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ǜǱǳȊǸǱ 
ȼ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧ ɪɚɫɱɟɬ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɞɧɢɳɟɜɨɣ ɫɟɤɰɢɢ ɫɭɞɧɚ-ɫɧɚɛɠɟɧɰɚ ɩɪɢ ɤɚɧɬɨɜɤɟ 
ɜ ɩɪɨɰɟɫɫɟ ɟɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ «ɅɂɊȺ». ɗɬɨ ɧɟɨɛɯɨɞɢɦɨ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɞɥɹ 
ɩɪɨɜɟɪɤɢ ɩɪɨɱɧɨɫɬɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɟɤɰɢɢ, ɨɛɭɯɨɜ ɢ ɬɪɨɫɨɜ ɩɪɢ ɤɚɧɬɨɜɤɟ ɩɪɢ ɟɟ ɢɡɝɨɬɨɜɥɟɧɢɢ. ɍɞɟɥɹɟɬɫɹ 
ɜɧɢɦɚɧɢɟ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɡɚɤɪɟɩɥɟɧɢɸ ɨɛɭɯɨɜ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɦɚɫɫɨɜɵɯ ɧɚɝɪɭɡɨɤ, ɚ 
ɬɚɤɠɟ ɭɱɢɬɵɜɚɸɬɫɹ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɤɨɫɜɟɧɧɨɟ ɡɚɞɚɧɢɟ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɱɟɪɟɡ ɩɚ-
ɪɚɦɟɬɪ ɠɟɫɬɤɨɫɬɢ EIy. Ⱦɥɹ ɜɟɪɢɮɢɤɚɰɢɢ ɦɨɞɟɥɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɩɨɥɧɟɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɬɚɜɪɨɜɵɯ ɛɚɥɨɤ ɩɨ 
ɤɥɚɫɫɢɱɟɫɤɢɦ ɮɨɪɦɭɥɚɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ. ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɭɱɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɢ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ 
ɜ ɩɪɨɝɪɚɦɦɟ «ɅɂɊȺ», ɩɨɤɚɡɚɥɨ ɪɚɫɯɨɠɞɟɧɢɟ ɦɟɧɟɟ 5 %, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɤɨɪɪɟɤɬɧɨɫɬɶ ɩɪɢɧɹɬɵɯ ɞɨɩɭɳɟɧɢɣ ɢ ɤɨɧɟɱ-
ɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ. Ⱥɧɚɥɢɡ ɩɨɡɜɨɥɢɥ ɨɩɪɟɞɟɥɢɬɶ ɪɚɣɨɧɵ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɢ ɜɟɥɢɱɢɧɵ ɩɪɨ-
ɝɢɛɨɜ, ɤɨɬɨɪɵɟ ɧɟ ɩɪɟɜɵɲɚɸɬ ɞɨɩɭɫɬɢɦɵɟ ɩɪɟɞɟɥɵ ɩɨ ɧɨɪɦɚɬɢɜɧɵɦ ɞɨɤɭɦɟɧɬɚɦ. ɍɫɬɚɧɨɜɥɟɧɵ ɭɫɢɥɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ 
ɧɚ ɷɥɟɦɟɧɬɵ ɤɪɟɩɥɟɧɢɹ, ɱɬɨ ɩɨɦɨɝɥɨ ɨɛɨɫɧɨɜɚɬɶ ɜɵɛɨɪ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. Ɋɟ-
ɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ «ɅɂɊȺ» ɜ ɢɧɠɟɧɟɪɧɵɯ ɡɚɞɚ-
ɱɚɯ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ ɨɛɟɫɩɟɱɢɬ ɞɨɫɬɨɜɟɪɧɨɟ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɩɨɜɟɞɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɞ ɦɨɧɬɚɠɧɵɦɢ 
ɧɚɝɪɭɡɤɚɦɢ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɨɩɬɢɦɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɢ, ɚ ɬɚɤɠɟ ɫ ɰɟ-
ɥɶɸ ɫɧɢɠɟɧɢɹ ɪɢɫɤɨɜ ɢ ɩɨɜɵɲɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ. ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɦɟɬɨɞɢɤɚ ɩɨɞɬɜɟɪɠɞɚɟɬ ɩɟɪɫɩɟɤɬɢɜ-
ɧɨɫɬɶ ɢɧɬɟɝɪɚɰɢɢ ɩɪɨɝɪɚɦɦɵ «ɅɂɊȺ» ɜ ɢɧɠɟɧɟɪɧɭɸ ɩɪɚɤɬɢɤɭ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɭɞɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. 
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ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɫɭɞɧɨ-ɫɧɚɛɠɟɧɟɰ, ɤɚɧɬɨɜɤɚ, ɩɪɨɝɪɚɦɦɚ «ɅɂɊȺ», ɞɟɮɨɪɦɚɰɢɢ, ɩɪɨɱɧɨɫɬɶ, 
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 Abstract 
The article presents a calculation of the stress-strain state of the bottom section of the supply vessel during edging in the course 

of production using the LIRA software package. This calculation is necessary to check the strength of the structural elements of 

the section, casings and cables during edging in the manufacturing process. Attention is paid to the modelling of boundary condi-

tions, including the fastening of casings and the distribution of mass loads, and software features are also taken into account, such 

as the indirect setting of the modulus of elasticity through the stiffness parameter EIy. To verify the model, analytical calculations 

of brand blocks were previously performed using classical formulas for the resistance of materials. A comparison of the results of 

manual calculations and the data obtained in the LIRA program showed a discrepancy of less than 5 %, which confirms the cor-

rectness of the accepted assumptions and the finite element model. The analysis allowed us to determine the areas of maximum 

stress concentration and deflection values that do not exceed the permissible limits according to regulatory documents. The forc-

es acting on the fastening elements were established, which made it possible to justify the choice of design solutions and techno-

logical parameters. The calculation results demonstrated the high efficiency of the LIRA software package in engineering tasks, 
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providing reliable prediction of the behaviour of the structure under installation loads. The data obtained can be used to optimize 

technological equipment, reduce risks and increase safety during production. The presented methodology confirms the prospects 

of integrating the LIRA program into the engineering practice of designing and manufacturing ship structures. 
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ВǮǱǰǱǹǴǱ 
ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɫɭɞɨɫɬɪɨɟɧɢɢ ɬɨɱɧɨɟ 

ɨɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ (ɇȾɋ) ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ 
ɫɭɞɨɜ ɹɜɥɹɟɬɫɹ ɤɥɸɱɟɜɵɦ ɚɫɩɟɤɬɨɦ ɨɛɟɫɩɟɱɟɧɢɹ 
ɢɯ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɧɚɞɟɠɧɨɫɬɢ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ 
[1]. Ɉɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɚ ɷɬɚ ɡɚɞɚɱɚ ɞɥɹ ɫɭɞɨɜ 
ɫɩɟɰɢɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɬɚɤɢɯ ɤɚɤ ɫɭɞɚ-

ɫɧɚɛɠɟɧɰɵ, ɤɨɬɨɪɵɟ ɢɝɪɚɸɬ ɤɪɢɬɢɱɟɫɤɢ ɜɚɠɧɭɸ 
ɪɨɥɶ ɜ ɦɨɪɫɤɨɦ ɫɨɨɛɳɟɫɬɜɟ, ɜɤɥɸɱɚɹ ɬɪɚɧɫɩɨɪ-
ɬɢɪɨɜɤɭ ɝɪɭɡɨɜ, ɬɟɯɧɢɤɢ ɢ ɩɟɪɫɨɧɚɥɚ ɧɚ ɭɞɚɥɟɧ-
ɧɵɟ ɨɛɴɟɤɬɵ, ɧɚɩɪɢɦɟɪ, ɜ ɧɟɮɬɟɝɚɡɨɜɨɣ ɨɬɪɚɫɥɢ. 
ɗɬɢ ɫɭɞɚ ɩɨɞɜɟɪɝɚɸɬɫɹ ɫɥɨɠɧɵɦ ɞɢɧɚɦɢɱɟɫɤɢɦ 
ɢ ɫɬɚɬɢɱɟɫɤɢɦ ɧɚɝɪɭɡɤɚɦ ɤɚɤ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭ-
ɚɬɚɰɢɢ, ɬɚɤ ɢ ɧɚ ɷɬɚɩɚɯ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɱɬɨ ɬɪɟɛɭ-
ɟɬ ɝɥɭɛɨɤɨɝɨ ɚɧɚɥɢɡɚ ɢɯ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤ [2]. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɷɬɚɩɨɜ 
ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɪɭɩɧɵɯ ɫɭɞɨɜɵɯ ɫɟɤɰɢɣ ɹɜɥɹɟɬ-
ɫɹ ɩɪɨɰɟɫɫ ɤɚɧɬɨɜɤɢ (ɧɚɤɥɨɧɟɧɢɹ ɢɥɢ ɩɨɞɴɟɦɚ) 
ɤɨɧɫɬɪɭɤɰɢɣ ɞɥɹ ɢɯ ɦɨɧɬɚɠɚ ɢ ɫɛɨɪɤɢ. ɇɚ ɞɚɧ-
ɧɨɦ ɷɬɚɩɟ ɞɧɢɳɟɜɚɹ ɫɟɤɰɢɹ ɫɭɞɧɚ-ɫɧɚɛɠɟɧɰɚ 
ɢɫɩɵɬɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ, ɜɤɥɸɱɚɹ 
ɢɡɝɢɛɚɸɳɢɟ ɦɨɦɟɧɬɵ, ɧɚɩɪɹɠɟɧɢɹ ɫɞɜɢɝɚ ɢ ɞɟ-
ɮɨɪɦɚɰɢɢ [3]. ɇɟɩɪɚɜɢɥɶɧɚɹ ɨɰɟɧɤɚ ɷɬɢɯ ɧɚɝɪɭ-
ɡɨɤ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɞɟɮɨɪɦɚɰɢɹɦ, ɬɪɟɳɢɧɚɦ 
ɢɥɢ ɞɚɠɟ ɤɪɢɬɢɱɟɫɤɢɦ ɩɨɜɪɟɠɞɟɧɢɹɦ, ɱɬɨ ɧɟɝɚ-
ɬɢɜɧɨ ɫɤɚɠɟɬɫɹ ɧɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɭɞɧɚ ɢ ɷɤɨɧɨ-
ɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɫɭɳɟɫɬɜɭɟɬ 
ɦɧɨɠɟɫɬɜɨ ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɚ, ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɜ 
ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɚɯ, ɤɨɬɨ-
ɪɵɟ ɫɬɚɧɨɜɹɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɩɪɨɟɤɬɢ-
ɪɨɜɚɧɢɹ ɢ ɚɧɚɥɢɡɚ ɫɭɞɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. Ɉɞɧɚ-
ɤɨ ɦɧɨɝɢɟ ɢɡ ɞɚɧɧɵɯ ɩɪɨɝɪɚɦɦ ɫɨɡɞɚɧɵ ɡɚɪɭ-
ɛɟɠɧɵɦɢ ɤɨɦɩɚɧɢɹɦɢ ɢ ɧɟ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɫɜɨɢ 
ɭɫɥɭɝɢ ɧɚɲɟɣ ɨɬɪɚɫɥɢ. ɉɪɨɝɪɚɦɦɚ «ɅɂɊȺ», 

ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɤɨɦɩɚɧɢɟɣ «ɅɂɊȺ 
ɫɨɮɬ», ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɪɚɫɱɟɬɚ ɫɬɪɨɢɬɟɥɶ-
ɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɫɩɨɫɨɛɧɚ ɪɟɲɚɬɶ ɧɟɤɨɬɨɪɵɟ 
ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɫɭɞɨɫɬɪɨɢɬɟɥɶɧɵɟ ɡɚɞɚɱɢ. ȿɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɞɟɬɚɥɶɧɨ ɦɨɞɟɥɢɪɨ-
ɜɚɬɶ ɩɨɜɟɞɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ, ɭɱɢɬɵɜɚɬɶ ɧɟɥɢɧɟɣ-
ɧɨɫɬɢ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɚ ɬɚɤɠɟ 
ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɪɢɫɤɢ ɧɚ ɪɚɧɧɢɯ 
ɷɬɚɩɚɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɫɬɚɬɶɢ ɹɜɥɹɟɬɫɹ ɞɟɦɨɧɫɬɪɚ-
ɰɢɹ ɪɚɫɱɟɬɨɜ ɇȾɋ ɞɧɢɳɟɜɨɣ ɫɟɤɰɢɢ ɫɭɞɧɚ-

ɫɧɚɛɠɟɧɰɚ ɩɪɢ ɤɚɧɬɨɜɤɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨ-
ɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ «ɅɂɊȺ» ɢ ɚɧɚɥɢɡ ɜɥɢɹɧɢɹ 
ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ (ɮɨɪɦɚ ɫɟɱɟɧɢɹ, ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɟ ɧɚɝɪɭɡɨɤ, ɦɚɬɟɪɢɚɥɵ) ɧɚ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɧɫɬɪɭɤɰɢɢ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨ-
ɜɚɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɫɧɢɠɟɧɢɹ 
ɪɢɫɤɨɜ ɩɨɜɪɟɠɞɟɧɢɣ ɢ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨ-
ɫɬɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ. 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɚɛɨɬɵ ɡɚɤɥɸ-
ɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɵɣ ɩɨɞɯɨɞ ɨɛɟɫ-
ɩɟɱɢɜɚɟɬ ɫɧɢɠɟɧɢɟ ɡɚɬɪɚɬ ɧɚ ɢɫɩɵɬɚɧɢɹ ɢ ɤɨɪ-
ɪɟɤɬɢɪɨɜɤɭ ɤɨɧɫɬɪɭɤɰɢɣ. Ɉɧ ɬɚɤɠɟ ɫɨɨɬɜɟɬ-
ɫɬɜɭɟɬ ɫɨɜɪɟɦɟɧɧɵɦ ɫɬɚɧɞɚɪɬɚɦ ɛɟɡɨɩɚɫɧɨɫɬɢ, 
ɱɬɨ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ ɜ ɭɫɥɨɜɢɹɯ ɪɨɫɬɚ ɬɪɟɛɨɜɚ-
ɧɢɣ ɤ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɷɤɨɥɨɝɢɱɧɨɫɬɢ ɢ 
ɧɚɞɟɠɧɨɫɬɢ ɦɨɪɫɤɨɣ ɬɟɯɧɢɤɢ. 
 

ǛǺǽǾǼǺǱǹǴǱ ǽǱǶȂǴǴ 
Ǯ ǻǼǺǯǼǬǸǸǱ «ǗǔǜА» 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɢɧɠɟɧɟɪɧɨɝɨ ɩɪɨɟɤɬɢ-
ɪɨɜɚɧɢɹ ɩɨɩɟɪɟɱɧɨɣ ɫɟɤɰɢɢ 0801 ɫɭɞɧɚ-

ɫɧɚɛɠɟɧɰɚ ɬɪɟɛɭɟɬɫɹ ɫɨɡɞɚɬɶ ɭɩɪɨɳɟɧɧɭɸ ɝɟɨ-
ɦɟɬɪɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, ɨɫɧɨɜɚɧɧɭɸ ɧɚ ɡɚɦɟɧɟ 
ɫɥɨɠɧɵɯ ɮɨɪɦ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɩɪɢ-
ɛɥɢɠɟɧɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɮɨɪɦɵ [4]. Ɍɚɤɨɣ 
ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɜɵɱɢɫɥɢ-
ɬɟɥɶɧɭɸ ɫɥɨɠɧɨɫɬɶ ɡɚɞɚɱɢ, ɫɨɯɪɚɧɹɹ ɩɪɢ ɷɬɨɦ 
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ɩɪɚɜɢɥɶɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɤɥɸɱɟɜɵɯ ɮɢɡɢ-
ɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɪɢɫ. 1). 

 

 
Ɋɢɫ. 1. ȼɢɞ ɫɟɤɰɢɢ ɜ «ɤɨɪɚɛɟɥɶɧɨɦ» ɩɨɥɨɠɟɧɢɢ 

Fig. 1. View of the section in the «ship» position 

 

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɝɨ ɪɚɫɱɟɬɚ ɩɨɩɟɪɟɱɧɚɹ ɫɟɤ-
ɰɢɹ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɱɟɬɵɪɟ ɬɚɜɪɨɜɵɟ ɤɨɧɫɬɪɭɤ-
ɰɢɢ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɢɧɞɢ-
ɜɢɞɭɚɥɶɧɵɦɢ ɪɚɡɦɟɪɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨɩɟ-
ɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ. Ɋɚɡɞɟɥɟɧɢɟ ɧɚ ɩɨɞɨɛɧɵɟ ɷɥɟ-
ɦɟɧɬɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɥɨɤɚɥɶɧɵɯ 
ɧɚɝɪɭɡɨɤ, ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɢ ɬɪɟɛɨɜɚ-
ɧɢɣ ɤ ɠɟɫɬɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ (ɪɢɫ. 2) [5]. ɉɨɞ 
ɠɟɫɬɤɨɫɬɶɸ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢɧɢɦɚɟɦ ɟɟ ɫɩɨɫɨɛ-
ɧɨɫɬɶ ɫɨɯɪɚɧɹɬɶ ɫɜɨɸ ɩɟɪɜɨɧɚɱɚɥɶɧɭɸ ɮɨɪɦɭ ɢ 
ɪɚɫɩɨɥɨɠɟɧɢɟ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚɝɪɭɡɨɤ. 

 

 
Ɋɢɫ. 2. ɋɟɱɟɧɢɟ ɞɜɭɬɚɜɪɚ 

Fig. 2. I-beam section 
 

Ɋɚɡɛɢɟɧɢɟ ɧɚ ɱɟɬɵɪɟ ɬɚɜɪɚ ɪɚɡɥɢɱɧɨɝɨ 
ɩɪɨɮɢɥɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ 
ɞɟɬɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɚɧɚɥɢɡɚ ɦɟɯɚɧɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ. ɇɚ ɨɫɧɨɜɟ ɦɟɬɨɞɨɜ ɬɟɨɪɢɢ ɭɩɪɭɝɨɫɬɢ ɢ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɩɪɨɜɨɞɢɬɫɹ ɚɧɚɥɢɡ 
ɇȾɋ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ, ɩɨɡɜɨɥɹɸɳɢɣ ɨɩɪɟ-
ɞɟɥɢɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɟɱɟɧɢɹ, 
ɜɤɥɸɱɚɹ ɦɨɦɟɧɬɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɜɵ-
ɹɜɢɬɶ ɤɪɢɬɢɱɟɫɤɢɟ ɬɨɱɤɢ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦɢ 
ɧɚɩɪɹɠɟɧɢɹɦɢ. ɗɬɢ ɩɚɪɚɦɟɬɪɵ ɜɚɠɧɵ ɞɥɹ ɨɰɟɧ-
ɤɢ ɠɟɫɬɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɢ 
ɫɬɚɬɢɱɟɫɤɢɯ ɧɚɝɪɭɡɤɚɯ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɭɞɧɚ [6]. Ɋɚɡɞɟɥɟɧɢɟ ɫɟɤɰɢɢ ɧɚ 
ɬɚɜɪɨɜɵɟ ɷɥɟɦɟɧɬɵ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɜɟɪɢɮɢɤɚɰɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨ-
ɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɫɢɫɬɟɦɵ 
«ɅɂɊȺ». ɉɪɨɜɟɪɤɚ ɪɚɫɱɟɬɨɜ ɜ ɬɚɤɢɯ ɩɪɨɝɪɚɦɦɚɯ 
ɩɨɡɜɨɥɹɟɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɩɨɬɟɧɰɢɚɥɶɧɵɟ 
ɧɟɫɨɨɬɜɟɬɫɬɜɢɹ ɦɟɠɞɭ ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɦɨɞɟɥɹ-
ɦɢ ɢ ɱɢɫɥɟɧɧɵɦɢ ɪɚɫɱɟɬɚɦɢ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɩɨɜɵɲɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. Ɉɫɨɛɨɟ 
ɜɧɢɦɚɧɢɟ ɩɪɢ ɷɬɨɦ ɭɞɟɥɹɟɬɫɹ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ 
ɞɚɧɧɵɯ ɩɨ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɧɚɩɪɹɠɟɧɢɣ, ɭɩɪɭɝɢɦ 
ɞɟɮɨɪɦɚɰɢɹɦ ɢ ɧɚɝɪɭɡɤɚɦ, ɱɬɨ ɧɚɩɪɹɦɭɸ ɜɥɢɹɟɬ 
ɧɚ ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ 
ɫɭɞɧɚ-ɫɧɚɛɠɟɧɰɚ [7]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɦɟɧɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟ-
ɫɤɢ ɭɩɪɨɳɟɧɧɨɣ ɦɨɞɟɥɢ ɫ ɞɟɤɨɦɩɨɡɢɰɢɟɣ 
ɫɥɨɠɧɵɯ ɫɟɱɟɧɢɣ ɧɚ ɬɢɩɨɜɵɟ ɬɚɜɪɨɜɵɟ ɩɪɨɮɢ-
ɥɢ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɧɚɛɨɪɚ ɤɨɪɩɭɫɚ ɫɭɞɧɚ, ɩɨɡ-
ɜɨɥɹɟɬ ɭɫɤɨɪɢɬɶ ɪɚɫɱɟɬɵ ɛɟɡ ɡɧɚɱɢɬɟɥɶɧɨɣ ɩɨ-
ɬɟɪɢ ɬɨɱɧɨɫɬɢ. ɗɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɤɨɪɪɟɤɬɧɭɸ 
ɨɰɟɧɤɭ ɩɪɨɱɧɨɫɬɧɵɯ ɢ ɠɟɫɬɤɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɩɪɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɭɞɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. ɗɬɨɬ 
ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɢɧɬɟɝɪɢɪɨɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ 
ɚɧɚɥɢɡɚ ɜ ɤɨɦɩɥɟɤɫɧɵɟ ɫɢɫɬɟɦɵ ɦɨɞɟɥɢɪɨɜɚ-
ɧɢɹ, ɜɤɥɸɱɚɹ ɞɢɧɚɦɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɫɭɞɧɚ, 
ɧɚɝɪɭɡɤɢ ɨɬ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɢ 
ɞɪɭɝɢɟ ɮɚɤɬɨɪɵ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɫɟɫɬɨɪɨɧ-
ɧɸɸ ɨɰɟɧɤɭ ɧɚɞɟɠɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ. Ɉɞɧɚɤɨ 
ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɷɩɸɪɵ ɧɨɪɦɚɥɶɧɵɯ ɧɚɩɪɹɠɟ-
ɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɜɡɹɬɶ ɡɚ ɨɫɧɨɜɭ ɤɨɧɫɬɪɭɤɰɢɢ 
ɩɥɚɫɬɢɧɵ, ɚ ɧɟ ɫɬɟɪɠɧɢ (ɬɚɜɪɨɜɵɟ ɩɪɨɮɢɥɢ) 
ɤɚɤ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ. ɉɪɢɦɟɪ ɪɚɫɱɟɬɚ ɨɫɧɨɜɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɜɭɬɚɜɪɚ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɩɪɨ-
ɜɟɪɤɢ ɪɚɫɱɟɬɨɜ ɩɪɨɝɪɚɦɦɵ «ɅɂɊȺ», ɩɪɟɞɫɬɚɜ-
ɥɟɧɵ ɜ ɬɚɛɥ. 1 [8]. 

ȼ ɬɚɛɥɢɰɟ e – ɨɬɫɬɨɹɧɢɟ ɰɟɧɬɪɚɥɶɧɨɣ ɨɫɢ 
ɨɬ ɨɫɢ ɫɪɚɜɧɟɧɢɹ (ɫɦ), ɪɚɫɫɱɢɬɵɜɚɟɦɨɟ ɩɨ [9]: 

e = A/B, 

ɝɞɟ А – ɫɭɦɦɚ ɩɥɨɳɚɞɢ ɜɫɟɯ ɫɜɹɡɟɣ; ȼ – ɫɭɦɦɚ 
ɫɬɚɬɢɱɟɫɤɢɯ ɦɨɦɟɧɬɨɜ ɫɜɹɡɟɣ; Iy  – ɦɨɦɟɧɬ 
ɢɧɟɪɰɢɢ (ɫɦ4

), ɪɚɫɫɱɢɬɵɜɚɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ: 
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Iy = C – A ∙ e2
, 

ɝɞɟ C – ɫɭɦɦɚ ɜɫɟɯ ɩɟɪɟɧɨɫɧɵɯ ɦɨɦɟɧɬɨɜ ɢɧɟɪ-
ɰɢɢ ɢ ɫɨɛɫɬɜɟɧɧɵɯ ɦɨɦɟɧɬɨɜ ɢɧɟɪɰɢɢ [10]; 

∑z – ɨɛɳɚɹ ɜɵɫɨɬɚ ɩɪɨɮɢɥɹ ɬɚɜɪɚ: 
∑z = (zn.n + zcm + zɫɜ.n) / 10. 

Ɋɚɫɫɬɨɹɧɢɟ z1 = e, ɚ z2 = ∑z – e [11, 12]; 

Wmin – ɦɢɧɢɦɚɥɶɧɵɣ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
(ɫɦ3), ɪɚɫɫɱɢɬɵɜɚɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ: 

Wmin = Iy / zmax, 

ɝɞɟ Wmax – ɦɚɤɫɢɦɚɥɶɧɵɣ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ, ɫɦ3, ɪɚɫɫɱɢɬɵɜɚɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ [13, 14]: 

Wmax = Iy / zmin, 

ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɚ ɨɫɧɨɜɧɵɯ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢɫɬɭɩɚɟɦ ɤ ɩɨɫɬɪɨɟɧɢɸ ɫɟɤɰɢɢ ɜ 
ɉɄ «ɅɂɊȺ». Ⱦɥɹ ɷɬɨɝɨ ɧɚɦ ɩɨɬɪɟɛɭɟɬɫɹ ɫɯɟɦɚ 
ɤɪɟɩɥɟɧɢɹ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɤɚɧɬɨɜɤɢ (ɪɢɫ. 3 ɢ 4). 

Ɍɚɛɥɢцɚ 1. Ɋɚɫɱɟɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɜɭɬɚɜɪɚ 

Table 1. Calculation of I-beam characteristics 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɫɜɹɡɢ 

Name connections 

Ɋɚɡɦɟɪ 
ɨɫɢ Y, 

ɦɦ 

Y-axis 

size , mm 

Ɋɚɡɦɟɪ 
ɨɫɢ Z, 

ɦɦ 

Z-axis 

size, 

mm 

ɉɥɨɳɚɞɶ 
F, ɫɦ2 

Area F, 

cm2 

Ɋɚɫɫɬɨɹɧɢɟ 
z, ɰɟɧɬɪ 

ɬɹɠɟɫɬɢ ɨɬ 
ɨɫɢ ɈɈ, ɫɦ 

Distance z , 

center 

gravity 

from the 

OO axis, 

cmɹ 

ɋɬɚɬɢɱɟɫɤɢɣ 

ɦɨɦɟɧɬ, ɫɦ3 

Static 

moment, cm3 

ɉɟɪɟɧɨɫɧɨɣ 
ɦɨɦɟɧɬ 

ɢɧɟɪɰɢɢ, 
ɫɦ4 

Portable 

moment 

inertia, cm4 

ɋɨɛɫɬɜɟɧɧɵɣ 

ɦɨɦɟɧɬ 

ɢɧɟɪɰɢɢ, ɫɦ4 

Own moment 

inertia, cm4 

ɉɪɢɫɨɟɞɢɧɟɧɧɵɣ 
ɩɨɹɫɨɤ 

Attached belt 

184 15 27,6 0,65 17,9 11,7 5,2 

ɋɬɟɧɤɚ 

Wall 
9 1 400 126 71,5 9 009,0 644 143,5 205 800,0 

ɋɜɨɛɨɞɧɵɣ ɩɨɹ-
ɫɨɤ 

Loose belt 

184 10 18,4 142 2 612,8 371 017,6 1,5 

Иɬɨɝɨ 

Total 
A = 172 – B = 11 639,7 – C = 1 220 979,5 

e Iy ∑z z1 z2 zmax zmin Wmin Wmax 

67,67 433 284,4 142,5 67,67 74,83 74,83 67,67 5 790,48 6 402,63 

 

 
 

Ɋɢɫ. 3. ɋɯɟɦɚ ɫɬɪɨɩɨɜɤɢ ɜ ɛɥɨɤɟ ɤɨɪɩɭɫɧɵɯ 

ɩɪɨɢɡɜɨɞɫɬɜ ɤɪɚɧɨɦ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ 120 ɬ 

Fig. 3. Slinging diagram for a hull production 

unit using a 120-ton crane 

Ɋɢɫ. 4. ɋɯɟɦɚ ɤɚɧɬɨɜɤɢ ɜ ɛɥɨɤɟ ɤɨɪɩɭɫɧɵɯ 

ɩɪɨɢɡɜɨɞɫɬɜ ɤɪɚɧɨɦ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ 120 ɬ 

Fig. 4. The tilting scheme in the hull prtion block with 

a crane with a lifting capacity of 120 tons 
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ɉɟɪɟɞ ɩɨɫɬɪɨɟɧɢɟɦ ɭɩɪɨɳɟɧɧɨɣ ɫɟɤɰɢɢ 
ɬɚɤɠɟ ɨɡɧɚɤɨɦɢɦɫɹ ɫ ɩɪɚɜɢɥɚɦɢ ɢ ɩɥɚɧɨɦ ɩɪɨ-
ɜɟɞɟɧɢɹ ɤɚɧɬɨɜɤɢ. 

1. Ɉɝɪɚɞɢɬɶ ɭɱɚɫɬɨɤ ɬɚɤɟɥɚɠɧɵɯ ɪɚɛɨɬ 
ɩɪɟɞɭɩɪɟɠɞɚɸɳɢɦɢ ɬɚɛɥɢɱɤɚɦɢ «ɉɪɨɯɨɞ ɡɚ-
ɩɪɟɳɟɧ». 

2. ɉɟɪɜɵɣ ɷɬɚɩ (ɩɪɨɜɟɪɤɚ ɩɪɨɱɧɨɫɬɢ 
ɩɪɢɜɚɪɤɢ ɨɛɭɯɨɜ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɨɞɴɟɦɨɦ 
ɫɟɤɰɢɢ 0801): 

– ɢɫɩɨɥɶɡɨɜɚɬɶ 4 ɫɤɨɛɵ ɝɪɭɡɨɩɨɞɴɟɦɧɨ-
ɫɬɶɸ 35 ɬ ɫ ɞɢɚɦɟɬɪɨɦ ɩɚɥɶɰɚ ɧɟ ɛɨɥɟɟ 55 ɦɦ; 
ɫɬɪɨɩɵ ɤɚɧɚɬɧɵɟ ɞɥɹ ɬɟɥɟɠɤɢ № 1 – 2 ɲɬ. ɝɪɭ-
ɡɨɩɨɞɴɟɦɧɨɫɬɶɸ ɧɟ ɧɢɠɟ 30 ɬ (L = 10 000 ɦɦ), 
ɞɥɹ ɬɪɚɜɟɪɫɵ (ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ 110 ɬ) – 2 ɲɬ. 
ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ ɧɟ ɧɢɠɟ 25 ɬ (L = 6 000 ɦɦ); 

– ɩɨɞɧɹɬɶ ɫɟɤɰɢɸ ɡɚ ɱɟɬɵɪɟ ɨɛɭɯɚ ɝɪɭɡɨ-
ɩɨɞɴɟɦɧɨɫɬɶɸ 20 ɬ ɢ ɡɚ ɞɜɚ ɨɛɭɯɚ ɝɪɭɡɨɩɨɞɴ-
ɟɦɧɨɫɬɶɸ 30 ɬ ɤɪɚɧɨɦ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ 
120 ɬ ɧɚ ɜɵɫɨɬɭ 200–300 ɦɦ ɨɬ ɩɥɨɫɤɨɣ ɱɚɫɬɢ 
ɫɬɟɧɞɚ, ɜɵɞɟɪɠɚɬɶ 15 ɦɢɧ., ɨɩɭɫɬɢɬɶ; 

– ɜɵɩɨɥɧɢɬɶ ɜɢɡɭɚɥɶɧɵɣ ɨɫɦɨɬɪ ɩɨ 
ɊȾ5.121-85 [15]; 

– ɪɚɡɪɭɲɟɧɢɟ ɢ ɞɟɮɨɪɦɚɰɢɹ ɤɨɧɫɬɪɭɤɰɢɣ 
ɢ ɫɜɚɪɧɵɯ ɲɜɨɜ ɧɟ ɞɨɩɭɫɤɚɸɬɫɹ; 

– ɜ ɪɚɣɨɧɟ ɬɪɟɬɶɟɝɨ ɩɪɨɥɟɬɚ ɛɥɨɤɚ ɤɨɪ-
ɩɭɫɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ ɩɨɞɧɹɬɶ ɫɟɤɰɢɸ ɧɚ 12 000 

ɦɦ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɤɚɧɬɨɜɤɢ ɫɨɝɥɚɫɧɨ ɫɯɟɦɟ. 

3. ȼɬɨɪɨɣ ɷɬɚɩ (ɤɚɧɬɨɜɤɚ ɫɟɤɰɢɢ 0801): 
– ɩɥɚɜɧɨ ɨɩɭɫɤɚɬɶ ɝɚɤ ɰɟɧɬɪɚɥɶɧɨɣ ɬɟ-

ɥɟɠɤɢ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɞɜɢ-
ɠɟɧɢɟɦ ɜ ɫɬɨɪɨɧɭ ɬɪɚɜɟɪɫɵ ɝɪɭɡɨɩɨɞɴɟɦɧɨ-
ɫɬɶɸ 110 ɬ, ɦɟɞɥɟɧɧɨ ɧɚɱɢɧɚɬɶ ɩɪɨɜɨɪɚɱɢɜɚɬɶ 
ɫɟɤɰɢɸ ɜ ɜɟɪɬɢɤɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ; 

– ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɩɨɥɨ-
ɠɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɦɚɫɫɵ ɡɚɫɬɨɩɨɪɢɬɶ 
ɰɟɧɬɪɚɥɶɧɭɸ ɬɟɥɟɠɤɭ; 

– ɨɬɫɬɪɨɩɢɬɶ ɨɛɭɯɢ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ 
20 ɬ ɰɟɧɬɪɚɥɶɧɨɣ ɬɟɥɟɠɤɢ ɫɨɝɥɚɫɧɨ ɫɯɟɦɟ; 

– ɩɟɪɟɜɟɫɬɢ ɝɚɤ ɰɟɧɬɪɚɥɶɧɨɣ ɬɟɥɟɠɤɢ ɧɚ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ ɫɬɨɪɨɧɭ ɢ ɡɚɫɬɪɨɩɢɬɶ ɡɚ 
ɨɛɭɯɢ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ 20 ɬ; 

– ɩɥɚɜɧɨ ɩɨɞɧɢɦɚɹ ɝɚɤ ɰɟɧɬɪɚɥɶɧɨɣ ɬɟ-
ɥɟɠɤɢ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɞɜɢ-
ɠɟɧɢɟɦ, ɦɟɞɥɟɧɧɨ ɧɚɱɢɧɚɬɶ ɩɨɜɨɪɚɱɢɜɚɬɶ ɫɟɤ-
ɰɢɸ ɜ ɜɟɪɬɢɤɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ; 

– ɩɥɚɜɧɨ ɨɩɭɫɬɢɬɶ ɫɟɤɰɢɸ ɧɚ ɫɬɟɧɞ ɢɥɢ 
ɜɨɞɨɨɩɪɟɫɧɢɬɟɥɶɧɭɸ ɭɫɬɚɧɨɜɤɭ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɱɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɷɥɟɦɟɧɬɨɜ ɤɪɟɩɥɟɧɢɹ (ɨɛɭɯɨɜ) ɜ ɩɨɩɟɪɟɱɧɨɣ 
ɫɟɤɰɢɢ ɫɭɞɧɚ-ɫɧɚɛɠɟɧɰɚ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨ-
ɜɚɬɶ ɞɚɧɧɵɟ ɫɯɟɦɵ ɫɬɪɨɩɨɜɤɢ, ɤɨɬɨɪɚɹ ɩɨɤɚɡɵ-
ɜɚɟɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɧɚɝɪɭɡɨɤ, 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɨɝɪɚɧɢɱɟɧɢɹɯ ɢ ɤɨɧɫɬɪɭɤɬɢɜ-
ɧɵɯ ɨɫɨɛɟɧɧɨɫɬɹɯ. ɗɬɢ ɫɜɟɞɟɧɢɹ ɩɨɡɜɨɥɹɸɬ 

 
Ɋɢɫ. 5. ɂɡɨɛɪɚɠɟɧɢɟ ɞɧɢɳɟɜɨɣ ɫɟɤɰɢɢ 

(ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɭɩɪɨɳɟɧɧɵɣ ɜɢɞ) 

Fig. 5. Image of the bottom section 

(geometrically simplified view) 
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ɨɩɪɟɞɟɥɢɬɶ ɤɨɨɪɞɢɧɚɬɵ ɭɫɬɚɧɨɜɤɢ ɨɛɭɯɨɜ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɦɟɯɚɧɢɱɟɫɤɭɸ ɫɬɚɛɢɥɢɡɚɰɢɸ 
ɫɟɤɰɢɢ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɜɢɡɭɚɥɢɡɢɪɭɸɬɫɹ 
ɧɚ ɭɩɪɨɳɟɧɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫɟɤɰɢɢ 
ɜ ɦɚɫɲɬɚɛɟ 1:1 (ɪɢɫ. 5), ɝɞɟ ɷɥɟɦɟɧɬɵ ɤɪɟɩɥɟ-
ɧɢɹ ɨɛɨɡɧɚɱɚɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɦɢ ɦɚɪɤɟɪɚɦɢ – 

ɨɤɪɭɠɧɨɫɬɹɦɢ ɫ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚɦɢ ɜ ɰɟɧɬɪɟ. 
Ⱦɜɭɬɚɜɪɨɜɵɟ ɛɚɥɤɢ ɢ ɞɪɭɝɢɟ ɧɟɫɭɳɢɟ 

ɷɥɟɦɟɧɬɵ ɜ ɭɩɪɨɳɟɧɧɨɣ ɦɨɞɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɪɚɡɥɢɱɧɵɦɢ ɰɜɟɬɨɜɵɦɢ ɫɟɝɦɟɧɬɚɦɢ, ɱɬɨ ɭɩɪɨ-
ɳɚɟɬ ɜɢɡɭɚɥɶɧɨɟ ɪɚɡɥɢɱɟɧɢɟ ɢɯ ɮɭɧɤɰɢɨɧɚɥɶ-
ɧɵɯ ɪɨɥɟɣ ɢ ɜɡɚɢɦɨɫɜɹɡɟɣ. ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɜ ɩɪɨɰɟɫɫɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɫɤɥɸɱɚɸɬɫɹ ɤɨɧ-
ɫɬɪɭɤɬɢɜɧɵɟ ɜɵɪɟɡɵ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɪɚɡɪɵ-
ɜɵ ɜ ɫɟɱɟɧɢɹɯ, ɬɚɤ ɤɚɤ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɟ 
ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ (ɧɚɩɪɢɦɟɪ, ɅɂɊȺ) 
ɧɟ ɩɨɞɞɟɪɠɢɜɚɟɬ ɢɯ ɩɪɹɦɨɟ ɨɬɨɛɪɚɠɟɧɢɟ. ɗɬɨ 
ɭɩɪɨɳɟɧɢɟ ɞɨɩɭɫɬɢɦɨ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɟɝɨ 
ɜɥɢɹɧɢɟ ɧɚ ɨɛɳɭɸ ɦɟɯɚɧɢɱɟɫɤɭɸ ɠɟɫɬɤɨɫɬɶ 
ɫɱɢɬɚɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɫ-
ɧɨɜɧɵɦɢ ɧɚɝɪɭɡɤɚɦɢ. ɉɨɫɥɟ ɢɧɬɟɝɪɚɰɢɢ ɜɫɟɯ 
ɷɥɟɦɟɧɬɨɜ ɜ ɟɞɢɧɭɸ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ ɩɪɨɜɨ-
ɞɢɬɫɹ ɫɢɦɭɥɹɰɢɹ ɩɪɨɞɨɥɶɧɵɯ ɢ ɩɨɩɟɪɟɱɧɵɯ 
ɫɜɹɡɟɣ, ɱɬɨ ɨɱɟɧɶ ɜɚɠɧɨ ɞɥɹ ɨɰɟɧɤɢ ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ. Ⱦɥɹ ɚɧɚɥɢɡɚ 
ɇȾɋ ɞɧɢɳɟɜɨɣ ɫɟɤɰɢɢ ɦɨɞɟɥɢɪɭɟɬɫɹ ɪɚɜɧɨ-
ɦɟɪɧɚɹ ɧɚɝɪɭɡɤɚ, ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɜɟɫɭ ɫɨɛɫɬɜɟɧ-
ɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ (49 671 ɤɝ) [16]. ɉɪɢ ɷɬɨɦ 

ɤɥɸɱɟɜɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɦɚɬɟɪɢ-
ɚɥɶɧɵɯ ɫɜɨɣɫɬɜ, ɬɚɤ ɤɚɤ ɩɪɨɝɪɚɦɦɚ «ɅɂɊȺ», 
ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɜ ɨɫɧɨɜɧɨɦ ɞɥɹ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɡɚɞɚɱ, ɧɟ ɩɨɞɞɟɪɠɢɜɚɟɬ ɩɪɹɦɨɟ ɭɤɚɡɚɧɢɟ ɦɨɞɭ-
ɥɹ ɭɩɪɭɝɨɫɬɢ E. Ⱦɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɷɬɨɝɨ ɨɝɪɚ-
ɧɢɱɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɞɯɨɞ: ɦɨɞɭɥɶ ɭɩɪɭɝɨ-
ɫɬɢ ɜɜɨɞɢɬɫɹ ɱɟɪɟɡ ɩɚɪɚɦɟɬɪ ɠɟɫɬɤɨɫɬɢ ɤɨɧ-
ɫɬɪɭɤɰɢɢ: 

EIy = E ∙ A, 

ɝɞɟ E – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɦɚɬɟɪɢɚɥɚ, ɪɚɜɧɵɣ 
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 ɉɚ [17]. 
 
ǜǱǳǿǷȈǾǬǾȇ ǹǬǯǼǿǲǱǹǴȋ ǽǱǶȂǴǴ 

ɉɨɫɥɟ ɜɜɨɞɚ ɜɫɟɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɧɚɠɚɬɢɹ 
ɧɚ ɤɧɨɩɤɭ ɪɚɫɱɟɬɚ ɩɪɨɝɪɚɦɦɚ ɮɨɪɦɢɪɭɟɬ ɞɟ-
ɮɨɪɦɢɪɨɜɚɧɧɭɸ ɦɨɞɟɥɶ ɫɟɤɰɢɢ (ɪɢɫ. 6), ɞɟɦɨɧ-
ɫɬɪɢɪɭɸɳɭɸ ɫɦɟɳɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɨɞ ɞɟɣ-
ɫɬɜɢɟɦ ɧɚɝɪɭɡɨɤ. 

ȼɢɡɭɚɥɢɡɚɰɢɹ ɜɤɥɸɱɚɟɬ ɫɪɚɜɧɟɧɢɟ ɢɫ-
ɯɨɞɧɨɣ ɝɟɨɦɟɬɪɢɢ ɫ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ, ɱɬɨ ɩɨɡ-
ɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɦɚɫɲɬɚɛɵ ɩɪɨɞɨɥɶɧɵɯ ɢ ɩɨɩɟ-
ɪɟɱɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ, ɱɟɪɟɡ 
ɮɭɧɤɰɢɸ «ɗɩɸɪɵ ɩɟɪɟɪɟɡɵɜɚɸɳɢɯ ɫɢɥ» ɩɪɨ-
ɝɪɚɦɦɚ ɝɟɧɟɪɢɪɭɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɩɟɪɟɱɧɵɯ 
ɫɢɥ ɩɨ ɫɟɤɰɢɢ (ɪɢɫ. 7), ɝɞɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚ-
ɱɟɧɢɟ (142 ɤɇ) ɮɢɤɫɢɪɭɟɬɫɹ ɜ ɬɨɱɤɟ ɤɪɟɩɥɟɧɢɹ 
– ɷɬɨ ɭɱɚɫɬɨɤ, ɬɪɟɛɭɸɳɢɣ ɨɬɞɟɥɶɧɨɝɨ ɜɧɢɦɚɧɢɹ 
ɢɥɢ ɫɩɟɰɢɚɥɶɧɨɝɨ ɤɨɧɬɪɨɥɹ. 

 
Ɋɢɫ. 6. Ⱦɟɮɨɪɦɢɪɨɜɚɧɧɚɹ ɦɨɞɟɥɶ ɫɟɤɰɢɢ 

Fig. 6. Deformed model of the section 
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Ⱦɥɹ ɨɰɟɧɤɢ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ ɢɫ-
ɩɨɥɶɡɭɟɬɫɹ ɢɧɫɬɪɭɦɟɧɬ «ɗɩɸɪɵ ɢɡɝɢɛɚɸɳɢɯ 
ɦɨɦɟɧɬɨɜ» (ɪɢɫ. 8 ɢ 9), ɤɨɬɨɪɵɣ ɞɟɦɨɧɫɬɪɢɪɭɟɬ 
ɡɨɧɵ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɟɱɟɧɢɢ, ɱɬɨ 
ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɜɵɛɨɪɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɩɪɨɮɢɥɟɣ 

ɷɥɟɦɟɧɬɨɜ. ɇɚɤɨɧɟɰ, ɩɪɨɝɪɚɦɦɚ ɦɨɞɟɥɢɪɭɟɬ 
ɷɩɸɪɭ ɩɪɨɝɢɛɨɜ (ɪɢɫ. 10), ɨɬɨɛɪɚɠɚɸɳɭɸ ɦɚɤ-
ɫɢɦɚɥɶɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɫɟɤɰɢɢ ɩɨɞ ɧɚɝɪɭɡɤɨɣ. 
 

 

 
Ɋɢɫ. 8. ɗɩɸɪɵ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ My 

Fig. 8. Bending moment diagrams My 

 

 
Ɋɢɫ. 9. ɗɩɸɪɵ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ Mx 

Fig. 9. Bending moment diagrams Mx 

 
Ɋɢɫ. 7. ɗɩɸɪɵ ɩɟɪɟɪɟɡɵɜɚɸɳɢɯ ɫɢɥ 

Fig. 7. Shear force diagrams 
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Ɋɢɫ. 10. ɗɩɸɪɚ ɩɪɨɝɢɛɨɜ 

Fig. 10. Sag diagram 

 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɮɨɪɦɢɪɭɸɬ ɤɨɦ-
ɩɥɟɤɫɧɭɸ ɤɚɪɬɢɧɭ ɜɨɡɞɟɣɫɬɜɢɣ, ɩɨɡɜɨɥɹɹ ɨɩɪɟ-
ɞɟɥɢɬɶ «ɭɡɤɢɟ ɦɟɫɬɚ» ɤɨɧɫɬɪɭɤɰɢɢ, ɨɰɟɧɢɬɶ 
ɪɟɡɟɪɜɵ ɩɪɨɱɧɨɫɬɢ ɢ ɭɬɨɱɧɢɬɶ ɩɚɪɚɦɟɬɪɵ ɜ ɦɟ-
ɫɬɚɯ ɤɪɟɩɥɟɧɢɹ ɨɛɭɯɨɜ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɨɛɟɫɩɟ-
ɱɢɜɚɟɬ ɢɧɬɟɝɪɚɰɢɸ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 
ɫ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɪɚɫɱɟɬɚɦɢ, ɱɬɨ ɜɚɠɧɨ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ [18]. 

ɗɬɚɩɵ ɪɚɫɱɟɬɚ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɡɚɜɢɫɢɦɨɫɬɶ 
ɬɨɱɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɨɬ ɜɵɛɨɪɚ ɦɟɬɨɞɨɜ ɭɩɪɨ-
ɳɟɧɢɹ, ɚɞɚɩɬɚɰɢɢ ɩɪɨɝɪɚɦɦɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ ɢ 
ɭɱɟɬɚ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 
ɢɝɧɨɪɢɪɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɜɵɪɟɡɨɜ ɞɨɩɭ-
ɫɬɢɦɨ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɢɯ ɜɥɢɹɧɢɟ ɧɚ ɨɛɳɭɸ 
ɠɟɫɬɤɨɫɬɶ ɫɢɫɬɟɦɵ ɧɟ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɵɟ 
ɩɨɝɪɟɲɧɨɫɬɢ. 

ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɪɚɦɤɚɯ ɫɬɚɧɞɚɪɬ-
ɧɵɯ ɩɪɨɰɟɞɭɪ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨ-
ɜɚɧɢɹ ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɫɢɥɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɯ ɇȾɋ 
ɱɚɫɬɨ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɣ ɬɨɱɧɨ-
ɫɬɶɸ: ɪɚɡɪɚɛɨɬɱɢɤɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɪɚɫɩɨɥɚɝɚ-
ɸɬ ɩɨɥɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɜɟɥɢɱɢɧɟ ɨɲɢɛɤɢ ɢ 
ɬɨɱɧɨɫɬɢ ɩɨɥɭɱɚɟɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ [2, 7]. 

ɉɪɢɱɢɧɚ ɧɟɡɧɚɱɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɠɞɟɧɢɹ 
ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɚ ɫ ɭɩɪɨɳɟɧɢɹɦɢ, ɜɧɟɫɟɧɧɵ-

ɦɢ ɜ ɱɢɫɥɟɧɧɭɸ ɦɨɞɟɥɶ (ɧɚɩɪɢɦɟɪ, ɢɝɧɨɪɢɪɨ-
ɜɚɧɢɟ ɦɢɤɪɨɬɪɟɳɢɧ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɡɴɟɦɨɜ 
ɢɥɢ ɧɟɥɢɧɟɣɧɵɯ ɷɮɮɟɤɬɨɜ), ɤɨɬɨɪɵɟ ɜ ɪɭɱɧɵɯ 
ɪɚɫɱɟɬɚɯ ɤɨɦɩɟɧɫɢɪɭɸɬɫɹ ɱɟɪɟɡ ɞɨɩɨɥɧɢɬɟɥɶ-
ɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɚɩɚɫɚ ɩɪɨɱɧɨɫɬɢ. Ɉɞɧɚɤɨ, 
ɭɱɢɬɵɜɚɹ, ɱɬɨ ɨɬɤɥɨɧɟɧɢɟ ɨɫɬɚɟɬɫɹ ɜ ɪɚɦɤɚɯ 
5 %, ɷɬɨ ɧɟ ɜɥɢɹɟɬ ɧɚ ɤɨɧɟɱɧɵɟ ɜɵɜɨɞɵ ɨ ɛɟɡ-
ɨɩɚɫɧɨɫɬɢ ɢ ɠɟɫɬɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ. ɇɚ ɨɫɧɨɜɟ 
ɷɬɢɯ ɞɚɧɧɵɯ ɛɵɥɚ ɫɮɨɪɦɢɪɨɜɚɧɚ ɚɧɚɥɢɬɢɱɟɫɤɚɹ 
ɬɚɛɥ. 2, ɜɤɥɸɱɚɸɳɚɹ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ 
ɞɥɹ ɤɥɸɱɟɜɵɯ ɩɚɪɚɦɟɬɪɨɜ [19]. 
 
ǓǬǶǷȊȃǱǹǴǱ 

ɉɪɨɜɟɞɟɧɧɵɣ ɪɚɫɱɟɬ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ «ɅɂɊȺ» ɞɥɹ ɨɰɟɧɤɢ ɇȾɋ ɞɧɢɳɟɜɨɣ 
ɫɟɤɰɢɢ ɫɭɞɧɚ-ɫɧɚɛɠɟɧɰɚ ɩɪɢ ɤɚɧɬɨɜɤɟ. Ɋɚɫɱɟɬ, 
ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɝɟɨɦɟɬɪɢɱɟɫɤɨɦ ɭɩɪɨɳɟɧɢɢ ɦɨ-
ɞɟɥɢ ɢ ɪɚɡɞɟɥɟɧɢɢ ɫɟɤɰɢɢ ɧɚ ɱɟɬɵɪɟ ɬɚɜɪɨɜɵɯ 
ɷɥɟɦɟɧɬɚ ɫ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ-
ɦɢ, ɩɨɡɜɨɥɢɥ ɞɨɫɬɨɜɟɪɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɪɢɬɢɱɟ-
ɫɤɢɟ ɬɨɱɤɢ ɞɟɮɨɪɦɚɰɢɣ ɢ ɧɚɝɪɭɡɨɤ, ɱɬɨ ɩɨɞ-
ɬɜɟɪɠɞɚɟɬɫɹ ɫɨɜɩɚɞɟɧɢɟɦ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧ-
ɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɪɭɱɧɵɦɢ ɪɚɫɱɟɬɚɦɢ ɜ 
ɩɪɟɞɟɥɚɯ 5 %. ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɫɨɨɬɜɟɬɫɬɜɢɟ 
ɪɚɫɱɟɬɚ ɢɧɠɟɧɟɪɧɵɦ ɫɬɚɧɞɚɪɬɚɦ. 

Ɍɚɛɥɢцɚ 2. ɋɜɨɞɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ 

Table 2. Summary of calculation results 

ɉɨɤɚɡɚɬɟɥɶ 

Indicator 

ɉɚɪɚɦɟɬɪɵ 

Parameters 

ɉɪɨɝɢɛɵ Z, ɦɦ 

Sag Z , mm 
Zmax = 0,264 Zmin = –1,11 

ɇɚɩɪɹɠɟɧɢɹ, Ɇɉɚ 

Stresses, MPa 
ımax = 24,3 Ĳmax = 49,3 

ɂɡɝɢɛɚɸɳɢɟ ɦɨɦɟɧɬɵ M, ɤɇ ∙ ɦ 

Bending moments M , kN ∙ m 
Mymax = 62,2 Mymin = –129 

ɉɟɪɟɪɟɡɵɜɚɸɳɢɟ ɫɢɥɵ Q, ɤɇ 

Shearing forces Q , kN 
Qzmax = 142 Qzmin = –97,7 

Ɇɨɦɟɧɬɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ W, ɦ3
 

Moments of resistance W, m
3
 

Wmax = 0,0064 Wmin = 0,00579 

ɇɚɩɪɹɠɟɧɢɹ ɞɨɩɭɫɤɚɟɦɵɟ, Ɇɉɚ 

Permissible stresses, MPa 
ı = 235 Ĳ = 135 
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Ɉɫɧɨɜɧɵɟ ɜɵɜɨɞɵ ɩɨ ɪɚɛɨɬɟ: 
1. Ɉɩɪɟɞɟɥɟɧɢɟ ɤɪɢɬɢɱɟɫɤɢɯ ɡɨɧ: ɦɚɤɫɢ-

ɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɟɪɟɪɟɡɵɜɚɸɳɢɯ ɫɢɥ 
(142 ɤɇ) ɢ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ (ɞɨ 129 ɤɇ ∙ 
ɦ). ɗɬɨ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɭɫɢɥɟɧɢɹ 
ɤɨɧɫɬɪɭɤɰɢɢ (ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ) ɜ ɷɬɢɯ 
ɭɱɚɫɬɤɚɯ, ɧɚɩɪɢɦɟɪ, ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɩɪɨɮɢ-
ɥɹ ɬɚɜɪɨɜ ɢɥɢ ɜɜɟɞɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɷɥɟ-
ɦɟɧɬɨɜ ɮɢɤɫɚɰɢɢ. 

2. Ɋɟɡɟɪɜɵ ɩɪɨɱɧɨɫɬɢ: ɦɚɤɫɢɦɚɥɶɧɵɟ 
ɧɚɩɪɹɠɟɧɢɹ (24,3 Ɇɉɚ) ɢ ɞɟɮɨɪɦɚɰɢɢ (1,11 ɦɦ) 
ɧɟ ɩɪɟɜɵɲɚɸɬ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ (ı = 235 
Ɇɉɚ, Ĳ = 135 Ɇɉɚ) [20]. Ɉɞɧɚɤɨ ɪɟɡɟɪɜɵ ɩɪɨɱ-
ɧɨɫɬɢ ɜ ɤɪɢɬɢɱɟɫɤɢɯ ɡɨɧɚɯ ɬɪɟɛɭɸɬ ɞɚɥɶɧɟɣɲɟ-
ɝɨ ɚɧɚɥɢɡɚ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɞɨɥɝɨɜɟɱɧɨɫɬɢ. 

3. Ⱥɞɚɩɬɚɰɢɹ ɩɪɨɝɪɚɦɦɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ: 
ɭɱɟɬ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɱɟɪɟɡ ɩɚɪɚɦɟɬɪ ɠɟɫɬɤɨ-
ɫɬɢ (EIy) ɩɨɤɚɡɚɥ ɫɜɨɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɧɟɫɦɨɬ-
ɪɹ ɧɚ ɫɩɟɰɢɮɢɤɭ ɤɨɦɩɥɟɤɫɚ «ɅɂɊȺ», ɨɪɢɟɧɬɢ-
ɪɨɜɚɧɧɨɝɨ ɧɚ ɫɬɪɨɢɬɟɥɶɧɵɟ ɡɚɞɚɱɢ. ɗɬɨ ɨɬɤɪɵ-
ɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɪɚɫɲɢɪɟɧɢɹ ɟɝɨ ɩɪɢɦɟ-
ɧɟɧɢɹ ɜ ɫɭɞɨɫɬɪɨɟɧɢɢ ɫ ɭɱɟɬɨɦ ɤɨɪɪɟɤɬɢɪɨɜɨɤ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶ-
ɡɨɜɚɧɵ ɜ ɫɥɟɞɭɸɳɢɯ ɰɟɥɹɯ: 

– ɭɬɨɱɧɟɧɢɟ ɫɯɟɦ ɫɬɪɨɩɨɜɤɢ ɫ ɭɱɟɬɨɦ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɨɤ; 

– ɜɢɡɭɚɥɢɡɚɰɢɹ ɞɟɮɨɪɦɚɰɢɣ ɱɟɪɟɡ ɷɩɸɪɵ 
ɧɚɩɪɹɠɟɧɢɣ ɢ ɩɪɨɝɢɛɨɜ ɞɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɪɢɫ-
ɤɨɜ ɩɨɜɪɟɠɞɟɧɢɣ ɧɚ ɷɬɚɩɟ ɩɪɨɢɡɜɨɞɫɬɜɚ; 

– ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ ɜɵɛɨɪɭ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɫɧɢɠɟɧɢɹ ɞɟ-
ɮɨɪɦɚɰɢɣ. 

Ɉɞɧɚɤɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɦɟɟɬ ɨɝɪɚɧɢɱɟɧɢɹ, 
ɫɜɹɡɚɧɧɵɟ ɫ ɢɝɧɨɪɢɪɨɜɚɧɢɟɦ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 
ɜɵɪɟɡɨɜ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɡɪɵɜɨɜ ɜ ɦɨɞɟɥɢ. 
ɗɬɢ ɭɩɪɨɳɟɧɢɹ, ɤɚɤ ɩɨɤɚɡɚɧɨ, ɧɟ ɜɥɢɹɸɬ ɧɚ 
ɨɛɳɢɟ ɜɵɜɨɞɵ, ɧɨ ɬɪɟɛɭɸɬ ɭɱɟɬɚ ɜ ɞɚɥɶɧɟɣɲɢɯ 
ɪɚɫɱɟɬɚɯ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ. 

ɉɟɪɫɩɟɤɬɢɜɵ ɪɚɡɜɢɬɢɹ: 
– ɜɧɟɞɪɟɧɢɟ ɧɟɥɢɧɟɣɧɵɯ ɦɨɞɟɥɟɣ ɞɥɹ 

ɭɱɟɬɚ ɦɢɤɪɨɬɪɟɳɢɧ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɷɮɮɟɤɬɨɜ; 
– ɚɞɚɩɬɚɰɢɹ ɪɚɫɱɟɬɨɜ ɞɥɹ ɞɪɭɝɢɯ ɬɢɩɨɜ 

ɫɭɞɨɜ ɢ ɫɥɨɠɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ; 
– ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɩɪɨ-

ɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ «ɅɂɊȺ» ɞɥɹ ɩɪɹɦɨɝɨ ɭɱɟɬɚ 
ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɜ ɫɭɞɨɫɬɪɨɢɬɟɥɶɧɵɯ ɡɚɞɚɱɚɯ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɨɠɟɧɧɵɣ ɪɚɫɱɟɬ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɧɭɸ ɨɰɟɧɤɭ ɠɟɫɬɤɨɫɬɢ ɤɨɧ-
ɫɬɪɭɤɰɢɣ, ɫɧɢɠɚɟɬ ɪɢɫɤɢ ɞɟɮɟɤɬɨɜ ɢ ɡɚɬɪɚɬ ɧɚ 
ɢɫɩɵɬɚɧɢɹ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɫɨ-
ɜɪɟɦɟɧɧɨɝɨ ɫɭɞɨɫɬɪɨɟɧɢɹ ɤ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ 
ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ. 
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