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ABSTRACT

Context. The problem of rational allocation of medical facilities of inhabited locality was considered. Methods of evaluating the
effectiveness of using the existing medical network and finding ways to improve it when implementing urban development projects
were proposed.

Objective. The goal of the work is to build and study the procedure for solving the problem of placing medical facilities, consid-
ering the existing infrastructure of the city to fulfill the accessibility requirements.

Method. A set of factors that affect the placement of a medical facilities and allow a systematic and reasonable decision to be
made in choosing a location has been formed. A method for solving the problem of the location of medical facilities, providing an
increase in their accessibility level considering the population, its spatial distribution, existing in the settlement of road junction and
traffic congestion is proposed. The procedure for solving the problem is presented in the form of an IDEFO model. The method is
based on geoinformation analysis of data, the results of which by spatial clustering are presented in the form of a set of cartographic
models, the aggregate of which allows to form a decision about the location. The method allows to assess the accessibility level of
existing medical facilities in the inhabited locality, create a list of places for their possible location, find areas of the locality that are
not in the access zone.

Results. The method of choosing the location of the medical center has been improved, which makes it possible to make deci-
sions based not only on the shortest distance from the center to the patient, but also on the level of its accessibility. For the first time,
the structure of information technology for multivariate analysis of a network of city medical centers for decision support systems
using GIS technologies is proposed.

Conclusions. The medical facilities location problem, which is in increasing the level of accessibility by expanding the area of
medical coverage of the territory in which the city population lives by using GIS was practically fulfilled as an IDEFO model that
defines the procedure for solving the problem and choosing the location of the medical center. The practical significance of obtained
results has been proven on a practical example — an analysis of the existing hospital system for the provision of emergency medical
care in Kharkiv.

KEYWORDS: accessibility level, coverage area, population, patient delivery time, IDEF0 model, geoinformation technologies,
network analysis, ArcGIS.

ABBREVIATIONS G — target function depending on the distance from the

GIS is a geoinformation system. medical center to the location of patients;
N — number of patients requiring the services of a

NOMENCLATURE medical institution (population of the microdistrict);
a — rate of housing area per person, m*/people; P, — number of services that a medical institution
B — statistical distance influence coefficient; provides for all k-patients which need services;
d), — distance to the k-th patient; R — accessibility level;
{E k } — patient of the city plurality; S, —area in which patients live;

F —volume of housing;
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S, —medical coverage area;

S — microdistrict area, ha;
S — normative housing density, considering the

number of storey’s, depending on the construction of the
city zoning, m*/ha;

t — time, the value of which depends on the maximum
permissible distance between the patient in need of the
service and the medical center providing the service;

norm

P _ rate of time to cover the distance between the
patient in need of the service and the medical center pro-
viding the service;

(x, ¥) — medical center coordinates;

(x, vx) — patient location coordinates, characterizing
the structure of their settlement in the city;

Z — the maximum number of patients who can be si-
multaneously provided with services in a medical center.

INTRODUCTION

Urban development is a natural process. City devel-
opment projects are aimed at improving the industrial,
economic, social sphere. However, in recent decades, the
social sphere of Ukrainian cities has developed and func-
tioned very unevenly, leading to a significant imbalance
in the range of services provided to the population. This
unevenness is manifested in the massive development of
trade, recreation and entertainment centers, fast food en-
terprises. At the same time, there is stagnation and de-
struction in housing and communal services, consumer
services, sports and medical fields, etc. The following
emphasizes the particular importance and relevance of
problems in this area [1], [2]:

— financing according to the “residual principle”, the
lack of opportunities for decent maintenance and repair
leads to the fact that many social facilities are liquidated,
their purpose is changed, depreciation of fixed assets in-
creases, the quality of services provided decreases;

— the pace of development of social infrastructure is
significantly lower than the pace of socio-economic and
cultural changes, which means that the existing infrastruc-
ture is not able to provide favorable living conditions,
improve the quality of life, etc.;

— one of the most important characteristics of social
infrastructure is the territorial distribution, which is af-
fected not only by local social policy but also by regional
and state social policy;

— the growing need of social services requires the de-
velopment and implementation of national policies aimed
at the development of social infrastructure, which should
reflect the specifics of each city, implementing specific
activities in each region and city;

— irrational spatial distribution of objects of the social
sphere complicates their use by the population, which is
significantly aggravated by the suboptimal work of public
transport, violating the principle of “walking accessibil-
ity”, wasting of free time, etc.

The healthcare sector deserves special attention, which
is a qualitative characteristic of the economically active
population: the state of the nation’s health directly affects
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labor productivity and the prospects for socio-economic
development of society [3]. However, according to soci-
ologists, 76.4% of those who took part in the survey see
problems in the field of medical care, and every fifth con-
siders problems in the health care system as personal [4].
All this is compounded by the ongoing medical reform in
the country, the results of which, to date, have received
mixed reviews, both from specialists and from the gov-
ernment and the population.

These reasons lead to attention level growth to the
problem of finding effective ways to use the existing
medical infrastructure and finding directions for its en-
hancement to further improve the living conditions of the
population within the urban development projects.

The object of study in this work are models for
evaluating the effectiveness of using the existing medical
network and finding ways to improve it when implement-
ing urban development projects.

The subject of study is the model of placing a medi-
cal facility task.

The purpose of the work is to build and study the
procedure for solving the problem of placing medical
facilities, considering the existing infrastructure of the
city to fulfill the accessibility requirement. To achieve
this goal, it is necessary to solve the following tasks:

— consider the factors affecting the choice of a medical
institution, choose the most important of them;

— formulate the problem of the placement of medical
facilities, considering the selected factors;

— develop a procedure for solving the problem of
placement;

— evaluate the possibility of applying the procedure for
solving the problem of placement in urban development
projects;

— are models for evaluating the effectiveness of using
the existing medical network and finding ways to improve
it when implementing urban development projects.

1 PROBLEM STATEMENT

A network of health care institutions is a set of city in-
stitutions that satisfy the population’s need for medical
care as a result of the professional activities of medical
workers. The functioning of such a network is performed
considering the requirements of the population in medical
care, its timeliness and accessibility.

Accessibility level — the ability to provide patients
with the necessary range of services of a certain quality
with minimal time spent.

Suppose:

— all residents living in the territory under considera-
tion are potential patients of a medical institution and
form plurality of patients {E} } (k=1LN);

— the specifics of medical services are not considered,
it is believed that the medical center is able to provide any
medical service that the patient needs, but the total num-
ber of services is limited;

— there is a “limit of possibilities” for a medical center,
the value of which depends on the maximum number of

139



e-ISSN 1607-3274 PagioenexrpoHika, inpopmatuka, ynpasminss. 2020. Ne 3
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2020. Ne 3

patients who can be provided with medical services at the
same time;

— the quality of medical services, the reputation of the
doctor, etc., are not considered, i.e. the decision to choose
a specific medical center is affected only by its proximity
to the patient;

— there is no competition for patients within the net-
work.

The network elements — medical centers — are placed
in such a way that the value of the objective function,
which depends on the distances from the medical center
to the location of the patients, is minimal, i.e.

N
G=) d; —>min. (1)
k=1

Given that the level of accessibility will be maximum,
ie.

2B
_ keE,

R -100% —> max ,at > B =Z. )

keE,

Under given conditions, it is necessary to obtain the
coordinates of the medical center.

2 REVIEW OF THE LITERATURE

The strategic goal of state policy in the field of health
is to improve the health stat of the population, increase
the real availability of medical care for all its layers. De-
velopment projects of many cities are aimed at structural,
organizational and functional restructuring of the medical
care system by creating and/or improving the network of
healthcare institutions [3]. In this regard, the goal of de-
velopment projects is to increase the availability of medi-
cal center that provide diverse medical care to the urban
population.

In modern literature, the accessibility of a medical
center is interpreted differently [3], [5], [6], which em-
phasizes the multifactorial nature of this concept, its de-
pendence on objective, subjective, external and internal
factors. In conditions of equal access, considering acces-
sibility as an opportunity to provide the necessary range
of services of a certain quality with minimal time and
money [3], [5], the factor of placement of a medical cen-
ter as a geographical object comes out on top, emphasiz-
ing the relationship between location and medical services
choice [7], [8].

Problem (1) is known in the literature as the P-median
model described in 1964 by S. Hakimi, who suggested
that social institutions should be located so that the sum
of all the distances from demand points to point P (social
service supply points) should be minimal [2].

Given that the medical center is a geographical object
that has certain coordinates (x, y), we will represent the
plurality of patients of the city {Ek} as points of Carte-

sian space and place them on the plane (Fig. 1).
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Figure 1 — Geometric interpretation of the medical center
placing problem

Then the distance d is the distance from the center to

the k-th patient, the value of which can be found as the
length of the segment on the coordinate plane from the
known coordinates of its ends. For example, we find the
length of the segment d; from a right triangle AABC as the

length of the hypotenuse:

d = AC=\(x—x)> +(y=y))* . 3

Substituting the expression (3) in the formula (1), the
objective function will be represented in the form:

il 2 2
G=3{a-x) +(v-y)? >min. (4
k=1

Wherein, it can be assumed that the set of patient co-
ordinates (x;, y;) (k=1,N ) determines the structure of their
settlement, and the obtained coordinates of the medical
center form the structure of the network of medical cen-
ters in the city.

Among the main disadvantages of the multicriteria op-
timization task (4) the following can be noted [2], [8]:

— the high dimensionality of the problem, due to the
fact that the set {E k} is finite, but its capacity can reach

tens of thousands and even millions of units;

— in conditions of urban settlement (possibly uneven),
it is difficult to consider the coordinates of all patients;

— in the statement of the problem (3) there is no con-
cept of the “limit of possibilities” of the medical center,
which leads to a unilateral consideration of the problem;

— in reality (on the ground) the “shortest” roads may
be absent.

The latter was confirmed by field studies [2], [8]: the
real zones of the medical services provision point location
significantly differed from the results obtained using the
model (4). And although it was proposed to adjust the
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results using coefficients that consider transport, social,
political and other factors [6], [8], but this did not help to
solve the remaining problems.

A fundamentally different approach to solving the
problem of the placement of social objects, focusing on
spatial accessibility, was proposed by Yue Zhang et al.
[9]. The authors prove that the choice of the location of
the medical center is primarily affected by the population,
and the level of accessibility (2), in this case, it should be
regarded as the ratio of supply to demand.

Research of I. N. Sener et al. [10] show that the closer
the medical center to the patient is, the more accessible it
is for him. On the other hand, it was proved in [11] that
the more patients assigned to this center, the less accessi-
ble it is for them. Therefore, expression (2) can be repre-
sented as follows:

> Pit?
_ keEy

Nt

)

R -100% .

The choice of the medical center location in (5) is
made from the stipulation of maximizing the demand for
its services, considering the general limit of the possibili-
ties for providing medical services. At the same time, the
travel time determined by the direct relative position of
the patient and the medical center is the main factor by
which the place of receiving medical services is selected
[9], [11]. Given the existing settlement structure and
population, this factor has significant weight. However,
its significance can be offset by other factors. Among
such factors, one can consider the presence of communi-
cation lines and their congestion, the nature of settlement,
the presence of personal transport, the available public
transport routes, etc.

The problem of spatial accessibility cannot be solved
within the framework of the healthcare system alone. It
requires improving the quality and standards of the popu-
lation living, improving and modernizing the transport
infrastructure as a connecting link [6], [12]. Focusing on
the transport infrastructure providing equal access to the
services of the medical center, we assume that the value
of the coefficient B is determined by its parameters, in
particular, the existing roads and their congestion.

Analyzing fig. 1, the numerator of function (5) can be
interpreted as the number of services the medical center
can provide for patients living within a circle with a ra-

dius, the value of which depends on time ! B. In this
case, the denominator can be considered as the number of
patients living within a circle with a radius, the value of
which depends on the time for which the patient will
overcome the maximum permissible distance from the
place of residence to the medical center;

Among the main disadvantages of problem (5), we
note the following:

— an indefinite algorithm for evaluating P and ¢ ;
— lack of explanation in determining the coefficient 3;
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— in the statement of the problem there is no notion of
the medical center coordinates, which makes it difficult to
solve the problem of placement.

Nevertheless, the analysis of solving the problem ap-
proaches allows you to create a set of factors affecting the
placement and choice of a medical institution. These in-
clude:

— the population (as the potential number of patients)
living within the territory, the size of which is determined
by the maximum travel time to the medical center and the
structure of their settlement;

— the number of services that a medical center can pro-
vide for patients in the territory in question;

— the norm of time to overcome the distance between
the patient in need of the service and the medical center
providing the service;

— really existing road junction, roads and their conges-
tion.

These factors must be considered when constructing
the procedure for solving the problem of the placement of
medical institutions.

3 MATERIALS AND METHODS

In accordance with State Building Codes of Ukraine
B.2.2-12:2018 “Planning and development of territories”,
the population of a city district is determined depending
on the housing stock and housing standards per inhabitant
and is calculated according to the formula
NZEZS'Snorm. (©6)

a a

In this case, the demand for the services of a medical
center is determined by the number of people (patients)
living in a certain territory. Denote the area of this terri-
tory as S, . On the other hand, the number of services a

medical center provides for patients residing within a cer-
tain territory is determined by the distance that a patient
travel from home to the center for a given period of time.
The area, the value of which depends on this distance, we
will consider as the area covered by medical services and
denote S, .

Thus, expression (5) can be represented as follows:

R:S—0~100%. @)

n

In this case, task (7) considers the maximum number
of factors affecting the placement and choice of a medical
institution.

The process of solving this problem is presented in the
form of a context diagram (Fig. 2), created on the basis of
the IDEF 0 standard, which shows a generalized process
model, defines a single point of view, subject and purpose
of modeling in accordance with the requirements of cur-
rent standards and norms.

The attributes of the generalized model are:

1. Input data:

— Map of the city;
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— Location of the city microdistricts;

— Coordinates of existing medical centers of the city;

— Congestion of city roads;

— City road map or transport infrastructure;

2. Control:

— Norm of living space per person;

— Normative building density;

— Requirements for the location of the medical center
determined by the current legislation in the field of
healthcare;

— Time standards that determine the necessary speed
of patient delivery to medical center;

— Comparison criteria.

3. Output:

— Evaluation of the availability of existing medical
centers;

— Recommended placements of medical center;

— The list of city areas that did not fall into availability
zone.

It is easy to notice that the attributes of the model
(Fig. 2) contain spatially distributed data, the effective
processing of which is possible by using GIS.

GIS are information systems that allow you to collect,
organize, analyze, distribute spatial information to make
the necessary decisions. Spatial or GIS analysis of multic-
riteria decisions includes a set of methods and tools for
combining geospatial data with the arguments of decision
makers [13], [14]. Given the complex nature of spatial
solutions, we single out a number of functional areas
through which the output data set is formed. We will form
an IDEFO0 model of the procedure for solving the problem
(7) and choosing the location of the medical center using
GIS (Fig. 3). Note that for the convenience of further
analysis and decision making the given IDEF0-model is
provided with a representation of intermediate results in
the form of cartographic models, obtained using the spa-
tial clustering method. This method has received positive
feedback among experts and has proven itself in solving
environmental, social and political problems [12], [13].

The implementation of proposed procedure is possible
by using the ArcGIS software suite by Esri.

ArcGIS is an effective universal solution for simulta-
neous work with the geospatial component, multimodal
network datasets, and powerful tools of analytics, which
helps to perform not only the fundamental spatial analy-
sis, but also to obtain spatio-temporal models on a carto-
graphic basis [12], [15].

When performing the steps, described in the IDEF0
model the ArcGIS Network Analyst extension was used,
which helps to answer questions like the following:

— What is the quickest way to get from point A to
point B?

— Which houses are within five minutes of a medical
center?

— What are live traffic conditions like, and how do
they affect network analysis results?

Public services, municipal and other organizations
benefit from the ArcGIS Network Analyst extension be-
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cause it helps them run their operations more efficiently
and make better strategic decisions [13], [14].

In ArcGIS a network service area is a region that en-
compasses all accessible streets, that is, streets that lie
within a specified impedance. For instance, the 10-minute
service area for a facility includes all the streets that can
be reached within 10 minutes from that facility. The ac-
cessibility parameter refers to how easy it is to go to a
site.

In Network Analyst, accessibility can be measured in
terms of travel time, distance, or any other impedance on
the network. With Network Analyst, service areas around
any location on a network can be found. A network ser-
vice area is a region that encompasses all accessible
streets, that is, streets that lie within a specified imped-
ance. For instance, the 10-minute service area for a facil-
ity includes all the streets that can be reached within 10
minutes from that facility.

One simple way to evaluate accessibility is by a buffer
distance around a point. However, considering people
travel by road, this method won’t reflect the actual acces-
sibility to the site. Service networks computed by Net-
work Analyst can overcome this limitation by identifying
the accessible streets within five kilometers of a site via
the road network. Once created, service networks can be
used to see what is alongside the accessible streets.

4 EXPERIMENTS

The possibility of using the proposed model (7) in
projects for the development of social infrastructure in
Kharkiv was considered. The model was studied while
solving the problem of analyzing the existing system of
providing emergency care in Kharkiv. The following were
used as initial data:

— Open Street Map basemap layers;

— Addresses and names of Kharkiv emergency medi-
cal institutions;

— Data on the city’s road transport network (traffic
congestion, road signs, lane width).

— Vector *.shp layers with the marked boundaries of the mi-
crodistricts of Kharkiv;

— Database of residential buildings storeys number (for cal-
culating the population).

To verify the proposed model, we determined the population
size and the area of the territory where patients live. The
results obtained showed conformity with the data of the
statistical office of the Kharkiv region, which made it
possible to conduct an experiment to study the effective-
ness of the proposed approach in real conditions and on
real objects.

As a result of the experiment, the coverage areas of
emergency care services provided by hospitals in Kharkiv
microdistricts and nearby villages were obtained, as a
result of which it became possible to assess and compare
the level of accessibility of emergency hospitals. The re-
sults obtained showed a low level of logistics in the dis-
tribution of objects of the existing system of emergency
care in the city.



e-ISSN 1607-3274 Papioenexrponika, inpopmaruka, ynpasminss. 2020. Ne 3
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2020. Ne 3

Normative building density

Requirements for the location of

the medical center
——

Criteria of comparison._.,-‘zh—l -

Time standards

Norm of living space per person

Map of the city

Location of the city microdistricts

Congestion of city roads

Coordinates of existing medical centers

City road map or transport infrastructure

N Find a location of a
medical center -

Evaluation of the availabilty of existing medical centers

Recommended medical center locations

The list of city areas that did not fall into the availabilty zone

A0

14

Analyst

Figure 2 — Context diagram process of finding a location of a medical center

Normative building Norm of living Time standards

density space per person
Location of the
cy Cartographic model of settlement
microdistricts
—_— by city districts

Define the requireding

Requirements for the
location of the medical
center

Criteria of comparison

Evaluation of the availability
of existing medical centers

[~

Compare the The list of city areas that did not

Lfequireding and existing

B . fall into the availabilty zone
availability zones !

A3 L

Map of the city he re
availability zone
Al
The area living patients
Population by city district

Cartographic model of city

¥ hospitals location

=

Coordinates of existing 4

. - Medicsl centars .| Define the existing

Congestion of city roads availability zone

City road map or transport
infrastructure

Cartographic model of availability
> zones of city medical centers

Choose the location
of the medical center

S

Recommended medical
center locations

Figure 3 — IDEF0-model of the procedure for solving the problem of placing a medical center in the city

To select possible directions of development, a sce-
nario for correcting this system by changing the location
of some hospitals, considering the population size and the
existing road junction, is proposed.

After the correction, assessments of the level of acces-
sibility of emergency hospitals in Kharkiv were obtained,
indicating an increase in the number of patients who will
receive medical care timely.

5 RESULTS
Consider the problem of analyzing the existing system
of providing emergency care in Kharkiv and choosing
possible directions for its solution.
In accordance with the proposed approach, the first
stage (Fig. 3) of the IDEF0-model is determination of the
necessary accessibility zone of the medical center. The
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implementation of this stage was held in the following
sequence:

1. According to the Kharkiv City Council, Kharkiv is
divided into 56 microdistricts. These microdistricts and
nearby villages serve 17 hospitals for emergency and am-
bulance medical care. Using ArcGIS, we map the regions
and towns under consideration on a map of Kharkiv. Us-
ing the Database “Ambulance Hospital Addresses”, we
will show the location of the hospitals on a map of the
districts and get a cartographic model of ambulance hos-
pitals location in Kharkiv city (Fig. 4).

2. Using Google Planet, we determine the area of the
microdistricts of Kharkiv and adjust them considering the
population of the territory. For example, in the greater
part of Pomerki microdistrict, there is a plot of forest — the
botanical monument “Pomerki”. In this case, the residen-
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tial area of the microdistrict is only 11% (about 13.32
hectares). As a result, the total area of the territory where
patients live (S, ) amounted to 356.46 km?2.

By the formula (6) we find the number of inhabitants
of these districts. Moreover, for districts where the num-
ber of storeys is higher than five S, = 3000 m?/ha, with
one-, two-story buildings, S;om = 1800 m?/ha, for the
mixed development zone S,om = 2300 m?/ha. We will
form the database ‘“Population of the districts of
Kharkiv”, which shows the distribution of 1.419 million
people in the districts.

3. Using ArcGIS, we will construct a cartographic
model of the distribution of residents among the districts
of Kharkiv based on the database ‘“Population of the
Kharkiv districts”, where polygons with a larger popula-
tion are darker, and the least populated areas are lighter
(Fig. 5).

At the second stage (Fig. 3) of solving the objective,
we determine the accessibility zones of existing ambu-
lance and emergency care hospitals. In this case, we will
consider the following.

1. Statistical data (infoportal.ua) of traffic congestion
in Kharkiv shows that during the day the situation on the
roads can change from light (1 point) to heavy traffic
(“traffic jam” — 4 points). An analysis of the congestion of
roads leading to the considered hospitals showed that on

Kharkiv districts

Ambulance Hospital Addresses Database
Coordinates

Hospital A
Kharkiv, Novobovarsky district
Konstantina Kalinina str, 2
Kharkiv, Novobovarsky district
Kontorska str, 41
Kharkiv,. Kiyvsky district
Metrobudyvnykv str, 17
Kharkiv, Nemyshliansky district,
Olimpiyska sfr., 5
Kharkiv, Kiyvsky district,
Pushkinska str, 80
Kharkiv, Kiyvsky district
Cheluskintsev str_, 3
Kharkiv, Slobidskoy district
Olek dra Morozova sir, 18 A

Kharkiv, Osnoviansky distnct
I Sl

axis Y
499500

axis X
361685

362167 499841

363604 49 9668

363091 499517

363356 489530

362632 499043

363669 50,0015

36.1405 499344

Kharkiv, Industrial district

Pirogova sir., 4 36.2235

500164

average the worst situation (“obstructed” — 3 points) is
observed from 8:00 to 9:00, from 12:00 to 13:00, from
16:00 to 17:00. In availability assessment we will con-
sider precisely these time intervals.

2. The existing time standards determine that the pa-
tient must be delivered to the hospital within 10 minutes.
For example, in [16] it is noted that transportation for a
period of more than 10-20 minutes shifts the severity of
the victim up one category. So, a slightly wounded person
within 20-30 minutes of transportation is likely to go into
the category of victims of medium severity. Therefore,
when assessing the availability, we will consider the de-
livery time of 5 and 10 minutes.

3. Under the assumptions made, in ArcGIS Network
Analyst we will create cartographic models of hospital
access zones (Fig. 6). Using the function “service arecas”
(availability zones) for vehicles we define the area of
coverage with medical services (S, ) for the selected time

intervals, considering different transportation times (ta-
ble 1) [12], [17].

At the third stage (Fig. 2), we compare the obtained
results and by using (6) we find the level of accessibility
of emergency hospitals for the selected time period by
vehicles (Table 2).

Ambulance hospitals on the map of the Kharkiv districts

Figure 4 — Cartographic model of ambulance hospitals location in Kharkiv city
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Database "Population of the Kharkiv districts "

—— Area of city Nomative MNom of living Population by city
Districts Narres districs buiing density_| space per person district
Sevema Saltivka 999.80 0001 180 166633
KhTZ 203.00 000. 18.0 33833
Zhyhor 784.90 800. 18.0 78480
4 microdistri 96.60 00 180 100
531 microdistricts 8137 000 0 3561
| 533 microdistri 7447 00 0 2411
522 microdistricts 78.98 000 0 3163
607 microdistrict 8944 00 0 4906
| 606 microdistri 7141 000. 180 11901
602 58.81 000. 180 9801
| 603 microdistricts 57.04 000 180 9508
| 604 microdistricts 76.30 000 18.0 12716
624 microdistricts 56.10 000. 18.0 93
626 microdistricts 59.02 000 18.0 9836
Pomerki 13.3 1800.0 180 1332
Meskalovka 141.79 3000.0 18.0 23631

Figure 5 — Cartographic model of settlement by Kharkiv city

Table 1 — The services of emergency hospitals in the districts of Kharkov and nearby villages coverage area

Norm of patient delivery time, min Time period
8-00 12-00 16-00
5 76.02 km® 65.9 km’ 66.86 km’
10 219.9 km® 211.7 km® 211.01 km®
Table 2 — The level of accessibility of emergency hospitals in Kharkiv
Norm of patient delivery time, min Time period
8-00 12-00 16-00
5 21.33 % 18.49 % 18.76 %
10 61.69 % 59.39 % 59.20 %

The data obtained (Fig. 6) make it possible to find the
districts of Kharkiv and nearby villages that did not fall
into the accessibility zone of the considered hospitals.
Seven districts fell here: Zhyhor with a population of
78,900 people, Pyatikhatki with a population of 9,800
people, Bolshaya Danilovka (6,000 people), Bolshaya
Panasovka (2,934 people), Guty (1,007 people), Novy
Korotich (840 people) and Tyschenky (112 people). Fig-
ure 7 shows how, using the obtained cartographic models,
for the 15-minute drivetime accessibility zone, the regions
that did not fall into the accessibility zone were deter-
mined.

The results obtained are the basis for the analysis of
the effectiveness of the existing medical infrastructure of
the city. However, in the IDEF0 model, the fourth stage is
foreseen, related to the medical center location selection
process.

Based on the results, we assume that it is possible to
change the location of some hospitals, for example, by
organizing a feldsher-midwife station or branch of a hos-
pital to provide emergency medical care. Considering

© Danshyna S. Yu., Nechausov A. S, 2020
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population and existing denouement, three hospitals
“moved” closer to the ring road.

Repeating the second and third stages of the procedure
for solving the placement objective (Fig. 3), new values
were obtained for the coverage area and the level of ac-
cessibility of hospitals (Table 3).

6 DISCUSSION
Summarizing the results, we can draw the following
conclusions. Preliminary estimates of the area of the terri-
tory where patients live (.S, ) and the population (V) ob-

tained at the first stage of the IDEF model do not contra-
dict the data of the Main Regional Statistics Office of
Kharkiv (http://kh.ukrstat.gov.ua/), which indicates a high
reliability of the results. In particular, the error in deter-
mining the value was about 1.8% (upward), in the defini-
tion of N value — 1.7% (downward). At the same time, the
used spatial clustering method depends only on distance,
generates repeatable results, is free from subjectivity and
does not depend on the experience of observers. That is
why, its further application at the second stage of the
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Figure 6 — Cartographic model of availability zones of ambulance hospitals by Kharkiv city

Table 3 — Coverage area and accessibility level of emergency hospitals in Kharkiv after adjusting the location of some of them

Norm of patient de- Hospital services coverage Hospital accessibility level
livery time, Time period Time period
min 8-00 12-00 16-00 8-00 12-00 16-00
5 83.62 km? 75.16 km> 75.45 km> 23.46 % 21.08 % 21.17 %
10 346.14 km? 329.08 km? 329.22 km? 97.10 % 92.32 % 92.36 %

IDEF model is justified and allows us to accept the ob-
tained values of the medical services coverage area (S, ).

We also note that the efficiency and high accuracy of
the spatial clustering method, the wide use of which is
proposed in the IDEF model, is confirmed by foreign
studies conducted in various fields [12], [13]. Thus, the
results can be considered reliable, and such that they do
not contradict international experience.

The results of the study showed unevenness in the re-
settlement and location of existing medical centers. In
particular, the most populated microdistricts are Sever-
naya Saltovka (166633 people), Alekseyevka (100500
people), Nagorny (82850 people), located on the periph-
ery of Kharkov, most of the hospitals providing emer-
gency care are located in the center. These results can be
used to optimize and develop the existing medical infra-
structure and can be the subject of a separate study.

The obtained estimates of the accessibility level also
do not contradict foreign studies [9], [10]: the greater the
coverage of hospitals, the higher their level of accessibil-
ity. However, accounting the existing transport infrastruc-
ture and traffic congestion showed:

— hospitals are most accessible at 8 o’clock in the
morning, least accessible — at 12 o’clock in the afternoon;

— in the same conditions of traffic congestion, an in-
crease in the permissible delivery time increases the cov-
erage area by an average of 3 times;

© Danshyna S. Yu., Nechausov A. S, 2020
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— the maximum coverage area is 219.9 km? (at 8:00
with a patient delivery time norm of 10 minutes).

At the same time, the widespread use of cartographic
data and models made it possible to identify seven dis-
tricts that are not included in the considered zone of ac-
cessibility of emergency hospitals. According to esti-
mates, 98764 residents will not be able to receive medical
care on time, which can also become a separate subject of
research in the context of ongoing medical reform in
Ukraine.

Correction of the network of existing medical centers
on a model, a justified change in the position of only 3
hospitals led to the fact that the coverage area and the
level of accessibility of hospitals increased significantly.
For the 10-minute delivery zone, the access level is al-
most 97%, which significantly increases the number of
people who will get timely medical care.

CONCLUSIONS

The current situation in the field of health has once
again emphasized the need to improve and develop the
medical sphere. Urban development projects should be
aimed at finding effective ways to use the existing medi-
cal infrastructure and identifying areas for its improve-
ment to further upturn the living conditions of the popula-
tion. Therefore, of particular importance and relevance is
the solution to the problem of the placement of medical
facilities.
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The scientific novelty: the method of choosing the
location of the medical center as a geographic object has
been improved, considering the number of patients, who
need the services of the center, transport infrastructure
and road congestion, which, unlike existing ones, allows
making decisions based not only on the shortest distance
from the center to the patient, but also on the level of its
availability.

For the first time, a structure of information
technology for multivariate analysis of a network of city
medical centers is proposed, the use of which in decision
support systems allows to form objective conclusions
based on the results of the implementation of the method
of spatial clustering using GIS technologies.

The practical significance of obtained results has
been proven on a practical example — an analysis of the
existing hospital system for the provision of emergency
medical care in Kharkiv. Based on the assumptions made,
it is shown that the level of access to medical care does
not exceed 62%. As an option to improve the existing
situation, a hypothetical example of improving the exist-
ing medical infrastructure is considered by correcting the
network of existing medical centers and reasonably
changing the position of some of them, which increases
the level of accessibility by 1.5 times.

Prospects for further research — It is advisable to
conduct further research in the direction of managing
medical institution networks nationwide in order to opti-
mize and rationalize the functioning of the medical indus-
try in the country. This will increase the effectiveness of
emergency departments, as well as help optimize the tasks
of transplantology, where time is also a key factor.

This approach allows the most efficient distribution of
budgetary funds for the creation of modern networks of
medical infrastructure and monitoring the effectiveness of
existing networks of medical institutions in order to im-
prove them. It is obvious that geospatial analysis of the
city’s network infrastructure can also be applied not only
in the field of healthcare, but also in any other areas re-
lated to interaction with a large number of people.
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AHOTAIIA

AKTyalbHicTh. PO3rsiHyTO 1pobiemMy pariioHalIbHOTO PO3MILIEHHS MEIUYHUX YCTAHOB HACEJCHOIO MyHKTY. 3alpOIIOHOBAHO
METOJIM OLIHKK e()eKTHBHOCTI BUKOPUCTAHHS ICHYI0Y0T MEIMYHOT MEpeXi Ta MOIIYKY HUIIXIB 11 MOKpalIeHHs IPH peatizallii mpoek-
TiB MiCBKOTO PO3BHUTKY. MeTOI0 poOOTH € T0OyA0Ba i BUBYCHHS MOPSIIKY BUPIMICHHS MPOOIEMH PO3MILICHHS MEAUYHUX YCTAHOB 3
ypaxyBaHHSIM iCHYI0401 iHQPACTPYKTYypH MiCTa IJIs1 BAKOHAHHS BUMOT TOCTYITHOCTI.

Meta. Metoto pobotu € noOy10Ba Ta BUBYCHHS IPOLEAYPH BUPIMICHHS IPOOIEMH PO3MIIICHHS MEIMYHUX 3aKJajiB i3 Bpaxy-
BaHHSM ICHYI0YOI iHQPACTPYKTYpH MICTa JyIsi BAKOHAHHS BUMOT IIO/0 JOCTYIHOCTI.

Meton. ChopmoBano Habip (akTopis, sIKi BIUTMBAIOTH HA PO3MILIICHHS MEIUYHHX YCTAHOB 1 JO3BOJSIOTH MPUNUHITA CUCTEMATH-
YHE 1 paljioHanbHe pillieHHs pKU BUOOPI Micls. 3alpONOHOBAHO METOJ| BUPIIIEHHS NPOOIEMH PO3MILICHHS MEIUYHHUX YCTAHOB, III0
3abe3rneuye MiABUILECHH PiBHS X JOCTYMHOCTI 3 ypaXyBaHHSIM YHCEIBHOCTI HACEIEHHs, HOro MPOCTOPOBOIO PO3MOALTY, iCHYIOUYOI B
HACeJICHOMY IYHKTI TPaHCIIOPTHOI pO3B’sA3KH 1 MPpoOOK Ha poporax. [Ipouenypa BUpIlICHHS 3aBlaHHS NPEICTABICHA Y BUMVIIL MO-
nerni IDEF0. Metox 3acHOBaHHMiI Ha TeoiH(OpMaLiiiHOMY aHalli3i JaHWX, pe3yJbTaTH SKOTO IUIIXOM MPOCTOPOBOI KiIacTepH3awii
MpeCTaBlIeH] y BUMIAAI HaOopy KapTorpadiyHUX MOAenel, CyKyIHICTh KX JO3BOJIsIE COPMYBATH PILLICHHS MPO MiCIle pO3TaIly-
BaHHS. MeTo 103BOJISIE OLIHUTH PIBEHb JOCTYIHOCTI ICHYIOUMX MEAWYHHUX YCTAHOB B HACEJIICHOMY ITyHKTi, CTBOPHTH CIIMCOK MiCIb
JUTs IX MOXKJIMBOTO PO3TAIIyBAaHHS, BUSBHTH PaliOHN MICIIEBOCTI, IIJ0 HE BXOASATH B 30HY JOCTYITHOCTI.

OtpumaHi pe3yabTaTi. YI0CKOHAIEHO MeTOJ] BUOOPY MiCIl PO3TAIyBaHHS MEJUYHOTO LEHTPY, [0 Aa€ MOXIJIUBICTh NPHUIH-
ATTS pillieHb, CHMPAIOYUCh HE JIMIIEe HAa HAWKOPOTILI BiJCTaHI BiJ LEHTPY JIO Mali€HTa, a i Ha piBHI Horo pocTymnHocTi. Bnepuie 3a-
MPOMOHOBAHO CTPYKTYpY iH(popMauiiiHoi TexHonorii 6araroakTopHOro aHaji3y Mepexi MeIUYHHUX LIEHTPIB MicTa Ui CHCTEM M-
TPUMKH MPUAHATTS pilieHs 3a gornomororo ['IC-TexHosoriii.

BucnHosku. [Ipobnema po3MilieHHS! MEUYHHUX YCTAHOB, sIKa MOJISTA€ B IMiABUIIECHHI PiBHS TOCTYITHOCTI 32 PaXyHOK PO3IIUPEHHS
30HH MEIUYHOTO OXOIUICHHS TEPHUTOpii, Ha SKii MPOKMBa€ HACENCHHs MicTa, 3 BUKopuctaHusaM 'IC, Oyna BupimeHa MpakTHYHO i
npexcrasiena y Burisiai monerni IDEFO, sika Bu3Hauae nporeaypy BUpIIIEHHS Mpo0iieMu i BHOOPY MICIS pO3TAaIlyBaHHS MEIMIHOTO
HeHTpy. IIpakTuyHa 3HAYMMICTh OTPHMAHHX PE3yJIbTATiB Oyia JOBEACHA HA MPAKTHYHOMY MpPHUKIAZl — aHaJi3i ICHYIUYOI CHCTEMH
3aKJia/(iB HaJaHHs HEBIIKJIaJHOI MEIMYHOI JOIIOMOTH B XapKOBi.

KJIFOYOBI CJIOBA: piBeHb TOCTYITHOCTI, 30Ha OXOIUICHHS, HACEJICHHS, Yac TOCTaBKH marfienTa, Mmozaenab IDEF0, reoindopma-
IiifHI TEXHOJIOTI1, MepexeBuit anami3, ArcGIS.

YK 51-74:004.021
PEINEHUE IMMPOBJEMBbI PASMEINEHUSA MEJUIIMHCKUX OFBEKTOB B IPOEKTAX PA3BUTHS 'OPOJ0OB

Janmmua C. 0. — xaHza. TexH. HAyK, JOIEHT, JOIEHT Kadeapbl TeoNH()OPMAMOHHEIX TEXHOJIOTUH I KOCMHYIECKOT0 MOHHTO-
punra 3emuu B HannonansHoM aspokocmuyeckoMm yHuBepcurere uM. H. E. JKykoBckoro «XapbkoBCKuil aBUallMOHHBIH UHCTUTYT,
XapbkoB, YKpauHa.

HeuaycoB A. C. — kaHJ. TEXH. HayK, JOLEHT Kadeapbl reoMHGOPMALMOHHBIX TEXHOJIOTMH U KOCMUYECKOI0 MOHUTOPHHIa 3eMIIN
B HaumonaneHoM aspokxocmuueckoMm yHuBepcutere uM. H. E. JKykoBckoro «XappKOBCKHI aBHAIIMOHHBIH HMHCTHTYT», XapbKOB,
Vkpauna.

AHHOTAIUSA

AKTyanbHOCTB. PaccMoTpeHa npobieMa panoHaNEHOTO pa3MeNeH s MeJUIIMHCKIX YIpeKIeHH HaceIeHHoro myHkTa. [Ipen-
JIO)KEHBI METO/IbI OLIEHKH (P (PEeKTUBHOCTH UCHONB30BaHMsI CYIIECTBYIOIICH MEIUIIMHCKON CETH M ITOUCKA MyTeH ee YIIydIIeHUs IpH
peanu3anuy IPOeKTOB TOPOJICKOro pa3BuTHs. Llenpio paboTh SIBIsETCS MMOCTPOCHUE M M3ydYEHHE MOPSIKa PeIeHHs IPOOJIeMBI pa3-
MEIIEHHUs MEJULUHCKUX YUPEXKIECHUN C yUeTOM CyIIECTBYIOLIEN HHPPACTPYKTYPhl FOPO/A IS BBIOTHEHUS TPeOOBaHHUN JOCTYITHO-
CTH.

Leub. Llensio paGoOTHI ABIAETCS IOCTPOCHUE U M3yUEHHE TTOPSIKA PEIICHHs TPOOIEeMbI pa3MEIeHNs] MEANIIMHCKAX YIPEKACHUH
C YYeTOM CYIIECTBYIOMIEH HHPPACTPYKTYPBI TOPOJIa IS BEIIOIHEHUS TpeOOBaHMIT JOCTYITHOCTH.

Metoa. Cdhopmuposan HaboOp GakTOPOB, KOTOPHIE BIUSIOT HA Pa3MelIeHHE MEIUIUHCKUX YUPEKACHUI U MO3BOJISIOT MPUHATD
CHCTEeMaTHYECKOe U palioHANBHOE pelIeHre IpH BeIOope MecTa. [IpensokeH MeTol perieHHs IpoOiIeMbl pa3MEeIeHUsT MeTHIITH-
CKHMX YYpeXICeHHH, 00eCIieyrBalOI¥i OBBIILICHUE YPOBHS WX AOCTYHNHOCTH C Y4E€TOM YHMCIICHHOCTH HACEJEeHHs, e€ro IPOCTPAaHCT-
BEHHOT'O PacHpe/ieNeHus], CYLIECTBYIOMIEIl B HACEIEHHOM ITyHKTE TPAaHCIIOPTHOW pa3BA3KU M NPOOOK Ha poporax. IIpouenypa perue-
HUS 3a7a4d npencrasineHa B Buge mozaenu IDEF0. Merox ocHOBaH Ha reoMH(GOPMALHOHHOM aHAIIM3€ JaHHBIX, Pe3yJIbTaThl KOTOPO-
ro MyTeM MPOCTPAHCTBEHHOW KJIaCTEpH3allM MPEACTaBIEHbI B BUE Habopa KapTorpaguyecKux Mozeneil, COBOKYITHOCTh KOTOPBIX
M03BOJISIET CPOPMUPOBATH PELICHHE O MECTOMONIOXKEHHH. MeToI MO3BOJISIET OLEHUTh YPOBEHb JOCTYITHOCTH CYIIECTBYIOIIUX MEIH-
LUHCKUX YUIPEXKICHUH B HACETEHHOM ITyHKTE, CO3MaTh CITMCOK MECT UL UX BO3MOXHOTO PACIIOIOXKEHNUS, OOHAPYKUTh paliOHBI Me-
CTHOCTH, HE BXOJSILUE B 30Hy JOCTYIHOCTH.
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IloayueHHble pe3yabTaThl. Y COBEPIICHCTBOBAH METOJ[ BEIOOpAa MeCTa PACIOJIOKCHHS MEIHMIMHCKOTO IICHTpA, JAIOINN BO3-
MOJXKHOCTb NPUHATHS PELICHUH, OCHOBBIBAsICh HE TOJBKO Ha KpaTyaillleM pacCTOSHUM OT LIEHTpPa JI0 MAIKeHTa, HO U HA YPOBHE €ro
JIOCTYITHOCTH. BriepBble MpeiokeHa CTPYKTypa WH(POPMAIIMOHHOW TEXHOJOTHH MHOTO(AKTOPHOTO aHaiM3a CETH MEIUIIMHCKUX
LEHTPOB rOPOAA AJIsl CUCTEM MOLAEPKKU MPUHATHA perteHuii ¢ momomsio ' UC-texHonoruii.

BriBoanbl. [IpobieMa pasMenieHnss MEIUIMHCKUX YUPEXKICHUH, KOTOpas 3aKII0YaeTcsi B MOBBIIICHUH YPOBHS JOCTYIHOCTHU 32
CYET pacUIMPEeHHUs 30HBl MEIULIUHCKOTO OXBaTa TEPPUTOPUH, Ha KOTOPOW MPOXKHUBAET HAcelIeHUe ropona, ¢ ucnonb3oBanuem ['MC,
ObLTa perieHa MpakTUIeCK U npeacTapiena B Bune monenu IDEF0, koTopas onmpeaessieT mpoueaypy peteHus mpoodaeMsl U BeIOOpa
PacCIIONOKEHUS MEAUIIMHCKOTO IeHTpa. [IpakThdeckas 3HAYMMOCTh IMOMYYCHHBIX PE3yJIbTaTOB ObLIA JTOKa3aHA HA MPAKTHICCKOM
NpUMepe — aHaJIN3e CYILIECTBYIOIIEH CUCTEMBI YUPEKICHUN OKa3zaHHsI HEOTJIOKHONW MEJIUIUHCKON MOMOIIM B XapbKOBE.

KJIIOYEBBIE CJIOBA: ypoBeHb TOCTYHOCTH, 30Ha OXBaTa, HACEJIEHHEe, BpeMs JOCTaBKHU nauueHta, mozaens IDEF0, reoun-
(hopMaIMOHHbBIC TEXHOJIOTUH, CeTeBOU ananu3, ArcGIS.
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