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ɄɈɇɋɉȿɄɌ ɅȿɄɐɂɃ ɉɈ ɎɂɁɂɄȿ

Ʌɟɤɰɢɹ №1

ȼɜɟɞɟɧɢɟ. ɉɪɟɞɦɟɬ ɮɢɡɢɤɢ. ɇɚɭɱɧɵɣ ɦɟɬɨɞ ɩɨɡɧɚɧɢɹ. Ɏɢɡɢɤɚ ɮɭɧɞɚɦɟɧɬ ɟɫɬɟɫɬɜɟɧɧɵɯ ɧɚɭɤ. 
ɗɤɫɩɟɪɢɦɟɧɬ ɢ ɬɟɨɪɢɹ. Ɇɨɞɟɥɢ. Ɏɢɡɢɱɟɫɤɢɟ ɡɚɤɨɧɵ. Ɇɚɬɟɦɚɬɢɤɚ – ɹɡɵɤ ɮɢɡɢɤɢ.

Ʉɢɧɟɦɚɬɢɤɚ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ. Ɇɟɯɚɧɢɱɟɫɤɨɟ ɞɜɢɠɟɧɢɟ. ɋɢɫɬɟɦɵ ɨɬɫɱɟɬɚ. Ɇɚɬɟɪɢɚɥɶɧɚɹ 
ɬɨɱɤɚ. Ɍɪɚɟɤɬɨɪɢɹ. ɉɟɪɟɦɟɳɟɧɢɟ, ɫɤɨɪɨɫɬɶ ɢ ɭɫɤɨɪɟɧɢɟ, ɬɚɧɝɟɧɰɢɚɥɶɧɚɹ ɢ ɧɨɪɦɚɥɶɧɚɹ 
ɫɨɫɬɚɜɥɹɸɳɢɟ ɭɫɤɨɪɟɧɢɹ. ɋɜɹɡɶ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ ɥɢɧɟɣɧɵɯ ɢ ɭɝɥɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ɢ ɭɫɤɨɪɟɧɢɣ.

1.1. ȼɜɟɞɟɧɢɟ

ɇɚɭɤɨɣ ɨɛɵɱɧɨ ɧɚɡɵɜɚɸɬ ɩɨɩɵɬɤɢ ɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɬɶ ɫɭɦɦɭ ɡɧɚɧɢɣ ɨɛ ɨɤɪɭɠɚɸɳɟɦ ɧɚɫ 
ɦɚɬɟɪɢɚɥɶɧɨɦ ɦɢɪɟ, ɨ ɫɚɦɨɦ ɱɟɥɨɜɟɤɟ ɢ ɨ ɪɟɡɭɥɶɬɚɬɚɯ ɟɝɨ ɞɟɹɬɟɥɶɧɨɫɬɢ. ɋɚɦ ɬɟɪɦɢɧ «ɧɚɭɤɚ» ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɭɩɨɬɪɟɛɥɹɸɬ ɜɨ ɦɧɨɠɟɫɬɜɟɧɧɨɦ ɱɢɫɥɟ, ɩɨɞɱɟɪɤɢɜɚɹ ɦɧɨɝɨɝɪɚɧɧɨɫɬɶ ɷɬɨɝɨ ɩɨɧɹɬɢɹ. ȼ 
ɷɬɨɦ ɫɦɵɫɥɟ ɧɚɭɤɢ ɪɚɡɞɟɥɹɸɬ ɧɚ ɝɭɦɚɧɢɬɚɪɧɵɟ ɢ ɟɫɬɟɫɬɜɟɧɧɵɟ. Ɉɛɳɢɦ ɞɥɹ ɜɫɟɯ ɧɚɭɤ ɹɜɥɹɟɬɫɹ 
ɨɛɹɡɚɬɟɥɶɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɮɨɪɦɚɥɶɧɨɣ ɥɨɝɢɤɢ ɤɚɤ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɦɟɬɨɞɚ ɧɚɭɱɧɨɝɨ ɦɵɲɥɟɧɢɹ.

Ɏɢɡɢɤɚ ɤɚɤ ɨɬɞɟɥɶɧɚɹ ɧɚɭɤɚ ɢɡɭɱɚɟɬ ɧɚɢɛɨɥɟɟ ɨɛɳɢɟ ɡɚɤɨɧɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɪɚɡɜɢɬɢɹ 
ɨɤɪɭɠɚɸɳɟɣ ɧɚɫ ɦɚɬɟɪɢɢ ɜ ɟɟ ɧɚɢɛɨɥɟɟ ɩɪɢɦɢɬɢɜɧɵɯ ɮɨɪɦɚɯ, ɤɨɬɨɪɵɟ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɧɟɠɢɜɨɣ 
ɩɪɢɪɨɞɨɣ. ɉɨɷɬɨɦɭ ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɮɢɡɢɤɚ ɹɜɥɹɟɬɫɹ ɮɭɧɞɚɦɟɧɬɨɦ ɜɫɟɯ ɟɫɬɟɫɬɜɟɧɧɵɯ ɧɚɭɤ, ɜ 
ɱɚɫɬɧɨɫɬɢ ɝɟɨɝɪɚɮɢɢ.
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ȼ ɏIX ɢ ɏɏ ɜɟɤɚɯ ɮɢɡɢɤɚ ɩɟɪɟɠɢɥɚ ɛɭɪɧɵɣ ɪɚɫɰɜɟɬ, ɮɢɡɢɱɟɫɤɢɟ ɡɧɚɧɢɹ ɢ ɮɢɡɢɱɟɫɤɢɣ ɦɟɬɨɞ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɭɱɢɥɢ ɛɨɥɶɲɭɸ ɢɡɜɟɫɬɧɨɫɬɶ ɢ ɧɚɲɥɢ ɩɪɢɦɟɧɟɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɚɫɩɟɤɬɚɯ ɱɟɥɨɜɟɱɟɫɤɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ.

ɋɭɳɧɨɫɬɶ ɷɬɨɝɨ ɦɟɬɨɞɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɜ ɨɫɧɨɜɭ ɤɪɢɬɢɱɟɫɤɨɣ ɨɰɟɧɤɢ ɜɫɟɯ ɪɚɡɪɚɛɨɬɚɧɧɵɯ 
ɮɢɡɢɱɟɫɤɢɯ ɬɟɨɪɢɣ ɩɨɥɨɠɟɧ ɷɤɫɩɟɪɢɦɟɧɬ.

ɇɚ ɪɚɧɧɢɯ ɫɬɚɞɢɹɯ ɪɚɡɜɢɬɢɹ ɧɚɭɤɢ ɮɢɡɢɤɢ ɫɜɨɢ ɡɚɤɥɸɱɟɧɢɹ ɫɬɪɨɢɥɢ ɧɚ ɨɫɧɨɜɟ ɪɟɚɥɶɧɵɯ 
ɧɚɛɥɸɞɟɧɢɣ ɪɚɡɥɢɱɧɵɯ ɩɪɢɪɨɞɧɵɯ ɹɜɥɟɧɢɣ, ɧɚɩɪɢɦɟɪ, ɬɚɤɢɯ ɤɚɤ ɝɪɨɡɚ (Ȼ. Ɏɪɚɧɤɥɢɧ ɢ Ƚ.ȼ. Ɋɢɯɦɚɧ). 
ɉɨɡɞɧɟɟ ɱɟɥɨɜɟɤ ɧɚɭɱɢɥɫɹ ɢɫɤɭɫɫɬɜɟɧɧɨ ɜɨɫɩɪɨɢɡɜɨɞɢɬɶ ɷɬɢ ɹɜɥɟɧɢɹ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ –
«ɫɬɚɜɢɬɶ ɧɚɭɱɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ». əɫɧɨ, ɱɬɨ ɧɢ ɨɞɧɚ ɥɚɛɨɪɚɬɨɪɢɹ ɧɟ ɜ ɫɢɥɚɯ ɨɛɟɫɩɟɱɢɬɶ ɩɨɥɧɨɟ 
ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɟ ɜɫɟɯ ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɣ ɧɚɛɥɸɞɟɧɢɣ ɤɚɤɨɝɨ-ɥɢɛɨ ɹɜɥɟɧɢɹ. ɉɨɷɬɨɦɭ ɞɥɹ ɩɪɚɜɢɥɶɧɨɣ 
ɩɨɫɬɚɧɨɜɤɢ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɮɢɡɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɩɪɚɜɢɥɶɧɵɣ ɚɧɚɥɢɡ
ɢɡɭɱɚɟɦɨɝɨ ɹɜɥɟɧɢɹ, ɜɵɞɟɥɢɬɶ ɟɝɨ ɧɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵɟ ɫɜɹɡɢ ɫ ɨɫɬɚɥɶɧɵɦ ɦɢɪɨɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɢɡɭɱɟɧɢɟ ɹɜɥɟɧɢɹ ɢɥɢ ɨɛɴɟɤɬɚ ɜɫɟɝɞɚ ɩɪɨɜɨɞɢɬɫɹ ɜ ɧɟɤɨɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɤɨɝɞɚ ɢɫɫɥɟɞɨɜɚɬɟɥɶ 
ɫɨɡɧɚɬɟɥɶɧɨ ɢɥɢ ɧɟɨɫɨɡɧɚɧɧɨ ɨɬɛɪɚɫɵɜɚɟɬ ɧɟɤɨɬɨɪɵɟ ɞɟɬɚɥɢ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɝɨ ɹɜɥɟɧɢɹ. ɉɨɥɭɱɢɜ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ, ɧɚɛɥɸɞɚɬɟɥɶ ɞɥɹ ɢɯ ɨɛɴɹɫɧɟɧɢɹ ɫɨɡɞɚɟɬ ɧɚ ɨɫɧɨɜɟ ɢɦɟɸɳɢɯɫɹ ɭ ɧɟɝɨ 
ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɩɭɬɟɦ ɫɢɧɬɟɡɚ ɪɚɛɨɱɭɸ ɝɢɩɨɬɟɡɭ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɨɛɴɹɫɧɢɬɶ ɧɟ ɬɨɥɶɤɨ ɨɞɢɧ, ɧɨ ɢ ɰɟɥɭɸ 
ɝɪɭɩɩɭ ɩɨɞɨɛɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɫɦɵɫɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɞɟɬ ɜ 
ɧɟɤɨɬɨɪɨɦ ɭɩɪɨɳɟɧɧɨɦ ɢɥɢ, ɤɚɤ ɩɪɢɧɹɬɨ ɝɨɜɨɪɢɬɶ, ɜ ɦɨɞɟɥɶɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ, ɬ.ɟ. ɫɚɦɨ ɹɜɥɟɧɢɟ 
ɡɚɦɟɧɹɟɬɫɹ ɟɝɨ ɧɟɤɨɬɨɪɵɦ ɭɩɪɨɳɟɧɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ɢɥɢ ɦɨɞɟɥɶɸ.

ȿɫɥɢ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨɤɚɡɵɜɚɸɬɫɹ ɫɩɪɚɜɟɞɥɢɜɵɦɢ ɞɥɹ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨɝɨ 
ɤɥɚɫɫɚ ɹɜɥɟɧɢɣ, ɬɨ ɩɪɢɧɹɬɨ ɝɨɜɨɪɢɬɶ ɨ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɮɢɡɢɱɟɫɤɨɣ ɬɟɨɪɢɢ. Ɉɬɞɟɥɶɧɵɟ ɩɨɥɨɠɟɧɢɹ ɷɬɨɣ 
ɬɟɨɪɢɢ ɧɨɫɹɬ ɧɚɡɜɚɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɡɚɤɨɧɨɜ, ɩɪɢ ɭɫɥɨɜɢɢ ɢɯ ɜɵɩɨɥɧɟɧɢɹ ɞɥɹ ɜɫɟɝɨ ɤɥɚɫɫɚ ɢɡɭɱɟɧɧɵɯ 
ɨɛɴɟɤɬɨɜ ɢ ɹɜɥɟɧɢɣ.

ȼɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɮɢɡɢɱɟɫɤɨɣ ɧɚɭɤɢ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɬɞɟɥɶɧɵɯ ɫɜɨɣɫɬɜ ɮɢɡɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ. ɗɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɭɬɟɦ 
ɢɡɦɟɪɟɧɢɣ, ɢ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɜɡɚɢɦɨɫɜɹɡɢ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ ɮɢɡɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 
ɩɪɢɦɟɧɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɥɨɝɢɤɚ, ɬ.ɟ. ɦɚɬɟɦɚɬɢɤɚ. Ɇɚɬɟɦɚɬɢɤɚ ɹɜɥɹɟɬɫɹ ɦɨɳɧɵɦ ɫɪɟɞɫɬɜɨɦ ɞɥɹ 
ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɡɚɤɨɧɨɜ ɢ ɫɥɟɞɫɬɜɢɣ ɢɡ ɧɢɯ. Ʌɸɛɚɹ ɮɢɡɢɱɟɫɤɚɹ ɬɟɨɪɢɹ 
ɞɨɥɠɧɚ ɛɵɬɶ ɫɩɪɚɜɟɞɥɢɜɨɣ ɞɥɹ ɜɫɟɯ ɹɜɥɟɧɢɣ ɩɪɢɪɨɞɵ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɬɟɨɪɢɹ ɧɨɫɢɬ ɥɢɲɶ ɱɚɫɬɧɵɣ 
(ɨɝɪɚɧɢɱɟɧɧɵɣ) ɯɚɪɚɤɬɟɪ. ȿɫɥɢ ɩɨɹɜɥɹɸɬɫɹ ɧɨɜɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɮɚɤɬɵ, ɤɨɬɨɪɵɟ ɧɟ ɨɛɴɹɫɧɹɸɬɫɹ 
ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɟɨɪɢɢ, ɬɨ ɷɬɨ ɤɚɤ ɪɚɡ ɢ ɭɤɚɡɵɜɚɟɬ ɧɚ ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɬɟɨɪɢɢ. ȼ ɷɬɨɦ 
ɫɥɭɱɚɟ ɫɬɚɧɨɜɢɬɫɹ ɨɱɟɜɢɞɧɨɣ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ ɧɨɜɨɣ ɬɟɨɪɢɢ, ɜ ɤɨɬɨɪɨɣ ɧɨɜɵɣ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɦɚɬɟɪɢɚɥ ɧɚɯɨɞɢɬ ɫɜɨɟ ɟɫɬɟɫɬɜɟɧɧɨɟ ɨɛɴɹɫɧɟɧɢɟ (ɩɪɢɦɟɪ – ɦɟɯɚɧɢɤɚ ɇɶɸɬɨɧɚ ɢ 
ɬɟɨɪɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ ɗɣɧɲɬɟɣɧɚ). Ɂɞɟɫɶ ɜɚɠɧɨ ɩɨɞɱɟɪɤɧɭɬɶ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɤɪɢɬɟɪɢɟɦ ɨɰɟɧɤɢ 
ɫɩɪɚɜɟɞɥɢɜɨɫɬɢ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɥɨɝɢɱɟɫɤɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɜɵɫɬɭɩɚɟɬ ɷɤɫɩɟɪɢɦɟɧɬ. ɂɦɟɧɧɨ ɨɧ ɹɜɥɹɟɬɫɹ 
ɫɜɨɟɨɛɪɚɡɧɵɦ «ɜɟɪɯɨɜɧɵɦ ɫɭɞɶɟɣ», ɜɵɧɨɫɹɳɢɦ ɫɜɨɣ «ɩɪɢɝɨɜɨɪ» ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɚɤɨɣ-ɥɢɛɨ ɬɟɨɪɢɢ.

Ɉɞɧɚɤɨ ɰɟɩɨɱɟɱɧɚɹ ɫɜɹɡɶ «ɷɤɫɩɟɪɢɦɟɧɬ – ɝɢɩɨɬɟɡɚ – ɡɚɤɨɧ – ɬɟɨɪɢɹ – ɷɤɫɩɟɪɢɦɟɧɬ» ɧɟ ɨɡɧɚɱɚɟɬ, 
ɱɬɨ ɮɢɡɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɢɝɪɚɟɬ ɥɢɲɶ ɨɩɢɫɚɬɟɥɶɧɭɸ ɪɨɥɶ, ɢ ɟɟ ɩɪɢɡɜɚɧɢɟ ɫɨɫɬɨɢɬ ɬɨɥɶɤɨ ɜ ɨɛɴɹɫɧɟɧɢɢ 
ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. ɋɨɸɡ ɬɟɨɪɢɢ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɨɫɢɬ ɬɜɨɪɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪμ ɚɬɨɦɧɚɹ ɬɟɨɪɢɹ 
ɫɬɪɨɟɧɢɹ ɜɟɳɟɫɬɜɚ ɩɨɥɭɱɢɥɚ ɜɫɟɨɛɳɟɟ ɩɪɢɡɧɚɧɢɟ ɡɚɞɨɥɝɨ ɞɨ ɬɨɝɨ, ɤɨɝɞɚ ɫɬɚɥɨ ɜɨɡɦɨɠɧɨ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɧɚɛɥɸɞɟɧɢɟ ɨɬɞɟɥɶɧɵɯ ɚɬɨɦɨɜ.

Ʉɭɪɫ ɨɛɳɟɣ ɮɢɡɢɤɢ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɱɢɬɚɬɶɫɹ ɞɜɚ ɫɟɦɟɫɬɪɚ, ɪɚɫɫɱɢɬɚɧ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɮɢɡɢɱɟɫɤɨɝɨ ɦɢɪɨɜɨɡɡɪɟɧɢɹ, ɫɨɡɞɚɧɢɹ ɟɫɬɟɫɬɜɟɧɧɨ-ɧɚɭɱɧɨɣ ɛɚɡɵ ɞɥɹ ɩɪɚɜɢɥɶɧɨɝɨ ɩɨɧɢɦɚɧɢɹ ɜɫɟɯ 
ɹɜɥɟɧɢɣ ɨɤɪɭɠɚɸɳɟɝɨ ɧɚɫ ɦɢɪɚ.

Ɍɪɚɞɢɰɢɨɧɧɨ ɪɚɫɫɦɨɬɪɟɧɢɟ ɨɛɳɟɣ ɮɢɡɢɤɢ ɧɚɱɢɧɚɟɬɫɹ ɫ ɪɚɡɞɟɥɚ «Ɇɟɯɚɧɢɤɚ».

1.2. Ʉɢɧɟɦɚɬɢɤɚ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ

Ɇɟɯɚɧɢɤɚ - ɱɚɫɬɶ ɮɢɡɢɤɢ, ɤɨɬɨɪɚɹ ɢɡɭɱɚɟɬ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɞɜɢɠɟɧɢɹ ɢ ɩɪɢɱɢɧɵ, 
ɜɵɡɵɜɚɸɳɢɟ ɢɥɢ ɢɡɦɟɧɹɸɳɢɟ ɷɬɨ ɞɜɢɠɟɧɢɟ. Ɇɟɯɚɧɢɱɟɫɤɢɦ ɞɜɢɠɟɧɢɟɦ ɧɚɡɵɜɚɟɬɫɹ ɩɟɪɟɦɟɳɟɧɢɟ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɬɟɥ ɢɥɢ ɢɯ ɱɚɫɬɟɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ. Ɋɚɡɥɢɱɚɸɬ ɬɪɢ ɜɢɞɚ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɞɜɢɠɟɧɢɹ 
ɬɟɥμ ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ, ɜɪɚɳɚɬɟɥɶɧɨɟ ɢ ɤɨɥɟɛɚɬɟɥɶɧɨɟ.
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 Ɇɟɯɚɧɢɤɚ ɞɟɥɢɬɫɹ ɧɚ ɬɪɢ ɪɚɡɞɟɥɚμ ɤɢɧɟɦɚɬɢɤɚ, ɞɢɧɚɦɢɤɚ ɢ ɫɬɚɬɢɫɬɢɤɚ. 

 Ʉɢɧɟɦɚɬɢɤɚ ɢɡɭɱɚɟɬ ɞɜɢɠɟɧɢɟ ɬɟɥ, ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɹ ɩɪɢɱɢɧɵ, ɜɵɡɵɜɚɸɳɢɟ ɷɬɨ ɞɜɢɠɟɧɢɟ. 

 Ⱦɢɧɚɦɢɤɚ ɢɡɭɱɚɟɬ ɡɚɤɨɧɵ ɞɜɢɠɟɧɢɹ ɬɟɥ ɢ ɩɪɢɱɢɧɵ, ɤɨɬɨɪɵɟ ɜɵɡɵɜɚɸɬ ɢɥɢ ɢɡɦɟɧɹɸɬ ɷɬɨ 
ɞɜɢɠɟɧɢɟ. 

 ɋɬɚɬɢɤɚ ɢɡɭɱɚɟɬ ɡɚɤɨɧɵ ɪɚɜɧɨɜɟɫɢɹ ɫɢɫɬɟɦɵ ɬɟɥ. Ɂɚɤɨɧɵ ɫɬɚɬɢɤɢ ɨɬɞɟɥɶɧɨ ɨɬ ɡɚɤɨɧɨɜ 
ɞɢɧɚɦɢɤɢ ɮɢɡɢɤɚ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬ, ɬɚɤ ɤɚɤ,  ɡɧɚɹ ɡɚɤɨɧɵ ɞɜɢɠɟɧɢɹ ɬɟɥ, ɬɨ ɢɡ ɧɢɯ ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɢ 
ɡɚɤɨɧɵ ɪɚɜɧɨɜɟɫɢɹ. 

 Ɇɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɨɣ ɧɚɡɵɜɚɟɬɫɹ ɬɟɥɨ, ɮɨɪɦɨɣ ɢ ɪɚɡɦɟɪɚɦɢ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɜ 
ɞɚɧɧɨɣ ɡɚɞɚɱɟ. ɉɟɪɟɦɟɳɟɧɢɟ ɬɟɥɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɨɥɶɤɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɚɤɨɝɨ-ɥɢɛɨ ɞɪɭɝɨɝɨ ɬɟɥɚ ɢɥɢ 
ɝɪɭɩɩɵ ɬɟɥ. ɉɨɷɬɨɦɭ ɩɪɢ ɢɡɭɱɟɧɢɢ ɞɜɢɠɟɧɢɹ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɫɢɫɬɟɦɭ 
ɨɬɫɱɟɬɚ, ɬ.ɟ. ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ, ɫɜɹɡɚɧɧɭɸ ɫ ɬɟɥɨɦ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɬɨɪɨɝɨ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɞɜɢɠɟɧɢɟ 
ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ. 

 Ʌɢɧɢɹ, ɨɩɢɫɵɜɚɟɦɚɹ ɞɜɢɠɭɳɟɣɫɹ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɨɣ, ɧɚɡɵɜɚɟɬɫɹ ɬɪɚɟɤɬɨɪɢɟɣ. ɉɪɹɦɨɣ 
ɨɬɪɟɡɨɤ, ɫɨɟɞɢɧɹɸɳɢɣ ɧɚɱɚɥɶɧɵɣ ɢ ɤɨɧɟɱɧɵɣ ɩɭɧɤɬɵ ɞɜɢɠɟɧɢɹ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ ɧɚɡɵɜɚɟɬɫɹ 

ɩɟɪɟɦɟɳɟɧɢɟɦ (ɪɢɫ.1.1). 

  

Ⱦɜɢɠɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɩɪɹɦɨɥɢɧɟɣɧɵɦ, ɟɫɥɢ ɬɪɚɟɤɬɨɪɢɹ – ɩɪɹɦɚɹ ɥɢɧɢɹ, ɢ ɤɪɢɜɨɥɢɧɟɣɧɵɦ, ɟɫɥɢ 
ɬɪɚɟɤɬɨɪɢɹ – ɤɪɢɜɚɹ ɥɢɧɢɹ. ɉɪɢ ɩɪɹɦɨɥɢɧɟɣɧɨɦ ɞɜɢɠɟɧɢɢ ɩɟɪɟɦɟɳɟɧɢɟ ɢ ɬɪɚɟɤɬɨɪɢɹ ɫɨɜɩɚɞɚɸɬ. 

 Ɉɬɧɨɲɟɧɢɟ ɩɭɬɢ, ɩɪɨɣɞɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɨɣ, ɤ ɩɪɨɦɟɠɭɬɤɭ  ɜɪɟɦɟɧɢ, ɡɚ ɤɨɬɨɪɵɣ ɷɬɨɬ 
ɩɭɬɶ  ɩɪɨɣɞɟɧ, ɧɚɡɵɜɚɟɬɫɹ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɶɸ ɞɜɢɠɟɧɢɹ: 

t

S
Vɫɪ 


 .                                                   (1.1) 

 ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɫɤɚɥɹɪɧɚɹ ɜɟɥɢɱɢɧɚ ɢ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɥɢɱɧɨɣ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɚɯ. ɉɨɷɬɨɦɭ 
ɨɧɚ ɧɟɞɨɫɬɚɬɨɱɧɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɞɜɢɠɟɧɢɟ. ȼɜɟɞɟɦ ɩɨɧɹɬɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ. Ɇɝɧɨɜɟɧɧɚɹ 
ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɬɪɚɟɤɬɨɪɢɢ ɟɫɬɶ ɜɟɤɬɨɪ, ɧɚɩɪɚɜɥɟɧɧɵɣ ɩɨ ɤɚɫɚɬɟɥɶɧɨɣ ɤ ɬɪɚɟɤɬɨɪɢɢ, 
ɚ ɩɨ ɦɨɞɭɥɸ ɪɚɜɧɵɣ ɩɪɟɞɟɥɭ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɩɪɢ ɫɬɪɟɦɥɟɧɢɢ ɩɪɨɦɟɠɭɬɤɚ ɜɪɟɦɟɧɢ ɤ ɧɭɥɸμ 

V V


=
0

lim
t dt

dS

t

S





.                                          (1-2) 

 ɋɤɨɪɨɫɬɶ ɢɡɦɟɪɹɟɬɫɹ ɜ ɦɟɬɪɚɯ ɜ ɫɟɤɭɧɞɭ (ɦ/c). 

Ⱦɜɢɠɟɧɢɟ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ ɧɚɡɵɜɚɟɬɫɹ ɪɚɜɧɨɦɟɪɧɵɦ, ɟɫɥɢ ɟɝɨ ɫɤɨɪɨɫɬɶ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɫ ɬɟɱɟɧɢɟɦ 
ɜɪɟɦɟɧɢν ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɞɜɢɠɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɵɦ. ɇɟɪɚɜɧɨɦɟɪɧɨɟ ɞɜɢɠɟɧɢɟ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɭɫɤɨɪɟɧɢɟɦ. 

 Ɉɬɧɨɲɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɤ ɩɪɨɦɟɠɭɬɤɭ ɜɪɟɦɟɧɢ, ɡɚ ɤɨɬɨɪɵɣ ɷɬɨ ɢɡɦɟɧɟɧɢɟ ɩɪɨɢɡɨɲɥɨ, 
ɧɚɡɵɜɚɟɬɫɹ ɫɪɟɞɧɢɦ ɭɫɤɨɪɟɧɢɟɦ: 

Ɋɢɫ.1.1

Ɍɪɚɟɤɬɨɪɢɹ 

ȼ 
ɉɟɪɟɦɟɳɟɧɢɟ Ⱥ 
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Ɉɬɧɨɲɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɤ ɩɪɨɦɟɠɭɬɤɭ ɜɪɟɦɟɧɢ, ɡɚ ɤɨɬɨɪɵɣ ɷɬɨ ɢɡɦɟɧɟɧɢɟ ɩɪɨɢɡɨɲɥɨ, 
ɧɚɡɵɜɚɟɬɫɹ ɫɪɟɞɧɢɦ ɭɫɤɨɪɟɧɢɟɦ: 

t

V
acɪ 






.                                                     (1-3) 

 ɋɪɟɞɧɟɟ ɭɫɤɨɪɟɧɢɟ ɧɚɩɪɚɜɥɟɧɨ ɬɚɤ ɠɟ, ɤɚɤ ɢ ɩɪɢɪɚɳɟɧɢɟ ɫɤɨɪɨɫɬɢ, ɬ.ɟ. ɩɨɞ ɭɝɥɨɦ ɤ ɬɪɚɟɤɬɨɪɢɢ 
ɜ ɫɬɨɪɨɧɭ ɟɟ ɜɨɝɧɭɬɨɫɬɢ (ɪɢɫ.1.β). 

 

 Ɇɝɧɨɜɟɧɧɨɟ ɭɫɤɨɪɟɧɢɟ ɞɜɢɠɟɧɢɹ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɬɪɚɟɤɬɨɪɢɢ ɟɫɬɶ ɜɟɤɬɨɪ, ɧɚɩɪɚɜɥɟɧɧɵɣ ɩɨɞ 
ɭɝɥɨɦ ɤ ɬɪɚɟɤɬɨɪɢɢ ɜ ɫɬɨɪɨɧɭ ɟɟ ɜɨɝɧɭɬɨɫɬɢ, ɚ ɩɨ ɦɨɞɭɥɸ ɪɚɜɧɵɣ ɩɪɟɞɟɥɭ ɫɪɟɞɧɟɝɨ ɭɫɤɨɪɟɧɢɹ ɩɪɢ 
ɫɬɪɟɦɥɟɧɢɢ ɩɪɨɦɟɠɭɬɤɚ ɜɪɟɦɟɧɢ ɤ ɧɭɥɸ. 

dt
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



 00

limlim .                                 (1-4) 

ɍɫɤɨɪɟɧɢɟ ɜɵɪɚɠɚɟɬɫɹ ɜ ɦɟɬɪɚɯ ɧɚ ɫɟɤɭɧɞɭ ɜ ɤɜɚɞɪɚɬɟ (
2ɫ

ɦ
). 

 ȼɟɤɬɨɪ ɭɫɤɨɪɟɧɢɹ ɪɚɫɤɥɚɞɵɜɚɟɬɫɹ ɧɚ ɞɜɟ ɫɨɫɬɚɜɥɹɸɳɢɟ, ɨɞɧɚ ɢɡ ɤɨɬɨɪɵɯ  

ɧɚɩɪɚɜɥɟɧɚ ɩɨ ɤɚɫɚɬɟɥɶɧɨɣ ɤ ɬɪɚɟɤɬɨɪɢɢ ɢ ɧɚɡɵɜɚɟɬɫɹ ɤɚɫɚɬɟɥɶɧɵɦ ɢɥɢ  ɬɚɧɝɟɧɰɢɚɥɶɧɵɦ ɭɫɤɨɪɟɧɢɟɦ, 
ɞɪɭɝɚɹ – ɧɚɩɪɚɜɥɟɧɚ ɩɨ ɧɨɪɦɚɥɢ ɤ ɬɚɟɤɬɨɪɢɢ ɢ ɧɚɡɵɜɚɟɬɫɹ ɧɨɪɦɚɥɶɧɵɦ ɢɥɢ ɰɟɧɬɪɨɫɬɪɟɦɢɬɟɥɶɧɵɦ 
ɭɫɤɨɪɟɧɢɟɦ (ɪɢɫ. 1.γ).                  

ɰɫɤ aaa


 ; 
22

ɰɫɤ ɚaa  . 

Ʉɚɫɚɬɟɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ ɢɡɦɟɧɹɟɬ ɬɨɥɶɤɨ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ, ɚ ɰɟɧɬɪɨɫɬɪɟɦɢɬɟɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ – ɬɨɥɶɤɨ 
ɟɟ ɧɚɩɪɚɜɥɟɧɢɟ. 

 ɉɪɢ ɩɪɹɦɨɥɢɧɟɣɧɨɦ ɞɜɢɠɟɧɢɢ 0ɰɫɚ  ɢ ɤɚɚ 
 . 

Ⱦɜɢɠɟɧɢɟ, ɩɪɨɢɫɯɨɞɹɳɟɟ ɫ ɩɨɫɬɨɹɧɧɵɦ ɭɫɤɨɪɟɧɢɦ, ɧɚɡɵɜɚɟɬɫɹ ɪɚɜɧɨɩɟɪɟɦɟɧɧɵɦ (ɪɚɜɧɨɭɫɤɨɪɟɧɧɵɦ, 

ɟɫɥɢ 0ɚ , ɢ ɪɚɜɧɨɡɚɦɟɞɥɟɧɧɵɦ, ɟɫɥɢ 0ɚ ). ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ 
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 ɉɨɞɫɬɚɜɥɹɹ ɜɵɪɚɠɟɧɢɟ ɞɥɹ V ɢɡ (1-5), ɩɨɥɭɱɢɦ 

2

2

0

at
tVS  .                                                 (1-6) 

 Ɋɟɲɚɹ ɫɨɜɦɟɫɬɧɨ (1-5) ɢ (1-6), ɩɨɥɭɱɢɦ 

.22

0

2
aSVV                                                   (1-7) 

 ɉɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɩɪɹɦɨɥɢɧɟɣɧɨɦ ɞɜɢɠɟɧɢɢ constVV  0  ɢ 0a . Ɍɨɝɞɚ ɮɨɪɦɭɥɚ (1-6) 

ɩɪɢɦɟɬ ɜɢɞ 

VtS                                                            (1-8) 

 Ⱦɜɢɠɟɧɢɟ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ ɩɨ ɨɤɪɭɠɧɨɫɬɢ. ɉɭɫɬɶ ɦɚɬɟɪɢɚɥɶɧɚɹ ɬɨɱɤɚ ɞɜɢɠɟɬɫɹ ɩɨ 
ɨɤɪɭɠɧɨɫɬɢ ɫ ɩɨɫɬɨɹɧɧɨɣ ɩɨ ɦɨɞɭɥɸ ɫɤɨɪɨɫɬɶɸ. Ɍɚɤɨɟ ɞɜɢɠɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɪɚɜɧɨɦɟɪɧɵɦ ɞɜɢɠɟɧɢɟɦ 
ɩɨ ɨɤɪɭɠɧɨɫɬɢ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ 0ɤɚ  ɢ ɰɫɚɚ 

 . 

   
R

Vɚɰɫ

2

                                                            (1-9) 

 ɍɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ ɧɚɡɵɜɚɟɬɫɹ ɨɬɧɨɲɟɧɢɟ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɪɚɞɢɭɫɚ R ɤ ɩɪɨɦɟɠɭɬɤɭ ɜɪɟɦɟɧɢ, ɡɚ 
ɤɨɬɨɪɵɣ ɷɬɨɬ ɩɨɜɨɪɨɬ ɩɪɨɢɡɨɲɟɥμ 

t



                                                           (1-10) 

 ɍɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɢɡɦɟɪɹɟɬɫɹ ɜ ɪɚɞɢɚɧɚɯ ɜ ɫɟɤɭɧɞɭ (ɪɚɞ/c). 

 ɍɦɧɨɠɢɦ ɨɛɟ ɱɚɫɬɢ (1-10) ɧɚ R ɢ ɭɱɬɟɦ, ɱɬɨ SR   . Ɍɨɝɞɚ ɩɨɥɭɱɢɦ ɫɨɨɬɧɨɲɟɧɢɟ, 
ɫɜɹɡɵɜɚɸɳɟɟ ɥɢɧɟɣɧɭɸ ɢ ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɢμ 

    RV  .                                                            (1-11) 
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 ȼɪɟɦɹ ɨɞɧɨɝɨ ɨɛɨɪɨɬɚ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ ɩɨ ɨɤɪɭɠɧɨɫɬɢ ɧɚɡɵɜɚɟɬɫɹ ɩɟɪɢɨɞɨɦ ɜɪɚɳɟɧɢɹ Ɍ 

(ɢɡɦɟɪɹɟɬɫɹ ɜ ɫɟɤ.). Ʉɨɥɢɱɟɫɬɜɨ ɨɛɨɪɨɬɨɜ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ ɩɨ ɨɤɪɭɠɧɨɫɬɢ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ 
ɧɚɡɵɜɚɟɬɫɹ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ  . ɂɡɦɟɪɹɟɬɫɹ ɜ Ƚɰ. ɉɟɪɢɨɞ ɢ ɱɚɫɬɨɬɚ ɜɡɚɢɦɧɨ - ɨɛɪɚɬɧɵɟ ɜɟɥɢɱɢɧɵμ 


1

T .                                                             (1-12) 

 Ɂɚ ɨɞɢɧ ɩɟɪɢɨɞ ɪɚɞɢɭɫ ɨɤɪɭɠɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɣ ɫ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɨɣ ɩɨɜɨɪɚɱɢɜɚɟɬɫɹ ɧɚ ɭɝɨɥ 
2 . Ɍɨɝɞɚ 

     
Ɍ
 2

 . 

 ɋɪɟɞɧɢɦ ɭɝɥɨɜɵɦ ɭɫɤɨɪɟɧɢɟɦ ɧɚɡɵɜɚɟɬɫɹ ɨɬɧɨɲɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɤ 
ɩɪɨɦɟɠɭɬɤɭ ɜɪɟɦɟɧɢ, ɡɚ ɤɨɬɨɪɵɣ ɷɬɨ ɢɡɦɟɧɟɧɢɟ ɩɪɨɢɡɨɲɥɨμ 

                                                  .
t

ɫɪ 



                                                           (1-13) 

 Ɇɝɧɨɜɟɧɧɵɦ ɭɝɥɨɜɵɦ ɭɫɤɨɪɟɧɢɟɦ ɧɚɡɵɜɚɟɬɫɹ ɩɪɟɞɟɥ ɫɪɟɞɧɟɝɨ ɭɝɥɨɜɨɝɨ ɭɫɤɨɪɟɧɢɹ ɩɪɢ 
ɫɬɪɟɦɥɟɧɢɢ ɩɪɨɦɟɠɭɬɤɚ ɜɪɟɦɟɧɢ ɤ ɧɭɥɸμ 

dt

d

tt

 




 0

lim .                                                   (1-14) 

 Ʌɢɧɟɣɧɨɟ ɢ ɭɝɥɨɜɨɟ ɭɫɤɨɪɟɧɢɹ ɫɜɹɡɚɧɵ ɫɥɟɞɭɸɳɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦμ 

Ra  .                                                        (1-15) 

 ɍɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɢ ɭɫɤɨɪɟɧɢɟ ɜɟɤɬɨɪɧɵɟ ɜɟɥɢɱɢɧɵ (ɪɢɫ. 1.4). 

 

ɉɪɢ ɪɚɜɧɨɩɟɪɟɦɟɧɧɨɦ ɞɜɢɠɟɧɢɢ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ ɩɨ ɨɤɪɭɠɧɨɫɬɢ ɥɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ ɢ ɩɪɨɣɞɟɧɧɵɣ 

ɩɭɬɶ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ (1-5) ɢ (1-6). ɉɨɞɟɥɢɦ ɢɯ ɧɚ R ɢ ɭɱɬɟɦ, ɱɬɨ 
R

V
  ɢ 

R

a
 . Ɍɨɝɞɚ 

ɩɨɥɭɱɢɦ 

2
,

2

00

t
tt

  . 
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Ⱦɢɧɚɦɢɤɚ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ. ɉɟɪɜɵɣ ɡɚɤɨɧ ɇɶɸɬɨɧɚ. ɂɧɟɪɰɢɹ, ɫɢɥɚ. ɂɧɟɪɰɢɚɥɶɧɵɟ ɫɢɫɬɟɦɵ 
ɨɬɫɱɟɬɚ. ȼɬɨɪɨɣ ɡɚɤɨɧ ɇɶɸɬɨɧɚ. Ɇɚɫɫɚ. Ɍɪɟɬɢɣ ɡɚɤɨɧ ɇɶɸɬɨɧɚ. ɂɦɩɭɥɶɫ. Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɢɦɩɭɥɶɫɚ. 
ɋɢɥɵ ɜ ɩɪɢɪɨɞɟ. Ɋɟɚɤɬɢɜɧɨɟ ɞɜɢɠɟɧɢɟ. ɍɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɬɟɥɚ ɩɟɪɟɦɟɧɧɨɣ ɦɚɫɫɵ. Ɋɚɛɨɬɚ ɢ 
ɦɨɳɧɨɫɬɶ. ɗɧɟɪɝɢɹ. Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ   

2.1. ɉɟɪɜɵɣ ɡɚɤɨɧ ɇɶɸɬɨɧɚ. ɂɧɟɪɰɢɹ, ɫɢɥɚ. ɂɧɟɪɰɢɚɥɶɧɵɟ ɫɢɫɬɟɦɵ ɨɬɫɱɟɬɚ. 

 Ʉɢɧɟɦɚɬɢɤɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɡɚɤɨɧɵ ɞɜɢɠɟɧɢɹ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ, ɧɨ ɧɟ ɭɤɚɡɵɜɚɟɬ ɩɪɢɱɢɧɵ, 
ɜɵɡɜɚɜɲɢɟ ɷɬɨ ɞɜɢɠɟɧɢɟ, ɚ ɬɚɤɠɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɜɚɪɢɚɰɢɢ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 
ɞɜɢɠɟɧɢɹ. Ɂɚɤɨɧɵ ɇɶɸɬɨɧɚ, ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɵɟ ɛɨɥɟɟ γ00 ɥɟɬ ɧɚɡɚɞ, ɹɜɢɥɢɫɶ ɪɟɡɭɥɶɬɚɬɨɦ ɨɛɨɛɳɟɧɢɹ 
ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɧɚɛɥɸɞɟɧɢɣ ɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. ɗɬɢ ɡɚɤɨɧɵ ɢɦɟɸɬ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɢ ɜ 
ɧɚɲɟ ɜɪɟɦɹ. ɉɟɪɜɵɣ ɡɚɤɨɧ ɭɬɜɟɪɠɞɚɟɬ, ɱɬɨ ɫɭɳɟɫɬɜɭɸɬ ɬɚɤɢɟ ɫɢɫɬɟɦɵ ɨɬɫɱɟɬɚ, ɜ ɤɨɬɨɪɵɯ ɜɫɹɤɨɟ 
ɬɟɥɨ ɫɨɯɪɚɧɹɟɬ ɫɨɫɬɨɹɧɢɟ ɩɨɤɨɹ ɢɥɢ ɪɚɜɧɨɦɟɪɧɨɝɨ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɞɜɢɠɟɧɢɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ 
ɜɨɡɞɟɣɫɬɜɢɹ ɫɨ ɫɬɨɪɨɧɵ ɞɪɭɝɢɯ ɬɟɥ ɧɟ ɡɚɫɬɚɜɹɬ ɟɝɨ ɢɡɦɟɧɢɬɶ ɷɬɨ ɫɨɫɬɨɹɧɢɟ. ɋɜɨɣɫɬɜɨ ɬɟɥɚ 
ɫɨɯɪɚɧɹɬɶ ɫɜɨɟ ɫɨɫɬɨɹɧɢɟ ɧɟɢɡɦɟɧɧɵɦ ɧɚɡɵɜɚɸɬ ɢɧɟɪɰɢɟɣ, ɚ ɫɢɫɬɟɦɵ ɨɬɫɱɟɬɚ, ɜ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɟɬɫɹ 
ɷɬɨɬ ɡɚɤɨɧ, - ɢɧɟɪɰɢɚɥɶɧɵɦɢ. Ɏɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɡɚɤɨɧɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɞɥɹ ɦɟɯɚɧɢɤɢ ɧɟɬ ɪɚɡɥɢɱɢɹ 
ɦɟɠɞɭ ɫɨɫɬɨɹɧɢɟɦ ɩɨɤɨɹ ɢ ɪɚɜɧɨɦɟɪɧɨɝɨ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɞɜɢɠɟɧɢɹ. Ɉɧ ɩɨɞɱɟɪɤɢɜɚɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɶ 
ɞɜɢɠɟɧɢɹ. ɋɬɪɨɝɨ ɝɨɜɨɪɹ, 
ɷɬɨɬ ɡɚɤɨɧ ɹɜɥɹɟɬɫɹ ɱɢɫɬɨɣ ɚɛɫɬɪɚɤɰɢɟɣ, ɧɨ ɨɩɵɬ ɜɫɟɝɨ ɱɟɥɨɜɟɱɟɫɬɜɚ ɡɚ ɩɪɨɲɟɞɲɢɟ ɬɪɢ ɫ ɥɢɲɧɢɦ ɜɟɤɚ 
ɩɨɞɬɜɟɪɠɞɚɟɬ ɟɝɨ ɫɩɪɚɜɟɞɥɢɜɨɫɬɶ. ɉɪɢɱɢɧɚ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɬɟɥɚ, ɬ.ɟ. ɩɨɹɜɥɟɧɢɟ ɭɫɤɨɪɟɧɢɹ ɫɜɹɡɚɧɚ 
ɫ ɩɨɧɹɬɢɟɦ ɫɢɥɵ.  ɋɢɥɚ - ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɦɟɪɚ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɜɵɛɪɚɧɧɨɟ ɧɚɦɢ ɬɟɥɨ ɫɨ ɫɬɨɪɨɧɵ ɞɪɭɝɢɯ 
ɬɟɥ. ȼɨɨɛɳɟ ɝɨɜɨɪɹ, ɷɬɨ ɜɨɡɞɟɣɫɬɜɢɟ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɵɦ, ɧɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɟɝɨ ɦɨɠɧɨ 
ɪɚɡɥɨɠɢɬɶ ɧɚ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɩɪɨɫɬɵɟ ɜɨɡɞɟɣɫɬɜɢɹ. ɉɨɷɬɨɦɭ ɫɢɥɨɣ ɧɚɡɵɜɚɸɬ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɦɟɪɭ 
ɩɪɨɫɬɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɬɟɥɨ ɫɨ ɫɬɨɪɨɧɵ ɞɪɭɝɢɯ ɬɟɥ, ɜ ɜɨ ɜɪɟɦɹ ɞɟɣɫɬɜɢɹ ɤɨɬɨɪɨɝɨ ɬɟɥɨ ɢɥɢ ɟɝɨ 
ɱɚɫɬɢ ɩɨɥɭɱɚɸɬ ɭɫɤɨɪɟɧɢɹ. Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɨɩɵɬ, ɜɟɥɢɱɢɧɚ ɩɨɥɭɱɟɧɧɨɝɨ ɭɫɤɨɪɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɫɜɨɣɫɬɜ 
ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɬɟɥ, ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɧɢɦɢ ɢ ɨɬ ɢɯ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ. ɋɢɥɭ ɩɪɢɧɹɬɨ 
ɢɡɦɟɪɹɬɶ (ɜ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɫɢɫɬɟɦɟ ɟɞɢɧɢɰ ɋɂ  ɜ ɇɶɸɬɨɧɚɯ (ɇ ). 

 

2.2. ȼɬɨɪɨɣ ɡɚɤɨɧ ɇɶɸɬɨɧɚ. Ɇɚɫɫɚ. 

 Ɉɩɵɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɞɧɚ ɢ ɬɚ ɠɟ ɫɢɥɚ ɫɨɨɛɳɚɟɬ ɪɚɡɥɢɱɧɵɦ ɬɟɥɚɦ ɪɚɡɧɵɟ ɭɫɤɨɪɟɧɢɹ. Ȼɨɥɟɟ 
ɦɚɫɫɢɜɧɵɟ ɬɟɥɚ ɩɪɢɨɛɪɟɬɚɸɬ ɦɟɧɶɲɢɟ ɭɫɤɨɪɟɧɢɹ. Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɩɨɫɨɛɧɨɫɬɢ ɬɟɥ ɩɪɨɬɢɜɨɫɬɨɹɬɶ 
ɞɟɣɫɬɜɢɸ ɫɢɥɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɧɹɬɢɟ ɦɚɫɫɵ. ɑɟɦ ɦɟɧɶɲɟ ɭɫɤɨɪɟɧɢɟ, ɤɨɬɨɪɨɟ ɩɨɥɭɱɚɟɬ ɬɟɥɨ, ɬɟɦ ɛɨɥɶɲɟ 
ɟɝɨ ɦɚɫɫɚ, ɬ.ɟ. ɭɫɤɨɪɟɧɢɹ ɬɟɥ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɢɯ ɦɚɫɫɚɦμ 

                                                              

1

2

2

1

m

m

a

a



 .                                                 ( 2-1) 

 ɉɪɢɧɹɜ ɤɚɤɭɸ-ɥɢɛɨ ɦɚɫɫɭ ɡɚ ɷɬɚɥɨɧ, ɫ ɩɨɦɨɳɶɸ ɷɬɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɦɨɠɧɨ ɢɡɦɟɪɹɬɶ ɥɸɛɭɸ 
ɦɚɫɫɭ. 

 ȼɟɥɢɱɢɧɚ ɭɫɤɨɪɟɧɢɹ, ɤɨɬɨɪɨɟ ɩɨɥɭɱɚɟɬ ɬɟɥɨ ɨɩɪɟɞɟɥɟɧɧɨɣ ɦɚɫɫɵ, ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢɱɢɧɵ ɫɢɥɵ, - 

ɱɟɦ ɛɨɥɶɲɟ ɫɢɥɚ F, ɬɟɦ ɛɨɥɶɲɟ ɭɫɤɨɪɟɧɢɟ (ɚ  F) , ɩɨ-ɞɪɭɝɨɦɭ   Fka


 , ɝɞɟ k - ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ. ɋ ɭɱɟɬɨɦ (β-1) ɢɦɟɟɦμ 

                                                               
m

Fk
a



  .                                                ( 2-β ɚ) 

 ȼɵɛɨɪ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ ɡɚɜɢɫɢɬ ɨɬ ɜɵɛɨɪɚ ɫɢɫɬɟɦɵ ɟɞɢɧɢɰ. ȼ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɜɨ ɜɫɟɯ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦɚɯ ɟɞɢɧɢɰ ɩɪɢɧɹɬɨ ɫɱɢɬɚɬɶ k = 1, ɬ.ɟ. 

                                                               
m

F
a



  .                                                  ( 2-β ɛ) 

ȿɫɥɢ ɧɚ ɬɟɥɨ ɞɟɣɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɫɢɥ, ɬɨ ɭɫɤɨɪɟɧɢɟ ɬɟɥɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɢɯ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ 
ɫɭɦɦɟμ  
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                                                             
i

iFam


.                                                  ( 2-3) 

ɍɪɚɜɧɟɧɢɟ (β-γ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɞɧɭ ɢɡ ɮɨɪɦ ɡɚɩɢɫɢ ɜɬɨɪɨɝɨ ɡɚɤɨɧɚ ɇɶɸɬɨɧɚ. ȼ ɦɟɯɚɧɢɤɟ ɷɬɨ ɭɪɚɜɧɟɧɢɟ  
ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɭɪɚɜɧɟɧɢɟɦ ɞɜɢɠɟɧɢɹ. ȼɬɨɪɨɣ ɡɚɤɨɧ ɇɶɸɬɨɧɚ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ 
ɭɫɤɨɪɟɧɢɟ, ɩɪɢɨɛɪɟɬɚɟɦɨɟ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɨɣ (ɬɟɥɨɦ), ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɜɵɡɵɜɚɸɳɟɣ ɟɝɨ ɫɢɥɟ, 
ɫɨɜɩɚɞɚɟɬ ɫ ɧɟɸ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɦɚɫɫɟ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ (ɬɟɥɚ). 

                                          2.3. Ɍɪɟɬɢɣ ɡɚɤɨɧ ɇɶɸɬɨɧɚ. 

 ɉɨɧɹɬɢɟ ɫɢɥɵ ɨɩɪɟɞɟɥɟɧɨ ɤɚɤ ɦɟɪɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɟɥ, ɬ.ɟ. ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɞɜɢɠɟɧɢɹ ɤɚɤɨɝɨ-

ɧɢɛɭɞɶ ɬɟɥɚ ɭɱɢɬɵɜɚɟɬɫɹ ɬɨɥɶɤɨ ɨɞɧɚ ɫɬɨɪɨɧɚ ɷɬɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. əɫɧɨ, ɨɞɧɚɤɨ, ɱɬɨ ɜɫɟ ɬɟɥɚ ɧɚɞɨ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɪɚɜɧɨɩɪɚɜɧɵɟ, ɬ.ɟ. ɟɫɥɢ  ɜɬɨɪɨɟ ɬɟɥɨ ɜɨɡɞɟɣɫɬɜɭɟɬ ɧɚ ɩɟɪɜɨɟ, ɬɨ ɢ ɩɟɪɜɨɟ ɬɟɥɨ 
ɜɨɡɞɟɣɫɬɜɭɟɬ ɧɚ ɜɬɨɪɨɟ. Ɍɪɟɬɢɣ ɡɚɤɨɧ ɇɶɸɬɨɧɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɷɬɢɦɢ 
ɜɨɡɞɟɣɫɬɜɢɹɦɢμ ɋɢɥɵ, ɫ ɤɨɬɨɪɵɦɢ ɞɜɚ ɬɟɥɚ ɞɟɣɫɬɜɭɸɬ ɞɪɭɝ ɧɚ ɞɪɭɝɚ, ɪɚɜɧɵ ɩɨ ɜɟɥɢɱɢɧɟ ɢ 
ɧɚɩɪɚɜɥɟɧɵ ɩɪ ɨɞɧɨɣ ɩɪɹɦɨɣ ɜ ɪɚɡɧɵɟ ɫɬɨɪɨɧɵ. 

 ɉɪɢɦɟɪμ ɤɧɢɝɚ ɥɟɠɢɬ ɧɚ ɫɬɨɥɟν ɨɧɚ ɩɪɢɬɹɝɢɜɚɟɬɫɹ ɤ Ɂɟɦɥɟ ɢ ɜɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɞɚɜɢɬ ɧɚ ɫɬɨɥ. 
Ɉɞɧɚɤɨ ɤɧɢɝɚ ɧɟ ɩɪɨɜɚɥɢɜɚɟɬɫɹ ɤ ɰɟɧɬɪɭ Ɂɟɦɥɢ, ɬ.ɤ. ɫɬɨɥ ɫɨ ɫɜɨɟɣ ɫɬɨɪɨɧɵ ɞɟɣɫɬɜɭɟɬ ɧɚ ɤɧɢɝɭ ɫ ɫɢɥɨɣ 
ɪɚɜɧɨɣ ɩɨ ɜɟɥɢɱɢɧɟ ɫɢɥɟ ɞɚɜɥɟɧɢɹ ɤɧɢɝɟ ɧɚ ɫɬɨɥ. ɗɬɚ ɫɢɥɚ ɫɨ ɫɬɨɪɨɧɵ ɫɬɨɥɚ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɪɟɚɤɰɢɢ 
ɨɩɨɪɵ. Ʉ ɫɚɦɨɣ ɤɧɢɝɟ ɩɪɢɥɨɠɟɧɨ ɞɜɟ ɫɢɥɵμ ɫɢɥɚ ɩɪɢɬɹɠɟɧɢɹ ɢ ɫɢɥɚ ɪɟɚɤɰɢɢ ɨɩɨɪɵ. Ɉɧɢ ɪɚɜɧɵ ɩɨ 
ɜɟɥɢɱɢɧɟ ɢ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɧɚɩɪɚɜɥɟɧɵ, ɬ.ɟ. ɢɯ ɫɭɦɦɚ ɪɚɜɧɚ ɧɭɥɸ, ɩɨɷɬɨɦɭ ɤɧɢɝɚ ɧɢɤɭɞɚ ɧɟ ɞɜɢɝɚɟɬɫɹ. 

2.4. ɂɦɩɭɥɶɫ. Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɢɦɩɭɥɶɫɚ. 

ɂɦɩɭɥɶɫɨɦ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɜɟɥɢɱɢɧɭ Vmp


 . 

Ⱦɥɹ ɜɵɜɨɞɚ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɢɦɩɭɥɶɫɚ ɪɚɫɫɦɨɬɪɢɦ ɧɟɤɨɬɨɪɵɟ ɩɨɧɹɬɢɹ. ɋɨɜɨɤɭɩɧɨɫɬɶ 
ɦɚɬɟɪɢɚɥɶɧɵɯ ɬɨɱɟɤ (ɬɟɥ), ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɤɚɤ ɟɞɢɧɨɟ ɰɟɥɨɟ, ɧɚɡɵɜɚɟɬɫɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ. 
ɋɢɥɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɦɚɬɟɪɢɚɥɶɧɵɦɢ ɬɨɱɤɚɦɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɧɚɡɵɜɚɸɬɫɹ ɜɧɭɬɪɟɧ-

ɧɢɦɢ. ɋɢɥɵ, ɫ ɤɨɬɨɪɵɦɢ ɧɚ ɦɚɬɟɪɢɚɥɶɧɵɟ ɬɨɱɤɢ ɫɢɫɬɟɦɵ ɞɟɣɫɬɜɭɸɬ ɜɧɟɲɧɢɟ ɬɟɥɚ, ɧɚɡɵɜɚɸɬɫɹ 
ɜɧɟɲɧɢɦɢ. Ɇɟɯɚɧɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɬɟɥ, ɧɚ ɤɨɬɨɪɭɸ ɧɟ ɞɟɣɫɬɜɭɸɬ ɜɧɟɲɧɢɟ ɫɢɥɵ, ɧɚɡɵɜɚɟɬɫɹ ɡɚɦɤɧɭɬɨɣ 

(ɢɥɢ ɢɡɨɥɢɪɨɜɚɧɧɨɣ). ȿɫɥɢ ɦɵ ɢɦɟɟɦ ɦɟɯɚɧɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɦɧɨɝɢɯ ɬɟɥ, ɬɨ, ɫɨɝɥɚɫɧɨ 
ɬɪɟɬɶɟɦɭ ɡɚɤɨɧɭ ɇɶɸɬɨɧɚ, ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɦɟɠɞɭ ɷɬɢɦɢ ɬɟɥɚɦɢ, ɛɭɞɭɬ ɪɚɜɧɵ ɢ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ 
ɧɚɩɪɚɜɥɟɧɵ, ɬ. ɟ. ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɫɭɦɦɚ ɜɧɭɬɪɟɧɧɢɯ ɫɢɥ ɪɚɜɧɚ ɧɭɥɸ. 

Ɋɚɫɫɦɨɬɪɢɦ ɦɟɯɚɧɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ n ɬɟɥ, ɦɚɫɫɚ ɢ ɫɤɨɪɨɫɬɶ ɤɨɬɨɪɵɯ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵ ɬ1, m2, . .., ɬn ɢ 1V


, 2V


, .. ., nV


. ɉɭɫɬɶ /

1F


, 
/

2F


, ..., 
/

nF


 — ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɢɟ 

ɜɧɭɬɪɟɧɧɢɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɤɚɠɞɨɟ ɢɡ ɷɬɢɯ ɬɟɥ, a 1F


, 2F


, ..., nF


 — ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɢɟ ɜɧɟɲɧɢɯ 
ɫɢɥ. Ɂɚɩɢɲɟɦ ɜɬɨɪɨɣ ɡɚɤɨɧ ɇɶɸɬɨɧɚ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ n ɬɟɥ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵμ 

))( 1

/

111 FFVm
dt

d 
 , 

2

/

222 )( FFVm
dt

d 
 , 

……………… 

nnnn FFVm
dt

dt 
 /)( . 

ɋɤɥɚɞɵɜɚɹ ɩɨɱɥɟɧɧɨ ɷɬɢ ɭɪɚɜɧɟɧɢɹ, ɩɨɥɭɱɢɦ 

nnnn FFFFFFVmVmVm
dt

d 
......)...( 21

//

2

/

12211  . 
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ɇɨ ɬɚɤ ɤɚɤ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɫɭɦɦɚ ɜɧɭɬɪɟɧɧɢɯ ɫɢɥ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɨ ɬɪɟɬɶɟɦɭ ɡɚɤɨɧɭ ɇɶɸɬɨɧɚ 
ɪɚɜɧɚ ɧɭɥɸ, ɬɨ 

nnn FFFVmVmVm
dt

d 
...)...( 212211   

 ɢɥɢ 

  
nFFF

dt

pd 
 ...21                                                (2-4) 

ɝɞɟ 
i

n

i

iVmp
 




1

 ɢɦɩɭɥɶɫ ɫɢɫɬɟɦɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɢɡɜɨɞɧɚɹ ɩɨ ɜɪɟɦɟɧɢ ɨɬ ɢɦɩɭɥɶɫɚ ɦɟɯɚɧɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ ɪɚɜɧɚ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɫɭɦɦɟ ɜɧɟɲɧɢɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɫɢɫɬɟɦɭ. 

ȼ   ɫɥɭɱɚɟ   ɨɬɫɭɬɫɬɜɢɹ    ɜɧɟɲɧɢɯ   ɫɢɥ (ɪɚɫɫɦɚɬɪɢɜɚɟɦ ɡɚɦɤɧɭɬɭɸ ɫɢɫɬɟɦɭ) 
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.                                             (2-5) 

ɗɬɨ ɜɵɪɚɠɟɧɢɟ ɢ ɹɜɥɹɟɬɫɹ ɡɚɤɨɧɨɦ ɫɨɯɪɚɧɟɧɢɹ ɢɦɩɭɥɶɫɚ: ɢɦɩɭɥɶɫ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɫɨɯɪɚɧɹɟɬɫɹ, 
ɬ. ɟ. ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ. 

Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɢɦɩɭɥɶɫɚ ɫɩɪɚɜɟɞɥɢɜ ɧɟ ɬɨɥɶɤɨ ɜ ɤɥɚɫɫɢɱɟɫɤɨɣ ɮɢɡɢɤɟ, ɯɨɬɹ ɨɧ ɢ ɩɨɥɭɱɟɧ ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ ɡɚɤɨɧɨɜ ɇɶɸɬɨɧɚ. ɗɤɫɩɟɪɢɦɟɧɬɵ ɞɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɨɧ ɜɵɩɨɥɧɹɟɬɫɹ ɢ ɞɥɹ ɡɚɦɤɧɭɬɵɯ ɫɢɫɬɟɦ 
ɦɢɤɪɨɱɚɫɬɢɰ (ɨɧɢ ɩɨɞɱɢɧɹɸɬɫɹ 

ɡɚɤɨɧɚɦ ɤɜɚɧɬɨɜɨɣ ɦɟɯɚɧɢɤɢ). ɗɬɨɬ ɡɚɤɨɧ ɧɨɫɢɬ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ, ɬ. ɟ. ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ 
ɢɦɩɭɥɶɫɚ — ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɣ ɡɚɤɨɧ ɩɪɢɪɨɞɵ. 

                                          2.5. ɋɢɥɵ ɜ ɩɪɢɪɨɞɟ. 

 ɂɡ ɤɢɧɟɦɚɬɢɤɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɡɧɚɧɢɟ ɜɟɥɢɱɢɧɵ ɢ ɧɚɩɪɚɜɥɟɧɢɹ ɭɫɤɨɪɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɜɵɱɢɫɥɢɬɶ 
ɡɧɚɱɟɧɢɹ ɪɚɞɢɭɫɚ - ɜɟɤɬɨɪɚ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ ɜ ɥɸɛɨɣ ɩɨɫɥɟɞɭɸɳɢɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɬ.ɟ. ɩɪɟɞɫɤɚɡɚɬɶ 
ɩɨɥɨɠɟɧɢɟ ɬɨɱɤɢ. Ɂɚɤɨɧɵ ɞɢɧɚɦɢɤɢ ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɷɬɨ, ɟɫɥɢ  ɢɡɜɟɫɬɧɚ ɩɪɚɜɚɹ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɣ (β-3). 

Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɧɭɠɧɨ ɭɦɟɬɶ ɨɩɪɟɞɟɥɹɬɶ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɬɟɥɨ, ɩɨɥɨɠɟɧɢɟ ɤɨɬɨɪɨɝɨ ɬɪɟɛɭɟɬɫɹ 
ɨɩɢɫɚɬɶ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɦɢ ɬɟɥɚɦɢ ɮɢɡɢɤɚ ɫɜɨɞɢɬ ɤ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɦɟɠɞɭ 
ɷɥɟɦɟɧɬɚɪɧɵɦɢ ɱɚɫɬɢɰɚɦɢ. Ɍɚɤɢɯ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɨ ɛɨɥɟɟ ɫɨɬɧɢ. ɋɪɟɞɢ 
ɧɢɯ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵ ɷɥɟɤɬɪɨɧ, ɩɪɨɬɨɧ ɢ ɧɟɣɬɪɨɧ. Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɫɟɯ ɱɚɫɬɢɰ ɜɜɨɞɹɬɫɹ ɬɚɤɢɟ 
ɩɨɧɹɬɢɹ ɤɚɤ ɦɚɫɫɚ ɩɨɤɨɹ, ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɡɚɪɹɞ, ɫɨɛɫɬɜɟɧɧɵɣ ɦɟɯɚɧɢɱɟɫɤɢɣ ɦɨɦɟɧɬ (ɫɩɢɧ), ɚ ɬɚɤɠɟ 
ɱɟɬɧɨɫɬɶ, ɫɬɪɚɧɧɨɫɬɶ, ɤɪɚɫɢɜɨɫɬɶ, ɛɚɪɢɨɧɧɵɣ ɡɚɪɹɞ, ɰɜɟɬɨɜɨɣ ɡɚɪɹɞ, ɫɥɚɛɵɣ ɡɚɪɹɞ ɢ ɬ.ɞ. 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɪɧɵɦɢ ɱɚɫɬɢɰɚɦɢ ɫɭɳɟɫɬɜɭɟɬ ɱɟɬɵɪɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹμ ɫɢɥɶɧɨɟ, ɫɥɚɛɨɟ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɢ ɝɪɚɜɢɬɚɰɢɨɧɧɨɟ. ɋɪɚɜɧɢɬɟɥɶɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɬɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ β.1. 

                                                 

   

 

 

  Ɍɚɛɥɢɰɚ  β.1. 
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ɇɚɡɜɚɧɢɟ ɜɡɚ-

ɢɦɨɞɟɣɫɬɜɢɹ 

 Ɉɬɧɨɫɢɬɟɥɶɧɚɹ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

 ɑɚɫɬɢɰɚ,«ɩɟɪɟ-

ɧɨɫɹɳɚɹ» ɜɡɚɢ-

ɦɨɞɟɣɫɬɜɢɟ  

ɏɚɪɚɤɬɟɪɢɫɬɢ-ɤɚ 
ɱɚɫɬɢɰɵ 

   ɋɢɥɶɧɨɟ            1    -ɦɟɡɨɧɵ    
(ɝɥɸɨɧɵ)(8 ɬɢɩɨɜ ) 

m  250 mɷɥɟɤɬ 

 ɪɚɡɧɨɨɛɪɚɡɧɵɟ 

 ɗɥɟɤɬɪɨɦɚɝ- 

  ɧɢɬɧɨɟ 

        10-2      ɮɨɬɨɧ    E= h 

   ɋɥɚɛɨɟ         10-13 W - ɱɚɫɬɢɰɵ  

Z  - ɱɚɫɬɢɰɵ 

ȿ 102 ɫ2 m ɩɪɨɬɨɧ  

ɝɢɩɨɬɟɬɢɱɧɵ    

Ƚɪɚɜɢɬɚɰɢɨɧ- 

ɧɨɟ 

        10-40    ɝɪɚɜɢɬɨɧ     

   

 ɝɢɩɨɬɟɬɢɱɟɧ   

           

ɂɡ ɬɚɛɥɢɰɵ β.1 ɜɢɞɧɨ, ɱɬɨ ɝɪɚɜɢɬɚɰɢɨɧɧɵɟ ɫɢɥɵ ɹɜɥɹɸɬɫɹ ɫɥɚɛɟɣɲɢɦɢ ɢɡ ɜɫɟɯ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, ɨɞɧɚɤɨ ɨɧɢ ɨɛɥɚɞɚɸɬ ɫɜɨɣɫɬɜɚɦɢ ɚɞɞɢɬɢɜɧɨɫɬɢ ɢ ɞɨɫɬɢɝɚɸɬ 
ɡɧɚɱɢɬɟɥɶɧɵɯ ɜɟɥɢɱɢɧ ɜ ɤɨɫɦɢɱɟɫɤɨɦ ɦɚɫɲɬɚɛɟ        (ɩɪɢɬɹɠɟɧɢɟ Ʌɭɧɵ, ɫɬɪɨɟɧɢɟ ɋɨɥɧɟɱɧɨɣ ɫɢɫɬɟɦɵ ɢ 
ɬ.ɩ.). ȼɟɥɢɱɢɧɚ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɫɢɥɵ ɩɪɢɬɹɠɟɧɢɹ ɞɜɭɯ ɬɨɱɟɱɧɵɯ ɦɚɫɫ m1 ɢ  m2 ɨɩɪɟɞɟɥɟɧɚ ɇɶɸɬɨɧɨɦ ɢ 
ɢɡɜɟɫɬɧɚ ɤɚɤ ɡɚɤɨɧ ɜɫɟɦɢɪɧɨɝɨ ɬɹɝɨɬɟɧɢɹ:  

                                                      F G
m m

r
ɝ аɜɪ  1 2

2
 ,                                             ( 2-6) 

ɝɞɟ r - ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɦɚɫɫɚɦɢ, ɚ G = 6,67 10 -11 ɇ· ɦ2/ɤɝ2 - ɝɪɚɜɢɬɚɰɢɨɧɧɚɹ ɩɨɫɬɨɹɧɧɚɹ. ɑɬɨɛɵ 
ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɫɢɥɚ - ɜɟɤɬɨɪ, ɡɚɤɨɧ ɡɚɩɢɫɵɜɚɸɬ ɧɟɫɤɨɥɶɤɨ ɢɧɚɱɟ, ɪɚɫɫɦɚɬɪɢɜɚɹ ɫɢɥɭ, ɞɟɣɫɬɜɭɸɳɭɸ 
ɧɚ m2 ɫɨ ɫɬɨɪɨɧɵ m1: 
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 ,                                            ( 2-7)         

ɨɬɤɭɞɚ ɜɢɞɧɨ ɧɚɩɪɚɜɥɟɧɢɟ ɫɢɥɵ (ɨɧɚ ɧɚɩɪɚɜɥɟɧɚ ɜɞɨɥɶ ɩɪɹɦɨɣ, ɫɨɟɞɢɧɹɸɳɟɣ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɟ 
ɦɚɫɫɵ). Ɇɨɞɭɥɶ ɫɢɥɵ ɩɪɢɬɹɠɟɧɢɹ P ɬɟɥɚ ɦɚɫɫɵ m ɤ Ɂɟɦɥɟ, ɤɨɬɨɪɭɸ ɧɚɡɵɜɚɸɬ ɫɢɥɨɣ ɬɹɠɟɫɬɢ ɦɨɠɧɨ 
ɡɚɩɢɫɚɬɶ ɬɚɤμ 
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,                                           ( 2-8) 

ɝɞɟ ɜɟɥɢɱɢɧɚ g G
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R

З

З


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 - ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, ɆɁ- ɦɚɫɫɚ Ɂɟɦɥɢ, ɚ RɁ - ɪɚɞɢɭɫ Ɂɟɦɥɢ. ɂɡ 

ɜɵɪɚɠɟɧɢɹ g ɜɢɞɧɨ, ɱɬɨ ɨɧɨ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɦɚɫɫɵ ɜɵɛɪɚɧɧɨɝɨ ɬɟɥɚ ɢ ɩɨɷɬɨɦɭ ɨɞɢɧɚɤɨɜɨ ɞɥɹ ɜɫɟɯ ɬɟɥ ɜ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɨɱɤɟ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

Ʉɪɨɦɟ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɫɢɥ ɜ ɦɟɯɚɧɢɤɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɭɩɪɭɝɢɟ ɫɢɥɵ ɢ ɫɢɥɵ ɬɪɟɧɢɹ, ɤɨɬɨɪɵɟ 
ɨɛɭɫɥɨɜɥɟɧɵ  ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɫɢɥɚɦɢ. ɋɢɥɵ ɭɩɪɭɝɨɫɬɢ ɨɛɭɫɥɨɜɥɟɧɵ ɞɟɮɨɪɦɚɰɢɹɦɢ. Ⱦɟɮɨɪɦɚɰɢɢ 
ɫɜɹɡɚɧɵ ɫ ɢɡɦɟɧɟɧɢɟɦ ɜɡɚɢɦɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɨɥɟɤɭɥ, ɨɛɪɚɡɭɸɳɢɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɟ ɬɟɥɨ, ɩɪɢɱɟɦ 
ɫɢɥɵ ɜɨɡɧɢɤɚɸɬ ɥɢɲɶ ɬɨɝɞɚ, ɤɨɝɞɚ ɞɟɮɨɪɦɚɰɢɢ ɧɨɫɹɬ ɭɩɪɭɝɢɣ ɯɚɪɚɤɬɟɪ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɩɪɚɜɟɞɥɢɜ ɡɚɤɨɧ 
Ƚɭɤɚ ɬɚɤ, ɱɬɨ    

F kɭɩɪ    , 
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 ɝɞɟ  ɨɛɨɡɧɚɱɚɟɬ ɜɟɥɢɱɢɧɭ ɭɩɪɭɝɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɚ ɤ - ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ, ɡɚɜɢɫɢɦɵɣ 
ɨɬ ɫɜɨɣɫɬɜ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɬɟɥɚ ɢ ɜɢɞɚ ɞɟɮɨɪɦɚɰɢɢ. ɑɚɫɬɧɵɦ ɩɪɢɦɟɪɨɦ ɩɪɨɹɜɥɟɧɢɹ  ɭɩɪɭɝɢɯ ɫɢɥ 
ɫɥɭɠɚɬ ɫɢɥɵ ɪɟɚɤɰɢɢ ɨɩɨɪ, ɧɚɩɪɚɜɥɟɧɢɟ ɤɨɬɨɪɵɯ ɫɱɢɬɚɟɬɫɹ ɜɫɟɝɞɚ ɧɨɪɦɚɥɶɧɵɦ (ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɦ) ɤ 
ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɪɭɝɢɦ ɩɪɢɦɟɪɨɦ ɞɟɣɫɬɜɢɹ ɭɩɪɭɝɢɯ ɫɢɥ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ 
ɫɢɥɵ ɫɜɹɡɢ (ɫɢɥɵ ɧɚɬɹɠɟɧɢɹ). 

 ɋɢɥɵ ɬɪɟɧɢɹ ɩɪɟɩɹɬɫɬɜɭɟɬ ɫɤɨɥɶɠɟɧɢɸ ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ ɬɟɥ ɞɪɭɝ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɚ. ɋɢɥɵ 
ɬɪɟɧɢɹ ɡɚɜɢɫɹɬ ɨɬ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ ɬɟɥ. ɋɢɥɵ ɬɪɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɧɨɣ ɩɪɢɪɨɞɵ, ɧɨ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɢɯ ɞɟɣɫɬɜɢɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɜɫɟɝɞɚ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜɨ ɜɧɭɬɪɟɧɧɸɸ ɷɧɟɪɝɢɸ 
ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ ɬɟɥ. 

Ɋɚɡɥɢɱɚɸɬ ɜɧɟɲɧɟɟ (ɫɭɯɨɟ) ɢ ɜɧɭɬɪɟɧɧɟɟ (ɠɢɞɤɨɟ ɢɥɢ ɜɹɡɤɨɟ) ɬɪɟɧɢɟ. ȼɧɟɲɧɢɦ ɬɪɟɧɢɟɦ 

ɧɚɡɵɜɚɟɬɫɹ ɬɪɟɧɢɟ, ɜɨɡɧɢɤɚɸɳɟɟ ɜ ɩɥɨɫɤɨɫɬɢ ɤɚɫɚɧɢɹ ɞɜɭɯ ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ ɬɟɥ ɩɪɢ ɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨɦ 
ɩɟɪɟɦɟɳɟɧɢɢ. ȿɫɥɢ ɫɨɩɪɢɤɚɫɚɸɳɢɟɫɹ ɬɟɥɚ ɧɟɩɨɞɜɢɠɧɵ ɞɪɭɝ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɚ, ɝɨɜɨɪɹɬ ɨ ɬɪɟɧɢɢ 

ɩɨɤɨɹ, ɟɫɥɢ ɠɟ ɩɪɨɢɫɯɨɞɢɬ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɷɬɢɯ ɬɟɥ, ɬɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɚ ɢɯ 
ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɝɨɜɨɪɹɬ ɨ ɬɪɟɧɢɢ ɫɤɨɥɶɠɟɧɢɹ, ɤɚɱɟɧɢɹ ɢɥɢ ɜɟɪɱɟɧɢɹ. 

ȼɧɭɬɪɟɧɧɢɦ ɬɪɟɧɢɟɦ ɧɚɡɵɜɚɟɬɫɹ ɬɪɟɧɢɟ ɦɟɠɞɭ ɱɚɫɬɹɦɢ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɬɟɥɚ, ɧɚɩɪɢɦɟɪ 
ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ ɫɥɨɹɦɢ ɠɢɞɤɨɫɬɢ ɢɥɢ ɝɚɡɚ, ɫɤɨɪɨɫɬɢ ɤɨɬɨɪɵɯ ɦɟɧɹɸɬɫɹ ɨɬ ɫɥɨɹ ɤ ɫɥɨɸ. ȼ ɨɬɥɢɱɢɟ ɨɬ 
ɜɧɟɲɧɟɝɨ ɬɪɟɧɢɹ ɡɞɟɫɶ ɨɬɫɭɬɫɬɜɭɟɬ ɬɪɟɧɢɟ ɩɨɤɨɹ. ȿɫɥɢ ɬɟɥɚ ɫɤɨɥɶɡɹɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ ɢ 
ɪɚɡɞɟɥɟɧɵ ɩɪɨɫɥɨɣɤɨɣ ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ (ɫɦɚɡɤɢ), ɬɨ ɬɪɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɥɨɟ ɫɦɚɡɤɢ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ 
ɝɨɜɨɪɹɬ ɨ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɦ ɬɪɟɧɢɢ (ɫɥɨɣ ɫɦɚɡɤɢ ɞɨɫɬɚɬɨɱɧɨ ɬɨɥɫɬɵɣ) ɢ ɝɪɚɧɢɱɧɨɦ ɬɪɟɧɢɢ (ɬɨɥ-

ɳɢɧɚ ɫɦɚɡɨɱɧɨɣ ɩɪɨɫɥɨɣɤɢ з0,1 ɦɤɦ ɢ ɦɟɧɶɲɟ). 

Ɉɛɫɭɞɢɦ ɧɟɤɨɬɨɪɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜɧɟɲɧɟɝɨ ɬɪɟɧɢɹ. ɗɬɨ ɬɪɟɧɢɟ ɨɛɭɫɥɨɜɥɟɧɨ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ 
ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ ɩɨɜɟɪɯɧɨɫɬɟɣν ɜ ɫɥɭɱɚɟ ɠɟ ɨɱɟɧɶ ɝɥɚɞɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɪɟɧɢɟ ɨɛɭɫɥɨɜɥɟɧɨ ɫɢɥɚɦɢ 
ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɩɪɢɬɹɠɟɧɢɹ. 

Ɋɚɫɫɦɨɬɪɢɦ ɥɟɠɚɳɟɟ ɧɚ ɩɥɨɫɤɨɫɬɢ ɬɟɥɨ (ɪɢɫ.β.1), ɤ ɤɨɬɨɪɨɦɭ ɩɪɢɥɨɠɟɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɢɥɚ F. 

 

Ɋɢɫ.β.1 
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Ɋɢɫ.β.β 

Ɍɟɥɨ ɩɪɢɞɟɬ ɜ ɞɜɢɠɟɧɢɟ ɥɢɲɶ ɬɨɝɞɚ, ɤɨɝɞɚ ɩɪɢɥɨɠɟɧɧɚɹ ɫɢɥɚ F


 ɛɭɞɟɬ ɛɨɥɶɲɟ ɫɢɥɵ ɬɪɟɧɢɹ ɬɪF


. 

Ɏɪɚɧɰɭɡɫɤɢɟ ɮɢɡɢɤɢ Ƚ. Ⱥɦɨɧɬɨɧ (1663—1705) ɢ ɓ. Ʉɭɥɨɧ (1736—1806) ɨɩɵɬɧɵɦ ɩɭɬɟɦ ɭɫɬɚɧɨɜɢɥɢ 
ɫɥɟɞɭɸɳɢɣ ɡɚɤɨɧμ ɫɢɥɚ ɬɪɟɧɢɹ ɫɤɨɥɶɠɟɧɢɹ Fɬɪ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɫɢɥɟ N ɧɨɪɦɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɫ 
ɤɨɬɨɪɨɣ ɨɞɧɨ ɬɟɥɨ ɞɟɣɫɬɜɭɟɬ ɧɚ ɞɪɭɝɨɟ: 

Fɬɪ =fN, 

ɝɞɟ f — ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɫɤɨɥɶɠɟɧɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɫɜɨɣɫɬɜ ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ ɩɨɜɟɪɯɧɨɫɬɟɣ. 

ɇɚɣɞɟɦ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ. ȿɫɥɢ ɬɟɥɨ ɧɚɯɨɞɢɬɫɹ ɧɚ ɧɚɤɥɨɧɧɨɣ ɩɥɨɫɤɨɫɬɢ ɫ ɭɝɥɨɦ 
ɧɚɤɥɨɧɚ (ɪɢɫ.β.β), ɬɨ ɨɧɨ ɩɪɢɯɨɞɢɬ ɜ ɞɜɢɠɟɧɢɟ ɬɨɥɶɤɨ ɤɨɝɞɚ ɬɚɧɝɟɧɰɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ F ɫɢɥɵ ɬɹ-

ɠɟɫɬɢ P


 ɛɨɥɶɲɟ ɫɢɥɵ ɬɪɟɧɢɹ ɬɪF


. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɩɪɟɞɟɥɶɧɨɦ ɫɥɭɱɚɟ (ɧɚɱɚɥɨ ɫɤɨɥɶɠɟɧɢɹ ɬɟɥɚ)  

F=Fɬɪ 

  ɢɥɢ ,cossin 00  fPfNP   ɨɬɤɭɞɚ 0tgf  . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɪɚɜɟɧ ɬɚɧɝɟɧɫɭ ɭɝɥɚ 0, ɩɪɢ ɤɨɬɨɪɨɦ ɧɚɱɢɧɚɟɬɫɹ 
ɫɤɨɥɶɠɟɧɢɟ ɬɟɥɚ ɩɨ ɧɚɤɥɨɧɧɨɣ ɩɥɨɫɤɨɫɬɢ. 

Ⱦɥɹ ɝɥɚɞɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɩɪɟɞɟɥɟɧɧɭɸ ɪɨɥɶ ɧɚɱɢɧɚɟɬ ɢɝɪɚɬɶ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɟ ɩɪɢɬɹɠɟɧɢɟ. 
ɉɨɷɬɨɦɭ Ȼ. ȼ. Ⱦɟɪɹɝɢɧɵɦ (ɪ. 1λ0β) ɩɪɟɞɥɨɠɟɧ ɡɚɤɨɧ ɬɪɟɧɢɹ ɫɤɨɥɶɠɟɧɢɹ 

)( 0SpNfF ɢɫɬɬɪ  , 

ɝɞɟ p0 — ɞɨɛɚɜɨɱɧɨɟ ɞɚɜɥɟɧɢɟ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɫɢɥɚɦɢ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɩɪɢɬɹɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɛɵɫɬɪɨ 
ɭɦɟɧɶɲɚɸɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢν S — ɩɥɨɳɚɞɶ ɤɨɧɬɚɤɬɚ ɦɟɠɞɭ ɬɟɥɚɦɢν ɢɫɬf  

— ɢɫɬɢɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɫɤɨɥɶɠɟɧɢɹ. 

Ɍɪɟɧɢɟ ɢɝɪɚɟɬ ɛɨɥɶɲɭɸ ɪɨɥɶ ɜ ɩɪɢɪɨɞɟ ɢ ɬɟɯɧɢɤɟ. Ȼɥɚɝɨɞɚɪɹ ɬɪɟɧɢɸ ɞɜɢɠɟɬɫɹ ɬɪɚɧɫɩɨɪɬ, 
ɭɞɟɪɠɢɜɚɟɬɫɹ ɡɚɛɢɬɵɣ ɜ ɫɬɟɧɭ ɝɜɨɡɞɶ ɢ ɬ. ɞ. 

ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɫɢɥɵ ɬɪɟɧɢɹ ɨɤɚɡɵɜɚɸɬ ɜɪɟɞɧɨɟ ɞɟɣɫɬɜɢɟ, ɢ ɩɨɷɬɨɦɭ ɢɯ ɧɚɞɨ ɭɦɟɧɶɲɚɬɶ. 
Ⱦɥɹ ɷɬɨɝɨ ɧɚ ɬɪɭɳɢɟɫɹ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɫɹɬ ɫɦɚɡɤɭ (ɫɢɥɚ ɬɪɟɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢɦɟɪɧɨ ɜ 10 ɪɚɡ), 
ɤɨɬɨɪɚɹ ɡɚɩɨɥɧɹɟɬ ɧɟɪɨɜɧɨɫɬɢ ɦɟɠɞɭ ɷɬɢɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɢ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɬɨɧɤɢɦ ɫɥɨɟɦ ɦɟɠɞɭ ɧɢɦɢ 
ɬɚɤ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɤ ɛɵ ɩɟɪɟɫɬɚɸɬ ɤɚɫɚɬɶɫɹ ɞɪɭɝ ɞɪɭɝɚ, ɚ ɫɤɨɥɶɡɹɬ ɞɪɭɝ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɚ 
ɨɬɞɟɥɶɧɵɟ ɫɥɨɢ ɠɢɞɤɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɧɟɲɧɟɟ ɬɪɟɧɢɟ ɬɜɟɪɞɵɯ ɬɟɥ ɡɚɦɟɧɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶ-

ɲɢɦ ɜɧɭɬɪɟɧɧɢɦ ɬɪɟɧɢɟɦ ɠɢɞɤɨɫɬɢ. 

Ɋɚɞɢɤɚɥɶɧɵɦ ɫɩɨɫɨɛɨɦ ɭɦɟɧɶɲɟɧɢɹ ɫɢɥɵ ɬɪɟɧɢɹ ɹɜɥɹɟɬɫɹ ɡɚɦɟɧɚ ɬɪɟɧɢɹ ɫɤɨɥɶɠɟɧɢɹ ɬɪɟɧɢɟɦ 
ɤɚɱɟɧɢɹ (ɲɚɪɢɤɨɜɵɟ ɢ ɪɨɥɢɤɨɜɵɟ ɩɨɞɲɢɩɧɢɤɢ ɢ ɬ.ɞ.). ɋɢɥɚ ɬɪɟɧɢɹ ɤɚɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɡɚɤɨɧɭ 
Ʉɭɥɨɧɚμ 

Fɬɪ = fkN/r,  
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ɝɞɟ r — ɪɚɞɢɭɫ ɤɚɬɹɳɟɝɨɫɹ ɬɟɥɚν fk — ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɤɚɱɟɧɢɹ. 

2.6. Ɋɟɚɤɬɢɜɧɨɟ ɞɜɢɠɟɧɢɟ. ɍɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɬɟɥɚ ɩɟɪɟɦɟɧɧɨɣ ɦɚɫɫɵ. 

Ⱦɜɢɠɟɧɢɟ ɧɟɤɨɬɨɪɵɯ ɬɟɥ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɢɯ ɦɚɫɫɵ, ɧɚɩɪɢɦɟɪ ɦɚɫɫɚ ɪɚɤɟɬɵ 
ɭɦɟɧɶɲɚɟɬɫɹ ɡɚ ɫɱɟɬ ɢɫɬɟɱɟɧɢɹ ɝɚɡɨɜ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚ, ɢ ɬ. ɩ. 

ȼɵɜɟɞɟɦ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɬɟɥɚ ɩɟɪɟɦɟɧɧɨɣ ɦɚɫɫɵ ɧɚ ɩɪɢɦɟɪɟ ɞɜɢɠɟɧɢɹ ɪɚɤɟɬɵ. ȿɫɥɢ ɜ 
ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t ɦɚɫɫɚ ɪɚɤɟɬɵ m, ɚ ɟɟ ɫɤɨɪɨɫɬɶ v, ɬɨ ɩɨ ɢɫɬɟɱɟɧɢɢ ɜɪɟɦɟɧɢ dt ɟɟ ɦɚɫɫɚ ɭɦɟɧɶɲɢɬɫɹ ɧɚ 

dm ɢ ɫɬɚɧɟɬ ɪɚɜɧɨɣ m-dm, ɚ ɫɤɨɪɨɫɬɶ ɫɬɚɧɟɬ ɪɚɜɧɨɣ VdV


 . ɂɡɦɟɧɟɧɢɟ ɢɦɩɭɥɶɫɚ ɫɢɫɬɟɦɵ ɡɚ ɨɬɪɟɡɨɤ 
ɜɪɟɦɟɧɢ dt 

VmuVdmVdVdmmpd


 )]())([(  

ɝɞɟ u


 — ɫɤɨɪɨɫɬɶ ɢɫɬɟɱɟɧɢɹ ɝɚɡɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɤɟɬɵ. Ɍɨɝɞɚ 

dmuVmdpd


  

 ( Vdmd


 — ɦɚɥɵɣ ɜɵɫɲɟɝɨ ɩɨɪɹɞɤɚ ɦɚɥɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɬɚɥɶɧɵɦɢ). 

ȿɫɥɢ  ɧɚ  ɫɢɫɬɟɦɭ ɞɟɣɫɬɜɭɸɬ  ɜɧɟɲɧɢɟ ɫɢɥɵ, ɬɨ dtFpd


 , ɩɨɷɬɨɦɭ 

dmuVmddtF


 , 

dt

dm
uF

dt

Vd
m


 ,                                               (2-9) 

ɝɞɟ ɪF
dt

dm
u


 - ɪɟɚɤɬɢɜɧɚɹ  ɫɢɥɚ. 

 ȿɫɥɢ u


 ɩɪɨɬɢɜɨɩɨɥɨɠɟɧ V


, ɬɨ ɪɚɤɟɬɚ ɭɫɤɨɪɹɟɬɫɹ, ɚ ɟɫɥɢ ɫɨɜɩɚɞɚɟɬ ɫ V


, ɬɨ ɬɨɪɦɨɡɢɬɫɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɩɨɥɭɱɢɥɢ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɬɟɥɚ ɩɟɪɟɦɟɧɧɨɣ ɦɚɫɫɵ 

ɪFFam


 .                                               (2-10) 

ɗɬɨ ɭɪɚɜɧɟɧɢɟ ɜɩɟɪɜɵɟ ɛɵɥɨ ɜɵɜɟɞɟɧɨ ɂ. ȼ.Ɇɟɳɟɪɫɤɢɦ (185λ—1935). 

ɂɞɟɹ ɩɪɢɦɟɧɟɧɢɹ ɪɟɚɤɬɢɜɧɨɣ ɫɢɥɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ ɜɵɫɤɚɡɵɜɚɥɚɫɶ ɜ 1881 ɝ. 
ɇ. ɂ. Ʉɢɛɚɥɶɱɢɱɟɦ (1854—1881). Ʉ.ɗ.ɐɢɨɥɤɨɜɫɤɢɣ (1857— 1λγ5) ɜ 1λ0γ ɝ. ɨɩɭɛɥɢɤɨɜɚɥ ɫɬɚɬɶɸ, ɝɞɟ 
ɩɪɟɞɥɨɠɢɥ ɬɟɨɪɢɸ ɞɜɢɠɟɧɢɹ ɪɚɤɟɬɵ ɢ ɨɫɧɨɜɵ ɬɟɨɪɢɢ ɠɢɞɤɨɫɬɧɨɝɨ ɪɟɚɤɬɢɜɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. ɉɨɷɬɨɦɭ ɟɝɨ 
ɫɱɢɬɚɸɬ ɨɫɧɨɜɚɬɟɥɟɦ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɤɨɫɦɨɧɚɜɬɢɤɢ. 

ɉɪɢɦɟɧɢɦ ɭɪɚɜɧɟɧɢɟ (β-10) ɤ ɞɜɢɠɟɧɢɸ ɪɚɤɟɬɵ, ɧɚ ɤɨɬɨɪɭɸ ɧɟ ɞɟɣɫɬɜɭɸɬ ɧɢɤɚɤɢɟ ɜɧɟɲɧɢɟ 

ɫɢɥɵ. ɉɨɥɚɝɚɹ 0F


 ɢ ɫɱɢɬɚɹ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɜɵɛɪɚɫɵɜɚɟɦɵɯ ɝɚɡɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɤɟɬɵ ɩɨɫɬɨɹɧɧɚ 
(ɪɚɤɟɬɚ ɞɜɢɠɟɬɫɹ ɩɪɹɦɨɥɢɧɟɣɧɨ), ɩɨɥɭɱɢɦ 

dt

dm
u

dt

dV
m             Cmu

m

dm
uV   ln . 

 

Ɂɧɚɱɟɧɢɟ ɩɨɫɬɨɹɧɧɨɣ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɋ ɨɩɪɟɞɟɥɢɦ ɢɡ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ. ȿɫɥɢ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ ɫɤɨɪɨɫɬɶ ɪɚɤɟɬɵ ɪɚɜɧɚ ɧɭɥɸ, ɚ ɟɟ ɫɬɚɪɬɨɜɚɹ ɦɚɫɫɚ ɬɨ, 0ln muɋ  . ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
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0

ln
m

m
uV  .                                               (2-11) 

(2-11) ɧɚɡɵɜɚɟɬɫɹ ɮɨɪɦɭɥɨɣ ɐɢɨɥɤɨɜɫɤɨɝɨ. ɂɡ ɷɬɨɣ ɮɨɪɦɭɥɵ ɫɥɟɞɭɟɬ, ɱɬɨμ 1) ɱɟɦ ɛɨɥɶɲɟ ɤɨɧɟɱɧɚɹ 
ɦɚɫɫɚ ɪɚɤɟɬɵ m, ɬɟɦ ɛɨɥɶɲɟ ɞɨɥɠɧɚ ɛɵɬɶ ɫɬɚɪɬɨɜɚɹ ɦɚɫɫɚ ɪɚɤɟɬɵν β) ɱɟɦ ɛɨɥɶɲɟ ɫɤɨɪɨɫɬɶ ɢɫɬɟɱɟɧɢɹ u  

ɝɚɡɨɜ, ɬɟɦ ɛɨɥɶɲɟ ɦɨɠɟɬ ɛɵɬɶ ɤɨɧɟɱɧɚɹ ɦɚɫɫɚ ɩɪɢ ɞɚɧɧɨɣ ɫɬɚɪɬɨɜɨɣ ɦɚɫɫɟ ɪɚɤɟɬɵ. 

 2.7. Ɋɚɛɨɬɚ ɢ ɦɨɳɧɨɫɬɶ 

 ɉɭɫɬɶ ɬɟɥɨ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɨɫɬɨɹɧɧɨɣ ɫɢɥɵ ɫɨɜɟɪɲɢɥɨ ɩɟɪɟɦɟɳɟɧɢɟ s (Ɋɢɫ.β.γ). ɉɟɪɟɦɟɳɟɧɢɟ 
ɬɟɥɚ ɨɛɭɫɥɨɜɥɟɧɨ ɤɚɫɚɬɟɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɥɵ Fcos , ɤɨɬɨɪɚɹ ɧɚɡɵɜɚɟɬɫɹ ɞɜɢɠɭɳɟɣ ɫɢɥɨɣ. 
ɇɨɪɦɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ Fsin  ɧɟ ɜɵɡɵɜɚɟɬ ɩɟɪɟɦɟɳɟɧɢɟ ɬɟɥɚ ɩɨ ɩɭɬɢ s. 

ɉɪɨɢɡɜɟɞɟɧɢɟ ɞɜɢɠɭɳɟɣ ɫɢɥɵ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɪɚɛɨɬɨɣ: 

 cos)cos( FSSFA  .                                   (2-12) 

ɉɪɢ 0900   ɪɚɛɨɬɚ ɩɨɥɨɠɢɬɟɥɶɧɚ ɢ ɫɢɥɚ ɜɵɡɵɜɚɟɬ ɩɟɪɟɦɟɳɟɧɢɟ ɬɟɥɚν 

 

 ɩɪɢ 18090  ɪɚɛɨɬɚ ɨɬɪɢɰɚɬɟɥɶɧɚ ɢ ɫɢɥɚ ɩɪɟɩɹɬɫɬɜɭɟɬ ɞɜɢɠɟɧɢɸ ɬɟɥɚν ɩɪɢ 90 ɫɢɥɚ 
ɧɟ ɫɨɜɟɪɲɚɟɬ ɪɚɛɨɬɵ ɩɨ ɩɟɪɟɦɟɳɟɧɢɸν ɩɪɢ 90 .FSA   

 ȼ ɫɥɭɱɚɟ ɩɟɪɟɦɟɧɧɨɣ ɫɢɥɵ ɢ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɩɭɬɢ ɮɨɪɦɭɥɨɣ (β-1β) ɩɨɥɶɡɨɜɚɬɶɫɹ ɧɟɥɶɡɹ. ȼ ɷɬɨɦ 
ɫɥɭɱɚɟ, ɪɚɫɫɦɚɬɪɢɜɚɹ ɷɥɟɦɟɧɬɚɪɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ rd


, ɫɢɥɭ F


ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɩɨɫɬɨɹɧɧɨɣ ɢ ɞɜɢɠɟɧɢɟ 

ɩɪɹɦɨɥɢɧɟɣɧɵɦ. ɗɥɟɦɟɧɬɚɪɧɨɣ ɪɚɛɨɬɨɣ ɫɢɥɵ F


 ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ rd


 ɧɚɡɵɜɚɟɬɫɹ ɜɟɥɢɱɢɧɚ 

,cos dSFdSFSrdFdA s 
 

ɝɞɟ  - ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ F


ɢ rd


; sF - ɩɪɨɟɤɰɢɹ ɜɟɤɬɨɪɚ F


ɧɚ rd


(ɪɢɫ.β.1). 

 Ɋɚɛɨɬɚ ɫɢɥɵ ɧɚ ɭɱɚɫɬɤɟ ɬɪɚɟɤɬɨɪɢɢ ɨɬ ɬɨɱɤɢ 1 ɞɨ ɬɨɱɤɢ β ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟɦ 

dSFFdSA s 
2

1

2

1

cos . 

 Ɋɚɛɨɬɚ ɹɜɥɹɟɬɫɹ ɫɤɚɥɹɪɧɨɣ ɜɟɥɢɱɢɧɨɣ ɢ ɢɡɦɟɪɹɟɬɫɹ ɜ Ⱦɠɨɭɥɹɯ. 

ɦɇȾɠ 11 . 1Ⱦɠ – ɪɚɛɨɬɚ, ɫɨɜɟɪɲɚɟɦɚɹ ɫɢɥɨɣ 1 ɇ ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɬɟɥɚ ɧɚ ɪɚɫɫɬɨɹɧɢɟ 1 ɦ  ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ ɞɟɣɫɬɜɢɹ ɫɢɥɵ. 

 Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɡɧɚɬɶ ɤɚɤ ɛɵɫɬɪɨ ɫɨɜɟɪɲɚɟɬɫɹ ɪɚɛɨɬɚ, ɜɜɨɞɹɬ ɩɨɧɹɬɢɟ ɦɨɳɧɨɫɬɢ: 

Ɋɢɫ.β.1 

 

 

 

S  
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dt

dA
N  . 

 ȿɫɥɢ ɬɟɥɨ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɨɫɬɨɹɧɧɨɣ ɫɢɥɵ ɞɜɢɠɟɬɫɹ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɬɨ ɦɨɳɧɨɫɬɶ 
ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɜ ɜɢɞɟ 

VF
dt

rdF
N


 . 

 Ɇɨɳɧɨɫɬɶ ɬɨɠɟ ɫɤɚɥɹɪɧɚɹ ɜɟɥɢɱɢɧɚ. ȿɞɢɧɢɰɚ ɦɨɳɧɨɫɬɢ – ɜɚɬɬ. 1ȼɬ – ɦɨɳɧɨɫɬɶ, ɩɪɢ ɤɨɬɨɪɨɣ ɡɚ 

1 ɫ ɫɨɜɟɪɲɚɟɬɫɹ ɪɚɛɨɬɚ, ɪɚɜɧɚɹ 1 Ⱦɠ.   

 

2.8. ɗɧɟɪɝɢɹ. Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ   

 ɗɧɟɪɝɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ, ɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦɵ ɤ ɫɨɜɟɪɲɟɧɢɸ ɪɚɛɨɬɵ ɩɪɢ 
ɩɟɪɟɯɨɞɟ ɢɡ ɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɞɪɭɝɨɟ.  

 ɂɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ ɜɵɪɚɠɚɟɬɫɹ ɪɚɛɨɬɨɣ, ɤɨɬɨɪɭɸ ɦɨɠɟɬ ɫɨɜɟɪɲɢɬɶ ɫɢɫɬɟɦɚ, ɩɟɪɟɯɨɞɹ ɢɡ ɨɞɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɜ ɞɪɭɝɨɟ, ɬ.ɟ.μ 

nWWA  0 , 

ɝɞɟ 0W ɢ nW  - ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ ɜ ɢɫɯɨɞɧɨɦ ɢ ɤɨɧɟɱɧɨɦ ɫɨɫɬɨɹɧɢɹɯ. 

  Ʉɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ – ɷɬɨ ɷɧɟɪɝɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɞɜɢɠɟɧɢɹ ɷɬɨɣ 
ɫɢɫɬɟɦɵ. Ɉɩɪɟɞɟɥɢɦ ɷɬɭ ɷɧɟɪɝɢɸ. 

 ɉɭɫɬɶ ɬɟɥɨ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ F


ɬɟɥɨ ɢɡɦɟɧɢɥɨ ɫɜɨɸ ɫɤɨɪɨɫɬɶ ɨɬ 0 ɞɨ V


. Ɍɨɝɞɚ 

ɤɢɧdWdA  . 

 ɋɨɝɥɚɫɧɨ ɜɬɨɪɨɝɨ ɡɚɤɨɧɚ ɇɶɸɬɨɧɚ .
dt

Vd
mF


  ɍɦɧɨɠɚɹ ɨɛɟ ɱɚɫɬɢ ɷɬɨɝɨ ɪɚɜɟɧɫɬɜɚ ɧɚ rd


, 

ɩɨɥɭɱɢɦ 

.dArd
dt

Vd
mrdF 





 

 ȿɫɥɢ ɭɱɟɫɬɶ, ɱɬɨ 
dt

rd
V


 , ɬɨ ɤɢɧdWmVdVVdVmdA 


.  

 
V

ɤɢɧ
mV

mVdVW
0

2

2
. 

 Ʉɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɫɤɨɪɨɫɬɢ ɢ ɦɚɫɫɵ ɬɟɥɚ. 

 ɉɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ – ɦɟɯɚɧɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɫɢɫɬɟɦɵ ɬɟɥ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɢɯ ɜɡɚɢɦɧɵɦ 
ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɢ ɯɚɪɚɤɬɟɪɨɦ ɫɢɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɧɢɦɢ. 

 ɋɢɥɵ, ɪɚɛɨɬɚ ɤɨɬɨɪɵɯ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ ɩɭɬɢ, ɧɚɡɵɜɚɸɬɫɹ ɩɨɬɟɧɰɢɚɥɶɧɵɦɢ, ɚ ɩɨɥɟ ɷɬɢɯ ɫɢɥ 
– ɩɨɬɟɧɰɢɚɥɶɧɵɦ. Ɍɟɥɨ, ɧɚɯɨɞɹɫɶ ɜ ɩɨɬɟɧɰɢɚɥɶɧɨɦ ɩɨɥɟ, ɨɛɥɚɞɚɟɬ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɟɣ. Ɋɚɛɨɬɚ, 
ɫɨɜɟɪɲɟɧɧɚɹ ɜ ɷɬɨɦ ɩɨɥɟ ɪɚɜɧɚ ɩɪɢɪɚɳɟɧɢɸ  ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢμ 

.
1

1
1

ɫ
Ⱦɠȼɬ 
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ɤɢɧdWdA  . 

ɤɢɧdWrdF 


    CrdFWɤɢɧ


. 

 ɉɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɬɟɥɚ ɦɚɫɫɨɣ m, ɩɨɞɧɹɬɨɝɨ ɧɚ ɜɵɫɨɬɭ h ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ Ɂɟɦɥɢ, ɪɚɜɧɚ 

mghWɤɢɧ  . 

 Ɉɩɪɟɞɟɥɢɦ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ ɭɩɪɭɝɨɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɬɟɥɚ. ɗɥɟɦɟɧɬɚɪɧɚɹ ɪɚɛɨɬɚ ɩɪɢ 
ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɨɣ ɞɟɮɨɪɦɚɰɢɢ 

kxdxdxFdA x      
x

kx
kxdxA

0

2

2
. 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
2

2

.

kx
W ɭɩɪɤɢɧ  . 

ɉɨɥɧɚɹ ɷɧɟɪɝɢɹ ɫɢɫɬɟɦɵ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɜɫɟɯ ɩɪɢɫɭɳɢɯ ɫɢɫɬɟɦɟ ɜɢɞɨɜ ɷɧɟɪɝɢɢ. 

 Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɢ ɩɪɟɜɪɚɳɟɧɢɹ ɷɧɟɪɝɢɢ ɜ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ: 

ɉɨɥɧɚɹ ɷɧɟɪɝɢɹ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ. ɉɪɢ ɷɬɨɦ, ɛɭɞɭɱɢ ɧɟɫɨɡɢɞɚɟɦɨɣ ɢ 
ɧɟɭɧɢɱɬɨɠɚɟɦɨɣ, ɷɧɟɪɝɢɹ ɦɨɠɟɬ ɩɪɟɜɪɚɳɚɬɶɫɹ ɢɡ ɨɞɧɢɯ ɜɢɞɨɜ ɞɪɭɝɢɟ.  

 Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɢ ɩɪɟɜɪɚɳɟɧɢɹ ɷɧɟɪɝɢɢ ɜ ɧɟɢɡɨɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ: 

 ɂɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ ɧɟɢɡɨɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɪɚɜɧɨ ɪɚɛɨɬɟ, ɫɨɜɟɪɲɚɟɦɨɣ ɫɢɫɬɟɦɨɣμ 

AW  . 

 ȿɫɥɢ ɪɚɛɨɬɚ ɫɨɜɟɪɲɚɟɬɫɹ ɜɧɭɬɪɟɧɧɢɦɢ ɫɢɥɚɦɢ ɫɚɦɨɣ ɫɢɫɬɟɦɵ, ɬɨ ɪɚɛɨɬɚ ɩɨɥɨɠɢɬɟɥɶɧɚ ɢ 
ɷɧɟɪɝɢɹ ɫɢɫɬɟɦɵ ɭɛɵɜɚɟɬ. ȿɫɥɢ ɠɟ ɪɚɛɨɬɚ ɫɨɜɟɪɲɚɟɬɫɹ ɜɧɟɲɧɢɦɢ ɫɢɥɚɦɢ ɧɚɞ ɫɢɫɬɟɦɨɣ, ɬɨ ɪɚɛɨɬɚ 
ɨɬɪɢɰɚɬɟɥɶɧɨ ɢ ɷɧɟɪɝɢɹ ɫɢɫɬɟɦɵ ɜɨɡɪɚɫɬɚɟɬ. 

 Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɢ ɩɪɟɜɪɚɳɟɧɢɹ ɷɧɟɪɝɢɢ ɪɚɫɤɪɵɜɚɟɬ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɩɨɧɹɬɢɣ ɷɧɟɪɝɢɢ ɢ 
ɪɚɛɨɬɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɧɟɪɝɢɹ ɹɜɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɢ ɤɚɱɟɫɬɜɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɞɜɢɠɟɧɢɹ 
ɦɚɬɟɪɢɢ, ɚ ɪɚɛɨɬɚ – ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɟɜɪɚɳɟɧɢɹ ɨɞɧɢɯ ɮɨɪɦ ɞɜɢɠɟɧɢɹ ɦɚɬɟɪɢɢ ɜ 
ɞɪɭɝɨɟ. 

Ʌɟɤɰɢɹ № 3 

Ⱦɢɧɚɦɢɤɚ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ. ɉɨɧɹɬɢɟ ɚɛɫɨɥɸɬɧɨ ɬɜɟɪɞɨɝɨ ɬɟɥɚ. ɉɨɫɬɭɩɚɬɟɥɶɧɨɟ ɢ 
ɜɪɚɳɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɬɟɥɚ. ɐɟɧɬɪ ɦɚɫɫ. Ɇɨɦɟɧɬ ɫɢɥɵ. ȼɪɚɳɟɧɢɟ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɜɨɤɪɭɝ ɧɟɩɨɞɜɢɠɧɨɣ 
ɨɫɢ, ɟɝɨ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɢ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ. Ɇɨɦɟɧɬ ɢɦɩɭɥɶɫɚ. Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɦɨɦɟɧɬɚ 
ɢɦɩɭɥɶɫɚ. ȼɬɨɪɨɣ ɡɚɤɨɧ ɞɢɧɚɦɢɤɢ ɞɥɹ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ. 

3.1. ɉɨɧɹɬɢɟ ɚɛɫɨɥɸɬɧɨ ɬɜɟɪɞɨɝɨ ɬɟɥɚ. ɉɨɫɬɭɩɚɬɟɥɶɧɨɟ ɢ ɜɪɚɳɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɬɟɥɚ. 
ɐɟɧɬɪ ɦɚɫɫ. 

Ɍɜɟɪɞɨɟ ɬɟɥɨ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɫɢɫɬɟɦɭ ɦɚɬɟɪɢɚɥɶɧɵɯ ɬɨɱɟɤ, ɠɟɫɬɤɨ ɫɤɪɟɩɥɟɧɧɵɯ ɞɪɭɝ 
ɫ ɞɪɭɝɨɦ. Ɍɜɟɪɞɨɟ ɬɟɥɨ ɧɟ ɩɨɞɞɚɸɳɢɟɫɹ ɞɟɮɨɪɦɚɰɢɢ ɧɚɡɵɜɚɟɬɫɹ ɚɛɫɨɥɸɬɧɨ ɬɜɟɪɞɵɦ. Ɉɬɫɭɬɫɬɜɢɟ 
ɬɚɤɨɝɨ ɡɚɤɪɟɩɥɟɧɢɹ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɬɪɭɞɧɢɥɨ ɛɵ ɨɩɢɫɚɧɢɟ ɞɜɢɠɟɧɢɹ ɜɫɟɝɨ ɤɨɧɝɥɨɦɟɪɚɬɚ ɬɨɱɟɤ. Ⱦɥɹ 
ɩɨɥɧɨɝɨ ɨɩɢɫɚɧɢɹ ɞɜɢɠɟɧɢɹ ɨɞɧɨɣ ɬɨɱɤɢ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɟɟ ɬɪɢ ɤɨɨɪɞɢɧɚɬɵ, ɩɨɷɬɨɦɭ ɞɥɹ N ɬɨɱɟɤ 
ɱɢɫɥɨ ɧɟɨɛɯɨɞɢɦɵɯ ɤɨɨɪɞɢɧɚɬ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɱɢɫɥɨ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɢɯ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɢɥɨ ɛɵ 
3N. Ɍɚɤ ɤɚɤ ɱɢɫɥɨ N ɦɨɠɟɬ ɛɵɬɶ ɤɚɤ ɭɝɨɞɧɨ ɛɨɥɶɲɢɦ, ɬɨ ɜɨɡɦɨɠɧɨɫɬɢ ɫɬɪɨɝɨɝɨ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɢɡ γN 

ɭɪɚɜɧɟɧɢɣ ɜɟɫɶɦɚ ɨɝɪɚɧɢɱɟɧɵ. 
Ʉɪɨɦɟ ɬɨɝɨ ɯɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ ɬɟɥɚ ɤɚɤ ɰɟɥɨɝɨ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɥɢɱɧɵɦ. Ɉɛɵɱɧɨ ɪɚɡɥɢɱɚɸɬ 
ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ, ɜɪɚɳɚɬɟɥɶɧɨɟ ɢ ɩɥɨɫɤɨɟ ɞɜɢɠɟɧɢɹ. ɉɪɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɦ ɞɜɢɠɟɧɢɢ ɜɫɟ ɬɨɱɤɢ ɬɟɥɚ 
ɞɜɢɠɭɬɫɹ ɩɨ ɩɚɪɚɥɥɟɥɶɧɵɦ ɬɪɚɟɤɬɨɪɢɹɦ, ɬɚɤ ɱɬɨ ɞɥɹ ɨɩɢɫɚɧɢɹ ɞɜɢɠɟɧɢɹ ɬɟɥɚ ɜ ɰɟɥɨɦ ɞɨɫɬɚɬɨɱɧɨ ɡɧɚɬɶ 
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ɡɚɤɨɧ ɞɜɢɠɟɧɢɹ ɨɞɧɨɣ ɬɨɱɤɢ. ȼ ɱɚɫɬɧɨɫɬɢ, ɬɚɤɨɣ ɬɨɱɤɨɣ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɰɟɧɬɪ ɦɚɫɫ ɬɜɟɪɞɨɝɨ ɬɟɥɚ. ȼ 
ɷɬɨɦ ɫɥɭɱɚɟ ɡɚɞɚɱɚ ɨɩɢɫɚɧɢɹ ɞɜɢɠɟɧɢɹ ɬɟɥɚ ɪɟɲɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɬɟɨɪɟɦɵ ɨ ɞɜɢɠɟɧɢɢ ɰɟɧɬɪɚ ɦɚɫɫ. ɉɪɢ 
ɜɪɚɳɚɬɟɥɶɧɨɦ ɞɜɢɠɟɧɢɢ ɜɫɟ ɬɨɱɤɢ ɬɟɥɚ ɨɩɢɫɵɜɚɸɬ ɤɨɧɰɟɧɬɪɢɱɟɫɤɢɟ ɨɤɪɭɠɧɨɫɬɢ, ɰɟɧɬɪɵ ɤɨɬɨɪɵɯ 
ɥɟɠɚɬ ɧɚ ɨɞɧɨɣ ɨɫɢ. ɋɤɨɪɨɫɬɢ  ɬɨɱɟɤ ɧɚ ɥɸɛɨɣ ɢɡ ɨɤɪɭɠɧɨɫɬɟɣ  ɫɜɹɡɚɧɵ ɫ ɪɚɞɢɭɫɚɦɢ ɷɬɢɯ ɨɤɪɭɠɧɨɫɬɟɣ 
ɢ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ  

ɜɪɚɳɟɧɢɹμ ][ ii rV


 . Ɍɚɤ ɤɚɤ ɬɜɟɪɞɨɟ ɬɟɥɨ ɩɪɢ ɜɪɚɳɟɧɢɢ ɫɨɯɪɚɧɹɟɬ ɫɜɨɸ ɮɨɪɦɭ, ɪɚɞɢɭɫɵ ɜɪɚɳɟɧɢɹ 
ɨɫɬɚɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ ɢ  
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 ].                                  (3-1) 

 

3.2. Ɇɨɦɟɧɬ ɫɢɥɵ. 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɞɢɧɚɦɢɤɢ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ ɩɨɧɹɬɢɟ 
ɦɨɦɟɧɬɚ ɫɢɥɵ. ɉɪɢ ɷɬɨɦ ɧɚɞɨ ɪɚɡɥɢɱɚɬɶ ɩɨɧɹɬɢɹ ɦɨɦɟɧɬɚ ɫɢɥɵ   ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ. 
ȿɫɥɢ ɫɢɥɚ F


 ɩɪɢɥɨɠɟɧɚ ɤ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɟ Ⱥ (ɪɢɫ.γ.1), ɬɨ ɦɨɦɟɧɬɨɦ ɫɢɥɵ M


 ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɤɢ Ɉ ɧɚɡɵɜɚɟɬɫɹ ɜɟɤɬɨɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɪɚɞɢɭɫɚ-ɜɟɤɬɨɪɚ r


, ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɡ ɬɨɱɤɢ 
Ɉ ɤ ɬɨɱɤɟ Ⱥ, ɢ ɜɟɤɬɨɪɚ ɫɢɥɵμ      

                            ][ rFM


 .                                                          (3-2) 

Ɇɨɞɭɥɶ ɜɟɤɬɨɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ FlFrM  sin , ɚ ɧɚɩɪɚɜɥɟɧɢɟ ɜɟɤɬɨɪɚ ɦɨɦɟɧɬɚ ɫɢɥɵ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɚɜɢɥɨɦ ɩɪɚɜɨɝɨ 

ɛɭɪɚɜɱɢɤɚμ ɧɚɩɪɚɜɥɟɧɢɟ ɩɟɪɜɨɝɨ ɜɟɤɬɨɪɚ r


 ɩɨ ɤɪɚɬɱɚɣɲɟɦɭ ɩɭɬɢ ɜɪɚɳɚɟɬɫɹ ɤ ɧɚɩɪɚɜɥɟɧɢɸ ɜɟɤɬɨɪɚ 
ɫɢɥɵ F


, ɚ ɞɜɢɠɟɧɢɟ ɨɫɢ ɛɭɪɚɜɱɢɤɚ ɩɪɢ ɷɬɨɦ ɜɪɚɳɟɧɢɢ ɩɨɤɚɡɵɜɚɟɬ ɧɚɩɪɚɜɥɟɧɢɟ ɜɟɤɬɨɪɚ M


.      

ɧɚɩɪɚɜɥɟɧɢɸ ɜɟɤɬɨɪɚ ɫɢɥɵ F


, ɚ ɞɜɢɠɟɧɢɟ ɨɫɢ ɛɭɪɚɜɱɢɤɚ ɩɪɢ ɷɬɨɦ ɜɪɚɳɟɧɢɢ ɩɨɤɚɡɵɜɚɟɬ ɧɚɩɪɚɜɥɟɧɢɟ 
ɜɟɤɬɨɪɚ M


.      

       Ɇɨɦɟɧɬɨɦ ɫɢɥɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɢɡɜɨɥɶɧɨɣ ɨɫɢ z  

ɧɚɡɵɜɚɟɬɫɹ ɜɟɤɬɨɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɪɚɞɢɭɫɚ-ɜɟɤɬɨɪɚ r


 ɢ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɥɵ F


, ɩɪɢɥɨɠɟɧɧɨɣ ɜ ɬɨɱɤɟ 
Ⱥ (ɪɢɫ.γ.β)μ 

                    

ZZ rFM ][


                                                         (3-2) 



35 

 

 

 

 

3.3. ȼɪɚɳɟɧɢɟ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɜɨɤɪɭɝ ɧɟɩɨɞɜɢɠɧɨɣ ɨɫɢ, ɟɝɨ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɢ ɤɢɧɟɬɢɱɟɫɤɚɹ 
ɷɧɟɪɝɢɹ. 

 Ɇɨɦɟɧɬɨɦ ɢɧɟɪɰɢɢ ɫɢɫɬɟɦɵ (ɬɟɥɚ) ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɜɪɚɳɟɧɢɹ ɧɚɡɵɜɚɟɬɫɹ ɮɢɡɢɱɟɫɤɚɹ 
ɜɟɥɢɱɢɧɚ, ɪɚɜɧɚɹ ɫɭɦɦɟ ɩɪɨɢɡɜɟɞɟɧɢɣ ɦɚɫɫ n ɦɚɬɟɪɢɚɥɶɧɵɯ ɬɨɱɟɤ ɫɢɫɬɟɦɵ ɧɚ ɤɜɚɞɪɚɬɵ ɢɯ ɪɚɫɫɬɨɹɧɢɣ 
ɞɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɨɫɢμ 
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ȼ ɫɥɭɱɚɟ ɧɟɩɪɟɪɵɜɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɚɫɫ ɷɬɚ ɫɭɦɦɚ ɫɜɨɞɢɬɫɹ ɤ ɢɧɬɟɝɪɚɥɭ 

dmrJ  2
, 

ɝɞɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ ɬɟɥɚ. ȼɟɥɢɱɢɧɚ r ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɟɫɬɶ ɮɭɧɤɰɢɹ 
ɩɨɥɨɠɟɧɢɹ ɬɨɱɤɢ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ  ɯ, ɭ, z. 

ȿɫɥɢ ɨɫɶ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɬɨɪɨɣ ɜɵɱɢɫɥɹɟɬɫɹ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ, ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɰɟɧɬɪ ɫɢɦɦɟɬɪɢɢ 
ɬɟɥɚ, ɬɨ ɜɵɱɢɫɥɟɧɢɟ ɬɚɤɨɝɨ ɢɧɬɟɝɪɚɥɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɫɥɨɠɧɭɸ ɡɚɞɚɱɭ, ɧɨ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ 
ɡɚɞɚɱɭ ɪɟɲɢɬɶ ɬɪɭɞɧɨ. Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɜɵɱɢɫɥɟɧɢɣ ɩɨɥɟɡɧɨɣ ɨɤɚɡɵɜɚɟɬɫɹ ɬɟɨɪɟɦɚ ɨ ɩɚɪɚɥɥɟɥɶɧɨɦ 
ɩɟɪɟɧɨɫɟ ɨɫɟɣ ɢɧɟɪɰɢɢ (ɬɟɨɪɟɦɚ Ƚɸɣɝɟɧɫɚ - ɒɬɟɣɧɟɪɚ), ɮɨɪɦɭɥɢɪɨɜɤɚ ɤɨɬɨɪɨɣ ɝɥɚɫɢɬ, ɱɬɨ ɦɨɦɟɧɬ 
ɢɧɟɪɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɥɸɛɨɣ ɨɫɢ ɪɚɜɟɧ ɫɭɦɦɟ ɦɨɦɟɧɬɚ ɢɧɟɪɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɚɪɚɥɥɟɥɶɧɨɣ ɨɫɢ, 
ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɰɟɧɬɪ ɦɚɫɫ, ɢ ɩɪɨɢɡɜɟɞɟɧɢɹ ɦɚɫɫɵ ɬɟɥɚ ɧɚ ɤɜɚɞɪɚɬ ɪɚɫɫɬɨɹɧɢɹ  d ɦɟɠɞɭ ɨɫɹɦɢ, ɬ.ɟ. 

 

2
mdJJ ɩɪɨɢɡ  . 

 

 

Ɇɨɦɟɧɬɵ ɢɧɟɪɰɢɢ ɧɟɤɨɬɨɪɵɯ ɬɟɥμ 

 

 ȼɵɱɢɫɥɢɦ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɜɪɚɳɚɸɳɟɝɨɫɹ ɬɟɥɚ.  Ʉɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɨɞɧɨɣ ɱɚɫɬɢɰɵ 
ɜɪɚɳɚɸɳɟɝɨɫɹ ɬɟɥɚ ɦɚɫɫɨɣ im , ɞɜɢɠɭɳɟɣɫɹ ɫɨ ɫɤɨɪɨɫɬɶɸ iV ɩɨ ɨɤɪɭɠɧɨɫɬɢ ɪɚɞɢɭɫɨɦ ir , ɪɚɜɧɚ 
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2222  iiiii

i

JrmVm
W








 , 

ɝɞɟ iJ - ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɱɚɫɬɢɰɵ,  - ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɬɟɥɚ. Ɍɨɝɞɚ ɷɧɟɪɝɢɹ ɜɪɚɳɚɸɳɟɝɨɫɹ 
ɬɟɥɚ 

22

2

1

2

1

..

 J
JWW

n

i

i

n

i

iɜɪɤ  

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3.4. Ɇɨɦɟɧɬ ɢɦɩɭɥɶɫɚ. Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɦɨɦɟɧɬɚ ɢɦɩɭɥɶɫɚ. ȼɬɨɪɨɣ ɡɚɤɨɧ ɞɢɧɚɦɢɤɢ ɞɥɹ 
ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ. 

Ɇɨɦɟɧɬɨɦ ɢɦɩɭɥɶɫɚ (ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ) ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ Ⱥ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɟɩɨɞɜɢɠɧɨɣ ɬɨɱɤɢ Ɉ ɧɚɡɵɜɚɟɬɫɹ ɮɢɡɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɜɟɤɬɨɪɧɵɦ ɩɪɨɢɡɜɟɞɟɧɢɟɦμ 

][][ VmrprL


 . 

ɝɞɟ r


 — ɪɚɞɢɭɫ-ɜɟɤɬɨɪ, ɩɪɨɜɟɞɟɧɧɵɣ ɢɡ ɬɨɱɤɢ Ɉ ɜ ɬɨɱɤɭ A; Vmp


  — ɢɦɩɭɥɶɫ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ 
(ɪɢɫ.γ.γ)ν Ɇɨɞɭɥɶ ɜɟɤɬɨɪɚ ɦɨɦɟɧɬɚ ɢɦɩɭɥɶɫɚ 

plrpL  sin  

Ɇɨɦɟɧɬɨɦ ɢɦɩɭɥɶɫɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɩɨɞɜɢɠɧɨɣ ɨɫɢ z ɧɚɡɵɜɚɟɬɫɹ ɫɤɚɥɹɪɧɚɹ ɜɟɥɢɱɢɧɚ Lz, 

ɪɚɜɧɚɹ ɩɪɨɟɤɰɢɢ ɧɚ ɷɬɭ ɨɫɶ ɜɟɤɬɨɪɚ ɦɨɦɟɧɬɚ ɢɦɩɭɥɶɫɚ, ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɤɢ 
Ɉ ɞɚɧɧɨɣ ɨɫɢ. Ɂɧɚɱɟɧɢɟ ɦɨɦɟɧɬɚ ɢɦɩɭɥɶɫɚ Lz ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɩɨɥɨɠɟɧɢɹ ɬɨɱɤɢ Ɉ ɧɚ ɨɫɢ z. 

ɉɪɢ ɜɪɚɳɟɧɢɢ ɚɛɫɨɥɸɬɧɨ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɜɨɤɪɭɝ ɧɟɩɨɞɜɢɠɧɨɣ ɨɫɢ z ɤɚɠɞɚɹ ɨɬɞɟɥɶɧɚɹ ɬɨɱɤɚ ɬɟɥɚ 

ɞɜɢɠɟɬɫɹ ɩɨ ɨɤɪɭɠɧɨɫɬɢ ɩɨɫɬɨɹɧɧɨɝɨ ɪɚɞɢɭɫɚ ir  ɫ ɧɟɤɨɬɨɪɨɣ ɫɤɨɪɨɫɬɶɸ   iV


.   ɋɤɨɪɨɫɬɶ ɢ   ɢɦɩɭɥɶɫ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵ ɷɬɨɦɭ ɪɚɞɢɭɫɭ, ɬ. ɟ. ɪɚɞɢɭɫ ɹɜɥɹɟɬɫɹ ɩɥɟɱɨɦ ɜɟɤɬɨɪɚ iiVm


. ɉɨɷɬɨɦɭ ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ, 
ɱɬɨ ɦɨɦɟɧɬ ɢɦɩɭɥɶɫɚ ɨɬɞɟɥɶɧɨɣ ɱɚɫɬɢɰɵ 

iiiiz rVmL   

 

 

ɝɞɟ r


 — ɪɚɞɢɭɫ-ɜɟɤɬɨɪ, ɩɪɨɜɟɞɟɧɧɵɣ ɢɡ ɬɨɱɤɢ Ɉ ɜ ɬɨɱɤɭ A; Vmp


  — ɢɦɩɭɥɶɫ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ 
(ɪɢɫ.γ.γ)ν Ɇɨɞɭɥɶ ɜɟɤɬɨɪɚ ɦɨɦɟɧɬɚ ɢɦɩɭɥɶɫɚ 

plrpL  sin  

ɢ ɧɚɩɪɚɜɥɟɧ ɩɨ ɨɫɢ ɜ ɫɬɨɪɨɧɭ, ɨɩɪɟɞɟɥɹɟɦɭɸ ɩɪɚɜɢɥɨɦ ɩɪɚɜɨɝɨ ɜɢɧɬɚ. 

A 

Ɋɢɫ.γ.3 
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Ɇɨɦɟɧɬ ɢɦɩɭɥɶɫɚ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɟɫɬɶ ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ ɢɦɩɭɥɶɫɚ ɨɬɞɟɥɶɧɵɯ 
ɱɚɫɬɢɰμ 

ii

n

i

iZ rVmL 



1

 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ii rV  , ɩɨɥɭɱɢɦ 

 Zi

n

i

ii

n

i

iZ JrmrmL  


2

1

2

1

,  ɬ. ɟ. 

zz JL   

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɦɟɧɬ ɢɦɩɭɥɶɫɚ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɪɚɜɟɧ ɩɪɨɢɡɜɟɞɟɧɢɸ ɦɨɦɟɧɬɚ ɢɧɟɪɰɢɢ 
ɬɟɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɣ ɠɟ ɨɫɢ ɧɚ ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ. 

ɉɪɨɞɢɮɮɟɪɟɧɰɢɪɭɟɦ ɩɨɫɥɟɞɧɟɟ ɭɪɚɜɧɟɧɢɟ  ɩɨ ɜɪɟɦɟɧɢμ 

ZZZ

Z MJ
dt

d
J

dt

dL
 

, ɬ.ɟ. 

z

z M
dt

dL
  

ɗɬɨ ɜɵɪɚɠɟɧɢɟ — ɹɜɥɹɟɬɫɹ  ɨɫɧɨɜɧɵɦ ɭɪɚɜɧɟɧɢɟɦ (ɡɚɤɨɧɨɦ) ɞɢɧɚɦɢɤɢ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ 
ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɩɨɞɜɢɠɧɨɣ ɨɫɢμ ɩɪɨɢɡɜɨɞɧɚɹ ɦɨɦɟɧɬɚ ɢɦɩɭɥɶɫɚ ɬɜɟɪɞɨɝɨ ɬɟɥɚ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɪɚɜɧɚ ɦɨɦɟɧɬɭ ɫɢɥ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɣ ɠɟ ɨɫɢ. 

 ɗɬɨ ɭɪɚɜɧɟɧɢɟ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ 


zz

z

z J
dt

d
J

dt

dL
M  . 

ȿɫɥɢ ɨɫɶ z ɫɨɜɩɚɞɚɟɬ ɫ ɝɥɚɜɧɨɣ ɨɫɶɸ ɢɧɟɪɰɢɢ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɰɟɧɬɪ ɦɚɫɫ, ɬɨ ɦɨɠɧɨ ɧɚɩɢɫɚɬɶμ 




JM  , 

ɬ.ɟ. ɦɨɦɟɧɬ ɫɢɥɵ, ɩɪɢɥɨɠɟɧɧɨɣ ɤ ɬɟɥɭ, ɪɚɜɟɧ ɩɪɨɢɡɜɟɞɟɧɢɸ ɦɨɦɟɧɬɚ ɢɧɟɪɰɢɢ ɬɟɥɚ ɧɚ ɭɝɥɨɜɨɟ 
ɭɫɤɨɪɟɧɢɟ.  

ȼ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɟ ɦɨɦɟɧɬ ɜɧɟɲɧɢɯ ɫɢɥ 0M


 ɢ 0
dt

Ld


  constL 


. Ⱦɚɧɧɨɟ ɜɵɪɚɠɟɧɢɟ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɦɨɦɟɧɬɚ ɢɦɩɭɥɶɫɚ: ɦɨɦɟɧɬ ɢɦɩɭɥɶɫɚ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɫɨɯɪɚ-

ɧɹɟɬɫɹ, ɬ. ɟ. ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ. 

Ʌɟɤɰɢɹ № 4 

Ɇɟɯɚɧɢɤɚ ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ. Ɉɩɢɫɚɧɢɟ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ. ȼɹɡɤɨɫɬɶ ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ. 
ɍɪɚɜɧɟɧɢɟ ɧɟɪɚɡɪɵɜɧɨɫɬɢ. ɍɪɚɜɧɟɧɢɟ Ȼɟɪɧɭɥɥɢ ɢ ɜɵɜɨɞɵ ɢɡ ɧɟɝɨ.   

4.1. Ɉɩɢɫɚɧɢɟ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ. ȼɹɡɤɨɫɬɶ ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ. 

 ȼ ɨɬɥɢɱɢɟ ɨɬ ɦɚɬɟɪɢɚɥɶɧɵɯ ɬɨɱɟɤ, ɤɨɝɞɚ ɞɥɹ ɨɩɢɫɚɧɢɹ ɢɯ ɞɜɢɠɟɧɢɹ ɡɚɞɚɜɚɥɢɫɶ ɤɨɨɪɞɢɧɚɬɵ ɷɬɢɯ 
ɬɨɱɟɤ, ɚ ɡɚɬɟɦ ɨɩɪɟɞɟɥɹɥɢɫɶ ɢɯ ɫɤɨɪɨɫɬɢ ɢ ɭɫɤɨɪɟɧɢɹ, ɞɥɹ ɨɩɢɫɚɧɢɹ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɩɪɢɦɟɧɹɟɬɫɹ 
ɧɟɫɤɨɥɶɤɨ ɢɧɨɣ ɦɟɬɨɞ. Ɋɚɡɜɢɬɢɟ ɷɬɨɝɨ ɦɟɬɨɞɚ ɫɜɹɡɚɧɨ ɫ ɩɪɚɤɬɢɱɟɫɤɢɦɢ ɭɫɩɟɯɚɦɢ ɝɢɞɪɨ- ɢ ɚɷɪɨɞɢɧɚɦɢɤɢ. 
Ⱥɧɚɥɢɬɢɱɟɫɤɢɟ ɮɨɪɦɭɥɵ, ɨɩɢɫɵɜɚɸɳɢɟ ɞɜɢɠɟɧɢɹ ɬɟɥ ɜ ɠɢɞɤɨɫɬɢ, ɨɱɟɧɶ ɝɪɨɦɨɡɞɤɢ, ɤ ɬɨɦɭ ɠɟ ɨɧɢ 
ɫɨɞɟɪɠɚɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɦɟɬɪɨɜ. ɇɚ ɩɪɚɤɬɢɤɟ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɨɤɚɡɚɥɫɹ ɦɟɬɨɞ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɤɨɝɞɚ ɭɦɟɧɶɲɟɧɧɵɟ ɦɨɞɟɥɢ ɫɚɦɨɥɟɬɨɜ ɢ ɫɭɞɨɜ ɜ ɧɟɩɨɞɜɢɠɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɦɟɳɚɥɢɫɶ 
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ɜ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɬɪɭɛɵ ɢɥɢ ɢɫɩɵɬɚɬɟɥɶɧɵɟ ɛɚɫɫɟɣɧɵ. ɉɪɢ ɷɬɨɦ ɢɡɦɟɪɹɥɢɫɶ ɫɤɨɪɨɫɬɢ ɢ ɭɫɤɨɪɟɧɢɹ 
ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ ɢɥɢ ɝɚɡɚ ɜ ɪɚɡɥɢɱɧɵɯ ɬɨɱɤɚɯ ɢɫɩɵɬɵɜɚɟɦɨɣ ɦɨɞɟɥɢ. ɉɪɢ ɬɚɤɨɦ ɦɟɬɨɞɟ ɨɩɢɫɚɧɢɹ 
ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɢɥɢ ɝɚɡɚ ɢɡɦɟɪɹɟɬɫɹ ɧɟ ɫɤɨɪɨɫɬɶ (ɭɫɤɨɪɟɧɢɟ) ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɢɰ, ɚ ɫɤɨɪɨɫɬɢ ɢ 
ɭɫɤɨɪɟɧɢɹ ɜ ɧɟɤɨɬɨɪɵɯ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɬɨɱɤɚɯ, ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɩɪɨɯɨɞɹɬ ɨɬɞɟɥɶɧɵɟ ɱɚɫɬɢɰɵ (ɢɥɢ 
ɨɬɞɟɥɶɧɵɟ ɜɵɞɟɥɟɧɧɵɟ ɦɚɥɵɟ ɨɛɴɟɦɵ). ȿɫɥɢ ɜ ɥɸɛɨɣ ɬɚɤɨɣ ɜɵɛɪɚɧɧɨɣ ɬɨɱɤɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ (ɢɥɢ 
ɭɫɤɨɪɟɧɢɹ) ɧɟ ɦɟɧɹɸɬɫɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ, ɬɨ ɬɚɤɨɟ ɞɜɢɠɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɫɬɚɰɢɨɧɚɪɧɵɦ. 

 Ɉɛɵɱɧɨ ɪɚɡɥɢɱɚɸɬ ɞɜɚ ɬɢɩɚ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢμ ɥɚɦɢɧɚɪɧɨɟ ɢ ɬɭɪɛɭɥɟɧɬɧɨɟ. ɉɪɢ ɥɚɦɢɧɚɪɧɨɦ 
ɬɟɱɟɧɢɢ ɠɢɞɤɨɫɬɶ ɩɟɪɟɦɟɳɚɟɬɫɹ ɫɥɨɹɦɢ, ɩɪɢɱɟɦ ɨɞɢɧ ɫɥɨɣ ɫɤɨɥɶɡɢɬ ɩɨ ɞɪɭɝɨɦɭ, ɧɨ ɫɥɨɢ ɧɟ 
ɩɟɪɟɦɟɲɢɜɚɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ, ɜ ɬɭɪɛɭɥɟɧɬɧɨɦ ɠɟ ɞɜɢɠɟɧɢɢ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵɦ ɩɪɢɡɧɚɤɨɦ ɹɜɥɹɟɬɫɹ 
ɧɚɥɢɱɢɟ ɜɢɯɪɟɣ. 

 ɏɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ ɧɚ ɩɟɪɜɵɣ ɜɡɝɥɹɞ ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢɱɢɧɵ ɫɤɨɪɨɫɬɢ ɠɢɞɤɨɫɬɢ, ɧɨ ɜ 
ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚɸɬ ɢ ɞɪɭɝɢɟ ɮɚɤɬɨɪɵ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜɹɡɤɨɫɬɶ ɢɥɢ ɜɧɭɬɪɟɧɧɟɟ ɬɪɟɧɢɟ. 
ɗɬɨ ɫɜɨɣɫɬɜɨ ɨɪɝɚɧɢɱɟɫɤɢ ɩɪɢɫɭɳɟ ɩɨɱɬɢ ɜɫɟɦ ɪɟɚɥɶɧɵɦ ɠɢɞɤɨɫɬɹɦ ɢ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɨɥɟɤɭɥ ɦɟɠɞɭ ɫɨɛɨɣ. ɉɪɢ ɥɚɦɢɧɚɪɧɨɦ ɞɜɢɠɟɧɢɢ ɫɥɨɢ ɠɢɞɤɨɫɬɢ ɫ ɬɪɟɧɢɟɦ ɫɤɨɥɶɡɹɬ 
ɞɪɭɝ ɩɨ ɞɪɭɝɭ.  
ɑɟɦ ɫɢɥɶɧɟɟ ɫɢɥɵ ɫɰɟɩɥɟɧɢɹ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɠɢɞɤɨɫɬɢ, ɬɟɦ ɛɨɥɶɲɟ ɪɚɡɥɢɱɢɟ ɫɤɨɪɨɫɬɟɣ ɞɜɭɯ ɫɨɫɟɞɧɢɯ 
ɫɥɨɟɜ. ɂɧɚɱɟ ɝɨɜɨɪɹ, ɫɬɟɩɟɧɶ ɛɵɫɬɪɨɬɵ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɫɥɨɟɜ ɠɢɞɤɨɫɬɢ ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɟɟ ɞɜɢɠɟɧɢɸ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɟɥɢɱɢɧɭ ɫɢɥɵ ɬɪɟɧɢɹ ɦɟɠɞɭ ɫɥɨɹɦɢ. ȿɫɥɢ ɠɟ ɜ ɠɢɞɤɨɫɬɢ 
ɞɜɢɠɟɬɫɹ ɬɜɟɪɞɨɟ ɬɟɥɨ, ɬɨ ɫɥɨɣ ɠɢɞɤɨɫɬɢ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ ɧɟɦɭ ɩɪɢɥɟɝɚɸɳɢɣ, ɞɜɢɠɟɬɫɹ ɫ ɧɢɦ ɜɦɟɫɬɟ, 
ɫɥɟɞɭɸɳɢɣ ɫɥɨɣ ɫɤɨɥɶɡɢɬ ɩɨ ɩɟɪɜɨɦɭ ɫɥɨɸ ɫ ɦɟɧɶɲɟɣ ɫɤɨɪɨɫɬɶɸ, ɫɥɟɞɭɸɳɢɣ ɡɚ ɜɬɨɪɵɦ ɫɥɨɣ ɢɦɟɟɬ ɟɳɟ 
ɦɟɧɶɲɭɸ ɫɤɨɪɨɫɬɶ ɢ ɬ.ɞ. ɋɥɨɣ ɠɟ, ɝɪɚɧɢɱɚɳɢɣ ɫɨ ɫɬɟɧɤɚɦɢ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɦɢ ɩɨɬɨɤ ɠɢɞɤɨɫɬɢ, 
ɩɪɢɥɢɩɚɟɬ ɤ ɫɬɟɧɤɚɦ ɬɚɤ, ɱɬɨ ɟɝɨ ɫɤɨɪɨɫɬɶ ɪɚɜɧɚ ɧɭɥɸ. ȼɟɥɢɱɢɧɚ ɫɢɥɵ ɬɪɟɧɢɹ ɩɪɢ ɞɜɢɠɟɧɢɢ ɬɟɥɚ ɜ 
ɠɢɞɤɨɫɬɢ ɭɫɬɚɧɨɜɥɟɧɚ ɟɳɟ ɇɶɸɬɨɧɨɦ, ɤɨɬɨɪɵɣ ɧɚɲɟɥ ɟɟ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟμ 
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ɝɞɟ ɩɟɪɜɵɣ ɫɨɦɧɨɠɢɬɟɥɶ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɹɡɤɨɫɬɶ ɠɢɞɤɨɫɬɢ (ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ), ɜɬɨɪɨɣ ɨɬɪɚɠɚɟɬ 
ɛɵɫɬɪɨɬɭ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɦ ɩɨɬɨɤɭ (ɩɪɨɢɡɜɨɞɧɚɹ ɩɨ 
ɧɚɩɪɚɜɥɟɧɢɸ), ɢ ɬɪɟɬɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɥɨɳɚɞɶ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ ɠɢɞɤɨɫɬɢ ɢ ɬɟɥɚ, ɬ.ɟ. ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ 
ɬɟɥɚ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɫɢɥɵ ɬɪɟɧɢɹ ɞɥɹ ɤɚɠɞɨɝɨ ɬɟɥɚ ɢɦɟɟɬ ɫɜɨɸ ɨɩɪɟɞɟɥɟɧɧɭɸ ɜɟɥɢɱɢɧɭ, ɧɨ 
ɤɨɧɤɪɟɬɧɵɣ ɭɱɟɬ ɜɫɟɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɬɟɥɚ ɫɜɹɡɚɧ ɫ ɫɟɪɶɟɡɧɵɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɬɪɭɞɧɨɫɬɹɦɢ. ɇɚɢɛɨɥɟɟ 
ɩɪɨɫɬɨɣ ɜɢɞ  ɫɢɥɵ ɬɪɟɧɢɹ ɩɨɥɭɱɚɟɬɫɹ ɩɪɢ ɞɜɢɠɟɧɢɢ ɲɚɪɚμ 
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ɝɞɟ r - ɪɚɞɢɭɫ ɲɚɪɚ, v - ɟɝɨ ɫɤɨɪɨɫɬɶ,  - ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ. ɗɬɨ ɜɵɪɚɠɟɧɢɟ ɜɩɟɪɜɵɟ ɩɨɥɭɱɟɧɨ 
ɋɬɨɤɫɨɦ ɢ ɢɡɜɟɫɬɧɨ ɤɚɤ ɮɨɪɦɭɥɚ ɋɬɨɤɫɚ. 

 ɋɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɜɹɡɤɨɫɬɢ ɧɚ ɯɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɦɨɠɧɨ ɨɰɟɧɢɬɶ, ɟɫɥɢ ɫɪɚɜɧɢɬɶ 
ɜɟɥɢɱɢɧɭ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɜɢɠɭɳɟɝɨɫɹ ɬɟɥɚ ɫ ɪɚɛɨɬɨɣ ɫɢɥ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ. ɗɬɚ ɨɰɟɧɤɚ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɟɫɶɦɚ ɩɪɢɛɥɢɠɟɧɧɨ, c ɬɨɱɧɨɫɬɶɸ ɞɨ ɱɢɫɥɟɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ.  Ⱦɥɹ ɨɛɬɟɤɚɧɢɹ  ɜɹɡɤɨɣ 
ɠɢɞɤɨɫɬɶɸ  

 

 

 

 

 

 

                Ɋɢɫ.4.1 

 ɧɟɩɨɞɜɢɠɧɨɝɨ ɲɚɪɚ (ɪɢɫ.4.1) ɜɟɥɢɱɢɧɚ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 
ɠɢɞɤɨɫɬɢ ɨɰɟɧɢɜɚɟɬɫɹ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ, ɝɞɟ 
ɩɪɨɢɫɯɨɞɢɬ ɜɨɡɦɭɳɟɧɢɟ ɩɨɬɨɤɚ, ɩɨ ɫɜɨɟɣ ɜɟɥɢɱɢɧɟ ɩɪɢɦɟɪɧɨ ɪɚɜɟɧ 
ɨɛɴɟɦɭ ɲɚɪɚ, ɬɚɤ ɱɬɨ ɜɟɥɢɱɢɧɚ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɷɬɨɝɨ ɨɛɴɟɦɚ  
ɩɪɢɦɟɪɧɨ ɪɚɜɧɚμ 
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ɝɞɟ l - ɥɢɧɟɣɧɵɟ ɪɚɡɦɟɪɵ ɲɚɪɚ. Ⱦɥɹ ɨɰɟɧɤɢ ɜɟɥɢɱɢɧɵ ɪɚɛɨɬɵ ɫɢɥɵ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ ɩɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ 
ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɲɚɪɚ S  l2, ɢ ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ v ɞɨ ɧɭɥɹ ɬɚɤɠɟ ɩɪɨɢɫɯɨɞɢɬ ɧɚ 
ɪɚɫɫɬɨɹɧɢɢ l, ɬ.ɟ. v  v, z  l ɢ 
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ɨɬɤɭɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɪɚɛɨɬɚ ɫɢɥɵ ɬɪɟɧɢɹ Ⱥɬɪ ɪɚɜɧɚμ 
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ɋɪɚɜɧɢɜɚɹ (4-γ ) ɢ (4-5), ɧɟɬɪɭɞɧɨ ɩɨɥɭɱɢɬɶμ 
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ɉɨɞɨɛɧɵɟ ɪɚɫɫɭɠɞɟɧɢɹ ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɞɥɹ ɬɟɥɚ ɥɸɛɨɣ ɮɨɪɦɵ, ɩɨɷɬɨɦɭ ɛɟɡɪɚɡɦɟɪɧɚɹ ɜɟɥɢɱɢɧɚ Re 

ɩɨɥɭɱɢɜɲɚɹ ɧɚɡɜɚɧɢɟ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ, ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɢ ɧɚ ɯɚɪɚɤɬɟɪ ɟɟ 
ɞɜɢɠɟɧɢɹ. ȿɫɥɢ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ ɜɟɥɢɤɨ, ɬɨ ɬɪɟɧɢɟɦ ɜ ɠɢɞɤɨɫɬɢ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɢ ɫɱɢɬɚɬɶ ɠɢɞɤɨɫɬɶ 
ɢɞɟɚɥɶɧɨɣ. ɏɨɬɹ ɜɜɟɞɟɧɢɟ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ ɩɪɨɜɟɞɟɧɨ ɜ ɧɟɤɨɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɬɟɦ ɧɟ ɦɟɧɟɟ,  ɩɨ ɟɝɨ 
ɜɟɥɢɱɢɧɟ ɦɨɠɧɨ ɫɭɞɢɬɶ ɧɟ ɬɨɥɶɤɨ ɨ ɪɨɥɢ ɬɪɟɧɢɹ, ɧɨ ɢ ɨ ɯɚɪɚɤɬɟɪɟ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, 
ɩɪɢ Re   1000 ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɬɪɭɛɚɯ ɨɫɬɚɟɬɫɹ ɥɚɦɢɧɚɪɧɵɦ, ɧɨ ɩɪɢ Re   ββ00  ɨɧɨ ɫɬɚɧɨɜɢɬɫɹ 
ɬɭɪɛɭɥɟɧɬɧɵɦ. ɉɪɢ ɦɚɥɵɯ ɡɧɚɱɟɧɢɹɯ ɱɢɫɟɥ Ɋɟɣɧɨɥɶɞɫɚ ɪɨɥɶ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɢ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɚ ɢ 
ɜɢɯɪɟɜɨɝɨ ɞɜɢɠɟɧɢɹ ɜɨɡɧɢɤɧɭɬɶ ɧɟ ɦɨɠɟɬ. 

4.2. ɍɪɚɜɧɟɧɢɟ ɧɟɪɚɡɪɵɜɧɨɫɬɢ. 

 Ʉɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ, ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɨɦ ɞɜɢɠɟɧɢɢ ɠɢɞɤɨɫɬɢ (ɢɥɢ ɝɚɡɚ) ɫɤɨɪɨɫɬɶ ɟɟ ɱɚɫɬɢɰ ɧɟ 
ɢɡɦɟɧɹɟɬɫɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ. Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɜɜɨɞɢɬɫɹ ɩɨɧɹɬɢɟ ɥɢɧɢɢ ɬɨɤɚ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɫɨɛɨɣ ɥɢɧɢɢ, ɤɚɫɚɬɟɥɶɧɵɟ ɤ ɤɨɬɨɪɵɦ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɫɨɜɩɚɞɚɸɬ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɫ ɜɟɤɬɨɪɨɦ ɫɤɨɪɨɫɬɢ ɜ 
ɷɬɨɣ ɠɟ ɬɨɱɤɟ. ȼ ɫɥɭɱɚɟ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɞɜɢɠɟɧɢɹ ɥɢɧɢɢ ɬɨɤɚ ɧɟɩɨɞɜɢɠɧɵ ɢ ɫɨɜɩɚɞɚɸɬ ɫ ɬɪɚɟɤɬɨɪɢɹɦɢ 
ɱɚɫɬɢɰ ɠɢɞɤɨɫɬɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɨɛɥɟɝɱɟɧɢɹ ɢɡɭɱɟɧɢɹ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜɜɨɞɢɬɫɹ ɩɨɧɹɬɢɟ ɬɪɭɛɤɢ 
ɬɨɤɚ. ɗɬɢ ɬɪɭɛɤɢ ɨɛɪɚɡɭɸɬɫɹ ɬɚɤ, ɱɬɨ ɥɢɧɢɹ ɬɨɤɚ, ɩɪɨɯɨɞɹɳɚɹ ɱɟɪɟɡ ɤɚɤɭɸ-ɥɢɛɨ ɬɨɱɤɭ, ɥɟɠɚɳɭɸ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɤɢ ɬɨɤɚ, ɰɟɥɢɤɨɦ ɥɟɠɢɬ ɧɚ ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɪɢɫ.4.β).  

 

 

  

 

                                                                  

S 

 

Ɋɢɫ. 4.2 

ɉɪɢ ɫɬɚɰɢɨɧɚɪɧɨɦ ɬɟɱɟɧɢɢ ɠɢɞɤɨɫɬɢ ɫɬɟɧɤɢ ɬɪɭɛɤɢ ɬɨɤɚ 
ɧɟɩɨɞɜɢɠɧɵ. ɀɢɞɤɨɫɬɶ, ɜɨɲɟɞɲɚɹ ɜ ɬɪɭɛɤɭ, ɜ ɞɚɥɶɧɟɣɲɟɦ ɞɜɢɠɟɬɫɹ 
ɜɫɟ ɜɪɟɦɹ ɜɧɭɬɪɢ ɟɟ. ɉɨɷɬɨɦɭ ɜɵɞɟɥɟɧɧɭɸ ɬɪɭɛɤɭ ɦɨɠɧɨ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɨɫɬɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ.  

      ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɜɵɞɟɥɟɧɧɚɹ ɬɪɭɛɤɚ ɬɨɤɚ ɧɚɫɬɨɥɶɤɨ ɬɨɧɤɚ, ɱɬɨ 
ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɟɟ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɜɟɥɢɱɢɧɭ ɫɤɨɪɨɫɬɢ ɱɚɫɬɢɰ 
ɠɢɞɤɨɫɬɢ ɦɨɠɧɨ  

ɛɵɥɨ ɛɵ ɫɱɢɬɚɬɶ ɨɞɢɧɚɤɨɜɨɣ. ɉɭɫɬɶ ɜ ɫɟɱɟɧɢɢ S1 (ɪɢɫ.4.β) ɫɤɨɪɨɫɬɶ ɱɚɫɬɢɰ ɠɢɞɤɨɫɬɢ ɪɚɜɧɚ v1.  Ɂɚ 
ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ  t  ɱɟɪɟɡ ɫɟɱɟɧɢɟ ɩɪɨɣɞɟɬ ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ V1=v1t S1. ȿɫɥɢ ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɜ 
ɷɬɨɦ ɫɟɱɟɧɢɢ ɪɚɜɧɚ 1, ɬɨ ɱɟɪɟɡ ɫɟɱɟɧɢɟ ɩɪɨɯɨɞɢɬ ɦɚɫɫɚ m1=1V1=  1v1t S1. Ⱥɧɚɥɨɝɢɱɧɨ ɱɟɪɟɡ ɫɟɱɟɧɢɟ 
S2 ɡɚ ɜɪɟɦɹ t  ɩɪɨɯɨɞɢɬ ɦɚɫɫɚ m2=2v2t S2. ɉɪɢ ɫɬɚɰɢɨɧɚɪɧɨɦ ɞɜɢɠɟɧɢɢ ɤɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ, 
ɩɪɨɯɨɞɹɳɟɟ ɱɟɪɟɡ ɫɟɱɟɧɢɹ  S1 ɢ S2 , ɞɨɥɠɧɨ ɛɵɬɶ ɨɞɢɧɚɤɨɜɵɦ, ɬ.ɟ. m1=m2. ɉɨɷɬɨɦɭ 1v1t S1 = 2v2t S2. 

ɉɪɢ ɧɟɫɠɢɦɚɟɦɨɫɬɢ ɠɢɞɤɨɫɬɢ 1= 2, ɨɬɤɭɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ  v1 S1=v2 S2 , ɢɥɢ ɜ ɨɛɳɟɦ ɜɢɞɟ 

                                                        vS = const .                                                      (4-7) 

S1 

S
v

v2 
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ȼɵɪɚɠɟɧɢɟ (4-7) ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɭɪɚɜɧɟɧɢɹ ɧɟɪɚɡɪɵɜɧɨɫɬɢ. ɉɪɢɦɟɪɨɦ ɩɪɨɹɜɥɟɧɢɹ ɫɜɨɣɫɬɜ ɠɢɞɤɨɫɬɢ, 
ɨɩɢɫɵɜɚɟɦɵɯ ɷɬɢɦ ɭɪɚɜɧɟɧɢɟɦ, ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɬɟɱɟɧɢɟ ɪɟɤμ ɜ ɭɡɤɢɯ ɦɟɫɬɚɯ ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ɜɨɡɪɚɫɬɚɟɬ 
ɢ, ɧɚɨɛɨɪɨɬ, ɜ ɲɢɪɨɤɢɯ ɦɟɫɬɚɯ ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ɫɬɚɧɨɜɢɬɫɹ ɦɟɧɶɲɟ.                     

 

 

 

 

 

 

 

 

 

 

4.3. ɍɪɚɜɧɟɧɢɟ Ȼɟɪɧɭɥɥɢ ɢ ɜɵɜɨɞɵ ɢɡ ɧɟɝɨ 

 

Ɋɢɫ.4.3 

ȼɵɞɟɥɢɦ ɜ ɬɪɭɛɤɟ ɬɨɤɚ (ɪɢɫ.4.γ) ɷɥɟɦɟɧɬ, ɨɝɪɚɧɢɱɟɧɧɵɣ ɩɥɨɫɤɢɦɢ 
ɫɟɱɟɧɢɹɦɢ S1 ɢ S2. ɉɭɫɬɶ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ ɷɬɢɯ 
ɫɟɱɟɧɢɹɯ ɪɚɜɧɵ v1 ɢ v2, ɚ ɞɚɜɥɟɧɢɹ ɪ1 ɢ ɪ2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɂɚ ɜɪɟɦɹ 
t ɜɵɞɟɥɟɧɧɵɣ ɷɥɟɦɟɧɬ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, ɭɤɚɡɚɧɧɨɦ 
ɫɬɪɟɥɤɨɣ, ɬɚɤ, ɱɬɨ ɫɟɱɟɧɢɹ S1 ɢ S2 cɦɟɳɚɸɬɫɹ  ɧɚ ɪɚɫɫɬɨɹɧɢɹ  l1 = 

v1t  ɢ l2 = v2 t  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɡɚɧɢɦɚɹ ɧɨɜɵɟ ɩɨɥɨɠɟɧɢɹ /

1S  ɢ 
/

2S . ɉɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɢɡɦɟɧɹɟɬɫɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɢ ɩɨɬɟɧɰɢɚɥɶɧɚɹ 
ɷɧɟɪɝɢɢ ɜɵɞɟɥɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚ. ɉɨ ɡɚɤɨɧɭ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ 
ɜɟɥɢɱɢɧɚ ɷɬɨɝɨ ɢɡɦɟɧɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ  

ɪɚɛɨɬɨɣ ɫɢɥ ɞɚɜɥɟɧɢɹ  f1 = p1S1 ɢ  f2 = p2S2, ɤɨɬɨɪɵɟ ɞɟɣɫɬɜɭɸɬ ɧɚ ɩɥɨɫɤɨɫɬɢ S1 ɢ S2. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ., 
ɱɚɫɬɶ ɷɥɟɦɟɧɬɚ ɦɟɠɞɭ ɫɟɱɟɧɢɹɦɢ /

1S ɢ S2 ɨɫɬɚɟɬɫɹ ɧɟɩɨɞɜɢɠɧɨɣ ɬɚɤ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɩɨɥɨɠɟɧɢɹ 

ɜɵɞɟɥɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɫɜɨɞɢɬɫɹ ɤ ɩɟɪɟɦɟɳɟɧɢɸ ɨɬɪɟɡɤɚ, ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɫɟɱɟɧɢɹɦɢ S1 ɢ /

1S  ɜ ɧɨɜɨɟ 

ɩɨɥɨɠɟɧɢɟ ɦɟɠɞɭ ɩɥɨɫɤɨɫɬɹɦɢ S2 ɢ /

2S . ɉɭɫɬɶ ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɜ ɫɟɱɟɧɢɢ S1 ɪɚɜɧɚ 1, ɚ ɜ ɫɟɱɟɧɢɢ S2 

- 2. Ɇɚɫɫɚ ɨɬɪɟɡɤɚ ɦɟɠɞɭ ɫɟɱɟɧɢɹɦɢ S1 ɢ /

1S  ɪɚɜɧɚ m1 =  1v1S1t, ɬɨɝɞɚ ɤɚɤ ɦɚɫɫɚ ɦɟɠɞɭ S2 ɢ /

2S  ɪɚɜɧɚ 
m2 = 2v2S2tν ɩɨɷɬɨɦɭ ɤɢɧɟɬɢɱɟɫɤɚɹ ɢ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɢ ɦɚɫɫɵ m1 ɪɚɜɧɵμ  

                        Eкɢɧ
(1)

 =
m v S

1 1

2

1

2 2

1 1

3


 v t

;     E m gh v S tghɩɨɬ
(1)

1 1 1 1 1 1
    .              (4-8) 

Ⱥɧɚɥɨɝɢɱɧɨ ɞɥɹ ɦɚɫɫɵ m2:    

                        Eкɢɧ
( )2

 =
m v S

2 2

2

2

2 2

2 2

3


 v t

;    E m gh v S tghɩɨɬ
( ) ;2

2 2 2 2 2 2
               (4-9) 

S1 

S

S

S

h1 

h
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ɝɞɟ h1 ɢ h2 - ɜɵɫɨɬɵ ɰɟɧɬɪɨɜ ɬɹɠɟɫɬɢ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɷɥɟɦɟɧɬɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɛɪɚɧɧɨɝɨ ɭɪɨɜɧɹ 
ɨɬɫɱɟɬɚ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ. 

 ɇɚ ɨɫɧɨɜɚɧɢɢ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶμ 

               E Е Е Екɢɧ ɩɨɬ кɢɧ ɩɨɬ
( ) ( ) ( (2 2 1) 1)   = f f

1 2
 l l

1 2
  p S v t p S v t

1 1 1 2 2 2
  .            ( 4-10)    

Ɋɚɛɨɬɚ ɫɢɥɵ f2 ɜɡɹɬɚ ɫɨ ɡɧɚɤɨɦ ɦɢɧɭɫ ɩɨɬɨɦɭ, ɱɬɨ ɧɚɩɪɚɜɥɟɧɢɟ ɫɢɥɵ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɩɟɪɟɦɟɳɟɧɢɹ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɵ ɞɪɭɝ ɞɪɭɝɭ. 

 ɉɨɞɫɬɚɜɥɹɹ ɜ ɭɪɚɜɧɟɧɢɟ  (4-10) ɡɧɚɱɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɢɯ ɢ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɷɧɟɪɝɢɣ  (4-8) ɢ  (4-9), 

ɩɨɥɭɱɚɟɦμ 

   


2 2

3

2

S
2
v t

 
2 2 2 2
v S tgh  


1 1

3

2

S
1
v t


1 1 1 1
v S tgh  = p S v t p S v t

1 1 1 2 2 2
  ,   (4-11) 

  ɨɬɤɭɞɚ ɩɨɫɥɟ ɫɨɤɪɚɳɟɧɢɹ ɧɚ ɜɟɥɢɱɢɧɭ t (ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ v1S1 =v2 S2) ɫɥɟɞɭɟɬμ                            

                                          


2 2

2

2

v
 

2 2
gh + p

2
=


1 1

2

2

v


1 1
gh  p

1
,                        (4-12)        

ɢɥɢ ɜ ɨɛɳɟɦ ɜɢɞɟμ 

                                                   
v 2

2
 gh + ɪ = const.                                      (4-13)  

ȼɵɪɚɠɟɧɢɹ (4-1β) ɢ (4-1γ) ɩɪɟɞɫɬɚɜɥɹɸɬ ɪɚɡɥɢɱɧɵɟ ɮɨɪɦɵ ɡɚɩɢɫɢ ɭɪɚɜɧɟɧɢɹ Ȼɟɪɧɭɥɥɢ, ɢɦɟɸɳɟɝɨ ɪɹɞ 
ɜɚɠɧɵɯ ɫɥɟɞɫɬɜɢɣ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɯɚɪɚɤɬɟɪɚ. ȿɫɥɢ  ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɢɥɢ ɝɚɡɚ ɩɪɨɢɫɯɨɞɢɬ ɧɚ 

ɩɨɫɬɨɹɧɧɨɣ ɜɵɫɨɬɟ, ɬɨ ɭɪɚɜɧɟɧɢɟ (4-1γ) ɭɩɪɨɳɚɟɬɫɹμ         
v 2

2
 ɪ = const, ɢɥɢ    


2 2

2

2

v
+ p

2
=


1 1

2

2

v

 p
1
.           (4-14 ) 

ɂɡ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɞɚɜɥɟɧɢɟ ɜɧɭɬɪɢ ɬɪɭɛɤɢ ɬɨɤɚ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢμ ɬɚɦ, ɝɞɟ ɫɤɨɪɨɫɬɶ 
ɦɟɧɶɲɟ, ɞɚɜɥɟɧɢɟ ɛɨɥɶɲɟ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚɞɚɜɥɟɧɢɟ ɜ ɧɟɦ ɭɦɟɧɶɲɚɟɬɫɹ. ɗɬɨ 
ɭɬɜɟɪɠɞɟɧɢɟ ɧɚɡɵɜɚɸɬ ɩɪɢɧɰɢɩɨɦ Ȼɟɪɧɭɥɥɢ.  

 ɉɪɢɥɨɠɟɧɢɹ ɭɪɚɜɧɟɧɢɹ Ȼɟɪɧɭɥɥɢμ ɩɨɞɴɟɦɧɨɣ ɫɢɥɵ ɤɪɵɥɚ ɫɚɦɨɥɟɬɚ, ɝɢɞɪɨɬɪɭɛɢɧɚ, ɝɢɞɪɨɬɚɪɚɧ, 
ɜɨɞɨɫɬɪɭɣɧɵɣ ɧɚɫɨɫ, ɚɷɪɚɰɢɹ ɩɨɱɜɵ ɢ ɬ. ɞ. 

                             

 

Ʌɟɤɰɢɹ №5 

Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɤɨɥɟɛɚɧɢɣ. Ƚɚɪɦɨɧɢɱɟɫɤɢɟ ɤɨɥɟɛɚɧɢɹ. ɋɥɨɠɟɧɢɟ 
ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ. ɋɥɨɠɟɧɢɟ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɤɨɥɟɛɚɧɢɣ. Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ 
ɤɨɥɟɛɚɧɢɣ. ɋɜɨɛɨɞɧɵɟ ɤɨɥɟɛɚɧɢɹ. Ɂɚɬɭɯɚɸɳɢɟ ɤɨɥɟɛɚɧɢɹ. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɜ 
ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɚɯ. Ʉɨɥɟɛɚɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɢ ɮɢɡɢɱɟɫɤɨɝɨ ɦɚɹɬɧɢɤɨɜ 

 

5.1. Ƚɚɪɦɨɧɢɱɟɫɤɢɟ ɤɨɥɟɛɚɧɢɹ. 

 Ʉɨɥɟɛɚɧɢɹɦɢ ɧɚɡɵɜɚɸɬɫɹ ɬɚɤɢɟ ɢɡɦɟɧɟɧɢɹ ɤɚɤɨɣ - ɥɢɛɨ ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵ, ɤɨɝɞɚ ɷɬɚ 
ɜɟɥɢɱɢɧɚ ɱɟɪɟɡ ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ ɩɪɢɧɢɦɚɟɬ ɨɞɧɢ ɢ ɬɟ ɠɟ ɡɧɚɱɟɧɢɹ. Ʌɸɛɨɟ ɤɨɥɟɛɚɧɢɟ 
ɦɨɠɟɬ ɛɵɬɶ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɨ ɬɚɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢμ 
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 1. ɚɦɩɥɢɬɭɞɨɣ ɤɨɥɟɛɚɧɢɣ, ɬ.ɟ. ɜɟɥɢɱɢɧɨɣ ɧɚɢɛɨɥɶɲɟɝɨ ɨɬɤɥɨɧɟɧɢɹ ɨɬ                        ɩɨɥɨɠɟɧɢɹ 
ɪɚɜɧɨɜɟɫɢɹν 

β. ɩɟɪɢɨɞɨɦ ɤɨɥɟɛɚɧɢɣ, ɬ.ɟ. ɜɪɟɦɟɧɟɦ ɨɞɧɨɝɨ ɩɨɥɧɨɝɨ ɤɨɥɟɛɚɧɢɹν  ɜɟɥɢɱɢɧɚ, ɨɛɪɚɬɧɚɹ ɩɟɪɢɨɞɭ 
ɧɚɡɵɜɚɟɬɫɹ ɱɚɫɬɨɬɨɣν  

γ. ɡɚɤɨɧɨɦ ɢɡɦɟɧɟɧɢɹ ɤɨɥɟɛɥɸɳɟɣɫɹ ɜɟɥɢɱɢɧɵ ɫɨ ɜɪɟɦɟɧɟɦν  ɝɚɪɦɨɧɢɱɟɫɤɨɟ ɤɨɥɟɛɚɧɢɟ 
ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɡɚɤɨɧɭ ɫɢɧɭɫɚ ɢɥɢ ɤɨɫɢɧɭɫɚν 

4. ɮɚɡɨɣ ɤɨɥɟɛɚɧɢɣ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣ ɫɨɫɬɨɹɧɢɟ ɤɨɥɟɛɚɧɢɣ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ.   
  Ƚɚɪɦɨɧɢɱɟɫɤɨɟ ɤɨɥɟɛɚɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɪɟɯ ɜɢɞɚɯμ ɝɪɚɮɢɱɟɫɤɨɦ, ɚɧɚɥɢɬɢɱɟɫɤɨɦ  ɢ  
ɜɟɤɬɨɪɧɵɦ.  

  ɯ(t) 

                                                 t 

 

 

 

Ɋɢɫ.5.1 

 Ƚɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɤɨɥɟɛɚɧɢɣ ɢɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫ.5.1. 
Ⱥɧɚɥɢɬɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ ɧɟ 
ɦɟɧɟɟ ɢɡɜɟɫɬɧɨμ 

                    x (t) = A sin (t  +  ) ,                 (5-1) 

ɝɞɟ  - ɧɚɱɚɥɶɧɚɹ ɮɚɡɚ ɤɨɥɟɛɚɧɢɣ, ɚ ɜɟɫɶ ɚɪɝɭɦɟɧɬ ɫɢɧɭɫɚ ( t  + 

 ) - ɮɚɡɚ ɤɨɥɟɛɚɧɢɹ,  

     Ⱥ - ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ, ɚ  = 2/ T - ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ  (Ɍ - ɩɟɪɢɨɞ ɤɨɥɟɛɚɧɢɣ).  

                             Ⱥ 

 

        

                      

 

Ɋɢɫ.5.2 

ɇɚɤɨɧɟɰ, ɜ ɜɟɤɬɨɪɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɤɨɥɟɛɚɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ 
ɜɟɤɬɨɪɚ, ɞɥɢɧɚ ɤɨɬɨɪɨɝɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɚɦɩɥɢɬɭɞɟ ɤɨɥɟɛɚɧɢɣ  
(ɪɢɫ.5.β). ɋɚɦ ɜɟɤɬɨɪ ɜɪɚɳɚɟɬɫɹ ɜ ɩɥɨɫɤɨɫɬɢ ɱɟɪɬɟɠɚ ɫ ɭɝɥɨɜɨɣ 
ɫɤɨɪɨɫɬɶɸ  ɜɨɤɪɭɝ ɨɫɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɷɬɨɣ ɩɥɨɫɤɨɫɬɢ ɢ 
ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɧɚɱɚɥɨ ɜɟɤɬɨɪɚ ɤɨɥɟɛɚɧɢɹ. ɉɟɪɜɨɧɚɱɚɥɶɧɨɟ 
ɨɬɤɥɨɧɟɧɢɟ ɜɟɤɬɨɪɚ ɨɬ ɝɨɪɢɡɨɧɬɚɥɢ ɢɡɨɛɪɚɠɚɟɬ ɧɚɱɚɥɶɧɭɸ ɮɚɡɭ 
ɤɨɥɟɛɚɧɢɹ.  

ɗɬɨɬ ɜɢɞ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɤɨɥɟɛɚɧɢɣ ɨɫɨɛɟɧɧɨ ɭɞɨɛɟɧ ɞɥɹ ɫɥɨɠɟɧɢɹ ɤɨɥɟɛɚɧɢɣ, ɤɨɝɞɚ ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ 
ɤɨɥɟɛɚɧɢɟ ɧɚɯɨɞɢɬɫɹ ɤɚɤ ɜɟɤɬɨɪɧɚɹ ɫɭɦɦɚ ɜɫɟɯ ɫɥɚɝɚɟɦɵɯ.  

5.2. ɋɥɨɠɟɧɢɟ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ. 

 ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ ɩɪɢɦɟɪɨɦ ɹɜɥɹɟɬɫɹ ɫɥɨɠɟɧɢɟ ɞɜɭɯ ɨɞɢɧɚɤɨɜɨ ɧɚɩɪɚɜɥɟɧɧɵɯ ɝɚɪɦɨɧɢɱɟɫɤɢɯ 
ɤɨɥɟɛɚɧɢɣ ɨɞɢɧɚɤɨɜɨɣ ɱɚɫɬɨɬɵ, ɤɚɠɞɨɟ ɢɡ ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɦ ɜɢɞɟ x1(t) = 

A1sin (t + 1) ɢ    x2(t) = A2 sin (t + 2) ɢ ɜɟɤɬɨɪɧɨɦ ɜɢɞɟ (ɪɢɫ.5.γ).  
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ɉɨɫɤɨɥɶɤɭ ɨɛɚ ɫɥɚɝɚɟɦɵɯ ɜɪɚɳɚɸɬɫɹ ɫ ɨɞɢɧɚɤɨɜɨɣ   ɱɚɫɬɨɬɨɣ, ɫɭɦɦɚɪɧɵɣ ɜɟɤɬɨɪ  ɬɚɤɠɟ ɜɪɚɳɚɟɬɫɹ ɫ 
ɷɬɨɣ ɠɟ   ɱɚɫɬɨɬɨɣ, ɬ.ɟ. ɪɟɡɭɥɶɬɚɬɨɦ ɫɭɦɦɵ x1(t) ɢ  x2(t) ɛɭɞɟɬ ɝɚɪɦɨɧɢɱɟɫɤɨɟ ɤɨɥɟɛɚɧɢɟ ɬɨɣ ɠɟ ɱɚɫɬɨɬɵ, 
ɚɦɩɥɢɬɭɞɚ ɤɨɬɨɪɨɝɨ  ɧɚɯɨɞɢɬɫɹ   ɤɚɤ ɞɢɚɝɨɧɚɥɶ  ɩɚɪɚɥɥɟɥɨɝɪɚɦɦɚ  Ⱥ,  ɩɨɫɬɪɨɟɧɧɨɝɨ ɧɚ ɜɟɤɬɨɪɚɯ Ⱥ1 ɢ 
Ⱥ2: 

                  A A A A A
2

1

2

2

2

1 2 2 1
2   cos( )  ;                                                  (5-2)        

ɪɚɡɧɨɫɬɶ 2-1 ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɪɢɫ.5.γ. ȼɟɥɢɱɢɧɚ ɧɚɱɚɥɶɧɨɣ ɮɚɡɵ  ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɤɨɥɟɛɚɧɢɹ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɟɥɢɱɢɧɵ ɬɚɧɝɟɧɫɚ ɷɬɨɝɨ ɭɝɥɚμ 

                                                             tg
A

A

y

x

  



,                                              

ɝɞɟ  Ⱥy ɢ  Ⱥɯ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɪɨɟɤɰɢɢ ɚɦɩɥɢɬɭɞɵ ɫɭɦɦɚɪɧɨɝɨ ɤɨɥɟɛɚɧɢɹ ɧɚ ɨɫɢ Y ɢ X  

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɢɫɭɧɤɚ, ɡɧɚɱɟɧɢɟ Ⱥɯ ɪɚɜɧɨ ɫɭɦɦɟ ɩɪɨɟɤɰɢɣ ɧɚ ɨɫɶ ɏ ɤɚɠɞɨɝɨ ɢɡ 
ɫɥɚɝɚɟɦɵɯ ɤɨɥɟɛɚɧɢɣμ 

                                     Ⱥɯ = ɏ2 + ɏ1 =  Ⱥ2 cos 2 + A1 cos 1 .                            (5-3) 

Ⱥɧɚɥɨɝɢɱɧɨɟ ɜɵɪɚɠɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɢ ɞɥɹ ɫɭɦɦɚɪɧɨɣ ɩɪɨɟɤɰɢɢ ɧɚ ɨɫɶ Y ( ɞɥɹ 
ɩɪɨɫɬɨɬɵ Y - ɩɪɨɟɤɰɢɢ ɧɚ ɪɢɫ.5.γ ɧɟ ɩɨɤɚɡɚɧɵ)μ    

                             Ⱥ y = Y2 + Y1 = A2 sin 2 + A1 sin 1 .                           (5-4)  

     Ɍɨɝɞɚ 

                                                  tg
A A

A A


 
 





1 1 2 2

1 1 2 2

sin sin

cos cos
.                                 (5-5)  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɭɦɦɚɪɧɨɝɨ ɤɨɥɟɛɚɧɢɹμ ɚɦɩɥɢɬɭɞɚ, ɱɚɫɬɨɬɚ ɢ 
ɧɚɱɚɥɶɧɚɹ ɮɚɡɚ. ɇɟɫɤɨɥɶɤɨ ɫɥɨɠɧɟɟ ɧɚɣɬɢ ɫɭɦɦɭ ɞɜɭɯ ɤɨɥɟɛɚɧɢɣ, ɟɫɥɢ ɢɯ ɱɚɫɬɨɬɵ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ 
ɞɪɭɝɚ. ɉɪɚɤɬɢɱɟɫɤɢ ɢɧɬɟɪɟɫɧɵɦ ɹɜɥɹɟɬɫɹ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɷɬɨ ɪɚɡɥɢɱɢɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɬ.ɟ. 1= 0 +  ɢ 2 

= 0 - , ɩɪɢɱɟɦ  0 . ɉɭɫɬɶ ɞɥɹ ɩɪɨɫɬɨɬɵ ɚɦɩɥɢɬɭɞɵ ɨɛɨɢɯ ɤɨɥɟɛɚɧɢɣ ɢ ɢɯ ɧɚɱɚɥɶɧɵɟ ɮɚɡɵ  
ɨɞɢɧɚɤɨɜɵ. Ɍɨɝɞɚ x1(t) = Asin(0 + )t ɢ x2(t) = Asin(0 - )t . ɋɭɦɦɢɪɭɹ ɷɬɢ ɜɵɪɚɠɟɧɢɹ, ɩɨɥɭɱɢɦ  

   

 x1(t)+ x2(t) = A{sin(0 + )t + sin(0 - )t} = [2Acost] sin 0t,          (5-6)   

   

Ɋɢɫ.5.4 

ɝɞɟ ɜɟɥɢɱɢɧɭ, ɫɬɨɹɳɭɸ ɜ ɤɜɚɞɪɚɬɧɵɯ ɫɤɨɛɤɚɯ, ɦɨɠɧɨ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɦɟɞɥɟɧɧɨ ɦɟɧɹɸɳɭɸɫɹ ɚɦɩɥɢɬɭɞɭ. 
Ɋɟɡɭɥɶɬɚɬ ɫɭɦɦɵ ɬɚɤɢɯ ɤɨɥɟɛɚɧɢɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ 
ɪɢɫ.5.4, ɧɚɡɵɜɚɟɬɫɹ ɛɢɟɧɢɹɦɢ. ȿɫɥɢ ɚɦɩɥɢɬɭɞɵ 
ɫɥɚɝɚɟɦɵɯ ɤɨɥɟɛɚɧɢɣ ɧɟɨɞɢɧɚɤɨɜɵ, ɬɨ ɤɚɪɬɢɧɚ 
ɧɚɛɥɸɞɚɸɳɢɯɫɹ ɛɢɟɧɢɣ ɨɬɥɢɱɚɟɬɫɹ ɨɬ  
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Ɋɢɫ.5.5 

ɩɪɟɞɵɞɭɳɟɣ, ɬ.ɤ ɬɟɩɟɪɶ ɫɭɦɦɚɪɧɚɹ ɚɦɩɥɢɬɭɞɚ 
ɢɡɦɟɧɹɟɬɫɹ ɨɬ ɡɧɚɱɟɧɢɹ Ⱥ1+Ⱥ2 ɞɨ ɦɢɧɢɦɭɦɚ Ⱥ1-Ⱥ2. 

ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɫɭɦɦɚɪɧɨɟ 
ɤɨɥɟɛɚɧɢɟ ɧɟ ɹɜɥɹɟɬɫɹ ɝɚɪɦɨɧɢɱɟɫɤɢɦ, ɯɨɬɹ ɨɧɨ ɢ 
ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ɝɚɪɦɨɧɢɱɟɫɤɢɯ 
ɮɭɧɤɰɢɣ, ɬ.ɤ. ɟɝɨ ɚɦɩɥɢɬɭɞɚ ɧɟ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ 
ɢ ɦɟɞɥɟɧɧɨ ɢɡɦɟɧɹɟɬɫɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ 
(ɪɢɫ.5.5). 

                                

5.3. ɋɥɨɠɟɧɢɟ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɤɨɥɟɛɚɧɢɣ. 

 ɉɭɫɬɶ ɢɦɟɸɬɫɹ ɞɜɚ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɹ ɨɞɢɧɚɤɨɜɨɣ ɱɚɫɬɨɬɵ, ɧɚɩɪɚɜɥɟɧɢɹ ɤɨɥɟɛɚɧɢɣ 
ɤɨɬɨɪɵɯ ɜɡɚɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵ ɞɪɭɝ ɞɪɭɝɭ.  

  

Ɋɢɫ.5.6 

ȼɵɛɟɪɟɦ ɧɚɱɚɥɨ ɨɬɫɱɟɬɚ ɜɪɟɦɟɧɢ ɬɚɤ, 
ɱɬɨɛɵ ɧɚɱɚɥɶɧɚɹ ɮɚɡɚ ɨɞɧɨɝɨ ɢɡ 
ɤɨɥɟɛɚɧɢɣ ɛɵɥɚ ɪɚɜɧɚ ɧɭɥɸ. ɉɪɢ ɬɚɤɨɦ 
ɭɫɥɨɜɢɢ ɤɨɥɟɛɚɧɢɹ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɬɚɤμ 

                x = a sin t , 

              y = b sin(t + ), 

ɝɞɟ ɜɟɥɢɱɢɧɚ  ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɧɨɫɬɶ ɮɚɡ 
ɨɛɨɢɯ ɤɨɥɟɛɚɧɢɣ. ɉɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ 
ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɬɚɤμ 

                    sin ;t
x

a
        (5-7) 

ɬɨɝɞɚ ɤɚɤ ɜɬɨɪɨɟ ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨ 
ɮɨɪɦɭɥɟ  

ɫɭɦɦɵ ɫɢɧɭɫɨɜ ɞɜɭɯ ɭɝɥɨɜ ɩɪɢɧɢɦɚɟɬ ɜɢɞ sin cos cos sin   t t
y

b
  .        (5-8) 

ɂɡ ɩɟɪɜɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ 

                                             cos sin t t 1 2
 =  1

2

2


x

a
.                              (5-9) 

 Ɂɚɦɟɧɹɹ ɜ ɭɪɚɜɧɟɧɢɢ (5-8 )  sint ɢ cost ɢɯ ɷɤɜɢɜɚɥɟɧɬɚɦɢ ɢɡ ɭɪɚɜɧɟɧɢɣ  (5-7) ɢ (5-λ) , ɦɨɠɧɨ ɧɚɣɬɢμ 

                                             
y

b

x

a

x

a
 cos sin  1

2

2
,                                    

 

         ɜ 
ɞ
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  ɢɥɢ                                     
y

b

x

a

x

a
  cos sin  1

2

2
                                    (5-10) 

 

ȼɨɡɜɨɞɹ ɨɛɟ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ (5-10) ɜ ɤɜɚɞɪɚɬ ɢ ɭɱɢɬɵɜɚɹ, ɱɬɨ sin2  + cos2  = 1, ɩɨɥɭɱɢɦμ 

                                            
x

a

y

b

xy

ab

2

2

2

2

22
  cos sin  .                                    (5-11) 

ɍɪɚɜɧɟɧɢɟ (5-11) ɹɜɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɷɥɥɢɩɫɚ, ɨɫɢ ɤɨɬɨɪɨɝɨ ɩɨɜɟɪɧɭɬɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɟɣ ɤɨɨɪɞɢɧɚɬ 
(ɪɢɫ.5.6ɚ)). ɉɪɢ sin = 0 ɢ  sin =   ɷɥɥɢɩɫ ɜɵɪɨɠɞɚɟɬɫɹ ɜ ɩɪɹɦɭɸ (ɪɢɫ.5.6 ɜ) ɢ ɞ) ) 

                                                           y
bx

a
  .                                                     (5-12) 

ɉɪɢ ɪɚɡɧɨɫɬɢ ɮɚɡ ɦɟɠɞɭ ɤɨɥɟɛɚɧɢɹɦɢ  ɨɫɢ ɷɥɥɢɩɫɚ ɫɨɜɩɚɞɚɸɬ ɫ ɨɫɹɦɢ  

              Ɋɢɫ.5.7 

ɤɨɨɪɞɢɧɚɬ (ɪɢɫ.5.6ɜ). ȿɫɥɢ ɱɚɫɬɨɬɵ 
ɫɤɥɚɞɵɜɚɟɦɵɯ ɤɨɥɟɛɚɧɢɣ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ 
ɞɪɭɝɚ, ɬɨ ɮɨɪɦɚ ɤɪɢɜɨɣ, ɤɨɬɨɪɭɸ ɨɩɢɫɵɜɚɟɬ 
ɪɚɞɢɭɫ-ɜɟɤɬɨɪ ɫɭɦɦɚɪɧɨɝɨ ɤɨɥɟɛɚɧɢɹ, 
ɫɬɚɧɨɜɢɬɫɹ ɨɱɟɧɶ ɫɥɨɠɧɨɣ ɢ ɡɚɜɢɫɢɬ ɨɬ 
ɫɨɨɬɧɨɲɟɧɢɹ ɫɤɥɚɞɵɜɚɟɦɵɯ ɱɚɫɬɨɬ. Ⱦɥɹ 
ɧɟɤɨɬɨɪɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɱɚɫɬɨɬ 
ɫɤɥɚɞɵɜɚɟɦɵɯ ɤɨɥɟɛɚɧɢɣ ɩɨɥɭɱɚɸɳɢɟɫɹ 
ɮɢɝɭɪɵ, ɧɚɡɵɜɚɟɦɵɟ ɮɢɝɭɪɚɦɢ Ʌɢɫɫɚɠɭ, 
ɩɨɤɚɡɚɧɵ  

ɧɚ ɪɢɫ.5.7. 

  

5.4. Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɤɨɥɟɛɚɧɢɣ. 

ɋɜɨɛɨɞɧɵɟ ɤɨɥɟɛɚɧɢɹ. Ɋɚɫɫɦɨɬɪɢɦ ɤɨɥɟɛɚɧɢɹ ɝɪɭɡɚ ɦɚɫɫɵ m, ɜɢɫɹɳɟɝɨ ɧɚ ɩɪɭɠɢɧɟ, 
ɠɟɫɬɤɨɫɬɶ ɤɨɬɨɪɨɣ. ɇɚɩɪɚɜɢɦ ɨɫɶ ɤɨɨɪɞɢɧɚɬ ɏ ɜɟɪɬɢɤɚɥɶɧɨ ɜɧɢɡ,  

 

ɩɪɢɱɟɦ ɡɚ ɧɚɱɚɥɨ ɨɬɫɱɟɬɚ ɩɪɢɦɟɦ ɬɨɱɤɭ Ɉ (ɪɢɫ.5.8), ɥɟɠɚɳɭɸ ɧɚ ɨɞɧɨɦ ɭɪɨɜɧɟ ɫ ɰɟɧɬɪɨɦ ɦɚɫɫ m, ɤɨɝɞɚ 
ɝɪɭɡ ɧɟɩɨɞɜɢɠɟɧ. ɉɪɢ ɷɬɨɦ ɩɪɭɠɢɧɚ ɪɚɫɬɹɧɭɬɚ ɧɚ ɜɟɥɢɱɢɧɭ  ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɟɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ 
ɫɨɫɬɨɹɧɢɟɦ. ȼɟɥɢɱɢɧɚ ɭɩɪɭɝɨɣ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɦɚɫɫɭ m, ɪɚɜɧɚ k. ȼ ɩɨɥɨɠɟɧɢɢ ɪɚɜɧɨɜɟɫɢɹ  
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mg -  k = 0.                                                  (5-13) 

ȿɫɥɢ ɬɟɩɟɪɶ ɫɦɟɫɬɢɬɶ ɝɪɭɡ ɢɡ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ, ɬɨ ɨɧ ɧɚɱɧɟɬ ɫɨɜɟɪɲɚɬɶ ɤɨɥɟɛɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ. 
Ʉɨɥɟɛɚɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɨɢɫɯɨɞɹɬ ɜ ɫɢɫɬɟɦɟ, ɜɵɜɟɞɟɧɧɨɣ ɢɡ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɢ ɡɚɬɟɦ 
ɩɪɟɞɨɫɬɚɜɥɟɧɧɨɣ ɫɚɦɨɣ ɫɟɛɟ, ɧɚɡɵɜɚɸɬɫɹ ɫɜɨɛɨɞɧɵɦɢ ɢɥɢ ɫɨɛɫɬɜɟɧɧɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ, ɚ ɱɚɫɬɨɬɚ, ɫ 
ɤɨɬɨɪɨɣ  ɩɪɨɢɫɯɨɞɹɬ  ɷɬɢ  ɤɨɥɟɛɚɧɢɹ,   ɧɚɡɵɜɚɟɬɫɹ  ɫɨɛɫɬɜɟɧɧɨɣ ɱɚɫɬɨɬɨɣ. ɉɭɫɬɶ ɜ ɧɟɤɨɬɨɪɵɣ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ ɫɦɟɳɟɧɢɟ ɝɪɭɡɚ ɪɚɜɧɨ ɯ. Ɍɨɝɞɚ ɜɬɨɪɨɣ ɡɚɤɨɧ ɇɶɸɬɨɧɚ ɜ ɩɪɨɟɤɰɢɢ ɧɚ ɨɫɶ ɏ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧ 
ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟμ 

 max =  mg - k (x +)  ɢɥɢ ɫ ɭɱɟɬɨɦ (5-13)   

                                                            max = - kx .                                                (5-14)   

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɭɪɚɜɧɟɧɢɟ (5-14) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɢɧɚɱɟ, ɟɫɥɢ ɩɪɟɞɫɬɚɜɢɬɶ ɭɫɤɨɪɟɧɢɟ ɬɟɥɚ ɱɟɪɟɡ ɜɬɨɪɭɸ 

ɩɪɨɢɡɜɨɞɧɭɸ ɫɦɟɳɟɧɢɹ ɩɨ ɜɪɟɦɟɧɢ ax = d2x/dt 2 ɢ ɨɛɨɡɧɚɱɢɬɶ ɜɟɥɢɱɢɧɭ k/m = 
0

2  : 

                                                          
d x

dt

2

2
= - 

0

2
x .                                               (5-15)  

ɍɪɚɜɧɟɧɢɟ (5-15) ɹɜɥɹɟɬɫɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɨɞɧɚɤɨ ɟɝɨ ɪɟɲɟɧɢɟ ɦɨɠɧɨ 
ɩɪɨɫɬɨ ɭɝɚɞɚɬɶ ɩɪɨɫɬɵɦ ɩɟɪɟɛɨɪɨɦ ɜɫɟɯ ɷɥɟɦɟɧɬɚɪɧɵɯ ɮɭɧɤɰɢɣ, ɢɡ ɤɨɬɨɪɵɯ ɬɨɥɶɤɨ ɮɭɧɤɰɢɢ ɫɢɧɭɫɚ ɢ 
ɤɨɫɢɧɭɫɚ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɪɟɲɟɧɢɸ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɟɫɥɢ  

              ɫɦɟɳɟɧɢɟ                         x = A sin(0t + ),                                         (5-16) 

                                 

       ɬɨ    ɫɤɨɪɨɫɬɶ ɬɟɥɚ                
dx

dt
v A t    

0 0
cos( ) ,                           (5-17) 

       ɢ  ɭɫɤɨɪɟɧɢɟ ɬɟɥɚ                 
d x

dt
A t

2

2 0

2

0
    sin( ) .                               (5-18) 

ɋɪɚɜɧɟɧɢɟ (5-16) ɢ (5-18) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɟɣɫɬɜɢɬɟɥɶɧɨ (5-16) ɹɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟɦ ɭɪɚɜɧɟɧɢɹ (5-15). 

ȼɟɥɢɱɢɧɵ Ⱥ ɢ  ɨɫɬɚɸɬɫɹ ɩɪɨɢɡɜɨɥɶɧɵɦɢ, ɞɥɹ ɢɯ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɚɱɚɥɶɧɵɟ 
ɭɫɥɨɜɢɹ, ɬ.ɟ. ɡɧɚɱɟɧɢɹ ɫɦɟɳɟɧɢɹ ɢ ɫɤɨɪɨɫɬɢ ɬɟɥɚ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɩɪɢ t = 

0  x (0)= 0, ɚ v(0) = v0, ɬɨ ɢɡ (5-16 ) ɫɥɟɞɭɟɬ, ɱɬɨ sin = 0 ɢ  = 0, a ɢɡ (5-17) ɜɟɥɢɱɢɧɚ Ⱥ =  v0/0. ɉɪɢ ɷɬɢɯ 

ɭɫɥɨɜɢɹɯ ɪɟɲɟɧɢɟɦ ɭɪɚɜɧɟɧɢɹ (5-15) ɫɥɭɠɢɬ ɮɭɧɤɰɢɹ ɯ(t) = 
v

t0

0

0
sin . Ɂɚɞɚɧɢɟ ɬɟɯ ɢɥɢ ɢɧɵɯ 

ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɨɛɵɱɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɧɤɪɟɬɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ.  

Ɂɚɬɭɯɚɸɳɢɟ ɤɨɥɟɛɚɧɢɹ. ȼ ɪɟɚɥɶɧɨɣ ɠɢɡɧɢ ɥɸɛɨɣ ɤɨɥɟɛɚɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɩɨɫɬɟɩɟɧɧɨ ɡɚɬɭɯɚɟɬ ɢɡ-ɡɚ 
ɧɚɥɢɱɢɹ ɫɢɥ ɬɪɟɧɢɹ. Ⱦɥɹ ɤɨɥɟɛɚɧɢɣ ɝɪɭɡɚ ɧɚ ɩɪɭɠɢɧɟ ɫɭɳɟɫɬɜɟɧɧɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ ɜɹɡɤɨɟ 
ɬɪɟɧɢɟ, ɫɢɥɚ ɤɨɬɨɪɨɝɨ ɩɪɢ ɦɚɥɵɯ ɫɦɟɳɟɧɢɹɯ ɨɤɚɡɵɜɚɟɬɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɜɟɥɢɱɢɧɟ ɫɤɨɪɨɫɬɢ ɬɟɥɚμ 

                                                      Fɬɪɟɧ = - bv = - b
dx

dt
.                                        (5-19) 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɬɨɪɨɣ ɡɚɤɨɧ ɇɶɸɬɨɧɚ (ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ) ɞɥɹ ɝɪɭɡɚ, ɤɨɥɟɛɥɸɳɟɝɨɫɹ ɧɚ ɩɪɭɠɢɧɟ, 
ɩɪɢɨɛɪɟɬɚɟɬ ɬɚɤɨɣ ɜɢɞμ 

                                             m
d x

dt
b
dx

dt

2

2
  + mg - k (x +).                                 (5-20) 
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ȼɜɨɞɹ ɨɛɨɡɧɚɱɟɧɢɹ    b

m2
, ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɦɨɠɧɨ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɬɚɤμ 

                                                
d x

dt

dx

dt
x

2

2 0

22 0    ,                                         (5-21) 

ɝɞɟ ɩɨ-ɩɪɟɠɧɟɦɭ 
0

2  k
m

. Ɋɟɲɟɧɢɟ ɷɬɨɝɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ 

ɨɛɵɱɧɵɦ ɫɩɨɫɨɛɨɦ, ɧɨ ɦɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɭɪɚɜɧɟɧɢɟ (5-β1) ɦɨɠɧɨ ɫɜɟɫɬɢ ɤ ɭɪɚɜɧɟɧɢɸ ɬɢɩɚ (5-15). Ⱦɥɹ 
ɷɬɨɝɨ ɞɨɫɬɚɬɨɱɧɨ ɜɜɟɫɬɢ ɡɚɦɟɧɭ ɩɟɪɟɦɟɧɧɵɯ x(t) = z (t)e - t. ɉɪɨɜɨɞɹ ɨɩɟɪɚɰɢɸ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ, 
ɢɦɟɟɦμ 

                   
dx

dt

dz

dt
e ze

t t    ;                           2
dx

dt

dz

dt
e ze

t t  2 2 2  
; 

               
d x

dt

d z

dt
e

dz

dt
e ze

t t t

2

2

2

2

22       ,                 
0

2

0

2
x ze

t 
.  

ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɟ (5-β1) ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɨ ɜ ɬɚɤɨɦ ɜɢɞɟμ 

                 
d z

dt
e

dz

dt
e ze

t t t

2

2

22       + 2 2 2  dz

dt
e ze

t t  + 
0

2
ze

t
= 0 

ɉɨɫɥɟ ɫɨɤɪɚɳɟɧɢɹ ɧɚ ɜɟɥɢɱɢɧɭ e t ɢ ɩɪɢɜɟɞɟɧɢɹ ɩɨɞɨɛɧɵɯ ɱɥɟɧɨɜ ɩɨɥɭɱɚɟɦμ 

                                                
d z

dt
z

2

2 0

2 2 0  ( )  .                                            (5-22) 

ɋɪɚɜɧɢɜɚɹ ɩɨɥɭɱɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫ ɜɵɪɚɠɟɧɢɟɦ (5-15), ɧɟɬɪɭɞɧɨ ɡɚɦɟɬɢɬɶ ɢɯ ɩɨɱɬɢ ɩɨɥɧɭɸ 
ɢɞɟɧɬɢɱɧɨɫɬɶν ɪɚɡɥɢɱɢɟ ɫɨɫɬɨɢɬ ɥɢɲɶ ɜ ɬɨɦ, ɱɬɨ ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ ɜ (5-ββ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɮɨɪɦɭɥɵ 

  
3

2

0

2 2  . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (5-β1 ) ɢɦɟɟɬ ɜɢɞμ 

                                                x t Ae t
t( ) sin( )   

3
,                                      (5-23)  

ɝɞɟ ɤɚɤ ɢ ɪɚɧɟɟ ɜɟɥɢɱɢɧɵ Ⱥ ɢ  ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ 0 ɢ  
3  0 . Ɋɟɲɟɧɢɟ (5-βγ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɭɠɟ ɧɟɝɚɪɦɨɧɢɱɟɫɤɨɟ ɤɨɥɟɛɚɧɢɟ, ɬ.ɤ. ɟɝɨ ɚɦɩɥɢɬɭɞɚ Ⱥ e t

 

ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ. Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɡɚ ɩɟɪɢɨɞ ɤɨɥɟɛɚɧɢɹ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɞɟɤɪɟɦɟɧɬɨɦ ɡɚɬɭɯɚɧɢɹ , ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɝɨ ɧɚɯɨɞɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹμ 

                                                       


 

Ae

Ae
e

t

t T

T







( )
,                                           (5-24) 

ɬ.ɟ. ɞɟɤɪɟɦɟɧɬ ɡɚɬɭɯɚɧɢɹ ɪɚɜɟɧ ɨɬɧɨɫɢɬɟɥɶɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɚɦɩɥɢɬɭɞɵ ɡɚ ɜɪɟɦɹ, ɪɚɜɧɨɟ ɩɟɪɢɨɞɭ 
ɤɨɥɟɛɚɧɢɹ. ɇɚɬɭɪɚɥɶɧɵɣ ɥɨɝɚɪɢɮɦ  ɧɚɡɵɜɚɸɬ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɦ ɞɟɤɪɟɦɟɧɬɨɦ ɡɚɬɭɯɚɧɢɹ , ɬ.ɟ.   = ln 

 = Ɍ. 

 

 

5.5. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɜ ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɚɯ. 
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       Ⱦɥɹ ɝɪɭɡɚ, ɫɨɜɟɪɲɚɸɳɟɝɨ ɝɚɪɦɨɧɢɱɟɫɤɢɟ ɤɨɥɟɛɚɧɢɹ, ɡɧɚɱɟɧɢɟ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ  mv2/2 

ɧɚɯɨɞɢɬɫɹ ɩɪɹɦɨɣ ɩɨɞɫɬɚɧɨɜɤɨɣ ɜ ɜɟɥɢɱɢɧɭ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜɵɪɚɠɟɧɢɹ  ɞɥɹ  ɫɤɨɪɨɫɬɢ  
ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ  ɞɜɢɠɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɨɣ  ɜɵɪɚɠɟɧɢɟɦ (5-17): 

                                      ȿɤɢɧ = 
1

2

1

2

2
mv m   

0

2 2 2

0
A tcos ( ) .                       (5-25) 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɷɬɨɣ ɷɧɟɪɝɢɢ, ɨɱɟɜɢɞɧɨ, ɪɚɜɧɨ 

                                                         E m Aкɢɧ
max  1

2
0

2 2                                            (5-β6)  ɢ ɞɨɫɬɢɝɚɟɬɫɹ ɜ 

ɦɨɦɟɧɬ, ɤɨɝɞɚ ɬɟɥɨ ɩɪɨɯɨɞɢɬ ɩɨɥɨɠɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ. ɉɪɨɣɞɹ ɷɬɨ ɩɨɥɨɠɟɧɢɟ ɬɟɥɨ ɩɪɨɞɨɥɠɚɟɬ ɞɜɢɝɚɬɶɫɹ 
ɩɨ ɢɧɟɪɰɢɢ ɢ ɜɵɡɵɜɚɟɬ ɞɟɮɨɪɦɚɰɢɸ ɩɪɭɠɢɧɵ. ɉɪɢ ɷɬɨɦ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɞɜɢɠɭɳɟɝɨɫɹ ɬɟɥɚ 
ɩɟɪɟɯɨɞɢɬ ɜ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ ɩɪɭɠɢɧɵ ȿɩɨɬ 

:

  

                                       ȿɩɨɬ = 
1

2

1

2

2 2 2

0
kx kA t sin ( )  .                              (5-27) 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ ɜɢɞɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɪɚɜɧɨμ 

                                                         E kAɩɨɬ
max  1

2

2
 .                                              (5-28) 

ɉɪɢ ɧɟɡɚɬɭɯɚɸɳɢɯ ɤɨɥɟɛɚɧɢɹɯ 
0

2  k
m

, ɩɨɷɬɨɦɭ ɢɦɟɟɬ ɦɟɫɬɨ ɫɨɯɪɚɧɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢμ 

E Еɩɨɬ кɢɧ
max max . ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɭɦɦɚɪɧɚɹ ɷɧɟɪɝɢɹ ɫɨɯɪɚɧɹɟɬ ɫɜɨɸ ɜɟɥɢɱɢɧɭ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 

(ɜɵɪɚɠɟɧɢɹ (5-β5) ɢ (5-27)): 

                        
1

2

1

2

1

2

2 2

0 0

2 2 2

0

2
kA t m A t kAsin ( ) cos ( )        ,              (5-29)    

ɝɞɟ ɭɱɬɟɧɨ, ɱɬɨ sin2  + cos2  = 1  ɢ  m k
0

2  . 

       ȿɫɥɢ ɤɨɥɟɛɚɧɢɹ ɹɜɥɹɸɬɫɹ ɡɚɬɭɯɚɸɳɢɦɢ, ɡɚ ɤɚɠɞɵɣ ɩɟɪɢɨɞ ɤɨɥɟɛɚɧɢɣ ɫɭɦɦɚɪɧɚɹ ɷɧɟɪɝɢɹ 
ɤɨɥɟɛɥɸɳɟɝɨɫɹ ɬɟɥɚ ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ ɪɚɛɨɬɵ ɩɪɨɬɢɜ ɫɢɥ ɬɪɟɧɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɤɨɥɟɛɥɸɳɟɟɫɹ 
ɬɟɥɨ ɢɥɢ ɥɸɛɚɹ ɫɢɫɬɟɦɚ, ɜ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɹɬ ɤɨɥɟɛɚɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɦ ɤɚɱɟɫɬɜɨɦ 
ɢɥɢ ɞɨɛɪɨɬɧɨɫɬɶɸ ɫɢɫɬɟɦɵ Q, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦɵ ɤ ɩɪɟɜɪɚɳɟɧɢɹɦ ɨɞɧɨɝɨ 
ɜɢɞɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɞɪɭɝɨɣ (ɬ.ɟ. ɤɢɧɟɬɢɱɟɫɤɨɣ ɜ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɢɥɢ ɧɚɨɛɨɪɨɬ). Ʉɨɥɢɱɟɫɬɜɟɧɧɨ 
ɞɨɛɪɨɬɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ( ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɤɨɷɮɮɢɰɢɟɧɬɚ β) ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɧɟɪɝɢɢ 
ɭɩɪɭɝɨɣ ɞɟɮɨɪɦɚɰɢɢ (ɢɥɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɤɨɥɟɛɥɸɳɟɣɫɹ ɫɢɫɬɟɦɵ) ɤ ɫɪɟɞɧɟɣ 
ɜɟɥɢɱɢɧɟ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɜ ɫɢɫɬɟɦɟ ɡɚ ɩɟɪɢɨɞ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɥɸɛɨɣ ɩɟɪɟɦɟɧɧɨɣ 
ɜɟɥɢɱɢɧɵ ɭ ɡɚ ɩɟɪɢɨɞ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ μ 

                                                         ɭ  = 
1

0T
y t dt

T

( ) . 

Ɇɝɧɨɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ Fɬɪɟɧ= b
dx

dt
 b0A cos(0t +), ɬɨɝɞɚ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 

ɪɚɛɨɬɵ  Ⱥɬɪɟɧ  ɡɚ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɩɪɨɬɢɜ ɷɬɨɣ ɫɢɥɵ ɪɚɜɧɨμ  
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                 Ⱥɬɪɟɧ  =
1

0

0

0

2

0

2

0

2

0
T
b A t dx

A

T
b t dt

T T

        cos( ) cos ( ) . 

ȼɵɪɚɡɢɦ cos2(0t + ) ɱɟɪɟɡ ɮɭɧɤɰɢɸ ɞɜɨɣɧɨɝɨ ɭɝɥɚμ cos2  =
1

2
(1+cos2) ɢ ɩɨɞɫɬɚɜɢɦ ɟɝɨ ɜ ɜɵɪɚɠɟɧɢɟ 

ɞɥɹ    Ⱥɬɪɟɧ  : 

                   Ⱥɬɪɟɧ  =
b

T
A dt

b

T
A t dt

T T 
 0

2

2

0

0

2

2

0

02 2
2  cos ( ) =

b
A


0

2

2

2
,          (5-30) 

 

ɩɨɫɤɨɥɶɤɭ ɡɧɚɱɟɧɢɟ  ɜɬɨɪɨɝɨ ɢɧɬɟɝɪɚɥɚ ɜ (5-γ0) ɪɚɜɧɨ ɧɭɥɸ (ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɡɚ ɩɟɪɢɨɞ ɥɸɛɨɣ 
ɝɚɪɦɨɧɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ ɪɚɜɧɨ 0, ɬ.ɤ. ɷɬɚ ɮɭɧɤɰɢɹ ɩɨɥɨɜɢɧɭ ɩɟɪɢɨɞɚ ɩɨɥɨɠɢɬɟɥɶɧɚ, ɚ ɩɨɥɨɜɢɧɭ - 

ɨɬɪɢɰɚɬɟɥɶɧɚ).  

          Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɡɚ ɜɟɫɶ ɩɟɪɢɨɞ Ɍ, ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɫɢɥɵ ɬɪɟɧɢɹ ɛɭɞɟɬ ɡɚɬɪɚɱɟɧɚ ɷɧɟɪɝɢɹ Wɩɨɬɟɪ =  

Ⱥɬɪɟɧ  Ɍ, ɢ ɞɨɛɪɨɬɧɨɫɬɶ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɤɚɤμ 

                         Q
W

W

kA

b A T

k

b

km

b

ɭɩ

ɩɨɬɟ

   2 2
1 2

1 2

2

0

2 2 0

0

2
 





ɪ

ɪ

( / )

( / )
 ,             (5-31) 

ɝɞɟ 
0
 k

m
. ɂɡ ɜɵɪɚɠɟɧɢɹ (5-γ1) ɜɢɞɧɨ, ɱɬɨ ɞɨɛɪɨɬɧɨɫɬɶ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɟɟ ɭɩɪɭɝɢɦɢ, 

ɢɧɟɪɰɢɨɧɧɵɦɢ ɢ ɞɢɫɫɢɩɚɬɢɜɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ɇɨɠɧɨ ɫɤɚɡɚɬɶ ɬɚɤɠɟ, ɱɬɨ ɞɨɛɪɨɬɧɨɫɬɶ - ɷɬɨ ɱɢɫɥɨ, 
ɩɨɤɚɡɵɜɚɸɳɟɟ, ɡɚ ɫɤɨɥɶɤɨ ɩɟɪɢɨɞɨɜ ɤɨɥɟɛɚɧɢɣ ɜɫɹ ɷɧɟɪɝɢɹ, ɡɚɩɚɫɟɧɧɚɹ ɜ ɫɢɫɬɟɦɟ, ɛɭɞɟɬ ɩɪɟɜɪɚɳɟɧɚ ɜ 
ɪɚɛɨɬɭ ɩɪɨɬɢɜ ɫɢɥ ɬɪɟɧɢɹ, ɬ.ɟ. ɜ ɬɟɩɥɨ. 

         Ʉɚɤ ɩɪɚɜɢɥɨ, ɞɨɛɪɨɬɧɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɞɨɜɨɥɶɧɨ ɜɵɫɨɤɚ. Ɂɞɟɫɶ ɭɦɟɫɬɧɨ ɜɫɩɨɦɧɢɬɶ ɨ 
ɡɜɭɱɚɧɢɢ ɦɭɡɵɤɚɥɶɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜμ ɨɬɞɟɥɶɧɚɹ ɧɨɬɚ ɦɨɠɟɬ ɡɜɭɱɚɬɶ ɧɟɫɤɨɥɶɤɨ ɫɟɤɭɧɞ, ɯɨɬɹ ɱɚɫɬɨɬɚ 
ɤɨɥɟɛɚɧɢɣ ɫɨɫɬɚɜɥɹɟɬ ɧɟɫɤɨɥɶɤɨ ɤɢɥɨɝɟɪɰ. 

 

5.6. Ʉɨɥɟɛɚɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɢ ɮɢɡɢɱɟɫɤɨɝɨ ɦɚɹɬɧɢɤɨɜ 

          ɂɡ ɲɤɨɥɶɧɨɝɨ ɤɭɪɫɚ ɮɢɡɢɤɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɦɚɹɬɧɢɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɨɱɟɱɧɭɸ 
ɦɚɫɫɭ, ɩɨɞɜɟɲɟɧɧɭɸ ɧɚ ɞɥɢɧɧɨɣ ɧɟɜɟɫɨɦɨɣ ɢ ɧɟɪɚɫɬɹɠɢɦɨɣ ɧɢɬɢ. ɇɚ ɩɟɪɜɵɣ ɜɡɝɥɹɞ ɪɚɫɤɚɱɢɜɚɧɢɟ ɬɚɤɨɣ 
ɫɢɫɬɟɦɵ ɫɜɹɡɚɧɨ ɫ ɢɡɦɟɧɟɧɢɟɦ ɩɨ ɦɟɧɶɲɟɣ ɦɟɪɟ ɞɜɭɯ ɤɨɨɪɞɢɧɚɬ ɫɪɚɡɭ ɬɚɤ, ɱɬɨ ɞɥɹ ɨɩɢɫɚɧɢɹ ɬɚɤɨɝɨ 
ɞɜɢɠɟɧɢɹ ɧɚɞɨ ɡɚɩɢɫɵɜɚɬɶ ɜɬɨɪɨɣ ɡɚɤɨɧ ɇɶɸɬɨɧɚ ɞɥɹ ɤɚɠɞɨɣ ɢɡ ɤɨɨɪɞɢɧɚɬ ɜ ɨɬɞɟɥɶɧɨɫɬɢ, ɚ ɡɚɬɟɦ ɢɫɤɚɬɶ 
ɫɜɹɡɶ ɦɟɠɞɭ ɧɢɦɢ. Ɉɞɧɚɤɨ ɡɚɞɚɱɚ ɦɨɠɟɬ ɛɵɬɶ ɭɩɪɨɳɟɧɚ, ɟɫɥɢ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɞɜɢɠɟɧɢɟ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɚɹɬɧɢɤɚ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɞɥɢɧɟ ɧɢɬɢ ɩɨɞɜɟɫɚ, ɬ.ɟ. ɟɝɨ ɦɨɠɧɨ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ, ɤɨɝɞɚ ɜ ɤɚɱɟɫɬɜɟ ɟɞɢɧɫɬɜɟɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ 
ɜɵɛɢɪɚɟɬɫɹ ɭɝɨɥ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɦɟɫɬɨ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɜ 
ɮɨɪɦɟ ɜɬɨɪɨɝɨ ɡɚɤɨɧɚ ɇɶɸɬɨɧɚ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɫɧɨɜɧɨɟ ɭɪɚɜɧɟɧɢɟ ɞɢɧɚɦɢɤɢ ɜɪɚɳɚɬɟɥɶɧɨɝɨ 
ɞɜɢɠɟɧɢɹμ 

                                                            I
d

dt
M

  ,                                                  (5-32) 
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ɝɞɟ I - ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɬɨɱɟɱɧɨɣ ɦɚɫɫɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɩɨɞɜɟɫɚ, Ɇ - ɦɨɦɟɧɬ ɜɫɟɯ ɜɧɟɲɧɢɯ ɫɢɥ, 

ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɷɬɭ ɦɚɫɫɭ, ɢ 
d

dt

d

dt





 

2

2
 - ɭɝɥɨɜɨɟ ɭɫɤɨɪɟɧɢɟ ɦɚɫɫɵ, ɤɨɬɨɪɨɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɜɬɨɪɚɹ ɩɪɨɢɡɜɨɞɧɚɹ ɩɨ ɜɪɟɦɟɧɢ ɨɬ ɭɝɥɚ  ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɜɟɪɬɢɤɚɥɢ (ɪɢɫ.5.λ). 

 

 

                  l 

               

 

                h         m 

  

                         mg 

Ɋɢɫ.5.9 

Ɇɨɦɟɧɬ ɢɧɟɪɰɢɢ ɬɨɱɟɱɧɨɣ ɦɚɫɫɵ m, ɧɚɯɨɞɹɳɟɣɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ l ɨɬ 
ɨɫɢ ɜɪɚɳɟɧɢɹ, ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɪɚɜɟɧ  

I = ml2, ɚ ɟɞɢɧɫɬɜɟɧɧɨɣ ɫɢɥɨɣ, ɦɨɦɟɧɬ ɤɨɬɨɪɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ 
ɜɪɚɳɟɧɢɹ ɨɬɥɢɱɟɧ ɨɬ ɧɭɥɹ, ɹɜɥɹɟɬɫɹ ɫɢɥɚ ɬɹɠɟɫɬɢ. ȿɟ ɦɨɦɟɧɬ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ  ɬɨɱɤɭ ɩɨɞɜɟɫɚ, ɪɚɜɟɧ M = mg h = 

mg lsin , ɢ ɭɪɚɜɧɟɧɢɟ ɞɢɧɚɦɢɤɢ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɩɪɢɧɢɦɚɟɬ 
ɜɢɞμ 

 

                                                      m
d

dt
mg sin2

2

2
l l


  ,                                      (5-33) 

ɢɥɢ ɩɨɫɥɟ ɫɨɤɪɚɳɟɧɢɹ ɨɛɟɢɯ ɱɚɫɬɟɣ ɧɚ ɜɟɥɢɱɢɧɭ ml : 

 

                                                      
d

dt

g
sin

2

2


 

l
.                                               (5-34) 

Ɂɧɚɤ ɦɢɧɭɫ ɜ ɭɪɚɜɧɟɧɢɹɯ  (5-γγ) ɢ  (5-γ4) ɩɨɹɜɢɥɫɹ ɩɨɬɨɦɭ, ɱɬɨ ɧɚɩɪɚɜɥɟɧɢɟ ɨɬɫɱɟɬɚ ɭɝɥɚ  ɜɡɹɬɨ ɩɪɨɬɢɜ 
ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ, ɬɨɝɞɚ ɤɚɤ ɦɨɦɟɧɬ ɫɢɥɵ ɬɹɠɟɫɬɢ ɫɬɪɟɦɢɬɫɹ ɩɨɜɟɪɧɭɬɶ ɦɚɹɬɧɢɤ ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ. 

        Ⱦɥɹ ɦɚɥɵɯ ɭɝɥɨɜ ɨɬɤɥɨɧɟɧɢɹ  ɫɢɧɭɫ ɭɝɥɚ ɦɨɠɧɨ ɪɚɡɥɨɠɢɬɶ ɜ ɪɹɞ Ɍɷɣɥɨɪɚ ɩɨ ɦɚɥɨɦɭ ɩɚɪɚɦɟɬɪɭ : 

                                f (x) = f (0) +
1

1

1

2

0 1

3

02

2

2

3

3

3

! !

( )

!

( )
.....

df(0)

dx
x

d f

dx
x

d f

dx
x    

  ɉɨɫɤɨɥɶɤɭ sin 0 = 0, ɬɨ ɜ ɪɚɡɥɨɠɟɧɢɢ ɫɢɧɭɫɚ ɢɫɱɟɡɧɭɬ ɱɥɟɧɵ, ɫɨɞɟɪɠɚɳɢɟ f(0) ɢ 

ɜɬɨɪɭɸ ɩɪɨɢɡɜɨɞɧɭɸ 
d f

dx

2

2

0( )
 ɢ ɫɢɧɭɫ ɭɝɥɚ  ɪɚɜɟɧμ 

                                               sin  =  - 
1

6

3 .....  

Ⱦɚɠɟ ɞɥɹ ɭɝɥɨɜ ɨɬɤɥɨɧɟɧɢɹ ɨɤɨɥɨ γ00, ɬ.ɟ. 0,5 ɪɚɞ ( ɜ ɦɚɬɟɦɚɬɢɤɟ ɭɝɨɥ ɨɛɵɱɧɨ ɢɡɦɟɪɹɟɬɫɹ ɜ ɪɚɞɢɚɧɚɯν 
ɨɞɢɧ ɪɚɞɢɚɧ  570), ɜɬɨɪɚɹ ɩɨɩɪɚɜɤɚ ɜ ɪɚɡɥɨɠɟɧɢɢ ɫɢɧɭɫɚ ɞɚɟɬ ɜɟɥɢɱɢɧɭ, ɱɭɬɶ ɛɨɥɶɲɭɸ ɞɜɭɯ ɩɪɨɰɟɧɬɨɜ, 
ɩɨɷɬɨɦɭ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ  ɮɭɧɤɰɢɸ ɫɢɧɭɫɚ  ɦɨɠɧɨ  ɡɚɦɟɧɢɬɶ  ɟɝɨ  ɚɪɝɭɦɟɧɬɨɦ  ɬɚɤ, ɱɬɨ  
ɭɪɚɜɧɟɧɢɟ (5-γ4 ) ɩɪɢɨɛɪɟɬɚɟɬ ɬɚɤɨɣ ɜɢɞμ 

                                                            
d

dt

g2

2


 
l

0 ,                                           (5-35) 
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ɱɬɨ ɩɨɥɧɨɫɬɶɸ ɫɨɜɩɚɞɚɟɬ ɫ ɭɪɚɜɧɟɧɢɟɦ ɞɜɢɠɟɧɢɹ ɝɪɭɡɚ ɧɚ ɩɪɭɠɢɧɟ. ɉɨɷɬɨɦɭ ɧɟɬɪɭɞɧɨ ɩɪɢɞɬɢ ɤ 
ɡɚɤɥɸɱɟɧɢɸ, ɱɬɨ ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɚɹɬɧɢɤɚ ɨɩɪɟɞɟɥɢɬɫɹ ɬɚɤ ɠɟ, ɤɚɤ ɱɚɫɬɨɬɚ 
ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɝɪɭɡɚ ɧɚ ɩɪɭɠɢɧɟμ 

                                                             
0
 g

l
.                                                  (5-36)  

                                               

                  Ɉ                            

                

                    l ɰɦ 

                           

                                       

                                     

                                       mg 

Ɋɢɫ.5.10 

 ȿɫɥɢ ɜ ɤɚɱɟɫɬɜɟ ɦɚɹɬɧɢɤɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɟɥɨ ɩɪɨɢɡɜɨɥɶɧɨɣ ɮɨɪɦɵ, ɬɨ 
ɭɪɚɜɧɟɧɢɟ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɞɥɹ ɬɚɤɨɝɨ ɮɢɡɢɱɟɫɤɨɝɨ ɦɚɹɬɧɢɤɚ 
ɡɚɩɢɫɵɜɚɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ ɭɪɚɜɧɟɧɢɸ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɚɹɬɧɢɤɚμ 

                              I
d

dt
mg sin

2

2 цɦ


  l ,                     (5-37) 

ɝɞɟ lɰɦ  ɨɛɨɡɧɚɱɚɟɬ ɪɚɫɫɬɨɹɧɢɟ, ɧɚ ɤɨɬɨɪɨɦ ɪɚɫɩɨɥɨɠɟɧ ɰɟɧɬɪ ɦɚɫɫ ɬɟɥɚ ɨɬ 
ɨɫɢ ɜɪɚɳɟɧɢɹ (ɪɢɫ.5.10). Ɉɞɧɚɤɨ ɬɟ- 

ɬɟɩɟɪɶ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɬɚɤɨɝɨ ɦɚɹɬɧɢɤɚ ɬɪɟɛɭɟɬ ɫɩɟɰɢɚɥɶɧɨɝɨ  
ɜɵɱɢɫɥɟɧɢɹ,  ɤɨɬɨɪɨɝɨ  ɜ  ɪɚɦɤɚɯ  ɧɚɲɟɝɨ ɤɭɪɫɚ  ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɧɟ ɛɭɞɟɬ. 

 ɑɚɫɬɨɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɮɢɡɢɱɟɫɤɨɝɨ ɦɚɹɬɧɢɤɚ ɪɚɜɧɚμ 

                                                            = 
mg

I
lцм  .                                             (5-38) 

 

5.7. ɍɪɚɜɧɟɧɢɟ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ. Ɋɟɡɨɧɚɧɫ 

ȼɵɧɭɠɞɟɧɧɵɦɢ ɧɚɡɵɜɚɸɬɫɹ ɤɨɥɟɛɚɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɨɢɫɯɨɞɹɬ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɟɣ 
ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɥɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ ɧɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɚɪɚɦɟɬɪɚɦɢ ɫɚɦɨɣ ɫɢɫɬɟɦɵ, ɚ 
ɡɚɞɚɟɬɫɹ ɜɧɟɲɧɢɦ ɢɫɬɨɱɧɢɤɨɦ. Ⱦɥɹ ɝɪɭɡɚ ɧɚ ɩɪɭɠɢɧɟ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ 
ɮɨɪɦɚɥɶɧɵɦ ɜɜɟɞɟɧɢɟɦ ɜ ɭɪɚɜɧɟɧɢɟ (5-β0) ɟɳɟ ɨɞɧɨɣ - ɜɧɟɲɧɟɣ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɥɵ F(t) = F0sin t : 

                           m
d x

dt
b
dx

dt

2

2
  + mg - k (x +) + F0sin t ;                      (5-39)  

 ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɢ ɨɛɨɡɧɚɱɟɧɢɣ, ɚɧɚɥɨɝɢɱɧɵɯ ɩɪɨɲɥɨɣ ɥɟɤɰɢɢ, ɩɨɥɭɱɢɦμ     

                                                 
d x

dt

dx

dt
x

2

2 0

22    f0 sin t,                             (5-40 )  

ɝɞɟ f0 =
F

m

0 .  Ɉɫɬɚɥɶɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɫɨɯɪɚɧɹɸɬ ɫɜɨɣ ɫɦɵɫɥ. Ɍ.ɤ. ɝɪɭɡ ɤɨɥɟɛɥɟɬɫɹ ɫ ɱɚɫɬɨɬɨɣ 

ɜɵɧɭɠɞɚɸɳɟɣ ɫɢɥɵ, ɪɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ (5-40) ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɨ ɜ ɫɥɟɞɭɸɳɟɦ 
ɜɢɞɟμ x(t) = A sin( t + ). ɉɨɹɜɥɟɧɢɟ ɮɚɡɨɜɨɝɨ ɫɞɜɢɝɚ ɦɟɠɞɭ ɤɨɥɟɛɚɧɢɹɦɢ ɝɪɭɡɚ ɢ ɜɧɟɲɧɢɦ ɜɨɡɞɟɣɫɬɜɢɟɦ 
ɫɜɹɡɚɧɨ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɢɧɟɪɰɢɨɧɧɨɫɬɶɸ ɫɢɫɬɟɦɵ, ɪɟɚɝɢɪɭɸɳɟɣ ɧɚ ɜɧɟɲɧɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɫ ɧɟɤɨɬɨɪɵɦ 
ɨɩɨɡɞɚɧɢɟɦ. Ɉɞɧɚɤɨ, ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɩɨɫɥɟɞɭɸɳɢɯ ɜɵɤɥɚɞɨɤ, ɭɞɨɛɧɟɟ ɢɡɦɟɧɢɬɶ ɧɚɱɚɥɨ ɨɬɫɱɟɬɚ ɫɞɜɢɝɚ 
ɮɚɡμ ɩɭɫɬɶ ɤɨɥɟɛɚɧɢɹ ɝɪɭɡɚ ɩɪɨɢɫɯɨɞɹɬ ɩɨ ɡɚɤɨɧɭ x(t)=Asint, ɚ ɜɧɟɲɧɹɹ ɫɢɥɚ ɩɨɥɭɱɚɟɬ ɧɟɤɨɬɨɪɨɟ 
ɨɩɟɪɟɠɟɧɢɟ ɩɨ ɮɚɡɟ, ɬ.ɟ.f0 sin(t -) = f (t) ɢɥɢ ɡɚɦɟɧɹɹ  ɧɚ (- ) ,  f (t) = f0 sin(t +). Ɍɨɝɞɚ ɧɟɢɡɜɟɫɬɧɨɣ 
ɜɟɥɢɱɢɧɨɣ ɜ ɜɵɪɚɠɟɧɢɢ  x(t) = Asint ɨɫɬɚɟɬɫɹ ɬɨɥɶɤɨ ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ. Ⱦɥɹ ɟɟ ɨɩɪɟɞɟɥɟɧɢɹ 
ɢɫɩɨɥɶɡɭɟɦ ɜɟɤɬɨɪɧɵɣ ɫɩɨɫɨɛ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (5-40). ȼɵɱɢɫɥɢɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɟɪɜɭɸ ɢ ɜɬɨɪɭɸ 
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ɩɪɨɢɡɜɨɞɧɵɟ ɨɬ  ɯ(t)   ɢ ɩɨɞɫɬɚɜɢɦ ɷɬɢ ɩɪɨɢɡɜɨɞɧɵɟ ɜ (5-40):  
dx

dt
A t  cos  = A t  
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2
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d x
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A t

2

2

2   sin ν   ɩɨɫɥɟ ɩɪɢɜɟɞɟɧɢɹ ɩɨɞɨɛɧɵɯ ɩɨɥɭɱɢɦμ                                    
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0
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2
    A t A t f t .(5-41). 

ȼɫɩɨɦɢɧɚɹ, ɱɬɨ ɤɨɥɟɛɚɧɢɹ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɥɹɬɶ ɜ ɜɟɤɬɨɪɧɨɦ ɜɢɞɟ, 
ɪɚɫɫɦɨɬɪɢɦ ɭɪɚɜɧɟɧɢɟ (5-41) ɤɚɤ ɜɟɤɬɨɪɧɨɟμ ɞɜɚ ɜɟɤɬɨɪɚ, ɫɬɨɹɳɢɟ ɜ ɟɝɨ 
ɥɟɜɨɣ ɱɚɫɬɢ ɜ ɫɭɦɦɟ ɞɚɸɬ ɜɟɤɬɨɪ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ (ɪɢɫ.). ɂɡ ɪɢɫɭɧɤɚ ɩɨ 

ɬɟɨɪɟɦɟ ɉɢɮɚɝɨɪɚ ɫɥɟɞɭɟɬμ  4 2 2 2 2
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2 2 2
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2   A A f  ( ) . Ɍɨɝɞɚ 
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 
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   ɢ                                                        tg 
 




2

0

2 2
 .                                       (5-43) 

ɂɡ ɧɚɣɞɟɧɧɨɝɨ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɚɦɩɥɢɬɭɞɵ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ (5-4β) ɜɢɞɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ Ⱥ ɡɚɜɢɫɢɬ 
ɨɬ ɱɚɫɬɨɬɵ ɜɵɧɭɠɞɚɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɷɤɫɬɪɟɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɷɬɨɣ ɚɦɩɥɢɬɭɞɵ 

ɧɚɣɞɟɦ ɩɪɨɢɡɜɨɞɧɭɸ ɡɧɚɦɟɧɚɬɟɥɹ ɢ ɩɪɢɪɚɜɧɹɟɦ ɟɟ ɤ ɧɭɥɸμ 4(    
0

2 2 28 0  ) , ɨɬɤɭɞɚ 

ɫɥɟɞɭɟɬ, ɱɬɨ «ɷɤɫɬɪɟɦɚɥɶɧɨɟ» ɢɥɢ ɪɟɡɨɧɚɧɫɧɨɟ ɡɧɚɱɟɧɢɟ ɱɚɫɬɨɬɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤμ  

                                                        ɪɟɡ  
0

2 22  .                                           (5-44) 

 

ȿɫɥɢ ɱɚɫɬɨɬɚ ɜɧɟɲɧɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ, ɬɨ ɜ ɬɨɬ ɦɨɦɟɧɬ, ɤɨɝɞɚ ɟɟ ɡɧɚɱɟɧɢɟ ɫɨɜɩɚɞɚɟɬ ɫ 
ɪɟɡ , ɡɧɚɦɟɧɚɬɟɥɶ (5-4β) ɫɬɚɧɨɜɢɬɫɹ ɦɢɧɢɦɚɥɶɧɵɦ, ɚ ɚɦɩɥɢɬɭɞɚ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɞɨɫɬɢɝɚɟɬ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɜɟɥɢɱɢɧɵ. ɇɚ ɩɪɚɤɬɢɤɟ ɨɱɟɧɶ ɱɚɫɬɨ ɧɚɛɥɸɞɚɟɬɫɹ, ɱɬɨ   ɤɨɥɟɛɥɸɳɚɹɫɹ ɫɢɫɬɟɦɚ ɨɛɥɚɞɚɟɬ 
ɫɥɚɛɵɦ ɡɚɬɭɯɚɧɢɟɦ ɢ    0 . ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɪɟɡ  0 , ɬ.ɟ. ɡɧɚɱɟɧɢɟ ɪɟɡɨɧɚɧɫɧɨɣ ɱɚɫɬɨɬɵ ɫɨɜɩɚɞɚɟɬ ɫ 
ɫɨɛɫɬɜɟɧɧɨɣ ɱɚɫɬɨɬɨɣ ɫɢɫɬɟɦɵ.  əɜɥɟɧɢɟ ɜɨɡɪɚɫɬɚɧɢɹ ɚɦɩɥɢɬɭɞɵ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɞɨ 
ɦɚɤɫɢɦɭɦɚ, ɤɨɝɞɚ ɱɚɫɬɨɬɚ ɜɧɟɲɧɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɫɨɛɫɬɜɟɧɧɨɣ ɱɚɫɬɨɬɟ ɤɨɥɟɛɚɧɢɣ 
ɧɚɡɵɜɚɟɬɫɹ ɪɟɡɨɧɚɧɫɨɦ. 

    Ⱥ                                   

    Ⱥ ɪɟɡ             

 

                                
A ɟɡɪ

2
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                                        

ɂɡɦɟɧɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɱɚɫɬɨɬ, ɛɥɢɡɤɢɯ 
ɤ ɪɟɡɨɧɚɧɫɧɨɣ - ɪɟɡɨɧɚɧɫɧɚɹ ɤɪɢɜɚɹ - ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ.5.1β. ɑɬɨɛɵ ɨɰɟɧɢɬɶ 
ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɩɪɢ ɪɟɡɨɧɚɧɫɟ, ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ 
ɜɟɥɢɱɢɧɭ ɚɦɩɥɢɬɭɞɵ ɧɚ ɞɜɭɯ ɱɚɫɬɨɬɚɯ - ɧɚ ɪɟɡɨɧɚɧɫɧɨɣ ɢ ɧɚ ɱɚɫɬɨɬɟ, 
ɞɨɫɬɚɬɨɱɧɨ ɞɚɥɟɤɨɣ ɨɬ  ɪɟɡ. Ɋɚɫɫɦɚɬɪɢɜɚɹ (5-4β) ɧɟɬɪɭɞɧɨ ɡɚ- 

ɦɟɬɢɬɶ, ɱɬɨ ɬɚɤɨɣ «ɞɚɥɟɤɨɣ» ɱɚɫɬɨɬɨɣ ɭɞɨɛɧɨ ɜɵɛɪɚɬɶ    0. ȼ ɷɬɨɦ ɫɥɭɱɚɟ  

Ⱥ0=
f
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                      ɪɟɡ            

Ɋɢɫ.5.12 

ɇɚ ɪɟɡɨɧɚɧɫɧɨɣ ɱɚɫɬɨɬɟ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ   0 ɢ  ɪɟɡ  0 , ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɪɚɜɧɚ 
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, ɩɨɷɬɨɦɭ ɨɬɧɨɲɟɧɢɟ ɜɵɛɪɚɧɧɵɯ ɚɦɩɥɢɬɭɞ 
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= Q, ɬ.ɟ. ɚɦɩɥɢɬɭɞɚ 

ɩɪɢ ɪɟɡɨɧɚɧɫɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ Q ɪɚɡ (Q - ɞɨɛɪɨɬɧɨɫɬɶ ɫɢɫɬɟɦɵ). ɉɪɢ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɞɨɛɪɨɬɧɨɫɬɢ 
ɫɦɟɳɟɧɢɟ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɟɣ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɩɪɟɜɵɲɚɬɶ ɩɪɟɞɟɥɵ ɞɨɩɭɫɬɢɦɵɯ ɞɟɮɨɪɦɚɰɢɣ, ɱɬɨ ɩɪɢɜɟɞɟɬ 
ɤ ɪɚɡɪɭɲɟɧɢɸ ɫɢɫɬɟɦɵ. Ɉɫɨɛɟɧɧɨ ɨɩɚɫɧɵ ɬɚɤɢɟ ɹɜɥɟɧɢɹ ɬɚɦ, ɝɞɟ ɪɚɡɪɭɲɟɧɢɟ ɤɨɥɟɛɥɸɳɟɣɫɹ ɫɢɫɬɟɦɵ 
ɦɨɠɟɬ ɩɨɜɥɟɱɶ ɡɚ ɫɨɛɨɣ ɝɢɛɟɥɶ ɥɸɞɟɣ, - ɧɚɩɪɢɦɟɪ, ɧɚ ɦɟɯɚɧɢɱɟɫɤɨɦ ɬɪɚɧɫɩɨɪɬɟ. ȼɪɚɳɟɧɢɟ ɜɢɧɬɨɜ, ɜɚɥɨɜ 
ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɱɚɫɬɨɬɨɣ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɪɟɡɨɧɚɧɫɧɵɟ ɤɨɥɟɛɚɧɢɹ ɤɨɪɩɭɫɨɜ ɫɚɦɨɥɟɬɨɜ, ɫɭɞɨɜ ɢ ɦɚɲɢɧ. 
ɑɬɨɛɵ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɩɨɞɨɛɧɵɟ ɹɜɥɟɧɢɹ, ɤɨɧɫɬɪɭɤɬɨɪɚ ɜɵɧɭɠɞɟɧɵ ɡɚɪɚɧɟɟ ɬɳɚɬɟɥɶɧɨ ɪɚɫɫɱɢɬɵɜɚɬɶ ɤɚɤ 
ɫɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ, ɬɚɤ ɢ ɜɨɡɦɨɠɧɵɟ ɱɚɫɬɨɬɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɟɣ. 

         ȼɚɠɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɪɟɡɨɧɚɧɫɧɨɣ ɤɪɢɜɨɣ ɹɜɥɹɟɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɲɢɪɢɧɚ ɤɪɢɜɨɣ. ɒɢɪɢɧɨɣ 
ɪɟɡɨɧɚɧɫɧɨɣ ɤɪɢɜɨɣ ɧɚɡɵɜɚɸɬ ɨɛɥɚɫɬɶ ɱɚɫɬɨɬ, ɛɥɢɡɤɢɯ ɤ ɪɟɡɨɧɚɧɫɧɨɣ ɱɚɫɬɨɬɟ, ɧɚ ɤɨɬɨɪɵɯ ɨɬɧɨɫɢɬɟɥɶɧɨɟ 

ɭɦɟɧɶɲɟɧɢɟ «ɪɟɚɤɰɢɢ» ɫɢɫɬɟɦɵ ɧɚ ɜɧɟɲɧɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɟ ɩɪɟɜɵɲɚɟɬ γ0%  (ɬɨɱɧɟɟ  ɜ  1/ 2  ɪɚɡɚ )  
ɨɬɧɨɫɢɬɟɥɶɧɨ «ɪɟɚɤɰɢɢ» ɧɚ ɪɟɡɨɧɚɧɫɧɨɣ ɱɚɫɬɨɬɟ (ɪɢɫ.5.1β). ɋɬɟɩɟɧɶ ɡɚɞɚɜɚɟɦɨɝɨ ɨɫɥɚɛɥɟɧɢɹ ɧɨɫɢɬ 
ɫɭɛɴɟɤɬɢɜɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɫɜɹɡɚɧɚ ɫɨ ɫɥɭɯɨɦ ɱɟɥɨɜɟɤɚ. Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɡɦɟɪɟɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɱɟɥɨɜɟɤ 
« ɧɚ ɫɥɭɯ» ɪɚɡɥɢɱɚɟɬ ɝɪɨɦɤɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɡɜɭɤɚ, ɟɫɥɢ ɢɯ ɚɦɩɥɢɬɭɞɵ ɨɬɥɢɱɚɸɬɫɹ ɧɚ γ0%. 
ȿɫɥɢ ɝɪɨɦɤɨɫɬɢ ɨɬɥɢɱɚɸɬɫɹ ɧɚ ɦɟɧɶɲɭɸ ɜɟɥɢɱɢɧɭ, ɬɨ ɱɟɥɨɜɟɤ ɜɨɫɩɪɢɧɢɦɚɟɬ ɤɚɤ ɨɞɢɧɚɤɨɜɵɟ. Ⱦɪɭɝɢɦɢ 
ɫɥɨɜɚɦɢ, ɜɫɟ ɡɜɭɤɢ ɩɪɢ ɢɯ ɪɟɡɨɧɚɧɫɧɨɦ ɭɫɢɥɟɧɢɢ, ɥɟɠɚɳɢɟ ɜ ɨɛɥɚɫɬɢ ɲɢɪɢɧɵ ɪɟɡɨɧɚɧɫɧɨɣ ɤɪɢɜɨɣ, 
ɛɭɞɭɬ ɤɚɡɚɬɶɫɹ ɱɟɥɨɜɟɤɭ ɡɜɭɤɚɦɢ ɫ ɨɞɢɧɚɤɨɜɨɣ ɝɪɨɦɤɨɫɬɶɸ. ɗɬɨ ɜɚɠɧɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ 
ɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɦɭɡɵɤɚɥɶɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ.   

Ʌɟɤɰɢɹ №6 

Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜɨɥɧɨɜɵɯ ɩɪɨɰɟɫɫɨɜ.  ȼɨɥɧɵ ɜ ɭɩɪɭɝɢɯ ɫɪɟɞɚɯ ɢ ɢɯ 
ɜɢɞɵ. Ɏɪɨɧɬ ɜɨɥɧɵ, ɩɥɨɫɤɢɟ ɢ ɫɮɟɪɢɱɟɫɤɢɟ ɜɨɥɧɵ. ɗɧɟɪɝɢɹ ɜɨɥɧɵ. ɍɩɪɭɝɢɟ ɜɨɥɧɵ ɜ ɬɜɟɪɞɨɦ ɬɟɥɟ.  

6.1.ȼɨɥɧɵ ɜ ɭɩɪɭɝɢɯ ɫɪɟɞɚɯ ɢ ɢɯ ɜɢɞɵ. Ɏɪɨɧɬ ɜɨɥɧɵ, ɩɥɨɫɤɢɟ ɢ ɫɮɟɪɢɱɟɫɤɢɟ ɜɨɥɧɵ. 

         ȼɨɥɧɨɣ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢɡɦɟɧɟɧɢɣ ɤɚɤɨɣ-ɥɢɛɨ ɮɢɡɢɱɟɫɤɨɣ 
ɜɟɥɢɱɢɧɵ. ɂɡɦɟɧɟɧɢɹ ɜɟɥɢɱɢɧɵ ɦɨɝɭɬ ɧɨɫɢɬɶ ɤɚɤ ɩɟɪɢɨɞɢɱɟɫɤɢɣ, ɬɚɤ ɢ ɧɟɩɟɪɢɨɞɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ. Ⱦɥɹ 
ɬɨɝɨ, ɱɬɨɛɵ ɷɬɢ ɢɡɦɟɧɟɧɢɹ ɦɨɝɥɢ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɜ ɧɟɤɨɬɨɪɨɣ ɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɨ 
ɧɚɥɢɱɢɟ ɧɟɤɨɬɨɪɵɯ ɭɫɥɨɜɢɣν ɜ ɱɚɫɬɧɨɫɬɢ, ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɨɛɥɚɫɬɢ ɮɢɡɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ 
ɞɨɥɠɧɚ ɢɦɟɬɶ ɨɩɪɟɞɟɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ (ɩɪɢɧɹɬɨ ɝɨɜɨɪɢɬɶ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɢɦɟɟɬ ɩɨɥɟɜɨɣ ɯɚɪɚɤɬɟɪ). Ʉɪɨɦɟ 
ɬɨɝɨ ɞɨɥɠɧɚ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜɡɚɢɦɨɫɜɹɡɶ ɢɡɦɟɧɟɧɢɹ ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵ ɜ ɨɞɧɨɣ ɬɨɱɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ 
ɫ ɢɡɦɟɧɟɧɢɟɦ ɷɬɨɣ ɠɟ ɜɟɥɢɱɢɧɵ ɜ ɫɨɫɟɞɧɢɯ ɬɨɱɤɚɯ. ɋɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɡɦɟɧɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɤɚɤ ɩɪɢɪɨɞɨɣ ɢɡɦɟɧɹɟɦɨɣ ɜɟɥɢɱɢɧɵ, ɬɚɤ ɢ ɫɜɨɣɫɬɜɚɦɢ ɫɪɟɞɵ, ɜ ɤɨɬɨɪɨɣ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɷɬɨ 
ɢɡɦɟɧɟɧɢɟ. ɉɪɢ ɷɬɨɦ ɨɩɪɟɞɟɥɟɧɧɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɧɚɩɪɚɜɥɟɧɢɟ ɤɨɥɟɛɚɧɢɣ ɜ ɜɨɥɧɟ. ȿɫɥɢ ɧɚɩɪɚɜɥɟɧɢɟ 
ɤɨɥɟɛɚɧɢɣ ɫɨɜɩɚɞɚɟɬ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧɵ, ɬɨ ɬɚɤɢɟ ɜɨɥɧɵ ɧɚɡɵɜɚɸɬ ɩɪɨɞɨɥɶɧɵɦɢ. 

ȿɫɥɢ ɠɟ ɤɨɥɟɛɚɧɢɹ ɩɪɨɢɫɯɨɞɹɬ ɜ ɩɥɨɫɤɨɫɬɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɧɚɩɪɚɜɥɟɧɢɸ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧɵ, 
ɬɨ ɬɚɤɢɟ ɜɨɥɧɵ ɹɜɥɹɸɬɫɹ ɩɨɩɟɪɟɱɧɵɦɢ. ȿɫɥɢ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ (ɬ.ɟ. ɢɡɦɟɧɟɧɢɟ, 
ɞɟɥɟɧɧɨɟ ɧɚ ɫɚɦɭ ɜɟɥɢɱɢɧɭ) ɦɚɥɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɟɞɢɧɢɰɟɣ, ɬɨ ɬɚɤɨɟ  ɢɡɦɟɧɟɧɢɟ  ɧɚɡɵɜɚɸɬ  
ɜɨɡɦɭɳɟɧɢɟɦ  ɮɢɡɢɱɟɫɤɨɣ  ɜɟɥɢɱɢɧɵ. ɉɪɢɦɟɪɨɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɡɦɭɳɟɧɢɹ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɜɨɥɧɵ 
ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɛɪɨɫɚɧɢɢ ɜ ɜɨɞɭ ɤɚɦɟɲɤɚ. Ɉɛɪɚɡɨɜɚɜɲɢɟɫɹ ɢɫɤɚɠɟɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɵ (ɪɢɫ.6.1) ɧɚɱɧɭɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɜɨ ɜɫɟ ɫɬɨɪɨɧɵ, ɨɛɪɚɡɭɹ ɫɜɨɟɨɛɪɚɡɧɵɟ ɤɨɥɶɰɟɜɵɟ 
ɫɬɪɭɤɬɭɪɵ. ȼɨɡɧɢɤɲɚɹ ɜɨɥɧɚ ɞɨɫɬɢɝɧɟɬ ɧɟɤɨɬɨɪɨɣ ɬɨɱɤɢ, ɨɬɫɬɨɹɳɟɣ ɧɚ ɪɚɫɫɬɨɹɧɢɟ ɯ ɨɬ ɦɟɫɬɚ ɩɨɩɚɞɚɧɢɹ 

ɤɚɦɧɹ ɜ ɜɨɞɭ ɱɟɪɟɡ ɜɪɟɦɹ  =
x

v
, ɝɞɟ v - ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɡɦɭɳɟɧɢɹ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɵ. 
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 ɉɭɫɬɶ ɜ ɬɨɱɤɟ ɩɨɩɚɞɚɧɢɹ ɤɚɦɧɹ ɜ ɜɨɞɭ ɩɪɨɮɢɥɶ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɜɨɡɦɭɳɟɧɢɹ ɹɜɥɹɟɬɫɹ ɧɟɤɨɬɨɪɨɣ 
ɮɭɧɤɰɢɟɣ ɨɬ  ɜɪɟɦɟɧɢ f (t). əɫɧɨ, ɱɬɨ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɤɭɞɚ ɞɨɯɨɞɢɬ ɨɛɪɚɡɨɜɚɜɲɟɟɫɹ 
ɜɨɡɦɭɳɟɧɢɟ, ɜɟɥɢɱɢɧɚ f (t) ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɧɟ ɬɨɥɶɤɨ ɨɬ ɜɪɟɦɟɧɢ, ɧɨ ɬɚɤɠɟ ɢ ɨɬ ɪɚɫɫɬɨɹɧɢɹ, ɨɞɧɚɤɨ ɞɥɹ 
ɭɩɪɨɳɟɧɢɹ ɩɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɜɨɡɦɭɳɟɧɢɟ ɫɨɯɪɚɧɹɟɬ ɫɜɨɸ ɮɨɪɦɭ ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɣɞɟɧɧɨɝɨ 
ɪɚɫɫɬɨɹɧɢɹ. Ɍɨɝɞɚ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɨɬɫɬɨɹɳɟɣ ɨɬ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ ɧɚ ɪɚɫɫɬɨɹɧɢɟ ɯ, ɩɪɨɮɢɥɶ 
ɜɨɡɦɭɳɟɧɢɹ f(t) ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ ɜɨ ɜɪɟɦɟɧɢ ɫ ɧɟɤɨɬɨɪɵɦ ɡɚɩɚɡɞɵɜɚɧɢɟɦ ɧɚ ɜɟɥɢɱɢɧɭ  = x/v , ɬ.ɟ. 
ɚɪɝɭɦɟɧɬɨɦ ɮɭɧɤɰɢɢ f(t) ɫɬɚɧɟɬ ɜɟɥɢɱɢɧɚ (t - ɯ/v). ɇɟɡɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ ɜɨɡɦɭɳɟɧɢɹ ɨɬ ɤɨɨɪɞɢɧɚɬɵ 
ɨɡɧɚɱɚɟɬ, ɱɬɨ f(t) = f(t - ɯ/v) . ȼɨɥɧɵ, ɞɥɹ ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɦɟɫɬɨ ɩɨɫɥɟɞɧɟɟ ɪɚɜɟɧɫɬɜɨ ɧɚɡɵɜɚɸɬɫɹ 
ɩɥɨɫɤɢɦɢ. ȿɫɥɢ ɜ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɟ ɜɨɡɦɭɳɟɧɢɟ ɢɡɦɟɧɹɟɬɫɹ ɩɨ ɝɚɪɦɨɧɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ, ɬɨ ɬɚɤɚɹ ɜɨɥɧɚ 
ɧɚɡɵɜɚɟɬɫɹ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ. ɋɢɧɭɫɨɢɞɚɥɶɧɚɹ ɩɥɨɫɤɚɹ ɜɨɥɧɚ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɬɚɤɨɦ ɜɢɞɟμ 
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ɜɨɥɧɵ. Ⱥɪɝɭɦɟɧɬ ɫɢɧɭɫɚ ɜ ɭɪɚɜɧɟɧɢɢ  (6-1) ɨɩɪɟɞɟɥɹɟɬ ɮɚɡɭ ɜɨɥɧɵ  (x,t). ɉɨɜɟɪɯɧɨɫɬɶ, ɫɨɟɞɢɧɹɸɳɚɹ 
ɜɫɟ ɬɨɱɤɢ, ɮɚɡɵ ɤɨɬɨɪɵɯ ɨɞɢɧɚɤɨɜɵ, ɧɚɡɵɜɚɟɬɫɹ ɜɨɥɧɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢɥɢ ɮɪɨɧɬɨɦ ɜɨɥɧɵ. ȿɫɥɢ 
ɜɨɥɧɚ ɩɥɨɫɤɚɹ, ɬɨ ɮɪɨɧɬɨɦ ɜɨɥɧɵ ɹɜɥɹɟɬɫɹ ɩɥɨɫɤɚɹ ɩɨɜɟɪɯɧɨɫɬɶ. ȼɨɥɧɚ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɚɹɫɹ ɜɨ ɜɫɟ 
ɫɬɨɪɨɧɵ ɨɬ ɬɨɱɟɱɧɨɝɨ ɢɫɬɨɱɧɢɤɚ, ɧɚɡɵɜɚɟɬɫɹ ɫɮɟɪɢɱɟɫɤɨɣ; ɨɱɟɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɬɚɤɨɣ ɜɨɥɧɵ ɜɨɥɧɨɜɚɹ 
ɩɨɜɟɪɯɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɮɟɪɭ. ȿɫɥɢ ɧɚ ɤɚɤɨɣ-ɥɢɛɨ ɩɨɜɟɪɯɧɨɫɬɢ ɮɚɡɚ ɩɨɫɬɨɹɧɧɚ, ɬ.ɟ.  Ɏ(x,t) = 

const, ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɤɨɨɪɞɢɧɚɬɵ, ɞɥɹ ɤɨɬɨɪɨɣ ɮɚɡɚ ɩɨɫɬɨɹɧɧɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 
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ɬ.ɟ. ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧɵ ɫɨɜɩɚɞɚɟɬ ɫɨ ɫɤɨɪɨɫɬɶɸ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɮɚɡɵ. 
ɇɚɩɪɚɜɥɟɧɢɟ ɤɨɥɟɛɚɧɢɣ ɜ ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ ɜɨɥɧɟ ɦɨɠɟɬ ɫɨɜɩɚɞɚɬɶ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜɨɥɧɵ - ɜ ɷɬɨɦ 
ɫɥɭɱɚɟ ɜɨɥɧɚ ɧɚɡɵɜɚɟɬɫɹ ɩɪɨɞɨɥɶɧɨɣ, ɧɨ ɦɨɠɟɬ ɛɵɬɶ ɢ ɬɚɤ, ɱɬɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜɨɥɧɵ ɩɪɨɢɫɯɨɞɢɬ ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɩɥɨɫɤɨɫɬɢ, ɜ ɤɨɬɨɪɨɣ ɫɨɜɟɪɲɚɸɬɫɹ ɤɨɥɟɛɚɧɢɹν ɬɨɝɞɚ ɜɨɥɧɵ ɧɚɡɵɜɚɸɬɫɹ 
ɩɨɩɟɪɟɱɧɵɦɢ. ɇɚɩɪɢɦɟɪ, ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɡɜɭɤɚ - ɷɬɨ ɩɪɨɞɨɥɶɧɵɟ ɜɨɥɧɵ. ɉɪɢɦɟɪɨɦ ɩɨɩɟɪɟɱɧɵɯ ɜɨɥɧ 
ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɜɨɥɧɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɵ. 

                                                    6.2. ɗɧɟɪɝɢɹ ɜɨɥɧɵ 

          Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɜɨɥɧɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɟɪɟɧɨɫɨɦ ɷɧɟɪɝɢɢν ɜ 
ɷɬɨɦ ɥɟɝɤɨ ɭɛɟɞɢɬɶɫɹ, ɜɫɩɨɦɧɢɜ ɨ ɪɚɡɪɭɲɢɬɟɥɶɧɨɣ ɫɢɥɟ ɭɞɚɪɧɨɣ ɜɨɥɧɵ ɩɪɢ ɜɡɪɵɜɚɯ. ɂɡɜɟɫɬɧɨ ɬɚɤɠɟ, 
ɱɬɨ ɜɨɥɧɵ ɦɨɪɫɤɨɝɨ ɩɪɢɛɨɹ ɫɩɨɫɨɛɧɵ ɪɚɡɪɭɲɚɬɶ ɤɪɟɩɱɚɣɲɢɟ ɤɚɦɟɧɧɵɟ ɧɚɛɟɪɟɠɧɵɟ. ɉɪɢ ɢɡɭɱɟɧɢɢ 
ɤɨɥɟɛɚɧɢɣ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɷɧɟɪɝɢɹ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɜɚɞɪɚɬɭ 
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ɚɦɩɥɢɬɭɞɵ. ɉɨɷɬɨɦɭ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɢ ɜ ɥɸɛɨɦ ɜɵɛɪɚɧɧɨɦ ɦɚɥɨɦ ɨɛɴɟɦɟ ɩɪɨɫɬɪɚɧɫɬɜɚ ɜ ɨɛɥɚɫɬɢ 
ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɜɨɥɧɵ ɫɨɫɪɟɞɨɬɨɱɟɧɚ ɤɨɥɟɛɚɬɟɥɶɧɚɹ ɷɧɟɪɝɢɹ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɣ ɬɚɤɠɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 
ɤɜɚɞɪɚɬɭ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ ɜ ɜɨɥɧɟ. Ⱦɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɧɟɪɝɢɢ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ 
ɞɜɢɠɟɧɢɹ ɜ ɜɨɥɧɟ ɨɛɵɱɧɨ ɨɬɧɨɫɹɬ ɜɟɥɢɱɢɧɭ ɷɬɨɣ ɷɧɟɪɝɢɢ ɤ ɟɞɢɧɢɰɟ ɨɛɴɟɦɚ ɫɪɟɞɵ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ 
ɩɪɨɯɨɞɢɬ ɜɨɥɧɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢɧɹɬɨ ɝɨɜɨɪɢɬɶ ɨ ɩɥɨɬɧɨɫɬɢ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɷɧɟɪɝɢɢ w. Ɍ.ɤ. ɜɨɥɧɚ 
ɫɜɹɡɚɧɚ ɫ «ɩɟɪɟɧɨɫɨɦ» ɤɨɥɟɛɚɧɢɣ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɩɪɢɱɟɦ ɫɤɨɪɨɫɬɶ ɷɬɨɝɨ «ɩɟɪɟɧɨɫɚ» ɪɚɜɧɚ ɫɤɨɪɨɫɬɢ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧɵ v, ɬɨ ɩɥɨɬɧɨɫɬɶ «ɩɟɪɟɧɟɫɟɧɧɨɣ» ɷɧɟɪɝɢɢ  ɱɟɪɟɡ ɟɞɢɧɢɱɧɭɸ ɩɥɨɳɚɞɤɭ ɜ 
ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɪɚɜɧɚμ 

                                                               = v  w.                                                    (6-3)   

ɂɡ (6-γ) ɜɢɞɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ  ɞɨɥɠɧɚ ɛɵɬɶ ɜɟɤɬɨɪɨɦ, ɧɚɩɪɚɜɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɫɨɜɩɚɞɚɟɬ ɫ ɧɚɩɪɚɜɥɟɧɢɟ 
ɫɤɨɪɨɫɬɢ. ȼɩɟɪɜɵɟ ɷɬɨɬ ɜɟɤɬɨɪ ɛɵɥ ɜɜɟɞɟɧ ɩɪɨɮɟɫɫɨɪɨɦ Ɇɨɫɤɨɜɫɤɨɝɨ ɍɧɢɜɟɪɫɢɬɟɬɚ ɇ.Ⱥ. ɍɦɨɜɵɦ, 
ɩɨɷɬɨɦɭ ɜɟɤɬɨɪ  ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɜɟɤɬɨɪɨɦ ɍɦɨɜɚ. 

6.3. ɍɩɪɭɝɢɟ ɜɨɥɧɵ ɜ ɬɜɟɪɞɨɦ ɬɟɥɟ 

ɉɭɫɬɶ ɢɦɟɟɬɫɹ ɨɞɧɨɪɨɞɧɵɣ ɫɬɟɪɠɟɧɶ. ɇɚɩɪɚɜɢɦ ɨɫɶ ɏ ɜɞɨɥɶ ɫɬɟɪɠɧɹ ɢ ɜɵɛɟɪɟɦ ɞɜɚ ɫɟɱɟɧɢɹ ɫɬɟɪɠɧɹ, 
ɤɨɨɪɞɢɧɚɬɵ ɤɨɬɨɪɵɯ (ɪɢɫ.6.β) ɪɚɜɧɵ  ɯ1 ɢ  ɯ 2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɬɚɤ, ɱɬɨ ɦɟɠɞɭ ɧɢɦɢ ɨɤɚɡɵɜɚɟɬɫɹ ɨɬɪɟɡɨɤ 
ɫɬɟɪɠɧɹ ɞɥɢɧɨɣ l0 = x2 - x1= ɯ . ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɟ-ɲɧɢɯ ɫɢɥ ɜ ɫɬɟɪɠɧɟ ɩɪɨɢɡɨɣɞɭɬ ɭɩɪɭɝɢɟ 
ɞɟɮɨɪɦɚɰɢɢ, ɬɚɤ ɱɬɨ ɜ ɧɨɜɨɦ - ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ- ɜɵɛɪɚɧɧɵɟ ɫɟɱɟɧɢɹ ɢɦɟɸɬ ɤɨɨɪɞɢɧɚɬɵ 
(ɯ1+1) ɢ  ( ɯ2+2 ),  ɬ.ɟ. ɩɟɪɜɨɟ ɫɟɱɟɧɢɟ ɫɦɟɫɬɢɥɨɫɶ ɧɚ ɜɟɥɢɱɢɧɭ 1, ɚ ɜɬɨɪɨɟ- ɧɚ 2. Ⱦɥɢɧɚ ɜɵɛɪɚɧɧɨɝɨ 
ɨɬɪɟɡɤɚ ɬɟɩɟɪɶ ɪɚɜɧɚ (ɯ2+2) - (ɯ1+1)=l0 +(2- 1) = l0 + l, ɩɨɷɬɨɦɭ ɜɟɥɢɱɢɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɟɮɨɪɦɚɰɢɢ 
ɨɬɪɟɡɤɚ ɪɚɜɧɚμ 

                                                         =  
l
l

 = 

x

.                                                 (6-4)  

 

 

ɑɬɨɛɵ ɧɚɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɞɥɹ ɜɵɞɟɥɟɧɧɨɝɨ ɨɬɪɟɡɤɚ ɫɬɟɪɠɧɹ ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɢɬɶ ɜɬɨɪɭɸ 
ɩɪɨɢɡɜɨɞɧɭɸ ɫɦɟɳɟɧɢɹ ɩɨ ɜɪɟɦɟɧɢ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɜɵɪɚɠɟɧɢɹ (6-1), ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ 
ɜɨɥɧɵ ɡɚɜɢɫɢɬ ɨɬ ɞɜɭɯ ɩɟɪɟɦɟɧɧɵɯ, ɩɨɷɬɨɦɭ ɜɵɱɢɫɥɟɧɢɟ ɩɪɨɢɡɜɨɞɧɨɣ ɨɬ ɮɭɧɤɰɢɢ f (x,t) ɞɨɥɠɧɨ 
ɩɪɨɢɫɯɨɞɢɬɶ ɧɟɫɤɨɥɶɤɨ ɢɧɚɱɟ, ɱɟɦ ɜ ɫɥɭɱɚɟ ɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ. ɉɪɨɢɡɜɨɞɧɭɸ ɨɬ ɮɭɧɤɰɢɢ f (x,t) ɩɨ ɨɞɧɨɣ 
ɢɡ ɞɜɭɯ ɩɟɪɟɦɟɧɧɵɯ ɦɨɠɧɨ ɜɵɱɢɫɥɹɬɶ ɬɚɤ ɠɟ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɮɭɧɤɰɢɢ ɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ, ɫɱɢɬɚɹ ɜɬɨɪɭɸ 
ɩɟɪɟɦɟɧɧɭɸ ɩɪɢ ɷɬɨɦ ɩɨɫɬɨɹɧɧɨɣ, ɧɨ ɷɬɚ ɩɪɨɢɡɜɨɞɧɚɹ ɧɚɡɵɜɚɟɬɫɹ ɱɚɫɬɧɨɣ ɩɪɨɢɡɜɨɞɧɨɣ. ɇɚɩɪɢɦɟɪ, 

ɟɫɥɢ f(x,y)= x5 y 5,  ɬɨ 



f
x

5x4 y5, 




f

y
5x5 y4  ( ɡɞɟɫɶ ɢ ɞɚɥɟɟ ɧɚɤɥɨɧɧɵɟ  ɨɡɧɚɱɚɸɬ ɡɧɚɤ ɱɚɫɬɧɨɣ 

ɩɪɨɢɡɜɨɞɧɨɣ). 

          ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɞɥɹ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɨɝɨ ɨɬɪɟɡɤɚ ɜɟɥɢɱɢɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɨɥɭɱɚɟɬɫɹ 
ɮɨɪɦɚɥɶɧɵɦ ɩɪɟɞɟɥɶɧɵɦ ɩɟɪɟɯɨɞɨɦ ɤ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɦ ɜɟɥɢɱɢɧɚɦ. Ɍɨɝɞɚ ɭɪɚɜɧɟɧɢɟ ( λ-10 ) 

ɩɪɢɨɛɪɟɬɚɟɬ ɬɚɤɨɣ ɜɢɞμ 
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                                                        = lim .



x x x

 
0

                                               (6-5) 

ȿɫɥɢ ɩɨ ɫɬɟɪɠɧɸ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɪɨɞɨɥɶɧɚɹ ɭɩɪɭɝɚɹ ɜɨɥɧɚ, ɬɨ ɜ ɧɟɦ ɞɟɣɫɬɜɭɸɬ ɩɨɩɟɪɟɦɟɧɧɨ 
ɜɧɭɬɪɟɧɧɢɟ ɫɢɥɵ ɪɚɫɬɹɠɟɧɢɹ ɢ ɫɠɚɬɢɹ. ȼɵɛɢɪɚɹ ɞɥɢɧɭ ɨɬɪɟɡɤɚ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɨɣ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ, 
ɱɬɨɛɵ ɧɚ ɟɝɨ ɤɨɧɰɵ ɞɟɣɫɬɜɨɜɚɥɢ ɨɞɢɧɚɤɨɜɵɟ ɫɢɥɵ - ɫɠɚɬɢɹ ɢɥɢ ɪɚɫɬɹɠɟɧɢɹ. ɉɭɫɬɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɨɫɬɢ 
ɷɬɨ ɛɭɞɭɬ ɫɢɥɵ ɪɚɫɬɹɠɟɧɢɹ f1 ɢ f2 (ɪɢɫ.6.β). ȼɬɨɪɨɣ ɡɚɤɨɧ ɇɶɸɬɨɧɚ ɞɥɹ ɷɥɟɦɟɧɬɚ ɞɥɢɧɵ ɯ ɦɨɠɧɨ 
ɧɚɩɢɫɚɬɶ, ɢɫɩɨɥɶɡɭɹ ɬɟɨɪɟɦɭ ɨ ɞɜɢɠɟɧɢɢ ɰɟɧɬɪɚ ɦɚɫɫμ  

                                                      ma f fц ɦ. .
 

2 1
.                                               (6-6) 

ɋɢɥɵ ɭɩɪɭɝɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɦ ɫ ɩɨɦɨɳɶɸ ɡɚɤɨɧɚ Ƚɭɤɚμ 

                                                       =  

x E

f

S
 1

,                                                  (6-7) 

ɝɞɟ ȿ - ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ  ɦɨɞɭɥɶ ɘɧɝɚ), S - ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɫɬɟɪɠɧɹ, ɚ 

x

- ɜɟɥɢɱɢɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 

ɞɟɮɨɪɦɚɰɢɢ. ȼɟɥɢɱɢɧɚ  = f/S ɧɚɡɵɜɚɟɬɫɹ ɭɩɪɭɝɢɦ ɧɚɩɪɹɠɟɧɢɟɦν ɦɚɫɫɚ m = Sx , ɝɞɟ  - ɩɥɨɬɧɨɫɬɶ 
ɫɬɟɪɠɧɹ. ȿɫɥɢ ɫɦɟɳɟɧɢɟ ɰɟɧɬɪɚ ɦɚɫɫ ɰ.ɦ. , ɬɨ ɭɪɚɜɧɟɧɢɟ (6-6) ɫɬɚɧɨɜɢɬɫɹ ɬɚɤɢɦμ 

                                          Sx



   
2

2 2 1 2 1


 ц ɦ

t
f f S S. .

. 

Ⱦɟɥɹ ɨɛɟ ɱɚɫɬɢ ɩɨɫɥɟɞɧɟɝɨ ɪɚɜɟɧɫɬɜɚ ɧɚ ɧɚ ɜɟɥɢɱɢɧɭ ɨɛɴɟɦɚ Sx, ɩɨɥɭɱɚɟɦμ 
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


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
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t x x
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



. 

ɉɪɢ ɩɟɪɟɯɨɞɟ ɤ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɦ ɜɟɥɢɱɢɧɚɦ ɩɨɫɥɟɞɧɟɟ ɭɪɚɜɧɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɞɥɹ 
ɩɪɨɢɡɜɨɞɧɵɯμ 

                                                         

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2

2

ц ɦ

t x

. .
.                                                (6-8) 

ɉɪɚɜɭɸ ɱɚɫɬɶ (6-8) ɜɵɪɚɡɢɦ ɱɟɪɟɡ ɡɚɤɨɧ Ƚɭɤɚ (6-7), ɩɟɪɟɯɨɞɹ ɤ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɦ ɷɥɟɦɟɧɬɚɦ μ 

                                             = ȿ = ȿ
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;      
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E
x

2

2


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 ɋ ɭɱɟɬɨɦ ɩɨɫɥɟɞɧɟɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɢɡ (6-8) ɩɨɥɭɱɚɟɦμ 
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.                                        (6-9) 

ɋɨɨɬɧɨɲɟɧɢɟ (6-λ) ɧɚɡɵɜɚɟɬɫɹ ɜɨɥɧɨɜɵɦ ɭɪɚɜɧɟɧɢɟɦ. ɏɨɬɹ ɨɧɨ ɩɨɥɭɱɟɧɨ ɞɥɹ ɱɚɫɬɧɨɝɨ ɫɥɭɱɚɹ 
ɩɪɨɞɨɥɶɧɵɯ ɭɩɪɭɝɢɯ ɜɨɥɧ, ɨɧɨ ɢɦɟɟɬ ɞɨɫɬɚɬɨɱɧɨ ɨɛɳɢɣ ɜɢɞ. ȿɝɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫɪɚɜɧɟɧɢɟɦ ɜɬɨɪɵɯ 
ɩɪɨɢɡɜɨɞɧɵɯ ɥɸɛɨɣ ɮɭɧɤɰɢɢ ɩɨ ɤɨɨɪɞɢɧɚɬɟ ɢ ɜɪɟɦɟɧɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɟɫɥɢ ɷɬɚ ɮɭɧɤɰɢɹ ɡɚɜɢɫɢɬ ɨɬ 

ɚɪɝɭɦɟɧɬɚ ɜɢɞɚ  = t -
x

v
.  Ɉɩɭɫɤɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɞɟɣɫɬɜɢɹ, ɩɨɥɭɱɢɦ 
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, 

ɨɬɤɭɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ  ɩɪɨɞɨɥɶɧɵɯ ɭɩɪɭɝɢɯ ɜɨɥɧ ɪɚɜɧɚμ 

 

                                                              v
E


. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɲɟɧɢɟɦ ɜɨɥɧɨɜɨɝɨ ɭɪɚɜɧɟɧɢɹ ɹɜɥɹɸɬɫɹ ɮɭɧɤɰɢɢ ɨɬ ɚɪɝɭɦɟɧɬɚ =t-
x

v
. ɗɬɢ ɮɭɧɤɰɢɢ 

ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɩɥɨɫɤɭɸ ɜɨɥɧɭ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɭɸɫɹ ɜɞɨɥɶ ɨɫɢ ɯ.  

Ʌɟɤɰɢɹ №7 

Ɇɨɥɟɤɭɥɹɪɧɨ-ɤɢɧɟɬɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɝɚɡɨɜ. Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɆɄɌ. Ɉɩɵɬɧɵɟ ɡɚɤɨɧɵ 
ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ. Ɉɫɧɨɜɧɨɟ ɭɪɚɜɧɟɧɢɟ ɆɄɌ. ɍɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ. Ɂɚɤɨɧ 
Ɇɚɤɫɜɟɥɥɚ ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɨɥɟɤɭɥ ɩɨ ɫɤɨɪɨɫɬɹɦ. Ȼɚɪɨɦɟɬɪɢɱɟɫɤɚɹ ɮɨɪɦɭɥɚ. 

 

7.1. Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɆɄɌ. 
Ɇɨɥɟɤɭɥɹɪɧɚɹ ɮɢɡɢɤɚ ɢɡɭɱɚɟɬ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. ɉɪɟɞɦɟɬɨɦ ɟё 

ɢɡɭɱɟɧɢɹ ɹɜɥɹɸɬɫɹ ɦɨɥɟɤɭɥɹɪɧɵɟ ɮɨɪɦɵ ɞɜɢɠɟɧɢɹ ɛɨɥɶɲɢɯ ɫɨɜɨɤɭɩɧɨɫɬɟɣ ɦɨɥɟɤɭɥ. 

ȼ ɨɫɧɨɜɟ ɦɨɥɟɤɭɥɹɪɧɨɣ ɮɢɡɢɤɢ ɥɟɠɢɬ ɩɨɧɹɬɢɟ ɦɨɥɟɤɭɥɵ. Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨ-

ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɩɨɹɫɧɹɸɬ ɫɭɬɶ ɷɬɨɣ ɬɟɨɪɢɢ. ɗɬɢ ɩɨɥɨɠɟɧɢɹ ɩɨɞɬɜɟɪɠɞɟɧɵ ɩɪɚɤɬɢɤɨɣ. 

1.  ȼɫɟ ɜɟɳɟɫɬɜɚ ɫɨɫɬɨɹɬ ɢɡ ɱɚɫɬɢɰ (ɦɨɥɟɤɭɥ) 
Ɉɩɵɬɧɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɷɬɨɝɨ ɩɨɥɨɠɟɧɢɹμ 

 ɋɦɟɲɢɜɚɧɢɟ ɪɚɡɧɵɯ ɠɢɞɤɨɫɬɟɣ, ɧɚɩɪɢɦɟɪ, ɜɨɞɵ ɢ ɫɩɢɪɬɚ, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɛɴёɦ ɫɦɟɫɢ ɦɟɧɶɲɟ 
ɫɭɦɦɚɪɧɨɝɨ ɨɛɴёɦɚ, ɡɚɧɢɦɚɟɦɨɝɨ ɞɜɭɦɹ ɠɢɞɤɨɫɬɹɦɢ ɞɨ ɢɯ ɫɦɟɲɢɜɚɧɢɹ. ɗɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɬɟɦ, 
ɱɬɨ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɠɢɞɤɨɫɬɟɣ ɟɫɬɶ ɩɭɫɬɨɬɵ, ɢ ɩɪɢ ɫɦɟɲɢɜɚɧɢɢ ɠɢɞɤɨɫɬɟɣ ɦɨɥɟɤɭɥɵ ɨɞɧɨɣ ɢɡ 
ɧɢɯ ɩɪɨɧɢɤɚɸɬ ɜ ɫɜɨɛɨɞɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɞɪɭɝɨɣ ɠɢɞɤɨɫɬɢ. 

 Ɋɚɫɲɢɪɟɧɢɟ ɬɟɥ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɢ ɫɠɚɬɢɟ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɬɚɤɠɟ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɬɟɦ, ɱɬɨ ɜɟɳɟɫɬɜɚ 
ɫɨɫɬɨɹɬ ɢɡ ɦɨɥɟɤɭɥ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɧɚ ɧɟɤɨɬɨɪɨɦ ɪɚɫɫɬɨɹɧɢɢ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ 
ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɭɜɟɥɢɱɢɜɚɸɬɫɹ, ɚ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɭɦɟɧɶɲɚɸɬɫɹ. 

 ɉɪɨɹɜɥɟɧɢɟ ɞɢɫɤɪɟɬɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɢ ɧɚɛɥɸɞɟɧɢɢ ɜɟɳɟɫɬɜ ɩɨɞ ɷɥɟɤɬɪɨɧɧɵɦɢ ɢɥɢ ɢɨɧɧɵɦɢ 
ɦɢɤɪɨɫɤɨɩɚɦɢ. 

2.  ɑɚɫɬɢɰɵ (ɦɨɥɟɤɭɥɵ) ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɞɪɭɝ ɫ ɞɪɭɝɨɦ. 
Ɏɚɤɬɵ, ɩɨɞɬɜɟɪɠɞɚɸɳɢɟ ɷɬɨ ɩɨɥɨɠɟɧɢɟ: 

 ɧɚɥɢɱɢɟ ɫɢɥ ɩɪɢɬɹɠɟɧɢɹ ɢ ɨɬɬɚɥɤɢɜɚɧɢɹν                        
 ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɬɪɟɯ ɚɝɪɟɝɚɬɧɵɯ ɫɨɫɬɨɹɧɢɣμ ɢɡ-ɡɚ ɪɚɡɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɨɥɟɤɭɥ ɩɪɨɹɜɥɹɸɬɫɹ 

ɪɚɡɧɵɟ ɫɜɨɣɫɬɜɚ ɚɝɪɟɝɚɬɧɵɯ ɫɨɫɬɨɹɧɢɣ, ɨɬɪɚɠёɧɧɵɟ ɜ ɬɚɛɥɢɰɟμ 
ɝɚɡ ɧɟ ɢɦɟɟɬ ɫɨɛɫɬɜɟɧɧɨɣ ɮɨɪɦɵ ɢ ɨɛɴɟɦɚ 

ɠɢɞɤɨɫɬɶ ɧɟ ɢɦɟɟɬ ɫɨɛɫɬɜɟɧɧɨɣ ɮɨɪɦɵ, ɧɨ ɢɦɟɟɬ ɫɨɛɫɬɜɟɧɧɵɣ ɨɛɴёɦ 

ɬɜɟɪɞɨɟ ɬɟɥɨ ɢɦɟɟɬ ɫɨɛɫɬɜɟɧɧɭɸ ɮɨɪɦɭ ɢ ɨɛɴɟɦ 

3.  ɑɚɫɬɢɰɵ (ɦɨɥɟɤɭɥɵ) ɧɟɩɪɟɪɵɜɧɨ ɢ ɛɟɫɩɨɪɹɞɨɱɧɨ ɞɜɢɠɭɬɫɹ 

ɇɟɤɨɬɨɪɵɟ ɮɚɤɬɵ, ɩɨɞɬɜɟɪɠɞɚɸɳɢɟ ɷɬɨ ɩɨɥɨɠɟɧɢɟ:  

 ɦɨɥɟɤɭɥɵ ɝɚɡɚ ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ ɫɨɫɭɞɚν 
 ɛɪɨɭɧɨɜɫɤɨɟ ɞɜɢɠɟɧɢɟν 
 ɞɢɮɮɭɡɢɹ. 

ɑɬɨ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɬɟ ɱɚɫɬɢɰɵ, ɢɡ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɟɧɵ ɜɟɳɟɫɬɜɚ? 
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Ɇɨɥɟɤɭɥɚ - ɷɬɨ ɧɚɢɦɟɧɶɲɚɹ ɱɚɫɬɢɰɚ ɜɟɳɟɫɬɜɚ, ɫɨɯɪɚɧɹɸɳɚɹ ɜɫɟ ɟɝɨ ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. Ɋɚɡɥɢɱɚɸɬ 
ɦɨɥɟɤɭɥɭ ɜ ɮɢɡɢɱɟɫɤɨɦ ɫɦɵɫɥɟ (ɮɢɡɢɱɟɫɤɭɸ ɦɨɥɟɤɭɥɭ), ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɭɩɨɞɨɛɢɬɶ ɭɩɪɭɝɨɦɭ ɲɚɪɢɤɭ, 
ɢ ɯɢɦɢɱɟɫɤɭɸ ɦɨɥɟɤɭɥɭ, ɜɵɪɚɠɟɧɧɭɸ ɮɨɪɦɭɥɨɣ ɚɬɨɦɧɨɝɨ ɫɨɫɬɚɜɚ. Ɇɨɥɟɤɭɥɵ ɧɟ ɜɫɟɯ ɜɟɳɟɫɬɜ ɦɨɠɧɨ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɮɢɡɢɱɟɫɤɢɟ, ɧɚɩɪɢɦɟɪ, ɦɨɥɟɤɭɥɵ ɜɟɳɟɫɬɜ ɫ ɢɨɧɧɨɣ ɫɜɹɡɶɸ (ɜ ɱɚɫɬɧɨɫɬɢ, NaCl – 

ɩɨɜɚɪɟɧɚɹ ɫɨɥɶ). ɗɬɨ ɜɚɠɧɨ, ɤɨɝɞɚ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɫɨɭɞɚɪɟɧɢɹ ɦɨɥɟɤɭɥ ɢɥɢ ɢɯ ɬɟɩɥɨɜɨɟ ɞɜɢɠɟɧɢɟ. 
ɉɨɷɬɨɦɭ ɜ ɮɨɪɦɭɥɢɪɨɜɤɟ ɨɫɧɨɜɧɵɯ ɩɨɥɨɠɟɧɢɣ ɆɄɌ ɱɚɳɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɭɸɬ ɬɟɪɦɢɧ «ɱɚɫɬɢɰɚ». 

 Ɋɚɡɦɟɪɵ ɦɨɥɟɤɭɥ ɨɱɟɧɶ ɦɚɥɵ. ȿɫɥɢ ɩɪɟɞɫɬɚɜɢɬɶ ɦɨɥɟɤɭɥɭ ɜ ɜɢɞɟ ɦɚɥɨɝɨ ɲɚɪɢɤɚ, ɬɨ ɟɝɨ ɪɚɞɢɭɫ 
ɢɦɟɟɬ ɩɨɪɹɞɨɤ ɜɟɥɢɱɢɧɵ10 – 8 ɫɦ =10 – 10 ɦ. Ɇɨɥɟɤɭɥɵ ɫɨɫɬɨɹɬ ɢɡ ɚɬɨɦɨɜ. ɑɚɫɬɢɰɵ, ɨɛɪɚɡɭɸɳɢɟ ɚɬɨɦɵ - 
ɷɥɟɤɬɪɨɧɵ ɢ ɹɞɪɚ. ɉɪɢɧɹɬɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɷɥɟɤɬɪɨɧ ɢɦɟɟɬ ɪɚɞɢɭɫ ɩɨɪɹɞɤɚ ɜɟɥɢɱɢɧɵ 10 – 11 ɫɦ = 10 – 13 ɦ, ɚ 
ɹɞɪɚ ɢɦɟɸɬ ɪɚɞɢɭɫɵ ɩɪɢɦɟɪɧɨ 10 – 12  ÷ 10 – 13 ɫɦ = 10 – 14 ÷10 –15 ɦ. 

Ɇɚɫɫɵ ɚɬɨɦɨɜ ɢ ɦɨɥɟɤɭɥ 

ȼ ɤɚɱɟɫɬɜɟ ɟɞɢɧɢɱɧɨɣ ɚɬɨɦɧɨɣ ɦɚɫɫɵ mɚɬ ɩɪɢɧɢɦɚɟɬɫɹ 1/1β ɦɚɫɫɵ ɚɬɨɦɚ ɹɞɪɚ ɢɡɨɬɨɩɚ ɭɝɥɟɪɨɞɚ

ɋ12

6 :               ɤɝɋ
mɚɬ

27
12

6 1066,1
12

ɥɟɪɨɞа ɢɡɨɬɨɩа ɭɝɦаɫɫа   

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ, ɢɥɢ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɦɚɫɫɚ ɦɨɥɟɤɭɥɵ, ɟɫɬɶ ɨɬɧɨɲɟɧɢɟ ɦɚɫɫɵ 
ɦɨɥɟɤɭɥɵ ɤ ɟɞɢɧɢɱɧɨɣ ɚɬɨɦɧɨɣ ɦɚɫɫɟμ 

12
ɦаɫɫа 

ɦɨɥɟɤɭɥɵɦаɫɫа 
12

6


ɋm

m
m

ɚɬ

ɦɨɥ
r  

Ⱥɧɚɥɨɝɢɱɧɨ ɨɩɪɟɞɟɥɹɸɬ ɢ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɚɬɨɦɧɭɸ ɦɚɫɫɭ. 

Ⱥɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ ɚɬɨɦɧɵɯ ɦɚɫɫ ɩɨ ɩɨɪɹɞɤɭ ɜɟɥɢɱɢɧɵ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 10 –25  ÷ 10 –27  

ɤɝ, ɚ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɚɬɨɦɧɵɟ ɦɚɫɫɵ ɜ ɩɪɟɞɟɥɚɯ 1÷102. ɉɪɟɞɟɥɵ ɨɬɧɨɫɢɬɟɥɶɧɵɯ  ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɚɫɫ mr 

ɨɬ 1 ɞɨ 105. 

Ʉɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ. Ʉɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɱɢɫɥɨɦ ɟɝɨ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ. ȼ 
ɋɂ ɨɧɨ ɜɵɪɚɠɚɟɬɫɹ ɜ ɦɨɥɹɯ. Ɇɨɥɶ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɟɞɢɧɢɰɟɣ ɢɡɦɟɪɟɧɢɹ, ɬɚɤ ɠɟ ɤɚɤ ɦɟɬɪ ɢ ɫɟɤɭɧɞɚ.  

Ɇɨɥɶ ɪɚɜɟɧ ɤɨɥɢɱɟɫɬɜɭ ɜɟɳɟɫɬɜɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɨɟ ɫɨɞɟɪɠɢɬ ɫɬɨɥɶɤɨ ɠɟ 
ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɫɤɨɥɶɤɨ ɚɬɨɦɨɜ ɫɨɞɟɪɠɢɬɫɹ ɜ 0,012 ɤɝ ɢɡɨɬɨɩɚ ɭɝɥɟɪɨɞɚ ɋ12

6 . 

 ɉɨɧɹɬɢɟ ɦɨɥɹ ɨɬɧɨɫɢɬɫɹ ɤ ɱɢɫɥɭ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜɟɳɟɫɬɜɚ. ɉɨɷɬɨɦɭ ɧɭɠɧɨ ɝɨɜɨɪɢɬɶμ «ɦɨɥɶ 
ɦɨɥɟɤɭɥ», «ɦɨɥɶ ɚɬɨɦɨɜ», «ɦɨɥɶ ɷɥɟɤɬɪɨɧɨɜ» ɢ ɬ.ɩ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɥɶ ɥɸɛɨɝɨ ɜɟɳɟɫɬɜɚ ɫɨɞɟɪɠɢɬ ɨɞɢɧɚɤɨɜɨɟ ɱɢɫɥɨ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ. ɗɬɨ 
ɱɢɫɥɨ ɧɚɡɵɜɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ Ⱥɜɨɝɚɞɪɨ ɢɥɢ ɱɢɫɥɨɦ Ⱥɜɨɝɚɞɪɨ: 
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Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬμ              
ɚɬ

AAɚɬ
m

NNm
3

3 10
     ɤɝ/ɦɨɥɶ 10


   

Ɇɨɥɹɪɧɚɹ ɦɚɫɫɚ – ɦɚɫɫɚ ɨɞɧɨɝɨ ɦɨɥɹ ɦɨɥɟɤɭɥ ɜɟɳɟɫɬɜɚ. 

Aɦɨɥ Nm   

ȿё ɨɩɪɟɞɟɥɹɸɬ ɱɟɪɟɡ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɦɚɫɫɭ ɦɨɥɟɤɭɥɵμ 

ɤɝ/ɦɨɥɶ 10ɤɝ/ɦɨɥɶ 
10 3

3







 r

ɚɬ

ɦɨɥ m
m

m  

ɑɢɫɥɨ ɦɨɥɟɣ ɦɨɥɟɤɭɥ  ɫɜɹɡɚɧɨ ɫ ɱɢɫɥɨɦ ɦɨɥɟɤɭɥ N ɧɟɤɨɬɨɪɨɝɨ ɜɟɳɟɫɬɜɚ ɮɨɪɦɭɥɨɣμ 
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
m

Nm

Nmν
N

Nν
Aɦɨɥ

ɦɨɥ

A

      ɢɥɢ     ,   ɝɞɟ         Nmm ɦɨɥ   - ɦɚɫɫɚ ɜɟɳɟɫɬɜɚ. 

 Ⱥɝɪɟɝɚɬɧɵɟ ɫɨɫɬɨɹɧɢɹ ɜɟɳɟɫɬɜɚ 

ɇɚɥɢɱɢɟ ɪɚɡɧɵɯ ɚɝɪɟɝɚɬɧɵɯ ɫɨɫɬɨɹɧɢɣ ɜɟɳɟɫɬɜɚ 
ɨɛɴɹɫɧɹɟɬɫɹ ɪɚɡɥɢɱɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɦɨɥɟɤɭɥ. ɇɚ ɪɢɫ.7.1 
ɩɪɢɜɟɞɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɢɥ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɬ ɪɚɫɫɬɨɹɧɢɹ. 

ɇɚ ɛɨɥɶɲɢɯ ɪɚɫɫɬɨɹɧɢɹɯ ɩɪɟɨɛɥɚɞɚɟɬ ɞɟɣɫɬɜɢɟ ɫɢɥ 
ɩɪɢɬɹɠɟɧɢɹ, ɧɚ ɦɚɥɵɯ - ɨɬɬɚɥɤɢɜɚɧɢɹ. ɉɨ ɩɪɢɪɨɞɟ ɷɬɢ ɫɢɥɵ - 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ. ɋ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ, ɱɟɦ 
ɛɨɥɶɲɟ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɚɬɨɦɨɜ, ɬɟɦ ɫɢɥɶɧɟɟ ɬɟɧɞɟɧɰɢɹ ɤ 
ɪɚɡɴɟɞɢɧɟɧɢɸ, ɨɬɬɚɥɤɢɜɚɧɢɸν ɱɟɦ ɛɨɥɶɲɟ ɩɨɬɟɧɰɢɚɥɶɧɚɹ 
ɷɧɟɪɝɢɹ ɫɰɟɩɥɟɧɢɹ, ɬɟɦ ɛɨɥɶɲɟ ɬɟɧɞɟɧɰɢɹ ɤ ɫɨɟɞɢɧɟɧɢɸ. 

ȿɫɥɢ ɫɭɦɦɚɪɧɚɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɚɬɨɦɨɜ ɢ ɦɨɥɟɤɭɥ ɦɧɨɝɨ ɛɨɥɶɲɟ ɫɭɦɦɚɪɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ 
ɷɧɟɪɝɢɢ ɢɯ ɜɡɚɢɦɧɨɝɨ ɩɪɢɬɹɠɟɧɢɹ, ɬɨ ɜɟɳɟɫɬɜɨ ɧɚɯɨɞɢɬɫɹ ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ ɫɨɫɬɨɹɧɢɢν ɟɫɥɢ ɦɧɨɝɨ 
ɦɟɧɶɲɟ, ɬɨ ɜ ɬɜɟɪɞɨɦ. ɀɢɞɤɨɟ ɫɨɫɬɨɹɧɢɟ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɩɪɢɦɟɪɧɨɦ ɪɚɜɟɧɫɬɜɟ ɷɬɢɯ ɷɧɟɪɝɢɣ. 

 

7.2. Ɉɩɵɬɧɵɟ ɡɚɤɨɧɵ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ 

Ƚɚɡɨɜɵɟ ɡɚɤɨɧɵ ɭɫɬɚɧɨɜɥɟɧɵ ɜ 17 ɜɟɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. Ɉɞɧɚɤɨ, ɢɯ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, ɢɫɩɨɥɶɡɭɹ 
ɭɪɚɜɧɟɧɢɟ Ɇɟɧɞɟɥɟɟɜɚ - Ʉɥɚɩɟɣɪɨɧɚ.  

Ɂɚɤɨɧ Ȼɨɣɥɹ-Ɇɚɪɢɨɬɬɚ. Ⱦɥɹ ɞɚɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜɚ ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ 
ɩɪɨɢɡɜɟɞɟɧɢɟ ɞɚɜɥɟɧɢɹ ɧɚ ɨɛɴёɦ ɟɫɬɶ ɜɟɥɢɱɢɧɚ ɩɨɫɬɨɹɧɧɚɹ. 

             constPV                                                              (7-1) . 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɞɢɚɝɪɚɦɦɵ Ɋ(V) 

ɜɵɪɚɡɢɦ ɞɚɜɥɟɧɢɟ ɱɟɪɟɡ ɨɛɴɟɦ 

V

RTm
P


 . 

Ɂɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɞɚɜɥɟɧɢɟɦ ɢ 
ɨɛɴёɦɨɦ – ɨɛɪɚɬɧɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ, ɝɪɚɮɢɱɟɫɤɢ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɝɢɩɟɪɛɨɥɨɣ ɧɚ ɪɢɫ.7.β ɚ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ 
ɞɚɜɥɟɧɢɹ ɢ ɨɛɴёɦɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 
ɪɢɫ.7.β ɛ ɢ ɜ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɂɚɤɨɧ Ƚɟɣ-Ʌɸɫɫɚɤɚ. Ⱦɥɹ ɞɚɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜɚ ɩɪɢ ɢɡɨɛɚɪɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ ɨɬɧɨɲɟɧɢɟ 
ɨɛɴёɦɚ ɤ ɬɟɦɩɟɪɚɬɭɪɟ (ɢɥɢ ɧɚɨɛɨɪɨɬ) ɟɫɬɶ ɩɨɫɬɨɹɧɧɚɹ ɜɟɥɢɱɢɧɚ.  

 const
T

V
      (7-2) 

 

r0 

r1 r 

Fx 

ɨɬɬɚɥɤ Fx>0 

ɩɪɢɬɹɠɟɧ Fx<0 

 Ɋɢɫ.7.1 

 

 T  T 

 V  Ɋ 

 V 

 Ɋ 

 a  ɛ  ɜ 

 Ɋɢɫ.7.2 
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  ɂɡɨɛɚɪɢɱɟɫɤɢɣ ɡɚɤɨɧ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɢ ɜ ɜɢɞɟμ  tVV  10 . Ɂɞɟɫɶ V0 - ɨɛɴёɦ ɝɚɡɚ ɩɪɢ t=00C,  t- 

ɬɟɦɩɟɪɚɬɭɪɚ ɜ 0ɋ,  - ɬɟɪɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɴɟɦɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹν   
PdT

dV

V








1 . Ⱦɥɹ 

ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ 
P

RT
vV  ,

P

vR

dT

dV

P







 , ɧɨ 

T

V

P

vR
 , ɬɨɝɞɚ 

T

1
  - ɬɟɪɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɨɛɴёɦɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɪɚɜɟɧ ɜɟɥɢɱɢɧɟ, ɨɛɪɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. ɂɡɨɛɪɚɠɟɧɢɟ ɷɬɨɝɨ 
ɩɪɨɰɟɫɫɚ ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫ. 7.γ. 

Ɂɚɤɨɧ ɒɚɪɥɹ. Ⱦɥɹ ɞɚɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜɚ ɩɪɢ ɢɡɨɯɨɪɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ ɨɬɧɨɲɟɧɢɟ 
ɞɚɜɥɟɧɢɹ ɤ ɬɟɦɩɟɪɚɬɭɪɟ (ɢɥɢ ɧɚɨɛɨɪɨɬ) ɟɫɬɶ ɜɟɥɢɱɢɧɚ ɩɨɫɬɨɹɧɧɚɹ. 

 const
T

P
 ,                                                      (7-3) 

ɂɡɨɛɪɚɠɟɧɢɟ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫ. 7.4 

Ɂɚɤɨɧ Ⱥɜɨɝɚɞɪɨ 

ɉɪɢ ɨɞɢɧɚɤɨɜɵɯ ɞɚɜɥɟɧɢɹɯ (Ɋ) ɢ ɬɟɦɩɟɪɚɬɭɪɚɯ (Ɍ) ɜ ɪɚɜɧɵɯ ɨɛɴɟɦɚɯ (V) ɥɸɛɨɝɨ ɝɚɡɚ ɫɨɞɟɪɠɢɬɫɹ 
ɨɞɢɧɚɤɨɜɨɟ ɱɢɫɥɨ ɦɨɥɟɤɭɥ. 

Ɂɚɤɨɧ Ⱦɚɥɶɬɨɧɚ (ɞɥɹ ɫɦɟɫɢ ɝɚɡɨɜ) 

Ⱦɚɜɥɟɧɢɟ ɫɦɟɫɢ ɝɚɡɨɜ ɪɚɜɧɨ ɫɭɦɦɟ ɩɚɪɰɢɚɥɶɧɵɯ ɞɚɜɥɟɧɢɣ 

Ɋɫɦ=Ɋ1+Ɋ2+... +ɊɄ                                                 (7-4) 

ɉɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ - ɞɚɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɨɤɚɡɵɜɚɥ ɛɵ ɞɚɧɧɵɣ ɤɨɦɩɨɧɟɧɬ ɝɚɡɚ, ɟɫɥɢ ɛɵ ɨɧ ɨɞɢɧ 
ɡɚɧɢɦɚɥ ɜɟɫɶ ɨɛɴɟɦ, ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɣ ɫɦɟɫɢ.   

7.3. ɍɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ   

 

 P 

 V  T 

 P 

 Ɍ 

 V 

 a  ɛ  ɜ 

 Ɋɢɫ.7.3 

 

 P 

 T V 

 V 

 Ɍ 

 Ɋ 

 a  ɛ  ɜ 

 Ɋɢɫ.7.4 
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ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɨɣ ɦɨɞɟɥɶɸ ɹɜɥɹɟɬɫɹ ɦɨɞɟɥɶ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ. ɗɬɨ ɝɚɡ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɬɨɱɟɱɧɵɯ 
ɦɚɬɟɪɢɚɥɶɧɵɯ ɱɚɫɬɢɰ ɫ ɤɨɧɟɱɧɨɣ ɦɚɫɫɨɣ, ɫɢɥɚɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ, 
ɢ ɤɨɬɨɪɵɟ ɫɬɚɥɤɢɜɚɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨ ɡɚɤɨɧɚɦ ɫɨɭɞɚɪɟɧɢɹ ɭɩɪɭɝɢɯ ɲɚɪɨɜ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɥɟɤɭɥɵ 
ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɨɛɥɚɞɚɸɬ ɬɨɥɶɤɨ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɟɣ, ɩɨɫɤɨɥɶɤɭ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɟɣ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɨɥɟɤɭɥ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. Ɇɨɥɟɤɭɥɵ ɞɜɢɠɭɬɫɹ ɧɟɩɪɟɪɵɜɧɨ ɢ ɛɟɫɩɨɪɹɞɨɱɧɨ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɫɪɟɞɧɟɦ ɫɤɨɪɨɫɬɢ ɦɨɥɟɤɭɥ ɝɚɡɚ ɜ ɪɚɡɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɨɞɢɧɚɤɨɜɵ. Ɍɨɬ ɮɚɤɬ, ɱɬɨ 
ɱɚɫɬɢɰɵ ɬɨɱɟɱɧɵɟ, ɩɨɡɜɨɥɹɟɬ ɫɱɢɬɚɬɶ, ɱɬɨ ɝɚɡ ɡɚɧɢɦɚɟɬ ɜɟɫɶ ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɣ ɟɦɭ ɨɛɴёɦ, ɬɨ ɟɫɬɶ, ɥɸɛɚɹ 
ɦɨɥɟɤɭɥɚ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɥɸɛɨɦ ɦɟɫɬɟ ɩɪɟɞɨɫɬɚɜɥɟɧɧɨɝɨ ɨɛɴёɦɚ.  

ɍɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɢɥɢ ɭɪɚɜɧɟɧɢɟ Ɇɟɧɞɟɥɟɟɜɚ - Ʉɥɚɩɟɣɪɨɧɚ ɹɜɥɹɟɬɫɹ ɨɛɨɛɳɟɧɢɟɦ 
ɡɚɤɨɧɨɜ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ, ɨɬɤɪɵɬɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɞɨ ɫɨɡɞɚɧɢɹ ɆɄɌ. 

 RT
m

V


                                              (7-5) 

R = 8,3
Ʉɦɨɥɶ

Ⱦɠ


  - ɦɨɥɹɪɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ ɢɥɢ ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ.                   

  

ɍɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɝɚɡɚ ɱɚɫɬɨ ɭɞɨɛɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɡɚɩɢɫɢ, ɩɪɟɞɥɨɠɟɧɧɨɣ Ʉɥɚɩɟɣɪɨɧɨɦ, ɟɫɥɢ 

ɤɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ ɧɟ ɢɡɦɟɧɹɟɬɫɹ  R
m

T

PV


  ɢɥɢ 

 

                                                           const
T

PV
                                                      (7-6) 

ɍɪɚɜɧɟɧɢɟ (7-6) ɱɚɫɬɨ ɧɚɡɵɜɚɸɬ ɨɛɨɛɳёɧɧɵɦ ɝɚɡɨɜɵɦ ɡɚɤɨɧɨɦ.  

7.4. Ɉɫɧɨɜɧɨɟ ɭɪɚɜɧɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨ-ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ. 

Ɉɫɧɨɜɧɨɟ ɭɪɚɜɧɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨ-ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɫɜɹɡɵɜɚɟɬ 
ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪ ɝɚɡɚ ɫ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɨɬɧɨɫɹɳɢɦɢɫɹ ɤ ɟɝɨ 
ɫɬɪɭɤɬɭɪɧɵɦ ɷɥɟɦɟɧɬɚɦ - ɦɨɥɟɤɭɥɚɦ. ɍɱɢɬɵɜɚɹ ɛɟɫɩɨɪɹɞɨɱɧɨɟ ɧɟɩɪɟɪɵɜɧɨɟ ɞɜɢɠɟɧɢɟ ɦɨɥɟɤɭɥ ɢ ɢɯ 
ɫɨɭɞɚɪɟɧɢɹ ɫɨ ɫɬɟɧɤɚɦɢ ɫɨɫɭɞɚ ɢ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɨɦ ɦɨɠɟɬ ɛɵɬɶ ɞɚɜɥɟɧɢɟ 
ɝɚɡɚ, ɤɨɬɨɪɨɟ ɫɜɹɡɚɧɨ ɫ ɢɡɦɟɧɟɧɢɟɦ ɢɦɩɭɥɶɫɚ ɦɨɥɟɤɭɥ (ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪ).  

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɜɟɥɢɱɢɧɚ ɞɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɢɥɨɣ, ɞɟɣɫɬɜɭɸɳɟɣ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɧɚ 

ɟɞɢɧɢɰɭ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢμ  
S

F
Ɋ  . 

 

Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ ɧɚ ɫɬɟɧɤɢ ɨɛɭɫɥɨɜɥɟɧɨ ɨɝɪɨɦɧɵɦ 
ɱɢɫɥɨɦ ɫɬɨɥɤɧɨɜɟɧɢɣ ɦɨɥɟɤɭɥ ɝɚɡɚ ɫɨ ɫɬɟɧɤɚɦɢ, 

ɫɨɝɥɚɫɧɨ ɜɬɨɪɨɦɭ ɡɚɤɨɧɭ ɇɶɸɬɨɧɚ μ 
t

m
F





)( 0

 

ɂɦɩɭɥɶɫ ɨɞɧɨɣ ɦɨɥɟɤɭɥɵμ ɜɞɨɥɶ ɨɫɢ ɏ ɪɚɜɟɧ xm 0 , 

ɝɞɟ  m0 - ɦɚɫɫɚ ɨɞɧɨɣ ɦɨɥɟɤɭɥɵ. ɉɭɫɬɶ ɜ ɟɞɢɧɢɰɟ ɨɛɴɟɦɚ 
ɫɨɫɭɞɚ ɧɚɯɨɞɢɬɫɹ n ɦɨɥɟɤɭɥ, ɢɡ ɧɢɯ ɩɨɥɨɜɢɧɚ ɞɜɢɠɟɬɫɹ 
ɜɞɨɥɶ ɨɫɢ ɏ, ɚ ɞɪɭɝɚɹ ɩɨɥɨɜɢɧɚ - ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ. Ɂɚ ɜɪɟɦɹ t ɜ ɫɥɨɣ x (x – ɪɚɫɫɬɨɹɧɢɟ, ɧɚ 
ɤɨɬɨɪɨɦ ɩɪɨɹɜɥɹɟɬɫɹ ɞɟɣɫɬɜɢɟ ɦɨɥɟɤɭɥ ɧɚ ɫɬɟɧɤɭ) ɫɥɟɜɚ 

F

 S

 

Ɋɢɫ. 7.5 
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ɧɚɩɪɚɜɨ ɜɯɨɞɢɬ tnS x
2

1
 ɦɨɥɟɤɭɥ. Ʉɚɠɞɚɹ ɢɡ ɧɢɯ ɨɛɥɚɞɚɟɬ ɢɦɩɭɥɶɫɨɦ  xm 0 , ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɛɳɢɣ 

ɢɦɩɭɥɶɫ, ɜɧɨɫɢɦɵɣ ɢɦɢ ɜ ɫɥɨɣ, ɪɚɜɟɧμ     tSnm x 2

0
2

1  . 

Ɂɚ ɷɬɨ ɠɟ ɜɪɟɦɹ ɫɥɨɣ ɩɨɤɢɞɚɟɬ, ɞɜɢɝɚɹɫɶ, ɫɩɪɚɜɚ ɧɚɥɟɜɨ, ɬɚɤɨɟ ɠɟ ɱɢɫɥɨ ɦɨɥɟɤɭɥ ɫ ɬɚɤɢɦ ɠɟ ɨɛɳɢɦ 
ɢɦɩɭɥɶɫɨɦ, ɧɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɝɨ ɡɧɚɤɚ. Ɉɛɳɟɟ ɢɡɦɟɧɟɧɢɟ ɢɦɩɭɥɶɫɚμ      

tSnmtSnmtSnm xxx 





  2

0

2

0

2

0
2

1

2

1  . 

ɂɦɩɭɥɶɫ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɫɬɟɧɤɭ,  ɩɥɨɳɚɞɶɸ S, ɪɚɜɟɧ ɢɡɦɟɧɟɧɢɸ ɢɦɩɭɥɶɫɚ ɱɚɫɬɢɰ  
tSnmtF x  2

0 . Ɍɨɝɞɚ ɞɚɜɥɟɧɢɟ ɧɚ ɫɬɟɧɤɭ, ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɮɨɪɦɭɥɨɣμ    

                                
2

0 xnmP                                                         (7-7) 

Ⱦɜɢɝɚɹɫɶ ɛɟɫɩɨɪɹɞɨɱɧɨ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɦɨɥɟɤɭɥɵ ɢɦɟɸɬ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɤɨɪɨɫɬɟɣ ɢ ɜɞɨɥɶ ɞɪɭɝɢɯ 
ɨɫɟɣ. ɉɨɥɧɚɹ ɫɤɨɪɨɫɬɶ ɦɨɥɟɤɭɥɵ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɱɟɪɟɡ ɟё ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɨ ɬɪёɦ ɧɟɡɚɜɢɫɢɦɵɦ 
ɧɚɩɪɚɜɥɟɧɢɹɦ μ    2222

zyx     . 

ɉɨɫɤɨɥɶɤɭ ɜ ɞɜɢɠɟɧɢɢ ɭɱɚɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɦɨɥɟɤɭɥ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɪɟɞɧɢɟ ɤɜɚɞɪɚɬɵ 

ɫɤɨɪɨɫɬɟɣμ 2222222

zyxzyx   . 

Ɍɚɤ ɤɚɤ ɞɜɢɠɟɧɢɟ ɛɟɫɩɨɪɹɞɨɱɧɨɟ, ɬɨ ɜɫɟ ɬɪɢ ɤɨɦɩɨɧɟɧɬɵ ɫɤɨɪɨɫɬɟɣ ɪɚɜɧɨɩɪɚɜɧɵ 222

zyx   . 

Ɉɬɫɸɞɚ 22

3

1 x
. ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɜ ɭɪɚɜɧɟɧɢɟ (7-7) ɩɨɥɭɱɢɦμ                                  2

0
3

1 nmP                          

(7-8) 

ɍɪɚɜɧɟɧɢɟ (7-8) ɫɜɹɡɵɜɚɟɬ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪ ɞɚɜɥɟɧɢɟ ɢ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ – ɦɚɫɫɭ ɢ 
ɫɪɟɞɧɢɣ ɤɜɚɞɪɚɬ ɫɤɨɪɨɫɬɢ ɦɨɥɟɤɭɥɵ, ɩɨɷɬɨɦɭ ɟɝɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɨɫɧɨɜɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɆɄɌ 

ɢɞɟɚɥɶɧɵɯ ɝɚɡɨɜ. Ɉɞɧɚɤɨ, ɱɚɫɬɨ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɢɫɩɨɥɶɡɭɸɬ ɜ ɞɪɭɝɨɦ ɜɢɞɟμ 
23

2
2

0m
nP  . Ɂɞɟɫɶ 

0

2

0

2
ȿm




 - ɫɪɟɞɧɹɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɞɚɜɥɟɧɢɟ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɪɟɞɧɟɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɟɣ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ  ɞɜɢɠɟɧɢɹ 
ɦɨɥɟɤɭɥɵ ɢ ɹɜɥɹɟɬɫɹ ɫɪɟɞɧɟɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɨɣ                 

0
3

2
EnP                                                            (7-9) 

Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɫɪɟɞɧɟɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ 
ɦɨɥɟɤɭɥɵ.  

ȿɞɢɧɢɰɚ ɞɚɜɥɟɧɢɹ ɜ ɋɂμ   1 ɉɚ =1 ɇ/ɦ2 

 

7.5. Ɂɚɤɨɧ Ɇɚɤɫɜɟɥɥɚ ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɨɥɟɤɭɥ ɩɨ ɫɤɨɪɨɫɬɹɦ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɦɨɥɟɤɭɥ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɫɨɫɬɨɹɧɢɢ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, ɩɨ ɦɨɞɭɥɹɦ ɫɤɨɪɨɫɬɟɣ ɩɨɞɱɢɧɹɟɬɫɹ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ɇɚɤɫɜɟɥɥɚ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ɇɚɤɫɜɟɥɥɚ  ɛɭɞɟɦ ɢɫɤɚɬɶ ɱɢɫɥɨ ɱɚɫɬɢɰ, ɫɤɨɪɨɫɬɢ 
ɤɨɬɨɪɵɯ ɥɟɠɚɬ ɜ ɨɱɟɧɶ ɦɚɥɨɦ ɢɧɬɟɪɜɚɥɟ d ɜɛɥɢɡɢ ɧɟɤɨɬɨɪɨɣ ɫɤɨɪɨɫɬɢ  . ɉɭɫɬɶ dn – ɱɢɫɥɨ 
ɱɚɫɬɢɰ ɜ ɟɞɢɧɢɰɟ ɨɛɴёɦɚ, ɫɤɨɪɨɫɬɢ ɤɨɬɨɪɵɯ ɥɟɠɚɬ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ  ɞɨ d ɗɬɨ ɱɢɫɥɨ 
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ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɢɧɬɟɪɜɚɥɭ ɫɤɨɪɨɫɬɟɣ d , ɚ ɬɚɤɠɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɱɢɫɥɭ ɱɚɫɬɢɰ ɜ ɟɞɢɧɢɰɟ ɨɛɴёɦɚ.  
Ɇɨɠɧɨ ɡɚɩɢɫɚɬɶ ɬɚɤμ   

   dnfdn     ,                                            (7-10) 

ɝɞɟ  f - ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɫɤɨɪɨɫɬɢ, ɤɨɬɨɪɚɹ ɨɡɧɚɱɚɟɬ ɞɨɥɸ ɱɚɫɬɢɰ ɜ ɟɞɢɧɢɰɟ ɨɛɴёɦɚ, ɫɤɨɪɨɫɬɢ 
ɤɨɬɨɪɵɯ ɥɟɠɚɬ ɜ ɟɞɢɧɢɱɧɨɦ ɢɧɬɟɪɜɚɥɟ ɫɤɨɪɨɫɬɟɣ ɜɛɥɢɡɢ ɫɤɨɪɨɫɬɢ  Ɍɨɝɞɚ ɞɨɥɹ ɱɚɫɬɢɰ, ɫɤɨɪɨɫɬɢ 
ɤɨɬɨɪɵɯ ɥɟɠɚɬ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ  ɞɨ   d ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɚ ɤɚɤ  

   df
n

dn
                                                 (7-11) 

ɉɨɫɤɨɥɶɤɭ ɱɢɫɥɨ ɱɚɫɬɢɰ, ɞɚɠɟ ɜ ɦɚɥɵɯ ɨɛɴёɦɚɯ ɜɟɳɟɫɬɜɚ, ɨɱɟɧɶ ɜɟɥɢɤɨ, ɬɨ 
n

dn
 ɢɦɟɟɬ ɫɦɵɫɥ 

ɜɟɪɨɹɬɧɨɫɬɢ ɬɨɝɨ, ɱɬɨ ɥɸɛɚɹ ɱɚɫɬɢɰɚ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɜ ɟɞɢɧɢɰɟ ɨɛɴёɦɚ ɢɦɟɟɬ ɫɤɨɪɨɫɬɶ, ɥɟɠɚɳɭɸ ɜ 
ɢɧɬɟɪɜɚɥɟ ɫɤɨɪɨɫɬɟɣ ɨɬ  ɞɨ  d Ɋɚɫɩɪɟɞɟɥɟɧɢɟ Ɇɚɤɫɜɟɥɥɚ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ  
ɢɦɟɟɬ ɜɢɞμ   

  kT

m

e
kT

m
f 22

2

3

0

2
0

2

4














                                   (7-12) 

ȼɢɞ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ɇɚɤɫɜɟɥɥɚ ɩɪɢ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ.7.6. ɉɥɨɳɚɞɶ ɡɚɲɬɪɢɯɨɜɚɧɧɨɣ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɬɪɚɩɟɰɢɢ ɱɢɫɥɟɧɧɨ ɪɚɜɧɚ ɞɨɥɟ ɱɚɫɬɢɰ, 
ɫɤɨɪɨɫɬɢ ɤɨɬɨɪɵɯ ɥɟɠɚɬ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ  ɞɨ   d ɋɤɨɪɨɫɬɶ ɇ , ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 

ɦɚɤɫɢɦɭɦɭ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ   f , ɧɚɡɵɜɚɟɬɫɹ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɣ ɫɤɨɪɨɫɬɶɸ. ɉɪɢ ɇ   

ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨ 
 

0


d

df
. Ɉɬɫɸɞɚ ɩɨɥɭɱɚɟɦ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɚɹ ɫɤɨɪɨɫɬɶ ɪɚɜɧɚμ 

0

2

m

kT
ɇ      ɢɥɢ   


 RT
ɇ

2
                            (7-13) 
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ȼ ɨɬɥɢɱɢɟ ɨɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ƚɚɭɫɫɚ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ Ɇɚɤɫɜɟɥɥɚ ɧɟ ɫɢɦɦɟɬɪɢɱɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɚɛɫɰɢɫɫɵ ɦɚɤɫɢɦɭɦɚ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɧɚɥɢɱɢɟɦ ɜ ɮɨɪɦɭɥɟ (7-1β) ɤɜɚɞɪɚɬɚ 
ɦɨɞɭɥɹ ɫɤɨɪɨɫɬɢ, ɤɪɨɦɟ ɷɤɫɩɨɧɟɧɬɵ. ɉɪɢ ɦɚɥɵɯ ɫɤɨɪɨɫɬɹɯ ɧ    ɩɪɟɨɛɥɚɞɚɟɬ ɜɤɥɚɞ 2 , ɩɨɷɬɨɦɭ 
ɩɪɢ ɷɬɢɯ ɫɤɨɪɨɫɬɹɯ ɜɢɞ ɤɪɢɜɨɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɪɢɫ.7-6) ɛɥɢɡɨɤ ɤ ɩɚɪɚɛɨɥɟ, ɩɪɢ 

ɧ  ɨɫɧɨɜɧɨɣ ɜɤɥɚɞ ɜɧɨɫɢɬ ɷɤɫɩɨɧɟɧɬɚ, ɤɨɬɨɪɚɹ ɭɛɵɜɚɟɬ ɝɨɪɚɡɞɨ ɛɵɫɬɪɟɟ, ɱɟɦ ɪɚɫɬёɬ ɩɚɪɚɛɨɥɚ. 

ɉɥɨɳɚɞɶ ɮɢɝɭɪɵ ɩɨɞ ɤɪɢɜɨɣ ( 0 ) ɧɚ ɪɢɫ.7.6 ɪɚɜɧɚ ɟɞɢɧɢɰɟ (ɭɫɥɨɜɢɟ ɧɨɪɦɢɪɨɜɤɢ) ɢ ɜɵɪɚɠɚɟɬ 
ɮɚɤɬ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɦɨɥɟɤɭɥɵ. ɉɪɢ ɜɨɡɪɚɫɬɚɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɚɹ 
ɫɤɨɪɨɫɬɶ, ɚ ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɷɬɨɣ ɫɤɨɪɨɫɬɢ, ɭɦɟɧɶɲɚɟɬɫɹ, ɧɨ ɩɥɨɳɚɞɶ ɮɢɝɭɪɵ 
ɩɨɞ ɤɪɢɜɨɣ ɨɫɬɚёɬɫɹ ɧɟɢɡɦɟɧɧɨɣ. ɂɧɬɟɝɪɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ Ɇɚɤɫɜɟɥɥɚ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 7.7. Ɂɞɟɫɶ 
N1/N – ɞɨɥɹ ɱɚɫɬɢɰ, ɫɤɨɪɨɫɬɢ ɤɨɬɨɪɵɯ ɩɪɟɜɵɲɚɸɬ ɫɤɨɪɨɫɬɶ . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ Ɇɚɤɫɜɟɥɥɚ – ɷɬɨ ɪɚɜɧɨɜɟɫɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ. 
Ɉɧɨ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɛɥɚɝɨɞɚɪɹ ɫɬɨɥɤɧɨɜɟɧɢɹɦ ɦɨɥɟɤɭɥ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɫɢɫɬɟɦɭ ɤ ɬɟɩɥɨɜɨɦɭ 
ɪɚɜɧɨɜɟɫɢɸ. 

 Ɋɚɫɩɪɟɞɟɥɟɧɢɟ Ɇɚɤɫɜɟɥɥɚ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɧɟɫɤɨɥɶɤɨ ɫɪɟɞɧɢɯ ɫɤɨɪɨɫɬɟɣμ ɧɚɢɛɨɥɟɟ 
ɜɟɪɨɹɬɧɭɸ ɫɤɨɪɨɫɬɶ, ɫɪɟɞɧɸɸ ɚɪɢɮɦɟɬɢɱɟɫɤɭɸ ɫɤɨɪɨɫɬɶ ɢ ɫɪɟɞɧɸɸ ɤɜɚɞɪɚɬɢɱɧɭɸ ɫɤɨɪɨɫɬɶ. 

ɋɤɨɪɨɫɬɶ ɇ , ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɦɚɤɫɢɦɭɦɭ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ   f , ɧɚɡɵɜɚɸɬ ɧɚɢɛɨɥɟɟ 
ɜɟɪɨɹɬɧɨɣ ɫɤɨɪɨɫɬɶɸ. Ⱦɥɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 

ɪɚɜɧɨɜɟɫɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ, ɨɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 
 

0


d

df
ɢ ɪɚɜɧɚ 

0

2

m

kT
ɇ      ɢɥɢ   


 RT
ɇ

2
 .      

ɋɪɟɞɧɹɹ ɤɜɚɞɪɚɬɢɱɧɚɹ ɫɤɨɪɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɤɜɚɞɪɚɬɧɵɣ ɤɨɪɟɧɶ ɢɡ ɫɪɟɞɧɟɝɨ ɤɜɚɞɪɚɬɚ 

ɫɤɨɪɨɫɬɢ 2  ɢ ɫɜɹɡɚɧɚ ɫɨ ɫɪɟɞɧɟɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɟɣ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥ. 
ɑɬɨɛɵ ɧɚɣɬɢ ɟё ɫ ɩɨɦɨɳɶɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ɇɚɤɫɜɟɥɥɚ, ɧɭɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɨɬɧɨɲɟɧɢɟ ɫɭɦɦɵ ɤɜɚɞɪɚɬɨɜ 
ɫɤɨɪɨɫɬɟɣ ɦɨɥɟɤɭɥ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɟɞɢɧɢɰɟ ɨɛɴёɦɚ, ɤ ɱɢɫɥɭ ɦɨɥɟɤɭɥ ɜ ɷɬɨɦ ɨɛɴёɦɟμ

    
 


0 0

222 1  dfdfn
n

. 

Ⱦɥɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ, ɨɧɚ 
ɪɚɜɧɚ  
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m

kT
  ɢɥɢ 


 RT3
                               (7-14) 

 ɋɪɟɞɧɸɸ ɚɪɢɮɦɟɬɢɱɟɫɤɭɸ ɫɤɨɪɨɫɬɶ   ɨɩɪɟɞɟɥɹɸɬ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɫɭɦɦɵ ɜɫɟɯ ɫɤɨɪɨɫɬɟɣ ɜɫɟɯ 

ɦɨɥɟɤɭɥ ɜ ɟɞɢɧɢɰɟ ɨɛɴёɦɚ ɤ ɱɢɫɥɭ ɦɨɥɟɤɭɥ ɜ ɟɞɢɧɢɰɟ ɨɛɴёɦɚμ      dfdfn
n 




00

1
 . 

Ⱦɥɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ , 
ɨɧɚ ɪɚɜɧɚ μ 
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
 RT8
                                          . .       (7-15) 

 ɗɬɢ ɫɤɨɪɨɫɬɢ ɦɚɥɨ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɩɨ ɫɜɨɢɦ ɱɢɫɥɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ μ 

ɧ 22,109,1  . 

 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɪɚɜɧɨɜɟɫɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɢɰ ɩɨ ɫɤɨɪɨɫɬɹɦ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɒɬɟɪɧɨɦ, 
ɂɫɬɟɪɦɚɧɨɦ ɢ ɋɢɦɩɫɨɧɨɦ ɜ 1λ47 ɝɨɞɭ.  

7.6. Ȼɚɪɨɦɟɬɪɢɱɟɫɤɚɹ ɮɨɪɦɭɥɚ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ Ȼɨɥɶɰɦɚɧɚ 

Ȼɚɪɨɦɟɬɪɢɱɟɫɤɚɹ ɮɨɪɦɭɥɚ ɜɵɪɚɠɚɟɬ ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɹ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 
ɜɵɫɨɬɵ ɜɨɡɞɭɲɧɨɝɨ ɫɬɨɥɛɚ.. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɚɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟ ɫ ɜɵɫɨɬɨɣ ɭɦɟɧɶɲɚɟɬɫɹ. ɍɫɬɚɧɨɜɢɦ ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɹ 
ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɫɨɬɵ. ɍɩɪɨɫɬɢɦ ɡɚɞɚɱɭ, ɫɱɢɬɚɹ ɬɟɦɩɟɪɚɬɭɪɭ  ɩɨɫɬɨɹɧɧɨɣ ɢ 

ɧɟ ɢɡɦɟɧɹɸɳɟɣɫɹ ɫ ɜɵɫɨɬɨɣ. ɉɪɢ ɜɨɡɪɚɫɬɚɧɢɢ ɜɵɫɨɬɵ ɧɚ 
ɧɟɛɨɥɶɲɭɸ ɜɟɥɢɱɢɧɭ dx ɞɚɜɥɟɧɢɟ ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ ɦɚɥɭɸ 

ɜɟɥɢɱɢɧɭ gdxdP  , ɝɞɟ  - ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ,  = m0n, m0 - 

ɦɚɫɫɚ ɦɨɥɟɤɭɥɵ. ɍɞɨɛɧɨ ɜɵɪɚɡɢɬɶ ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɱɟɪɟɡ 
ɦɚɤɪɨɩɚɪɚɦɟɬɪɵ – ɬɟɦɩɟɪɚɬɭɪɭ ɢ ɞɚɜɥɟɧɢɟ. Ⱦɥɹ ɷɬɨɝɨ 

ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɮɨɪɦɭɥɨɣ (β.5) ɢ ɩɨɥɭɱɢɦ 
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P lnln 0  , ɝɞɟ ɋ - ɩɨɫɬɨɹɧɧɚɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɭɸ ɧɚɯɨɞɢɦ ɢɡ ɭɫɥɨɜɢɹ μ ɩɪɢ x=0  

ɢ  ɋ=Ɋ0 . Ɍɨɝɞɚ 
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ɉɨɫɥɟ ɩɨɬɟɧɰɢɪɨɜɚɧɢɹ ɩɨɥɭɱɢɦ ɛɚɪɨɦɟɬɪɢɱɟɫɤɭɸ ɮɨɪɦɭɥɭ   
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gxm

ePP
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 .                               (7-16) 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɦɚɫɫɚ ɦɨɥɟɤɭɥɵ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɱɟɪɟɡ ɦɨɥɹɪɧɭɸ ɦɚɫɫɭ ɢ ɱɢɫɥɨ Ⱥɜɨɝɚɞɪɨ  
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
0 ,  ɚ    RkN A  , ɩɨɤɚɡɚɬɟɥɶ ɷɤɫɩɨɧɟɧɬɵ  ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɱɟɪɟɡ ɦɨɥɹɪɧɭɸ ɦɚɫɫɭ ɢ 

ɭɧɢɜɟɪɫɚɥɶɧɭɸ ɝɚɡɨɜɭɸ ɩɨɫɬɨɹɧɧɭɸμ 
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


 0                                     (7-16') 

Ɍɚɤ ɤɚɤ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ P  n , ɬɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

Ȼɨɥɶɰɦɚɧɚ  RT
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 . ɑɢɫɥɢɬɟɥɶ ɩɨɤɚɡɚɬɟɥɹ ɷɤɫɩɨɧɟɧɬɵ ɩɪɟɞɫɬɚɜɥɹɟɬ 

 Ɋɢɫ.7.8 
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 Ɋ 
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ɫɨɛɨɣ  ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ ɱɚɫɬɢɰɵ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɩɨɥɟ ɫɢɥɵ ɬɹɠɟɫɬɢ, ɚ ɡɧɚɦɟɧɚɬɟɥɶ 
ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ Ȼɨɥɶɰɦɚɧɚ ɫɩɪɚɜɟɞɥɢɜɨ, ɟɫɥɢ ɱɚɫɬɢɰɚ ɧɚɯɨɞɢɬɫɹ ɜ 
ɥɸɛɨɦ ɩɨɬɟɧɰɢɚɥɶɧɨɦ ɩɨɥɟ, ɩɨɷɬɨɦɭ ɦɨɠɧɨ ɨɛɨɡɧɚɱɢɬɶ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ ɱɚɫɬɢɰɵ ɱɟɪɟɡ U(ɯ). 

Ɍɨɝɞɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ Ȼɨɥɶɰɦɚɧɚ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ    

   

 
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Ɋɚɫɩɪɟɞɟɥɟɧɢɟ Ȼɨɥɶɰɦɚɧɚ – ɷɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɢɰ ɩɨ ɩɨɬɟɧɰɢɚɥɶɧɵɦ ɷɧɟɪɝɢɹɦ.  ɉɨɬɟɧɰɢɚɥɶɧɚɹ 
ɷɧɟɪɝɢɹ ɡɚɜɢɫɢɬ ɨɬ ɜɵɛɨɪɚ ɧɚɱɚɥɚ ɨɬɫɱёɬɚ, ɢ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɤɚɤ U(x) = U0 + (x). Ɂɞɟɫɶ U0 – 

ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɱɚɫɬɢɰ ɜ ɧɚɱɚɥɟ ɨɬɫɱёɬɚ, U(x)- ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɜ ɩɨɥɨɠɟɧɢɢ x, (x)- 

ɢɡɦɟɧɟɧɢɟ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɢɥɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɢɧɬɟɪɜɚɥ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɷɧɟɪɝɢɣ. ɑɢɫɥɨ 
ɱɚɫɬɢɰ, ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɷɧɟɪɝɢɢ ɤɨɬɨɪɵɯ ɥɟɠɚɬ ɜ ɦɚɥɨɦ ɢɧɬɟɪɜɚɥɟ (x) ɨɬ U0 ɞɨ U(x) , ɫɨɝɥɚɫɧɨ (γ.16), 
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ɑɢɫɥɨ ɱɚɫɬɢɰ, ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɷɧɟɪɝɢɢ ɤɨɬɨɪɵɯ ɥɟɠɚɬ ɜ ɦɚɥɨɦ ɢɧɬɟɪɜɚɥɟ (x) ɜɛɥɢɡɢ U(x) , ɪɚɜɧɨμ 
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Ⱦɨɥɹ ɱɚɫɬɢɰ, ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɷɧɟɪɝɢɢ ɤɨɬɨɪɵɯ ɥɟɠɚɬ ɜ ɦɚɥɨɦ ɢɧɬɟɪɜɚɥɟ (x) ɜɛɥɢɡɢ U(x) , 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦμ 
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. Ɉɬɫɸɞɚ ɜɢɞɧɨ, ɱɬɨ ɞɨɥɹ ɱɚɫɬɢɰ 

0n

n
, 

ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɤɨɬɨɪɵɯ ɥɟɠɢɬ ɜ ɡɚɞɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ  ɫ ɪɨɫɬɨɦ U ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɫ ɪɨɫɬɨɦ 
ɢɧɬɟɪɜɚɥɚ  ɜɛɥɢɡɢ ɧɟɤɨɬɨɪɨɝɨ ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɢɢ U ɭɜɟɥɢɱɢɜɚɟɬɫɹ.  

ɉɪɢ ɛɨɥɶɲɨɦ ɱɢɫɥɟ ɱɚɫɬɢɰ n0  ɢ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɨɦ ɢɧɬɟɪɜɚɥɟ ɷɧɟɪɝɢɣ dU ɞɨɥɹ ɱɚɫɬɢɰ
0n

dn
, 

ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɤɨɬɨɪɵɯ ɥɟɠɢɬ ɜ ɜ ɢɧɬɟɪɜɚɥɟ dU ɜɛɥɢɡɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ U, ɢɦɟɟɬ ɫɦɵɫɥ 
ɜɟɪɨɹɬɧɨɫɬɢ ɬɨɝɨ, ɱɬɨ ɥɸɛɚɹ ɱɚɫɬɢɰɚ ɦɨɠɟɬ ɢɦɟɬɶ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ ɜ ɭɤɚɡɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ 
ɜɛɥɢɡɢ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɚɪɨɦɟɬɪɢɱɟɫɤɚɹ ɮɨɪɦɭɥɚ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ Ȼɨɥɶɰɦɚɧɚ ɩɨ ɩɨɬɟɧɰɢɚɥɶɧɵɦ ɷɧɟɪɝɢɹɦ 
ɢɦɟɟɬ ɜɢɞ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ƚɚɭɫɫɚ. 

Ʌɟɤɰɢɹ №8 

ɋɬɚɬɢɫɬɢɤɚ ɝɚɡɨɜ. Ɇɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɹɜɥɟɧɢɹ. ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ ɢ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɂɞɟɚɥɶɧɵɣ ɝɚɡ ɤɚɤ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɦɧɨɝɢɯ 
ɱɚɫɬɢɰ. Ɉɫɧɨɜɵ ɦɨɥɟɤɭɥɹɪɧɨ-ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ. Ⱦɚɜɥɟɧɢɟ, ɨɛɴɟɦ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɤɚɤ 
ɨɛɨɛɳɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɨɫɬɨɹɧɢɹ ɝɚɡɚ. əɜɥɟɧɢɹ ɩɟɪɟɧɨɫɚ ɜ ɝɚɡɚɯ. ɋɬɨɥɤɧɨɜɟɧɢɟ ɦɨɥɟɤɭɥ. 
ɋɪɟɞɧɹɹ ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɦɨɥɟɤɭɥ. Ⱦɢɮɮɭɡɢɹ. Ɉɫɦɨɫ. Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ. ȼɹɡɤɨɟ 
ɬɪɟɧɢɟ. 

8.1. Ɇɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɹɜɥɟɧɢɹ. ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ 
ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɂɞɟɚɥɶɧɵɣ ɝɚɡ ɤɚɤ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɦɧɨɝɢɯ ɱɚɫɬɢɰ. Ɉɫɧɨɜɵ 
ɦɨɥɟɤɭɥɹɪɧɨ-ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ. Ⱦɚɜɥɟɧɢɟ, ɨɛɴɟɦ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɤɚɤ ɨɛɨɛɳɟɧɧɵɟ ɯɚ-

ɪɚɤɬɟɪɢɫɬɢɤɢ ɫɨɫɬɨɹɧɢɹ ɝɚɡɚ. 

ɋɢɫɬɟɦɨɣ ɧɚɡɵɜɚɸɬ ɤɨɧɟɱɧɭɸ ɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫ ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ ɧɟɣ ɮɢɡɢɱɟɫɤɢɦɢ ɨɛɴɟɤɬɚɦɢ 
ɢɫɫɥɟɞɨɜɚɧɢɹ. 
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Ƚɪɚɧɢɰɚ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɛɵɬɶ ɤɚɤ ɦɚɬɟɪɢɚɥɶɧɨɣ (ɫɬɟɧɤɢ ɫɨɫɭɞɚ), ɬɚɤ ɢ ɜɨɨɛɪɚɠɚɟɦɨɣν ɧɟɩɨɞɜɢɠɧɨɣ 
ɢɥɢ ɞɜɢɠɭɳɟɣɫɹν ɩɪɨɧɢɰɚɟɦɨɣ ɢɥɢ ɧɟɩɪɨɧɢɰɚɟɦɨɣ. ɋɢɫɬɟɦɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɨɫɨɛɟɧɧɨɫɬɹɦɢ 
ɫɜɨɟɣ ɝɪɚɧɢɰɵ, ɧɨ ɢ ɮɢɡɢɱɟɫɤɢɦɢ ɢɥɢ ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɜɟɳɟɫɬɜɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɡɚɧɢɦɚɟɦɨɣ 
ɫɢɫɬɟɦɨɣ ɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ . 

 Ɇɚɤɪɨɫɤɨɩɢɱɟɫɤɢɦɢ ɫɢɫɬɟɦɚɦɢ ɧɚɡɵɜɚɸɬ ɫɢɫɬɟɦɵ, ɫɨɞɟɪɠɚɳɢɟ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɮɢɡɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɫɨɞɟɪɠɚɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɦɨɥɟɤɭɥ (ɚɬɨɦɨɜ, ɢɨɧɨɜ). Ɋɚɡɥɢɱɚɸɬ ɪɚɡɧɵɟ ɜɢɞɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ (Ɍɋ)μ ɡɚɤɪɵɬɵɟ, ɨɬɤɪɵɬɵɟ, 
ɚɞɢɚɛɚɬɧɵɟ ɢ ɢɡɨɥɢɪɨɜɚɧɧɵɟ. 

  Ɂɚɤɪɵɬɵɟ Ɍɋ ɷɬɨ ɫɢɫɬɟɦɵ, ɧɟ ɨɛɦɟɧɢɜɚɸɳɢɟɫɹ ɜɟɳɟɫɬɜɨɦ ɫ ɞɪɭɝɢɦɢ ɫɢɫɬɟɦɚɦɢ. 

 Ɉɬɤɪɵɬɵɟ Ɍɋ ɷɬɨ ɫɢɫɬɟɦɵ, ɨɛɦɟɧɢɜɚɸɳɢɟɫɹ ɜɟɳɟɫɬɜɨɦ ɢ ɷɧɟɪɝɢɟɣ ɫ ɞɪɭɝɢɦɢ ɫɢɫɬɟɦɚɦɢ. 

 Ⱥɞɢɚɛɚɬɧɵɟ Ɍɋ ɷɬɨ ɫɢɫɬɟɦɵ, ɜ ɤɨɬɨɪɵɯ ɧɟɬ ɬɟɩɥɨɨɛɦɟɧɚ ɫ ɞɪɭɝɢɦɢ ɫɢɫɬɟɦɚɦɢ. 

 ɂɡɨɥɢɪɨɜɚɧɧɵɟ Ɍɋ ɷɬɨ ɫɢɫɬɟɦɵ, ɧɟ ɨɛɦɟɧɢɜɚɸɳɢɟɫɹ ɫ ɞɪɭɝɢɦɢ ɫɢɫɬɟɦɚɦɢ ɧɢ ɷɧɟɪɝɢɟɣ, ɧɢ 
ɜɟɳɟɫɬɜɨɦ. 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɦɚɤɪɨɫɢɫɬɟɦ ɜ ɦɨɥɟɤɭɥɹɪɧɨɣ ɮɢɡɢɤɟ ɢɫɩɨɥɶɡɭɸɬ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɨɫɬɨɹɧɢɹ – 

ɬɟɦɩɟɪɚɬɭɪɭ, ɞɚɜɥɟɧɢɟ, ɨɛɴёɦ. Ʌɸɛɨɟ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɪɟɚɥɶɧɵɯ ɫɢɫɬɟɦ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɧɚ 
ɨɫɧɨɜɟ ɬɨɣ ɢɥɢ ɢɧɨɣ ɦɨɞɟɥɢ, ɜ ɤɨɬɨɪɨɣ ɭɱɢɬɵɜɚɸɬ ɨɩɪɟɞɟɥёɧɧɵɟ ɨɫɨɛɟɧɧɵɟ ɫɜɨɣɫɬɜɚ, ɚ 
ɜɬɨɪɨɫɬɟɩɟɧɧɵɦɢ ɩɪɟɧɟɛɪɟɝɚɸɬ. ȼ ɦɨɥɟɤɭɥɹɪɧɨɣ ɮɢɡɢɤɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɦɨɞɟɥɢ: 

ɢɞɟɚɥɶɧɵɣ ɝɚɡ, ɪɟɚɥɶɧɵɣ ɝɚɡ, ɢɞɟɚɥɶɧɚɹ ɠɢɞɤɨɫɬɶ, ɪɟɚɥɶɧɚɹ ɠɢɞɤɨɫɬɶ, ɬɜɟɪɞɨɟ ɬɟɥɨ, ɩɥɚɡɦɚ. 

Ɇɚɤɪɨɫɢɫɬɟɦɵ ɦɨɝɭɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɪɚɜɧɨɜɟɫɧɨɦ ɢ ɧɟɪɚɜɧɨɜɟɫɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

Ɋɚɜɧɨɜɟɫɧɵɦɢ ɫɨɫɬɨɹɧɢɹɦɢ ɧɚɡɵɜɚɸɬ ɬɚɤɢɟ, ɩɪɢ ɤɨɬɨɪɵɯ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ, 
ɨɩɢɫɵɜɚɸɳɢɟ ɩɨɜɟɞɟɧɢɟ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ, ɨɫɬɚɸɬɫɹ ɧɟɢɡɦɟɧɧɵɦɢ ɜɨ ɜɪɟɦɟɧɢ ɢ ɨɞɢɧɚɤɨɜɵɦɢ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ. 

ȼ ɧɟɪɚɜɧɨɜɟɫɧɨɦ ɫɨɫɬɨɹɧɢɢ ɦɚɤɪɨɜɟɥɢɱɢɧɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ, ɢɡɦɟɧɹɸɬɫɹ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ ɜɨ ɜɪɟɦɟɧɢ, ɩɪɢ ɷɬɨɦ ɜ ɫɢɫɬɟɦɟ ɜɨɡɧɢɤɚɸɬ ɩɨɬɨɤɢ ɜɟɳɟɫɬɜɚ ɢ ɷɧɟɪɝɢɢ (ɹɜɥɟɧɢɹ 
ɩɟɪɟɧɨɫɚ). 

ɇɟɪɚɜɧɨɜɟɫɧɵɟ ɫɨɫɬɨɹɧɢɹ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦ ɢɡɭɱɚɸɬ, ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞɵ ɮɢɡɢɱɟɫɤɨɣ ɤɢɧɟɬɢɤɢ. 

Ɇɚɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɦɨɝɭɬ ɛɵɬɶ ɥɢɧɟɣɧɵɦɢ ɢ ɧɟɥɢɧɟɣɧɵɦɢ. ȼ ɫɥɚɛɨ ɧɟɪɚɜɧɨɜɟɫɧɵɯ 
ɫɨɫɬɨɹɧɢɹɯ, ɝɞɟ ɝɪɚɞɢɟɧɬɵ ɜɟɥɢɱɢɧ ɦɚɥɵ, ɩɟɪɟɧɨɫɢɦɵɟ ɩɨɬɨɤɢ ɢ ɫɢɥɵ, ɜɵɡɵɜɚɸɳɢɟ ɢɯ, ɥɢɧɟɣɧɨ 

ɡɚɜɢɫɹɬ ɨɬ ɝɪɚɞɢɟɧɬɨɜ. ȼ ɫɢɥɶɧɨ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɫɨɫɬɨɹɧɢɹɯ, ɝɞɟ ɝɪɚɞɢɟɧɬɵ ɜɟɥɢɱɢɧ ɜɟɥɢɤɢ, ɩɨɬɨɤɢ 
ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ ɫɥɨɠɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɝɪɚɞɢɟɧɬɨɜ. 

ɉɪɢ ɢɡɭɱɟɧɢɢ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦ ɢɫɩɨɥɶɡɭɸɬ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɩɨɞɯɨɞɵ. 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɩɨɞɯɨɞ. ɋɢɫɬɟɦɭ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɛɟɡ ɭɱɟɬɚ ɟё ɜɧɭɬɪɟɧɧɟɣ ɫɬɪɭɤɬɭɪɵ. ɉɪɢ ɷɬɨɦ 
ɢɫɩɨɥɶɡɭɸɬ ɩɨɧɹɬɢɹ ɢ ɜɟɥɢɱɢɧɵ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɫɢɫɬɟɦɟ ɜ ɰɟɥɨɦ. ɇɚɩɪɢɦɟɪ, ɢɞɟɚɥɶɧɵɣ ɝɚɡ ɜ ɫɨɫɬɨɹɧɢɢ 
ɪɚɜɧɨɜɟɫɢɹ  ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɨɛɴёɦɨɦ, ɞɚɜɥɟɧɢɟɦ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ (V, P ɢ T). ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɫɜɹɡɶ ɦɟɠɞɭ ɷɬɢɦɢ ɜɟɥɢɱɢɧɚɦɢ. Ⱦɥɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ ɯɚɪɚɤɬɟɪɧɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ ɞɥɹ ɨɩɢɫɚɧɢɹ ɫɢɫɬɟɦ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɪɚɜɧɨɜɟɫɧɨɦ ɢɥɢ 
ɫɥɚɛɨ ɧɟɪɚɜɧɨɜɟɫɧɨɦ ɫɨɫɬɨɹɧɢɢ. Ⱦɥɹ ɫɢɥɶɧɨ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ ɨɩɢɫɚɧɢɟ ɫɨɫɬɨɹɧɢɹ 
ɱɟɪɟɡ ɩɨɬɟɧɰɢɚɥɵ ɧɟɜɨɡɦɨɠɧɨ. 

ɋɬɚɬɢɫɬɢɱɟɫɤɢɣ ɩɨɞɯɨɞ. Ⱦɢɧɚɦɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɢɫɬɟɦɵ, ɫɨɞɟɪɠɚɳɟɣ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɱɚɫɬɢɰ,  
ɧɟɜɨɡɦɨɠɧɨ. Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɦɚɤɪɨɫɢɫɬɟɦ ɩɪɢɦɟɧɹɸɬ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɩɨɧɹɬɢɹ ɢ 
ɜɟɥɢɱɢɧɵ, ɨɬɧɨɫɹɳɢɟɫɹ ɧɟ ɤ ɨɬɞɟɥɶɧɵɦ ɱɚɫɬɢɰɚɦ, ɚ ɤ ɛɨɥɶɲɢɦ ɫɨɜɨɤɭɩɧɨɫɬɹɦ ɱɚɫɬɢɰ. Ɂɚɤɨɧɵ 
ɩɨɜɟɞɟɧɢɹ ɫɨɜɨɤɭɩɧɨɫɬɟɣ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɱɚɫɬɢɰ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɧɚɡɵɜɚɸɬɫɹ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɦɢ. ɗɬɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ, ɤɚɤ ɢ ɜɟɥɢɱɢɧɵ, ɨɩɢɫɵɜɚɸɳɢɟ ɫɨɫɬɨɹɧɢɟ 
ɫɢɫɬɟɦɵ, ɡɚɜɢɫɹɬ ɨɬ ɬɨɝɨ, ɜ ɤɚɤɨɦ ɫɨɫɬɨɹɧɢɢ ɧɚɯɨɞɢɬɫɹ ɫɢɫɬɟɦɚμ  ɪɚɜɧɨɜɟɫɧɨɦ ɢɥɢ ɧɟɪɚɜɧɨɜɟɫɧɨɦ. 

 8.2. ɋɬɨɥɤɧɨɜɟɧɢɹ ɦɨɥɟɤɭɥ ɢ ɹɜɥɟɧɢɹ ɩɟɪɟɧɨɫɚ ɜ ɢɞɟɚɥɶɧɨɦ ɝɚɡɟ 

 ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɨɥɟɤɭɥ, ɜ ɱɚɫɬɧɨɫɬɢ ɫɬɨɥɤɧɨɜɟɧɢɟ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɝɚɡɚ, ɢɝɪɚɟɬ ɜɚɠɧɭɸ 
ɪɨɥɶ ɜ ɩɪɨɰɟɫɫɟ ɭɫɬɚɧɨɜɥɟɧɢɹ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ.  
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 ɉɪɚɤɬɢɱɟɫɤɢ ɜ ɡɟɦɧɵɯ ɭɫɥɨɜɢɹɯ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (ɫɢɥ ɬɪɟɧɢɹ) ɜɫɟ ɫɢɫɬɟɦɵ, ɜ 
ɤɨɬɨɪɵɯ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢɬɨɤɚ ɷɧɟɪɝɢɢ ɢɡɜɧɟ, ɹɜɥɹɸɬɫɹ ɞɢɫɫɢɩɚɬɢɜɧɵɦɢ. ȿɫɥɢ ɞɢɫɫɢɩɚɬɢɜɧɭɸ  
ɫɢɫɬɟɦɭ ɜɵɜɟɫɬɢ ɢɡ ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɨɜɟɫɢɹ, ɚ ɡɚɬɟɦ ɩɪɟɞɨɫɬɚɜɢɬɶ ɫɚɦɨɣ ɫɟɛɟ, ɬɨ ɨɧɚ ɩɨɫɬɟɩɟɧɧɨ ɩɟɪɟɣɞёɬ 
ɜ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ. ȼɪɟɦɹ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɫɢɫɬɟɦɚ ɞɨɫɬɢɝɚɟɬ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, 
ɧɚɡɵɜɚɸɬ ɜɪɟɦɟɧɟɦ ɪɟɥɚɤɫɚɰɢɢ. ȼɪɟɦɹ ɪɟɥɚɤɫɚɰɢɢ ɪɚɡɥɢɱɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɡɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɩɨ 
ɤɨɬɨɪɵɦ ɫɢɫɬɟɦɚ ɦɨɠɟɬ ɨɬɤɥɨɧɹɬɶɫɹ ɨɬ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. 

 ȼɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɨɥɟɤɭɥ, ɢɯ ɫɬɨɥɤɧɨɜɟɧɢɹ, ɹɜɥɹɸɬɫɹ ɬɟɦ ɦɟɯɚɧɢɡɦɨɦ, ɤɨɬɨɪɵɣ ɩɪɢɜɨɞɢɬ 
ɫɢɫɬɟɦɭ (ɝɚɡ) ɜ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ. ȼ ɢɞɟɚɥɶɧɨɦ ɝɚɡɟ ɫɬɨɥɤɧɨɜɟɧɢɹ ɩɪɨɢɫɯɨɞɹɬ ɜ ɨɫɧɨɜɧɨɦ ɦɟɠɞɭ 
ɩɚɪɚɦɢ ɦɨɥɟɤɭɥ, ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɫɬɨɥɤɧɨɜɟɧɢɟɦ ɬɪёɯ ɢ ɛɨɥɟɟ ɦɨɥɟɤɭɥ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. 

ȼɵɜɟɫɬɢ ɫɢɫɬɟɦɭ, ɩɪɟɞɫɬɚɜɥɹɸɳɭɸ ɫɨɛɨɣ ɢɞɟɚɥɶɧɵɣ ɝɚɡ, ɢɡ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɨɠɧɨ, 
ɧɚɩɪɢɦɟɪ, ɧɚɝɪɟɜ ɨɞɧɭ ɱɚɫɬɶ ɝɚɡɚ, ɬɨ ɟɫɬɶ ɧɚɪɭɲɢɬɶ ɬɟɩɥɨɜɨɟ ɪɚɜɧɨɜɟɫɢɟ. ȿɫɥɢ ɝɚɡ ɩɨɫɥɟ ɷɬɨɝɨ 
ɩɪɟɞɨɫɬɚɜɢɬɶ ɫɚɦɨɦɭ ɫɟɛɟ, ɬɨ ɱɟɪɟɡ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɧɨɜɚ ɫɬɚɧɟɬ ɨɞɢɧɚɤɨɜɨɣ ɜɨ ɜɫɟɯ 
ɱɚɫɬɹɯ ɝɚɡɚ. ɗɬɨ ɜɵɪɚɜɧɢɜɚɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɛɥɚɝɨɞɚɪɹ ɧɟɩɪɟɪɵɜɧɨɦɭ ɬɟɩɥɨɜɨɦɭ ɞɜɢɠɟɧɢɸ ɦɨɥɟɤɭɥ. ȼ 
ɧɚɝɪɟɬɨɣ ɱɚɫɬɢ ɛɨɥɶɲɟ ɛɵɫɬɪɵɯ ɦɨɥɟɤɭɥ, ɢɦɟɸɳɢɯ ɛɨɥɶɲɭɸ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ, ɱɟɦ ɜ ɞɪɭɝɢɯ ɱɚɫɬɹɯ 
ɝɚɡɚ, ɩɨɷɬɨɦɭ ɛɵɫɬɪɵɟ ɦɨɥɟɤɭɥɵ ɩɟɪɟɯɨɞɹɬ ɬɭɞɚ, ɝɞɟ ɢɯ ɦɟɧɶɲɟ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɯ ɱɢɫɥɨ ɫɬɚɧɨɜɢɬɫɹ 
ɪɚɜɧɵɦ ɩɨɜɫɸɞɭ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɦɟɳɟɧɢɟ ɦɨɥɟɤɭɥ ɢ ɜ ɧɚɝɪɟɬɭɸ ɨɛɥɚɫɬɶ, ɛɥɚɝɨɞɚɪɹ 
ɫɨɭɞɚɪɟɧɢɹɦ, ɬɚɤ ɱɬɨ ɱɢɫɥɨ ɱɚɫɬɢɰ ɜ ɟɞɢɧɢɰɟ ɨɛɴёɦɚ ɜ ɫɪɟɞɧɟɦ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. ɉɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ 
ɩɟɪɟɧɨɫ ɷɧɟɪɝɢɢ ɢɡ ɬɨɣ ɱɚɫɬɢ ɝɚɡɚ, ɝɞɟ ɨɧɚ ɛɨɥɶɲɟ, ɬɭɞɚ, ɝɞɟ ɨɧɚ ɦɟɧɶɲɟ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɧɚɡɵɜɚɟɬɫɹ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ. 

 ȿɫɥɢ ɫɢɫɬɟɦɭ ɜɵɜɟɫɬɢ ɢɡ ɪɚɜɧɨɜɟɫɢɹ, ɞɨɛɚɜɢɜ ɩɪɢɦɟɫɶ ɞɪɭɝɨɝɨ ɝɚɡɚ, ɬɚɤ, ɱɬɨɛɵ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ 
ɜɨ ɜɫёɦ ɨɛɴёɦɟ ɞɚɜɥɟɧɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɢɦɟɫɢ ɜ ɨɞɧɨɣ ɱɚɫɬɢ ɛɵɥɚ ɜɵɲɟ, ɱɟɦ ɜɨ ɜɫɟɯ 
ɞɪɭɝɢɯ, ɬɨ ɫɩɭɫɬɹ ɨɩɪɟɞɟɥёɧɧɨɟ ɜɪɟɦɹ ɫɢɫɬɟɦɚ ɩɟɪɟɣɞёɬ ɜ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ ɡɚ ɫɱёɬ ɩɟɪɟɦɟɳɟɧɢɹ 
ɦɨɥɟɤɭɥ ɩɪɢɦɟɫɢ ɢɡ ɨɛɥɚɫɬɢ ɫ ɛɨɥɶɲɟɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɜ ɨɛɥɚɫɬɶ ɫ ɦɟɧɶɲɟɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ. ȼ ɞɚɧɧɨɦ 
ɩɪɨɰɟɫɫɟ, ɤɨɬɨɪɵɣ ɧɚɡɵɜɚɟɬɫɹ ɞɢɮɮɭɡɢɟɣ, ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɧɨɫ ɦɚɫɫɵ ɩɪɢɦɟɫɢ. ȼɪɟɦɹ ɪɟɥɚɤɫɚɰɢɢ 
ɫɢɫɬɟɦɵ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟ ɪɚɜɧɨ ɜɪɟɦɟɧɢ ɪɟɥɚɤɫɚɰɢɢ ɫɢɫɬɟɦɵ, ɫɬɪɟɦɹɳɟɣɫɹ ɤ ɬɟɩɥɨɜɨɦɭ ɪɚɜɧɨɜɟɫɢɸ.  

 Ɋɚɜɧɨɜɟɫɢɟ ɝɚɡɚ ɦɨɠɟɬ ɛɵɬɶ ɧɚɪɭɲɟɧɨ, ɟɫɥɢ ɨɞɧɨɣ ɢɡ ɟɝɨ ɱɚɫɬɟɣ ɫɨɨɛɳɟɧɚ ɫɤɨɪɨɫɬɶ, ɨɬɥɢɱɧɚɹ 
ɨɬ ɫɤɨɪɨɫɬɢ ɬɟɱɟɧɢɹ ɫɨɫɟɞɧɢɯ ɱɚɫɬɟɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɱɟɪɟɡ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ, ɛɥɚɝɨɞɚɪɹ ɩɟɪɟɧɨɫɭ 
ɢɦɩɭɥɶɫɚ ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ ɨɬ ɛɨɥɟɟ ɛɵɫɬɪɵɯ ɫɥɨёɜ ɤ ɦɟɧɟɟ ɛɵɫɬɪɵɦ, ɫɤɨɪɨɫɬɢ ɫɥɨёɜ 
ɜɵɪɚɜɧɢɜɚɸɬɫɹ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɧɚɡɵɜɚɟɬɫɹ ɜɹɡɤɨɫɬɶɸ. 

 ȼɫɟ ɷɬɢ ɩɪɨɰɟɫɫɵ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɹɜɥɟɧɢɹ ɩɟɪɟɧɨɫɚ, ɩɨɞɯɨɞɹ ɤ ɢɯ ɢɡɭɱɟɧɢɸ ɫ 
ɮɨɪɦɚɥɶɧɨɣ ɫɬɨɪɨɧɵ ɨɞɢɧɚɤɨɜɨμ ɜɵɞɟɥɹɹ ɩɟɪɟɧɨɫɢɦɭɸ ɜɟɥɢɱɢɧɭ, ɜɵɞɟɥɹɹ ɩɪɢɱɢɧɭ ɩɟɪɟɧɨɫɚ, ɜɜɨɞɹ 
ɭɪɚɜɧɟɧɢɟ ɩɟɪɟɧɨɫɚ ɢ ɜɪɟɦɟɧɚ ɪɟɥɚɤɫɚɰɢɢ. 

 Ʉɚɤ ɭɠɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɦɟɯɚɧɢɡɦ, ɤɨɬɨɪɵɣ ɩɪɢɜɨɞɢɬ ɫɢɫɬɟɦɭ (ɝɚɡ) ɜ ɪɚɜɧɨɜɟɫɧɨɟ 
ɫɨɫɬɨɹɧɢɟ, ɨɛɭɫɥɨɜɥɟɧ ɫɬɨɥɤɧɨɜɟɧɢɹɦɢ ɦɨɥɟɤɭɥ. ɋɬɨɥɤɧɨɜɟɧɢɹ ɦɨɥɟɤɭɥ ɹɜɥɹɸɬɫɹ ɫɥɭɱɚɣɧɵɦɢ 
ɫɨɛɵɬɢɹɦɢ. Ɉɧɢ ɡɚɜɢɫɹɬ ɨɬ ɫɤɨɪɨɫɬɟɣ ɦɨɥɟɤɭɥ, ɢɯ ɪɚɡɦɟɪɨɜ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ. ɑɬɨɛɵ ɚɧɚɥɢɡ ɹɜɥɟɧɢɣ 
ɩɟɪɟɧɨɫɚ ɦɨɠɧɨ ɛɵɥɨ ɩɪɨɜɟɫɬɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨ, ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɨɫɧɨɜɧɵɟ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɞɜɢɠɟɧɢɹ. 

 ɉɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɫɬɨɥɤɧɨɜɟɧɢɣ. Ɇɨɥɟɤɭɥɵ ɝɚɡɚ ɧɟɩɪɟɪɵɜɧɨ ɢ ɛɟɫɩɨɪɹɞɨɱɧɨ ɞɜɢɠɭɬɫɹ. 

Ȼɟɫɩɨɪɹɞɨɱɧɨɟ ɞɜɢɠɟɧɢɟ ɨɛɭɫɥɨɜɥɟɧɨ ɦɧɨɝɨɱɢɫɥɟɧɧɵɦɢ ɫɬɨɥɤɧɨɜɟɧɢɹɦɢ ɦɨɥɟɤɭɥ. ɂɡɦɟɧɟɧɢɟ 
ɧɚɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥɵ ɧɚ ɡɚɦɟɬɧɵɣ ɭɝɨɥ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɞɪɭɝɨɣ ɦɨɥɟɤɭɥɵ ɧɚɡɵɜɚɸɬ 
ɫɬɨɥɤɧɨɜɟɧɢɟɦ ɦɨɥɟɤɭɥ ɢɥɢ ɪɚɫɫɟɹɧɢɟɦ.  Ɍɚɤ ɤɚɤ ɫɬɨɥɤɧɨɜɟɧɢɹ ɦɨɥɟɤɭɥ ɹɜɥɹɸɬɫɹ ɫɥɭɱɚɣɧɵɦɢ 
ɫɨɛɵɬɢɹɦɢ, ɬɨ ɪɟɡɭɥɶɬɚɬɵ ɫɬɨɥɤɧɨɜɟɧɢɣ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɫɤɚɡɚɧɵ ɥɢɲɶ ɜɟɪɨɹɬɧɨɫɬɧɨ. ȼɟɪɨɹɬɧɨɫɬɶ 

ɫɬɨɥɤɧɨɜɟɧɢɹ ɨɩɢɫɵɜɚɸɬ ɫ ɩɨɦɨɳɶɸ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ı 
(ɢɥɢ ɷɮɮɟɤɬɢɜɧɨɣ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɹ ɢɥɢ ɫɟɱɟɧɢɹ 
ɪɚɫɫɟɹɧɢɹ). ɉɚɞɚɸɳɚɹ ɱɚɫɬɢɰɚ ɫɱɢɬɚɟɬɫɹ ɬɨɱɟɱɧɨɣ, ɚ 
ɱɚɫɬɢɰɵ-ɦɢɲɟɧɢ, ɫ ɤɨɬɨɪɵɦɢ ɨɧɚ ɫɬɚɥɤɢɜɚɟɬɫɹ, ɢɦɟɸɬ 
ɬɚɤɢɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɪɚɡɦɟɪɵ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɚɹ 
ɩɥɨɳɚɞɶ ɢɯ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɥɨɫɤɨɫɬɶɸ, 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɧɚɩɪɚɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ ɩɚɞɚɸɳɟɣ 
ɱɚɫɬɢɰɵ, ɪɚɜɧɚ ı, ɚ ɟё ɷɮɮɟɤɬɢɜɧɵɣ ɪɚɞɢɭɫ rɷ , ɪɚɜɟɧ 
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ɞɢɚɦɟɬɪɭ ɦɨɥɟɤɭɥɵ d (ɪɢɫ.8.1). Ɍɨɝɞɚ ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɪɚɫɫɟɹɧɢɹ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɱɟɪɟɡ 
ɷɮɮɟɤɬɢɜɧɵɣ ɞɢɚɦɟɬɪ ɦɨɥɟɤɭɥɵμ 

2
d                                   (8-1) 

             ɗɬɨ ɜɨɨɛɪɚɠɚɟɦɚɹ, ɚ ɧɟ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɩɥɨɳɚɞɶ. ɉɭɫɬɶ S – ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ (ɧɚ ɪɢɫ.8.β 
ɜɵɞɟɥɟɧɚ ɰɜɟɬɨɦ) ɧɟɤɨɬɨɪɨɝɨ ɨɛɴёɦɚ ɝɚɡɚ. ȼ ɫɥɨɟ ɨɛɴёɦɨɦ dV=Sdx ɧɚɯɨɞɢɬɫɹ N=noSdx ɱɚɫɬɢɰ-

ɦɢɲɟɧɟɣ, ɝɞɟ no – ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɥɟɤɭɥ ɝɚɡɚ. ɋɭɦɦɚ ɢɯ ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɣ dS, ɤɨɬɨɪɚɹ ɡɚɤɪɵɜɚɟɬ 
ɱɚɫɬɶ ɩɥɨɳɚɞɢ S , ɪɚɜɧɚμ 

SdxndS 0 . 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɩɚɞɚɸɳɚɹ ɱɚɫɬɢɰɚ ɩɨɩɚɞёɬ ɜ ɨɞɧɭ ɢɡ ɱɚɫɬɢɰ -ɦɢɲɟɧɟɣ ɜ ɫɥɨɟ 
ɬɨɥɳɢɧɨɣ dx , ɪɚɜɧɚμ 

dxn
S

dS
W 0                                                       (8-2) 

Ɉɬɫɸɞɚ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɫɟɱɟɧɢɟ ɪɚɫɫɟɹɧɢɹμ 

                    
dxn

W

0

                                                            (8-3) 

ȼɢɞɧɨ, ɱɬɨ ı – ɜɨɨɛɪɚɠɚɟɦɚɹ ɩɥɨɳɚɞɶ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶɸ ɫɬɨɥɤɧɨɜɟɧɢɹ ɱɚɫɬɢɰ. 
ȼɟɪɨɹɬɧɨɫɬɶ ɫɬɨɥɤɧɨɜɟɧɢɹ ɬɟɦ ɜɵɲɟ, ɱɟɦ ɜɵɲɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɱɚɫɬɢɰ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɫɥɚɛɭɸ 
ɡɚɜɢɫɢɦɨɫɬɶ ı ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. ɑɟɦ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɚ, ɬɟɦ ɜɵɲɟ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɬɟɩɥɨɜɨɝɨ 
ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥ, ɬɟɦ ɦɟɧɶɲɢɟ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɢɫɩɵɬɵɜɚɸɬ ɦɨɥɟɤɭɥɵ, 
ɬɨ ɟɫɬɶ ɬɟɦ ɦɟɧɶɲɟ ɜɟɪɨɹɬɧɨɫɬɶ ɫɬɨɥɤɧɨɜɟɧɢɹ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɟɦ ɦɟɧɶɲɟ ɫɟɱɟɧɢɟ ɪɚɫɫɟɹɧɢɹ.  

8.3. ɋɪɟɞɧɟɟ ɱɢɫɥɨ ɫɬɨɥɤɧɨɜɟɧɢɣ ɢ ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɦɨɥɟɤɭɥ 

Ɉɩɪɟɞɟɥɢɦ ɫɪɟɞɧɟɟ ɱɢɫɥɨ ɫɬɨɥɤɧɨɜɟɧɢɣ ɦɨɥɟɤɭɥɵ ɝɚɡɚ ɡɚ ɨɞɧɭ ɫɟɤɭɧɞɭ. ɉɨɥɨɠɢɦ, ɱɬɨ 
ɦɨɥɟɤɭɥɵ-ɦɢɲɟɧɢ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɨ ɨɛɴёɦɭ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ n. ɉɭɫɬɶ ɜɫɟ ɦɨɥɟɤɭɥɵ, ɤɪɨɦɟ 
ɨɞɧɨɣ, ɩɨɤɨɹɬɫɹ. Ɍɨɝɞɚ ɞɜɢɠɭɳɚɹɫɹ ɦɨɥɟɤɭɥɚ ɡɚ ɨɞɧɭ ɫɟɤɭɧɞɭ ɩɪɨɣɞёɬ ɪɚɫɫɬɨɹɧɢɟ, ɱɢɫɥɟɧɧɨ ɪɚɜɧɨɟ 

ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ  , ɢ ɫɬɨɥɤɧёɬɫɹ ɫɨ ɜɫɟɦɢ ɦɨɥɟɤɭɥɚɦɢ, ɤɨɬɨɪɵɟ ɨɤɚɠɭɬɫɹ ɧɚ ɟё ɩɭɬɢ. ɗɬɨ ɛɭɞɭɬ ɬɟ 

ɦɨɥɟɤɭɥɵ, ɰɟɧɬɪɵ ɤɨɬɨɪɵɯ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɨɛɴёɦɟ ɰɢɥɢɧɞɪɚ, ɞɥɢɧɨɣ   ɢ ɩɥɨɳɚɞɶɸ ɨɫɧɨɜɚɧɢɹ ı 

(ɪɢɫ.8.γ).Ɉɛɴёɦ ɷɬɨɝɨ ɰɢɥɢɧɞɪɚ ɪɚɜɟɧ V , ɚ ɱɢɫɥɨ ɦɨɥɟɤɭɥ ɜ ɧёɦ ɪɚɜɧɨ nN  . Ɍɚɤɢɦ ɠɟ ɛɭɞɟɬ 
ɱɢɫɥɨ ɫɬɨɥɤɧɨɜɟɧɢɣ, ɤɨɬɨɪɨɟ ɢɫɩɵɬɵɜɚɟɬ ɦɨɥɟɤɭɥɚ. ȿɫɥɢ 
ɭɱɟɫɬɶ, ɱɬɨ ɞɜɢɠɭɬɫɹ ɜɫɟ ɦɨɥɟɤɭɥɵ ɜ ɜɵɞɟɥɟɧɧɨɦ ɨɛɴёɦɟ, ɬɨ 
ɩɪɢ ɩɨɞɫɱёɬɟ ɱɢɫɥɚ ɫɬɨɥɤɧɨɜɟɧɢɣ ɧɭɠɧɨ ɭɱɢɬɵɜɚɬɶ ɧɟ 
ɚɛɫɨɥɸɬɧɭɸ ɫɤɨɪɨɫɬɶ (ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɟɧɨɤ ɫɨɫɭɞɚ), ɚ 
ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɦɨɥɟɤɭɥɵ, ɬɨ ɟɫɬɶ ɫɤɨɪɨɫɬɶ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɟɯ ɦɨɥɟɤɭɥ, ɫ ɤɨɬɨɪɵɦɢ ɨɧɚ ɫɬɚɥɤɢɜɚɟɬɫɹ. 
Ɉɩɪɟɞɟɥɢɦ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɞɜɭɯ ɦɨɥɟɤɭɥ, 

ɞɜɢɠɭɳɢɯɫɹ ɫɨ ɫɤɨɪɨɫɬɹɦɢ 1


 ɢ 2


: 21 


ɨɬɧ . 

ȼɨɡɜɟɞёɦ ɜ ɤɜɚɞɪɚɬ ɨɛɟ ɱɚɫɬɢ ɩɨɫɥɟɞɧɟɝɨ ɪɚɜɟɧɫɬɜɚ ɢ 
ɩɨɥɭɱɢɦμ  

 2121

2

2

2

1

2 cos2 
 ɨɬɧ . 

ɍɫɪɟɞɧɢɦ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɢ ɩɨɥɭɱɢɦμ  2121

2

2

2

1

2 cos2 
 ɨɬɧ . ɍɱɬёɦ, ɱɬɨ 

  0cos 21 


, ɚ 21   , ɩɨɥɭɱɢɦ 2 ɨɬɧ . 

 ɍɱɢɬɵɜɚɹ ɷɬɨ, ɫɪɟɞɧɟɟ ɱɢɫɥɨ ɫɬɨɥɤɧɨɜɟɧɢɣ ɦɨɥɟɤɭɥɵ ɡɚ ɨɞɧɭ ɫɟɤɭɧɞɭ ɪɚɜɧɨμ 

 Ɋɢɫ.8.γ 
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nZ 20                                                            (8-4) 

ɋ ɭɱёɬɨɦ ɮɨɪɦɭɥɵ (8-1) ɩɨɥɭɱɢɦμ  

ndZ  2

0 2                                                         (8-5) 

ȼ ɫɢɫɬɟɦɟ ɢɧɬɟɪɧɚɰɢɨɧɚɥɶɧɨɣ ɟɞɢɧɢɰɚ ɢɡɦɟɪɟɧɢɹ Z0 ɪɚɜɧɚ ɫ - 1. 

ɋɪɟɞɧɟɟ ɱɢɫɥɨ ɫɬɨɥɤɧɨɜɟɧɢɣ ɡɚ ɫɟɤɭɧɞɭ, ɢɫɩɵɬɵɜɚɟɦɨɟ ɜɫɟɦɢ N  ɦɨɥɟɤɭɥɚɦɢ ɨɩɪɟɞɟɥɹɸɬ 
ɫ ɭɱёɬɨɦ ɬɨɝɨ, ɱɬɨ ɜ ɫɬɨɥɤɧɨɜɟɧɢɹɯ ɭɱɚɫɬɜɭɸɬ ɩɚɪɵ ɦɨɥɟɤɭɥ, ɚ ɜɟɪɨɹɬɧɨɫɬɶɸ ɫɬɨɥɤɧɨɜɟɧɢɹ ɬɪёɯ ɢ 
ɛɨɥɟɟ ɦɨɥɟɤɭɥ ɩɪɟɧɟɛɪɟɝɚɸɬμ 

2

0 NZ
Z                                                              (8-6) 

ɋɪɟɞɧɟɟ ɱɢɫɥɨ ɫɬɨɥɤɧɨɜɟɧɢɣ ɦɨɥɟɤɭɥ ɡɚ ɜɪɟɦɹ t: 

t
NZ

Z t
2

0                                                          (8-7) 

Ɂɧɚɹ ɫɪɟɞɧɟɟ ɱɢɫɥɨ ɫɬɨɥɤɧɨɜɟɧɢɣ ɨɞɧɨɣ ɦɨɥɟɤɭɥɵ ɡɚ ɫɟɤɭɧɞɭ Z0 , ɦɨɠɧɨ ɧɚɣɬɢ ɜɪɟɦɹ ɦɟɠɞɭ ɞɜɭɦɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦɢ ɫɨɭɞɚɪɟɧɢɹɦɢ ɦɨɥɟɤɭɥɵ – ɜɪɟɦɹ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ :  

0

1

Z
                                                                (8-8)  

8.4.ɋɪɟɞɧɹɹ ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɦɨɥɟɤɭɥ 

Ɋɚɫɫɬɨɹɧɢɟ, ɤɨɬɨɪɨɟ ɦɨɥɟɤɭɥɚ ɩɪɨɯɨɞɢɬ ɦɟɠɞɭ ɞɜɭɦɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦɢ ɫɬɨɥɤɧɨɜɟɧɢɹɦɢ, 
ɧɚɡɵɜɚɟɬɫɹ ɞɥɢɧɨɣ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ. Ɍɚɤ ɤɚɤ ɦɨɥɟɤɭɥ ɦɧɨɝɨ, ɢɯ ɞɜɢɠɟɧɢɹ ɛɟɫɩɨɪɹɞɨɱɧɵ ɢ 
ɫɬɨɥɤɧɨɜɟɧɢɹ ɫɥɭɱɚɣɧɵ, ɬɨ ɞɥɢɧɵ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɧɚ ɡɢɝɡɚɝɨɨɛɪɚɡɧɨɦ ɩɭɬɢ ɦɨɥɟɤɭɥɵ ɦɨɝɭɬ ɛɵɬɶ 
ɪɚɡɧɵɦɢ. ɉɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɝɨɜɨɪɢɬɶ ɨ ɫɪɟɞɧɟɣ ɞɥɢɧɟ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ  . ȼɟɥɢɱɢɧɵ 
ɫɟɱɟɧɢɹ ɪɚɫɫɟɹɧɢɹ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɨɥɟɤɭɥ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɩɭɬɢ, ɩɪɨɣɞɟɧɧɨɝɨ ɱɚɫɬɢɰɟɣ, ɩɨɷɬɨɦɭ 
ɜɟɪɨɹɬɧɨɫɬɶ ɫɬɨɥɤɧɨɜɟɧɢɹ ɪɚɫɬёɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɩɪɨɯɨɞɢɦɨɦɭ ɱɚɫɬɢɰɟɣ ɩɭɬɢ. Ⱦɥɢɧɚ ɩɭɬɢ  , ɩɪɢ 
ɤɨɬɨɪɨɣ ɜɟɪɨɹɬɧɨɫɬɶ ɫɬɨɥɤɧɨɜɟɧɢɹ ɪɚɜɧɚ ɟɞɢɧɢɰɟ, ɧɚɡɵɜɚɟɬɫɹ ɫɪɟɞɧɟɣ ɞɥɢɧɨɣ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ. 

Ⱦɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɡɚɩɢɫɢ   ɢɫɩɨɥɶɡɭɟɦ ɮɨɪɦɭɥɭ (8-β), ɡɚɦɟɧɢɜ dx ɧɚ  ɢ ɩɪɢɪɚɜɧɹɜ ɜɟɪɨɹɬɧɨɫɬɶ 
ɫɬɨɥɤɧɨɜɟɧɢɹ ɟɞɢɧɢɰɟ, ɩɨɥɭɱɢɦμ  

                                      
n

 1
                                                                   (8-9) 

ɋɪɟɞɧɹɹ ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɱɟɪɟɡ ɫɪɟɞɧɸɸ ɫɤɨɪɨɫɬɶ ɦɨɥɟɤɭɥ ɢ 
ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ, ɭɱɢɬɵɜɚɹ ɬɨ, ɱɬɨ ɦɨɥɟɤɭɥɵ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ  ɞɜɢɠɭɬɫɹ ɪɚɜɧɨɦɟɪɧɨ 
ɢ ɩɪɹɦɨɥɢɧɟɣɧɨ ɦɟɠɞɭ ɞɜɭɦɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦɢ ɫɨɭɞɚɪɟɧɢɹɦɢμ  

                                  

0Z

                                                              (8-10) 

ɍɱɢɬɵɜɚɹ ɮɨɪɦɭɥɭ (8-5), ɩɨɥɭɱɢɦμ 

                                  
nd

22

1


                                                              (8-11) 

ɋɪɟɞɧɸɸ ɞɥɢɧɭ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɱɟɪɟɡ ɩɚɪɚɦɟɬɪɵ ɫɨɫɬɨɹɧɢɹ ɝɚɡɚ – 

ɞɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɭ, ɭɱɢɬɵɜɚɹ, ɱɬɨ 
kT

P
n  , ɩɨɥɭɱɢɦμ 

Pd

kT
22

                                                            (8-12) 

ɋɪɟɞɧɹɹ ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɛɪɚɬɧɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɞɚɜɥɟɧɢɸ, ɚ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɞɚɜɥɟɧɢɢ – ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɬɟɦɩɟɪɚɬɭɪɟ. 
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                                             8.5.  Ⱦɢɮɮɭɡɢɹ ɜ ɝɚɡɚɯ 

 Ⱦɢɮɮɭɡɢɟɣ ɧɚɡɵɜɚɟɬɫɹ ɹɜɥɟɧɢɟ ɜɡɚɢɦɧɨɝɨ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɞɜɭɯ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ 
ɜɟɳɟɫɬɜ. Ʉɚɠɞɵɣ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɟɫɢ ɩɟɪɟɯɨɞɢɬ ɢɡ ɨɛɥɚɫɬɢ ɫ ɛɨɥɶɲɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɨɛɥɚɫɬɶ ɫ 
ɦɟɧɶɲɟɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ. ɉɪɢ ɞɢɮɮɭɡɢɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɧɨɫ ɜɟɳɟɫɬɜɚ. Ⱦɢɮɮɭɡɢɹ ɜ 
ɝɚɡɚɯ ɜɨɡɧɢɤɚɟɬ ɢ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɨɧɢ ɧɟɨɞɧɨɪɨɞɧɵ ɩɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɥɢ ɩɥɨɬɧɨɫɬɢ (ɫɚɦɨɞɢɮɮɭɡɢɹ). 

Ⱦɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɢɫɚɧɢɹ ɷɬɨɝɨ ɹɜɥɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɩɨɧɹɬɢɟ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɨɬɨɤɚ. 
Ⱦɢɮɮɭɡɢɨɧɧɵɣ ɩɨɬɨɤ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɱɟɪɟɡ ɦɚɫɫɭ ɩɟɪɟɧɨɫɢɦɨɝɨ ɜɟɳɟɫɬɜɚ ɢɥɢ ɱɟɪɟɡ ɱɢɫɥɨ ɦɨɥɟɤɭɥ 
(ɢɥɢ ɦɨɥɟɣ) ɩɟɪɟɧɨɫɢɦɨɝɨ ɜɟɳɟɫɬɜɚ. 

 Ⱦɢɮɮɭɡɢɨɧɧɵɣ ɩɨɬɨɤ ɤɚɤ ɩɨɬɨɤ ɦɚɫɫɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɚɫɫɨɣ ɜɟɳɟɫɬɜɚ, ɩɟɪɟɧɟɫёɧɧɨɝɨ ɱɟɪɟɡ 
ɩɥɨɳɚɞɤɭ dS, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ ɧɚɩɪɚɜɥɟɧɢɸ ɩɟɪɟɧɨɫɚ, ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ. ɑɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɩɨɧɹɬɢɟ 
ɩɥɨɬɧɨɫɬɢ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɨɬɨɤɚ. ɉɥɨɬɧɨɫɬɶ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɚɫɫɨɣ ɜɟɳɟɫɬɜɚ, 
ɩɟɪɟɧɟɫёɧɧɨɝɨ ɱɟɪɟɡ ɟɞɢɧɢɱɧɭɸ ɩɥɨɳɚɞɤɭ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ ɧɚɩɪɚɜɥɟɧɢɸ ɩɟɪɟɧɨɫɚ, ɜ ɟɞɢɧɢɰɭ 
ɜɪɟɦɟɧɢ. ɉɥɨɬɧɨɫɬɶ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɪɚɜɧɚμ 

dSdt

dMНɉ    ,                                                     (8-13) 

ɝɞɟ dM- ɷɥɟɦɟɧɬ ɦɚɫɫɵ ɜɟɳɟɫɬɜɚ, ɩɟɪɟɧɨɫɢɦɨɝɨ ɱɟɪɟɡ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɭɸ ɩɥɨɳɚɞɤɭ dS , 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ ɧɚɩɪɚɜɥɟɧɢɸ ɩɟɪɟɧɨɫɚ, ɡɚ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ dt.  

 Ⱦɢɮɮɭɡɢɨɧɧɵɣ ɩɨɬɨɤ ɤɚɤ ɩɨɬɨɤ ɱɚɫɬɢɰ ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɢɫɥɨɦ ɱɚɫɬɢɰ ɜɟɳɟɫɬɜɚ, 
ɩɟɪɟɧɟɫёɧɧɨɝɨ ɱɟɪɟɡ ɩɥɨɳɚɞɤɭ dS, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ ɧɚɩɪɚɜɥɟɧɢɸ ɩɟɪɟɧɨɫɚ, ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ. 
ɉɥɨɬɧɨɫɬɶ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɢɫɥɨɦ ɱɚɫɬɢɰ ɜɟɳɟɫɬɜɚ, ɩɟɪɟɧɟɫёɧɧɨɝɨ ɱɟɪɟɡ 
ɟɞɢɧɢɱɧɭɸ ɩɥɨɳɚɞɤɭ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ ɧɚɩɪɚɜɥɟɧɢɸ ɩɟɪɟɧɨɫɚ, ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
ɩɥɨɬɧɨɫɬɶ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɪɚɜɧɚμ 

 
dSdt

dN
dɉ  ,                                                        (8-14) 

ɝɞɟ dN- ɷɥɟɦɟɧɬɚɪɧɨɟ ɱɢɫɥɨ ɱɚɫɬɢɰ ɜɟɳɟɫɬɜɚ, ɩɟɪɟɧɨɫɢɦɨɝɨ ɱɟɪɟɡ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɭɸ ɩɥɨɳɚɞɤɭ dS, 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ ɧɚɩɪɚɜɥɟɧɢɸ ɩɟɪɟɧɨɫɚ, ɡɚ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ dt.  

 Ɉɫɧɨɜɧɨɣ ɡɚɤɨɧ ɞɢɮɮɭɡɢɢ – ɡɚɤɨɧ Ɏɢɤɚ: 

 ɩɥɨɬɧɨɫɬɶ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɤɚɤɨɝɨ-ɥɢɛɨ ɤɨɦɩɨɧɟɧɬɚ ɜɟɳɟɫɬɜɚ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 
ɝɪɚɞɢɟɧɬɭ ɤɨɧɰɟɧɬɪɚɰɢɢ (ɩɥɨɬɧɨɫɬɢ) ɷɬɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɫɨ ɡɧɚɤɨɦ «ɦɢɧɭɫ»: 

Dgradn
dSdt

dM



                                            (8-15) 

Ɂɞɟɫɶ n


- ɜɟɤɬɨɪ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɧɨɪɦɚɥɢ ɤ ɩɥɨɳɚɞɤɟ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɩɟɪɟɧɨɫɢɬɫɹ ɜɟɳɟɫɬɜɨν ɟɝɨ 
ɧɚɩɪɚɜɥɟɧɢɟ ɫɨɜɩɚɞɚɟɬ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɟɪɟɧɨɫɚ ɜɟɳɟɫɬɜɚ. Ƚɪɚɞɢɟɧɬ ɩɥɨɬɧɨɫɬɢ grad - ɷɬɨ 
ɜɟɤɬɨɪ, ɤɨɬɨɪɵɣ,  ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɛɵɫɬɪɨɬɭ ɢɡɦɟɧɟɧɢɹ ɫɤɚɥɹɪɧɨɣ ɜɟɥɢɱɢɧɵ – ɩɥɨɬɧɨɫɬɢ - ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɢ ɧɚɩɪɚɜɥɟɧ ɜ ɫɬɨɪɨɧɭ ɧɚɢɛɨɥɟɟ ɛɵɫɬɪɨɝɨ ɜɨɡɪɚɫɬɚɧɢɹ ɞɚɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. D - ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ. 
Ɂɧɚɤ «ɦɢɧɭɫ» ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚɩɪɚɜɥɟɧɢɟ ɩɨɬɨɤɚ ɜɟɳɟɫɬɜɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɝɪɚɞɢɟɧɬɭ ɩɥɨɬɧɨɫɬɢ. 

  Ƚɪɚɞɢɟɧɬ ɩɥɨɬɧɨɫɬɢ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɬɚɤμ 

k
dz

d
j

dy

d
i

dx

d
grad

    ,                                     (8-16) 

ɝɞɟ kji


,, - ɟɞɢɧɢɱɧɵɟ ɜɟɤɬɨɪɚ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɜɞɨɥɶ ɨɫɟɣ x,y,z, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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 Ⱦɥɹ ɨɞɧɨɦɟɪɧɨɝɨ ɫɥɭɱɚɹ i
dx

d
grad

   ɢ ɭɪɚɜɧɟɧɢɟ (8-15) ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɩɢɫɚɧɨ ɜ ɫɤɚɥɹɪɧɨɦ 

ɜɢɞɟ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɧɚɩɪɚɜɥɟɧɢɹ ɜɟɤɬɨɪɨɜ n


 ɢ i


ɫɨɜɩɚɞɚɸɬμ 

dx

d
D

dSdt

dM 
                                                   (8-17) 

Ⱥɧɚɥɨɝɢɱɧɨ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɡɚɤɨɧ Ɏɢɤɚ ɢ ɱɟɪɟɡ ɩɨɬɨɤ ɱɚɫɬɢɰμ  

Dgradnn
dSdt

dN



                                    (8-18) 

 Ʉɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɱɢɫɥɟɧɧɨ ɪɚɜɟɧ ɩɥɨɬɧɨɫɬɢ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɟɞɢɧɢɱɧɨɦ 

ɝɪɚɞɢɟɧɬɟ ɤɨɧɰɟɧɬɪɚɰɢɢ (ɩɥɨɬɧɨɫɬɢ) ɢ ɋɂ ɢɡɦɟɪɹɟɬɫɹ ɜ 
ɫ

ɦ 2

.  

 ȼ ɢɞɟɚɥɶɧɵɯ ɝɚɡɚɯ ɦɟɯɚɧɢɡɦ ɩɟɪɟɧɨɫɚ ɜɟɳɟɫɬɜɚ ɨɛɭɫɥɨɜɥɟɧ ɫɨɭɞɚɪɟɧɢɹɦɢ ɦɨɥɟɤɭɥ, ɩɨɷɬɨɦɭ, ɱɟɦ 
ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ, ɬɟɦ ɛɨɥɶɲɟ ɞɢɮɮɭɡɢɨɧɧɵɣ ɩɨɬɨɤ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ. Ʉɨɷɮɮɢɰɢɟɧɬ 
ɞɢɮɮɭɡɢɢ, ɚ ɬɨɱɧɟɟ ɫɚɦɨɞɢɮɮɭɡɢɢ (ɞɢɮɮɭɡɢɢ ɜɟɳɟɫɬɜɚ ɫɚɦɨɝɨ ɜ ɫɟɛɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ ɤɨɧɰɟɧɬɪɚɰɢɢ) ɞɥɹ ɢɞɟɚɥɶɧɵɯ ɝɚɡɨɜ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɬɚɤμ  


3

1
D                                                           (5-19) 

Ɂɞɟɫɶ  - ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɦɨɥɟɤɭɥ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ, 


 RT8
 - ɫɪɟɞɧɹɹ 

ɚɪɢɮɦɟɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɦɨɥɟɤɭɥ. ɉɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ   ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 
ɞɚɜɥɟɧɢɸ, ɚ ɫɤɨɪɨɫɬɶ ɹɜɥɹɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ, ɩɨɷɬɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ. ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ 

ɞɚɜɥɟɧɢɸ. ɉɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɞɚɜɥɟɧɢɢ   ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ Ɍ, ɚ ɫɪɟɞɧɹɹ ɚɪɢɮɦɟɬɢɱɟɫɤɚɹ 

ɫɤɨɪɨɫɬɶ з T , ɩɨɷɬɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ  ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ 3
T . 

   

8.6. ȼɹɡɤɨɫɬɶ ɝɚɡɨɜ 

 ȼɹɡɤɨɫɬɶ ɝɚɡɨɜ – ɷɬɨ ɫɜɨɣɫɬɜɨ, 
ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɨɦɭ ɜɵɪɚɜɧɢɜɚɸɬɫɹ ɫɤɨɪɨɫɬɢ 
ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ ɪɚɡɧɵɯ ɫɥɨёɜ ɝɚɡɚ. 
Ɇɨɠɧɨ ɞɚɬɶ ɢ ɞɪɭɝɨɟ ɨɩɪɟɞɟɥɟɧɢɟ. ȼɹɡɤɨɫɬɶ 
ɝɚɡɨɜ – ɷɬɨ ɹɜɥɟɧɢɟ ɩɟɪɟɧɨɫɚ, ɩɪɢ ɤɨɬɨɪɨɦ 
ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɧɨɫ ɢɦɩɭɥɶɫɚ ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ 
ɞɜɢɠɟɧɢɹ ɨɬ ɫɥɨёɜ, ɞɜɢɠɭɳɢɯɫɹ ɫ ɛɨɥɶɲɟɣ 

ɫɤɨɪɨɫɬɶɸ, ɤ ɫɥɨɹɦ, ɞɜɢɠɭɳɢɦɫɹ ɫ ɦɟɧɶɲɟɣ ɫɤɨɪɨɫɬɶɸ..   ɉɟɪɟɧɨɫɢɦɵɣ ɢɦɩɭɥɶɫ ɦɨɠɧɨ ɤɨɥɢɱɟɫɬɜɟɧɧɨ 
ɨɰɟɧɢɬɶ ɫ ɩɨɦɨɳɶɸ ɩɨɬɨɤɚ ɢɦɩɭɥɶɫɚ, ɪɚɜɧɨɝɨ ɢɦɩɭɥɶɫɭ ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ ɫɥɨёɜ, 
ɩɟɪɟɧɨɫɢɦɨɦɭ ɱɟɪɟɡ ɩɥɨɳɚɞɤɭ dS, ɩɚɪɚɥɥɟɥɶɧɭɸ ɫɥɨɹɦ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ ɤ ɧɚɩɪɚɜɥɟɧɢɸ ɩɟɪɟɧɨɫɚ 
(ɪɢɫ.8.4), ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ. ɉɥɨɬɧɨɫɬɶ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɩɨɬɨɤɚ ɢɦɩɭɥɶɫɚ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɬɚɤμ 

dSdt

НɊНɉɢ                                                     (8-20) 

Ɉɫɧɨɜɧɨɣ ɡɚɤɨɧ ɜɹɡɤɨɫɬɢμ 

ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤɚ ɢɦɩɭɥɶɫɚ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɝɪɚɞɢɟɧɬɭ ɫɤɨɪɨɫɬɢ ɫɨ ɡɧɚɤɨɦ «ɦɢɧɭɫ». 

 

 Ɋɢɫ.8.4

 ɉɨɬɨɤ ɢɦɩɭɥɶɫɚ

 S

 x

 υ
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 Ɂɧɚɤ «ɦɢɧɭɫ» ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚɩɪɚɜɥɟɧɢɟ ɩɨɬɨɤɚ ɢɦɩɭɥɶɫɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɧɚɩɪɚɜɥɟɧɢɸ ɝɪɚɞɢɟɧɬɚ 
ɫɤɨɪɨɫɬɢ ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ. 

gradn
dSdt

dP



                                                 (8-21) 

Ɂɞɟɫɶ n


- ɜɟɤɬɨɪ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɧɨɪɦɚɥɢ ɤ ɩɥɨɳɚɞɤɟ S, ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɩɟɪɟɧɨɫɢɬɫɹ ɢɦɩɭɥɶɫ, ɟɝɨ 
ɧɚɩɪɚɜɥɟɧɢɟ ɫɨɜɩɚɞɚɟɬ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɟɪɟɧɨɫɚ ɢɦɩɭɥɶɫɚ, grad - ɝɪɚɞɢɟɧɬ ɫɤɨɪɨɫɬɢ, ɧɚɩɪɚɜɥɟɧ ɜ 
ɫɬɨɪɨɧɭ ɧɚɢɛɨɥɟɟ ɛɵɫɬɪɨɝɨ ɜɨɡɪɚɫɬɚɧɢɹ ɫɤɨɪɨɫɬɢ, Ș- ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ. Ⱦɥɹ 
ɨɞɧɨɦɟɪɧɨɝɨ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɧɚɩɪɚɜɥɟɧɢɹ ɜɟɤɬɨɪɨɜ n


 ɢ i


ɫɨɜɩɚɞɚɸɬμ  

dx

d

dSdt

dP                                                (8-22) 

 Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ ɱɢɫɥɟɧɧɨ ɪɚɜɟɧ ɩɨɬɨɤɭ ɢɦɩɭɥɶɫɚ ɩɪɢ ɟɞɢɧɢɱɧɨɦ 

ɝɪɚɞɢɟɧɬɟ ɫɤɨɪɨɫɬɢ. ȼ ɋɂ ɨɧ ɢɡɦɟɪɹɟɬɫɹ ɜ 
ɫ

ɦɤɝ 
 ɢɥɢ ɜ ɉɚ.ɫ.  

 Ⱦɥɹ ɢɞɟɚɥɶɧɵɯ ɝɚɡɨɜ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ 


3

1
                                                          (8-23) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ ɡɚɜɢɫɢɬ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɨɬ T  ɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɞɚɜɥɟɧɢɹ, 
ɩɨɫɤɨɥɶɤɭ ɜ ɮɨɪɦɭɥɭ (8-ββ) ɜɯɨɞɹɬ ɤɚɤ ɫɨɦɧɨɠɢɬɟɥɢ ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ, ɨɛɪɚɬɧɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ ɞɚɜɥɟɧɢɸ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɢ ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɩɪɹɦɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ ɞɚɜɥɟɧɢɸ. 

 Ɇɨɠɧɨ ɡɚɩɢɫɚɬɶ ɨɫɧɨɜɧɨɣ ɡɚɤɨɧ ɜɹɡɤɨɫɬɢ ɢ ɱɟɪɟɡ ɫɢɥɭ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ, ɤɨɬɨɪɚɹ ɧɚɩɪɚɜɥɟɧɚ ɩɨ 

ɤɚɫɚɬɟɥɶɧɨɣ ɤ ɫɥɨɹɦ (ɤ ɩɥɨɳɚɞɤɟ S), ɢɫɩɨɥɶɡɭɹ ɜɬɨɪɨɣ ɡɚɤɨɧ ɇɶɸɬɨɧɚ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɜɹɡF
dt

Pd 
 . 

Ⱦɥɹ ɨɞɧɨɦɟɪɧɨɝɨ ɫɥɭɱɚɹ ɩɨɥɭɱɢɦμ 

dS
dx

d
Fɜɹɡ




                                                  (8-24) 

 əɜɥɟɧɢɟ ɜɹɡɤɨɫɬɢ ɛɵɜɚɟɬ ɫɬɚɰɢɨɧɚɪɧɵɦ ɢ ɧɟɫɬɚɰɢɨɧɚɪɧɵɦ. Ɉ ɫɬɚɰɢɨɧɚɪɧɨɣ ɜɹɡɤɨɫɬɢ ɝɨɜɨɪɹɬ, ɤɨɝɞɚ 
ɝɪɚɞɢɟɧɬ ɫɤɨɪɨɫɬɢ ɩɨɞɞɟɪɠɢɜɚɸɬ ɩɨɫɬɨɹɧɧɵɦ. ɇɟɫɬɚɰɢɨɧɚɪɧɚɹ ɜɹɡɤɨɫɬɶ ɩɪɨɢɫɯɨɞɢɬ ɫ ɢɡɦɟɧɟɧɢɟɦ 
ɝɪɚɞɢɟɧɬɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɪɚɜɧɢɜɚɸɬɫɹ ɫɤɨɪɨɫɬɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɫɥɨёɜ. 
 Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɹɡɤɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬ ɩɪɢɛɨɪɵ – ɜɢɫɤɨɡɢɦɟɬɪɵ. Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɹɡɤɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɞɜɢɠɟɧɢɟ ɝɚɡɚ ɛɵɥɨ ɥɚɦɢɧɚɪɧɵɦ, ɬɨ ɟɫɬɶ ɩɥɚɜɧɵɦ, ɛɟɡ 
ɡɚɜɢɯɪɟɧɢɣ. ɗɬɨɝɨ ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɜ ɨɱɟɧɶ ɭɡɤɢɯ ɬɪɭɛɤɚɯ – ɤɚɩɢɥɥɹɪɚɯ. ɉɨɷɬɨɦɭ ɬɚɤɢɟ ɜɢɫɤɨɡɢɦɟɬɪɵ, ɜ 
ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɸɬ ɤɚɩɢɥɥɹɪɵ, ɧɚɡɵɜɚɸɬ ɤɚɩɢɥɥɹɪɧɵɦɢ ɜɢɫɤɨɡɢɦɟɬɪɚɦɢ. 

8.7. Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɝɚɡɨɜ 

 əɜɥɟɧɢɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɨɬɨɤɚ ɬɟɩɥɚ ɜ ɝɚɡɟ (ɢɥɢ ɥɸɛɨɦ ɞɪɭɝɨɦ ɜɟɳɟɫɬɜɟ) ɧɚɡɵɜɚɟɬɫɹ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ. ɉɟɪɟɧɨɫ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɫ ɩɨɦɨɳɶɸ ɩɨɬɨɤɚ ɬɟɩɥɨɬɵ.  

ɉɨɬɨɤɨɦ ɬɟɩɥɨɬɵ ɧɚɡɵɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɟɪɟɧɟɫёɧɧɨɟ ɱɟɪɟɡ ɩɥɨɳɚɞɤɭ, 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ ɧɚɩɪɚɜɥɟɧɢɸ ɩɟɪɟɧɨɫɚ, ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ. ɉɥɨɬɧɨɫɬɶ ɩɨɬɨɤɚ ɬɟɩɥɨɬɵ, ɤɚɤ 
ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɟɪɟɧɟɫёɧɧɨɟ ɱɟɪɟɡ ɟɞɢɧɢɱɧɭɸ ɩɥɨɳɚɞɤɭ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ ɧɚɩɪɚɜɥɟɧɢɸ 
ɩɟɪɟɧɨɫɚ, ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ, ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɬɚɤμ 

dSdt

dQНɉɌ                                                        (8-25) 
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Ɉɫɧɨɜɧɨɣ ɡɚɤɨɧ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ – ɡɚɤɨɧ Ɏɭɪɶɟ: 

ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤɚ ɬɟɩɥɨɬɵ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɝɪɚɞɢɟɧɬɭ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨ ɡɧɚɤɨɦ «ɦɢɧɭɫ»: 

gradTn
dSdt

dQ                                                (8-26) 

Ɂɞɟɫɶ n


- ɜɟɤɬɨɪ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɧɨɪɦɚɥɢ ɤ ɩɥɨɳɚɞɤɟ dS, ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɩɟɪɟɧɨɫɢɬɫɹ ɤɨɥɢɱɟɫɬɜɨ 
ɬɟɩɥɨɬɵ, ɟɝɨ ɧɚɩɪɚɜɥɟɧɢɟ ɫɨɜɩɚɞɚɟɬ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɟɪɟɧɨɫɚ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ, gradT - ɝɪɚɞɢɟɧɬ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɧɚɩɪɚɜɥɟɧ ɜ ɫɬɨɪɨɧɭ ɧɚɢɛɨɥɟɟ ɛɵɫɬɪɨɝɨ ɜɨɡɪɚɫɬɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, χ- ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. Ⱦɥɹ ɨɞɧɨɦɟɪɧɨɝɨ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɧɚɩɪɚɜɥɟɧɢɹ ɜɟɤɬɨɪɨɜ n


 ɢ i


ɫɨɜɩɚɞɚɸɬμ  

dx

dT

dSdt

dQ                                                        (8-27) 

 Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɱɢɫɥɟɧɧɨ ɪɚɜɟɧ ɩɨɬɨɤɭ ɬɟɩɥɨɬɵ ɩɪɢ ɟɞɢɧɢɱɧɨɦ ɝɪɚɞɢɟɧɬɟ 
ɬɟɦɩɟɪɚɬɭɪɵ. Ⱦɥɹ ɢɞɟɚɥɶɧɵɯ ɝɚɡɨɜ ɨɧ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧ ɬɚɤμ  

mVɋ
3

1
                                                        (8-28) 

Ɂɞɟɫɶ ɋmV – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨёɦɤɨɫɬɶ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴёɦɟ. Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɹɦɨ 

ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ T  ɢ ɧɟ ɡɚɜɢɫɢɬ  ɨɬ ɞɚɜɥɟɧɢɹ. ȼ ɋɂ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɡɦɟɪɹɟɬɫɹ ɜ 

Ʉɦ
ȼɬ


. 

  

8.8. Ɉɫɦɨɫ. Ɉɫɦɨɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ 

 əɜɥɟɧɢɟ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɪɚɫɬɜɨɪ ɱɟɪɟɡ 
ɩɨɪɢɫɬɭɸ ɩɟɪɟɝɨɪɨɞɤɭ (ɦɟɦɛɪɚɧɭ), ɧɟɩɪɨɧɢɰɚɟɦɭɸ ɞɥɹ 
ɪɚɫɬɜɨɪёɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɢ ɨɬɞɟɥɹɸɳɭɸ ɪɚɫɬɜɨɪ ɨɬ ɱɢɫɬɨɝɨ 
ɪɚɫɬɜɨɪɢɬɟɥɹ, ɧɚɡɵɜɚɟɬɫɹ ɨɫɦɨɫɨɦ. 

ɑɟɪɟɡ ɦɟɦɛɪɚɧɭ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɛɦɟɧ ɦɨɥɟɤɭɥɚɦɢ 
ɪɚɫɬɜɨɪɢɬɟɥɹ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɩɨ ɨɛɟ ɫɬɨɪɨɧɵ ɨɬ ɦɟɦɛɪɚɧɵ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥ 
ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɫɬɨɪɨɧɭ ɪɚɫɬɜɨɪɚ ɪɚɜɧɨɜɟɫɢɟ ɜ ɫɢɫɬɟɦɟ 
ɪɚɫɬɜɨɪɢɬɟɥɶ - ɦɟɦɛɪɚɧɚ - ɪɚɫɬɜɨɪ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɨɫɦɨɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɪɢɫ.8.5), ɩɪɨɢɡɜɨɞɢɦɨɝɨ 

ɪɚɫɬɜɨɪёɧɧɵɦ ɜɟɳɟɫɬɜɨɦ ɜ ɪɚɫɬɜɨɪɟ. Ɉɫɦɨɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɦɨɠɧɨ ɢɡɦɟɪɢɬɶ ɫ ɩɨɦɨɳɶɸ 
ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɪɚɫɬɜɨɪɚ, ɩɨɫɤɨɥɶɤɭ ɩɨɞɴёɦ ɭɪɨɜɧɹ ɠɢɞɤɨɫɬɢ ɪɚɫɬɜɨɪɚ ɛɭɞɟɬ 
ɩɪɨɢɫɯɨɞɢɬɶ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɪɚɜɧɨɟ ρgh, ɧɟ ɨɤɚɠɟɬɫɹ ɪɚɜɧɵɦ 
ɨɫɦɨɬɢɱɟɫɤɨɦɭ.  

ɗɬɨ ɹɜɥɟɧɢɟ ɛɵɥɨ ɨɬɤɪɵɬɨ ɜ ɫɟɪɟɞɢɧɟ 1λ ɜɟɤɚ. Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɫɦɨɫɚ 
ɩɪɨɜɨɞɢɥ ɛɨɬɚɧɢɤ ɉɮɟɮɮɟɪ ɜ 1877 ɝɨɞɭ. Ⱥ ɩɟɪɜɵɣ ɧɨɛɟɥɟɜɫɤɢɣ ɥɚɭɪɟɚɬ ɩɨ ɯɢɦɢɢ əɤɨɛ ɏɟɧɞɪɢɤ 
ȼɚɧɬ-Ƚɨɮɮ (1852-1λ11ν ɩɪɟɦɢɹ 1λ01 ɝɨɞɚ ɡɚ ɜɤɥɚɞ ɜ ɬɟɪɦɨɞɢɧɚɦɢɤɭ ɢ ɯɢɦɢɸ) ɜɵɜɟɥ ɩɪɨɫɬɨɟ 
ɭɪɚɜɧɟɧɢɟ, ɚɧɚɥɨɝɢɱɧɨɟ ɭɪɚɜɧɟɧɢɸ ɫɨɫɬɨɹɧɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚμ  

 RTVɊɨɫ                                                    (8-29) 

Ɂɞɟɫɶ Ɋɨɫ – ɨɫɦɨɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, V – ɨɛɴёɦ ɪɚɫɬɜɨɪɚ, Ȟ- ɱɢɫɥɨ ɦɨɥɟɣ ɦɨɥɟɤɭɥ ɪɚɫɬɜɨɪёɧɧɨɝɨ 
ɜɟɳɟɫɬɜɚ, R – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, Ɍ- ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. Ɉɫɦɨɬɢɱɟɫɤɨɟ 
ɞɚɜɥɟɧɢɟ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ ɦɟɦɛɪɚɧɵ ɢɥɢ ɨɬ ɪɨɞɚ ɪɚɫɬɜɨɪɢɬɟɥɹ. Ɂɚɤɨɧ ȼɚɧɬ-Ƚɨɮɮɚ ɧɟ ɫɩɪɚɜɟɞɥɢɜ 

 ρgh 

 Ɋɚɫɬɜɨɪɢɬɟɥɶ 

 Ɇɟɦɛɪɚɧɚ 

 Ɋɚɫɬɜɨɪ 

 Ɋɢɫ.8.5 
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ɞɥɹ ɷɥɟɤɬɪɨɥɢɬɨɜ. 

Ɉɫɦɨɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɢɝɪɚɟɬ ɛɨɥɶɲɭɸ ɪɨɥɶ ɜ ɠɢɡɧɢ ɠɢɜɨɬɧɵɯ ɢ ɪɚɫɬɟɧɢɣ. Ɋɚɡɥɢɱɚɸɬ 
ɫɬɚɬɢɱɟɫɤɢɣ ɢ ɞɢɧɚɦɢɱɟɫɤɢɣ ɦɟɬɨɞɵ ɢɡɦɟɪɟɧɢɹ ɨɫɦɨɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ. ɋɬɚɬɢɱɟɫɤɢɣ ɦɟɬɨɞ 
ɨɫɧɨɜɚɧ ɧɚ ɢɡɦɟɪɟɧɢɢ ɢɡɛɵɬɨɱɧɨɝɨ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɨ ɜɵɫɨɬɟ ɫɬɨɥɛɚ ɠɢɞɤɨɫɬɢ 
ɪɚɫɬɜɨɪɚ. Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɦɟɬɨɞ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɡɦɟɪɟɧɢɢ ɫɤɨɪɨɫɬɟɣ ɜɫɚɫɵɜɚɧɢɹ ɢ ɜɵɞɚɜɥɢɜɚɧɢɹ 
ɪɚɫɬɜɨɪɢɬɟɥɹ ɢɡ ɨɫɦɨɬɢɱɟɫɤɨɣ ɹɱɟɣɤɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ ɢɡɛɵɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ 
ɦɟɦɛɪɚɧ ɨɛɵɱɧɨ ɩɪɢɦɟɧɹɸɬ ɩɥёɧɤɭ ɢɡ ɰɟɥɥɨɮɚɧɚ, ɩɪɢɪɨɞɧɵɯ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɨɜ, ɩɨɪɢɫɬɵɟ 
ɤɟɪɚɦɢɱɟɫɤɢɟ ɢ ɫɬɟɤɥɹɧɧɵɟ ɩɟɪɟɝɨɪɨɞɤɢ. Ɉɫɦɨɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ ɡɧɚɱɢɬɟɥɶɧɨɣ 
ɜɟɥɢɱɢɧɵ. ɇɚɩɪɢɦɟɪ, 4%-ɧɵɣ ɪɚɫɬɜɨɪ ɫɚɯɚɪɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɦɟɟɬ ɨɫɦɨɬɢɱɟɫɤɨɟ 
ɞɚɜɥɟɧɢɟ ɨɤɨɥɨ 0,γ Ɇɉɚ, ɚ 10%-ɧɵɣ – ɨɤɨɥɨ 10 Ɇɉɚ. Ɉɫɦɨɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɦɨɪɫɤɨɣ ɜɨɞɵ 
ɫɨɫɬɚɜɥɹɟɬ 0,β7 Ɇɉɚ.  

Ɉɫɦɨɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɢ ɜ ɦɟɞɢɰɢɧɟ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɜɥɢɜɚɧɢɢ ɜ ɜɟɧɵ 
ɪɚɫɬɜɨɪɚ ɩɨɜɚɪɟɧɧɨɣ ɫɨɥɢ (ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪ), ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɵɜɚɬɶ ɤɨɧɰɟɧɬɪɚɰɢɸ ɫɨɥɢ 
ɜ ɪɚɫɬɜɨɪɟ, ɱɬɨɛɵ ɜɨɫɩɪɟɩɹɬɫɬɜɨɜɚɬɶ ɪɚɡɛɭɯɚɧɢɸ ɤɪɚɫɧɵɯ ɤɪɨɜɹɧɵɯ ɬɟɥɟɰ ɢ ɪɚɡɪɵɜɭ ɢɯ ɨɛɨɥɨɱɟɤ. 
ɂɡɜɟɫɬɧɨ, ɱɬɨ ɞɚɜɥɟɧɢɟ ɜɧɭɬɪɢ ɤɪɚɫɧɵɯ ɤɪɨɜɹɧɵɯ ɲɚɪɢɤɨɜ ɪɚɜɧɨ 0,8 Ɇɉɚ, ɚ ɬɚɤɠɟ ɬɨ, ɱɬɨ ɤɪɨɜɶ 
ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɥɢɬɨɦ, ɩɨɷɬɨɦɭ ɮɨɪɦɭɥɚ ȼɚɧɬ-Ƚɨɮɮɚ ɞɚёɬ ɛɨɥɶɲɢɟ ɩɨɝɪɟɲɧɨɫɬɢ ɩɪɢ ɪɚɫɱёɬɚɯ ɢ 
ɡɚɜɵɲɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɪɟɛɭɟɦɨɣ ɩɨɜɚɪɟɧɧɨɣ ɫɨɥɢ. ɉɨɬɨɦɭ ɞɥɹ ɪɚɫɱёɬɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɜɚɪɟɧɧɨɣ 
ɫɨɥɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɞɚɩɬɢɪɨɜɚɧɧɚɹ ɞɥɹ ɷɥɟɤɬɪɨɥɢɬɨɜ ɮɨɪɦɭɥɚ ȼɚɧɬ-Ƚɨɮɮɚ, ɝɞɟ ɭɱɢɬɵɜɚɟɬɫɹ ɩɨɩɪɚɜɤɚ 
ɤ ɨɫɦɨɬɢɱɟɫɤɨɦɭ ɞɚɜɥɟɧɢɸ ɡɚ ɫɱёɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɢɥ. Ɉɫɦɨɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɜɧɨ 
0,7 Ɇɉɚ, ɩɨɫɤɨɥɶɤɭ ɜɦɟɫɬɟ ɫ ɜɧɟɲɧɢɦ ɞɚɜɥɟɧɢɟɦ ɨɧɨ ɞɨɥɠɧɨ ɭɪɚɜɧɨɜɟɲɢɜɚɬɶ ɞɚɜɥɟɧɢɟ ɜɧɭɬɪɢ 
ɤɪɚɫɧɵɯ ɤɪɨɜɹɧɵɯ ɬɟɥɟɰ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɫɱɢɬɚɧɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɨɜɚɪɟɧɧɨɣ ɫɨɥɢ ɜ 
ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɦ ɪɚɫɬɜɨɪɟ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜɧɚ 8,λ ɝ/ɥ.  

ɅȿɄɐɂə №9 
Ɉɫɧɨɜɵ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɷɧɟɪɝɢɢ ɩɨ ɫɬɟɩɟɧɹɦ ɫɜɨɛɨɞɵ ɦɨɥɟɤɭɥ. ȼɧɭɬɪɟɧɧɹɹ 
ɷɧɟɪɝɢɹ. ɉɟɪɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. Ɋɚɛɨɬɚ ɝɚɡɚ ɩɪɢ ɟɝɨ ɪɚɫɲɢɪɟɧɢɢ. Ɍɟɩɥɨɟɦɤɨɫɬɶ. 
ɍɪɚɜɧɟɧɢɟ Ɇɚɣɟɪɚ. Ⱥɞɢɚɛɚɬɢɱɟɫɤɢɣ ɢ ɩɨɥɢɬɪɨɩɧɵɣ ɩɪɨɰɟɫɫɵ. ȼɬɨɪɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. 
Ʉɪɭɝɨɜɵɟ, ɧɟɨɛɪɚɬɢɦɵɟ ɢ ɨɛɪɚɬɢɦɵɟ ɩɪɨɰɟɫɫɵ. ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɬɟɩɥɨɜɨɣ ɦɚɲɢɧɵ. ɐɢɤɥ 
Ʉɚɪɧɨ ɢ ɟɝɨ ɄɉȾ. ɗɧɬɪɨɩɢɹ. ȼɬɨɪɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɢ ɟɝɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɫɦɵɫɥ. ɋɜɹɡɶ 
ɷɧɬɪɨɩɢɢ ɢ ɜɟɪɨɹɬɧɨɫɬɢ. 
 

 9.1. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɷɧɟɪɝɢɢ ɩɨ ɫɬɟɩɟɧɹɦ ɫɜɨɛɨɞɵ ɦɨɥɟɤɭɥ 

  Ɍɟɪɦɨɞɢɧɚɦɢɤɚ – ɧɚɭɤɚ ɨ ɧɚɢɛɨɥɟɟ ɨɛɳɢɯ ɫɜɨɣɫɬɜɚɯ ɮɢɡɢɱɟɫɤɢɯ ɦɚɤɪɨɫɢɫɬɟɦ, 
ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, ɢ ɨ ɩɪɨɰɟɫɫɚɯ ɩɟɪɟɯɨɞɚ ɦɟɠɞɭ ɷɬɢɦɢ 
ɫɨɫɬɨɹɧɢɹɦɢ. Ɍɟɪɦɨɞɢɧɚɦɢɤɚ ɩɨɫɬɪɨɟɧɚ ɧɚ ɨɫɧɨɜɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɧɚɱɚɥ (ɡɚɤɨɧɨɜ), ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ 
ɨɛɨɛɳɟɧɢɟɦ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɧɚɛɥɸɞɟɧɢɣ ɢ ɜɵɩɨɥɧɹɸɬɫɹ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɤɨɧɤɪɟɬɧɨɣ ɩɪɢɪɨɞɵ ɬɟɥ, 
ɨɛɪɚɡɭɸɳɢɯ ɫɢɫɬɟɦɭ. Ɉɞɧɚɤɨ ɪɚɫɫɦɚɬɪɢɜɚɹ ɨɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ ɬɟɪɦɨɞɢɧɚɦɢɤɢ, ɦɵ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɭɸ ɢɧɬɟɪɩɪɟɬɚɰɢɸ.  

Ɉɫɧɨɜɧɵɦɢ ɩɨɧɹɬɢɹɦɢ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɹɜɥɹɸɬɫɹ ɬɚɤɢɟ ɩɨɧɹɬɢɹ ɤɚɤ ɫɨɫɬɨɹɧɢɟ, ɩɪɨɰɟɫɫ, 
ɰɢɤɥ, ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ, ɪɚɛɨɬɚ, ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɬɟɩɥɨёɦɤɨɫɬɶ, ɷɧɬɪɨɩɢɹ, ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ, 
ɷɧɬɚɥɶɩɢɹ, ɮɭɧɤɰɢɹ Ƚɢɛɛɫɚ.  

 ɋɪɟɞɧɸɸ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥɵ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ 
ɮɨɪɦɭɥɟμ  

kT
i

E
2

                                                       (9-1)  

ɑɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ i ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɢɫɥɨɦ ɧɟɡɚɜɢɫɢɦɵɯ ɤɨɨɪɞɢɧɚɬ ɢ ɨɫɟɣ, ɨɩɢɫɵɜɚɸɳɢɯ 
ɞɜɢɠɟɧɢɟ ɱɚɫɬɢɰɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɇɚ ɤɚɠɞɭɸ ɫɬɟɩɟɧɶ ɫɜɨɛɨɞɵ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɪɢɯɨɞɢɬɫɹ 

ɨɞɧɚ ɢ ɬɚ ɠɟ ɷɧɟɪɝɢɹ, ɪɚɜɧɚɹ kT
2

1
. ȼ ɷɬɨɦ ɫɨɫɬɨɢɬ ɫɭɬɶ ɬɟɨɪɟɦɵ ɨ ɪɚɜɧɨɪɚɫɩɪɟɞɟɥɟɧɢɢ ɬɟɩɥɨɜɨɣ 

ɷɧɟɪɝɢɢ ɩɨ ɫɬɟɩɟɧɹɦ ɫɜɨɛɨɞɵ. Ⱦɥɹ ɫɥɨɠɧɵɯ ɦɨɥɟɤɭɥ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɚɬɨɦɨɜ, ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ 
ɫɜɨɛɨɞɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɡɚ ɫɱёɬ ɜɪɚɳɚɬɟɥɶɧɵɯ ɢ ɤɨɥɟɛɚɬɟɥɶɧɵɯ. ȿɫɥɢ ɩɪɟɧɟɛɪɟɱɶ ɢɡɦɟɧɟɧɢɟɦ 
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ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɱɚɫɬɢɰ, ɬɨ ɦɨɥɟɤɭɥɵ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ «ɠёɫɬɤɢɟ». Ⱦɥɹ 
ɠɟɫɬɤɢɯ ɞɜɭɯɚɬɨɦɧɵɯ ɦɨɥɟɤɭɥ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ i ɪɚɜɧɨ 5 , ɢɡ ɧɢɯ γ – ɩɨɫɬɭɩɚɬɟɥɶɧɵɯ ( ɬɪɢ 
ɧɟɡɚɜɢɫɢɦɵɟ ɤɨɨɪɞɢɧɚɬɵ ɯ,y,z, ɨɩɢɫɵɜɚɸɳɢɟ ɩɨɥɨɠɟɧɢɟ ɱɚɫɬɢɰɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ) ɢ β ɜɪɚɳɚɬɟɥɶɧɵɯ. 
(ɞɜɟ ɧɟɡɚɜɢɫɢɦɵɯ ɨɫɢ ɜɪɚɳɟɧɢɹ). Ⱦɥɹ ɠёɫɬɤɢɯ ɬɪёɯɚɬɨɦɧɵɯ ɢ ɦɧɨɝɨɚɬɨɦɧɵɯ ɦɨɥɟɤɭɥ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ 
ɫɜɨɛɨɞɵ ɪɚɜɧɨ 6, ɢɡ ɧɢɯ γ ɩɨɫɬɭɩɚɬɟɥɶɧɵɯ ɢ γ ɜɪɚɳɚɬɟɥɶɧɵɯ. Ⱦɥɹ ɠёɫɬɤɢɯ ɨɞɧɨɚɬɨɦɧɵɯ ɦɨɥɟɤɭɥ ɱɢɫɥɨ 
ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɪɚɜɧɨ γ ɢ ɜɫɟ ɨɧɢ ɩɨɫɬɭɩɚɬɟɥɶɧɵɟ.  

ɗɧɟɪɝɢɹ – ɜɟɥɢɱɢɧɚ ɚɞɞɢɬɢɜɧɚɹ. ɉɨɷɬɨɦɭ ɫɪɟɞɧɸɸ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɨɞɧɨɝɨ ɦɨɥɹ ɦɨɥɟɤɭɥ 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɭɫɪɟɞɧɢɜ ɷɧɟɪɝɢɢ ɜɫɟɯ ɱɚɫɬɢɰ ɨɞɧɨɝɨ ɦɨɥɹμ kTN
i

E a
2

 ,  ɝɞɟ aN - ɱɢɫɥɨ ɦɨɥɟɤɭɥ 

ɜ ɨɞɧɨɦ ɦɨɥɟ ɜɟɳɟɫɬɜɚ (ɱɢɫɥɨ Ⱥɜɨɝɚɞɪɨ). ɍɱɢɬɵɜɚɹ, ɱɬɨ ɩɪɨɢɡɜɟɞɟɧɢɟ ɱɢɫɥɚ Ⱥɜɨɝɚɞɪɨ ɢ ɩɨɫɬɨɹɧɧɨɣ 
Ȼɨɥɶɰɦɚɧɚ ɪɚɜɧɨ  ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɝɚɡɨɜɨɣ ɩɨɫɬɨɹɧɧɨɣ, ɩɨɥɭɱɢɦ ɷɧɟɪɝɢɸ ɨɞɧɨɝɨ ɦɨɥɹ ɦɨɥɟɤɭɥ μ  

RT
i

E
2

                                                           (9-2) 

ɋɪɟɞɧɸɸ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɥɸɛɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, 
ɭɫɪɟɞɧɢɜ ɷɧɟɪɝɢɢ ɜɫɟɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɱɚɫɬɢɰ. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɦɨɥɟɤɭɥ ɜ ɨɞɧɨɦ ɦɨɥɟ 
ɜɟɳɟɫɬɜɚ ɨɱɟɧɶ ɜɟɥɢɤɨ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɪɟɞɧɢɟ ɤɢɧɟɬɢɱɟɫɤɢɟ ɷɧɟɪɝɢɢ ɪɚɡɧɵɯ ɦɨɥɟɣ ɦɨɥɟɤɭɥ 
ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɵ. Ɍɨɝɞɚ ɫɪɟɞɧɹɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɥɸɛɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜɚ ɦɨɠɟɬ ɛɵɬɶ 
ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟμ 

RT
i

E
2

                                                (9-3) 

9.2. ȼɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ 

 ɉɨɞ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɟɣ ɫɢɫɬɟɦɵ ɩɨɧɢɦɚɸɬ ɩɨɥɧɭɸ ɫɭɦɦɚɪɧɭɸ ɷɧɟɪɝɢɸ ɜɫɟɯ ɟё 
ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ.  

 ȼɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɫɤɥɚɞɵɜɚɟɬɫɹ ɬɨɥɶɤɨ ɢɡ ɤɢɧɟɬɢɱɟɫɤɢɯ ɷɧɟɪɝɢɣ ɦɨɥɟɤɭɥ, ɬɚɤ 
ɤɚɤ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɟɣ ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ.  

 ȼɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ U ɞɥɹ ɥɸɛɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɦɨɥɟɣ  ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ 
ɱɟɪɟɡ ɫɪɟɞɧɸɸ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ, ɨɩɪɟɞɟɥɹɟɦɭɸ ɮɨɪɦɭɥɨɣ (λ-γ). Ɍɚɤ ɤɚɤ ɫɪɟɞɧɹɹ ɤɢɧɟɬɢɱɟɫɤɚɹ 
ɷɧɟɪɝɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɦɨɥɟɤɭɥɵ, ɬɨ ɢ 
ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɬɚɤɠɟ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɦɨɥɟɤɭɥɵμ 

RT
i

U 
2

                                                        (9-4) 

ɂɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɶɤɨ ɢɡɦɟɧɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ 
ɢ ɧɟ ɡɚɜɢɫɢɬ ɧɢ ɨɬ ɞɚɜɥɟɧɢɹ, ɧɢ ɨɬ ɨɛɴёɦɚμ 

TR
i

U  
2

                                                   (9-5)          

 ɂɡɦɟɧɢɬɶ ɜɧɭɬɪɟɧɧɸɸ ɷɧɟɪɝɢɸ ɝɚɡɚ ɦɨɠɧɨ, ɧɚɩɪɢɦɟɪ, ɫɨɜɟɪɲɢɜ ɧɚɞ ɧɢɦ ɪɚɛɨɬɭ. ɇɨ ɧɟɡɚɜɢɫɢɦɨ ɨɬ 
ɬɨɝɨ, ɤɚɤɢɦ ɫɩɨɫɨɛɨɦ ɫɨɜɟɪɲɚɸɬ ɪɚɛɨɬɭ, ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ 
ɨɬ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ 
ɩɚɪɚɦɟɬɪɨɜ ɧɚɱɚɥɶɧɨɝɨ ɢ ɤɨɧɟɱɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɚ ɢɦɟɧɧɨ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɶɧɨɝɨ Ɍ1 ɢ ɤɨɧɟɱɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ Ɍ 2 , ɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɩɪɨɰɟɫɫɚ ɩɟɪɟɯɨɞɚ ɢɡ ɧɚɱɚɥɶɧɨɝɨ ɜ ɤɨɧɟɱɧɨɟ ɫɨɫɬɨɹɧɢɟ. ɉɨɷɬɨɦɭ 
ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ – ɮɭɧɤɰɢɹ ɫɨɫɬɨɹɧɢɹ.  ȿɫɥɢ ɝɚɡ ɜɟɪɧɭɥɢ ɜ ɩɟɪɜɨɧɚɱɚɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɬɨ 
ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɪɚɜɧɨ ɧɭɥɸ. 
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 Ⱦɥɹ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɩɪɨɰɟɫɫɚ RdT
i

dU 
2

 . Ɇɨɠɧɨ ɜɧɟɫɬɢ ɩɨɫɬɨɹɧɧɵɟ Ȟ  ɢ R ɩɨɞ ɡɧɚɤ ɞɢɮɮɟɪɟɧɰɢɚɥɚ 

)
2

( RT
i

ddU  . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɹɜɥɹɟɬɫɹ ɩɨɥɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɨɦ 

ɜɟɥɢɱɢɧɵ, ɫɬɨɹɳɟɣ ɜ ɫɤɨɛɤɚɯ, ɢ ɷɬɨɬ ɮɚɤɬ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɩɪɢɡɧɚɤɨɦ ɮɭɧɤɰɢɢ ɫɨɫɬɨɹɧɢɹ. 

9.3. Ɋɚɛɨɬɚ ɝɚɡɚ ɩɪɢ ɟɝɨ ɪɚɫɲɢɪɟɧɢɢ 

 Ɋɚɫɫɦɨɬɪɢɦ ɫɠɚɬɢɟ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɩɨɞ ɩɨɪɲɧɟɦ 
(ɪɢɫ.λ.1). ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɟɣ ɫɢɥɵ F


 ɩɟɪɟɦɟɫɬɢɦ ɩɨɪɲɟɧɶ ɧɚ 

ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɭɸ ɜɟɥɢɱɢɧɭ xd


, ɧɚɫɬɨɥɶɤɨ ɦɚɥɭɸ, ɱɬɨ ɛɭɞɟɦ ɫɱɢɬɚɬɶ ɫɢɥɭ 

F


ɩɨɫɬɨɹɧɧɨɣ. ɇɚɡɨɜёɦ ɪɚɛɨɬɭ ɩɨɫɬɨɹɧɧɨɣ ɫɢɥɵ ɩɨ ɩɟɪɟɦɟɳɟɧɢɸ ɩɨɪɲɧɹ 
ɧɚ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɭɸ ɜɟɥɢɱɢɧɭ ɷɥɟɦɟɧɬɚɪɧɨɣ ɪɚɛɨɬɨɣ ɢ ɨɛɨɡɧɚɱɢɦ Ⱥ . 

ɗɥɟɦɟɧɬɚɪɧɚɹ ɪɚɛɨɬɚ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɤɚɤ ɪɚɛɨɬɚ ɩɨɫɬɨɹɧɧɨɣ 
ɫɢɥɵ ɱɟɪɟɡ ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɫɢɥɵ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟμ  

xdFA


                                       (9-6) 

ɉɨɫɤɨɥɶɤɭ ɧɚɩɪɚɜɥɟɧɢɟ ɫɢɥɵ ɢ ɩɟɪɟɦɟɳɟɧɢɹ ɫɨɜɩɚɞɚɸɬ, ɬɨ FdxA  . Ƚɚɡ, ɧɚɯɨɞɹɳɢɣɫɹ ɩɨɞ ɩɨɪɲɧɟɦ, 

ɩɪɟɩɹɬɫɬɜɭɟɬ ɫɠɚɬɢɸ ɢ ɞɚɜɢɬ ɧɚ ɩɨɪɲɟɧɶ ɫɢɥɨɣ ɝF


, ɪɚɜɧɨɣ ɩɨ ɜɟɥɢɱɢɧɟ, ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɩɨ 

ɧɚɩɪɚɜɥɟɧɢɸ ɢ ɩɪɢɥɨɠɟɧɧɨɣ ɤ ɩɨɪɲɧɸ (ɪɢɫ.4.1). ɗɥɟɦɟɧɬɚɪɧɚɹ ɪɚɛɨɬɚ ɫɚɦɨɝɨ ɝɚɡɚ xdFA ɝɝ


 . Ɍɚɤ 

ɤɚɤ ɫɢɥɚ ɝF


 ɢ ɩɟɪɟɦɟɳɟɧɢɟ xd


ɧɚɩɪɚɜɥɟɧɵ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɟ ɫɬɨɪɨɧɵ, ɪɚɛɨɬɚ ɫɚɦɨɝɨ ɝɚɡɚ ɩɪɢ 
ɪɚɜɧɨɦɟɪɧɨɦ ɫɠɚɬɢɢ ɨɬɪɢɰɚɬɟɥɶɧɚ ɢ ɪɚɜɧɚ ɩɨ ɜɟɥɢɱɢɧɟ ɪɚɛɨɬɟ ɜɧɟɲɧɟɣ ɫɢɥɵ, ɫɠɢɦɚɸɳɟɣ ɝɚɡ 

ȺAɝ   . ɋɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɟɞɢɧɢɰɭ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɪɲɧɹ S  ɫɨ ɫɬɨɪɨɧɵ ɝɚɡɚ, ɟɫɬɶ 

ɞɚɜɥɟɧɢɟ ɝɚɡɚ Ɋ. ɉɨɷɬɨɦɭ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɜɟɥɢɱɢɧɭ ɫɢɥɵ ɝF


 ɱɟɪɟɡ ɞɚɜɥɟɧɢɟμ PSFɝ  . Ɍɨɝɞɚ 

ɷɥɟɦɟɧɬɚɪɧɚɹ ɪɚɛɨɬɚ ɝɚɡɚ ɛɭɞɟɬ ɪɚɜɧɚμ PSdxAɝ  . ɇɨ SdxdV   ɟɫɬɶ ɜɟɥɢɱɢɧɚ ɩɪɢɪɚɳɟɧɢɹ 
ɨɛɴёɦɚ ɝɚɡɚ. Ɍɨɝɞɚ ɷɥɟɦɟɧɬɚɪɧɚɹ ɪɚɛɨɬɚ ɝɚɡɚ ɪɚɜɧɚμ 

 PdVAɝ  ,                                                   (9-7) 

ɚ ɪɚɛɨɬɚ ɜɧɟɲɧɟɣ ɫɢɥɵ ɩɨ ɫɠɚɬɢɸ ɝɚɡɚ ɪɚɜɧɚ PdVA  . 

 Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬɵ ɩɨ ɩɟɪɟɦɟɳɟɧɢɸ ɩɨɪɲɧɹ ɧɚ ɡɧɚɱɢɬɟɥɶɧɭɸ ɜɟɥɢɱɢɧɭ x , ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɤɨɬɨɪɨɣ ɨɛɴёɦ ɝɚɡɚ ɢɡɦɟɧɹɟɬɫɹ ɧɚ V , ɧɭɠɧɨ ɭɱɟɫɬɶ ɩɪɨɰɟɫɫ, ɩɪɨɢɫɯɨɞɹɳɢɣ ɫ ɝɚɡɨɦ. Ɋɚɛɨɬɭ ɜ ɷɬɨɦ 
ɫɥɭɱɚɟ ɨɩɪɟɞɟɥɹɸɬ ɱɟɪɟɡ ɢɧɬɟɝɪɚɥμ 

 
2

1

12

V

V

PdVAA                                                 (9-8) 

 Ɋɚɛɨɬɚ ɝɚɡɚ (ɢɥɢ ɧɚɞ ɝɚɡɨɦ) ɡɚɜɢɫɢɬ ɨɬ ɩɪɨɰɟɫɫɚ (ɬ.ɟ. ɨɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ 
ɫɨɫɬɨɹɧɢɣ) ɢ ɩɨɷɬɨɦɭ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɩɪɨɰɟɫɫɚ. Ɋɚɛɨɬɚ ɧɟ ɹɜɥɹɟɬɫɹ ɩɨɥɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɨɦ, 
ɨɬɫɸɞɚ ɢ ɨɛɨɡɧɚɱɟɧɢɟ ɷɥɟɦɟɧɬɚɪɧɨɣ ɪɚɛɨɬɵ Ⱥ , ɚ ɧɟ dA.  
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Ɋɚɫɫɦɨɬɪɢɦ ɪɚɛɨɬɭ, ɫɨɜɟɪɲɚɟɦɭɸ ɝɚɡɨɦ, ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɚɯ. Ȼɭɞɟɦ ɨɛɨɡɧɚɱɚɬɶ ɜ 
ɞɚɥɶɧɟɣɲɟɦ ɷɥɟɦɟɧɬɚɪɧɭɸ ɪɚɛɨɬɭ ɝɚɡɚ ɩɪɨɫɬɨ ɱɟɪɟɡ Ⱥ  ɢ ɫɱɢɬɚɬɶ ɟё ɩɨɥɨɠɢɬɟɥɶɧɨɣ, ɟɫɥɢ ɝɚɡ 

ɪɚɫɲɢɪɹɟɬɫɹ ( 0dV ), ɢ ɨɬɪɢɰɚɬɟɥɶɧɨɣ, ɟɫɥɢ ɝɚɡ ɫɠɢɦɚɸɬ 
( 0dV ). 

 Ɋɚɫɫɦɨɬɪɢɦ ɢɡɨɯɨɪɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ. ɉɪɢ 
ɢɡɨɯɨɪɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ ɨɛɴёɦ ɝɚɡɚ ɧɟ ɢɡɦɟɧɹɟɬɫɹ, 
ɩɪɢɪɚɳɟɧɢɟ ɨɛɴёɦɚ ɪɚɜɧɨ ɧɭɥɸ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɛɨɬɚ ɝɚɡɚ 
ɪɚɜɧɚ ɧɭɥɸ. 

   ɉɨɫɤɨɥɶɤɭ ɪɚɛɨɬɭ ɜ ɥɸɛɨɦ ɫɥɭɱɚɟ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, 
ɩɨɥɶɡɭɹɫɶ ɮɨɪɦɭɥɨɣ (λ-8), ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 
ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɪɚɛɨɬɵ ɭɞɨɛɧɨ ɢɡɨɛɪɚɠɚɬɶ ɥɸɛɨɣ ɩɪɨɰɟɫɫ ɧɚ 
ɞɢɚɝɪɚɦɦɟ (P,V) . Ɋɚɛɨɬɚ ɧɚ ɬɚɤɨɣ ɞɢɚɝɪɚɦɦɟ ɪɚɜɧɚ ɩɥɨɳɚɞɢ 
ɮɢɝɭɪɵ ɩɨɞ ɤɪɢɜɨɣ, ɢɡɨɛɪɚɠɚɸɳɟɣ ɬɨɬ ɢɥɢ ɢɧɨɣ ɩɪɨɰɟɫɫ, 
ɩɪɨɢɫɯɨɞɹɳɢɣ ɫ ɝɚɡɨɦ.  

 Ɋɚɫɫɦɨɬɪɢɦ ɢɡɨɛɚɪɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ (ɪɢɫ. λ.β). ɂɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ (λ-8) ɧɚɣɞёɦ ɪɚɛɨɬɭ ɝɚɡɚ ɩɪɢ 

ɩɟɪɟɯɨɞɟ ɢɡ ɫɨɫɬɨɹɧɢɹ 1 ɜ ɫɨɫɬɨɹɧɢɟ βμ 
2

1

12

V

V

PdVA .  

Ɍɚɤ ɤɚɤ  ɞɥɹ ɞɚɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜɚ ɞɚɜɥɟɧɢɟ ɨɫɬɚёɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɩɪɢ ɢɡɨɛɚɪɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ, 
ɬɨ ɟɝɨ ɦɨɠɧɨ ɜɵɧɟɫɬɢ ɡɚ ɡɧɚɤ ɢɧɬɟɝɪɚɥɚ, ɬɨɝɞɚ ɩɨɥɭɱɢɦ μ 

 1212

2

1

VVPdVPA

V

V

  . Ɉɛɨɡɧɚɱɢɦ 12 VVV  . ɋ ɭɱёɬɨɦ ɷɬɨɣ ɡɚɩɢɫɢ ɪɚɛɨɬɚ ɩɪɢ ɢɡɨɛɚɪɢɱɟɫɤɨɦ 

ɩɪɨɰɟɫɫɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟμ 

VPA 12                                                  (9-9) 

ɂɫɩɨɥɶɡɭɹ ɪɢɫ.λ.β, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɪɚɛɨɬɭ ɱɟɪɟɡ ɭɤɚɡɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɨɫɬɨɹɧɢɹμ 
 12112 VVPA  . Ɍɚɤɭɸ ɠɟ ɮɨɪɦɭɥɭ ɦɵ ɩɨɥɭɱɢɦ, ɧɚɯɨɞɹ ɩɥɨɳɚɞɶ ɡɚɲɬɪɢɯɨɜɚɧɧɨɝɨ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ. 

ɑɚɫɬɨ ɛɵɜɚɟɬ ɭɞɨɛɧɨ ɜɵɪɚɠɚɬɶ ɪɚɛɨɬɭ ɱɟɪɟɡ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ. Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ (ɭɪɚɜɧɟɧɢɟ Ɇɟɧɞɟɥɟɟɜɚ – Ʉɥɚɩɟɣɪɨɧɚ) ɞɥɹ 1 ɢ β ɫɨɫɬɨɹɧɢɣμ 

111 RT
m

VP


  ɢ 221 RT
m

VP


 . ȼɵɱɢɬɚɹ ɢɡ ɜɬɨɪɨɝɨ ɭɪɚɜɧɟɧɢɹ ɩɟɪɜɨɟ, ɩɨɥɭɱɢɦμ  

   R
m

TTR
m

A
 1212                                         (9-10) 

  ɉɪɢ ɢɡɨɛɚɪɢɱɟɫɤɨɦ ɫɠɚɬɢɢ ɤɨɧɟɱɧɵɣ ɨɛɴёɦ ɦɟɧɶɲɟ ɧɚɱɚɥɶɧɨɝɨ ɢ ɪɚɛɨɬɚ ɝɚɡɚ ɨɬɪɢɰɚɬɟɥɶɧɚ, ɬɨ ɟɫɬɶ 
ɝɚɡ ɩɪɟɩɹɬɫɬɜɭɟɬ ɫɠɚɬɢɸ. 

Ɏɨɪɦɭɥɚ (λ-7) ɩɨɡɜɨɥɹɟɬ ɜɵɪɚɡɢɬɶ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɦɨɥɹɪɧɨɣ ɩɨɫɬɨɹɧɧɨɣ R . Ⱦɥɹ ɨɞɧɨɝɨ ɦɨɥɹ 
ɜɟɳɟɫɬɜɚ ( ɦɨɥɶm

1


) ɪɚɛɨɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ TRA  . Ɉɬɫɸɞɚ ɹɫɟɧ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ R , 

ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɛɨɬɨɣ ɢɡɨɛɚɪɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɨɞɧɨɝɨ ɦɨɥɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɩɪɢ 
ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɨɞɢɧ ɤɟɥɶɜɢɧ. 
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 Ɋɚɫɫɦɨɬɪɢɦ ɢɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ (ɪɢɫ.λ.γ). ɉɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ ɬɟɦɩɟɪɚɬɭɪɚ 
ɨɫɬɚёɬɫɹ ɩɨɫɬɨɹɧɧɨɣ, ɚ ɞɚɜɥɟɧɢɟ ɢ ɨɛɴёɦ ɫɜɹɡɚɧɵ ɦɟɠɞɭ 
ɫɨɛɨɣ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ. ȼ ɷɬɨɦ 
ɫɥɭɱɚɟ, ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ (λ-8) ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬɵ, 
ɭɠɟ ɧɟɥɶɡɹ ɜɵɧɟɫɬɢ ɞɚɜɥɟɧɢɟ ɡɚ ɡɧɚɤ ɢɧɬɟɝɪɚɥɚ. Ⱦɚɜɥɟɧɢɟ 
ɜɵɪɚɡɢɦ ɢɡ ɭɪɚɜɧɟɧɢɹ Ɇɟɧɞɟɥɟɟɜɚ – Ʉɥɚɩɟɣɪɨɧɚμ 
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
 . ɉɨɞɫɬɚɜɢɦ ɩɪɚɜɭɸ ɱɚɫɬɶ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɜ 

(9-8) ɢ ɜɵɧɟɫɟɧ ɡɚ ɡɧɚɤ ɢɧɬɟɝɪɚɥɚ ɜɫɟ ɩɨɫɬɨɹɧɧɵɟμ 
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. ɍɱɢɬɵɜɚɹ, ɱɬɨ 

ɪɚɡɧɨɫɬɶ ɥɨɝɚɪɢɮɦɨɜ ɟɫɬɶ ɥɨɝɚɪɢɮɦ ɨɬɧɨɲɟɧɢɹ, ɩɨɥɭɱɢɦμ 
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                                                     (9-11) 

ɂɫɩɨɥɶɡɭɹ ɡɚɤɨɧ Ȼɨɣɥɹ- Ɇɚɪɢɨɬɬɚμ 
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V
 , ɦɨɠɟɦ ɜɵɪɚɡɢɬɶ ɪɚɛɨɬɭ ɢ ɱɟɪɟɡ ɨɬɧɨɲɟɧɢɟ ɞɚɜɥɟɧɢɣμ 
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
                                                       (9-12) 

 Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɩɪɢɦɟɪɵ ɩɨɞɬɜɟɪɠɞɚɸɬ, ɱɬɨ ɪɚɛɨɬɚ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɩɪɨɰɟɫɫɚ.  

 

9.4. ɉɟɪɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ 

  ɉɟɪɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɭɱɢɬɵɜɚɟɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɚɥɚɧɫ ɫɢɫɬɟɦɵ. ȼ ɷɬɨɦ ɫɭɬɶ  ɩɟɪɜɨɝɨ 
ɧɚɱɚɥɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. Ɇɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɩɟɪɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɹɜɥɹɟɬɫɹ ɡɚɤɨɧɨɦ 
ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɞɥɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. 

 Ⱦɥɹ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɟɪɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦμ ɜɧɟɲAQdU   . Ɋɚɛɨɬɚ ɫɚɦɨɝɨ ɝɚɡɚ ɫɜɹɡɚɧɚ ɫ ɪɚɛɨɬɨɣ ɜɧɟɲɧɢɯ ɫɢɥ ɪɚɜɟɧɫɬɜɨɦ 

AAɜɧɟɲ   . Ɍɨɝɞɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɡɚɩɢɫɶ ɩɟɪɜɨɝɨ ɧɚɱɚɥɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞμ 

AQdU   . Ɉɞɧɚɤɨ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɩɪɨɢɫɯɨɞɢɬ ɬɟɩɥɨɨɛɦɟɧ ɢ ɫɢɫɬɟɦɚ ɩɨɥɭɱɚɟɬ (ɢɥɢ ɨɬɞɚёɬ 

ɬɟɩɥɨ), ɭɞɨɛɧɨ ɡɚɩɢɫɵɜɚɬɶ ɩɟɪɜɨɟ ɧɚɱɚɥɨ ɜ ɜɢɞɟμ  

AdUQ                                                      (9-13) 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɥɭɱɟɧɧɨɟ ɫɢɫɬɟɦɨɣ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɢɞёɬ ɧɚ ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ 
ɫɢɫɬɟɦɵ ɢ ɧɚ ɫɨɜɟɪɲɟɧɢɟ ɫɢɫɬɟɦɨɣ ɪɚɛɨɬɵ. 

 Ⱦɥɹ ɤɨɧɟɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɟɪɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɬɚɤμ 

121212 AUQ                                                  (9-14) 

 ɉɟɪɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɞɥɹ ɢɡɨɛɚɪɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢɦɟɟɬ ɜɢɞμ 

ɞɥɹ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɩɪɨɰɟɫɫɚ AdUQ   , ɞɥɹ ɤɨɧɟɱɧɨɝɨ ɩɪɨɰɟɫɫɚ 121212 AUQ  , ɬɚɤ ɤɚɤ ɜ ɯɨɞɟ 
ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢɡɦɟɧɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɢ ɨɛɴёɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɡɦɟɧɹɟɬɫɹ ɟɝɨ ɜɧɭɬɪɟɧɧɹɹ 
ɷɧɟɪɝɢɹ ɢ ɫɨɜɟɪɲɚɟɬɫɹ ɪɚɛɨɬɚ. 
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ɍɱɢɬɵɜɚɹ, ɱɬɨ U - ɮɭɧɤɰɢɹ ɫɨɫɬɨɹɧɢɹ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ (λ-5), ɚ ɪɚɛɨɬɚ Ⱥ12 –ɮɭɧɤɰɢɹ ɩɪɨɰɟɫɫɚ 
ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ (λ-10), ɩɨɥɭɱɢɦ ɞɥɹ ɢɡɨɛɚɪɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚμ 

TR
i

Q 





 

 
2

2
12

                                           (9-15) 

ɉɪɢ ɩɨɫɬɭɩɥɟɧɢɢ ɧɟɤɨɬɨɪɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ ɜ ɫɢɫɬɟɦɭ, ɟё ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɪɚɫɬɚɟɬ, 0
,  ɢ ɩɨɫɬɭɩɢɜɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɩɨɥɨɠɢɬɟɥɶɧɨ  012 Q .  

 ȿɫɥɢ ɫɢɫɬɟɦɚ ɨɬɞɚёɬ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɟё ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɧɢɠɚɟɬɫɹ, 0 , ɢ 
ɨɬɞɚɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɨɬɪɢɰɚɬɟɥɶɧɨ 012 Q . 

 ɉɪɢɦɟɧɢɦ ɩɟɪɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɤ ɢɡɨɯɨɪɢɱɟɫɤɨɦɭ ɩɪɨɰɟɫɫɭ. ɉɪɢ ɢɡɨɯɨɪɢɱɟɫɤɨɦ 
ɩɪɨɰɟɫɫɟ ɨɛɴёɦ ɨɫɬɚёɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɢ 0V , ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɛɨɬɚ ɝɚɡɚ ɪɚɜɧɚ ɧɭɥɸ ɢ ɩɟɪɜɨɟ ɧɚɱɚɥɨ 
ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɢɦɟɟɬ ɜɢɞ ɞɥɹ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɩɪɨɰɟɫɫɚ dUQ   ɢ ɞɥɹ ɤɨɧɟɱɧɨɝɨ ɩɪɨɰɟɫɫɚ 

1212 UQ  . ȼɫё ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɧɧɨɟ ɫɢɫɬɟɦɟ (ɢɥɢ ɨɬɞɚɧɧɨɟ ɫɢɫɬɟɦɨɣ), ɢɞёɬ ɧɚ ɢɡɦɟɧɟɧɢɟ 
ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ. ɍɱɢɬɵɜɚɹ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ, ɩɨɥɭɱɢɦ ɞɥɹ 
ɢɡɨɯɨɪɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚμ 

 R
i

Q 
2

12                                                 (9-16) 

 ɉɪɢɦɟɧɢɦ ɩɟɪɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɤ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦɭ ɩɪɨɰɟɫɫɭ, ɩɪɢ ɤɨɬɨɪɨɦ 
ɬɟɦɩɟɪɚɬɭɪɚ ɧɟɢɡɦɟɧɧɚ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɫɢɫɬɟɦɵ ɧɟ ɢɡɦɟɧɹɟɬɫɹ, ɜɫё ɩɨɥɭɱɟɧɧɨɟ 
ɫɢɫɬɟɦɨɣ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɢɞёɬ ɧɚ ɫɨɜɟɪɲɟɧɢɟ ɫɢɫɬɟɦɨɣ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɪɚɛɨɬɵ. ȼ 
ɷɬɨɦ ɫɥɭɱɚɟ ɩɟɪɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɢɦɟɟɬ ɜɢɞ ɞɥɹ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɩɪɨɰɟɫɫɚ AQ    ɢ ɞɥɹ 

ɤɨɧɟɱɧɨɝɨ ɩɪɨɰɟɫɫɚ 1212 AQ  . ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɬɟɩɥɨɬɵ ɜ ɦɟɯɚɧɢɱɟɫɤɭɸ ɪɚɛɨɬɭ, ɷɬɨ 
ɫɚɦɵɣ ɜɵɝɨɞɧɵɣ ɩɪɨɰɟɫɫ.  

 

9.5. Ɍɟɩɥɨɟɦɤɨɫɬɶ. ɍɪɚɜɧɟɧɢɟ Ɇɚɣɟɪɚ 

 ɍɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɟɳɟɫɬɜɚ ɜɟɥɢɱɢɧɚ, ɪɚɜɧɚɹ ɤɨɥɢɱɟɫɬɜɭ ɬɟɩɥɨɬɵ, ɧɟɨɛɯɨɞɢɦɨɦɭ ɞɥɹ 
ɧɚɝɪɟɜɚɧɢɹ 1 ɤɝ ɜɟɳɟɫɬɜɚ ɧɚ 1 Ʉμ 

mdT

Q
c


  

ȿɞɢɧɢɰɚ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ — ɞɠɨɭɥɶ ɧɚ ɤɢɥɨɝɪɚɦɦ-ɤɟɥɶɜɢɧ (Ⱦɠ/(ɤɝ•Ʉ)). 

Ɇɨɥɹɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ— ɜɟɥɢɱɢɧɚ, ɪɚɜɧɚɹ ɤɨɥɢɱɟɫɬɜɭ ɬɟɩɥɨɬɵ, ɧɟɨɛɯɨɞɢɦɨɦɭ ɞɥɹ 
ɧɚɝɪɟɜɚɧɢɹ 1 ɦɨɥɹ ɜɟɳɟɫɬɜɚ ɧɚ 1 Ʉμ 

dT

Q
Cm 


       (9-17) 

ɝɞɟ v = m/M — ɤɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ, ɜɵɪɚɠɚɸɳɟɟ ɱɢɫɥɨ ɦɨɥɟɣ. 

ȿɞɢɧɢɰɚ ɦɨɥɹɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ — ɞɠɨɭɥɶ ɧɚ ɦɨɥɶ-ɤɟɥɶɜɢɧ (Ⱦɠ/(ɦɨɥɶ•Ʉ)). 

ɍɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɫ ɫɜɹɡɚɧɚ ɫ ɦɨɥɹɪɧɨɣ ɋm ɫɨɨɬɧɨɲɟɧɢɟɦ 

ɋɬ = ɫɆ,                        (9-18) 

ɝɞɟ Ɇ — ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ ɜɟɳɟɫɬɜɚ. 
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Ɋɚɡɥɢɱɚɸɬ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ ɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ, ɟɫɥɢ ɜ ɩɪɨɰɟɫɫɟ 
ɧɚɝɪɟɜɚɧɢɹ ɜɟɳɟɫɬɜɚ ɟɝɨ ɨɛɴɟɦ ɢɥɢ ɞɚɜɥɟɧɢɟ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ. 

Ɂɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ ɩɟɪɜɨɝɨ ɧɚɱɚɥɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ  ɞɥɹ 1 ɦɨɥɹ ɝɚɡɚ ɫμ 

CmdT=dUm + pdVm.                                            (9-19) 

ȿɫɥɢ ɝɚɡ ɧɚɝɪɟɜɚɟɬɫɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ, ɬɨ ɪɚɛɨɬɚ ɜɧɟɲɧɢɯ ɫɢɥ ɪɚɜɧɚ ɧɭɥɸ ɢ ɫɨɨɛɳɚɟɦɚɹ ɝɚɡɭ ɢɡɜɧɟ 
ɬɟɩɥɨɬɚ ɢɞɟɬ ɬɨɥɶɤɨ ɧɚ ɭɜɟɥɢɱɟɧɢɟ ɟɝɨ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢμ 

,
dT

dUɋ m

v                                                              (9-20) 

ɬ. ɟ. ɦɨɥɹɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɚɡɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ ɋv ɪɚɜɧɚ ɢɡɦɟɧɟɧɢɸ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ 1 ɦɨɥɹ 
ɝɚɡɚ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ 1 Ʉ.  Ɍɚɤ ɤɚɤ 

RdT
i

dU m
2

 , 

ɬɨ 

           Cv = iR/2.                                                    (9-21) 

ȿɫɥɢ ɝɚɡ ɧɚɝɪɟɜɚɟɬɫɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ, ɬɨ ɜɵɪɚɠɟɧɢɟ (λ-β1) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ 

dT

pdV

dT

dU
C mm

p  . 

                     ɍɱɢɬɵɜɚɹ, ɱɬɨ dUm/dT ɧɟ ɡɚɜɢɫɢɬ ɨɬ  ɜɢɞɚ ɩɪɨɰɟɫɫɚ (ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɧɟ    ɡɚɜɢɫɢɬ ɧɢ ɨɬ 
ɪ, ɧɢ ɨɬ V, ɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɥɢɲɶ ɬɟɦɩɟɪɚɬɭɪɨɣ Ɍ) ɢ ɜɫɟɝɞɚ ɪɚɜɧɚ ɋv,  ɩɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɜ ɭɪɚɜɧɟɧɢɟ 
Ʉɥɚɩɟɣɪɨɧɚ — Ɇɟɧɞɟɥɟɟɜɚ pVm=RT ɩɨ T(p=const),  ɩɨɥɭɱɢɦ 

                                                                          Cp = Cv + R.              (9-22)    ȼɵɪɚɠɟɧɢɟ (λ-

ββ) ɧɚɡɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ Ɇɚɣɟɪɚ; ɨɧɨ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɋɪ      ɜɫɟɝɞɚ ɛɨɥɶɲɟ  ɋv ɧɚ ɜɟɥɢɱɢɧɭ ɦɨɥɹɪɧɨɣ 
ɝɚɡɨɜɨɣ ɩɨɫɬɨɹɧɧɨɣ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɝɚɡɚ  ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɬɪɟɛɭɟɬɫɹ 
ɟɳɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɧɚ  ɫɨɜɟɪɲɟɧɢɟ ɪɚɛɨɬɵ ɪɚɫɲɢɪɟɧɢɹ ɝɚɡɚ, ɬɚɤ ɤɚɤ ɩɨɫɬɨɹɧɫɬɜɨ 
ɞɚɜɥɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ  ɭɜɟɥɢɱɟɧɢɟɦ ɨɛɴɟɦɚ ɝɚɡɚ. ɂɫɩɨɥɶɡɨɜɚɜ (9-β1)  ɜɵɪɚɠɟɧɢɟ (λ-ββ) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
ɜ ɜɢɞɟ 

R
iɋ p

2

2
  

ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜɚɠɧɨ ɡɧɚɬɶ ɯɚɪɚɤɬɟɪɧɨɟ  

ɞɥɹ ɤɚɠɞɨɝɨ    ɝɚɡɚ ɨɬɧɨɲɟɧɢɟ ɋɪ  ɤ  Cv: 

=Cp/Cv=(i+2)/i. 

 9.6. Ⱥɞɢɚɛɚɬɧɵɣ ɩɪɨɰɟɫɫ 

 ɋɭɳɟɫɬɜɭɟɬ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ ɹɜɥɟɧɢɣ, ɧɚɩɪɢɦɟɪ, ɧɚɝɪɟɜɚɧɢɟ ɪɭɱɧɨɝɨ ɧɚɫɨɫɚ ɩɪɢ ɧɚɤɚɱɢɜɚɧɢɢ ɲɢɧ, 
ɩɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɢɡɜɟɪɠɟɧɢɹ ɜɭɥɤɚɧɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɛɵɫɬɪɨ ɪɚɫɲɢɪɹɸɬɫɹ ɝɚɡɵ, 
ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɩɪɢ ɫɢɥɶɧɵɯ ɩɨɪɵɜɚɯ ɜɟɬɪɚ, ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɫ ɜɟɳɟɫɬɜɨɦ, 
ɡɚɤɥɸɱёɧɧɵɦ ɜ ɬɟɩɥɨɢɡɨɥɢɪɭɸɳɭɸ ɨɛɨɥɨɱɤɭ, ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɡɜɭɤɨɜɵɯ ɜɨɥɧ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ, 
ɨɛɴɹɫɧɢɬɶ ɤɨɬɨɪɵɟ ɦɨɠɧɨ, ɢɫɩɨɥɶɡɭɹ ɩɨɧɹɬɢɟ ɚɞɢɚɛɚɬɧɨɝɨ ɩɪɨɰɟɫɫɚ.  
 Ⱥɞɢɚɛɚɬɧɵɣ ɩɪɨɰɟɫɫ ɷɬɨ ɩɪɨɰɟɫɫ, ɩɪɨɢɫɯɨɞɹɳɟɣ ɛɟɡ ɬɟɩɥɨɨɛɦɟɧɚ ɫɢɫɬɟɦɵ ɫ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɨɣ.  
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 Ɋɟɚɥɢɡɨɜɚɬɶ ɬɚɤɨɣ ɩɪɨɰɟɫɫ ɧɚ ɩɪɚɤɬɢɤɟ ɦɨɠɧɨ, ɛɵɫɬɪɨ ɫɠɢɦɚɹ ɢɥɢ ɪɚɫɲɢɪɹɹ ɝɚɡ,  ɢɥɢ ɡɚɤɥɸɱɚɹ 
ɟɝɨ ɜ ɬɟɩɥɨɢɡɨɥɢɪɭɸɳɭɸ ɨɛɨɥɨɱɤɭ (ɬɟɪɦɨɫ, ɫɨɫɭɞ Ⱦɶɸɚɪɚ). ɉɪɢ ɚɞɢɚɛɚɬɧɨɦ ɩɪɨɰɟɫɫɟ 0Q , ɚ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɟɪɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞμ  AdU 0  ɢɥɢ dUA  . ɉɪɢ 
ɚɞɢɚɛɚɬɧɨɦ ɪɚɫɲɢɪɟɧɢɢ ɝɚɡ ɫɨɜɟɪɲɚɟɬ ɦɟɯɚɧɢɱɟɫɤɭɸ ɪɚɛɨɬɭ ɡɚ ɫɱёɬ ɭɛɵɥɢ ɫɨɛɫɬɜɟɧɧɨɣ ɜɧɭɬɪɟɧɧɟɣ 
ɷɧɟɪɝɢɢ. ɉɪɢ ɚɞɢɚɛɚɬɧɨɦ ɫɠɚɬɢɢ ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɝɚɡɚ ɪɚɫɬёɬ ɡɚ ɫɱёɬ ɪɚɛɨɬɵ ɜɧɟɲɧɢɯ ɫɢɥ, 
ɫɠɢɦɚɸɳɢɯ ɟɝɨ. 

 ɉɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ ɚɞɢɚɛɚɬɵ, ɢɫɩɨɥɶɡɭɹ ɩɟɪɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. ɉɪɢɪɚɳɟɧɢɟ 
ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɱɟɪɟɡ ɦɨɥɹɪɧɭɸ ɢɡɨɯɨɪɢɱɟɫɤɭɸ ɬɟɩɥɨёɦɤɨɫɬɶμ dTCdU V , 

ɷɥɟɦɟɧɬɚɪɧɭɸ ɪɚɛɨɬɭ – ɱɟɪɟɡ ɞɚɜɥɟɧɢɟ ɢ ɩɪɢɪɚɳɟɧɢɟ ɨɛɴёɦɚμ PdVA  . ɉɨɥɭɱɢɦ      

                                   0 PdVdTC V                                                          (9-23) 

ɂɫɤɥɸɱɢɦ ɢɡ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɩɪɢɪɚɳɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɢɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɟ Ɇɟɧɞɟɥɟɟɜɚ - Ʉɥɚɩɟɣɪɨɧɚ 
RTPV  . ɉɪɨɞɢɮɮɟɪɟɧɰɢɪɭɟɦ ɟɝɨ ɢ ɩɨɥɭɱɢɦμ RdTVdPPdV  , ɨɬɫɸɞɚ ɜɵɪɚɡɢɦ ɩɪɢɪɚɳɟɧɢɟ 

ɬɟɦɩɟɪɚɬɭɪɵ
R

VdPPdV
dT




  ɢ ɩɨɞɫɬɚɜɢɦ ɟɝɨ ɜ (λ-βγ), ɩɨɫɥɟ ɩɪɢɜɟɞɟɧɢɹ ɩɨɞɨɛɧɵɯ ɩɨɥɭɱɢɦμ 

 
0


PdV

R

VdPPdVC V . Ɂɚɦɟɧɢɦ ɜ ɷɬɨɦ ɪɚɜɟɧɫɬɜɟ R ɧɚ VP CC   , ɩɪɢɜɟɞёɦ ɤ ɨɞɧɨɦɭ 

ɡɧɚɦɟɧɚɬɟɥɸ, ɪɚɫɤɪɨɟɦ ɫɤɨɛɤɢ ɢ ɩɨɥɭɱɢɦμ 

0




VP

VPVV

CC

PdVCPdVCVdPCPdVɋ




. 

Ɍɚɤ ɤɚɤ ɡɧɚɦɟɧɚɬɟɥɶ ɧɟ ɪɚɜɟɧ ɧɭɥɸ, ɬɨ ɪɚɜɟɧɫɬɜɨ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ, ɟɫɥɢ ɱɢɫɥɢɬɟɥɶ ɪɚɜɟɧ ɧɭɥɸ. 
ɉɨɫɥɟ ɩɪɢɜɟɞɟɧɢɹ ɩɨɞɨɛɧɵɯ ɩɨɥɭɱɢɦμ 

0 PdVCVdPC PV  . 

Ɉɛɨɡɧɚɱɢɦ ɨɬɧɨɲɟɧɢɟ ɬɟɩɥɨёɦɤɨɫɬɟɣ 


 
V

P

C

C
. ɗɬɨ ɨɬɧɨɲɟɧɢɟ  ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɩɨɤɚɡɚɬɟɥɟɦ 

ɚɞɢɚɛɚɬɵ ɢɥɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɉɭɚɫɫɨɧɚ. ɉɨɫɥɟ ɜɜɟɞɟɧɢɹ  ɩɨɥɭɱɢɦμ 

0 PdVVdP  . 

ɉɨɞɟɥɢɦ ɨɛɟ ɱɚɫɬɢ ɪɚɜɟɧɫɬɜɚ ɧɚ PV ɢ ɩɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ ɫ ɪɚɡɞɟɥɹɸɳɢɦɢɫɹ ɩɟɪɟɦɟɧɧɵɦɢμ 
0

V

dV

P

dP  . ɉɪɨɢɧɬɟɝɪɢɪɭɟɦ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɢ ɩɨɥɭɱɢɦμ constVP  lnln  ɢɥɢ 
constVP  lnln . ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɫɜɨɣɫɬɜɨɦ ɥɨɝɚɪɢɮɦɨɜμ ɫɭɦɦɭ ɥɨɝɚɪɢɮɦɨɜ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ 

ɤɚɤ ɥɨɝɚɪɢɮɦ ɩɪɨɢɡɜɟɞɟɧɢɹμ   constPV ln . ɉɨɫɥɟ ɩɨɬɟɧɰɢɪɨɜɚɧɢɹ  ɩɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ 
ɚɞɢɚɛɚɬɵ: 

constPV 
                                                        (9-24) 

 

ɗɬɨ ɭɪɚɜɧɟɧɢɟ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɚɞɢɚɛɚɬɧɨɦ ɩɪɨɰɟɫɫɟ ɫ ɢɡɦɟɧɟɧɢɟɦ ɨɛɴёɦɚ ɞɚɜɥɟɧɢɟ ɢɡɦɟɧɹɟɬɫɹ 
ɧɚ ɛɨɥɶɲɭɸ ɜɟɥɢɱɢɧɭ, ɱɟɦ ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ, ɩɨɫɤɨɥɶɤɭ 1 . Ɋɢɫ.λ.4, ɧɚ ɤɨɬɨɪɨɦ 
ɩɪɢɜɟɞɟɧɵ ɢɡɨɬɟɪɦɚ (ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ) ɢ ɚɞɢɚɛɚɬɚ (ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ) ɞɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɧɚɱɚɥɶɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɫɨɫɬɨɹɧɢɹ ɝɚɡɚ ɨɞɢɧɚɤɨɜɵ, ɧɚɝɥɹɞɧɨ ɩɨɤɚɡɵɜɚɟɬ ɷɬɨ.  

ɂɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɟ ɚɞɢɚɛɚɬɵ ɱɟɪɟɡ ɨɛɴёɦ ɢ 
ɬɟɦɩɟɪɚɬɭɪɭ. Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ ɢɡ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɜɵɪɚɡɢɬɶ ɞɚɜɥɟɧɢɟ ɢ 
ɩɨɞɫɬɚɜɢɬɶ ɜ ɭɪɚɜɧɟɧɢɟ (λ-β4). ɉɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɨɥɭɱɢɦμ  
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constV  1
                                                     (9-25) 

Ɇɨɠɧɨ ɡɚɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɟ ɚɞɢɚɛɚɬɵ ɱɟɪɟɡ ɞɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɭ, ɜɵɪɚɡɢɜ ɢɡ ɭɪɚɜɧɟɧɢɹ 
ɫɨɫɬɨɹɧɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ, ɨɛɴёɦ ɱɟɪɟɡ ɞɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɭμ  

constTP 


1

                                                       (9-26) 

ɉɪɢ ɚɞɢɚɛɚɬɧɨɦ ɩɪɨɰɟɫɫɟ ɜɫɟ ɬɪɢ ɩɚɪɚɦɟɬɪɚ ɫɨɫɬɨɹɧɢɹ ɢɡɦɟɧɹɸɬɫɹ. ɗɬɨ ɢɡɦɟɧɟɧɢɟ ɜɵɪɚɠɟɧɨ 
ɮɨɪɦɭɥɚɦɢ (λ-24), (9-25), (9-26).  

ɉɪɨɰɟɫɫ ɚɞɢɚɛɚɬɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɢɡɨɛɪɚɠёɧ ɧɚ ɪɢɫ.λ.5 ɉɪɢ ɚɞɢɚɛɚɬɧɨɦ ɪɚɫɲɢɪɟɧɢɢ ɝɚɡ ɫɨɜɟɪɲɚɟɬ 
ɪɚɛɨɬɭ ɡɚ ɫɱёɬ ɭɛɵɥɢ ɫɨɛɫɬɜɟɧɧɨɣ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢμ dUA  . Ɋɚɛɨɬɭ ɚɞɢɚɛɚɬɧɨɝɨ ɩɪɨɰɟɫɫɚ 
ɩɪɨɳɟ ɜɫɟɝɨ ɪɚɫɫɱɢɬɚɬɶ ɱɟɪɟɡ ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢμ  dUA12 . ɉɨɫɤɨɥɶɤɭ ɜɧɭɬɪɟɧɧɹɹ 
ɷɧɟɪɝɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ – ɮɭɧɤɰɢɹ ɫɨɫɬɨɹɧɢɹ ɢ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɬɨ ɢɡɦɟɧɟɧɢɟ 
ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɪɚɛɨɬɭ ɦɨɠɧɨ ɧɚɣɬɢ ɩɨ ɮɨɪɦɭɥɟμ  

 2112 TTCA V                                                     (9-27) 

Ɋɚɛɨɬɭ ɝɚɡɚ ɩɪɢ ɚɞɢɚɛɚɬɧɨɦ ɩɪɨɰɟɫɫɟ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢ ɱɟɪɟɡ ɷɥɟɦɟɧɬɚɪɧɭɸ ɪɚɛɨɬɭμ

  PdVAA 12 . Ⱦɥɹ ɷɬɨɝɨ ɛɭɞɟɦ ɫɱɢɬɚɬɶ ɢɡɜɟɫɬɧɵɦɢ ɧɚɱɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɨɫɬɨɹɧɢɹ P1 , V1, T1. 

ɂɡ ɭɪɚɜɧɟɧɢɹ ɚɞɢɚɛɚɬɵ 
PVVP 11  ɜɵɪɚɡɢɦ ɞɚɜɥɟɧɢɟ Ɋμ 



V

VP
P 11 . Ɍɨɝɞɚ ɷɥɟɦɟɧɬɚɪɧɚɹ ɪɚɛɨɬɚ 

ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɮɨɪɦɭɥɨɣμ dV
V

VP
A 



 11 . ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɪɚɛɨɬɵ ɚɞɢɚɛɚɬɧɨɝɨ ɩɪɨɰɟɫɫɚ 
ɜɵɧɟɫɟɦ ɡɚ ɡɧɚɤ ɢɧɬɟɝɪɚɥɚ ɢɡɜɟɫɬɧɵɟ ɜɟɥɢɱɢɧɵ ɢ ɩɨɥɭɱɢɦμ 
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V. ȼɵɧɟɫɟɦ ɡɚ ɫɤɨɛɤɢ 
1

1

1


V
,  ɢ ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɭɱɢɦμ 
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

 V

VVP
A                                                 (9-28) 

ɂɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɟ Ɇɟɧɞɟɥɟɟɜɚ – Ʉɥɚɩɟɣɪɨɧɚ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɞɪɭɝɭɸ ɮɨɪɦɭɥɭμ 
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1

2
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1






V

VRT
A                                                 (9-29) 

 ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɚɦɨ ɩɨ ɫɟɛɟ ɪɚɫɲɢɪɟɧɢɟ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɧɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɟɝɨ 
ɨɯɥɚɠɞɟɧɢɸ, ɟɫɥɢ ɩɪɢ ɪɚɫɲɢɪɟɧɢɢ ɝɚɡ ɧɟ ɩɪɨɢɡɜɨɞɢɬ ɪɚɛɨɬɭ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ, ɟɫɥɢ ɢɞɟɚɥɶɧɵɣ ɝɚɡ 

ɪɚɫɲɢɪɹɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɤ ɫɨɫɭɞɭ, ɜ ɤɨɬɨɪɨɦ ɨɧ ɧɚɯɨɞɢɬɫɹ, ɩɪɢɫɨɟɞɢɧɹɟɬɫɹ ɞɪɭɝɨɣ ɩɭɫɬɨɣ ɫɨɫɭɞ, 
ɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɧɟ ɢɡɦɟɧɢɬɫɹ. ɇɟɢɡɦɟɧɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɭɫɥɨɜɥɟɧɚ ɬɟɦ, ɱɬɨ ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ 
ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɨɛɴёɦɚ. ɉɪɢ ɬɚɤɨɦ ɪɚɫɲɢɪɟɧɢɢ ɜ ɩɭɫɬɨɬɭ ɢɞɟɚɥɶɧɵɣ ɝɚɡ ɧɟ ɫɨɜɟɪɲɚɟɬ 
ɪɚɛɨɬɵ.  

9.7. ɉɨɥɢɬɪɨɩɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 

ɉɨɥɢɬɪɨɩɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ ɧɚɡɵɜɚɟɬɫɹ ɜɫɹɤɢɣ ɩɪɨɰɟɫɫ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ 

ɬɟɩɥɨёɦɤɨɫɬɶ ɝɚɡɚ ɋ ɨɫɬɚёɬɫɹ ɩɨɫɬɨɹɧɧɨɣ ɢ ɪɚɜɧɨɣ 
dT

Qɋ 
 . 

Ɋɢɫ. 9.5 
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 2 
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 0  0  V  T 
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 1 
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Ɉɬɫɸɞɚ ɜɵɪɚɡɢɦ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɱɟɪɟɡ ɬɟɩɥɨёɦɤɨɫɬɶ ɝɚɡɚ ɩɪɢ ɩɨɥɢɬɪɨɩɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟμ 
CdTQ  . ɂɫɩɨɥɶɡɭɟɦ ɩɟɪɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢμ PdVdTCQ V  . Ɂɞɟɫɶ 

VV CC   ɢ 

PP CC   - ɬɟɩɥɨёɦɤɨɫɬɢ ɝɚɡɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴёɦɟ ɢ ɞɚɜɥɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɋ ɭɱёɬɨɦ 
ɜɵɪɚɠɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ ɱɟɪɟɡ ɬɟɩɥɨёɦɤɨɫɬɶ ɩɨɥɢɬɪɨɩɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨɥɭɱɢɦ 

PdVdTCɋНT V   ɢɥɢ  

  PdVdTCC V                                                        (9-30) 

ɉɪɨɞɢɮɮɟɪɟɧɰɢɪɭɟɦ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɢ ɜɵɪɚɡɢɦ ɞɢɮɮɟɪɟɧɰɢɚɥ ɬɟɦɩɟɪɚɬɭɪɵμ 

R

VdPPdV
dT




 . ɍɱɬёɦ, ɱɬɨ VP CCR   , ɚ VPVP CɋCCR    , ɩɨɥɭɱɢɦμ  

0




V

dV

CC

CC

P

dP

V

P
                                         (9-31) 

Ɉɛɨɡɧɚɱɢɦ n
CC

CC

V

P 



 - ɩɨɤɚɡɚɬɟɥɶ ɩɨɥɢɬɪɨɩɵ. ɉɨɫɥɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ (λ-γ1) ɢ ɞɚɥɶɧɟɣɲɟɝɨ 

ɩɨɬɟɧɰɢɪɨɜɚɧɢɹ ɩɨɥɭɱɟɧɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ, ɩɪɢɞёɦ ɤ ɭɪɚɜɧɟɧɢɸ ɩɨɥɢɬɪɨɩɵ: 

constPV
n                                                          (9-32) 

ɗɬɨ ɭɪɚɜɧɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɨ ɢ ɱɟɪɟɡ ɞɪɭɝɢɟ ɩɚɪɵ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ, ɚɧɚɥɨɝɢɱɧɨ ɬɨɦɭ, 
ɤɚɤ ɷɬɨ ɛɵɥɨ ɫɞɟɥɚɧɨ ɞɥɹ ɚɞɢɚɛɚɬɧɨɝɨ ɩɪɨɰɟɫɫɚ. 

 Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɢɡɨɩɪɨɰɟɫɫɵ ɢ ɚɞɢɚɛɚɬɧɵɣ ɩɪɨɰɟɫɫ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɝɚɡɚ ɦɨɠɧɨ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɱɚɫɬɧɵɟ ɫɥɭɱɚɢ ɛɨɥɟɟ ɨɛɳɟɝɨ ɩɨɥɢɬɪɨɩɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. ɉɨɤɚɠɟɦ, ɱɬɨ ɢɡ 
ɭɪɚɜɧɟɧɢɹ (λ-γβ) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɭɪɚɜɧɟɧɢɹ ɢɡɜɟɫɬɧɵɯ ɧɚɦ ɩɪɨɰɟɫɫɨɜ. 

 Ⱦɥɹ ɚɞɢɚɛɚɬɧɨɝɨ ɩɪɨɰɟɫɫɚ 0Q , ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɟɩɥɨёɦɤɨɫɬɶ ɋ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɪɚɜɧɚ ɧɭɥɸ, 
ɚ ɩɨɤɚɡɚɬɟɥɶ ɩɨɥɢɬɪɨɩɵ ɪɚɜɟɧ ɩɨɤɚɡɚɬɟɥɸ ɚɞɢɚɛɚɬɵ n . Ɍɨɝɞɚ ɭɪɚɜɧɟɧɢɟ (λ-γβ) ɩɟɪɟɣɞёɬ ɜ 

ɭɪɚɜɧɟɧɢɟ ɚɞɢɚɛɚɬɵ constPV 
. 

 Ⱦɥɹ ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ dT=0 , ɋ , ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ n=1 , ɚ ɭɪɚɜɧɟɧɢɟ (λ-32) 

ɩɟɪɟɣɞёɬ ɜ ɭɪɚɜɧɟɧɢɟ ɢɡɨɬɟɪɦɵμ constPV  . 

 Ⱦɥɹ ɢɡɨɛɚɪɧɨɝɨ ɩɪɨɰɟɫɫɚ ɋ=ɋɊ , n=0 , ɚ ɭɪɚɜɧɟɧɢɟ (λ-γβ) ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ constPV 0 ɢɥɢ 
Ɋ=const .  

 Ⱦɥɹ ɢɡɨɯɨɪɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɋ=ɋV , n  , ɚ ɭɪɚɜɧɟɧɢɟ (λ-γβ) ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɜ ɜɢɞɟμ 

constVP n 
1

. ɉɪɢ n  1

1

nP , ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɪɚɜɧɟɧɢɟ (λ-γβ) ɩɟɪɟɯɨɞɢɬ ɜ ɭɪɚɜɧɟɧɢɟ 
ɢɡɨɯɨɪɵμ  V= const.   

9.8. ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɬɟɩɥɨɜɨɣ ɦɚɲɢɧɵ. ɐɢɤɥ Ʉɚɪɧɨ ɢ ɟɝɨ ɄɉȾ. 

 ȼɚɠɧɵɦ ɩɪɢɤɥɚɞɧɵɦ ɩɪɢɥɨɠɟɧɢɟɦ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɹɜɥɹɸɬɫɹ ɬɟɩɥɨɜɵɟ ɦɚɲɢɧɵ. ɉɨɞ ɬɟɩɥɨɜɨɣ 
ɦɚɲɢɧɨɣ ɩɨɧɢɦɚɸɬ ɭɫɬɪɨɣɫɬɜɨ, ɩɪɟɨɛɪɚɡɭɸɳɟɟ ɧɟɤɨɬɨɪɭɸ ɱɚɫɬɶ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɜ 
ɦɟɯɚɧɢɱɟɫɤɭɸ ɪɚɛɨɬɭ.  
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 Ɍɟɩɥɨɜɵɟ ɦɚɲɢɧɵ ɞɟɥɹɬ ɧɚ ɞɜɚ ɤɥɚɫɫɚμ ɦɚɲɢɧɵ ɨɞɧɨɪɚɡɨɜɨɝɨ ɞɟɣɫɬɜɢɹ (ɪɚɤɟɬɚ, ɩɭɲɤɚ ɢ ɬ.ɩ.) ɢ 
ɰɢɤɥɢɱɟɫɤɢɟ ɦɚɲɢɧɵ (ɩɚɪɨɜɵɟ ɦɚɲɢɧɵ, ɞɜɢɝɚɬɟɥɢ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ).  

 

ȼ ɰɢɤɥɢɱɟɫɤɢɯ ɦɚɲɢɧɚɯ ɩɪɨɰɟɫɫɵ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɬɟɩɥɨɬɵ ɜ ɪɚɛɨɬɭ ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɨɜɬɨɪɹɸɬɫɹ. Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ, ɱɬɨɛɵ ɪɚɛɨɱɟɟ ɬɟɥɨ 
ɩɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɬɟɩɥɨɬɵ ɨɬ ɢɫɬɨɱɧɢɤɚ, ɫɨɜɟɪɲɢɜ ɪɚɛɨɬɭ, ɜɟɪɧɭɥɨɫɶ ɜ ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɱɬɨɛɵ ɫɧɨɜɚ 
ɧɚɱɚɬɶ ɬɚɤɨɣ ɠɟ ɤɪɭɝɨɜɨɣ ɩɪɨɰɟɫɫ. 

 ɐɢɤɥɨɦ ɧɚɡɵɜɚɟɬɫɹ ɩɪɨɰɟɫɫ, ɧɚɱɚɥɨ ɢ ɤɨɧɟɰ ɤɨɬɨɪɨɝɨ - ɫɨɜɩɚɞɚɸɬ. ɉɪɢɦɟɪɨɦ ɰɢɤɥɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ, ɢɡɨɛɪɚɠёɧɧɵɣ ɧɚ ɪɢɫ.λ.6. Ɋɚɛɨɬɚ ɰɢɤɥɚ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɪɚɛɨɬɵ ɫɚɦɨɣ 

ɫɢɫɬɟɦɵ (ɭɱɚɫɬɨɤ1L1β) ɢ ɪɚɛɨɬɵ ɧɚɞ ɫɢɫɬɟɦɨɣ (ɭɱɚɫɬɨɤ βL21):  
1

2

2

1

21 LL

PdVPdVA . Ɋɚɛɨɬɚ ɰɢɤɥɚ 

ɱɢɫɥɟɧɧɨ ɪɚɜɧɚ ɩɥɨɳɚɞɢ ɮɢɝɭɪɵ, ɨɝɪɚɧɢɱɟɧɧɨɣ ɤɪɢɜɨɣ, ɢɡɨɛɪɚɠɚɸɳɟɣ ɰɢɤɥ. Ƚɚɡ ɫɨɜɟɪɲɚɟɬ ɪɚɛɨɬɭ ɧɚ 
ɭɱɚɫɬɤɟ 1L1β ɡɚ ɫɱёɬ ɩɨɥɭɱɟɧɧɨɝɨ ɨɬ ɧɚɝɪɟɜɚɬɟɥɹ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ, ɚ ɧɚ ɭɱɚɫɬɤɟ βL21 ɧɚɞ ɝɚɡɨɦ 
ɫɨɜɟɪɲɚɟɬɫɹ ɪɚɛɨɬɚ ɜɧɟɲɧɢɦɢ ɫɢɥɚɦɢ. ɑɬɨɛɵ ɪɚɛɨɬɚ ɜɧɟɲɧɢɯ ɫɢɥ ɛɵɥɚ ɦɟɧɶɲɟ ɪɚɛɨɬɵ ɝɚɡɚ, 
ɧɟɨɛɯɨɞɢɦɨ ɟё ɫɨɜɟɪɲɚɬɶ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɬɟɩɥɨɬɵ ɞɨɥɠɧɨ ɩɟɪɟɣɬɢ ɨɬ ɪɚɛɨɱɟɝɨ ɬɟɥɚ –ɝɚɡɚ - ɤ ɦɟɧɟɟ ɧɚɝɪɟɬɨɦɭ ɬɟɥɭ – ɯɨɥɨɞɢɥɶɧɢɤɭ. 

 ɍɬɜɟɪɠɞɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɞɥɹ ɫɨɜɟɪɲɟɧɢɹ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ ɜ ɰɢɤɥɢɱɟɫɤɨɣ ɦɚɲɢɧɟ ɧɟɨɛɯɨɞɢɦɨ 
ɭɱɚɫɬɢɟ ɞɜɭɯ ɬɟɥ ɫ ɪɚɡɥɢɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɧɚɡɵɜɚɟɬɫɹ ɩɪɢɧɰɢɩɨɦ Ʉɚɪɧɨ.  

 ɋɯɟɦɚ ɪɚɛɨɬɵ ɬɟɩɥɨɜɨɣ ɦɚɲɢɧɵ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. λ.7. 

 ɐɢɤɥ, ɩɪɢ ɩɨɦɨɳɢ ɤɨɬɨɪɨɝɨ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɨɬɧɹɬɨɟ ɨɬ ɤɚɤɨɝɨ-ɧɢɛɭɞɶ ɬɟɥɚ, ɦɨɠɧɨ 
ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɜ ɦɟɯɚɧɢɱɟɫɤɭɸ ɪɚɛɨɬɭ, ɧɚɡɵɜɚɟɬɫɹ ɰɢɤɥɨɦ Ʉɚɪɧɨ. ȼ ɤɚɱɟɫɬɜɟ 
ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɡɞɟɫɶ ɜɵɫɬɭɩɚɟɬ ɢɞɟɚɥɶɧɵɣ ɝɚɡ. ɐɢɤɥ Ʉɚɪɧɨ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɢɡɨɬɟɪɦ ɢ ɞɜɭɯ ɚɞɢɚɛɚɬ 
(ɪɢɫ.λ.8). 

ɇɚ ɭɱɚɫɬɤɟ 1-β ɪɚɛɨɱɟɟ ɬɟɥɨ ɤɨɧɬɚɤɬɢɪɭɟɬ ɫ ɧɚɝɪɟɜɚɬɟɥɟɦ (ɬɟɥɨɦ ɫ ɛɨɥɶɲɨɣ ɬɟɩɥɨёɦɤɨɫɬɶɸ) ɢ 
ɩɨɥɭɱɚɟɬ ɨɬ ɧɟɝɨ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ Qɧ . ɉɪɢ ɷɬɨɦ ɪɟɚɥɢɡɭɟɬɫɹ ɢɡɨɬɟɪɦɢɱɟɫɤɨɟ ɪɚɫɲɢɪɟɧɢɟ ɝɚɡɚ (ɢɡ-ɡɚ 
ɛɨɥɶɲɨɣ ɬɟɩɥɨёɦɤɨɫɬɢ ɧɚɝɪɟɜɚɬɟɥɹ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɚ ɧɟ ɢɡɦɟɧɹɟɬɫɹ). ɗɬɨ ɫɚɦɵɣ ɜɵɝɨɞɧɵɣ ɨɞɧɨɤɪɚɬɧɵɣ 
ɩɪɨɰɟɫɫ, ɩɪɢ ɤɨɬɨɪɨɦ ɜɫё ɩɨɥɭɱɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɩɟɪɟɯɨɞɢɬ ɜ ɦɟɯɚɧɢɱɟɫɤɭɸ ɪɚɛɨɬɭ, ɫɨɝɥɚɫɧɨ 
ɩɟɪɜɨɦɭ ɧɚɱɚɥɭ ɬɟɪɦɨɞɢɧɚɦɢɤɢμ 
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ɍɱɚɫɬɨɤ β-γ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɚɞɢɚɛɚɬɧɨɦɭ ɪɚɫɲɢɪɟɧɢɸ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ. ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɪɚɡɨɪɜɚɧ ɤɨɧɬɚɤɬ ɫ 
ɧɚɝɪɟɜɚɬɟɥɟɦ ɢ ɪɚɛɨɱɟɟ ɬɟɥɨ ɧɟ ɨɛɦɟɧɢɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɬɟɩɥɨɬɵ ɫ ɞɪɭɝɢɦɢ ɬɟɥɚɦɢ. ɗɬɨ ɬɨɠɟ ɜɵɝɨɞɧɨ, 
ɩɨɫɤɨɥɶɤɭ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɝɚɡ ɫɨɜɟɪɲɚɟɬ ɪɚɛɨɬɭ ɡɚ ɫɱёɬ ɫɨɛɫɬɜɟɧɧɨɣ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ 
ɨɧɚ ɭɦɟɧɶɲɚɟɬɫɹ, ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɨɣ Ɍ2 . ɋɨɝɥɚɫɧɨ ɩɟɪɜɨɦɭ ɧɚɱɚɥɭ ɬɟɪɦɨɞɢɧɚɦɢɤɢ, 

  212323 TTCUA V                                     (9-34)  

ɇɚ ɭɱɚɫɬɤɟ γ-4 ɪɚɛɨɱɟɟ ɬɟɥɨ ɩɪɢɜɨɞɢɬɫɹ ɜ ɬɟɩɥɨɜɨɣ ɤɨɧɬɚɤɬ ɫ ɯɨɥɨɞɢɥɶɧɢɤɨɦ, ɢɦɟɸɳɢɦ ɛɨɥɶɲɭɸ 
ɬɟɩɥɨёɦɤɨɫɬɶ ɢ ɬɟɦɩɟɪɚɬɭɪɭ Ɍ2. Ɂɞɟɫɶ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɝɚɡ ɫɠɢɦɚɸɬ ɢɡɨɬɟɪɦɢɱɟɫɤɢ, 
ɫɨɜɟɪɲɚɹ ɧɚɞ ɧɢɦ ɪɚɛɨɬɭ, ɱɢɫɥɟɧɧɨ ɪɚɜɧɭɸ ɨɬɞɚɧɧɨɦɭ ɯɨɥɨɞɢɥɶɧɢɤɭ ɤɨɥɢɱɟɫɬɜɭ ɬɟɩɥɨɬɵ, ɪɚɛɨɬɚ ɠɟ 
ɫɚɦɨɝɨ ɝɚɡɚ, ɬɚɤ ɠɟ, ɤɚɤ ɢ ɨɬɞɚɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɨɬɪɢɰɚɬɟɥɶɧɚμ  
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 ɉɪɢ ɛɨɥɟɟ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɤɨɝɞɚ ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɦɟɧɶɲɟ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ, ɝɚɡ ɫɠɢɦɚɬɶ ɥɟɝɱɟ, 
ɩɨɷɬɨɦɭ ɪɚɛɨɬɚ Ⱥ34 ɦɟɧɶɲɟ ɪɚɛɨɬɵ Ⱥ12. ɂɡɨɬɟɪɦɢɱɟɫɤɨɟ ɫɠɚɬɢɟ ɨɩɹɬɶ-ɬɚɤɢ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɜɵɝɨɞɧɵɦ, 
ɩɨɫɤɨɥɶɤɭ ɧɟ ɧɭɠɧɨ ɢɡɦɟɧɹɬɶ ɜɧɭɬɪɟɧɧɸɸ ɷɧɟɪɝɢɸ ɝɚɡɚ, ɡɚɬɪɚɱɢɜɚɹ ɧɚ ɷɬɨ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɪɚɛɨɬɭ 
ɜɧɟɲɧɢɯ ɫɢɥ. ɇɚ ɩɨɫɥɟɞɧɟɦ ɭɱɚɫɬɤɟ ɰɢɤɥɚ Ʉɚɪɧɨ ɧɟɨɛɯɨɞɢɦɨ ɜɟɪɧɭɬɶ ɝɚɡ ɜ ɩɟɪɜɨɧɚɱɚɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ 
ɧɚɢɜɵɝɨɞɧɟɣɲɢɦ ɨɛɪɚɡɨɦ, ɬɨ ɟɫɬɶ ɚɞɢɚɛɚɬɧɨ ɫɠɚɬɶ ɟɝɨ. ɉɪɢ ɚɞɢɚɛɚɬɧɨɦ ɫɠɚɬɢɢ ɧɟɬ ɬɟɩɥɨɜɨɝɨ ɤɨɧɬɚɤɬɚ 
ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɫ ɯɨɥɨɞɢɥɶɧɢɤɨɦ, ɚ ɪɚɛɨɬɚ ɜɧɟɲɧɢɯ ɫɢɥ ɩɨɥɧɨɫɬɶɸ ɢɞёɬ ɧɚ ɭɜɟɥɢɱɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ 
ɷɧɟɪɝɢɢ ɝɚɡɚμ  

 214141 TTCUA V                                     (9-36) 

 ɉɨɥɟɡɧɚɹ ɪɚɛɨɬɚ ɡɚ ɰɢɤɥ ɪɚɜɧɚ ɚɥɝɟɛɪɚɢɱɟɫɤɨɣ ɫɭɦɦɟ ɪɚɛɨɬ ɤɚɠɞɨɝɨ ɭɱɚɫɬɤɚ ɰɢɤɥɚ Ʉɚɪɧɨμ 

41342312 AAAAA  . ɋɪɚɜɧɟɧɢɟ ɮɨɪɦɭɥ (λ-γγ) ɢ (λ-γ6) ɩɨɡɜɨɥɹɟɬ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɪɚɛɨɬɚ ɝɚɡɚ ɧɚ 
ɭɱɚɫɬɤɟ β-γ ɩɨ ɜɟɥɢɱɢɧɟ ɪɚɜɧɚ ɪɚɛɨɬɟ ɝɚɡɚ ɧɚ ɭɱɚɫɬɤɟ 4-1, ɧɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɚ ɩɨ ɡɧɚɤɭ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɚɥɝɟɛɪɚɢɱɟɫɤɚɹ ɫɭɦɦɚ ɪɚɛɨɬ ɧɚ ɷɬɢɯ ɭɱɚɫɬɤɚɯ ɪɚɜɧɚ ɧɭɥɸ, ɚ ɪɚɛɨɬɚ ɡɚ ɰɢɤɥ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɫɭɦɦɨɣ 
ɪɚɛɨɬ ɭɱɚɫɬɤɨɜ 1β ɢ γ4μ 
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Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ ɪɚɫɫɦɨɬɪɢɦ ɭɪɚɜɧɟɧɢɹ ɚɞɢɚɛɚɬɵ ɧɚ ɭɱɚɫɬɤɚɯ β-γ ɢ 4-

1, ɡɚɩɢɫɚɧɧɵɟ ɱɟɪɟɡ ɨɛɴёɦ ɢ ɬɟɦɩɟɪɚɬɭɪɭμ 1
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 . ɍɱɢɬɵɜɚɹ ɷɬɨ ɪɚɜɟɧɫɬɜɨ, ɦɨɠɧɨ 

ɜɵɧɟɫɬɢ ɡɚ ɫɤɨɛɤɢ ɧɚɬɭɪɚɥɶɧɵɣ ɥɨɝɚɪɢɮɦ ɨɬɧɨɲɟɧɢɹ ɨɛɴёɦɨɜ ɜ ɮɨɪɦɭɥɟ (λ-γ7) ɢ ɩɨɥɭɱɢɬɶ ɜɵɪɚɠɟɧɢɟ 
ɞɥɹ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ ɡɚ ɰɢɤɥ Ʉɚɪɧɨμ 
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 
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TTRȺ                                                         (9-38) 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɬɟɩɥɨɜɵɯ ɦɚɲɢɧ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ  , 

ɨɩɪɟɞɟɥɹɟɦɵɦ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ, ɩɪɨɢɡɜɟɞёɧɧɨɣ ɡɚ ɰɢɤɥ, ɤ ɤɨɥɢɱɟɫɬɜɭ ɬɟɩɥɨɬɵ, 
ɩɨɥɭɱɟɧɧɨɦɭ ɨɬ ɧɚɝɪɟɜɚɬɟɥɹ ɡɚ ɰɢɤɥμ  

HQ

A
                                                             (9-39) 

ɉɨɞɫɬɚɜɢɦ ɜ ɷɬɭ ɮɨɪɦɭɥɭ ɩɨɥɟɡɧɭɸ ɪɚɛɨɬɭ, ɩɪɨɢɡɜɟɞёɧɧɭɸ ɡɚ ɰɢɤɥ Ʉɚɪɧɨ, ɨɩɪɟɞɟɥɹɟɦɭɸ ɩɨ 
ɮɨɪɦɭɥɟ (λ-γ8), ɢ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɥɭɱɟɧɧɨɟ ɨɬ ɧɚɝɪɟɜɚɬɟɥɹ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ ɮɨɪɦɭɥɟ (λ -33),  

ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɭɱɢɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɪɚɫɱёɬɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ (ɄɉȾ) 
ɰɢɤɥɚ Ʉɚɪɧɨ: 
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                                                    (9-40) 

ɗɬɚ ɮɨɪɦɭɥɚ ɩɪɢɝɨɞɧɚ ɬɨɥɶɤɨ ɞɥɹ ɪɚɫɱёɬɚ ɄɉȾ ɰɢɤɥɚ Ʉɚɪɧɨ. ɄɉȾ ɞɪɭɝɢɯ ɰɢɤɥɨɜ ɪɚɫɫɱɢɬɵɜɚɸɬ, 
ɢɫɩɨɥɶɡɭɹ ɨɛɳɭɸ ɮɨɪɦɭɥɭ (4.47). ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɢɦɟɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɧɚɝɪɟɜɚɬɟɥɟɣ, ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ 
ɩɨɥɭɱɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɫɭɦɦɢɪɭɹ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ ɨɬ ɤɚɠɞɨɝɨ ɧɚɝɪɟɜɚɬɟɥɹ, ɩɨ ɮɨɪɦɭɥɟμ 





N

i

HiH QQ
1

. 

 Ⱥɧɚɥɢɡɢɪɭɹ ɰɢɤɥ, ɪɟɚɥɢɡɭɟɦɵɣ ɜ  ɢɞɟɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɦɚɲɢɧɟ, Ʉɚɪɧɨ ɞɨɤɚɡɚɥ ɞɜɚ ɜɚɠɧɵɯ 
ɩɨɥɨɠɟɧɢɹ, ɢɡɜɟɫɬɧɵɯ ɤɚɤ ɬɟɨɪɟɦɵ Ʉɚɪɧɨ.  

ɉɟɪɜɚɹ ɬɟɨɪɟɦɚ Ʉɚɪɧɨμ ɄɉȾ ɢɞɟɚɥɶɧɨɝɨ ɰɢɤɥɚ Ʉɚɪɧɨ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɪɨɞɚ ɪɚɛɨɱɟɝɨ ɬɟɥɚ.  

ȼɬɨɪɚɹ ɬɟɨɪɟɦɚ Ʉɚɪɧɨμ ɰɢɤɥ Ʉɚɪɧɨ ɨɛɥɚɞɚɟɬ ɧɚɢɛɨɥɶɲɢɦ ɄɉȾ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɜɫɟɦɢ ɞɪɭɝɢɦɢ 
ɰɢɤɥɚɦɢ ɜ ɬɨɦ ɠɟ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ. 

9.9. ɗɧɬɪɨɩɢɹ. Ɏɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɷɧɬɪɨɩɢɢ. ɗɧɬɪɨɩɢɹ ɢ ɜɟɪɨɹɬɧɨɫɬɶ. 

 Ɋɚɫɫɦɚɬɪɢɜɚɹ ɄɉȾ ɬɟɩɥɨɜɨɣ ɦɚɲɢɧɵ, ɪɚɛɨɬɚɸɳɟɣ ɩɨ ɰɢɤɥɭ Ʉɚɪɧɨ, 
ɇ

ɏ

ɇ

ɏ

Ɍ
Ɍ

Q

Q
 11 , 

ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɬɧɨɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɯɨɥɨɞɢɥɶɧɢɤɚ ɤ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɝɪɟɜɚɬɟɥɹ ɪɚɜɧɨ 
ɨɬɧɨɲɟɧɢɸ ɜɟɥɢɱɢɧ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ, ɨɬɞɚɧɧɨɝɨ ɪɚɛɨɱɢɦ ɬɟɥɨɦ ɯɨɥɨɞɢɥɶɧɢɤɭ, ɢ ɤɨɥɢɱɟɫɬɜɚ 
ɬɟɩɥɨɬɵ, ɩɪɢɧɹɬɨɣ ɨɬ ɧɚɝɪɟɜɚɬɟɥɹ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɞɥɹ ɢɞɟɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɦɚɲɢɧɵ, ɪɚɛɨɬɚɸɳɟɣ ɩɨ 

ɰɢɤɥɭ Ʉɚɪɧɨ, ɜɵɩɨɥɧɹɟɬɫɹ ɢ ɬɚɤɨɟ ɫɨɨɬɧɨɲɟɧɢɟμ 
ɇ

ɇ

ɏ

ɏ

Ɍ
Q

Ɍ
Q

 . Ɉɬɧɨɲɟɧɢɟ 
T

Q
 Ʌɨɪɟɧɰ ɧɚɡɜɚɥ 

ɩɪɢɜɟɞёɧɧɨɣ ɬɟɩɥɨɬɨɣ. Ⱦɥɹ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɢɜɟɞёɧɧɚɹ ɬɟɩɥɨɬɚ ɛɭɞɟɬ ɪɚɜɧɚ 
T

Q
. Ɂɧɚɱɢɬ, 

ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɰɢɤɥɚ Ʉɚɪɧɨ (ɚ ɨɧ ɹɜɥɹɟɬɫɹ ɨɛɪɚɬɢɦɵɦ ɰɢɤɥɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ) ɩɪɢɜɟɞёɧɧɚɹ ɬɟɩɥɨɬɚ 
ɨɫɬɚёɬɫɹ ɧɟɢɡɦɟɧɧɨɣ ɢ ɜɟɞёɬ ɫɟɛɹ ɤɚɤ ɮɭɧɤɰɢɹ ɫɨɫɬɨɹɧɢɹ, ɬɨɝɞɚ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ 
ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɩɪɨɰɟɫɫɚ.  

ɂɫɩɨɥɶɡɭɹ ɩɟɪɜɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɞɥɹ ɨɛɪɚɬɢɦɵɯ ɩɪɨɰɟɫɫɨɜ, PdVdTCQ V    ɢ ɞɟɥɹ 
ɨɛɟ ɱɚɫɬɢ ɷɬɨɝɨ ɪɚɜɟɧɫɬɜɚ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ, ɩɨɥɭɱɢɦμ 

dV
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dT
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Q
V 

                                         (9-41) 

ȼɵɪɚɡɢɦ ɢɡ ɭɪɚɜɧɟɧɢɹ Ɇɟɧɞɟɥɟɟɜɚ - Ʉɥɚɩɟɣɪɨɧɚ 
V

R

T

P 
  , ɩɨɞɫɬɚɜɢɦ ɜ ɭɪɚɜɧɟɧɢɟ (λ-41) ɢ ɩɨɥɭɱɢɦμ 
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 
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                                    (9-42) 

ɍɱɬёɦ, ɱɬɨ  Td
T

dT
ln , ɚ  Vd

V

dV
ln ,  ɩɨɞɫɬɚɜɢɦ ɢɯ ɜ ɭɪɚɜɧɟɧɢɟ (λ-4β) ɢ ɩɨɥɭɱɢɦμ 

 VRTCd
T

Q
V lnln  


                                   (9-43) 

ɉɪɚɜɚɹ ɱɚɫɬɶ ɷɬɨɝɨ ɪɚɜɟɧɫɬɜɚ ɹɜɥɹɟɬɫɹ ɩɨɥɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɨɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɨɛɪɚɬɢɦɵɯ 
ɩɪɨɰɟɫɫɚɯ ɢ ɩɪɢɜɟɞёɧɧɚɹ ɬɟɩɥɨɬɚ ɬɨɠɟ ɹɜɥɹɟɬɫɹ ɩɨɥɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɨɦ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɩɪɢɡɧɚɤɨɦ 
ɮɭɧɤɰɢɢ ɫɨɫɬɨɹɧɢɹ. 

Ɏɭɧɤɰɢɹ ɫɨɫɬɨɹɧɢɹ, ɞɢɮɮɟɪɟɧɰɢɚɥɨɦ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ 
T

Q
, ɧɚɡɵɜɚɟɬɫɹ ɷɧɬɪɨɩɢɟɣ ɢ ɨɛɨɡɧɚɱɚɟɬɫɹ 

S. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɧɬɪɨɩɢɹ – ɮɭɧɤɰɢɹ ɫɨɫɬɨɹɧɢɹ. ɉɨɫɥɟ ɜɜɟɞɟɧɢɹ ɷɧɬɪɨɩɢɢ ɮɨɪɦɭɥɚ (λ-4γ) ɛɭɞɟɬ ɢɦɟɬɶ 
ɜɢɞμ  

dS
T

Q



,                                                     (9-44) 

ɝɞɟ dS – ɩɪɢɪɚɳɟɧɢɟ ɷɧɬɪɨɩɢɢ. Ɋɚɜɟɧɫɬɜɨ (λ-44) ɫɩɪɚɜɟɞɥɢɜɨ ɬɨɥɶɤɨ ɞɥɹ ɨɛɪɚɬɢɦɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɭɞɨɛɧɨ 
ɞɥɹ ɪɚɫɱёɬɚ ɢɡɦɟɧɟɧɢɹ ɷɧɬɪɨɩɢɢ ɩɪɢ ɤɨɧɟɱɧɵɯ ɩɪɨɰɟɫɫɚɯμ 





2

1

12
T

Q
SSS                                        (9-45) 

ȿɫɥɢ ɫɢɫɬɟɦɚ ɨɛɪɚɬɢɦɵɦ ɩɭɬёɦ ɫɨɜɟɪɲɚɟɬ ɤɪɭɝɨɜɨɣ ɩɪɨɰɟɫɫ (ɰɢɤɥ), ɬɨ  


0
T

Q
, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

=0 , ɬɨ S = const.  

 ȼɵɪɚɠɚɹ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɱɟɪɟɡ ɩɪɢɪɚɳɟɧɢɟ ɷɧɬɪɨɩɢɢ ɞɥɹ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɢ 
ɩɨɞɫɬɚɜɥɹɹ ɟɝɨ ɜ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɩɟɪɜɨɝɨ ɧɚɱɚɥɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ, ɩɨɥɭɱɢɦ ɧɨɜɵɣ ɜɢɞ ɡɚɩɢɫɢ ɷɬɨɝɨ 
ɭɪɚɜɧɟɧɢɹ, ɤɨɬɨɪɨɟ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɨɫɧɨɜɧɵɦ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ ɬɨɠɞɟɫɬɜɨɦ: 

AdUTdS                                                        (9-46) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɪɚɫɱёɬɚ ɢɡɦɟɧɟɧɢɹ ɷɧɬɪɨɩɢɢ ɩɪɢ ɨɛɪɚɬɢɦɵɯ ɩɪɨɰɟɫɫɚɯ ɭɞɨɛɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɩɪɢɜɟɞёɧɧɭɸ ɬɟɩɥɨɬɭ.  

 ȼ ɫɥɭɱɚɟ ɧɟɨɛɪɚɬɢɦɵɯ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɩɪɨɰɟɫɫɨɜ 
T

Q
dS


 , ɚ ɞɥɹ ɧɟɨɛɪɚɬɢɦɵɯ ɤɪɭɝɨɜɵɯ 

ɩɪɨɰɟɫɫɨɜ ɜɵɩɨɥɧɹɟɬɫɹ ɧɟɪɚɜɟɧɫɬɜɨ Ʉɥɚɭɡɢɭɫɚ: 

 


0
T

Q
                                                            (9-47) 

Ɋɚɫɫɦɨɬɪɢɦ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɫ ɷɧɬɪɨɩɢɟɣ ɜ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ.  
 ȼ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɩɪɢ ɥɸɛɨɦ ɨɛɪɚɬɢɦɨɦ ɢɡɦɟɧɟɧɢɢ ɫɨɫɬɨɹɧɢɹ ɟё 
ɷɧɬɪɨɩɢɹ ɧɟ ɢɡɦɟɧɢɬɫɹ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢ ɷɬɨ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɬɚɤμ S = const.  

 Ɋɚɫɫɦɨɬɪɢɦ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɫ ɷɧɬɪɨɩɢɟɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɪɢ ɧɟɨɛɪɚɬɢɦɨɦ 
ɩɪɨɰɟɫɫɟ. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɩɟɪɟɯɨɞ ɢɡ ɫɨɫɬɨɹɧɢɹ 1 ɜ ɫɨɫɬɨɹɧɢɟ β ɩɨ ɩɭɬɢ L1 ɨɛɪɚɬɢɦ, ɚ ɢɡ ɫɨɫɬɨɹɧɢɹ β 

ɜ ɫɨɫɬɨɹɧɢɟ 1 ɩɨ ɩɭɬɢ L2 – ɧɟɨɛɪɚɬɢɦ (ɪɢɫ.λ.1γ).  
Ɍɨɝɞɚ ɫɩɪɚɜɟɞɥɢɜɨ ɧɟɪɚɜɟɧɫɬɜɨ Ʉɥɚɭɡɢɭɫɚ (λ-

47). Ɂɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɩɪɚɜɨɣ ɱɚɫɬɢ ɷɬɨɝɨ 
ɧɟɪɚɜɟɧɫɬɜɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɧɚɲɟɦɭ ɩɪɢɦɟɪɭμ 
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ɉɟɪɜɨɟ ɫɥɚɝɚɟɦɨɟ ɜ ɷɬɨɣ ɮɨɪɦɭɥɟ ɦɨɠɟɬ ɛɵɬɶ 
ɡɚɦɟɧɟɧɨ ɧɚ ɢɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ, ɬɚɤ ɤɚɤ ɷɬɨɬ 
ɩɪɨɰɟɫɫ ɨɛɪɚɬɢɦɵɣ. Ɍɨɝɞɚ ɧɟɪɚɜɟɧɫɬɜɨ 
Ʉɥɚɭɡɢɭɫɚ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟμ 
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, ɬɨ ɨɤɨɧɱɚɬɟɥɶɧɨ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶμ 
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1
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Q
SS                                                      (9-48) 

ȿɫɥɢ ɫɢɫɬɟɦɚ ɢɡɨɥɢɪɨɜɚɧɚ, ɬɨ 0Q , ɚ ɧɟɪɚɜɟɧɫɬɜɨ (λ-48) ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞμ 
012  SS  ,                                                       (9-49) 

ɬɨ ɟɫɬɶ ɷɧɬɪɨɩɢɹ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɩɪɢ ɧɟɨɛɪɚɬɢɦɨɦ ɩɪɨɰɟɫɫɟ ɜɨɡɪɚɫɬɚɟɬ. Ɋɨɫɬ ɷɧɬɪɨɩɢɢ 
ɩɪɨɞɨɥɠɚɟɬɫɹ ɧɟ ɛɟɫɩɪɟɞɟɥɶɧɨ, ɚ ɞɨ ɨɩɪɟɞɟɥёɧɧɨɝɨ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɯɚɪɚɤɬɟɪɧɨɝɨ ɞɥɹ ɞɚɧɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ. ɗɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɷɧɬɪɨɩɢɢ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɨɫɬɨɹɧɢɸ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. 
Ɋɨɫɬ ɷɧɬɪɨɩɢɢ ɩɪɢ ɧɟɨɛɪɚɬɢɦɵɯ ɩɪɨɰɟɫɫɚɯ ɜ ɢɡɨɥɢɪɨɜɚɧɧɨɣ 
ɫɢɫɬɟɦɟ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɷɧɟɪɝɢɹ, ɤɨɬɨɪɨɣ ɨɛɥɚɞɚɟɬ ɫɢɫɬɟɦɚ, 
ɫɬɚɧɨɜɢɬɫɹ ɦɟɧɟɟ ɞɨɫɬɭɩɧɨɣ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ 
ɦɟɯɚɧɢɱɟɫɤɭɸ ɪɚɛɨɬɭ. ȼ ɫɨɫɬɨɹɧɢɢ ɪɚɜɧɨɜɟɫɢɹ, ɤɨɝɞɚ 
ɷɧɬɪɨɩɢɹ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɷɧɟɪɝɢɹ 
ɫɢɫɬɟɦɵ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɚ ɜ ɦɟɯɚɧɢɱɟɫɤɭɸ 
ɪɚɛɨɬɭ. 
 ȿɫɥɢ ɠɟ ɫɢɫɬɟɦɚ ɧɟ ɢɡɨɥɢɪɨɜɚɧɚ, ɬɨ ɷɧɬɪɨɩɢɹ ɦɨɠɟɬ ɤɚɤ 

ɭɛɵɜɚɬɶ, ɬɚɤ ɢ ɜɨɡɪɚɫɬɚɬɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɬɟɩɥɨɨɛɦɟɧɚ. 
 ɗɧɬɪɨɩɢɹ ɤɚɤ ɮɭɧɤɰɢɹ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ, ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɬɚɤɢɦ ɠɟ ɩɚɪɚɦɟɬɪɨɦ ɫɨɫɬɨɹɧɢɹ, ɤɚɤ 
ɬɟɦɩɟɪɚɬɭɪɚ, ɞɚɜɥɟɧɢɟ, ɨɛɴёɦ. ɂɡɨɛɪɚɠɚɹ ɬɨɬ ɢɥɢ ɢɧɨɣ ɩɪɨɰɟɫɫ ɧɚ ɞɢɚɝɪɚɦɦɟ (Ɍ,S), ɦɨɠɧɨ ɞɚɬɶ 
ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɢɧɬɟɪɩɪɟɬɚɰɢɸ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ, ɤɚɤ ɩɥɨɳɚɞɢ ɮɢɝɭɪɵ ɩɨɞ ɤɪɢɜɨɣ, ɢɡɨɛɪɚɠɚɸɳɟɣ 
ɩɪɨɰɟɫɫ. ɇɚ ɪɢɫ.λ.14 ɩɪɢɜɟɞɟɧɚ ɞɢɚɝɪɚɦɦɚ ɞɥɹ ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɷɧɬɪɨɩɢɹ – 

ɬɟɦɩɟɪɚɬɭɪɚ.  
ɗɧɬɪɨɩɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɱɟɪɟɡ ɩɚɪɚɦɟɬɪɵ ɫɨɫɬɨɹɧɢɹ ɝɚɡɚ – ɬɟɦɩɟɪɚɬɭɪɭ, ɞɚɜɥɟɧɢɟ, ɨɛɴёɦ. Ⱦɥɹ 

ɷɬɨɝɨ  ɢɡ ɨɫɧɨɜɧɨɝɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɬɨɠɞɟɫɬɜɚ (λ-46) ɜɵɪɚɡɢɦ ɩɪɢɪɚɳɟɧɢɟ ɷɧɬɪɨɩɢɢμ 
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CdS V   . 

ɉɪɨɢɧɬɟɝɪɢɪɭɟɦ ɷɬɨ ɜɵɪɚɠɟɧɢɟ ɢ ɩɨɥɭɱɢɦμ 
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T
CS V                                             (9-50) 

ɂɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɢ ɱɟɪɟɡ ɞɪɭɝɭɸ ɩɚɪɭ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ – ɞɚɜɥɟɧɢɟ ɢ ɨɛɴёɦ. 
Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ ɜɵɪɚɡɢɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɶɧɨɝɨ ɢ ɤɨɧɟɱɧɨɝɨ ɫɨɫɬɨɹɧɢɣ ɢɡ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ 
ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɱɟɪɟɡ ɞɚɜɥɟɧɢɟ ɢ ɨɛɴёɦ ɢ ɩɨɞɫɬɚɜɢɬɶ ɜ (λ-50): 
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CS PV                                          (9-51) 

 ɉɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɪɚɫɲɢɪɟɧɢɢ ɝɚɡɚ ɜ ɩɭɫɬɨɬɭ Ɍ1=Ɍ2, ɚ ɡɧɚɱɢɬ ɩɟɪɜɨɟ ɫɥɚɝɚɟɦɨɟ ɜ ɮɨɪɦɭɥɟ (λ-

47) ɨɛɧɭɥɢɬɫɹ ɢ ɢɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɬɨɥɶɤɨ ɜɬɨɪɵɦ ɫɥɚɝɚɟɦɵɦμ  
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V
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RS                                                   (9-52) 

 ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɞɥɹ ɪɚɫɱёɬɚ ɢɡɦɟɧɟɧɢɹ ɷɧɬɪɨɩɢɢ ɭɞɨɛɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɩɪɢɜɟɞёɧɧɭɸ ɬɟɩɥɨɬɭ, ɹɫɧɨ, ɱɬɨ ɩɪɢɜɟɞёɧɧɚɹ ɬɟɩɥɨɬɚ ɢ ɷɧɬɪɨɩɢɹ – ɪɚɡɧɵɟ, ɧɟ ɬɨɠɞɟɫɬɜɟɧɧɵɟ ɩɨɧɹɬɢɹ.  

ȼɵɹɫɧɢɦ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɷɧɬɪɨɩɢɢ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɦ ɮɨɪɦɭɥɭ (λ-5β), ɞɥɹ ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ, ɚ ɜɫɟɜɨɡɦɨɠɧɵɟ ɢɡɦɟɧɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɨɛɭɫɥɨɜɥɟɧɵ ɥɢɲɶ ɢɡɦɟɧɟɧɢɟɦ ɨɛɴёɦɚ. Ɋɚɫɫɦɨɬɪɢɦ ɫɜɹɡɶ ɨɛɴёɦɚ, ɡɚɧɢɦɚɟɦɨɝɨ ɝɚɡɨɦ ɜ ɪɚɜɧɨɜɟɫɧɨɦ 
ɫɨɫɬɨɹɧɢɢ, ɫ ɱɢɫɥɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɦɢɤɪɨɫɨɫɬɨɹɧɢɣ ɱɚɫɬɢɰ ɝɚɡɚ. ɑɢɫɥɨ ɦɢɤɪɨɫɨɫɬɨɹɧɢɣ ɱɚɫɬɢɰ ɝɚɡɚ, 

ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɪɟɚɥɢɡɭɟɬɫɹ ɞɚɧɧɨɟ ɦɚɤɪɨɫɨɫɬɨɹɧɢɟ ɝɚɡɚ ɤɚɤ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɦɨɠɧɨ 
ɩɨɞɫɱɢɬɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ɋɚɡɨɛɶёɦ ɜɟɫɶ ɨɛɴёɦ ɧɚ ɷɥɟɦɟɧɬɚɪɧɵɟ ɤɭɛɢɱɟɫɤɢɟ ɹɱɟɣɤɢ ɫɨ ɫɬɨɪɨɧɨɣ 
d~10 –10 ɦ (ɩɨɪɹɞɤɚ ɜɟɥɢɱɢɧɵ ɷɮɮɟɤɬɢɜɧɨɝɨ ɞɢɚɦɟɬɪɚ ɦɨɥɟɤɭɥɵ). Ɉɛɴёɦ ɬɚɤɨɣ ɹɱɟɣɤɢ ɛɭɞɟɬ ɪɚɜɟɧ d3 . ȼ 
ɩɟɪɜɨɦ ɫɨɫɬɨɹɧɢɢ ɝɚɡ ɡɚɧɢɦɚɟɬ ɨɛɴёɦ V1, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɱɢɫɥɨ ɷɥɟɦɟɧɬɚɪɧɵɯ ɹɱɟɟɤ, ɬɨ ɟɫɬɶ ɱɢɫɥɨ ɦɟɫɬ 
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N1, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɡɚɧɢɦɚɬɶ ɦɨɥɟɤɭɥɵ ɜ ɷɬɨɦ ɫɨɫɬɨɹɧɢɢ ɛɭɞɟɬ ɪɚɜɧɨ 
3

1

1
d

V
N  . Ⱥɧɚɥɨɝɢɱɧɨ ɞɥɹ ɜɬɨɪɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɫ ɨɛɴёɦɨɦ V2 ɩɨɥɭɱɢɦ 
3

2

2
d

V
N  . ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɩɨɥɨɠɟɧɢɣ ɦɨɥɟɤɭɥ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɨɜɨɦɭ ɦɢɤɪɨɫɨɫɬɨɹɧɢɸ. ɇɟ ɜɫɹɤɨɟ ɢɡɦɟɧɟɧɢɟ ɦɢɤɪɨɫɨɫɬɨɹɧɢɹ ɩɪɢɜɟɞёɬ ɤ ɢɡɦɟɧɟɧɢɸ 
ɦɚɤɪɨɫɨɫɬɨɹɧɢɹ. ɉɪɟɞɩɨɥɨɠɢɦ, ɦɨɥɟɤɭɥɵ ɦɨɝɭɬ ɡɚɧɢɦɚɬɶ N1 ɦɟɫɬ, ɬɨɝɞɚ ɨɛɦɟɧ ɦɟɫɬɚɦɢ ɥɸɛɵɯ ɦɨɥɟɤɭɥ 
ɜ ɷɬɢɯ N1 ɹɱɟɣɤɚɯ ɧɟ ɩɪɢɜɟɞёɬ ɤ ɧɨɜɨɦɭ ɦɚɤɪɨɫɨɫɬɨɹɧɢɸ. Ɉɞɧɚɤɨ, ɩɟɪɟɯɨɞ ɦɨɥɟɤɭɥ ɜ ɞɪɭɝɢɟ ɹɱɟɣɤɢ, 
ɩɪɢɜɟɞёɬ ɤ ɢɡɦɟɧɟɧɢɸ ɦɚɤɪɨɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ. ɑɢɫɥɨ ɦɢɤɪɨɫɨɫɬɨɹɧɢɣ ɝɚɡɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɚɧɧɨɦɭ 
ɦɚɤɪɨɫɨɫɬɨɹɧɢɸ, ɦɨɠɧɨ ɩɨɞɫɱɢɬɚɬɶ, ɨɩɪɟɞɟɥɢɜ ɱɢɫɥɨ ɫɩɨɫɨɛɨɜ ɪɚɡɦɟɳɟɧɢɹ ɱɚɫɬɢɰ  ɷɬɨɝɨ ɝɚɡɚ ɩɨ 
ɷɥɟɦɟɧɬɚɪɧɵɦ ɹɱɟɣɤɚɦ. Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɪɚɫɱёɬɨɜ ɪɚɫɫɦɨɬɪɢɦ 1 ɦɨɥɶ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ. Ⱦɥɹ 1 ɦɨɥɹ 
ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɮɨɪɦɭɥɚ (λ-5β) ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞμ 
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RS                                                                  (9-53) 

ɑɢɫɥɨ ɦɢɤɪɨɫɨɫɬɨɹɧɢɣ ɫɢɫɬɟɦɵ, ɡɚɧɢɦɚɸɳɟɣ ɨɛɴёɦ V1, ɨɛɨɡɧɚɱɢɦ ɱɟɪɟɡ Ƚ1 ɢ ɨɩɪɟɞɟɥɢɦ, ɩɨɞɫɱɢɬɚɜ 
ɱɢɫɥɨ ɪɚɡɦɟɳɟɧɢɣ NA (ɱɢɫɥɨ Ⱥɜɨɝɚɞɪɨ) ɦɨɥɟɤɭɥ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬɫɹ ɜ 1 ɦɨɥɟ ɝɚɡɚ, ɩɨ N1 ɹɱɟɣɤɚɦ 

(ɦɟɫɬɚɦ)μ  !
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
 . Ⱥɧɚɥɨɝɢɱɧɨ ɩɨɞɫɱɢɬɚɟɦ ɱɢɫɥɨ ɦɢɤɪɨɫɨɫɬɨɹɧɢɣ Ƚ2 ɫɢɫɬɟɦɵ, ɡɚɧɢɦɚɸɳɟɣ 

ɨɛɴёɦ V2 :  !
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ɑɢɫɥɨ ɦɢɤɪɨɫɨɫɬɨɹɧɢɣ Ƚi, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɪɟɚɥɢɡɨɜɚɬɶ i- ɬɨɟ ɦɚɤɪɨɫɨɫɬɨɹɧɢɟ, ɧɚɡɵɜɚɟɬɫɹ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɞɚɧɧɨɝɨ ɦɚɤɪɨɫɨɫɬɨɹɧɢɹ. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɜɟɪɨɹɬɧɨɫɬɶ Ƚ ≥ 1.  

ɇɚɣɞёɦ ɨɬɧɨɲɟɧɢɟ Ƚ2/Ƚ1: 
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Ⱦɥɹ ɢɞɟɚɥɶɧɵɯ ɝɚɡɨɜ ɱɢɫɥɨ ɫɜɨɛɨɞɧɵɯ ɦɟɫɬ ɝɨɪɚɡɞɨ ɛɨɥɶɲɟ ɱɢɫɥɚ ɦɨɥɟɤɭɥ, ɬɨ ɟɫɬɶ N1 >>NA ɢ N2  

>>NA.. Ɍɨɝɞɚ, ɭɱɢɬɵɜɚɹ ɜɵɪɚɠɟɧɢɟ  ɱɢɫɟɥ N1 ɢ N2 ɱɟɪɟɡ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɛɴёɦɵ, ɩɨɥɭɱɢɦμ 
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Ɉɬɫɸɞɚ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɨɬɧɨɲɟɧɢɟ ɨɛɴёɦɨɜ ɱɟɪɟɡ ɨɬɧɨɲɟɧɢɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɜɟɪɨɹɬɧɨɫɬɟɣ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɫɬɨɹɧɢɣμ 
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ɉɨɞɫɬɚɜɢɦ (λ-54) ɜ (λ-5γ) ɢ ɩɨɥɭɱɢɦμ
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 . ɍɱɢɬɵɜɚɹ, ɱɬɨ ɨɬɧɨɲɟɧɢɟ ɦɨɥɹɪɧɨɣ ɝɚɡɨɜɨɣ 

ɩɨɫɬɨɹɧɧɨɣ ɢ ɱɢɫɥɚ Ⱥɜɨɝɚɞɪɨ, ɟɫɬɶ ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚ k, ɚ ɬɚɤɠɟ ɬɨ, ɱɬɨ ɥɨɝɚɪɢɮɦ ɨɬɧɨɲɟɧɢɹ ɞɜɭɯ 
ɜɟɥɢɱɢɧ ɪɚɜɟɧ ɪɚɡɧɨɫɬɢ ɥɨɝɚɪɢɮɦɨɜ ɷɬɢɯ ɜɟɥɢɱɢɧ, ɩɨɥɭɱɢɦμ 1212 lnln  kkSS . Ɉɬɫɸɞɚ ɦɨɠɧɨ 
ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɷɧɬɪɨɩɢɹ i- ɬɨɝɨ ɫɨɫɬɨɹɧɢɹ Si ɨɩɪɟɞɟɥɹɟɬɫɹ ɥɨɝɚɪɢɮɦɨɦ ɱɢɫɥɚ ɦɢɤɪɨɫɨɫɬɨɹɧɢɣ, 
ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɬɨɪɵɯ ɪɟɚɥɢɡɭɟɬɫɹ ɞɚɧɧɨɟ ɦɚɤɪɨɫɨɫɬɨɹɧɢɟμ  

ii kS  ln                                                         (9-55) 

Ɏɨɪɦɭɥɚ (λ-55) ɧɚɡɵɜɚɟɬɫɹ ɮɨɪɦɭɥɨɣ Ȼɨɥɶɰɦɚɧɚ, ɜɩɟɪɜɵɟ ɩɨɥɭɱɢɜɲɟɝɨ ɟё ɢ ɩɨɧɹɜɲɟɝɨ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɫɦɵɫɥ ɷɧɬɪɨɩɢɢ, ɤɚɤ ɮɭɧɤɰɢɢ ɛɟɫɩɨɪɹɞɤɚ. Ɏɨɪɦɭɥɚ Ȼɨɥɶɰɦɚɧɚ ɢɦɟɟɬ ɛɨɥɟɟ ɨɛɳɟɟ 
ɡɧɚɱɟɧɢɟ, ɱɟɦ ɮɨɪɦɭɥɚ (9-5γ), ɬɨ ɟɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɢɞɟɚɥɶɧɵɯ ɝɚɡɨɜ, ɢ 
ɩɨɡɜɨɥɹɟɬ ɪɚɫɤɪɵɬɶ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɷɧɬɪɨɩɢɢ. ɑɟɦ ɛɨɥɟɟ ɭɩɨɪɹɞɨɱɟɧɚ ɫɢɫɬɟɦɚ, ɬɟɦ ɦɟɧɶɲɟ ɱɢɫɥɨ 
ɦɢɤɪɨɫɨɫɬɨɹɧɢɣ, ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɬɨɪɵɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɚɧɧɨɟ ɦɚɤɪɨɫɨɫɬɨɹɧɢɟ, ɬɟɦ ɦɟɧɶɲɟ ɷɧɬɪɨɩɢɹ 
ɫɢɫɬɟɦɵ. Ɋɨɫɬ ɷɧɬɪɨɩɢɢ ɜ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ, ɝɞɟ ɩɪɨɢɫɯɨɞɹɬ ɧɟɨɛɪɚɬɢɦɵɟ ɩɪɨɰɟɫɫɵ, ɨɡɧɚɱɚɟɬ 
ɞɜɢɠɟɧɢɟ ɫɢɫɬɟɦɵ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɤɨɬɨɪɵɦ ɹɜɥɹɟɬɫɹ ɫɨɫɬɨɹɧɢɟ 
ɪɚɜɧɨɜɟɫɢɹ. Ɇɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɷɧɬɪɨɩɢɹ ɹɜɥɹɟɬɫɹ ɦɟɪɨɣ ɛɟɫɩɨɪɹɞɤɚ ɫɢɫɬɟɦɵν ɱɟɦ ɛɨɥɶɲɟ ɛɟɫɩɨɪɹɞɤɚ 
ɜ ɧɟɣ, ɬɟɦ ɜɵɲɟ ɷɧɬɪɨɩɢɹ. ȼ ɷɬɨɦ ɡɚɤɥɸɱɚɟɬɫɹ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɷɧɬɪɨɩɢɢ.  
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9.10. ȼɬɨɪɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɢ ɟɝɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɫɦɵɫɥ.  

ȼɬɨɪɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ - ɨɞɢɧ ɢɡ ɨɫɧɨɜɧɵɯ ɡɚɤɨɧɨɜ ɬɟɪɦɨɞɢɧɚɦɢɤɢ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɣ 
ɧɟɨɛɪɚɬɢɦɨɫɬɶ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɫ ɤɨɧɟɱɧɨɣ ɫɤɨɪɨɫɬɶɸ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, 
ɷɬɨ ɡɚɤɨɧ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɣ ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɨɬɟɤɚɧɢɹ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɂɫɬɨɪɢɱɟɫɤɢ 
ɜɬɨɪɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɜɨɡɧɢɤɥɨ ɢɡ ɚɧɚɥɢɡɚ ɪɚɛɨɬɵ ɬɟɩɥɨɜɵɯ ɦɚɲɢɧ. ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ 
ɮɨɪɦɭɥɢɪɨɜɨɤ ɜɬɨɪɨɝɨ ɧɚɱɚɥɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. ȼɨ-ɩɟɪɜɵɯ, ɜɬɨɪɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɧɚɤɥɚɞɵɜɚɟɬ 
ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɜɨɡɦɨɠɧɨɫɬɢ ɰɢɤɥɢɱɟɫɤɨɝɨ ɩɨɥɭɱɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɪɚɛɨɬɵ ɡɚ ɫɱёɬ ɩɨɥɭɱɟɧɧɨɣ 
ɬɟɩɥɨɬɵ (ɮɨɪɦɭɥɢɪɨɜɤɢ Ʉɥɚɭɡɢɭɫɚ ɢ Ɍɨɦɫɨɧɚ(Ʉɟɥɶɜɢɧɚ)). ȼɨ-ɜɬɨɪɵɯ, ɜɬɨɪɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɫ 
ɩɨɦɨɳɶɸ ɩɨɧɹɬɢɹ ɷɧɬɪɨɩɢɢ ɩɨɡɜɨɥɹɟɬ ɫɭɞɢɬɶ ɨ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɜ ɫɢɫɬɟɦɟ 
(ɮɨɪɦɭɥɢɪɨɜɤɚ Ȼɨɥɶɰɦɚɧɚ).  

Ɏɨɪɦɭɥɢɪɨɜɤɚ Ʉɥɚɭɡɢɭɫɚ. 

Ɍɟɩɥɨɬɚ ɧɟ ɦɨɠɟɬ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɩɟɪɟɣɬɢ ɨɬ ɛɨɥɟɟ ɯɨɥɨɞɧɨɝɨ ɬɟɥɚ ɤ      ɛɨɥɟɟ ɧɚɝɪɟɬɨɦɭ ɛɟɡ ɤɚɤɢɯ-

ɥɢɛɨ ɞɪɭɝɢɯ ɢɡɦɟɧɟɧɢɣ ɜ ɫɢɫɬɟɦɟ. 

 Ɏɨɪɦɭɥɢɪɨɜɤɚ Ɍɨɦɫɨɧɚ (Ʉɟɥɶɜɢɧɚ). 

ɇɟɜɨɡɦɨɠɧɨ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɜ ɪɚɛɨɬɭ ɜɫɸ ɬɟɩɥɨɬɭ, ɜɡɹɬɭɸ ɨɬ ɬɟɥɚ ɫ ɨɞɧɨɪɨɞɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɧɟ 
ɩɪɨɢɡɜɨɞɹ ɧɢɤɚɤɢɯ ɞɪɭɝɢɯ ɢɡɦɟɧɟɧɢɣ ɜ ɫɨɫɬɨɹɧɢɢ ɫɢɫɬɟɦɵ (ɧɟɜɨɡɦɨɠɧɨ ɫɨɡɞɚɬɶ ɜɟɱɧɵɣ ɞɜɢɝɚɬɟɥɶ 
ɜɬɨɪɨɝɨ ɪɨɞɚ). 

 ɋɥɟɞɭɟɬ ɧɚɩɨɦɧɢɬɶ, ɱɬɨ ɩɨɧɹɬɢɟ «ɜɟɱɧɵɣ ɞɜɢɝɚɬɟɥɶ» ɢɥɢ  «ɩɟɪɩɟɬɭɭɦ-ɦɨɛɢɥɟ» ɩɨɹɜɢɥɨɫɶ ɝɞɟ-ɬɨ ɜ 1γ 
ɜɟɤɟ ɢ ɨɡɧɚɱɚɥɨ ɜɨɨɛɪɚɠɚɟɦɵɣ ɞɜɢɝɚɬɟɥɶ, ɤɨɬɨɪɵɣ ɩɨɫɥɟ ɡɚɩɭɫɤɚ ɫɨɜɟɪɲɚɥ ɛɵ ɪɚɛɨɬɭ ɛɟɫɤɨɧɟɱɧɨ ɞɨɥɝɨ, 
ɧɟ ɡɚɢɦɫɬɜɭɹ ɷɧɟɪɝɢɸ ɢɡɜɧɟ (ɜɟɱɧɵɣ ɞɜɢɝɚɬɟɥɶ ɩɟɪɜɨɝɨ ɪɨɞɚ).  ȼɟɱɧɵɣ ɞɜɢɝɚɬɟɥɶ ɩɟɪɜɨɝɨ ɪɨɞɚ 
ɩɪɨɬɢɜɨɪɟɱɢɬ ɩɟɪɜɨɦɭ ɧɚɱɚɥɭ ɬɟɪɦɨɞɢɧɚɦɢɤɢ (ɡɚɤɨɧɭ ɫɨɯɪɚɧɟɧɢɹ ɢ ɩɪɟɜɪɚɳɟɧɢɹ ɷɧɟɪɝɢɢ). ɇɚɪɹɞɭ ɫ 
ɜɟɱɧɵɦ ɞɜɢɝɚɬɟɥɟɦ ɩɟɪɜɨɝɨ ɪɨɞɚ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɜɟɱɧɵɣ ɞɜɢɝɚɬɟɥɶ ɜɬɨɪɨɝɨ ɪɨɞɚ – ɜɨɨɛɪɚɠɚɟɦɭɸ 
ɰɢɤɥɢɱɟɫɤɭɸ ɦɚɲɢɧɭ, ɤɨɬɨɪɚɹ ɩɨɥɧɨɫɬɶɸ ɩɪɟɜɪɚɳɚɥɚ ɛɵ ɜ ɦɟɯɚɧɢɱɟɫɤɭɸ ɪɚɛɨɬɭ ɬɟɩɥɨɬɭ, ɢɡɜɥɟɤɚɟɦɭɸ 
ɢɡ ɨɤɪɭɠɚɸɳɢɯ ɬɟɥ (ɨɤɟɚɧɚ, ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɬ.ɩ.). ȼɟɱɧɵɣ ɞɜɢɝɚɬɟɥɶ ɜɬɨɪɨɝɨ ɪɨɞɚ ɩɪɨɬɢɜɨɪɟɱɢɬ 
ɜɬɨɪɨɦɭ ɧɚɱɚɥɭ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. 

Ɏɨɪɦɭɥɢɪɨɜɤɚ Ȼɨɥɶɰɦɚɧɚ. 

ɗɧɬɪɨɩɢɹ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɩɪɢ ɪɟɚɥɶɧɵɯ (ɧɟɨɛɪɚɬɢɦɵɯ) ɩɪɨɰɟɫɫɚɯ ɜɫɟɝɞɚ ɜɨɡɪɚɫɬɚɟɬ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɢ ɷɬɭ ɮɨɪɦɭɥɢɪɨɜɤɭ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ, ɢɫɩɨɥɶɡɭɹ ɧɟɪɚɜɟɧɫɬɜɨ Ʉɥɚɭɡɢɭɫɚ ɜ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɦ ɜɢɞɟμ 
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                                                        (9-56) 

 ȼɬɨɪɨɟ ɧɚɱɚɥɨ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɢɦɟɟɬ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɫɦɵɫɥ. Ɋɨɫɬ ɷɧɬɪɨɩɢɢ ɜ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ 
ɨɡɧɚɱɚɟɬ ɩɟɪɟɯɨɞ ɫɢɫɬɟɦɵ ɜ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɟ, ɬɨ ɟɫɬɶ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ. ɇɨ, ɩɪɢɧɰɢɩɢɚɥɶɧɨ, 
ɜɨɡɦɨɠɧɵ ɮɥɭɤɬɭɚɰɢɢ, ɬɨ ɟɫɬɶ ɫɥɭɱɚɣɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɨɬ ɢɯ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ. 
Ʉɨɥɢɱɟɫɬɜɟɧɧɨɣ ɦɟɪɨɣ ɮɥɭɤɬɭɚɰɢɣ ɦɨɠɟɬ ɛɵɬɶ ɞɢɫɩɟɪɫɢɹ ıɯ2 ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɏ, ɚ ɬɚɤɠɟ 
ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ (ɫɬɚɧɞɚɪɬɧɨɟ) ɨɬɤɥɨɧɟɧɢɟ ıɯ ɨɬ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɏ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɢɥɢ ɟɝɨ 

ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɟɥɢɱɢɧɚ 
ɏ

ɯ
ɯ


  , ɤɨɬɨɪɚɹ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɜɚɞɪɚɬɧɨɦɭ ɤɨɪɧɸ ɢɡ ɱɢɫɥɚ 

ɱɚɫɬɢɰ, ɨɛɪɚɡɭɸɳɢɯ ɫɢɫɬɟɦɭ. Ɏɥɭɤɬɭɚɰɢɢ ɜɵɡɜɚɧɵ ɛɟɫɩɨɪɹɞɨɱɧɵɦ ɬɟɩɥɨɜɵɦ ɞɜɢɠɟɧɢɟɦ ɱɚɫɬɢɰ, 
ɨɛɪɚɡɭɸɳɢɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ, ɢ ɢɦɟɸɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ, ɨɝɪɚɧɢɱɢɜɚɹ ɩɪɟɞɟɥɵ 
ɩɪɢɦɟɧɢɦɨɫɬɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɧɹɬɢɣ ɥɢɲɶ ɫɢɫɬɟɦɚɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɱɚɫɬɢɰ, ɞɥɹ 
ɤɨɬɨɪɵɯ ɮɥɭɤɬɭɚɰɢɢ ɦɧɨɝɨ ɦɟɧɶɲɟ ɫɚɦɢɯ ɮɥɭɤɬɭɢɪɭɸɳɢɯ ɜɟɥɢɱɢɧ. Ɏɥɭɤɬɭɚɰɢɢ ɭɬɨɱɧɹɸɬ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɫɦɵɫɥ ɜɬɨɪɨɝɨ ɧɚɱɚɥɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. ȼɨɡɦɨɠɧɵ ɮɥɭɤɬɭɚɰɢɢ ɫɢɫɬɟɦɵ ɢɡ ɪɚɜɧɨɜɟɫɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɜ ɧɟɪɚɜɧɨɜɟɫɧɨɟ, ɬɨ ɟɫɬɶ ɜ ɨɩɪɟɞɟɥёɧɧɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɫɢɫɬɟɦɚ ɞɜɢɠɟɬɫɹ ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ ɦɟɧɟɟ ɜɟɪɨɹɬɧɵɯ ɦɚɤɪɨɫɨɫɬɨɹɧɢɣ. Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɪɨɥɶ ɮɥɭɤɬɭɚɰɢɣ ɜɨɡɪɚɫɬɚɟɬ ɫ 
ɭɦɟɧɶɲɟɧɢɟɦ ɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɜ ɤɨɬɨɪɨɣ ɮɥɭɤɬɭɚɰɢɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ. ȼ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦɚɯ ɫ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɱɚɫɬɢɰ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɮɥɭɤɬɭɚɰɢɢ ɧɟɡɧɚɱɢɬɟɥɶɧɵ.  
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Ʌɟɤɰɢɹ №10 

Ɋɟɚɥɶɧɵɟ ɝɚɡɵ, ɠɢɞɤɨɫɬɢ ɢ ɬɜɟɪɞɵɟ ɬɟɥɚ.  Ɋɟɚɥɶɧɵɟ ɝɚɡɵ, ɭɪɚɜɧɟɧɢɟ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ. 
ɀɢɞɤɨɫɬɢ ɢ ɢɯ ɫɜɨɣɫɬɜɚ. Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɚɝɪɟɝɚɬɧɵɯ ɫɨɫɬɨɹɧɢɣ ɢ 
ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ. ɉɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ. Ʉɚɩɢɥɥɹɪɧɵɟ ɹɜɥɟɧɢɹ. Ɍɜɟɪɞɵɟ ɬɟɥɚ. 
 

10.1. Ɋɟɚɥɶɧɵɟ ɝɚɡɵ, ɭɪɚɜɧɟɧɢɟ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ. 
 ɋɨɫɬɨɹɧɢɟ ɪɟɚɥɶɧɨɝɨ ɝɚɡɚ ɧɟɥɶɡɹ ɨɩɢɫɚɬɶ ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɹ Ɇɟɧɞɟɥɟɟɜɚ – Ʉɥɚɩɟɣɪɨɧɚ, 
ɫɩɪɚɜɟɞɥɢɜɨɝɨ ɬɨɥɶɤɨ ɞɥɹ ɢɞɟɚɥɶɧɵɯ ɝɚɡɨɜ. Ɉɞɧɚɤɨ, ɟɫɥɢ ɜɜɟɫɬɢ ɜ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɩɨɩɪɚɜɤɢ ɧɚ ɫɢɥɵ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɢ ɫɨɛɫɬɜɟɧɧɵɣ ɨɛɴёɦ ɦɨɥɟɤɭɥ, ɬɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɭɪɚɜɧɟɧɢɟ, 
ɨɩɢɫɵɜɚɸɳɟɟ ɫɨɫɬɨɹɧɢɟ ɪɟɚɥɶɧɨɝɨ ɝɚɡɚ. Ɍɚɤɨɟ ɭɪɚɜɧɟɧɢɟ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɨɦ ɜ 187γ 
ɝɨɞɭ. Ɋɚɫɫɦɨɬɪɢɦ ɫɯɟɦɭ ɩɨɥɭɱɟɧɢɹ ɭɪɚɜɧɟɧɢɹ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ ɢɡ ɭɪɚɜɧɟɧɢɹ Ɇɟɧɞɟɥɟɟɜɚ - Ʉɥɚɩɟɣɪɨɧɚ 
ɞɥɹ ɨɞɧɨɝɨ ɦɨɥɹ ɦɨɥɟɤɭɥ ɝɚɡɚ RTPV  . Ⱦɥɹ ɩɟɪɟɯɨɞɚ ɤ ɭɪɚɜɧɟɧɢɸ ɫɨɫɬɨɹɧɢɹ ɪɟɚɥɶɧɨɝɨ ɝɚɡɚ ɧɭɠɧɨ 
ɭɱɟɫɬɶ ɫɢɥɵ ɨɬɬɚɥɤɢɜɚɧɢɹ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɨɛɫɬɜɟɧɧɵɣ ɨɛɴёɦ ɦɨɥɟɤɭɥ. Ⱦɥɹ ɷɬɨɝɨ ɜɜɨɞɢɬɫɹ ɩɨɩɪɚɜɤɚ 

ɧɚ ɦɨɥɹɪɧɵɣ ɨɛɴёɦ (ɢɥɢ ɫɢɥɵ ɨɬɬɚɥɤɢɜɚɧɢɹ) b. ȼ ɋɂ b  ɢɡɦɟɪɹɟɬɫɹ ɜ 
ɦɨɥɶ
ɦ3

. Ɍɨɝɞɚ ɩɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ 

ɫɨɫɬɨɹɧɢɹ ɨɞɧɨɝɨ ɦɨɥɹ ɝɚɡɚ, ɭɱɢɬɵɜɚɸɳɟɟ ɫɢɥɵ ɨɬɬɚɥɤɢɜɚɧɢɹ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɜ ɜɢɞɟμ  

  RTbVP  . Ɉɬɫɸɞɚ 
P

RT
bV  . ȿɫɥɢ ɭɜɟɥɢɱɢɜɚɬɶ ɞɚɜɥɟɧɢɟ, ɬɨ ɩɪɢ   0,  bVP , 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, V=b . Ɉɬɫɸɞɚ ɜɢɞɟɧ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɩɨɩɪɚɜɤɢ b , ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɨɩɪɚɜɤɚ 
ɧɚ ɨɛɴёɦ ɱɢɫɥɟɧɧɨ ɪɚɜɧɚ ɩɪɟɞɟɥɶɧɨɦɭ ɨɛɴёɦɭ, ɤɨɬɨɪɵɣ ɛɵ ɡɚɧɹɥ 1 ɦɨɥɶ ɪɟɚɥɶɧɨɝɨ ɝɚɡɚ ɩɪɢ ɛɟɫɤɨɧɟɱɧɨ 
ɛɨɥɶɲɨɦ ɞɚɜɥɟɧɢɢ. Ⱦɟɬɚɥɶɧɨɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɞɚёɬ Vb 4 , ɬɨ ɟɫɬɶ ɩɨɩɪɚɜɤɚ ɧɚ ɨɛɴёɦ ɪɚɜɧɚ 

ɭɱɟɬɜɟɪёɧɧɨɦɭ ɨɛɴёɦɭ 1 ɦɨɥɹ ɦɨɥɟɤɭɥ ɝɚɡɚ. Ɉɛɴёɦ ɨɞɧɨɣ ɦɨɥɟɤɭɥɵ, ɫɱɢɬɚɹ ɟё ɫɮɟɪɢɱɟɫɤɨɣ, ɪɚɜɟɧμ 
3

3

4
rV  . Ɇɨɥɹɪɧɵɣ ɨɛɴёɦ VNV A . Ɍɨɝɞɚ ɩɨɩɪɚɜɤɚ ɧɚ ɨɛɴёɦ ɜɵɪɚɠɟɧɚ ɮɨɪɦɭɥɨɣμ 

ANrb
3

3

16                                                           (10-1) 

ɍɱɬёɦ ɫɢɥɵ ɩɪɢɬɹɠɟɧɢɹ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɝɚɡɚ, ɤɨɬɨɪɵɟ ɜɵɡɵɜɚɸɬ ɭɦɟɧɶɲɟɧɢɟ ɞɚɜɥɟɧɢɹ ɧɚ ɫɬɟɧɤɢ 
ɫɨɫɭɞɚ ɧɚ ɜɟɥɢɱɢɧɭ Pi , ɤɨɬɨɪɭɸ ɧɚɡɵɜɚɸɬ ɜɧɭɬɪɟɧɧɢɦ ɞɚɜɥɟɧɢɟɦ ɝɚɡɚ. Ɇɨɥɟɤɭɥɵ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ 
ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɝɚɡɚ (ɢɯ ɱɢɫɥɨ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɨɛɴёɦɭ), ɩɪɢɬɹɝɢɜɚɸɬɫɹ ɛɥɢɠɚɣɲɢɦɢ 
ɦɨɥɟɤɭɥɚɦɢ ɜɧɭɬɪɢ ɝɚɡɚ (ɢɯ ɱɢɫɥɨ ɬɨɠɟ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɨɛɴёɦɭ), ɫɥɟɞɨɜɚɬɟɥɶɧɨ, P i ~ n2 , ɚ 
ɡɧɚɱɢɬ, P i ~ V – 2 . Ɇɨɠɧɨ ɡɚɩɢɫɚɬɶ ɪɚɜɟɧɫɬɜɨμ 

2
V

a
Pi                                                                  (10-2) 

Ɂɞɟɫɶ a – ɩɨɩɪɚɜɤɚ ɧɚ ɞɚɜɥɟɧɢɟ ɢɥɢ ɫɢɥɵ ɩɪɢɬɹɠɟɧɢɹ, ɨɧɚ ɪɚɡɥɢɱɧɚ ɞɥɹ ɪɚɡɧɵɯ ɝɚɡɨɜ ɢ ɜ ɋɂ ɢɡɦɟɪɹɟɬɫɹ 

ɜ 
2

3

ɦɨɥɶ
ɦȾɠ 

.  ɉɨɩɪɚɜɤɢ a ɢ b ɪɚɡɥɢɱɧɵ ɞɥɹ ɪɚɡɧɵɯ ɝɚɡɨɜ. ɍɱɢɬɵɜɚɹ ɨɛɟ ɩɨɩɪɚɜɤɢ, ɩɨɥɭɱɢɦμ 

iP
bV

RT
P 


   ɢɥɢ 

2
V

a

bV

RT
P 


 . ɗɬɨ ɭɪɚɜɧɟɧɢɟ ɨɩɢɫɵɜɚɟɬ ɫɨɫɬɨɹɧɢɟ ɪɟɚɥɶɧɨɝɨ ɝɚɡɚ. Ɉɞɧɚɤɨ, 

ɱɚɳɟ ɜɫɟɝɨ, ɟɝɨ ɡɚɩɢɫɵɜɚɸɬ ɚɧɚɥɨɝɢɱɧɨ ɭɪɚɜɧɟɧɢɸ ɫɨɫɬɨɹɧɢɹ ɢɞɟɚɥɶɧɵɯ ɝɚɡɨɜ, ɬɨɝɞɚ ɭɪɚɜɧɟɧɢɟ 
ɫɨɫɬɨɹɧɢɟ ɪɟɚɥɶɧɵɯ ɝɚɡɨɜ ɞɥɹ ɨɞɧɨɝɨ ɦɨɥɹ ɦɨɥɟɤɭɥ ɢɦɟɟɬ ɜɢɞμ  

  RTbV
V

a
P 






 

2
                                                  (10-3) 

 ɍɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɪɟɚɥɶɧɨɝɨ ɝɚɡɚ – ɭɪɚɜɧɟɧɢɟ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ - ɞɥɹ ɥɸɛɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɜɟɳɟɫɬɜɚ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞμ 

   RTbV
V

a
P 











2

2

                                            (10-4) 
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 ɍɪɚɜɧɟɧɢɟ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ ɧɟɩɥɨɯɨ ɤɚɱɟɫɬɜɟɧɧɨ ɨɩɢɫɵɜɚɟɬ ɩɨɜɟɞɟɧɢɟ ɝɚɡɚ ɩɪɢ ɫɠɢɠɟɧɢɢ, ɧɨ 
ɧɟɩɪɢɝɨɞɧɨ ɤ ɩɪɨɰɟɫɫɭ ɡɚɬɜɟɪɞɟɜɚɧɢɹ. 

ɍɪɚɜɧɟɧɢɟ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ – ɤɭɛɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɛɴёɦɚ ɢ ɢɦɟɟɬ ɬɪɢ ɤɨɪɧɹ. ɋ 
ɩɪɚɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢɧɬɟɪɟɫɧɵ ɫɥɭɱɚɢ, ɤɨɝɞɚ ɬɪɢ ɤɨɪɧɹ ɞɟɣɫɬɜɢɬɟɥɶɧɵ ɢ ɨɞɢɧɚɤɨɜɵ 
(ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɪɢɬɢɱɟɫɤɨɦɭ ɫɨɫɬɨɹɧɢɸ ɜɟɳɟɫɬɜɚ), ɢ ɤɨɝɞɚ ɬɪɢ ɤɨɪɧɹ ɞɟɣɫɬɜɢɬɟɥɶɧɵ ɢ ɪɚɡɥɢɱɧɵ. ȼ 
ɩɨɫɥɟɞɧɟɦ ɫɥɭɱɚɟ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɢ ɫɦɵɫɥɨɦ ɤɨɪɧɟɣ ɩɨɦɨɠɟɬ ɪɚɡɨɛɪɚɬɶɫɹ ɢɡɨɬɟɪɦɚ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ.  

 ɂɡɨɬɟɪɦɚ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ 
ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ.10.1 ɇɚ ɢɡɨɬɟɪɦɟ 
ɨɬɦɟɱɟɧɵ ɤɨɪɧɢ ɭɪɚɜɧɟɧɢɹ V1, V2, 

V3, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɬɦɟɱɟɧɧɨɦɭ 
ɞɚɜɥɟɧɢɸ Ɋ1. ɍɱɚɫɬɨɤ ab ɧɚ 
ɢɡɨɬɟɪɦɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɨɞɧɨɮɚɡɧɨɦɭ ɝɚɡɨɨɛɪɚɡɧɨɦɭ 
ɫɨɫɬɨɹɧɢɸ, ɭɱɚɫɬɨɤ fg – 

ɨɞɧɨɮɚɡɧɨɦɭ ɠɢɞɤɨɦɭ ɫɨɫɬɨɹɧɢɸ. 
ɋɨɫɬɨɹɧɢɹ ɜɟɳɟɫɬɜɚ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɱɚɫɬɤɭ cde, ɧɚ 
ɩɪɚɤɬɢɤɟ ɧɟ ɧɚɛɥɸɞɚɸɬɫɹ, ɬɚɤ ɤɚɤ 
ɧɟɜɨɡɦɨɠɟɧ ɨɞɧɨɜɪɟɦɟɧɧɵɣ ɪɨɫɬ 
ɞɚɜɥɟɧɢɹ ɢ ɨɛɴёɦɚ, ɩɨɷɬɨɦɭ ɷɬɨɬ 
ɭɱɚɫɬɨɤ ɧɚɡɵɜɚɸɬ ɧɟɫɬɚɛɢɥɶɧɵɦ. 
ɋɨɫɬɨɹɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɭɱɚɫɬɤɚɦ bc  ɢ ef ɧɚ ɩɪɚɤɬɢɤɟ ɦɨɠɧɨ 
ɧɚɛɥɸɞɚɬɶ, ɨɧɢ ɧɚɡɵɜɚɸɬɫɹ 
ɦɟɬɚɫɬɚɛɢɥɶɧɵɦɢ, ɩɨɫɤɨɥɶɤɭ 

ɨɱɟɧɶ ɧɟɭɫɬɨɣɱɢɜɵ ɢ ɞɥɹ ɢɯ ɩɨɥɭɱɟɧɢɹ ɬɪɟɛɭɟɬɫɹ ɫɩɟɰɢɚɥɶɧɚɹ ɨɱɢɫɬɤɚ ɜɟɳɟɫɬɜɚ ɨɬ ɩɪɢɦɟɫɟɣ, ɧɚɥɢɱɢɟ 
ɤɨɬɨɪɵɯ ɩɪɢɜɨɞɢɬ ɤ ɧɚɪɭɲɟɧɢɸ ɫɬɚɛɢɥɶɧɨɫɬɢ. 

 ɍɱɚɫɬɨɤ bc ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɟɪɟɫɵɳɟɧɧɨɦɭ ɢɥɢ ɩɟɪɟɨɯɥɚɠɞёɧɧɨɦɭ ɩɚɪɭ. ȿɝɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, 
ɟɫɥɢ ɬɳɚɬɟɥɶɧɨ ɨɱɢɫɬɢɬɶ ɩɚɪ ɨɬ ɰɟɧɬɪɨɜ ɤɨɧɞɟɧɫɚɰɢɢ. 

 ɍɱɚɫɬɨɤ ef - ɩɟɪɟɝɪɟɬɚɹ ɠɢɞɤɨɫɬɶ. ȿё ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, ɬɳɚɬɟɥɶɧɨ ɨɱɢɫɬɢɜ ɠɢɞɤɨɫɬɶ ɨɬ 
ɰɟɧɬɪɨɜ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ. 

 Ɋɚɛɨɬɚ ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɫɠɚɬɢɢ ɩɨ ɢɡɨɬɟɪɦɟ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ ɨɬ ɨɛɴёɦɚ V3 ɞɨ ɨɛɴёɦɚ V1 

ɱɢɫɥɟɧɧɨ ɪɚɜɧɚ ɩɥɨɳɚɞɢ ɡɚɲɬɪɢɯɨɜɚɧɧɨɣ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɬɪɚɩɟɰɢɢ ɧɚ ɪɢɫ.10.1. ɗɬɚ ɩɥɨɳɚɞɶ ɞɨɥɠɧɚ 
ɛɵɬɶ ɪɚɜɧɚ ɩɥɨɳɚɞɢ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ V1 fb V3 ɧɚ ɬɨɦ ɠɟ ɪɢɫɭɧɤɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 
ɢɡɨɬɟɪɦɟ. 

 ȿɫɥɢ ɝɚɡ ɧɚɯɨɞɢɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ ɤɪɢɬɢɱɟɫɤɨɣ, ɬɨ ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɫɠɚɬɢɢ ɟɝɨ 
ɧɟɥɶɡɹ ɩɟɪɟɜɟɫɬɢ ɜ ɠɢɞɤɨɟ ɫɨɫɬɨɹɧɢɟ. Ⱦɥɹ ɫɠɢɠɟɧɢɹ ɟɝɨ ɧɭɠɧɨ ɫɧɚɱɚɥɚ ɨɯɥɚɞɢɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɢɠɟ 
ɤɪɢɬɢɱɟɫɤɨɣ, ɚ ɡɚɬɟɦ ɧɚɢɛɨɥɟɟ ɜɵɝɨɞɧɨ, ɬɨ ɟɫɬɶ ɢɡɨɬɟɪɦɢɱɟɫɤɢ, ɫɠɚɬɶ. ȼ ɤɪɢɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ V1 = V2 

= V3 , ɬɨ ɟɫɬɶ ɜɫɟ ɬɪɢ ɤɨɪɧɹ ɞɟɣɫɬɜɢɬɟɥɶɧɵ ɢ ɨɞɢɧɚɤɨɜɵ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɥёɝɤɢɯ ɝɚɡɨɜ 
ɭɪɚɜɧɟɧɢɟ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ ɥɭɱɲɟ ɨɩɢɫɵɜɚɟɬ ɢɯ ɫɨɫɬɨɹɧɢɟ.  

 

10.2.Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɚɝɪɟɝɚɬɧɵɯ ɫɨɫɬɨɹɧɢɣ ɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ. 
        ɉɨɧɹɬɢɟ ɮɚɡɚ ɜ ɬɟɪɦɨɞɢɧɚɦɢɤɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɜ ɛɨɥɟɟ ɲɢɪɨɤɨɦ ɫɦɵɫɥɟ, ɱɟɦ ɚɝɪɟɝɚɬɧɵɟ ɫɨɫɬɨɹɧɢɹ. 
ɉɨɞ ɮɚɡɨɣ ɜ ɬɟɪɦɨɞɢɧɚɦɢɤɟ ɩɨɧɢɦɚɸɬ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ ɜɟɳɟɫɬɜɚ, 
ɨɬɥɢɱɚɸɳɟɟɫɹ ɩɨ ɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɨɬ ɞɪɭɝɢɯ ɜɨɡɦɨɠɧɵɯ ɪɚɜɧɨɜɟɫɧɵɯ ɫɨɫɬɨɹɧɢɣ ɬɨɝɨ ɠɟ 
ɜɟɳɟɫɬɜɚ. ɂɧɨɝɞɚ ɧɟɪɚɜɧɨɜɟɫɧɨɟ ɦɟɬɚɫɬɚɛɢɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ ɜɟɳɟɫɬɜɚ ɬɚɤɠɟ ɧɚɡɵɜɚɸɬ ɮɚɡɨɣ, ɧɨ 
ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ. Ɏɚɡɵ ɜɟɳɟɫɬɜɚ ɦɨɝɭɬ ɨɬɥɢɱɚɬɶɫɹ ɯɚɪɚɤɬɟɪɨɦ ɞɜɢɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɱɚɫɬɢɰ ɢ ɧɚɥɢɱɢɟɦ 
ɢɥɢ ɨɬɫɭɬɫɬɜɢɟɦ ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ. Ɋɚɡɥɢɱɧɵɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɮɚɡɵ ɦɨɝɭɬ ɨɬɥɢɱɚɬɶɫɹ ɞɪɭɝ ɨɬ 
ɞɪɭɝɚ ɬɢɩɨɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ, ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɢ ɦɚɝɧɢɬɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ ɢ ɞɪ. ɀɢɞɤɢɟ ɮɚɡɵ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɤɨɦɩɨɧɟɧɬɨɜ, ɧɚɥɢɱɢɟɦ ɢɥɢ 
ɨɬɫɭɬɫɬɜɢɟɦ ɫɜɟɪɯɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɬ.ɩ. 

 ɉɟɪɟɯɨɞ ɜɟɳɟɫɬɜɚ ɢɡ ɨɞɧɨɣ ɮɚɡɵ ɜ ɞɪɭɝɭɸ ɧɚɡɵɜɚɟɬɫɹ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ. Ʉ ɮɚɡɨɜɵɦ 
ɩɟɪɟɯɨɞɚɦ ɨɬɧɨɫɹɬɫɹ ɹɜɥɟɧɢɹ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɩɥɚɜɥɟɧɢɹ, ɤɨɧɞɟɧɫɚɰɢɢ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɞɪ.. ȼ 
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ɞɜɭɯɮɚɡɧɨɣ ɫɢɫɬɟɦɟ ɮɚɡɵ ɧɚɯɨɞɹɬɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɩɪɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ 
ɨɛɴёɦɚ ɧɟɤɨɬɨɪɚɹ ɱɚɫɬɶ ɠɢɞɤɨɫɬɢ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɩɚɪ, ɧɨ ɩɪɢ ɷɬɨɦ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 
ɧɟɢɡɦɟɧɧɨɣ ɧɟɨɛɯɨɞɢɦɨ ɢɡɜɧɟ ɩɟɪɟɞɚɬɶ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ 
ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɟɪɟɯɨɞɚ ɢɡ ɠɢɞɤɨɣ ɮɚɡɵ ɜ ɝɚɡɨɨɛɪɚɡɧɭɸ ɫɢɫɬɟɦɟ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɞɚɬɶ ɬɟɩɥɨɬɭ ɛɟɡ 
ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɫɢɫɬɟɦɵ. ɗɬɚ ɬɟɩɥɨɬɚ ɢɞёɬ ɧɚ ɢɡɦɟɧɟɧɢɟ ɮɚɡɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɟɳɟɫɬɜɚ ɢ 
ɧɚɡɵɜɚɟɬɫɹ ɬɟɩɥɨɬɨɣ ɮɚɡɨɜɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɢɥɢ ɫɤɪɵɬɨɣ ɬɟɩɥɨɬɨɣ ɩɟɪɟɯɨɞɚ. ɋ ɩɨɜɵɲɟɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫɤɪɵɬɚɹ ɬɟɩɥɨɬɚ ɩɟɪɟɯɨɞɚ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɦɚɫɫɵ ɜɟɳɟɫɬɜɚ ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɩɪɢ ɤɪɢɬɢɱɟɫɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɨɧɚ ɪɚɜɧɚ ɧɭɥɸ. Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɢɫɩɨɥɶɡɭɸɬ ɭɞɟɥɶɧɭɸ ɬɟɩɥɨɬɭ 
ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ. ɍɞɟɥɶɧɨɣ ɬɟɩɥɨɬɨɣ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɧɚɡɵɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɫɤɪɵɬɨɣ ɬɟɩɥɨɬɵ, 
ɩɪɢɯɨɞɹɳɟɣɫɹ ɧɚ ɟɞɢɧɢɰɭ ɦɚɫɫɵ ɜɟɳɟɫɬɜɚ. 

 Ɏɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ ɫ ɩɨɝɥɨɳɟɧɢɟɦ ɢɥɢ ɜɵɞɟɥɟɧɢɟɦ ɫɤɪɵɬɨɣ ɬɟɩɥɨɬɵ ɩɟɪɟɯɨɞɚ ɧɚɡɵɜɚɸɬɫɹ 
ɮɚɡɨɜɵɦɢ ɩɟɪɟɯɨɞɚɦɢ ɩɟɪɜɨɝɨ ɪɨɞɚ. ɉɪɢ ɷɬɨɦ ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɢ ɩɥɨɬɧɨɫɬɶ ɢɡɦɟɧɹɸɬɫɹ ɫɤɚɱɤɨɦ. 
ɉɪɢ ɩɟɪɟɯɨɞɟ ɢɡ ɛɨɥɟɟ ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɦɟɧɟɟ ɭɩɨɪɹɞɨɱɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɷɧɬɪɨɩɢɹ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ȼ ɬɚɛɥɢɰɟ ɩɪɢɜɟɞɟɧɵ ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ ɩɟɪɜɨɝɨ ɪɨɞɚ ɢ ɢɯ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

Ɍɚɛɥɢɰɚ. Ɏɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ ɩɟɪɜɨɝɨ ɪɚɞɚ ɢ ɢɯ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

 

Ɏɚɡɨɜɵɣ ɩɟɪɟɯɨɞ 

 

ɇɚɩɪɚɜɥɟɧɢɟ ɩɟɪɟɯɨɞɚ 

 

ɋɤɪɵɬɚɹ ɬɟɩɥɨɬɚ ɩɟɪɟɯɨɞɚ 

ɂɡɦɟɧɟɧɢɟ 
ɷɧɬɪɨɩɢɢ ɩɪɢ 
ɮɚɡɨɜɨɦ 
ɩɟɪɟɯɨɞɟ 

  

ɉɚɪɨɨɛɪɚɡɨɜɚɧɢɟ 

 

ɀɢɞɤɨɫɬɶ  ɩɚɪ 

ɬLQ ɉɉ  , ɝɞɟ  

Lɉ – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ 
ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ,  

ɬ- ɦɚɫɫɚ ɠɢɞɤɨɫɬɢ, 
ɩɟɪɟɜɟɞёɧɧɨɣ ɜ ɩɚɪ.  

T

Q
S ɉ

ɉ   

ɗɧɬɪɨɩɢɹ 
ɜɨɡɪɚɫɬɚɟɬ 

ΔSɉ >0 

Ʉɨɧɞɟɧɫɚɰɢɹ ɉɚɪ  ɠɢɞɤɨɫɬɶ ɬLQ ɄɈɇɄɈɇ  , ɝɞɟ 

LɄɈɇ – ɜɟɥɢɱɢɧɚ ɭɞɟɥɶɧɨɣ 
ɬɟɩɥɨɬɵ ɤɨɧɞɟɧɫɚɰɢɢ,  

ɬ- ɦɚɫɫɚ ɩɚɪɚ, ɩɟɪɟɜɟɞёɧɧɨɝɨ ɜ 
ɠɢɞɤɨɫɬɶ 

T

Q
S ɄɈɇ

ɄɈɇ 

 ɗɧɬɪɨɩɢɹ 
ɭɛɵɜɚɟɬ  

ΔSɤɪ < 0 

ɉɥɚɜɥɟɧɢɟ  Ɍɜёɪɞɨɟ ɬɟɥɨ ɠɢɞɤɨɫɬɶ ɬLQ ɉɅɉɅ  , ɝɞɟ 

 LɉɅ – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ 
ɩɥɚɜɥɟɧɢɹ, 

ɬ- ɦɚɫɫɚ ɬɜёɪɞɨɝɨ ɬɟɥɚ, 
ɩɟɪɟɜɟɞёɧɧɨɝɨ ɜ ɠɢɞɤɨɫɬɶ 

T

Q
S ɉɅ

ɉɅ   

ɗɧɬɪɨɩɢɹ 
ɜɨɡɪɚɫɬɚɟɬ  

ΔSɩɥ > 0 

Ʉɪɢɫɬɚɥɥɢɡɚɰɢɹ ɀɢɞɤɨɫɬɶ  ɬɜёɪɞɨɟ 
ɬɟɥɨ 

ɬLQ ɄɊɄɊ  , ɝɞɟ 

LɄɊ – ɜɟɥɢɱɢɧɚ ɭɞɟɥɶɧɨɣ 
ɬɟɩɥɨɬɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ,  

ɬ- ɦɚɫɫɚ ɠɢɞɤɨɫɬɢ, 
ɩɟɪɟɜɟɞёɧɧɨɣ ɜ ɬɜёɪɞɨɟ ɬɟɥɨ - 
ɤɪɢɫɬɚɥɥ 

T

Q
S ɄɊ

ɄɊ   

ɗɧɬɪɨɩɢɹ 
ɭɛɵɜɚɟɬ  

ΔSɤɪ < 0 
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ɋɭɛɥɢɦɚɰɢɹ  

(ɢɥɢ ɜɨɡɝɨɧɤɚ)  

Ɍɜёɪɞɨɟ ɬɟɥɨ  ɉɚɪ ɬLQ ɋɋ  , ɝɞɟ 

 Lɋ – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ 
ɫɭɛɥɢɦɚɰɢɢ, 

ɬ- ɦɚɫɫɚ ɬɜёɪɞɨɝɨ ɬɟɥɚ, 
ɩɟɪɟɜɟɞёɧɧɨɝɨ ɜ ɩɚɪ 

T

Q
S ɋ

ɋ   

ɗɧɬɪɨɩɢɹ 
ɜɨɡɪɚɫɬɚɟɬ  

ΔSc  > 0 

Ⱦɟɫɭɛɥɢɦɚɰɢɹ 

(Ʉɪɢɫɬɚɥɥɢɡɚɰɢɹ 
ɦɢɧɭɹ ɠɢɞɤɭɸ ɮɚɡɭ) 

ɉɚɪ  ɬɜёɪɞɨɟ ɬɟɥɨ  

(ɦɢɧɭɹ ɠɢɞɤɭɸ ɮɚɡɭ) 

ɬLQ ɄɊɄɊ  , ɝɞɟ 

LɄɊ – ɜɟɥɢɱɢɧɚ ɭɞɟɥɶɧɨɣ 
ɬɟɩɥɨɬɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ,  

ɬ- ɦɚɫɫɚ ɩɚɪɚ, ɩɟɪɟɜɟɞёɧɧɨɝɨ ɜ 
ɬɜёɪɞɨɟ ɬɟɥɨ - ɤɪɢɫɬɚɥɥ 

T

Q
S ɄɊ

ɄɊ   

ɗɧɬɪɨɩɢɹ 
ɭɛɵɜɚɟɬ  

ΔSɤɪ < 0 

 

ɋɭɳɟɫɬɜɭɟɬ ɫɜɹɡɶ ɦɟɠɞɭ ɞɚɜɥɟɧɢɟɦ, ɩɪɢ ɤɨɬɨɪɨɦ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɞɜɭɯɮɚɡɧɚɹ ɫɢɫɬɟɦɚ, 
ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɪɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɚɯ 
ɩɟɪɜɨɝɨ ɪɨɞɚ. ɗɬɚ ɫɜɹɡɶ ɨɩɢɫɵɜɚɟɬɫɹ 
ɭɪɚɜɧɟɧɢɟɦ Ʉɥɚɩɟɣɪɨɧɚ – Ʉɥɚɭɡɢɭɫɚ. 

Ɋɚɫɫɦɨɬɪɢɦ ɜɵɜɨɞ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɞɥɹ 
ɡɚɤɪɵɬɵɯ ɫɢɫɬɟɦ. ȿɫɥɢ ɱɢɫɥɨ ɱɚɫɬɢɰ ɜ 
ɫɢɫɬɟɦɟ ɩɨɫɬɨɹɧɧɨ, ɬɨ ɢɡɦɟɧɟɧɢɟ 
ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ, ɫɨɝɥɚɫɧɨ ɩɟɪɜɨɦɭ 
ɧɚɱɚɥɭ ɬɟɪɦɨɞɢɧɚɦɢɤɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɜɵɪɚɠɟɧɢɟɦμ PdVTdSdU  . 

Ɋɚɜɧɨɜɟɫɢɟ ɦɟɠɞɭ ɮɚɡɚɦɢ ɧɚɫɬɭɩɢɬ ɩɪɢ 
ɭɫɥɨɜɢɢ, ɱɬɨ Ɍ1 = Ɍ2 ɢ Ɋ1 = Ɋ2 . Ɋɚɫɫɦɨɬɪɢɦ 

ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɣ ɨɛɪɚɬɢɦɵɣ ɰɢɤɥ Ʉɚɪɧɨ (ɪɢɫ.6.8), ɢɡɨɬɟɪɦɵ ɤɨɬɨɪɨɝɨ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɨɫɬɨɹɧɢɸ 
ɞɜɭɯɮɚɡɧɨɣ ɫɢɫɬɟɦɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ Ɍ ɢ dT . ɉɨɫɤɨɥɶɤɭ ɩɚɪɚɦɟɬɪɵ ɫɨɫɬɨɹɧɢɹ ɩɪɢ ɷɬɨɦ ɢɡɦɟɧɹɸɬɫɹ 
ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɨ, ɢɡɨɬɟɪɦɵ ɢ ɚɞɢɚɛɚɬɵ ɧɚ ɪɢɫ.10.β ɢɡɨɛɪɚɠɟɧɵ ɩɪɹɦɵɦɢ. Ⱦɚɜɥɟɧɢɟ ɜ ɬɚɤɨɦ ɰɢɤɥɟ 
ɢɡɦɟɧɹɟɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ dP . Ɋɚɛɨɬɚ ɫɢɫɬɟɦɵ ɡɚ ɰɢɤɥ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣμ  ɀɉ VVdPA  . 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɰɢɤɥ ɪɟɚɥɢɡɨɜɚɧ ɞɥɹ ɫɢɫɬɟɦɵ ɦɚɫɫɚ ɜɟɳɟɫɬɜɚ ɤɨɬɨɪɨɣ ɪɚɜɧɚ ɟɞɢɧɢɰɟ. Ʉɨɷɮɮɢɰɢɟɧɬ 

ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɬɚɤɨɝɨ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɰɢɤɥɚ Ʉɚɪɧɨ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɚɦμ 
T

dT
  ɢɥɢ 

ɉL

A   , ɝɞɟ Lɉ – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ. ɉɪɢɪɚɜɧɢɜɚɹ ɩɪɚɜɵɟ ɱɚɫɬɢ ɷɬɢɯ ɪɚɜɟɧɫɬɜ, ɢ 

ɩɨɞɫɬɚɜɢɜ ɜɵɪɚɠɟɧɢɟ ɪɚɛɨɬɵ ɱɟɪɟɡ ɞɚɜɥɟɧɢɟ ɢ ɨɛɴёɦ, ɩɨɥɭɱɢɦμ 
 
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dT
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. ɋɨɨɬɧɟɫёɦ 

ɢɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ ɫ ɢɡɦɟɧɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɨɥɭɱɢɦμ 

 ɀɉ

ɉ

VVT

L

dT

dP


                                     (10-5) 

ɍɪɚɜɧɟɧɢɟ (10-5) ɧɚɡɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ Ʉɥɚɩɟɣɪɨɧɚ – Ʉɥɚɭɡɢɭɫɚ. Ⱥɧɚɥɢɡɢɪɭɹ ɷɬɨ ɭɪɚɜɧɟɧɢɟ, 
ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɚɜɥɟɧɢɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɗɬɨ ɫɥɟɞɭɟɬ ɢɡ ɬɨɝɨ, ɱɬɨ ɀɉ VV 

, ɚ ɡɧɚɱɢɬ ɢ 0
dT

dP
. 

ɍɪɚɜɧɟɧɢɟ Ʉɥɚɩɟɣɪɨɧɚ – Ʉɥɚɭɡɢɭɫɚ ɩɪɢɦɟɧɢɦɨ ɧɟ ɬɨɥɶɤɨ ɤ ɩɟɪɟɯɨɞɭ «ɠɢɞɤɨɫɬɶ – ɩɚɪ». Ɉɧɨ 
ɩɪɢɦɟɧɢɦɨ ɤɨ ɜɫɟɦ ɩɟɪɟɯɨɞɚɦ ɩɟɪɜɨɝɨ ɪɨɞɚ. ȼ ɨɛɳɟɦ ɜɢɞɟ ɟɝɨ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɬɚɤμ 
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                                         (10-6) 

 ɂɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɟ Ʉɥɚɩɟɣɪɨɧɚ – Ʉɥɚɭɡɢɭɫɚ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɞɢɚɝɪɚɦɦɭ ɫɨɫɬɨɹɧɢɣ 
ɫɢɫɬɟɦɵ ɜ ɤɨɨɪɞɢɧɚɬɚɯ Ɋ,Ɍ (ɪɢɫ.10.γ). ɇɚ ɷɬɨɣ ɞɢɚɝɪɚɦɦɟ ɤɪɢɜɚɹ 1 – ɤɪɢɜɚɹ ɫɭɛɥɢɦɚɰɢɢ. Ɉɧɚ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɜɧɨɜɟɫɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ɞɜɭɯ ɮɚɡμ ɬɜёɪɞɨɣ ɢ ɩɚɪɨɨɛɪɚɡɧɨɣ. Ɍɨɱɤɢ, ɥɟɠɚɳɢɟ ɫɥɟɜɚ ɨɬ ɷɬɨɣ 
ɤɪɢɜɨɣ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɨɞɧɨɮɚɡɧɨɟ ɬɜёɪɞɨɟ ɫɨɫɬɨɹɧɢɟ. Ɍɨɱɤɢ, ɥɟɠɚɳɢɟ ɫɩɪɚɜɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɬ 
ɩɚɪɨɨɛɪɚɡɧɨɟ ɫɨɫɬɨɹɧɢɟ. Ʉɪɢɜɚɹ β – ɤɪɢɜɚɹ ɩɥɚɜɥɟɧɢɹ. Ɉɧɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɜɧɨɜɟɫɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ɞɜɭɯ 
ɮɚɡμ ɬɜёɪɞɨɣ ɢ ɠɢɞɤɨɣ. Ɍɨɱɤɢ, ɥɟɠɚɳɢɟ ɫɥɟɜɚ ɨɬ ɷɬɨɣ ɤɪɢɜɨɣ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɨɞɧɨɮɚɡɧɨɟ ɬɜёɪɞɨɟ 
ɫɨɫɬɨɹɧɢɟ. Ɍɨɱɤɢ, ɥɟɠɚɳɢɟ ɫɩɪɚɜɚ ɨɬ ɧɟё ɞɨ ɤɪɢɜɨɣ γ, ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɠɢɞɤɨɟ ɫɨɫɬɨɹɧɢɟ. Ʉɪɢɜɚɹ γ – 

ɤɪɢɜɚɹ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ. Ɉɧɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɜɧɨɜɟɫɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ɞɜɭɯ ɮɚɡμ ɠɢɞɤɨɣ ɢ ɩɚɪɨɨɛɪɚɡɧɨɣ. 
Ɍɨɱɤɢ, ɥɟɠɚɳɢɟ ɫɥɟɜɚ ɨɬ ɷɬɨɣ ɤɪɢɜɨɣ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɨɞɧɨɮɚɡɧɨɟ ɠɢɞɤɨɟ ɫɨɫɬɨɹɧɢɟ. Ɍɨɱɤɢ, ɥɟɠɚɳɢɟ 
ɫɩɪɚɜɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɩɚɪɨɨɛɪɚɡɧɨɟ ɫɨɫɬɨɹɧɢɟ. Ʉɪɢɜɚɹ γ, ɜ ɨɬɥɢɱɢɢ ɨɬ ɤɪɢɜɵɯ 1 ɢ β, ɨɝɪɚɧɢɱɟɧɚ ɫ ɞɜɭɯ 
ɫɬɨɪɨɧ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ – ɬɪɨɣɧɨɣ ɬɨɱɤɨɣ Ɍɪ, ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ - ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɨɣ Ʉ (ɪɢɫ.10.γ). 
Ɍɪɨɣɧɚɹ ɬɨɱɤɚ ɨɩɢɫɵɜɚɟɬ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ ɫɪɚɡɭ ɬɪёɯ ɮɚɡμ ɬɜёɪɞɨɣ, ɠɢɞɤɨɣ ɢ ɩɚɪɨɨɛɪɚɡɧɨɣ.  

  Ɏɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ ɜɬɨɪɨɝɨ ɪɨɞɚ. ɀɢɞɤɢɣ ɝɟɥɢɣ. ɋɜɟɪɯɬɟɤɭɱɟɫɬɶ 

ɋɭɳɟɫɬɜɭɸɬ ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ ɜɬɨɪɨɝɨ ɪɨɞɚ, ɩɪɢ 
ɤɨɬɨɪɵɯ ɧɟɤɨɬɨɪɵɟ ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜɚ ɢɡɦɟɧɹɸɬɫɹ 
ɫɤɚɱɤɨɦ. ɏɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɬɚɤɢɯ 
ɩɟɪɟɯɨɞɨɜ ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɬɟɩɥɨɬɵ ɩɟɪɟɯɨɞɚ. Ʉ 
ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɚɦ ɜɬɨɪɨɝɨ ɪɨɞɚ ɨɬɧɨɫɹɬɫɹ ɬɚɤɢɟ 
ɩɟɪɟɯɨɞɵ ɤɚɤ ɩɨɬɟɪɹ ɮɟɪɪɨɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ ɩɪɢ 
ɩɟɪɟɯɨɞɟ ɱɟɪɟɡ ɬɨɱɤɭ Ʉɸɪɢ, ɩɟɪɟɯɨɞ ɩɪɨɜɨɞɧɢɤɚ ɜ 
ɫɜɟɪɯɩɪɨɜɨɞɹɳɟɟ ɫɨɫɬɨɹɧɢɟ, ɩɟɪɟɯɨɞ ɝɟɥɢɹ I ɜ ɝɟɥɢɣ 
II. Ɋɚɫɫɦɨɬɪɢɦ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɜɬɨɪɨɝɨ ɪɨɞɚ ɧɚ 
ɩɪɢɦɟɪɟ ɠɢɞɤɨɝɨ ɝɟɥɢɹ. ɀɢɞɤɢɣ ɝɟɥɢɣ ɡɚɦɟɱɚɬɟɥɟɧ 
ɬɟɦ, ɱɬɨ ɷɬɨ ɫɚɦɚɹ ɯɨɥɨɞɧɚɹ ɠɢɞɤɨɫɬɶ ɜ ɩɪɢɪɨɞɟ. 

ɇɚɢɛɨɥɟɟ ɜɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɠɢɞɤɨɝɨ ɝɟɥɢɹ ɹɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɞɜɭɯ ɟɝɨ ɦɨɞɢɮɢɤɚɰɢɣ, 
ɩɟɪɟɯɨɞɹɳɢɯ ɨɞɧɚ ɜ ɞɪɭɝɭɸ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ β,186 Ʉ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ. ɗɬɢ ɦɨɞɢɮɢɤɚɰɢɢ 
ɧɚɡɵɜɚɸɬ ɇɟ-I ɢ ɇɟ-II. Ɍɨɱɤɚ ɩɟɪɟɯɨɞɚ ɇɟ-I ɜ ɇɟ-II ɧɚɡɵɜɚɟɬɫɹ Ȝ- ɬɨɱɤɨɣ ɢɡ-ɡɚ ɜɢɞɚ ɤɪɢɜɨɣ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨёɦɤɨɫɬɢ ɠɢɞɤɨɝɨ ɝɟɥɢɹ, ɧɚɩɨɦɢɧɚɸɳɟɣ ɛɭɤɜɭ Ȝ (ɪɢɫ.10.4). 

ɉɟɪɟɯɨɞ ɇɟ-I ɜ ɇɟ-II ɩɪɨɢɫɯɨɞɢɬ ɛɟɡ ɜɵɞɟɥɟɧɢɹ ɢɥɢ ɩɨɝɥɨɳɟɧɢɹ ɫɤɪɵɬɨɣ ɬɟɩɥɨɬɵ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ 
ɮɚɡɨɜɨɦ ɩɟɪɟɯɨɞɟ ɜɬɨɪɨɝɨ ɪɨɞɚ. ɋɜɨɣɫɬɜɚ ɷɬɢɯ ɦɨɞɢɮɢɤɚɰɢɣ ɝɟɥɢɹ ɪɚɡɥɢɱɧɵ. ɇɟ-I –ɛɟɫɰɜɟɬɧɚɹ 
ɠɢɞɤɨɫɬɶ, ɛɭɪɧɨ ɤɢɩɹɳɚɹ ɫ ɨɛɢɥɶɧɵɦ ɜɵɞɟɥɟɧɢɟɦ ɩɭɡɵɪɶɤɨɜ.( ɇɟ-II ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ) 

- ɫɩɨɤɨɣɧɚɹ ɠɢɞɤɨɫɬɶ ɫ ɨɬɱёɬɥɢɜɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɨɛɥɚɞɚɸɳɚɹ ɱɪɟɡɜɵɱɚɣɧɨ  

 

 

 

 

 

 

 

 

 

ɜɵɫɨɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɢ ɫɜɟɪɯɬɟɤɭɱɟɫɬɶɸ. ɋɜɟɪɯɬɟɤɭɱɟɫɬɶ ɇɟ-II ɨɬɤɪɵɥ ɜ 1λγ8 ɝɨɞɭ ɉ.Ʌ.Ʉɚɩɢɰɚ 
(ɧɨɛɟɥɟɜɫɤɢɣ ɥɚɭɪɟɚɬ). Ɉɛɴɹɫɧɟɧɢɟ ɷɬɨɝɨ ɹɜɥɟɧɢɹ ɛɵɥɨ ɞɚɧɨ ɜ 1λ41 ɝɨɞɭ Ʌ.Ⱦ.Ʌɚɧɞɚɭ ɧɚ ɨɫɧɨɜɟ ɤɜɚɧɬɨɜɨ-
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ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɯɚɪɚɤɬɟɪɟ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢɹ ɜ ɠɢɞɤɨɦ ɝɟɥɢɢ. Ɍɟɱɟɧɢɟ ɠɢɞɤɨɝɨ ɇɟ-II 

ɩɪɨɢɫɯɨɞɢɬ ɬɚɤ, ɤɚɤ ɛɭɞɬɨ ɟɝɨ ɜɹɡɤɨɫɬɶ ɪɚɜɧɚ ɧɭɥɸ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɨɧ ɦɨɠɟɬ ɫɜɨɛɨɞɧɨ ɩɪɨɬɟɤɚɬɶ ɱɟɪɟɡ 
ɫɚɦɵɟ ɬɨɧɤɢɟ ɤɚɩɢɥɥɹɪɵ, ɳɟɥɢ, ɨɬɜɟɪɫɬɢɹ, ɧɟɩɪɨɧɢɰɚɟɦɵɟ ɞɚɠɟ ɞɥɹ ɝɚɡɨɜ. ȼ ɬɨɧɤɢɯ ɤɚɩɢɥɥɹɪɚɯ 
(ɞɢɚɦɟɬɪɨɦ 10-4 ÷10-5  ɫɦ) ɬɟɱɟɧɢɟ ɠɢɞɤɨɝɨ ɇɟ-II ɭɠɟ ɧɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɉɭɚɡɟɣɥɹ ɢ ɫɤɨɪɨɫɬɶ 
ɬɟɱɟɧɢɹ ɟɝɨ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɪɚɡɧɨɫɬɢ ɞɚɜɥɟɧɢɣ ɢ ɞɥɢɧɵ ɤɚɩɢɥɥɹɪɚ. Ɉɞɧɚɤɨ, ɫɭɳɟɫɬɜɭɟɬ ɨɩɪɟɞɟɥёɧɧɚɹ 
ɤɪɢɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ, ɜɵɲɟ ɤɨɬɨɪɨɣ ɧɚɱɢɧɚɸɬ ɞɟɣɫɬɜɨɜɚɬɶ ɫɢɥɵ ɬɪɟɧɢɹ ɢ ɞɜɢɠɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ 
ɜɹɡɤɢɦ. ȼɟɥɢɱɢɧɚ ɤɪɢɬɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ ɩɨɜɵɲɚɟɬɫɹ ɫ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɪɢ ɫɚɦɵɯ ɧɢɡɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɫɬɚɧɨɜɢɬɫɹ ɩɨɫɬɨɹɧɧɨɣ. ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɫɹɤɨɝɨ ɬɜёɪɞɨɝɨ ɬɟɥɚ, ɫɨɩɪɢɤɚɫɚɸɳɟɝɨɫɹ ɫ 
ɠɢɞɤɢɦ ɇɟ-II ɨɛɪɚɡɭɟɬɫɹ ɬɨɧɤɚɹ ɞɜɢɠɭɳɚɹɫɹ ɩɥёɧɤɚ. Ɉɧɚ ɞɜɢɠɟɬɫɹ ɜ ɫɬɨɪɨɧɭ, ɝɞɟ ɬɟɦɩɟɪɚɬɭɪɚ ɜɵɲɟ. 
ȿɫɥɢ ɩɨɜɟɪɯɧɨɫɬɶ ɬɟɥɚ ɢɦɟɟɬ ɨɞɢɧɚɤɨɜɭɸ ɬɟɦɩɟɪɚɬɭɪɭ, ɦɟɧɶɲɭɸ ɬɟɦɩɟɪɚɬɭɪɵ Ȝ- ɬɨɱɤɢ, ɢ ɱɚɫɬɶ ɬɟɥɚ ɧɟ 
ɩɨɝɪɭɠɟɧɚ ɜ ɠɢɞɤɢɣ ɝɟɥɢɣ, ɬɨ ɧɟ ɩɨɝɪɭɠɟɧɧɚɹ ɱɚɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɜɚɟɬɫɹ ɬɨɧɤɨɣ ɩɥёɧɤɨɣ. ȼ 
ɠɢɞɤɨɦ ɇɟ-II ɧɚɛɥɸɞɚɟɬɫɹ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɣ ɷɮɮɟɤɬ, ɤɨɬɨɪɵɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ, ɤɨɝɞɚ ɜ 
ɬɨɧɤɨɦ ɤɚɩɢɥɥɹɪɟ ɫɭɳɟɫɬɜɭɟɬ ɩɨɬɨɤ ɬɟɩɥɚ, ɬɨ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɷɬɨɦɭ ɩɨɬɨɤɭ, ɜɨɡɧɢɤɚɟɬ 
ɩɨɬɨɤ ɠɢɞɤɨɫɬɢ. 

 ɀɢɞɤɢɣ ɇɟ-II ɟɳё ɢ ɫɜɟɪɯɬɟɩɥɨɩɪɨɜɨɞɟɧ. Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɩɪɢ ɩɟɪɟɯɨɞɟ ɱɟɪɟɡ Ȝ- ɬɨɱɤɭ 
ɜɨɡɪɚɫɬɚɟɬ ɜ 5 .106 ɪɚɡ ɢ ɫɬɚɧɨɜɢɬɫɹ ɥɭɱɲɟ, ɱɟɦ ɭ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɪɨɜɨɞɧɢɤɨɜ ɬɟɩɥɚ. 

10.3. ɉɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɠɢɞɤɨɫɬɢ. Ⱦɚɜɥɟɧɢɟ Ʌɚɩɥɚɫɚ. 

  ɉɨɜɟɪɯɧɨɫɬɶ ɠɢɞɤɨɫɬɢ, ɫɨɩɪɢɤɚɫɚɸɳɚɹɫɹ ɫ ɞɪɭɝɨɣ ɫɪɟɞɨɣ, ɧɚɯɨɞɢɬɫɹ ɜ ɨɫɨɛɵɯ ɭɫɥɨɜɢɹɯ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɬɚɥɶɧɨɣ ɦɚɫɫɨɣ ɠɢɞɤɨɫɬɢ. ɋɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɤɚɠɞɭɸ ɦɨɥɟɤɭɥɭ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɫɥɨɹ ɠɢɞɤɨɫɬɢ, ɝɪɚɧɢɱɚɳɟɣ ɫ ɩɚɪɨɦ, ɧɚɩɪɚɜɥɟɧɵ ɜ ɫɬɨɪɨɧɭ ɨɛɴёɦɚ ɠɢɞɤɨɫɬɢ, ɬɨ ɟɫɬɶ ɜɧɭɬɪɶ 
ɠɢɞɤɨɫɬɢ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɞɥɹ ɩɟɪɟɦɟɳɟɧɢɹ ɦɨɥɟɤɭɥɵ ɢɡ ɝɥɭɛɢɧɵ ɠɢɞɤɨɫɬɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ 
ɬɪɟɛɭɟɬɫɹ ɫɨɜɟɪɲɢɬɶ ɪɚɛɨɬɭ. ȿɫɥɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɭɜɟɥɢɱɢɬɶ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ 
ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɭɸ ɜɟɥɢɱɢɧɭ dS , ɬɨ ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɷɬɨɝɨ ɪɚɛɨɬɚ ɛɭɞɟɬ ɪɚɜɧɚ dSAd  . Ɋɚɛɨɬɚ ɩɨ 
ɭɜɟɥɢɱɟɧɢɸ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɜɟɪɲɚɟɬɫɹ ɩɪɨɬɢɜ ɫɢɥ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ, ɤɨɬɨɪɵɟ 
ɫɬɪɟɦɹɬɫɹ ɫɨɤɪɚɬɢɬɶ, ɭɦɟɧɶɲɢɬɶ ɩɨɜɟɪɯɧɨɫɬɶ. ɉɨɷɬɨɦɭ ɪɚɛɨɬɚ ɫɚɦɢɯ ɫɢɥ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ 
ɩɨ ɭɜɟɥɢɱɟɧɢɸ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɛɭɞɟɬ ɪɚɜɧɚμ  

dSdA                                                    (10-7) 

Ɂɞɟɫɶ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ ı ɧɚɡɵɜɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɧɚɬɹɠɟɧɢɹ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɥɢɱɢɧɨɣ ɪɚɛɨɬɵ ɫɢɥ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɩɨ ɢɡɦɟɧɟɧɢɸ 
ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɟɞɢɧɢɰɭ. ȼ ɋɂ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɢɡɦɟɪɹɟɬɫɹ ɜ Ⱦɠ/ɦ 2 

. 

 Ɇɨɥɟɤɭɥɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɠɢɞɤɨɫɬɢ ɨɛɥɚɞɚɸɬ ɢɡɛɵɬɨɱɧɨɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɥɭɛɢɧɧɵɦɢ 
ɦɨɥɟɤɭɥɚɦɢ, ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɟɣ, ɤɨɬɨɪɚɹ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ 
ɠɢɞɤɨɫɬɢμ 

SU                                                              (10-8) 

ɉɪɢɪɚɳɟɧɢɟ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɫɜɹɡɚɧɨ ɬɨɥɶɤɨ ɫ ɩɪɢɪɚɳɟɧɢɟɦ ɩɥɨɳɚɞɢ 
ɩɨɜɟɪɯɧɨɫɬɢμ dSdU  . ɋɢɥɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ – ɤɨɧɫɟɪɜɚɬɢɜɧɵɟ ɫɢɥɵ, ɩɨɷɬɨɦɭ 
ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨμ dUdA  . ɋɢɥɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɫɬɪɟɦɹɬɫɹ ɭɦɟɧɶɲɢɬɶ 
ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ. Ɉɛɵɱɧɨ ɬɚ ɷɧɟɪɝɢɹ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ 
ɩɪɟɨɛɪɚɡɨɜɚɧɚ ɜ ɪɚɛɨɬɭ, ɧɚɡɵɜɚɟɬɫɹ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɟɣ US. ɉɨɷɬɨɦɭ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ SdUdA  . 

ɂɫɩɨɥɶɡɭɹ ɩɨɧɹɬɢɟ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɮɨɪɦɭɥɭ (10-8) ɬɚɤμ SU S  . ɂɫɩɨɥɶɡɭɹ 
ɩɨɫɥɟɞɧɟɟ ɪɚɜɟɧɫɬɜɨ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɤɚɤ ɮɢɡɢɱɟɫɤɭɸ 
ɜɟɥɢɱɢɧɭ, ɱɢɫɥɟɧɧɨ ɪɚɜɧɭɸ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ ɟɞɢɧɢɰɵ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ . 
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Ⱦɟɣɫɬɜɢɟ ɫɢɥ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɫ ɩɨɦɨɳɶɸ ɩɪɨɫɬɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚɞ 
ɬɨɧɤɨɣ ɩɥёɧɤɨɣ ɠɢɞɤɨɫɬɢ (ɧɚɩɪɢɦɟɪ, ɦɵɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ), ɤɨɬɨɪɚɹ ɨɛɜɨɥɚɤɢɜɚɟɬ ɩɪɨɜɨɥɨɱɧɵɣ 

ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɤɚɪɤɚɫ, ɭ ɤɨɬɨɪɨɝɨ ɨɞɧɚ 
ɫɬɨɪɨɧɚ ɦɨɠɟɬ ɩɟɪɟɦɟɲɚɬɶɫɹ (ɪɢɫ.10.5). 
ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɧɚ ɩɨɞɜɢɠɧɭɸ ɫɬɨɪɨɧɭ, 
ɞɥɢɧɨɣ ℓ, ɞɟɣɫɬɜɭɟɬ ɜɧɟɲɧɹɹ ɫɢɥɚ FB ,

ɩɟɪɟɦɟɳɚɸɳɚɹ ɩɨɞɜɢɠɧɭɸ ɫɬɨɪɨɧɭ ɪɚɦɤɢ 
ɪɚɜɧɨɦɟɪɧɨ ɧɚ ɨɱɟɧɶ ɦɚɥɨɟ ɪɚɫɫɬɨɹɧɢɟ dh.

ɗɥɟɦɟɧɬɚɪɧɚɹ ɪɚɛɨɬɚ ɷɬɨɣ ɫɢɥɵ ɛɭɞɟɬ ɪɚɜɧɚ 
dhFdA BB  , ɬɚɤ ɤɚɤ ɫɢɥɚ ɢ ɩɟɪɟɦɟɳɟɧɢɟ 

ɫɨɧɚɩɪɚɜɥɟɧɵ. ɉɨɫɤɨɥɶɤɭ ɩɥёɧɤɚ ɢɦɟɟɬ ɞɜɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢ, ɬɨ ɜɞɨɥɶ ɤɚɠɞɨɣ ɢɡ ɧɢɯ 
ɧɚɩɪɚɜɥɟɧɵ ɫɢɥɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ 

F, ɜɟɤɬɨɪɧɚɹ ɫɭɦɦɚ ɤɨɬɨɪɵɯ ɪɚɜɧɚ ɜɧɟɲɧɟɣ ɫɢɥɟ. Ɇɨɞɭɥɶ ɜɧɟɲɧɟɣ ɫɢɥɵ ɪɚɜɟɧ ɭɞɜɨɟɧɧɨɦɭ ɦɨɞɭɥɸ 
ɨɞɧɨɣ ɢɡ ɫɢɥ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹμ FFB 2 . Ɇɢɧɢɦɚɥɶɧɚɹ ɪɚɛɨɬɚ, ɫɨɜɟɪɲɚɟɦɚɹ ɜɧɟɲɧɟɣ 
ɫɢɥɨɣ, ɪɚɜɧɚ ɩɨ ɜɟɥɢɱɢɧɟ ɫɭɦɦɟ ɪɚɛɨɬ ɫɢɥ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹμ dAdAdAdAB 2 .

ȼɟɥɢɱɢɧɚ ɪɚɛɨɬɵ ɫɢɥɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɬɚɤμ

dSFdhdA  , ɝɞɟ dhdS  . Ɉɬɫɸɞɚ 

F

 . Ɍɨ ɟɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ
ɧɚɬɹɠɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥёɧ ɤɚɤ ɜɟɥɢɱɢɧɚ, ɪɚɜɧɚɹ ɫɢɥɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ,
ɞɟɣɫɬɜɭɸɳɟɣ ɩɨ ɤɚɫɚɬɟɥɶɧɨɣ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ, ɩɪɢɯɨɞɹɳɟɣɫɹ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɥɢɧɢɢ 
ɪɚɡɞɟɥɚ. ɋɢɥɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɫɬɪɟɦɹɬɫɹ ɫɨɤɪɚɬɢɬɶ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ. ɗɬɨ 
ɡɚɦɟɬɧɨ ɞɥɹ ɦɚɥɵɯ ɨɛɴёɦɨɜ ɠɢɞɤɨɫɬɢ, ɤɨɝɞɚ ɨɧɚ ɩɪɢɧɢɦɚɟɬ ɮɨɪɦɭ ɤɚɩɟɥɶ-ɲɚɪɢɤɨɜ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, 
ɢɦɟɧɧɨ ɫɮɟɪɢɱɟɫɤɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɢɦɟɟɬ ɦɢɧɢɦɚɥɶɧɭɸ ɩɥɨɳɚɞɶ ɩɪɢ ɞɚɧɧɨɦ ɨɛɴёɦɟ. ɀɢɞɤɨɫɬɶ, ɜɡɹɬɚɹ 
ɜ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɬɹɠɟɫɬɢ ɪɚɫɬɟɤɚɟɬɫɹ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɚ ɤɨɬɨɪɨɣ ɨɧɚ 
ɧɚɯɨɞɢɬɫɹ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɫɢɥɚ ɬɹɠɟɫɬɢ ɡɚɜɢɫɢɬ ɨɬ ɦɚɫɫɵ ɬɟɥɚ, ɩɨɷɬɨɦɭ ɟё ɜɟɥɢɱɢɧɚ ɩɨ ɦɟɪɟ 
ɭɦɟɧɶɲɟɧɢɹ ɦɚɫɫɵ ɬɨɠɟ ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɩɪɢ ɨɩɪɟɞɟɥёɧɧɨɣ ɦɚɫɫɟ ɫɬɚɧɨɜɢɬɫɹ ɫɪɚɜɧɢɦɨɣ ɢɥɢ ɞɚɠɟ 
ɦɧɨɝɨ ɦɟɧɶɲɟ ɜɟɥɢɱɢɧɵ ɫɢɥɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɢɥɨɣ ɬɹɠɟɫɬɢ ɦɨɠɧɨ 
ɩɪɟɧɟɛɪɟɱɶ. ȿɫɥɢ ɠɢɞɤɨɫɬɶ ɧɚɯɨɞɢɬɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɧɟɜɟɫɨɦɨɫɬɢ, ɬɨ ɞɚɠɟ ɩɪɢ ɛɨɥɶɲɨɦ ɨɛɴёɦɟ ɟё 
ɩɨɜɟɪɯɧɨɫɬɶ ɫɬɪɟɦɢɬɫɹ ɤ ɫɮɟɪɢɱɟɫɤɨɣ. ɉɨɞɬɜɟɪɠɞɟɧɢɟ ɬɨɦɭ - ɡɧɚɦɟɧɢɬɵɣ ɨɩɵɬ ɉɥɚɬɨ. ȿɫɥɢ 
ɩɨɞɨɛɪɚɬɶ ɞɜɟ ɠɢɞɤɨɫɬɢ ɫ ɨɞɢɧɚɤɨɜɨɣ ɩɥɨɬɧɨɫɬɶɸ, ɬɨ ɞɟɣɫɬɜɢɟ ɫɢɥɵ ɬɹɠɟɫɬɢ ɧɚ ɨɞɧɭ ɢɡ ɧɢɯ (ɜɡɹɬɭɸ 
ɜ ɦɟɧɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ) ɛɭɞɟɬ ɫɤɨɦɩɟɧɫɢɪɨɜɚɧɨ ɚɪɯɢɦɟɞɨɜɨɣ ɫɢɥɨɣ ɢ ɨɧɚ ɩɪɢɦɟɬ ɮɨɪɦɭ ɲɚɪɚ. ɉɪɢ 
ɷɬɨɦ ɭɫɥɨɜɢɢ ɨɧɚ ɛɭɞɟɬ ɩɥɚɜɚɬɶ ɜɧɭɬɪɢ ɞɪɭɝɨɣ ɠɢɞɤɨɫɬɢ.

Ɋɚɫɫɦɨɬɪɢɦ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɫ ɤɚɩɥɟɣ ɠɢɞɤɨɫɬɢ 1, ɝɪɚɧɢɱɚɳɟɣ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɫ ɩɚɪɨɦ γ, ɫ ɞɪɭɝɨɣ 
ɫɬɨɪɨɧɵ ɫ ɠɢɞɤɨɫɬɶɸ β (ɪɢɫ.10.6). ȼɵɛɟɪɟɦ ɨɱɟɧɶ ɦɚɥɵɣ ɷɥɟɦɟɧɬ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɜɫɟɯ ɬɪёɯ ɜɟɳɟɫɬɜ 
dℓ. Ɍɨɝɞɚ ɫɢɥɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɧɚ ɝɪɚɧɢɰɚɯ ɪɚɡɞɟɥɚ ɫɪɟɞ ɛɭɞɭɬ ɧɚɩɪɚɜɥɟɧɵ ɩɨ 
ɤɚɫɚɬɟɥɶɧɵɦ ɤ ɤɨɧɬɭɪɭ ɝɪɚɧɢɰ ɪɚɡɞɟɥɚ ɢ ɪɚɜɧɵμ

 dFdFdF 232313131212 ,,         (10-9) 

Ⱦɟɣɫɬɜɢɟɦ ɫɢɥɵ ɬɹɠɟɫɬɢ ɩɪɟɧɟɛɪɟɠёɦ. Ʉɚɩɥɹ 
ɠɢɞɤɨɫɬɢ 1 ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ, ɟɫɥɢ 
ɜɵɩɨɥɧɹɸɬɫɹ ɭɫɥɨɜɢɹμ
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ɝɞɟ 21    - ɭɝɨɥ ɦɟɠɞɭ ɤɚɫɚɬɟɥɶɧɵɦɢ ɤ ɥɢɧɢɹɦ ɪɚɡɞɟɥɚ ɫɪɟɞ, ɧɚɡɵɜɚɟɬɫɹ ɤɪɚɟɜɵɦ ɭɝɥɨɦ.  

 Ⱥɧɚɥɢɡ ɭɪɚɜɧɟɧɢɹ (10-11) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ 1cos,0   ɩɨɥɭɱɢɦ 131223    ɢ ɠɢɞɤɨɫɬɶ 
1 ɩɨɥɧɨɫɬɶɸ ɫɦɚɱɢɜɚɟɬ ɩɨɜɟɪɯɧɨɫɬɶ ɠɢɞɤɨɫɬɢ β, ɪɚɫɬɟɤɚɹɫɶ ɩɨ ɧɟɣ ɬɨɧɤɢɦ ɫɥɨɟɦ (ɹɜɥɟɧɢɟ ɩɨɥɧɨɝɨ 
ɫɦɚɱɢɜɚɧɢɹ). 

  Ⱥɧɚɥɨɝɢɱɧɨɟ ɹɜɥɟɧɢɟ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɢ ɩɪɢ ɪɚɫɬɟɤɚɧɢɢ ɬɨɧɤɢɦ ɫɥɨɟɦ ɠɢɞɤɨɫɬɢ 1 ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ 
ɬɜёɪɞɨɝɨ ɬɟɥɚ β. ɂɧɨɝɞɚ ɠɢɞɤɨɫɬɶ ɧɚɨɛɨɪɨɬ ɧɟ ɪɚɫɬɟɤɚɟɬɫɹ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜёɪɞɨɝɨ ɬɟɥɚ.  ȿɫɥɢ 

1cos,   , ɬɨ 131223    ɢ ɠɢɞɤɨɫɬɶ 1 ɩɨɥɧɨɫɬɶɸ ɧɟ ɫɦɚɱɢɜɚɟɬ ɬɜёɪɞɨɟ ɬɟɥɨ β (ɹɜɥɟɧɢɟ 
ɩɨɥɧɨɝɨ ɧɟɫɦɚɱɢɜɚɧɢɹ). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɟɫɬɶ ɬɨɥɶɤɨ 
ɨɞɧɚ ɬɨɱɤɚ ɤɚɫɚɧɢɹ ɠɢɞɤɨɫɬɢ 1 ɢ ɬɜёɪɞɨɝɨ ɬɟɥɚ β. 
ɉɨɥɧɨɟ ɫɦɚɱɢɜɚɧɢɟ ɢɥɢ ɧɟɫɦɚɱɢɜɚɧɢɟ ɹɜɥɹɸɬɫɹ 
ɩɪɟɞɟɥɶɧɵɦɢ ɫɥɭɱɚɹɦɢ. Ɋɟɚɥɶɧɨ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ 
ɱɚɫɬɢɱɧɨɟ ɫɦɚɱɢɜɚɧɢɟ, ɤɨɝɞɚ ɤɪɚɟɜɨɣ ɭɝɨɥ 
ɨɫɬɪɵɣ ( 0900  ) ɢ ɱɚɫɬɢɱɧɨɟ 

ɧɟɫɦɚɱɢɜɚɧɢɟ, ɤɨɝɞɚ ɤɪɚɟɜɨɣ ɭɝɨɥ ɬɭɩɨɣ (
00 18090  ).  

 ɇɚ ɪɢɫɭɧɤɟ 10.7 ɚ ɩɪɢɜɟɞɟɧɵ ɫɥɭɱɚɢ ɱɚɫɬɢɱɧɨɝɨ 
ɫɦɚɱɢɜɚɧɢɹ, ɚ ɧɚ ɪɢɫ.10.7 ɛ ɩɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ 
ɱɚɫɬɢɱɧɨɝɨ ɧɟɫɦɚɱɢɜɚɧɢɹ. Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɫɥɭɱɚɢ 
ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɚɥɢɱɢɟ ɫɢɥ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɧɚɬɹɠɟɧɢɹ ɝɪɚɧɢɱɚɳɢɯ ɠɢɞɤɨɫɬɟɣ ɢɥɢ ɠɢɞɤɨɫɬɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜёɪɞɨɝɨ ɬɟɥɚ ɩɪɢɜɨɞɢɬ ɤ 
ɢɫɤɪɢɜɥɟɧɢɸ ɩɨɜɟɪɯɧɨɫɬɟɣ ɠɢɞɤɨɫɬɟɣ. 

 Ɋɚɫɫɦɨɬɪɢɦ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɤɪɢɜɭɸ ɩɨɜɟɪɯɧɨɫɬɶ. 
Ʉɪɢɜɢɡɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɫɢɥ, 
ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɠɢɞɤɨɫɬɶ ɩɨɞ ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. ȿɫɥɢ 
ɩɨɜɟɪɯɧɨɫɬɶ ɫɮɟɪɢɱɟɫɤɚɹ, ɬɨ ɤ ɥɸɛɨɦɭ ɷɥɟɦɟɧɬɭ ɞɥɢɧɵ 
ɨɤɪɭɠɧɨɫɬɢ (ɪɢɫ.10.8) ɩɪɢɥɨɠɟɧɵ ɫɢɥɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɧɚɬɹɠɟɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɩɨ ɤɚɫɚɬɟɥɶɧɨɣ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɢ 
ɫɬɪɟɦɹɳɢɟɫɹ ɟё ɫɨɤɪɚɬɢɬɶ. Ɋɟɡɭɥɶɬɢɪɭɸɳɚɹ ɷɬɢɯ ɫɢɥ ɧɚɩɪɚɜɥɟɧɚ 

ɤ ɰɟɧɬɪɭ ɫɮɟɪɵ. 

  

 

 

 

Ɉɬɧɟɫёɧɧɚɹ ɤ ɟɞɢɧɢɰɟ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɷɬɚ ɪɟɡɭɥɶɬɢɪɭɸɳɚɹ ɫɢɥɚ ɨɤɚɡɵɜɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ 
ɞɚɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɢɫɩɵɬɵɜɚɟɬ ɠɢɞɤɨɫɬɶ ɩɨɞ ɢɫɤɪɢɜɥёɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. ɗɬɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ 
ɞɚɜɥɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɞɚɜɥɟɧɢɟɦ Ʌɚɩɥɚɫɚ. Ɉɧɨ ɜɫɟɝɞɚ ɧɚɩɪɚɜɥɟɧɨ ɤ ɰɟɧɬɪɭ ɤɪɢɜɢɡɧɵ ɩɨɜɟɪɯɧɨɫɬɢ. 
ɇɚ ɪɢɫɭɧɤɟ 10.λ ɩɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ ɜɨɝɧɭɬɨɣ ɢ ɜɵɩɭɤɥɨɣ ɫɮɟɪɢɱɟɫɤɢɯ  ɩɨɜɟɪɯɧɨɫɬɟɣ ɢ ɩɨɤɚɡɚɧɵ 
ɞɚɜɥɟɧɢɹ Ʌɚɩɥɚɫɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ȼɟɥɢɱɢɧɚ ɞɚɜɥɟɧɢɹ Ʌɚɩɥɚɫɚ ɞɥɹ ɫɮɟɪɢɱɟɫɤɨɣ, ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɢ ɥɸɛɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɦɟɟɬ ɜɢɞμ  
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10.4. Ʉɚɩɢɥɥɹɪɧɵɟ ɹɜɥɟɧɢɹ 

 ɉɭɫɬɶ ɠɢɞɤɨɫɬɶ ɧɚɯɨɞɢɬɫɹ ɜ ɤɚɤɨɦ-ɥɢɛɨ ɫɨɫɭɞɟ. ȿɫɥɢ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɹɦɢ, 
ɨɝɪɚɧɢɱɢɜɚɸɳɢɦɢ ɠɢɞɤɨɫɬɶ ɫɪɚɜɧɢɦɵ ɫ ɪɚɞɢɭɫɨɦ ɤɪɢɜɢɡɧɵ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ, ɬɨ ɬɚɤɢɟ ɫɨɫɭɞɵ 
ɧɚɡɵɜɚɸɬɫɹ ɤɚɩɢɥɥɹɪɚɦɢ. əɜɥɟɧɢɹ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɤɚɩɢɥɥɹɪɚɯ, ɧɚɡɵɜɚɸɬɫɹ ɤɚɩɢɥɥɹɪɧɵɦɢ 

ɹɜɥɟɧɢɹɦɢ. Ʉ ɤɚɩɢɥɥɹɪɧɵɦ ɹɜɥɟɧɢɹɦ ɨɬɧɨɫɹɬ ɤɚɩɢɥɥɹɪɧɵɣ 
ɩɨɞɴёɦ ɠɢɞɤɨɫɬɢ ɢ ɤɚɩɢɥɥɹɪɧɨɟ ɫɰɟɩɥɟɧɢɟ ɦɟɠɞɭ ɫɦɚɱɢɜɚɟɦɵɦɢ 
ɩɨɜɟɪɯɧɨɫɬɹɦɢ.  

 ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦɢ ɢ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɤɚɩɢɥɥɹɪɚɦɢ 
ɹɜɥɹɸɬɫɹ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɤɚɩɢɥɥɹɪɵ (ɪɢɫ.10.10). ɉɨɜɟɪɯɧɨɫɬɶ 
ɠɢɞɤɨɫɬɢ ɜ ɬɚɤɢɯ ɤɚɩɢɥɥɹɪɚɯ ɹɜɥɹɟɬɫɹ ɫɮɟɪɢɱɟɫɤɨɣ. ɉɭɫɬɶ  r  - 

ɪɚɞɢɭɫ ɤɪɢɜɢɡɧɵ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ, R – ɪɚɞɢɭɫ ɤɚɩɢɥɥɹɪɚ, θ 
– ɤɪɚɟɜɨɣ ɭɝɨɥ. ȼ ɫɥɭɱɚɟ ɱɚɫɬɢɱɧɨɝɨ ɫɦɚɱɢɜɚɧɢɹ ɠɢɞɤɨɫɬɶ ɛɭɞɟɬ 

ɩɨɞɧɢɦɚɬɶɫɹ ɩɨ ɤɚɩɢɥɥɹɪɭ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɞɚɜɥɟɧɢɹ Ʌɚɩɥɚɫɚ, ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɟɝɨ ɧɟ ɫɤɨɦɩɟɧɫɢɪɭɟɬ 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɠɢɞɤɨɫɬɢμ 

ghPɥ  ,                                  (10-12) 

 ɝɞɟ ρ – ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ, g – ɭɫɤɨɪɟɧɢɟ ɫɢɥɵ ɬɹɠɟɫɬɢ, h – 

ɜɵɫɨɬɚ ɤɚɩɢɥɥɹɪɧɨɝɨ ɩɨɞɴёɦɚ. Ɋɚɞɢɭɫ ɤɪɢɜɢɡɧɵ ɩɨɜɟɪɯɧɨɫɬɢ 
ɠɢɞɤɨɫɬɢ ɭɞɨɛɧɨ ɜɵɪɚɡɢɬɶ ɱɟɪɟɡ ɪɚɞɢɭɫ ɤɚɩɢɥɥɹɪɚ, ɤɨɬɨɪɵɣ 

ɦɨɠɧɨ ɥɟɝɤɨ ɢɡɦɟɪɢɬɶμ 
cos

R
r  . ɉɨɞɫɬɚɜɥɹɹ ɞɚɜɥɟɧɢɟ Ʌɚɩɥɚɫɚ 

ɞɥɹ ɫɮɟɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɵɪɚɠɟɧɢɟ (10-1β), ɩɨɥɭɱɢɦμ 

gR
h


 cos2

                                   (10-13) 

ȼ ɫɥɭɱɚɟ ɩɨɥɧɨɝɨ ɫɦɚɱɢɜɚɧɢɹ ș =0ɨ, cos ș =1, r = R ɢ ɮɨɪɦɭɥɚ 
ɜɵɫɨɬɵ ɤɚɩɢɥɥɹɪɧɨɝɨ ɩɨɞɴёɦɚ ɢɦɟɟɬ ɜɢɞμ 

gR
h


2

                                                             (10-14) 

ɉɪɢ ɩɨɥɧɨɦ ɧɟɫɦɚɱɢɜɚɧɢɢ ș=180ɨ, cos ș = - 1, ɢ ɜɵɫɨɬɚ 
ɤɚɩɢɥɥɹɪɧɨɝɨ ɩɨɞɴёɦɚ ɛɭɞɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨɣ, ɬɨ ɟɫɬɶ ɩɨɜɟɪɯɧɨɫɬɶ 
ɠɢɞɤɨɫɬɢ ɨɩɭɫɬɢɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ h (ɪɢɫ. 10.11).   

ɂɧɬɟɪɟɫɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɫɨɨɛɳɚɸɳɢɯɫɹ ɤɚɩɢɥɥɹɪɚɯ ɜɵɫɨɬɚ ɭɪɨɜɧɹ ɠɢɞɤɨɫɬɢ ɧɟ ɨɞɢɧɚɤɨɜɚ. 
ɇɚɢɛɨɥɶɲɢɣ ɤɚɩɢɥɥɹɪɧɵɣ ɩɨɞɴёɦ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɫɚɦɨɦ ɭɡɤɨɦ ɤɚɩɢɥɥɹɪɟ, ɚ ɧɚɢɦɟɧɶɲɢɣ – ɜ ɫɚɦɨɦ 
ɲɢɪɨɤɨɦ ɤɚɩɢɥɥɹɪɟ (ɪɢɫ.10.1β). 

  Ⱦɥɹ ɩɨɥɧɨɝɨ ɫɦɚɱɢɜɚɧɢɹ 
gd

h

2

 . Ʉɚɩɢɥɥɹɪɧɵɟ ɹɜɥɟɧɢɹ ɧɚɛɥɸɞɚɸɬɫɹ ɩɪɢ ɩɨɞɴёɦɟ ɜɨɞɵ ɤ 

ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɱɜɵ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɨɦɨɤɚɬɟɥɶɧɨɣ ɛɭɦɚɝɢ, ɬɪɹɩɤɢ, ɩɪɢ ɩɨɞɴёɦɟ  ɤɟɪɨɫɢɧɚ ɜ 
ɮɢɬɢɥɹɯ ɢ ɬ.ɩ. 

 Ɋɢɫ.10.10 

 θ  h 

 θ 

 R 

 r 

 Ɋɢɫ.10.11 

 h

Ɋɢɫ.10.1β 
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   ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɠɢɞɤɨɫɬɟɣ 
ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɩɪɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɪɚɜɟɧ ɧɭɥɸ. Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ 
ɠɢɞɤɨɫɬɟɣ ɡɚɜɢɫɢɬ ɬɚɤɠɟ ɨɬ ɩɥɨɬɧɨɫɬɢ ɢ ɦɨɥɹɪɧɨɣ ɦɚɫɫɵ ɠɢɞɤɨɫɬɢ. ɉɪɢɱёɦ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɪɚɠɟɧɚ 
ɬɟɦ ɫɢɥɶɧɟɟ, ɱɟɦ ɛɨɥɶɲɟ ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɢ 
ɦɟɧɶɲɟ ɟё ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɭɸ ɮɨɪɦɭɥɭμ 

 
3

2












 ɌɌȼ ɤ                                (10-14)  

Ɂɞɟɫɶ ȼ – ɩɨɫɬɨɹɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɵɣ ɞɥɹ ɜɫɟɯ ɠɢɞɤɨɫɬɟɣ, Ɍɤ – ɤɪɢɬɢɱɟɫɤɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ, ρ- ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ, μ – ɟё ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ, Ĳ- ɧɟɛɨɥɶɲɚɹ ɜɟɥɢɱɢɧɚ ɪɚɡɦɟɪɧɨɫɬɢ 
ɬɟɦɩɟɪɚɬɭɪɵ. Ɏɨɪɦɭɥɚ (10-14) ɧɟɩɪɢɦɟɧɢɦɚ ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. Ʉɨɷɮɮɢɰɢɟɧɬ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɡɚɜɢɫɢɬ ɨɬ ɪɨɞɚ ɪɚɫɬɜɨɪёɧɧɨɝɨ ɜɟɳɟɫɬɜɚ. Ɉɞɧɢ ɜɟɳɟɫɬɜɚ, 
ɧɚɩɪɢɦɟɪ, ɬɚɤɢɟ ɤɚɤ ɫɩɢɪɬ, ɦɵɥɨ, ɫɬɢɪɚɥɶɧɵɟ ɩɨɪɨɲɤɢ, ɪɚɫɬɜɨɪёɧɧɵɟ ɜ ɜɨɞɟ, ɢɦɟɸɳɢɟ ɦɟɧɶɲɭɸ, ɱɟɦ ɭ 
ɜɨɞɵ ɩɥɨɬɧɨɫɬɶ, ɩɪɢɜɨɞɹɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɢ ɧɚɡɵɜɚɸɬɫɹ 
ɩɨɜɟɪɯɧɨɫɬɧɨ ɚɤɬɢɜɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ. ɉɨɜɟɪɯɧɨɫɬɧɨ ɚɤɬɢɜɧɵɟ ɜɟɳɟɫɬɜɚ ɩɪɢɦɟɧɹɸɬ ɜ ɤɚɱɟɫɬɜɟ 
ɫɦɚɱɢɜɚɬɟɥɟɣ, ɮɥɨɬɚɰɢɨɧɧɵɯ ɪɟɚɝɟɧɬɨɜ, ɩɟɧɨɨɛɪɚɡɨɜɚɬɟɥɟɣ, ɞɢɫɩɟɪɝɚɬɨɪɨɜ- ɩɨɧɢɡɢɬɟɥɟɣ ɬɜёɪɞɨɫɬɢ, 
ɩɥɚɫɬɢɮɢɰɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ, ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɬ.ɩ. ɍɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɚɤɢɯ 
ɜɟɳɟɫɬɜ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ.  Ⱦɪɭɝɢɟ ɜɟɳɟɫɬɜɚ, 
ɪɚɫɬɜɨɪёɧɧɵɟ ɜ ɜɨɞɟ, ɧɚɩɪɢɦɟɪ, ɫɚɯɚɪ, ɫɨɥɶ, ɩɪɢɜɨɞɹɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɥɨɬɧɨɫɬɢ ɪɚɫɬɜɨɪɚ ɢ ɭɜɟɥɢɱɢɜɚɸɬ 
ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ. ɍɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɚɤɢɯ ɜɟɳɟɫɬɜ ɩɪɢɜɨɞɢɬ ɤ 
ɭɜɟɥɢɱɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ. Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɧɟɫɤɨɥɶɤɨ ɦɟɬɨɞɨɜ ɢɡɦɟɪɟɧɢɹμ ɦɟɬɨɞ Ɋɟɛɢɧɞɟɪɚ, 
ɦɟɬɨɞ ɤɚɩɢɥɥɹɪɧɵɯ ɜɨɥɧ, ɦɟɬɨɞ ɤɚɩɥɢ ɢ ɩɭɡɵɪɶɤɚ ɢ ɞɪ. 

10.5. Ɍɜёɪɞɵɟ ɬɟɥɚ 

 Ʉɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɢ  ɚɦɨɪɮɧɵɟ ɬɟɥɚ 

ɍɜɟɥɢɱɟɧɢɟ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɟɣ 
ɦɨɥɟɤɭɥ ɩɪɢ ɧɟɤɨɬɨɪɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɬɜёɪɞɨɝɨ ɬɟɥɚ. Ɍɜёɪɞɵɟ ɬɟɥɚ ɨɛɵɱɧɨ 
ɞɟɥɹɬ ɧɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɢ ɚɦɨɪɮɧɵɟ.  

Ⱥɦɨɪɮɧɵɟ ɜɟɳɟɫɬɜɚ, ɤɚɤ ɢ ɠɢɞɤɨɫɬɢ, ɢɦɟɸɬ ɛɥɢɠɧɢɣ ɩɨɪɹɞɨɤ ɜ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɯ. Ʉ ɚɦɨɪɮɧɵɦ ɬɟɥɚɦ ɨɬɧɨɫɹɬ, ɧɚɩɪɢɦɟɪ, ɫɬɟɤɥɨ, ɫɦɨɥɵ, ɩɥɚɫɬɦɚɫɫɵ. Ɍɟɨɪɟɬɢɱɟɫɤɨɟ 
ɨɩɢɫɚɧɢɟ ɚɦɨɪɮɧɵɯ ɬɟɥ ɫɥɨɠɧɨ, ɤɚɤ ɢ ɨɩɢɫɚɧɢɟ ɠɢɞɤɨɫɬɟɣ. Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɚɦɨɪɮɧɵɯ ɬɟɥ 
ɡɚɜɢɫɹɬ ɨɬ ɫɩɨɫɨɛɚ ɢɯ ɩɨɥɭɱɟɧɢɹ. Ⱥɦɨɪɮɧɵɟ ɬɟɥɚ ɢɡɨɬɪɨɩɧɵ, ɬɨ ɟɫɬɶ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɵɟ ɮɢɡɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɩɨ ɜɫɟɦ ɧɚɩɪɚɜɥɟɧɢɹɦ.  

Ɂɧɚɱɢɬɟɥɶɧɨ ɥɭɱɲɟ ɪɚɡɜɢɬɚ ɮɢɡɢɤɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢɡ-ɡɚ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ 
ɭɩɨɪɹɞɨɱɟɧɧɨɫɬɢ ɢɯ ɫɬɪɭɤɬɭɪɵ. Ɋɚɡɥɢɱɚɸɬ ɦɨɧɨɤɪɢɫɬɚɥɥɵ ɢ ɩɨɥɢɤɪɢɫɬɚɥɥɵ. ɉɨɥɢɤɪɢɫɬɚɥɥɵ 
ɫɨɫɬɨɹɬ ɢɡ ɦɧɨɠɟɫɬɜɚ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɛɟɫɩɨɪɹɞɨɱɧɨ, ɩɨɷɬɨɦɭ ɩɨɥɢɤɪɢɫɬɚɥɥɵ 
ɢɡɨɬɪɨɩɧɵ. Ɇɨɧɨɤɪɢɫɬɚɥɥɵ ɠɟ ɚɧɢɡɨɬɪɨɩɧɵ, ɬɨ ɟɫɬɶ ɢɯ ɫɜɨɣɫɬɜɚ ɪɚɡɥɢɱɧɵ ɩɨ ɪɚɡɧɵɦ 
ɧɚɩɪɚɜɥɟɧɢɹɦ.  

ȼ ɨɫɧɨɜɟ ɬɟɨɪɢɢ ɬɜёɪɞɨɝɨ ɬɟɥɚ ɥɟɠɢɬ ɦɨɞɟɥɶ ɛɟɫɤɨɧɟɱɧɨɝɨ ɫɨɜɟɪɲɟɧɧɨɝɨ ɦɨɧɨɤɪɢɫɬɚɥɥɚ. 
ɋɬɪɭɤɬɭɪɚ ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɩɪɟɪɵɜɧɨɟ ɩɨɜɬɨɪɟɧɢɟ ɜ ɬɪёɯɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɨɞɢɧɚɤɨɜɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɟɞɢɧɢɰ. Ⱦɥɹ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɯɚɪɚɤɬɟɪɧɨ ɫɨɯɪɚɧɟɧɢɟ ɭɝɥɨɜ ɦɟɠɞɭ ɝɪɚɧɹɦɢ 
ɩɪɢ ɢɯ ɪɨɫɬɟ ɢɥɢ ɪɚɡɪɭɲɟɧɢɢ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɩɪɚɜɢɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɤɪɢɫɬɚɥɥɨɜ ɭɞɨɛɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɩɨɧɹɬɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲёɬɤɢ. Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɪɟɲёɬɤɚ ɭɱɢɬɵɜɚɟɬ ɧɟ ɬɨɥɶɤɨ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɫɬɪɭɤɬɭɪɭ (ɪɟɲёɬɤɭ), ɧɨ ɢ ɬɢɩ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɪɟɲёɬɤɢ. 
ɉɪɚɜɢɥɶɧɨɟ ɪɚɡɦɟɳɟɧɢɟ ɱɚɫɬɢɰ ɜ ɤɪɢɫɬɚɥɥɟ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɫ ɩɨɦɨɳɶɸ ɨɩɟɪɚɰɢɢ ɩɚɪɚɥɥɟɥɶɧɨɝɨ 

 ȼɢɞ ɫɜɟɪɯɭ 
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ɩɟɪɟɦɟɳɟɧɢɹ ɢɥɢ ɬɪɚɧɫɥɹɰɢɢ. Ɋɚɞɢɭɫ-ɜɟɤɬɨɪ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɩɨɥɨɠɟɧɢɟ ɱɚɫɬɢɰɵ ɨɩɪɟɞɟɥɹɸɬ 
ɬɚɤμ 

cpbnamr


 , 

ɝɞɟ cba


,, - ɧɚɢɦɟɧɶɲɢɟ ɜɟɤɬɨɪɵ ɬɪɚɧɫɥɹɰɢɢ. Ɋɟɲёɬɤɚ, ɩɨɫɬɪɨɟɧɧɚɹ ɩɭɬёɦ ɬɪɚɧɫɥɹɰɢɢ ɤɚɤɨɝɨ -ɥɢɛɨ 
ɭɡɥɚ ɩɨ ɬɪёɦ ɧɚɩɪɚɜɥɟɧɢɹɦ, ɧɚɡɵɜɚɟɬɫɹ ɬɪɚɧɫɥɹɰɢɨɧɧɨɣ ɢɥɢ ɪɟɲёɬɤɨɣ Ȼɪɚɜɷ. ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ 
ɪɟɲёɬɤɚ – ɷɬɨ ɱɢɫɬɨ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɩɨɧɹɬɢɟ ɜ ɨɬɥɢɱɢɟ ɨɬ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲёɬɤɢ, ɤɨɬɨɪɭɸ 
ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, ɫɜɹɡɚɜ ɫ ɤɚɠɞɵɦ ɭɡɥɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɪɟɲёɬɤɢ ɚɬɨɦ, ɦɨɥɟɤɭɥɭ, ɢɨɧ, ɝɪɭɩɩɭ 
ɚɬɨɦɨɜ ɢɥɢ ɦɨɥɟɤɭɥ, ɧɚɡɵɜɚɟɦɵɯ ɛɚɡɢɫɨɦ. ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɪɟɲёɬɤɭ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ 
ɪɟɡɭɥɶɬɚɬ ɡɚɩɨɥɧɟɧɢɹ ɬɪёɯɦɟɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɨɬɞɟɥɶɧɵɦɢ ɹɱɟɣɤɚɦɢ – ɷɥɟɦɟɧɬɚɪɧɵɦɢ ɹɱɟɣɤɚɦɢ. 

ɉɪɢɦɟɧɢɜ ɤ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɟ ɨɩɟɪɚɰɢɸ ɬɪɚɧɫɥɹɰɢɢ, ɩɨɥɭɱɢɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɪɟɲёɬɤɭ. ȼɵɛɨɪ 
ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ ɧɟ ɹɜɥɹɟɬɫɹ ɨɞɧɨɡɧɚɱɧɵɦ. ɗɥɟɦɟɧɬɚɪɧɚɹ ɹɱɟɣɤɚ, ɨɛɥɚɞɚɸɳɚɹ ɧɚɢɦɟɧɶɲɢɦ 
ɨɛɴёɦɨɦ, ɧɚɡɵɜɚɟɬɫɹ ɩɪɢɦɢɬɢɜɧɨɣ ɹɱɟɣɤɨɣ. ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɪɟɲёɬɤɢ ɦɨɝɭɬ ɨɛɥɚɞɚɬɶ ɫɜɨɣɫɬɜɚɦɢ 
ɫɢɦɦɟɬɪɢɢ ɧɟ ɬɨɥɶɤɨ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɩɟɪɚɰɢɢ ɬɪɚɧɫɥɹɰɢɢ, ɧɨ ɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɨɜɨɪɨɬɭ, 
ɨɬɪɚɠɟɧɢɸ, ɢɧɜɟɪɫɢɢ ɢ ɞɪ. Ɋɭɫɫɤɢɣ ɤɪɢɫɬɚɥɥɨɝɪɚɮ Ɏёɞɨɪɨɜ ȿ.ɋ. ɩɨɤɚɡɚɥ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɜɫɟɝɨ ɫɟɦɶ 
ɤɥɚɫɫɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲёɬɨɤ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɛɪɚɡɨɜɚɬɶ βγ0 ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɪɟɲёɬɨɤ ɫ 
ɪɚɡɥɢɱɧɵɦɢ ɬɢɩɚɦɢ ɫɢɦɦɟɬɪɢɢ. ȼ ɤɪɢɫɬɚɥɥɟ ɱɚɫɬɢɰɵ ɜɟɳɟɫɬɜɚ ɦɨɝɭɬ ɪɚɫɩɨɥɚɝɚɬɶɫɹ ɧɟ ɬɨɥɶɤɨ ɜ ɭɡɥɚɯ 
ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ, ɧɨ ɢ ɜ ɰɟɧɬɪɟ ɝɪɚɧɟɣ, ɬɨɝɞɚ ɪɟɲёɬɤɭ ɧɚɡɵɜɚɸɬ ɝɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɨɣ. ȿɫɥɢ 
ɱɚɫɬɢɰɵ ɜɟɳɟɫɬɜɚ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɫɟɪɟɞɢɧɚɯ ɞɢɚɝɨɧɚɥɶɧɵɯ ɩɥɨɫɤɨɫɬɟɣ, ɩɪɨɯɨɞɹɳɢɯ ɱɟɪɟɡ ɜɟɪɲɢɧɵ, 
ɬɨ ɪɟɲёɬɤɭ ɧɚɡɵɜɚɸɬ ɨɛɴёɦɧɨɰɟɧɬɪɢɪɨɜɚɧɧɨɣ. ȿɫɥɢ ɱɚɫɬɢɰɵ ɜɟɳɟɫɬɜɚ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɫɟɪɟɞɢɧɚɯ 
ɞɢɚɝɨɧɚɥɶɧɵɯ ɩɥɨɫɤɨɫɬɟɣ ɛɚɡɢɫɚ, ɬɨ ɪɟɲёɬɤɭ ɧɚɡɵɜɚɸɬ ɛɚɡɨɰɟɧɬɪɢɪɨɜɚɧɧɨɣ. 

 Ɋɚɫɩɨɥɨɠɟɧɢɟ ɚɬɨɦɨɜ ɢɥɢ ɦɨɥɟɤɭɥ ɜ ɛɚɡɢɫɟ ɡɚɜɢɫɢɬ ɨɬ ɫɢɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɧɢɦɢ. ɑɚɫɬɢɰɵ 
ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɬɚɤ, ɱɬɨɛɵ ɷɧɟɪɝɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɧɢɦɢ ɛɵɥɚ ɦɢɧɢɦɚɥɶɧɨɣ. ɉɨɥɨɠɢɬɟɥɶɧɚɹ 
ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɷɧɟɪɝɢɟɣ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɱɚɫɬɢɰ ɢ ɷɧɟɪɝɢɟɣ ɱɚɫɬɢɰ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲёɬɤɟ 
ɧɚɡɵɜɚɟɬɫɹ ɷɧɟɪɝɢɟɣ ɫɜɹɡɢ. ɗɧɟɪɝɢɹ ɫɜɹɡɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɛɨɬɨɣ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɭɞɚɥɟɧɢɹ ɱɚɫɬɢɰɵ 
ɢɡ ɤɪɢɫɬɚɥɥɚ. 

 ɉɨ ɬɢɩɭ ɫɜɹɡɟɣ ɪɚɡɥɢɱɚɸɬ ɩɹɬɶ ɤɥɚɫɫɨɜ ɤɪɢɫɬɚɥɥɨɜ. 
1. Ʉɪɢɫɬɚɥɥɵ ɦɨɥɟɤɭɥɹɪɧɵɟ (ɫ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɨɜɵɦɢ ɫɜɹɡɹɦɢ). ɗɧɟɪɝɢɹ ɫɜɹɡɢ ɜ ɬɚɤɢɯ ɤɪɢɫɬɚɥɥɚɯ 

ɢɦɟɟɬ ɡɧɚɱɟɧɢɹ ɩɨɪɹɞɤɚ ɜɟɥɢɱɢɧɵ 103 ÷104 Ⱦɠ/ɦɨɥɶ. ɉɪɢɦɟɪɚɦɢ ɬɚɤɢɯ ɤɪɢɫɬɚɥɥɨɜ ɹɜɥɹɸɬɫɹ 
ɤɪɢɫɬɚɥɥɵ ɡɚɬɜɟɪɞɟɜɲɢɯ ɢɧɟɪɬɧɵɯ ɝɚɡɨɜ- ɧɟɨɧɚ, ɚɪɝɨɧɚ, ɤɪɢɩɬɨɧɚ, ɤɫɟɧɨɧɚ.  

2. Ʉɪɢɫɬɚɥɥɵ ɫ ɤɨɜɚɥɟɧɬɧɨɣ ɫɜɹɡɶɸ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɜ ɬɚɤɢɯ ɤɪɢɫɬɚɥɥɚɯ 
ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɞɜɚ ɷɥɟɤɬɪɨɧɚ ɩɪɢɧɚɞɥɟɠɚɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɜɭɦ ɚɬɨɦɚɦ. ɗɧɟɪɝɢɹ ɫɜɹɡɢ ɜ 
ɬɚɤɢɯ ɤɪɢɫɬɚɥɥɚɯ ɢɦɟɟɬ ɡɧɚɱɟɧɢɹ ɩɨɪɹɞɤɚ ɜɟɥɢɱɢɧɵ 105 ÷106 Ⱦɠ/ɦɨɥɶ. ɉɪɢɦɟɪɚɦɢ ɬɚɤɢɯ 
ɤɪɢɫɬɚɥɥɨɜ ɹɜɥɹɸɬɫɹ ɤɪɢɫɬɚɥɥɵ ɤɪɟɦɧɢɹ, ɚɥɦɚɡɚ. 

3. Ʉɪɢɫɬɚɥɥɵ ɫ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɶɸ. ɗɬɚ ɫɜɹɡɶ ɨɛɭɫɥɨɜɥɟɧɚ ɧɚɥɢɱɢɟɦ ɜɨɞɨɪɨɞɚ ɜ ɜɟɳɟɫɬɜɚɯ. Ɉɧɚ 
ɫɥɚɛɟɟ ɤɨɜɚɥɟɧɬɧɨɣ. ɗɧɟɪɝɢɹ ɫɜɹɡɢ ɜ ɬɚɤɢɯ ɤɪɢɫɬɚɥɥɚɯ ɢɦɟɟɬ ɡɧɚɱɟɧɢɹ ɩɨɪɹɞɤɚ ɜɟɥɢɱɢɧɵ 10 4 

Ⱦɠ/ɦɨɥɶ. ɉɪɢɦɟɪɚɦɢ ɬɚɤɢɯ ɤɪɢɫɬɚɥɥɨɜ ɹɜɥɹɸɬɫɹ ɤɪɢɫɬɚɥɥɵ ɥɶɞɚ, ɜɟɳɟɫɬɜɚ Ʉɇ2ɊɈ-

ɫɟɝɧɟɬɨɷɥɟɤɬɪɢɤɚ, ɩɪɢɦɟɧɹɟɦɨɝɨ ɜ ɭɫɬɪɨɣɫɬɜɚɯ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ, ɮɬɨɪɨɜɨɞɨɪɨɞɚ ɇF , 

ɫɢɧɢɥɶɧɨɣ ɤɢɫɥɨɬɵ ɇɋN, ɮɬɨɪɢɞɚ ɚɦɦɨɧɢɹ NH4F ɢ ɞɪ. 
4. Ʉɪɢɫɬɚɥɥɵ ɫ ɢɨɧɧɨɣ ɫɜɹɡɶɸ. ɗɬɚ ɫɜɹɡɶ ɨɛɭɫɥɨɜɥɟɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɢɨɧɨɜ. ɗɧɟɪɝɢɹ ɫɜɹɡɢ ɜ 

ɬɚɤɢɯ ɤɪɢɫɬɚɥɥɚɯ ɢɦɟɟɬ ɡɧɚɱɟɧɢɹ ɩɨɪɹɞɤɚ ɜɟɥɢɱɢɧɵ 105 ÷106 Ⱦɠ/ɦɨɥɶ. ɉɪɢɦɟɪɚɦɢ ɬɚɤɢɯ 
ɤɪɢɫɬɚɥɥɨɜ ɹɜɥɹɸɬɫɹ ɤɪɢɫɬɚɥɥɵ ɩɨɜɚɪɟɧɧɨɣ ɫɨɥɢ NaCl, ɮɬɨɪɢɞɚ ɥɢɬɢɹ LiF. 

5. Ʉɪɢɫɬɚɥɥɵ ɫ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɫɜɹɡɶɸ. ȼ ɦɟɬɚɥɥɚɯ ɜɫɟ ɜɚɥɟɧɬɧɵɟ ɷɥɟɤɬɪɨɧɵ ɫɥɚɛɨ ɫɜɹɡɚɧɵ ɫ 
ɨɫɬɨɜɚɦɢ ɚɬɨɦɨɜ (ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ ɢɨɧɚɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ ɭɡɥɚɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲёɬɤɢ) ɢ 
ɨɛɨɛɳɟɫɬɜɥɟɧɵ, ɬɚɤ ɱɬɨ ɧɟɥɶɡɹ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤɨɣ ɜɚɥɟɧɬɧɵɣ ɷɥɟɤɬɪɨɧ ɤ ɤɚɤɨɦɭ ɨɫɬɨɜɭ ɨɬɧɨɫɢɬɫɹ. 
ȼɚɥɟɧɬɧɵɟ ɷɥɟɤɬɪɨɧɵ ɜ ɦɟɬɚɥɥɚɯ ɭɩɨɞɨɛɥɹɸɬ ɢɞɟɚɥɶɧɨɦɭ ɷɥɟɤɬɪɨɧɧɨɦɭ ɝɚɡɭ, ɡɚɩɨɥɧɹɸɳɟɦɭ 
ɩɪɨɫɬɪɚɧɫɬɜɨ ɦɟɠɞɭ ɭɡɥɚɦɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲёɬɤɢ, ɜ ɤɨɬɨɪɵɯ ɧɚɯɨɞɹɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɵɟ 
ɢɨɧɵ. ɗɧɟɪɝɢɹ ɫɜɹɡɢ ɜ ɬɚɤɢɯ ɤɪɢɫɬɚɥɥɚɯ ɢɦɟɟɬ ɡɧɚɱɟɧɢɹ ɩɨɪɹɞɤɚ ɜɟɥɢɱɢɧɵ 104 ÷105 Ⱦɠ/ɦɨɥɶ. 
ɉɪɢɦɟɪɚɦɢ ɬɚɤɢɯ ɤɪɢɫɬɚɥɥɨɜ ɹɜɥɹɸɬɫɹ ɤɪɢɫɬɚɥɥɵ ɜɫɟɯ ɦɟɬɚɥɥɨɜ.  

ȼ ɤɪɢɫɬɚɥɥɚɯ ɬɚɤɠɟ ɜɨɡɦɨɠɧɵ ɫɦɟɲɚɧɧɵɟ ɫɜɹɡɢ. 
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Ⱦɟɮɟɤɬɵ ɜ ɤɪɢɫɬɚɥɥɚɯ 

 Ɋɟɚɥɶɧɵɟ ɤɪɢɫɬɚɥɥɵ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɢɞɟɚɥɶɧɵɯ ɧɚɪɭɲɟɧɢɟɦ ɫɬɪɨɝɨɝɨ ɩɨɪɹɞɤɚ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
ɪɟɲёɬɤɟ. ɇɚɪɭɲɟɧɢɟ ɫɬɪɨɝɨɝɨ ɩɨɪɹɞɤɚ ɦɨɠɟɬ ɛɵɬɶ ɜɵɡɜɚɧɨ ɪɚɡɧɵɦɢ ɩɪɢɱɢɧɚɦɢ. Ƚɨɜɨɪɹɬ, ɱɬɨ ɜ 
ɤɪɢɫɬɚɥɥɚɯ ɟɫɬɶ ɞɟɮɟɤɬɵ. 

 

  

Ⱦɟɮɟɤɬɵ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɨɱɟɱɧɵɟ, ɥɢɧɟɣɧɵɟ (ɞɢɫɥɨɤɚɰɢɢ), ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɢ ɨɛɴёɦɧɵɟ.  

ɉɪɢɦɟɫɢ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɧɚ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɪɢɫɬɚɥɥɨɜ, ɧɚɩɪɢɦɟɪ, ɩɨɥɭɩɪɨɜɨɞɧɢɤɢ 
ɫ ɞɨɧɨɪɧɵɦɢ ɢɥɢ ɚɤɰɟɩɬɨɪɧɵɦɢ ɩɪɢɦɟɫɹɦɢ ɨɛɥɚɞɚɸɬ ɩɪɢɦɟɫɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ ɧɚɪɹɞɭ ɫ 
ɫɨɛɫɬɜɟɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ. 

 Ⱦɟɮɟɤɬɵ ɩɨ ɒɨɬɬɤɢ - ɨɬɫɭɬɫɬɜɢɟ ɱɚɫɬɢɰɵ ɜ ɤɚɤɨɦ-ɧɢɛɭɞɶ ɭɡɥɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲёɬɤɢ 
(ɜɚɤɚɧɫɢɹ ɜ ɭɡɥɟ).  

Ⱦɟɮɟɤɬɵ ɩɨ Ɏɪɟɧɤɟɥɸ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ  ɧɚɥɢɱɢɟ ɱɚɫɬɢɰɵ ɜ ɦɟɠɞɨɭɡɥɢɢ, ɤɨɬɨɪɚɹ 
ɨɤɚɡɵɜɚɟɬɫɹ ɬɚɦ, ɩɨɤɢɧɭɜ ɫɜɨё ɦɟɫɬɨ ɜ ɨɞɧɨɦ ɢɡ ɭɡɥɨɜ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɨɛɪɚɡɭɟɬɫɹ ɩɚɪɚ ɞɟɮɟɤɬɨɜ (ɩɚɪɚ 
Ɏɪɟɧɤɟɥɹ), ɬɚɤ ɤɚɤ ɩɭɫɬɨɣ ɭɡɟɥ ɢ ɧɚɥɢɱɢɟ ɥɢɲɧɟɣ ɱɚɫɬɢɰɵ ɜ ɦɟɠɞɨɭɡɥɢɢ ɜ ɪɚɜɧɨɣ ɦɟɪɟ ɩɪɢɜɨɞɹɬ ɤ 
ɧɚɪɭɲɟɧɢɸ ɫɬɪɨɝɨɝɨ ɩɨɪɹɞɤɚ. 

 Ʌɢɧɟɣɧɵɟ ɞɟɮɟɤɬɵ ɢɥɢ ɞɢɫɥɨɤɚɰɢɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɤɪɚɟɜɵɟ ɢ ɜɢɧɬɨɜɵɟ.  

Ʉɪɚɟɜɵɟ ɞɟɮɟɤɬɵ ɩɪɨɹɜɥɹɸɬɫɹ ɜ ɧɚɥɢɱɢɢ ɤɪɚɹ «ɥɢɲɧɟɣ» ɚɬɨɦɧɨɣ ɩɥɨɫɤɨɫɬɢ. 

ȼɢɧɬɨɜɵɟ ɞɢɫɥɨɤɚɰɢɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜɢɧɬɨɜɭɸ ɥɢɧɢɸ, ɨɛɪɚɡɨɜɚɧɧɭɸ ɢɡ ɱɚɫɬɢɰ ɤɪɢɫɬɚɥɥɚ.  

ɉɨɜɟɪɯɧɨɫɬɧɵɟ ɞɟɮɟɤɬɵ – ɷɬɨ ɞɟɮɟɤɬɵ, ɩɪɨɹɜɥɹɸɳɢɟɫɹ ɧɚ ɩɥɨɫɤɨɫɬɢ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ 
ɩɨɜɟɪɯɧɨɫɬɶ ɫɚɦɨɝɨ ɤɪɢɫɬɚɥɥɚ, ɝɪɚɧɢɰɵ ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ ɱɚɫɬɹɦɢ ɤɪɢɫɬɚɥɥɚ, ɩɨ-ɪɚɡɧɨɦɭ 
ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦɢ, ɝɪɚɧɢɰɵ ɦɟɠɞɭ ɤɪɢɫɬɚɥɥɚɦɢ ɜ ɩɨɥɢɤɪɢɫɬɚɥɥɟ.  

Ɉɛɴёɦɧɵɟ ɞɟɮɟɤɬɵ – ɷɬɨ ɞɟɮɟɤɬɵ, ɩɪɨɹɜɥɹɸɳɢɟɫɹ ɜ ɬɪёɯɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. Ʉ ɧɢɦ 
ɨɬɧɨɫɹɬɫɹ ɩɨɪɵ ɢ ɬɪɟɳɢɧɵ ɜ ɤɪɢɫɬɚɥɥɚɯ. 

ȼɫɟ ɞɟɮɟɤɬɵ ɜɥɢɹɸɬ ɧɚ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɪɢɫɬɚɥɥɨɜ, ɬɚɤɢɟ ɤɚɤ ɩɪɨɱɧɨɫɬɶ, 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɞɪɭɝɢɟ.  

Ɍɟɩɥɨɜɵɟ ɫɜɨɣɫɬɜɚ ɤɪɢɫɬɚɥɥɨɜ 

 ȼɟɳɟɫɬɜɨ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɬɜёɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɤɨɝɞɚ ɷɧɟɪɝɢɹ 
ɬɟɩɥɨɜɵɯ ɞɜɢɠɟɧɢɣ ɱɚɫɬɢɰ ɦɧɨɝɨ ɦɟɧɶɲɟ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɱɚɫɬɢɰ ɦɟɠɞɭ 
ɫɨɛɨɣ, ɩɨɷɬɨɦɭ ɤɨɥɟɛɚɧɢɹ ɱɚɫɬɢɰ ɨɤɨɥɨ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɹɜɥɹɸɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɵɦɢ. ɉɪɢ 
ɚɛɫɨɥɸɬɧɨɦ ɧɭɥɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɫɹɤɢɟ ɬɟɩɥɨɜɵɟ ɤɨɥɟɛɚɧɢɹ ɱɚɫɬɢɰ ɜɟɳɟɫɬɜɚ ɢɫɱɟɡɚɸɬ. Ʉɪɢɫɬɚɥɥ 
ɞɨɥɠɟɧ ɛɵɬɶ ɫɬɪɨɝɨ ɭɩɨɪɹɞɨɱɟɧ, ɚ ɟɝɨ ɷɧɬɪɨɩɢɹ ɪɚɜɧɚ ɧɭɥɸ. ɉɪɢ ɩɟɪɟɞɚɱɟ ɬɟɩɥɨɬɵ ɬɜёɪɞɨɦɭ ɬɟɥɭ, 
ɬɟɩɥɨɬɚ ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɭɜɟɥɢɱɟɧɢɟ ɷɧɟɪɝɢɢ ɤɨɥɟɛɚɧɢɣ ɱɚɫɬɢɰ-ɨɫɰɢɥɥɹɬɨɪɨɜ ɨɤɨɥɨ ɩɨɥɨɠɟɧɢɹ 
ɪɚɜɧɨɜɟɫɢɹ. ɗɬɚ ɷɧɟɪɝɢɹ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɤɢɧɟɬɢɱɟɫɤɨɣ ɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɣ ɤɨɥɟɛɥɸɳɢɯɫɹ 
ɱɚɫɬɢɰ. ɉɨɥɧɭɸ ɜɧɭɬɪɟɧɧɸɸ ɷɧɟɪɝɢɸ ɬɜёɪɞɨɝɨ ɬɟɥɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ N ɱɚɫɬɢɰ ɫ ɭɱёɬɨɦ ɜɫɟɯ ɫɬɟɩɟɧɟɣ 
ɫɜɨɛɨɞɵ ɱɚɫɬɢɰ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟμ 
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ȼɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɨɞɧɨɝɨ ɦɨɥɹ ɬɜёɪɞɨɝɨ ɜɟɳɟɫɬɜɚ ɪɚɜɧɚ RTU 3 . ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɬɜёɪɞɨɝɨ ɬɟɥɚ 
ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɢɡɦɟɧɟɧɢɟɦ ɟɝɨ ɨɛɴёɦɚ ɢ ɫɱɢɬɚɬɶ, ɱɬɨ ɜɫɹ ɬɟɩɥɨɬɚ, ɩɨɞɜɟɞёɧɧɚɹ ɤ ɬɟɥɭ, ɢɞёɬ ɧɚ 
ɭɜɟɥɢɱɟɧɢɟ ɟɝɨ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ. Ɇɨɥɹɪɧɚɹ ɬɟɩɥɨёɦɤɨɫɬɶ ɬɜёɪɞɨɝɨ ɬɟɥɚ Rɋ V 3  ɜ ɷɬɨɦ ɫɥɭɱɚɟ 
ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪɚɜɧɚ β5 Ⱦɠ/(ɦɨɥɶ.Ʉ). ɂɫɫɥɟɞɭɹ ɬɟɩɥɨёɦɤɨɫɬɶ ɬɜёɪɞɵɯ ɬɟɥ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ 
ɬɟɦɩɟɪɚɬɭɪ, Ⱦɸɥɨɧɝ ɢ ɉɬɢ ɩɪɢɲɥɢ ɤ ɜɵɜɨɞɭ (ɡɚɤɨɧ Ⱦɸɥɨɧɝɚ ɢ ɉɬɢ), ɱɬɨ ɦɨɥɹɪɧɚɹ ɬɟɩɥɨёɦɤɨɫɬɶ 
ɬɜёɪɞɵɯ ɬɟɥ ɟɫɬɶ ɜɟɥɢɱɢɧɚ ɩɨɫɬɨɹɧɧɚɹ, ɨɞɢɧɚɤɨɜɚɹ ɞɥɹ ɜɫɟɯ ɜɟɳɟɫɬɜ ɢ ɧɟ ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 
Ɉɞɧɚɤɨ, ɞɚɥɶɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɬɟɩɥɨёɦɤɨɫɬɟɣ ɜɟɳɟɫɬɜ ɩɨɤɚɡɚɥɢ, ɱɬɨ 
ɩɪɢ ɨɛɵɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɬɟɩɥɨёɦɤɨɫɬɢ ɱɟɬɵɪёɯ ɜɟɳɟɫɬɜμ ɛɟɪɢɥɥɢɹ (ȼɟ), ɛɨɪɚ (ȼ), ɤɪɟɦɧɢɹ (Si) ɢ 

ɚɥɦɚɡɚ – ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ γR. ɋ ɩɨɜɵɲɟɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨёɦɤɨɫɬɶ ɷɬɢɯ ɜɟɳɟɫɬɜ ɪɚɫɬёɬ, 
ɫɬɪɟɦɹɫɶ ɤ γR. ɉɨɡɞɧɟɟ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ 
ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɡɚɤɨɧɚ Ⱦɸɥɨɧɝɚ ɢ ɉɬɢ ɞɥɹ ɜɫɟɯ 
ɜɟɳɟɫɬɜ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɛɥɢɡɤɢɯ ɤ 
ɚɛɫɨɥɸɬɧɨɦɭ ɧɭɥɸ. ɉɪɢɱёɦ, ɬɟɩɥɨёɦɤɨɫɬɶ 
ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ  ɩɪɢ ɫɬɪɟɦɥɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɤ 
ɚɛɫɨɥɸɬɧɨɦɭ ɧɭɥɸ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɚ 
ɨɛɧɚɪɭɠɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨёɦɤɨɫɬɢ ɬɜёɪɞɵɯ ɬɟɥ 
ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɛɥɚɫɬɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, 
ɩɪɢɱёɦ ɬɟɩɥɨёɦɤɨɫɬɶ ɭɛɵɜɚɥɚ ɩɨ ɡɚɤɨɧɭμɋз1/Ɍ 3 . 

ɉɨɩɵɬɤɢ ɨɛɴɹɫɧɢɬɶ ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ 
(ɪɢɫ.10.14) ɬɟɩɥɨёɦɤɨɫɬɢ ɬɜёɪɞɵɯ ɬɟɥ ɛɵɥɢ ɫɞɟɥɚɧɵ ɗɣɧɲɬɟɣɧɨɦ. Ɉɞɧɚɤɨ ɩɪɚɜɢɥɶɧɨɟ ɨɛɴɹɫɧɟɧɢɟ ɬɚɤɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɛɵɥɨ ɞɚɧɨ Ⱦɟɛɚɟɦ ɧɚ ɨɫɧɨɜɟ ɤɜɚɧɬɨɜɵɯ ɡɚɤɨɧɨɜ. 

ɀɢɞɤɢɟ ɤɪɢɫɬɚɥɥɵ 

 ɉɪɢ ɩɥɚɜɥɟɧɢɢ ɧɟɤɨɬɨɪɵɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ ɩɪɨɯɨɞɹɬ ɱɟɪɟɡ ɧɟɫɤɨɥɶɤɨ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɮɚɡ 
– ɦɟɡɨɮɚɡ. Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɡɨɮɚɡ ɨɛɥɚɞɚɸɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɚɧɢɡɨɬɪɨɩɢɟɣ. Ʉɚɤ  ɠɢɞɤɨɫɬɢ 
ɨɧɢ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ, ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɤɚɩɟɥɶ ɢ ɧɟɤɨɬɨɪɵɦɢ ɞɪɭɝɢɦɢ 
ɫɜɨɣɫɬɜɚɦɢ, ɩɪɢɫɭɳɢɦɢ ɠɢɞɤɨɫɬɹɦ. ɂɡ-ɡɚ ɷɬɢɯ ɫɜɨɣɫɬɜ ɜɟɳɟɫɬɜɚ ɜ ɬɚɤɢɯ ɫɨɫɬɨɹɧɢɹɯ ɧɚɡɵɜɚɸɬ 
ɠɢɞɤɢɦɢ ɤɪɢɫɬɚɥɥɚɦɢ.  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɨɛɪɚɡɨɜɚɧɢɹ ɠɢɞɤɢɟ ɤɪɢɫɬɚɥɥɵ ɞɟɥɹɬ ɧɚ ɬɟɪɦɨɬɪɨɩɧɵɟ, 
ɥɢɨɬɪɨɩɧɵɟ ɢ ɮɨɬɨɬɪɨɩɧɵɟ. Ɍɟɪɦɨɬɪɨɩɧɵɟ ɠɢɞɤɢɟ ɤɪɢɫɬɚɥɥɵ ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ. Ʌɢɨɬɪɨɩɧɵɟ ɠɢɞɤɢɟ ɤɪɢɫɬɚɥɥɵ ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɬɜёɪɞɵɯ 
ɤɪɢɫɬɚɥɥɨɜ ɜ ɧɟɤɨɬɨɪɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ. Ɏɨɬɨɬɪɨɩɧɵɟ ɠɢɞɤɢɟ ɤɪɢɫɬɚɥɥɵ ɨɛɪɚɡɭɸɬɫɹ ɩɨɞ 
ɜɨɡɞɟɣɫɬɜɢɟɦ ɢɡɥɭɱɟɧɢɹ. ȼ ɨɫɧɨɜɧɨɦ ɠɢɞɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɧɚɛɥɸɞɚɟɬɫɹ ɭ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɜɟɳɟɫɬɜ ɫ ɫɢɥɶɧɨ ɜɵɬɹɧɭɬɵɦɢ ɦɚɤɪɨɦɨɥɟɤɭɥɚɦɢ. 

 ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɪɢɟɧɬɚɰɢɢ ɦɨɥɟɤɭɥ ɠɢɞɤɢɟ 
ɤɪɢɫɬɚɥɥɵ ɞɟɥɹɬ ɧɚ ɫɦɟɤɬɢɱɟɫɤɢɟ, ɧɟɦɚɬɢɱɟɫɤɢɟ ɢ 
ɯɨɥɟɫɬɟɪɢɱɟɫɤɢɟ. ɋɦɟɤɬɢɱɟɫɤɢɟ ɠɢɞɤɢɟ ɤɪɢɫɬɚɥɥɵ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɨɞɧɨɦɟɪɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 
ɭɩɨɪɹɞɨɱɟɧɧɨɫɬɶɸ, ɫɥɨɢɫɬɨɫɬɶɸ ɜ ɪɚɫɩɨɥɨɠɟɧɢɢ ɦɨɥɟɤɭɥ 
(ɪɢɫ.10.15). ɇɟɦɚɬɢɱɟɫɤɢɟ ɠɢɞɤɢɟ ɤɪɢɫɬɚɥɥɵ ɢɦɟɸɬ 

ɨɪɢɟɧɬɚɰɢɨɧɧɭɸ ɭɩɨɪɹɞɨɱɟɧɧɨɫɬɶ (ɪɢɫ.10.16). Ɉɧɢ ɜɵɫɬɪɚɢɜɚɸɬɫɹ ɬɚɤ, ɱɬɨ ɢɯ ɨɫɢ ɩɚɪɚɥɥɟɥɶɧɵ ɞɪɭɝ 
ɞɪɭɝɭ, ɧɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɭɩɨɪɹɞɨɱɟɧɧɨɫɬɢ ɧɟɬ. 

ɏɨɥɟɫɬɟɪɢɱɟɫɤɢɟ ɠɢɞɤɢɟ ɤɪɢɫɬɚɥɥɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɬɚɤɨɣ ɨɪɢɟɧɬɚɰɢɟɣ ɦɨɥɟɤɭɥ, ɱɬɨ ɢɯ ɨɫɢ 
ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɫɥɨɹ ɤ ɫɥɨɸ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɩɨ ɜɢɧɬɨɜɨɣ ɥɢɧɢɢ (ɪɢɫ.10.17). 

 ɀɢɞɤɢɟ ɤɪɢɫɬɚɥɥɵ ɢɡɦɟɧɹɸɬ ɫɜɨɢ ɫɜɨɣɫɬɜɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɪɚɡɥɢɱɧɵɯ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜμ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ, ɦɟɯɚɧɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ, ɢɡɥɭɱɟɧɢɹ. ɉɨɷɬɨɦɭ 
ɠɢɞɤɢɟ ɤɪɢɫɬɚɥɥɵ ɩɨɥɭɱɢɥɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɢɧɞɢɤɚɬɨɪɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ, ɜ ɫɢɫɬɟɦɚɯ ɯɪɚɧɟɧɢɹ ɢ 
ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ. 

 

 ɢɥɢ 
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ɗɥɟɤɬɪɨɫɬɚɬɢɤɚ. ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɟɥ. ɗɥɟɤɬɪɢɱɟɫɤɢɣ  ɡɚɪɹɞ ɢ ɡɚɤɨɧ ɟɝɨ ɫɨɯɪɚɧɟɧɢɹ. Ɂɚɤɨɧ 
Ʉɭɥɨɧɚ. ɗɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɩɨɥɟ.  ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ. ɋɢɥɨɜɵɟ ɥɢɧɢɢ ɩɨɥɹ. 
ɉɨɬɨɤ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. Ɍɟɨɪɟɦɚ Ɉɫɬɪɨɝɪɚɞɫɤɨɝɨ-Ƚɚɭɫɫɚ ɢ ɟɟ ɩɪɢɦɟɧɟɧɢɟ. 
Ɋɚɛɨɬɚ ɫɢɥ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ ɩɨ ɩɟɪɟɦɟɳɟɧɢɸ ɡɚɪɹɞɨɜ. ɉɨɬɟɧɰɢɚɥ. Ɋɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ. ɋɜɹɡɶ 
ɦɟɠɞɭ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ ɢ ɩɨɬɟɧɰɢɚɥɨɦ. ɉɨɬɟɧɰɢɚɥ ɬɨɱɟɱɧɨɝɨ ɡɚɪɹɞɚ ɢ ɫɮɟɪɵ. Ɍɢɩɵ ɞɢɷɥɟɤɬɪɢɤɨɜ. 
ɉɨɥɹɪɢɡɚɰɢɹ ɞɢɷɥɟɤɬɪɢɤɨɜ. ɗɥɟɤɬɪɢɱɟɫɤɨɟ ɫɦɟɳɟɧɢɟ. ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɟɦɤɨɫɬɶ. Ʉɨɧɞɟɧɫɚɬɨɪɵ. 
ɋɨɟɞɢɧɟɧɢɹ ɤɨɧɞɟɧɫɚɬɨɪɨɜ. ɗɥɟɤɬɪɨɟɦɤɨɫɬɶ ɩɥɨɫɤɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ. ɗɧɟɪɝɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. 

 

 11.1. ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɟɥ. ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɡɚɪɹɞ. Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɡɚɪɹɞɚ 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɢɦɟɸɬɫɹ ɞɜɚ ɜɢɞɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɡɚɪɹɞɨɜ, ɭɫɥɨɜɧɨ ɧɚɡɵɜɚɟɦɵɯ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ 
ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ. ɇɚɢɦɟɧɶɲɭɸ ɜɟɥɢɱɢɧɭ ɡɚɪɹɞɚ ɟ = 1,6021910 –19 Ʉɥ ɢɦɟɟɬ ɷɥɟɦɟɧɬɚɪɧɵɣ ɡɚɪɹɞ. 
ɇɨɫɢɬɟɥɟɦ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɡɚɪɹɞɚ ɹɜɥɹɟɬɫɹ, ɧɚɩɪɢɦɟɪ, ɩɪɨɬɨɧ - ɷɥɟɦɟɧɬɚɪɧɚɹ ɱɚɫɬɢɰɚ, 
ɜɯɨɞɹɳɚɹ ɜ ɫɨɫɬɚɜ ɹɞɪɚ ɚɬɨɦɚ ɢ ɢɦɟɸɳɚɹ ɡɚɪɹɞ +ɟ. ɇɨɫɢɬɟɥɟɦ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɡɚɪɹɞɚ - 
ɷɥɟɤɬɪɨɧ. ȿɝɨ ɡɚɪɹɞ -ɟ.  

ȼɫɟ ɫɭɳɟɫɬɜɭɸɳɢɟ ɧɚ ɩɪɚɤɬɢɤɟ ɡɚɪɹɞɵ q = Ne, ɝɞɟ N — ɰɟɥɵɟ ɱɢɫɥɚ, ɬ.ɟ, ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɡɚɪɹɞ 
ɤɜɚɧɬɭɟɬɫɹ (ɟɫɥɢ ɮɢɡɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɬɨɥɶɤɨ ɨɩɪɟɞɟɥɟɧɧɵɟ ɞɢɫɤɪɟɬɧɵɟ ɡɧɚɱɟɧɢɹ, ɬɨ 
ɝɨɜɨɪɹɬ, ɱɬɨ ɷɬɚ ɜɟɥɢɱɢɧɚ ɤɜɚɧɬɭɟɬɫɹ). ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɡɚɪɹɞɚ ɧɟ ɡɚɜɢɫɢɬ 
ɨɬ ɫɤɨɪɨɫɬɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɡɚɪɹɞ ɹɜɥɹɟɬɫɹ ɪɟɥɹɬɢɜɢɫɬɫɤɢ ɢɧɜɚɪɢɚɧɬɧɵɦ. 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɜɫɟ ɜɟɳɟɫɬɜɚ ɫɨɫɬɨɹɬ ɢɡ ɚɬɨɦɨɜ, ɚ ɚɬɨɦ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɨɫɬɨɢɬ ɢɡ ɩɨɥɨɠɢɬɟɥɶɧɨ 
ɡɚɪɹɠɟɧɧɨɝɨ ɹɞɪɚ, ɜɨɤɪɭɝ ɤɨɬɨɪɨɝɨ ɜɪɚɳɚɸɬɫɹ ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɟ ɷɥɟɤɬɪɨɧɵ. ȼ ɰɟɥɨɦ ɚɬɨɦ 
ɷɥɟɤɬɪɨɧɟɣɬɪɚɥɟɧ, ɬ. ɤ. ɱɢɫɥɨ ɩɪɨɬɨɧɨɜ, ɧɟɫɭɳɢɯ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɡɚɪɹɞ q+=+ze (ɝɞɟ z — ɩɨɪɹɞɤɨɜɵɣ 
ɧɨɦɟɪ ɷɥɟɦɟɧɬɚ ɜ ɬɚɛɥɢɰɟ Ɇɟɧɞɟɥɟɟɜɚ), ɪɚɜɧɨ ɱɢɫɥɭ ɷɥɟɤɬɪɨɧɨɜ, ɧɟɫɭɳɢɯ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɡɚɪɹɞ q- = -ze. 

ɉɪɢ ɷɥɟɤɬɪɢɡɚɰɢɢ, ɧɚɩɪɢɦɟɪ, ɬɪɟɧɢɟɦ, ɨɛɚ ɬɟɥɚ ɡɚɪɹɠɚɸɬɫɹ ɪɚɡɧɨɢɦɟɧɧɨμ ɨɞɧɨ — 

ɩɨɥɨɠɢɬɟɥɶɧɨ, ɚ ɞɪɭɝɨɟ — ɨɬɪɢɰɚɬɟɥɶɧɨ, ɬ.ɟ, ɨɞɧɨ ɬɟɥɨ ɬɟɪɹɟɬ ɷɥɟɤɬɪɨɧɵ, ɚ ɞɪɭɝɨɟ ɩɪɢɨɛɪɟɬɚɟɬ ɢɯ. 

ȿɫɥɢ ɪɚɫɫɦɨɬɪɟɬɶ ɢɡɨɥɢɪɨɜɚɧɧɭɸ ɫɢɫɬɟɦɭ, ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɬɨɪɨɣ ɡɚɪɹɞɵ ɧɟ ɩɪɨɯɨɞɹɬ, ɬɨ 
ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶμ «Ⱥɥɝɟɛɪɚɢɱɟɫɤɚɹ ɫɭɦɦɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɡɚɪɹɞɨɜ ɜ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ ɟɫɬɶ 
ɜɟɥɢɱɢɧɚ ɩɨɫɬɨɹɧɧɚɹ», ɬ.ɟ. 

                                                                 
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ɗɬɨ ɨɞɢɧ ɢɡ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɡɚɤɨɧɨɜ ɮɢɡɢɤɢ — ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡɚɪɹɞɚ. 
ȿɝɨ ɨɩɵɬɧɵɦ ɩɭɬɟɦ ɭɫɬɚɧɨɜɢɥ Ɏɚɪɚɞɟɣ. 

11.2. Ɂɚɤɨɧ Ʉɭɥɨɧɚ 

Ɉɧ ɫɩɪɚɜɟɞɥɢɜ ɞɥɹ ɬɨɱɟɱɧɵɯ ɡɚɪɹɞɨɜ. 

 Ɋɢɫ.10.16 
 Ɋɢɫ.10.17 
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Ɍɨɱɟɱɧɵɦ ɡɚɪɹɞɨɦ ɧɚɡɵɜɚɟɬɫɹ ɡɚɪɹɠɟɧɧɨɟ ɬɟɥɨ, ɪɚɡɦɟɪɚɦɢ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɫɫɬɨɹɧɢɹɦɢ ɨɬ ɧɟɝɨ ɞɨ ɞɪɭɝɢɯ ɡɚɪɹɠɟɧɧɵɯ ɬɟɥ. Ʉɭɥɨɧ ɜ 1785 ɝ. ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 
ɭɫɬɚɧɨɜɢɥ, ɱɬɨμ «ɋɢɥɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɞɜɭɯ ɧɟɩɨɞɜɢɠɧɵɯ ɬɨɱɟɱɧɵɯ ɡɚɪɹɞɨɜ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 
ɜɟɥɢɱɢɧɚɦ ɷɬɢɯ ɡɚɪɹɞɨɜ ɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɜɚɞɪɚɬɭ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɧɢɦɢ», ɬ.ɟ. 

                                     
2

21

r

qq
kF  ,                          (11-1) 

ɝɞɟ ɜ ɋɂ ɤɨɷɮɮɢɰɢɟɧɬ 
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






k Ɏ / ɦ — ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ. ȼ ɢɬɨɝɟ ɢɦɟɟɦ k 

= 9109  ɦ/Ɏ, ɢɥɢ ɇɦ2 /Ʉɥ2. ɂɡɦɟɪɹɹ ɜ (1) ɪɚɫɫɬɨɹɧɢɟ ɜ "ɦ", ɚ ɡɚɪɹɞɵ ɜ "Ʉɥ", ɫɢɥɭ ɩɨɥɭɱɢɦ ɜ "ɇ". 
Ɉɞɧɨɢɦɟɧɧɨ ɡɚɪɹɠɟɧɧɵɟ ɬɟɥɚ ɨɬɬɚɥɤɢɜɚɸɬɫɹ, ɪɚɡɧɨɢɦɟɧɧɨ ɡɚɪɹɠɟɧɧɵɟ -ɩɪɢɬɹɝɢɜɚɸɬɫɹ. Ɂɚɤɨɧ Ʉɭɥɨɧɚ 
ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɜ ɜɟɤɬɨɪɧɨɣ ɮɨɪɦɟμ         

                                                  r
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qq
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
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04
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



,                                               (11-2) 


F  - ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ 

ɧɚ ɡɚɪɹɞ, ɤ ɤɨɬɨɪɨɦɭ ɧɚɩɪɚɜɥɟɧ  ɜɟɤɬɨɪ 


r , ɩɪɨɜɟɞɟɧɧɵɣ ɨɬ ɨɞɧɨɝɨ ɡɚɪɹɞɚ ɤ ɞɪɭɝɨɦɭν 


F 1 — ɫɢɥɚ, 

ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɡɚɪɹɞ q1 ɫɨ ɫɬɨɪɨɧɵ ɡɚɪɹɞɚ q2; 


F 2 — ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɡɚɪɹɞ q2 ɫɨ ɫɬɨɪɨɧɵ ɡɚɪɹɞɚ 
q1. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɞɜɭɯ ɡɚɪɹɞɨɜ ɧɟ ɢɡɦɟɧɢɬɫɹ, ɟɫɥɢ ɜɛɥɢɡɢ ɧɢɯ 
ɩɨɦɟɫɬɢɬɶ ɞɪɭɝɢɟ ɡɚɪɹɞɵ. ɉɭɫɬɶ, ɤɪɨɦɟ ɡɚɪɹɞɚ q, ɢɦɟɸɬɫɹ ɟɳɟ ɡɚɪɹɞɵ q1, q2, …, qn, ɬɨɝɞɚ ɪɟɡɭɥɶɬɢɪɭɸɳɚɹ 
ɫɢɥɚ, ɫ ɤɨɬɨɪɨɣ ɨɧɢ ɞɟɣɫɬɜɭɸɬ ɧɚ ɡɚɪɹɞ q, ɛɭɞɟɬ 
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;


ir - ɪɚɞɢɭɫ-ɜɟɤɬɨɪ, ɢɫɯɨɞɹɳɢɣ ɨɬ ɡɚɪɹɞɚ qi, ɢ ɧɚɩɪɚɜɥɟɧɧɵɣ ɤ ɡɚɪɹɞɭ q. 

 

11.3. ɗɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɩɨɥɟ. ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. ɋɢɥɨɜɵɟ ɥɢɧɢɢ ɩɨɥɹ. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɩɨɤɨɹɳɢɦɢɫɹ ɡɚɪɹɞɚɦɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ, ɬ.ɤ. 
ɜɫɹɤɢɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɡɚɪɹɞ ɢɡɦɟɧɹɟɬ ɫɜɨɣɫɬɜɚ ɨɤɪɭɠɚɸɳɟɝɨ ɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɫɨɡɞɚɜɚɹ ɜ ɧɟɦ 
ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ. ɗɬɨ ɩɨɥɟ ɩɪɨɹɜɥɹɟɬ ɫɟɛɹ ɜ ɬɨɦ, ɱɬɨ ɨɧɨ ɞɟɣɫɬɜɭɟɬ ɫ ɫɢɥɨɣ ɧɚ ɡɚɪɹɞ, ɜɧɟɫɟɧɧɵɣ ɜ 
ɧɟɝɨ. Ɉɫɧɨɜɧɨɣ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɹɜɥɹɟɬɫɹ ɧɚɩɪɹɠɟɧɧɨɫɬɶ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ 


E - ɜɟɤɬɨɪɧɚɹ ɜɟɥɢɱɢɧɚν ɨɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɧɨɲɟɧɢɟɦ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɟɣ ɫɨ 
ɫɬɨɪɨɧɵ ɩɨɥɹ ɧɚ ɩɪɨɛɧɵɣ ɡɚɪɹɞ q', ɤ ɜɟɥɢɱɢɧɟ ɷɬɨɝɨ ɡɚɪɹɞɚ, ɬ.ɟ.         

        '/ qFE


 .                                     (11-4) 

ɉɪɨɛɧɵɦ ɡɚɪɹɞɨɦ q' ɧɚɡɵɜɚɸɬ ɦɚɥɵɣ ɩɨ ɜɟɥɢɱɢɧɟ ɬɨɱɟɱɧɵɣ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɡɚɪɹɞ   (ɦɚɥɵɣ ɩɨɬɨɦɭ, 
ɱɬɨɛɵ ɧɟ ɢɡɦɟɧɹɬɶ ɧɢ ɜɟɥɢɱɢɧɵ, ɧɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɯ ɫɬɨɪɨɧɧɢɯ  ɡɚɪɹɞɨɜ, ɤɨɬɨɪɵɟ   ɩɨɪɨɠɞɚɸɬ 
ɢɫɫɥɟɞɭɟɦɨɟ ɩɨɥɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɪɚɜɧɚ ɫɢɥɟ, ɫ ɤɨɬɨɪɨɣ 
ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɞɟɣɫɬɜɭɟɬ ɧɚ ɟɞɢɧɢɱɧɵɣ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɡɚɪɹɞ ɢ ɫɨɜɩɚɞɚɟɬ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɫ ɷɬɨɣ 
ɫɢɥɨɣ.  ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɢɡɦɟɪɹɟɬɫɹ  ɜ ȼ/ɦ. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɧɚ ɡɚɪɹɞ q, ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɩɨɥɟ ɫ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ 


E , ɞɟɣɫɬɜɭɟɬ ɫɢɥɚ                                 


 EqF .                                      (11-5) 
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ɂɫɫɥɟɞɭɟɦ ɫ ɩɨɦɨɳɶɸ ɩɪɨɛɧɨɝɨ ɡɚɪɹɞɚ q' ɩɨɥɟ ɧɟɩɨɞɜɢɠɧɨɝɨ ɡɚɪɹɞɚ q. 

ɋɨɝɥɚɫɧɨ ɡɚɤɨɧɭ Ʉɭɥɨɧɚ ɧɚ ɩɪɨɛɧɵɣ ɡɚɪɹɞ q' ɫɨ ɫɬɨɪɨɧɵ ɡɚɪɹɞɚ q ɛɭɞɟɬ ɞɟɣɫɬɜɨɜɚɬɶ ɫɢɥɚ (11-2); 

ɫ ɭɱɟɬɨɦ ɷɬɨɝɨ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɬɨɱɟɱɧɵɦ ɡɚɪɹɞɨɦ q,                   

 





 r
r

q

q

F
E
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' 
,      (11-6) 

ɡɞɟɫɶ 


r - ɪɚɞɢɭɫ-ɜɟɤɬɨɪ, ɩɪɨɜɟɞɟɧɧɵɣ ɨɬ ɡɚɪɹɞɚ q ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɭɸ ɬɨɱɤɭ ɩɨɥɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɬɨɱɟɱɧɵɦ ɡɚɪɹɞɨɦ q ɧɚ 
ɪɚɫɫɬɨɹɧɢɢ r ɨɬ ɧɟɝɨ, ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɜɟɥɢɱɢɧɟ ɡɚɪɹɞɚ q ɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ  r 2 -  

ɤɜɚɞɪɚɬɭ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɧɟɝɨ. 

ȿɫɥɢ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɫɨɡɞɚɟɬɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɬɨɱɟɱɧɵɯ ɡɚɪɹɞɨɜ q1, q2,..., qn, ɬɨ ɨɧɨ ɛɭɞɟɬ 

ɞɟɣɫɬɜɨɜɚɬɶ ɧɚ ɩɪɨɛɧɵɣ ɡɚɪɹɞ q' ɜ ɧɟɤɨɬɨɪɨɣ ɬɨɱɤɟ ɩɨɥɹ Ɇ ɫ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɫɢɥɨɣ 


F . 

ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɩɨɥɹ ɜ ɷɬɨɣ ɬɨɱɤɟ            ,
'' 1
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ɬ.ɟ, ɪɚɜɧɚ ɜɟɤɬɨɪɧɨɣ ɫɭɦɦɟ ɧɚɩɪɹɠɟɧɧɨɫɬɟɣ ɩɨɥɟɣ, ɤɨɬɨɪɵɟ ɫɨɡɞɚɜɚɥ ɛɵ ɤɚɠɞɵɣ ɢɡ ɡɚɪɹɞɨɜ ɜ 
ɨɬɞɟɥɶɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
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n
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iEE                                      (11-8) 

ɗɬɨ ɭɬɜɟɪɠɞɟɧɢɟ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɩɪɢɧɰɢɩɚ ɫɭɩɟɪɩɨɡɢɰɢɢ (ɧɚɥɨɠɟɧɢɹ) ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɥɟɣ ɢ 

ɫɩɪɚɜɟɞɥɢɜɨ ɞɥɹ ɧɟ ɨɱɟɧɶ ɛɨɥɶɲɢɯ ɜɟɥɢɱɢɧ 


E .     

ɍɫɥɨɜɧɨ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɢɡɨɛɪɚɠɚɸɬ (ɪɢɫ.11.1) ɫ ɩɨɦɨɳɶɸ ɥɢɧɢɣ ɜɟɤɬɨɪɚ 


E  — ɫɢɥɨɜɵɯ 
ɥɢɧɢɣ; ɤɚɫɚɬɟɥɶɧɵɟ ɤ ɫɢɥɨɜɵɦ ɥɢɧɢɹɦ ɫɨɜɩɚɞɚɸɬ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɩɪɨɛɧɵɣ ɡɚɪɹɞ 
ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɟ ɩɨɥɹ. 
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11.4. ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɞɢɩɨɥɶ 

Ⱦɜɚ ɬɨɱɟɱɧɵɯ ɡɚɪɹɞɚ, ɪɚɜɧɵɯ ɩɨ ɜɟɥɢɱɢɧɟ ɢ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɩɨ ɡɧɚɤɭ, ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ 

ɧɟɤɨɬɨɪɨɦ ɪɚɫɫɬɨɹɧɢɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɧɚɡɵɜɚɸɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɞɢɩɨɥɟɦ (ɪɢɫ11.β). 

 

ɉɥɟɱɨɦ ɞɢɩɨɥɹ ɧɚɡɵɜɚɟɬɫɹ ɜɟɤɬɨɪ 


l , ɧɚɩɪɚɜɥɟɧɧɵɣ ɩɨ ɨɫɢ ɞɢɩɨɥɹ ɨɬ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɡɚɪɹɞɚ ɤ 
ɩɨɥɨɠɢɬɟɥɶɧɨɦɭ ɢ ɩɨ ɦɨɞɭɥɸ ɪɚɜɧɵɣ ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ ɧɢɦɢ. ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɞɢɩɨɥɶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɦɨɦɟɧɬɨɦ ɞɢɩɨɥɹ               


 lqp                                                   (11-9)   

                    

 ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɰɢɩɨɦ ɫɭɩɟɪɩɨɡɢɰɢɢ ɧɚɩɪɹɠɟɧɧɨɫɬɶ  ɜ ɩɪɨɢɡɜɨɥɶɧɨ ɬɨɱɤɟ ɩɨɥɹ ɞɢɩɨɥɹ 


E =


E ++


E -. ɉɪɢɜɟɞɟɦ ɮɨɪɦɭɥɵ ɞɥɹ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ ɞɢɩɨɥɹμ 1) ɜ ɬɨɱɤɟ Ⱥ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɧɚ ɨɫɢ ɞɢɩɨɥɹ,  

(ɪɢɫ.11.γ.) l
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
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






















. (11-10) 

β) ɜ ɬɨɱɤɟ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɟ ɤ ɫɟɪɟɞɢɧɟ ɟɝɨ ɨɫɢ 
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2/3
2

20 )
4

(
4

1

l
r

lq
E








                                      (11-11) 

 

 

ɇɚ ɞɢɩɨɥɶ, ɩɨɦɟɳɟɧɧɵɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɫ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ 


E , ɞɟɣɫɬɜɭɟɬ ɦɨɦɟɧɬ ɫɢɥ                            


 EpM ,    (11-1β)   ɤɨɬɨɪɵɣ ɫɬɪɟɦɢɬɫɹ ɭɫɬɚɧɨɜɢɬɶ ɞɢɩɨɥɶ ɩɨ ɩɨɥɸ 

(ɪɢɫ.11.4). ɉɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɞɢɩɨɥɹ ɜɨ ɜɧɟɲɧɟɦ  ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɦ ɩɨɥɟ          


 EpWn . 

(11-13) 

 

 11.5. ɉɨɬɨɤ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ. Ɍɟɨɪɟɦɚ Ɉɫɬɪɨɝɪɚɞɫɤɨɝɨ-Ƚɚɭɫɫɚ  

ɉɭɫɬɶ ɢɦɟɟɦ ɨɞɧɨɪɨɞɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ (ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɨɞɢɧɚɤɨɜɚ ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ 

ɩɪɨɫɬɪɚɧɫɬɜɚ) ɫ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ 


E , ɤɨɬɨɪɨɟ ɩɪɨɧɢɡɵɜɚɟɬ ɧɟɤɨɬɨɪɭɸ ɩɥɨɫɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɨɳɚɞɢ S, 

ɬɨɝɞɚ ɫɤɚɥɹɪɧɨɟ 

 

ɩɪɨɢɡɜɟɞɟɧɢɟ 


SE  ɛɭɞɟɬ ɧɚɡɵɜɚɬɶɫɹ ɩɨɬɨɤɨɦ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ 


E  ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ S, (ɪɢɫ. 
11.5), ɬ.ɟ.                         
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SEESSEФ nE 


cos ,                  (11-14) 

ɝɞɟ 


 nSS — ɟɫɬɶ ɜɟɤɬɨɪ, ɪɚɜɧɵɣ ɩɪɨɢɡɜɟɞɟɧɢɸ ɜɟɥɢɱɢɧɵ ɩɥɨɳɚɞɢ ɧɚ ɧɨɪɦɚɥɶ ɤ ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, 

ȿn -ɩɪɨɟɤɰɢɹ ɜɟɤɬɨɪɚ 


E  ɧɚ ɧɨɪɦɚɥɶ, 


n  ɤ ɩɥɨɳɚɞɤɟ. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɩɨɥɟ ɦɨɠɟɬ ɛɵɬɶ ɧɟɨɞɧɨɪɨɞɧɵɦ, ɩɨɜɟɪɯɧɨɫɬɶ ɧɟɩɥɨɫɤɨɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
ɩɨɜɟɪɯɧɨɫɬɶ ɦɨɠɧɨ ɦɵɫɥɟɧɧɨ ɪɚɡɛɢɬɶ ɧɚ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɟ ɷɥɟɦɟɧɬɚɪɧɵɟ ɩɥɨɳɚɞɤɢ НS, ɤɨɬɨɪɵɟ ɦɨɠɧɨ 
ɫɱɢɬɚɬɶ ɩɥɨɫɤɢɦɢ, ɚ ɩɨɥɟ ɜɛɥɢɡɢ ɧɢɯ ɨɞɧɨɪɨɞɧɵɦ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɩɨɬɨɤ ɱɟɪɟɡ ɷɥɟɦɟɧɬɚɪɧɭɸ ɩɥɨɳɚɞɤɭ  

 

         dSEEdSSdEdɎ nE 


cos .             (11-15) 

ɉɨɥɧɵɣ ɩɨɬɨɤ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ S 

                                                                  


S

n

SS

EE dSESdEdɎɎ .      (11-16) 

ɇɚɣɞɟɦ ɩɨɬɨɤ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ 

ɬɨɱɟɱɧɵɦ ɡɚɪɹɞɨɦ q, ɱɟɪɟɡ ɫɮɟɪɢɱɟɫɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɞɢɭɫɚ Ы. 

ɉɥɨɳɚɞɶ ɟɟ ɩɨɜɟɪɯɧɨɫɬɢ 24 rS  . ɋɢɥɨɜɵɟ ɥɢɧɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɢɞɭɬ ɩɨ ɪɚɞɢɭɫɚɦ ɤ 

ɩɨɜɟɪɯɧɨɫɬɢ ɫɮɟɪɵ ɢ ɩɨɷɬɨɦɭ ɭɝɨɥ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ 


E  ɢ 


n ɪɚɜɟɧ ɧɭɥɸ. 

0

2

3
0

4
4

1





q

nrr
r

q
SdEɎ

S

E 


 .      (11-17) 

Ɇɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɩɨɬɨɤ ɱɟɪɟɡ ɡɚɦɤɧɭɬɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɨɬ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɡɚɪɹɞɨɜ ɜ ɧɟɣ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɬɨɤ, ɫɨɡɞɚɜɚɟɦɵɣ ɫɢɫɬɟɦɨɣ ɡɚɪɹɞɨɜ, ɫɤɜɨɡɶ ɡɚɦɤɧɭɬɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɩɪɨɢɡɜɨɥɶɧɨɣ 

ɮɨɪɦɵ, ɜɧɭɬɪɢ ɤɨɬɨɪɨɣ ɨɧɢ ɧɚɯɨɞɹɬɫɹ (ɪɢɫ.11.6)μ                



S

E SdEɎ . 

 

ɋɨɝɥɚɫɧɨ ɩɪɢɧɰɢɩɭ ɫɭɩɟɪɩɨɡɢɰɢɢ   ,...21 nEEEE


 ɩɨɷɬɨɦɭ 
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SdESdESdESdEФ  ɬɚɤɢɦ ɨɛɪɚɡɨɦ                            

0
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


 





n

i

i

S

E

q

SdEɎ .    (11-18) 

ɂɬɚɤ, ɦɵ ɞɨɤɚɡɚɥɢ ɬɟɨɪɟɦɭ Ɉɫɬɪɨɝɪɚɞɫɤɨɝɨ-Ƚɚɭɫɫɚ: 

«ɉɨɥɧɵɣ ɩɨɬɨɤ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ ɱɟɪɟɡ ɩɪɨɢɡɜɨɥɶɧɭɸ ɡɚɦɤɧɭɬɭɸ 
ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɜɟɧ ɚɥɝɟɛɪɚɢɱɟɫɤɨɣ ɫɭɦɦɟ ɡɚɪɹɞɨɜ, ɨɯɜɚɬɵɜɚɟɦɵɯ ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɞɟɥɟɧɧɨɣ ɧɚ 0 » 

Ɍɟɨɪɟɦɚ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɚɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɵɟ ɡɚɪɹɠɟɧɧɵɦɢ ɬɟɥɚɦɢ ɪɚɡɥɢɱɧɨɣ 
ɮɨɪɦɵμ 

1) ɉɨɥɟ ɪɚɜɧɨɦɟɪɧɨ ɡɚɪɹɠɟɧɧɨɣ, ɛɟɫɤɨɧɟɱɧɨ ɩɪɨɬɹɠɟɧɧɨɣ ɩɥɨɫɤɨɫɬɢ (ɪɢɫ. 11.7). 
ɉɨɫɬɪɨɢɦ ɰɢɥɢɧɞɪ, ɨɫɶ ɤɨɬɨɪɨɝɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɤ ɩɨɜɟɪɯɧɨɫɬɢ, ɢ ɩɪɢɦɟɧɢɦ ɬɟɨɪɟɦɭ Ɉɫɬɪɨɝɪɚɞɫɤɨɝɨ-

Ƚɚɭɫɫɚ.  

 

 

0/2 qSESdESdEФ Ɉɋɇ
S

ȻɈɄE  


, 

ɬ.ɤ. 090cosȻɈɄȻɈɄ SdESdE 


, ɬɨ 

0
0 /20cos22 qESESSEФ ɈɋɇE 


, 

ɨɬɫɸɞɚ                                                 
00 22 





S

q
E ,                                       (11-19) 

ɝɞɟ  = q/S —ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɩɥɨɬɧɨɫɬɶ ɡɚɪɹɞɚ, ɢɡɦɟɪɹɟɦɚɹ ɜ ɋɂ ɜ Ʉɥ/ɦ2. 

2) ɉɨɥɟ ɦɟɠɞɭ ɞɜɭɦɹ ɛɟɫɤɨɧɟɱɧɨ ɩɪɨɬɹɠɟɧɧɵɦɢ, ɪɚɡɧɨɢɦɟɧɧɨ ɡɚɪɹɠɟɧɧɵɦɢ ɩɚɪɚɥɥɟɥɶɧɵɦɢ 

ɩɥɨɫɤɨɫɬɹɦɢ (ɪɢɫ. 11.8). ȼɧɟ ɜɧɭɬɪɟɧɧɟɝɨ ɩɪɨɦɟɠɭɬɤɚ, 


E  = 0 ɬ. ɤ. ɩɨɥɹ, ɫɨɡɞɚɧɧɵɟ ɪɚɡɧɨɢɦɟɧɧɨ 
ɡɚɪɹɠɟɧɧɵɦɢ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɩɥɚɫɬɢɧɚɦɢ, ɧɚɩɪɚɜɥɟɧɵ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɞɪɭɝ ɞɪɭɝɭν 

 ɦɟɠɞɭ ɩɥɨɫɤɨɫɬɹɦɢ             
000 22 








E . 
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ɂɬɚɤμ                                         0/E .                                                    (11-20) 

 

ɉɨ ɷɬɨɣ ɠɟ ɮɨɪɦɭɥɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜɛɥɢɡɢ ɡɚɪɹɠɟɧɧɨɝɨ 
ɩɪɨɜɨɞɧɢɤɚ. 

ɉɨɥɟ ɡɚɪɹɠɟɧɧɨɝɨ ɰɢɥɢɧɞɪɚμ ɡɚɪɹɠɟɧɧɵɣ ɰɢɥɢɧɞɪ ɪɚɞɢɭɫɚ R,  (ɪɢɫ.11.λ), ɨɤɪɭɠɢɦ ɤɨɚɤɫɢɚɥɶɧɨɣ  

ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɪɚɞɢɭɫɚ rν ɩɨɬɨɤ ɜɟɤɬɨɪɚ 


E  ɱɟɪɟɡ ɨɫɧɨɜɚɧɢɹ ɪɚɜɟɧ ɧɭɥɸ, ɬ. ɤ. 


 ɨɫɧnE

, ɝɞɟ 


ɨɫɧn - ɜɧɟɲɧɹɹ ɧɨɪɦɚɥɶ ɤ ɨɫɧɨɜɚɧɢɹɦ ɰɢɥɢɧɞɪɚν ɩɨɬɨɤ ɱɟɪɟɡ ɛɨɤɨɜɭɸ ɩɨɜɟɪɯɧɨɫɬɶ           

rhESEɎ ȻɈɄE 2


, 

3) ɡɞɟɫɶ h — ɜɵɫɨɬɚ ɰɢɥɢɧɞɪɚ. 

 

ɋɨɝɥɚɫɧɨ ɬɟɨɪɟɦɟ Ƚɚɭɫɫɚ – Ɉɫɬɪɨɝɪɚɞɫɤɨɝɨ ɩɪɢ  Rr    ;2
0

 q
rhE    

00 22

1




 rh

q

r
E                                                              (11-21) 

ɝɞɟ  = q/ h — ɥɢɧɟɣɧɚɹ ɩɥɨɬɧɨɫɬɶ ɡɚɪɹɞɚ, ɤɨɬɨɪɚɹ ɢɡɦɟɪɹɟɬɫɹ ɜ Ʉɥ/ɦ. 

Ʉɨɝɞɚ Ы ξ R, ɬɨ 


E = 0. 

4) ɉɨɥɟ ɡɚɪɹɠɟɧɧɨɣ ɫɮɟɪɵμ ɩɨɬɨɤ ɜɟɤɬɨɪɚ ȿ


 ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ ɫɮɟɪɵ ɪɚɞɢɭɫɚ r, (ɪɢɫ. 11.10 ), ɤɨɬɨɪɚɹ 
ɨɤɪɭɠɚɟɬ ɡɚɪɹɠɟɧɧɭɸ ɫɮɟɪɭ, ɢɦɟɸɳɭɸ ɪɚɞɢɭɫ R ,ɩɪɢ  r   R     

24 rEФE  . ɉɨ ɬɟɨɪɟɦɟ 
Ɉɫɬɪɨɝɪɚɞɫɤɨɝɨ-Ƚɚɭɫɫɚ 

       ,4
0

2


 q
rE    Шɬɤɭɞɚ                ,

4 2

0r

q
E


                    (11-22) 
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ɬ.ɟ. ɜɧɟ ɡɚɪɹɠɟɧɧɨɣ ɫɮɟɪɵ ɩɨɥɟ ɬɚɤɨɟ ɠɟ, ɤɚɤ ɢ ɩɨɥɟ ɬɨɱɟɱɧɨɝɨ ɡɚɪɹɞɚ ɬɨɣ ɠɟ ɜɟɥɢɱɢɧɵ, ɩɨɦɟɳɟɧɧɨɝɨ 
ɜ ɰɟɧɬɪɟ ɫɮɟɪɵ. ȼɧɭɬɪɢ ɫɮɟɪɵ ɧɟɬ ɡɚɪɹɞɨɜ ɢ ɩɨɷɬɨɦɭ ɩɨɥɟ ɬɚɦ ɨɬɫɭɬɫɬɜɭɟɬ, ɬ. ɟ. ɩɪɢ ɝ < R  ɢɦɟɟɦ, E


 = 

0. ɗɬɨ ɫɜɨɣɫɬɜɨ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɷɤɪɚɧɢɪɨɜɤɢ ɨɬ ɩɨɥɟɣ ɜɧɟɲɧɢɯ ɡɚɪɹɞɨɜ.  
 

11.6. Ɋɚɛɨɬɚ ɫɢɥ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ ɩɨ ɩɟɪɟɦɟɳɟɧɢɸ ɡɚɪɹɞɨɜ. 

ȼ ɨɞɧɨɪɨɞɧɨɦ ɩɨɥɟ (ɪɢɫ.11.1β). Ɉɞɧɨɪɨɞɧɨɟ ɩɨɥɟ ɫɨɡɞɚɸɬ, ɧɚɩɪɢɦɟɪ, ɛɨɥɶɲɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ 
ɩɥɚɫɬɢɧɵ, ɢɦɟɸɳɢɟ ɡɚɪɹɞɵ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɝɨ ɡɧɚɤɚ. ɇɚɣɞɟɦ ɪɚɛɨɬɭ ɩɨ ɩɟɪɟɦɟɳɟɧɢɸ ɡɚɪɹɞɚ q’ ɧɚ 

ɪɚɫɫɬɨɹɧɢɟ d:   FdxFdrrdFdA  cos


 

                                   .''

0 0

dqEdqFdFdxdAA
d

  



 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɛɨɬɚ, ɫɨɜɟɪɲɚɟɦɚɹ ɫɢɥɚɦɢ ɩɨɥɹ, ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ ɩɭɬɢ, ɩɨ ɤɨɬɨɪɨɦɭ ɩɟɪɟɦɟɳɚɥɫɹ 
ɡɚɪɹɞ, ɚ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɪɚɫɫɬɨɹɧɢɹ d, ɢɡɦɟɪɹɟɦɨɝɨ ɜɞɨɥɶ ɫɢɥɨɜɨɣ ɥɢɧɢɢ ɦɟɠɞɭ ɧɚɱɚɥɶɧɵɦ ɢ 
ɤɨɧɟɱɧɵɦ ɩɨɥɨɠɟɧɢɟɦ ɡɚɪɹɞɚ. 

 

 

 

ȼ ɧɟɨɞɧɨɪɨɞɧɨɦ ɩɨɥɟ ɬɨɱɟɱɧɨɝɨ ɡɚɪɹɞɚ q (ɪɢɫ.11.1γ). 

r 

R
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ɇɚɣɞɟɦ ɪɚɛɨɬɭ ɩɨ ɩɟɪɟɦɟɳɟɧɢɸ ɩɪɨɛɧɨɝɨ ɡɚɪɹɞɚ q’ ɢɡ ɬɨɱɤɢ 1 ɜ ɬɨɱɤɭ 2 ɜ ɩɨɥɟ, ɫɨɡɞɚɜɚɟɦɨɦ ɬɨɱɟɱɧɵɦ 
ɡɚɪɹɞɨɦ q:  

                           ,
'

4

1
cos

2
0

dr
r

qq
FdrFdlldFdA


 


 

 

  
2

1 210

2

0

12 )
11

(
4

'

4

' 2

1
rr

qq

r

drqq
dAA

r

r


.             (11-23) 

ɂ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɪɚɛɨɬɚ ɫɢɥ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ ɩɭɬɢ. Ɉɧɚ ɹɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɮɭɧɤɰɢɟɣ ɧɚɱɚɥɶɧɨɝɨ 
ɢ ɤɨɧɟɱɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɡɚɪɹɞɚ. 

Ⱦɥɹ ɡɚɦɤɧɭɬɨɣ ɬɪɚɟɤɬɨɪɢɢ L ɨɧɚ ɪɚɜɧɚ ɧɭɥɸ, ɬ. ɤ. 21 rr  ,  ɬ. ɟ. 

  
L L

ldEqldF 0'


         ɢɥɢ         
L

ldE 0


                                (11-24) 

ɬ.ɟ. ɰɢɪɤɭɥɹɰɢɹ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨ ɥɸɛɨɦɭ ɡɚɦɤɧɭɬɨɦɭ ɤɨɧɬɭɪɭ ɪɚɜɧɚ ɧɭɥɸ. 
ȼ ɦɟɯɚɧɢɤɟ ɛɵɥɨ ɩɪɢɜɟɞɟɧɨ ɫɥɟɞɭɸɳɟɟ ɨɩɪɟɞɟɥɟɧɢɟμ "ɋɢɥɵ, ɪɚɛɨɬɚ ɤɨɬɨɪɵɯ ɧɟ ɡɚɜɢɫɢɬ ɨɬ 

ɮɨɪɦɵ ɩɭɬɢ, ɧɚɡɵɜɚɸɬɫɹ ɤɨɧɫɟɪɜɚɬɢɜɧɵɦɢ ɫɢɥɚɦɢ, ɚ ɩɨɥɹ, ɪɚɛɨɬɚ ɫɢɥ ɤɨɬɨɪɵɯ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ 
ɩɭɬɢ, ɧɚɡɵɜɚɸɬɫɹ ɩɨɬɟɧɰɢɚɥɶɧɵɦɢ ɩɨɥɹɦɢ". Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɫɦɨɬɪɟɧɧɨɟ ɧɚɦɢ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ 
ɩɨɥɟ ɹɜɥɹɟɬɫɹ ɩɨɬɟɧɰɢɚɥɶɧɵɦ, ɚ ɤɭɥɨɧɨɜɫɤɢɟ ɫɢɥɵ - ɤɨɧɫɟɪɜɚɬɢɜɧɵɦɢ. 

 

11.6. ɉɨɬɟɧɰɢɚɥ. Ɋɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ. ɉɨɬɟɧɰɢɚɥ ɬɨɱɟɱɧɨɝɨ ɡɚɪɹɞɚ, ɞɢɩɨɥɹ, ɫɮɟɪɵ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɪɚɛɨɬɚ ɫɢɥ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɩɨɥɹ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ ɭɛɵɥɶ 
ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ, ɬ. ɟ. 

          )
11

(
4

'

210

2112
rr

qq
WWA nn 


.                           (11-25) 

Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɩɪɨɛɧɨɝɨ ɡɚɪɹɞɚ 
/

q  ɜ ɩɨɥɟ ɡɚɪɹɞɚ q ɛɭɞɟɬ                             

.
4

'

0

C
r

qq
Wn 


 

ɉɪɢ r   ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɞɨɥɠɧɚ ɨɛɪɚɳɚɬɶɫɹ ɜ ɧɭɥɶ, ɩɨɷɬɨɦɭ ɡɧɚɱɟɧɢɟ ɩɨɫɬɨɹɧɧɨɣ ɋ 

ɩɨɥɚɝɚɟɦ ɪɚɜɧɵɦ ɧɭɥɸ. ȼ ɢɬɨɝɟ ɩɨɥɭɱɚɟɦ, ɱɬɨ   

        .
4

'

0r

qq
Wn 

                                               (11-26)  

ȼɟɥɢɱɢɧɭ                                                    

     '/qWn                                                          (11-27)  
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ɧɚɡɵɜɚɸɬ ɩɨɬɟɧɰɢɚɥɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ. ɉɨɬɟɧɰɢɚɥ  , ɧɚɪɹɞɭ ɫ ɧɚɩɪɹ-

ɠɟɧɧɨɫɬɶɸ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ȿ


, ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɢɫɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. ɉɨɬɟɧɰɢɚɥ 
ɬɨɱɟɱɧɨɝɨ ɡɚɪɹɞɚ q, ɤɚɤ ɫɥɟɞɭɟɬ ɢɡ (11-26) ɢ (11-27),  

   
r

q

qr

qq

00 4

1

'

1

4

'


   ,                                   (11-28) 

ɬ. ɟ. rq /~  (ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɜɟɥɢɱɢɧɟ ɡɚɪɹɞɚ ɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɪɚɫɫɬɨɹɧɢɸ ɨɬ ɧɟɝɨ). 
ɉɨɬɟɧɰɢɚɥ ɜ ɋɂ ɢɡɦɟɪɹɟɬɫɹ ɜ ɜɨɥɶɬɚɯμ  

1 ȼ= 1Ⱦɠ/1 Ʉɥ. 

ȿɫɥɢ ɩɨɥɟ ɫɨɡɞɚɟɬ ɫɢɫɬɟɦɚ ɬɨɱɟɱɧɵɯ ɡɚɪɹɞɨɜ ,,..., 21 nqqq ɬɨ ɩɨɬɟɧɰɢɚɥ 

   



n

i i

i

r

q

104

1


 .                                            (11-29)  

 

ɂɡ ɮɨɪɦɭɥɵ (11-27) ɜɵɬɟɤɚɟɬ, ɱɬɨ ɡɚɪɹɞ q’, ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɬɨɱɤɟ ɩɨɥɹ ɫ ɩɨɬɟɧɰɢɚɥɨɦ  , 

ɨɛɥɚɞɚɟɬ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɟɣ            

            'qWn  .                                          (11-30) 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɛɨɬɭ ɫɢɥ ɩɨɥɹ ɧɚɞ ɡɚɪɹɞɨɦ q’ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɱɟɪɟɡ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ                          

 UqqWWA nn ')(' 212112   ,                                           (11-31) 

ɡɞɟɫɶ U 21  - ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɦɟɠɞɭ ɞɜɭɦɹ ɬɨɱɤɚɦɢ ɩɨɥɹ, ɤɨɬɨɪɚɹ ɧɚɡɵɜɚɟɬɫɹ ɧɚ-

ɩɪɹɠɟɧɢɟɦ. ɇɚɩɪɹɠɟɧɢɟ 21  U  ɬɨɠɟ ɢɡɦɟɪɹɟɬɫɹ ɜ ɜɨɥɶɬɚɯ. 

ȼɨɨɛɪɚɠɚɟɦɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɜɫɟ ɬɨɱɤɢ ɤɨɬɨɪɨɣ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɵɣ ɩɨɬɟɧɰɢɚɥ, ɧɚɡɵɜɚɟɬɫɹ 
ɷɤɜɢɩɨɬɟɧɰɢɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. 

ȿɟ ɭɪɚɜɧɟɧɢɟ ɢɦɟɟɬ ɜɢɞ                    constzyx ),,(  .                                       

Ⱦɥɹ ɬɨɱɟɱɧɨɝɨ ɡɚɪɹɞɚ  
r

q

04

1


    

ɢ ɷɤɜɢɩɨɬɟɧɰɢɚɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɹɜɥɹɟɬɫɹ ɫɮɟɪɢɱɟɫɤɨɣ. ɉɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɡɚɪɹɞɚ q’ ɜɞɨɥɶ 
ɷɤɜɢɩɨɬɟɧɰɢɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɨɬɪɟɡɨɤ dl ɩɨɬɟɧɰɢɚɥ ɧɟ ɢɡɦɟɧɹɟɬɫɹ, ɬ. ɟ. d  = 0, ɫɥɟɞɨɜɚɬɟɥɶɧɨ,                 

0'  dqdA . 

 

ȼɟɤɬɨɪ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ E


, ɩɟɪɩɟɧɞɢɤɭɥɹɪɟɧ ɷɤɜɢɩɨɬɟɧɰɢɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ.  

11.7. ɋɜɹɡɶ ɦɟɠɞɭ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɢ ɩɨɬɟɧɰɢɚɥɨɦ 

ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɢ ɩɨɬɟɧɰɢɚɥ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɨɩɢɫɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɩɨɥɹ. E


 - ɜɟɤɬɨɪɧɚɹ ɜɟɥɢɱɢɧɚ,   - ɫɤɚɥɹɪɧɚɹ ɜɟɥɢɱɢɧɚ. Ɉɧɢ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ. ɍɫɬɚɧɨɜɢɦ ɷɬɭ ɫɜɹɡɶ. 

Ⱦɥɹ ɷɬɨɝɨ, (ɪɢɫ.11.14), ɩɪɨɜɟɞɟɦ ɞɜɟ ɷɤɜɢɩɨɬɟɧɰɢɚɥɶɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ   ɢ  d . Ʉɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ 

ɜɵɲɟ E


 ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɷɤɜɢɩɨɬɟɧɰɢɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. Ɋɚɛɨɬɚ ɩɨ ɩɟɪɟɦɟɳɟɧɢɸ ɩɪɨɛɧɨɝɨ ɡɚɪɹɞɚ 
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q’ ɢɡ ɬɨɱɤɢ ɫ ɩɨɬɟɧɰɢɚɥɨɦ   ɜ ɬɨɱɤɭ ɫ ɩɨɬɟɧɰɢɚɥɨɦ  d  ɪɚɜɧɚ      dqdqdA ')]([' 
.  ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ 

                      EdlqEdlqldEqldFdA '0cos'' 0 


. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ    Edlqdq ''   ,    ɨɬɫɸɞɚ           dldE / ,            (11-32) 

dld /  - ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɛɵɫɬɪɨɬɭ ɢɡɦɟɧɟɧɢɹ ɩɨɬɟɧɰɢɚɥɚ. 

ȼ ɛɨɥɟɟ ɨɛɳɟɦ ɫɥɭɱɚɟ              gradȿ


,                                             (11-33) 

ɝɞɟ                     k
ɞг
ɞ

j
ɞв
ɞ

i
ɞб
ɞ

grad
   . 

Ƚɪɚɞɢɟɧɬ ɩɨɬɟɧɰɢɚɥɚ ɟɫɬɶ ɜɟɤɬɨɪ, ɧɚɩɪɚɜɥɟɧɧɵɣ ɩɨ ɧɨɪɦɚɥɢ ɤ ɷɤɜɢɩɨɬɟɧɰɢɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɜ ɫɬɨɪɨɧɭ ɧɚɢɛɵɫɬɪɟɣɲɟɝɨ ɜɨɡɪɚɫɬɚɧɢɹ  . Ɂɧɚɤ "ɦɢɧɭɫ" ɨɡɧɚɱɚɟɬ, ɱɬɨ ȿ


 ɢ grad  ɧɚɩɪɚɜɥɟɧɵ ɜ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɟ ɫɬɨɪɨɧɵ. ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ȿ ɢɡɦɟɪɹɟɬɫɹ ɜ ȼ/ɦ.  

 

11.8. Ɍɢɩɵ ɞɢɷɥɟɤɬɪɢɤɨɜ. ɉɨɥɹɪɢɡɚɰɢɹ ɞɢɷɥɟɤɬɪɢɤɨɜ. 

ȼɫɟ ɜɟɳɟɫɬɜɚ ɩɨ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɩɪɨɜɨɞɧɢɤɢ ɢ ɞɢɷɥɟɤɬɪɢɤɢ. 
ɉɪɨɦɟɠɭɬɨɱɧɨɟ ɩɨɥɨɠɟɧɢɟ ɦɟɠɞɭ ɧɢɦɢ ɡɚɧɢɦɚɸɬ ɩɨɥɭɩɪɨɜɨɞɧɢɤɢ. 

ɉɪɨɜɨɞɧɢɤɚɦɢ ɧɚɡɵɜɚɸɬ ɜɟɳɟɫɬɜɚ, ɜ ɤɨɬɨɪɵɯ ɢɦɟɸɬɫɹ ɫɜɨɛɨɞɧɵɟ ɧɨɫɢɬɟɥɢ ɡɚɪɹɞɨɜ, 
ɫɩɨɫɨɛɧɵɟ ɩɟɪɟɦɟɳɚɬɶɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. ɉɪɢɦɟɪɚɦɢ ɩɪɨɜɨɞɧɢɤɨɜ ɹɜɥɹɸɬɫɹ 
ɦɟɬɚɥɥɵ, ɪɚɫɬɜɨɪɵ ɢɥɢ ɪɚɫɩɥɚɜɵ ɫɨɥɟɣ, ɤɢɫɥɨɬ, ɳɟɥɨɱɟɣ. 

Ⱦɢɷɥɟɤɬɪɢɤɚɦɢ ɢɥɢ ɢɡɨɥɹɬɨɪɚɦɢ ɧɚɡɵɜɚɸɬɫɹ ɜɟɳɟɫɬɜɚ, ɜ ɤɨɬɨɪɵɯ ɧɟɬ ɫɜɨɛɨɞɧɵɯ ɧɨɫɢɬɟɥɟɣ 
ɡɚɪɹɞɨɜ ɢ ɤɨɬɨɪɵɟ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟ ɩɪɨɜɨɞɹɬ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ. ɗɬɨ ɛɭɞɭɬ ɢɞɟɚɥɶɧɵɟ ɞɢɷɥɟɤɬɪɢɤɢ. 
ȼ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɢɷɥɟɤɬɪɢɤɢ ɩɪɨɜɨɞɹɬ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ, ɧɨ ɨɱɟɧɶ ɫɥɚɛɨ, ɢɯ ɩɪɨɜɨɞɢɦɨɫɬɶ ɜ 1015 -

1020 ɪɚɡ ɦɟɧɶɲɟ, ɱɟɦ ɭ ɩɪɨɜɨɞɧɢɤɨɜ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɜ ɨɛɵɱɧɵɯ ɭɫɥɨɜɢɹɯ ɡɚɪɹɞɵ ɜ 
ɞɢɷɥɟɤɬɪɢɤɚɯ ɫɜɹɡɚɧɵ ɜ ɭɫɬɨɣɱɢɜɵɟ ɦɨɥɟɤɭɥɵ ɢ ɧɟ ɦɨɝɭɬ, ɤɚɤ ɜ ɩɪɨɜɨɞɧɢɤɚɯ, ɥɟɝɤɨ ɨɬɪɵɜɚɬɶɫɹ ɢ 
ɫɬɚɧɨɜɢɬɶɫɹ ɫɜɨɛɨɞɧɵɦɢ. Ɇɨɥɟɤɭɥɵ ɞɢɷɥɟɤɬɪɢɤɚ ɷɥɟɤɬɪɨɧɟɣɬɪɚɥɶɧɵμ ɫɭɦɦɚɪɧɵɣ ɡɚɪɹɞ ɷɥɟɤɬɪɨɧɨɜ ɢ 
ɚɬɨɦɧɵɯ ɹɞɟɪ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɦɨɥɟɤɭɥɵ, ɪɚɜɟɧ ɧɭɥɸ. ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɦɨɥɟɤɭɥɭ ɦɨɠɧɨ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɞɢɩɨɥɶ ɫ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɦɨɦɟɧɬɨɦ  lgp


  ; ɡɞɟɫɶ q - ɡɚɪɹɞ ɹɞɪɚ ɦɨɥɟɤɭɥɵ, l


 -

ɜɟɤɬɨɪ, ɩɪɨɜɟɞɟɧɧɵɣ ɢɡ "ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ" ɷɥɟɤɬɪɨɧɨɜ ɜ "ɰɟɧɬɪ ɬɹɠɟɫɬɢ" ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɡɚɪɹɞɨɜ 
ɚɬɨɦɧɵɯ ɹɞɟɪ. 

Ɋɚɡɥɢɱɚɸɬ ɞɜɚ ɨɫɧɨɜɧɵɯ ɬɢɩɚ ɞɢɷɥɟɤɬɪɢɤɨɜμ ɩɨɥɹɪɧɵɣ ɢ ɧɟɩɨɥɹɪɧɵɣ. 

Ⱦɢɷɥɟɤɬɪɢɤ ɧɚɡɵɜɚɸɬ ɧɟɩɨɥɹɪɧɵɦ, ɟɫɥɢ ɜ ɟɝɨ ɦɨɥɟɤɭɥɚɯ ɜ ɨɬɫɭɬɫɬɜɢɟ ɜɧɟɲɧɟɝɨ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɰɟɧɬɪɵ ɬɹɠɟɫɬɢ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɢ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɡɚɪɹɞɨɜ ɫɨɜɩɚɞɚɸɬ, ɧɚɩɪɢɦɟɪ, 
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.,, 222 NOH  Ⱦɥɹ ɧɢɯ ɞɢɩɨɥɧɵɣ ɦɨɦɟɧɬ 0 lqp


, ɬ. ɤ. 0l


. ɂ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɭɦɦɚɪɧɵɣ 

ɞɢɩɨɥɶɧɵɣ ɦɨɦɟɧɬ ɧɟɩɨɥɹɪɧɨɝɨ ɞɢɷɥɟɤɬɪɢɤɚ 0
1

 
n

i ip


. 

ȼ ɦɨɥɟɤɭɥɚɯ ɩɨɥɹɪɧɵɯ ɞɢɷɥɟɤɬɪɢɤɨɜ ( OH2 , ɫɩɢɪɬɵ, ɇɋ1...) ɰɟɧɬɪɵ ɬɹɠɟɫɬɢ ɡɚɪɹɞɨɜ ɪɚɡɧɵɯ 
ɡɧɚɤɨɜ ɫɞɜɢɧɭɬɵ ɞɪɭɝ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɥɟɤɭɥɵ ɨɛɥɚɞɚɸɬ ɫɨɛɫɬɜɟɧɧɵɦ ɞɢɩɨɥɶɧɵɦ 
ɦɨɦɟɧɬɨɦ 0 lqp


. ɇɨ ɷɬɢ ɞɢɩɨɥɶɧɵɟ ɦɨɦɟɧɬɵ ɜ ɨɬɫɭɬɫɬɜɢɟ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɢɡ-ɡɚ 

ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɯɚɨɬɢɱɟɫɤɢ ɢ ɫɭɦɦɚɪɧɵɣ ɞɢɩɨɥɶɧɵɣ ɦɨɦɟɧɬ ɬɚɤɨɝɨ 
ɞɢɷɥɟɤɬɪɢɤɚ ɪɚɜɟɧ ɧɭɥɸ, ɬ. ɟ. 

                                                       0
1

 
n

i ip


 

ȿɫɥɢ ɞɢɷɥɟɤɬɪɢɤ ɜɧɟɫɬɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ, ɬɨ ɜ ɧɟɦ ɩɪɨɢɡɨɣɞɟɬ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɫɜɹɡɚɧɧɵɯ ɡɚɪɹɞɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɫɭɦɦɚɪɧɵɣ ɞɢɩɨɥɶɧɵɣ ɦɨɦɟɧɬ ɞɢɷɥɟɤɬɪɢɤɚ  

n

i i
p

1
 ɫɬɚɧɨɜɢɬɫɹ 

ɨɬɥɢɱɧɵɦ ɨɬ ɧɭɥɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɝɨɜɨɪɹɬ, ɱɬɨ ɩɪɨɢɡɨɲɥɚ ɩɨɥɹɪɢɡɚɰɢɹ ɞɢɷɥɟɤɬɪɢɤɚ. Ɋɚɡɥɢɱɚɸɬ ɬɪɢ ɬɢɩɚ 
ɩɨɥɹɪɢɡɚɰɢɢ ɞɢɷɥɟɤɬɪɢɤɨɜμ 

1) ɗɅȿɄɌɊɈɇɇȺəμ Шɧɚ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɧɟɩɨɥɹɪɧɵɯ ɞɢɷɥɟɤɬɪɢɤɚɯ, ɤɨɝɞɚ ɷɥɟɤɬɪɨɧɧɚɹ ɨɛɨɥɨɱɤɚ 
ɫɦɟɳɚɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɹɞɪɚ ɩɪɨɬɢɜ ɩɨɥɹ. 

β) ɈɊɂȿɇɌȺɐɂɈɇɇȺəμ ɨɧɚ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɩɨɥɹɪɧɵɯ ɞɢɷɥɟɤɬɪɢɤɚɯ, ɤɨɝɞɚ ɞɢɩɨɥɢ ɫɬɪɟɦɹɬɫɹ 
ɪɚɫɩɨɥɨɠɢɬɶɫɹ ɜɞɨɥɶ ɩɨɥɹ. ɗɬɨɦɭ ɩɪɟɩɹɬɫɹɬɜɭɟɬ ɬɟɩɥɨɜɨɟ ɯɚɨɬɢɱɟɫɤɨɟ ɞɜɢɠɟɧɢɟ. 

 γ) ɂɈɇɇȺəμ ɨɧɚ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɬɜɟɪɞɵɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɞɢɷɥɟɤɬɪɢɤɚɯ, ɤɨɝɞɚ ɜɧɟɲɧɟɟ ɩɨɥɟ ɜɵɡɵɜɚɟɬ 
ɫɦɟɳɟɧɢɟ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɢɨɧɨɜ ɩɨ ɩɨɥɸ, ɚ ɨɬɪɢɰɚɬɟɥɶɧɵɯ - ɩɪɨɬɢɜ ɩɨɥɹ. 

Ʉɨɥɢɱɟɫɬɜɟɧɧɨɣ ɦɟɪɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɞɢɷɥɟɤɬɪɢɤɚ ɹɜɥɹɟɬɫɹ ɩɨɥɹɪɢɡɨɜɚɧɧɨɫɬɶ ɞɢɷɥɟɤɬɪɢɤɚ P


 

- ɜɟɤɬɨɪɧɚɹ ɜɟɥɢɱɢɧɚ, ɪɚɜɧɚɹ ɨɬɧɨɲɟɧɢɸ ɫɭɦɦɚɪɧɨɝɨ ɞɢɩɨɥɶɧɨɝɨ ɦɨɦɟɧɬɚ ɦɚɥɨɝɨ ɨɛɴɟɦɚ ɞɢɷɥɟɤɬɪɢɤɚ 
ɤ ɜɟɥɢɱɢɧɟ ɷɬɨɝɨ ɨɛɴɟɦɚ V , ɬ. ɟ. 

,1

V

p

P

n

i

i









                                       (11-34) 

ɜ ɋɂ Ɋ ɢɡɦɟɪɹɟɬɫɹ    ɜ  Ʉɥ / ɦ2. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɟɤɬɨɪ ɩɨɥɹɪɢɡɨɜɚɧɧɨɫɬɢ ɞɢɷɥɟɤɬɪɢɤɚ ɪɚɜɟɧ ɞɢɩɨɥɶɧɨɦɭ ɦɨɦɟɧɬɭ ɟɞɢɧɢɰɵ 
ɨɛɴɟɦɚ ɩɨɥɹɪɢɡɨɜɚɧɧɨɝɨ ɞɢɷɥɟɤɬɪɢɤɚ. 

Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɨɩɵɬ ɭ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɞɢɷɥɟɤɬɪɢɤɨɜ ɜɟɤɬɨɪ ɩɨɥɹɪɢɡɨɜɚɧɧɨɫɬɢ ɞɥɹ ɧɟ 
ɫɥɢɲɤɨɦ ɛɨɥɶɲɢɯ E


 ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɬ.ɟ. 

           EP


0æ ,                                     (11-35) 

ɝɞɟ 0  - ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ, æ - ɧɚɡɵɜɚɟɬɫɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶɸ ɞɢɷɥɟɤɬɪɢɤɚν ɷɬɨ 
ɛɟɡɪɚɡɦɟɪɧɚɹ ɜɟɥɢɱɢɧɚ, ɤɨɬɨɪɚɹ ɞɥɹ ɜɚɤɭɭɦɚ ɢ, ɩɪɚɤɬɢɱɟɫɤɢ, ɞɥɹ ɜɨɡɞɭɯɚ, ɪɚɜɧɚ ɧɭɥɸ(æ - ɤɚɩɩɚ, 
ɝɪɟɱɟɫɤɚɹ ɛɭɤɜɚ). 

ɂɬɚɤ, ɩɪɢ ɜɧɟɫɟɧɢɢ ɞɢɷɥɟɤɬɪɢɤɚ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɫ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ 0ȿ


 ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɹɪɢɡɚɰɢɹ 
ɞɢɷɥɟɤɬɪɢɤɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɣ ɜɨɡɧɢɤɚɟɬ ɩɨɥɟ ɫɜɹɡɚɧɧɵɯ ɡɚɪɹɞɨɜ, ɧɚɩɪɚɜɥɟɧɧɨɟ ɩɪɨɬɢɜ ɜɧɟɲɧɟɝɨ 
ɩɨɥɹ.  



119 

 

ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɩɨɥɹ ɫɜɹɡɚɧɧɵɯ ɡɚɪɹɞɨɜ ɨɛɨɡɧɚɱɢɦ ɱɟɪɟɡ 'ȿ


ν ɨɤɚɡɵɜɚɟɬɫɹ ɨɧɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 

ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ ɜ ɞɢɷɥɟɤɬɪɢɤɟ, ɬ.ɟ. EE


æ'  ɩɨɷɬɨɦɭ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɩɨɥɹ ɜ ɞɢɷɥɟɤɬɪɢɤɟ       

'0 EEE


 ,           ɢɥɢ   

        EEEEE æ' 00     ɨɬɤɭɞɚ                                                  (11-36)                                            

ɝɞɟ                                      æ1                                 (11-37)       

ɧɚɡɵɜɚɸɬ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ ɜɟɳɟɫɬɜɚ ɢɥɢ ɫɪɟɞɵν   - ɛɟɡɪɚɡɦɟɪɧɚɹ 
ɜɟɥɢɱɢɧɚν ɬ.ɤ. æ =0  ɞɥɹ ɜɚɤɭɭɦɚ ɢ, ɩɪɚɤɬɢɱɟɫɤɢ, ɞɥɹ ɜɨɡɞɭɯɚ, ɞɥɹ ɷɬɢɯ ɠɟ ɫɪɟɞ  = 1. ɂɬɚɤ, ɩɨɥɟ ɜ 
ɞɢɷɥɟɤɬɪɢɤɟ ɨɫɥɚɛɥɹɟɬɫɹ ɜ İ ɪɚɡ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɥɟɦ ɜ ɜɚɤɭɭɦɟ. 

 

11.9. Ɍɟɨɪɟɦɚ Ɉɫɬɪɨɝɪɚɞɫɤɨɝɨ-Ƚɚɭɫɫɚ ɞɥɹ ɩɨɥɹ ɜ ɞɢɷɥɟɤɬɪɢɤɟ. ɋɜɹɡɶ ɜɟɤɬɨɪɨɜ D


 - ɫɦɟɳɟɧɢɹ, 

E


 - ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɢ  - ɩɨɥɹɪɢɡɨɜɚɧɧɨɫɬɢ 

Ɍɟɨɪɟɦɚ Ɉɫɬɪɨɝɪɚɞɫɤɨɝɨ-Ƚɚɭɫɫɚ ɞɥɹ ɩɨɬɨɤɚ ɜɟɤɬɨɪɚ  ɜ ɜɚɤɭɭɦɟ ɢɦɟɥɚ ɜɢɞμ 

                                      ,   ɢɥɢ        

ɝɞɟ Q - ɫɭɦɦɚɪɧɵɣ ɡɚɪɹɞ, ɨɯɜɚɬɵɜɚɟɦɵɣ ɡɚɦɤɧɭɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ S. ȼ ɞɢɷɥɟɤɬɪɢɤɟ Q ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ 
ɫɜɨɛɨɞɧɵɯ (ɫɬɨɪɨɧɧɢɯ) ɡɚɪɹɞɨɜ ɢ ɫɜɹɡɚɧɧɵɯ ɡɚɪɹɞɨɜ, ɬ.ɟ. 

                             (11-38) 

Ɇɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ                               . 

ɉɨɞɫɬɚɜɥɹɹ ɷɬɭ ɮɨɪɦɭɥɭ ɜ (11-38), ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɭɱɢɦ                                     

(11-39) 

ȼɟɥɢɱɢɧɭ                                                                                         (11-40) 

ɧɚɡɵɜɚɸɬ ɜɟɤɬɨɪɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɦɟɳɟɧɢɹ ɢɥɢ ɜɟɤɬɨɪɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢɧɞɭɤɰɢɢ. Ɉɧɚ 

ɢɡɦɟɪɹɟɬɫɹ, ɤɚɤ ɢ , ɜ Ʉɥ/ɦ2. ɍɱɢɬɵɜɚɹ, ɱɬɨ          ɧɚɯɨɞɢɦ 

   .             (11-41) 

Ʌɢɧɢɢ ɜɟɤɬɨɪɚ  ɦɨɝɭɬ ɧɚɱɢɧɚɬɶɫɹ ɢɥɢ ɡɚɤɚɧɱɢɜɚɬɶɫɹ ɥɢɲɶ ɧɚ ɫɜɨɛɨɞɧɵɯ ɡɚɪɹɞɚɯ, ɚ ɥɢɧɢɢ  

- ɧɚ ɫɜɨɛɨɞɧɵɯ ɢ ɫɜɹɡɚɧɧɵɯ. ɋ ɭɱɟɬɨɦ (11-40) ɮɨɪɦɭɥɚ (11-39) ɡɚɩɢɲɟɬɫɹ ɬɚɤ 

                                                  ,                               (11-41) 

ɬ.ɟ. ɩɨɬɨɤ ɜɟɤɬɨɪɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɦɟɳɟɧɢɹ ɱɟɪɟɡ ɩɪɨɢɡɜɨɥɶɧɭɸ ɡɚɦɤɧɭɬɭɸ ɩɨɜɟɪɯɧɨɫɬɶ S  ɪɚɜɟɧ 
ɚɥɝɟɛɪɚɢɱɟɫɤɨɣ ɫɭɦɦɟ ɫɜɨɛɨɞɧɵɯ ɡɚɪɹɞɨɜ, ɨɯɜɚɬɵɜɚɟɦɵɯ ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. 
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ɗɬɨ ɢ ɟɫɬɶ ɬɟɨɪɟɦɚ Ɉɫɬɪɨɝɪɚɞɫɤɨɝɨ-Ƚɚɭɫɫɚ ɜ ɢɧɬɟɝɪɚɥɶɧɨɣ ɮɨɪɦɟ ɞɥɹ ɩɨɥɹ ɜ ɞɢɷɥɟɤɬɪɢɤɟ, 

ɤɨɬɨɪɚɹ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ ɜɵɝɥɹɞɢɬ ɬɚɤμ                 

                                         = dq/dV,   Ʉɥ / ɦ                            (11-42)  

ρ – ɨɛɴɟɦɧɚɹ ɩɥɨɬɧɨɫɬɶ ɫɜɨɛɨɞɧɵɯ ɡɚɪɹɞɨɜ.      

   

11.10. ɉɪɨɜɨɞɧɢɤɢ ɜ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɦ ɩɨɥɟ 

ɉɪɨɜɨɞɧɢɤɢ - ɷɬɨ ɜɟɳɟɫɬɜɚ, ɜ ɤɨɬɨɪɵɯ ɟɫɬɶ ɫɜɨɛɨɞɧɵɟ ɧɨɫɢɬɟɥɢ ɡɚɪɹɞɨɜ, ɫɩɨɫɨɛɧɵɟ ɩɟɪɟ-

ɦɟɳɚɬɶɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. ȼ ɫɥɭɱɚɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɪɨɜɨɞɧɢɤɨɜ ɫɜɨɛɨɞɧɵɦɢ 
ɧɨɫɢɬɟɥɹɦɢ ɡɚɪɹɞɚ ɹɜɥɹɸɬɫɹ ɜɚɥɟɧɬɧɵɟ ɷɥɟɤɬɪɨɧɵ. Ⱦɚɥɟɟ ɛɭɞɟɦ ɝɨɜɨɪɢɬɶ ɨ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɪɨɜɨɞɧɢɤɚɯ, 
ɜ ɤɨɬɨɪɵɯ ɧɨɫɢɬɟɥɹɦɢ ɫɜɨɛɨɞɧɵɯ ɡɚɪɹɞɨɜ ɹɜɥɹɸɬɫɹ ɷɥɟɤɬɪɨɧɵ. 

ɗɥɟɤɬɪɨɧɵ ɜ ɩɪɨɜɨɞɧɢɤɟ ɫɩɨɫɨɛɧɵ ɩɟɪɟɦɟɳɚɬɶɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɤɨɥɶ ɭɝɨɞɧɨ ɦɚɥɨɣ ɫɢɥɵ ɬ.ɤ. 

, ɬɨ ɞɥɹ ɪɚɜɧɨɜɟɫɢɹ (ɩɨɤɨɹ) ɷɥɟɤɬɪɨɧɨɜ ɜ ɩɪɨɜɨɞɧɢɤɟ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵμ 

1) ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɩɨɥɹ ɜɧɭɬɪɢ ɩɪɨɜɨɞɧɢɤɚ ɪɚɜɧɹɥɚɫɶ ɧɭɥɸμ   

.                                                        (11-43) 

ɉɨɫɤɨɥɶɤɭ = -grad ,ɬɨ ɪɚɜɟɧɫɬɜɨ ɧɭɥɸ  ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɨɬɟɧɰɢɚɥ ɜɧɭɬɪɢ ɩɪɨɜɨɞɧɢɤɚ 
ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɫɬɨɹɧɧɵɦ, ɬ. ɟ.                             

   = const .                                                   (11-44)                         

ɂɡ (11-44) ɫɥɟɞɭɟɬ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɶ ɩɪɨɜɨɞɧɢɤɚ ɢ ɜɟɫɶ ɩɪɨɜɨɞɧɢɤ ɹɜɥɹɸɬɫɹ ɷɤɜɢɩɨɬɟɧɰɢɚɥɶɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɶɸν 

2) ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɩɨɥɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɜɨɞɧɢɤɚ ɞɨɥɠɧɚ ɛɵɬɶ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɧɚɩɪɚɜɥɟɧɚ ɩɨ 

ɧɨɪɦɚɥɢ ɤ ɩɨɜɟɪɯɧɨɫɬɢ, ɬ. ɟ. , ɚ ɤɚɫɚɬɟɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ 

                                                          (11-45) 

3) ɉɨɫɤɨɥɶɤɭ ɜɧɭɬɪɢ ɡɚɪɹɠɟɧɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɨɬɫɭɬɫɬɜɭɟɬ, ɬɨ ɫɨɝɥɚɫɧɨ 
ɬɟɨɪɟɦɟ Ɉɫɬɪɨɝɪɚɞɫɤɨɝɨ-Ƚɚɭɫɫɚ, ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɫɭɦɦɚ ɡɚɪɹɞɨɜ ɜɧɭɬɪɢ ɧɟɝɨ ɪɚɜɧɚ ɧɭɥɸ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɫɟ (ɧɟɫɤɨɦɩɟɧɫɢɪɨɜɚɧɧɵɟ ) ɡɚɪɹɞɵ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɜɨɞɧɢɤɚ ɫ 
ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɶɸ . 

ɂɫɩɨɥɶɡɭɹ ɬɟɨɪɟɦɭ Ɉɫɬɪɨɝɪɚɞɫɤɨɝɨ-Ƚɚɭɫɫɚ, ɥɟɝɤɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɜɛɥɢɡɢ ɩɨɜɟɪɯɧɨɫɬɢ 
ɡɚɪɹɠɟɧɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ  

E =  .                                           (11-46) 

 

11.11. ɉɪɨɜɨɞɧɢɤ ɜɨ ɜɧɟɲɧɟɦ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɦ ɩɨɥɟ. ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɟɦɤɨɫɬɶ 

ɉɪɢ ɜɧɟɫɟɧɢɢ ɧɟɡɚɪɹɠɟɧɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ, ɢɡɨɛɪɚɠɟɧɧɨɟ ɲɬɪɢɯɨɜɵɦɢ 

ɥɢɧɢɹɦɢ ɧɚ ɪɢɫ.11.15, ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɡɚɪɹɞɵ ɛɭɞɭɬ ɩɟɪɟɦɟɳɚɬɶɫɹ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ , ɚ ɨɬɪɢɰɚɬɟɥɶɧɵɟ 

- ɩɪɨɬɢɜ ɩɨɥɹ . ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɭ ɤɨɧɰɨɜ ɩɪɨɜɨɞɧɢɤɚ ɜɨɡɧɢɤɚɸɬ ɢɧɞɭɤɰɢɨɧɧɵɟ ɡɚɪɹɞɵ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɡɧɚɤɨɜ. Ɉɧɢ ɫɨɡɞɚɸɬ ɩɨɥɟ, ɧɚɩɪɚɜɥɟɧɧɨɟ ɩɪɨɬɢɜ ɜɧɟɲɧɟɝɨ ɬɚɤ, ɱɬɨ ɜɧɭɬɪɢ 
ɩɪɨɜɨɞɧɢɤɚ ɥɢɧɢɢ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɛɭɞɭɬ ɪɚɡɨɪɜɚɧɵ ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɪɨɜɨɞɧɢɤɚ, ɡɚɤɚɧɱɢɜɚɹɫɶ ɧɚ 
ɢɧɞɭɰɢɪɨɜɚɧɧɵɯ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɡɚɪɹɞɚɯ ɢ ɧɚɱɢɧɚɹɫɶ ɧɚ ɢɧɞɭɰɢɪɨɜɚɧɧɵɯ ɩɨɥɨɠɢɬɟɥɶɧɵɯ (ɪɢɫ.11.15- 

ɫɩɥɨɲɧɵɟ ɥɢɧɢɢ). 
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Ȼɭɞɟɦ ɫɨɨɛɳɚɬɶ ɭɟɞɢɧɟɧɧɨɦɭ ɩɪɨɜɨɞɧɢɤɭ ɪɚɡɧɵɟ ɩɨ ɜɟɥɢɱɢɧɟ ɡɚɪɹɞɵ  ɉɪɢ ɷɬɨɦ 

ɩɪɨɜɨɞɧɢɤ ɛɭɞɟɬ ɢɦɟɬɶ ɪɚɡɧɵɟ ɩɨ ɜɟɥɢɱɢɧɟ ɩɨɬɟɧɰɢɚɥɵ   .Ɉɤɚɡɵɜɚɟɬɫɹ ɨɬɧɨɲɟɧɢɟ    

 - ɟɫɬɶ ɜɟɥɢɱɢɧɚ ɩɨɫɬɨɹɧɧɚɹ ɞɥɹ ɞɚɧɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢɱɢɧɵ 

ɫɨɨɛɳɟɧɧɨɝɨ ɡɚɪɹɞɚ, ɚ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɩɪɨɜɨɞɧɢɤɚ ɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɨɤɪɭɠɚɸɳɟɣ ɟɝɨ ɫɪɟɞɵ. 

ɗɬɨ ɨɬɧɨɲɟɧɢɟ ɞɚɟɬ ɜɟɥɢɱɢɧɭ ɷɥɟɤɬɪɨɟɦɤɨɫɬɢ ɭɟɞɢɧɟɧɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ, ɬ.ɟ. 

                                                                        C=q/  .                                       (11-47) 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɟɦɤɨɫɬɶ ɢɡɦɟɪɹɟɬɫɹ ɜ ɮɚɪɚɞɚɯμ 1Ɏ= 1Ʉɥ / 1ȼ, ɚ ɬɚɤɠɟ ɜ ɦɎ, ɦɤɎ, ɧɎ, ɩɎ ...; ɩɪɢɱɟɦ 1ɦɎ 

= 10-3 Ɏ, 1ɦɤɎ = 10  Ɏ, 1 ɧɎ = Ɏ,  1 ɩɎ = Ɏ.  

ɉɨɬɟɧɰɢɚɥ ɡɚɪɹɠɟɧɧɨɝɨ ɲɚɪɚ ɪɚɞɢɭɫɚ R ɪɚɜɟɧ  , ɫ ɭɱɟɬɨɦ ɷɬɨɝɨ ɧɚɯɨɞɢɦ ɟɦɤɨɫɬɶ 
ɭɟɞɢɧɟɧɧɨɝɨ ɲɚɪɨɜɨɝɨ ɩɪɨɜɨɞɧɢɤɚμ     

       ,                                    (11-48) 

ɬ.ɟ. ɨɤɚɡɵɜɚɟɬɫɹ , ɱɬɨ ɋ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɪɚɞɢɭɫɭ ɲɚɪɨɜɨɝɨ ɩɪɨɜɨɞɧɢɤɚ R.  

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɛɨɥɶɲɟɣ ɟɦɤɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬ ɤɨɧɞɟɧɫɚɬɨɪɵ ɜ ɜɢɞɟ ɞɜɭɯ ɩɪɨɜɨɞɧɢɤɨɜ, 
ɩɨɦɟɳɟɧɧɵɯ ɛɥɢɡɤɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɟɦɤɨɫɬɶ  

         .                                    (11-49) 

 

Ⱦɥɹ ɩɥɨɫɤɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ, (ɪɢɫ.11.16),   

 ɬɨɝɞɚ ɩɨ ɮɨɪɦɭɥɟ (11-49) ɦɨɠɧɨ ɧɚɣɬɢ             ,                     (11-50) 

ɝɞɟ ε - ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɜɟɳɟɫɬɜɚ ɦɟɠɞɭ ɩɥɚɫɬɢɧɚɦɢ. 
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ɉɪɢ ɩɚɪɚɥɥɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɤɨɧɞɟɧɫɚɬɨɪɨɜ, (ɪɢɫ.11.17) ɨɛɳɢɣ ɡɚɪɹɞ qΣ= q1+q2+…+qn. 

 ɂɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ (11-49), UɋΣ= UC1+UC2+…+ UCn, ɨɬɤɭɞɚ   ɋΣ= C1+C2+…+ Cn=ΣCi                      

(11-51) 

 ɉɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɤɨɧɞɟɧɫɚɬɨɪɨɜ, (ɪɢɫ.11.18)  UΣ= U1+U2+…+ Un, ɱɬɨ ɫɨɝɥɚɫɧɨ (11-49) 

ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɬɚɤ  , ɨɬɤɭɞɚ  

,                                          (11-52) 

  ɬ.ɟ. ɫɭɦɦɚɪɧɚɹ ɟɦɤɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ. 
  

11.12. ɗɧɟɪɝɢɹ ɡɚɪɹɠɟɧɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ, ɫɢɫɬɟɦɵ ɩɪɨɜɨɞɧɢɤɨɜ ɢ ɤɨɧɞɟɧɫɚɬɨɪɚ 

ɉɭɫɬɶ ɩɪɨɜɨɞɧɢɤ ɢɦɟɟɬ ɟɦɤɨɫɬɶ ɋ, ɡɚɪɹɞ q, ɩɨɬɟɧɰɢɚɥ ; ɬɨɝɞɚ ɪɚɛɨɬɚ, ɫɨɜɟɪɲɚɟɦɚɹ ɩɪɨɬɢɜ 

ɫɢɥ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɩɪɢ ɩɟɪɟɧɟɫɟɧɢɢ ɡɚɪɹɞɚ  ɢɡ ɛɟɫɤɨɧɟɱɧɨɫɬɢ ɧɚ ɩɪɨɜɨɞɧɢɤ, ɛɭɞɟɬ                       

                                        (11-53)  

ɑɬɨɛɵ ɡɚɪɹɞɢɬɶ ɩɪɨɜɨɞɧɢɤ ɨɬ ɧɭɥɹ ɞɨ ɩɨɬɟɧɰɢɚɥɚ φ, ɧɟɨɛɯɨɞɢɦɨ ɫɨɜɟɪɲɢɬɶ ɪɚɛɨɬɭ   

                                                                                      (11-54) 

ɗɧɟɪɝɢɹ ɡɚɪɹɠɟɧɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ                   , 

ɩɨɥɧɚɹ ɷɧɟɪɝɢɹ ɫɢɫɬɟɦɵ ɡɚɪɹɠɟɧɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ                 

.                               (11-55)  

Ⱦɥɹ ɤɨɧɞɟɧɫɚɬɨɪɚ                      

.                               (11-56) 

ɉɨɤɚɠɟɦ, ɱɬɨ ɮɨɪɦɭɥɚ (11-56) ɜɵɪɚɠɚɟɬ ɷɧɟɪɝɢɸ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. ɉɨɞɫɬɚɜɥɹɹ ɜ (11-56) 

ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɟɦɤɨɫɬɢ ɩɥɨɫɤɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ (11-50) ɢ ɭɱɢɬɵɜɚɹ, ɱɬɨ U = Ed, ɧɚɯɨɞɢɦ 

                                             ,                            (11-57)  

ɝɞɟ V - ɨɛɴɟɦ, ɡɚɧɹɬɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɨɥɟɦ. Ɉɛɴɟɦɧɚɹ ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ 

                                                          Ⱦɠ/ɦ           (11-58)  

ɂɡ (11-58) ɫɥɟɞɭɟɬ, ɱɬɨ ɨɛɴɟɦɧɚɹ ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɜɚɤɭɭɦɟ ( =1) 

                                                        .                                         (11-59)  

ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɨɛɴɟɦɧɚɹ ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ɩɨɥɹɪɢɡɨɜɚɧɧɨɝɨ ɞɢɷɥɟɤɬɪɢɤɚ 
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= ,                     

 ɝɞɟ   - ɩɨɥɹɪɢɡɨɜɚɧɧɨɫɬɶ ɞɢɷɥɟɤɬɪɢɤɚ, χ - ɟɝɨ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶν 

w   - ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɷɧɟɪɝɢɸ, ɤɨɬɨɪɚɹ ɛɵɥɚ ɡɚɬɪɚɱɟɧɚ ɩɪɢ ɩɨɥɹɪɢɡɚɰɢɢ ɞɢɷɥɟɤɬɪɢɤɚ.  

 

Ʌɟɤɰɢɹ №12 

ɉɨɫɬɨɹɧɧɵɣ  ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ. ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ. ɋɢɥɚ ɢ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ. ɗɥɟɤɬɪɨɞɜɢɠɭɳɚɹ ɫɢɥɚ 
ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ. ɋɬɨɪɨɧɧɢɟ ɫɢɥɵ. ɇɚɩɪɹɠɟɧɢɟ. Ɂɚɤɨɧ Ɉɦɚ ɞɥɹ ɨɞɧɨɪɨɞɧɨɝɨ ɭɱɚɫɬɤɚ ɰɟɩɢ. ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɩɪɨɜɨɞɧɢɤɨɜ. Ɂɚɤɨɧ Ɉɦɚ ɞɥɹ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɭɱɚɫɬɤɚ ɰɟɩɢ. Ɂɚɤɨɧ Ⱦɠɨɭɥɹ – Ʌɟɧɰɚ. Ɋɚɛɨɬɚ ɢ ɦɨɳɧɨɫɬɶ 
ɬɨɤɚ. ɉɪɚɜɢɥɚ Ʉɢɪɯɝɨɮɚ 

 

12.1. ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ. ɋɢɥɚ ɢ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ.  

ɍɩɨɪɹɞɨɱɟɧɧɨɟ ɞɜɢɠɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɡɚɪɹɞɨɜ ɧɚɡɵɜɚɟɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ. 
ɇɨɫɢɬɟɥɹɦɢ ɬɨɤɚ ɦɨɝɭɬ ɛɵɬɶ ɷɥɟɤɬɪɨɧɵ, ɚ ɬɚɤɠɟ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɢɨɧɵ. Ɂɚ ɧɚɩɪɚɜɥɟɧɢɟ 
ɬɨɤɚ ɭɫɥɨɜɢɥɢɫɶ ɩɪɢɧɢɦɚɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɹ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɡɚɪɹɞɨɜ, ɨɛɪɚɡɭɸɳɢɯ ɷɬɨɬ ɬɨɤ. ȿɫɥɢ 
ɡɚ ɜɪɟɦɹ dt ɱɟɪɟɡ ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ ɩɟɪɟɧɨɫɢɬɫɹ ɡɚɪɹɞ dq, ɬɨ ɫɢɥɚ ɬɨɤɚ  

                                                  I=dq / dt.                                                      (12-1) 

Ɍɨɤ, ɧɟ ɢɡɦɟɧɹɸɳɢɣɫɹ ɫɨ ɜɪɟɦɟɧɟɦ, ɧɚɡɵɜɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ. Ⱦɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 

    I=q / t.                                                            (12-2) 

ȿɞɢɧɢɰɟɣ ɫɢɥɵ ɬɨɤɚ ɜ ɋɂ ɹɜɥɹɟɬɫɹ Ⱥ - ɚɦɩɟɪ. 1 Ⱥ = 1 Ʉɥ/ 1 ɫ. ɉɪɢɛɨɪɵ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɫɢɥɵ ɬɨɤɚ 
ɧɚɡɵɜɚɸɬɫɹ ɚɦɩɟɪɦɟɬɪɚɦɢ. ɂɞɟɚɥɶɧɵɣ ɚɦɩɟɪɦɟɬɪ ɢɦɟɟɬ ɧɭɥɟɜɨɟ ɜɧɭɬɪɟɧɧɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ. ȿɫɥɢ ɬɨɤ 
ɜ ɩɪɨɜɨɞɧɢɤɟ ɫɨɡɞɚɟɬɫɹ ɤɚɤ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ, ɬɚɤ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɧɨɫɢɬɟɥɹɦɢ ɡɚɪɹɞɨɜ ɨɞɧɨɜɪɟɦɟɧɧɨ, 

ɬɨ                              I = .                                                 (12-3) 

ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɦɨɠɟɬ ɛɵɬɶ ɧɟɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɨɧ ɬɟɱɟɬ. 

 

Ȼɨɥɟɟ ɞɟɬɚɥɶɧɨ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɦɨɠɧɨ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɫ ɩɨɦɨɳɶɸ ɜɟɤɬɨɪɚ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 

. Ɉɧ ɱɢɫɥɟɧɧɨ ɪɚɜɟɧ ɨɬɧɨɲɟɧɢɸ ɬɨɤɚ dI ɱɟɪɟɡ ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɧɚɩɪɚɜɥɟɧɢɸ ɬɨɤɚ 

ɩɥɨɳɚɞɤɭ dS  ɤ ɜɟɥɢɱɢɧɟ ɷɬɨɣ ɩɥɨɳɚɞɤɢ, ɬ. ɟ. 

                                                    j=dI/dS    Ⱥ/ɦ2                                         (12-4) 
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 ɉɨ ɧɚɩɪɚɜɥɟɧɢɸ ɜɟɤɬɨɪ   ɫɨɜɩɚɞɚɟɬ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ 

ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɡɚɪɹɞɨɜ. Ɂɧɚɹ  ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɧɢɤɚ, ɦɨɠɧɨ ɧɚɣɬɢ ɬɨɤ I ɱɟɪɟɡ ɥɸɛɭɸ 
ɩɨɜɟɪɯɧɨɫɬɶ S, (ɪɢɫ.1β.1)                    

  I =  ,                                           (12-5) 

ɝɞɟ d   = dS  ; d = jdScos  = j dS ; j  - ɩɪɨɟɤɰɢɹ  ɧɚ . 

 

12.2. ɗɥɟɤɬɪɨɞɜɢɠɭɳɚɹ ɫɢɥɚ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ. ɋɬɨɪɨɧɧɢɟ ɫɢɥɵ. ɇɚɩɪɹɠɟɧɢɟ 

ȿɫɥɢ ɜ ɩɪɨɜɨɞɧɢɤɟ ɫɨɡɞɚɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɢ ɡɚɬɟɦ ɧɟ ɩɨɞɞɟɪɠɢɜɚɬɶ ɟɝɨ ɧɟɢɡɦɟɧɧɵɦ, ɬɨ ɡɚ 
ɫɱɟɬ ɩɟɪɟɦɟɳɟɧɢɹ ɡɚɪɹɞɨɜ ɩɨɥɟ ɢɫɱɟɡɧɟɬ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɨɤ ɩɪɟɤɪɚɬɢɬɫɹ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ 
ɩɨɞɞɟɪɠɢɜɚɬɶ ɬɨɤ ɧɟɢɡɦɟɧɧɵɦ, ɧɟɨɛɯɨɞɢɦɨ ɨɬ ɤɨɧɰɚ   ɩɪɨɜɨɞɧɢɤɚ, (ɪɢɫ.1β.β)  c ɩɨɬɟɧɰɢɚɥɨɦ    

ɨɬɜɨɞɢɬɶ ɩɪɢɧɨɫɢɦɵɟ ɬɭɞɚ ɬɨɤɨɦ ɡɚɪɹɞɵ ɢ ɩɟɪɟɧɨɫɢɬɶ ɢɯ ɤ ɧɚɱɚɥɭ ɩɪɨɜɨɞɧɢɤɚ ɫ ɛɨɥɶɲɢɦ ɩɨɬɟɧɰɢɚɥɨɦ 
 ,ɬ.ɟ. ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɤɪɭɝɨɜɨɪɨɬ ɡɚɪɹɞɨɜ. 

 

ɗɬɨ ɜɨɡɦɨɠɧɨ ɥɢɲɶ ɡɚ ɫɱɟɬ ɪɚɛɨɬɵ ɫɬɨɪɨɧɧɢɯ ɫɢɥ ɧɟɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ, ɧɚɩɪɢɦɟɪ, 
ɡɚ ɫɱɟɬ ɩɪɨɬɟɤɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɝɚɥɶɜɚɧɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɚɯ. 

ȼɟɥɢɱɢɧɚ, ɱɢɫɥɟɧɧɨ ɪɚɜɧɚɹ ɪɚɛɨɬɟ ɫɬɨɪɨɧɧɢɯ ɫɢɥ, ɩɨ ɩɟɪɟɦɟɳɟɧɢɸ ɟɞɢɧɢɱɧɨɝɨ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ 
ɡɚɪɹɞɚ ɧɚɡɵɜɚɟɬɫɹ ɗȾɋ ɢ ɨɛɨɡɧɚɱɚɟɬɫɹ : 

        = AɋɌɈɊ/q.                                             (12-6)  

ɗȾɋ, ɤɚɤ ɢ ɩɨɬɟɧɰɢɚɥ, ɜ ɋɂ ɢɡɦɟɪɹɟɬɫɹ ɜ ɜɨɥɶɬɚɯ. ɉɪɟɞɫɬɚɜɢɦ ɫɬɨɪɨɧɧɸɸ ɫɢɥɭ ɤɚɤ 

                                                  ,                                                (12-7) 

ɬɨɝɞɚ ɪɚɛɨɬɚ ɫɬɨɪɨɧɧɢɯ ɫɢɥ ɧɚ ɭɱɚɫɬɤɟ 1-2 ɰɟɩɢ ɛɭɞɟɬ ɪɚɜɧɚ 

                                   ,                                      (12-8) 

ɚ ɗȾɋ ɧɚ ɷɬɨɦ ɠɟ ɭɱɚɫɬɤɟ          = ,   

ɝɞɟ dl - ɷɥɟɦɟɧɬ ɞɥɢɧɵ ɩɪɨɜɨɞɹɳɟɝɨ ɭɱɚɫɬɤɚ ɰɟɩɢ. ɗȾɋ, ɞɟɣɫɬɜɭɸɳɚɹ ɜ ɡɚɦɤɧɭɬɨɣ ɰɟɩɢ  

  ,                                                            (12-9) 

ɬ.ɟ. ɗȾɋ ɪɚɜɧɚ ɰɢɪɤɭɥɹɰɢɢ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɫɬɨɪɨɧɧɢɯ ɫɢɥ. 
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Ɉɞɧɚɤɨ, ɤɪɨɦɟ ɫɬɨɪɨɧɧɢɯ ɫɢɥ, ɧɚ ɧɨɫɢɬɟɥɢ ɬɨɤɚ ɞɟɣɫɬɜɭɸɬ ɫɢɥɵ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ qE. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɟɡɭɥɶɬɢɪɭɸɳɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɰɟɩɢ ɧɚ ɡɚɪɹɞ               

 .                                            (12-10) 

Ɋɚɛɨɬɚ, ɫɨɜɟɪɲɚɟɦɚɹ ɷɬɨɣ ɫɢɥɨɣ ɧɚɞ ɡɚɪɹɞɨɦ q ɧɚ ɭɱɚɫɬɤɟ 1-2 ɰɟɩɢ, 

.                    (12-11) 

ȼɟɥɢɱɢɧɚ, ɱɢɫɥɟɧɧɨ ɪɚɜɧɚɹ ɪɚɛɨɬɟ, ɫɨɜɟɪɲɚɟɦɨɣ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɢ ɫɬɨɪɨɧɧɢɦɢ ɫɢɥɚɦɢ ɧɚɞ ɟɞɢɧɢɱɧɵɦ 
ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɡɚɪɹɞɨɦ, ɧɚɡɵɜɚɟɬɫɹ ɩɚɞɟɧɢɟɦ ɧɚɩɪɹɠɟɧɢɹ ɢɥɢ ɩɪɨɫɬɨ ɧɚɩɪɹɠɟɧɢɟɦ U ɧɚ ɞɚɧɧɨɦ 
ɭɱɚɫɬɤɟ, ɬ. ɟ.       

   U  = A  / q = + .                              (12-12) 

ɍɱɚɫɬɨɤ ɰɟɩɢ, ɧɚ ɤɨɬɨɪɨɦ ɧɟ ɞɟɣɫɬɜɭɸɬ ɫɬɨɪɨɧɧɢɟ ɫɢɥɵ, ɧɚɡɵɜɚɟɬɫɹ ɨɞɧɨɪɨɞɧɵɦ. Ⱦɥɹ ɧɟɝɨ           

                   U  = .                                                    (12-13) 

ɍɱɚɫɬɨɤ ɰɟɩɢ, ɧɚ ɤɨɬɨɪɨɦ ɞɟɣɫɬɜɭɸɬ ɫɬɨɪɨɧɧɢɟ ɫɢɥɵ, ɧɚɡɵɜɚɟɬɫɹ ɧɟɨɞɧɨɪɨɞɧɵɦ. 

Ⱦɥɹ ɡɚɦɤɧɭɬɨɣ ɰɟɩɢ ( ) = 0 ɢ ɩɨɷɬɨɦɭ U =  . 

 

12.3. Ɂɚɤɨɧ Ɉɦɚ ɞɥɹ ɨɞɧɨɪɨɞɧɨɝɨ ɭɱɚɫɬɤɚ ɰɟɩɢ. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɧɢɤɨɜ. 

Ƚ. Ɉɦ ɜ 1826 ɝ. ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɢɥ ɡɚɤɨɧ, ɤɨɬɨɪɵɣ ɧɚɡɵɜɚɟɬɫɹ ɡɚɤɨɧɨɦ Ɉɦɚ ɞɥɹ 
ɨɞɧɨɪɨɞɧɨɝɨ ɭɱɚɫɬɤɚ ɰɟɩɢ: Ɍɨɤ, ɬɟɤɭɳɢɣ ɩɨ ɨɞɧɨɪɨɞɧɨɦɭ ɦɟɬɚɥɥɢɱɟɫɤɨɦɭ ɩɪɨɜɨɞɧɢɤɭ, 
ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɩɚɞɟɧɢɸ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩɪɨɜɨɞɧɢɤɟ. 

                                                                                        I= ( ),                               (12-14)  

ɝɞɟ R - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ, ɢɡɦɟɪɹɟɬɫɹ ɜ ɋɂ ɜ ɨɦɚɯ [ɈɦЖν ɢɡ (12-14) ɫɥɟɞɭɟɬ, ɱɬɨ     1Ɉɦ =1 ȼ/1 

Ⱥ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ            

      R =ρХ / S ,                                         (12-15) 

ɝɞɟ  - ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɢɡɦɟɪɹɟɬɫɹ ɜ ɋɂ ɜ Ɉɦ ɦ. Ɉɧɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵμ =

T, ɝɞɟ  - ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ                                                                                                       

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ t = 0°ɋ,    - ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɛɥɢɡɤɢɣ ɤ 1/273 Ʉ , T- 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚν ɬɚɤ ɱɬɨ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ  ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɩɪɨɜɨɞɧɢɤɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Ʉɚɱɟɫɬɜɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɭɞɟɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ.1β.γ 

ɇɚɣɞɟɦ ɫɜɹɡɶ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ  ɢ . Ⱦɥɹ ɷɬɨɝɨ ɦɵɫɥɟɧɧɨ ɜɵɞɟɥɢɦ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɧɟɤɨɬɨɪɨɣ 

ɬɨɱɤɢ ɩɪɨɜɨɞɧɢɤɚ ɷɥɟɦɟɧɬɚɪɧɵɣ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɨɛɴɟɦ ɫ ɨɛɪɚɡɭɸɳɢɦɢ, ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɜɟɤɬɨɪɚɦ  ɢ 

, (ɪɢɫ.1β.4). 

Ɇɟɠɞɭ ɤɨɧɰɚɦɢ ɩɪɨɜɨɞɧɢɤɚ ɞɥɢɧɨɣ dl ɧɚɩɪɹɠɟɧɢɟ U = Edl, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɨɬɨɪɨɝɨ ɱɟɪɟɡ ɟɝɨ 
ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɩɥɨɳɚɞɶɸ НS ɬɟɱɟɬ ɬɨɤ I = jdS.  
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ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɩɪɨɜɨɞɧɢɤɚ, ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ, ɪɚɜɧɨ   

R = . 

ɂɫɩɨɥɶɡɭɹ ɡɚɤɨɧ Ɉɦɚ ɞɥɹ ɭɱɚɫɬɤɚ ɰɟɩɢ I = ,  ɧɚɯɨɞɢɦμ  

jdS = , 

 ɨɬɤɭɞɚ ɢ ɩɨɥɭɱɚɟɦ ɡɚɤɨɧ Ɉɦɚ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ                 

 =   =   ,                                            (12-16) 

ɝɞɟ  =  ɭɞɟɥɶɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ; [ ] = 1 / (Ɉɦ ɦ). 

 

12.4. Ɂɚɤɨɧ Ɉɦɚ ɞɥɹ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɭɱɚɫɬɤɚ ɰɟɩɢ 

ɇɚ ɧɟɨɞɧɨɪɨɞɧɨɦ ɭɱɚɫɬɤɟ ɰɟɩɢ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɫɭɦɦɟ ɧɚɩɪɹɠɟɧɧɨɫɬɟɣ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ ɢ ɩɨɥɹ ɫɬɨɪɨɧɧɢɯ ɫɢɥ, ɬ.ɟ. 

                                                      .                                           (12-17) 
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Ɋɚɫɫɦɨɬɪɢɦ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɩɪɨɜɨɞɧɢɤ ɞɥɢɧɨɣ l ɫ ɩɥɨɳɚɞɶɸ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ S. ɍɦɧɨɠɢɦ 
ɨɛɟ ɱɚɫɬɢ ɪɚɜɟɧɫɬɜɚ (12-17) ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ dl ɜɞɨɥɶ ɨɫɢ ɩɪɨɜɨɞɧɢɤɚ ɢ ɩɪɨɢɧɬɟɝɪɢɪɭɟɦ ɩɨɥɭɱɢɜɲɟɟɫɹ 
ɫɨɨɬɧɨɲɟɧɢɟ ɩɨ ɞɥɢɧɟ ɩɪɨɜɨɞɧɢɤɚ ɨɬ 0 ɞɨ l: 

                                                          

ɱɬɨ ɞɚɟɬ                                             

           j l =  (  + ).                            (12-18) 

 Ɂɚɦɟɧɢɜ j ɧɚ I/S, ɚ  ɧɚ , ɢɡ (12-18) ɩɨɥɭɱɢɦ  I  =  +  , ɨɬɤɭɞɚ ɫɥɟɞɭɟɬ ɡɚɤɨɧ Ɉɦɚ 

ɞɥɹ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɭɱɚɫɬɤɚ ɰɟɩɢ       

  I = (  + ) / R                              (12-19)  

ɝɞɟ R  = l / S - ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɭɱɚɫɬɤɚ ɰɟɩɢ 12. Ⱦɥɹ ɡɚɦɤɧɭɬɨɣ ɰɟɩɢ   ɮɨɪɦɭɥɚ (12-19) 

ɡɚɩɢɲɟɬɫɹ ɜ ɜɢɞɟ                            

        I = / R                                               (12-20) 

ɝɞɟ R  -  ɫɭɦɦɚɪɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɫɟɣ ɰɟɩɢν  - ɗȾɋ ɢɫɬɨɱɧɢɤɚ. 

ɉɭɫɬɶ ɡɚɦɤɧɭɬɚɹ ɰɟɩɶ ɫɨɫɬɨɢɬ ɢɡ ɢɫɬɨɱɧɢɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɫ ɗȾɋ  ɢ ɜɧɭɬɪɟɧɧɢɦ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ  r, ɚ ɬɚɤɠɟ ɜɧɟɲɧɟɣ ɰɟɩɢ ɩɨɬɪɟɛɢɬɟɥɹ, ɢɦɟɸɳɟɣ ɫɨɩɪɨɬɢɜɥɟɧɢɟ R. ɋɨɝɥɚɫɧɨ (12-20) 

                 I = / (R + r).                                          (12-21)  

ɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɧɚ ɷɥɟɤɬɪɨɞɚɯ ɢɫɬɨɱɧɢɤɚ, ɪɢɫ.1β.5, ɪɚɜɧɚ ɧɚɩɪɹɠɟɧɢɸ ɧɚ ɜɧɟɲɧɟɦ ɭɱɚɫɬɤɟ ɰɟɩɢμ                           

      U =  = IR = - Ir.                                       (12-22) 

 
ȿɫɥɢ ɰɟɩɶ ɪɚɡɨɦɤɧɭɬɶ, ɬɨ ɬɨɤ ɜ ɧɟɣ ɩɪɟɤɪɚɬɢɬɫɹ ɢ ɧɚɩɪɹɠɟɧɢɟ U ɧɚ ɡɚɠɢɦɚɯ ɢɫɬɨɱɧɢɤɚ ɫɬɚɧɟɬ ɪɚɜɧɵɦ 
ɟɝɨ ɗȾɋ, ɬ.ɟ. U = . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɧɟɲɧɟɦ ɭɱɚɫɬɤɟ ɰɟɩɢ, ɛɭɞɟɬ ɪɚɜɧɨ  

            U = IR = R / (R + r).                               (12-23) 

 ȼ ɩɪɟɞɟɥɟ, ɤɨɝɞɚ R  0 (ɢɫɬɨɱɧɢɤ ɬɨɤɚ ɡɚɦɤɧɭɬ ɧɚɤɨɪɨɬɤɨ), ɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (12-21), 

ɬɨɤ ɦɚɤɫɢɦɚɥɟɧ 

I = I  = / R ,                                             (12-24) 
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ɚ ɧɚɩɪɹɠɟɧɢɟ ɜɨ ɜɧɟɲɧɟɣ ɰɟɩɢ ɪɚɜɧɨ ɧɭɥɸ. 

ȼ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɩɪɟɞɟɥɶɧɨɦ ɫɥɭɱɚɟ, R , ɰɟɩɶ ɪɚɡɨɦɤɧɭɬɚ ɢ ɬɨɤ ɨɬɫɭɬɫɬɜɭɟɬμ I=lim [  / 

(R+r)]=0, ɚ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɡɚɠɢɦɚɯ ɢɫɬɨɱɧɢɤɚ ɦɚɤɫɢɦɚɥɶɧɨ ɢ ɪɚɜɧɨ ɟɝɨ ɗȾɋμ              

  U  = R / (R + r)=  ,  ɬ. ɤ. lim  R / (R + r) = 1.                        (12-25) 

 

12.5. Ɂɚɤɨɧ Ⱦɠɨɭɥɹ – Ʌɟɧɰɚ. Ɋɚɛɨɬɚ ɢ ɦɨɳɧɨɫɬɶ ɬɨɤɚ. 

ɉɪɨɜɨɞɧɢɤ ɧɚɝɪɟɜɚɟɬɫɹ, ɟɫɥɢ ɩɨ ɧɟɦɭ ɩɪɨɬɟɤɚɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ. Ⱦɠɨɭɥɶ ɢ Ʌɟɧɰ ɭɫɬɚɧɨɜɢɥɢ, 
ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɜɵɞɟɥɢɜɲɟɝɨɫɹ ɬɟɩɥɚ      

            Q = I Rt,                                                 (12-26) 

ɝɞɟ I - ɬɨɤ,  R - ɫɨɩɪɨɬɢɜɥɟɧɢɟ, t - ɜɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ. Ʌɟɝɤɨ ɞɨɤɚɡɚɬɶ, ɱɬɨ 

                                                    Q = I Rt = UIt = U 2 t/R = qU,                       (12-27)  

 ɝɞɟ q = It - ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɡɚɪɹɞ. 
ȿɫɥɢ ɬɨɤ ɢɡɦɟɧɹɟɬɫɹ ɫɨ ɜɪɟɦɟɧɟɦ (ɬ. ɟ. ɜ ɫɥɭɱɚɟ ɧɟɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ), ɬɨ 

                                                               Q= = ,                                          (12-28) 

ɝɞɟ i - ɦɝɧɨɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ. 
ɇɚɝɪɟɜɚɧɢɟ ɩɪɨɜɨɞɧɢɤɚ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɪɚɛɨɬɵ, ɫɨɜɟɪɲɚɟɦɨɣ ɫɢɥɚɦɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ 

ɧɚɞ ɧɨɫɢɬɟɥɹɦɢ ɡɚɪɹɞɚ. ɗɬɚ ɪɚɛɨɬɚ  

                               A=qU=UIt=I Rt = U t / R .                                     (12-29) 

Ɋɚɛɨɬɚ  Ⱥ, ɷɧɟɪɝɢɹ W , ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ Q ɜ ɋɂ ɢɡɦɟɪɹɸɬɫɹ ɜ Ⱦɠ. 

Ɍɚɤ ɤɚɤ ɦɨɳɧɨɫɬɶ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɪɚɛɨɬɭ, ɫɨɜɟɪɲɚɟɦɭɸ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ, ɬ.ɟ. Ɋ = , ɬɨ  

                                              P=UI=I R=U /R .                                                (12-30)  

Ɇɨɳɧɨɫɬɶ ɜ ɋɂ ɢɡɦɟɪɹɟɬɫɹ ɜ ɜɚɬɬɚɯμ 1 ȼɬ = 1 Ⱦɠ / 1 ɫ;  ɨɬɤɭɞɚ 1 Ⱦɠ = 1 ȼɬɫ;   

3600 Ⱦɠ = 1ȼɬ ɱɚɫ, γ,6 •10 Ⱦɠ = 1 ɤȼɬ ɱɚɫ. 

Ɏɨɪɦɭɥɵ (12-29) ɢ (12-30) ɩɨɡɜɨɥɹɸɬ ɪɚɫɫɱɢɬɚɬɶ ɩɨɥɟɡɧɭɸ ɪɚɛɨɬɭ ɢ ɩɨɥɟɡɧɭɸ ɦɨɳɧɨɫɬɶ. 
Ɂɚɬɪɚɱɟɧɧɚɹ ɪɚɛɨɬɚ ɢ ɦɨɳɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 

                                A  = q  = It = I (R + r)t = t.                            (12-31) 

                                    P = = I = I (R + r) = .                             (12-32) 

Ɉɬɧɨɲɟɧɢɟ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ (ɦɨɳɧɨɫɬɢ) ɤ ɡɚɬɪɚɱɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɄɉȾ ɢɫɬɨɱɧɢɤɚ  

                                      =  =  = .                                     (12-33)  

ɂɡ (12-33) ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ R0,0; R,1.ɇɨ ɩɪɢ R   ɬɨɤ I  0 ɢ ɩɨɷɬɨɦɭ  Ⱥ  Ɉ ɢ Ɋ  
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Ɉɩɪɟɞɟɥɢɦ ɜɟɥɢɱɢɧɭ R , ɩɪɢ ɤɨɬɨɪɨɦ ɜɵɞɟɥɢɬɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ  ɦɨɳɧɨɫɬɶ. Ʌɟɝɤɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɷɬɨ 
ɧɚɫɬɭɩɚɟɬ ɩɪɢ R = r, ɬɨɝɞɚ    

     PMAɄɋ=I R = =  ,                                        (12-34) 

ɄɉȾ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ 50%. 

ɋɨɝɥɚɫɧɨ ɡɚɤɨɧɭ Ⱦɠɨɭɥɹ - Ʌɟɧɰɚ ɜ ɷɥɟɦɟɧɬɚɪɧɨɦ ɰɢɥɢɧɞɪɢɱɟɫɤɨɦ ɨɛɴɟɦɟ dV ɫ ɩɥɨɳɚɞɶɸ 
ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ dS ɢ ɞɥɢɧɨɣ dl ɡɚ ɜɪɟɦɹ dt ɜɵɞɟɥɢɬɫɹ ɬɟɩɥɨ 

                         dQ =I Rdt =(jdS) = j dldSdt = j dVdt. 

Ɋɚɡɞɟɥɢɜ ɧɚ dV ɢ dt, ɧɚɣɞɟɦ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɜɵɞɟɥɹɸɳɟɟɫɹ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɜ ɟɞɢɧɢɰɟ 
ɨɛɴɟɦɚ                                   

 Q =  = j .                                        (12-35) 

ɡɞɟɫɶ Q -ɧɚɡɵɜɚɟɬɫɹ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɶɸ ɬɨɤɚ, ɤɨɬɨɪɚɹ ɜ ɋɂ ɢɡɦɟɪɹɟɬɫɹ ɜ ȼɬ/ɦ3. 

ɋ ɭɱɟɬɨɦ (12-16) ɢɡ (12-3) ɫɥɟɞɭɟɬ, ɱɬɨ    

          Q = j = .                                       (12-36) 

Ɏɨɪɦɭɥɵ (12-35) ɢ (12-36) ɜɵɪɚɠɚɸɬ ɡɚɤɨɧ Ⱦɠɨɭɥɹ - Ʌɟɧɰɚ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ. 

 

 

12.6. ɉɪɚɜɢɥɚ Ʉɢɪɯɝɨɮɚ 

ȼ ɨɫɧɨɜɟ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɟɣ ɥɟɠɚɬ ɞɜɚ ɩɪɚɜɢɥɚ Ʉɢɪɯɝɨɮɚ:  

ɉɟɪɜɨɟ ɩɪɚɜɢɥɨ: Ⱥɥɝɟɛɪɢɱɟɫɤɚɹ ɫɭɦɦɚ ɬɨɤɨɜ, ɫɯɨɞɹɳɢɯɫɹ ɜ ɭɡɥɟ ɪɚɜɧɚ ɧɭɥɸ, ɬ.ɟ. 

.                                    (12-37) 

Ɍɨɤɭ, ɬɟɤɭɳɟɦɭ ɤ ɭɡɥɭ, ɩɪɢɩɢɫɵɜɚɟɬɫɹ ɨɞɢɧ ɡɧɚɤ ("+" ɢɥɢ "-"), ɚ ɬɨɤɭ, ɬɟɤɭɳɟɦɭ ɨɬ ɭɡɥɚ, - ɞɪɭɝɨɣ ɡɧɚɤν 
ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɧɚɩɪɚɜɥɟɧɢɣ ɬɨɤɨɜ ɜ ɭɡɥɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɧɚ ɪɢɫ.1β. 6, ɢɦɟɟɦ      

. 

ȼɬɨɪɨɟ ɩɪɚɜɢɥɨ:  ȼ ɥɸɛɨɦ ɡɚɦɤɧɭɬɨɦ ɤɨɧɬɭɪɟ ɚɥɝɟɛɪɚɢɱɟɫɤɚɹ ɫɭɦɦɚ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɜɫɟɯ 
ɭɱɚɫɬɤɚɯ ɷɬɨɝɨ ɤɨɧɬɭɪɚ ɪɚɜɧɚ ɚɥɝɟɛɪɚɢɱɟɫɤɨɣ ɫɭɦɦɟ ɗȾɋ, ɜɫɬɪɟɱɚɸɳɢɯɫɹ ɜ ɷɬɨɦ ɤɨɧɬɭɪɟ, ɬ.ɟ. 

                                       (12-38) 
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ɉɪɢ ɷɬɨɦ ɬɚɤɠɟ ɫɥɟɞɭɟɬ ɩɪɢɞɟɪɠɢɜɚɬɶɫɹ ɩɪɚɜɢɥɚ ɡɧɚɤɨɜμ ɬɨɤɢ, ɬɟɤɭɳɢɟ ɜɞɨɥɶ ɜɵɛɪɚɧɧɨɝɨ 
ɧɚɩɪɚɜɥɟɧɢɹ ɨɛɯɨɞɚ ɤɨɧɬɭɪɚ ɫɱɢɬɚɸɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ, ɚ ɢɞɭɳɢɟ ɩɪɨɬɢɜ ɧɚɩɪɚɜɥɟɧɢɹ ɨɛɯɨɞɚ - 

ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ ɫɱɢɬɚɸɬɫɹ ɗȾɋ ɬɟɯ ɢɫɬɨɱɧɢɤɨɜ, ɤɨɬɨɪɵɟ ɜɵɡɵɜɚɸɬ 
ɬɨɤ, ɫɨɜɩɚɞɚɸɳɢɣ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɫ ɨɛɯɨɞɨɦ ɤɨɧɬɭɪɚ (ɪɢɫ.1β.7), ɝɞɟ              ɨɛɨɡɧɚɱɚɟɬ ɧɚɩɪɚɜɥɟɧɢɟ 
ɨɛɯɨɞɚ ɤɨɧɬɭɪɚ. 

 

 

ɉɪɢɦɟɧɢɦ ɩɪɚɜɢɥɚ Ʉɢɪɯɝɨɮɚ ɞɥɹ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫ.1β.7. Ⱦɥɹ 
ɷɬɨɝɨ ɧɭɠɧɨ ɡɚɩɢɫɚɬɶ (m-1) ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɨɫɧɨɜɚɧɢɢ ɩɟɪɜɨɝɨ ɩɪɚɜɢɥɚ Ʉɢɪɯɝɨɮɚ ɢ ɟɳɟ ɨɞɧɨ ɭɪɚɜɧɟɧɢɟ 
ɞɥɹ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɡɞɟɫɶ ɡɚɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ, ɢɫɩɨɥɶɡɭɹ ɜɬɨɪɨɟ ɩɪɚɜɢɥɨ Ʉɢɪɯɝɨɮɚ ɢ ɩɪɢɧɢɦɚɹ ɜɨ 
ɜɧɢɦɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɗȾɋ, ɬɨɤɨɜ ɜ ɜɟɬɜɹɯ ɢ ɨɛɯɨɞɚ ɤɨɧɬɭɪɚμ 

 

I  

I                                                                  

I  

. 

 

 

Ʌɟɤɰɢɹ №13 

0541  II

0261  II

0732  II

32144332211   RIRIRIRI



131 

 

ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɜ ɪɚɡɥɢɱɧɵɯ ɫɪɟɞɚɯ. Ʉɥɚɫɫɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɦɟɬɚɥɥɨɜ. 
Ɍɟɪɦɨɷɥɟɤɬɪɨɧɧɚɹ ɷɦɢɫɫɢɹ. ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɜ ɜɚɤɭɭɦɟ. ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɜ ɝɚɡɚɯ. ȼɢɞɵ ɝɚɡɨɜɨɝɨ 
ɪɚɡɪɹɞɚ.  

16 

13.1. Ʉɥɚɫɫɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɦɟɬɚɥɥɨɜ 

ɇɨɫɢɬɟɥɹɦɢ ɬɨɤɚ ɜ ɦɟɬɚɥɥɚɯ ɹɜɥɹɸɬɫɹ ɫɜɨɛɨɞɧɵɟ ɷɥɟɤɬɪɨɧɵ, ɬ. ɟ. ɷɥɟɤɬɪɨɧɵ, ɫɥɚɛɨ ɫɜɹɡɚɧɧɵɟ 
ɫ ɢɨɧɚɦɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɦɟɬɚɥɥɚ. ɗɬɨ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɩɪɢɪɨɞɟ ɧɨɫɢɬɟɥɟɣ ɬɨɤɚ ɜ ɦɟɬɚɥɥɚɯ 
ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɨɪɢɢ ɩɪɨɜɨɞɢɦɨɫɬɢ ɦɟɬɚɥɥɨɜ, ɫɨɡɞɚɧɧɨɣ ɧɟɦɟɰɤɢɦ ɮɢɡɢɤɨɦ ɉ. Ⱦɪɭɞɟ 
(1863—1λ06) ɢ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɜɩɨɫɥɟɞɫɬɜɢɢ ɧɢɞɟɪɥɚɧɞɫɤɢɦ ɮɢɡɢɤɨɦ X. Ʌɨɪɟɧɰɟɦ, ɚ ɬɚɤɠɟ ɧɚ ɪɹɞɟ 
ɤɥɚɫɫɢɱɟɫɤɢɯ ɨɩɵɬɨɜ, ɩɨɞɬɜɟɪɠɞɚɸɳɢɯ ɩɨɥɨɠɟɧɢɹ ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɨɪɢɢ. 

ɉɟɪɜɵɣ ɢɡ ɬɚɤɢɯ ɨɩɵɬɨɜ — ɨɩɵɬ Ɋɢɤɤɟ (1λ01), ɜ ɤɨɬɨɪɨɦ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɬɪɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɫ ɬɳɚɬɟɥɶɧɨ ɨɬɲɥɢɮɨɜɚɧɧɵɦɢ ɬɨɪɰɚɦɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɪɨɩɭɫɤɚɥɫɹ 
ɱɟɪɟɡ ɰɢɥɢɧɞɪɨɜ (ɋu, Ⱥl, ɋu) ɨɞɢɧɚɤɨɜɨɝɨ ɪɚɞɢɭɫɚ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɨɛɳɢɣ ɡɚɪɹɞ, ɩɪɨɲɟɞɲɢɣ ɱɟɪɟɡ 
ɷɬɢ ɰɢɥɢɧɞɪɵ, ɞɨɫɬɢɝɚɥ ɨɝɪɨɦɧɨɝɨ ɡɧɚɱɟɧɢɹ (γ,5•106 Ʉɥ), ɧɢɤɚɤɢɯ, ɞɚɠɟ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ, ɫɥɟɞɨɜ 
ɩɟɪɟɧɨɫɚ ɜɟɳɟɫɬɜɚ ɧɟ ɨɛɧɚɪɭɠɢɥɨɫɶ. ɗɬɨ ɹɜɢɥɨɫɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨɦ ɬɨɝɨ, ɱɬɨ ɢɨɧɵ 
ɜ ɦɟɬɚɥɥɚɯ ɧɟ ɭɱɚɫɬɜɭɸɬ ɜ ɩɟɪɟɧɨɫɟ ɷɥɟɤɬɪɢɱɟɫɬɜɚ, ɚ ɩɟɪɟɧɨɫ ɡɚɪɹɞɚ ɜ ɦɟɬɚɥɥɚɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɚɫɬɢ-

ɰɚɦɢ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɨɛɳɢɦɢ ɞɥɹ ɜɫɟɯ ɦɟɬɚɥɥɨɜ. Ɍɚɤɢɦɢ ɱɚɫɬɢɰɚɦɢ ɦɨɝɥɢ ɛɵɬɶ ɨɬɤɪɵɬɵɟ ɜ 18λ7 ɝ. 
ɚɧɝɥɢɣɫɤɢɦ ɮɢɡɢɤɨɦ Ⱦ. Ɍɨɦɫɨɧɨɦ (1856—1λ40) ɷɥɟɤɬɪɨɧɵ. Ⱦɥɹ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɷɬɨɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ 
ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɤ ɢ ɜɟɥɢɱɢɧɭ ɭɞɟɥɶɧɨɝɨ ɡɚɪɹɞɚ ɧɨɫɢɬɟɥɟɣ (ɨɬɧɨɲɟɧɢɟ ɡɚɪɹɞɚ ɧɨɫɢɬɟɥɹ 
ɤ ɟɝɨ ɦɚɫɫɟ). ɂɞɟɹ ɩɨɞɨɛɧɵɯ ɨɩɵɬɨɜ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɫɥɟɞɭɸɳɟɦμ ɟɫɥɢ ɜ ɦɟɬɚɥɥɟ ɢɦɟɸɬɫɹ ɩɨɞɜɢɠɧɵɟ, 
ɫɥɚɛɨ ɫɜɹɡɚɧɧɵɟ ɫ ɪɟɲɟɬɤɨɣ ɧɨɫɢɬɟɥɢ ɬɨɤɚ, ɬɨ ɩɪɢ ɪɟɡɤɨɦ ɬɨɪɦɨɠɟɧɢɢ ɩɪɨɜɨɞɧɢɤɚ ɷɬɢ ɱɚɫɬɢɰɵ ɞɨɥɠɧɵ 
ɩɨ ɢɧɟɪɰɢɢ ɫɦɟɳɚɬɶɫɹ ɜɩɟɪɟɞ, ɤɚɤ ɫɦɟɳɚɸɬɫɹ ɜɩɟɪɟɞ ɩɚɫɫɚɠɢɪɵ, ɫɬɨɹɳɢɟ ɜ ɜɚɝɨɧɟ ɩɪɢ ɟɝɨ 
ɬɨɪɦɨɠɟɧɢɢ. Ɋɟɡɭɥɶɬɚɬɨɦ ɫɦɟɳɟɧɢɹ ɡɚɪɹɞɨɜ ɞɨɥɠɟɧ ɛɵɬɶ ɢɦɩɭɥɶɫ ɬɨɤɚν ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɬɨɤɚ ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɤ ɧɨɫɢɬɟɥɟɣ ɬɨɤɚ, ɚ ɡɧɚɹ ɪɚɡɦɟɪɵ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɧɢɤɚ, ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ 
ɭɞɟɥɶɧɵɣ ɡɚɪɹɞ ɧɨɫɢɬɟɥɟɣ. ɂɞɟɹ ɷɬɢɯ ɨɩɵɬɨɜ (1λ1γ) ɢ ɢɯ ɤɚɱɟɫɬɜɟɧɧɨɟ ɜɨɩɥɨɳɟɧɢɟ ɩɪɢɧɚɞɥɟɠɚɬ 
ɫɨɜɟɬɫɤɢɦ ɮɢɡɢɤɚɦ ɋ. Ʌ. Ɇɚɧɞɟɥɶɲɬɚɦɭ (187λ—1λ44) ɢ ɇ. Ⱦ. ɉɚɩɚɥɟɤɫɢ (1880—1λ47). ɗɬɢ ɨɩɵɬɵ ɜ 
1λ16 ɝ. ɛɵɥɢ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɵ ɢ ɩɪɨɜɟɞɟɧɵ ɚɦɟɪɢɤɚɧɫɤɢɦ ɮɢɡɢɤɨɦ Ɋ. Ɍɨɥɦɟɧɨɦ (1881 —1λ48) ɢ 
ɪɚɧɟɟ ɲɨɬɥɚɧɞɫɤɢɦ ɮɢɡɢɤɨɦ Ȼ. ɋɬɸɚɪɬɨɦ (18β8—1887). ɂɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɧɨɫɢɬɟɥɢ 
ɬɨɤɚ ɜ ɦɟɬɚɥɥɚɯ ɡɚɪɹɠɟɧɵ ɨɬɪɢɰɚɬɟɥɶɧɨ, ɚ ɢɯ ɭɞɟɥɶɧɵɣ ɡɚɪɹɞ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɞɢɧɚɤɨɜ ɞɥɹ ɜɫɟɯ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɦɟɬɚɥɥɨɜ. ɉɨ ɡɧɚɱɟɧɢɸ ɭɞɟɥɶɧɨɝɨ ɡɚɪɹɞɚ ɧɨɫɢɬɟɥɟɣ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɢ ɩɨ 
ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɪɚɧɟɟ Ɋ. Ɇɢɥɥɢɤɟɧɨɦ ɷɥɟɦɟɧɬɚɪɧɨɦɭ ɷɥɟɤɬɪɢɱɟɫɤɨɦɭ ɡɚɪɹɞɭ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɢɯ ɦɚɫɫɚ. 
Ɉɤɚɡɚɥɨɫɶ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɝɨ ɡɚɪɹɞɚ ɢ ɦɚɫɫɵ ɧɨɫɢɬɟɥɟɣ ɬɨɤɚ ɢ ɷɥɟɤɬɪɨɧɨɜ, ɞɜɢɠɭɳɢɯɫɹ ɜ 
ɜɚɤɭɭɦɟ, ɫɨɜɩɚɞɚɥɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɨ ɨɤɨɧɱɚɬɟɥɶɧɨ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɧɨɫɢɬɟɥɹɦɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ 
ɜ ɦɟɬɚɥɥɚɯ ɹɜɥɹɸɬɫɹ ɫɜɨɛɨɞɧɵɟ ɷɥɟɤɬɪɨɧɵ. 

ɋɜɨɛɨɞɧɵɟ ɷɥɟɤɬɪɨɧɵ ɩɪɢ ɨɛɵɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ, ɩɨɤɢɞɚɸɬ ɦɟɬɚɥɥ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɦɟɬɚɥɥɚ ɞɨɥɠɧɨ ɛɵɬɶ ɡɚɞɟɪɠɢɜɚɸɳɟɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ, 
ɩɪɟɩɹɬɫɬɜɭɸɳɟɟ ɜɵɯɨɞɭ ɷɥɟɤɬɪɨɧɨɜ ɢɡ ɦɟɬɚɥɥɚ ɜ ɨɤɪɭɠɚɸɳɢɣ ɜɚɤɭɭɦ. Ɋɚɛɨɬɚ, ɤɨɬɨɪɭɸ ɧɭɠɧɨ 
ɡɚɬɪɚɬɢɬɶ ɞɥɹ ɭɞɚɥɟɧɢɹ ɷɥɟɤɬɪɨɧɚ ɢɡ ɦɟɬɚɥɥɚ ɜ ɜɚɤɭɭɦ, ɧɚɡɵɜɚɟɬɫɹ ɪɚɛɨɬɨɣ ɜɵɯɨɞɚ. ɍɤɚɠɟɦ ɞɜɟ 
ɜɟɪɨɹɬɧɵɟ ɩɪɢɱɢɧɵ ɩɨɹɜɥɟɧɢɹ ɪɚɛɨɬɵ ɜɵɯɨɞɚμ 

1. ȿɫɥɢ ɷɥɟɤɬɪɨɧ ɩɨ ɤɚɤɨɣ-ɬɨ ɩɪɢɱɢɧɟ ɭɞɚɥɹɟɬɫɹ ɢɡ ɦɟɬɚɥɥɚ, ɬɨ ɜ ɬɨɦ ɦɟɫɬɟ, ɤɨɬɨɪɨɟ ɷɥɟɤɬɪɨɧ ɩɨɤɢɧɭɥ, 
ɜɨɡɧɢɤɚɟɬ ɢɡɛɵɬɨɱɧɵɣ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɡɚɪɹɞ ɢ ɷɥɟɤɬɪɨɧ ɩɪɢɬɹɝɢɜɚɟɬɫɹ ɤ ɢɧɞɭɰɢɪɨɜɚɧɧɨɦɭ ɢɦ ɫɚɦɢɦ 
ɩɨɥɨɠɢɬɟɥɶɧɨɦɭ ɡɚɪɹɞɭ. 

β. Ɉɬɞɟɥɶɧɵɟ ɷɥɟɤɬɪɨɧɵ, ɩɨɤɢɞɚɹ ɦɟɬɚɥɥ, ɭɞɚɥɹɸɬɫɹ ɨɬ ɧɟɝɨ ɧɚ ɪɚɫɫɬɨɹɧɢɹ ɩɨɪɹɞɤɚ ɚɬɨɦɧɵɯ ɢ ɫɨɡɞɚɸɬ 
ɬɟɦ ɫɚɦɵɦ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ ɦɟɬɚɥɥɚ «ɷɥɟɤɬɪɨɧɧɨɟ ɨɛɥɚɤɨ», ɩɥɨɬɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɛɵɫɬɪɨ ɭɛɵɜɚɟɬ ɫ 
ɪɚɫɫɬɨɹɧɢɟɦ. ɗɬɨ ɨɛɥɚɤɨ ɜɦɟɫɬɟ ɫ ɧɚɪɭɠɧɵɦ ɫɥɨɟɦ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɢɨɧɨɜ ɪɟɲɟɬɤɢ ɨɛɪɚɡɭɟɬ ɞɜɨɣɧɨɣ 
ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɫɥɨɣ, ɩɨɥɟ ɤɨɬɨɪɨɝɨ ɩɨɞɨɛɧɨ ɩɨɥɸ ɩɥɨɫɤɨɝɨ ɤɨɧɞɟɧɫɚɬɨɪɚ. Ɍɨɥɳɢɧɚ ɷɬɨɝɨ ɫɥɨɹ ɪɚɜɧɚ 
ɧɟɫɤɨɥɶɤɢɦ ɦɟɠɚɬɨɦɧɵɦ ɪɚɫɫɬɨɹɧɢɹɦ (10-10 — 10-9 ɦ). Ɉɧ ɧɟ ɫɨɡɞɚɟɬ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜɨ ɜɧɟɲɧɟɦ 
ɩɪɨɫɬɪɚɧɫɬɜɟ, ɧɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɜɵɯɨɞɭ ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɢɡ ɦɟɬɚɥɥɚ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɥɟɤɬɪɨɧ ɩɪɢ ɜɵɥɟɬɟ ɢɡ ɦɟɬɚɥɥɚ ɞɨɥɠɟɧ ɩɪɟɨɞɨɥɟɬɶ ɡɚɞɟɪɠɢɜɚɸɳɟɟ ɟɝɨ 
ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɞɜɨɣɧɨɝɨ ɫɥɨɹ. Ɋɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ  ɜ ɷɬɨɦ ɫɥɨɟ, ɧɚɡɵɜɚɟɦɚɹ ɩɨɜɟɪɯɧɨɫɬɧɵɦ 
ɫɤɚɱɤɨɦ ɩɨɬɟɧɰɢɚɥɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɛɨɬɨɣ ɜɵɯɨɞɚ (Ⱥ) ɷɥɟɤɬɪɨɧɚ ɢɡ ɦɟɬɚɥɥɚμ 

=A/e, 

ɝɞɟ ɟ — ɡɚɪɹɞ ɷɥɟɤɬɪɨɧɚ. Ɍɚɤ ɤɚɤ ɜɧɟ ɞɜɨɣɧɨɝɨ ɫɥɨɹ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɨɬɫɭɬɫɬɜɭɟɬ, ɬɨ ɩɨɬɟɧɰɢɚɥ 
ɫɪɟɞɵ ɪɚɜɟɧ ɧɭɥɸ, ɚ ɜɧɭɬɪɢ ɦɟɬɚɥɥɚ ɩɨɬɟɧɰɢɚɥ ɩɨɥɨɠɢɬɟɥɟɧ ɢ ɪɚɜɟɧ . ɉɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ 
ɫɜɨɛɨɞɧɨɝɨ ɷɥɟɤɬɪɨɧɚ ɜɧɭɬɪɢ ɦɟɬɚɥɥɚ ɪɚɜɧɚ — ɟ ɢ ɹɜɥɹɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɚɤɭɭɦɚ ɨɬɪɢɰɚɬɟɥɶɧɨɣ. 
ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɜɟɫɶ ɨɛɴɟɦ ɦɟɬɚɥɥɚ ɞɥɹ ɷɥɟɤɬɪɨɧɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɹɦɭ ɫ ɩɥɨɫɤɢɦ ɞɧɨɦ, ɝɥɭɛɢɧɚ ɤɨɬɨɪɨɣ ɪɚɜɧɚ ɪɚɛɨɬɟ ɜɵɯɨɞɚ Ⱥ. Ɋɚɛɨɬɚ ɜɵɯɨɞɚ 
ɜɵɪɚɠɚɟɬɫɹ ɜ ɷɥɟɤɬɪɨɧ-ɜɨɥɶɬɚɯ (ɷȼ)μ 1 ɷȼ ɪɚɜɟɧ ɪɚɛɨɬɟ, ɫɨɜɟɪɲɚɟɦɨɣ ɫɢɥɚɦɢ ɩɨɥɹ ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ 
ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡɚɪɹɞɚ (ɡɚɪɹɞɚ, ɪɚɜɧɨɝɨ ɡɚɪɹɞɭ ɷɥɟɤɬɪɨɧɚ) ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɢɦ ɪɚɡɧɨɫɬɢ 
ɩɨɬɟɧɰɢɚɥɨɜ ɜ 1 ȼ. Ɍɚɤ ɤɚɤ ɡɚɪɹɞ ɷɥɟɤɬɪɨɧɚ ɪɚɜɟɧ 1,6•l0-19 Ʉɥ, ɬɨ 1 ɷȼ = 1,6•10-19 Ⱦɠ. 

Ɋɚɛɨɬɚ ɜɵɯɨɞɚ ɡɚɜɢɫɢɬ ɨɬ ɯɢɦɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ ɦɟɬɚɥɥɨɜ ɢ ɨɬ ɱɢɫɬɨɬɵ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ ɢ 
ɤɨɥɟɛɥɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɧɟɫɤɨɥɶɤɢɯ ɷɥɟɤɬɪɨɧ-ɜɨɥɶɬ.  

 

13.2. Ɍɟɪɦɨɷɥɟɤɬɪɨɧɧɚɹ ɷɦɢɫɫɢɹ. ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɜ ɜɚɤɭɭɦɟ. 

ȿɫɥɢ ɫɨɨɛɳɢɬɶ ɷɥɟɤɬɪɨɧɚɦ ɜ ɦɟɬɚɥɥɚɯ ɷɧɟɪɝɢɸ, ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɪɚɛɨɬɵ ɜɵɯɨɞɚ, 
ɬɨ ɱɚɫɬɶ ɷɥɟɤɬɪɨɧɨɜ ɦɨɠɟɬ ɩɨɤɢɧɭɬɶ ɦɟɬɚɥɥ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɧɚɛɥɸɞɚɟɬɫɹ ɹɜɥɟɧɢɟ ɢɫɩɭɫɤɚɧɢɹ 
ɷɥɟɤɬɪɨɧɨɜ, ɢɥɢ ɷɥɟɤɬɪɨɧɧɨɣ ɷɦɢɫɫɢɢ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɫɨɨɛɳɟɧɢɹ ɷɥɟɤɬɪɨɧɚɦ ɷɧɟɪɝɢɢ 
ɪɚɡɥɢɱɚɸɬ ɬɟɪɦɨɷɥɟɤɬɪɨɧɧɭɸ, ɮɨɬɨɷɥɟɤɬɪɨɧɧɭɸ, ɜɬɨɪɢɱɧɭɸ ɷɥɟɤɬɪɨɧɧɭɸ ɢ ɚɜɬɨɷɥɟɤɬɪɨɧɧɭɸ 
ɷɦɢɫɫɢɢ. 

1. Ɍɟɪɦɨɷɥɟɤɬɪɨɧɧɚɹ ɷɦɢɫɫɢɹ — ɷɬɨ ɢɫɩɭɫɤɚɧɢɟ ɷɥɟɤɬɪɨɧɨɜ ɧɚɝɪɟɬɵɦɢ ɦɟɬɚɥɥɚɦɢ. Ʉɨɧɰɟɧɬɪɚɰɢɹ 
ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɜ ɦɟɬɚɥɥɚɯ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚ, ɩɨɷɬɨɦɭ ɞɚɠɟ ɩɪɢ ɫɪɟɞɧɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɜɫɥɟɞɫɬɜɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɨɧɨɜ ɩɨ ɫɤɨɪɨɫɬɹɦ (ɩɨ ɷɧɟɪɝɢɢ) ɧɟɤɨɬɨɪɵɟ ɷɥɟɤɬɪɨɧɵ ɨɛɥɚɞɚɸɬ 
ɷɧɟɪɝɢɟɣ, ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɛɚɪɶɟɪɚ ɧɚ ɝɪɚɧɢɰɟ ɦɟɬɚɥɥɚ. ɋ ɩɨɜɵɲɟɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɱɢɫɥɨ ɷɥɟɤɬɪɨɧɨɜ, ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢɹ ɤɨɬɨɪɵɯ ɛɨɥɶɲɟ ɪɚɛɨɬɵ 
ɜɵɯɨɞɚ, ɪɚɫɬɟɬ, ɢ ɹɜɥɟɧɢɟ ɬɟɪɦɨɷɥɟɤɬɪɨɧɧɨɣ ɷɦɢɫɫɢɢ ɫɬɚɧɨɜɢɬɫɹ ɡɚɦɟɬɧɵɦ.  

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɬɟɪɦɨɷɥɟɤɬɪɨɧɧɨɣ ɷɦɢɫɫɢɢ ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɫɬɟɣɲɟɣ 
ɞɜɭɯɷɥɟɤɬɪɨɞɧɨɣ ɥɚɦɩɵ — ɜɚɤɭɭɦɧɨɝɨ ɞɢɨɞɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɫɨɛɨɣ ɨɬɤɚɱɚɧɧɵɣ ɛɚɥɥɨɧ, 
ɫɨɞɟɪɠɚɳɢɣ ɞɜɚ ɷɥɟɤɬɪɨɞɚμ ɤɚɬɨɞ Ʉ ɢ ɚɧɨɞ Ⱥ. ȼ ɩɪɨɫɬɟɣɲɟɦ ɫɥɭɱɚɟ ɤɚɬɨɞɨɦ ɫɥɭɠɢɬ ɧɢɬɶ ɢɡ 
ɬɭɝɨɩɥɚɜɤɨɝɨ ɦɟɬɚɥɥɚ (ɧɚɩɪɢɦɟɪ, ɜɨɥɶɮɪɚɦɚ), ɧɚɤɚɥɢɜɚɟɦɚɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ. Ⱥɧɨɞ ɱɚɳɟ ɜɫɟɝɨ 
ɢɦɟɟɬ ɮɨɪɦɭ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɰɢɥɢɧɞɪɚ, ɨɤɪɭɠɚɸɳɟɝɨ ɤɚɬɨɞ. ȿɫɥɢ ɞɢɨɞ ɜɤɥɸɱɢɬɶ ɜ ɰɟɩɶ, ɤɚɤ ɷɬɨ 
ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 1γ.1, ɬɨ ɩɪɢ ɧɚɤɚɥɢɜɚɧɢɢ ɤɚɬɨɞɚ ɢ ɩɨɞɚɱɟ ɧɚ ɚɧɨɞ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 
(ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɚɬɨɞɚ) ɜ ɚɧɨɞɧɨɣ ɰɟɩɢ ɞɢɨɞɚ ɜɨɡɧɢɤɚɟɬ ɬɨɤ. ȿɫɥɢ ɩɨɦɟɧɹɬɶ ɩɨɥɹɪɧɨɫɬɶ ɛɚɬɚɪɟɢ Ȼɚ, ɬɨ 
ɬɨɤ ɩɪɟɤɪɚɳɚɟɬɫɹ, ɤɚɤ ɛɵ ɫɢɥɶɧɨ ɤɚɬɨɞ ɧɢ ɧɚɤɚɥɢɜɚɥɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɚɬɨɞ ɢɫɩɭɫɤɚɟɬ ɨɬɪɢɰɚɬɟɥɶɧɵɟ 
ɱɚɫɬɢɰɵ — ɷɥɟɤɬɪɨɧɵ. ȿɫɥɢ ɩɨɞɞɟɪɠɢɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɤɚɥɟɧɧɨɝɨ ɤɚɬɨɞɚ ɩɨɫɬɨɹɧɧɨɣ ɢ ɫɧɹɬɶ 
ɡɚɜɢɫɢɦɨɫɬɶ ɚɧɨɞɧɨɝɨ ɬɨɤɚ Iɚ ɨɬ ɚɧɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ Ua — ɜɨɥɶɬ-ɚɦɩɟɪɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ 
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(ɪɢɫ.1γ.β), ɬɨ ɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɨɧɚ ɧɟ ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɨɣ, ɬ. ɟ. ɞɥɹ ɜɚɤɭɭɦɧɨɝɨ ɞɢɨɞɚ ɡɚɤɨɧ Ɉɦɚ ɧɟ 
ɜɵɩɨɥɧɹɟɬɫɹ. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɪɦɨɷɥɟɤɬɪɨɧɧɨɝɨ ɬɨɤɚ I ɨɬ ɚɧɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɦɚɥɵɯ 
ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ U ɨɩɢɫɵɜɚɟɬɫɹ ɡɚɤɨɧɨɦ ɬɪɟɯ ɜɬɨɪɵɯ (ɭɫɬɚɧɨɜɥɟɧ ɪɭɫɫɤɢɦ ɮɢɡɢɤɨɦ ɋ. Ⱥ. 
Ȼɨɝɭɫɥɚɜɫɤɢɦ (188γ— 1λβγ) ɢ ɚɦɟɪɢɤɚɧɫɤɢɦ ɮɢɡɢɤɨɦ ɂ. Ʌɟɧɝɦɸɪɨɦ (1881 — 1957)): 

I=BU3/2, 

ɝɞɟ ȼ — ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɨɜ ɷɥɟɤɬɪɨɞɨɜ, ɚ ɬɚɤɠɟ ɢɯ ɜɡɚɢɦɧɨɝɨ 
ɪɚɫɩɨɥɨɠɟɧɢɹ. 

 ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɚɧɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɬɨɤ ɜɨɡɪɚɫɬɚɟɬ ɞɨ ɧɟɤɨɬɨɪɨɝɨ 

 

 ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ Iɧɚɫ, ɧɚɡɵɜɚɟɦɨɝɨ ɬɨɤɨɦ ɧɚɫɵɳɟɧɢɹ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɨɱɬɢ ɜɫɟ ɷɥɟɤɬɪɨɧɵ, 
ɩɨɤɢɞɚɸɳɢɟ ɤɚɬɨɞ, ɞɨɫɬɢɝɚɸɬ ɚɧɨɞɚ, ɩɨɷɬɨɦɭ ɞɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ ɧɟ ɦɨɠɟɬ 
ɩɪɢɜɟɫɬɢ ɤ ɭɜɟɥɢɱɟɧɢɸ ɬɟɪɦɨɷɥɟɤɬɪɨɧɧɨɝɨ ɬɨɤɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɧɚɫɵɳɟɧɢɹ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɷɦɢɫɫɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɤɚɬɨɞɚ. 

ɉɥɨɬɧɨɫɬɶ ɬɨɤɚ ɧɚɫɵɳɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ Ɋɢɱɚɪɞɫɨɧɚ — Ⱦɟɲɦɚɧɚ, ɜɵɜɟɞɟɧɧɨɣ 
ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɚ ɨɫɧɨɜɟ ɤɜɚɧɬɨɜɨɣ ɫɬɚɬɢɫɬɢɤɢμ 

jɧɚɫ=CT2e-A/(kT). 

ɝɞɟ Ⱥ — ɪɚɛɨɬɚ ɜɵɯɨɞɚ ɷɥɟɤɬɪɨɧɨɜ ɢɡ ɤɚɬɨɞɚ, Ɍ — ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɋ — ɩɨɫɬɨɹɧɧɚɹ, 
ɬɟɨɪɟɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɚɹ ɞɥɹ ɜɫɟɯ ɦɟɬɚɥɥɨɜ. ɇɚ ɪɢɫ.1γ.β ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɨɥɶɬ-ɚɦɩɟɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɞɥɹ ɞɜɭɯ ɬɟɦɩɟɪɚɬɭɪ ɤɚɬɨɞɚμ T1 ɢ Ɍ2, ɩɪɢɱɟɦ T2>T1. ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɤɚɬɨɞɚ ɢɫɩɭɫɤɚɧɢɟ 
ɷɥɟɤɬɪɨɧɨɜ ɫ ɤɚɬɨɞɚ ɢɧɬɟɧɫɢɜɧɟɟ, ɩɪɢ ɷɬɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɬɨɤ ɧɚɫɵɳɟɧɢɹ. ɉɪɢ Ua=0 ɧɚɛɥɸɞɚɟɬɫɹ 
ɚɧɨɞɧɵɣ ɬɨɤ, ɬ. ɟ. ɧɟɤɨɬɨɪɵɟ ɷɥɟɤɬɪɨɧɵ, ɷɦɢɬɬɢɪɭɟɦɵɟ ɤɚɬɨɞɨɦ, ɨɛɥɚɞɚɸɬ ɷɧɟɪɝɢɟɣ, ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ 
ɩɪɟɨɞɨɥɟɧɢɹ ɪɚɛɨɬɵ ɜɵɯɨɞɚ ɢ ɞɨɫɬɢɠɟɧɢɹ ɚɧɨɞɚ ɛɟɡ ɩɪɢɥɨɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. 

əɜɥɟɧɢɟ ɬɟɪɦɨɷɥɟɤɬɪɨɧɧɨɣ ɷɦɢɫɫɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɩɪɢɛɨɪɚɯ, ɜ ɤɨɬɨɪɵɯ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ 
ɩɨɬɨɤ ɷɥɟɤɬɪɨɧɨɜ ɜ ɜɚɤɭɭɦɟ, ɧɚɩɪɢɦɟɪ ɜ ɷɥɟɤɬɪɨɧɧɵɯ ɥɚɦɩɚɯ, ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɬɪɭɛɤɚɯ, ɷɥɟɤɬɪɨɧɧɵɯ 
ɦɢɤɪɨɫɤɨɩɚɯ ɢ ɬ. ɞ. ɗɥɟɤɬɪɨɧɧɵɟ ɥɚɦɩɵ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɷɥɟɤɬɪɨ- ɢ ɪɚɞɢɨɬɟɯɧɢɤɟ, ɚɜɬɨɦɚɬɢɤɟ 
ɢ ɬɟɥɟɦɟɯɚɧɢɤɟ ɞɥɹ ɜɵɩɪɹɦɥɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɬɨɤɨɜ, ɭɫɢɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ ɢ ɩɟɪɟɦɟɧɧɵɯ 
ɬɨɤɨɜ, ɝɟɧɟɪɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɤɨɥɟɛɚɧɢɣ ɢ ɬ. ɞ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɡɧɚɱɟɧɢɹ ɜ ɥɚɦɩɚɯ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɭɩɪɚɜɥɹɸɳɢɟ ɷɥɟɤɬɪɨɞɵ. 

2. Ɏɨɬɨɷɥɟɤɬɪɨɧɧɚɹ ɷɦɢɫɫɢɹ — ɷɬɨ ɷɦɢɫɫɢɹ ɷɥɟɤɬɪɨɧɨɜ ɢɡ ɦɟɬɚɥɥɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɜɟɬɚ, ɚ ɬɚɤɠɟ 
ɤɨɪɨɬɤɨɜɨɥɧɨɜɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ (ɧɚɩɪɢɦɟɪ, ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ). Ɉɫɧɨɜɧɵɟ 
ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɷɬɨɝɨ ɹɜɥɟɧɢɹ ɛɭɞɭɬ ɪɚɡɨɛɪɚɧɵ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ. 

3. ȼɬɨɪɢɱɧɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɷɦɢɫɫɢɹ — ɷɬɨ ɢɫɩɭɫɤɚɧɢɟ ɷɥɟɤɬɪɨɧɨɜ ɩɨɜɟɪɯɧɨɫɬɶɸ ɦɟɬɚɥɥɨɜ, 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɢɥɢ ɞɢɷɥɟɤɬɪɢɤɨɜ ɩɪɢ ɛɨɦɛɚɪɞɢɪɨɜɤɟ ɢɯ ɩɭɱɤɨɦ ɷɥɟɤɬɪɨɧɨɜ. ȼɬɨɪɢɱɧɵɣ 
ɷɥɟɤɬɪɨɧɧɵɣ ɩɨɬɨɤ ɫɨɫɬɨɢɬ ɢɡ ɷɥɟɤɬɪɨɧɨɜ, ɨɬɪɚɠɟɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɶɸ (ɭɩɪɭɝɨ ɢ ɧɟɭɩɪɭɝɨ ɨɬɪɚɠɟɧɧɵɟ 
ɷɥɟɤɬɪɨɧɵ), ɢ «ɢɫɬɢɧɧɨ» ɜɬɨɪɢɱɧɵɯ ɷɥɟɤɬɪɨɧɨɜ — ɷɥɟɤɬɪɨɧɨɜ, ɜɵɛɢɬɵɯ ɢɡ ɦɟɬɚɥɥɚ, ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ 
ɢɥɢ ɞɢɷɥɟɤɬɪɢɤɚ ɩɟɪɜɢɱɧɵɦɢ ɷɥɟɤɬɪɨɧɚɦɢ. 
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Ɉɬɧɨɲɟɧɢɟ ɱɢɫɥɚ ɜɬɨɪɢɱɧɵɯ ɷɥɟɤɬɪɨɧɨɜ n2 ɤ ɱɢɫɥɭ ɩɟɪɜɢɱɧɵɯ ɩ1, ɜɵɡɜɚɜɲɢɯ ɷɦɢɫɫɢɸ, ɧɚɡɵɜɚɟɬɫɹ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɜɬɨɪɢɱɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɷɦɢɫɫɢɢ: 

=n2/n1. 

Ɉɧ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɪɨɞɵ ɦɚɬɟɪɢɚɥɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɷɧɟɪɝɢɢ ɛɨɦɛɚɪɞɢɪɭɸɳɢɯ ɱɚɫɬɢɰ ɢ ɢɯ ɭɝɥɚ ɩɚɞɟɧɢɹ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɶ. ɍ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɢ ɞɢɷɥɟɤɬɪɢɤɨɜ ɟɝɨ ɡɧɚɱɟɧɢɟ ɛɨɥɶɲɟ, ɱɟɦ ɭ ɦɟɬɚɥɥɨɜ. ɗɬɨ 
ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɜ ɦɟɬɚɥɥɚɯ, ɝɞɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɤɬɪɨɧɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜɟɥɢɤɚ, ɜɬɨɪɢɱɧɵɟ 
ɷɥɟɤɬɪɨɧɵ, ɱɚɫɬɨ ɫɬɚɥɤɢɜɚɹɫɶ ɫ ɧɢɦɢ, ɬɟɪɹɸɬ ɫɜɨɸ ɷɧɟɪɝɢɸ ɢ ɧɟ ɦɨɝɭɬ ɜɵɣɬɢ ɢɡ ɦɟɬɚɥɥɚ. ȼ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ ɢ ɞɢɷɥɟɤɬɪɢɤɚɯ ɠɟ ɢɡ-ɡɚ ɦɚɥɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ 
ɫɬɨɥɤɧɨɜɟɧɢɹ ɜɬɨɪɢɱɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɫ ɧɢɦɢ ɩɪɨɢɫɯɨɞɹɬ ɝɨɪɚɡɞɨ ɪɟɠɟ ɢ ɜɟɪɨɹɬɧɨɫɬɶ ɜɵɯɨɞɚ ɜɬɨɪɢɱɧɵɯ 
ɷɥɟɤɬɪɨɧɨɜ ɢɡ ɷɦɢɬɬɟɪɚ ɜɨɡɪɚɫɬɚɟɬ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ. 

əɜɥɟɧɢɟ ɜɬɨɪɢɱɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɷɦɢɫɫɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɮɨɬɨɷɥɟɤɬɪɨɧɧɵɯ ɭɦɧɨɠɢɬɟɥɹɯ 
(Ɏɗɍ), ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɭɫɢɥɟɧɢɹ ɫɥɚɛɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɬɨɤɨɜ.  

4. Ⱥɜɬɨɷɥɟɤɬɪɨɧɧɚɹ ɷɦɢɫɫɢɹ — ɷɬɨ ɷɦɢɫɫɢɹ ɷɥɟɤɬɪɨɧɨɜ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
ɫɢɥɶɧɨɝɨ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. ɗɬɢ ɹɜɥɟɧɢɹ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɜ ɨɬɤɚɱɚɧɧɨɣ ɬɪɭɛɤɟ, 
ɤɨɧɮɢɝɭɪɚɰɢɹ ɷɥɟɤɬɪɨɞɨɜ ɤɨɬɨɪɨɣ (ɤɚɬɨɞ — ɨɫɬɪɢɟ, ɚɧɨɞ — ɜɧɭɬɪɟɧɧɹɹ ɩɨɜɟɪɯɧɨɫɬɶ ɬɪɭɛɤɢ) ɩɨɡɜɨɥɹɟɬ 
ɩɪɢ ɧɚɩɪɹɠɟɧɢɹɯ ɩɪɢɦɟɪɧɨ 103 ȼ ɩɨɥɭɱɚɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɨɥɹ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ ɩɪɢɦɟɪɧɨ 107 ȼ/ɦ. 
ɉɪɢ ɩɨɫɬɟɩɟɧɧɨɦ ɩɨɜɵɲɟɧɢɢ ɧɚɩɪɹɠɟɧɢɹ ɭɠɟ ɩɪɢ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɨɞɚ 
ɩɪɢɦɟɪɧɨ 105—106 ȼ/ɦ ɜɨɡɧɢɤɚɟɬ ɫɥɚɛɵɣ ɬɨɤ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɷɥɟɤɬɪɨɧɚɦɢ, ɢɫɩɭɫɤɚɟɦɵɦɢ ɤɚɬɨɞɨɦ. 
ɋɢɥɚ ɷɬɨɝɨ ɬɨɤɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɩɨɜɵɲɟɧɢɟɦ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɬɪɭɛɤɟ. Ɍɨɤɢ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɯɨɥɨɞɧɨɦ 
ɤɚɬɨɞɟ, ɩɨɷɬɨɦɭ ɨɩɢɫɚɧɧɨɟ ɹɜɥɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɬɚɤɠɟ ɯɨɥɨɞɧɨɣ ɷɦɢɫɫɢɟɣ. Ɉɛɴɹɫɧɟɧɢɟ ɦɟɯɚɧɢɡɦɚ 
ɷɬɨɝɨ ɹɜɥɟɧɢɹ ɜɨɡɦɨɠɧɨ ɥɢɲɶ ɧɚ ɨɫɧɨɜɟ ɤɜɚɧɬɨɜɨɣ ɬɟɨɪɢɢ. 

 

13.3. ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɜ ɝɚɡɚɯ. ȼɢɞɵ ɝɚɡɨɜɨɝɨ ɪɚɡɪɹɞɚ. 

Ƚɚɡɵ ɩɪɢ ɧɟ ɫɥɢɲɤɨɦ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɩɪɢ ɞɚɜɥɟɧɢɹɯ, ɛɥɢɡɤɢɯ ɤ ɚɬɦɨɫɮɟɪɧɨɦɭ, 
ɹɜɥɹɸɬɫɹ ɯɨɪɨɲɢɦɢ ɢɡɨɥɹɬɨɪɚɦɢ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɝɚɡɵ ɩɪɢ ɨɛɵɱɧɵɯ ɭɫɥɨɜɢɹɯ ɫɨɫɬɨɹɬ ɢɡ 
ɧɟɣɬɪɚɥɶɧɵɯ ɚɬɨɦɨɜ ɢ ɦɨɥɟɤɭɥ ɢ ɧɟ ɫɨɞɟɪɠɚɬ ɫɜɨɛɨɞɧɵɯ ɡɚɪɹɞɨɜ. Ƚɚɡ ɫɬɚɧɨɜɢɬɫɹ ɩɪɨɜɨɞɧɢɤɨɦ 
ɷɥɟɤɬɪɢɱɟɫɬɜɚ, ɤɨɝɞɚ ɧɟɤɨɬɨɪɚɹ ɱɚɫɬɶ ɟɝɨ ɦɨɥɟɤɭɥ ɢɨɧɢɡɭɟɬɫɹ, ɬ. ɟ. ɩɪɨɢɡɨɣɞɟɬ ɪɚɫɳɟɩɥɟɧɢɟ 
ɧɟɣɬɪɚɥɶɧɵɯ ɚɬɨɦɨɜ ɢ ɦɨɥɟɤɭɥ ɧɚ ɢɨɧɵ ɢ ɫɜɨɛɨɞɧɵɟ ɷɥɟɤɬɪɨɧɵ. Ⱦɥɹ ɷɬɨɝɨ ɝɚɡ ɧɚɞɨ ɩɨɞɜɟɪɝɧɭɬɶ 
ɞɟɣɫɬɜɢɸ ɤɚɤɨɝɨ-ɥɢɛɨ ɢɨɧɢɡɚɬɨɪɚ (ɧɚɩɪɢɦɟɪ, ɩɨɞɧɟɫɹ ɤ ɡɚɪɹɠɟɧɧɨɦɭ ɷɥɟɤɬɪɨɦɟɬɪɭ ɩɥɚɦɹ ɫɜɟɱɢ, 
ɧɚɛɥɸɞɚɟɦ ɫɩɚɞ ɟɝɨ ɡɚɪɹɞɚν ɡɞɟɫɶ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɝɚɡɚ ɜɵɡɜɚɧɚ ɧɚɝɪɟɜɚɧɢɟɦ). 

ɉɪɢ ɢɨɧɢɡɚɰɢɢ ɝɚɡɨɜ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɚɤɨɝɨ-ɥɢɛɨ ɢɨɧɢɡɚɬɨɪɚ ɩɪɨɢɫɯɨɞɢɬ 
ɜɵɪɵɜɚɧɢɟ ɢɡ ɷɥɟɤɬɪɨɧɧɨɣ ɨɛɨɥɨɱɤɢ ɚɬɨɦɚ ɢɥɢ ɦɨɥɟɤɭɥɵ ɨɞɧɨɝɨ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɷɥɟɤɬɪɨɧɨɜ, ɱɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɢ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɢɨɧɨɜ. ɗɥɟɤɬɪɨɧɵ ɦɨɝɭɬ 
ɩɪɢɫɨɟɞɢɧɹɬɶɫɹ ɤ ɧɟɣɬɪɚɥɶɧɵɦ ɦɨɥɟɤɭɥɚɦ ɢ ɚɬɨɦɚɦ, ɩɪɟɜɪɚɳɚɹ ɢɯ ɜ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɢɨɧɵ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɢɨɧɢɡɨɜɚɧɧɨɦ ɝɚɡɟ ɢɦɟɸɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɢɨɧɵ ɢ ɫɜɨɛɨɞɧɵɟ 
ɷɥɟɤɬɪɨɧɵ. ɉɪɨɯɨɠɞɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɱɟɪɟɡ ɝɚɡɵ ɧɚɡɵɜɚɟɬɫɹ ɝɚɡɨɜɵɦ ɪɚɡɪɹɞɨɦ. 

ɂɨɧɢɡɚɰɢɹ ɝɚɡɨɜ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɪɚɡɥɢɱɧɵɯ ɢɨɧɢɡɚɬɨɪɨɜμ ɫɢɥɶɧɵɣ ɧɚɝɪɟɜ 
(ɫɬɨɥɤɧɨɜɟɧɢɹ ɛɵɫɬɪɵɯ ɦɨɥɟɤɭɥ ɫɬɚɧɨɜɹɬɫɹ ɧɚɫɬɨɥɶɤɨ ɫɢɥɶɧɵɦɢ, ɱɬɨ ɨɧɢ ɪɚɡɛɢɜɚɸɬɫɹ ɧɚ ɢɨɧɵ), 
ɤɨɪɨɬɤɨɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɢɡɥɭɱɟɧɢɟ (ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɟ, ɪɟɧɬɝɟɧɨɜɫɤɨɟ ɢ -ɢɡɥɭɱɟɧɢɹ), 
ɤɨɪɩɭɫɤɭɥɹɪɧɨɟ ɢɡɥɭɱɟɧɢɟ (ɩɨɬɨɤɢ ɷɥɟɤɬɪɨɧɨɜ, ɩɪɨɬɨɧɨɜ, -ɱɚɫɬɢɰ) ɢ ɬ. ɞ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɜɵɛɢɬɶ ɢɡ 
ɦɨɥɟɤɭɥɵ (ɚɬɨɦɚ) ɨɞɢɧ ɷɥɟɤɬɪɨɧ, ɧɟɨɛɯɨɞɢɦɨ ɡɚɬɪɚɬɢɬɶ ɨɩɪɟɞɟɥɟɧɧɭɸ ɷɧɟɪɝɢɸ, ɧɚɡɵɜɚɟɦɭɸ ɷɧɟɪɝɢɟɣ 
ɢɨɧɢɡɚɰɢɢ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɨɣ ɞɥɹ ɚɬɨɦɨɜ ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ ɥɟɠɚɬ ɜ ɩɪɟɞɟɥɚɯ 4—β5 ɷȼ. 

Ɉɞɧɨɜɪɟɦɟɧɧɨ ɫ ɩɪɨɰɟɫɫɨɦ ɢɨɧɢɡɚɰɢɢ ɝɚɡɚ ɜɫɟɝɞɚ ɢɞɟɬ ɢ ɨɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ — ɩɪɨɰɟɫɫ 
ɪɟɤɨɦɛɢɧɚɰɢɢ: ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɢɨɧɵ, ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɢɨɧɵ ɢ ɷɥɟɤɬɪɨɧɵ, ɜɫɬɪɟɱɚɹɫɶ, 
ɜɨɫɫɨɟɞɢɧɹɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɟɣɬɪɚɥɶɧɵɯ ɚɬɨɦɨɜ ɢ ɦɨɥɟɤɭɥ. ɑɟɦ ɛɨɥɶɲɟ ɢɨɧɨɜ 
ɜɨɡɧɢɤɚɟɬ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɢɨɧɢɡɚɬɨɪɚ, ɬɟɦ ɢɧɬɟɧɫɢɜɧɟɟ ɢɞɟɬ ɢ ɩɪɨɰɟɫɫ ɪɟɤɨɦɛɢɧɚɰɢɢ. 

ɗɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɝɚɡɚ ɧɭɥɸ ɧɟ ɪɚɜɧɚ ɧɢɤɨɝɞɚ, ɬɚɤ ɤɚɤ ɜ ɧɟɦ ɜɫɟɝɞɚ ɢɦɟɸɬɫɹ ɫɜɨɛɨɞɧɵɟ 
ɡɚɪɹɞɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ ɧɚ ɝɚɡɵ ɢɡɥɭɱɟɧɢɹ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ, ɢɦɟɸɳɢɯɫɹ 
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ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ, ɚ ɬɚɤɠɟ ɤɨɫɦɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ. ɗɬɚ ɧɟɡɧɚɱɢɬɟɥɶɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ 
ɜɨɡɞɭɯɚ (ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɨɧɢɡɚɰɢɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɭɤɚɡɚɧɧɵɯ ɮɚɤɬɨɪɨɜ ɧɟɜɟɥɢɤɚ) ɫɥɭɠɢɬ ɩɪɢɱɢɧɨɣ 
ɭɬɟɱɤɢ ɡɚɪɹɞɨɜ ɧɚɷɥɟɤɬɪɢɡɨɜɚɧɧɵɯ ɬɟɥ ɞɚɠɟ ɩɪɢ ɯɨɪɨɲɟɣ ɢɯ ɢɡɨɥɹɰɢɢ. 

ɏɚɪɚɤɬɟɪ ɝɚɡɨɜɨɝɨ ɪɚɡɪɹɞɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɫɬɚɜɨɦ ɝɚɡɚ, ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɨɣ ɢ ɞɚɜɥɟɧɢɟɦ, 
ɪɚɡɦɟɪɚɦɢ, ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɢ ɦɚɬɟɪɢɚɥɨɦ ɷɥɟɤɬɪɨɞɨɜ, ɩɪɢɥɨɠɟɧɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ, ɩɥɨɬɧɨɫɬɶɸ ɬɨɤɚ. 

Ɋɚɡɪɹɞɵ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɬɨɥɶɤɨ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɢɯ ɢɨɧɢɡɚɬɨɪɨɜ, ɧɚɡɵɜɚɸɬɫɹ 
ɧɟɫɚɦɨɫɬɨɹɬɟɥɶɧɵɦɢ.  

ɋɚɦɨɫɬɨɹɬɟɥɶɧɵɣ ɝɚɡɨɜɵɣ ɪɚɡɪɹɞ ɢ ɟɝɨ ɬɢɩɵ 

Ɋɚɡɪɹɞ ɜ ɝɚɡɟ, ɫɨɯɪɚɧɹɸɳɢɣɫɹ ɩɨɫɥɟ ɩɪɟɤɪɚɳɟɧɢɹ ɞɟɣɫɬɜɢɹ ɜɧɟɲɧɟɝɨ ɢɨɧɢɡɚɬɨɪɚ, ɧɚɡɵɜɚɟɬɫɹ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɦ. 

ɇɚɩɪɹɠɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɜɨɡɧɢɤɚɟɬ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɣ ɪɚɡɪɹɞ, ɧɚɡɵɜɚɟɬɫɹ ɧɚɩɪɹɠɟɧɢɟɦ 
ɩɪɨɛɨɹ. 

ɋɭɳɟɫɬɜɭɟɬ ɱɟɬɵɪɟ ɬɢɩɚ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɪɚɡɪɹɞɚμ ɬɥɟɸɳɢɣ, ɢɫɤɪɨɜɨɣ, ɞɭɝɨɜɨɣ ɢ ɤɨɪɨɧɧɵɣ. 

1. Ɍɥɟɸɳɢɣ ɪɚɡɪɹɞ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɹɯ. ȿɫɥɢ ɤ ɷɥɟɤɬɪɨɞɚɦ, ɜɩɚ- 

ɹɧɧɵɦ ɜ ɫɬɟɤɥɹɧɧɭɸ ɬɪɭɛɤɭ ɞɥɢɧɨɣ γ0—50 ɫɦ, ɩɪɢɥɨɠɢɬɶ ɩɨɫɬɨɹɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜ ɧɟɫɤɨɥɶɤɨ ɫɨɬɟɧ 
ɜɨɥɶɬ, ɩɨɫɬɟɩɟɧɧɨ ɨɬɤɚɱɢɜɚɹ ɢɡ ɬɪɭɛɤɢ ɜɨɡɞɭɯ, ɬɨ ɩɪɢ ɞɚɜɥɟɧɢɢ ɠ 5,γ—6,7 ɤɉɚ ɜɨɡɧɢɤɚɟɬ ɪɚɡɪɹɞ ɜ ɜɢɞɟ 
ɫɜɟɬɹɳɟɝɨɫɹ ɢɡɜɢɥɢɫɬɨɝɨ ɲɧɭɪɚ ɤɪɚɫɧɨɜɚɬɨɝɨ ɰɜɟɬɚ, ɢɞɭɳɟɝɨ ɨɬ ɤɚɬɨɞɚ ɤ ɚɧɨɞɭ. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ 
ɩɨɧɢɠɟɧɢɢ ɞɚɜɥɟɧɢɹ ɲɧɭɪ ɭɬɨɥɳɚɟɬɫɹ. 

Ɍɥɟɸɳɢɣ ɪɚɡɪɹɞ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɬɟɯɧɢɤɟ. Ɍɚɤ ɤɚɤ ɫɜɟɱɟɧɢɟ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɫɬɨɥɛɚ 
ɢɦɟɟɬ ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɤɚɠɞɨɝɨ ɝɚɡɚ ɰɜɟɬ, ɬɨ ɟɝɨ ɢɫɩɨɥɶɡɭɸɬ ɜ ɝɚɡɨɫɜɟɬɧɵɯ ɬɪɭɛɤɚɯ ɞɥɹ ɫɜɟɬɹɳɢɯɫɹ 
ɧɚɞɩɢɫɟɣ ɢ ɪɟɤɥɚɦ (ɧɚɩɪɢɦɟɪ, ɧɟɨɧɨɜɵɟ ɝɚɡɨɪɚɡɪɹɞɧɵɟ ɬɪɭɛɤɢ ɞɚɸɬ ɤɪɚɫɧɨɟ ɫɜɟɱɟɧɢɟ, ɚɪɝɨɧɨɜɵɟ — 

ɫɢɧɟɜɚɬɨ-ɡɟɥɟɧɨɟ). ȼ ɥɚɦɩɚɯ ɞɧɟɜɧɨɝɨ ɫɜɟɬɚ, ɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɯ, ɱɟɦ ɥɚɦɩɵ ɧɚɤɚɥɢɜɚɧɢɹ, ɢɡɥɭɱɟɧɢɟ 
ɬɥɟɸɳɟɝɨ ɪɚɡɪɹɞɚ, ɩɪɨɢɫɯɨɞɹɳɟɟ ɜ ɩɚɪɚɯ ɪɬɭɬɢ, ɩɨɝɥɨɳɚɟɬɫɹ ɧɚɧɟɫɟɧɧɵɦ ɧɚ ɜɧɭɬɪɟɧɧɸɸ ɩɨɜɟɪɯɧɨɫɬɶ 
ɬɪɭɛɤɢ ɮɥɭɨɪɟɫɰɢɪɭɸɳɢɦ ɜɟɳɟɫɬɜɨɦ (ɥɸɦɢɧɨɮɨɪɨɦ), ɧɚɱɢɧɚɸɳɢɦ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɩɨɝɥɨɳɟɧɧɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɫɜɟɬɢɬɶɫɹ. 

ɂɫɤɪɨɜɨɣ ɪɚɡɪɹɞ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɛɨɥɶɲɢɯ ɧɚɩɪɹɠɟɧɧɨɫɬɹɯ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ (Ё=γ•106 ȼ/ɦ) 
ɜ ɝɚɡɟ, ɧɚɯɨɞɹɳɟɦɫɹ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɩɨɪɹɞɤɚ ɚɬɦɨɫɮɟɪɧɨɝɨ. ɂɫɤɪɚ ɢɦɟɟɬ ɜɢɞ ɹɪɤɨ ɫɜɟɬɹɳɟɝɨɫɹ ɬɨɧɤɨɝɨ 
ɤɚɧɚɥɚ, ɫɥɨɠɧɵɦ ɨɛɪɚɡɨɦ ɢɡɨɝɧɭɬɨɝɨ ɢ ɪɚɡɜɟɬɜɥɟɧɧɨɝɨ. 

Ɉɛɴɹɫɧɟɧɢɟ ɢɫɤɪɨɜɨɝɨ ɪɚɡɪɹɞɚ ɞɚɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɫɬɪɢɦɟɪɧɨɣ ɬɟɨɪɢɢ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ ɜɨɡɧɢɤɧɨɜɟɧɢɸ 
ɹɪɤɨ ɫɜɟɬɹɳɟɝɨɫɹ ɤɚɧɚɥɚ ɢɫɤɪɵ ɩɪɟɞɲɟɫɬɜɭɟɬ ɩɨɹɜɥɟɧɢɟ ɫɥɚɛɨɫɜɟɬɹɳɢɯɫɹ ɫɤɨɩɥɟɧɢɣ ɢɨɧɢɡɨɜɚɧɧɨɝɨ 
ɝɚɡɚ — ɫɬɪɢɦɟɪɨɜ. ɋɬɪɢɦɟɪɵ ɜɨɡɧɢɤɚɸɬ ɧɟ ɬɨɥɶɤɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɨɜɚɧɢɹ ɷɥɟɤɬɪɨɧɧɵɯ ɥɚɜɢɧ 
ɩɨɫɪɟɞɫɬɜɨɦ ɭɞɚɪɧɨɣ ɢɨɧɢɡɚɰɢɢ, ɧɨ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɮɨɬɨɧɧɨɣ ɢɨɧɢɡɚɰɢɢ ɝɚɡɚ. Ʌɚɜɢɧɵ, ɞɨɝɨɧɹɹ ɞɪɭɝ 
ɞɪɭɝɚ, ɨɛɪɚɡɭɸɬ ɩɪɨɜɨɞɹɳɢɟ ɦɨɫɬɢɤɢ ɢɡ ɫɬɪɢɦɟɪɨɜ, ɩɨ ɤɨɬɨɪɵɦ ɜ ɫɥɟɞɭɸɳɢɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ ɢ 
ɭɫɬɪɟɦɥɹɸɬɫɹ ɦɨɳɧɵɟ ɩɨɬɨɤɢ ɷɥɟɤɬɪɨɧɨɜ, ɨɛɪɚɡɭɸɳɢɟ ɤɚɧɚɥɵ ɢɫɤɪɨɜɨɝɨ ɪɚɡɪɹɞɚ. ɂɡ-ɡɚ ɜɵɞɟɥɟɧɢɹ 
ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɩɪɨɰɟɫɫɚɯ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɧɟɪɝɢɢ ɝɚɡ ɜ ɢɫɤɪɨɜɨɦ ɩɪɨɦɟɠɭɬɤɟ ɧɚɝɪɟɜɚɟɬɫɹ 
ɞɨ ɨɱɟɧɶ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ (ɩɪɢɦɟɪɧɨ 104 Ʉ), ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɟɝɨ ɫɜɟɱɟɧɢɸ. Ȼɵɫɬɪɵɣ ɧɚɝɪɟɜ ɝɚɡɚ 
ɜɟɞɟɬ ɤ ɩɨɜɵɲɟɧɢɸ ɞɚɜɥɟɧɢɹ ɢ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɭɞɚɪɧɵɯ ɜɨɥɧ, ɨɛɴɹɫɧɹɸɳɢɯ ɡɜɭɤɨɜɵɟ ɷɮɮɟɤɬɵ ɩɪɢ 
ɢɫɤɪɨɜɨɦ ɪɚɡɪɹɞɟ — ɯɚɪɚɤɬɟɪɧɨɟ ɩɨɬɪɟɫɤɢɜɚɧɢɟ ɜ ɫɥɚɛɵɯ ɪɚɡɪɹɞɚɯ ɢ ɦɨɳɧɵɟ ɪɚɫɤɚɬɵ ɝɪɨɦɚ ɜ ɫɥɭɱɚɟ 
ɦɨɥɧɢɢ, ɹɜɥɹɸɳɟɣɫɹ ɩɪɢɦɟɪɨɦ ɦɨɳɧɨɝɨ ɢɫɤɪɨɜɨɝɨ ɪɚɡɪɹɞɚ ɦɟɠɞɭ ɝɪɨɡɨɜɵɦ ɨɛɥɚɤɨɦ ɢ Ɂɟɦɥɟɣ ɢɥɢ 
ɦɟɠɞɭ ɞɜɭɦɹ ɝɪɨɡɨɜɵɦɢ ɨɛɥɚɤɚɦɢ. 

ɂɫɤɪɨɜɨɣ ɪɚɡɪɹɞ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɝɨɪɸɱɟɣ ɫɦɟɫɢ ɜ ɞɜɢɝɚɬɟɥɹɯ ɜɧɭɬɪɟɧɧɟɝɨ 
ɫɝɨɪɚɧɢɹ ɞɥɹ ɷɥɟɤɬɪɨɢɫɤɪɨɜɨɣ ɬɨɱɧɨɣ ɨɛɪɚɛɨɬɤɢ ɦɟɬɚɥɥɨɜ (ɪɟɡɚɧɢɟ, ɫɜɟɪɥɟɧɢɟ). ȿɝɨ ɢɫɩɨɥɶɡɭɸɬ ɜ 
ɫɩɟɤɬɪɚɥɶɧɨɦ ɚɧɚɥɢɡɟ ɞɥɹ ɪɟɝɢɫɬɪɚɰɢɢ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ (ɢɫɤɪɨɜɵɟ ɫɱɟɬɱɢɤɢ). 

Ⱦɭɝɨɜɨɣ ɪɚɡɪɹɞ. ȿɫɥɢ ɩɨɫɥɟ ɡɚɠɢɝɚɧɢɹ ɢɫɤɪɨɜɨɝɨ ɪɚɡɪɹɞɚ ɨɬ ɦɨɳɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɨɫɬɟɩɟɧɧɨ 
ɭɦɟɧɶɲɚɬɶ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɷɥɟɤɬɪɨɞɚɦɢ, ɬɨ ɪɚɡɪɹɞ ɫɬɚɧɨɜɢɬɫɹ ɧɟɩɪɟɪɵɜɧɵɦ — ɜɨɡɧɢɤɚɟɬ ɞɭɝɨɜɨɣ 
ɪɚɡɪɹɞ. ɉɪɢ ɷɬɨɦ ɫɢɥɚ ɬɨɤɚ ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɟɬ, ɞɨɫɬɢɝɚɹ ɫɨɬɟɧ ɚɦɩɟɪ, ɚ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɪɚɡɪɹɞɧɨɦ 
ɩɪɨɦɟɠɭɬɤɟ ɩɚɞɚɟɬ ɞɨ 
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ɪɹɞ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɨɬ ɢɫɬɨɱɧɢɤɚ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɦɢɧɭɹ ɫɬɚɞɢɸ ɢɫɤɪɵ. Ⱦɥɹ ɷɬɨɝɨ ɷɥɟɤɬɪɨɞɵ 
(ɧɚɩɪɢɦɟɪ, ɭɝɨɥɶɧɵɟ) ɫɛɥɢɠɚɸɬ ɞɨ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ, ɨɧɢ ɫɢɥɶɧɨ ɪɚɫɤɚɥɹɸɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ, 
ɩɨɬɨɦ ɢɯ ɪɚɡɜɨɞɹɬ ɢ ɩɨɥɭɱɚɸɬ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɞɭɝɭ (ɢɦɟɧɧɨ ɬɚɤ ɨɧɚ ɛɵɥɚ ɨɬɤɪɵɬɚ ȼ. ȼ. ɉɟɬɪɨɜɵɦ). ɉɪɢ 
ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɚ ɤɚɬɨɞɚ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪɚɜɧɚ γλ00 Ʉ. ɉɨ ɦɟɪɟ ɝɨɪɟɧɢɹ ɞɭɝɢ 
ɭɝɨɥɶɧɵɣ ɤɚɬɨɞ ɡɚɨɫɬɪɹɟɬɫɹ, ɚ ɧɚ ɚɧɨɞɟ ɨɛɪɚɡɭɟɬɫɹ ɭɝɥɭɛɥɟɧɢɟ — ɤɪɚɬɟɪ, ɹɜɥɹɸɳɢɣɫɹ ɧɚɢɛɨɥɟɟ 
ɝɨɪɹɱɢɦ ɦɟɫɬɨɦ ɞɭɝɢ. 

ɉɨ ɫɨɜɪɟɦɟɧɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ, ɞɭɝɨɜɨɣ ɪɚɡɪɹɞ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɤɚɬɨɞɚ 
ɢɡ-ɡɚ ɢɧɬɟɧɫɢɜɧɨɣ ɬɟɪɦɨɷɥɟɤɬɪɨɧɧɨɣ ɷɦɢɫɫɢɢ, ɚ ɬɚɤɠɟ ɬɟɪɦɢɱɟɫɤɨɣ ɢɨɧɢɡɚɰɢɢ ɦɨɥɟɤɭɥ, 
ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɝɚɡɚ. 

Ⱦɭɝɨɜɨɣ ɪɚɡɪɹɞ ɧɚɯɨɞɢɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɧɚɪɨɞɧɨɦ ɯɨɡɹɣɫɬɜɟ ɞɥɹ ɫɜɚɪɤɢ ɢ ɪɟɡɤɢ ɦɟɬɚɥɥɨɜ, 
ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɫɬɚɥɟɣ (ɞɭɝɨɜɚɹ ɩɟɱɶ) ɢ ɨɫɜɟɳɟɧɢɹ (ɩɪɨɠɟɤɬɨɪɵ, ɩɪɨɟɤɰɢɨɧɧɚɹ 
ɚɩɩɚɪɚɬɭɪɚ). ɒɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɬɚɤɠɟ ɞɭɝɨɜɵɟ ɥɚɦɩɵ ɫ ɪɬɭɬɧɵɦɢ ɷɥɟɤɬɪɨɞɚɦɢ ɜ ɤɜɚɪɰɟɜɵɯ 
ɛɚɥɥɨɧɚɯ, ɝɞɟ ɞɭɝɨɜɨɣ ɪɚɡɪɹɞ ɜɨɡɧɢɤɚɟɬ ɜ ɪɬɭɬɧɨɦ ɩɚɪɟ ɩɪɢ ɨɬɤɚɱɚɧɧɨɦ ɜɨɡɞɭɯɟ. Ⱦɭɝɚ, ɜɨɡɧɢɤɚɸɳɚɹ ɜ 
ɪɬɭɬɧɨɦ ɩɚɪɟ, ɹɜɥɹɟɬɫɹ ɦɨɳɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɦɟɞɢɰɢɧɟ 
(ɧɚɩɪɢɦɟɪ, ɤɜɚɪɰɟɜɵɟ ɥɚɦɩɵ). Ⱦɭɝɨɜɨɣ ɪɚɡɪɹɞ ɩɪɢ ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɹɯ ɜ ɩɚɪɚɯ ɪɬɭɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ 
ɪɬɭɬɧɵɯ ɜɵɩɪɹɦɢɬɟɥɹɯ ɞɥɹ ɜɵɩɪɹɦɥɟɧɢɹ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ. 

4. Ʉɨɪɨɧɧɵɣ ɪɚɡɪɹɞ — ɜɵɫɨɤɨɜɨɥɶɬɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɪɚɡɪɹɞ ɩɪɢ ɜɵɫɨɤɨɦ (ɧɚɩɪɢɦɟɪ, ɚɬɦɨɫɮɟɪɧɨɦ) 
ɞɚɜɥɟɧɢɢ ɜ ɪɟɡɤɨɧɟɨɞɧɨɪɨɞɧɨɦ ɩɨɥɟ ɜɛɥɢɡɢ ɷɥɟɤɬɪɨɞɨɜ ɫ ɛɨɥɶɲɨɣ ɤɪɢɜɢɡɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɧɚɩɪɢɦɟɪ, 
ɨɫɬɪɢɹ). Ʉɨɝɞɚ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɩɨɥɹ ɜɛɥɢɡɢ ɨɫɬɪɢɹ ɞɨɫɬɢɝɚɟɬ γ0 ɤȼ/ɫɦ, ɬɨ ɜɨɤɪɭɝ ɧɟɝɨ ɜɨɡɧɢɤɚɟɬ 
ɫɜɟɱɟɧɢɟ, ɢɦɟɸɳɟɟ ɜɢɞ ɤɨɪɨɧɵ, ɱɟɦ ɢ ɜɵɡɜɚɧɨ ɧɚɡɜɚɧɢɟ ɷɬɨɝɨ ɜɢɞɚ ɪɚɡɪɹɞɚ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɤɚ ɤɨɪɨɧɢɪɭɸɳɟɝɨ ɷɥɟɤɬɪɨɞɚ ɪɚɡɥɢɱɚɸɬ ɨɬɪɢɰɚɬɟɥɶɧɭɸ ɢɥɢ 
ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɤɨɪɨɧɭ. ȼ ɫɥɭɱɚɟ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɤɨɪɨɧɵ ɪɨɠɞɟɧɢɟ ɷɥɟɤɬɪɨɧɨɜ, ɜɵɡɵɜɚɸɳɢɯ ɭɞɚɪɧɭɸ 
ɢɨɧɢɡɚɰɢɸ ɦɨɥɟɤɭɥ ɤɚɬɨɞɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɢɨɧɨɜ, ɜ ɫɥɭɱɚɟ ɩɨɥɨɠɢɬɟɥɶɧɨɣ — 

ɜɫɥɟɞɫɬɜɢɟ ɢɨɧɢɡɚɰɢɢ ɝɚɡɚ ɜɛɥɢɡɢ ɚɧɨɞɚ. ȼ ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɤɨɪɨɧɚ ɜɨɡɧɢɤɚɟɬ ɩɨɞ ɜɥɢɹɧɢɟɦ 
ɚɬɦɨɫɮɟɪɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɭ ɜɟɪɲɢɧ ɦɚɱɬ (ɧɚ ɷɬɨɦ ɨɫɧɨɜɚɧɨ ɞɟɣɫɬɜɢɟ ɦɨɥɧɢɟɨɬɜɨɞɨɜ), ɞɟɪɟɜɶɟɜ. 

ȼɪɟɞɧɨɟ ɞɟɣɫɬɜɢɟ ɤɨɪɨɧɵ ɜɨɤɪɭɝ ɩɪɨɜɨɞɨɜ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɥɢɧɢɣ ɩɟɪɟɞɚɱɢ ɩɪɨɹɜɥɹɟɬɫɹ ɜ 
ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɜɪɟɞɧɵɯ ɬɨɤɨɜ ɭɬɟɱɤɢ. Ⱦɥɹ ɢɯ ɫɧɢɠɟɧɢɹ ɩɪɨɜɨɞɚ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɥɢɧɢɣ ɞɟɥɚɸɬɫɹ 
ɬɨɥɫɬɵɦɢ. Ʉɨɪɨɧɧɵɣ ɪɚɡɪɹɞ, ɹɜɥɹɹɫɶ ɩɪɟɪɵɜɢɫɬɵɦ, ɫɬɚɧɨɜɢɬɫɹ ɬɚɤɠɟ ɢɫɬɨɱɧɢɤɨɦ ɪɚɞɢɨɩɨɦɟɯ. 

ɂɫɩɨɥɶɡɭɟɬɫɹ ɤɨɪɨɧɧɵɣ ɪɚɡɪɹɞ ɜ ɷɥɟɤɬɪɨɮɢɥɶɬɪɚɯ, ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɨɱɢɫɬɤɢ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɝɚɡɨɜ ɨɬ ɩɪɢɦɟɫɟɣ. Ʉɨɪɨɧɧɵɣ ɪɚɡɪɹɞ ɩɪɢɦɟɧɹɟɬɫɹ ɬɚɤɠɟ ɩɪɢ ɧɚɧɟɫɟɧɢɢ ɩɨɪɨɲɤɨɜɵɯ ɢ ɥɚɤɨɤɪɚɫɨɱɧɵɯ 
ɩɨɤɪɵɬɢɣ. 

Ʌɟɤɰɢɹ №14 

ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɹɜɥɟɧɢɹ. Ɇɚɝɧɢɬɧɨɟ ɩɨɥɟ. Ɇɚɝɧɢɬɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɬɨɤɨɜ. Ɂɚɤɨɧ Ⱥɦɩɟɪɚ. 
ȼɟɤɬɨɪ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ. Ɂɚɤɨɧ Ȼɢɨ-ɋɚɜɚɪɚ-Ʌɚɩɥɚɫɚ. Ɇɚɝɧɢɬɧɨɟ ɩɨɥɟ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɢ ɤɪɭɝɨɜɨɝɨ 
ɬɨɤɨɜ.                                                                     ɐɢɪɤɭɥɹɰɢɹ ɜɟɤɬɨɪɚ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ. ɉɨɥɟ ɫɨɥɟɧɨɢɞɚ 
ɢ ɬɨɪɨɢɞɚ. Ɇɚɝɧɢɬɧɵɣ ɩɨɬɨɤ. Ɍɟɨɪɟɦɚ Ƚɚɭɫɫɚ. Ɋɚɛɨɬɚ ɩɟɪɟɦɟɳɟɧɢɹ ɩɪɨɜɨɞɧɢɤɚ ɢ ɪɚɦɤɢ ɫ ɬɨɤɨɦ ɜ 
ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ. Ⱦɟɣɫɬɜɢɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɞɜɢɠɭɳɢɣɫɹ ɡɚɪɹɞ. ɋɢɥɚ Ʌɨɪɟɧɰɚ. Ɇɚɝɧɢɬɧɨɟ ɩɨɥɟ ɜ 
ɜɟɳɟɫɬɜɟ. ɇɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɢ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. Ɂɚɤɨɧ ɩɨɥɧɨɝɨ ɬɨɤɚ ɞɥɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 
ɜ ɜɟɳɟɫɬɜɟ. ȼɢɞɵ ɦɚɝɧɟɬɢɤɨɜ.  

14.1. Ɇɚɝɧɢɬɧɨɟ ɩɨɥɟ. Ɇɚɝɧɢɬɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɬɨɤɨɜ. Ɂɚɤɨɧ Ⱥɦɩɟɪɚ. ȼɟɤɬɨɪ ɦɚɝɧɢɬɧɨɣ 
ɢɧɞɭɤɰɢɢ. 

Ɉɩɵɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɬɨɤɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɦɟɠɞɭ ɫɨɛɨɣ, ɧɚɩɪɦɟɪ, ɬɨɤɢ I

 ɩɪɢɬɹɝɢɜɚɸɬɫɹ, ɚ ɬɨɤɢ I  ɨɬɬɚɥɤɢɜɚɸɬɫɹ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɬɨɤɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ 
ɩɨɥɟ, ɤɨɬɨɪɨɟ ɧɚɡɵɜɚɟɬɫɹ ɦɚɝɧɢɬɧɵɦ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɜɢɠɭɳɢɟɫɹ ɡɚɪɹɞɵ (ɬɨɤɢ) ɢɡɦɟɧɹɸɬ ɫɜɨɣɫɬɜɚ 
ɨɤɪɭɠɚɸɳɟɝɨ ɢɯ ɩɪɨɫɬɪɚɧɫɬɜɚ - ɫɨɡɞɚɸɬ ɜ ɧɟɦ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ. ɗɬɨ ɩɨɥɟ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɧɚ 
ɞɜɢɠɭɳɢɟɫɹ ɜ ɧɟɦ ɡɚɪɹɞɵ (ɬɨɤɢ) ɞɟɣɫɬɜɭɸɬ ɫɢɥɵ. ɉɨɞɨɛɧɨ ɬɨɦɭ, ɤɚɤ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɩɨɥɹ ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɪɨɛɧɵɣ ɡɚɪɹɞ, ɩɪɢɦɟɧɢɦ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɪɨɛɧɵɣ ɬɨɤ, 
ɰɢɪɤɭɥɢɪɭɸɳɢɣ ɜ ɩɥɨɫɤɨɦ ɡɚɦɤɧɭɬɨɦ ɤɨɧɬɭɪɟ ɨɱɟɧɶ ɦɚɥɵɯ ɪɚɡɦɟɪɨɜ . Ȼɭɞɟɦ ɧɚɡɵɜɚɬɶ ɬɚɤɨɣ ɤɨɧɬɭɪ 
ɩɪɨɛɧɵɦ ɤɨɧɬɭɪɨɦ.  
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Ɉɪɢɟɧɬɚɰɢɸ ɟɝɨ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɧɚɩɪɚɜɥɟɧɢɟ ɧɨɪɦɚɥɢ  ɤ ɤɨɧɬɭɪɭ, 
ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɦɨɣ ɩɨ ɩɪɚɜɢɥɭ ɩɪɚɜɨɝɨ ɛɭɪɚɜɱɢɤɚμ ɜɪɚɳɚɟɦ ɪɭɤɨɹɬɤɭ ɩɪɚɜɨɝɨ ɛɭɪɚɜɱɢɤɚ ɩɨ 
ɧɚɩɪɚɜɥɟɧɢɸ ɬɨɤɚ ɜ ɤɨɧɬɭɪɟ, ɬɨɝɞɚ ɧɚɩɪɚɜɥɟɧɢɟ ɟɝɨ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɞɚɫɬ ɧɚɩɪɚɜɥɟɧɢɟ 
ɧɨɪɦɚɥɢ  (ɪɢɫ.14.1). ɉɨɦɟɳɚɹ ɩɪɨɛɧɵɣ ɤɨɧɬɭɪ ɜ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɨɛɧɚɪɭɠɢɦ, ɱɬɨ ɩɨɥɟ ɫɬɪɟɦɢɬɫɹ 
ɩɨɜɟɪɧɭɬɶ ɤɨɧɬɭɪ (ɧɨɪɦɚɥɶ) ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 

  

ȼɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ, ɞɟɣɫɬɜɭɸɳɢɣ ɧɚ ɤɨɧɬɭɪ, ɡɚɜɢɫɢɬ ɤɚɤ ɨɬ ɫɜɨɣɫɬɜ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɞɚɧɧɨɣ 
ɬɨɱɤɟ, ɬɚɤ ɢ ɨɬ ɫɜɨɣɫɬɜ ɤɨɧɬɭɪɚ. Ɉɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɜɪɚɳɚɸɳɟɝɨ ɦɨɦɟɧɬɚ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ IS, ɬ.ɟ. M  ~ IS, ɝɞɟ I -ɬɨɤ ɤɨɧɬɭɪɟ, S - ɩɥɨɳɚɞɶ ɤɨɧɬɭɪɚ ɫ ɬɨɤɨɦ, (ɪɢɫ.14.1). 

ȼɟɤɬɨɪɧɭɸ ɜɟɥɢɱɢɧɭ         

                                                 (14-1) 

ɧɚɡɵɜɚɸɬ ɦɚɝɧɢɬɧɵɦ ɦɨɦɟɧɬɨɦ ɤɨɧɬɭɪɚ, ɤɨɬɨɪɵɣ ɜ ɋɂ ɢɡɦɟɪɹɟɬɫɹ ɜ Ⱥɦ2. 

ɇɚ ɩɪɨɛɧɵɟ ɤɨɧɬɭɪɵ ɫ ɪɚɡɧɵɦɢ ɪm, ɩɨɦɟɳɚɟɦɵɦɢ ɜ ɞɚɧɧɭɸ ɬɨɱɤɭ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɛɭɞɭɬ 
ɞɟɣɫɬɜɨɜɚɬɶ ɪɚɡɧɵɟ ɩɨ ɜɟɥɢɱɢɧɟ ɦɚɤɫɢɦɚɥɶɧɵɟ ɜɪɚɳɚɸɳɢɟ ɦɨɦɟɧɬɵ Ɇ , ɧɨ ɨɬɧɨɲɟɧɢɟ Ɇ  / ɪ  

ɛɭɞɟɬ ɞɥɹ ɜɫɟɯ ɤɨɧɬɭɪɨɜ ɨɞɢɧɚɤɨɜɨ, ɨɧɨ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɫɢɥɨɜɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, 
ɤɨɬɨɪɚɹ ɧɚɡɵɜɚɟɬɫɹ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɟɣ 

ȼ = Ɇ  /ɪ .                                           (14-2) 

Ɇɚɝɧɢɬɧɚɹ ɢɧɞɭɤɰɢɹ ɟɫɬɶ ɜɟɤɬɨɪ, ɧɚɩɪɚɜɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɫɨɜɩɚɞɚɟɬ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɧɨɪɦɚɥɢ 
ɤɨɧɬɭɪɚ ɫ ɬɨɤɨɦ, ɫɜɨɛɨɞɧɨ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɜɨ ɜɧɟɲɧɟɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ (ɪɢɫ.14.β). 

 ɉɨɥɟ ɜɟɤɬɨɪɚ ȼ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɫ ɩɨɦɨɳɶɸ ɫɢɥɨɜɵɯ ɥɢɧɢɣ, (ɪɢɫ.14. 2), ɤɚɤ ɢ ɩɨɥɟ ɜɟɤɬɨɪɚ 

; ɬɚɤɢɦ ɨɛɪɚɡɨɦ ȼ ɹɜɥɹɟɬɫɹ ɚɧɚɥɨɝɨɦ ȿ .Ɇɚɝɧɢɬɧɚɹ ɢɧɞɭɤɰɢɹ ɜ ɋɂ ɢɡɦɟɪɹɟɬɫɹ ɜ ɬɟɫɥɚɯμ 1 Ɍɥ=1 ɇɦ/1 

Ⱥɦ2. Ɍɟɫɥɚ ɪɚɜɟɧ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɨɞɧɨɪɨɞɧɨɝɨ ɩɨɥɹ, ɜ ɤɨɬɨɪɨɦ ɧɚ ɩɥɨɫɤɢɣ ɤɨɧɬɭɪ ɫ ɬɨɤɨɦ, ɤɨɬɨɪɵɣ 
ɢɦɟɟɬ ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ 1 Ⱥ ɦ2, ɞɟɣɫɬɜɭɟɬ ɦɚɤɫɢɦɚɥɶɧɵɣ ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ, ɪɚɜɧɵɣ 1 ɇɦ. 

 

ɇɚ ɤɨɧɬɭɪ ɫ ɬɨɤɨɦ, ɩɨɦɟɳɟɧɧɵɣ ɜ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɫ ɢɧɞɭɤɰɢɟɣ , ɞɟɣɫɬɜɭɟɬ ɜɪɚɳɚɸɳɢɣ 
ɦɨɦɟɧɬ                

n

n


ɦɚɤɫ

nISɪm




ɦɚɤɫ ɦɚɤɫ m

ɦɚɤɫ m

ȿ


B



138 

 

             .                                                    (14-3) 

ȼɟɥɢɱɢɧɚ ɟɝɨ                              M =   

ɩɪɢ   ɢɦɟɟɦ Ɇ = M = p B , ɩɪɢ  = 0 ɢɥɢ  = ,  M= 0. 

Ɂɚɤɨɧ Ⱥɦɩɟɪɚ: ɧɚ ɷɥɟɦɟɧɬ ɬɨɤɚ Id , ɩɨɦɟɳɟɧɧɵɣ ɜ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɫ ɢɧɞɭɤɰɢɟɣ , ɞɟɣɫɬɜɭɟɬ 
ɫɢɥɚ                      

       .                                          (14-4)                     

ɉɪɨɢɡɜɟɞɟɧɢɟ I  ɧɚɡɵɜɚɸɬ ɷɥɟɦɟɧɬɨɦ ɬɨɤɚ, ɝɞɟ  - ɜɟɤɬɨɪ, ɫɨɜɩɚɞɚɸɳɢɣ ɫ ɷɥɟɦɟɧɬɨɦ 
ɭɱɚɫɬɤɚ ɬɨɤɚ ɢ ɧɚɩɪɚɜɥɟɧɧɵɣ ɜ ɫɬɨɪɨɧɭ, ɜ ɤɨɬɨɪɭɸ ɬɟɱɟɬ ɬɨɤ. 

 

14.2. Ɂɚɤɨɧ Ȼɢɨ-ɋɚɜɚɪɚ-Ʌɚɩɥɚɫɚ. Ɇɚɝɧɢɬɧɨɟ ɩɨɥɟ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɢ ɤɪɭɝɨɜɨɝɨ ɬɨɤɨɜ. 

Ɂɚɤɨɧ Ȼɢɨ-ɋɚɜɚɪɚ-Ʌɚɩɥɚɫɚ ɩɨɡɜɨɥɹɟɬ ɜɵɱɢɫɥɢɬɶ ɦɚɝɧɢɬɧɭɸ ɢɧɞɭɤɰɢɸ ɩɨɥɹ, ɫɨɡɞɚɧɧɨɝɨ 

ɷɥɟɦɟɧɬɨɦ ɬɨɤɚ Id  ɧɚ ɪɚɫɫɬɨɹɧɢɢ  ɨɬ ɧɟɝɨμ 

 

        dB = ,                                              (14-5) 

ɬ.ɟ. ɢɧɞɭɤɰɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɷɥɟɦɟɧɬɨɦ ɬɨɤɚ IН  ɬɨɱɤɟ Ⱥ, (ɪɢɫ.14.3), ɧɚ ɪɚɫɫɬɨɹɧɢɢ Ы ɨɬ 
ɧɟɝɨ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɜɟɥɢɱɢɧɟ ɷɥɟɦɟɧɬɚ ɬɨɤɚ ɢ ɫɢɧɭɫɭ ɭɝɥɚ , ɪɚɜɧɨɝɨ ɭɝɥɭ ɦɟɠɞɭ ɧɚɩɪɚɜɥɟɧɢɹɦɢ 

ɷɥɟɦɟɧɬɚ ɬɨɤɚ Id  ɢ , ɚ ɬɚɤɠɟ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɜɚɞɪɚɬɭ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɧɢɦɢν  

 Ƚɧ / ɦ - ɦɚɝɧɢɬɧɚɹ ɩɨɫɬɨɹɧɧɚɹ. 

Ɂɚɤɨɧ Ȼɢɨ - ɋɚɜɚɪɚ - Ʌɚɩɥɚɫɚ ɜ ɜɟɤɬɨɪɧɨɣ ɮɨɪɦɟ ɢɦɟɟɬ ɜɢɞμ   

 d = .                                              (14-6) 

Ɂɚɤɨɧ Ȼɢɨ - ɋɚɜɚɪɚ - Ʌɚɩɥɚɫɚ ɩɨɡɜɨɥɹɟɬ ɜɵɱɢɫɥɢɬɶ ɦɚɝɧɢɬɧɭɸ ɢɧɞɭɤɰɢɸ ɩɨɥɹ ɥɸɛɵɯ ɫɢɫɬɟɦ ɬɨɤɨɜ, 
ɢɫɩɨɥɶɡɭɹ ɩɪɢɧɰɢɩ ɫɭɩɟɪɩɨɡɢɰɢɢ ɦɚɝɧɢɬɧɵɯ ɩɨɥɹ  

  = .                                                 (14-7) 
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ɉɪɢɦɟɧɢɦ ɡɚɤɨɧ Ȼɢɨ - ɋɚɜɚɪɚ - Ʌɚɩɥɚɫɚ ɢ ɩɪɢɧɰɢɩ ɫɭɩɟɪɩɨɡɢɰɢɢ (14-7) ɤ ɪɚɫɱɟɬɭ ɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ 
ɫɥɟɞɭɸɳɢɯ ɬɨɤɨɜμ  

 1) Ɇɚɝɧɢɬɧɨɟ ɩɨɥɟ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɬɨɤɚ. 

ɂɡ ɪɢɫ.14.4 ɫ ɭɱɟɬɨɦ (14-6) ɧɚɯɨɞɢɦ, ɱɬɨ d  ɩɥɨɫɤɨɫɬɢ, ɜ ɤɨɬɨɪɨɣ ɥɟɠɚɬ d  ɢ ; ɞɚɥɟɟ ɦɨɠɧɨ 

ɧɚɣɬɢ  ,ɨɬɤɭɞɚ, ɩɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ  ɩɨɥɭɱɚɟɦ . ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ 

ɢɡ (14-5) ɧɚɯɨɞɢɦμ 

 

ɢɧɬɟɝɪɢɪɭɹ ɩɨɫɥɟɞɧɟɟ ɪɚɜɟɧɫɬɜɨ, ɩɨɥɭɱɚɟɦ 

                      (14-8) 

 

Ⱦɥɹ ɛɟɫɤɨɧɟɱɧɨ ɞɥɢɧɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ,  ɢ  ɢɡ  (8) ɫɥɟɞɭɟɬ, ɱɬɨ  

ȼ

 l


r





sin

rd
dl 

sin

0rr 



2

0

sin

dr
dl 

0

0

22
0

2
00

2

0 sin

4sin

sinsin

4

sin

4 r

dI

r

dIr

r

Idl
dB
















.)cos(cos
4

sin
4

21
0

0

0

0
2

1

   





 


r

I
d

r

I
dBB

01   2



140 

 

                                                                   (14-9) 

   2) Ɇɚɝɧɢɬɧɨɟ ɩɨɥɟ ɤɪɭɝɨɜɨɝɨ ɬɨɤɚ. Ɇɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɦɚɝɧɢɬɧɚɹ ɢɧɞɭɤɰɢɹ ɩɨɥɹ, ɫɨɡɞɚɧ-

ɧɨɝɨ ɤɪɭɝɨɜɵɦ ɬɨɤɨɦ ɪɚɞɢɭɫɚ R, ɧɚ ɪɚɫɫɬɨɹɧɢɢ r0 ɜɞɨɥɶ ɩɟɪɩɟɧɞɢɤɭɥɹɪɚ, ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɢɡ ɰɟɧɬɪɚ 
ɤɨɧɬɭɪɚ,  (ɪɢɫ.14.5), ɛɭɞɟɬ         

                                      (14-10) 

         ȼ ɱɚɫɬɧɨɫɬɢ, ɜ ɰɟɧɬɪɟ ɤɪɭɝɨɜɨɝɨ ɬɨɤɚ , 

 

                  .                            (14-11) 

 

 

Ⱦɥɹ ɩɥɨɫɤɨɣ ɤɚɬɭɲɤɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ N, ɜɢɬɤɨɜ ɦɚɝɧɢɬɧɚɹ ɢɧɞɭɤɰɢɹ ɧɚ ɨɫɢ ɤɚɬɭɲɤɢ 

                                                                    .                 (14-12) 

ɉɪɢ ɛɨɥɶɲɢɯ ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ ɤɨɧɬɭɪɚ, ɬ. ɟ. ɩɪɢ r0 >> R ɢɡ (14-10) ɩɨɥɭɱɢɦ 

                                                                          

                                                                                               (14-13) 

 

14.3. ɐɢɪɤɭɥɹɰɢɹ ɜɟɤɬɨɪɚ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ. ɉɨɥɟ ɫɨɥɟɧɨɢɞɚ ɢ ɬɨɪɨɢɞɚ 

Ⱦɥɹ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ           

ɬ. ɟ. ɰɢɪɤɭɥɹɰɢɹ ɜɟɤɬɨɪɚ  ɜɞɨɥɶ ɡɚɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ L  ɪɚɜɧɚ ɧɭɥɸ. Ɇɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɰɢɪɤɭɥɹɰɢɹ 

ɜɟɤɬɨɪɚ  ɜɞɨɥɶ ɡɚɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ L ɪɚɜɧɚ ɚɥɝɟɛɪɚɢɱɟɫɤɨɣ ɫɭɦɦɟ ɬɨɤɨɜ, ɨɯɜɚɬɵɜɚɟɦɵɯ 
ɤɨɧɬɭɪɨɦ, ɭɦɧɨɠɟɧɧɨɣ ɧɚ 0 , ɬ. ɟ. 
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                                                                                                     (14-14) ɉɪɢ ɷɬɨɦ ɬɨɤɢ 

ɛɭɞɟɦ ɫɱɢɬɚɬɶ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ, ɟɫɥɢ ɨɧɢ ɫɨɜɩɚɞɚɸɬ ɫ ɩɨɫɬɭɩɚɬɟɥɶɧɵɦ ɞɜɢɠɟɧɢɟɦ ɩɪɚɜɨɝɨ ɛɭɪɚɜɱɢɤɚ, 
ɪɭɤɨɹɬɤɚ ɤɨɬɨɪɨɝɨ ɜɪɚɳɚɟɬɫɹ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɨɛɯɨɞɚ ɤɨɧɬɭɪɚ. Ⱦɥɹ ɧɚɲɟɝɨ ɫɥɭɱɚɹ, (ɪɢɫ.14.6) ɷɬɨ ɛɭɞɭɬ 
ɬɨɤɢ, ɬɟɤɭɳɢɟ ɨɬ ɧɚɫ ɢ ɨɛɨɡɧɚɱɟɧɧɵɟ . Ɍɨɤɢ, ɬɟɤɭɳɢɟ ɜ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɛɭɞɭɬ ɫɱɢɬɚɬɶɫɹ 
ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ. Ⱦɥɹ ɪɢɫ. 14.6, ɷɬɨ ɛɭɞɭɬ ɬɨɤɢ, ɬɟɤɭɳɢɟ ɧɚ ɧɚɫ ɢ ɨɛɨɡɧɚɱɟɧɧɵɟ ɤɪɭɠɤɨɦ ɫ ɬɨɱɤɨɣ ɜ 
ɰɟɧɬɪɟ. 

 

 

 

 

 

 

 

 

 

ɉɨɫɤɨɥɶɤɭ , ɬɨ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɧɟ ɹɜɥɹɟɬɫɹ ɩɨɬɟɧɰɢɚɥɶɧɵɦ, ɨɧɨ ɧɚɡɵɜɚɟɬɫɹ ɜɢɯɪɟɜɵɦ ɢɥɢ 

ɫɨɥɟɧɨɢɞɚɥɶɧɵɦ. 

ɉɪɢɦɟɧɢɦ ɬɟɨɪɟɦɭ ɨ ɰɢɪɤɭɥɹɰɢɢ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɢɧɞɭɤɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫɨɥɟɧɨɢɞɚ ɢ 
ɬɨɪɨɢɞɚ. 

1) ɉɨɥɟ ɫɨɥɟɧɨɢɞɚ 

ɋɨɥɟɧɨɢɞɨɦ, (ɪɢɫ.14.7), ɧɚɡɵɜɚɟɬɫɹ ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ ɤɚɬɭɲɤɚ, ɧɚ ɤɨɬɨɪɭɸ ɜɩɥɨɬɧɭɸ ɧɚɦɨɬɚɧɨ 
ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɜɢɬɤɨɜ ɩɪɨɜɨɞɚ. ɉɭɫɬɶ N -                                                                                           ɱɢɫɥɨ 

ɜɢɬɤɨɜ ɜɞɨɥɶ ɞɥɢɧɵ ɫɨɥɟɧɨɢɞɚ l, ɬɨɝɞɚ ,    ɝɞɟ L – ɤɨɧɬɭɪ 1βγ41 

                                                                   ɢɥɢ . 

ɂɧɬɟɝɪɚɥɵ ɧɚ ɭɱɚɫɬɤɚɯ 1-2, 3- 4 ɪɚɜɧɵ ɧɭɥɸ, ɬ.ɤ. d   ɢ d =BНХМШЬπ/β =0ν 
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ɢɧɬɟɝɪɚɥ ɧɚ ɭɱɚɫɬɤɟ 4-1 ɪɚɜɟɧ ɧɭɥɸ, ɬ.ɤ. ɜɧɟ ɫɨɥɟɧɨɢɞɚ ɢɧɞɭɤɰɢɹ  ɪɚɜɧɚ ɧɭɥɸ. ɉɨɷɬɨɦɭ     

, ɨɬɫɸɞɚ       

  B= ,                                           (14-15) 

ɝɞɟ n=N / l - ɱɢɫɥɨ ɜɢɬɤɨɜ, ɩɪɢɯɨɞɹɳɟɟɫɹ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɫɨɥɟɧɨɢɞɚ. ɉɨɥɟ ɫɨɥɟɧɨɢɞɚ ɨɞɧɨɪɨɞɧɨ. 

2)ɉɨɥɟ ɬɨɪɨɢɞɚ 

Ɍɨɪɨɢɞ (ɪɢɫ.14.8), ɩɪɟɞɫɬɚɜɥɹɟɬ ɬɨɧɤɢɣ ɩɪɨɜɨɞ, ɩɥɨɬɧɨ ɧɚɜɢɬɵɣ ɧɚ ɤɚɪɤɚɫ, ɢɦɟɸɳɢɣ ɮɨɪɦɭ 

ɬɨɪɚ. Ⱦɥɹ ɧɟɝɨ            

ɝɞɟ R - ɪɚɞɢɭɫ ɫɪɟɞɧɟɣ ɥɢɧɢɢ ɬɨɪɚ, ɨɬɫɸɞɚ 

 B =                                     (14-16) 

ɉɨɥɟ ɬɨɪɨɢɞɚ ɧɟɨɞɧɨɪɨɞɧɨμ ɨɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ r. ɉɨɥɟ ɜɧɟ ɬɨɪɨɢɞɚ ɪɚɜɧɨ ɧɭɥɸ. 
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14.4. Ɇɚɝɧɢɬɧɵɣ ɩɨɬɨɤ. Ɍɟɨɪɟɦɚ Ƚɚɭɫɫɚ 

Ⱦɥɹ ɨɞɧɨɪɨɞɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɩɪɨɧɢɡɵɜɚɸɳɟɝɨ ɩɥɨɫɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɨɳɚɞɢ S, ( ɫɦ. ɪɢɫ. 
4 ). ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ 

               Ɏ=  = BScos =Bn S                                                    (14-17) 

ɝɞɟ  = S  ,  - ɧɨɪɦɚɥɶ ɤ ɩɨɜɟɪɯɧɨɫɬɢ. 

 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɜɜɨɞɹɬ ɩɨɧɹɬɢɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ ɱɟɪɟɡ ɦɚɥɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɨɳɚɞɶɸ dS, ɤɨɬɨɪɭɸ 
ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɩɥɨɫɤɨɣ ɢ ɜ ɩɪɟɞɟɥɚɯ ɤɨɬɨɪɨɣ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɨɞɧɨɪɨɞɧɵɦ, ɬ. ɟ. 

              dɎ = d = BdS cos  = B dS.            (14-18) 

Ɇɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɫɤɜɨɡɶ ɩɪɨɢɡɜɨɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ    Ɏ= = . 

ȼ ɩɪɢɪɨɞɟ ɧɟɬ ɦɚɝɧɢɬɧɵɯ ɡɚɪɹɞɨɜ ɢ ɩɨɷɬɨɦɭ ɬɟɨɪɟɦɚ Ƚɚɭɫɫɚ ɞɥɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ ɢɦɟɟɬ ɜɢɞ                                   

       Ɏ =  ,                                (14-19) 

ɬ.ɟ. ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɫɤɜɨɡɶ ɩɪɨɢɡɜɨɥɶɧɭɸ ɡɚɦɤɧɭɬɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɜɟɧ ɧɭɥɸ. 

ɉɭɫɬɶ ɜ ɮɨɪɦɭɥɟ (14-17)  = 0 , ɬ.ɟ. , ɬɨɝɞɚ Ɏ=BS . Ɇɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɜ ɋɂ ɢɡɦɟɪɹɟɬɫɹ ɜ ɜɟɛɟɪɚɯ 

- (ȼɛ): 1ȼɛ = 1 Ɍɥ1 ɦ2. ɉɨɬɨɤ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɜ 1ȼɛ - ɷɬɨ ɩɨɬɨɤ, ɩɪɨɧɢɡɵɜɚɸɳɢɣ ɩɥɨɳɚɞɤɭ ɜ 1 ɦ2, 

ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɫɢɥɨɜɵɦ ɥɢɧɢɹɦ ɨɞɧɨɪɨɞɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɢɧɞɭɤɰɢɹ ɤɨɬɨɪɨɝɨ 
ɪɚɜɧɚ 1Ɍɥ. 

 

14.5. Ɋɚɛɨɬɚ ɩɟɪɟɦɟɳɟɧɢɹ ɩɪɨɜɨɞɧɢɤɚ ɢ ɪɚɦɤɢ ɫ ɬɨɤɨɦ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ 

ɋɨɝɥɚɫɧɨ ɡɚɤɨɧɭ Ⱥɦɩɟɪɚ ɧɚ ɩɪɨɜɨɞɧɢɤ ɫ ɬɨɤɨɦ, (ɪɢɫ.14.10), ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɞɟɣɫɬɜɭɟɬ ɫɢɥɚ F 

= IХȼ, ɤɨɬɨɪɚɹ ɧɚɩɪɚɜɥɟɧɚ ɜɩɪɚɜɨ. ȿɫɥɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɷɬɨɣ ɫɢɥɵ ɩɪɨɜɨɞɧɢɤ ɩɟɪɟɦɟɫɬɢɬɫɹ ɧɚ dx, ɬɨ dA = 

Fdx = IBldx = IBdS = IdɎ, ɝɞɟ dɎ=Ɏ2–Ɏ1, - ɷɬɨ ɢɡɦɟɧɟɧɢɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ, ɩɪɨɧɢɡɵɜɚɸɳɟɝɨ ɤɨɧɬɭɪ.  
ɂɬɚɤ, ɪɚɛɨɬɚ, ɫɨɜɟɪɲɚɟɦɚɹ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ 

                                                                                  dA=IdɎ.                        (14-20) 

ȼ ɱɚɫɬɧɨɫɬɢ, ɪɚɛɨɬɚ ɩɪɢ ɜɪɚɳɟɧɢɢ ɤɨɧɬɭɪɚ ɫ ɬɨɤɨɦ ɜ ɨɞɧɨɪɨɞɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ, (ɪɢɫ.14.11) 

ɢɡ ɩɨɥɨɠɟɧɢɹ 1, ɜ ɤɨɬɨɪɨɦ ɜɟɤɬɨɪɵ  ɢ  ɧɚɩɪɚɜɥɟɧɵ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɟ ɫɬɨɪɨɧɵ,  ɜ ɩɨɥɨɠɟɧɢɟ 2, 

ɜ ɤɨɬɨɪɨɦ ɜɟɤɬɨɪɵ  ɢ  ɧɚɩɪɚɜɥɟɧɵ ɨɞɢɧɚɤɨɜɨ, ɪɚɜɧɚ 
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A = I(Ɏ2- Ɏ1), 

Ɏ =  Ɏ

 

ɬ.ɨ.          A=I[BS-(-BS)] = 2IBS = 2pm B.             (14-21) 

 

 

 

14.6. Ⱦɟɣɫɬɜɢɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɞɜɢɠɭɳɢɣɫɹ ɡɚɪɹɞ. ɋɢɥɚ Ʌɨɪɟɧɰɚ 

ɇɚ ɷɥɟɦɟɧɬ ɬɨɤɚ Id  ɜ  ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɫ ɢɧɞɭɤɰɢɟɣ  ɞɟɣɫɬɜɭɟɬ ɫɢɥɚ Ⱥɦɩɟɪɚ 

                                                 d  = Id .                                                     (14-22) 

 ɉɨɹɜɥɟɧɢɟ ɷɬɨɣ ɫɢɥɵ ɫɜɹɡɚɧɨ ɫ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɫɨ ɫɬɨɪɨɧɵ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɧɚ ɧɨɫɢɬɟɥɢ ɬɨɤɚ ɜ 
ɩɪɨɜɨɞɧɢɤɟ. ɉɨɤɚɠɟɦ ɷɬɨ. ɉɭɫɬɶ ɡɚɪɹɞ ɧɨɫɢɬɟɥɹ ɬɨɤɚ q, ɫɤɨɪɨɫɬɶ ɟɝɨ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ Я, 
ɤɨɧɰɟɧɬɪɚɰɢɹ n, ɬɨɝɞɚ 

                                      I = ,                            (14-23) 

ɝɞɟ dQ = qdN - ɡɚɪɹɞ ɜ ɨɛɴɟɦɟ ɩɪɨɜɨɞɧɢɤɚ dV = Sdl; ndV=dN - ɱɢɫɥɨ ɧɨɫɢɬɟɥɟɣ 

ɬɨɤɚ ɜ ɩɪɨɜɨɞɧɢɤɟ ɞɥɢɧɨɣ dl; d  - ɧɚɩɪɚɜɥɟɧɨ ɩɨ ɬɨɤɭ ɢ ɫɨɜɩɚɞɚɟɬ ɫɨ ɫɤɨɪɨɫɬɶɸ 

ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɡɚɪɹɞɨɜ. ɉɨɞɫɬɚɥɹɹ (14-23) ɜ (14-22), ɧɚɣɞɟɦ 
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d  = qdN   . 

Ɉɬɫɸɞɚ, ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɨɞɢɧ ɡɚɪɹɞ, ɧɚɡɵɜɚɟɦɚɹ ɫɢɥɨɣ Ʌɨɪɟɧɰɚ,                   

.                                         (14-24) 

 

 

 ɉɪɢ ɧɚɥɢɱɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɫɢɥɚ .                             (14-25) 

ɗɬɨ ɜɵɪɚɠɟɧɢɟ ɧɚɡɵɜɚɸɬ ɮɨɪɦɭɥɨɣ Ʌɨɪɟɧɰɚ. 

 

Ɇɨɞɭɥɶ ɦɚɝɧɢɬɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɥɵ Ʌɨɪɟɧɰɚ ɪɚɜɟɧ :   

                 FɅ=qvȼЬТn,                                            (14-26)   

ɡɞɟɫɶ  - ɭɝɨɥ ɦɟɠɞɭ ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɜɟɤɬɨɪɨɜ  ɢ  . 

ɇɚɩɪɚɜɥɟɧɢɟ ɫɢɥɵ Ʌɨɪɟɧɰɚ ɞɥɹ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɡɚɪɹɞɚ, ɞɜɢɠɭɳɟɝɨɫɹ ɫɨ ɫɤɨɪɨɫɬɶɸ , 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɥɢɧɢɹɦ , ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 14.1βɚ , ɚ ɧɚɩɪɚɜɥɟɧɢɟ ɫɢɥɵ Ʌɨɪɟɧɰɚ ɞɥɹ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ 

ɡɚɪɹɞɚ ɢɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫ. 14.1βɛν ɧɚ ɪɢɫ.14.13 ɫɤɨɪɨɫɬɶ , ɢɧɞɭɤɰɢɹ  ɤɨɥɥɢɧɟɚɪɧɵ, ɩɨɷɬɨɦɭ 

 

 

14.7. Ɇɚɝɧɢɬɧɨɟ ɩɨɥɟ ɜ ɜɟɳɟɫɬɜɟ. ɇɚɦɚɝɧɢɱɟɧɧɨɫɬɶ ɢ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. 

ȼ ɩɪɟɞɵɞɭɳɢɯ ɥɟɤɰɢɹɯ ɩɨ ɦɚɝɧɟɬɢɡɦɭ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɩɪɨɜɨɞɚ, ɩɨ ɤɨɬɨɪɵɦ ɬɟɤɭɬ ɬɨɤɢ, 
ɫɨɡɞɚɸɳɢɟ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɧɚɯɨɞɹɬɫɹ ɜ ɜɚɤɭɭɦɟ. ȿɫɥɢ ɧɟɫɭɳɢɟ ɬɨɤ ɩɪɨɜɨɞɚ ɧɚɯɨɞɹɬɫɹ ɜ ɤɚɤɨɣ-ɥɢɛɨ 
ɫɪɟɞɟ, ɬɨ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɢɡɦɟɧɹɟɬɫɹ. Ɉɛɴɹɫɧɢɦ ɷɬɨ ɹɜɥɟɧɢɟ. 

Ɉɩɵɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜɫɟ ɜɟɳɟɫɬɜɚ, ɩɨɦɟɲɟɧɧɵɟ ɜ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɧɚɦɚɝɧɢɱɢɜɚɸɬɫɹ. 
Ʉɥɚɫɫɢɱɟɫɤɚɹ ɮɢɡɢɤɚ ɷɬɨ ɨɛɴɹɫɧɹɟɬ ɫɭɲɟɫɬɜɨɜɚɧɢɟɦ ɜ ɜɟɳɟɫɬɜɟ ɦɢɤɪɨɬɨɤɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɞɜɢɠɟɧɢɟɦ 
ɷɥɟɤɬɪɨɧɨɜ ɜ ɚɬɨɦɚɯ ɢ ɦɨɥɟɤɭɥɚɯ. 
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Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɷɥɟɤɬɪɨɧ, ɞɜɢɠɭɳɢɣɫɹ ɩɨ ɤɪɭɝɨɜɨɣ ɨɪɛɢɬɟ ɜɨɤɪɭɝ ɹɞɪɚ ɫɜɨɟɝɨ ɚɬɨɦɚ ɷɤɜɢɜɚɥɟɧɬɟɧ 
ɤɪɭɝɨɜɨɦɭ ɬɨɤɭ, (ɪɢɫ.14.14), ɩɨɷɬɨɦɭ ɨɧ ɨɛɥɚɞɚɟɬ ɨɪɛɢɬɚɥɶɧɵɦ ɦɚɝɧɢɬɧɵɦ ɦɨɦɟɧɬɨɦ 

                                                                       ,                               (14-27)  

ɤɨɬɨɪɵɣ,  ɩɨ ɦɨɞɭɥɸ ɪɚɜɟɧ                           

,                                           (14-28)  

ɝɞɟ T - ɩɟɪɢɨɞ ɜɪɚɳɟɧɢɹ, v = 1 / T - ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɷɥɟɤɬɪɨɧɚ ɧɚ ɨɪɛɢɬɟ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɷɥɟɤɬɪɨɧ ɨɛɥɚɞɚɟɬ ɫɨɛɫɬɜɟɧɧɵɦ ɢɥɢ ɫɩɢɧɨɜɵɦ ɦɚɝɧɢɬɧɵɦ ɦɨɦɟɧɬɨɦ  

Ɉɛɳɢɣ ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɚɬɨɦɚ ɪɚɜɟɧ ɫɭɦɦɟ ɨɪɛɢɬɚɥɶɧɵɯ ɢ ɫɩɢɧɨɜɵɯ ɦɚɝɧɢɬɧɵɯ ɦɨɦɟɧɬɨɜ, 
ɜɯɨɞɹɳɢɯ ɜ ɚɬɨɦ ɷɥɟɤɬɪɨɧɨɜμ        

 .                                    (14-29) 

Ɇɚɝɧɢɬɧɵɟ ɦɨɦɟɧɬɵ ɹɞɟɪ ɜ ɬɵɫɹɱɢ ɪɚɡ ɦɟɧɶɲɟ ɢ ɢɦɢ ɨɛɵɱɧɨ ɩɪɟɧɟɛɪɟɝɚɸɬ. 

 ȼɫɹɤɨɟ ɜɟɳɟɫɬɜɨ ɹɜɥɹɟɬɫɹ ɦɚɝɧɟɬɢɤɨɦ, ɨɧɨ ɫɩɨɫɨɛɧɨ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɟɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 
ɩɪɢɨɛɪɟɬɚɬɶ ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ, ɬ. ɟ. ɧɚɦɚɝɧɢɱɢɜɚɬɶɫɹ. Ⱦɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɢɫɚɧɢɹ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ 
ɜɜɨɞɹɬ ɜɟɤɬɨɪ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ, ɪɚɜɧɵɣ ɦɚɝɧɢɬɧɨɦɭ ɦɨɦɟɧɬɭ ɟɞɢɧɢɰɵ ɨɛɴɟɦɚ ɦɚɝɧɟɬɢɤɚ, ɬ. ɟ.    

     ,                                                              (14-30) 

 ɝɞɟ ɩ - ɱɢɫɥɨ ɚɬɨɦɨɜ (ɦɨɥɟɤɭɥ), ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɨɛɴɟɦɟ V ,  - ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɚɬɨɦɨɜ ɜ ɨɛɴɟɦɟ 

V , - ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ i - ɬɨɝɨ ɚɬɨɦɚ. 

ɇɚɦɚɝɧɢɱɟɧɧɨɫɬɶ, ɤɚɤ ɫɥɟɞɭɟɬ ɢɡ (14-30), ɜ ɋɂ ɢɡɦɟɪɹɟɬɫɹ ɜ Ⱥ/ɦ. Ɉɤɚɡɵɜɚɟɬɫɹ ɞɥɹ ɧɟɫɢɥɶɧɵɯ 
ɩɨɥɟɣ                                                                  

 .                                                              (14-31) 

ɡɞɟɫɶ  - ɛɟɡɪɚɡɦɟɪɧɚɹ ɜɟɥɢɱɢɧɚ, ɧɚɡɵɜɚɟɦɚɹ ɦɚɝɧɢɬɧɨɣ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶɸ ɜɟɳɟɫɬɜɚ; ɞɥɹ ɜɚɤɭɭɦɚ ɢ, 
ɩɪɚɤɬɢɱɟɫɤɢ, ɞɥɹ ɜɨɡɞɭɯɚ = 0; ɇ - ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɤɨɬɨɪɚɹ ɨɩɢɫɵɜɚɟɬ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ 
ɦɚɤɪɨɬɨɤɨɜ (ɦɚɤɪɨ - ɛɨɥɶɲɨɣ). Ɇɚɤɪɨɬɨɤɢ, ɨɛɵɱɧɨ, ɦɵ ɧɚɡɵɜɚɥɢ ɩɪɨɫɬɨ ɬɨɤɢ. Ⱦɥɹ ɜɚɤɭɭɦɚ       

         ,                                                        (14-32) 

ɨɧɚ ɢɡɦɟɪɹɟɬɫɹ ɜ ɋɂ ɜ Ⱥ/ɦ. 
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ȼɟɤɬɨɪ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɜ ɜɟɳɟɫɬɜɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɜ 
ɜɟɳɟɫɬɜɟ, ɫɨɡɞɚɜɚɟɦɨɟ ɜɫɟɦɢ ɦɚɤɪɨɬɨɤɚɦɢ ɢ ɦɢɤɪɨɬɨɤɚɦɢ, ɬ.ɟ. 

                                                             .                 (14-33) 

ɋ ɭɱɟɬɨɦ (14-31) ɩɨɥɭɱɚɟɦ              

             ,              (14-34) 

ɝɞɟ                                                                                                         (14-35)  

ɧɚɡɵɜɚɟɬɫɹ ɦɚɝɧɢɬɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ ɜɟɳɟɫɬɜɚ, - ɛɟɡɪɚɡɦɟɪɧɚɹ ɜɟɥɢɱɢɧɚ. Ɉɧɚ ɩɨɤɚɡɵɜɚɟɬ ɜɨ 
ɫɤɨɥɶɤɨ ɪɚɡ ɭɫɢɥɢɜɚɟɬɫɹ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɜ ɜɟɳɟɫɬɜɟ. ɇɚɩɨɦɧɢɦ, ɱɬɨ  - ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ 
ɩɨɤɚɡɵɜɚɟɬ ɜɨ ɫɤɨɥɶɤɨ ɪɚɡ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ ɨɫɥɚɛɥɹɟɬɫɹ ɜ ɜɟɳɟɫɬɜɟ. 

14.8. Ɂɚɤɨɧ ɩɨɥɧɨɝɨ ɬɨɤɚ ɞɥɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɜɟɳɟɫɬɜɟ 

Ɋɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɩɨɥɹ ɜ ɜɚɤɭɭɦɟ         

    ,                                           (14-36) 

ȼ ɫɥɭɱɚɟ ɩɨɥɹ ɜ ɜɟɳɟɫɬɜɟ, ɡɚɤɨɧ ɩɨɥɧɨɝɨ ɬɨɤɚ ɞɥɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɜɟɳɟɫɬɜɟ (ɬɟɨɪɟɦɚ ɨ 
ɰɢɪɤɭɥɹɰɢɢ ȼ ) ɡɚɩɢɲɟɬɫɹ ɬɚɤ         

                                                   (14-37) 

ɝɞɟ I ɢ I’ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɚɥɝɟɛɪɚɢɱɟɫɤɢɟ ɫɭɦɦɵ ɦɚɤɪɨɬɨɤɨɜ ɢ ɦɢɤɪɨɬɨɤɨɜ, ɨɯɜɚɬɵɜɚɟɦɵɯ ɤɨɧɬɭɪɨɦ L.  

Ɇɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ              

   .                                                      (14-38) 

ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ (14-37) ɩɟɪɟɩɢɲɟɬɫɹ ɜ ɜɢɞɟ  

                ,                                   (14-39) 

ɢɥɢ, ɩɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ (14-33), ɧɚɣɞɟɦ     ɢ  , ɝɞɟ I=  - 

ɚɥɝɟɛɪɚɢɱɟɫɤɚɹ ɫɭɦɦɚ ɦɚɤɪɨɬɨɤɨɜ. 

ȼ ɢɬɨɝɟ ɢɦɟɟɦ                                              

.                               (14-40) 

ȼɵɪɚɠɟɧɢɟ (14-40) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɟɨɪɟɦɭ ɨ ɰɢɪɤɭɥɹɰɢɢ ɜɟɤɬɨɪɚ  ɢɥɢ ɡɚɤɨɧ ɩɨɥɧɨɝɨ ɬɨɤɚ ɢ 

ɝɥɚɫɢɬμ ɐɢɪɤɭɥɹɰɢɹ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ  ɩɨ ɥɸɛɨɦɭ ɡɚɦɤɧɭɬɨɦɭ ɤɨɧɬɭɪɭ L 

ɪɚɜɧɚ ɚɥɝɟɛɪɚɢɱɟɫɤɨɣ ɫɭɦɦɟ ɦɚɤɪɨɬɨɤɨɜ, ɨɯɜɚɬɵɜɚɟɦɵɯ ɤɨɧɬɭɪɨɦ. ȼɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɦɚɝɧɢɬɧɨɝɨ 

ɩɨɥɹ  ɹɜɥɹɹɫɶ ɚɧɚɥɨɝɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɦɟɳɟɧɢɹ , ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɶɤɨ ɦɚɤɪɨɬɨɤɚɦɢ. ɂɡ (14-40) 

ɫɥɟɞɭɟɬ, ɱɬɨ ɇ ɢɡɦɟɪɹɟɬɫɹ ɜ Ⱥ/ ɦ. 
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14.9. ȼɢɞɵ ɦɚɝɧɟɬɢɤɨɜ 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɤɚ ɢ ɜɟɥɢɱɢɧɵ ɦɚɝɧɢɬɧɨɣ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ ɜɫɟ ɦɚɝɧɟɬɢɤɢ ɩɨɞ-

ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɬɪɢ ɝɪɭɩɩɵμ 

1) ȾɂȺɆȺȽɇȿɌɂɄɂ, ɭ ɤɨɬɨɪɵɯ  ɨɬɪɢɰɚɬɟɥɶɧɚ ɢ ɦɚɥɚ (10 10 ); ɞɥɹ ɧɢɯ  ɧɟɫɤɨɥɶɤɨ ɦɟɧɶ-

ɲɟ ɟɞɢɧɢɰɵν ɞɢɚɦɚɝɧɟɬɢɤɚɦɢ ɹɜɥɹɸɬɫɹ Гn, AЮ, HР, SТ, P, ɋ (ɝɪɚɮɢɬ), BТ (ɜɢɫɦɭɬ)... 

2) ɉȺɊȺɆȺȽɇȿɌɂɄɂ, ɭ ɤɨɬɨɪɵɯ  ɩɨɥɨɠɢɬɟɥɶɧɚ ɢ ɦɚɥɚ (10 10 )ν ɢ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ  

ɭɦɟɧɶɲɚɟɬɫɹ ɩɨ ɡɚɤɨɧɭ Ʉɸɪɢμ ~ 1/T,  ɞɥɹ ɧɢɯ  ɧɟɫɤɨɥɶɤɨ ɛɨɥɶɲɟ ɟɞɢɧɢɰɵν ɞɢɚɦɚɝɧɫɬɢɤɚɦɢ ɹɜɥɹɸɬɫɹ 
ɳɟɥɨɱɧɵɟ ɦɟɬɚɥɥɵ, ɤɢɫɥɨɪɨɞ.... 

3) ɎȿɊɊɈɆȺȽɇȿɌɂɄɂ, ɭ ɤɨɬɨɪɵɯ  ɩɨɥɨɠɢɬɟɥɶɧɚ ɢ ɨɱɟɧɶ ɜɟɥɢɤɚμ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ, ɧɚɩɪɢɦɟɪ ɭ 
ɫɭɩɟɪɦɚɥɨɹ 800000; ɞɥɹ Fe ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ  = 5000. 

 

Ɇɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ  ɞɥɹ ɧɢɯ ɡɚɜɢɫɢɬ ɨɬ H , (ɪɢɫ.14.15) ɢ ɞɥɹ ɤɚɠɞɨɝɨ ɮɟɪɪɨɦɚɝɧɟɬɢɤɚ ɢɦɟɟɬɫɹ 
ɨɩɪɟɞɟɥɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɧɚɡɵɜɚɟɦɚɹ ɬɨɱɤɨɣ Ʉɸɪɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɨɧ ɬɟɪɹɟɬ ɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ, ɬ. ɤ. 
ɨɛɥɚɫɬɢ ɫɩɨɧɬɚɧɧɨɝɨ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ (ɞɨɦɟɧɵ) ɪɚɫɩɚɞɚɸɬɫɹ ɢ ɮɟɪɪɨɦɚɝɧɟɬɢɤ ɫɬɚɧɨɜɢɬɫɹ 
ɩɚɪɚɦɚɝɧɟɬɢɤɨɦ - ɷɬɨ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ II ɪɨɞɚ. Ⱦɥɹ ɠɟɥɟɡɚ   ɢɥɢ 
. 

 

Ʌɟɤɰɢɹ 15 

ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɢɧɞɭɤɰɢɹ ɢ ɩɟɪɟɦɟɧɧɵɣ ɬɨɤ.  əɜɥɟɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ. əɜɥɟɧɢɟ 
ɫɚɦɨɢɧɞɭɤɰɢɢ.  ɗɧɟɪɝɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɬɟɨɪɢɹ Ɇɚɤɫɜɟɥɥɚ. ɉɟɪɟɦɟɧɧɵɣ ɬɨɤ. 

15.1. əɜɥɟɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ. 

ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɫɨɡɞɚɟɬ ɜɨɤɪɭɝ ɫɟɛɹ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ. ɋɭɳɟɫɬɜɭɟɬ ɢ ɨɛɪɚɬɧɨɟ ɹɜɥɟɧɢɟμ 
ɢɡɦɟɧɹɸɳɟɟɫɹ ɜɨ ɜɪɟɦɟɧɢ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɜɵɡɵɜɚɟɬ (ɢɧɞɭɤɬɢɪɭɟɬ) ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ. ɗɬɨ ɹɜɥɟɧɢɟ 
ɛɵɥɨ ɨɬɤɪɵɬɨ Ɏɚɪɚɞɟɟɦ ɜ 1831 ɝ. ɢ ɩɨɥɭɱɢɥɨ ɧɚɡɜɚɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ, ɚ ɜɨɡɧɢɤɚɸɳɢɣ 
ɬɨɤ ɧɚɡɵɜɚɸɬ ɢɧɞɭɤɰɢɨɧɧɵɦ ɬɨɤɨɦ. Ɂɚɤɨɧ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɝɥɚɫɢɬμ «ɉɪɢ ɢɡɦɟɧɟɧɢɢ 
ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ ɜ ɤɨɧɬɭɪɟ ɜɨɡɧɢɤɚɟɬ ɗȾɋ ɢɧɞɭɤɰɢɢ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ  ɜɡɹɬɨɣ ɫ ɨɛɪɚɬɧɵɦ ɡɧɚɤɨɦ 
ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ», ɬ. ɟ.                 

   .                                       (15-1) 

Ɂɧɚɤ "-" ɜ (15-1) ɨɛɴɹɫɧɹɟɬ ɡɚɤɨɧ Ʌɟɧɰɚ: ɂɧɞɭɤɰɢɨɧɧɵɣ ɬɨɤ ɜɫɟɝɞɚ ɧɚɩɪɚɜɥɟɧ ɬɚɤ, ɱɬɨɛɵ 
ɩɪɨɬɢɜɨɞɟɣɫɬɜɨɜɚɬɶ ɩɪɢɱɢɧɟ, ɟɝɨ ɜɵɡɜɚɜɲɟɣ.  

ȿɫɥɢ ɤɨɧɬɭɪ, ɜ ɤɨɬɨɪɨɦ ɢɧɞɭɤɬɢɪɭɟɬɫɹ ɗȾɋ, ɫɨɫɬɨɢɬ ɢɡ N ɜɢɬɤɨɜ, ɬɨ ɗȾɋ ɛɭɞɟɬ ɪɚɜɧɚ ɫɭɦɦɟ 
ɗȾɋ. ɢɧɞɭɤɬɢɪɭɟɦɵɯ ɜ ɤɚɠɞɨɦ ɢɡ ɜɢɬɤɨɜ ɜ ɨɬɞɟɥɶɧɨɫɬɢ, ɬ.ɟ. 
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                                 (15-2)         

ȼɟɥɢɱɢɧɭ  ɧɚɡɵɜɚɸɬ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɟɦ ɢɥɢ ɩɨɥɧɵɦ ɦɚɝɧɢɬɧɵɦ ɩɨɬɨɤɨɦ, ɬɚɤ ɱɬɨ      

                                                      .                                             (15-3) 

15.2. əɜɥɟɧɢɟ ɫɚɦɨɢɧɞɭɤɰɢɢ 

əɜɥɟɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɧɚɛɥɸɞɚɟɬɫɹ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɢɡɦɟɧɹɟɬɫɹ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ, 
ɩɪɨɧɢɡɵɜɚɸɳɢɣ ɤɨɧɬɭɪ. ȼ ɱɚɫɬɧɨɫɬɢ, ɷɬɨɬ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɦɨɠɟɬ ɫɨɡɞɚɜɚɬɶɫɹ ɬɨɤɨɦ, ɬɟɤɭɳɢɦ ɜ ɫɚɦɨɦ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɤɨɧɬɭɪɟ. ɉɪɢ ɢɡɦɟɧɟɧɢɹɯ ɬɨɤɚ I ɜ ɷɬɨɦ  ɤɨɧɬɭɪɟ ɢɡɦɟɧɹɟɬɫɹ ɬɚɤɠɟ ɢ ɩɨɥɧɵɣ ɦɚɝɧɢɬɧɵɣ 

ɩɨɬɨɤ , ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɜ ɤɨɧɬɭɪɟ ɢɧɞɭɤɬɢɪɭɟɬɫɹ ɗȾɋ ɫɚɦɨɢɧɞɭɤɰɢɢ . Ɍɚɤɨɟ ɹɜɥɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ 

ɫɚɦɨɢɧɞɭɤɰɢɟɣ. ɉɨɫɤɨɥɶɤɭ  , ɚ Ɏ з B ,  B ~ I  ɬɨ , ɫɥɟɞɨɜɚɬɟɥɶɧɨ,       ~ I , ɬ.ɟ  

                                                                                                                 (15-4)  

ɡɞɟɫɶ L - ɧɚɡɵɜɚɟɬɫɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ ɤɨɧɬɭɪɚ,                       

L = . 

Ɂɚ ɟɞɢɧɢɰɭ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɜ ɋɂ ɩɪɢɧɢɦɚɟɬɫɹ 1 Ƚɧ - ɝɟɧɪɢμ ɷɬɨ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɬɚɤɨɝɨ ɤɨɧɬɭɪɚ, ɭ 
ɤɨɬɨɪɨɝɨ ɩɪɢ ɫɢɥɟ ɬɨɤɚ ɜ ɧɟɦ ɜ 1Ⱥ, ɜɨɡɧɢɤɚɟɬ ɫɰɟɩɥɟɧɧɵɣ ɫ ɧɢɦ ɩɨɥɧɵɣ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ , ɪɚɜɧɵɣ 1 

ȼɛν 

Ɇɨɠɧɨ ɧɚɣɬɢ, ɱɬɨ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ                  

 .                               (15-5) 

ȿɫɥɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɨɤɚ ɢɧɞɭɤɬɢɜɧɨɫɬɶ L ɤɨɧɬɭɪɚ ɧɟ ɢɡɦɟɧɹɟɬɫɹ, ɬɨ 

.                       (15-6) 

Ⱦɥɹ ɫɨɥɟɧɨɢɞɚ                       

                              ,                             (15-7) 

 ɝɞɟ V=IS - ɨɛɴɟɦ ɫɨɥɟɧɨɢɞɚ, n-ɱɢɫɥɨ ɜɢɬɤɨɜ, ɩɪɢɯɨɞɹɳɟɟɫɹ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɫɨɥɟɧɨɢɞɚ. 

 

15.3. ɗɧɟɪɝɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 

ɉɪɢ ɜɨɡɪɚɫɬɚɧɢɢ ɬɨɤɚ ɜ ɤɨɧɬɭɪɟ ɜ ɧɟɦ ɜɨɡɧɢɤɚɟɬ ɗȾɋ ɫɚɦɨɢɧɞɭɤɰɢɢ ɢ ɡɚɤɨɧ Ɉɦɚ ɡɚɩɢɲɟɬɫɹ           

 I = ,     ɝɞɟ ,             ɨɬɫɸɞɚ                .  

ɉɨɥɧɚɹ ɪɚɛɨɬɚ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ ɡɚ ɜɪɟɦɹ  dt     
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ɡɞɟɫɶ I Rdt - ɷɬɨ ɪɚɛɨɬɚ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɧɚɝɪɟɜɚɧɢɟν LI dI - ɷɬɨ ɪɚɛɨɬɚ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɤ ɪɚɛɨɬɟ 
ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɢɧɞɭɤɰɢɨɧɧɵɦɢ ɹɜɥɟɧɢɹɦɢ ɜ ɰɟɩɢ. ȼɫɹ ɪɚɛɨɬɚ, ɫɨɜɟɪɲɚɟɦɚɹ ɜ ɰɟɩɢ ɞɥɹ 
ɭɜɟɥɢɱɟɧɢɹ ɬɨɤɚ ɨɬ 0 ɞɨ I 

                                                     A= .                                         (15-8) 

ɗɬɚ ɪɚɛɨɬɚ ɢ ɛɭɞɟɬ ɪɚɜɧɚ ɷɧɟɪɝɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɬ.ɟ.       

 .                                                (15-9)  

Ⱦɥɹ ɫɨɥɟɧɨɢɞɚ ɢɧɞɭɤɬɢɜɧɨɫɬɶ L ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (15-7), ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ  

                                                             .                         (15-10)  

ɬ.ɤ. ȼ= . Ɉɛɴɟɦɧɚɹ ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 

,                       (15-11)  

ɨɧɚ ɢɡɦɟɪɹɟɬɫɹ ɜ ɋɂ ɜ Ⱦɠ /ɦ3. 

   

15.4. ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɬɟɨɪɢɹ Ɇɚɤɫɜɟɥɥɚ. 

ȼ 60-ɯ ɝɨɞɚɯ ɩɪɨɲɥɨɝɨ ɜɟɤɚ (ɨɤɨɥɨ 1860 ɝ.) Ɇɚɤɫɜɟɥɥ, ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɢɞɟɹɯ Ɏɚɪɚɞɟɹ, ɨɛɨɛɳɢɥ 
ɡɚɤɨɧɵ ɷɥɟɤɬɪɨɫɬɚɬɢɤɢ ɢ ɷɥɟɤɬɪɨɦɚɝɧɟɬɢɡɦɚμ  ɬɟɨɪɟɦɭ Ƚɚɭɫɫɚ - Ɉɫɬɪɨɝɪɚɞɫɤɨɝɨ ɞɥɹ 

ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ  ɢ ɞɥɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ; ɡɚɤɨɧ ɩɨɥɧɨɝɨ ɬɨɤɚ 

 ; ɡɚɤɨɧ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ  ɢɧɞɭɤɰɢɢ , ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɪɚɡɪɚɛɨɬɚɥ ɡɚɤɨɧɱɟɧɧɭɸ ɬɟɨɪɢɸ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. 

Ɍɟɨɪɢɹ Ɇɚɤɫɜɟɥɥɚ ɹɜɢɥɚɫɶ ɜɟɥɢɱɚɣɲɢɦ ɜɤɥɚɞɨɦ ɜ ɪɚɡɜɢɬɢɟ ɤɥɚɫɫɢɱɟɫɤɨɣ ɮɢɡɢɤɢ. Ɉɧɚ ɩɨɡɜɨɥɢɥɚ 
ɫ ɟɞɢɧɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɧɹɬɶ ɲɢɪɨɤɢɣ ɤɪɭɬ ɹɜɥɟɧɢɣ, ɧɚɱɢɧɚɹ ɨɬ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ 
ɧɟɩɨɞɜɢɠɧɵɯ ɡɚɪɹɞɨɜ ɢ ɡɚɤɚɧɱɢɜɚɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɩɪɢɪɨɞɨɣ ɫɜɟɬɚ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɢɦ ɜɵɪɚɠɟɧɢɟɦ ɬɟɨɪɢɢ Ɇɚɤɫɜɟɥɥɚ ɫɥɭɠɚɬ ɱɟɬɵɪɟ ɭɪɚɜɧɟɧɢɹ Ɇɚɤɫɜɟɥɥɚ. ɤɨɬɨɪɵɟ 
ɩɪɢɧɹɬɨ ɡɚɩɢɫɵɜɚɬɶ ɜ ɞɜɭɯ ɮɨɪɦɚɯμ ɢɧɬɟɝɪɚɥɶɧɨɣ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ. Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ 
ɩɨɥɭɱɚɸɬɫɹ ɢɡ ɢɧɬɟɝɪɚɥɶɧɵɯ ɫ ɩɨɦɨɳɶɸ ɞɜɭɯ ɬɟɨɪɟɦ ɜɟɤɬɨɪɧɨɝɨ ɚɧɚɥɢɡɚ - ɬɟɨɪɟɦɵ Ƚɚɭɫɫɚ ɢ ɬɟɨɪɟɦɵ 
ɋɬɨɤɫɚ. Ɍɟɨɪɟɦɚ Ƚɚɭɫɫɚμ 

                                    (15-12)           

 

  - ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ  ɧɚ ɨɫɢν V - ɨɛɴɟɦ, ɨɝɪɚɧɢɱɟɧɧɵɣ ɩɨɜɟɪɯɧɨɫɬɶɸ S. 

Ɍɟɨɪɟɦɚ ɋɬɨɤɫɚμ                       .                                  (15-13) 
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ɡɞɟɫɶ rot  - ɪɨɬɨɪ ɜɟɤɬɨɪɚ , ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɜɟɤɬɨɪɨɦ ɢ ɜɵɪɚɠɚɟɬɫɹ ɜ ɞɟɤɚɪɬɨɜɵɯ ɤɨɨɪɞɢɧɚɬɚɯ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ         

  rot ,                                 (15-14) 

S - ɩɥɨɳɚɞɶ, ɨɝɪɚɧɢɱɟɧɧɚɹ ɤɨɧɬɭɪɨɦ L. 

ɍɪɚɜɧɟɧɢɹ Ɇɚɤɫɜɟɥɥɚ ɜ ɢɧɬɟɝɪɚɥɶɧɨɣ ɮɨɪɦɟ ɜɵɪɚɠɚɸɬ ɫɨɨɬɧɨɲɟɧɢɹ, ɫɩɪɚɜɟɞɥɢɜɵɟ ɞɥɹ 
ɦɵɫɥɟɧɧɨ ɩɪɨɜɟɞɟɧɧɵɯ ɜ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦ ɩɨɥɟ ɧɟɩɨɞɜɢɠɧɵɯ ɡɚɦɤɧɭɬɵɯ ɤɨɧɬɭɪɨɜ ɢ ɩɨɜɟɪɯɧɨɫɬɟɣ. 

ɍɪɚɜɧɟɧɢɹ Ɇɚɤɫɜɟɥɥɚ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ ɩɨɤɚɡɵɜɚɸɬ ɤɚɤ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɢ ɩɥɨɬɧɨɫɬɢ ɡɚɪɹɞɨɜ ɢ ɬɨɤɨɜ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɷɬɨɝɨ ɩɨɥɹ. 

 

1) ɉɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ Ɇɚɤɫɜɟɥɥɚ 

 Ɉɧɨ ɹɜɥɹɟɬɫɹ ɨɛɨɛɳɟɧɢɟɦ ɡɚɤɨɧɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ  , 

ɢ ɜ ɢɧɬɟɝɪɚɥɶɧɨɣ ɮɨɪɦɟ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ     

                                           (15-15) 

 

ɢ ɭɬɜɟɪɠɞɚɟɬ, ɱɬɨ ɫ ɩɟɪɟɦɟɧɧɵɦ ɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ  ɧɟɪɚɡɪɵɜɧɨ ɫɜɹɡɚɧɨ ɜɢɯɪɟɜɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ 

ɩɨɥɟ  , ɤɨɬɨɪɨɟ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɬɨɝɨ ɧɚɯɨɞɹɬɫɹ ɜ ɧɟɦ ɩɪɨɜɨɞɧɢɤɢ ɢɥɢ ɧɟɬ. ɂɡ (15-13) ɫɥɟɞɭɟɬ, ɱɬɨ                      

       .                                   (15-16) 

ɂɡ ɫɪɚɜɧɟɧɢɹ (15-15) ɢ (15-16) ɧɚɯɨɞɢɦ, ɱɬɨ                      

                                             (15-17) 

ɗɬɨ ɢ ɟɫɬɶ ɩɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ Ɇɚɤɫɜɟɥɥɚ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ. 

 

 

2) Ɍɨɤ ɫɦɟɲɟɧɢɹ. ȼɬɨɪɨɟ ɭɪɚɜɧɟɧɢɟ Ɇɚɤɫɜɟɥɥɚ 

Ɇɚɤɫɜɟɥɥ ɨɛɨɛɳɢɥ ɡɚɤɨɧ ɩɨɥɧɨɝɨ ɬɨɤɚ  ɩɪɟɞɩɨɥɨɠɢɜ, ɱɬɨ ɩɟɪɟɦɟɧɧɨɟ 

ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ, ɬɚɤɠɟ ɤɚɤ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ, ɹɜɥɹɟɬɫɹ ɢɫɬɨɱɧɢɤɨɦ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. Ⱦɥɹ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ "ɦɚɝɧɢɬɧɨɝɨ ɞɟɣɫɬɜɢɹ" ɩɟɪɟɦɟɧɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ Ɇɚɤɫɜɟɥɥ 
ɜɜɟɥ ɩɨɧɹɬɢɟ ɬɨɤɚ ɫɦɟɳɟɧɢɹ. 

ɉɨ ɬɟɨɪɟɦɟ Ƚɚɭɫɫɚ - Ɉɫɬɪɨɝɪɚɞɫɤɨɝɨ ɩɨɬɨɤ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɦɟɲɟɧɢɹ ɫɤɜɨɡɶ ɡɚɦɤɧɭɬɭɸ 
ɩɨɜɟɪɯɧɨɫɬɶ                                     
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ɉɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɜ ɷɬɨ ɜɵɪɚɠɟɧɢɟ ɩɨ ɜɪɟɦɟɧɢ, ɩɨɥɭɱɢɦ ɞɥɹ ɧɟɩɨɞɜɢɠɧɨɣ ɢ 
ɧɟɞɟɮɨɪɦɢɪɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ S                        

                                           (15-18) 

Ʌɟɜɚɹ ɱɚɫɬɶ ɷɬɨɣ ɮɨɪɦɭɥɵ ɢɦɟɟɬ ɪɚɡɦɟɪɧɨɫɬɶ ɬɨɤɚ, ɤɨɬɨɪɵɣ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɜɵɪɚɠɚɟɬɫɹ ɱɟɪɟɡ 
ɜɟɤɬɨɪ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ               

  .                                                 (15-19) 

ɂɡ ɫɪɚɜɧɟɧɢɹ (15-18) ɢ (15-19) ɫɥɟɞɭɟɬ, ɱɬɨ  ɢɦɟɟɬ ɪɚɡɦɟɪɧɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚμ Ⱥ /ɦ2. Ɇɚɤɫɜɟɥɥ 

ɩɪɟɞɥɨɠɢɥ ɧɚɡɜɚɬɶ  ɩɥɨɬɧɨɫɬɶɸ ɬɨɤɚ ɫɦɟɳɟɧɢɹμ 

                                                           .                          (15-20)  

Ɍɨɤ ɫɦɟɳɟɧɢɹ                                         

.                        (15-21) 

ɂɡ ɜɫɟɯ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɩɪɢɫɭɳɢɯ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦɭ ɬɨɤɭ (ɬɨɤɭ ɩɪɨɜɨɞɢɦɨɫɬɢ), ɫɜɹɡɚɧɧɨɦɭ 
ɫ ɩɟɪɟɧɨɫɨɦ ɡɚɪɹɞɨɜ, ɬɨɤ ɫɦɟɲɟɧɢɹ ɨɛɥɚɞɚɟɬ ɥɢɲɶ ɨɞɧɢɦμ ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɨɡɞɚɜɚɬɶ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ. ɉɪɢ 
"ɩɪɨɬɟɤɚɧɢɢ" ɬɨɤɚ ɫɦɟɳɟɧɢɹ ɜ ɜɚɤɭɭɦɟ ɢɥɢ ɞɢɷɥɟɤɬɪɢɤɟ ɧɟ ɜɵɞɟɥɹɟɬɫɹ ɬɟɩɥɨ. ɉɪɢɦɟɪɨɦ ɬɨɤɚ ɫɦɟɳɟɧɢɹ 
ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɩɟɪɟɦɟɧɧɵɣ ɬɨɤ ɱɟɪɟɡ ɤɨɧɞɟɧɫɚɬɨɪ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɬɨɤɢ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɫɦɟɳɟɧɢɹ ɧɟ 
ɪɚɡɞɟɥɟɧɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨ ɩɨɥɧɨɦ ɬɨɤɟ, ɪɚɜɧɨɦ ɫɭɦɦɟ ɬɨɤɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ 
ɫɦɟɳɟɧɢɹμ   

                                                              (15-22) 

ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ Ɇɚɤɫɜɟɥɥ ɨɛɨɛɳɢɥ ɡɚɤɨɧ ɩɨɥɧɨɝɨ ɬɨɤɚ, ɞɨɛɚɜɢɜ ɜ ɩɪɚɜɭɸ ɱɚɫɬɶ ɟɝɨ ɬɨɤ ɫɦɟɲɟɧɢɹ  

.   (15-23)                   

ɂɬɚɤ, ɜɬɨɪɨɟ ɭɪɚɜɧɟɧɢɟ Ɇɚɤɫɜɟɥɥɚ ɜ ɢɧɬɟɝɪɚɥɶɧɨɣ ɮɨɪɦɟ ɢɦɟɟɬ ɜɢɞμ 

                                                                    .           (15-24) 

ɂɡ (15-13) ɫɥɟɞɭɟɬ, ɱɬɨ                              

   .                                           (15-25) 

ɂɡ ɫɪɚɜɧɟɧɢɹ (15-24) ɢ (15-25) ɧɚɯɨɞɢɦ, ɱɬɨ                    

 .                                     (15-26) 

ɗɬɨ ɢ ɟɫɬɶ ɜɬɨɪɨɟ ɭɪɚɜɧɟɧɢɟ Ɇɚɤɫɜɟɥɥɚ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ.  

3)Ɍɪɟɬɶɟ ɢ ɱɟɬɜɟɪɬɨɟ ɭɪɚɜɧɟɧɢɹ Ɇɚɤɫɜɟɥɥɚ 

Ɇɚɤɫɜɟɥɥ ɨɛɨɛɳɢɥ ɬɟɨɪɟɦɭ Ƚɚɭɫɫɚ - Ɉɫɬɪɨɝɪɚɞɫɤɨɝɨ ɞɥɹ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ. Ɉɧ 
ɩɪɟɞɩɨɥɨɠɢɥ, ɱɬɨ ɷɬɚ ɬɟɨɪɟɦɚ ɫɩɪɚɜɟɞɥɢɜɚ ɞɥɹ ɥɸɛɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɤɚɤ ɫɬɚɰɢɨɧɚɪɧɨɝɨ, ɬɚɤ ɢ 
ɩɟɪɟɦɟɧɧɨɝɨ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɪɟɬɶɟ ɭɪɚɜɧɟɧɢɟ Ɇɚɤɫɜɟɥɥɚ ɜ ɢɧɬɟɝɪɚɥɶɧɨɣ ɮɨɪɦɟ ɢɦɟɟɬ ɜɢɞμ         
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.                                                 (15-27)    

  ɢɥɢ      .                                           (15-28) 

ɝɞɟ  - ɨɛɴɟɦɧɚɹ ɩɥɨɬɧɨɫɬɶ ɫɜɨɛɨɞɧɵɯ ɡɚɪɹɞɨɜ, [ ]  = Ʉɥ / ɦ3 

                ɂɡ (15-12) ɫɥɟɞɭɟɬ, ɱɬɨ                      

   .                                    (15-29) 

ɂɡ ɫɪɚɜɧɟɧɢɹ (15-β8) ɢ (15-βλ) ɧɚɯɨɞɢɦ,ɱɬɨ                          

  .                                              (15-30) 

ɑɟɬɜɟɪɬɨɟ ɭɪɚɜɧɟɧɢɟ Ɇɚɤɫɜɟɥɥɚ ɜ ɢɧɬɟɝɪɚɥɶɧɨɣ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɚɯ ɢɦɟɟɬ 

ɫɥɟɞɭɸɳɢɣ ɜɢɞμ                

 ,                                                    (15-31)                       

    .                                                    (15-32)  

4)ɉɨɥɧɚɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ Ɇɚɤɫɜɟɥɥɚ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ 

                                         .                                                            

                          ,                        . 

ɗɬɭ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɞɨɩɨɥɧɢɬɶ ɦɚɬɟɪɢɚɥɶɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ, ɯɚɪɚɤɬɟ-

ɪɢɡɭɸɳɢɦɢ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɢ ɦɚɝɧɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɫɪɟɞɵμ 

                                               ,     ,     .                                         

ɂɬɚɤ, ɩɨɫɥɟ ɨɬɤɪɵɬɢɹ ɜɡɚɢɦɨɫɜɹɡɢ ɦɟɠɞɭ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɢ ɦɚɝɧɢɬɧɵɦ ɩɨɥɹɦɢ ɫɬɚɥɨ ɹɫɧɨ, ɱɬɨ 
ɷɬɢ ɩɨɥɹ ɧɟ ɫɭɳɟɫɬɜɭɸɬ ɨɛɨɫɨɛɥɟɧɨ, ɧɟɡɚɜɢɫɢɦɨ ɨɞɧɨ ɨɬ ɞɪɭɝɨɝɨ. ɇɟɥɶɡɹ ɫɨɡɞɚɬɶ ɩɟɪɟɦɟɧɧɨɟ ɦɚɝɧɢɬɧɨɟ 
ɩɨɥɟ ɛɟɡ ɬɨɝɨ, ɱɬɨɛɵ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɧɟ ɜɨɡɧɢɤɥɨ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɨɤɨɹɳɢɣɫɹ ɜ ɧɟɤɨɬɨɪɨɣ ɫɢɫɬɟɦɟ ɨɬɫɱɟɬɚ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɡɚɪɹɞ ɫɨɡɞɚɟɬ ɬɨɥɶɤɨ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɩɨɥɟ ɜ ɷɬɨɣ ɫɢɫɬɟɦɟ ɨɬɫɱɟɬɚ, ɧɨ ɨɧ ɛɭɞɟɬ ɫɨɡɞɚɜɚɬɶ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɜ ɫɢɫɬɟɦɚɯ 
ɨɬɫɱɟɬɚ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɬɨɪɵɯ ɨɧ ɞɜɢɠɟɬɫɹ. Ɍɨ ɠɟ ɫɚɦɨɟ ɨɬɧɨɫɢɬɫɹ ɢ ɤ ɧɟɩɨɞɜɢɠɧɨɦɭ ɦɚɝɧɢɬɭ. Ɂɚɦɟɬɢɦ 
ɬɚɤɠɟ, ɱɬɨ ɭɪɚɜɧɟɧɢɹ Ɇɚɤɫɜɟɥɥɚ ɢɧɜɚɪɢɚɧɬɧɵ ɤ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦ Ʌɨɪɟɧɰɚμ ɩɪɢɱɟɦ ɞɥɹ ɢɧɟɪɰɢɚɥɶɧɵɯ 

ɫɢɫɬɟɦ ɨɬɫɱɟɬɚ Ʉ ɢ Ʉ’  ɜɵɩɨɥɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɫɨɨɬɧɨɲɟɧɢɹμ     ,    .                 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɢɡɥɨɠɟɧɧɨɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɢ ɦɚɝɧɢɬɧɵɟ ɩɨɥɹ ɹɜɥɹɸɬɫɹ 
ɩɪɨɹɜɥɟɧɢɟɦ ɟɞɢɧɨɝɨ ɩɨɥɹ, ɤɨɬɨɪɨɟ ɧɚɡɵɜɚɸɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɩɨɥɟɦ. Ɉɧɨ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɜ ɜɢɞɟ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ.                                                  

 

15.5. ɉɟɪɟɦɟɧɧɵɣ ɬɨɤ 

 ɍɫɬɚɧɨɜɢɜɲɢɟɫɹ ɜɵɧɭɠɞɟɧɧɵɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɤɨɥɟɛɚɧɢɹ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ 
ɩɪɨɬɟɤɚɧɢɟ ɜ ɰɟɩɢ, ɫɨɞɟɪɠɚɳɟɣ ɪɟɡɢɫɬɨɪ, ɤɚɬɭɲɤɭ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɢ ɤɨɧɞɟɧɫɚɬɨɪ, ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ. 
ɉɟɪɟɦɟɧɧɵɣ ɬɨɤ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɦ, ɬ. ɟ. ɞɥɹ ɧɟɝɨ ɦɝɧɨɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɢɥɵ ɬɨɤɚ ɜɨ 
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ɜɫɟɯ ɫɟɱɟɧɢɹɯ ɰɟɩɢ ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜɵ, ɬɚɤ ɤɚɤ ɢɯ ɢɡɦɟɧɟɧɢɹ ɩɪɨɢɫɯɨɞɹɬ ɞɨɫɬɚɬɨɱɧɨ ɦɟɞɥɟɧɧɨ, ɚ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɜɨɡɦɭɳɟɧɢɹ ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɩɨ ɰɟɩɢ ɫɨ ɫɤɨɪɨɫɬɶɸ, ɪɚɜɧɨɣ ɫɤɨɪɨɫɬɢ ɫɜɟɬɚ. Ⱦɥɹ 
ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɯ ɬɨɤɨɜ ɜɵɩɨɥɧɹɸɬɫɹ ɡɚɤɨɧ Ɉɦɚ ɢ ɜɵɬɟɤɚɸɳɢɟ ɢɡ ɧɟɝɨ ɩɪɚɜɢɥɚ 
Ʉɢɪɯɝɨɮɚ.  

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɰɟɩɢ, ɫɨɞɟɪɠɚɳɟɣ ɪɟɡɢɫɬɨɪ, ɤɚɬɭɲɤɭ 
ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɢ ɤɨɧ- 

 

ɫɨɞɟɪɠɚɳɟɣ ɪɟɡɢɫɬɨɪ, ɤɚɬɭɲɤɭ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɢ ɤɨɧɞɟɧɫɚɬɨɪ, ɩɪɢ ɩɪɢɥɨɠɟɧɢɢ ɤ ɧɟɣ ɩɟɪɟɦɟɧɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ 

U=Umcost,                                                   (15-33) 

ɝɞɟ Um — ɚɦɩɥɢɬɭɞɚ ɧɚɩɪɹɠɟɧɢɹ. 

ɉɟɪɟɦɟɧɧɵɣ ɬɨɤ, ɬɟɤɭɳɢɣ ɱɟɪɟɡ ɪɟɡɢɫɬɨɪ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ R (L0, ɋ0) (ɪɢɫ.15.1, ɚ). ɉɪɢ 
ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɨɫɬɢ ɬɨɤ ɱɟɪɟɡ ɪɟɡɢɫɬɨɪ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɚɤɨɧɨɦ Ɉɦɚμ 

I=U/R=(Um/R)cost=Imcost, 

ɝɞɟ ɚɦɩɥɢɬɭɞɚ ɫɢɥɵ ɬɨɤɚ lm=Um/R. 

Ⱦɥɹ ɧɚɝɥɹɞɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ ɩɟɪɟɦɟɧɧɵɦɢ ɬɨɤɚɦɢ ɢ ɧɚɩɪɹɠɟɧɢɹɦɢ 
ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɨɦ ɜɟɤɬɨɪɧɵɯ ɞɢɚɝɪɚɦɦ. ɇɚ ɪɢɫ. 15.1, ɛ ɞɚɧɚ ɜɟɤɬɨɪɧɚɹ ɞɢɚɝɪɚɦɦɚ ɚɦɩɥɢɬɭɞɧɵɯ 
ɡɧɚɱɟɧɢɣ ɬɨɤɚ Im ɢ ɧɚɩɪɹɠɟɧɢɹ Um ɧɚ ɪɟɡɢɫɬɨɪɟ (ɫɞɜɢɝ ɮɚɡ ɦɟɠɞɭ Im ɢ Um ɪɚɜɟɧ ɧɭɥɸ). 

ɉɟɪɟɦɟɧɧɵɣ ɬɨɤ, ɬɟɤɭɳɢɣ ɱɟɪɟɡ ɤɚɬɭɲɤɭ ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ L (R0, C0) (ɪɢɫ. 15.β, ɚ). ȿɫɥɢ 
ɜ ɰɟɩɢ ɩɪɢɥɨɠɟɧɨ ɩɟɪɟɦɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ (15-γγ), ɬɨ ɜ ɧɟɣ ɩɨɬɟɱɟɬ ɩɟɪɟɦɟɧɧɵɣ ɬɨɤ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ 
ɜɨɡɧɢɤɧɟɬ ɷ.ɞ.ɫ. ɫɚɦɨɢɧɞɭɤɰɢɢ 

ȟs=-LdI/dt.   Ɍɨɝɞɚ ɡɚɤɨɧ Ɉɦɚ  ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɭɱɚɫɬɤɚ ɰɟɩɢ ɢɦɟɟɬ ɜɢɞ 

Umcost-LdI/dt=0, 

ɨɬɤɭɞɚ 

  LdI/dt=Umcos .                                           (15-34) 

Ɍɚɤ ɤɚɤ ɜɧɟɲɧɟɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɢɥɨɠɟɧɨ ɤ ɤɚɬɭɲɤɟ ɢɧɞɭɤɬɢɜɧɨɫɬɢ, ɬɨ 

UL=LdI/dt                                                  (15-35) 

ɟɫɬɶ ɩɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɤɚɬɭɲɤɟ. ɂɡ ɭɪɚɜɧɟɧɢɹ (15-γ4) ɫɥɟɞɭɟɬ, ɱɬɨ 

dI=(Um/L)cost/dt, 

ɢɥɢ ɩɨɫɥɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɭɱɢɬɵɜɚɹ, ɱɬɨ ɩɨɫɬɨɹɧɧɚɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɪɚɜɧɚ 
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ɧɭɥɸ (ɬɚɤ ɤɚɤ ɨɬɫɭɬɫɬɜɭɟɬ ɩɨɫɬɨɹɧɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ), ɩɨɥɭɱɢɦ 

(15-36) 

 

ȼɟɥɢɱɢɧɚ 

RL=L                                                       (15-37) 

ɧɚɡɵɜɚɟɬɫɹ ɪɟɚɤɬɢɜɧɵɦ ɢɧɞɭɤɬɢɜɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ (ɢɥɢ ɢɧɞɭɤɬɢɜɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ). ɂɡ 
ɜɵɪɚɠɟɧɢɹ (15-γ6) ɜɵɬɟɤɚɟɬ, ɱɬɨ ɞɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ (=0) ɤɚɬɭɲɤɚ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɧɟ ɢɦɟɟɬ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ɉɨɞɫɬɚɧɨɜɤɚ ɡɧɚɱɟɧɢɹ Um=LIm ɜ ɜɵɪɚɠɟɧɢɟ (15-γ4) ɫ ɭɱɟɬɨɦ (15-γ5) ɩɪɢɜɨɞɢɬ ɤ 
ɫɥɟɞɭɸɳɟɦɭ ɡɧɚɱɟɧɢɸ ɩɚɞɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɤɚɬɭɲɤɟ ɢɧɞɭɤɬɢɜɧɨɫɬɢμ 

UL=LImcost.                                                   (15-38) 

ɋɪɚɜɧɟɧɢɟ ɜɵɪɚɠɟɧɢɣ (15-γ6) ɢ (15-γ8) ɩɪɢɜɨɞɢɬ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɩɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ UL ɨɩɟɪɟɠɚɟɬ ɩɨ 
ɮɚɡɟ ɬɨɤ I, ɬɟɤɭɳɢɣ ɱɟɪɟɡ ɤɚɬɭɲɤɭ, ɧɚ /β, ɱɬɨ ɢ ɩɨɤɚɡɚɧɨ ɧɚ ɜɟɤɬɨɪɧɨɣ ɞɢɚɝɪɚɦɦɟ (ɪɢɫ. 15.β, ɛ). 

ɉɟɪɟɦɟɧɧɵɣ   ɬɨɤ,   ɬɟɤɭɳɢɣ    ɱɟɪɟɡ ɤɨɧɞɟɧɫɚɬɨɪ   ɟɦɤɨɫɬɶɸ      ɋ  (R0,   L0) 

ȿɫɥɢ ɩɟɪɟɦɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɢɥɨɠɟɧɨ ɤ ɤɨɧɞɟɧɫɚɬɨɪɭ, ɬɨ ɨɧ ɜɫɟ ɜɪɟɦɹ ɩɟɪɟɡɚɪɹɠɚɟɬɫɹ, ɢ ɜ ɰɟɩɢ 
ɩɨɬɟɱɟɬ ɩɟɪɟɦɟɧɧɵɣ ɬɨɤ. Ɍɚɤ ɤɚɤ ɜɫɟ ɜɧɟɲɧɟɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɢɥɨɠɟɧɨ ɤ ɤɨɧɞɟɧɫɚɬɨɪɭ, ɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 
ɩɨɞɜɨɞɹɳɢɯ ɩɪɨɜɨɞɨɜ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ, ɬɨ 
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Q/C=UC=Umcost.  

ɋɢɥɚ ɬɨɤɚ                                                                                                       (15-38) 

 

 

ȼɟɥɢɱɢɧɚ 

RC=1/(ɋ) 

ɧɚɡɵɜɚɟɬɫɹ ɪɟɚɤɬɢɜɧɵɦ ɟɦɤɨɫɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ (ɢɥɢ ɟɦɤɨɫɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ). Ⱦɥɹ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ (=0) RC=, ɬ. ɟ. ɩɨɫɬɨɹɧɧɵɣ ɬɨɤ ɱɟɪɟɡ ɤɨɧɞɟɧɫɚɬɨɪ ɬɟɱɶ ɧɟ ɦɨɠɟɬ. ɉɚɞɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɤɨɧɞɟɧɫɚɬɨɪɟ 

UC=(1/C)Imcost.                                         (15-39)  

ɋɪɚɜɧɟɧɢɟ ɜɵɪɚɠɟɧɢɣ (15-γ8) ɢ (15-γλ) ɩɪɢɜɨɞɢɬ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɩɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ UC ɨɬɫɬɚɟɬ ɩɨ ɮɚɡɟ 
ɨɬ ɬɟɤɭɳɟɝɨ ɱɟɪɟɡ ɤɨɧɞɟɧɫɚɬɨɪ ɬɨɤɚ I ɧɚ /β. ɗɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɜɟɤɬɨɪɧɨɣ ɞɢɚɝɪɚɦɦɟ (ɪɢɫ. 15.γ, ɛ). 

 ɐɟɩɶ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɫɨɞɟɪɠɚɳɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɟ ɪɟɡɢɫɬɨɪ, ɤɚɬɭɲɤɭ 
ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɢ ɤɨɧɞɟɧɫɚɬɨɪ. ɇɚ ɪɢɫ. 15.4,ɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɰɟɩɶ, ɫɨɞɟɪɠɚɳɚɹ ɪɟɡɢɫɬɨɪ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 
R, ɤɚɬɭɲɤɭ ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ L ɢ ɤɨɧɞɟɧɫɚɬɨɪ ɟɦɤɨɫɬɶɸ ɋ, ɧɚ ɤɨɧɰɵ ɤɨɬɨɪɨɣ ɩɨɞɚɟɬɫɹ ɩɟɪɟɦɟɧɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ. ȼ ɰɟɩɢ ɜɨɡɧɢɤɧɟɬ ɩɟɪɟɦɟɧɧɵɣ ɬɨɤ, ɤɨɬɨɪɵɣ ɜɵɡɨɜɟɬ ɧɚ ɜɫɟɯ ɷɥɟɦɟɧɬɚɯ ɰɟɩɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɚɞɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ UR, UL ɢ UC. ɇɚ ɪɢɫ. 15.4, ɛ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜɟɤɬɨɪɧɚɹ ɞɢɚɝɪɚɦɦɚ 
ɚɦɩɥɢɬɭɞ ɩɚɞɟɧɢɣ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɪɟɡɢɫɬɨɪɟ (UR), ɤɚɬɭɲɤɟ (UL) ɢ ɤɨɧɞɟɧɫɚɬɨɪɟ (UC). Ⱥɦɩɥɢɬɭɞɚ Um 

ɩɪɢɥɨɠɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜɧɚ ɜɟɤɬɨɪɧɨɣ ɫɭɦɦɟ ɚɦɩɥɢɬɭɞ ɷɬɢɯ ɩɚɞɟɧɢɣ ɧɚɩɪɹɠɟɧɢɣ. Ʉɚɤ 
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ɜɢɞɧɨ ɢɡ ɪɢɫ. 15.4, ɛ, ɭɝɨɥ  ɨɩɪɟɞɟɥɹɟɬ ɪɚɡɧɨɫɬɶ ɮɚɡ ɦɟɠɞɭ ɧɚɩɪɹɠɟɧɢɟɦ ɢ ɫɢɥɨɣ ɬɨɤɚ. ɂɡ ɪɢɫɭɧɤɚ 
ɫɥɟɞɭɟɬ, ɱɬɨ  

                                                (15-40) 

ɂɡ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ ɩɨɥɭɱɚɟɦ, 

 

 

 

 ɨɬɤɭɞɚ ɚɦɩɥɢɬɭɞɚ ɫɢɥɵ ɬɨɤɚ ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ 

                              (15-41) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɧɚɩɪɹɠɟɧɢɟ ɜ ɰɟɩɢ ɢɡɦɟɧɹɟɬɫɹ ɩɨ ɡɚɤɨɧɭ 

U=Umcost, 

ɬɨ ɜ ɰɟɩɢ ɬɟɱɟɬ ɬɨɤ 

I = Imcos(t-),                                             (15-42) 

ɝɞɟ  ɢ Im ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɮɨɪɦɭɥɚɦɢ (15-41) ɢ (15-4β). ȼɟɥɢɱɢɧɚ 
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                                (15-43) 

ɧɚɡɵɜɚɟɬɫɹ ɩɨɥɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɰɟɩɢ, ɚ ɜɟɥɢɱɢɧɚ 

 

— ɪɟɚɤɬɢɜɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ. 

Ɋɚɫɫɦɨɬɪɢɦ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɜ ɰɟɩɢ ɨɬɫɭɬɫɬɜɭɟɬ ɤɨɧɞɟɧɫɚɬɨɪ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɚɞɟɧɢɹ 
ɧɚɩɪɹɠɟɧɢɣ UR ɢ UL ɜ ɫɭɦɦɟ ɪɚɜɧɵ ɩɪɢɥɨɠɟɧɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ U. ȼɟɤɬɨɪɧɚɹ ɞɢɚɝɪɚɦɦɚ ɞɥɹ ɞɚɧɧɨɝɨ 
ɫɥɭɱɚɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 15.5, ɢɡ ɤɨɬɨɪɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ 

                               (15-44) 

Ɉɬɫɭɬɫɬɜɢɟ ɤɨɧɞɟɧɫɚɬɨɪɚ ɜ ɰɟɩɢ ɨɡɧɚɱɚɟɬ ɋ=, ɚ ɧɟ ɋ=0.  

 

Ɋɟɡɨɧɚɧɫ ɧɚɩɪɹɠɟɧɢɣ 

ȿɫɥɢ ɜ ɰɟɩɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɫɨɞɟɪɠɚɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɟ ɤɨɧɞɟɧɫɚɬɨɪ, ɤɚɬɭɲɤɭ 
ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɢ ɪɟɡɢɫɬɨɪ ( ɪɢɫ.15.4), 

L= 1/(ɋ),                                                   (15-45) 

ɬɨ ɭɝɨɥ ɫɞɜɢɝɚ ɮɚɡ ɦɟɠɞɭ ɬɨɤɨɦ ɢ ɧɚɩɪɹɠɟɧɢɟɦ ɨɛɪɚɳɚɟɬɫɹ ɜ ɧɭɥɶ (=0), ɬ. ɟ. ɢɡɦɟɧɟɧɢɹ ɬɨɤɚ ɢ 
ɧɚɩɪɹɠɟɧɢɹ ɩɪɨɢɫɯɨɞɹɬ ɫɢɧɮɚɡɧɨ. ɍɫɥɨɜɢɸ (15-45) ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɱɚɫɬɨɬɚ 

ɪɟɡ=l/LC.                                                     (15-46) 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɨɥɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɰɟɩɢ Z ɫɬɚɧɨɜɢɬɫɹ ɦɢɧɢɦɚɥɶɧɵɦ, ɪɚɜɧɵɦ ɚɤɬɢɜɧɨɦɭ 
ɫɨɩɪɨɬɢɜɥɟɧɢɸ R ɰɟɩɢ, ɢ ɬɨɤ ɜ ɰɟɩɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɬɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ, ɩɪɢɧɢɦɚɹ ɦɚɤɫɢɦɚɥɶɧɵɟ 
(ɜɨɡɦɨɠɧɵɟ ɩɪɢ ɞɚɧɧɨɦ Um) ɡɧɚɱɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɩɚɞɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɚɤɬɢɜɧɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɪɚɜɧɨ 
ɜɧɟɲɧɟɦɭ ɧɚɩɪɹɠɟɧɢɸ, ɩɪɢɥɨɠɟɧɧɨɦɭ ɤ ɰɟɩɢ (UR=U), ɚ ɩɚɞɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɤɨɧɞɟɧɫɚɬɨɪɟ (UC) ɢ 
ɤɚɬɭɲɤɟ ɢɧɞɭɤɬɢɜɧɨɫɬɢ (UL) ɨɞɢɧɚɤɨɜɵ ɩɨ ɚɦɩɥɢɬɭɞɟ ɢ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵ ɩɨ ɮɚɡɟ. ɗɬɨ ɹɜɥɟɧɢɟ 
ɧɚɡɵɜɚɟɬɫɹ ɪɟɡɨɧɚɧɫɨɦ ɧɚɩɪɹɠɟɧɢɣ (ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɪɟɡɨɧɚɧɫɨɦ), ɚ ɱɚɫɬɨɬɚ (15-46) —
ɪɟɡɨɧɚɧɫɧɨɣ ɱɚɫɬɨɬɨɣ. ȼɟɤɬɨɪɧɚɹ ɞɢɚɝɪɚɦɦɚ ɞɥɹ ɪɟɡɨɧɚɧɫɚ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ.15.6. 

ȼ ɫɥɭɱɚɟ ɪɟɡɨɧɚɧɫɚ ɧɚɩɪɹɠɟɧɢɣ 
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(UL)ɪɟɷ=(UC)ɪɟɡ, 

ɩɨɷɬɨɦɭ, ɩɨɞɫɬɚɜɢɜ ɜ ɷɬɭ ɮɨɪɦɭɥɭ ɡɧɚɱɟɧɢɹ ɪɟɡɨɧɚɧɫɧɨɣ ɱɚɫɬɨɬɵ ɢ ɚɦɩɥɢɬɭɞɵ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɤɚɬɭɲɤɟ 
ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɢ ɤɨɧɞɟɧɫɚɬɨɪɟ, ɩɨɥɭɱɢɦ 

 

 

 

ɝɞɟ Q — ɞɨɛɪɨɬɧɨɫɬɶ ɤɨɧɬɭɪɚ. Ɍɚɤ ɤɚɤ ɞɨɛɪɨɬɧɨɫɬɶ ɨɛɵɱɧɵɯ ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɤɨɧɬɭɪɨɜ ɛɨɥɶɲɟ ɟɞɢɧɢɰɵ, 
ɬɨ ɧɚɩɪɹɠɟɧɢɟ ɤɚɤ ɧɚ ɤɚɬɭɲɤɟ ɢɧɞɭɤɬɢɜɧɨɫɬɢ, ɬɚɤ ɢ ɧɚ ɤɨɧɞɟɧɫɚɬɨɪɟ ɩɪɟɜɵɲɚɟɬ ɧɚɩɪɹɠɟɧɢɟ, 
ɩɪɢɥɨɠɟɧɧɨɟ ɤ ɰɟɩɢ. ɉɨɷɬɨɦɭ ɹɜɥɟɧɢɟ ɪɟɡɨɧɚɧɫɚ ɧɚɩɪɹɠɟɧɢɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɬɟɯɧɢɤɟ ɞɥɹ ɭɫɢɥɟɧɢɹ 
ɤɨɥɟɛɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɤɚɤɨɣ-ɥɢɛɨ ɨɩɪɟɞɟɥɟɧɧɨɣ ɱɚɫɬɨɬɵ. ɇɚɩɪɢɦɟɪ, ɜ ɫɥɭɱɚɟ ɪɟɡɨɧɚɧɫɚ ɧɚ ɤɨɧɞɟɧɫɚɬɨɪɟ 
ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɧɚɩɪɹɠɟɧɢɟ ɫ ɚɦɩɥɢɬɭɞɨɣ QUm (Q ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ — ɞɨɛɪɨɬɧɨɫɬɶ ɤɨɧɬɭɪɚ), ɤɨɬɨɪɚɹ 
ɦɨɠɟɬ ɛɵɬɶ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ Um). ɗɬɨ ɭɫɢɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɞɥɹ ɭɡɤɨɝɨ ɢɧɬɟɪɜɚɥɚ 
ɱɚɫɬɨɬ ɜɛɥɢɡɢ ɪɟɡɨɧɚɧɫɧɨɣ ɱɚɫɬɨɬɵ ɤɨɧɬɭɪɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɜɵɞɟɥɢɬɶ ɢɡ ɦɧɨɝɢɯ ɫɢɝɧɚɥɨɜ ɨɞɧɨ ɤɨɥɟɛɚɧɢɟ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɱɚɫɬɨɬɵ, ɬ. ɟ. ɧɚ ɪɚɞɢɨɩɪɢɟɦɧɢɤɟ ɧɚɫɬɪɨɢɬɶɫɹ ɧɚ ɧɭɠɧɭɸ ɞɥɢɧɭ ɜɨɥɧɵ. əɜɥɟɧɢɟ ɪɟɡɨɧɚɧɫɚ 
ɧɚɩɪɹɠɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɪɚɫɱɟɬɟ ɢɡɨɥɹɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɥɢɧɢɣ, ɫɨɞɟɪɠɚɳɢɯ 
ɤɨɧɞɟɧɫɚɬɨɪɵ ɢ ɤɚɬɭɲɤɢ ɢɧɞɭɤɬɢɜɧɨɫɬɢ, ɬɚɤ ɤɚɤ ɢɧɚɱɟ ɦɨɠɟɬ ɧɚɛɥɸɞɚɬɶɫɹ ɢɯ ɩɪɨɛɨɣ. 

Ɋɟɡɨɧɚɧɫ ɬɨɤɨɜ. 

Ɋɚɫɫɦɨɬɪɢɦ ɰɟɩɶ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɫɨɞɟɪɠɚɳɭɸ ɩɚɪɚɥɥɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɟ ɤɨɧɞɟɧɫɚɬɨɪ 
ɟɦɤɨɫɬɶɸ ɋ ɢ ɤɚɬɭɲɤɭ ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ L (ɪɢɫ.15.7). Ⱦɥɹ ɩɪɨɫɬɨɬɵ ɞɨɩɭɫɬɢɦ, ɱɬɨ ɚɤɬɢɜɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɟɢɯ ɜɟɬɜɟɣ ɧɚɫɬɨɥɶɤɨ ɦɚɥɨ, ɱɬɨ ɢɦ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. ȿɫɥɢ ɩɪɢɥɨɠɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 
ɢɡɦɟɧɹɟɬɫɹ ɩɨ ɡɚɤɨɧɭ U=Umcost(ɫɦ. (14λ.1)), ɬɨ, ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (15-4β), ɜ ɜɟɬɜɢ 1ɋ2 ɬɟɱɟɬ ɬɨɤ 

I1=Im1cos(t-1), 

ɚɦɩɥɢɬɭɞɚ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ (15-41) ɩɪɢ ɭɫɥɨɜɢɢ R=0 ɢ L=0: 

 

Ɋɚɡɧɨɫɬɶ ɮɚɡ ɬɨɤɨɜ ɜ ɜɟɬɜɹɯ 1ɋ2 ɢ 1L2 ɪɚɜɧɚ 1-2=, ɬ. ɟ. ɬɨɤɢ ɜ ɜɟɬɜɹɯ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵ ɩɨ ɮɚɡɟ. 
Ⱥɦɩɥɢɬɭɞɚ ɫɢɥɵ ɬɨɤɚ ɜɨ ɜɧɟɲɧɟɣ (ɧɟɪɚɡɜɟɬɜɥɟɧɧɨɣ) ɰɟɩɢ 
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Im=│Im1,-Im2│=Um│C-l/(L)|. 

ȿɫɥɢ =ɪɟɡ=1/Lɋ, ɬɨ Im1=Im2 ɢ Im=0. 

əɜɥɟɧɢɟ ɪɟɡɤɨɝɨ ɭɦɟɧɶɲɟɧɢɹ ɚɦɩɥɢɬɭɞɵ ɫɢɥɵ ɬɨɤɚ ɜɨ ɜɧɟɲɧɟɣ ɰɟɩɢ, ɩɢɬɚɸɳɟɣ ɩɚɪɚɥɥɟɥɶɧɨ 
ɜɤɥɸɱɟɧɧɵɟ ɤɨɧɞɟɧɫɚɬɨɪ ɢ ɤɚɬɭɲɤɭ ɢɧɞɭɤɬɢɜɧɨɫɬɢ, ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɱɚɫɬɨɬɵ  ɩɪɢɥɨɠɟɧɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ ɤ ɪɟɡɨɧɚɧɫɧɨɣ ɱɚɫɬɨɬɟ ɪɟɡ ɧɚɡɵɜɚɟɬɫɹ ɪɟɡɨɧɚɧɫɨɦ ɬɨɤɨɜ (ɩɚɪɚɥɥɟɥɶɧɵɦ ɪɟɡɨɧɚɧɫɨɦ). ȼ 
ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɞɥɹ ɪɟɡɨɧɚɧɫɧɨɣ ɱɚɫɬɨɬɵ ɩɨɥɭɱɢɥɢ ɬɚɤɨɟ ɠɟ ɡɧɚɱɟɧɢɟ, ɤɚɤ ɢ ɩɪɢ ɪɟɡɨɧɚɧɫɟ ɧɚɩɪɹɠɟɧɢɣ. 

 

 

Ⱥɦɩɥɢɬɭɞɚ ɫɢɥɵ ɬɨɤɚ Im ɨɤɚɡɚɥɚɫɶ ɪɚɜɧɚ ɧɭɥɸ ɩɨɬɨɦɭ, ɱɬɨ ɚɤɬɢɜɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɤɨɧɬɭɪɚ 
ɩɪɟɧɟɛɪɟɝɥɢ. ȿɫɥɢ ɭɱɟɫɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟ R, ɬɨ ɪɚɡɧɨɫɬɶ ɮɚɡ 1-2 ɧɟ ɛɭɞɟɬ ɪɚɜɧɚ , ɩɨɷɬɨɦɭ ɩɪɢ ɪɟɡɨɧɚɧɫɟ 
ɬɨɤɨɜ ɚɦɩɥɢɬɭɞɚ ɫɢɥɵ ɬɨɤɚ Im ɛɭɞɟɬ ɨɬɥɢɱɧɚ ɨɬ ɧɭɥɹ, ɧɨ ɩɪɢɦɟɬ ɧɚɢɦɟɧɶɲɟɟ ɜɨɡɦɨɠɧɨɟ ɡɧɚɱɟɧɢɟ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɩɪɢ ɪɟɡɨɧɚɧɫɟ ɬɨɤɨɜ ɜɨ ɜɧɟɲɧɟɣ ɰɟɩɢ ɬɨɤɢ I1 ɢ I2 ɤɨɦɩɟɧɫɢɪɭɸɬɫɹ ɢ ɫɢɥɚ ɬɨɤɚ I ɜ ɩɨɞɜɨɞɹɳɢɯ 
ɩɪɨɜɨɞɚɯ ɞɨɫɬɢɝɚɟɬ ɦɢɧɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɬɨɥɶɤɨ ɬɨɤɨɦ ɱɟɪɟɡ ɪɟɡɢɫɬɨɪ. ɉɪɢ ɪɟɡɨɧɚɧɫɟ 
ɬɨɤɨɜ ɫɢɥɵ ɬɨɤɨɜ I1 ɢ I2 ɦɨɝɭɬ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɬɶ ɫɢɥɭ ɬɨɤɚ I. 

Ɋɚɫɫɦɨɬɪɟɧɧɵɣ ɤɨɧɬɭɪ ɨɤɚɡɵɜɚɟɬ ɛɨɥɶɲɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɟɪɟɦɟɧɧɨɦɭ ɬɨɤɭ ɫ ɱɚɫɬɨɬɨɣ, ɛɥɢɡɤɨɣ 
ɤ ɪɟɡɨɧɚɧɫɧɨɣ, ɩɨɷɬɨɦɭ ɷɬɨ ɫɜɨɣɫɬɜɨ ɪɟɡɨɧɚɧɫɚ ɬɨɤɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɪɟɡɨɧɚɧɫɧɵɯ ɭɫɢɥɢɬɟɥɹɯ, 
ɩɨɡɜɨɥɹɳɢɯ ɜɵɞɟɥɹɬɶ ɨɞɧɨ ɨɩɪɟɞɟɥɟɧɧɨɟ ɤɨɥɟɛɚɧɢɟ ɢɡ ɫɢɝɧɚɥɚ ɫɥɨɠɧɨɣ ɮɨɪɦɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɪɟɡɨɧɚɧɫ 
ɬɨɤɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɢɧɞɭɤɰɢɨɧɧɵɯ ɩɟɱɚɯ, ɝɞɟ ɧɚɝɪɟɜɚɧɢɟ ɦɟɬɚɥɥɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɢɯɪɟɜɵɦɢ ɬɨɤɚɦɢ. ȼ 
ɧɢɯ ɟɦɤɨɫɬɶ ɤɨɧɞɟɧɫɚɬɨɪɚ, ɜɤɥɸɱɟɧɧɨɝɨ ɩɚɪɚɥɥɟɥɶɧɨ ɧɚɝɪɟɜɚɬɟɥɶɧɨɣ ɤɚɬɭɲɤɟ, ɩɨɞɛɢɪɚɟɬɫɹ ɬɚɤ, ɱɬɨɛɵ 
ɩɪɢ ɱɚɫɬɨɬɟ ɝɟɧɟɪɚɬɨɪɚ ɩɨɥɭɱɢɥɫɹ ɪɟɡɨɧɚɧɫ ɬɨɤɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɫɢɥɚ ɬɨɤɚ ɱɟɪɟɡ ɧɚɝɪɟɜɚɬɟɥɶɧɭɸ 
ɤɚɬɭɲɤɭ ɛɭɞɟɬ ɝɨɪɚɡɞɨ ɛɨɥɶɲɟ, ɱɟɦ ɫɢɥɚ ɬɨɤɚ ɜ ɩɨɞɜɨɞɹɳɢɯ ɩɪɨɜɨɞɚɯ. 

Ɇɨɳɧɨɫɬɶ, ɜɵɞɟɥɹɟɦɚɹ ɜ ɰɟɩɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ. 

Ɇɝɧɨɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɪɚɜɧɨ ɩɪɨɢɡɜɟɞɟɧɢɸ ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ 
ɧɚɩɪɹɠɟɧɢɹ ɢ ɫɢɥɵ ɬɨɤɚμ 

P(t)=U(t)I(t), 

ɝɞɟ U(t)=Umcost, I(t)= Imcos(t-). 

 Ɋɚɫɤɪɵɜ cos(t-), ɩɨɥɭɱɢɦ 

Ɋ(t) = ImUmcos(t-)cost= Im(Um(cos2tcos+sintcostsin). 

ɉɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɧɟ ɦɝɧɨɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ, ɚ ɟɟ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɡɚ ɩɟɪɢɨɞ 
ɤɨɥɟɛɚɧɢɹ. ɍɱɢɬɵɜɚɹ, ɱɬɨ ξcos2t>=1/2, <sintcost>=0, ɩɨɥɭɱɢɦ 

ξɊ>=1/2ImUmɫɨs. 

ɂɡ ɜɟɤɬɨɪɧɨɣ ɞɢɚɝɪɚɦɦɵ (ɪɢɫ.15.4) ɫɥɟɞɭɟɬ, ɱɬɨ Umcosfi=RIm. ɉɨɷɬɨɦɭ 

<P>=1/2RI2
m. 

Ɍɚɤɭɸ ɠɟ  ɦɨɳɧɨɫɬɶ ɪɚɡɜɢɜɚɟɬ  ɩɨɫɬɨɹɧɧɵɣ ɬɨɤ I = Im/β. ȼɟɥɢɱɢɧɵ 



I= Im/2,  U=Um/2

ɧɚɡɵɜɚɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɟɣɫɬɜɭɸɳɢɦɢ (ɢɥɢ ɷɮɮɟɤɬɢɜɧɵɦɢ) ɡɧɚɱɟɧɢɹɦɢ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ. 
ȼɫɟ ɚɦɩɟɪɦɟɬɪɵ ɢ ɜɨɥɶɬɦɟɬɪɵ ɝɪɚɞɭɢɪɭɸɬɫɹ ɩɨ ɞɟɣɫɬɜɭɸɳɢɦ ɡɧɚɱɟɧɢɹɦ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ. ɍɱɢɬɵɜɚɹ 
ɞɟɣɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, ɜɵɪɚɠɟɧɢɟ ɫɪɟɞɧɟɣ ɦɨɳɧɨɫɬɢ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ

<P>=IUcos,    (15-47) 

ɝɞɟ ɦɧɨɠɢɬɟɥɶ cos ɧɚɡɵɜɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɦɨɳɧɨɫɬɢ.

Ɏɨɪɦɭɥɚ (15-47) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɦɨɳɧɨɫɬɶ, ɜɵɞɟɥɹɟɦɚɹ ɜ ɰɟɩɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ 
ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɫɢɥɵ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, ɧɨ ɢ ɨɬ ɫɞɜɢɝɚ ɮɚɡ ɦɟɠɞɭ ɧɢɦɢ. ȿɫɥɢ ɜ ɰɟɩɢ ɪɟɚɤɬɢɜɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɫɭɬɫɬɜɭɟɬ, ɬɨ cos=1 ɢ Ɋ=IU. ȿɫɥɢ ɰɟɩɶ ɫɨɞɟɪɠɢɬ ɬɨɥɶɤɨ ɪɟɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
(R=0), ɬɨ cos=0 ɢ ɫɪɟɞɧɹɹ ɦɨɳɧɨɫɬɶ ɪɚɜɧɚ ɧɭɥɸ, ɤɚɤɢɦɢ ɛɵ ɛɨɥɶɲɢɦɢ ɧɢ ɛɵɥɢ ɬɨɤ ɢ ɧɚɩɪɹɠɟɧɢɟ. ȿɫɥɢ 
cos ɢɦɟɟɬ ɡɧɚɱɟɧɢɹ, ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɢɟ ɟɞɢɧɢɰɵ, ɬɨ ɞɥɹ ɩɟɪɟɞɚɱɢ ɡɚɞɚɧɧɨɣ ɦɨɳɧɨɫɬɢ ɩɪɢ ɞɚɧɧɨɦ 
ɧɚɩɪɹɠɟɧɢɢ ɝɟɧɟɪɚɬɨɪɚ ɧɭɠɧɨ ɭɜɟɥɢɱɢɜɚɬɶ ɫɢɥɭ ɬɨɤɚ I, ɱɬɨ ɩɪɢɜɟɞɟɬ ɥɢɛɨ ɤ ɜɵɞɟɥɟɧɢɸ ɞɠɨɭɥɟɜɨɣ 
ɬɟɩɥɨɬɵ, ɥɢɛɨ ɩɨɬɪɟɛɭɟɬ ɭɜɟɥɢɱɟɧɢɹ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɨɜ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɫɬɨɢɦɨɫɬɶ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ. 
ɉɨɷɬɨɦɭ ɧɚ ɩɪɚɤɬɢɤɟ ɜɫɟɝɞɚ ɫɬɪɟɦɹɬɫɹ ɭɜɟɥɢɱɢɬɶ cos, ɧɚɢɦɟɧɶɲɟɟ ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɞɥɹ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 0,85.
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