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Ⱥɧɧɨɬɚɰɢɹ: ɋɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɱɢɫɥɟɧɧɨɦɭ ɢɫɫɥɟɞɨɜɚɧɢɸ ɜɥɢɹɧɢɹ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɧɚ 
ɧɟɫɭɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɡɞɚɧɢɹ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɹɯ. ɉɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɪɚɛɨɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɜɨ ɜɪɟɦɟɧɢ ɢ ɩɪɢ ɭɱɟɬɟ ɦɚɬɟɪɢɚɥɶɧɨɝɨ 
ɞɟɦɩɮɢɪɨɜɚɧɢɹ. ɉɪɢɜɟɞɟɧɨ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɚ ɇɶɸɦɚɪɤɚ ɜ 
ɦɚɬɪɢɱɧɨɦ ɜɢɞɟ. Ɉɩɢɫɚɧ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɞɟɦɩɮɢɪɨɜɚɧɢɹ. ɉɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɭɱɟɬɚ 
ɪɚɡɧɨɦɚɬɟɪɢɚɥɶɧɨɫɬɢ ɱɚɫɬɟɣ ɤɨɧɫɬɪɭɤɰɢɢ. ɉɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɪɚɫɱɟɬɚ ɡɞɚɧɢɹ ɫɨɜɦɟɫɬɧɨ ɫ ɝɪɭɧɬɨɜɵɦ 
ɨɫɧɨɜɚɧɢɟɦ, ɩɪɢ ɭɱɟɬɟ ɫɟɣɫɦɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ. ȼɵɩɨɥɧɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ 
ɫ ɭɱɟɬɨɦ ɢ ɛɟɡ ɭɱɟɬɚ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɞɟɦɩɮɢɪɨɜɚɧɢɹ. ɉɨɞɬɜɟɪɠɞɟɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɭɱɟɬɚ 
ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɧɚ ɇȾɋ ɤɨɧɫɬɪɭɤɰɢɢ. 
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Abstract: The paper deals with numerical research as to how material damping influences the load-bearing 
structures in dynamic loads. Certain technique is suggested for modelling behaviour of structure in time history 
analysis with account of material damping. A set of motion equations is solved according to Newmark method as 
matrix. Physical meaning of material damping is described. The authors suggest the technique for account of 
different materials in parts of structure. The following example is provided: analysis of structure together with 
soil and with account of earthquake loads. Analysis results are compared (with and without account of material 
damping). Significant influence of damping on the stress-strain state of the structure is confirmed.   
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Ⱦɥɹ ɩɨɥɧɨɝɨ ɢ ɞɨɫɬɨɜɟɪɧɨɝɨ ɨɩɢɫɚɧɢɹ 
ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɥɸɛɨɝɨ ɡɞɚɧɢɹ, ɧɟɨɛɯɨɞɢɦɨ ɧɟ ɬɨɥɶɤɨ ɭɱɟɫɬɶ 
ɚɛɫɨɥɸɬɧɨ ɜɫɟ ɮɚɤɬɨɪɵ, ɨɩɢɫɵɜɚɸɳɢɟ 
ɪɟɚɥɶɧɵɣ ɨɛɴɟɤɬ, ɬɚɤɢɟ ɤɚɤ ɟɝɨ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ, ɭɱɟɫɬɶ 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɚɱɚɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɢ 
ɞɟɮɨɪɦɚɰɢɣ ɩɪɢ ɜɨɡɜɟɞɟɧɢɢ ɡɞɚɧɢɹ, ɧɨ ɢ ɫ 

ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɨɩɪɟɞɟɥɢɬɶ ɜɧɟɲɧɢɟ 
ɜɨɡɞɟɣɫɬɜɢɹ ɢ ɢɯ ɯɚɪɚɤɬɟɪ. К ɱɢɫɥɭ 
ɯɚɪɚɤɬɟɪɧɵɯ ɩɪɢɦɟɪɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɧɚɝɪɭɡɤɢ ɫ ɨɛɴɟɤɬɨɦ ɨɬɧɨɫɹɬɫɹ ɦɧɨɝɢɟ 
ɪɟɠɢɦɵ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ. 
ȼ ɞɟɣɫɬɜɭɸɳɢɯ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɚɯ 
ɩɪɢɧɹɬɨ, ɱɬɨ ɫɟɣɫɦɢɱɟɫɤɨɟ ɭɫɤɨɪɟɧɢɟ 
ɮɭɧɞɚɦɟɧɬɨɜ (ɢ ɜɫɟɝɨ ɫɨɨɪɭɠɟɧɢɹ) ɢ 
ɨɫɧɨɜɚɧɢɹ ɫɨɜɩɚɞɚɟɬ Д3]. Ɉɞɧɚɤɨ, 
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ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ, 
ɱɬɨ ɭɫɤɨɪɟɧɢɟ ɮɭɧɞɚɦɟɧɬɨɜ ɦɨɝɭɬ ɜ 
ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɭɫɤɨɪɟɧɢɣ 
ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɹ. Эɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ 
ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɬɟɦ, ɱɬɨ ɧɟ ɜɫɹ ɷɧɟɪɝɢɹ 
ɫɟɣɫɦɢɱɟɫɤɨɝɨ ɜɨɡɦɭɳɟɧɢɹ ɨɬ ɝɪɭɧɬɚ 
ɨɫɧɨɜɚɧɢɹ ɩɟɪɟɞɚɟɬɫɹ ɧɚ ɮɭɧɞɚɦɟɧɬ, ɬ.ɟ. 
ɩɟɪɟɞɚɟɬɫɹ ɧɟɤɨɬɨɪɚɹ ɱɚɫɬɶ ɜɨɡɦɭɳɟɧɢɹ ɢɡ-
ɡɚ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɜɹɡɟɣ ɦɟɠɞɭ ɮɭɧɞɚɦɟɧɬɨɦ 
ɢ ɨɫɧɨɜɚɧɢɟɦ. «ɉɨɬɟɪɹ» (ɭɬɟɱɤɚ) ɱɚɫɬɢ ɷɬɨɣ 
ɷɧɟɪɝɢɢ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɩɨ ɪɹɞɭ ɩɪɢɱɢɧ:   ɢɡ-ɡɚ ɞɟɦɩɮɢɪɭɸɳɟɝɨ ɷɮɮɟɤɬɚ 

(ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɢɥɢ ɢɧɠɟɧɟɪɧɨɝɨ 
ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ) ɫɜɹɡɟɣ ɦɟɠɞɭ 
ɮɭɧɞɚɦɟɧɬɨɦ ɢ ɨɫɧɨɜɚɧɢɟɦ (ɜ ɬɨɦ ɱɢɫɥɟ 
ɢɡ-ɡɚ ɫɟɣɫɦɨɢɡɨɥɹɰɢɢ);   ɢɡ-ɡɚ «ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ» 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɟɣɫɦɢɱɟɫɤɨɣ ɜɨɥɧɵ ɩɨɞ 
ɮɭɧɞɚɦɟɧɬɨɦ (ɩɪɢ ɩɪɟɨɞɨɥɟɧɢɢ ɫɢɥ 
ɬɪɟɧɢɹ ɢ ɫɩɟɰɢɮɢɤɢ ɨɞɧɨɫɬɨɪɨɧɧɢɯ 
ɫɜɹɡɟɣ ɦɟɠɞɭ ɮɭɧɞɚɦɟɧɬɨɦ ɢ 
ɨɫɧɨɜɚɧɢɟɦ);  ɢɡ-ɡɚ ɪɚɡɛɪɨɫɚ ɠɟɫɬɤɨɫɬɟɣ ɢ ɜɟɥɢɱɢɧɵ 
ɦɚɫɫ ɜ ɦɨɞɟɥɹɯ ɡɞɚɧɢɹ (ɜɵɫɨɬɧɚɹ ɢ 
ɫɬɢɥɨɛɚɬɧɚɹ ɱɚɫɬɢ) [4]. 

Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ ɞɟɦɩɮɢɪɭɸɳɟɝɨ 
ɷɮɮɟɤɬɚ. ɉɪɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɹɯ ɧɚ 
ɤɨɧɫɬɪɭɤɰɢɸ ɜɫɟɝɞɚ ɩɪɢɫɭɬɫɬɜɭɟɬ ɮɚɤɬɨɪ 
ɞɟɦɩɮɢɪɨɜɚɧɢɹ. Ⱦɟɦɩɮɢɪɨɜɚɧɢɟ ɦɨɠɟɬ 
ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ 
ɭɫɬɪɨɣɫɬɜɚɦɢ – ɞɟɦɩɮɟɪɚɦɢ (ɝɚɫɢɬɟɥɹɦɢ 
ɤɨɥɟɛɚɧɢɣ). ɇɨ ɞɚɠɟ ɜ ɫɥɭɱɚɟ ɟɫɥɢ 
ɞɟɦɩɮɟɪɵ ɧɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ, ɬɨ ɮɚɤɬɨɪ 
ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɜɫɟ ɪɚɜɧɨ ɩɪɢɫɭɬɫɬɜɭɟɬ ɢ 
ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɦɚɬɟɪɢɚɥɶɧɵɦ 
ɞɟɦɩɮɢɪɨɜɚɧɢɟɦ. ɋɚɦɚ ɤɨɧɫɬɪɭɤɰɢɹ ɭɠɟ 
ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɨɦ ɝɚɲɟɧɢɹ ɤɨɥɟɛɚɧɢɣ, 
ɨɫɨɛɟɧɧɨ ɟɫɥɢ ɨɧɚ ɞɨɫɬɚɬɨɱɧɨ ɦɚɫɫɢɜɧɚɹ. 
Ɇɨɳɧɵɦ ɝɚɫɢɬɟɥɟɦ ɤɨɥɟɛɚɧɢɣ ɹɜɥɹɟɬɫɹ 
ɝɪɭɧɬɨɜɵɣ ɦɚɫɫɢɜ, ɧɚ ɤɨɬɨɪɨɦ ɜɨɡɜɨɞɢɬɫɹ 
ɤɨɧɫɬɪɭɤɰɢɹ. 
ɉɪɟɞɥɚɝɚɟɦɚɹ ɦɟɬɨɞɢɤɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɫɥɟɞɭɸɳɟɦ. Ⱦɥɹ ɚɧɚɥɢɡɚ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɇȾɋ) 
ɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɞɢɧɚɦɢɱɟɫɤɢɟ (ɫɟɣɫɦɢɤɚ, 
ɜɵɧɭɠɞɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɢ ɞɪ.) ɜɨɡɞɟɣɫɬɜɢɹ 
ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɶ ɟё ɞɢɧɚɦɢɱɟɫɤɢɣ 

ɪɚɫɱɟɬ ɜɨ ɜɪɟɦɟɧɢ. Эɬɨ ɩɨɡɜɨɥɹɟɬ ɡɚɞɚɬɶ 
ɧɚɝɪɭɠɟɧɢɟ ɡɚɜɢɫɢɦɨɟ ɨɬ ɜɪɟɦɟɧɢ ɫ 
ɩɨɦɨɳɶɸ ɚɤɫɟɥɟɪɨɝɪɚɦɦɵ ɢ ɩɪɨɫɥɟɞɢɬɶ ɜ 
ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɟё ɧɚɩɪɹɠɟɧɧɨ 
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɚ ɬɚɤɠɟ 
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɞɜɢɠɟɧɢɟ ɫɢɫɬɟɦɵ ɜɨ 
ɜɪɟɦɟɧɢ. 
ɍɱɟɬ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɩɪɢ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɪɚɛɨɬɵ ɤɨɧɫɬɪɭɤɰɢɢ 
ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɚɞɟɤɜɚɬɧɭɸ 
ɤɚɪɬɢɧɭ ɇȾɋ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɚɤɢɦ ɠɟ 
ɪɚɫɱɟɬɨɦ ɛɟɡ ɭɱɟɬɚ ɞɟɦɩɮɢɪɨɜɚɧɢɹ.  
Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ 
ɤɨɧɫɬɪɭɤɰɢɢ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ: 
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ɩɟɪɟɦɟɳɟɧɢɣ, ɫɤɨɪɨɫɬɟɣ, ɭɫɤɨɪɟɧɢɣ;   )(tP  
– ɜɟɤɬɨɪ ɭɡɥɨɜɵɯ ɧɚɝɪɭɡɨɤ. 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɞɜɢɠɟɧɢɹ ɫɢɫɬɟɦɵ ɫɭɳɟɫɬɜɭɟɬ ɪɹɞ ɩɪɹɦɵɯ ɢ 
ɧɟɩɪɹɦɵɯ ɦɟɬɨɞɨɜ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɜɨ 
ɜɪɟɦɟɧɢ, ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞ Ɋɭɧɝɟ-Кɭɬɬɚ, 
ɦɟɬɨɞ ɇɶɸɦɚɪɤɚ, ɦɟɬɨɞ ȼɢɥɶɫɨɧɚ, ɦɟɬɨɞ 
ɰɟɧɬɪɚɥɶɧɵɯ ɪɚɡɧɨɫɬɟɣ ɢ ɞɪ. 
Ɍɚɤ, ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ 
ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɚ ɇɶɸɦɚɪɤɚ Д1,2,4] ɜ 
ɦɚɬɪɢɱɧɨɦ ɜɢɞɟ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ: 
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ɝɞɟ ДA] - ɷɮɮɟɤɬɢɜɧɚɹ ɦɚɬɪɢɰɚ ɠɟɫɬɤɨɫɬɢ, 
{ B}- ɷɮɮɟɤɬɢɜɧɵɣ ɜɟɤɬɨɪ ɧɚɝɪɭɡɨɤ, ɚ α ,ȕ, Ȗ – 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. 
ɋɤɨɪɨɫɬɢ ɢ ɭɫɤɨɪɟɧɢɹ ɭɡɥɨɜ ɫɢɫɬɟɦɵ 
ɜɵɱɢɫɥɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɜɵɪɚɠɟɧɢɣ: 
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Ɋɚɡɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢɦɟɸɬ ɪɚɡɧɵɟ ɫɜɨɣɫɬɜɚ ɢ 
ɞɚɸɬ ɪɚɡɧɵɣ ɜɤɥɚɞ ɜ ɝɚɲɟɧɢɟ ɤɨɥɟɛɚɧɢɣ. 
Ɏɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɦɚɬɟɪɢɚɥɶɧɨɝɨ 
ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɩɟɪɟɯɨɞɨɦ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɬɟɩɥɨɜɭɸ 

ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɦɢɤɪɨɩɥɚɫɬɢɱɧɨɫɬɢ, ɚ ɧɟ 
ɜɹɡɤɨɫɬɢ ɤɚɤ ɜ ɠɢɞɤɨɫɬɹɯ ɢ ɝɚɡɚɯ. 
Ⱦɥɹ ɭɱɟɬɚ ɪɚɡɧɨɦɚɬɟɪɢɚɥɶɧɨɫɬɢ ɱɚɫɬɟɣ 
ɤɨɧɫɬɪɭɤɰɢɢ ɞɥɹ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɦɨɠɧɨ 
ɡɚɞɚɬɶ ɫɜɨɢ ɤɨɷɮɮɢɰɢɟɧɬɵ Ɋɷɥɟɹ, ɢ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ ɫɮɨɪɦɢɪɨɜɚɬɶ ɤɨɦɛɢɧɢɪɨɜɚɧɧɭɸ 
ɦɚɬɪɢɰɭ ɞɢɫɫɢɩɚɰɢɢ. 
      MKC    

 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Ɋɷɥɟɹ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɦɨɞɚɥɶɧɵɣ ɚɧɚɥɢɡ 
ɤɨɧɫɬɪɭɤɰɢɢ (ɢɥɢ ɟɟ ɱɚɫɬɢ) ɢ ɡɚɞɚɜ 
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ɨɩɪɟɞɟɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨ ɮɨɪɦɭɥɚɦ:  
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Ɋɢɫɭɧɨɤ 1. Зɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɨɬ ɱɚɫɬɨɬɵ ɩɨ Ɋɷɥɟɸ. 

 
Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ ɪɚɫɱɟɬɚ ɡɞɚɧɢɹ ɫɨɜɦɟɫɬɧɨ 
ɫ ɝɪɭɧɬɨɜɵɦ ɨɫɧɨɜɚɧɢɟɦ, ɩɪɢ ɭɱɟɬɟ 
ɫɟɣɫɦɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɜ ɩɥɨɫɤɨɣ 
ɩɨɫɬɚɧɨɜɤɟ (ɪɢɫ.2). Кɚɤ ɭɠɟ ɝɨɜɨɪɢɥɨɫɶ, 
ɤɨɧɫɬɪɭɤɬɢɜɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɫɢɫɬɟɦɵ 
«ɧɚɡɟɦɧɚɹ ɱɚɫɬɶ – ɮɭɧɞɚɦɟɧɬ – ɝɪɭɧɬɨɜɨɟ 
ɨɫɧɨɜɚɧɢɟ». ɉɪɢ ɷɬɨɦ ɫɢɫɬɟɦɚ ɞɨɥɠɧɚ ɛɵɬɶ 

ɡɚɤɨɧɫɬɪɭɢɪɨɜɚɧɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ 
ɨɛɥɚɞɚɬɶ ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɭɫɢɥɢɣ ɩɪɢ ɪɚɡɪɭɲɟɧɢɢ ɨɬɞɟɥɶɧɵɯ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ ɜɵɜɟɞɟɧɢɹ ɢɡ 
ɪɚɛɨɬɵ ɧɟɤɨɬɨɪɵɯ ɫɜɹɡɟɣ, ɬ.ɟ. ɱɬɨɛɵ 
ɥɨɤɚɥɶɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ ɧɟ ɜɵɡɵɜɚɥɢ 
ɝɥɨɛɚɥɶɧɨɝɨ ɨɛɪɭɲɟɧɢɹ. ɋɜɹɡɢ ɞɚɧɧɨɣ 
ɫɢɫɬɟɦɵ ɫ ɨɫɧɨɜɚɧɢɟɦ, ɬ.ɟ. ɢɫɬɨɱɧɢɤɢ 
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ɫɟɣɫɦɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɧɟ ɞɨɥɠɧɵ 
ɩɟɪɟɞɚɜɚɬɶ ɧɟɝɚɬɢɜɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ ɨɬ 
ɨɫɧɨɜɚɧɢɹ ɧɚ ɮɭɧɞɚɦɟɧɬ ɡɞɚɧɢɹ (ɫɨɨɪɭɠɟɧɢɹ), 
ɢɥɢ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɞɨɥɠɧɵ ɢɯ ɭɦɟɧɶɲɚɬɶ.  
Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɜɥɢɹɧɢɹ ɞɟɦɩɮɢɪɨɜɚɧɢɹ 
ɜɵɩɨɥɧɢɦ ɫɪɚɜɧɟɧɢɟ ɚɦɩɥɢɬɭɞɧɵɯ ɡɧɚɱɟɧɢɣ 

ɩɟɪɟɦɟɳɟɧɢɣ, ɫɤɨɪɨɫɬɟɣ ɢ ɭɫɤɨɪɟɧɢɣ ɜ 
ɭɪɨɜɧɹɯ ɷɬɚɠɟɣ. Ɋɚɫɱɟɬ ɜɵɩɨɥɧɟɧ ɜ 
ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ɅɂɊȺ-ɋȺɉɊ, ɜ 
ɤɨɬɨɪɨɦ ɪɟɚɥɢɡɨɜɚɧɨ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɧɚ 
ɞɢɧɚɦɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɜɨ ɜɪɟɦɟɧɢ ɧɚ 
ɨɫɧɨɜɟ ɦɟɬɨɞɚ ɇɶɸɦɚɪɤɚ [5]. 
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Ɋɢɫɭɧɨɤ β. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɬɟɫɬɨɜɨɣ ɡɚɞɚɱɢ. ɋɟɱɟɧɢɟ ɪɢɝɟɥɟɣ 80ɯ40 ɫɦ, ɤɨɥɨɧɧ 60ɯ40 ɫɦ. 
Мɚɬɟɪɢɚɥ — ɛɟɬɨɧ, ɝɪɭɧɬ — ɫɭɩɟɫɶ. 

 
Ⱦɥɹ ɭɱɟɬɚ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ 
ɦɨɞɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɢɦ 
ɧɚɢɦɟɧɶɲɢɟ ɫɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ, ɤɨɬɨɪɵɟ 
ɫɨɫɬɚɜɥɹɸɬ 46,72 ɢ 147,84 ɪɚɞ/ɫ. ɂɦ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɤɨɷɮɮɢɰɢɟɧɬɵ Ɋɷɥɟɹ α = 3,55 
ɢ ȕ = 0,000514. ȼ ɬɚɛɥ.1 ɩɪɢɜɟɞɟɧɵ 
ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫ ɭɱɟɬɨɦ ɢ ɛɟɡ ɭɱɟɬɚ 
ɞɟɦɩɮɢɪɨɜɚɧɢɹ. 

 
Ɍɚɛɥɢɰɚ 1. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫ ɭɱɟɬɨɦ ɢ ɛɟɡ ɭɱɟɬɚ ɞɟɦɩɮɢɪɨɜɚɧɢɹ. 

 
Эɬɚɠ 

Ȼɟɡ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɋ ɭɱɟɬɨɦ ɞɟɦɩɮɢɪɨɜɚɧɢɹ 

Ƚɨɪɢɡɨɧɬɚɥɶɧɨɟ 
ɩɟɪɟɦɟɳɟɧɢɟ, 

ɦɦ 

ɋɤɨɪɨɫɬɶ, 
ɦɦ/ɫ 

ɍɫɤɨɪɟɧɢɟ, 
ɦɦ/ɫ2 

Ƚɨɪɢɡɨɧɬɚɥɶɧɨɟ 
ɩɟɪɟɦɟɳɟɧɢɟ, 

ɦɦ 

ɋɤɨɪɨɫɬɶ, 
ɦɦ/ɫ 

ɍɫɤɨɪɟɧɢɟ, 
ɦɦ/ɫ2 

1 21,97 23,91 146,3 18,52 4,78 26,63 

2 50,98 52,03 303,79 43,4 11,76 57,09 

3 80,72 80,67 462,2 68,92 18,89 91,50 

4 110,54 109,23 623,04 94,52 26,07 126,47 

5 140,31 137,7 785,9 120,15 33,22 161,74 
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Ⱥɧɚɥɢɡɢɪɭɹ ɪɟɡɭɥɶɬɚɬɵ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ 
ɬɚɛɥɢɰɟ 1 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ, ɱɬɨ ɭɱɟɬ 
ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɇȾɋ 
ɤɨɧɫɬɪɭɤɰɢɢ. 
 
 
ȼɕȼɈȾɕ 
 
Ɋɚɡɜɢɬɢɟ ɢ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɨɜ 
ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɫɟɣɫɦɨɛɟɡɨɩɚɫɧɨɫɬɢ 
ɞɢɤɬɭɟɬɫɹ ɫɨɜɪɟɦɟɧɧɨɣ ɨɛɴɟɤɬɢɜɧɨɣ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɢ ɨɛɴɹɫɧɹɟɬɫɹ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ɩɨɜɵɲɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ 
(ɠɢɜɭɱɟɫɬɢ) ɫɬɪɨɟɧɢɣ, ɫɬɪɟɦɹɫɶ ɨɛɨɣɬɢ 
ɫɥɨɠɧɨɫɬɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɟɣɫɦɢɱɟɫɤɢɯ 
ɜɨɡɞɟɣɫɬɜɢɣ ɢ ɧɟɫɨɜɟɪɲɟɧɫɬɜɚ ɬɟɨɪɢɢ ɢ 
ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɚ.  
Ɋɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɱɢɫɥɟɧɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 
ɪɚɡɪɚɛɨɬɨɤ ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɚ ɧɚ ɞɢɧɚɦɢɱɟɫɤɢɟ 
ɜɨɡɞɟɣɫɬɜɢɹ, ɬɚɤɢɯ ɤɚɤ ɭɱɟɬ ɧɟɥɢɧɟɣɧɵɯ 
ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ, ɭɱɟɬ ɦɚɬɟɪɢɚɥɶɧɨɝɨ 
ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɤɨɪɪɟɤɬɧɨ 
ɩɪɨɜɟɫɬɢ ɱɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɢ 
ɪɚɡɪɚɛɨɬɚɬɶ ɪɹɞ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 
ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɫɟɣɫɦɨɛɟɡɨɩɚɫɧɨɫɬɢ ɡɞɚɧɢɣ 
ɢ ɫɨɨɪɭɠɟɧɢɣ. 
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Ɉ ɋɈȼɊȿɆȿɇɇɕɏ ɆȿɌɈȾȺɏ ɊȿȾɍɐɂɊɈȼȺɇɂə  
ȼɕɑɂɋɅɂɌȿɅɖɇɈɃ ɊȺɁɆȿɊɇɈɋɌɂ ɁȺȾȺɑ  

ɊȺɋɑȿɌȺ ɄɈɇɋɌɊɍɄɐɂɃ, ɁȾȺɇɂɃ ɂ ɋɈɈɊɍɀȿɇɂɃ  
ȼ ɊȺɆɄȺɏ ɆȿɌɈȾȺ ɄɈɇȿɑɇɕɏ ɗɅȿɆȿɇɌɈȼ 
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Ⱥɧɧɨɬɚɰɢɹ: ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɢɦɟɟɬɫɹ ɧɟɦɚɥɨ ɦɟɬɨɞɨɜ ɪɟɞɭɰɢɪɨɜɚɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 
ɪɚɡɦɟɪɧɨɫɬɢ ɡɚɞɚɱ ɪɚɫɱɟɬɚ ɤɨɧɫɬɪɭɤɰɢɣ, ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɜ ɪɚɦɤɚɯ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ 
(ɆКЭ), ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɱɚɫɬɢ ɫɧɢɠɟɧɢɹ ɩɨɪɹɞɤɨɜ ɦɚɬɪɢɰɵ ɦɚɫɫ ɢ ɦɚɬɪɢɰɵ ɠɟɫɬɤɨɫɬɢ ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɣ 
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ɨɛɴɟɤɬɚ, ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɦɟɫɬɚɦɢ ɭɫɬɚɧɨɜɤɢ ɚɤɫɟɥɟɪɨɦɟɬɪɨɜ. ȼ ɷɬɨɦ ɨɬɧɨɲɟɧɢɢ 
ɜ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɛɭɞɭɬ ɪɚɫɫɦɨɬɪɟɧɵ (ɫ ɚɧɚɥɢɡɨɦ ɩɪɟɢɦɭɳɟɫɬɜ ɢ ɧɟɞɨɫɬɚɬɤɨɜ ɤɚɠɞɨɝɨ) ɫɥɟɞɭɸɳɢɟ ɩɨɞɯɨ-
ɞɵ: ɦɟɬɨɞ ɪɟɞɭɰɢɪɨɜɚɧɢɹ ɩɨ Ƚɚɣɹɧɭ, IRS (ImproЯОН RОНuМОН SвstОm) ɦɟɬɨɞ ɪɟɞɭɰɢɪɨɜɚɧɢɹ ɢ ɦɟɬɨɞ ɞɢɧɚ-
ɦɢɱɟɫɤɨɝɨ ɪɟɞɭɰɢɪɨɜɚɧɢɹ. Кɪɨɦɟ ɬɨɝɨ, ɨɩɢɫɵɜɚɟɬɫɹ ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɬɟɨɪɢɢ ɦɟɬɨɞɚ ɩɨɞɤɨɧɫɬɪɭɤɰɢɣ ɬɚɤ 
ɧɚɡɵɜɚɟɦɵɣ ɫɬɚɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɞɥɹ ɫɟɣɫɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɩɨɞɡɟɦɧɵɯ ɫɨɨɪɭɠɟɧɢɣ. 
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Abstract: At present, as is known, there are many methods of reduction of computational dimension of problems 
of structural analysis within finite element method (FEM), including the reduction of the dimensions of the mass 
matrix and the stiffness matrix of the finite element model (to bring them, for example, in accordance with the 
“struМtural СОaltС monitoring” (or “test”) model of the object, which degrees of freedom are determined by the 
places of installation of accelerometers. In this respect, the following approaches are considered in this paper 
(with the corresponding analysis of the advantages and disadvantages): the Gaian reduction method, the IRS 
(Improved Reduced System) reduction method and the dynamic reduction method. In addition, the so-called stat-
ic finite element method for seismic analysis of underground structures, based on the substructuring technique, is 
considered. 


