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Purpose. To substantiate the effectiveness of digital photogrammetric surveying for determining
the areas and volumes of finished product stockpiles and constructing three-dimensional models of
mining objects.

Methodology. The study is based on the use of UAV aerial photography, digital image pro-
cessing, and the generation of a dense point cloud with subsequent construction of a digital surface
model and determination of volumetric and spatial parameters.

Results. It was found that the photogrammetric approach ensures the required measurement ac-
curacy within a short time depending on the camera resolution and the number of acquired images.
The optimal survey parameters were determined: flight height 30—50 m, number of images 25-50,
resolution 12—18 MP. The obtained results showed a deviation of 0.09—0.25 % from reference tache-
ometric measurements, which confirms the effectiveness of the method. Additionally, variations in
image processing parameters affect the accuracy of digital model construction and volume calcula-
tion.

Scientific novelty. It was established that the accuracy of determining the volumes of crushed
stone stockpiles depends on the parameters of aerial photogrammetric surveying, in particular UAV
flight height, camera resolution, and the number of images. The optimal survey parameters (flight
height 30—50 m, number of images 25-50, resolution 12—18 MP) were substantiated, ensuring mini-
mal deviation of the results (0.09-0.25 %) from reference tacheometric measurements. The influence
of photogrammetric data processing parameters on the accuracy of three-dimensional model con-
struction and volume calculation was determined.

Practical significance. The practical significance lies in the possibility of integrating photogram-
metric technologies into the mine surveying support system of mining enterprises for operational
monitoring of finished product stockpiles and digital modeling of mining objects. The proposed ap-
proach makes it possible to reduce the duration of field and office work, minimize the influence of
the human factor, and increase the efficiency of stockpile volume determination.

Keywords: aerial photogrammetric survey, UAV, digital surface modeling, dense point cloud
generation, stockpile volume determination, mine surveying support.
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G16 — Mining and Oil and Gas Technologies

Introduction. Today, the development of mining enterprises is accompanied by
an increase in productivity and the volume of extracted and processed mineral re-
sources. These processes require modernization of surveying equipment and improve-
ment of spatial data acquisition methods to ensure reliable production control and ac-
curate volume accounting. Digital photogrammetric surveying combined with modern
image processing software enables the creation of three-dimensional models of mining
objects and finished product stockpiles. Compared with classical ground-based survey-
ing techniques, photogrammetry provides rapid data acquisition, sufficient measure-
ment accuracy depending on camera resolution and image quantity, reduced human
influence, and significant automation of both field and office operations.

Photogrammetry as a scientific and applied discipline has always been aimed at
reducing the volume of field geodetic and topographical works, moving the central
weights from the field to more favorable and cheaper chamber conditions for construct-
ing topographic or thematic maps [1].

Despite the limitations of the part of the spectrum (visible and near-infrared re-
gions) used for imaging, photogrammetry is the most universal and effective in terms
of the amount of information obtained, the prevalence of its use in agriculture and sci-
entific research related to the study and use of natural resources. The transition of mod-
ern photogrammetry to high-performance analytical processing methods made it pos-
sible to improve and automate a large number of photogrammetric processes. Analyti-
cal photogrammetry, which combines the advantages of analytical methods and the
possibilities of more informative one, and possessing exceptionally high imaging prop-
erties of analog photo images, is the most accurate.

At the same time, the digital representation of pictures has become widespread,
which, unlike analog photographs, allows for their transformation to be carried out
more thoroughly. Digital images allow you to apply transformations to them that are
not possible for analog and analytical photogrammetry, for example, projective and
non-linear. In addition, digital methods allow multiple copies of images without loss
of quality to improve imaging properties, apply detailed analysis to them, color con-
version and much more.

Digital photogrammetry does not require expensive equipment, which makes it
available for many branches of the national economy. A new stage in the development
of photogrammetry as a science is facilitated by the emergence and spread of digital
technologies. On the one hand, the shooting process itself is simplified, and on the
other hand, processing can be carried out at digital photogrammetric stations based on
personal computers. Photographic data are transferred directly from the digital camera
to the computer, bypassing the stage of photochemical processing. The widespread im-
plementation of digital methods in geodetic production is hindered by the lack of the
preparation technology, execution and processing of digital surveying. Existing classi-
cal technology cannot be directly transferred to digital methods due to significant tech-
nical difficulties.

Advances in computer graphics and digital image recording methods have led to
the creation of a new type of photogrammetric technique - a digital photogrammetric

98



G16 — 'ipuuymeo ma nagpmoeazo6i mexuonoeii

system, which has replaced optical-mechanical and analytical instruments. Today it
looks like a standard personal computer or laptop with the installed appropriate soft-
ware for processing images.

Analysis of recent research. Recent studies confirm the rapid development of
digital geomatics technologies in the mining industry. Y. Choi, J. Baek and S. Park
(2020) emphasize the significant role of geographic information systems in planning,
operational control and environmental management of mining enterprises [1]. H. Fan
et al. (2021) demonstrate the effectiveness of three-dimensional deformation monitor-
ing using remote sensing techniques in mining areas [2]. P. Y. Fedorenko et al. (2021)
highlight the importance of mining geometric monitoring and subsurface modeling for
improving safety and measurement reliability [3]. M. Hosseinpour, M. Osanloo and Y.
Azimi (2022) analyze the impact of advanced spatial modeling technologies on mining
productivity and decision-making processes. M. Kunytska and V. Kotenko (2023) sub-
stantiate the feasibility of determining mining mass volumes based on multicopter sur-
veying. Furthermore, M. Kunytska et al. (2023) confirm the effectiveness of digital
simulation in organizing open-pit mining systems. [4, 6]. A. Krawczyk (2023) identi-
fies mining geomatics as a key direction in the integration of unmanned aerial systems
and digital spatial analysis [5].

Formulation of the problem and research aim. Despite the considerable num-
ber of studies devoted to digital modeling and remote monitoring, the issue of optimiz-
ing aerial photogrammetric survey parameters for accurate stockpile volume estimation
under specific mining enterprise conditions remains insufficiently investigated.

Scientific novelty of the study consists in establishing quantitative relationships
between aerial photogrammetric survey parameters, software processing settings and
the accuracy of crushed stone stockpile volume determination under real mining enter-
prise conditions [7].

The aim of this study is to determine rational aerial survey and digital data pro-
cessing parameters that ensure regulatory measurement accuracy and practical applica-
bility of photogrammetric methods for stockpile volume estimation in mining enter-
prises. To achieve this aim, the technical characteristics of unmanned aerial systems
were analyzed, the aerial photogrammetric workflow was optimized and implemented
in practice, digital images were processed using specialized software to generate a
three-dimensional model, and the obtained results were compared with classical sur-
veying measurements to evaluate accuracy.

Results. Advances in computer graphics and digital image recording methods
have led to the creation of a new type of photogrammetric technique - a digital photo-
grammetric system, which has replaced optical-mechanical and analytical instruments
. Today it looks like a standard personal computer or laptop with the installed appro-
priate software for processing images.

Advantages of photogrammetric scanning:

- low cost of equipment and processing;

- equipment for field facilities is light and convenient to transport;

- reduction of field work time;
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the ability to work on an unstable basis for the tool;
the possibility of scanning moving or unstable objects and dangerous zones;
the ability to scan very small objects if they have a texture;

- obtaining high-quality textured 3D models [8].

When it comes to stock volume measurements, stocks don't fit perfectly. Photogram-
metric imaging shows the actual distance at which each pixel is depicted, which allows
for a more detailed description of the finished products warehouses. Horizontally, high-
resolution photogrammetric results produce more accurate stacking patterns and therefore
better volume measurement accuracy than interpolated from specific measurement points.

The increase in interest in unmanned aerial vehicles is caused by their successful use
in solving problems in various areas of human activity. UAVs are used in various fields.
The main advantage of UAVs is the complete or partial exclusion of the human factor,
which allows you to minimize the risk of loss of human resources when performing the
task and exclude the possibility of a threat to human life [9].Other advantages of using an
unmanned aerial vehicle include: a reduction in the cost of performing work and a smaller
number of routine operations, compared to manned equipment, there is no need for highly
qualified technical assistance during maintenance, it is much easier to ensure safety at the
work site, and in the case of using a drone it is necessary to note the long service life of
the UAV [10]. Overlap can be calculated using flight and camera parameters such as alti-
tude, speed and spacing, line density (spacing), and more. In our research work with ware-
houses of finished goods, we have chosen a standardized common starting point. We took
the drone and held it at a height of 30—80 meters and kept it level, focused on completing
transitions on the site.

The quadcopter operator selects working maps for the selected area, checks the nec-
essary pre-flight calculations and studies the area for the presence of obstacles on the given
route, determines places for conducting aerial photography. Studying the territory, the in-
terior for aerial photography, definitely makes it easier to lay aerial routes. When con-
structing the route for the UAV, we used the method of laying from the edges to the center,
which ensured the best overlap of images and the completeness of the image. Before the
flight, the completeness of the UAV and its settings are checked.

The cleanliness of the lens and aerial camera must be ensured from the outside and
inside, and the operation of the shutter; power, turning on the aero camera, and 2-3 cycles
are done.

The priority requirements for photogrammetric surveying of warehouses of finished
products by UAV are:

— Quadcopter flight speed — 70—110 km/h (20-30 m/c);

— The flight height of the quadcopter is 30—1500 m;

— Camera matrix — 10-20 MP;

— The focal length of the cameras is 20—50 mm;

— Longitudinal overlap of images — 80%;

— Transverse overlap of images — 40%

The dependence of the influence of the megapixels of the camera matrix on the vol-
ume of the model can be displayed on the graph (fig. 1).
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Fig. 1. The dependence of the volume results from the camera megapixels

Also, an important factor that directly proportionally affects the future volume of the
model is the flight height. Shooting was done at different shooting heights, after which the
photo was processed in the software and the optimal flight height was obtained to simplify
processing in the software, namely a height from 30 to 50 meters (fig. 2.).
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Fig. 2. The dependence of the flight height of the UAV shooting relative
to the obtained volume results

During the completion of the diploma project, the optimal characteristics for the

UAYV and the characteristics of the environment for obtaining high-quality images were
determined.
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The study showed that with different parameters of the shooting camera, namely,
they established a dependence on the megapixels of the camera matrix relative to the vol-
ume of the future model, that the quality with which the pictures were taken directly pro-
portionally affects the calculation of the volumes by the software.

And the optimal shooting height from the quadcopter was also determined which is
from 30 to 50 meters. Aerial photography using coded marks has been researched and
tested in practice. An algorithm and optimal parameters of the software for building high-
quality 3D models of warehouses of finished crushed stone products in the 3D Survey and
AgiSoft programs have been developed. The parameters of shooting and photo processing
are compared based on the results of 3D model construction. An unmanned quadrocopter
called DJI Phantom 4 Pro was used for the photogrammetric shooting.

Coded stamps were used during aerial photography. Coded stamps are printed
stamps that can be placed within the scene before photography and subsequently used in
image processing in photogrammetric software as reference points to specify the coordi-
nate system and scale the model or as true correspondences between two images to facil-
itate the photo alignment procedure.Add printed coded stamps within the scene or around
the subject so that they are clearly visible in at least two photos. Note that the coded marks
should not be too large or too small compared to the object or scene.

The main stages for building warehouse models of finished crushed stone products
in 3DSurvey and AgiSoft programs are:

- Alignment of photo cameras
Orientation of pictures in space using coordinates or markers
Building a dense point cloud by calculating the depth of the cameras
Construction of a digital model of the warehouse
Scaling and obtaining a quantitative characteristic
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1300 /

volume

Low settings Middle settings ~ High settings
m 3DSurvey mAgiSoft

Fig. 3. The dependence of the accuracy of volume determination
on photo processing parameters
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In parallel with the works of photogrammetric value, work was carried out on the
determination of volumes by the surveying service of the quarry. The company's staff
used classic methods of calculating finished product warehouses using a modern Sok-
kia 650RX total station. This type of tachecometer helps to obtain high-quality meas-
urement results with minimal error in tacheometric surveying. The results of measure-
ments by the surveying service in this diploma project are accepted as standards. The
measurements obtained during field work were processed using the graphic editor Au-
toCADCivil 3D, in which the quantitative characteristics of the object were deter-
mined, namely the volume of 1607.75 m 3 The minimum number of photos that must
be used during processing varies from 25 to 50 for 3DSurvey and 60 and more for
Agisoft to obtain a relatively optimal result depending on the software used, the de-
pendence can be shown on the graph (fig. 4).
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Fig. 4. The comparative graph of the obtained results
to the number of photos used during processing

The time spent by the software when processing the photo material and obtaining
quantitative characteristics of the object during processing in the 3DSurvey program is
greater than the duration of processing photographs in Agisoft, but the results are also
excellent at different durations for these programs (fig. 5). It’s worth mentioning that
the time the program spends on photo processing depends on the power of your per-
sonal computer.

During the research, we also investigated the number of coded marks that should
be placed around the shooting scene in order to obtain correct measurement results.
Photo material using three, five and seven marks was processed in the program. The
results of the study showed that the optimal choice is 7 marks and more (fig. 5.).
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Fig. 5. The dependence of the time spent on the number of processed photos

The number of marks for the program gives an understanding of the dimension of the
object. On the example of AgiSoft, which uses marks to scale and orient a photo in space,
3DSurvey can scale the model or understand the outline of the model that needs to be meas-
ured during the construction of the model. At the stage of building a digital model consisting
of triangles of specified sizes, the relationship between the number of triangular polygons
and the measurement result, namely the volume, was established. This dependence of the
influence of the number of polygons on the volume can be traced on the graph (fig. 6.).
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Fig. 6. The dependence of the volume on the number of triangular polygons in the digital model
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We can see that with an increase in the number of polygons parameter, which
depends on the settings you selected at the processing stage, the volume of the model
depends.

After the conducted research, it is possible to perform comparative characteristics
when doing the work on measuring the volumes of warehouses, namely to compare the
results of measurements, time during field and camera work, the cost of equipment, the
number of used photos, marks, etc. Such characteristics are indicated in the table below.

Table
Comparison of methods for measuring crushed stone stockpile volumes
Indexes Tacheometry | 3D Survey | Agisoft Photoscan
Field work 30 min 30 min 30 min
Office work 1h 52 min 62 min
Total time 1 h 30 min 1 h22min | 1 h 32 min
Number of images — 25 60
Flight height — 30 m 30 m
Camera resolution — 18 MP 18 MP
Number of marks 8 7 7
Volume result 1607.8 m? 1606.4 m* | 1550.4 m?
Deviation from reference | — 0.09 % 3.57%

The obtained results confirm the applicability of aerial photogrammetry for stock-
pile volume determination under mining conditions. The deviation of 0.09-0.25 per-
cent from the reference tachymetric measurements demonstrates that the method satis-
fies operational surveying accuracy requirements.

The optimal flight altitude of 30—50 meters ensures a balance between spatial res-
olution and processing efficiency. Lower flight heights increase the number of images
and computational load without significant improvement in volumetric accuracy, while
higher altitudes reduce model detail and measurement precision. The analysis also in-
dicates that the use of 25-50 images is sufficient for stable three-dimensional recon-
struction without excessive data redundancy.

The slight differences between the results obtained in Agisoft and 3DSurvey are
explained by variations in dense point cloud generation algorithms and triangulated
surface construction. Despite these differences, both software packages provide ac-
ceptable accuracy for practical application.

Compared to classical total station measurements, the photogrammetric method
significantly reduces fieldwork time and minimizes human-induced errors. Therefore,
aerial photogrammetry can be considered a reliable and efficient alternative for opera-
tional monitoring of crushed stone stockpiles at mining enterprises.

Conclusions. After all the manipulations with the photo material in the AgiSoftPho-
toscan and 3DSurvey programs, the optimal parameter algorithms were found to obtain
results that fully satisfy us and the prospects for this project. In its turn, it proved that
remote and short-term measurements can meet mining standards and accuracy limits.
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The optimal shooting parameters with the help of DJI Phantom 4 Pro were stud-
ied, namely, the shooting height from 30-50 meters, the minimum number of shots
from 25 to 50 pieces for a typical object. The parameters of the camera matrix expan-
sion range from 12 to 18 megapixels, which satisfy the parameters of the quality of
images when processed to obtain quality results with minimal deviation. All these pa-
rameters are basic when taking pictures with a UAV and affect the result.

As a result of carrying out the experimental part of the research, namely, photo-
graphing the composition of crushed stone products with the help of a Phantom 4 Pro
quadrocopter, initial digital data was obtained in the form of 60 high-resolution photo-
graphs, which were processed in two modern programs 3DSurvey and AgiSoft Photoscan.
As aresult, Photogrammetric methods with the use of software for measuring warehouses
of crushed stone products under the same initial conditions of digital image processing
showed the following results: Agisoft Photoscan — 1550.4 m?; 3DSurvey — 1612.6 m>.

The time spent and influencing factors on the terms of processing photographs in
the software were studied. Based on these studies, the time costs depend on the number
of images uploaded to the program, the choice of settings and the power of the personal
computer.

A comparative analysis was carried out between modern methods of digital. pho-
togrammetry and classical methods of obtaining the volume of the warehouse of fin-
ished products and it was found that the deviation from the reference value of the vol-
ume of the warehouse, obtained with the help of tacheometric survey, is 0.09-0.25%
in the case of using 3DSurvey, what is acceptable. Therefore, the method of photo-
grammetric measurement in combination with modern software can be considered as
an alternative to the classical methods of measuring and calculating the composition of
finished crushed stone products for mining enterprises.

References

1. Choi, Y., Baek, J., & Park, S. (2020). Review of GIS-based applications for mining: Planning,
operation, and environmental management. Applied  Sciences, 10(7), 2266.
https://doi.org/10.3390/app10072266

2. Fan, H., Wang, L., Wen, B., & Du, S. (2021). A new model for three-dimensional deformation
extraction with single-track InSAR based on mining subsidence characteristics. International
Journal  of Applied Earth  Observation and  Geoinformation, 94, 102223.
https://doi.org/10.1016/j.Jag.2020.102223

3. Fedorenko, P. Y., Fedorenko, P. I., Peremetchyk, A. V., Podoynitsyna, T. O., Podoynitsyna, T.
A., & Nastin, P. V. (2021). Mining geometric monitoring and subsurface modeling. Mining Jour-
nal, 109, 7-13. https://doi.org/10.31721/2306-5435-2021-1-109-7-14

4. Kotenko, V., & Kunytska, M. (2023). Justification of the expediency of determining the volume
of mining mass based on multicopter shooting. Technical Engineering, 2(92), 234-238.
https://doi.org/10.26642/ten-2023-2(92)-234-238

5. Krawczyk, A. (2023). Mining geomatics. ISPRS International Journal of Geo-Information,
12(7), 278. https://doi.org/10.3390/ijg112070278

6. Kunytska, M. (2024). Opportunities and advantages of GIS for building three-dimensional mod-
els in mining. Mining Journal of Kryvyi Rih National University, 58(2), 10-20.
https://doi.org/10.31721/2306-5435-2024-2-10-20

7. Kunytska, M., Lunov, A., Panasiuk, A., Iskov, S., & Shlapak, V. (2023). Digital simulation of
open-pit mining organization system. GEOMATE Journal, 25(109), 197-204.
https://doi.org/10.21660/2023.109.m2321

106


https://doi.org/10.3390/app10072266
https://doi.org/10.1016/j.jag.2020.102223
https://doi.org/10.31721/2306-5435-2021-1-109-7-14
https://doi.org/10.26642/ten-2023-2(92)-234-238
https://doi.org/10.3390/ijgi12070278
https://doi.org/10.31721/2306-5435-2024-2-10-20
https://doi.org/10.21660/2023.109.m2321

G16 — 'ipuuymeo ma nagpmoeazo6i mexuonoeii

8. Tucci, G., Gebbia, A., Conti, A., Fiorini, L., & Lubello, C. (2019). Monitoring and computation
of the volumes of stockpiles of bulk material by means of UAV photogrammetric surveying.
Remote Sensing, 11(12), 1471. https://doi.org/10.3390/rs11121471

9. Ajayi, O. G., & Ajulo, J. (2021). Investigating the applicability of unmanned aerial vehicles
(UAV) photogrammetry for the estimation of the volume of stockpiles. Quaestiones Geographi-
cae, 40(1), 25-38. https://doi.org/10.2478/quageo-2021-0002

10. AbRahman, A. A., Abdul-Maulud, K. N., Mohd, F. A., Jaafar, O., & Tahar, K. N. (2017). Volumetric
calculation using low cost unmanned aerial vehicle (UAV) approach. IOP Conference Series: Mate-
rials Science and Engineering, 270, 1-6. https://doi.org/10.1088/1757-899X/270/1/012032

AHOTANIA
Meta. OOrpyHTYBaHHSI €(EKTUBHOCTI 3aCTOCYBaHHS IU(PPOBOI GoTOrpaMMEeTpUIHOT 3HOMKH IS
BU3HAYEHHS IUTON 1 00’ €MiB CKJIa/1iB TOTOBOT MPOYKIIii Ta o0y 10BH TPUBUMIPHUX MOJEJCH TipHH-
9rX 00’ EKTIB.

Metoauka. JocnipKeHHs IPYHTYEThCSI HAa BUKOpUCTaHH1 aepodoTositomku 3 briiJIA, udposoi 06-
poOKH 300pakeHb Ta GOPMYBAHHS MIITHHOI XMapH TOYOK 13 MOATBIIOK MOOYI0BOIO ITU(POBOI MO-
JIeNT1 IOBEPXHI Ta BU3HAYCHHSIM 00’ €MHUX 1 MPOCTOPOBUX MapaMeTpiB.

Pe3yabTaTn. BecTtanosieno, mo ¢poTorpaMMeTpUIHAN MiaXi/ 3a0e3medye He0OXiTHy TOYHICTh BHMi-
PIOBaHb Y KOPOTKUH TEPMiH 3aJI€KHO Bl PO3IUIBHOT 3IATHOCTI KAMEPH Ta KUTbKOCTI OTPUMAaHUX 30-
OpaxkeHb. Biu3HaueHO oNTUMAaNbHI MapaMeTpu 3MOMKHU: BUCOTA MOIbOTY 30—50 M, KiJIbKICTh 3HIMKIB
25-50, po3ninbpHa 3xatHICTh 12—18 Mn. Otpumani pesynbraT nokaszanu BiaxwieHHs 0,09-0,25 %
BiJl €TAJIOHHUX TaXEOMETPUYHHUX BUMIPIOBaHb, IO MATBEPIKYE €PEKTUBHICTh MeTOAY. J{01aTKOBO
BCTAHOBJICHO, 1110 3MiHa IapaMeTpiB 00pOOKH 300pakeHb 1 NIUIPHOCTI XMapH TOYOK BILIUBAE HA TO-
YHICTh MOOY10BH LU(POBOI MOJIEN1 Ta pe3yIbTaTH OOUHUCICHHS 00’ €MIB.

HaykoBa HoBH3HA. BCTaHOBIEHO 3aJIe)KHOCTI TOYHOCTI BU3HAUEHHS 00’ €MIB CKIIAJiB 1IEOEHEBOI
IPOAYKLIi Bi mapameTpiB aepodoTorpaMMeTpruHOi 3HOMKH, 30KpeMa BUCOTH 1osiboTy briJIA, po3-
JUIBHOI 3/1aTHOCTI KaMepH Ta KUIbKOCTI 3HIMKIB. OOIpyHTOBaHO ONTHUMAaJIbHI TapaMeTpH 3MOMKH (BU-
cora 30-50 M, KiIbKICTh 3HIMKIB 2550, po3auibHa 31aTHICTh 12—18 M), ki 3a0e3neuyroTh MiHI-
MaJibHe BixuieHHs pe3ynbTatiB (0,09-0,25 %) Bix eTallOHHUX TaXeOMETPUYHUX BUMIipIOBaHb. Bu-
3HA4YEHO BIUIMB MapaMeTpiB 00poOKU (HOTOrpaMMETPUYHHX JAaHUX HA TOYHICTh MOOYA0BU TPUBUMI-
PpHOT MOJIeTIi Ta PO3paxyHKy 00’ €MIB.

IIpakTnyna 3HaYnMicTh. [IpakTHyUHA HIHHICTH POOOTH MOJIATae y MOXKIMBOCTI iHTErpaii ¢otorpa-
MMETPUYHUX TEXHOJIOTIN Y CUCTEMY MapKIIeH1epchbKOro 3a0e3neueHHs TpHUYUX MIAIPUEMCTB AJIs
OTIEpaTUBHOTO MOHITOPUHTY CKJIaJ1B TOTOBOI MPOAYKIII Ta HUPPOBOTr0 MOJEIIOBAHHS TIPHUYMUX
00’€KTiB. 3alpONOHOBAHUI MiAX1/ 103BOJIIE€ CKOPOTUTH TPUBATICTD MOJIBOBHX 1 KaMepaJIbHUX POOIT,
3MEHIIUTH BIUIMB JIIOACHKOT0 (PaKkTOpy Ta MiABUILIUTH €(PEKTUBHICTh BUSHAYEHHS 00’ €MIB CKJIAJIIB.

Kniouosi cnoea: aepogpomocpammempuuna 3uomka, bnJ/lA, yugpose moodeniosantHs nosepxui,
WiNbHA XMApa MOYOK, BU3HAUEHHS 00 €Mi6 cK1adis, MapKuieloepcobke 3a0e3neyeHHs.
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