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STUDY OF DIGITAL ELEVATION MODELS OF OBJECTS OF HISTORICAL AND
CULTURAL HERITAGE CREATED OVER DIFFERENT YEARS

The purpose of the work is to investigate the digital elevation models of the mass grave of 1944, built on the basis
of aerial and cartographic data of different times. The implementation of the task involves the construction of digital
elevation models (DEM) on the territory of the Jewish mass grave in the city of Vynnyky and Italian prisoners of war
near the city. On the territory of the Jewish mass grave in the city of Vynnyky, a DEM was created based on a stereo
pair of archival aerial images obtained in 1944 and on the basis of aerial photography from a UAV conducted in
2015. Since archival aerial photographs did not contain orientation elements, they were geometrically transformed
using the ErdasImagine software. After that, the stereo pair was processed in the program Digitals, where relief ele-
ments on the territory of the mass grave were obtained. Aerial photography from a UAV on the territory of the city of
Vynnyky provided the data which was processed in the Agisoft PhotoScan software. It allowed us to create an ortho-
photo plan and an elevation map of the city territory. Elements of relief on the territory of the mass grave of 1944 and
2015 were imported into the Surfer software environment, where 3D digital elevation models were built. Since the
territory of the grave did not have significant differences in height, and the relief was quite gentle, the method of
constructing the DEM of the Natural Neighbor was chosen, which gave a positive result. Analyzing the digital eleva-
tion model and the vector map for 1944, the border of the mass grave is clearly distinguished, since the height differ-
ence between its edges and the rest of the territory is from 20 to 36 cm, depending on the section of the border. The
analysis of the digital elevation models and the vector map for 2015 of the territory of the mass grave determined
from the aerial image of 1944 showed that the characteristic height differences on the former border of the grave are
observed only in the left-right corner of the grave and on a separate section of the right border. Height difference
indicators range from 15 to 20 cm. It should be noted that height differences are also observed in the rest of the terri-
tory belonging to the mass grave and outside it. This can be explained by many years of human intervention and agri-
cultural land use. With regard to the investigation of the mass graves of Italian prisoners of war near the city of Vyn-
nyky, the modern territory is 100 % wooded, which makes it impossible to apply aerial photography. Therefore, in
order to compare the modern DEM with the stereo pair of aerial images of 1944, it was decided to conduct a ground
tacheometric survey of the area in 2011. Tacheometric survey data was exported to the dxf exchange format, after
which it was opened in Surfer and the DEM was built. In this case, digital elevation models were built using the
Kriging method, since the area where the mass graves are located is quite hilly with a significant difference in eleva-
tion. According to the digital elevation models, 54 pits with burials that have survived to this day have been identi-
fied. The scientific novelty of the work consists in the development of the concept of combining disparate data for the
construction of digital elevation models and the creation of a complete picture of the study of the territory of the
object of historical and cultural heritage. The received data can be used by the relevant cultural heritage preservation
departments of the Ministry of Culture of Ukraine for their further study.
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Introduction urban development of past centuries, monastic

During the last decade, one of the most actively complexes, buildings or even entire cities of one or

developing areas of using digital technologies in another historical period. We can also talk about
historical research is related to the creation of virtual ~ the growing interest in the development of virtual
reconstructions of lost (completely or partially) ob- ~ reconstructions of historical urban landscapes.
jects of cultural heritage. Apparently, the focus is on  Digital technologies and methods have led to radi-
research projects that use various three-dimensional ~ cal changes in the study and preservation of cul-
modeling technologies in the tasks of virtual recon-  tural heritage. At the same time, digital approaches
struction of historical urban space —areas of lost influence historical research, which is the basis of
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knowledge and understanding of cultural heritage.
The most obvious effect is a kind of “public use” of
history. The results of digital history are more acces-
sible to a wide audience of cultural heritage connois-
seurs — taking into account the spatio-temporal con-
text. And if the “spatial turn” characterized recent
historical research, the spatial localization of histori-
cal data preceded digital approaches. Since the
1970s, the concepts of urban space influenced the
development of historical urbanism, and the use of
digital 3D technologies gave a noticeable impetus to
the study of the visual history of the city, and the
virtual reconstruction of its lost elements. In addi-
tion, “architectural urban history” also emphasized
the role of the visual factor. Significant attention in
the article is paid to 3D methods, which are consid-
ered as “scientific technology”. With the develop-
ment of computer graphics in the 1960s and obvi-
ously, since the 1990s, more and more attention has
been paid to virtual reconstruction. Today, 3D retro-
digitization of existing artifacts obtained by 3D laser
scanningphotogrammetry and digital 3D virtual re-
construction of lost objects, reproduced on the basis
of sources, provides adequate access to objects of
research in the field of archeology, art, architecture
and urban history in the internet age. An important
element of such projects is the contextualization of
3D models based on metadata. The authors see two
reasons why 3D models have such great potential.
First, it is an exact reproduction of the geometric and
material properties of the reconstructed object. Sec-
ond, deep interpretation of sources and hypothetical
reproduction of the object give historians and users a
deeper understanding of it.

Formalization and structuring of knowledge al-
low for efficient use of data and contribute to the
acquisition of knowledge in the digital environment,
as well as the creation of knowledge networks based
on Internet technologies. As for source-based his-
torical reconstruction, we can underline projects that
make web visualization comprehensible, interpret-
able, demonstrate the potential of sustainable proc-
ess registration and linking 3D data to events,
sources, and actors as linked data.

In Ukraine, among the works related to the
study of digital models of relief and terrain for the
study of objects of historical and cultural heritage, it
is necessary to the works of scientists H. Burshtyn-

ska, I. Vasylikha, S. Vovkodav, P. Koval, B. Chet-
verikov, Z. Kuzyk and O. Tumska [Burshtynska et
al., 2007; Vovkodav, 2008; Kuzyk, 2013; Bur-
shtynska & Tumska, 2000; Chetverikov et al.,
2017; Chetverikov & Babiy, 2016].

It is to foreign scientific works related to 3D
modeling of objects of historical and cultural heri-
tage. The general role of studying objects of his-
torical and cultural heritage based on the construc-
tion of 3D models is highlighted in works [Agosto
& Bornaz, 2017; Ubik and al., 2015; Liu and al.,
2022]. For creation of 3D models of architectural
structures or monuments, short-baseline photo-
grammetry methods are widely used (Alsadik,
2014; Remondino & Menna, 2008). Also, photo-
grammetric methods of superimposed survey or
radial survey of buildings or monuments are very
popular in the study of architectural objects [Bo-
lognesi et al., 2014; Hou & Cheng, 2021; Moisan
et al., 2021; Solem & Nau, 2020, Mostafavi et al.,
2019]. General basics of building 3D models of
objects of historical and cultural heritage using
photogrammetric processing of images is pre-
sented in works [Vilceanu and al., 2014; Zhao and
al., 2018]. An interesting direction of studying 3D
models of such objects includes methods based on
computer vision and machine learning libraries
[Barrile & Bilotta, 2018; Gelnar & Zegzulka,
2019]. Also, in the foreign scientific literature
there are articles dedicated to the actual study of
the places of mass burials during the Second
World War using aerial photographs, however the
toolkit of methods for processing aerial photo-
graphs in these works is rather limited [Fiedler and
al., 2009; Ossowski and al., 2018]. Before the
Second World War, there was a very developed
Jewish community in the town of Vynnyky near
Lviv, as well as throughout Galicia. Therefore, it is
quite understandable that during the Nazi occupa-
tion most of them were taken to concentration
camps, and the rest were shot in the city and its
surroundings and buried in mass graves.

During the Second World War, the Germans
fenced off part of the forest between Lysynychy
and the Lviv — Vynnyky road with barbed wire —
they forbade anyone to approach it. But some peo-
ple, risking their lives, came by there. They saw
that Jews, and sometimes Ukrainians and Poles,
were brought here in cars. The column of the



16 Geodesy, cartography and aerial photography. Issue 96, 2022

doomed was led to the place of the former sand
quarry, to deep pits prepared in advance. People
were ordered to undress, and then they were led in
groups to the pit under the sights of a machine gun.
The shooting was carried out by a special Gestapo
team. In order to muffle the screams of the masked
people, dance music was played at full power from
several gramophones at once. At this place, prison-
ers of war who were transported from the concentra-
tion camp “Stalag-328” (Citadel) were brutally mas-
sacred.

The territory covers the area stretching along the
Sichova street, which is bounded by residential
buildings in the south and west, by the border of the
forest in the north, and by a ravine in the east.

Mass graves located in the forest are limited by
forest plantations on all sides and are located on
hilly terrain. The territory of mass graves is not spe-
cially marked. There is no fence.

Aim

The purpose of the work is to investigate the
digital elevation models of the mass graves of 1944,
built on the basis of aerial and cartographic data of
various times. The task of the work is to investigate
two different areas of the territory of the town of
Vynnyky and its surroundings, where mass graves
are located. The types of territory of the graves are
also different, one object is in an open area, and the
other is in a wooded area. In this regard, it is neces-

sary to choose appropriate and effective methods of
building the DEM.

Methodology and work results

The first object of research is located in the
northern part of Vynnyky near Lviv. This is a Jewish
mass grave, which, according to eyewitnesses of the
mass shootings, had an elongated shape close to
rectangular.

For the identification of the mass grave, a stereo
pair of German aerial photographs from 1944 with a
longitudinal overlap of 70 % (determined analyti-
cally) was used as input data. The transverse overlap
could not be determined, since only one stereo pair
was available. The height of aerial photography of
the territory is 8000 m, the survey scale is 1:10500.
Orientation elements are missing, as the pictures
were in the US National Archives in the form of

scanned negatives. The pictures were transformed
in Erdas Imagine software and saved in GeoTIFF
format, which allowed them to be imported and
processed in Digitals software. Fig. 1 shows a
fragment of the overlap zone of a stereo pair of
aerial photographs with a marked area on which,
according to the testimony of eyewitnesses, there
was a mass grave.

Fig. 1. Overlap area of a stereo pair
of aerial photographs from 1944
with the marked pre-defined mass grave area

Indeed, when interpreting this territory, a dis-
turbed section of an elongated shape, close to rec-
tangular, can be seen. The detected disturbance
differs in its structure from disturbed land due to
plowing for agricultural needs. The disturbance is
not uniform over the entire area of the plot, which
indicates more the structure of the buried pit than
the plowed upper layer of the soil (Fig. 2). Accor-
ding to the aerial photograph, it was determined
that the area of the mass grave has an irregular
shape and is 939.6 m>.

Interpretation of aerial photographs of 1944 al-
lowed displaying the territory of the mass grave
located within modern urban development. Its
analysis helped to create an orthophoto plan and a
height map based on the data of the aerial survey
of the territory of the town of Vynnyky from a
UAV in 2015.
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Fig. 2. The territory of the mass grave in Vynnyky,
interpreted from aerial photographs of 1944

With the help of Agisoft Photoscan software, an
orthophoto plan and a height map of the territory of
the town of Vynnyky, near Lviv, were constructed
based on 119 photographs. When forming the ortho-
photo plan, we used 37 contour points with known
coordinates determined in advance by applying
GNSS surveying.

When performing the image alignment operation
to build the scene, medium accuracy was chosen.
The “Accuracy parameter” in the Agisoft Photoscan
program includes “very high”, “high”, “medium”,
“low”, “very low”. An increase in accuracy leads to
an increase in processing time. Since the survey area
was large enough, and the area of interest was long
enough, we were satisfied with the average accuracy
of the model construction.

After the completed operation there is:

e a sparse point model of the terrain consisting
of common points;

e calculated coordinates and orientation pa-
rameters of pictures;

e specified (in a first approximation) camera
calibration parameters.

Fig. 3. Creation of an orthophoto plan and elevation map
of the territory of Vynnyky

The next stage after aligning the photos is
marking the reference points and setting their co-
ordinates, and then — optimizing the referencing.
The final stage of the processing of aerial photog-
raphy data for the creation of an orthophoto plan
of the area is the construction and export of the
orthophoto plan. Fig. 3 shows an example of creat-
ing an orthophoto plan of Vynnyky in the Agisoft
Photoscan program.

Fig. 4 shows the created orthophoto plan of
the town of Vynnyky with the found area where,
according to data from 1944, the mass grave is
located. The territory with the grave is outlined in
red.

Fig. 4. Orthophoto plan of the city of Vynnyky with a
selected fragment of the location of the mass grave

The next step was to save a fragment of the
2015 elevation map for this area and the relief
elements of 1944 in separate files for their further
import into the Surfer software package for model-
ing. The 2015 elevation map fragment was saved
as point coordinates with elevation data in a for-
mat with the *.txt extension, and the 1944 relief
elements were decided to be saved in the *dxf
exchangeable format as the most suitable for sub-
sequent import into the Surfer software.

Surfer software package tools helped to con-
struct the DEM of the territory of the mass grave
based on the data from the stereo pair of aerial pho-
tographs of 1944 and the heightmap of 2015. Since
we needed the most accurate interpolation without
unnecessary anomalous surface distortions, we
chose the Natural Neighbor construction method.
The “Natural Neighbor” interpolation method uses
the weighted average value of local data, which is
based on the concept of natural neighborhood coor-
dinates determined by Thyssen polygons. The
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method makes it possible to obtain good isoline maps
based on data sets containing a cluster of sampling
points in some sub-sectors of the studied territory and
sparse sampling points in other sub-sectors. An esti-
mate obtained at an arbitrary point will always be
within the range of values at the nearest points. There
will be no “peaks”, “pits”, “ridges”, “valleys” in the
built model, which would not be represented by the
original data. The algorithm used by the “Natural
Neighbor” interpolation tool finds the subset of input
samples closest to the desired point and applies
weights based on proportional regions to them to
interpolate the values. In this method, the estimate of

Fig. 5. DEM of the territory of the mass grave,
created based on a stereo pair
of aerial photographs of 1944
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Fig. 7. The vector map of the mass grave,
created based on a stereo pair of aerial photographs
from 1944

the variable Z at some point of the research area is
defined as the weighted average of the values of
this variable at sampling points (in fact, at the near-
est sampling points):

Zo=zwio'zi’ (1)
i=1

where the weights w; are determined using Vo-
ronoi diagrams. Voronoi diagrams are also called
Thyssen polygons or Dirichlet cells.

The results of the construction of the DEM and
vector maps of the territory of the mass grave for
1944 and 2015 are presented in Figs. 5-8.

Fig. 6. The DEM of the mass grave area, created
based on the 2015 aerial elevation map
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Fig. 8. The vector map of the mass grave,
created based on the 2015 aerial
elevation map
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Analyzing the digital relief model and the vector
map for 1944, the border of the mass grave is clearly
distinguished, since the height difference between its
edges and the rest of the territory is from 20 to 36
cm, depending on the section of the border.

The analysis of the digital elevation models and
the vector map for 2015 of the mass grave territory
determined from the aerial photograph of 1944
showed that the characteristic height differences on
the former border of the grave are observed only in
the left-right corner of the grave and on a separate
section of the right border. Height difference indica-
tors range from 15 to 20 cm. It should be noted that
height differences are also observed in the rest of the
territory belonging to the mass grave and outside it.
This can be explained by many years of human in-
tervention and agricultural use of the land.

The second object of research is located in the
forest near the Lviv — Vynnyky highway, or rather
between the highway and the village of Lysynychi.
The object is a cluster of mass graves of Jews and
Italian prisoners of war who were taken to execution
from the “Stalag-328” (Citadel) concentration camp
during World War II.

Since the research area is wooded, it is impracti-
cal to carry out aerial photography from a UAV as in
the first option. Therefore, the main input data for
research were a stereo pair of German aerial photo-
graphs from 1944, as in the first case, and a topog-
raphical plan of the research area on a scale of
1:1000, created in 2011.

A stereo pair of archival German aerial photo-
graphs was obtained from the US National Archives
as scanned negatives. Aerial photographs were taken
on July 29, 1944. Aerial photography was carried
out from a height of 8170 meters, the survey scale is
1:11000. It is analytically determined that the zone
of longitudinal overlap is 70 %, as in the first case.
The images were transformed by 11 reference points
in ErdasImagine software, and imported into the
Digitals environment for further processing.

Fig. 9 shows the overlap zone of the sterco pair
of German aerial photographs of 1944 on the re-
search territory. It can be seen from the picture that
the territory of the current forest was not afforested
in 1944, in fact, afforestation was just beginning.
There was a sand quarry between the forest and the
Lviv-Vynnyky road. Mass graves of different shapes
and sizes are interpreted along the paths in the pre-
sent forest area.

To compare the 1944 DEM with the modern
model, we used a topographic plan created in 2011
based on a tacheometric survey on a scale of
1:1000. The contour interval is 1 m. Subsequently,
this plan was loaded into the Surfer software pack-
age and the contours were digitized to construct
the DEM.

Contours in the Surfer software package
helped to construct the DEM based on a modern
topographic plan and a stereo pair of archival ae-
rial photographs from 1944. Taking into account
that the topography of the research area is rather
steep, it was decided to choose the Kriging method
as the most optimal for designing this type of to-

pography.

Fig. 9. Overlapping zone of a stereo pair of aerial
photographs from 1944 on the territory of mass
graves of Italian prisoners of war near
the village of Lysynychi

Kriging is an advanced geostatistical method
that allows you to construct a predicted surface
from a set of z-valued points. Unlike other interpo-
lation methods, the Kriging tool provides an inter-
active study of the spatial behavior of the phe-
nomenon represented by z-values before choosing
the optimal estimation method for constructing the
resulting surface.

The basic formula for interpolation by the
Kriging method is formed as a weighted sum of
data:

2(s,) =22 (), @

where Z(s;) is the value measured at location i;
Ai — unknown weight for the measured value at
location i; sy — location of the forecast; N is the
number of measured values.
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Here, the weight, A, depends only on the dis-
tance to the location of the forecast. However, when
using the Kriging method, weights are applied not
only to the distance between the measured points
and the forecast locations, but also to the overall
spatial location of the measured points. To use spa-
tial location in the weights, you need to define the
amount of spatial autocorrelation. Thus, in conven-

tional Kriging, the weight, 4, depends on the es-
tablished model for the measured points, on the
distance to the location of the forecast, and on the
spatial relationships between the values measured
around the location of the forecast.

Figs. 10-13 show the constructed DEM and
vector maps of mass graves in the Lysynychi for-
est for 1944 and 2011.

Fig. 10. The DEM of the territory of the mass graves,
created based on a stereo pair of aerial photographs
of 1944
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Fig. 12. The vector map of mass graves, created based
on a stereo pair of aerial photographs from 1944

The results of the identification of mass graves
in the Lysynychi Forest according to the German
aerial photographs of 1944 were plotted on the mod-
ern topographical plan of the territory in 2011. Ae-
rial photographs allowed us to identify 54 pits with

Fig. 11. DEM of the territory of mass graves, created
according to the topographical plan of 2011
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Fig. 13. The vector map of mass graves, created
according to the 2011 topographical plan

burials distributed mainly along the country road.
Currently, 46 pits have been preserved, which
repeat the location of the graves of 1944. The
depth of the pits in 1944, according to the built
DEM, varied from 30 to 60 cm depending on the
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area, as of 2011, the depth varies from 50 to 110 cm.
This can be explained by the subsidence of the soil
due to the decomposition of biological substances
and the layering of the soil around the graves. The
remaining 8 pits, which have not been preserved,
were most likely filled in as a result of a possible
change in the topography of the area where they
were located over time, probably, as a result of hu-
man intervention.

Fig. 14 shows a fragment of the topographical
plan of the research area in 2011 with marked (in
red) mass burial pits of 1944.

Fig. 14. A fragment of a topographic plan on a scale
of 1:1000, created in 2011, with the pits of mass graves
transferred from the Central Military District
of 1944 applied (reduced image)

Scientific novelty and practical significance

The scientific novelty of the work consists in the
development of the concept of combining disparate
data for the construction of digital elevation models

and the creation of a complete picture of the study of

the territory of the historical and cultural heritage
object. The received data can be used by the relevant
cultural heritage preservation departments of the
Ministry of Culture of Ukraine for their further
study.

Conclusions

As a result of the realization of the aim, by ana-
lyzing the digital model of the relief and the vector
map for 1944, the border of the mass grave was de-
termined. The height difference between its edges

and the rest of the territory is from 20 to 36 cm,
depending on the section of the border. The analy-
sis of the digital elevation models and the vector
map for 2015 of the territory of the mass grave
showed that the characteristic height differences
on the former border of the grave are observed
only in the left-right corner and on a separate sec-
tion of the right border. Height difference indica-
tors range from 15 to 20 cm. It should be noted
that height differences are also observed in the rest
of the territory belonging to the mass grave and
outside it. This can be explained by many years of
human intervention and agricultural use of the
land. According to aerial photographs of 1944, the
area of the grave is 939.6 m”.

Digital elevation models of mass graves of
Italian prisoners of war in the forest near the vil-
lage of Lysynychi were built on the basis of a ste-
reo pair of archival aerial photographs from 1944
and the data of tacheometric surveying of 2011.
They allowed identifying 54 pits with burials that
have survived to this day.
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JOCJIPKEHHS LIMOPOBUX MOJIEJIEN PEJILE®Y HEPYXOMUX OB’€KTIB
ICTOPUKO-KYJIbTYPHOI CITAJIIIMHA, CTBOPEHUX 3A PI3HI POKU

Merta poboTu — mocaiauti udpoBi Moaemi penbedy opaTchkoi Moruu 1944 p., moOymoBaHi 3a Pi3HOYACOBUMU
aepo- 1 kaprorpadiyHuMu MaTepianamMu. Peaizaiis 3aBaaHHs nepeadadae moOyaoBy IUPPOBUX Mojeieil penbedy
(IMP) GRID-meromom Ha TepuTOpii €BpeHChbKOi OpaTchbKOi MOTHIM B M. BHHHHMKHM Ta iTamifChKUX BIHCBHKO-
BOIOJIOHEHUX mobmu3y wmicra. Ha tepuropito eBpelicbkoi Oparchkoi Morwim y M. BunHuku ctBopeHo L[MP 3a
CTepeoIaporo apXiBHUX aepO3HIMKIB, OTpuMaHuX y 1944 p., Ta 3a MaTepianamu acpo3HiManus 3 BIIJIA, BukoHaHOTO
y 2015 p. Ockinbku i apXiBHUX aepo3HIMKIB He 30eperiiuch eJIeMEHTH Opi€HTYBaHHS, X T€OMETPUYHO TpaHC-
(opmoBaHo 3a monomoror nporpamuoro nakera ErdasImagine. Ilicis uporo crepeonapy onpaisoBaHO B Iporpami
Digitals i orpumano enemeHTH penbedy Ha TepuTopito OpaTchkoi Moruwimu. Matepianu aepo3niManHs 3 BILJIA Ha
TepuTopito M. BunHukH, Bukonanoro y 2015 p., onpanpoBano B nporpamuomy nakeri Agisoft PhotoScan. CtBopeHo
OpTOQOTOIIIAaH Ta KapTy BUCOT Ha TepuTopito micra. EixemenTu penvedy Ha Tepuropito Oparcekoi Mormnmu 1944 i
2015 pp. iMmmopToBaHO B mporpamHue cepemopuiie Surfer, ge modynosano 3D 1mdposi moxeni penbedy. OCKiITbKH
TEpUTOpis MOTWJIM HEe Maja 3HaYHUX MeperajiiB BHCOT, a peibed OyB IOBOJI MOJOTHI, BUOPAHO METOA MOO0YI0BU
I[IMP mpupomHOi OKOJMINI, IO Jaj0 MO3WTUBHUE pe3ynbraT. Ilif wyac aHamizy mudpoBoi Moxem peiabedy i kapTu
BEKTOpiB 32 1944 p. 4iTKO BHIIJIEHO MEXY OpaTchbKOi MOTHIIM, OCKUIBKH Iepernaj BHCOT MiX 1l KpasMu il iHIIOO
Teputopiero 20—36 cM 3aJeKHO Bia AUITHKA MeXi. AHani3 mudpoBoi Momeni peasedy i kKapTH BekTopis 3a 2015 p.
TepuTopii OpaTchkoi MOI'MJIM, BH3HA4eHOI 3a aepo3HiMKoM 1944 p., mokasaB, IO XapakTepHI Mepernajyu BHCOT Ha
KOJIMIITHIH MEXi MOTHJIM CIIOCTEPIraroThCs JIMIIE B JIIBOMY ITPABOMY KyTi MOTHJIH 1 Ha OKpEMil JISHIII MPaBOi MEXi.
INokaznuku nepenany Bucor Big 15 10 20 cMm. 3a3HaumMo, IO Nepenajyd BUCOT € 1 Ha pemTi TepuTopii, sika
HAJIGKHUTh OpaTChKiA MOTHJII Ta 1032 Hero. Lle MOoXkHA MOSCHUTH OaraTOPiYHUM JIFOJCHKHM BTPYYaHHSM 1 CIJTBCHKO-
TOCIOaPChKUM PO30PIOBAHHAM 3eMenb. Jlocmimkernas [IMP OpaTchbkux MOTHII iTalidChKUX BiHCHKOBOIOIOHCHUX
Ot M. BuHHUKM mMoka3ajno, 1m0 cydacHa tepuropis Ha 100 % 3ayicHeHa, IO YHEMOXKIMBIIOE BHKOHAHHS
aeposHiMaHHs. OTxe, Uit opiBHAHHS cydacHoi LIMP 3i cTBopeHo0 3a cTepeonaporo aepo3HiMKiB 1944 p. BUKOHaHO
Ha3eMHE TaXxeoMeTpuuHe 3HiMaHHs MicreBocti y 2011 p. [aHi TaxeoMeTpUYHOrO 3HIMaHHS EKCIOPTOBAHO B
oominami popmat dxf, micisa goro Bigkputo B III1 Surfer i modymorano IIMP. V oMy Bumaaky rudpoBi Moeni
penbedy MOOYAOBaHO i3 3aCTOCYBaHHSIM MeToAy KpairiHra, OCKiIBKHM AUISHKA, Ha SKIH po3TallioBaHi OpaTChKi
MOTHJIH, JIOBOJII TOpOUCTa, 13 BEIUKUM MEPEIajoM BUCOT. 3a HU(PPOBUMH MOJAEISIMHU peibedy BU3HAUCHO 54 MU 3
MOXOBAHHSIMHM, IO 30eperiuch A0 ChoroAH. HaykoBa HOBHM3HA pOOOTH TOJSATAE Yy OOMPALIOBAHHI METOIUKH
TIOETHAHHS PI3HOPIAHMX HaHUX IS TOOYIOBH LU(PPOBUX MoJeneil penbedy Ta CTBOPEHHS HITICHOI KapTUHH
JIOCTIIPKEHHS TEPUTOPIi 00’ €KTA i1CTOPUKO-KYIBTYPHOI criaqiuHu. OTpUMaHUMH JaHUMU MOYKYTh CKOPUCTATHCS BIUILTH
31 30epeXKeHHs KyJIBTYPHOI cria iy MiHicTepcTBa KYIbTYpH YKpaiHH Vst TX MONAJIBIIOro BUBUYEHHSI.

Kmiouosi cnosa: mudpoi Moxmeni penbedy; OpTOPOTOINIaH; KapTa BHCOT; OpaTChka MOTHJIA; apXiBHUHA aepo-
3HIMOK.
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