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The current situation with soil cartographic information is considered and it is shown that it is urgently needed to
update it in accordance with modern requirements. Analysis of the current situation makes it possible to identify 2 main
ways to overcome such a crisis, which together with their advantages and disadvantages. The first way — involves a
repeated large-scale soil survey based on innovative scientific and methodological approaches using ground—based
surveys, unmanned aerial vehicles and remote sensing of the Earth. However, it has such significant shortcomings as
high time and labor costs, the corresponding economic ones, which is relevant for the state budget, and given the lack
of sufficient professional staffing, such a path looks not quite realizable in the short term. Based on the analysis of the
current political and economic state of Ukraine, it is proposed to use the second possible path, the essence of which is
to correct existing soil maps on the basis of archival materials and build on their basis predictive mathematical models
of soil cover, including for locations with missing data. Among its positive aspects, we note the use of new low—budget
scientific and methodological methods for modeling cartographic soil materials, low time and labor costs, the
possibility of using remote sensing data to refine the contours. There are also certain negative aspects that are carefully
analyzed and, in particular, concern the access to scanned original archival soil maps and technical reports, as well as
the desirability of minimum field expeditions to verify the corrected maps. A step—by—step algorithm for solving such a
global problem within Ukraine is proposed. The proposed approach will allow creating a modern soil science GIS with
the most adapted set of data, which will be convenient to use, scalable and dynamically supplemented. This will also
become a prerequisite for the creation of a national database of soil data and its integration with minimal
rearrangements and subsequent development within the future functioning version of the National Geospatial Data
Infrastructure. It also adapts it to the maximum extent possible with international similar systems SOTER, SOVEUR
and the like. Taking into account the announced start of work in this direction and the detected range of problems, it is
necessary to involve the soil science community. Given the scale of such a project and the cost of modern software,
special attention should be paid to free free software under the free GNU GPL license: Debian, GRASS GIS, Quantum
GIS, SAGA GIS, R-Statistic etc, which allows you to perform the full range of proposed activities in a closed loop.
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Introduction. Consideration of the situation Prospects for soil science mapping are the

regarding the relevance of large-scale soil mapping
materials in Ukraine (Polchyna et al., 2004; Achasov
et al. 2015; Cherlinka, 2017a) shows that there will be
no quick solution to existing problems in the near
future. Nearly a quarter of the country's territory (in
particular, the mountainous systems of the
Carpathians and the Crimea, plain-covered areas of
forest vegetation, the prevailing number of
settlements, etc.) have never been covered by
continuous ground-based surveying. In modern
economic conditions, it is not worthwhile to expect to
allocate funds for actualization of existing materials
and to study white spots. Similar problems exist not
only in Ukraine or in a number of other developing
countries, but also in countries such as Australia (Bui
and Moran, 2003).
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scientific and thorough georectification of existing
(created by large-scale mapping) a set of soil maps,
their correct digitization and subsequent correction
using modern means: DEM analysis, the application
of remote sensing data (Achasov and Bydolax, 2008;
Achasov, 2009; Achasov and Achasova, 2011;
Achasov, 2012; Achasov et al., 2015; Truskaveczkyj,
2006; Truskaveczkyj et al., 2017), modeling of
different species (Cherlinka, 2017a, d, Cherlinka,
2017). ; Cherlinka, 2017b; Horacek et al., 2018),
creating a three-dimensional map of soil landscapes.
Proceeding from the fact that paper maps will have
limited use, and work will go to the GIS plane, their
scanning, geo-rectification and digitization require
high-level performers.

Therefore, due to the current tendency towards
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changes in the land market, it is expedient to reveal
the peculiarities of wusing previously created
cartographic materials in contemporary conditions
with the use of geoinformation technologies. This
applies in particular to digital terrain models, the
location of which in the national structure of
geospatial data is currently being announced, and
methods for forecasting a soil situation, the use of
which should be considered as a transitional stage to
the urgently needed of the modern large-scale soil
survey.

Ukrainian realities, despite the growing role of
remote sensing of the Earth and photogrammetric
methods for the creation of DEM in the world, do not
leave the choice of scientists and practitioners, forcing
large-scale topographic maps to be used as the main
source for modelling of relief. Long experience points
to a number of problematic issues with a topographic
basis (Cherlinka and Dmytruk, 2014). As an example,
let us point out the problems of constructing a solid,
high-density coating of DEM for large areas, in which
the cross-linking of fragments of large-scale DEMs
used.

In the presence of the adopted Concept of the draft
Law of Ukraine "On the National Infrastructure of
Geospatial Data" (On approval of the Concept of the
Law of Ukraine, 2007), its next approval (KMU,
2018) and the lack of the law itself (About the
national infrastructure of geospatial data, 2009)
during the years, the functioning of the modermn
geoinformation  environment is  constrained.
Accordingly, such an important structural element of
the basic set of geospatial data as a digital elevation
model is not developed at the state level, as is the case
in the leading countries of the world. Accordingly, a
whole series of modern technological solutions,
which are developed in various fields (soil science,
cadastre, land management, etc.), is not implemented
due to the lack of the basis - large-scale digital models
of relief. Announced only pilot projects for the
development of  geospatial data  structures
(Derzhgeokadastr Ukrayny. Yaponska agendya
mizhnarodnoyi spivprati (JICA), 2015).

The presented final version of the prototype of the
National Geospatial Data Infrastructure in Ukraine
(Derzhgeokadastr Ukrayny, 2018b) is the only
mapping ground on which the basic and profile data
groups on coordinates, the boundaries of the
administrative-territorial ~ system,  hydrographic
objects, settlements and road network, industrial,
agricultural and socio-cultural objects, highways,
railways, land in the specified territory should be
consolidated (Derzhgeokadastr Ukrayny, 2018a).

However, a detailed analysis of the presented
results shows that there is no detailed information on
the soils, that is, the contours of soils are present, but
there is no information about them.
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Critically important for soil scientists, the digital
elevation model in the presented pilot project exists in
the form of a cartographic variant (digitized
horizontally) and a TIN based on their basis, and none
of these options is available for download.

Thus, the state variant of the solution of the
problem with geospatial data is hampered by the
progressive development of science and practice, and
not only the soil science. Therefore, in our opinion, it
is worthwhile to involve the public and scientific
community in solving these issues. A successful
example of the Open Street Maps project
(OpenStreetMap contributors, 2018) shows that this
approach works globally, with a minimum of
financial resources. For example, one of the
numerous projects we have undertaken to create a
digital model of relief in Chernivtsi (Dmytruk et al.,
2013) covering an area of ~169 km® (digitized 26795
vector objects with a total length of 13910 km), and
executed for a scientific purpose completely free of
charge. However, the use of the potential of scientists
and the public to address the problem of saturation of
NIGD with geospatial data, even if this practice was
adopted, is currently facing a number of obstacles and
problems discussed in detail below.

Especially critical situation consists of accessible
large-scale and medium-sized soil materials. Note a
number of negative points, in particular, medium-
sized soil maps that are available for use, contain
significant errors due to the peculiarities of their
creation during the time of total secrecy in the USSR.
An example of a map of the Chernivtsi (Fig. 1a) and
Ternopil regions (Fig. 1b), on which the bold black
line marks the real contours of the regions: such
distortions make it impossible to use such maps in
practice.

If we consider in greater detail the areas of the
surveyed soils in the framework of a large-scale soil
survey, then according to our data within the
Chernivtsi region, 49,2% of the territory remain
unidentified (Figure 2a), ie 3906 km’. In Kitsmansky
region, for example, 244 km® or 40 % of the area
remain unexplored (Fig. 2b). As a rule, it is the
territory of settlements, forests, some agricultural
lands, and so on.

Given this situation, the logical step is to fill the
gaps in cartographic information by means predicted
data. Indeed, over the past decades, the number of
such studies devoted precisely to the simulation of the
spatial location of taxonomic soil units has
considerably increased (Bui and Moran, 2003;
McBratney et al., 2003; Scull et al., 2003; Walter et
al., 2006; MacMillan , 2008; Browning and Duniway,
2011; Caten et al, 2013; Brungard et al. 2015;
Malone et al., 2016; Heung et al., 2016, 2017). A
large range of mathematical methods is used: from
multi-factor regression analysis, kriging, neural
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networks to different types of classification trees
(Florinsky, 2016). The general idea underlying the
application of such methods is to use the reference
points of the landscapes and soil taxa associated with
them (Lagacherie et al., 2001). The main source of
predictors in this direction of simulation is the digital
model of relief (DEM), the analysis of which allows
to distinguish a number of geomorphological and
related parameters. Since model variables (types of
soils) do not refer to the numerical but to the
categorical type of data, and the indicators derived
from the DEM are usually numeric, then the use of
advanced mathematical methods only allows us to
establish the non-obvious, at first glance, dependence
between all these parameters (Giasson et al. , 2008;
Kempen et al., 2009; Debella-Gilo and Etzelmiiller,
2009; Hengl, 2009; Cherlinka, 2017; Malone et al.,
2016).

Our research on the basis of domestic soil
materials showed that the morphometric indices of
the relief are a reliable basis for the predictive
modeling of the soil cover (Cherlinka, 2017b), the
effect of the resolution of the DEM on the quality
indicators of predictive maps (Cherlinka, 2017) is
considered, the optimal methods of constructing the
training samples (Cherlinka, 2017d ) and a
comparative estimation of the quality of simulation of
soil maps and cartograms of agro-industrial groups of
soils (Cherlinka et al., 2017).

Accordingly, the purpose of our work was (in
addition to analyzing the critical situation with soil
materials) is showing the possibilities of the
developed methodology for analyzing not only local
areas at the level of individual village councils, but
also scaling to the level of administrative districts.
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Fig. 2. Available results of large-scale soil surveys of Chernivtsi region (a) and Kitsman district (b).
White is an unconscious habitat
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Materials and methods. In accordance with the
stated goal, we identified the following tasks:
a) digitization and attribution of cartographic
materials; b) construction of DEM with a resolution
equal to 25 m; ¢) analysis of digital elevation models
and the selection in the GIS GASS set of maps of
morphometric and other derivative characteristics;
d) generation of training samples; e) creation of R-
statistic ~ simulation models using predictive
algorithms KNN (Liu, 2011) and BGT (Hastie et al.,
2009; Kuhn and Johnson, 2013) as for areas with
available soil information, and for those where it is
not presented.

The Kitsman district of the Chernivtsi region was
selected as an object (Fig. 2b). This area with a total
area of =~ 610 square km. It has a different
administrative subordination and economic use, and
when selected, the typical problems often
encountered in works of this nature were solved
(Cherlinka and Dmytruk, 2014; Cherlinka, 2015,
2017a). Currently covered by large-scale soil surveys
is only 366 km®, or 60 %.

To process the data, the tools of the free software
were used: georectification of the cartographic
material - GIS Quantum (QGIS Development Team,
2015), digitization - Easy Trace (EasyTrace group,
2015), preparation of morphometric parameters and
generation of DEM - GIS GRASS (GRASS
Development Team, 2017) and simulation of soil
maps — the language of statistical calculations R-
statistic (R Core Team, 2018). Based on the digital
elevation model, a number of morphometric
characteristics of the relief were provided by
predictors: steepness and exposure of slopes,
curvature of the surface (longitudinal and maximum),
solar radiation, and relief forms. Additional maps of
hydrological indicators were also generated: the
topogEaphic wetness index, accumulation,u direction
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and length of water streams and the distance to them.

The R-statistic script (R Core Team, 2018), which
includes a number of adaptations for solving set tasks
and implements 14 basic types of predicative
algorithms, of which 2 were used in this study, was
used to create simulation models of soil cover.

To evaluate the quality of the obtained models, the
Cohen's Kappa index was used (Kuhn, 2008; Li and
Zhang, 2007; Grinand et al., 2008; Malone et al.,
2016; Landis and Koch, 1977), which shows the
degree of correspondence between the original and
the simulative data.

In the mathematical experiment, the cartography
of agro-industrial groups of soils, without definitions
of granulometric composition, was analyzed, that is,
the alphanumeric indices in the codes of numbers of
agro-industrial groups were not used.

Results and discussion. In this experiment, we
did not use the methodology for creating a training
sample (Dobos and Hengl, 2009; Hengl, 2009), but a
randomized-weighted one, which shows much better
results in our studies.

Two simulations of the territory covered by agro-
industrial groups of soils were obtained, analysis of
which revealed quite interesting patterns. Unlike the
original cartograms of the agrogroups (Fig. 3a), both
KNNs (Fig. 3b) and BGT (Figure 3c) created a solid
coating that filled in the gaps in the existing map,
with a precision of 78.08 % and 86.95 % respectively.
Given the diversity of agro-industrial groups (57) and
the complexity of the area in a geomorphological
sense, this is a very high indicator, which allows you
to use these maps for practical purposes. Taking into
account that with the decrease of the DEM step the
quality of the prediction increases, for local areas, if
necessary, it is possible to re-engineer the model with
higher accuracy.

%

Fig. 3. Results of simulation of the reduced agro-industrial groups of Kitsmansky district of Chernivtsi region
(without taking into account the granulometric composition):
a) initial cartogram; b) Model K-Nearest Neighbors, k= 78.08 %; ¢c) Model Bagged Trees, k = 86.95 %
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The absence of the National Geospatial Data
Infrastructure (NIGD) limits innovative management
solutions. Let's also highlight the relevant basic
problems (Cherlinka (2015, 2017¢), discussed in
more detail Cherlinka (2015, 2017c¢), which at the
moment concern almost all areas of activity when
working with both topographical and ground maps
(cartograms of agro-groups) of a large scale, and the
solution of which is urgently needed:

1) the choice of coordinate system for use as a
common denominator. The current state-of-the-art
geodetic coordinate system USK-2000 meets all
modern requirements for accuracy, so it is advisable
to do all the work on the creation of DEM in it. To
do this, we must make well-known data on the
parameters of the transition to the national SC for
accurately linking the topographic basis with SK-42,
SK-63 and local coordinate systems (MSCs), and to
remove the secrecy stamps.

2) the creation of a national DEM in USK-2000.
Potentially, this minimizes the errors and errors
associated with changing the shape of the cells to the
DEM in process perturbation with projections;

3) limited access to topographic and soil data
(secret / DSC) and their obsolete nature. At the
moment it is difficult for scientists to obtain large-
scale maps for scientific purposes, especially with
the growth of total "commercialization" of relations;

4) correct georectification of topographic and
soil maps;

5) qualitative digitization and attribution of
topographic maps and soil materials.

From the point of view of the actual tasks of soil
science, we propose such an algorithm of works:

1. Removal of secrecy stamps and DSC from soil
and topographic materials of arbitrary scale.

2. Opening of access to archival materials of large-
scale soil surveys and their corrections.

3. Scanning maps and cartograms with a resolution
of 600 dpi in 24-bit color and TIFF compression
with LWZ compression.

4. Creation of a database by soil profiles, fixed in
the technical reports on large-scale soil surveys
and their corrections.

5. Construction of the mathematical basis of
topomaps in their corresponding coordinate
systems, their correct georectification.

6. Pruning of soil maps on the lines of former
collective farms and state farms; their
georectification for the maximum number of
characteristic points of the terrain according to
the data of the topographic map and
orthophotographs using transformation
algorithms according to the type of "rubber
sheet".

7. Digitization of contours from topomaps and soil
contours in Easy Trace (EasyTrace group,
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2015), GIS GRASS GRASS Development
Team (2017) or Quantum GIS QGIS
Development Team (2015).

8. The construction of DEM by the method of
Regularized Spline with Tension (RST)
(Mitasova and, 1993; Hofierka et al., 2002;
Mitasova and Hofierka, 1993; Hofierka, 2005;
Dmytruk et al., 2013; Cherlinka, 2014).

9. Generation of additional map set using DEM in
GIS GRASS (GRASS Development Team,
2017; Cherlinka, 2017a, d; Cherlinka, 2017;
Cherlinka, 2017b).

10.Creation of predictive versions of soil maps or
cartograms of agro-industrial groups of soils
using a set of predictive algorithms (R Core
Team, 2018; Hengl, 2009; Venables and Ripley,
2002; Cherlinka, 2017a; d; Cherlinka, 2017;
Cherlinka, 2017b) for those areas, where she is
not represented.

11.Clarification of the actual boundaries between
soil polygons during field surveys and remote
sensing data (Achasov, 2012; Truskavecz'ky',
2006; Shatokhrn and Achasov, 2005).

12.Creation of a final variant of a mapping model
of soils.

The offered approach will allow to create a
modern soil science GIS with the most adapted data
set that will be easy to use, scalable and dynamically
supplemented. It will also become a prerequisite for
the establishment of a National Base Soil data and
its integration with minimal redevelopment and
further development within the framework of the
future functioning version of the National Geospatial
Data Infrastructure. It also adapts it to the
international analogical systems SOTER, SOVEUR,
etc., as much as possible.

Considering the announced start of work in this
direction and the range of problems revealed, it is
absolutely necessary to involve the soil science
community.

Given the magnitude of such a project and the
cost of modern software, special attention should be
paid to free software under the GNU GPL (GNU
GPL, 2016), Debian (Debian, 2018), GRASS
Development Team (2017), Quantum GIS (QGIS
Development Team, 2015), SAGA GIS (Conrad et
al., 2015) etc., which allows you to complete a
whole range activities in closed-loop.

Concerning the lower quality of the prediction of
soils in comparison with agrogroups of soils, it can be
assumed that the used set of predictors of the model
does not fully describe the definitions of the
distribution of soils on the elements of the relief.
Therefore, the study of this issue will be the subject of
our next research.

An analysis of the level of comparability of our
results on the quality of simulation with similar studies
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shows that the kappa of our models exceeds the
averaged values from literary sources. So, in the work
(Hengl, 2009) 51-67 % is considered a good indicator.
In work Grinand et al. (2008) x=67-87 % for the study
sample and is about 30 % for the main data set. For
small-scale soil maps Giason et al. (2008) obtained #
37-54 %, and Malone et al. (2016) its value ranges
from 35-40 %. According to the ranges given by
Landis and Koch (1977), the results we have obtained
and the results described above have, in the worst
cases, a significant convergence (x=0.61-0.80), and in
the best cases, almost complete convergence («=0,81-
0,99). Accordingly, this allows us to assess the quality
of simulation card versions as good and not below the
level of similar literary data. In addition, we believe
that there is still some potential for increasing the
overall x, in particular by more accurately selecting the
model's predictors and extending their number by
incorporating Earth remote sensing data, anthropogenic
deposits maps, and more. A significant beneficial
effect of this kind of modeling is the ability to fill gaps
on existing cartographic materials with data from
predicative  map-versions and, thus, obtaining
composite soil maps. This certainly does not exclude
the need for a large-scale soil survey of such areas, but
in the absence of the possibility of its carrying out, it
allows to obtain at least some scientific data with a
certain level of statistical reliability.

It also allows it to be used in applied problems of
soil science, agronomy, land management and land
management, that is, areas where the need for such
data is most acute.

Conclusions. The current situation with soil maps
information is considered and it is shown that its
updating is urgently needed in accordance with
modern requirements. Analysis of the current
situation allows us to identify 2 main ways to
overcome such a crisis, which we will present
together with their advantages and disadvantages.
The first way - implies the modern large-scale
survey of soils based on innovative scientific and
methodological approaches using soil surveys and
remote sensing. However, he has such significant
disadvantages as high time and labor costs, relevant
economic ones that are not time-consuming for the
state budget, and given the lack of sufficient
professional staffing, such a path seems not entirely
realized in the short term.

On the basis of the analysis of the current
political and economic state of Ukraine, it is
proposed to use the second possible path, the
essence of which is to correct existing soil maps
based on archival materials and build on them
predictive mathematical models of soil cover,
including for locations with missing data. From its
positive moments, note the use of new low-budget
scientific methodological methods for modeling of
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cartographic soil materials, low time and labor costs,

the possibility of using remote sensing to clarify the

boundaries of soils. There are certain negatives that
are carefully analyzed and related, in particular, to
problems with access to scanned originals of
archival soil maps and technical reports, as well as
the desirability of a minimum field expedition for
verification of corrected maps. A step-by-step
algorithm for solving such a global problem within
the boundaries of Ukraine is proposed.
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BUPIIIEHHS ICHYIOUUMX ITPOBJIEM 13 KAPTAMM I'PYHTIB B YKPAIHI
B. P. Yepainka, FO. M. IMutpyk

Pozensinymo nomouny cumyayiio 3 IpyHmMoGow Kapmozpagiunow IHGopMayicro ma NOKA3aHO, W0 HASAIbHO
HeobXiOHe i1 OHOBIeHH s BIONOBIOHO 00 CYUACHUX 8uMoe. AHani3 cumyayii, IKa CKAanacs, 00360J€ GUOLTUMU 2 OCHOBHUX
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WAAXY NOOONANHA MAKOT KpU3u, AKi HageoeMo pa3om 3 ix nepegazamu ma neoonikamu. Ilepuuil wnax — nepedbauae
HOGIMHE  BENUKOMACUMAOHe 00Cmedicents [PYHMI6 HA OCHOBI THHOBAYIUHUX HAYKOBO—MEMOOUYHUX NIOX00I6 3
BUKOPUCIAHHAM HA3EMHUX 0OCMednHCceHb, 0e3niNOMHUX TIMATbHUX anapamis ma OUCMAHYIIHO20 30HOYBAHHA 3eMI.
Ipome 6in mac maki cymmesi HedOoMiKU, K BUCOKI Yaco8i ma mpyoosi umpamu, 6i0N08IiOHI eKOHOMIYHI, SIKi He Ha Yaci
07151 0100%ceny 0epicasy, a 8paxo8yrouu Gi0CYmHicms 6 O0CMAMHIl KIIbKOCHi (axo8o2o Kaopogoeo 3abe3neuenns,
MaKuti Wisx 8Ueis0A€ He 308CiM peanizo8y8anuM 6 Haubaudxcuitl yacosi nepcnekmusi. Ha ocnosi ananisy cyuacrnozo
NONIMUKO—EKOHOMIYHO20 CMAHY YKpainu, 3anponoH08aHo GUKOPUCIOBYEAMU OPY2ULL MONCIUGUT WIIAX, CYMb K020
nONs2AE 8 KOPeKYii iICHYIOUUX [DYHIMOBUX KAPM HA OCHO6I apXigHux mamepianie ma noOyooei na ix 6aszi npocHo3HUX
MAMeMamuyHuUx Mooeietll IPYHMo8020 NOKPUBY, 8 MOMY YUCTL U /sl JIOKAYLll 3 6iI0CYMHIMU OaHUMU. 3 HOZUMUBHUX 11020
MOMEHMIE IOMIMUMO BUKOPUCTNAHHA HOBUX HUSLKOOIOONCEMHUX HAYKOBO—MEMOOUUHUX MeMmOo0i8 MOOeN08aAHHA
KapmozspaghivHux [pyHmoeux Mamepianie, HU3bKi Yacosi ma mpyooei Umpamu, MONCIUGICIb GUKOPUCTNOBY8AMU OAHI
OUCMANYITIHO20 30HOVEAHHS OISl YMOUHEHHsT KOHmYpie. Icnyiomb i neeni nHecamueu, sKi pemenbHO NpoaHANi308ani i
CMOCYIomubCsl,  30Kpema, npobrem O0ocmyny 00 CKAHOBAHUX —OpUSIHANIE  apPXIGHUX IPYHMOSUX Kapm ma
HAPUCI6/MEXHIUHUX 36IMi6, A MAKONC DANCAHOCME MIHIMATLHUX NOILOGUX eKcneouyis 0l eepuixayii Kope2oeanux
Kapm. 3anponoHo8aHo NOKPOKOSUL ACOPUMM GUPIUEHHS MAKOI 2nobanvHoi 3adaui 6 medxcax Yxpainu. [Ipononosanuii
nioxXio 00380nums cmeopumu cydacny rpyumosnasyy 1'IC 3 makcumanibho adanmoganum Habopom Oanux, skuil Oyoe
SPYUHUM Y GUKOPUCTIAHHI, MACWUMADOBAHUM mMA OUHAMIYHO O0nosHIoeaHuM. Lle maxooc cmame nepedymosor
cmeopennsi Hayionanvnoi 6asu pynmoeux Oanux ma ii inmezpayii 3 MIHIMalbHUMU nepebyoosamu i NOOAIbUUM
PO3BUMKOM 8 Medcax Maubymuvoeo QyHKkyionyouozo eapianmy HayionaneHoi iHghpacmpykmypu eeonpocmopoeux
Odanux. Boonouac eiobysamumemvcs adanmayin 00 midxcnapoouux auanoziunux cucmem SOTER, SOVEUR mouwo.
Bpaxoeyrouu anoncoseanuii nouamox pobomu 6 yvboMy HANPAMKY MA GUAGLEHUNl CHeKmp npobiem, 0008 13K080
HEOOXIOHUM € 3aNyHeHHsl IPYHMO3HAGYOI CnitbHOMuU. 368axcaiodu HA MACUIMAOHICMb MAK020 NPOEeKmy ma 8apmicme
CYUACHO20 NPOSPAMHO20 3a0e3neyeHHs Ci0 36epHymu 0coOnuey yeazcy Ha 0e3KoumosHe GilbHe NpospamHe
3abesneuenns nio Binvuorw epomadcwroro aiyensiclo GNU GPL: Debian, GRASS GIS, Quantum GIS, SAGA GIS, R—
Statistic mowjo, sike 0036015€ GUKOHAMU 8€Cb KOMNIEKC NPONOHOBAHUX 3AX00I8 Y 3AMKHYMOMY YUK

Kniouoei cnosa: tpynmosa xapma, xapmozpama acposupoOHUYUX Spyn IPYHMIE, HAGUAIbHA 6UOIPKA, CUMYIAYIS,
mopgomempuuni napamempu, LIMP, npeduxamugni areopummu.
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