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AHoTanig. Y crarti 00rpyHTOBaHO aKTya/bHICTh i JOL[BHICTE peastisarii IPUHLUITY MDKAUCLUITUTIHAPHOI iHTerparil
B OCBITHBOMY IIpOLieci MirOTOBKM MariCTpiB MeAWLMHHU SIK OFZHOTO 3 K/IIOYOBMX HampsIMiB MiJBUILEHHS SIKOCTi rpodeciii-
HOI ocBiTU. PO3IVISIHYTO TepMiHM «iHTerpatlisi» Ta «MDKAUCLUIIIIHApHA iHTerpallis» B 3araJbHOHAyKOBOMY KOHTEKCTi U mifi-
KpECJIeHO, 1[0 MDKAMCLUIUIIHAPHA iHTerpallis BUCTYIIA€ CydyaCHO [JUAAKTUUHO KOHIIEMILIi€lo, 1110 3abe3mneuye 1iliCHiCTh
OCBIiTHBOTO TIPOLeCy, BUCOKHMI HayKOBHH PiBeHb BUKJIaJJaHHS Ta € e)eKTUBHMUM 3aco00M (hopMyBaHHs NMpodeciiiHuX 3HaHb i
TIPaKTUYHUX HABUYOK 3700yBadiB OCBiTU. Y CTaTTi [eTasbHO NMPOAHAIi30BaHO K/IIOUOBi KOMIETeHIlii, siki jopMye HaBua/mbHA
nucouriiHa «MeanuHa (i3uka», 30KpeMa PO3BUTOK JIOTiUHOTO MUC/IeHHs], 3/[aTHOCTI [0 CUHTe3y Ta aHasli3dy iHdopmariii, a
TaKOX YMiHb MTPaBUIbHO ()OPMYJTIOBATH 3aB/IaHHS Ta 3HAXOJWTH ILJISIXU iX PO3B’si3aHHS, 10 € HeOOXiZHUMMU /151 IPAKTUIHOT
ZisIBHOCTI MalOyTHIX JliKapiB.

BucBityieHo 3HaueHHs1 MeJUUHOI (i3UKU /151 PO3BUTKY CyuaCHMX MeTOZiB ZIiarHOCTHKY i JTiKyBaHHS, Y TOMY YMCJIi 3aCTO-
CyBaHHS y/IbTPa3ByKOBOi, MarHiTHO-pe30HAHCHOI Ta PEHTreHiBCbKOI ToMorpadii, a3epHUX i paZiioNoOTiuHUX TEXHOJIOTIH, 1110
HEe MOXXYTb e()eKTHBHO BUKODUCTOBYBATHCs Oe3 po3yMiHHsI (i3WUHUX MPUHIUIIB iX poboTu. [TpoaHanizoBaHO 0COOIUBOCTI
peastizauii iHTerpaLifHUX 3B’SI3KiB MiK MeJUUHOIO ()i3UKOI0 Ta iHIIMMU HaBYaJBHUMH AWCLUILTIHAMA, BK/TFOUAOUX KITiHiU-
Hi, 1[0 /103BOJISIE CTyAeHTaM C(OpMYyBaTH CUCTeMHe DaueHHsT MeJIUUHMX TIPOIIeCiB Ta KOMIUIEKCHUN MiAXiJ 40 JiarHOCTHKA
i nixyBaHHs. HaBesieHo mipuksiafy ¢i3WYHUX METOAIB i MpUaziB, sIKi CTaJM OCHOBOIO /ISl XipypriuHuX, TeparneBTHUHUX Ta
HeiHBa3WBHUX /1iarHOCTUUHUX METO/UK, a TAKO)K OOIPYHTOBAHO IMeAaroriuHi Ta METOJUUHI aCIIeKTH 3aCTOCYBaHHS MKIUCLIU-
MJIIHAPHOTO MiAXOAY B MiJrOTOBLII MaricTpiB MeJULHY.

TakuM UYMHOM, y CTaTTi MiIKPeC/IeHO, 110 iHTerpalisi MeguuHOi ()i3WKH 3 iHIIMMU AUCLUTTIHAMM BUIIOI MEJTUUHOT OCBITH
CTIpUSIE MiJBUIIIEHHIO HAyKOBOTO PiBHS BUK/IaJaHHs, (HOPMyBaHHIO KOMITETEHTHOCTeH, HeoOXiJHUX [T MalOyTHIX JTiKapiB, Ta
PO3BUTKY 3/]aTHOCTI [J0 IPaKTUUHOIO 3aCTOCYBaHHS OTPUMAHHKX 3HaHb Y K/IiHIYHINA NpaKTULli, 1110 € KJII0YOBUM UMHHHUKOM MiJj-
TOTOBKM BHCOKOKBa/li(hikoBaHOTO MeZJUYHOTO (haxiBLisi B yMOBaX CyuyacHOI MeJJULIHHU.

KirouoBi ciioBa: Mbk/ucIUITIiHApHA iHTerpallis; MaricTp MeJULIMHYT; MeJuuHa (i3uka, KIiHIUHI AUCLUIITIHY.

Abstract. This article substantiates the relevance and feasibility of implementing the principle of interdisciplinary integration
in the educational process for training Master’s students in Medicine, highlighting it as a key approach to enhancing the quality
of professional education. The terms “integration” and “interdisciplinary integration” are analyzed in a general scientific
context, emphasizing that interdisciplinary integration represents a modern didactic concept that ensures the coherence of
the educational process, a high scientific standard of instruction, and serves as an effective tool for developing students’
professional knowledge and practical skills. The article provides a detailed analysis of the core competencies developed
through the academic course Medical Physics, including the enhancement of logical thinking, analytical and synthetic abilities,
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as well as the capacity to accurately formulate tasks and identify strategies for their resolution, all of which are essential for
the practical activities of future physicians.

The significance of Medical Physics in advancing modern diagnostic and therapeutic methods is highlighted, including
the application of ultrasound, magnetic resonance, and X-ray tomography, as well as laser and radiological technologies,
which cannot be effectively utilized without an understanding of the underlying physical principles. The article examines the
implementation of integrative links between Medical Physics and other courses, including clinical subjects, enabling students to
develop a systemic understanding of medical processes and a comprehensive approach to diagnosis and treatment. Examples of
physical methods and instruments that have formed the basis for surgical, therapeutic, and non-invasive diagnostic techniques
are presented, along with the pedagogical and methodological rationale for employing an interdisciplinary approach in the
training of Master’s students in Medicine.

Thus, the article emphasizes that the integration of Medical Physics with other courses in higher medical education
contributes to elevating the scientific quality of instruction, fostering competencies essential for future physicians, and
enhancing the ability to apply acquired knowledge in clinical practice. This interdisciplinary approach is a key factor in

preparing highly qualified medical specialists capable of meeting the demands of modern Medicine.
Key words: interdisciplinary integration; Master of Medicine; Medical Physics; clinical courses.

Introduction. The preparation of a competent
and highly skilled Master of Medicine, equipped not
only with the theoretical foundations required for
health maintenance, disease prevention, and treat-
ment, but also with the ability to apply this knowl-
edge effectively in clinical practice, represents a
central goal of modern medical education. During
the course of training, students develop an integrated
body of knowledge across multiple courses outlined
in the medical curriculum, which creates the need for
teaching approaches and organizational models that
ensure a high level of educational quality and profes-
sional readiness. Within this framework, the adoption
of the principle of interdisciplinary integration in the
educational process plays a particularly significant
role.

The theoretical and practical dimensions of inter-
disciplinary integration in the training of medical
professionals at higher medical education institutions
have been explored in the works of S. Bukhalska,
N. Shamro, M. Karpets, N. Voloshchuk, B. Palasiuk,
E. Yu. Rozhdestvenskyi, A. Shulhai, among others.
The relevance of interdisciplinary integration as a
pedagogical issue is evidenced by the wide range of
scholarly studies addressing its various aspects.

Within the general scientific framework, the con-
cept of integration is commonly understood as the
unification of separate parts, elements, or compo-
nents into a coherent whole (Proshkin, 2010). In the
context of education, interdisciplinary integration is
defined by scholars (Palasiuk, 2022) as a process of
coordinating the content of academic courses in order
to reflect unified, continuous, and holistic phenom-
ena of professional activity. This process involves
the deliberate strengthening of interdisciplinary links
while maintaining the theoretical and practical integ-
rity of individual courses.

Emphasizing interdisciplinary integration as a
modern didactic concept underlying a holistic educa-
tional process in higher education, M. Karpets inter-
prets curriculum integration as both a process and an
outcome of constructing coherent academic courses
through the synthesis of scientific knowledge. This
synthesis is based on fundamental laws governing
the development of science and is shaped by the

didactic representation of natural relationships and
interconnections, thereby fostering meaningful inter-
subject links. Other researchers (Lysachenko, 2012)
highlight the role of interdisciplinary integration in
the development of students’ clinical thinking, while
also examining issues of horizontal interdisciplinary
integration within competence-based (Kyrvas & Syt-
nykova, 2016) and problem-based learning models
(Shulhai, Fedoniuk, Mudra & Oleshchuk, 2018).

Interdisciplinary integration provides a concep-
tual foundation for addressing shared educational
objectives through a holistic and worldview-based
synthesis of knowledge. The implementation of
interdisciplinary links facilitates the development of
curricula that emphasize the interconnection of aca-
demic courses at various stages of the educational
process. While this approach overcomes the limi-
tations of isolated subject teaching, it preserves the
relative autonomy of individual courses, as well as
their logical structure and sequential organization of
learning content.

In this way, interdisciplinary integration ensures
a high level of scientific rigor in instruction and is
regarded as one of the most effective methodological
tools for fostering the professional knowledge and
practical skills of students.

The aim of this article is to analyze the specific
features of implementing integrative links between
the academic course Medical Physics and other sub-
jects taught at medical higher education institutions.

Theoretical framework. Medical Physics and
its related research fields are currently among the
most promising areas within the natural sciences, as
evidenced by the active integration of cutting-edge
scientific achievements, particularly those of physics,
into clinical medical practice. Medical Physics
focuses on exploring the potential application of
a wide range of physical agents and physic and
mathematical methods for studying the human
body, with the aim of developing and implementing
innovative diagnostic techniques and therapeutic
interventions.

According to scientific sources (Rozhdestvenskiy,
2009), under contemporary conditions the primary
objective of the educational process in higher
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medical institutions is to foster the professional
development of physicians capable of effectively
perceiving, independently acquiring, and practically
applying relevant information, as well as solving
complex clinical problems. Consequently, the
knowledge gained through the study of the academic
course Medical Physics contributes significantly to
the formation of essential general and professional
competencies in future medical specialists. These
include the development of logical thinking skills,
the ability to accurately formulate professional tasks,
and the capacity to identify effective solutions to a
wide range of clinical and professional challenges.

In modern Medicine, a wide range of physical
methods and instruments serve as the foundation for
diverse medical techniques in surgery, therapy, and
non-invasive diagnostics. For instance, ultrasound
diagnostic imaging (US) has become possible due to
advances in contemporary acoustics, as well as non-
linear and Doppler ultrasonography. The use of elec-
tronic and proton accelerators for sterilizing medical
equipment has also become routine in global medical
practice.

Synchrotron radiation from charged particles in
accelerators is employed in high-resolution X-ray
transmission tomography, complementing conven-
tional X-ray radiography and computed tomogra-
phy. Advances in radiation physics have paved the
way for the safe and effective application of radi-
onuclides, gamma cameras for radiodiagnostics,
and a variety of radiotherapy devices, including
the so-called “cyberknife”. In this context, meth-
ods such as single-photon and positron emission
tomography, nuclear magnetic resonance imag-
ing, high-frequency electroencephalography, laser
technologies, and various radiation sources have
become feasible, largely due to the contributions of
Medical Physics.

Analyzing the conceptual foundations of inte-
grating natural science knowledge with professional
and practical training for future physicians, scholars
emphasize that “a solid grounding in natural sciences
and the corresponding skills of medical students pro-
vides an objective basis for the development of pro-
fessional competencies” (Paykush, 2015).

In higher medical education, when teaching Med-
ical Physics, it is advisable to organize the curric-
ulum according to the professional context of the
future physician. In other words, the subject should
be presented in a way that enables students, as future
doctors, to perceive the concept of “the human body
as an object of physical study” through the following
integrated components:

a) the physical principles underlying processes in
the human body at different levels: cell, tissue, organ,
organ system, and whole organism;

b) the physical foundations of medical diagnostic
and therapeutic methods;

¢) the physical principles of scientific research in
medical practice.

Biological forms of material motion differ qual-
itatively from other forms but cannot exist inde-
pendently of them. Simple forms of matter move-
ment, physical and chemical, are ultimately governed
by the primary biological form. Biological physics,
which differs from classical physics and physiol-
ogy, employs specialized methods of investigation.
From a biophysical perspective, these methods are
distinct from classical approaches in that they allow
for precise measurement of biological parameters,
mathematically describe the physical and physical
and chemical foundations of biological processes,
and create quantitative models of life-sustaining pro-
cesses. For future physicians, this provides a founda-
tion for a comprehensive understanding of both nor-
mal and pathological indicators of the human body.

Medical and Biological Physics enables students to
understand phenomena that a physician must observe
and evaluate during physical examination. It examines
sound vibrations, considering both objective char-
acteristics: frequency, intensity, sound pressure, har-
monic spectrum and subjective characteristics: pitch,
timbre, and loudness. It also explains the principles
and specific features of sound propagation in elastic
and gaseous media, thereby providing a methodolog-
ical basis for sound-based clinical techniques such
as auscultation, percussion, and phonocardiography.
Students should appreciate that changes in tissue elas-
ticity, a physical property altered by pathological pro-
cesses, lead to corresponding changes in the quality of
sound (Mykytiuk, 2019).

The percussion method is based on the principle
of resonance. During thoracic percussion, a percus-
sive strike generates impulses both in depth and lat-
erally. The region through which these sound waves
propagate is referred to as the percussion field.

Different organ sounds are audible during per-
cussion, depending on their air content. In tissues
lacking air, resonance does not occur. For exam-
ple, percussion of the thigh produces a dull sound,
whereas a hollow organ yields a resonant, loud tone.
The pitch of the sound depends on the tension of
the organ walls: higher tension produces higher-fre-
quency sounds, while lower tension results in low-
er-frequency tones.

When studying respiratory pathologies, students
develop the skills not only to distinguish variations
in percussion sounds associated with changes in the
elasticity and firmness of lung tissue, formation of
cavities, or accumulation of fluid or air in the pleural
spaces, but also to understand the underlying mech-
anisms of these changes. This knowledge enables a
more in-depth analysis of the dynamics of pathologi-
cal processes (Lysachenko, 2012).

Thus, the knowledge acquired during the study
of Medical Physics enables students to identify the
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physical basis of sound changes over specific organs.
This, in turn, allows clinicians to detect potential
pathologies even before performing radiography
or other advanced instrumental examinations. An
understanding of the physical principles underlying
sound variations or palpatory phenomena, learned in
Medical Physics courses, can be critically important
for providing timely emergency care. These diagnos-
tic skills are particularly valuable in field conditions
or emergency settings, where access to X-ray or spe-
cialized equipment may be limited.

Specifically, the medical and biological phys-
ics curriculum provides students with foundational
knowledge of acoustics, which underlies the tech-
nique of auscultation — listening to the sounds pro-
duced by internal organs. The first device for auscul-
tation was the stethoscope, a simple tube applied to
the body to detect organ-generated sounds. Unlike
the stethoscope, the phonendoscope incorporates a
stretched membrane that amplifies sounds. Today,
combined devices known as stethophonendoscopes
are commonly used, and the physician’s task is to
recognize and interpret sounds from different organs.
For example, during lung auscultation, the presence
of additional sounds, such as rales, crepitation, or
pleural friction rubs, superimposed on normal breath
sounds indicates pathological changes, and the abil-
ity to interpret these findings is essential for physi-
cians across all medical specialties.

As is well known, the human circulatory system
represents a complex physiological process, which is
fundamentally physical in nature. It involves the flow
of fluid (hemodynamics, an example of hydrody-
namics), the propagation of vibrations through blood
vessels (wave and oscillation theory), the mechanical
work of the heart (mechanics), and the generation of
cardiac bio-potentials (electricity).

Hemodynamics studies the movement of blood
within the wvascular system. Understanding the
principles of blood flow is crucial for diagnosing a
wide range of cardiovascular diseases. Knowledge
acquired in medical and biological physics courses
regarding hydrodynamics and hemodynamics allows
students to better comprehend the mechanisms under-
lying heart sounds. According to hydrodynamic the-
ory, blood flow can be laminar or turbulent. Laminar
flow does not produce audible vibrations, whereas
turbulent flow generates sound phenomena due to
particle oscillations during abrupt changes in flow,
which are perceived clinically as heart murmurs.

During medical and biological physics classes,
students also study the origin and dynamics of car-
diac bio-potentials throughout the cardiac cycle.
The field utilizes the concept of the heart’s electri-
cal vector, defined as the resultant dipole moment
of all current dipoles present in the cardiac muscle
at a given moment. The excitation wave propagating
through the myocardium causes continuous changes

in the heart’s electrical vector and its spatial orienta-
tion. At specific phases of the cardiac cycle, the heart
vector describes three closed loops in space, repre-
senting atrial excitation, the ventricular complex, and
ventricular relaxation following the ejection of blood
into the aorta.

Another example of interdisciplinary integration
is the primary method for studying cardiac function,
electrocardiography (ECG). The role of medical
and biological physics is to identify the origins of
cardiac bio-potentials and explain their dynamics
throughout the cardiac cycle, while the role of car-
diology is to detect pathological conditions based
on ECG analysis.

Many such examples can be provided to illus-
trate the implementation of interdisciplinary links
between Medical Physics and clinical courses. What
distinguishes interdisciplinary integration is that the
educational content is not merely repeated across
subjects; rather, it is applied in students’ learning
activities to achieve a deeper understanding of the
underlying principles and mechanisms of physiologi-
cal phenomena and clinical processes.

In contrast to traditional teaching methods, which
often lead to fragmented understanding, where stu-
dents may succeed in individual subjects but struggle
to apply knowledge across different areas of study,
interdisciplinary integration enables students to
develop the ability to establish connections between
diverse scientific fields. This approach enhances crit-
ical thinking skills and fosters the capacity to syn-
thesize information. It not only improves academic
performance but also effectively prepares students
to address the complex, multifaceted challenges they
will encounter in their professional practice.

In this context, it is important to emphasize that
the successful implementation of interdisciplinary
links in the training of Master’s-level medical stu-
dents requires the use of problem-based, learner-cen-
tered, and interactive teaching approaches, as well
as computer-assisted and simulation-based technol-
ogies, including tests, case studies with integrated
content, and virtual reality. Incorporating other inno-
vative educational technologies and strengthening
interdisciplinary approaches within the curriculum
are also essential. Given the rapid pace of devel-
opment in medical science, teaching materials and
student assessment methods must be continuously
updated and refined to maintain educational effec-
tiveness.

Conclusions and prospects for further
research. As a fundamental science, Medical Phys-
ics plays a critical role in the development of mod-
ern diagnostic and therapeutic methods. Its integra-
tion into the curricula of higher medical education
institutions enhances students’ understanding of
the underlying processes in medical technologies,
thereby improving the quality of medical training.
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Diagnostic tools such as ultrasound (US), magnetic
resonance imaging (MRI), laser systems, and other
medical devices cannot be used effectively without
a solid understanding of the physical principles that
govern their operation.

Moreover, the advancement of emerging technol-
ogies — including nanotechnology and artificial intel-
ligence relies on an interdisciplinary approach that
combines Physics, Biology, and Medicine. There-
fore, integrating Medical Physics with other courses
represents an essential step toward enhancing the
training of future physicians and creating more effec-
tive and innovative healthcare systems.

Educational program reforms should address
these challenges by providing students not only with
foundational knowledge but also with opportunities
to apply it in practice through the strengthening of
interdisciplinary approaches in the learning process.
Given that the issues discussed in this article lay the
groundwork for exploring a wide range of interdis-
ciplinary connections between Medical Physics and
other, particularly clinical, courses in higher medical
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