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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ; 
ʧʣʦʩʢʠʝ ʩʪʝʨʞʥʝʚʳʝ ʩʠʩʪʝʤʳ; ʦʧʪʠʤʠʟʘʮʠʷ; 
ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ; ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ 
ʵʣʝʤʝʥʪʦʚ; ʧʨʦʯʥʦʩʪʴ; ʞʝʩʪʢʦʩʪʴ; ʦʙʱʘʷ 
ʫʩʪʦʡʯʠʚʦʩʪʴ 

Abstract. An algorithm for discrete optimization of steel flat rod systems was developed on the 
basis of an evolutionary search. The task is to minimize the weight of the bars via taking into account 
constraints on stresses, displacements, and overall stability. The cross-sectional dimensions of the bars 
and the coordinates of their node connections were varied. Buckling is taken into account when stability 
is lost both in the object plane and out of the plane. Analysis of deformations of the considered structure 
variants was performed via the displacement-based finite element method. An iterative procedure for 
solving the task was formulated by using an auxiliary elite population, combined approaches to selection 
and mutation, and single-point crossover. The primary feature of the proposed computing scheme is 
simplified structure stability verification by determining stress-strain conditions with a tangent stiffness 
matrix and the additional self-balanced system of small fictitious forces. Assessment as to how constraint 
on stability was met was performed based on the results of the considered convergence of the internal 
iteration cycle used for analyzing load-carrying system behavior by taking into account the influence of 
longitudinal forces on the bars while bending. It was calculated that it is sufficient to perform only 3ï5 
iterations of this procedure to verify structure stability. Efficiency of the proposed algorithm is illustrated 
via the example of optimization of bar system with two supports and a frame with a girder truss. 

ɸʥʥʦʪʘʮʠʷ. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʩʪʘʣʠ ʧʣʦʩʢʠʭ 
ʩʪʝʨʞʥʝʚʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ. ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʤʠʥʠʤʠʟʘʮʠʠ ʚʝʩʘ 
ʩʪʝʨʞʥʝʡ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʥʘʧʨʷʞʝʥʠʷʤ, ʧʝʨʝʤʝʱʝʥʠʷʤ ʠ ʦʙʱʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 
ɺʘʨʴʠʨʫʶʪʩʷ ʨʘʟʤʝʨʳ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʩʪʝʨʞʥʝʡ ʠ ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʦʚ ʠʭ ʩʦʝʜʠʥʝʥʠʷ. 
ʋʯʠʪʳʚʘʝʪʩʷ ʚʳʧʫʯʠʚʘʥʠʝ ʧʨʠ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʘʢ ʚ ʧʣʦʩʢʦʩʪʠ, ʪʘʢ ʠ ʠʟ ʧʣʦʩʢʦʩʪʠ ʦʙʲʝʢʪʘ. 
ɸʥʘʣʠʟ ʜʝʬʦʨʤʘʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 
ʵʣʝʤʝʥʪʦʚ ʚ ʬʦʨʤʝ ʤʝʪʦʜʘ ʧʝʨʝʤʝʱʝʥʠʡ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʠʪʝʨʘʮʠʦʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʨʝʰʝʥʠʷ 
ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʵʣʠʪʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 
ʧʦʜʭʦʜʦʚ ʢ ʩʝʣʝʢʮʠʠ ʠ ʤʫʪʘʮʠʠ, ʦʜʥʦʪʦʯʝʯʥʦʛʦ ʢʨʦʩʩʠʥʛʦʚʝʨʘ. ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 
ʧʨʝʜʣʘʛʘʝʤʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʫʧʨʦʱʝʥʥʘʷ ʧʨʦʚʝʨʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ 
ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʠʭ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʩʘʪʝʣʴʥʦʡ 
ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʘʤʦʫʨʘʚʥʦʚʝʰʝʥʥʦʡ ʩʠʩʪʝʤʳ ʤʘʣʳʭ ʬʠʢʪʠʚʥʳʭ ʩʠʣ. 
ʆʮʝʥʢʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʩʤʦʪʨʝʥʠʷ 
ʩʭʦʜʠʤʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʮʠʢʣʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ 
ʧʨʠ ʫʯʝʪʝ ʚʣʠʷʥʠʷ ʜʣʷ ʩʪʝʨʞʥʝʡ ʧʨʦʜʦʣʴʥʳʭ ʩʠʣ ʥʘ ʠʟʛʠʙ. ʈʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ 
ʧʨʦʚʝʨʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʧʦʣʥʠʪʴ ʪʦʣʴʢʦ 3ï5 ʠʪʝʨʘʮʠʠ ʵʪʦʡ ʧʨʦʮʝʜʫʨʳ. 




