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Problems of optimization of spatial rod systems with respect to mass under many load
cases, due to their multi-extremal nature, belong to nonlinear programming problems.
The search for a global extremum is hampered by the nonlinearity and non-
redundancy of the function. In addition, as the dimension of problems increases,
difficulties arise due to the filling, conditionality, and inversion of weakly filled
matrices, which have to be dealt with in optimization problems. All this negatively
affects the possibilities of implementation, the results of calculations, and the
calculation time of rod systems. In connection with the above difficulties that arise
when solving problems of mass optimization of discrete and discretized systems, it is
proposed to search for the optimum of the original problem based on a combination of
decomposition techniques of unconditional minimization methods and the finite
element method.

Minimization of the mass of solid plates, shells of complex shapes, etc. based
on discretization using mathematical programming methods is one of the main
approaches to the study of optimization problems of elastic continuum systems.
However, with this search approach it is possible to optimize almost any continuum
systems; however, the number of parameters is usually limited due to the difficulty of
implementing problems of higher dimensions. If we take into account that the problem
of optimizing a rod analogue in its general form is a multi-extremal problem, then the
possibilities of searching for mass-optimal continuum systems with this approach are
even more limited.

In order to solve the problem of mass optimization of continuum systems
based on rod analogues, avoiding the computational difficulties that arise during
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implementation, it can be considered not in a general form, but as a series of problems,
according to formulations, but with a single goal - mass minimization. Let us consider
the type of problems that are most common in the practice of designing structural
systems.

Problem 1. Optimal distribution of thicknesses of continuum systems based on
minimization by mass of rod analogues using a decomposition technique that
combines minimization by mass of the rod system as a whole with subsequent local
minimization of its individual subsystems.

Problem 2. Synthesis of optimal structures of plate elements of continuum
systems at constant thicknesses.

Problem 3. Optimal distribution of continuum thicknesses for fixed values of
nodal displacements of plate elements.

Since optimization for the mass of continuum systems is carried out on the
basis of rod analogs, all three problems use a general mathematical model with
appropriate transformations.

Algorithms for solving problem. The model for solving the problem has the following

form:

1. The original continuum system is approximated by a rod system (rod analogue).
Moreover, the frequency of dividing the lattice of the rod analog is assigned in such
a way as, on the one hand, to obtain acceptable results, and on the other, to reduce
computational processes.

2. The conditional extremal problem of optimization of a rod system of the form using
penalty functions is reduced to an unconditional extremal problem

3. The above problem of optimization of the rod system is solved by unconditional
minimization methods, analysis is carried out and stressed subsystems are
identified.After optimizing the core system as a whole, local minimization is carried
out using the mass minimization of its individual subsystems using unconditional
minimization methods in sequence. (Fig. 1).

Fig. 1: Approximation of a continuum system by a rod analogue

An analysis of rod subsystems with an optimal lattice configuration as a whole
Is carried out.
A reverse transition is made from the rod analogue with the optimal lattice
configuration and the synthesis of the rod system as a whole is carried out. The
approach proposed in the work for finding the minimum mass of plate-rod systems of
a closed volume is a special case of the developed algorithm.
Algorithm for solving problem 2. The model for solving the problem has the following
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form.

1. The original continuum system is divided into finite elements and, based on the
finite element method, a static calculation is carried out for a given number of load
cases.

2. After analyzing the stress-strain state of the continuum system as a whole, more
stressed plate elements are approximated by rod analogues while maintaining the
conditions of equality.

3. The optimal structure of rod analogs is being synthesized with a constant height for
the case of many load cases using unconditional minimization methods.

4. The optimal structures of rod analogues are analyzed, the elastic moduli and
Poisson's ratios of the corresponding plate elements are adjusted.

5. A continuous system with refined rigidity characteristics of plate elements in
elements in order to check the stress-strain state is again calculated by the finite
element method.

Algorithm for solving problem 3. The model for solving the problem has the
following form.

1. The original continuum system is represented by rod analogues with a lattice
splitting frequency, which makes it possible to evaluate the actual nature of the
operation of such a system.

2. A static calculation of the rod analogue is made for a given number of loads.
The obtained values of nodal displacements are substituted into the
mathematical model of the problem.

3. The problem is transformed into linear or convex programming problems based
on the substitution of the value of nodal displacements obtained in the static
calculation.

4. The problem of optimizing the rod system by mass is solved and the transition
from the rod analogue to a continuous system with an optimal thickness
distribution is carried out.

Literature:

1. Ibraimovna, M. F. (2023). Palaces of the Timurid Period of the middle Ages of
Uzbekistan. JOURNAL OF ENGINEERING, MECHANICS AND MODERN
ARCHITECTURE, 2(2), 24-28.

2. lbraimovna, M. F. (2022). Palaces In The Historical Cities Of Uzbekistan Formation. Zien
Journal of Social Sciences and Humanities, 12, 15-18.

3. lIbraimovna, M. F. (2023). Analytical Research Work on the Palaces of the Timurids in the
Medieval Period of Uzbekistan. Central Asian Journal of Theoretical and Applied Science,
4(3), 7-10.

4. Sabohat, M., &Firuza, M. (2022). Periods of Formation of Historical Structures of
Architecture with Geometric Shapes. Journal of Architectural Design, 4, 21-26.

5. Ibraimovna, M. F. Abdusattorovna, M. S. (2023). Analytical Research Work on the
Palaces of the Timurids in the Medieval Period of Uzbekistan. Central Asian Journal of
Theoretical and Applied Science, 4(3), 7-10.

6. Firuzalbraimovna, M. (2023). Scientific and Natural Study of the Architecture of the
Khiva Garden-Palaces, Development of Recommendations for their Use for Modern

Published by inter-publishing.com | All rights reserved. © 2023 & Page 72
Journal Homepage: https://inter-publishing.com/index.php/AJSLD OPEN ACCESS




American Journal of Science and Learning for Development Volume 2, No 11 |
For more information contact: mailto:editor@inter-publishing.com Nov - 2023

Tourism Purposes. Web of Semantic: Universal Journal on Innovative Education, 2(3),
10-13.

7. lbraimovna, M. F. (2023). Analysis of Various Roofs and Roofs. Nexus: Journal of
Advances Studies of Engineering Science, 2(3), 33-39.

8. lbraimovna, M. F. (2023). Khiva is an Open-Air City-Museum. JOURNAL OF
ENGINEERING, MECHANICS AND MODERN ARCHITECTURE, 2(4), 36-39.

9. lbraimovna, M. F. (2023). History of Khiva. JOURNAL OF ENGINEERING,
MECHANICS AND MODERN ARCHITECTURE, 2(4), 8-12.

10. Ibraimovna, M. F. (2023). Experiences of Restoring Palaces in Historical Cities of
Uzbekistan and Historical Parks Around Them.JOURNAL OF ENGINEERING,
MECHANICS AND MODERN ARCHITECTURE, 2(3), 41-44.

11.Ibraimovna, M. F. (2023). Formation of Palaces in Uzbekistan in the Late Middle Ages-
Khanate Period. JOURNAL OF ENGINEERING, MECHANICS AND MODERN
ARCHITECTURE, 2(3), 33-36.

12. lbraimovna, M. F. (2023). Samarkand State University of Architecture and
Construction. American Journal of Public Diplomacy and International Studies (2993-
2157), 1(5), 10-14.

13. Makhmudova, F. (2023). DEPARTMENT OF ARCHITECTURE. STUDY AND
CALCULATION OF SPATIAL BLOCKS WITH A CYLINDRICAL COATING
SHELL. International Bulletin of Applied Science and Technology, 3(10), 163-166.

14. Abdirasulovna, M. N. (2023). Some Questions about Structural Schemes of
Buildings. Nexus: Journal of Advances Studies of Engineering Science, 2(4), 1-6.

Published by inter-publishing.com | All rights reserved. © 2023 & Page 73
Journal Homepage: https://inter-publishing.com/index.php/AJSLD OPEN ACCESS




