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Ɍɢɩɭ ɫɯɨɞɹɳɟɣ ɫɬɪɭɠɤɢ ɩɪɢ ɪɟɡɚɧɢɢ ɦɟɬɚɥɥɨɜ ɭɞɟɥɟɧɨ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɢɫɫɥɟ-
ɞɨɜɚɬɟɥɟɣ. Ɉɞɧɚɤɨ ɞɚɧɧɵɣ ɜɨɩɪɨɫ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɦɨɦɟɧɬ ɞɨ ɤɨɧɰɚ ɧɟ ɢɡɭɱɟɧ. ɉɨɷɬɨɦɭ ɜɨɩɪɨɫ ɨɛ-
ɪɚɡɨɜɚɧɢɹ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɜɢɞɚ ɫɬɪɭɠɤɢ ɧɚɯɨɞɢɬɫɹ ɜ ɰɟɧɬɪɟ ɜɧɢɦɚɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ 
ɩɪɨɰɟɫɫɚ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ ɪɟɡɚɧɢɟɦ. Ɇɟɯɚɧɢɡɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɠɤɢ ɢ ɦɨɪɮɨɥɨɝɢɹ ɫɬɪɭɠɤɢ 
ɹɜɥɹɸɬɫɹ ɤɥɸɱɟɜɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɩɪɨɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ, ɤɚɱɟɫɬɜɟ ɨɛɪɚɛɨɬɚɧɧɨɣ ɧɚ ɫɬɚɧɤɟ ɩɨɜɟɪɯɧɨ-
ɫɬɢ, ɫɬɨɣɤɨɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɡɚɬɪɚɬɚɯ ɷɧɟɪɝɢɢ ɩɪɢ ɨɛɪɚɛɨɬɤɟ 
ɦɚɬɟɪɢɚɥɨɜ [1]. ɂɡɭɱɟɧɢɟ ɞɚɧɧɵɯ ɜɨɩɪɨɫɨɜ ɩɨɡɜɨɥɢɬ ɬɚɤɠɟ ɪɟɲɚɬɶ ɜɨɩɪɨɫɵ ɨɛɪɚɛɚɬɵɜɚɟɦɨɫɬɢ ɫɩɟ-
ɰɢɚɥɶɧɵɯ ɫɬɚɥɟɣ ɢ ɫɩɥɚɜɨɜ. Ʉ ɩɪɢɦɟɪɭ ɜ ɪɚɛɨɬɟ [1] ɭɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɩɨ ɜɢɞɭ ɨɛɪɚɡɭɸɳɟɣɫɹ ɫɬɪɭɠɤɢ 
(ɨɛɧɚɪɭɠɟɧɢɟ ɦɨɦɟɧɬɚ ɩɟɪɟɯɨɞɚ ɨɬ ɫɥɢɜɧɨɣ ɤ ɷɥɟɦɟɧɬɧɨɣ ɫɬɪɭɠɤɟ) ɦɨɠɧɨ ɫɜɨɟɜɪɟɦɟɧɧɨ ɨɛɧɚɪɭɠɢɬɶ 
ɤɪɢɬɢɱɟɫɤɢɣ ɢɡɧɨɫ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɩɪɨɢɡɜɟɫɬɢ ɟɝɨ ɡɚɦɟɧɭ, ɱɬɨ ɦɨɠɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɭɜɟɥɢɱɟɧɢɸ 
ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ ɞɨ 50 % ɢ ɫɨɤɪɚɳɟɧɢɸ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɚɬɪɚɬ ɧɚ 1040 %. 

Ɍɢɩ ɫɬɪɭɠɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɟɠɢɦɚɦɢ ɪɟɡɚɧɢɹ, ɝɟɨɦɟɬɪɢɟɣ ɢɧɫɬɪɭɦɟɧɬɚ, ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨ-
ɜɨɞɢɥɢɫɶ ɩɪɢ ɧɚɪɭɠɧɨɦ ɩɪɨɞɨɥɶɧɨɦ ɬɨɱɟɧɢɢ ɠɚɪɨɩɪɨɱɧɵɯ ɢ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚ-
ɡɨɧɟ ɢɡɦɟɧɟɧɢɹ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ (t=3ɦɦ). Ⱦɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɫɨɜɪɟɦɟɧɧɨɦ 
ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ, ɨɞɧɚɤɨ ɨɛɪɚɛɨɬɤɚ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫɜɹɡɚɧɚ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɬɪɭɞɧɨɫɬɹɦɢ [6]. 
ɂɡɭɱɟɧɢɟ ɩɪɨɰɟɫɫɚ ɫɬɪɭɠɤɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɨɫɶ ɩɪɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɧɚɛɥɸɞɟɧɢɢ ɡɚ ɩɪɨɰɟɫ-
ɫɨɦ ɪɟɡɚɧɢɹ, ɚ ɬɚɤɠɟ ɚɧɚɥɢɡɢɪɨɜɚɥɚɫɶ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɚɹ ɢ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɭ ɫɬɪɭɠɤɢ. 

ɇɚɛɥɸɞɟɧɢɹ ɡɚ ɩɪɨɰɟɫɫɨɦ ɪɟɡɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɩɪɢ ɬɨɱɟɧɢɢ ɠɚɪɨ-
ɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɩɨɥɭɱɚɟɬɫɹ ɫɬɪɭɠɤɚ, ɩɨ ɜɧɟɲɧɟɦɭ ɜɢɞɭ ɬɪɭɞɧɨ ɨɬɥɢɱɢɦɚɹ ɨɬ ɫɥɢɜɧɨɣ. Ɉɞɧɚɤɨ ɢɡɭ-
ɱɟɧɢɟ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɣ ɩɨɤɚɡɚɥɨ, ɱɬɨ, ɧɚɱɢɧɚɹ ɫ ɫɚɦɵɯ ɦɚɥɵɯ ɫɤɨɪɨɫɬɟɣ ɪɟɡɚɧɢɹ, ɫɬɪɭɠɤɚ ɢɦɟɟɬ 
ɬɪɟɳɢɧɵ, ɤɨɬɨɪɵɟ ɪɚɡɞɟɥɹɸɬ ɟɺ ɧɚ ɷɥɟɦɟɧɬɵ, ɯɨɬɹ ɢ ɧɟ ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɧɚ ɜɫɸ ɬɨɥɳɢɧɭ ɫɬɪɭɠɤɢ. 
ɉɪɢ ɷɬɨɦ ɡɨɧɚ ɜɬɨɪɢɱɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɜ ɤɨɧɬɚɤɬɧɨɦ ɫɥɨɟ ɫɬɪɭɠɤɢ ɱɟɬɤɨ ɧɟ ɨɬɞɟɥɟɧɚ ɨɬ ɡɨɧɵ ɨɫɧɨɜ-
ɧɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɥɢɧɢɢ ɬɟɤɫɬɭɪɵ ɢɫɤɪɢɜɥɟɧɵ ɩɨ ɜɫɟɦɭ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦɭ ɨɛɴɟɦɭ (ɪɢɫ. 1,ɚ). ɋ ɩɨ-
ɜɵɲɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ ɬɪɟɳɢɧɵ ɭɞɥɢɧɹɸɬɫɹ ɜ ɫɬɨɪɨɧɭ ɤɨɧɬɚɤɬɧɨɝɨ ɫɥɨɹ ɫɬɪɭɠɤɢ: ɞɟɥɟɧɢɟ ɧɚ 
ɷɥɟɦɟɧɬɵ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɟɟ ɱɟɬɤɢɦ ɢ ɫɬɪɭɠɤɚ ɩɪɢɨɛɪɟɬɚɟɬ ɜɢɞ, ɩɨɤɚɡɚɧɧɵɣ ɧɚ ɪɢɫ. 1,ɛ. ɋɬɟɩɟɧɶ ɞɟ-
ɮɨɪɦɚɰɢɢ ɦɟɬɚɥɥɚ ɜ ɨɫɧɨɜɧɨɦ ɨɛɴɟɦɟ ɷɥɟɦɟɧɬɚ ɦɚɥɚ. Ɇɟɯɚɧɢɡɦ ɨɛɪɚɡɨɜɚɧɢɹ ɫɬɪɭɠɤɢ ɩɪɢ ɜɵɫɨɤɢɯ 
ɫɤɨɪɨɫɬɹɯ ɪɟɡɚɧɢɹ, ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɦɟɯɚɧɢɡɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɦɚɥɵɯ ɫɤɨɪɨɫɬɹɯ ɪɟɡɚɧɢɹ. ɉɪɢ ɜɵɫɨɤɢɯ 
ɫɤɨɪɨɫɬɹɯ ɪɟɡɚɧɢɹ ɚɞɢɚɛɚɬɧɵɣ ɫɞɜɢɝ – ɞɨɦɢɧɢɪɭɸɳɢɣ ɩɪɨɰɟɫɫ ɞɟɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɦɟɫɬɨ ɜ 
ɨɫɧɨɜɧɨɣ ɡɨɧɟ ɪɟɡɚɧɢɹ (ɡɨɧɚ ɩɟɪɜɢɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ) [7]. ȿɝɨ ɨɫɧɨɜɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ – ɬɨɧɤɚɹ ɥɟɧ-
ɬɚ ɹɜɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɜ ɡɨɧɟ ɫɞɜɢɝɚ. ɉɨɹɜɥɟɧɢɟ ɚɞɢɚɛɚɬɧɨɣ ɩɨɥɨɫɵ ɫɞɜɢɝɚ ɧɚ ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɹɯ ɪɟ-
ɡɚɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬ ɢɡɧɨɫ ɢɧɫɬɪɭɦɟɧɬɚ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɥɢɹɹ ɧɚ ɤɚɱɟɫɬɜɨ ɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɞɟɬɚɥɢ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɷɬɨ ɹɜɥɟɧɢɟ ɩɨɥɟɡɧɨ, ɩɨɬɨɦɭ ɱɬɨ ɩɪɢ ɧɟɦ ɩɨɥɭɱɚɟɬɫɹ 
ɷɥɟɦɟɧɬɧɚɹ ɫɬɪɭɠɤɚ, ɤɨɬɨɪɚɹ ɥɟɝɤɨ ɥɨɦɚɟɬɫɹ ɢ ɨɛɥɟɝɱɚɟɬ ɟɟ ɭɞɚɥɟɧɢɟ ɢɡ ɡɨɧɵ ɪɟɡɚɧɢɹ, ɱɬɨ ɭɞɨɛɧɨ 
ɩɪɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɨɛɪɚɛɨɬɤɟ. ɉɟɪɟɯɨɞɭ ɩɫɟɜɞɨɫɥɢɜɧɨɣ ɫɬɪɭɠɤɢ ɜ ɷɥɟɦɟɧɬɧɭɸ ɩɪɢ ɨɛɪɚɛɨɬɤɟ 
ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɫɩɨɫɨɛɫɬɜɭɸɬ ɭɜɟɥɢɱɟɧɢɟ ɬɨɥɳɢɧɵ ɫɪɟɡɚ, ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ ɢ ɭɦɟɧɶɲɟɧɢɟ 
ɩɟɪɟɞɧɟɝɨ ɭɝɥɚ ɢɧɫɬɪɭɦɟɧɬɚ. ȼ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɚɧɚɥɨɝɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ ɪɚɛɨɬɟ [2] ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɡɚɤɚɥɟɧɧɨɣ ɫɬɚɥɢ. 

ɉɪɢ ɷɬɨɦ ɞɥɹ ɫɥɢɜɧɵɯ ɫɬɪɭɠɟɤ ɨɫɧɨɜɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɫɬɪɭɠɤɨɨɛɪɚɡɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ 
ɭɫɚɞɤɚ ɫɬɪɭɠɤɢ ɢ ɭɝɨɥ ɧɚɤɥɨɧɚ ɭɫɥɨɜɧɨɣ ɩɥɨɫɤɨɫɬɢ ɫɞɜɢɝɚ - 1. ɗɥɟɦɟɧɬɧɨɟ ɫɬɪɭɠɤɨɨɛɪɚɡɨɜɚɧɢɟ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɭɝɥɨɜɵɯ ɢ ɥɢɧɟɣɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ: ɭɝɨɥ ɧɚ-
ɤɥɨɧɚ ɩɥɨɫɤɨɫɬɢ ɫɞɜɢɝɚ (ɫɤɨɥɚ) ɷɥɟɦɟɧɬɚ - 1, ɬɨɥɳɢɧɚ ɫɬɪɭɠɤɢ (ɜɵɫɨɬɚ ɷɥɟɦɟɧɬɚ) – ɚ1, ɜɵɫɨɬɚ 
ɫɩɥɨɲɧɨɝɨ ɭɱɚɫɬɤɚ ɫɬɪɭɠɢ - ɚ2, ɬɨɥɳɢɧɚ ɷɥɟɦɟɧɬɚ - b1, ɲɚɝ ɷɥɟɦɟɧɬɚ – m, ɩɢɥɨɨɛɪɚɡɧɚɹ ɜɵɫɨɬɚ hɫɪ [3, 
2]. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚɯɨɞɹɬɫɹ ɢ ɞɪɭɝɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɨɬɪɚɠɚɸ-
ɳɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɷɥɟɦɟɧɬɧɵɯ ɫɬɪɭɠɟɤ. Ɉɬɧɨɲɟɧɢɟ 12 ɚɚ  ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɩɥɨɲɧɨɫɬɶ ɫɬɪɭɠɤɢ. ɍɝɨɥ 
ɦɟɠɞɭ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɷɥɟɦɟɧɬɚ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ -  (ɪɢɫ.2), ɦɨɠɟɬ ɯɚɪɚɤ-



 
 
 
 
 

V Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 
«ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɷɤɨɧɨɦɢɤɚ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ» 
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ɬɟɪɢɡɨɜɚɬɶ ɫɞɜɢɝɨɜɵɟ ɞɟɮɨɪɦɚɰɢɢ. ɗɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɥɟɝɤɨ ɮɢɤɫɢɪɭɸɬɫɹ ɧɚ ɫɬɪɭɠɤɟ ɢ ɨɬɪɚɠɚɸɬ 
ɤɨɧɟɱɧɭɸ ɫɬɚɞɢɸ ɞɟɮɨɪɦɚɰɢɢ ɷɥɟɦɟɧɬɨɜ.  

 

 
ɚ)    ɛ) 

Ɋɢɫ. 1. ɋɬɪɭɠɤɚ, ɩɨɥɭɱɟɧɧɚɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɠɚɪɨɩɪɨɱɧɨɝɨ ɫɩɥɚɜɚ ɗɂ 698 ɩɪɢ =+7: 
ɚ) V=5ɦ/ɦɢɧ, ɛ) V=20ɦ/ɦɢɧ 

 
ɇɚ ɪɢɫ. 2 ɢɡɨɛɪɚɠɟɧɚ ɭɩɪɨɳɟɧɧɚɹ ɫɯɟɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɷɥɟɦɟɧɬɧɨɣ ɫɬɪɭɠɤɢ, ɤɨɬɨɪɚɹ ɫ ɞɨɫɬɚɬɨɱ-

ɧɨɣ ɬɨɱɧɨɫɬɶɸ ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɨɜɢɬɶ ɫɜɹɡɶ ɦɟɠɞɭ ɭɝɥɨɜɵɦɢ ɢ ɥɢɧɟɣɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɫɬɪɭɠɤɢ [3]. 
 

 
Ɋɢɫ. 2. ɍɩɪɨɳɟɧɧɚɹ ɫɯɟɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɷɥɟɦɟɧɬɧɨɣ ɫɬɪɭɠɤɢ 

 
Ɇɢɤɪɨɚɧɚɥɢɡ ɲɥɢɮɨɜ ɫɬɪɭɠɟɤ ɩɨɡɜɨɥɢɥ ɩɨɥɭɱɢɬɶ ɡɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɞɟɮɨɪɦɚɰɢɢ ɢ ɝɟɨ-

ɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɦɟɧɬɧɵɯ ɫɬɪɭɠɟɤ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ. 
ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ ɫɩɨɫɨɛɨɦ ɨɰɟɧɤɢ ɞɟɮɨɪɦɚɰɢɢ ɫɬɪɭɠɤɢ ɫɱɢɬɚɟɬɫɹ ɭɫɚɞɤɚ ɫɬɪɭɠɤɢ. Ɉɞɧɚɤɨ 

ɩɪɢ ɷɥɟɦɟɧɬɧɨɦ ɫɬɪɭɠɤɨɨɛɪɚɡɨɜɚɧɢɢ ɩɪɨɞɨɥɶɧɚɹ ɭɫɚɞɤɚ ɫɬɪɭɠɤɢ ɢɦɟɟɬ ɡɚɧɢɠɟɧɧɵɟ ɡɧɚɱɟɧɢɹ, ɨɫɨ-
ɛɟɧɧɨ ɩɪɢ ɛɨɥɶɲɢɯ ɩɨɞɚɱɚɯ ɢɧɫɬɪɭɦɟɧɬɚ [4]. 

Ⱦɥɹ ɷɥɟɦɟɧɬɧɨɣ ɫɬɪɭɠɤɢ ɭɞɨɛɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɰɟɧɤɢ ɞɟɮɨɪɦɚɰɢɢ ɭɝɨɥ ɫɞɜɢɝɚ 1 ɜ ɦɨɦɟɧɬ ɤɨ-
ɧɟɱɧɨɝɨ ɫɤɨɥɚ ɷɥɟɦɟɧɬɚ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɜɚɠɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɬɪɭɠɤɨɨɛɪɚɡɨɜɚɧɢɹ, ɩɨɷɬɨɦɭ 
ɟɝɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɨɫɧɨɜɧɨɣ ɩɚɪɚɦɟɬɪ ɩɪɨɰɟɫɫɚ ɫɬɪɭɠɤɨɨɛɪɚɡɨɜɚɧɢɹ [8]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɭɝɨɥ ɫɤɨɥɚ ɷɥɟɦɟɧɬɨɜ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹɦ ɫɬɪɭɠɟɤ ɩɭɬɟɦ ɢɡ-
ɦɟɪɟɧɢɹ ɫɬɨɪɨɧɵ Dɋ ɷɥɟɦɟɧɬɚ (ɪɢɫ.2). Ⱦɟɮɨɪɦɚɰɢɹ ɷɬɨɣ ɫɬɨɪɨɧɵ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɷɥɟɦɟɧɬɚ ɧɟɡɧɚ-
ɱɢɬɟɥɶɧɚ ɢ ɜɵɪɚɠɚɟɬɫɹ ɥɢɲɶ ɜ ɧɟɛɨɥɶɲɨɦ ɢɫɤɪɢɜɥɟɧɢɢ ɟɟ ɩɪɢɪɟɡɰɨɜɨɣ ɱɚɫɬɢ. ȿɫɥɢ ɨɛɨɡɧɚɱɢɬɶ ɞɥɢ-

ɧɭ ɭɤɚɡɚɧɧɨɣ ɫɬɨɪɨɧɵ ɱɟɪɟɡ  , ɬɨ: 
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1
a

arcsin .      (1) 

ɉɪɟɢɦɭɳɟɫɬɜɨ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɢɡɦɟɪɟɧɢɟ ɭɝɥɚ 1 ɡɚɦɟɧɹ-
ɟɬɫɹ ɢɡɦɟɪɟɧɢɟɦ ɞɥɢɧɵ  , ɤɨɬɨɪɨɟ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɲɥɢɮɟ ɫɬɪɭɠɤɢ, ɚ ɧɟ ɧɚ ɤɨɪɧɟ, ɱɬɨ ɫɧɢɠɚɟɬ ɬɪɭɞɨ-
ɟɦɤɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ. Ɍɨɱɧɨɫɬɶ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɜɵɱɢɫɥɟɧɢɹ ɭɝɥɚ 1 ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɚ [3]. 
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ɫɬɪɭɠɤ
ɫɥɢɜɧɚ
ɜɥɢɹɟɬ
ɚɜɬɨɪɨ

ɤɨɧɬɚɤ
ɧɨɟ ɫɨɫ
ɬɢɹ, ɪɚ
ɩɪɨɰɟɫ
ɧɟɡɧɚɱɢ
ɭɜɟɥɢɱ
ɫɜɨɣɫɬɜ
ɰɢɣ ɩɪ

 

ɬɢɬɚ
S=0,26

Ɋɢɫ

ɤɰɢɹ 2: ɂɧɧɨ

ɇɚ ɪɢɫ. 3 ɜɢ
ɯ ɦɚɬɟɪɢɚɥɨɜ
ɱɢɜɚɟɬɫɹ, ɱɬɨ
ɚ. Ɍɚɤɚɹ ɠɟ ɤɚ
ɂɡ ɷɬɨɝɨ ɫɥɟ
ɜ ɩɪɨɰɟɫɫɟ ɨ
ɢ ɧɟ ɨɬɪɚɠɚɟ
Ƚɪɚɮɢɤ ɡɚɜɢ
ɤɢ ɞɥɹ ɠɚɪɨɩ
ɚɹ ɫɬɪɭɠɤɚ ɩ
ɬ ɧɚ ɫɩɥɨɲɧɨɫ
ɨɜ [1, 2] ɩɪɢɜɨ
ɂɡɦɟɧɟɧɢɟ ɲ
ɤɬɧɵɯ ɩɪɨɰɟɫ
ɫɬɨɹɧɢɟ ɜ ɡɨɧ
ɚɫɬɹɠɟɧɢɹ ɢ ɧ
ɫɫɨɦ ɬɪɟɧɢɹ ɢ
ɢɬɟɥɶɧɨɟ ɜɥɢ
ɱɟɧɢɟɦ ɩɨɞɚɱ
ɜ ɨɛɪɚɛɚɬɵɜɚ
ɢ ɨɛɪɚɛɨɬɤɟ, 

ɚɧɨɜɵɟ ɫɩɥɚɜ
65ɦɦ/ɨɛ;  ɫɩɥ

ɫ. 5. Ɂɚɜɢɫɢɦɨ

ɨɜɚɰɢɨɧɧɵɟ ɬ

ɢɞɧɨ, ɱɬɨ ɫ ɭɜ
ɜ ɩɨɜɵɲɚɟɬɫɹ
ɨ ɜɵɪɚɠɚɟɬɫɹ
ɚɪɬɢɧɚ ɧɚɛɥɸ
ɟɞɭɟɬ, ɱɬɨ ɭɝɨ
ɨɛɪɚɛɨɬɤɢ ɦɚ
ɟɬ ɟɟ ɜɧɭɬɪɢ ɷ
ɢɫɢɦɨɫɬɢ ɫɩɥ
ɩɪɨɱɧɨɝɨ ɫɩɥɚ
ɩɟɪɟɯɨɞɢɬ ɤ ɫ
ɫɬɶ ɫɬɪɭɠɤɢ 
ɨɞɢɬ ɤ ɩɨɜɵɲ
ɲɚɝɚ ɷɥɟɦɟɧɬ
ɫɫɨɜ. ɉɪɢ ɨɛɪ
ɧɟ ɫɞɜɢɝɚ ɷɥɟɦ
ɧɚɩɪɹɠɟɧɢɣ ɫ
ɢ ɫɯɜɚɬɵɜɚɧɢɹ
ɢɹɧɢɟ. ɒɚɝ ɛ
ɱɢ ɲɚɝ ɷɥɟɦɟ
ɚɟɦɨɝɨ ɦɚɬɟɪɢ
ɫɜɹɡɵɜɚɹ ɱɚɫ

Ɋɢ
ɜɵ =+10, =
ɥɚɜ ɗɂ698 =

ɨɫɬɶ ɫɩɥɨɲɧɨ
t=3ɦɦ): Ƈ –

ɬɟɯɧɨɥɨɝɢɢ ɩ

ɜɟɥɢɱɟɧɢɟɦ ɩ
ɹ. ɉɪɢ ɭɜɟɥɢɱ
ɹ ɜ ɭɦɟɧɶɲɟ
ɸɞɚɟɬɫɹ ɜ ɨɩɵ
ɨɥ ɫɞɜɢɝɚ ɷɥɟ
ɚɬɟɪɢɚɥɨɜ. Ɉɞ
ɷɥɟɦɟɧɬɚ. 
ɥɨɲɧɨɫɬɢ ɫɬ
ɚɜɚ ɩɪɟɞɫɬɚɜɥ
ɫɬɪɭɠɤɟ ɫɤɚɥ
ɫɢɥɶɧɟɟ, ɱɟɦ
ɲɟɧɧɨɦɭ ɢɡɧɨ
ɬɨɜ m ɨɬ ɫɤɨ
ɪɚɡɨɜɚɧɢɢ ɷɥ
ɦɟɧɬɨɜ, ɤɨɬɨɪ
ɫɞɜɢɝɚ, ɢ ɧɟɫɬ
ɹ ɜ ɤɨɧɬɚɤɬɧɨ
ɛɨɥɶɲɟ ɡɚɜɢɫɢ
ɟɧɬɨɜ ɪɚɫɬɟɬ, 
ɢɚɥɚ. ɉɪɢ ɷɬɨ
ɫɬɨɬɭ ɩɨɹɜɥɟɧ

ɢɫ. 3. ɂɡɦɟɧɟ
=10, =45 ◊

=+7, =10, 

ɨɫɬɢ ɫɬɪɭɠɤɢ
– S=0.1ɦɦ/ɨɛ

 
 
 
 
 
 

ɩɨɥɭɱɟɧɢɹ ɢ ɨ
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ɩɨɞɚɱɢ ɢ ɫɤɨ
ɱɟɧɢɢ ɩɥɚɫɬɢ
ɟɧɢɢ ɭɝɥɚ 1

ɵɬɚɯ ɫɨ ɫɬɚɥɶɸ
ɟɦɟɧɬɚ 1 ɩɨ
ɞɧɚɤɨ ɨɧ ɮɢɤ

ɬɪɭɠɤɢ ɨɬ ɫɤ
ɥɟɧ ɧɚ ɪɢɫ. 4
ɥɵɜɚɧɢɹ (ɫɩɥ
ɦ ɢɡɦɟɧɟɧɢɟ ɫ
ɨɫɭ ɢɧɫɬɪɭɦɟ
ɨɪɨɫɬɢ ɪɟɡɚɧɢ
ɟɦɟɧɬɧɨɣ (ɫɭ
ɪɨɟ ɫɜɹɡɚɧɨ ɫ 
ɬɚɛɢɥɶɧɨɫɬɶ ɜ
ɨɦ ɫɥɨɟ [12]. ɇ
ɢɬ ɨɬ ɩɨɞɚɱɢ
ɧɨ ɟɳɟ ɛɨɥ
ɨɦ ɲɚɝ ɷɥɟɦɟɧ
ɧɢɹ ɷɥɟɦɟɧɬɨɜ

ɟɧɢɟ ɭɝɥɚ ɫɞɜ
◊-ȼɌ3-1 S=0,2
=75 Ÿ – S=

 

ɢ ɨɬ ɫɤɨɪɨɫɬɢ
ɛ; Ŷ – S=0.26ɦ

ɨɛɪɚɛɨɬɤɢ ɦɚ

ɨɪɨɫɬɢ ɪɟɡɚɧ
ɢɱɧɨɫɬɢ ɫɩɥɚɜ
ɢ ɫɨɨɬɜɟɬɫɬ
ɸ [2]. 
ɤɚɡɵɜɚɟɬ ɫɭɳ
ɤɫɢɪɭɟɬ ɥɢɲɶ

ɤɨɪɨɫɬɢ ɪɟɡɚ
. ɉɪɢ ɩɨɜɵɲ
ɥɨɲɧɨɫɬɶ ɫɬɪ
ɫɤɨɪɨɫɬɢ ɪɟɡɚ
ɟɧɬɚ. 
ɢɹ (ɪɢɫ.6) ɨɬ
ɭɫɬɚɜɱɚɬɨɣ) ɫ
ɩɟɪɢɨɞɢɱɟɫɤ
ɜ ɡɨɧɟ ɜɬɨɪɢɱ
ɇɚ ɲɚɝ ɷɥɟɦɟ
ɢ ɢ ɨɬ ɫɜɨɣɫɬ
ɶɲɟ ɨɧ ɪɚɫɬ
ɧɬɨɜ ɡɚɱɚɫɬɭɸ
ɜ ɫ ɱɚɫɬɨɬɨɣ ɜ

ɜɢɝɚ ɷɥɟɦɟɧɬɨ
265ɦɦ/ɨɛ;  –
=0,36ɦɦ/ɨɛ; Ŷ

ɢ ɪɟɡɚɧɢɹ ɞɥɹ 
ɦɦ/ɨɛ; Ÿ – S=

ɚɬɟɪɢɚɥɨɜ ɜ ɦ

ɢɹ ɭɝɨɥ 1 ɞɥ
ɜɚ ɫɬɟɩɟɧɶ ɞɟ
ɬɜɭɸɳɟɦ ɭɜɟ

ɳɟɫɬɜɭɸɳɭɸ
ɶ ɨɤɨɧɱɚɬɟɥɶ

ɚɧɢɹ ɢ ɩɨɞɚɱ
ɲɟɧɢɢ ɩɨɞɚɱɢ
ɪɭɠɤɢ ɭɦɟɧɶ
ɚɧɢɹ. Ɍɚɤɚɹ ɫ

ɬɪɚɠɚɟɬ ɛɨɥɟ
ɫɬɪɭɠɤɢ ɧɚɛɥ
ɤɢɦ ɢɡɦɟɧɟɧɢ
ɱɧɵɯ ɞɟɮɨɪɦɚ
ɟɧɬɨɜ ɫɤɨɪɨɫɬ
ɜ ɨɛɪɚɛɚɬɵɜɚ
ɟɬ ɫ ɭɜɟɥɢɱɟ
ɸ ɫɜɹɡɵɜɚɸɬ ɫ
ɜɨɡɧɢɤɚɸɳɢɯ

 
ɨɜ:  
– ȼɌ6 S=0,26
Ŷ - S=0,26ɦɦ

ɫɩɥɚɜɚ ɗɂ69
=0,36ɦɦ/ɨɛ  

ɦɚɲɢɧɨɫɬɪɨɟɧ

ɥɹ ɬɪɭɞɧɨɨɛɪ
ɟɮɨɪɦɚɰɢɢ ɷɥ
ɟɥɢɱɟɧɢɢ ɩɥɨ

ɸ ɫɥɨɠɧɭɸ ɫɜ
ɶɧɭɸ ɫɬɚɞɢɸ 

ɱɢ ɫ ɮɨɬɨɝɪɚ
ɢ ɢ ɫɤɨɪɨɫɬɢ ɪ
ɶɲɚɟɬɫɹ), ɧɨ 
ɫɢɬɭɚɰɢɹ ɩɨ ɦ

ɟ ɫɥɨɠɧɭɸ ɤ
ɥɸɞɚɟɬɫɹ ɧɟɫ
ɢɟɦ ɧɚɩɪɹɠɟɧ
ɚɰɢɣ, ɨɛɭɫɥɨɜ
ɬɶ ɪɟɡɚɧɢɹ ɨɤ
ɚɟɦɨɝɨ ɦɚɬɟɪ
ɟɧɢɟɦ ɦɟɯɚɧɢ
ɫ ɩɨɹɜɥɟɧɢɟɦ
ɯ ɜɢɛɪɚɰɢɣ [1,

65ɦɦ/ɨɛ;  - 
/ɨɛ;  - S=0,

 
98 (=+7, =

ɧɢɢ 

ɪɚɛɚɬɵ-
ɥɟɦɟɧɬɚ 
ɨɫɤɨɫɬɢ 

ɜɹɡɶ ɹɜ-
ɞɟɮɨɪ-

ɚɮɢɹɦɢ 
ɪɟɡɚɧɢɹ 
ɩɨɞɚɱɚ 
ɦɧɟɧɢɸ 

ɤɚɪɬɢɧɭ 
ɫɬɚɛɢɥɶ-
ɧɢɣ ɫɠɚ-
ɜɥɟɧɧɚɹ 
ɚɡɵɜɚɟɬ 
ɪɢɚɥɚ. ɋ 
ɢɱɟɫɤɢɯ 
ɦ ɜɢɛɪɚ-
, 2]. 

ȼɌ1 
1ɦɦ/ɨɛ 

=10, 



 

 

ɦɟɯɚɧɢ
ɧɢɹ ɢ ɤ

ɱɟɧɢɟɦ
ɩɥɨɫɤɨ

ɧɢɹ ɨɛ
ɱɬɨ ɩɪɢ

ɳɢɯ ɷɬ

ɧɵ ɫɪɟ
ɧɚɩɪɹɠ
Ɏɢɥɞ ɢ

ɥɢɧɢɣ 
ɫɜɨɛɨɞ
ɫɹ ɫ ɪɨ
ɧɢɹ ɡɚɜ
ɞɢɬ ɤ ɩ
ɭɤɚɡɵɜ

ɫɬɪɭɠɤ
ɦɚɥɶɧɨ
ɫɬɚɜɥɹɸ
ɤɨɧɬɚɤ
ɧɟɟ ɤɨ
ɩɨɫɬɨɹ
ɧɚɩɪɹɠ
ɫɬɪɭɠɤ

ɨɧɧɨɝɨ
ɧɢɟ ɩɨ

ɍɝɨɥ 1, ɲ
ɢɱɟɫɤɢɦɢ ɫɜɨ
ɤɨɧɬɚɤɬɧɵɦɢ
Ɍɨɥɳɢɧɚ ɫɪɟ
ɦ ɬɨɥɳɢɧɵ 
ɨɫɬɢ ɫɞɜɢɝɚ, ɭ
ɍɜɟɥɢɱɟɧɢɟ 
ɛɴɟɦɚ ɞɟɮɨɪɦ
ɢɜɨɞɢɬ ɤ ɩɟɪ
Ɉ ɜɥɢɹɧɢɢ ɬ
ɬɨ ɜɥɢɹɧɢɟ, ɧ
ɇ.ɇ. Ɂɨɪɟɜ ɨ
ɟɡɚ ɤɚɤ ɪɟɡɭɥɶ
ɠɟɧɧɨɝɨ ɫɨɫɬ
ɢ Ɇɟɪɱɚɧɬ [1
 

Ɋɢɫ. 
ɫɩ
ɫɩɥ
ɫɩ

 
ɂɧɝɨɪɨ ɇ.ȿ.
ɫɤɨɥɶɠɟɧɢɹ,
ɞɧɨɣ ɩɨɜɟɪɯɧ
ɨɫɬɨɦ ɬɨɥɳɢɧ
ɜɢɫɢɬ ɨɬ ɜɟɥɢ
ɩɨɹɜɥɟɧɢɸ ɬɪ
ɜɚɸɬ ɢ ɞɪɭɝɢɟ
Ɍɨɥɳɢɧɚ ɫɪɟ
ɤɢ ɫ ɩɟɪɟɞɧɟɣ
ɨɣ ɫɢɥɵ ɢ ɫɢ
ɸɳɟɣ ɨɩɟɪɟɠ
ɤɬɚ ɧɚ ɩɟɪɟɞɧ
ɨɧɬɚɤɬɧɨɟ ɞɚɜ
ɹɧɧɵɦ [9, 11,
ɠɟɧɢɣ ɜ ɤɨɧ
ɤɢ ɢ ɧɚɩɪɹɠɟ
ȼ ɨɛɳɟɦ ɫɥɭ
ɨ ɩɪɨɰɟɫɫɚ. Ɉ
ɩɟɪɟɱɧɨɣ ɭɫɚ

V Ɇɟɠɞ
«ɂɧɧɨɜɚɰɢɨ

ɲɚɝ ɷɥɟɦɟɧɬɨ
ɨɣɫɬɜɚɦɢ ɨɛɪ
ɢ ɹɜɥɟɧɢɹɦɢ ɧ
ɟɡɚ (ɩɨɞɚɱɚ) 
ɫɪɟɡɚ ɭɜɟɥɢɱ
ɭɜɟɥɢɱɢɜɚɟɬɫ
ɬɨɥɳɢɧɵ ɫɪɟ
ɦɚɰɢɢ. Ɉɞɧɚ
ɟɯɨɞɭ ɫɥɢɜɧɵ
ɬɨɥɳɢɧɵ ɫɪɟ
ɨ ɟɞɢɧɨɝɨ ɦɧ
ɨɛɴɹɫɧɹɟɬ ɞɚɧ
ɶɬɚɬ ɫɧɢɠɟɧɢ
ɬɨɹɧɢɹ ɡɨɧɵ
4]. 

6. Ɂɚɜɢɫɢɦɨɫ
ɩɥɚɜ ȼɌ1 =+
ɥɚɜ ɗɂ698 =
ɩɥɚɜ ȼɌ3-1 =

 ɢ Ɉɤɫɥɢ ɉ.Ʌ
, ɜɵɹɜɢɥɢ, ɱɬ
ɧɨɫɬɢ ɞɨ ɧɚɩɪ
ɧɵ ɫɪɟɡɚ. ɗɬɨ
ɢɱɢɧɵ ɧɚɩɪɹ
ɪɟɳɢɧɵ ɜ ɨɛ
ɟ ɢɫɫɥɟɞɨɜɚɬɟ
ɟɡɚ ɜɥɢɹɟɬ ɧɚ 
ɣ ɩɨɜɟɪɯɧɨɫɬ
ɢɥɵ ɬɪɟɧɢɹ ɧɚ
ɠɚɟɬ ɪɨɫɬ ɫɢ
ɧɟɣ ɩɨɜɟɪɯɧɨ
ɜɥɟɧɢɟ ɭɜɟɥɢ
 3], ɩɨɷɬɨɦɭ 
ɧɬɚɤɬɧɨɣ ɨɛɥ
ɟɧɢɣ ɪɚɫɬɹɠɟɧ
ɭɱɚɟ ɭɜɟɥɢɱɟɧ
Ɉɛ ɷɬɨɦ ɝɨɜɨɪ
ɚɞɤɢ ɫɬɪɭɠɤɢ

ɞɭɧɚɪɨɞɧɚɹ ɧ
ɨɧɧɵɟ ɬɟɯɧɨɥ

ɨɜ – m ɢ 

ɪɚɛɚɬɵɜɚɟɦɨ
ɧɚ ɩɟɪɟɞɧɟɣ ɩ
ɞɨɫɬɚɬɨɱɧɨ ɫ
ɱɢɜɚɟɬɫɹ ɡɨɧ
ɫɹ ɩɥɨɳɚɞɶ ɤɨ
ɟɡɚ ɩɪɢɜɨɞɢɬ
ɚɤɨ ɩɪɢ ɷɬɨɦ
ɵɯ ɫɬɪɭɠɟɤ ɤ
ɡɚ ɧɚ ɫɬɪɭɠɤ
ɧɟɧɢɹ ɞɨ ɫɢɯ 
ɧɧɵɣ ɩɟɪɟɯɨɞ
ɢɹ ɩɥɚɫɬɢɱɧɨ
ɵ ɫɬɪɭɠɤɨɨɛɪ

ɫɬɶ ɲɚɝɚ ɷɥɟɦ
10, =70, 
=+7, =45, 
=+10, =70,

Ʌ., ɢɫɫɥɟɞɭɹ
ɬɨ ɝɢɞɪɨɫɬɚɬɢ
ɪɹɠɟɧɢɣ ɪɚɫɬ
ɨ ɨɛɫɬɨɹɬɟɥɶ
ɹɠɟɧɢɣ ɪɚɫɬɹ
ɛɪɚɛɚɬɵɜɚɟɦɨ
ɟɥɢ ɩɪɨɰɟɫɫɚ
 ɫɬɪɭɠɤɨɨɛɪɚ
ɬɶɸ ɢɧɫɬɪɭɦ
ɚ ɩɟɪɟɞɧɟɣ ɩ
ɢɥɵ ɬɪɟɧɢɹ. Ɍ
ɨɫɬɢ ɢɧɫɬɪɭɦ
ɢɱɢɜɚɟɬɫɹ, ɚ 
ɫɪɟɞɧɢɣ ɤɨɷ
ɥɚɫɬɢ ɜɟɞɟɬ 
ɧɢɹ ɭ ɜɟɪɲɢɧ
ɧɢɟ ɬɨɥɳɢɧɵ
ɪɢɬ ɪɨɫɬ ɭɝɥɚ
ɢ. 

 
 
 
 
 

ɧɚɭɱɧɨ-ɩɪɚɤɬɢ
ɨɝɢɢ ɢ ɷɤɨɧɨ
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ɫɩɥɨɲɧɨɫɬɶ 
ɝɨ ɦɚɬɟɪɢɚɥɚ
ɩɨɜɟɪɯɧɨɫɬɢ.
ɫɥɨɠɧɨ ɜɥɢɹɟ
ɧɚ ɫɬɪɭɠɤɨɨɛ
ɨɧɬɚɤɬɚ ɫɬɪɭɠ
ɬ ɤ ɪɨɫɬɭ ɭɝɥɚ
ɦ ɫɩɥɨɲɧɨɫɬɶ
ɤ ɷɥɟɦɟɧɬɧɵɦ
ɤɨɨɛɪɚɡɨɜɚɧɢ
ɩɨɪ ɧɟɬ. 
ɞ (ɫɥɢɜɧɚɹ ɫɬ
ɨɫɬɢ ɨɛɪɚɛɚɬɵ
ɪɚɡɨɜɚɧɢɹ [8

ɦɟɧɬɨɜ ɫɬɪɭɠ
=10 Ƒ - S=0
=10  - S=0
, =10 + - S=

ɧɚɩɪɹɠɟɧɢɹ
ɢɱɟɫɤɨɟ ɧɚɩɪ
ɬɹɠɟɧɢɹ ɭ ɜɟɪ
ɶɫɬɜɨ ɭɤɚɡɵɜɚ
ɹɠɟɧɢɹ ɜɛɥɢɡ
ɨɦ ɦɚɬɟɪɢɚɥɟ
ɚ ɪɟɡɚɧɢɹ ɦɚɬ
ɚɡɨɜɚɧɢɹ ɱɟɪ
ɦɟɧɬɚ. ɍɜɟɥɢɱ
ɩɨɜɟɪɯɧɨɫɬɢ ɢ
Ɍɚɤ ɤɚɤ ɫ ɭɜɟ
ɟɧɬɚ ɪɚɫɬɟɬ ɧ
ɫɪɟɞɧɟɟ ɤɚɫ
ɷɮɮɢɰɢɟɧɬ ɬɪ
ɤ ɪɨɫɬɭ ɧɚɩ
ɧɵ ɪɟɡɰɚ. 
ɵ ɫɪɟɡɚ ɩɪɢɜɨ
ɚ 1, ɫɧɢɠɟɧɢ

ɢɱɟɫɤɚɹ ɤɨɧɮ
ɨɦɢɤɚ ɜ ɦɚɲɢ

ɫɬɪɭɠɤɢ -

ɚ, ɝɟɨɦɟɬɪɢɟɣ
. 
ɟɬ ɧɚ ɩɪɨɰɟɫɫ
ɛɪɚɡɨɜɚɧɢɹ: 
ɠɤɢ ɫ ɢɧɫɬɪɭ
ɚ 1, ɪɚɫɬɟɬ ɲ
ɶ ɫɬɪɭɠɤɢ (ɨ
ɦ.  
ɢɟ ɫɭɳɟɫɬɜɭɟ

ɬɪɭɠɤɚ ɜ ɷɥɟɦ
ɵɜɚɟɦɨɝɨ ɦɚɬ
8]. Ⱥɧɚɥɨɝɢɱ

ɠɤɢ ɨɬ ɫɤɨɪɨɫ
0,265ɦɦ/ɨɛ, ◊
0,26ɦɦ/ɨɛ, Ÿ
=0,26ɦɦ/ɨɛ, 

ɜ ɩɥɚɫɬɢɱɟɫ
ɪɹɠɟɧɢɟ ɢɡɦɟ
ɪɲɢɧɵ ɪɟɡɰɚ
ɚɟɬ ɧɚ ɬɨ, ɱɬɨ
ɡɢ ɪɟɠɭɳɟɣ ɤ
ɟ. ɇɚ ɜɨɡɧɢɤɧ
ɬɟɪɢɚɥɨɜ [10, 
ɪɟɡ ɧɚɩɪɹɠɟɧɧ
ɱɟɧɢɟ ɬɨɥɳɢ
ɢɧɫɬɪɭɦɟɧɬɚ
ɟɥɢɱɟɧɢɟɦ ɬɨ
ɧɟ ɩɪɨɩɨɪɰɢɨ
ɫɚɬɟɥɶɧɨɟ ɧɚɩ
ɪɟɧɢɹ ɭɦɟɧɶɲ
ɩɪɹɠɟɧɢɣ ɫɠ

ɨɞɢɬ ɤ ɫɧɢɠɟɧ
ɢɟ ɫɪɟɞɧɟɝɨ ɤ

ɮɟɪɟɧɰɢɹ 
ɢɧɨɫɬɪɨɟɧɢɢ»

12 ɚɚ  ɨɩɪ
ɣ ɢɧɫɬɪɭɦɟɧ

ɫ ɫɬɪɭɠɤɨɨɛɪ
ɭɜɟɥɢɱɢɜɚɟɬ
ɭɦɟɧɬɨɦ ɩɨ ɩ
ɲɚɝ ɷɥɟɦɟɧɬɨɜ
ɨɬɧɨɲɟɧɢɟ ɚ

ɟɬ ɧɟɫɤɨɥɶɤɨ 

ɦɟɧɬɧɭɸ) ɫ ɭ
ɬɟɪɢɚɥɚ, ɜɵɡɜ
ɱɧɵɯ ɜɡɝɥɹɞɨ

 
ɫɬɢ ɪɟɡɚɧɢɹ (ȼ
◊ - S=0,37ɦɦ/ɨ
Ÿ - S=0,36ɦɦ/
 - S=0,37ɦɦ

ɤɨɣ ɡɨɧɟ ɧɚ 
ɟɧɹɟɬɫɹ ɨɬ ɧɚ
ɚ. ɗɬɢ ɧɚɩɪɹɠ
ɨ ɨɛɪɚɡɨɜɚɧɢ
ɤɪɨɦɤɢ ɢɧɫɬɪ
ɧɨɜɟɧɢɟ ɨɩɟɪ
5]. 
ɧɨɟ ɫɨɫɬɨɹɧɢ
ɧɵ ɫɪɟɡɚ ɩɪɢ
ɚ. ɉɪɢ ɷɬɨɦ ɪ
ɨɥɳɢɧɵ ɫɪɟɡ
ɨɧɚɥɶɧɨ ɬɨɥɳ
ɩɪɹɠɟɧɢɟ ɨɫ
ɲɚɟɬɫɹ. ɍɜɟɥ
ɠɚɬɢɹ ɭ ɫɜɨɛ

ɧɢɸ ɧɚɩɪɹɠɟ
ɤɨɷɮɮɢɰɢɟɧɬ

» 

ɟɞɟɥɹɸɬɫɹ ɮ
ɧɬɚ, ɪɟɠɢɦɚɦ

ɪɚɡɨɜɚɧɢɹ. ɋ
ɬɫɹ ɞɥɢɧɚ ɭɫ
ɩɟɪɟɞɧɟɣ ɝɪɚɧ
ɜ m ɡɚ ɫɱɟɬ ɭ

12 ɚ ) ɭɦɟɧɶɲ

ɝɢɩɨɬɟɡ, ɨɛɴ

ɭɜɟɥɢɱɟɧɢɟɦ 
ɜɚɧɧɵɣ ɢɡɦɟ
ɨɜ ɩɪɢɞɟɪɠɢ

ȼɄ8):  
ɨɛ;  
/ɨɛ;  
/ɨɛ 

ɨɫɧɨɜɟ ɬɟɨɪɢ
ɚɩɪɹɠɟɧɢɹ ɫɠ
ɠɟɧɢɹ ɭɜɟɥɢɱ
ɢɟ ɫɬɪɭɠɤɢ ɫɤ
ɪɭɦɟɧɬɚ, ɱɬɨ
ɪɟɠɚɸɳɟɣ ɬɪ

ɢɟ ɜ ɤɨɧɬɚɤɬɧ
ɢɜɨɞɢɬ ɤ ɪɨɫ
ɪɨɫɬ ɧɨɪɦɚɥɶ
ɡɚ (ɩɨɞɚɱɢ) ɩ
ɳɢɧɟ ɫɪɟɡɚ, ɬ
ɫɬɚɟɬɫɹ ɩɪɚɤɬ
ɢɱɟɧɢɟ ɧɨɪɦ
ɛɨɞɧɨɣ ɩɨɜɟɪ

ɟɧɧɨɫɬɢ ɞɟɮɨ
ɬɚ ɬɪɟɧɢɹ, ɭɦ

ɮɢɡɢɤɨ-
ɦɢ ɪɟɡɚ-

ɋ ɭɜɟɥɢ-
ɫɥɨɜɧɨɣ 
ɧɢ. 
ɜɟɥɢɱɟ-
ɲɚɟɬɫɹ, 

ɴɹɫɧɹɸ-

ɬɨɥɳɢ-
ɟɧɟɧɢɟɦ 
ɢɜɚɸɬɫɹ 

ɢɢ ɩɨɥɹ 
ɠɚɬɢɹ ɭ 
ɱɢɜɚɸɬ-
ɤɚɥɵɜɚ-
 ɩɪɢɜɨ-
ɪɟɳɢɧɵ 

ɧɨɣ ɡɨɧɟ 
ɫɬɭ ɧɨɪ-
ɶɧɨɣ ɫɨ-
ɩɥɨɳɚɞɶ 
ɬɨ ɫɪɟɞ-
ɬɢɱɟɫɤɢ 
ɦɚɥɶɧɵɯ 
ɪɯɧɨɫɬɢ 

ɨɪɦɚɰɢ-
ɦɟɧɶɲɟ-



 
 
 
 
 
 

ɋɟɤɰɢɹ 2: ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ 
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ɉɪɨɰɟɫɫɟ ɫɬɪɭɠɤɨɨɛɪɚɡɨɜɚɧɢɹ ɞɨɜɨɥɶɧɨ ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ. Ɇɟɯɚɧɢɡɦ ɜɥɢɹɧɢɹ 
ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɟɧ. ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɜɵ-
ɹɜɢɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɫɤɨɪɨɫɬɢ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɩɪɨɰɟɫɫ 
ɪɟɡɚɧɢɹ ɦɧɨɝɢɯ ɩɚɪɚɦɟɬɪɨɜ: ɬɟɦɩɟɪɚɬɭɪɚ ɪɟɡɚɧɢɹ, ɤɨɧɬɚɤɬɧɵɟ ɹɜɥɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɢɧɫɬɪɭɦɟɧɬɚ 
ɢ ɢɡɧɨɫ ɢɧɫɬɪɭɦɟɧɬɚ (ɨɫɨɛɟɧɧɨ, ɟɫɥɢ ɭɱɢɬɵɜɚɬɶ ɜɡɚɢɦɨɜɥɢɹɧɢɟ ɢɡɧɨɫɚ ɢ ɩɪɨɰɟɫɫɚ ɫɬɪɭɠɤɨɨɛɪɚɡɨɜɚ-
ɧɢɹ [1, 2]), ɩɪɨɹɜɥɟɧɢɟ ɤɨɬɨɪɵɯ ɨɱɟɧɶ ɫɢɥɶɧɨ ɫɜɹɡɚɧɨ ɫ ɪɨɫɬɨɦ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ. 

ɍɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ, ɜ ɨɛɳɟɦ, ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɨɛɪɚɡɨɜɚɧɢɸ ɷɥɟɦɟɧɬɧɵɯ ɫɬɪɭɠɟɤ, ɱɬɨ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɨɬɥɢɱɚɟɬ ɩɪɨɰɟɫɫ ɪɟɡɚɧɢɹ ɷɬɢɯ ɫɩɥɚɜɨɜ 
ɨɬ ɩɪɨɰɟɫɫɚ ɪɟɡɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɫɬɚɥɟɣ ɢ ɦɧɨɝɢɯ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ. 

ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ ɭɝɨɥ ɫɤɨɥɚ ɷɥɟɦɟɧɬɨɜ 1 ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɫɩɥɨɲɧɨɫɬɶ ɫɬɪɭɠ-
ɤɢ ɭɦɟɧɶɲɚɟɬɫɹ. ɒɚɝ ɷɥɟɦɟɧɬɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ ɨɬɪɚɠɚɟɬ ɛɨɥɟɟ ɫɥɨɠɧɭɸ ɤɚɪɬɢ-
ɧɭ ɩɪɨɢɫɯɨɞɹɳɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɡɨɧɟ ɫɬɪɭɠɤɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚ ɤɨɧɬɚɤɬɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɢɧɫɬɪɭɦɟɧɬɚ. 
ɒɚɝ ɠɟ ɷɥɟɦɟɧɬɚ ɫɬɪɭɠɤɢ, ɢɡɧɚɱɚɥɶɧɨ ɭɜɟɥɢɱɢɜɚɹɫɶ, ɞɨɫɬɢɝɚɟɬ ɧɟɤɨɬɨɪɨɝɨ ɦɚɤɫɢɦɭɦɚ, ɚ ɡɚɬɟɦ ɫ 
ɞɚɥɶɧɟɣɲɢɦ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɧɚɱɢɧɚɟɬ ɭɦɟɧɶɲɚɬɶɫɹ. ɑɟɦ ɩɥɚɫɬɢɱɧɟɟ ɫɩɥɚɜ, ɬɟɦ ɜɵɲɟ ɭɪɨɜɟɧɶ 
ɫɤɨɪɨɫɬɟɣ, ɩɪɢ ɤɨɬɨɪɵɯ ɲɚɝ ɫɬɪɭɠɤɢ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ. Ɉɞɧɨɣ ɢɡ ɩɪɢɱɢɧ ɬɚɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɦɚɬɟ-
ɪɢɚɥɚ ɜ ɩɪɨɰɟɫɫɟ ɪɟɡɚɧɢɹ ɹɜɥɹɟɬɫɹ, ɜɨɡɦɨɠɧɨ, ɩɨɜɵɲɟɧɧɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɢɫɫɥɟɞɭɟɦɵɯ ɫɩɥɚɜɨɜ ɤ 
ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦɚɰɢɢ. ɋɤɨɪɨɫɬɶ ɠɟ ɪɟɡɚɧɢɹ – ɨɫɧɨɜɧɨɣ ɩɚɪɚɦɟɬɪ, ɤɨɬɨɪɵɣ ɢ ɨɩɪɟɞɟɥɹɟɬ ɫɤɨɪɨɫɬɶ 
ɞɟɮɨɪɦɚɰɢɢ ɦɚɬɟɪɢɚɥɚ ɫɪɟɡɚɟɦɨɝɨ ɫɥɨɹ. 

Ʉɪɨɦɟ ɨɩɢɫɚɧɧɨɝɨ ɜɥɢɹɧɢɹ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ ɫɬɪɭɠɤɨɨɛɪɚɡɨɜɚɧɢɟ ɬɚɤɠɟ ɡɚɜɢɫɢɬ ɨɬ ɪɹɞɚ ɜɬɨ-
ɪɢɱɧɵɯ ɹɜɥɟɧɢɣ: ɬɟɦɩɟɪɚɬɭɪɚ ɪɟɡɚɧɢɹ, ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɪɟɜɪɚɳɟɧɢɹ, ɤɨɧɬɚɤɬɧɵɟ ɹɜɥɟɧɢɹ ɢ ɞɪ. 

Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɹɜɥɟɧɢɹ ɩɪɢ ɪɟɡɚɧɢɢ ɬɪɭɞɧɨɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɫɩɥɚɜɨɜ ɨɬɪɚɠɚɸɬ ɥɢɲɶ ɱɚɫɬɶ 
ɬɟɯ ɫɥɨɠɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɫɭɳɟɫɬɜɭɸɬ ɢ ɞɟɣɫɬɜɭɸɬ ɨɞɧɨɜɪɟɦɟɧɧɨ. Ⱥɧɚɥɢɡ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨɬɪɚɠɚɟɬ ɜ ɨɫɧɨɜɧɨɦ ɤɚɱɟɫɬɜɟɧɧɭɸ ɤɚɪɬɢɧɭ ɩɪɨɰɟɫɫɚ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ 
ɩɪɢ ɪɟɡɚɧɢɢ ɬɪɭɞɧɨɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɪɚɡɧɵɯ ɪɟɠɢɦɚɯ. 
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