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OPTIMIZATION OF MEDICAL EQUIPMENT UTILIZATION IN
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Anomauyia. Y cmammi poszersmymo npobiemamuxy nobyoosu onmumizayiinoi mooeiui
BUKOPUCMAHHS MeOUYHO20 OONAOHAHHA 8 3aK1A0aX OXOPOHU 300p08’s 6 YyMosax yugposizayii
ynpasnincekux npoyecie. Ilumanua no6yoosu onmumizayitiHux mooenel wooo BUKOPUCHAHHSA
MeOUyHo20 OONAOHAHHA 6 YMOBAX CMPIMKUX mpancopmayiunux, mypOyIeHMHUX 3MiH i
HecmabinbHoCcmi cmaroms  OibU AKMYAIbHUMU He MinlbKu 68 YKpaiui, a U y MidCHaApOoOHOMY
Macwmabi. Bunuxae 06’ekmusna nompeda 8 po3pobOneHHi 3acad i NPAKMUKU 3ACMOCYBAHHS
ONMUMI3AYITIHUX MoOenell BUKOPUCTNAHHA MeOUyHO020 OONaOHAHHA, AKI 6 Maiu 8iON0B8iOHY
VHIBepcanbHicmy U 0yIU NPUOAMHUMYU 00 BUKOPUCMAHHA CYO €EKMAMU OXOPOHU 300P08 5l PI3HUX (hopm
enachocmi. Memow Oocniddcennsi € pospobka ma  opmanizayia 8 pamxax cucmemu aHauizy
ONMUMI3AYITIHOI  MOOeni BUKOPUCMAHHA MeOUYHO20 OONAOHAHHA Onf MAKCUMI3ayii KiibKocmi
KopucHux npoyedyp. Memooonozia 00CHiONCeHHs TPYHMYEMbCA HA CUCMEMHOM) NiOX00i, Memooax
EKOHOMIKO-CIAMUCMUYHO20 AHANI3Y, NOPIGHAILHOMY aAHANI3I, MOOEN8AHHI, eleMeHmax Memoois
npuiuamms piwieHb ma opmanizayii NOKAZHUKIE. 3acmMOCy8aHHA Yux Memooie 0aio 3Mo2y
BU3HAYUMU OCHOBHI NPUYUHU NOMPeOdU PO3POOKU ONMUMIZAYILHOT MOOeNi BUKOPUCTAHHSA MEOUYHO20
0011a0HaHHA, NPOGeCcMU CIMPYKMYpu3ayiro ii nobyoosu ma gopmanizyeamu ii 8i0noioHo 0o obparux
SMIHHUX | 0OMediceHb. Y pesynvmami 00CniodceHHs: chopmMo8ano iHGopMayitino-aHarimuity 0CHO8y
(n06yoosarno noxpokogy cxemy) U O0OIPYHMOBAHO NIOXI0 00 DOPMY8aHHS MOOeni Onmumizayii
(3anpononosaro opmanizayiro), OpieHMOBanHOI HA NIOBUWEHHS OOCHYNHOCHMI MeOUYHUX HOCTYe,
SHUICEHHS HENPOOYKMUBHUX 8UMPAmM ma 3a0e3nevents cmanio2o (YYHKYiOHY8aHHs 3aK1A0i68 0XOPOHU
300pos’s. [lpakmuune 3HAUEHHS OMPUMAHUX PE3YIbMAMIE NOAAAE Y MONCIUBOCHI 3ACMOCYBAHHS
3aNPONOHOBAH020 NiOX00Y O0Jisl YOOCKOHANIEHHA CUCIeMU YNPAGIIHCbKO20 00IKY ma KOHMPOIo 8
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MEOUYHUX YCMAHO08AX, NPUUHAMMSA YAPAGIIHCOKUX pilleHb w000 MoOepHizayii 001a0HAHHS,
NIAHY8AHHA THGecmuyill ma niOBUWEHHs epeKmMUSHOCMI BUKOPUCMANHA MAKo20 pody aKmusis.
3pobaeno eucnosox npo me, wjo popmanizayis KIOYOBUX NOKAZHUKIG 1 MOOeT08anHs Npoyecie
BUKOPUCTHAHHA 00IAOHAHHA CMBOPIOIOMb  RIOIPYHMs 0N PO3POOIEHHs [HMeSposanoi cucmemu
nIOMPUMKU pilensb Y cihepi ynpasninHs pecypcamu MeOUuHHUX 3aKaaois.

Knrouoei cnoea: ananis, ynpasnincokuii 004K, ONMUMI3ayitiHa Mooeib, Meoudre 00IaoHaAHHS,
hopmanizayis, ynpasninHs, ONMUMI3ayis, ehexmueHicmb, NOKA3HUKU.

JEL Classification: D24, 118, C63

Absztrakt. A tanulmany az egészségugyi intézményekben alkalmazott orvostechnikai
berendezések hasznalatanak optimalizaciés modellje kialakitdsaval foglalkozik a vezetési folyamatok
digitalizacidjanak feltételei kozott. Az orvostechnikai eszkdzok hasznélatara vonatkozd optimalizacios
modellek kidolgozasa a gyors iitemii transzformdcios, turbulens valtozasok és instabilitds
kornyezetében nemcsak Ukrajnaban, hanem nemzetkdzi szinten is egyre aktudlisabba vélik. Objektiv
igény mutatkozik olyan optimalizaciés modellek elméleti és gyakorlati megalapozasara, amelyek
megfelelé univerzalitassal rendelkeznek, és kiilonbozé tulajdonformdju egészségiigyi szolgaltatok
szamara is alkalmazhatok. A kutatds célja egy, a hasznos egészségugyi beavatkozasok szamanak
maximalizalasara iranyulé orvostechnikai berendezés-hasznalati optimalizaciéos modell kidolgozasa
és formalizalasa az elemzési rendszer keretében. A modszertani alapot a rendszerszemlélet, az
dkonomiai-statisztikai elemzés modszerei, az 6sszehasonlitd elemzés, a modellezés, a dontéshozatali
modszerek elemei, valamint a mutatdk formalizalasa képezi. E mddszerek alkalmazasa lehetévé tette
az optimalizaciés modell kidolgozdsdnak sziikségességét megalapozo f6 okok azonositdasat, a modell
felépitésének strukturaldsat, valamint annak formalizalasat a kivalasztott valtozdk és korlatok
figyelembevételével. A kutatds eredményeként kialakitasra kerllt az informacids-analitikai alap
(lépéesrol lépésre felépitett sema), és megalapozdsra keriilt egy, az egészsegiigyi szolgaltatdsok
hozzaférhetoségének novelésére, a nem produktiv koltségek csokkentésére és az egészségiigyi
intézmények fenntarthaté miikodésének biztositasara iranyulé optimalizaciés modellkoncepcid
(formalizalt megkozelités).

Kulcsszavak: elemzés, vezetdi szamvitel, optimalizacios modell, orvosi berendezések,
formalizalds, iranyitas, optimalizalas, hatékonysag, mutaték.

Abstract. The article examines the development of an optimization model for the utilization of
medical equipment in healthcare institutions under conditions of digital transformation of
management processes. The issues of developing optimization models for the use of medical equipment
under conditions of rapid transformation and turbulent changes, as well as instability, are becoming
increasingly relevant not only in Ukraine, but also internationally. There is an objective need to
develop the principles and practical approaches for applying optimization models of medical
equipment utilization that would ensure sufficient universality and be suitable for healthcare entities of
various forms of ownership. The purpose of the study is to develop and formalize, within the
framework of the analysis system, an optimization model for the use of medical equipment aimed at
maximizing the number of useful procedures. The research methodology is based on a systemic
approach, methods of economic and statistical analysis, comparative analysis, modeling, elements of
decision-making methods, and formalization of indicators. The application of these methods made it
possible to determine the main reasons necessitating the development of an optimization model for
medical equipment utilization, to structure its construction and formalize it in accordance with the
selected variables and constraints. As a result of the study, an information and analytical foundation
was developed (a proposal was substantiated on the feasibility of forming statistical data on the
availability of medical equipment in accordance with world practice; a step-by-step scheme was
constructed) and an approach to forming an optimization model was substantiated (formalization was
proposed), aimed at increasing the accessibility of medical services, reducing unproductive costs and
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ensuring the sustainable functioning of healthcare institutions. The practical significance of the
obtained results lies in the possibility of applying the proposed approach to improve the management
accounting and control system in medical institutions, to support managerial decision-making
regarding equipment modernization, planning investments and increasing the efficiency of using such
assets. It was concluded that the formalization of key indicators and modeling of equipment use
processes create the basis for developing an integrated decision support system in the field of resource
management of healthcare institutions.

Keywords: analysis, management accounting, optimization model, medical equipment,
formalization, management, optimization, efficiency, indicators.

Problem setting. In the activities of healthcare institutions, equipment plays an
exceptional role, ensuring the high-quality performance of diagnostic and treatment
procedures.

Therefore, the provision of equipment to healthcare institutions is one of the key
components of their operational activities. Given the constant shortage of funds, which
Is characteristic of medical institutions that operate at the expense of budget funds in
the form of non-profit institutions, this process should be given special attention. It
should, in particular, be expressed in the implementation of clear, accurate and
substantiated calculations of the need and possibilities for providing medical
equipment.

To form a high-quality and effective resource base, in particular equipment,
rational planning of its acquisition and use is of great importance. This requires the
construction of an optimization strategic model for providing medical institutions with
the necessary equipment. At the same time, there is a need to take into account many
different indicators to ensure the effective use of medical equipment, so such a model
should be multi-criteria and provide justification for making decisions regarding the
procurement, placement, use of medical equipment in a particular institution, as well
as its replacement and renewal.

The unconditional result that can be provided by conducting careful calculations
related to identifying optimal quantitative indicators for medical equipment is
obtaining economic benefits. In conditions of instability and increasing costs, research
aimed at optimizing resource use becomes particularly relevant and important.

The problem lies in the complexity of building multi-criteria optimization
models, as well as the difficulties of identifying the necessary indicators and elements
used in the analysis and formalization process.

Analysis of recent research and publications. In the scientific literature, this
direction of scientific research is represented by numerous publications by Ukrainian
scientists, mainly in the field of financial support and analysis of the existing achieved
indicators of the level of provision, the effectiveness of the use of medical equipment
and other important issues. Among them, the following researchers should be
mentioned: Lazoryshenets V. V., Slabkyi G. O., Kartavtsev R. L., Semeniv I. P. and
others [1], Kartavtsev R. L. [2], Lomakin A. M., [3], Grishchuk S. M., Kilnitska O. S.,
Yaremova M. I. [5] and a number of other scientists and practitioners. At the same
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time, researchers unanimously conclude that the level of medical equipment provision
Is insufficient.

This is confirmed in particular by a study conducted by Kartavtsev R. L. Based
on a survey of heads of municipal healthcare institutions, the researcher found that
“the majority of them are not satisfied with the level of provision of medical
equipment: diagnostic — 14.0%, treatment — 32.0%, rehabilitation — 18.0%, and the
existing level of provision of health care institutions with medical equipment allowed
only 14.0% to conclude contracts with the National Health Insurance Fund for the
provision of all types of medical care” [2, p. 13] (Fig. 1).
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Figure 1. Satisfaction index of heads of municipal healthcare institutions

with the level of medical equipment availability, %*
* Source: compiled by the authors based on [2, p.13]
data for 2025 — according to the results of a study conducted by the authors based on a
guestionnaire survey of heads of municipal non-profit enterprises - medical institutions of the Ternopil
region

Thus, the level of satisfaction of heads of municipal non-profit enterprises -
healthcare institutions with the state of provision of medical equipment is quite low.
The main reason for this is usually the insufficient level of financial support for the
activities of such institutions. Lomakin A. M., recognizing the presence of problems in
the development of the provision of medical services related to financing, summarizes
that ensuring their proper quality causes “the need to integrate the latest technologies
into medical practice, which requires a comprehensive and thoughtful approach to
management [3, p.69]. Thus, the implementation of this task requires both high-quality
equipment and adequately qualified human capital.

Under martial law, a range of additional challenges emerges. Radchenko O.O.
draws attention to these issues by identifying key problems in the material and
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technical support of healthcare institutions, particularly emphasizing the shortage of
qualified specialists for the installation and maintenance of medical equipment [4, pp.
788-789]. Similarly, Zub V.O. and Kotuza A.S. report a high degree of equipment
obsolescence, especially MRI and nuclear medicine equipment, with service lives
extending up to 60 years, which results in frequent failures and prolonged downtime
[5, p. 59]. Many modern publications are devoted to the economic efficiency of
medical technologies, the problems of conducting economic and other types of
analysis of resource use in health care institutions [6; 7; 8], as well as the issues of
conducting an analysis of activities in the health care sector in general [9; 10; 11]. So,
it should be noted that most studies are devoted to solving the problems of financial
provision of medical equipment, organizing its supply and efficiency.

Highlighting previously unresolved parts of the general problem. Instead, the
issues of building optimization models for the use of medical equipment in conditions
of rapid transformation, turbulent changes and instability are becoming more relevant
not only in Ukraine, but also on an international scale. There is an objective need to
develop the principles and practice of applying optimization models for the use of
medical equipment, which would have the appropriate universality and be suitable for
use by healthcare entities of various forms of ownership.

Formulation of the objectives of the article (task statement). The purpose of
the study is to develop and formalize within the framework of the analysis system an
optimization model for the use of medical equipment to maximize the number of
useful procedures.

Presentation of the main material of the study. The use of medical equipment
is certainly an important element of effective management of the activities of
healthcare institutions. The quality of medical services largely depends on the
condition, quality and intensity of use of medical devices and instruments. In world
practice, MRI and CT are used to perform medical procedures and diagnose in modern
conditions. Relevant statistics are even being formed regarding their availability
(Table 1).

Table 1.
Availability of MRI and CT in some countries of the world (units per 1
million population), 2021*

Country MRI / per 1 million population | CT /per 1 million population
Japan 55,2 111,5
USA 38,0 44,0
Germany 30,5 33,9
Italy 25,4 37,0
France 16,0 18,5
Poland 15,0 17,3
Ukraine (unofficial 5-6 8-9

estimate)**

* Source: compiled by the authors based on [12, 13,14].
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1) High need for diagnostics and use of this medical equipment (including MRI/CT).
2) Uneven provision of equipment. 3) Lack of official centralized statistics. 4)

Problem field >

individual institutions. 6) Aging equipment (risk of failures and low quality).

Insufficient control over the utilization of devices. 5) Downtime, queues, overload of
(1)
N/

/' Problems

Data sources International MRI/CT rates per 1 million population.

for analysis Ukraine has a s!grjlflcantly lower level of provision (unofficial estimates: MRI 5-6,
CT 8-9 per 1 million).

Lack of official reporting — information gaps.

@ The need to choose criteria for the effectiveness of use

»
»

/ Data overview (analytical block)

Diagnostics of . , —
the effectiveness 1) Analysis of equipment utilization
2) ldentification of downtime, uneven distribution, high demand and limited
of use capacity.

: 3) The need for coordination: demand — resource — capacity
‘ >

Diagnostic result (negative, optimization needed)

1) Maximizing the number of useful procedures.
2) Minimizing downtime and queues.

3) Rational distribution of equipment and load.
4) Support for management decisions

The need for an
optimization model

\ 4

@ Solution: forming a proposal for building an optimization model

s

Optimization model of medical equipment uses:
Offer ”| 1) Problem statement

2) Variables and constraints

3) Objective function (maximization of useful procedures)

4) Formalization of the model (in the management analysis system)

Figure 2. Step-by-step scheme of substantiation and formation of an
optimization model for the use of medical equipment*
* Source: author's generalization

From the table 1 we can see that the availability of the analyzed types of medical
equipment in developed countries varies significantly. However, it should be
recognized that in most countries of the European Union and OECD, stable and
detailed statistics on the number of units of medical diagnostic equipment (MRI, CT)
per 1 million population are formed annually. Such data are published in the open

ISSN 2786-6734; eISSN 2786-6742
168



Acta Academiae Beregsasiensis. Economics
Bunyck 12.  (2026) 12. szam (2026) Volume 12. (2026)

access and are used for planning financing, determining the need for new equipment,
analyzing the availability and efficiency of using technical resources of healthcare. In
contrast, in Ukraine, similar statistics at the level of the Ministry of Health of Ukraine,
the State Statistics Service or the National Health Service of Ukraine are not officially
formed. Information on the availability of equipment is available only in the form of
separate data sets of individual KNPs or hospitals, as well as fragmentary registers,
which does not allow for a full analysis of the provision of the industry with such
assets. The estimated data for Ukraine presented in the table were formed in
accordance with available information data.

To build optimization models, as well as based on the need to analyze the
relevant indicators, it is justified to develop and legalize the formation of such
statistics. Centralized accounting of the quantity and efficiency of medical equipment
plays a critical role in healthcare management. It enables the improvement of strategic
planning in healthcare financing, the optimization of resource allocation (including
equipment), the analysis of equipment workload to determine actual needs, and the
development of optimization and forecasting models for the use and renewal of
medical equipment. Such an approach contributes to more effective decision-making
and ensures that healthcare institutions can allocate resources efficiently. Therefore,
the establishment of an appropriate registry and the publication of regular statistical
reports, as practiced in developed countries, represent valuable experience that could
be adopted in Ukraine. This would facilitate the application of modern approaches to
healthcare resource management, and enable the optimization, modeling, and analysis
of equipment use efficiency.

To solve the problem of forming an optimization model of the use of medical
equipment, it would be logical to implement a certain scheme of step-by-step solutions
(Fig.2).

In general, in international practice, the issue of modeling the provision of
medical equipment lies in the plane of logistics and has both standardized and special
solutions [15]. But they cannot fully correspond to Ukrainian practice. Therefore,
research aimed at developing a unified approach, maximally suitable for use by
Ukrainian healthcare institutions, is relevant.

The main goal of building a mathematical model is to optimally (with a limited
budget) determine how many units of equipment to purchase for each type and each
department in order to maximize the total "utility” (equivalent of useful diagnostic
procedures / expected improvement in the patient's condition) and minimize unmet
demand. For modeling and building its formalization, it is advisable to use some
variables and their designations. In particular:

—-weW — types of equipment (in the example, we will consider 3 types of
equipment, namely Equ, ..., Egs, which is most often used to provide medical services
for diagnosing diseases, namely ultrasound machines);

—z€Z — department (the example will consider 4 departments: Deptl, ..., Dept4 —
surgical, therapeutic, urological and cardiological);

—T — planning interval in months (for example, T=12);
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—ywz — the available units of equipment of type w in department z will be
marked:;

—pwz — the number of units purchased or the planned number of units of
equipment to be purchased (target >0);

—capw — the throughput of one unit of type w (procedures / month);

—qwz — the number of procedures (throughput) that will actually be provided in
the forecast range (procedures / 12);

—dwz — the demand for medical procedures, which is identified on the basis of
the achieved actual indicator: (procedures) for the period T;

—cwc — the cost of a unit of equipment, which is established based on prices in
the active market (UAH);

—ef f,,— the effectiveness of treatment (the share of procedures that lead to a
valuable diagnostic/treatment result);

—B — budget (set based on the capabilities of the medical institution and usually it
can be less than required) (UAH);

—wearwz — existing wear indicator (the calculation of this indicator is proposed
to be carried out as the ratio of the total accumulated depreciation to the initial cost of
the asset) (0..1);

—other parameters: linear “penalty” for unfulfilled demand ¢, permissible wear
parameter wear limit — coefficient of equipment wear increase per procedure k.

As a basis for building an optimization model, it is appropriate to take a
mathematical model characterized by linearity and integrity — linear / mixed integer —
MILP.

So:

Let ef f,, — w be the efficiency coefficient of equipment of type w (the proportion
of procedures that give a useful result), g,,, — be the number of provided procedures,
and dw, — be the total demand for procedures. In general, unprovided demand for
procedures negatively affects diagnostics and the accuracy of establishing a medical
diagnosis, which, of course, affects both treatment and its results. Therefore, in view of
this, it is advisable to introduce a penalty weight ¢ into the model for unfulfilled
demand. As a result, the objective function takes on the following formalized form:

Zw,z(effw *Qwz — go(dwz_qwz)) (1)

Having performed purely mathematical operations, in particular, opening the
brackets, we obtain:

ZW,Z(effW+(p) *Qwz — (dez) (2)

Given that the sum ), , ¢d,,, contains only known parameters (demand) and
does not depend on the decision variables, it, therefore, does not affect the search for
the optimum.

Given this fact, this objective function can be written in a simplified form:
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max Yo .((ef fw + ©) Gwz), ©)
where pw.€Z>0, qu>0.

Taking into account the content and components, the proposed objective function
of the model maximizes the number of useful procedures (i.e. those that provide
diagnostic or therapeutic effectiveness) and, at the same time, takes into account the
penalty for unsatisfied demand. The corrective component is introduced in the form of
a coefficient ¢, which emphasizes the presence of unsatisfied medical services for
which there was actually a demand, respectively, reduces the value of the results by
the indicator of unsatisfied procedures. Automatically, the conclusion suggests itself
about the need to rationalize the use of medical equipment, i.e. to improve its
distribution between departments, or to make a decision to purchase additional
equipment. Thus, the model is focused on maximizing the efficient use of equipment,
taking into account its impact on the effectiveness of medical procedures and the
penalty for unfulfilled demand.

The implementation and experiment (in brief) in our example is based on data
from one of the hospitals in Ternopil . The hypothesis is to represent them as randomly
simulated data to show how the approach works. The details of the simulation consist
in using the declared variable data ( weW in the corresponding section, zeZ , which,
as is known, was selected in the amount of 4 departments, T=12 months, i.e. 1 year, as
well as taking into account additional (random) indicators, in particular: generation:
ywz — random 0-2 units; dw; — random demand in the range of 500-4000 procedures per
planning interval; capw — [120, 80, 200] procedures/month; cost — [1200k, 800k,
2500k] UAH; effw — [0.6,0.4,0.8]; wear random value [0.1..0.6]. The budget is set to
B=10000000 UAH.

The input parameters of the model are 3 types of equipment: electrocardiographs
(equation 1), X-ray machines (equation 2) and ultrasound diagnostic machines
(equation 3). This medical equipment is located in such departments as therapeutic
(department 1), urological (department 2), cardiological (department 3) and surgical
(department 4). At the input of the optimization model, we have data on the
quantitative composition of the equipment in the analyzed departments (Table 2).

Table 2.
The number of available medical equipment in 4 departments of the
hospital*
Type of equipment Deptl Dept2 Dept3 Dept4
Eql 2 0 2 1
Eq2 0 2 2 2
Eq3 1 0 1 2

* Source: based on data from Hospital

Individual indicators of the available medical equipment, which confirm both
normative and actual data on its use, are summarized in Table 3. In this table, actual
use is represented as a relative indicator: efficiency shows the ratio between the actual
and normative number of medical services.
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However, there are other options for calculating the efficiency of equipment use,
which medical institutions can use in the represented model.

Table 3.
Throughput and efficiency of medical equipment use*
. Throughput - Unit cost, thousand
Type of equipment (proce durgs /ﬁwnth) Efficiency UAH
Eql 120 0.6 1 200
Eq2 80 0.4 800
Eq3 200 0.8 2 500

* Source: based on data from Hospital

For the selected medical equipment in the depreciation level was calculated. It
will be considered the initial (baseline) indicator (Table 4.).

Table 4.

The initial depreciation level of medical equipment, identified taking into

account the amount of accrued depreciation and the original cost*
Type of
equipment Deptl Dept2 Dept3 Dept4
Eql 0.33 0.12 0.50 0.22
Eq2 0.43 0.15 0.34 0.44
Eq3 0.41 0.11 0.56 0.32

* Source: based on data from Hospital

Taking into account requests for examinations using medical equipment, which
are recorded in the logs of examinations conducted, and schedules for appointments
with an ultrasound doctor, it is possible to identify the demand for this type of medical
procedures (Table 5).

Table 5.
Demand for diagnostic services using medical equipment
Type of
equipment Deptl Dept2 Dept3 Dept4
Eql 3500 2 200 3100 2700
Eq2 1800 2900 3400 2 300
Eq3 2600 3100 3500 3000
Total by branch 7900 6 220 10 000 8000
Total 32120

* According to the data of examination logs and examination records

Taking into account all these initial indicators, the optimization model will take
into account the most important parameters, which will contribute to its maximum
approximation to real requests and conditions. In this case, the main parameters of the
model are the planning period (planning horizon), the possible allocated budget for the
purchase of equipment, the wear and tear of medical equipment, the reducing
coefficient for unsatisfied demand due to the lack of free time zones, the maximum
equipment (Table 6).
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Table 6.
Main parameters of the optimization model*
Parameter Designation Value
Planning horizon T 12 months
Total budget B 10 000 000 UAH
Depreciation limit Wiim 0.85
Depreciation growth rate k 1x107%
Penalty for unfulfilled demand 0] 0.5
Maximum purchase units Prmax 20

* Source: Generated by authors based on the main model parameters

According to the formalized representation of the model, the results of
optimizing the use of medical equipment were obtained, which are summarized in
Table 7.

Table 7.
Resulting table of optimizing the amount of equipment to fully meet the
needs for medical services*

Type of equipment Deptl Dept?2 Dept3 Dept4 Total
Eql 1 0 0 1 2
Eq2 0 1 0 0 1
Eqg3 0 0 1 0 1
Total 1 1 1 1 4

* Source: Calculated by authors based on input data

Therefore, according to the results of building an optimization model for the use
of medical equipment in the studied hospital, in order to fully ensure the provision of
services that are in demand from the population, it is necessary to purchase 4 units of
medical equipment (1 of each type). That is, it is most expedient to purchase 4 units of
equipment of different types for different departments, which provides the best
"efficiency/cost" ratio. In addition, this will make it possible to provide the appropriate
number of services (procedures) (Table 8).

Table 8.
Number of medical services (procedures) provided using the optimized
medical equipment fleet*

Type of equipment Deptl Dept?2 Dept3 Dept4 Total
Eql 3100 2100 3000 2700 10 900
Eq2 1800 2 800 3200 2 300 10 100
Eq3 2 400 3000 3400 3000 11 800
Total 7 300 7 900 9 600 8 000 32 800

* Source: Calculated by authors taking into account optimization proposals

The obtained indicators in the optimization model allow us to calculate the
predicted number of diagnoses that can be established using the new medical
equipment (Table 9).
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Table 9.
The predicted number of diagnoses*

. Coefficient of use of equipment for Number of

Type of equipment clarification of diagnoses diagnoses
Eql 0.60 6 540
Eq2 0.55 5 555
Eq3 0.60 7 080
Total - 19175

* Source: Calculated by authors taking into account optimization proposals

In the Procurement Plan, if we take into account the prices on the medical
equipment market, the total purchase amount will be 6,687,435 UAH. (Table 10).

Table 10.
Financial indicators of medical equipment purchases*
Type of equipment | Number of purchases Unit cost, UAH (1) exgerz(s)éjsmuo,I\H
Eql 2 135 000 270 000
Eq2 1 3731935 3731935
Eq3 1 2 685 500 2 685 500
Total - - 6 687 435

* - price quotes from open sources; (1) — cost: (Eql) 12-channel electrocardiograph Mindray
BeneHeart R12; (Eq2) Browiner MobileCooper — X-ray machine; (Eq3) GE VOLUSON E10 —
ultrasound machine.

In general, the generalized results obtained when forming the optimization model
based on the selected parametric input data are as follows:

— Total demand for medical services using medical equipment — 34,200
(examinations);

— Examinations provided — 32,800 (= 96%);

— Number of diagnoses established through the use of medical equipment —
19,175;

— Equipment purchases costs (forecast budget) — 6,687,435 UAH.

In summary, it should be noted that the proposed model showed the fact of
possible rational and effective use of the available budget, ensuring almost full
satisfaction of demand at minimal costs. According to the results of analytical
calculations, the most effective in the context of the number of medical services
provided are ultrasound devices, which provide the largest contribution to the total
number of diagnoses. The optimal distribution of investments, which is identified in
the model as financial indicators, ensures an increase in the diagnostic capacity of the
institution by ~15-20% without exceeding financial constraints.

Conclusions and prospects for further research. The growing role of medical
equipment in the treatment and diagnosis of diseases and the rapid development of
innovativeness of such assets require a critical assessment of their capabilities and
efficiency of use. In conditions of instability and shortage of funds, the use of the
proposed optimization model to improve the quality of medical care and overcome the
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gaps between demand and real technical capabilities of its provision is a priority task.
In addition, the model is focused on taking into account the limitations of financial
resources and acts as a comprehensive approach based on system analysis,
standardized data collection and the implementation of optimization models of
resource provision. The proposed general logic of formalizing the model in the
management analysis system includes the main basic elements: taking into account the
function and purpose; key variables and limitations.

Thus, the results of the study not only highlight the problematic aspects of
managing the technical resources of medical institutions, but also form the basis for
the introduction of mathematical modeling tools into management practice. The
proposed approach has the potential to be used by health care management bodies,
KNP and regional departments in order to increase the efficiency of the use of
expensive equipment and increase the availability of quality medical services for the
population.

In the future, there is a need to study the problems of forming and substantiating
basic tools and libraries for preparing a software environment for implementing the
proposed model. In addition, it is advisable to develop the issue of individual selection
of initial indicators for building a model in order to take into account the specifics of
each specific medical institution. It is no less important to carry out a practical
implementation (experiment) using the proposed approach to identify the level of its
adaptability and compliance with modern management languages and requests.
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