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For many years, traditional aero photography has been an effective instrument to solve geodesic, geophysical, geological
cartographic and monitoring tasks. However, the prime cost of usage of aviation carriers for local large-scale survey of the area is relatively
high and has a number of limitations. That is why the actual task is to find the way to decrease prime cost of photographing. One of the
promising approaches to get geodesic basis is method of remote cartographing using unmanned aerial vehicles (UAVs). In today's world
aerospace has been developing rapidly with the help of UAVs, which proved to be extremely cost effective and convenient in terms of
saving time and labor costs for photographing works. Aerial photography of the area, carried out with the help of UAV can be used in
many fields and spheres, in particular in geodesy, topography and cartography.

The controlling of UAV is possible to execute with the help of a smartphone, tablet or software or satellite connection. UAVs can be
launched using missiles, catapults or manually and are able to carry various types of materials, video equipment or even fertilizers for

agricultural purposes.

The creation of an orthophoto plan that allows to accurate measure of territories, to establish or actualize the borders (boundaries) of
any settlement (village, town, region), to execute environmental and agronomic land evaluation was considered in the article. On the basis
of received orthophoto maps it is possible to conduct highly-precise topographic mapping and thus to create Master Plan and plan of

territory development.

Algorithm UAV (air drones) data processing targeted to get orthophoto plan is described in the article. It is identical for the majority of
software that is used for such purpose. The difference is only in peculiarity of work with each of it.

Keywords: unmanned aerial vehicles (UAVs), aerial photography, orthophoto plan.

Introduction. For maps and plans composition,
investigated territory relief description people started to
use aerial vehicles practically immediately after their
creation. Initially these were primitive sketching of territory
contours from balloons, then for photographing one started
to use photo equipment and it was carried with the help of
kites, observation balloons, dirigibles, pigeons, and later
on with aerial vehicles which were heavier than the air.
Aerial photography became the main method of creation
and actualization of topographic maps and plans [6].
Materials were received with the help of analogous photo
cameras which were installed on the planes. With time
photographing became possible with digital cameras of
aerial and later on space vehicles.

Today aerial photographing is developing quickly, which
is based on usage of unmanned aerial vehicles (UAVs) and
proved to be extremely cost effective and convenient in
terms of time and labor costs for photographing works.

UAV — aerial vehicle with air-borne power unit for
multiple use without crew, which rises up into the air with the
help of aerodynamic power and executes flight in
autonomous mode according to program or on remote
commands of operators, and is able to bear effective load,
equipment of reconnaissance and surface, air and water
environment monitoring and is intended for getting back to
aerodrome and for further usage. Other names of this class
of carriers are unmanned aerial vehicles, unmanned
aviation systems — UASs, drones, quadcopter, multicopter,
UAVs as well. Existing classification and terminology
creates certain difficulties in definitions, but this is not the
subject of this research.

UAVs differ by size, productivity and type. They might be
almost invisible as insects or be very much similar to piloted
planes. They are able to hang in the air or develop speed up
to 1000 km/h. UAV controlling is possible to do with
smartphone, tablet or software of satellite connection. UAVs
can be launched using missiles, catapults or manually and
are able to carry various types of materials, video equipment
or even fertilizers for agricultural purposes.

Modern technologies allow UAVs to fly on significant
distance during long time; however, the majority does not go
up more than 150 m above the ground. Air space at this
height is mainly used for gliders and light aviation flights.

Usage of UAVs is more advantageous and quick for
actualization of cartographic materials and receipt of reliable
information comparing to usage of traditional or light
aviation, results of photographing from UAVs is possible to
process in automatic mode on regular computers. This
allows executing non-uniformly scaled topographic
photography with various levels of details with the help of
the same equipment.

Subject of investigation is unmanned aerial vehicles
with digital cameras.

Aim of the work is investigation of possibility to use
UAVs for cartographic tasks, in particular for creation of
orthophoto plans of the areas.

Relevance of the investigation. For many vyears,
traditional aerophotography has been an effective
instrument of solving geodesic, geophysical, geological
cartographic and monitoring tasks. However, the prime cost
of usage of aviation carriers for local large-scale survey of
the area is relatively high and has a number of limitations.
This is why the actual task is to find the way to decrease
prime cost of photographing. One of the promising
approaches to get geodesic basis is method of remote
cartographing using UAVs.

Analysis of recent researches. The following studies
are dedicated to researches of UAVs usage for solving
certain problems of civil sphere — works of V. Akulov,

V. Alekseev, S. Halushko, V. Hlotov, A. Hunina,
O. Zinchenko, M. Matiychyk, K. Meteshkin, O. Sechin,
S. Stankevych, H. Trubnikov, V. Kharchenko, M. Shevni,
J.D. Barton, J. Chen, D. Droeschel, R. Gini,

G. Grenzdiirffer, and others. But since one uses a very large
number of UAVs of different classes and aerodynamic
schemes with a wide range of technical and aerodynamic
characteristics, various aerospace and navigation
equipment, the analysis of the possibilities of their use to
solve different tasks is still far from complete.
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Presentation of the main part of material. From a
practical point of view, aero-photography of the area done
by UAVs today is relevant and profitable solution of majority
tasks in sphere of aero-photography and geodesy,
monitoring of environment and emergency situations, as
well as agriculture.

The UAV performing a flight on a given route, both in
automatic and semi-automatic mode, provides accurate and
reliable photo and video materials about the area,
monitoring of buildings and structures.

The use of small UAVs offers many advantages and
surpasses traditional methods of shooting from an aircraft
due to the possibility of rapid deployment of equipment and
operational preparation for start (no need for special
runways or platforms). UAVs make it possible to perform
flights from minimum height of 100 m, and the drone aircrafts
— even lower, which ensures the presence of the carrier
under clouds at almost any time. A high resolution in area
allows you to capture the smallest details of the area and
objects with a centimeter accuracy. In addition, UAVs
provide an opportunity to shoot small objects and areas,
where usage of other types of aerial photography is
unprofitable, and in some cases, is technically impossible.

The advantages of the UAV vs alternative types of
obtaining photographs are as follows:

— The safety of filming. This is especially true within the
city borders (compared to light aviation);

— higher accuracy and self-descriptiveness of the
received data (in comparison with satellite images);

— high quality of the received photos;

— high frequency;

— significant time savings;

— low cost;

— resistance to weather conditions. Ability to take photos
in cloudy weather;

— accuracy of surface modeling in plan: £ 5 cm.

The obtained data from the UAV are processed in
specialized software and serve as the basis for the creation
of digital and electronic maps, topographical plans of the
area. They are used in the construction design, area
monitoring, allow studying the relief, developing projects for
the management of the territories taking into account
rational use and environmental protection.

Most often UAVs are used to solve the following
topographic and geodetic tasks [1-5, 7-13]:

— during mine surveying works — for the shooting and
monitoring of the state of quarries, dumps, the determination
of the scope of work in open-form development;

— in engineering geodesic surveys — for the creation of
orthophoto plans and topographical plans of the area, where
the use of traditional methods is not economically reasonable
or is connected with a risk for personnel (shooting of hard-to-
reach, impenetrable or extended objects);

—for land cadastral works — to determine the characteristic
points of boundaries of land plots by photogrammetric method
in small areas (village, settlement, garden cooperative),
inventory of land and other real estate objects;

— for the control of the technical condition and safe usage
of the objects of power and municipal economy
(transmission lines, gas pipelines, heating roads),
infrastructure objects, railway facilities.

The UAV has many advantages. An important factor is
that there is constantly growing number of software that
allows practically automated processing of data from UAVs
in a short period of time with no need for significant
computing resources. With data from UAV and with the help
of ortho-transformation you can get an orthophoto plan, a 3D
model of the area, maps of heights.

Under ortho-transformation one understands the
process of geometric image correction during which
perspective distortions, turns, distortions caused by the
aberration of the optical system are eliminated. With it, the
image is traced to the planned projection, i.e. such projection
during which each point of the area is observed vertically, in
nadir. To perform such a transformation, it is necessary to
eliminate the distortions caused by the relief. Thus for
transformation one needs a model of relief, one needs to
know the height of the area for each point of the image.

The ortho plan is a photographic plan of the area on an
accurate geodetic basis, obtained by aerial photography
with the subsequent transformation of images from the
central projection to the orthogonal. Transformation uses the
ortho-transformation method.

Modern technologies for the creation of orthophoto maps
widely use photogrammetric methods and are mainly aimed
at obtaining images using large and medium-sized aircraft
equipped with stabilization systems for aeronautical
equipment (APA, digital photogrammetric cameras), control
of elements of internal and external orientation, aerial
photography elevation.

Typically, small-scale UAVs with a wingspan of up to 3 m
are used to create orthophoto maps. The main problem with the
use of such UAVs for terrestrial or water surface surveys are:
use of non-metric professional, semi-professional and amateur
digital cameras based on a CCD matrix (such as Samsung,
Sony, Pentax or more "Serious" Canon or Nikon); lack of
systems for stabilizing the UAV and control the elements of
internal and external orientation; frequent deviation of optical
axes from the vertical to several degrees, which complicates a
lot the process of images primary processing.

The use of household cameras is associated with ease
of control of them, and their benefits (low cost, ease of
replacement when "hard landing").

However, the use of these cameras also has certain
disadvantages. The main disadvantage is that household
cameras are not initially calibrated — their exact focal lengths
are unknown, the main point, distortion. In this case, the
nonlinear distortion of optics (distortion), which is acceptable
for household photography, can be up to several tens of
pixels, which can lead to a reduction in the accuracy of the
results of processing dozens of times. However, such
cameras can be calibrated in laboratory conditions, which
allows the accuracy of processing which differ little from
professional small-format photogrammetric cameras [15].

In terms of traditional (classical) photogrammetry, the
presence of these problems leads to the fact that the quality
of the survey is likely to be treated as inappropriate.

However, the presence of modern photogrammetric
software largely reduces these problems. Moreover, the
development of digital photogrammetric processing
methods has already led to the emergence of programs and
software systems that can handle even such "poor" aerial
photography in highly automated mode, with minimal
operator involvement.

In this study, the process of creating an orthophoto map
of the terrain based on the data obtained from the UAV
Phantom 4 PRO DJlI, is equipped with a nonparametric 20-
megapixel camera with a 1-inch 20-megapixel sensor, which
is capable of shooting 4K / 60fps video and 14 frames per
second in serial mode, meeting the obstacles in 4 directions
and staying in flight for up to 30 minutes.

Aerial photography from the UAV does not
fundamentally differ from the shooting of "big airplanes"”, but
has certain features. UAV flight, as a rule, is carried out with
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a cruising speed of 70-110 km/h (20-30 m/s) in the range
of heights 300-1500 meters. Typically, non-metric
household cameras with a matrix size of 10—-20 megapixels
are used for shooting. The focal length of the cameras is
about 50 millimeters, which corresponds to the size of the
pixel on the ground (GSD) from 7 to 35 centimeters.

Often images of UAVs are processed by simple non-
destructive methods (affine transformation of images into a
plan). As a result, the user receives overhead assemblies
that, in addition to low accuracy, may contain contour
ruptures at the junctions of neighboring images.

For strict photogrammetric processing of aerial
photography and obtaining the most accurate results it is
necessary that the images in one route have a triple overlap,
and the overlap between the images of neighboring routes
during plane shooting should be not less than 20 % [14]. In
practice, when shooting from an UAV these parameters are
not always met. UAV flight is not stable; it is influenced by
wind gusts, turbulence and other excitation factors. If the
shooting from conventional aircraft is planned with
overlapping along the route 60 %, and between routes 20—
30 %, then the projected shooting from the UAV requires
overlap along routes 80 %, and between routes — 40 %, to
exclude, if possible, gaps in the photo triangulation unit [15].

Aerial photography is flat and linear (route). In the plane
shooting, in addition to the longitudinal overlapping of the
photos, the transverse overlap has to be observed as well.
The initial parameters of aerial photography with the UAV
have the necessary spatial resolution, camera resolution,
angle of view of the camera lens, the size of the overlap of
frames. According to these data, the flight altitude, UAV
speed and the shutter speed of the camera are calculated.

The result of the digital aerial photography of the terrain
are digital aerial photographs, as well as external orientation
elements recorded in the flight (linear XS, YS, ZS -

Fig. 1. Coordinates position marks
of photo centers

Next step is optimization of the model. Here one should
connect received model to ground points of anchorage.
Which means that coordinates of point of details are
uploaded into project and these coordinates are used to
execute visual alignment of the model. As a rule, on such
points of details one places identification marks that are
easy to recognize on photos.

If operator finds out difference between certain
identification mark and point of detail, he himself is able to
correct the situation. In case identification marks are not
visible, e.g. due to trees crowns or it was point of water cut,
then such points should be excluded from the process of

coordinates of the center of photography, angles a, B, y —
orientation of the camera relative to the coordinate axes.

In accordance with the laws of central design, which is
based on the image of the terrain aerospace contains a
number of distortions, the magnitude of which are
determined by the angle of inclination of the optical axis of
the aerial camera and fluctuations in terrain.

The process of creating an orthophoto map implies:

— uploading pictures;

— formation of a point surface model;

— optimization of the model and construction of a dense
cloud of points;

— construction of a polygonal surface model;

— Generation and editing of the orthophoto map.

When the data is received after shooting, each photo has
its own coordinates of the centers, as well as the altitude mark.
At the first stage, the uploaded footage is being uploaded to the
project, and the construction of an approximate, "rough" model
of the terrain. The coordinates of the centers (fig. 1) and the
height mark are used for this purpose.

When used, automatic definition of common points in
overlapping photographs, determination of the coordinates
of the centers of photographing and elements of mutual
orientation of the photographs.

There are occasional cases where, for technical reasons,
some photographs do not include coordinates of centers and
altitude. In this case, the program can automatically find their
position by the method of finding common points. But of
course, if it's a small number of photos.

As a result of the first alignment of images, a sparse
cloud of points is constructed, where each point is the result
of finding common points in adjacent photos. On this model
you can see the overall image of the terrain, but this is only
the first approximation to the desired result (fig. 2).

Fig. 2. Spilled cloud of points

visual alignment of the model connection. Thus, deviation
will be minimal. After above mentioned actions the process
of model optimization starts correspondingly.

Next stage is building a dense point cloud on the basis of
already created and leveled model where every point is a
result of minimum 3 pixels on closely-spaced photos. This
process takes a lot of time as all photos are analyzed and
mutual points are searched. As a result, one gets dense point
cloud which graphically represents working model. (fig. 3).

The stage of building a dense point cloud will not work
without the operator's supervision. This is because there
might be cases where some points are not correctly defined
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according to their high-altitude parameters (Fig. 3), that is,
either they are located above or under the main cloud of
points. These incorrectly defined points should be manually
deleted, as they can negatively affect the quality of the

results at subsequent stages. However, at the same time
one should be very careful since under some angles, not all
the points are visible and one may accidentally delete
several kilometers of the processed area.

Fig. 3. Dense point cloud

On this stage it is possible to execute points classification.
It can be executed either in automatic mode (the program will
split available points into classes defined by default) or

operator can nominate classes on his own and name them.
This classification is used on next stage of processing.

After building of dense point cloud, next step is building
of polygonal model of area (fig. 4).

Fig. 4. Polygonal model of area

Here for operational efficiency of the model one
should set the number of loops for certain area (square),
as in case of standard settings usually there will be a big
number of loops built and this will significantly slow down
the further work with a model. Making the polygon model
is done with triangulation.

In case classification of points is built on preliminary
stage, the creation of polygonal model is possible only
according to classes defined by operator. After polygonal
model creation operator has a possibility to edit and
correct the result.

Next step is generation of orthophoto map. All images
are projected onto polygonal model of the location
(geographic area). It is necessary to pay attention to editing
of received orthophoto map. In mosaic mode it is seen that
on joints of neighboring photos there might be discrepancies
and one object will be reflected on several photos.

For correction of the situation, it is necessary to delete
mistaken area and define a unique photo which is in the
closest position to nadir position (fig. 5 and 6).
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Fig. 5. Discrepancies in the result of joining different images

After gradual editing of the orthophoto map as indicted
one should export it and start the work this orthophoto map
was designed for.

After all stages of processing input data the orthophoto
map is created. Observational error while conducting
observation on land points of junctions indicates that it does
not exceed 0,1 mm in the map scale, which means to fulfill
projects in scale 1 : 2000. It is not more than 20 cm.

Orthophoto map created this way allows:

— executing exact measuring of the territory square
footage;

— setting or actualizing borders of any residential area
(village, city, region);

— executing ecological and agro-technical evaluation of
the lands.

It is also possible to use orthophoto map for:

— constructing and projecting;

—renovation and specification of existing cadastral maps
as well as creation of new maps;

— creation of 3-D models;

— creation of rainwater run-off map;

— development of advertising materials.

On the basis of received orthophoto maps one is able to
conduct highly-precise topographic mapping and thus to
create Master Plan and plan of territory development.

Described process of UAV (air drones) data processing
targeted to get orthophoto plan is identical for the majority of
software that is used for such purpose. The difference is only
in specifics of work with each of it.

Conclusions. As human pressure on the natural
surroundings is not possible to decrease or slow down it is
crucial to look for innovative technologies for monitoring of
natural surroundings and potentially insecure (unsafe)
objects, for actualization of cartographic application. Such
technologies may become use of UAV (air drones).

The advantages of UAV (air drones) for cartographic
purposes are relatively low cost of work, urgency (it is
always possible to get information on latest conditions of the
matter), objectivity (orthophoto plan (plan developed with
method of differential orthophoto-transformation) is
developed without detachment, it is possible to check it any
time again) and operational efficiency as for acceptable
survey (photo) accuracy.

Digital orthophoto maps received in the result of aerial
photography (scanning) from UAV (air drones) with full vector
data and links with external data bases might be successfully
used as finished product in GIS, as well as planimetric base
for creation of digital and topographic maps.

Fig. 6. Corrected situation

The results of conducted experimental researches and
practical works confirmed that aerial photography
(scanning) from UAV (air drones) may successfully change
traditional aerial photography and earth-based methods of
special data collection aimed at creation and actualization of
topographic and cadastral plans of large scales.

However, taking into account that small UAV (air drones)
usually do not have hydro-stabilizing platforms, due to
limitations of actual load the strict requirements appear
regarding weather conditions for photographing, i.e.
conditions under which it is possible to execute aerial
photographing and acquiring of certain standard material.
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3ACTOCYBAHHA BE3NMUNIOTHUX NITAJIIbHUX AMNAPATIB ANA CKINAAAHHA OPTO®OTOMNAHIB

lMpomsizom 6azambox pokie mpaduyiliHe aepoghomo3HiMaHHs1 € e¢heKmueHUM iHCMpPYMeHMoM 07151 po3e ‘A3aHHs1 2e00e3UYHUX, 2e0hi3UYHUX, 2€0-
Jn102ivyHuUX, kapmozpadpiyHux i KOHmposbHux 3aday. lfpome cobieapmicmb eukopucmaHHsl agiaHociie Onsi IOKasIbHO20 KpynHomacwmabHo20 Oocsi-
O)KeHHs1 palioHy € 8i0HOCHO 3HaYyHOo | Mae psid o6MexeHb. ToMy akymyarnbHUM 3a80aHHSIM € MowlyK criocoba 3mMeHWeHHs1 cobieapmocmi gpomozpagpy-
8aHHs1. OGHUM i3 nepcrnekmueHux nidxodie o ompumaHHs1 2eode3uyHol 6a3u € Memod ducmaHyiiliHo2o kapmozpagbyeaHHs1 3 eUKOpUCMaHHsIM 6ecrii-
nomHux nimansbHux anapamie (BI1J1A). Cb0200Hi y ceimi weudkumu memnamu po3eusaembcsi aepo3lioMka 3a dornnomozoro BI11A, siki eusieunucsi Had-
3euyaliHo peHmabesnibHUMU i 3py4YHUMU 8 Nny1aHi eKOHOMIT Yacy i mpydoeumpam Ha 3HiManbHi po6omu. Aepoghomo3siioMka micyesocmi, 30ilicHoeaHa 3a
dornomozoro BIJ1A, moxe sukopucmoeyeamuck y 6acambox 2ay3six i cpepax, 30kpema e 2eodesii, monozpadgpii i kapmozpadpi.

Ynpaeninrsi BI1J1IA moxe 3dilicHro8amucb 3a 00MOMO20t0 cMapmdoHa, nnaHwema abo npozpaMHo20 3abe3rneyeHHs1 CyrmymHUKO8020 38 ‘A3Ky.
BI1JIA Moxymsb 3anyckamucb 3a G0rIoMO2010 pakem, kamanysbm abo epy4yHy i nepeHocumu pi3Hi eudu mamepiarnie, eideoanapamypy a6o Hagimb
dobpuea 0ns cinbcbko20ocnodapcbkux nompeo.

Po3ansinymo cmeopeHHs1 opmoghomonnaHy, sskuli 30380J1sie BUKOHYy8amu moy4Hul o6Mmip niowi mepumopiti, ecmaHoenroeamu abo akmyarnisy-
eamu mexi (kopAoHu) 6ydb-s1k020 HacesleHo20 NMyHKmy (cena, micma, o6nacmi), 39ilicHlO8amu eKoso2iYHy i a2pomexHi4Hy OUiHKY 3emerb.

Knroyoei cnoea: 6ecninomti nimansHi anapamu (BI1J1A), aepo3HiMaHHs, opmoghomonnaH.
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NMPUMEHEHUE BECNUNOTHBLIX NNETATEJNIbHbIX ANMAPATOB 11 COCTABJIEHUA OPTO®OTOINJIAHOB

Ha npomsixeHue MHo2ux nem mpaduyuoHHasi a3poghomocbemMKa siesiiemcsi 3ghheKmueHbIM UHCIMPYMEHMOM OJisi peweHus1 2e00e3UY4ecKux,
2eos102u4ecKux, 2e0ghusuYyecKux, Kapmozpaghuyeckux u KOHMpPOIsbHbIX 3aday. OGHako ce6ecmoumMocme UCMNO/Ib308aHuUs1 aguaHocumeneu Ons Jo-
KaJlbHO20 KpynHomMacuwmabHo20 KapmozpaghuposaHusi palioHa s8/1s1emcsi OmHOCUMesibHO 8bICOKOU U umeem psi0 ozpaHudeHul. [lomomy akmya-
J1eH nouck cnocoba ymeHbuweHusi ce6ecmoumocmu gpomozpagpupoeaHusi. OGHUM U3 nepcreKmueHbIx NoAxod08 K nosy4eHutro 2eodesuyeckol 6a3bi
sensiemcsi Memod AucmaHUUOHHO20 KapmozpaghupoeaHusi ¢ ucnosib3oeaHuem 6ecnusiomubix iemamesibHbix annapamoe (BI1J/1A). Ce2o0Hsi @ Mupe
6bICmMpbLIMU MeMnamMu pa3eueaemcs aapocbemMka ¢ nomowsbto BI1J1A, komophble oka3anuck Ype3eblyaliHo peHmabesnbHbl U yO06HbLI OMHOCUMesIbHO
3KOHOMUU 8pemsi- u mpydo3ampam Ha CbeMOYHble pabombl.

AspoghomocnbemMka MecmHocmu, ocyujecmesisiemasi ¢ nomouwibto BIJ1A, Moxem ucnonb308amescsi 60 MHO2UX Ompacisix U cghepax, 8 YHaCmHo-
cmu e 2eode3uu, monozpaguu u kapmozpagpuu.

YnpaeneHue BIJIA Mmoxem ocywiecmesnsimbcsi ¢ MOMOWbI CMapmgoHa, niaHwema usu npo2paMMHO20 obecrneyeHusi crymHUKO8OU Cesi3u.
BIJIA Mo2ym 3anyckambCsi C MOMOWbIO paKkem, KamarnyJibm Uslu 8Py4YHYI0 U NepeHocums passiu4yHble eudbl Mamepuasnos, eudeoarnnapamypy unu
Oaxke y0obpeHusi Onsi ceslbCKOXO0351liCME8EHHbIX HYXO.

PaccmompeHr npouyecc co3daHusi opmoghomonsnaHa, no3eonsrouuli ocyujecmesnsims mo4HbIl 06mMep niowadu meppumopuu, ycmaHasnueams
unu akmyanusupoeams 2paHuubl 1106020 HacesIeHHO20 nyHkma (cena, 20poda, o6nacmu), ocyu,ecmesisime 3KOJI02UYECKYI0 U a2pomexXHUYEeCKy
OUEHKY 3emerlb.

Knroyeenie cnoea: 6ecnunomHsie nemamensHble annapamsi (BI1J1A), aspocbemka, opmoghomonnaH.



