MULTIDISCIPLINARY AND MULTIDIMENSIONAL JOURNAL

ISSN: 2775-5118 VOL.5 NO.5 (2026) LF. 9.1

APPLICATION OF SYSTEMIC ANALYSIS AND SYNERGETIC APPROACHES
IN TEACHING PHYSICS AT HIGHER EDUCATION INSTITUTIONS

O. Khimmatkulov (O. Khimmatkulov), M.J. Botirova (M.J. Botirova)
Tashkent State Technical University

ABSTRACT: The article sheds light on the theoretical and methodological foundations for
applying systems analysis and synergetic approaches in physics education. It is shown that systems
analysis allows for the study of physical processes as a unified system composed of interrelated
elements, while the synergetic approach serves to understand the laws of self-organization, order,
and instability in complex open systems. The article analyzes the crystallization process, the
phenomena of paramagnetism and ferromagnetism, the self-assembly of nanoparticles, and the
formation of graphene and carbon nanotubes from a systematic-synergetic perspective. The
research results show that this approach is of great importance in physics education for developing
students' logical and creative thinking and research skills, as well as for linking theoretical
knowledge with practice.
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INTRODUCTION

In the current era of rapid globalization and digital technology development, the higher
education system is tasked with preparing highly qualified specialists who can think independently
and are capable of developing innovative ideas. This requires introducing modern pedagogical
approaches into the educational process. In particular, teaching physics places great importance
on linking students' theoretical knowledge with practical application and on developing their
ability to understand and analyze complex processes.

Physics, as a fundamental science that studies natural phenomena and processes, demands
systematic thinking. From this perspective, using systematic analysis and synergetic approaches
in physics education is considered an important tool for enhancing educational effectiveness.
While systematic analysis allows for the study of physical processes as a system of interrelated
elements, the synergistic approach helps in understanding the laws of self-organization and
development in complex systems.

This article analyzes the importance of systemic analysis and synergetic approaches in
teaching physics at higher education institutions, the methods for applying them to the educational

process, and their pedagogical effectiveness.
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MAIN PART

Systems analysis is a method of studying a specific object or process as a set of
interconnected elements. In teaching physics, this approach helps to view phenomena in nature as
an integrated system. Teaching based on systems analysis develops students' logical and
systematic thinking abilities, helps them understand the cause-and-effect relationships between
physical processes, and fosters the skill of applying theoretical knowledge to practice. skills in
independent analysis and problem-solving are developed.

Synergetics is an interdisciplinary field that studies the laws of self-organization and
development in complex systems. It is intrinsically linked with physics, mathematics, biology,
pedagogy, and information technology. In physics education, a synergistic approach allows for the
development of students' creative thinking, the integration of knowledge, and the strengthening of
interdisciplinary connections. Through this approach, students gain a deep understanding of the
dynamic nature of physical processes and the states of stability and instability in systems.

Knowing the synergistic categories is important for understanding the essence of the
synergistic approach. Synergetics studies the laws of self-organization in complex nonlinear
systems. Self-organization, nonlinearity, fluctuations, bifurcation points, emergent properties, and
others are considered the main concepts or categories of synergetics.

Let's examine how certain physical processes can be explained from the standpoint of
systematic analysis and synergistic approaches. For example, let's analyze the crystallization
process of liquids. As is well known, from the standpoint of simple physical concepts, when liquids
cool, the molecules' kinetic energy decreases, the particles begin to form an ordered lattice, and as
a result a crystal emerges. From the perspective of systems analysis and a synergistic approach,
this process is further explained through parameters of collective motion and order. Liquids and
solutions can be viewed as open systems in thermal and mass disequilibrium with the external
environment. During crystallization, the liquid exchanges energy with the external environment—
that is, it releases heat to the surroundings, its temperature drops, and the system leaves
thermodynamic equilibrium. Within the liquid there are always microscopic fluctuations, i.e.,
random density variations. As the temperature approaches a certain critical point, in some local
regions the molecules begin to arrange themselves in an ordered way, and small “crystallite nuclei
(seeds)” appears. Which of these fluctuations grows depends on randomness and environmental
conditions. The order parameter is one of the key concepts in synergetics, and as a parameter it
represents the degree of spatial ordering of the molecules, one can consider concepts such as
symmetry, periodicity of density, and so on. In the liquid state, the order parameter is equal to

zero, whereas it is nonzero when a crystal forms.
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This signifies a phase transition. When the temperature reaches a certain value, i.e., at the
bifurcation point, the system becomes unstable. At that point, the system “chooses” one of two
paths: remaining in the liquid state or transitioning to the crystalline state. This phenomenon is
called bifurcation in synergetics. The crystal forms spontaneously without external intervention.
In this process, molecules collectively choose the most stable configuration through local
interactions, meaning that global order emerges in the system as a result of the interactions among
its many elements.

A systems-synergetic approach makes it possible to provide a more general and deeper
explanation of phase transitions in systems, the emergence of order, the relationship between chaos
and order, and the dynamics of nonequilibrium systems. Therefore, crystallization is not only a
thermodynamic process but also a pattern of collective self-organization. Viewing the
crystallization of liquids from the perspective of dissipative structures, this process is understood
as the formation of an ordered spatial structure in an out-of-equilibrium system through energy
and matter exchange with the external environment and a decrease in entropy.

The magnetic properties of materials can also be analyzed through a systematic and
synergistic approach. In a systematic analysis, a material is viewed not as a mere collection of
individual atoms but as an integrated system of interconnected elements. In systems analysis,
matter is not regarded as a mere collection of individual atoms but as an integrated system
composed of interconnected elements. From a synergistic perspective, each atom in a
paramagnetic substance can be regarded as a small element of the system, the external magnetic
field as a controlling parameter, and the orientation of the magnetic moments as the system's state.
In the absence of an external field, the magnetic moments in a paramagnetic substance are
randomly oriented, and the system's entropy reaches its maximum value. When an external field
IS present, atoms interact with each other and with the field, a collective alignment in a statistically
determined direction occurs, and a partially ordered structure is formed. In a paramagnetic
material, this order is weak and transient, and if the field is removed, thermal motion restores
disorder. In a paramagnetic material, there is no strong, self-sustaining collective correlation; order
is maintained only in the presence of an external field.

According to a systematic and synergistic approach, ferromagnetism is not a property of
individual atoms but rather a collective, self-organizing characteristic of a multi-element system.
Here, mutual cooperation—i.e., coherence—emerges among the spins; at the critical point, order
appears, domains form, and a new macroscopic property—magnetization—arises. Therefore,

ferromagnetism is a prime example of a synergetic phenomenon of order emerging from chaos.
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From a synergetics perspective, a ferromagnetic material can be viewed as an open system
exchanging energy and momentum with its external environment.

In simple models of ferromagnets, the system is often assumed to be closed or near
equilibrium. However, in synergetics, the primary focus is on factors such as the system's
interaction with the external environment, non-equilibrium states, self-organization, collective
effects, and phase transitions. In a ferromagnet, near the Curie temperature, the spins align
collectively. This process is considered a classic example of “self-organization” in synergetics.
For example, the influence of an external magnetic field, heat exchange, energy dissipation, spin
waves, and the emergence of fluctuations necessitate considering the system in an open state.
Small fluctuations around the Curie point can affect the macroscopic magnetization of the entire
system. This corresponds to the concept of an “order parameter” in synergetics. In ferromagnets,
self-organization occurs through the ordering of the atomic magnetic moments. This phenomenon
is primarily explained by the exchange interaction in quantum mechanics. Atoms possess magnetic
moments. In ferromagnetic materials, each atom is regarded as a small “magnet” due to the spins
of its electrons.

If the temperature is above the Curie point, thermal motion randomizes the atomic magnetic
moments in different directions, creating disorder. As a result, the overall magnetization is nearly
zero. At temperatures below the Curie point, the exchange interaction between neighboring atoms
strengthens, causing their spins to align in the same direction. In certain regions of the crystal,
millions of atoms become magnetized in the same direction. The energy tends to reach its
minimum.

The system divides into domains to minimize its energy. Within each domain, the magnetic
moments are aligned in the same direction, making the domain itself strongly magnetized. This is
the primary hallmark of self-organization, as internal order emerges even in the absence of an
external field.

In condensed matter physics, a systematic approach to teaching nanostructures views the
object under study as a system composed of interrelated elements. For nanotechnology, this means
taking into account the interrelationships among atomic, nano, micro, and macro levels, as well as
their structural, functional, and energetic properties, it means viewing the object not in isolation
but in relation to its environment and the conditions under which it arises. For example, the
properties of a quantum dot are determined not only by its material but also by its shape, size,
matrix, and external field.

Hano3zappanapHuHr y3-y3WHA WHFUIIN, CUPTIAPAAa HAHOCTPYKTYpPaJapHUHT IIAKJUIAHUIIN,

KBAaHT VIYOBIM 3 GEKTIapHUHT Haiji0 OYnuIM, HaHOMAaTepUAUIAPHUHT KOJUIEKTHB XaTTH-
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XapakaTu CHUHEPICTUK }KapaéHJ'IapHI/IHF HAHOTEXHOJIOrusiaa HaMOEH 6S'IJ'II/IIJ_II/IHI/I aHTJIaTaau.
Macasian 0ATHH HaHO3apPATAPUHUHT Y3-Y3UHU UUFUIIM, YIJIEpO] HAHOHANYAIIADUHUHT YCHIIIH,
rpadeH KaTIaMJIapHHUHT IIAK/UIAaHUIIN, KBAaHT HYKTajap, UIIap Ba YpaJapHUHT XOCHI OYIHIIH
HAHOTCXHOJTIUAAA Ky3aTHJIaAUTraH CUHCPICTUK XoAucajiap XI/IC06JIaHaI[I/I.

TusuMI-cHHEpreTUK EHOAINYB ycynd (U3MK XOauca Ba jkapaéHimapHu IS a modern
methodology that enables effective teaching, because it views objects as complex, open, self-
organizing systems, provides interdisciplinary integrated education, fosters deep understanding of
processes occurring at the micro and nano scales, and helps develop creative and inquisitive
thinking.

CONCLUSION

The use of systems analysis and synergetic approaches in teaching physics at higher
education institutions is considered one of the important factors in increasing educational
effectiveness. These approaches contribute to the development of students' logical, analytical, and
creative thinking skills.

While systems analysis allows for an understanding of physical processes as a whole system,
the synergistic approach helps in understanding the mechanisms of interaction and self-
organization in complex processes. As a result, students develop competencies in independent
learning, analysis, and the development of innovative solutions.

Moreover, integrating these approaches with information and communication technologies,
virtual laboratories, and interactive methods further enhances the quality of physics education.
This, in turn, plays a crucial role in preparing competitive, highly qualified personnel.

The application of a systematic-synergetic approach to the teaching process enables students
to understand the nature of nonlinear processes at the macro, micro, and nanoscale levels and to
master methods for analyzing complex systems. skills in creating interdisciplinary models, the
ability to predict changes in objects when conditions change, and their scientific research
competence and innovative thinking are developed.
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