɥɹɬɶ ɧɟɫɤɨɥɶɤɨ ɷɥɟɦɟɧɬɨɜ ɫɪɚɡɭ, ɱɬɨɛɵ ɦɨɠɧɨ ɛɵɥɨ 

ɩɟɪɟɦɟɫɬɢɬɶ ɢɥɢ ɭɞɚɥɢɬɶ ɝɪɭɩɩɭ ɷɥɟɦɟɧɬɨɜ. ɇɚ ɩɨɦɨɳɶ ɩɪɢɯɨɞɹɬ 

ɨɛɳɟɩɪɢɧɹɬɵɟ ɫɬɚɧɞɚɪɬɵ: ɜɵɞɟɥɟɧɢɟ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɦ ɢ ɩɨɷɥɟɦɟɧɬɧɵɣ 

ɜɵɛɨɪ ɫ ɩɨɦɨɳɶɸ ɤɥɚɜɢɲɢ ‘Ctrl’. Ɍɚɤɠɟ, ɫɨɝɥɚɫɧɨ ɨɛɳɟɩɪɢɧɹɬɵɦ ɫɬɚɧɞɚɪɬɚɦ, 

ɞɨɛɚɜɢɦ ɨɛɪɚɛɨɬɤɭ ɧɚɠɚɬɢɹ ɤɥɚɜɢɲɢ ‘Del’ ɞɥɹ ɭɞɚɥɟɧɢɹ ɜɵɞɟɥɟɧɧɵɯ 

ɨɛɴɟɤɬɨɜ 
 

 
Ɋɢɫɭɧɨɤ 35 – ȼɵɞɟɥɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɨɛɴɟɤɬɨɜ 
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Ɋɢɫɭɧɨɤ 36 – ɍɞɚɥɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɨɛɴɟɤɬɨɜ 
 

ɋɥɟɞɭɸɳɢɣ ɜɚɠɧɵɣ ɷɬɚɩ – ɫɨɟɞɢɧɟɧɢɟ ɷɥɟɦɟɧɬɨɜ. Ʉɚɠɞɨɟ ɫɨɟɞɢɧɟɧɢɟ 

ɞɨɥɠɧɨ ɛɵɬɶ ɨɩɢɫɚɧɢɟɦ ɬɨɝɨ, ɱɬɨ ɨɧɚ ɫɨɟɞɢɧɹɟɬ. ȼɦɟɫɬɟ ɫ ɦɚɫɫɢɜɨɦ ɷɥɟɦɟɧɬɨɜ 

ɫɰɟɧɚ ɛɭɞɟɬ ɯɪɚɧɢɬɶ ɢ ɦɚɫɫɢɜ ɫɨɟɞɢɧɟɧɢɣ ɜ ɮɨɪɦɚɬɟ [{ɷɥɟɦɟɧɬ1.ɧɨɠɤɚ, 

ɷɥɟɦɟɧɬ2.ɧɨɠɤɚ, ɬɨɱɤɚ ɧɚɱɚɥɚ, ɬɨɱɤɚ ɤɨɧɰɚ}, …]. 
 

 
 

Ɋɢɫɭɧɨɤ 37 – ɋɨɟɞɢɧɟɧɢɟ ɨɛɴɟɤɬɨɜ 
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Ɂɚɬɟɦ ɞɨɛɚɜɥɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɜɚɬɶ ɩɟɪɟɦɟɧɧɵɟ, ɤɚɤ ɝɥɨɛɚɥɶɧɵɟ, 

ɬɚɤ ɢ ɥɨɤɚɥɶɧɵɟ. ɋɨɡɞɚɸɬɫɹ ɩɟɪɟɦɟɧɧɵɟ ɢɡ ɤɨɧɬɟɤɫɬɧɨɝɨ ɦɟɧɸ (ɪɢɫ. 38 ɢ 39), 

ɫɨɡɞɚɧɧɨɝɨ ɤɥɢɤɨɦ ɩɪɚɜɨɣ ɤɧɨɩɤɢ ɦɵɲɢ ɩɨ ɫɰɟɧɟ. Ɍɚɤ ɤɚɤ ɝɥɨɛɚɥɶɧɵɟ 

ɩɟɪɟɦɟɧɧɵɟ ɧɟ ɜɢɞɧɨ ɧɚ ɫɰɟɧɟ, ɫɨɡɞɚɧɨ ɦɟɧɸ ɨɛɪɚɛɨɬɤɢ ɝɥɨɛɚɥɶɧɵɯ 

ɩɟɪɟɦɟɧɧɵɯ (ɪɢɫ. 40) ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɪɟɞɚɤɬɢɪɨɜɚɬɶ ɢ ɭɞɚɥɹɬɶ ɡɚɩɢɫɢ. 

Ɉɩɢɫɵɜɚɸɬɫɹ ɝɥɨɛɚɥɶɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨɝɨ ɞɢɚɥɨɝɨɜɨɝɨ 

ɨɤɧɚ (ɪɢɫ. 41), ɝɞɟ ɞɥɹ ɩɟɪɟɦɟɧɧɨɣ ɭɤɚɡɵɜɚɸɬɫɹ ɬɢɩ, ɢɦɹ ɢ ɡɧɚɱɟɧɢɟ. Ⱦɥɹ 

«ɪɚɡɜɨɪɨɬɚ» ɩɟɪɟɦɟɧɧɨɣ ɜ ɧɭɠɧɭɸ ɫɬɨɪɨɧɭ ɧɟɨɛɯɨɞɢɦɨ ɤɥɢɤɧɭɬɶ ɩɪɚɜɨɣ 

ɤɥɚɜɢɲɟɣ ɦɵɲɢ ɩɨ ɫɚɦɨɣ ɩɟɪɟɦɟɧɧɨɣ ɢ ɜɵɛɪɚɬɶ «ɢɧɜɟɪɬɢɪɨɜɚɬɶ r/w» (ɪɢɫ. 

42). 

 
 
 
 
 

 
 

Ɋɢɫɭɧɨɤ 38 – ɤɨɧɬɟɤɫɬɧɨɟ ɦɟɧɸ ɫɨɡɞɚɧɢɹ ɩɟɪɟɦɟɧɧɵɯ 
 

Ɋɢɫɭɧɨɤ 39 – ɫɨɡɞɚɧɢɟ ɥɨɤɚɥɶɧɨɣ ɩɟɪɟɦɟɧɧɨɣ 
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Ɋɢɫɭɧɨɤ 40 – ɦɟɧɸ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɝɥɨɛɚɥɶɧɵɯ ɩɟɪɟɦɟɧɧɵɯ 
 

Ɋɢɫɭɧɨɤ 41 – ɞɢɚɥɨɝɨɜɨɟ ɨɤɧɨ ɫɨɡɞɚɧɢɹ ɝɥɨɛɚɥɶɧɨɣ ɩɟɪɟɦɟɧɧɨɣ 
 

 

 

Ɋɢɫɭɧɨɤ 42 – ɢɧɜɟɪɬɢɪɨɜɚɧɢɟ ɛɥɨɤɚ ɩɟɪɟɦɟɧɧɨɣ 
 

Ⱦɥɹ ɭɧɢɮɢɤɚɰɢɢ ɢ ɭɞɨɛɫɬɜɚ ɩɨɥɶɡɨɜɚɬɟɥɹ ɞɨɛɚɜɥɟɧ ɜɵɛɨɪ ɬɢɩɚ ɩɥɚɬɵ. ȼ 

ɞɚɧɧɨɣ ɜɟɪɫɢɢ ɩɨɥɶɡɨɜɚɬɟɥɸ ɞɨɫɬɭɩɧɵ 2 ɩɥɚɬɵ: «LQFP48» ɢ «TFBGA64». ȼ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɛɪɚɧɧɨɣ ɩɥɚɬɵ, ɩɪɢ ɧɚɡɧɚɱɟɧɢɢ ɩɨɪɬɚ, ɩɨɥɶɡɨɜɚɬɟɥɸ ɛɭɞɟɬ 

ɩɪɟɞɥɨɠɟɧɨ ɨɞɧɨ ɢɡ ɍȽɈ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɥɚɬ. 
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Ɋɢɫɭɧɨɤ 43 – ɜɵɛɨɪ ɩɨɪɬɚ «LQFP48» 
 

 
Ɋɢɫɭɧɨɤ 44 – ɜɵɛɨɪ ɩɨɪɬɚ «TFBGA64» 
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Ɋɢɫɭɧɨɤ 45 – ɜɵɛɨɪ ɩɥɚɬɵ 
 

Ⱦɚɥɟɟ, ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɫɨɯɪɚɧɢɬɶ ɩɪɨɟɤɬ ɜ ɜɢɞɟ ɞɜɨɢɱɧɨɝɨ ɮɚɣɥɚ, ɜ 

ɤɨɬɨɪɨɦ ɫɨɯɪɚɧɢɬɫɹ ɦɚɫɫɢɜ ɜɫɟɯ ɨɛɴɟɤɬɨɜ ɫɰɟɧɵ, ɚ ɦɨɠɟɬ ɩɟɪɟɞɚɬɶ ɞɚɧɧɵɟ ɞɥɹ 

ɞɚɥɶɧɟɣɲɟɣ ɫɛɨɪɤɢ. 
 

Ɋɢɫɭɧɨɤ 46 – ɋɛɨɪɤɚ ɩɪɨɟɤɬɚ 
 

Ɋɢɫɭɧɨɤ 47 – ɋɨɯɪɚɧɟɧɧɵɣ ɩɪɨɟɤɬ 
 

Ⱦɨɛɚɜɥɟɧɚ ɨɛɪɚɛɨɬɤɚ ɨɲɢɛɨɤ ɫɛɨɪɤɢ ɜ ɜɢɞɟ ɞɢɚɥɨɝɨɜɨɝɨ ɨɤɧɚ. ɉɪɢ 

ɪɚɡɪɚɛɨɬɤɟ ɝɟɧɟɪɚɬɨɪɚ ɤɨɞɚ ɞɨɥɠɧɵ ɛɭɞɭɬ ɨɛɪɚɛɚɬɵɜɚɬɶɫɹ ɨɲɢɛɤɢ ɢ 

ɜɨɡɜɪɚɳɚɬɶɫɹ ɜ ɜɢɞɟ ɬɟɤɫɬɚ ɝɪɚɮɢɱɟɫɤɨɦɭ ɢɧɬɟɪɮɟɣɫɭ. 
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Ɋɢɫɭɧɨɤ 48 – ɨɲɢɛɤɚ ɫɛɨɪɤɢ 
 

 
4.6 ɋɨɡɞɚɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɤɨɞɚ 

 
ɇɚ ɬɟɤɭɳɟɦ ɷɬɚɩɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɨɩɢɫɚɬɶ ɫɩɨɫɨɛ ɯɪɚɧɟɧɢɹ ɢ ɩɟɪɟɞɚɱɢ 

ɞɚɧɧɵɯ ɫ ɝɪɚɮɢɱɟɫɤɨɣ ɫɰɟɧɵ. ɉɨɫɤɨɥɶɤɭ ɤɚɠɞɵɣ ɨɛɴɟɤɬ ɝɪɚɮɢɱɟɫɤɨɣ ɫɰɟɧɵ 

ɢɦɟɟɬ ɫɥɨɠɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɬɨ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɨɛɴɟɤɬ ɜ ɦɚɫɫɢɜ 

ɛɚɣɬɨɜ ɧɟ ɩɨɥɭɱɢɬɫɹ. Ⱥ ɬɚɤ ɤɚɤ ɛɨɥɶɲɢɧɫɬɜɨ ɫɜɨɣɫɬɜ ɧɚɫɥɟɞɭɟɬɫɹ ɭ 

ɛɢɛɥɢɨɬɟɤɢ Qt, ɬɨ ɢ ɜɫɸ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɨɛɴɟɤɬɚɯ ɯɪɚɧɢɬɶ ɢ ɩɟɪɟɞɚɜɚɬɶ ɧɟɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ. Ⱦɨɫɬɚɬɨɱɧɨ ɫɨɛɪɚɬɶ ɫɩɢɫɨɤ ɨɫɧɨɜɧɵɯ ɨɬɥɢɱɢɬɟɥɶɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ ɨɬɨɛɪɚɠɟɧɵ ɜ ɬɚɛɥɢɰɟ 4. 

 

 
Ɍɚɛɥɢɰɚ 4 – Ɉɩɢɫɚɧɢɟ ɨɬɥɢɱɢɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ ɨɛɴɟɤɬɨɜ ɫɰɟɧɵ 

 
Кл̸̀ пол́ ʿ̛̬̥е̬̼ ̸̦̌̚е̛̦̜ Оп̛̛̭̦̌е пол́ 

 
‘global' 

‘objects', 'ports', 'net', 
'constants', ‘var’, 

‘globVar’ 

ɉɪɢɧɚɞɥɟɠɧɨɫɬɶ ɨɛɴɟɤɬɚ ɤ 
ɨɞɧɨɦɭ ɢɡ ɬɢɩɨɜ (ɨɩɟɪɚɰɢɢ, 

ɩɨɪɬɵ ɢ ɥɢɧɢɢ ɫɜɹɡɢ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 4 
 

Кл̸̀ пол́ ʿ̛̬̥е̬̼ ̸̦̌̚е̛̦̜ Оп̛̛̭̦̌е пол́ 

 
 
 

‘type' 

‘net: - ; ports: 
DO_port, DI_port, 

PO_cansend, 
PI_candump; objects: 

OR, AND, XOR, 
NAND ɢ ɬ.ɞ.; 

constants: INT, FLT, 
STR ɢ ɬ.ɞ. 

 
 

ɉɪɢɧɚɞɥɟɠɧɨɫɬɶ ɨɛɴɟɤɬɚ ɤ 
ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɬɢɩɭ 

(ɧɚɩɪɢɦɟɪ, ɩɨɪɬ ɜɜɨɞɚ ɢɥɢ 
ɨɩɟɪɚɰɢɹ "ɂ") 

 
‘val' 

 Ɂɧɚɱɟɧɢɟ ɨɛɴɟɤɬɚ. Ⱦɥɹ ɩɨɪɬɨɜ - 
ɢɦɹ ɩɨɪɬɚ, ɞɥɹ ɤɨɧɫɬɚɧɬ - 

ɡɧɚɱɟɧɢɟ ɤɨɧɫɬɚɧɬɵ 

‘pos' QPointF() 
ɉɨɡɢɰɢɹ ɨɛɴɟɤɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɧɚɱɚɥɚ ɫɰɟɧɵ 
‘ports  Ɉɩɢɫɚɧɢɟ ɩɨɪɬɨɜ ɨɛɴɟɤɬɨɜ 

‘Id’  ɍɧɢɤɚɥɶɧɵɣ ɢɞɟɧɬɢɮɢɤɚɬɨɪ 
ɨɛɴɟɤɬɚ 

net 

‘item1’  Ɉɛɴɟɤɬ, ɤ ɤɨɬɨɪɨɦɭ ɩɪɢɜɹɡɚɧɚ 
"ɥɟɜɚɹ" ɫɬɨɪɨɧɚ ɥɢɧɢɢ 

‘item2’  Ɉɛɴɟɤɬ, ɤ ɤɨɬɨɪɨɦɭ ɩɪɢɜɹɡɚɧɚ 
"ɩɪɚɜɚɹ" ɫɬɨɪɨɧɚ ɥɢɧɢɢ 

‘port1’  Ɉɩɢɫɚɧɢɢɟ ɩɨɪɬɚ "ɥɟɜɨɝɨ" 
ɨɛɴɟɤɬɚ 

‘port2’  Ɉɩɢɫɚɧɢɢɟ ɩɨɪɬɚ "ɩɪɚɜɨɝɨ" 
ɨɛɴɟɤɬɚ 

 
 

ȼɵɲɟɭɤɚɡɚɧɧɵɣ ɧɚɛɨɪ ɞɚɧɧɵɯ ɫɨɛɢɪɚɟɬɫɹ ɜ ɫɩɢɫɨɤ ɨɛɴɟɤɬɨɜ ɮɨɪɦɚɬɚ 

ɫɥɨɜɚɪɶ (dict), ɩɨɫɥɟ ɱɟɝɨ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ Json ɫ ɩɨɦɨɳɶɸ ɨɞɧɨɢɦɟɧɧɨɣ 

ɛɢɛɥɢɨɬɟɤɢ, ɢ ɡɚɬɟɦ ɜ ɛɚɣɬɵ. Ⱦɥɹ ɡɚɝɪɭɡɤɢ ɨɛɴɟɤɬɚ ɧɚ ɫɰɟɧɭ ɩɪɨɢɫɯɨɞɢɬ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜ ɨɛɪɚɬɧɨɦ ɩɨɪɹɞɤɟ, ɩɨɫɥɟ ɱɟɝɨ ɩɨ ɩɨɪɹɞɤɭ ɞɨɛɚɜɥɹɸɬɫɹ 

ɫɧɚɱɚɥɚ ɜɫɟ ɨɛɴɟɤɬɵ, ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɣ setVal ɢ setId ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 

ɡɧɚɱɟɧɢɹ id ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɜ ɮɚɣɥɟ, ɢ ɬɨɥɶɤɨ ɩɨɬɨɦ ɞɨɛɚɜɥɹɸɬɫɹ ɥɢɧɢɢ 

ɫɜɹɡɢ. 

Ɍɟɩɟɪɶ ɧɭɠɧɨ ɨɩɪɟɞɟɥɢɬɶɫɹ ɫ ɩɨɪɹɞɤɨɦ ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɤɨɞɚ ɢɡ ɞɚɧɧɵɯ Json. ɉɨɫɤɨɥɶɤɭ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɫɥɨɠɧɨɫɬɶ ɤɨɧɟɱɧɵɯ 

ɩɪɨɝɪɚɦɦ ɧɟ ɞɨɥɠɧɚ ɛɵɬɶ ɫɭɳɟɫɬɜɟɧɧɨɣ, ɬɨ ɪɚɡɭɦɧɨ ɜɦɟɫɬɨ ɩɨɥɧɨɣ ɝɟɧɟɪɚɰɢɢ 

ɤɨɞɚ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɚɫɬɪɚɢɜɚɟɦɵɣ ɲɚɛɥɨɧ. Ɉɫɧɨɜɧɵɟ ɚɫɩɟɤɬɵ ɧɚɫɬɪɨɣɤɢ ɢ 
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ɢɧɢɰɢɚɥɢɡɚɰɢɢ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɢɧɢɰɢɚɥɢɡɚɰɢɸ ɩɨɪɬɨɜ ɜɜɨɞɚ-ɜɵɜɨɞɚ, 

ɧɚɫɬɪɨɣɤɭ CAN ɢɧɬɟɪɮɟɣɫɚ ɢ ɨɩɢɫɚɧɢɟ ɲɚɛɥɨɧɧɵɯ ɮɭɧɤɰɢɣ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɮɭɧɤɰɢɨɧɚɥɭ ɨɛɴɟɤɬɨɜ ɧɚ ɝɪɚɮɢɱɟɫɤɨɣ ɫɰɟɧɟ. Ʌɢɫɬɢɧɝ 

ɲɚɛɥɨɧɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ. 

ɑɬɨɛɵ ɨɩɢɫɚɬɶ ɝɪɚɮɢɱɟɫɤɭɸ ɫɰɟɧɭ ɜ ɜɢɞɟ ɬɟɤɫɬɨɜɨɣ ɮɭɧɤɰɢɢ, 

ɧɟɨɛɯɨɞɢɦɨ ɨɛɪɚɬɢɬɶɫɹ ɤ ɪɟɤɭɪɫɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɚɠɞɨɣ ɤɨɧɟɱɧɨɣ ɬɨɱɤɢ. ȼ 

ɤɚɱɟɫɬɜɟ ɤɨɧɟɱɧɨɣ ɬɨɱɤɢ ɦɨɠɟɬ ɛɵɬɶ ɩɨɪɬ ɜɵɜɨɞɚ ɢɥɢ ɮɭɧɤɰɢɹ CAN Send. 

Ƚɥɭɛɢɧɚ ɪɟɤɭɪɫɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɚɦɵɦ ɞɥɢɧɧɵɦ ɦɚɪɲɪɭɬɨɦ ɨɬ ɤɨɧɟɱɧɨɣ 

ɬɨɱɤɢ ɞɨ ɧɚɱɚɥɶɧɨɣ. ɇɚɱɚɥɶɧɨɣ ɬɨɱɤɨɣ ɦɨɠɟɬ ɛɵɬɶ ɩɨɪɬ ɜɜɨɞɚ, ɤɨɧɫɬɚɧɬɚ ɢɥɢ 

ɮɭɧɤɰɢɹ CAN Dump. Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 49. 
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Ɋɢɫɭɧɨɤ 49 – Ȼɥɨɤ ɫɯɟɦɚ ɪɟɤɭɪɫɢɜɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɫɨɫɬɚɜɥɟɧɢɹ 

ɬɟɤɫɬɨɜɨɣ ɮɭɧɤɰɢɢ 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɧɟɨɛɯɨɞɢɦɨ ɨɛɪɚɛɨɬɚɬɶ ɧɟɫɤɨɥɶɤɨ 

ɫɰɟɧɚɪɢɟɜ: 

1. Ʉɨɧɟɱɧɚɹ ɬɨɱɤɚ – ɩɨɪɬ, ɧɚɱɚɥɶɧɚɹ – ɩɨɪɬ ɢɥɢ ɤɨɧɫɬɚɧɬɚ 

2. Ʉɨɧɟɱɧɚɹ ɬɨɱɤɚ – CAN Send, ɧɚɱɚɥɶɧɚɹ – ɩɨɪɬ ɢɥɢ ɤɨɧɫɬɚɧɬɚ 

3. Ʉɨɧɟɱɧɚɹ ɬɨɱɤɚ – ɩɨɪɬ, ɧɚɱɚɥɶɧɚɹ – CAN Dump 
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4. Ʉɨɧɟɱɧɚɹ ɬɨɱɤɚ – CAN Send, ɧɚɱɚɥɶɧɚɹ – CAN Dump 
 

ȼɵɲɟɭɤɚɡɚɧɧɵɟ ɫɰɟɧɚɪɢɢ ɞɨɥɠɧɵ ɨɩɢɫɵɜɚɬɶɫɹ ɩɨ-ɪɚɡɧɨɦɭ, ɩɨɫɤɨɥɶɤɭ 

ɩɨɪɬɵ ɜɜɨɞɚ-ɜɵɜɨɞɚ ɢ ɩɪɢɟɦ-ɩɟɪɟɞɚɱɚ ɫɨɨɛɳɟɧɢɣ ɢɦɟɸɬ ɧɟɫɤɨɥɶɤɨ ɪɚɡɧɵɣ 

ɦɟɯɚɧɢɡɦ. Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɫɢɬɭɚɰɢɣ ɫɥɟɞɭɟɬ ɞɨɛɚɜɢɬɶ ɧɟɫɤɨɥɶɤɨ 

ɛɥɨɤɨɜ ɤ ɲɚɛɥɨɧɭ. 

ɉɟɪɜɵɣ ɛɥɨɤ /*?candump*/ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɩɪɢɟɦɚ ɫɨɨɛɳɟɧɢɣ. 

Ɂɞɟɫɶ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɮɢɥɶɬɪɚɰɢɹ ɩɨ ɫɨɨɛɳɟɧɢɸ ɢ ɜɵɡɨɜ 

ɤɚɤɨɣ-ɥɢɛɨ ɮɭɧɤɰɢɢ. ɋɥɟɞɭɸɳɢɣ – /*?inports*/ ɨɬɜɟɱɚɟɬ ɡɚ ɨɩɪɨɫ ɜɯɨɞɧɵɯ 

ɩɨɪɬɨɜ ɢ ɡɚɩɢɫɶ ɢɯ ɡɧɚɱɟɧɢɣ ɜ ɩɟɪɟɦɟɧɧɵɟ. Ⱦɥɹ ɢɧɢɰɢɚɥɢɡɚɰɢɢ ɩɨɪɬɨɜ 

ɫɨɡɞɚɞɢɦ ɛɥɨɤɢ [/*?GPIOA_CRH*/, /*?GPIOA_CRL*/, /*?GPIOB_CRH*/, 

/*?GPIOB_CRL*/, /*?GPIOC_CRH*/, /*?GPIOC_CRL*/]. ȼ ɛɥɨɤɟ /*?functions*/ 

ɛɭɞɭɬ ɨɩɢɫɚɧɵ ɜɵɡɨɜɵ ɮɭɧɤɰɢɣ, ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɯ ɪɟɤɭɪɫɢɜɧɵɦ ɦɟɬɨɞɨɦ ɢ 

ɩɪɢɫɜɨɟɧɢɟ ɪɟɡɭɥɶɬɚɬɚ ɢɯ ɜɵɩɨɥɧɟɧɢɹ ɤ ɜɵɲɟɭɤɚɡɚɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ. 

ɉɨɫɥɟɞɧɢɣ ɛɥɨɤ /*?sends*/ ɛɭɞɟɬ ɨɬɜɟɱɚɬɶ ɡɚ ɨɬɩɪɚɜɤɭ ɫɨɨɛɳɟɧɢɣ ɩɨ ɲɢɧɟ 

CAN. 

Ɉɫɧɨɜɨɣ ɲɚɛɥɨɧɚ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɞɚɧɧɨɣ IDE ɫɥɭɠɚɬ ɲɚɛɥɨɧɧɵɟ 

ɮɭɧɤɰɢɢ. ɂɯ ɨɩɢɫɚɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ X, ɚ ɧɚ ɢɫɯɨɞɧɵɣ ɤɨɞ ɲɚɛɥɨɧɚ 

ɦɨɠɧɨ ɩɨɫɦɨɬɪɟɬɶ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ. 

 

 
Ɍɚɛɥɢɰɚ 5 – ɫɨɨɬɜɟɬɫɬɜɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɥɨɤɨɜ UI ɮɭɧɤɰɢɹɦ ɲɚɛɥɨɧɚ 

 
 

Фу̦к̶̛о̦̌л̦̼̜̽ 
̍лок ̏ UI 

 
ˁоот̏ет̭̏у̺̀̌́ ̴у̦ќ̶̛ ̏ 

̹̌̍ло̦е 

 
Оп̛̛̭̦̌е 
̴у̦к̶̛̛ 

 
ʦ̵од̦̼е 

п̬̥̌̌ет̬̼ 

˃̛п 
д̵̦̦̼̌ 

̦̌ 

̵̼̏оде 

И AND 
Ло̸̛̐е̭к̌́ 
опе̶̛̬̌́ И 

 
 
 
 

(bool a, ...) 

 
 
 
 

bool 

ИЛИ OR 
Ло̸̛̐е̭к̌́ 

опе̶̛̬̌́ ИЛИ 

ИЛИ-ʻЕ NOR 
Ло̸̛̐е̭к̌́ 

опе̶̛̬̌́ ИЛИ-ʻЕ 

И-ʻЕ NAND 
Ло̸̛̐е̭к̌́ 

опе̶̛̬̌́ И-ʻЕ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 5 
 

 
Фу̦к̶̛о̦̌л̦̼̜̽ 

̍лок ̏ UI 

 
ˁоот̏ет̭̏у̺̀̌́ ̴у̦ќ̶̛ ̏ 

̹̌̍ло̦е 

 
Оп̛̛̭̦̌е 
̴у̦к̶̛̛ 

 
ʦ̵од̦̼е 

п̬̥̌̌ет̬̼ 

˃̛п 
д̵̦̦̼̌ 

̦̌ 

̵̼̏оде 

ʻЕ NOT 
Ло̸̛̐е̭к̌́ 

опе̶̛̬̌́ ʻЕ 

  

XOR XOR 
Ло̸̛̐е̭к̌́ 

опе̶̛̬̌́ XOR 

ˁу̥̥̌ SUM 
ʤ̴̛̬̥ет̸̛е̭кое 

̭ло̙е̛̦е 

 
 
 
 
 
 
 
 
 

;int a, …Ϳ 
;float a, …Ϳ 

 
 
 
 
 
 
 
 
 

int 

float 

ˀ̦̌̚о̭т̽ DIFF 
ʤ̴̛̬̥ет̸̛е̭к̌́ 

̬̦̌̚о̭т̽ 

ʿ̬о̛̏̚еде̛̦е MULT 
ʤ̴̛̬̥ет̸̛е̭кое 

п̬о̛̏̚еде̛̦е 

̸̭̌т̦ое DIV 
ʤ̴̛̬̥ет̸̛е̭кое 

̸̭̌т̦ое 

О̭т̌ток от 
деле̛̦́ 

 
MOD 

О̭т̌ток от 
деле̛̦́ д̏у̵ 

̸̛̭ел 

Ок̬у̐ле̛̦е к 
̍л̛̙̜̹̌е̥у 

ROUND Ок̬у̐ле̛̦е ̸̛̭л̌ 

Ок̬у̐ле̛̦е к 
̥е̦̹̽е̥у 

FLOOR 
Ок̬у̐ле̛̦е ̸̛̭л̌ 

к ̥е̦̹̽е̥у 

Ок̬у̐ле̛̦е к 
̍ол̹̽е̥у 

CEIL 
Ок̬у̐ле̛̦е ̸̛̭л̌ 

к ̍ол̹̽е̥у 

ʥол̹̽е BIGGER  
 

ˁ̬̦̌̏е̛̦е д̏у̵ 
̸̛̭ел 

 
;int a, …Ϳ 

;float a, …Ϳ 
;bool a, …Ϳ 

 
 

bool 

ʥол̹̽е-̬̦̌̏о EQBIGGER 

ʺе̦̹̽е LESS 

ʺе̦̹̽е-̬̦̌̏о EQLESS 

ˀ̦̌̏о EQ 

 
Can Send 

 
CAN_Send_Test 

Отп̬̌̏к̌ 
̭оо̺̍е̛̦́ по 

̛̹̦е CAN 

 
(string text) 

 
- 

 
 
 

Can Dump 

 
 
 

USB_LP_CAN1_RX0_IRQHandler 

О̬̍̌̍от̸̛к 
п̬е̛̬̼̦̏̌́ от 

ко̦т̬олле̬̌ CAN. 
ˁ̬̌̍̌т̼̏̌ет п̛̬ 

п̛̬е̥е 

̭оо̺̍е̛̦́, 
̭оот̏ет̭т̏у̺̀е̐о 

̴̛л̽т̬у 

 
 
 

- 

 
 
 

- 

 
Е̭л̛ 

 
IF 

 
ʺул̽т̛плек̭о̬ 

(<any> a, 

bool b, 

<any> c 

 
<any> 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɨɛɪɚɳɟɧɢɢ ɦɨɞɭɥɹ UI ɤ ɝɟɧɟɪɚɬɨɪɭ ɤɨɞɚ, 

ɮɨɪɦɢɪɭɟɬɫɹ «ɫɤɟɥɟɬ» ɢɡ ɮɭɧɤɰɢɣ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɡɧɚɱɟɧɢɟ ɤɚɠɞɨɝɨ 

ɤɨɧɟɱɧɨɝɨ ɛɥɨɤɚ, ɡɚɬɟɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɰɟɧɚɪɢɹ, ɧɚɩɨɥɧɹɸɬɫɹ ɦɚɫɫɢɜɵ 

ɫɬɪɨɤ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɚɠɞɨɦɭ ɛɥɨɤɭ ɲɚɛɥɨɧɚ, ɦɚɫɫɢɜɵ ɫɬɪɨɤ ɫɨɪɬɢɪɭɸɬɫɹ 

ɫɨɝɥɚɫɧɨ ɩɚɪɚɞɢɝɦɟ ɩɨɬɨɤɨɜ ɞɚɧɧɵɯ ɢ ɨɬɩɪɚɜɥɹɸɬɫɹ ɨɛɪɚɬɧɨ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɮɚɣɥɚ. ɇɚ ɫɬɨɪɨɧɟ UI ɩɪɢɧɹɬɵɟ ɦɚɫɫɢɜɵ ɫɬɪɨɤ ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ 

ɫɬɪɨɤɢ ɢ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɛɥɨɤɢ ɮɚɣɥɚ ɲɚɛɥɨɧɚ. 

 

 
4.7 ȼɵɜɨɞɵ ɤ ɪɚɡɞɟɥɭ 

 
 

Ɋɟɡɭɥɶɬɚɬɨɦ ɞɚɧɧɨɝɨ ɪɚɡɞɟɥɚ ɹɜɥɹɟɬɫɹ ɝɪɚɮɢɱɟɫɤɚɹ ɫɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ ɞɥɹ 

CAN-ɫɟɬɟɣ ɧɚ ɨɫɧɨɜɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ STM32. Ⱦɚɧɧɚɹ ɫɪɟɞɚ ɩɨɡɜɨɥɹɟɬ 

ɫɨɡɞɚɜɚɬɶ ɩɪɨɝɪɚɦɦɵ ɜ ɜɢɞɟ ɝɪɚɮɢɱɟɫɤɢɯ ɛɥɨɤɨɜ ɢ ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶ ɢɯ ɜ ɤɨɞ 

ɧɚ ɹɡɵɤɟ C ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɤɨɦɩɢɥɹɰɢɢ ɢ ɩɪɨɲɢɜɤɢ ɭɫɬɪɨɣɫɬɜ. 

 
 

5 Ɉɬɥɚɞɤɚ ɢ ɬɟɫɬɢɪɨɜɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ ɫɟɬɟɣ CAN ɜ 
ɩɪɟɞɥɚɝɚɟɦɨɣ ɫɪɟɞɟ ɪɚɡɪɚɛɨɬɤɢ 

 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɨɩɢɫɚɧɚ ɩɪɨɜɟɪɤɚ ɤɨɪɪɟɤɬɧɨɫɬɢ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɧɚ 
ɧɟɤɨɬɨɪɵɯ ɬɟɫɬɨɜɵɯ ɧɚɛɨɪɚɯ ɞɚɧɧɵɯ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɪɤɢ ɡɚɤɥɸɱɟɧ ɜɵɜɨɞ 
ɩɨ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɟ. 

 
 

5.1 Ɍɟɫɬɢɪɨɜɚɧɢɟ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ 
 
 
 

ɉɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɧɟɤɨɬɨɪɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɦɟɧɬɨɜ ɧɚ ɝɪɚɮɢɱɟɫɤɭɸ 

ɫɰɟɧɭ ɢ ɫɜɹɡɟɣ ɤ ɧɢɦ ɫɨɡɞɚɧ ɩɟɪɜɵɣ ɬɟɫɬɨɜɵɣ ɧɚɛɨɪ. ȼɧɟɲɧɢɣ ɜɢɞ ɝɥɚɜɧɨɝɨ 

ɨɤɧɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 50. 
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Ɋɢɫɭɧɨɤ 50 – Ɍɟɫɬɨɜɵɣ ɧɚɛɨɪ ɞɚɧɧɵɯ 
 

ɉɪɨɢɡɜɟɞɟɧɚ ɩɪɨɜɟɪɤɚ ɩɪɨɱɧɨɫɬɢ ɜɡɚɢɦɨɫɜɹɡɟɣ ɩɭɬɟɦ ɩɟɪɟɬɚɫɤɢɜɚɧɢɹ 

ɨɛɴɟɤɬɨɜ ɜ ɞɪɭɝɢɟ ɨɛɥɚɫɬɢ ɫɰɟɧɵ. ɇɢ ɨɞɢɧ ɢɡ ɞɨɛɚɜɥɟɧɧɵɯ ɨɛɴɟɤɬɨɜ ɧɟ 

ɩɨɬɟɪɹɥ ɫɜɹɡɶ ɫ ɞɪɭɝɢɦ ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɜ ɞɪɭɝɨɟ ɦɟɫɬɨ. Ɋɟɡɭɥɶɬɚɬɵ ɬɟɫɬɚ ɧɚ 

ɪɢɫɭɧɤɟ 51. 
 

Ɋɢɫɭɧɨɤ 51 – Ɋɟɡɭɥɶɬɚɬɵ ɬɟɫɬɚ ɧɚ ɩɪɨɱɧɨɫɬɶ ɜɡɚɢɦɨɫɜɹɡɟɣ 
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ɋɥɟɞɭɸɳɢɣ ɜɚɠɧɵɣ ɷɬɚɩ – ɩɪɨɜɟɪɤɚ ɰɟɥɨɫɬɧɨɫɬɢ ɞɚɧɧɵɯ ɩɪɢ 

ɫɨɯɪɚɧɟɧɢɢ ɢ ɡɚɝɪɭɡɤɟ ɮɚɣɥɚ. Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɩɪɨɟɤɬ ɛɵɥ ɫɨɯɪɚɧɟɧ ɜ ɮɚɣɥɟ 

fulltest.bin ɢ ɡɚɝɪɭɠɟɧ ɨɛɪɚɬɧɨ. ɇɢ ɨɞɢɧ ɢɡ ɨɛɴɟɤɬɨɜ ɢɯ ɫɜɹɡɟɣ ɧɟ ɛɵɥ ɭɬɟɪɹɧ 

ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɢ ɡɚɝɪɭɡɤɟ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɬɟɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɧɟ ɛɵɥɨ ɡɚɦɟɱɟɧɨ 

ɨɲɢɛɨɤ ɜ ɪɚɛɨɬɟ. ȼɫɟ ɨɛɴɟɤɬɵ ɤɨɪɪɟɤɬɧɨ ɫɨɡɞɚɸɬɫɹ, ɪɟɞɚɤɬɢɪɭɸɬɫɹ, 

ɨɬɨɛɪɚɠɚɸɬɫɹ ɢ ɩɟɪɟɦɟɳɚɸɬɫɹ ɩɨ ɫɰɟɧɟ. 

 

 
5.2 Ɍɟɫɬɢɪɨɜɚɧɢɟ ɝɟɧɟɪɚɬɨɪɚ ɤɨɞɚ 

 
 
 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɝɟɧɟɪɚɬɨɪɚ ɤɨɞɚ ɜɡɹɬ ɭɠɟ ɝɨɬɨɜɵɣ 

ɧɚɛɨɪ ɞɚɧɧɵɯ. ɂɫɯɨɞɧɵɣ ɤɨɞ ɫɨɯɪɚɧɟɧ ɜ ɮɚɣɥ 123.c. ȼ ɧɟɨɛɯɨɞɢɦɵɟ ɛɥɨɤɢ 

ɛɵɥ ɤɨɪɪɟɤɬɧɨ ɞɨɛɚɜɥɟɧ ɤɨɞ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɢɫɯɨɞɧɨɣ ɫɯɟɦɟ. Ɋɟɡɭɥɶɬɚɬɵ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 52 – 54 
 

 
Ɋɢɫɭɧɨɤ 52 – Ȼɥɨɤ /*?candump*/ 
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Ɋɢɫɭɧɨɤ 53 – ɋɝɟɧɟɪɢɪɨɜɚɧɧɚɹ ɢɧɢɰɢɚɥɢɡɚɰɢɹ ɩɨɪɬɨɜ 
 
 

Ɋɢɫɭɧɨɤ 54 – ɋɝɟɧɟɪɢɪɨɜɚɧɧɵɟ ɛɥɨɤɢ /*?functions*/ ɢ /*?cansend*/ 

Ⱦɥɹ ɛɨɥɟɟ ɫɩɪɚɜɟɞɥɢɜɨɣ ɨɰɟɧɤɢ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɟɳɟ ɧɟɫɤɨɥɶɤɨ ɬɟɫɬɨɜ 

ɧɚ ɞɪɭɝɢɯ ɧɚɛɨɪɚɯ ɞɚɧɧɵɯ. ɋɥɟɞɭɸɳɢɣ ɧɚɛɨɪ ɞɚɧɧɵɯ – ɧɟɫɤɨɥɶɤɨ ɦɚɪɲɪɭɬɨɜ 

ɪɚɡɧɨɣ ɞɥɢɧɵ ɨɬ 0 ɞɨ 3. ɋɤɪɢɧɲɨɬɵ ɫɚɦɨɝɨ ɧɚɛɨɪɚ ɞɚɧɧɵɯ ɢ ɪɟɡɭɥɶɬɚɬɨɜ 

ɝɟɧɟɪɚɰɢɢ ɤɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 55 – 58 
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Ɋɢɫɭɧɨɤ 55 – Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɣ ɬɟɫɬɨɜɵɣ ɧɚɛɨɪ ɞɚɧɧɵɯ 
 

 
Ɋɢɫɭɧɨɤ 56 – Ȼɥɨɤ /*?candump*/ 

 

 
Ɋɢɫɭɧɨɤ 57 – Ȼɥɨɤɢ ɢɧɢɰɢɚɥɢɡɚɰɢɢ ɩɨɪɬɨɜ 
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Ɋɢɫɭɧɨɤ 58 – Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɛɥɨɤɢ 
 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 56, ɛɥɨɤ ɪɟɚɤɰɢɢ ɧɚ ɩɪɢɟɦ ɫɨɨɛɳɟɧɢɹ ɨɫɬɚɥɫɹ 

ɩɭɫɬɵɦ, ɬɚɤ ɧɚ ɢɫɯɨɞɧɨɣ ɫɯɟɦɟ ɧɟɬ ɧɢ ɨɞɧɨɝɨ ɛɥɨɤɚ CAN Dump. Ɋɢɫɭɧɨɤ 57 

ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɛɵɥɢ ɢɧɢɰɢɚɥɢɡɢɪɨɜɚɧɵ ɩɨɪɬɵ PB3, PB5 ɢ PB7 ɧɚ ɜɵɜɨɞ, ɚ 

ɩɨɪɬ PB9 – ɧɚ ɜɯɨɞ. ɇɚ ɩɨɫɥɟɞɧɟɦ 58-ɦ ɪɢɫɭɧɤɟ ɨɬɨɛɪɚɠɟɧ ɨɩɪɨɫ ɩɨɪɬɚ PB9 ɢ 

ɭɫɬɚɧɨɜɤɚ/ɫɛɪɨɫ ɩɨɪɬɨɜ PB3, PB5, PB7 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɡɭɥɶɬɚɬɚ 

ɜɵɩɨɥɧɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɮɭɧɤɰɢɢ. ɉɪɢ ɷɬɨɦ ɛɥɨɤ ɨɬɩɪɚɜɤɢ ɫɨɨɛɳɟɧɢɣ 

ɨɫɬɚɥɫɹ ɩɭɫɬɵɦ, ɩɨɫɤɨɥɶɤɭ ɧɢ ɨɞɧɨɝɨ ɛɥɨɤɚ CAN Send ɧɚ ɢɫɯɨɞɧɨɣ ɫɯɟɦɟ ɧɟ 

ɛɵɥɨ. Ɏɭɧɤɰɢɢ ɫɝɟɧɟɪɢɪɨɜɚɧɵ ɤɨɪɪɟɤɬɧɨ. 

ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɫɥɟɞɭɟɬ ɩɪɨɬɟɫɬɢɪɨɜɚɬɶ ɩɪɚɜɢɥɶɧɨɫɬɶ ɝɟɧɟɪɚɰɢɢ 

ɤɨɞɚ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɚɪɚɞɢɝɦɵ ɩɨɬɨɤɨɜ ɞɚɧɧɵɯ ɞɥɹ ɥɨɤɚɥɶɧɵɯ ɢ ɝɥɨɛɚɥɶɧɵɯ 

ɩɟɪɟɦɟɧɧɵɯ. ɋɨɡɞɚɧɵ ɞɜɚ ɬɟɫɬɨɜɵɯ ɧɚɛɨɪɚ. Ɋɚɫɫɦɨɬɪɢɦ ɨɛɚ ɨɬ ɩɪɨɫɬɨɝɨ ɤ 

ɫɥɨɠɧɨɦɭ. 
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Ɋɢɫɭɧɨɤ 59 – ɬɟɫɬɨɜɵɣ ɧɚɛɨɪ №1 ɞɥɹ ɩɪɨɜɟɪɤɢ ɩɚɪɚɞɢɝɦɵ ɩɨɬɨɤɨɜ 

ɞɚɧɧɵɯ 
 
 

Ɋɢɫɭɧɨɤ 60 – ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɣ ɤɨɞ ɞɥɹ ɬɟɫɬɨɜɨɝɨ ɧɚɛɨɪɚ 
 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 59, ɩɟɪɟɦɟɧɧɨɣ D ɜ ɢɬɨɝɟ ɞɨɥɠɧɨ ɩɪɢɫɜɨɢɬɶɫɹ 

ɡɧɚɱɟɧɢɟ 453. ɇɚ ɪɢɫɭɧɤɟ 60 ɨɬɨɛɪɚɠɟɧ ɮɪɚɝɦɟɧɬ ɤɨɞɚ, ɝɞɟ ɜɢɞɧɨ, ɤɚɤ ɛɵɥɚ 

ɫɨɡɞɚɧɚ ɝɥɨɛɚɥɶɧɚɹ ɩɟɪɟɦɟɧɧɚɹ int C, ɜɧɭɬɪɢ ɨɫɧɨɜɧɨɝɨ ɰɢɤɥɚ ɨɛɪɚɳɟɧɢɟ 

ɩɪɨɢɫɯɨɞɢɬ ɭɠɟ ɛɟɡ ɭɤɚɡɚɧɢɹ ɬɢɩɚ, ɩɪɢɫɜɨɟɧɢɹ ɛɵɥɢ ɨɬɫɨɪɬɢɪɨɜɚɧɵ ɜ 
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ɧɭɠɧɨɦ ɩɨɪɹɞɤɟ, ɱɬɨɛɵ ɩɟɪɟɦɟɧɧɨɣ int D ɛɵɥɨ ɩɪɢɫɜɨɟɧɨ ɡɧɚɱɟɧɢɟ 

ɩɟɪɟɦɟɧɧɨɣ C, ɪɚɜɧɨɣ 453. 

Ɋɚɫɫɦɨɬɪɢɦ ɛɨɥɟɟ ɫɥɨɠɧɵɣ ɢ ɤɨɦɩɥɟɤɫɧɵɣ ɩɪɢɦɟɪ. Ɋɟɚɥɢɡɨɜɚɧɚ 

ɦɢɝɚɥɤɚ ɫ ɨɬɩɪɚɜɤɨɣ ɩɨ CAN-ɲɢɧɟ ɬɟɤɫɬɨɜɨɝɨ ɫɨɨɛɳɟɧɢɹ ɨ ɫɨɫɬɨɹɧɢɢ 

ɥɚɦɩɨɱɤɢ. 
 

 
 

Ɋɢɫɭɧɨɤ 61 – ɬɟɫɬɨɜɵɣ ɧɚɛɨɪ №2 
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Ɋɢɫɭɧɨɤ 62 – ɧɚɛɨɪ ɝɥɨɛɚɥɶɧɵɯ ɩɟɪɟɦɟɧɧɵɯ 
 

 
Ɋɢɫɭɧɨɤ 63 – ɛɥɨɤ ɧɚɫɬɪɨɣɤɢ ɩɨɪɬɨɜ 
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Ɋɢɫɭɧɨɤ 64 – ɋɝɟɧɟɪɢɪɨɜɚɧɧɵɣ ɤɨɞ 
 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 63, ɩɨɪɬ PB7 ɧɚɫɬɪɨɟɧ ɧɚ ɜɵɜɨɞ, ɫɨɝɥɚɫɧɨ 

ɢɫɯɨɞɧɨɣ ɫɯɟɦɟ ɩɪɨɝɪɚɦɦɵ. Ⱦɚɥɟɟ, ɫɥɟɞɭɟɬ ɩɨɹɫɧɢɬɶ ɤɨɞ ɧɚ ɪɢɫɭɧɤɟ 64. 

ɉɟɪɜɵɟ 2 ɫɬɪɨɤɢ – ɨɩɢɫɚɧɢɟ ɝɥɨɛɚɥɶɧɵɯ ɩɟɪɟɦɟɧɧɵɯ bool LED ɢ int Count, 

ɨɬɜɟɱɚɸɳɢɯ ɡɚ ɫɨɫɬɨɹɧɢɟ ɥɚɦɩɨɱɤɢ ɢ ɤɨɥɢɱɟɫɬɜɨ ɬɚɤɬɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ⱦɚɥɟɟ, ɜ ɨɫɧɨɜɧɨɦ ɰɢɤɥɟ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢɫɜɚɢɜɚɧɢɟ ɩɟɪɟɦɟɧɧɨɣ temp ɡɧɚɱɟɧɢɹ 

0 ɢɥɢ Count+1 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɹ Count ɛɨɥɶɲɟ-ɪɚɜɧɨ 255. ɉɨɫɥɟ, 

ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɟɪɟɯɨɞɢɬ ɩɟɪɟɦɟɧɧɨɣ Count, ɫɨɝɥɚɫɧɨ ɩɚɪɚɞɢɝɦɟ 

ɩɨɬɨɤɨɜ ɞɚɧɧɵɯ. Ⱦɚɥɟɟ, ɢɧɜɟɪɬɢɪɭɟɬɫɹ ɡɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ LED ɢ 

ɨɬɩɪɚɜɥɹɟɬɫɹ ɧɚ ɩɨɪɬ PB7. ȼ ɤɨɧɰɟ ɰɢɤɥɚ ɩɪɨɢɫɯɨɞɢɬ ɨɬɩɪɚɜɤɚ “on” ɢɥɢ “off” 

ɩɨ CAN-ɲɢɧɟ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɨɹɧɢɹ ɥɚɦɩɨɱɤɢ. 

ɉɨɫɥɟɞɧɢɦ ɷɬɚɩɨɦ ɫɥɟɞɭɟɬ ɩɪɨɜɟɪɢɬɶ ɨɛɪɚɛɨɬɤɭ ɩɪɨɫɬɵɯ ɨɲɢɛɨɤ ɜ 

ɝɪɚɮɢɱɟɫɤɨɦ ɤɨɞɟ. Ⱦɥɹ ɷɬɨɝɨ ɪɚɡɨɪɜɚɧɚ ɨɞɧɚ ɢɡ ɫɜɹɡɟɣ ɢɡ ɩɪɟɞɵɞɭɳɟɝɨ 

ɩɪɢɦɟɪɚ. Ɋɟɡɭɥɶɬɚɬ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ X. 
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Ɋɢɫɭɧɨɤ 65 – ɨɛɪɚɛɨɬɤɚ ɪɚɡɪɵɜɚ ɫɜɹɡɢ 
 
 
 

5.3 ȼɵɜɨɞɵ ɤ ɪɚɡɞɟɥɭ 
 
 
 

ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɨɩɢɫɚɧɧɵɯ ɬɟɫɬɨɜ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ IDE ɪɚɛɨɬɚɟɬ 

ɤɨɪɪɟɤɬɧɨ ɧɚ ɡɚɪɚɧɟɟ ɩɪɚɜɢɥɶɧɨ ɫɨɡɞɚɧɧɵɯ ɫɯɟɦɚɯ ɢ ɜ ɫɥɭɱɚɟ ɨɛɧɚɪɭɠɟɧɢɹ 

ɨɱɟɜɢɞɧɵɯ ɨɲɢɛɨɤ ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɤɨɞɟ ɜɵɞɚɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟ ɫɨɨɛɳɟɧɢɟ. 

Ʉɨɞ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɝɪɚɮɢɱɟɫɤɨɣ ɫɯɟɦɟ ɩɪɨɝɪɚɦɦɵ, ɝɟɧɟɪɢɪɭɟɬɫɹ 

ɤɨɪɪɟɤɬɧɨ. 

 
 

6 ȼɵɜɨɞɵ ɩɨ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɟ 
 
 

ɋɪɟɞɫɬɜɚɦɢ PyQt ɛɵɥ ɫɨɡɞɚɧ ɦɨɞɭɥɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɞɥɹ 

ɫɪɟɞɵ ɪɚɡɪɚɛɨɬɤɢ ɛɨɪɬɨɜɵɯ CAN-ɫɟɬɟɣ. ɉɨɥɶɡɨɜɚɬɟɥɶ ɫ ɩɨɦɨɳɶɸ ɞɚɧɧɨɝɨ 

ɦɨɞɭɥɹ ɦɨɠɟɬ ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɢɥɨɠɟɧɢɟ ɜ ɜɢɞɟ ɝɪɚɮɢɱɟɫɤɨɣ ɫɯɟɦɵ. 

ȼɨɡɦɨɠɧɨɫɬɢ ɩɪɢɥɨɠɟɧɢɹ ɨɝɪɚɧɢɱɟɧɵ ɩɪɨɫɬɵɦɢ ɚɪɢɮɦɟɬɢɱɟɫɤɢɦɢ ɢ 

ɥɨɝɢɱɟɫɤɢɦɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦɢ ɬɚɤɢɯ ɬɢɩɨɜ ɞɚɧɧɵɯ, ɤɚɤ 1 ɛɢɬ  (ɥɨɝɢɱɟɫɤɢɣ), 

ɫɢɦɜɨɥ,    ɫɬɪɨɤɚ,    ɰɟɥɨɟ    ɱɢɫɥɨ   ɢ    ɱɢɫɥɨ   ɫ   ɩɥɚɜɚɸɳɟɣ    ɬɨɱɤɨɣ.  Ɍɚɤɠɟ 



72  

ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɨɬɩɪɚɜɤɚ ɫɨɨɛɳɟɧɢɹ ɩɨ ɲɢɧɟ CAN ɢ ɪɟɚɤɰɢɹ ɧɚ ɫɨɨɛɳɟɧɢɟ, 

ɨɬɩɪɚɜɥɟɧɧɨɟ ɞɪɭɝɢɦ ɭɫɬɪɨɣɫɬɜɨɦ. Ɋɚɡɪɚɛɨɬɚɧ ɦɨɞɭɥɶ ɝɟɧɟɪɚɰɢɢ ɤɨɞɚ ɧɚ 

ɹɡɵɤɟ C. Ⱦɚɧɧɵɣ ɦɨɞɭɥɶ ɫɩɨɫɨɛɟɧ ɝɟɧɟɪɢɪɨɜɚɬɶ ɤɨɪɪɟɤɬɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ 

ɤɨɞ ɞɥɹ ɧɟɫɥɨɠɧɵɯ ɫɯɟɦ ɢ ɫɨɯɪɚɧɹɬɶ ɟɝɨ ɨɬɞɟɥɶɧɵɦ ɮɚɣɥɨɦ. 

ɋɝɟɧɟɪɢɪɨɜɚɧɧɵɣ ɤɨɞ ɦɨɠɧɨ ɩɟɪɟɞɚɜɚɬɶ ɧɚ ɤɨɦɩɢɥɹɰɢɸ ɫɬɨɪɨɧɧɢɦ 

ɩɪɨɝɪɚɦɦɚɦ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɢ ɢ ɩɪɨɲɢɜɤɢ ɭɫɬɪɨɣɫɬɜɚ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 
 

Ʌɢɫɬɢɧɝ 1 – ɮɚɣɥ ɢɫɯɨɞɧɨɝɨ ɤɨɞɚ ɝɟɧɟɪɚɬɨɪɚ codeGenerator.py 
 

1. 
2. 
3. 

4. 
5. 
6. 

7. 
8. 
9. 

10. 
11. 
12. 

13. 
14. 
15. 

16. 
17. 
18. 

19. 
20. 
21. 

22. 
23. 
24. 

25. 
26. 
27. 

28. 
29. 
30. 

31. 
32. 
33. 

34. 
35. 

36. 

37. 
38. 
39. 

40. 
41. 
42. 

43. 
44. 
45. 

46. 
47. 
48. 

49. 
50. 

import copy 
import json 

 
class Generator(object): 

def init (self): 

self.globDict = { 

'and': 'AND', 

'nand': 'NAND', 
'or': 'OR', 

'not': 'NOT', 
'nor': 'NOR', 

 
'CEIL': 'CEIL', 
'TRUNK': 'TRUNK', 
'ROUND': 'ROUND', 

'SUM': 'SUM', 
'DIF': 'DIF', 
'DIV': 'DIV', 

'MULT': 'MULT', 
'MOD': 'MOD', 
'BIGGER': 'BIGGER', 

'LESS': 'LESS', 
'EQ': 'EQ', 
'EQLESS': 'EQLESS', 
'IF': 'IF', 
'EQBIGGER': 'EQBIGGER' 

} 

 
def search(self, str_, func, found, name): 

found = found 

count = 0 
if func['global'] == 'objects': 

tempstr = self.globDict[func['type']] + '(' 
count = 0 

for i in range(1, 6): 
n_line = self.findLine(func, 

func['ports']['in_' + str(i)]['name']) 

if n_line['line'] != None: 
n_func = 

self.findObjByEndOfLine(n_line) 
if n_func != None: 

temp = self.search(tempstr, 

n_func, found, name) 
tempstr += temp[1] 
found, name = temp[2], temp[3] 

else: 
tempstr += ', ' 

count += 1 

tempstr += "null" + '), ' 
else: 
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51. 
52. 
53. 
54. 

55. 
56. 
57. 

58. 
59. 
60. 

61. 
62. 
63. 

64. 
65. 
66. 

67. 
68. 
69. 

70. 
71. 
72. 

73. 
74. 
75. 

76. 
77. 
78. 

79. 
80. 
81. 

82. 
83. 
84. 

85. 
86. 
87. 

88. 
89. 
90. 

91. 

92. 
93. 

94. 
95. 
96. 

97. 
98. 
99. 

100. 
101. 
102. 

103. 
104. 

105. 
106. 

val = func['val'] 
if func['type'] == 'chr_const': 

val = "'" + val[0] + "'" 

tempstr = str(val) + ', ' 
if func['type'] == 'PI_candump': 

found = True 

name = func['val'] 

str_ += tempstr 

return str_, tempstr, found, name 

 
def findLine(self, obj, port): 

for i in self.json_: 

if i['global'] == 'net': 
if obj['id'] == i['item1'] and 

obj['ports'][port]['name'] == i['port1']: 

return {'line': i, 'end': 'left'} 
elif obj['id'] == i['item2'] and 

obj['ports'][port]['name'] == i['port2']: 
return {'line': i, 'end': 'right'} 

return {'line': None, 'end': None} 
 

def findObjByEndOfLine(self, line_with_end): 

for i in self.json_: 
if i['global'] == 'objects' or i['global'] == 

'ports' or i['global'] == 'constants' \ 

or i['global'] == 'var': 
if line_with_end['end'] == 'left' and 

line_with_end['line']['item2'] == i['id']: 

return i 
elif line_with_end['end'] == 'right' and 

line_with_end['line']['item1'] == i['id']: 

return i 
return None 

 
def getPorts(self): 

ports = { 

'BH': ['0', '0', '0', '0', '0', '0', '0', 

'0'], 
'BL': ['0', '0', '0', '0', '0', '0', '0', 

'0'], 

'CH': ['0', '0', '0', '0', '0', '0', '0', 

'0'], 
'CL': ['0', '0', '0', '0', '0', '0', '0', 

'0'], 
'AH': ['0', '0', '0', '0', '0', '0', '0', 

'0'], 

'AL': ['0', '0', '0', '0', '0', '0', '0', 
'0'] 

} 

for i in self.json_: 
if i['global'] == 'ports' and i['type'][-4:] 

== 'port': 

temp = '0' 
if i['type'] == 'DO_port': 

temp = '3' 
elif i['type'] == 'DI_port': 
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107. 
108. 
109. 
110. 

111. 
112. 
113. 

114. 
115. 
116. 

117. 
118. 
119. 

120. 
121. 
122. 

123. 
124. 
125. 

126. 
127. 
128. 

129. 
130. 
131. 

132. 
133. 
134. 

135. 
136. 
137. 

138. 
139. 
140. 

141. 
142. 
143. 

144. 
145. 
146. 

147. 

148. 
149. 

150. 
151. 
152. 

153. 
154. 
155. 

156. 
157. 
158. 

159. 
160. 

161. 
162. 

temp = '2' 
let = i['val'][1] 
ind = int(i['val'][2:]) 
if ind > 7: 

let += 'H' 
else: 

let += 'L' 
ind = ind % 8 

ports[let][7 - ind] = temp 
return ports 

 
def getQuestPorts(self): 

ports = [] 
for i in self.json_: 

try: 

if i['type'][1:] == 'I_port' and 

i['global'] == 'ports': 
ports.append(i['val'] + ' = (GPIO' + 

i['val'][1] + '->IDR & GPIO_IDR_IDR' + i['val'][2:] + 

')') 

ports.append('') 

except KeyError: 
pass 

return ports 
 

def getResult(self, str_): 
self.json_ = json.loads(str_) 

out_ports = [] 
strings = [] 

sends = [] 
dumps = [] 
globalVars = {} 

for i in self.json_: 

try: 

if i['global'] == 'globvar': 
globalVars[i['name']] = i['type'] 

print(globalVars) 
except KeyError: 

pass 

for i in self.json_: 

try: 

if (i['type'][1] == 'O' and i['global'] 
== 'ports') \ 

or (i['rw'] == 1 and i['global'] 
== 'var'): 

out_ports.append(i) 
except KeyError: 

pass 
if len(out_ports) == 0: 

return {'mes': 'ǮȬȜȕȞȔ ȞȢȠȣȜȟȳȪȜȜ. ǭșȦ 
ȞȢȡșȫȡȢȝ ȦȢȫȞȜ', 'dat': ''} 

for i in out_ports: 

line = self.findLine(i, 'in') 
if line['line'] is None: 

return {'mes': 'ǮȬȜȕȞȔ ȞȢȠȣȜȟȳȪȜȜ. ǳ 
ȢȘȡȢȝ Ȝț ȞȢȡșȫȡȯȩ ȦȢȫșȞ ȡșȦ ȟȜȡȜȜ ȥȖȳțȜ', 'dat': ''} 
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163. 
164. 
165. 
166. 

167. 
168. 
169. 

170. 
171. 
172. 

173. 
174. 
175. 

176. 
177. 
178. 

179. 
180. 
181. 

182. 
183. 
184. 

185. 
186. 
187. 

188. 
189. 
190. 

191. 
192. 
193. 

194. 
195. 
196. 

197. 
198. 
199. 

200. 
201. 
202. 

203. 

204. 
205. 

206. 
207. 
208. 

209. 
210. 
211. 

212. 
213. 
214. 

215. 
216. 

217. 
218. 

func = self.findObjByEndOfLine(line) 
if func is None: 

return {'mes': 'ǮȬȜȕȞȔ ȞȢȠȣȜȟȳȪȜȜ. ǳ 
ȢȘȡȢȝ Ȝț ȣȤȢȠșȚȧȦȢȫȡȯȩ ȦȢȫșȞ ȡșȦ ȟȜȡȜȜ ȥȖȳțȜ', 'dat': ''} 

 
string = self.search('?' + ' = ', func, False, 

'') 
 

if (string[2]): 

dumps.append(' 

string txt_data = Encoding.ASCII.GetBytes("' + 
string[3] + '");') 

dumps.append(' 

uint16 *TxtData') 
dumps.append(' 

TxtData = new uint16[8]') 

dumps.append(' 
TxtData[0] = txt_data % 256;') 

dumps.append(' 

txt_data = txt_data >> 8;') 

dumps.append(' 

TxtData[1] = txt_data % 256;') 
dumps.append(' 

txt_data = txt_data >> 8;') 

dumps.append(' 
TxtData[2] = txt_data % 256;') 

dumps.append(' 

txt_data = txt_data >> 8;') 
dumps.append(' 

TxtData[3] = txt_data % 256;') 

dumps.append(' 

txt_data = txt_data >> 8;') 
dumps.append(' 

TxtData[4] = txt_data % 256;') 
dumps.append(' 

txt_data = txt_data >> 8;') 

dumps.append(' 

TxtData[5] = txt_data % 256;') 
dumps.append(' 

txt_data = txt_data >> 8;') 

dumps.append(' 
TxtData[6] = txt_data % 256;') 

dumps.append(' 
txt_data = txt_data >> 8;') 

dumps.append(' 
TxtData[7] = txt_data % 256;') 

dumps.append(' 
txt_data = txt_data >> 8;') 

dumps.append(' 

if TxtData == RxMessage.Data') 
dumps.append(' 

{') 

if i['type'][-4:] == 'port': 
temp = string[0][:- 

2].replace(string[3], 'true') 
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219. 
220. 
221. 
222. 

223. 
224. 
225. 

226. 
227. 
228. 

229. 
230. 
231. 

232. 
233. 
234. 

235. 
236. 
237. 

238. 
239. 
240. 

241. 
242. 
243. 

244. 
245. 
246. 

247. 
248. 
249. 

250. 
251. 
252. 

253. 
254. 
255. 

256. 
257. 
258. 

259. 

260. 
261. 

262. 
263. 
264. 

265. 
266. 
267. 

268. 
269. 
270. 

271. 
272. 

273. 
274. 

temp = temp.replace('?', 'out_port_' 
+ i['id']) 

dumps.append(' ' + temp + ';') 
portname = i['val'][1] 
portnum = i['val'][2:] 
dumps.append(' 

out_port_' + i[ 
'val'] + ' & GPIO' + portname + 

'->BSRR=GPIO_BSRR_BS' + portnum + '; // ȧȥȦȔȡȢȖȞȔ ȣȢȤȦȔ') 
dumps.append(' 

!out_port_' + i[ 
'val'] + ' & GPIO' + portname + 

'->BSRR=GPIO_BSRR_BR' + portnum + '; // ȥȕȤȢȥ ȣȢȤȦȔ') 
elif i['global'] == 'var': 

print('globvar') 

temp = string[0][:- 
2].replace(string[3], 'true') 

type = i['type'] + ' ' 

try: 
globalVars[i['val']] 
type = '' 

except KeyError: 
pass 

temp = temp.replace('?', type + 
i['val']) 

dumps.append(' ' + temp + ';') 
else: 

print('else') 
temp = string[0][:- 

2].replace(string[3], 'true') 

temp = temp.replace('?', 'out_port_' 

+ i['id']) 
dumps.append('        

' + temp + ';') 

dumps.append(' 
CAN_Send_Test(' + 'out_port_' + i['id'] + 

');') 
dumps.append(' }') 

else: 

if i['type'][-4:] == 'port': 

srch = self.search('bool out_port_' 
+ i['val'] + ' = ', func, False, '') 

string = srch[0] 
portname = i['val'][1] 

portnum = i['val'][2:] 

 
strings.append({'str': string[:-2] + 

';\n' + 
' 

out_port_' + i[ 
'val'] + 

' & GPIO' + portname + '->BSRR=GPIO_BSRR_BS' + 

portnum + '; 
// ȧȥȦȔȡȢȖȞȔ ȣȢȤȦȔ \n' + 

' 
!out_port_' + i[ 
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275. 
276. 
277. 
278. 

279. 
280. 
281. 

282. 
283. 
284. 

285. 
286. 
287. 

288. 
289. 
290. 

291. 
292. 
293. 

294. 
295. 
296. 

297. 
298. 
299. 

300. 
301. 
302. 

303. 
304. 
305. 

306. 
307. 
308. 

309. 
310. 
311. 

312. 
313. 
314. 

315. 

316. 
317. 

318. 
319. 
320. 

321. 
322. 
323. 

324. 
325. 
326. 

327. 
328. 
329. 

'val'] + 
' & GPIO' + portname + '->BSRR=GPIO_BSRR_BR' + 

portnum + '; 
// ȥȕȤȢȥ ȣȢȤȦȔ \n', 

'com': 'port ' + 
srch[1]}) 

elif i['global'] == 'var': 

type = i['type'] + ' ' 
try: 

globalVars[i['val']] 

type = '' 
except KeyError: 

pass 
srch = self.search(type + i['val'] + 

' = ', func, False, '') 

string = srch[0] 
strings.append({'str': string[:-2] + 

';', 'com': i['val'] + ' ' + srch[1]}) 
else: 

srch = self.search('out_port_' + 
i['id'] + ' = ', func, False, '') 

string = srch[0] 

sends.append(string[:-2] + ';') 
sends.append('CAN_Send_Test(' + 

'out_port_' + i['id'] + ');') 

 
print(strings) 
i = len(strings) 

k = i 

i = i*i 

 
while i > 0: 

for j in range(i % k, k): 
l = strings[j]['com'].split(' ') 

r, l = l[1][:-1], l[0] 
if r == strings[i % k]['com'].split(' 

')[0]: 

t = copy.deepcopy(strings[i % k]) 
strings[i % k] = 

copy.deepcopy(strings[j]) 

strings[j] = t 
print('swap:', strings[i % k], 

strings[j]) 

print('after swap:', strings) 
break 

i-=1 
strings.reverse() 

 
 

print(strings) 

 
for i in range(0, k): 

strings[i] = strings[i]['str'] 
 

return strings, sends, dumps 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
 

Ʌɢɫɬɢɧɝ – ɮɚɣɥ ɲɚɛɥɨɧɚ ɞɥɹ ɝɟɧɟɪɚɬɨɪɚ ɤɨɞɚ 
 

1. 
2. 

3. 
4. 
5. 

6. 
7. 
8. 

9. 
10. 
11. 

12. 
13. 
14. 

15. 
16. 
17. 

18. 
19. 
20. 

21. 
22. 
23. 

24. 
25. 
26. 

27. 
28. 
29. 

30. 
31. 
32. 

33. 
34. 
35. 

36. 
37. 
38. 

39. 
40. 
41. 

42. 
43. 
44. 

45. 
46. 
47. 

48. 
49. 

#include Math 
/********************************************************* 

********************* 
ǮȣȤșȘșȟșȡȜș ȡȔȥȦȤȢȝȞȜ CAN 
********************************************************** 

********************/ 
#define CANɨ_ReMap // ǧȔȞȢȠșȡȦȜȤȢȖȔȦȰ, șȥȟȜ ȡșȦ ȤșȠȔȣȜȡȗȔ 

ȣȢȤȦȢȖ 
 

#ifndef CAN1_ReMap 

#define CAN1_GPIO_PORT GPIOA 

#define CAN1_RX_SOURCE GPIO_Pin_11 

// RX-ȣȢȤȦ 
#define CAN1_TX_SOURCE GPIO_Pin_12 

// TX-ȣȢȤȦ 
#define CAN1_Periph RCC_APB2Periph_GPIOA 

// ǯȢȤȦ ȣșȤȜȨȜȤȜȜ 
#else 

#define CAN1_GPIO_PORT GPIOB 
#define CAN1_RX_SOURCE GPIO_Pin_8 

// RX-ȣȢȤȦ 
#define CAN1_TX_SOURCE GPIO_Pin_9 

// TX-ȣȢȤȦ 
#define CAN1_Periph RCC_APB2Periph_GPIOB 

// ǯȢȤȦ ȣșȤȜȨȜȤȜȜ 
#endif 

 
 
 

GPIO_InitTypeDef GPIO_InitStructure; 
// CAN GPIOs configuration 
RCC_APB2PeriphClockCmd(RCC_APB2Periph_AFIO, ENABLE); 

// ȖȞȟȲȫȔșȠ ȦȔȞȦȜȤȢȖȔȡȜș AFIO 
RCC_APB2PeriphClockCmd(CAN1_Periph, ENABLE); 

// ȖȞȟȲȫȔșȠ ȦȔȞȦȜȤȢȖȔȡȜș ȣȢȤȦȔ 
 

RCC_APB1PeriphClockCmd(RCC_APB1Periph_CAN1, ENABLE); 

// ȖȞȟȲȫȔșȠ ȦȔȞȦȜȤȢȖȔȡȜș CAN-ȬȜȡȯ 
 

// ǭȔȥȦȤȔȜȖȔșȠ CAN RX pin 
GPIO_InitStructure.GPIO_Pin = CAN1_RX_SOURCE; 

GPIO_InitStructure.GPIO_Mode = GPIO_Mode_IPU; 
GPIO_InitStructure.GPIO_Speed = GPIO_Speed_50MHz; 
GPIO_Init(CAN1_GPIO_PORT, &GPIO_InitStructure); 

 
// ǭȔȥȦȤȔȜȖȔșȠ CAN TX pin 
GPIO_InitStructure.GPIO_Pin = CAN1_TX_SOURCE; 

GPIO_InitStructure.GPIO_Mode = GPIO_Mode_AF_PP; 
GPIO_InitStructure.GPIO_Speed = GPIO_Speed_50MHz; 
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GPIO_Init(CAN1_GPIO_PORT, &GPIO_InitStructure); 
 

#ifdef CAN1_ReMap 
GPIO_PinRemapConfig(GPIO_Remap1_CAN1, ENABLE); 

// ǯșȤșȡȢȥȜȠ Can1 ȡȔ PB8, PB9 
#endif 

 
// ǨȡȜȪȜȔȟȜțȔȪȜȳ ȬȜȡȯ 
CAN_InitTypeDef CAN_InitStructure; 

 
CAN_DeInit(CAN1); 
CAN_StructInit(&CAN_InitStructure); 

 
// CAN cell init 

CAN_InitStructure.CAN_TTCM = DISABLE; 

CAN_InitStructure.CAN_ABOM = ENABLE; 
CAN_InitStructure.CAN_AWUM = ENABLE; 

CAN_InitStructure.CAN_NART = DISABLE; 
CAN_InitStructure.CAN_RFLM = DISABLE; 
CAN_InitStructure.CAN_TXFP = ENABLE; 

CAN_InitStructure.CAN_Mode = CAN_Mode_Normal; 
CAN_InitStructure.CAN_SJW = CAN_SJW_1tq; 
CAN_InitStructure.CAN_BS1 = CAN_BS1_13tq; 

CAN_InitStructure.CAN_BS2 = CAN_BS2_2tq; 
CAN_InitStructure.CAN_Prescaler = 50; 
CAN_Init(CAN1, &CAN_InitStructure); 

 
// CAN filter init 
CAN_FilterInitTypeDef CAN_FilterInitStructure; 

CAN_FilterInitStructure.CAN_FilterNumber = 1; 
CAN_FilterInitStructure.CAN_FilterMode = 

CAN_FilterMode_IdMask; 
CAN_FilterInitStructure.CAN_FilterScale = 

CAN_FilterScale_32bit; 
CAN_FilterInitStructure.CAN_FilterIdHigh = 0x0000; 

CAN_FilterInitStructure.CAN_FilterIdLow = 0x0000; 
CAN_FilterInitStructure.CAN_FilterMaskIdHigh = 0x0000; 
CAN_FilterInitStructure.CAN_FilterMaskIdLow = 0x0000; 

CAN_FilterInitStructure.CAN_FilterFIFOAssignment = 
CAN_FIFO0; 

CAN_FilterInitStructure.CAN_FilterActivation = ENABLE; 
CAN_FilterInit(&CAN_FilterInitStructure); 

 
// CAN FIFO0 message pending interrupt enable 
CAN_ITConfig(CAN1, CAN_IT_FMP0, ENABLE); 

 
// NVIC Configuration 
// Enable CAN1 RX0 interrupt IRQ channel 
NVIC_InitTypeDef NVIC_InitStructure; 

NVIC_InitStructure.NVIC_IRQChannel = USB_LP_CAN1_RX0_IRQn; 
NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 0; 

NVIC_InitStructure.NVIC_IRQChannelSubPriority = 0; 
NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE; 

NVIC_Init(&NVIC_InitStructure); 

 
void USB_LP_CAN1_RX0_IRQHandler(void) 
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{ 
CanRxMsg RxMessage; 

 
// ǮȕȡȧȟȜȠ ȘȔȡȡȯș ȣȔȞșȦȔ 
RxMessage.DLC = 0x00; 
RxMessage.ExtId =  0x00; 

RxMessage.FMI = 0x00; 
RxMessage.IDE = 0x00; 
RxMessage.RTR = 0x00; 

RxMessage.StdId =  0x00; 
RxMessage.Data [0] = 0x00; 
RxMessage.Data [1] = 0x00; 

RxMessage.Data [2] = 0x00; 
RxMessage.Data [3] = 0x00; 
RxMessage.Data [4] = 0x00; 

RxMessage.Data [5] = 0x00; 
RxMessage.Data [6] = 0x00; 
RxMessage.Data [7] = 0x00; 

 
if (CAN_GetITStatus(CAN1, CAN_IT_FMP0) != RESET) 

// ǯȤȢȖșȤȜȠ ȣȢȫȦȢȖȯȝ ȳȭȜȞ 
{ 

CAN_Receive(CAN1, CAN_FIFO0, &RxMessage); 

 
// ǯȤȢȖșȤȜȠ ȦȜȣ țȔȗȢȟȢȖȞȔ ȥȢȢȕȭșȡȜȳ 
if (RxMessage.IDE == CAN_Id_Standard) { 

if (RxMessage.StdId == CAN_CMD_Test_Send) 
{ // ǥȥȟȜ ȣȢȟȧȫȜȟȜ ȦșȥȦȢȖȢș ȥȢȢȕȭșȡȜș 

CAN_Send_Ok(); 
/*?candump*/ 

} 

if (RxMessage.StdId == CAN_CMD_Test_Ok) { 
// ǥȥȟȜ ȣȢȟȧȫȜȟȜ ȣȢȘȦȖșȤȚȘșȡȜș ȣȢȟȧȫșȡȜȳ 

 
} 

} 
} 

} 
 

void initPort(void){ 

RCC->APBɩENR |= 0x000000ɨ0; // ǯȢȘȞȟȲȫșȡȜș ȦȔȞȦȢȖȢȗȢ 
ȥȜȗȡȔȟȔ 

 
GPIOA->CRH = 0x/*?GPIOA_CRH*/; // ǭȔȥȦȤȢȝȞȔ ȣȢȤȦȔ AH 
GPIOA->CRL = 0x/*?GPIOA_CRL*/; // ǭȔȥȦȤȢȝȞȔ ȣȢȤȦȔ AL 

 
GPIOB->CRH = 0x/*?GPIOB_CRH*/; // ǭȔȥȦȤȢȝȞȔ ȣȢȤȦȔ BH 
GPIOB->CRL = 0x/*?GPIOB_CRL*/; // ǭȔȥȦȤȢȝȞȔ ȣȢȤȦȔ BL 

 
GPIOC->CRH = 0x/*?GPIOC_CRH*/; // ǭȔȥȦȤȢȝȞȔ ȣȢȤȦȔ CH 
GPIOC->CRL = 0x/*?GPIOC_CRL*/; // ǭȔȥȦȤȢȝȞȔ ȣȢȤȦȔ CL 

} 
 

void CAN_Send_Test(string text) 

{ 
if (text.length() > 0) 



83  

162. 
163. 
164. 
165. 

166. 
167. 
168. 

169. 
170. 
171. 

172. 
173. 
174. 

175. 
176. 
177. 

178. 
179. 
180. 

181. 
182. 
183. 

184. 
185. 
186. 

187. 
188. 
189. 

190. 
191. 
192. 

193. 
194. 
195. 

196. 
197. 
198. 

199. 
200. 
201. 

202. 

203. 
204. 

205. 
206. 
207. 

208. 
209. 
210. 

211. 
212. 
213. 

214. 
215. 
216. 
217. 

{ 
CanTxMsg TxMessage; 
TxMessage.StdId = CAN_CMD_Test_Send; 

// КȢȠȔȡȘȔ ȬȜȡȯ 
 

TxMessage.ExtId = 0x00; 

// ǰȔȥȬȜȤșȡȡȧȲ ȞȢȠȔȡȘȧ ȧȞȔțȯȖȔȦȰ ȡșȦ ȥȠȯȥȟȔ 
 

TxMessage.IDE = CAN_Id_Standard; 

// ǴȢȤȠȔȦ ȞȔȘȤȔ 
TxMessage.RTR = CAN_RTR_DATA; 

// ǲȜȣ ȥȢȢȕȭșȡȜȳ 
TxMessage.DLC = 3; 

// ǤȟȜȡȔ ȕȟȢȞȔ ȘȔȡȡȯȩ ɪ - ȣșȤșȘȔȘȜȠ ȦȤȜ ȕȔȝȦȔ 
txt_data = Encoding.ASCII.GetBytes(text); 

TxMessage.Data[0] = txt_data % 256; 

// БȔȝȦ ȘȔȡȡȯȩ №ɨ 
txt_data = txt_data >> 8; 

TxMessage.Data[1] = txt_data % 256; 

// БȔȝȦ ȘȔȡȡȯȩ №ɩ 
txt_data = txt_data >> 8; 

TxMessage.Data[2] = txt_data % 256; 
// БȔȝȦ ȘȔȡȡȯȩ №ɪ 

 
CAN_Transmit(CAN1, &TxMessage); 

} 
} 

 
bool AND(bool a, ...) 
{ 

for (bool *ptr = &a; *ptr!=null; ptr++){ 

if *ptr == false 

return false; 
} 

return true; 
} 

 
bool OR(bool a, ...) 
{ 

for (bool *ptr = &a; *ptr!=null; ptr++){ 

if *ptr == true 

return true; 
} 

return false; 
} 

 
 

bool NAND(bool a, ...) 

{ 
for (bool *ptr = &a; *ptr!=null; ptr++){ 

if *ptr == true 

return false; 

} 
return true; 

} 
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bool NOR(bool a, ...) 
{ 

for (bool *ptr = &a; *ptr!=null; ptr++){ 
if *ptr == false 

return true; 
} 
return false; 

} 
 

bool XOR(bool a, ...) 

{ 
bool result = false; 
for (bool *ptr = &a; *ptr!=null; ptr++){ 

if *ptr == true 

result = !result; 
} 

return result; 
} 

 
bool NOT(bool a, ...) 
{ 

int *ptr = &a; 
return !(*ptr); 

} 

 
float SUM(float a, ...) 
{ 

float result = 0; 

for (float *ptr = &a; *ptr!=null; ptr++){ 
result += *ptr; 

} 

return result; 
} 

 
float DIFF(float a, ...) 
{ 

float result = a; 
float *ptr = &a; 

ptr++; 
result -= *ptr; 

return result; 

} 

 
float DIV(float a, ...) 
{ 

float result = a; 

float *ptr = &a; 
ptr++; 

result /= *ptr; 
return result; 

} 
 

float MULT(float a, ...) 
{ 

float result = a; 

float *ptr = &a; 
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ptr++; 
result *= *ptr; 
return result; 

} 
 

int MOD(float a, ...) 

{ 

float result = a; 
float *ptr = &a; 
ptr++; 
result = result % *ptr; 
return result; 

} 
 

bool BIGGER(float a, ...) 

{ 

float result = a; 
float *ptr = &a; 
ptr++; 

return result > *prt; 
} 

 
bool BIGGER(bool a, ...) 
{ 

bool result = a; 
bool *ptr = &a; 
ptr++; 

return (result & !*ptr); 

} 
 

bool LESS(float a, ...) 

{ 
float result = a; 

float *ptr = &a; 

ptr++; 

return result < *prt; 
} 

 
bool LESS(bool a, ...) 

{ 

bool result = a; 

bool *ptr = &a; 
ptr++; 

return (!result & *ptr); 
} 

 
bool EQLESS(float a, ...) 
{ 

float result = a; 
float *ptr = &a; 
ptr++; 

return result <= *prt; 
} 

 
bool EQLESS(bool a, ...) 
{ 
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bool result = a; 
bool *ptr = &a; 
ptr++; 

return !result; 
} 

 
bool EQ(float a, ...) 

{ 
float result = a; 
float *ptr = &a; 

ptr++; 
return result == *prt; 

} 

 
bool EQ(bool a, ...) 

{ 
bool result = a; 

bool *ptr = &a; 
ptr++; 

return (result & *ptr); 
} 

 
bool EQBIGGER(float a, ...) 
{ 

float result = a; 
float *ptr = &a; 

ptr++; 
return result >= *prt; 

} 
 

bool EQBIGGER(bool a, ...) 

{ 
bool result = a; 

bool *ptr = &a; 

ptr++; 

return result; 
} 

 
int ROUND(float a, ...) 

{ 

float result = a; 
return int(round(result)); 

} 

int CEIL(float a, ...) 
{ 

float result = a; 

return int(ceil(result)); 
} 
int TRUNC(float a, ...) 

{ 
float result = a; 
return int(floor(result)); 

} 
 

float IF(float a, bool b, float c, int o) 
{ 
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if (b) 
return a; 

else 
return c; 

} 

 
int IF(int a, bool b, int c, int o) 

{ 
if (b) 

return a; 

else 
return c; 

} 
 

string IF(string a, bool b, string c, int o) 

{ 

if (b) 
return a; 

else 

return c; 
} 

 
char IF(char a, bool b, char c, int o) 
{ 

if (b) 

return a; 
else 

return c; 
} 

 
bool IF(bool a, bool b, bool c, int o) 

{ 
if (b) 

return a; 

else 
return b; 

} 

/*?global*/ 

void main() 

{ 
initPort(); 

 
while(1){ 

// ȢȣȤȢȥ ȣȢȤȦȢȖ 
/*?inports*/ 

 
// ȖȯțȢȖ ȥȗșȡșȤȜȤȢȖȔȡȡȯȩ ȨȧȡȞȪȜȝ 
/*?functions*/ 

 
// ȢȦȣȤȔȖȞȔ ȥȢȢȕȭșȡȜȝ 
/*?sends*/ 

} 
} 
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