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Abstract. Every year, the world faces new difficult challenges in maintaining global
security. Compliance with food security principles is an important component of the
global context of world development. Recent military conflicts have had a strong
impact on the development of regions that provide food for millions of people
around the world. Ukraine plays a key role in providing agricultural products to the
population of countries from different continents. The article is devoted to the study
of the state of agricultural crops in a regional section during the period of active hos-
tilities by means of geomatics, which allow one to assess the degree of transforma-
tion of sustainable farming quickly, determine the trend of the development of the
industry, and calculate the likely scale of changes in the obtained products in the
coming years. As a result, with the help of deep learning models integrated into
geoinformation systems, the boundaries of agricultural fields in the Kherson and
Zaporizhia regions were determined, the state of moisture and bioproductivity of ag-
ricultural crops was determined for three years, an analysis of changes has been
made in the state of agricultural fields under the influence of new factors of conduct-
ing active hostilities during the first half of 2022, the next harvest productivity fore-
cast was made in two southern regions of Ukraine. The study was carried out by the
team of the World Data Center for Geoinformatics and Sustainable Development of
the Igor Sikorsky Kyiv Polytechnic Institute. It was part of research on the analysis
of the behavior of complex socio-economic systems and processes of sustainable
development in the context of the quality and safety of people’s lives.

Keywords: food security, spatial data analysis, deep learning, agricultural fields,
mathematical modeling.

INTRODUCTION

Intensification of extreme weather conditions, climate change processes, coro-
navirus pandemic, etc. led to an aggravation of the food situation for many coun-
tries of the world [1]. Before Russia's full-scale invasion of Ukraine, the world
was close to a global food crisis, but since February 24, 2022, the situation has
significantly worsened [2]. Ukraine is a supplier of a large number of agricultural
products to dozens of taps in the world. Ukraine has 15% of the global product
market (UBTA) for individual grain crops [3]. Some countries of the world de-
pend on certain types of agricultural products from Ukraine for more than 50%.
The full-scale war led to a significant reduction in the area of cultivated agricul-
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tural areas, a decrease in the number of people and equipment involved in the cul-
tivation of agricultural crops. In addition, the structure of management in the field
of irrigation was transformed.

Combat actions and specific management decisions in the temporarily
occupied territories have significantly changed the irrigation system that has
existed for many years. The canal systems, which were fed from the Dnieper and
transported water hundreds of kilometers to the south and east of the country, are
under temporary occupation and their state of functioning is difficult to
investigate. At the same time, the region continues to be a supplier of a significant
amount of agricultural products, so it is extremely important to understand the
degree of transformation processes in order to assess possible losses and predict
the degree of the food crisis. Due to constant military operations, direct access to
the territory is extremely difficult, reliable statistical data on the volume and
condition of the harvest, irrigation of the territory, etc. are not collected, the only
possible methods of assessing the degree of transformation of agricultural fields
are methods of remote sensing of the Earth, and geomatics in general. The most
characteristic signs of the transformation of the water regime, especially for
irrigated areas, are signs of a sharp change in indicators of bioproductivity and
territory moisture. Such characteristics can be obtained with high accuracy based
on the analysis of satellite images of medium resolution, which is not a limiting
factor based on the realities of war.

This study is a continuation of the thematic research of the team of authors
on the study of sustainable development of communities and territories of Ukraine
and security processes in the regions of the state [4, 5] and research on the
development of the applications of geomatics methods [6, 7].

DATA FRAMEWORK

Two southern regions of Ukraine: Kherson and Zaporizhzhya, were chosen to
assess the impact of the processes associated with the occupation on the condition
of agricultural plots (Fig. 1).

Fig. 1. The study area (black borders) with the indicated averaged zones of temporary
occupation as of May 2022 (gray color)
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For most of the first four months of the active phase of the war, these areas
have been partially occupied, and this period completely coincides with the period
of active agricultural work, in particular with the irrigation of the territory.
Remote monitoring of the state of moisture in agricultural fields, analysis of the
distribution of the Normalized Difference Moisture Index (NDMI) on the
territory, its dynamics over different years will allow to assess the degree of
changes in sustainable agricultural practices in the region and assess the state of
the potential harvest, which in the pre-war period for years provided food for the
population of Ukraine and residents of countries that import agricultural products.
The selected areas have a high share of plowed territory, both irrigated and non-
irrigated agricultural fields, and a dense and fairly even distribution of plots
throughout the territory. This makes it possible to distinguish the anthropogenic
influence of the occupation itself on the situation with the moisture of agricultural
fields from the general background climatic influence. The condition of plots
exclusively on traditionally irrigated lands can be analyzed separately. In addition
to the analysis of the differentiation of the moisture index, it is necessary to
investigate the change in the bioproductivity index: Normalized Difference
Vegetation Index (NDVI), which on the one hand directly correlates with the
moisture content of the territory, but allows to distinguish the vegetation state of
the vegetation itself, which affects the indices of the moisture index itself (there
may be weakly moistened territories, however, due to the high vegetation, give
the moisture index high values). The condition of plots exclusively on
traditionally irrigated lands can be analyzed separately. In addition to the analysis
of the differentiation of the moisture index, it is necessary to investigate the
change in the bio productivity index: NDVI, which on the one hand directly
correlates with the moisture content of the territory, but allows to distinguish the
vegetation state of the vegetation itself, which affects the indices of the moisture
index itself (there may be weakly moistened territories, however, due to the high
vegetation, it gives the moisture index of high values).

To assess the impact of the occupation, mainly data from remote sensing of
the Earth (DSR) [8], data on the administrative and territorial structure of the
country [9] and the borders of temporarily occupied territories from open online
sources [10] were used. For the analysis of moisture and bio productivity, data
were obtained from the Sentinel-2 mission satellite, platforms 2-A and 2-B and
product type S2MSI1C with a cloud cover of no more than 10% in the study area
[11]. The resolution of multispectral three-channel images is 10 m per pixel,
single-channel 20 m per pixel. Channels BO8 and B11, bio productivity index:
BO08 and B04 were used to calculate the moisture index.

NDMI = (B08 — B11)/(B08 + B11); (1)
NDVI = (B08 — B04)/(B08 + B04). )

Data on the boundaries of regions, districts and communities of the study
area were obtained from the official website of the support for the decentraliza-
tion reform [12].

The boundary of the line of contact of the troops is dynamic and has not yet
been determined, therefore the boundaries of the temporarily occupied territories
for the Kherson and Zaporizhzhia regions were drawn quite approximately based
on an integrated analysis of data on the boundaries of the occupation zones as of
the end of May 2022 according to publicly available web map data [13, 14].
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RESEARCH FRAMEWORK

To analyze the impact of the occupation, mainly geomatics methods, systems
analysis methods and machine learning methods were used. In particular, the
overlay method and map algebra method were used in desktop GIS [15, 16] even
before the beginning of 2022 to calculate bio productivity and moisture indices.

The papers consider aspects of integration of temporal statistical
characteristics with spectral and textural characteristics extracted from high-
quality Sentinel-2 images using Random Forest classification [17]. The
performance and contribution of different combinations is evaluated based on
classification accuracy. The results show that the statistical analysis of time series
is an effective way of presenting information about the degree of soil moisture.
The method uses clear pixels from dense, low-quality images to derive NDVI
statistics, thus reducing the influence of random factors such as weather conditions.

Approaches to developing a linear mixed effects (LME) model for poorly
calculated areas using time series of Sentinel 1A and 1B images and ground
measurements of soil moisture are considered [18]. The model assumes a linear
relationship that varies in both time and space between soil moisture and
backscatter coefficient. The LSE model can be effectively applied to estimate soil
moisture from multi-temporal Sentinel-1 images, which is useful for flood and
drought monitoring and improving runoff forecasting.

Techniques for mapping soil moisture and irrigation at the scale of
agricultural fields based on the synergistic interpretation of multitemporal optical
and synthetic aperture radar (SAR) data (Sentinel-2 and Sentinel-1) were also
presented [19]. The resulting irrigation maps were validated using reference fields
in the study area. The best results were obtained with classifications based only
on soil moisture indicators, with an accuracy of 77%.

An important aspect of the study was the separation of data on the NDVI and
NDMI indices exclusively for the territory of the agricultural fields of the two
regions, without considering the surrounding roads, settlements, water bodies,
forested areas, etc. For this, the model was trained using the Image Analyst
module, and the machine learning method integrated with desktop GIS was used:
Detect Objects Using Deep Learning [20]. For training the model, the Non-
Maximum Suppression parameter was used to detect and remove duplicate
objects (Fig. 2).

| _ o e et R A SN R A i
Fig. 2. Reference set of polygons for training the model for identifying the boundaries of
agricultural fields

10 ISSN 1681-6048 System Research & Information Technologies, 2023, Ne 1



Research of food security problems of the war-torn regions of Ukraine using geomatics methods

The model tool processes the input geospatial images that are in the extent of
the project map. The following approaches were used to train the model:
MaskRCNN Object detection (Fig. 3) and Single Shot Detector (SSD) (Fig. 4) [21].

Faster R-CNN

| RolAlign

Faster R-CNN + MaskHead >  Mask R-CNN

Fig. 3. The Mask R-CNN framework for instance segmentation [22]
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The Mask R-CNN is obtainded rablacing the Rol pool by RolAlign in Faster
R-CNN. It helps to preserve spatial information which gets misaligned in case of
Rol pool. RolAlign uses binary interpolation to create a feature map that is of
fixed size for e.g. 7 x 7. The output from RolAlign layer is then fed into Mask
head, which consists of two convolution layers. It generates mask for each Rol,
thus segmenting an image in pixel-to-pixel manner.

During training our models we need to outline which default boxes corre-
spond to a ground truth detection and train the network accordingly. To achieve
this, we need to determine properly objective loss function for SSD model. The

SSD training objective is gotten from [24]. Let x§ ={1,0} be an indicator for
matching the i-th default box to the j-th ground truth box of category p. In the

matching strategy were Zl-x";i >1. The overall objective loss function is a

weighted sum of the localization loss (loc) and the confidence loss (conf):

1
L(x,c,l,g) = N(Lconf(xa o) +aly,.(x,0,8)),
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where N is the number of matched default boxes. If N = 0, the loss is set to 0. The
localization loss is a Smooth L1 loss between the predicted box (1) and the ground

truth box (g) parameters. It is regressed to offsets for the center (cx, cy) of the de-
fault bounding box (d) and for its width (w) and height (%)

N
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The confidence loss is the softmax loss over multiple classes confidences (¢):
N
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where ¢/ = ———"'"— and the weight term a is set to 1 by cross validation.
> exp(cl)

MaskRCNN and SSD are used for segmentation and precise delineation of
object boundaries on a space image.

All calculations of index values were carried out for territories that were
within the boundaries of the identified plots. Based on the fact that in the resulting
geospatial layers (GSP) there were several million individual values regarding the
characteristics of moisture and bio productivity of agricultural fields, the process-
ing results were processed in the R software environment.

Using the capabilities of the Copernicus Open Access Hub [25], images
were uploaded to the territory of Kherson and Zaporizhzhia regions for the period
May-June 2019-2022. Each image had to be covered by clouds no more than
10%. Due to the presence of many wet atmospheric fronts in the specified period
of the year, such a wide permissible time period was chosen for uploading
images, where priority was given to space images that were taken in the first half
of June (70% of the received images). Due to the unsatisfactory state of cloud
coverage of the images, the period of the end of May (12% of the images) and the
second half of June (18% of the images) was chosen for the rest of the scenes. For
each year, a minimum of § separate photo scenes were uploaded, which covered
at least 97% of the territory of the selected regions (Fig. 5).

For each year, a new mosaic of both an integral image in the visible range
(RGB) and a new mosaic of individual spectral channels (B04, B0OS, B11) was
created from a series of separate images to calculate the moisture and bio produc-
tivity indices. Three-spectral rasters in the visible range and single-spectral rasters
in the index range were obtained at the output. A raster in the visible range allows
you to visually examine the area for artifacts of space images, and, if necessary,
replace individual scenes with those that meet the requirements for the visibility
of black and white fields. From the new mosaics of individual spectral channels,
integral rasters of indices were calculated for each year (Fig. 6).
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Fig. 6. A fragment of the territory moisture index raster for 2022

The new image mosaics must be separated from the two areas to avoid ana-
lyzing areas that are outside the study ones. To do this, a process of raster extrac-
tion along the contours of the Kherson and Zaporizhzhia regions was carried out
for all new raster mosaics obtained. The resulting GPS included both those neces-
sary for the analysis of the territory of agricultural fields, as well as external water
bodies, urbanized areas, infrastructure facilities, etc. For their illumination and
selection of exclusively rural areas, training of a machine learning model inte-
grated into the capabilities of the geographic information system (GIS) was car-
ried out.

To carry out the model training process, it was necessary to manually high-
light the boundaries of several thousand agricultural fields on space images for
the selected period. The fields were vectorized evenly over the territory of the two
regions with important identification of the borders of both irrigated and non-
irrigated areas (Fig. 7). Often, irrigated areas have a rather specific contour of a
regular circle, which, with insufficient training of the model on these fields, can
lead to incorrect identification of boundaries.
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Fig. 7. Characteristic boundaries of irrigated (1) and non-irrigated (2) fields

The training process took place in a GIS environment where image tiles
were first created as input layers to train the model. Image tile size was 448 pixels
with metadata format: PASCAL Visual Object Classes and RCNN Masks. The
image batch size type was 8, the model was run for 100 iterations (epochs). The
additional pixel border around each field is 2 pixels. The maximum overlap of the
resulting boundaries is 0.1, the minimum reliability of the selected boundaries is
60% (0.6). In total, the model consisted of 12 iterations of corrections and
additional training.

As a result, the GIS was obtained with about 370,000 identified agricultural
fields for the territory of two regions: 210.000 for the Kherson region and 160.000
for the Zaporizhia region (Fig. 8). The average reliability of the selected limits
was 75%.

Fig. 8. Identified borders of agricultural fields for Kherson and Zaporizhzhia regions

Further improvement in model accuracy can be performed to achieve other
applied goals in agriculture. For assessing the degree of transformation of the
moisture regime and bio productivity of the fields, the obtained reliability is
considered completely satisfying.

The extraction of new raster mosaics of the moisture index and bio produc-
tivity was carried out based on the obtained field mask. The final rasters began to
calculate data exclusively for agricultural plots (Fig. 9).
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Fig. 9. A fragment of the moisture index raster for agricultural fields in 2022

To assess the state of agricultural fields within individual regions, districts
and communities, in the context of temporarily occupied and government-
controlled territories, it is necessary to convert raster images into vector format
and supplement the GIS with attributive data of the layers of the administrative-
territorial system (ATU). After converting the data into a vector format, the area
of each cell of the new GPS was calculated to obtain the ratio of the areas of areas
with different humidity for each unit of ATU. The resulting layers consisted of
more than 10 million records, the calculation of which was extremely difficult
exclusively with GIS tools, so the corresponding statistical processing was carried
out in the R software environment.

THE MOISTURE LEVEL ANALYSIS FOR THE IDENTIFIED FIELDS

Based on the rasters of the thematic indexes of agricultural fields, it is possible to
make a preliminary integrated analysis for two regions, without dividing the re-
gions into districts, communities, and the zone of occupation. Using the methods
of zonal statistics, data were obtained on the average values of the moisture index
rasters for 2019-2022 (Fig. 10). It can be seen from the graphs that over the past 4
years there has been a rather strong spread of index values: from 0.02 in 2020 to
0.07 in 2019. Moreover, the structure of the distribution of values is not uniform:
normal or lognormal distribution in 2019 and 2020, and a distribution with two
peaks in 2021 and 2022, indicating dry periods with a strong influence of irriga-
tion systems in particular.

A normal or lognormal distribution indicates the classic case in which the
average values of the wetness index cover a larger area. The values for 2019 cor-
respond to this distribution, with a certain local peak on the graph for values that
characterize low, poorly moistened vegetation. Most of the territory, according to
the distribution, is covered with medium-low vegetation with low water stress.
The log-normal distribution for 2020 is characterized by a large peak in the plot
for coverage for low and dry vegetation, resulting in an overall lowest 4-year
mean wetness index value. This situation strongly correlates with climate indica-
tors, according to which 2020 was the driest year in terms of precipitation, which
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caused a sharp drop in water levels in natural and anthropogenic reservoirs in the
region. For 2021, two peaks on the graph are characteristic: for low and poorly
moistened vegetation, and for medium-high, medium with low water stress. This
distribution is caused by the contrasting weather conditions in May—June 2021,
when the dry period ended with intense precipitation combined with a strong con-
trast in the wetness index for irrigated and non-irrigated areas. Where the high
value of the index is characteristic mainly of irrigated fields, which occupy sig-
nificant areas in the Kherson region. This statement is supported by further re-
search. The year 2022 is also characterized by two peaks on the graph, among
which the larger peak is responsible for poorly watered areas, and the smaller one
is for vegetation with low water stress.
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Fig. 10. Distribution of the humidity index for 2019-2022 in the Kherson and Zaporizhia
regions
The territorial analysis of the moisture content of agricultural fields for 4
years showed a decrease in plots with medium-high vegetation cover and low wa-
ter stress in two regions in 2022 (Fig. 11).
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Fig. 11. Dynamics of the humidity index of the territory
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Even compared to 2020, when a dry period was observed in both regions, the
area of fields with low water stress in 2022 decreased by 8% in Kherson region
and by 24% in Zaporizhzhya region. The Kherson region has a larger number of
irrigated areas, which, most likely, continued to be actively irrigated in 2022,
which quite strongly smoothed out the drop in the index value. Compared to the
previous year 2021, for 2022 the drop was 60% for both Kherson and Za-
porizhzhia regions. Such a rapid decrease in well-watered agricultural fields can
be explained by the transformation in the conduct of irrigation and other proc-
esses in the agriculture of the region, which, in turn, is most likely directly related
to the temporary occupation of the region. This statement requires further re-
search in the context of expanding the experimental period of observations of the
dynamics of the territory’s moisture index. Most likely, there is a certain shift in
the phases of irrigation, which leads to a shift in the vegetation phases of agricul-
tural plants. From the graph of the dynamics of the index, it can be seen that in
2022 there is a significant increase in the area of fields with medium-low vegeta-
tion cover and low water stress compared to all other years: an increase of 119%
in Kherson region and 93% in Zaporizhia region compared to 2021 However,
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compared to 2019, there are almost no changes in areas, which most likely indi-
cates a significant influence of climatic factors on the value of the indicator.

The influence of climatic factors, namely a rather cold and wet spring, also
affected the distribution of areas with dry and very low vegetation cover (Fig. 12).
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Fig. 12. Percentage distribution of the territory's humidity index values

In 2022, there is a drop in this indicator compared to other years. This is es-
pecially characteristic of the Kherson region, where favorable synoptic conditions
combined with artificial irrigation processes significantly reduced the index with
low values.

An analysis was conducted exclusively for irrigated fields. For this purpose,
those that are not reached by the system of irrigation canals were illuminated from
the entire array of plots. The situation with the irrigated area is quite dynamic, so
the average indicator of irrigated areas over 4 years was chosen. The Kherson re-
gion has a much higher density of canals and irrigated areas in general (Fig. 13).
Therefore, fields with low water stress occupy much more area in the Kherson
region, where there are almost no irrigated fields with dry vegetation (less than 4%).

Territorial analysis of the influence of occupation, in contrast to the temporal
distribution, did not show any differences in the condition of agricultural fields in
temporarily occupied and unoccupied areas of the region. Intense hostilities affect
the entire territory of the regions, where the demarcation zone dynamically
changes many times a month. Moreover, the most cultivated and irrigated parts of
both the Kherson and Zaporizhzhia regions have been under temporary occupa-
tion since the first days of the war, the unoccupied territory consists of fields that
are not reached by canal branches. This condition leads to a slight proportional
increase in the area of poorly moistened areas precisely in the unoccupied territo-
ries (Fig. 14). However, all other index values remain proportionally almost the
same.

18 ISSN 1681-6048 System Research & Information Technologies, 2023, Ne 1



Research of food security problems of the war-torn regions of Ukraine using geomatics methods

100%
90%
80%
70%
60%
50%
40%
30%
20%

10%
0%
Zaporizhzhia region Kherson region

Low coverage, dry orvery low coverage

Medium vegetation cover, high wiater stress or medium-low vegetation cover, low water stress
B Medium-high vegetation cover, high water stress or medium cover, low water stress
B Medium-low vegetation cover, high water stress or low vegetation cover, lovs water stress
m Other

Fig. 13. Correlation of moisture index values for irrigated areas in 2022
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CONCLUSIONS

1. The temporary occupation of the part of the Ukraine’s southern regions
leads to significant transformations in the structure of agriculture. Even though
almost all the capacities of the irrigation systems of the Kherson and Zaporizhia
regions was under the control of the occupiers, there is a significant decrease in
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agricultural fields in a well-watered state (up to 60% compared to previous years).
This may indicate the imperfect use of existing irrigation facilities and the reluc-
tance of local farmers to cooperate with the occupation authorities.

2. However, at the same time, the catastrophic impact of temporary occupa-
tion on the state of agricultural land is not observed. Most of them are in a
satisfactory condition, which makes it possible to predict a slight decrease in the
amount of potentially harvested agricultural products. Active military actions do
not allow agricultural works to be carried out fully in the unoccupied part of the
regions, which affects the state of agricultural crops. However, even in such a dif-
ficult situation, the state of moistening of the fields of most of the unoccupied ter-
ritory remains satisfactory. Which also indicates a favorable forecast for the col-
lection of agricultural crops. However, the factor of conducting hostilities, which
can significantly worsen the situation with the state of agricultural fields in both
occupied and non-occupied territory, remains unpredictable.

3. The prepared machine learning model for identifying the boundaries of
agricultural plots significantly improved the accuracy of the estimates made by
illuminating all extraneous territories. In individual communities of the region,
without considering the results of the model, the indicators of the state of hydra-
tion differed by 10-15% compared to the indicators of the indexes calculated ex-
clusively within the boundaries of the plots.

4. The developed machine learning model can be applied to other regions of
Ukraine, which will make it possible to assess the impact of military operations
and/or temporary occupation for all affected regions. It is urgent to expand the
research area in the following research to Mykolaiv region, which was also sig-
nificantly affected by the temporary occupation of its territory.

5. Similar methods can be applied to those regions that have not undergone
occupation, in the context of temporal and territorial analysis of the condition of
agricultural fields under conditions of climate change, etc.
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IIQCHII[)ICEHHH HPOBJIE_M HPO)lOBOJIL‘-IOi BE3INNEKH, OXOIIIEHHUX
BIMHOIO PETTOHIB YKPAIHU METOJAMHU 'EOMATHUKM / M.3. 3rypoBChKHiA,
K.B. €dpemos, C.B. I'amon, 1.0O. Iumraorpaes

AHoTamisi. CBiT 3 KOKHMM POKOM HapaXacThCs HA HOBI BaKKI BUKIMKH LI0JO
HiATpUMaHHs TI00aNbHOT Oe3neku. BaxiMBOIO CKIaIoBOIO IIOOATBHOTO KOHTEK-
CTY CBITOBOTO PO3BUTKY € JOTPUMAaHHS IPHHIIMIIB MPOI0BOJIbY0I Oe3rnexu. HoBiTHI
BIfICbKOBI KOH(JIIKTH CHIIBHO BIUIMBAIOTh Ha CTaH PO3BUTKY PEriOHIB, sKi 3a0e3re-
YYIOTh MIUTBHOHH JIFO/ICH 110 BCHOMY CBITY IPOJOBOJILCTBOM. YKpaiHa BiJirpae Kiro-
YOBY POJIb Y MIOOAIFHHUX TpoLecax 3a0e3MeYeHHs MPOIYKI€I0 CiTbCHKOTO TOCTIO-
JapCTBa HACEJICHHS KPaiH 3 Pi3HUX KOHTUHEHTIB. [IPHCBSAYCHO OCIIPKEHHIO CTaHIB
CLUIBCBKOTOCTIONAPCEKUX KYJIBTYP Y PETiOHaNbHOMY pO3pi3i y IepioJ] BeJICHHS ak-
TUBHHUX 0OHOBHUX Jiif 3ac00aMH T€OMATHKH, 110 J03BOJISIE MIBHIKO OI[IHUTH CTYIIiHb
TpaHchopMalii CTaIoro rocroJaproBaHHs, BU3HAYUTH TPEH]| PO3BUTKY raiy3i, 00-
YHUCIUTH WMOBIpHI MacuITabu 3MiHH OTPUMAHOI HPO-AYKUil y HaiOmmK4i poku. Y
pe3yJsibTaTi 3a IONOMOrOI0 iHTErpoBaHUX Yy TeoiHdopMaliliHi CHCTEeMH MoAenei
TTHOMHHOTO HAaBYAaHHS BHU3HAYEHO MEXi CLIbCHKOTOCHOJAPCHKHUX TIOTIB
XepcoHcrKoi Ta 3amopizbkoi 00JacTe, CTaH 3BOJI0KEHOCTI Ta Oi0MPOAYKTHBHOCTI
ClIbCHKOTOCTIOAAPCHKUX KyIBTYP 3@ TPH POKH, MHPOAHATi30BaHO 3MIiHH CTaHiB
CLTBCHKOTOCTIOAAPCHKUX TOJIIB i BIUIMBOM HOBHX (DAKTOPIB BEICHHS aKTUBHHX
GoitoBux it 3a nepury nosxoBuHy 2022 p., 3p00JIEHO MPOTHO3 MPOIYKTHBHOCTI Ha-
CTYITHOTO BPOXKAI0 y JBOX MIiBAEHHUX 00iacTax Ykpainu. HaBenene mocimizkeHHs
BUKOHaHO KoManzoo CBiToBOro neHtpy nanux «[eoindopmaTrka Ta cramuid pos-
Butok» KIII im. Iropst CikOopchKOro i € 4aCTHHOIO JOCII/KEHb 3 aHaJli3y MOBEIiHKN
CKJIaJHUX COLIAIFHO-eKOHOMIYHUX CHCTEM Ta MpPOLECiB CTaJOr0 PO3BUTKY B
KOHTEKCTI SIKOCTi Ta O€3MEKHN KHUTTS JIIOACH.

KurouoBi cioBa: mpopoBonbya Gesneka, MPOCTOPOBUII aHami3 AaHMX, TTIHOWHHE
HABYAHHS, CLILCBKOTOCTIOAAPCHKI 1101, MATEMATHYHE MOJIC/TIOBAHHS.
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