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INTRODUCTION 

Modern chemical and food industry is a sector in which virtually every 

production operation relies on specific physical laws: milk pasteurization requires 

exact calculation of the heat and heating time; pipeline and pumping-station 

operation is governed by Bernoulli’s equation and the laws of hydrodynamics; the 

choice of heat-exchange equipment material is determined by Fourier’s law and 

thermal-conductivity coefficients; and quality control — from the fat content of milk 

to the purity of solutions — is largely carried out by spectral and optical analysis. A 

process engineer who lacks sufficient command of this physical apparatus cannot 

design a production line, justify its operating regime, or explain deviations of 

process parameters from the norm. Physics in the training of a chemical-

technological engineer therefore cannot be regarded as a general-education 

discipline preceding the professional cycle — it is its direct scientific foundation. 

At the same time, actual educational practice shows the opposite: in most 

technical universities physics is taught in isolation from subsequent professional 

disciplines. A student who calculates the heat needed to warm a body of mass m 

from T₁ to T₂ in a physics class often fails to connect this formula with the milk-

pasteurization regime studied a semester or two later in “Processes and Apparatus 

of Chemical Production.” A similar gap appears in fluid mechanics: Bernoulli’s 

equation is treated as a theoretical relationship among pressure, velocity, and flow 

height rather than a tool for calculating pipelines and pumping equipment. As a 

result, the student effectively studies the same phenomenon twice — first as a 
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“physics problem,” then as an “engineering calculation” — without recognizing 

their continuity. 

This is confirmed by experience with graduates in production: engineers with 

formally high physics grades often struggle to justify the choice of heat-exchange 

equipment, assess energy losses, or interpret sensor readings. The reason is not a 

lack of physical knowledge, but that it was acquired in isolation from its professional 

application and therefore is not transferred to new production situations — 

consistent with A.A. Verbitsky’s theory of contextual learning, whereby the 

durability of knowledge depends on how closely learning conditions approximate 

future professional activity. 

An analysis of domestic and foreign publications shows that the professional 

orientation of physics education has been addressed one-sidedly: one group of 

studies (V.P. Bespal’ko[24], E.S. Polat[23], A.V. Khutorskoy, V.A. Slastenin) 

develops general pedagogical technologies and the competency-based approach 

without industry specifics; another (R. Bybee[18], M. Prince, C. Wieman[14],  

D. Hestenes, E. Mazur[13]) addresses active physics learning without reference to 

students’ specialization; a third line concerns natural-science and engineering 

integration in general, without accounting for the fact that chemical-technological 

and food production rest on just a few branches of physics: molecular physics and 

thermodynamics (thermal processes), fluid mechanics (transport), electrodynamics 

(sensors and automation), and optics (quality control). 

Thus, despite the considerable body of accumulated pedagogical research, no 

methodological system has yet been developed that treats physics, specifically in 

relation to chemical-technological and food production, as a single, professionally 

oriented discipline rather than as a set of sections isolated from one another. A real 

contradiction persists between industry’s need for engineers capable of using 

physical laws to analyze and calculate technological processes, and the practice of 

teaching physics, which continues to reproduce an abstract model of instruction 

detached from the professional context. It is precisely this contradiction that 

determines the relevance of the present study and necessitates the development of a 

methodological system in which professional orientation serves not as a  

supplement to the physics course, but as the system-forming principle of its 

construction. 

The goal of the study is to develop and substantiate a methodological system 

for professionally oriented physics teaching for chemical-technological students that 

ensures the direct transfer of physical knowledge into engineering calculations, 

technological processes, and production decisions. 
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THE PROFESSIONAL SIGNIFICANCE OF INDIVIDUAL SECTIONS OF 

PHYSICS FOR CHEMICAL-TECHNOLOGICAL EDUCATION 

Let us examine in more detail how each key section of the physics course 

connects with specific engineering tasks of chemical-technological and food 

production, and why teaching them in isolation from the professional context 

prevents students from developing holistic engineering thinking. 

Molecular physics and thermodynamics. This section is the scientific 

foundation of virtually all thermal processes in food production: pasteurization, 

sterilization, evaporation, drying, cooling, and freezing. The formula for heat 

quantity, Q = m·c·ΔT, studied as an abstract relationship, becomes in production a 

concrete calculation of the energy consumption of a milk-pasteurization line, where 

the mass, heat capacity, and required temperature regime are set by technological 

regulations rather than textbook conditions. Fourier’s law, which determines heat-

flux density through a heat-exchanger wall, is used directly in selecting equipment 

material: the difference in thermal-conductivity coefficient between stainless steel 

and, say, a titanium alloy determines heat-transfer rate, energy efficiency, and the 

cost of the entire technological cycle. A student who masters these laws in isolation 

from their production application is later forced to relearn the same material in the 

engineering disciplines. 

Fluid mechanics. The transport of milk, solutions, emulsions, and suspensions 

through pipelines, and the operation of pumping stations, filtration units, and 

reactors — all of this belongs to the domain of hydrostatics and hydrodynamics. 

Bernoulli’s equation, P + ρgh + ρv²/2 = const, traditionally treated as a theoretical 

formula, serves in professional practice as a tool for calculating the change in 

pressure at a pipeline constriction, selecting pump power, and preventing cavitation. 

Equally important is the viscosity of process fluids: its variation with temperature 

directly determines the energy expenditure of pumping the product and, 

accordingly, the economic performance of production. An engineer who does not 

understand the physical nature of this relationship will not be able to propose, with 

proper justification, a change in the transport temperature regime aimed at reducing 

hydraulic resistance. 

Electricity and magnetism. The operation of modern food and chemical 

production is inconceivable without automated control systems — sensors for 

temperature, pressure, level, and flow rate, as well as actuators regulating the course 

of the technological process. All of these are based on the physical principles of 

electromagnetic induction, the piezoelectric effect, and the change in electrical 

resistance with temperature. An engineer who operates or configures such 
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equipment must understand not the sequence of buttons to press on a control panel, 

but the physical principle by which a sensor converts the measured quantity into an 

electrical signal — otherwise he or she will be able neither to diagnose a malfunction 

nor to assess measurement error. 

Optics. Spectral analysis, used for quality control of production — determining 

the fat content of milk, the sugar concentration in syrup, and the purity of  

solutions — is based on the laws of light absorption and scattering. Laser 

technologies are applied in product labeling and in monitoring the geometric 

parameters of packaging. Without an understanding of the physical principles of 

light–matter interaction, these control methods remain, for the future engineer, a 

“black box” whose results he or she is forced to take on faith rather than analyze. 

This shows that each section of physics is tied to a concrete, identifiable 

professional task of chemical-technological production. The problem is therefore 

not to “enliven” physics teaching with isolated examples, but to restructure the 

course so each law is studied from the outset in connection with the production task 

it will later serve — the absence of this systemic connection, not a shortage of 

applied examples, is the problem this study addresses. 

The methodological basis of the study rests on the professionally oriented, 

competency-based, and contextual approaches discussed above, as well as on 

international digital-education policy documents — UNESCO[2,8], the OECD[9], 

and the European Commission[10] — which call for integrating digital platforms, 

virtual laboratories, and intelligent tutoring systems into technical education. 

Existing methodological models, however, remain oriented mainly toward either 

fundamental physics knowledge or isolated professional competencies, which 

confirms the relevance of the present study. 

The methodological basis of the study comprised contemporary concepts of 

professionally oriented, competency-based, systemic, activity-based, and practice-

oriented learning, as well as the tenets of digital pedagogy and STEM education. 

The study was conducted at the Tashkent Institute of Chemical Technology 

and included several interrelated stages. 

At the first stage, a comparative analysis of domestic and foreign scientific 

literature devoted to the teaching of physics in technical higher education 

institutions was carried out. Particular attention was paid to studies related to the 

professional orientation of instruction, the digital transformation of education, and 

interdisciplinary integration. 

At the second stage, the author’s methodological system for professionally 

oriented physics teaching for students of chemical-technological specialties was 
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developed. In designing the system, the modern requirements of engineering 

education, the specifics of training specialists for the chemical and food industries, 

and the possibilities of using digital educational technologies were taken into 

account. 

The methodological system is built on the following sequential logical model: 

Physical phenomenon → Physical law → Mathematical model → 

Technological process → Production equipment → Professional task → 

Engineering solution 

The following methods were used in the course of the study: 

● analysis of scientific and educational-methodological literature; 

● pedagogical design; 

● modeling of the educational process; 

● comparative analysis; 

● expert evaluation; 

● pedagogical observation; 

● methods of statistical processing of the research results. 

The practical implementation of the methodological system involved 

integrating the content of the physics course with the professional disciplines of the 

chemical-technological field. In studying mechanics, processes of fluid transport 

were examined; in studying molecular physics, processes of heat exchange and 

pasteurization; in studying electrodynamics, the operation of sensors in automated 

process-control systems; in studying optics, methods of spectral analysis for product 

quality. 

Digital laboratories, virtual experiments, computer modeling, interactive 

simulations, and elements of artificial intelligence were employed in the educational 

process, which enhanced the visualization of the physical processes being studied 

and fostered students’ research activity. 

Unlike traditional physics teaching, the proposed model develops students’ 

ability to apply physical laws to real engineering and technological problems of 

chemical production, implemented through the sequential mastery of educational 

material using professional situations, production case studies, digital modeling, and 

virtual laboratories. 

In the course of the study, five interrelated components of the developed 

methodological system were identified (Table 1). 

Practical exercises are built on the basis of production situations maximally 

approximating the real working conditions of an engineer at a chemical-

technological enterprise. This approach ensures sustained student motivation and 

fosters the development of engineering thinking. 
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A special place in the developed system is occupied by the use of digital 

educational technologies. The use of virtual laboratories, interactive simulators, 

digital measurement systems, and computer-modeling software makes it possible to 

visualize complex physical processes, to model production situations, and to carry 

out investigations that would be difficult or costly to conduct under real laboratory 

conditions. 

The experimental work was conducted among students of technical fields of 

study. In teaching the experimental-group students, interactive educational 

resources, computer modeling of physical processes, virtual laboratory work, and 

assignments related to the future professional activity of chemical-technology 

specialists were used. 

In the control groups, instruction was carried out predominantly using 

traditional methods: the explanatory-illustrative approach, classical laboratory 

work, and standard learning assignments. 

The results obtained showed that the use of digital educational technologies 

contributes to: 

● raising the level of understanding of physical laws; 

● developing skills in analyzing and modeling physical processes; 

● forming engineering thinking; 

● increasing student motivation to study physics; 

● establishing a connection between fundamental physical knowledge and 

professional tasks. 

To assess the effectiveness of the developed methodology, the following 

criteria were defined: 

● Cognitive criterion — the level of mastery of physical concepts, laws, and 

principles; 

● Practice-activity criterion — the ability to apply physical knowledge in 

solving engineering and technical problems; 

● Motivational-professional criterion — students’ interest in studying physics 

as the foundation of their future professional activity. 

The results of the pedagogical experiment are presented in Table 1. 
 

Table 1 

Dynamics of change in the level of formation of physical and professionally 

oriented knowledge among students 

Group 
Before the experiment (high 

level, %) 

After the experiment (high 

level, %) 

Control group 29.4 43.1 

Experimental group 31.2 59.6 
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An analysis of the results shows that in the experimental group, the number of 

students with a high level of preparation increased by more than 1.5 times compared 

with the initial indicators. 

The data obtained confirm the effectiveness of the proposed methodology, 

based on combining traditional fundamental physics instruction with modern digital 

tools. 

Of particular significance is the professional orientation of physics content in 

the sections “Mechanics,” “Electrodynamics,” and “Molecular Physics and 

Thermodynamics”: students were given problems tied to real technological 

processes — the motion of liquids and gases, heat-exchange processes, and the 

measurement of physical parameters of process equipment — which helped close 

the gap between fundamental physics knowledge and the requirements of 

engineering training. 

SCIENTIFIC NOVELTY 

The scientific novelty lies in developing and theoretically substantiating a 

methodology for teaching physics to students of technical higher education 

institutions, based on integrating digital educational technologies, elements of the 

STEM approach, and professional orientation of the instructional content. Unlike 

the traditional system, oriented predominantly toward mastering fundamental laws 

and formulas, the proposed methodology develops students’ ability to apply 

physical knowledge to engineering and technological problems. 

Within the framework of the study, the following scientific results were 

obtained: 

● the pedagogical conditions for increasing the effectiveness of physics 

teaching for students of technical specialties in a digital educational environment 

have been identified; 

● the necessity of the professional orientation of the content of physics 

education, taking into account the specifics of training specialists in the chemical-

technological field, has been substantiated; 

● a structure of instructional and methodological support has been developed, 

including virtual laboratory work, computer modeling of physical processes, and 

practice-oriented assignments; 

● criteria and indicators for assessing the formation of students’ physical 

knowledge and professional competencies have been identified; 

● the effectiveness of applying the proposed methodology in  

the educational process of a technical university has been experimentally  

confirmed. 
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The results obtained broaden scientific-methodological understanding of the 

possibilities for improving the teaching of fundamental disciplines under the 

conditions of the digital transformation of higher education. 

PRACTICAL SIGNIFICANCE 

The practical significance of the study is determined by the possibility of using 

the developed methodology by physics instructors at technical universities in 

organizing lectures, practical classes, and laboratory work. 

The proposed instructional materials make it possible to: 

● improve the quality of mastery of physical concepts and laws; 

● ensure a connection between fundamental physics training and students’ 

future professional activity; 

● use modern digital teaching tools in the educational process; 

● increase the effectiveness of students’ independent work; 

● develop skills in analyzing, modeling, and solving engineering problems. 

The developed approaches can be adapted for various technical fields of study, 

including chemical technology, the oil-and-gas industry, power engineering, 

mechanical engineering, and other engineering specialties. 

Of particular practical value is the use of virtual experimentation. Under 

conditions of limited access to modern laboratory equipment, digital models allow 

students to investigate physical processes, vary system parameters, and analyze the 

results obtained. 

CONCLUSION 

The study has shown that modernizing the physics-teaching process in 

technical higher education institutions is an important direction for improving 

engineering training quality. The use of digital educational technologies, virtual 

laboratories, computer modeling, and professionally oriented content creates the 

conditions for a deeper understanding of physical processes and the development of 

students’ practical skills. 

The pedagogical experiment confirmed that the proposed methodology raises 

students’ level of physics training, develops engineering thinking, and forms the 

ability to apply fundamental knowledge to professional problems. Thus, integrating 

physics education with modern digital technologies and the demands of professional 

activity is an effective direction for improving the training of future technical 

specialists. 
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