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Abstract. The relevance of the study was the need to improve the efficiency of managing the portfolio of medical
projects for the development of hospital districts. The purpose of the article was to develop and use a model of
synergistic management of a portfolio of medical projects for the development of hospital districts based on the
telegraphic equation, which takes into account the synergistic relationships between projects and ensures maximum
value from their implementation. The paper used the method of critical analysis of scientific literature on project
management, information technology, synergistic management and medical project management, a model of
synergistic management of a portfolio of medical projects based on the telegraphic equation, numerical methods,
and the method of hierarchy analysis. An analysis of scientific papers on the available tools for managing medical
projects was carried out. It was found that in 2024 there are no management tools that provide modelling of dynamic
processes in systems with spatial and temporal interactions. The expediency of developing a model for synergistic
management of a portfolio of medical projects using the telegraphic equation is substantiated. A model of synergistic
management of a portfolio of medical projects based on the telegraphic equation is proposed. It involved 6 stages,
which are based on the formation of a system of interconnected ordinary differential equations, which are a discrete
analogy of the telegraph equation. Based on the developed model, a computer program was created that significantly
speeds up the process of making management decisions on the implementation of project portfolios when their
project environment changes. The adequacy of the computer program was checked. It was found that the created
decision support tool provides accurate results in solving the problems of managing a portfolio of medical projects.
The error between numerical and analytical solutions did not exceed 5%, which meets the requirements for such
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A model of synergistic management...

models. Based on the research, the status and synergistic effects of medical projects included in the hospital district
development portfolio were quantified, and recommendations for project managers were developed. The obtained
research results provide project managers with tools to quantify the status and synergies of healthcare projects
in hospital district development portfolios in a given project environment, and recommendations for effective

management of these portfolios have been developed

Keywords: portfolio management; synergistic effect; modelling; differential equations; partial derivatives

Introduction

The development and implementation of a model for
synergistic management of a portfolio of medical pro-
jects based on the telegraphic equation is an urgent and
scientific and applied task. The development of a model
based on the telegraphic equation makes it possible to
increase the efficiency of synergistic management of a
portfolio of medical projects. In the current conditions of
the healthcare system development, the management
of medical project portfolios is important for improving
the quality of medical services in the territory of the cre-
ated hospital districts.

In his scientific work, M.P. Stovban (2023) substan-
tiated the peculiarities of the introduction of a hospital
district and changes in the finances of a medical insti-
tution. At the same time, it is necessary to ensure the
optimisation of the use of available resources and the
effective development of medical institutions that are
part of hospital districts. J. Varajdo et al. (2025) indicate
that the growing number of projects and the complexity
of the project environment, as well as the requirements
for limited resources, necessitate the development of
new approaches to project portfolio management. Such
approaches should take into account the systemic inter-
action and synergies between implemented projects, as
well as the ability of hospital districts to adapt to chang-
es in dynamic project environment. One such approach
is synergistic project management based on the use of
mathematical modelling methods. Synergistic project
management involves a systematic consideration of the
impact of each individual project on the overall efficien-
cy of the project portfolio. This takes into account the
interdependence between individual projects and their
resource constraints.

Scientists U. Ojiako et al. (2021) note that in 2015-
2021, there was a growing interest among scientists in
the use of systematic approaches and mathematical
models for project management. This is especially true
in the healthcare sector, which determines the com-
plexity of medical projects, and the need to optimise
limited resources and improve the efficiency of med-
ical services for the population. Scientists K. Wahl &
M. Wiesche (2024) propose various models for project
management. In particular, these are deterministic, sto-
chastic and dynamic models of project portfolio man-
agement aimed at improving the efficiency of project
implementation through optimal resource allocation
and monitoring of their implementation.

Many researchers emphasise the importance of
taking into account the interaction between projects in
a portfolio since managing individual projects does not
allow achieving the desired result and maximising value.
In their works, S. Singh et al. (2019) and H. Li et al. (2021)
consider the concept of synergistic management, which
is based on the joint implementation of projects, lead-
ing to an additional effect due to their interaction and
sharing of resources. Synergy in a project portfolio can
increase the efficiency of the entire portfolio, which is
especially important in conditions of limited resources
and the need to adapt to changes in the project envi-
ronment quickly.

Another area of research focuses on mathematical
modelling of dynamic processes in project management.
In the works of L. Sales & S. Barbalho (2021), research-
ers propose dynamic project management models that
allow predicting changes in the project implementation
process and timely adjusting previously justified plans.
However, most of these models do not take into account
the spatial and temporal interactions between projects
and their dependence on external factors of the project
environment, which are basic components in medical
project management.

The telegraphic equation, which is used to model
dynamic processes with space-time interactions, has
been successfully applied in various fields such as phys-
ics, economics, and computer science. In the scientific
works of T. Wang & H.-M. Chen (2023) and K.S. Albala-
wi et al. (2023), the telegraph equation is used to model
the propagation of signals and information in complex
systems. This approach makes it possible to take into
account the relationship between system elements at
different points in time, which makes it effective for
describing dynamic processes with existing changes.
In the field of project management, especially medical
projects, this approach can be useful for modelling the
impact of one project on others through resources or
other variables that change in time and space.

Based on the analysis of modern scientific literature,
it can be noted that it is advisable to develop a model of
synergistic management of a portfolio of medical pro-
jects using the telegraphic equation. Such a model will
allow to consider the interrelationships between pro-
jects in the hospital district development portfolio, which
will make it possible to identify additional synergies and
increase the efficiency of managing these portfolios. In
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addition, this model will make it possible to increase
the adaptability of the hospital district's medical project
management system to changes in their project environ-
ment, as well as to respond quickly to these changes.

Therefore, it is worth noting that it is necessary to
solve the scientific and practical problem of developing
and implementing a model of synergistic management
of a portfolio of medical projects for the development of
hospital districts using the telegraph equation. It will en-
sure that the synergistic relationships between projects
are taken into account, which is the basis for maximising
the value of their implementation.

Materials and Methods

The model of synergistic management of a portfolio of
medical projects is based on a system of interconnect-
ed ordinary differential equations, which are a discrete
analogy of the telegraph equation. In a particular hospi-
tal district, a set of medical projects is implemented that
use common resources allocated to the hospital district
of a particular region. In particular, O. Malanchuk et
al. (2023a) substantiated the feasibility of allocating
common resources of hospital districts. The proposed
model, in the form of a system of differential equations,
allows for the taking into account of both the use of re-
sources and their distribution between projects and the
synergistic effects arising from the interaction of med-
ical projects. The model of synergistic management of
a portfolio of medical projects is based on the classical
telegraph equation:

2%u

ou_ 207
52 + 21 ot = ¢ om + 5(t, x), )

where u(t, x) - is a function that describes the state of the
system (including a medical project) in time t and space
x; A - dissipation coefficient (reflects losses or delays in
project implementation); ¢ - rate of spread of impact or
resources; S(t, x) - sources or absorption of resources.

In the adapted management of medical projects,
space x reflects resources or relationships between
medical projects, and time t - reflects the process of
implementing medical projects (life cycle stages). In the
work of R. Czahajda (2019) substantiates the stages and
feasibility of adapted management of medical projects
at different stages of their life cycle. Taking this into ac-
count, a mathematical model for a portfolio of medical
projects can be written, and the system of differential
equations takes the form:

dzu,- du,-
dt? +4; dt

= Cz Z?:lAij ‘Llj +Si(t), (2)

where u(t) - is the state of the i-th projectin time t; A, - is
the dissipation coefficient for the i-th project; A, - is the
matrix of dependencies between projects, which reflects
the impact of the j-th project on the j-th project; 5(t) - is
external factors of the project environment or sources
of resources for the i-th project.
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In the classical telegraphic equation (1), the coordi-
nate represents space (the amount of resources, or the
relationships between projects in the hospital district
development portfolio). In the modified model (2), for
synergistic management of healthcare project x port-
folios, the index of projects is replaced by i, and now
each project has its own parameters. Therefore x this
formulation is no longer used, since the project space
is modelled through indices i and j in the correspond-
ing equation (2). Thus, this equation for the healthcare
project portfolio does not need to be used x, since each
project is already described through the index i and its
interactions with other projects through the depend-
ency matrix A,

In the presented model (2), the status of each pro-
ject u(t) reflects its execution, which is described by such
indicators as the degree of completion, resource efficien-
cy, or other indicators. The dissipation rate A, determines
how quickly a project loses its effectiveness due to de-
lays, risks, or other negative factors in the project envi-
ronment. The project dependency matrix A, reflects the
impact of one project on another. High values in the ma-
trix A, indicate a strong interdependence between the i-th
and j-th healthcare projects. External factors of the pro-
ject environment Sj(t) include economic conditions, polit-
ical decisions, technological changes, and other factors
that affect the implementation of healthcare projects.

To use the model, you need to specify the size of the
project portfolio in the form of the number n of health-
care projects. In addition, you should specify the synergy
coefficient k, which affects the interaction between pro-
jects, enhancing or reducing their impact on each other,
and the dissipation coefficient A, which reflects the loss
of efficiency of the j-th project over time.

To determine the coefficient of synergy k in the
model of interaction between medical projects, mathe-
matical expressions are used that reflect the impact of
joint project implementation on their aggregate result.
That is, the result of the implementation of a portfolio of
medical projects. The basic formula for determining the
synergy coefficientis used if there are two projects P, and
P,, and their individual results are R, and R,. Then the to-
tal result from the simultaneous implementation of both
medical projects can be denoted as R, In this case,
the synergy coefficient k is defined as the ratio of the
total result to the sum of the individual project results:

Rota

- ®
If k>1, it indicates positive synergy - the result of
joint implementation of medical projects is greater than
the sum of their individual effects. If k=1, it means no
synergy. In this case, the result of project implementa-
tion is equal to the sum of individual results. If k<1, it
indicates negative synergy, i.e. joint implementation of
medical projects worsens the overall result of their im-

plementation in the portfolio.
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The study assumes that for a given value of k=0.1,
there is a high negative synergy, as noted in O. Malan-
chuk et al. (2023b). Without this, the overall efficiency
of the portfolio with these projects is significantly re-
duced. L. Wang et al. (2023) found that for a given val-
ue of k=0.2...0.3, there is an average negative synergy.
At the same time, there is moderate competition for
resources between healthcare projects, which partial-
ly reduces the efficiency of the portfolio with these
projects. For a given value of k=0.4..0.5, there is a
low negative synergy. At the same time, there is weak
competition for resources between projects, which
minimally affects the overall efficiency of the portfolio
with these projects.

If there are multiple projects P,, P,, ... ,P , their re-
sults have different weights when forming the overall
result of the project portfolio. Taking into account the
weights of medical projects w,, w,, ... ,w,, the formula
for determining the synergy coefficient looks like this:

Rmta
where R, - total result from the implementation of all
projects included in the portfolio; w, - weight of the i-th
medical project; R, - results of the j-th medical project.

In a dynamic project environment, the value of syn-
ergy can change over time. If we take into account the
variability of the results of medical projects over time,
then the synergy coefficient k depends on time t:

Riotal(t) (5)

k() = Ri(£)+Ry(t)++Ry ()"

Formula (4) allows modelling the dynamics of chang-
es in the synergistic effect of forming a portfolio of med-
ical projects during a given period of its implementation.
Provided that the model takes into account the level of
risk Risk, for each i-th medical project, the synergy coeffi-
cient k takes into account the risks through the function
of reducing the overall result due to risks:

R 0
k= Sra-maor! (©)
where Risk, - is the risk associated with the j-th medical
project (values in the range from 0 to 1).

If healthcare projects share resources allocated to
the portfolio, this also affects the value of the synergy
coefficient k. For example, C, - is the resources used by
the i-th project. Then the synergy coefficient k, taking into
account the feasibility of resource optimisation, is writ-
ten as follows:

_ Riotal
= T Ri—a X, G )
where ¢ - is the resource sharing impact factor (deter-
mines how effectively healthcare projects can reduce
resource consumption through joint implementation in
the portfolio).

Thus, the synergy coefficient k from the joint im-
plementation of medical projects in a portfolio can be
determined in different ways, depending on the level of
management and the state of the project environment.
The basic formula (3) reflects the interaction of the re-
sults of medical projects, and other modified formulas
(4-6) take into account time factors, risks, and efficien-
cy of resource sharing in the portfolio. For each specific
portfolio of healthcare projects, the formula that best
suits the characteristics of the projects and their project
environment should be chosen.

When modelling the interaction between healthcare
projects in a portfolio, the dissipation coefficient A plays
an important role. This coefficient reflects the loss or re-
duction of effects in a portfolio of healthcare projects due
to various factors, such as resource constraints, delays in
projectimplementation, or external influences. Using the
telegraphic equation (1), which combines the character-
istics of wave and diffusion processes, the dissipation co-
efficient A determines how quickly the energy (or effects
of interaction between healthcare projects) decreases
over time. Dissipation A is related to the expenditure of
resources for the implementation of medical projects,
then the formula for determining it will be as follows:

TG
A= SEo Ry (8)
where C - is the cost of resources for the implementa-
tion of the j-th medical project; R, - is the effectiveness
of the i-th medical project; n - is the number of medical
projects in the portfolio. Provided that the dissipation A
takes into account the risks and uncertainties that affect
medical projects, then the quantitative value A will be
determined by the formula:
-, Risk;
1=l )
where Risk; - is the risk level for the i-th medical project
(values in the range from 0 to 1); n - is the number of
medical projects in the portfolio. Provided that the dissi-
pation A takes into account time delays in the implemen-
tation of medical projects, the formula for determining
this coefficient will be as follows:
1
A= ;, (1 0)
where t - is the typical delay time in the implementation
of a medical project portfolio.

The value of the dissipation A depends on the spe-
cifics of the healthcare project portfolio and the condi-
tions of their implementation. A high value of dissipa-
tion A indicates significant losses or a rapid decline in
the effects of the projects in the portfolio. This may be
the result of high risks, high resource costs or strong
external influences. The average value of dissipation A
indicates moderate losses or a steady decline in the ef-
fects of the projects in the portfolio. At the same time,

Economic Forum, 2024, Vol. 14, No. 2



the project portfolio is characterised by a balanced lev-
el of risks and resource costs. A low value of dissipation
A indicates minimal losses or a slow decline in the ef-
fects of implementing projects in the portfolio. This is
the result of efficient resource management, low risks,
or favourable conditions for the implementation of
medical projects.

The dissipation ratio A plays a key role in determin-
ing the dynamics of the implementation of medical pro-
ject portfolios. A high value A leads to a rapid decrease in
the interaction between medical projects, which reduc-
es the value of synergy and the efficiency of the medical
project portfolio. The optimal value strikes a balance
between preserving the effects of interaction and adapt-
ing to the changing conditions of the project environ-
ment of medical project portfolios. In addition, known
quantitative knowledge A allows to predict how chang-
es in the interaction between healthcare projects affect
the overall performance of their portfolio over time.

The dissipation A factor is an important parameter
that reflects the interaction between medical projectsin
a portfolio. It allows to take into account efficiency loss-
es due to various factors such as resource constraints,
risks and time delays. The quantitative value A is deter-
mined based on the results of the preliminary analysis
of resource costs, risk levels, and time characteristics
of the medical project portfolio. The determination of
this coefficient is the basis for accurate modelling of
the dynamics of interaction between medical projects,
which contributes to more efficient management of the
portfolio and achievement of optimal results in the ac-
tivities of hospital districts.

The main indicators of the initial state of each med-
ical project include the degree of completion, project
budget, share of available resources and probability of
risks, and a dependency matrix is formed based on the
analysis of the relationships between projects. This de-
pendency matrix A, is a square matrix of size nxn (where
n - is the number of projects in the portfolio), which re-
flects the elements A, of the degree of influence of the
J-th project on the i-th project. When constructing the
matrix, it is important A =0 to ensure that the values for
all i-th projects are the same. This is due to the fact that
the individual i-th project does not affect itself:

[ 0 A Ags Aln]

Az 0 Ay Agn

A= |A31 Az, 0 Azn [ am
m A A .. 0

Subsequently, the impact is quantified A,. For each
pair of projects (i, j), the degree of impact of the i-th pro-
ject on the j-th project is assessed on a scale from 0 to 1
(0 - no impact, 1 - maximum impact). Fractional values
are used to reflect different degrees of impact. That is,
for some pairs of medical projects, the degree of influ-
ence of the j-th project on the j-th project is - A, €[0,1].
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The next step is to normalise the dependency ma-
trix A between individual projects. The sum of all the
influences on a given medical project is normalised to
avoid excessive influence from other projects. The nor-
malisation formula is written for each i-th row of the
matrix A:

Y Ppp—
U ¥R Aw

, subjectto j # i. (12)

If the sum is }7_A, =0, then the value is A;'=0. As
a result, a matrix A", is formed, which is used to deter-
mine the degree of influence of the j-th project on the
J-th project.

L. Chernova et al. (2022) substantiate the external
factors S(t) that play an important role in modelling the
implementation of medical projects in their portfolios.
They reflect influences that do not directly depend on
the internal processes of projects, but significantly af-
fect their implementation and efficiency. In the model
of synergistic management of a medical project portfo-
lio, 5(t) they are time functions that describe external
influences on each individual i-th project. External fac-
tors are mathematically described as functions of time
for each i-th project:

S(t) for projects i=1,2, ... ,n, (13)
where S(t) - is an external factor that affects the i-th
project at a given time ¢; t - time, which is displayed in
months, years, etc.

In order to model external factors, it is proposed to
consider their values in a combined manner, both deter-
ministic (predictable trends) and stochastic (presence of
random fluctuations):

S(t)=Asin(wt+¢)+0,€E(), (14)
where A, - is the amplitude of the impact; w, - is the fre-
quency of oscillations; ¢, - is the phase shift.

External factors are integrated into the telegraphic
equation (2) for each i-th project, affecting the dynam-
ics of its state. For projects affected by seasonal factors
(e.g., changes in demand for medical services, etc.), they
are described:

Si(t) = A;sin (22), (15)

T
where T - is the period of fluctuations (usually set during
the calendar year - 12 months for seasonal changes).

It is important in the synergistic management of
healthcare project portfolios to take into account the
impact of seasonal changes on resource requirements
or demand for certain services. Conditionalities are used
to model sudden changes, such as the introduction of
new regulations:

Sin t<ty

s@={gr (3 to, (16)
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where t, - is the point in time in the life cycle of the j-th
medical project when the change occurs.

The following expression is used to model unpre-
dictable economic changes:

S, (t)=0, &(1), 17)
where g(t) - is white noise with mean 0 and correlation
6(t-t).

For the complex modelling of the project environ-
ment components, taking into account expressions (14)
and (16), which describe both predictable trends and
random influences, the expression is used:

Si(t) = A; sin (%) + 0.6 (1), (18)

The choice of a specific form for definition 5(t) de-
pends on the characteristics of medical projects and
their external project environment. If there are predicta-
ble and cyclical components of the project environment,
then deterministic functions are used. If there are ran-

dom and unpredictable components of the project envi-
ronment, stochastic functions are used.

Taking into account external factors of the project
environment S(t) is an important component of the
proposed model of synergistic management of a port-
folio of medical projects. It reflects the influence of pro-
ject environment components that do not depend on
the internal components of medical projects but signif-
icantly affect their effectiveness. Mathematical model-
ling of these factors allows to create an adaptive model
that takes into account both predictable and random
influences of the external project environment. The
choice of a specific formula for determining 5(t) de-
pends on the characteristics of medical projects and
their project environment. For the study, were selected
the data officially published as of year 2021.

Results and Discussion

In the course of the study, a model of synergistic
management of a medical project portfolio based
on the telegraphic equation was built. It involves the
systematic implementation of 6 stages, each of which
reflects the main steps in data generation, analysis,
numerical calculations, and project portfolio optimi-
sation (Fig. 1).

6. Decision-making and justification of
management recommendations

5. Performance evaluation and portfolio
optimisation

4. Numerical modelling and analysis of

results

3. Identification of synergistic interactions

2. Formulation of the telegraphic equation

1. Identification and formalisation of the
project portfolio

Decisions on project portfolio
management and resource
allocation are developed
Modelling results are analysed and
project portfolio performance is
evaluated

Numerical calculations of dynamic
processes for each project are
performed

Synergistic interactions between
projects are identified

The telegraphic equation for
modelling the dynamics is
formulated

All the necessary characteristics of
medical projects included in the
portfolio are determined

Figure 1. Schematic of the model of synergistic management of a medical project portfolio based on the telegraphic equation

Source: developed by the authors

At the first stage of the proposed model, the medi-
cal projects included in the hospital district development
portfolio are identified. At the same time, their respec-
tive characteristics are recorded: resources, budget,
deadlines, expected results, risks, and interrelationships
between projects. Based on this, the main factors de-
scribing the status of each healthcare project (health
status of the population, amount of resources used, im-
plementation status, etc.)

Stage 2 of the proposed model involves the for-
mulation of the telegraphic equation (1-2), which de-
scribes dynamic changes in the state of projects and
the interaction between them. The telegraphic equa-
tion is a second-order differential equation used to
model changing processes and dynamic changes in
the project environment. The equation provides ad-
aptation to a changing project environment and de-
scribes the dynamics of changes in the state of medical
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projects and the interdependencies between them in
space and time.

Stage 3 of the model analyses the interrelationships
between the medical projects included in the hospital
district's development portfolio. It takes into account
such components as the exchange of resources be-
tween projects, the impact of changes in one project
on the effectiveness of others. This makes it possible to
identify positive and negative synergies. For example, if
two projects share resources or complement each oth-
er, this increases the overall efficiency of the healthcare
project portfolio.

At the fourth stage of the presented model, numeri-
cal calculations are carried out to simulate the dynamics
of changes in the project portfolio, taking into account
the telegraphic equation. The paper assumes that the
coefficient characterises a low level of dissipation. At
the same time, projects, when implemented together in
a portfolio, lose efficiency slowly, which is typical for sta-
ble and well-managed projects. If the coefficient has a
medium level of dissipation, it indicates a moderate lev-
el of efficiency losses in the healthcare project portfolio,
which is a result of risks and delays. If the coefficient
has a high level of dissipation, portfolios with medical
projects quickly lose efficiency due to high risks or inef-
ficient use of resources.

At stage 5 of the presented model, the efficiency and
optimisation of the portfolio of hospital district develop-
ment projects is assessed. Calculations are made to as-
sess the overall efficiency of the project portfolio, taking
into account synergies. In addition, the project portfolio
management strategy is justified in order to maximise
synergies and minimise resource costs.

At stage 6 of the proposed model, decisions are
made and management recommendations are substan-
tiated. Based on the results obtained, recommendations

Malanchuk et al.

for the effective management of the portfolio of hospital
district development projects are developed. The opti-
mal strategies for resource allocation and interaction be-
tween projects are determined.

On the basis of the proposed model of synergistic
management of a portfolio of medical projects using the
telegraphic equation, a computer programme has been
created. It allows the user to enter initial data, perform
calculations and obtain visual results to support deci-
sion-making. To ensure that the computer programme
implementing the model of synergistic management of a
medical project portfolio based on the telegraphic equa-
tion is working correctly, were tested its adequacy. Such
verification involves comparing the results obtained with
the help of a computer program with analytical solutions
of the telegraphic equation and real data. For this pur-
pose, the telegraphic equation has the form:

82P(xt) 5 02P(xt) _
at2 - dx2 - f(xl t)r

(19)
where P(x, t) - is the degree of project completion at a
given time t at a distance x; ¢ - is the rate of spread of
influence or resources; f(x, t) - is a function of external
influences and synergies.

For the given initial data with the characteristics of
the design environment, equation (18) has an analyti-
cal solution, the results of which can be used to com-
pare with the results obtained by using a computer
program. It is tested on data sets for which the analyt-
ical solution of the equation is known. For each of the
datasets, the results of the programme (the value of
the project completion rate) were compared with the
analytical solution (Table 1). In addition, a formula was
used to calculate the error:

— |Poum (%,6) = Pan (x,1) | 0,
AP = B rr-— X 100%.

(20)

Table 1. Results of the adequacy test of a computer program that implements a model
of synergistic management of a portfolio of medical projects based on the telegraphic equation (data for 2021)

. R Degree of project completion
Project name Duration, t, months Error, AP, %

P (X t) % P.(x 1) %
Hospital A 3 35.2 34.8 1.15
Hospital A 6 57.3 56.9 0.70
Hospital A 9 76.4 75.8 0.79
Polyclinic B 3 42.1 41.6 1.20
Polyclinic B 6 63.5 62.9 0.95
Polyclinic B 9 82.8 81.9 1.10
Diagnostic centre 3 29.7 29.3 1.37
Diagnostic centre 6 49.8 49.1 1.43
Diagnostic centre 9 67.4 66.5 1.35
Surgical centre 3 334 32.7 2.14
Surgical centre 6 55.6 54.8 1.46
Surgical centre 9 73.5 72.3 1.66
Rehabilitation centre 3 21.7 213 1.88
Rehabilitation centre 6 41.5 40.9 1.47
Rehabilitation centre 9 58.2 57.3 1.57

Source: calculated by the authors
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Verification of the adequacy of the computer pro-
gramme developed on the basis of the telegraphic
equation showed that the created decision support
tool provides accurate results in solving the tasks of
managing a portfolio of medical projects. The differ-
ence between numerical and analytical solutions did

not exceed 5%, which meets the requirements for
such models.

To use the developed computer program based on
the model of synergistic management of a medical pro-
ject portfolio, the indicators for each project are pre-
sented in Table 2.

Table 2. Initial data for the synergistic management of a medical project portfolio (data for 2021)

No. Project c omp?:tgi;?: g(fx )% ?Jl;-\(i-lgi:nﬁ(:ri Resources R(x), % Risks p(x, t)%
1 Hospital A 40 50 80 30
2 Polyclinic B 60 30 70 25
3 Diagnostic centre 30 70 60 40
4 Surgical centre 50 40 75 35
5 Rehabilitation centre 20 60 65 50

Source: compiled by the authors

Table 2 shows the degree of project completion as
a percentage of the project’s start to the point in time .
For example, for the Hospital A project , this indicates
that the project is 40% complete from the set goals.
The project budget describes the amount of funding
allocated to the project. Resources reflect the propor-
tion of available material and human resources used to
implement the project. For example, for the Hospital A
project, only 80% of the available resources are used.
Risks characterise the quantitative value of risks that

may affect the success of the healthcare project. This
indicator is presented as a percentage, where 100%
means maximum risks.

Based on the initial data in Table 2 and using the de-
veloped computer program that implements the model
of synergistic management of a portfolio of medical pro-
jects based on the telegraphic equation, were modelled
and forecasted the results of medical projects, taking into
account synergistic interactions and their impact on the
overall state of the portfolio of medical projects (Fig. 2).

Project development dynamics
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Figure 2. Trends in the status of medical projects included in the hospital district development portfolio (data for 2021)

Source: developed by the authors

Figure 2 shows the trends in the status of medical
projects included in the hospital district's development
portfolio over time as a result of the impact of project
environment factors. The ordinate axis shows the status
of medical projects (-1 means negative impact (due to
delays, insufficient resources and high risks), 0 means
neutral (no significant positive or negative changes),

+1 means positive impact (effective implementation,
improved use of resources, reduced risks)). At the begin-
ning of the monitoring of the Hospital District Develop-
ment Portfolio, all of its projects are in the positive zone
with the maximum value of their positive status, except
for project 5 ‘Rehabilitation Centre'. This project reaches
the maximum value of +0.34 approximately one month
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after the start of the monitoring. At the same time, due
to the negative impact of external project environment
factors, all projects move to the negative zone. Project
2, Polyclinic B, acquires the highest negative value with
an indicator of -0.52, which indicates a lack of resources
or problems with financing. Most of the projects (project
1, project 2, project 4) demonstrate positive dynamics

ket al.
Malanchuk et a

of implementation after two months of implementation
due to the right management decisions, even with initial
difficulties, which confirms the effectiveness of synergis-
tic project portfolio management.

The study quantified the synergistic effects of the
systematic management of medical projects included in
the hospital district's development portfolio (Fig. 3).

Synergies and project statuses

significance

I

B Synergistic effect
= Stan the project

Bl

—0.05

1 2 3
Project number

Figure 3. Histogram of the status and synergies of medical projects included in the hospital district development portfolio

Source: developed by the authors

Also were analysed the results (Fig. 3) regarding the
status and synergies of the medical projects included
in the hospital district development portfolio. It was
found that projects 1 and 5 have a negative impact
(-0.025 and -0.08) on the portfolio. This indicates that
there are problems in the management or implemen-
tation of these projects. This situation is caused by a
lack of resources, budgetary constraints or a high level
of risk. At the same time, projects 2, 3 and 4 have a
positive impact (+0.025, +0.12 and +0.015) on the port-
folio. The synergistic effect reflects the extent to which
one project affects the others during their systematic
implementation in the portfolio. It was found that pro-
ject 1 has a zero synergistic effect, which does not con-
tribute to the improvement of other projects. However,
the impact on other projects is significant. In particular,
on project 2 - 0.68, project 3 - 0.24, project 4 - 0.78,
project 5 - 0.71. Project managers should reconsider
the approach to managing Project 1. It has a negative
impact on its own status, its impact on other projects
is important, but it requires additional resources or
management interventions. Project 2 has a synergistic
effect of +0.01, which indicates a slight positive impact
on other projects. At the same time, its impact on oth-
er projects is also significant. In particular, on project
1 - 0.91, project 3 - 0.84, project 4 - 0.78, project 5 -
0.13. At the same time, project 2 has the greatest im-
pact on project 1, which helps to improve its condition.
Support from other projects should also be increased.
Project 3 has an insignificant synergistic effect of
-0.01, which indicates a slight negative impact, but it
does have an impact on other projects. In particular,

on project 1 - 0.83, project 2 - 0.38, project 4 - 0.09,
project 5 - 0.63. Project 3 requires additional efforts to
eliminate the negative effects that affect its status and
potentially interfere with other projects. Project man-
agers should pay special attention to resource manage-
ment. Project 4 has a positive synergy effect of +0.01
and a positive impact on other projects. In particular,
on project 1 - 0.63, project 2 - 0.88, project 3 - 0.77,
project 5 - 0.39. Project 4 is stable and contributes to
the development of other projects, in particular project
2. It is recommended to continue to actively support it.
Project 5, despite its negative status of -0.8, has a posi-
tive synergistic effect of +0.01. However, the impact on
other projects is significant. In particular, on project 1 -
0.94, project 2 - 0.79, project 3 - 0.42, project 4 - 0.67.
Project 5 has great potential for recovery if supported
by other projects. It has a significant impact on project
1, and coordination between the two projects should
be strengthened.

In general, project managers should pay attention
to project 5, which requires immediate intervention to
overcome the negative factors of the project environ-
ment, given its strong impact on other projects. Pro-
jects 2 and 4 demonstrate stable positive development
and can serve as models for implementing manage-
ment decisions in other projects. Project 1 is also wor-
thy of note, as it has a significant impact on other pro-
jects despite its poor condition. Additional resources
and improved management will have a positive effect
on the entire portfolio. It is important to strengthen co-
ordination between projects, as synergies contribute to
the overall success of the portfolio.
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Based on the analysis of the results and indicators of
the mutual impact of healthcare projects in the hospital

district development portfolio, recommendations for pro-
ject managers were substantiated, as shown in Table 3.

Table 3. Recommendations for project managers on the synergistic management of portfolios
of medical projects for the development of hospital districts

Recommendations

Project 1

Project 2

Project 3

Project 4

Project 5

Manage the relationships
between projects

Interaction with
projects 2,4, 5

Interaction with
projects 1, 3, 4

Interaction with
projects 1, 5

Interaction with
projects 1, 2, 3

Interaction with
projects 1, 2, 4

Prioritisation of resources - Important - Important Important
Planning flexibility Yes Yes Yes Yes Yes
Control and monitoring of Yes Yes Yes Yes Yes
risks
Timing of implementation Speed up Speed up Speed up Speed up Speed up

Source: compiled by the authors

The article analyses the recommendations provided
for project managers who manage portfolios of medical
projects. The interrelationships between medical pro-
jects that influence each other are important and can
be assessed by synergistic effects. The most influential
are projects 1, 2, and 4, which have a strong mutual im-
pact. This means that coordination between these pro-
jects is fundamental to the successful completion of the
Hospital District Health Project Portfolio. For example,
strengthening the interaction between projects 1 and 4
improves the effectiveness of the portfolio. The greatest
attention should be paid to projects 2, 4 and 5 as they
lack resources. This may reduce their effectiveness and
increase risks, so it is recommended to increase fund-
ing or reallocate existing resources. It is important for
project managers to constantly review the plans of all
healthcare projects, as the dynamics of changes affect
the effectiveness of their implementation. A mechanism
should be putin place to regularly adapt strategiesin line
with current data and the results of monitoring the pro-
ject environment. All healthcare projects require ongo-
ing risk monitoring. It is especially important to monitor
risks in projects with high negative impact (e.g. project 5)
to ensure timely response to them. For all projects, con-
sider accelerating their implementation to reduce risks
and increase positive synergies.

Project managers are advised to focus on increasing
the interaction between core projects that have strong
synergies with each other. This will help improve the
overall success of the portfolio. In addition, it is impor-
tant to ensure that sufficient resources are allocated to
the most challenging projects and to continue to plan
and control risks flexibly to avoid potential threats.

The model of synergistic management of a medical
project portfolio based on the telegraphic equation has
significant potential to improve the efficiency of medical
project management. This is especially true in a dynamic
and complex project environment in which medical pro-
jects are implemented. The analysis shows that the use
of the telegraphic equation allows taking into account

the temporal and spatial aspects of interaction between
projects, which contributes to more accurate risk predic-
tion and assessment of results. The results of the study
were analysed in comparison with the existing scientific
approaches and studies conducted by other research-
ers. One of the basic aspects confirmed in the study
by A. Alothman et al. (2023) is the complexity of imple-
menting the latest technologies in project management,
particularly in infrastructure projects in India. This study
highlights the need to adapt management models to
specific project conditions, which is also relevant to this
model of the telegraphic equation in healthcare projects.
Synergistic project portfolio management should take
into account the specifics of the healthcare sector, where
resources, technology and changes in the external envi-
ronment have a significant impact on project success.

The authors G. Bilgin et al. (2023) in their study de-
veloped a decision support system for project portfolio
management in construction companies. Although the
construction industry and medical projects are different,
the principles of portfolio management, such as priori-
tisation and resource optimisation, have common fea-
tures. This demonstrates the versatility of project man-
agement models based on the telegraphic equation,
which can be adapted to different industries.

Researchers E. da Costa Carvalho & S.R.B. Olivei-
ra (2022) explore the variety of approaches to support-
ing software project management using Agile, which
focuses on the flexibility and adaptability of the meth-
ods. Although Agile is mostly used in the IT industry,
its principles are also useful for healthcare projects,
where rapid adaptation to changes in the external
project environment is also important. For example, in
the context of pandemics or crises, when project pri-
orities change rapidly, applying Agile approaches such
as incremental updates and frequent progress reviews
is useful for a synergistic healthcare project portfolio
management model.

R. Ghule et al. (2015) discuss in detail the modelling
of the telegraphic equation for system stabilisation in the
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energy context, which has direct parallels with model,
analysed in this research. Their approach to controlling
dynamic systems through telegraphic equations shows
that such methods are effective in predicting the behav-
iour of complex systems, including medical projects with
many interconnected elements.

Another important aspect was investigated by
A. Kock et al. (2020) and D. Silva et al. (2021), who stud-
ied the impact of information systems on the success
of project portfolio management. Their results showed
that the level of use of management processes is quite
important for ensuring project efficiency. In the context
of model, outlined in this paper, this means that the use
of the telegraphic equation is only successful if there is
a high level of use of management processes in health-
care project management.

Finally, Y. Zhang et al. (2020) investigated dynamic
modelling of financing strategies for infrastructure pro-
jects, which is also useful in the context of healthcare
projects where funding is often limited and requires
careful planning. Their simulation approach confirms
the importance of dynamic models for evaluating fi-
nancing strategies, which is another confirmation of
the effectiveness of the telegraphic equation in project
portfolio management.

Thus, the results of model of synergistic manage-
ment of a medical project portfolio based on the tel-
egraphic equation are consistent with existing research
and approaches to project management, which confirms
its practical value for improving efficiency in the complex
and dynamic conditions of a given project environment.
Proposed model of synergistic management of a port-
folio of medical projects based on the telegraphic equa-
tion and the developed computer programme based
on it allow to effectively assess the status of each pro-
ject in the portfolio, taking into account both individual
characteristics and mutual influence between projects.
This toolkit allows to identification of negative trends at
the early stages of changes in the project environment,
which makes it possible to analyse synergies arising
from the interaction between projects and to substan-
tiate recommendations for improving the efficiency of
project management.

Testing of the model has shown that synergistic ef-
fects play an important role in stabilising or deteriorating
the state of individual projects, which underlines the expe-
diency of using a synergistic approach to managing port-
folios of such projects. The use of the telegraphic equa-
tion provides an accurate description of project dynamics,
allow to track trends in their development over time.

The average error of the computer program test re-
sults, which does not exceed 5%, confirms the adequa-
cy and accuracy of the numerical solutions made by it,
which is acceptable for use by project managers for prac-
tical purposes. Recommendations based on the model
are used by project managers to improve the efficiency
of project implementation, optimise resource allocation,

Malanchuk et al.

and reduce risks. Implementation of this model in re-
al-world conditions will allow for more flexible and effi-
cient management of the development of hospital dis-
tricts and their medical facilities, improve the quality of
medical services, and promote the rational use of limited
financial and human resources within the hospital district.

Conclusions

Based on the analysis of scientific papers on the devel-
oped tools for managing medical projects, it has been
found that scientists have paid considerable attention
to both models and methods of managing individual
medical projects and their portfolios. However, due to
the lack of management tools that provide modelling
of dynamic processes in systems with spatio-temporal
interactions, there is a need to develop a model of syn-
ergistic management of a portfolio of medical projects
using the telegraph equation.

The developed model of synergistic management
of a portfolio of medical projects is built based on the
telegraphic equation and includes 6 stages. It is based
on the construction of a system of interrelated ordi-
nary differential equations that represent a discrete
analogy of the telegraphic equation. The proposed
model in the form of a system of differential equa-
tions allows for taking into account both the use of re-
sources and their distribution between projects and
synergistic effects arising from the interaction of
medical projects.

Based on the developed model of synergistic man-
agement of a medical project portfolio, a computer
program was created that significantly accelerates the
process of making managerial decisions on the imple-
mentation of project portfolios in a changing environ-
ment. Verification of the adequacy of the program,
based on the telegraphic equation, has shown that this
decision support tool provides high accuracy in solving
the problems of managing a portfolio of medical pro-
jects. The deviation between the numerical and analyti-
cal solutions did not exceed 5%, which is in line with the
standards for such models.

Based on the initial data on the implementa-
tion of projects in the hospital district (Ukraine) for
2021, using the developed computer program that
implements the model of synergistic management
of a portfolio of medical projects based on the tel-
egraphic equation, the results of the implementation
of medical projects were modelled and forecasted,
taking into account synergistic interactions and their
impact on the overall state of the portfolio of medi-
cal projects. The obtained results made it possible to
quantify the status and synergistic effects of medical
projects included in the hospital district development
portfolio, as well as to develop recommendations for
project managers.

Further research should be conducted to adapt
the model of synergistic management of a healthcare
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project portfolio based on the telegraphic equation more flexible algorithms for adapting to the rapidly
to the conditions of different hospital districts. In par-  changing components of the project environment of
ticular, additional factors of the project environment, hospital districts.

such as changes in the sources and amounts of pro-

ject funding, should be taken into account. Particular ~Acknowledgements

attention should be paid to developing methods for  None.

forecasting long-term synergies, which will improve

resource management and increase the efficiency of ~Conflict of Interest

project implementation. It is also worth integrating  None.
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AHoTayif. AKTYanbHICTb AOCNILKEHHSA Moasrae y notpebi NigBULLEHHA epeKTUBHOCTI ynpaBaiHHA nopTdenem
MeANYHUX MPOEKTIB PO3BUTKY roChiTanbHUX OKPYriB. MeToto cTaTTi 6yna po3pobka Ta BUKOPUCTaAHHA Mojeni
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PiBHAHHS, YMCebHI MeTOAM, MeTOA aHani3y iepapxili. Bysio BAKOHAHO aHani3 HayKoBMX Mpaub LLOAO HAasgBHOMO
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m A model of synergistic management...

IHCTpYMeHTapito N5 yNpaBAiHHA MeANYHUMN NPOEKTaMK. BcTaHoBAEHO, WO y 2024 poLi BiACYTHI yIpaBaiHCbKUIA
iHCTpyMeHTapili, Wo 3abe3neyye MOAENOBAaHHA AMHAMIYHMX NPOLEeciB B cMcTeMax 3 MpOCTOPOBO-4YacoBUMM
B3aemMogiamu. ObrpyHTOBaHa AoLi/IbHICTb PO3POOKN MOAeNi CUHePreTUYHOro YNpaBaiHHA nopTdenem MeanyHNX
NMPOEKTIB 3 BUKOPWUCTaHHAM TenerpadHOro piBHAHHA. 3anpornoHoBaHa MoJefib CMHepPreTUYHOro ynpasniHHA
noptdenem MefMUYHMX NPOEKTIB Ha OCHOBI TenerpadHoOro piBHAHHSA. BoHa nepesbayana BUKOHaHHS 6-xX eTanis., Aki
6a3y0TbCA Ha GOPMyBaHHI CUCTEMW B3AEMOMOB'A3aHNX 3BUYaHNX AndepeHLuianbHNX PIBHAHb, SKi € AVCKPETHOR
aHanorieto TenerpadHoOro piBHAHHA. Ha 0CHOBI po3po6aeHOi MoAeni 6yn0 CTBOPEHO KOMM'HOTEPHY Nporpamy, fka
3HAUHO MPULLBUALLYE NPOLEC NMPUAHATTS YNPaBAIHCbKUX pilleHb LWOoAO0 peanidalii nopTdenis NPOEKTIB 3a 3MiHU
IX MPOEKTHOro cepegosulla. BukoHaHa nepesipka aZekBaTHOCTI KOMM'IOTEPHOI nporpamu. BctaHosneHo, Lo
CTBOPEHUI IHCTPYMEHT ANSA NiATPUMKN NPUAHATTS pilleHb AA€ TOYHI pe3ynbTaTh Nif Yac BUPIiLLEeHHSA 3aBAaHb
ynpasBAiHHA noptdenem MegUYHUX MPOEKTIB. MoxmMbka MK YMCeNbHUMU Ta aHANITUYHVMU PilUEHHAMW He
nepeswuLlyBana 5 %, LLO Bi4NOBIga€ BMMOram 419 Takux Mogeneri. Ha nigctasi npoBegeHmX AOCNiIAXKEeHb KiNbKiCHO
OLiHEHO CTaH Ta CUHepreTUYHi epekTn MefUYHNX MPOEKTIB, BKAOUEHNX Y NopTdens pPO3BUTKY roChiTaibHOro
OKpPYry, @ TakoX po3pobaeHO pekoMeHaaLlii 4N MPOEKTHUX MeHeLKepiB

KaouoBi caoBa: noptdenibHe YNpaBAiHHSA; CUHepPreTUYHUi edpekT; MoAentoBaHHS:; andepeHLuianbHi PiBHAHHS;
YaCTUHHI NOXiAHi

Economic Forum, 2024, Vol. 14, No. 2



