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Abstract. Technology is becoming vital in improving diagnostic accuracy in 
modern medical field. The diagnostic process, like a production chain, consists of databases 
(resourc-es), the diagnostic activities (production), and the ultimate diagnosis (outcome). 
However, the intricacy of medical diagnostics has evolved due to the swift proliferation 
of medical knowledge and immense amount of patient data. Physicians encounter the 
complexity of handling huge volumes of clinical data,. To address these issues, the work 
examines the use of automated diagnostic systems supported by sophisticated mathematical 
models. The aim of the project is to investigate novel mathematical methods for disease 
detection and predic-tion, with a specific emphasis on fuzzy set theory. Particularly when 
dealing with imprecise or confusing initial data, such as medical histories and laboratory 
results, these techniques are indispensable. The authors investigate the function of expert 
systems and machine learning in the diagnosis of diseases such as gallstone formation and 
the detection of the diseases like sclerosis using medical imaging algorithms. These systems 
are specifically developed to as-sist medical professionals in making sound judgments, 
thereby presenting a very promising prospect for medical diagnostics through the 
integration of knowledge from several academic fields. The use of such technology will 
enhance clinical procedures, optimizing both the pre-cision and effectiveness of diagnoses 
while increasing healthcare accessibility .

Keywords: medical diagnostics, fuzzy set theory, automated systems, artificial 
neu-ral networks, expert systems, clinical decision-making
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Аннотация. Информатика технологиясы қазіргі заманғы медицина саласында 
диагностикалық дәлдікті арттыру үшін маңыздырақ болып келеді. Өндіріс тізбегіне 
ұқсас диагностикалық процесс мәліметтер қорынан (ресурстардан), диагностикалық 
әрекеттерден (өндіріс) және соңғы диагностикадан (нәтижеден) тұрады. Осыған 
қарамастан, медициналық диагностиканың күрделілігі медициналық білімнің 
жылдам таралуымен және пациенттер туралы деректердің үлкен көлемімен қатар 
дамыды. Дәрігерлер үлкен көлемдегі клиникалық деректермен жұмыс істеудің 
күрделілігіне тап болады, бұл қателіктер мен кемшіліктердің алдын алуда қиындық 
тудырады. Осы мәселелерді шешу үшін бұл жұмыс күрделі математикалық 
модельдермен қамтамасыз етілген автоматтандырылған диагностикалық 
жүйелерді пайдалануды зерттейді. Жобаның негізгі мақсаты анық емес жиындар 
теориясына ерекше назар аудара отырып, ауруларды анықтау және болжау үшін 
жаңа математикалық әдістерді зерттеу болып табылады. Әсіресе, клиникалық тарих 
және зертханалық нәтижелер сияқты дәл емес немесе шатастыратын бастапқы 
деректермен жұмыс істегенде, бұл әдістер өте қажет. Бұл жұмыс өт тастарының 
пайда болуы және медициналық бейнелеу алгоритмдері арқылы склероз сияқты 
ауруларды анықтау сияқты ауруларды диагностикалауда сараптамалық жүйелер 
мен машиналық оқытудың қызметін зерттеуге бағытталған. Бұл жүйелер 
медициналық мамандарға жақсы ақпараттандырылған пайымдаулар жасауға 
көмектесу үшін арнайы әзірленген, осылайша бірнеше академиялық пәндердегі 
білімдерді біріктіру арқылы медициналық диагностиканың өте перспективалы 
болашағын ұсынады. Мұндай технологияны қолдану клиникалық процедураларды 
жақсартуға, диагноздың дәлдігі мен тиімділігін оңтайландыруға және денсаулық 
сақтаудың қолжетімділігін арттыруға мүмкіндік береді.

Түйін сөздер: медициналық диагностика, анық емес жиындар теориясы, 
автоматтандырылған жүйелер, жасанды нейрондық желілер, сараптамалық жүйелер, 
клиникалық шешім қабылдау
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Аннотация. Информатика становится все более важной для повышения 
точности диагностики в современной медицинской сфере. Диагностический 
процесс, подобно производственной цепочке, состоит из баз данных (ресурсов), 
диагностических мероприятий (производства) и окончательного диагноза (результата). 
Тем не менее, сложность медицинской диагностики развивалась вместе с быстрым 
распространением медицинских знаний и огромным количеством данных о пациентах. 
Врачи сталкиваются со сложностью обработки огромных объемов клинических 
данных, что затрудняет предотвращение ошибок. Чтобы решить эти проблемы, 
в работе рассматривается использование автоматизированных диагностических 
систем, поддерживаемых сложными математическими моделями. Ключевой целью 
проекта является исследование новых математических методов обнаружения и 
прогнозирования заболеваний с особым акцентом на теорию нечетких множеств. Эти 
методы незаменимы, особенно при работе с неточными или запутанными исходными 
данными, такими как истории болезни и результаты лабораторных исследований. 
Авторы исследуют функции экспертных систем и машинного обучения в диагностике 
таких заболеваний, как образование желчных камней, и обнаружении таких недугов, 
как склероз, с использованием алгоритмов медицинской визуализации. Эти системы 
специально разработаны для того, чтобы помочь медицинским специалистам 
принимать обоснованные решения, тем самым представляя весьма многообещающую 
перспективу для медицинской диагностики посредством интеграции знаний из 
нескольких академических дисциплин. Использование такой технологии имеет 
возможность улучшить клинические процедуры, оптимизируя как точность, так и 
эффективность диагностики, одновременно увеличивая доступность здравоохранения.

Ключевые слова: медицинская диагностика, теория нечетких множеств, 
автоматизированные системы, искусственные нейронные сети, экспертные системы, 
принятие клинических решений
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Introduction
Nowadays information technology plays a vital part in a wide range of fields, in-

cluding medicine, where it is becoming an essential instrument for enhancing the accuracy 
of diagnostic procedures. Modern medical profession is confronted with the difficulties that 
come with the processing of enormous amount of information, which results in an increased 
risk of making mistakes or overlooking crucial information. When faced with a situation like 
this, automated systems that are based on mathematical models save the day. By analyzing 
medical data and aiding physicians in the process of diagnosis, these systems are intended to 
dramatically decrease the amount of work while simultaneously improving the precision of 
conclusions. 

 The study explores innovative mathematical techniques for diagnosing and fore-
casting diseases. The newly devised mathematical diagnostic methods aim to support medi-
cal professionals in making sound decisions. Particularly, when faced with decision-making 
challenges involving uncertain initial data, such as medical information (clinical history, lab 
results, etc.), the use of fuzzy set theory appears to be the most suitable approach.

Materials and methods
Reviewed medical expert systems represent specialized software designed to assist 

healthcare professionals in making decisions. These systems empower doctors to validate 
their diagnostic hypotheses and to seek computer-based advice when faced with intricate di-
agnostic scenarios. Typically, the development of expert systems involves collaboration of a 
proficient medical expert, a mathematician, and a programmer. The primary responsibility for 
crafting such systems lies with the medical expert, as they have domain-specific knowledge 
and insight into the process. Expert systems allow making early preclinical diagnostics, and 
assessing the body’s resistance and predisposition to diseases, including cancer. 

Self-learning intelligent systems: Among expert medical systems, a special place be-
longs to so-called self-learning intelligent systems (SIS). They are based on methods for 
automatic classification of practical situations or learning by example. The most striking 
example of SIS is artificial neural networks. 

An Artificial Neural Network (ANN) is a computational framework designed to pro-
cess cognitive information by simulating the operations of the human brain. The basis of 
every Artificial Neural Network (ANN) is a simple structure, mostly consisting of identical 
components, like brain cells or neurons. Every individual neuron has a unique current state, 
like the excitatory or inhibitory states of neurons in the brain (Soheila et al., 2020: 23–47). 
A predictive approach for evaluating the probability of gallstone disease formation in per-
sons with obesity was developed by P.L. Liew (Soheila et al., 2020: 23–47). The researchers 
performed a retrospective analysis that included anthropometric measures, medical histo-
ries, clinical evaluations, and laboratory findings from 117 individuals who had undergone 
surgery due to obesity. The artificial neural network (ANN) was built and trained using the 
backpropagation technique. The input dataset consisted of thirty variables comprising a range 
of clinical parameters including gender, age, body mass index, prior health problems, labo-
ratory measurements, and histology. The objective of this strategy was to use artificial neural 
networks (ANNs) to systematically analyze complex patterns in the gathered data and finally 
forecast the likelihood of gallstone disease in overweight persons.

In medical imaging Dohler F. and his colleagues utilized a neural network to clas-
sify MRI images to automate the detection of hippocampal sclerosis (Döhler et al., 2008: 
324–331). Using a dataset of 144 example images, the neural network was trained to identify 
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changes in brain tissue that suggest the existence of sclerotic degenerations.
Juan G. and his colleagues devised an artificial neural network (ANN) to automate 

the identification of bone structures. They evaluated the effectiveness of this approach in con-
trast to traditional methodologies (Juan et al., 2023:163–174). The Artificial Neural Network 
(ANN) demonstrated superior efficiency by achieving circa ten times faster segmentation of 
bone features compared to conventional methods. These findings emphasize the ability of 
neural networks to completely transform the effectiveness and accuracy of medical imaging 
analysis and diagnoses.

In neurology Tzallas A.T. and his colleagues utilized a neural network to predict ep-
ileptic episodes through the analysis of electroencephalograms (EEGs) (Tzallas et al., 2009: 
703–710). This novel methodology demonstrated high precision, ranging from 98 % to 100 
%.

Contemporary technological advancements enable a paradigm shift in representing 
the progression of diseases, particularly through the utilization of automated expert technol-
ogies. These expert computer-based medical systems empower physicians to validate their 
diagnostic hypotheses and seek guidance from computers, particularly in intricate diagnostic 
scenarios. This synergy between medical expertise and computer technology may enhance 
the accuracy and efficiency of disease prediction and diagnosis.

Diagnosing a disease is the process of finding out what is causing someone’s medical 
symptoms. It is like solving a puzzle, where the doctor must gather information and put the 
pieces together to have a complete picture (Coffin, 2015: 537–545).

There are several ways doctors can diagnose a disease, including:
• Physical examination: doctor will check your body for any signs of the

disease, such as rashes, lumps, or swelling;Medical history: doctor will ask about your 
symptoms, when they started, and if you have any other medical conditions;Laboratory tests: 
doctor may take samples of blood, urine, or other bodily fluids to be tested in a lab for any 
signs of the disease;Imaging tests: doctor may use X-rays, CT scans, or MRI scans to see 
inside your body and look for any abnormal structures or conditions;Biopsy: doctor may take 
a small piece of tissue from your body to be examined under a microscope to confirm the 
presence of a disease.

Once all this information has been gathered, the doctor will use it to make a diagno-
sis and recommend the best treatment plan. It is important to remember that getting a proper 
diagnosis is a crucial step in treating a disease, so it is important to be open and honest with 
the doctor about your symptoms and medical history.

Discussion and results
Mathematical models that are utilized in the field of medicine offer a variety of sig-

nificant benefits. However, in contrast to models that are based on biological, physical, or 
chemical processes, these models are realistic and can be technically realized on computers 
by making use of contemporary algorithms and software. This enables the processing of 
enormous amounts of data, the execution of complex computations, and the analysis of the 
findings while taking into consideration a wide range of factors, which eventually leads to an 
improvement in the quality of diagnostic measurements. In addition, these kinds of systems 
can include knowledge from a variety of medical specialties by employing artificial intelli-
gence, machine learning, and fuzzy set theory to develop adaptive models (Pi et al., 2021: 
203–219). These models can learn from new data and continuously improve, which makes 
them vital in a medicine that is currently undergoing rapid change. Automated diagnostic sys-
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tems can assess quantitative data and analyze qualitative information. This enables the build-
ing of complicated medical models that consider the unique characteristics of each patient.

Therefore, the implementation of mathematical models and automated systems in 
medicine contributes to the enhancement of diagnostic accuracy and helps to optimize pro-
cedures in clinical practice, thereby rendering them more efficient and accessible to patients.

The structural model allows to trace the process of database transformation in a sys-
tem that is structured in a certain way and represents a matrix:
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The implementation of automated systems for illness diagnosis enables the automa-
tion of the decision-making process during patient examination, diagnosis, and treatment 
prescription, therefore enhancing the degree of qualification. Practically, the implementation 
of automated systems has demonstrated a substantial enhancement in the quality of patient 
diagnosis and treatment. Medical automated systems enable doctors to verify their own as-
sumptions and assist in problem-solving for challenging diagnostic scenarios. This informa-
tion system does not replace a doctor, but functions as a “competent partner” – a proficient 
advisor in a certain field of expertise (Frank, et al., 2014: 105). Furthermore, they amass 
the expertise and information of exceptionally skilled professionals. Hence, it is necessary 
for automated systems to be able to adaptably define tasks, be applicable to all domains of 
medicine, possess substantial information capacity and noise immunity, and rapidly process 
medical data.

At present the professional capacities of doctors are being enhanced using sever-
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al automated diagnostic methods that rely on advanced computer technology. Employing 
computer-based information systems for diverse research enables access to local and remote 
resources, technologies, and databases,  resulting in a decrease in material, energy, and finan-
cial expenses. The evolution of this diagnostic technique is essential for medical educational 
institutions. Undoubtedly, there is a growing interest in medical issues today. The aspiration 
to discover the fundamental principles of operation of these systems and to comprehend the 
nature of life has become heightened. Development and application of mathematical diag-
nostic models are key components of future medicine (Naizagarayeva et al., 2023: 6673). 
The automation of disease diagnosis involves several steps to ensure efficient and accurate 
outcomes, illustrated in figure 1.

Fig. 1. Key steps for disease diagnosis automation 

The first stage in figure 1 involves gathering and combining various medical data 
sources, such as patient case history, laboratory tests, and medical imaging. Finally, these 
data are combined to provide a complete patient profile. Feature extraction is used to iden-
tify pertinent characteristics that are strongly associated with diseases, such as symptoms 
and biomarkers. The acquired data is subsequently subjected to preprocessing techniques to 
guarantee uniformity and dependability, which include cleansing and normalization methods.

At the heart of automation is the creation of predictive models, employing sophis-
ticated algorithms such as machine learning and statistical methods. These models are de-
signed to provide precise illness forecasts using extant data. The selection of the most rele-
vant features is crucial to improve the accuracy of these models. The primary objective of this 
feature selection procedure is to enhance the performance of the model. The models undergo 
comprehensive training and validation stages, during which they are trained on the data and 
evaluated using validation sets to determine their ability to make accurate predictions. A 
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thorough evaluation of the models is conducted using new data and diverse performance 
measures to guarantee their resilience and efficacy. The incorporation of these models into 
clinical decision support systems facilitates their practical implementation, offering health-
care practitioners prompt and well-informed diagnostic findings. The implementation of sys-
tems for real-time analysis of fresh data enables the timely detection of any changes in health 
state, therefore facilitating continuous monitoring of patient health.

An essential component of this procedure entails the integration of a feedback loop. 
The loop facilitates the continuous improvement of the system by incorporating new data and 
insights obtained from clinical practice. Ensuring ethical, privacy, and regulatory consider-
ations is import for the deployment of automated diagnostic systems. Complying with health-
care regulations guarantees the conscientious utilization of sensitive patient information.

Finally, the process of clinical validation, conducted in partnership with medical ex-
perts, guarantees the precision and efficiency of the automated system in actual clinical sit-
uations.

Addressing Diagnostic Uncertainty
The field of medicine encounters the formidable burden of diagnosing many diseases 

using intricate and frequently imprecise data. The diagnostic process entails the integration 
and analysis of data of the patient, encompassing clinical observations, medical history, lab-
oratory test findings, imaging investigations, and other pertinent information. These datasets 
may include potential uncertainties, variances, and ambiguity, therefore increasing the com-
plexity of the diagnostic procedure.

Thus, the utilization of fuzzy sets theory and the concepts of decision-making relying 
on fuzzy information has emerged as a significant and urgent concern in the field of medicine. 
The mathematical framework of fuzzy sets theory, invented by Lotfi A. Zadeh in the 1960s, 
is designed to effectively manage imprecise and uncertain information (Smith et al., 2017: 
155–166). The notion of fuzzy sets provides a useful tool for reasoning and decision-making 
in medical diagnostics, where data typically contains vagueness and ambiguity. The devel-
opment of the automated system is expected to bring substantial improvements to the work 
of medical professionals in diagnosing and predicting diseases affecting internal organs. By 
utilizing the newly created information mathematical models, the system will empower doc-
tors with advanced tools and insights, enhancing their diagnostic accuracy and predictive 
capabilities. The goal of the research is to deliver a highly efficient information system based 
on these sophisticated models. By doing so, the system aims to address and reduce subjectiv-
ity that can occur during the initial checkup process. This reduction in subjectivity will lead 
to more reliable and objective medical assessments, ensuring that patients receive accurate 
diagnoses and appropriate treatment plans promptly (Wiharto, 2018).

Benefits and drawbacks of the presented automated system
The analysis of advantages and disadvantages of the system can be conducted to 

automate and better diagnose the diseases of internal organs. 
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Table 1. Analysis of advantages and disadvantages of the proposed system

Benefits Drawbacks

Automated system improves the decision quality Errors in the knowledge base can lead to wrong decision

Cuts the expense of consulting doctors for diag-
nosing

The maintenance cost of the system is too expensive

It provides fast and efficient solutions in detecting 
disease

There is no flexibility and ability to adapt to changing 
environments

Offers consistent answer for the repetitive process 
during 

Unable to work in an extraordinary situation

Automated Systems can work gradually without 
getting emotional, tensed, or exhausted like hu-
man

Approbation of developed system is too long, to be sure 
that everything works correctly

The process of differential diagnosis can be divided into three interrelated steps: 
making a primary diagnosis (preliminary hypothesis), building a differential diagnostic series 
(proposing additional hypotheses), and final diagnosis (substantiating the final hypothesis) 
(fig 2).

Fig. 2. Steps in Differential Diagnosis.

At the initial step, following a logical inference approach, the doctor acts based on 
patient complaints, an evaluation of historical data (including the inception of initial disease 
symptoms), and observed pathological indications to formulate a preliminary (primary) diag-
nosis. When formulating a hypothesis, potential underlying conditions are considered, where 
symptoms could distort the presentation of the core ailment (Lin et al., 2016: 1152–116). This 
process is automated through tests and questionnaires administered to the patient during their 
initial clinic visit. The test outcomes are then conveyed either to the doctor or a machine for 
analysis. 

At the second step, the argumentation “for” is conducted, which ensures the involve-
ment of additional diagnostic hypotheses. A differential diagnostic series is being formed, 
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i.e., a range of diseases in which there are signs determined by the patient and for which
similar initial manifestations may be characteristic. In other words, the potentially diagnostic
sequence is expanded for the subsequent adoption of the final one: the decision (Mardani et
al., 2019: 202–231). At this step, the doctor chooses examination methods: to confirm the
hypotheses (diseases). It is important at this step to optimize the choice and sequencing of
laboratory and functional examinations in terms of maximizing: increasing: probability and
speed, establishing a final diagnosis in conditions of minimizing cost.

Conclusion
The automated system is an interactive and reliable computer-based decision-making 

system which helps doctors to diagnose efficiently. There are key components of an auto-
mated system: user interface, inference engine, and knowledge base, which form a system 
shell. And some key participants in systems development: doctor, knowledge engineer, pro-
gramming engineer, end user. Better decision qualities, reliability, consistency, speed of di-
agnosing are key benefits of an automated system. An automated system cannot give creative 
solutions during extraordinary situations and can be costly to maintain.

Diagnosis rises from the doctor’s intricate and imaginative grasp of the pathologi-
cal process, involving a holistic comprehension of the patient’s circumstances precisely ex-
pressed. It is crucial to strictly adhere to the principles governing the structure of the diagno-
sis. In practical terms, the doctor establishes a series of inferences regarding the correlation 
of observed symptoms with a particular diagnosis. However, it is conceivable that essential 
characteristics might be overlooked or disregarded in this process. Throughout the proposed 
examination period, there is a risk of overdiagnosis due to the extensive observation and anal-
ysis of incoming data. Ensuring objective and high-quality diagnostics has become a critical 
priority in the field of healthcare. The challenge lies in striking a balance thorough observa-
tion and avoiding the potential pitfalls of over diagnosing, which can have significant impli-
cations for patients’ well-being and treatment plans. Thus, the developed mathematical meth-
ods of diagnostics play a crucial role in addressing the challenges of subjectivity, both during 
the examination and in clinical practice. These methods offer a more objective approach to 
medical decision-making, reducing the potential impact of human bias and variability.
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