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Geoinformation modeling, including the creation of digital terrain models, is one of the most effective research methods in both
environmental and earth sciences. This approach makes it possible to study in detail the natural processes and phenomena occurring in
a certain area with high accuracy and detail. Modeling of the nature reserve fund of the State Biotechnological University's arboretum
using geographic information systems (GIS) is becoming an indispensable and effective tool for the conservation and rational use
of natural resources. It helps to develop optimal territory management strategies and make informed decisions that take into account
the environmental, aesthetic, and recreational aspects of the area.

The creation of a digital terrain model of the dendrological park is aimed at identifying and analyzing the main components
of the natural environment, assessing their condition and dynamics, taking into account the impact of anthropogenic activities. This
approach allows not only to understand the current state of the ecosystem, but also to predict its development in the future. The use
of GIS provides the ability to process and analyze a large amount of geospatial data in a complex, which makes it possible to obtain
comprehensive and objective information for making decisions on territory management. This, in turn, allows for effective planning
of environmental protection measures, preservation of biodiversity and maintenance of ecosystems' sustainability.

Geoinformation technologies open up new prospects for environmental monitoring and research. They allow not only to record
the current state of natural systems but also to predict their possible changes under the influence of various factors, including climate
change. The use of such methods contributes to the preservation of natural heritage for future generations and ensures the sustainability
of ecosystems in response to modern environmental challenges. Thus, geographic information modeling is becoming an important
tool for ensuring sustainable development and preserving the natural resources of our planet. Key words: dendrological park, GIS
technologies, geoinformation modeling, «Surfer» software, digital relief model, 3D model.

IToGynoBa uudposoi Moaeli pejbedy 1eHAPOJOTiYHOIO NAPKY 3 BUKOpucTaHHAM GIS-Texnouoriii. Bysina 1.M., Xaiinyc JI./1.,
Comnosa H.B., Conos /I.C., Yepennuuenko I.B., 'appiomenxo I.B.

Teoindopmaniiine MoAeTIOBaHHS, 30KpeMa CTBOPEHHS LU(PPOBHX MOJEIEH MICIEBOCTI, € OTHUM 13 Halle()eKTUBHIIINX METO/IB
JOCTIDKEHHS K y Taily3i eKoJlorii, Tak i B Haykax mpo 3emuro. Lleil migxig Hajae MOXJIMBICTD AETANbHO BUBYATH NPHPOAHI HPO-
[[eCH Ta SBHIIA, 110 BiAOYBAOTHCS HA MEBHIN TEPUTOPIi, 3 BUCOKOK TOYHICTIO Ta JcTati3amicro. MoaearoBaHHSI MPUPOIHO-3aMOBII-
Horo (GoHIy neHaponapky /lep>kaBHOTO OiOTEXHOIOTIYHOTO YHIBEPCHTETY 3 BUKOpUCTaHHAM reoindopmaniiianx cucrem (I'IC) crae
HE3aMiHHUM Ta e(EeKTUBHHM IHCTPYMEHTOM IS 30€pEeKEHHS Ta PalliOHAIbHOTO BUKOPUCTAHHS MPUPOJHUX pecypciB. BoHo cripusie
PO3poOIIi ONTHMANBEHUX CTPATETii YIpaBIiHH TEPUTOPIEIO Ta MPUHHATTIO OOTPYHTOBAaHHX PIllIeHb, 10 BPAXOBYIOTh €KOJIOT14Hi, ecTe-
THYHI Ta peKpeaniiiHi acleKT! JaHOi MiCIIeBOCTI.

CrBopeHHs 1udpoBoi Mozeli peabedy ISHIPOIOTIYHOTO MAPKy Mae Ha METi BHSIBJICHHS Ta aHaJli3 OCHOBHUX KOMITOHEHTIB MpH-
POIHOTO Cepe/IOBHUINA, OL[IHKY iXHBOTO CTaHY Ta JUHAMIKHU 3 ypaxyBaHHSIM BIUTUBY aHTPOIOTEHHOI JisibHOCTI. Takuii miaxin 03Bosse
HE JHIIe 3p03YMITH ITOTOYHUI CTaH €KOCHUCTEMH, ajie il MpOrHo3yBarTy ii po3BUTOK y MaiibyTHhoMy. Buxopucranus I'IC 3abe3neuye
MOXJIUBICTH OOPOOKH Ta aHaji3y BEJUKOI KITBKOCTI T€OIPOCTOPOBUX JAaHUX Y KOMILICKCI, 110 HaJa€ MOXKJIMBICT OTPUMATH BCEOIUHY
Ta 00’€KTHUBHY iH(OPMALiIO IS IPUHAHATTS PillleHb 3 yIpaBIiHHS TepuTopicto. Lle, y cBolo 4epry, 103Bojsie e(peKTHBHO IUIAHyBaTH
3aXO0/IU 3 OXOPOHU NIPUPOAH, 30epiraTy O10pi3HOMAHITTS Ta MiATPUMYBATH CTIHKICTb €KOCHCTEM.

TeoindopmaniiiHi TEXHOIOTIT BiIKPUBAIOTh HOBI MEPCIEKTUBHU IS €KOJIOTTYHOTO MOHITOPHHTY Ta HAYKOBUX JOCIHiIKeHb. BoHH
JIO3BOJISIIOTH HE TibKK (iKCyBaTH MOTOYHMI CTaH MPHPOTHHMX CHCTEM, aje it mependadaTy iXHI MOXJIMBI 3MiHH M BIUTHBOM pi3-
HUX YMHHHKIB, BKIFOYAIOYH 3MiHY KJTiMaTy. 3aCTOCYBaHHS TaKMX METOAIB CIIPUsE 30€PE)KEHHIO MPUPOIHOT CHa IIMHU ISl MaiOy THIX
TIOKOJIIHb, & TAKOX 3a0e3Iedye CTIHKICTh eKOCHCTEM Y BIIIOBIIb HA Cy4acHI €KOJIOTiYHI BUKIIMKH. TakuM 4HHOM, reoiHpopMariiine
MOJIEITIOBAHHSI CTa€ BAKIIMBUM IHCTPYMEHTOM I 3a0€3MEUeHHS CTAJION0 PO3BUTKY Ta 30€peKEeHHS MPUPOTHNX GaraTcTB HaIOl Mia-
Hetu. Knouosi cnoga: nenaposnorigauit mapk, ['IC-texnomorii, reoingopmaliiiine MoIeOBaHHsA, IporpaMHe 3abe3neyenHs «Surfer»,
udposa Moaens pensedy, 3D Moaens.
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Analysis of research and publications. Considering
the growing relevance of the topic we have raised,
this issue attracts the attention of numerous scientists.
Researchers specializing in geographic information
systems (GIS), environmental modeling, and natu-
ral resource management are actively developing new
approaches and techniques to effectively use these tech-
nologies in creating highly accurate digital terrain mod-
els. These models are important not only for the moni-
toring and conservation of natural ecosystems, but also
for the planning and management of areas such as den-
drological parks.

Among the Ukrainian and foreign scientists who made
a significant contribution to the research of this topic, the
following authors should be noted: Viktor Voytenko — a
well-known specialist in the field of geoinformation sys-
tems and remote sensing. He is engaged in the develop-
ment of new spatial data processing methods, as well as
the integration of GIS in various fields of science and
industry; Olena Kiselyova — specializes in the use of GIS
in urban planning and spatial planning. She researches
issues of urban planning and develops tools for analyzing
and visualizing data about urban areas; Serhiy Stogniy
is an expert in the field of geoinformation mapping and
landscape analysis. His research focuses on the use of
GIS for environmental change monitoring and natural
resource management; Yuriy Panasyuk — specializes in
the application of GIS in agriculture and land resources.
He actively works on the development of technologies
for monitoring agricultural land and optimizing the use
of land resources; Lyudmila Kucher — develops geo-in-
formation systems for environmental monitoring and
assessment of the state of the environment. She actively
implements GIS in ecosystem and natural resource man-
agement research; Michael F. Goodchild is one of the
founders in the field of geographic information systems.

Dendrological park of the
State Biotechnological Universin

His research focuses on theoretical and practical aspects
of GIS, including terrain modeling and spatial analysis.
He made a great contribution to the development of the
concept of "spatial thinking" and the application of GIS
in various fields of science; Dan Wright is known for his
research in environmental modeling and landscape anal-
ysis using GIS. He is actively involved in the develop-
ment of digital relief models (Digital Elevation Models,
DEM) and their application in watershed studies and
water resources management; Steven Schenkman — spe-
cializes in integrating ecological models with GIS for
natural resource management. His work covers the
development of methodologies for assessing landscape
changes and forecasting ecosystem services critical to
sustainable resource management; Susan Schmidt is an
expert in environmental modeling and the use of GIS for
ecosystem and biodiversity analysis. She develops mod-
els that help understand the impact of climate change
on natural ecosystems and the possibilities of their pres-
ervation; Paul Zipser — specializes in the development
of algorithms for creating high-precision digital terrain
models based on remote sensing data. His research is
aimed at improving GIS technologies for more accurate
forecasting and management of natural resources.

Their scientific works significantly contribute to the
development and implementation of GIS technologies in
the practice of natural resource management and biodi-
versity conservation.

Methods and theory. The digital relief model of
the dendrological park of the State Biotechnological
University (Figure 1) was built with the help of the
«Golden Software-Surfery product [1].

When constructing «Surfery surfaces, the following
principles are ensured (Figure 2).

With the help of various options for overlaying maps,
their different placement on one page, you can get the

Fig. 1. Dendrological park of the State Biotechnological University
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1) obtaining an image by
overlaying several

fransparent and opaque
graphic layers

2) import of finished images,
including those received in
other applications

3) using special drawing tools,
as well as applying text
information and formulas to
create new and edit old images

«Surfer»
principles
are ensured:

Fig. 2. «Surfery principles

Fig. 3. Digital 3D relief model of a fragment of the territory of the Arboretum
of the State Biotechnological University

most diverse options for presenting complex objects and
processes. In particular, it is very easy to get various var-
iants of complex maps with a combined image of the
distribution of several parameters at once. The user can
edit all types of maps using the built-in drawing tools of
«Surfery itself.

Results. To study the territory of the arboretum and
the manifestations of the processes that take place there,
it is necessary to have the widest detail of the topogra-
phy of the surveyed territory. Figure 3 shows a digital
model of the relief (a 3D model of a part of the arbore-
tum was made using the «Surfery program).

The presented mathematical 3D model can display
information about the relief of the nature-reserved terri-

tory of the arboretum, the processes that occur at the time
of research, and in some cases, predictions of behavior,
certain phenomena [2].

The information obtained from this model can be
used during the anti-erosion organization of the arbore-
tum territory [11], the development of territory zoning
projects, the organization of the territory of the nature
reserve fund, for the optimal placement of the dendro-
logical composition of plants, depending on the value of
the steepness of the slopes.

The digital terrain model is intended for interac-
tive visualization and has the effect of presence on the
terrain. Similar models are used to justify measures to
optimize land use in order to restore and stabilize the
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ecological situation, assess the natural and recreational
potential of the territory, monitor environmental compo-
nents, forecast the development of transformational and
degradation processes and phenomena in the environ-
ment (Figure 4).

The figure shows a part of the arboretum territory
with agricultural groups. The use of the «Surfer» software
package is a powerful tool for creating a digital model of
the terrain. The program is an adapted system for creat-
ing three-dimensional maps, models, landscape visualiza-
tion, grid generation and much more. The product allows
you to create realistic 3D maps taking into account light-
ing and shadows, use terrain images in various formats,
export the creation of maps in various graphic formats and
print in color up to 50 meters diagonally [3].

The advantages of such modeling are various inter-
polation methods, means of assessing the accuracy
and reliability of the built surface, clarification of the
obtained results, provide an opportunity to visualize the
spread of erosion and its consequences, and accordingly
design a system of anti-erosion measures. Given the rel-
evance of this problem, we see the practical application
of 3D maps as promising directions for further scientific
research [4].

One of the key aspects of modeling is taking into
account the biodiversity of the territory. This includes
the analysis of the location and distribution of the spe-
cies composition of flora and fauna, the study of their
interrelationships and ecological needs. GIS allows you
to simulate these processes in a virtual environment,
taking into account various influencing factors, such as
climatic conditions, soil cover, relief, and others [11].
This approach makes it possible to ensure a scientifically
based strategy for the conservation and development of
the biodiversity of the arboretum [5].

In addition, the modeling of the nature reserve fund
by means of GIS includes the analysis of the zoning
of the territory taking into account various functional
purposes [6]. This may include the allocation of zones
for the protection of natural complexes, recreational
zones for the relaxation of visitors, as well as zones for
scientific and educational purposes. Modeling allows
you to optimize the location of these zones taking
into account their interaction and minimize conflicts
between them [7].

The use of GIS also contributes to effective moni-
toring and control of the nature reserve fund [8]. This
includes the systematic collection of data on changes in
the ecosystem, the identification of threats and risks, as
well as the evaluation of the effectiveness of measures
for their prevention and elimination. GIS allows you to
automate this process, which allows you to increase the
speed and accuracy of the analysis, and also provides the
possibility of prompt response to changes in the natural
environment [9].

For conducting research on the territory of the den-
drological park, samples were taken (Figure 5) from
the upper fertile layer of the soil and the content of
mobile forms of heavy metals (iron, manganese, zinc,
copper, nickel, lead, chromium and cadmium) was
determined by the method of atomic absorption spec-
trometry.

The obtained results showed the following results,
the accumulation of elements occurs in the zones of
lowering the relief of the area due to the flow of sur-
face and ground water. The most dangerous of them
are lead, cadmium, chromium, nickel, the concentra-
tions of which exceed the maximum permissible con-
centration by 3-4 times, or are on the verge of exceed-
ing it (Table 1).

Fig. 4. Digital model of the location of objects on the territory of the arboretum
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Fig. 5. Digital relief model of the arboretum territory (1,, 2,... — place and number of soil sample selection)

Table 1
Concentrations of heavy metals in the studied soils
Elements Concentration (average value), mg/kg

Ne 1 2 3 4 5 6 7 8 GDK
Iron 3,37 3,54 78,23 85,43 29,45 50,92 289,08 227,17 -
Manganese 40,62 16,43 228,97 147,85 103,94 52,57 185,15 215,45 50,00
Zinc 1,81 2,48 12,12 21,81 17,75 12,14 15,98 9,65 23,00
Cuprum 1,16 0,86 1,15 1,16 1,28 1,17 1,67 2,23 3,00
Nickel 2,45 3,49 2,85 2,73 4,24 3,96 3,78 4,74 4,00
Plumbum 2,47 3,75 4,53 4,89 3,59 3,18 6,52 7,12 2,00
Chromium 1,83 3,72 2,41 5,16 5,67 5,24 6,92 6,23 6,00
Cadmium 0,17 0,19 0,52 0,63 0,63 0,42 0,57 0,73 0,70

The highest concentrations of heavy metals were
found in places of lower terrain, near the highway that
borders the park, and in areas with a steep slope. Studies
of the influence of the position of the site on various
relief elements and exposures on the properties of soils
are limited to date [10].

The statistical processing of the obtained results was
aimed at revealing the relationship between the content
of heavy metals and a number of indicators that could
affect their accumulation: distance to the highway, depth
of the sample, steepness of the slope and the average
height of the sampling point.

Conclusions. Thus, GIS modeling of the nature reserve
fund of the arboretum is a key tool for ensuring sustainable
management and preservation of biodiversity. It makes it
possible to analyze the complex relationships between dif-
ferent components of the ecosystem, taking into account
various influencing factors, and to develop effective strat-

egies for the management and development of the terri-
tory with the minimization of the negative impact on the
natural environment. Given the constant changes in the
ecosystem and the growing anthropogenic pressure, mod-
eling becomes an important tool for adapting management
strategies and responding to new challenges.

The key advantages of using GIS are its flexibility
and scalability. GIS can process large amounts of data
from a variety of sources, including satellite imagery,
map data, aerial photography, and spatial observations.
This allows you to take into account various aspects of
the natural environment and carry out a comprehensive
analysis of the relationships between them. In addition,
GIS allows for high accuracy and reliability of modeling
results through the use of geospatial analytical methods
and tools. The application of digital research methods
has great potential for improving the management and
conservation of natural resources.
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