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ȼȼȿȾȿɇɂȿ 

 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ ɨɩɪɟɞɟɥɹɟɬ ɧɨɜɵɣ ɷɬɚɩ ɪɚɡɜɢɬɢɹ ɫɢɫɬɟɦ 

ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ. ɉɪɢ ɷɬɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɟ ɚɩɩɚɪɚɬɧɚɹ, ɚ 

ɩɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɪɚɫɲɢɪɹɟɬ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ, ɭɥɭɱɲɚɹ ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

Ɇɢɤɪɨɩɪɨɰɟɫɫɨɪ ɜɤɥɸɱɚɸɬ ɜ ɫɢɫɬɟɦɭ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɤɨɧɬɭɪɚ ɨɛɪɚɬɧɵɯ 

ɫɜɹɡɟɣ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ȼ ɨɫɧɨɜɧɵɟ ɮɭɧɤɰɢɢ 

ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚ ɜ ɫɢɫɬɟɦɚɯ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɜɯɨɞɢɬ ɩɪɢɟɦ ɢɧɮɨɪɦɚɰɢɢ (ɨ 

ɡɧɚɱɟɧɢɢ ɬɨɤɚ, ɫɤɨɪɨɫɬɢ ɢ ɬ.ɩ.), ɜɜɨɞɢɦɨɣ ɱɟɪɟɡ ɭɫɬɪɨɣɫɬɜɚ ɜɜɨɞɚ, ɨɛɪɚɛɨɬɤɚ 

ɢɧɮɨɪɦɚɰɢɢ – ɥɢɧɟɚɪɢɡɚɰɢɹ, ɫɝɥɚɠɢɜɚɧɢɟ, ɜɵɱɢɫɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɤɨɫɜɟɧɧɵɯ 

ɢɡɦɟɪɟɧɢɣ, ɫɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɡɚɞɚɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ, ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ 

ɨɛɪɚɛɨɬɤɚ, ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ, ɤɨɧɬɪɨɥɶ ɩɪɟɞɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɢ ɧɟɤɨɬɨɪɵɟ 

ɞɪɭɝɢɟ. Ʉɪɨɦɟ ɬɨɝɨ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪ ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶ ɛɨɥɟɟ ɫɥɨɠɧɵɟ ɉȾ- ɢ  

ɉɂ-ɚɥɝɨɪɢɬɦɵ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɛɨɬɟ ɩɪɢɜɨɞɚ ɧɟ ɬɨɥɶɤɨ ɩɨ 

ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɸ, ɧɨ ɢ ɩɨ ɩɪɨɢɡɜɨɞɧɨɣ ɢɥɢ ɢɧɬɟɝɪɚɥɭ ɨɬ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ. ȼ 

ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɟɦɩɮɢɪɨɜɚɧɢɟ ɜ ɫɢɫɬɟɦɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɚ ɜɨ 

ɜɬɨɪɨɦ ɭɦɟɧɶɲɚɟɬɫɹ ɫɬɚɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɧɚɹ ɨɲɢɛɤɚ. Ɇɢɤɪɨɩɪɨɰɟɫɫɨɪɧɚɹ 

ɤɨɪɪɟɤɰɢɹ ɩɨɡɜɨɥɹɟɬ ɩɪɨɝɪɚɦɦɧɨ ɭɱɟɫɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɩɪɨɰɟɫɫɵ, 

ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɬɪɚɤɬɟ ɩɪɹɦɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɜɤɥɸɱɚɹ ɬɚɤɢɟ, 

ɤɚɤ ɧɟɥɢɧɟɣɧɨɫɬɶ ɢ ɧɚɫɵɳɟɧɢɟ ɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ, ɜɧɭɬɪɟɧɧɟɟ ɦɟɯɚɧɢɱɟɫɤɨɟ 

ɬɪɟɧɢɟ ɢ ɬ.ɩ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɢɫɯɨɞɢɬ ɩɨɜɫɟɦɟɫɬɧɨɟ ɜɵɬɟɫɧɟɧɢɟ ɞɜɢɝɚɬɟɥɟɣ 

ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɚɫɢɧɯɪɨɧɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ. Ⱥɫɢɧɯɪɨɧɧɵɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ 

ɩɪɟɜɨɫɯɨɞɹɬ ɞɜɢɝɚɬɟɥɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɩɨ ɦɧɨɝɢɦ ɩɚɪɚɦɟɬɪɚɦ: ɨɧɢ ɩɪɨɫɬɵ ɩɨ 

ɭɫɬɪɨɣɫɬɜɭ ɢ ɧɚɞёɠɧɵ, ɬɚɤ ɤɚɤ ɧɟ ɢɦɟɸɬ ɩɨɞɜɢɠɧɵɯ ɤɨɧɬɚɤɬɨɜ, ɨɧɢ ɢɦɟɸɬ 

ɦɟɧɶɲɢɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɜɢɝɚɬɟɥɹɦɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɪɚɡɦɟɪɵ, ɦɚɫɫɭ ɢ 
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ɫɬɨɢɦɨɫɬɶ ɩɪɢ ɬɨɣ ɠɟ ɦɨɳɧɨɫɬɢ. Ⱥɫɢɧɯɪɨɧɧɵɟ ɞɜɢɝɚɬɟɥɢ ɩɪɨɫɬɵ ɜ 

ɢɡɝɨɬɨɜɥɟɧɢɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

 ɉɥɚɜɧɵɣ ɩɭɫɤ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɫ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ ɪɨɬɨɪɨɦ 

ɜɨɡɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɞɜɭɦɹ ɨɫɧɨɜɧɵɦɢ ɫɩɨɫɨɛɚɦɢ: ɩɥɚɜɧɵɦ ɩɨɞɴёɦɨɦ 

ɧɚɩɪɹɠɟɧɢɹ ɢ ɩɥɚɜɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɱɚɫɬɨɬɵ ɩɢɬɚɧɢɹ. 

ɇɚɢɛɨɥɟɟ ɞɟɲёɜɵɦ ɜɚɪɢɚɧɬɨɦ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɥɚɜɧɨɝɨ ɛɟɡɭɞɚɪɧɨɝɨ ɩɭɫɤɚ 

ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɧɧɨɟ ɥɢɛɨ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ 

ɩɥɚɜɧɵɣ ɩɭɫɤ ɞɜɢɝɚɬɟɥɹ – ɭɫɬɪɨɣɫɬɜɨ ɩɥɚɜɧɨɝɨ ɩɭɫɤɚ. ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɞɚɧɧɨɣ 

ɫɢɫɬɟɦɵ ɨɫɧɨɜɚɧ ɧɚ ɩɨɞɞɟɪɠɚɧɢɢ ɪɚɛɨɱɢɯ ɩɚɪɚɦɟɬɪɨɜ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɜ 

ɨɩɪɟɞɟɥёɧɧɵɯ ɩɪɟɞɟɥɚɯ, ɝɚɪɚɧɬɢɪɭɸɳɢɯ ɛɟɡɨɩɚɫɧɭɸ ɢ ɧɚɞёɠɧɭɸ ɪɚɛɨɬɭ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. ɍɫɬɪɨɣɫɬɜɨ ɩɥɚɜɧɨɝɨ ɩɭɫɤɚ ɨɝɪɚɧɢɱɢɜɚɟɬ ɩɭɫɤɨɜɨɣ ɬɨɤ ɢ 

ɭɦɟɧɶɲɚɟɬ ɭɞɚɪɧɵɟ ɦɨɦɟɧɬɵ ɞɜɢɝɚɬɟɥɹ ɜɨ ɜɪɟɦɹ ɪɚɡɝɨɧɚ. Ɉɝɪɚɧɢɱɟɧɢɟ ɷɬɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱёɬ ɩɥɚɜɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, 

ɩɨɞɚɜɚɟɦɨɝɨ ɧɚ ɨɛɦɨɬɤɢ ɞɜɢɝɚɬɟɥɹ, ɜ ɡɚɞɚɧɧɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ. Ɇɹɝɤɢɣ 

ɩɭɫɤ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɢɫɤɥɸɱɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɜɪɟɠɞɟɧɢɣ 

ɩɨɞɜɢɠɧɵɯ ɞɟɬɚɥɟɣ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɪɟɩɹɬɫɬɜɭɟɬ ɩɚɞɟɧɢɸ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɟɬɢ. 

Ɍɟɦ ɫɚɦɵɦ ɭɫɬɪɨɣɫɬɜɚ ɩɥɚɜɧɨɝɨ ɩɭɫɤɚ ɩɨɡɜɨɥɹɸɬ ɩɪɨɞɥɢɬɶ ɫɪɨɤ ɫɥɭɠɛɵ 

ɦɟɯɚɧɢɡɦɨɜ, ɫɨɤɪɚɬɢɬɶ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɪɚɫɯɨɞɵ, ɩɨɜɵɫɢɬɶ ɧɚɞёɠɧɨɫɬɶ 

ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɦɨɠɧɨ 

ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɪɢ ɩɨɦɨɳɢ ɪɚɡɥɢɱɧɵɯ ɭɫɬɪɨɣɫɬɜ: ɦɟɯɚɧɢɱɟɫɤɢɯ ɜɚɪɢɚɬɨɪɨɜ, 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɦɭɮɬ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɜɨɞɢɦɵɦɢ ɜ ɫɬɚɬɨɪ ɢɥɢ ɜ ɪɨɬɨɪ 

ɪɟɡɢɫɬɨɪɚɦɢ, ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɦɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦɢ ɱɚɫɬɨɬɵ, ɫɬɚɬɢɱɟɫɤɢɦɢ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦɢ ɱɚɫɬɨɬɵ. ɇɚɢɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɦɢ ɢɡ ɧɢɯ ɹɜɥɹɸɬɫɹ 

ɫɬɚɬɢɱɟɫɤɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ. ɂɦɟɧɧɨ ɨɧɢ ɦɨɝɭɬ ɨɛɟɫɩɟɱɢɬɶ ɜɵɫɨɤɨɟ 

ɤɚɱɟɫɬɜɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ, ɦɟɯɚɧɢɱɟɫɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɨɣ ɠёɫɬɤɨɫɬɶɸ, ɷɤɨɧɨɦɢɱɧɵɟ, ɧɟ ɬɪɟɛɭɸɬ 
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ɛɨɥɶɲɢɯ ɡɚɬɪɚɬ ɩɪɢ ɦɨɧɬɚɠɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚ ɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɚɹ 

ɫɬɨɢɦɨɫɬɶ ɨɤɭɩɚɟɬɫɹ ɭɠɟ ɩɨɫɥɟ ɝɨɞɚ ɚɤɬɢɜɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ.  

ɍɩɪɚɜɥɟɧɢɟ ɚɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ ɜ ɱɚɫɬɨɬɧɨɦ ɪɟɠɢɦɟ ɞɨ ɧɟɞɚɜɧɟɝɨ 

ɜɪɟɦɟɧɢ ɛɵɥɨ ɛɨɥɶɲɨɣ ɩɪɨɛɥɟɦɨɣ, ɯɨɬɹ ɬɟɨɪɢɹ ɱɚɫɬɨɬɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɛɵɥɚ 

ɪɚɡɪɚɛɨɬɚɧɚ ɟɳё ɬɪɢɞɰɚɬɵɯ ɝɨɞɚɯ. Ɋɚɡɜɢɬɢɟ ɱɚɫɬɨɬɧɨ ɪɟɝɭɥɢɪɭɟɦɨɝɨ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫɞɟɪɠɢɜɚɥɨɫɶ ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɶɸ ɢ ɧɢɡɤɨɣ ɧɚɞёɠɧɨɫɬɶɸ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ. ɉɨɹɜɥɟɧɢɟ ɫɢɥɨɜɵɯ ɫɯɟɦ ɫ IGBT-ɬɪɚɧɡɢɫɬɨɪɚɦɢ, 

ɪɚɡɪɚɛɨɬɤɚ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 

ɩɨɡɜɨɥɢɥɨ ɪɚɡɥɢɱɧɵɦ ɮɢɪɦɚɦ ɫɨɡɞɚɬɶ ɫɨɜɪɟɦɟɧɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ 

ɞɨɫɬɭɩɧɨɣ ɫɬɨɢɦɨɫɬɢ. 

ɑɚɫɬɨɬɧɵɣ ɩɭɫɤ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ, 

ɤɨɬɨɪɵɣ ɜɨ ɜɪɟɦɹ ɩɭɫɤɚ ɩɨɫɬɟɩɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɱɚɫɬɨɬɭ ɢ ɚɦɩɥɢɬɭɞɭ 

ɩɢɬɚɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɩɨɞɜɨɞɢɦɨɝɨ ɤ ɨɛɦɨɬɤɚɦ ɞɜɢɝɚɬɟɥɹ, ɩɨ ɡɚɞɚɧɧɨɦɭ 

ɡɚɤɨɧɭ. ɉɪɢ ɷɬɨɦ ɭɞɚɪɧɵɟ ɦɨɦɟɧɬɵ ɛɭɞɭɬ ɨɬɫɭɬɫɬɜɨɜɚɬɶ, ɩɨɫɤɨɥɶɤɭ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ ɢɡɦɟɧɹɟɬ ɜɵɯɨɞɧɭɸ ɱɚɫɬɨɬɭ ɢ ɧɚɩɪɹɠɟɧɢɟ 

ɩɨ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɡɚɤɨɧɭ ɨɬ ɡɚɞɚɬɱɢɤɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ, ɚ ɩɭɫɤɨɜɨɣ ɬɨɤ ɞɜɢɝɚɬɟɥɹ 

ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɧɚ ɭɪɨɜɧɟ Iɩ = 1,5…2,5 Iɧ, ɝɞɟ Iɧ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɞɜɢɝɚɬɟɥɹ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɷɬɨ ɧɚɢɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɣ ɫɩɨɫɨɛ ɩɭɫɤɚ ɞɜɢɝɚɬɟɥɹ, 

ɢɦɟɸɳɢɣ ɬɨɥɶɤɨ ɨɞɢɧ ɧɟɞɨɫɬɚɬɨɤ – ɜɵɫɨɤɭɸ ɫɬɨɢɦɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 

ɱɚɫɬɨɬɵ, ɱɬɨ ɬɚɤɠɟ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɧɟ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɧɟɞɨɫɬɚɬɤɨɦ ɜɜɢɞɭ 

ɛɨɥɶɲɟɣ (ɩɨɱɬɢ ɜ 9 ɪɚɡ) ɫɬɨɢɦɨɫɬɢ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɚɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ. 

ɑɚɫɬɨɬɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɜ ɤɨɦɩɥɟɤɬɟ ɫ ɚɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ 

ɩɨɡɜɨɥɹɟɬ ɡɚɦɟɧɢɬɶ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. ɉɪɢɦɟɧɟɧɢɟ ɱɚɫɬɨɬɧɨ 

ɭɩɪɚɜɥɹɟɦɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɩɨɡɜɨɥɢɬ ɪɟɚɥɢɡɨɜɚɬɶ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɯɚɧɢɡɦɚ. ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ ɩɨɡɜɨɥɢɬ ɪɟɝɭɥɢɪɨɜɚɬɶ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜ ɧɚ ɦɧɨɝɨ ɛɨɥɟɟ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ, ɫ ɫɨɯɪɚɧɟɧɢɟɦ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɳɧɨɫɬɢ ɢ ɦɟɧɶɲɢɦɢ ɩɨɬɟɪɹɦɢ ɷɧɟɪɝɢɢ, ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɭɫɤ ɫ 
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ɧɟɨɛɯɨɞɢɦɵɦ ɭɫɤɨɪɟɧɢɟɦ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ ɡɚɬɪɚɬɚɦ ɷɧɟɪɝɢɢ, ɚ ɬɚɤɠɟ ɨɧ ɧɟ 

ɢɫɤɚɠɚɟɬ ɮɨɪɦɭ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɸɳɟɣ ɫɟɬɢ. 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɱɚɫɬɨɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɢɥɢ ɤɚɤ ɟɝɨ ɟɳɟ ɧɚɡɵɜɚɸɬ – 

ɢɧɜɟɪɬɨɪɚ: ɩɟɪɟɦɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɨɣ ɫɟɬɢ ɜɵɩɪɹɦɥɹɟɬɫɹ ɛɥɨɤɨɦ 

ɜɵɩɪɹɦɢɬɟɥɶɧɵɯ ɞɢɨɞɨɜ ɢ ɮɢɥɶɬɪɭɟɬɫɹ ɛɚɬɚɪɟɟɣ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɛɨɥɶɲɨɣ 

ёɦɤɨɫɬɢ ɞɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɩɭɥɶɫɚɰɢɣ ɩɨɥɭɱɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. ɗɬɨ ɧɚɩɪɹɠɟɧɢɟ 

ɩɨɞɚёɬɫɹ ɧɚ ɦɨɫɬɨɜɭɸ ɫɯɟɦɭ, ɜɤɥɸɱɚɸɳɭɸ ɲɟɫɬɶ ɭɩɪɚɜɥɹɟɦɵɯ IGBT ɢɥɢ 

MONSFET ɬɪɚɧɡɢɫɬɨɪɨɜ ɫ ɞɢɨɞɚɦɢ, ɜɤɥɸɱɟɧɧɵɦɢ ɚɧɬɢɩɚɪɚɥɥɟɥɶɧɨ ɞɥɹ ɡɚɳɢɬɵ 

ɬɪɚɧɡɢɫɬɨɪɨɜ ɨɬ ɩɪɨɛɨɹ ɧɚɩɪɹɠɟɧɢɟɦ ɨɛɪɚɬɧɨɣ ɩɨɥɹɪɧɨɫɬɢ, ɜɨɡɧɢɤɚɸɳɟɦ ɩɪɢ 

ɪɚɛɨɬɟ ɫ ɨɛɦɨɬɤɚɦɢ ɞɜɢɝɚɬɟɥɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɫɯɟɦɭ ɢɧɨɝɞɚ ɜɤɥɸɱɚɸɬ ɰɟɩɶ 

«ɫɥɢɜɚ» ɷɧɟɪɝɢɢ – ɬɪɚɧɡɢɫɬɨɪ ɫ ɪɟɡɢɫɬɨɪɨɦ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ ɪɚɫɫɟɢɜɚɧɢɹ. ɗɬɭ 

ɫɯɟɦɭ ɢɫɩɨɥɶɡɭɸɬ ɜ ɪɟɠɢɦɟ ɬɨɪɦɨɠɟɧɢɹ, ɱɬɨɛɵ ɝɚɫɢɬɶ ɝɟɧɟɪɢɪɭɟɦɨɟ ɞɜɢɝɚɬɟɥɟɦ 

ɧɚɩɪɹɠɟɧɢɟ ɢ ɨɛɟɡɨɩɚɫɢɬɶ ɤɨɧɞɟɧɫɚɬɨɪɵ ɨɬ ɩɟɪɟɡɚɪɹɞɤɢ ɢ ɜɵɯɨɞɟ ɢɡ ɫɬɪɨɹ. 

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɜɵɯɨɞɧɨɣ ɱɚɫɬɨɬɵ ɢ ɧɚɩɪɹɠɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ 

ɢɧɜɟɪɬɨɪɟ ɡɚ ɫɱёɬ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

ɒɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɟɪɢɨɞɨɦ ɦɨɞɭɥɹɰɢɢ, ɜɧɭɬɪɢ 

ɤɨɬɨɪɨɝɨ ɨɛɦɨɬɤɚ ɫɬɚɬɨɪɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɩɨɞɤɥɸɱɚɟɬɫɹ ɩɨɨɱɟɪёɞɧɨ ɤ 

ɩɨɥɨɠɢɬɟɥɶɧɨɦɭ ɢ ɨɬɪɢɰɚɬɟɥɶɧɨɦɭ ɩɨɥɸɫɚɦ ɜɵɩɪɹɦɢɬɟɥɹ ɩɨ ɫɢɧɭɫɨɢɞɚɥɶɧɨɦɭ 

ɡɚɤɨɧɭ. ɉɪɢ ɜɵɫɨɤɢɯ (ɨɛɵɱɧɨ 2…15 ɤȽɰ) ɬɚɤɬɨɜɵɯ ɱɚɫɬɨɬɚɯ ɲɢɪɨɬɧɨ-

ɢɦɩɭɥɶɫɧɨɣ ɦɨɞɭɥɹɰɢɢ ɜɫɥɟɞɫɬɜɢɟ ɛɨɥɶɲɨɣ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɡɚɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ 

ɩɨ ɰɟɩɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɩɪɨɬɟɤɚɸɬ ɫɢɧɭɫɨɢɞɚɥɶɧɵɟ ɬɨɤɢ. 
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1 Ʉɪɚɬɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɫɬɚɧɰɢɢ 

1.1 Ɍɟɩɥɨɦɟɯɚɧɢɱɟɫɤɚɹ ɱɚɫɬɶ ɫɬɚɧɰɢɢ 

 

ɇɚ Ȼɟɪёɡɨɜɫɤɨɣ ȽɊɗɋ-1, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɝɨɥɨɜɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɟɣ 

ɄȺɌɗɄɚ, ɩɪɨɟɤɬɨɦ ɩɪɟɞɭɫɦɨɬɪɟɧɨ 8 ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɛɥɨɤɨɜ ɦɨɳɧɨɫɬɶɸ ɩɨ 800 

Ɇȼɬ, ɜ ɫɨɫɬɚɜ ɤɚɠɞɨɝɨ ɢɡ ɤɨɬɨɪɵɯ ɜɯɨɞɢɬ ɩɚɪɨɜɨɣ ɩɵɥɟɭɝɨɥɶɧɵɣ ɤɨɬёɥ ɬɢɩɚ ɉ-

67 ɁɢɈ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 2650 ɬ/ɱɚɫ ɧɚ ɡɚɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɢ ɩɚɪɨɜɚɹ 

ɤɨɧɞɟɧɫɚɰɢɨɧɧɚɹ ɬɭɪɛɢɧɚ ɬɢɩɚ Ʉ-800-240-5 ɅɆɁ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ 800 

Ɇȼɬ [1]. 

Ɍɨɩɥɢɜɨɦ ɞɥɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɨɬɥɨɜ ɫɥɭɠɢɬ ɛɭɪɵɣ ɭɝɨɥɶ Ȼɟɪёɡɨɜɫɤɨɝɨ 

ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɨɝɨ ɭɝɨɥɶɧɨɝɨ ɛɚɫɫɟɣɧɚ. ɋ ɪɚɡɪɟɡɚ «Ȼɟɪёɡɨɜɫɤɢɣ-

1», ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ 14 ɤɦ ɨɬ ɩɪɨɦɩɥɨɳɚɞɤɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɞɨɫɬɚɜɤɚ ɭɝɥɹ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɜɭɦɹ ɜɧɟɲɧɢɦɢ ɤɨɧɜɟɣɟɪɚɦɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɩɨ 5000 

ɬ/ɱɚɫ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ ɪɟɡɟɪɜɧɵɣ. 

Ɋɚɫɱёɬɧɵɣ ɫɨɫɬɚɜ ɛɟɪёɡɨɜɫɤɨɝɨ ɭɝɥɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɢɡɤɨɣ 

ɤɚɥɨɪɢɣɧɨɫɬɶɸ (ɜ ɫɪɟɞɧɟɦ ɪ
ɧQ =3740 ɢ ɦɢɧɢɦɚɥɶɧɨ 3570 ɤɤɚɥ/ɤɝ), ɜɵɫɨɤɢɦ 

ɜɵɯɨɞɨɦ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ ɢ ɫɨɞɟɪɠɚɧɢɟɦ ɜɥɚɝɢ, ɧɢɡɤɨɣ ɡɨɥɶɧɨɫɬɶɸ (ɜ ɫɪɟɞɧɟɦ 

Ⱥɪ=4,7% ɢ ɦɚɤɫɢɦɚɥɶɧɨ 9%). Ƚɨɞɨɜɨɣ ɪɚɫɯɨɞ ɭɝɥɹ – 24,8 ɦɥɧ.ɬ ɧɚɬɭɪɚɥɶɧɨɝɨ 

ɬɨɩɥɢɜɚ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ ɱɚɫɨɜɨɣ ɩɨɬɪɟɛɧɨɫɬɢ ɨɤɨɥɨ 4000 ɬ. 

Ʉɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ ɉ-67 ɩɨɞɨɥɶɫɤɨɝɨ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɨɝɨ ɡɚɜɨɞɚ ɢɦɟɧɢ 

«Ɉɪɞɠɚɧɢɤɢɞɡɟ» (ɁɢɈ)  – ɩɨɞɜɟɫɧɨɝɨ ɬɢɩɚ, Ɍ-ɨɛɪɚɡɧɨɣ ɤɨɦɩɨɧɨɜɤɢ, 

ɨɞɧɨɤɨɪɩɭɫɧɵɣ, ɜ ɝɚɡɨɩɥɨɬɧɨɦ ɢɫɩɨɥɧɟɧɢɢ ɫ ɭɪɚɜɧɨɜɟɲɟɧɧɨɣ ɬɹɝɨɣ. Ʉɨɬёɥ 

ɩɨɞɜɟɲɢɜɚɟɬɫɹ ɤ ɫɩɟɰɢɚɥɶɧɵɦ ɯɪɟɛɬɨɜɵɦ ɛɚɥɤɚɦ, ɨɩɢɪɚɸɳɢɦɫɹ ɧɚ ɤɚɪɤɚɫ 

ɤɨɬɟɥɶɧɨɣ, ɤɨɥɨɧɧɵ ɤɚɪɤɚɫɚ ɩɪɢɛɥɢɠɟɧɵ ɤ ɤɨɬɥɭ. 

ɉɚɪɚɦɟɬɪɵ ɩɚɪɚ ɩɨɫɥɟ ɩɟɪɜɢɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɧɚɝɪɭɡɤɢ: 

ɞɚɜɥɟɧɢɟ – 262 ɤɝɫ/ɫɦ2 ɢ ɬɟɦɩɟɪɚɬɭɪɚ - 545ɋ; ɩɨɫɥɟ ɜɬɨɪɢɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɩɪɢ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 2650 ɬ/ɱɚɫ: ɞɚɜɥɟɧɢɟ 37,8 ɤɝɫ/ɫɦ2 ɢ ɬɟɦɩɟɪɚɬɭɪɚ 545ɋ. 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ 

ɫɨɫɬɚɜɥɹɟɬ 91%. 

Ʉɨɬёɥ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɠɢɝɚɧɢɹ ɭɝɥɹ ɫ ɬɜёɪɞɵɦ 

ɲɥɚɤɨɭɞɚɥɟɧɢɟɦ, ɫɢɫɬɟɦɚ ɩɵɥɟɩɪɢɝɨɬɨɜɥɟɧɢɹ ɟɝɨ – ɫ ɩɪɹɦɵɦ ɜɞɭɜɚɧɢɟɦ ɜ 

ɬɨɩɤɭ. ȼ ɤɚɱɟɫɬɜɟ ɪɚɡɦɨɥɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ ɢɫɩɨɥɶɡɨɜɚɧɵ 8 ɦɟɥɶɧɢɰ-

ɜɟɧɬɢɥɹɬɨɪɨɜ ɬɢɩɚ Ɇȼ 3300/800/490 ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɩɨ 70 ɬ/ɱɚɫ ɫ ɝɚɡɨɜɨɣ 

ɫɭɲɤɨɣ. Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɛɟɡɲɥɚɤɨɜɨɱɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɬɨɩɤɢ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɪɟɰɢɪɤɭɥɹɰɢɹ ɝɚɡɨɜ ɜ ɪɚɣɨɧ ɝɨɪɟɥɨɤ ɢ ɜɟɪɯɧɸɸ ɱɚɫɬɶ ɬɨɩɤɢ. 

ɋ ɤɚɠɞɵɦ ɤɨɬɥɨɚɝɪɟɝɚɬɨɦ ɭɫɬɚɧɨɜɥɟɧɵ: 

- ɞɜɚ ɞɭɬɶɟɜɵɯ ɜɟɧɬɢɥɹɬɨɪɚ ɬɢɩɚ ȼɇȾ-36ɯ2; 

- ɞɜɚ ɞɵɦɨɫɨɫɚ ɪɟɰɢɪɤɭɥɹɰɢɢ ɬɢɩɚ ȾɊȽ-29ɯ2; 

- ɞɜɚ ɨɫɧɨɜɧɵɯ ɞɵɦɨɫɨɫɚ ɬɢɩɚ ȾɈȾ-43-500; 

- ɞɜɭɯɴɹɪɭɫɧɵɟ ɷɥɟɤɬɪɨɮɢɥɶɬɪɵ ɧɨɜɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɬɢɩɚ ɗȾȽ-2152-9-6-5-

200-5 ɫ ɨɛɳɟɣ ɜɵɫɨɬɨɣ ɷɥɟɤɬɪɨɞɨɜ 18 ɦ ɢ ɄɉȾ 99-99,5% ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ - 140ɋ. 

ɋɨɱɟɬɚɧɢɟ ɦɚɥɨɣ ɫɟɪɧɢɫɬɨɫɬɢ ɢ ɡɨɥɶɧɨɫɬɢ ɬɨɩɥɢɜɚ, ɧɢɡɤɢɯ 

ɬɟɩɥɨɧɚɩɪɹɠɟɧɢɣ ɜ ɬɨɩɤɟ, ɪɟɰɢɪɤɭɥɹɰɢɹ ɝɚɡɨɜ ɜ ɡɨɧɭ ɝɨɪɟɧɢɹ, ɷɮɮɟɤɬɢɜɧɚɹ 

ɪɚɛɨɬɚ ɡɨɥɨɭɥɨɜɢɬɟɥɟɣ ɢ ɞɵɦɨɜɨɣ ɬɪɭɛɵ ɜɵɫɨɬɨɣ 370 ɦ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɫɟɪɧɢɫɬɨɝɨ ɚɧɝɢɞɪɢɞɚ, ɨɤɢɫɥɨɜ ɚɡɨɬɚ 

ɢ ɥɟɬɭɱɟɣ ɡɨɥɵ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 

Ɍɭɪɛɨɭɫɬɚɧɨɜɤɚ Ʌɟɧɢɧɝɪɚɞɫɤɨɝɨ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɨɝɨ ɡɚɜɨɞɚ (ɅɆɁ) Ʉ-

800-240-5 ɜɤɥɸɱɚɟɬ 5-ɬɢ ɰɢɥɢɧɞɪɨɜɭɸ ɨɞɧɨɜɚɥɶɧɭɸ ɬɭɪɛɢɧɭ ɫ ɨɞɧɢɦ 

ɰɢɥɢɧɞɪɨɦ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɨɞɧɢɦ ɰɢɥɢɧɞɪɨɦ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ ɢ 3-ɦɹ 

ɰɢɥɢɧɞɪɚɦɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɢɦɟɟɬ 8 ɧɟɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ ɩɚɪɚ ɞɥɹ 

ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɬɟɩɥɨɮɢɤɚɰɢɢ ɢ ɫɨɛɫɬɜɟɧɧɵɯ 

ɧɭɠɞ ɛɥɨɤɚ. 

ɉɚɪɚɦɟɬɪɵ ɩɚɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɬɭɪɛɢɧɵ 800 Ɇȼɬ 

ɫɨɫɬɚɜɥɹɸɬ: ɩɟɪɟɞ ɰɢɥɢɧɞɪɨɦ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ – ɞɚɜɥɟɧɢɟ 240 ɤɝɫ/ɫɦ2 ɢ 
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ɬɟɦɩɟɪɚɬɭɪɚ 540ɋ, ɩɟɪɟɞ ɰɢɥɢɧɞɪɨɦ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ – ɞɚɜɥɟɧɢɟ 34,1 ɤɝɫ/ɫɦ2 

ɢ ɬɟɦɩɟɪɚɬɭɪɚ 540ɋ. 

Ɉɫɧɨɜɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɬɭɪɛɨɭɫɬɚɧɨɜɤɢ Ʉ-800-240-5 ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɟё 

ɩɪɨɬɨɬɢɩɨɦ ɭɫɬɚɧɨɜɤɨɣ ɬɢɩɚ Ʉ-800-240-3 Ɂɚɩɨɪɨɠɫɤɨɣ ɢ ɍɝɥɟɝɨɪɫɤɨɣ ȽɊɗɋ 

ɹɜɥɹɸɬɫɹ: 

- ɧɚɥɢɱɢɟ ɧɨɜɨɝɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ 800-Ʉɐɋ-5 

ɩɪɨɞɨɥɶɧɨɝɨ ɬɢɩɚ ɫ ɪɚɡɧɵɦ ɜɚɤɭɭɦɨɦ ɜ ɤɚɠɞɨɦ ɢɡ ɞɜɭɯ ɤɨɪɩɭɫɨɜ; 

- ɛɥɨɱɧɚɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 140 Ƚɤɚɥ/ɱɚɫ 

ɡɚ ɫɱёɬ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧɵ ɫɜɟɪɯ ɧɭɠɞ ɪɟɝɟɧɟɪɚɰɢɢ 

ɢ ɛɟɡ ɫɧɢɠɟɧɢɹ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɬɭɪɛɨɚɝɪɟɝɚɬɚ. 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɭ ɩɪɢ ɦɨɳɧɨɫɬɢ 800 Ɇȼɬ ɢ 

ɪɚɫɱёɬɧɨɦ ɪɟɠɢɦɟ ɫɨɫɬɚɜɥɹɟɬ 1825 ɤɤɚɥ/ɤȼɬ·ɱɚɫ (ɛɟɡ ɭɱёɬɚ ɡɚɬɪɚɬ ɧɚ 

ɬɭɪɛɨɩɪɢɜɨɞ ɉɌɇ) ɫ ɞɨɩɭɫɤɨɦ +1%. 

ȼ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɞɥɹ ɫɢɫɬɟɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɫɦɚɡɤɢ ɬɭɪɛɢɧɵ, 

ɝɟɧɟɪɚɬɨɪɚ ɢ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ ɩɪɢɦɟɧɟɧɨ ɨɝɧɟɫɬɨɣɤɨɟ ɫɢɧɬɟɬɢɱɟɫɤɨɟ ɦɚɫɥɨ 

ɈɆɌɂ-4. Ɉɬɫɨɫ ɧɟɫɤɨɧɞɟɧɫɢɪɨɜɚɜɲɢɯɫɹ ɝɚɡɨɜ ɢɡ ɤɨɧɞɟɧɫɚɬɨɪɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɢ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɨɞɨɫɬɪɭɣɧɵɦɢ ɷɠɟɤɬɨɪɚɦɢ. 

ȼ ɫɨɫɬɚɜ ɜɨɞɨɩɢɬɚɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɤɚɠɞɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ ɜɯɨɞɹɬ: 

- ɞɟɚɷɪɚɬɨɪ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 2800 ɬ/ɱɚɫ ɩɪɢ ɞɚɜɥɟɧɢɢ 7,5 ɤɝɫ/ɫɦ2 ɫ 

ɨɞɧɨɣ ɜɟɪɬɢɤɚɥɶɧɨɣ ɞɟɚɷɪɚɰɢɨɧɧɨɣ ɤɨɥɨɧɤɨɣ ɢ ɨɞɧɢɦ ɚɤɤɭɦɭɥɹɬɨɪɧɵɦ ɛɚɤɨɦ 

ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ёɦɤɨɫɬɶɸ 185 ɦ3; 

- ɞɜɚ ɩɢɬɚɬɟɥɶɧɵɯ ɬɭɪɛɨɧɚɫɨɫɚ ɬɢɩɚ ɉɇ-1500-300, ɞɜɚ ɛɭɫɬɟɪɧɵɯ ɧɚɫɨɫɚ 

ɬɢɩɚ ɉȾ-1600-180Ɇ ɢ ɢɯ ɞɜɟ ɩɪɢɜɨɞɧɵɟ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɟ ɬɭɪɛɢɧɵ ɬɢɩɚ ɈɄ-

18ɉɍ-800 ɦɨɳɧɨɫɬɶɸ ɩɨ 17, 15 Ɇȼɬ. 

ɉɪɢ ɜɵɛɨɪɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɚɤ ɤɨɬɟɥɶɧɨɝɨ, ɬɚɤ ɢ 

ɬɭɪɛɢɧɧɨɝɨ ɨɬɞɟɥɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɢɧɰɢɩ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢɯ ɭɤɪɭɩɧɟɧɢɹ. 

Ɍɟɩɥɨɜɚɹ ɫɯɟɦɚ ɫɬɚɧɰɢɢ ɜɵɩɨɥɧɟɧɚ ɩɨ ɛɥɨɱɧɨɦɭ ɩɪɢɧɰɢɩɭ, ɛɟɡ 

ɩɨɩɟɪɟɱɧɵɯ ɫɜɹɡɟɣ ɩɨ ɨɫɧɨɜɧɵɦ ɬɪɭɛɨɩɪɨɜɨɞɚɦ ɩɚɪɚ ɢ ɜɨɞɵ. 
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Ʉ ɨɫɧɨɜɧɵɦ ɨɫɨɛɟɧɧɨɫɬɹɦ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɷɧɟɪɝɨɛɥɨɤɨɜ Ȼɟɪёɡɨɜɫɤɨɣ 

ȽɊɗɋ-1 ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ: 

- ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɜɭɯ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɯ ɩɭɫɤɨ-ɫɛɪɨɫɧɵɯ ɭɫɬɪɨɣɫɬɜ (ɉɋȻɍ): 

ɨɫɧɨɜɧɨɝɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 1000 ɬ/ɱ ɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 600 ɬ/ɱ ɩɪɢ ɞɚɜɥɟɧɢɢ 255 ɤɝɫ/ɫɦ2 ɢ ɬɟɦɩɟɪɚɬɭɪɟ 545ɋ; 

- ɭɩɪɨɳёɧɧɭɸ ɫɯɟɦɭ ɩɚɪɨɩɪɨɜɨɞɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɛɥɨɤɚ ɫ ɞɜɭɦɹ 

«ɝɨɪɹɱɢɦɢ» ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɦɢ ɤɨɥɥɟɤɬɨɪɚɦɢ 13 ɤɝɫ/ɫɦ2 440ɋ, ɩɢɬɚɸɳɢɯɫɹ ɨɬ 

ɬɪёɯ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧ ɰɢɥɢɧɞɪɨɜ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɥɢɛɨ ɨɬ ɩɭɫɤɨɜɨɣ ɤɨɬɟɥɶɧɨɣ ɫ 

ɤɨɬɥɚɦɢ 40 ɤɝɫ/ɫɦ2 ɢ 440ɋ; 

- ɞɜɭɯɧɢɬɨɱɧɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ: ɨɫɬɪɨɝɨ ɩɚɪɚ, 

ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɝɨɪɹɱɟɝɨ ɢ ɯɨɥɨɞɧɨɝɨ ɩɪɨɦɩɟɪɟɝɪɟɜɚ. 

Ʉɨɧɮɢɝɭɪɚɰɢɹ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɨɫɬɪɨɝɨ ɩɚɪɚ ɢ ɝɨɪɹɱɟɝɨ ɩɪɨɦɩɟɪɟɝɪɟɜɚ 

ɩɪɢɧɹɬɚ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɨɫɬɨɣ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɱɢɫɥɨɦ ɩɪɨɦɟɠɭɬɨɱɧɵɯ 

ɩɪɭɠɢɧɧɵɯ ɩɨɞɜɟɫɨɤ ɡɚ ɫɱёɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɠёɫɬɤɢɯ ɲɚɪɧɢɪɧɵɯ ɩɨɞɜɟɫɨɤ 

ɛɨɥɶɲɨɣ ɝɪɭɡɨɩɨɞɴёɦɧɨɫɬɢ. 

Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɜɵɩɨɥɧɟɧɚ, ɢɫɯɨɞɹ ɢɡ ɲɢɪɢɧɵ ɹɱɟɣɤɢ ɛɥɨɤɚ 

72 ɦ, ɩɪɨɞɨɥɶɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ ɜ ɦɚɲɢɧɧɨɦ ɡɚɥɟ, ɞɜɭɯ 

ɩɪɨɞɨɥɶɧɵɯ ɝɚɥɟɪɟɣ ɬɨɩɥɢɜɨɩɨɞɚɱɢ ɢ ɫɨɜɦɟɳёɧɧɨɣ ɛɭɧɤɟɪɧɨ-ɞɟɚɷɪɚɬɨɪɧɨɣ 

ɷɬɚɠɟɪɤɢ. 

ɉɪɨɥёɬ ɦɚɲɢɧɧɨɝɨ ɡɚɥɚ – 54 ɦ ɫ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɪɚɫɩɪɟɞɟɥɢɬɟɥɧɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɜɞɨɥɶ ɪɹɞɚ Ⱥ. Ɇɨɧɬɚɠ ɥɢɛɨ ɞɟɦɨɧɬɚɠ ɫɬɚɬɨɪɚ 

ɝɟɧɟɪɚɬɨɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɬɪёɯ ɦɨɫɬɨɜɵɯ ɤɪɚɧɨɜ ɝ/ɩ ɩɨ 125 ɬ. 

ɉɪɨɥёɬ ɤɨɬɟɥɶɧɨɣ ɫɨɫɬɚɜɥɹɟɬ 57 ɦ (12+33+12), ɲɚɝ ɤɨɥɨɧɧ ɤɚɪɤɚɫɚ ɩɪɢɧɹɬ 

12 ɦ, ɨɩɢɪɚɧɢɟ ɯɪɟɛɬɨɜɵɯ ɛɚɥɨɤ ɩɪɨɥёɬɨɦ 33 ɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɩɪɨɞɨɥɶɧɵɟ 

ɩɨɞɯɪɟɛɬɨɜɵɟ ɛɚɥɤɢ. 

ɋɨ ɫɬɨɪɨɧɵ ɦɚɲɡɚɥɚ ɤ ɤɨɬɟɥɶɧɨɣ ɩɪɢɦɵɤɚɟɬ ɛɭɧɤɟɪɧɨ-ɞɟɚɷɪɚɬɨɪɧɚɹ 

ɷɬɚɠɟɪɤɚ ɩɪɨɥёɬɨɦ 12 ɦ ɢ ɩɨɦɟɳɟɧɢɟ ɬɪɭɛɱɚɬɵɯ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 

ɩɪɨɥёɬɨɦ 36 ɦ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɝɥɚɜɧɵɣ ɤɨɪɩɭɫ Ȼɟɪёɡɨɜɫɤɨɣ ȽɊɗɋ-1 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɫɟɦɢ ɩɪɨɥёɬɧɨɟ ɡɞɚɧɢɟ ɨɛɳɟɣ ɲɢɪɢɧɨɣ 171 ɦ, ɫ ɱɢɫɥɨɦ ɨɫɟɣ 59, ɨɛɳɟɣ ɞɥɢɧɨɣ 

696 ɦ. 

Ʉɨɦɩɨɧɨɜɤɚ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɯɚɪɚɤɬɟɪɧɚ ɬɪɟɦɹ ɨɫɧɨɜɧɵɦɢ 

ɨɫɨɛɟɧɧɨɫɬɹɦɢ: 

- ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɛɥɨɱɧɵɯ ɳɢɬɨɜ ɭɩɪɚɜɥɟɧɢɹ ɜɧɟ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɞɚɥɢ ɨɬ ɢɫɬɨɱɧɢɤɨɜ ɭɝɨɥɶɧɨɣ ɩɵɥɢ ɢ ɜɢɛɪɚɰɢɢ, ɱɬɨ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɞёɠɧɨɫɬɶ ɪɚɛɨɬɵ Ⱥɋɍ Ɍɉ; 

- ɫɞɜɢɝɨɦ ɹɱɟɟɤ ɬɭɪɛɨɭɫɬɚɧɨɜɨɤ ɢ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ 

ɧɚ 24 ɦ ɞɥɹ ɫɨɜɦɟɳɟɧɢɹ ɩɚɪɨɜɩɭɫɤɨɜ ɬɭɪɛɢɧ ɫ ɨɫɹɦɢ ɤɨɬɥɨɜ ɢ ɫɧɢɠɟɧɢɹ ɞɥɢɧɵ 

ɨɫɧɨɜɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ; 

- ɧɚɥɢɱɢɟɦ ɩɪɢɛɥɢɠɟɧɧɵɯ ɤɨɥɨɧɧ ɤɚɪɤɚɫɚ ɤɨɬɟɥɶɧɨɣ, ɱɬɨ ɜ ɫɨɱɟɬɚɧɢɢ ɫ Ɍ-

ɨɛɪɚɡɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɤɨɬɥɚ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɪɟɧɧɨɣ ɞɥɢɧɟ ɯɪɟɛɬɨɜɵɯ ɛɚɥɨɤ. 

ɋ ɪɚɡɪɵɜɨɦ 17 ɦ ɤ ɩɨɦɟɳɟɧɢɸ Ɍȼɉ ɩɪɢɦɵɤɚɟɬ ɡɞɚɧɢɟ ɷɥɟɤɬɪɨɮɢɥɶɬɪɨɜ 

ɩɪɨɥёɬɨɦ 24 ɦ. Ɂɚɬɟɦ, ɫ ɪɚɡɪɵɜɨɦ 13 ɦ, ɪɚɡɦɟɳɟɧɨ ɡɞɚɧɢɟ ɞɵɦɨɫɨɫɧɨɣ ɩɪɨɥёɬɨɦ 

24 ɦ. 

Ⱦɥɹ ɜɨɫɩɨɥɧɟɧɢɹ ɩɨɬɟɪɶ ɜ ɰɢɤɥɟ ȽɊɗɋ ɩɪɟɞɭɫɦɨɬɪɟɧɚ 

ɜɨɞɨɩɨɞɝɨɬɨɜɢɬɟɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ (ȼɉɍ) ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 525 ɬ/ɱ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɨɛɟɫɫɨɥɟɧɧɨɣ ɜɨɞɨɣ ɜɫɟ ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ, ɜɤɥɸɱɚɹ 

ɩɪɟɞɩɭɫɤɨɜɵɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɜɨɞɧɨ-ɯɢɦɢɱɟɫɤɢɟ ɨɱɢɫɬɤɢ 

ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɭɫɤɨɜɵɟ ɨɩɟɪɚɰɢɢ. 

ɋɯɟɦɚ ȼɉɍ: ɢɡɜɟɫɬɤɨɜɚɧɢɟ ɫ ɤɨɚɝɭɥɹɰɢɟɣ ɜ ɨɫɜɟɬɥɢɬɟɥɹɯ, ɬɪёɯɫɬɭɩɟɧɱɚɬɨɟ 

ɨɛɟɫɫɨɥɢɜɚɧɢɟ (ɬɪɟɬɶɹ ɫɬɭɩɟɧɶ ɨɛɟɫɫɨɥɢɜɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɛɥɨɱɧɵɯ 

ɨɛɟɫɫɨɥɢɜɚɸɳɢɯ ɭɫɬɚɧɨɜɤɚɯ - ȻɈɍ), - ɨɩɪɟɞɟɥɢɥɚɫɶ ɤɚɱɟɫɬɜɨɦ ɢɫɯɨɞɧɨɣ ɜɨɞɵ ɢ 

ɬɪɟɛɨɜɚɧɢɹɦɢ, ɩɪɟɞɴɹɜɥɹɟɦɵɦɢ ɤ ɤɚɱɟɫɬɜɭ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɤɨɬɥɨɜ ɛɥɨɤɨɜ 

800Ɇȼɬ. 
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ɂɫɩɨɥɶɡɨɜɚɧ ɛɥɨɱɧɵɣ ɩɪɢɧɰɢɩ ɜɤɥɸɱɟɧɢɹ ɢɨɧɢɬɨɜɵɯ ɮɢɥɶɬɪɨɜ ɜ ɫɯɟɦɭ 

ȼɉɍ («ɰɟɩɨɱɤɢ»). ȼɫɟɝɨ ɩɪɟɞɭɫɦɨɬɪɟɧɨ 5 ɛɥɨɤɨɜ ɮɢɥɶɬɪɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɨɞɢɧ 

ɪɟɦɨɧɬɧɵɣ ɛɥɨɤ. 

Ⱦɥɹ ɩɨɞɩɢɬɤɢ ɬɟɩɥɨɫɟɬɢ ɫ ɨɬɤɪɵɬɵɦ ɜɨɞɨɪɚɡɛɨɪɨɦ ɩɪɟɞɭɫɦɨɬɪɟɧɚ 

ɜɨɞɨɩɨɞɝɨɬɨɜɢɬɟɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 500 ɬ/ɱ ɩɨ ɫɯɟɦɟ 

ɜɨɞɨɪɨɞ-ɤɚɬɢɨɧɢɪɨɜɚɧɢɟ ɫ «ɝɨɥɨɞɧɨɣ» ɪɟɝɟɧɟɪɚɰɢɟɣ, ɛɭɮɟɪɧɨɟ ɤɚɬɢɨɧɢɪɨɜɚɧɢɟ, 

ɞɟɤɚɪɛɨɧɢɡɚɰɢɹ. ɉɪɢ ɷɬɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɬɪɟɛɭɟɦɨɟ ɤɚɱɟɫɬɜɨ ɩɨɞɩɢɬɨɱɧɨɣ 

ɜɨɞɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɬɚɤɠɟ ȽɈɋɌ «ȼɨɞɚ ɩɢɬɶɟɜɚɹ». 

Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɬɪɟɛɭɟɦɵɯ ɩɨ ɉɌɗ ɩɚɪɚɦɟɬɪɨɜ ɜɨɞɧɨɝɨ ɪɟɠɢɦɚ ɫɬɚɧɰɢɢ 

ɩɪɨɟɤɬɨɦ ɩɪɟɞɭɫɦɨɬɪɟɧɵ: 

- ɛɥɨɱɧɵɟ ɨɛɟɫɫɨɥɢɜɚɸɳɢɟ ɭɫɬɚɧɨɜɤɢ (ȻɈɍ) ɧɚ ɤɚɠɞɨɦ ɛɥɨɤɟ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 2000 ɬ/ɱ; 

- ɚɜɬɨɧɨɦɧɚɹ ɨɛɟɫɫɨɥɢɜɚɸɳɚɹ ɭɫɬɚɧɨɜɤɚ (ȺɈɍ) ɞɥɹ ɨɱɢɫɬɤɢ ɫɬɚɧɰɢɨɧɧɵɯ 

ɤɨɧɞɟɧɫɚɬɨɜ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 450 ɬ/ɱ; 

- ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɝɢɞɪɚɡɢɧɧɨ-ɚɦɦɢɚɱɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɢ 

ɤɨɧɞɟɧɫɚɬɨɜ (ɨɞɧɚ ɭɫɬɚɧɨɜɤɚ ɧɚ ɞɜɚ ɛɥɨɤɚ); 

- ɭɫɬɚɧɨɜɤɢ ɩɨɞɚɱɢ ɪɟɚɝɟɧɬɨɜ ɞɥɹ ɜɨɞɧɨ-ɯɢɦɢɱɟɫɤɨɣ ɨɱɢɫɬɤɢ 

ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɤɨɧɫɟɪɜɚɰɢɢ ɟɝɨ; 

- ɚɧɬɢɤɨɪɪɨɡɢɣɧɚɹ ɡɚɳɢɬɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ; 

- ɛɚɤɨɜɨɟ ɯɨɡɹɣɫɬɜɨ ɞɥɹ ɫɛɨɪɚ ɢ ɯɪɚɧɟɧɢɹ ɱɢɫɬɨɝɨ ɢ ɡɚɝɪɹɡɧёɧɧɨɝɨ 

ɤɨɧɞɟɧɫɚɬɚ; 

- ɷɤɫɩɪɟɫɫ-ɥɚɛɨɪɚɬɨɪɢɢ (ɨɞɧɚ ɧɚ ɞɜɚ ɛɥɨɤɚ), ɨɫɧɚɳёɧɧɵɟ ɧɟɨɛɯɨɞɢɦɵɦ 

ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɢ ɩɪɢɛɨɪɚɦɢ ɞɥɹ ɪɭɱɧɨɝɨ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɜɨɞɧɨɝɨ 

ɪɟɠɢɦɚ. 

Ⱦɥɹ ɩɪɢёɦɚ, ɯɪɚɧɟɧɢɹ ɪɟɚɝɟɧɬɨɜ, ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɛɨɱɢɯ ɪɚɫɬɜɨɪɨɜ ɞɥɹ 

ɜɨɞɨɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ; ɯɢɦɢɱɟɫɤɢɯ ɨɱɢɫɬɨɤ ɢ ɩɨɞɞɟɪɠɚɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɜɨɞɧɨɝɨ ɪɟɠɢɦɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɫɤɥɚɞ ɪɟɚɝɟɧɬɨɜ. 
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ɋɤɥɚɞ ɪɟɚɝɟɧɬɨɜ ɢ ɜɨɞɨɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ 

ɨɬɞɟɥɶɧɨ ɫɬɨɹɳɢɯ ɡɞɚɧɢɹɯ, ɫɨɟɞɢɧɟɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɫ ɝɥɚɜɧɵɦ ɤɨɪɩɭɫɨɦ 

ɝɚɥɟɪɟɹɦɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. 

ȼɫё ɨɛɨɪɭɞɨɜɚɧɢɟ, ɜɤɥɸɱɚɹ ɛɚɤɨɜɨɟ ɯɨɡɹɣɫɬɜɨ, ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ ɡɞɚɧɢɢ; 

ɤɨɦɩɨɧɨɜɤɚ ɮɢɥɶɬɪɨɜ ɩɪɢɧɹɬɚ ɞɜɭɯɴɹɪɭɫɧɚɹ. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɩɨɜɬɨɪɧɨɟ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ, ɫɬɨɱɧɵɯ ɜɨɞ ɢ ɫɨɤɪɚɳɟɧɢɟ ɢɯ ɤɨɥɢɱɟɫɬɜɚ. 

Ⱦɥɹ ɨɱɢɫɬɤɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɫɬɨɤɨɜ ɢ ɢɯ ɩɨɜɬɨɪɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɪɹɞ ɦɟɪɨɩɪɢɹɬɢɣ. 

ɋɛɪɨɫɧɵɟ ɜɨɞɵ ɨɬ ɯɢɦɢɱɟɫɤɨɣ ɨɱɢɫɬɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ 

ɩɨɞɜɟɪɝɚɸɬɫɹ ɪɟɝɟɧɟɪɚɰɢɢ ɞɥɹ ɩɨɜɬɨɪɧɨɝɨ. 

Ɂɚɦɚɫɥɟɧɧɵɟ ɢ ɡɚɦɚɡɭɱɟɧɧɵɟ ɜɨɞɵ ɫɬɚɧɰɢɢ ɨɱɢɳɚɸɬɫɹ ɧɚ ɭɫɬɚɧɨɜɤɟ; 

ɨɱɢɳɟɧɧɚɹ ɜɨɞɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɣ ɧɚ ȼɉɍ ɩɨɞɩɢɬɤɢ ɰɢɤɥɚ. 

 

1.2 Ɍɨɩɥɢɜɧɨɟ ɯɨɡɹɣɫɬɜɨ 

 

ɇɚ ɪɢɫɭɧɤɟ Ⱥ.1 ɢɡɨɛɪɚɠɟɧɚ ɩɪɨɟɤɬɧɚɹ ɞɜɭɯɧɢɬɨɱɧɚɹ ɫɯɟɦɚ ɬɨɩɥɢɜɨɩɨɞɨɱɢ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɨɡɜɟɞɟɧɚ ɬɨɥɶɤɨ ɨɞɧɚ ɧɢɬɤɚ ɫ ɨɞɧɢɦ ɭɝɨɥɶɧɵɦ ɫɤɥɚɞɨɦ 

(ɩɪɚɜɵɣ). 

Ɍɨɩɥɢɜɨ, ɞɨɫɬɚɜɥɟɧɧɨɟ ɜɧɟɲɧɢɦ ɤɨɧɜɟɣɟɪɨɦ ɫ ɪɚɡɪɟɡɚ «Ȼɟɪёɡɨɜɫɤɢɣ-1» ɧɚ 

ɩɪɨɦɩɥɨɳɚɞɤɭ Ȼɟɪёɡɨɜɫɤɨɣ ȽɊɗɋ-1, ɩɨɫɬɭɩɚɟɬ ɜ ɭɡɟɥ ɩɟɪɟɫɵɩɤɢ №1, ɤɨɬɨɪɵɣ 

ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ «ɧɟɛɚɥɚɧɫɨɜɨɝɨ» ɬɨɩɥɢɜɚ ɩɪɢ ɩɟɪɟɤɥɸɱɟɧɢɢ, ɥɢɛɨ ɚɜɚɪɢɣɧɨɦ 

ɨɬɤɥɸɱɟɧɢɢ ɤɨɧɜɟɣɟɪɨɜ ɬɨɩɥɢɜɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɫɬɚɧɰɢɢ, ɚ ɬɚɤɠɟ ɞɥɹ ɫɛɨɪɚ ɜɫɟɝɨ 

ɬɨɩɥɢɜɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɧɚ ɪɚɛɨɱɟɦ ɜɧɟɲɧɟɦ ɤɨɧɜɟɣɟɪɟ ɩɟɪɟɞ ɜɵɜɨɞɨɦ ɟɝɨ ɢɡ 

ɪɚɛɨɬɵ [1]. 

ɍɡɟɥ ɩɟɪɟɫɵɩɤɢ №1 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɨɧɨɥɢɬɧɵɣ ɠɟɥɟɡɨɛɟɬɨɧɧɵɣ 

ɰɢɥɢɧɞɪ, ɜɵɩɨɥɧɹɟɦɵɣ ɜ ɫɤɨɥɶɡɹɳɟɣ ɨɩɚɥɭɛɤɟ, ɜ ɤɨɬɨɪɨɦ ɪɚɡɦɟɳɟɧɨ ɨɫɧɨɜɧɨɟ 

ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɱɟɬɵɪɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɛɭɧɤɟɪɚ. Ɋɹɞɨɦ ɫ 
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ɨɫɧɨɜɧɵɦ ɡɞɚɧɢɟɦ ɭɡɥɚ ɩɟɪɟɫɵɩɤɢ ɪɚɡɦɟɳɚɟɬɫɹ ɡɞɚɧɢɟ ɳɢɬɚ ɭɩɪɚɜɥɟɧɢɹ 

ɬɨɩɥɢɜɨɩɨɞɚɱɢ ɢ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɫɢɫɬɟɦ, ɜɵɩɨɥɧɹɟɦɵɟ ɜ ɫɛɨɪɧɨɦ 

ɠɟɥɟɡɨɛɟɬɨɧɟ. 

Ɂɞɚɧɢɟ ɭɡɥɨɜ ɩɟɪɟɫɵɩɤɢ №2 ɢ №4, ɞɪɨɛɢɥɶɧɨ-ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɣ ɤɨɪɩɭɫ 

ɢ ɩɨɞɡɟɦɧɵɟ ɝɚɥɟɪɟɢ ɚɪɨɱɧɨɝɨ ɬɢɩɚ ɜɵɩɨɥɧɟɧɵ ɢɡ ɫɛɨɪɧɵɯ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ. ɇɚɞɡɟɦɧɵɟ ɷɫɬɚɤɚɞɵ ɜɵɩɨɥɧɹɸɬɫɹ ɢɡ ɢɧɞɢɜɢɞɭɚɥɶɧɨ 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɩɪɨɟɤɬɨɦ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɨɛɥɟɝɱёɧɧɵɯ ɤɟɪɚɦɡɢɬɨɛɟɬɨɧɧɵɯ ɩɚɧɟɥɟɣ ɢ ɨɝɪɚɠɞɚɸɳɢɯ ɚɪɨɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ 

(ɝɧɭɬɵɟ ɩɪɨɮɢɥɢ ɢ ɫɬɚɥɶɧɨɣ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɣ ɥɢɫɬ ɫ ɭɬɟɩɥɢɬɟɥɟɦ). 

ɋɤɥɚɞ ɬɨɩɥɢɜɚ ɪɚɞɢɚɥɶɧɨɣ ɮɨɪɦɵ ёɦɤɨɫɬɶɸ 700 ɬɵɫ.ɬ ɜɵɩɨɥɧɟɧ ɩɨ 

ɢɧɞɢɜɢɞɭɚɥɶɧɨɦɭ ɩɪɨɟɤɬɭ ɦɟɯɚɧɢɡɢɪɨɜɚɧ ɦɚɲɢɧɨɣ ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɟɣɫɬɜɢɹ, 

ɢɫɩɨɥɶɡɭɟɦɨɣ ɤɚɤ ɞɥɹ ɩɪɢёɦɚ ɢ ɨɬɫɵɩɤɢ ɭɝɥɹ ɧɚ ɫɤɥɚɞ, ɬɚɤ ɢ ɞɥɹ ɜɵɞɚɱɢ ɟɝɨ ɫɨ 

ɫɤɥɚɞɚ ɜ ɝɥɚɜɧɵɣ ɤɨɪɩɭɫ. ɋɨɨɪɭɠɟɧɢɹ ɭɝɨɥɶɧɨɝɨ ɫɤɥɚɞɚ ɫ ɭɡɥɚɦɢ ɩɟɪɟɫɵɩɤɢ ɢ 

ɝɚɥɟɪɟɹɦɢ ɤɨɧɜɟɣɟɪɨɜ ɜɵɩɨɥɧɟɧɵ ɢɡ ɦɨɧɨɥɢɬɧɵɯ ɢ ɫɛɨɪɧɵɯ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ. 

ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɭɝɨɥɶ ɩɪɢɲɟɥ ɫ ɭɝɨɥɶɧɨɝɨ ɪɚɡɪɟɡɚ ɧɚ ɭɡɟɥ ɩɟɪɟɫɵɩɤɢ №1, 

ɩɨ ɤɨɧɜɟɣɟɪɚɦ №1Ⱥ,1Ȼ ɨɧ ɩɨɞɚёɬɫɹ ɜ ɞɪɨɛɢɥɶɧɵɣ ɤɨɪɩɭɫ. 

ȼ ɞɪɨɛɢɥɶɧɨɦ ɤɨɪɩɭɫɟ ɭɫɬɚɧɨɜɥɟɧɵ 4 ɞɪɨɛɢɥɤɢ Ɇ20ɯ30 ɬɢɩɚ ɋɆȾ-98 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɞɨ 1200 ɬ/ɱ ɤɚɠɞɚɹ, ɤɨɬɨɪɵɟ ɩɨɞɝɨɬɚɜɥɢɜɚɸɬ ɬɨɩɥɢɜɨ, 

ɞɪɨɛɹ ɞɨ ɧɟɨɛɯɨɞɢɦɨɣ ɮɪɚɤɰɢɢ. Ⱦɥɹ ɨɬɫɟɜɚ ɦɟɥɨɱɢ ɩɟɪɟɞ ɞɪɨɛɢɥɤɚɦɢ 

ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɜɟɟɪɧɵɟ ɪɟɲёɬɤɢ. 

Ⱦɚɥɟɟ ɬɨɩɥɢɜɨ ɩɨɫɬɭɩɚɟɬ ɜ ɛɭɧɤɟɪ ɛɚɲɧɢ ɩɟɪɟɫɵɩɤɢ №1 ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ 

ɩɨ ɤɨɧɜɟɣɟɪɚɦ №2Ⱥ,2Ȼ, ɪɚɫɩɥɨɠɟɧɧɵɦ ɜ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɯ ɝɚɥɟɪɟɹɯ, 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɚɠɞɨɝɨ 2500 ɬ/ɱ, ɭɝɥɨɦ ɧɚɤɥɨɧɚ ɛɨɤɨɜɵɯ ɪɨɥɢɤɨɜ 30, 

ɫɤɨɪɨɫɬɶɸ ɞɜɢɠɟɧɢɹ ɥɟɧɬɵ 2,5 ɦ/ɫ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ ɪɚɛɨɱɢɣ, ɞɪɭɝɨɣ ɪɟɡɟɪɜɧɵɣ. 

Ɇɟɫɬɚ ɩɟɪɟɫɵɩɨɤ ɭɝɥɹ ɢ ɟɝɨ ɞɪɨɛɥɟɧɢɹ ɧɚ ɬɪɚɤɬɟ ɩɨɞɚɱɢ ɬɨɩɥɢɜɚ 

ɨɛɨɪɭɞɨɜɚɧɵ ɫɢɫɬɟɦɚɦɢ ɚɫɩɢɪɚɰɢɢ ɫ ɨɱɢɫɬɤɨɣ ɜɨɡɞɭɯɚ ɜ ɤɨɚɝɭɥɹɰɢɨɧɧɵɯ 

ɦɨɤɪɵɯ ɩɵɥɟɭɥɨɜɢɬɟɥɹɯ (ɄɆɉ). Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɭɫɬɚɧɨɜɨɤ ɤɨɚɝɭɥɹɰɢɨɧɧɵɯ 
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ɦɨɤɪɵɯ ɩɵɥɟɭɥɨɜɢɬɟɥɟɣ ɩɨ ɬɪɚɤɬɭ ɭɝɥɟɩɨɞɚɱɢ – 32. Ɉɧɢ ɩɨɤɚɡɵɜɚɸɬ ɜɵɫɨɤɭɸ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜ ɪɚɛɨɬɟ – ɫɬɟɩɟɧɶ ɨɱɢɫɬɤɢ ɞɨɫɬɢɝɚɟɬ 97,5%. 

Ʉɨɧɜɟɣɟɪɵ №2Ⱥ,2Ȼ ɨɛɨɪɭɞɨɜɚɧɵ ɭɫɬɪɨɣɫɬɜɚɦɢ ɩɨ ɭɞɚɥɟɧɢɸ ɢɡ ɬɨɩɥɢɜɚ 

ɦɚɝɧɢɬɧɵɯ ɢ ɧɟɦɚɝɧɢɬɧɵɯ ɦɟɬɚɥɥɨɜ. Ɇɚɝɧɢɬɧɵɟ ɦɟɬɚɥɥɵ ɭɞɚɥɹɸɬɫɹ ɢɡ ɫɥɨɹ 

ɬɨɩɥɢɜɚ ɩɪɢ ɩɨɦɨɳɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɲɤɢɜɧɵɯ ɫɟɩɚɪɚɬɨɪɨɜ ɜ ɫɨɱɟɬɚɧɢɢ ɫ 

ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɪɚɛɨɬɨɣ ɩɨɞɜɟɫɧɵɯ ɫɟɩɚɪɚɬɨɪɨɜ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚɞ 

ɤɨɧɜɟɣɟɪɨɦ. 

ɍɞɚɥɟɧɢɟ ɢɡ ɬɨɩɥɢɜɚ ɦɟɬɚɥɥɨɜ, ɤɨɬɨɪɵɟ ɧɟ ɨɬɧɨɫɹɬɫɹ ɤ ɦɚɝɧɢɬɧɵɦ, 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɪɨɛɢɥɤɨɣ ɛɚɪɚɛɚɧɧɨɣ ɬɢɩɚ ȾȻ-28 (ɜɫɟɝɨ ɞɜɟ ɞɪɨɛɢɥɤɢ: ɪɚɛɨɱɚɹ 

ɢ ɪɟɡɟɪɜɧɚɹ). ɉɪɢ ɩɨɹɜɥɟɧɢɢ ɫɢɝɧɚɥɚ ɨɬ ɦɟɬɚɥɥɨɢɫɤɚɬɟɥɟɣ ɢɦɩɭɥɶɫ ɩɨɫɬɭɩɚɟɬ ɤ 

ɩɥɭɠɤɨɜɨɦɭ ɫɛɪɚɫɵɜɚɬɟɥɸ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɱɚɫɬɶ ɬɨɩɥɢɜɚ ɫ ɦɟɬɚɥɥɨɦ 

ɫɛɪɚɫɵɜɚɟɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɵɣ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɛɭɧɤɟɪ ɢ ɫ ɩɨɦɨɳɶɸ ɞɨɡɢɪɭɸɳɟɝɨ 

ɭɫɬɪɨɣɫɬɜɚ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɛɚɪɚɛɚɧɧɭɸ ɞɪɨɛɢɥɤɭ. ɋ ɰɟɥɶɸ ɫɨɤɪɚɳɟɧɢɹ ɪɚɫɯɨɞɚ 

ɭɝɥɹ ɱɟɪɟɡ ɞɪɨɛɢɥɤɭ ɩɟɪɟɞ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɛɭɧɤɟɪɨɦ ɭɫɬɚɧɨɜɥɟɧ ɜɟɟɪɧɵɣ 

ɝɪɨɯɨɬ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɪɚɡɦɟɪɨɦ ɹɱɟɣɤɢ 40 ɦɦ. Ɇɟɥɤɢɟ ɮɪɚɤɰɢɢ ɬɨɩɥɢɜɚ ɩɨɫɥɟ 

ɜɟɟɪɧɨɝɨ ɝɪɨɯɨɬɚ, ɦɢɧɭɹ ɞɪɨɛɢɥɤɭ, ɫɛɪɚɫɵɜɚɸɬɫɹ ɧɚ ɤɨɧɜɟɣɟɪ №3/1. 

Ⱦɪɨɛɢɥɤɚ ɛɚɪɚɛɚɧɧɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɧɫɬɪɭɤɰɢɸ, ɨɛɴɟɞɢɧɹɸɳɭɸ ɜ 

ɫɟɛɟ: ɛɚɪɚɛɚɧ, ɤɨɠɭɯ, ɩɪɢɜɨɞ. ȼɪɚɳɟɧɢɟ ɨɫɧɨɜɧɨɝɨ ɨɪɝɚɧɚ – ɛɚɪɚɛɚɧɚ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. Ɋɚɛɨɬɚ ɦɚɲɢɧɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: 

ɬɨɩɥɢɜɨ ɫ ɜɤɥɸɱɟɧɢɹɦɢ ɱɟɪɟɡ ɡɚɝɪɭɡɨɱɧɵɣ ɠɟɥɨɛ ɩɨɫɬɭɩɚɟɬ ɜ ɛɚɪɚɛɚɧ, 

ɩɨɞɧɢɦɚɟɬɫɹ ɩɨɥɤɚɦɢ ɛɚɪɚɛɚɧɚ ɢ, ɩɚɞɚɹ ɫ ɧɢɯ, ɞɪɨɛɢɬɫɹ ɨɬ ɭɞɚɪɨɜ ɨ ɜɧɭɬɪɟɧɧɸɸ 

ɩɨɜɟɪɯɧɨɫɬɶ ɪɟɲɟɬ ɛɚɪɚɛɚɧɚ. Ⱦɪɨɛɥɟɧɧɵɣ ɞɨ ɪɚɡɦɟɪɨɜ ɨɬɜɟɪɫɬɢɣ ɜ ɪɟɲɟɬɟ – 0-

20 ɦɦ ɭɝɨɥɶ ɩɪɨɫɟɢɜɚɟɬɫɹ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɹ ɪɟɲɟɬ ɜ ɩɪɢёɦɧɭɸ ɜɨɪɨɧɤɭ ɤɨɠɭɯɚ, 

ɫɨɟɞɢɧёɧɧɨɣ ɬɟɱɤɨɣ ɫ ɤɨɧɜɟɣɟɪɨɦ №3/1. 

Ɇɟɬɚɥɥ ɩɟɪɟɦɟɳɚɟɬɫɹ ɩɨɥɤɚɦɢ ɜɞɨɥɶ ɨɫɢ ɛɚɪɚɛɚɧɚ ɢ ɜɵɛɪɚɫɵɜɚɟɬɫɹ 

ɪɚɡɝɪɭɡɨɱɧɵɦɢ ɥɨɩɚɬɤɚɦɢ ɛɚɪɚɛɚɧɚ ɜ ɠёɥɨɛ, ɨɬɤɭɞɚ ɩɨɫɬɭɩɚɟɬ ɧɚ ɫɩɟɰɢɚɥɶɧɨ 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɤɨɧɬɟɣɧɟɪ ɭɞɚɥɟɧɢɹ ɦɟɬɚɥɥɚ. 
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ɉɨɫɥɟ ɨɫɧɨɜɧɵɯ ɞɪɨɛɢɥɨɤ Ɇ20ɯ30 ɞɪɨɛɥɟɧɧɵɣ ɭɝɨɥɶ ɫ ɤɨɧɜɟɣɟɪɚ №3/1 

ɩɨɫɬɭɩɚɟɬ ɧɚ ɤɨɧɜɟɣɟɪ 3/2 ɢ ɞɚɥɟɟ ɧɚ ɤɨɧɜɟɣɟɪɵ №4 ɛɭɧɤɟɪɧɨɝɨ ɨɬɞɟɥɟɧɢɹ. ȼ 

ɛɭɧɤɟɪɧɨɦ ɨɬɞɟɥɟɧɢɢ ɫ ɩɨɦɨɳɶɸ ɫɬɚɰɢɨɧɚɪɧɵɯ ɩɥɭɠɤɨɜɵɯ ɫɛɪɚɫɵɜɚɬɟɥɟɣ 

ɬɨɩɥɢɜɨ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɛɭɧɤɟɪɚɦ ɫɵɪɨɝɨ ɭɝɥɹ ɱɟɬɵɪɶɦɹ ɤɨɧɜɟɣɟɪɚɦɢ №4 - 

ɩɨ ɞɜɚ ɤɨɧɜɟɣɟɪɚ ɧɚ ɤɚɠɞɨɟ ɛɭɧɤɟɪɧɨɟ ɨɬɞɟɥɟɧɢɟ. ȼ ɤɚɠɞɨɣ ɛɭɧɤɟɪɧɨɣ ɝɚɥɟɪɟɟ 

ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ ɭɫɬɚɧɨɜɥɟɧɵ ɬɪɚɧɫɩɨɪɬёɪɵ ɫ ɥɟɧɬɨɣ 2000 ɦɦ. Ⱦɥɹ ɤɨɧɬɪɨɥɹ 

ɤɚɱɟɫɬɜɚ ɭɝɥɹ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɝɥɚɜɧɵɣ ɤɨɪɩɭɫ, ɧɚ ɛɚɲɧɟ ɩɟɪɟɫɵɩɤɢ №2 ɧɚ 

ɤɨɧɜɟɣɟɪɚɯ №3 ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɩɪɨɛɨɨɬɛɨɪɧɢɤɢ ɬɢɩɚ ɆɉɅ-150. ɉɨɞɚɱɚ ɬɨɩɥɢɜɚ 

ɫ ɛɭɧɤɟɪɧɨɝɨ ɨɬɞɟɥɟɧɢɹ ɛɚɲɧɢ ɩɟɪɟɫɵɩɤɢ №1 ɜ ɛɭɧɤɟɪɧɨɟ ɨɬɞɟɥɟɧɢɟ ɛɚɲɧɢ 

ɩɟɪɟɫɵɩɤɢ №2 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɧɜɟɣɟɪɨɜ №3Ⱥ,3Ȼ (2000 ɦɦ), ɢ ɩɨ 

ɤɨɧɜɟɣɟɪɚɦ №4Ⱥ,4Ȼ  ɜ ɛɭɧɤɟɪɚ ɫɵɪɨɝɨ ɭɝɥɹ ɦɟɥɶɧɢɰ-ɜɟɧɬɢɥɹɬɨɪɨɜ Ɇȼ 

3300/800/490 ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 70 ɬ/ɱ. 

ɋ ɛɚɲɧɢ ɩɟɪɟɫɵɩɤɢ №2 ɩɨ ɤɨɧɜɟɣɟɪɚɦ №4ȼ,4Ƚ ɭɝɨɥɶ ɩɨɞɚёɬɫɹ ɜ ɛɭɧɤɟɪɚ 

ɫɵɪɨɝɨ ɭɝɥɹ ɦɟɥɶɧɢɰ-ɜɟɧɬɢɥɹɬɨɪɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɫ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ 

ɫɬɨɪɨɧɵ ɤɨɬɥɨɚɝɪɟɝɚɬɚ. 

ɇɚ ɨɞɢɧ ɤɨɬɥɨɚɝɪɟɝɚɬ ɭɫɬɚɧɨɜɥɟɧɨ 8 ɦɟɥɶɧɢɰ-ɜɟɧɬɢɥɹɬɨɪɨɜ ɢ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 8 ɛɭɧɤɟɪɨɜ ɫɵɪɨɝɨ ɭɝɥɹ ёɦɤɨɫɬɶɸ ɩɨ 900 ɦ3 (ɢɡ ɪɚɫɱёɬɚ ɪɚɛɨɬɵ 

ɧɚ 10 ɱɚɫɨɜ). 

 

1.3 ɉɨɞɚɱɚ ɭɝɥɹ ɧɚ ɫɤɥɚɞ 

 

ɉɨɫɥɟ ɞɪɨɛɥɟɧɢɹ ɜ ɞɪɨɛɢɥɶɧɨ-ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɦ ɤɨɪɩɭɫɟ ɩɨ ɤɨɧɜɟɣɟɪɚɦ 

№6/1,6/2 ɭɝɨɥɶ ɩɨɫɬɭɩɚɟɬ ɫ ɡɚɝɪɭɡɨɱɧɵɯ ɛɭɧɤɟɪɨɜ ɫ ɤɚɱɚɸɳɢɦɢɫɹ ɩɢɬɚɬɟɥɹɦɢ 

ɬɢɩɚ ɄɌ-14 ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 700 ɬ/ɱ ɧɚ ɭɡɟɥ ɩɟɪɟɫɵɩɤɢ №3 ɢ ɫ ɩɨɦɨɳɶɸ 

ɪɨɬɨɪɧɨɣ ɩɨɝɪɭɡɨɱɧɨɣ ɦɚɲɢɧɵ ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɟɣɫɬɜɢɹ ɨɬɫɵɩɚɟɬɫɹ ɜ ɲɬɚɛɟɥɶ ɧɚ 

ɫɤɥɚɞ. 

Ⱦɥɹ ɩɨɞɚɱɢ ɭɝɥɹ ɧɚ ɝɥɚɜɧɵɣ ɤɨɪɩɭɫ ɪɨɬɨɪɧɚɹ ɩɨɝɪɭɡɨɱɧɚɹ ɦɚɲɢɧɚ ɫ 

ɩɨɦɨɳɶɸ ɪɨɬɨɪɧɵɯ ɤɨɜɲɟɣ ɨɫɭɳɟɫɬɜɥɹɟɬ ɜɵɟɦɤɭ ɭɝɥɹ ɫɨ ɫɤɥɚɞɚ. ȼɧɚɱɚɥɟ ɩɨ 
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ɤɨɧɜɟɣɟɪɭ 5/2 ɭɝɨɥɶ ɫ ɭɡɥɚ ɩɟɪɟɫɵɩɤɢ №3 ɩɨɫɬɭɩɚɟɬ ɧɚ ɭɡɟɥ ɩɟɪɟɫɵɩɤɢ №2, 

ɡɚɬɟɦ ɩɨ ɤɨɧɜɟɣɟɪɭ 5/1 ɜ ɞɪɨɛɢɥɶɧɨ-ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɣ ɤɨɪɩɭɫ, ɞɚɥɟɟ ɧɚ ɛɭɧɤɟɪ 

ɛɚɲɧɢ ɩɟɪɟɫɵɩɤɢ №1 ɩɨ ɤɨɧɜɟɣɟɪɚɦ №2Ⱥ,2Ȼ. 

 

1.4 Ɉɩɢɫɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɦɟɯɚɧɢɡɦɚ ɊɉɆ (ɪɨɬɨɪɧɨɣ 

ɩɨɝɪɭɡɨɱɧɨɣ ɦɚɲɢɧɵ) 

 

 

Ɋɢɫɭɧɨɤ 1.1 – Ɋɨɬɨɪɧɚɹ ɩɨɝɪɭɡɨɱɧɚɹ ɦɚɲɢɧɚ 

 

ɇɚ ɪɢɫɭɧɤɟ 1.1 ɢɡɨɛɪɚɠɟɧɚ ɪɨɬɨɪɧɚɹ ɦɚɲɢɧɚ ɊɉɆ 3600, ɨɧɚ 

ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɦɟɯɚɧɢɡɚɰɢɢ ɪɚɛɨɬ ɩɨ ɫɤɥɚɞɢɪɨɜɚɧɢɸ ɭɝɥɹ ɜ ɲɬɚɛɟɥɶ, ɡɚɛɨɪɚ 

ɟɝɨ ɢɡ ɲɬɚɛɟɥɹ ɢ ɩɟɪɟɦɟɳɟɧɢɸ ɩɨ ɫɢɫɬɟɦɟ ɤɨɧɜɟɣɟɪɨɜ ɜ ɩɪɟɞɟɥɚɯ ɤɨɥɶɰɟɜɨɝɨ 

ɫɤɥɚɞɚ. Ɉɧɚ ɹɜɥɹɟɬɫɹ ɧɟ ɩɨɥɧɨɩɨɜɨɪɨɬɧɨɣ ɦɚɲɢɧɨɣ ɩɨɝɪɭɡɨɱɧɨ-ɪɚɡɝɪɭɡɨɱɧɨɝɨ 

ɞɟɣɫɬɜɢɹ ɧɚ ɤɨɥɟɫɧɨ-ɪɟɥɶɫɨɜɨɦ ɯɨɞɭ, ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɨɫɧɨɜɧɵɯ ɱɚɫɬɟɣ: 

- ɜɟɪɯɧɟɣ ɱɚɫɬɢ; 

- ɦɨɫɬɚ; 

- ɰɟɧɬɪɚɥɶɧɨɣ ɨɩɨɪɵ. 
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ȼɟɪɯɧɹɹ ɱɚɫɬɶ ɫɨɫɬɨɢɬ ɢɡ ɤɨɧɫɨɥɢ ɩɪɨɬɢɜɨɜɟɫɚ, ɫ ɨɩɨɪɧɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ, 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɧɚ ɦɟɯɚɧɢɡɦ ɩɟɪɟɞɜɢɠɟɧɢɹ (ɤɨɧɫɨɥɶ) ɢ ɲɚɪɧɢɪɧɨ ɫɜɹɡɚɧɧɨɣ ɫ 

ɧɟɣ ɫɬɪɟɥɨɣ ɪɨɬɨɪɚ, ɤɨɬɨɪɚɹ ɩɨɞɜɟɲɟɧɚ ɧɚ ɩɨɥɢɫɩɚɫɬɧɨɣ ɩɨɞɜɟɫɤɟ. 

Ɇɨɫɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɸ, ɧɚ ɤɨɬɨɪɨɣ ɪɚɫɩɨɥɨɠɟɧɵ 

ɪɟɥɶɫɨɜɵɣ ɩɭɬɶ, ɩɨ ɤɨɬɨɪɨɦɭ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜɟɪɯɧɹɹ ɱɚɫɬɶ, ɚ ɬɚɤ ɠɟ  ɤɚɛɢɧɚ 

ɦɚɲɢɧɢɫɬɚ, ɦɚɫɬɟɪɫɤɚɹ, ɤɨɦɧɚɬɚ ɨɬɞɵɯɚ, ɷɥɟɤɬɪɨɩɨɦɟɳɟɧɢɹ, ɤɨɧɜɟɣɟɪ ɦɨɫɬɚ (L 

= 38 ɦ).  

Ʉɨɧɜɟɣɟɪ ɦɨɫɬɚ ɫɨɫɬɨɢɬ ɢɡ ɩɪɢɜɨɞɚ, ɧɚɬɹɠɧɨɣ ɫɬɚɧɰɢɢ, ɬɪɚɧɫɩɨɪɬɟɪɧɨɣ 

ɥɟɧɬɵ ɢ ɪɨɥɢɤɨɨɩɨɪ. Ɋɚɛɨɬɚ ɤɨɧɜɟɣɟɪɚ ɦɨɫɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɜ ɪɟɠɢɦɟ 

"ɗɄɋɄȺȼȺɐɂə".  

Ɇɨɫɬ ɨɞɧɢɦ ɤɨɧɰɨɦ ɨɩɢɪɚɟɬɫɹ ɧɚ ɤɨɥɶɰɟɜɨɣ  ɪɟɥɶɫɨɜɵɣ ɩɭɬɶ ɩɨɫɪɟɞɫɬɜɨɦ 

ɞɜɭɯ ɯɨɞɨɜɵɯ ɬɟɥɟɠɟɤ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɩɪɢɜɨɞɧɵɯ ɢ ɞɜɭɯ 

ɧɟɩɪɢɜɨɞɧɵɯ ɬɟɥɟɠɟɤ. ɋɤɨɪɨɫɬɶ ɩɟɪɟɞɜɢɠɟɧɢɹ ɦɨɫɬɚ ɜ ɞɢɚɩɚɡɨɧɟ 5-15 ɦ/ɦɢɧ. 

ȼɬɨɪɨɣ ɤɨɧɟɰ ɦɨɫɬɚ ɨɩɢɪɚɟɬɫɹ ɧɚ ɰɟɧɬɪɚɥɶɧɭɸ ɨɩɨɪɭ.  

ɐɟɧɬɪɚɥɶɧɚɹ ɨɩɨɪɚ ɹɜɥɹɟɬɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɰɟɧɬɪɨɦ ɤɨɥɶɰɟɜɨɝɨ ɩɭɬɢ ɢ 

ɫɥɭɠɢɬ ɞɥɹ ɨɩɨɪɵ ɦɨɫɬɚ ɢ ɬɪɚɧɫɩɨɪɬɧɨɣ ɷɫɬɚɤɚɞɵ (ɝɚɥɟɪɟɢ ɥɟɧɬɨɱɧɨɝɨ 

ɤɨɧɜɟɣɟɪɚ 5/2). Ɉɩɨɪɚ ɫɨɫɬɨɢɬ ɢɡ ɪɚɦɵ ɨɩɨɪɧɨɣ, ɧɚ ɤɨɬɨɪɭɸ ɱɟɪɟɡ ɨɩɨɪɧɨ-

ɩɨɜɨɪɨɬɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɨɩɢɪɚɟɬɫɹ ɩɨɪɬɚɥ. ȼ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɩɨɪɬɚɥɚ 

ɫɦɨɧɬɢɪɨɜɚɧɨ ɨɩɨɪɧɨ-ɩɨɜɨɪɨɬɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɧɚ ɤɨɬɨɪɨɟ ɨɩɢɪɚɟɬɫɹ 

ɬɪɚɧɫɩɨɪɬɧɚɹ ɷɫɬɚɤɚɞɚ (ɝɚɥɟɪɟɹ ɥɟɧɬɨɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ 5/2).  

Ɇɟɯɚɧɢɡɦ ɩɟɪɟɞɜɢɠɟɧɢɹ ɜɟɪɯɧɟɣ ɱɚɫɬɢ (ɤɨɧɫɨɥɢ) ɩɨ ɦɨɫɬɭ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɱɟɬɵɪɟɯ ɩɪɢɜɨɞɧɵɯ ɬɟɥɟɠɟɤ ɩɨ ɪɟɥɶɫɨɜɨɦɭ ɩɭɬɢ. 

ɋɤɨɪɨɫɬɶ ɩɟɪɟɞɜɢɠɟɧɢɹ 10 ɦ/ɦɢɧ. ɇɚ ɤɨɧɫɨɥɢ ɧɚɯɨɞɢɬɫɹ ɥɟɧɬɨɱɧɵɣ ɤɨɧɜɟɣɟɪ 

ɤɨɧɫɨɥɢ (L = 38 ɦ) ɫɨɫɬɨɹɳɢɣ ɢɡ ɩɪɢɜɨɞɚ, ɧɚɬɹɠɧɨɣ ɫɬɚɧɰɢɢ, ɬɪɚɧɫɩɨɪɬɟɪɧɨɣ 

ɥɟɧɬɵ ɢ ɪɨɥɢɤɨɨɩɨɪ. Ɋɚɛɨɬɚ ɤɨɧɜɟɣɟɪɚ ɤɨɧɫɨɥɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɜ ɪɟɠɢɦɟ 

"ɈɌɋɕɉɄȺ".  

ɋɬɪɟɥɚ ɪɨɬɨɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɸ, ɧɚ ɤɨɬɨɪɨɣ 

ɪɚɫɩɨɥɨɠɟɧ ɥɟɧɬɨɱɧɵɣ ɤɨɧɜɟɣɟɪ ɫɬɪɟɥɵ ɢ ɪɨɬɨɪɧɨɟ ɤɨɥɟɫɨ.  Ʌɟɧɬɨɱɧɵɣ 
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ɤɨɧɜɟɣɟɪ ɫɬɪɟɥɵ ɫɨɫɬɨɢɬ ɢɡ ɩɪɢɜɨɞɧɨɣ ɫɬɚɧɰɢɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɞɜɭɯ ɩɪɢɜɨɞɨɜ, 

ɧɚɬɹɠɧɨɣ ɫɬɚɧɰɢɢ, ɬɪɚɧɫɩɨɪɬɟɪɧɨɣ ɥɟɧɬɵ ɢ ɪɨɥɢɤɨɨɩɨɪ. Ɋɚɛɨɬɚ ɤɨɧɜɟɣɟɪɚ 

ɫɬɪɟɥɵ ɜɨɡɦɨɠɧɚ ɤɚɤ ɜ ɪɟɠɢɦɟ "ɈɌɋɕɉɄȺ", ɬɚɤ ɢ ɜ ɪɟɠɢɦɟ "ɗɄɋɄȺȼȺɐɂə". 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɥɟɧɬɨɱɧɨɝɨ ɤɨɧɜɟɣɟɪɚ ɫɬɪɟɥɵ, ɩɪɢ ɩɟɪɟɯɨɞɟ ɫ ɨɞɧɨɝɨ ɹɪɭɫɚ 

ɧɚ ɞɪɭɝɨɣ, ɩɪɢ ɷɤɫɤɚɜɚɰɢɢ ɢɥɢ ɨɬɫɵɩɤɟ, ɪɟɝɭɥɢɪɭɟɬɫɹ ɜɟɥɢɱɢɧɚ ɧɚɬɹɠɟɧɢɹ 

ɥɟɧɬɵ, ɩɪɢ ɩɨɦɨɳɢ ɞɜɭɯ ɜɢɧɬɨɜɵɯ ɧɚɬɹɠɢɬɟɥɟɣ ɧɚɬɹɠɧɨɣ ɫɬɚɧɰɢɢ. Ɋɨɬɨɪɧɨɟ 

ɤɨɥɟɫɨ ɡɚɤɪɟɩɥɟɧɨ ɧɚ ɝɨɥɨɜɧɨɣ ɱɚɫɬɢ ɫɬɪɟɥɵ. Ⱦɢɚɦɟɬɪ ɪɨɬɨɪɚ 8,5 ɦ. ɉɨ 

ɨɤɪɭɠɧɨɫɬɢ ɪɨɬɨɪɧɨɝɨ ɤɨɥɟɫɚ ɡɚɤɪɟɩɥɟɧɵ 10 ɪɚɛɨɱɢɯ ɤɨɜɲɟɣ ɟɦɤɨɫɬɶɸ 0,95 ɦ3 ɢ 

10 ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɪɟɠɭɳɢɯ ɩɨɹɫɨɜ. ɉɨɞɴёɦ ɢ ɨɩɭɫɤɚɧɢɟ ɫɬɪɟɥɵ ɪɨɬɨɪɚ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɞɜɭɯ ɥɟɛёɞɨɤ ɢ ɞɜɭɯ ɩɨɥɢɫɩɚɫɬɨɜ.  ɋɤɨɪɨɫɬɶ ɩɨɞɴёɦɚ 

ɫɬɪɟɥɵ ɪɨɬɨɪɚ ɞɨ 4,2 ɦ/ɦɢɧ. ɍɝɨɥ ɩɨɞɴёɦɚ ɫɬɪɟɥɵ ɨɬ ɝɨɪɢɡɨɧɬɚ ɞɨ 160. ɍɝɨɥ 

ɨɩɭɫɤɚɧɢɹ ɫɬɪɟɥɵ ɨɬ ɝɨɪɢɡɨɧɬɚ ɞɨ 180. 

ɍɡɥɵ ɩɟɪɟɫɵɩɨɤ ɪɨɬɨɪɧɨɣ ɩɨɝɪɭɡɨɱɧɨɣ ɦɚɲɢɧɵ (ɩɪɢɟɦɧɵɣ ɛɭɧɤɟɪ 

ɪɨɬɨɪɚ, ɬɟɱɤɚ ɫ ɥɟɧɬɨɱɧɵɦ ɤɨɧɜɟɣɟɪɨɦ ɤɨɧɫɨɥɢ ɧɚ ɥɟɧɬɨɱɧɨɦ ɤɨɧɜɟɣɟɪɟ ɫɬɪɟɥɵ 

ɢ ɬɟɱɤɚ ɫ ɥɟɧɬɨɱɧɵɦ ɤɨɧɜɟɣɟɪɨɦ ɫɬɪɟɥɵ ɧɚ ɥɟɧɬɨɱɧɨɦ ɤɨɧɜɟɣɟɪɟ ɦɨɫɬɚ) 

ɨɛɨɪɭɞɨɜɚɧɵ ɮɨɪɫɭɧɤɚɦɢ ɫɢɫɬɟɦɵ ɝɢɞɪɨɨɛɟɫɩɵɥɢɜɚɧɢɹ, ɤ ɤɨɬɨɪɵɦ ɩɨ ɫɢɫɬɟɦɟ 

ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɩɨɞɚɟɬɫɹ ɜɨɞɚ ɢɡ ёɦɤɨɫɬɢ V = 5ɦ3, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɧɚ ɤɨɧɫɨɥɢ. 

ɉɨɞɚɱɚ ɜɨɞɵ ɜ ɫɢɫɬɟɦɭ ɫ ɛɚɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚɫɨɫɨɦ ɂȼ 5/105. ȼɤɥɸɱɟɧɢɟ 

ɧɚɫɨɫɚ ɝɢɞɪɨɨɛɟɫɩɵɥɢɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɦɟɫɬɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɨɦɨɳɧɢɤɨɦ 

ɦɚɲɢɧɢɫɬɚ ɩɨ ɪɚɫɩɨɪɹɠɟɧɢɸ ɦɚɲɢɧɢɫɬɚ ɪɨɬɨɪɧɨɣ ɩɨɝɪɭɡɨɱɧɨɣ ɦɚɲɢɧɵ. 

 

1.5 ɍɫɬɪɨɣɫɬɜɨ ɢ ɪɚɛɨɬɚ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɊɉɆ 

1.5.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ 

 

Ɋɨɬɨɪɧɚɹ ɩɨɝɪɭɡɨɱɧɚɹ ɦɚɲɢɧɚ ɤɨɦɩɥɟɤɬɭɟɬɫɹ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟɦ, 

ɫɟɪɢɣɧɨ ɜɵɩɭɫɤɚɟɦɵɦ ɡɚɜɨɞɚɦɢ ɷɥɟɤɬɪɨɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɫɨɟɞɢɧɟɧɢɟ 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɲɢɧ ɫ ɨɫɧɨɜɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɡɚɜɨɞɟ-

ɢɡɝɨɬɨɜɢɬɟɥɟ [2]. Ɍɨɱɧɨɫɬɶ ɫɨɩɪɹɠɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɫ ɦɟɯɚɧɢɡɦɚɦɢ 
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ɞɨɥɠɧɚ ɩɪɨɜɟɪɹɬɶɫɹ (ɜ ɩɟɪɢɨɞ ɦɨɧɬɚɠɚ ɢ ɪɟɜɢɡɢɢ) ɩɟɪɟɞ ɩɭɫɤɨɦ ɦɟɯɚɧɢɡɦɚ ɜ 

ɪɚɛɨɬɭ. ɗɥɟɤɬɪɨɩɪɢёɦɧɢɤɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɚ ɞɜɢɠɭɳɢɯɫɹ ɞɪɭɝ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɞɪɭɝɚ ɱɚɫɬɹɯ ɦɚɲɢɧɵ, ɡɚɩɢɬɚɧɵ ɫ ɩɨɦɨɳɶɸ ɝɢɛɤɢɯ ɤɚɛɟɥɶɧɵɯ ɩɨɞɜɟɫɨɤ. 

ȼɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɜɫɟ ɨɫɧɨɜɧɵɟ ɩɨɬɪɟɛɢɬɟɥɢ ɷɧɟɪɝɢɢ ɦɚɲɢɧɵ ɩɢɬɚɸɬɫɹ 

ɧɚɩɪɹɠɟɧɢɟɦ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ 50 Ƚɰ ɧɚɩɪɹɠɟɧɢɟɦ 380 

ȼ ɢ 220 ȼ, ɡɞɟɫɶ ɭɫɬɚɧɨɜɥɟɧɵ ɞɜɚ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 

- ɦɨɳɧɨɫɬɶɸ 1000 ɤȼɚ, ɧɚɩɪɹɠɟɧɢɟɦ 6000/400 ȼ – ɞɥɹ ɩɢɬɚɧɢɹ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɦɟɯɚɧɢɡɦɨɜ; 

- ɦɨɳɧɨɫɬɶɸ 100 ɤȼɚ, ɧɚɩɪɹɠɟɧɢɟɦ 6000/230 ȼ – ɞɥɹ ɩɢɬɚɧɢɹ 

ɨɫɜɟɬɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ, ɨɛɨɝɪɟɜɚ, ɫɪɟɞɫɬɜ ɫɜɹɡɢ ɢ ɞɪ. 

Ⱦɥɹ ɜɤɥɸɱɟɧɢɹ, ɨɬɤɥɸɱɟɧɢɹ ɢ ɡɚɳɢɬɵ ɫɢɥɨɜɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ 

ɦɚɲɢɧɟ ɭɫɬɚɧɨɜɥɟɧɨ ɤɨɦɩɥɟɤɬɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɄɊɍɗɉɗ-6ɉ-400-10Ⱥ, ɢɫɩɨɥɧɟɧɢɹ 

ɒȼɆɉ-ɒ, ɫ ɞɨɩɭɫɬɢɦɵɦ ɬɨɤɨɦ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 10ɤȺ (ɷɮɮɟɤɬɢɜɧɨɟ 

ɡɧɚɱɟɧɢɟ). ɇɢɡɤɨɜɨɥɶɬɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɚɩɩɚɪɚɬɵ ɜɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ 

ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɧɬɪɨɥɹ ɢ ɡɚɳɢɬɵ 

ɫɦɨɧɬɢɪɨɜɚɧɵ ɜ ɲɤɚɮɚɯ ɢ ɫɬɚɧɰɢɹɯ ɭɩɪɚɜɥɟɧɢɹ ɨɞɧɨɫɬɨɪɨɧɧɟɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ: 

- ɫɬɚɧɰɢɢ ɝɥɚɜɧɵɯ ɩɪɢɜɨɞɨɜ; 

- ɫɬɚɧɰɢɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɪɢɜɨɞɨɜ; 

- ɪɟɥɟɣɧɨɦ ɲɤɚɮɭ; 

- ɫɬɚɧɰɢɢ ɥɟɛёɞɤɢ. 

ɋɬɚɧɰɢɢ, ɲɤɚɮɵ ɭɩɪɚɜɥɟɧɢɹ ɢ ɤɨɦɩɥɟɤɬɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ 

ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɡɚɤɪɵɬɵɯ ɜɟɧɬɢɥɢɪɭɟɦɵɯ ɢ ɨɛɨɝɪɟɜɚɟɦɵɯ ɩɨɦɟɳɟɧɢɹɯ. 

ȼɵɞɚɱɚ ɤɨɦɚɧɞ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɦɟɯɚɧɢɡɦɨɜ, ɤɨɧɬɪɨɥɶ ɡɚ 

ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ ɝɥɚɜɧɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ, ɫɢɝɧɚɥɢɡɚɰɢɹ ɨ ɫɨɫɬɨɹɧɢɢ ɢ 

ɩɨɥɨɠɟɧɢɢ ɨɬɞɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɨɬɪɚɛɨɬɤɢ ɡɚɞɚɧɧɨɝɨ ɭɝɥɚ 

ɨɬɤɨɫɚ ɢ ɧɚɛɨɪɚ ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɬɪɭɠɤɢ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ 

ɤɨɦɩɥɟɤɬɚ ɚɩɩɚɪɚɬɭɪɵ ɭɩɪɚɜɥɟɧɢɹ ɪɨɬɨɪɧɵɦ ɷɤɫɤɚɜɚɬɨɪɨɦ ȺɍɊɗ-Ɇ. ɂɡ ɷɬɨɝɨ 

ɤɨɦɩɥɟɤɬɚ ɜ ɤɚɛɢɧɟ ɭɩɪɚɜɥɟɧɢɹ ɦɚɲɢɧɨɣ ɭɫɬɚɧɨɜɥɟɧɵ: 
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- ɤɨɥɨɧɤɚ ɩɭɥɶɬɚ ɩɪɚɜɚɹ Ʉɉɉ-3; 

- ɤɨɥɨɧɤɚ ɩɭɥɶɬɚ ɥɟɜɚɹ ɄɉɅ-3; 

- ɤɨɥɨɧɤɚ ɦɚɲɢɧɢɫɬɚ ɩɪɢɛɨɪɧɚɹ ɄɆɉ-3; 

- ɲɤɚɮ ɭɩɪɚɜɥɟɧɢɹ ɢ ɫɢɝɧɚɥɢɡɚɰɢɢ ɒɍɋ-3; 

- ɲɤɚɮ ɥɨɝɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ. 

ɍɧɢɜɟɪɫɚɥɶɧɵɣ ɛɥɨɤ ɩɢɬɚɧɢɹ Ȼɉɍ-3 ɢɡ ɤɨɦɩɥɟɤɬɚ ȺɍɊɗ-Ɇ ɭɫɬɚɧɨɜɥɟɧ ɜ 

ɩɨɦɟɳɟɧɢɢ ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ʉɨɦɩɥɟɤɬ ȺɍɊɗ-Ɇ ɹɜɥɹɟɬɫɹ 

ɨɩɵɬɧɵɦ ɢɡɞɟɥɢɟɦ. Ⱦɥɹ ɥɭɱɲɟɝɨ ɨɛɡɨɪɚ ɦɟɫɬɚ ɪɚɛɨɬɵ ɦɚɲɢɧɚ ɨɛɨɪɭɞɨɜɚɧɚ 

ɩɪɨɦɵɲɥɟɧɧɨɣ ɬɟɥɟɜɢɡɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɨɣ. 

 

1.5.2 ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ 

 

ɗɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ ɦɚɲɢɧɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ɬɪёɯɮɚɡɧɨɣ ɥɢɧɢɢ 

ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ ɧɚɩɪɹɠɟɧɢɟɦ 6000 ȼ, ɱɚɫɬɨɬɨɣ 50 Ƚɰ [2]. ɉɢɬɚɸɳɢɣ ɤɚɛɟɥɶ ɨɬ 

ɨɬɞɟɥɶɧɨɝɨ ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɨɝɨ ɩɭɧɤɬɚ ɩɪɨɤɥɚɞɵɜɚɟɬɫɹ ɩɨ ɷɫɬɚɤɚɞɟ ɤ 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɧɚ ɧɟɣ ɜɵɫɨɤɨɜɨɥɶɬɧɨɣ ɤɨɪɨɛɤɟ əɄ-1. Ɉɬ ɤɨɪɨɛɤɢ əɄ-1 ɱɟɪɟɡ 

ɜɵɫɨɤɨɜɨɥɶɬɧɨɟ ɬɨɤɨɩɟɪɟɞɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɩɪɨɤɥɚɞɵɜɚɟɬɫɹ ɝɢɛɤɢɦ ɲɥɟɣɮɨɦ 

ɤɚɛɟɥɶ ɄɒȼȽ 3ɯ25+1ɯ10 ɤ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɧɚ ɩɨɪɬɚɥɟ ɜɵɫɨɤɨɜɨɥɶɬɧɨɣ ɤɨɪɨɛɤɟ 

əɄ-2. Ɉɬ ɤɨɪɨɛɤɢ əɄ-2 ɩɨ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɹɦ ɩɨɪɬɚɥɚ ɢ ɦɨɫɬɚ 

ɩɪɨɤɥɚɞɵɜɚɟɬɫɹ ɤɚɛɟɥɶ ɤ ɜɵɫɨɤɨɜɨɥɶɬɧɨɦɭ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɦɭ ɭɫɬɪɨɣɫɬɜɭ 

ɄɊɍɗɉɗ-6ɉ-400-10Ⱥ, ɭɫɬɚɧɨɜɥɟɧɧɨɦɭ ɜ ɩɨɦɟɳɟɧɢɢ ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ. Ⱦɥɹ ɩɢɬɚɧɢɹ ɫɢɥɨɜɵɯ ɬɨɤɨɩɪɢёɦɧɢɤɨɜ ɱɟɪɟɡ ɦɚɫɥɹɧɵɣ 

ɜɵɤɥɸɱɚɬɟɥɶ ɹɱɟɣɤɢ ɩɨɞɤɥɸɱɟɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌɋɁɍ-1000 ɦɨɳɧɨɫɬɶɸ 1000 

ɤȼȺ, ɧɚɩɪɹɠɟɧɢɟɦ 6000/400 ȼ, ɚ ɞɥɹ ɩɢɬɚɧɢɹ ɨɫɜɟɳɟɧɢɹ, ɨɛɨɝɪɟɜɚ, 

ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɫɜɹɡɢ, ɫɢɝɧɚɥɢɡɚɰɢɢ ɱɟɪɟɡ ɜɵɫɨɤɨɜɨɥɶɬɧɵɟ ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ 

ɩɨɞɤɥɸɱɟɧ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɌɆɗ-100, ɦɨɳɧɨɫɬɶɸ 100 ɤȼȺ, ɧɚɩɪɹɠɟɧɢɟɦ 

6000/400 ȼ. ɇɚ ɫɬɨɪɨɧɟ ɧɚɩɪɹɠɟɧɢɹ 380 ȼ ɡɚɳɢɬɚ ɜɵɩɨɥɧɹɟɬɫɹ 

ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɩɪɢɜɨɞɨɜ. Ƚɪɭɩɩɚ 
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ɚɜɬɨɦɚɬɨɜ ɫ ɨɝɪɚɧɢɱɟɧɧɨɣ ɨɬɤɥɸɱɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɨɞɤɥɸɱɟɧɚ ɤ ɫɟɬɢ 380 ȼ 

ɱɟɪɟɡ ɜɵɤɥɸɱɚɬɟɥɶ ɍ3-ȼ8 ɢ ɬɨɤɨɨɝɪɚɧɢɱɢɜɚɸɳɢɣ ɪɟɚɤɬɨɪ L1. 

ɍɩɪɚɜɥɟɧɢɟ ɩɪɢɜɨɞɨɦ ɦɚɫɥɹɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɍ1-ȼ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɞɢɫɬɚɧɰɢɨɧɧɨ ɤɧɨɩɤɚɦɢ ɍ12-Ʉɧ1, ɍ12-Ʉɧ2 ɧɚ «ɹɱɟɣɤɟ» ɧɚ ɲɤɚɮɭ ɭɩɪɚɜɥɟɧɢɹ ɢ 

ɫɢɝɧɚɥɢɡɚɰɢɢ ɍ12. Ⱥɜɚɪɢɣɧɨɟ ɨɬɤɥɸɱɟɧɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɤɧɨɩɤɨɣ ɍ9-Ʉɧ1 «Ⱥɜɚɪ. 

ɫɬɨɩ» ɧɚ ɤɨɥɨɧɤɟ ɩɭɥɶɬɚ ɩɪɚɜɨɣ ɍ9 ɢ ɤɧɨɩɤɚɦɢ Ʉɧ1-Ʉɧ10, ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɩɨ 

ɦɚɲɢɧɟ. Ɇɟɫɬɧɨɟ ɨɬɤɥɸɱɟɧɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɤɧɨɩɤɨɣ, ɭɫɬɚɧɨɜɥɟɧɧɨɣ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɜɵɤɥɸɱɚɬɟɥɟ, ɦɟɯɚɧɢɱɟɫɤɢ ɜɨɡɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɩɪɢɜɨɞ 

ɜɵɤɥɸɱɚɬɟɥɹ. 

Ⱦɥɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɤɨɜɨɣ ɡɚɳɢɬɵ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ɍɪ1 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɨɤɨɜɵɟ ɪɟɥɟ ɍ1-ɊɌɆ1, ɍ1-ɊɌɆ2. Ɂɚɳɢɬɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɰɟɩɟɣ 

ɨɫɜɟɳɟɧɢɹ, ɭɩɪɚɜɥɟɧɢɹ ɢ ɩɪ. ɪɟɚɥɢɡɨɜɚɧɚ ɫ ɩɨɦɨɳɶɸ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ ɍ1-ɉȼ. 

Ɂɚɳɢɬɚ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɍ1-Ɍɇ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹɦɢ 

ɍ1-1ɉȼ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɡɚɳɢɬɚ ɧɢɡɤɨɜɨɥɶɬɧɵɯ ɰɟɩɟɣ ɭɩɪɚɜɥɟɧɢɹ 

ɪɚɫɩɪɟɞɭɫɬɪɨɣɫɬɜɚ ɜɵɩɨɥɧɹɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɍ1-Ⱥȼ, ɍ1-

1Ⱥȼ, ɍ1-2Ⱥȼ. Ⱦɥɹ ɡɚɳɢɬɵ ɫɟɬɢ ɫɟɬɢ ~220 ȼ ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ 

ɜɵɤɥɸɱɚɬɟɥɶ ɍ4-ȼ1. Ɇɢɧɢɦɚɥɶɧɚɹ ɡɚɳɢɬɚ ɫɟɬɢ 380 ȼ ɜɵɩɨɥɧɹɟɬɫɹ ɤɚɬɭɲɤɨɣ 

ɧɭɥɟɜɨɝɨ ɪɟɥɟ ɍ1-Ɋɇȼ. Ɂɚɳɢɬɚ ɰɟɩɟɣ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɩɨɩɚɞɚɧɢɹ 

ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɩɪɨɛɨɟ ɢɡɨɥɹɰɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜɵɩɨɥɧɹɟɬɫɹ 

ɩɪɨɛɢɜɧɵɦɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɹɦɢ Ɋɪ1, Ɋɪ2, ɜɫɬɪɨɟɧɧɵɦɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪ Ɍɪ1, 

Ɍɪ2. 

Ⱦɥɹ ɡɚɳɢɬɵ ɥɸɞɟɣ ɨɬ ɩɨɪɚɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ ɢ ɨɬɤɥɸɱɟɧɢɹ 

ɬɪɟɯɮɚɡɧɨɣ ɫɟɬɢ ɫɟɬɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɧɚɩɪɹɠɟɧɢɟɦ 220 ȼ ɢ 380 ȼ ɩɪɢ 

ɫɧɢɠɟɧɢɢ ɨɛɳɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɡɨɥɹɰɢɢ ɞɨ ɨɩɚɫɧɨɣ ɜɟɥɢɱɢɧɵ, ɧɚ ɦɚɲɢɧɟ 

ɭɫɬɚɧɨɜɥɟɧɵ: ɭɫɬɪɨɣɫɬɜɨ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɢɡɨɥɹɰɢɢ ɜ ɫɟɬɢ 380 ȼ – Ɋɍ1 

ɢ ɪɟɥɟ ɭɬɟɱɤɢ ɜ ɫɟɬɢ 220 ȼ – Ɋɍ2. ɉɪɢ ɩɪɢɤɨɫɧɨɜɟɧɢɢ ɱɟɥɨɜɟɤɚ ɢɥɢ ɫɧɢɠɟɧɢɢ 

ɢɡɨɥɹɰɢɢ ɰɟɩɟɣ 380 ȼ ɞɨ ɨɩɚɫɧɨɣ ɜɟɥɢɱɢɧɵ ɫɪɚɛɚɬɵɜɚɟɬ ɭɫɬɪɨɣɫɬɜɨ Ɋɍ1, 

ɜɤɥɸɱɚɟɬ ɪɟɥɟ Ɋ1 ɪɟɥɟɣɧɨɝɨ ɲɤɚɮɚ ɍ4, ɤɨɬɨɪɨɟ ɡɚɦɵɤɚɟɬ ɫɜɨɣ ɤɨɧɬɚɤɬ ɜ ɰɟɩɢ 
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ɨɬɤɥɸɱɚɸɳɟɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɚ ɗɈ ɜɵɤɥɸɱɚɬɟɥɹ ȼ ɪɚɫɩɪɟɞɭɫɬɪɨɣɫɬɜɚ ɍ1. 

ȼɵɤɥɸɱɚɬɟɥɶ ɍ1-ȼ ɨɬɤɥɸɱɚɟɬɫɹ, ɪɚɡɦɵɤɚɹ ɰɟɩɶ ɩɢɬɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ɍɪ1. 

Ɋɟɥɟ ɭɬɟɱɤɢ Ɋɍ2 ɨɬɤɥɸɱɚɟɬ ɫɟɬɶ 220 ȼ, ɜɨɡɞɟɣɫɬɜɭɹ ɱɟɪɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɪɟɥɟ 

Ɋ2 ɪɟɥɟɣɧɨɝɨ ɲɤɚɮɚ ɍ4 ɧɚ ɨɬɤɥɸɱɚɸɳɭɸ ɤɚɬɭɲɤɭ ɚɜɬɨɦɚɬɚ ȼ1 ɫɬɚɧɰɢɢ 

ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɪɢɜɨɞɨɜ ɍ3 ɢ ɧɭɥɟɜɭɸ ɤɚɬɭɲɤɭ ɪɟɥɟ Ɋɇȼ ɲɤɚɮɚ ɍ1. 

ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɭɬɟɱɤɢ ɭɫɬɪɨɣɫɬɜɨ Ɋɍ2 ɡɚɦɵɤɚɟɬ ɫɜɨɣ ɤɨɧɬɚɤɬ Ɋ ɜ ɰɟɩɢ 

ɪɟɥɟ ɍ4-Ɋ2. Ɋɟɥɟ ɍ4-Ɋ2 ɜɤɥɸɱɚɟɬɫɹ, ɪɚɡɦɵɤɚɟɬ ɫɜɨɣ ɤɨɧɬɚɤɬ ɜ ɰɟɩɢ ɪɚɫɰɟɩɢɬɟɥɹ 

ȼ1 ɚɜɬɨɦɚɬɚ ɍ3-ȼ1 ɢ ɡɚɦɵɤɚɟɬ ɫɜɨɣ ɤɨɧɬɚɤɬ ɜ ɰɟɩɢ ɧɭɥɟɜɨɣ ɤɚɬɭɲɤɢ ɍ1-Ɋɇȼ. 

ɉɪɢ ɩɨɹɜɥɟɧɢɢ ɭɬɟɱɤɢ ɜ ɰɟɩɢ 220 ȼ ɪɚɡɦɵɤɚɟɬɫɹ ɤɨɧɬɚɤɬ Ɋ ɭɫɬɪɨɣɫɬɜɚ Ɋɍ2, 

ɨɬɤɥɸɱɚɟɬɫɹ ɪɟɥɟ ɍ4-Ɋ2, ɡɚɦɵɤɚɟɬ ɫɜɨɣ ɤɨɧɬɚɤɬ ɜ ɰɟɩɢ ɪɚɫɰɟɩɢɬɟɥɹ ɍ3-ȼ1 ɢ 

ɪɚɡɦɵɤɚɟɬ ɫɜɨɣ ɤɨɧɬɚɤɬ ɜ ɰɟɩɢ ɤɚɬɭɲɤɢ ɍ1-Ɋɇȼ, ɩɪɢ ɷɬɨɦ ɨɬɤɥɸɱɚɟɬɫɹ ɚɜɬɨɦɚɬ 

ȼ1 ɭɫɬɪɨɣɫɬɜɚ ɍ3 ɢ ɜɵɤɥɸɱɚɬɟɥɶ ȼ ɭɫɬɪɨɣɫɬɜɚ ɍ1. 

Ȼɥɨɤɢɪɨɜɤɚ ɡɚɤɪɵɬɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɪɵɲɤɢ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɤɨɪɨɛɨɤ əɄ1 ɢ 

əɄ2 ɜɵɩɨɥɧɹɟɬɫɹ ɤɨɧɟɱɧɵɦɢ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ȼɄ94, ȼɄ95, ɜɨɡɞɟɣɫɬɜɭɸɳɢɦɢ 

ɩɪɢ ɩɨɩɵɬɤɟ ɨɬɤɪɵɜɚɧɢɹ ɤɪɵɲɟɤ ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɜɧɟɲɧɟɝɨ ɩɟɪɟɤɥɸɱɚɬɟɥɶɧɨɝɨ 

ɩɭɧɤɬɚ; ɦɟɯɚɧɢɱɟɫɤɚɹ ɛɥɨɤɢɪɨɜɤɚ ɪɚɡɴɟɞɟɧɢɬɟɥɹ ɍ1-Ɋ ɫ ɬɟɥɟɠɤɨɣ ɜɵɤɥɸɱɚɬɟɥɹ 

ɍ1-ȼ, ɩɨɡɜɨɥɹɟɬ ɨɬɤɥɸɱɢɬɶ ɪɚɡɴɟɞɢɧɢɬɟɥɶ ɬɨɥɶɤɨ ɩɪɢ ɜɵɤɚɱɟɧɧɨɣ ɬɟɥɟɠɤɟ ɢ 

ɩɪɟɩɹɬɫɬɜɭɟɬ ɜɤɚɬɵɜɚɧɢɸ ɬɟɥɟɠɤɢ ɜ ɪɚɛɨɱɟɟ ɩɨɥɨɠɟɧɢɟ ɩɪɢ ɨɬɤɥɸɱɟɧɧɨɦ 

ɪɚɡɴɟɞɢɧɢɬɟɥɟ; ɦɟɯɚɧɢɱɟɫɤɚɹ ɛɥɨɤɢɪɨɜɤɚ ɩɪɢɜɨɞɚ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɍ1-Ɋ ɫ 

ɛɨɤɨɜɵɦɢ ɤɪɵɲɤɚɦɢ ɲɤɚɮɚ ɍ1, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɞɨɫɬɭɩ ɜ ɨɬɫɟɤ ɫɢɥɨɜɵɯ 

ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ, ɧɟ ɩɨɡɜɨɥɹɟɬ ɨɬɤɪɵɬɶ ɤɪɵɲɤɢ ɜɤɥɸɱɟɧɧɨɝɨ ɪɚɡɴɟɞɢɧɢɬɟɥɹ 

ɩɪɢ ɨɬɤɪɵɬɵɯ ɛɨɤɨɜɵɯ ɤɪɵɲɤɚɯ. 

 

1.5.3 ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɦɟɯɚɧɢɡɦɨɜ ɪɨɬɨɪɧɨɝɨ ɤɨɥɟɫɚ 

 

Ʉ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦ ɦɟɯɚɧɢɡɦɨɜ ɪɨɬɨɪɧɨɝɨ ɤɨɥɟɫɚ ɨɬɧɨɫɹɬɫɹ: 

ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɪɨɬɨɪɧɨɝɨ ɤɨɥɟɫɚ, ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɦɚɫɥɨɧɚɫɨɫɚ ɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞ 

ɬɨɪɦɨɡɚ [2]. ȼɫɟ ɨɧɢ ɜɵɩɨɥɧɟɧɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɫ 
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ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ ɪɨɬɨɪɨɦ. Ɋɟɥɟɣɧɨ-ɤɨɧɬɚɤɬɨɪɧɚɹ ɚɩɩɚɪɚɬɭɪɚ ɭɩɪɚɜɥɟɧɢɹ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɭɫɬɚɧɨɜɥɟɧɚ ɜ ɫɬɚɧɰɢɢ ɝɥɚɜɧɵɯ ɩɪɢɜɨɞɨɜ ɍ2 ɢ ɪɟɥɟɣɧɨɦ 

ɲɤɚɮɭ ɍ4. ȼɤɥɸɱɟɧɢɟ ɨ ɨɬɤɥɸɱɟɧɢɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɨ ɲɤɚɮɚ 

ɭɩɪɚɜɥɟɧɢɹ ɢ ɫɢɝɧɚɥɢɡɚɰɢɢ ɍ12. Ʉɨɧɬɪɨɥɶ ɡɚ ɧɚɝɪɭɡɤɨɣ ɞɜɢɝɚɬɟɥɹ ɩɪɢɜɨɞɚ 

ɪɨɬɨɪɧɨɝɨ ɤɨɥɟɫɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɚɦɩɟɪɦɟɬɪɚ Ⱥ1, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ 

ɫɬɚɧɰɢɢ ɝɥɚɜɧɵɯ ɩɪɢɜɨɞɨɜ ɍ2 ɢ ɩɪɢɛɨɪɚ V4, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɩɪɢɛɨɪɧɨɣ 

ɤɨɥɨɧɤɟ ɦɚɲɢɧɢɫɬɚ ɍ11. 

Ɋɚɛɨɬɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɪɨɬɨɪɧɨɝɨ ɤɨɥɟɫɚ ɜɨɡɦɨɠɧɚ ɜ ɞɜɭɯ ɪɟɠɢɦɚɯ: 

ɢɧɞɢɜɢɞɭɚɥɶɧɨɟ ɜɤɥɸɱɟɧɢɟ ɢ ɤɨɦɩɥɟɤɫɧɨɟ ɜɤɥɸɱɟɧɢɟ (ɪɟɠɢɦ ɤɨɩɚɧɢɹ). ȼ 

ɪɟɠɢɦɟ ɤɨɩɚɧɢɹ ɜɤɥɸɱɟɧɢɸ ɩɪɢɜɨɞɚ ɞɨɥɠɧɵ ɩɪɟɞɲɟɫɬɜɨɜɚɬɶ ɜɤɥɸɱɟɧɢɹ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɤɨɧɜɟɣɟɪɨɜ, ɚ ɜ ɤɚɠɞɨɦ ɢɡ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɜɤɥɸɱɟɧɢɸ 

ɞɜɢɝɚɬɟɥɹ ɪɨɬɨɪɧɨɝɨ ɤɨɥɟɫɚ ɞɨɥɠɧɨ ɩɪɟɞɲɟɫɬɜɨɜɚɬɶ ɜɤɥɸɱɟɧɢɟ ɦɚɫɥɨɧɚɫɨɫɚ 

ɫɦɚɡɤɢ ɪɟɞɭɤɬɨɪɚ. 

 

1.5.4 ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɦɟɯɚɧɢɡɦɨɜ ɯɨɞɚ ɤɨɧɫɨɥɢ 

 

Ʉ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦ ɦɟɯɚɧɢɡɦɨɜ ɯɨɞɚ ɤɨɧɫɨɥɢ ɨɬɧɨɫɹɬɫɹ: ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ 

ɯɨɞɚ ɤɨɧɫɨɥɢ, ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɬɨɪɦɨɡɨɜ, ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɦɟɯɚɧɢɡɦɨɜ ɭɤɪɵɬɢɣ 

ɤɨɧɜɟɣɟɪɨɜ ɤɨɧɫɨɥɢ ɢ ɦɨɫɬɚ, ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɪɟɥɶɫɨɡɚɯɜɚɬɨɜ ɯɨɞɚ ɤɨɧɫɨɥɢ [2]. 

ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɯɨɞɚ ɤɨɧɫɨɥɢ, ɬɨɪɦɨɡɨɜ ɢ ɪɟɥɶɫɨɡɚɯɜɚɬɨɜ ɜɵɩɨɥɧɟɧɵ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɫ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ ɪɨɬɨɪɨɦ, 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɦɟɯɚɧɢɡɦɨɜ ɭɤɪɵɬɢɣ – ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ 

ɫ ɮɚɡɧɵɦ ɪɨɬɨɪɨɦ. 

ɗɥɟɤɬɪɨɩɪɢɜɨɞ ɯɨɞɚ ɤɨɧɫɨɥɢ ɱɟɬɵɪёɯ ɞɜɢɝɚɬɟɥɶɧɵɣ, ɪɟɜɟɪɫɢɜɧɵɣ, ɪɟɠɢɦ 

ɪɚɛɨɬɵ – ɩɨɜɬɨɪɧɨɤɪɚɬɤɨɜɪɟɦɟɧɧɵɣ. ɗɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɬɨɪɦɨɡɚ ɜɤɥɸɱɟɧɵ 

ɩɚɪɚɥɥɟɥɶɧɨ ɩɪɢɜɨɞɧɵɦ ɞɜɢɝɚɬɟɥɹɦ. ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɦɟɯɚɧɢɡɦɨɜ ɭɤɪɵɬɢɣ 

ɨɞɧɨɞɜɢɝɚɬɟɥɶɧɵɟ, ɧɟɪɟɜɟɪɫɢɜɧɵɟ, ɪɚɛɨɬɚɸɬ ɫɨɜɦɟɫɬɧɨ ɫ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ 

ɯɨɞɚ ɤɨɧɫɨɥɢ ɢ ɤɨɧɜɟɣɟɪɨɜ; ɩɚɪɚɥɥɟɥɶɧɨ ɩɪɢɜɨɞɧɵɦ ɞɜɢɝɚɬɟɥɹɦ ɜɤɥɸɱɟɧɵ 
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ɞɜɢɝɚɬɟɥɢ ɜɟɧɬɢɥɹɬɨɪɨɜ ɨɛɞɭɜɚ ɨɫɧɨɜɧɵɯ ɞɜɢɝɚɬɟɥɟɣ. ȼ ɫɬɚɬɨɪɧɭɸ ɢ ɪɨɬɨɪɧɭɸ 

ɰɟɩɶ ɩɪɢɜɨɞɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɦɟɯɚɧɢɡɦɨɜ ɭɤɪɵɬɢɣ ɜɤɥɸɱɟɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɪɚɛɨɱɢɯ ɦɟɯɚɧɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ȼɤɥɸɱɚɸɬɫɹ ɷɬɢ ɞɜɢɝɚɬɟɥɢ ɜɫɟɝɞɚ ɜ ɫɬɨɪɨɧɭ ɧɚɦɨɬɤɢ, ɬ.ɟ. 

ɪɚɛɨɬɚɸɬ ɜ ɪɟɠɢɦɟ ɜɵɛɢɪɚɧɢɹ ɫɥɚɛɢɧɵ ɥɟɧɬ ɭɤɪɵɬɢɣ: ɩɪɢ ɞɜɢɠɟɧɢɢ ɤɨɧɫɨɥɢ 

ɩɪɨɬɢɜɨɜɟɫɚ «ɜɩɟɪёɞ» ɞɜɢɝɚɬɟɥɢ ɦɟɯɚɧɢɡɦɨɜ ɭɤɪɵɬɢɣ ɫɨɡɞɚɸɬ 

ɩɨɞɬɨɪɦɚɠɢɜɚɸɳɢɣ ɦɨɦɟɧɬ ɜ ɪɟɠɢɦɟ ɩɪɨɬɢɜɨɜɤɥɸɱɟɧɢɹ, ɩɪɟɞɨɬɜɪɚɳɚɹ 

ɩɨɹɜɥɟɧɢɟ ɫɥɚɛɢɧɵ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɲɭɧɬɢɪɨɜɚɧɢɟɦ ɱɚɫɬɢ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɜ 

ɪɨɬɨɪɧɵɯ ɰɟɩɹɯ ɞɜɢɝɚɬɟɥɟɣ; ɩɪɢ ɞɜɢɠɟɧɢɢ ɤɨɧɫɨɥɢ ɧɚɡɚɞ ɞɜɢɝɚɬɟɥɢ ɦɟɯɚɧɢɡɦɨɜ 

ɭɤɪɵɬɢɣ ɜɪɚɳɚɸɬɫɹ ɫɨ ɫɤɨɪɨɫɬɶɸ, ɢɫɤɥɸɱɚɸɳɟɣ ɩɨɹɜɥɟɧɢɟ ɫɥɚɛɢɧɵ ɜ ɩɪɨɰɟɫɫɟ 

ɧɚɦɨɬɤɢ ɥɟɧɬɵ. ɉɪɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɜɤɥɸɱɟɧɢɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɦɟɯɚɧɢɡɦɨɜ 

ɭɤɪɵɬɢɣ ɧɚɦɨɬɤɚ ɥɟɧɬɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɞɜɢɝɚɬɟɥɟɣ, ɚ ɪɚɡɦɨɬɤɚ – 

ɩɨɫɬɨɪɨɧɧɢɦ ɦɟɯɚɧɢɡɦɨɦ. 

ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɪɟɥɶɫɨɡɚɯɜɚɬɨɜ ɯɨɞɚ ɤɨɧɫɨɥɢ ɨɞɧɨɞɜɢɝɚɬɟɥɶɧɵɟ, 

ɧɟɪɟɜɟɪɫɢɜɧɵɟ ɫ ɞɜɭɦɹ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɦɢ ɬɨɪɦɨɡɚɦɢ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ 

ɩɨɞɤɥɸɱɟɧ ɩɚɪɚɥɥɟɥɶɧɨ ɩɪɢɜɨɞɧɨɦɭ ɞɜɢɝɚɬɟɥɸ ɢ ɩɪɢ ɫɧɹɬɢɢ ɩɢɬɚɸɳɟɝɨ 

ɧɚɩɪɹɠɟɧɢɹ ɫɨɡɞɚёɬ ɩɨɞɬɨɪɦɚɠɢɜɚɸɳɢɣ ɦɨɦɟɧɬ, ɚ ɞɪɭɝɨɣ ɜɤɥɸɱɚɟɬɫɹ ɱɟɪɟɡ 

ɨɬɞɟɥɶɧɵɣ ɩɭɫɤɚɬɟɥɶ ɢ ɩɪɢ ɫɧɹɬɢɢ ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɫɨɡɞɚёɬ ɬɨɪɦɨɡɧɨɝɨ ɦɨɦɟɧɬɚ. 

ȼɤɥɸɱɚɸɬɫɹ ɨɧɢ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɞɪɭɝɢɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɯɨɞɚ ɤɨɧɫɨɥɢ ɢ ɩɪɢ 

ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɟ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɫɬɨɪɦɨɠɟɧɵ. 

ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɯɨɞɚ ɤɨɧɫɨɥɢ ɫɨɜɦɟɫɬɧɨ ɫ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɯɨɞɚ ɦɨɫɬɚ 

ɢ ɥɟɛёɞɤɢ ɧɚɤɥɨɧɚ ɪɨɬɨɪɧɨɣ ɫɬɪɟɥɵ ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɨɞɚɱɭ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ 

ɦɚɲɢɧɵ ɜ ɡɚɛɨɟ. ɉɭɫɤɨɪɟɝɭɥɢɪɭɸɳɚɹ ɚɩɩɚɪɚɬɭɪɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɦɟɯɚɧɢɡɦɨɜ 

ɯɨɞɚ ɤɨɧɫɨɥɢ ɭɫɬɚɧɨɜɥɟɧɚ ɜ ɫɬɚɧɰɢɢ ɝɥɚɜɧɵɯ ɩɪɢɜɨɞɨɜ ɍ2 ɢ ɪɟɥɟɣɧɨɦ ɲɤɚɮɭ 

ɍ4. ȼɤɥɸɱɟɧɢɟ ɢ ɨɬɤɥɸɱɟɧɢɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɚɩɩɚɪɚɬɨɜ ɭɩɪɚɜɥɟɧɢɹ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ ɲɤɚɮɭ ɭɩɪɚɜɥɟɧɢɹ ɢ ɫɢɝɧɚɥɢɡɚɰɢɢ 

ɍ12, ɧɚ ɤɨɥɨɧɤɟ ɩɭɥɶɬɚ ɩɪɚɜɨɣ ɍ9, ɧɚ ɲɤɚɮɭ ɥɨɝɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ ɍ13 ɢ ɧɚ 

ɪɟɥɟɣɧɨɦ ɲɤɚɮɭ ɍ4; ɤɨɧɬɪɨɥɶ ɡɚ ɧɚɝɪɭɡɤɨɣ ɞɜɢɝɚɬɟɥɟɣ ɯɨɞɚ ɤɨɧɫɨɥɢ 
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ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɚɦɩɟɪɦɟɬɪɚ Ⱥ2, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɞɜɟɪɢ ɫɬɚɧɰɢɢ 

ɝɥɚɜɧɵɯ ɩɪɢɜɨɞɨɜ. 

Ɋɟɠɢɦɵ ɪɚɛɨɬɵ ɦɟɯɚɧɢɡɦɨɜ: 

- ɪɟɠɢɦ ɤɨɩɚɧɢɹ – ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɯɨɞɚ ɤɨɧɫɨɥɢ ɜɤɥɸɱɚɟɬɫɹ ɬɨɥɶɤɨ ɩɪɢ 

ɪɚɛɨɬɚɸɳɟɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɟ ɪɨɬɨɪɧɨɝɨ ɤɨɥɟɫɚ ɞɥɹ ɨɬɪɚɛɨɬɤɢ ɧɟɨɛɯɨɞɢɦɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɫɬɪɭɠɤɢ ɜ ɩɪɨɰɟɫɫɟ ɤɨɩɚɧɢɹ. ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɦɟɯɚɧɢɡɦɨɜ ɭɤɪɵɬɢɣ 

ɤɨɧɜɟɣɟɪɨɜ ɢ ɜɟɧɬɢɥɹɬɨɪɵ ɨɛɞɭɜɚ ɩɪɢ ɪɚɛɨɬɚɸɳɢɯ ɤɨɧɜɟɣɟɪɚɯ ɜɤɥɸɱɟɧɵ 

ɩɨɫɬɨɹɧɧɨ ɧɚ ɧɚɦɨɬɤɭ ɥɟɧɬ ɭɤɪɵɬɢɹ; ɧɨɪɦɚɥɶɧɵɣ ɬɟɩɥɨɜɨɣ ɪɟɠɢɦ ɞɜɢɝɚɬɟɥɟɣ 

ɦɟɯɚɧɢɡɦɨɜ ɭɤɪɵɬɢɣ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɪɟɠɢɦɟ «ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɪɦɨɡɚ»,ɬ.ɟ. ɜ 

ɪɟɠɢɦɟ ɫɬɨɹɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɟɧɬɢɥɹɬɨɪɚɦɢ ɜɧɟɲɧɟɝɨ ɨɛɞɭɜɚ ɷɬɢɯ 

ɞɜɢɝɚɬɟɥɟɣ. Ɋɟɥɶɫɨɡɚɯɜɚɬɵ ɪɚɫɬɨɪɦɨɠɟɧɵ ɢ ɧɟ ɩɪɟɩɹɬɫɬɜɭɸɬ ɪɚɛɨɬɟ ɩɪɢɜɨɞɨɜ; 

- ɪɟɠɢɦ ɨɬɫɵɩɤɢ ɜ ɲɬɚɛɟɥɶ – ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɯɨɞɚ ɤɨɧɫɨɥɢ ɜɤɥɸɱɚɟɬɫɹ 

ɩɟɪɢɨɞɢɱɟɫɤɢ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɲɬɚɛɟɥɹ. ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɦɟɯɚɧɢɡɦɨɜ 

ɭɤɪɵɬɢɣ ɤɨɧɜɟɣɟɪɨɜ ɢ ɜɟɧɬɢɥɹɬɨɪɨɜ ɨɛɞɭɜɚ ɩɪɢ ɪɚɛɨɬɚɸɳɢɯ ɤɨɧɜɟɣɟɪɚɯ 

ɜɤɥɸɱɟɧɵ ɩɨɫɬɨɹɧɧɨ ɧɚ ɧɚɦɨɬɤɭ ɥɟɧɬ. Ɋɟɥɶɫɨɡɚɯɜɚɬɵ ɪɚɫɬɨɪɦɨɠɟɧɵ ɢ ɧɟ 

ɩɪɟɩɹɬɫɬɜɭɸɬ ɪɚɛɨɬɟ ɩɪɢɜɨɞɨɜ ɯɨɞɚ ɤɨɧɫɨɥɢ; 

- ɪɟɠɢɦ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɜɤɥɸɱɟɧɢɹ – ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɯɨɞɚ ɤɨɧɫɨɥɢ 

ɜɤɥɸɱɚɸɬɫɹ ɫɨɜɦɟɫɬɧɨ ɫ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɦɟɯɚɧɢɡɦɨɜ ɭɤɪɵɬɢɣ ɤɨɧɜɟɣɟɪɨɜ. 

ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɦɟɯɚɧɢɡɦɨɜ ɭɤɪɵɬɢɣ ɤɨɧɜɟɣɟɪɨɜ ɜɤɥɸɱɚɸɬɫɹ ɫ ɦɟɫɬɧɨɝɨ ɩɨɫɬɚ 

ɬɨɥɶɤɨ ɧɚ ɧɚɦɨɬɤɭ. ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɪɟɥɶɫɨɡɚɯɜɚɬɨɜ ɜɤɥɸɱɚɸɬɫɹ ɢ ɨɬɤɥɸɱɚɸɬɫɹ 

ɫ ɦɟɫɬɧɵɯ ɩɨɫɬɨɜ ɭɩɪɚɜɥɟɧɢɹ. 

ȼɵɛɨɪ ɪɟɠɢɦɨɜ ɭɩɪɚɜɥɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɭɫɬɚɧɨɜɤɨɣ ɩɟɪɟɤɥɸɱɚɬɟɥɹ 

ɍ9-ȼɍ1 «ɪɟɠɢɦ ɪɚɛɨɬɵ» ɜ ɨɞɧɨ ɢɡ ɫɥɟɞɭɸɳɢɯ ɩɨɥɨɠɟɧɢɣ: ɩɪɢ ɪɟɠɢɦɟ ɤɨɩɚɧɢɹ 

– ɜ ɩɨɥɨɠɟɧɢɟ «ɷɤɫɤɚɜɚɰɢɹ», ɩɪɢ ɪɟɠɢɦɟ ɨɬɫɵɩɤɢ ɜ ɲɬɚɛɟɥɶ – ɜ ɩɨɥɨɠɟɧɢɟ 

«ɨɬɫɵɩɤɚ», ɩɪɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɪɟɠɢɦɟ – ɜ ɩɨɥɨɠɟɧɢɟ «ɩɨɞɚɱɚ» ɢɥɢ «0»; 

ɩɟɪɟɤɥɸɱɚɬɟɥɶ ɍ4-ȼɍ1 ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɩɨɥɨɠɟɧɢɟ «ɪɚɛɨɬɚ» ɢɥɢ 

«ɨɩɪɨɛɨɜɚɧɢɟ». ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɩɩɚɪɚɬɨɜ ɜ ɫɯɟɦɚɯ ɭɩɪɚɜɥɟɧɢɹ 
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ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɯɨɞɚ ɤɨɧɫɨɥɢ ɢ ɦɟɯɚɧɢɡɦɨɜ ɭɤɪɵɬɢɹ ɤɨɧɜɟɣɟɪɨɜ ɚɧɚɥɨɝɢɱɧɵ 

ɞɥɹ ɜɫɟɯ ɪɟɠɢɦɨɜ. 

 

1.5.5 ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɦɟɯɚɧɢɡɦɨɜ ɯɨɞɚ ɦɨɫɬɚ 

 

Ʉ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦ ɦɟɯɚɧɢɡɦɨɜ ɯɨɞɚ ɦɨɫɬɚ ɨɬɧɨɫɹɬɫɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ 

ɯɨɞɚ ɦɨɫɬɚ, ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɬɨɪɦɨɡɨɜ, ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɜɟɧɬɢɥɹɬɨɪɨɜ ɯɨɞɨɜɵɯ 

ɞɜɢɝɚɬɟɥɟɣ ɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɪɟɥɶɫɨɡɚɯɜɚɬɨɜ ɯɨɞɚ ɦɨɫɬɚ [2]. ɉɪɢɜɨɞ ɯɨɞɚ ɦɨɫɬɚ 

ɜɵɩɨɥɧɟɧ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɲɟɫɬɢ ɞɜɢɝɚɬɟɥɟɣ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɡɚɤɪɵɬɨɝɨ 

ɨɛɞɭɜɚɟɦɨɝɨ ɢɫɩɨɥɧɟɧɢɹ. ɉɢɬɚɧɢɟ ɹɤɨɪɧɵɯ ɰɟɩɟɣ ɢ ɰɟɩɟɣ ɜɨɡɛɭɠɞɟɧɢɹ 

ɩɪɢɜɨɞɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ɞɜɭɯ ɬɢɪɢɫɬɨɪɧɵɯ ɚɝɪɟɝɚɬɨɜ ɫɟɪɢɢ 

ȺɌɊɄ. Ʉ ɤɚɠɞɨɦɭ ɚɝɪɟɝɚɬɭ ɩɨɞɤɥɸɱɚɸɬɫɹ ɩɨ ɬɪɢ ɞɜɢɝɚɬɟɥɹ ɢ ɩɨ ɬɪɢ ɨɛɦɨɬɤɢ 

ɜɨɡɛɭɠɞɟɧɢɹ, ɫɨɟɞɢɧёɧɧɵɯ ɩɚɪɚɥɥɟɥɶɧɨ. Ⱦɥɹ ɫɨɝɥɚɫɨɜɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɜɢɝɚɬɟɥɟɣ ɜ ɪɚɛɨɱɟɣ ɡɨɧɟ ɜ ɹɤɨɪɧɭɸ ɰɟɩɶ ɤɚɠɞɨɝɨ ɞɜɢɝɚɬɟɥɹ 

ɜɤɥɸɱɟɧɵ ɩɨɞɫɬɪɨɟɱɧɵɟ ɷɥɟɦɟɧɬɵ ɫɨɩɪɨɬɢɜɥɟɧɢɣ R3.1, R3.2, R3.3, R4.1, R4.2, 

R4.3, R5.1, R5.2, R5.3, R6.1, R6.2, R6.3. Ɋɚɛɨɬɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɪɟɥɶɫɨɡɚɯɜɚɬɨɜ 

ɩɪɨɢɫɯɨɞɢɬ ɚɧɚɥɨɝɢɱɧɨ ɪɟɥɶɫɨɡɚɯɜɚɬɚɦ ɯɨɞɚ ɤɨɧɫɨɥɢ. 

ɉɭɫɤɨɪɟɝɭɥɢɪɭɸɳɚɹ ɚɩɩɚɪɚɬɭɪɚ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ 

ɦɟɯɚɧɢɡɦɨɜ ɯɨɞɚ ɦɨɫɬɚ ɭɫɬɚɧɨɜɥɟɧɚ ɜ ɲɤɚɮɚɯ ɬɢɪɢɫɬɨɪɧɵɯ ɚɝɪɟɝɚɬɨɜ ɍ6, ɍ7 ɢ 

ɫɬɚɧɰɢɢ ɭɩɪɚɜɥɟɧɢɹ ɍ4. ȼɤɥɸɱɟɧɢɟ ɢ ɨɬɤɥɸɱɟɧɢɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɨ ɲɤɚɮɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɫɢɝɧɚɥɢɡɚɰɢɢ ɍ12, ɤɨɥɨɧɤɢ ɩɭɥɶɬɚ ɩɪɚɜɨɣ 

ɍ9, ɲɤɚɮɚ ɥɨɝɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ ɍ13 ɢ ɪɟɥɟɣɧɨɝɨ ɲɤɚɮɚ ɍ4. Ʉɨɧɬɪɨɥɶ ɡɚ 

ɧɚɝɪɭɡɤɨɣ ɚɝɪɟɝɚɬɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɚɦɩɟɪɦɟɬɪɨɜ ɊȺ1, 

ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ ɞɜɟɪɹɯ ɬɢɪɢɫɬɨɪɧɵɯ ɚɝɪɟɝɚɬɨɜ ɍ6,ɍ7 ɢ ɚɦɩɟɪɦɟɬɪɚ Ⱥ3, 

ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɩɪɢɛɨɪɧɨɣ ɤɨɥɨɧɤɟ ɦɚɲɢɧɢɫɬɚ ɍ11. Ʉɨɧɬɪɨɥɶ ɡɚ ɧɚɝɪɭɡɤɨɣ 

ɞɜɢɝɚɬɟɥɟɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɚɦɩɟɪɦɟɬɪɨɜ Ⱥ1 – Ⱥ6, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ 

ɪɟɥɟɣɧɨɦ ɲɤɚɮɭ ɍ4. ȼɤɥɸɱɟɧɢɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɜ 
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ɫɛɥɨɤɢɪɨɜɚɧɧɨɦ ɢ ɧɟɫɛɥɨɤɢɪɨɜɚɧɧɨɦ ɪɟɠɢɦɟ. Ɋɟɠɢɦ ɜɤɥɸɱɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ 

ɩɟɪɟɤɥɸɱɚɬɟɥɟɦ ɍ9-ȼɍ1 «ɪɟɠɢɦ ɪɚɛɨɬɵ» ɢ ɢɦɟɟɬ ɬɪɢ ɪɟɠɢɦɚ: 

- «ɷɤɫɤɚɜɚɰɢɹ» - ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɯɨɞɚ ɦɨɫɬɚ ɦɨɠɧɨ ɜɤɥɸɱɢɬɶ ɬɨɥɶɤɨ ɩɪɢ 

ɜɤɥɸɱɟɧɧɨɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɟ ɪɨɬɨɪɧɨɝɨ ɤɨɥɟɫɚ; 

- «ɨɬɫɵɩɤɚ» - ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɯɨɞɚ ɦɨɫɬɚ ɜɤɥɸɱɚɟɬɫɹ ɛɟɡ ɛɥɨɤɢɪɨɜɤɢ ɫ 

ɞɪɭɝɢɦɢ ɩɪɢɜɨɞɚɦɢ; 

- «ɩɨɞɚɱɚ» - ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɯɨɞɚ ɦɨɫɬɚ ɜɤɥɸɱɚɟɬɫɹ ɛɟɡ ɛɥɨɤɢɪɨɜɤɢ ɫ 

ɞɪɭɝɢɦɢ ɩɪɢɜɨɞɚɦɢ. 

Ɍɢɪɢɫɬɨɪɧɵɟ ɚɝɪɟɝɚɬɵ ɜ ɮɭɧɤɰɢɨɧɚɥɶɧɨɦ ɨɬɧɨɲɟɧɢɢ ɢɦɟɸɬ ɜ ɫɜɨёɦ 

ɫɨɫɬɚɜɟ ɞɜɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ: 

- ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɞɥɹ ɹɤɨɪɧɨɣ ɰɟɩɢ; 

- ɪɟɝɭɥɢɪɭɟɦɵɣ ɢɫɬɨɱɧɢɤ ɜɨɡɛɭɠɞɟɧɢɹ – Ɋɂȼ. 

ɋɢɥɨɜɵɟ ɱɚɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɨɞɤɥɸɱɚɸɬɫɹ ɤ ɩɢɬɚɸɳɟɣ ɫɟɬɢ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɍ6-F1 ɢ ɍ7-F1 ɱɟɪɟɡ ɬɨɤɨɨɝɪɚɧɢɱɢɜɚɸɳɢɟ 

ɪɟɚɤɬɨɪɵ. ɇɚ ɜɵɯɨɞɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɭɫɬɚɧɨɜɥɟɧɵ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ 

ɜɵɤɥɸɱɚɬɟɥɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɍ6-F4 ɢ ɍ7-F4. 

ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɫɨɫɬɨɹɬ ɢɡ ɞɜɭɯ ɫɢɦɦɟɬɪɢɱɧɵɯ ɬɪёɯɮɚɡɧɵɯ ɦɨɫɬɨɜ ɧɚ 

ɬɢɪɢɫɬɨɪɚɯ ɫ ɟɫɬɟɫɬɜɟɧɧɵɦ ɜɨɡɞɭɲɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ, ɜɤɥɸɱɟɧɧɵɯ ɩɨ ɜɫɬɪɟɱɧɨ-

ɩɚɪɚɥɥɟɥɶɧɨɣ ɫɯɟɦɟ. ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɭɡɥɵ: 

- ɡɚɞɚɬɱɢɤ ɢɧɬɟɧɫɢɜɧɨɫɬɢ Ɂɂ; 

- ɪɟɝɭɥɹɬɨɪ ɫɤɨɪɨɫɬɢ Ɋɋ; 

- ɞɚɬɱɢɤ ɧɚɩɪɹɠɟɧɢɹ Ⱦɇ; 

- ɫɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɤɚ ɋɊɌ; 

- ɥɨɝɢɱɟɫɤɨɟ ɩɟɪɟɤɥɸɱɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ Ʌɉɍ; 

- ɞɚɬɱɢɤ ɧɭɥɟɜɨɝɨ ɬɨɤɚ ȾɇɌ; 

- ɫɢɫɬɟɦɚ ɢɦɩɭɥɶɫɧɨ-ɮɚɡɨɜɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɋɂɎɍ; 
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Ⱥɝɪɟɝɚɬɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɪɚɡɝɨɧ ɢ ɬɨɪɦɨɠɟɧɢɟ ɞɜɢɝɚɬɟɥɟɣ ɜ ɮɭɧɤɰɢɢ 

ɜɪɟɦɟɧɢ ɫ ɩɨɦɨɳɶɸ ɡɚɞɚɬɱɢɤɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ Ɂɂ, ɤɨɬɨɪɵɣ ɩɪɟɨɛɪɚɡɨɜɵɜɚɟɬ 

ɫɤɚɱɤɨɨɛɪɚɡɧɵɣ ɫɢɝɧɚɥ ɨɬ ɤɨɦɚɧɞɨɚɩɩɚɪɚɬɚ ɜ ɫɢɝɧɚɥ ɫ ɩɥɚɜɧɵɦ ɢɡɦɟɧɟɧɢɟɦ 

ɜɟɥɢɱɢɧɵ ɧɚɩɪɹɠɟɧɢɹ. ɉɨɥɧɨɟ ɜɪɟɦɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɦɨɠɧɨ ɢɡɦɟɧɢɬɶ ɦɟɬɨɞɨɦ 

ɩɟɪɟɫɬɪɨɣɤɢ ɨɬ 1 ɫ ɞɨ 14 ɫ. Ɂɚɞɚɬɱɢɤ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɚɝɪɟɝɚɬɚ ɍ6 ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɞɥɹ ɫɢɝɧɚɥɚ ɡɚɞɚɧɢɹ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɩɨɥɹɪɧɨɫɬɢ , ɚ ɡɚɞɚɬɱɢɤ ɢɧɬɟɧɫɢɜɧɨɨɫɬɢ 

ɚɝɪɟɝɚɬɚ ɍ7 – ɞɥɹ ɫɢɝɧɚɥɚ ɡɚɞɚɧɢɹ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɩɨɥɹɪɧɨɫɬɢ. Ⱦɥɹ 

ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɪɚɛɨɬɵ ɡɚɞɚɬɱɢɤɨɜ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɛɨɢɯ 

ɚɝɪɟɝɚɬɨɜ ɩɪɢ ɛɵɫɬɪɨɦ ɩɟɪɟɜɨɞɟ ɪɭɤɨɹɬɤɢ ɢɡ ɨɞɧɨɝɨ ɤɪɚɣɧɟɝɨ ɩɨɥɨɠɟɧɢɹ ɜ 

ɞɪɭɝɨɟ, ɜ ɫɯɟɦɭ ɩɢɬɚɧɢɹ ɤɨɦɚɧɞɨɚɩɩɚɪɚɬɚ ɄȺ1 ɜɜɨɞɹɬ ɤɨɧɬɚɤɬɵ ɜɜɟɥɢ ɪɟɥɟ 

ɜɪɟɦɟɧɢ ɍ4-Ɋȼ3 ɢ ɍ4-Ɋȼ4. Ⱦɥɹ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨɥɹɪɧɨɫɬɢ ɫɢɝɧɚɥɚ ɡɚɞɚɧɢɹ, 

ɩɨɫɬɭɩɚɸɳɟɝɨ ɧɚ ɜɯɨɞ Ɂɂ ɢ ɩɨɥɹɪɧɨɫɬɢ ɫɢɝɧɚɥɚ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɫɤɨɪɨɫɬɢ, 

ɩɨɫɬɭɩɚɸɳɟɝɨ ɧɚ ɜɯɨɞ ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ Ɋɋ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫ ɷɬɢɦɢ 

ɫɢɝɧɚɥɚɦɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɜɟɞɟɧɵ ɞɢɨɞɵ Ⱦ9 – Ⱦ12, ɚ ɧɚ ɜɯɨɞɟ ɡɚɞɚɬɱɢɤɚ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ – ɞɢɨɞɵ Ⱦ25, Ⱦ26. 

ɋɢɫɬɟɦɚ ɢɦɩɭɥɶɫɧɨ-ɮɚɡɨɜɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ 

ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɭɩɪɚɜɥɹɸɳɢɯ ɢɦɩɭɥɶɫɨɜ ɢ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɢɯ ɮɚɡɨɜɨɝɨ ɫɞɜɢɝɚ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɭɩɪɚɜɥɹɸɳɟɝɨ ɫɢɝɧɚɥɚ ɧɚ ɟё ɜɯɨɞɟ. ɍɩɪɚɜɥɟɧɢɟ 

ɬɢɪɢɫɬɨɪɧɵɦɢ ɝɪɭɩɩɚɦɢ ɪɚɡɞɟɥɶɧɨɟ ɨɬ ɨɞɧɨɣ ɫɢɫɬɟɦɵ ɢɦɩɭɥɶɫɧɨ-ɮɚɡɨɜɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ. ɉɟɪɟɤɥɸɱɟɧɢɟ ɬɢɪɢɫɬɨɪɧɵɯ ɝɪɭɩɩ ɩɪɨɢɡɜɨɞɢɬɫɹ ɥɨɝɢɱɟɫɤɢɦ 

ɩɟɪɟɤɥɸɱɚɸɳɢɦ ɭɫɬɪɨɣɫɬɜɨɦ Ʌɉɍ. 

ɂɫɬɨɱɧɢɤɨɦ ɭɩɪɚɜɥɹɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɋɂɎɍ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ ɢ ɪɟɝɭɥɹɬɨɪɚ 

ɬɨɤɚ. ɋɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ, ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɪɚɛɨɬɵ ɜɨ ɜɫɟɯ ɪɟɠɢɦɚɯ. ȼ ɟё ɫɨɫɬɚɜ ɜɯɨɞɢɬ ɤɨɧɬɭɪ ɫɤɨɪɨɫɬɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɱɟɪɟɡ ɞɚɬɱɢɤ ɧɚɩɪɹɠɟɧɢɹ Ⱦɇ ɫ ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ 

ɪɚɡɜɹɡɤɨɣ ɢ ɤɨɧɬɭɪ ɬɨɤɚ ɋɊɌ.  
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ȼ ɡɨɧɟ ɪɚɛɨɱɢɯ ɬɨɤɨɜ ɩɪɢɦɟɧɟɧɚ ɝɢɛɤɚɹ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ ɩɨ ɬɨɤɭ. ɀёɫɬɤɚɹ 

ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ ɩɪɢɦɟɧɟɧɚ ɜ ɡɨɧɟ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ. ɉɪɢɦɟɧɟɧɢɟ ɠɟɫɬɤɨɣ 

ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɬɨɤɭ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɢɬɶ ɷɤɫɤɚɜɚɬɨɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫ 

ɜɵɫɨɤɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɨɥɧɟɧɢɹ. ɉɪɢɦɟɧɟɧɢɟ ɝɢɛɤɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɜ 

ɤɨɧɬɭɪɟ ɬɨɤɚ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɚɜɬɨɤɨɥɟɛɚɧɢɣ ɬɨɤɚ 

(ɮɨɪɦɚ ɬɨɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɶɤɨ ɯɚɪɚɤɬɟɪɨɦ ɧɚɝɪɭɡɤɢ), ɢ ɷɬɨ ɧɟ ɨɤɚɡɵɜɚɟɬ 

ɜɥɢɹɧɢɹ ɧɚ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɟ ɟɫɬɟɫɬɜɟɧɧɵɟ ɫɜɨɣɫɬɜɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ 

ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɜ ɧёɦ ɩɪɨɬɢɜɨɗȾɋ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɟɫɬɟɫɬɜɟɧɧɚɹ ɠёɫɬɤɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɢ ɡɚɞɚɱɟɣ ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ ɹɜɥɹɟɬɫɹ ɟё ɩɨɜɵɲɟɧɢɟ (ɚ ɧɟ 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɜɧɨɜɶ), ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɭɩɪɨɫɬɢɬɶ ɪɟɝɭɥɹɬɨɪ ɫɤɨɪɨɫɬɢ. 

Ɋɟɝɭɥɹɬɨɪ ɫɤɨɪɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɟɜɟɪɫɢɜɧɵɣ ɫɭɦɦɢɪɭɸɳɢɣ 

ɭɫɢɥɢɬɟɥɶ ɧɚ ɢɧɬɟɝɪɚɥɶɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɫɢɥɢɬɟɥɹɯ ɢ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 

ɤɚɫɤɚɞɨɜ: ɩɪɹɦɨɝɨ ɭɫɢɥɢɬɟɥɹ ɢ ɢɧɜɟɪɫɧɨɝɨ. ɉɟɪɟɤɥɸɱɟɧɢɟ ɫ ɨɞɧɨɝɨ ɧɚ ɞɪɭɝɨɣ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɥɨɝɢɱɟɫɤɢɦ ɩɟɪɟɤɥɸɱɚɸɳɢɦ ɭɫɬɪɨɣɫɬɜɨɦ Ʌɉɍ, ɤɨɬɨɪɨɟ 

ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɟɪɟɤɥɸɱɟɧɢɟ ɬɢɪɢɫɬɨɪɧɵɯ ɝɪɭɩɩ ɩɪɢ ɪɟɜɟɪɫɟ, ɪɟɜɟɪɫɢɪɨɜɚɧɢɟ 

ɫɭɦɦɢɪɭɸɳɟɝɨ ɭɫɢɥɢɬɟɥɹ ɢ ɫɩɟɰɢɚɥɶɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɪɟɝɭɥɹɬɨɪ ɬɨɤɚ 

ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɪɢɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤ ɟɞɢɧɵɦ ɧɚɱɚɥɶɧɵɦ 

ɭɫɥɨɜɢɹɦ ɩɪɢ ɪɟɜɟɪɫɟ ɬɨɤɚ. ɇɚ ɜɯɨɞɵ ɥɨɝɢɱɟɫɤɨɝɨ ɩɟɪɟɤɥɸɱɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ 

ɩɨɫɬɭɩɚɟɬ ɫɢɝɧɚɥ ɫ ɜɵɯɨɞɚ ɩɪɹɦɨɝɨ ɭɫɢɥɢɬɟɥɹ ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ ɢ ɫɢɝɧɚɥ 

ɡɚɩɪɟɬɚ ɨɬ ɞɚɬɱɢɤɚ ɧɭɥɟɜɨɝɨ ɬɨɤɚ ȾɇɌ. 

Ɋɟɝɭɥɹɬɨɪ ɬɨɤɚ ɊɌ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɥɢɧɟɣɧɵɣ ɚɞɚɩɬɢɜɧɵɣ ɪɟɝɭɥɹɬɨɪ 

ɫ ɩɟɪɟɦɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ. Ɋɟɝɭɥɹɬɨɪ ɬɨɤɚ ɜɵɩɨɥɧɹɟɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɢ: 

- ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ; 

- ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɝɨ ɨɝɪɚɧɢɱɢɬɟɥɹ ɬɨɤɚ ɧɚ ɭɪɨɜɧɟ ɡɚɞɚɧɧɨɣ ɜɟɥɢɱɢɧɵ 

ɩɪɢ ɧɚɛɪɨɫɚɯ ɧɚɝɪɭɡɤɢ ɫ ɥɸɛɨɣ ɫɤɨɪɨɫɬɶɸ ɜɩɥɨɬɶ ɞɨ ɭɞɚɪɧɨɣ (ɧɚɥɨɠɟɧɢɟ 

ɬɨɪɦɨɡɚ); 
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- ɛɵɫɬɪɵɣ ɨɬɜɨɞ ɢɦɩɭɥɶɫɨɜ ɩɪɢ ɩɨɥɧɨɦ ɫɧɹɬɢɢ ɫɢɝɧɚɥɚ ɧɚ ɜɯɨɞɟ ɊɌ ɧɚ 

ɭɝɨɥ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɜɟɥɢɱɢɧɟ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ; 

- ɚɞɚɩɬɢɜɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ɬɨɤɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɪɚɛɨɬɭ ɩɪɢɜɨɞɚ ɤɚɤ ɜ 

ɪɟɠɢɦɟ ɧɟɩɪɟɪɵɜɧɨɝɨ, ɬɚɤ ɢ ɤ ɪɟɠɢɦɟ ɩɪɟɪɵɜɢɫɬɨɝɨ ɬɨɤɚ; 

- ɫɩɟɰɢɚɥɶɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɩɪɢ ɪɟɜɟɪɫɟ ɬɨɤɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɫ ɰɟɥɶɸ 

ɫɨɤɪɚɳɟɧɢɹ ɜɪɟɦɟɧɢ ɪɟɜɟɪɫɚ ɬɨɤɚ, ɭɩɪɚɜɥɹɸɳɢɟ ɢɦɩɭɥɶɫɵ, ɨɬɜɟɞёɧɧɵɟ ɜ 

ɨɛɥɚɫɬɶ ɦɚɤɫɢɦɚɥɶɧɵɯ ɭɝɥɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɩɟɪɢɨɞ ɩɟɪɟɤɥɸɱɟɧɢɹ 

ɬɢɪɢɫɬɨɪɧɵɯ ɝɪɭɩɩ, ɜɵɜɨɞɹɬɫɹ ɭɫɤɨɪɟɧɧɨ ɞɨ ɩɨɹɜɥɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɬɨɤɚ ɜ 

ɫɢɥɨɜɨɣ ɰɟɩɢ. 

ȿɫɥɢ ɜ ɤɨɧɬɭɪɟ ɬɨɤɚ ɜ ɡɨɧɟ ɪɚɛɨɱɢɯ ɬɨɤɨɜ ɞɟɣɫɬɜɭɟɬ ɬɨɥɶɤɨ ɝɢɛɤɚɹ 

ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ, ɬɨ ɫɚɦ ɪɚɛɨɱɢɣ ɬɨɤ ɨɤɚɡɵɜɚɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 

ɢɡɦɟɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɪɟɝɭɥɹɬɨɪɚ ɬɨɤɚ, ɩɪɢɞɚɜɚɹ ɟɦɭ ɫɜɨɣɫɬɜɚ 

ɫɚɦɨɩɪɢɫɩɨɫɚɛɥɢɜɚɸɳɟɝɨɫɹ ɭɫɬɪɨɣɫɬɜɚ. ɉɪɚɜɢɥɶɧɨ ɧɚɫɬɪɨɟɧɧɵɣ ɪɟɝɭɥɹɬɨɪ ɬɨɤɚ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɫɬɨɣɱɢɜɭɸ ɪɚɛɨɬɭ ɩɪɢɜɨɞɚ ɢ ɨɩɬɢɦɚɥɶɧɵɟ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ 

ɩɪɢ ɥɸɛɵɯ ɢɡɦɟɧɟɧɢɹɯ ɡɚɞɚɧɢɹ, ɥɸɛɵɯ ɜɨɡɦɭɳɟɧɢɹɯ ɫɨ ɫɬɨɪɨɧɵ ɧɚɝɪɭɡɤɢ 

(ɜɤɥɸɱɚɹ ɢ ɭɞɚɪɧɨɟ ɩɪɢɥɨɠɟɧɢɟ ɧɚɝɪɭɡɤɢ), ɪɟɜɟɪɫɢɪɨɜɚɧɢɹɯ ɬɨɤɚ ɢ ɫɤɨɪɨɫɬɢ ɜɨ 

ɜɫёɦ ɞɢɚɩɚɡɨɧɟ ɫɤɨɪɨɫɬɟɣ ɢ ɧɚɝɪɭɡɨɤ. 

Ɋɟɝɭɥɢɪɭɟɦɵɣ ɢɫɬɨɱɧɢɤ ɜɨɡɛɭɠɞɟɧɢɹ (Ɋɂȼ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɨɞɧɨɮɚɡɧɵɣ ɧɟɫɢɦɦɟɬɪɢɱɧɵɣ ɦɨɫɬ, ɩɨɞɤɥɸɱɟɧɧɵɣ ɤ ɫɟɬɢ ɱɟɪɟɡ 

ɬɨɤɨɨɝɪɚɧɢɱɢɜɚɸɳɢɟ ɪɟɚɤɬɨɪɵ R13 – R16 ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɵɤɥɸɱɚɬɟɥɶ F5. 

ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ Ɋɂȼ ɫɨɫɬɨɢɬ ɢɡ ɫɭɦɦɢɪɭɸɳɟɝɨ ɭɫɢɥɢɬɟɥɹ ɋɍȼ ɢ ɋɂɎɍ. 

Ɋɟɝɭɥɢɪɭɟɦɵɣ ɢɫɬɨɱɧɢɤ ɜɨɡɛɭɠɞɟɧɢɹ ɪɚɛɨɬɚɟɬ ɜ ɪɟɠɢɦɟ ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɞɚɧɧɨɝɨ 

ɩɨɫɬɨɹɧɧɨɝɨ ɩɨɬɨɤɚ ɜɨɡɛɭɠɞɟɧɢɹ. 

ȼ ɫɯɟɦɟ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɭɡɥɵ ɡɚɞɚɧɢɹ ɫɤɨɪɨɫɬɢ ɩɪɢɜɨɞɚ ɯɨɞɚ, 

ɤɨɧɬɪɨɥɹ ɫɤɨɪɨɫɬɢ, ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɚɲɢɧɵ ɢ ɤɨɧɬɪɨɥɹ 

ɛɚɥɚɧɫɚ ɧɚɝɪɭɡɤɢ. ɍɡɟɥ ɡɚɞɚɧɢɹ ɫɤɨɪɨɫɬɢ ɫɨɫɬɨɢɬ ɢɡ ɫɢɝɧɚɥɶɧɨɝɨ 

ɤɨɦɚɧɞɨɚɩɩɚɪɚɬɚ ɍ9-ɄȺ1 ɢ ɮɚɡɨɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Ɍɪ1, ɜɵɩɪɹɦɢɬɟɥɹ ɍ9-Ⱦ1 – Ⱦ4, ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɍ9-R1, ɍ9-R5 ɢ 
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ɤɨɧɞɟɧɫɚɬɨɪɚ ɍ9-ɋ3. Ɏɚɡɨɱɭɜɫɬɜɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫɢɝɧɚɥɚ ɫɟɥɶɫɢɧɚ ɜ ɩɨɫɬɨɹɧɧɨɟ, 

ɩɨɥɹɪɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɞɜɢɝɨɦ ɮɚɡ ɦɟɠɞɭ ɧɚɩɪɹɠɟɧɢɟɦ ɫɢɝɧɚɥɚ 

ɫɟɥɶɫɢɧɚ ɢ ɤɨɦɦɭɬɢɪɭɸɳɢɦ ɧɚɩɪɹɠɟɧɢɟɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. Ɋɚɛɨɬɚ 

ɮɚɡɨɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɨɫɧɨɜɚɧɚ ɧɚ ɨɞɧɨɩɨɥɭɩɟɪɢɨɞɧɨɦ ɜɵɩɪɹɦɥɟɧɢɢ 

ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫɟɥɶɫɢɧɚ ɞɢɨɞɚɦɢ ɍ9-Ⱦ1 – ɍ9-Ⱦ4 ɢ ɢɡɦɟɧɟɧɢɢ ɮɚɡɵ 

ɷɬɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɩɪɹɠɟɧɢɹ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɉɪɢ ɩɨɥɹɪɧɨɫɬɢ ɷɬɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɪɹɦɨɦɭ 

ɜɤɥɸɱɟɧɢɸ ɞɢɨɞɨɜ, ɱɟɪɟɡ ɧɢɯ ɩɪɨɬɟɤɚɟɬ ɬɨɤ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɝɨ ɨɝɪɚɧɢɱɟɧɚ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɍ9-R5. ɉɪɢ ɷɬɨɦ ɞɢɨɞɵ     ɍ9-Ⱦ1 – ɍ9-Ⱦ4 ɨɬɤɪɵɬɵ. ɉɪɢ 

ɨɛɪɚɬɧɨɣ ɩɨɥɹɪɧɨɫɬɢ ɧɚɩɪɹɠɟɧɢɹ ɞɢɨɞɵ ɡɚɤɪɵɬɵ ɢ ɬɨɤ ɱɟɪɟɡ ɧɢɯ ɧɟ ɩɪɨɬɟɤɚɟɬ. 

ȼ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ, ɤɨɝɞɚ ɞɢɨɞɵ ɨɬɤɪɵɬɵ, ɱɟɪɟɡ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ 

ɩɪɨɬɟɤɚɟɬ ɬɨɤ, ɜɟɥɢɱɢɧɚ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɡɚɜɢɫɹɬ ɨɬ ɜɟɥɢɱɢɧɵ ɢ 

ɩɨɥɹɪɧɨɫɬɢ ɧɚɩɪɹɠɟɧɢɹ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ ɫɟɥɶɫɢɧɚ. ɉɨɥɹɪɧɨɫɬɶ ɢ ɜɟɥɢɱɢɧɚ 

ɧɚɩɪɹɠɟɧɢɹ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ ɫɟɥɶɫɢɧɚ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɡɚɜɢɫɹɬ ɨɬ ɩɨɥɨɠɟɧɢɹ 

ɪɨɬɨɪɚ ɫɟɥɶɫɢɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ «ɧɭɥɟɜɨɝɨ ɩɨɥɨɠɟɧɢɹ». Ʉɨɧɞɟɧɫɚɬɨɪ ɍ9-ɋ3 

ɫɥɭɠɢɬ ɞɥɹ ɫɝɥɚɠɢɜɚɧɢɹ ɩɭɥɶɫɚɰɢɣ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɮɚɡɨɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ. 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɤ ɭɡɥɚɦ ɬɢɪɢɫɬɨɪɧɵɯ ɚɝɪɟɝɚɬɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 

ɩɨɜɵɲɟɧɢɟ ɠёɫɬɤɨɫɬɢ ɜɧɟɲɧɟɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɚɦɢɯ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ, ɜ ɫɯɟɦɟ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɞɭɫɦɨɬɪɟɧ ɭɡɟɥ ɤɨɧɬɪɨɥɹ ɫɤɨɪɨɫɬɢ 

ɩɪɢɜɨɞɚ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɭɤɚɡɚɬɟɥɹ ɫɤɨɪɨɫɬɢ ɢ ɫɯɟɦɵ ɠёɫɬɤɨɣ ɨɬɪɢɰɚɬɟɥɶɧɨɣ 

ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɫɤɨɪɨɫɬɢ ɩɪɢɜɨɞɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɩɨɜɵɲɟɧɢɟ ɠёɫɬɤɨɫɬɢ 

ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. ɍɤɚɡɚɬɟɥɶ ɫɤɨɪɨɫɬɢ ɫɨɫɬɨɢɬ ɢɡ 

ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ɌȽ, ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɦɨɫɬɚ ɍ11-VȾ2, ɫɨɩɪɨɬɢɜɥɟɧɢɣ      ɍ11-R3, 

ɍ4-R2, ɍ4-R14 ɢ ɢɧɞɢɤɚɬɨɪɚ ɍ 11-V2. ɋɨɩɪɨɬɢɜɥɟɧɢɹ ɍ11-R2 ɢ ɍ11-R4 ɫɥɭɠɚɬ 

ɞɥɹ ɫɨɝɥɚɫɨɜɚɧɢɹ ɜɵɯɨɞɚ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ɫ ɜɵɯɨɞɨɦ ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ 

ɬɢɪɢɫɬɨɪɧɵɯ ɚɝɪɟɝɚɬɨɜ. ɋɢɝɧɚɥɵ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɩɨɥɹɪɧɨɫɬɢ ɨɬ ɡɚɞɚɬɱɢɤɚ 
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ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢ ɭɡɥɚ ɤɨɧɬɪɨɥɹ ɫɤɨɪɨɫɬɢ ɩɨɞɚɸɬɫɹ ɧɚ ɜɯɨɞɵ ɪɟɝɭɥɹɬɨɪɚ 

ɫɤɨɪɨɫɬɢ. 

ɍɡɟɥ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɜɵɩɨɥɧɟɧ ɜ ɞɜɭɯ ɜɚɪɢɚɧɬɚɯ: 

- ɜɟɫɨɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɚɲɢɧɵ ɢɡɦɟɪɹɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɦ 

ɭɫɬɪɨɣɫɬɜɨɦ, ɢ ɫɢɝɧɚɥ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɷɬɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɩɨɞɚёɬɫɹ 

ɧɚ ɜɯɨɞ ɦɚɝɧɢɬɧɨɝɨ ɭɫɢɥɢɬɟɥɹ Ɇɍ; 

- ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɚɲɢɧɵ ɢɡɦɟɪɹɟɬɫɹ ɤɨɫɜɟɧɧɨ ɩɨ ɬɨɤɭ ɧɚɝɪɭɡɤɢ 

ɞɜɢɝɚɬɟɥɹ ɤɨɧɜɟɣɟɪɚ ɦɨɫɬɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɫɢɝɧɚɥ ɩɨɞɚёɬɫɹ ɧɚ ɦɚɝɧɢɬɧɵɣ 

ɭɫɢɥɢɬɟɥɶ Ɇɍ. 

ȼ ɫɯɟɦɭ ɭɩɪɚɜɥɟɧɢɹ ɜɤɥɸɱɚɟɬɫɹ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ ɩɨ ɨɞɧɨɦɭ ɢɡ ɜɚɪɢɚɧɬɨɜ. 

ȼɵɛɨɪ ɜɚɪɢɚɧɬɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɭɦɛɥɟɪɨɦ ɍ4-ȼɍ2. Ɉɛɪɚɬɧɚɹ ɫɜɹɡɶ ɩɨ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 

ɦɚɲɢɧɵ ɧɚ ɬɪɟɛɭɟɦɨɦ ɭɪɨɜɧɟ ɢ ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɧɢɠɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɪɢɜɨɞɚ ɯɨɞɚ 

ɦɨɫɬɚ. ɉɪɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɚɲɢɧɵ, ɩɪɟɜɵɲɚɸɳɟɣ ɧɨɦɢɧɚɥɶɧɭɸ, 

ɭɦɟɧɶɲɚɟɬɫɹ ɫɤɨɪɨɫɬɶ ɩɪɢɜɨɞɚ ɯɨɞɚ, ɬ.ɤ. ɫɢɝɧɚɥ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 

ɜɵɱɢɬɵɜɚɟɬɫɹ ɢɡ ɫɢɝɧɚɥɚ ɡɚɞɚɧɢɹ, ɢ ɩɪɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɚɲɢɧɵ ɪɚɜɧɨɣ 1,3 

ɧɨɦɢɧɚɥɶɧɨɣ ɩɪɢɜɨɞ ɯɨɞɚ ɞɨɥɠɟɧ ɨɫɬɚɧɨɜɢɬɶɫɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɜɟɫɨɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɟɫɨɜɚɹ 

ɩɥɚɬɮɨɪɦɚ, ɜɨɡɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɞɚɬɱɢɤ ɭɫɢɥɢɹ. Ⱦɚɬɱɢɤ ɭɫɢɥɢɹ ɫɨɫɬɨɢɬ ɢɡ 

ɤɨɪɩɭɫɚ, ɭɩɪɭɝɨɝɨ ɤɨɥɶɰɚ, ɞɟɮɨɪɦɚɰɢɹ ɤɨɬɨɪɨɝɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɜɟɥɢɱɢɧɟ 

ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ ɧɟɝɨ ɭɫɢɥɢɹ, ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, 

ɩɪɟɨɛɪɚɡɭɸɳɟɝɨ ɞɟɮɨɪɦɚɰɢɸ ɤɨɥɶɰɚ ɜ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɭɸ ɜɟɥɢɱɢɧɭ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ, ɞɟɬɚɥɟɣ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɭɫɢɥɢɟ, ɜɨɫɩɪɢɧɢɦɚɟɦɨɟ 

ɞɚɬɱɢɤɨɦ, ɩɟɪɟɞɚёɬɫɹ ɭɩɪɭɝɨɦɭ ɤɨɥɶɰɭ. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 

ɫɢɝɧɚɥɚ ɨɬ ɭɫɢɥɢɹ ɥɢɧɟɣɧɚɹ. ɋɢɝɧɚɥ ɫ ɞɚɬɱɢɤɚ ɭɫɢɥɢɹ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɩɨɞɚёɬɫɹ ɧɚ ɩɨɤɚɡɵɜɚɸɳɢɣ ɩɪɢɛɨɪ ɍ11-V5, 

ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɧɚ ɩɪɢɛɨɪɧɨɣ ɤɨɥɨɧɤɟ ɢ ɱɟɪɟɡ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɍ4-R5, ɍ9-R11 ɧɚ 
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ɨɛɦɨɬɤɭ 3ɧ-3ɤ ɦɚɝɧɢɬɧɨɝɨ ɭɫɢɥɢɬɟɥɹ Ɇɍ. ɋɢɝɧɚɥ ɧɚ ɜɵɯɨɞɟ ɭɫɢɥɢɬɟɥɹ 

ɩɨɹɜɥɹɟɬɫɹ ɩɪɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɟɜɵɲɚɸɳɟɣ ɧɨɦɢɧɚɥɶɧɭɸ. 

ɉɪɢ ɤɨɧɬɪɨɥɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɨ ɬɨɤɭ ɧɚɝɪɭɡɤɢ ɞɜɢɝɚɬɟɥɹ ɤɨɧɜɟɣɟɪɚ 

ɦɨɫɬɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɫɢɝɧɚɥ ɫɧɢɦɚɟɬɫɹ ɫ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ ɢ ɱɟɪɟɡ ɞɢɨɞɵ 

ɍ4-Ⱦ13 – Ⱦ16 ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɍ4-R6, ɍ4-R12 ɩɨɞɚёɬɫɹ ɧɚ ɨɛɦɨɬɤɭ 4ɧ-4ɤ 

ɭɫɢɥɢɬɟɥɹ Ɇɍ.  

ɍɡɟɥ ɤɨɧɬɪɨɥɹ ɛɚɥɚɧɫɚ ɧɚɝɪɭɡɤɢ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɤɨɧɬɪɨɥɹ ɡɚ 

ɪɚɜɧɨɦɟɪɧɨɣ ɧɚɝɪɭɡɤɨɣ ɬɢɪɢɫɬɨɪɧɵɯ ɚɝɪɟɝɚɬɨɜ ɢ ɜɵɩɨɥɧɟɧ ɧɚ ɛɚɡɟ ɩɪɢɛɨɪɚ 

ɷɥɟɤɬɪɨɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɤɨɧɬɚɤɬɧɨɝɨ Ɇ333Ʉ  ɫ ɬɪёɯɩɨɡɢɰɢɨɧɧɵɦ ɤɨɧɬɚɤɬɧɵɦ 

ɭɫɬɪɨɣɫɬɜɨɦ. Ɉɛɨɡɧɚɱɚɟɬɫɹ ɍ4-ɦȺ. 

ɉɪɢ ɪɚɜɧɨɦɟɪɧɨɣ ɡɚɝɪɭɡɤɟ ɩɪɢɜɨɞɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɯɨɞɚ ɦɨɫɬɚ Ɇ15 

– Ɇ21 ɬɢɪɢɫɬɨɪɧɵɟ ɚɝɪɟɝɚɬɵ ɡɚɝɪɭɠɟɧɵ ɪɚɜɧɨɦɟɪɧɨ, ɫɬɪɟɥɤɚ ɩɪɢɛɨɪɚ ɍ4-ɆȺ 

ɧɚɯɨɞɢɬɫɹ ɜ ɧɭɥɟɜɨɦ ɩɨɥɨɠɟɧɢɢ ɢ ɤɨɧɬɚɤɬɵ Ʉ1, Ʉ2 ɡɚɦɤɧɭɬɵ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ 

ɧɚɝɪɭɡɤɢ ɨɞɧɨɝɨ ɢɡ ɚɝɪɟɝɚɬɨɜ (ɨɛɪɵɜ ɹɤɨɪɧɨɣ ɰɟɩɢ ɩɪɢɜɨɞɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, 

ɩɟɪɟɝɪɭɡɤɚ ɨɞɧɨɝɨ ɢɡ ɞɜɢɝɚɬɟɥɟɣ ɢ ɬ.ɩ.) ɩɨɹɜɥɹɟɬɫɹ ɬɨɤ ɪɚɡɛɚɥɚɧɫɚ, ɨɞɢɧ ɢɡ 

ɤɨɧɬɚɤɬɨɜ ɪɚɡɦɵɤɚɟɬɫɹ ɢ ɡɚɝɨɪɚɟɬɫɹ ɫɢɝɧɚɥɶɧɚɹ ɥɚɦɩɚ ɍ11-Ʌɋ19 «ɪɚɡɛɚɥɚɧɫ 

ɧɚɝɪɭɡɤɢ» ɧɚ ɩɪɢɛɨɪɧɨɣ ɤɨɥɨɧɤɟ. 

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɫɤɨɪɨɫɬɢ ɩɪɢɜɨɞɚ ɯɨɞɚ ɦɨɫɬɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɡɦɟɧɟɧɢɟɦ 

ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɹɤɨɪɧɵɯ ɡɚɠɢɦɚɯ ɞɜɢɝɚɬɟɥɟɣ. Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ 

ɦɚɥɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɢ ɫɧɚɛɠɟɧɵ ɜɟɧɬɢɥɹɬɨɪɚɦɢ ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ 

ɨɛɞɭɜɚ, ɤɨɬɨɪɵɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɧɢɯ. Ⱦɜɢɝɚɬɟɥɢ 

ɜɟɧɬɢɥɹɬɨɪɨɜ ɜɤɥɸɱɚɸɬɫɹ ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɩɟɪɟɤɥɸɱɚɬɟɥɹ ɍ9-ȼɍ1 «ɪɟɠɢɦ 

ɪɚɛɨɬɵ» ɜ ɨɞɧɨ ɢɡ ɩɨɥɨɠɟɧɢɣ: «ɷɤɫɤɚɜɚɰɢɹ», «ɨɬɫɵɩɤɚ» ɥɢɛɨ «ɩɨɞɚɱɚ» ɢ 

ɪɚɛɨɬɚɸɬ ɞɥɢɬɟɥɶɧɨ. 

ȼɤɥɸɱɟɧɢɟ ɩɪɢɜɨɞɚ ɯɨɞɚ ɦɨɫɬɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɟɪɟɜɨɞɨɦ ɪɭɱɤɢ 

ɤɨɦɚɧɞɨɚɩɩɚɪɚɬɚ ɍ9-ɄȺ1 ɜ ɩɨɥɨɠɟɧɢɟ «ɜɥɟɜɨ» ɢɥɢ «ɜɩɪɚɜɨ», ɩɪɢ ɷɬɨɦ 

ɜɤɥɸɱɚɸɬɫɹ ɪɟɥɟ ɍ4-Ɋ6 ɥɢɛɨ ɍ4-Ɋ7 ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɟɥɟ ɍ4-Ɋȼ3 ɢ ɍ4-Ɋȼ4. 

Ɋɟɥɟ ɍ4-Ɋ6 ɥɢɛɨ ɍ4-Ɋ7 ɩɪɨɢɡɜɨɞɹɬ ɩɟɪɟɤɥɸɱɟɧɢɹ ɜ ɫɯɟɦɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ 
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ɭɫɬɪɨɣɫɬɜ, ɚ ɪɟɥɟ ɍ4-Ɋȼ3 ɥɢɛɨ ɍ4-Ɋȼ4 ɜɤɥɸɱɚɟɬ ɩɪɢɜɨɞ ɬɨɪɦɨɡɚ, ɦɟɯɚɧɢɡɦ ɯɨɞɚ 

ɪɚɫɬɨɪɦɚɠɢɜɚɟɬɫɹ ɢ ɪɚɡɦɵɤɚɟɬ ɫɜɨɣ ɤɨɧɬɚɤɬ ɜ ɰɟɩɢ ɩɢɬɚɧɢɹ ɤɨɦɚɧɞɨɚɩɩɚɪɚɬɚ 

ɍ9-ɄȺ1. ȼɟɥɢɱɢɧɚ ɫɤɨɪɨɫɬɢ ɯɨɞɚ ɦɨɫɬɚ ɡɚɞɚёɬɫɹ ɭɝɥɨɦ ɩɨɜɨɪɨɬɚ ɪɭɱɤɢ 

ɤɨɦɚɧɞɨɚɩɩɚɪɚɬɚ ɍ9-ɄȺ1. ɉɟɪɟɤɥɸɱɚɬɟɥɶ ɍ9-ȼɉ1 ɞɨɥɠɟɧ ɧɚɯɨɞɢɬɶɫɹ ɜ ɨɞɧɨɦ 

ɢɡ ɤɪɚɣɧɢɯ ɩɨɥɨɠɟɧɢɣ. 

Ɉɬɤɥɸɱɟɧɢɟ ɩɪɢɜɨɞɚ ɯɨɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɥɢɛɨ ɭɫɬɚɧɨɜɤɨɣ ɪɭɱɤɢ 

ɤɨɦɚɧɞɨɚɩɩɚɪɚɬɚ ɍ9-ɄȺ1 ɜ ɩɨɥɨɠɟɧɢɟ «0» (ɩɪɢ ɪɚɛɨɬɟ ɜ ɪɭɱɧɨɦ ɪɟɠɢɦɟ ɢ 

ɭɫɬɚɧɨɜɤɟ ɩɟɪɟɤɥɸɱɚɬɟɥɹ ɍ13-ȼ5 ɜ ɩɨɥɨɠɟɧɢɟ «ɢɧɞɢɤɚɬ»), ɥɢɛɨ ɪɚɡɦɵɤɚɧɢɟɦ 

ɤɨɧɬɚɤɬɚ ɪɟɥɟ ɍ13-Ɋ1 (ɩɪɢ ɩɪɢ ɪɚɛɨɬɟ ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɢ 

ɭɫɬɚɧɨɜɤɟ ɩɟɪɟɤɥɸɱɚɬɟɥɹ ɍ13-ȼ5 ɜ ɩɨɥɨɠɟɧɢɟ «ɚɜɬɨɦ»). Ɍɨɪɦɨɡɚ 

ɧɚɤɥɚɞɵɜɚɸɬɫɹ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɪɟɥɟ ɍ4-Ɋȼ3 ɥɢɛɨ ɍ4-Ɋȼ4. 

ɉɪɢ ɨɬɤɥɸɱɟɧɢɢ ɤɨɧɬɚɤɬɨɪɚ ɍ4-ɄɅ11 ɢ ɡɚɬɨɪɦɚɠɢɜɚɧɢɢ ɩɪɢɜɨɞɚ ɩɪɨɢɫɯɨɞɢɬ 

ɫɧɹɬɢɟ ɢɦɩɭɥɶɫɨɜ ɫ ɫɢɫɬɟɦ ɢɦɩɭɥɶɫɧɨ-ɮɚɡɨɜɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɚɝɪɟɝɚɬɨɜ ɍ6 ɢ ɍ7. 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɡɚɳɢɬɚ ɢ ɡɚɳɢɬɚ ɨɬ ɞɥɢɬɟɥɶɧɵɯ ɩɟɪɟɝɪɭɡɨɤ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɢ ɦɚɤɫɢɦɚɥɶɧɚɹ ɡɚɳɢɬɚ ɰɟɩɟɣ ɭɩɪɚɜɥɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦɢ ɪɚɫɰɟɩɢɬɟɥɹɦɢ ɚɜɬɨɦɚɬɨɜ ɍ6-QF1,       ɍ6-QF4, ɍ6-QF5, ɍ7-

QF1, ɍ7-QF4, ɍ7-QF5, ɍ4-ȼ6, ɍ4-ȼ7 ɢ ɬɟɩɥɨɜɵɦɢ ɪɟɥɟ ɍ4-ɊɌ9 – ɍ4-ɊɌ14. 

ɇɭɥɟɜɚɹ ɛɥɨɤɢɪɨɜɤɚ, ɩɪɟɞɨɬɜɪɚɳɚɸɳɚɹ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣ ɡɚɩɭɫɤ ɞɜɢɝɚɬɟɥɟɣ 

ɩɨɫɥɟ ɢɫɱɟɡɧɨɜɟɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɥɢɛɨ ɩɨɫɥɟ ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɨɞɧɨɣ ɢɡ ɡɚɳɢɬ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɚɪɚɥɥɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɦɢ ɤɨɧɬɚɤɬɚɦɢ ɍ9-ɄȺ1 

ɢ ɍ4-Ɋ5. Ȼɥɨɤɢɪɨɜɤɢ ɩɪɟɞɨɬɜɪɚɳɚɸɬ ɜɤɥɸɱɟɧɢɟ ɪɟɥɟ ɡɚɳɢɬɵ ɍ4-Ɋ5 ɩɪɢ ɧɟ 

ɜɡɜɟɞёɧɧɵɯ  ɬɟɩɥɨɜɵɯ ɪɟɥɟ (ɤɨɧɬɚɤɬɵ ɍ4-ɊɌ9 – ɍ4-ɊɌ14), ɩɪɢ ɨɛɪɵɜɟ ɰɟɩɟɣ 

ɜɨɡɛɭɠɞɟɧɢɹ ɩɪɢɜɨɞɧɵɯ ɞɜɢɝɚɬɟɥɟɣ (ɤɨɧɬɚɤɬɵ ɍ4-ɊɆ1, ɍ4-ɊɆ2), ɩɪɢ 

ɨɬɤɥɸɱɟɧɧɵɯ ɚɜɬɨɦɚɬɚɯ ɫɢɥɨɜɵɯ ɰɟɩɟɣ (ɤɨɧɬɚɤɬɵ ɍ6-F1, ɍ6-F4, ɍ7-F1, ɍ7-F4, 

ɍ4-ȼ6), ɩɪɢ ɧɟ ɜɡɜɟɞёɧɧɵɯ ɪɟɥɶɫɨɡɚɯɜɚɬɚɯ (ɤɨɧɬɚɤɬɵ ɍ4-ɄɅ14, ɍ4-ɄɅ16), ɩɪɢ 

ɭɫɬɚɧɨɜɤɟ ɩɟɪɟɤɥɸɱɚɬɟɥɹ ɍ4-ȼɍ1 ɜ ɩɨɥɨɠɟɧɢɟ «ɨɩɪɨɛ», ɩɪɢ ɨɛɪɵɜɟ ɰɟɩɟɣ 

ɜɤɥɸɱɟɧɢɹ ɜɟɧɬɢɥɹɬɨɪɨɜ ɩɪɢɜɨɞɧɵɯ ɞɜɢɝɚɬɟɥɟɣ (ɤɨɧɬɚɤɬ ɍ4-ɄɅ12), ɩɪɢ ɧɟ 

ɜɤɥɸɱɟɧɧɨɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɟ ɪɨɬɨɪɧɨɝɨ ɤɨɥɟɫɚ (ɤɨɧɬɚɤɬ ɍ4-Ɋ3), 
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ɡɚɩɪɟɳɚɸɬ ɜɤɥɸɱɟɧɢɟ ɩɪɢɜɨɞɚ ɯɨɞɚ ɦɨɫɬɚ ɩɪɢ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɩɪɟɜɵɲɚɸɳɟɣ 

ɞɨɩɭɫɬɢɦɭɸ ɜɟɥɢɱɢɧɭ (ɡɚɦɵɤɚɸɳɢɣ ɤɨɧɬɚɤɬ ɍ35-Ɋ2 ɜ ɰɟɩɹɯ ɭɩɪɚɜɥɟɧɢɹ 

ɪɟɥɶɫɨɡɚɯɜɚɬɚɦɢ ɢ ɤɨɧɬɚɤɬɵ ɍ4-ɄɅ14, ɍ4-ɄɅ16 ɜ ɰɟɩɢ ɪɟɥɟ ɍ4-Ɋ5). 

Ɉɝɪɚɧɢɱɟɧɢɟ ɭɝɥɨɜ ɩɨɜɨɪɨɬɚ ɦɚɲɢɧɵ ɜ ɡɨɧɟ ɪɚɛɨɱɟɝɨ ɫɟɤɬɨɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ 

ɩɨɦɨɳɶɸ ɜɵɤɥɸɱɚɬɟɥɟɣ ȼɄ8 – ȼɄ11. Ʉɨɧɬɪɨɥɶ ɩɪɟɜɵɲɟɧɢɹ ɞɨɩɭɫɬɢɦɨɣ 

ɜɟɥɢɱɢɧɵ ɛɨɤɨɜɨɝɨ ɭɫɢɥɢɹ ɩɪɢɜɨɞɚ ɯɨɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɜɵɤɥɸɱɚɬɟɥɟɣ ȼɄ14, ȼɄ15, ȼɄ56, ȼɄ59. Ʉɨɧɬɪɨɥɶ ɜɟɪɯɧɟɝɨ ɩɨɥɨɠɟɧɢɹ ɤɥɢɧɨɜ 

ɪɟɥɶɫɨɡɚɯɜɚɬɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɜɵɤɥɸɱɚɬɟɥɟɣ ȼɄ12, ȼɄ13. Ɂɚɝɪɭɡɤɚ 

ɬɢɪɢɫɬɨɪɧɵɯ ɚɝɪɟɝɚɬɨɜ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɩɨ ɚɦɩɟɪɦɟɬɪɚɦ ɍ6-ɊȺ1, ɍ7-ɊȺ1 ɢ ɍ11-

Ⱥ3. Ɂɚɝɪɭɡɤɚ ɞɜɢɝɚɬɟɥɟɣ ɯɨɞɚ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɩɨ ɚɦɩɟɪɦɟɬɪɚɦ ɍ4-Ⱥ1 – ɍ4-Ⱥ6. 

ɉɪɢ ɧɚɯɨɠɞɟɧɢɢ ɤɥɢɧɚ ɪɟɥɶɫɨɡɚɯɜɚɬɨɜ ɜ ɧɢɠɧɟɦ ɩɨɥɨɠɟɧɢɢ ɝɨɪɢɬ ɥɚɦɩɚ 

ɍ11-Ʌɋ18 «ɡɚɯɜɚɬɵ ɦɨɫɬɚ», ɜ ɩɪɟɞɟɥɶɧɵɯ ɭɝɥɚɯ ɩɨɜɨɪɨɬɚ ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ 

ɜɵɤɥɸɱɚɬɟɥɟɣ ȼɄ8 – ȼɄ11 ɡɚɝɨɪɚɟɬɫɹ ɥɚɦɩɚ ɍ11-Ʌɋ13 «ɫɯɨɠɞɟɧɢɟ ɫɬɪɟɥ», ɩɪɢ 

ɩɪɟɜɵɲɟɧɢɢ ɞɨɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɵ ɛɨɤɨɜɨɝɨ ɭɫɢɥɢɹ ɤɨɩɚɧɢɹ ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ 

ɜɵɤɥɸɱɚɬɟɥɟɣ ȼɄ14, ȼɄ15, ȼɄ56, ȼɄ59 ɡɚɝɨɪɚɟɬɫɹ ɥɚɦɩɚ ɍ11-Ʌɋ20 «ɛɨɤɨɜɨɟ 

ɭɫɢɥɢɟ». 

 

1.5.6 ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɦɟɯɚɧɢɡɦɨɜ ɥɟɛёɞɤɢ ɪɨɬɨɪɧɨɣ ɫɬɪɟɥɵ 

 

ɉɪɢɜɨɞ ɥɟɛёɞɤɢ ɪɨɬɨɪɧɨɣ ɫɬɪɟɥɵ ɜɵɩɨɥɧɟɧ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɜɭɯ 

ɞɜɢɝɚɬɟɥɟɣ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɫɨɟɞɢɧёɧɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ. ɉɢɬɚɧɢɟ ɹɤɨɪɧɵɯ 

ɰɟɩɟɣ ɢ ɰɟɩɟɣ ɜɨɡɛɭɠɞɟɧɢɹ ɩɪɢɜɨɞɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ 

ɬɢɪɢɫɬɨɪɧɨɝɨ ɚɝɪɟɝɚɬɚ [2]. ɉɭɫɤɨɪɟɝɭɥɢɪɭɸɳɚɹ ɚɩɩɚɪɚɬɭɪɚ ɭɩɪɚɜɥɟɧɢɹ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɥɟɛёɞɤɢ ɪɨɬɨɪɧɨɣ ɫɬɪɟɥɵ ɭɫɬɚɧɨɜɥɟɧɚ ɜ ɬɢɪɢɫɬɨɪɧɨɦ ɚɝɪɟɝɚɬɟ 

ɍ8 ɢ ɫɬɚɧɰɢɢ ɥɟɛёɞɤɢ ɍ5. ȼɤɥɸɱɟɧɢɟ ɢ ɨɬɤɥɸɱɟɧɢɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɥɟɜɨɣ ɤɨɥɨɧɤɢ ɩɭɥɶɬɚ ɍ10. Ʉɨɧɬɪɨɥɶ ɡɚ ɧɚɝɪɭɡɤɨɣ ɞɜɢɝɚɬɟɥɟɣ ɢ 

ɫɤɨɪɨɫɬɶɸ ɨɩɭɫɤɚɧɢɹ ɫɬɪɟɥɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɪɢɛɨɪɨɜ, 
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ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ ɬɢɪɢɫɬɨɪɧɨɦ ɚɝɪɟɝɚɬɟ ɍ8 ɢ ɩɪɢɛɨɪɧɨɣ ɤɨɥɨɧɤɟ ɦɚɲɢɧɢɫɬɚ 

ɍ11. 

 

1.5.7 ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɦɟɯɚɧɢɡɦɨɜ ɬɪɚɧɫɩɨɪɬɧɨɣ ɥɢɧɢɢ 

 

Ʉ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦ ɦɟɯɚɧɢɡɦɨɜ ɬɪɚɧɫɩɨɪɬɧɨɣ ɥɢɧɢɢ ɨɬɧɨɫɹɬɫɹ [2]: 

- ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɪɨɬɨɪɧɨɝɨ ɤɨɧɜɟɣɟɪɚ, ɬɨɪɦɨɡɨɜ ɢ ɳёɬɨɤ ɨɱɢɫɬɤɢ ɥɟɧɬɵ; 

- ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɤɨɧɫɨɥɢ, ɬɨɪɦɨɡɚ ɢ ɳёɬɨɤ ɨɱɢɫɬɤɢ ɥɟɧɬɵ; 

- ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɤɨɧɜɟɣɟɪɚ ɦɨɫɬɚ, ɬɨɪɦɨɡɚ ɢ ɳёɬɨɤ ɨɱɢɫɬɤɢ ɥɟɧɬɵ; 

- ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɫɬɟɧɤɢ ɛɭɧɤɟɪɚ ɪɨɬɨɪɧɨɝɨ ɤɨɧɜɟɣɟɪɚ; 

- ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɫɬɟɧɤɢ ɬɟɱɤɢ ɪɨɬɨɪɧɨɝɨ ɤɨɧɜɟɣɟɪɚ; 

- ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɰɟɧɬɪɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ. 

ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɦɟɯɚɧɢɡɦɨɜ ɬɪɚɧɫɩɨɪɬɧɨɣ ɥɢɧɢɢ ɜɵɩɨɥɧɟɧɵ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɫ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ 

ɪɨɬɨɪɨɦ. ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɪɨɬɨɪɧɨɝɨ ɤɨɧɜɟɣɟɪɚ, ɫɬɟɧɤɢ ɛɭɧɤɟɪɚ, ɫɬɟɧɤɢ ɬɟɱɤɢ ɢ 

ɰɟɧɬɪɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɪɨɬɨɪɧɨɝɨ ɤɨɧɜɟɣɟɪɚ ɪɟɜɟɪɫɢɜɧɵɟ, ɨɫɬɚɥɶɧɵɟ 

ɧɟɪɟɜɟɪɫɢɜɧɵɟ. ɉɭɫɤɨɪɟɝɭɥɢɪɭɸɳɚɹ ɚɩɩɚɪɚɬɭɪɚ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ 

ɦɟɯɚɧɢɡɦɨɜ ɬɪɚɧɫɩɨɪɬɧɨɣ ɥɢɧɢɢ ɭɫɬɚɧɨɜɥɟɧɚ ɱɚɫɬɢɱɧɨ ɜ ɫɬɚɧɰɢɢ ɝɥɚɜɧɵɯ 

ɩɪɢɜɨɞɨɜ ɍ2, ɱɚɫɬɢɱɧɨ ɜ ɪɟɥɟɣɧɨɦ ɲɤɚɮɭ ɍ4 ɢ ɫɬɚɧɰɢɢ ɥɟɛёɞɤɢ ɍ5. ȼɤɥɸɱɟɧɢɟ 

ɢ ɨɬɤɥɸɱɟɧɢɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɪɚɜɨɣ ɤɨɥɨɧɤɢ ɩɭɥɶɬɚ ɍ9, 

ɲɤɚɮɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɫɢɝɧɚɥɢɡɚɰɢɢ ɍ12 ɢ ɦɟɫɬɧɵɯ ɩɨɫɬɨɜ ɭɩɪɚɜɥɟɧɢɹ. 

ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɬɨɪɦɨɡɨɜ ɢ ɳёɬɨɤ ɨɱɢɫɬɤɢ ɥɟɧɬɵ ɜɤɥɸɱɚɸɬɫɹ ɩɪɢ 

ɜɤɥɸɱɟɧɢɢ ɩɪɢɜɨɞɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɨɧɜɟɣɟɪɨɜ. 

ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɫɬɟɧɤɢ ɛɭɧɤɟɪɚ, ɫɬɟɧɤɢ ɬɟɱɤɢ ɢ ɰɟɧɬɪɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ 

ɪɨɬɨɪɧɨɝɨ ɤɨɧɜɟɣɟɪɚ ɜɤɥɸɱɚɸɬɫɹ ɩɟɪɟɞ ɜɤɥɸɱɟɧɢɟɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ 

ɤɨɧɜɟɣɟɪɨɜ, ɩɟɪɟɦɟɳɚɹɫɶ ɜ ɩɨɥɨɠɟɧɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ 

ɪɟɠɢɦɭ ɪɚɛɨɬɭ ɦɚɲɢɧɵ. Ɉɧɚ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɜ ɪɟɠɢɦɟ ɨɬɫɵɩɤɢ ɭɝɥɹ ɧɚ ɫɤɥɚɞ 

(ɪɟɠɢɦ «ɨɬɫɵɩɤɚ») ɢ ɜ ɪɟɠɢɦɟ ɡɚɛɨɪɚ ɭɝɥɹ ɫɨ ɫɤɥɚɞɚ (ɪɟɠɢɦ «ɷɤɫɤɚɜɚɰɢɹ»). ȼ 
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ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɦɟɯɚɧɢɡɦɨɜ ɬɪɚɧɫɩɨɪɬɧɨɣ 

ɥɢɧɢɢ ɜɤɥɸɱɚɸɬɫɹ ɜ ɨɩɪɟɞɟɥёɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɫ ɨɩɪɟɞɟɥёɧɧɵɦ 

ɧɚɩɪɚɜɥɟɧɢɟɦ ɜɪɚɳɟɧɢɹ (ɩɨɫɥɟɞɧɟɟ ɤɚɫɚɟɬɫɹ ɬɨɥɶɤɨ ɪɨɬɨɪɧɨɝɨ ɤɨɧɜɟɣɟɪɚ), ɩɪɢ 

ɷɬɨɦ ɩɟɪɟɤɥɸɱɚɬɟɥɶ ɍ9-ȼɍ1 «ɪɟɠɢɦ ɪɚɛɨɬɵ», ɨɩɪɟɞɟɥɹɸɳɢɣ ɪɟɠɢɦɵ 

ɜɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ, ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɩɨɥɨɠɟɧɢɟ «ɨɬɫɵɩɤɚ» ɥɢɛɨ 

«ɷɤɫɤɚɜɚɰɢɹ». 

 

1.6 Ɉɛɨɫɧɨɜɚɧɢɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɦɨɞɟɪɧɢɡɚɰɢɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ. 

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɫɢɫɬɟɦɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ 

 

Ɍɢɪɢɫɬɨɪɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɫɟɪɢɢ ȺɌɊɄ160/460, ɩɢɬɚɸɳɢɣ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɯɨɞɚ ɦɨɫɬɚ, ɹɜɥɹɟɬɫɹ ɭɫɬɚɪɟɜɲɟɣ ɦɨɞɟɥɶɸ ɬɢɪɢɫɬɨɪɧɵɯ 

ɜɵɩɪɹɦɢɬɟɥɟɣ. ɉɨɬɟɪɢ ɷɧɟɪɝɢɢ ɜ ɧёɦ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 10% ɨɬ ɨɛɳɟɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɩɪɟɨɛɪɚɡɭɟɦɨɣ ɷɧɟɪɝɢɢ. Ⱦɥɹ ɨɛɫɥɭɠɢɜɚɧɢɹ ɟɝɨ ɧɟɨɛɯɨɞɢɦ ɩɟɪɫɨɧɚɥ 

ɫ ɜɵɫɨɤɨɣ ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɨɣ. Ȼɨɥɶɲɢɟ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɢ 

ɛɨɥɶɲɨɣ ɜɟɫ ɭɫɥɨɠɧɹɸɬ ɪɟɦɨɧɬɧɵɟ ɢ ɦɨɧɬɚɠɧɵɟ ɪɚɛɨɬɵ. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ 

ɫɤɨɪɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɜ ɦɚɥɨɦ ɞɢɚɩɚɡɨɧɟ. Ʉ ɫɨɠɚɥɟɧɢɸ ɧɟɞɨɫɬɚɬɤɚɦɢ ɞɚɠɟ 

ɫɨɜɪɟɦɟɧɧɵɯ ɬɢɪɢɫɬɨɪɧɵɯ ɜɵɩɪɹɦɢɬɟɥɟɣ ɹɜɥɹɸɬɫɹ ɩɭɥɶɫɚɰɢɢ ɜɵɩɪɹɦɥɟɧɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ ɧɚ ɜɵɯɨɞɟ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɫɤɨɪɨɫɬɢ, 

ɩɨɜɵɲɚɸɳɢɟ ɧɚɝɪɟɜ ɢ ɭɯɭɞɲɚɸɳɢɟ ɤɨɦɦɭɬɚɰɢɸ ɞɜɢɝɚɬɟɥɹ, ɱɬɨ ɬɪɟɛɭɟɬ 

ɭɫɬɚɧɨɜɤɢ ɫɝɥɚɠɢɜɚɸɳɢɯ ɪɟɚɤɬɨɪɨɜ, ɩɪɢ ɝɥɭɛɨɤɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɧɚɩɪɹɠɟɧɢɹ 

ɫɢɥɶɧɨ ɩɚɞɚɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ, ɱɬɨ ɬɪɟɛɭɟɬ ɪɚɡɪɚɛɨɬɤɢ ɢ ɭɫɬɚɧɨɜɤɢ 

ɫɩɟɰɢɚɥɶɧɵɯ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ, ɢ ɩɪɢ ɪɚɛɨɬɟ ɬɢɪɢɫɬɨɪɧɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɢɫɤɚɠɚɟɬɫɹ ɮɨɪɦɚ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɟɬɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɢ 

ɜɨɡɧɢɤɚɸɬ ɩɨɦɟɯɢ. Ȼɨɥɶɲɚɹ ɫɬɨɢɦɨɫɬɶ ɫɢɫɬɟɦɵ «ɞɜɢɝɚɬɟɥɶ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ-

ɬɢɪɢɫɬɨɪɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ» ɬɚɤ ɠɟ ɹɜɥɹɟɬɫɹ ɡɧɚɱɢɦɵɦ ɧɟɞɨɫɬɚɬɤɨɦ, ɱɬɨ 

ɧɟɥɶɡɹ ɫɤɚɡɚɬɶ ɩɪɨ ɫɢɫɬɟɦɭ «ɱɚɫɬɨɬɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ-ɚɫɢɧɯɪɨɧɧɵɣ 

ɞɜɢɝɚɬɟɥɶ». 
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ɇɚ ɩɪɢɜɨɞɧɵɯ ɬɟɥɟɠɤɚɯ ɯɨɞɚ ɦɨɫɬɚ ɭɫɬɚɧɨɜɥɟɧɵ ɞɜɢɝɚɬɟɥɶ ɩɨɫɬɨɹɧɧɨɝɨ 

ɬɨɤɚ ɫɟɪɢɢ 2ɉɈ-200LȽ. ȼ ɨɬɥɢɱɢɢ ɨɬ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɫɟɪɶёɡɧɵɟ 

ɧɟɞɨɫɬɚɬɤɢ ɟɝɨ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɨɱɟɧɶ ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɢ ɢ ɧɢɡɤɨɣ ɧɚɞёɠɧɨɫɬɢ, 

ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɧɚɥɢɱɢɟɦ ɜ ɧёɦ ɳёɬɨɱɧɨ-ɤɨɥɥɟɤɬɨɪɧɨɝɨ ɭɡɥɚ, ɤɨɬɨɪɵɣ ɤ ɬɨɦɭ ɠɟ 

ɹɜɥɹɟɬɫɹ ɢɫɬɨɱɧɢɤɨɦ ɩɨɠɚɪɨɨɩɚɫɧɨɫɬɢ ɢɡ-ɡɚ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ, 

ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɨɛɦɨɬɤɚɯ ɪɨɬɨɪɚ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɢɫɤɪɟɧɢɸ ɧɚ ɤɨɥɥɟɤɬɨɪɟ, ɚ 

ɬɚɤɠɟ ɜ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɱɚɫɬɨɝɨ ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ 

ɨɝɪɚɧɢɱɟɧɧɨɦ ɫɪɨɤɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡ-ɡɚ ɢɡɧɨɫɚ ɤɨɥɥɟɤɬɨɪɚ. ɉɨɷɬɨɦɭ 

ɚɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ ɥɭɱɲɟ ɩɨɞɨɣɞёɬ ɞɥɹ ɩɪɢɜɟɞɟɧɢɹ ɜɚɥɚ ɪɟɞɭɤɬɨɪɚ ɯɨɞɚ 

ɦɨɫɬɚ. 

Ⱦɜɢɝɚɬɟɥɢ ɞɨɥɠɧɵ ɪɚɡɨɝɧɚɬɶ ɬɟɥɟɠɤɢ ɯɨɞɚ ɦɨɫɬɚ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɫɤɨɪɨɫɬɢ 15 ɦ/ɦɢɧ. ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɞɜɢɝɚɬɟɥɹ 380 ȼ, ɪɟɠɢɦ ɪɚɛɨɬɵ 

S1, ɬɢɩ ɡɚɳɢɬɵ ɦɢɧɢɦɭɦ IP54 ɜɡɪɵɜɨɡɚɳɢɳёɧɧɵɣ ɢ ɞɨɥɠɧɨ ɛɵɬɶ ɜɫɬɪɨɟɧɨ 

ɬɟɩɥɨɜɨɟ ɪɟɥɟ. 

ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɬɶ ɪɟɝɭɥɢɪɨɜɤɭ ɪɚɡɝɨɧɚ ɩɪɢɜɨɞɚ ɜ 

ɩɪɟɞɟɥɚɯ ɨɬ 1 ɞɨ 14 ɫɟɤɭɧɞ, ɚ ɬɚɤ ɠɟ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɥɚɜɧɨɟ ɡɚɦɟɞɥɟɧɢɟ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɟ ɩɪɟɜɵɲɟɧɢɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɨɬ 1 ɞɨ 1,3 ɧɨɦɢɧɚɥɶɧɨɣ ɞɨ 

ɩɨɥɧɨɣ ɨɫɬɚɧɨɜɤɢ ɩɨ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ. Ɍɚɤɠɟ ɩɨ ɦɟɪɟ ɬɨɝɨ, ɤɚɤ ɢɦɩɭɥɶɫ, 

ɩɨɫɵɥɚɟɦɵɣ ɜɟɫɨɢɡɦɟɪɢɬɟɥɶɧɵɦ ɩɪɢɛɨɪɨɦ ɤɨɧɜɟɣɟɪɚ ɫɬɪɟɥɵ, ɭɦɟɧɶɲɢɬɫɹ, 

ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɞɨɥɠɧɚ ɪɚɡɨɝɧɚɬɶ ɞɜɢɝɚɬɟɥɶ ɞɨ ɧɟɨɛɯɨɞɢɦɵɯ ɨɛɨɪɨɬɨɜ ɡɚ 

ɭɫɬɚɧɨɜɥɟɧɧɨɟ ɜɪɟɦɹ. Ɍɢɩ ɡɚɳɢɬɵ ɞɨɥɠɟɧ ɛɵɬɶ ɦɢɧɢɦɭɦ IP21. ɉɢɬɚɸɳɟɟ 

ɧɚɩɪɹɠɟɧɢɟ ɬɪёɯɮɚɡɧɨɟ ɱɚɫɬɨɬɨɣ 50 Ƚɰ ɥɢɧɟɣɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ 380 ȼ ɫ 

ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɧɟɣɬɪɚɥɶɸ. 
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 2 ȼɵɛɨɪ ɞɜɢɝɚɬɟɥɹ ɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ 

2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɨɦɟɧɬɚ ɫɬɚɬɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɟɯɚɧɢɡɦɚ, 

ɩɪɢɜɟɞёɧɧɨɝɨ ɤ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ, ɢ ɫɤɨɪɨɫɬɢ ɟɝɨ ɜɪɚɳɟɧɢɹ ɜ ɪɚɛɨɱɟɦ ɪɟɠɢɦɟ 

 

ɇɚ ɪɢɫɭɧɤɟ 2.1 ɫɯɟɦɚɬɢɱɧɨ ɢɡɨɛɪɚɠɟɧɚ ɪɨɬɨɪɧɚɹ ɩɨɝɪɭɡɨɱɧɚɹ ɦɚɲɢɧɚ. Ⱦɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɫɢɥɵ ɞɚɜɥɟɧɢɹ ɦɨɫɬɚ ɧɚ ɬɟɥɟɠɤɢ ɧɚɣɞёɦ ɪɟɚɤɰɢɸ ɨɩɨɪɵ RȺ, 

ɜɨɡɧɢɤɚɸɳɭɸ ɜ ɦɟɫɬɟ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ ɤɨɥёɫ ɫ ɪɟɥɶɫɨɦ (ɪɢɫɭɧɨɤ 2.2). Ⱦɥɹ 

ɪɚɫɱɟɬɚ ɧɚɝɪɭɡɤɢ ɡɚɦɟɧɢɦ ɦɟɯɚɧɢɡɦɵ ɞɟɣɫɬɜɢɟɦ ɫɢɥ, ɩɨɫɬɪɨɢɦ ɪɚɫɱɟɬɧɭɸ 

ɦɨɞɟɥɶ, ɡɚɦɟɧɢɜ ɫɪɚɡɭ ɪɚɫɩɪɟɞɟɥёɧɧɵɟ ɧɚɝɪɭɡɤɢ ɫɢɥɚɦɢ F1, F2. 

 

 

Ɋɢɫɭɧɨɤ 2.1 – Ɋɨɬɨɪɧɚɹ ɩɨɝɪɭɡɨɱɧɚɹ ɦɚɲɢɧɚ 

 

ɇɚ ɪɢɫɭɧɤɟ 2.2 ɢɡɨɛɪɚɠɟɧɚ ɪɚɫɱёɬɧɚɹ ɦɨɞɟɥɶ ɪɨɬɨɪɧɨɣ ɩɨɝɪɭɡɨɱɧɨɣ 

ɦɚɲɢɧɵ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɧɚ ɧɟё ɫɢɥɚɦɢ. ɉɨɫɤɨɥɶɤɭ ɜ ɦɚɫɫɭ ɤɨɧɫɨɥɢ-

ɩɪɨɬɢɜɨɜɟɫɚ mɤ ɜɯɨɞɢɬ ɦɚɫɫɚ ɫɬɪɟɥɵ  ɢ ɤɚɠɞɵɣ ɢɯ ɤɨɧɜɟɣɟɪ ɡɚɝɪɭɠɟɧ 

ɧɨɦɢɧɚɥɶɧɨɣ ɦɚɫɫɨɣ ɭɝɥɹ mɭ ɫɢɥɭ ɞɚɜɥɟɧɢɹ ɤɨɧɫɨɥɢ-ɩɪɨɬɢɜɨɜɟɫɚ ɨɩɪɟɞɟɥɢɦ ɩɨ 

ɮɨɪɦɭɥɟ 

 

gmmmF ɭɭɤ  )(1 ,         (2.1) 
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ɝɞɟ g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ Ɂɟɦɥɢ. Ɇɚɫɫɵ ɤɨɧɫɨɥɢ-ɩɪɨɬɢɜɨɜɟɫɚ mɤ ɢ 

ɭɝɥɹ ɬɭ ɞɚɧɵ ɜ ɡɚɞɚɧɢɢ. 

 

ɇ  49117608.9)600600500000(1 F . 

 

ɋɢɥɭ ɞɚɜɥɟɧɢɹ ɦɨɫɬɚ ɫ ɭɱёɬɨɦ ɧɨɦɢɧɚɥɶɧɨɝɨ ɜɟɫɚ ɭɝɥɹ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɧɚ 

ɟɝɨ ɤɨɧɜɟɣɟɪɟ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ  

 

gmmF ɭɦ  )(2 ,         (2.2) 

 

ɝɞɟ g – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (2.1). Ɇɚɫɫɵ ɦɨɫɬɚ mɤ ɢ ɭɝɥɹ ɬɭ ɞɚɧɵ ɜ ɡɚɞɚɧɢɢ. 

 

ɇ  98058808,9)6001000000(2 F . 

      

ɑɬɨɛɵ ɧɚɣɬɢ RA ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɭɪɚɜɧɟɧɢɟɦ ɪɚɜɧɨɜɟɫɢɹ 

 

0 ;0 32211  LFLFLRM AȻ ,      (2.3) 

 

ɝɞɟ L1=100 ɦ – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɪɟɥɶɫɵ ɞɨ ɩɨɜɨɪɨɬɧɨɣ ɨɫɢ; 

L2=100-30/2=85 ɦ – ɫɪɟɞɧɟɟ ɪɚɫɫɬɨɹɧɢɟ ɞɟɣɫɬɜɢɹ ɫɢɥɵ ɞɚɜɥɟɧɢɹ ɤɨɧɫɨɥɢ; 

L3=120/2=60 ɦ – ɫɪɟɞɧɟɟ ɪɚɫɫɬɨɹɧɢɟ ɞɟɣɫɬɜɢɹ ɫɢɥɵ ɞɚɜɥɟɧɢɹ ɦɨɫɬɚ. 

Ɋɚɫɫɬɨɹɧɢɹ L1, L2, L3 ɞɚɧɵ ɜ ɡɚɞɚɧɢɢ 

 

H  10058524
100

609805880854911760



AR . 
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Ɋɟɚɤɰɢɹ ɨɩɨɪɵ, ɜɨɡɧɢɤɚɸɳɚɹ ɧɚ ɪɟɥɶɫɟ ɪɚɜɧɚ ɫɢɥɟ ɞɚɜɥɟɧɢɹ ɜɫɟɣ ɦɚɲɢɧɵ 

ɧɚ ɬɟɥɟɠɤɢ RA=GɆ=10058524 ɇ. ȼɫɹ ɤɨɧɫɬɪɭɤɰɢɹ ɨɩɢɪɚɟɬɫɹ ɧɚ ɬɟɥɟɠɤɢ. ɋɢɥɚ 

ɞɚɜɢɬ ɧɚ ɤɚɠɞɭɸ ɬɟɥɟɠɤɭ ɨɞɢɧɚɤɨɜɨ ɢ ɩɨɷɬɨɦɭ ɫɢɥɚ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ ɨɞɧɨ 

ɤɨɥɟɫɨ 

 

..ɬɤɬ

Ɇ
ɤ nn

G
G  ,          (2.4) 

 

ɝɞɟ nɬ – ɤɨɥɢɱɟɫɬɜɨ ɬɟɥɟɠɟɤ, 

nɤ.ɬ – ɤɨɥɢɱɟɫɬɜɨ ɤɨɥёɫ ɧɚ ɨɞɧɨɣ ɬɟɥɟɠɤɟ. 

 

ɇ 2,502926
210

11283524



ɤG . 

 

 

Ɋɢɫɭɧɨɤ 2.2 – Ɋɚɫɱёɬɧɚɹ ɦɨɞɟɥɶ ɪɨɬɨɪɧɨɣ ɩɨɝɪɭɡɨɱɧɨɣ ɦɚɲɢɧɵ 

 

Ⱦɚɥɟɟ ɢɫɩɨɥɶɡɭɹ ɥɢɬɟɪɚɬɭɪɭ [3] ɪɚɫɫɱɢɬɵɜɚɟɦ ɫɢɥɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɞɜɢɠɟɧɢɸ ɷɥɟɤɬɩɪɨɩɪɢɜɨɞɚ. 
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Ɇɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɥɟɠɤɢ ɫ ɩɪɢɜɨɞɧɵɦɢ ɤɨɥёɫɚɦɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɫɢɥɚɦɢ, ɨɛɭɫɥɨɜɥɟɧɧɵɦɢ ɬɪɟɧɢɟɦ ɜ ɟё ɯɨɞɨɜɵɯ ɱɚɫɬɹɯ. ɉɪɢ ɤɚɱɟɧɢɢ ɤɨɥёɫ, 

ɧɚɝɪɭɠɟɧɧɵɯ ɫɢɥɚɦɢ ɜɟɫɚ ɦɟɯɚɧɢɡɦɚ Gɤ, ɜ ɞɜɭɯ ɩɨɞɲɢɩɧɢɤɚɯ ɤɨɥɟɫɚ ɬɟɥɟɠɤɢ 

ɜɨɡɧɢɤɚɟɬ ɫɢɥɚ ɬɪɟɧɢɹ ɤɚɱɟɧɢɹ µɫGɤ, ɤɨɬɨɪɚɹ ɫɨɡɞɚёɬ ɦɨɦɟɧɬ ɤɚɱɟɧɢɹ, 

ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ [3] 

 

21
ɰ

ɤɫɬɪ
d

GɆ  ,          (2.5) 

 

ɝɞɟ µɫ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɥɶɠɟɧɢɹ ɩɨɞɲɢɩɧɢɤɚ ɤɚɱɟɧɢɹ;  

dɰ – ɞɢɚɦɟɬɪ ɰɚɩɮɵ (ɭɱɚɫɬɤɚ ɜɚɥɚ, ɨɩɢɪɚɸɳɟɝɨɫɹ ɧɚ ɩɨɞɲɢɩɧɢɤ) ɤɨɥɟɫɚ. 

Ⱦɥɹ ɪɚɫɱёɬɚ Ɇɬɪ1 ɤɨɷɮɮɢɰɢɟɧɬ µɫ ɞɚɧ ɜ ɥɢɬɟɪɚɬɭɪɟ [3], ɚ ɞɢɚɦɟɬɪ dɰ ɜ 

ɡɚɞɚɧɢɢ. 

 

ɦɇ  4150
2

15,0
2,50292611,01 ɬɪM . 

 

Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɡɨɧɟ ɤɨɧɬɚɤɬɚ ɤɨɥɟɫɚ ɫ ɪɟɥɶɫɨɦ ɢɦɟɟɬ ɦɟɫɬɨ ɭɩɪɭɝɚɹ 

ɞɟɮɨɪɦɚɰɢɹ ɢ ɩɪɨɢɫɯɨɞɢɬ ɫɦɟɳɟɧɢɟ ɬɨɱɤɢ ɩɪɢɥɨɠɟɧɢɹ ɪɟɚɤɬɢɜɧɨɣ ɫɢɥɵ Gɤ ɜ 

ɫɬɨɪɨɧɭ ɜɪɚɳɟɧɢɹ ɤɨɥɟɫɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜɨɡɧɢɤɚɟɬ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɬ 

ɬɪɟɧɢɹ ɤɚɱɟɧɢɹ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ [3] 

 

ɤɤɬɪ fGɆ 2 ,          (2.6) 

 

ɝɞɟ fɤ – ɩɥɟɱɨ ɪɟɚɤɬɢɜɧɨɣ ɫɢɥɵ ɢɥɢ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɤɚɱɟɧɢɹ [3]. 

Ⱦɥɹ ɪɚɫɱёɬɚ Ɇɬɪ2 ɡɧɚɱɟɧɢɟ fɤ ɩɪɢɜɟɞɟɧɨ ɜ ɥɢɬɟɪɚɬɭɪɟ [3]. 

 

ɦɇ  5530011,02,5029262 ɬɪM . 
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Ɍɪɟɧɢɟ ɧɚ ɬɨɪɰɟɜɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɤɨɥёɫ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɬɪɟɧɢɟ ɪɟɛɨɪɞ 

ɤɨɥёɫ ɨ ɪɟɥɶɫɵ ɢ ɬɪɟɧɢɟ ɨɬ ɩɨɩɟɪɟɱɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ ɤɨɥёɫ ɩɨ ɪɟɥɶɫɚɦ. ɗɬɢ ɜɢɞɵ 

ɬɪɟɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɢ ɨɩɪɟɞɟɥɢɬɶ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ, ɩɨɷɬɨɦɭ ɨɧɢ ɭɱɢɬɵɜɚɸɬɫɹ ɧɚ 

ɨɫɧɨɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɭɜɟɥɢɱɟɧɢɟɦ ɦɨɦɟɧɬɨɜ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Ɇɬɪ1 ɢ 

Ɇɬɪ2 ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɤɨɷɮɮɢɰɢɟɧɬɭ kp, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɨ ɜ 

ɥɢɬɟɪɚɬɭɪɟ [3]. Ɇɨɦɟɧɬ ɫɢɥ ɬɪɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɤɨɥɟɫɚ ɨɩɪɟɞɟɥɹɟɦ ɩɨ 

ɮɨɪɦɭɥɟ [3] 

 

)( 21. ɬɪɬɪɪɤɬɪ ɆMkɆ          (2.7) 

ɦɇ  9407)5534150(2. ɤɬɪɆ . 

 

ɋɭɦɦɚɪɧɵɣ ɦɨɦɟɧɬ ɨɬ ɞɟɫɹɬɢ ɬɟɥɟɠɟɤ, ɇ·ɦ 

 

... ɬɤɬɤɬɪɨɛщ nnɆɆ  ,         (2.8) 

 

ɝɞɟ nɬ, nɤ.ɬ. – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (2.2). 

 

ɦɇ  1881402109407 ɨɛщɆ . 

 

ɉɨɫɤɨɥɶɤɭ ɩɪɢɜɨɞɧɵɯ ɬɟɥɟɠɟɤ nɩ.m=6 ɲɬɭɤ, ɬɨ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ 

ɫɭɦɦɚɪɧɨɝɨ ɦɨɦɟɧɬɚ ɨɬ ɞɟɫɹɬɢ ɬɟɥɟɠɟɤ Ɇɨɛщ  ɤɚɠɞɚɹ ɩɪɢɜɨɞɧɚɹ ɬɟɥɟɠɤɚ ɞɨɥɠɧɚ 

ɩɪɟɨɞɨɥɟɬɶ ɦɨɦɟɧɬ ɩɪɢɜɟɞёɧɧɵɣ ɤ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ, ɤɨɬɨɪɵɣ ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨ 

ɮɨɪɦɭɥɟ 

 

ɪɬɩ

ɨɛщ
ɩɪ in

M
Ɇ




.

,          (2.9) 
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ɝɞɟ iɪ – ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ ɪɟɞɭɤɬɨɪɚ. 

Ⱦɥɹ ɪɚɫɱёɬɚ Ɇɩɪ ɡɧɚɱɟɧɢɟ iɪ ɞɚɧɨ ɜ ɡɚɞɚɧɢɢ. 

 

ɦɇ  100
3146

188140



ɩɪɆ . 

 

ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 

60

2

ɤ

ɪɦ
ɞ D

iV
 ,                 (2.10) 

 

ɝɞɟ Vɦ – ɫɤɨɪɨɫɬɶ ɬɟɥɟɠɟɤ ɯɨɞɚ ɦɨɫɬɚ; 

Dɤ – ɞɢɚɦɟɬɪ ɤɨɥɟɫɚ 

Ⱦɥɹ ɪɚɫɱёɬɚ ωɞ ɡɧɚɱɟɧɢɟ Vɦ ɩɪɢɜɟɞɟɧɨ ɜ ɩɭɧɤɬɟ 1.6,  ɚ Dɤ ɞɚɧɨ ɜ ɡɚɞɚɧɢɢ. 

 

1-ɫ  157
601

152





ɞ . 

 

2.2 Ɋɚɫɱёɬ ɦɨɳɧɨɫɬɢ ɢ ɜɵɛɨɪ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɯɨɞɚ ɦɨɫɬɚ 

 

Ɋɚɫɱёɬɧɭɸ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ  

 

ɞɩɪɪ ɆɊ  ,                 (2.11) 

 

ɝɞɟ ωɞ – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ (2.8); 

Ɇɩɪ – ɦɨɦɟɧɬ, ɩɪɢɜɟɞёɧɧɵɣ ɤ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ (2.7). 

 

ȼɬ  15700157100 ɪɊ . 
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 ɂɡ ɫɩɪɚɜɨɱɧɢɤɚ [5] ɜɵɛɢɪɚɟɦ ɞɜɢɝɚɬɟɥɶ ɬɢɩɚ ȺɂɊ160Ɇ4. Ⱦɚɧɧɵɟ ɞɥɹ 

ɪɚɫɱёɬɚ ɞɜɢɝɚɬɟɥɹ ɢɡ ɫɩɪɚɜɨɱɧɢɤɚ [5] ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1. 

ɇɨɦɢɧɚɥɶɧɵɣ ɮɚɡɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 

 

 cos3 ɞɫ

ɞ
ɧɫ

U

Ɋ
I  ,                  (2.12) 

 

ɝɞɟ Uɫ – ɧɚɩɪɹɠɟɧɢɟ ɫɬɚɬɨɪɚ. 

Ɍɚɛɥɢɰɚ – 2.1 ɉɚɪɚɦɟɬɪɵ ɞɜɢɝɚɬɟɥɹ 

Ɋɚɫɱёɬ Iɧɫ ɜɵɩɨɥɧɹɟɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɚɛɥɢɰɵ 2.1 ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ηɞ, cosφ, ɚ Uc ɩɪɢɜɟɞɟɧɨ ɜ ɩɭɧɤɬɟ 1.6. 

 

ɉɚɪɚɦɟɬɪ ɞɜɢɝɚɬɟɥɹ ɑɢɫɥɟɧɧɨɟ 

ɡɧɚɱɟɧɢɟ 

Ⱥɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ Ɋɞ, ɤȼɬ 18,5 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɩ, ɨɛ/ɦɢɧ 1500 

ɇɨɦɢɧɚɥɶɧɨɟ ɫɤɨɥɶɠɟɧɢɟ sɧ, ɨ.ɟ. 0,0267 

ɇɨɦɢɧɚɥɶɧɵɣ ɦɨɦɟɧɬ Ɇɧ, ɇ·ɦ 118 

ɄɉȾ ηɞ 0,9 

Ɇɨɦɟɧɬ ɢɧɟɪɰɢɢ ɪɨɬɨɪɚ Jɞ, ɤɝ·ɦ2 0,065 

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ cos φ 0,88 

Ʉɪɚɬɧɨɫɬɶ ɩɭɫɤɨɜɨɝɨ ɬɨɤɚ Iɩ/Iɧ 7 

Ʉɪɚɬɧɨɫɬɶ ɩɭɫɤɨɜɨɝɨ ɦɨɦɟɧɬɚ Ɇɩ/Ɇɧ 1,1 

Ʉɪɚɬɧɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ Ɇmax/Ɇɧ 2,7 

Ƚɥɚɜɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ Хμ, ɨ.ɟ. 4,3 

Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɚɬɨɪɚ R1, ɨ.ɟ. 0,042 

ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɫɫɟɹɧɢɹ ɫɬɚɬɨɪɚ Х1, ɨ.ɟ. 0,085 

ɉɪɢɜɟɞёɧɧɨɟ ɤ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɨɬɨɪɚ R’2, ɨ.ɟ. 0,024 

ɉɪɢɜɟɞёɧɧɨɟ ɤ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɫɫɟɹɧɢɹ 

ɪɨɬɨɪɚ Х’2 

0,13 



 

 54 
 

Ⱥ  36
88,0895,03803

18500



ɧɫI . 

 

Ƚɥɚɜɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 

ɧɫ

ɮɫ

I

UХ
ɯ 
  ,              (2.13) 

 

ɝɞɟ Uɮɫ – ɮɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɬɚɬɨɪɚ, 

 Iɧɫ – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɬɚɬɨɪɚ (2.12). 

Ɋɚɫɱёɬ ɯμ ɜɵɩɨɥɧɹɸɬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɚɛɥɢɰɵ 2.1 ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɡɧɚɱɟɧɢɹ Хμ. 

 

Ɉɦ  278,26
36

2203,4



ɯ . 

 

Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 

ɧɫ

ɮɫ

I

UR
r

1
1  ,                 (2.14) 

 

ɝɞɟ Iɧɫ, Uɫ – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (2.11). 

Ɋɚɫɱёɬ r1 ɜɵɩɨɥɧɹɸɬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɚɛɥɢɰɵ 2.1 ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɡɧɚɱɟɧɢɹ R1. 

  

Ɉɦ  257,0
36

220042,0
1 


r . 
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ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɫɫɟɹɧɢɹ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɨɩɪɟɞɟɥɢɦ ɩɨ 

ɮɨɪɦɭɥɟ 

 

ɧɫ

ɮɫ

I

UХ
ɯ 1
1  ,                  (2.15) 

 

ɝɞɟ Iɧɫ, Uɫ – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (2.13). 

Ɋɚɫɱёɬ ɯ1 ɜɵɩɨɥɧɹɸɬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɚɛɥɢɰɵ 2.1 ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɡɧɚɱɟɧɢɹ Х1. 

 

Ɉɦ  519,0
36

220085,0
1 


ɯ . 

 

ɉɪɢɜɟɞёɧɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɨɬɨɪɚ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 

ɧɫ

ɮɫ

I

UR
r

2
2

'
'  ,                 (2.16) 

 

ɝɞɟ Iɧɫ, Uɫ – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (2.13). 

Ɋɚɫɱёɬ r’2 ɜɵɩɨɥɧɹɸɬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɚɛɥɢɰɵ 2.1 ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɡɧɚɱɟɧɢɹ R’2. 

 

Ɉɦ  147,0
36

220024,0
'2 


r . 

 

ɉɪɢɜɟɞёɧɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɫɫɟɹɧɢɹ ɪɨɬɨɪɚ ɨɩɪɟɞɟɥɹɟɦ ɩɨ 

ɮɨɪɦɭɥɟ 
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ɧɫ

ɮɫ

I

UХ
ɯ 2

2

'
'  ,                 (2.17) 

 

ɝɞɟ Iɧɫ, Uɫ – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (2.13). 

Ɋɚɫɱёɬ ɯ’2 ɜɵɩɨɥɧɹɸɬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɚɛɥɢɰɵ 2.1 ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɡɧɚɱɟɧɢɹ Х’2. 

 

Ɉɦ  794,0
36

22013,0
'2 


ɯ . 

 

ɍɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɸɳɟɣ ɫɟɬɢ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 

 

fɷɥ  20  ,                  (2.18) 

 

ɝɞɟ f  - ɱɚɫɬɨɬɚ ɩɢɬɚɸɳɟɣ ɫɟɬɢ (ɞɚɧɚ ɜ ɡɚɞɚɧɢɢ). 

 

-1
0 ɫ  314502   ɷɥ . 

 

ɉɨɥɧɭɸ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɨɬ ɩɨɬɨɤɨɜ ɪɚɫɫɟɹɧɢɹ ɫɬɚɬɨɪɚ L1 ɢ ɪɨɬɨɪɚ L2 

ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 

ɷɥ

ɯɯ
L

0

1
1 


 ,                 (2.19) 

ɷɥ

ɯɯ
L

0

2
2

'




 ,                  (2.20) 

 

ɝɞɟ ω0ɷɥ – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɸɳɟɣ ɫɟɬɢ (2.18). 

ɯ1 – ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɫɫɟɹɧɢɹ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ (2.15); 
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ɯ’2 – ɩɪɢɜɟɞёɧɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɫɫɟɹɧɢɹ ɪɨɬɨɪɚ(2.17); 

xμ – ɝɥɚɜɧɨɟ ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ (2.13). 

 

.Ƚɧ  0862,0
314

278,26794,0

,Ƚɧ  0853,0
314

278,26519,0

2

1











L

L
 

 

ȼɡɚɢɦɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ, Ƚɧ 

 

ɷɥ

x
L

0

12 
 ,                (2.21) 

 

ɝɞɟ ɯμ, ω0ɷɥ – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ (2.19) 
 

Ƚɧ  0837,0
314

278,26
12 L . 

 

2.3 ȼɵɛɨɪ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ 

 

Ɇɨɳɧɨɫɬɶ ɫɢɥɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɞɨɥɠɧɚ ɛɵɬɶ ɦɢɧɢɦɭɦ ɨɩɪɟɞɟɥɹɟɦɨɣ 

ɩɨ ɮɨɪɦɭɥɟ 

 

 cos
..

Д

ɬɩɞ
ɩɪ

nɊɊ  ,                    (2.22) 

 

ɝɞɟ Pɞ, η, cosφ – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ (2.12); 

nɩ.ɬ. – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ (2.9). 
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ȼɬ  140200
88,09,0

618500





ɩɪɊ . 

 

ɉɪɢɦɟɧɹɟɦ ɱɚɫɬɨɬɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ȼȿɋɉȿɊ ɫɟɪɢɢ EI-9011-200ɇ 160 

ɄȼɌ 302Ⱥ Ɋ00059 ɜ ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɤɨɪɩɭɫɟ. Ⱦɚɧɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɪɢɜɟɞɟɧɵ 

ɜ ɬɚɛɥɢɰɟ 2.2. 

Ɍɚɛɥɢɰɚ 2.2 – Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

ɉɚɪɚɦɟɬɪ ɑɢɫɥɨɜɨɟ ɡɧɚɱɟɧɢɟ 

Ⱥɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ Ɋɩɪ, ɤȼɬ 160 

ɉɨɥɧɚɹ ɦɨɳɧɨɫɬɶ Sɩɪ, ɤȼȺ 200 

Ⱦɢɚɩɚɡɨɧ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɱɚɫɬɨɬɟ fɩɪ, Ƚɰ 0,1-400 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ Iɧ.ɩɪ, Ⱥ 302 

ȼɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ Uɧ.ɜɯ 3ɮ, ȼ 380-460 

ȼɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ Uɧ.ɜɵɯ 3ɮ, ȼ 380-460 

Ɂɚɳɢɬɧɵɟ ɮɭɧɤɰɢɢ Ɂɚɳɢɬɚ ɞɜɢɝɚɬɟɥɹ ɨɬ ɩɟɪɟɝɪɭɡɤɢ/Ɇɝɧɨɜɟɧɧɚɹ 

ɩɟɪɟɝɪɭɡɤɚ ɩɨ ɬɨɤɭ/ɉɟɪɟɝɪɭɡɤɚ/ɉɟɪɟɝɪɭɡɤɚ ɩɨ 

ɧɚɩɪɹɠɟɧɢɸ/ɇɟɞɨɫɬɚɬɨɱɧɨɟ 

ɧɚɩɪɹɠɟɧɢɟ/Ʉɪɚɬɤɨɜɪɟɦɟɧɧɨɟ ɨɬɤɥɸɱɟɧɢɟ 

ɩɢɬɚɧɢɹ/ɉɟɪɟɝɪɟɜ ɪɚɞɢɚɬɨɪɚ-

ɬɟɩɥɨɨɬɜɨɞɚ/ɉɪɟɞɨɬɜɪɚɳɟɧɢɟ ɫɪɵɜɚ 

ɜɪɚɳɟɧɢɹ/Ɂɚɳɢɬɚ ɨɬ ɬɨɤɨɜ ɭɬɟɱɤɢ/ɂɧɞɢɤɚɰɢɹ 

ɡɚɪɹɞɚ ɲɢɧɵ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɋ Ɉɬ -10 ɞɨ +45 
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3 Ⱥɧɚɥɢɡ ɪɚɛɨɱɢɯ ɢ ɩɭɫɤɨɜɵɯ ɪɟɠɢɦɨɜ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. Ɉɰɟɧɤɚ ɢɯ 

ɫɨɨɬɜɟɬɫɬɜɢɹ ɬɪɟɛɨɜɚɧɢɹɦ 

3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɫɭɦɦɚɪɧɨɝɨ ɦɨɦɟɧɬɚ ɢɧɟɪɰɢɢ, ɩɪɢɜɟɞɟɧɧɨɝɨ ɤ ɜɚɥɭ 

ɞɜɢɝɚɬɟɥɹ 

 

Ɇɨɦɟɧɬ ɢɧɟɪɰɢɢ ɫɨɡɞɚɜɚɟɦɵɣ ɤɨɥɟɫɚɦɢ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 

8

2
.. ɤɤɬɤɬ

ɤ
Dmnn

J  ,         (3.1) 

 

ɝɞɟ Dɤ – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ (2.10); 

ɩɬ, nɤ.ɬ. – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ (2.4); 

mɤ – ɦɚɫɫɚ ɤɨɥɟɫɚ ɬɟɥɟɠɤɢ (ɞɚɧɨ ɜ ɡɚɞɚɧɢɢ). 
 

2
2

ɦɤɝ  5,612
8

1245210



ɤJ . 

 

ɋɭɦɦɚɪɧɵɣ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ, ɩɪɢɜɟɞёɧɧɵɣ ɤ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ ɨɩɪɟɞɟɥɹɟɦ 

ɩɨ ɮɨɪɦɭɥɟ [4] 

 

ɞɜ
ɬɤɬɩɪ

ɤɤɦ
ɫɭɦ J

nni

JDm
J 




...
2

2

,        (3.2) 

 

ɝɞɟ mɦ – ɦɚɫɫɚ ɜɫɟɣ ɦɚɲɢɧɵ; 

Dɤ, iɪ – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ (2.10); 

Jɤ – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ, ɫɨɡɞɚɜɚɟɦɵɣ ɤɨɥёɫɚɦɢ(3.1); 

Jɞɜ – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ (ɬɚɛɥɢɰɚ 2.1); 

nɩ.ɬ. – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ (2.9); 

nɤ.ɬ. – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (2.4). 
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2
2

ɦɤɝ  7,0065,0
46314

5,61211500000





ɫɭɦJ . 

 

 

3.2 Ɋɚɡɪɚɛɨɬɤɚ ɰɢɮɪɨɜɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ 

3.2.1 Ȼɢɛɥɢɨɬɟɤɚ ɛɥɨɤɨɜ Simulink 

 

Simulink ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɪɚɡɞɟɥɨɜ ɛɢɛɥɢɨɬɟɤɢ ɮɭɧɤɰɢɣ ɫɪɟɞɫɬɜ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ MATLAB . Ⱦɥɹ 

ɭɞɨɛɫɬɜɚ ɪɚɛɨɬɵ ɩɨɥɶɡɨɜɚɬɟɥɹ ɛɢɛɥɢɨɬɟɤɚ ɛɥɨɤɨɜ Simulink  ɪɚɡɛɢɬɚ ɧɚ ɪɚɡɞɟɥɵ, 

ɫɨɞɟɪɠɚɳɢɟ ɧɚɛɨɪɵ ɛɥɨɤɨɜ ɞɥɹ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ. ɋ ɢɯ ɩɨɦɨɳɶɸ ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɧɟ ɬɨɥɶɤɨ 

ɢɦɢɬɢɪɨɜɚɬɶ ɪɚɛɨɬɭ ɭɫɬɪɨɣɫɬɜ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ, ɧɨ ɢ ɜɵɩɨɥɧɹɬɶ ɪɚɡɥɢɱɧɵɟ 

ɜɢɞɵ ɚɧɚɥɢɡɚ. 

Ȼɥɨɤɢ Simulink ɨɬɪɚɠɚɸɬ ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ. Ɉɧ ɩɨɡɜɨɥɹɟɬ 

ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɫɬɢɬɶ ɜɫɸ ɦɨɞɟɥɶ, ɚ ɡɧɚɱɢɬ ɩɨɜɵɫɢɬɶ ɟё ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɢ 

ɫɤɨɪɨɫɬɶ ɪɚɛɨɬɵ. Simulink ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɨɠɟɬ ɫɱɢɬɚɬɶɫɹ ɨɞɧɢɦ ɢɡ ɥɭɱɲɢɯ 

ɩɚɤɟɬɨɜ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ. ɂɫɩɨɥɶɡɭɹ ɛɥɨɤɢ 

ɪɚɡɞɟɥɨɜ Simulink ɩɨɥɶɡɨɜɚɬɟɥɶ ɜ ɫɨɫɬɨɹɧɢɢ ɡɚ ɤɨɪɨɬɤɨɟ ɜɪɟɦɹ ɫɨɡɞɚɬɶ 

ɩɨɥɧɨɰɟɧɧɭɸ ɦɨɞɟɥɶ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ 

ɜɵɩɨɥɧɢɬɶ ɪɚɫɫɬɚɧɨɜɤɭ ɛɥɨɤɨɜ ɧɚ ɫɯɟɦɟ, ɡɚɞɚɬɶ ɢɯ ɩɚɪɚɦɟɬɪɵ, ɫɨɟɞɢɧɢɬɶ ɛɥɨɤɢ 

ɢ ɭɫɬɚɧɨɜɢɬɶ ɩɚɪɚɦɟɬɪɵ ɪɚɫɱёɬɚ ɦɨɞɟɥɢ ɜ ɰɟɥɨɦ. 

 

3.2.2 ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɞɜɢɝɚɬɟɥɹ 
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Ɋɟɠɢɦɵ ɪɚɛɨɬɵ ɱɚɫɬɨɬɧɨɭɩɪɚɜɥɹɟɦɨɝɨ ɚɫɢɧɯɪɨɧɧɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ 

ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɫɬɚɬɢɱɟɫɤɢɟ ɢ ɞɢɧɚɦɢɱɟɫɤɢɟ [6]. ɉɨɞ ɫɬɚɬɢɱɟɫɤɢɦɢ ɪɟɠɢɦɚɦɢ 

ɩɨɧɢɦɚɸɬ ɪɟɠɢɦɵ, ɜ ɤɨɬɨɪɵɯ ɨɬɫɭɬɫɬɜɭɸɬ ɛɨɥɶɲɢɟ ɨɬɤɥɨɧɟɧɢɹ ɭɩɪɚɜɥɹɸɳɢɯ ɢ 

ɜɨɡɦɭɳɚɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ. ɐɟɥɶɸ ɭɩɪɚɜɥɟɧɢɹ ɜ ɷɬɨɦ ɪɟɠɢɦɟ ɹɜɥɹɟɬɫɹ 

ɨɛɟɫɩɟɱɟɧɢɟ ɦɢɧɢɦɭɦɚ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ, ɦɢɧɢɦɭɦɚ ɬɨɤɚ ɫɬɚɬɨɪɚ ɢ ɬ.ɞ. 

ȼ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɠɢɦɚɯ ɩɪɟɠɞɟ ɜɫɟɝɨ ɞɨɥɠɧɚ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɚ 

ɭɫɬɨɣɱɢɜɚɹ ɪɚɛɨɬɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. ɗɬɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɬɨɥɶɤɨ ɧɚ ɨɫɧɨɜɟ 

ɝɥɭɛɨɤɨɝɨ ɚɧɚɥɢɡɚ ɩɪɨɰɟɫɫɨɜ ɜ ɚɫɢɧɯɪɨɧɧɨɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɟ ɫ ɭɱёɬɨɦ ɜɥɢɹɧɢɹ 

ɧɚ ɧɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɹɜɥɟɧɢɣ ɜ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟ ɷɧɟɪɝɢɢ ɢ 

ɞɜɢɝɚɬɟɥɟ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ 

ɚɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɟ ɜɵɩɨɥɧɢɦ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɹɯ: ɜɫɟ ɮɚɡɧɵɟ ɨɛɦɨɬɤɢ 

ɦɚɲɢɧɵ ɫɢɦɦɟɬɪɢɱɧɵ, ɬ.ɟ ɚɤɬɢɜɧɵɟ ɢ ɢɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɮɚɡɧɵɯ 

ɨɛɦɨɬɨɤ ɪɚɜɧɵ, ɩɚɪɚɦɟɬɪɵ ɦɚɲɢɧɵ ɩɨɫɬɨɹɧɧɵ, ɬ.ɟ. ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ ɢɡɦɟɧɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɜɫɥɟɞɫɬɜɢɟ ɧɚɫɵɳɟɧɢɹ ɦɚɝɧɢɬɧɨɣ ɰɟɩɢ, ɜɵɬɟɫɧɟɧɢɟ ɬɨɤɚ, ɢɡɦɟɧɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɟɞɢɧɟɧɢɹ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɜ ɡɜɟɡɞɭ ɛɟɡ ɜɵɜɨɞɚ ɧɭɥɟɜɨɣ ɬɨɱɤɢ, 

ɪɨɬɨɪ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɣ, ɦɚɝɧɢɬɧɚɹ ɢɧɞɭɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɚ ɜɞɨɥɶ ɜɨɡɞɭɲɧɨɝɨ 

ɡɚɡɨɪɚ ɫɢɧɭɫɨɢɞɚɥɶɧɨ ɩɪɢ ɫɢɧɭɫɨɢɞɚɥɶɧɨɦ ɧɚɩɪɹɠɟɧɢɢ ɩɢɬɚɧɢɹ, ɦɨɦɟɧɬ 

ɫɬɚɬɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɩɨɫɬɨɹɧɧɵ. 

ɂɦɢɬɚɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɭɞɨɛɧɵɦ ɢ ɧɚɝɥɹɞɧɵɦ 

ɦɟɬɨɞɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ 

ɫɢɫɬɟɦɚɯ.  ɉɪɢ ɩɪɢɧɹɬɵɯ ɞɨɩɭɳɟɧɢɹɯ ɚɧɚɥɢɡ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɧɚɢɛɨɥɟɟ ɭɞɨɛɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɧɚ ɨɫɧɨɜɟ ɫɬɪɭɤɬɭɪɧɨɣ 

ɫɯɟɦɵ, ɢɡɨɛɪɚɠёɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 3.1, ɢɫɩɨɥɶɡɨɜɚɜ ɫ ɷɬɨɣ ɰɟɥɶɸ ɫɢɦɜɨɥɢɱɟɫɤɢɣ 

ɫɩɨɫɨɛ ɡɚɩɢɫɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɩɪɢɜɟɞёɧɧɵɯ ɤ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ 

ɯ, ɭ, ɜɪɚɳɚɸɳɟɣɫɹ ɫɨ ɫɤɨɪɨɫɬɶɸ ωɷɥ ɪɚɜɧɨɣ ɱɚɫɬɨɬɟ ɩɢɬɚɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ, 

ɩɨɞɜɟɞёɧɧɨɝɨ ɤ ɨɛɦɨɬɤɚɦ ɫɬɚɬɨɪɚ, ūs 
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ɇɚ ɪɢɫɭɧɤɟ 3.1 ɛɥɨɤ step ɧɭɠɟɧ ɞɥɹ ɡɚɞɚɧɢɹ ɚɦɩɥɢɬɭɞɵ ɩɢɬɚɸɳɟɝɨ 

ɧɚɩɪɹɠɟɧɢɹ, ɚ ɛɥɨɤ step1 ɞɥɹ ɡɚɞɚɧɢɹ ɱɚɫɬɨɬɵ ɫɟɬɢ. Ȼɥɨɤ scope1 ɩɨɤɚɡɵɜɚɟɬ 

ɢɡɦɟɧɟɧɢɟ ɦɨɦɟɧɬɚ Ɇɷ ɢ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ωɪ, ɚ ɛɥɨɤ scope2 – 

ɢɡɦɟɧɟɧɢɟ ɬɨɤɚ. ɉɨɫɤɨɥɶɤɭ ɬɨɤ ɢɦɟɟɬ ɚɦɩɥɢɬɭɞɧɨɟ ɡɧɚɱɟɧɢɟ, ɞɥɹ ɩɟɪɟɜɨɞɚ ɟɝɨ ɜ 

ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ, ɧɭɠɧɨ ɪɚɡɞɟɥɢɬɶ ɟɝɨ ɧɚ . Ⱦɥɹ ɷɬɨɝɨ ɩɟɪɟɞ ɛɥɨɤɨɦ 

scope2 ɩɨɦɟɳɚɟɦ ɛɥɨɤ gain7. 
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Ɋɢɫɭɧɨɤ 3.1 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɫɟɪɢɢ ȺɂɊ160Ɇ4 ɩɪɢ 

ɩɪɹɦɨɦ ɩɭɫɤɟ 

 

3.3 Ⱥɧɚɥɢɡ ɪɚɛɨɱɢɯ ɢ ɩɭɫɤɨɜɵɯ ɪɟɠɢɦɨɜ. Ɉɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɜɨɤ 

ɭɫɬɪɨɣɫɬɜɚ ɩɥɚɜɧɨɝɨ ɩɭɫɤɚ 

 

ɇɚ ɪɢɫɭɧɤɟ 3.2 – 3.5 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɹɦɨɝɨ ɩɭɫɤɚ 

ɞɜɢɝɚɬɟɥɹ. Ʉɚɤ ɜɢɞɢɦ, ɩɪɹɦɨɣ ɩɭɫɤ  ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɨ ɛɨɥɶɲɢɦɢ 

ɡɧɚɱɟɧɢɹɦɢ ɭɞɚɪɧɵɯ ɦɨɦɟɧɬɨɜ (3,5 – 4,5 ɧɨɦɢɧɚɥɶɧɵɯ), ɤɨɬɨɪɵɟ ɭɦɟɧɶɲɚɸɬ 

ɫɪɨɤ ɫɥɭɠɛɵ ɦɟɯɚɧɢɡɦɨɜ, ɢ ɩɭɫɤɨɜɵɯ ɬɨɤɨɜ (ɨɤɨɥɨ 7 ɧɨɦɢɧɚɥɶɧɵɯ).  
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Ɋɢɫɭɧɨɤ 3.2 – ɂɡɦɟɧɟɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ Ɇɷ ɞɜɢɝɚɬɟɥɹ ɜɨ 

ɜɪɟɦɟɧɢ ɩɪɢ ɩɪɹɦɨɦ ɩɭɫɤɟ ɛɟɡ ɧɚɝɪɭɡɤɢ 

 

Ɋɢɫɭɧɨɤ 3.3 – ɂɡɦɟɧɟɧɢɟ ɬɨɤɚ ɞɜɢɝɚɬɟɥɹ Iɞ ɜɨ ɜɪɟɦɟɧɢ ɩɪɢ ɩɪɹɦɨɦ ɩɭɫɤɟ ɛɟɡ 

ɧɚɝɪɭɡɤɢ 

 

Ɋɢɫɭɧɨɤ 3.4 – Ⱦɢɚɝɪɚɦɦɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ Ɇɷ ɞɜɢɝɚɬɟɥɹ 

ɩɪɢ ɩɪɹɦɨɦ ɩɭɫɤɟ ɫ ɧɚɝɪɭɡɤɨɣ 
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Ɋɢɫɭɧɨɤ 3.5 – Ⱦɢɚɝɪɚɦɦɚ ɬɨɤɚ ɞɜɢɝɚɬɟɥɹ Iɞ ɩɪɢ ɩɪɹɦɨɦ ɩɭɫɤɟ ɫ ɧɚɝɪɭɡɤɨɣ 

 

ɋɬɚɬɢɱɟɫɤɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɹɦɨɝɨ ɩɭɫɤɚ ɛɟɡ ɧɚɝɪɭɡɤɢ 

ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.6. 

 

 

Ɋɢɫɭɧɨɤ 3.6 – ɋɬɚɬɢɱɟɫɤɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɹɦɨɝɨ ɩɭɫɤɚ ɛɟɡ 

ɧɚɝɪɭɡɤɢ 

 

ɇɚ ɪɢɫɭɧɤɟ 3.7 ɢɡɨɛɪɚɠɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɫ 

ɦɨɞɟɥɶɸ ɡɚɞɚɬɱɢɤɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ. Ȼɥɨɤ step ɡɚɞɚёɬ ɬɟɦɩ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɛɥɨɤ 

integrator ɨɫɭɳɟɫɬɜɥɹɟɬ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ, ɛɥɨɤ saturation 

ɨɝɪɚɧɢɱɢɜɚɟɬ ɫɢɝɧɚɥ ɧɚ ɭɪɨɜɧɟ 314 (ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ ɩɢɬɚɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ), 
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ɛɥɨɤ gain7 ɢɦɢɬɢɪɭɟɬ ɦɨɞɟɥɶ ɚɦɩɥɢɬɭɞɵ ɩɢɬɚɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ. Ɍɚɤ ɤɚɤ 

ɞɜɢɝɚɬɟɥɶ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɩɨɞ ɩɨɫɬɨɹɧɧɨɣ ɧɚɝɪɭɡɤɨɣ, ɬɨ ɞɚɥɟɟ ɦɨɞɟɥɢɪɨɜɚɬɶ 

ɩɭɫɤɢ ɛɭɞɟɦ ɩɨɞ ɧɚɝɪɭɡɤɨɣ. ɋɬɚɬɢɱɟɫɤɢɣ ɦɨɦɟɧɬ ɩɪɢɜɨɞɚ ɹɜɥɹɟɬɫɹ ɪɟɚɤɬɢɜɧɵɦ, 

ɚ ɡɧɚɱɢɬ ɩɪɢ ɪɚɡɧɨɫɬɢ ɦɨɦɟɧɬɨɜ (Ɇɷ-Ɇɫ)<0 ɞɜɢɝɚɬɟɥɶ ɛɭɞɟɬ ɫɨɯɪɚɧɹɬɶ ɫɨɫɬɨɹɧɢɟ 

ɩɨɤɨɹ, ɞɥɹ ɷɬɨɝɨ ɜ ɫɯɟɦɟ ɦɨɞɟɥɢ ɞɜɢɝɚɬɟɥɹ ɩɨɫɥɟ (Ɇɷ-Ɇɫ) ɦɵ ɩɨɦɟɳɚɟɦ ɛɥɨɤ 

product10 ɢ relay, ɤɨɬɨɪɵɣ ɩɪɢ (Ɇɷ-Ɇɫ)<0 ɪɚɜɟɧ ɧɭɥɸ, ɢ ɫɤɨɪɨɫɬɶ ɧɚ ɜɨɡɪɚɫɬɚɟɬ, ɚ 

ɩɪɢ (Ɇɷ-Ɇɫ)>0 ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɵɦ ɟɞɢɧɢɰɟ ɢ ɫɤɨɪɨɫɬɶ ɧɚɱɢɧɚɟɬ ɜɨɡɪɚɫɬɚɬɶ.  

 

 

Ɋɢɫɭɧɨɤ 3.7 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɱɚɫɬɨɬɧɨ ɭɩɪɚɜɥɹɟɦɨɝɨ ɚɫɢɧɯɪɨɧɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ, ɪɚɛɨɬɚɸɳɟɝɨ ɩɨ ɡɚɤɨɧɭ U/f=const 

 

ɇɚ ɪɢɫɭɧɤɚɯ 3.8, 3.9 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɧɨɝɨ 

ɩɭɫɤɚ ɨɬ ɡɚɞɚɬɱɢɤɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨ ɡɚɤɨɧɭ U/f=const. Ʉɚɤ ɜɢɞɢɦ, ɜɫɥɟɞɫɬɜɢɟ 

ɩɥɚɜɧɨɝɨ ɧɚɪɚɫɬɚɧɢɹ ɱɚɫɬɨɬɵ ɢ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɩɭɫɤɟ ɫ ɧɚɝɪɭɡɤɨɣ ɭɞɚɪɧɵɟ 

ɦɨɦɟɧɬɵ ɢɫɱɟɡɚɸɬ, ɚ ɬɨɤ ɫɬɚɧɨɜɢɬɫɹ ɜ ɞɜɚ ɪɚɡɚ ɦɟɧɶɲɟ. 
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Ɋɢɫɭɧɨɤ 3.8 – Ⱦɢɚɝɪɚɦɦɚ ɦɨɦɟɧɬɚ Ɇɷ ɞɜɢɝɚɬɟɥɹ ɩɪɢ ɱɚɫɬɨɬɧɨɦ ɩɭɫɤɟ ɨɬ 

ɡɚɞɚɬɱɢɤɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨ ɡɚɤɨɧɭ U/f=const ɫ ɧɚɝɪɭɡɤɨɣ 

 

Ɋɢɫɭɧɨɤ 3.9 – Ⱦɢɚɝɪɚɦɦɚ ɬɨɤɚ ɫɬɚɬɨɪɚ is ɩɪɢ ɱɚɫɬɨɬɧɨɦ ɩɭɫɤɟ ɩɨ ɡɚɤɨɧɭ 

U/f=const ɫ ɧɚɝɪɭɡɤɨɣ 

 

Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɭɫɤɚ ɫ ɧɚɝɪɭɡɤɨɣ ɩɪɢɜɟɞɟɧɚ 

ɧɚ ɪɢɫ 3.10. 
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Ɋɢɫɭɧɨɤ 3.10 – Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɱɚɫɬɨɬɧɨɝɨ ɩɭɫɤɚ ɩɨ 

ɡɚɤɨɧɭ U/f=const 

 

ɇɚ ɪɢɫɭɧɤɚɯ 3.11, 3.12 ɢɡɨɛɪɚɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɭɫɤɚ ɨɬ 

ɡɚɞɚɬɱɢɤɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɬɪɟɛɭɟɦɵɦ ɧɚɪɚɫɬɚɧɢɟɦ ɱɚɫɬɨɬɵ ɢ 

ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɡɚɤɨɧɭ U/f=const. Ʉɚɤ ɜɢɞɢɦ ɜɧɚɱɚɥɟ ɞɜɢɝɚɬɟɥɶ ɧɚɛɟɪёɬ 

ɧɟɡɧɚɱɢɬɟɥɶɧɭɸ ɫɤɨɪɨɫɬɶ, ɚ ɡɚɬɟɦ ɜɫɥɟɞɫɬɜɢɟ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ ɩɚɞɟɧɢɹ 

ɦɨɦɟɧɬɚ Ɇɷ ɨɫɬɚɧɨɜɢɬɫɹ ɧɚ 0,1 ɫ. ɢ ɞɚɥɟɟ ɩɪɨɞɨɥɠɢɬ ɪɚɡɝɨɧɹɬɶɫɹ ɪɚɜɧɨɦɟɪɧɨ. 

Ɍɨɤ ɫɬɚɬɨɪɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɜɪɟɦɟɧɢ ɪɚɡɝɨɧɚ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ 

0,5 ɫ. ɜ ɧɚɱɚɥɟ, ɞɟɪɠɢɬɫɹ ɧɚ ɭɪɨɜɧɟ ɧɨɦɢɧɚɥɶɧɨɝɨ is=Iɧ. Ⱦɢɧɚɦɢɱɟɫɤɢɟ 

ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.13. 
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Ɋɢɫɭɧɨɤ 3.11 – Ⱦɢɚɝɪɚɦɦɚ ɦɨɦɟɧɬɚ Ɇɷ ɩɭɫɤɚ ɩɨ ɡɚɤɨɧɭ U/f=const ɫ 

ɦɢɧɢɦɚɥɶɧɵɦ ɬɟɦɩɨɦ ɧɚɪɚɫɬɚɧɢɹ ɱɚɫɬɨɬɵ ɢ ɧɚɩɪɹɠɟɧɢɹ ɫ ɧɚɝɪɭɡɤɨɣ 

 

Ɋɢɫɭɧɨɤ 3.12 – Ⱦɢɚɝɪɚɦɦɚ ɬɨɤɚ ɫɬɚɬɨɪɚ is ɩɭɫɤɚ ɩɨ ɡɚɤɨɧɭ U/f=const ɫ 

ɦɢɧɢɦɚɥɶɧɵɦ ɬɟɦɩɨɦ ɧɚɪɚɫɬɚɧɢɹ ɱɚɫɬɨɬɵ ɢ ɧɚɩɪɹɠɟɧɢɹ ɫ ɧɚɝɪɭɡɤɨɣ 

 

ɇɚ ɪɢɫɭɧɤɟ 3.14 ɢɡɨɛɪɚɠɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ ɚɫɢɧɯɪɨɧɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ ɫ ɱɚɫɬɨɬɧɵɦ ɩɭɫɤɨɦ ɩɨ ɡɚɤɨɧɭ (U+IR)/f=const. ȼɫɥɟɞɫɬɜɢɟ ɜɜɟɞɟɧɢɹ 

ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɬɨɤɭ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɢɥɶɧɵɯ ɚɜɬɨɤɨɥɟɛɚɧɢɣ 

ɫɢɫɬɟɦɚ ɜɵɯɨɞɢɬ ɢɡ ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɨɜɟɫɢɹ. Ⱦɥɹ ɟё ɫɬɚɛɢɥɢɡɚɰɢɢ ɜ ɨɛɪɚɬɧɭɸ 

ɫɜɹɡɶ ɩɨ ɬɨɤɭ ɜɜɨɞɢɦ ɚɩɟɪɢɨɞɢɱɟɫɤɨɟ ɡɜɟɧɨ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ (ɛɥɨɤ transfer fcn5). 
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Ɋɢɫɭɧɨɤ 3.13 – Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɱɚɫɬɨɬɧɨɝɨ ɩɭɫɤɚ ɩɨ 

ɡɚɤɨɧɭ U/f=const 

 

Ɋɢɫɭɧɨɤ 3.14 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɱɚɫɬɨɬɧɨ ɭɩɪɚɜɥɹɟɦɨɝɨ ɞɜɢɝɚɬɟɥɹ, 

ɪɚɛɨɬɚɸɳɟɝɨ ɩɨ ɡɚɤɨɧɭ (U+IR)/f=const 

 

ɇɚ ɪɢɫɭɧɤɚɯ 3.15, 3.16 ɢɡɨɛɪɚɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɧɨɝɨ 

ɩɭɫɤɚ ɞɜɢɝɚɬɟɥɹ ɩɨ ɡɚɤɨɧɭ (U+IR)/f=const. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɦɟɧɬ Ɇɷ ɞɜɢɝɚɬɟɥɹ ɧɟ 



 

 71 
 

ɨɩɭɫɤɚɟɬɫɹ ɧɢɠɟ ɦɨɦɟɧɬɚ ɫɬɚɬɢɱɟɫɤɨɝɨ Ɇɫ, ɬɨɤ ɞɜɢɝɚɬɟɥɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 

ɢɡɦɟɧɢɥɫɹ. Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 

ɪɢɫɭɧɤɟ 3.17. Ɉɫɶ ɯ – ɷɬɨ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ Ɇɷ ɞɜɢɝɚɬɟɥɹ, ɚ ɨɫɶ ɭ – ɷɬɨ ɭɝɥɨɜɚɹ 

ɫɤɨɪɨɫɬɶ ωɞɜ. 

 

 

Ɋɢɫɭɧɨɤ 3.15 – Ⱦɢɚɝɪɚɦɦɚ ɦɨɦɟɧɬɚ Ɇɷ ɞɜɢɝɚɬɟɥɹ ɩɪɢ ɱɚɫɬɨɬɧɨɦ ɩɭɫɤɟ ɩɨ ɡɚɤɨɧɭ 

(U+IR)/f=const ɫ ɧɚɝɪɭɡɤɨɣ 

 

Ɋɢɫɭɧɨɤ 3.16 – Ⱦɢɚɝɪɚɦɦɚ ɬɨɤɚ ɫɬɚɬɨɪɚ is ɩɪɢ ɱɚɫɬɨɬɧɨɦ ɩɭɫɤɟ ɩɨ ɡɚɤɨɧɭ 

(U+IR)/f=const ɫ ɧɚɝɪɭɡɤɨɣ 
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Ɋɢɫɭɧɨɤ 3.17 – Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɱɚɫɬɨɬɧɨɝɨ ɩɭɫɤɚ ɩɨ 

ɡɚɤɨɧɭ (U+IR)/f=const 

 

ɇɚ ɪɢɫɭɧɤɚɯ 3.18, 3.19 ɢɡɨɛɪɚɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɧɨɝɨ 

ɩɭɫɤɚ ɞɜɢɝɚɬɟɥɹ ɩɨ ɡɚɤɨɧɭ (U+IR)/f=const ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɬɟɦɩɟ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. Ʉɚɤ ɜɢɞɢɦ ɦɨɦɟɧɬ Ɇɷ ɞɜɢɝɚɬɟɥɹ ɢɫɩɵɬɵɜɚɟɬ ɦɟɧɶɲɟɟ ɩɚɞɟɧɢɟ 

ɦɨɦɟɧɬɚ ɜ ɧɚɱɚɥɟ ɩɭɫɤɚ, ɧɨ ɜ ɫɥɭɱɚɟ ɧɚɲɟɣ ɧɚɝɪɭɡɤɢ ɨɫɨɛɨɣ ɪɚɡɧɢɰɵ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɩɭɫɤɨɦ ɩɨ ɡɚɤɨɧɭ U/f=const ɧɟɬɭ.  

 

 

Ɋɢɫɭɧɨɤ 3.18 – Ⱦɢɚɝɪɚɦɦɚ ɦɨɦɟɧɬɚ Ɇɷ ɞɜɢɝɚɬɟɥɹ ɩɪɢ ɱɚɫɬɨɬɧɨɦ ɩɭɫɤɟ c 

ɦɢɧɢɦɚɥɶɧɵɦ ɬɟɦɩɨɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨ ɡɚɤɨɧɭ (U+IR)/f=const ɫ ɧɚɝɪɭɡɤɨɣ 
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Ɋɢɫɭɧɨɤ 3.19 – Ⱦɢɚɝɪɚɦɦɚ ɬɨɤɚ ɫɬɚɬɨɪɚ is ɩɪɢ ɱɚɫɬɨɬɧɨɦ ɩɭɫɤɟ ɫ ɦɢɧɢɦɚɥɶɧɵɦ 

ɬɟɦɩɨɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨ ɡɚɤɨɧɭ (U+IR)/f=const ɫ ɧɚɝɪɭɡɤɨɣ 

 

Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 

3.20. 

 

 

Ɋɢɫɭɧɨɤ 3.20 – Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɱɚɫɬɨɬɧɨɝɨ ɩɭɫɤɚ ɫ 

ɦɢɧɢɦɚɥɶɧɵɦ ɬɟɦɩɨɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨ ɡɚɤɨɧɭ (U+IR)/f=const 

 

ɇɚ ɪɢɫɭɧɤɟ 3.21 ɢɡɨɛɪɚɠɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ ɚɫɢɧɯɪɨɧɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ, ɪɚɛɨɬɚɸɳɟɝɨ ɩɨ ɡɚɤɨɧɭ (U-IR)/f=const. 
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 Ɋɢɫɭɧɨɤ 3.21 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɱɚɫɬɨɬɧɨ ɭɩɪɚɜɥɹɟɦɨɝɨ ɚɫɢɧɯɪɨɧɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ, ɪɚɛɨɬɚɸɳɟɝɨ ɩɨ ɡɚɤɨɧɭ (U-IR)/f=const 

 

ɇɚ ɪɢɫɭɧɤɚɯ 3.22, 3.23 ɢɡɨɛɪɚɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɧɨɝɨ 

ɩɭɫɤɚ ɞɜɢɝɚɬɟɥɹ ɩɨ ɡɚɤɨɧɭ (U-IR)/f=const. Ʉɚɤ ɜɢɞɢɦ ɦɨɦɟɧɬ Ɇɷ ɢɫɩɵɬɵɜɚɟɬ 

ɱɚɫɬɵɟ ɤɨɥɟɛɚɧɢɹ ɛɨɥɶɲɨɣ ɚɦɩɥɢɬɭɞɵ, ɜɪɟɦɹ ɩɭɫɤɚ ɡɚɬɹɝɢɜɚɟɬɫɹ ɜ ɞɜɚ ɪɚɡɚ, ɚ 

ɬɨɤ ɜɨ ɜɪɟɦɹ ɜɫɟɝɨ ɪɚɡɝɨɧɚ ɩɪɟɜɵɲɚɟɬ ɧɨɦɢɧɚɥɶɧɵɣ ɛɨɥɶɲɟ ɱɟɦ ɜ 3 ɪɚɡɚ. 

Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.24. 

 

 

Ɋɢɫɭɧɨɤ 3.22 – Ⱦɢɚɝɪɚɦɦɚ ɦɨɦɟɧɬɚ Ɇɷ ɞɜɢɝɚɬɟɥɹ ɩɪɢ ɱɚɫɬɨɬɧɨɦ ɩɭɫɤɟ ɩɨ ɡɚɤɨɧɭ 

(U-IR)/f=const ɫ ɧɚɝɪɭɡɤɨɣ 
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Ɋɢɫɭɧɨɤ 3.23– Ⱦɢɚɝɪɚɦɦɚ ɬɨɤɚ ɫɬɚɬɨɪɚ is ɩɪɢ ɱɚɫɬɨɬɧɨɦ ɩɭɫɤɟ ɩɨ ɡɚɤɨɧɭ           

(U-IR)/f=const ɫ ɧɚɝɪɭɡɤɨɣ 

 

Ɋɢɫɭɧɨɤ 3.24 – Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɱɚɫɬɨɬɧɨɝɨ ɩɭɫɤɚ ɩɨ 

ɡɚɤɨɧɭ (U-IR)/f=const 

 

Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɹɦɢ ɩɨɞɯɨɞɹɬ ɞɜɚ ɡɚɤɨɧɚ ɱɚɫɬɨɬɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɦɟɸɳɢɟ ɪɚɡɧɢɰɵ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ – ɷɬɨ U/f=const ɢ (U-

IR)/f=const. 

 

 

 



 

 76 
 

4 Ɋɚɡɪɚɛɨɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ ɜɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɜ 

ɫɯɟɦɭ ɨɛɳɟɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 

4.1 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɵ. ȼɵɛɨɪ ɷɥɟɦɟɧɬɨɜ 

ɧɟɨɛɯɨɞɢɦɵɯ ɛɥɨɤɢɪɨɜɨɤ ɢ ɡɚɳɢɬ. Ɉɩɪɟɞɟɥɟɧɢɟ ɢɯ ɭɫɬɚɜɨɤ 

 

ɇɚ ɪɢɫɭɧɤɟ 4.1 ɢɡɨɛɪɚɠɟɧɚ ɫɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɯɨɞɚ ɦɨɫɬɚ.  

 

QF

Ⱥ6 B6 C6 ȼ ɫɯɟɦɭ ɭɩɪɚɜɥɟɧɢя
ɪɨɬɨɪɧɨɝɨ ɤɨɥɟɫɚ
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Ɋɢɫɭɧɨɤ 4.1 – ɋɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɯɨɞɚ ɦɨɫɬɚ 

 

ɇɚ ɜɯɨɞɵ ɱɚɫɬɨɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ R S T ɩɨɞɚёɬɫɹ ɩɢɬɚɸɳɟɟ 

ɧɚɩɪɹɠɟɧɢɟ ɬɪёɯɮɚɡɧɨɣ ɫɟɬɢ Ⱥ6 ȼ6 ɋ6 ɱɟɪɟɡ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɵɤɥɸɱɚɬɟɥɶ QF, 

ɡɚɳɢɳɚɸɳɢɣ ɩɢɬɚɸɳɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɨɬ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
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ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɟ ɞɨɩɭɫɬɢɬɶ ɜɤɥɸɱɟɧɢɟ ɩɪɢɜɨɞɚ ɜ ɪɟɠɢɦɟ 

«ɷɤɫɤɚɜɚɰɢɹ» (ɧɚ ɫɯɟɦɟ ɪɟɠɢɦ «3») ɩɪɢ ɨɬɤɥɸɱɟɧɧɨɦ ɪɨɬɨɪɧɨɦ ɤɨɥɟɫɟ ɜɯɨɞɵ 8 ɢ 

11 ɡɚɦɤɧɭɬɵ; ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɪɨɬɨɪɧɨɝɨ ɤɨɥɟɫɚ ɜɯɨɞɵ 8 ɢ 11 ɪɚɡɦɵɤɚɸɬɫɹ ɢ 

ɩɪɢɜɨɞ ɯɨɞɚ ɦɨɫɬɚ ɡɚɩɭɫɬɢɬɫɹ. Ⱦɥɹ ɩɭɫɤɚ ɩɪɢɜɨɞɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɧɨɩɤɢ ɩɭɫɤɚ 

Ʉɧ.ɜɩɪɚɜɨ/ɫɬɨɩ ɢ Ʉɧ.ɜɥɟɜɨ/ɫɬɨɩ. Ⱦɥɹ ɨɫɬɚɧɨɜɤɢ ɧɟɨɛɯɨɞɢɦɨ ɧɨɠɚɬɶ ɤɧɨɩɤɭ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ. Ɇɚɤɫɢɦɚɥɶɧɵɟ ɨɛɨɪɨɬɵ 

ɪɟɝɭɥɢɪɭɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɨɬɟɧɰɢɨɦɟɬɪɚ RP, ɩɨɞɤɥɸɱɟɧɧɨɝɨ ɤ 

ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɦɭ ɚɧɚɥɨɝɨɜɨɦɭ ɜɯɨɞɭ 15 ɢ ɨɛɳɟɦɭ 17, ɪɟɝɭɥɢɪɨɜɤɚ 

ɫɤɨɪɨɫɬɢ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɫ ɩɨɦɨɳɶɸ ɜɟɫɨɢɡɦɟɪɢɬɟɥɶɧɨɝɨ 

ɩɪɢɛɨɪɚ, ɫɨɝɥɚɫɨɜɚɧɧɨɝɨ ɫ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɜɯɨɞɨɦ 15 (ɦɚɤɫɢɦɚɥɶɧɨɟ 

ɧɚɩɪɹɠɟɧɢɟ 10 ȼ) ɢ ɨɛɳɢɦ 17 (0 ȼ). Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɵɤɥɸɱɚɬɟɥɶ QF ɜɵɛɢɪɚɟɦ 

ɧɚ 550 Ⱥ ɫɨɝɥɚɫɧɨ ɬɚɛɥɢɰɟ ɜɵɛɨɪɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɵɤɥɸɱɚɬɟɥɟɣ [6, ɫ. 84]. 

 

4.2 ȼɵɛɨɪ ɢ ɪɚɫɱёɬ ɤɚɛɟɥɟɣ ɫɢɥɨɜɵɯ ɰɟɩɟɣ 

 

Ⱦɥɹ ɪɚɫɱёɬɚ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɠɢɥɵ ɤɚɛɟɥɹ ɩɢɬɚɸɳɟɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɮɨɪɦɭɥɨɣ 
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ɝɞɟ Uɫ – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ (2.12), 

Jɦ – ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɜ ɦɟɞɢ, 

Sɩɪ – ɩɨɥɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ (ɬɚɛɥɢɰɚ 2.2). 
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ɇɚɩɪɹɠɟɧɢɹ ɨɬ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɨɞɯɨɞɢɬ ɤ ɤɥɟɦɧɨɣ ɤɨɪɨɛɤɟ ɄɄ (ɪɢɫɭɧɨɤ 

4.1). ɍɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɞɢ ɦ=0,018 Ɉɦ·ɦɦ2/ɦ. Ɋɚɫɱёɬɧɚɹ ɞɥɢɧɚ ɤɚɛɟɥɹ 

ɨɬ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ (ɉɑ) ɞɨ ɄɄ l1=50 ɦ, ɨɬ ɄɄ ɞɨ ɞɜɢɝɚɬɟɥɟɣ l2=20 ɦ. 

ɉɪɢ ɧɨɦɢɧɚɥɶɧɨɦ ɬɨɤɟ ɞɜɢɝɚɬɟɥɹ Iɧɫ (2.10) ɪɚɫɱёɬɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɚ ɨɬ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɱɬɨ ɞɨ ɄɄ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 
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1  ,          (4.2) 

 

ɝɞɟ Ʉɡ – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ, 

Jɦ – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (4.1). 
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Ɋɚɫɱёɬɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɚ ɨɬ ɄɄ ɞɨ ɞɜɢɝɚɬɟɥɟɣ, ɦɦ2 
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IɄS 2 ,          (4.3) 

 

ɝɞɟ Ʉɚ, Iɧɫ – ɬɨ ɠɟ, ɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (4.2), 

Jɦ – ɬɨ ɠɟ, ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ (4.1), 
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ɋɭɦɦɚɪɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɫɟɝɨ ɩɪɨɜɨɞɚ ɨɬ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

ɱɚɫɬɨɬɵ ɞɨ ɞɜɢɝɚɬɟɥɹ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 
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Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɫɢɫɬɟɦɵ ɜ ɫɯɟɦɭ ɫ ɩɭɫɤɨɦ ɨɬ ɡɚɞɚɬɱɢɤɚ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨ ɡɚɤɨɧɭ U/f=const ɜɜɨɞɢɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɡɜɟɧɨ ɨɬɪɢɰɚɬɟɥɶɧɨɣ 

ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɬɨɤɭ, ɢɦɢɬɢɪɭɸɳɭɸ ɩɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɤɚɛɟɥɹɯ (ɪɢɫɭɧɨɤ 

4.2). 

 

 

Ɋɢɫɭɧɨɤ 4.2 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɱɚɫɬɨɬɧɨ ɭɩɪɚɜɥɹɟɦɨɝɨ ɚɫɢɧɯɪɨɧɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ, ɪɚɛɨɬɚɸɳɟɝɨ ɩɨ ɡɚɤɨɧɭ U/f=const 

 

Ȼɥɨɤ gain9 ɢɦɢɬɢɪɭɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɫɟɝɨ ɤɚɛɟɥɹ ɨɬ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

ɱɚɫɬɨɬɵ ɞɨ ɞɜɢɝɚɬɟɥɹ. Ɍɚɤ ɤɚɤ ɜɫɟ ɞɜɢɝɚɬɟɥɢ ɭɫɥɨɜɧɨ ɪɚɛɨɬɚɸɬ ɫ ɨɞɢɧɚɤɨɜɵɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ, ɬɨ ɞɥɹ ɩɪɨɜɟɪɤɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɫɟɣ ɫɢɫɬɟɦɵ ɭɫɬɚɧɚɜɥɢɜɚɟɦ 

ɛɥɨɤɢ gain10, gain11 ɞɥɹ ɫɧɹɬɢɹ ɪɚɛɨɱɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɭɫɤɚ ɲɟɫɬɢ ɞɜɢɝɚɬɟɥɟɣ. 

ɂɡ ɩɪɨɢɡɜɟɞёɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɞɚɧɧɵɟ ɤɚɛɟɥɢ ɧɟ 

ɜɵɡɨɜɭɬ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. ɇɚ ɪɚɛɨɬɭ ɫɢɫɬɟɦɭ ɤɚɛɟɥɶ 
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ɜɥɢɹɧɢɹ ɧɟ ɨɤɚɡɵɜɚɟɬ. Ⱦɢɚɝɪɚɦɦɚ ɦɨɦɟɧɬɚ ɢ ɬɨɤɚ ɩɪɢ ɩɭɫɤɟ ɲɟɫɬɢ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɭɫɤɨɪɟɧɢɟɦ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.3,4.4, ɚ 

ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɧɚ ɪɢɫɭɧɤɚɯ 4.5, 4.6. 

 

 

Ɋɢɫɭɧɨɤ 4.3 – Ɇɨɦɟɧɬ 6-ɬɢ ɞɜɢɝɚɬɟɥɟɣ Ɇ6ɷɥ ɩɪɢ ɱɚɫɬɨɬɧɨɦ  ɩɭɫɤɟ ɩɨ ɡɚɤɨɧɭ 

U/f=const 

 

Ɋɢɫɭɧɨɤ 4.4 – Ɍɨɤ 6-ɬɢ ɞɜɢɝɚɬɟɥɟɣ i6s ɩɪɢ ɱɚɫɬɨɬɧɨɦ ɩɭɫɤɟ ɩɨ ɡɚɤɨɧɭ U/f=const 
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Ɋɢɫɭɧɨɤ 4.5 – Ɇɨɦɟɧɬ 6-ɬɢ ɞɜɢɝɚɬɟɥɟɣ Ɇ6ɷɥ ɩɪɢ ɱɚɫɬɨɬɧɨɦ ɩɭɫɤɟ ɫ 

ɦɢɧɢɦɚɥɶɧɵɦ ɬɟɦɩɨɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨ ɡɚɤɨɧɭ U/f=const 

 

Ɋɢɫɭɧɨɤ 4.6 – Ɍɨɤ 6-ɬɢ ɞɜɢɝɚɬɟɥɟɣ i6s ɩɪɢ ɱɚɫɬɨɬɧɨɦ ɩɭɫɤɟ ɫ ɦɢɧɢɦɚɥɶɧɵɦ 

ɬɟɦɩɨɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨ ɡɚɤɨɧɭ U/f=const 

 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɫɢɫɬɟɦɵ ɫ ɩɭɫɤɨɦ ɨɬ ɡɚɞɚɬɱɢɤɚ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨ ɡɚɤɨɧɭ (U+IR)/f=const ɜɜɟɞёɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɡɜɟɧɨ 

ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɬɨɤɭ, ɢɦɢɬɢɪɭɸɳɭɸ ɩɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ 

ɤɚɛɟɥɹɯ ɫ ɫɯɟɦɟ ɫ ɤɨɦɩɟɧɫɚɰɢɟɣ IR ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɟ ɧɚ 

ɪɢɫɭɧɤɟ 4.7. 
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Ɋɢɫɭɧɨɤ 4.7 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɱɚɫɬɨɬɧɨ ɭɩɪɚɜɥɹɟɦɨɝɨ ɚɫɢɧɯɪɨɧɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ, ɪɚɛɨɬɚɸɳɟɝɨ ɩɨ ɡɚɤɨɧɭ (U+IR)/f=const 

 

ɂɡ ɩɪɨɢɡɜɟɞёɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɞɚɧɧɵɟ ɤɚɛɟɥɢ ɧɟ 

ɜɵɡɨɜɭɬ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. ɇɚ ɪɚɛɨɬɭ ɫɢɫɬɟɦɭ ɤɚɛɟɥɶ 

ɜɥɢɹɧɢɹ ɨɤɚɡɵɜɚɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. ɇɨ ɩɪɢ ɩɭɫɤɟ ɛɟɡ ɤɨɦɩɟɧɫɚɰɢɢ IR ɩɪɢ 

ɦɢɧɢɦɚɥɶɧɨɦ ɭɫɤɨɪɟɧɢɢ ɞɜɢɝɚɬɟɥɶ ɩɨɬɪɟɛɥɹɟɬ ɩɨɱɬɢ ɧɚ 50 Ⱥ ɛɨɥɶɲɟ ɬɨɤɚ ɢ 

ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ M6ɷɥ ɢɫɩɵɬɵɜɚɟɬ ɛɨɥɶɲɢɟ ɤɨɥɟɛɚɧɢɹ. Ⱦɢɚɝɪɚɦɦɚ ɦɨɦɟɧɬɚ ɢ 

ɬɨɤɚ ɩɪɢ ɩɭɫɤɟ ɲɟɫɬɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɭɫɤɨɪɟɧɢɟɦ 

ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.8,4.9, ɚ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɧɚ ɪɢɫɭɧɤɚɯ 4.10, 4.11. 

 



 

 83 
 

 

Ɋɢɫɭɧɨɤ 4.8 – Ɇɨɦɟɧɬ 6-ɬɢ ɞɜɢɝɚɬɟɥɟɣ Ɇ6ɷɥ ɩɪɢ ɱɚɫɬɨɬɧɨɦ ɩɭɫɤɟ ɩɨ ɡɚɤɨɧɭ 

(U+IR)/f=const 

 

Ɋɢɫɭɧɨɤ 4.9 – Ɍɨɤ 6-ɬɢ ɞɜɢɝɚɬɟɥɟɣ i6s ɩɪɢ ɱɚɫɬɨɬɧɨɦ ɩɭɫɤɟ ɩɨ ɡɚɤɨɧɭ 

(U+IR)/f=const 

 

Ɋɢɫɭɧɨɤ 4.10 – Ɇɨɦɟɧɬ 6-ɬɢ ɞɜɢɝɚɬɟɥɟɣ Ɇ6ɷɥ ɩɪɢ ɱɚɫɬɨɬɧɨɦ ɩɭɫɤɟ ɫ 

ɦɢɧɢɦɚɥɶɧɵɦ ɬɟɦɩɨɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨ ɡɚɤɨɧɭ (U+IR)/f=const 
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Ɋɢɫɭɧɨɤ 4.11 – Ɍɨɤ 6-ɬɢ ɞɜɢɝɚɬɟɥɟɣ i6s ɩɪɢ ɱɚɫɬɨɬɧɨɦ ɩɭɫɤɟ ɫ ɦɢɧɢɦɚɥɶɧɵɦ 

ɬɟɦɩɨɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨ ɡɚɤɨɧɭ (U+IR)/f=const 

 

ɇɚ ɪɢɫɭɧɤɟ 4.12 ɢɡɨɛɪɚɠɟɧɚ ɞɢɚɝɪɚɦɦɚ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ωɞɜ ɞɜɢɝɚɬɟɥɟɣ 

ɛɟɡ ɤɨɦɩɟɧɫɚɰɢɢ IR, ɚ ɧɚ ɪɢɫɭɧɤɟ 4.13 ɫ ɤɨɦɩɟɧɫɚɰɢɟɣ IR ɩɪɢ ɦɢɧɢɦɚɥɶɧɨ 

ɬɪɟɛɭɟɦɨɦ ɪɚɡɝɨɧɟ. ɂɡ ɝɪɚɮɢɤɨɜ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɪɚɡɝɨɧɟ ɛɟɡ ɤɨɦɩɟɧɫɚɰɢɢ IR 

ɞɜɢɝɚɬɟɥɢ ɧɟ ɦɨɝɭɬ ɬɪɨɧɭɬɶɫɹ ɫ ɦɟɫɬɚ ɜ ɞɜɚ ɪɚɡɚ ɞɨɥɶɲɟ, ɱɟɦ ɫ ɤɨɦɩɟɧɫɚɰɢɟɣ IR. 

 

 

Ɋɢɫɭɧɨɤ 4.12 – ɍɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɚɥɨɜ ɞɜɢɝɚɬɟɥɟɣ ωɞɜ ɩɪɢ ɱɚɫɬɨɬɧɨɦ ɩɭɫɤɟ ɫ 

ɦɢɧɢɦɚɥɶɧɵɦ ɬɟɦɩɨɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨ ɡɚɤɨɧɭ U/f=const 
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Ɋɢɫɭɧɨɤ 4.12 – ɍɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɚɥɨɜ ɞɜɢɝɚɬɟɥɟɣ ωɞɜ ɩɪɢ ɱɚɫɬɨɬɧɨɦ ɩɭɫɤɟ ɫ 

ɦɢɧɢɦɚɥɶɧɵɦ ɬɟɦɩɨɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨ ɡɚɤɨɧɭ (U+IR)/f=const 
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ɁȺɄɅɘЧȿɇɂȿ 

 

ȼ ɞɢɩɥɨɦɧɨɦ ɩɪɨɟɤɬɟ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɞɨɫɬɨɢɧɫɬɜɚ ɱɚɫɬɨɬɧɵɯ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ, ɚ ɬɚɤɠɟ ɩɨɤɚɡɚɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɦɨɞɟɪɧɢɡɚɰɢɢ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɯɨɞɚ ɦɨɫɬɚ. 

ɉɪɨɢɡɜɟɞёɧ ɪɚɫɱёɬ ɧɚɝɪɭɡɤɢ. Ⱦɥɹ ɷɬɨɣ ɧɚɝɪɭɡɤɢ ɛɵɥɢ ɜɵɛɪɚɧɵ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ, ɧɚ ɨɫɧɨɜɟ ɜɵɛɪɚɧɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɜɵɛɪɚɧ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ. ɉɨɫɬɪɨɟɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, 

ɨɩɪɟɞɟɥёɧ ɡɚɤɨɧ, ɩɨ ɤɨɬɨɪɨɦɭ ɱɚɫɬɨɬɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶ 

ɪɚɡɝɨɧ ɩɪɢɜɨɞɚ ɡɚ ɬɪɟɛɭɟɦɨɟ ɜɪɟɦɹ ɭɫɤɨɪɟɧɢɹ. ɉɨ ɞɢɚɝɪɚɦɦɚɦ ɬɨɤɚ, ɫɧɹɬɵɦ ɫ 

ɦɨɞɟɥɢ ɞɜɢɝɚɬɟɥɹ ɜ ɪɟɠɢɦɚɯ ɪɚɡɝɨɧɚ, ɭɬɨɱɧɟɧ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ. 

ɑɚɫɬɨɬɧɨ ɭɩɪɚɜɥɹɟɦɵɣ ɩɪɢɜɨɞ ɩɨɡɜɨɥɢɬ ɪɚɛɨɱɢɦ, ɨɛɫɥɭɠɢɜɚɸɳɢɦ 

ɪɨɬɨɪɧɭɸ ɦɚɲɢɧɭ, ɧɚ ɦɧɨɝɨ ɪɟɠɟ ɨɛɫɥɭɠɢɜɚɬɶ ɞɚɧɧɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ. 

ɉɪɢɦɟɧɟɧɢɟ ɱɚɫɬɨɬɧɨ ɭɩɪɚɜɥɹɟɦɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɩɨɡɜɨɥɢɬ ɪɟɚɥɢɡɨɜɚɬɶ 

ɜɫɟ ɬɪɟɛɭɟɦɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɯɚɧɢɡɦɚ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕХ ɂɋɌɈЧɇɂɄɈȼ 

 

1 Ⱦ.Ƚ. Ʉɚɥɝɚɧɨɜ, Ⱥ.ȼ. Ʉɚɲɤɚɯɚ, ɘ.ɘ. ɉɢɜɧɟɧɤɨ, ȼ.ɂ. ɐɵɩɥёɧɤɨɜ. 

Ȼɟɪёɡɨɜɫɤɚɹ ȽɊɗɋ-1. ɋɩɪɚɜɨɱɧɢɤ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɭ. 

Ɋɨɫɬɨɜɫɤɨɟ ɨɬɞɟɥɟɧɢɟ ɢɧɫɬɢɬɭɬɚ ɬɟɩɥɨɷɥɟɤɬɪɨɩɪɨɟɤɬ. 

2 Ɋɨɞɢɟɧɤɨ. Ɋɨɬɨɪɧɚɹ ɩɨɝɪɭɡɨɱɧɚɹ ɦɚɲɢɧɚ ɊɉɆ-3600/42,5/90. Ɍɟɯɧɢɱɟɫɤɨɟ 

ɨɩɢɫɚɧɢɟ. Ɋɨɫɬɨɜɫɤɨɟ ɨɬɞɟɥɟɧɢɟ ɢɧɫɬɢɬɭɬɚ ɬɟɩɥɨɷɥɟɤɬɪɨɩɪɨɟɤɬ. 

3 Ɇɚɫɚɧɞɢɥɨɜ Ʌ.Ȼ. ɗɥɟɤɬɪɨɩɪɢɜɨɞ ɩɨɞɴёɦɧɵɯ ɤɪɚɧɨɜ. – Ɇ.: ɂɡɞɚɬɟɥɶɫɬɜɨ 

Ɇɗɂ, 1998. – 100 ɫ. 

4 Ɍɟɨɪɢɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ: ɍɱɟɛ ɩɨɫɨɛɢɟ ɞɥɹ ɜɭɡɨɜ/ 

ɑɢɥɢɤɢɧ Ɇ.Ƚ., Ʉɥɸɱɟɜ ȼ.ɂ., ɋɚɧɞɥɟɪ Ⱥ.ɋ. – Ɇ.: ɗɧɟɪɝɢɹ, 1979, - 616ɫ. 

5 Ⱥɫɢɧɯɪɨɧɧɵɟ ɞɜɢɝɚɬɟɥɢ ɫɟɪɢɢ 4Ⱥ: ɋɩɪɚɜɨɱɧɢɤ/ Ⱥ90 Ⱥ.ɗ. Ʉɪɚɜɱɢɤ, Ɇ.Ɇ. 

ɒɥɚɮ, ȼ.ɂ. Ⱥɮɨɧɢɧ, ȿ.Ⱥ. ɋɨɛɨɥɟɧɫɤɚɹ. – Ɇ.: ɗɧɟɪɝɨɢɡɞɚɬ, 1982 – 504 ɫ., ɢɥ. 

6 Ʉɚɪɚɝɨɞɢɧ Ɇ.ɋ., Ɏɟɞɨɪɟɧɤɨ Ⱥ.Ⱥ. ɍɪɚɜɧɟɧɢɹ ɞɢɧɚɦɢɤɢ ɱɚɫɬɨɬɧɨ 

ɭɩɪɚɜɥɹɟɦɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ: ɍɱɟɛ. ɉɨɫɨɛɢɟ: Ʉɩɉɂ. – Ʉɪɚɫɧɨɹɪɫɤ, 1985. – 92 

ɫ. 

7 ȼɟɫɩɟɪ. ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ ɜɟɤɬɨɪɧɨɝɨ ɬɢɩɚ EI-9011. Ʉɚɬɚɥɨɝ 

ɩɪɢɦɟɧɟɧɢɣ. 

8 ȽɈɋɌ 12.2.003-91. ɋɋȻɌ. Ɉɛɨɪɭɞɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɟ. Ɉɛɳɢɟ 

ɬɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ. - Ɇ.: ɂɡɞ-ɜɨ ɫɬɚɧɞɚɪɬɨɜ, 1992.- 68 ɫ. 

9 ȽɈɋɌ 12.2.061-81. ɋɋȻɌ. Ɉɛɨɪɭɞɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɟ. Ɉɛɳɢɟ 

ɬɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ  ɤ ɪɚɛɨɱɢɦ ɦɟɫɬɚɦ. - Ɇ.: ɂɡɞ-ɜɨ ɫɬɚɧɞɚɪɬɨɜ, 1982.- 34 ɫ. 

10 ȽɈɋɌ 12.2.064-81. ɋɋȻɌ. Ɉɪɝɚɧɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ 

ɨɛɨɪɭɞɨɜɚɧɢɟɦ. Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ. - Ɇ.: ɂɡɞ-ɜɨ ɫɬɚɧɞɚɪɬɨɜ, 1982.- 

27 ɫ. 

11 ȽɈɋɌ 12.3.002-75. ɋɋȻɌ. ɉɪɨɰɟɫɫɵ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ. Ɉɛɳɢɟ 

ɬɪɟɛɨɜɚɧɢɹ   ɛɟɡɨɩɚɫɧɨɫɬɢ. - Ɇ.: ɂɡɞ-ɜɨ ɫɬɚɧɞɚɪɬɨɜ, 1976.- 44 ɫ. 
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12 ȽɈɋɌ 12.1.005-88. ɋɋȻɌ. Ɉɛɳɢɟ ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ 

ɤ ɜɨɡɞɭɯɭ ɪɚɛɨɱɟɣ ɡɨɧɵ. - Ɇ.: ɂɡɞ-ɜɨ ɫɬɚɧɞɚɪɬɨɜ, 1988.- 75 ɫ. 

13 ȽɈɋɌ 12.1.019-79 . ɋɋȻɌ. ɗɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɢ 

ɧɨɦɟɧɤɥɚɬɭɪɚ ɜɢɞɨɜ ɡɚɳɢɬɵ. ȼɜɟɞёɧ 01.07.80.-Ɇ.: ɂɡɞ-ɜɨ ɫɬɚɧɞɚɪɬɨɜ, 1989.- 6 ɫ. 

14 ȽɈɋɌ 12.2.007.0-75. ɋɋȻɌ. ɂɡɞɟɥɢɹ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɟ. Ɉɛɳɢɟ 

ɬɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ. - Ɇ.: ɂɡɞ-ɜɨ ɫɬɚɧɞɚɪɬɨɜ, 1981.- 16 ɫ. 

15 ɇɉȻ 105-2003. Ɉɩɪɟɞɟɥɟɧɢɟ ɤɚɬɟɝɨɪɢɣ ɩɨɦɟɳɟɧɢɣ ɢ ɡɞɚɧɢɣ ɩɨ 

ɜɡɪɵɜɨɩɨɠɚɪɧɨɣ ɢ ɩɨɠɚɪɧɨɣ ɨɩɚɫɧɨɫɬɢ 

16 ɇɚɣɮɟɥɶɞ Ɇ.Ɋ. Ɂɚɡɟɦɥɟɧɢɟ ɢ ɞɪɭɝɢɟ ɡɚɳɢɬɧɵɟ ɦɟɪɵ. ɂɡɞ. 3-ɟ, ɩɟɪɟɪɚɛ. 

ɢ ɞɨɩ. Ɇ., «ɗɧɟɪɝɢɹ», 1975, - 104 ɫ. ɫ ɢɥ. 

17 Ⱦɢɩɥɨɦɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ: Ɇɟɬɨɞ. ɍɤɚɡɚɧɢɹ ɞɥɹ ɫɬɭɞɟɧɬɨɜ 

ɫɩɟɰɢɚɥɶɧɨɫɬɢ 180400 – «ɗɥɟɤɬɪɨɩɪɢɜɨɞ ɢ ɚɜɬɨɦɚɬɢɤɚ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɭɫɬɚɧɨɜɨɤ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ»/ ɋɨɫɬ. ȿ.ȼ. Ȼɨɱɚɪɨɜɚ, ȼ.Ɇ Ȼɵɱɤɨɜ, 

Ⱥ.Ʌ. ȼɫɬɨɜɫɤɢɣ. Ʉɪɚɫɧɨɹɪɫɤ: ɂɉɐ ɄȽɌɍ, 2002. 55 ɫ. 

18 http://krsk-sbit.ru/router.php?doc=home_tarif 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

 

Ɋɢɫɭɧɤɢ ɧɟ ɜɨɲɟɞɲɢɟ ɜ ɩɨɹɫɧɢɬɟɥɶɧɭɸ ɡɚɩɢɫɤɭ 

 

 

Ɋɢɫɭɧɨɤ Ⱥ.1 – Ⱦɜɭɯɧɢɬɨɱɧɚɹ ɫɯɟɦɚ ɬɨɩɥɢɜɨɩɨɞɚɱɢ 
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ɍɉ - 4

7 6
6

4

2

3ɞ

5

Ɋɨɬɨɪ

ɋɬɪɟɥɚ
6 6 6 6

Ʉɨɧɫɨɥɶ
ɉɨɪɬɚɥ

6

7

6

6

7

6

66

1 1 1

ȼɜɨɞ ɫ ɍɉ-4

Ɇɨɫɬ

Ɂɚɝɥɭɲɤɚ

№
ɩɨɡ.

ɇɚɢɦɟɧɨɜɚɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɉɪɢɦɟɱɚɧɢɹ

1

2

3ɞ

4

5

6

7

ȼɟɧɬɢɥɶ  dy 50

Ɍɪɭɛɨɩɪɨɜɨɞ  dy 80

3 ɲɬ

2 ɲɬ

1 ɲɬ

200ɦ

12 ɲɬ

2 ɲɬ

3 ɲɬ

ȼɟɧɬɢɥɶ  dy 32

ɉɨɠ. ɪɭɤɚɜ      65

ɉɨɠ. ɝɚɣɤɚ    ȽɆ 55

ɉɨɠ. ɝɚɣɤɚ    ȽɆ 65

Ɂɚɞɜɢɠɤɚ  dy 80

 

Ɋɢɫɭɧɨɤ Ⱥ.2 – ɋɢɫɬɟɦɚ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɛɭɥɶɞɨɡɟɪɧɨɣ ɬɟɯɧɢɤɢ 

 












