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APPLICATION OF AMPLITUDE AND PHASE CURVES
RECEIVED BY INDUCTION SOUNDING WITH NATURAL SOURCES

FOR THE PURPOSE OF MAPPING 
. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ ɫɬɚɧɞɚɪɬɧɵɯ (ɚɦɩɥɢɬɭɞɧɵɯ ɢ ɮɚɡɨɜɵɯ) ɤɪɢɜɵɯ

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɡɨɧɞɢɪɨɜɚɧɢɣ ɫ ɟɫɬɟɫɬɜɟɧɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɜ ɰɟɥɹɯ ɤɚɪɬɢɪɨɜɚɧɢɹ ɨɩɨɪɧɵɯ ɜɵɫɨɤɨɨɦɧɵɯ
ɝɟɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɝɨɪɢɡɨɧɬɨɜ.

. ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɨɞɧɨɦɟɪɧɨɝɨ ɢ ɞɜɭɯɦɟɪɧɨɝɨ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ
ɢɡɭɱɚɥɨɫɶ ɩɨɜɟɞɟɧɢɟ ɤɨɨɪɞɢɧɚɬ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ ɚɦɩɥɢɬɭɞɧɵɯ ɢ ɮɚɡɨɜɵɯ ɤɪɢɜɵɯ ɜ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɝɟɨɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɪɚɡɪɟɡɚ. Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɝɨ ɫɦɟɳɟɧɢɹ ɭɪɨɜɧɹ ɤɪɢ-
ɜɵɯ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɜɥɢɹɧɢɟɦ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɪɚɡɪɟɡɚ, ɩɪɢɜɥɟɤɚɥɢɫɶ ɞɚɧɧɵɟ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɝɨ ɤɚɪɨɬɚɠɚ ɢ ɫɟɣɫɦɨɪɚɡɜɟɞɤɢ.

. ɍɫɬɚɧɨɜɥɟɧɵ ɷɦɩɢɪɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɝɟɨɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɪɚɡ-
ɪɟɡɚ ɩɨ ɧɚɛɥɸɞɚɟɦɵɦ ɩɟɪɢɨɞɚɦ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ ɚɦɩɥɢɬɭɞɧɵɯ ɢ ɮɚɡɨɜɵɯ ɤɪɢɜɵɯ ɦɚɝɧɢɬɨ-
ɬɟɥɥɭɪɢɱɟɫɤɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ.

. Ⱥɛɫɰɢɫɫɵ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ ɫɬɚɧɞɚɪɬɧɵɯ ɤɪɢɜɵɯ ɢɧɞɭɤɰɢɨɧɧɵɯ ɡɨɧɞɢ-
ɪɨɜɚɧɢɣ ɫ ɟɫɬɟɫɬɜɟɧɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɬɟɫɧɨ ɫɜɹɡɚɧɵ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɝɟɨɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɪɚɡɪɟɡɚ.

. Ɇɟɬɨɞɢɤɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɢ ɷɤɫɩɪɟɫɫ-ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɞɚɧ-
ɧɵɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɡɨɧɞɢɪɨɜɚɧɢɣ ɞɥɹ ɢɡɭɱɟɧɢɹ ɦɨɪɮɨɥɨɝɢɢ ɰɟɥɟɜɵɯ ɝɨɪɢɡɨɧɬɨɜ ɧɚ ɦɟɫɬɪɨɠɞɟɧɢɹɯ ɧɟɮɬɢ ɢ ɝɚɡɚ.

: , , ,
,

ɋ 1 ɲɢɪɨɤɨɦɚɫɲɬɚɛɧɵɦ ɜɧɟɞɪɟɧɢɟɦ ɜ ɩɪɚɤɬɢɤɭ
ɦɚɝɧɢɬɨɬɟɥɥɭɪɢɱɟɫɤɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ (ɆɌɁ) ɚɩɩɚɪɚ-
ɬɭɪɵ ɩɹɬɨɝɨ ɩɨɤɨɥɟɧɢɹ [1], ɪɟɡɤɨ ɜɨɡɪɨɫɥɚ ɩɪɨɢɡɜɨ-
ɞɢɬɟɥɶɧɨɫɬɶ ɩɨɥɟɜɵɯ ɪɚɛɨɬ ɢ ɬɨɱɧɨɫɬɶ ɩɨɥɭɱɚɟɦɵɯ
ɦɚɬɟɪɢɚɥɨɜ. ȼ ɤɨɦɩɥɟɤɫɟ ɫ ɪɚɡɜɢɬɢɟɦ ɤɨɦɩɶɸɬɟɪɧɨɣ
ɬɟɯɧɢɤɢ ɢ ɫɨɡɞɚɧɢɟɦ ɧɨɜɵɯ ɩɪɨɝɪɚɦɦ ɨɛɪɚɛɨɬɤɢ ɢ
ɢɧɜɟɪɫɢɢ ɞɚɧɧɵɯ, ɷɬɨ ɫɨɡɞɚɟɬ ɧɨɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɜ
ɪɟɲɟɧɢɢ ɫɚɦɵɯ ɪɚɡɥɢɱɧɵɯ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɡɚɞɚɱ. ɋɭ-
ɳɟɫɬɜɟɧɧɵɦ ɫɞɟɪɠɢɜɚɸɳɢɦ ɮɚɤɬɨɪɨɦ ɩɪɢ ɷɬɨɦ ɹɜ-
ɥɹɟɬɫɹ ɫɬɚɬɢɱɟɫɤɨɟ ɫɦɟɳɟɧɢɟ ɭɪɨɜɧɹ ɚɦɩɥɢɬɭɞɧɵɯ
ɤɪɢɜɵɯ. ɇɢɠɟ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɞɜɭɯɫɥɨɣɧɵɯ
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ɤɪɢɜɵɯ ɆɂɁȿɂ ɫ ɜɵɫɨɤɨɨɦɧɵɦ ɨɫɧɨɜɚɧɢɟɦ, ɩɪɟɞɥɚ-
ɝɚɟɬɫɹ ɦɟɬɨɞɢɤɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɫɨɛɵɯ ɬɨɱɟɤ ɚɦɩɥɢ-
ɬɭɞɧɵɯ ɢ ɮɚɡɨɜɵɯ ɤɪɢɜɵɯ ɆɌɁ ɞɥɹ ɤɨɧɬɪɨɥɹ ɩɨɜɟɞɟ-
ɧɢɹ ɤɪɨɜɥɢ ɜɵɫɨɤɨɨɦɧɨɝɨ ɝɨɪɢɡɨɧɬɚ.

Ⱦɥɹ ɞɜɭɯɫɥɨɣɧɵɯ ɤɪɢɜɵɯ ɫ ɜɵɫɨɤɨɨɦɧɵɦ ɨɩɨɪɧɵɦ
ɝɨɪɢɡɨɧɬɨɦ ɧɚ ɚɦɩɥɢɬɭɞɧɨɣ ɤɪɢɜɨɣ, ɩɨɫɬɪɨɟɧɧɨɣ ɜ
ɛɢɥɨɝɚɪɢɮɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ( T , T), 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɜ ɫɬɪɚɧɚɯ ɛɵɜɲɟɝɨ ɋɋɋɊ, ɧɚɛɥɸ-
ɞɚɸɬɫɹ: ɥɟɜɚɹ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɚɫɢɦɩɬɨɬɚ, ɡɧɚɱɟɧɢɟ T
ɞɥɹ ɤɨɬɨɪɨɣ ɪɚɜɧɨ 1. ɗɬɚ ɚɫɢɦɩɬɨɬɚ ɩɪɨɞɨɥɠɚɟɬɫɹ ɧɟ-
ɛɨɥɶɲɢɦ ɩɨɥɨɝɢɦ ɦɚɤɫɢɦɭɦɨɦ, ɩɟɪɟɯɨɞɹɳɢɦ ɜ ɛɨɥɟɟ
ɹɪɤɢɣ ɦɢɧɢɦɭɦ. Ⱦɚɥɟɟ ɫɥɟɞɭɟɬ ɜɨɫɯɨɞɹɳɚɹ ɜɟɬɜɶ, ɤɨ-
ɬɨɪɚɹ ɩɥɚɜɧɨ ɩɟɪɟɯɨɞɢɬ ɜ ɩɪɚɜɭɸ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ
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ɚɫɢɦɩɬɨɬɭ. Ɂɧɚɱɟɧɢɟ ɤɚɠɭɳɟɝɨɫɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ
ɤɨɬɨɪɨɣ ɪɚɜɧɨ 2. Ʉɪɭɬɢɡɧɚ ɜɨɫɯɨɞɹɳɟɣ ɜɟɬɜɢ ɡɚɜɢɫɢɬ
ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɭɯ ɫɥɨɟɜ 2/ 1. ɉɪɢ
ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ ɨɬɧɨɲɟɧɢɹ 2/ 1 (ɛɨɥɟɟ 1000) ɜɨɫ-
ɯɨɞɹɳɚɹ ɜɟɬɜɶ ɫɨɫɬɚɜɥɹɟɬ ɫ ɨɫɶɸ ɚɛɫɰɢɫɫ ɭɝɨɥ ɜ 63ɨ26’

(S-ɚɫɢɦɩɬɨɬɚ). ɍɪɚɜɧɟɧɢɟ ɞɚɧɧɨɣ ɚɫɢɦɩɬɨɬɵ ɜ ɤɨɨɪ-
ɞɢɧɚɬɚɯ ( T , T) ɢɦɟɟɬ ɜɢɞ [2] 

2)356(
S
T

T ⋅=ρ . (1) 

Ⱦɚɧɧɚɹ ɚɫɢɦɩɬɨɬɚ ɨɬɫɟɤɚɟɬ ɧɚ ɥɢɧɢɢ T = 1 ɬɨɱɤɭ
ɧɚ ɩɟɪɢɨɞɟ ST , ɫɜɹɡɚɧɧɭɸ ɫ ɫɭɦɦɚɪɧɨɣ ɩɪɨɞɨɥɶɧɨɣ
ɩɪɨɜɨɞɢɦɨɫɬɶɸ ɧɚɞɨɩɨɪɧɨɝɨ ɫɥɨɹ S ɫɨɨɬɧɨɲɟɧɢɟɦ

STS ⋅= 356 . (2) 

ɉɨɥɨɝɢɣ ɦɚɥɨɚɦɩɥɢɬɭɞɧɵɣ ɦɚɤɫɢɦɭɦ ɢ ɛɨɥɟɟ ɱɟɬ-
ɤɨ ɜɵɪɚɠɟɧɧɵɣ ɦɢɧɢɦɭɦ ɩɟɪɟɞ ɜɨɫɯɨɞɹɳɟɣ ɜɟɬɜɶɸ
ɚɦɩɥɢɬɭɞɧɨɣ ɤɪɢɜɨɣ, ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɜɵɲɟ, ɹɜɥɹɸɬɫɹ
ɢɧɬɟɪɟɧɮɟɪɟɧɰɢɨɧɧɵɦɢ ɷɤɫɬɪɟɦɭɦɚɦɢ. Ɉɧɢ ɫɜɹɡɚɧɵ ɫ
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɩɪɹɦɨɣ ɩɥɨɫɤɨɣ ɜɨɥɧɵ, ɩɚɞɚɸɳɟɣ
ɧɚ ɡɟɦɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɢ ɜɨɥɧɵ, ɨɬɪɚɠɟɧɧɨɣ ɨɬ ɤɨɧ-
ɬɪɚɫɬɧɵɯ ɝɪɚɧɢɰ ɜ ɝɟɨɷɥɟɤɬɪɢɱɟɫɤɨɦ ɪɚɡɪɟɡɟ. ɗɬɢɦ
ɫɜɨɣɫɬɜɨɦ ɢɧɞɭɤɰɢɨɧɧɵɟ ɡɨɧɞɢɪɨɜɚɧɢɹ ɨɬɥɢɱɚɸɬɫɹ
ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ, ɝɞɟ ɩɨɞɨɛɧɵɟ ɷɮɮɟɤɬɵ ɨɬɫɭɬɫɬɜɭ-
ɸɬ. ɉɟɪɜɵɣ ɢɡ ɢɧɞɭɤɰɢɨɧɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ (ɚ1 ɧɚ ɪɢɫ.
1, ) – ɨɬɨɫɢɬɟɥɶɧɨ ɫɥɚɛɵɣ. ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ,
ɱɬɨ ɧɚ ɩɟɪɢɨɞɟ 1 ɩɪɹɦɚɹ ɢ ɨɬɪɚɠɟɧɧɚɹ ɜɨɥɧɵ ɧɚɯɨ-
ɞɹɬɫɹ ɜ ɮɚɡɟ ɢ ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟ-
ɧɢɸ ɫɭɦɦɚɪɧɨɝɨ ɫɢɝɧɚɥɚ. ȼɬɨɪɨɣ ɷɤɫɬɪɟɦɭɦ – ɛɨɥɟɟ
ɹɪɤɢɣ ɦɢɧɢɦɭɦ (ɚ2 ɧɚ ɪɢɫ. 1, ), ɩɪɟɞɲɟɫɬɜɭɸɳɢɣ
ɜɨɫɯɨɞɹɳɟɣ ɜɟɬɜɢ, ɨɬɪɚɠɚɟɬ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɧɚ ɷɬɨɦ ɩɟ-
ɪɢɨɞɟ ɞɜɟ ɜɨɥɧɵ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɨɬɢɜɨɮɚɡɟ. Ʉɨɨɪɞɢɧɚ-
ɬɵ ɷɬɨɝɨ ɦɢɧɢɦɭɦɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ
ɝɥɭɛɢɧɵ ɡɚɥɟɝɚɧɢɹ ɤɪɨɜɥɢ ɜɵɫɨɤɨɨɦɧɨɝɨ ɝɨɪɢɡɨɧɬɚ
[2, 3]. ɇɚ ɛɨɥɟɟ ɞɥɢɧɧɵɯ ɩɟɪɢɨɞɚɯ ɡɚɦɟɬɧɵɯ ɢɧɬɟɪɮɟ-
ɪɟɧɰɢɨɧɧɵɯ ɹɜɥɟɧɢɣ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ, ɬɚɤ ɤɚɤ ɞɥɢɧɚ
ɜɨɥɧɵ ɩɪɟɜɵɲɚɟɬ ɦɨɳɧɨɫɬɶ ɩɟɪɜɨɝɨ ɫɥɨɹ.

Ⱥɦɩɥɢɬɭɞɧɚɹ ɢ ɮɚɡɨɜɚɹ ɤɪɢɜɵɟ ɫɜɹɡɚɧɵ ɦɟɠɞɭ
ɫɨɛɨɣ ɫɨɨɬɧɨɲɟɧɢɟɦ Ƚɢɥɶɛɟɪɬɚ [3]. Ɍɨ ɟɫɬɶ ɮɚɡɨɜɚɹ
ɤɪɢɜɚɹ ɹɜɥɹɟɬɫɹ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɣ ɩɪɨɢɡɜɨɞɧɨɣ ɚɦ-
ɩɥɢɬɭɞɧɨɣ ɤɪɢɜɨɣ. Ɉɧɚ ɛɨɥɟɟ ɜɵɪɚɡɢɬɟɥɶɧɨ ɢ ɫ ɧɟɤɨ-
ɬɨɪɵɦ ɨɩɟɪɟɠɟɧɢɟɦ ɨɬɪɚɠɚɟɬ ɯɚɪɚɤɬɟɪɧɵɟ ɨɫɨɛɟɧ-
ɧɨɫɬɢ ɮɨɪɦɵ ɚɦɩɥɢɬɭɞɧɨɣ ɤɪɢɜɨɣ. Ⱦɥɹ ɞɜɭɯɫɥɨɣɧɨ-
ɝɨ ɪɚɡɪɟɡɚ ɮɚɡɨɜɚɹ ɤɪɢɜɚɹ ɢɦɟɟɬ ɥɟɜɭɸ ɝɨɪɢɡɨɧɬɚɥɶ-
ɧɭɸ ɚɫɢɦɩɬɨɬɭ -45ɨ ɢ ɞɜɚ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɷɤɫ-
ɬɪɟɦɭɦɚ – ɩɨɥɨɝɢɣ ɦɢɧɢɦɭɦ (f1 ɧɚ ɪɢɫ. 1, b) ɢ ɛɨɥɟɟ
ɱɟɬɤɢɣ ɦɚɤɫɢɦɭɦ (f2 ɧɚ ɪɢɫ. 1, b), ɞɥɢɧɧɭɸ ɢ ɤɪɭɬɭɸ
ɧɢɫɯɨɞɹɳɭɸ ɜɟɬɜɶ, ɩɨɥɨɝɢɣ ɦɢɧɢɦɭɦ (f3 ɧɚ ɪɢɫ. 1, b). 
ɗɬɨɬ ɦɢɧɢɦɭɦ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɝɪɚɞɢ-
ɟɧɬɭ ɚɦɩɥɢɬɭɞɧɨɣ ɤɪɢɜɨɣ, ɡɚ ɤɨɬɨɪɵɦ ɫɥɟɞɭɟɬ ɨɱɟɧɶ
ɩɥɚɜɧɚɹ ɜɨɫɯɨɞɹɳɚɹ ɜɟɬɜɶ, ɫɬɪɟɦɹɳɚɹɫɹ ɤ ɝɨɪɢɡɨɧ-
ɬɚɥɶɧɨɣ ɚɫɢɦɩɬɨɬɟ -45ɨ. Ʉɪɭɬɢɡɧɚ ɧɢɫɯɨɞɹɳɟɣ ɜɟɬɜɢ
ɢ ɤɨɨɪɞɢɧɚɬɵ ɩɨɫɥɟɞɭɸɳɟɝɨ ɦɢɧɢɦɭɦɚ, ɤɚɤ ɛɭɞɟɬ
ɩɨɤɚɡɚɧɨ ɧɢɠɟ, ɡɚɜɢɫɹɬ ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɣ
ɜɬɨɪɨɝɨ ɢ ɩɟɪɜɨɝɨ ɫɥɨɹ ( 2/ 1), ɚ ɬɚɤɠɟ ɨɬ ɫɭɦɦɚɪɧɨɣ
ɩɪɨɞɨɥɶɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɟɪɜɨɝɨ ɫɥɨɹ (S1).  

Ɍɪɟɯɫɥɨɣɧɚɹ ɚɦɩɥɢɬɭɞɧɚɹ ɤɪɢɜɚɹ, ɤɪɨɦɟ ɩɟɪɟɱɢɫ-
ɥɟɧɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ, ɢɦɟɟɬ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɦɚɤɫɢɦɭɦ
(ɚ3 ɧɚ ɪɢɫ. 1, ɫ), ɫɜɹɡɚɧɧɵɣ ɫ ɧɚɱɚɥɨɦ ɫɭɳɟɫɬɜɟɧɧɨɝɨ

ɜɥɢɹɧɢɹ ɧɚ ɯɨɞ ɤɪɢɜɨɣ ɩɨɥɨɠɟɧɢɹ ɝɪɚɧɢɰɵ ɢ ɜɟɥɢɱɢɧɵ
ɭɞɟɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɟɬɶɟɝɨ (ɧɢɡɤɨɨɦɧɨɝɨ) ɫɥɨɹ.
Ɂɚ ɦɚɤɫɢɦɭɦɨɦ ɫɥɟɞɭɟɬ ɧɢɫɯɨɞɹɳɚɹ ɜɟɬɜɶ, ɤɪɭɬɢɡɧɚ ɢ
ɞɥɢɧɚ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɸɬɫɹ, ɜ ɨɫɧɨɜɧɨɦ, ɫɨɨɬɧɨɲɟɧɢ-
ɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɬɪɟɬɶɟɝɨ ɢ ɜɬɨɪɨɝɨ ɫɥɨɟɜ. ɉɪɢ ɛɨɥɶ-
ɲɢɯ ɡɧɚɱɟɧɢɹɯ 2/ 3 ɭɝɨɥ ɩɚɞɟɧɢɹ ɧɢɫɩɚɞɚɸɳɟɣ ɜɟɬɜɢ
ɫɬɪɟɦɢɬɫɹ ɤ -63ɨ26’. ɗɬɚ ɧɢɫɩɚɞɚɸɳɚɹ ɜɟɬɜɶ ɩɨɥɭɱɢɥɚ
ɧɚɡɜɚɧɢɟ -ɚɫɢɦɩɬɨɬɵ, ɭɪɚɜɧɟɧɢɟ ɤɨɬɨɪɨɣ ɢɦɟɟɬ ɜɢɞ
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ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚɫɢɦɩɬɨɬɚ ɨɬɫɟɤɚɟɬ ɧɚ ɝɨɪɢ-
ɡɨɧɬɚɥɶɧɨɣ ɥɢɧɢɢ T = 1 ɬɨɱɤɭ, ɚɛɫɰɢɫɫɚ ɤɨɬɨɪɨɣ
( HT ) ɫɜɹɡɚɧɚ ɫ ɦɨɳɧɨɫɬɶɸ ɧɚɞɨɩɨɪɧɨɣ ɬɨɥɳɢ (h1 + 
h2) ɜɵɪɚɠɟɧɢɟɦ

HThh ⋅=+ 35621
.  (4) 

Ɂɚ ɧɢɫɩɚɞɚɸɳɟɣ ɜɟɬɜɶɸ ɫɥɟɞɭɟɬ ɩɪɚɜɚɹ ɝɨɪɢɡɨɧ-
ɬɚɥɶɧɚɹ ɚɫɢɦɩɬɨɬɚ, ɡɧɚɱɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɬɨɪɨɣ
ɪɚɜɧɨ 3. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɟɪɜɵɯ
ɞɜɭɯ ɷɤɫɬɪɟɦɭɦɨɜ ɚɦɩɥɢɬɭɞɧɨɣ ɤɪɢɜɨɣ, ɦɚɤɫɢɦɭɦ,
ɫɜɹɡɚɧɧɵɣ ɫ ɧɚɥɢɱɢɟɦ ɬɪɟɬɶɟɝɨ ɧɢɡɤɨɨɦɧɨɝɨ ɫɥɨɹ, ɧɟ
ɹɜɥɹɟɬɫɹ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɦ. ȿɝɨ ɤɨɨɪɞɢɧɚɬɵ ɬɟɫɧɨ
ɫɜɹɡɚɧɵ ɫ ɩɨɥɨɠɟɧɢɟɦ ɝɪɚɧɢɰɵ h1 + h2 ɢ ɫɨɨɬɧɨɲɟ-
ɧɢɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɜɬɨɪɨɝɨ ɢ ɬɪɟɬɶɟɝɨ ɫɥɨɟɜ (4).  

ɇɚ ɪɢɫ. 1, ɨɩɢɫɚɧɧɵɟ ɜɵɲɟ ɤɪɢɜɵɟ, ɩɪɢɜɟɞɟɧɵ
ɤɚɤ ɮɭɧɤɰɢɢ ɩɟɪɢɨɞɚ , ɬ.ɟ. ɜ ɫɢɫɬɟɦɚɯ ɤɨɨɪɞɢɧɚɬ
( , T) ɢ ( , T) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɨɞɨɛɧɚɹ ɫɢɫɬɟɦɚ
ɢɡɨɛɪɚɠɟɧɢɹ ɤɪɢɜɵɯ ɩɪɢɧɹɬɚ ɜ ɡɚɩɚɞɧɵɯ ɫɬɪɚɧɚɯ ɢ
ɩɪɢ ɜɨɡɪɨɫɲɟɣ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɜɵɯ, ɚ ɬɚɤ-
ɠɟ ɞɟɬɚɥɶɧɨɫɬɢ ɢɯ ɨɩɢɫɚɧɢɹ, ɢɦɟɟɬ ɹɜɧɨɟ ɩɪɟɢɦɭɳɟ-
ɫɬɜɨ. Ɂɞɟɫɶ ɤɪɢɜɵɟ ɛɨɥɟɟ ɜɵɬɹɧɭɬɵ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶ-
ɧɨɣ ɨɫɢ, ɚɫɢɦɩɬɨɬɵ S ɢ ɩɪɢɨɛɪɟɬɚɸɬ ɧɚɤɥɨɧ 45ɨ, ɚ
ɮɨɪɦɭɥɵ (1)–(4) ɩɪɢɨɛɪɟɬɚɸɬ ɜɢɞ
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ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɚɫɢɦɩɬɨɬ S ɢ ɭɞɨɛɧɵɣ ɢɧɫɬɪɭɦɟɧɬ
ɞɥɹ ɨɰɟɧɤɢ ɫɭɦɦɚɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɡɪɟɡɚ. Ɉɞɧɚɤɨ
ɩɪɨɜɟɞɟɧɢɟ ɞɚɧɧɵɯ ɚɫɢɦɩɬɨɬ ɞɥɹ ɤɨɧɤɪɟɬɧɵɯ ɤɪɢɜɵɯ
ɧɨɫɢɬ ɧɟɨɞɧɨɡɧɚɱɧɵɣ ɯɚɪɚɤɬɟɪ. ɉɨɷɬɨɦɭ ɛɨɥɟɟ ɩɪɢɜɥɟ-
ɤɚɬɟɥɶɧɵɦ ɜɵɝɥɹɞɢɬ ɞɥɹ ɛɨɥɟɟ ɬɨɱɧɨɣ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬ-
ɪɨɜ ɝɟɨɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɪɚɡɪɟɡɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɨɪɞɢ-
ɧɚɬ ɨɫɨɛɵɯ ɬɨɱɟɤ, ɬɨ ɟɫɬɶ ɬɨɱɟɤ ɥɟɝɤɨ ɨɩɨɡɧɚɜɚɟɦɵɯ ɧɚ
ɩɪɚɤɬɢɱɟɫɤɢɯ ɤɪɢɜɵɯ ɆɂɁȿɂ. ɂɫɫɥɟɞɭɟɦ, ɤɚɤ ɦɟɧɹɟɬ-
ɫɹ ɩɨɥɨɠɟɧɢɟ ɷɬɢɯ ɬɨɱɟɤ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ
ɝɟɨɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɪɚɡɪɟɡɚ.

ɇɚ ɪɢɫ. 2 , b ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɚɦɥɢɬɭɞɧɵɯ ɢ
ɮɚɡɨɜɵɯ ɤɪɢɜɵɯ MɂɁȿɂ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɢ ɩɨ-
ɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɭɜɟɥɢɱɟɧɢɢ h1. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɢɡɦɟ-
ɧɹɸɬɫɹ ɤɚɤ ɜɟɥɢɱɢɧɚ , ɬɚɤ ɢ ɜɟɥɢɱɢɧɚ S = /ρ. Ʉɚɤ
ɚɦɩɥɢɬɭɞɧɵɟ, ɬɚɤ ɢ ɮɚɡɨɜɵɟ ɤɪɢɜɵɟ, ɧɟ ɢɡɦɟɧɹɹ
ɮɨɪɦɵ, ɫɞɜɢɝɚɸɬɫɹ ɜɩɪɚɜɨ ɩɨ ɨɫɢ ɩɪɨɩɨɪɰɢɨ-
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ɧɚɥɶɧɨ ɢɡɦɟɧɟɧɢɸ ×S. Ɍɨ ɟɫɬɶ ɨɪɞɢɧɚɬɵ ɷɤɫɬɪɟ-
ɦɭɦɨɜ 1, 2, f1, f2, f3 ɧɟ ɢɡɦɟɧɹɸɬɫɹ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ

ɢɯ ɚɛɫɰɢɫɫɵ ɢɡɦɟɧɹɸɬɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɜɟɥɢɱɢ-
ɧɟ ×S.

. 1.  ( , c)  (b, d)  (a, b)  (c, d) 
:  , f  – , ,

ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɜɟɥɢɱɢɧɵ 1, ɚɦɩɥɢɬɭɞɧɵɟ ɤɪɢ-
ɜɵɟ ɫɞɜɢɝɚɸɬɫɹ ɜɩɪɚɜɨ ɩɨ ɨɫɢ , ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ

×S, ɢ ɜɧɢɡ ɩɨ ɨɫɢ T, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɡɧɚɱɟɧɢɸ 1.
ɉɪɢ ɷɬɨɦ ɮɨɪɦɚ ɤɪɢɜɵɯ ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɹɟɬɫɹ ɜ
ɨɛɥɚɫɬɢ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ, ɚ ɮɚɡɨɜɵɟ
ɤɪɢɜɵɟ ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɹɸɬ ɮɨɪɦɭ ɜ ɧɟɫɤɨɥɶɤɨ
ɛɨɥɟɟ ɲɢɪɨɤɨɣ ɨɛɥɚɫɬɢ ɩɟɪɢɨɞɨɜ. Ɂɞɟɫɶ ɫɭɳɟɫɬɜɟɧɧɨ
ɦɟɧɹɟɬɫɹ ɩɨɥɨɠɟɧɢɟ ɢ ɷɤɫɬɪɟɦɭɦɚ f3 (ɪɢɫ. 3). ɉɪɢɱɟɦ
ɨɱɟɜɢɞɧɵɦ ɮɚɤɬɨɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɱɟɦ ɛɨɥɶɲɟ ɨɬ-
ɧɨɲɟɧɢɟ 2 ɤ 1, ɬɟɦ ɛɨɥɟɟ ɹɪɤɨ ɩɪɨɹɜɥɹɸɬɫɹ ɢɧɬɟɪ-
ɮɟɪɟɧɰɢɨɧɧɵɟ ɷɤɫɬɪɟɦɭɦɵ, ɚ ɬɚɤɠɟ ɤɪɭɬɢɡɧɚ ɧɢɫɯɨ-
ɞɹɳɟɣ ɜɟɬɜɢ ɢ ɤɨɨɪɞɢɧɚɬɵ ɦɢɧɢɦɭɦɚ ɧɚ ɮɚɡɨɜɨɣ
ɤɪɢɜɨɣ (ɪɢɫ. 3, b). 

Ⱥɜɬɨɪɚɦɢ ɭɫɬɚɧɨɜɥɟɧɚ ɫɥɟɞɭɸɳɚɹ ɫɜɹɡɶ ɚɛɫɰɢɫɫɵ
ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɝɨ ɦɢɧɢɦɭɦɚ ( 2) ɚɦɩɥɢɬɭɞɧɵɯ
ɤɪɢɜɵɯ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɞɜɭɯɫɥɨɣɧɨɝɨ ɪɚɡɪɟɡɚ
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ȼɵɪɚɠɟɧɢɟ (6) ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɨ ɤ ɜɢɞɭ
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Ɏɨɪɦɭɥɚ (7) ɩɨ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ ɩɨɞɨɛɧɚ ɮɨɪɦɭɥɟ
ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɯɨ-ɝɞɭɛɢɧɵ ɩɨ ɫɟɣɫɦɢɱɟɫɤɢɦ ɞɚɧ-
ɧɵɦ [4] 

2
/ 0tVh =  ,  

ɝɞɟ V – ɫɤɨɪɨɫɬɶ ɪɚɫɩɨɫɬɪɚɧɟɧɢɹ ɭɩɪɭɝɨɣ ɜɨɥɧɵ;
h – ɝɥɭɛɢɧɚ ɞɨ ɨɬɪɚɠɚɸɠɟɣ ɝɪɚɧɢɰɵ; t0 – ɭɞɜɨɟɧɧɨɟ
ɜɪɟɦɹ ɩɪɨɛɟɝɚ ɩɨ ɧɨɪɦɚɥɢ ɤ ɨɬɪɚɠɚɸɳɟɣ ɝɪɚɧɢɰɟ.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ h1 ɜ (7) – ɝɥɭɛɢɧɚ ɡɚɥɟɝɚɧɢɹ ɝɪɚ-
ɧɢɰɵ, ɚ S1 – ɜɟɥɢɱɢɧɚ, ɨɛɪɚɬɧɚɹ ɫɤɨɪɨɫɬɢ ɪɚɫɩɨɫɬɪɚ-
ɧɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ. ɉɟɪɢɨɞ 2 ɢɝɪɚɟɬ
ɪɨɥɶ ɜɪɟɦɟɧɢ ɩɪɢɯɨɞɚ ɜɨɥɧɵ, ɬɨ ɟɫɬɶ, ɱɟɦ ɛɨɥɶɲɟ 1
ɢ S1, ɬɟɦ ɛɨɥɶɲɢɦ ɛɭɞɟɬ ɩɟɪɢɨɞ , ɧɚ ɤɨɬɨɪɨɦ ɧɚ-
ɛɥɸɞɚɟɬɫɹ ɷɤɫɬɪɟɦɭɦ.

ɉɨɞɨɛɧɵɦ ɨɛɪɚɡɨɦ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɞɜɭɯɫɥɨɣɧɨɝɨ
ɪɚɡɪɟɡɚ ɫɜɹɡɚɧ ɢ ɢɧɬɟɪɮɟɪɟɰɢɨɧɧɵɣ ɦɚɤɫɢɦɭɦ

11
7

1 10191,0 ρ⋅⋅= aTh . (8) 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɨɜɪɟɦɟɧɧɵɣ ɭɪɨɜɟɧɶ ɪɚɡɜɢ-
ɬɢɹ ɚɩɩɚɪɚɬɭɪɵ MɂɁȿɂ ɩɨɡɜɨɥɹɟɬ ɩɪɨɫɥɟɞɢɬɶ ɞɚɧɧɵɣ
ɫɥɚɛɨɜɵɪɚɠɟɧɧɵɣ ɷɤɫɬɪɟɦɭɦ ɧɚ ɪɟɚɥɶɧɵɯ ɤɪɢɜɵɯ.

Ⱦɥɹ ɮɚɡɨɜɵɯ ɤɪɢɜɵɯ ɫɜɹɡɶ ɚɛɫɰɢɫɫ ɢɧɬɟɪɮɟɪɟɧ-
ɰɢɨɧɧɵɯ ɷɤɫɬɪɟɦɭɦɨɜ f1, f2 ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɪɚɡɪɟɡɚ
ɢɦɟɟɬ ɜɢɞ

11
7

1 10317,0 ρ⋅⋅= fTh ; (9) 

12
7

1 100979,0 ρ⋅⋅= fTh . (10) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨ ɚɛɫɰɢɫɫɚɦ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ
ɷɤɫɬɪɟɦɭɦɨɜ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɚ ɜɟɥɢɱɢɧɚ ɩɪɨ-
ɢɡɜɟɞɟɧɢɹ ɦɨɳɧɨɫɬɢ ɧɚɞɨɩɨɪɧɨɣ ɬɨɥɳɢ ɧɚ ɟɟ ɫɭɦ-
ɦɚɪɧɭɸ ɩɪɨɞɨɥɶɧɭɸ ɩɪɨɜɨɞɢɦɨɫɬɶ. Ⱦɥɹ ɪɚɡɞɟɥɶɧɨɝɨ
ɢɯ ɨɩɪɟɞɟɥɟɧɢɹ ɧɭɠɧɚ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɢɧɮɨɪɦɚɰɢɹ,
ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɢɡɜɥɟɱɟɧɚ ɤɚɤ ɢɡ ɫɚɦɢɯ ɤɪɢɜɵɯ
ɆɂɁȿɂ, ɬɚɤ ɢ ɢɡ ɞɪɭɝɢɯ ɞɚɧɧɵɯ (ɷɥɟɤɬɪɨɤɚɪɨɬɚɠ,
ɫɟɣɫɦɨɪɚɡɜɟɞɤɚ). ɏɨɬɹ ɮɨɪɦɭɥɵ (7) ɢ (8) – (10) ɩɨ-
ɞɨɛɧɵ ɫɟɣɫɦɢɱɟɫɤɢɦ, ɫɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ ɢ ɫɭɳɟɫɬ-
ɜɟɧɧɨɟ ɪɚɡɥɢɱɢɟ.
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. 2.  ( )  (b) 
 h1. . . 1 

. 3.  ( )  (b) -
ρ1. . . 1 

ɋɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜ ɡɟɦɥɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬ-
ɧɨɝɨ ɩɨɥɹ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɫɤɨɪɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ
ɭɩɪɭɝɢɯ ɜɨɥɧ ɢ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɱɚɫɬɨɬɟ ɤɨɥɟɛɚɧɢɣ.
ɇɚɛɥɸɞɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨɟ ɡɚɬɭɯɚɧɢɟ ɩɨɥɹ ɫ ɝɥɭɛɢɧɨɣ,
ɩɪɢɱɟɦ ɡɚɬɭɯɚɧɢɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɱɚɫɬɨɬɟ ɩɨɥɹ ɢ ɨɛ-
ɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɭɞɟɥɶɧɨɦɭ ɷɥɟɤɬɪɢɱɟɫɤɨɦɭ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɸ ɩɨɪɨɞ. ɉɪɢ ɪɚɛɨɬɚɯ ɜ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ
ɪɟɚɥɶɧɨ ɢɡɦɟɪɹɟɬɫɹ ɧɟ ɱɢɫɬɵɣ ɨɬɤɥɢɤ ɫɪɟɞɵ ɧɚ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ, ɚ ɪɟɡɭɥɶɬɚɬ ɢɧɬɟɪɮɟɪɟɧɰɢɢ
ɷɬɨɝɨ ɨɬɤɥɢɤɚ ɫ ɩɟɪɜɢɱɧɵɦ ɩɨɥɟɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɧ-
ɬɟɪɮɟɪɟɧɰɢɨɧɧɵɟ ɷɤɫɬɪɟɦɭɦɵ ɧɟɫɭɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɡɚ-
ɩɚɡɞɵɜɚɧɢɢ ɧɚ ɩɟɪɢɨɞ ɢɥɢ ɩɨɥɨɜɢɧɭ ɩɟɪɢɨɞɚ ɨɬɪɚɠɟɧ-
ɧɨɣ ɜɨɥɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɟɪɜɢɱɧɨɦɭ ɫɢɝɧɚɥɭ.

ɇɚ ɪɢɫ. 4 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɮɨɪɦɵ ɢ ɭɪɨɜɧɹ ɞɜɭɯ-
ɫɥɨɣɧɵɯ ɤɪɢɜɵɯ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɜɟɥɢɱɢɧɵ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ ɨɫɧɨɜɚɧɢɹ ( 2). ɋɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɷɬɨɦ ɩɚ-
ɪɚɦɟɬɪɵ ɩɟɪɜɨɝɨ ɫɥɨɹ ɨɫɬɚɸɬɫɹ ɡɚɤɪɟɩɥɟɧɧɵɦɢ, ɬɨ ɟɫɬɶ
ɜɟɥɢɱɢɧɵ h1, 1 ɢ S ɩɨɫɬɨɹɧɧɵ. Ɉɛɪɚɳɚɟɬ ɧɚ ɫɟɛɹ ɜɧɢ-
ɦɚɧɢɟ ɬɨ, ɱɬɨ ɧɚ ɚɦɩɥɢɬɭɞɧɵɯ ɤɪɢɜɵɯ (ɪɢɫ. 4, ) ɦɟɧɹ-
ɸɬɫɹ ɬɨɥɶɤɨ ɨɪɞɢɧɚɬɵ ɷɤɫɬɪɟɦɭɦɨɜ ɢ ɧɚɤɥɨɧ ɜɨɫɯɨɞɹ-
ɳɟɣ ɜɟɬɜɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɚɛɫɰɢɫɫɵ ɩɟɪɜɵɯ ɞɜɭɯ ɷɤɫ-
ɬɪɟɦɭɦɨɜ ɨɫɬɚɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɨɪɞɢɧɚɬɵ ɷɤɫɬɪɟɦɭɦɨɜ ɚɦɩɥɢɬɭɞ-
ɧɨɣ ɢ ɮɚɡɨɜɨɣ ɤɪɢɜɵɯ ɡɚɜɢɫɹɬ ɬɨɥɶɤɨ ɨɬ ɫɨɨɬɧɨɲɟ-
ɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɣ 1ρ ɢ 2ρ . Ɉɬɧɨɲɟɧɢɟ ɨɪɞɢɧɚɬ
ɩɟɪɜɨɝɨ ɷɤɫɬɪɟɦɭɦɚ ɚɦɩɥɢɬɭɞɧɨɣ ɤɪɢɜɨɣ ɤɨ ɜɬɨɪɨɦɭ
ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɨɬɧɨɲɟɧɢɸ ɡɧɚɱɟɧɢɣ 12 ρρ .
ɗɬɚ ɡɚɜɢɫɢɦɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɭɪɚɜɧɟɧɢɟɦ

−⋅= 139,16exp
2

1

1

2

a

a

A
A

ρ
ρ ,

ɝɞɟ 1aA ɢ 2aA  – ɨɪɞɢɧɚɬɵ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɷɤɫɬɪɟ-
ɦɭɦɨɜ ɚɦɩɥɢɬɭɞɧɨɣ ɤɪɢɜɨɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.

Ⱥɧɚɥɨɝɢɱɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ, ɬɨɥɶɤɨ ɜ ɛɨɥɟɟ ɹɪɤɨɣ
ɮɨɪɦɟ, ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɢ ɮɚɡɨɜɵɟ ɤɪɢɜɵɟ

( )( )2
12

1

2 44,0126,0exp +−⋅= ff AA
ρ
ρ .

Ȼɨɥɟɟ ɫɥɨɠɧɚɹ ɫɢɬɭɚɰɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɫ ɬɪɟɬɶɢɦ
ɮɚɡɨɜɵɦ ɷɤɫɬɪɟɦɭɦɨɦ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɡɧɚɱɟɧɢɣ 2
ɢɡɦɟɧɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɟɝɨ ɚɦɩɥɢɬɭɞɚ, ɧɨ, ɩɨ ɦɟɪɟ ɪɨɫ-
ɬɚ ɷɬɨɣ ɜɟɥɢɱɢɧɵ, ɫɞɜɢɝɚɟɬɫɹ ɜɩɪɚɜɨ ɩɨ ɨɫɢ ɩɟɪɢɨɞɨɜ
ɢ ɟɝɨ ɚɛɫɰɢɫɫɚ. Ɍ.ɟ. ɩɨɥɨɠɟɧɢɟ ɬɪɟɬɶɟɝɨ ɷɤɫɬɪɟɦɭɦɚ
ɧɚ ɨɫɢ ɩɟɪɢɨɞɨɜ ɡɚɜɢɫɢɬ ɨɬ ɜɫɟɯ ɩɚɪɚɦɟɬɪɨɜ ɞɜɭɯ-
ɫɥɨɣɧɨɝɨ ɪɚɡɪɟɡɚ. ɗɬɚ ɡɚɜɢɫɢɦɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞ-
ɫɬɚɜɥɟɧɚ ɫɨɨɬɧɨɲɟɧɢɟɦ

−=
3

11

1

2 *000216,03197,9exp
fT

H ρ
ρ
ρ .

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ ɷɤɫɬɪɟɦɭɦɨɜ ɚɦɩɥɢ-
ɬɭɞɧɵɯ ɢ ɮɚɡɨɜɵɯ ɤɪɢɜɵɯ ɡɨɧɞɢɪɨɜɚɧɢɣ ɞɥɹ ɞɜɭɯɫɥɨɣ-
ɧɨɝɨ ɪɚɡɪɟɡɚ ɢ ɚɫɢɦɩɬɨɬɚɦ ɚɦɩɥɢɬɭɞɧɵɯ ɤɪɢɜɵɯ ɦɨɝɭɬ
ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɜɫɟ ɩɚɪɚɦɟɬɪɚ ɞɜɭɯɫɥɨɣɧɨɝɨ ɪɚɡɪɟɡɚ.
Ɍɨɱɧɨɫɬɶ ɬɚɤɢɯ ɪɚɫɱɟɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɱɧɨɫɬɶɸ ɨɩɪɟ-
ɞɟɥɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɷɤɫɬɪɟɦɭɦɨɜ.
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. 4.  ( )  (b) -
ρ2. . . 1 

ȼ ɫɜɟɬɟ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ, ɦɟɬɨɞɢɤɭ ɤɚɪɬɢɪɨɜɚɧɢɹ
ɜɵɫɨɤɨɨɦɧɨɣ ɝɪɚɧɢɰɵ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɫɥɟ-
ɞɭɸɳɟɦ ɜɢɞɟ.

1. Ɉɩɪɟɞɟɥɢɬɶ ɫɭɦɦɚɪɧɭɸ ɩɪɨɞɨɥɶɧɭɸ ɩɪɨɜɨɞɢ-
ɦɨɫɬɶ ɧɚɞɨɩɨɪɧɨɣ ɬɨɥɳɢ S ɩɨ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ ɮɨɪ-
ɦɭɥɟ (5). ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɥɟɤɨ ɧɟ ɜɨ ɜɫɟɯ ɫɥɭ-
ɱɚɹɯ ɫɨɛɥɸɞɚɸɬɫɹ ɧɟɨɛɯɨɞɢɦɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɩɪɢɦɟ-
ɧɟɧɢɹ ɷɬɨɣ ɮɨɪɦɭɥɵ. ɉɨɷɬɨɦɭ ɥɭɱɲɟ ɨɩɪɟɞɟɥɹɬɶ 1.
ɗɬɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɩɨ ɥɟɜɨɣ ɜɟɬɜɢ (ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ
ɚɫɫɢɦɩɬɨɬɟ) ɢɥɢ ɨɪɞɢɧɚɬɟ ɦɢɧɢɦɭɦɚ ɚɦɩɥɢɬɭɞɧɨɣ
ɤɪɢɜɨɣ. Ɉɞɧɚɤɨ, ɨɛɚ ɷɬɢɯ ɫɩɨɫɨɛɚ ɧɟ ɨɬɥɢɱɚɸɬɫɹ ɬɨɱ-

ɧɨɫɬɶɸ ɢɡ-ɡɚ ɫɬɚɬɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɢ(ɢɥɢ) ɦɧɨɝɨɫɥɨɣ-
ɧɨɫɬɢ ɪɚɡɪɟɡɚ ɧɚɞ ɨɩɨɪɧɵɦ ɝɨɪɢɡɨɧɬɨɦ. ɉɪɢɧɰɢɩɢ-
ɚɥɶɧɨ ɷɬɚ ɫɬɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɪɚɧɟɧɚ
ɩɨ ɞɚɧɧɵɦ ɷɥɟɤɬɪɨɤɚɪɨɬɚɠɚ ɢɥɢ ɫɟɣɫɦɨɪɚɡɜɟɞɤɢ.

2. Ɍɨɱɧɨ ɡɚɮɢɤɫɢɪɨɜɚɬɶ ɡɧɚɱɟɧɢɟ ɜ ɷɤɫɬɪɟɦɭɦɟ
ɚɦɩɥɢɬɭɞɧɨɣ ɤɪɢɜɨɣ (ɪɢɫ. 1, a). ɇɚɞɟɠɧɟɟ ɢɫɩɨɥɶɡɨ-
ɜɚɬɶ ɨɛɚ ɷɤɫɬɪɟɦɭɦɚ 1 ɢ 2, ɚ ɬɚɤɠɟ ɚɧɚɥɨɝɢɱɧɵɟ
ɷɤɫɬɪɟɦɭɦɵ ɧɚ ɮɚɡɨɜɵɯ ɤɪɢɜɵɯ f1, f2 (ɪɢɫ. 1, b). Ⱦɥɹ
ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ h1 ɟɝɨ ɦɨɠɧɨ
ɜɵɱɢɫɥɹɬɶ ɤɚɤ ɫɪɟɞɧɟɟ ɢɡ ɡɧɚɱɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɩɨ
ɮɨɪɦɭɥɚɦ ɞɥɹ ɜɫɟɯ ɷɤɫɬɪɟɦɭɦɨɜ (6) ɢ (8)–(10). 

. 5. -
 (a)  (b) 

Ɍɚɤ ɤɚɤ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ h1 ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ
ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɱɧɨɫɬɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɨɫɨ-
ɛɵɯ ɬɨɱɟɤ ɧɚ ɚɦɩɥɢɬɭɞɧɵɯ ɢ ɮɚɡɨɜɵɯ ɤɪɢɜɵɯ ɡɨɧɞɢ-
ɪɨɜɚɧɢɣ, ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɥɨɝɢɱɧɵɦ ɩɪɢɛɟɝɧɭɬɶ ɤ

ɬɪɚɧɫɮɨɪɦɚɰɢɹɦ, ɩɨɡɜɨɥɹɸɳɢɦ ɩɨɞɱɟɪɤɧɭɬɶ ɷɬɢ
ɨɫɨɛɵɟ ɬɨɱɤɢ. Ⱥɧɚɥɨɝɢɱɧɵɟ ɦɟɪɵ ɧɭɠɧɵ ɢ ɞɥɹ ɩɨ-
ɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɨɰɟɧɤɢ ɨɪɞɢɧɚɬ ɷɤɫɬɪɟɦɭɦɨɜ ɫ
ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɨɬɧɨɲɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɫɥɨɟɜ.
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Ⱦɥɹ ɢɥɥɸɫɬɪɚɰɢɢ ɜɨɡɦɨɠɧɨɫɬɟɣ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɟ-
ɬɨɞɢɤɢ ɤɚɪɬɢɪɨɜɚɧɢɹ ɜɵɫɨɤɨɨɦɧɨɣ ɝɪɚɧɢɰɵ ɛɵɥɢ ɪɚɫ-
ɫɱɢɬɚɧɵ ɚɦɩɥɢɬɭɞɧɵɟ ɢ ɮɚɡɨɜɵɟ ɤɪɢɜɵɟ ɜ ɬɨɱɤɚɯ
ɩɪɨɮɢɥɹ ɆɌɁ ɧɚɞ ɚɧɬɢɤɥɢɧɚɥɶɧɨɣ ɢ ɫɢɧɤɥɢɧɚɥɶɧɨɣ
ɫɬɪɭɤɬɭɪɚɦɢ (ɪɢɫ. 5) ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ ɞɜɭɦɟɪ-
ɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɇɚ ɷɬɨɦ ɠɟ ɪɢɫɭɧɤɟ ɩɨɤɚɡɚɧɨ ɩɨ-
ɜɟɞɟɧɢɟ ɷɤɫɬɪɟɦɭɦɨɜ ɚɦɩɥɢɬɭɞɧɵɯ ɢ ɮɚɡɨɜɵɯ ɤɪɢɜɵɯ
ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ: ɤɨɨɪɞɢɧɚɬɚ ɬɨɱɤɢ ɧɚ ɩɪɨɮɢɥɟ
ɢ ɩɟɪɢɨɞ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɷɤɫɬɪɟɦɭɦɚ (ɫɜɨɟɨɛɪɚɡ-
ɧɵɟ ɝɨɞɨɝɪɚɮɵ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɜɨɥɧɵ). Ⱥ ɬɚɤɠɟ ɪɟ-
ɡɭɥɶɬɚɬɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɭɟɦɨɣ ɝɪɚ-
ɧɢɰɵ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɢ ɝɥɭɛɢɧɵ ɞɨ ɢɫɫɥɟ-
ɞɭɟɦɨɣ ɝɪɚɧɢɰɵ. Ⱦɥɹ ɞɜɭɯɫɥɨɣɧɨɣ ɫɪɟɞɵ  = h1.

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɝɪɚ-
ɧɢɰɵ ɩɨ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɦ ɷɤɫɬɪɟɦɭɦɚɦ ɧɟɫɤɨɥɶɤɨ
ɦɟɧɶɲɟ (2 %), ɱɟɦ ɩɨ ɧɢɡɤɨɱɚɫɬɨɬɧɵɦ (3 %). Ɉɞɧɚɤɨ
ɫɥɟɞɭɟɬ ɩɨɦɧɢɬɶ, ɱɬɨ ɧɚ ɪɟɚɥɶɧɵɯ ɩɨɥɟɜɵɯ ɦɚɬɟɪɢɚ-
ɥɚɯ ɩɨɫɥɟɞɧɢɟ ɜɵɪɚɠɟɧɵ ɹɪɱɟ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ,
ɢɦɟɸɬ ɥɭɱɲɟɟ ɫɨɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ-ɩɨɦɟɯɚ.

ȼ ɡɚɤɥɸɱɟɧɢɟ ɨɬɦɟɬɢɦ ɫɥɟɞɭɸɳɟɟ.
1. Ⱥɛɫɰɢɫɫɵ ɷɤɫɬɪɟɦɭɦɨɜ ɚɦɩɥɢɬɭɞɧɵɯ ɢ ɮɚɡɨ-

ɜɵɯ ɤɪɢɜɵɯ ɢɧɞɭɤɰɢɨɧɧɵɯ ɡɨɧɞɢɪɨɜɚɧɢɣ ɫ ɟɫɬɟɫɬɜɟɧ-
ɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɬɟɫɧɨ ɫɜɹɡɚɧɵ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɝɟɨ-
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɪɚɡɪɟɡɚ. ȼɢɞ ɷɬɨɣ ɫɜɹɡɢ ɩɨɞɨɛɟɧ ɫɜɹ-
ɡɹɦ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɫɪɟɞɵ ɭɩɪɭɝɢɯ ɨɬɪɚɠɟɧɧɵɯ ɜɨɥɧ.

2. ɉɨ ɚɛɫɰɢɫɫɚɦ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɟɤ ɚɦɩɥɢɬɭɞ-
ɧɵɯ ɢ ɮɚɡɨɜɵɯ ɤɪɢɜɵɯ ɦɨɠɟɬ ɛɵɬɶ ɞɟɬɚɥɶɧɨ ɜɨɫɫɬɚ-
ɧɨɜɥɟɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɜɵɫɨɤɨɨɦɧɨɝɨ ɝɨɪɢɡɨɧɬɚ.

Ⱦɟɬɚɥɶɧɚɹ ɷɥɟɤɬɪɨɪɚɡɜɟɞɤɚ ɜ 2-D ɢɥɢ 3-D ɜɚɪɢɚɧɬɚɯ
ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɫɟɣɫɦɨɪɚɡɜɟɞɤɟ ɩɪɢ ɜɨɫ-
ɬɚɧɨɜɥɟɧɢɢ ɫɬɪɭɤɬɭɪɧɨɝɨ ɩɥɚɧɚ ɜ ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɯ ɪɚɣ-
ɨɧɚɯ ɢɥɢ ɜ ɭɫɥɨɜɢɹɯ ɫɥɨɠɧɨɝɨ ɫɟɣɫɦɢɱɟɫɤɨɝɨ ɪɚɡɪɟɡɚ.
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. ȼɫɬɚɧɨɜɥɟɧɿ ɟɦɩɿɪɢɱɧɿ ɡɚɥɟɠɧɨɫɬɿ
ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɝɟɨɟɥɟɤɬɪɢɱɧɢɯ ɪɨɡɪɿɡɿɜ
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ɬɟɥɭɪɢɱɧɨɝɨ ɡɨɧɞɭɜɚɧɧɹ.

. Ⱥɛɫɰɢɫɢ ɿɧɬɟɪɮɟɪɟɧɰɿɣɧɢɯ ɟɤ-
ɫɬɪɟɦɭɦɿɜ ɫɬɚɧɞɚɪɬɧɢɯ ɤɪɢɜɢɯ ɿɧɞɭɤɰɿɣɧɢɯ ɡɨɧɞɭ-
ɜɚɧɶ ɡ ɩɪɢɪɨɞɧɢɦɢ ɞɠɟɪɟɥɚɦɢ ɬɿɫɧɨ ɩɨɜ’ɹɡɚɧɿ ɡ ɩɚ-
ɪɚɦɟɬɪɚɦɢ ɝɟɨɟɥɟɤɬɪɢɱɧɨɝɨ ɪɨɡɪɿɡɭ.

. Ɇɟɬɨɞɢɤɚ ɦɨɠɟ ɛɭɬɢ ɜɢ-
ɤɨɪɢɫɬɚɧɚ ɩɪɢ ɟɤɫɩɪɟɫ-ɿɧɬɟɪɩɪɟɬɚɰɿʀ ɩɪɚɤɬɢɱɧɢɯ ɞɚɧɢɯ
ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɯ ɡɨɧɞɭɜɚɧɶ ɞɥɹ ɜɢɜɱɟɧɧɹ ɦɨɪɮɨɥɨɝɿʀ
ɰɿɥɶɨɜɢɯ ɝɨɪɢɡɨɧɬɿɜ ɧɚ ɪɨɞɨɜɢɳɚɯ ɧɚɮɬɢ ɿ ɝɚɡɭ.
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Purpose. Application of standard curves (amplitude 
and phase curves) of interference extremum received by 
induction sounding with natural sources for the purpose 
of mapping of geoelectrical horizons of high resistivity. 

Methodology. On the basis of the results of 1D and 
2D physical and mathematical modelling of the behav-
iour of amplitude and phase curves interference extre-
mums depending on the change of parameters of 
geoelectrical section was studied. For the removal of 
static displacement of curves caused by near-surface het-
erogeneity, the electric logging and seismic data were 
used additionally.  

Findings. Empiric dependences for determination of 
parameters of geoelectrical section on observed periods 
of amplitude and phase curves interference extremums of 
magnetotelluric data were established. 

Originality. The abscissas of standard curves inter-
ference extremums of the induction soundings with natu-
ral sources are closely associated with the parameters of 
geoelectrical section.  

Practical value. The method can be used for express-
interpretation of the electromagnetic data in order to 
study the target horizon morphology within oil and gas 
fields. 

Keywords: electromagnetic field, induction sound-
ing, amplitude and phase curves, apparent resistivity, 
hodograph curve of electromagnetic wave
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