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Development of Engineering Seismic Methods
Based on Surface Waves
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Duchkov (IPGG SB RAS) & P.A. Dergach (IPGG SB RAS)

SUMMARY
For the solution of many applied problems it is critical to know the distribution of elastic parameters of the
upper part of geological structure (UPS).
Surface waves can be easily picked from seismograms using spectral analysis, due to their high energy
level. This leads to accuracy of the methods, based on the usage of surface waves.
The object of our research is the method of multi-channel analysis of surface waves (MASW). MASW
consists from the following stages: data recording, dispersion analysis, evaluating the shear wave
velocities.
The goal of our research is the improvement of the considered algorithms. We are focused on the
development of the MASW method: improvement its efficiency and reliability.  Series of tests on synthetic
and real data, exploring the dependence on the initial approximation, have been performed. We propose a
method of constructing a start model, providing a convergence of the solution. Other important result is
the improvement of the spectral analysis. Spectrum denoising algorithm, based on the usage of smooth
window transforms, is proposed.
Our MASW algorithm has been tested a number of times, while processing field data. The inversion
results are consistent with the results, obtained by other methods.
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ȼɜɟɞɟɧɢɟ 

ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚɞɚɱɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɤɨɪɨɫɬɧɨɝɨ ɫɬɪɨɟɧɢɹ ɜɟɪɯɧɟɣ ɱɚɫɬɢ 
ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɪɟɡɚ (ȼɑɊ) ɝɥɭɛɢɧɨɣ ɩɨɪɹɞɤɚ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɤɨɜ ɦɟɬɪɨɜ ɦɟɬɨɞɚɦɢ 
ɫɟɣɫɦɨɪɚɡɜɟɞɤɢ. ɉɨɞɨɛɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ȼɑɊ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɩɪɢ ɪɟɲɟɧɢɢ ɦɧɨɝɢɯ 
ɢɧɠɟɧɟɪɧɵɯ ɡɚɞɚɱ ɫɜɹɡɚɧɧɵɯ, ɧɚɩɪɢɦɟɪ, ɫɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ. ȼ ɱɚɫɬɧɨɫɬɢ, ɷɬɚ ɡɚɞɚɱɚ ɨɫɨɛɟɧɧɨ 
ɚɤɬɭɚɥɶɧɚ ɞɥɹ ɜɨɫɬɨɱɧɨɣ ɋɢɛɢɪɢ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɪɟɡɤɢɯ ɤɨɧɬɪɚɫɬɨɜ ɜ ȼɑɊ ɜ ɡɨɧɚɯ 
ɦɧɨɝɨɥɟɬɧɟɦɟɪɡɥɵɯ ɩɨɪɨɞ. 
 

Ɇɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɨɛɪɚɛɨɬɤɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɥɧ, ɨɬɥɢɱɚɸɬɫɹ ɞɨɫɬɨɜɟɪɧɨɫɬɶɸ 
ɪɟɡɭɥɶɬɚɬɨɜ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɦɟɧɟɟ 2/3 ɱɚɫɬɢ ɷɧɟɪɝɢɢ ɩɪɢ ɜɨɡɛɭɠɞɟɧɢɢ 
ɤɨɥɟɛɚɧɢɣ ɡɚɬɪɚɱɢɜɚɟɬɫɹ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɜɨɥɧ ɞɚɧɧɨɝɨ ɬɢɩɚ. ɉɪɢ ɷɬɨɦ ɞɨɫɬɢɝɚɟɬɫɹ ɜɵɫɨɤɨɟ 
ɫɨɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɩɨɦɟɯɚ ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɜɨɥɧɵ ɦɨɝɭɬ ɛɵɬɶ ɥɟɝɤɨ ɜɵɞɟɥɟɧɵ ɩɭɬɟɦ 
ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɫɟɣɫɦɨɝɪɚɦɦ.  ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɟɬɨɞ ɦɧɨɝɨɤɚɧɚɥɶɧɨɝɨ 
ɚɧɚɥɢɡɚ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɥɧ (MASW), ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨ-

ɫɥɨɢɫɬɨɣ ɦɨɞɟɥɢ ȼɑɊ ɩɨ ɧɚɛɥɸɞɚɟɦɵɦ ɞɢɫɩɟɪɫɢɨɧɧɵɦ ɤɪɢɜɵɦ ɮɚɡɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ɜɨɥɧ 
Ɋɟɥɟɹ. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɩɨɥɭɱɢɥ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɢɧɠɟɧɟɪɧɨɣ ɝɟɨɮɢɡɢɤɟ. Ɍɟɦ ɧɟ 
ɦɟɧɟɟ, ɫɭɳɟɫɬɜɭɟɬ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɨ ɪɚɛɨɬ, ɜ ɤɨɬɨɪɵɯ ɛɵ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɢ ɨɛɨɛɳɚɥɢɫɶ 
ɪɟɡɭɥɶɬɚɬɵ ɬɟɫɬɢɪɨɜɚɧɢɹ ɦɟɬɨɞɚ ɧɚ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɢ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ ɜ ɲɢɪɨɤɢɯ ɞɢɚɩɚɡɨɧɚɯ 
ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɦɨɣ ɫɤɨɪɨɫɬɧɨɣ ɫɪɟɞɵ. Ɇɟɬɨɞ MASW ɪɟɚɥɢɡɨɜɚɧ ɜɨ 
ɦɧɨɝɢɯ ɤɨɦɦɟɪɱɟɫɤɢɯ ɩɪɨɝɪɚɦɦɧɵɯ ɩɚɤɟɬɚɯ. ȼ ɬɢɩɢɱɧɨɦ ɝɪɚɮɟ ɨɛɪɚɛɨɬɤɢ, ɩɪɢɫɭɬɫɬɜɭɸɬ 
ɧɟɨɞɧɨɡɧɚɱɧɵɟ ɨɩɟɪɚɰɢɢ ɩɨ ɜɵɞɟɥɟɧɢɸ ɞɢɫɩɟɪɫɢɨɧɧɵɯ ɤɪɢɜɵɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɥɧ, 
ɡɚɜɢɫɹɳɢɟ ɨɬ ɨɩɵɬɚ ɩɨɥɶɡɨɜɚɬɟɥɹ ɜ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɫɩɟɤɬɪɨɜ ɫɟɣɫɦɨɝɪɚɦɦ. Ʉɚɤ ɩɪɚɜɢɥɨ, 
ɨɬɫɭɬɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɤɢ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɤɨɪɨɫɬɧɨɝɨ 
ɪɚɡɪɟɡɚ. 
 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɜɢɬɢɟ ɦɟɬɨɞɨɜ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɚɧɚɥɢɡɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɥɧ, ɧɚ 
ɩɪɟɞɦɟɬ ɩɨɜɵɲɟɧɢɹ ɢɯ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ. Ȼɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɧɨɜɚɹ 
ɪɟɚɥɢɡɚɰɢɹ ɦɟɬɨɞɚ ɦɧɨɝɨɤɚɧɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɥɧ. Ɉɫɨɛɟɧɧɨɫɬɢ ɧɨɜɨɣ 
ɪɟɚɥɢɡɚɰɢɢ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ: 

 ɍɫɤɨɪɟɧɢɟ ɜɵɱɢɫɥɟɧɢɹ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ, ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɚɥɝɨɪɢɬɦɚ 
ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ Open MP ɧɚ ɨɬɞɟɥɶɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɹɞɪɚ ɩɪɨɰɟɫɫɨɪɚ. 

 Ɍɟɫɬɢɪɨɜɚɧɢɟ ɦɟɬɨɞɚ ɧɚ ɪɹɞɟ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ 
ɧɚɱɚɥɶɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɧɚ ɫɯɨɞɢɦɨɫɬɶ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ 
ɡɚɞɚɱɢ ɢ ɨɪɢɝɢɧɚɥɶɧɵɣ ɦɟɬɨɞ ɩɨɫɬɪɨɟɧɢɹ ɫɬɚɪɬɨɜɨɣ ɦɨɞɟɥɢ. 

 Ɉɛɪɚɛɨɬɤɚ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɭɬɟɣ ɭɥɭɱɲɟɧɢɹ ɩɟɪɟɯɨɞɚ ɤ ɢɯ ɫɩɟɤɬɪɚɦ 
ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɫɢɫɬɟɦɵ ɨɤɨɧɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ. 

 

Тɟɨɪɢя ɦɟɬɨɞɚ 

Ɉɫɧɨɜɧɵɦɢ ɷɬɚɩɚɦɢ ɦɟɬɨɞɚ ɦɧɨɝɨɤɚɧɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɥɧ ɹɜɥɹɸɬɫɹ (ɪɢɫɭɧɨɤ 

1): 

 Ɋɟɝɢɫɬɪɚɰɢɹ ɜɨɥɧɨɜɨɝɨ ɩɨɥɹ ɢ ɡɚɩɢɫɶ ɫɟɣɫɦɨɝɪɚɦɦ 

 ɋɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɫɟɣɫɦɨɝɪɚɦɦ 

 ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɪɟɞɵ 

 

Ɂɚɩɢɫɶ ɫɟɣɫɦɨɝɪɚɦɦ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɩɪɨɮɢɥɶɧɨɣ ɫɢɫɬɟɦɨɣ ɧɚɛɥɸɞɟɧɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɚɤɬɢɜɧɵɯ ɫɟɣɫɦɢɱɟɫɤɢɯ ɢɫɬɨɱɧɢɤɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɟɦɧɢɤɨɜ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ 
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ɧɢɡɤɨɱɚɫɬɨɬɧɵɟ (4.5 Ƚɰ) ɜɟɪɬɢɤɚɥɶɧɵɟ ɫɟɣɫɦɨɩɪɢɟɦɧɢɤɢ, ɞɨɩɭɫɤɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɨɥɟɟ 
ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ (10 Ƚɰ). Ƚɥɭɛɢɧɧɨɫɬɶ ɢ ɪɚɡɪɟɲɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɦɟɬɨɞɚ ɡɚɜɢɫɹɬ ɨɬ 
ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɧɚɛɥɸɞɟɧɢɣ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɰɟɥɟɣ ɪɚɛɨɬ ɞɥɹ ɢɧɠɟɧɟɪɧɵɯ ɡɚɞɚɱ ɞɥɢɧɚ 
ɩɪɢɟɦɧɨɣ ɥɢɧɢɢ ɜɵɛɢɪɚɟɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ: 10-500 ɦɟɬɪɨɜ, ɲɚɝ ɦɟɠɞɭ ɩɪɢёɦɧɢɤɚɦɢ 0,1-5 ɦɟɬɪɨɜ 
ɲɚɝ ɦɟɠɞɭ ɩɭɧɤɬɚɦɢ ɜɡɪɵɜɚ 0,5-10 ɦɟɬɪɨɜ.  

 
Рисуɧɨк 1 Ɉɫɧɨɜɧɵɟ ɷɬɚɩɵ ɦɟɬɨɞɚ ɦɧɨɝɨɤɚɧɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɥɧ 

ɋɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ: ɩɨɫɬɪɨɟɧɢɟ ɞɢɫɩɟɪɫɢɨɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɢɡ ɫɟɣɫɦɨɝɪɚɦɦ ɢ ɜɵɞɟɥɟɧɢɟ 
ɞɢɫɩɟɪɫɢɨɧɧɵɯ ɤɪɢɜɵɯ. ɉɟɪɜɵɦ ɲɚɝɨɦ ɷɬɨɝɨ ɷɬɚɩɚ ɹɜɥɹɟɬɫɹ ɩɟɪɟɯɨɞ ɜ ɫɩɟɤɬɪɚɥɶɧɭɸ f-k 

ɨɛɥɚɫɬɶ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɤɨ ɜɫɟɣ ɫɟɣɫɦɨɝɪɚɦɦɟ ɞɜɭɦɟɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɩɨ 
ɤɨɨɪɞɢɧɚɬɟ ɜɵɧɨɫɚ ɢ ɩɨ ɜɪɟɦɟɧɢ. Ⱦɚɥɟɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɪɚɧɫɮɨɪɦɚɰɢɹ f-k (1/ɫ-1/ɦ) 
ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɨɛɥɚɫɬɶ ɡɚɜɢɫɢɦɨɫɬɢ ɮɚɡɨɜɨɣ ɫɤɨɪɨɫɬɢ ɜɨɥɧɵ Ɋɟɥɟɹ ɨɬ ɜɪɟɦɟɧɧɨɣ ɱɚɫɬɨɬɵ V-f 

(ɦ/ɫ-1/ɫ) (ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɋɚɞɨɧɚ). ɉɨɜɟɪɯɧɨɫɬɧɵɟ ɜɨɥɧɵ ɫɢɥɶɧɨ ɜɵɞɟɥɹɸɬɫɹ ɩɨ ɭɪɨɜɧɸ 
ɷɧɟɪɝɢɢ. Ɂɚɱɚɫɬɭɸ ɦɨɠɟɬ ɛɵɬɶ ɜɵɞɟɥɟɧɨ ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ ɦɨɞ, ɬ.ɟ. ɧɚɛɥɸɞɚɟɬɫɹ 
ɦɭɥɶɬɢɦɨɞɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ. ɋɧɹɬɢɟ ɞɢɫɩɟɪɫɢɨɧɧɵɯ ɤɪɢɜɵɯ ɩɪɨɢɫɯɨɞɢɬ 
ɩɭɬɟɦ ɩɢɤɢɪɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɨɜ ɚɦɩɥɢɬɭɞ ɜ ɩɪɨɫɥɟɠɢɜɚɟɦɨɦ ɱɚɫɬɨɬɧɨɦ ɞɢɚɩɚɡɨɧɟ, ɤɨɬɨɪɵɣ 
ɡɚɜɢɫɢɬ ɨɬ ɞɥɢɧɵ ɫɟɣɫɦɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ, ɲɚɝɚ ɦɟɠɞɭ ɫɟɣɫɦɨɩɪɢɟɦɧɢɤɚɦɢ, ɞɥɢɧɵ ɡɚɩɢɫɢ 
ɫɟɣɫɦɨɝɪɚɦɦɵ ɢ ɲɚɝɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɩɨ ɜɪɟɦɟɧɢ. 

 

ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɪɨɮɢɥɹ ɫɤɨɪɨɫɬɢ ɩɨɩɟɪɟɱɧɨɣ ɜɨɥɧɵ ɨɫɧɨɜɚɧɨ ɧɚ ɩɨɞɛɨɪɟ ɩɚɪɚɦɟɬɪɨɜ 
ɫɥɨɢɫɬɨɣ ɨɞɧɨɦɟɪɧɨɣ ɦɨɞɟɥɢ (ɫɤɨɪɨɫɬɢ ɩɨɩɟɪɟɱɧɵɯ ɜɨɥɧ) ɩɨ ɧɚɛɥɸɞɚɟɦɨɣ ɞɢɫɩɟɪɫɢɨɧɧɨɣ 
ɤɪɢɜɨɣ ɩɭɬɟɦ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ ɡɚɞɚɱɢ. Ⱦɚɥɟɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢɦɟɧɹɟɬɫɹ 

ɢɧɬɟɪɩɨɥɹɰɢɹ ɨɞɧɨɦɟɪɧɵɯ ɩɪɨɮɢɥɟɣ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ 2D, 3D-ɦɨɞɟɥɟɣ ɢɫɫɥɟɞɭɟɦɨɝɨ 
ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɪɟɡɚ. ɉɪɹɦɚɹ ɡɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɜ ɪɚɦɤɚɯ ɨɞɧɨɦɟɪɧɨɣ ɦɨɞɟɥɢ ɫɪɟɞɵ: 
ɫɨɫɬɨɹɳɢɯ ɢɡ ɨɞɧɨɪɨɞɧɵɯ ɢɡɨɬɪɨɩɧɵɯ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɵɯ ɫɥɨɟɜ, ɞɥɹ 
ɤɨɬɨɪɵɯ ɡɚɜɢɫɢɦɨɫɬɶ ɮɚɡɨɜɨɣ ɫɤɨɪɨɫɬɢ ɨɬ ɱɚɫɬɨɬɵ (ɞɢɫɩɟɪɫɢɨɧɧɭɸ ɤɪɢɜɭɸ) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 
ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɩɭɬɟɦ, ɫ ɩɨɦɨɳɶɸ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɜɟɤɬɨɪɚ 
ɞɜɢɠɟɧɢɹ-ɧɚɩɪɹɠɟɧɢɹ [Ⱥɤɢ, Ɋɢɱɚɪɞɫ 1983]. Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɧɚɦɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 



 
 

ɂɧɠɟɧɟɪɧɚɹ ɝɟɨɮɢɡɢɤɚ 2016 — Ⱥɧɚɩɚ, Ɋɨɫɫɢɹ, 25-29 ɚɩɪɟɥɹ 2016 ɝ. 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ ɦɚɬɪɢɱɧɨɝɨ ɩɪɨɩɚɝɚɬɨɪɚ «ɦɟɬɨɞ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɬɪɚɠɟɧɢɹ ɢ 
ɩɪɟɥɨɦɥɟɧɢɹ» («method of reflection and transmission coefficients») [Lai, Rix 1998]. Ⱦɚɥɟɟ ɧɚ ɷɬɨɣ 
ɨɫɧɨɜɟ ɫɬɪɨɢɬɫɹ ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɩɨɢɫɤɟ ɩɚɪɚɦɟɬɪɨɜ 
ɦɨɞɟɥɢ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɢɧɢɦɭɦɭ ɮɭɧɤɰɢɨɧɚɥɚ ɧɟɜɹɡɤɢ ɦɟɠɞɭ ɧɚɛɥɸɞɟɧɧɵɦɢ 
ɞɢɫɩɟɪɫɢɨɧɧɵɦɢ ɤɪɢɜɵɦɢ ɢ ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɚɧɚɥɢɬɢɱɟɫɤɢ. Ɇɢɧɢɦɢɡɚɰɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɚɥɝɨɪɢɬɦɚ Ʌɟɜɟɧɛɟɪɝɚ-Ɇɚɪɤɜɚɪɞɬɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɫɨɛɨɣ ɦɨɞɢɮɢɤɚɰɢɸ ɦɟɬɨɞɚ 

ɇɶɸɬɨɧɚ ДSolano 2013]. ȼ ɜɢɞɭ ɫɥɚɛɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɞɢɫɩɟɪɫɢɨɧɧɵɯ ɤɪɢɜɵɯ ɨɬ ɫɤɨɪɨɫɬɟɣ 
ɩɪɨɞɨɥɶɧɵɯ ɜɨɥɧ, ɬɨɥɳɢɧ ɢ ɩɥɨɬɧɨɫɬɟɣ ɫɥɨɟɜ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 
ɬɨɥɶɤɨ ɩɪɨɮɢɥɹ ɫɤɨɪɨɫɬɢ ɩɨɩɟɪɟɱɧɨɣ ɜɨɥɧɵ, ɤɨɬɨɪɚɹ ɧɚɩɪɹɦɭɸ ɫɜɹɡɚɧɚ ɫ ɠɟɫɬɤɨɫɬɶɸ, 
ɦɨɞɭɥɟɦ ɫɞɜɢɝɚ ɢ ɦɨɞɭɥɟɦ ɘɧɝɚ. Ⱦɥɹ ɡɚɞɚɧɢɹ ɫɤɨɪɨɫɬɢ ɩɪɨɞɨɥɶɧɨɣ ɜɨɥɧ ɢ ɬɨɥɳɢɧɵ ɫɥɨɟɜ, 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɧɮɨɪɦɚɰɢɹ, ɩɨɥɭɱɚɟɦɚɹ ɢɡ ɦɟɬɨɞɚ ɩɪɟɥɨɦɥɟɧɧɵɯ ɜɨɥɧ t0’. 
 

ɋɨɜɪɟɦɟɧɧɵɟ ɫɬɚɰɢɨɧɚɪɧɵɟ ɢ ɩɨɪɬɚɬɢɜɧɵɟ ɤɨɦɩɶɸɬɟɪɵ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɜɵɱɢɫɥɟɧɢɣ, ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɧɚ 
ɷɮɮɟɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɦɧɨɝɨɩɪɨɰɟɫɫɨɪɧɵɯ ɫɢɫɬɟɦɚɯ. ɇɚɦɢ ɛɵɥɚ ɩɪɢɦɟɧɟɧɚ ɦɟɬɨɞɢɤɚ 

ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ Open MP ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɦɚɬɪɢɰɵ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ (əɤɨɛɢɚɧɚ) ɩɨɯɨɞɭ 
ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ MASW ɛɵɥɚ 
ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɤɨɪɟɧɚ (ɜ 3-4 ɪɚɡɚ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɚɥɝɨɪɢɬɦɨɦ.  

 

Ȼɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɜɟɞɟɧɢɹ ɚɥɝɨɪɢɬɦɚ ɧɚ ɪɹɞɟ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɫɤɨɪɨɫɬɧɵɯ 
ɦɨɞɟɥɟɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɪɟɞ, ɧɚ ɩɪɟɞɦɟɬ ɩɨɜɵɲɟɧɢɹ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɟɬɨɞɚ. 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɨɥɧɨɜɨɝɨ ɩɨɥɹ ɢ ɡɚɩɢɫɢ ɫɟɣɫɦɨɝɪɚɦɦ ɨɬ ɢɫɬɨɱɧɢɤɨɜ ɬɢɩɚ 
ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɢɥɵ ɜ ɞɜɭɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɨɬɤɪɵɬɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ 
SOFI2D, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɫɨɬɪɭɞɧɢɤɚɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ ɝ. Ʉɚɪɥɫɪɭɷ, Ƚɟɪɦɚɧɢɹ 
[Bohlen 2002]. ȼ ɩɚɤɟɬɟ ɪɟɚɥɢɡɨɜɚɧɚ ɫɯɟɦɚ ɧɚ ɫɞɜɢɧɭɬɵɯ ɫɟɬɤɚɯ ɧɚ ɨɫɧɨɜɟ ɚɩɩɪɨɤɫɢɦɚɰɢɣ 
ɩɪɨɢɡɜɨɞɧɵɯ ɪɚɡɥɢɱɧɨɝɨ ɩɨɪɹɞɤɚ ɬɨɱɧɨɫɬɢ ɞɥɹ ɢɡɨɬɪɨɩɧɨɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɭɩɪɭɝɨɫɬɢ.  

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɚ ɢɧɜɟɪɫɢɢ ɛɵɥɚ ɞɚɧɚ ɨɰɟɧɤɚ ɫɯɨɞɢɦɨɫɬɢ ɩɪɨɰɟɫɫɚ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɛɨɪɚ ɧɚɱɚɥɶɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ. ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɢɧɜɟɪɫɢɢ ɩɨ ɫɢɧɬɟɬɢɱɟɫɤɢɦ ɞɚɧɧɵɦ ɩɪɢ ɪɚɡɧɨɦ ɨɬɤɥɨɧɟɧɢɢ ɫɬɚɪɬɨɜɨɣ ɦɨɞɟɥɢ ɨɬ ɢɫɬɢɧɧɨɣ 
ɦɨɞɟɥɢ ɫɪɟɞɵ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɢɦ ɩɨɜɟɞɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɨɜ ɧɟɜɹɡɤɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɲɚɝɚ 
ɢɬɟɪɚɰɢɢ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɨɜɟɞɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɚ ɝɥɨɛɚɥɶɧɵɣ ɦɢɧɢɦɭɦ ɞɨɫɬɢɝɚɟɬɫɹ, ɬ.ɟ. 
ɢɬɟɪɚɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɫɯɨɞɢɬɫɹ, ɩɪɢ ɧɚɱɚɥɶɧɨɣ ɦɨɞɟɥɢ, 
ɨɬɥɢɱɚɸɳɟɣɫɹ ɨɬ ɢɫɬɢɧɧɨɣ ɧɟ ɛɨɥɟɟ ɱɟɦ ɧɚ 45%.  

       

Рисуɧɨк 2: ɋɜɟɪɯɭ ɫɥɟɜɚ ɪɟɡɭɥɶɬɚɬ ɢɧɜɟɪɫɢɢ ɩɪɢ ɫɬɚɪɬɨɜɨɣ ɦɨɞɟɥɢ, ɨɬɥɢɱɚɸɳɟɣɫɹ ɨɬ 
ɢɫɬɢɧɧɨɣ ɧɚ 50%, ɧɚ ɪɢɫɭɧɤɟ ɫɧɢɡɭ ɫɥɟɜɚ ɧɚ 40% ɞɥɹ ɤɚɠɞɨɝɨ ɫɥɨɹ. ɋɩɪɚɜɚ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɮɭɧɤɰɢɨɧɚɥɵ ɧɟɜɹɡɤɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɲɚɝɚ ɢɬɟɪɚɰɢɢ ɞɥɹ ɤɚɠɞɨɝɨ ɫɥɭɱɚɹ. 
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ɉɨɞɨɛɧɭɸ ɬɨɱɧɨɫɬɶ ɡɚɞɚɧɢɹ ɫɬɚɪɬɨɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɧɚɦɢ ɫɩɨɫɨɛɚ, ɫɯɟɦɚɬɢɱɧɨ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 3. Ⱦɥɹ ɡɚɞɚɧɢɹ 
ɫɬɚɪɬɨɜɨɣ ɦɨɞɟɥɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚɛɥɸɞɟɧɧɚɹ ɞɢɫɩɟɪɫɢɨɧɧɚɹ ɤɪɢɜɚɹ ɢ ɧɟɤɨɬɨɪɵɟ ɮɢɡɢɱɟɫɤɢɟ 
ɨɫɨɛɟɧɧɨɫɬɢ ɜɨɥɧɵ Ɋɟɥɟɹ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɝɥɭɛɢɧɚ ɢɫɫɥɟɞɨɜɚɧɢɹ hmax ɩɪɢɦɟɪɧɨ ɪɚɜɧɚ ɩɨɥɨɜɢɧɟ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɥɢɧɵ ɜɨɥɧɵ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɢɩɨɦ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɢɫɬɨɱɧɢɤɚ, 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɫɪɟɞɵ ɢ ɩɚɪɚɦɟɬɪɚɦɢ ɫɢɫɬɟɦɵ ɧɚɛɥɸɞɟɧɢɣ. ɉɨɜɵɫɢɬɶ ɝɥɭɛɢɧɭ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɦɨɠɧɨ ɢɫɩɨɥɶɡɭɹ ɛɨɥɟɟ ɦɨɳɧɵɟ ɢɫɬɨɱɧɢɤɢ ɢ ɛɨɥɟɟ ɧɢɡɤɨɱɚɫɬɨɬɧɵɟ ɩɪɢɟɦɧɢɤɢ. ɋɜɹɡɶ 
ɫɤɨɪɨɫɬɢ ɩɨɩɟɪɟɱɧɨɣ ɜɨɥɧɵ ɢ ɜɨɥɧɵ Ɋɟɥɟɹ ɛɟɪɟɬɫɹ ɢɡ ɪɚɫɱɟɬɚ ɞɥɹ ɨɞɧɨɪɨɞɧɨɣ ɫɪɟɞɵ. ɉɪɢ 
ɤɨɷɮɮɢɰɢɟɧɬɟ ɉɭɚɫɫɨɧɚ ν ϵ Д0; 0,5] ɫɤɨɪɨɫɬɶ ɜɨɥɧɵ Ɋɟɥɟɹ ɦɟɧɹɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ VR ϵ [0,87; 

0.96]Vs.     

 

Рисуɧɨк 3 ɋɯɟɦɚ ɩɨɫɬɪɨɟɧɢɹ ɧɚɱɚɥɶɧɨɣ ɦɨɞɟɥɢ ɢɡ ɧɚɛɥɸɞɟɧɧɨɣ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɤɪɢɜɨɣ 

Ʉɚɤ ɩɨɤɚɡɵɜɚɸɬ ɩɪɢɦɟɪɵ ɨɛɪɚɛɨɬɤɢ ɪɟɚɥɶɧɵɯ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɜɵɞɟɥɟɧɢɟ 
ɞɢɫɩɟɪɫɢɨɧɧɵɯ ɤɪɢɜɵɯ ɧɚ ɫɩɟɤɬɪɚɯ ɫɟɣɫɦɨɝɪɚɦɦ ɹɜɥɹɟɬɫɹ ɧɟ ɩɪɨɫɬɨɣ ɢ ɧɟɨɞɧɨɡɧɚɱɧɨɣ 
ɩɪɨɰɟɞɭɪɨɣ, ɬ.ɤ. ɦɚɥɵɟ ɨɬɤɥɨɧɟɧɢɹ ɜ ɡɧɚɱɟɧɢɹɯ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɤɪɢɜɨɣ ɞɚɸɬ ɛɨɥɶɲɢɟ 
ɨɬɤɥɨɧɟɧɢɹ ɜ ɫɤɨɪɨɫɬɹɯ ɤɨɧɟɱɧɨɣ ɦɨɞɟɥɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɫɩɟɤɬɪɨɜ ɫɟɣɫɦɨɝɪɚɦɦ ɢ ɩɪɟɞɥɨɠɟɧɚ ɩɪɨɰɟɞɭɪɚ ɭɥɭɱɲɟɧɢɹ ɢɯ ɪɚɫɱɟɬɚ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ 
ɩɨɜɵɲɟɧɢɟ ɨɞɧɨɡɧɚɱɧɨɫɬɢ ɜɵɞɟɥɟɧɢɹ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɤɪɢɜɨɣ. ɉɪɨɰɟɞɭɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡ ɫɟɛɹ 
ɫɢɫɬɟɦɭ ɞɜɭɦɟɪɧɵɯ ɫɝɥɚɠɟɧɧɵɯ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɨɤɨɧɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ. ɉɟɪɟɯɨɞ ɤ ɫɩɟɤɬɪɚɦ 
ɫɟɣɫɦɨɝɪɚɦɦ ɜɵɪɚɠɚɟɬɫɹ ɨɛɳɟɣ ɮɨɪɦɭɥɨɣ: 
 

0 0( , ) ( , ) ( , )exp( 2 )exp( 2 )d d .F k f f x t W x x t t i ft i kx t x       

 

ɝɞɟ f (x,t) – ɫɟɣɫɦɨɝɪɚɦɦɚ, W (x – x0, t – t0 ) – ɧɟɤɨɬɨɪɚɹ ɨɤɨɧɧɚɹ ɮɭɧɤɰɢɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɚɤɢɯ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɫɩɟɤɬɪ ɫɟɣɫɦɨɝɪɚɦɦ ɫɬɚɧɨɜɢɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ «ɱɢɳɟ», ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɥɭɱɲɟ 
ɩɪɨɫɥɟɞɢɬɶ ɞɢɫɩɟɪɫɢɨɧɧɭɸ ɤɪɢɜɭɸ. ɇɚ ɪɢɫɭɧɤɟ 4 ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɢɦɟɪ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɩɪɨɰɟɞɭɪɵ ɨɤɨɧɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɞɥɹ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɨɮɢɥɶɧɨɣ ɫɢɫɬɟɦɨɣ 

ɧɚɛɥɸɞɟɧɢɹ ɛɥɢɡ ɫɟɥɚ Ȼɵɫɬɪɨɜɤɚ, ɇɨɜɨɫɢɛɢɪɫɤɚɹ ɨɛɥɚɫɬɶ. ɇɚ ɷɬɨɦ ɩɪɢɦɟɪɟ ɜɢɞɧɨ, ɱɬɨ ɛɟɡ 
ɫɝɥɚɠɢɜɚɸɳɢɯ ɨɤɨɧɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɫɩɟɤɬɪ ɫɟɣɫɦɨɝɪɚɦɦɵ ɡɚɲɭɦɥɟɧ ɪɚɡɥɢɱɧɵɦɢ 
ɩɨɦɟɯɚɦɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɢɡ ɫɟɛɹ ɩɚɪɚɡɢɬɧɵɟ ɜɨɥɧɵ ɜ ɧɢɡɤɨɱɚɫɬɨɬɧɨɣ ɱɚɫɬɢ ɫɩɟɤɬɪɚ, ɢ 
ɡɚɬɪɭɞɧɟɧɚ ɩɢɤɢɪɨɜɤɚ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɤɪɢɜɨɣ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɦɨɞɵ. ɉɨɫɥɟ ɩɪɢɦɟɧɟɧɢɹ 
ɨɤɨɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɩɨɦɟɯ ɭɛɢɪɚɟɬɫɹ, ɢ ɦɨɠɧɨ ɛɨɥɟɟ ɬɨɱɧɨ ɫɭɞɢɬɶ ɨ 
ɤɨɥɢɱɟɫɬɜɟ ɧɚɛɥɸɞɚɟɦɵɯ ɦɨɞ, ɜ ɞɚɧɧɨɦ ɩɪɢɦɟɪɟ ɢɯ ɬɪɢ, ɢ ɛɨɥɟɟ ɬɨɱɧɨ ɜɵɞɟɥɢɬɶ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɭɸ ɦɨɞɭ. 



 
 

ɂɧɠɟɧɟɪɧɚɹ ɝɟɨɮɢɡɢɤɚ 2016 — Ⱥɧɚɩɚ, Ɋɨɫɫɢɹ, 25-29 ɚɩɪɟɥɹ 2016 ɝ. 

 

 

Рисуɧɨк 4 ɉɪɢɦɟɪ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɞɥɹ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ. ɋɜɟɪɯɭ: ɛɟɡ ɨɤɨɧɧɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. ɋɧɢɡɭ: ɫɨ ɫɝɥɚɠɢɜɚɧɢɟɦ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɫ ɩɨɦɨɳɶɸ ɨɤɨɧɧɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ   

ɉɪɢɦɟɪ ɨɛɪɚɛɨɬɤɢ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ 

ȼ ɪɚɦɤɚɯ ɨɩɵɬɧɨ-ɦɟɬɨɞɢɱɟɫɤɢɯ ɪɚɛɨɬ ɩɨɥɟɜɨɝɨ ɨɬɪɹɞɚ ɦɚɥɨɝɥɭɛɢɧɧɨɣ ɢɧɠɟɧɟɪɧɨɣ ɫɟɣɫɦɢɤɢ 
ɂɇȽȽ ɋɈ ɊȺɇ 8 ɧɨɹɛɪɹ 2015 ɝɨɞɚ ɩɪɨɜɨɞɢɥɫɹ ɦɨɧɢɬɨɪɢɧɝ ɪɚɡɦɵɬɢɹ ɞɨɪɨɝɢ, ɜɟɞɭɳɟɣ ɜ 
ɩɨɫɟɥɨɤ Ʉɥɸɱɢ ɜ ɇɨɜɨɫɢɛɢɪɫɤɨɣ ɨɛɥɚɫɬɢ.  
 

ȼɫɟ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜɞɨɥɶ ɥɢɧɟɣɧɨɝɨ ɩɪɨɮɢɥɹ ɨɛɳɟɣ ɞɥɢɧɨɣ L=92 ɦɟɬɪɚ. 
ɂɫɩɨɥɶɡɨɜɚɥɢɫɶ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɵɟ (ɜɟɪɬɢɤɚɥɶɧɵɟ «z») 10-ɝɟɪɰɨɜɵɟ ɫɟɣɫɦɨɩɪɢɟɦɧɢɤɢ, ɲɚɝ 
ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɫɨɫɬɚɜɥɹɥ 1 ɦɟɬɪ. ɉɭɧɤɬɵ ɜɨɡɛɭɠɞɟɧɢɹ (ɉȼ) ɪɚɫɩɨɥɚɝɚɥɢɫɶ ɜɞɨɥɶ ɩɪɨɮɢɥɹ ɫ 
ɲɚɝɨɦ 5 ɦɟɬɪɨɜ. ȼɫɟ ɉȼ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɭɞɚɪɧɨɝɨ ɫɟɣɫɦɢɱɟɫɤɨɝɨ ɢɫɬɨɱɧɢɤɚ 
(ɤɭɜɚɥɞɵ).  
 

Ɉɛɪɚɛɨɬɤɚ ɩɨ ɦɟɬɨɞɭ ɦɧɨɝɨɤɚɧɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɥɧ ɩɪɨɜɨɞɢɥɚɫɶ ɩɨ ɦɟɬɨɞɢɤɟ 
«ɩɪɨɮɢɥɢɪɨɜɚɧɢɹ» ɫ ɩɪɢɜɹɡɤɨɣ ɪɟɡɭɥɶɬɚɬɚ ɤ ɫɟɪɟɞɢɧɧɨɣ ɬɨɱɤɟ ɪɚɫɫɬɚɧɨɜɤɢ. ɋɨɝɥɚɫɧɨ 
ɦɟɬɨɞɢɤɟ, ɫɟɣɫɦɨɝɪɚɦɦɵ ɫ ɤɚɠɞɨɝɨ ɉȼ ɧɚɪɟɡɚɸɬɫɹ ɩɨ ɦɟɬɪɚɠɭ ɫ ɲɚɝɨɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ 
ɲɚɝɭ ɦɟɠɞɭ ɉȼ, ɧɚ ɭɱɚɫɬɤɢ ɪɚɜɧɨɣ ɞɥɢɧɵ (ɞɥɢɧɚ ɭɱɚɫɬɤɚ ɛɵɥɚ ɜɵɛɪɚɧɚ 20 ɦɟɬɪɨɜ) ɢ ɪɟɡɭɥɶɬɚɬ 
ɢɧɜɟɪɫɢɢ ɫ ɤɚɠɞɨɣ ɧɚɪɟɡɚɧɧɨɣ ɫɟɣɫɦɨɝɪɚɦɦɵ ɩɪɢɜɹɡɵɜɚɟɬɫɹ ɤ ɟɟ ɫɟɪɟɞɢɧɟ. ɒɚɝ ɩɨ 



 
 

ɂɧɠɟɧɟɪɧɚɹ ɝɟɨɮɢɡɢɤɚ 2016 — Ⱥɧɚɩɚ, Ɋɨɫɫɢɹ, 25-29 ɚɩɪɟɥɹ 2016 ɝ. 

ɩɪɢɟɦɧɢɤɚɦ ɫɨɯɪɚɧɹɟɬɫɹ ɩɪɟɠɧɢɦ. Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɟɪɜɚɹ ɨɬ ɢɫɬɨɱɧɢɤɚ 
ɫɟɣɫɦɨɝɪɚɦɦɚ ɫ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɫɬɨɪɨɧɵ. 
 

ɉɪɢɦɟɪ ɫɟɣɫɦɨɝɪɚɦɦ ɜɟɪɬɢɤɚɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɫɦɟɳɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɣ ɧɚ ɩɪɨɮɢɥɟ ɩɨɤɚɡɚɧ 
ɧɚ ɪɢɫɭɧɤɟ 5. Ⱦɚɥɟɟ ɨɬ ɫɟɣɫɦɨɝɪɚɦɦ ɩɟɪɟɯɨɞɢɦ ɤ ɢɯ ɫɩɟɤɬɪɚɦ (ɩɪɢɦɟɪ ɫɦ. ɧɚ ɪɢɫɭɧɤɟ 6) ɢ 
ɢɡɜɥɟɤɚɟɦ ɞɢɫɩɟɪɫɢɨɧɧɵɟ ɤɪɢɜɵɟ (ɪɢɫɭɧɨɤ 7). ɉɨ ɤɚɠɞɨɣ ɢɡɜɥɟɱɟɧɧɨɣ ɤɪɢɜɨɣ ɛɵɥɨ ɩɪɨɜɟɞɟɧɚ 
ɢɧɜɟɪɫɢɹ ɢ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɨɞɧɨɦɟɪɧɚɹ ɦɨɞɟɥɶ ɫɤɨɪɨɫɬɢ ɩɨɩɟɪɟɱɧɨɣ ɜɨɥɧɵ. Ɂɚɬɟɦ ɞɚɧɧɵɣ 
ɪɟɡɭɥɶɬɚɬ ɛɵɥ ɢɧɬɟɪɩɨɥɢɪɨɜɚɧ ɩɨ X- ɢ Y-ɧɚɩɪɚɜɥɟɧɢɸ ɦɟɬɨɞɨɦ Ʉɪɢɝɟ (Kriging) ɜ ɩɪɨɝɪɚɦɦɟ 
Surfer (ɪɢɫɭɧɨɤ 8).  

Рисуɧɨк 5 ɋɟɣɫɦɨɝɪɚɦɦɵ ɜɟɪɬɢɤɚɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɫɦɟɳɟɧɢɣ ɩɨɫɥɟ ɨɛɪɟɡɤɢ ɞɥɹ ɩɪɢɜɹɡɤɢ 
ɪɟɡɭɥɶɬɚɬɚ ɤ ɫɟɪɟɞɢɧɧɨɣ ɬɨɱɤɢ ɪɚɫɫɬɚɧɨɜɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɩɭɧɤɬɚɯ ɜɡɪɵɜɚ 1-7 

 

Рисуɧɨк 6 ɋɩɟɤɬɪ ɫɟɣɫɦɨɝɪɚɦɦɵ ɜ ɜɢɞɟ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɨɛɥɚɫɬɢ ɡɚɜɢɫɢɦɨɫɬɢ 
ɮɚɡɨɜɨɣ ɫɤɨɪɨɫɬɢ ɜɨɥɧɵ Ɋɟɥɟɹ ɨɬ ɜɪɟɦɟɧɧɨɣ ɱɚɫɬɨɬɵ, ɩɨɥɭɱɟɧɧɨɣ ɧɚ ɩɭɧɤɬɟ ɜɡɪɵɜɚ 6 
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Рисуɧɨк 7 Дɢɫɩɟɪɫɢɨɧɧɵɟ ɤɪɢɜɵɟ, ɢɡɜɥɟɱɟɧɧɵɟ ɢɡ ɫɩɟɤɬɪɚ ɫɟɣɫɦɨɝɪɚɦɦ 1-7  

Рисуɧɨк 8 ɋɤɨɪɨɫɬɧɨɣ ɪɚɡɪɟɡ (Vs) ɫ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɦ ɝɪɚɞɢɟɧɬɨɦ, ɩɨɫɬɪɨɟɧɧɵɣ ɩɭɬɟɦ 
ɢɧɬɟɪɩɨɥɢɪɨɜɚɧɢɹ ɩɨ X- ɢ Y- ɧɚɩɪɚɜɥɟɧɢɹɦ 1D-ɦɨɞɟɥɟɣ ɦɟɬɨɞɨɦ Кɪɢɝɟ (Kriging) ɜ ɩɪɨɝɪɚɦɦɟ 
Surfer.  

ɇɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɨɛɴɟɤɬɟ ɬɚɤɠɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɫɤɨɪɨɫɬɧɨɝɨ ɪɚɡɪɟɡɚ 
ɩɪɨɞɨɥɶɧɵɯ ɜɨɥɧ ɦɟɬɨɞɨɦ t0’. ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɚ ɜɨɫɫɬɚɧɨɜɥɟɧɚ ɪɟɡɤɚɹ ɝɪɚɧɢɰɚ ɧɚ ɝɥɭɛɢɧɟ 
ɩɨɪɹɞɤɚ 5 ɦɟɬɪɨɜ ɫ ɩɟɪɟɩɚɞɨɦ ɩɪɨɞɨɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɬ ɡɧɚɱɟɧɢɣ ɩɨɪɹɞɤɚ 400ɦ/ɫ ɞɨ 1200 ɦ/ɫ. 
ɂɡ ɪɢɫɭɧɤɚ 9 ɫɥɟɞɭɟɬ, ɱɬɨ ɞɚɧɧɚɹ ɝɪɚɧɢɰɚ ɧɟ ɹɜɥɹɟɬɫɹ ɥɢɬɨɥɨɝɢɱɟɫɤɨɣ, ɬɚɤ ɤɚɤ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ 
ɪɟɡɤɢɯ ɩɟɪɟɩɚɞɨɜ ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɢ ɩɨɩɟɪɟɱɧɨɣ ɜɨɥɧɵ. Ɇɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɟɪɟɩɚɞ 
ɫɤɨɪɨɫɬɟɣ ɩɪɨɞɨɥɶɧɵɯ ɜɨɥɧ ɧɚ 5 ɦɟɬɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɥɢɧɢɢ ɝɪɭɧɬɨɜɵɯ ɜɨɞ.  

ȼɵɜɨɞɵ 

Ȼɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɧɨɜɚɹ ɷɮɮɟɤɬɢɜɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɦɟɬɨɞɚ ɦɧɨɝɨɤɚɧɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ 
ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɥɧ, ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ ɩɪɨɰɟɞɭɪɭ ɩɨɫɬɪɨɟɧɢɹ ɧɚɱɚɥɶɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ, 

ɪɟɚɥɢɡɚɰɢɸ ɚɥɝɨɪɢɬɦɚ ɩɨɫɬɪɨɟɧɢɹ ɫɩɟɤɬɪɨɜ ɫɟɣɫɦɨɝɪɚɦɦ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɝɥɚɠɟɧɧɵɯ ɨɤɨɧɧɵɯ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɢ ɢɡɜɥɟɱɟɧɢɹ ɞɢɫɩɟɪɫɢɨɧɧɵɯ ɤɪɢɜɵɯ, ɢ ɭɫɤɨɪɟɧɢɟ ɚɥɝɨɪɢɬɦɚ ɪɟɲɟɧɢɹ 



 
 

ɂɧɠɟɧɟɪɧɚɹ ɝɟɨɮɢɡɢɤɚ 2016 — Ⱥɧɚɩɚ, Ɋɨɫɫɢɹ, 25-29 ɚɩɪɟɥɹ 2016 ɝ. 

ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɩɨ ɩɨɢɫɤɭ ɦɢɧɢɦɭɦɚ ɮɭɧɤɰɢɨɧɚɥɚ ɧɟɜɹɡɤɢ. Ȼɵɥɨ ɩɪɨɜɟɞɟɧɨ ɬɟɫɬɢɪɨɜɚɧɢɟ ɧɚ 
ɪɹɞɟ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɢ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ ɧɚ ɩɪɟɞɦɟɬ ɩɨɜɵɲɟɧɢɹ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɟɬɨɞɚ.   

Ȼɥɚɝɨɞɚɪɧɨɫɬɢ 

ɋɭɜɨɪɨɜɭ ȼ.Ⱦ ɢ Ʉɭɥɚɤɨɜɭ ɂ.ɘ. ɡɚ ɩɨɥɟɡɧɨɟ ɨɛɫɭɠɞɟɧɢɟ ɪɚɛɨɬɵ ɢ ɰɟɧɧɵɟ ɡɚɦɟɱɚɧɢɹ, 
ɇɢɤɢɬɢɧɭ Ⱥ.Ⱥ. ɡɚ ɨɬɥɚɞɤɭ ɢ ɧɚɫɬɪɨɣɤɭ ɩɪɨɝɪɚɦɦɵ ɩɪɹɦɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɭɩɪɭɝɢɯ ɜɨɥɧ 
SOFI2D. Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
– ɝɪɚɧɬ ɊɎɎɂ № 16-35-60062 ɦɨɥИɚИɞɤ.  
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