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Ⱥɧɧɨɬɚɰɢɹ: ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɨɛɥɟɦɚ ɚɧɚɥɢɡɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ «ɫɨɨɪɭɠɟɧɢɟ – 
ɝɪɭɧɬ», ɚ ɬɚɤɠɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɛɟɡɝɪɚɧɢɱɧɨɝɨ ɝɪɭɧɬɨɜɨɝɨ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ. Ɉɩɢɫɚɧɚ ɦɟɬɨɞɢɤɚ ɧɨɜɵɯ 
ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ ɉɄ ɅɂɊȺ-ɋȺɉɊ, ɦɨɞɟɥɢɪɭɸɳɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɨɝɪɚɧɢɱɟɧɧɨɣ 
ɱɚɫɬɢ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɢ ɨɫɬɚɥɶɧɨɣ ɱɚɫɬɢ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɚ.  ȼ ɨɫɧɨɜɟ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɥɟɠɢɬ ɦɟɬɨɞ 
ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ ɝɪɚɧɢɰɵ ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ. Ⱦɥɹ ɜɟɪɢɮɢɤɚɰɢɢ ɷɥɟɦɟɧɬɨɜ ɪɟɲɟɧɵ ɞɜɟ ɡɚɞɚɱɢ. ȼ ɩɟɪ-
ɜɨɣ ɡɚɞɚɱɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɨɝɪɚɧɢɱɟɧɧɵɣ ɝɪɭɧɬɨɜɵɣ ɦɚɫɫɢɜ ɫ ɜɜɟɞɟɧɢɟɦ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɤɨɧɟɱɧɵɯ ɷɥɟ-
ɦɟɧɬɨɜ. ȼɨ ɜɬɨɪɨɣ ɡɚɞɚɱɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɝɪɭɧɬɨɜɵɣ ɦɚɫɫɢɜ, ɪɚɡɦɟɪɵ ɤɨɬɨɪɨɝɨ 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɬɫɭɬɫɬɜɢɟ ɜɥɢɹɧɢɹ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɧɚ ɩɪɨɯɨɠɞɟɧɢɟ ɜɨɥɧɵ (ɭɫɥɨɜɧɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 
ɛɟɫɤɨɧɟɱɧɵɦ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɨɦ). Ɋɚɡɧɢɰɚ ɜ ɪɟɡɭɥɶɬɚɬɚɯ ɫɨɫɬɚɜɢɥɚ 3 – 8%. 

 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɧɚɥɢɡ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ «ɫɨɨɪɭɠɟɧɢɟ – ɝɪɭɧɬ», ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜɨɥɧ ɜ 
ɛɟɡɝɪɚɧɢɱɧɨɣ ɨɛɥɚɫɬɢ, ɛɟɡɝɪɚɧɢɱɧɚɹ ɨɛɥɚɫɬɶ, ɦɟɬɨɞ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ ɝɪɚɧɢɰɵ ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ 
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Abstract: The paper focuses on simulation of dynamic “structure – soil” interaction and unbounded soil half-
space. Principles for new finite elements developed in LIRA-SAPR software are described. These finite elements 
simulate the interaction between bounded domain of soil and the rest part of the half-space. The scaled boundary 
finite-element method governs these elements. To verify the elements, two problems are solved. The first prob-
lem considers the bounded soil where the developed boundary finite elements are introduced. The second prob-
lem considers the soil of a relatively large size. Boundary conditions do not influence the wave propagation 
(conditionally may be treated as unbounded half-space) due to dimensions of soil size. Results differ by 3-8%. 
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ɉɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɢɧɠɟɧɟɪɧɵɟ ɫɨɨɪɭɠɟɧɢɹ 
ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɝɪɭɧɬɨɜɨɦ ɨɫɧɨɜɚɧɢɢ. Ɋɚɫ-
ɱɟɬ ɫɢɫɬɟɦɵ «ɧɚɞɡɟɦɧɨɟ ɫɨɨɪɭɠɟɧɢɟ – ɮɭɧ-
ɞɚɦɟɧɬɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ – ɝɪɭɧɬɨɜɨɟ ɨɫɧɨɜɚ-
ɧɢɟ» ɫɬɚɧɨɜɢɬɫɹ ɧɨɪɦɨɣ. Ɂɞɟɫɶ ɦɨɠɧɨ ɜɵɞɟ-
ɥɢɬɶ ɞɜɚ ɤɥɚɫɫɚ ɡɚɞɚɱ ɫɨ ɫɥɚɛɨɜɵɪɚɠɟɧɧɵɦ 
ɪɚɡɦɟɠɟɜɚɧɢɟɦ.  
Ʉ ɩɟɪɜɨɦɭ ɤɥɚɫɫɭ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɡɚɞɚɱɢ, 
ɤɨɝɞɚ ɢɧɠɟɧɟɪɚ ɢɧɬɟɪɟɫɭɟɬ ɬɨɥɶɤɨ ɇȾɋ 
ɧɚɞɡɟɦɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɥɢ-
ɹɧɢɟ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ, ɤɚɤ ɩɪɚɜɢɥɨ, ɦɨɞɟ-

ɥɢɪɭɟɬɫɹ ɜɜɟɞɟɧɢɟ ɜ ɪɚɫɱɟɬɧɭɸ ɫɯɟɦɭ ɤɨɷɮ-
ɮɢɰɢɟɧɬɨɜ ɩɨɫɬɟɥɢ. 
Ʉɨ ɜɬɨɪɨɦɭ ɤɥɚɫɫɭ ɨɬɧɨɫɹɬɫɹ ɡɚɞɚɱɢ, ɝɞɟ ɢɧ-
ɠɟɧɟɪɚ ɜ ɨɞɢɧɚɤɨɜɨɣ ɦɟɪɟ ɢɧɬɟɪɟɫɭɟɬ ɤɚɤ 
ɇȾɋ ɫɨɛɫɬɜɟɧɧɨ ɤɨɧɫɬɪɭɤɰɢɢ, ɬɚɤ ɢ ɇȾɋ 
ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ. ɗɬɨɬ ɤɥɚɫɫ ɡɚɞɚɱ ɨɱɟɧɶ 
ɲɢɪɨɤ, ɪɚɡɧɨɨɛɪɚɡɟɧ ɢ ɨɬɧɨɫɢɬɫɹ ɤ ɱɢɫɥɭ 
ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɵɯ ɞɥɹ ɪɚɫɱɟɬɚ. ȼ ɤɨɦɩɶɸ-
ɬɟɪɧɵɯ ɦɨɞɟɥɹɯ ɡɚɞɚɱ ɷɬɨɝɨ ɤɥɚɫɫɚ ɩɪɢɫɭɬ-
ɫɬɜɭɟɬ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɦɨɞɟɥɶ ɝɪɭɧɬɨɜɨ-
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ɝɨ ɦɚɫɫɢɜɚ. ɉɨ ɫɭɬɢ, ɝɪɭɧɬɨɜɵɣ ɦɚɫɫɢɜ – ɷɬɨ 
ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɨ. 
Ɍɚɤ ɤɚɤ ɱɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱ ɧɚ ɨɫɧɨɜɟ 
ɆɄɗ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɪɚɫɫɦɨɬɪɟɧɢɟ ɨɝɪɚ-
ɧɢɱɟɧɧɨɣ ɤɨɧɟɱɧɨɣ ɨɛɥɚɫɬɢ, ɬɨ ɜɫɟɝɞɚ ɜɨɡ-
ɧɢɤɚɟɬ ɜɨɩɪɨɫ, ɤɚɤ ɨɝɪɚɧɢɱɢɬɶ ɛɟɫɤɨɧɟɱɧɨɟ 
ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɨ ɝɪɭɧɬɨɜɨɝɨ-ɦɚɫɫɢɜɚ. ȿɫɥɢ 
ɫɧɢɡɭ ɧɚ ɨɛɨɡɪɢɦɨɦ ɪɚɫɫɬɨɹɧɢɢ ɢɦɟɟɬɫɹ 
ɫɥɨɣ ɝɪɭɧɬɚ, ɢɦɟɸɳɢɣ ɦɨɞɟɥɶ ɞɟɮɨɪɦɚɰɢɢ 
(ɧɚɩɪɢɦɟɪ, ɫɤɚɥɚ), ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɸ-
ɳɢɣ ɦɨɞɭɥɶ ɜɵɲɟɥɟɠɚɳɢɯ ɫɥɨɟɜ, ɬɨ ɜɨɩɪɨɫ 
ɨɛ ɨɝɪɚɧɢɱɟɧɢɢ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɫɧɢɡɭ 
ɪɟɲɚɟɬɫɹ ɫɚɦ ɫɨɛɨɣ. ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ, ɚ 
ɬɚɤɠɟ ɞɥɹ ɨɝɪɚɧɢɱɟɧɢɹ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɫ 
ɛɨɤɨɜɵɯ ɫɬɨɪɨɧ ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɪɟ-
ɤɨɦɟɧɞɚɰɢɹɦɢ ɋɉ 22.13330.2011. «Ɉɫɧɨɜɚ-
ɧɢɹ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ» ɨɛ ɨɩɪɟɞɟɥɟɧɢɢ 
ɜɟɥɢɱɢɧɵ ɫɠɢɦɚɟɦɨɣ ɬɨɥɳɢ. 
Ɂɞɟɫɶ ɦɨɠɧɨ ɩɨɫɬɭɩɢɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɋɉ ɦɚɤɫɢɦɚɥɶɧɭɸ ɜɟɥɢɱɢɧɭ 
ɫɠɢɦɚɟɦɨɣ ɬɨɥɳɢ Hmax ɢ ɧɚɡɧɚɱɢɬɶ ɝɪɚɧɢɰɵ 
ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɬɚɤ, ɱɬɨɛɵ ɦɢɧɢɦɚɥɶɧɨɟ 

ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɥɸɛɨɣ ɬɨɱɤɢ ɝɪɚɧɢɰɵ ɞɨ ɛɥɢ-
ɠɚɣɲɟɝɨ ɭɡɥɚ ɪɚɫɫɱɢɬɵɜɚɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 
ɛɵɥɨ ɧɟ ɦɟɧɶɲɟ Hmax ɫɠɢɦɚɟɦɨɣ ɬɨɥɳɢ. Ɍɢɩ 
ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɜ ɭɡɥɚɯ ɤɨɧɟɱɧɨ-
ɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɧɚ 
ɟɝɨ ɝɪɚɧɢɰɟ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɟ ɦɨɠɟɬ 
ɛɵɬɶ ɩɪɢɧɹɬ ɜ ɜɢɞɟ ɩɨɞɚɬɥɢɜɵɯ ɫɜɹɡɟɣ [1, 2].  
ȼ ɫɥɭɱɚɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɬɢɩ 
ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɜɚɬɶ 
ɝɚɲɟɧɢɟ ɢɥɢ ɩɪɨɯɨɠɞɟɧɢɟ ɜɨɥɧ. ɂɞɟɢ ɩɨ 
ɩɨɫɬɪɨɟɧɢɸ ɬɚɤɢɯ ɭɫɥɨɜɢɣ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ 
ɜ [3, 4, 5, 6]. 
Ɇɟɬɨɞ SBFEM ɛɵɥ ɩɪɟɞɥɨɠɟɧ Ⱦɠɨɧɨɦ 
ȼɭɥɶɮɨɦ Д6]. ȼ ɨɫɧɨɜɟ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɥɟɠɢɬ 
ɩɟɪɟɯɨɞ ɨɬ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ X, 
Y (ɜ ɩɥɨɫɤɨɣ ɡɚɞɚɱɟ) ɤ ɢɡɨɩɟɪɢɦɟɬɪɢɱɟɫɤɢɦ 
ɤɨɨɪɞɢɧɚɬɚɦ ξ, η (ɪɢɫ.1). Ƚɟɨɦɟɬɪɢɹ ɨɛɥɚɫɬɢ 
ɨɩɢɫɵɜɚɟɬɫɹ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟɦ ɝɪɚɧɢɰɵ 
ɛɟɡɪɚɡɦɟɪɧɨɣ ɪɚɞɢɚɥɶɧɨɣ ɤɨɨɪɞɢɧɚɬɨɣ ξ, 
ɤɨɬɨɪɚɹ ɧɚɱɢɧɚɟɬɫɹ ɢɡ ɰɟɧɬɪɚ ɦɚɫɲɬɚɛɢɪɨ-
ɜɚɧɢɹ (ɬɨɱɤɢ O) ɞɨ ɬɨɱɤɢ ɧɚ ɝɪɚɧɢɰɟ. ξ = 0 ɜ 
ɬɨɱɤɟ Ɉ ɢ ξ = 1 ɧɚ ɝɪɚɧɢɰɟ.  

 

 
Рɢɫɭɧɨɤ 1. Иɡɨɩɟɪɢɦɟɬɪɢɱɟɫɤɢɟ ɤɨɨɪɞɢɧɚɬɵ ξ, η. 

 
ȼɞɨɥɶ ɪɚɞɢɚɥɶɧɨɣ ɥɢɧɢɢ, ɩɪɨɜɟɞɟɧɧɨɣ ɨɬ 
ɬɨɱɤɢ Ɉ ɤ ɭɡɥɭ ɧɚ ɝɪɚɧɢɰɟ, ɜɜɨɞɢɬɫɹ ɮɭɧɤɰɢɹ 

ɭɡɥɨɜɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɢ ɡɚɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜ-
ɧɟɧɢɟ ɩɟɪɟɦɟɳɟɧɢɣ. 
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ɝɞɟ ][ 0E , ][ 1E , ][ 2E  ɢ ][ 0M  ɦɚɬɪɢɰɵ ɤɨɷɮ-
ɮɢɰɢɟɧɬɨɜ. 
ɋɭɳɟɫɬɜɭɸɬ ɞɜɚ ɨɫɧɨɜɧɵɯ ɦɟɬɨɞɚ ɞɢɧɚɦɢ-
ɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɝɪɭɧɬɚ ɢ 
ɤɨɧɫɬɪɭɤɰɢɢ. ɉɪɹɦɨɣ ɦɟɬɨɞ – ɫɚɦɵɣ ɩɪɨ-
ɫɬɨɣ ɫɩɨɫɨɛ ɞɥɹ ɚɧɚɥɢɡɚ. Чɬɨ ɛɵ ɭɱɟɫɬɶ ɛɟɫ-
ɤɨɧɟɱɧɨɫɬɶ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ, ɧɟ-
ɨɝɪɚɧɢɱɟɧɧɭɸ ɨɛɥɚɫɬɶ ɨɬɫɟɤɚɸɬ ɞɨɫɬɚɬɨɱɧɨ 

ɞɚɥɟɤɨ ɨɬ ɫɨɨɪɭɠɟɧɢɹ ɢ ɧɚɤɥɚɞɵɜɚɸɬ ɩɪɢ-
ɛɥɢɠɟɧɧɵɟ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ. ɗɬɨ ɩɪɢɜɨ-
ɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɫɬɟɩɟɧɟɣ ɫɜɨ-
ɛɨɞɵ, ɨɫɨɛɟɧɧɨ ɜ ɬɪɟɯɦɟɪɧɨɣ ɡɚɞɚɱɟ. Ɇɟɬɨɞ 
ɩɨɞɫɢɫɬɟɦ (ɪɢɫ. 2) ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɬɨɱɧɵɦ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɹɦɵɦ ɦɟɬɨɞɨɦ, ɩɨɷɬɨɦɭ ɦɨ-
ɞɟɥɢɪɭɟɦɚɹ ɨɛɥɚɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɦɟɧɶɲɟ, ɱɟɦ 
ɞɥɹ ɩɪɹɦɨɝɨ ɦɟɬɨɞɚ. ȼ ɞɚɧɧɨɦ ɦɟɬɨɞɟ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɬɨɱɧɵɟ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɜɵɪɚ-
ɠɚɸɬɫɹ ɜ ɦɚɬɪɢɰɟ ɞɢɧɚɦɢɱɟɫɤɨɣ ɠɟɫɬɤɨɫɬɢ 

])([ tS .   

 

 
Рɢɫɭɧɨɤ 2. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɨɬɛɪɨɲɟɧɧɨɣ ɢ ɨɝɪɚɧɢɱɟɧɧɨɣ ɱɚɫɬɢ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ. 

 
ɋɨɟɞɢɧɟɧɢɟ ɦɟɠɞɭ ɞɜɭɦɹ ɱɚɫɬɹɦɢ ɝɪɭɧɬɨɜɨ-
ɝɨ ɦɚɫɫɢɜɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɟɤɬɨɪɨɦ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɹ 

 

    ,)()]([)(
0
  t

b dtuMtR         (2) 
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ɝɞɟ )]([ M  – ɦɚɬɪɢɰɚ ɨɬɤɥɢɤɚ ɭɫɤɨɪɟɧɢɣ, 
ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ  
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ɝɞɟ )]([ m   ɦɚɬɪɢɰɚ ɨɬɤɥɢɤɚ ɭɫɤɨɪɟɧɢɣ ɜ 
ɩɪɟɨɛɪɚɡɨɜɚɧɧɵɯ ɤɨɨɪɞɢɧɚɬɚɯ; ][ 1e , ][ 2e  ɢ 

][ 0m  ɦɚɬɪɢɰɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ; )(tH  – 
ɮɭɧɤɰɢɹ Хɟɜɢɫɚɣɞɚ. 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɡɚɜɢɫɢɦɨɫɬɟɣ (2, 3) ɜ ɉɄ Ʌɂ-
ɊȺ-ɋȺɉɊ ɪɟɚɥɢɡɨɜɚɧɵ ɷɥɟɦɟɧɬɵ, ɦɨɞɟɥɢ-
ɪɭɸɳɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɨɝɪɚɧɢɱɟɧɧɨɣ ɱɚɫɬɢ 
ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɢ ɨɫɬɚɥɶɧɨɣ ɱɚɫɬɢ ɩɨɥɭ-
ɩɪɨɫɬɪɚɧɫɬɜɚ: ɞɜɭɯ ɭɡɥɨɜɨɣ ɞɥɹ ɪɟɲɟɧɢɹ 
ɩɥɨɫɤɨɣ ɡɚɞɚɱɢ, ɬɪɟɯ- ɢ ɱɟɬɵɪɟɯɭɡɥɨɜɨɣ ɞɥɹ 

ɪɟɲɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɡɚɞɚɱ. Ⱦɥɹ ɜɟɪɢ-
ɮɢɤɚɰɢɢ ɬɚɤɨɝɨ ɷɥɟɦɟɧɬɚ ɪɚɫɫɦɨɬɪɢɦ ɞɜɟ 
ɡɚɞɚɱɢ (ɪɢɫ. 3). ȼ ɩɟɪɜɨɣ (ɪɢɫ. 3ɚ) ɡɚɞɚɱɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɨɝɪɚɧɢɱɟɧɧɵɣ ɝɪɭɧɬɨɜɵɣ 
ɦɚɫɫɢɜ ɫ ɜɜɟɞɟɧɢɟɦ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɪɚɛɨɬɚɧ-
ɧɵɯ ɝɪɚɧɢɱɧɵɯ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. ȼɨ ɜɬɨ-
ɪɨɣ ɡɚɞɚɱɟ (ɪɢɫ. 3ɛ) ɪɚɫɫɦɨɬɪɢɦ ɞɨɫɬɚɬɨɱɧɨ 
ɛɨɥɶɲɨɣ ɝɪɭɧɬɨɜɵɣ ɦɚɫɫɢɜ, ɪɚɡɦɟɪɵ ɤɨɬɨɪɨ-
ɝɨ ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɬɫɭɬɫɬɜɢɟ ɜɥɢɹɧɢɹ ɝɪɚ-
ɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɧɚ ɩɪɨɯɨɠɞɟɧɢɟ ɜɨɥɧɵ 
(ɭɫɥɨɜɧɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɛɟɫɤɨɧɟɱɧɵɦ ɩɨɥɭ-
ɩɪɨɫɬɪɚɧɫɬɜɨɦ). ȼ ɨɛɟɢɯ ɡɚɞɚɱɚɯ ɪɚɫɱɟɬ ɩɪɨ-
ɢɡɜɨɞɢɥɫɹ ɧɚ ɨɞɢɧɚɤɨɜɨɟ ɞɢɧɚɦɢɱɟɫɤɨɟ ɜɨɡ-
ɞɟɣɫɬɜɢɟ P(Э) = P0sТn(ωЭ) = 1975sТn(20Э).  
ɇɚ ɪɢɫ. 4 ɢ 5 ɩɨɤɚɡɚɧɵ ɝɪɚɮɢɤɢ ɩɟɪɟɦɟɳɟ-
ɧɢɣ ɜɨ ɜɪɟɦɟɧɢ ɭɡɥɚ Ⱥ. 
ɂɡ ɝɪɚɮɢɤɨɜ ɜɢɞɧɨ, ɱɬɨ ɩɟɪɟɦɟɳɟɧɢɟ ɭɡɥɚ Ⱥ 
ɜ ɩɟɪɢɨɞ ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɡɦɭɳɚɸɳɟɣ ɧɚɝɪɭɡ-
ɤɢ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɸɬ. 
Ɍɚɤɠɟ ɫɪɚɜɧɢɦ ɪɟɡɭɥɶɬɚɬɵ ɩɟɪɟɦɟɳɟɧɢɢ 
ɭɡɥɨɜ, ɥɟɠɚɳɢɯ ɧɚ ɨɫɢ Х ɧɚ ɝɥɭɛɢɧɟ 1 ɦɟɬɪ ɢ 
ɜɪɟɦɟɧɢ 0,75 ɫɟɤɭɧɞɵ, ɚ ɬɚɤɠɟ ɧɚ ɝɥɭɛɢɧɟ 8 
ɦɟɬɪɨɜ ɢ ɜɪɟɦɟɧɢ 1,5 ɫɟɤɭɧɞɵ. Ƚɪɚɮɢɤɢ 
ɧɚɱɢɧɚɸɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɫɢɦɦɟɬɪɢɢ. 

 

 
Рɢɫɭɧɨɤ 3. ȼɟɪɢɮɢɤɚɰɢя ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɝɪɚɧɢɱɧɨɝɨ ɷɥɟɦɟɧɬɚ  

(ɚ) ɨɝɪɚɧɢɱɟɧɧɚя ɱɚɫɬɶ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ (ɛ) ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɦɚɫɫɢɜ ɝɪɭɧɬɚ. 
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Рɢɫɭɧɨɤ 4. Ƚɪɚɮɢɤ ɩɟɪɟɦɟɳɟɧɢɣ Х(t) ɜ ɭɡɥɟ A. 

 

 
Рɢɫɭɧɨɤ 5. Ƚɪɚɮɢɤ ɩɟɪɟɦɟɳɟɧɢɣ Г(t) ɜ ɭɡɥɟ A. 

 

 
Рɢɫɭɧɨɤ 6. Ƚɪɚɮɢɤ ɩɟɪɟɦɟɳɟɧɢɣ X ɧɚ ɝɥɭɛɢɧɟ 1 ɦɟɬɪ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 0,75ɫ. 

 



Мɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɛɨɬɵ ɝɪɭɧɬɨɜɵɯ ɦɚɫɫɢɜɨɜ ɧɚ ɞɢɧɚɦɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 
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Рɢɫɭɧɨɤ 7. Ƚɪɚɮɢɤ ɩɟɪɟɦɟɳɟɧɢɣ Г ɧɚ ɝɥɭɛɢɧɟ 1 ɦɟɬɪ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 0,75. 

 

 
Рɢɫɭɧɨɤ 8. Ƚɪɚɮɢɤ ɩɟɪɟɦɟɳɟɧɢɣ X ɧɚ ɝɥɭɛɢɧɟ 8 ɦɟɬɪɨɜ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 1,5ɫ. 

 

 
Рɢɫɭɧɨɤ 9. Ƚɪɚɮɢɤ ɩɟɪɟɦɟɳɟɧɢɣ Z ɧɚ ɝɥɭɛɢɧɟ 8 ɦɟɬɪɨɜ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 1,5ɫ. 

  
ɋɪɚɜɧɢɜɚɹ ɝɪɚɮɢɤɢ ɩɟɪɟɦɟɳɟɧɢɣ ɜɢɞɢɦ, ɱɬɨ 
ɨɧɢ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɸɬ. Ɋɚɡɧɢɰɚ ɜ ɪɟ-
ɡɭɥɶɬɚɬɚɯ ɫɨɫɬɚɜɢɥɚ 3 - 8%. 
 
 

ȼЫȼɈȾЫ 
 
Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɝɪɚɧɢɱɧɵɟ ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧ-
ɬɵ ɩɨɡɜɨɥɹɸɬ ɦɨɞɟɥɢɪɨɜɚɬɶ ɩɨɥɭɩɪɨɫɬɪɚɧ-
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ɫɬɜɨ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɧɚ ɨɫɧɨɜɟ ɪɚɫɱɟɬ-
ɧɵɯ ɫɯɟɦ ɨɝɪɚɧɢɱɟɧɧɨɣ ɪɚɡɦɟɪɧɨɫɬɢ. 
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1. ɋɥɢɜɤɟɪ ȼ. ɂ. Ʉ ɜɨɩɪɨɫɭ ɨ ɧɚɡɧɚɱɟɧɢɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɜɭɯɩɚɪɚɦɟɬɪɨɜɨɝɨ 
ɭɩɪɭɝɨɝɨ ɨɫɧɨɜɚɧɢɹ // ɋɬɪɨɢɬɟɥɶɧɚɹ 
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