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Abstract. The armed aggression of the russian federation against Ukraine has led
to significant destruction of the residential and municipal infrastructure of cities and
towns not only in the occupied territories, but also in territories throughout the country
due to massive rocket attacks. The problem of damage estimation for people who have
lost their homes or have partial damage to their homes has a priority status, as the
number of people staying in the streets is constantly growing, and social temporary
housing is running out of space, as it is becoming permanent for them. Therefore,
any state initiatives to compensate or rebuild people's housing and restore municipal
institutions and facilities that are important for the restoration of normal life in the
de-occupied territories and territories of the country that suffer the greatest damage
from aggression should find active support, both practical and analytical, among the
scientific community and legal entities that are able to implement the state's initiatives
in a short time. Thus, the article proposes a methodological framework for the practical
implementation of the state initiative to effectively and substantiated by factual
evidence (aerial photographs, orthophotographs, vectorised and decoded typical
signs of destruction) allocate funds for the restoration and reconstruction of damaged
property to people who have experienced material losses and have no place to live.
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The purpose of the study is to develop a methodology for collecting and cataloguing
consolidated evidence for the register of destruction using aerial photography, taking
into account all stages and types of work in the conditions and with regard to the
conduct of hostilities.

The main objectives of the study are: to analyse existing methods for determining
the geometric characteristics of the consequences of military shells hitting buildings;
to determine the relationship between the force of the explosion and the geometric
characteristics of damage; to develop a methodology for determining the degree of
damage to a building and assessing damage; to create and implement technologies
for processing and cataloguing typical damage data; to develop forms of reporting
documentation based on the data sets obtained, taking into account the further needs
of the state; to test the developed methodology in practice.

The developed methodology will optimise the process of obtaining and processing
the necessary data from the mission planning stage to the damage assessment stage,
based on the processed data and technical reports of the analyst team by creating
a single and universal methodology that minimises numerous differences in the
standardisation of input data, will create a single effective data collection system
throughout the country and will accelerate the process of recording and confirming
cases requiring state intervention at the state level. The effectiveness and accuracy
of the proposed methodology is due to the modern software and analytical products
of geoinformation technologies and effective technological means of field work for
obtaining remote sensing data.

Keywords: damage, aerial photography, unmanned aerial vehicles, remote sensing
of the Earth, military aggression by russia.

Relevance hostilities have been ongoing for a long

time, the degree of destruction can reach

As of January 2024, the military ag-
gression against Ukraine has caused enor-
mous losses, estimated at approximately
$155 billion [1]. These estimates are ap-
proximate and not final. Post-war recon-
struction requires an accurate assessment
of the losses incurred by Ukraine due to
the destruction of infrastructure as a re-
sult of hostilities. Quantitative indicators
of material damage are needed to deter-
mine the amount of reparations.

Considering the level of destruction,
the most heavily damaged settlements
are those where military operations took
place, i.e. where the front line passed
through these areas. The more static the
front line, the greater the degree of de-
struction. Accordingly, in areas where

95-100% [2]. Consequently, the amount
of damage to infrastructure in these ar-
eas is the highest.

It should be noted that in places lo-
cated far from the combat zone, damage
or destruction of buildings is recorded
directly by the relevant authorities with
minimal risks. In the de-occupied terri-
tories where active hostilities took place,
there is a problem of recording these
crimes and further calculating damages
due to the mine danger and a significant
number of destroyed objects. In order to
solve this problem, aerial photography
from unmanned aerial vehicles (UAVs)
can be effectively used.

Consequently, the task of develop-
ing a methodology for collecting and
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cataloguing consolidated evidence for
the registry of destruction using aeri-
al photography, taking into account all
stages and types of work, is currently
relevant and important for the country.

Analysis of recent surveys and
publications

The issue of planning aerial photo-
graphic works for various applied tasks
has been studied by many researchers,
among them it should be noted Piliche-
va M.O., Masliy L.O. [3], Jamieson A.,
Bassett 1., Hill L., [4], etc. In their stud-
ies, they have shown the effectiveness
of using aerial photography data for the
rational solution of scientific and practi-
cal problems.

Komnatnyi S. [5], Anisimova A.
[6], Didukh Y. [7] and others have as-
sessed the damage caused by military
aggression to settlements. It should be
noted that for the most part, the devel-
oped methods of damage assessment
are based on the inspection of buildings
and structures directly on the ground. A
large amount of destruction and mine
danger complicates the contact method
of research, so the use of aerial pho-
tography data from UAVs allows for a
quick and safe determination of materi-
al damage from military operations.

The purpose of the study. The ob-
jective of this research is to enhance the
operational efficiency of the data collec-
tion process for determining the damage
caused to the buildings in the de-occu-
pied territories under martial law by
implementing aerial photography using
UAVs, processes and technologies for
processing the data obtained to support
and make management decisions.

To achieve this goal, the following
technical tasks were formulated and ful-
filled:

- development of procedures to ad-
dress current problems with the collec-
tion, verification, analysis and assess-
ment of civilian infrastructure losses in
the de-occupied territories of Ukraine:
collection of relevant information on
hostilities in the region, study and as-
sessment of the original survey and
mapping documentation, documenta-
tion of field topographic and geodetic
works, photographic survey of the terri-
tory, preliminary processing of the col-
lected mapping information, production
of an orthoimage, vectorization of the
orthoimage, interpretation of data based
on vectorization.

- development of a functional block
of the geographic information system
for further processing with high-quality
orthophotos and a geodatabase of de-
structions, which will in the future allow
making managerial decisions regarding
to the post-war reconstruction of the
country, and will also become a legal
information and evidentiary basis for
further legal protection of the rights of
Ukraine and its citizens in international
courts against the aggressor country.

Materials and methods
of the study

In the course of the study, the data
obtained will be sorted into direct and
indirect losses from a full-scale war in
Ukraine on the example of the de-occu-
pied territories.

To describe the developed method-
ology, the entire process was divided
into six main stages as shown in Fig. 1.

The first stage involves agreeing
on the terms of reference (ToR) for
the project. To assess the damage, the
ToR is formed according to the require-
ments of the "Russia Will Pay" project
[3]. Numerous organizations, includ-
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— 1 [coordination of the project terms of reference
> 2 | project planning

— 3 | preparatory work for the project

> 4 | field work

— 5 cameral work

> 6 | analysis of the data obtained

Fig. 1. Stages of the developed methodology

ing the KSE Institute, Dragon Capital,
and others, with the support of USAID,
are engaged in evaluating the damage
in Ukraine [8]. The formulation of the
technical specifications for aerial pho-
tographic operations is predicated upon
the stipulations of the extant Ukrainian
legislation.

Initial data from the employer:
boundaries of the surveyed area in
DMF, SHP, KML format in the WGS 84
international coordinate system without
an elevation base.

Requirements for aerial photo-
graphic equipment, UAV equipment
parameters and imaging technology:

To obtain digital images, a digital
frame camera with an image size of at
least 60 megapixels must be used. The
relevance of the photographic materi-
als should be no earlier than the date
of de-occupation of the settlement. The
geometric resolution of the photos is 5-7
cm/pixel. The minimum longitudinal
and transverse overlap of photographs
in the service area is at least 70%. Dig-
ital imagery should cover the entire ter-
ritory of the study area and have a buffer

zone of 100 meters along the boundaries
of the settlement. Use of a GNSS sys-
tem to accurately position the trajecto-
ries of the aircraft, further referred to as
UAVs. The result of aerial photography
should be color images in RGB format
with 8-bit representation of each chan-
nel. These images must have correct
color reproduction, as close as possible
to the real appearance of the territory
being surveyed.

Aerial photography is to be per-
formed under conditions that exclude
the influence of environmental factors
that may prevent clear view of terrain
details, except for leaf cover on trees,
snow cover, cloud shadows, fog and
smoke, except for smoke resulting from
continuous production.

Requirements for the creation of a
planned elevation network of features

The coordination and determina-
tion of the heights of features is carried
out by means of GNSS observations,
in RTK or VRS mode using dual-fre-
quency GNSS receivers. Two types of
reference points are used for GNSS ob-
servations and control: the permanent
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network and the State Geodetic Net-
work (SGN). The accuracy of the fea-
tures should not exceed 10 centimeters
of the planned position. All points of the
SGN are subject to survey. In order to
coordinate the features, it is necessary
to select objects on the ground that are
easy to decode. In case of their absence,
markings on the ground should be used
prior to the surveying of the territory.

Photographic fixation of reference
and control points is held in such a way
that the position of the GNSS receiver
center is clearly visible in relation to oth-
er objects on the ground. Control points
are determined in the same way as ref-
erence points, but they are not involved
in balancing aerial images. According
to regulatory documents, the number of
control points should be at least 10% of
the total number of reference features.
The urban geodetic network should also
be linked to the State Geodetic Refer-
ence System in the working area - WGS
84.

Requirements for finished ortho-
photo maps

Geometric resolution should be
within 5-7 cm/pixel or more. The av-
erage square error of orthophoto plans
should not exceed 2 pixels on flat ter-
rain. The maximum permissible values
of contour misalignment when merging
with neighboring sheets of orthophoto
plans should not exceed 4 pixels. To
create orthophotos used in editing, it is
necessary to use the central part of aeri-
al images to minimize perspective dis-
tortions and errors related to the terrain.
All ground objects should be displayed
with accurate coordinates correspond-
ing to their actual location. When creat-
ing orthophotos, specialized algorithms
should be used to automate the pro-
cessing of dead zones caused by high-
rise objects. A slight offset of high-rise

objects, such as tower structures, from
their true position is allowed. Areas that
are not visible in the orthoimage due to
the tilt of high-rise objects should be re-
stored using other images where these
areas are visible.

As Ukraine is in a full-scale war,
there are special conditions for aerial
photography. In conformity with the
stipulations of the Ukrainian Air Code
and the directives governing the utiliza-
tion of Ukrainian airspace as mandated
by the Civil Aviation Authority and the
State Aviation Service of Ukraine, mea-
sures have been taken to close Ukrainian
airspace to civilian users and suspend
the provision of air navigation services.
If the State Aviation Service of Ukraine
extends the period of suspension of ac-
cess to the airspace for civil aviation,
which makes it impossible to conduct
aerial photography, it is allowed to use
unmanned UAVs to perform the neces-
sary work.

All forms of imagery, as delineated
within the methodological framework,
must be procured in strict adherence to
the Ukrainian legislative and regulatory
mandates concerning the safeguarding
of state secrets, as well as in accordance
with the ‘Aviation Rules of Ukraine’
pertaining to the utilization of airspace,
which were ratified by the conjoint di-
rective of the State Aviation Service of
Ukraine and the Ministry of Defense of
Ukraine, under the decree dated May
11, 2018, No. 430/210, and subsequent-
ly registered with the Ministry of Justice
of Ukraine on September 14, 2018, as
No. 1056/32508 [9].

To ensure the technical feasibility of
the work and the use of UAVs, the con-
tractor is obliged to obtain permits from
the General Staff of Ukraine or other
relevant authorities. Carriers containing
aerial photographic data are subjected

Ne 2'2024

135



3emneycmpiti, Kadacmp i MOHIMopuUHa 3emerlb

to regulatory oversight as mandated by
extant Ukrainian legislation, enforced
by competent state entities. This proto-
col is imperative for the classification
of information necessitating protection
within premises overseen by the Min-
istry of Defence of Ukraine, the Armed
Forces of Ukraine, and ancillary secu-
rity and defense forces, culminating in
the formulation of an appropriate docu-
mentary attestation.

The process of acceptance and ap-
proval of the results of the work per-
formed is carried out by the Customer
in accordance with the regulatory re-
quirements established by the Law of
Ukraine ‘On Topographic, Geodetic
and Cartographic Activities’, based on
the assessment of the quality and com-
pliance of the work performed with the
established criteria.

In accordance with the requirements
of Article 19 of the Law of Ukraine ‘On
Topographic and Geodetic Activities’,
the Contractor is obliged to submit to
the State Cartographic and Geodetic
Fund of Ukraine one copy of all geodet-
ic, topographic, cartographic and aerial
survey materials created. Such proce-
dures must be executed in compliance
with the regulatory framework govern-
ing the reception, preservation, utiliza-
tion, and documentation of materials
from the State Cartographic and Geo-
detic Fund of Ukraine, as sanctioned by
the Cabinet of Ministers of Ukraine on
July 22, 1999, under decree No. 1344
[10]. The result of the first stage will be
a finished technical task.

The second stage is the project
planning. For a project to collect, pro-
cess, assess, and analyze information
on Ukraine's material losses from a
full-scale war with the Russian Federa-
tion, the project planning block sets the
cost of work, i.e. the working hours of

all departments and the scope of work,
administrative costs for housing, travel,
fuel, food, etc., depreciation of technical
equipment, software, and margin, pre-
pares tender documents, determines the
settlements to be surveyed, and selects
the locations to be surveyed. After that,
the working teams of pilots and survey-
ors are formed, travel orders are drawn
up, and the best routes to the work site
are searched for and accommodation is
found. The result of the second stage is
a developed project plan.

The third stage is the preparato-
ry work, which begins after the agreed
project plan based on the ToR. A dia-
gram of this stage is shown in Fig. 2.

The functional block “Organization-
al and Legal Relations” (Fig. 2) provides
an algorithm for obtaining a permit to
fly UAVs. This procedure is conducted
through the submission of a request for
the execution of specific types of work
in de-occupied territories, based on a
memorandum between the Kyiv School
of Economics, the Office of the Presi-
dent of Ukraine, the Ministry of Econo-
my, and others [8]. The formed letter is
sent to the General Staff of the Armed
Forces of Ukraine, the relevant head-
quarters of the Operational and Strategic
Military Grouping (“OSMG”), regional
military administration (“RMA”), dis-
trict military administration (“DMA”),
united territorial community (“UTC”),
city or village council where aerial pho-
tography is planned to be conducted.
In parallel to this procedure, a letter re-
questing evidence of destruction in the
community is sent to the RMA, DMA,
UTC and settlement in the same man-
ner as described above. As a result, two
response letters are received, the first
one on permission to carry out work
using aerial photography and the use of
UAVs, and the second one on confirma-
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Figure 2. Flowchart of the preparatory stage of the work

tion of destruction in the settlement.
The “Geodetic Survey” block in-
cludes the process of determining the
boundaries of settlements (according
to the client's initial data) - for further
determining the scope of work, creat-
ing a database with information on the

parameters of the flight mission. Next,
the boundaries of the settlement are ad-
justed and the approximate coordination
of reference and control points is deter-
mined.

The “Aerial Survey Planning”
block includes analysis of the corrected

Ne 2'2024

137



3emneycmpiti, Kadacmp i MOHIMopuUHa 3emerlb

l

AERIAL PHOTOGRAPHY
UNIT

UNIT FOR CHECKING THE
TECHNICAL CONDITION OF
EQUIPMENT

BLOCK OF FLIGHTS

TECHNICAL CONDITION OF
ME TEOROLOOY: THE EQUIPMENT
CHECKING THE WIND SPEED CAMERA CHECK
CCHECKING THE OPERATING CHECKING THE OPENING OF THE
TEMPERATURE PARACHUTE

CHECKING THE INTEGRITY OF

PRESENCE OF PRECIPITATION T e

BUILDING A TAKEOFF AND
LANDING ROUTE PLAN

l

‘GEODETIC SURVEY

UNIT |

FEREN|
AL ATION O o e LOCALIZATION RTK STATION

POINTS

SEARCH FOR AVAILABLE

TERRAIN MARKING SATELLITES
PLACEMENT OF AT LEAST FIVE CHECKING THE CONNECTION
REFERENCE POINTS PER SETTLEMENT WITH THE BPL
PLACEMENT OF 2 ANCHOR
POINTS ON THE OVERLAPPING DATA FROM THE RTK STATION
MISSIONS

PHOTOGRAPHIC RECORDING OF
REFERENCE POINTS

l

DATA FROM REFERENCE
POINTS

|

UNIT FOR CHECKING

>

DATA FROM THE BPL

CHECKING THE INTEGRITY OF ¢ I 3 CHECKING THE ACCURACY OF

—

| THE RECEIVED DATA

CONTROL MEASUREMENTS

DATA OBTAINED BY
AERIAL
PHOTOGRAPHY

Fig. 3. Flowchart of the fieldwork stage

boundaries of the settlement, analysis of
the database with information on flight
missions, determination of the number
of flight missions depending on the area
and configuration of the settlement or
UAV type. Next, a flight mission plan
is developed. After that, the necessary
equipment is selected to perform all
types of work on this project.

The Geographic Information Sys-
tems block includes the preparation of
personal computers and installation of
the necessary software for further proj-
ect implementation.

As a result of all the blocks of the

second stage, a plan of preparatory
work is formed.

The fourth stage is fieldwork (Fig.
3). This is the key stage on which the
possibility of performing all further
work depends. Based on the previous
stages, a team is formed to conduct aeri-
al photography on the ground.

The “Geodetic survey” block in-
cludes localization of the station's RTK
to search for available satellites for
more accurate georeferencing of im-
ages during the UAV flight, as well as
localization of reference points on char-
acteristic places, or marking the terrain
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Fig. 4. Block diagram of the stage of cameral work

with photographic fixation of reference
features. All received data from the
RTK station and the GNSS receiver are
checked on site for gross errors.

The “Aerial Photography” block in-
cludes checking the technical condition
of the equipment, namely the camera,
the parachute opening mechanism, and
the integrity of other UAV mechanisms.
Weather conditions are also checked
before the start of the flight mission,
including wind speed, operating tem-
perature, and precipitation. The last step
before launching a UAV is to build a
takeoff and landing route map.

At the end of the flight mission, the
integrity of the data obtained from the
UAV is checked and as a result of the
fourth stage, we have data obtained
through aerial photography and geodet-
ic measurements to improve the accura-
cy of the future orthophoto.

The fifth stage is the desk work
(Fig. 4). At this stage, all the data from
the fieldwork stage is processed. Based
on the results obtained, data is collected
and provided for further damage assess-
ment.

The entire scope of work in desk-
top data processing is performed by the
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Fig. 5. Block diagram of the stage of cameral work

Geoinformation Systems unit. At the
beginning, the process of adding geo-
graphic metadata to the images (geoteg)
is carried out. After satisfactory geo-
tagging results, the quality of the aerial
images is checked in accordance with
the requirements of the technical spec-
ifications.

Next, an orthophoto map is created
using internal and external orientation
elements (geotag) and the georeferenc-
ing of the images to the ground network
of the planning and elevation justifi-
cation is specified. During the geopro-
cessing of the images, a point cloud is
created, which is the basis for creating
an orthophoto plan and a digital terrain
model (DSM). Next, the orthophoto
plan is geoprocessed according to the
technical specifications.

Based on the obtained orthophoto

map, the damaged buildings are vector-
ized and the attribute table is filled in
the database. Upon completion of the
vectorization process, the topology is
checked.

The obtained data is uploaded to the
geoportal, which is configured to cor-
rectly display all map layers, create a
legend, and set up the level and access
parameters. The data from the geoportal
will be used for further damage assess-
ment.

The sixth stage is the analysis and
evaluation of the data (Fig. 5). This
stage begins with a data collection block
by contacting the project through public
messages from citizens, data from local
authorities, the government, or public
sources.

The block “Assessment of losses” de-
fines the methodology for their calcula-

140

Ne 2'2024



leodesia ma semneycmpiti. MoHimopuHe ma 0xopoHa 3emertb

1 THE STAGE OF AGREEING ON THE TERMS OF REFERENCE OF THE PROJECT

¥

‘— PROJECT PLANNING STAGE
_,  eoxcr
MANAGEVENT T TOOm — A P BUSASS T LTS
o > — TiupRArY UG
Al WTTOARY onxcTsrcn S ———
BT T a—— : FsEARCH
§ —>  Toawsout
PRORCT AN
PorowE =t
T UstacEoFREPARATORYWORK )
FRSUATS OF THE ANALYSS:
0F THE BOUNDARES OF e
sermvents ],—»
aAVD
e
b LockmOns 0f v
x VEPORNCE PONTS
SOuTE PN
4 FIELDOWORK STAGE
Tiosech conemouor
TS r’ PonTs
"""""""""""""""""""""" STAGE OF CAMERALWORK |
5 v v
—n PRAARY FROCTSING FOR
FemanEy T
OATA PROCESSMG oA e
L s I L 3 I CRTICRTO AN R own
t $
..................................................... IANMVS«SANDEVMUAOFTHE()MAOEYMED
S ¥ ¥
[ !
SATA COLUICTION T mockron
PSINTING CATAON —
b momar bl COULIGTING DATA FROM THE e———
L Pl Lt ¢ T WD
o ] e
s
L s

Fig. 6. Block diagram of the stage of cameral work

tion based on the experience of the Kyiv
School of Economics and others [8].

The next block is a comparison of
data obtained from citizens, local au-
thorities, the government, and public
sources with the data provided to the
company by the project participants
who performed the aerial survey.

Based on the data obtained, a block
for presenting data on losses is formed,
which takes into account the confidenti-

ality of all the data provided and creates
a register of damage and databases on
material losses of Ukraine from the war
with the aggressor.

Thus, the final version of the meth-
odology for collecting, processing,
evaluating and analyzing information
on direct and indirect damage from
a full-scale war in Ukraine on the ex-
ample of the de-occupied territories is
shown in Figure 6.
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Figure 7. Fragment of the aerial map of Posad Pokrovske village

Results of the study

This methodology has been practi-
cally implemented on the example of
the de-occupied settlement of Posad-
Pokrovske in Kherson region, which is
included in the list of six settlements to
be rebuilt according to the new princi-
ples of “Better than before,” i.e., resto-
ration of the entire infrastructure with a
systematic approach.This settlement is
almost completely destroyed (Fig. 7).

According to the developed method-
ology, the orthophoto plan was vectorized
with filling and cataloging of attributive
information related to the object. An ex-
ample of vectorization of an orthomosaic
is shown in Fig. 8. For each building, the
type, number of storeys, address, level of
destruction, etc. are specified. All defined
data of the vectorized objects are stored
in the form of spreadsheets that are part
of the structure of shapefiles of geospa-
tial layers. In the future, these materials
will serve as the information basis for
creating geospatial databases that will
allow making management decisions on

the post-war reconstruction of the coun-
try. In this form, the obtained geodata
will have evidential legal force to further
protection of the rights of Ukraine and
its citizens in international courts against
the aggressor country.

The next step is to provide the data to
the relevant institutions responsible for an-
alyzing and assessing the damage. In the
village of Posad-Pokrovske, it was deter-
mined that out of 4,140 civilian infrastruc-
ture objects, 826 (19.7%) were completely
destroyed, 1,016 (24.5%) buildings were
severely damaged, 394 (9.6%) were mod-
erately damaged, and 556 (13.5%) build-
ings were possibly damaged.

The acquired data is conveyed to the
analytical center at the Kyiv School of
Economics, wherein the collated infor-
mation undergoes scrutiny, culminating
in the production of a report delineating
the losses.

Conclusions and prospects

The developed methodology helps
to increase the efficiency of filling the
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unified state register of material and
technical damage to municipal and pri-
vate property in de-occupied cities and
suburbs of Ukraine, to quickly and safe-
ly obtain decoding signs and character-
istics of damage. The algorithm for con-
ducting all the necessary types of work
to achieve this goal can be automated by
implementing the analytical parts of the
system in complex geographic informa-
tion systems, which will also increase
the efficiency of processing a large
amount of input data in the future. This
prospect will make it possible to orga-
nize a more rapid recording of victims
of hostilities, which in turn will become
the legal basis for providing assistance
to people who lost their homes as a re-
sult of hostilities and will be the starting
point for reconstruction and recovery
programs.

In the future, the proposed technol-
ogies can be used both to gather sub-
stantiation of war-related transgressions
committed by russia, determine materi-
al damage from the war, and control the
quality of future post-war construction

-

Figure 8. Vectorized orthophoto map of Posad Pokrovske village

projects, as well as to monitor the cur-
rent state of important municipal facil-
ities in future construction projects of
restored cities.
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AHomauyis. 36poliHa azpecis pocilicekoi gpedepayii npomu YkpaiHu npu3ssena 00 3HAYHUX
pyliHy8aHb #umsa080i ma MyHiyunaabHoI iHppacmpykmypu micm ma ceauw, He MminbKu Ha
OKYynosaHuUx mepumopisx, a i Ha mepumopisx no ecili KpaiHi yepe3 macosaHi pakemHi obcmpinu.
Taka npobaema AK oyiHKa 36umkie 0aa ntodell Aki empamunau xumso, abo MaroMe 4acmxosi
MOWKOOHCEHHA Huma, Mae npiopumemHuli cmamyc, adxce KinbKicmo ato0del wjo 3a1uwaromscs
npocmo Heba nocmiliHo 3pocmae, a coyianbHe MUMYACO8e Um0 3aKiHYyemeocs, 60 cmae 044
Hux nocmiliHum. Tomy 6yOb AKi OepxcasHi iHiyiamusu w000 8i0wKoOys8aHHsA, abo 8i0bydosu
Humna a0AM ma 8iOHOB8EHHA MYHIYUMAAbHUX YCMAHO8 ma criopyo, Wo € 3HaYyWUMU 017
8i0HOB/1IEHHA HOPMA/IbHO20 HUMMA HA OEOKYMOBAHUX MEePpUMOpIaX ma mepumopiax KpaiHu
wo 3a3Harome Halibinbwoi WKoou ei0 azpecii marome 3HAX00UMU AKMUBHY MiIOMPUMKY AK
MPAKMUYHY, Mak i aHaAimu4Hy ceped HayKoeoi CrinbHOMuU ma topudu4HUX ocib, AKi 30amHi y
KopomKuliyac eminrosamu iHiyiamueu 0epiasu 8 ApaKmMuy4Hy naowuHy. Takum4yuHom e cmammi

144 Ne 2'2024



leodesis ma 3emneycmpili. MoHimopuHa ma oxopoHa 3emerb

3aMpPOMNoOHOBAHA MeMOO0s102{YHA OCHOBA 0114 MPAKMUYHO20 8MinNeHHA 0epIasHOI iHiyiamusu
Ha egekmusHuli ma obrpyHmosaHuli ¢hakmonoziyHUMU OOKasamu (aepodomosHimKamu,
opmogomonaaHamu, 8i08eKmopu308aHUMU Ma 8i00ewudpPOBAHUMU MUMNOBUMU O3HAKAMU
pyliHys8aHb), po3nodin Kowmie Ha 8i0HO8eHHA Ma 8i06y008Y MOWKOOHEeH020 MAliHa M00AM
AKI 303HAAU MamepianbHUX 8MPam ma He Marme 0e Humu.

Memoto 0ocnidneHHA € po3pobraeHHA Memoduku 36opy ma Kamanoezizayii 3eedeHux
0okas3ie 015 peecmpy pyliHy8aHb 3a 00NOMO20t0 aepoghomo3UoMKU i3 ypaxy8aHHAM ecix emanie
ma sudie pobim 8 ymosax ma 3 ypaxysaHHAM eedeHHs boliosux Oil.

[07108Hi 3080aHHA 00CNIOHEHHA: AHANI3 ICHYYUX Memooie 8U3HAYEHHSA 2e0MempPUYHUX
XapaKkmepucmuk HacnioKie eny4aHHsA gilicbkosux cHapsdie e bydiesi; 8USHAYEHHs 3anexHocmi
MiX¢ cunor esubyxy ma 2eoMempuyHUMU XapaKmMepUuCmMUuKAMU MOWKOOMHEHHSA; PO3pobKa
MemoOUKU 8U3HAYEHHS CmMYyneHIo MoWKoOMeHHs bydieni ma oyiHKu 36umkie; cmeopeHHAa ma
8MposadxeHHA mexHoozili 06pobKu ma Kamasozizayii munosux 0GHUX W000 MOWKOOHeHb,
po3pobka ¢opm 38imHoi dokymeHmauii Ha 6a3i Habopie oMpPUMAHUX OGHUX 3 YPaXy8AHHAM
nodanswux nompeb depxiasu; NPakmMu4yHa anpobayis po3pobaeHoi mMemoduKu Ha NPuKAadi
peanbHoi mecmosoi dinAHKU 0eoKynosaHoi mepumopii.

Po3pobneHa mMemoOuka 003801UMb ONMUMI3y8amu Mpoyec OmMpuUMaHHA ma o0b6pobKu
HeobxiOHUX OQHUX MOYUHAKYU 3 emary MAAHYBAHHA MICii, 3QKIHYYIO4YU emanom OUiHKU
36umekis, cnuparyuce Ha 06pobaeHi OaHi ma mexHiyHi 38imu KOMaHOU AHAAIMUKI8 30 PaXYHOK
CMeopeHHA EOUHOI ma yHieepcanbHOI MemooOuKuU, Wo MiHIMi3ye 6azamoyucenbHi 8iomMiHHOCMI
y cmaHdapmu3ayii 8xiOHUx 0aHUX, 003801UMb cMeopUMU EOUHY egheKmusHy cucmemy 360py
daHux no ecili mepumopii KpaiHu ma npuckopumu npouyec gikcayii ma niomeepoOMeHHA Ha
OepxasHoMy pieHi sunadkie, wjo nompebysamumyms 8mpy4aHHA Oepxcasu. EdhekmusHicme
ma moyYHicms 3arnponoHO8aHOI MemoduKu 0bymosneHa 3axknadeHUMU 00 i OCHOBU Cy4acHUMU
MPO2PAMHO-AHAAIMUYHUMU POOYKMAMU 2e0iHhopmMayiliHux mexHonoeili ma egpekmusHUMU
mexHo02iYHUMU 3acobamu noabo8oi pobomu 043 ompumMaHHa 0aHux [33.

Knrouoei cnoesa: 36umku, aepogpomostiomka, br/lA, 133, silicbkosa azpecis pa.
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