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ȼɜɟɞɟɧɢɟ 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɨ ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ ɧɚɭɤɢ 

ɢ ɬɟɯɧɢɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢɦɩɭɥɶɫɧɵɟ ɷɥɟɤɬɪɨɦɚɝ-
ɧɢɬɧɵɟ ɩɨɥɹ Д1, 2]. ȼ ɱɚɫɬɧɨɫɬɢ, ɜ ɡɚɞɚɱɚɯ ɜɨɡɞɟɣ-
ɫɬɜɢɹ ɦɨɳɧɵɯ ɧɚɧɨɫɟɤɭɧɞɧɵɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ 
ɢɦɩɭɥɶɫɨɜ ɧɚ ɪɚɫɩɥɚɜɵ ɦɟɬɚɥɥɨɜ ɢɫɩɨɥɶɡɭɸɬ ɨɞ-
ɧɨɩɨɥɹɪɧɵɟ ɢɦɩɭɥɶɫɵ ɧɚɧɨɫɟɤɭɧɞɧɨɣ ɞɥɢɬɟɥɶɧɨ-
ɫɬɢ ɛɟɡ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ. Ɉɞɧɢɦ ɢɡ 
ɤɥɸɱɟɜɵɯ ɩɚɪɚɦɟɬɪɨɜ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ 
ɝɥɭɛɢɧɚ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɢɦɩɭɥɶɫɧɨɝɨ ɩɨɥɹ ɜɧɭɬɪɶ 
ɦɟɬɚɥɥɚ. Ⱦɥɹ ɫɢɧɭɫɨɢɞɚɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ ɷɬɨɬ ɩɚ-
ɪɚɦɟɬɪ ɧɚɡɵɜɚɸɬ ɝɥɭɛɢɧɨɣ ɫɤɢɧ-ɫɥɨɹ. 

ȼɨɡɦɨɠɧɨ, ɥɭɱɲɟɟ ɪɟɲɟɧɢɟ ɷɬɨɣ ɡɚɞɚɱɢ ɩɪɢ-
ɜɟɞɟɧɨ ɜ ɪɚɛɨɬɟ Д3], ɝɞɟ ɧɚ ɨɫɧɨɜɟ ɭɪɚɜɧɟɧɢɣ Ɇɚɤ-
ɫɜɟɥɥɚ ɜ ɫɬɪɨɝɨɣ ɩɨɫɬɚɧɨɜɤɟ ɪɚɫɫɦɨɬɪɟɧɚ ɡɚɞɚɱɚ 
ɪɚɫɱɟɬɚ ɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 
ɜ ɩɪɨɜɨɞɹɳɟɦ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɟ. Ɉɞɢɧ ɢɡ ɫɩɨɫɨ-
ɛɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɬɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɧɚɲɟɣ ɪɚɛɨ-
ɬɟ ɫɨɫɬɨɢɬ ɜ ɪɚɡɥɨɠɟɧɢɢ ɢɦɩɭɥɶɫɧɵɯ ɩɨɥɟɣ ɜ ɪɹɞ 
Ɏɭɪɶɟ ɢ ɪɚɫɱɟɬɟ ɩɨɥɹ ɞɥɹ ɤɚɠɞɨɣ ɝɚɪɦɨɧɢɱɟɫɤɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ. Ɉɞɧɚɤɨ ɜ ɫɜɹɡɢ ɫ ɦɚɥɨɣ ɞɥɢɬɟɥɶɧɨ-
ɫɬɶɸ ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɦɩɭɥɶɫɨɜ ɩɨɬɪɟɛɭɟɬɫɹ ɭɱɢ-
ɬɵɜɚɬɶ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɝɚɪɦɨɧɢɤ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ 
ɭɫɥɨɠɧɹɟɬ ɪɚɫɱɟɬɵ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɪɭɝɨɣ ɦɟɬɨɞ. 
ȼɨɡɛɭɠɞɟɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɢɦɩɭɥɶɫɨɜ ɜ 
ɩɪɨɜɨɞɹɳɟɣ ɫɪɟɞɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɪɟɦɟɧɧɨɝɨ 
ɩɨɞɯɨɞɚ ɪɚɫɫɦɨɬɪɟɧɨ ɜ ɪɚɛɨɬɟ Д4]. ɇɟɤɨɬɨɪɵɟ 
ɜɨɩɪɨɫɵ ɪɚɫɱɟɬɨɜ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɩɪɢɜɟ-
ɞɟɧɵ ɜ ɪɚɛɨɬɟ Д5]. 

Ɍɟɨɪɟɬɢчɟɫɤɢɟ ɩɨɥɨɠɟɧɢɹ 
Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɦɟɬɚɥɥ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɫɩɥɨɲɧɭɸ ɫɬɚɰɢɨɧɚɪɧɭɸ ɫɪɟɞɭ ɫ ɤɨɧɟɱɧɨɣ ɭɞɟɥɶ-
ɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ ıɷ. Иɡ ɭɪɚɜɧɟ-
ɧɢɣ ɞɥɹ ɜɟɤɬɨɪɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɩɨɥɭɱɢɦ ɜɨɥɧɨɜɨɟ 

ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨ-
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ɝɞɟ E E(r, )Э  
 – ɜɟɤɬɨɪ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟ-

ɫɤɨɝɨ ɩɨɥɹ; r  – ɪɚɞɢɭɫ-ɜɟɤɬɨɪ ɜ ɬɨɱɤɭ ɧɚɛɥɸɞɟ-
ɧɢɹ; Э – ɜɪɟɦɟɧɧɚɹ ɤɨɨɪɞɢɧɚɬɚ; У У(r, )Э    – ɨɛɴɟɦ-

ɧɚɹ ɩɥɨɬɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ; ɦ ɦУ У (r, )Э    – 

ɨɛɴɟɦɧɚɹ ɩɥɨɬɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɬɨɤɚ; υ 1/ εμ  – 
ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨ-
ɥɟɣ ɜ ɫɪɟɞɟ. 

Ⱥɧɚɥɨɝɢɱɧɨ Д3] ɪɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ, ɤɨɝɞɚ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɪɟɞɟ 
ɫɨɡɞɚɧɨ ɢɫɬɨɱɧɢɤɚɦɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, 
ɧɚɯɨɞɹɳɢɦɢɫɹ ɜɧɟ ɞɚɧɧɨɣ ɫɪɟɞɵ. ɋ ɭɱɟɬɨɦ ɬɨɝɨ, 
ɱɬɨ ɜ ɩɪɨɜɨɞɧɢɤɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɭɞɟɥɶɧɚɹ 
ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɪɚɜɧɚ ɧɭɥɸ, ɩɨɥɭɱɢɦ 
ɫɥɟɞɭɸɳɟɟ ɜɨɥɧɨɜɨɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɧɚɩɪɹɠɟɧɧɨ-
ɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ: 

2 ɷ
2

2
ıE υ E E 0
ε ЭЭ

       
. 
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ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɨɩɪɨɫɵ ɪɚɫɱɟɬɚ ɢɦɩɭɥɶɫɧɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜɧɭɬɪɢ ɦɟɬɚɥɥɚ. 
ɉɨɥɭɱɟɧɨ, ɱɬɨ ɮɨɪɦɚ ɢɦɩɭɥɶɫɚ ɜɧɭɬɪɢ ɦɟɬɚɥɥɚ ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ, ɚ ɩɚɪɚɦɟɬɪ 
«ɝɥɭɛɢɧɚ ɩɪɨɧɢɤɧɨɜɟɧɢɹ» ɡɚɜɢɫɢɬ ɨɬ ɞɥɢɬɟɥɶɧɨɫɬɢ ɢɦɩɭɥɶɫɚ. Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɫɜɢɞɟ-
ɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɩɪɨɜɨɞɧɢɤ ɨɛɭɫɥɨɜɥɟɧɨ ɞɢɮɮɭɡɢɨɧɧɵ-
ɦɢ ɩɪɨɰɟɫɫɚɦɢ. Ƚɥɭɛɢɧɚ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɞɥɢɬɟɥɶɧɨ-
ɫɬɢ ɜɢɞɟɨɢɦɩɭɥɶɫɚ ɢ ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢɱɢɧɵ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɢɦɩɭɥɶɫɧɨɦ ɫɢɝɧɚɥɟ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɝɥɭɛɢɧɚ ɫɤɢɧ-ɫɥɨɹ, ɦɨщɧɵɟ ɧɚɧɨɫɟɤɭɧɞɧɵɟ ɢɦɩɭɥɶɫɵ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ. 
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ȿɫɥɢ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɜɨɞɧɢɤɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɬɨɤɚ ɜɡɹɬɶ ɦɟɞɶ, ɚɥɸɦɢɧɢɣ, ɫɟɪɟɛɪɨ, ɭ ɤɨɬɨɪɵɯ 
ɭɞɟɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɩɨɪɹɞɤɚ 
107 ɋɦ/ɦ, ɬɨ ɜɬɨɪɨɟ ɫɥɚɝɚɟɦɨɟ ɜ ɭɪɚɜɧɟɧɢɢ ɧɚ ɦɧ
ɝɨ ɩɨɪɹɞɤɨɜ ɦɟɧɶɲɟ, ɱɟɦ ɬɪɟɬɶɟ ɫɥɚɝɚɟɦɨɟ. Ɏɢɡ
ɱɟɫɤɢ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɷɬɢɯ ɩɪɨɜɨɞɧɢɤɚɯ ɬɨɤɢ 
ɫɦɟɳɟɧɢɹ ɩɨ ɜɟɥɢɱɢɧɟ ɧɟɫɨɢɡɦɟɪɢɦɨ ɦɟɧɶɲɟ ɬ
ɤɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ. ɉɨɷɬɨɦɭ ɜɨɥɧɨɜɨɟ ɭɪɚɜɧɟɧɢɟ 
ɪɟɞɭɰɢɪɭɟɬɫɹ ɤ ɩɚɪɚɛɨɥɢɱɟɫɤɨɦɭ ɭɪɚɜɧɟɧɢɸ, ɨɩ
ɫɵɜɚɸɳɟɦɭ ɞɢɮɮɭɡɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ:
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ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤ
ɝɨ ɩɨɥɹ ɜ ɩɪɨɜɨɞɹɳɟɣ ɫɪɟɞɟ ɜɨɡɧɢɤɚɸɬ ɬɨɤɢ ɩɪ
ɜɨɞɢɦɨɫɬɢ. ɋɨɝɥɚɫɧɨ ɨɩɪɟɞɟɥɟɧɢɸ, ɬɨɤ ɩɪɨɜɨɞ
ɦɨɫɬɢ – ɭɩɨɪɹɞɨɱɟɧɧɨɟ ɞɜɢɠɟɧɢɟ ɡɚɪɹɠɟɧɧɵɯ ɱɚ
ɬɢɰ – ɷɥɟɤɬɪɨɧɨɜ. ȼ ɬɜɟɪɞɨɦ ɬɟɥɟ ɢɡ
ɦɟɯɚɧɢɡɦɨɜ ɪɚɫɫɟɹɧɢɹ ɭɩɨɪɹɞɨɱɟɧɧɨɟ ɞɜɢɠɟɧɢɟ 
ɷɥɟɤɬɪɨɧɨɜ ɧɚɪɭɲɚɟɬɫɹ. ɉɨɷɬɨɦɭ ɬɨɤ ɩɪɨɜɨɞɢɦ
ɫɬɢ (ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱ
ɫɤɨɝɨ ɩɨɥɹ) ɛɭɞɟɬ ɭɛɵɜɚɬɶ ɩɨ ɦɟɪɟ ɩɪɨɧɢɤɧɨɜɟɧɢɹ 
ɜɝɥɭɛɶ ɬɜɟɪɞɨɝɨ ɬɟɥɚ. 

ɉɚɪɚɛɨɥɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɯɨɪɨɲɨ ɢɡɭɱɟɧɨ, 
ɩɨɥɭɱɟɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɞɥɹ ɱɚɫɬɧɵɯ 
ɤɨɧɤɪɟɬɧɵɯ ɩɪɚɤɬɢɱɟɫɤɢɯ ɫɥɭɱɚɟɜ. Ɉɞɧɚɤɨ ɞɥɹ 
ɦɧɨɝɨɦɟɪɧɵɯ ɡɚɞɚɱ ɢɥɢ ɞɥɹ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɢ 
ɧɟɥɢɧɟɣɧɵɯ ɡɚɞɚɱ ɪɟɲɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɚɬɶ 
ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ. 

ɋɥɟɞɭɹ ɪɚɛɨɬɟ Д6], ɪɚɫɫɱɢɬɚɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟ
ɧɨ-ɜɪɟɦɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 
ɜ ɝɥɭɛɢɧɟ ɯɨɪɨɲɟɝɨ ɩɪɨɜɨɞɧɢɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɬɨɤɚ, ɜɨɡɛɭɠɞɚɟɦɨɝɨ ɧɚ ɝɪɚɧɢɰɟ ɬɜɟɪɞɨɝɨ ɬɟɥɚ 
ɫɬɨɪɨɧɧɟɣ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. 
Ɋɚɫɫɦɨɬɪɢɦ ɞɜɭɦɟɪɧɭɸ ɡɚɞɚɱɭ. ɗɥɟɤɬɪɢɱɟɫɤɨɟ 
ɩɨɥɟ ɢɦɟɟɬ ɬɨɥɶɤɨ ɨɞɧɭ ɫɨɫɬɚɜɥɹɸɳɭɸ 

Ɋɢɫ. 1. ɇɚɩɪяɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢчɟɫɤ
ɜɧɭɬɪɢ ɩɪɨɜɨɞɧɢɤɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɧɵх ɢɧɬɟɪɜɚɥɨɜ

                                      Рɚɫчɟɬ ɢɦɩɭɥɶɫɧɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥя
                                                                                                  ɜ ɩɪɨɜɨɞящɟɣ ɫɪɟɞɟ

 

ȿɫɥɢ ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɜɨɞɧɢɤɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɬɨɤɚ ɜɡɹɬɶ ɦɟɞɶ, ɚɥɸɦɢɧɢɣ, ɫɟɪɟɛɪɨ, ɭ ɤɨɬɨɪɵɯ 
ɭɞɟɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɩɨɪɹɞɤɚ 

ɋɦ/ɦ, ɬɨ ɜɬɨɪɨɟ ɫɥɚɝɚɟɦɨɟ ɜ ɭɪɚɜɧɟɧɢɢ ɧɚ ɦɧɨ-
ɝɨ ɩɨɪɹɞɤɨɜ ɦɟɧɶɲɟ, ɱɟɦ ɬɪɟɬɶɟ ɫɥɚɝɚɟɦɨɟ. Ɏɢɡɢ-
ɱɟɫɤɢ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɷɬɢɯ ɩɪɨɜɨɞɧɢɤɚɯ ɬɨɤɢ 
ɫɦɟɳɟɧɢɹ ɩɨ ɜɟɥɢɱɢɧɟ ɧɟɫɨɢɡɦɟɪɢɦɨ ɦɟɧɶɲɟ ɬɨ-
ɤɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ. ɉɨɷɬɨɦɭ ɜɨɥɧɨɜɨɟ ɭɪɚɜɧɟɧɢɟ 

ɭɪɚɜɧɟɧɢɸ, ɨɩɢ-
ɫɵɜɚɸɳɟɦɭ ɞɢɮɮɭɡɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ: 

E E 0

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨ-
ɝɨ ɩɨɥɹ ɜ ɩɪɨɜɨɞɹɳɟɣ ɫɪɟɞɟ ɜɨɡɧɢɤɚɸɬ ɬɨɤɢ ɩɪɨ-
ɜɨɞɢɦɨɫɬɢ. ɋɨɝɥɚɫɧɨ ɨɩɪɟɞɟɥɟɧɢɸ, ɬɨɤ ɩɪɨɜɨɞɢ-

ɭɩɨɪɹɞɨɱɟɧɧɨɟ ɞɜɢɠɟɧɢɟ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫ-
ɷɥɟɤɬɪɨɧɨɜ. ȼ ɬɜɟɪɞɨɦ ɬɟɥɟ ɢɡ-ɡɚ ɪɚɡɥɢɱɧɵɯ 

ɦɟɯɚɧɢɡɦɨɜ ɪɚɫɫɟɹɧɢɹ ɭɩɨɪɹɞɨɱɟɧɧɨɟ ɞɜɢɠɟɧɢɟ 
ɷɥɟɤɬɪɨɧɨɜ ɧɚɪɭɲɚɟɬɫɹ. ɉɨɷɬɨɦɭ ɬɨɤ ɩɪɨɜɨɞɢɦɨ-
ɫɬɢ (ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɝɨ ɩɨɥɹ) ɛɭɞɟɬ ɭɛɵɜɚɬɶ ɩɨ ɦɟɪɟ ɩɪɨɧɢɤɧɨɜɟɧɢɹ 

ɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɯɨɪɨɲɨ ɢɡɭɱɟɧɨ, 
ɩɨɥɭɱɟɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɞɥɹ ɱɚɫɬɧɵɯ 
ɤɨɧɤɪɟɬɧɵɯ ɩɪɚɤɬɢɱɟɫɤɢɯ ɫɥɭɱɚɟɜ. Ɉɞɧɚɤɨ ɞɥɹ 
ɦɧɨɝɨɦɟɪɧɵɯ ɡɚɞɚɱ ɢɥɢ ɞɥɹ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɢ 
ɧɟɥɢɧɟɣɧɵɯ ɡɚɞɚɱ ɪɟɲɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɚɬɶ 

ɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧ-
ɜɪɟɦɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 

ɜ ɝɥɭɛɢɧɟ ɯɨɪɨɲɟɝɨ ɩɪɨɜɨɞɧɢɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɬɨɤɚ, ɜɨɡɛɭɠɞɚɟɦɨɝɨ ɧɚ ɝɪɚɧɢɰɟ ɬɜɟɪɞɨɝɨ ɬɟɥɚ 
ɫɬɨɪɨɧɧɟɣ ɧɚɩɪɹɠɟɧɧɨɫɬɶɸ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ. 
Ɋɚɫɫɦɨɬɪɢɦ ɞɜɭɦɟɪɧɭɸ ɡɚɞɚɱɭ. ɗɥɟɤɬɪɢɱɟɫɤɨɟ 

ɨ ɨɞɧɭ ɫɨɫɬɚɜɥɹɸɳɭɸ Eг, ɢɡɦɟ-

ɧɹɸɳɭɸɫɹ ɜ ɤɨɨɪɞɢɧɚɬɧɨɣ ɩɥɨɫɤɨɫɬɢ 
ɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. ȼ ɤɚɱɟɫɬɜɟ ɢɦɩɭɥɶɫɧɵɯ 
ɫɢɝɧɚɥɨɜ ɜɨɡɶɦɟɦ ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɜɢɞɟɨɢɦɩɭɥɶɫ ɢ 
ɜɢɞɟɨɢɦɩɭɥɶɫ ɜ ɜɢɞɟ ɩɨɥɭɩɟɪɢɨɞɚ ɫɢɧɭɫɨɢɞɵ ɜ 
ɤɜɚɞɪɚɬɟ. 

ȼ ɦɟɬɨɞɟ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ ɩɪɨɢɡɜɨɞɧɵɟ ɩɨ 
ɤɨɨɪɞɢɧɚɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɢ ɜɪɟɦɟɧɢ ɡɚɦɟɧɹɸ
ɫɹ ɪɚɡɧɨɫɬɧɵɦɢ. ɉɟɪɜɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɩɨ ɜɪɟɦɟɧɢ 
ɡɚɦɟɧɹɸɬɫɹ ɩɪɨɫɬɟɣɲɢɦɢ ɪɚɡɧɨɫɬɧɵɦɢ
ɧɢɹɦɢ, ɫɨɫɬɚɜɥɟɧɧɵɦɢ ɧɚ ɨɫɧɨɜɟ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ 
«ɪɚɡɧɨɫɬɟɣ ɜɩɟɪɟɞ». Ɇɚɥɵɟ ɢɧɬɟɪɜɚɥɵ ɜɪɟɦɟɧɢ 
ɜɵɛɢɪɚɸɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ ɫ ɦ
ɥɵɦɢ ɢɧɬɟɪɜɚɥɚɦɢ ɪɚɫɫɬɨɹɧɢɹ 
ɹɱɟɣɤɢ ɫɟɬɤɢ ɜ ɞɜɭɦɟɪɧɵɯ ɡɚɞɚɱɚɯ. ɋɨɝɥɚɫɧɨ
ɬɟ Д6], ɫɬɚɛɢɥɶɧɨɫɬɶ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɞɨɫɬɢɝ
ɟɬɫɹ ɩɪɢ ɜɵɛɨɪɟ ɢɧɬɟɪɜɚɥɚ ɩɨ ɜɪɟɦɟɧɢ ɢɡ ɭɫɥɨɜɢɹ:

ɷ

2
Э К 

ɉɪɢɦɟɦ ɫɨɨɬɧɨɲɟɧɢɟ: 
ɷ

4
Э К 

 
Рɟɡɭɥɶɬɚɬɵ ɬɟɨɪɟɬɢчɟɫɤɢх ɪɚɫчɟɬɨɜ
ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɧɚ ɩɥɨɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɦɚɫɫɢɜɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɜɨɡɛɭɠɞɟɧ 
ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɢɦɩɭɥɶɫ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱ
ɫɤɨɝɨ ɩɨɥɹ ɚɦɩɥɢɬɭɞɨɣ 1000 ȼ/ɦ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶɸ 
τИ =10–3 ɫ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɜɨɞɧɢɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɬɨɤɚ ɜɨɡɶɦɟɦ ɦɟɞɶ. ɍɞɟɥɶɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɦɟɞɢ 
ı =5,6·107 ɋɦ/ɦ. Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɜɢɞɟɨɢɦɩɭɥɶɫɚ ɨɩɪ
ɞɟɥɹɟɬɫɹ ɩɨ ɧɭɥɟɜɨɦɭ ɭɪɨɜɧɸ. Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɧɢ
ɧɨɜɟɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɝɥɭɛɢɧɭ ɩɪɨɜɨ
ɧɢɤɚ, ɜɵɛɪɚɜ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ 
ɪɚɫɫɬɨɹɧɢɹ ɨɤɚɡɚɥɫɹ ɪɚɜɧɵɦ К 

 
Ɋɢɫ. 1. ɇɚɩɪяɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢчɟɫɤɨɝɨ ɩɨɥя ɩɪяɦɨɭɝɨɥɶɧɨɝɨ ɢɦɩɭɥɶɫɚ

ɜɧɭɬɪɢ ɩɪɨɜɨɞɧɢɤɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɧɵх ɢɧɬɟɪɜɚɥɨɜ 

Рɚɫчɟɬ ɢɦɩɭɥɶɫɧɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥя 
ɜ ɩɪɨɜɨɞящɟɣ ɫɪɟɞɟ 
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ɧɹɸɳɭɸɫɹ ɜ ɤɨɨɪɞɢɧɚɬɧɨɣ ɩɥɨɫɤɨɫɬɢ бв ɞɟɤɚɪɬɨ-
ɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. ȼ ɤɚɱɟɫɬɜɟ ɢɦɩɭɥɶɫɧɵɯ 
ɫɢɝɧɚɥɨɜ ɜɨɡɶɦɟɦ ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɜɢɞɟɨɢɦɩɭɥɶɫ ɢ 
ɜɢɞɟɨɢɦɩɭɥɶɫ ɜ ɜɢɞɟ ɩɨɥɭɩɟɪɢɨɞɚ ɫɢɧɭɫɨɢɞɵ ɜ 

ȼ ɦɟɬɨɞɟ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ ɩɪɨɢɡɜɨɞɧɵɟ ɩɨ 
ɤɨɨɪɞɢɧɚɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɢ ɜɪɟɦɟɧɢ ɡɚɦɟɧɹɸɬ-
ɫɹ ɪɚɡɧɨɫɬɧɵɦɢ. ɉɟɪɜɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɩɨ ɜɪɟɦɟɧɢ 
ɡɚɦɟɧɹɸɬɫɹ ɩɪɨɫɬɟɣɲɢɦɢ ɪɚɡɧɨɫɬɧɵɦɢ ɨɬɧɨɲɟ-
ɧɢɹɦɢ, ɫɨɫɬɚɜɥɟɧɧɵɦɢ ɧɚ ɨɫɧɨɜɟ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ 
«ɪɚɡɧɨɫɬɟɣ ɜɩɟɪɟɞ». Ɇɚɥɵɟ ɢɧɬɟɪɜɚɥɵ ɜɪɟɦɟɧɢ Э  
ɜɵɛɢɪɚɸɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ ɫ ɦɚ-
ɥɵɦɢ ɢɧɬɟɪɜɚɥɚɦɢ ɪɚɫɫɬɨɹɧɢɹ К, ɪɚɜɧɵɦɢ ɫɬɨɪɨɧɟ 
ɹɱɟɣɤɢ ɫɟɬɤɢ ɜ ɞɜɭɦɟɪɧɵɯ ɡɚɞɚɱɚɯ. ɋɨɝɥɚɫɧɨ ɪɚɛɨ-

], ɫɬɚɛɢɥɶɧɨɫɬɶ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɞɨɫɬɢɝɚ-
ɟɬɫɹ ɩɪɢ ɜɵɛɨɪɟ ɢɧɬɟɪɜɚɥɚ ɩɨ ɜɪɟɦɟɧɢ ɢɡ ɭɫɥɨɜɢɹ: 

2
ɷ

2
Э К . 

2
ɷ

4
Э К . 

Рɟɡɭɥɶɬɚɬɵ ɬɟɨɪɟɬɢчɟɫɤɢх ɪɚɫчɟɬɨɜ 
ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɧɚ ɩɥɨɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɦɚɫɫɢɜɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɜɨɡɛɭɠɞɟɧ 
ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɢɦɩɭɥɶɫ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɝɨ ɩɨɥɹ ɚɦɩɥɢɬɭɞɨɣ 1000 ȼ/ɦ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶɸ 

ɫ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɜɨɞɧɢɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɬɨɤɚ ɜɨɡɶɦɟɦ ɦɟɞɶ. ɍɞɟɥɶɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɦɟɞɢ 

ɥɶɧɨɫɬɶ ɜɢɞɟɨɢɦɩɭɥɶɫɚ ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ ɩɨ ɧɭɥɟɜɨɦɭ ɭɪɨɜɧɸ. Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɧɢɤ-
ɧɨɜɟɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɝɥɭɛɢɧɭ ɩɪɨɜɨɞ-
ɧɢɤɚ, ɜɵɛɪɚɜ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ ΔЭ = 10–4 ɫ. Иɧɬɟɪɜɚɥ 

 = 2,384·10–3 ɦ. 

 

ɨɝɨ ɩɨɥя ɩɪяɦɨɭɝɨɥɶɧɨɝɨ ɢɦɩɭɥɶɫɚ 
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Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɧɚ ɪɢɫ. 1, 2. ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢ-
ɧɵ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜɨ ɜɪɟɦɟ-
ɧɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɜɨɞɧɢɤɚ б=0 ɢ ɧɚ ɝɥɭɛɢɧɚɯ 
б = К, б = 2К, б = 3К, б = 4К ɢ б = 5К. 

ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɵ ɚɧɚɥɨɝɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɞɥɹ ɢɦɩɭɥɶɫɧɨɝɨ ɫɢɝɧɚɥɚ ɜ ɜɢɞɟ ɩɨɥɭɩɟɪɢɨɞɚ ɫɢ-
ɧɭɫɨɢɞɵ ɜ ɤɜɚɞɪɚɬɟ ɫ ɬɚɤɨɣ ɠɟ ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɢ 
ɚɦɩɥɢɬɭɞɨɣ. ɇɚ ɝɪɚɮɢɤɚɯ ɯɨɪɨɲɨ ɜɢɞɧɨ ɢɡɦɟɧɟ-
ɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɤɚɤ ɜɨ 
ɜɪɟɦɟɧɢ, ɬɚɤ ɢ ɩɨ ɦɟɪɟ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɷɥɟɤɬɪɨ-
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜɝɥɭɛɶ ɩɪɨɜɨɞɧɢɤɚ. 

ȼ ɬɚɛɥɢɰɟ ɩɪɢɜɟɞɟɧɵ ɢɧɬɟɪɜɚɥɵ ɜɪɟɦɟɧɢ ɢ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɢɧɬɟɪɜɚɥɵ ɞɥɹ ɞɪɭɝɢɯ ɞɥɢɬɟɥɶ-
ɧɨɫɬɟɣ ɢɦɩɭɥɶɫɨɜ ɨɬ ɨɞɧɨɣ ɦɢɥɥɢɫɟɤɭɧɞɵ ɞɨ ɨɞ-
ɧɨɣ ɩɢɤɨɫɟɤɭɧɞɵ. ȼ ɬɚɛɥɢɰɟ ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɚ 
ɨɰɟɧɨɱɧɚɹ ɜɟɥɢɱɢɧɚ ɝɥɭɛɢɧɵ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɷɥɟɤ-
ɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɩɪɨɜɨɞɧɢɤ. ɉɨ ɤɥɚɫɫɢɱɟɫɤɨɦɭ 
ɨɩɪɟɞɟɥɟɧɢɸ ɩɨɞ ɝɥɭɛɢɧɨɣ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɷɥɟɤ-
ɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɜ ɩɪɨɜɨɞɧɢɤ ɩɪɢɧɢɦɚɟɬɫɹ ɬɚɤɨɟ 
ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ, ɧɚ ɤɨɬɨ-
ɪɨɦ ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ 
ɭɦɟɧɶɲɚɟɬɫɹ ɜ e ɪɚɡ (ɩɪɢɦɟɪɧɨ ɜ 2,718 ɪɚɡ). 

Зɚɤɥɸчɟɧɢɟ 
Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɫɜɢɞɟɬɟɥɶɫɬ-

ɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ 
ɩɨɥɹ ɜ ɩɪɨɜɨɞɧɢɤ ɨɛɭɫɥɨɜɥɟɧɨ ɞɢɮɮɭɡɢɨɧɧɵɦɢ 
ɩɪɨɰɟɫɫɚɦɢ. Ƚɥɭɛɢɧɚ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨ-
ɝɨ ɩɨɥɹ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɞɥɢɬɟɥɶɧɨɫɬɢ 
ɜɢɞɟɨɢɦɩɭɥɶɫɚ ɢ ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢɱɢɧɵ ɷɧɟɪɝɢɢ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɢɦɩɭɥɶɫɧɨɦ ɫɢɝɧɚɥɟ. 
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Ɋɢɫ. 2. ɇɚɩɪяɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢчɟɫɤɨɝɨ ɩɨɥя ɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨ ɢɦɩɭɥɶɫɚ 
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ĲИ, ɫ ΔЭ, ɫ К, ɦɤɦ 
Ƚɥɭɛɢɧɚ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɗɆɉ 

ɜ ɩɪɨɜɨɞɧɢɤ, ɦɤɦ 
Ɋɢɫ. 1 Ɋɢɫ. 2 

10–3 10–4 2,384·103 5722 3576 
10–6 10–7 75,39 181 113 
10–9 10–10 2,384 5,7 3,6 
10–12 10–13 0,07539 0,18 0,11 
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In аorФ qЮОsЭions oП МalМЮlaЭion oП a pЮlsО ОlОМЭromaРnОЭiМ ПiОlН in mОЭal arО МonsiНОrОН. IЭ is rОМОivОН ЭСaЭ ЭСО 
impЮlsО Пorm in mОЭal НОpОnНs on НisЭanМО Эo iЭs sЮrПaМО, anН paramОЭОr НОpЭС oП pОnОЭraЭion НОpОnНs on impЮlsО 
НЮraЭion. RОsЮlЭs oП nЮmОriМal МalМЮlaЭions ЭОsЭiПв ЭСaЭ pОnОЭraЭion oП an ОlОМЭromaРnОЭiМ ПiОlН inЭo ЭСО МonНЮМЭor is 
МaЮsОН bв НiППЮsivО proМОssОs. DОpЭС oП pОnОЭraЭion oП ОlОМЭriМ ПiОlН НОМrОasОs аiЭС rОНЮМЭion oП НЮraЭion oП viНОo 
pЮlsО anН НОpОnНs on ЭСО siгО oП ОnОrРв oП an ОlОМЭromaРnОЭiМ ПiОlН in a pЮlsО siРnal. 

KeваШrНs: НepЭС sФТЧ lКвer, pШаerПЮl ЧКЧШseМШЧН ТmpЮlses, eleМЭrШmКРЧeЭТМ ПТelН. 
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