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Abstract

This article investigates the theoretical and practical importance of integrating
mathematical modeling and economic analysis into engineering education. In the modern
industrial and technological environment, engineers are required to solve not only technical
problems but also economic and managerial challenges. Therefore, engineering education must
combine mathematical methods, optimization technigques, and economic evaluation approaches.
The paper discusses interdisciplinary teaching methods, digital technologies, and practical
applications of mathematical-economic integration. In addition, several engineering-economic
problems and optimization examples are presented to demonstrate the practical significance of the
integration process in higher education institutions.
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The development of modern industry, digital technologies, and global economic systems
has significantly changed the structure of engineering activities. Today’s engineers are expected
to possess broad professional competencies that include mathematical reasoning, technological
knowledge, economic thinking, and decision-making skills. Industrial enterprises increasingly
require specialists capable of analyzing technical systems from both engineering and economic
perspectives.

Engineering education traditionally focused on technical disciplines such as mathematics,
mechanics, electronics, thermodynamics, and computer science. However, contemporary
engineering projects require not only technical accuracy but also financial sustainability and
economic efficiency. For example, when designing a manufacturing system, engineers must
evaluate production costs, energy consumption, labor efficiency, and long-term profitability.
Therefore, engineering education should integrate mathematical modeling and economic analysis
into a unified interdisciplinary framework.

Mathematical modeling is one of the most effective scientific tools for studying

engineering systems. It allows engineers to represent real processes using equations, functions,
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algorithms, and simulations. Mathematical models help analyze system behavior, predict future
outcomes, and optimize industrial processes. Through mathematical modeling, engineers can
minimize experimental costs and reduce production risks.

Economic analysis, on the other hand, enables engineers to evaluate the financial feasibility
of technological projects. Engineering decisions are often influenced by economic indicators such
as:

— production cost;

— profitability;

— investment efficiency;
— energy consumption;
— resource allocation;
— market demand.

Without economic evaluation, even technically advanced solutions may become
impractical or unprofitable. Therefore, integrating economic analysis into engineering education
develops students’ ability to make balanced and rational decisions.

The interdisciplinary integration of mathematics and economics also contributes to the
development of analytical and critical thinking skills. Students learn to interpret engineering
systems as interconnected technical-economic structures rather than isolated mechanisms. This
approach improves professional adaptability and prepares graduates for real industrial
environments.

Furthermore, digital technologies have accelerated the implementation of integrated
education models. Software environments such as MATLAB, Python, Simulink, ANSYS,
MathCAD, and Excel-based economic simulators support both mathematical computations and
economic forecasting. Virtual laboratories and simulation technologies make the educational
process more practical and research-oriented.

This article examines the pedagogical significance of integrating mathematical modeling
and economic analysis in engineering education and presents practical engineering-economic
problems illustrating interdisciplinary applications.

Theoretical Foundations of Mathematical Modeling

Mathematical modeling is the process of describing real-world phenomena using
mathematical relationships. Engineering systems are often complex and involve multiple
variables, uncertainties, and dynamic interactions. Mathematical models help simplify these

systems and make them suitable for scientific analysis.
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The main stages of mathematical modeling include:
1. Problem identification;
2. Development of assumptions;
3. Construction of mathematical equations;
4. Computational analysis;
5. Interpretation of results.
Engineering students study different mathematical methods, including:
1) differential equations;
2) probability theory;
3) statistics;
4) linear algebra;
5) optimization methods;
6) numerical analysis.
These mathematical tools are widely applied in:
1) mechanical engineering;
2) environmental engineering;
3) construction;
4) transportation systems;
5) electrical engineering;
6) information technologies.
For example, production optimization problems often use linear programming techniques.
Z=40x+25y
where:
(x) represents the number of Product A,
(y) represents the number of Product B,
(2) is the total profit.
Subject to production constraints:
3x+2y<180
2x+4y<200
x>0, y>0
Such optimization models teach engineering students how to maximize profit while
considering resource limitations.
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Role of Economic Analysis in Engineering

Economic analysis evaluates the efficiency and sustainability of engineering solutions.
Every engineering project requires financial planning and economic justification.

Engineering economics includes cost estimation, budgeting, break-even analysis,
investment evaluation, depreciation analysis and risk assessment.

Economic thinking is particularly important in industrial production because enterprises
seek to reduce costs while maintaining product quality and productivity.
One commonly used economic indicator is profit analysis: P=R-C
where:
(P) is profit,
(R) is revenue,
(C) is total cost.
If production costs exceed revenues, the engineering solution becomes economically ineffective.

Another important concept is return on investment (ROI):

000000000
O = ————-100%
0000000000

Teaching these concepts helps students understand how engineering decisions influence
industrial profitability and sustainability.
Practical Engineering-Economic Problems
Problem 1: Production Optimization
A factory produces two types of electronic devices. Product A provides a profit of 50
dollars per unit, while Product B provides 30 dollars per unit. The factory has limited labor and
material resources.
The objective function is:  Z=50x+30y
Constraints:
3x+2y<180
2x+4y<200
x>0, y>0
Using linear programming methods, students can determine the optimal production plan
that maximizes enterprise profit.
This problem develops optimization skills, analytical thinking, economic reasoning,

computational competence.
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Problem 2: Energy Consumption Analysis

An engineering company wants to reduce electricity consumption in a manufacturing
system. The energy cost function is modeled as:
C(x)=0.05x?+10x+500
where:
(x) is machine operating time,
(C(x)) is total energy cost.
Students can analyze the function graphically and determine operating conditions that minimize
energy expenses.

This task integrates calculus, optimization, industrial economics and sustainability
analysis.

Problem 3: Environmental Engineering and Cost Efficiency

Environmental engineering projects often require balancing ecological safety with
financial limitations.

Suppose a wastewater treatment system efficiency is modeled as:

E(x)=100(1-e%)

where:
(E(X)) represents purification efficiency,
(x) is the treatment duration.

At the same time, operational cost increases according to:
C(x)=20x+150

Students analyze the relationship between ecological efficiency and economic cost to
determine optimal treatment conditions.

Digital Technologies in Integrated Engineering Education

Digital transformation has significantly expanded opportunities for interdisciplinary
education. Modern engineering education actively uses MATLAB, Python, AutoCAD, ANSYS,
Simulink and Excel modeling tools.These technologies allow students to visualize mathematical
models, simulate engineering systems, analyze financial indicators, process industrial data and
perform optimization tasks. For example, MATLAB can simultaneously solve differential
equations and calculate economic efficiency indicators. Python programming environments
support data analysis, machine learning, and predictive economic modeling. Virtual laboratories
and simulation systems also improve practical learning experiences. Students can conduct
experiments digitally without expensive industrial equipment. This approach reduces educational

costs and increases accessibility.
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Pedagogical Importance of Interdisciplinary Integration

Integrated teaching methods improve students’ professional competencies and motivation.
Project-based learning and case-study approaches encourage active participation in solving real
engineering-economic problems. The main pedagogical advantages include development of
systems thinking, improvement of analytical abilities, enhancement of decision-making skills,
strengthening practical competencies, increased industrial readiness. Interdisciplinary education
also supports innovation because students learn to connect technical and economic factors in
complex systems. Moreover, teamwork activities help students improve communication and
collaborative problem-solving abilities, which are essential in modern engineering industries.

The integration of mathematical modeling and economic analysis in engineering education
is an important requirement of modern technological development. Contemporary engineers must
possess not only technical knowledge but also economic thinking and optimization skills.
Mathematical modeling enables students to analyze and predict engineering processes, while
economic analysis ensures the financial efficiency and sustainability of technological solutions.

Practical engineering-economic problems demonstrate that interdisciplinary integration
improves analytical competence, professional readiness, and innovation capacity. In addition,
digital technologies create new opportunities for simulation, optimization, and data-driven
decision-making.
Therefore, higher education institutions should strengthen interdisciplinary curricula and
implement integrated teaching approaches that combine mathematics, economics, engineering
sciences, and digital technologies. Such reforms will contribute to the preparation of highly

qualified engineers capable of solving complex industrial and economic challenges in the future.
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