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Ɋɢɫ. 5. X-walker quadruped robot 

 
ɇɚ ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɛɵɥɚ ɢɡɝɨɬɨɜɥɟɧɚ 

ɧɨɜɚɹ ɩɥɚɬɮɨɪɦɚ ɫ ɭɜɟɥɢɱɟɧɧɵɦɢ ɩɪɨɱɧɨɫɬɧɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɨɛɥɚɞɚɸɳɚɹ ɛɨɥɶɲɟɣ ɧɚɞɺɠ-
ɧɨɫɬɶɸ. Ɂɚɞɟɣɫɬɜɨɜɚɧɵ ɬɪɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɞɚɬ-
ɱɢɤɚ, ɢɡɦɟɧɺɧ ɩɪɢɧɰɢɩ ɭɩɪɚɜɥɟɧɢɹ, ɪɚɡɪɚɛɨɬɚɧɨ 
ɧɨɜɨɟ ɉɈ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɟɬ ɜɵɩɨɥɧɟɧɚ ɡɚɦɟɧɚ 
ɤɨɪɩɭɫɧɵɯ ɞɟɬɚɥɟɣ ɧɚ ɚɥɸɦɢɧɢɟɜɵɟ ɚɧɚɥɨɝɢ, ɡɚ-
ɦɟɧɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɧɚ ATmega 16-16PU. 
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ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɧɚ ɪɵɧɤɟ ɢɡɦɟɪɢɬɟɥɶɧɨɣ 

ɬɟɯɧɢɤɢ ɩɪɢɫɭɬɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɰɢɮɪɨɜɵɯ ɡɚɩɨ-
ɦɢɧɚɸɳɢɯ ɨɫɰɢɥɥɨɝɪɚɮɨɜ (ɐɁɈ), ɧɨ ɜɫɟ ɨɧɢ 
ɢɦɟɸɬ ɨɞɢɧ ɛɨɥɶɲɨɣ ɧɟɞɨɫɬɚɬɨɤ – ɜɵɫɨɤɭɸ ɰɟɧɭ. 
ɐɁɈ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ 
ɢɥɢ ɞɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ, ɧɚɥɚɞɤɢ, ɧɚɫɬɪɨɣɤɢ ɷɥɟɤ-
ɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ. 

Ɉɫɰɢɥɥɨɝɪɚɮ – ɩɪɢɛɨɪ, ɩɨɤɚɡɵɜɚɸɳɢɣ ɮɨɪɦɭ 
ɧɚɩɪɹɠɟɧɢɹ ɜɨ ɜɪɟɦɟɧɢ. Ɍɚɤɠɟ ɨɧ ɩɨɡɜɨɥɹɟɬ ɢɡ-
ɦɟɪɹɬɶ ɪɹɞ ɩɚɪɚɦɟɬɪɨɜ ɫɢɝɧɚɥɚ, ɬɚɤɢɟ ɤɚɤ ɧɚɩɪɹ-
ɠɟɧɢɟ, ɬɨɤ, ɱɚɫɬɨɬɚ, ɭɝɨɥ ɫɞɜɢɝɚ ɮɚɡ ДβЖ. ɇɨ ɝɥɚɜ-
ɧɚɹ ɩɨɥɶɡɚ ɨɬ ɨɫɰɢɥɥɨɝɪɚɮɚ, ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɳɢɤɚ 
ɫɨɫɬɨɢɬ ɜ ɜɨɡɦɨɠɧɨɫɬɢ ɧɚɛɥɸɞɟɧɢɹ ɮɨɪɦɵ ɫɢɝɧɚ-
ɥɚ. ȼɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɢɦɟɧɧɨ ɮɨɪɦɚ ɫɢɝɧɚɥɚ ɩɨɡ-
ɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ, ɱɬɨ ɢɦɟɧɧɨ ɩɪɨɢɫɯɨɞɢɬ ɜ ɰɟɩɢ. 
ɇɚ ɪɢɫɭɧɤɟ 1 ɩɨɤɚɡɚɧ ɩɪɢɦɟɪ ɩɨɞɨɛɧɨɣ ɫɢɬɭɚɰɢɢ. 

 
Ɋɢɫ. 1. ȼɢɪɬɭɚɥɶɧɚɹ ɨɫɰɢɥɥɨɝɪɚɦɦɚ – ɦɟɚɧɞɪ 

 
ɐɢɮɪɨɜɵɟ ɨɫɰɢɥɥɨɝɪɚɮɵ ɜɵɩɭɫɤɚɸɬɫɹ ɥɢɛɨ ɜ 

ɜɢɞɟ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ, ɥɢɛɨ ɜ ɜɢɞɟ ɩɪɢ-
ɫɬɚɜɤɢ ɤ ɉɄ. ɍɫɬɪɨɣɫɬɜɚ ɧɚ ɨɫɧɨɜɟ ɉɄ ɨɬɧɨɫɹɬɫɹ 
ɤ ɧɨɜɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ɜ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɟ – 
ɜɢɪɬɭɚɥɶɧɵɟ ɩɪɢɛɨɪɵ. Ɍɟɩɟɪɶ ɫɩɟɰɢɚɥɢɫɬɭ ɞɨɫɬɚ-
ɬɨɱɧɨ ɩɨɞɤɥɸɱɢɬɶ ɤ ɤɨɦɩɶɸɬɟɪɭ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ 

ɭɫɬɪɨɣɫɬɜɨ – ɦɨɞɭɥɶ ɰɢɮɪɨɜɨɝɨ ɨɫɰɢɥɥɨɝɪɚɮɚ, 
ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɧɚɱɚɬɶ ɢɡɦɟɪɟɧɢɹ ɢ ɚɧɚɥɢɡ ɮɢɡɢ-
ɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵ. ɉɪɢ ɷɬɨɦ ɩɪɨɝɪɚɦɦɧɚɹ ɱɚɫɬɶ 
ɜɢɪɬɭɚɥɶɧɨɝɨ ɩɪɢɛɨɪɚ ɷɦɭɥɢɪɭɟɬ ɩɟɪɟɞɧɸɸ 
ɭɩɪɚɜɥɹɸɳɭɸ ɩɚɧɟɥɶ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɢɡɦɟɪɢɬɟɥɶ-
ɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. ɋ ɩɨɦɨɳɶɸ ɦɵɲɢ ɢ ɤɥɚɜɢɚɬɭɪɵ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟ ɩɪɢɛɨɪɨɦ, ɫɩɟɰɢɚɥɶ-
ɧɵɦɢ ɩɪɨɝɪɚɦɦɚɦɢ ɨɛɪɚɛɨɬɤɚ ɩɨɫɬɭɩɢɜɲɟɣ ɢɧ-
ɮɨɪɦɚɰɢɢ, ɚ ɬɚɤɠɟ ɟɺ ɯɪɚɧɟɧɢɟ ɧɚ ɧɚɤɨɩɢɬɟɥɟ, ɧɚ 
ɠɺɫɬɤɨɦ ɞɢɫɤɟ. Ɍɟɦɢ ɠɟ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɨɛɥɚɞɚɸɬ 
ɨɫɰɢɥɥɨɝɪɚɮɵ ɫ ɠɢɞɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦ ɞɢɫɩɥɟ-
ɟɦ (ɀɄȾ). ȼɫɟ ɜɨɡɦɨɠɧɨɫɬɢ ɫɜɹɡɚɧɧɵɟ ɫ ɚɜɬɨɦɚ-
ɬɢɡɚɰɢɣ ɢɡɦɟɪɟɧɢɣ ɜɫɬɪɨɟɧɵ ɜ ɰɢɮɪɨɜɨɣ ɨɫɰɢɥ-
ɥɨɝɪɚɮ. 

USB ɨɫɰɢɥɥɨɝɪɚɮ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɥɚ-
ɛɨɪɚɬɨɪɢɹɯ ɪɚɞɢɨɥɸɛɢɬɟɥɟɣ, ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɢ 
ɫɩɟɰɢɚɥɢɫɬɨɜ ɞɥɹ ɚɧɚɥɢɡɚ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ ɚɧɚɥɨ-
ɝɨɜɵɯ ɫɢɝɧɚɥɨɜ, ɪɟɝɢɫɬɪɚɰɢɢ ɞɥɢɬɟɥɶɧɵɯ ɦɟɞɥɟɧ-
ɧɨ ɦɟɧɹɸɳɢɟɫɹ ɩɪɨɰɟɫɫɨɜ, ɚ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɞɜɨɢɱɧɵɯ ɫɢɝɧɚɥɨɜ ɨɬ ɬɪɚɧɫɩɨɧɞɟɪɨɜ. 

 ȼ ɰɢɮɪɨɜɨɣ ɬɟɯɧɢɤɟ ɫɢɝɧɚɥ – ɷɬɨ ɦɚɫɫɢɜ ɱɢ-
ɫɟɥ. Ʉɚɠɞɨɟ ɱɢɫɥɨ – ɷɬɨ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜ 
ɞɚɧɧɨɟ ɜɪɟɦɹ. Ɉɬɫɱɟɬɵ ɞɟɥɚɸɬɫɹ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɱɚɫɬɨɬɨɣ – ɱɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ. Ɏɭɧɤɰɢɸ ɩɟ-
ɪɟɜɨɞɚ ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚɥɚ ɜ ɞɢɫɤɪɟɬɧɵɣ ɜɵɩɨɥ-
ɧɹɟɬ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ (Ⱥɐɉ). 
ɋɭɳɟɫɬɜɭɸɬ ɫɩɟɰɢɚɥɶɧɵɟ ɦɢɤɪɨɫɯɟɦɵ, ɪɟɚɥɢɡɭ-
ɸɳɢɟ ɞɚɧɧɭɸ ɮɭɧɤɰɢɸ. ɇɟɤɨɬɨɪɵɟ ɦɢɤɪɨ-
ɤɨɧɬɪɨɥɥɟɪɵ ɫɧɚɛɠɚɸɬɫɹ Ⱥɐɉ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɪɟɚɥɢɡɨɜɚɬɶ ɭɫɬɪɨɣɫɬɜɨ, ɫɯɟɦɚɬɢɱɧɨ ɩɪɟɞɫɬɚɜɥɟɧ-
ɧɨɟ ɧɚ ɪɢɫɭɧɤɟ β. Ʉ ɬɚɤɢɦ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚɦ 
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ɨɬɧɨɫɢɬɫɹ Atmel Tiny 45-20SU, ɩɨɤɚɡɚɧɧɵɣ ɧɚ 
ɪɢɫɭɧɤɟ 3. 

 
Ɋɢɫ. β. ɋɯɟɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɨɦɩɨɧɟɧɬɨɜ 

 
Ɋɢɫ. 3. Atmel Tiny 45-20SU 

 
Ⱦɚɧɧɵɣ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɹɞɪɟ 

AVR, ɢɦɟɸɳɢɦ ɝɚɪɜɚɪɞɫɤɭɸ ɚɪɯɢɬɟɤɬɭɪɭ (ɩɪɨ-
ɝɪɚɦɦɚ ɢ ɞɚɧɧɵɟ ɧɚɯɨɞɹɬɫɹ ɜ ɪɚɡɧɵɯ ɚɞɪɟɫɧɵɯ 
ɩɪɨɫɬɪɚɧɫɬɜɚɯ) ɢ ɫɢɫɬɟɦɭ ɤɨɦɚɧɞ, ɛɥɢɡɤɭɸ ɤ 
ɢɞɟɨɥɨɝɢɢ RISC. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1 [4]. 

 
Ɍɚɛɥɢɰɚ 1. Ɍɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ Tiny 45-20SU 

Ɋɚɡɪɹɞɧɨɫɬɶ 8 
Ɍɚɤɬɨɜɚɹ ɱɚɫɬɨɬɚ β0 ɆȽɰ 
Ɉɛɴɺɦ ROM-ɩɚɦɹɬɢ 256 
Ɉɛɴɺɦ RȺM-ɩɚɦɹɬɢ 256 
ȼɧɭɬɪɟɧɧɢɣ Ⱥɐɉ 6 ɤɚɧɚɥɨɜ 
ȼɧɭɬɪɟɧɧɢɣ ɐɚɩ 1 ɤɚɧɚɥ 
ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ 2,7..5,5 

 
ɉɨɬɟɧɰɢɚɥɶɧɚɹ ɫɯɟɦɚ USB ɨɫɰɢɥɥɨɝɪɚɮɚ, 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4. 

 
Ɋɢɫ. 4. ɉɨɬɟɧɰɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ 

 
Ⱦɥɹ ɫɯɟɦɨɬɟɯɧɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ USB ɨɫɰɢɥ-

ɥɨɝɪɚɮɚ ɧɟɨɛɯɨɞɢɦ ɧɚɛɨɪ ɷɥɟɦɟɧɬɨɜ, ɩɪɟɞɫɬɚɜ-
ɥɟɧɧɵɣ ɜ ɬɚɛɥɢɰɟ 2. 

 
Ɍɚɛɥɢɰɚ β. ɉɟɪɟɱɟɧɶ ɧɟɨɛɯɨɞɢɦɵɯ ɷɥɟɦɟɧɬɨɜ 

ʋ ɇɚɢɦɟɧɨɜɚɧɢɟ ɇɨɦɢɧɚɥ 
1 ɫɜɟɬɨɞɢɨɞ βȼ 
2 ɪɟɡɢɫɬɨɪ 220-470 Ɉɦ 
3 ɪɟɡɢɫɬɨɪ 6κ Ɉɦ 
4 Ɋɟɡɢɫɬɨɪ 1,5Ʉ 

5 ɫɬɚɛɢɥɢɬɪɨɧ γ,6ȼ 
6 ɤɨɧɞɟɧɫɚɬɨɪ 100 ɧɎ 
7 ɤɨɧɞɟɧɫɚɬɨɪ 470 ɧɎ 
8 ɪɚɡɴɺɦ USB  
9 ɩɨɬɟɧɰɢɨɦɟɬɪ  

 
Ⱦɚɧɧɵɣ ɨɫɰɢɥɥɨɝɪɚɮ ɢɦɟɟɬ ɞɜɚ ɚɧɚɥɨɝɨɜɵɯ 

ɜɯɨɞɚ/ɞɜɭɯɤɚɧɚɥɶɧɵɣ. Ɉɞɢɧ ɜɯɨɞ ɩɨɞɤɥɸɱɟɧ ɩɨ-
ɫɪɟɞɫɬɜɨɦ ɩɨɬɟɧɰɢɨɦɟɬɪɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɟɝɭɥɢ-
ɪɨɜɚɬɶ ɭɪɨɜɟɧɶ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. ɇɚɩɪɹɠɟɧɢɟ 
ɩɢɬɚɧɢɹ ɭɫɬɪɨɣɫɬɜɚ ɫɨɫɬɚɜɥɹɟɬ 5ȼ – ɧɨɦɢɧɚɥɶɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ ɞɥɹ USB ɢɧɬɟɪɮɟɣɫɚ. ȼɧɟɲɧɢɣ ɜɢɞ 
ɩɪɢɫɬɚɜɤɢ-ɨɫɰɢɥɥɨɝɪɚɮɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧ-
ɤɟ 5. 

 
Ɋɢɫ. 5. USB ɨɫɰɢɥɥɨɝɪɚɮ 

 
ɍɫɬɪɨɣɫɬɜɨ ɪɚɛɨɬɚɟɬ ɜ ɪɟɠɢɦɟ human interface 

device (HID). ɍɫɬɪɨɣɫɬɜɚ, ɪɚɛɨɬɚɸɳɢɟ ɜ ɞɚɧɧɨɦ 
ɪɟɠɢɦɟ, ɧɟ ɬɪɟɛɭɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɫɩɟɰɢɮɢɤɚ-
ɰɢɢ, ɬ.ɟ. ɭɫɬɚɧɨɜɤɢ ɞɪɚɣɜɟɪɨɜ ɞɥɹ ɧɨɪɦɚɥɶɧɨɣ 
ɪɚɛɨɬɵ. ɂɧɚɱɟ USB HID ɹɜɥɹɟɬɫɹ ɧɟ ɪɟɝɥɚɦɟɧɬɢ-
ɪɨɜɚɧɧɵɦ ɤɚɧɚɥɨɦ ɫɜɹɡɢ ДγЖ. ɉɥɚɬɚ ɩɟɪɟɞɚɺɬ ɩɨ-
ɛɢɬɨɜɨɟ ɫɨɨɛɳɟɧɢɟ ɧɚ ɉɄ, ɫ ɱɚɫɬɨɬɨɣ 16 ɆȽɰ. 
Ⱦɥɹ ɪɚɫɲɢɮɪɨɜɤɢ ɫɨɨɛɳɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ-
ɥɨɠɟɧɢɟ ɞɥɹ ɡɚɯɜɚɬɚ ɢ ɨɬɨɛɪɚɠɟɧɢɹ ɞɚɧɧɵɯ ɫ 
USB. ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨ-
ɞɭɤɬɨɜ ɩɨɡɜɨɥɹɸɳɢɯ ɨɫɭɳɟɫɬɜɢɬɶ ɞɚɧɧɭɸ ɮɭɧɤ-
ɰɢɸ, ɧɚɢɛɨɥɟɟ ɤɪɭɩɧɵɦɢ ɢɡ ɧɢɯ ɹɜɥɹɸɬɫɹ Proteus, 
VMlab, Matlab ɢ ɞɪ. Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ 
ɩɪɢɜɟɞɺɧ ɧɚ ɪɢɫɭɧɤɟ 6. 

 
Ɋɢɫ. 6. Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɨɫɰɢɥɥɨɝɪɚɮɚ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥ ɢɡɭɱɟɧ ɩɪɢɧɰɢɩ ɩɨɫɬɪɨɟ-
ɧɢɹ ɰɢɮɪɨɜɨɝɨ ɨɫɰɢɥɥɨɝɪɚɮɚ, ɢɡɝɨɬɨɜɥɟɧ USB 
ɨɫɰɢɥɥɨɝɪɚɮ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ 
ɫɢɝɧɚɥɨɜ. 

 
Ʌɢɬɟɪɚɬɭɪɚ 
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ȼɜɟɞɟɧɢɟ 
Ɋɹɞ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɫɜɨɣɫɬɜ ɞɢɧɚɦɢɱɟɫɤɢɯ 

ɫɢɫɬɟɦ, ɬɚɤɢɯ ɤɚɤ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɭɩɪɚɜɥɹɟɦɨɫɬɶ, 
ɧɚɛɥɸɞɚɟɦɨɫɬɶ, ɞɨɫɬɢɠɢɦɨɫɬɶ ɢ ɞɪɭɝɢɟ ɞɚɜɧɨ 
ɹɜɥɹɸɬɫɹ ɨɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɧɨɝɨɱɢɫɥɟɧ-
ɧɵɯ ɩɭɛɥɢɤɚɰɢɣ. ɇɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɤɚɭɡɚɥɶɧɨɫɬɶ 
ɧɚɱɚɥɚ ɩɪɢɨɛɪɟɬɚɬɶ ɫɜɨɸ ɡɧɚɱɢɦɨɫɬɶ ɫɪɚɜɧɢɬɟɥɶ-
ɧɨ ɧɟɞɚɜɧɨ. 

Ʉɚɭɡɚɥɶɧɨɫɬɶ (ɨɬ ɚɧɝɥ. ɫɥɨɜɚ МКЮЬКХТЭв-
ɩɪɢɱɢɧɧɨɫɬɶ) ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɯɨɞ-ɜɵɯɨɞɧɭɸ ɜɡɚ-
ɢɦɨɨɛɭɫɥɨɜɥɟɧɧɨɫɬɶ ɢ ɢɧɟɪɰɢɨɧɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɜ 
ɭɩɪɚɜɥɹɟɦɵɯ ɨɛɴɟɤɬɚɯ ɢ ɫɢɫɬɟɦɚɯ. ɋɜɹɡɚɧɧɵɟ ɫ 
ɤɚɭɡɚɥɶɧɨɫɬɶɸ ɩɭɛɥɢɤɚɰɢɢ ɜ ɨɫɧɨɜɧɨɦ ɮɢɤɫɢɪɭ-
ɸɬ ɧɚɥɢɱɢɟ ɷɬɨɝɨ ɫɜɨɣɫɬɜɚ ɭ ɭɩɪɚɜɥɹɟɦɨɝɨ ɨɛɴɟɤ-
ɬɚ ɢɥɢ ɫɢɫɬɟɦɵ [1]. 

ȼ ɤɚɱɟɫɬɜɟ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɦɟɪɵ ɤɚɭɡɚɥɶɧɨɫɬɢ 
ɞɥɹ ɨɞɧɨɦɟɪɧɵɯ ɩɨ ɜɯɨɞɭ ɢ ɜɵɯɨɞɭ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɟɥɢɱɢɧɭ, 
ɧɚɡɜɚɧɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɦ ɱɢɫɥɨɦ ɫɢɫɬɟɦɵ ɢ 
ɨɩɪɟɞɟɥɟɧɧɭɸ ɤɚɤ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t, ɩɪɢ ɤɨɬɨɪɨɦ 
ɜɵɯɨɞ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɚɟɬɫɹ ɜɯɨɞɨɦ, ɩɨɫɬɭɩɢɜ-
ɲɢɦ ɜ ɦɨɦɟɧɬ t=0. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɧɞɟɤɫɨɜ ɤɚɭɡɚɥɶɧɨɫɬɢ ɞɥɹ 
ɦɧɨɝɨɦɟɪɧɵɯ ɩɨ ɜɯɨɞɭ ɢ/ɢɥɢ ɜɵɯɨɞɭ ɞɢɧɚɦɢɱɟ-
ɫɤɢɯ ɫɢɫɬɟɦ, ɢɦɟɸɳɢɯ ɭɪɚɜɧɟɧɢɹ ɞɢɧɚɦɢɤɢμ 

( 1) ( ( ), ( ), ( )),

( ) ( ( ), ( ), ( )).

x t g x t u t f t

y t h x t u t f t

 
 

  (1) 

ɋ ɧɚɱɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢμ 
(0) 0;

(0) 0.

x

y




    (2) 

ɝɞɟ nx R  – ɜɟɤɬɨɪ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵν py R  – 

ɜɟɤɬɨɪ ɜɵɯɨɞɚ ɫɢɫɬɟɦɵν ,m ru R f R   – ɜɟɤɬɨɪ 
ɭɩɪɚɜɥɹɟɦɨɝɨ ɢ ɧɟɭɩɪɚɜɥɹɟɦɨɝɨ ɜɯɨɞɚ ɫɢɫɬɟɦɵ. 

ɉɨɥɚɝɚɟɦ, ɱɬɨ 
: ; :n m r n n m r pg R R R R h R R R R       – 

ɝɥɚɞɤɢɟ ɜɟɤɬɨɪ-ɮɭɧɤɰɢɢ, ɩɪɢɱɟɦ 
g(0, 0, 0) 0;

h(0, 0, 0) 0.




 

ȼɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹμ 

0

0 0 0 1 1 2 2 1 1

(0); u ( ); f ( );

(g(...(g(g(x , u , f ), u , f ), u , f )...), u , f ).

x x u f

g g
 


 

 

 

  


 

h g  – ɨɞɧɨɡɧɚɱɧɨɟ ɜɯɨɞ-ɜɵɯɨɞɧɨɟ ɨɬɨɛɪɚɠɟɧɢɟ 
ɫɢɫɬɟɦɵ ɧɚ ɢɧɬɟɪɜɚɥɟ 0 t   . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ 
ɢɧɞɟɤɫ ɤɚɭɡɚɥɶɧɨɫɬɢ ( )u f

ij ijk k  ɫɢɫɬɟɦɵ (1) ɩɨ ɜɵɯɨ-

ɞɭ , 1,iy i p  ɢ ɭɩɪɚɜɥɟɧɢɹ , 1, mju j (ɜɨɡɦɭɳɟ-

ɧɢɹ f , 1, rj j ) – ɷɬɨ ɧɚɢɦɟɧɶɲɟɟ ɰɟɥɨɟ Э, ɞɥɹ ɤɨ-
ɬɨɪɨɝɨ ɩɪɢ ɧɚɱɚɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ (2). 

(h g ) 0( (h g ) 0)t t
i i

j ju f

 
 

 
, 

ɝɞɟ h ( )i   – i-ɹ ɫɬɪɨɤɚ ɜɟɤɬɨɪ-ɮɭɧɤɰɢɢ h( ) . 

 
ɋɩɨɫɨɛ ɨɩɪɟɞɟɥɟɧɢɹ ɢɧɞɟɤɫɨɜ ɤɚɭɡɚɥɶɧɨɫɬɢ 
ɉɪɨɰɟɞɭɪɚ ɜɵɱɢɫɥɟɧɢɹ ɢɧɞɟɤɫɨɜ ɤɚɭɡɚɥɶɧɨɫɬɢ 

ɞɥɹ ɥɢɧɟɣɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɨɩɢɫɵɜɚɟ-
ɦɵɯ ɦɨɞɟɥɶɸ «ɜɯɨɞ-ɫɨɫɬɨɹɧɢɟ-ɜɵɯɨɞ» ɦɨɠɟɬ 
ɛɵɬɶ ɩɪɨɜɟɞɟɧɚ ɩɨ ɞɢɝɪɚɮɭ ɫɢɫɬɟɦɵ (ɱɬɨ ɷɮɮɟɤ-
ɬɢɜɧɨ ɥɢɲɶ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɣ ɫɭɦɦɚɪ-
ɧɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɟɟ ɜɟɤɬɨɪɨɜ u, x, y). ȼ ɩɪɨɬɢɜɧɨɦ 
ɫɥɭɱɚɟ ɨɧɚ ɦɨɠɟɬ ɛɵɬɶ ɡɚɦɟɧɟɧɚ ɜɵɱɢɫɥɟɧɢɟɦ 
ɷɬɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɨ ɦɚɬɪɢɰɚɦ ɞɨɫɬɢɠɢɦɨɫɬɢ SN, N 
= 1, n , ɤɨɬɨɪɵɟ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɤɥɚɫɫɚ ɫɢ-
ɫɬɟɦ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɚɤ 

1[ ] ([ ] )* ([ ] )*,N N
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ɝɞɟ Il – ɟɞɢɧɢɱɧɚɹ  ɦɚɬɪɢɰɚν Įοn+m+p – ɪɚɡ-

ɦɟɪɧɨɫɬɶ ɦɚɬɪɢɰɵν n – ɪɚɡɦɟɪɧɨɫɬɶ ɜɟɤɬɨɪɚ ɫɨ-
ɫɬɨɹɧɢɹ; m – ɪɚɡɦɟɪɧɨɫɬɶ ɜɟɤɬɨɪɚ ɭɩɪɚɜɥɟɧɢɹ 
(ɜɨɡɦɭɳɟɧɢɹ)ν p – ɪɚɡɦɟɪɧɨɫɬɶ ɜɟɤɬɨɪɚ ɜɵɯɨɞɚν 
ɫɢɦɜɨɥ «*» – ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɜɵɩɨɥɧɹɸɬɫɹ ɩɨ ɩɪɚɜɢɥɚɦ ɛɭɥɟɜɨɣ ɚɥɝɟɛɪɵ. 

ɂɫɩɨɥɶɡɭɟɦɚɹ ɜ (4) ɦɚɬɪɢɰɚ ɫɦɟɠɧɨɫɬɢ ɫɢɫɬɟ-
ɦɵμ 


