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The current development stage of agro-industrial complex, mechanical
engineering, and automotive transport requires engineers to adapt quickly to
technological changes. They must design reliable systems and make informed
decisions under uncertainty. A strong foundation in higher mathematics and physics is
essential for this professional readiness. Students of engineering specialties struggle to
apply abstract mathematical concepts and physical laws to real production tasks. This
slows down the formation of professional competencies. In the context of competence-
based approach and National Qualification Framework requirements, there is a need to
rethink the structure of fundamental training [1]. Bridging the gap between disciplines
through logical cross-subject links, coordinating thematic blocks, and demonstrating
their applied engineering content becomes a key factor in improving educational
effectiveness. This ensures maximum alignment of graduates with modern production
requirements.

The proposed approach is based on synchronizing curricula of higher
mathematics and physics in the first year of study. This is when future specialists
develop engineering thinking. Instead of isolated topic study, teachers coordinate the
sequence of topics. This forms a unified conceptual framework for solving complex
tasks. This thematic coherence enables students to see a unified set of tools, rather than
a collection of separate formulas. The proposed system of interrelationships is
presented in Table 1.
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Table 1. Synchronization of fundamental disciplines curricula

Maﬂg(rﬂle:gcal Physics module Engineering applications by specialty
Differential Kinematics, Agricultural Engineering: optimization of
calculus Dynamics harvesting equipment parameters

Automotive Transport: braking distance
analysis with variable friction coefficient
Mechanical Engineering: optimization of
technological processes
Integral calculus | Work of variable | Agricultural Engineering: modeling load
forces, Energy | distribution in elevator structures
balances Automotive Transport: energy efficiency
calculation of hybrid power units
Mechanical Engineering: vibration
diagnostics of units
Differential Heat  transfer, | Agricultural Engineering: temperature
equations Mechanical regimes for product storage
system Automotive Transport: vehicle motion
oscillations dynamics
Mechanical Engineering:  design  of
automated production lines
Linear algebra Analysis of | Agricultural  Engineering:  automation
electric circuits, | systems for technological processes
Computer Automotive Transport: electronic control
modeling systems
Mechanical  Engineering:  CAD/CAE
modeling

An important element of the methodology is introductory problem-oriented
modeling. Before studying a new theoretical block, students receive short engineering
problem statements adapted to their specialty profile. Each case is first formulated in
production language. Then it transforms into a mathematical or physical model. It is
solved using appropriate tools and interpreted in terms of reliability, safety, or
economic feasibility.

The teacher's role in this system transforms from knowledge transmitter to
research activity facilitator. The teacher does not provide ready-made algorithms.
Instead, they guide students through open-ended questions. This helps students
independently identify connections between heat conduction equations, momentum
conservation laws, and parameters of real engines or transmissions. Assessment of
learning outcomes also changes. The focus shifts from checking arithmetic accuracy to
evaluating model construction logic, correct application of theoretical tools, depth of
engineering interpretation, and quality of argumentation during defense of solutions.
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Approbation of coordinated cross-disciplinary modules in the educational
process of Poltava State Agrarian University showed positive dynamics. Student
motivation to study fundamental disciplines increased. The quality of calculation and
project work improved. Students demonstrate deeper understanding of the connection
between theoretical laws and practical engineering solutions. They learn to work with
manufacturers' technical documentation and navigate professional uncertainty more
effectively. The key advantage of the approach is its universality and flexibility.
Thematic blocks can be adapted to specific selective components of educational
programs in agricultural engineering, automotive transport, or mechanical engineering.
This is possible without changing the mathematical or physical core. This ensures a
stable link between academic training and challenges of modern industrial production.

The results confirm the feasibility of implementing cross-subject links between
higher mathematics and physics. They become practical tools for engineering thinking
rather than abstract disciplines. The proposed methodology ensures direct reflection of
educational program requirements and Higher Education Standard in the educational
process. It reduces cognitive load for first-year students and accelerates adaptation of
theoretical knowledge to real production situations. Further development involves
expanding the base of adapted cases for precision farming specifics. It also includes
integrating digital simulators into the educational process and implementing
interuniversity exchange of methodological developments. The practical value lies in
a ready framework of cross-disciplinary modules. It can be directly integrated into
working programs of fundamental natural science cycle disciplines. This ensures
maximum effectiveness in training engineering personnel for sustainable development
of industrial sectors.
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