KOMITIOTEPHI HAYKU

@ @® | ISSN 2707-1898 (print) YKpaiHCbKUM XypHan iHGopMaLinHUX TeXHONOTIN

RPN e Ukrainian Journal of Information Technology

© the authors http://science.lpnu.ua/uk/ujit
https://doi.org/10.23939/ujit2025.02.025
X Correspondence author Article received 11.06.2025 p.
@ A. |. Petrenko Article accepted 30.10.2025 p.
tolja.petrenko@gmail.com UDC 004.942: 303.732.4

A. L Petrenko, R. S. Tsymbaliuk, K. V. Kandel, V. V. Kazakov
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine

APPLICATION OF DIGITAL TWIN TECHNOLOGY IN MEDICINE

In modern medicine, novel technologies play a key role in improving the diagnosis, treatment, and management of
patient health. One of the most promising innovations is Digital Twin technology, which enables the creation of virtual
models of real-world objects, including human organs. This technology opens new possibilities for personalised medicine,
disease prediction, and the optimisation of medical processes. Digital Twins are already actively used in various industries,
such as manufacturing, aviation, and urban planning, but their potential in medicine is only beginning to unfold. They
allow for creating detailed models of an individual patient’s body, contributing to more accurate diagnostics, simulation of
treatment responses, and enhanced efficiency of medical interventions.

This article explores the key aspects of Digital Twin medical applications, their advantages, challenges, and
development prospects. Special attention is given to the technical foundations of this technology, its use in personalised
medicine, health monitoring, disease prediction, and the optimisation of healthcare facilities.

For the practical part, the study shows how to create a Digital Twin of a heart based on real patient data. Additionally,
the study investigates a model of the heart’s Digital Twin, demonstrates its use, and illustrates how to replicate heart
functionality using the Digital Twin. The study describes how a part of a Digital Twin was created using the suggested
architecture and outlines how to use and extend this functionality. More than that, the study shows how to integrate
artificial intelligence into the Digital Twin architecture and how artificial intelligence algorithms help create Digital
Twins. The research shows how to build the Digital Twin using machine learning and artificial intelligence technologies,
and how to choose the mathematical model for the Digital Twin. To conclude, the study defines further work, problems,
and difficulties in creating the Digital Twin of the heart. The study shows the perspectives on using Digital Twins, their
practicality, and real-life cases where Digital Twins can save lives. Also, the study defines the next steps for the Digital
Twin creation, testing, implementation, and usage in the real-life healthcare industry.

Keywords: mathematical modelling, Digital Twins (DTs), Internet of Things (IoT), Al application in DTs, personalised
medicine.

Introduction In the context of personalised medicine, the ability to
create interactive DTs of patients can significantly improve
clinical outcomes in both treatment and research. In particular,
DTs offer physicians and researchers the ability to:

A Digital Twin (DT) is a virtual replica of a physical
object continuously updated with real-world data. This
technology is based on integrating the Internet of Things ) S i
(IoT), Artificial Intelligence (Al), Machine Learning, and Big ® Plan surgeries considering the specifics of the
Data analytics. In medicine, a DT can represent a model of patient’s condition, virtually “test” different surgical
the human body, an organ, or even a cell, enabling detailed options to choose the most optimal approach, and
research and predicting treatment responses [1]. Personalised train new specialists [1-4].

DT involves the combination of multidisciplinary patient ® Monitor chronic diseases and determine whether

data and various modelling mechanisms to reproduce the ?aCh patient belongs to differen.t risk groups, taking
processes occurring in the body accurately and further predict into account current and historical medical data, to
responses to different treatment options. prevent and respond to deterioration of health status
Object of the study — DTs technology in medicine. on time [4, 5].
Subject of the study — influence and usage of heart DTs e (Conduct in silico studies to accelerate research in
in medicine. fields such as oncology, cardiology, neurology,
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orthopaedics, and many others, particularly to
substantiate the efficacy of experimental therapies
and determine their risks [1-4].

The development of personalized medicine through the
introduction and widespread use of DTs has the potential to
respond to the urgent challenges facing modern healthcare
systems: the increasing proportion of chronic diseases [5,
6], the growing importance of the most accurate diagnosis
and individualized therapy, the need to optimize surgical
interventions, and the rising costs of medical services,
drugs, and new clinical trials [2—4, 7].

The main benefit of personalised medicine is the creation
of new ways to predict a patient’s response to a specific
treatment, which helps physicians minimise risks and
patients receive better and more targeted care. The prospects
of using DTs in medicine are also confirmed by financial
analysis — it is estimated that the global market for DTs in
medicine will reach USD 3.81 billion in 2025, compared to
USD 0.29 billion in 2020, which also indicates the fastest
growth (over 1200 %) compared to other areas of DTs
application, such as manufacturing, aviation, energy, etc. [8].

However, the success and widespread use of DTs in
medicine, including personalised medicine, depends on
solving several technical and methodological problems:
from the collection of large amounts of medical data
(structured and mostly unstructured [9]) and their reliable
storage to the development of algorithms that can correctly
reproduce complex biological and physiological processes.

Purpose of the study is to create a heart DT, examine its
precision, effectiveness, and practicality, and suggest the
most suitable mathematical model for the heart DT.

To achieve the stated purpose, the following main
research tasks were identified:

e to review existing DT models;

® to collect a dataset of patients with heart problems;

® to build the architecture of the heart DT;

® to create a mathematical model that represents a
heart;

® to collect patients’ and doctors’ feedback about the
technology.

The term “Digital Twin” is usually interpreted as a virtual
representation of a physical object or process kept up-to-date
by data flows from the real object. The classic definition
emphasises  continuous  bi-directional communication
between the real and virtual environments, which allows
monitoring, analysis, prediction, and adjustment of the
object’s behaviour and state based on simulations of virtual
models [10]. An essential feature of the data centre is its
ability not only to display the current state of the modelled
objects, but also to predict changes in the future by providing
different scenarios for interacting with and optimising the
models, and performing analytics. This means that a data
centre can help continuously improve and optimise the
system in which it is used, using data from the history of the
real object’s operation and data coming in in real time. This
way, the data centre becomes a tool for dynamic risk
assessment, virtual experimentation, and complex decision-

making based on contextualised
information.

The concept of DTs originated in the industrial
production environment, particularly in the aerospace sector
and large manufacturing companies (General Electric,
Siemens, etc.). In these industries, DTs monitor and
diagnose complex technical systems, optimise production
processes, detect defects, and improve equipment efficiency
[11]. A key factor in the development of data centres has
been the proliferation of the Internet of Things (IoT), which
has made it possible to integrate real-time information
about the state of equipment and automatically update
virtual models.

With the spread of Industry 4.0 ideas and the
development of high-performance computing, digitisation
has expanded beyond manufacturing and transportation to
include agriculture, urban planning, energy, and healthcare.
Adapting digital health technology to healthcare is a logical
step: the human body, like technical systems, is a complex,
multilevel object whose state can be monitored, measured,
and modelled. At the same time, advances in medical
research are increasing the volume and complexity of
patient data (medical images, biomarker information,
genetic profiles) every year, while the development of
available computing power opens up opportunities to create
complex digital representations.

When considering DT's as one of the key technologies in
projects related to real-time monitoring and digital
modelling, it is crucial to understand the difference between
a DT and other standard related terms, which usually lies in
the level of interactivity and communication between the
real and virtual environments:

personalised  and

e Digital model — a digital representation of a real
object, usually created manually, which does not
receive new data from the real object during its
work, working “offline” [12]. The difference
between a digital model and a digital data model is
the absence of a constant connection from the real
object to its digital representation and vice versa.

e The digital shadow is an evolution of the digital
model technology, adding a permanent connection
from a real object to its digital representation, which
allows the latter to be updated in real time according
to changes in the real world [12]. Unlike the DT, the
digital shadow does not provide feedback from the
digital representation to the real object. Therefore,
changes in the digital shadow do not automatically
cause changes in the real object.

e A virtual object, sometimes called a virtual twin
[13], exists only in the digital environment, without
a prototype in the real world, and therefore has no
connections to the real environment.

® Thus, a DT has a mandatory prediction component,
the ability to model scenarios of changes in a real
object, and perform optimisation tasks. In addition,
feedback from the real object is mandatory — the
results obtained with the help of the digital data
centre (real object settings) can be automatically
displayed in the real world in real time.
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Because of these features, using DTs opens up
opportunities to change current medical practices that
determine each patient’s normal (or healthy) state based on
general statistics from extensive cohort studies. The use of
DTs will allow, based on a large amount of data collected
separately for each patient, to determine the normal state of
each patient individually, which is often different from the
average normal state [14], thus improving the quality and
reducing the risks of future treatment.

Materials and methods. There are several techniques
for creating a digital heart twin, including mechanical
models, electrical models, and so on. Mechanical models
represent the heart as a pump sending blood around the
body [15]. Electrical models represent the heart like an
electric circuit with all its electrical signals and their
interaction. All the mathematical representations use the
Navier — Stokes equations to represent blood flow over the
heart, which makes sense and shows good precision
compared to a real heart.

The architecture of the DT includes two parts: a neural
network that gets heart data from the echocardiography
video and the mathematical model, which simulates
retrieved echocardiography data on a mathematical
abstraction. The process of creating the DT is shown in
Fig. 1. Firstly, a patient enters a hospital and gets an
echocardiography video of the cardiac cycle. It shows the
cardiac cycle with heart chamber pressures, volumes, radii,
etc. Then that video is passed to a neural network, which
measures all the needed data for the mathematical DT
model. Then, further mathematical model analysis helps to
determine and diagnose heart failure preconditions.

To conclude, the DT has two main parts: a neural
network, which analyses the echocardiographic video, and
the mathematical model, which takes retrieved heart
parameters and simulates the specific patient’s heart. It
helps the doctor simulate a wide range of heart conditions
and specify some specific parameters that will show the
patient’s cardiac cycle. It will help to diagnose heart failure.

For the case study, a mathematical model was used to
represent the cardiac cycle of a heart, which shows the
systolic and diastolic cycles [16]. The model has good
precision compared to a real heart and makes it possible to
research Dilated Cardiomyopathy conditions in adults and
children based on the mathematical model of the heart. It
uses an electromagnetic analogy (Fig. 2) representing the
blood flow from the right ventricle to the pulmonary
arteries, then through the pulmonary veins and left atrium,
right to the left ventricle.

The mathematical model should be revised to obtain the
necessary data for the DT. The model was reworked using a
MATLAB script that loads the described model, performs
tests, and displays graphs of pressure and chamber volume
for different parameters (such as aorta capacity and
pulmonary veins resistance, etc.). As part of the DT, a
neural network should be trained on an echocardiography
video dataset, which will enable the detection of key heart
features, such as chamber volume and ventricular thickness.

It should be a CNN (Convolutional Neural Network),
because this type of neural network is most suitable for
echo pattern recognition.

Ultrasound machine

-
A

Patient

T~

Echocardiography
video of the cardiac
cycle of the patient

Y

Retrieved values of
volumes of chambers,
pressure in chambers efc |

Mathematical model of the
heart

Y

IMathematical digital twin of
the patient's heart

Fig. 1. Process of creation of the DT

Then, with the CNN and retrieved values of heart
parameters from the echocardiography video, it is passed to
the mathematical model. With the equation solver,
parameters such as aorta resistance and pulmonary veins
capacitance are obtained. With these parameters, heart
behavior can be predicted and calculated with very high
precision, as DT technology requires.

Pvp Pap Ppo
Rvp Lap Rap {po Rpo PV 13

Fig. 2. Representation of the heart [16]

For the practical part, a dataset of patients was obtained.
It holds more than 100 patients with heart diseases who
have agreed to participate in the research. All the patients

YKpaiHCbKMUI }KypHan iHbopmaLiiHux TexHonoriin, 2025, 1. 7, Ne 2 (12) 27



took part in echocardiography; crucial data of their hearts
were measured, such as ejection fraction, heart chamber
volumes, heart pressure, etc. The main goal of the
experiments in the volume below was to use those data to
fit with the mathematical model and show that it is possible
to use the model to represent a real patient’s heart.

Analysis of recent research and publications.The
creation and use of a data centre in general and medicine
involves data collection, data analysis, model building, and
simulations that require a lot of computing and a specialised
infrastructure. All of this relies on many technologies and
involves several sequential stages (Fig. 3).

Patient Data Collection

+ Medical history

+ Examination and test results
« CT, MRI, and X-ray images
+ Genetic data

+ Data from wearable devices

Data Processing and Integration

+ Data cleaning and structuring
+ Creating a unified database
+ Ensuring compatibility of different

Mathematical Model Development

+ Modeling physiological
processes

« Creating predictive algorithms

+ Integrating biomechanical
models

&)

formats
¢ Digital Twin

+ Segmentation of medical images

« Construction of three-
dimensional organ models

« Accounting for anatomical
features

3D Model Creation

Patient l

Model Validation

« Verifying prediction accuracy

+ Comparing with real clinical
cases

+ Adjusting parameters

Implementation in Clinical Practice

« Training medical staff

+ Integration with medical
information systems

« Monitoring effectivenass

»

Fig. 3. Stages of creating patient DT

e Data Collection: medical images (computed
tomography, magnetic resonance imaging, etc.),
electronic medical records, wearable sensors and
accompanying mobile applications, — Omics data
(genomics, transcriptomics, proteomics, etc.) — all of
which provide a comprehensive picture of the
patient’s condition [2, 17, 18].

e Data Processing and Integration. At this stage, the
collected information is systematised and structured.
All data is cleaned to remove errors and noise,
standardised, and brought to a uniform format. A
centralised database is created, where information is
organised to ensure quick access and efficient
analysis. Special attention is paid to ensuring
compatibility between different data formats and
creating reliable connections between various types of
information. Data quality control systems and mecha-
nisms for their regular updates are implemented.

e Data modelling and analysis: Various machine
learning frameworks and algorithms (linear and
logistic regression, decision trees, random forests,
etc.) help to analyse large medical data sets, classify,
and detect patterns. Certain types of neural networks,
such as convolutional neural networks, are key tools
for analysing and segmenting medical images and
detecting pathologies [3, 18]. Methods for processing
large and unstructured data allow for the preparation

and integration of disparate data for further use in DT
[9, 19]. At this stage, complex mathematical models
are created that describe physiological processes in
the body. Algorithms are developed that allow the
body to predict its responses to various influences and
interventions. Biomechanical models are integrated to
describe the mechanical properties of tissues and their
interaction. Systems of differential equations are
created that describe metabolic processes, blood
circulation, breathing mechanics, and other
physiological functions.

Research results and their discussion

The functionality of the model was investigated using
the MATLAB software. For example, left ventricular
pressure has the following graphic (Fig. 4), which is very
close to a real heart function. Left ventricle volume over the
cardiac cycle is presented in Fig. 5, which is also accurate
enough. Also, the same graphics for the right ventricle, left
aorta, and right aorta can be built using the model. More
than that, crucial heart parameters such as ejection fraction
can be calculated. That gives us a powerful opportunity to
model the heart and compare that data to a healthy heart,
which will show us any irregularities that should cause
heart disease. The main task is getting patient-dependent
parameters representing the patient’s heart.

28
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Fig. 4. Pressure in the left ventricle during the cardiac cycle

Fig. 5. Volume of the left ventricle during the cardiac cycle

The paragraph above describes the mathematical model
of the heart. The main parameters used to simulate the heart
are resistance parameters of the heart model (which show the
blood flow through the heart), geometric parameters of the
heart (such as chambers’ and aorta’s coefficients that
represent the shape of the heart components). Altogether, the
set of parameters describes the heart, and the task of the
model is to define the mathematical model from the
echocardiography video of the heart. With the model, it
becomes possible to calculate additional parameters such as
the velocity of blood flowing through the heart, the geometric
chambers changing over time, etc. The figure below (Fig. 6)
shows, for example, different pressures in the left chamber
(mmHg) depending on the capacity parameter of systemic
arterioles (mL/mmHg). As we see, increasing capacity
decreases the maximum pressure in the left chamber.

The following experiment (Fig. 7) shows changing the
parameter of changing pressure (mmHg) in the left chamber
depending on aorta capacity (mL/mmHg). As we see, the
pressure also decreases with the growth of the aorta capacity.

The figure below (Fig. 8) represents the growth of
mitral valve resistance (mmHg s/mL) and changes in left
chamber pressure (mmHg). As we see, the development of
resistance leads to the growth of the pressure value.

The last experiment (Fig. 9) is to study the influence of the
resistance of pulmonary veins (mmHg s/mL) on the pressure
(mmHg) in the left chamber. As we can see, with the
pulmonary veins’ resistance increasing, the pressure decreases.

From those experiments, we can conclude that the
parameters (aorta resistance, capacity, systemic arterioles
resistance, inductance, etc.) represent the heart functionality
during the cardiac cycle. That is why when general
parameters are obtained from the echocardiography video
(pressure, ejection fraction, heart chambers volume), it is
possible to get a set of parameters (inductance, capacity,
resistance) representing an electric analogue DT of the heart.
When that DT is created, a great variety of simulations can
be done and analysed, and different heart conditions can be
predicted.
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As a result, a part of a DT was created. Changing
electric parts (resistors, capacitors, inductors) changes the
DT heart behaviour. As a result, adjusting the mathematical
model can represent a real heart with its own behaviour.

The main goal of the research is to create a DT to
diagnose heart failure. The DT will be built based on
echocardiography  results, representing the  heart
functionality with high precision. Heart failure diagnosis is
a difficult task, and only blood analysis helps a doctor
diagnose the disease. However, some echocardiography
parameters can tell the doctor that the patient has a high risk
of heart failure or already has heart failure [20]. One of
those parameters is ejection fraction, which shows the
percentage of the total amount of blood pumped out with
each heartbeat. In addition, pressures of the left and right
sides of the heart are crucial for diagnosing heart diseases
[21]. Moreover, left atrial pressure also plays a role in
diagnostic  heart irregularities [22]. That is why
mathematical modelling will highlight all that functioning
and all the irregularities with non-invasive techniques,
which will help doctors and patients. Also, heart failure
parameters (such as ejection fraction) were analysed in real
patients’ cases.

The application of DTs opens new horizons for
diagnosis, treatment, and human body research. This
technology allows creating accurate virtual copies of both
individual organs and entire body systems, including
physical and behavioural aspects of a person (Fig. 10) [7].

e Organs Modelling: oncological research is the main
area of organ modelling application. Unlike
traditional methods limited to tumour cultivation,
digital organ twins allow reproduction of the real
situation of a specific patient. Modelling of the
cardiovascular system and liver is developing
particularly actively. For example, the Cardio Twin
system provides comprehensive heart modelling
using virtual and augmented reality technologies and
robotics, enabling continuous monitoring and

processing of collected information through edge
computing [9].

Organs Modeling

Behavior Modeling

Digital Twin

Body Modeling Activity Modeling

Social Interaction

Modeling

Fig. 10. Usage of DT

e Body Modelling: a digital body twin represents a
comprehensive digital copy of a person’s physical
body. The modelling process includes reproducing
the main body parameters: height, weight, and
proportions. The most common approach is
parametric modelling, which uses computer vision
technologies to create 3D models based on frontal
and lateral body projections. Additionally, RGB-D
sequences and a combination of 3D scanning with
2D images achieve accuracy
reproducing body shape.

Behaviour Modelling: this direction aims to create a
digital model that reproduces human behaviour in all
its aspects. The process includes collecting data
about human behaviour in the physical world and
transferring these patterns to a virtual environment.
The model considers individual behavioural
characteristics and interaction with the environment,
allowing for the creation of maximally realistic
digital copies of human behavioural patterns.

maximum in
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e Activity Modelling: this type of modelling focuses
on reproducing human physical activity, including
facial expressions, walking, running, and other
movements. Various technologies are used,
including neural networks for facial expression
recognition and motion analysis. This has proven
especially useful in telemedicine, where DTs help
doctors remotely assess patients' conditions by
analysing their motor activity and facial expressions.

e Social Interaction Modelling: This direction focuses
on reproducing ways of interaction between people
in the digital environment. It includes both
traditional forms of communication (personal
communication, telephone conversations) and online
interaction. In the medical context, this helps create
models of interaction between doctor and patient and
between medical staff. Special data exchange
protocols and machine learning algorithms are used
to analyse and predict patterns of social interaction.

e To date, DTs are being actively researched,
developed, and implemented in some initiatives for
various medical applications [23-25]. These include:

e Digital platforms for modelling individual human
organs, including the heart (Dassault Systémes’
“SIMULIA Living Heart”), lungs (BreathEasy
project), and brain (Living Brain project) [2, 3]. For
example, the SIMULIA Living Heart cardiology
platform models cardiac electrophysiology and
haemodynamics, plans cardiac surgery, optimises
pacemakers, etc. Other platforms perform similar
tasks, allowing the simulation of normal and
pathological behaviour of organs and their response
to different treatment scenarios.

® Personalised oncology projects such as PRIMAGE
and Predictive In-Silico Multiscale Analytics [3] use
agent-based and systemic biological models to
predict the response of different tumour types to
cancer-targeted drugs or immunotherapy.

® Various virtual platforms for surgical planning and
training, where 3D models of organs are created

based on CT and MRI, and the surgeon can
“rehearse” the operation in a simulated environment,
gaining experience as close to reality as possible,
which is difficult to achieve with traditional methods
[25, 26].

e The maturity of most technologies varies from
research and pilot projects to limited -clinical
implementation, particularly for planning complex
surgical interventions. Significant challenges to the
widespread adoption of digital health in medicine
include the lack of standardised protocols for data
exchange and storage, limited compatibility between
different digital platforms, as well as issues of
ethics, safety, and impartiality in the use of such
technologies in medicine and the confidentiality of
medical information [2, 3, 25].

Discussion of the research results. A comprehensive
review shows that RNNs (Recurrent Neural Networks) and
CNNs (Convolutional Neural Networks) are already used
for building DTs[27]. For example, CNNs were used to
analyse  graphical data, as MRI scans and
echocardiographic procedures. That even went further, and
CNN was trained to detect a coronary artery atherosclerosis
in CCTA scans [27]. RNNs, genetic algorithms, and
Artificial Neural Networks were used to obtain analytics
data based on patients’ data. In addition, the study shows
that it is possible to create a digital heart twin based on
blood analysis, which contains crucial data, such as
cholesterol level, chest pain in a patient, etc. [27]. That DT
diagnoses if the patient has a heart attack and diagnoses that
condition based on previous patients’ disease history.

It’s important to note that developing DTs in oncology is
an ongoing process. Tumours are highly complex, and
accurately modelling their behaviour requires sophisticated
computational models. The goal is to use DTs to enable
personalised medicine, tailoring treatments to the unique
characteristics of each patient’s tumour. A crucial aspect of
these DTs is integrating diverse data sources, including
genomics, imaging, and clinical records. Here’s Table 1
summarizing key information based on current trends [28-31].

Table 1. DTs facilities in oncology

Developers

Functions

Predicting patient response to chemotherapy. Simulating clinical trials across various tumor types.
arrSight®-Twin (Concr)|Optimizing treatment choice for individual patients. Integrating clinical data with molecular data (gene panel,
whole-exome, transcriptome sequencing)

Various Research
Initiatives (Academic)

Modeling tumor growth dynamics. Simulating the effects of different treatment strategies (chemotherapy,
radiation, immunotherapy). Personalized treatment planning based on individual patient data. Virtual clinical
trials to test new drug efficacy. Integrating multiscale data, from molecular to tissue level

Twin frameworks
(Commercial
and Research)

Enabling virtual patient simulations. Allowing clinicians to test clinical hypotheses. Refining therapeutic
strategies in a personalized manner. Incorporating mechanistic models at the cellular and tissue levels,
continuously updated with real-time clinical and multiomics data

MRI-informed DTs

Optimizing patient-specific radiotherapy regimens. Generating in silico cohorts of patients to test treatment
strategies. Providing risk-based optimization under uncertainty. Personalizing treatment through calibration

using MRI data

Agent-based
modelling DTs

Grading cancer systems models that encode signaling at the cellular scale. Predicting tissue-level responses
in a tumor microenvironment customized to patient cohorts. Facilitating personalized therapeutic strategies

Computational
oncology platforms

Providing environments for building and testing computational models of tumor growth. Enabling the
simulation of drug interactions with tumor cells. Aiding in the discovery of novel therapeutic targets

In silico tumour
simulators

Able to capture tumor complexity. Updating with changes in the patient’s condition
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Scientific novelty of the obtained research results — a
part of a heart DT was developed; the architecture of the
DT was determined and proved for the usage.

Practical significance of the research results is crucial
for personalized medicine and heart diseases prediction
with the usage of the heart DT.

Conclusions

The technology of DTs demonstrates significant potential
for transforming healthcare systems by offering innovative
solutions for diagnosis, treatment, and disease prevention.
Research shows this technology is particularly effective in
four key areas: personalized medicine, surgical planning,
patient monitoring, and medical research. In this study the
part of a heart DT was developed; the architecture of the DT
was determined and proved for use. Practical significance of
the obtained results is crucial for personalized medicine and
heart disease prediction using the heart DT.

The implementation of DTs enables the creation of
precise virtual models of organs, the body, and patient
behaviour, significantly increasing the effectiveness of
medical care. The contribution of this technology to the
development of personalized medicine is significant, where
an individual approach to each patient is based on a
comprehensive analysis of their digital model.

Analysis of development prospects shows that further
integration of DTs with artificial intelligence and Internet
of Things technologies opens new opportunities for
improving healthcare quality. The DT market in medicine is
expected to grow rapidly, reaching $33.4 billion by 2035.

Thus, DT technology is becoming an integral part of
modern medicine, contributing to improved quality of
medical care and the development of a personalized
approach to patient treatment. Further research and
development in this field should focus on enhancing Al
Agent-based technologies, ensuring data security, and
expanding the applications of DTs in medical practice.
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BUKOPHCTAHHS IM®POBUX JABIMHUKIB Y MEJAULIMHI

>

VY cyuacHii MEIWIMHI HOBITHI TEXHOJIOTIi BIJIrpalOTh KIFOYOBY pPOJIb Yy TOKpAIICHHI JIarHOCTHKH Ta JKyBaHHI
narieHTiB. OJHIE0 i3 HAMMEPCIEKTUBHININX 1HHOBAIIM € TEXHOJIOTis U(POBUX IBIHHMKIB, KA Ja€ 3MOTY CTBOPIOBATH
BIpTyaJibHI MoJiesi 00’ €KTiB PeasbHOrO CBITY, 30KpeMa JIFOACHKUX OpraHiB. LIs TeXHOJIOris BiIKpHBAa€E HOBI MOMIJIUBOCTI
JUIS IEPCOHANTI30BAaHOT MEIMIIMHM, IIPOTHO3YBAHHS 3aXBOPIOBaHb Ta ONTHMI3alil MequuHUX npoueciB. Ludposi npiiiHuKN
(IIX) B>ke aKTUBHO BUKOPHCTOBYIOTbCS B PI3HHUX raily3sX, TAaKUX K BUPOOHUILTBO, aBiallis, MiCTOOyIdyBaHH:, aje IXHii
MOTEHIIIA] Y MEJAMIIMHI TUIbKU MMOYHUHAE PO3KPUBATUCS. BOHU Jat0Th 3MOTY CTBOPIOBATH JETaJIbHI MOJIEII Tija Ta JACSIKHX
OpraHiB OKpEMOro Talli€HTa, [0 CHpPHUSE TOYHIIIINA JIarHOCTHUIN, CHUMYJALII peakiii Ha JIKyBaHHS Ta IMiJBUIICHHIO
e()eKTHBHOCTI MEJUYHOTO BTPYYaHHS.

VY cTaTTi pO3MIIIHYTO KIIIOYOBI aCIEKTH 3aCTOCYBaHHS HU(MPOBUX IBIMHUKIB y MEJULUHI, IXHI IepeBar, npooieMu Ta
HepCcrneKTUBU po3BUTKY. OcoOIMBY yBary 3BEpHEHO Ha TEXHIYHI OCHOBU Li€l TexHosorii, ii BUKOpUCTaHHS Y
MEPCOHANI30BaHIi MEIUIMHI, MOHITOPHUHTY 3II0POB’S, MPOTHO3YBaHHI 3aXBOPIOBaHb Ta ONTHMI3allii poOOTH METMUHUX
3akiaiB. HacamkiHelb BUKIIAZCHO pe3yJIbTaTH JOCHTIPKEHb MPOTOTHITY CTBOPEHOTO LU(PPOBOTO JIBIHHHUKA CEpIIs.

VY npakTH4HIA YacTHHI JOCIIHKCHHS OIMCAHO CTBOPEHHS IM(POBOTO ABIMHHMKA Cepls Ha OCHOBI pealbHHUX TaHHX
nanieHTa. Takox JOCHIPKEHO MOJeIb LU(PPOBOro ABIMHMKA CeplLs, OINMCAHO CIOCOOU BUKOPUCTAHHS L€l MOJeNi Ta
MeToqu imiranii (yHKUIOHYBaHHs cepLs 3a JOINOMOrol Lu(poBoro iBiiiHuUKAa. Y poOOTI BUCBITIEHO, SIK CTBOPEHO
YacTUHY IU(POBOTO JABIMHUKA BIAMOBIIHO JI0 3aIPOIIOHOBAHOT apXiTEKTYPH, K KOPUCTYBATHUCH 1i€H0 (DYHKIIIOHATIBHICTIO
Ta po3umproBary ii. KpiM TOro, TOCIiKeHHS IEMOHCTPYE, SIK IHTErpyBaTH IITYYHUH THTEICKT y apXiTeKTypy HuppoOBOro
JIBIHHMKA 1 K aJrOPUTMH IITYYHOTO IHTEJIEKTY CIIPUSIOTH HOTO CTBOPEHHIO. Tako) BU3HAUCHO IMOJAJIBIINI HAIMPSIMHU
pobotu, npobieMu Ta TPYAHOIL, 10 BUHUKAIOTH iJl 4ac CTBOPEHHS LU(PPOBOro ABiiiHUKA cepls.

Knrwuosi cnosa: maremarnyne mopenroBaHHs, uugposi nidHuku (I[1), Intepner peuerr (IoT), 3acrocyBaHHS
mTyyHoro iHrenekry B LI/, mepcoHamizoBana MequIIMHA.
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