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Abstract 
 
Relevance. The relevance of the study is conditioned by the need to form clear principles of teaching medical biophysics 
to students, considering the main features of teaching biology and related disciplines in higher educational institutions of 
Kazakhstan at the moment. 
 
Purpose. The purpose of this study is to investigate the basic principles of teaching medical biophysics in profession-
oriented areas in the system of higher educational institutions of the Republic of Kazakhstan, to identify similar teaching 
trends and form an assessment of the overall effectiveness of teaching this discipline in the system of educational 
institutions under consideration. 
 
Methodology. The basis of the methodological approach in this study is a combination of a systematic analysis of the 
methodological foundations of combining the principles of teaching biology and physics in a modern higher educational 
institution, with an analytical investigation of the main aspects of teaching medical biophysics as a major subject of a 
number of modern higher educational institutions. 
 
Results. The results obtained are a clear demonstration of the importance of the qualitative study of medical biophysics 
in higher educational institutions of Kazakhstan, to develop students' competencies necessary for their subsequent 
professional activities. 
 
Conclusions. The findings and the conclusions formulated on their basis are of significant importance for students of 
medical departments of universities of Kazakhstan studying medical biophysics as a principal subject of the general 
training programme, and representatives of the teaching staff of these educational institutions, who, by the nature of their 
professional activities, are faced with the need to search for and practical implementation of effective principles of 
teaching this subject within the requirements of the university curriculum. 
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Introduction 
The main features of teaching medical biophysics as a 
major subject in the curriculum of medical universities are 
its close relationship with the other subjects that make up 
the curriculum [1]. In this context, it is necessary to 
determine the main tasks of teaching the biophysics course 
as a major subject: consideration of the peculiarities of the 
vital activity of the organism as an open-type non-
equilibrium system; use of the basic concepts of the 
biophysics course for the competent use of medical 
equipment and the correct interpretation of the results; 
mastering the physical foundations of medical devices and 
techniques used in various fields of medical science; 
research of physical phenomena to study the laws of 
functioning of living systems and their impact on the 
human body; substantiation in the theory of the influence 
of various physical processes on human vital activity [2].  

Medical biophysics considers the human body as an 
open thermodynamic system, so this discipline cannot be 
considered in isolation from other natural sciences. In 
recent years, the concept of teaching medical biophysics in 
direct connection with biology has been adopted in the 
systems of higher medical educational institutions of the 
Republic of Kazakhstan. As a result, it is planned to impose 
knowledge in the field of biophysics on knowledge in the 
field of biology, which is quite understandable, since 
biology acts in this context as the basis of the entire 
complex of scientific knowledge obtained by students 
when mastering the main disciplines. Notably, the lack of 
knowledge in the field of biology would necessarily affect 
the quality of studying biophysics as an independent 
discipline. Such circumstances must necessarily be 
considered when drawing up a curriculum and planning the 
total number of hours of teaching Biology and Medical 
Biophysics in their competent ratio [3-5]. 

The expediency of introducing a medical biophysics 
course into the curriculum of higher medical education of 
modern educational institutions is largely determined by 
the trends of today, expressed in the need for high-quality 
satisfaction of the needs of specialised education of 
medical students who show a desire for the natural sciences 
and endowed with a certain style of thinking, with a 
pronounced behavioural orientation. Such an approach 
implies the need to form a number of special principles of 
teaching medical biophysics as a major subject [6-8]. 

Integration of the content of natural education can be 
implemented through the introduction of a number of 
natural science disciplines into the educational process. 
The historical development of medical biophysics suggests 
that this science has its own characteristics, in particular, 
the presence of the object of study, the scientific object of 
knowledge, characteristic only for this discipline, and 
scientific logic and the basis for experimental studies 
characteristic only of medical biophysics [9; 10]. All the 
above-mentioned factors determine the need to bring 
biophysics into strict compliance with the process of 
university education in the context of the synthesis of 
knowledge, both cross-curriculum and intrasubject. 
Obtaining such a synthesis involves the development of the 
main conceptual areas of generalisation of scientific 
knowledge and their structural relationship. All 

participants in the educational process receive real 
opportunities for the development of theoretical thinking, 
stemming from scientific synthesis, considering various 
generalisations.  

In this study, the task is to consider the basic principles 
of teaching medical biophysics as a major subject, to form 
the above trends in teaching medical biophysics and create 
an understanding of the overall effectiveness of teaching 
this discipline in the system of educational institutions of 
the Republic of Kazakhstan. The task is planned 
considering the experience of past studies of the subject, 
which represent a qualitative theoretical basis of this study 
and determine the main trends of this research as a whole. 
The results obtained and the conclusions formulated on 
their basis in the future can serve as a qualitative theoretical 
basis for further research on the subject of this research 
paper. 

 
Materials and Methods 
The methodological base of this study is a combination of 
a systematic analysis of the methodological foundations of 
combining the principles of teaching biology and physics 
in a modern higher educational institution, with an 
analytical investigation of the main aspects of teaching 
medical biophysics as a major subject of a number of 
modern higher educational institutions. A qualitative 
combination of methods for studying the basics of teaching 
physics and biology in a modern medical educational 
institution with an analysis of the main aspects of teaching 
medical biophysics allows forming a complete picture of 
research, considering all the characteristic features of 
studying this discipline in the modern system of higher 
medical educational institutions in the Republic of 
Kazakhstan. 

The theoretical basis is the results obtained in the study 
of available scientific developments on the basic principles 
of teaching medical biophysics in the system of modern 
higher educational institutions, which are important in the 
context of the practical application of these scientific 
developments in the field of teaching medical biophysics 
in medical educational institutions of Kazakhstan. In 
addition, as a theoretical basis for this study, research 
papers devoted to the relationship of medical biophysics 
with other natural sciences included in the curriculum of 
higher medical education were considered. 

This study assumes the presence of three main stages of 
research.  

At the first stage, a theoretical analysis of available 
research papers devoted to the teaching of medical 
biophysics in higher medical educational institutions and 
the relationship of this discipline with other related natural 
science disciplines was carried out. In addition, this stage 
included a systematic investigation of the methodological 
foundations of combining the principles of teaching 
biology and physics in a modern higher education 
institution, based on a pre-formed theoretical base. 

The next stage involved an analytical investigation of 
the main aspects of teaching medical biophysics as a major 
subject of a number of modern higher educational 
institutions and the role of this discipline in the 
development of the profession-oriented literacy of a 
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graduate. In addition, an analytical comparison of the 
preliminary results obtained in the course of this study with 
the results and conclusions of other researchers was carried 
out, considering the teaching of medical biophysics within 
the curriculum of a medical educational institution and the 
relationship of this subject with other main natural science 
disciplines. 

The final stage formed the main conclusions drawn 
from the findings of this study, serving as the final 
generalisation of the entire complex of research on the 
principles of teaching medical biophysics as a major 
subject. The results obtained and the conclusions 
formulated on their basis are in strict accordance with the 
subject of this study and can be successfully used in the 
future as a theoretical basis for assessment of the principles 
of teaching medical biophysics as a major subject in the 
system of modern higher medical education. 

 
Results 

The study of the basic principles of teaching medical 
biophysics as a major subject in modern higher medical 
educational institutions has yielded the following results. 

Training in medical biophysics as a major subject 
contributes to the development of professional 
competencies necessary for the subsequent 
implementation of their professional activities among 
medical students [11]. It is the training of qualified medical 
specialists that is the main task of the medical education 
system in modern social realities. This task can be 
successfully solved only if a medical student is fully 
trained in various aspects of educational activities, 
including the learning of sciences that form the basis of 
modern natural science. 

Medical biophysics is one of the fundamental natural 
science disciplines. Table 1 provides information on the 
role of medical biophysics in the system of modern 
medical education. 

Table 1. The role and place of medical biophysics in the system of modern medical education 

Medical biophysics in the development of professional 
competencies of a doctor 

The essence of professional competencies in the field of 
medicine 

Forms a system of ideas about the features of the 
biological structure of the human body and the essence 

of the physiological processes occurring in it 

Basic knowledge in the field of natural and biomedical 
sciences, contributing to the establishment of a system of 

stable ideas about human interaction with the outside 
world 

Determines the degree of readiness of a specialist to 
conduct medical practice using modern equipment and 

diagnostic tools 

Skills of working with complex diagnostic equipment 
and the ability to correctly interpret the information 

received 
Develops scientific logic and contributes to the 

development of skills for conducting independent 
research 

The connection of medicine with related scientific 
disciplines, physics, biology, chemistry, expanding the 

range of their use in the profession 
Promotes the introduction into medical practice of 

methods of mathematical modelling of cases of medical 
practice and their comprehensive analysis 

The development of skills to describe the phenomena of 
medical practice in their dynamic manifestation, the 

establishment of close links between a number of 
observed phenomena 

Modern principles of teaching medical biophysics in 
the profile area suggest a breakdown into several 
composite categories: 

1. The principle of synthesis of biology and physics as 
fundamental from the standpoint of understanding the role 
and place in the system of disciplines of modern natural 
science. 

2. The principle of synthesis of biology and physics 
using the chemical method of cognition of the surrounding 
reality. 

3. The principle of synthesis of biology, physics and 
chemistry as a whole in the system of natural sciences, 
revealing the integrity of the scientific picture of the world. 

The construction of learning in the context of any single 
principle involves the development of a special approach 

based on the features of a particular learning principle. In 
general, high-quality teaching of medical biophysics in the 
system of medical higher educational institutions assumes 
compliance with all these teaching principles, considering 
the individual characteristics of students of each particular 
university [12]. 

Table 2 presents the main professional competencies 
that are formed by medical students when they study 
natural sciences within the framework of the programme 
of specialised higher education of the Republic of 
Kazakhstan. The connection of biophysics with a number 
of other natural science disciplines and the principles of the 
development of the competencies of the future doctor is 
revealed. 

Table 2. The main professional competencies that are formed by medical students when they study natural sciences 
within the framework of the curriculum of specialised higher education of the Republic of Kazakhstan 

Professional competencies acquired by a future doctor in 
the study of disciplines related to the field of natural 

science 

The natural science disciplines included in the 
curriculum of medical students in higher educational 

institutions of Kazakhstan 
The ability to determine the essence and meaning of 

emerging problems based on the practical application of 
physical, mathematical, and chemical methods 

Biology, Mathematics, Physics, Chemistry. 
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Practical ability to build a systematic approach to the 
processing of available medical information, and to 

make decisions based on the mastered theoretical and 
practical developments 

Fundamentals of Computer Science, Mathematical 
Statistics 

Practical skills in analysing the results of laboratory 
studies and forming correct conclusions based on them 

Biophysics, Physics, Chemistry, Biology, Mathematical 
Statistics 

The ability to determine the patterns of functioning of 
human body systems based on the processed analytical 

information 

Biophysics, Mathematical Statistics, Fundamentals of 
Physiology 

The ability to freely navigate the international systems of 
units used in the processing of analytical information 

Mathematical Statistics, Physics, Chemistry, Biology 

Readiness for the rapid development of modern methods 
of experimental research and their practical application 

in everyday scientific activities 

Mathematical Statistics, Physics, Chemistry, Biology 

The qualitative combination of Biophysics with other 
natural science disciplines, in particular, Biology, Physics, 
Chemistry, Computer Science and Mathematical Statistics 
ensures the fullest possible development of the necessary 
professional competencies of future doctors. The skills and 
abilities to understand the essence of physiological 
processes occurring in the human body are formed, and the 
skills of working with modern diagnostic equipment 
necessary for the qualitative interpretation of the results of 
a survey of the current state of the patient with the 
formulation of correct conclusions based on them. At the 
same time, knowledge of the nature of phenomena 
occurring in the human body, and the physical foundations 

of external influences on the body is necessary for proper 
diagnosis and determination of the necessary degree of 
medical influence to resolve a specific situation of medical 
practice [13]. This determines the importance of a high-
quality combination of teaching medical biophysics with 
related natural science disciplines to form high-quality 
competencies of future specialists in the medical field, 
necessary for them to carry out their professional activities 
in the future. 

Figure 1 below shows the main stages of mastering 
medical biophysics by students of higher educational 
institutions, for which it is one of the principal subjects of 
the curriculum. 

 
Figure 1. The main stages of mastering medical biophysics by students of medical specialities of higher educational 

institutions 

The practical implementation of the above-mentioned 
principles of teaching medical biophysics as the main 
subject of a student of medical specialities of higher 
educational institutions of the Republic of Kazakhstan 
should contribute to the gradual development of their full 
set of competencies necessary to achieve a degree of 
professionalism sufficient for high-quality laboratory 
research, whose task is to obtain an accurate picture of the 
patient's condition, and the correct interpretation of the 
results obtained during such studies. In addition, the 
development of such competencies in the future should 
contribute to the practical development of skills sufficient 

for the independent formulation of scientific research in 
any of the areas of activity in the field of medicine and 
obtaining based on completed research results that reflect 
the essence of the research and solve the main tasks set 
during its development. 

In general, the outlined principles of teaching medical 
biophysics as the main subject of the curriculum for 
students of medical specialities of higher educational 
institutions of the Republic of Kazakhstan fully meet 
modern requirements put forward to the quality of training 
of future doctors and determine the features of building a 
curriculum for specialists in the field of medicine, capable 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Stages of mastering medical 
biophysics 

Obtaining a theoretical 
base reflecting the basic 

laws and principles of the 
discipline 

Mastering the theoretical base at 
the level of the ability to 

reproduce the basic principles of a 
discipline in an oral presentation 

The ability to apply 
the obtained 

theoretical knowledge 
in practice when 

analysing the 
obtained statistical 
data of laboratory 

studies 

The ability to correctly 
interpret the results of 

laboratory tests and form the 
necessary recommendations to 

patients based on the 
conclusions drawn 

The ability to conduct 
independent scientific research 

based on the acquired theoretical 
base and the obtained own 

practical developments 
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in the future to successfully solve numerous complex tasks 
directly related to their professional activities. 

 
Discussion 
Every student of a medical educational institution in the 
process of obtaining higher medical education is faced with 
the need to solve the problem in understanding the basic 
physical characteristics and properties of living systems, 
and the physics of the human body. They will be able to 
implement such opportunities qualitatively in the 
Biophysics course. Notably, this course forms numerous 
general cultural competencies, such as the development of 
logical thinking skills, the ability to qualitatively formulate 
tasks, and find the right ways to solve a wide range of 
professional problems [14]. 

In modern conditions of the development of specialised 
education, special importance should be given to the issues 
of the correct definition of the content of education in the 
appropriate area, which could satisfy the cognitive needs 
of a particular individual or group of such. In general, this 
will ensure that students maintain the proper level of 
training they need in the future when solving a wide range 
of tasks in their professional activities [15]. 

The close ties between biophysics and biology in the 
field of research of physiological processes occurring in 
the human body are explained by the significant influence 
of these processes on the entire human life activity as a 
whole. Modern physiology investigates the functional 
capabilities of the body in various aspects of its vital 
activity, while to understand the main features of the flow 
of these processes, qualitative knowledge of the nature of 
physical and chemical phenomena occurring in the body is 
required. This fact predetermines the main task of teaching 
medical biophysics within the framework of the 
curriculum, as an exposition to students of the basic 
principles of understanding the essence of the connection 
of Biophysics with related natural science disciplines, 
which in principle is necessary for mastering the 
professional competence of a doctor, with the subsequent 
possibility of conducting practical activities within the 
mastered speciality [16]. Since knowledge of the 
biophysical processes occurring in a human cell and 
throughout the entire body allows forming a holistic 
impression of the subtleties of the functioning of the main 
systems of the human body. Medical students who started 
studying Physiology immediately after mastering 
Biophysics are provided with all the necessary knowledge, 
understanding, and skills necessary for a full study and 
mastering of the Physiology course [17-19]. 

The process of teaching medical biophysics in the 
system of higher educational institutions involves a 
mandatory visual demonstration of the connection of this 
scientific discipline with other disciplines taught in various 
courses of study at a medical educational institution. In the 
process of studying in educational institutions of this kind, 
students face a real need for the consistent development of 
a large number of diverse competencies that are important 
from the standpoint of their subsequent professional 
activity. At the same time, the development of such 
competencies requires students to study and understand the 
basics of medical biophysics, which leads to an increase in 
the total number of academic hours of teaching this 
discipline in the curriculum. This often leads to the 

introduction of additional disciplines into the curriculum, 
such as Medical Diagnostics, designed to teach future 
doctors in-depth knowledge in the field of the theory of the 
functioning of the human body and the practical use of 
individual devices to determine the characteristics of the 
state of their body at specific intervals [20-23]. In addition, 
in the process of studying this subject, students gain skills 
in the practical application of biophysics knowledge in the 
practical application of equipment for diagnostics and 
interpretation of the results obtained to determine the real 
state of the patient's health and methods of treatment of 
detected pathologies.  

The synthesis of knowledge in the field of medical 
biophysics and the connection of this discipline with other 
related disciplines studied within the framework of the 
curriculum must be carried out in accordance with the 
logical principles of a holistic representation of the system 
of scientific concepts, within the framework of knowledge 
of a specific discipline. Synthesis can be applied when 
creating a qualitative model of the content of knowledge 
within a specific scientific discipline, through a modular 
approach in education [24-26]. 

The synthesis of biology and physics is carried out 
through the study of fundamental objects of cognition that 
are similar in nature and structure and is conducted in 
parallel along the line of articulation of individual 
scientific theories. The synthesis of individual disciplines 
as a sign of integrity is carried out in two main areas: 
through a comprehensive relationship between individual 
disciplines and through the harmonisation of the 
relationship between disciplines of a general scientific 
nature and highly specialised, fundamental, and applied 
spheres of scientific knowledge. The manifestation of 
synthesis between the disciplines of the curriculum is a 
methodological basis for the didactic synthesis of the 
content of biophysical education. Synthesised subjects 
form integral scientific areas of branch knowledge, thereby 
ensuring an overall increase in the level of integrity of 
natural science knowledge [27]. 

The steady improvement of the quality of modern 
higher medical education, provided that its fundamentality 
is maintained, is one of the main conditions for the 
qualitative modernisation of the system of modern higher 
education. The various approaches used by researchers 
when considering the development of methods of teaching 
medical biophysics have something in common with the 
awareness of the urgent need for a unified understanding 
of the quality of higher education in terms of the quality of 
reflection in it of fundamental scientific disciplines. In this 
context, the content of modern higher professional medical 
education implies the need to pay great attention to the 
development of a unified understanding of the existing 
system of knowledge about the structure of a living 
organism, as a single integral system capable of 
autonomous operation. The integration of scientific 
knowledge, which has taken place in various forms over 
the past few decades, has led to the development of a wide 
variety of synthetic disciplines that combine the fullness of 
scientific views inherent in various individual disciplines. 
Biophysics is one of such sciences formed by the direct 
merger of two basic scientific disciplines (in this case 
biology and physics) [28]. Moreover, this discipline has 
deep traditions, but it received its main development only 
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in the last century, gradually gaining a worthy place in the 
general system of natural science scientific disciplines.  

A consistent consideration of the methodological 
foundations of the synthesis of biology and physics within 
the educational space of a modern higher medical 
educational institution leads to an understanding of the fact 
that modern professional medical education includes a 
number of trends that determine the synthesis of the 
content of this education. These include the personal 
interest of the student in the high quality of the professional 
knowledge they receive, the public interest in training 
specialists in the field of medicine with high professional 
qualifications, and the humanisation of the entire process 
of higher medical education, with the development of an 
individual approach to teaching students [29-31]. An 
individual approach in the modern system of higher 
medical education is not applicable in all situations, 
however, in combination with a competently built teaching 
model and the personal interest of the students themselves 
in obtaining high results in training, it is possible to achieve 
high results in terms of forming a high level of professional 
competencies of future doctors. 

The foundations of the didactic synthesis of biology 
and physics in the system of modern higher professional 
medical education are: ideas about the integrity of a living 
organism as an object of cognition of medical students, the 
interaction of scientific approaches to the issues of 
cognition of the vital activity of a living organism, peculiar 
to biology and physics as separate scientific disciplines, 
and the historical context of interaction and 
interpenetration of biology and physics in the process of 
professional training of a future specialist in the medical 
field. Subjective factors should be considered the ability of 
students to reflect the content of education at the level of 
combining the requirements of the labour market, social 
tasks and needs, and the qualifications of a medical 
specialist obtained in the process of studying at an 
educational institution. 

The needs of students and social needs are fundamental 
factors in the development of an educational concept at the 
level of didactic synthesis of biology and physics. By 
themselves, the factors of scientific, fundamental 
education, and the quality of knowledge obtained by 
students in the medical biophysics course are the most 
important components of the development of professional 
competence of future graduates of higher medical 
educational institutions. At the same time, the professional 
orientation of medical education can be qualitatively 
implemented only through the maximum information 
saturation of the educational process, and through the 
direct activity of the pedagogical link of the educational 
institution, expressed in maintaining the quality of 
teaching medical biophysics at a high level and the 
introduction of an objective system for assessing students' 
knowledge at any stage of their training [32-36]. 

It is practically possible to implement the integrity of 
scientific knowledge in the modern education system 
simultaneously at several levels: synthesis of knowledge 
within a specific scientific discipline, connections between 
individual disciplines that make up the curriculum of an 
educational institution, and connections between these 
disciplines at the level of integrative connection.  

The first of the presented types of integrity can be 
practically implemented through the synthesis of 
knowledge of an intra-subject nature that does not extend 
to related disciplines or a group of such. This can be the 
creation of special courses by connecting separate 
educational modules, the connection of which forms a 
single logic of cognition within a single discipline. The 
connections between specific scientific disciplines 
constitute the next level of integrity, and the consistent 
relationship of knowledge of individual scientific 
disciplines characterises the essence of such a relationship 
and the level of mutual penetration of these disciplines. In 
this context, integrity can be implemented as the definition 
of the main areas of this relationship and the statement of 
scientific facts, concepts and positions of scientific interest 
from the standpoint of the synthesis of two separate 
disciplines [37-39]. 

The highest level of integrity of perception of the 
principles of teaching biophysics as a major subject is to 
achieve the necessary level of integrative integrity, which 
is characterised by the most complete connection, 
interpenetration and interconnection, and the qualitative 
ordering of knowledge that make up the scientific baggage 
of any medical student. Moreover, considering the real 
needs of the student in terms of obtaining the necessary 
information from the standpoint of their subsequent 
professional self-realisation, and its qualitative 
assimilation, is put at the forefront in this context [40].  

The training course of medical biophysics has its own 
structure, scientific logic, object and methods of scientific 
research. All these aspects make up the specifics of 
medical biophysics as an independent scientific discipline, 
and as a specialised scientific course, medical biophysics 
contributes to the creation of a fundamental knowledge 
base of the future doctor, through the creation of a 
knowledge system and their generalisation at the level of 
knowledge of the basics of the vital activity of living 
organisms in theoretical terms. At the heart of this process 
is the interrelation and interaction of biological concepts, 
and the reflection of the cognition of a naturalist engaged 
in cognitive activity. 

Assessing the prospects of mastering the Biophysics 
course by medical students, it is necessary to highlight the 
principle of qualitative irreducibility as a methodological 
generalisation between ideas about various aspects of the 
physical activity of organisms and a number of biological 
patterns. The principles and laws of control of living matter 
are irreducible with specific physical interactions, which 
explain the appearance of such laws and principles. The 
essence lies in the discrepancy between the theoretical 
aspects of the interaction described by the laws of physics 
and mathematics, the real state of affairs in a living 
organism, which is often unpredictable. Thus, only a 
thorough study of the laws of physics and biology can be 
the key to mastering the principles of biophysics and the 
practical application of the acquired knowledge in the 
professional activity of a modern doctor who studied this 
discipline as the main one in a higher professional medical 
educational institution. 
 
Conclusions 
The conducted study of the basic principles of teaching 
medical biophysics as a principal subject in the system of 
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modern higher medical education led to the following 
conclusions. 

The principles of teaching medical biophysics as one of 
the main disciplines of the curriculum of modern higher 
educational institutions of Kazakhstan are based on the 
fundamental aspects of the synthesis of biology and 
physics as the principal subjects of the system of training 
future medical specialists. Consistent consideration of 
these principles in the preparation of the curriculum 
involves consideration of biophysics as a discipline that 
synthesises the fundamental principles of biology and 
physics and is in close relationship with other specialised 
disciplines that make up the training programme for future 
doctors. The development of competencies of future 
specialists in the medical field presupposes the need for 
consistent study of disciplines in direct relationship with 
biophysics, complementing each other in the context of 
their consistent presentation within the curriculum. As a 
rule, physics is not perceived by students of medical 
specialities of universities as one of the core disciplines, 
the study of which is necessary for the qualitative mastery 
of the profession, which cannot be said about biology. In 
the process of drawing up the curriculum, it is necessary to 
emphasise the existence of a clear relationship between a 

number of scientific concepts of physics and biology, 
which are important from the standpoint of the synthesis of 
the two sciences and the establishment of medical 
biophysics as an independent scientific area, synthesising 
the principles of these two disciplines. Thus, it can be 
stated that the principles of teaching medical biophysics as 
one of the major subjects of the higher medical education 
programme are a reflection of the set of principles of the 
programme presentation of a number of related disciplines, 
which together determine the necessary level of knowledge 
of a student of the medical department of a modern 
university of Kazakhstan, faced with the need to form the 
proper level of competence, which is required for the 
qualitative implementation of their professional duties as a 
doctor already during the period of independent 
professional activity. 

 
Acknowledgements 
None. 
 
Conflict of Interest  
None. 
 

 
References 

 
 

[1] Ambaum M. Thermal physics of the atmosphere. Oxford: Royal Meteorological Society – Elsevier; 2020. 
[2] Davidovits P. Physics in biology and medicine. London: Academic Press; 2018. 
[3] Brahme A. Comprehensive biomedical physics. Oxford: Elsevier; 2018. 
[4] Nazarchuk O, Dmyrtriiev D, Babina Y, Faustova M, Burkot V. Research of the activity of local anesthetics and 

antiseptics regarding clinical isolates of Acinetobacter baumannii as pathogens of postoperative infectious 
complications. Acta Biomed. 2022;93(1):e2022003. 

[5] Patelarou E, Galanis P, Mechili EA, Argyriadi A, Argyriadis A, Asimakopoulou E, Kicaj E, Bucaj J, Carmona-
Torres JM, Cobo-Cuenca AI, Doležel J, Finotto S, Jarošová D, Kalokairinou A, Mecugni D, Pulomenaj V, Malaj 
K, Sopjani I, Zahaj M, Patelarou A. Assessment of COVID-19 Fear in Five European Countries before Mass 
Vaccination and Key Predictors among Nurses and Nursing Students. Vacc. 2022;10(1):98. 

[6] Cole L. Biology of life. London: Academic Press; 2016. 
[7] Tyliszczak B, Drabczyk A, Kudłacik-Kramarczyk S, Rudnicka K, Gatkowska J, Sobczak-Kupiec A, Jampilek J. 

In vitro biosafety of pro-ecological chitosan-based hydrogels modified with natural substances. J Biomed Mater 
Res - Part A. 2019;107(11):2501-2511. 

[8] Jaiprakash M, D’Souza UJA, Heethal J, Siat AF. Obesity and prolactin in various populations. Indian J Publ 
Health Res Develop. 2019;10(6):1351-1356.  

[9] Baynes J, Dominiczak M. Medical biochemistry. Oxford: Elsevier; 2018. 
[10] Chulenbayeva L, Ilderbayev O, Taldykbayev Z, Ilderbayeva G, Argynbekova A. Phytocorrection of 

immunological and biochemical changes in the combined impact of coal dust and high dose of radiation. Georg 
med news. 2018;141-150. 

[11] Mesin L. Inverse modelling to reduce crosstalk in high density surface electromyogram. Med Engineer Physic. 
2020;85:55-62. 

[12] Black RA. 40th Anniversary Issue (25 Years of Medical Engineering & Physics). Med Engineer Physic. 
2019;72:1-2. 

[13] Levin M. Life, death, and self: Fundamental questions of primitive cognition viewed through the lens of body 
plasticity and synthetic organisms. Biochem Biophys Res Commun. 2021;564:114-133. 

[14] Mkhitaryan KE, Sorokina MA, Korshukov IV, Pashev VI. Organization of interdisciplinary interaction in teaching 
biophysics at the Karaganda Medical University. Med Ecol. 2019;7:80-82. 

[15] Starchenko SA. Methodological foundations of the combination of physics and biology in an educational 
institution. World Sci, Cult, Educ. 2013;5(42):127-130. 

[16] Goodman S. Goodman's medical cell biology. London: Academic Press; 2020. 
[17] Brandas E, Ruud K. Chemical physics and quantum chemistry. London: Academic Press; 2020. 
[18] Tyliszczak B, Drabczyk A, Kudłacik-Kramarczyk S, Grabowska B, Kȩdzierska M. Physicochemical properties 

and cytotoxicity of hydrogels based on Beetosan® containing sage and bee pollen. Acta Biochim Polon. 
2017;64(4):709-712. 



Zhumabekova et al. 

584 

[19] Kuznetsov BN, Chesnokov NV, Mikova NM, Drozdov VA, Shendrik TG, Lyubchik SB, Fonseca IM. Properties 
of palladium catalysts on carbon supports prepared from chemically modified and activated anthracites. React 
Kinet Catalys Lett. 2004;83(2):361-367.  

[20] Sherer MAS, Visconti P, Ritenour ER, Haynes KW. Radiation protection in medical radiography. Maryland 
Heights: Mosby; 2017. 

[21] Latka K, Kołodziej W, Rajski R, Pawuś D, Chowaniec J, Latka D. Outpatient Spine Surgery in Poland: A Survey 
on Popularity, Challenges, and Future Perspectives. Risk Manag Healthcare Policy. 2023;16:1839-1848.  

[22] Sagandykova NS, Fakhradiyev IR, Sajjala SR, Taukeleva SA, Shemetova DE, Saliev TM, Tanabayeva SB, Zhao 
Y. Patient-specific CFD simulation of aerodynamics for nasal pathology: a combined computational and 
experimental study. Comp Methods Biomech Biomed Eng: Imag Visual. 2021;9(5):470-479. 

[23] Paton BE, Chernets AV, Marinsky GS, Korzhik VN, Petrov VS. Prospects of using plasma technologies for 
disposal and recycling of medical and other hazardous waste. Part 2. Probl Spetsial Electr. 2005;(4):46-54. 

[24] Berrios-Caro E, Gifford DR, Galla T. Competition delays multi-drug resistance evolution during combination 
therapy. J Theor Bio. 2021;509:110524. 

[25] Mohanraj J. Correlation between oxidative stress and electrolytes in diabetic end stage renal disease. Res J Pharm 
Bio Chem Sci. 2014;5(3):268-276. 

[26] Fialko NM, Prokopov VG, Meranova NO, Borisov YuS, Korzhik VN, Sherenkovskaya GP. Temperature 
conditions of particle-substrate systems in a gas-thermal deposition process. Fizik Khim Obrabot Mater. 
1994;(2):59-67. 

[27] Chowdhury F, Doganay S, Leslie B, Singh R, Amar K, Talluri B, Park S, Wang N, Ha T. Cdc42-dependent 
modulation of rigidity sensing and cell spreading in tumor repopulating cells. Biochem Biophys Res Commun. 
2018;500(3):557-563. 

[28] Piretto E, Delitala M, Ferraro M. Combination therapies and intra-tumoral competition: Insights from 
mathematical modeling. J Theor Bio. 2018;446:149-159. 

[29] Sato N, Sato K. Statistical analysis of word usage in biological publications since 1965: Historical delineation 
highlighting an emergence of function-oriented discourses in contemporary molecular and cellular biology. J 
Theor Bio. 2019;462:293-303. 

[30] Lyubchyk S, Shapovalova O, Lygina O, Oliveira MC, Appazov N, Lyubchyk A, Charmier AJ, Lyubchik S, 
Pombeiro AJL. Integrated Green Chemical Approach to the Medicinal Plant Carpobrotus edulis Processing. Sci 
Rep. 2019;9(1):18171. 

[31] Kvasnytskyi V, Korzhyk V, Kvasnytskyi V, Mialnitsa H, Dong C, Pryadko T, Kurdyumov GV, Matviienko M, 
Buturlia Y. Designing brazing filler metal for heat-resistant alloys based on ni3al intermetallide. East-Eur J Enter 
Tech. 2020;6(12):6-19. 

[32] Wang X, Harrison A. A general principle for spontaneous genetic symmetry breaking and pattern formation within 
cell populations. J Theor Bio. 2021;526:110809. 

[33] Mirzakhmetova DD, Svyatova GS, Berezina GM, Murtazaliyeva AV. Clinical and diagnostic significance of 
genetic predisposition to preeclampsia in the kazakh population. Akusher Ginekolog (Russ Fed). 2020;2020(3):58-
63. 

[34] Skak K, Tabriz NS, Nurtazina ZB, Mutaikhan Z. Drug-resistant tuberculosis and modern approaches towards its 
diagnosis. Int J Clin Skills. 2017;11(3):73-78. 

[35] Masanovic B, Gardasevic J, Arifi F. Relationship between foot length measurements and body height: A 
prospective regional study among adolescents in Northern Region of Kosovo. Anthropol (Czech Rep). 
2019;57(2):227-233.  

[36] Korzhyk V, Illiashenko E, Khaskin V, Peleshenko S, Perepychay A. Forecasting the results of hybrid laser-plasma 
cutting of carbon steel. East-Eur J Enter Tech. 2020;2(1-104):6-15. 

[37] Painter KJ. Mathematical models for chemotaxis and their applications in self-organisation phenomena. J Theor 
Bio. 2019;481:162-182. 

[38] Masanovic B, Gardasevic J, Arifi F. Relationship between foot length measurements and standing height: A 
prospective regional study among adolescents in southern region of Kosovo. Sport Mont. 2018;16(2):27-31. 

[39] Borisov Y, Korzhyk V. Internal stresses in plasma coatings with an amorphous structure. Proceed Int Therm Spr 
Conf. 1998;1:693-697. 

[40] Nicholson DJ. Is the cell really a machine? J Theor Bio. 2019;477:108-126. 
 
  



Principles of teaching medical biophysics as a major subject 

585 

 
Принципи викладання медичної біофізики як профільної дисципліни 
 
Раміля Жумабекова 
Казахський національний педагогічний університет імені Абая 
050010, проспект Достик, 13, м. Алмати, Республіка Казахстан 
 
Жайнагуль Сидикова 
Казахський національний педагогічний університет імені Абая 
050010, проспект Достик, 13, м. Алмати, Республіка Казахстан 
 
Ельміра Серік 
Казахський медичний університет безперервної освіти 
050008, вул. Манаса, 34, м. Алмати, Республіка Казахстан 
 
Айгуль Баймаханова 
Казахсько-Російський медичний університет 
050000, проспект Абилай Хана, 51/53, м. Алмати, Республіка Казахстан 
 
 
Анотація 
 
Актуальність. Актуальність дослідження обумовлена необхідністю формування чітких принципів викладання 
медичної біофізики студентам з урахуванням основних особливостей викладання біології та суміжних дисциплін 
у вищих навчальних закладах Казахстану на сучасному етапі. 
 
Мета. Метою даного дослідження є вивчення основних принципів викладання медичної біофізики за професійно-
орієнтованими напрямами в системі вищих навчальних закладів Республіки Казахстан, виявлення подібних 
тенденцій викладання та формування оцінки загальної ефективності викладання даної дисципліни в системі 
навчальних закладів, що розглядаються. 
 
Методологія. Основою методологічного підходу в даному дослідженні є поєднання системного аналізу 
методологічних основ поєднання принципів викладання біології та фізики в сучасному вищому навчальному 
закладі з аналітичним дослідженням основних аспектів викладання медичної біофізики як профілюючої 
дисципліни ряду сучасних вищих навчальних закладів. 
 
Результати. Отримані результати є наочною демонстрацією важливості якісного вивчення медичної біофізики у 
вищих навчальних закладах Казахстану для формування у студентів компетентностей, необхідних для їх 
подальшої професійної діяльності. 
 
Висновки. Отримані результати та сформульовані на їх основі висновки мають важливе значення для студентів 
медичних факультетів університетів Казахстану, які вивчають медичну біофізику як основний предмет загальної 
програми підготовки, а також для представників професорсько-викладацького складу цих навчальних закладів, 
які за родом своєї професійної діяльності стикаються з необхідністю пошуку та практичної реалізації ефективних 
принципів викладання цього предмета в межах вимог університетської навчальної програми. 
 
Ключові слова: біологія; фізика; профільна медична освіта; профільне навчання; синтез біології та фізики. 
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