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ВВȿȾȿɇИȿ 

 ɋ ɞɪɟɜɧɢɯ ɜɪɟɦɟɧ ɥɸɞɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɩɨɫɨɛɧɨɫɬɶ ɝɨɜɨɪɢɬɶ, ɚ ɬɚɤɠɟ 

ɞɨɧɨɫɢɬɶ ɢɧɮɨɪɦɚɰɢɸ ɞɨ ɞɪɭɝɢɯ ɢɧɵɦɢ ɫɩɨɫɨɛɚɦɢ. Ɉɞɢɧ ɢɡ ɷɬɢɯ ɫɩɨɫɨɛɨɜ 

ɹɜɥɹɟɬɫɹ ɢɡɨɛɪɚɡɢɬɟɥɶɧɨɟ ɢɫɤɭɫɫɬɜɨ ɢ ɩɢɫɶɦɟɧɧɨɫɬɶ, ɤɨɬɨɪɵɟ ɫɟɣɱɚɫ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɚ ɬɢɩɨɝɪɚɮɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜɚɯ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, ɫ ɪɚɡɜɢɬɢɟɦ ɪɟɤɥɚɦɵ, ɬɢɩɨɝɪɚɮɢɹ ɹɜɥɹɟɬɫɹ 

ɨɝɪɨɦɧɵɦ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ ɫɟɤɬɨɪɨɦ. ɉɨɜɫɟɦɟɫɬɧɨ ɩɟɱɚɬɚɸɬɫɹ ɝɚɡɟɬɵ, 

ɠɭɪɧɚɥɵ, ɢɡɞɚɸɬɫɹ ɤɧɢɝɢ. Ɍɚɤɠɟ ɬɨɪɝɨɜɵɟ ɦɚɪɤɢ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ 

ɭɩɚɤɨɜɤɢ, ɷɬɢɤɟɬɤɢ, ɢɡɨɛɪɚɠɟɧɢɹ ɞɥɹ ɨɛɨɡɧɚɱɟɧɢɹ ɫɜɨɟɣ ɩɪɨɞɭɤɰɢɢ. Ʉɚɤ ɪɚɡ ɨ 

ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɨɞɨɛɧɵɯ ɷɬɢɤɟɬɨɤ ɢ ɩɨɣɞɟɬ ɪɟɱɶ. 

Ɍɢɩɨɝɪɚɮɢɹ – ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ, ɤɚɤ ɢ ɨɫɧɨɜɧɚɹ ɦɚɫɫɚ 

ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ, ɜɵɩɭɫɤɚɸɳɢɯ ɩɨɬɨɤɨɜɭɸ ɩɪɨɞɭɤɰɢɸ. Ɉɬ ɱɟɥɨɜɟɤɚ ɜ 

ɬɚɤɨɦ ɩɪɨɰɟɫɫɟ ɡɚɜɢɫɢɬ ɧɟɦɧɨɝɨ. ɇɟɨɛɯɨɞɢɦɨ ɬɨɥɶɤɨ ɧɚɫɬɪɨɢɬɶ ɨɛɨɪɭɞɨɜɚɧɢɟ, 

ɡɚɬɟɦ ɩɨɞɚɬɶ ɦɚɬɟɪɢɚɥ ɧɚ ɫɬɚɧɨɤ ɢ ɫɧɹɬɶ ɟɝɨ ɫ ɤɨɧɜɟɣɟɪɚ. Ɉɞɧɚɤɨ, ɜ ɤɚɠɞɵɣ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɢɧɨɝɞɚ ɩɪɢɯɨɞɢɬɫɹ ɜɧɨɫɢɬɶ ɞɨɩɨɥɧɟɧɢɹ. 

ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɧɚɤɥɟɟɤ ɢɫɩɨɥɶɡɭɟɬɫɹ ɡɚɝɨɬɨɜɥɟɧɧɵɣ ɪɭɥɨɧ ɤɥɟɹɳɟɣɫɹ 

ɛɭɦɚɝɢ. Ɋɭɥɨɧ ɧɟɦɧɨɝɨ ɪɚɡɦɚɬɵɜɚɟɬɫɹ, ɤɪɟɩɢɬɫɹ ɧɚ ɜɚɥ ɢ ɪɨɥɢɤɢ, ɩɨɤɪɵɬɵɟ 

ɤɪɚɫɤɨɣ. ɉɪɢ ɪɚɫɤɪɭɬɤɟ ɜɚɥɚ ɛɭɦɚɝɚ ɞɜɢɠɟɬɫɹ ɩɨ ɤɨɧɜɟɣɟɪɭ ɢ ɪɨɥɢɤɢ ɧɚɧɨɫɹɬ 

ɧɭɠɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɛɭɦɚɝɭ. ɉɨɫɥɟ ɷɬɨɝɨ ɨɫɬɚɬɤɢ ɛɭɦɚɝɢ ɫɤɪɭɱɢɜɚɸɬɫɹ ɧɚ 

ɫɦɨɬɱɢɤɟ ɫ ɰɟɥɶɸ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. Ɉɞɧɚɤɨ, ɛɵɜɚɸɬ ɫɥɭɱɚɢ, ɤɨɝɞɚ ɧɚ 

ɫɬɚɧɤɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɚ ɜɢɞɚ ɛɭɦɚɝɢ (ɧɚɩɪɢɦɟɪ, ɛɟɥɨɝɨ ɰɜɟɬɚ ɢ 

ɡɨɥɨɬɢɫɬɨɝɨ), ɧɨ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɢ ɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɫɦɨɬɱɢɤɚ. 

ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ, ɧɟɜɨɡɦɨɠɧɨ ɜɵɩɨɥɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 

ɋɦɨɬɚɧɧɚɹ ɜ ɪɭɥɨɧ ɛɭɦɚɝɚ ɩɨɞɜɟɪɝɚɟɬɫɹ ɭɬɢɥɢɡɚɰɢɢ. 

 ɇɚ ɫɦɨɬɱɢɤɟ ɨɫɬɚɜɲɚɹɫɹ ɛɭɦɚɝɚ ɛɭɞɟɬ ɫɨɛɢɪɚɬɶɫɹ ɨɛɪɚɬɧɨ ɜ ɪɭɥɨɧ, ɢ ɬɚɤ 

ɤɚɤ ɛɭɦɚɝɚ ɦɚɬɟɪɢɚɥ ɧɟ ɩɪɨɱɧɵɣ ɢ ɩɨɞɜɟɪɠɟɧ ɧɚɞɪɵɜɭ, ɧɟɨɛɯɨɞɢɦɨ 

ɪɟɝɭɥɢɪɨɜɚɬɶ ɦɨɦɟɧɬ ɫɢɥɵ ɧɚ ɜɚɥɭ. Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɢɫɬɟɦɭ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. Ɉɫɧɨɜɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ, ɪɟɝɭɥɢɪɭɸɳɢɦ ɫɤɨɪɨɫɬɶ 

ɞɜɢɝɚɬɟɥɹ, ɛɭɞɟɬ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ. 
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 ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɫɛɨɪɤɚ ɷɬɨɣ ɫɢɫɬɟɦɵ ɢ ɧɚɫɬɪɨɣɤɚ ɩɪɨɰɟɫɫɚ ɩɪɢ 

ɩɨɦɨɳɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ. 
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1 Ɉɛɳɟɟ ɨɩɢɫɚɧɢɟ 

1.1 Ɉɛɡɨɪ ɚɤɬɭɚɥɶɧɨɫɬɢ ɜɨɩɪɨɫɚ 

ȼɨ ɜɫɟɯ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧɚɯ, ɩɪɟɞɩɪɢɹɬɢɹ 

ɫɬɚɪɚɸɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɫɜɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ 

ɞɟɧɶ ɩɨɞɚɜɥɹɸɳɚɹ ɦɚɫɫɚ ɩɪɨɢɡɜɨɞɫɬɜ ɪɚɛɨɬɚɸɬ ɩɨɥɧɨɫɬɶɸ ɚɜɬɨɦɚɬɢɱɟɫɤɢ, ɜ 

ɤɨɬɨɪɵɯ ɥɸɞɢ ɜɦɟɲɢɜɚɸɬɫɹ ɬɨɥɶɤɨ ɜ ɧɚɫɬɪɨɣɤɭ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 

ȿɫɬɶ ɩɪɢɦɟɪɵ ɩɪɟɞɩɪɢɹɬɢɣ ɜ Ʉɢɬɚɟ, ɧɚ ɤɨɬɨɪɵɯ ɪɚɛɨɬɚ ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɧɨɫɬɶɸ 

ɛɟɡ ɥɸɞɟɣ.  

1.2 Ɉɛɳɢɟ ɫɜɟɞɟɧɢя ɨ ɰɟɯɟ 

Ⱦɟɜɹɬɢɤɪɚɫɨɱɧɚɹ ɮɥɟɤɫɨɝɪɚɮɢɱɟɫɤɚɹ ɩɟɱɚɬɧɚɹ ɦɚɲɢɧɚ Arsoma Gallus EM-

410-9 ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɜɵɪɭɛɤɢ, ɯɨɥɨɞɧɨɝɨ ɬɢɫɧɟɧɢɹ ɮɨɥɶɝɨɣ, ɤɨɧɝɪɟɜɚ, 

ɧɚɧɟɫɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɤɥɟɟɜɨɝɨ ɫɥɨɹ; ɩɟɱɚɬɚɟɬ ɍɎ-ɤɪɚɫɤɚɦɢ; 

ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɦɟɧɵ ɥɸɛɨɣ ɤɪɚɫɨɱɧɨɣ ɫɟɤɰɢɢ ɧɚ ɬɪɚɮɚɪɟɬɧɭɸ; 

ɥɚɦɢɧɚɰɢɹ; ɩɟɱɚɬɶ ɫ ɩɟɪɟɜɨɪɨɬɨɦ ɩɨɥɨɬɧɚ; ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɦɧɨɝɨɫɥɨɣɧɵɯ ɷɬɢɤɟɬɨɤ. 

Ⱦɚɧɧɵɟ ɦɚɲɢɧɵ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɩɟɱɚɬɢ: 

- ɫɚɦɨɤɥɟɹɳɢɯɫɹ ɷɬɢɤɟɬɨɤ ɢ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɫ ɦɧɨɝɨɱɢɫɥɟɧɧɵɦɢ 

ɜɚɪɢɚɧɬɚɦɢ ɨɬɞɟɥɤɢ “ɜ ɥɢɧɢɸ”; 

          - ɷɬɢɤɟɬɨɤ ɢɡ ɦɨɧɨɩɥɟɧɨɤ, ɬɟɪɦɨɭɫɚɞɨɱɧɵɯ ɢ ɞɪɭɝɢɯ. 

ɒɢɪɢɧɚ ɩɟɱɚɬɢ (410 ɦɦ) ɩɨɡɜɨɥɹɟɬ ɨɛɪɚɛɚɬɵɜɚɬɶ ɫɪɟɞɧɢɟ ɢ ɦɟɥɤɢɟ ɬɢɪɚɠɢ 

ɭɩɚɤɨɜɨɱɧɨɝɨ ɫɟɝɦɟɧɬɚ ɪɵɧɤɚ, ɚ ɬɚɤɠɟ ɜ ɤɨɪɨɬɤɢɟ ɫɪɨɤɢ ɜɵɩɭɫɤɚɬɶ ɛɨɥɶɲɢɟ 

ɬɢɪɚɠɢ ɫɚɦɨɤɥɟɹɳɟɣɫɹ ɷɬɢɤɟɬɤɢ ɡɚ ɫɱɟɬ ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɢ 

ɨɩɬɢɦɚɥɶɧɵɯ ɡɚɬɪɚɬɚɯ ɢ ɰɟɧɚɯ. 

Ɇɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɧɚ ɧɚɫɬɪɨɣɤɭ ɢ ɫɦɟɧɭ ɬɢɪɚɠɚ ɨɬɜɟɱɚɟɬ ɫɨɜɪɟɦɟɧɧɵɦ 

ɬɪɟɛɨɜɚɧɢɹɦ. Ɉɛɟ ɦɚɲɢɧɵ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɜɢɞɵ 

ɨɬɞɟɥɤɢ ɷɬɢɤɟɬɨɱɧɨɣ ɩɪɨɞɭɤɰɢɢ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɧɚ ɮɥɟɤɫɨɝɪɚɮɢɱɟɫɤɨɦ ɪɵɧɤɟ 

ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ. 
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Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɩɟɱɚɬɧɨɣ ɦɚɲɢɧɵ: 

- ɲɢɪɢɧɚ ɩɟɱɚɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ — ɨɬ 130 ɞɨ 470 ɦɦ; 

- ɦɢɧ. ɪɚɡɦɟɪ ɷɬɢɤɟɬɤɢ/ɩɚɪɬɢɢ — 10ɯ10 ɦɦ / 1000 ɷɤɡ; 

- ɦɚɤɫɢɦɚɥɶɧɚɹ ɲɢɪɢɧɚ ɩɟɱɚɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ — 407 ɦɦ; 

- ɦɚɤɫɢɦɚɥɶɧɚɹ ɞɥɢɧɚ ɪɚɩɩɨɪɬɚ (ɩɟɱɚɬɢ) — 660 ɦɦ; 

- ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɟɱɚɬɢ — ɞɨ 150 ɦ/ɦɢɧ.  

Вɨɡɦɨɠɧɵɣ ɩɟɱɚɬɧɵɣ ɦɚɬɟɪɢɚɥ: 

- ɫɚɦɨɤɥɟɹɳɚɹɫɹ ɛɭɦɚɝɚ (ɛɟɥɚɹ, ɦɟɬɚɥɥ; ɨɬ 60 ɝ/ɦ2); 

- ɫɚɦɨɤɥɟɹɳɚɹɫɹ ɩɥɟɧɤɚ (ɛɟɥɚɹ, ɩɪɨɡɪɚɱɧɚɹ); 

- ɫɚɦɨɤɥɟɹɳɚɹɫɹ ɬɟɪɦɨɛɭɦɚɝɚ; 

- ɤɷɲɢɪɨɜɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ; 

- ɮɨɥɶɝɚ ɫ ɬɟɪɦɨɥɚɤɨɦ. [2] 

  



 

8 

 

2 ɋɨɫɬɚɜ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢя ɭɫɬɪɨɣɫɬɜɚ ɫɦɨɬɤɢ 

ɋɨɝɥɚɫɧɨ ɪɚɫɱɟɬɚɦ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɥɢɧɢɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɟɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ: 

- ɚɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ ȺɂɊɆ71Ⱥ4ɍ3; 

- ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ ProfiMaster PM-S740-0.75K-RUS; 

- ɩɨɬɟɧɰɢɨɦɟɬɪ RV24YN 20S B103 10K. 

ɇɢɠɟ ɛɭɞɟɬ ɩɪɢɜɟɞɟɧɨ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨɟ ɬɟɯɧɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ 

ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɭɫɬɚɧɨɜɤɢ. 

2.1 Ɉɛɳɟɩɪɨɦɵɲɥɟɧɧɵɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɫɟɪɢɢ АИɊ 

Ⱦɜɢɝɚɬɟɥɢ ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɣ ɫɟɪɢɢ ȺɂɊ ɹɜɥɹɸɬɫɹ ɫɚɦɵɦɢ 

ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɦɢ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɡɚ ɫɱɟɬ ɩɪɨɫɬɨɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɢ 

ɜɵɝɨɞɧɨɣ ɫɬɨɢɦɨɫɬɢ ɩɪɢ ɜɵɫɨɤɨɣ ɧɚɞɟɠɧɨɫɬɢ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

 Ⱦɚɧɧɵɣ ɚɫɢɧɯɪɨɧɧɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ (ȺȾ) ɫ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ 

ɪɨɬɨɪɨɦ ɜɵɩɨɥɧɟɧ ɜ ɡɚɤɪɵɬɨɦ ɢɫɩɨɥɧɟɧɢɢ ɫ ɤɚɬɟɝɨɪɢɟɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɡɚɳɢɬɵ 

IP54, ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ S1 ɨɬ ɫɟɬɢ 

ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɱɚɫɬɨɬɨɣ 50 Ƚɰ, ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 380 ȼ. ɂɡɝɨɬɨɜɥɟɧɵ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ȽɈɋɌ Ɋ 51689-2000 ɢ ɆɗɄ 60034. ȼɢɞ 

ɤɥɢɦɚɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɧɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɍ3 ɩɨ ȽɈɋɌ 15150-69. 

 

 

Ɋɢɫɭɧɨɤ 2.1 – Ƚɚɛɚɪɢɬɧɵɟ (ɩɪɢɫɨɟɞɢɧɢɬɟɥɶɧɵɟ) ɪɚɡɦɟɪɵ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ 
ɫɟɪɢɢ ȺɂɊ 
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Ⱦɜɢɝɚɬɟɥɶ ȺɂɊɆ71Ⱥ4ɍ3 (ɪɢɫɭɧɨɤ 2.1) ɤɨɦɩɥɟɤɬɨɜɚɧ ɲɤɢɜɨɦ ɧɚ ɜɚɥɭ ɞɥɹ 

ɩɟɪɟɞɚɱɢ ɦɨɦɟɧɬɚ ɧɚ ɭɫɬɪɨɣɫɬɜɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɬɹɠɟɧɢɹ. ɗɥɟɤɬɪɨɦɨɬɨɪ ɢɦɟɟɬ 

ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥɢɰɚɯ 2.1 ɢ 2.2: [5] 

Ɍɚɛɥɢɰɚ 2.1- Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɢɝɚɬɟɥɹ 

Ɇɨɳɧɨɫɬɶ 0,55 ɤȼɬ 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 1380 (1500) 
ɨɛ/ɦɢɧ 

ɇɚɩɪɹɠɟɧɢɟ 380 ȼ 

Ɍɨɤ ɫɬɚɬɨɪɚ 1,5 Ⱥ 

ɄɉȾ 71% 

cos φ 0,73 

Ɇɚɫɫɚ 75 ɤɝ 

 

Ɍɚɛɥɢɰɚ 2.2 – ɉɪɢɫɨɟɞɢɧɢɬɟɥɶɧɵɟ ɪɚɡɦɟɪɵ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 5Ⱥɂ132S4, ɦɦ 

l1 l10 l31 d1 d10 b1 b10 h5 h31 h 
40 90 45 19 7 6 112 21.5 188 71 

 

2.2 ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ 

2.2.1 Ɉɛɳɟɟ ɨɩɢɫɚɧɢɟ 

Ʌɭɱɲɢɦ ɫɩɨɫɨɛɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ȺȾ  ɫ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ 

ɪɨɬɨɪɨɦ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ (ɉɑ) . ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ 

ɷɬɨ ɭɫɬɪɨɣɫɬɜɨ, ɢɡɨɛɪɚɠɟɧɧɨɟ ɧɚ ɪɢɫɭɧɤɚɯ ɧɢɠɟ, Profimaster PM-S740-0.75K-

RUS ɨɬ ɘɠɧɨ-ɤɨɪɟɣɫɤɨɝɨ ɩɪɨɢɡɜɨɞɢɬɟɥɹ LS Industrial Systems . 
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Ɋɢɫɭɧɨɤ 2.2 – ȼɧɟɲɧɢɣ ɜɢɞ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ PM-S740-0.75K-RUS  

Ɋɢɫɭɧɨɤ 2.3 – ȼɢɞ ɢɡɧɭɬɪɢ (ɩɟɪɟɞɧɹɹ ɤɪɵɲɤɚ ɫɧɹɬɚ) ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ 
PM-S740-0.75K-RUS 

 Ⱦɚɧɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ 

ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ, ɨɩɢɫɚɧɧɨɝɨ ɜ ɩɭɧɤɬɟ 2.1. ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɢɦɟɟɬ 

ɫɥɟɞɭɸɳɢɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

Ɍɚɛɥɢɰɚ 2.3 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ 0,75 ɤȼɌ 
ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ 3ɮɚɡɵ/380-480 ȼ 
ȼɵɯɨɞɧɚɹ ɱɚɫɬɨɬɚ 0-400 Ƚɰ 
ȼɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 3ɮ/380-480 ȼ 
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 Ɍɚɤɠɟ ɩɪɢɜɟɞɟɦ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ: 

 

Ɋɢɫɭɧɨɤ 2.4 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ 

2.2.2 ɉɪɟɢɦɭɳɟɫɬɜɚ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɉɑ ɜɵɩɨɥɧɹɟɬ ɜɚɠɧɟɣɲɭɸ ɪɨɥɶ ɢ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ 

ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɢ ɫɨɜɪɟɦɟɧɧɵɦ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɩɨɷɬɨɦɭ 

ɯɨɬɟɥɨɫɶ ɛɵ ɪɚɫɫɤɚɡɚɬɶ ɨ ɩɪɟɢɦɭɳɟɫɬɜɚɯ ɤɨɧɤɪɟɬɧɨɣ ɦɨɞɟɥɢ: 

- ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɟɤɬɨɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ. ɇɚ ɪɢɫɭɧɤɟ 2.4 

ɬɚɛɥɢɰɟ ɨɩɢɫɚɧɵ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɫɩɨɫɨɛɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ; 

- ɧɚɥɢɱɢɟ ɜɫɬɪɨɟɧɧɨɝɨ ɩɭɥɶɬɚ ɫ ɭɞɨɛɧɵɦ ɢɧɬɟɪɮɟɣɫɨɦ. Ɏɭɧɤɰɢɣ ɢ 

ɜɨɡɦɨɠɧɨɫɬɟɣ ɭ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɨ ɧɚɫɬɪɨɣɤɟ ɨɱɟɧɶ ɦɧɨɝɨ, ɩɨɷɬɨɦɭ ɩɭɥɶɬ ɫ 

ɩɪɨɫɬɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɫɢɥɶɧɨ ɨɛɥɟɝɱɚɟɬ ɢ ɞɟɥɚɟɬ ɪɚɛɨɬɭ ɛɨɥɟɟ ɩɪɢɹɬɧɨɣ; 

- ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɞɟɬɚɥɟɣ ɢ ɫɛɨɪɤɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. ɘɠɧɚɹ Ʉɨɪɟɹ 

ɞɚɜɧɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɚ ɫɟɛɹ, ɤɚɤ ɨɞɧɚ ɢɡ ɩɟɪɟɞɨɜɵɯ ɫɬɪɚɧ ɜ ɢɡɝɨɬɨɜɥɟɧɢɢ 

ɷɥɟɤɬɪɨɧɢɤɢ. ɉɪɨɞɭɤɬɵ ɤɨɦɩɚɧɢɣ ɷɬɨɝɨ ɝɨɫɭɞɚɪɫɬɜɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɨ ɜɫɟɦ 

ɦɢɪɟ, ɢ ɩɪɢ ɷɬɨɦ ɢɦɟɸɬ ɜɫɟɝɞɚ ɫɚɦɭɸ ɥɭɱɲɭɸ ɨɰɟɧɤɭ ɨɬ ɩɨɥɶɡɨɜɚɬɟɥɟɣ. Ɍɚɤ ɢ 

ɤɨɦɩɚɧɢɹ LS industrial systems ɞɚɜɧɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɚ ɫɟɛɹ ɧɚ ɪɵɧɤɟ; 

- ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɜɪɚɳɟɧɢɹ ɜ ɨɛɪɚɬɧɭɸ ɫɬɨɪɨɧɭ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ-ɷɬɨ 

ɨɱɟɧɶ ɜɚɠɧɚɹ ɮɭɧɤɰɢɹ, ɬɚɤ ɤɚɤ ɩɪɢ ɜɪɚɳɟɧɢɢ ɜ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɫɢɫɬɟɦɚ 
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ɪɚɡɦɨɬɚɟɬ ɪɭɥɨɧ, ɚ ɷɬɨ ɝɪɨɡɢɬ ɜ ɥɭɱɲɟɦ ɫɥɭɱɚɟ ɨɫɬɚɧɨɜɤɟ ɪɚɛɨɬ ɫ ɞɚɥɶɧɟɣɲɢɦ 

ɢɫɩɪɚɜɥɟɧɢɟɦ ɫɢɬɭɚɰɢɢ, ɢ ɜ ɯɭɞɲɟɦ – ɩɨɪɱɟɣ ɦɚɬɟɪɢɚɥɚ; 

- ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɫɨɟɞɢɧɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɚɩɪɢɦɟɪ 

ɨɩɰɢɨɧɚɥɶɧɨɣ ɤɚɪɬɵ ɷɧɤɨɞɟɪɚ; 

- ɦɢɧɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɢɡ ɜɫɟɯ ɩɨɞɯɨɞɹɳɢɯ ɩɪɟɞɥɨɠɟɧɢɣ ɧɚ ɪɵɧɤɟ. 

Ȼɵɥɚ ɜɵɛɪɚɧɚ ɦɢɧɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɢɡ ɥɢɧɟɣɤɢ 0.75 ɤȼɬ, ɬɚɤ 

ɤɚɤ Ⱦɜɢɝɚɬɟɥɶ, ɤɨɬɨɪɵɣ ɭɠɟ ɛɵɥ ɜ ɧɚɥɢɱɢɢ ɭ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɢ ɧɚɱɚɥɟ ɪɚɛɨɬ, 

ɨɛɥɚɞɚɟɬ ɦɨɳɧɨɫɬɶɸ 0.55 ɤȼɬ; 

- ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɜɦɟɫɬɨ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. ɋɤɨɪɨɫɬɶ 

ɫ ɤɨɬɨɪɨɣ ɛɭɞɟɬ ɜɪɚɳɚɬɶɫɹ ɞɜɢɝɚɬɟɥɶ, ɬɚɤɠɟ ɨɱɟɧɶ ɜɚɠɧɵɣ ɚɫɩɟɤɬ ɩɪɢ ɧɚɫɬɪɨɣɤɟ 

ɪɚɛɨɬɵ ɫɦɨɬɱɢɤɚ. Ɉɞɧɚɤɨ, ɧɚ ɦɚɥɟɧɶɤɨɣ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɩɪɢ ɛɨɥɶɲɨɦ 

ɦɨɦɟɧɬɟ ɦɚɬɟɪɢɚɥ ɛɭɞɟɬ ɪɚɡɪɵɜɚɬɶɫɹ, ɩɨɷɬɨɦɭ ɪɟɝɭɥɢɪɨɜɤɚ ɩɨ ɦɨɦɟɧɬɭ 

ɧɟɨɛɯɨɞɢɦɚ. 

ɉɨɬɟɧɰɢɨɦɟɬɪ RV24YN 20S B103 10K 

Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɬɨɱɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɧɚɦ 

ɧɟɨɛɯɨɞɢɦɨ ɧɚɥɢɱɢɟ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. ɗɬɭ ɡɚɞɚɱɭ ɧɚɦ ɩɨɦɨɠɟɬ ɜɵɩɨɥɧɢɬɶ 

ɩɨɬɟɧɰɢɨɦɟɬɪ RV24YN 20S B103 10K, ɩɨɞɤɥɸɱɟɧɧɵɣ ɤ ɤɥɟɦɦɚɦ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɱɚɫɬɨɬɵ, ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 2.8. 

 

Ɋɢɫɭɧɨɤ 2.5 – Ɉɛɳɢɣ ɜɢɞ ɩɨɬɟɧɰɢɨɦɟɬɪɚ  
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ȼ ɬɚɛɥɢɰɟ 2.4 ɡɚɩɢɫɚɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɚɧɧɨɝɨ 
ɩɨɬɟɧɰɢɨɦɟɬɪɚ. 

Ɍɚɛɥɢɰɚ 2.4 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɬɟɧɰɢɨɦɟɬɪɚ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ 0-10 ɤɈɦ 
Ɇɨɳɧɨɫɬɶ 2 ȼɬ 
Ʉɨɥɢɱɟɫɬɜɨ ɨɛɨɪɨɬɨɜ 100000 
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3 Ɉɩɢɫɚɧɢɟ ɭɫɬɚɧɨɜɤɢ 

          3.1 Кɢɧɟɦɚɬɢɱɟɫɤɢɟ ɫɯɟɦɵ 

3.1.1 Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɞɜɢɝɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ — ɷɬɨ ɬɚɤɚɹ ɫɯɟɦɚ, ɧɚ ɤɨɬɨɪɨɣ 

ɩɨɤɚɡɚɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɟɪɟɞɚɱɢ ɞɜɢɠɟɧɢɹ ɨɬ ɞɜɢɝɚɬɟɥɹ ɱɟɪɟɡ 

ɩɟɪɟɞɚɬɨɱɧɵɣ ɦɟɯɚɧɢɡɦ ɤ ɪɚɛɨɱɢɦ ɨɪɝɚɧɚɦ ɦɚɲɢɧɵ (ɧɚɩɪɢɦɟɪ, ɲɩɢɧɞɟɥɸ 

ɫɬɚɧɤɚ, ɪɟɠɭɳɟɦɭ ɢɧɫɬɪɭɦɟɧɬɭ, ɜɟɞɭɳɢɦ ɤɨɥёɫɚɦ ɚɜɬɨɦɨɛɢɥɹ ɢ ɞɪ.) ɢ ɢɯ 

ɜɡɚɢɦɨɫɜɹɡɶ.  

ɇɚ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɫɯɟɦɚɯ ɢɡɨɛɪɚɠɚɸɬ ɬɨɥɶɤɨ ɬɟ ɷɥɟɦɟɧɬɵ ɦɚɲɢɧɵ ɢɥɢ 

ɦɟɯɚɧɢɡɦɚ, ɤɨɬɨɪɵɟ ɩɪɢɧɢɦɚɸɬ ɭɱɚɫɬɢɟ ɜ ɩɟɪɟɞɚɱɟ ɞɜɢɠɟɧɢɹ (ɡɭɛɱɚɬɵɟ ɤɨɥёɫɚ, 

ɯɨɞɨɜɵɟ ɜɢɧɬɵ, ɜɚɥɵ, ɲɤɢɜɵ, ɦɭɮɬɵ ɢ ɞɪ.) ɛɟɡ ɫɨɛɥɸɞɟɧɢɹ ɪɚɡɦɟɪɨɜ ɢ 

ɩɪɨɩɨɪɰɢɣ. 

ɇɚ ɥɢɫɬɟ №1 ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɢɡɨɛɪɚɠɟɧɚ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ 

ɞɜɢɝɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ. Ⱦɜɢɝɚɬɟɥɶ, ɢɡɨɛɪɚɠɟɧɧɵɣ ɧɚ ɫɯɟɦɟ, ɩɪɢɜɨɞɢɬ ɜ ɞɜɢɠɟɧɢɟ 

ɜɚɥ I, ɤɨɬɨɪɵɣ ɩɪɢɜɨɞɢɬ ɜ ɞɜɢɠɟɧɢɟ ɱɟɪɟɡ ɪɟɦɟɧɧɭɸ ɩɟɪɟɞɚɱɭ ɜɚɥ II, ɜ ɢɬɨɝɟ 

ɨɬɪɚɛɨɬɚɧɧɚɹ ɛɭɦɚɝɚ ɫɦɚɬɵɜɚɟɬɫɹ ɧɚ ȼɚɥ II. ȼɫɹ ɷɬɚ ɫɢɫɬɟɦɚ ɛɵɥɚ ɢɡɝɨɬɨɜɥɟɧɚ ɞɨ 

ɧɚɱɚɥɚ ɧɚɲɟɝɨ ɩɪɨɟɤɬɚ, ɨɞɧɚɤɨ ɧɚ ɧɟɣ ɨɬɫɭɬɫɬɜɨɜɚɥ ɪɟɦɟɧɶ. 

ɂɫɯɨɞɹ ɢɡ ɢɡɦɟɪɟɧɧɵɯ ɡɧɚɱɟɧɢɣ: 

-Ⱦɢɚɦɟɬɪɵ ɛɨɥɶɲɨɝɨ ɲɤɢɜɚ (ɜɧɭɬɪɟɧɧɢɣ ɢ ɧɚɪɭɠɧɵɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) – 

199 ɢ 217 (ɦɦ); 

- Ⱦɢɚɦɟɬɪɵ ɦɚɥɨɝɨ ɲɤɢɜɚ (ɜɧɭɬɪɟɧɧɢɣ ɢ ɧɚɪɭɠɧɵɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ)- 48.5 

ɢ 60.5 (ɦɦ); 

- ɒɢɪɢɧɚ ɛɨɥɶɲɨɝɨ ɢ ɦɚɥɨɝɨ ɲɤɢɜɚ – 10 (ɦɦ); 

ɇɚ ɪɢɫɭɧɤɟ 3.1 ɨɩɢɫɚɧɵ ɜɟɥɢɱɢɧɵ ɫɟɱɟɧɢɣ ɪɟɦɧɹ, ɫɨɝɥɚɫɧɨ ȽɈɋɌ 1284.1-

89. 

- Wp – ɪɚɫɱɟɬɧɚɹ ɲɢɪɢɧɚ ɪɟɦɧɹ, ɦɦ; 

- W - ɲɢɪɢɧɚ ɛɨɥɶɲɟɝɨ ɨɫɧɨɜɚɧɢɹ ɪɟɦɧɹ, ɦɦ; 

- T – ɜɵɫɨɬɚ ɪɟɦɧɹ, ɦɦ; 

- α – ɭɝɨɥ ɤɥɢɧɚ ɪɟɦɧɹ ɪɚɜɧɵɣ (40˚). [4] 
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Ɋɢɫɭɧɨɤ 3.1 – ɋɟɱɟɧɢɟ ɪɟɦɧɹ 

Ɍɚɤɠɟ, ɜ ɬɚɛɥɢɰɟ 3.1 ɨɩɢɫɚɧɵ ɜɨɡɦɨɠɧɵɟ ɫɟɱɟɧɢɹ ɪɟɦɧɹ ɩɨ ɪɚɡɦɟɪɚɦ, 

ɢɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜɵɛɢɪɚɟɦ ɪɟɦɟɧɶ Z (0) 850. Z (0) – ɷɬɨ 

ɨɛɨɡɧɚɱɟɧɢɟ ɫɟɱɟɧɢɹ ɪɟɦɧɹ, ɚ 850 – ɟɝɨ ɞɥɢɧɚ. 

Ɍɚɛɥɢɰɚ 3.1 – ɉɟɪɟɱɟɧɶ ɫɬɚɧɞɚɪɬɧɵɯ ɪɚɡɦɟɪɨɜ ɫɟɱɟɧɢɣ ɪɟɦɧɟɣ 
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3.1.2 Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɬɹɠɟɧɢɹ 

ɉɨɦɢɦɨ ɩɪɢɜɨɞɧɨɣ ɱɚɫɬɢ, ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɟɫɬɶ ɨɛɴɟɤɬ 

ɩɪɢ ɩɨɦɨɳɢ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɧɚɬɹɠɟɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɬɚɤ 

ɧɚɡɵɜɚɟɦɵɣ “ɬɚɧɰɨɪ”. 

ɇɚ ɥɢɫɬɟ №2 ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɢɡɨɛɪɚɠɟɧɚ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ 

ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɬɹɠɟɧɢɹ. ȼɚɥ II, ɧɚɯɨɞɹɫɶ ɩɨɞ ɧɚɬɹɧɭɬɨɣ ɥɟɧɬɨɣ 

ɛɭɦɚɝɢ ɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ ɜɚɥɨɦ ɫɦɨɬɱɢɤɚ, ɹɜɥɹɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨɦ, ɤɨɬɨɪɨɟ 

ɩɟɪɟɦɟɳɚɟɬɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɨɬ ɧɚɬɹɠɟɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɬɟɦ ɫɚɦɵɦ ɩɨɦɨɝɚɟɬ 

ɨɩɪɟɞɟɥɹɬɶ ɫɬɟɩɟɧɶ ɷɬɨɝɨ ɧɚɬɹɠɟɧɢɹ. Ɂɚɬɟɦ ɱɟɪɟɡ ɠɟɫɬɤɭɸ ɫɰɟɩɤɭ ɩɟɪɟɦɟɳɟɧɢɟ 

ɜɚɥɚ II ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜɨ ɜɪɚɳɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɜɚɥɚ I, ɤɨɬɨɪɵɣ ɩɪɢɜɨɞɢɬ ɜ 

ɞɜɢɠɟɧɢɟ ɡɭɛɱɚɬɭɸ ɩɟɪɟɞɚɱɭ. 

Ⱦɥɹ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨɝɨ ɢ ɹɫɧɨɝɨ ɨɛɴɹɫɧɟɧɢɹ ɫɭɬɢ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɬɹɠɟɧɢɹ ɨɛɪɚɬɢɦɫɹ ɤ ɮɨɬɨɝɪɚɮɢɹɦ ɭɫɬɚɧɨɜɤɢ, 

ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɧɵɦ ɧɚ ɪɢɫɭɧɤɚɯ 3.2 ɢ 3.3. ɇɚ ɪɢɫɭɧɤɟ 3.2 ɜɚɥ 1 – ɷɬɨ ɜɚɥ, 

ɩɪɢɜɨɞɢɦɵɣ ɜ ɞɜɢɠɟɧɢɟ ɞɜɢɝɚɬɟɥɟɦ, ɧɚ ɤɨɬɨɪɵɣ ɫɦɚɬɵɜɚɟɬɫɹ ɨɬɪɚɛɨɬɚɧɧɵɣ 

ɦɚɬɟɪɢɚɥ. Ɇɚɬɟɪɢɚɥ ɡɚɜɨɞɢɬɫɹ ɧɚ ȼɚɥ 3, ɡɚɬɟɦ ɩɪɨɜɨɞɢɬɫɹ ɩɨɞ ȼɚɥɨɦ 2 ɢ 

ɤɪɟɩɢɬɫɹ ɧɚ ɫɦɚɬɵɜɚɸɳɢɣ ȼɚɥ1. ȼɚɥ 2 - ɜɚɥ “ɬɚɧɰɨɪɚ”. ɗɬɨɬ ɜɚɥ, ɤɚɤ ɜɢɞɧɨ ɧɚ 

ɪɢɫɭɧɤɟ 3.2, ɪɚɫɩɨɥɨɠɟɧ ɜ ɨɬɜɟɪɫɬɢɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɟɦɭ ɞɜɢɝɚɬɶɫɹ ɜɜɟɪɯ ɢɥɢ 

ɜɧɢɡ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɟɩɟɧɢ ɧɚɬɹɠɟɧɢɹ ɦɚɬɟɪɢɚɥɚ. 
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Ɋɢɫɭɧɨɤ 3.2- Ɏɨɬɨɝɪɚɮɢɹ ɫɢɫɬɟɦɵ ɜɚɥɨɜ 

ɇɚ ɪɢɫɭɧɤɟ 3.3 ɜɚɥ 2 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɚɥɭ 2 ɧɚ ɪɢɫɭɧɤɟ 3.2. ȼ ɢɬɨɝɟ ɜɢɞɢɦ, 

ɱɬɨ ɜɚɥ 4 ɠɟɫɬɤɨ ɫɰɟɩɥɟɧ ɫ ɜɚɥɨɦ 2, ɩɨɷɬɨɦɭ ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɜɚɥɚ 2 

ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜɨ ɜɪɚɳɚɬɟɥɶɧɨ ɞɜɢɠɟɧɢɟ ɜɚɥɚ 4. 
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Ɋɢɫɭɧɨɤ 3.3- Ɏɨɬɨɝɪɚɮɢɹ ɫɢɫɬɟɦɵ ɜɚɥɨɜ 

3.2 Кɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɞɥя ɩɨɥɭɱɟɧɢя ɨɛɪɚɬɧɨɣ ɫɜяɡɢ 

3.2.1 Ɉɛɳɟɟ ɨɩɢɫɚɧɢɟ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ 

ȼ ɩɪɟɞɵɞɭɳɟɦ ɩɨɞɪɚɡɞɟɥɟ (3.1.2) ɭɠɟ ɛɵɥɨ ɡɚɬɪɨɧɭɬɚ ɫɢɫɬɟɦɚ, ɩɪɨ 

ɤɨɬɨɪɭɸ ɫɟɣɱɚɫ ɩɨɣɞɟɬ ɪɟɱɶ. Ʉɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ, “ɬɚɧɰɨɪ” ɩɨɦɨɝɚɟɬ 

ɨɩɪɟɞɟɥɹɬɶ ɫɬɟɩɟɧɶ ɧɚɬɹɠɟɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɱɬɨ ɜ ɩɨɫɥɟɞɫɬɜɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɞɥɹ ɫɨɡɞɚɧɢɹ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ.  

Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɥɢɫɬɨɦ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ №3, ɧɚ 

ɤɨɬɨɪɨɦ ɢɡɨɛɪɚɠɟɧ ɫɛɨɪɨɱɧɵɣ ɱɟɪɬɟɠ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɢɫɬɟɦɵ. ɉɨɡɢɰɢɹ 1 

ɧɚ ɱɟɪɬɟɠɟ ɫɨɜɩɚɞɚɟɬ ɫ ɜɚɥɨɦ 4 ɧɚ ɩɪɟɞɵɞɭɳɟɣ ɮɨɬɨɝɪɚɮɢɢ, ɬɨ ɟɫɬɶ ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɫɬɟɩɟɧɢ ɧɚɬɹɠɟɧɢɹ ɛɭɦɚɠɧɨɝɨ ɩɨɥɨɬɧɚ, ɜɚɥ (ɩɨɡɢɰɢɹ 1) 

ɩɨɜɨɪɚɱɢɜɚɟɬɫɹ, ɬɚɤɠɟ ɩɨɜɨɪɚɱɢɜɚɟɬɫɹ ɡɚɤɪɟɩɥɟɧɧɨɟ ɧɚ ɧɟɦ ɤɨɥɟɫɨ 

(ɩɨɡɢɰɢɹ3). ɋɰɟɩɥɟɧɧɚɹ ɫ ɤɨɥɟɫɨɦ ɲɟɫɬɟɪɧɹ (ɩɨɡɢɰɢɹ 9), ɬɚɤɠɟ ɦɟɧɹɟɬ 

ɫɜɨɟ ɩɨɥɨɠɟɧɢɟ ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɩɨɜɨɪɚɱɢɜɚɟɬɫɹ ɢ ɩɨɬɟɧɰɢɨɦɟɬɪ.  
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3.2.2 Ɂɭɛɱɚɬɚɹ ɩɟɪɟɞɚɱɚ 

Ɂɭɛɱɚɬɚɹ ɩɟɪɟɞɚɱɚ ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɩɨɦɨɝɚɟɬ ɚɞɚɩɬɢɪɨɜɚɬɶ ɞɜɢɠɟɧɢɹ 

“ɬɚɧɰɨɪɚ” ɞɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɬɟɧɰɢɨɦɟɬɪɚ. Ȼɟɡ ɲɟɫɬɟɪɟɧ 

ɫɢɫɬɟɦɚ ɧɟ ɛɭɞɟɬ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ, ɬɚɤ ɤɚɤ ɞɢɚɩɚɡɨɧ ɞɜɢɠɟɧɢɹ “ɬɚɧɰɨɪɚ” ɨɤɨɥɨ 

45 ɝɪɚɞɭɫɨɜ, ɱɬɨ ɨɱɟɧɶ ɦɚɥɨ ɞɥɹ ɩɨɬɟɧɰɢɨɦɟɬɪɚ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɚ 

ɡɭɛɱɚɬɚɹ ɩɟɪɟɞɚɱɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɜɨɡɦɨɠɧɨ ɛɭɞɟɬ ɭɜɟɥɢɱɢɬɶ ɞɢɚɩɚɡɨɧ 

ɩɨɜɨɪɨɬɚ ɩɨɬɟɧɰɢɨɦɟɬɪɚ ɞɨ 225-270 ɝɪɚɞɭɫɨɜ, ɱɬɨ ɛɭɞɟɬ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɭɫɥɨɜɢɹɦ 

ɜɵɩɨɥɧɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ. 

ɉɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ ɨɤɨɥɨ ɩɹɬɢ, ɧɟɨɛɯɨɞɢɦɨɟ ɧɚɦ, ɹɜɥɹɟɬɫɹ ɞɨɜɨɥɶɧɨ 

ɛɨɥɶɲɢɦ. Ɍɚɤɠɟ ɦɵ ɨɝɪɚɧɢɱɟɧɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɤɚɤ ɜɢɞɧɨ ɧɚ ɫɛɨɪɨɱɧɨɦ 

ɱɟɪɬɟɠɟ, ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɨɫɢ ɜɚɥɚ (ɩɨɡɢɰɢɹ 1) 50 ɦɦ, ɩɨɷɬɨɦɭ ɤɨɥɟɫɨ 

(ɩɨɡɢɰɢɹ 4) ɞɨɥɠɧɨ ɛɵɬɶ ɦɟɧɟɟ 100 ɦɢɥɥɢɦɟɬɪɨɜ. ɍɱɢɬɵɜɚɹ, ɜɫɟ ɷɬɢ ɮɚɤɬɵ 

ɫɢɬɭɚɰɢɹ ɫɜɨɞɢɬɫɹ ɤ ɬɨɦɭ, ɱɬɨ ɩɨɞɨɛɪɚɬɶ ɡɭɛɱɚɬɭɸ ɩɟɪɟɞɚɱɭ ɢɡ ɫɬɚɧɞɚɪɬɧɨɝɨ 

ɪɹɞɚ ɨɤɚɡɚɥɨɫɶ ɧɟɜɨɡɦɨɠɧɵɦ. ɉɨɷɬɨɦɭ ɡɭɛɱɚɬɚɹ ɩɟɪɟɞɚɱɚ ɛɵɥɚ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɚ 

ɢ ɪɚɡɪɚɛɨɬɚɧɚ - ɟɟ 3D ɦɨɞɟɥɶ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɵ Ʉɨɦɩɚɫ 3D. 
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Ɋɢɫɭɧɨɤ 3.4- ɉɚɪɚɦɟɬɪɵ ɪɚɫɱɟɬɚ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ 
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ɉɨɞɨɛɪɚɧɧɨɟ ɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɡɭɛɶɟɜ ɤɨɥɟɫɚ ɢ ɲɟɫɬɟɪɧɢ 97/18=5.389 

ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ. 

 

Ɋɢɫɭɧɨɤ 3.5 – ȼɢɡɭɚɥɢɡɚɰɢɹ ɡɚɰɟɩɥɟɧɢɹ 

Ɋɚɫɱɟɬɵ ɩɟɪɟɞɚɱɢ (ɪɢɫɭɧɨɤ 3.4) ɢ ɜɢɡɭɚɥɢɡɚɰɢɹ ɡɚɰɟɩɥɟɧɢɹ (ɪɢɫɭɧɨɤ 3.5) 

ɩɨɤɚɡɵɜɚɸɬ ɧɚɦ, ɱɬɨ ɞɚɧɧɚɹ ɩɟɪɟɞɚɱɚ ɢɡ ɪɚɫɫɱɢɬɚɧɧɵɯ ɡɭɛɱɚɬɵɯ ɤɨɥɟɫ ɛɭɞɟɬ 

ɢɫɩɪɚɜɧɨ ɪɚɛɨɬɚɬɶ. ȼ ɢɬɨɝɟ ɦɵ ɩɨɥɭɱɚɟɦ ɡɧɚɱɟɧɢɹ (ɪɢɫɭɧɨɤ 3.6), ɩɨ ɤɨɬɨɪɵɦ 

ɫɬɪɨɢɦ 3D ɦɨɞɟɥɶ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɩɟɪɟɞɚɱɢ. 
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Ɋɢɫɭɧɨɤ 3.6 - ɉɚɪɚɦɟɬɪɵ ɡɭɛɱɚɬɵɯ ɤɨɥɟɫ 

 

Ɋɢɫɭɧɨɤ 3.7 - 3D ɦɨɞɟɥɶ ɤɨɥɟɫɚ 
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Ɋɢɫɭɧɨɤ 3.8 - 3D ɦɨɞɟɥɶ ɲɟɫɬɟɪɧɢ 

ɂɡɝɨɬɨɜɢɬɶ ɢɡ ɦɟɬɚɥɥɚ ɞɚɧɧɵɟ ɞɟɬɚɥɢ ɨɤɚɡɚɥɨɫɶ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ ɢ ɧɟ 

ɫɬɨɥɶ ɧɟɨɛɯɨɞɢɦɨɣ, ɩɨɷɬɨɦɭ ɡɭɛɱɚɬɚɹ ɩɟɪɟɞɚɱɚ ɛɵɥɚ ɢɡɝɨɬɨɜɥɟɧɚ ɢɡ ɩɥɚɫɬɦɚɫɫɵ 

ɧɚ 3D ɩɪɢɧɬɟɪɟ. 

3.3 Ɋɟɡɭɥɶɬɚɬ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢя ɢ ɫɛɨɪɤɢ ɫɢɫɬɟɦɵ 

ɉɨɫɥɟ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɩɪɢɨɛɪɟɬɟɧɢɹ ɜɫɟɯ ɞɟɬɚɥɟɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ 

ɦɨɧɬɚɠɚ ɫɢɫɬɟɦɵ, ɛɵɥɚ ɨɫɭɳɟɫɬɜɥɟɧɚ ɟɟ ɫɛɨɪɤɚ. ɇɚ ɪɢɫɭɧɤɚɯ 3.9 ɢ 3.10 

ɢɡɨɛɪɚɠɟɧɵ ɮɨɬɨɝɪɚɮɢɢ ɫɨɛɪɚɧɧɨɣ ɫɢɫɬɟɦɵ. ɋɩɪɨɟɤɬɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ 

ɮɭɧɤɰɢɨɧɢɪɭɟɬ, ɜɪɚɳɟɧɢɟ ɩɨɬɟɧɰɢɨɦɟɬɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɥɚɜɧɨ, ɩɪɨɱɧɨɫɬɢ 

ɩɥɚɫɬɦɚɫɫɨɜɨɣ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ ɩɪɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɜɵɞɟɪɠɢɜɚɧɢɹ ɧɚɝɪɭɡɤɢ, 

ɨɤɚɡɵɜɚɟɦɨɣ ɧɚ ɧɟɟ. 
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Ɋɢɫɭɧɨɤ 3.9 - Ɏɨɬɨɝɪɚɮɢɹ ɫɢɫɬɟɦɵ (ɜɢɞ ɫɥɟɜɚ) 

 

Ɋɢɫɭɧɨɤ 3.10 – Ɏɨɬɨɝɪɚɮɢɹ ɫɢɫɬɟɦɵ (ɝɥɚɜɧɵɣ ɜɢɞ) 
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4 ɋɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɚя ɩɪɢɧɰɢɩɢɚɥɶɧɚя  

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɭɫɬɪɨɣɫɬɜɚ ɫɦɨɬɤɢ 

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.1: 

 

Ɋɢɫɭɧɨɤ 4.1 - ɋɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ 

ɑɟɪɟɡ ɤɥɟɦɦɵ R(L1), S(L2), T(L3) ɧɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ ɩɨɞɚɟɬɫɹ 

ɜɯɨɞɧɨɟ ɬɪɟɯɮɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ U=380ȼ ɢ ɱɚɫɬɨɬɨɣ ɪɚɜɧɨɣ 50 Ƚɰ ɢɡ ɫɟɬɢ. ɉɟɪɟɞ 
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ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɩɨɞɤɥɸɱɚɟɬɫɹ ɚɜɬɨɦɚɬ ɡɚɳɢɬɵ ɞɜɢɝɚɬɟɥɹ ɧɚ 6 Ⱥɦɩɟɪ(QFK1), 

ɬɚɤ ɤɚɤ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɩɢɬɚɧɢɹ ɩɨɬɪɟɛɥɹɟɬ ɛɨɥɶɲɨɣ ɬɨɤ. Ʉɚɤ 

ɛɵɥɨ ɫɤɚɡɚɧɨ ɞɨ ɷɬɨɝɨ, ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɩɨɬɟɧɰɢɨɦɟɬɪ R1 

(ɩɨɡɢɰɢɹ 5) ɧɚ ɫɛɨɪɨɱɧɨɦ ɱɟɪɬɟɠɟ. Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤ ɧɟɦɭ 

ɩɨɞɤɥɸɱɚɟɬɫɹ ɜɬɨɪɨɣ ɩɨɬɟɧɰɢɨɦɟɬɪ, ɤɨɬɨɪɵɣ ɫɨɟɞɢɧɟɧ ɫ ɤɥɟɦɦɚɦɢ ɡɚɞɚɧɢɹ 

ɨɩɨɪɧɨɣ ɱɚɫɬɨɬɵ VR+ ɢ V1. Ɍɨ ɟɫɬɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɥɨɠɟɧɢɹ ɩɨɬɟɧɰɢɨɦɟɬɪɚ 

ɧɚ ɤɥɟɦɦɵ ɩɨɞɚɟɬɫɹ ɪɚɡɥɢɱɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɢɫɯɨɞɹ ɢɡ ɤɨɬɨɪɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 

ɩɨɞɚɟɬ ɩɢɬɚɧɢɟ ɧɚ ɞɜɢɝɚɬɟɥɶ. ȼɬɨɪɨɣ ɩɨɬɟɧɰɢɨɦɟɬɪ R2, ɩɨɞɤɥɸɱɟɧɧɵɣ ɤ R1, 

ɜɵɩɨɥɧɹɟɬ ɪɨɥɶ ɜɨɡɦɨɠɧɨɣ ɪɟɝɭɥɢɪɨɜɤɢ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɩɟɪɚɬɨɪ ɦɨɝ 

ɩɨɞɫɬɪɨɢɬɶ ɪɚɛɨɬɭ ɫɢɫɬɟɦɵ, ɧɟ ɢɡɦɟɧɹɹ ɧɚɫɬɪɨɣɤɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɜ ɫɥɭɱɚɹɯ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨ ɩɥɨɬɧɨɫɬɢ, ɥɢɛɨ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ 

ɩɨɞɚɱɢ ɦɚɬɟɪɢɚɥɚ ɧɚ ɫɬɚɧɤɟ. Ɍɚɤɠɟ ɤ ɤɥɟɦɦɚɦ ɭɩɪɚɜɥɟɧɢɹ CM ɢ P1 

ɩɨɞɫɨɟɞɢɧɟɧɚ ɤɧɨɩɤɚ ɞɥɹ ɡɚɩɭɫɤɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɜ ɞɚɧɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ. ɇɚ 

ɪɢɫɭɧɤɟ 4.2 ɢɡɨɛɪɚɠɟɧɚ ɩɚɧɟɥɶ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɨɩɟɪɚɬɨɪɚ, ɜɵɜɟɞɟɧɧɚɹ ɧɚ 

ɭɫɬɚɧɨɜɤɭ, ɱɬɨɛɵ ɟɦɭ ɧɟ ɩɪɢɯɨɞɢɥɨɫɶ ɨɬɤɪɵɜɚɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɲɤɚɮ. 

 

Ɋɢɫɭɧɨɤ 4.2 – ɉɚɧɟɥɶ ɭɩɪɚɜɥɟɧɢɹ ɨɩɟɪɚɬɨɪɚ 

Ⱦɜɢɝɚɬɟɥɶ ɩɨɞɫɨɟɞɢɧɟɧ ɤ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɸ ɱɚɫɬɨɬɵ ɱɟɪɟɡ ɤɥɟɦɦɵ ɜɵɯɨɞɚ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ (U, V, W). Ɍɚɤɠɟ ɤ ɜɵɯɨɞɭ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɨɞɫɨɟɞɢɧɹɟɬɫɹ 

ɬɨɪɦɨɡɧɨɣ ɪɟɡɢɫɬɨɪ ɱɟɪɟɡ ɤɥɟɦɦɵ P+, B. 
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5 Вɟɤɬɨɪɧɨɟ ɭɩɪаɜɥɟɧиɟ  

5.1 ɋɩɨɫɨɛɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

ɫ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ ɪɨɬɨɪɨɦ 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 

          n = nଵሺ1 − sሻ (5.1) 

ɋɩɨɫɨɛɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, 

ɢɫɯɨɞɹ ɢɡ ɜɵɪɚɠɟɧɢɹ 5.1 ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɞɜɚ ɤɥɚɫɫɚ: 

1) ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɩɟɪɜɢɱɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, 

ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ: nଵ = fభp                                                                                                                           (5.2) 

ɱɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɥɢɛɨ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɩɟɪɜɢɱɧɨɣ ɱɚɫɬɨɬɵ f1, ɥɢɛɨ 

ɢɡɦɟɧɟɧɢɟɦ ɱɢɫɥɚ ɩɚɪ ɩɨɥɸɫɨɜ p ɞɜɢɝɚɬɟɥɹ; 

2) Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɫɤɨɥɶɠɟɧɢɹ ɞɜɢɝɚɬɟɥɹ s ɩɪɢ n1 = const. ȼ ɩɟɪɜɨɦ 

ɫɥɭɱɚɟ ɄɉȾ ɞɜɢɝɚɬɟɥɹ ɨɫɬɚɟɬɫɹ ɜɵɫɨɤɢɦ, ɚ ɜɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɄɉȾ ɫɧɢɠɚɟɬɫɹ 

ɬɟɦ ɛɨɥɶɲɟ, ɱɟɦ ɛɨɥɶɲɟ s, ɬɚɤ ɤɚɤ ɩɪɢ ɷɬɨɦ ɦɨɳɧɨɫɬɶ ɫɤɨɥɶɠɟɧɢɹ ɬɟɪɹɟɬɫɹ ɜɨ 

ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ ɞɜɢɝɚɬɟɥɹ:Pୱ = sPэм                                                                                                    (5.3) 

5.1.1 Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɢɡɦɟɧɟɧɢɟɦ ɩɟɪɜɢɱɧɨɣ ɱɚɫɬɨɬɵ 

(ɱɚɫɬɨɬɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ) 

Ⱦɚɧɧɵɣ ɜɢɞ ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟɧɢɹ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɫ ɪɟɝɭɥɢɪɭɟɦɨɣ 

ɱɚɫɬɨɬɨɣ (ɫɢɧɯɪɨɧɧɵɟ ɝɟɧɟɪɚɬɨɪɵ ɫ ɩɟɪɟɦɟɧɧɨɣ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ, ɢɨɧɧɵɟ ɢɥɢ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ ɢ ɞɪ.). ɉɨɷɬɨɦɭ ɷɬɨɬ ɫɩɨɫɨɛ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɜ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɞɥɹ ɰɟɥɵɯ ɝɪɭɩɩ 

ɞɜɢɝɚɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɵɲɚɬɶ (n>3000 ɨɛ/ɦɢɧ) ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 

(ɧɚɩɪɢɦɟɪ, ɪɭɱɧɨɣ ɦɟɬɚɥɥɨɨɛɪɚɛɚɬɵɜɚɸɳɢɣ ɢɧɫɬɪɭɦɟɧɬ, ɧɟɤɨɬɨɪɵɟ ɦɟɯɚɧɢɡɦɵ 

ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɞɪ.). ɋ ɪɚɡɜɢɬɢɟɦ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ ɜɫɟ ɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ 
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ɫɬɚɧɨɜɢɬɫɹ ɢɧɞɢɜɢɞɭɚɥɶɧɨɟ ɱɚɫɬɨɬɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 

ɞɜɢɝɚɬɟɥɟɣ[8]. 

ȿɫɥɢ ɩɪɟɧɟɛɪɟɱɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɦ ɩɚɞɟɧɢɟɦ ɧɚɩɪɹɠɟɧɢɹ ɜ 

ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɬɨ Uଵ = Eଵ = 4,44fଵwଵkобଵΦδ                                                                     (5.4) 

ɋɭɳɟɫɬɜɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɩɨɬɨɤɚ Ɏδ ɩɪɢ ɪɟɝɭɥɢɪɨɜɚɧɢɢ n ɧɟɠɟɥɚɬɟɥɶɧɨ, 

ɬɚɤ ɤɚɤ Ɏδ, ɩɪɟɜɵɲɚɸɳɢɣ ɧɨɪɦɚɥɶɧɵɣ, ɜɵɡɵɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɧɚɫɵɳɟɧɢɹ 

ɦɚɝɧɢɬɧɨɣ ɰɟɩɢ ɢ ɫɢɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɧɚɦɚɝɧɢɱɢɜɚɸɳɟɝɨ ɬɨɤɚ, ɚ ɭɦɟɧɶɲɟɧɢɟ 

Ɏδ ɜɵɡɵɜɚɟɬ ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɚɲɢɧɵ, ɭɦɟɧɶɲɟɧɢɟ ɩɟɪɟɝɪɭɡɨɱɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɭɜɟɥɢɱɟɧɢɟ ɬɨɤɚ I2 ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ ɡɧɚɱɟɧɢɢ M. ɉɨɷɬɨɦɭ ɜ 

ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɨɞɞɟɪɠɢɜɚɬɶ Ɏδ = const. ɉɪɢ ɷɬɨɦ ɢɡ 

ɫɨɨɬɧɨɲɟɧɢɹ (5.4) ɫɥɟɞɭɟɬ, ɱɬɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɱɚɫɬɨɬɵ 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɟɣ ɢɡɦɟɧɹɬɶ ɧɚɩɪɹɠɟɧɢɟ, ɬɨ ɟɫɬɶ ɩɨɞɞɟɪɠɢɜɚɬɶ 

ɨɬɧɨɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɤ ɱɚɫɬɨɬɟ ɩɨɫɬɨɹɧɧɵɦ: Uభfభ = const                                                                                                 (5.5) 

Ɉɬɫɬɭɩɥɟɧɢɟ ɨɬ ɷɬɨɝɨ ɩɪɚɜɢɥɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɬɨɥɶɤɨ ɜ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ Mɫɬ 

ɛɵɫɬɪɨ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɭɦɟɧɶɲɟɧɢɟɦ n (ɧɚɩɪɢɦɟɪ, ɜ ɩɪɢɜɨɞɚɯ ɜɟɧɬɢɥɹɬɨɪɨɜ, 

ɤɨɝɞɚ Mɫɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ n2). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɛɨɥɟɟ ɛɵɫɬɪɨɟ ɭɦɟɧɶɲɟɧɢɟ U1 ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ f1 ɭɥɭɱɲɚɟɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɞɜɢɝɚɬɟɥɹ (cos φ ɢ ɄɉȾ), ɢ 

ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɭɦɟɧɶɲɟɧɢɟ Mm ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɧɟ 

ɨɩɚɫɧɨ. [8] 

5.1.2 Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɢɡɦɟɧɟɧɢɟɦ ɱɢɫɥɚ ɩɚɪ ɩɨɥɸɫɨɜ 

ȿɳɟ ɨɞɢɧ ɫɩɨɫɨɛ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɚɫɢɧɯɪɨɧɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ ɫ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ ɪɨɬɨɪɨɦ, ɱɢɫɥɨ ɩɨɥɸɫɨɜ ɢɡɦɟɧɹɟɬɫɹ ɬɨɥɶɤɨ ɞɥɹ 

ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ. ȿɫɬɶ ɞɜɚ ɫɩɨɫɨɛɚ ɢɡɦɟɧɟɧɢɹ ɱɢɫɥɚ ɩɚɪ ɩɨɥɸɫɨɜ: 

- ɩɪɢɦɟɧɟɧɢɟ ɧɚ ɫɬɚɬɨɪɟ ɧɟɫɤɨɥɶɤɢɯ ɨɛɦɨɬɨɤ, ɤɨɬɨɪɵɟ ɭɥɨɠɟɧɵ ɜ ɨɛɳɢɯ 

ɩɚɡɚɯ ɢ ɢɦɟɸɬ ɪɚɡɧɵɟ ɱɢɫɥɚ ɩɚɪ ɩɨɥɸɫɨɜ p; 

- ɩɪɢɦɟɧɟɧɢɟ ɨɛɦɨɬɤɢ ɫɩɟɰɢɚɥɶɧɨɝɨ ɬɢɩɚ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 

ɪɚɡɥɢɱɧɵɟ ɡɧɚɱɟɧɢɹ p ɢɡɦɟɧɟɧɢɟɦ (ɩɟɪɟɤɥɸɱɟɧɢɟɦ) ɫɯɟɦɵ ɫɨɟɞɢɧɟɧɢɣ ɨɛɦɨɬɤɢ. 
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ɉɪɟɞɥɨɠɟɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɫɯɟɦ ɨɛɦɨɬɨɤ ɫ 

ɩɟɪɟɤɥɸɱɟɧɢɟɦ ɱɢɫɥɚ ɩɨɥɸɫɨɜ, ɨɞɧɚɤɨ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ 

ɬɨɥɶɤɨ ɧɟɤɨɬɨɪɵɟ. ɉɪɢɦɟɧɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɨɛɦɨɬɨɤ ɧɟɜɵɝɨɞɧɨ, ɬɚɤ ɤɚɤ ɩɪɢ ɷɬɨɦ 

ɢɡ-ɡɚ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɦɟɫɬɚ ɜ ɩɚɡɚɯ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɧɢɤɨɜ ɤɚɠɞɨɣ ɢɡ ɨɛɦɨɬɨɤ 

ɧɭɠɧɨ ɭɦɟɧɶɲɢɬɶ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɛɦɨɬɨɤ ɫ ɩɟɪɟɤɥɸɱɟɧɢɟɦ ɱɢɫɥɚ ɩɨɥɸɫɨɜ ɜɵɡɵɜɚɟɬ ɭɫɥɨɠɧɟɧɢɟ 

ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɟɫɥɢ ɫ ɩɨɦɨɳɶɸ ɨɞɧɨɣ ɨɛɦɨɬɤɢ 

ɠɟɥɚɸɬ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɞɜɭɯ ɱɚɫɬɨɬ ɜɪɚɳɟɧɢɹ ɢɥɢ ɞɜɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, 

ɨɬɧɨɲɟɧɢɟ ɤɨɬɨɪɵɯ ɧɟ ɪɚɜɧɨ ɞɜɭɦ. [8] 

Ⱦɜɢɝɚɬɟɥɢ ɫ ɢɡɦɟɧɟɧɢɟɦ ɱɢɫɥɚ ɩɚɪ ɩɨɥɸɫɨɜ ɧɚɡɵɜɚɸɬɫɹ 

ɦɧɨɝɨɫɤɨɪɨɫɬɧɵɦɢ. Ɉɧɢ ɨɛɵɱɧɨ ɜɵɩɭɫɤɚɸɬɫɹ ɧɚ 2, 3 ɢɥɢ 4 ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, 

ɩɪɢɱɟɦ ɞɜɭɯɫɤɨɪɨɫɬɧɵɟ ɞɜɢɝɚɬɟɥɢ ɢɡɝɨɬɨɜɥɹɸɬɫɹ ɫ ɨɞɧɨɣ ɨɛɦɨɬɤɨɣ ɧɚ ɫɬɚɬɨɪɟ 

ɢ ɫ ɩɟɪɟɤɥɸɱɟɧɢɟ ɱɢɫɥɚ ɩɚɪ ɩɨɥɸɫɨɜ ɜ ɨɬɧɨɲɟɧɢɢ p2 : p1 = 2 : 1, ɬɪɟɯɫɤɨɪɨɫɬɧɵɟ 

ɞɜɢɝɚɬɟɥɢ — ɫ ɞɜɭɦɹ ɨɛɦɨɬɤɚɦɢ ɧɚ ɫɬɚɬɨɪɟ, ɢɡ ɤɨɬɨɪɵɯ ɨɞɧɚ ɜɵɩɨɥɧɹɟɬɫɹ ɫ 

ɩɟɪɟɤɥɸɱɟɧɢɟɦ p2 : p1 = 2 : 1, ɱɟɬɵɪɟɯɫɤɨɪɨɫɬɧɵɟ ɞɜɢɝɚɬɟɥɢ — ɫ ɞɜɭɦɹ 

ɨɛɦɨɬɤɚɦɢ ɧɚ ɫɬɚɬɨɪɟ, ɤɚɠɞɚɹ ɢ ɡ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɩɟɪɟɤɥɸɱɟɧɢɟɦ ɱɢɫɥɚ 

ɩɨɥɸɫɨɜ ɜ ɨɬɧɨɲɟɧɢɢ 2 : 1. 

5.2 Чаɫɬɨɬɧɨɟ ɭɩɪаɜɥɟɧиɟ аɫиɧхɪɨɧɧыɦ эɥɟɤɬɪɨɞɜиɝаɬɟɥɟɦ 

ɋɨɜɪɟɦɟɧɧɵɣ ɱɚɫɬɨɬɧɨ-ɪɟɝɭɥɢɪɭɟɦɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɲɢɪɨɤɨɝɨ 

ɩɪɢɦɟɧɟɧɢɹ ɫɨɫɬɨɢɬ ɢɡ ɚɫɢɧɯɪɨɧɧɨɝɨ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɢ 

ɫɬɚɬɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɫɨ ɡɜɟɧɨɦ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. 

ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ ɢɡ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɜɟɧɚ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 

ɮɨɪɦɢɪɭɟɬ ɧɚɩɪɹɠɟɧɢɟ, ɩɟɪɟɦɟɧɧɨɟ ɩɨ ɱɚɫɬɨɬɟ ɢ ɚɦɩɥɢɬɭɞɟ. ɂɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ 

ɧɚɩɪɹɠɟɧɢɹ ɢ ɟɝɨ ɚɦɩɥɢɬɭɞɵ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 

ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫɬɚɬɨɪɚ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɤ ɢɡɦɟɧɟɧɢɸ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɜɚɥɚ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɤɨɧɵ ɱɚɫɬɨɬɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɦ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ ɞɜɢɝɚɬɟɥɟɦ: 

- ɫɤɚɥɹɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ; 

- ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ; 
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- ɩɪɹɦɨɟ ɭɩɪɚɜɥɟɧɢɟ ɦɨɦɟɧɬɨɦ. 

Ɉɛɵɱɧɨ ɫɨɜɪɟɦɟɧɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɪɟɚɥɢɡɨɜɚɬɶ ɧɟɫɤɨɥɶɤɨ ɡɚɤɨɧɨɜ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ, ɞɥɹ ɷɬɨɝɨ ɜ ɧɢɯ 

ɡɚɥɨɠɟɧɨ ɩɪɨɝɪɚɦɦɧɨɟ ɩɟɪɟɤɥɸɱɟɧɢɟ ɢɡɜɟɫɬɧɵɯ ɡɚɤɨɧɨɜ. ɇɚɢɛɨɥɶɲɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɚɫɢɧɯɪɨɧɧɵɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɫɨ ɫɤɚɥɹɪɧɵɦ 

ɭɩɪɚɜɥɟɧɢɟɦ. ȿɝɨ ɢɫɩɨɥɶɡɭɸɬ ɜ ɩɪɢɜɨɞɚɯ ɤɨɦɩɪɟɫɫɨɪɨɜ, ɜɟɧɬɢɥɹɬɨɪɨɜ, ɧɚɫɨɫɨɜ 

ɢ ɩɪɨɱɢɯ ɦɟɯɚɧɢɡɦɨɜ ɜ ɤɨɬɨɪɵɯ ɧɟɨɛɯɨɞɢɦɨ ɭɞɟɪɠɢɜɚɬɶ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ 

ɭɪɨɜɧɟ ɢɥɢ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ (ɩɪɢɦɟɧɹɟɬɫɹ ɞɚɬɱɢɤ 

ɫɤɨɪɨɫɬɢ), ɥɢɛɨ ɤɚɤɨɝɨ-ɬɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɚɪɚɦɟɬɪɚ (ɤ ɩɪɢɦɟɪɭ, ɞɚɜɥɟɧɢɟ ɜ 

ɬɪɭɛɨɩɪɨɜɨɞɟ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɞɚɬɱɢɤɚ). 

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɫɤɚɥɹɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ - 

ɚɦɩɥɢɬɭɞɚ ɢ ɱɚɫɬɨɬɚ ɩɢɬɚɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢɡɦɟɧɹɸɬɫɹ ɩɨ ɡɚɤɨɧɭ U/f^n=const, 

ɝɞɟ n≥1. Ɍɨ, ɤɚɤ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɞɚɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ, 

ɡɚɜɢɫɢɬ ɨɬ ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɧɚɝɪɭɡɤɨɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞɭ. Ʉɚɤ ɩɪɚɜɢɥɨ, 

ɜ ɤɚɱɟɫɬɜɟ ɧɟɡɚɜɢɫɢɦɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɜɵɫɬɭɩɚɟɬ ɱɚɫɬɨɬɚ, ɚ ɧɚɩɪɹɠɟɧɢɟ ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɱɚɫɬɨɬɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɢɞɨɦ ɦɟɯɚɧɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɚ 

ɬɚɤɠɟ ɡɧɚɱɟɧɢɹɦɢ ɤɪɢɬɢɱɟɫɤɨɝɨ ɢ ɩɭɫɤɨɜɨɝɨ ɦɨɦɟɧɬɨɜ. 

Ȼɥɚɝɨɞɚɪɹ ɫɤɚɥɹɪɧɨɦɭ ɭɩɪɚɜɥɟɧɢɸ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɨɫɬɨɹɧɧɚɹ 

ɩɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɧɟɡɚɜɢɫɹɳɚɹ ɨɬ ɱɚɫɬɨɬɵ 

ɧɚɩɪɹɠɟɧɢɹ, ɢ ɜɫɟ ɠɟ ɩɪɢ ɞɨɜɨɥɶɧɨ ɧɢɡɤɢɯ ɱɚɫɬɨɬɚɯ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɦɨɦɟɧɬɚ, ɪɚɡɜɢɜɚɟɦɨɝɨ ɞɜɢɝɚɬɟɥɟɦ. Ɇɚɤɫɢɦɚɥɶɧɨɟ 

ɡɧɚɱɟɧɢɟ ɞɢɚɩɚɡɨɧɚ ɫɤɚɥɹɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɜɨɡɦɨɠɧɨ 

ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɛɟɡ ɩɨɬɟɪɢ ɦɨɦɟɧɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɟɬ 1:10. 

ɋɤɚɥɹɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɚɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ ɞɨɜɨɥɶɧɨ ɩɪɨɫɬɨ 

ɪɟɚɥɢɡɭɟɬɫɹ, ɧɨ ɜɫɟ ɠɟ ɢɦɟɸɬɫɹ ɞɜɚ ɡɧɚɱɢɬɟɥɶɧɵɯ ɧɟɞɨɫɬɚɬɤɚ. ȼɨ-ɩɟɪɜɵɯ, ɟɫɥɢ 

ɧɚ ɜɚɥɭ ɧɟ ɭɫɬɚɧɨɜɥɟɧ ɞɚɬɱɢɤ ɫɤɨɪɨɫɬɢ, ɬɨ ɧɟɜɨɡɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ 

ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɜɚɥɚ, ɩɨɫɤɨɥɶɤɭ ɨɧɚ ɡɚɜɢɫɢɬ ɨɬ 

ɜɨɡɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɧɚɝɪɭɡɤɢ. ɍɫɬɚɧɨɜɤɚ ɞɚɬɱɢɤɚ ɫɤɨɪɨɫɬɢ ɫ 

ɥɟɝɤɨɫɬɶɸ ɪɟɲɚɟɬ ɞɚɧɧɭɸ ɩɪɨɛɥɟɦɭ, ɧɨ ɟɳɟ ɨɞɧɢɦ ɡɧɚɱɢɬɟɥɶɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ 
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ɨɫɬɚɟɬɫɹ – ɨɬɫɭɬɫɬɜɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɡɧɚɱɟɧɢɹ ɦɨɦɟɧɬɚ ɧɚ ɜɚɥɭ 

ɞɜɢɝɚɬɟɥɹ. Ɇɨɠɧɨ, ɤɨɧɟɱɧɨ, ɭɫɬɚɧɨɜɢɬɶ ɞɚɬɱɢɤ ɦɨɦɟɧɬɚ, ɧɨ ɫɬɨɢɦɨɫɬɶ ɩɨɞɨɛɧɵɯ 

ɞɚɬɱɢɤɨɜ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɟɜɵɲɚɟɬ ɫɬɨɢɦɨɫɬɶ ɫɚɦɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. ɉɪɢɱɟɦ, 

ɞɚɠɟ ɟɫɥɢ ɭɫɬɚɧɨɜɢɬɶ ɞɚɬɱɢɤ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ, ɬɨ ɩɪɨɰɟɫɫ ɭɩɪɚɜɥɟɧɢɹ ɷɬɢɦ 

ɫɚɦɵɦ ɦɨɦɟɧɬɨɦ ɨɤɚɠɟɬɫɹ ɧɟɜɟɪɨɹɬɧɨ ɢɧɟɪɰɢɨɧɧɵɦ. ȿɳɟ ɨɞɧɨ «ɧɨ» - ɫɤɚɥɹɪɧɨɟ 

ɭɩɪɚɜɥɟɧɢɟ ɚɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɟɦ, ɱɬɨ ɧɟɜɨɡɦɨɠɧɨ 

ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɢ ɦɨɦɟɧɬɚ, ɩɨɷɬɨɦɭ 

ɩɪɢɯɨɞɢɬɫɹ ɨɫɭɳɟɫɬɜɥɹɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɬɨɣ ɜɟɥɢɱɢɧɵ, ɤɨɬɨɪɚɹ ɜ ɞɚɧɧɵɣ 

ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɧɚɢɛɨɥɟɟ ɜɚɠɧɚ ɜ ɫɢɥɭ ɭɫɥɨɜɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 

Ⱦɚɛɵ ɭɫɬɪɚɧɢɬɶ ɧɟɞɨɫɬɚɬɤɢ, ɤɨɬɨɪɵɦɢ ɨɛɥɚɞɚɟɬ ɫɤɚɥɹɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ 

ɞɜɢɝɚɬɟɥɟɦ, ɟɳɟ ɜ 71-ɦ ɝɨɞɭ ɩɪɨɲɥɨɝɨ ɜɟɤɚ ɤɨɦɩɚɧɢɟɣ SIEMENS ɛɵɥɨ 

ɩɪɟɞɥɨɠɟɧɨ ɜɧɟɞɪɟɧɢɟ ɦɟɬɨɞɚ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɟɦ. ȼ ɩɟɪɜɵɯ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɯ ɫ ɜɟɤɬɨɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɜɢɝɚɬɟɥɢ, ɜ 

ɤɨɬɨɪɵɯ ɛɵɥɢ ɜɫɬɪɨɟɧɵ ɞɚɬɱɢɤɢ ɩɨɬɨɤɚ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɨɝɪɚɧɢɱɢɜɚɥɨ ɨɛɥɚɫɬɶ 

ɩɪɢɦɟɧɟɧɢɹ ɩɨɞɨɛɧɵɯ ɩɪɢɜɨɞɨɜ. ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɞɜɢɝɚɬɟɥɹ, 

ɩɨɡɜɨɥɹɸɳɭɸ ɪɚɫɫɱɢɬɚɬɶ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɢ ɦɨɦɟɧɬ ɜɚɥɚ. ɉɪɢɱɟɦ ɜ ɤɚɱɟɫɬɜɟ 

ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɬɱɢɤɨɜ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɬɨɥɶɤɨ ɞɚɬɱɢɤɢ ɬɨɤɚ ɮɚɡ ɫɬɚɬɨɪɚ 

ɞɜɢɝɚɬɟɥɹ. ɋɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɟɡɚɜɢɫɢɦɨɫɬɶ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɛɟɡɵɧɟɪɰɢɨɧɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ – ɦɨɦɟɧɬ ɜɚɥɚ ɢ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɜɚɥɚ. [9] 

Ʉ ɫɟɝɨɞɧɹɲɧɟɦɭ ɞɧɸ ɫɮɨɪɦɢɪɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɫɢɫɬɟɦɵ ɜɟɤɬɨɪɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ: 

- ɛɟɡɞɚɬɱɢɤɨɜɵɟ – ɧɚ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ ɨɬɫɭɬɫɬɜɭɟɬ ɞɚɬɱɢɤ ɫɤɨɪɨɫɬɢ; 

- ɫɢɫɬɟɦɵ, ɢɦɟɸɳɢɟ ɨɛɪɚɬɧɭɸ ɫɜɹɡɶ ɩɨ ɫɤɨɪɨɫɬɢ. 

ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɨɜ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɨɛɥɚɫɬɢ 

ɩɪɢɦɟɧɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. ȿɫɥɢ ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɹ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɧɟ 

ɩɪɟɜɵɲɚɟɬ 1:100, ɚ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɬɨɱɧɨɫɬɢ, ɤɨɥɟɛɥɸɬɫɹ ɜ 

ɩɪɟɞɟɥɚɯ ±1,5%, ɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɟɡɞɚɬɱɢɤɨɜɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ. ȿɫɥɢ 

ɢɡɦɟɪɟɧɢɟ ɫɤɨɪɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɞɨɫɬɢɝɚɸɳɢɯ ɡɧɚɱɟɧɢɣ 1:10000 
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ɢ ɛɨɥɶɲɟ, ɚ ɭɪɨɜɟɧɶ ɬɨɱɧɨɫɬɢ ɞɨɥɠɟɧ ɛɵɬɶ ɞɨɜɨɥɶɧɨ ɜɵɫɨɤɢɦ (±0,2% ɩɪɢ 

ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɧɢɠɟ 1 Ƚɰ), ɢɥɢ ɠɟ ɧɟɨɛɯɨɞɢɦɨ ɩɨɡɢɰɢɨɧɢɪɨɜɚɬɶ ɜɚɥ ɢɥɢ 

ɨɫɭɳɟɫɬɜɥɹɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɦɨɦɟɧɬɚ ɧɚ ɜɚɥɭ ɩɪɢ ɧɢɡɤɢɯ ɱɚɫɬɨɬɚɯ ɜɪɚɳɟɧɢɹ, ɬɨ 

ɩɪɢɦɟɧɹɟɬɫɹ ɫɢɫɬɟɦɚ, ɢɦɟɸɳɚɹ ɨɛɪɚɬɧɭɸ ɫɜɹɡɶ ɩɨ ɫɤɨɪɨɫɬɢ. 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɜɟɤɬɨɪɧɨɝɨ ɦɟɬɨɞɚ ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ: 

1) ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɬɨɱɧɨɫɬɢ ɩɪɢ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɜɚɥɚ, 

ɧɟɫɦɨɬɪɹ ɞɚɠɟ ɧɚ ɜɨɡɦɨɠɧɨɟ ɨɬɫɭɬɫɬɜɢɟ ɞɚɬɱɢɤɚ ɫɤɨɪɨɫɬɢ; 

2) ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɧɚ ɦɚɥɵɯ ɱɚɫɬɨɬɚɯ ɩɪɨɢɫɯɨɞɢɬ 

ɛɟɡ ɪɵɜɤɨɜ, ɩɥɚɜɧɨ; 

3) ɟɫɥɢ ɭɫɬɚɧɨɜɥɟɧ ɞɚɬɱɢɤ ɫɤɨɪɨɫɬɢ, ɬɨ ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɧɨɦɢɧɚɥɶɧɨɝɨ 

ɡɧɚɱɟɧɢɹ ɦɨɦɟɧɬɚ ɧɚ ɜɚɥɭ ɞɚɠɟ ɩɪɢ ɧɭɥɟɜɨɦ ɡɧɚɱɟɧɢɢ ɫɤɨɪɨɫɬɢ; 

4) ɛɵɫɬɪɨɟ ɪɟɚɝɢɪɨɜɚɧɢɟ ɧɚ ɜɨɡɦɨɠɧɨɟ ɢɡɦɟɧɟɧɢɟ ɧɚɝɪɭɡɤɢ – ɪɟɡɤɢɟ 

ɫɤɚɱɤɢ ɧɚɝɪɭɡɤɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɨɬɪɚɠɚɸɬɫɹ ɧɚ ɫɤɨɪɨɫɬɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ; 

5) ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɞɜɢɝɚɬɟɥɹ, ɡɚ ɫɱɟɬ 

ɫɧɢɠɟɧɧɵɯ ɩɨɬɟɪɶ ɢɡ-ɡɚ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɢ ɧɚɝɪɟɜɚ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɨɱɟɜɢɞɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ, ɦɟɬɨɞ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɢɦɟɟɬ ɢ ɨɩɪɟɞɟɥɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ – ɛɨɥɶɲɚɹ ɫɥɨɠɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ, ɞɥɹ ɪɚɛɨɬɵ 

ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ. ɉɨɦɢɦɨ ɜɫɟɝɨ ɩɪɨɱɟɝɨ ɤɨɥɟɛɚɧɢɹ 

ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɧɚɝɪɭɡɤɟ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ, ɧɟɠɟɥɢ ɩɪɢ 

ɫɤɚɥɹɪɧɨɦ ɦɟɬɨɞɟ ɭɩɪɚɜɥɟɧɢɹ. Ʉɫɬɚɬɢ, ɫɭɳɟɫɬɜɭɸɬ ɬɚɤɢɟ ɫɮɟɪɵ, ɝɞɟ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɫɨ ɫɤɚɥɹɪɧɵɦ ɦɟɬɨɞɨɦ 

ɭɩɪɚɜɥɟɧɢɹ. Ʉ ɩɪɢɦɟɪɭ, ɝɪɭɩɩɨɜɨɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ, ɜ ɤɨɬɨɪɨɦ ɨɞɢɧ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɩɨɞɩɢɬɵɜɚɟɬ ɧɟɫɤɨɥɶɤɨ ɞɜɢɝɚɬɟɥɟɣ. 

ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɪɚɡɜɢɬɢɟɦ ɫɢɫɬɟɦɵ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɹɜɥɹɟɬɫɹ ɩɪɹɦɨɟ ɭɩɪɚɜɥɟɧɢɟ ɦɨɦɟɧɬɨɦ. Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ 

ɚɫɢɧɯɪɨɧɧɵɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ: 

1) ɭɜɟɥɢɱɟɧɧɨɟ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɩɨ ɦɨɦɟɧɬɭ ɢ ɩɨɬɨɤɭ, 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ «ɤɥɚɫɫɢɱɟɫɤɢɦ» ɜɟɤɬɨɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ; 

2) ɧɟɛɨɥɶɲɚɹ ɩɭɥɶɫɚɰɢɹ ɦɨɦɟɧɬɚ, ɤɨɬɨɪɚɹ ɡɚɜɢɫɢɬ ɥɢɲɶ ɨɬ ɧɚɫɬɪɨɣɤɢ 

ɤɨɦɩɚɪɚɬɨɪɚ ɦɨɦɟɧɬɚ; 
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3) ɪɨɛɚɫɬɧɨɫɬɶ ɤ ɢɡɦɟɧɟɧɢɹɦ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ, ɨɛɟɫɩɟɱɢɜɚɟɦɚɹ 

ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɟɞɟɥɶɧɨ ɭɩɪɨɳɟɧɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɢ 

ɨɬɤɚɡɚ ɨɬ ɉɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɢɧɬɟɝɪɚɥɶɧɨ-ɞɢɮɮɟɪɟɧɰɢɪɭɸɳɢɣ ɪɟɝɭɥɹɬɨɪɨɜ 

(ɉɂȾ-ɪɟɝɭɥɹɬɨɪ) ɜ ɩɨɥɶɡɭ ɤɨɦɩɚɪɚɬɨɪɨɜ; 

4) ɩɨɫɬɨɹɧɧɚɹ ɱɚɫɬɨɬɚ ɩɟɪɟɤɥɸɱɟɧɢɹ ɢ ɧɢɡɤɚɹ ɱɚɫɬɨɬɚ ɜɵɛɨɪɤɢ. 

ɉɪɹɦɨɟ ɭɩɪɚɜɥɟɧɢɟ ɦɨɦɟɧɬɨɦ – ɫɬɚɥɨ ɜɨɡɦɨɠɧɵɦ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ 

ɛɥɚɝɨɞɚɪɹ ɛɭɪɧɨɦɭ ɪɚɡɜɢɬɢɸ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɬɟɯɧɢɤɢ ɢ 

ɫɢɥɨɜɨɣ ɷɥɟɤɬɪɨɧɢɤɢ. [9] 

5.3 Вɟɤɬɨɪɧɨɟ ɭɩɪаɜɥɟɧиɟ аɫиɧхɪɨɧɧыɦ ɞɜиɝаɬɟɥɟɦ 

ɉɪɢɧɹɬɨ ɪɚɡɥɢɱɚɬɶ ɞɜɚ ɨɫɧɨɜɧɵɯ ɫɩɨɫɨɛɚ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ 

ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɢɫɩɨɥɶɡɭɸɳɢɦɢ ɜ ɤɚɱɟɫɬɜɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɷɧɟɪɝɢɢ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ: ɫɤɚɥɹɪɧɨɟ ɢ ɜɟɤɬɨɪɧɨɟ. 

ɉɪɢ ɫɤɚɥɹɪɧɨɦ ɭɩɪɚɜɥɟɧɢɢ ɜ ɷɥɟɤɬɪɨɩɪɢɜɨɞɟ ɪɟɚɥɢɡɭɟɬɫɹ ɨɞɢɧ ɢɡ 

ɫɬɚɬɢɱɟɫɤɢɯ ɡɚɤɨɧɨɜ ɱɚɫɬɨɬɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. ɇɚ ɜɵɯɨɞɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɮɨɪɦɢɪɭɟɬɫɹ ɡɚɞɚɧɢɟ ɩɨ ɱɚɫɬɨɬɟ ɢ ɚɦɩɥɢɬɭɞɟ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɉɑ. 

Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɬɚɤɢɯ ɫɢɫɬɟɦ: ɚɫɢɧɯɪɨɧɧɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ, ɤ ɤɨɬɨɪɨɦɭ ɧɟ 

ɩɪɟɞɴɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɧɵɯ ɫɬɚɬɢɱɟɫɤɢɯ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ, 

ɜɟɧɬɢɥɹɬɨɪɵ, ɧɚɫɨɫɵ ɢ ɩɪɨɱɢɟ ɨɛɳɟɩɪɨɦɵɲɥɟɧɧɵɟ ɦɟɯɚɧɢɡɦɵ. 

ɉɪɢ ɜɟɤɬɨɪɧɨɦ ɭɩɪɚɜɥɟɧɢɢ ɭɩɪɚɜɥɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɦɝɧɨɜɟɧɧɵɦ 

ɡɧɚɱɟɧɢɹɦ ɩɟɪɟɦɟɧɧɵɯ. ȼ ɰɢɮɪɨɜɵɯ ɜɟɤɬɨɪɧɵɯ ɫɢɫɬɟɦɚɯ ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶɫɹ 

ɭɩɪɚɜɥɟɧɢɟ ɩɨ ɷɤɜɢɜɚɥɟɧɬɧɵɦ (ɭɫɪɟɞɧɟɧɧɵɦ ɧɚ ɢɧɬɟɪɜɚɥɟ ɞɢɫɤɪɟɬɧɨɫɬɢ 

ɭɩɪɚɜɥɟɧɢɹ) ɩɟɪɟɦɟɧɧɵɦ. 

ȼ 1971 ɝɨɞɭ Ȼɥɚɲɤɟ ɩɪɟɞɥɨɠɢɥ ɩɪɢɧɰɢɩ ɩɨɫɬɪɨɟɧɢɹ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɚɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ, ɜ ɤɨɬɨɪɨɦ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɜɟɤɬɨɪɧɚɹ ɦɨɞɟɥɶ 

ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɫ ɨɪɢɟɧɬɚɰɢɟɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɩɨ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɸ 

ɪɨɬɨɪɚ. Эɬɨɬ ɩɪɢɧɰɢɩ ɧɚɡɵɜɚɟɬɫɹ ɬɚɤɠɟ ɩɪɹɦɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɦɨɦɟɧɬɨɦ. 

ȼɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɬɶ ɞɢɚɩɚɡɨɧ ɭɩɪɚɜɥɟɧɢɹ, 

ɬɨɱɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɩɨɜɵɫɢɬɶ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. Эɬɨɬ ɦɟɬɨɞ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɜɪɚɳɚɸɳɢɦ ɦɨɦɟɧɬɨɦ ɞɜɢɝɚɬɟɥɹ. 
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ȼɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɤɨɦ ɫɬɚɬɨɪɚ, ɤɨɬɨɪɵɣ ɫɨɡɞɚɟɬ 

ɜɨɡɛɭɠɞɚɸɳɟɟ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ. ɉɪɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɭɩɪɚɜɥɟɧɢɢ ɦɨɦɟɧɬɨɦ 

ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɧɹɬɶ, ɤɪɨɦɟ ɚɦɩɥɢɬɭɞɵ, ɢ ɮɚɡɭ ɫɬɚɬɨɪɧɨɝɨ ɬɨɤɚ, ɬɨ ɟɫɬɶ ɜɟɤɬɨɪ 

ɬɨɤɚ. Эɬɢɦ ɢ ɨɛɭɫɥɨɜɥɟɧ ɬɟɪɦɢɧ «ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ». 

Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɜɟɤɬɨɪɨɦ ɬɨɤɚ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɥɨɠɟɧɢɟɦ ɦɚɝɧɢɬɧɨɝɨ 

ɩɨɬɨɤɚ ɫɬɚɬɨɪɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɪɚɳɚɸɳɟɝɨɫɹ ɪɨɬɨɪɚ ɬɪɟɛɭɟɬɫɹ ɡɧɚɬɶ ɬɨɱɧɨɟ 

ɩɨɥɨɠɟɧɢɟ ɪɨɬɨɪɚ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. Ɂɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɥɢɛɨ ɫ ɩɨɦɨɳɶɸ 

ɜɵɧɨɫɧɨɝɨ ɞɚɬɱɢɤɚ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ, ɥɢɛɨ ɨɩɪɟɞɟɥɟɧɢɟɦ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ 

ɩɭɬɟɦ ɜɵɱɢɫɥɟɧɢɣ ɩɨ ɞɪɭɝɢɦ ɩɚɪɚɦɟɬɪɚɦ ɞɜɢɝɚɬɟɥɹ. ȼ ɤɚɱɟɫɬɜɟ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɨɤɢ ɢ ɧɚɩɪɹɠɟɧɢɹ ɫɬɚɬɨɪɧɵɯ ɨɛɦɨɬɨɤ. 

Ɇɟɧɟɟ ɞɨɪɨɝɢɦ ɹɜɥɹɟɬɫɹ ɱɚɫɬɨɬɧɨ ɪɟɝɭɥɢɪɭɟɦɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɫ 

ɜɟɤɬɨɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɛɟɡ ɞɚɬɱɢɤɚ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɫɤɨɪɨɫɬɢ, ɨɞɧɚɤɨ ɜɟɤɬɨɪɧɨɟ 

ɭɩɪɚɜɥɟɧɢɟ ɩɪɢ ɷɬɨɦ ɬɪɟɛɭɟɬ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ ɢ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ 

ɨɬ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɦɨɦɟɧɬɨɦ ɩɪɢ ɦɚɥɵɯ, ɛɥɢɡɤɢɯ ɤ ɧɭɥɟɜɵɦ ɫɤɨɪɨɫɬɹɦ ɜɪɚɳɟɧɢɹ ɪɚɛɨɬɚ ɱɚɫɬɨɬɧɨ-

ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɛɟɡ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɫɤɨɪɨɫɬɢ ɧɟɜɨɡɦɨɠɧɚ. 

ȼɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɫ ɞɚɬɱɢɤɨɦ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɫɤɨɪɨɫɬɢ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɞɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɞɨ 1:1000 ɢ ɜɵɲɟ, ɬɨɱɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨ ɫɤɨɪɨɫɬɢ 

– ɫɨɬɵɟ ɞɨɥɢ ɩɪɨɰɟɧɬɚ, ɬɨɱɧɨɫɬɶ ɩɨ ɦɨɦɟɧɬɭ – ɟɞɢɧɢɰɵ ɩɪɨɰɟɧɬɨɜ. [9] 

ȼɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɭɩɪɚɜɥɟɧɢɹ ɫɢɧɯɪɨɧɧɵɦɢ ɢ 

ɚɫɢɧɯɪɨɧɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ, ɧɟ ɬɨɥɶɤɨ ɮɨɪɦɢɪɭɸɳɢɦ ɝɚɪɦɨɧɢɱɟɫɤɢɟ ɬɨɤɢ 

(ɧɚɩɪɹɠɟɧɢɹ) ɮɚɡ (ɫɤɚɥɹɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ), ɧɨ ɢ ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɭɩɪɚɜɥɟɧɢɟ 

ɦɚɝɧɢɬɧɵɦ ɩɨɬɨɤɨɦ ɪɨɬɨɪɚ. ɉɟɪɜɵɟ ɪɟɚɥɢɡɚɰɢɢ ɩɪɢɧɰɢɩɚ ɜɟɤɬɨɪɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɢ ɚɥɝɨɪɢɬɦɵ ɩɨɜɵɲɟɧɧɨɣ ɬɨɱɧɨɫɬɢ ɧɭɠɞɚɸɬɫɹ ɜ ɩɪɢɦɟɧɟɧɢɢ 

ɞɚɬɱɢɤɨɜ ɩɨɥɨɠɟɧɢɹ (ɫɤɨɪɨɫɬɢ) ɪɨɬɨɪɚ. 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɜɵɛɪɚɧɧɚɹ ɞɥɹ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.1: 
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Ɋɢɫɭɧɨɤ 5.1- ɍɩɪɨɳɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦɵ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ȺȾ. 

Ʉɚɱɟɫɬɜɨ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ȺȾ ɡɚɜɢɫɢɬ ɜɨ ɦɧɨɝɨɦ ɨɬ ɧɚɫɬɪɨɣɤɢ 

ɪɟɝɭɥɹɬɨɪɨɜ ɫɤɨɪɨɫɬɢ ɢ ɬɨɤɚ, ɞɢɫɤɪɟɬɧɨɫɬɢ ɚɧɚɥɨɝɨ – ɰɢɮɪɨɜɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɢ ɚɥɝɨɪɢɬɦɨɜ ɜɟɤɬɨɪɧɨɣ ɲɢɪɨɬɧɨ – ɢɦɩɭɥɶɫɧɨɣ ɦɨɞɭɥɹɰɢɢ. 

Ⱦɥɹ ɤɚɱɟɫɬɜɟɧɧɨɣ ɧɚɫɬɪɨɣɤɢ ɫɢɫɬɟɦ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ 

ɪɚɡɪɚɛɨɬɚɬɶ ɢ ɪɟɚɥɢɡɨɜɚɬɶ ɚɥɝɨɪɢɬɦɵ ɧɚɫɬɪɨɣɤɢ ɤɨɧɬɭɪɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨ 

ɩɚɪɚɦɟɬɪɚɦ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ȺȾ, ɚ ɬɚɤɠɟ ɚɥɝɨɪɢɬɦɵ ɒɂɆ, ɫɬɪɟɦɹɫɶ 

ɢɯ ɦɚɤɫɢɦɚɥɶɧɨ ɚɞɚɩɬɢɪɨɜɚɬɶ ɞɥɹ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɟɦ ɧɚ ɛɚɡɟ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɨɬɥɚɞɤɢ ɚɥɝɨɪɢɬɦɨɜ 

ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɟɦ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɨɝɪɚɦɦɧɨ - 

ɚɩɩɚɪɚɬɧɵɟ ɫɢɦɭɥɹɬɨɪɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɫɪɟɞɫɬɜɚ ɢɦɢɬɚɰɢɨɧɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ. [9] 

5.4 Пɪяɦɨɟ ɭɩɪаɜɥɟɧиɟ ɦɨɦɟɧɬɨɦ 

Ɉɛɟɫɩɟɱɟɧɢɟ ɬɪɟɛɭɟɦɨɝɨ ɤɚɱɟɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ 

ɩɪɨɰɟɫɫɨɦ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫ ɚɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ 

ɡɚɜɢɫɢɬ ɨɬ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. ɋɩɨɫɨɛɨɜ ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɦɢ 

ɞɜɢɝɚɬɟɥɹɦɢ ɧɚ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɫɭɳɟɫɬɜɭɟɬ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ, ɦɨɠɧɨ 

ɜɵɞɟɥɢɬɶ ɬɚɤɢɟ ɤɚɤ ɪɟɨɫɬɚɬɧɵɣ, ɢɦɩɭɥɶɫɧɵɣ, ɚɦɩɥɢɬɭɞɧɨ-ɮɚɡɨɜɵɣ ɫɩɨɫɨɛɵ 

ɭɩɪɚɜɥɟɧɢɹ, ɨɞɧɚɤɨ ɧɚɢɛɨɥɶɲɭɸ ɩɨɩɭɥɹɪɧɨɫɬɶ, ɛɥɚɝɨɞɚɪɹ ɞɨɫɬɢɠɟɧɢɹɦ ɜ 
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ɨɛɥɚɫɬɢ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɬɟɯɧɢɤɢ, ɩɨɥɭɱɢɥ ɱɚɫɬɨɬɧɵɣ ɦɟɬɨɞ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ 

ɞɟɥɢɬɫɹ ɧɚ ɜɟɤɬɨɪɧɨɟ ɢ ɫɤɚɥɹɪɧɨɟ ɭɩɪɚɜɥɟɧɢɹ, ɩɪɢ ɷɬɨɦ ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ 

ɨɛɥɚɞɚɟɬ ɫɭɳɟɫɬɜɟɧɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ, ɬɚɤɢɦɢ ɤɚɤ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 

ɬɨɱɧɨɫɬɢ ɩɪɢ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɜɚɥɚ, ɛɵɫɬɪɨɟ ɪɟɚɝɢɪɨɜɚɧɢɟ ɧɚ 

ɜɨɡɦɨɠɧɵɟ ɢɡɦɟɧɟɧɢɹ ɧɚɝɪɭɡɤɢ ɢ ɬɚɤ ɞɚɥɟɟ. Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɜɟɤɬɨɪɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɟɦ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɨɡɞɚɧɢɢ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨ ɡɚɤɨɧɭ ɫɢɥɵ Ʌɨɪɟɧɰɚ. ɇɚɩɪɹɠɟɧɢɟ ɢ ɱɚɫɬɨɬɚ ɞɥɹ ɷɬɨɝɨ ɬɢɩɚ 

ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɸɬɫɹ ɨɩɨɫɪɟɞɨɜɚɧɧɵɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ, ɩɨɫɤɨɥɶɤɭ ɤɪɭɬɹɳɢɣ 

ɦɨɦɟɧɬ ɫɨɡɞɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɨɤɚ ɫ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ. ɉɪɢ 

ɷɬɨɦ ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɞɟɥɢɬɫɹ ɧɚ ɭɩɪɚɜɥɟɧɢɟ ɫ ɨɪɢɟɧɬɚɰɢɟɣ ɩɨ ɩɨɥɸ ɢ 

ɩɪɹɦɨɟ ɭɩɪɚɜɥɟɧɢɟ ɦɨɦɟɧɬɨɦ. ɍɩɪɚɜɥɟɧɢɟ ɫ ɨɪɢɟɧɬɚɰɢɟɣ ɩɨ ɩɨɥɸ, ɬɚɤɠɟ 

ɢɡɜɟɫɬɧɨɟ ɤɚɤ ɬɪɚɧɫɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ, ɨɫɭɳɟɫɬɜɥɹɟɬ ɭɩɪɚɜɥɟɧɢɟ ɜɟɤɬɨɪɨɦ 

ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫ ɩɨɦɨɳɶɸ ɬɨɤɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɤɨɨɪɞɢɧɚɬɵ d ɢ ɤɜɚɞɪɚɬɭɪɧɨɣ 

ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɨɥɹ ɜ ɨɪɬɨɝɨɧɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ q. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ 

ɬɪɚɧɫɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɟ ɨɛ ɭɝɥɨɜɨɦ 

ɩɨɥɨɠɟɧɢɢ ɪɨɬɨɪɚ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɫ ɩɨɦɨɳɶɸ ɞɚɬɱɢɤɚ ɩɨɥɨɠɟɧɢɹ 

ɢɥɢ ɫ ɩɨɦɨɳɶɸ, ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ ɧɚɛɥɸɞɚɬɟɥɹ ɫɨɫɬɨɹɧɢɹ ɩɪɢ ɛɟɡɞɚɬɱɢɤɨɜɨɦ 

ɭɩɪɚɜɥɟɧɢɢ. Ƚɥɚɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɤɥɚɫɫɢɱɟɫɤɨɣ ɜɟɤɬɨɪɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɹɜɥɹɟɬɫɹ ɟɟ ɫɥɨɠɧɚɹ ɫɬɪɭɤɬɭɪɚ ɜɫɥɟɞɫɬɜɢɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ ɢɡ ɧɟɩɨɞɜɢɠɧɨɣ ɜɨ 

ɜɪɚɳɚɸɳɭɸɫɹ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɭɸ ɩɨ ɩɨɥɸ ɪɨɬɨɪɚ (q-d), ɢ ɨɛɪɚɬɧɨ. 

Ɇɟɬɨɞ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ (ɉɍɆ) ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɢ ɪɟɚɥɢɡɨɜɚɧ 

ɜ ɫɟɪɟɞɢɧɟ 90-ɯ ɝɨɞɨɜ. Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɭɩɪɚɜɥɟɧɢɟ ɜ ɫɪɚɜɧɟɧɢɢ ɫ 

ɭɩɪɚɜɥɟɧɢɟɦ ɫ ɨɪɢɟɧɬɚɰɢɟɣ ɩɨ ɩɨɥɸ ɹɜɥɹɟɬɫɹ ɟɟ ɛɨɥɟɟ ɩɪɨɫɬɚɹ ɫɬɪɭɤɬɭɪɚ. 

Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɞɚɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ 

ɪɚɫɱɟɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ ɢɧɜɟɪɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɨɟ 

ɜɵɡɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɤɚɤ ɦɨɦɟɧɬɚ, ɬɚɤ ɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ ɜ ɧɟɨɛɯɨɞɢɦɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɨɫɬɢɝɚɟɬɫɹ ɪɚɡɞɟɥɟɧɢɟ ɤɚɧɚɥɨɜ ɭɩɪɚɜɥɟɧɢɹ 

ɦɨɦɟɧɬɨɦ ɢ ɩɨɬɨɤɨɦ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ ɭɩɪɚɜɥɟɧɢɹ 

ɨɫɧɨɜɚɧ ɧɚ ɭɩɪɚɜɥɟɧɢɢ ɦɨɦɟɧɬɨɦ ɱɟɪɟɡ ɬɨɤ ɢ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ 
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ɧɚɩɪɹɠɟɧɢɟɦ. Ɉɞɧɢɦ ɢɡ ɞɨɫɬɨɢɧɫɬɜ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɹɜɥɹɟɬɫɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɬɱɢɤɨɜ ɫɤɨɪɨɫɬɢ ɥɢɲɶ ɜ ɦɨɦɟɧɬɵ ɤɨɧɬɪɨɥɹ ɫɤɨɪɨɫɬɢ. 

ɉɨɦɢɦɨ ɷɬɨɝɨ, ɞɚɧɧɚɹ ɫɢɫɬɟɦɚ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ: ɧɟ ɬɪɟɛɭɟɬɫɹ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤɨɨɪɞɢɧɚɬ ɜ ɨɬɥɢɱɢɢ ɭɩɪɚɜɥɟɧɢɹ ɨɪɢɟɧɬɚɰɢɢ ɩɨ ɩɨɥɸ; ɢɦɟɟɬ 

ɩɪɨɫɬɭɸ ɫɯɟɦɭ ɭɩɪɚɜɥɟɧɢɹ; ɯɨɪɨɲɭɸ ɞɢɧɚɦɢɤɭ; ɧɟ ɬɪɟɛɭɟɬ ɞɚɬɱɢɤɚ ɩɨɥɨɠɟɧɢɹ 

(ɛɟɡɞɚɬɱɢɤɨɜɨɟ ɭɩɪɚɜɥɟɧɢɟ). Ƚɥɚɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɦɨɦɟɧɬɨɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɩɪɚɜɥɟɧɢɟɦ ɩɨ ɡɚɤɨɧɭ U/f=const (ɦɨɞɭɥɶɧɨɟ 

ɭɩɪɚɜɥɟɧɢɟ) ɜ ɧɚɥɢɱɢɟ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, ɜ ɦɨɞɭɥɶɧɨɦ ɠɟ ɭɩɪɚɜɥɟɧɢɢ ɩɪɢɦɟɧɹɟɬɫɹ 

ɪɚɡɨɦɤɧɭɬɵɣ ɩɪɢɧɰɢɩ ɭɩɪɚɜɥɟɧɢɹ ɫɢɫɬɟɦɵ. ɋɢɫɬɟɦɵ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɦɨɦɟɧɬɨɦ ɩɨɡɜɨɥɹɸɬ ɨɛɟɫɩɟɱɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɚɫɬɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɦɨɦɟɧɬɨɦ ɧɚ ɧɢɡɤɢɯ ɱɚɫɬɨɬɚɯ ɜɪɚɳɟɧɢɹ; ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɬɱɢɤɚ ɫɤɨɪɨɫɬɢ. 

[9] 

5.4.1 ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ 

ȼɧɚɱɚɥɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

ɢ ɜɟɤɬɨɪ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ, ɡɚɬɟɦ ɦɨɞɭɥɶ ɜɟɤɬɨɪɚ ɢ ɦɨɦɟɧɬɚ 

ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ ɡɚɞɚɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ, ɩɨɫɥɟ ɩɨɫɪɟɞɫɬɜɨɦ ɪɟɝɭɥɹɬɨɪɨɜ 

ɮɨɪɦɢɪɭɸɬɫɹ ɥɨɝɢɱɟɫɤɢɟ ɫɢɝɧɚɥɵ ɨɲɢɛɤɢ. Ɂɧɚɹ ɷɬɢ ɫɢɝɧɚɥɵ ɢ ɩɨɥɨɠɟɧɢɟ 

ɜɟɤɬɨɪɚ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɨɩɬɢɦɚɥɶɧɭɸ ɤɨɦɛɢɧɚɰɢɸ 

ɫɨɫɬɨɹɧɢɣ ɤɥɸɱɟɣ ɢɧɜɟɪɬɨɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɫɮɨɪɦɢɪɨɜɚɧɧɵɣ ɜɟɤɬɨɪ ɧɚɩɪɹɠɟɧɢɹ 

ɛɭɞɟɬ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɣ. ȼɵɫɨɤɚɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɚɥɝɨɪɢɬɦɨɜ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɩɨɡɜɨɥɹɟɬ ɨɬɧɟɫɬɢ 

ɬɚɤɢɟ ɫɢɫɬɟɦɵ ɤ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɚɦ ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɦɢ 

ɞɜɢɝɚɬɟɥɹɦɢ. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɚɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ ɹɜɥɹɟɬɫɹ ɧɟɥɢɧɟɣɧɨɣ 

ɫɢɫɬɟɦɨɣ, ɬɨ ɬɪɭɞɧɨ ɞɨɛɢɬɶɫɹ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ, ɢɫɩɨɥɶɡɭɹ 

ɝɢɫɬɟɪɟɡɢɫɧɵɟ ɪɟɝɭɥɹɬɨɪɵ. 

Ɋɚɛɨɬɭ ɫɢɫɬɟɦɵ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɨɩɢɫɵɜɚɟɬ ɭɪɚɜɧɟɧɢɟ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ: 

 Mэм = ଷଶp kభkమσL |ɗଵх ɗଶ| = ଷଶp kభkమσL ɗଵmɗଶmsinθ,                                              (5.6) 
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ɝɞɟ k1 - ɤɨɷɮɮɢɰɢɟɧɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɜɹɡɢ ɫɬɚɬɨɪɚ; k2 - ɤɨɷɮɮɢɰɢɟɧɬ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɜɹɡɢ ɪɨɬɨɪɚ; p - ɱɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ; σ - ɤɨɷɮɮɢɰɢɟɧɬ 

ɪɚɫɫɟɹɧɢɹ; L - ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɨɬ ɨɫɧɨɜɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ; 

ȥ1, ȥ2 - ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ; | ȥ1 | = ȥ1m; | ȥ2 | = ȥ2m; θ - 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɣ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ. 

ɂɡ ɭɪɚɜɧɟɧɢɹ ɫɬɚɬɨɪɚ ȺȾ ɜ ɧɟɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ ɫɜɹɡɶ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ ɧɚɩɪɹɠɟɧɢɹ ɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ 

 uଵ = rଵiଵ + dψభd୲ → ɗଵ = ∫ሺuଵ −rଵiଵሻdt                                                  (5.7) 

ɉɨɥɚɝɚɹ r1 ≈ 0 ɢ ɩɟɪɟɯɨɞɹ ɤ ɤɨɧɟɱɧɵɦ ɪɚɡɧɨɫɬɹɦ, ɩɨɥɭɱɢɦ: 𝛥𝜓భ  ≈  ଵ𝛥𝑡                                                                                                 (5,8)ݑ

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɟɤɬɨɪ ɩɪɢɪɚɳɟɧɢɹ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ ∆ȥ1 

ɫɨɜɩɚɞɚɟɬ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɫ ɜɟɤɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɹ u1 ɢ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ 

ɞɥɢɬɟɥɶɧɨɫɬɢ ɟɝɨ ɮɨɪɦɢɪɨɜɚɧɢɹ.  

Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɨɞɧɨɣ ɢɡ ɪɟɚɥɢɡɚɰɢɣ ɫɢɫɬɟɦɵ ɉɍɆ ɩɪɢɜɟɞɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 5.1. Ɉɧɚ ɢɦɟɟɬ ɞɜɚ ɤɚɧɚɥɚ ɭɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɶɸ ɜɪɚɳɟɧɢɹ Ȧ* ɢ ɦɨɞɭɥɟɦ 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ |ȥ1|*. ɇɚ ɜɯɨɞɟ ɤɚɧɚɥɚ ɭɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɶɸ 

ɭɫɬɚɧɨɜɥɟɧ ɡɚɞɚɬɱɢɤ ɢɧɬɟɧɫɢɜɧɨɫɬɢ (Ɂɂ), ɨɝɪɚɧɢɱɢɜɚɸɳɢɣ ɭɫɤɨɪɟɧɢɟ ɩɪɢ 

ɪɚɡɝɨɧɟ ɢ ɫɧɢɠɟɧɢɢ ɫɤɨɪɨɫɬɢ. Ɉɝɪɚɧɢɱɟɧɢɟ ɭɫɤɨɪɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ 

ɭɦɟɧɶɲɟɧɢɹ ɧɚɝɪɭɡɨɤ ɧɚ ɚɜɬɨɧɨɦɧɵɣ ɢɧɜɟɪɬɨɪ ɧɚɩɪɹɠɟɧɢɹ (Ⱥɂɇ). ɉɪɢ ɪɚɡɝɨɧɟ 

Ɂɂ ɨɝɪɚɧɢɱɢɜɚɟɬ ɬɨɤ Ⱥɂɇ, ɚ ɩɪɢ ɡɚɦɟɞɥɟɧɢɢ – ɪɚɫɫɟɹɧɢɟ ɢɥɢ ɜɨɡɜɪɚɬ ɷɧɟɪɝɢɢ ɜ 

ɢɫɬɨɱɧɢɤ. Ʉɚɤ ɢ ɜ ɫɢɫɬɟɦɟ ɬɪɚɧɫɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ 

ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚ ɜɵɯɨɞɟ Ɂɂ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɭɫɬɚɧɨɜɢɬɶ 

ɚɩɟɪɢɨɞɢɱɟɫɤɢɣ ɮɢɥɶɬɪ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ (Ɏ). ɇɚ ɜɵɯɨɞɟ ɉɂ ɪɟɝɭɥɹɬɨɪɚ 

ɫɤɨɪɨɫɬɢ (Ɋɋ) ɮɨɪɦɢɪɭɟɬɫɹ ɫɢɝɧɚɥ ɡɚɞɚɧɢɹ ɦɨɦɟɧɬɚ m*, ɨɝɪɚɧɢɱɟɧɧɵɣ 

ɧɟɥɢɧɟɣɧɵɦ ɡɜɟɧɨɦ ɧɚɫɵɳɟɧɢɹ. ɂɞɟɧɬɢɮɢɤɚɰɢɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɣ ɫɬɚɬɨɪɚ ɢ 

ɪɨɬɨɪɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɚɞɚɩɬɢɜɧɵɦ ɧɚɛɥɸɞɚɬɟɥɟɦ , ɜ ɤɨɬɨɪɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɢɧɮɨɪɦɚɰɢɹ ɨ ɬɟɤɭɳɢɯ ɡɧɚɱɟɧɢɹɯ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɢ ɫɬɚɬɨɪɚ.                       
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Ɋɢɫɭɧɨɤ 5.2 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɦɨɦɟɧɬɨɦ 

Ɏɚɡɧɵɟ ɬɨɤɢ i1a, i1b ɩɪɟɨɛɪɚɡɭɸɬɫɹ (3-2 ɧɚ ɪɢɫɭɧɤɟ 3.1) ɜ ɨɪɬɨɝɨɧɚɥɶɧɵɟ 

ɩɪɨɟɤɰɢɢ {i1α; i1β} = i1
(αβ). ȼɟɤɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɫɬɚɬɨɪɚ u1

(αβ) ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɢɞɟɧɬɢɮɢɤɚɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɹ (ɂɇ) ɩɨ ɧɨɦɟɪɭ ɫɨɫɬɨɹɧɢɹ ɤɥɸɱɟɣ Ⱥɂɇ N 

(ɧɨɦɟɪɭ ɛɚɡɨɜɨɝɨ ɜɟɤɬɨɪɚ 0-7) ɢ ɧɚɩɪɹɠɟɧɢɸ ɧɚ ɜɯɨɞɟ ɢɧɜɟɪɬɨɪɚ Ud. ɉɨɥɭɱɟɧɧɵɟ 

ɜɟɤɬɨɪɵ u1
(αβ) ɢ i1

(αβ) ɫɥɭɠɚɬ ɨɫɧɨɜɨɣ ɞɥɹ ɜɵɱɢɫɥɟɧɢɣ ɤɨɨɪɞɢɧɚɬ ɜɟɤɬɨɪɨɜ ȥ1, ȥ2, 

ɚ ɬɚɤɠɟ ɬɟɤɭɳɢɯ ɡɧɚɱɟɧɢɣ ɦɨɦɟɧɬɚ m ɢ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ Ȧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɜɵɪɚɠɟɧɢɹɦɢ 

{   
   ߰ଵ = ଵሺఈఉሻݑ)∫ − 𝑖ଵሺఈఉሻ𝑟ଵ)𝑑߰ݐଶሺఈఉሻ = (߰ଵሺఈఉሻ − 𝑖ଵሺఈఉሻ𝜎𝐿ଵ) 𝐿మ𝐿𝑚𝑚 = ଷଶ 𝑝ሺ߰ଵఈ𝑖ଵఉ − ߰ଵఉ − 𝑖ଵఈሻ߱ = ߱ଵ − ଶ𝑟మ𝑚ଷ𝑝|𝜓మሺഀഁሻ|మ

                                                                (5.9) 

  

ȼ ɭɪɚɜɧɟɧɢɹɯ ɦɨɦɟɧɬɚ ɢ ɫɤɨɪɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɪɟɞɧɢɟ ɡɚ ɢɧɬɟɪɜɚɥ 

ɞɢɫɤɪɟɬɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ (∆t=t2 - t1) ɡɧɚɱɟɧɢɹ, ɚ ɫɢɧɯɪɨɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ ɤɚɤ ɘଵ = dϕమd୲ ≈ ϕమሺ୲మሻ−ϕమሺ୲భሻΔ୲                                                                           (5.10) 

ɋɢɝɧɚɥɵ ɡɚɞɚɧɢɹ ɦɨɦɟɧɬɚ m* ɢ ɦɨɞɭɥɹ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ |ȥ1|* 

ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ ɬɟɤɭɳɢɦɢ ɨɰɟɧɤɚɦɢ m ɢ |ȥ1|. ɉɨɫɥɟ ɱɟɝɨ, ɫ ɩɨɦɨɳɶɸ ɪɟɥɟɣɧɵɯ 

ɪɟɝɭɥɹɬɨɪɨɜ ɊɆ ɢ Ɋɉ ɫ ɝɢɫɬɟɪɟɡɢɫɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɮɨɪɦɢɪɭɸɬɫɹ 
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ɥɨɝɢɱɟɫɤɢɟ ɫɢɝɧɚɥɵ ɨɲɢɛɨɤ ɷɬɢɯ ɜɟɥɢɱɢɧ. ȼɟɥɢɱɢɧɚ ɝɢɫɬɟɪɟɡɢɫɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɪɟɝɭɥɹɬɨɪɨɜ ɨɩɪɟɞɟɥɹɟɬ ɞɨɩɭɫɬɢɦɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɚ ɬɚɤɠɟ 

ɱɚɫɬɨɬɭ ɤɨɦɦɭɬɚɰɢɢ ɤɥɸɱɟɣ Ⱥɂɇ. ɉɨɷɬɨɦɭ ɟɫɥɢ ɬɪɟɛɭɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟ ɱɚɫɬɨɬɨɣ 

ɤɨɦɦɭɬɚɰɢɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɢɥɢ ɟɟ 

ɨɝɪɚɧɢɱɟɧɢɟ, ɬɨ ɢɫɩɨɥɶɡɭɸɬ ɪɟɝɭɥɹɬɨɪɵ ɦɨɦɟɧɬɚ ɢ ɩɨɬɨɤɚ ɫ ɭɩɪɚɜɥɹɟɦɵɦ 

ɝɢɫɬɟɪɟɡɢɫɨɦ. 

 ɋɢɝɧɚɥɵ ɨɲɢɛɨɤ ɢ ɬɟɤɭɳɟɝɨ ɭɝɥɚ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ ϕȥ1 ɩɨɫɬɭɩɚɸɬ 

ɧɚ ɜɯɨɞ ɫɟɥɟɤɬɨɪɚ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ (ɋȼɇ), ɤɨɬɨɪɵɣ ɨɫɭɳɟɫɬɜɥɹɟɬ 

ɭɩɪɚɜɥɟɧɢɟ ɤɥɸɱɚɦɢ Ⱥɂɇ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ, ɧɚɩɪɢɦɟɪ, ɫ ɩɪɢɜɟɞɟɧɧɨɣ ɜɵɲɟ 

ɬɚɛɥɢɰɟɣ. 

 ɂɡ ɜɵɪɚɠɟɧɢɣ (5.9) ɫɥɟɞɭɟɬ, ɱɬɨ ɨɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ, ɨɬ ɪɟɲɟɧɢɹ ɤɨɬɨɪɨɣ 

ɡɚɜɢɫɢɬ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦɵ, ɹɜɥɹɟɬɫɹ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ 

ɫɬɚɬɨɪɚ ȥ1, ɬ.ɤ. ɷɬɚ ɜɟɥɢɱɢɧɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨ ɜɫɟɯ ɩɨɫɥɟɞɭɸɳɢɯ ɜɵɱɢɫɥɟɧɢɹɯ. 

Ɉɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟɦ, ɚ ɷɬɚ ɨɩɟɪɚɰɢɹ ɜ ɩɪɢɧɰɢɩɟ ɩɪɢɜɨɞɢɬ ɤ 

ɧɚɤɨɩɥɟɧɢɸ ɨɲɢɛɤɢ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɫɬɨɱɧɢɤɨɦ ɩɨɹɜɥɟɧɢɹ ɨɲɢɛɤɢ ɹɜɥɹɟɬɫɹ 

ɧɟɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɬɚɬɨɪɚ r1 ɢ ɟɝɨ ɢɡɦɟɧɟɧɢɟ 

ɩɨɞ ɜɥɢɹɧɢɟɦ ɧɚɝɪɟɜɚ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ȺȾ. Ɉɲɢɛɤɚ ɨɩɪɟɞɟɥɟɧɢɹ r1 ɛɨɥɟɟ ɱɟɦ 

10% ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɪɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɫɢɫɬɟɦɵ ɉɍɆ. ɉɨɷɬɨɦɭ ɜ ɬɚɤɢɯ 

ɭɫɬɪɨɣɫɬɜɚɯ ɢɫɩɨɥɶɡɭɸɬ ɪɟɠɢɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ 

ɞɜɢɝɚɬɟɥɹ ɢ ɚɥɝɨɪɢɬɦɵ ɚɞɚɩɬɚɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɪɨɬɨɪɚ r2 

ɬɚɤɠɟ ɢɡɦɟɧɹɟɬɫɹ, ɧɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɫɢɫɬɟɦɵ ɤ ɨɲɢɛɤɟ ɟɝɨ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɧɟɜɟɥɢɤɚ ɢ ɫɤɚɡɵɜɚɟɬɫɹ ɬɨɥɶɤɨ ɧɚ ɬɨɱɧɨɫɬɢ ɨɰɟɧɤɢ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɜ ɩɪɢɜɨɞɟ 

ɛɟɡ ɞɚɬɱɢɤɚ ɫɤɨɪɨɫɬɢ.  

ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɩɚɪɚɦɟɬɪɨɜ ȺȾ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɩɭɫɤɟ. 

Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɟɠɢɦ ɜɨɡɛɭɠɞɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ, ɩɪɢ ɤɨɬɨɪɨɦ 

ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɜɭɯ ɮɚɡɚɯ ɫɬɚɬɨɪɚ ɦɨɞɭɥɢɪɭɟɬɫɹ ɩɟɪɟɤɥɸɱɟɧɢɟɦ ɜɟɤɬɨɪɨɜ u(k), 

u(0) ɬɚɤ, ɱɬɨɛɵ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ Iɫɪ ɧɟ ɩɪɟɜɵɲɚɥɨ ɞɨɩɭɫɬɢɦɨɟ. Ɍɨɝɞɚ ɩɨ 

ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɹɦ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ r1 ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɧɟ ɛɨɥɟɟ 1% ɤɚɤ rଵ = U˔˓I˔˓                                                                                                          (5.11) 
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Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɧɨɣ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɫɬɚɬɨɪɚ L1 ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɸɬ 

ɪɟɠɢɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ ɩɨɫɬɨɹɧɧɵɦ ɬɨɤɨɦ. ɉɪɢ ɷɬɨɦ ȺȾ ɫɧɚɱɚɥɚ 

ɧɚɦɚɝɧɢɱɢɜɚɟɬɫɹ ɬɨɤɨɦ ɛɥɢɡɤɢɦ ɤ ɧɨɦɢɧɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ, ɚ ɡɚɬɟɦ ɫɢɫɬɟɦɚ 

ɩɟɪɟɜɨɞɢɬɫɹ ɜ ɪɟɠɢɦ ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɞɚɧɧɨɝɨ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ |ȥ1 |*. Ɍɚɤ ɤɚɤ ɞɨ 

ɷɬɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ r1 ɭɠɟ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɢ ɨɲɢɛɤɚ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɡɚ ɜɪɟɦɹ 

ɬɟɫɬɚ ɧɟ ɭɫɩɟɜɚɟɬ ɧɚɤɨɩɢɬɶɫɹ, ɬɨ Lଵ = |ψభ|I˔˓                                                                                                     (5.12) 

ɉɪɢɧɢɦɚɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ L2 ≈ L1, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨɥɧɭɸ ɜɡɚɢɦɧɭɸ 

ɢɧɞɭɤɬɢɜɧɨɫɬɶ Lm ɢɡ ɡɚɜɢɫɢɦɨɫɬɢ σ = 1 − LmమLభLమ                                                                                             (5.11) 

ɂɞɟɧɬɢɮɢɤɚɰɢɹ r2 ɜɵɩɨɥɧɹɟɬɫɹ ɬɚɤɠɟ ɜ ɪɟɠɢɦɟ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ 

ɥɢɧɟɣɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɤɪɢɜɨɣ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɪɨɬɨɪɚ: rଶ = − ψమబ୲mIమ˔˓                                                                                              (5.12) 
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6 ɉɨɞɤɥɸɱɟɧɢɟ ɢ ɧɚɫɬɪɨɣɤɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ 

6.1 Ɉɩɢɫɚɧɢɟ ɢɧɬɟɪɮɟɣɫɚ ɩɭɥɶɬɚ ɭɩɪɚɜɥɟɧɢɹ 

Кɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜ ɩɪɟɞɵɞɭɳɢɯ ɪɚɡɞɟɥɚɯ, ɨɫɧɨɜɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɤɨɬɨɪɨɟ 

ɩɨɡɜɨɥɢɬ ɨɫɭɳɟɫɬɜɢɬɶ ɩɨɫɬɚɜɥɟɧɧɭɸ ɡɚɞɚɱɭ-ɷɬɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ. Ⱦɥɹ 

ɬɨɝɨ ɱɬɨɛɵ ɩɪɢɫɬɭɩɢɬɶ ɤ ɧɚɫɬɪɨɣɤɟ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ, ɫɧɚɱɚɥɚ 

ɧɟɨɛɯɨɞɢɦɨ ɨɡɧɚɤɨɦɢɬɶɫɹ ɫ ɭɫɬɪɨɣɫɬɜɨɦ ɀК ɩɭɥɶɬɚ ɭɩɪɚɜɥɟɧɢɹ, ɢɡɨɛɪɚɠɟɧɧɵɦ 

ɧɚ ɪɢɫɭɧɤɟ 6.1. Ɍɚɤɠɟ ɧɚ ɪɢɫɭɧɤɟ 6.2 ɢɡɨɛɪɚɠɟɧɚ ɬɚɛɥɢɰɚ, ɨɩɢɫɵɜɚɸɳɚɹ 

ɧɚɡɧɚɱɟɧɢɟ ɜɫɟɯ ɤɧɨɩɨɤ ɢ ɢɧɞɢɤɚɬɨɪɨɜ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɢɧɬɟɪɮɟɣɫ 

ɩɭɥɶɬɚ ɭɩɪɚɜɥɟɧɢɹ ɨɱɟɧɶ ɭɞɨɛɟɧ ɢ ɯɨɪɨɲɨ ɩɪɨɞɭɦɚɧ. ɇɚ ɪɢɫɭɧɤɟ 6.3 

ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɬɚɛɥɢɰɚ, ɨɩɢɫɵɜɚɸɳɚɹ ɝɪɭɩɩɵ ɧɚɫɬɪɚɢɜɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ. 

 

 

Ɋɢɫɭɧɨɤ 6.1 - ɉɭɥɶɬɚ ɭɩɪɚɜɥɟɧɢɹ 
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Ɋɢɫɭɧɨɤ 6.2 – ɇɚɡɧɚɱɟɧɢɟ ɤɧɨɩɨɤ ɩɭɥɶɬɚ ɭɩɪɚɜɥɟɧɢɹ 

 

Ɋɢɫɭɧɨɤ 6.3 - Ɉɩɢɫɚɧɢɟ ɝɪɭɩɩ ɩɚɪɚɦɟɬɪɨɜ ɧɚɫɬɪɨɣɤɢ 
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ɇɚ ɪɢɫɭɧɤɟ 6.4 ɩɨɤɚɡɵɜɚɟɬɫɹ ɢɡɨɛɪɚɠɟɧɢɟ ɧɚ ɷɤɪɚɧɟ ɜ ɪɟɠɢɦɟ 

ɦɨɧɢɬɨɪɢɧɝɚ. ȼ ɷɬɨɦ ɪɟɠɢɦɟ ɧɚ ɷɤɪɚɧ ɜɵɜɨɞɹɬɫɹ ɨɫɧɨɜɧɵɟ ɜɟɥɢɱɢɧɵ, 

ɨɩɢɫɵɜɚɸɳɢɟ ɫɨɫɬɨɹɧɢɟ ɪɚɛɨɬɵ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ: ɬɨɤ, ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɢ 

ɧɚɩɪɹɠɟɧɢɟ. 

 

Ɋɢɫɭɧɨɤ 6.4 - ɂɡɨɛɪɚɠɟɧɢɟ ɧɚ ɷɤɪɚɧɟ ɩɭɥɶɬɚ ɜ ɪɟɠɢɦɟ ɦɨɧɢɬɨɪɢɧɝɚ 

6.2 ɇɚɫɬɪɨɣɤɚ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ ɫ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɱɚɫɬɨɬɵ 

6.2.1 Ɋɟɠɢɦ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ “ɋɟɧɫɨɪ 2” 

Кɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɪɚɧɟɟ, ɞɚɧɧɵɣ ɉЧ ɫɩɨɫɨɛɟɧ ɭɩɪɚɜɥɹɬɶ ɞɜɢɝɚɬɟɥɟɦ 

ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ. Ɋɟɠɢɦ, ɩɨɞɯɨɞɹɳɢɣ ɞɥɹ ɞɚɧɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ – ɷɬɨ 

ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɞɜɢɝɚɬɟɥɟɦ “ɋɟɧɫɨɪ 2”. ȼ ɷɬɨɣ ɝɥɚɜɟ ɛɭɞɭɬ ɨɩɢɫɚɧɵ 

ɜɨɡɦɨɠɧɨɫɬɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɩɪɢɧɰɢɩ ɧɚɫɬɪɨɣɤɢ ɞɥɹ ɞɚɧɧɨɝɨ 

ɪɟɠɢɦɚ ɪɚɛɨɬɵ. 

6.2.2 Аɜɬɨ ɧɚɫɬɪɨɣɤɚ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ 

Ⱦɥɹ ɧɚɱɚɥɚ, ɤɨɧɟɱɧɨ, ɧɟɨɛɯɨɞɢɦɨ ɜɧɟɫɬɢ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɜɢɝɚɬɟɥɹ ɜ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ. ɇɟɤɨɬɨɪɵɟ ɩɚɪɚɦɟɬɪɵ ɞɜɢɝɚɬɟɥɹ ɦɨɝɭɬ ɛɵɬɶ ɢɡɦɟɪɟɧɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢ. ȿɫɥɢ ɤ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɸ ɩɨɞɤɥɸɱɟɧɚ ɨɩɰɢɨɧɚɥɶɧɚɹ ɤɚɪɬɚ 

ɷɧɤɨɞɟɪɚ, ɦɨɠɧɨ ɬɚɤɠɟ ɩɪɨɬɟɫɬɢɪɨɜɚɬɶ ɟɝɨ ɪɚɛɨɬɵ. ɂɡɦɟɪɹɟɦɵɟ ɜ ɩɪɨɰɟɫɫɟ 

ɚɜɬɨɬɸɧɢɝɚ ɩɚɪɚɦɟɬɪɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɮɭɧɤɰɢɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɫɢɥɟɧɢɹ 

ɦɨɦɟɧɬɚ, ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫ ɞɚɬɱɢɤɨɦ ɢ ɛɟɡ ɞɚɬɱɢɤɚ ɢ ɞɪ. [1] 

ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɪɟɠɢɦɨɦ ɧɚɫɬɪɨɣɤɢ ɫ ɜɪɚɳɟɧɢɟɦ ɞɜɢɝɚɬɟɥɹ, ɬɚɤ ɤɚɤ ɟɫɬɶ 
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ɜɨɡɦɨɠɧɨɫɬɶ ɨɬɫɨɟɞɢɧɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɨɬ ɧɚɝɪɭɡɤɢ. ɋ ɩɨɦɨɳɶɸ ɩɭɥɶɬɚ 

ɭɩɪɚɜɥɟɧɢɹ ɜɜɨɞɢɦ ɩɚɪɚɦɟɬɪɵ: 

 -DRV-14 ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɪɚɜɧɚɹ 0.4 ɤȼɬ (ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɨɬɥɢɱɧɨ 

ɨɬ ɧɨɦɢɧɚɥɶɧɨ ɞɜɢɝɚɬɟɥɹ, ɩɨɬɨɦɭ ɱɬɨ ɜ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟ ɡɚɛɢɬɵ ɫɬɚɧɞɚɪɬɧɵɟ 

ɡɧɚɱɟɧɢɹ ɢ 0.4 ɤȼɬ-ɷɬɨ ɡɧɚɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɛɥɢɠɟɧɧɨɟ ɤ ɧɨɦɢɧɚɥɶɧɨɦɭ); 

- BAS-11 N ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɸɫɨɜ ɪɚɜɧɨɟ ɱɟɬɵɪɟɦ; 

- BAS-12 ɧɨɦɢɧɚɥɶɧɨɟ ɫɤɨɥɶɠɟɧɢɟ ɪɚɜɧɨɟ 0.066 ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰ; 

- BAS-13 ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɞɜɢɝɚɬɟɥɹ ɪɚɜɧɵɣ 1.5 Аɦɩɟɪɚ; 

- BAS-15 ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɪɚɜɧɨɟ 380 ȼɨɥɶɬ. 

ɉɨɫɥɟ ɜɜɟɞɟɧɢɹ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɫɬɭɩɚɟɦ ɤ ɧɚɫɬɪɨɣɤɟ 

ɨɫɬɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. ȼ ɹɱɟɣɤɟ BAS-20 ɜɵɛɢɪɚɟɦ 1: ɉɨɥɧɵɣ. ɉɚɪɚɦɟɬɪɵ 

ɞɜɢɝɚɬɟɥɹ ɢɡɦɟɪɹɸɬɫɹ ɜɨ ɜɪɟɦɹ ɜɪɚɳɟɧɢɹ. ɂɡɦɟɪɹɸɬɫɹ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɚɬɨɪɚ 

(Rs), ɢɧɞɭɤɰɢɹ (Lsigma), ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɫɬɚɬɨɪɚ (Ls), ɬɨɤ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ (I ɯɯ) ɢ 

ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɪɨɬɨɪɚ (Tr). ȿɫɥɢ ɩɨɞɤɥɸɱɟɧɚ ɨɩɰɢɨɧɚɥɶɧɚɹ ɤɚɪɬɚ ɷɧɤɨɞɟɪɚ, 

ɨɧ ɬɚɤɠɟ ɩɪɨɜɟɪɹɟɬɫɹ. Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɩɚɪɚɦɟɬɪɨɜ ɷɧɤɨɞɟɪɚ, ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɭɫɬɚɧɨɜɢɬɶ ɟɝɨ ɩɚɪɚɦɟɬɪɵ. Ⱦɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɟɤɬɨɪɧɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɚɜɬɨ ɧɚɫɬɪɨɣɤɭ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ. ȿɫɥɢ 

ɧɚɝɪɭɡɤɚ ɩɨɞɤɥɸɱɟɧɚ ɤ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ, ɬɨɤ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɧɟ ɦɨɠɟɬ ɛɵɬɶ 

ɢɡɦɟɪɟɧ. Ⱦɥɹ ɩɪɚɜɢɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ ɨɬɫɨɟɞɢɧɢɬɟ ɧɚɝɪɭɡɤɭ ɨɬ ɞɜɢɝɚɬɟɥɹ. ȿɫɥɢ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɛɟɡ ɞɚɬɱɢɤɚ (DRV-09 ɭɫɬɚɧɨɜɥɟɧ ɜ ɋɟɧɫɨɪ2), 

ɢɡɦɟɪɹɟɬɫɹ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɪɨɬɨɪɚ (Tr). [1] 

ɉɨɫɥɟ ɚɜɬɨ ɧɚɫɬɪɨɣɤɢ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɩɚɪɚɦɟɬɪɵ ɜɧɟɫɥɢɫɶ ɜ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ. 
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6.2.3 ɇɚɫɬɪɨɣɤɚ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ “ɋɟɧɫɨɪ 2”. 

ɇɚ ɪɢɫɭɧɤɟ 6.5 ɢɡɨɛɪɚɠɟɧɚ ɬɚɛɥɢɰɚ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ 

ɭɩɪɚɜɥɟɧɢɹ. 

 

Ɋɢɫɭɧɨɤ 6.5 - Ɍɚɛɥɢɰɚ ɩɚɪɚɦɟɬɪɨɜ 

Ɂɧɚɱɟɧɢɹ ɪɚɡɞɟɥɨɜ DRV (ɤɪɨɦɟ DRV-10 ɭɩɪɚɜɥɟɧɢɟ ɦɨɦɟɧɬɨɦ) ɢ BAS 

ɛɵɥɢ ɨɩɢɫɚɧɵ ɜ ɪɚɡɞɟɥɟ 6.2.2, ɩɨɷɬɨɦɭ ɢɯ ɨɩɢɫɚɧɢɟ ɡɞɟɫɶ ɛɭɞɟɬ ɨɩɭɳɟɧɨ. ȼ 

ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɛɭɞɟɬ ɭɞɟɥɟɧɨ ɜɧɢɦɚɧɢɟ ɪɚɡɞɟɥɭ CON, ɧɚɥɢɱɢɟ ɤɨɬɨɪɨɝɨ 

ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɩɪɟɢɦɭɳɟɫɬɜɨ ɜɵɛɪɚɧɧɨɝɨ ɦɟɬɨɞɚ ɭɩɪɚɜɥɟɧɢɹ. 
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1) Кɨɧɬɪɨɥɥɟɪ ɫɤɨɪɨɫɬɢ 

CON-21 ɉ1 ɜɟɤɬ SL, CON-22 ɂ1 ɜɟɤɬ SL: ɦɨɠɧɨ ɢɡɦɟɧɢɬɶ ɩɚɪɚɦɟɬɪɵ 

ɤɨɧɬɪɨɥɥɟɪɚ ɫɤɨɪɨɫɬɢ ɞɥɹ ɪɟɠɢɦɚ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɋɟɧɫɨɪ(II) ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɝɪɭɡɤɢ. Кɨɷɮɮɢɰɢɟɧɬ «ɉ1 ɜɟɤ» ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɢɡɦɟɧɹɟɬ 

ɦɨɦɟɧɬ ɩɪɢ ɨɬɤɥɨɧɟɧɢɢ ɫɤɨɪɨɫɬɢ ɨɬ ɡɚɞɚɧɧɨɣ. ɉɨɷɬɨɦɭ ɱɟɦ ɛɨɥɶɲɟ ɪɚɡɧɢɰɚ ɜ 

ɫɤɨɪɨɫɬɢ, ɬɟɦ ɛɵɫɬɪɟɟ ɨɧɚ ɞɨɥɠɧɚ ɭɦɟɧɶɲɚɬɶɫɹ. Кɨɷɮɮɢɰɢɟɧɬ «ɂ1 ɜɟɤɬ» - 

ɢɧɬɟɝɪɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɤɨɧɬɪɨɥɥɟɪɚ ɫɤɨɪɨɫɬɢ. ȼɟɥɢɱɢɧɚ ɧɚɤɚɩɥɢɜɚɟɬɫɹ 

ɩɨ ɦɟɪɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɲɢɛɤɢ ɜ ɦɫ ɢ ɜɥɢɹɟɬ ɧɚ ɜɟɥɢɱɢɧɭ ɜɵɯɨɞɧɨɝɨ 

ɦɨɦɟɧɬɚ. Чɟɦ ɦɟɧɶɲɟ ɡɧɚɱɟɧɢɟ, ɬɟɦ ɛɵɫɬɪɟɟ ɭɦɟɧɶɲɚɟɬɫɹ ɪɚɡɧɢɰɚ ɜ ɫɤɨɪɨɫɬɢ. 

Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɤɨɧɬɪɨɥɥɟɪɚ ɫɤɨɪɨɫɬɢ ɫɥɟɞɭɟɬ ɭɜɟɥɢɱɢɬɶ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢ ɭɦɟɧɶɲɢɬɶ ɜɪɟɦɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. ȿɫɥɢ 

ɜɪɟɦɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɫɥɢɲɤɨɦ ɦɚɥɟɧɶɤɨɟ, ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ ɧɟɫɬɚɛɢɥɶɧɨɫɬɶ ɢ 

ɤɨɥɟɛɚɧɢɹ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɤɨɥɟɛɚɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɜɟɥɢɱɢɧɭ 

ɢɧɬɟɝɪɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ. CON-23 ɉ2 ɜɟɤɬ SL, CON-24 ɂ2 ɜɟɤɬ SL: 

ɨɬɨɛɪɚɠɚɸɬɫɹ ɬɨɥɶɤɨ ɟɫɥɢ ɩɚɪɚɦɟɬɪ ɇɚɫɬɪ ɜɟɤ SL2(CON-20) ɭɫɬɚɧɨɜɥɟɧ ɜ 1 (Ⱦɚ). 

ɂɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɪɚɛɨɬɟ ɜ ɜɟɤɬɨɪɧɨɦ ɪɟɠɢɦɟ. ɋɟɧɫɨɪ(II) ɧɚ ɱɚɫɬɨɬɚɯ ɜɵɲɟ, ɱɟɦ 

ɛɚɡɨɜɚɹ ɱɚɫɬɨɬɚ. ɉɚɪɚɦɟɬɪ CON-23 ɉ2 ɜɟɤɬ SL ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɩɪɨɰɟɧɬɚɯ ɨɬ 

ɩɚɪɚɦɟɬɪɚ CON-21 ɉ1 ɜɟɤɬ SL. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ CON-21 ɉ1 ɜɟɤɬ SL ɭɫɬɚɧɨɜɥɟɧ 

ɜ 50.0% ɢ CON-23 ɉ2 ɜɟɤɬ SL ɭɫɬɚɧɨɜɥɟɧ 50.0%, ɬɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɬɪɨɥɥɟɪɚ ɭɫɬɚɧɨɜɥɟɧ ɜ 25.0%. CON-24 ɂ2 ɜɟɤɬ SL ɬɚɤɠɟ 

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɩɪɨɰɟɧɬɚɯ ɨɬ CON-22 ɂ1 ɜɟɤɬ SL. Ⱦɥɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ 

ɤɨɷɮɮɢɰɢɟɧɬɚ I Gain2 ɱɟɦ ɦɟɧɶɲɟ ɡɧɚɱɟɧɢɟ, ɬɟɦ ɦɟɞɥɟɧɧɟɟ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ. 

ɇɚɩɪɢɦɟɪ, ɟɫɥɢ CON-22 ɂ1 ɜɟɤɬ SL ɭɫɬɚɧɨɜɥɟɧ ɜ 100 ɦɫ ɢ CON-24 ɂ2 ɜɟɤɬ SL 

ɭɫɬɚɧɨɜɥɟɧ ɜ 50.0%, ɬɨ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɤɨɧɬɪɨɥɥɟɪɚ ɛɭɞɟɬ 200 ɦɫ. ɇɚɱɚɥɶɧɵɟ 

ɡɧɚɱɟɧɢɹ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɞɜɢɝɚɬɟɥɹ ɢ ɜɪɟɦɟɧɟɦ 

ɪɚɡɝɨɧɚ/ɬɨɪɦɨɠɟɧɢɹ. [1] 

2) Кɨɧɬɪɨɥɥɟɪ ɫɥɟɠɟɧɢɹ ɡɚ ɦɚɝɧɢɬɧɵɦ ɩɨɬɨɤɨɦ 

CON-26 ɍɫ ɫɪɟɞɧ ɢ ɧɢɡ, CON-27 ɍɫ ɫɪɟɞɧ ɢ ɜɵɫ, CON-28 ɍɫɢɥ ɩɨ Ɇ: ɞɥɹ 

ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɋɟɧɫɨɪ(II), ɧɟɨɛɯɨɞɢɦɨ ɨɰɟɧɢɜɚɬɶ ɬɨɤ ɫɬɚɬɨɪɚ ɢ 

ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɪɨɬɨɪɚ. Кɨɷɮɮɢɰɢɟɧɬ ɍɫ ɫɪɟɞɧ ɢ ɧɢɡ (CON-26) ɩɪɢɦɟɧɹɟɬɫɹ 
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ɩɪɢ ɧɢɡɤɨɣ ɢ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ, ɍɫ ɫɪɟɞɧ ɢ ɜɵɫ (CON-27) ɩɪɢɦɟɧɹɟɬɫɹ ɧɚ 

ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɢ ɍɫɢɥ ɩɨ Ɇ(CON-28) ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɨ 

ɦɨɦɟɧɬɭ. ɇɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɡɦɟɧɹɬɶ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɩɨ ɭɦɨɥɱɚɧɢɸ ɡɧɚɱɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ. ɉɚɪɚɦɟɬɪɵ ɍɫ ɫɪɟɞɧ ɢ ɜɵɫ (CON-27) ɢ ɍɫɢɥ ɩɨ Ɇ (CON-28) 

ɨɬɨɛɪɚɠɚɸɬɫɹ, ɬɨɥɶɤɨ ɟɫɥɢ ɩɚɪɚɦɟɬɪ ɇɚɫɬɪ ɜɟɤ SL2 (CON-20) ɭɫɬɚɧɨɜɥɟɧ ɜ 1 

(Ⱦɚ). [1] 

3) Кɨɷɮɮɢɰɢɟɧɬ ɨɰɟɧɤɢ ɫɤɨɪɨɫɬɢ 

CON-29 Ɉɰɟɧɤɚ ɉ1 ɫɨɫɬ, CON-30 Ɉɰɟɧɤɚ ɂ1 ɫɨɫɬ: ɦɨɠɧɨ ɢɡɦɟɧɢɬɶ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɧɬɪɨɥɥɟɪɚ ɨɰɟɧɤɢ ɫɤɨɪɨɫɬɢ ɞɥɹ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɋɟɧɫɨɪ 

(II). ɉɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɢ ɢɧɬɟɝɪɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɰɟɧɤɢ ɫɤɨɪɨɫɬɢ ɦɨɠɧɨ 

ɢɡɦɟɧɹɬɶ ɜ ɧɟɛɨɥɶɲɢɯ ɩɪɟɞɟɥɚɯ ɞɥɹ ɪɟɝɭɥɢɪɨɜɤɢ, ɤɨɝɞɚ ɨɬɨɛɪɚɠɚɟɦɨɟ ɡɧɚɱɟɧɢɟ 

ɫɤɨɪɨɫɬɢ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɨɪɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ. Ɍɚɤɠɟ ɦɨɠɧɨ ɩɨɞɫɬɪɨɢɬɶ 

ɞɚɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜ ɫɥɭɱɚɟ ɡɧɚɱɢɬɟɥɶɧɨɣ ɜɢɛɪɚɰɢɢ ɞɜɢɝɚɬɟɥɹ ɤɨɥɟɛɚɧɢɹɯ ɜ 

ɩɨɬɪɟɛɥɟɧɢɢ ɬɨɤɚ. Кɚɤ ɩɪɚɜɢɥɨ, ɩɪɢ ɪɟɝɭɥɢɪɨɜɤɚɯ ɫɥɟɞɭɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨ 

ɭɦɟɧɶɲɢɬɶ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ. ɂɡɧɚɱɚɥɶɧɨ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɞɜɢɝɚɬɟɥɹ ɢ ɜɪɟɦɟɧɟɦ 

ɪɚɡɝɨɧɚ/ɬɨɪɦɨɠɟɧɢɹ. CON-31 Ɉɰɟɧɤɚ ɉ2 ɫɨɫɬ, CON-32 Ɉɰɟɧɤɚ ɂ2 ɫɨɫɬ: 

ɨɬɨɛɪɚɠɚɸɬɫɹ, ɟɫɥɢ ɩɚɪɚɦɟɬɪ ɇɚɫɬɪ ɜɟɤ SL2 (CON-20) ɭɫɬɚɧɨɜɥɟɧ ɜ 1 (Ⱦɚ). 

Кɨɷɮɮɢɰɢɟɧɬ ɨɰɟɧɤɢ ɫɤɨɪɨɫɬɢ, ɦɨɠɧɨ ɢɡɦɟɧɢɬɶ ɞɥɹ ɫɤɨɪɨɫɬɟɣ ɜɵɲɟɫɪɟɞɧɟɣ ɞɥɹ 

ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɋɟɧɫɨɪ (II). ɉɚɪɚɦɟɬɪɵ CON-31 Ɉɰɟɧɤɚ ɉ2 ɫɨɫɬ ɢ CON-

32 Ɉɰɟɧɤɚ ɂ2 ɫɨɫɬ - ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɤɚɤ ɩɪɨɰɟɧɬɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ CON-29 Ɉɰɟɧɤɚ ɉ1 ɫɨɫɬ ɢ CON-30 Ɉɰɟɧɤɚ ɂ1 ɫɨɫɬ. ɇɚɩɪɢɦɟɪ, 

ɟɫɥɢ CON-29 Ɉɰɟɧɤɚ ɉ1 ɫɨɫɬ ɭɫɬɚɧɨɜɥɟɧ ɜ 300 ɢ CON-31 Ɉɰɟɧɤɚ ɉ2 ɫɨɫɬ 

ɭɫɬɚɧɨɜɥɟɧ ɜ 40.0%, ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ P ɤɨɧɬɪɨɥɥɟɪɚ ɞɥɹ ɜɵɫɨɤɢɯ 

ɫɤɨɪɨɫɬɟɣ ɫɨɫɬɚɜɢɬ 120. ɋɩɨɫɨɛ ɭɫɬɚɧɨɜɤɢ ɬɚɤɨɣ ɠɟ ɤɚɤ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ. ɇɚɱɚɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɩɚɪɚɦɟɬɪɚɦɢ ɞɜɢɝɚɬɟɥɹ ɢ ɜɪɟɦɟɧɟɦ ɪɚɡɝɨɧɚ/ɬɨɪɦɨɠɟɧɢɹ. CON-34 (ɭɪ. ɩɟɪɧɚɩɪ. 

ɋ2): ɜ ɡɚɞɚɱɚɯ ɫ ɭɞɚɪɧɨɣ ɧɚɝɪɭɡɤɨɣ (ɩɪɟɫɫ ɢ ɞɪ.: ɨɝɪɚɧɢɱɟɧɢɟ ɦɨɦɟɧɬɚ<ɧɚɝɪɭɡɤɢ), 

ɞɥɹ ɧɚɫɬɪɨɣɤɢ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɚɪɚɦɟɬɪ CON34 (ɍɪ. ɩɟɪɧɚɩɪ. ɋ2). 

Ɂɧɚɱɟɧɢɟ ɩɨ ɭɦɨɥɱɚɧɢɸ: 120 % ɍɫɬɚɧɨɜɢɬɟ ɞɚɧɧɵɣ ɩɚɪɚɦɟɬɪ ɜ 140~150% ɢ 
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ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɛɟɡ ɩɟɪɟɝɪɭɡɤɢ, ɞɚɠɟ ɜ ɫɥɭɱɚɟ ɫɢɥɶɧɨɣ ɭɞɚɪɧɨɣ 

ɧɚɝɪɭɡɤɢ. CON-48 ɇɚɫɬɪ ɉ ɬɨɤ, CON-49 ɇɚɫɬɪ ɂ ɬɨɤ: ɩɨɞɫɬɪɚɢɜɚɟɬ 

ɤɨɷɮɮɢɰɢɟɧɬɵ P gain ɢ I gain ɤɨɧɬɪɨɥɥɟɪɚ ɫɤɨɪɨɫɬɢ. [1] 

ɂɡ ɨɩɢɫɚɧɧɵɯ ɜɵɲɟ ɮɭɧɤɰɢɣ, ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɬɨɥɶɤɨ ɮɭɧɤɰɢɹ 

“ɤɨɧɬɪɨɥɥɟɪ ɫɤɨɪɨɫɬɢ”. Ɂɧɚɱɟɧɢɟ CON-21 ɉ1 ɜɟɤɬ SL ɨɫɬɚɥɨɫɶ ɧɟɢɡɦɟɧɧɵɦ – 

50%, ɚ ɜ ɂ1 ɜɟɤɬ SL ɛɵɥɨ ɜɧɟɫɟɧɨ ɡɧɚɱɟɧɢɟ 450 ɦɫ ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɜɟɥɢɱɢɧɵ 

ɜɵɯɨɞɧɨɝɨ ɦɨɦɟɧɬɚ. 

Ɍɚɤɠɟ ɜ ɪɭɤɨɜɨɞɫɬɜɟ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɭɤɚɡɚɧɨ ɩɪɟɞɭɩɪɟɠɞɟɧɢɟ: 

Ⱦɥɹ ɬɨɱɧɨɣ ɪɚɛɨɬɵ ɜ ɪɟɠɢɦɟ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɨɜɟɫɬɢ ɚɜɬɨ ɬɸɧɢɧɝ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ. Ⱦɥɹ ɬɨɱɧɨɣ ɪɚɛɨɬɵ ɜɟɤɬɨɪɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɋɟɧɫɨɪ (II), ɦɨɳɧɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜɧɚ 

ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ. ȿɫɥɢ ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ 

ɦɟɧɶɲɟ ɦɨɳɧɨɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɜ 2 ɢ ɛɨɥɟɟ ɪɚɡ, ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ ɩɪɨɛɥɟɦɵ 

ɫ ɬɨɱɧɵɦ ɢɡɦɟɪɟɧɢɟɦ ɤɨɧɬɪɨɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɥɹ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɭɣɬɟ ɬɨɥɶɤɨ V/F ɭɩɪɚɜɥɟɧɢɟ. Ɍɚɤɠɟ ɩɪɢ ɨɫɭɳɟɫɬɜɥɟɧɢɢ 

ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɋɟɧɫɨɪ (II) ɧɟ ɩɨɞɤɥɸɱɚɣɬɟ ɛɨɥɟɟ ɨɞɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɤ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɸ. [1] 

ȼɵɛɪɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɜ ɧɚɫɬɪɨɣɤɚɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɨɬɥɢɱɚɟɬɫɹ 

ɨɬ ɧɨɦɢɧɚɥɶɧɨɣ, ɨɞɧɚɤɨ ɜɫɟɝɨ ɜ 1.375 ɪɚɡɚ. 

6.2.4 Ɏɭɧɤɰɢɹ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ 

6.2.4.1 ɇɚɫɬɪɨɣɤɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɨ ɦɨɦɟɧɬɭ ɢ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ 

ɍɩɪɚɜɥɟɧɢɟ ɦɨɦɟɧɬɨɦ – ɨɛɹɡɚɬɟɥɶɧɨɟ ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ 

ɡɚɞɚɱɢ, ɬɚɤ ɤɚɤ ɪɚɛɨɱɢɣ ɦɚɬɟɪɢɚɥ ɢɦɟɟɬ ɧɢɡɤɭɸ ɩɪɨɱɧɨɫɬɶ. ȿɫɥɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɩɨɥɨɠɟɧɢɹɯ “ɬɚɧɰɨɪɚ” ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɧɚɬɹɠɟɧɢɹ 

ɦɚɬɟɪɢɚɥɚ, ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ ɛɭɞɟɬ ɨɫɬɚɜɚɬɶɫɹ ɩɨɫɬɨɹɧɧɵɦ, ɬɨ ɦɚɬɟɪɢɚɥ ɛɭɞɟɬ 

ɩɨɪɜɚɧ. 

 Ɋɚɛɨɬɚ ɩɨ ɦɨɦɟɧɬɭ ɤɨɧɬɪɨɥɢɪɭɟɬ ɡɚɞɚɧɧɵɣ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ. 

ȿɫɥɢ ɜɵɯɨɞɧɨɣ ɦɨɦɟɧɬ ɢ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɪɚɜɧɵ, ɬɨ ɫɤɨɪɨɫɬɶ 

ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɛɭɞɟɬ ɩɨɫɬɨɹɧɧɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ 
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ɞɜɢɝɚɬɟɥɹ ɩɪɢ ɪɚɛɨɬɟ ɩɨ ɦɨɦɟɧɬɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɝɪɭɡɤɨɣ. ȿɫɥɢ ɜɵɯɨɞɧɨɣ 

ɦɨɦɟɧɬ ɜɵɲɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ, ɬɨ ɫɤɨɪɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɛɭɞɟɬ 

ɭɜɟɥɢɱɢɜɚɬɶɫɹ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɛɟɫɤɨɧɬɪɨɥɶɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ, 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɡɚɞɚɬɶ ɩɪɟɞɟɥɵ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ. (ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ 

ɨɝɪɚɧɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɞɜɢɝɚɬɟɥɹ ɟɝɨ ɦɨɦɟɧɬ ɧɟ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ). [1] 

ɇɚ ɪɢɫɭɧɤɟ 6.6 ɢɡɨɛɪɚɠɟɧ ɩɟɪɟɱɟɧɶ ɪɟɝɭɥɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. 

 

Ɋɢɫɭɧɨɤ 6.6 – ɉɟɪɟɱɟɧɶ ɪɟɝɭɥɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ 

Ⱦɥɹ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɬɵ ɩɨ ɦɨɦɟɧɬɭ ɜ ɩɚɪɚɦɟɬɪɟ DRV -09ɞɨɥɠɟɧ ɛɵɬɶ 

ɜɵɛɪɚɧ ɫɩɨɫɨɛ ɭɩɪɚɜɥɟɧɢɹ ɜɟɤɬɨɪɧɵɣ ɢɥɢ ɋɟɧɫɨɪ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɜɵɛɪɚɧ 

ɫɩɨɫɨɛ ɭɩɪɚɜɥɟɧɢɹ “ɋɟɧɫɨɪ 2”, ɤɚɤ ɛɵɥɨ ɭɩɨɦɹɧɭɬɨ ɪɚɧɟɟ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɰɢɮɪɟ 4 ɜ ɹɱɟɣɤɟ ɜɵɛɨɪɚ ɞɚɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ. Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɜ ɹɱɟɣɤɟ DRV-

10 ɭɤɚɡɚɬɶ ɰɢɮɪɭ 1, ɞɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɪɚɛɨɬɵ ɩɨ ɦɨɦɟɧɬɭ. [1] 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɮɭɧɤɰɢɢ ɪɚɛɨɬɵ ɩɨ ɦɨɦɟɧɬɭ ɟɫɬɶ ɨɝɪɚɧɢɱɟɧɢɹ: 

Ⱦɥɹ ɜɤɥɸɱɟɧɢɹ ɪɟɠɢɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɦɨɦɟɧɬɭ, ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɫɬɪɨɢɬɶ ɩɚɪɚɦɟɬɪɵ ɛɟɡɞɚɬɱɢɤɨɜɨɝɨ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 



51 

 

ȼɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɧɟ ɩɪɢɦɟɧɢɦɨ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɧɢɡɤɢɯ ɫɤɨɪɨɫɬɹɯ ɜ ɪɟɠɢɦɟ 

ɪɟɝɟɧɟɪɚɰɢɢ ɢ ɜ ɫɥɭɱɚɟ ɫɥɚɛɨɣ ɧɚɝɪɭɡɤɢ. Ⱦɥɹ ɷɬɢɯ ɫɥɭɱɚɟɜ ɢɫɩɨɥɶɡɭɣɬɟ 

ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɫ ɞɚɬɱɢɤɨɦ. ɉɪɢ ɪɚɛɨɬɟ ɜ ɪɟɠɢɦɟ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɦɨɦɟɧɬɭ, 

ɧɟ ɩɟɪɟɤɥɸɱɚɣɬɟ ɧɚɩɪɚɜɥɟɧɢɟ ɜɨ ɜɪɟɦɹ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ. Эɬɨ ɦɨɠɟɬ ɜɵɡɜɚɬɶ 

ɩɟɪɟɝɪɭɡɤɭ ɩɨ ɬɨɤɭ ɢɥɢ ɨɲɢɛɤɭ ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ. [1] 

ɇɚɫɬɪɨɣɤɭ ɛɟɡɞɚɬɱɢɤɨɜɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɵ ɨɫɭɳɟɫɬɜɢɥɢ ɜ ɩɪɟɞɵɞɭɳɢɯ 

ɩɭɧɤɬɚɯ, ɦɢɧɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɞɨɩɭɫɬɢɦɚ ɞɥɹ ɞɚɧɧɨɝɨ ɪɟɠɢɦɚ, 

ɜɪɚɳɟɧɢɹ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧɨ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɜɫɟ ɭɫɥɨɜɢɹ ɫɨɛɥɸɞɟɧɵ. 

6.2.4.2 ȼɵɛɨɪ ɢɫɬɨɱɧɢɤɚ ɡɚɞɚɧɢɹ ɦɨɦɟɧɬɚ 

ɉɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɛɟɡɞɚɬɱɢɤɨɜɨɟ ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ, 

ɧɚɦ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɢɫɬɨɱɧɢɤ ɡɚɞɚɧɢɹ ɦɨɦɟɧɬɚ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ. ȼɨɡɦɨɠɟɧ ɜɵɛɨɪ ɫɥɟɞɭɸɳɢɯ ɢɫɬɨɱɧɢɤɨɜ 

ɡɚɞɚɧɢɹ ɦɨɦɟɧɬɚ: 

- ɡɚɞɚɧɢɟ ɦɨɦɟɧɬɚ ɩɪɢ ɩɨɦɨɳɢ ɤɥɚɜɢɚɬɭɪɵ ɩɭɥɶɬɚ ɭɩɪɚɜɥɟɧɢɹ. ȼ 

ɩɚɪɚɦɟɬɪɟ CON-02 (Ɇɡɚɞ), ɦɨɠɧɨ ɡɚɞɚɬɶ ɡɧɚɱɟɧɢɟ ɦɨɦɟɧɬɚ ɜɩɥɨɬɶ ɞɨ 180% ɨɬ 

ɧɨɦɢɧɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ ɞɜɢɝɚɬɟɥɹ; 

- ɦɨɦɟɧɬ ɡɚɞɚɟɬɫɹ ɩɨɞɚɱɟɣ ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚɥɚ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɢɥɢ ɩɨ 

ɬɨɤɭ ɧɚ ɤɥɟɦɦɵ (V1) ɢɥɢ (I1) ɱɚɫɬɨɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. 

Кɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɪɚɧɟɟ, ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɫɩɨɫɨɛ ɩɨɞɚɱɢ ɚɧɚɥɨɝɨɜɨɝɨ 

ɫɢɝɧɚɥɚ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɫ ɩɨɦɨɳɶɸ ɩɨɬɟɧɰɢɨɦɟɬɪɚ 

6.2.4.3 Ɉɝɪɚɧɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ 

ɉɪɢ ɪɚɛɨɬɟ ɜ ɪɟɠɢɦɟ ɤɨɧɬɪɨɥɹ ɦɨɦɟɧɬɚ, ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ 

ɧɚɝɪɭɡɤɢ, ɫɤɨɪɨɫɬɶ ɦɨɠɟɬ ɜɨɡɪɚɫɬɚɬɶ ɧɟɨɝɪɚɧɢɱɟɧɧɨ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 

ɫɥɢɲɤɨɦ ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɟɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɭɧɤɰɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ. 

ɂɫɬɨɱɧɢɤ ɡɚɞɚɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ, ɬɚɤɠɟ ɭɤɚɡɵɜɚɟɬɫɹ ɜ ɧɚɫɬɪɨɣɤɚɯ 

ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚɥɚ ɩɨ ɧɚɩɪɹɠɟɧɢɸ. ɋ ɰɟɥɶɸ ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɹ, ɨɩɢɫɚɧɧɨɝɨ 

ɜɵɲɟ – ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ ɡɧɚɱɟɧɢɹ ɨɝɪɚɧɢɱɟɧɢɹ – 40 Ƚɰ. 
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6.3 ɍɫɬɚɧɨɜɤɚ ɱɚɫɬɨɬɵ 

6.3.1 Ɉɩɢɫɚɧɢɟ ɤɥɟɦɦ ɭɩɪɚɜɥɟɧɢɹ ɱɚɫɬɨɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

ɇɚ ɪɢɫɭɧɤɟ 6.7 ɢɡɨɛɪɚɠɟɧɚ ɫɯɟɦɚ (ɩɪɢɦɟɪ ɩɨɞɤɥɸɱɟɧɢɹ) ɤɥɟɦɦ 

ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. 

 

Ɋɢɫɭɧɨɤ 6.7 – ɉɪɢɦɟɪ ɩɨɞɤɥɸɱɟɧɢɹ ɤɥɟɦɦ ɭɩɪɚɜɥɟɧɢɹ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɡɚɞɟɣɫɬɜɨɜɚɧɵ ɤɥɟɦɦɵ ɚɧɚɥɨɝɨɜɨɝɨ ɡɚɞɚɧɢɹ ɱɚɫɬɨɬɵ 

(VR+, VR-, V1), ɧɚ ɤɨɬɨɪɵɟ ɩɨɞɤɥɸɱɟɧɵ ɩɨɬɟɧɰɢɨɦɟɬɪɵ ɢ ɤɥɟɦɦɵ CM, P1 ɞɥɹ 

ɩɨɞɤɥɸɱɟɧɢɹ ɤɧɨɩɤɢ ɜɤɥɸɱɟɧɢɹ. 

Ɍɚɤɠɟ ɧɚ ɪɢɫɭɧɤɚɯ 6.8 ɢ 6.9 ɨɩɢɫɵɜɚɸɬɫɹ ɜɫɟ ɤɥɟɦɦɵ ɭɩɪɚɜɥɟɧɢɹ ɢ ɢɯ 

ɮɭɧɤɰɢɢ: 
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Ɋɢɫɭɧɨɤ 6.8 – Ɏɭɧɤɰɢɢ ɤɥɟɦɦ ɭɩɪɚɜɥɟɧɢɹ 
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Ɋɢɫɭɧɨɤ 6.9 - ɉɟɪɟɱɟɧɶ ɤɥɟɦɦ ɭɩɪɚɜɥɟɧɢɹ 

ɂɫɯɨɞɹ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɨɬɟɧɰɢɚɥ 

ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɨɝɪɨɦɟɧ. ȼɨɡɦɨɠɧɨɫɬɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɚɧɚɥɨɝɨɜɵɦ 

ɡɚɞɚɧɢɟɦ ɦɨɦɟɧɬɚ ɪɚɡɥɢɱɧɵɯ ɜɟɥɢɱɢɧ: ɬɨɤɚ ɢɥɢ ɧɚɩɪɹɠɟɧɢɹ. 

ȼɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɢɫɤɪɟɬɧɵɯ ɜɯɨɞɨɜ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ 

ɦɨɠɧɨ ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɬɶ ɫɢɫɬɟɦɭ ɪɚɛɨɬɵ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. Ɉɞɧɚɤɨ, ɞɥɹ 
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ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɱɢ ɧɚɦ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨɝɨ ɢ ɧɚɞɟɠɧɨɝɨ ɦɟɬɨɞɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɫ ɩɨɦɨɳɶɸ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɧɚɬɹɠɟɧɢɸ ɦɚɬɟɪɢɚɥɚ ɢ ɩɨɞɤɥɸɱɟɧɧɨɝɨ 

ɩɨɬɟɧɰɢɨɦɟɬɪɚ. 

6.3.2 Ɂɚɞɚɧɢɟ ɱɚɫɬɨɬɵ ɚɧɚɥɨɝɨɜɵɦ ɜɯɨɞɨɦ ɩɨ ɧɚɩɪɹɠɟɧɢɸ 

ɍɫɬɚɧɨɜɤɚ ɱɚɫɬɨɬɵ ɜɨɡɦɨɠɧɨ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ. ɇɚ ɪɢɫɭɧɤɟ 6.10 

ɨɩɢɫɚɧɵ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɫɩɨɫɨɛɵ ɞɥɹ ɞɚɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ. 

 

Ɋɢɫɭɧɨɤ 6.10 - ɂɫɬɨɱɧɢɤɢ ɡɚɞɚɧɢɹ ɱɚɫɬɨɬɵ 

Ⱦɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɚɧɚɥɨɝɨɜɨɝɨ ɡɚɞɚɧɢɹ ɱɚɫɬɨɬɵ ɩɨ ɧɚɩɪɹɠɟɧɢɸ – 

ɜɵɛɢɪɚɟɦ ɡɧɚɱɟɧɢɟ 2 ɜ ɩɚɪɚɦɟɬɪɟ DRV-07. ɂɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ ɡɚɞɚɟɬɫɹ 

ɧɚɩɪɹɠɟɧɢɟɦ ɜ ɞɢɚɩɚɡɨɧɟ -10 – +10ȼ ɢɥɢ 0 – +10ȼ ɧɚ ɤɥɟɦɦɟ (V1). ɉɨɞɚɜɚɹ 

ɧɚɩɪɹɠɟɧɢɟ ɜ ɞɢɚɩɚɡɨɧɟ -10 – +10ȼ, ɦɨɠɧɨ ɦɟɧɹɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɜɪɚɳɟɧɢɹ 

ɞɜɢɝɚɬɟɥɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɥɹɪɧɨɫɬɶɸ ɩɨɞɚɜɚɟɦɨɝɨ ɫɢɝɧɚɥɚ. Ɍɚɤ ɤɚɤ ɧɚɲ 

ɞɜɢɝɚɬɟɥɶ ɛɭɞɟɬ ɜɪɚɳɚɬɶɫɹ ɬɨɥɶɤɨ ɜ ɩɪɹɦɨɦ ɧɚɩɪɚɜɥɟɧɢɢ – ɛɵɥ ɜɵɛɪɚɧ ɞɢɚɩɚɡɨɧ 

0 - +10ȼ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɩɚɪɚɦɟɬɪ IN-06 ɨɞɧɨɩɨɥɹɪɧɵɣ. 

Ⱦɚɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɢ ɞɪɭɝɢɟ ɪɟɝɭɥɢɪɨɜɤɢ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 6.11. 
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Ɋɢɫɭɧɨɤ 

6.11 - ɇɚɫɬɪɨɣɤɢ ɚɧɚɥɨɝɨɜɨɝɨ ɜɯɨɞɚ 

ɉɨɦɢɦɨ ɜɫɟɝɨ ɩɟɪɟɱɢɫɥɟɧɧɨɝɨ, ɧɚɦ ɬɚɤɠɟ ɛɵɥɨ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɨɛɪɚɬɶ 

ɞɢɚɩɚɡɨɧ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɯɨɞɟ. ɂɡ-ɡɚ ɦɚɥɟɧɶɤɨɣ ɩɥɨɳɚɞɢ ɪɟɚɥɢɡɚɰɢɢ ɭɫɬɚɧɨɜɤɢ, 

ɡɭɛɱɚɬɚɹ ɩɟɪɟɞɚɱɚ ɧɟ ɦɨɝɥɚ ɛɵɬɶ ɧɭɠɧɨɝɨ ɪɚɡɦɟɪɚ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɩɨɜɨɪɨɬ 

ɩɨɬɟɧɰɢɨɦɟɬɪɚ ɧɚ ɜɫɟ ɜɨɡɦɨɠɧɵɟ 270 ɝɪɚɞɭɫɨɜ, ɩɨɷɬɨɦɭ ɛɵɥ ɩɨɞɨɛɪɚɧ 

ɨɩɬɢɦɚɥɶɧɵɣ ɜɚɪɢɚɧɬ ɫ ɩɟɪɟɞɚɬɨɱɧɵɦ ɱɢɫɥɨɦ, ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɦ ɭɫɥɨɜɢɸ 

ɩɨɥɧɨɝɨ ɩɨɜɨɪɨɬɚ ɩɨɬɟɧɰɢɨɦɟɬɪɚ. ȼ ɢɬɨɝɟ ɛɵɥɨ ɜɵɛɪɚɧɨ ɩɪɟɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 

ɪɚɜɧɨɟ 8 ȼ: 

 

Ɋɢɫɭɧɨɤ 6.12 – ɉɪɟɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɚɧɚɥɨɝɨɜɨɝɨ ɜɯɨɞɚ 
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6.4 Дɨɩɨɥɧɢɬɟɥɶɧɵɟ ɮɭɧɤɰɢɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

6.4.1 ɉɂȾ ɪɟɝɭɥɢɪɨɜɚɧɢɟ 

ɉɂȾ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɦɟɬɨɞɨɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ. ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɨɞɫɬɪɚɢɜɚɟɬ ɜɵɯɨɞɧɭɸ 

ɱɚɫɬɨɬɭ ɩɨ ɚɥɝɨɪɢɬɦɭ ɉɂȾ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɩɨɡɜɨɥɹɹ ɪɟɝɭɥɢɪɨɜɚɬɶ ɬɚɤɢɟ 

ɮɢɡɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ ɤɚɤ ɩɨɬɨɤ, ɞɚɜɥɟɧɢɟ, ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɞɪ. 

 

Ɋɢɫɭɧɨɤ 6.13 – Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɉɂȾ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
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6.4.2 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɡɚɩɚɫɚ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 

ɉɪɢ ɩɪɨɩɚɞɚɧɢɢ ɩɢɬɚɧɢɹ ɜ ɫɟɬɢ, ɫɧɢɠɚɟɬɫɹ ɧɚɩɪɹɠɟɧɢɟ ɡɜɟɧɚ ɩɨɫɬɨɹɧɧɨɝɨ 

ɬɨɤɚ ɢ ɜɨɡɧɢɤɚɟɬ ɨɲɢɛɤɚ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɚɹ ɨɬɤɥɸɱɚɟɬ ɜɵɯɨɞɚ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. Ⱦɚɧɧɚɹ ɮɭɧɤɰɢɹ ɩɨɡɜɨɥɹɟɬ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɡɜɟɧɚ 

ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɩɪɨɞɥɟɜɚɹ ɜɪɟɦɹ ɟɝɨ ɛɟɡɨɲɢɛɨɱɧɨɣ ɪɚɛɨɬɵ. 

 

Ɋɢɫɭɧɨɤ 6.14 – Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɝɪɭɡɤɢ, ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɨɲɢɛɤɚ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 

ɜɨ ɜɪɟɦɹ ɬɨɪɦɨɠɟɧɢɹ. Ɍɚɤɠɟ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɟɠɢɦɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɦɨɝɭɬ ɧɚɛɥɸɞɚɬɶɫɹ ɜɢɛɪɚɰɢɢ ɞɜɢɝɚɬɟɥɹ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ 

ɫɥɭɱɚɟɜ ɧɚɝɪɭɡɤɢ ɫ ɩɟɪɟɦɟɧɧɵɦ ɦɨɦɟɧɬɨɦ (ɧɚɫɨɫɵ, ɜɟɧɬɢɥɹɬɨɪɵ ɢ ɬ.ɩ.). 

6.4.3 Ɋɟɠɢɦ ɫɛɟɪɟɠɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

 ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɢɦɟɟɬ   ɮɭɧɤɰɢɸ ɫɛɟɪɟɠɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ.  

ȼɨɡɦɨɠɧɵ ɞɜɚ ɜɢɞɚ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɬɵ: ɪɭɱɧɚɹ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ. 

1) Ɋɭɱɧɚɹ ɭɫɬɚɧɨɜɤɚ ɪɟɠɢɦɚ ɫɛɟɪɟɠɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ȿɫɥɢ ɜɵɯɨɞɧɨɣ ɬɨɤ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɧɢɠɟ, ɱɟɦ ɡɚɞɚɧɧɵɣ ɜ ɩɚɪɚɦɟɬɪɟ BAS-

14 («I x x») (ɬɨɤ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɞɜɢɝɚɬɟɥɹ), ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɭɦɟɧɶɲɚɟɬɫɹ 

ɧɚ ɜɟɥɢɱɢɧɭ, ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɜ ɩɚɪɚɦɟɬɪɟ ADV-51. Ɂɚ 100% ɩɪɢɧɢɦɚɟɬɫɹ 

ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɞɨ ɧɚɱɚɥɚ ɪɟɠɢɦɚ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ. ɇɟ ɪɚɛɨɬɚɟɬ ɜ 

ɪɟɠɢɦɟ ɪɚɡɝɨɧɚ ɢ ɬɨɪɦɨɠɟɧɢɹ. ɇɚ ɪɢɫɭɧɤɟ 6.15 ɢɡɨɛɪɚɠɟɧɵ ɩɚɪɚɦɟɬɪɵ 

ɧɚɫɬɪɨɣɤɢ. 
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Ɋɢɫɭɧɨɤ 6.15 – ɉɚɪɚɦɟɬɪɵ ɧɚɫɬɪɨɣɤɢ ɪɭɱɧɨɣ ɭɫɬɚɧɨɜɤɢ 

2) Аɜɬɨɦɚɬɢɱɟɫɤɚɹ ɭɫɬɚɧɨɜɤɚ ɪɟɠɢɦɚ ɫɛɟɪɟɠɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ȼɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɵɱɢɫɥɹɟɬɫɹ ɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ, ɧɚ 

ɨɫɧɨɜɟ ɩɚɪɚɦɟɬɪɨɜ BAS-13 (ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɞɜɢɝɚɬɟɥɹ) ɢ BAS-14 (ɬɨɤ 

ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ). ɇɚ ɪɢɫɭɧɤɟ 6.16 ɩɪɢɜɟɞɟɧɵ ɩɚɪɚɦɟɬɪɵ ɧɚɫɬɪɨɣɤɢ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ ɪɟɠɢɦɚ. 

 

Ɋɢɫɭɧɨɤ 6.16 – ɉɚɪɚɦɟɬɪɵ ɧɚɫɬɪɨɣɤɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ 

ɋɛɟɪɟɠɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ – ɜɚɠɧɵɣ ɚɫɩɟɤɬ ɩɪɢ ɪɚɛɨɬɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, 

ɨɞɧɚɤɨ ɢɡ-ɡɚ ɪɚɛɨɬɵ ɞɚɧɧɨɝɨ ɪɟɠɢɦɚ, ɦɨɠɟɬ ɭɜɟɥɢɱɢɬɫɹ ɜɪɟɦɹ ɪɚɡɝɨɧɚ ɢ 

ɬɨɪɦɨɠɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɢɡ-ɡɚ ɩɟɪɟɤɥɸɱɟɧɢɹ ɤɨɧɬɪɨɥɥɟɪɚ ɫ ɪɟɠɢɦɚ 

ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɧɚ ɧɨɪɦɚɥɶɧɵɣ ɪɟɠɢɦ. 
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ɁАɄɅЮЧЕНɂЕ 

В ɪɟɡɭɥɶɬɚɬɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɚ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɚ ɢ ɧɚɫɬɪɨɟɧɚ ɫɢɫɬɟɦɚ 

ɭɩɪɚɜɥɟɧɢɹ ɫɦɨɬɱɢɤɨɦ ɮɨɥɶɝɢ. В ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɛɵɥɢ ɩɪɢɜɟɞɟɧɵ: 

- ɨɩɢɫɚɧɢɟ ɜɵɩɨɥɧɹɟɦɵɯ ɮɭɧɤɰɢɣ ɨɛɴɟɤɬɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ; 

- ɨɩɢɫɚɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɩɪɢɧɰɢɩɚ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, 

ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɫɢɫɬɟɦɟ; 

- ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɫɯɟɦɵ, ɫɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɧɚɫɬɪɨɣɤɚ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ProfiMaster, ɚ ɬɚɤɠɟ ɱɟɪɬɟɠɢ ɭɫɬɚɧɨɜɤɢ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ 

ɩɨ ɧɚɬɹɠɟɧɢɸ; 

- ɜɵɛɨɪ ɢ ɧɚɫɬɪɨɣɤɚ ɢɫɬɨɱɧɢɤɚ ɡɚɞɚɧɢɹ ɱɚɫɬɨɬɵ; 

- ɨɩɢɫɚɧɢɟ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ; 

В ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥɢ ɢɡɭɱɟɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɧɚɫɬɪɨɟɤ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ProfiMaster PM-S740 0.75k, ɫɩɨɫɨɛɵ ɡɚɞɚɧɢɹ ɱɚɫɬɨɬɵ 

ɩɪɢ ɩɨɦɨɳɢ ɚɧɚɥɨɝɨɜɵɯ ɜɯɨɞɨɜ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ.  

Пɨ ɢɬɨɝɭ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɢ ɧɚɫɬɪɨɣɤɢ ɫɢɫɬɟɦɵ ɛɵɥɢ ɫɞɟɥɚɧɵ ɜɵɜɨɞɵ ɩɨ 

ɞɚɥɶɧɟɣɲɟɦɭ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɥɚɬɵ ɷɧɤɨɞɟɪɚ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɫɤɨɪɨɫɬɢ. 
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