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Ⱦ.Ⱥ. Ȼɟɥɨɜɨɥ, ȿ.Ɇ. ɋɧɟɠɤɨ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ 
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ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ. ɗɥɟɤɬɪɨ-ɢɦɩɟɞɚɧɫɧɚɹ ɬɨɦɨɝɪɚɮɢɹ ɩɨɡɜɨɥɹɟɬ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ/ɢɥɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɜɧɭɬɪɢ ɨɛɴɟɤɬɨɜ ɩɨ ɢɡɦɟɪɟɧ-
ɧɵɦ ɧɚɩɪɹɠɟɧɢɹɦ ɧɚ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ. Ɋɟɲɟɧɢɟ ɩɪɹɦɨɣ ɡɚɞɚɱɢ ɞɚɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ 
ɜɧɭɬɪɢ ɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɴɟɤɬɚ ɫ ɡɚɞɚɧɧɵɦɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɇɟɣɦɚɧɚ ɢ Ⱦɢɪɢɯɥɟ, ɚ ɨɛɪɚɬɧɚɹ 
ɡɚɞɚɱɚ ɩɨɡɜɨɥɹɟɬ ɜɨɫɫɬɚɧɨɜɢɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɨ ɢɡɦɟɪɟɧɧɵɦ ɝɪɚɧɢɱɧɵɦ ɩɨɬɟɧɰɢɚɥɚɦ. 
Ɇɟɬɨɞ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɦɟɞɢɰɢɧɟ, ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ, ɚɝɪɚɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɢ ɬ.ɞ. Ɇɟ-
ɬɨɞ ɩɪɢɦɟɧɢɦ ɜ ɝɨɪɧɨɦ ɞɟɥɟ: ɦɨɧɢɬɨɪɢɧɝ ɝɪɭɧɬɨɜɵɯ ɜɨɞ Д1Ж, ɦɟɫɬ ɯɪɚɧɟɧɢɹ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɨɬɯɨɞɨɜ, ɜɨɡ-
ɝɨɪɚɧɢɣ ɝɨɪɸɱɢɯ ɩɥɚɫɬɨɜ Д2Ж, ɫɢɫɬɟɦɵ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ Д3Ж, ɜɡɪɵɜɨɜ ɩɵɥɢ. Ɉɝɪɚɧɢɱɟɧɢɹɦɢ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɫɟɪɢɣɧɨɝɨ ɜɵɩɭɫɤɚ ɚɩɩɚɪɚɬɭɪɵ, ɚ ɬɚɤɠɟ ɭɡɤɢɣ ɩɪɨɮɢɥɶ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɨɜ 
ɢ ɫɥɨɠɧɵɟ ɢ ɧɟɨɞɧɨɡɧɚɱɧɵɟ ɚɥɝɨɪɢɬɦɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɢ ɩɭɛɥɢɤɚɰɢɢ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ. ɉɟɪɜɵɟ ɪɚɡɪɚɛɨɬɤɢ ɗɂɌ ɩɨɹɜɢɥɢɫɶ ɜ ȼɟɥɢɤɨɛɪɢ-
ɬɚɧɢɢ ɜ ɧɚɱɚɥɟ 80-ɯ ɝɨɞɨɜД4Ж. ɋ 90-ɯ ɝɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɹɬɫɹ ɜɨ ɦɧɨɝɢɯ ɫɬɪɚɧɚɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɂɧ-
ɫɬɢɬɭɬɟ Ɋɚɞɢɨɬɟɯɧɢɤɢ ɊȺɇ, ɇɨɜɨɫɢɛɢɪɫɤɨɦ Ɍɟɯɧɢɱɟɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬ, ɢɧɫɬɢɬɭɬɚɯ ȿɜɪɨɩɵ ɢ 
ɋɒȺД5],[6Ж. Ɋɚɡɪɚɛɨɬɚɧɵ ɨɛɪɚɡɰɵ ɩɪɢɛɨɪɨɜ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɦɟɞɢɰɢɧɟ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɝɨɥɨɜɧɨɝɨ 
ɦɨɡɝɚ, ɥɟɝɤɢɯ, ɫɟɪɞɰɚ, ɛɪɸɲɧɨɣ ɩɨɥɨɫɬɢ, ɦɚɦɦɨɝɪɚɮɢɹ, ɚ ɬɚɤɠɟ ɞɥɹ ɧɟ ɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɞɪɟɜɟ-
ɫɢɧɵ, ɩɥɚɫɬɦɚɫɫɵ ɢ ɞɪɭɝɢɯ ɢɡɞɟɥɢɣД7]. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ. Ɂɚɞɚɱɟɣ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɚ ɪɚɡɪɚɛɨɬɤɚ ɚɩɩɚɪɚɬɧɨɣ, ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɣ 
ɢ ɩɪɨɝɪɚɦɦɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɷɤɨɧɨɦɢɱɧɨɝɨ, ɩɨɪɬɚɬɢɜɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɞɥɹ ɗɂɌ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨ-
ɜɪɟɦɟɧɧɵɯ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɥɚɬɮɨɪɦɵ STM32F103RBT6 ɧɚ ɦɢɤɪɨ-
ɤɨɧɬɪɨɥɥɟɪɚɯ STMγβ. Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɭɩɪɚɜɥɹɟɬ ɛɥɨɤɚɦɢ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɢ ɩɪɨɜɨɞɢɬ ɩɟɪɜɢɱ-
ɧɭɸ ɨɛɪɚɛɨɬɤɭ ɞɚɧɧɵɯ ɢ ɩɟɪɟɞɚɟɬ ɩɨ ɩɪɨɜɨɞɧɨɦɭ (USB, Ethernet) ɢɥɢ ɛɟɫɩɪɨɜɨɞɧɨɦɭ ɤɚɧɚɥɭ (BlueTooth, 

ZigBee) ɧɚ ɉɄ ɢɥɢ ɦɨɛɢɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ (ɩɥɚɧɲɟɬ, ɫɦɚɪɬɮɨɧ, ɄɉɄ). Ɍɚɤɨɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɭɩɪɨɫɬɢɬɶ 
ɢɡɦɟɪɢɬɟɥɶɧɭɸ ɫɢɫɬɟɦɭ, ɜɵɩɨɥɧɹɹ ɦɧɨɝɢɟ ɨɩɟɪɚɰɢɢ ɩɪɨɝɪɚɦɦɧɵɦ ɫɩɨɫɨɛɨɦ. 

Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. Ȼɥɨɤ-ɫɯɟɦɚ (ɪɢɫ. 1) ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɤɥɸɱɚɟɬ ɧɚɛɨɪ ɷɥɟɤɬɪɨ-
ɞɨɜ, ɩɪɢɥɨɠɟɧɧɵɯ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. ɍɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɨɞɨɜ ɩɨɜɵɲɚɟɬ 
ɬɨɱɧɨɫɬɶ ɢ ɪɚɡɪɟɲɚɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ, ɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɡɚɬɪɚɬɵ ɜɪɟɦɟɧɢ ɧɚ ɨɛɪɚɛɨɬɤɭ ɢ ɭɫɥɨɠɧɹɟɬ ɢɡɦɟ-
ɪɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɫɯɟɦɵ. 

 

 
Ɋɢɫ. 1. Ȼɥɨɤ-ɫɯɟɦɚ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

 
ɉɪɢɦɟɪ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɢɜɟɞɟɧ ɧɢɠɟ (ɪɢɫ. β). ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɵɛɪɚɧɚ ɫɯɟɦɚ ɫɨ-

ɞɟɪɠɚɳɚɹ 16 ɷɥɟɤɬɪɨɞɨɜ, ɜɵɩɨɥɧɟɧɧɵɯ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ. Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɩɨɥɹɪɢɡɚɰɢɢ ɷɥɟɤɬɪɨɞɨɜ 
ɢ ɢɡɦɟɪɟɧɢɹ ɪɟɚɤɬɢɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɢɦɩɟɞɚɧɫɚ ɧɚ ɜɨɡɛɭɠɞɚɸɳɢɟ ɷɥɟɤɬɪɨɞɵ ɩɨɞɚɟɬɫɹ ɩɟɪɟɦɟɧɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ 10-100ɄȽɰ. ȼɵɯɨɞɧɨɣ ɤɚɫɤɚɞ ɞɨɥɠɟɧ, ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ ɜɥɢɹɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɧɚ ɨɛɴ-
ɟɤɬ, ɨɝɪɚɧɢɱɢɜɚɬɶ ɚɦɩɥɢɬɭɞɭ ɩɪɨɯɨɞɹɳɟɝɨ ɬɨɤɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

ȼ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɢɡɦɟɪɟɧɢɹ ɞɜɚ ɷɥɟɤɬɪɨɞɚ ɹɜɥɹɸɬɫɹ ɜɨɡɛɭɠɞɚɸɳɢɦɢ, ɚ ɨɫɬɚɥɶɧɵɟ ɢɡɦɟɪɢɬɟɥɶɧɵ-
ɦɢ. ȼɨɡɛɭɠɞɚɸɳɢɟ ɷɥɟɤɬɪɨɞɵ ɦɨɝɭɬ ɛɵɬɶ ɫɨɫɟɞɧɢɦɢ, ɨɩɩɨɡɢɬɧɵɦɢ, ɥɢɛɨ ɨɬɫɬɨɹɳɢɦɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɧɚ 
ɧɟɤɨɬɨɪɨɟ ɱɢɫɥɨ ɷɥɟɤɬɪɨɞɨɜ. ɉɪɢ ɷɬɨɦ ɩɨɩɚɪɧɨ ɢɡɦɟɪɹɟɬɫɹ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɦɟɠɞɭ ɞɪɭɝɢɦɢ – ɢɡ-
ɦɟɪɢɬɟɥɶɧɵɦɢ - ɷɥɟɤɬɪɨɞɚɦɢ.  ȼ ɨɞɧɨɦ ɰɢɤɥɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɦɟɳɟɧɢɟ ɜɨɡɛɭɠɞɚɸɳɢɯ ɷɥɟɤɬɪɨɞɨɜ ɞɨ 
ɩɨɥɧɨɝɨ ɨɛɯɨɞɚ ɤɨɧɬɭɪɚ ɨɛɴɟɤɬɚ. 
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ȼɵɛɨɪ ɜɨɡɛɭɠɞɚɸɳɢɯ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɷɥɟɤɬɪɨɞɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ 4ɟɯ 16ɬɢ-ɤɚɧɚɥɶɧɵɯ 
ɚɧɚɥɨɝɨɜɵɯ ɤɨɦɦɭɬɚɬɨɪɨɜ. ɇɚ ɜɨɡɛɭɠɞɚɸɳɢɟ ɷɥɟɤɬɪɨɞɵ ɩɨɞɚɟɬɫɹ ɩɟɪɟɦɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜ ɜɢɞɟ ɩɪɹ-
ɦɨɭɝɨɥɶɧɵɯ ɢɦɩɭɥɶɫɨɜ ɫ ɨɝɪɚɧɢɱɟɧɢɟɦ ɩɨ ɬɨɤɭ 0,1-1mȺ, ɝɟɧɟɪɢɪɭɟɬɫɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ. ɏɚɪɚɤɬɟɪɢ-
ɫɬɢɤɢ ɢɦɩɭɥɶɫɨɜ ɫɨɡɞɚɸɬɫɹ ɩɪɨɝɪɚɦɦɧɵɦ ɩɭɬɟɦ ɢ ɮɨɪɦɢɪɭɸɬɫɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ. ȼɨɡɦɨɠɧɨ ɮɨɪɦɢ-
ɪɨɜɚɧɢɟ ɫɢɝɧɚɥɨɜ ɢɧɨɣ ɮɨɪɦɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ, ɢɫɩɨɥɶɡɭɹ ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɵɟ ɦɨɞɭɥɹɬɨ-
ɪɵ, ɤɨɬɨɪɵɟ ɜɯɨɞɹɬ ɜ ɫɨɫɬɚɜ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ. ɂɡɦɟɪɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ ɜɵɩɨɥɧɟɧɚ ɧɚ ɢɧɫɬɪɭɦɟɧɬɚɥɶ-
ɧɨɦ ɭɫɢɥɢɬɟɥɟ ɞɥɹ ɩɨɞɚɜɥɟɧɢɹ ɫɢɧɮɚɡɧɵɯ ɩɨɦɟɯ ɢ ɢɦɟɟɬ ɧɟɛɨɥɶɲɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ (5-10). Ɉɫ-
ɧɨɜɧɨɟ ɭɫɢɥɟɧɢɟ ɫɢɝɧɚɥɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɩɟɪɚɰɢɨɧɧɵɦ ɭɫɢɥɢɬɟɥɟɦ (ɪɢɫ. γ) ɫ ɪɟɝɭɥɢɪɭɟɦɵɦ ɤɨɷɮɮɢɰɢɟɧ-
ɬɨɦ ɭɫɢɥɟɧɢɹ ɞɥɹ ɪɚɫɲɢɪɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɢɚɩɚɡɨɧɚ ɢɡɦɟɪɹɟɦɵɯ ɫɢɝɧɚɥɨɜ. ɉɨɫɥɟ ɭɫɢɥɟɧɢɹ ɫɢɝɧɚɥ 
ɩɨɫɬɭɩɚɟɬ ɧɚ ɫɢɧɯɪɨɧɧɵɣ ɞɟɬɟɤɬɨɪ, ɚ ɡɚɬɟɦ ɧɚ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ.  
 

Ɉɛɳɚɹ ɦɟɬɨɞɢɤɚ ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ (ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ) ɩɪɢɦɟɧɹɸɬɫɹ 
ɪɚɡɥɢɱɧɵɟ ɚɥɝɨɪɢɬɦɵ. Ɉɬɩɪɚɜɧɨɣ ɬɨɱɤɨɣ ɞɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ ɗɂɌ ɛɭɞɭɬ ɭɪɚɜɧɟɧɢɹ Ɇɚɤɫɜɟɥɥɚ - ɫɢɫɬɟɦɚ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɢ ɟɝɨ ɫɜɹɡɶ ɫ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɡɚ-
ɪɹɞɚɦɢ ɢ ɬɨɤɚɦɢ ɜ ɜɚɤɭɭɦɟ ɢ ɫɩɥɨɲɧɵɯ ɫɪɟɞɚɯ. ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɩɨɫɬɨɹɧɧɨɝɨ ɢɥɢ ɧɢɡɤɨɱɚɫɬɨɬɧɨɝɨ 
ɬɨɤɚ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. Ⱦɨɩɭɫɬɢɦ, ɟɫɬɶ ɨɛɴɟɤɬ Ω ɫ ɝɪɚɧɢɰɟɣ įΩ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɨ-
ɜɨɞɢɦɨɫɬɢ ɬɟɥɚ σ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɤɨɨɪɞɢɧɚɬ ɯ. ɋɤɚɥɹɪɧɵɣ ɩɨɬɟɧɰɢɚɥ ɨɛɨɡɧɚɱɢɦ φ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɟ 
ɩɨɥɟ 

  VE  (1) 

 

ɉɨɥɭɱɢɦ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɢɡ ɡɚɤɨɧɚ Ɉɦɚ: 
 

EJ  ,  VJ  

(2) 

(3) 

 

ȼ ɫɢɥɭ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ, ɤɨɥɢɱɟɫɬɜɨ ɡɚɪɹɞɨɜ, ɜɩɚɞɚɸɳɢɯ ɜ ɷɥɟɦɟɧɬɚɪɧɵɣ ɨɛɴɟɦ, ɜ ɬɨɱɧɨ-
ɫɬɢ ɪɚɜɧɨ ɤɨɥɢɱɟɫɬɜɭ, ɜɵɬɟɤɚɸɳɢɯ, ɡɚ ɜɵɱɟɬɨɦ ɫɨɛɫɬɜɟɧɧɵɯ ɡɚɪɹɞɨɜ, ɢɦɟɸɳɢɯɫɹ ɜ ɷɬɨɦ ɨɛɴɟɦɟ. ɗɬɨɬ 
ɮɚɤɬ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɬɚɤ:  
 

IJV   (4) 
 

ɝɞɟ І — ɨɛɴɟɦɧɚɹ ɩɥɨɬɧɨɫɬɶ ɢɫɬɨɱɧɢɤɨɜ ɬɨɤɚ.  
ȼ ɨɬɫɭɬɫɬɜɢɟ ɜɧɭɬɪɟɧɧɢɯ ɢɫɬɨɱɧɢɤɨɜ ɬɨɤɚ (I = 0) ɢɦɟɟɦ ɭɪɚɜɧɟɧɢɟ Ʌɚɩɥɚɫɚ:  

 

0 )(  (5) 

 

Ⱦɥɹ ɩɪɢɞɚɧɢɹ ɪɟɚɥɶɧɨɝɨ ɮɢɡɢɱɟɫɤɨɝɨ ɫɦɵɫɥɚ ɭɪɚɜɧɟɧɢɟ ɜɵɲɟ ɞɨɥɠɧɨ ɛɵɬɶ ɞɨɩɨɥɧɟɧɨ ɝɪɚɧɢɱɧɵɦɢ 
ɭɫɥɨɜɢɹɦɢ, ɩɨɫɤɨɥɶɤɭ ɜɫɟ ɛɟɡ ɢɫɤɥɸɱɟɧɢɹ ɨɛɴɟɤɬɵ ɨɝɪɚɧɢɱɟɧɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. ȿɫɥɢ ɨɛɴɟɤɬ ɧɚɯɨɞɢɬɫɹ ɜ 
ɜɨɡɞɭɯɟ (ɚ ɩɪɢ ɷɥɟɤɬɪɨɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɷɬɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɵɩɨɥɧɹɟɬɫɹ), ɬɨ ɡɚ ɩɪɟɞɟɥɵ 
ɨɛɴɟɤɬɚ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɧɟ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ, ɩɨɫɤɨɥɶɤɭ ɜɨɡɞɭɯ - ɯɨɪɨɲɢɣ ɞɢɷɥɟɤɬɪɢɤ ɢ ɟɝɨ ɭɞɟɥɶɧɚɹ 
ɩɪɨɜɨɞɢɦɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ ɧɭɥɸ: 
   0 n  (6) 

 

ɝɞɟ n  - ɩɪɨɢɡɜɨɞɧɚɹ ɩɨ ɧɨɪɦɚɥɢ ɤ ɩɨɜɟɪɯɧɨɫɬɢ. ȿɫɥɢ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɴɟɤɬɚ ɩɨɞɜɨɞɢɬɫɹ ɷɥɟɤɬɪɢɱɟ-
ɫɤɢɣ ɬɨɤ ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨɞɨɜ, ɬɨ ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ ɫɥɟɞɭɟɬ ɡɚɩɢɫɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
   Jm   

U  

(7) 

(8) 

 

ɝɞɟ U – ɢɡɦɟɪɟɧɧɚɹ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ.  Ⱦɥɹ ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ ɗɂɌ ɧɭɠɧɵ ɱɢɫɥɟɧɧɵɟ 
ɦɟɬɨɞɵ ɧɚɯɨɠɞɟɧɢɹ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱ. ȼ ɨɫɧɨɜɟ ɜɫɟɯ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɥɟɠɢɬ 
ɩɪɢɛɥɢɠɟɧɢɟ, ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ ɧɟɩɪɟɪɵɜɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɢ, ɟɝɨ ɞɢɫ-
ɤɪɟɬɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ. 

Ɉɛɪɚɬɧɚɹ ɡɚɞɚɱɚ ɗɂɌ ɩɥɨɯɨ ɨɛɭɫɥɨɜɥɟɧɚ. Ɋɟɲɟɧɢɟ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɦɨɠɟɬ ɛɵɬɶ ɤɪɚɣɧɟ ɧɟɫɬɚɛɢɥɶ-
ɧɵɦ, ɞɚɠɟ ɧɟɛɨɥɶɲɨɣ ɲɭɦ ɦɨɠɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɢɥɢɬɶɫɹ ɢ ɩɪɢɜɟɫɬɢ ɜ ɧɟɝɨɞɧɨɫɬɶ ɜɫɟ ɪɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫ-
ɥɟɧɢɣ. ɉɨɥɭɱɢɬɶ ɞɚɧɧɵɟ ɛɟɡ ɲɭɦɚ ɧɟɜɨɡɦɨɠɧɨ, ɩɨɫɤɨɥɶɤɭ ɢɦɟɸɬ ɦɟɫɬɨ ɬɚɤɢɟ ɹɜɥɟɧɢɹ ɤɚɤ ɢɡɦɟɧɟɧɢɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɢ ɤɨɠɢ ɜ ɦɟɫɬɚɯ ɩɪɢɤɪɟɩɥɟɧɢɹ ɷɥɟɤɬɪɨɞɨɜ, ɞɜɢɠɟɧɢɟ ɷɥɟɤɬɪɨɞɨɜ, ɬɨɬ ɮɚɤɬ, 
ɱɬɨ ɧɟɜɨɡɦɨɠɧɨ ɬɨɱɧɨ ɫɨɝɥɚɫɧɨ ɦɨɞɟɥɢ ɩɪɢɤɪɟɩɢɬɶ ɷɥɟɤɬɪɨɞɵ ɤ ɬɟɥɭ, ɚ ɬɚɤɠɟ ɲɭɦɵ ɨɬ ɷɥɟɤɬɪɨɧɧɵɯ ɰɟ-



Аɜɬɨɦɚɬɢɡɚɰія ɜɢɪɨɛɧɢɱɢɯ ɩɪɨɰеɫіɜ 

82 

ɩɟɣ. Ⱦɥɹ ɩɨɞɚɜɥɟɧɢɹ ɱɚɫɬɢ ɲɭɦɨɜ ɥɭɱɲɢɦ ɪɟɲɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɢɡɚɰɢɹ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɷɥɟɤɬɪɨ-
ɞɚɦɢ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɨɣ. 

ȼ ɫɜɹɡɢ ɫ ɨɝɪɚɧɢɱɟɧɢɟɦ ɪɚɡɦɟɪɚ ɷɥɟɤɬɪɨɞɨɜ ɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɜ ɢɯ ɪɚɡɦɟɳɟɧɢɢ, ɱɢɫɥɨ ɧɟɡɚɜɢɫɢɦɵɯ 
ɢɡɦɟɪɟɧɢɣ ɜɫɟɝɞɚ ɧɚɦɧɨɝɨ ɦɟɧɶɲɟ, ɱɟɦ ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ  ɢɡɨɛɪɚɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɧɭɠɧɨ ɩɨɥɭɱɢɬɶ. 
ɉɨɷɬɨɦɭ ɫɢɫɬɟɦɚ ɦɨɠɟɬ ɧɟ ɢɦɟɬɶ ɪɟɲɟɧɢɹ ɢɥɢ ɢɦɟɬɶ ɛɟɫɤɨɧɟɱɧɨɟ ɢɯ ɱɢɫɥɨ. ɉɨɫɤɨɥɶɤɭ ɜ ɗɂɌ 
ɝɚɪɚɧɬɢɪɨɜɚɧɨ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɨɞɧɨɝɨ ɪɟɲɟɧɢɹ, ɦɨɠɟɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɢ ɛɟɫɤɨɧɟɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɱɢɫɥɨ 
ɪɟɲɟɧɢɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɧɢɤɚɥɶɧɨɫɬɶ ɪɟɲɟɧɢɹ ɜ ɗɂɌ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. Ʉɪɨɦɟ ɢɫɬɢɧɧɨɝɨ ɪɟɲɟɧɢɹ 
ɫɭɳɟɫɬɜɭɟɬ ɛɟɫɤɨɧɟɱɧɨ ɦɧɨɝɨ "ɮɚɥɶɲɢɜɵɯ" ɪɟɲɟɧɢɣ. 
 

  
Ɋɢɫ. 2. ɉɪɢɦɟɪ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ Ɋɢɫ. 3. ɂɫɬɨɱɧɢɤ ɬɨɤɚ 

 

ɉɨɞɯɨɞɵ ɤ ɪɚɫɱɟɬɭ ɧɚɞɥɟɠɚɳɟɝɨ ɨɛɪɚɬɧɨɝɨ ɨɬɨɛɪɚɠɟɧɢɹ ɢ ɭɧɢɤɚɥɶɧɨɫɬɢ ɪɟɲɟɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɧɚɡɵɜɚɸɬɫɹ ɪɟɤɨɧɫɬɪɭɤɰɢɟɣ ɢɡɨɛɪɚɠɟɧɢɹ. Ⱦɥɹ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɩɥɨɯɨ ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɫɢ-
ɫɬɟɦɚɯ ɧɭɠɧɚ ɪɟɝɭɥɹɪɢɡɚɰɢɹ. Ɇɟɬɨɞɵ ɪɟɝɭɥɹɪɢɡɚɰɢɢ ɞɟɥɹɬɫɹ ɧɚ ɦɟɬɨɞ ɨɛɪɚɬɧɨɣ ɩɪɨɟɤɰɢɢ, ɢɬɟɪɚɬɢɜɧɵɣ 
ɦɟɬɨɞ, ɦɟɬɨɞ ɨɞɧɨɲɚɝɨɜɨɣ ɥɢɧɟɚɪɢɡɚɰɢɢ. 

ɉɪɢ ɪɟɲɟɧɢɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬ ɢɬɟɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ ɇɶɸɬɨɧɚ-Ɋɚɮɫɨɧɚ, ɞɥɹ ɪɟɚ-
ɥɢɡɚɰɢɢ ɤɨɬɨɪɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɧɚ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ ɩɨ ɬɟɤɭɳɟɦɭ ɡɧɚɱɟɧɢɸ ɜɟɫɨɜ ɨɬɞɟɥɶɧɵɯ ɫɬɪɭɤɬɭɪ 
ɮɚɧɬɨɦɚ (ɟɫɥɢ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɜɵɱɢɫɥɟɧɧɵɦɢ ɢ ɢɡɦɟɪɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɟɪɟɞɚɬɨɱɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ 
ɹɜɥɹɟɬɫɹ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɛɨɥɶɲɨɣ) ɫɮɨɪɦɢɪɨɜɚɬɶ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɤɨɪɪɟɤɬɢɪɭɸɳɢɯ ɩɪɢɪɚ-
ɳɟɧɧɭɸ ΔıФ ɭɞɟɥɶɧɵɯ ɩɪɨɜɨɞɢɦɨɫɬɟɣ ɜ ɜɢɞɟ: 
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(9) 

 

 

(10) 

 

ɝɞɟ Z(i) - i-ɨɟ ɩɟɪɟɞɚɬɨɱɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢɡ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ ɧɚ ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɷɥɟɤɬɪɨɞɵ ɩɨ ɩɟɪɢɦɟɬɪɭ 
ɫɟɱɟɧɢɹ; ΔıФ - ɤɨɪɪɟɤɬɢɪɭɸɳɢɟ ɩɪɢɪɚɳɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɞɥɹ k-ɝɨ ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ; ΔГ(Т) 
- ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɢɡɦɟɪɟɧɧɵɦ ɢ ɜɵɱɢɫɥɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 
 

Ɉɞɧɨɲɚɝɨɜɨɟ ɥɢɧɟɣɧɚɹ ɪɟɤɨɧɫɬɪɭɤɰɢɹ. ȼ ɷɬɨɦ ɩɨɞɯɨɞɟ ɪɟɲɟɧɢɹ ɭɩɪɨɳɚɸɬɫɹ: 
 

Byx   (11) 

 ȼ ɧɟɦ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɥɢɧɟɣɧɚɹ ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɦɚɬɪɢɰɵ ȼ ɫ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ ɪɟɝɭɥɹɪɢɡɚɰɢɢ. Ɋɟɲɟɧɢɟ ɩɨɥɭɱɚɟɦ ɜ ɜɢɞɟ: 
   ByWyJRWJJx TT  12  

(12) 

 

ɝɞɟ W ɦɨɞɟɥɢɪɭɟɬ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ; λ - ɝɢɩɟɪɩɚɪɚɦɟɬɪ (ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɪɚɡɪɟɲɟ-
ɧɢɟɦ ɢ ɩɨɞɚɜɥɟɧɢɟɦ ɲɭɦɚ ɜ ɜɨɡɨɛɧɨɜɥɹɟɦɨɦ ɢɡɨɛɪɚɠɟɧɢɢ), ɦɚɬɪɢɰɚ R ɦɨɞɟɥɢɪɭɟɬ ɚɦɩɥɢɬɭɞɵ ɢ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɹ ɷɥɟɦɟɧɬɨɜ ɢɡɨɛɪɚɠɟɧɢɹ. ɉɨɥɭɱɚɟɦ, ɱɬɨ   WJRWJJB TT 12   (13) 
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ɉɪɟɞɩɨɥɚɝɚɹ, ɱɬɨ ɷɥɟɦɟɧɬɵ ɢɡɨɛɪɚɠɟɧɢɹ ɹɜɥɹɸɬɫɹ ɧɟɡɚɜɢɫɢɦɵɦɢ ɢ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɭɸ ɨɠɢɞɚɟɦɭɸ 
ɜɟɥɢɱɢɧɭ, R ɫɬɚɧɨɜɢɬɫɹ ɟɞɢɧɢɱɧɨɣ ɦɚɬɪɢɰɟɣ I. Ɍɚɤ ɩɨɥɭɱɚɟɦ ɪɟɝɭɥɹɪɢɡɚɰɢɸ Ɍɢɯɨɧɨɜɚ ɜ ɧɭɥɟɜɨɦ ɩɪɢ-
ɛɥɢɠɟɧɢɢ.  
 

Ɋɟɝɭɥɹɪɢɡɚɰɢɹ Ɍɢɯɨɧɨɜɚ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɗɂɌ. ȼ ɰɟɥɹɯ ɛɨɪɶɛɵ ɫ ɱɪɟɡɦɟɪɧɨɣ "ɩɨɞɝɨɧɤɨɣ" 
ɞɚɧɧɵɯ, ɤɨɬɨɪɚɹ ɩɪɢɜɨɞɢɬ ɤ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɪɟɲɟɧɢɹ, ɪɟɝɭɥɹɪɢɡɚɰɢɹ Ɍɢɯɨɧɨɜɚ ɢɫɩɨɥɶɡɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶ-
ɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɪɟɲɟɧɢɢ, ɤɨɬɨɪɭɸ ɧɚɡɵɜɚɸɬ ɚɩɪɢɨɪɧɨɣ. Ⱥɩɪɢɨɪɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɜɤɥɸɱɟɧɚ ɜ ɪɟɲɟ-
ɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɱɥɟɧɚ ɜ ɦɟɬɨɞɟ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ. ȼɦɟɫɬɨ ɬɨɝɨ ɱɬɨɛɵ ɦɢɧɢɦɢɡɢɪɨ-
ɜɚɬɶ ɬɨɥɶɤɨ ɱɥɟɧ ɬɨɱɧɨɫɬɢ ɞɚɧɧɵɯ ||Jx–y||, ɞɨɛɚɜɥɹɟɬɫɹ ɱɥɟɧ ɪɟɝɭɥɹɪɢɡɚɰɢɢ: 
  2

0
22 ||xx||||yJx||minx x   (14) 

 

ɝɞɟ xn   ɹɜɥɹɟɬɫɹ ɝɢɩɟɪɩɚɪɚɦɟɬɪɨɦ (ɩɚɪɚɦɟɬɪ ɪɟɝɭɥɹɪɢɡɚɰɢɢ). Ɉɧ ɤɨɧɬɪɨɥɢɪɭɟɬ ɜɟɫ ɨɲɢɛɤɢ ɪɟɝɭ-
ɥɹɪɢɡɚɰɢɢ. ıЧ ɢ ıб ɫɬɚɧɞɚɪɬɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɧɟɢɡɜɟɫɬɧɵɯ б ɢ ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɲɭɦɚ ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ. x0 ɫɨɨɬɜɟɬɫɬɜɭɟɬ "ɭɦɧɨɣ" ɤɚɪɬɢɧɟ, ɢɡɜɟɫɬɧɨɣ ɚɩɪɢɨɪɢ. Ʉɨɝɞɚ ɝɢɩɟɪɩɚɪɚɦɟɬɪ λ ɛɥɢɡɨɤ ɤ ɧɭɥɸ, 
ɜɵɪɚɠɟɧɢɟ ɜɵɲɟ ɫɬɪɟɦɢɬɫɹ ɤ ɦɟɬɨɞɭ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ. ɂ ɢɦɟɟɦ ɪɟɲɟɧɢɟ ɪɟɝɭɥɹɪɢɡɚɰɢɢ Ɍɢɯɨɧɨɜɚ: 
 

yJ)IJJ(x TT  12  (15) 

 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɨɞɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɩɚɤɟɬɟ EIDORS 

(Electrical Impedance and Diffuse Optical tomography Reconstruction Software – ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 
ɟɥɟɤɬɪɨ-ɢɦɩɟɞɚɧɫɧɨɣ ɢ ɞɢɮɮɭɡɧɨɣ ɨɩɬɢɱɟɫɤɨɣ ɬɨɦɨɝɪɚɮɢɢ). ɇɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢ ɜɢɡɭɚɥɶɧɨɣ 
ɨɰɟɧɤɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ ɪɟɝɭɥɹɪɢɡɚɰɢɢ Ɍɢɯɨɧɨɜɚ.  
 

ȼɵɜɨɞɵ ɢ ɧɚɩɪɚɜɥɟɧɢɹ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ.  
Ɋɚɡɪɚɛɨɬɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ ɗɂɌ ɧɚ ɨɫɧɨɜɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɩɥɚɬɮɨɪɦɵ 

STM32F103RBT6. Ɋɚɡɪɚɛɨɬɚɧɵ ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ ɫɯɟɦɵ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɢ ɜɨɡɛɭɠɞɚɸɳɢɯ ɛɥɨɤɨɜ ɗɂɌ. 
Ɋɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɛɥɨɤɚ ɩɪɢɟɦɚ ɞɚɧɧɵɯ ɢ ɩɟɪɟɞɚɱɢ ɨɛɪɚ-
ɛɨɬɚɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚ ɩɟɪɫɨɧɚɥɶɧɵɣ ɢɥɢ ɦɨɛɢɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ. Ⱥɥɝɨɪɢɬɦ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɧɚ ɩɟɪ-
ɫɨɧɚɥɶɧɨɦ ɤɨɦɩɶɸɬɟɪɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɪɟɚɥɢɡɨɜɚɬɶ ɧɚ ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɵɯ ɫɢɫɬɟɦɚɯ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɧɚ ɪɚɡɥɢɱɧɵɯ ɨɩɟɪɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦɚɯ. 
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ɄɊɂɌȿɊɂɂ ɈɐȿɇɄɂ ɂ ɋɌȺɌɂɋɌɂɑȿɋɄȺə ɈȻɊȺȻɈɌɄȺ ɊȿɁɍɅɖɌȺɌɈȼ 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɚɞɚɱɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɜɫɟɯ ɫɢɫɬɟɦ ɢ ɩɨɞɫɢɫɬɟɦ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɰɢɤɥɨɜ ɝɨɪ-
ɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɫ ɰɟɥɶɸ ɫɨɤɪɚɳɟɧɢɹ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ Д1Ж – ɨɞɧɚ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ. Ⱦɥɹ ɟɟ ɪɟɲɟ-
ɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ, ɤɚɤɢɟ ɭɩɪɚɜɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɢɦɟɧɢɬɶ ɜ ɬɨɦ ɢɥɢ ɢɧɨɦ ɫɥɭɱɚɟ, ɢ ɤɚɤɨɜɵ ɛɭɞɭɬ 


