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3D MODEL OF MEDOVA CAVE, LVIV

The purpose of this article is to present and provide a detailed analysis of the 3D model of the Medova Cave in
Lviv, created using laser scanning technology. The main objectives include revealing the accuracy and detailing the
obtained model, as well as determining its potential applications in various fields such as geological research, scien-
tific exploration, cultural heritage, and tourism. Additionally, the article aims to emphasize the importance and advan-
tages of using laser scanning for creating precise and realistic 3D cave models, opening new possibilities for the study
and preservation of natural unique formations. Method. The article describes the methodology used to create a 3D
model of the Medova Cave, which involves several key steps. Firstly, a thorough reconnaissance of the cave is con-
ducted to identify technical and logistical aspects such as temperature, humidity, movement restrictions, and lighting
that are necessary for the scan. Next, ground-based laser scanning is employed, proving effective in conditions of
complete darkness and limited space, to ensure accurate data collection regarding the cave's geometry. Reflective
markers are strategically placed inside the cave before scanning, facilitating efficient scanning and alignment of
scans. Specialized equipment such as GNSS receivers (Trimble R7) and ground-based laser scanners (Faro Focus 3D
120) are utilized for data collection. Software tools like Faro Scene are used for stitching together scans into a unified
3D point cloud model during data processing. Finally, the accuracy of marker connections is analyzed to ensure high-
quality registration, and the 3D model is constructed. Detailed 3D models, including textured models and cross-
sections for visualizing the internal structure of the cave, were constructed using software such as Move. Results. The
research on the Medova Cave, employing ground-based laser scanning, yielded an accurate and detailed 3D model of
the cave. This model opens new perspectives for geological and geomorphological studies, tourism development, and
cultural heritage preservation. The use of advanced scanning technologies allowed for a comprehensive representation
of the cave's geometric features, considering its complex structure and varied dimensions. Scientific novelty and prac-
tical significance. The creation of the 3D model of the Medova cave using laser scanning signifies progress in cave
geometry studies. The innovation lies in the utilization of advanced laser scanning technologies to ensure a detailed
representation of the cave's geometric features, accounting for its complex structure and diverse dimensions. The
novelty also lies in the development of a data collection and processing strategy in conditions of complete darkness
and limited cave space, resulting in an accurate and realistic 3D model. Practically, the 3D model of the Medova Cave
serves as a crucial tool for geological and geomorphological research and the exploration of unique natural forma-
tions. The model opens new opportunities for tourism development, where virtual cave exploration can provide a
unique experience for visitors. Creating this 3D model is a significant step in preserving and documenting cultural
heritage, contributing to the scientific and cultural development of the region, and providing access to unique objects
for researchers and the public.
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ism, geomorphology, digital documentation of the cave

of the Earth's crust at various scales. New terms
such as "vertical geology" and "virtual geological
exposure" are emerging, reflecting new approaches
to the analysis of geological phenomena.

Laser scanning is used for objects that rapidly
change their parameters, such as volcanoes, making
it an effective tool for studying the dynamics of

Introduction

Over the past two decades, there has been a
technological breakthrough in obtaining spatially-
coordinated information, which finds wide applica-
tion in various scientific fields, including geology,
geography, and applied sciences. The application of

cutting-edge technologies is evident in the study of
geomorphological features of the Earth's surface,
sedimentological processes, and structural elements

such objects. Particularly significant is the use of
these advanced technologies in monitoring the
processes of landslide-prone areas, opening up op-
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portunities for more precise and predictable man-
agement of these phenomena. Laser scanning
methods have become an integral part of glacier
research, where their use allows for a detailed study
of the structure and dynamics of these important
components of the Earth's system.

The application of laser scanning in geological
research significantly accelerates data collection
and processing. The quality of the obtained data has
improved, and the speed of their collection and
analysis has greatly increased. Modern computer
technologies provide new opportunities for visual-
izing processing results and exchanging large vol-
umes of information.

Recently, laser scanning and digital photogram-
metry have also been used for the study of caves,
allowing for a detailed examination of their internal
structure and features. This has led to the creation
of accurate three-dimensional models of caves in
different regions of the world. Such models are
beneficial to various scientific fields, including
speleology, geomorphology, geology, and biology.
Additionally, representatives of geotourism actively
utilize 3D models and maps in their daily activities.

At Lviv Polytechnic National University in the
Institute of Geodesy, a group of researchers is en-
gaged in the study of both architectural and natural
objects using laser scanning and digital photo-
grammetry methods. The results of these studies are
widely presented in a series of scientific publica-
tions [Bubniak et al, 2021; Bubniak et al, 2019;
Malitskyi & Bubniak, Kuzik et al., 2017; Marusazh,
2021; Savchyn et al, 2019].

In western Ukraine, caves are quite common,
but none of them have corresponding three-
dimensional models, and the plans are usually not
accurate enough. To fill this gap, we conducted
research using laser scanning to create detailed
three-dimensional models of caves. The Medova
Cave, located in the vicinity of Mayoryvka in the
Lychakiv district of Lviv, was chosen as the re-
search object. This cave is considered one of the
most visited natural tourist attractions in the city of
Lviv. Additionally, active construction is taking
place near the cave, creating the need for continu-
ous monitoring of its condition.

Previous research on cave scanning

In the early works of Edward Alfred Martel, the
founder of modern speleology [Shaw, 2004], sur-

veying activities in caves were extensively em-
ployed, leading to the emergence of speleology in
the early 20th century.

In the initial stages of research, scientists used
hand-drawn sketches to document their discoveries,
which was considered a straightforward method.
[Fryer et al., 2005].

The next step involved the use of standard sur-
veying instruments, such as compasses, tapes, and
clinometers [Tsakiri et al., 2007]. As reflected in
the work [Zorin, 2008], these tools helped create
plans (maps) of all discovered caves in the territory
of Ukraine. The use of theodolites represented sig-
nificant progress in conducting underground re-
search in terms of methodology and accuracy.
However, these methods are not optimal for obtain-
ing data on irregular geometry, such as cave ge-
ometry [Haddad, 2011]. The application of terres-
trial laser scanning technology has revolutionized
cave surveying and led to significant advancements
in their exploration.

Between 1988 and 2001, the first attempts at
reconstructing the geometry of the Altamira Cave
in northern Spain took place using the Minolta VI-
700 scanner. The project lasted a significant period
due to scanner limitations (0.7-1.1 m range), large
volumes of CAD models, and the need for manual
processing [Blais, 2004]. Almost 10 years after the
completion of the "Altamira" project, another team
of researchers decided to explore 3D mapping in
the Upper Paleolithic Cave of Cap Blanc in the
southwest of France in March 1999 [Robson et al.,
2001]. They used the Autoscanning Surveyor (Sur-
veyor ALS) laser system to create a detailed 3D
model of the cave. However, both projects have
two main drawbacks: one of the methods used is
not empirically justified, and the other is limited by
memory capacity. Nevertheless, both projects
marked a new era in cave geodetic research.

Thematic studies have been conducted in vari-
ous countries, including Australia [El-Hakim et al.,
2004], Austria [Buchroithner & Gaisecker, 2009],
the United States [Perperidoy et al., 2010], Italy
[Beraldin et al., 2006], [Caprioli et al., 2003],
France [Chandelier & Roche, 2009], Greece
[Tsakiri et al.,, 2007], Portugal [Silvestre et al.,
2013], Croatia [Kordic et al., 2012], and Malaysia
[McFarlane et al., 2013]. Only in two African coun-
tries, South Africa and Egypt, Terrestrial laser
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scanning (TLS) was used for cave research. The
Wonderwerk Cave in South Africa was fully
scanned using Leica HDS3000 to construct a 3D
model as part of a documentation project for Afri-
can cultural heritage sites [Riither et al., 2009].

A general overview of the conducted research
indicates significantly less activity in the study of
caves outside the European Union. However, this
does not imply that Europe has more caves com-
pared to other regions of the world. It is likely re-
lated to several factors, such as societal understand-
ing of cultural heritage, the influence of educational
institutions, economic conditions, and access to
research tools. Another important factor is that
most manufacturers of modern laser scanners are
based in Europe. Among our neighbors, cave re-
search using TLS is conducted in Poland. Ukraine
is home to numerous globally significant caves that
have been studied for over two hundred years. Un-
fortunately, until today, TLS has not been utilized
in their exploration. Only a few works, closely
aligned with TLS approaches to cave study, have
been conducted in the Near caves of the Kyiv Pech-
ersk Lavra [Shultz, 2016].

The geological position of the Medova Cave

The Medova Cave is located at the end of the
street with the same name, in the Maiorivka area of
the city of Lviv (Fig. 1). Figure 2 shows the outline
of Medova Cave along the horizon of 380 meters.

In tectonic terms, the cave is situated on the
Lviv Plateau, the southwestern part of the East
European Platform, known as the Podolian Plate.
The sedimentary cover of this structure consists of
Paleozoic rocks (Cambrian-Lower Silurian, Upper
Silurian, Devonian, Lower and Middle Carbonifer-
ous), which gently dip to the southwest beneath the
Carpathian orogen. The Main European Watershed
runs through this area, between the Baltic and
Black Sea basins. The cave is located within the
deposits of the Neogene period, specifically within
the Ratyn Limestone. These are light-gray to yel-
lowish cavernous limestones containing a signifi-
cant amount of fauna. The surrounding area of the
cave is covered by beech and beech-pine trees.
Chernozem, eluvial, and peat-bog soils are preva-
lent. The region has a moderately continental cli-
mate with mild winters and warm summers. The
average monthly air temperature is -4°C in January

and +18°C in July. The average air humidity is
around 80%. Westerly winds prevail, occasionally
shifting to the northeast.
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Fig. 1. Location of the Medova cave, Lviv.
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Fig. 2. Contour of the Medova Cave
at the elevation of 380 m, Lviv

The aim

The purpose of this article is a thorough analy-
sis and presentation of the 3D model of the Medova
Cave in Lviv, successfully created using laser scan-
ning technology. We aim to highlight crucial as-
pects of this project, focusing on the accuracy and
detailing of the obtained model. Additionally, our
efforts are directed toward exploring the potential
use of this 3D model in various fields such as geo-
logical research, science, cultural heritage explora-
tion, and tourism development. Specific objectives
include analyzing the possibilities of using the
model to study geomorphological features, struc-
tural elements, and other aspects of the cave. We
also examine the prospects of using the obtained
3D model for scientific research, increasing interest
in cultural heritage, and stimulating tourism devel-
opment in the region. The overall goal is to show-
case and popularize advanced methods of cave
geometry research through the application of laser
scanning, which can open new perspectives in
studying natural formations and contribute to their
preservation for future generations.
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Research Methodology and Data

Capturing data in caves using Terrestrial
Laser Scanning (TLS) occurs conventionally simi-
larly to surface scanning. Caves typically have
complex shapes and various dimensions, and they
are subject to challenges of the surrounding envi-
ronment, such as narrow passages and complete
darkness. However, the total darkness and orienta-
tion challenges in the confined spaces of caves are
key distinctions between these environments, sig-
nificantly affecting the logistics of capturing more
than the scanning process itself. While the absence
of light does not hinder the collection of point data,
it limits the ability to obtain color data and photo-
graphs. This may not be an issue for applications
like 3D modeling and geomorphological analysis,
but for applications where photorealism is crucial
(e.g., documenting cave paintings, and petro-
glyphs), external lighting is necessary. Considering
this, it is important to use a systematic and efficient
strategy that ensures the effective collection and
processing of data for accurate capturing of the
geometry and orientation of cave voids and, where
needed, provides appropriate illumination for pho-
tography.

The standard practice in the field of surveying,
conducted before data collection, is reconnaissance.
However, in cave surveying, this stage is much
more critical because caves pose various chal-
lenges, such as high temperature and humidity,
restricted movement, and darkness. Thus, cave
surveying requires detailed planning to ensure the
selection of appropriate methods and the develop-
ment of an effective data processing scheme. On
the other hand, proper planning will ensure the
quality of the collected data and the 3D model.

The first task in the planning stage is to define
the project goals and ensure a clear understanding
of the purpose of the task and user needs. Next is a
visit to the site to identify technical and logistical
issues that need to be addressed before data collec-
tion. The planning stage should take into account
the cave's unique features, such as its shape, cover-
age, and other characteristics like lighting and tem-
perature. In most cases, the cave's structure may
lead to obtaining an insufficient number of point
clouds. The scanner's location should be chosen so
that successive scans have sufficient overlap, facili-

tating the merging of point clouds from different
scanning positions. It is important to note that the
choice of scanner should be based on its technical
specifications and its adaptation to the cave's condi-
tions.

A determining factor in cave 3D scanning is ob-
taining accurate three-dimensional data that ensures
detailed and high-quality morphometric data as the
foundation on which other cave information can be
integrated and spatially analyzed. However, this
requires a certain level of expertise on the opera-
tor's part. There are two possible approaches to
creating ground-based laser scans during data col-
lection. The first procedure is analogous to using an
electronic theodolite, where the instrument is
aligned with a ground control point, the coordinates
of which are known. It then "backsights" to another
visible control point to calculate the correct azimuth
and angle. However, the uneven surface and per-
petual darkness inside the cave make this orienta-
tion setup unfeasible. As a result, an alternative
approach was specifically developed for cave ex-
ploration. It allows placing the scanner anywhere,
ensuring optimal scanning coverage. Markers made
from reflective materials that are easily identifiable
are used; however, the accuracy of automatic regis-
tration improves with increasing scanning resolu-
tion.

The common practice is to place markers in the
cave before the scanning begins, ensuring that at
least three (preferably more) markers are visible at
any time on two adjacent scanners, and their global
positions are precisely measured using a theodolite,
electronic theodolite, or a combination of GPS and
electronic theodolite. The presence of alternative
scanning registration procedures, such as cloud-to-
cloud and automated targetless registration, gradu-
ally diminishes the use of artificial markers. For
cave scanning, the overlap must be well-planned
before the data collection process. A general rule is
that approximately 25 percent overlap between two
adjacent scans will yield high-quality registration.
Points scanned from different stations are in differ-
ent local coordinate systems. Therefore, registration
is necessary to align these individual point clouds
into a unified rectangular coordinate system. Addi-
tionally, for accurate data processing and compre-
hensive cave information, it must be tied to a global
coordinate system. This is usually achieved through
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geodetic methods (GPS and electronic theodolite or
theodolite). As GPS is ineffective inside caves, a
common practice is to establish control points on
the surface before entering the cave and use an
electronic theodolite to transfer coordinates under-
ground through a network of survey points. Point
processing packages are designed to automatically
determine the coordinates of markers used during
registration, stitch point clouds obtained from dif-
ferent scans, and transform the scanner's Cartesian
coordinate system into the local or global reference
system.

To conduct terrestrial laser scanning research on
Medova Cave, the following equipment was used:

1. Set of GNSS receivers Trimble R7 (Fig. 3).

2. Ground-based laser scanner Faro Focus 3D
120 (Fig. 4).

Fig. 4. Faro Focus 3D 120 Terrestrial Laser Scanner

Measurements were taken from 4 points using 6
reflector marks (Fig. 5) to merge individual scans
into a unified point cloud. Additionally, the coordi-
nates of some marks were determined in the global
coordinate system, allowing the transformation of
the obtained 3D model of Medova Cave into this
coordinate system.

Fig. 5. Volumetric reflector targets

Further processing of the data obtained from la-
ser scanning of the cave was conducted using soft-
ware. To stitch the acquired scans, we utilized Faro
Scene 5.0 software, following these steps:

- Load object scans.

- Mark flat targets and spheres.

- Register scans based on defined points.

During registration, the program automatically
connects the marked targets. As a result, we obtain
point clouds in a unified coordinate system, form-
ing a 3D model of the researched object (Fig. 7). To
achieve the best accuracy in scan alignment, it is
advisable to analyze the precision of their merging
for each mark (Fig.6).
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Fig. 6. Results of the accuracy analysis
of marker alignment

The obtained accuracy of scan registration is
0.0035 m. The maximum deviation between flat
markers is 0.0096 m, and the minimum is 0.0012 m.
The maximum deviation between volumetric mar-
kers is 0.0086 m, and the minimum is 0.0005 m.
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Fig. 7. Point cloud model of the Medova cave
showing the location of markers

Results of the Research. Processing of laser
scanning data and construction of a 3D model
of the Medova Cave using Move software.

Subsequent construction of models of the Me-
dova Cave was carried out using Move software,
developed by Midland Valley, a global leader in
creating programs for structural geology and geo-
logical mapping. Among the numerous functional
capabilities, we utilized the 3D block and the block
for constructing cross-sections. First, we imported
the point cloud model created from laser scanning
results. The model can be represented in various
formats, and we chose *.obj, presenting it as a tex-
tured model. It is important to note that the new
project should have the same coordinate system as
the model. Since we are exploring a cave, it is prac-
tical to divide the model into two parts, upper and
lower (Figs. 8, 9). This will be convenient for visu-
alization as well.
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Fig. 8. The lower part of the Medova cave model loaded
into the 3D module of the Move program

As we can see, these models represent only the
surface of the cave. To visualize the internal struc-

ture, we use two approaches. The first one is to
"slice the model" into two parts. See Fig. 10.

Fig. 9. The upper part of the Medova cave loaded
into the Move program

Fig. 10. Structure of the bottom
of the Medova cave

The second way to represent the internal
structure of the cave is by constructing a cross-
section (Fig. 11 a,b). For this, the Section tool in
the 3D module was utilized.
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Fig. 11(a,b). Cross-section through Medova Cave
along the selected direction
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We use the "Creation Multiply Sections" func-
tion to demonstrate the internal structure, allowing
us to build a series of cross-sections along selected
directions simultaneously. In this process, we can
choose not only the number and location of the
sections but also the distance between them. Typi-
cally, these section planes are oriented vertically,
but if necessary, they can be placed at any angle.
Fig. 12 shows the arrangement of sections in Me-
dova Cave, and Fig. 13 displays the actual sections.

Fig. 12: Arrangement of cross-sections
in Medova cave

Fig. 13: Internal structure of Medova Cave shown
as a series of cross-sections

Fig. 14: A detailed plan of the cave was con-
structed based on the obtained model, using the
Map module. This module offers a wide range of
tools for cartographic purposes, allowing the
selection of contour intervals and other parameters.
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Fig. 14: Plan of the Medova Cave

The described model above will not be complete
without showing the surface above which the cave is
located. To display the surface, the results of aerial
photography conducted by a group of researchers
from the Institute of Geodesy were used. The
obtained surface model was loaded into the Move
software to the existing model of the Medova Cave.
Based on these models, a cross-section was again
constructed, on which both the cave and the surface
above it are shown, as in Fig. 15.
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Fig. 15. Cross-section through the Medova cave
and the surface beneath it

The result of the research is the obtained virtual
model of the Medova Cave.

Scientific novelty and practical significance

The presentation of the 3D model of the Me-
dova Cave in Lviv created through laser scanning,
is characterized by significant scientific novelty in
the context of cave geometry study and its utiliza-
tion for further scientific research. One of the key
innovations is the application of advanced laser
scanning technology for comprehensive coverage
of the cave's geometric features, considering its
complex shape and diverse dimensions. Addition-
ally, the novelty lies in the development of a data
collection and processing strategy under conditions
of complete darkness and limited spatial constraints
within the cave. Accounting for these features en-
ables the creation of an accurate and realistic 3D
model, serving as the foundation for subsequent
scientific investigations.

The practical significance of the obtained 3D
model of the Medova cave lies in its practical ap-
plications. It can serve as a crucial tool for geologi-
cal and geomorphological research, as well as for
studying unique natural formations within caves.
Additionally, this model opens up opportunities for
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tourism development, where virtual exploration of
the cave can provide a distinctive experience for
visitors.Furthermore, the creation of the 3D model
represents a significant step in preserving and
documenting the cultural heritage of the cave. This
is essential for the further scientific and cultural
development of the region, as well as for providing
access to unique objects for researchers and the
general public.

Conclusions

The result of the work demonstrates the suit-
ability of using terrestrial laser scanning for the
exploration of caves, including the construction of
their models and plans. The findings of this study
can be valuable for geologists, geomorphologists,
and speleologists in conducting further research.
The efficiency of surveying operations, the speed of
data processing, and the high quality of the ob-
tained data have been highlighted in the course of
the work. We recommend employing this approach
for studying other caves in Ukraine. The outcomes
of this work can also be utilized in organizing ex-
cursions and in the educational process for students
in higher education institutions specializing in
Earth sciences.

This study highlights the significance and effec-
tiveness of using terrestrial laser scanning (TLS) for
creating detailed three-dimensional models of
caves, as demonstrated by the example of the Me-
dova Cave in Lviv. Thanks to this technology, we
obtained an accurate and realistic 3D model of the
cave, opening new perspectives for geological re-
search, science, cultural heritage exploration, and
tourism development.

TLS allowed us to better understand the geo-
morphological features and structural elements of
the Medova Cave, which is of great significance for
scientific research and the preservation of natural
unique formations. Additionally, creating this
model is a crucial step in documenting and preserv-
ing the cultural heritage of the region, providing
valuable data access for researchers and the wider
public.

Based on the results of this study, we recom-
mend the application of TLS for studying other
caves in Ukraine and believe that this technology
can play a key role in enhancing the quality of cave
surveying.
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3]1 MOJIEJIb MEJIOBOI ITEYEPH, M. JIbBIB

Merta naHOi cTaTTi — MpPEACTABICHHSA Ta AcTalbHUN aHami3 3D-moxeni Memoroi nedepu y JIbBOBI, sika Oyia
CTBOpPCHA 3a JIOIIOMOrOI0 TEXHOJIOTIT Jla3epHOro ckaHyBaHHS. OCHOBHI IIJIi BKIIIOYAIOTH PO3KPHUTTSA TOYHOCTI Ta
JeTajizanii OTpUMaHOI MOJENi, a TAKOK BU3HAYCHHS MOXIIMBOCTEH 1i BUKOPHUCTaHHSA B Pi3HUX cdepax, Takux sK:
T'COJIOTIYHI JTOCITIIXKCHHS, apXeoJIoTis, KyJbTypHa CHaAlIMHA Ta TypusM. KpiM TOro, Mera CTaTTi — MHiIKPECIUTH
BKJIMBICTh Ta IIEPEBArM BHUKOPUCTAHHS Ja3€PHOIO CKAHYBAaHHS IS CTBOPEHHS TOYHHUX Ta peajicThuHux 3D-
MoJeNieii Tieuep, sKi BiJAKPUBAIOTH HOBI MOXIIMBOCTI JJI BUBYCHHS Ta 30CpEKCHHS NPUPOIHUX YHIKAIBHUX
¢dopmariiit. Meroauka, BUKOPUCTaHA B CTaTTi [uIis cTBopeHHsS 3D Momeni MemoBoi medepu, OXOIUTIOE ICKiIbKa
KpokiB: [1iqroroBka Ta peKOrHOCIIMPYBAHHS, 110 BKIIOYA€ MPOBEJACHHS PEKOTHOCIIUPYBAHHS IICUCPH I BUSBIICHHS
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TEXHIYHHX Ta JIOTICTHYHUX ACIIEKTIB, TaKi SK: TEMIIEPaTypa, BOJIOTICTh, OOMEXEHHS Y pyCl Ta OCBITIIEHHS, HEOOX1IHi
JUTsl 3HOMKH. 3HOMKa 31 ICHIOETHCS 32 IOIOMOT'OI0 Ha3€MHOT'0 JIA3EPHOTO CKAHYBaHHS, K€ € e()eKTUBHUM B YMOBax
TIOBHOI TEMpsIBH Ta OOMEXeHOro mnpocropy. HasemHe naszepHe ckaHyBaHHsSI 3a0e3lieuye TOUHHMHA 30ip JaHUX IIPO
reoMerpito redepu. [t epeKTHBHOIO CKaHYBaHHS Ta 3UIMBAaHHS CKaHIB BUKOPHUCTOBYIOTHCS MapKepH-pe(IIEKTOpPH.
L1i Mmapkepu pO3MIILIYIOTHCSl BCEPEIUHI MeUepy Nepe]] MOYaTKOM CKaHyBaHHs. [Ipy 10CiDKEHHSX BUKOPUCTOBYBAIIU
crienianizoBane ooagHanus, K-oT GNSS-npuiiMaui Trimble R7 ta Hazemuuii nazepuuii ckanep Faro Focus 3D 120.
BumiproBaHHs ITPOBOAWIIN 3 PI3HUX TOYOK JUISl CTBOPEHHSI AETAILHOI XMapH KOOPJHUHOBAHUX TOYOK, KA € OCHOBOIO
it 3D mopeni. [l 3MIMBaHHS OTPUMaHMX CKaHIB 1 CTBOPEHHs €IMHOI TOYkoBOi 3D Mopeni BUKOPHUCTOBYBAIIU
nmporpamue 3abe3neueHns, Take sk Faro Scene. ITig wac peecTparlii aBTOMaTHYHO 3’€IHYIOTHCS MO3HAYCHI MapKU.
[MpoBonmim aHaji3 TOYHOCTI 3’€IHAHHS MapoK Ui 3a0e3NedYeHHs BHCOKOI SKOCTI peectpailii. BukopucroByroun
mporpamue 3abe3neueHHs Move, mooyayBanu aeTanbHi 3D Momelni, BKIIOUA0YH TEKCTYPOBaHI MOJIETI Ta MEPEeTUHH
JUIs Bi3yautizalii BHYTPIIIHBOI CTPYKTYpH Imeuepu. B pesyibraTi mociimkeHHs MemoBoi meuepu 3a JIOMOMOTOIO
HA3eMHOI'0 JIa3epHOTO CKaHyBaHHS CTBOpEHa TOYHA Ta JETalli30oBaHa TpPHBUMIpHa Mozenb nedepu. Lls Monens
BIJIKPUBAE€ HOBI MEPCHEKTUBH JJIsI TEOJOTIYHUX JIOCHTIPKEHb, HAyKOBOTO BHMBUEHHS, KYJIBTYpHOI CHAJIIMHU Ta
Typu3Mmy. OcCOOJIHMBICTh LBOI'O JOCTIDKEHHS IOJSAra€ y BHKOPHCTaHHI IEpPEJOBUX TEXHOJIOTIH CKaHyBaHHS, SIKi
JIO3BOJISIFOTH  JICTAJIFHO BIATBOPUTH T'E€OMETPHYHI OCOOJIMBOCTI II€4EpH, BPaxoBylouu Ii ckiamHy ¢opMmy Ta
pizHOMaHiTHI po3mipu. OTprMaHa MOJENb CTajla BaKJIMBUM IHCTPYMEHTOM JIJIsl T€OJOTTYHHX Ta TeOMOPQOIOriaHIX
JIOCITI/PKEHB, a TAKOXK JJIsl PO3BUTKY TYpU3MY Ta 30€peKeHHsI KyJIbTypHOi criaamuiu. HaykoBa HoBu3Ha. CTBOpEHHS
3D-mozeni MenoBoi neuepu y JIbBOBi 3a JOIIOMOIOIO JIa3€pHOIO CKaHYBAaHHS MPEACTABIAE COOO0 3HAYHUM Iporpec
y BUBUEHHI reoMeTpii nmeuep. OCHOBHOIO iHHOBAIII€I0 € BUKOPUCTAHHS MIEPEIOBUX TEXHOJIOTIH JI1a3€pHOI'0 CKaHyBaHHS
Uit 3a0e3MeYeHHs! JIeTabHOTO BiJOOpaKEHHsS T€OMETPHYHHUX OCOOJIMBOCTEH MedepH, BPaxoBYIOUW ii CKIaIHY
CTPYKTYpY Ta pi3HOMaHITHICTh po3MipiB. HoBHU3Ha mojsirae Takox y po3poO1i crparerii 300py Ta 00poOKH JaHuX B
YMOBax IOBHOI TEMpPSBU Ta OOMEXKEHOro IPOCTOPY IEYepH, IO JO3BOJIMIO OTPUMATH TOYHY Ta peanictuuny 3D-
Mmozenb. [Ipaktuyna 3HauymicTb: 3D-mozmens MenoBoi nedepu CTae BaKIMBUM IHCTPYMEHTOM JUISl T€OJIOTIYHHX,
reoMop(ONOTriYHUX JIOCTI/PKEHb Ta BHUBYEHHS YHIKaJbHUX NPUPOTHMX QopMmaliii. Monenb BiKpuBae HOBI
MOXITUBOCTI JIJIsl PO3BUTKY TYypH3MY, /i€ BipTyalbHE BHBYCHHS IE€YEPH MOXKE 3a0€3MeUUTH YHIKAIbHUNA JOCBIM IS
BingBixyBauiB. CtBopeHHs1 11i€i 3D-Moneni € BaKJIMBHM KPOKOM Yy 30€peXeHHI Ta JOKYMEHTYBaHHI KYyJIbTYypHOL
CHAJIIMHYU, CIPHUSAIOYM HAYKOBOMY Ta KYIBTYPHOMY PO3BHTKY DETiOHY, a TaKOX 3a0e3leuylodd OCTYI J0
YHIKaJIBbHUX 00'€KTIB [UIsl HAYKOBIIIB Ta TPOMaJICHKOCTI.

Kniouosi crosa: nazepHe ckanyBaHHs, 3D MonentoBaHHs, TeoJIOTiuHI JOCIiKeHHs, MenoBa neuepa, reoMeTpis
rieyep, reo/Ie3uYHI TEXHOIOT11, Typu3M, reoMopoIIoris, uppoBa JOKYMEHTALis Tedep.
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