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The development of chemical and metallurgical industries today considers one of the most
important issues all over the world. The primary task of a modern technological enterprise is to
ensure unprecedented efficiency in the environment of unstable external factors. Against the
background of a progressive imbalance between countries and companies, a new type of
industrial enterprise, “adaptive production,” the technology of which is based on precise
mathematical algorithms and quickly transformed to new conditions, is emerging in natural
resource reserves, rising costs, and instability in commodity markets. Analysis of the current
situation points to the rapid evolution of the methods of mathematical modeling, software,
automated systems, computer and telecommunication technologies that create the prerequisites
for a fundamental reform in the methodology of optimization and management of industrial
enterprises in the coming years. This review examines the methods and tools to adapt the
technology of complex enterprises in optimal conditions. The current trends in the development
of specialized software, high-performance computing, cloud technologies are analyzed, special
attention is paid to the development of key methods of mathematical modeling, including
block-structural modeling, computational fluid dynamics, and industrial analytics. The economic,
administrative, algorithmic, and hardware problems of integrating mathematical models into the
structure of enterprise management are formulated. The ideas of construction and development of
software-hardware and man-machine complexes of adaptive productions are proposed.

Keywords: mathematical modeling of the process, software, digital double.
1. Introduction

The development of chemical and metallurgical industries today in the world is in a difficult
situation due to the imbalance between the decline in a quality of raw materials and a complexity
of its composition, requirements for product quality, safety of the production cycle, increasing
competition and a cost reduction. To ensure the sustainable operation of enterprises in the
industry, it is necessary to modernize them and move on to the so-called. “Adaptive production”,
which in a relatively short time is able to adapt to changes in the resource base, without reducing
the volume and quality of products, respond flexibly and in a timely manner to changes in
consumer requirements.

Necessary conditions for the transition to adaptive production are: 1) a high level of automation
based on mathematical algorithms that allows you to quickly and efficiently respond to changes in
the conditions of technological processes; 2) pre-predicted options for changes in the production
cycle and the readiness of the factories to the reorganization with due allowance for possible
changes.

Previously, for solving these tasks, the factory’s pilot shop was used, where changes in the
parameters of processing when using new production conditions was studied. This approach is
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accurate but costly. There was no other way at that time due to small amounts of factory's
statistics data and low-powered and not so common means of computer. Currently, these
problems have been solved, and companies are moving to a virtual experiment and special
programs that allow working with databases.

The mathematical model, which is technically virtual clone of a factory, is the safest option which
does not require significant expenses at testing scenarios of the functioning of a factories and the
industry as a whole. The “virtual clone” created is not characterized by risks, so it is possible to
work out any production modernization scenarios on it, assessing their effectiveness and safety in
advance.

Analysis of the current situation points to the rapid development of mathematical modeling
methods, software, automated systems, computer and telecommunication technologies, which
create prerequisites for a fundamental reform in the methodology of optimization and
management of industrial enterprises in the coming years. The number of enterprises with their
full-fledged mathematical model is increasing.

2. Basic Principles and Objectives of Modeling Metallurgical Processes and Systems

The mathematical model is a system of mathematical equations that reflect the essence of the
processes occurring in the object under study. In addition to the system of equations, it is also
necessary to specify a modeling algorithm that allows one to investigate the behavior of an object
under various operating conditions. Thus, it is necessary to consider three aspects of mathematical
modeling of the process and, accordingly, the task of creating a mathematical model of the object:

» The semantic side of the mathematical model is a formalized description of the nature of the
processes occurring in the object, allowing to establish internal links of the system objects
and create on this basis their mathematical description;

» Analytical side - mathematical equations describing the process in accordance with the
formalized description;

» Computational side - a modeling algorithm representing a sequence of mathematical
operations that must be performed for solving the equations of a mathematical model and,
thus, study the behavior of an object at different parameters corresponding to various
working conditions.

In the 1960s, D.A. Diomidovsky proposed a generalized (formalized) structural diagram of the
metallurgical process shown on the Figures 1 and 2 [1].
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Figure 1. Generalized structure of the metallurgical process:
the first approximation scheme.
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developed, and existing models of existing productions were supplemented. Since 2018, the
Department of Metallurgy has carried out a project with the financial support of the Russian
Science Foundation under Agreement No. 18-19-00577, the purpose of which is to create digital
technologies based on extensive fundamental knowledge and production data of alumina
refineries enterprises.

5. Conclusions

The development of systems and tools for mathematical modeling of technological processes is
an integral part of the effective functioning of modern alumina enterprises. The specificity of the
production scheme makes it difficult to use a unified approach for creating their digital
counterparts and requires a flexible combination of individual and universal approaches.

The relevance of an in-depth understanding of the nature of the patterns, phenomena and
processes occurring in the systems of alumina production. The creation of digital databases and
libraries for experimental data is also relevant

Further improvement of the mathematical apparatus is associated with the need to improve the
efficiency of multi-threaded calculations when calculating technological systems. When
combined with access to powerful computing resources, creates the conditions for a transition to a
new level of solving production technological problems, including multi-parameter optimization
of alumina refineries.
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