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ɉɪɟɞɥɨɠɟɧɚ ɢ ɨɛɨɫɧɨɜɚɧɚ ɝɢɩɨɬɟɡɚ ɩɟɪɟɯɨɞɚ ɦɟɞɥɟɧɧɨɝɨ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɥɚɦɢɧɚɪɧɨɝɨ 
ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ ɬɭɪɛɭɥɟɧɬɧɨɟ ɩɪɢ ɜɨɫɯɨɞɹɳɟɦ ɟɟ ɞɜɢɠɟɧɢɢ ɜɞɨɥɶ ɜɟɪɬɢɤɚɥɶɧɨɣ 
ɧɟɪɚɜɧɨɦɟɪɧɨ ɧɚɝɪɟɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɭɫɥɨɜɢɹɯ ɫɦɟɲɚɧɧɨɣ ɤɨɧɜɟɤɰɢɢ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧ 
ɯɚɪɚɤɬɟɪ ɞɜɢɠɭɳɢɯ ɫɢɥ ɢ ɪɨɥɶ ɫɢɥɵ ɞɚɜɥɟɧɢɹ ɧɚ ɪɚɡɧɵɯ эɬɚɩɚɯ ɩɪɨɝɪɟɜɚ ɠɢɞɤɨɫɬɢ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɭɤɚɡɚɧɧɵɣ ɩɟɪɟɯɨɞ  ɨɛɭɫɥɨɜɥɟɧ ɡɚɪɨɠɞɟɧɢɟɦ ɫɩɭɬɧɨɝɨ ɬɟɱɟɧɢɹ ɢ  ɫɪɵɜɨɦ 
ɭɫɥɨɜɢɣ ɫɬɚɰɢɨɧɚɪɧɨɫɬɢ. Ɇɟɬɨɞɨɦ ɢɧɬɟɝɪɚɥɶɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɨɩɪɟɞɟɥɟɧɵ ɤɪɢɬɢɱɟɫɤɨɟ 
ɡɧɚɱɟɧɢɟ  ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɢ ɦɟɫɬɨ ɡɚɪɨɠɞɟɧɢɹ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ. 
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ɂɡɭɱɟɧɢɸ ɜɨɫɯɨɞɹɳɢɯ ɥɚɦɢɧɚɪɧɵɯ ɢ ɬɭɪɛɭɥɟɧɬɧɵɯ ɬɟɱɟɧɢɣ ɠɢɞɤɨɫɬɢ ɜ ɞɥɢɧɧɵɯ 
ɜɟɪɬɢɤɚɥɶɧɵɯ ɤɚɧɚɥɚɯ ɜɞɨɥɶ ɧɟɪɚɜɧɨɦɟɪɧɨ ɧɚɝɪɟɬɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɬɟɧɨɤ ɤɚɧɚɥɨɜ ɜ 
ɭɫɥɨɜɢɹɯ ɫɜɨɛɨɞɧɨɣ ɢɥɢ ɫɦɟɲɚɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɩɨɫɜɹɳɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɢɫɫɥɟɞɨɜɚɧɢɣ, ɨɛɡɨɪ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɧɚɣɬɢ ɜ ɥɢɬɟɪɚɬɭɪɟ Д1–1γЖ. ɂɧɬɟɪɟɫ ɤ эɬɢɦ 
ɬɟɱɟɧɢɹɦ ɜ ɹɞɟɪɧɨɣ эɧɟɪɝɟɬɢɤɟ ɫɜɹɡɚɧ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɨɯɥɚɠɞɟɧɢɹ ɚɤɬɢɜɧɨɣ ɡɨɧɵ 
ɪɟɚɤɬɨɪɨɜ ɜ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɹɯ ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɫɬɪɨɹ ɝɥɚɜɧɵɯ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ 
ɧɚɫɨɫɨɜ. ɂɡ ɥɢɬɟɪɚɬɭɪɵ ɢɡɜɟɫɬɧɨ Дλ-11Ж, ɱɬɨ ɩɪɢ ɦɟɞɥɟɧɧɨɦ ɞɜɢɠɟɧɢɢ ɜɧɚɱɚɥɟ 
ɠɢɞɤɨɫɬɶ ɬɟɱɟɬ ɥɚɦɢɧɚɪɧɨ, ɚ ɧɚ ɢɡɜɟɫɬɧɨɣ ɜɵɫɨɬɟ ɥɚɦɢɧɚɪɧɨɟ ɬɟɱɟɧɢɟ ɦɨɠɟɬ ɩɟɪɟɣɬɢ ɜ 
ɬɭɪɛɭɥɟɧɬɧɨɟ. ɗɬɨɬ ɜɵɜɨɞ ɞɟɥɚɟɬɫɹ ɢɥɢ ɧɚ ɨɫɧɨɜɟ ɧɚɛɥɸɞɟɧɢɣ, ɢɥɢ ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɢɡɜɟɫɬɧɵɯ ɚɧɚɥɨɝɢɣ ɫ ɞɪɭɝɢɦɢ ɬɟɱɟɧɢɹɦɢ ɩɨɞɨɛɧɨɝɨ ɬɢɩɚ, ɨɞɧɚɤɨ, ɦɟɯɚɧɢɡɦ ɩɟɪɟɯɨɞɚ 
ɥɚɦɢɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ ɜ ɬɭɪɛɭɥɟɧɬɧɨɟ ɩɨ ɫɭɳɟɫɬɜɭ ɞɨ ɫɢɯ ɩɨɪ ɧɟ ɜɵɹɫɧɟɧ. ɇɟ ɹɫɧɚ ɞɚɠɟ 
ɝɥɚɜɧɚɹ ɩɪɢɱɢɧɚ, ɤɨɬɨɪɚɹ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɬɭɪɛɭɥɢɡɚɰɢɸ ɬɟɱɟɧɢɹ ɜ ɤɚɧɚɥɟ. Ʉɚɤ 
ɢɡɜɟɫɬɧɨ, ɬɭɪɛɭɥɟɧɬɧɨɫɬɶ ɩɨɹɜɥɹɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɥɚɦɢɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ, 
ɢ ɨɛɵɱɧɨ ɨɧɚ ɫɜɹɡɚɧɚ ɫ ɫɭɳɟɫɬɜɟɧɧɨɣ ɪɨɥɶɸ ɧɟɥɢɧɟɣɧɵɯ ɢɧɟɪɰɢɨɧɧɵɯ ɱɥɟɧɨɜ ɜ 
ɭɪɚɜɧɟɧɢɢ ɇɚɜɶɟ-ɋɬɨɤɫɚ Д14Ж. ɗɬɢ ɱɥɟɧɵ ɫɬɚɧɨɜɹɬɫɹ ɡɚɦɟɬɧɵɦɢ ɥɢɲɶ ɩɪɢ ɛɨɥɶɲɢɯ 
ɱɢɫɥɚɯ Ɋɟɣɧɨɥɶɞɫɚ, ɬɨɝɞɚ ɤɚɤ ɩɪɢ ɦɟɞɥɟɧɧɨɦ ɞɜɢɠɟɧɢɢ ɢ ɞɨɫɬɚɬɨɱɧɨɣ ɜɹɡɤɨɫɬɢ 
ɠɢɞɤɨɫɬɢ эɬɢ ɱɢɫɥɚ ɦɚɥɵ. ȼɨɩɪɨɫ эɬɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɜɟɪɬɢɤɚɥɶɧɵɯ ɤɚɧɚɥɚɯ, ɜ ɜɢɞɭ 
ɜɚɠɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ, ɢɦɟɟɬ ɧɟɦɚɥɨɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɜ ɩɥɚɧɟ 
ɪɚɫɱɟɬɚ ɬɟɩɥɨɨɛɦɟɧɚ ɢ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ. Ʌɚɦɢɧɚɪɧɵɣ ɢ ɬɭɪɛɭɥɟɧɬɧɵɟ ɪɟɠɢɦɵ 
ɬɟɱɟɧɢɹ ɢɦɟɸɬ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɪɚɡɥɢɱɧɵɟ ɩɪɨɰɟɫɫɵ 
ɬɟɩɥɨɨɛɦɟɧɚ, ɤɨɬɨɪɵɦɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤɢɟ ɜɚɠɧɵɟ ɩɚɪɚɦɟɬɪɵ ɤɚɤ ɩɟɪɟɩɚɞ 
ɬɟɦɩɟɪɚɬɭɪɵ ɦɟɠɞɭ ɧɚɝɪɟɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɶɸ. ɗɬɨɬ ɜɨɩɪɨɫ 
ɬɪɟɛɭɟɬ ɜɧɢɦɚɧɢɹ ɤ ɱɢɫɬɨ фɢɡɢɱɟɫɤɨɣ ɫɬɨɪɨɧɟ ɩɪɨɛɥɟɦɵ, ɬɨɝɞɚ ɤɚɤ ɛɨɥɶɲɢɧɫɬɜɨ ɪɚɛɨɬ, 
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ɩɨɫɜɹɳɟɧɧɵɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦɭ ɜɨɩɪɨɫɭ, ɫɨɞɟɪɠɚɬ ɬɨɥɶɤɨ эɦɩɢɪɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ ɢɥɢ 
ɩɨɫɜɹɳɟɧɵ ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɢɤ ɪɟɲɟɧɢɹ ɞɢффɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɢɯ 
ɬɭ ɢɥɢ ɢɧɭɸ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɬɟɱɟɧɢɹ ɢ ɧɚɝɪɟɜɚ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ ɜ 
ɜɟɪɬɢɤɚɥɶɧɵɯ ɤɚɧɚɥɚɯ ɪɚɡɥɢɱɧɨɣ ɤɨɧфɢɝɭɪɚɰɢɢ. ɇɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ 
ɨɛɨɫɧɨɜɚɧɢɸ ɝɢɩɨɬɟɡɵ, ɨɛɴɹɫɧɹɸɳɟɣ ɩɪɢɱɢɧɵ ɭɤɚɡɚɧɧɨɝɨ ɩɟɪɟɯɨɞɚ. 

ȼɧɚɱɚɥɟ ɞɚɞɢɦ ɤɚɱɟɫɬɜɟɧɧɨɟ ɨɛɴɹɫɧɟɧɢɟ ɧɚɛɥɸɞɚɟɦɨɦɭ ɬɟɱɟɧɢɸ. Ɋɚɫɫɦɨɬɪɢɦ 
ɫɬɚɰɢɨɧɚɪɧɨɟ ɜɟɪɬɢɤɚɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ ɜɞɨɥɶ ɫɬɟɧɨɤ 
ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɤɚɧɚɥɚ, ɫɨɨɛɳɚɸɳɟɝɨɫɹ ɫ ɧɢɠɧɢɦ ɢ ɜɟɪɯɧɢɦ ɫɦɟɫɢɬɟɥɹɦɢ. Ɉɞɧɚ ɢɡ 
ɫɬɟɧɨɤ ɹɜɥɹɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨ ɧɚɝɪɟɬɨɣ, ɚ ɜɬɨɪɚɹ – ɬɟɩɥɨɢɡɨɥɢɪɨɜɚɧɧɨɣ. Ɍɚɤɚɹ ɡɚɞɚɱɚ 
ɬɢɩɢɱɧɚ ɞɥɹ ɦɧɨɝɢɯ ɬɟɯɧɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ. Ⱥɧɚɥɢɡ ɞɥɹ ɫɢɦɦɟɬɪɢɱɧɨɝɨ ɧɚɝɪɟɜɚ 
ɩɪɨɜɨɞɢɬɫɹ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ. ɇɚ ɱɚɫɬɢɰɵ ɠɢɞɤɨɫɬɢ ɜ ɭɫɥɨɜɢɹɯ ɫɦɟɲɚɧɧɨɣ 
ɤɨɧɜɟɤɰɢɢ ɞɟɣɫɬɜɭɸɬ ɱɟɬɵɪɟ ɫɢɥɵμ ɫɢɥɚ ɢɧɟɪɰɢɢ, ɫɢɥɚ ɬɹɠɟɫɬɢ, ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ 
ɫɢɥɚ ɞɚɜɥɟɧɢɹ. ɉɪɢ ɫɬɚɰɢɨɧɚɪɧɨɦ ɞɜɢɠɟɧɢɢ ɢɯ ɫɭɦɦɚ ɪɚɜɧɚ ɧɭɥɸ. ȼ ɦɟɞɥɟɧɧɵɯ 
ɩɨɬɨɤɚɯ, ɤɨɬɨɪɵɟ ɧɚɦɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ, ɫɢɥɚɦɢ ɢɧɟɪɰɢɢ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ, ɬɨɝɞɚ 
ɨɫɬɚɸɬɫɹ ɬɪɢ ɪɨɞɚ ɫɢɥμ ɫɢɥɵ ɬɹɠɟɫɬɢ, ɫɢɥɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɫɢɥɵ ɞɚɜɥɟɧɢɹ. ȼ 
ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɬɟɱɟɧɢɹɯ эɬɢ ɫɢɥɵ ɞɨɥɠɧɵ ɞɚɜɚɬɶ ɪɚɜɧɨɜɟɫɢɟμ ɬ.ɟ. ɞɜɢɠɭɳɢɟ ɫɢɥɵ 
ɞɨɥɠɧɵ ɭɪɚɜɧɨɜɟɲɢɜɚɬɶɫɹ ɬɨɪɦɨɡɹɳɢɦɢ. ɉɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɬɟɱɟɧɢɹɯ ɞɜɢɠɭɳɟɣ 
ɫɢɥɨɣ ɹɜɥɹɟɬɫɹ ɫɢɥɚ ɞɚɜɥɟɧɢɹ ɢ ɨɧɚ ɧɚɩɪɚɜɥɟɧɚ ɜ ɫɬɨɪɨɧɭ ɩɚɞɟɧɢɹ ɞɚɜɥɟɧɢɹ, ɢ ɬ.ɤ. ɨɧɚ 
ɞɜɢɠɭɳɚɹ, ɬɨ ɧɚɩɪɚɜɥɟɧɚ ɜ ɫɬɨɪɨɧɭ ɬɟɱɟɧɢɹ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɜ ɬɚɤɢɯ ɩɨɬɨɤɚɯ ɞɚɜɥɟɧɢɟ 
ɜɫɟɝɞɚ ɭɦɟɧɶɲɚɟɬɫɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɬɟɱɟɧɢɹ. ɗɬɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜɟɫɶɦɚ ɩɪɢɜɵɱɧɵ ɢ 
ɬɚɤ ɭɤɨɪɟɧɢɥɢɫɶ ɜ ɫɨɡɧɚɧɢɢ, ɱɬɨ ɫɬɚɥɢ ɢɧɬɭɢɬɢɜɧɵɦɢ. Ɉɞɧɚɤɨ, ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ 
ɧɭɠɧɨ ɭɱɢɬɵɜɚɬɶ ɩɨɥɟ ɬɹɠɟɫɬɢ, ɜɫɟ эɬɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɧɚɪɭɲɚɸɬɫɹ ɢɡ-ɡɚ ɩɪɢɫɭɬɫɬɜɢɹ 
ɬɪɟɬɶɟɣ ɫɢɥɵ – ɫɢɥɵ ɬɹɠɟɫɬɢ. ɉɨɫɤɨɥɶɤɭ ɭɤɚɡɚɧɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɩɟɪɟɲɥɢ ɜ 
ɢɧɬɭɢɰɢɸ, ɬɨ ɜɨɡɦɨɠɧɵ ɜɫɹɤɨɝɨ ɪɨɞɚ ɧɟɞɨɪɚɡɭɦɟɧɢɹ, ɱɪɟɜɚɬɵɟ ɧɟɩɨɧɢɦɚɧɢɟɦ 
фɢɡɢɱɟɫɤɨɣ ɫɭɬɢ ɞɟɥɚ. ȼ ɱɚɫɬɧɨɫɬɢ ɦɨɠɟɬ ɧɚɪɭɲɚɬɶɫɹ ɬɨɥɶɤɨ ɱɬɨ ɫфɨɪɦɭɥɢɪɨɜɚɧɧɚɹ 
ɡɚɤɨɧɨɦɟɪɧɨɫɬɶμ ɞɚɜɥɟɧɢɟ ɭɦɟɧɶɲɚɟɬɫɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɞɜɢɠɟɧɢɹ. 

Ɉɫɬɚɧɨɜɢɦɫɹ ɧɚ эɬɨɦ ɜɨɩɪɨɫɟ ɩɨɞɪɨɛɧɟɟ. ȼ ɡɚɞɚɱɭ ɜɯɨɞɹɬ ɬɪɢ ɜɟɥɢɱɢɧɵμ 
ɫɤɨɪɨɫɬɶ, ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɞɚɜɥɟɧɢɟ. ȼɫɟ ɬɪɢ ɜɟɥɢɱɢɧɵ ɜɡɚɢɦɨɫɜɹɡɚɧɵ, ɬɚɤ ɱɬɨ ɧɢ ɨɛ 
ɨɞɧɨɣ ɢɡ ɧɢɯ ɧɟɥɶɡɹ ɝɨɜɨɪɢɬɶ, ɧɟ ɤɚɫɚɹɫɶ ɨɬɱɚɫɬɢ ɢ ɞɪɭɝɢɯ. ɀɢɞɤɨɫɬɶ ɜ ɤɚɧɚɥ ɜɯɨɞɢɬ ɫ 
ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɬ.ɟ. ɜ ɧɚɱɚɥɟ ɤɚɧɚɥɚ ɬɟɱɟɧɢɟ ɩɨɱɬɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɟ ɢ 
ɞɚɜɥɟɧɢɟ ɩɚɞɚɟɬ ɩɨ ɬɟɱɟɧɢɸ. ȼ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɞɜɢɠɟɧɢɢ ɫɢɥɚ ɞɚɜɥɟɧɢɹ ɜɵɫɬɭɩɚɟɬ ɜ 
ɤɚɱɟɫɬɜɟ ɟɞɢɧɫɬɜɟɧɧɨɣ ɞɜɢɠɭɳɟɣ ɫɢɥɵ, ɩɨэɬɨɦɭ ɞɚɜɥɟɧɢɟ ɞɨɥɠɧɨ ɭɦɟɧɶɲɚɬɶɫɹ ɜɞɨɥɶ 
ɩɨɬɨɤɚ. ɉɪɢ ɧɟɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɬɟɱɟɧɢɢ ɫɢɥɚ ɬɹɠɟɫɬɢ ɢɦɟɟɬ ɜɢɞ gTg


)1(0  . 

Ɂɞɟɫɶ β- ɤɨэффɢɰɢɟɧɬ ɨɛɴɟɦɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ, T-ɫɪɟɞɧɹɹ ɩɨ ɫɟɱɟɧɢɸ ɤɚɧɚɥɚ 
ɬɟɦɩɟɪɚɬɭɪɚ, ρ0 - ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɯɨɞɚ ɜ ɤɚɧɚɥ T0, g - ɭɫɤɨɪɟɧɢɟ 
ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɚɧɢɹ. 

Ɋɚɫɫɦɨɬɪɢɦ ɧɟɛɨɥɶɲɨɣ ɫɬɨɥɛ ɠɢɞɤɨɫɬɢ ɜɵɫɨɬɨɣ Нг. ɋɢɥɚ ɞɚɜɥɟɧɢɹ ɧɚɩɪɚɜɥɟɧɚ 
ɜɜɟɪɯ, ɚ ɫɢɥɚ ɬɹɠɟɫɬɢ – ɜɧɢɡ, ɩɨэɬɨɦɭ ɢɯ ɫɭɦɦɚ ɢɦɟɟɬ ɜɢɞ 

Tgdzgdzdpgdzdp  00 . Ⱦɚɥɟɟ ɛɭɞɟɦ ɢɦɟɬɶ ɜ ɜɢɞɭ ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ 
«ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ» Щ', ɤɨɬɨɪɨɟ ɩɨɥɭɱɚɟɬɫɹ ɩɭɬɟɦ ɜɵɱɢɬɚɧɢɹ ɢɡ ɩɨɥɧɨɝɨ 
ɞɚɜɥɟɧɢɹ Щ "ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ" ɞɚɜɥɟɧɢɹ, ɨɬɜɟɱɚɸɳɟɝɨ ɬɟɦɩɟɪɚɬɭɪɟ ɜɯɨɞɚ 

T0 gzpp 0'  .
 Ɂɞɟɫɶ г- ɤɨɨɪɞɢɧɚɬɚ ɩɨ ɜɵɫɨɬɟ ɤɚɧɚɥɚ. Ɍɚɤɚɹ ɩɟɪɟɧɨɪɦɢɪɨɜɤɚ ɞɚɜɥɟɧɢɹ 

ɜɨɡɦɨɠɧɚ, ɩɨɫɤɨɥɶɤɭ   0)( 0  gzpgradrot . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɜɢɠɭɳɟɣ ɫɢɥɨɣ 
ɹɜɥɹɟɬɫɹ Tgdzpd  0 , ɬ.ɟ. ɫɢɥɚ ɬɹɠɟɫɬɢ ɧɚɩɪɚɜɥɟɧɚ ɜɜɟɪɯ, ɜ ɫɬɨɪɨɧɭ ɫɢɥɵ 

ɞɚɜɥɟɧɢɹ. ɂɬɚɤ, ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɜɧɚɱɚɥɟ ɭɦɟɧɶɲɚɟɬɫɹ ɩɨ ɬɟɱɟɧɢɸ ɬɚɤɠɟ 
ɤɚɤ ɢ ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɬɟɱɟɧɢɢ, ɬ.ɟ. ɥɢɧɟɣɧɨ ɫ ɜɵɫɨɬɨɣ. ɇɨ эɬɨ ɬɨɥɶɤɨ ɩɪɢɦɟɪɧɨ. ɉɨ 
ɦɟɪɟ ɩɪɨɝɪɟɜɚ ɠɢɞɤɨɫɬɢ ɜɫɟ ɛɨɥɶɲɭɸ ɪɨɥɶ ɧɚɱɢɧɚɟɬ ɢɝɪɚɬɶ ɫɢɥɚ ɬɹɠɟɫɬɢ (ɫɢɥɚ 
Ⱥɪɯɢɦɟɞɚ), ɧɚɩɪɚɜɥɟɧɧɚɹ ɜɜɟɪɯ, ɨɧɚ ɬɨ ɢ ɜɵɡɵɜɚɟɬ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɩɨ ɤɚɧɚɥɭ ɜ 
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ɰɟɥɨɦ. ɋ ɭɱɟɬɨɦ ɧɚɝɪɟɜɚ ɠɢɞɤɨɫɬɢ ɞɜɢɠɭɳɚɹ ɫɢɥɚ ɞɨɥɠɧɚ ɭɪɚɜɧɨɜɟɫɢɬɶ ɫɢɥɭ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ НR, ɬ.ɟ. 
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Ʌɟɜɚɹ ɱɚɫɬɶ эɬɨɝɨ ɭɪɚɜɧɟɧɢɹ, ɬ.ɟ. ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɱɬɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɫ 
ɜɵɫɨɬɨɣ ɢ ɧɚ ɧɟɟ ɦɨɠɧɨ ɫɦɨɬɪɟɬɶ ɤɚɤ ɧɚ ɩɨɫɬɨɹɧɧɭɸ, ɬɨɝɞɚ ɤɚɤ ɫɢɥɚ ɬɹɠɟɫɬɢ ɦɟɞɥɟɧɧɨ 
ɪɚɫɬɟɬ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɢɥɚ ɞɚɜɥɟɧɢɹ ɦɟɞɥɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ, ɚ эɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɫɚɦɨ 
ɞɚɜɥɟɧɢɟ ɫ ɜɵɫɨɬɨɣ ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ ɧɟ ɫɬɪɨɝɨ ɥɢɧɟɣɧɨ, ɚ ɨɬɤɥɨɧɹɹɫɶ ɨɬ ɥɢɧɟɣɧɨɝɨ 
ɡɚɤɨɧɚ (ɪɢɫ. 1). ɗɬɨ ɨɬɤɥɨɧɟɧɢɟ ɩɪɢɜɟɞɟɬ ɤ ɬɨɦɭ, ɱɬɨ ɧɚ ɧɟɤɨɬɨɪɨɣ ɜɵɫɨɬɟ ɤɪɢɜɚɹ 
ɞɚɜɥɟɧɢɹ ɫɬɚɧɟɬ ɩɚɪɚɥɥɟɥɶɧɨɣ ɨɫɢ г, ɬ.ɟ. ɫɢɥɚ ɞɚɜɥɟɧɢɹ ɧɚ эɬɨɣ ɜɵɫɨɬɟ ɨɛɪɚɬɢɬɫɹ ɜ 
ɧɭɥɶ, ɢ ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɰɟɥɢɤɨɦ ɛɭɞɟɬ ɭɪɚɜɧɨɜɟɲɢɜɚɬɶɫɹ ɫɢɥɨɣ ɬɹɠɟɫɬɢ. ɇɚ ɟɳɟ 
ɛɨɥɶɲɢɯ ɜɵɫɨɬɚɯ ɠɢɞɤɨɫɬɶ ɛɭɞɟɬ ɩɪɨɞɨɥɠɚɬɶ ɧɚɝɪɟɜɚɬɶɫɹ, ɢ ɫɢɥɚ ɬɹɠɟɫɬɢ ɩɪɟɜɵɫɢɬ 
ɫɢɥɭ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ɑɬɨɛɵ ɪɚɜɧɨɜɟɫɢɟ ɫɨɯɪɚɧɢɥɨɫɶ, ɫɢɥɚ ɞɚɜɥɟɧɢɹ ɜɧɨɜɶ ɩɨɹɜɢɬɫɹ, ɧɨ 
ɛɭɞɟɬ ɧɚɩɪɚɜɥɟɧɚ ɜɧɢɡ ɩɪɨɬɢɜ ɞɜɢɠɟɧɢɹ, ɚ ɫɚɦɨ ɞɚɜɥɟɧɢɟ ɛɭɞɟɬ ɪɚɫɬɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 
ɬɟɱɟɧɢɹ. ȼ эɬɨɦ ɫɥɭɱɚɟ ɫɢɥɚ ɞɚɜɥɟɧɢɹ ɢɡ ɞɜɢɠɭɳɟɣ ɩɪɟɜɪɚɬɢɬɫɹ ɜ ɬɨɪɦɨɡɹɳɭɸ. 

 

 
 

Ɋɢɫ. 1. – Ʉɚɱɟɫɬɜɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɨɬ ɜɵɫɨɬɵ ɤɚɧɚɥɚ 

1 – ɢɡɨɬɟɪɦɢɱɟɫɤɨɟ ɬɟɱɟɧɢɟ, 2 – ɧɟɢɡɨɬɟɪɦɢɱɟɫɤɨɟ ɬɟɱɟɧɢɟ 

[Qualitative dependence of hydrodynamic pressure on the channel height 

1 - isothermal flow, 2 - non-isothermal flow] 

 

ɇɚɢɛɨɥɟɟ ɢɧɬɟɪɟɫɧɵɦ ɹɜɥɹɟɬɫɹ ɩɨɜɟɞɟɧɢɟ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ. ɀɢɞɤɨɫɬɶ ɜɬɟɤɚɟɬ ɜ 
ɤɚɧɚɥ ɫ ɩɨɫɬɨɹɧɧɨɣ ɩɨ ɫɟɱɟɧɢɸ ɫɤɨɪɨɫɬɶɸ, ɚ ɡɚɬɟɦ ɩɨɥɟ ɫɤɨɪɨɫɬɟɣ ɧɚɱɢɧɚɟɬ 
ɞɟфɨɪɦɢɪɨɜɚɬɶɫɹ. ɇɚ ɦɚɥɵɯ ɭɱɚɫɬɤɚɯ ɠɢɞɤɨɫɬɶ ɧɟ ɭɫɩɟɜɚɟɬ ɩɪɨɝɪɟɬɶɫɹ, ɬɚɤ ɱɬɨ ɡɞɟɫɶ 
ɫɩɪɚɜɟɞɥɢɜɵ ɡɚɤɨɧɵ ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ. ɉɪɢ ɦɚɥɵɯ ɱɢɫɥɚɯ Ɋɟɣɧɨɥɶɞɫɚ ɭɱɚɫɬɨɤ 
ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɢɡɚɰɢɢ ɩɨɪɹɞɤɚ ɲɢɪɢɧɵ ɤɚɧɚɥɚ, ɬɚɤ ɱɬɨ ɢɦ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɢ 
ɫɱɢɬɚɬɶ ɩɪɨфɢɥɶ ɫфɨɪɦɢɪɨɜɚɜɲɢɦɫɹ. ɇɨ ɤɪɨɦɟ ɭɱɚɫɬɤɚ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɢɡɚɰɢɢ 
ɟɫɬɶ ɭɱɚɫɬɨɤ ɬɟɩɥɨɜɨɣ ɫɬɚɛɢɥɢɡɚɰɢɢ, ɤɨɬɨɪɵɦ ɧɟɥɶɡɹ ɩɪɟɧɟɛɪɟɱɶ. ɇɚ эɬɨɦ ɭɱɚɫɬɤɟ 
ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɩɚɪɚɛɨɥɢɱɟɫɤɢɣ ɩɪɨфɢɥɶ ɫɤɨɪɨɫɬɟɣ ɧɚɱɧɟɬ ɞɟфɨɪɦɢɪɨɜɚɬɶɫɹ, ɧɨ 
ɞɟфɨɪɦɢɪɭɟɬɫɹ ɨɧ ɦɟɞɥɟɧɧɨ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɭɪɚɜɧɟɧɢɢ ɇɚɜɶɟ-ɋɬɨɤɫɚ ɜɩɨɥɧɟ 
ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɢɧɟɪɰɢɨɧɧɵɦɢ ɱɥɟɧɚɦɢ ɢ ɫɱɢɬɚɬɶ, ɱɬɨ ɧɚ ɤɚɠɞɭɸ ɱɚɫɬɢɰɭ ɠɢɞɤɨɫɬɢ 
ɞɟɣɫɬɜɭɸɬ ɬɪɢ ɫɢɥɵμ ɫɢɥɚ ɬɹɠɟɫɬɢ, ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɫɢɥɚ ɞɚɜɥɟɧɢɹ.  

ɉɪɢ эɬɨɦ ɬɚɤɠɟ ɫɱɢɬɚɟɦ, ɱɬɨ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɢɫɤɥɸɱɟɧɨ ɢɡ 
ɪɚɫɫɦɨɬɪɟɧɢɹ ɢ ɬɨɝɞɚ ɫɢɥɚ ɬɹɠɟɫɬɢ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ, ɧɚɩɪɚɜɥɟɧɚ 
ɜɜɟɪɯ. ɇɚ ɭɱɚɫɬɤɟ ɫɬɚɛɢɥɢɡɚɰɢɢ ɩɨɩɟɪɟɤ ɤɚɧɚɥɚ ɢɦɟɟɦ ɞɜɟ ɡɨɧɵμ ɜ ɨɞɧɨɣ ɡɨɧɟ ɠɢɞɤɨɫɬɶ 
ɨɬɱɚɫɬɢ ɩɪɨɝɪɟɬɚ, ɚ ɜ ɞɪɭɝɨɣ ɨɧɚ ɧɟ ɩɪɨɝɪɟɬɚ ɢ ɟɟ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɜɧɚ ɬɟɦɩɟɪɚɬɭɪɟ ɜɯɨɞɚ 
T0 (ɪɢɫ. β). ȼ ɩɪɟɞɟɥɚɯ ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ (ɧɚɝɪɟɬɨɝɨ) ɧɚ ɱɚɫɬɢɰɭ ɞɟɣɫɬɜɭɸɬ ɞɜɟ 



64  ɋȿɆȿɇɈȼ ɢ ɞɪ. 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 4(25) 2017 

ɞɜɢɠɭɳɢɯ ɫɢɥɵμ ɫɢɥɚ ɬɹɠɟɫɬɢ ɢ ɫɢɥɚ ɞɚɜɥɟɧɢɹ, ɚ ɜɧɟ ɫɥɨɹ ɬɨɥɶɤɨ ɫɢɥɚ ɞɚɜɥɟɧɢɹ. ɋ 
ɭɜɟɥɢɱɟɧɢɟɦ ɜɵɫɨɬɵ ɫɢɥɚ ɬɹɠɟɫɬɢ ɪɚɫɬɟɬ, ɬ.ɤ. ɪɚɫɬɟɬ ɬɟɦɩɟɪɚɬɭɪɚ ɢ, ɤɪɨɦɟ ɬɨɝɨ, 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɬɨɥɳɢɧɚ ɫɥɨɹ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɢɦɟɟɬ ɦɟɫɬɨ ɦɟɞɥɟɧɧɚɹ 
ɩɟɪɟɤɚɱɤɚ ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ ɢɡ ɧɚɪɭɠɧɨɝɨ ɫɥɨɹ ɜ ɩɪɢɫɬɟɧɨɱɧɵɣ ɧɚɝɪɟɬɵɣ ɫɥɨɣ. ɉɪɢ 
эɬɨɦ ɜ ɫɢɥɭ ɫɬɚɰɢɨɧɚɪɧɨɫɬɢ ɬɟɱɟɧɢɹ ɨɛɳɢɣ ɪɚɫɯɨɞ ɠɢɞɤɨɫɬɢ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɵɦ, ɧɨ 
ɧɚɝɪɟɬɵɣ ɫɥɨɣ ɪɚɫɲɢɪɹɟɬɫɹ, ɢ ɫɤɨɪɨɫɬɶ ɟɝɨ ɱɚɫɬɢɰ ɪɚɫɬɟɬ. ȼɧɟ ɧɚɝɪɟɬɨɝɨ ɫɥɨɹ ɫɤɨɪɨɫɬɶ 
ɱɚɫɬɢɰ ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɜɦɟɫɬɟ ɫ ɧɟɣ ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɝɪɚɞɢɟɧɬ ɞɚɜɥɟɧɢɹ. ɉɨɫɬɟɩɟɧɧɨ 
ɫɤɨɪɨɫɬɶ ɱɚɫɬɢɰ ɜ ɧɚɪɭɠɧɨɣ ɡɨɧɟ ɦɨɠɟɬ ɫɧɢɡɢɬɶɫɹ ɞɨ ɧɭɥɹ. Ⱦɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ 
ɫɢɬɭɚɰɢɢ ɦɨɠɟɬ ɩɨɣɬɢ ɩɨ ɞɜɭɦ ɫɰɟɧɚɪɢɹɦ. ȼɨ-ɩɟɪɜɵɯ, ɦɨɠɟɬ ɬɚɤ ɫɥɭɱɢɬɶɫɹ, ɱɬɨ 
ɫɤɨɪɨɫɬɶ ɜ ɧɟɩɪɨɝɪɟɬɨɣ ɡɨɧɟ ɧɟ ɭɫɩɟɟɬ ɫɧɢɡɢɬɶɫɹ ɞɨ ɧɭɥɹ ɞɨ ɬɨɝɨ ɦɨɦɟɧɬɚ ɤɚɤ ɜɟɫɶ 
ɤɚɧɚɥ ɩɪɨɝɪɟɟɬɫɹ, ɧɚɝɪɟɬɵɣ ɫɥɨɣ ɞɨɫɬɢɝɧɟɬ ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ ɫɬɟɧɤɢ ɤɚɧɚɥɚ ɢ ɭɱɚɫɬɨɤ 
ɫɬɚɛɢɥɢɡɚɰɢɢ ɡɚɤɨɧɱɢɬɫɹ. ȼ эɬɨɦ ɫɥɭɱɚɟ ɠɢɞɤɨɫɬɶ ɛɭɞɟɬ ɬɟɱɶ ɜɜɟɪɯ ɥɚɦɢɧɚɪɧɨ. ȼɨ-

ɜɬɨɪɵɯ, ɦɨɠɟɬ ɫɥɭɱɢɬɶɫɹ, ɱɬɨ ɠɢɞɤɨɫɬɶ ɧɟ ɭɫɩɟɟɬ ɩɪɨɝɪɟɬɶɫɹ, ɚ ɫɤɨɪɨɫɬɶ ɜ ɧɟɩɪɨɝɪɟɬɨɣ 
ɡɨɧɟ ɫɧɢɡɢɬɫɹ ɞɨ ɧɭɥɹ ɢ ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ ɞɚɥɟɟ ɞɨ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɫɩɭɬɧɨɝɨ 
(ɜɨɡɜɪɚɬɧɨɝɨ) ɬɟɱɟɧɢɹ. ɋ фɢɡɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ эɬɨɬ ɪɟɠɢɦ ɧɚɢɛɨɥɟɟ ɢɧɬɟɪɟɫɟɧ. 
ȼɨɡɧɢɤɲɟɟ ɫɩɭɬɧɨɟ ɬɟɱɟɧɢɟ ɛɭɞɟɬ ɧɚɪɚɫɬɚɬɶ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɤɚɧɚɥ ɧɟ ɩɪɨɝɪɟɟɬɫɹ ɢ ɨɧɨ 
ɞɨɥɠɧɨ ɢɞɬɢ ɨɬ ɫɚɦɨɣ ɜɟɪɯɧɟɣ ɤɪɨɦɤɢ ɤɚɧɚɥɚ ɨɬ ɦɟɫɬɚ ɟɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɨ ɫɦɟɫɢɬɟɥɟɦ. 
ɋɬɚɰɢɨɧɚɪɧɨɟ ɬɟɱɟɧɢɟ ɢɦɟɟɬ ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɪɨфɢɥɶ ɫɤɨɪɨɫɬɟɣ ɢ ɬɟɦɩɟɪɚɬɭɪ, ɤɚɤ ɧɚ 
ɜɫɟɦ ɩɪɨɬɹɠɟɧɢɢ ɤɚɧɚɥɚ, ɬɚɤ ɢ ɧɚ ɜɟɪɯɧɟɣ ɟɝɨ ɤɪɨɦɤɟ. ȿɫɥɢ эɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɫɤɨɪɨɫɬɟɣ ɢ ɬɟɦɩɟɪɚɬɭɪ ɧɟ ɫфɨɪɦɢɪɭɟɬɫɹ, ɬɨ ɫɬɚɰɢɨɧɚɪɧɵɣ ɪɟɠɢɦ ɬɟɱɟɧɢɹ ɛɭɞɟɬ 
ɧɟɜɨɡɦɨɠɟɧ. ȼɬɟɤɚɧɢɟ ɠɢɞɤɨɫɬɢ ɢɡ ɫɦɟɫɢɬɟɥɹ ɜ ɤɚɧɚɥ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɫ ɩɪɨфɢɥɟɦ 
ɫɤɨɪɨɫɬɢ, ɨɩɪɟɞɟɥɹɟɦɵɦ ɝɟɨɦɟɬɪɢɟɣ ɫɦɟɫɢɬɟɥɹ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɟɝɨ 
ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ. ɉɨɧɹɬɧɨ, ɱɬɨ ɢ ɩɪɨфɢɥɶ ɫɤɨɪɨɫɬɟɣ ɢ ɩɨɥɟ ɬɟɦɩɟɪɚɬɭɪ ɛɭɞɭɬ 
ɫɨɜɫɟɦ ɧɟ ɬɟ, ɤɨɬɨɪɵɟ ɬɪɟɛɭɸɬɫɹ ɞɥɹ фɨɪɦɢɪɨɜɚɧɢɹ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ ɜ ɫɩɭɬɧɨɦ 
ɩɨɬɨɤɟ. ɉɪɨɢɡɜɨɥɶɧɵɟ ɫɤɨɪɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɦɨɠɟɬ ɛɵɬɶ, ɢ ɫɦɨɝɭɬ ɩɨɞɞɟɪɠɢɜɚɬɶ 
ɫɩɭɬɧɵɣ ɩɨɬɨɤ, ɧɨ ɞɜɢɠɟɧɢɟ ɧɟ ɛɭɞɟɬ ɫɬɚɰɢɨɧɚɪɧɵɦ. ɂɡɦɟɧɹɹɫɶ ɫɥɨɠɧɵɦ ɨɛɪɚɡɨɦ ɜɨ 
ɜɪɟɦɟɧɢ, ɨɧɨ ɛɭɞɟɬ ɬɭɪɛɭɥɟɧɬɧɵɦ. Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ эɤɫɩɟɪɢɦɟɧɬ, ɫɩɭɬɧɵɣ ɩɨɬɨɤ ɧɟ 
ɩɨɹɜɥɹɟɬɫɹ, ɬɚɤ ɱɬɨ ɡɚɪɨɠɞɟɧɢɟɦ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ ɬɭ ɜɵɫɨɬɭ, ɧɚ 
ɤɨɬɨɪɨɣ ɨɧ ɦɨɝ ɛɵ ɩɨɹɜɢɬɶɫɹ. ɗɬɚ ɬɭɪɛɭɥɟɧɬɧɨɫɬɶ ɬɟɨɪɟɬɢɱɟɫɤɢ ɛɵɥɚ ɩɪɟɞɫɤɚɡɚɧɚ ȼ. ɇ. 
ȼɨɥɤɨɜɵɦ ɢ ȼ. Ʉ. Ʌɢ-Ɉɪɥɨɜɵɦ ɢ ɧɚɛɥɸɞɚɥɚɫɶ ɨɞɧɢɦ ɢɡ ɚɜɬɨɪɨɜ ɞɚɧɧɨɣ ɪɚɛɨɬɵ 
эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɨɛɦɨɬɨɤ ɦɨɳɧɵɯ 
ɬɪɚɧɫфɨɪɦɚɬɨɪɨɜ Д1βЖ. 

 
Ɋɢɫ. 2. – ɋɯɟɦɚ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɤɚɧɚɥɚ δ – ɬɨɥɳɢɧɚ ɬɟɩɥɨɜɨɝɨ ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ 

U(0) – ɩɪɨфɢɥɶ ɫɤɨɪɨɫɬɢ ɜ ɧɚɱɚɥɟ ɤɚɧɚɥɚ; U(zɤ) – ɩɪɨфɢɥɶ ɫɤɨɪɨɫɬɢ ɩɪɢ ɫɩɭɬɧɨɦ ɬɟɱɟɧɢɢ 

[Vertical channel scheme δ is the thickness of the thermal boundary layer 

U (0) - velocity profile at the beginning of the channel 

U (zk) is the velocity profile for the slowness flow] 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɱɚɫɬɶɸ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɥɨɜɢɣ ɢ 
ɦɟɫɬɚ ɡɚɪɨɠɞɟɧɢɹ ɫɩɭɬɧɨɝɨ ɩɨɬɨɤɚ. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫɬɚɰɢɨɧɚɪɧɨɣ ɫɦɟɲɚɧɧɨɣ 
ɤɨɧɜɟɤɰɢɢ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɫɢɫɬɟɦɟ ɭɪɚɜɧɟɧɢɣ ɜ ɩɪɢɛɥɢɠɟɧɢɢ Ȼɭɫɫɢɧɟɫɤɚ Д1γЖ. ɗɬɢ 
ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɩɥɨɫɤɨɣ ɝɟɨɦɟɬɪɢɢ ɩɪɢ ɩɪɟɧɟɛɪɟɠɟɧɢɢ ɜ ɭɪɚɜɧɟɧɢɢ ɇɚɜɶɟ-ɋɬɨɤɫɚ 
ɫɢɥɚɦɢ ɢɧɟɪɰɢɢ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ (ɪɢɫ.β)μ 
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ɝɞɟ Щ ɢ T – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɡɛɵɬɨɤ ɞɚɜɥɟɧɢɹ ɧɚɞ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɢɦ ɢ ɬɟɦɩɟɪɚɬɭɪɚ, 
ɨɬɫɱɢɬɚɧɧɵɟ ɨɬ ɜɯɨɞɚ ɜ ɤɚɧɚɥ, 

 Ю ɢ Я – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɨɞɨɥɶɧɚɹ ɢ ɩɨɩɟɪɟɱɧɚɹ ɤɨɦɩɨɧɟɧɬɵ ɫɤɨɪɨɫɬɢ 
ɠɢɞɤɨɫɬɢ. 

Ɂɞɟɫɶ ɩɟɪɜɵɟ ɞɜɚ ɭɪɚɜɧɟɧɢɹ (1, β) – ɭɪɚɜɧɟɧɢɹ ɇɚɜɶɟ-ɋɬɨɤɫɚ ɩɪɢ ɩɪɢɧɹɬɵɯ ɜɵɲɟ 
ɭɫɥɨɜɢɹɯ, ɬɪɟɬɶɟ ɭɪɚɜɧɟɧɢɟ – ɭɪɚɜɧɟɧɢɟ ɧɟɩɪɟɪɵɜɧɨɫɬɢ, ɚ ɱɟɬɜɟɪɬɨɟ – ɭɪɚɜɧɟɧɢɟ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. 

Ɂɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɜɡɹɬɚ ɲɢɪɢɧɚ ɤɚɧɚɥɚ С, ɡɚ ɟɞɢɧɢɰɭ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɧɹɬ ɟɟ 
ɩɟɪɟɩɚɞ ɦɟɠɞɭ ɜɟɪɯɧɢɦ ɢ ɧɢɠɧɢɦ ɫɦɟɫɢɬɟɥɹɦɢ ΔɌ, ɚ ɨɫɬɚɥɶɧɵɟ ɦɚɫɲɬɚɛɵ ɜɵɛɪɚɧɵ 
ɬɚɤ, ɱɬɨɛɵ ɤɨэффɢɰɢɟɧɬɵ ɩɪɢ ɜɫɟɯ ɫɥɚɝɚɟɦɵɯ ɜ ɭɪɚɜɧɟɧɢɢ (β), ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɫɢɥɵ 
Ⱥɪɯɢɦɟɞɚ, ɪɚɜɧɹɥɢɫɶ ɟɞɢɧɢɰɟ. ɉɪɢ ɬɚɤɨɣ ɧɨɪɦɢɪɨɜɤɟ ɩɨɹɜɥɹɸɬɫɹ ɞɜɚ ɤɪɢɬɟɪɢɹ 
ɩɨɞɨɛɢɹμ ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ ɢ ɱɢɫɥɨ Ƚɪɚɫɝɨфɚ: 

a


Pr  , 

2

3





Tgh

Gr  . 

Ɂɞɟɫɶ Ȟ ɢ ɚ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɪɟɞɧɢɟ ɜ ɪɚɛɨɱɟɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 
ɤɨэффɢɰɢɟɧɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɠɢɞɤɨɫɬɢ. 
Ƚɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɡɚɞɚɟɬɫɹ ɪɚɫɯɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɤɨɬɨɪɵɣ ɩɪɢ ɞɚɧɧɨɣ 
ɧɨɪɦɢɪɨɜɤɟ ɹɜɥɹɟɬɫɹ ɫɪɟɞɧɢɦ ɩɨ ɫɟɱɟɧɢɸ ɤɚɧɚɥɚ ɱɢɫɥɨɦ Ɋɟɣɧɨɥɶɞɫɚ <RО>. Ʉɪɚɟɜɵɟ 
ɭɫɥɨɜɢɹ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞμ 

ɉɪɢ 0y  
y

T
j




 ; 0vu ; 

ɩɪɢ 1y  0



y

T
; 0vu ; 

ɩɪɢ 0z  0),0( yT ; 0p ;  
1

0

Re constudyu . 

Ɂɞɟɫɶ У - ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɢɫɯɨɞɹɳɟɝɨ ɢɡ ɧɚɝɪɟɬɨɣ ɫɬɟɧɤɢ. 
Ɋɟɲɟɧɢɟ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɛɭɞɟɦ ɢɫɤɚɬɶ ɢɡɜɟɫɬɧɵɦ ɜ ɝɢɞɪɨɞɢɧɚɦɢɤɟ ɦɟɬɨɞɨɦ 

ɢɧɬɟɝɪɚɥɶɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ Д14Ж. Ⱦɥɹ эɬɨɝɨ ɩɪɨɢɧɬɟɝɪɢɪɭɟɦ ɭɪɚɜɧɟɧɢɟ (β) ɩɨɩɟɪɟɤ 
ɤɚɧɚɥɚ ɩɨ в: 
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ɉɨɜɬɨɪɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɞɚɟɬ: 
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ɍɱɢɬɵɜɚɹ, ɱɬɨ ɩɪɢ в=1 Ю=0, ɩɨɥɭɱɢɦ: 
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ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 

 

),()(
2

1 2
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u  , (6) 

ɝɞɟ   
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TdydyTdydyyyz
0 00

1
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),( . 

Ƚɪɚɞɢɟɧɬ ɢ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɧɚɯɨɞɢɦ ɢɡ ɭɫɥɨɜɢɹ ɩɨɫɬɨɹɧɫɬɜɚ ɪɚɫɯɨɞɚ ɠɢɞɤɨɫɬɢ: 

 
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
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




  
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dyyzdzGrzuzp
0

1
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),(12)( . 

ɉɨɞɫɬɚɜɥɹɹ (7) ɜ (6), ɩɨɥɭɱɢɦ ɩɪɨфɢɥɶ ɫɤɨɪɨɫɬɢ: 

  ),(),(6 2

1

0

yzGryydyyzGruu 







  . 

Ƚɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɧɚɥɚ ɧɚɯɨɞɢɦ ɢɡ ɜɵɪɚɠɟɧɢɹ (5): 
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Ⱦɚɥɟɟ ɫɤɥɚɞɵɜɚɹ  ɭɪɚɜɧɟɧɢɟ (γ) ɫ ɭɪɚɜɧɟɧɢɟɦ (4), ɩɨɥɭɱɢɦ: 
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Pr

1)()(

y
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y
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dz
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
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



. 

ɂɧɬɟɝɪɢɪɭɹ эɬɨ ɭɪɚɜɧɟɧɢɟ  ɩɨɩɟɪɟɤ ɤɚɧɚɥɚ ɫ ɭɱɟɬɨɦ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɩɨɥɭɱɢɦ 
ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɫɪɟɞɧɟɦɚɫɫɨɜɨɣ ɬɟɦɩɟɪɚɬɭɪɵ: 

Re
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UTdu
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

.

 

Ɂɚɞɚɜɚɹ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɜɢɞɟ, 
ɯɚɪɚɤɬɟɪɧɨɦ ɞɥɹ ɬɟɩɥɨɜɵɞɟɥɹɸɳɟɣ ɫɛɨɪɤɢ ɹɞɟɪɧɨɝɨ ɪɟɚɤɬɨɪɚ: 


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jzj sin)( 0 , ɢɦɟɟɦ: 
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Ɂɞɟɫɶ H – ɜɵɫɨɬɚ ɬɟɩɥɨɜɵɞɟɥɹɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɧɚɥɚ. 
 

ȼ ɢɡɥɨɠɟɧɧɨɦ ɡɞɟɫɶ ɦɟɬɨɞɟ ɜɫɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ ɜɵɪɚɠɟɧɵ ɱɟɪɟɡ 
ɬɟɦɩɟɪɚɬɭɪɭ. ȿɫɥɢ ɛɵ ɩɨɥɟ ɬɟɦɩɟɪɚɬɭɪ ɛɵɥɨ ɢɡɜɟɫɬɧɨ ɬɨɱɧɨ, ɬɨ ɧɚ ɨɫɧɨɜɟ 
ɢɧɬɟɝɪɚɥɶɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɧɚɣɬɢ ɬɨɱɧɵɟ ɜɵɪɚɠɟɧɢɹ ɢ ɞɥɹ 
ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ. Ɉɬɫɸɞɚ ɹɫɧɨ, ɱɬɨ ɬɨɱɧɨɫɬɶ ɩɪɢɦɟɧɹɟɦɨɝɨ ɡɞɟɫɶ ɦɟɬɨɞɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɱɧɨɫɬɶɸ ɡɚɞɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ. ɉɨɫɤɨɥɶɤɭ ɬɟɦɩɟɪɚɬɭɪɚ ɜɫɟɝɞɚ 
ɢɡɦɟɧɹɟɬɫɹ ɦɨɧɨɬɨɧɧɨ, ɬɨ ɨɱɟɧɶ ɫɢɥɶɧɨ ―ɩɪɨɦɚɡɚɬɶ‖ ɜ ɡɚɞɚɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɩɪɨфɢɥɹ ɦɚɥɨɜɟɪɨɹɬɧɨ, ɬɨɝɞɚ ɤɚɤ ɩɪɨфɢɥɶ ɫɤɨɪɨɫɬɟɣ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɜɟɫɶɦɚ 
ɡɚɦɵɫɥɨɜɚɬɵɦ ɨɛɪɚɡɨɦ. ɉɨɧɹɬɧɨ, ɱɬɨ ɜɫɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ ɫɥɟɞɭɟɬ 
ɜɵɪɚɠɚɬɶ ɱɟɪɟɡ ɬɟɦɩɟɪɚɬɭɪɭ, ɚ ɧɟ ɧɚɨɛɨɪɨɬ. 

Ⱦɚɥɟɟ ɪɚɫɫɦɨɬɪɢɦ ɭɱɚɫɬɨɤ ɬɟɩɥɨɜɨɣ ɫɬɚɛɢɥɢɡɚɰɢɢ. Ⱦɥɹ ɟɝɨ ɪɚɫɱɟɬɚ ɜɜɟɞɟɦ 
ɯɚɪɚɤɬɟɪɧɵɣ ɪɚɡɦɟɪ δ(г) – ɬɨɥɳɢɧɭ ɬɟɩɥɨɜɨɝɨ ɧɚɝɪɟɬɨɝɨ ɫɥɨɹ, ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ 
ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɫɥɟɞɭɸɳɢɦ ɭɫɥɨɜɢɹɦμ 

ɩɪɢ г=0   δ(0)=0ν ɩɪɢ в= δ   T(z, δ)=0, 0



y

T
. 

ɇɚ ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ ɫɬɟɧɤɟ δ(гk)=1. Ɂɞɟɫɶ гk – ɜɵɫɨɬɚ, ɧɚ ɤɨɬɨɪɨɣ ɬɟɩɥɨɜɨɣ ɧɚɝɪɟɬɵɣ 
ɫɥɨɣ ɞɨɫɬɢɝɚɟɬ ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ ɫɬɟɧɤɢ. ɋ ɭɱɟɬɨɦ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɡɚɞɚɞɢɦ 
ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɪɨфɢɥɶ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 
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ɩɪɢ 0),(1  yzTy . 

 

Ɉɩɭɫɤɚɹ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɜɵɱɢɫɥɟɧɢɹ, ɩɪɢɜɟɞɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɩɪɨфɢɥɹ ɫɤɨɪɨɫɬɢ 
ɢ ɝɪɚɞɢɟɧɬɚ ɞɚɜɥɟɧɢɹ ɩɪɢ г=гk ɢ δ=1, ɤɨɝɞɚ ɬɟɩɥɨɜɨɣ ɧɚɝɪɟɬɵɣ ɫɥɨɣ ɞɨɫɬɢɝɧɟɬ 
ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ ɫɬɟɧɤɢ: 
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Ɂɞɟɫɶ 
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Gr
K   – ɤɨɧɜɟɤɬɢɜɧɵɣ ɩɚɪɚɦɟɬɪ. 

ɂɡ ɭɪɚɜɧɟɧɢɹ (8) ɫ ɭɱɟɬɨɦ (λ) ɢ (10), ɩɨɫɥɟ эɥɟɦɟɧɬɚɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɩɨɥɭɱɢɦ 
ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ гk: 
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Ʉɚɤ ɭɠɟ ɝɨɜɨɪɢɥɨɫɶ, ɩɟɪɟɯɨɞ ɨɬ ɥɚɦɢɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ ɤ ɬɭɪɛɭɥɟɧɬɧɨɦɭ ɫɜɹɡɚɧ ɫ 

ɩɨɹɜɥɟɧɢɟɦ ɫɩɭɬɧɨɝɨ ɬɟɱɟɧɢɹ, ɭɫɥɨɜɢɟɦ ɩɨɹɜɥɟɧɢɹ ɤɨɬɨɪɨɝɨ (ɪɢɫ. β) ɹɜɥɹɟɬɫɹ 0
dy

du
 

ɩɪɢ в=1. ɉɨɫɥɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɵɱɢɫɥɟɧɢɣ, ɧɚɯɨɞɢɦ: 

 
)(

360

kzj
K  . (11) 

 

ɋɢɦɦɟɬɪɢɱɧɵɣ ɧɚɝɪɟɜ ɫɪɟɞɵ ɫ ɩɨɫɬɨɹɧɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ 
ɪɚɫɫɦɨɬɪɟɧ ɜ ɪɚɛɨɬɟ Д15Ж. Ⱦɥɹ ɫɢɦɦɟɬɪɢɱɧɨɝɨ ɧɚɝɪɟɜɚ ɭɫɥɨɜɢɟ (11) ɩɪɢɧɢɦɚɟɬ ɜɢɞ 
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)(

180

kzj
K  . ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɲɟɧɢɣ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɜɵɧɭɠɞɟɧɧɨɣ ɤɨɧɜɟɤɰɢɢ (GЫ=0) 

ɞɜɢɠɭɳɟɣ ɫɢɥɨɣ ɹɜɥɹɟɬɫɹ ɝɪɚɞɢɟɧɬ ɞɚɜɥɟɧɢɹ, ɚ ɩɪɨфɢɥɶ ɫɤɨɪɨɫɬɢ ɹɜɥɹɟɬɫɹ 

ɩɚɪɚɛɨɥɢɱɟɫɤɢɦ  2Re6 yyU  . ɉɪɢ 
)(

80

kzj
K  ɝɪɚɞɢɟɧɬ ɞɚɜɥɟɧɢɹ ɩɨɦɟɧɹɟɬ ɡɧɚɤ, 

ɬ.ɟ. ɫɢɥɚ ɞɚɜɥɟɧɢɹ ɢɡ ɞɜɢɠɭɳɟɣ ɫɬɚɧɟɬ ɬɨɪɦɨɡɹɳɟɣ, ɤɚɤ ɢ ɫɥɟɞɭɟɬ ɢɡ ɚɧɚɥɢɡɚ, 
ɩɪɢɜɟɞɟɧɧɨɝɨ ɜ ɧɚɱɚɥɟ ɫɬɚɬɶɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɡɜɨɥɹɟɬ ɨɛɨɫɧɨɜɚɬɶ ɩɪɟɞɥɚɝɚɟɦɭɸ 
ɝɢɩɨɬɟɡɭ, ɧɚɣɬɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɥɚɦɢɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ ɢ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɩɪɟɞɟɥɢɬɶ ɭɫɥɨɜɢɹ ɩɟɪɟɯɨɞɚ ɤ ɬɭɪɛɭɥɟɧɬɧɨɦɭ ɪɟɠɢɦɭ ɬɟɱɟɧɢɹ. 

 
ɋɉɂɋɈɄ ɅɂɌȿɊȺɌɍɊɕ 

 
1. Ɉɫɬɪɨɭɦɨв Ƚ.Ⱥ. ɋɜɨɛɨɞɧɚɹ ɤɨɧɜɟɤɰɢɹ ɜ ɭɫɥɨɜɢɹɯ ɜɧɭɬɪɟɧɧɟɣ ɡɚɞɚɱɢ. -Ɇ.μ Ƚɨɫɬɟɯɢɡɞɚɬ, 1λ5β. 
2. Ʌɵɤɨв Ⱥ. ȼ. и ɞɪ. ɋɨɩɪɹɠɟɧɧɵɟ ɡɚɞɚɱɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ / Ⱥ.ȼ. Ʌɵɤɨɜ,  

Ⱥ. Ⱥ. Ⱥɥɟɤɫɚɲɟɧɤɨ, ȼ. Ⱥ. Ⱥɥɟɤɫɚɲɟɧɤɨ. Ɇɢɧɫɤμ ɇɚɭɤɚ ɢ ɬɟɯɧɢɤɚ, 1λ71. 
3. Ƚɟɛɯɚɪɬ Ȼ. и ɞɪ. ɋɜɨɛɨɞɧɨ ɤɨɧɜɟɤɬɢɜɧɵɟ ɬɟɱɟɧɢɹ, ɬɟɩɥɨ- ɢ ɦɚɫɫɨɨɛɦɟɧ. Ɇ.μ Ɇɢɪ, 1λλ1. 
4. Ƚɭɫɟɜ ɋ.ȿ., ɒɤɥɨɜɟɪ Ƚ.Ƚ.. ɋɜɨɛɨɞɧɨɤɨɧɜɟɤɬɢɜɧɵɣ ɬɟɩɥɨɨɛɦɟɧ ɩɪɢ ɜɧɟɲɧɟɦ ɨɛɬɟɤɚɧɢɢ ɬɟɥ / 

Ȼ. Ƚɟɛɯɚɪɬ, Ƀ. Ⱦɠɚɥɭɪɢɹ, Ɋ.Ʌ. Ɇɚɯɚɞɠɚɧ – Ɇ.μ ɗɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 1λλβ 

5. Ʉɭɬɚɬɟɥɚɞɡɟ ɋ. ɋ. и ɞɪ. Ɍɭɪɛɭɥɟɧɬɧɚɹ ɟɫɬɟɫɬɜɟɧɧɚɹ ɤɨɧɜɟɤɰɢɹ ɜɟɪɬɢɤɚɥɶɧɨɣ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ 
ɩɥɚɫɬɢɧɵ / ɋ. ɋ. Ʉɭɬɚɬɟɥɚɞɡɟ, Ⱥ. Ƚ. Ʉɢɪɞɹɲɤɢɧ, ȼ. ɉ. ɂɜɚɤɢɧ — «Ⱦɨɤɥ. Ⱥɇ ɋɋɋɊ», 1λ74, ɬ. β1, 
№6, ɫ. 1β70. 

6. Ⱦɪɨɩɤин Ⱦ., ɋɨɦɟɪɫɤɟɣɥɡ ȿ. Ɍɟɩɥɨɨɬɞɚɱɚ ɩɭɬɟɦ ɟɫɬɟɫɬɜɟɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɜ ɠɢɞɤɨɫɬɹɯ, 

ɨɝɪɚɧɢɱɟɧɧɵɯ ɞɜɭɦɹ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɩɥɨɫɤɢɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ, ɤɨɬɨɪɵɟ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɩɨɞ 
ɪɚɡɥɢɱɧɵɦɢ ɭɝɥɚɦɢ ɧɚɤɥɨɧɚ ɤ ɝɨɪɢɡɨɧɬɚɥɢ.— «Ɍɪ. ɚɦɟɪ. ɨɛ-ɜɚ ɢɧɠ.-ɦɟɯ., ɫɟɪ. ɋ. 
Ɍɟɩɥɨɩɟɪɟɞɚɱɚ», 1λ65, № 1, ɫ. λ4. 

7. ɉɟɬɭɯɨв Ȼ. ɋ. Ɍɭɪɛɭɥɟɧɬɧɨɟ ɬɟɱɟɧɢɟ ɢ ɬɟɩɥɨɨɛɦɟɧ ɜ ɬɪɭɛɚɯ ɩɪɢ ɫɭɳɟɫɬɜɟɧɧɨɦ ɜɥɢɹɧɢɢ 
ɬɟɪɦɨɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɫɢɥ. — ȼ ɤɧ.μ Ɍɪɭɞɵ Ɇɟɠɞɭɧɚɪɨɞɧɨɝɨ ɫɟɦɢɧɚɪɚ ɩɨ ɬɭɪɛɭɥɟɧɬɧɨɣ 
ɫɜɨɛɨɞɧɨɣ ɤɨɧɜɟɤɰɢɢ. Ⱦɭɛɪɨɜɧɢɤ, ɋɎɊɘ, 1λ76, ɫ. 701 

8. Merrikh A. A., Lage J. L. Natural convection in an enclosure with disconnected and conducting solid 

blocks // Intern. J. Heat Mass Transfer. 2005 V. 48, N 7 P. 1361–1372. 

9. Ʉиɪиɥɥɨв, ɉ.Ʌ. и ɞɪ. Ɍɟɩɥɨɦɚɫɫɨɛɦɟɧ ɜ ɹɞɟɪɧɵɯ эɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɤɚɯ ДɌɟɤɫɬЖ / ɉ.Ʌ. 
Ʉɢɪɢɥɥɨɜ, Ƚ.ɉ. Ȼɨɝɨɫɥɨɜɫɤɚɹ. – Ɇ.μ ɂɡɞȺɌ, β008. 

10. Ʉиɪиɥɥɨв, ɉ.Ʌ. и ɞɪ. ɋɩɪɚɜɨɱɧɢɤ ɩɨ ɬɟɩɥɨɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɪɚɫɱɟɬɚɦ ɜ ɹɞɟɪɧɨɣ эɧɟɪɝɟɬɢɤɟ. Ɍ.1. 
ДɌɟɤɫɬЖ/ ɉ.Ʌ. Ʉɢɪɢɥɥɨɜ, ȼ.ɉ. Ȼɨɛɤɨɜ, Ⱥ.ȼ. ɀɭɤɨɜ, ȼ.ɋ. ɘɪɶɟɜ. – Ɇ.μ ɂɡɞȺɌ, β010. 

11. ɉɟɬɭɯɨв, Ȼ.ɋ. и ɞɪ. Ɍɟɩɥɨɨɛɦɟɧ ɜ ɹɞɟɪɧɵɯ эɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɤɚɯ ДɌɟɤɫɬЖ / Ȼ.ɋ. ɉɟɬɭɯɨɜ, 
Ʌ.Ƚ. Ƚɟɧɢɧ, ɋ.Ⱥ. Ʉɨɜɚɥɟɜ, ɋ.Ʌ. ɋɨɥɨɜɶɟɜ. – Ɇ.μ ɂɡɞ. Ɇɗɂ, β00γ. 

12. ɋɟɦɟнɨв, ȼ.Ʉ. и ɞɪ. Ʉɨɧɜɟɤɬɢɜɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɨɛɦɨɬɨɤ ɦɨɳɧɵɯ эɥɟɤɬɪɢɱɟɫɤɢɯ 

ɬɪɚɧɫфɨɪɦɚɬɨɪɨɜ ДɌɟɤɫɬЖ / ȼ.Ʉ. ɋɟɦɟɧɨɜ, Ⱥ.Ɏ. Ƚɨɪɛɭɧɰɨɜ, Ⱦ.Ⱥ. Ƚɨɪɛɭɧɰɨɜ // ɋɛ. 
"ɂɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɨɫɧɨɜ эɥɟɤɬɪɨɬɟɯɧɢɤɢ ɢ ɢɧɠɟɧɟɪɧɨɣ эɥɟɤɬɪɨфɢɡɢɤɢ". 
ɂɜɚɧɨɜɨμ ɂɡɞ. ɂɜɚɧɨɜɫɤɨɝɨ эɧɟɪɝɨɢɧɫɬɢɬɭɬɚ, 1λ8β. ɋ. 11γ. 

13. Ƚɟɪɲɭни, Ƚ.Ɂ. и ɞɪ. ɍɫɬɨɣɱɢɜɨɫɬɶ ɤɨɧɜɟɤɬɢɜɧɵɯ ɬɟɱɟɧɢɣ ДɌɟɤɫɬЖ / Ƚ.Ɂ. Ƚɟɪɲɭɧɢ, ȿ.Ɇ. 
ɀɭɯɨɜɢɰɤɢɣ, Ⱥ.Ⱥ. ɇɟɩɨɦɧɹɳɢɣ. – Ɇ.μ ɇɚɭɤɚ, 1λ8λ. 

14. ɒɥиɯɬинɝ, Ƚ. Ɍɟɨɪɢɹ ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ ДɌɟɤɫɬЖ / Ƚ. ɒɥɢɯɬɢɧɝ. – Ɇ.μ ɇɚɭɤɚ, 1λ74. 
15. ɋɟɦɟнɨв, ȼ.Ʉ. Ʉ ɜɨɩɪɨɫɭ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɜɟɪɬɢɤɚɥɶɧɵɯ ɤɚɧɚɥɚɯ ɝɚɡɨɪɚɡɪɹɞɧɵɯ ɚɩɩɚɪɚɬɨɜ 

ДɌɟɤɫɬЖ / ȼ.Ʉ. ɋɟɦɟɧɨɜ // Ɍɟɩɥɨфɢɡɢɤɚ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. – 1998. – Ɍ. γ6. – №γ. – ɋ. 50γ–507. 

 

REFERENCES 

 

[1] Ostroumov G.A. Svobodnaya konvekciya v usloviyah vnutrennei' zadachi. M. Pub. Gostehizdat, 

1952. (In Russian) 

[2] Lykov A. V., Aleksashenko A. A., Aleksashenko V. A.. Sopryazhennye zadachi konvektivnogo 

teploobmena.  Minsk. Pub. Nauka i tehnika, 1971. (In Russian) 

[3] Gebhart B. Svobodno konvektivnye techeniya, teplo- i massoobmen. M. Pub. Mir, 1991. (In 

Russian) 

[4] Gusev S.E., SHklover G.G. Svobodnokonvektivnyi' teploobmen pri vneshnem obtekanii tel. M. Pub. 

JEnergoatomizdat, 1992. (In Russian) 

http://lib.alnam.ru/book_phis9.php?id=6
http://scask.ru/book_s_phis1.php?id=79


 ɈȻɈɋɇɈȼȺɇɂȿ ȽɂɉɈɌȿɁɕ ɉȿɊȿɏɈȾȺ ɅȺɆɂɇȺɊɇɈȽɈ Ɍȿɑȿɇɂə 69 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 4(25) 2017 

[5] Kutateladze S. S., A. G. Kirdyashkin, V. P. Ivakin. Turbulentnaya estestvennaya konvekciya 

vertikal'noi' izotermicheskoi' plastiny  – «DШФХ. Aζ SSSR», 1λ74, Э. β1, №6, Щ. 1β70. (In Russian) 

[6] Dropkin D., Somerskei'lz E. Teplootdacha putem estestvennoi' konvekcii v zhidkostyah, 

ogranichennyh dvumya parallel'nymi ploskimi poverhnostyami, kotorye raspolagayutsya pod 

razlichnymi uglami naklona k gorizontali. – «Tr. amer. ob-va inzh.-meh., ser. S. Teploperedacha», 

1λ65, № 1, Щ. λ4. (In Russian) 

[7] Dropkin D., Somerskei'lz E. Teplootdacha putem estestvennoi' konvekcii v zhidkostyah, 

ogranichennyh dvumya parallel'nymi ploskimi poverhnostyami, kotorye raspolagayutsya pod 

razlichnymi uglami naklona k gorizontali.– «Tr. amer. ob-va inzh.-meh., ser. S. Teploperedacha», 

1λ65, № 1, Щ. λ4. (In Russian) 

[8] Merrikh A. A., Lage J. L. Natural convection in an enclosure with disconnected and conducting 

solid blocks // Intern. J. Heat Mass Transfer. 2005 V. 48, N 7 P. 1361–1372. 

[9] Kirillov P.L., Bogoslovskaja G.P. Teplomassobmen v jadernykh ehnergeticheskikh ustanovkakh 

[Heat-Energy in Nuclear Power Plants]. M. Pub. IzdAT, 2008. (in Russian) 

[10] Kirillov P.L., Bobkov V.P., Zhukov A.V., Jurjev V.S. Spravochnik po teplogidravlicheskim 

raschetam v jadernojj ehnergetike  [Handbook on Thermal Hydraulic Calculations in Nuclear Power 

Engineering]. Vol. 1. M. IzdAT, 2010. (in Russian) 

[11] Petukhov B.S., Genin L.G., Kovalev S.A., Solovjev S.L. Teploobmen v jadernykh 

ehnergeticheskikh ustanovkakh  [Heat Transfer in Nuclear Power Plants]. M. Pub. MEI, 2003. (in 

Russian) 

[12] Semenov V.K., Gorbuncov A.F., Gorbuncov D.A. Konvektivnoe okhlazhdenie obmotok moshhnykh 

ehlektricheskikh transformatorov [Convective Cooling of Windings of Powerful Electrical 

Transformers]. Sbornik Issledovanija v oblasti teoreticheskikh osnov ehlektrotekhniki i inzhenernojj 

ehlektrofiziki  [Collection of works "Research in the Field of Theoretical Fundamentals of Electrical 

Engineering and Engineering Electrophysics"]. Ivanovo. Pub. Ivanovskogo ehnergoinstituta, 1982. 

p. 113. (in Russian) 

[13] Gershuni G.Z., Zhukhovickijj E.M., Nepomnjashhijj A.A. Ustojjchivost konvektivnykh techenijj  

[Stability of Convective Currents]. M. Pub. Nauka  [Science], 1989. (in Russian) 

[14] Shlikhting G. Teorija pogranichnogo sloja  [Boundary Layer Theory]. M. Pub. Nauka [Science], 

1974. (in Russian) 

[15] Semenov V.K. K voprosu teploobmena v vertikalnykh kanalakh gazorazrjadnykh apparatov  [Heat 

Exchange in Vertical Channels of Gas-Discharge Apparatus]. Teplofizika vysokikh temperature  

ДTСОЫЦКХ PСвЬТМЬ ШП HТРС TОЦЩОЫКЭЮЫОЬЖ, 1λλ8, VШХ. γ6, №γ, ЩЩ. 50γ–507. (in Russian) 

 

Hypothesis Substantiation of Laminar Current Transition to Turbulent during 

Mixed Liquid Convection in Vertical Channels 

 

V.K. Semenov, A.A. Beliakov 

 
Ivanovo State Power University, 

34 Rabfakovskaya st., Ivanovo, Ivanovskaya region, Russia, 153003 

E-mail: oh_behave@mail.ru 

 

Abstract – The paper offers and justifies the hypothesis of the transition of a slow steady-state 

laminar liquid flow into a turbulent one during its ascending motion along a vertical unequally 

heated surface under conditions of mixed convection. It analyzes the nature of the driving forces 

and the role of the pressure force at different stages of liquid heating. It is shown that this 

transition is due to the origin of the wakeful flow and the disruption of the stationarity conditions. 

The critical value of the convective parameter and the place of turbulence generation are 

determined by the method of integral relations. 
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