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ȼȼȿȾȿɇɂȿ 

 

ɋɢɫɬɟɦɚ ɡɚɠɢɝɚɧɢɹ ɞɜɢɝɚɬɟɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ (ɞɚɥɟɟ Ⱦȼɋ) — 

ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɫɟɯ ɩɪɢɛɨɪɨɜ ɢ ɭɫɬɪɨɣɫɬɜ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɛɪɚɡɨɜɚɧɢɟ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢɫɤɪɵ ɢ ɜ ɧɭɠɧɵɣ ɦɨɦɟɧɬ ɩɨɞɠɢɝɚɸɬ ɬɨɩɥɢɜɨɜɨɡɞɭɲɧɭɸ 

ɫɦɟɫɶ ɜ ɰɢɥɢɧɞɪɚɯ Ⱦȼɋ. ɗɬɚ ɫɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɨɛɳɟɣ ɫɢɫɬɟɦɵ 

ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. 

ȼɚɠɧɵɦ ɷɥɟɦɟɧɬɨɦ, ɜɥɢɹɸɳɟɦ ɧɚ ɜɫɸ ɫɢɫɬɟɦɭ ɡɚɠɢɝɚɧɢɹ, ɹɜɥɹɟɬɫɹ   

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɦɨɦɟɧɬ ɡɚɠɢɝɚɧɢɹ — ɷɬɨ ɜɪɟɦɹ, ɤɨɝɞɚ ɫɢɫɬɟɦɚ ɢɫɤɪɨɜɵɦ 

ɪɚɡɪɹɞɨɦ ɜɨɫɩɥɚɦɟɧɹɟɬ ɫɠɚɬɭɸ ɪɚɛɨɱɭɸ ɫɦɟɫɶ. ȼɟɥɢɱɢɧɚ ɦɨɦɟɧɬɚ ɡɚɠɢɝɚɧɢɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɝɪɚɞɭɫɚɯ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɤɪɢɜɨɲɢɩɚ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɯɧɟɣ ɦɟɪɬɜɨɣ ɬɨɱɤɢ (ɞɚɥɟɟ ȼɆɌ) ɩɨɪɲɧɹ. Ⱦɚɧɧɚɹ ɜɟɥɢɱɢɧɚ 

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɤɚɤ ɭɝɨɥ ɨɩɟɪɟɠɟɧɢɹ ɡɚɠɢɝɚɧɢɹ (ɞɚɥɟɟ ɍɈɁ). Ɂɧɚɱɟɧɢɟ ɍɈɁ 

ɡɚɜɢɫɢɬ ɨɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ, ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɜɚɬɶ 

ɨɩɬɢɦɚɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɰɢɥɢɧɞɪɟ ɜɨ ɜɪɟɦɹ ɫɝɨɪɚɧɢɹ ɫɦɟɫɢ, ɫ 

ɭɱɟɬɨɦ ɡɚɞɟɪɠɤɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɪɚɛɨɱɟɣ ɫɦɟɫɢ. 

ɂɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɮɪɨɧɬɚ ɩɥɚɦɟɧɢ ɨɤɨɥɨ 20-30 

ɦ/ɫ, ɧɟɨɛɯɨɞɢɦɨ ɜɪɟɦɹ, ɱɬɨɛɵ ɪɚɛɨɱɚɹ ɫɦɟɫɶ ɫɝɨɪɟɥɚ ɜ ɰɢɥɢɧɞɪɟ. 

Ɉɛɭɫɥɨɜɥɟɧɨ ɷɬɨ ɬɟɦ, ɱɬɨ ɩɨɞɠɢɝɚɧɢɟ ɫɦɟɫɢ ɜ ɩɨɥɨɠɟɧɢɢ ɩɨɪɲɧɹ ɜ ȼɆɌ, 

ɫɦɟɫɶ ɞɨɝɨɪɢɬ ɭɠɟ ɧɚ ɬɚɤɬɟ ɪɚɫɲɢɪɟɧɢɹ ɢ ɨɬɱɚɫɬɢ ɧɚ ɜɵɩɭɫɤɟ, ɷɬɨ ɧɟ 

ɩɨɡɜɨɥɢɬ ɞɨɫɬɢɱɶ ɷɮɮɟɤɬɢɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɪɲɟɧɶ. ɉɨɷɬɨɦɭ 

ɨɩɬɢɦɚɥɶɧɵɣ ɦɨɦɟɧɬ ɡɚɠɢɝɚɧɢɹ ɨɩɟɪɟɠɚɸɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ȼɆɌ, ɱɬɨɛɵ 

ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɨɬɪɚɛɨɬɚɧɧɵɯ ɝɚɡɨɜ ɩɪɢɯɨɞɢɥɨɫɶ ɧɚ ȼɆɌ. 

ɑɬɨɛɵ ɞɜɢɝɚɬɟɥɶ ɪɚɛɨɬɚɥ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɢ ɤɪɭɬɹɳɢɦ 

ɦɨɦɟɧɬɨɦ, ɞɚɜɥɟɧɢɟ ɝɚɡɨɜ, ɩɨɫɥɟ ɫɠɢɝɚɧɢɹ ɪɚɛɨɱɟɣ ɫɦɟɫɢ, ɞɨɥɠɧɨ ɞɨɫɬɢɝɚɬɶ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɜɟɥɢɱɢɧɵ ɜ ɬɨɱɤɟ 10-12° ɩɨɫɥɟ ȼɆɌ. Ɍɨɝɞɚ ɫɢɥɚ ɞɚɜɥɟɧɢɹ 

ɝɚɡɨɜ ɧɚ ɩɨɪɲɟɧɶ ɛɭɞɟɬ ɩɪɟɨɛɪɚɡɨɜɚɧɚ ɦɚɤɫɢɦɚɥɶɧɨ ɷɮɮɟɤɬɢɜɧɨ ɜ 

ɦɟɯɚɧɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɜɪɚɳɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ. Ɍɨɩɥɢɜɧɨ-ɜɨɡɞɭɲɧɚɹ 

ɫɦɟɫɶ (ɞɚɥɟɟ Ɍȼɋ) ɧɟ ɫɝɨɪɚɟɬ ɫɪɚɡɭ ɢ ɧɟ ɜɡɪɵɜɚɟɬɫɹ ɜ ɰɢɥɢɧɞɪɚɯ. ɑɬɨɛɵ 
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ɩɨɥɭɱɢɬɶ ɦɚɤɫɢɦɭɦ ɞɚɜɥɟɧɢɹ ɝɚɡɨɜ ɜ ɧɭɠɧɨɣ ɧɚɦ ɬɨɱɤɟ ɧɭɠɧɨ ɫɨɝɥɚɫɨɜɚɬɶ 

ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨɪɲɧɹ ɢ ɫɤɨɪɨɫɬɶ ɫɝɨɪɚɧɢɹ Ɍȼɋ [1]. 
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1  Ⱥɧɚɥɢɡ ɡɚɞɚɧɢɹ ɧɚ ȼɄɊ 

 

1.1  ɐɟɥɶ ɢ ɡɚɞɚɱɢ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

 

 ɐɟɥɶɸ, ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ, ɹɜɥɹɟɬɫɹ 

ɪɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɧɧɨɝɨ ɡɚɠɢɝɚɧɢɹ ɞɜɢɝɚɬɟɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ 

ɧɚ ɨɫɧɨɜɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ AVR. 

ɂɫɯɨɞɹ ɢɡ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ȼɄɊ, ɛɵɥɢ ɫɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ 

ɡɚɞɚɱɢ ɞɥɹ ɟɟ ɞɨɫɬɢɠɟɧɢɹ: 

- ɨɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɬɢɩɨɜ ɫɢɫɬɟɦ ɡɚɠɢɝɚɧɢɹ; 

- ɪɚɡɪɚɛɨɬɤɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ; 

- ɪɚɡɪɚɛɨɬɤɚ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ; 

- ɪɚɡɪɚɛɨɬɤɚ ɚɩɩɚɪɚɬɧɵɯ ɫɪɟɞɫɬɜ; 

- ɪɚɡɪɚɛɨɬɤɚ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɵ; 

- ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ; 

- ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɡɚɠɢɝɚɧɢɹ; 

- ɪɚɡɪɚɛɨɬɤɚ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ. 

 

1.2  Ɉɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɬɢɩɨɜ ɫɢɫɬɟɦ ɡɚɠɢɝɚɧɢɹ 

 

Ɉɫɧɨɜɧɵɦ ɧɚɡɧɚɱɟɧɢɟɦ ɫɢɫɬɟɦɵ ɡɚɠɢɝɚɧɢɹ Ⱦȼɋ ɹɜɥɹɟɬɫɹ ɩɨɞɚɱɚ 

ɢɫɤɪɨɜɨɝɨ ɪɚɡɪɹɞɚ ɧɚ ɫɜɟɱɢ ɡɚɠɢɝɚɧɢɹ ɜ ɨɩɪɟɞɟɥёɧɧɵɣ ɬɚɤɬ ɪɚɛɨɬɵ 

ɛɟɧɡɢɧɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ.  

ɋɢɫɬɟɦɭ ɡɚɠɢɝɚɧɢɹ, ɩɨ ɦɟɪɟ ɫɜɨɟɝɨ ɪɚɡɜɢɬɢɹ, ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɪɢ 

ɬɢɩɚ: 

- ɤɨɧɬɚɤɬɧɚɹ ɫɢɫɬɟɦɚ ɡɚɠɢɝɚɧɢɹ; 

- ɛɟɫɤɨɧɬɚɤɬɧɚɹ ɫɢɫɬɟɦɚ ɡɚɠɢɝɚɧɢɹ; 

- ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɧɚɹ ɫɢɫɬɟɦɚ ɡɚɠɢɝɚɧɢɹ. 
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1.2.1 Ʉɨɧɬɚɤɬɧɚɹ ɫɢɫɬɟɦɚ ɡɚɠɢɝɚɧɢɹ 

 

Ʉɨɧɬɚɤɬɧɚɹ ɫɢɫɬɟɦɚ ɡɚɠɢɝɚɧɢɹ – ɫɚɦɵɣ ɪɚɧɧɢɣ ɜɢɞ ɫɢɫɬɟɦɵ 

ɡɚɠɢɝɚɧɢɹ. ɋɟɣɱɚɫ ɞɚɧɧɵɣ ɬɢɩ ɢɫɩɨɥɶɡɭɟɬɫɹ ɥɢɲɶ ɧɚ ɧɟɤɨɬɨɪɵɯ ɦɨɞɟɥɹɯ 

ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɚɜɬɨɦɨɛɢɥɟɣ. Ɉɛɪɚɡɨɜɚɧɢɟ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɟɝɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɰɢɥɢɧɞɪɚɦ ɫɨɜɟɪɲɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɨɧɬɚɤɬɨɜ. 

Ʉɨɧɬɚɤɬɧɚɹ ɫɢɫɬɟɦɚ ɫɨɞɟɪɠɢɬ ɬɚɤɢɟ ɷɥɟɦɟɧɬɵ, ɤɚɤ ɜɵɤɥɸɱɚɬɟɥɶ 

ɡɚɠɢɝɚɧɢɹ, ɢɫɬɨɱɧɢɤ ɛɟɫɩɟɪɟɛɨɣɧɨɝɨ ɩɢɬɚɧɢɹ, ɦɟɯɚɧɢɱɟɫɤɢɣ ɩɪɟɪɵɜɚɬɟɥɶ, 

ɦɟɯɚɧɢɱɟɫɤɢɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ, ɤɚɬɭɲɤɢ ɡɚɠɢɝɚɧɢɹ, ɰɟɧɬɪɨɛɟɠɧɨɝɨ 

ɪɟɝɭɥɹɬɨɪɚ ɨɩɟɪɟɠɟɧɢɹ ɡɚɠɢɝɚɧɢɹ, ɜɚɤɭɭɦɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ɨɩɟɪɟɠɟɧɢɹ 

ɡɚɠɢɝɚɧɢɹ, ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɩɪɨɜɨɞɨɜ ɢ ɫɜɟɱɟɣ ɡɚɠɢɝɚɧɢɹ. 

Ɇɟɯɚɧɢɱɟɫɤɢɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɪɚɡɦɵɤɚɧɢɟ ɰɟɩɢ 

ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɤɚɬɭɲɤɢ ɡɚɠɢɝɚɧɢɹ. ȼɨ ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ ɤɚɬɭɲɤɢ 

ɡɚɠɢɝɚɧɢɹ ɮɨɪɦɢɪɭɟɬɫɹ ɜɵɫɨɤɨɟ ɧɚɩɪɹɠɟɧɢɟ.  Ɇɟɯɚɧɢɱɟɫɤɢɣ 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɫɜɟɱɚɦ 

ɰɢɥɢɧɞɪɨɜ Ⱦȼɋ.  

Ʉɚɬɭɲɤɚ ɡɚɠɢɝɚɧɢɹ ɨɛɪɚɡɭɟɬ ɢɡ ɬɨɤɚ ɜ ɰɟɩɢ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɨɤ ɜ 

ɰɟɩɢ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. Ʉɚɬɭɲɤɚ ɩɨ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ ɢɦɟɟɬ ɞɜɟ ɨɛɦɨɬɤɢ – 

ɜɵɫɨɤɨɝɨ ɢ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

ɐɟɧɬɪɨɛɟɠɧɵɣ ɪɟɝɭɥɹɬɨɪ ɨɩɟɪɟɠɟɧɢɹ ɡɚɠɢɝɚɧɢɹ ɧɟɨɛɯɨɞɢɦ ɞɥɹ 

ɢɡɦɟɧɟɧɢɹ ɍɈɁ, ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɜɪɚɳɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ. ȼɚɤɭɭɦɧɵɣ 

ɪɟɝɭɥɹɬɨɪ ɨɩɟɪɟɠɟɧɢɹ ɡɚɠɢɝɚɧɢɹ ɢɡɦɟɧɹɟɬ ɍɈɁ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɝɪɭɡɤɢ 

ɧɚ ɞɜɢɝɚɬɟɥɶ.  

ɋ ɩɨɦɨɳɶɸ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɩɪɨɜɨɞɨɜ ɬɨɤ ɜ ɰɟɩɢ ɜɵɫɨɤɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ ɩɪɨɯɨɞɢɬ ɨɬ ɤɚɬɭɲɤɢ ɡɚɠɢɝɚɧɢɹ ɤ ɪɚɫɩɪɟɞɟɥɢɬɟɥɸ, ɚ ɞɚɥɟɟ ɧɚ 

ɫɜɟɱɢ ɡɚɠɢɝɚɧɢɹ.  

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ, ɤɨɝɞɚ 

ɤɨɧɬɚɤɬ ɩɪɟɪɵɜɚɬɟɥɹ ɧɚɯɨɞɢɬɫɹ ɜ ɡɚɦɤɧɭɬɨɦ ɫɨɫɬɨɹɧɢɢ, ɬɨɤ ɜ ɰɟɩɢ ɧɢɡɤɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɩɟɪɜɢɱɧɨɣ ɤɚɬɭɲɤɟ ɡɚɠɢɝɚɧɢɹ. ɉɪɢ 

ɪɚɡɦɵɤɚɧɢɢ ɤɨɧɬɚɤɬɨɜ ɮɨɪɦɢɪɭɟɬɫɹ ɬɨɤ ɜ ɰɟɩɢ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɨ 
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ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɟ. Ɍɨɤ ɜ ɰɟɩɢ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɨɩɚɞɚɟɬ ɧɚ ɤɪɵɲɤɭ 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɫɜɟɱɚɦ 

ɡɚɠɢɝɚɧɢɹ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɍɈɁ. 

ɍɜɟɥɢɱɟɧɢɟ ɨɛɨɪɨɬɨɜ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɨɛɨɪɨɬɨɜ ɜɚɥɚ ɩɪɟɪɵɜɚɬɟɥɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ. 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɨɛɨɪɨɬɨɜ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ, ɭɜɟɥɢɱɢɜɚɸɬɫɹ 

ɨɛɨɪɨɬɵ ɜɚɥɚ ɩɪɟɪɵɜɚɬɟɥɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ. Ƚɪɭɡɢɤɢ ɰɟɧɬɪɨɛɟɠɧɨɝɨ 

ɪɟɝɭɥɹɬɨɪɚ ɨɩɟɪɟɠɟɧɢɹ ɡɚɠɢɝɚɧɢɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ 

ɪɚɫɯɨɞɹɬɫɹ, ɩɪɢɜɨɞɹ ɜ ɞɟɣɫɬɜɢɟ ɩɨɞɜɢɠɧɭɸ ɩɥɚɫɬɢɧɭ ɫ ɤɭɥɚɱɤɚɦɢ 

ɩɪɟɪɵɜɚɬɟɥɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɧɬɚɤɬɵ ɩɪɟɪɵɜɚɬɟɥɹ ɪɚɡɦɵɤɚɸɬɫɹ ɪɚɧɶɲɟ, 

ɬɟɦ ɫɚɦɵɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɍɈɁ. ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɨɛɨɪɨɬɨɜ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ 

ɞɜɢɝɚɬɟɥɹ ɍɈɁ ɭɦɟɧɶɲɚɟɬɫɹ [2]. Ʉɨɧɬɚɤɬɧɚɹ ɫɢɫɬɟɦɚ ɡɚɠɢɝɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɧɚ ɪɢɫɭɧɤɟ 1. 

 

 
 

Ɋɢɫɭɧɨɤ 1 – Ʉɨɧɬɚɤɬɧɚɹ ɫɢɫɬɟɦɚ ɡɚɠɢɝɚɧɢɹ 
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1.2.2 Ȼɟɫɤɨɧɬɚɤɬɧɚɹ ɫɢɫɬɟɦɚ ɡɚɠɢɝɚɧɢɹ 

 

ȼ ɛɟɫɤɨɧɬɚɤɬɧɨɣ ɫɢɫɬɟɦɟ ɡɚɠɢɝɚɧɢɹ ɛɵɥɢ ɫɞɟɥɚɧɵ ɧɟɤɨɬɨɪɵɟ 

ɢɡɦɟɧɟɧɢɹ. Ʉɨɧɬɚɤɬ ɩɪɟɪɵɜɚɬɟɥɹ ɩɨɦɟɧɹɥɢ ɧɚ ɛɟɫɤɨɧɬɚɤɬɧɵɣ ɞɚɬɱɢɤ, 

ɤɨɬɨɪɵɣ ɜɵɪɚɛɚɬɵɜɚɟɬ ɷɥɟɤɬɪɨɢɦɩɭɥɶɫɵ ɜ ɬɨɱɧɨ ɡɚɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. 

ɗɬɢ ɢɦɩɭɥɶɫɵ ɩɨɫɬɭɩɚɸɬ ɜ ɫɯɟɦɭ ɭɩɪɚɜɥɟɧɢɹ ɬɨɤɨɦ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ 

ɤɚɬɭɲɤɢ ɡɚɠɢɝɚɧɢɹ. ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɛɟɫɤɨɧɬɚɤɬɧɵɯ ɞɚɬɱɢɤɨɜ ɹɜɥɹɟɬɫɹ ɬɨ, 

ɱɬɨ ɨɧɢ ɧɟ ɩɨɞɜɟɪɠɟɧɵ ɦɟɯɚɧɢɱɟɫɤɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ, ɩɨɷɬɨɦɭ ɷɬɨ ɞɟɥɚɟɬ ɢɯ 

ɢɡɧɨɫɨɫɬɨɣɤɢɦɢ. 

Ȼɟɫɤɨɧɬɚɤɬɧɚɹ ɫɢɫɬɟɦɚ ɡɚɠɢɝɚɧɢɹ ɫɨɞɟɪɠɢɬ ɬɚɤɢɟ ɷɥɟɦɟɧɬɵ ɤɚɤ: 

ɛɟɫɤɨɧɬɚɤɬɧɵɣ ɞɚɬɱɢɤ ɭɝɥɨɜɨɝɨ ɩɨɥɨɠɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ, 

ɮɨɪɦɢɪɭɸɳɢɣ ɤɚɫɤɚɞ, ɜɵɯɨɞɧɨɣ ɤɚɫɤɚɞ, ɤɨɦɦɭɬɚɬɨɪ, ɤɚɬɭɲɤɚ ɡɚɠɢɝɚɧɢɹ, 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ. 

ȼ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɵɯ ɛɟɫɤɨɧɬɚɤɬɧɵɯ ɫɢɫɬɟɦɚɯ ɡɚɠɢɝɚɧɢɹ ɤɨɦɦɭɬɚɬɨɪ 

ɩɪɟɨɛɪɚɡɭɟɬ ɫɢɝɧɚɥɵ ɫ ɛɟɫɤɨɧɬɚɤɬɧɨɝɨ ɞɚɬɱɢɤɚ ɭɝɥɨɜɨɝɨ ɩɨɥɨɠɟɧɢɹ 

ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ. ɉɨɫɥɟ ɱɟɝɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɭɫɢɥɟɧɢɟ ɦɨɳɧɨɫɬɢ, ɢ 

ɩɪɨɢɫɯɨɞɢɬ ɤɨɦɦɭɬɚɰɢɹ ɜɵɯɨɞɧɨɝɨ ɤɚɫɤɚɞɚ, ɧɚɝɪɭɡɤɨɣ ɤɨɬɨɪɨɝɨ ɫɥɭɠɢɬ 

ɤɚɬɭɲɤɚ ɡɚɠɢɝɚɧɢɹ, ɬ.ɟ. ɪɟɚɥɢɡɭɸɬɫɹ ɬɟ ɠɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɚɜɬɨɦɚɬɵ 

ɨɩɟɪɟɠɟɧɢɹ ɡɚɠɢɝɚɧɢɹ.  

Ɉɫɧɨɜɧɨɣ ɧɟɞɨɫɬɚɬɨɤ ɛɟɫɤɨɧɬɚɤɬɧɨɣ ɫɢɫɬɟɦɵ ɡɚɠɢɝɚɧɢɹ – ɷɬɨ 

ɦɟɯɚɧɢɱɟɫɤɢɣ ɫɩɨɫɨɛ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɢɢ ɩɨ ɰɢɥɢɧɞɪɚɦ Ⱦȼɋ. ɂɡ-ɡɚ ɷɬɨɝɨ 

ɜɨɡɧɢɤɚɟɬ ɩɨɝɪɟɲɧɨɫɬɶ ɦɨɦɟɧɬɚ ɢɫɤɪɨɨɛɪɚɡɨɜɚɧɢɹ ɨɬ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ Ⱦȼɋ 

ɤ ɪɚɫɩɪɟɞɟɥɢɬɟɥɸ [3]. Ȼɟɫɤɨɧɬɚɤɬɧɚɹ ɫɢɫɬɟɦɚ ɡɚɠɢɝɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 2. 
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Ɋɢɫɭɧɨɤ 2 – Ȼɟɫɤɨɧɬɚɤɬɧɚɹ ɫɢɫɬɟɦɚ ɡɚɠɢɝɚɧɢɹ 

 

1.2.3 ɗɥɟɤɬɪɨɧɧɚɹ ɫɢɫɬɟɦɚ ɡɚɠɢɝɚɧɢɹ 

 

ɗɥɟɤɬɪɨɧɧɚɹ ɫɢɫɬɟɦɚ ɡɚɠɢɝɚɧɢɹ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ 

ɤɨɦɩɨɧɟɧɬɨɦ ɫɨɜɪɟɦɟɧɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ. Ɍɨɤ ɜ ɰɟɩɢ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 

ɨɛɪɚɡɭɟɬɫɹ ɢ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɛɥɚɝɨɞɚɪɹ ɷɥɟɤɬɪɨɧɧɵɦ ɭɫɬɪɨɣɫɬɜɚɦ. Ɍɚɤɚɹ 

ɫɢɫɬɟɦɚ ɨɛɥɚɞɚɟɬ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɩɟɪɟɞ ɞɪɭɝɢɦɢ ɫɢɫɬɟɦɚɦɢ ɡɚɠɢɝɚɧɢɹ, ɤ 

ɩɪɢɦɟɪɭ, ɷɥɟɤɬɪɨɧɧɚɹ ɫɢɫɬɟɦ ɡɚɠɢɝɚɧɢɹ ɨɛɥɟɝɱɚɟɬ ɡɚɩɭɫɤ ɞɜɢɝɚɬɟɥɹ ɜ ɡɢɦɧɟɟ 

ɜɪɟɦɹ. 

ȼ ɷɥɟɤɬɪɨɧɧɭɸ ɫɢɫɬɟɦɭ ɡɚɠɢɝɚɧɢɹ ɜɯɨɞɹɬ ɬɚɤɢɟ ɤɨɦɩɨɧɟɧɬɵ, ɤɚɤ 

ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ, ɞɚɬɱɢɤɢ, ɷɥɟɤɬɪɨɧɧɵɣ ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ, ɜɵɤɥɸɱɚɬɟɥɶ 

ɡɚɠɢɝɚɧɢɹ, ɜɨɫɩɥɚɦɟɧɢɬɟɥɶ, ɤɚɬɭɲɤɚ, ɫɜɟɱɢ ɡɚɠɢɝɚɧɢɹ, ɩɪɨɜɨɞɚ ɜɵɫɨɤɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ. 

ɋɢɝɧɚɥɵ, ɤɨɬɨɪɵɟ ɩɨɫɬɭɩɚɸɬ ɫ ɞɚɬɱɢɤɨɜ, ɩɟɪɟɞɚɸɬɫɹ ɜ ɷɥɟɤɬɪɨɧɧɵɣ 

ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ (ɞɚɥɟɟ ɗȻɍ). ɗȻɍ ɨɛɪɚɛɚɬɵɜɚɟɬ ɩɨɫɬɭɩɢɜɲɢɣ ɫɢɝɧɚɥ ɩɨ 

ɪɚɡɪɚɛɨɬɚɧɧɨɦɭ ɚɥɝɨɪɢɬɦɭ. ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɩɨɞɚɟɬɫɹ ɷɥɟɤɬɪɨɧɧɵɣ ɫɢɝɧɚɥ 
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ɧɚ ɜɨɫɩɥɚɦɟɧɢɬɟɥɶ. Ⱦɚɥɟɟ ɩɪɨɢɫɯɨɞɢɬ ɜɤɥɸɱɟɧɢɟ ɬɪɚɧɡɢɫɬɨɪɚ, ɤɨɬɨɪɵɣ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɨɯɨɠɞɟɧɢɟ ɬɨɤɚ ɧɚ ɩɟɪɜɢɱɧɭɸ ɨɛɦɨɬɤɭ ɤɚɬɭɲɤɢ ɡɚɠɢɝɚɧɢɹ. 

ȼ ɨɩɪɟɞɟɥɟɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɬɨɤ ɰɟɩɢ ɩɟɪɜɢɱɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 

ɪɚɡɦɵɤɚɟɬɫɹ, ɩɨɜɵɲɚɹ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɟ, ɩɨɫɥɟ ɱɟɝɨ 

ɢɦɩɭɥɶɫ ɭɯɨɞɢɬ ɧɚ ɧɭɠɧɭɸ ɫɜɟɱɭ.  

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɚɧɚɥɢɡɢɪɭɟɬɫɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ 

ɢ ɧɚɝɪɭɡɤɚ ɧɚ ɞɜɢɝɚɬɟɥɶ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ 

ɍɈɁ, ɭɜɟɥɢɱɢɜɚɹ ɨɬɞɚɱɭ ɞɜɢɝɚɬɟɥɹ [4]. 
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2  Ɋɚɡɪɚɛɨɬɤɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ 

 

ɇɚ ɨɫɧɨɜɟ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɫɢɫɬɟɦɟ ɡɚɠɢɝɚɧɢɹ ɦɨɠɧɨ 

ɫɨɫɬɚɜɢɬɶ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɦɨɞɟɥɶ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ. 

ȼ ɫɢɫɬɟɦɟ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ 2 ɰɢɮɪɨɜɵɯ ɞɚɬɱɢɤɚ:  

- ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ - ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɪɚɫɱɟɬɚ 

ɨɛɨɪɨɬɨɜ ɞɜɢɝɚɬɟɥɹ ɢ ɩɨɥɨɠɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɜ ɨɩɪɟɞɟɥɟɧɧɵɟ ɦɨɦɟɧɬɵ 

ɜɪɟɦɟɧɢ; 

- ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɜɚɥɚ – ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɬɨɝɨ, 

ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɬɚɤɬ ɫɠɚɬɢɹ ɩɟɪɜɨɝɨ ɰɢɥɢɧɞɪɚ. 

 

Ɍɚɤɠɟ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ 2 ɚɧɚɥɨɝɨɜɵɯ ɞɚɬɱɢɤɚ: 

- ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɢ;  

- ɞɚɬɱɢɤ ɞɟɬɨɧɚɰɢɢ. 

 

Ⱦɚɬɱɢɤ ɞɟɬɨɧɚɰɢɢ ɢ ɞɚɬɱɢɤ ɤɨɥɢɱɟɫɬɜɚ ɬɨɩɥɢɜɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ 

ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɤɨɧɬɪɨɥɹ ɭɝɥɚ ɨɩɟɪɟɠɟɧɢɹ ɡɚɠɢɝɚɧɢɹ (ɞɚɥɟɟ ɍɈɁ). 

Ⱦɚɧɧɵɟ ɫ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɩɨɫɬɭɩɚɸɬ ɧɚ 4 ɤɚɬɭɲɤɢ ɡɚɠɢɝɚɧɢɹ, 

ɤɨɬɨɪɵɟ ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɸ ɝɟɧɟɪɚɬɨɪɚ ɢɦɩɭɥɶɫɨɜ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 

(ɩɨɪɹɞɤɚ 20ɤȼ) ɢ ɪɚɛɨɬɚɟɬ ɩɨ ɩɪɢɧɰɢɩɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 

ɇɚɩɪɹɠɟɧɢɟ ɫ ɤɚɬɭɲɟɤ ɩɨɫɬɭɩɚɟɬ ɧɚ ɫɜɟɱɢ, ɢɫɤɪɚ ɩɨɡɜɨɥɹɟɬ Ⱦȼɋ 

ɡɚɜɟɫɬɢ ɚɜɬɨɦɨɛɢɥɶ. 

 

2.1  Ɋɚɡɪɚɛɨɬɤɚ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ 

 

ɂɫɯɨɞɹ ɢɡ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɩɭɧɤɬɚ 2 ɦɨɠɧɨ ɫɨɫɬɚɜɢɬɶ 

ɫɬɪɭɤɬɭɪɧɭɸ ɫɯɟɦɭ ɫɢɫɬɟɦɵ ɡɚɠɢɝɚɧɢɹ, ɤɨɬɨɪɚɹ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.  
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Ɋɢɫɭɧɨɤ 3 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɧɧɨɣ ɫɢɫɬɟɦɵ ɡɚɠɢɝɚɧɢɹ Ⱦȼɋ 

 

Ɉɩɢɫɚɧɢɟ ɢɫɩɨɥɶɡɭɟɦɵɯ ɤɨɦɩɨɧɟɧɬɨɜ: 

- ɛɥɨɤ ɜɜɨɞɚ/ɜɵɜɨɞɚ ɢ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ(ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ); 

- Ⱦ1 – ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɜɚɥɚ; 

- Ⱦ2 – ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ; 

- Ⱦ3 – ɞɚɬɱɢɤ ɞɟɬɨɧɚɰɢɢ; 

- Ⱦ4 – ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɢ; 

- ɂɍ1- ɂɍ4 – ɤɚɬɭɲɤɢ ɡɚɠɢɝɚɧɢɹ; 

- ɂɍ5-ɂɍ8 – ɫɜɟɱɢ ɡɚɠɢɝɚɧɢɹ; 

- ɂɉ – ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ. 
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3  Ɋɚɡɪɚɛɨɬɤɚ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɢɫɬɟɦɵ  

 

3.1  Ɉɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ ɫɢɫɬɟɦɵ 

 

ɂɫɯɨɞɹ ɢɡ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ, ɫɨɫɬɚɜɥɟɧɧɨɣ ɜ ɩɭɧɤɬɟ 2.1, ɛɭɞɟɬ 

ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜɵɛɨɪ ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ ɫɢɫɬɟɦɵ ɡɚɠɢɝɚɧɢɹ. 

 

3.1.1  Ɉɩɢɫɚɧɢɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ 

 

Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ – ɷɬɨ ɫɩɟɰɢɚɥɶɧɚɹ ɦɢɤɪɨɫɯɟɦɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ 

ɭɩɪɚɜɥɟɧɢɹ ɪɚɡɥɢɱɧɵɦɢ ɷɥɟɤɬɪɨɧɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ. Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ 

ɨɛɴɟɞɢɧɹɸɬ ɜ ɫɟɛɹ ɩɪɨɰɟɫɫɨɪ, ɩɚɦɹɬɶ, ɉɁɍ ɢ ɩɟɪɢɮɟɪɢɸ ɜɧɭɬɪɢ ɨɞɧɨɝɨ 

ɤɨɪɩɭɫɚ, ɜɧɟɲɧɟ ɩɨɯɨɠɟɝɨ ɧɚ ɨɛɵɱɧɭɸ ɦɢɤɪɨɫɯɟɦɭ. ɉɪɨɢɡɜɨɞɫɬɜɨ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɟɠɟɝɨɞɧɨ ɜɨ ɦɧɨɝɨ ɪɚɡ ɩɪɟɜɵɲɚɟɬ ɩɪɨɢɡɜɨɞɫɬɜɨ 

ɩɪɨɰɟɫɫɨɪɨɜ, ɚ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɧɢɯ ɧɟ ɫɧɢɠɚɟɬɫɹ. Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ 

ɜɵɩɭɫɤɚɸɬ ɞɟɫɹɬɤɢ ɤɨɦɩɚɧɢɣ, ɩɪɢɱɟɦ ɩɪɨɢɡɜɨɞɹɬɫɹ ɧɟ ɬɨɥɶɤɨ ɫɨɜɪɟɦɟɧɧɵɟ 

32-ɛɢɬɧɵɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ, ɧɨ ɢ 16, ɢ ɞɚɠɟ 8-ɛɢɬɧɵɟ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɭɳɟɫɬɜɭɟɬ ɛɨɥɟɟ 200 ɦɨɞɢɮɢɤɚɰɢɣ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ, ɜɵɩɭɫɤɚɟɦɵɯ ɞɜɭɦɹ ɞɟɫɹɬɤɚɦɢ ɤɨɦɩɚɧɢɣ. 

ɉɨɩɭɥɹɪɧɨɫɬɶɸ ɭ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɩɨɥɶɡɭɸɬɫɹ 8-ɛɢɬɧɵɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ 

PIC ɮɢɪɦɵ Microchip Technology ɢ AVR ɮɢɪɦɵ Atmel [5]. 

 

3.1.2  ȼɵɛɨɪ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ 

 

Ɉɝɪɚɧɢɱɢɦɫɹ ɜɵɛɨɪɨɦ ɨɞɧɨɝɨ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ AVR: ATxmega64A1U, ATMega8, ATtiny4. 

ȼ ɬɚɛɥɢɰɟ 1 ɨɛɨɡɧɚɱɟɧɵ ɢɯ ɨɛɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 
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Ɍɚɛɥɢɰɚ 1 – Ɉɛɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɫɥɟɞɭɟɦɵɯ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ 

ɉɚɪɚɦɟɬɪ ATxmega64A1U ATMega8 ATtiny4 

Ʉɨɥɢɱɟɫɬɜɨ ɜɵɯɨɞɨɜ (Pin 

Count) 
100 23 6 

Flash ɩɚɦɹɬɶ (Kbytes) 64 8 0.5 

ɑɚɫɬɨɬɚ (MHz) 32 16 12 

ɐɉ (CPU) 8-bit AVR 8-bit AVR 8-bit AVR 

ȼɧɟɲɧɢɟ ɩɪɟɪɵɜɚɧɢɹ 78 32 4 

 

ɂɡɭɱɢɜ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜɵɲɟ ɞɚɧɧɵɟ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATtiny4 ɧɟ ɩɨɞɯɨɞɢɬ ɞɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ, ɬɚɤ ɤɚɤ 

ɢɦɟɟɬ ɜɫɟɝɨ 6 ɜɵɯɨɞɨɜ, 4 ɢɡ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɢɦɟɬɶ ɜɧɟɲɧɢɟ ɩɪɟɪɵɜɚɧɢɹ. Ⱦɥɹ 

ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɩɨɬɪɟɛɭɟɬɫɹ ɤɚɤ ɦɢɧɢɦɭɦ 11 ɜɵɯɨɞɨɜ. 

Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATxmega64A1U ɧɟ ɩɨɞɯɨɞɢɬ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɞɚɧɧɨɣ 

ɫɢɫɬɟɦɟ, ɬɚɤ ɤɚɤ ɢɦɟɟɬ ɢɡɛɵɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɵɯɨɞɨɜ – 100, ɚ ɬɚɤɠɟ 

ɢɡɛɵɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ Flash-ɩɚɦɹɬɢ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɞɚɧɧɨɣ 

ɫɢɫɬɟɦɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɜɵɛɪɚɧ ATMega8 – 8-ɪɚɡɪɹɞɧɵɣ 

ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɣ AVR ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɫ ɦɚɥɵɦ ɩɨɬɪɟɛɥɟɧɢɟɦ. 

ȼɵɩɨɥɧɹɟɬ ɤɨɦɚɧɞɵ ɡɚ ɨɞɢɧ ɰɢɤɥ (ɩɪɢ ɱɚɫɬɨɬɟ ɡɚɞɚɸɳɟɝɨ ɝɟɧɟɪɚɬɨɪɚ 1 ɆȽɰ 

– ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 1 MIPS). ɂɦɟɟɬ 8 ɄȻ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɣ ɜ ɫɢɫɬɟɦɟ Flash 

ɩɚɦɹɬɶ ɩɪɨɝɪɚɦɦɵ, 512 ɛɚɣɬɧɭɸ EEPROM ɩɚɦɹɬɶ ɞɚɧɧɵɯ, 1024 ɛɚɣɬɧɨɟ 

SRAM (ɫɬɚɬɢɱɟɫɤɨɟ ɈɁɍ), 23 ɥɢɧɢɣ ɜɜɨɞɚ – ɜɵɜɨɞɚ ɨɛɳɟɝɨ ɩɪɢɦɟɧɟɧɢɹ, 32 

ɪɚɛɨɱɢɯ ɪɟɝɢɫɬɪɚ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɨɞɧɨɩɪɨɜɨɞɧɵɣ ɢɧɬɟɪɮɟɣɫ ɞɥɹ 

ɜɫɬɪɨɟɧɧɨɝɨ ɨɬɥɚɞɱɢɤɚ, ɬɪɢ ɝɢɛɤɢɯ ɬɚɣɦɟɪɚ/ɫɱɟɬɱɢɤɚ ɫɨ ɫɯɟɦɚɦɢ ɫɪɚɜɧɟɧɢɹ, 

ɜɧɭɬɪɟɧɧɢɟ ɢ ɜɧɟɲɧɢɟ ɢɫɬɨɱɧɢɤɢ ɩɪɟɪɵɜɚɧɢɹ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ 

ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɣ USART, ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɢɧɬɟɪɮɟɣɫ ɫ 

ɞɟɬɟɤɬɨɪɨɦ ɫɬɚɪɬɨɜɨɝɨ ɭɫɥɨɜɢɹ, ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɫɬɨɪɨɠɟɜɨɣ ɬɚɣɦɟɪ ɫɨ 

ɜɫɬɪɨɟɧɧɵɦ ɝɟɧɟɪɚɬɨɪɨɦ ɢ ɩɹɬɶ ɩɪɨɝɪɚɦɦɧɨ-ɢɧɢɰɢɚɥɢɡɢɪɭɟɦɵɯ ɪɟɠɢɦɨɜ 

ɩɨɧɢɠɟɧɧɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ [6]. 
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ɇɚ ɪɢɫɭɧɤɟ 4 ɩɨɤɚɡɚɧ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATMega8 ɜ ɤɚɱɟɫɬɜɟ 

ɷɥɟɤɬɪɨɧɧɨɝɨ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ ɜ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɫɢɫɬɟɦɟ: 

 

 

 

Ɋɢɫɭɧɨɤ 4 – Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATMega8 ɍȽɈ 

 

3.1.3  Ⱦɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ 

 

Ⱦɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ (ɞɚɥɟɟ ȾɉɄȼ) ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 

ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɪɚɛɨɬɵ ɬɨɩɥɢɜɧɵɯ ɮɨɪɫɭɧɨɤ ɢ ɫɢɫɬɟɦɵ ɡɚɠɢɝɚɧɢɹ. ȾɉɄȼ 

ɨɬɩɪɚɜɥɹɟɬ ɫɢɝɧɚɥɵ ɧɚ ɷɥɟɤɬɪɨɧɧɵɣ ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ 

ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɨɥɨɠɟɧɢɟ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ, ɱɚɫɬɨɬɟ ɢ ɧɚɩɪɚɜɥɟɧɢɢ 

ɜɪɚɳɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ.  

Ʉɨɧɫɬɪɭɤɰɢɹ ȾɉɄȼ ɫɨɫɬɨɢɬ ɢɡ: 

- ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ — ɧɚɦɚɝɧɢɱɟɧɧɨɝɨ ɫɬɚɥɶɧɨɝɨ ɫɟɪɞɟɱɧɢɤɚ; 

- ɚɥɸɦɢɧɢɟɜɨɝɨ ɢɥɢ ɩɥɚɫɬɦɚɫɫɨɜɨɝɨ ɤɨɪɩɭɫɚ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɮɨɪɦɵ; 

- ɨɫɧɨɜɚɧɢɹ ɫ ɮɥɚɧɰɟɦ ɢ ɤɪɟɩɟɠɧɵɦ ɨɬɜɟɪɫɬɢɟɦ; 

- ɪɚɡɴɟɦɚ ɞɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɩɪɨɜɨɞɤɟ ɚɜɬɨ; 

Ⱦɢɫɤ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɤɨɥɟɧɜɚɥɚ ɢɦɟɟɬ 58 ɡɭɛɰɨɜ, ɤɨɬɨɪɵɟ 

ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɩɨ ɨɤɪɭɠɧɨɫɬɢ ɤɚɠɞɵɟ 6 ɝɪɚɞɭɫɨɜ. ȼ ɲɤɢɜɟ ɨɬɫɭɬɫɬɜɭɟɬ ɞɜɨɟ 
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ɡɭɛɶɟɜ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ ɧɚɱɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ, ɫ 

ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɝɟɧɟɪɢɪɭɸɬɫɹ ɢɦɩɭɥɶɫɵ ɫɢɧɯɪɨɧɢɡɚɰɢɢ. 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ȾɉɄȼ ɪɚɡɥɢɱɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ 

ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɚɬɱɢɤɨɜ. ɋɭɳɟɫɬɜɭɟɬ ɬɪɢ ɬɢɩɚ ɞɚɬɱɢɤɨɜ: 

- ɦɚɝɧɢɬɧɵɟ ɞɚɬɱɢɤɢ. Ɍɚɤɢɟ ɞɚɬɱɢɤɢ ɧɟ ɧɭɠɞɚɸɬɫɹ ɜ ɨɬɞɟɥɶɧɨɦ 

ɢɫɬɨɱɧɢɤɟ ɩɢɬɚɧɢɹ. Ⱦɥɹ ɫɢɝɧɚɥɚ ɗȻɍ ɢɧɞɭɰɢɪɭɟɬɫɹ ɧɚɩɪɹɠɟɧɢɟ ɜ ɬɨɬ 

ɦɨɦɟɧɬ, ɤɨɝɞɚ ɱɟɪɟɡ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɩɪɨɯɨɞɢɬ ɡɭɛ ɫɢɧɯɪɨɧɢɡɚɰɢɢ; 

- ɞɚɬɱɢɤɢ ɏɨɥɥɚ. Ⱦɚɧɧɵɣ ɬɢɩ ɞɚɬɱɢɤɨɜ ɨɫɧɨɜɚɧ ɧɚ ɬɚɤ ɧɚɡɵɜɚɟɦɨɦ 

ɷɮɮɟɤɬɟ ɏɨɥɥɚ. ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɞɚɬɱɢɤɚ: ɧɚɱɚɥɨ ɞɜɢɠɟɧɢɹ ɬɨɤɚ ɢ ɩɟɪɟɯɜɚɬ 

ɢɦɩɭɥɶɫɚ ɞɢɫɤɚ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɜ ɦɨɦɟɧɬ, ɤɨɝɞɚ ɩɟɪɟɦɟɧɧɨɟ 

ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɞɚɬɱɢɤɭ; 

- ɨɩɬɢɱɟɫɤɢɟ ɞɚɬɱɢɤɢ. ȼ ɞɚɬɱɢɤɚɯ ɷɬɨɝɨ ɬɢɩɚ ɞɢɫɤ ɫɢɧɯɪɨɧɢɡɚɰɢɢ 

ɜɵɩɨɥɧɟɧ ɫ ɩɚɡɚɦɢ (ɡɭɛɶɹɦɢ) ɢɥɢ ɨɬɜɟɪɫɬɢɹɦɢ. Ⱦɢɫɤ ɩɪɟɪɵɜɚɟɬ ɫɜɟɬɨɜɨɣ 

ɩɨɬɨɤ ɦɟɠɞɭ ɩɪɢёɦɧɢɤɨɦ ɢ ɫɜɟɬɨɞɢɨɞɨɦ. ɉɪɢёɦɧɢɤ, ɩɟɪɟɪɚɛɚɬɵɜɚɹ 

ɩɨɥɭɱɟɧɧɵɣ ɫɜɟɬɨɜɨɣ ɩɨɬɨɤ ɜ ɢɦɩɭɥɶɫ ɧɚɩɪɹɠɟɧɢɹ, ɩɟɪɟɞɚёɬ ɟɝɨ ɜ ɗȻɍ [7]. 

ȼ ɤɚɱɟɫɬɜɟ ɞɚɬɱɢɤɚ ɩɨɥɨɠɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɜɵɛɪɚɧ ɨɬɟɱɟɫɬɜɟɧɧɵɣ 

ɨɛɪɚɡɟɰ 48.3855, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 5. 

 

 

 

Ɋɢɫɭɧɨɤ 5 – Ⱦɚɬɱɢɤ 48.3855 

 

Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ [8]: 

- ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ, ȼ – ɨɬ 6,3 ɞɨ 24; 
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- ɜɵɯɨɞɧɚɹ ɫɯɟɦɚ – ɨɬɤɪɵɬɵɣ ɤɨɥɥɟɤɬɨɪ; 

- ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɤɨɥɥɟɤɬɨɪɚ, ɦȺ, ɧɟ ɛɨɥɟɟ – 40; 

- ɞɢɚɩɚɡɨɧ ɨɛɨɪɨɬɨɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɜɚɥɚ – ɨɬ 10 ɞɨ 4000; 

- ɜɟɥɢɱɢɧɚ ɜɨɡɞɭɲɧɨɝɨ ɡɚɡɨɪɚ ɦɟɠɞɭ ɞɚɬɱɢɤɨɦ ɢ ɨɬɦɟɬɱɢɤɨɦ, ɦɦ – 0,3 

ɞɨ 1,5; 

- ɞɥɢɬɟɥɶɧɨɫɬɶ ɮɪɨɧɬɨɜ, ɦɤɫ, ɧɟ ɛɨɥɟɟ – 5; 

- ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦɦ – 24.4x46.5x53.5; 

- ɦɚɫɫɚ, ɤɝ – 0,08. 

 

3.1.4  Ⱦɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɢ 

  

ȾɉȾɁ ɭɫɬɚɧɨɜɥɟɧ ɜ ɫɢɫɬɟɦɟ ɩɢɬɚɧɢɹ ɞɜɢɝɚɬɟɥɹ. ɉɪɟɞɧɚɡɧɚɱɟɧɢɟ ɷɬɨɝɨ 

ɞɚɬɱɢɤɚ – ɨɩɬɢɦɢɡɚɰɢɹ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɥɨɠɟɧɢɹ ɩɟɞɚɥɢ 

ɝɚɡɚ. 

ȾɉȾɁ ɫɱɢɬɵɜɚɟɬ ɩɨɥɭɱɚɟɬ ɫɢɝɧɚɥ ɨ ɩɨɥɨɠɟɧɢɟ ɩɟɞɚɥɢ ɚɤɫɟɥɟɪɚɬɨɪɚ ɢ, 

ɡɚɬɟɦ, ɢɡɦɟɧɹɟɬ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ. ȼɨ ɜɪɟɦɹ ɡɚɤɪɵɬɨɝɨ ɩɨɥɨɠɟɧɢɹ 

ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɢ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɫ ȾɉȾɁ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 0,7 

ȼ. ɉɪɢ ɧɚɠɚɬɢɢ ɧɚ ɩɟɞɚɥɶ ɨɫɶ ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɢ ɩɨɜɨɪɚɱɢɜɚɟɬ ɩɨɥɡɭɧɨɤ 

ɞɚɬɱɢɤɚ ɧɚ ɨɩɪɟɞɟɥɟɧɧɵɣ ɭɝɨɥ. Ⱦɚɬɱɢɤ ɪɟɚɝɢɪɭɟɬ ɧɚ ɨɬɤɪɵɬɢɟ ɡɚɫɥɨɧɤɢ 

ɢɡɦɟɧɟɧɢɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ ɪɟɡɢɫɬɢɜɧɵɯ ɞɨɪɨɠɤɚɯ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 

ɩɨɜɵɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɯɨɞɟ. ɇɚɠɚɬɚɹ ɞɨ ɨɬɤɚɡɚ ɩɟɞɚɥɶ ɚɤɫɟɥɟɪɚɬɨɪɚ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɨɜɵɲɟɧɢɟɦ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɞɨ 4 ȼ.  

Ⱦɚɥɟɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨɩɚɞɚɟɬ ɧɚ ɗȻɍ, ɤɨɬɨɪɵɣ ɩɪɨɢɡɜɨɞɢɬ 

ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɩɨɞɚɱɢ ɬɨɩɥɢɜɧɨɣ ɫɦɟɫɢ. ȾɉȾɁ ɢ ɤɨɧɬɪɨɥɥɟɪ ɛɵɫɬɪɨ 

ɪɟɚɝɢɪɭɸɬ ɧɚ ɢɡɦɟɧɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɩɟɞɚɥɢ «ɝɚɡɚ», ɬɨɱɧɨ ɞɨɡɢɪɭɹ 

ɩɨɫɬɭɩɚɸɳɟɟ ɬɨɩɥɢɜɨ [9].  

ȼ ɤɚɱɟɫɬɜɟ ɞɚɬɱɢɤɚ ɩɨɥɨɠɟɧɢɹ ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɢ ɛɵɥ ɜɵɛɪɚɧ 

ȾɉȾɁ 2112-1148200, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 6. 
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Ɋɢɫɭɧɨɤ 6 –Ⱦɚɬɱɢɤ ȾɉȾɁ 2112-1148200 

 

 Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ [10]: 

- ɞɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ, °C – -45…+115;  

- ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ, ȼ – 5,0 + 0,1;  

- ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɩɨɬɪɟɛɥɟɧɢɹ, ɦȺ – ɧɟ ɛɨɥɟɟ 15,0; 

- ɩɨɥɧɵɣ ɦɟɯɚɧɢɱɟɫɤɢɣ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɜɚɥɚ, ɧɟ ɦɟɧɟɟ 120° + 1°; 

- ɪɚɛɨɱɢɣ ɭɝɥɨɜɨɣ ɞɢɚɩɚɡɨɧ – 14,5°…111°; 

- ɦɚɤɫɢɦɚɥɶɧɚɹ ɧɟɥɢɧɟɣɧɨɫɬɶ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜ 

ɪɚɛɨɱɟɦ ɭɝɥɨɜɨɦ ɞɢɚɩɚɡɨɧɟ, % – +5%;  

- ɢɡɧɨɫɨɭɫɬɨɣɱɢɜɨɫɬɶ, ɰɢɤɥɨɜ ɪɚɛɨɬɵ – 1000000. 

 

3.1.5  Ⱦɚɬɱɢɤ ɞɟɬɨɧɚɰɢɢ 

 

Ⱦɚɬɱɢɤ ɞɟɬɨɧɚɰɢɢ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɫɜɨɟɜɪɟɦɟɧɧɨɝɨ ɨɛɧɚɪɭɠɟɧɢɹ 

ɞɟɬɨɧɚɰɢɢ ɬɨɩɥɢɜɨ ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ. ɉɪɢ ɪɚɧɧɟɦ ɭɝɥɟ ɡɚɠɢɝɚɧɢɹ ɬɨɩɥɢɜɨ 

ɫɝɨɪɚɟɬ ɪɚɧɶɲɟ ɜɪɟɦɟɧɢ, ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɭɞɚɪɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ 

ɩɨɪɲɧɟɜɭɸ ɝɪɭɩɩɭ. Ⱦɚɛɵ ɢɡɛɟɠɚɬɶ ɬɚɤɨɣ ɫɢɬɭɚɰɢɢ ɞɚɬɱɢɤ ɞɟɬɨɧɚɰɢɢ 
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ɩɟɪɟɞɚɟɬ ɫɢɝɧɚɥ ɩɨɹɜɥɟɧɢɹ ɞɟɬɨɧɚɰɢɢ ɧɚ ɗȻɍ. ȼ ɨɬɜɟɬ ɗȻɍ ɭɦɟɧɶɲɚɟɬ ɭɝɨɥ 

ɨɩɟɪɟɠɟɧɢɹ ɡɚɠɢɝɚɧɢɹ ɨɛɨɝɚɳɟɧɢɟ ɬɨɩɥɢɜɧɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ.  

ɇɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɣ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɞɚɬɱɢɤ ɞɟɬɨɧɚɰɢɢ – 

ɲɢɪɨɤɨɩɨɥɨɫɧɵɣ. Ɋɚɫɫɦɨɬɪɢɦ ɟɝɨ ɤɨɧɫɬɪɭɤɰɢɸ ɢ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ. 

ɋɨɫɬɨɢɬ ɞɚɬɱɢɤ ɢɡ ɞɜɭɯ ɩɨɥɨɜɢɧɨɤ ɤɨɪɩɭɫɚ – ɜɧɟɲɧɟɝɨ ɢ ɜɧɭɬɪɟɧɧɟɝɨ. 

ȼɧɭɬɪɢ ɤɨɪɩɭɫɚ ɭɫɬɚɧɨɜɥɟɧɚ ɩɶɟɡɨɤɟɪɚɦɢɱɟɫɤɚɹ ɲɚɣɛɚ, ɤɨɬɨɪɚɹ ɫɨɟɞɢɧɟɧɚ ɫ 

ɩɪɨɜɨɞɤɚɦɢ, ɜɟɞɭɳɢɦɢ ɧɚ ɤɨɧɬɚɤɬɵ, ɢɡɨɥɹɬɨɪ ɢ ɫɬɚɥɶɧɨɣ ɝɪɭɡɢɤ. ɇɚ ɜɵɜɨɞɟ 

ɩɪɨɜɨɞɨɜ ɭɫɬɚɧɨɜɥɟɧ ɪɟɝɭɥɢɪɨɜɨɱɧɵɣ ɪɟɡɢɫɬɨɪ. 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. ɉɪɢ ɩɨɹɜɥɟɧɢɢ 

ɞɟɬɨɧɚɰɢɨɧɧɨɝɨ ɫɝɨɪɚɧɢɹ ɜɢɛɪɚɰɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɢɡ-ɡɚ ɷɬɨɝɨ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɨɡɞɟɣɫɬɜɢɟ ɝɪɭɡɢɤɚ ɧɚ ɩɶɟɡɨɤɟɪɚɦɢɱɟɫɤɭɸ ɲɚɣɛɭ, ɡɧɚɱɟɧɢɟ 

ɷɥɟɤɬɪɨɢɦɩɭɥɶɫɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 

ɢɦɩɭɥɶɫ ɩɪɨɛɢɜɚɟɬ ɪɟɡɢɫɬɨɪ ɢ ɩɨɫɬɭɩɚɟɬ ɧɚ ɗȻɍ, ɚ ɗȻɍ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ 

ɩɪɢɧɢɦɚɟɬ ɞɟɣɫɬɜɢɹ ɩɨ ɞɚɥɶɧɟɣɲɟɦɭ ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɞɟɬɨɧɚɰɢɢ ɩɭɬɟɦ 

ɭɦɟɧɶɲɟɧɢɹ ɭɝɥɚ ɨɩɟɪɟɠɟɧɢɹ ɡɚɠɢɝɚɧɢɹ [10].   

ɇɚ ɪɵɧɤɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɚɬɱɢɤɨɜ ɞɟɬɨɧɚɰɢɢ, ɜ 

ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɚɬɱɢɤ, ɩɨɞɯɨɞɹɳɢɣ ɧɚ ɪɹɞ 

ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɚɜɬɨɦɨɛɢɥɟɣ: 18.3855ȺɌ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 7. 
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Ɋɢɫɭɧɨɤ 7 – Ⱦɚɬɱɢɤ ɞɟɬɨɧɚɰɢɢ 

 

Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ [10]: 

- ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɱɚɫɬɨɬɟ 7,0 ɤȽɰ, ɦȼ/g 26±6; 

- ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɱɚɫɬɨɬɟ 6,5 ɤȽɰ, ɦȼ/g 28±8; 

- ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ Ⱥɑɏ ɜ ɞɢɚɩɚɡɨɧɟ (5-10) ɤȽɰ, ɦȼ/g ɧɟ ɛɨɥɟɟ 6; 

- ɷɥɟɤɬɪɢɱɟɫɤɚɹ ёɦɤɨɫɬɶ, ɩɎ 900 – 1300; 

- ɜɵɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɆɈɦ 1 – 10; 

- ɦɚɫɫɚ, ɝ. – 40. 

Ⱥɦɩɥɢɬɭɞɚ ɫɢɝɧɚɥɚ ɧɚ ɜɵɯɨɞɟ ȾȾ ɫɨɫɬɚɜɥɹɟɬ ɧɟɫɤɨɥɶɤɨ ɞɨɥɟɣ ɜɨɥɶɬɚ. 

ɗɬɨ ɧɚɩɪɹɠɟɧɢɟ ɫɥɢɲɤɨɦ ɦɚɥɨ, ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɆɄ ɫɦɨɝ ɪɚɫɩɨɡɧɚɬɶ ɢ 

ɫɝɟɧɟɪɢɪɨɜɚɬɶ ɩɪɟɪɵɜɚɧɢɟ ɩɪɢ ɞɟɬɨɧɚɰɢɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɭɫɢɥɢɬɟɥɹ ɜɵɛɪɚɧ ɫɞɜɨɟɧɧɵɣ ɨɩɟɪɚɰɢɨɧɧɵɣ ɭɫɢɥɢɬɟɥɶ 

ɄɊ1401ɍȾ5, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 8.  
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Ɋɢɫɭɧɨɤ 8 – ɋɞɜɨɟɧɧɵɣ ɨɩɟɪɚɰɢɨɧɧɵɣ ɭɫɢɥɢɬɟɥɶ ɄɊ1401ɍȾ5 

 

ɍɫɢɥɟɧɧɵɣ ɫɢɝɧɚɥ ɦɨɠɧɨ ɩɨɞɚɬɶ ɧɚ Ⱥɐɉ ɢɥɢ ɚɧɚɥɨɝɨɜɵɣ ɤɨɦɩɚɪɚɬɨɪ 

ɆɄ. Ɍɚɤ ɤɚɤ ɜ ɦɢɤɪɨɫɯɟɦɟ ɄɊ1401ɍȾ5 ɢɦɟɟɬɫɹ ɜɬɨɪɨɣ ɨɩɟɪɚɰɢɨɧɧɵɣ 

ɭɫɢɥɢɬɟɥɶ, ɬɨ ɟɝɨ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɩɚɪɚɬɨɪɚ, ɚ ɧɚ ɜɵɯɨɞɟ 

ɩɨɥɭɱɢɬɶ ɥɨɝɢɱɟɫɤɢɣ ɫɢɝɧɚɥ ɫɪɚɛɚɬɵɜɚɧɢɹ ȾȾ. 

 

 

3.1.6  Ⱦɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɜɚɥɚ 

 

ɉɨ ɪɚɛɨɬɟ ɞɚɬɱɢɤɚ ɩɨɥɨɠɟɧɢɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɜɚɥɚ (ɞɚɥɟɟ ȾɉɊȼ) 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɤɚɤɨɦ ɢɡ ɰɢɥɢɧɞɪɨɜ ɞɨɥɠɟɧ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜɩɪɵɫɤ ɬɨɩɥɢɜɚ 

ɢ ɡɚɠɢɝɚɧɢɟ. ȾɉɊȼ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɫɜɹɡɚɧ ɫ ɞɚɬɱɢɤɨɦ ɩɨɥɨɠɟɧɢɹ 

ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ. Ɋɚɛɨɬɚ ȾɉɊȼ ɩɨɫɬɪɨɟɧɚ ɧɚ ɷɮɮɟɤɬɟ ɏɨɥɥɚ, ɢɧɚɱɟ ɞɚɧɧɵɣ 

ɞɚɬɱɢɤ ɧɚɡɵɜɚɸɬ ɞɚɬɱɢɤɨɦ ɏɨɥɥɚ.  ɋɢɫɬɟɦɚ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 

ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ:  

- ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɪɚɫɩɨɥɨɠɟɧɧɨɟ ɜ ɤɨɪɩɭɫɟ; 

- ɪɟɩɟɪ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɧɚ ɜɚɥɭ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɡɚɠɢɝɚɧɢɹ. 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ: ɦɨɦɟɧɬ ɢɡɦɟɧɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɪɨɢɫɯɨɞɢɬ, 

ɤɨɝɞɚ ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɡɭɛ ɩɪɨɯɨɞɢɬ ɜɛɥɢɡɢ ɞɚɬɱɢɤɚ. ɋɢɝɧɚɥ ɨ ɡɚɦɵɤɚɧɢɢ 

ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɟɪɟɞɚɟɬɫɹ ɗȻɍ, ɩɨɡɜɨɥɹɹ ɪɚɫɫɱɢɬɚɬɶ ɢɞɟɚɥɶɧɵɣ ɦɨɦɟɧɬ 

ɜɩɪɵɫɤɢɜɚɧɢɹ ɢ ɡɚɠɢɝɚɧɢɹ ɬɨɩɥɢɜɧɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ [11]. 

ȼ ɤɚɱɟɫɬɜɟ ȾɉɊȼ ɜɨɡɶɦɟɦ: ɞɚɬɱɢɤ 21.3847ȺɌ ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ 

ɪɢɫɭɧɤɟ 9. 
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Ɋɢɫɭɧɨɤ 9 – Ⱦɚɬɱɢɤ ȾɉɊȼ 

 

Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ [11]: 

- ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ, ȼ – ɨɬ 6,3 ɞɨ 24; 

- ɞɢɚɩɚɡɨɧ ɨɛɨɪɨɬɨɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɜɚɥɚ – ɨɬ 10 ɞɨ 4000; 

- ɭɝɨɥ ɜɤɥɸɱɟɧɢɹ, ɜɵɤɥɸɱɟɧɢɹ ɭɝɥ ɝɪɚɞ – 0+-5,5; 

- ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦɦ – 24.4x46.5x53.5; 

-ɬɨɤ ɩɨɬɪɟɛɥɟɧɢɹ, ɧɟ ɛɨɥɟɟ 15ɦȺ; 

-ɦɚɫɫɚ, ɤɝ – 0,08. 
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3.1.7  Ʉɚɬɭɲɤɚ ɡɚɠɢɝɚɧɢɹ 

 

Ʉɚɬɭɲɤɚ ɡɚɠɢɝɚɧɢɹ ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɸ ɝɟɧɟɪɚɬɨɪɚ ɢɦɩɭɥɶɫɨɜ 

ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɪɚɛɨɬɚɟɬ ɩɨ ɩɪɢɧɰɢɩɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɋɨɫɬɨɢɬ ɢɡ 

ɞɜɭɯ ɢɧɞɭɤɬɢɜɧɨ ɫɜɹɡɚɧɧɵɯ ɨɛɦɨɬɨɤ – ɩɟɪɜɢɱɧɚɹ ɢ ɜɬɨɪɢɱɧɚɹ ɨɛɦɨɬɤɢ. 

Ʉɨɝɞɚ ɬɨɤ ɩɪɨɯɨɞɢɬ ɩɨ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɟ, ɫɨɡɞɚɟɬɫɹ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ. ɉɨɫɥɟ 

ɤɨɦɦɭɬɚɬɨɪ ɪɚɡɴɟɞɢɧɹɟɬ ɰɟɩɶ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ, ɬɟɦ ɫɚɦɵɦ ɩɪɟɤɪɚɳɚɹ 

ɪɚɛɨɬɭ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜ ɨɛɟɢɯ ɨɛɦɨɬɤɚɯ ɢɧɞɭɰɢɪɭɟɬɫɹ 

ɧɚɩɪɹɠɟɧɢɟ. ȼ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɟ ɧɚɩɪɹɠɟɧɢɟ ɞɨɫɬɢɝɚɟɬ ɡɧɚɱɟɧɢɹ ɧɟ ɛɨɥɟɟ 

500 ȼ, ɜɨ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɟ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɦɟɧɟɟ 20 ɤȼ. Ʉɚɬɭɲɤɚ ɡɚɠɢɝɚɧɢɹ 

ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɧɚɤɨɩɥɟɧɢɹ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɨɣ ɛɭɞɟɬ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ 

ɡɚɠɢɝɚɧɢɹ ɬɨɩɥɢɜɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ. ȼ ɟɟ ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ ɮɨɪɦɢɪɭɟɬɫɹ 

ɜɵɫɨɤɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɩɨɞɚɟɬ ɢɫɤɪɭ ɧɚ ɫɜɟɱɢ ɡɚɠɢɝɚɧɢɹ [12]. Ⱦɥɹ 

ɤɨɦɦɭɬɚɰɢɢ ɩɟɪɜɢɱɧɵɯ ɨɛɦɨɬɨɤ ɤɚɬɭɲɟɤ ɡɚɠɢɝɚɧɢɹ ɧɭɠɧɵ n-ɤɚɧɚɥɶɧɵɟ 

ɩɨɥɟɜɵɟ ɬɪɚɧɡɢɫɬɨɪɵ. 

 Ⱦɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɢɫɬɟɦɵ ɡɚɠɢɝɚɧɢɹ ɩɨɞɯɨɞɢɬ ɤɚɬɭɲɤɚ 

ɡɚɠɢɝɚɧɢɹ 21.12370-5010-10, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 10. 

 

 

 

Ɋɢɫɭɧɨɤ 10 – Ʉɚɬɭɲɤɚ ɡɚɠɢɝɚɧɢɹ 21.12370-5010-10 
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Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ [12]:  

- ɦɚɫɫɚ: ɧɟ ɛɨɥɟɟ 0,19 ɤɝ; 

- ɞɥɢɬɟɥɶɧɨɫɬɶ ɢɫɤɪɨɜɨɝɨ ɪɚɡɪɹɞɚ: t ≥1,35ɦɫ; 

- ɬɨɤ ɢɫɤɪɨɜɨɝɨ ɪɚɡɪɹɞɚ: Ip = (85 - 95) ɦȺ; 

- ɷɧɟɪɝɢɹ ɢɫɤɪɨɜɨɝɨ ɪɚɡɪɹɞɚ: ɧɟ ɦɟɧɟɟ 35 ɦȾɠ; 

- ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ: ɨɬ -40° ɋ ɞɨ +100° ɋ; 

- ɤɚɬɭɲɤɚ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɛɨɬɨɫɩɨɫɨɛɧɚ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɨɬ 6 ɞɨ 16 ȼ, 

ɩɪɢ ɷɬɨɦ ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ (14,2 ± 0,2) ȼ. 

 

3.1.8  ɋɜɟɱɢ ɡɚɠɢɝɚɧɢɹ 

 

ɋɜɟɱɚ ɡɚɠɢɝɚɧɢɹ – ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɬɨɩɥɢɜɨɜɨɡɞɭɲɧɨɣ 

ɫɦɟɫɢ. ȼɨɫɩɥɚɦɟɧɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɪɚɡɪɹɞɨɦ ɧɚɩɪɹɠɟɧɢɹ ɜ 

ɧɟɫɤɨɥɶɤɨ ɬɵɫɹɱ ɢɥɢ ɞɟɫɹɬɤɨɜ ɬɵɫɹɱ ɜɨɥɶɬ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɦɟɠɞɭ 

ɷɥɟɤɬɪɨɞɚɦɢ ɫɜɟɱɢ. ɋɜɟɱɚ ɡɚɠɢɝɚɧɢɹ ɹɜɥɹɟɬɫɹ ɪɟɲɚɸɳɢɦ ɮɚɤɬɨɪɨɦ ɜ 

ɨɩɪɟɞɟɥɟɧɢɢ ɨɩɬɢɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɢ ɧɚɞɟɠɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 

ɛɟɧɡɢɧɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ. Ɂɚɞɚɱɟɣ ɫɜɟɱɢ ɡɚɠɢɝɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɞɚɱɚ ɜɵɫɨɤɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ, ɝɟɧɟɪɢɪɨɜɚɧɧɨɝɨ ɜ ɤɚɬɭɲɤɟ ɡɚɠɢɝɚɧɢɹ, ɤ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ, ɢ 

ɜɨɫɩɥɚɦɟɧɟɧɢɟ ɬɨɩɥɢɜɧɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ. Ɇɟɠɞɭ ɬɟɦ, ɫɜɟɱɚ ɡɚɠɢɝɚɧɢɹ 

ɹɜɥɹɟɬɫɹ ɩɪɟɞɦɟɬɨɦ ɱɪɟɡɜɵɱɚɣɧɵɯ ɢ ɱɚɫɬɨ ɢɡɦɟɧɹɸɳɢɯɫɹ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ, 

ɬɚɤɢɯ ɤɚɤ "ɩɪɟɤɪɚɳɟɧɢɟ ɢ ɧɚɱɚɥɨ" ɞɨɪɨɠɧɨɝɨ ɞɜɢɠɟɧɢɹ ɜ ɝɨɪɨɞɟ ɢɥɢ 

ɜɨɠɞɟɧɢɟ ɩɨ ɚɜɬɨɫɬɪɚɞɚɦ ɧɚ ɩɨɥɧɨɦ ɝɚɡɭ [13].  

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɪɚɫɫɦɨɬɪɢɦ ɧɟɞɨɪɨɝɨɣ ɜɚɪɢɚɧɬ, ɩɨɞɯɨɞɹɳɢɣ 

ɧɚ ɛɨɥɶɲɨɣ ɪɹɞ ɪɨɫɫɢɣɫɤɢɯ ɚɜɬɨɦɨɛɢɥɟɣ: ɫɜɟɱɢ LR15TC-1, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 

ɪɢɫɭɧɤɟ 11. Ɍɚɤɢɯ ɧɟɨɛɯɨɞɢɦɨ 4 ɲɬɭɤɢ, ɬɚɤ ɤɚɤ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧ 

ɫɥɭɱɚɣ ɫ ɱɟɬɵɪёɯɰɢɥɢɧɞɪɨɜɵɦ ɞɜɢɝɚɬɟɥɟɦ. 
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Ɋɢɫɭɧɨɤ 11 – ɋɜɟɱɚ ɡɚɠɢɝɚɧɢɹ 

 

Ɍɟɯɧɢɱɟɫɤɚɹ ɢɧɮɨɪɦɚɰɢɹ [13]: 

- ɬɢɩ ɞɜɢɝɚɬɟɥɹ - ɛɟɧɡɢɧɨɜɵɣ; 

- ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɨɞɨɜ - 3; 

- ɡɚɡɨɪ ɦɟɠɞɭ ɷɥɟɤɬɪɨɞɚɦɢ, ɦɦ - 0.7; 

- ɦɚɬɟɪɢɚɥ ɧɚɤɨɧɟɱɧɢɤɚ ɫɪɟɞɧɟɝɨ ɷɥɟɤɬɪɨɞɚ - ɫɩɥɚɜ ɧɢɤɟɥɹ; 

- ɤɚɥɢɥɶɧɨɟ ɱɢɫɥɨ - 15; 

- ɞɥɢɧɚ ɪɟɡɶɛɵ, ɦɦ - 19. 

 

3.1.9  ɂɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ 

 

Ⱥɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ – ɭɫɬɪɨɣɫɬɜɨ, ɫɨɫɬɨɹɳɟɟ ɢɡ ɧɟɫɤɨɥɶɤɢɯ 

ɚɤɤɭɦɭɥɹɬɨɪɨɜ. ȺɄȻ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɧɚɤɨɩɥɟɧɢɹ, ɫɨɯɪɚɧɟɧɢɹ ɢ ɪɚɫɯɨɞɚ 

ɷɧɟɪɝɢɢ. Ⱦɚɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɦɨɠɟɬ ɡɚɪɹɠɚɬɶɫɹ ɢ ɪɚɡɪɹɠɚɬɶɫɹ ɦɧɨɝɨɤɪɚɬɧɨ. 

ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɜɧɭɬɪɢ ȺɄȻ ɩɪɨɢɫɯɨɞɹɬ ɨɛɪɚɬɢɦɵɟ ɯɢɦɢɱɟɫɤɢɟ 

ɩɪɨɰɟɫɫɵ.  

Ⱥɤɤɭɦɭɥɹɬɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɯɢɦɢɱɟɫɤɢɣ ɢɫɬɨɱɧɢɤ, ɜɤɥɸɱɚɸɳɢɣ 

ɜ ɫɟɛɹ ɧɟɫɤɨɥɶɤɨ ɷɥɟɦɟɧɬɨɜ ɩɢɬɚɧɢɹ. Ɉɛɴɟɞɢɧɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɩɢɬɚɧɢɹ ɞɚɟɬ 



27 
 

ɛɨɥɶɲɨɣ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɬɨɤ ɢ ɧɚɩɪɹɠɟɧɢɟ. ȼ ɚɜɬɨɦɨɛɢɥɹɯ ɧɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɣ ɜɢɞ ȺɄȻ – ɩɨɫɬɪɨɟɧɧɵɣ ɧɚ 6 ɷɥɟɦɟɧɬɚɯ , ɤɨɬɨɪɵɟ ɜɵɞɚɸɬ 

ɧɚɩɪɹɠɟɧɢɟ ɩɪɢɦɟɪɧɨ 2.1 ɜɨɥɶɬ. ȼ ɪɟɡɭɥɶɬɚɬɟ ȺɄȻ ɜɵɞɚɟɬ 12.6 ɜɨɥɶɬ.  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɣ ɜɵɛɨɪ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ȺɄȻ. 

ɇɢɠɟ ɪɚɫɫɦɨɬɪɢɦ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɟ ɜɢɞɵ ɚɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ: 

- ɫɜɢɧɰɨɜɨ-ɤɢɫɥɨɬɧɵɟ ɚɤɤɭɦɭɥɹɬɨɪɵ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɧɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɟ ɜ ɜɢɞɭ ɫɜɨɟɣ ɧɟɞɨɪɨɝɨɣ ɫɬɨɢɦɨɫɬɢ ɢ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ. 

ɋɮɟɪɚ ɩɪɢɦɟɧɟɧɢɹ ɨɛɲɢɪɧɚ, ɬɚɤ ɤɚɤ ɢɦɟɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɷɬɨɝɨ ɬɢɩɚ. ȼ ɤɚɱɟɫɬɜɟ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɯ 

ɷɥɟɤɬɪɨɞɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɜɢɧɟɰ. Ɉɬɪɢɰɚɬɟɥɶɧɵɟ ɷɥɟɤɬɪɨɞɵ ɜɵɩɨɥɧɹɸɬɫɹ ɢɡ 

ɨɤɫɢɞɚ ɫɜɢɧɰɚ. ɗɥɟɤɬɪɨɥɢɬ – ɫɟɪɧɚɹ ɤɢɫɥɨɬɚ. ɍ ɫɜɢɧɰɨɜɵɯ-ɤɢɫɥɨɬɧɵɯ 

ɛɚɬɚɪɟɣ ɟɫɬɶ ɦɧɨɠɟɫɬɜɨ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɢɦɟɸɳɢɟ ɪɚɡɧɵɟ ɬɟɯɧɨɥɨɝɢɢ 

ɩɪɨɢɡɜɨɞɫɬɜɚ; 

- ɝɟɥɟɜɵɟ ɢ AGM ɚɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ ɫɨɞɟɪɠɚɬ ɷɥɟɤɬɪɨɥɢɬ ɧɟ ɜ 

«ɤɥɚɫɫɢɱɟɫɤɨɦ» ɠɢɞɤɨɦ ɜɢɞɟ, ɚ ɜ ɫɜɹɡɚɧɧɨɦ, ɝɟɥɟɨɛɪɚɡɧɨɦ ɫɨɫɬɨɹɧɢɢ. Ƚɟɥɶ 

ɛɨɥɟɟ ɩɥɨɬɧɵɣ ɢ ɦɟɧɟɟ ɬɟɤɭɱɢɣ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɠɢɞɤɨɫɬɶɸ. Ɍɚɤɚɹ ɬɟɯɧɨɥɨɝɢɹ 

ɩɨɡɜɨɥɢɥɚ ɩɨɜɵɫɢɬɶ ɛɟɡɨɩɚɫɧɨɫɬɶ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ ɢ ɩɨɦɨɝɥɚ 

ɭɦɟɧɶɲɢɬɶ ɨɫɵɩɚɧɢɟ ɚɤɬɢɜɧɨɣ ɦɚɫɫɵ ɩɥɚɫɬɢɧ. ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɬɚɤɢɯ 

ɛɚɬɚɪɟɣ ɹɜɥɹɟɬɫɹ ɧɢɡɤɢɣ ɫɚɦɨɪɚɡɪɹɞ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɜɢɛɪɚɰɢɹɦ. Ɍɚɤɠɟ 

ɩɨɫɥɟ ɝɥɭɛɨɤɨɝɨ ɪɚɡɪɹɞɚ ɝɟɥɟɜɵɟ ɚɤɤɭɦɭɥɹɬɨɪɵ ɫɩɨɫɨɛɧɵ ɩɨɥɧɨɫɬɶɸ 

ɜɨɫɫɬɚɧɨɜɢɬɶ ɫɜɨɸ ɟɦɤɨɫɬɶ ɢ ɦɨɝɭɬ ɜɵɞɟɪɠɚɬɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ 

ɪɚɡɪɹɞ-ɡɚɪɹɞ. ɋɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɬɨɝɨ ɜɢɞɚ ɫɨɫɬɚɜɥɹɟɬ 10 ɥɟɬ. ɇɨ 

ɨɝɪɚɧɢɱɢɜɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɟɥɟɜɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɢɯ ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ 

[14]. 

Ɍɚɤ ɤɚɤ ɝɟɥɟɜɵɟ ɚɤɤɭɦɭɥɹɬɨɪɵ ɨɬɥɢɱɚɸɬɫɹ ɫɜɨɟɣ ɛɨɥɶɲɨɣ ɫɬɨɢɦɨɫɬɶɸ, 

ɬɨ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧ ɫɜɢɧɰɨɜɨ ɤɢɫɥɨɬɧɵɣ ɚɤɤɭɦɭɥɹɬɨɪ.  

ȼ ɬɚɛɥɢɰɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɟɤɨɬɨɪɵɯ ɫɜɢɧɰɨɜɨ-

ɤɢɫɥɨɬɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ [15]. 

 
 
 



28 
 

Ɍɚɛɥɢɰɚ 2 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɜɢɧɰɨɜɨ-ɤɢɫɥɨɬɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ  

 
 

ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɫɜɢɧɰɨɜɨ-ɤɢɫɥɨɬɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɜ ɬɚɛɥɢɰɟ 2, 

ɚɤɤɭɦɭɥɹɬɨɪ Bars Silver ɢɦɟɟɬ ɧɟɩɥɨɯɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɧɟɛɨɥɶɲɭɸ ɰɟɧɭ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɞɪɭɝɢɦɢ ɚɤɤɭɦɭɥɹɬɨɪɚɦɢ. ɇɚ ɪɢɫɭɧɤɟ 12 

ɢɡɨɛɪɚɠɟɧ ɜɧɟɲɧɢɣ ɜɢɞ ɫɜɢɧɰɨɜɨ- ɤɢɫɥɨɬɧɨɝɨ ɚɤɤɭɦɭɥɹɬɨɪɚ Bars Silver. 

 

 

 

Ɋɢɫɭɧɨɤ 12 – Ⱥɤɤɭɦɭɥɹɬɨɪ Bars Silver 
 

ɇɚɡɜɚɧɢɟ 
ȿɦɤɨɫɬɶ 

Ⱥ*ɱ 

Ɂɚɹɜɥɟɧɧɵɣ 

ɬɨɤ, Ⱥ 

Ɋɟɡɟɪɜɧɚɹ 

ɟɦɤɨɫɬɶ 

ɩɨɫɥɟ 

ɩɨɥɧɨɝɨ 

ɡɚɪɹɞɚ, ɦɢɧ 

Ɍɨɤ ɡɚɪɹɞɚ ɜ 

ɤɨɧɰɟ 10-ɣ 

ɦɢɧɭɬɵ ɩɪɢ 

0 ºɋ, Ⱥ 

ɐɟɧɚ, 

ɪɭɛ 

Exice 

56031 
60 500 78 20,98 4900 

Bars  

Silver 
60 500 88 21,45 2900 

SilverStar  

6CT-60L 
60 520 86 19,62 3300 
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Ⱦɚɧɧɵɣ ɚɤɤɭɦɭɥɹɬɨɪ ɜɵɞɚёɬ ɧɚɩɪɹɠɟɧɢɟ 12ȼ, ɚ ɦɧɨɝɢɟ ɷɥɟɦɟɧɬɵ 

ɪɚɛɨɬɚɸɬ ɨɬ ɧɚɩɪɹɠɟɧɢɹ 5ȼ, ɩɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦ ɫɬɚɛɢɥɢɡɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ, 

ɤɨɬɨɪɵɣ ɩɪɟɨɛɪɚɡɨɜɵɜɚɟɬ 12ȼ ɜ 5ȼ. 

ɋɬɚɛɢɥɢɡɚɬɨɪ ɄɊ142ȿɇ5Ⱥ ɪɚɛɨɬɚɟɬ ɨɬ ɜɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɞɨ 40ȼ, ɚ 

ɧɚ ɜɵɯɨɞɟ ɩɨɥɭɱɚɟɬɫɹ ɧɚɩɪɹɠɟɧɢɟ 5ȼ. ɇɚ ɪɢɫɭɧɤɟ 13 ɢɡɨɛɪɚɠɟɧ ɜɧɟɲɧɢɣ ɜɢɞ 

ɫɬɚɛɢɥɢɡɚɬɨɪɚ ɄɊ142ȿɇ5Ⱥ. 

 

 

 

Ɋɢɫɭɧɨɤ 13 – ɋɬɚɛɢɥɢɡɚɬɨɪ ɄɊ142ȿɇ5Ⱥ 

 

3.2   Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ 

 

ɂɫɯɨɞɹ ɢɡ ɜɵɛɪɚɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɩɭɧɤɬɟ 3.1, ɦɨɠɧɨ ɫɨɫɬɚɜɢɬɶ 

ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɫɯɟɦɭ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɧɧɨɝɨ ɡɚɠɢɝɚɧɢɹ, ɤɨɬɨɪɚɹ 

ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 14. 
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Ɋɢɫɭɧɨɤ 14 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ 

 

ɋɯɟɦɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 14, ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ 

ɨɛɨɡɧɚɱɟɧɢɹ: 

- ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATmega8; 

- ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɤɨɥɟɧɜɚɥɚ 48.3855; 

- ɞɚɬɱɢɤ ɞɟɬɨɧɚɰɢɢ 18.3855AT; 

- ɫɞɜɨɟɧɧɵɣ ɨɩɟɪɚɰɢɨɧɧɵɣ ɭɫɢɥɢɬɟɥɶ ɄɊ1401ɍȾ5; 

- ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɪɚɫɩɪɟɞɜɚɥɚ 21.3847AT; 

- ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɢ 2112-1148200; 

- ɬɪɚɧɡɢɫɬɨɪɵ ɩɨɥɟɜɵɟ Ʉɉ954Ⱥ; 

- ɤɚɬɭɲɤɢ ɡɚɠɢɝɚɧɢɹ 21.12370-5010-10; 

- ɫɜɟɱɢ ɡɚɠɢɝɚɧɢɹ LR15TC-1.  
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4  Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɪɚɡɪɚɛɨɬɤɚ  

 

4.1  ȼɵɛɨɪ ɫɪɟɞɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

 

Ɉɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɷɬɚɩɨɜ ɜ ɪɚɡɪɚɛɨɬɤɟ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɟɣ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɦɨɝɚɟɬ ɫɮɨɪɦɢɪɨɜɚɬɶ ɤɪɢɬɟɪɢɢ ɤ 

ɚɩɩɚɪɚɬɧɨɦɭ ɢ ɩɪɨɝɪɚɦɦɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ ɢ ɭɥɭɱɲɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɪɚɡɪɚɛɨɬɤɢ, ɞɚɛɵ ɧɚ ɩɨɫɥɟɞɭɸɳɢɯ ɷɬɚɩɚɯ ɢɫɤɥɸɱɢɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɨɲɢɛɤɢ. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɢ ɢɫɩɨɥɶɡɭɸɬ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɩɪɨɝɪɚɦɦɧɨ-

ɚɩɩɚɪɚɬɧɵɟ ɢɧɫɬɪɭɦɟɧɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɇɚ ɷɬɚɩɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɨɠɧɨ 

ɨɰɟɧɢɬɶ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɜɫɟɣ ɫɢɫɬɟɦɵ.  

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɟ ɫɪɟɞɫɬɜɚ ɪɚɡɪɚɛɨɬɤɢ: 

- Proteus; 

- Micro-Cap; 

- LTspice. 

 

4.1.1  Proteus 

 

Proteus – ɨɞɧɚ ɢɡ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɯ ɫɢɫɬɟɦ ɞɥɹ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɩɨɡɜɨɥɹɟɬ 

ɫɦɨɞɟɥɢɪɨɜɚɬɶ ɪɚɛɨɬɭ ɧɟɦɚɥɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɚɧɚɥɨɝɨɜɵɯ ɢ ɰɢɮɪɨɜɵɯ 

ɭɫɬɪɨɣɫɬɜ [16]. ɇɚ ɪɢɫɭɧɤɟ 15 ɩɪɟɞɫɬɚɜɥɟɧ ɢɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ. 
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Ɋɢɫɭɧɨɤ 15 – ɂɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ Proteus 

 

ɋ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ Proteus ɦɨɠɧɨ ɫɨɛɪɚɬɶ ɫɯɟɦɭ ɷɥɟɤɬɪɨɧɧɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ ɢ ɫɢɦɭɥɢɪɨɜɚɬɶ ɪɚɛɨɬɭ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɨɲɢɛɤɢ, 

ɤɨɬɨɪɵɟ ɛɵɥɢ ɞɨɩɭɳɟɧɵ ɧɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. Proteus ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 

ɩɨɞɩɪɨɝɪɚɦɦ: ARES ɢ ISIS.  

ARES – ɩɪɨɝɪɚɦɦɚ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɩɟɱɚɬɧɵɯ ɩɥɚɬ, ISIS – ɪɟɞɚɤɬɨɪ 

ɷɥɟɤɬɪɨɧɧɵɯ ɫɯɟɦ ɫ ɞɚɥɶɧɟɣɲɢɦ ɢɦɢɬɢɪɨɜɚɧɢɟɦ ɢɯ ɪɚɛɨɬɵ. 

Proteus ɫɨɞɟɪɠɢɬ ɛɨɥɟɟ 6000 ɷɥɟɤɬɪɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɨ ɜɫɟɦɢ 

ɫɩɪɚɜɨɱɧɵɦɢ ɞɚɧɧɵɦɢ, ɚ ɬɚɤɠɟ ɞɟɦɨɧɫɬɪɚɰɢɨɧɧɵɟ ɨɡɧɚɤɨɦɢɬɟɥɶɧɵɟ 

ɩɪɨɟɤɬɵ. ɋɚɦɚ ɩɪɨɝɪɚɦɦɚ ɹɜɥɹɟɬɫɹ ɩɥɚɬɧɨɣ ɩɪɨɞɭɤɰɢɟɣ, ɧɨ ɩɪɢɫɭɬɫɬɜɭɟɬ 

ɛɟɫɩɥɚɬɧɚɹ ɜɟɪɫɢɹ, ɤɨɬɨɪɚɹ ɨɛɥɚɞɚɟɬ ɜɫɟɦɢ ɮɭɧɤɰɢɹɦɢ ɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ 

ɩɥɚɬɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ [16]. 
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4.1.2  Micro-Cap 

 

Micro-Cap – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɩɪɨɝɪɚɦɦɚ ɫɯɟɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɤɨɬɨɪɚɹ 

ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɟɲɟɧɢɹ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɡɚɞɚɱ. ɏɚɪɚɤɬɟɪɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ 

ɷɬɨɣ ɩɪɨɝɪɚɦɦɵ – ɢɧɬɭɢɬɢɜɧɵɣ ɝɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ 

ɪɢɫɭɧɤɟ 16. 

 

 

 

Ɋɢɫɭɧɨɤ 16 – ɂɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ Micro-Cap 

 

ɒɢɪɨɤɢɣ ɢɧɬɟɪɟɫ ɤ ɩɪɨɝɪɚɦɦɟ Micro-cap ɫɪɟɞɢ ɪɚɞɢɨɥɸɛɢɬɟɥɟɣ, 

ɫɬɭɞɟɧɬɨɜ ɢ ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ ɦɢɤɪɨɷɥɟɤɬɪɨɧɢɤɢ ɜɵɡɜɚɧ ɬɟɦ, ɱɬɨ Micro-Cap ɧɟ 

ɬɪɟɛɨɜɚɬɟɥɟɧ ɤ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɵɦ ɫɪɟɞɫɬɜɚɦ ɉɄ ɢ ɢɦɟɟɬ ɯɨɪɨɲɢɣ 

ɮɭɧɤɰɢɨɧɚɥ. 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɨɡɞɚɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ ɜ 

ɝɪɚɮɢɱɟɫɤɨɦ ɪɟɞɚɤɬɨɪɟ, ɡɚɞɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɚɧɚɥɢɡɚ ɢ ɢɡɭɱɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ 

ɞɚɧɧɵɯ. Ƚɪɚɮɢɱɟɫɤɢɣ ɪɟɞɚɤɬɨɪ ɢɫɩɨɥɶɡɭɟɬ ɛɢɛɥɢɨɬɟɤɢ ɷɥɟɤɬɪɨɧɧɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɩɨɩɨɥɧɹɬɶ ɫ ɩɨɦɨɳɶɸ ɜɫɬɪɨɟɧɧɨɝɨ ɦɨɞɭɥɹ 

Shape Editor [17]. 
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4.1.3  LTspice 

 

LTspice – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɫɪɟɞɚ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɬɟɫɬɢɪɨɜɚɧɢɹ ɢ 

ɚɧɚɥɢɡɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɯɟɦ. ɉɪɨɝɪɚɦɦɚ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɧɹɬɶ ɷɥɟɦɟɧɬɵ ɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɨɧɧɵɯ ɫɯɟɦ, ɚ ɬɚɤɠɟ ɩɨɦɨɝɚɟɬ ɧɚɯɨɞɢɬɶ ɨɩɬɢɦɚɥɶɧɵɟ 

ɪɟɲɟɧɢɹ. ɂɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 17. 

 

 

 

Ɋɢɫɭɧɨɤ 17 – ɂɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ LTspice 

 

LTspice ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜɫɸ ɛɢɛɥɢɨɬɟɤɭ ɤɨɦɩɨɧɟɧɬɨɜ ɤɨɦɩɚɧɢɢ Linear 

Technology Corporation. ɉɪɨɝɪɚɦɦɚ ɢɫɩɨɥɶɡɭɟɬ ɫɬɚɧɞɚɪɬɧɵɟ SPICE-ɦɨɞɟɥɢ 

ɷɥɟɤɬɪɨɧɧɵɯ ɞɟɬɚɥɟɣ, ɩɨɷɬɨɦɭ ɤ ɛɚɡɟ ɦɨɠɧɨ ɞɨɛɚɜɥɹɬɶ ɛɢɛɥɢɨɬɟɤɢ ɞɪɭɝɢɯ 

ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ, ɚ ɬɚɤɠɟ ɜɫɬɪɚɢɜɚɬɶ ɫɜɨɢ ɦɨɞɟɥɢ. ɉɪɟɢɦɭɳɟɫɬɜɨɦ 

ɩɪɨɝɪɚɦɦɵ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɧɚɫɬɪɨɣɤɢ ɜɫɟɯ 

ɤɨɦɩɨɧɟɧɬɨɜ. Ɉɬ ɞɪɭɝɢɯ ɩɪɨɝɪɚɦɦ (Microcap, OrCAD) LTspice ɨɬɥɢɱɚɟɬɫɹ 

ɧɟɛɨɥɶɲɢɦ ɨɛɴɟɦɨɦ ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɢɫɤɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ 

ɫɤɨɪɨɫɬɶɸ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ [18].  
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4.2   Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɜ ɜɵɛɪɚɧɧɨɣ ɫɪɟɞɟ 

 

Ⱥɧɚɥɢɡ ɩɪɨɝɪɚɦɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɦɨɝ ɨɩɪɟɞɟɥɢɬɶ ɧɚɢɛɨɥɟɟ 

ɩɨɩɭɥɹɪɧɵɟ ɫɢɫɬɟɦɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɋȺɉɊ, ɬɚɤɢɯ ɤɚɤ: Proteus, Micro-Cap, 

MultiSim, LTspice.  

Ⱦɥɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɧɨɣ ɫɢɫɬɟɦɵ ɡɚɠɢɝɚɧɢɹ ɛɵɥɚ ɜɵɛɪɚɧɚ ɩɪɨɝɪɚɦɦɚ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ Proteus. Ⱦɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ 

ɩɪɢɫɩɨɫɨɛɥɟɧɚ ɞɥɹ ɪɚɛɨɬɵ ɫ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚɦɢ ɢ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚɦɢ, 

ɢɦɟɟɬ ɩɨɧɹɬɧɵɣ ɢɧɬɟɪɮɟɣɫ, ɚ ɬɚɤɠɟ ɨɛɥɚɞɚɟɬ ɛɨɥɶɲɨɣ ɛɢɛɥɢɨɬɟɤɨɣ 

ɷɥɟɤɬɪɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ.  

 

4.3  Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɜɵɱɢɫɥɟɧɢɹ ɭɝɥɚ ɨɩɟɪɟɠɟɧɢɹ ɡɚɠɢɝɚɧɢɹ 

 

ɍɝɨɥ ɨɩɟɪɟɠɟɧɢɹ ɡɚɠɢɝɚɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɮɚɤɬɨɪɨɜ: 

ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɢ ɧɚɩɨɥɧɟɧɢɹ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ 

ɬɨɩɥɢɜɧɨɣ ɫɦɟɫɶɸ.  

Ɍɚɤ ɤɚɤ ɫɤɨɪɨɫɬɶ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɧɨɣ ɫɦɟɫɢ ɩɨɫɬɨɹɧɧɚ ɢ ɫɨɫɬɚɜɥɹɟɬ 50-

80 ɦ/ɫ, ɚ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨɪɲɧɹ ɩɨɫɬɨɹɧɧɨ ɜɚɪɶɢɪɭɟɬɫɹ, ɬɨ 

ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ ɦɨɠɟɬ ɫɦɟɳɚɬɶɫɹ ɤɚɤ ɜ ɛɨɥɶɲɭɸ, 

ɬɚɤ ɢ ɜ ɦɟɧɶɲɭɸ ɫɬɨɪɨɧɭ ɨɬɧɨɫɢɬɟɥɶɧɨ ȼɆɌ. ɍɫɬɚɧɨɜɥɟɧɨ (ɡɞɟɫɶ ɫɫɵɥɤɭ 

ɩɪɢɥɨɠɢɬɶ), ɱɬɨ ɩɢɤ ɞɚɜɥɟɧɢɹ ɝɚɡɨɜ ɞɨɥɠɟɧ ɧɚɯɨɞɢɬɶɫɹ ɧɚ 10-12 ɝɪɚɞɭɫɨɜ 

ɩɨɡɠɟ ȼɆɌ. ɄɉȾ ɩɪɢ ɷɬɨɦ ɛɭɞɟɬ ɦɚɤɫɢɦɚɥɶɧɵɦ. ɉɨɞɞɟɪɠɚɧɢɟ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɢɤɚ ɞɚɜɥɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɜɵɛɨɪɚ ɜɪɟɦɟɧɢ 

ɡɚɠɢɝɚɧɢɹ ɫɦɟɫɢ. ɑɟɦ ɛɨɥɶɲɟ ɨɛɨɪɨɬɵ ɞɜɢɝɚɬɟɥɹ, ɬɟɦ ɪɚɧɶɲɟ ɞɨɥɠɧɨ ɛɵɬɶ 

ɡɚɠɢɝɚɧɢɟ.   

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɫɝɨɪɟɜɲɢɯ ɝɚɡɨɜ ɛɭɞɟɬ 

ɡɚɜɢɫɟɬɶ ɨɬ ɨɛɴɟɦɚ ɫɦɟɫɢ ɜ ɰɢɥɢɧɞɪɟ. ɉɨɥɨɠɟɧɢɟ ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɢ 

ɨɩɪɟɞɟɥɹɟɬ ɨɛɴɟɦ ɩɨɫɬɭɩɚɸɳɟɣ ɫɦɟɫɢ ɜ ɰɢɥɢɧɞɪɵ ɢ ɦɨɠɟɬ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ 

ɬɪɟɛɭɟɦɭɸ ɨɬ ɞɜɢɝɚɬɟɥɹ ɦɨɳɧɨɫɬɶ. ɑɟɦ ɛɨɥɶɲɟ ɧɚɩɨɥɧɟɧɢɟ ɰɢɥɢɧɞɪɚ 

ɫɦɟɫɶɸ, ɬɟɦ ɛɨɥɶɲɟ ɫɝɨɪɢɬ ɬɨɩɥɢɜɚ, ɢ ɛɵɫɬɪɟɟ ɩɨɞɧɢɦɟɬɫɹ ɞɚɜɥɟɧɢɟ. 
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ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ ɞɟɬɨɧɚɰɢɢ, ɡɚɠɢɝɚɧɢɟ ɞɨɥɠɧɨ 

ɩɪɨɢɫɯɨɞɢɬɶ ɩɨɡɠɟ. Ɂɚɜɢɫɢɦɨɫɬɶ ɍɈɁ ɡɚɜɢɫɢɬ ɬɚɤɠɟ ɨɬ ɮɨɪɦɵ ɢ ɨɛɴɟɦɚ 

ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɬɨɩɥɢɜɚ. 

 Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɬɚɛɥɢɰɚ 3, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɧɢɠɟ, ɫɨ ɡɧɚɱɟɧɢɟɦ ɍɈɁ ɨɬ ɨɛɨɪɨɬɨɜ ɢ ɧɚɝɪɭɡɤɢ ɧɚ ɞɜɢɝɚɬɟɥɶ, ɭɱɢɬɵɜɚɹ 

ɨɩɢɫɚɧɧɵɟ ɜɵɲɟ ɨɫɨɛɟɧɧɨɫɬɢ. Ʉɚɠɞɨɟ ɫɦɟɳɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 6 ɝɪɚɞɭɫɚɦ 

ɨɬ ɩɨɥɧɨɝɨ ɨɛɨɪɨɬɚ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ. ɗɬɚ ɬɚɛɥɢɰɚ ɡɚɧɟɫɟɧɚ ɜ ɩɨɫɬɨɹɧɧɭɸ 

ɩɚɦɹɬɶ ɆɄ ɜ ɜɢɞɟ ɞɜɭɦɟɪɧɨɝɨ ɦɚɫɫɢɜɚ. Ɂɧɚɱɟɧɢɟ ɫɦɟɳɟɧɢɹ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ ɦɨɠɟɬ ɛɵɬɶ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɨ ɩɟɪɟɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟɦ ɆɄ.  

 

Ɍɚɛɥɢɰɚ 3 – ɂɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɍɈɁ ɨɬ ɨɛɨɪɨɬɨɜ ɢ ɧɚɝɪɭɡɤɢ ɞɜɢɝɚɬɟɥɹ 

Ɉɛ/ɦɢɧ 
ɇɚɝɪɭɡɤɚ 

0-25 26-50 51-75 76-100 
500 0 0 0 0 
1000 1 0 0 0 
1500 1 1 0 0 
2000 1 1 1 0 
2500 2 1 1 0 
3000 2 2 1 1 
3500 2 2 2 1 
4000 3 2 2 1 
4500 3 3 2 2 
5000 3 3 3 2 
5500 4 3 3 2 
6000 4 4 3 3 

 

ɇɚ ɯɨɥɨɫɬɵɯ ɨɛɨɪɨɬɚɯ ɍɈɁ ɫɨɫɬɚɜɥɹɟɬ 0 ɝɪɚɞɭɫɨɜ. ɉɨ ɦɟɪɟ ɪɨɫɬɚ 

ɫɤɨɪɨɫɬɢ, ɭɝɨɥ ɨɩɟɪɟɠɟɧɢɹ ɡɚɠɢɝɚɧɢɹ ɫɦɟɳɚɟɬɫɹ ɧɚ 6-12-18-24 ɝɪɚɞɭɫɚ. ȼ 

ɬɨɠɟ ɜɪɟɦɹ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɧɚɝɪɭɡɤɢ ɮɚɡɚ ɫɦɟɳɚɟɬɫɹ ɜ ɨɛɪɚɬɧɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ. Ⱦɚɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɫɬɪɨɟɧɚ ɧɚ ɨɫɧɨɜɟ ɞɢɚɝɪɚɦɦɵ 

ɡɚɜɢɫɢɦɨɫɬɢ ɍɈɁ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 18, ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ Ɇ73 

ɚɜɬɨɦɨɛɢɥɹ ȼȺɁ. 
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Ɋɢɫɭɧɨɤ 18 – Ⱦɢɚɝɪɚɦɦɚ ɡɚɜɢɫɢɦɨɫɬɢ ɍɈɁ 

 

4.4  Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɪɚɫɱɟɬɚ ɬɚɣɦɟɪɚ 

 

ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɭɫɬɚɧɨɜɥɟɧ ɫɩɟɰɢɚɥɶɧɵɣ ɞɢɫɤ. ɗɬɨɬ 

ɞɢɫɤ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɦɟɟɬ 60 ɡɭɛɰɨɜ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɝɥɨɜɚɹ ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ 

ɞɜɭɦɹ ɡɭɛɰɚɦɢ ɫɨɫɬɚɜɥɹɟɬ 6 ɝɪɚɞɭɫɨɜ. ȼɪɟɦɟɧɧɨɣ ɢɧɬɟɪɜɚɥ ɨɞɧɨɝɨ ɡɭɛɰɚ 

ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ݐ  = ଵ𝜔60 ∙ ଵ𝑇𝑛 ,                                                                                                   (1)               

 

ɝɞɟ 𝜔 – ɱɢɫɥɨ ɨɛɨɪɨɬɨɜ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɜ ɦɢɧɭɬɭ; 

       𝑛ܶ – ɤɨɥɢɱɟɫɬɜɨ ɡɭɛɰɨɜ. 

ȼ ɨɞɧɨɦ ɦɟɫɬɟ ɜɟɧɰɚ ɩɪɨɩɭɳɟɧɨ ɞɜɚ ɡɭɛɚ. ɗɬɨ ɧɭɠɧɨ ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ 

ɤɨɧɬɪɨɥɥɟɪ ɦɨɝ ɫɢɧɯɪɨɧɢɡɢɪɨɜɚɬɶɫɹ ɫ ɜɚɥɨɦ ɢ ɡɧɚɬɶ ɟɝɨ ɚɛɫɨɥɸɬɧɨɟ 

ɩɨɥɨɠɟɧɢɟ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɟɪɢɨɞ ɷɬɨɝɨ ɨɤɧɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 3 ɪɚɡɚ. 

Ⱦɥɹ ɩɨɞɫɱёɬɚ ɜɪɟɦɟɧɧɵɯ ɢɧɬɟɪɜɚɥɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ 16 ɪɚɡɪɹɞɧɵɣ 

ɬɚɣɦɟɪ. Ɂɧɚɹ ɱɢɫɥɨ ɬɢɤɨɜ ɧɭɠɧɨɟ ɞɥɹ ɩɪɨɯɨɠɞɟɧɢɹ ɨɞɧɨɝɨ ɡɭɛɰɚ ɢɥɢ ɨɤɧɚ, 

ɦɨɠɧɨ ɭɡɧɚɬɶ ɨɛɨɪɨɬɵ ɢ ɧɚɱɚɥɨ ɬɨɱɤɢ ɫɢɧɯɪɨɧɢɡɚɰɢɢ. Ⱦɥɹ ɬɚɣɦɟɪɚ, 

ɪɚɛɨɬɚɸɳɟɝɨ ɧɚ ɱɚɫɬɨɬɟ 2 ɆȽɰ, ɱɢɫɥɨ ɬɢɤɨɜ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ 
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ݏ𝑖𝑐𝑘ݐ = 𝑡଴.଴଴଴଴଴଴5,                                                                                          (2) 

 

ɝɞɟ t – ɡɧɚɱɟɧɢɟ ɢɡ ɮɨɪɦɭɥɵ (1). 

ɇɚ ɨɫɧɨɜɟ ɷɬɢɯ ɜɵɜɨɞɨɜ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɬɚɛɥɢɰɚ 4. 

 

Ɍɚɛɥɢɰɚ 4 – Ɉɩɪɟɞɟɥɟɧɢɟ ɱɢɫɥɚ ɬɢɤɨɜ ɬɚɣɦɟɪɚ ɨɬ ɨɛɨɪɨɬɨɜ ɞɜɢɝɚɬɟɥɹ 

Ɉɛ/ɦɢɧ ȼɪɟɦɹ ɨɞɧɨɝɨ ɡɭɛɰɚ Ɉɤɧɨ 

500 4000 12000 
1000 2000 6000 
1500 1333,333333 4000 
2000 1000 3000 
2500 800 2400 
3000 666,6666667 2000 
3500 571,4285714 1714,285714 
4000 500 1500 
4500 444,4444444 1333,333333 
5000 400 1200 
5500 363,6363636 1090,909091 
6000 333,3333333 1000 
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4.5  Ɋɚɡɪɚɛɨɬɤɚ ɛɥɨɤ-ɫɯɟɦ ɚɥɝɨɪɢɬɦɨɜ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ 

 

ɇɚ ɪɢɫɭɧɤɟ 19 ɩɪɟɞɫɬɚɜɥɟɧɚ ɛɥɨɤ-ɫɯɟɦɚ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ. 

 

 

 

Ɋɢɫɭɧɨɤ 19 – ɛɥɨɤ-ɫɯɟɦɚ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ 
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ɇɚ ɪɢɫɭɧɤɟ 20 ɩɪɟɞɫɬɚɜɥɟɧɚ ɛɥɨɤ-ɫɯɟɦɚ ɢɧɢɰɢɚɥɢɡɚɰɢɢ ɫɢɫɬɟɦɵ. 

 

 

 

Ɋɢɫɭɧɨɤ 20 – ɛɥɨɤ-ɫɯɟɦɚ ɢɧɢɰɢɚɥɢɡɚɰɢɢ ɫɢɫɬɟɦɵ 
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ɇɚ ɪɢɫɭɧɤɟ 21 ɢɡɨɛɪɚɠɟɧɚ ɛɥɨɤ-ɫɯɟɦɚ ɩɪɨɜɟɪɤɢ ɡɚɩɭɫɤɚ ɞɜɢɝɚɬɟɥɹ. 

 

 

 

Ɋɢɫɭɧɨɤ 21 – ɛɥɨɤ-ɫɯɟɦɚ ɩɪɨɜɟɪɤɢ ɡɚɩɭɫɤɚ ɞɜɢɝɚɬɟɥɹ 
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ɇɚ ɪɢɫɭɧɤɟ 22 ɩɪɟɞɫɬɚɜɥɟɧɚ ɛɥɨɤ-ɫɯɟɦɚ ɪɚɛɨɬɵ ɰɢɥɢɧɞɪɨɜ. 

 

 

 

Ɋɢɫɭɧɨɤ 22 – ɛɥɨɤ-ɫɯɟɦɚ ɪɚɛɨɬɵ ɰɢɥɢɧɞɪɨɜ 

 

4.6 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɫɪɟɞɵ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

 

Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢ ɦɨɞɭɥɟɣ ɩɪɨɜɨɞɢɬɫɹ ɫ 

ɚɞɚɩɬɚɰɢɟɣ ɩɨɞ ɡɚɞɚɱɭ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɪɨɝɪɚɦɦɧɨɟ 

ɨɛɟɫɩɟɱɟɧɢɟ, ɪɚɡɪɚɛɨɬɚɧɧɨɟ ɫ ɚɞɚɩɬɚɰɢɟɣ ɩɨɞ ɡɚɞɚɱɭ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɫ 

ɧɟɛɨɥɶɲɢɦɢ ɤɨɪɪɟɤɬɢɪɨɜɤɚɦɢ ɛɭɞɟɬ ɢɫɩɪɚɜɧɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɧɚ 

ɤɨɧɤɪɟɬɧɨɦ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɟ. ȼ ɤɚɱɟɫɬɜɟ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜɵɛɪɚɧ 
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ɹɡɵɤ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɋ/ɋ++, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɹɡɵɤɨɦ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ.  

Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɚ ɛɟɫɩɥɚɬɧɚɹ 

ɫɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ (IDE) ɞɥɹ 8- ɢ 32-ɛɢɬɧɵɯ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɫɟɦɟɣɫɬɜɚ 

AVR ɢ 32- ɛɢɬɧɵɯ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɫɟɦɟɣɫɬɜɚ ARM – Atmel Studio 7, 

ɤɨɬɨɪɚɹ ɫɨɞɟɪɠɢɬ ɤɨɦɩɢɥɹɬɨɪ GNU C/C++ ɢ ɷɦɭɥɹɬɨɪ, ɩɨɡɜɨɥɹɸɳɢɣ 

ɨɬɥɚɞɢɬɶ ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɝɪɚɦɦɵ ɧɚ ɤɨɧɤɪɟɬɧɨɦ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɟ. Ʌɢɫɬɢɧɝ 

ɩɪɨɝɪɚɦɦɵ ɩɪɢɜɟɞɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ. 

 

4.7   ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

 

ɇɚ ɪɢɫɭɧɤɟ 23 ɩɪɟɞɫɬɚɜɥɟɧ ɫɤɪɢɧɲɨɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɜ 

ɩɪɨɝɪɚɦɦɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ Proteus. 

 

 

 

Ɋɢɫɭɧɨɤ 23 – Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɜ Proteus 
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ɇɚ ɪɢɫɭɧɤɟ 24 ɩɪɟɞɫɬɚɜɥɟɧ ɫɬɚɪɬ ɢ ɫɢɧɯɪɨɧɢɡɚɰɢɹ ɫɢɫɬɟɦɵ.  

 

 

 

Ɋɢɫɭɧɨɤ 24 – ɋɬɚɪɬ ɢ ɫɢɧɯɪɨɧɢɡɚɰɢɹ 

 

ɉɨɫɥɟ ɡɚɩɭɫɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚ ɷɤɪɚɧ ɨɫɰɢɥɥɨɝɪɚɮɚ ɜɵɜɨɞɢɬɫɹ ɫɬɚɪɬ 

ɢ ɫɢɧɯɪɨɧɢɡɚɰɢɹ ɫɢɫɬɟɦɵ. Ⱦɥɹ ɢɦɢɬɚɰɢɢ ɞɚɬɱɢɤɚ ɉɄȼ ɢ ɉɊȼ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɜɬɨɪɨɣ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ Atmega8 (PulseGen). ɋ ɩɨɪɬɚ PD7 ɤɚɠɞɵɣ ɰɢɤɥ 

ɝɟɧɟɪɢɪɭɟɬɫɹ 120 ɢɦɩɭɥɶɫɨɜ ɪɚɜɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 60 

ɡɭɛɰɚɦ ɜɟɧɰɚ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ. ɋ PD6 ɝɟɧɟɪɢɪɭɸɬɫɹ ɢɦɩɭɥɶɫɵ ɞɚɬɱɢɤɚ 

ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɜɚɥɚ. Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɢɦɩɭɥɶɫɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨɥɨɠɟɧɢɟɦ ɩɟɪɟɦɟɧɧɨɝɨ ɪɟɡɢɫɬɨɪɚ PRM, ɡɧɚɱɟɧɢɟ ɫ ɤɨɬɨɪɨɝɨ ɩɨɫɬɭɩɚɟɬ ɧɚ 

Ⱥɐɉ. Ɂɧɚɱɟɧɢɟ ɜ 100% ɞɚёɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɞɥɢɬɟɥɶɧɨɫɬɶ ɢɦɩɭɥɶɫɨɜ, ɱɬɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɛɨɪɨɬɚɦ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢɥɢ ɩɪɢ ɫɬɚɪɬɟ ɞɜɢɝɚɬɟɥɹ. 0% ɡɚɞɚɟɬ 

ɦɢɧɢɦɚɥɶɧɭɸ ɞɥɢɬɟɥɶɧɨɫɬɶ ɢɦɩɭɥɶɫɨɜ, ɱɬɨ ɢɦɢɬɢɪɭɟɬ ɦɚɤɫɢɦɚɥɶɧɵɟ 

ɨɛɨɪɨɬɵ ɞɜɢɝɚɬɟɥɹ. Ʉɧɨɩɤɚ START_STOP ɢɦɢɬɢɪɭɟɬ ɫɨɫɬɨɹɧɢɟ, ɤɨɝɞɚ 
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ɞɜɢɝɚɬɟɥɶ ɨɫɬɚɧɨɜɥɟɧ ɢɥɢ ɪɚɛɨɬɚɟɬ. ɉɪɢ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ ɧɚ PB0, ɬɨ ɟɫɬɶ 

ɤɨɝɞɚ ɤɧɨɩɤɚ ɨɬɠɚɬɚ, ɤɨɥɟɧɱɚɬɵɣ ɜɚɥ ɜɪɚɳɚɟɬɫɹ ɢ ɢɦɩɭɥɶɫɵ ɝɟɧɟɪɢɪɭɸɬɫɹ. 

ɉɟɪɟɦɟɧɧɵɣ ɪɟɡɢɫɬɨɪ LOAD ɢɦɢɬɢɪɭɟɬ ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ 

ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɢ. Ⱦɚɬɱɢɤ ɪɚɛɨɬɚɟɬ ɩɨ ɩɪɢɧɰɢɩɭ ɞɟɥɢɬɟɥɹ ɧɚɩɪɹɠɟɧɢɹ. 

ɋɢɝɧɚɥ ɫ ɞɚɬɱɢɤɚ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɯɨɞ Ⱥɐɉ. RC ɰɟɩɶ R15, C5 ɫɥɭɠɢɬ ɞɥɹ 

ɡɚɞɟɪɠɤɢ ɫɬɚɪɬɚ ɆɄ ɩɨɫɥɟ ɜɤɥɸɱɟɧɢɹ ɩɢɬɚɧɢɹ. 

ɍɫɢɥɟɧɧɵɣ ɫɢɝɧɚɥ ɫ ɞɚɬɱɢɤɚ ɞɟɬɨɧɚɰɢɢ ɩɨɫɬɭɩɚɟɬ ɧɚ ɤɨɦɩɚɪɚɬɨɪ. 

ɉɨɪɨɝ ɫɪɚɛɚɬɵɜɚɧɢɹ ˔ܷ˓  ɤɨɦɩɚɪɚɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɟɡɢɫɬɨɪɚɦɢ R17 ɢ R16. 

ɇɚ ɜɵɯɨɞɟ ɩɨɥɭɱɚɟɬɫɹ ɥɨɝɢɱɟɫɤɢɣ ɫɢɝɧɚɥ ɫɪɚɛɚɬɵɜɚɧɢɹ ȾȾ. Ⱦɚɥɟɟ ɷɬɨɬ 

ɫɢɝɧɚɥ ɩɨɞɚёɬɫɹ ɧɚ ɜɯɨɞ PORTD3 ɜɧɟɲɧɟɝɨ ɩɪɟɪɵɜɚɧɢɹ INT1. 

Ⱦɥɹ ɤɨɦɦɭɬɚɰɢɢ ɩɟɪɜɢɱɧɵɯ ɨɛɦɨɬɨɤ ɤɚɬɭɲɟɤ ɡɚɠɢɝɚɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ 

n-ɤɚɧɚɥɶɧɵɟ ɩɨɥɟɜɵɟ ɬɪɚɧɡɢɫɬɨɪɵ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɬɤɪɵɬɶ ɬɪɚɧɡɢɫɬɨɪ, 

ɧɭɠɧɨ ɩɨɞɚɬɶ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɧɚɩɪɹɠɟɧɢɹ. ɇɚɩɪɹɠɟɧɢɟ ɩɨɪɬɚ ɆɄ 

Atmega8(U1) ɫɩɨɫɨɛɧɨ ɨɬɤɪɵɬɶ ɩɨɥɟɜɨɣ ɬɪɚɧɡɢɫɬɨɪ. Ⱦɥɹ ɨɝɪɚɧɢɱɟɧɢɹ ɬɨɤɚ 

ɡɚɪɹɞɤɢ ɟɦɤɨɫɬɢ ɡɚɬɜɨɪɚ ɜ ɰɟɩɢ ɛɚɡɵ ɜɤɥɸɱɚɟɬɫɹ ɬɨɤɨɨɝɪɚɧɢɱɢɜɚɸɳɢɣ 

ɪɟɡɢɫɬɨɪ ɧɨɦɢɧɚɥɨɦ 100 – 1000 Ɉɦ. Ɍɚɤɠɟ ɦɟɠɞɭ ɡɚɬɜɨɪɨɦ ɢ ɢɫɬɨɤɨɦ 

ɩɨɥɟɜɨɝɨ ɬɪɚɧɡɢɫɬɨɪɚ ɜɤɥɸɱɚɟɬɫɹ ɪɟɡɢɫɬɨɪ ɧɨɦɢɧɚɥɨɦ 10 ɄɈɦ. Ɉɧ ɧɭɠɟɧ 

ɞɥɹ ɪɚɡɪɹɞɤɢ ɟɦɤɨɫɬɢ ɡɚɬɜɨɪɚ ɩɪɢ ɡɚɤɪɵɬɢɢ, ɟɫɥɢ ɩɨ ɤɚɤɢɦ-ɥɢɛɨ ɩɪɢɱɢɧɚɦ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɧɟ ɫɦɨɝ ɷɬɨɝɨ ɫɞɟɥɚɬɶ. 

ɉɪɢ ɪɚɡɦɵɤɚɧɢɢ ɤɥɸɱɚ, ɜ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɟ ɤɚɬɭɲɤɢ ɡɚɠɢɝɚɧɢɹ ɬɨɤ 

ɪɟɡɤɨ ɭɦɟɧɶɲɚɟɬɫɹ, ɩɪɢ ɷɬɨɦ ɜɨ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɟ ɜɨɡɧɢɤɚɟɬ ɗȾɋ ɜ 

ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɤɨɜ ɤɢɥɨɜɨɥɶɬ. ɗɬɚ ɧɚɩɪɹɠɟɧɢɟ ɩɨɫɬɭɩɚɟɬ ɧɚ ɫɜɟɱɭ, ɢ 

ɢɫɤɪɨɜɨɣ ɪɚɡɪɹɞ ɡɚɠɢɝɚɟɬ ɬɨɩɥɢɜɧɭɸ ɫɦɟɫɶ. Ⱦɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɜɨ ɜɬɨɪɢɱɧɨɣ 

ɨɛɦɨɬɤɟ ɜɤɥɸɱɟɧɵ ɫɜɟɬɨɞɢɨɞɵ, ɤɨɬɨɪɵɟ ɜɫɩɵɯɢɜɚɸɬ ɤɚɠɞɵɣ ɪɚɡ, ɤɨɝɞɚ 

ɪɚɡɦɵɤɚɟɬɫɹ ɤɥɸɱ. 
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5   Ɋɚɡɪɚɛɨɬɤɚ ɫɯɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ 

 

ɋɢɫɬɟɦɚ ɷɥɟɤɬɪɨɧɧɨɝɨ ɡɚɠɢɝɚɧɢɹ Ⱦȼɋ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ 

ɷɥɟɦɟɧɬɨɜ: 

- ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATmega8 (DD1); 

- ɫɬɚɛɢɥɢɡɚɬɨɪ ɄɊ142ȿɇ5Ⱥ (DA1); 

- ɨɩɟɪɚɰɢɨɧɧɵɣ ɭɫɢɥɢɬɟɥɶ ɄɊ1401ɍȾ5 (DA2); 

- ɱɟɬɵɪɟ ɩɨɥɟɜɵɯ ɬɪɚɧɡɢɫɬɨɪɚ Ʉɉ954Ⱥ; 

- ɫɟɦɶ ɤɨɧɞɟɧɫɚɬɨɪɨɜ; 

- ɤɜɚɪɰɟɜɵɣ ɪɟɡɨɧɚɬɨɪ; 

- ɩɹɬɧɚɞɰɚɬɶ ɪɟɡɢɫɬɨɪɨɜ; 

- ɜɢɥɤɚ, ɪɚɡɴɟɦɵ. 

ɇɨɦɢɧɚɥɵ ɷɥɟɤɬɪɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɭɤɚɡɚɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ «ɉɟɪɟɱɟɧɶ 

ɷɥɟɦɟɧɬɨɜ». 

Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATmega8 ɹɜɥɹɟɬɫɹ «ɹɞɪɨɦ» ɫɢɫɬɟɦɵ. Ʉ ɟɝɨ ɩɨɪɬɚɦ 

ɱɟɪɟɡ ɪɚɡɴɟɦɵ ɩɨɞɤɥɸɱɚɸɬɫɹ ɞɚɬɱɢɤɢ: 

- ɞɚɬɱɢɤ ɞɟɬɨɧɚɰɢɢ 18.3855ȺɌ – ɪɚɡɴɟɦ XP1; 

- ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ 48.3855 – ɪɚɡɴɟɦ XP3; 

- ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɜɚɥɚ 21.3847ȺɌ – ɪɚɡɴɟɦ XP4; 

- ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɢ 2112-1148200 – XP5. 

ɋɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɞɨɤɭɦɟɧɬɟ, 

ɤɨɬɨɪɵɣ ɩɪɢɥɨɠɟɧ ɤ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

 ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɧɚɞ ɞɚɧɧɵɦ ɩɪɨɟɤɬɨɦ ɛɵɥ ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ 

ɨɛɥɚɫɬɢ, ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɫɭɳɟɫɬɜɭɸɳɢɟ ɬɢɩɵ ɫɢɫɬɟɦ ɡɚɠɢɝɚɧɢɹ. 

Ɋɚɡɪɚɛɨɬɚɧɚ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ ɡɚɠɢɝɚɧɢɹ, ɚ ɬɚɤɠɟ ɧɚ ɟɟ 

ɨɫɧɨɜɟ ɫɨɫɬɚɜɥɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɧɧɨɣ ɫɢɫɬɟɦɵ ɡɚɠɢɝɚɧɢɹ. Ȼɵɥɢ 

ɜɵɛɪɚɧɵ ɤɨɦɩɨɧɟɧɬɵ ɢɡ ɤɨɬɨɪɵɯ ɛɭɞɟɬ ɫɨɫɬɨɹɬɶ ɫɢɫɬɟɦɚ ɷɥɟɤɬɪɨɧɧɨɝɨ 

ɡɚɠɢɝɚɧɢɹ ɢ ɧɚ ɢɯ ɨɫɧɨɜɟ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ. 

Ɋɚɡɪɚɛɨɬɚɧɚ ɝɪɚɮ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɢ ɫɞɟɥɚɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 

ɫɢɫɬɟɦɵ ɜ ɫɪɟɞɟ Proteus. Ɍɚɤɠɟ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɫɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɚɹ 

ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 

 

1. ɋɢɫɬɟɦɚ ɡɚɠɢɝɚɧɢɹ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://autoustroistvo.ru/dvigatel-dvs/sistema-zazhiganiya-dvigatelja/.  

2. Ʉɨɧɬɚɤɬɧɚɹ ɫɢɫɬɟɦɚ ɡɚɠɢɝɚɧɢɹ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : – Ɋɟɠɢɦ 

ɞɨɫɬɭɩɚ: http://systemsauto.ru/fire/contact.html. 

3. Ȼɟɫɤɨɧɬɚɤɬɧɚɹ ɫɢɫɬɟɦɚ ɡɚɠɢɝɚɧɢɹ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : – 

Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://www.studentlibrary.ru/doc/5-93604-016-

SCN0007/001.html. 

4. ɗɥɟɤɬɪɨɧɧɚɹ ɫɢɫɬɟɦɚ ɡɚɠɢɝɚɧɢɹ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : – Ɋɟɠɢɦ 

ɞɨɫɬɭɩɚ: http://www.autoopt.ru/articles/products/3505297/. 

5. ELECTRIK INFO [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://electrik.info/main/automation/549-chto-takoe-mikrokontrollery-naznachenie-

ustroystvo-princip-ra. 

6. 8- ɢ 32- ɪɚɡɪɹɞɧɵɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ Atmel AVR [ɗɥɟɤɬɪɨɧɧɵɣ 

ɪɟɫɭɪɫ] : – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://www.microchip.com/design-

centers/microcontrollers. 

7. Ⱦɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɤɨɥɟɧɜɚɥɚ. Ɉɫɧɨɜɚ ɪɚɛɨɬɵ ɫɨɜɪɟɦɟɧɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://www.autoopt.ru/articles/products/39478569/. 

8. Ⱦɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɤɨɥɟɧɜɚɥɚ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : – Ɋɟɠɢɦ 

ɞɨɫɬɭɩɚ: https://www.rain-auto.ru/fai/?id=74630. 

9. Ⱦɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɢ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]    

: – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://unit-car.com/ustroystvo/151-dpdz.html. 

10. Ⱦɚɬɱɢɤ ɞɟɬɨɧɚɰɢɢ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

https://labavto.com/elektronika/sensor/regulyator-detonatsii/. 

11. Ⱦɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɪɚɫɩɪɟɞɜɚɥɚ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : – Ɋɟɠɢɦ 

ɞɨɫɬɭɩɚ: http://autolirika.ru/teoriya/datchik-polozheniya-raspredvala.html. 

12. ɑɬɨ ɢɡ ɫɟɛɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɤɚɬɭɲɤɚ ɡɚɠɢɝɚɧɢɹ ɚɜɬɨɦɨɛɢɥɹ 

[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://avtomotoprof.ru/obsluzhivanie-

http://autoustroistvo.ru/dvigatel-dvs/sistema-zazhiganiya-dvigatelja/
http://systemsauto.ru/fire/contact.html
http://www.studentlibrary.ru/doc/5-93604-016-SCN0007/001.html?SSr=280134152b1001cc218a501trabee
http://www.studentlibrary.ru/doc/5-93604-016-SCN0007/001.html?SSr=280134152b1001cc218a501trabee
http://www.autoopt.ru/articles/products/3505297/
http://electrik.info/main/automation/549-chto-takoe-mikrokontrollery-naznachenie-ustroystvo-princip-ra
http://electrik.info/main/automation/549-chto-takoe-mikrokontrollery-naznachenie-ustroystvo-princip-ra
https://www.microchip.com/design-centers/microcontrollers
https://www.microchip.com/design-centers/microcontrollers
http://www.autoopt.ru/articles/products/39478569/
https://www.rain-auto.ru/fai/?id=74630
https://unit-car.com/ustroystvo/151-dpdz.html
https://labavto.com/elektronika/sensor/regulyator-detonatsii/
http://autolirika.ru/teoriya/datchik-polozheniya-raspredvala.html
http://avtomotoprof.ru/obsluzhivanie-i-uhod-za-avtomobilem/chto-iz-sebya-predstavlyaet-katushka-zazhiganiya-avtomobilya/
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i-uhod-za-avtomobilem/chto-iz-sebya-predstavlyaet-katushka-zazhiganiya-

avtomobilya/. 

13. ɍɫɬɪɨɣɫɬɜɨ ɫɜɟɱɢ ɡɚɠɢɝɚɧɢɹ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : – Ɋɟɠɢɦ 

ɞɨɫɬɭɩɚ: http://selectelement.ru/total-block/car-electricity/spark-plug.php. 

14. ȼɢɞɵ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɞɥɹ ɚɜɬɨɦɨɛɢɥɟɣ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : – 

Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://akbinfo.ru/ustrojstvo/vidy-akkumulyatorov-dlya-

avtomobilej.html. 

15. Ɍɟɫɬ ɚɤɤɭɦɭɥɹɬɨɪɨɜ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

https://www.zr.ru/content/articles/902977-zoloto-iz-svintsa/. 

16. Proteus [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://cxem.net/software/proteus.php. 

17 Micro-Cap [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://cxem.net/software/micro-cap.php. 

18  LTspice [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://cxem.net/software/ltspice.php. 

  

http://avtomotoprof.ru/obsluzhivanie-i-uhod-za-avtomobilem/chto-iz-sebya-predstavlyaet-katushka-zazhiganiya-avtomobilya/
http://avtomotoprof.ru/obsluzhivanie-i-uhod-za-avtomobilem/chto-iz-sebya-predstavlyaet-katushka-zazhiganiya-avtomobilya/
http://selectelement.ru/total-block/car-electricity/spark-plug.php
https://akbinfo.ru/ustrojstvo/vidy-akkumulyatorov-dlya-avtomobilej.html
https://akbinfo.ru/ustrojstvo/vidy-akkumulyatorov-dlya-avtomobilej.html
https://www.zr.ru/content/articles/902977-zoloto-iz-svintsa/
http://cxem.net/software/proteus.php
http://cxem.net/software/micro-cap.php
http://cxem.net/software/ltspice.php
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

 

Ʌɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ 

 

#include <avr/io.h> 

#include "avr/iom8.h" 

#include "avr/interrupt.h" 

 // ̥̌т̶̛̬̌ ̛̛̭̥̌̏̚о̭т̛ у̐л̌ опе̬е̙е̛̦́ от PRM ̛ ̦̬̌̐у̚к̛ 

uint8_t const leadAngle [12][4] = {{0,0,0,0},{1,0,0,0},{1,1,0,0},{1,1,1,0},   

             {2,1,1,1},{2,2,1,1},{2,2,2,1},{3,2,2,1}, 

             {3,3,2,2},{3,3,3,2},{4,3,3,2},{4,4,3,3}};  

 

uint16_t adc_data; 

volatile uint8_t detFlag = 0;  // ̴л̌̐ дето̶̛̛̦̌ 

volatile uint8_t timOverFlowFlag = 0; // ̴л̌̐ пе̬епол̦е̛̦́ т̜̥̌е̬̌ 

ǀolatile uiŶtϭϲ_t iŶterǀal = Ϭ; // ̵̛̬̦̌т ̬̏е̥е̦̦̼е ̛̦те̬̏̌л̼ ̥е̙ду ̚у̛̥̍̽́ 

volatile uint8_t extIntFlag = 0; // ̴л̌̐ п̵̛̬од̌ ̚у̶̍̌ 

 

typedef enum  

{ 

 OFF, 

 ON  

}StateInductor; 

 

// ̦̏е̹̦ее п̬е̛̬̼̦̏̌е п̛̬ п̵̛̬оде ̚у̶̍̌ по ̏о̬̭̏̌̚т̺̌̀е̥у ̴̬о̦ту 

ISR(INT0_vect)  

{ 

 iŶterǀal = TCNTϭ; // ̌̚п̛̭̽ ̛̦те̬̏̌л̌ ̥е̙ду ̚у̛̥̍̽́ 

 TCNTϭ = Ϭ; // ̭̬̍о̭ т̜̥̌е̬̌ 

 extIntFlag = 1; 

 return ; 

} 

 

// ̦̏е̹̦ее п̬е̛̬̼̦̏̌е п̛̬ дето̶̛̛̦̌ по ̏о̬̭̏̌̚т̺̌̀е̥у ̴̬о̦ту 

ISR(INT1_vect)  

{ 

 detFlag = 1;  

 return ; 

} 

 

ISR;TIMERϭ_OVF_ǀeĐtͿ // п̬е̛̬̼̦̏̌е пе̬епол̦е̛̦́ т̜̥̌е̬̌ 

{ 

 timOverFlowFlag = 1; 

 return ; 

} 

 

// ̸̛̭т̼̏̌е̥ ̵̬̭̌од ̏о̚ду̵̌ ̸е̬е̚ поло̙е̛̦е ̭̌̚ло̦к̛ Đ АЦʿ 
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uint8_t read_load()  

{ 

 ADCSRA|=;ϭ<<ADSCͿ; // ̭т̬̌т п̬ео̬̍̌̚о̛̦̏̌́ 

 ǁhile ;;ADCSRA & ;ϭ<<ADIFͿͿ==ϬͿ; // о̛̙д̛̦̌е ̌̏̚е̬̹е̛̦́ п̬ео̬̍̌̚о̛̦̏̌́ 

 ADCSRA|=(1<<ADIF); 

 return ADCH; 

} 

 

// ̏о̬̺̏̌̌̚ет у̐ол опе̬е̙е̛̦́ 

uint8_t getOptimAngle(uint16_t interval, uint8_t load){   

  

 uint8_t numPRM; 

 uint8_t numLoad;  

  

 if(load<64) 

  numLoad = 0;  

 else if(load<128) 

  numLoad = 1;  

 else if(load<192) 

  numLoad = 2;  

 else  

  numLoad = 3;  

  

 if(interval >=4000) // > 500 о̍/̛̥̦ 

  numPRM = 0; 

 else if((interval <4000)&&(interval >=2000))// < 1000 о̍/̛̥̦ 

  numPRM = 1; 

 else if((interval <2000)&&(interval >=1333))// < 1500 о̍/̛̥̦ 

  numPRM = 2; 

 else if((interval <1333)&&(interval >=1000))// < 2000 о̍/̛̥̦ 

  numPRM = 3; 

 else if((interval <1000)&&(interval >=800))// < 2500 о̍/̛̥̦ 

  numPRM = 4; 

 else if((interval <800)&&(interval >=666))// < 3000 о̍/̛̥̦ 

  numPRM = 5; 

 else if((interval <666)&&(interval >=571))// < 3500 о̍/̛̥̦ 

  numPRM = 6; 

 else if((interval <571)&&(interval >=500))// < 4000 о̍/̛̥̦ 

  numPRM = 7; 

 else if((interval <500)&&(interval >=444))// < 4500 о̍/̛̥̦ 

  numPRM = 8; 

 else if((interval <444)&&(interval >=400))// < 5000 о̍/̛̥̦ 

  numPRM = 9; 

 else if((interval <400)&&(interval >=363))// < 5500 о̍/̛̥̦ 

  numPRM = 10; 

 else // > 6000 о̍/̛̥̦ 

  numPRM = 11; 

 return leadAngle[numPRM][numLoad]; 

} 



52 
 

 

// ̏кл̸̀е̛̦е ̛ откл̸̀е̛̦е к̌ту̹ек 

void setStateInductor(StateInductor s1,StateInductor s2, StateInductor s3, StateInductor s4){  

 uint8_t tempVar = PORTC & 0b11100001; 

 PORTC = tempVar | (s4<<4)|(s3<<3)|(s2<<2)|(s1<<1); 

} 

 

int main(void) 

{ 

    DDRC=ϬďϭϭϭϭϬ; // ̦̭̌т̬о̜к̌ по̬то̏ дл́ уп̬̌̏ле̛̦́ к̌ту̹к̛̥̌ 

 

    // ̦̭̌т̬о̜к̌ т̜̥̌е̬̌ 

    TCCR1A=(0<<COM1A1) | (0<<COM1A0) | (0<<COM1B1) | (0<<COM1B0) | (0<<WGM11) |     

(0<<WGM10); 

 

    // дел̛тел̽ ̸̭̌тот̼ у̭т̦̌о̏ле̦ ̦̌ 8 

    TCCR1B=(0<<ICNC1) | (0<<ICES1) | (0<<WGM13) | (0<<WGM12) | (0<<CS12) | (1<<CS11) |  

(0<<CS10);   

 

    TCNT1H=0x00; 

    TCNT1L=0x00; 

    ICR1H=0x00; 

    ICR1L=0x00; 

    OCR1AH=0x00; 

    OCR1AL=0x00; 

    OCR1BH=0x00; 

    OCR1BL=0x00; 

 

// ̏кл̸̀е̛̦е п̬е̛̬̼̦̏̌́ по т̜̥̌е̬у 

TIMSK=(0<<OCIE2) | (0<<TOIE2) | (0<<TICIE1) | (0<<OCIE1A) | (0<<OCIE1B) | (1<<TOIE1) | 

(0<<TOIE0); 

 

GICR|=;ϭ<<INTϭͿ | ;ϭ<<INTϬͿ; // ̶̛̛̛̦̌л̶̛̛̌́̚ ̦̏е̵̛̹̦ п̬е̛̬̼̦̜̏̌ 

MCUCR=(1<<ISC11) | (1<<ISC10) | (1<<ISC01) | (1<<ISC00); 

GIFR=(1<<INTF1) | (1<<INTF0); 

 

 // ̼̏̍о̬ к̦̌̌л̌ №Ϭ ;PORTCϬͿ, опо̬̦о̐о ̦̌п̬̙́е̛̦́ ̛ ̭̥е̺е̛̦́ 

 ADMUX= ((1<<REFS1) | (1<<REFS0) | (1<<ADLAR));   

 

 // ̸̭̌тот̌ АЦʿ ϮϱϬ,ϬϬϬ kHz ̭ к̶̬̏̌е̥ ̦̌ ϭϲ Мʧ̶ 

 ADCSRA=(1<<ADEN) | (0<<ADSC) | (0<<ADFR) | (0<<ADIF) | (0<<ADIE) | (1<<ADPS2) | 

(1<<ADPS1) | (0<<ADPS0);  

 

 SFIOR=(0<<ACME); 

 // дл́ то̐о ̸то̼̍ у̍ед̛т̭́ ̏ то̥, ̸то ̏̌л д̛̏̐̌тел́ ̬̺̏̌̌ет̭́, 
// ̾т̌ пе̬е̥е̦̦̌́ ̵̛̬̦̌т ̸̛̭ло ̚у̍̽е̏ ̍е̚ пе̬епол̦е̛̦́ т̜̥̌е̬̌ 

uint8_t falseStart = 0;   

uint8_t T = ϭ; // по̬́дко̼̜̏ ̦о̥е̬ ̚у̍̌  

uiŶtϴ_t aŶgle = Ϭ; // ̵̛̬̦̌т опт̛̥̌л̦̼̜̽ у̐ол опе̬е̙е̛̦́ ̛̛̙̦̌̐̌́̚  
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uint8_t load = 0; // ̵̛̬̦̌т ̦̬̌̐у̚ку  

uint8_t engineStopFlag = ϭ; // ̴л̌̐ о̭т̦̌о̏к̛ д̛̏̐̌тел́   

sei;Ϳ; // ̬̬̌̚е̹е̛̦е ̐ло̍̌л̵̦̼̽ п̬е̛̬̼̦̜̏̌ 

 

   // по̬́док ̬̌̍от̼ ̶̛л̛̦д̬о̏ 1-3-4-2 

 

 while (1)  

    { 

while(engineStopFlag){ 

  setStateInductor(OFF,OFF,OFF,OFF); 

  TCNT1 = 0; 

  timOverFlowFlag = 0; 

    

  // о̛̙д̌е̥ ̦̏е̹̦е̐о п̬е̛̬̼̦̏̌́ ̛л̛ пе̬епол̦е̛̦́ т̜̥̌е̬̌ 

  while(!timOverFlowFlag && !extIntFlag);  

   

//е̭л̛ п̬о̛̚о̹ло пе̬епол̦е̛̦е, ̸̛̦̌̚т ̏̌л ̦е ̬̺̏̌̌ет̭́ ̛л̛ ̬̺̏̌̌ет̭́ < ϮϬϬ о̍/̛̥̦ 

   if(timOverFlowFlag){//  

    falseStart = 0; 

    continue; 

    } 

    

tiŵOǀerFloǁFlag = Ϭ;// ̸̛̦̌е ̏̌л по̏е̬̦ул̭́ ̦̌ ϲ ̬̐̌ду̭о̏ 

extIntFlag = 0; 

falseStart++; 

    

// под̸̛̭т̼̏̌е̥ ϭϱ ̛̥пул̭̽о̏, ̸то ̭оот̏ет̭т̏ует о̍о̬оту Кʦ ̦̌ ϵϬ ̬̐̌ду̭о̏ дл́ то̐о, 
// ̸то̼̍ у̍ед̛т̭̽́ ̏ ̭т̬̌те д̛̏̐̌тел́ 

// о̛̙д̌е̥ п̬опу̭к̌ Ϯ ̚у̶̍о̏, ̸то ̭оот̏ет̭̏ует ̛̦те̬̏̌лу ϯ-ϲ ̥̭  
//п̛̬ о̍о̬от̵̌ от ϱϬϬ до ϭϬϬϬ ̛л̛ т̛к̥̌ т̜̥̌е̬̌ от ϴϬϬϬ до ϭϰϬϬϬ  

 

   if(falseStart >= 15 && ((interval>=8000) && (interval<=14000)) ){ 

    engineStopFlag = 0;       

     

   }  

  } 

   

 

// поп̌д̛̦̌е ̏ ̾тот ̶̛кл о̸̦̌̌̚ет у̭пе̹̦у̀ ̵̛̭̦̬о̶̛̛̦̌̀̚, МК ̦̌̚ет поло̙е̛̦е Кʦ 

 while(!engineStopFlag){  

  T = ϭ; // ̭оот̏ет̭̏е̦̦о ̛дет пе̬̼̜̏ ̚у̍ ̛л̛ ̦о̼̜̏ о̍о̬от Кʦ 

  detFlag = 0;  

  setStateInductor(ON,ON,ON,ON); // ̏кл̸̀̌е̥ о̥̍отк̛ к̌ту̹ек 

    

  // е̭л̛ е̺е ̦е до̭т̛̐л̛ Ϯ п̬опу̭к̌ д̏у̵ ̚у̶̍о̏ ̛ ̏̌л ̬̺̏̌̌ет̭́ 

  while (T <= 58 && !engineStopFlag){  

     

   // о̛̙д̌е̥ ̦̏е̹̦е̐о п̬е̛̬̼̦̏̌́ ̛л̛ пе̬епол̦е̛̦́ т̜̥̌е̬̌ 

   while(!timOverFlowFlag && !extIntFlag);  
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// е̭л̛ п̬о̛̚о̹ло пе̬епол̦е̛̦е, ̸̛̦̌̚т ̏̌л ̦е ̬̺̏̌̌ет̭́ ̛л̛ ̬̺̏̌̌ет̭́ < ϮϬϬ о̍/̛̥̦. 
// ʿе̬е̵од̛̥ ̏ ̸̦̌̌ло 

   if(timOverFlowFlag){  

    engineStopFlag = 1; 

   } 

   

   extIŶtFlag = Ϭ;  // ̸̛̦̌е ̏̌л по̏е̬̦ул̭́ ̦̌ ϲ ̬̐̌ду̭о̏ 

   T++; // ̭леду̛̺̜̀ ̚у̍ 

   load = read_load;Ϳ; // ̸̛̭т̼̏̌е̥ ̦̬̌̐у̚ку ̦̌ д̛̏̐̌тел̽ 

 

// полу̸̌е̥ у̐ол опе̬е̙е̛̦́ п̛̬ д̵̦̦̼̌ у̭ло̵̛̏́ 

   angle = getOptimAngle(interval, load);  

 

// е̭л̛ ̼̍л̌ дето̶̛̦̌́, то Кʦ п̬о̏е̬̦ет̭́ ̵̏оло̭ту̀ до ̭лед о̍о̬от̌ 

 if(!detFlag){  

      

// о̸̼̦̍о ϭϴ ̚у̍е̶ ̭оот̏т. ʦМТ ϭ ̛ ϯ ̶̛л̛̦д̬о̏ ̏ ̥о̥е̦т ̭̙̌т̛́  
// опе̬е̙е̛̦е ̴̼̌̚ п̬о̵̛̭од̛т ̦̌ ϲ ̬̐̌ду̭о̏. 

  if((T + angle) == 18){       

   if(PIND & 0b10000)  // ̸̛̭т̛̼̦̏̌е д̌т̸̛к̌ ʿˀʦ.  

    setStateInductor(OFF,ON,ON,ON); // ̛̛̙̦̌̐̌̚е 1 ̶̛л̛̦д̬̌ 

   else 

    setStateInductor(ON,ON,OFF,ON); // ̛̛̙̦̌̐̌̚е 3 ̶̛л̛̦д̬̌ 

     } 

  else if;;T + aŶgleͿ == ϰϴͿ{ // ʦМТ ϰ ̛ Ϯ ̶̛л̛̦д̬о̏ ̏ ̥о̥е̦т ̭̙̌т̛́ 

   if(PIND & 0b10000) 

    setStateInductor(ON,ON,ON,OFF); // ̛̛̙̦̌̐̌̚е 4 ̶̛л̛̦д̬̌ 

   else 

    setStateInductor(ON,OFF,ON,ON); // ̛̛̙̦̌̐̌̚е 2 ̶̛л̛̦д̬̌ 

     }  

    } 

    

   }  

  }  

           } 

} 




