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ȼɜɟɞɟɧɢɟ. ɇɚ ɬɟɪɪɢɬɨɪɢɢ Ⱥɥɹɫɤɢ, ɋɟɜɟɪɧɨɣ 
Кɚɧɚɞɵ, ɋɢɛɢɪɢ ɢ əɤɭɬɢɢ ɧɚɯɨɞɹɬɫɹ ɛɨɥɶɲɢɟ ɦɟ-
ɫɬɨɪɨɠɞɟɧɢɹ ɧɟɮɬɢ ɢ ɝɚɡɚ. ɗɬɢ ɦɟɫɬɧɨɫɬɢ ɨɬɥɢɱɚ-
ɸɬɫɹ ɫɭɪɨɜɵɦ ɤɥɢɦɚɬɨɦ ɢ ɩɨɥɧɵɦ ɛɟɡɞɨɪɨɠɶɟɦ. ȼ 
ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɩɪɨɤɥɚɞɤɚ ɧɟɮɬɟ- ɢ ɝɚɡɨɩɪɨɜɨɞɨɜ 
ɫɨɩɪɹɠɟɧɚ ɫ ɛɨɥɶɲɢɦɢ ɬɪɭɞɧɨɫɬɹɦɢ ɢ ɬɪɟɛɭɟɬ 
ɜɵɫɨɤɨɣ ɩɪɨɯɨɞɢɦɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ. ȼ 
ɛɨɥɶɲɢɧɫɬɜɟ ɫɨɜɪɟɦɟɧɧɵɯ ɝɪɭɡɨɜɵɯ ɚɜɬɨɦɨɛɢɥɶ-
ɧɵɯ ɩɨɟɡɞɨɜ ɩɨɜɵɲɟɧɧɨɣ ɩɪɨɯɨɞɢɦɨɫɬɢ ɩɪɢɰɟɩ 
ɢɥɢ ɜɵɩɨɥɧɹɟɬɫɹ ɛɟɡ ɩɪɢɜɨɞɚ ɤɨɥɟɫɚ ɢɥɢ ɩɟɪɟɞɚɱɚ 
ɜɪɚɳɚɸɳɟɝɨ ɦɨɦɟɧɬɚ ɧɚ ɤɨɥɟɫɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɦɟɯɚɧɢɱɟɫɤɢɦ ɩɭɬɟɦ. ɗɬɨ ɫɧɢɠɚɟɬ ɩɪɨɯɨɞɢɦɨɫɬɶ 
ɚɜɬɨɩɨɟɡɞɚ, ɡɚɬɪɭɞɧɹɟɬ ɭɩɪɚɜɥɟɧɢɟ, ɩɨɜɵɲɚɟɬ 
ɨɩɚɫɧɨɫɬɶ ɧɚ ɞɨɪɨɝɚɯ ɢ ɭɜɟɥɢɱɢɜɚɟɬ ɱɢɫɥɨ ɩɨɥɨ-
ɦɨɤ. ȼ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɞɥɹ ɩɪɢɰɟɩɚ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɤɨɥɟɫ, ɦɨɠɧɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɞɥɢɧɵ ɩɟɪɟɜɨɡɢɦɵɯ ɬɪɭɛ ɥɟɝɤɨ ɪɟɝɭɥɢɪɨɜɚɬɶ ɪɚɫ-
ɫɬɨɹɧɢɹ ɦɟɠɞɭ ɨɫɹɦɢ ɤɨɥɟɫɧɵɯ ɩɚɪ ɚɜɬɨɦɨɛɢɥɹ ɢ 
ɩɪɢɰɟɩɚ, ɩɟɪɟɪɚɫɩɪɟɞɟɥɹɬɶ ɩɨɬɨɤɢ ɩɟɪɜɢɱɧɨɣ 
ɦɨɳɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ ɦɟɠɞɭ ɤɨɥɟɫɚɦɢ 
ɨɫɧɨɜɧɨɝɨ ɦɨɫɬɚ ɚɜɬɨɦɨɛɢɥɹ ɢ ɩɪɢɰɟɩɚ ɜ ɡɚɜɢɫɢ-
ɦɨɫɬɢ ɨɬ ɫɨɫɬɨɹɧɢɹ ɝɪɭɧɬɚ ɢ ɩɪɟɨɞɨɥɟɜɚɟɦɵɯ ɩɪɟ-
ɩɹɬɫɬɜɢɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɬɚɤɠɟ ɨɛɥɟɝɱɚɟɬɫɹ ɭɩɪɚɜ-
ɥɟɧɢɟ ɚɜɬɨɩɨɟɡɞɨɦ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ 
ɭɥɭɱɲɚɟɬ ɭɫɥɨɜɢɹ ɬɪɭɞɚ ɜɨɞɢɬɟɥɹ.  

Ɍɚɤ ɤɚɤ ɩɪɢɰɟɩɵ ɬɪɭɛɨɜɨɡɚ ɧɟ ɢɦɟɸɬ ɠɟɫɬɤɨɣ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɜɹɡɢ ɫ ɨɫɧɨɜɧɨɣ ɩɥɚɬɮɨɪɦɨɣ ɚɜɬɨ-
ɦɨɛɢɥɶɧɨɝɨ ɬɹɝɚɱɚ, ɬɨ ɩɪɢɦɟɧɟɧɢɟ ɧɚ ɧɟɦ ɩɪɢɜɵɱ-
ɧɨɣ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɣ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ ɫɬɚɧɨɜɢɬ-
ɫɹ ɧɟ ɬɨɥɶɤɨ ɡɚɬɪɭɞɧɢɬɟɥɶɧɵɦ, ɧɨ ɱɚɫɬɨ ɞɚɠɟ ɧɟ-
ɜɨɡɦɨɠɧɵɦ. Ɂɚɬɪɭɞɧɹɟɬɫɹ ɬɚɤɠɟ ɭɩɪɚɜɥɟɧɢɟ ɜɫɟɦ 
ɤɨɦɩɥɟɤɫɨɦ «ɬɹɝɚɱ–ɩɪɢɰɟɩ» ɜ ɪɟɠɢɦɟ ɡɚɞɧɟɝɨ 
ɯɨɞɚ, ɚ ɬɚɤɠɟ ɩɪɢ ɦɚɧɟɜɪɢɪɨɜɚɧɢɢ. 

ɋɤɚɡɚɧɧɨɟ ɬɪɟɛɭɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɩɪɨɳɟɧɢɹ 
ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɰɟɩɢ ɩɪɢɜɨɞɚ ɩɪɢɰɟɩɚ ɢ ɩɪɢɜɨɞɢɬ 

ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɛɫɭɠɞɟɧɢɹ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɣ 
ɩɟɪɟɞɚɱɢ ɨɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɤ ɜɟɞɭɳɢɦ ɤɨɥɟɫɚɦ 
ɩɪɢɰɟɩɚ. 

Ɉɞɧɚɤɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɜɫɟ ɬɪɭɞɧɨɫɬɢ ɪɟɚɥɢɡɚ-
ɰɢɢ ɬɪɟɛɭɟɦɨɣ ɬɹɝɨɜɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɢ ɚɤɬɢɜɧɨɝɨ ɩɪɢɰɟɩɚ ɥɨɠɚɬɫɹ ɧɚ ɪɟɝɭɥɢɪɭɟ-
ɦɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɤɨɥɟɫ. Ɂɞɟɫɶ ɫɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ 
ɜɧɢɦɚɧɢɟ ɧɚ ɫɥɟɞɭɸɳɢɟ ɟɝɨ ɨɫɨɛɟɧɧɨɫɬɢ. 

ȼɨ-ɩɟɪɜɵɯ, ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɩɪɢɰɟɩɚ ɞɨɥɠɟɧ 
ɢɦɟɬɶ ɨɝɪɚɧɢɱɟɧɧɭɸ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɚɹ, ɧɚ ɧɚɲ 
ɜɡɝɥɹɞ, ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 20–25 % ɨɬ ɧɨɦɢ-
ɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɨɫɧɨɜɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɬɹɝɚɱɚ 
(ɬ. ɟ. ɞɢɡɟɥɹ ɢɥɢ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ). ɗɬɨ ɩɨɡɜɨɥɹɟɬ 
ɫɨɯɪɚɧɢɬɶ ɞɨɫɬɚɬɨɱɧɨ ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɦɚɫɫɨɝɚɛɚ-
ɪɢɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɢɫɯɨɞɧɨɝɨ ɬɹɝɨɜɨɝɨ ɩɪɢɜɨɞɚ 
ɬɪɭɛɨɜɨɡɚ. 

ȼɨ-ɜɬɨɪɵɯ, ɨɬɤɚɡ ɨɬ ɫɥɨɠɧɨɣ ɦɧɨɝɨɫɬɭɩɟɧɱɚ-
ɬɨɣ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ ɩɪɢɜɨɞɢɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɢɦɟɬɶ ɬɹɝɨɜɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɩɪɢɰɟɩɚ ɫ ɜɟɫɶɦɚ 
ɲɢɪɨɤɢɦ ɞɢɚɩɚɡɨɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɦɚɝ-
ɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɜ ɪɟɠɢɦɟ ɩɨɫɬɨɹɧɫɬɜɚ ɦɨɳɧɨɫɬɢ. 
Ⱥɜɬɨɪɵ ɨɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ ɩɨɤɚɡɚɬɟɥɟ 1:10. ɗɬɨ 
ɩɨɡɜɨɥɹɟɬ ɬɪɭɛɨɜɨɡɭ ɩɪɢ ɩɪɟɨɞɨɥɟɧɢɢ ɩɪɟɩɹɬɫɬ-
ɜɢɣ, ɚ ɬɚɤɠɟ ɧɚ ɤɪɭɬɵɯ ɩɨɞɴёɦɚɯ ɩɭɫɬɶ ɫ ɩɨɧɢ-
ɠɟɧɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɧɨ ɫɨɯɪɚɧɹɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɢ 
ɜɟɫɶɦɚ ɭɜɟɥɢɱɟɧɧɵɟ ɬɹɝɨɜɵɟ ɭɫɢɥɢɹ, ɚ ɬɚɤɠɟ ɩɨ-
ɜɵɲɟɧɧɭɸ ɭɩɪɚɜɥɹɟɦɨɫɬɶ. ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɩɨɦɧɢɬɶ 
ɢ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɫɬɨɣɱɢɜɨɝɨ ɞɜɢɠɟɧɢɹ ɡɚɞɧɢɦ 
ɯɨɞɨɦ. ɉɪɢ ɞɜɢɠɟɧɢɢ ɬɪɭɛɨɜɨɡɚ ɧɚ ɪɨɜɧɵɯ ɭɱɚɫɬ-
ɤɚɯ ɞɨɪɨɝ ɫ ɬɜɟɪɞɵɦ ɩɨɤɪɵɬɢɟɦ ɨɬ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ 
ɩɪɢɰɟɩɚ ɛɨɥɶɲɢɯ ɬɹɝɨɜɵɯ ɭɫɢɥɢɣ ɧɟ ɬɪɟɛɭɟɬɫɹ. 
ɇɟɤɨɬɨɪɵɟ ɚɜɬɨɪɵ ɞɚɠɟ ɪɟɤɨɦɟɧɞɭɸɬ ɨɬɤɥɸɱɚɬɶ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɩɪɢɰɟɩɚ ɜ ɷɬɨɦ ɪɟɠɢɦɟ. 

ɉɨɞɨɛɧɚɹ ɡɚɞɚɱɚ ɩɨɥɭɱɟɧɢɹ ɪɟɝɭɥɢɪɭɟɦɨɝɨ 
ɦɨɦɟɧɬɚ ɜ ɨɱɟɧɶ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɩɪɢ ɩɨɫɬɨɹɧ-
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ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɚɤɬɢɜɧɨɝɨ ɩɪɢɰɟɩɚ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ 
ɬɪɭɛɨɜɨɡɚ ɞɥɹ ɩɟɪɟɜɨɡɤɢ ɬɪɭɛ ɛɨɥɶɲɨɝɨ ɞɢɚɦɟɬɪɚ, ɧɟɨɛɯɨɞɢɦɵɯ ɩɪɢ ɩɪɨɤɥɚɞɤɟ ɧɟɮɬɟ- ɢ ɝɚɡɨɩɪɨɜɨɞɨɜ ɜ 
ɭɫɥɨɜɢɹɯ ɛɟɡɞɨɪɨɠɶɹ. Ȼɥɚɝɨɞɚɪɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɭ ɪɟɡɤɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɨɯɨɞɢɦɨɫɬɶ ɬɪɭɛɨɜɨɡɚ ɩɨ ɛɨɥɨ-
ɬɢɫɬɨɣ ɦɟɫɬɧɨɫɬɢ ɢ ɨɛɥɟɝɱɚɟɬɫɹ ɟɝɨ ɭɩɪɚɜɥɟɧɢɟ. ɍɤɚɡɚɧɧɵɟ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɟ ɤɚɱɟɫɬɜɚ ɩɪɨɹɜɥɹɸɬɫɹ, ɟɫ-
ɥɢ ɤɨɥɟɫɚ ɩɪɢɰɟɩɚ ɜɵɩɨɥɧɢɬɶ ɩɪɢɜɨɞɧɵɦɢ, ɚ ɤɢɧɟɦɚɬɢɱɟɫɤɭɸ ɫɯɟɦɭ ɩɪɢɜɨɞɚ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɣ. ɉɪɢ 
ɷɬɨɦ ɨɛɪɚɳɚɟɬɫɹ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɛɭɞɟɬ ɫɨɫɬɚɜɥɹɬɶ 20–25 % ɨɬ ɧɨɦɢɧɚɥɶ-
ɧɨɣ ɦɨɳɧɨɫɬɢ ɨɫɧɨɜɧɨɝɨ ɬɹɝɚɱɚ, ɫ ɪɚɫɲɢɪɟɧɧɵɦ ɞɢɚɩɚɡɨɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨ ɫɤɨɪɨɫɬɢ. Ⱦɥɹ ɪɟɲɟɧɢɹ 
ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɛɵɥɢ ɩɨɥɨɠɟɧɵ ɦɟɬɨɞɵ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɩɪɨɮɟɫɫɨɪɨɦ Ɏɢɥɚɬɨɜɵɦ ɞɥɹ ɷɥɟɤɬɪɨɩɪɢ-
ɜɨɞɨɜ ɦɨɬɚɥɨɤ ɫɬɚɧɨɜ ɯɨɥɨɞɧɨɝɨ ɩɪɨɤɚɬɚ. Ɇɟɬɨɞ ɩɪɟɞɩɨɥɚɝɚɟɬ ɞɜɭɯɞɢɚɩɚɡɨɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɦɨɦɟɧ-
ɬɚ. ɇɨ ɬɚɤɨɣ ɩɨɞɯɨɞ ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɲɢɧ ɫ ɛɨɥɶɲɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɟɪɟɝɪɭɡɤɢ 
ɩɨ ɦɨɦɟɧɬɭ (ɞɨ 10 ɤɪɚɬ ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ). Ɍɚɤɢɟ ɩɟɪɟɝɪɭɡɤɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɫ 
ɫɢɧɯɪɨɧɧɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɚɲɢɧɨɣ ɧɟɡɚɜɢɫɢɦɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ. ȼ ɫɬɚɬɶɟ ɩɪɟɞɥɚɝɚɸɬɫɹ ɦɟɬɨɞɢɤɢ, ɩɨɡɜɨ-
ɥɹɸɳɢɟ ɜɵɛɪɚɬɶ ɪɚɰɢɨɧɚɥɶɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɜɟɥɢɱɢɧ ɩɨɞɞɢɚɩɚɡɨɧɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɦɟɧɬɚ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɤɬɢɜɧɵɣ ɩɪɢɰɟɩ; ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɫ ɫɢɧɯɪɨɧɧɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɚɲɢɧɨɣ ɧɟɡɚɜɢɫɢɦɨ-
ɝɨ ɜɨɡɛɭɠɞɟɧɢɹ; ɞɜɭɯɡɨɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ; ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɹ-
ɝɨɜɨɝɨ ɭɫɢɥɢɹ. 
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ɫɬɜɟ ɦɨɳɧɨɫɬɢ ɜɫɬɪɟɱɚɟɬɫɹ, ɧɚɩɪɢɦɟɪ, ɜ ɷɥɟɤɬɪɨ-
ɩɪɢɜɨɞɚɯ ɦɨɬɚɥɨɤ ɫɬɚɧɨɜ ɯɨɥɨɞɧɨɣ ɩɪɨɤɚɬɤɢ. Ɍɚɦ 
ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɞɨɫɬɢɝɚɟɬɫɹ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɦɚɝ-
ɧɢɬɧɨɝɨ ɩɨɬɨɤɚ ɞɜɢɝɚɬɟɥɹ ɩɪɢ ɩɨɫɬɨɹɧɫɬɜɟ ɫɤɨɪɨ-
ɫɬɢ ɧɚɦɨɬɤɢ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɦɟɯɚɧɢɱɟɫɤɚɹ ɦɨɳ-
ɧɨɫɬɶ, ɬɪɟɛɭɟɦɚɹ ɞɥɹ ɧɚɦɨɬɤɢ ɩɨɥɨɫɵ ɫ ɩɨɫɬɨɹɧ-
ɧɵɦ ɧɚɬɹɠɟɧɢɟɦ F ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɥɢɧɟɣɧɨɣ 
ɫɤɨɪɨɫɬɢ V: мܲ = ܨ ∙ ܸ = const. 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɜ ɪɟɝɭɥɢɪɭɟɦɨɦ ɷɥɟɤɬɪɨ-
ɩɪɢɜɨɞɟ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ (ɩɪɢ V=МoЧsЭ) ɩɨɫɬɨɹɧɫɬ-
ɜɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɦɨɳɧɨɫɬɢ ܲ = ௗܧ ∙ ܫ = const 
ɡɚ ɫɱɟɬ ɩɨɞɞɟɪɠɚɧɢɹ ɗȾɋ ɞɜɢɝɚɬɟɥɹ EН=МoЧsЭ ɜɨɡ-
ɞɟɣɫɬɜɢɟɦ ɧɚ ɟɝɨ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɢ ɬɨɤɚ ɹɤɨɪɹ 
IК=МoЧsЭ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɹɤɨɪɟ 
ɞɜɢɝɚɬɟɥɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɞɜɢɝɚ-
ɬɟɥɹ ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɞɢɚɦɟɬɪɭ ɧɚ-
ɦɚɬɵɜɚɟɦɨɝɨ ɪɭɥɨɧɚ, ɚ ɬɨɤ ɹɤɨɪɹ ɨɤɚɡɵɜɚɟɬɫɹ ɩɪɨ-
ɩɨɪɰɢɨɧɚɥɶɧɵɦ ɧɚɬɹɠɟɧɢɸ ɩɨɥɨɫɵ. 

Ɉɞɧɚɤɨ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɞɢɚɩɚɡɨɧ ɢɡɦɟɧɟ-
ɧɢɹ ɦɨɦɟɧɬɚ ɜ ɪɟɠɢɦɟ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɨɳɧɨɫɬɢ 
ɨɤɚɡɵɜɚɟɬɫɹ ɨɱɟɧɶ ɛɨɥɶɲɢɦ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɨɬ-
ɧɨɲɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ TЦaб ɤ ɦɢɧɢɦɚɥɶɧɨɦɭ TЦТЧ 
ɦɨɦɟɧɬɭ TЦaб/TЦТЧ>(4…5), ɬɨ ɩɪɢɯɨɞɢɬɫɹ ɩɪɢɦɟ-
ɧɹɬɶ ɞɜɭɯɞɢɚɩɚɡɨɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɦɨɦɟɧɬɚ, 
ɤɨɬɨɪɨɟ ɜ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɯ Ɋɨɫ-
ɫɢɢ ɜɩɟɪɜɵɟ ɩɪɢɦɟɧɢɥɢ Ⱥ.ȿ. Ɍɢɤɨɰɤɢɣ ɢ 
Ⱥ.ɋ. Ɏɢɥɚɬɨɜ Д1]. 

ɋɭɬɶ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸ-
ɳɟɦ. ɉɨɫɤɨɥɶɤɭ ɪɟɠɢɦ PО=МoЧsЭ ɩɪɢ ɱɪɟɡɦɟɪɧɨ 
ɛɨɥɶɲɢɯ ɞɢɚɩɚɡɨɧɚɯ ɢɡɦɟɧɟɧɢɹ ɨɬɧɨɲɟɧɢɹ 
TЦaб/TЦТЧ ɜɨɡɞɟɣɫɬɜɢɟɦ ɬɨɥɶɤɨ ɧɚ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ 
ɩɪɢ EН=МoЧsЭ ɧɟ ɭɞɚɟɬɫɹ, ɬɨ ɜɟɫɶ ɞɢɚɩɚɡɨɧ ɪɟɝɭɥɢ-
ɪɭɟɦɨɝɨ ɢɡɦɟɧɟɧɢɹ ɦɨɦɟɧɬɚ TЦaб/TЦТЧ ɪɚɡɞɟɥɹɟɬɫɹ 
ɧɚ ɞɜɚ ɩɨɞɞɢɚɩɚɡɨɧɚ: ɧɚ ɩɟɪɜɨɦ ɭɱɚɫɬɤɟ ɪɟɠɢɦ 
PОl=МoЧsЭ ɞɨɫɬɢɝɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɦɚɝɧɢɬɧɨɝɨ ɩɨ-
ɬɨɤɚ ɞɜɢɝɚɬɟɥɹ ɩɪɢ EН=МoЧsЭ ɢ IК=МoЧsЭ, ɧɚ ɜɬɨɪɨɦ – 
ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɞɜɢɝɚɬɟɥɹ ɨɫɬɚɜɥɹɸɬ ɩɨɫɬɨɹɧ-
ɧɵɦ (Ɏ=МoЧsЭ), ɧɨ ɬɨɤ ɹɤɨɪɹ IК ɭɜɟɥɢɱɢɜɚɸɬ, ɚ 
ɗȾɋ EН ɫɧɢɠɚɸɬ, ɧɨ ɬɚɤ, ɱɬɨɛɵ ɩɨɞɞɟɪɠɢɜɚɥɨɫɶ  ܲ = ௗܧ ∙ ܫ = const. 

ɍɩɨɦɹɧɭɬɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɦɨɦɟɧɬɚ ɜ ɪɟɠɢɦɟ 
ɨɝɪɚɧɢɱɟɧɢɹ ɦɨɳɧɨɫɬɢ ɧɟ ɞɚёɬɫɹ ɞɚɪɨɦ: ɩɪɢ ɪɚɛɨ-
ɬɟ ɜ ɩɟɪɜɨɦ ɩɨɞɞɢɚɩɚɡɨɧɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɝɚɛɚɪɢɬ-
ɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɫɬɟɩɟɧɢ 
ɨɫɥɚɛɥɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ, ɚ ɩɪɢ ɪɚɛɨɬɟ ɜɨ 
ɜɬɨɪɨɦ – ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɟɪɟɝɪɭɡɤɚ ɩɨ ɬɨɤɭ. Ɉɞɧɚ-
ɤɨ ɜɟɫɶɦɚ ɡɧɚɱɢɬɟɥɶɧɵɟ ɜɟɥɢɱɢɧɵ TЦaб/TЦТЧ 10  ɢ 
ɛɨɥɟɟ, ɤɨɬɨɪɵɟ ɬɪɟɛɭɸɬɫɹ ɜ ɬɹɝɨɜɨɦ ɷɥɟɤɬɪɨɩɪɢ-
ɜɨɞɟ ɚɤɬɢɜɧɨɝɨ ɩɪɢɰɟɩɚ, ɩɪɢɜɨɞɹɬ ɤ ɡɧɚɱɟɧɢɹɦ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɟɪɟɝɪɭɡɤɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɛɟɫɩɟ-
ɱɢɬɶ ɧɟ ɜɫɟ ɬɢɩɵ ɞɜɢɝɚɬɟɥɟɣ: ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟ-
ɝɪɭɡɤɢ ɜ ɞɜɢɝɚɬɟɥɹɯ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɨɝɪɚɧɢɱɟɧ 
ɭɫɥɨɜɢɹɦɢ ɤɨɦɦɭɬɚɰɢɢ ɬɨɤɚ ɧɚ ɤɨɥɥɟɤɬɨɪɟ, ɜ 
ɚɫɢɧɯɪɨɧɧɵɯ – ɧɚɫɵɳɟɧɢɟɦ ɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ. 
Ɍɪɟɛɭɟɦɭɸ ɩɟɪɟɝɪɭɡɤɭ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɥɢɲɶ ɜ 
ɫɢɧɯɪɨɧɧɵɯ ɪɟɚɤɬɢɜɧɵɯ ɦɚɲɢɧɚɯ ɫ ɧɟɡɚɜɢɫɢɦɵɦ 
ɜɨɡɛɭɠɞɟɧɢɟɦ (ɋɊɆɇȼ) Д2–4]. 

ɂɞɟɹ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫ ɫɢɧɯɪɨɧɧɨɣ 
ɪɟɚɤɬɢɜɧɨɣ ɦɚɲɢɧɨɣ ɧɟɡɚɜɢɫɢɦɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ 
ɫɥɟɞɭɸɳɚɹ Д5–11]. ȼ ɹɜɧɨɩɨɥɸɫɧɨɣ ɫɢɧɯɪɨɧɧɨɣ 
ɦɚɲɢɧɟ ɪɨɥɶ ɨɛɦɨɬɤɢ  ɜɨɡɛɭɠɞɟɧɢɹ ɦɨɠɟɬ ɜɵɩɨɥ-
ɧɢɬɶ ɢ ɨɛɦɨɬɤɚ, ɪɚɡɦɟɳɟɧɧɚɹ ɜ ɩɚɡɚɯ ɫɬɚɬɨɪɚ, ɟɫ-
ɥɢ, ɜɨ-ɩɟɪɜɵɯ, ɟɟ ɜɢɬɤɢ ɧɚɯɨɞɹɬɫɹ ɧɚɩɪɨɬɢɜ ɦɟɠ-
ɩɨɥɸɫɧɨɝɨ ɩɪɨɦɟɠɭɬɤɚ ɪɨɬɨɪɚ ɢ, ɜɨ-ɜɬɨɪɵɯ, ɷɬɚ 
ɨɛɦɨɬɤɚ ɢɦɟɟɬ ɩɨɥɧɵɣ ɲɚɝ. Ɍɚɤ, ɟɫɥɢ ɩɨ ɨɛɦɨɬ-
ɤɚɦ, ɧɚɯɨɞɹɳɢɦɫɹ ɧɚɞ ɦɟɠɩɨɥɸɫɧɵɦ ɩɪɨɦɟɠɭɬ-
ɤɨɦ, ɩɪɨɩɭɫɬɢɬɶ ɬɨɤ, ɬɨ ɨɧ ɫɨɡɞɚɫɬ ɩɨɬɨɤ ɩɨ ɩɪɨ-
ɞɨɥɶɧɨɣ ɦɚɝɧɢɬɧɨɣ ɨɫɢ ɦɚɲɢɧɵ. ȿɫɥɢ ɬɟɩɟɪɶ ɩɨ 
ɨɛɦɨɬɤɚɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɧɚɞ ɩɨɥɸɫɚɦɢ ɪɨɬɨɪɚ, 
ɩɪɨɩɭɫɬɢɬɶ ɬɨɤ, ɬɨ ɫɨɡɞɚɟɬɫɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ 
ɦɨɦɟɧɬ.  

Ɍɨɤɢ  ɜ ɨɛɦɨɬɤɚɯ ɜɨɡɛɭɠɞɟɧɢɹ, ɪɚɫɩɨɥɨɠɟɧ-
ɧɵɯ ɧɚɞ ɦɟɠɩɨɥɸɫɧɵɦɢ ɩɪɨɦɟɠɭɬɤɚɦɢ ɪɨɬɨɪɚ, ɢ 
ɬɨɤɢ  ɜ ɹɤɨɪɧɵɯ ɨɛɦɨɬɤɚɯ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚɞ 
ɩɨɥɸɫɚɦɢ ɪɨɬɨɪɚ, ɦɨɝɭɬ ɪɟɝɭɥɢɪɨɜɚɬɶɫɹ ɧɟɡɚɜɢ-
ɫɢɦɨ ɢ ɩɟɪɟɤɥɸɱɚɬɶɫɹ ɜ ɮɭɧɤɰɢɢ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨ-
ɪɚ. ɉɨ ɷɬɢɦ ɨɛɦɨɬɤɚɦ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɩɭɫ-
ɤɚɬɶ ɫɢɧɭɫɨɢɞɚɥɶɧɵɣ ɬɨɤ. Ȼɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɣ ɨɤɚ-
ɡɵɜɚɟɬɫɹ ɩɪɹɦɨɭɝɨɥɶɧɚɹ ɮɨɪɦɚ ɬɨɤɚ, ɤɚɤ ɜ ɫɟɤɰɢɹɯ 
ɨɛɦɨɬɤɢ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ Д12–14]. Ⱦɜɢ-
ɝɚɬɟɥɶ ɪɚɛɨɬɚɟɬ ɤɚɤ ɦɧɨɝɨɮɚɡɧɵɣ, ɬɨɤ ɢ ɗȾɋ ɤɚɠ-
ɞɨɣ ɮɚɡɵ ɫɞɜɢɧɭɬɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ ɧɚ Ц ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɝɪɚɞɭɫɨɜ, ɝɞɟ Ц – ɱɢɫɥɨ ɮɚɡ 
ɞɜɢɝɚɬɟɥɹ. 

ɗɥɟɤɬɪɨɩɪɢɜɨɞ ɫɨɞɟɪɠɢɬ ɝɟɧɟɪɚɬɨɪ, ɭɩɪɚɜ-
ɥɹɟɦɵɣ ɜɵɩɪɹɦɢɬɟɥɶ, ɚɜɬɨɧɨɦɧɵɟ ɢɧɜɟɪɬɨɪɵ ɢ 
ɞɜɢɝɚɬɟɥɢ ɦɨɬɨɪ-ɤɨɥёɫ ɩɨ ɥɟɜɨɦɭ ɢ ɩɪɚɜɨɦɭ ɛɨɪɬɭ 
ɩɪɢɰɟɩɚ. ȼɨɡɦɨɠɧɚ ɬɚɤɠɟ ɬɪɚɞɢɰɢɨɧɧɚɹ ɫɯɟɦɚ 
ɩɪɢɜɨɞɚ ɜɟɞɭɳɢɯ ɤɨɥɟɫ ɩɪɢɰɟɩɚ ɱɟɪɟɡ ɦɟɯɚɧɢɱɟ-
ɫɤɢɣ ɞɢɮɮɟɪɟɧɰɢɚɥ ɨɬ ɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 
ȼɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɷɥɟɤɬɪɨɩɪɢ-
ɜɨɞɚ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɬɹɝɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ ɫɢɧɯɪɨɧɧɵɯ ɪɟɚɤɬɢɜɧɵɯ ɦɚ-
ɲɢɧ ɧɟɡɚɜɢɫɢɦɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ. ɗɬɢ ɷɥɟɤɬɪɢɱɟ-
ɫɤɢɟ ɦɚɲɢɧɵ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ: 
ɩɪɨɫɬɚɹ ɩɨɥɧɨɫɬɶɸ ɛɟɫɤɨɧɬɚɤɬɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɲɢɧ, ɜɵɫɨɤɚɹ ɢɥɢ ɨɱɟɧɶ ɜɵɫɨɤɚɹ 
ɦɟɯɚɧɢɱɟɫɤɚɹ ɠёɫɬɤɨɫɬɶ ɪɨɬɨɪɚ, ɱɬɨ ɩɨɜɵɲɚɟɬ 
ɧɚɞёɠɧɨɫɬɶ ɩɪɢ ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɹɯ ɢ ɩɟɪɟɝɪɭɡɤɚɯ. 
ɇɚ ɪɨɬɨɪɟ ɧɟɬ ɨɛɦɨɬɨɤ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɵɫɨɤɚɹ ɬɟɯ-
ɧɨɥɨɝɢɱɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɲɢɧ 
(ɩɨ ɷɤɫɩɟɪɬɧɵɦ ɨɰɟɧɤɚɦ, ɟɝɨ ɰɟɧɚ ɧɢɠɟ, ɱɟɦ ɚɫɢɧ-
ɯɪɨɧɧɨɝɨ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɨɝɨ ɞɜɢɝɚɬɟɥɹ ɧɚ 15–
20 %), ɩɨɜɵɲɟɧɧɵɣ КɉȾ ɢɡ-ɡɚ «ɯɨɥɨɞɧɨɝɨ» ɪɨɬɨ-
ɪɚ, ɜɵɫɨɤɢɟ ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɦɨɦɟɧɬɭ (ɞɨ 4–6 Ɇɇ), 
ɨɛɦɨɬɤɚ ɞɜɢɝɚɬɟɥɹ ɢ ɝɟɧɟɪɚɬɨɪɚ ɜɵɩɨɥɧɟɧɚ ɤɚɤ 
ɨɞɧɨɫɥɨɣɧɚɹ ɫ ɩɨɥɧɵɦ ɲɚɝɨɦ, ɩɨ ɮɨɪɦɟ ɬɨɤɚ ɢ 
ɧɚɩɪɹɠɟɧɢɸ ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ ɫɨɩɪɹɝɚɟɬɫɹ ɫ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɦɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦɢ Д15–19]. 
ɉɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɪɚɛɨɬɚɟɬ ɜ 
ɪɟɠɢɦɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɜɟɤɬɨɪɧɨɣ ɦɨɞɭɥɹɰɢɢ ɢ 
ɜ ɧɟɦ ɪɟɚɥɢɡɨɜɚɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ Д20–22]. 
ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɦɨɠɟɬ ɛɵɬɶ 
ɪɟɚɥɢɡɨɜɚɧɚ ɧɚ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɟ Д23–26]. 

ȼ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɬɹɝɨɜɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ 
ɚɤɬɢɜɧɨɝɨ ɩɪɢɰɟɩɚ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɫɜɟɪɯɜɵɫɨ-
ɤɢɣ ɞɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɦɟɧɬɚ (ɞɨ 10:1 ɢ 
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ɛɨɥɟɟ), ɜɫɬɚɟɬ ɜɨɩɪɨɫ ɨ ɪɚɰɢɨɧɚɥɶɧɨɦ ɫɨɨɬɧɨɲɟ-
ɧɢɢ ɜɟɥɢɱɢɧ ɩɨɞɞɢɚɩɚɡɨɧɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨ-
ɦɟɧɬɚ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɨɞɧɨɡɨɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ, 
ɯɨɬɹ ɢ ɛɨɥɟɟ ɩɪɨɫɬɨɟ, ɨɤɚɡɵɜɚɟɬɫɹ ɨɩɪɚɜɞɚɧɧɵɦ ɜ 
ɞɢɚɩɚɡɨɧɟ ɧɟ ɛɨɥɟɟ (3…4):1, ɚ ɞɚɥɟɟ ɩɪɢɜɨɞɢɬ ɤ 
ɧɟɨɩɪɚɜɞɚɧɧɨɦɭ ɡɚɜɵɲɟɧɢɸ ɝɚɛɚɪɢɬɧɨɣ ɦɨɳɧɨ-
ɫɬɢ ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. ɇɚɥɢɱɢɟ ɜɬɨɪɨɣ ɡɨ-
ɧɵ ɨɩɪɚɜɞɚɧɨ ɬɚɤɠɟ ɩɨɬɨɦɭ, ɱɬɨ ɨɱɟɧɶ ɛɨɥɶɲɢɟ 
ɩɟɪɟɝɪɭɡɤɢ ɩɨ ɦɨɦɟɧɬɭ ɜɟɫɶɦɚ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵ. 
Ɉɛ ɷɬɨɦ ɬɚɤɠɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɬɢɩɨɜɚɹ ɡɚɜɢɫɢ-
ɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɹɝɨɜɨɝɨ ɭɫɢɥɢɹ, 
ɝɪɚɮɢɤ ɤɨɬɨɪɨɣ ɛɥɢɡɨɤ ɤ ɤɪɢɜɨɣ Ƚɚɭɫɫɚ. 

ɋ ɭɱɟɬɨɦ ɫɤɚɡɚɧɧɨɝɨ ɦɨɠɧɨ ɩɪɟɞɥɨɠɢɬɶ ɫɥɟ-
ɞɭɸɳɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɚɫɱɟɬɚ ɬɹɝɨɜɨɝɨ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɚɤɬɢɜɧɨɝɨ ɩɪɢɰɟɩɚ. ɉɪɢ ɡɚɞɚɧɧɵɯ 
ɜ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɜɟɥɢɱɢɧɚɯ ɩɪɟɞɟɥɶɧɨɣ 
ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɦɢɧɢɦɚɥɶɧɨɝɨ ɢ ɦɚɤ-
ɫɢɦɚɥɶɧɨɝɨ ɦɨɦɟɧɬɨɜ ɫɬɪɨɢɬɫɹ ɩɪɟɞɟɥɶɧɚɹ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɚ. 

ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɚ ɫɟɪɢɹ ɤɪɢɜɵɯ (ɜ ɨɬɧɨɫɢ-
ɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ), ɤɨɬɨɪɚɹ ɩɨɹɫɧɹɟɬ ɨɛɳɢɣ ɯɨɞ 
ɪɚɫɱɟɬɨɜ ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫ ɞɜɭɦɹ ɩɨɞ-
ɞɢɚɩɚɡɨɧɚɦɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɦɟɧɬɚ. ȼ ɤɚɱɟɫɬɜɟ 
ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɪɢɧɢɦɚɟɬɫɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɜ ɪɟɠɢɦɟ ɩɨɫɬɨɹɧ-
ɧɨɣ ɦɨɳɧɨɫɬɢ PОl = МoЧsЭ ɢ ɫ ɡɚɞɚɧɧɨɣ ɤɪɚɬɧɨɫɬɶɸ 
ɢɡɦɟɧɟɧɢɹ ɦɨɦɟɧɬɚ, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɡɧɚ-
ɱɟɧɢɹɦɢ ɦɨɦɟɧɬɚ ɜ ɬɨɱɤɟ Ⱥ, ɝɞɟ TȺ = TMIN =1ɢ ɬɨɱ-
ɤɟ ȼ, ɝɞɟ TȺ = TMAБ (ɫɦ. ɪɢɫ. 1, ɚ). ȼ ɩɪɢɦɟɪɟ ɜɡɹɬɨ 
TȺ/Tȼ = 1:10. 

Ƚɪɚɮɢɤ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ pТ ɬɹɝɨɜɨɝɨ 
ɭɫɢɥɢɹ ɫɨɜɦɟɳɚɟɬɫɹ ɩɨ ɨɫɢ ɦɨɦɟɧɬɚ ɫ ɦɟɯɚɧɢɱɟ-
ɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ (ɪɢɫ. 1, ɛ). 

Кɪɢɜɵɟ, ɩɨɹɫɧɹɸɳɢɟ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɜ 
ɮɭɧɤɰɢɢ ɦɨɦɟɧɬɚ ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ ɷɥɟɤɬɪɨ-
ɩɪɢɜɨɞɚ ɩɪɢ PОl = МoЧsЭ: ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ  
Ɏ = П(Ɇ), ɗȾɋ ɞɜɢɝɚɬɟɥɹ EН = П(T), ɬɨɤɚ ɹɤɨɪɹ  
Ia = П(T), – ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1, ɜ. Ƚɪɚɧɢɰɚ ɦɟɠɞɭ 
ɩɟɪɜɨɣ ɡɨɧɨɣ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɦɟɧɬɚ, ɝɞɟ ɩɨɫɬɨ-
ɹɧɫɬɜɨ ɦɨɳɧɨɫɬɢ ɞɨɫɬɢɝɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɦɚɝɧɢɬ-
ɧɨɝɨ ɩɨɬɨɤɚ ɩɪɢ EН = МoЧsЭ ɢ Ia = МoЧsЭ , ɢ ɜɬɨɪɨɣ 
ɡɨɧɨɣ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɦɟɧɬɚ, ɝɞɟ ɬɨɤ ɹɤɨɪɹ ɭɜɟ-
ɥɢɱɢɜɚɟɬɫɹ, ɗȾɋ ɞɜɢɝɚɬɟɥɹ ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɦɚɝ-
ɧɢɬɧɵɣ ɩɨɬɨɤ Ɏ = МoЧsЭ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɨɦɟɧɬɭ ɜ 
ɬɨɱɤɟ N ɧɚ ɤɪɢɜɨɣ (ɪɢɫ. 1, ɚ). ɉɨɥɨɠɟɧɢɟ ɷɬɨɣ ɬɨɱ-
ɤɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɬɚɤ, ɱɬɨɛɵ ɫɭɦɦɚɪɧɨɟ ɭɜɟ-
ɥɢɱɟɧɢɟ ɝɚɛɚɪɢɬɧɨɣ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ 
ɛɵɥɨ ɦɢɧɢɦɚɥɶɧɵɦ. 

ɉɪɢ ɪɚɛɨɬɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɜ ɩɟɪɜɨɣ ɡɨɧɟ ɝɚ-
ɛɚɪɢɬɧɚɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɬɟɦ ɛɨɥɶɲɟ, 
ɱɟɦ ɛɨɥɶɲɟ ɞɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɚɝɧɢɬɧɵɦ 
ɩɨɬɨɤɨɦ ɢ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɨɬɧɨɲɟɧɢɸ ɦɨɦɟɧɬɨɜ 
ɜ ɬɨɱɤɚɯ A ɢ N: 

ܲ௩ଵ = ܲ ∙ ேܶܶ = ேܶ . 
Ɂɞɟɫɶ ɩɪɢɧɹɬɨ TȺ = 1, ЧȺ = 1 ɢ ɬɨɝɞɚ ɊȺ = 1 – 

ɦɨɳɧɨɫɬɶ, ɪɚɡɜɢɜɚɟɦɚɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɜ ɬɨɱɤɟ Ⱥ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɫɦ. ɪɢɫ. 1, ɚ). 

ɉɪɢ ɪɚɛɨɬɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɜɨ ɜɬɨɪɨɣ ɡɨɧɟ 
ɝɚɛɚɪɢɬɧɚɹ ɦɨɳɧɨɫɬɶ ɜɨɨɛɳɟ ɛɵ ɧɟ ɭɜɟɥɢɱɢɜɚ-

ɥɚɫɶ, ɟɫɥɢ ɛɵ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɢɦɟɥ ɡɧɚɱɢɬɟɥɶ-
ɧɵɣ ɡɚɩɚɫ ɩɨ ɧɚɝɪɟɜɭ ɢ ɨɱɟɧɶ ɛɨɥɶɲɭɸ ɩɟɪɟɝɪɭ-
ɡɨɱɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ. ɇɨ ɩɨɫɤɨɥɶɤɭ ɷɬɨ ɧɟ ɬɚɤ, ɬɨ 
ɩɪɢɯɨɞɢɬɫɹ ɡɚɜɵɲɚɬɶ ɧɨɦɢɧɚɥɶɧɭɸ ɦɨɳɧɨɫɬɶ 
ɞɜɢɝɚɬɟɥɹ, ɱɬɨɛɵ ɨɧ ɩɪɢ ɪɚɛɨɬɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɜ 
ɩɟɪɜɨɣ ɡɨɧɟ (ɩɭɫɬɶ ɞɚɠɟ ɧɚ ɩɪɟɞɟɥɶɧɨɣ ɬɹɝɨɜɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ, ɝɞɟ PОl = МoЧsЭ) ɢɦɟɥ ɧɟɤɨɬɨɪɵɣ 
ɡɚɩɚɫ ɩɨ ɧɚɝɪɟɜɭ, ɤɨɬɨɪɵɣ ɛɵ ɡɚɬɟɦ ɩɨɥɧɨɫɬɶɸ 
ɪɚɫɯɨɞɨɜɚɥɫɹ ɩɪɢ ɪɚɛɨɬɟ ɜɨ ɜɬɨɪɨɣ ɡɨɧɟ. ɉɪɢ ɷɬɨɦ 
ɫɥɟɞɭɟɬ ɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ ɧɚ ɜɟɥɢɱɢɧɭ ɫɪɟɞɧɟɤɜɚɞ-
ɪɚɬɢɱɧɨɝɨ ɬɨɤɚ ɡɚ ɩɨɥɧɵɣ ɪɚɛɨɱɢɣ ɰɢɤɥ. Кɚɤ ɩɨɤɚ-
ɡɚɧɨ ɜ Д3], ɜ ɡɨɧɟ ɛɨɥɶɲɢɯ ɧɚɝɪɭɡɨɤ FRRM ɢɦɟɟɬ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɬɨɤɨɦ ɢ 
ɦɨɦɟɧɬɨɦ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ ɩɪɨ-
ɜɟɪɤɭ ɜɵɛɪɚɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɨɪɢɟɧɬɢɪɭɹɫɶ ɧɚ ɜɟ-
ɥɢɱɢɧɭ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɝɨ ɦɨɦɟɧɬɚ. 

 
 
Ɋɢɫ. 1. Ɉɛщɢɣ хɨɞ ɪɚɫчɟɬɚ ɬяɝɨɜɨɝɨ эɥɟɤɬɪɨɩɪɢɜɨɞɚ 

ɫ ɞɜɭɦя ɩɨɞɞɢɚɩɚɡɨɧɚɦɢ ɪɟɝɭɥɢɪɨɜɚɧɢя ɦɨɦɟɧɬɚ 
 



ɗɥɟɤɬɪɨɦɟхɚɧɢчɟɫɤɢɟ ɫɢɫɬɟɦы 
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Ɍɚɤ ɤɚɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɧɚɝɪɟɜ ɷɥɟɤɬɪɨɞɜɢ-
ɝɚɬɟɥɹ, ɜɵɡɜɚɧɧɵɣ ɩɪɟɜɵɲɟɧɢɟɦ ɬɨɤɚ ɞɜɢɝɚɬɟɥɹ 
ɩɪɢ ɪɚɛɨɬɟ ɜɨ ɜɬɨɪɨɣ ɡɨɧɟ, ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɜɫɟ 
ɜɪɟɦɹ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ, ɬɨ ɭɜɟɥɢɱɟɧɢɟ ɝɚɛɚɪɢɬɧɨɣ 
ɦɨɳɧɨɫɬɢ ɧɟ ɫɬɨɥɶ ɡɧɚɱɢɬɟɥɶɧɨ, ɤɚɤ ɨɬɧɨɲɟɧɢɟ 
TȺ/Tȼ. Ⱦɥɹ ɪɹɞɚ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɦɨɦɟɧɬɚ 
ɜ ɬɨɱɤɟ N ɫɬɪɨɹɬ ɝɪɚɮɢɤ ɮɭɧɤɰɢɢ POV = П(TN), ɢ 
ɜɵɛɢɪɚɸɬ ɟɟ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ (ɫɦ. ɪɢɫ. 1, ɝ). 

ɐɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɞɜɭɯɡɨɧɧɨɝɨ ɫɩɨɫɨɛɚ ɪɟɝɭ-
ɥɢɪɨɜɚɧɢɹ ɦɨɦɟɧɬɚ ɢɥɥɸɫɬɪɢɪɭɟɬ ɫɥɟɞɭɸɳɢɣ 
ɩɪɢɦɟɪ. ȼ ɷɥɟɤɬɪɨɩɪɢɜɨɞɟ ɚɤɬɢɜɧɨɝɨ ɩɪɢɰɟɩɚ, ɝɞɟ 
ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 
PN = 40 ɤȼɬ, ɞɢɚɩɚɡɨɧ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚ-
ɧɢɹ ɦɨɦɟɧɬɚ Н = Tȼ/TȺ= 10, ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟ-
ɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ: ɩɟɪɜɵɣ ɩɨɞɞɢɚɩɚɡɨɧ ɪɟɝɭɥɢ-
ɪɨɜɚɧɢɹ ɦɨɦɟɧɬɚ ɢɡɦɟɧɟɧɢɟɦ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ 
ɞɜɢɝɚɬɟɥɹ Н1 = TN/TȺ = 4, ɜɬɨɪɨɣ – ɬɨɥɶɤɨ ɭɜɟɥɢɱɟ-
ɧɢɟɦ ɬɨɤɚ ɞɜɢɝɚɬɟɥɹ Ia ɢ ɫɧɢɠɟɧɢɟɦ ɗȾɋ ɞɜɢɝɚɬɟ-
ɥɹ EН – Н2 = Tȼ/TN  = 2,5, ɝɚɛɚɪɢɬɧɚɹ ɦɨɳɧɨɫɬɶ ɬɹ-
ɝɨɜɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ (ɜ ɞɨɥɹɯ ɨɬ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɦɨɳɧɨɫɬɢ, ɪɚɫɯɨɞɭɟɦɨɣ ɧɚ ɬɹɝɭ) POV ≈ 6. ɉɪɢ 
ɷɬɨɦ, ɟɫɥɢ ɛɵ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɦɨɦɟɧɬɚ ɨɫɭɳɟɫɬɜ-
ɥɹɥɨɫɶ ɬɨɥɶɤɨ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ 
ɞɜɢɝɚɬɟɥɹ, ɬɨ POV ≈ 10. ɋɬɨɥɶ ɡɧɚɱɢɬɟɥɶɧɚɹ ɪɚɡɧɢ-
ɰɚ ɜ ɜɟɥɢɱɢɧɚɯ ɝɚɛɚɪɢɬɧɨɣ ɦɨɳɧɨɫɬɢ  ɞɜɢɝɚɬɟɥɹ  
ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɫɩɨɫɨɛɚɯ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨ-
ɦɟɧɬɚ ɞɨɫɬɢɝɚɟɬɫɹ ɛɥɚɝɨɞɚɪɹ, ɜɨ-ɩɟɪɜɵɯ, ɩɪɢɧɹɬɨ-
ɦɭ ɞɜɭɯɞɢɚɩɚɡɨɧɧɨɦɭ ɫɩɨɫɨɛɭ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨ-
ɦɟɧɬɚ, ɚ, ɜɨ-ɜɬɨɪɵɯ, ɢɡ-ɡɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɥɚɝɨɩɪɢ-
ɹɬɧɨɣ ɮɨɪɦɵ ɤɪɢɜɨɣ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɫɢɥɵ ɬɹɝɢ ɧɚ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜɚɯ (ɫɦ. ɪɢɫ. 1, ɛ), 
ɤɨɝɞɚ ɨɱɟɧɶ ɛɨɥɶɲɢɟ ɩɟɪɟɝɪɭɡɤɢ ɧɚɛɥɸɞɚɸɬɫɹ 
ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɩɪɨɞɨɥɠɢɬɟɥɶɧɨɟ ɜɪɟɦɹ. 

ɉɪɟɞɥɨɠɟɧɧɵɟ ɦɟɬɨɞɵ ɪɚɫɱɟɬɚ ɦɨɝɭɬ ɭɫɩɟɲɧɨ 
ɩɪɢɦɟɧɹɬɶɫɹ ɞɥɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ Д27, 28], 
ɜ ɤɨɬɨɪɵɯ ɪɟɲɚɸɬɫɹ ɡɚɞɚɱɢ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ. 
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TСО arЭТМlО НОsМrТbОs ЭСО ОlОМЭrТМ НrТЯОs oП ЭСО aМЭТЯО ЭraТlОr, аСТМС Тs parЭ oП ЭСО pТpО МarrТОr Пor ЭСО ЭraЧs-
porЭ oП larРО НТaЦОЭОr pТpОs, rОqЮТrОН Пor laвТЧР oТl aЧН Рas pТpОlТЧОs ТЧ roЮРС ЭОrraТЧ. АТЭС ЭСО СОlp oП ОlОМЭrТМ 
НrТЯОs ЭСО ЭСroЮРСpЮЭ oП pТpО МarrТОrs oЧ ЦarsСlaЧН sТРЧТПТМaЧЭlв ТЧМrОasОs aЧН ТЭ Тs ОasТОr Эo МoЧЭrol ЭСОЦ. TСО 
aboЯО aНЯaЧЭaРОs appОar ТП ЭСО ЭraТlОr аО ЮsО НrТЯТЧР аСООls, aЧН a sТЧРlО-sЭaРО ФТЧОЦaЭТМ sМСОЦО oП ЭСО НrТЯО. 
AЭ ЭСО saЦО ЭТЦО СТРСlТРСЭs ЭСО ПaМЭ ЭСaЭ ЭСО МapaМТЭв oП ЭСО ОlОМЭrТМ НrТЯО аТll bО 20–25 % oП ЭСО raЭОН poаОr oП 
ЭСО ЦaТЧ ЭrЮМФ, аТЭС aЧ ОбЭОЧНОН raЧРО oП ЭСО spООН МoЧЭrol. TСО solЯТЧР oП ЭСТs problОЦ Тs basОН oЧ ЭСО ЦОЭСoН 
НОЯОlopОН bв ProПОssor FТlaЭoЯ Пor ОlОМЭrТМ НrТЯОs oП ЭСО МolН rollТЧР ЦТll аТЧНОrs. TСО ЦОЭСoН ТЧЯolЯОs a НЮal-
baЧН ЭorqЮО МoЧЭrol. BЮЭ ЭСТs approaМС rОqЮТrОs ЭСО ЮsО oП ОlОМЭrТМ НrТЯОs аТЭС СТРС ЭorqЮО oЯОrloaН  
(Юp Эo 10 ЭТЦОs oП ЭСО raЭОН ЭorqЮО). TСО ПТОlН rОРЮlaЭОН rОlЮМЭaЧМО ЦaМСТЧО proЯТНОs sЮМС oЯОrloaНs. FТЧallв, 
ЭСО papОr sЮРРОsЭs ЭОМСЧТqЮОs Эo МСoosО ЭСО raЭТoЧal raЭТo oП ЭСО qЮaЧЭТЭТОs oП  ЭСО ЭorqЮО МoЧЭrol sЮbbaЧНs. 

KОваШrНs: КМЭТvО ЭrКТlОr, ОlОМЭrТМ НrТvО аТЭС ЭСО ПТОlН rОРЮlКЭОН rОlЮМЭКЧМО ЦКМСТЧО, ЭаШ-гШЧО МШЧЭrШl ШП 
ЭСО ОlОМЭrШЦКРЧОЭТМ ЭШrqЮО, НОЧsТЭв ЭrКМЭТШЧ. 
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