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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɩɨɥɧɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɢɧɬɟɡ ɩɨɪɨɲɤɨɜ La0.825Sr0.17MnO3 ɩɪɢ ɬɟɦ-

ɩɟɪɚɬɭɪɟ ɞɨ 1200 ɨɋ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɧɟ ɫɩɟɱɟɧɧɭɸ ɦɚɫɫɭ, ɚ ɩɨɪɨɲɨɤ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟ-
ɫɤɢɦ ɫɨɫɬɚɜɨɦ, ɩɪɢɝɨɞɧɵɣ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɷɥɚɫɬɢɱɧɵɯ ɩɨɤɪɵɬɢɣ. ȼɵɯɨɞ ɨɫɧɨɜɧɨɣ ɦɚɫɫɵ
ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ 90 ɦɚɫ. % ɨɬ ɫɨɫɬɚɜɚ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ. ɍɫɬɚɧɨɜɥɟɧɧɵɟ ɪɟɠɢɦɵ ɫɢɧɬɟɡɚ ɦɨɝɭɬ ɛɵɬɶ ɪɟɤɨɦɟɧ-

ɞɨɜɚɧɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɝɥɨɳɚɸɳɟɝɨ ɩɢɝɦɟɧɬɚ, ɨɛɥɚɞɚɸɳɟɝɨ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɥɭɱɚ-
ɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ.
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Ключевые слова: ɝɢɛɪɢɞɧɵɣ ɪɚɤɟɬɧɵɣ ɞɜɢɝɚɬɟɥɶ, ɬɜɟɪɞɨɟ ɪɚɤɟɬɧɨɟ ɬɨɩɥɢɜɨ, ɫɤɨɪɨɫɬɶ ɝɨɪɟɧɢɹ, ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɚɹ ɦɨɞɟɥɶ, ɭɪɚɜɧɟɧɢɹ ɝɚɡɨɜɨɣ ɞɢɧɚɦɢɤɢ, ɝɨɪɸɱɟɟ, ɨɤɢɫɥɢɬɟɥɶ.

Ȼɟɡɨɩɚɫɧɨɫɬɶ ɢ ɫɬɨɢɦɨɫɬɶ ɜɵɜɨɞɚ ɧɚ ɬɪɟɛɭɟɦɭɸ ɨɪɛɢɬɭ ɩɨɥɟɡɧɨɝɨ ɝɪɭɡɚ ɩɪɟɞɨɩɪɟɞɟɥɹɸɬ ɧɚɩɪɚɜɥɟɧɢɹ
ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɞɜɢɝɚɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɪɚɤɟɬɨɧɨɫɢɬɟɥɟɣ. ȼɨɡɦɨɠɧɵɣ ɤɨɦɩɪɨɦɢɫɫ ɬɪɟɛɨɜɚɧɢɣ ɫɜɹɡɵ-

ɜɚɟɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɨɫɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ ɝɢɛɪɢɞɧɵɯ ɬɜɟɪɞɨɬɨɩɥɢɜɧɵɯ ɞɜɢɝɚɬɟɥɟɣ (ȽɊȾɌɌ), ɪɚɛɨ-
ɬɚɸɳɢɯ ɧɚ ɠɢɞɤɢɯ ɢ ɝɚɡɨɨɛɪɚɡɧɵɯ ɨɤɢɫɥɢɬɟɥɹɯ. Ɏɢɡɢɱɟɫɤɢɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɪɟɚɥɢɡɭɸɳɢɯɫɹ ɩɪɨɰɟɫɫɚɯ
ɩɪɢ ɝɨɪɟɧɢɢ ɬɨɩɥɢɜ ɢ ɬɟɩɥɨɦɚɫɫɨɨɛɦɟɧɟ ɨɛɨɛɳɟɧɵ ɜ ɨɛɡɨɪɟ [1], ɝɞɟ, ɨɞɧɚɤɨ, ɨɬɫɭɬɫɬɜɭɟɬ ɦɟɬɨɞɢɱɟɫɤɚɹ ɨɫ-
ɧɨɜɚ ɚɧɚɥɢɡɚ ɜɧɭɬɪɢɛɚɥɥɢɫɬɢɱɟɫɤɢɯ ɢ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɝɢɛɪɢɞɧɵɯ ɞɜɢɝɚɬɟɥɹɯ ɞɥɹ ɜɫɟɝɨ ɜɪɟ-
ɦɟɧɢ ɢɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɩɪɨɰɟɫɫɨɜ ɜ ɝɢɛɪɢɞɧɵɯ ɬɜɟɪɞɨɬɨɩ-

ɥɢɜɧɵɯ ɪɚɤɟɬɧɵɯ ɞɜɢɝɚɬɟɥɹɯ ɢɫɫɥɟɞɨɜɚɧɵ ɨɱɟɧɶ ɫɥɚɛɨ. ɉɨɷɬɨɦɭ ɰɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɬɶ ɦɟɬɨɞɚ-
ɦɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɝɢɛɪɢɞɧɵɯ ɪɚɤɟɬɧɵɯ ɞɜɢɝɚɬɟɥɹɯ ɬɜɟɪɞɨɝɨ ɬɨɩ-

ɥɢɜɚ.
Ɍɚɤ ɤɚɤ ɩɪɨɰɟɫɫ ɪɚɛɨɬɵ ȽɊȾɌɌ ɜɤɥɸɱɚɟɬ ɪɚɡɥɢɱɧɵɟ ɩɟɪɢɨɞɵ ɪɚɛɨɬɵ (ɫɭɳɟɫɬɜɟɧɧɨ ɧɟɫɬɚɰɢɨɧɚɪɧɵɟ

ɡɚɩɭɫɤɚ-ɜɨɫɩɥɚɦɟɧɟɧɢɹ, ɫɩɚɞɚ ɞɚɜɥɟɧɢɹ ɢ ɞɥɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɨɝɨ ɝɨɪɟɧɢɹ), ɬɨ ɜ ɪɚɦɤɚɯ
ɟɞɢɧɨɝɨ ɩɨɞɯɨɞɚ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɨɣ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɢɦɟɧɧɨ ɧɟɫɬɚɰɢɨɧɚɪɧɚɹ ɦɨɞɟɥɶ. Ⱦɥɹ ɤɜɚɡɢɫɬɚɰɢɨ-

ɧɚɪɧɨɝɨ ɫɥɭɱɚɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɩɪɨɰɟɫɫɨɜ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɨɞɧɨɝɨ ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜ-
ɧɵɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɜɧɭɬɪɟɧɧɟɣ ɛɚɥɥɢɫɬɢɤɢ – ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ ɦɟɬɨɞɚ ɭɫɬɚɧɨɜɥɟɧɢɹ [2].

Ɍɢɩɨɜɵɟ ɫɯɟɦɵ ɝɢɛɪɢɞɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1. Ȼɚɡɨɜɵɟ ɭɪɚɜɧɟɧɢɹ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ
ɪɚɛɨɬɵ ȽɊȾɌɌ ɮɨɪɦɭɥɢɪɭɸɬɫɹ ɞɥɹ ɫɯɟɦɵ ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫ. 2. ɂɫɫɥɟɞɭɟɬɫɹ ɞɢɧɚ-
ɦɢɤɚ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ ɬɪɟɯ ɩɨɞɨɛɥɚɫɬɹɯ ɨɫɪɟɞɧɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ (ɟɦɤɨɫɬɶ ɫ ɨɤɢɫɥɢɬɟɥɟɦ,

ɝɨɥɨɜɧɨɣ ɢ ɩɪɟɞɫɨɩɥɨɜɨɣ ɨɛɴɟɦɵ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ), ɚ ɬɚɤɠɟ ɜ ɩɨɞɨɛɥɚɫɬɢ ɨɞɧɨɦɟɪɧɨɝɨ ɨɩɢɫɚɧɢɹ ɬɟɱɟɧɢɹ
ɜ ɝɨɪɹɳɟɦ ɤɚɧɚɥɟ ɝɨɪɸɱɟɝɨ.

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɫɦɟɫɶ ɝɚɡɨɜ ɫ ɩɪɨɢɡɜɨɥɶɧɵɦ ɱɢɫɥɨɦ ɤɨɦɩɨɧɟɧɬɨɜ, ɤɨɬɨɪɵɦɢ ɹɜɥɹɸɬɫɹ
ɨɤɢɫɥɢɬɟɥɶ, ɩɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ ɜɨɫɩɥɚɦɟɧɢɬɟɥɶɧɵɯ ɫɨɫɬɚɜɨɜ, ɜɨɡɦɨɠɧɨ  ɦɧɨɝɨɫɨɫɬɚɜɧɨɝɨ  ɡɚɪɹɞɚ  ɝɨɪɸɱɟɝɨ

                                                     
1 Ɋɚɛɨɬɚ ɩɪɨɜɟɞɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɜ ɪɚɦɤɚɯ
Ɏɐɉ «ɂɫɫɥɟɞɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ ɩɨ ɩɪɢɨɪɢɬɟɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɪɚɡɜɢɬɢɹ ɧɚɭɱɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ Ɋɨɫ-
ɫɢɢ ɧɚ 2014–2020 ɝɝ.», ɫɨɝɥɚɲɟɧɢɟ № 14.578.21.0034.
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Ɋɢɫ. 1. ɋɯɟɦɵ ȽɊȾɌɌ Ɋɢɫ. 2. ɋɯɟɦɚ ɫɟɝɦɟɧɬɚɰɢɢ ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɹ ɞɥɹ ȽɊȾɌɌ

ɢ ɩɪɨɞɭɤɬɨɜ ɝɚɡɢɮɢɤɚɰɢɢ ɬɟɩɥɨɡɚɳɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɧɚ ɨɫɧɨɜɟ
ɞɨɩɭɳɟɧɢɣ [2, 3], ɜ ɤɨɬɨɪɵɯ ɤ ɡɚɤɨɧɚɦ ɫɨɯɪɚɧɟɧɢɹ ɞɨɛɚɜɥɹɸɬɫɹ ɫɩɟɰɢɚɥɶɧɨ ɩɨɥɭɱɟɧɧɵɟ ɞɜɚ ɭɪɚɜɧɟɧɢɹ ɪɚɫ-
ɱɟɬɚ ɢɡɦɟɧɟɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɦɟɫɢ (ɝɚɡɨɜɨɣ ɩɨɫɬɨɹɧɧɨɣ R ɢ ɢɡɨɛɚɪɢɱɟɫɤɨɣ ɬɟɩɥɨɟɦɤɨ-
ɫɬɢ Cp), ɚ ɬɚɤɠɟ ɞɜɚ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɜɹɡɤɨɫɬɢ ɝɚɡɨɜɨɣ ɫɦɟɫɢ μ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɨɛɚɜɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟ ɞɥɹ
ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɨɤɢɫɥɢɬɟɥɹ C, ɱɬɨ ɧɚɪɹɞɭ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɜɹɡɤɨɫɬɢ ɫɦɟɫɢ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɤɨɧɤɪɟɬɢɡɚɰɢɢ
ɩɪɚɜɵɯ ɱɚɫɬɟɣ ɭɪɚɜɧɟɧɢɣ – ɪɚɫɱɟɬɚ ɫɤɨɪɨɫɬɢ ɝɨɪɟɧɢɹ, ɩɥɨɬɧɨɫɬɟɣ ɬɪɟɧɢɹ fɬɪ ɢ ɬɟɩɥɨɩɨɬɟɪɶ q.

ȼ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɟɬɫɹ ɯɚɪɚɤɬɟɪɧɚɹ ɮɢɡɢ-

ɱɟɫɤɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ ɜ ȽɊȾɌɌ – ɡɚɜɢɫɢɦɨɫɬɶ
ɫɤɨɪɨɫɬɢ ɝɚɡɢɮɢɤɚɰɢɢ ɬɜɟɪɞɨɝɨ ɝɨɪɸɱɟɝɨ ɨɬ ɦɚɫɫɨɜɨɣ ɩɥɨɬɧɨ-
ɫɬɢ ɬɨɤɚ ɨɤɢɫɥɢɬɟɥɹ, «ɨɦɵɜɚɸɳɟɝɨ» ɩɨɜɟɪɯɧɨɫɬɶ ɝɨɪɟɧɢɹ. Ȼɚ-
ɥɚɧɫɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɞɥɹ ɦɚɫɫɵ ɝɚɡɚ ɫɨɫɬɚɜɥɟɧɵ ɫ ɭɱɟɬɨɦ ɩɨ-
ɬɪɟɛɥɟɧɢɹ ɱɚɫɬɢ ɨɤɢɫɥɢɬɟɥɹ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɩɪɨɰɟɫɫɚ ɝɨɪɟ-
ɧɢɹ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɨɬɟɪɢ ɷɧɬɚɥɶɩɢɢ ɢ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟ-
ɧɢɹ ɝɚɡɚ (ɫɯɟɦɚ ɪɢɫ. 3). ɉɨɫɬɭɩɥɟɧɢɟ ɦɚɫɫɵ ɢ ɷɧɟɪɝɢɢ ɜ ɩɨɬɨɤ
ɨɛɭɫɥɨɜɥɟɧɨ ɩɪɨɞɭɤɬɚɦɢ ɝɨɪɟɧɢɹ.

ɍɪɚɜɧɟɧɢɹ ɡɚɩɢɫɵɜɚɸɬɫɹ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɤɨɧɬɪɨɥɶɧɨɦɭ
ɨɛɴɟɦɭ V, ɨɝɪɚɧɢɱɟɧɧɨɦɭ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɱɚɫɬɢɱɧɨ ɢɥɢ ɩɨɥɧɨ-
ɫɬɶɸ ɫɨɫɬɨɹɳɟɣ ɢɡ ɩɪɨɧɢɰɚɟɦɨɣ ɞɥɹ ɝɚɡɚ A ɢ ɧɟɩɪɨɧɢɰɚɟɦɨɣ S,

ɧɚ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɬɟɩɥɨɦɚɫɫɨɨɛɦɟɧ ɦɟɠɞɭ ɝɚɡɚɦɢ ɩɨɬɨɤɚ
ɢ ɷɥɟɦɟɧɬɚɦɢ ɤɨɧɫɬɪɭɤɰɢɢ ȽɊȾɌɌ. ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ, ɨɬɪɚ-

ɠɚɸɳɚɹ ɨɫɧɨɜɧɵɟ ɡɚɤɨɧɵ ɫɨɯɪɚɧɟɧɢɹ, ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɢɧɬɟɝɪɚɥɶɧɨɦ ɜɢɞɟ, ɧɟ ɡɚɜɢɫɹɳɟɦ ɨɬ ɜɵɛɨɪɚ ɫɢɫɬɟɦɵ
ɤɨɨɪɞɢɧɚɬ [2, 3]:

( ); 1, , , , , , ,p
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ɍɪɚɜɧɟɧɢɹ (1) ɞɨɩɨɥɧɹɸɬɫɹ ɫɨɨɬɧɨɲɟɧɢɹɦɢ ɞɥɹ ɩɨɥɧɨɣ ɷɧɟɪɝɢɢ E, ɷɧɬɚɥɶɩɢɢ ɝɚɡɨɜɨɣ ɫɦɟɫɢ hg, ɬɟɦɩɟɪɚɬɭ-
ɪɵ T ɢ ɩɨɤɚɡɚɬɟɥɹ ɚɞɢɚɛɚɬɵ γ:

( ) ( ) ( ) ( )2
1 2, , , .g p pE p h E p T p R C C R= γ − + ρ = + ρ = ρ γ = −u

Ɂɞɟɫɶ p, ρ – ɞɚɜɥɟɧɢɟ ɢ ɩɥɨɬɧɨɫɬɶ; ɉ = pn+ρuN – ɢɦɩɭɥɶɫ; N = (u, n) – ɧɨɪɦɚɥɶɧɚɹ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɫɤɨɪɨɫɬɶ
(ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɫɤɨɪɨɫɬɢ u ɧɚ ɟɞɢɧɢɱɧɵɣ ɜɟɤɬɨɪ n ɜɧɟɲɧɟɣ ɧɨɪɦɚɥɢ ɤ ɩɨɜɟɪɯɧɨɫɬɢ);

ɉS = pe+mS(uS, e) – ɢɦɩɭɥɶɫ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɜɞɭɜɚ ɝɚɡɚ ɫɨ ɫɤɨɪɨɫɬɶɸ u
S (ɜ ɱɚɫɬɧɨɫɬɢ, ɜɫɥɟɞɫɬɜɢɟ ɝɨɪɟɧɢɹ

ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɫ ɦɚɫɫɨɜɨɣ ɫɤɨɪɨɫɬɶɸ m ɢ ɷɧɬɚɥɶɩɢɟɣ hf); e - ɟɞɢɧɢɱɧɵɣ ɜɟɤɬɨɪ, ɤɨɥɥɢɧɟɚɪɧɵɣ ɨɫɢ ɤɨ-

ɨɪɞɢɧɚɬ. ɂɧɞɟɤɫɚɦɢ ox ɢ f ɩɨɦɟɱɟɧɵ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɤɢɫɥɢɬɟɥɹ ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨ-

ɪɚɧɢɹ ɬɨɩɥɢɜɚ.
Ɇɚɫɫɨɜɚɹ ɫɤɨɪɨɫɬɶ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ m = ρf ubr (ρf – ɩɥɨɬɧɨɫɬɶ ɬɨɩɥɢɜɚ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɟɪɟɡ ɥɢɧɟɣɧɭɸ

ɫɤɨɪɨɫɬɶ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ n
br oxu aG=  (a, n – ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɨɧɫɬɚɧɬɵ). Ɉɬɦɟɬɢɦ, ɱɬɨ ɬɟɯɧɨɥɨɝɢɹ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɤɨɪɨɫɬɢ ɝɨɪɟɧɢɹ (ɜ ɱɚɫɬɧɨɫɬɢ, ɟɟ ɢɡɦɟɧɟɧɢɹ ɩɨ ɞɥɢɧɟ ɡɚɪɹɞɚ) ɨɬɪɚɛɨɬɚɧɚ ɟɳɟ
ɧɟ ɜ ɩɨɥɧɨɣ ɦɟɪɟ; ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɡɞɟɫɶ ɹɜɥɹɸɬɫɹ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ ɝɨɪɟɧɢɹ [4].

Ʌɨɤɚɥɶɧɨ ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɚɫɫɚ ɨɤɢɫɥɢɬɟɥɹ mox ɨɩɪɟɞɟɥɹɥɚɫɶ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɨɤɢɫɥɢɬɟɥɶ/ɝɨɪɸɱɟɟ ɱɟɪɟɡ
ɫɨɨɬɧɨɲɟɧɢɟ αox =

 mox / mf.

Ɋɢɫ. 3. Ȼɚɥɚɧɫɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɬɟɩɥɨ-
ɦɚɫɫɨɨɛɦɟɧɚ
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Ⱦɥɹ ɨɫɪɟɞɧɟɧɧɵɯ ɩɨ ɤɚɤɨɦɭ-ɥɢɛɨ ɨɛɴɟɦɭ W ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ (ɟɦɤɨɫɬɶ ɫ ɨɤɢɫɥɢɬɟɥɟɦ, ɝɨɥɨɜɧɨɣ ɢ
ɩɪɟɞɫɨɩɥɨɜɨɣ ɨɛɴɟɦɵ) ɜ ɭɫɥɨɜɢɹɯ ɨɬɫɭɬɫɬɜɢɹ ɬɟɩɥɨɨɛɦɟɧɚ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɜ ɜɢɞɟ ɨɛɵɤ-
ɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ (1) ɩɪɢ u = 0. ɉɚɪɚɦɟɬɪɵ ɧɚ ɝɪɚɧɢɰɟ ɩɨɞɨɛɥɚɫɬɟɣ
ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɨɫɪɟɞɧɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɬɨɤɚ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɢɡ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ.

ȼɵɱɢɫɥɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɞɥɹ ɦɨɞɟɥɶɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɨɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. ɏɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɝɨɪɸɱɟɝɨ: 0.650.007br oxu G=  ɦɦ/ɫ; αox =

 2.7; ρf = 1000 ɤɝ/ɦ3; R = 320 Ⱦɠ/ɤɝ/Ʉ; Cp = 1775 Ⱦɠ/ɤɝ/Ʉ;

Gox(x = 0) = 0.2 ɤɝ/ɫ. Ɋɚɞɢɭɫ ɤɚɧɚɥɚ ɡɚɪɹɞɚ ɧɚɱɚɥɶɧɵɣ ɪɚɜɟɧ 1 ɫɦ; ɪɚɞɢɭɫ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ 2 ɫɦ; ɞɥɢɧɚ ɡɚɪɹɞɚ
L = 50 ɫɦ; ɞɢɚɦɟɬɪ ɤɪɢɬɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ ɫɨɩɥɚ 1 ɫɦ.

ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɚɜɥɟɧɢɹ ɩɨ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɥɢɧɟ ɤɚɧɚɥɚ. ɂɡ ɩɨɜɟɞɟɧɢɹ ɤɪɢɜɵɯ
ɜɢɞɧɨ, ɱɬɨ ɦɨɧɨɬɨɧɧɵɣ ɝɥɚɞɤɢɣ ɩɪɨɮɢɥɶ ɞɚɜɥɟɧɢɹ, ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ,
ɩɥɚɜɧɨ ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ ɜɵɝɨɪɚɧɢɹ ɡɚɪɹɞɚ (t <

 4.6 c). Ⱦɚɥɟɟ, ɩɨ ɦɟɪɟ ɩɨɥɧɨɝɨ
ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ ɩɟɪɟɞɧɟɣ ɱɚɫɬɢ ɡɚɪɹɞɚ ɨɛɪɚɡɭɟɬɫɹ ɞɜɢɠɭɳɢɣɫɹ ɜɦɟɫɬɟ ɫ ɝɪɚɧɢɰɟɣ ɜɵɝɨɪɚɧɢɹ ɩɢɤ ɞɚɜɥɟɧɢɹ
(t > 4.6 c).

Ɋɢɫ. 5 ɢɥɥɸɫɬɪɢɪɭɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɬɟɦ ɠɟ ɦɨɦɟɧɬɚɦ ɜɪɟɦɟɧɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ u

ɜɞɨɥɶ ɤɚɧɚɥɚ ɡɚɪɹɞɚ. Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ ɩɨɜɟɞɟɧɢɹ ɤɪɢɜɵɯ ɞɚɜɥɟɧɢɹ (ɪɢɫ. 4), ɤɚɱɟɫɬɜɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɡɚɜɢɫɢɦɨ-
ɫɬɟɣ ɫɜɹɡɚɧɵ ɫ ɞɜɢɠɟɧɢɟɦ ɝɪɚɧɢɰɵ ɜɵɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ.

ɇɚ ɪɢɫ. 6 ɩɪɟɞɫɬɚɜɥɟɧɨ ɢɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɝɨɥɨɜɧɨɣ ɱɚɫɬɢ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɜɨ ɜɪɟɦɟɧɢ (ɤɪɢɜɚɹ P).

Ⱦɨ ɦɨɦɟɧɬɚ ɧɚɱɚɥɚ ɩɪɨɝɚɪɚ ɬɨɩɥɢɜɚ ɜ ɝɨɥɨɜɧɨɣ ɱɚɫɬɢ ɡɚɪɹɞɚ ɢɞɟɬ ɩɥɚɜɧɨɟ ɫɧɢɠɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ
ɪɚɡɝɚɪɚ ɤɚɧɚɥɚ ɢ ɭɦɟɧɶɲɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤɚ ɨɤɢɫɥɢɬɟɥɹ. ɉɨɫɥɟ ɷɬɨɝɨ ɫɧɢɠɟɧɢɟ ɞɚɜɥɟɧɢɹ ɫɥɟɞɭɟɬ ɡɚ
ɭɦɟɧɶɲɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɢ ɝɨɪɟɧɢɹ (ɤɪɢɜɚɹ S ɧɚ ɪɢɫ. 6).

Ɋɢɫ. 4. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɞɚɜɥɟɧɢɹ
ɩɨ ɞɥɢɧɟ ɤɚɧɚɥɚ ɜ ɪɚɡɥɢɱɧɵɟ ɦɨ-
ɦɟɧɬɵ ɜɪɟɦɟɧɢ

Ɋɢɫ. 5. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɢ
ɝɚɡɚ ɩɨ ɞɥɢɧɟ ɤɚɧɚɥɚ ɜ ɪɚɡɥɢɱɧɵɟ
ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ

Ɋɢɫ. 6. Ɂɚɜɢɫɢɦɨɫɬɢ ɞɚɜɥɟɧɢɹ (P)

ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɝɨ-
ɪɟɧɢɹ (S) ɨɬ ɜɪɟɦɟɧɢ

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɡɞɚɧɚ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɨɜ ɝɚɡɨɞɢɧɚɦɢɤɢ ɢ ɬɟɩɥɨɦɚɫɫɨɛɦɟɧɚ ɜ
ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ ȽɊȾɌɌ, ɩɨɡɜɨɥɹɸɳɚɹ ɚɞɟɤɜɚɬɧɨ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɱɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɝɢɛɪɢɞ-

ɧɵɯ ɬɜɟɪɞɨɬɨɩɥɢɜɧɵɯ ɞɜɢɝɚɬɟɥɹɯ ɫ ɭɱɟɬɨɦ ɨɫɧɨɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ
ɜ ɨɬɥɢɱɢɟ ɨɬ ɤɥɚɫɫɢɱɟɫɤɢɯ ɊȾɌɌ ɞɥɹ ɝɢɛɪɢɞɧɵɯ ɬɨɩɥɢɜ, ɫɤɨɪɨɫɬɶ ɝɨɪɟɧɢɹ ɤɨɬɨɪɵɯ ɡɚɜɢɫɢɬ ɨɬ ɩɥɨɬɧɨɫɬɢ
ɩɨɬɨɤɚ ɨɤɢɫɥɢɬɟɥɹ, ɜɵɝɨɪɚɧɢɟ ɡɚɪɹɞɚ ɧɚɱɢɧɚɟɬɫɹ ɫ ɝɨɥɨɜɧɨɣ ɟɝɨ ɱɚɫɬɢ. Ɏɨɪɦɢɪɭɸɳɢɣɫɹ ɮɪɨɧɬ ɝɨɪɟɧɢɹ
ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɩɪɨɮɢɥɶ ɡɚɪɹɞɚ, ɫɭɠɚɸɳɢɣɫɹ ɤ ɟɝɨ ɫɨɩɥɨɜɨɦɭ ɤɨɧɰɭ.
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