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The article introduces the concept of unmanned aerial systems complex management. The 

control system is based on a microcomputer Raspberry Pi operating by Linux. The software is built 
in a modular fashion using a cross-platform programming environment. The interaction with 
sensors and actuators implemented via GPIO ports or via USB-interface. The software architecture 
allows simulation of the aerial photography process. 
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Ⱥɷɪɨɮɨɬɨɫɴɺɦɤɚ ɦɚɥɵɯ ɬɟɪɪɢɬɨɪɢɣ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɦ ɫɚɦɨɥɺɬɨɦ, 
ɭɤɨɦɩɥɟɤɬɨɜɚɧɧɵɦ ɷɤɢɩɚɠɟɦ ɢ ɫɬɚɧɞɚɪɬɧɵɦ ɚɷɪɨɮɨɬɨɫɴɺɦɨɱɧɵɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɷɤɨɧɨɦɢɱɟɫɤɢ ɧɟ ɷɮɮɟɤɬɢɜɧɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɦɩɚɤɬɧɵɣ ɛɟɫɩɢɥɨɬɧɵɣ ɚɷɪɨɮɨɬɨɫɴɺɦɨɱɧɵɣ ɤɨɦɩɥɟɤɫ, 
ɩɨɡɜɨɥɹɸɳɢɣ ɜɵɩɨɥɧɢɬɶ ɨɩɟɪɚɬɢɜɧɭɸ ɚɷɪɨɮɨɬɨɫɴɟɦɤɭ ɡɚɞɚɧɧɨɝɨ ɭɱɚɫɬɤɚ 
ɬɟɪɪɢɬɨɪɢɢ. Ɉɛɵɱɧɨ ɬɚɤɨɣ ɤɨɦɩɥɟɤɫ ɫɨɫɬɨɢɬ ɢɡ ɧɚɡɟɦɧɨɣ ɫɬɚɧɰɢɢ ɭɩɪɚɜɥɟɧɢɹ ɢ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɛɟɫɩɢɥɨɬɧɨɝɨ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ (ȻɉɅȺ). 

ɇɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ȻɉɅȺ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ. Ⱦɥɹ ȻɉɅȺ 
ɤɥɚɫɫɨɜ ɦɢɧɢ- ɢ ɦɢɤɪɨ-, ɝɞɟ ɤ ɝɚɛɚɪɢɬɧɨ-ɜɟɫɨɜɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɩɨɥɟɡɧɨɣ 
ɧɚɝɪɭɡɤɢ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɠɺɫɬɤɢɟ ɬɪɟɛɨɜɚɧɢɹ, ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɥɟɬɚɬɟɥɶɧɵɦ 
ɚɩɩɚɪɚɬɨɦ ɞɨɥɠɧɚ ɛɵɬɶ ɤɨɦɩɚɤɬɧɨɣ, ɧɨ ɜ ɬɨɠɟ ɜɪɟɦɹ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɫɥɟɞɭɸɳɢɦ 
ɬɪɟɛɨɜɚɧɢɹɦ: 

1 Ɉɛɟɫɩɟɱɢɜɚɬɶ ɞɜɢɠɟɧɢɟ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɩɨ ɡɚɞɚɧɧɨɦɭ 
ɦɚɪɲɪɭɬɭ; 

2 ɋɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɩɨɥɨɠɟɧɢɟ ɧɨɫɢɬɟɥɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ; 
3 Ɉɫɭɳɟɫɬɜɥɹɬɶ ɭɩɪɚɜɥɟɧɢɟ ɮɨɬɨɚɩɩɚɪɚɬɨɦ; 
4 ɉɪɢ ɩɨɬɟɪɟ ɫɢɝɧɚɥɚ ɫ ɧɚɡɟɦɧɨɣ ɫɬɚɧɰɢɢ ɭɩɪɚɜɥɟɧɢɹ ɜɨɡɜɪɚɳɚɬɶ 

ɥɟɬɚɬɟɥɶɧɵɣ ɚɩɩɚɪɚɬ ɜ ɡɨɧɭ ɩɨɫɚɞɤɢ; 
5 Ɉɛɟɫɩɟɱɢɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɤɥɸɱɟɧɢɹ ɦɟɠɞɭ ɪɭɱɧɵɦ ɢ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɪɟɠɢɦɚɦɢ ɭɩɪɚɜɥɟɧɢɹ. 
 
Ɇɨɠɧɨ ɜɵɞɟɥɢɬɶ ɞɜɚ ɨɫɧɨɜɧɵɯ ɩɨɞɯɨɞɚ ɤ ɪɚɡɪɚɛɨɬɤɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. 

ɉɟɪɜɵɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɞɥɹ ɨɛɪɚɛɨɬɤɢ 
ɩɨɥɭɱɚɟɦɨɣ ɨɬ ɞɚɬɱɢɤɨɜ ɢɧɮɨɪɦɚɰɢɢ ɢ ɜɵɪɚɛɨɬɤɢ ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɝɧɚɥɨɜ. ɉɪɢ 
ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɯɨɪɨɲɢɣ ɨɩɵɬ ɪɚɛɨɬɵ ɫ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚɦɢ, ɭɦɟɬɶ 
ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɷɥɟɤɬɪɨɧɧɵɟ ɫɢɫɬɟɦɵ ɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɬɶ ɧɚ ɹɡɵɤɚɯ ɧɢɡɤɨɝɨ 
ɭɪɨɜɧɹ. ɋɭɳɟɫɬɜɭɸɬ ɡɚɬɪɭɞɧɟɧɢɹ ɫ ɪɚɡɪɚɛɨɬɤɨɣ ɢ ɨɬɥɚɞɤɨɣ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ, ɤ ɬɨɦɭ ɠɟ ɭ ɧɢɯ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɚɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɢɦɟɸɬɫɹ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɵɱɢɫɥɟɧɢɣ ɫ 
ɩɥɚɜɚɸɳɟɣ ɬɨɱɤɨɣ. ɇɟɫɤɨɥɶɤɨ ɭɩɪɨɫɬɢɬɶ ɩɪɨɰɟɫɫ ɪɚɡɪɚɛɨɬɤɢ ɦɨɠɟɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɩɭɥɹɪɧɵɯ ɚɩɩɚɪɚɬɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɩɥɚɬɮɨɪɦ ɧɚ ɛɚɡɟ 
ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ (ɧɚɩɪɢɦɟɪ, ArНuТno) ɩɭɬɺɦ ɜɵɛɨɪɚ ɩɨɞɯɨɞɹɳɟɣ ɜɟɪɫɢɢ 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɝɨ ɦɨɞɭɥɹ ɢ ɩɥɚɬ ɪɚɫɲɢɪɟɧɢɹ. Ʉɚɤ ɩɪɚɜɢɥɨ, 
ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɟ ɫɪɟɞɵ ɪɚɡɪɚɛɨɬɤɢ ɬɚɤɢɯ ɩɥɚɬɮɨɪɦ ɩɨɡɜɨɥɹɸɬ ɪɚɡɪɚɛɚɬɵɜɚɬɶ 
ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɢɫɩɨɥɶɡɭɹ C-ɩɨɞɨɛɧɵɟ ɹɡɵɤɢ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ. 

ȼɬɨɪɨɣ ɩɨɞɯɨɞ ɤ ɪɚɡɪɚɛɨɬɤɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɢɤɪɨɤɨɦɩɶɸɬɟɪɨɜ (ɜɫɬɪɚɢɜɚɟɦɵɯ ɫɢɫɬɟɦ), ɩɨ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɪɚɜɧɢɦɵɯ ɫ ɩɟɪɫɨɧɚɥɶɧɵɦɢ ɤɨɦɩɶɸɬɟɪɚɦɢ, ɢ 
ɨɛɥɚɞɚɸɳɢɯ ɪɚɡɜɢɬɨɣ ɩɟɪɢɮɟɪɢɟɣ: ɨɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɨɪɬɨɜ ɜɜɨɞɚ/ɜɵɜɨɞɚ 
ɞɨ ɜɢɞɟɨɜɵɯɨɞɨɜ, USB-ɯɨɫɬɨɜ ɢ ɫɟɬɟɜɵɯ ɢɧɬɟɪɮɟɣɫɨɜ. Ʉɚɤ ɩɪɚɜɢɥɨ, 
ɦɢɤɪɨɤɨɦɩɶɸɬɟɪɵ ɪɚɛɨɬɚɸɬ ɩɨɞ ɚɞɚɩɬɢɪɨɜɚɧɧɵɦɢ ɜɟɪɫɢɹɦɢ 
ɪɚɫɩɪɨɫɬɪɚɧɺɧɧɵɯ ɨɩɟɪɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɨɬ LТnuб ɞɨ АТnНoаs. Эɬɨ ɩɨɡɜɨɥɹɟɬ 
ɜɟɫɬɢ ɪɚɡɪɚɛɨɬɤɭ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ 
ɹɡɵɤɨɜ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ. Ɋɚɡɪɚɛɨɬɤɭ ɢ ɨɬɥɚɞɤɭ ɧɚ ɩɟɪɜɨɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɦɨɠɧɨ 
ɩɪɨɢɡɜɨɞɢɬɶ ɧɚ ɨɛɵɱɧɨɦ ɩɟɪɫɨɧɚɥɶɧɨɦ ɤɨɦɩɶɸɬɟɪɟ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɨɞɯɨɞɚ ɫ 



ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ, ɡɞɟɫɶ ɨɛɴɺɦ ɪɚɛɨɬ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ 
ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɟɧ, ɬɚɤ ɤɚɤ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨɬɚɬɶ 
ɬɨɥɶɤɨ ɫɪɚɜɧɢɬɟɥɶɧɨ ɩɪɨɫɬɵɟ ɚɩɩɚɪɚɬɧɵɟ ɦɨɞɭɥɢ ɞɥɹ ɪɚɛɨɬɵ ɫ ɞɚɬɱɢɤɚɦɢ ɢ 
ɢɫɩɨɥɧɢɬɟɥɶɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ. ɋɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ 
ɦɢɤɪɨɤɨɦɩɶɸɬɟɪɨɜ ɹɜɥɹɟɬɫɹ ɢɯ ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ. 

Ɉɞɧɚɤɨ ɜ 2011 ɝɨɞɭ ɚɧɝɥɢɣɫɤɢɣ ɪɚɡɪɚɛɨɬɱɢɤ ɢɝɪ Ⱦɷɜɢɞ Ȼɪɚɛɟɧ ɩɪɟɞɫɬɚɜɢɥ 
ɫɜɟɪɯɦɢɧɢɚɬɸɪɧɵɣ ɦɢɤɪɨɤɨɦɩɶɸɬɟɪ RКspЛОrrв PТ ɪɚɡɦɟɪɨɦ ɫ ɤɪɟɞɢɬɧɭɸ ɤɚɪɬɭ 
(85,6 × 53,98 ɦɦ). ɋɬɨɢɦɨɫɬɶ RКspЛОrrв PТ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɜɟɥɢɤɚ, ɩɨɪɹɞɤɚ $30, 
ɜ ɨɬɥɢɱɢɢ ɨɬ ɚɧɚɥɨɝɨɜ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɞɪɭɝɢɦɢ ɤɨɦɩɚɧɢɹɦɢ. RКspЛОrrв PТ 
ɪɚɛɨɬɚɟɬ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɫɟɦɟɣɫɬɜɚ LТnuб, 
ɩɨɞɞɟɪɠɢɜɚɟɬ USB 2.0  ɢ ɩɨɪɬɵ ɜɜɨɞɚ/ɜɵɜɨɞɚ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ. 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɬɨɝɨ ɦɢɤɪɨɤɨɦɩɶɸɬɟɪɚ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ, 
ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɚɩɩɚɪɚɬɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɪɚɡɪɚɛɨɬɚɬɶ ɦɧɨɝɨɩɨɬɨɱɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɹɞɪɨ ɫɢɫɬɟɦɵ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ, ɚ ɫ ɩɨɦɨɳɶɸ 
ɩɨɪɬɨɜ ɜɜɨɞɚ/ɜɵɜɨɞɚ ɩɨɞɤɥɸɱɢɬɶ ɞɚɬɱɢɤɢ ɢ ɨɪɝɚɧɵ ɭɩɪɚɜɥɟɧɢɹ. 

Ʌɸɛɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɛɟɫɩɢɥɨɬɧɵɦ ɥɟɬɚɬɟɥɶɧɵɦ ɚɩɩɚɪɚɬɨɦ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɨɥɺɬɨɜ, ɚ ɬɚɤɠɟ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɚɜɚɪɢɣɧɨɣ 
ɩɨɫɚɞɤɢ, ɞɨɥɠɧɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɨɩɟɪɚɬɨɪɚ ɜ 
ɩɪɨɰɟɫɫ ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɺɬɨɦ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɞɨɥɠɧɚ ɢɦɟɬɶ 
ɤɚɤ ɦɢɧɢɦɭɦ ɞɜɚ ɪɟɠɢɦɚ ɪɚɛɨɬɵ: ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɢ ɪɭɱɧɨɣ. Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɣ – 
ɷɬɨ ɪɟɠɢɦ, ɜ ɤɨɬɨɪɨɦ ɥɟɬɚɬɟɥɶɧɵɣ ɚɩɩɚɪɚɬ ɭɩɪɚɜɥɹɟɬɫɹ ɚɜɬɨɩɢɥɨɬɨɦ, 
ɨɛɪɚɛɚɬɵɜɚɸɳɢɦ ɩɨɥɭɱɚɟɦɵɟ ɨɬ ɞɚɬɱɢɤɨɜ (ɚɤɫɟɥɟɪɨɦɟɬɪɚ, ɝɢɪɨɫɤɨɩɚ, 
ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ, ɩɪɢɺɦɧɢɤɚ ɞɚɧɧɵɯ Ƚɇɋɋ ɫɢɫɬɟɦ, ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɝɨ 
ɜɵɫɨɬɨɦɟɪɚ ɢ ɬ. ɞ.) ɞɚɧɧɵɟ. Ɋɭɱɧɨɣ ɪɟɠɢɦ ɩɨɡɜɨɥɹɟɬ ɨɩɟɪɚɬɨɪɭ ȻɉɅȺ 
ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɧɟɲɬɚɬɧɭɸ ɫɢɬɭɚɰɢɸ ɩɪɢ ɨɬɤɚɡɟ ɢɥɢ ɧɟɩɪɚɜɢɥɶɧɨɣ ɪɚɛɨɬɟ 
ɚɜɬɨɩɢɥɨɬɚ, ɚ ɬɚɤɠɟ ɨɫɭɳɟɫɬɜɥɹɬɶ ɜɡɥɟɬ ɢ ɩɨɫɚɞɤɭ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ. 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɨɝɨ ɤɚɱɟɫɬɜɚ ɩɨɥɭɱɚɟɦɵɯ 
ɮɨɬɨɦɚɬɟɪɢɚɥɨɜ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɞɨɥɠɧɚ ɬɨɱɧɨ ɜɵɞɟɪɠɢɜɚɬɶ ɡɚɞɚɧɧɵɟ 
ɦɚɪɲɪɭɬ ɢ ɜɵɫɨɬɭ ɞɜɢɠɟɧɢɹ, ɭɦɟɧɶɲɚɬɶ ɩɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ ɭɝɥɵ 
ɧɚɤɥɨɧɚ, ɚ ɬɚɤɠɟ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɭɝɨɥ ɫɧɨɫɚ ɧɨɫɢɬɟɥɹ. 

ȼ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɚɩɩɚɪɚɬɧɭɸ ɢ ɩɪɨɝɪɚɦɦɧɭɸ 
ɫɨɫɬɚɜɥɹɸɳɢɟ (ɪɢɫ. 1, 2). 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 1, ɚɩɩɚɪɚɬɧɚɹ ɱɚɫɬɶ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɫɨɫɬɨɢɬ ɢɡ: 
 Ɇɢɤɪɨɤɨɦɩɶɸɬɟɪɚ; 
 Ʉɨɦɦɭɬɚɬɨɪɚ - ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɩɟɪɟɤɥɸɱɟɧɢɹ ɦɟɠɞɭ ɪɭɱɧɵɦ ɢ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɜɚɪɢɚɧɬɚɦɢ ɭɩɪɚɜɥɟɧɢɹ; 
 Ȼɥɨɤɚ ɞɚɬɱɢɤɨɜ; 
 Ȼɨɪɬɨɜɨɝɨ ɪɚɞɢɨɦɨɞɟɦɚ ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɧɚɡɟɦɧɨɣ ɫɬɚɧɰɢɟɣ 

ɭɩɪɚɜɥɟɧɢɹ; 
 ɉɪɢɺɦɧɢɤɚ ɪɚɞɢɨɭɩɪɚɜɥɟɧɢɹ; 
 ɍɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ ɮɨɬɨɚɩɩɚɪɚɬɨɦ; 
 Иɫɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɨɪɝɚɧɨɜ ɭɩɪɚɜɥɟɧɢɹ ɥɟɬɚɬɟɥɶɧɵɦ 

ɚɩɩɚɪɚɬɨɦ. 



 
Ɋɢɫ. 1. Ȼɥɨɤ-ɫɯɟɦɚ ɚɩɩɚɪɚɬɧɨɣ ɱɚɫɬɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ȻɉɅȺ 

 
Ɏɭɧɤɰɢɨɧɚɥɶɧɵɦ ɹɞɪɨɦ ɚɩɩɚɪɚɬɧɨɣ ɱɚɫɬɢ ɚɜɬɨɩɢɥɨɬɚ ɹɜɥɹɟɬɫɹ 

ɦɢɤɪɨɤɨɦɩɶɸɬɟɪ, ɤɨɬɨɪɵɣ ɨɛɪɚɛɚɬɵɜɚɟɬ ɞɚɧɧɵɟ, ɩɨɥɭɱɚɟɦɵɟ ɨɬ 
ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɞɚɬɱɢɤɨɜ, ɢ ɩɟɪɟɞɚɺɬ ɤɨɦɚɧɞɵ ɧɚ ɢɫɩɨɥɧɢɬɟɥɶɧɵɟ ɦɟɯɚɧɢɡɦɵ 
ɨɪɝɚɧɨɜ ɭɩɪɚɜɥɟɧɢɹ. 

Ʉɨɦɦɭɬɚɬɨɪ — ɭɫɬɪɨɣɫɬɜɨ, ɩɪɢ ɩɨɦɨɳɢ ɤɨɬɨɪɨɝɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɵɛɨɪ 
ɨɞɧɨɝɨ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɜɚɪɢɚɧɬɨɜ ɭɩɪɚɜɥɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ 
ɭɩɪɚɜɥɟɧɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɜɬɨɩɢɥɨɬɚ ɢɥɢ ɪɭɱɧɨɟ ɩɪɢ ɩɨɦɨɳɢ ɩɭɥɶɬɚ 
ɪɚɞɢɨɭɩɪɚɜɥɟɧɢɹ. Ⱦɚɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɩɨɡɜɨɥɢɬ ɨɩɟɪɚɬɨɪɭ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ 
ɩɟɪɟɤɥɸɱɢɬɶ ɭɩɪɚɜɥɟɧɢɟ ɥɟɬɚɬɟɥɶɧɵɦ ɚɩɩɚɪɚɬɨɦ ɜ ɪɭɱɧɨɣ ɪɟɠɢɦ, ɱɬɨ 
ɩɨɡɜɨɥɢɬ ɢɡɛɟɠɚɬɶ ɜɨɡɦɨɠɧɵɯ ɧɟɲɬɚɬɧɵɯ ɫɢɬɭɚɰɢɣ ɢɥɢ ɨɫɭɳɟɫɬɜɢɬɶ 
ɚɜɚɪɢɣɧɭɸ ɩɨɫɚɞɤɭ. 

ȼ ɤɚɱɟɫɬɜɟ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɞɚɬɱɢɤɨɜ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɫɨɜɦɟɫɬɧɨɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɚɝɧɢɬɧɨɝɨ ɤɨɦɩɚɫɚ, ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɝɨ ɜɵɫɨɬɨɦɟɪɚ, 
ɬɜɟɪɞɨɬɟɥɶɧɨɝɨ ɬɪɺɯɨɫɧɨɝɨ ɝɢɪɨɫɤɨɩɚ ɢ ɬɪɺɯɨɫɧɨɝɨ ɚɤɫɟɥɟɪɨɦɟɬɪɚ, ɩɪɢɺɦɧɢɤɚ 
ɞɚɧɧɵɯ Ƚɇɋɋ ɫɢɫɬɟɦ. 

Ɍɚɤɠɟ ɦɢɤɪɨɤɨɦɩɶɸɬɟɪ ɡɚɞɚɺɬ ɪɟɠɢɦ ɚɷɪɨɮɨɬɨɫɴɟɦɤɢ ɩɨɫɪɟɞɫɬɜɨɦ 
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɮɨɬɨɚɩɩɚɪɚɬɨɦ. 

Ȼɨɪɬɨɜɨɣ ɪɚɞɢɨɦɨɞɟɦ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɢɺɦɚ ɢ ɩɟɪɟɞɚɱɢ ɪɚɡɥɢɱɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ, ɧɚɩɪɢɦɟɪ, ɤɨɦɚɧɞ ɧɚ ɢɡɦɟɧɟɧɢɟ ɦɚɪɲɪɭɬɚ ɞɜɢɠɟɧɢɹ ɥɟɬɚɬɟɥɶɧɨɝɨ 
ɚɩɩɚɪɚɬɚ, ɢ ɨɬɩɪɚɜɤɢ ɞɚɧɧɵɯ ɬɟɥɟɦɟɬɪɢɢ, ɩɨɤɚɡɵɜɚɸɳɢɯ ɩɨɥɨɠɟɧɢɟ ɢ ɫɤɨɪɨɫɬɶ 
ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ, ɭɪɨɜɟɧɶ ɡɚɪɹɞɚ ɛɚɬɚɪɟɢ, ɜɵɛɪɚɧɧɵɣ ɪɟɠɢɦ ɩɨɥɺɬɚ, 
ɫɨɫɬɨɹɧɢɟ ɛɨɪɬɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɞɪ. 

ɉɪɢɺɦɧɢɤ ɪɚɞɢɨɭɩɪɚɜɥɟɧɢɹ ɩɨɥɭɱɚɟɬ ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɝɧɚɥɵ ɨɬ ɩɭɥɶɬɚ 
ɪɚɞɢɨɭɩɪɚɜɥɟɧɢɹ ɢ ɱɟɪɟɡ ɤɨɦɦɭɬɚɬɨɪ ɩɟɪɟɞɚɟɬ ɢɯ ɧɚ ɢɫɩɨɥɧɢɬɟɥɶɧɵɟ 
ɦɟɯɚɧɢɡɦɵ. 

Ⱦɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɫɟɯ ɭɡɥɨɜ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɦɢɤɪɨɤɨɦɩɶɸɬɟɪ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, 
ɪɚɡɪɚɛɨɬɚɧɧɨɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɹɡɵɤɨɜ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 
2, ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɫɬɪɨɟɧɨ ɩɨ ɦɨɞɭɥɶɧɨɦɭ ɩɪɢɧɰɢɩɭ, ɝɞɟ ɤɚɠɞɵɣ 
ɦɨɞɭɥɶ ɧɟɫɟɬ ɨɩɪɟɞɟɥɺɧɧɭɸ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɧɚɝɪɭɡɤɭ. Чɟɬɵɪɟ ɦɨɞɭɥɹ 



ɫɨɩɪɹɠɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ: ɪɚɞɢɨɦɨɞɟɦɨɦ, ɧɚɜɢɝɚɰɢɨɧɧɵɦɢ ɞɚɬɱɢɤɚɦɢ, 
ɢɫɩɨɥɧɢɬɟɥɶɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ ɢ ɮɨɬɨɚɩɩɚɪɚɬɨɦ. 

 

 
Ɋɢɫ. 2. Ȼɥɨɤ-ɫɯɟɦɚ ɩɪɨɝɪɚɦɦɧɨɣ ɱɚɫɬɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ȻɉɅȺ 

 
Ɇɨɞɭɥɶ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɫɜɹɡɶ ɫ ɞɚɬɱɢɤɚɦɢ, ɩɟɪɟɞɚɟɬ ɢɧɮɨɪɦɚɰɢɸ ɜ 

ɧɚɜɢɝɚɰɢɨɧɧɵɣ ɦɨɞɭɥɶ. ɇɚɜɢɝɚɰɢɨɧɧɵɣ ɦɨɞɭɥɶ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɨɢɡɜɨɞɢɬ 
ɨɛɪɚɛɨɬɤɭ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɩɨɥɨɠɟɧɢɟ ɧɨɫɢɬɟɥɹ 
ɢ ɟɝɨ ɨɪɢɟɧɬɚɰɢɸ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɉɨɥɭɱɢɜ ɞɚɧɧɵɟ ɨɬ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɦɨɞɭɥɹ, 
ɦɚɪɲɪɭɬɧɵɣ ɦɨɞɭɥɶ ɩɪɨɫɱɢɬɵɜɚɟɬ ɞɚɥɶɧɟɣɲɟɟ ɧɚɩɪɚɜɥɟɧɢɟ ɩɨɥɺɬɚ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɞɚɧɧɨɝɨ ɦɚɪɲɪɭɬɚ ɢ ɬɟɤɭɳɟɝɨ ɩɨɥɨɠɟɧɢɹ, ɩɨɫɥɟ ɱɟɝɨ 
ɮɨɪɦɢɪɭɟɬ ɤɨɦɚɧɞɵ ɞɥɹ ɚɜɬɨɦɚɬɚ ɩɪɨɝɪɚɦɦɧɵɯ ɦɚɧɺɜɪɨɜ. Ɍɚɤɠɟ ɦɚɪɲɪɭɬɧɵɣ 
ɦɨɞɭɥɶ ɭɩɪɚɜɥɹɟɬ ɩɪɨɰɟɫɫɨɦ ɚɷɪɨɮɨɬɨɫɴɟɦɤɢ. Ⱥɜɬɨɦɚɬ ɩɪɨɝɪɚɦɦɧɵɯ ɦɚɧɺɜɪɨɜ 
ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɤɨɦɚɧɞ ɨɛɳɟɝɨ ɜɢɞɚ ɞɥɹ ɦɨɞɭɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɝɧɚɥɨɜ, ɤɨɬɨɪɵɣ ɤɨɪɪɟɤɬɢɪɭɟɬ ɤɨɦɚɧɞɵ ɫ ɭɱɺɬɨɦ ɫɯɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ. Ɍɚɤɠɟ ɜ ɚɜɬɨɩɢɥɨɬɟ ɢɦɟɟɬɫɹ ɮɭɧɤɰɢɹ ɡɚɩɢɫɢ 
ɜɫɟɯ ɩɚɪɚɦɟɬɪɨɜ, ɩɟɪɟɞɚɜɚɟɦɵɯ ɦɟɠɞɭ ɦɨɞɭɥɹɦɢ. Ⱦɚɧɧɚɹ ɢɧɮɨɪɦɚɰɢɹ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɩɪɢ 
ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɪɟɡɭɥɶɬɚɬɨɜ ɚɷɪɨɮɨɬɨɫɴɟɦɤɢ. 

Ⱥɪɯɢɬɟɤɬɭɪɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɟɬɨɜ ȻɉɅȺ ɞɥɹ ɚɧɚɥɢɡɚ ɚɥɝɨɪɢɬɦɨɜ ɪɚɛɨɬɵ 
ɚɜɬɨɩɢɥɨɬɚ ɜ ɤɚɦɟɪɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɨɬɥɚɞɤɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɱɬɨ 
ɩɨɡɜɨɥɢɬ ɢɡɛɟɠɚɬɶ ɦɧɨɝɢɯ ɧɟɲɬɚɬɧɵɯ ɫɢɬɭɚɰɢɣ ɜ ɯɨɞɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ȻɉɅȺ 
(ɪɢɫ. 3). 

 



 
Ɋɢɫ. 3. Ȼɥɨɤ-ɫɯɟɦɚ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɺɬɨɜ ȻɉɅȺ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɡɞɚɧɢɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ȻɉɅȺ ɧɚ ɛɚɡɟ 

ɦɢɤɪɨɤɨɦɩɶɸɬɟɪɚ RКspЛОrrв PТ ɩɨɡɜɨɥɢɬ ɫɧɢɡɢɬɶ ɫɬɨɢɦɨɫɬɶ ɚɩɩɚɪɚɬɧɨɣ ɱɚɫɬɢ 
ɫɢɫɬɟɦɵ ɢ ɷɮɮɟɤɬɢɜɧɨ ɪɚɡɪɚɛɨɬɚɬɶ ɢ ɨɬɥɚɞɢɬɶ ɟɺ ɩɪɨɝɪɚɦɦɧɭɸ ɱɚɫɬɶ. 
ɉɪɢɦɟɧɟɧɢɟ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɫɟɦɟɣɫɬɜɚ LТnuб ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɜɫɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɤɪɨɫɫ-ɩɥɚɬɮɨɪɦɟɧɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɹɡɵɤɨɜ Qt ɢɥɢ JКvК ɢ ɜɵɩɨɥɧɢɬɶ ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɪɚɛɨɬ ɧɚ ɩɟɪɫɨɧɚɥɶɧɨɦ 
ɤɨɦɩɶɸɬɟɪɟ, ɚ ɜɨɡɦɨɠɧɨɫɬɢ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɦɨɝɭɬ ɢɡɭɱɢɬɶ ɜ 
ɤɚɦɟɪɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɜɫɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. 
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