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The subject of study in this article is the process of analyzing infrastructure objects for waste management.
The current article increases the objectivity of waste management infrastructure objects estimated by develop-
ing a model and method of information technology for analyzing several indicators of these objects based on
the use of spatially distributed data. Objectives: to analyze the key factors affecting the waste management in-
frastructure (WMI) to select possible ways to improve the efficiency of its functioning; to develop a model of
the WMI objects analyzing process, which determines the structure of information technology for analyzing
several indicators of these objects using spatially distributed data; to improve the method of identification and
verification of data about WMI objects. The following results were obtained. An approach to the estimation of
WMI objects based on set-theoretical and functional modeling of the process of analyzing these objects is pro-
posed. The method for identifying and verifying data about WMI objects has been improved, based on consid-
ering them in the form of geographical objects, considering current cartographic and satellite data, which, in
contrast to the existing ones, will allow an objective assessment of their compliance with legal and construc-
tion standards. For the first time, the structure of information technology for analyzing several indicators of
WMI objects is proposed, the use of which in decision support systems will make objective judgments about the
existing infrastructure based on spatial data using geoinformation systems. Conclusions. The results of the
bibliographic research confirmed that effective monitoring of WMI objects to ensure compliance with legisla-
tion in the field of waste management is extremely difficult. This process requires the development of special-
ized models and methods focused on the use of geoinformation systems for their implementation in decision
support systems. Scientific and methodological support of information technology for analyzing several indica-
tors of WMI objects has been developed. Its usage in the tasks of estimating the state of the corresponding ob-
jects of the Kharkiv region confirmed that many of them do not meet the existing legal and building require-
ments, which requires close attention to the problem of waste management and the development of appropriate
management decisions.

Keywords: model of information flows of the process; the IDEFO model; a multidimensional database; the
method of identification and data verification; satellite imagery; the data flow model.

ing to the UN World Meteorological Organization, in
2020 the climate crisis "was constantly intensifying".

Introduction

The concept of sustainable development, formed
by the United Nations (UN), has become a guiding prin-
ciple in the modern world. Sustainable development —
development that fosters prosperity and economic op-
portunities grow increased well-being and environmen-
tal protection — offers the most optimal way to improve
the lives of people around the world [1]. However, in
developing countries, especially in industrial cities with
significant population growth, uncontrolled urbanization
occurs, which negatively affects the ecosystem as a
whole [2]. So, the climate problem remains the main
agenda of the largest countries of the world, which is
confirmed by the results of the International Summits of
world leaders on climate change held in 2021. Accord-

The temporary reduction in carbon emissions due to
isolation in many countries did not have a noticeable
effect on atmospheric concentrations of greenhouse gas-
es [3]. The desire to reduce them once again drew atten-
tion to the issues of handling household waste, which in
the modern world still remain a big problem.

In order to create conditions for raising living
standards of the population, it is necessary to systemati-
cally analyze the problem of waste management, exam-
ining the objects of the existing infrastructure, identify-
ing its shortcomings and developing possible ways for
improvement. In this regard, geographic information
systems (GIS) open up new opportunities associated
with the collection of data on waste management facili-
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ties, their identification, verification for compliance
with legislative requirements, etc. Understanding the
dynamics of land cover changes and the ability to pre-
dict land use is an important source of information for
making management decisions [2, 4, 5]. However, this
is where the potential of GIS is not fully used: they are
not considered as an effective means of helping to make
informed decisions in the tasks of waste management in
accordance with the requirements of land management,
cadaster, environmental protection, etc. There is a need
for the development of specialized models and methods,
oriented to the use of GIS, for their implementation in
decision support systems in the field of waste manage-
ment [4 - 6].

1. Analysis of publications
and problem statement

Considering municipal solid waste (MSW) as
waste that is generated in the process of human life and
activities (except for waste associated with the produc-
tion activities of enterprises), Art. 1 of the Law of
Ukraine dated 5.03.1998, No. 187/98 VR, MSW man-
agement defines how actions aimed at preventing waste
generation, collection, transportation, sorting, storage,
processing, recycling, disposal, neutralization and buri-
al, including control over these operations and supervi-
sion of disposal sites [7]. In this regard, the waste man-
agement infrastructure is a complex structure that im-
plements operations for collection, transportation, stor-
age, sorting, processing, utilization and disposal of
waste [7 - 9]. To understand the key factors affecting
the successful functioning of this structure and the im-
plementation of waste management operations, as well
as to identify possible ways to improve its efficiency,
we will use the selective method of bibliographic re-
search. The ScienceDirect database
(https://mww.sciencedirect.com) has been selected as a
bibliographic source; the selection of scientific publica-
tions was carried out on the basis of the key features
"solid waste" and "GIS" for the period from 2011 to
2021.

The analysis of the results of the bibliographic re-
search shows a constant interest in the problem of waste
management among scientists from all over the world,
who are actively looking for ways to solve it. This prob-
lem has become especially urgent since 2019; by 2020
the number of publications on this topic has almost
doubled and tends to increase (fig. 1).

The dominant method of waste management is its
storage in municipal solid waste and landfills, as the
main elements of the waste management infrastructure
(WMI). This is the reason that most of the publications
(31%) are devoted to solving the problem of improperly
disposing of municipal solid waste, justifying the clo-

sure of unlicensed landfills, rebuilding old landfills or
creating new infrastructure for solid waste management
(D. A. Colvero at etc. [5]), etc. In the context of global
waste generation, placing landfills in inappropriate
places negatively affects the ecosystem as a whole
(I. Kamdar at etc. [10]). At the same time, the imple-
mentation of the concept of sustainable development
leads to the multi-criteria task of a decision making on
the formation of WMI that considers environmental,
economic and social factors (S. Rahimi at etc. [11]).
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Fig. 1. Bibliographic search results: distribution
of publications with key characteristics among more
than 900 publications, sorted by relevance

29% of the analyzed works focus on the task of op-
timizing the collection and transportation of solid waste.
However, at present in Ukraine the task of optimizing
the waste collection and transportation system is not
considered, and its successful solution essentially de-
pends only on the experience of truck drivers involved
in garbage removal [12].

Almost every eighth analyzed publication deals
with the impact of solid waste on the environment. An
ecologically dangerous situation is typical, which in-
creases in the places where landfills are located, causes
discontent of the local population, due to the fact that
improper use can cause deterioration in the quality of
drinking water, atmospheric air, sanitary and hygienic
state of agricultural soils [12, 13]. It has been estab-
lished that the influence of the landfill extends beyond
the sanitary protection zone, therefore, it is necessary to
improve the system of its monitoring with the obligatory
consideration of the impacts on the adjacent territo-
ries [10, 11].

A possible solution to the problem of waste man-
agement can be the creation of a solid waste manage-
ment system. An insignificant percentage (5%) of re-
search, which tends to increase, solves the problem of
optimizing the location and area for sustainable waste
collection, justifies the creation of an effective system
for the provision of municipal services, heuristically
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confirms the reduction of waste collection costs when
performing environmental and social requirements
(S.M. Darmian, at etc. [14]).

Note that regardless of the aspects of the problem
of waste management considered, the results of biblio-
graphic searches confirm the following. Effective moni-
toring and enforcement of legislation is difficult due to
the large size of the geographical areas that need to be
monitored, the limited amount of human and financial
resources available to environmental and law enforce-
ment agencies, which requires the introduction of new
approaches and methods [14 - 16].

Thus, the purpose of the article is to increase the
objectivity of assessing waste management infrastruc-
ture objects by developing model and method of infor-
mation technology for analyzing several indicators of
these objects based on the use of spatially distributed
data.

2. Information flow model of WMI
object analysis process

In Ukraine, despite some progress in solving the
waste problem, the waste management strategy remains
unformed. At the same time, according to experts, one
should speculate less about the extreme nature of the
situation, not to solve problems by an emergency route,
but, based on strategic goals and international verified
experience, introduce a systematic approach to the anal-
ysis of the problem of waste management, to the for-
mation of appropriate infrastructure and the creation of
a pragmatic national policy in this area [7, 12].

A widespread way of handling household waste in
the world is its removal and disposal at municipal solid
waste and landfills. In this regard, Ukraine is no excep-
tion, and the situation is further complicated by the fact
that this infrastructure for handling solid waste in
Ukraine is in a “rudimentary” condition (fig. 2). That is
why, more and more often projects being implemented
are aimed at identifying and monitoring authorized and
spontaneous storage sites for solid waste based on open
data [16].

A good example of such projects is the interactive
map of the Ministry of Ecology and Natural Resources
of Ukraine — geoportal "Ecomapa”, the main function of
which is to inform users about the situation with waste
management. However, the data indicated here contra-
dict other official data, for example, data from the Min-
istry of Regional Development, Construction, Housing
and Utilities, Departments of Ecology and Natural Re-
sources, etc. [7, 12]. Thus, it can be noted that today the
identification and analysis of storage sites for solid
waste, as objects of WMI, by the available methods is
associated not only with large time and financial costs;
the results obtained with their help are contradictory.
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Fig 2. Distribution of solid waste (in%) in the waste
management infrastructure in the European Union
and Ukraine (according to work [12])

Using the approaches proposed by the authors (for
example, in [17 - 19]), we conceptually represent the
process of analyzing WMI objects in the form of a mod-
el of its information flows:

|_Pr=(V,Z,¢,A0,v), (1)

where V ={vq,V5,V3,V,} —a set of input data required
for the analysis of WMI objects;

Z={24,2,,...24} — a set of documents regulating
the process;

¢ — update function;

A={a;,a,} — a set of operations that implement

the process;
O ={04,0,,03} —a set of output data of the process

under consideration;
y — an output function, that generates an output data.

A set V in model (1) constitute the following ele-
ments: vi — geoportal “Ecomapa” data; v, — satellite
images of WMI objects; v; — data of the Public Cadas-
tral Map; va4 — basemap.

The internal content of information flows of the
process of analyzing WMI it is standardized by a num-
ber of documents, which spell out the requirements for
these objects, the rules for their placement and opera-
tion. Also, given that scientific and methodological sup-
port of information technology is being developed, set Z
— a set of documents regulating the process, combining
elements: z; — requirements for the database of waste
management infrastructure objects; z, — table of decryp-
tion sing of objects; zz — requirements of the Building
Code “Landfills for solid household waste. Basic provi-
sions" (BC B.2.4-2-2005); z4 — requirements for carto-
graphic models of waste management infrastructure.

A set O in model (1) form: o, — database of waste
management infrastructure objects; o, — results of ana-
lyzing several indicators of waste management infra-
structure; o3 — thematic cartographic models of waste
management infrastructure.
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For ease and correctness of perception, the model
of information flows of the process under consideration
let's represent graphically 1_Pr. Using the methodology
of functional modeling IDEFO, we represent the set-
theoretic form of the I_Pr model in the form of a context
diagram, the ICOM-codes of which are defined by the
sets:

V ={v1,V2,V3,Vy}, Z2={2,25,... 24}
and
0 ={01,0,,05} (fig. 3) [17, 18].

Executing the update function - displaying the
view [18, 19]:

©:VxZ—>V )

associated with the refinement of input data depending
on the requirements of regulatory documents, i.e. ele-
ments of the set V upon arrival of the requirements of
the set Z can be changed, updated and corrected within
the process (1). For example, from all the data about
WMI objects received from the “Ecomapa” geoportal,
when implementing the function ¢, that information is
extracted that is necessary to fill the database in accord-
ance with the requirements of z;. Satellite images are
decrypted in accordance with the table of decryption
signs for the objects under consideration z,, which
makes it possible to refine and verify the data of the
“Ecomapa” geoportal, etc.

We will form a set of operations of the process
|_Pr. It is defined by the elements a; — verify data on
waste management infrastructure objects; a, — evaluate
infrastructure objects for compliance with requirements.
Then, after executing the function ¢ to refine the input
data, the implementation of the process |_Pr defines the
display of the view [19]:

y:AxV >0, 3)

Requirements for a database of waste
management infrastructure objects

Table of decryption sing of objects

which uniquely sets the sequence of operations of the
set A and allows you to form the outputs of the process
depending on the inputs V ={vy,V,,V3,V,} and opera-
tions performed A ={a;,a>}.

To define the type of display (3) in accordance
with the rules formed in the work [17], we define the
function in a table y (Table 1).

In table 1, each row corresponds to one operation
aj (j=1,2), and the column is one valid input element of

the set v, (n=1,2,...,4). The cell at the intersection of a
row and a column contains an operation a;, the execu-

tion of which occurs when an element arrives at the in-
put v, , and the output element o, (m=1,2,3), which
will appear when the operation is performed a;. For
example, upon receipt of an input v to get the output o
during operation a, output oy is required, obtained as a

result of the operation a; by summarizing input data v,
V2 and vs.

Table 1
Exit Function Tabular View (3)

. Input elements of the set V
Operation
Vi V2 V3 V4
a1 3.1|01 8.1|01 8.2|01 -
a2 - - 2|02 2|03

For clarity and ease of perception of information
flows and process operations |_Pr while observing the
severity and formality of the presentation, we will de-
pict table 1 as IDEFO model (fig. 4) [18, 19]. In it, as a
means to perform operations A={a;,a,} GIS is con-

sidered, and the spatial analysis (or GIS analysis) of
multicriteria problems solved with its help contains a set
of methods and tools for combining geospatial data with
the arguments of decision makers [18].

Requirements for cartographic models

Requirements of the Building
Code

Database of waste management

Geoportal “Ecomapa” data

Satellite images of waste management
infrastructure objects

Data of the Public Cadastral Map

Basemap

> Analyse objects of waste
management infrastructure -

infrastructure objects

Y

Results of the analysis of the waste
management infrastructure

Thematic cartographic models of
waste management infrastructure
A0 >

Analyst

Geoinformation
system

Fig. 3. Graphical representation of the model |_Pr the process of analyzing
objects of waste management infrastructure
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Table of decryption

Requirements for a database of waste ) :
sing of objects

management infrastructure objects

Geoportal
“Ecomapa” v v
data

-
-

Satellite images of waste
management infrastructure

Verify data on waste

Requirements of
the Building Code

Requirements for
cartographic models

Database of waste management
infrastructure objects

Y

objects management infrastructure

objects

Y

Data of the Public 0 Al

Cadastral Map

Results of the analysis of the waste
management infrastructure

*| Evaluate infrastructure objects for

Basemap

=  compliance with requirements

A2

Thematic cartographic models of waste

Analyst

Geoinformation system }

management infrastructure

Fig. 4. IDEFO process model as a structure of information technology for analyzing several indicators
of waste management infrastructure objects

Note that the resulting IDEFO model, in accordance
with the requirements of the functional modeling meth-
odology, determines the structure of the information
technology of analyzing several indicators of WMI ob-
jects.

3. Method for identifying and verifying
data about WMI objects

An important stage in the creation of any products
based on remote data, digital models of cities and their
infrastructure is their verification or quality assess-
ment [2]. So, IDEFO model as the initial stage of the
process defines operation a1 — WMI objects data verifi-
cation (fig. 4). In traditional methods, when identifying
and defining the characteristics of WMI objects, they
are considered as points located in space (on the
ground), data about which are taken from land man-
agement documentation. In contrast, in the IDEFO mod-
el, WMI objects are considered as geographic objects
with their coordinates, area, complex geometric shape,
which interact with other geographic objects, spatial
data about which are extracted from several sources.

In table 1, the sequence of data receipt at the input
of operation a; is determined. In accordance with the
requirements of the 1SO 9000: 2005 standard, the meth-
od of their processing and verification to obtain the first
output o; involves the implementation of the following
stages.

Stage 1. In accordance with the requirements of z;,
form a database template (fig. 5), defining its multidi-
mensional structure as the union of the elements of the

sets along the planes [20], considering the only inputs
Vi1, Vo, V3 Operation aj.

It should be borne in mind that, depending on the
goals of the analysis, examining the elements of the set
V of the model (1), form a set of indicators for evalua-
tion, supplement and expand the database template,
which is provided by the implementation of the update
function (2).

Stage 2. Using the data of the geoportal "Eco-
mapa" (v1), determine the elements of the multidimen-
sional database in the corresponding plane, which is
formed by the union of sets (fig. 5):

BDgep=BUWCUDUEUF, (4)

where B={b: b — location of the WMI object};

C={c: ¢ — the coordinate of the WMI object along
the x-axis};

D={d: d — the coordinate of the WMI object along
the y-axis};

E={e: e — WMI object area};

F={f: f — WMI object intended purpose}.

Stage 3. Using the data of satellite images (v2), in

accordance with the requirements of z, find the ele-
ments of the database sets that are formed by the union

(fig. 5):
BDg () =B'(t;) W G(t;)) W C'(t) v )
UD'(t)) VEL () VEL (L),
where the set B is transformed into the set B’(ti))={b’(t}):
b’(ti) — a snapshot of the location of the WMI object at
the moment in time ti};
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Data of Public Cadastral Map

MiKiCTepCTBo 3ax1CTy AOBKIAMA Ta NPUPORHYX pecypais Vipain

Satellite Images Data

IHTepakTuBHa Mana_

Fig. 5. Three-dimensional representation of the database, considering the time intervals
for the identification and analysis of WMI objects from satellite images

G(t)={g(t:): g(t;)) — availability of environmental pro-
tection means at the WMI object at the moment in
time t;};

C’(t)={c’(ti): ¢’(ti) — refined WMI object coordinate
along the x-axis at the moment in time t};

D’(t)y={d’(ti): d’(t;) — refined WMI object coordinate
along the y-axis at the moment in time t};

E1(t)={ei(ti): ei(ti) — the area occupied by waste at
the WMI object at the moment in time ti};

Ea(ti)={e2(ti): ez(ti) — total area of the WMI object B
at the moment in time ti}.

It should be noted that the processes of waste man-
agement are dynamic: the state of the WMI objects and
the MSW stored there, as well as the state of the envi-
ronment, change. [4, 9]. Therefore, the v, data must be
updated, considering them with a certain step in time. t;

(i=1,N). This circumstance leads to the fact that a
relational database obtained by combining planes (4)
and (5) becomes multidimensional, containing data for a
certain observation period.

Stage 4. After clarifying the data on satellite images
(v2), correct the elements of the sets C and D of the da-
tabase (4) according to the rule, which, for example, for
the set C, has the form:

C=(CAC)U(C\C). (6)

This refinement occurs once, since it is assumed
that the coordinates of the WMI objects do not change
over time (or their change is not significant).

Stage 5. Using the data of the Public Cadastre Map
(vs3), find the elements of the database sets that are
formed by the union:

BDpcem (ti) =H(ti) O K(t) W L(t) VR (), (7)

where H(t)={h(t): h(t) — the distance from the WMI
object to the objects of housing and communal devel-
opment at the moment in time ti};

K(t)={k(t): k(t;}) — distance from the WMI object to
water bodies at the moment in time ti};

L(t)={I(t;): I(t) — distance from the WMI farmland
object at a point in time t;};

Fa(t)={fi(t): fi(t)) — type of WMI object at the mo-
ment in time t;, fi(t)) e{active, recultivated, status is not
defined}}.

Thus, based on the requirements of the
ISO 9000:2005 standard, which determines that the
truth of data should be confirmed by practice or not con-
tradict known facts, the initial data vi is refined and
corrected according to data v» (data from satellite imag-
es considered as a practice) and vs (data Public Cadas-
tral Map that are interpreted as known facts). As a re-
sult, the first output o1 is obtained — a database of WMI
objects. Note that the developed model of information
flows of the process of analyzing WMI objects and the
method of their identification and verification are the
main elements of the scientific and methodological sup-
port of information technology for multicriteria analysis
of WMI objects.
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4. Analyzing indicators of WMI objects
in the Kharkiv region

Let us consider an example of the application of
the developed scientific and methodological support in
the tasks of analyzing several indicators of WMI objects
of the Kharkiv region for compliance with local build-
ing codes. Having highlighted the main structural ele-
ments of a multidimensional database, in accordance
with stage 2, according to the data of the geoportal
"Ecomapa” for the Kharkiv region, they a base BDge,

was formed, which combined information on 74 objects
of solid waste storage. In the next step, relying on the
data of BDg, . satellite images of these objects were
found by coordinates.

During the formation of the BDg base elements,

images of WMI objects were loaded with the corre-
sponding georeferencing files, the coordinates of the
objects and their areal characteristics were refined. Note
that at this stage, considering the decryption signs from
the set z1, only 56 objects were found (fig. 6): the coor-
dinates of some objects pointed to agricultural land or
residential areas, two objects, according to the geoportal
belonging to the Zolochevsky district administration,
are located on the territory of the Belgorod region. For
undetected WMI objects, the corresponding marks have
been entered into the BDg,, database.

Fig. 6. WMI object detection by satellite imagery:
1 - WMI object is not defined;
2 — WMI object is defined

Also, according to the images for each WMI ob-
ject, the presence of environmental protection means
was determined. (fig. 7).

Lack of environmental protection
means

Presence of environmental protection
(fence, embankment, plantings, etc.)

Fig. 7. Determination of environmental protection
means at WMI objects from satellite images

At the final stage, using the data of the Public Ca-
dastral Map, the BDpcy, database was formed and

filled out.

Thus, using the method of identification and veri-
fication the WMI objects data for the considered mo-
ment in time, a database was formed, which can be ex-
panded and supplemented using actual images of WMI
objects and information from other sources. The use of
the obtained base in the tasks of analyzing several indi-
cators of WMI objects showed that most of the storage
facilities for solid household waste do not comply with
local construction standards, in particular:

- almost 80 % of the locations of the analyzed ob-
jects do not meet the standards for distances to agricul-
tural land and water bodies;

- slightly more than 40 % do not meet the stand-
ards for distances to residential buildings;

- 23 % do not have appropriate environmental pro-
tection structures (fig. 7);

- about 70 % of land plots do not have an appro-
priate designated purpose and should not be used for
storing household waste.

The results obtained confirm the need for close at-
tention to the problem of waste management and the
development of appropriate management decisions, for
example, aimed at engineering equipment of WMI ob-
jects in order to reduce their impact on the environment,
certification, etc.

Conclusions

The results of the conducted bibliographic search
showed that effective monitoring of WMI facilities in
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order to ensure compliance with legislation in the field
of waste management is extremely difficult for a num-
ber of reasons [14 - 16]. This requires the development
of models and methods that use spatially distributed
data and are focused on the use of GIS for their imple-
mentation into decision support systems.

Supporting the ideas of works [11, 14] about creat-
ing an effective system of waste management, the re-
sults of the work are aimed at obtaining objective as-
sessments of the state of WMI objects, based on set-
theoretical and functional modeling of the process of
analyzing these objects. Unlike work [10], where for
formation (improvement) of WMI expert assessments
are used, the improvement of the method for identifying
and verifying data about WMI objects will allow to ob-
jectively assess their compliance with legal and building
requirements. This is possible due to the consideration
of WMI objects in the form of geographic objects, con-
sidering relevant information from not only online por-
tals and government agencies, but also current carto-
graphic and satellite data.

For the first time, the structure of information
technology for WMI objects analysis is proposed, which
is based on indicators defined by legal and building re-
quirements and allows controlling entire districts and
regions. The developed scientific and methodological
support allows its implementation in decision support
systems to obtain objective conclusions about the exist-
ing infrastructure based on spatial data using GIS. It can
become an additional tool for promoting the “Smart
city” concept, considered in [2], by integrating satellite
data to increase the resilience of the environment and
society to anthropogenic impact.

Future research directions

Further research should be aimed at solving the is-
sues of processing, interpretation and visualization (es-
pecially with the help of thematic mapping) of the ob-
tained data about WMI objects for the analysis of in-
formation and the development of appropriate control
solutions.
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THOOPMAIIAHA TEXHOJIOTISI AHAJII3Y
OB’€EKTIB IHOPACTPYKTYPHU IIOBO/J’KEHHS 3 BIIXOJAMMU

C. 0. /lanuwuna, A. C. Heuaycos, C. M. Anopees, B. O. Uepanoecovkuit

IIpeameTrom oCIiKEHHST B CTAaTTI € Hpolec aHai3y 00’€KTiB iH(PaCTPYKTypH TOBOMKEHHS 3 BiAXOHAMHU.
MeTo10 CTATTI € MiABUIIEHHS 00 €KTUBHOCTI OI[IHOK 00’€KTIB iHPPACTPYKTYpH MOBOPKEHHS 3 BIAXOAAMH HUIIXOM
PO3pO0IIeHHsT MOJieNTi Ta MeTo/ia iH(GOPMAIIIHOI TEXHOIOT1] aHaNi3y IIMX 00’ €KTIB Ha OCHOBI JEKIJIBKOX MMOKA3HUKIB
3 BUKOPHCTAHHIM MPOCTOPOBO-PO3IOAUICHUX MaHUX. 3aBJaHHA: MPOAHATI3YBaTH KIIOYOBI (haKTOpH, SIKi BILTHBA-
10Th Ha 1H(pacTPYKTYpy noBomkeHHs 3 Bigxonamu (II1B) mwis BUOOpy MOXKIMBHX HANPSMKIB IMiABUIICHHS e(EeKTH-
BHOCTI 11 ()yHKIIIOHYBaHHS; po3poOUTH MOJelb npoliecy anamnizy 06’ extiB IT1B, mo Bu3Hauyae ctpykrypy iHpopma-
LiHOT TEXHOJOTIT aHal3y 00 €KTIB HA OCHOBI JAEKIIBKOX MOKa3HUKIB 3 BUKOPUCTAHHSM MTPOCTOPOBO-PO3MOIIICHHX
JIAHUX; YOCKOHAIUTU MeToq inenTudikamii ta Bepudikaiii ranux npo o6’extu II[1B. OTpumaHo Taki pe3yabTaTu.
3anpornoHoBaHo Mmijxij 10 ouiHoBaHHs 00’ ekTiB I[1B, skuii 6a3yeThcsi HA TEOPETUKO-MHOXKHMHHOMY Ta (DyHKITIOHA-
JIFHOMY MOJIENIOBAaHHI MPOIeCy aHaii3y 00’€KTiB. Y IOCKOHAIEHO MeTOX imeHTH]ikalii Ta Bepudikarii JaHUX PO
00’extu II1B, sKiif 3acHOBaHa Ha iX PO3TIIAAL SIK reorpadigHux 00’€KTIB 3 ypaxyBaHHSIM aKTyaJbHHX KapTorpadid-
HUX 1 CyITyTHUKOBHX JaHUX, IO Ja€ 3MOTY 00’ €KTHBHO OI[IHIOBATH IX BiAIIOBiIHICT PAaBOBHM i1 OymiBETHHUM HO-
pMam. Ymepiie 3ampornoHOBAaHO CTPYKTYpY iHGpopmamiitHoi TexHomorii aHamizy 00’ekriB IIIB Ha OCHOBI KiTbKOX
TIOKAa3HUKIB, BUKOPUCTaHHSA SKOi B CHCTeMaxX IIATPUMKH TNPUHHATTS pilleHb HagacTb 3MOTY CQOpMyBaTH
00’ €KTHBHI BICHOBKH IIPO iCHYIOUY iHPPACTPYKTYPY, IPYHTYIOUNCHh Ha IMPOCTOPOBHX JAaHUX 3 BUKOPHCTAHHSM TI'€O-
iHpopMmaliiHux cucteM. BucHoBku. Pesynbratu 6i0miorpadidHOro MOIIYKY IMiATBEP/UKYIOTh, IO €QEeKTHBHUI
MoHiTopuHT 00'exTiB IIIB mst 3a6e3medeHHs: JOTpUMaHHA 3aKOHOABCTBA y cdepi MOBOHKEHHS 3 BIAXOAaMH BKpai
yckmagHeHo. e Bumarae po3poOiieHHs creniani3oBaHuX MOENeH 1 METOiB, OpIEHTOBAHUX Ha BUKOPHCTAHHS T'eOi-
H(pOPMAIIfHAX CHCTEM, IUISI BIPOBA/DKEHHS X y CHCTEMH MIATPUMKH TPUHHATTS pimieHb. Po3poOiieHo HayKoBO-
MeToaHuHe 3a0e3nedeHHs iHbopMaliitHoi TexHoorii ananmisy 06'ektis ITIB Ha OCHOBI KibKOX MOKa3HHMKIB. Moro
BHUKOPHCTAHHS Y 3aBJIAHHSAX OI[IHKU BiAMOBITHUX 00’€KTiB XapKiBCbKOI 00JMACTi MiATBEPAMIO, M0 6araTto 3 HUX HE
BiIMIOBiAIOTHh TIPAaBOBHUM 1 OyaiBenbHUM HopMam. Lle moTpeOye mumbHOT yBaru 10 mpoOIeMH MOBOMKEHHS 3 BiIXO-
JaMH Ta BUPOOJICHHS BiIMOBITHUX YIPABIiHCHKHUX PIillICHb.

Karwuosi ciioBa: mozens inpopmarliiitnux nmotokis mporecy; IDEFO monens; 6araroBumipHa 6a3a nanux; me-
TOI iAeHTU]IKaIl] Ta Bepudikamii JaHUX; CyITyTHUKOBI 3HIMKH.
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NHO®OPMAINIMOHHASA TEXHOJIOT U AHAJIN3A
OBBEKTOB UHOPACTPYKTYPbI OBPAIIIEHUA C OTXOJAMU

C. IO. Janwuna, A. C. Heuaycos, C. M. Anodpees, B. O. Yepanoeckuii

IIpeameTom n3ydeHUs B CTaThe SBISETCS MPOLECC aHATN3a 00BEKTOB MHPPACTPYKTYpPhI OOpaIleHus ¢ OTXO-
namu (M1OO). Lenablo craTbu sBIISETCS MOBBIIIEHHE OOBEKTHBHOCTH OIeHOK 00bekToB OO myrem pa3paboTku
MOJIETIM U METoJ]a MHQOPMAIMOHHON TEXHOJOTHUH aHalu3a 3THX OOBEKTOB Ha OCHOBE HECKOJIBKHX ITOKa3aTelel
UCIIONIb30BAaHUEM MPOCTPAHCTBEHHO-PACIIPECICHHBIX JTaHHBIX. 3aJauM: MMPOaHAIM3UPOBATh KITIOYEBHIE (PAKTOPHI,
rusttorne Ha MOO i BeIOOpa BO3MOXKHBIX HAIlpaBJiICHHH TOBBIIEHNS d((GEKTUBHOCTH €€ (YHKIMOHUPOBAHHUS;
pa3paboraTh MozeNb npoliecca aHanu3a o0bekToB OO, onpenensionyo cTpyKTypy HHOOPMAaIIOHHONW TEXHOJIO0-
TMM aHaliM3a JTUX OOBEKTOB HA OCHOBE HECKOJIBKMX IMOKa3aTeldeld C HCIOJIBb30BaHUEM NPOCTPAHCTBEHHO-
pacIipe/ieieHHbIX JaHHbIX; YCOBEPIIEHCTBOBATh METO] MJCHTH(HKAIMKM W Bepu(HKAMK AaHHBIX MPO OOBEKTHI
HOO. Tlonydens! cnemyromue pe3yasTarsl. [IpennoxkeH moaxon K uaeHTUGHKaNUK U oneHke o0bekro OO,
0a3upyIOLIUICS Ha TEOPETHKO-MHOKECTBEHHOM W (DYHKIIMOHAIEHOM MOJICIMPOBAHUHM TIPOLIECCa aHAIN3a 3THX 00b-
€KTOB. Y COBEPILEHCTBOBaH METO] MACHTH(UKAIMN 1 BepU(pHUKaUKA AaHHBIX Tpo 00bekTel MO0, ocHOBaHHBIH Ha
paccMOTpEeHHH MX B BHE reorpaMueckux OOBEKTOB C y4E€TOM aKTyaJbHBIX KapTOrpaMueckuX M CIYTHHKOBBIX
JIAHHBIX, YTO B OTJIMYMH OT CYIIECTBYIOLIMX MO3BOJST 0OBEKTUBHO OLIEHUBATh COOTBETCTBHE UX MPABOBBIM M CTPO-
UTENBHBIM HOpMaM. BriepBbie npeioskena cTpykTypa HHPOPMAIMOHHON TEXHOJIOTHHU A aHanu3a oobekroB MOO
Ha OCHOBE HECKOJBbKHX IOKa3aTeseH, UCIIONb30BaHuE KOTOPOM B CHCTEMaX MOIAEPIKKU PUHATHS PEIIeHUI TT03BO-
JIUT clieNiaTh OOBEKTHBHBIE BBHIBOJABI O CYLIECTBYIOIIEH MHPPACTPYKType HAa OCHOBE MPOCTPAHCTBEHHBIX AHHBIX C
UCIIONIb30BaHUEM I'€OMH(pOPMAIOHHBIX cUCTeM. BoiBoabI. PesynbraTsl Onbimorpaduieckoro novucka noaTBepIu-
1M, 4to 3¢ (deKTUBHBI MOHUTOPHHT 00bekTOoB MOO ans obecrieueHus: cOONIOEHNs] 3aKOHONATENbCTBAa B chepe
oOpalteHus ¢ OTX0JaMu KpaiiHe 3aTpyAHUTENIeH. DTOo TpeOyeT pa3paboTKH CIeUaNIN3UPOBaHHBIX MOZIEIEeH U METO-
JI0B, OPUCHTUPOBAHHBLIX Ha MUCIIOJIb30BAHUC FeOI/IHq)OpMaLII/IOHHI)IX CHUCTEM, IJIs1 BHCAPCHUA UX B CUCTEMBI TOAACPIK-
KU TIPUHATHA penienuid. PazpaboraHo HayuHO-MeToan4ecKoe odecrieueHrne NHGOPMAIMOHHON TEXHOJIOTHH aHaN3a
o6bexToB OO Ha ocHOBE HECKONIBKMX TOKa3areneil. Ero ucnonb3oBaHue B 3aja4ax OLIEHKH COCTOSIHUSI COOTBET-
CTBYIOIIUX O0BEKTOB XapbKOBCKOW 00JIaCTH MOATBEPANIIO, YTO MHOTHE U3 HUX HE OTBEYAIOT CYIECTBYIOIIUM IIpa-
BOBBIM U CTPOUTCIIBHBIM HOpMaM, 4YTO Tpe6yeT MPpUCTAJIbHOIO BHUMAaHUA K l'lpO6J'IeMC O6pal_ueHI/IH C 0TXO04aMu U
BBIPA0OTKH COOTBETCTBYIOIINX YIPABICHUECKUX PELICHUH.

KarwoueBsble ciioBa: monens nHpOpMaMoHHbIX moTokoB mpouecca; IDEFO mopens; mHoromepnas 6aza aaH-
HBIX; METOJ] UACHTH(UKALUH 1 BepHU(DUKALMH JaHHBIX; CITyTHUKOBBIE CHUMKH.
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