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ABSTRACT

Purpose. Solving the tasks of subsurface resources management based on the created GIS RAPID geoinformation
technology.

Methods. Close spatial relationships of lineament network characteristics and earthquake epicenters were detected in
3 seismically active areas located in the mountainous regions of Central Europe. Digital elevation models (DEM)
based on ASTER satellite surveys and earthquake epicenter data were used. The nature of spatial relationship of
lineament network and vein ore objects was studied in the territory of Congo DR, in the Lake Kivu area using space
imagery. Gold ore objects were searched and forecasted in Uzbekistan in the site of Jamansai Mountains. High-
resolution imagery from QuickBird 2 satellite, geophysical field surveys, geological and geochemical data were used.

Findings. It was found that a significant number of epicenters are located in areas of high concentration of “non-
standard” azimuths lineaments — from 27 to 34% of the total number of lineaments. It was revealed that 59.6% of the
epicenters are located within 10% of sites with the highest values of complex deformation maps; 50% of the areas
with the highest values of these maps contain, on average, 89% of all earthquake epicenters. It was found that satel-
lite image lineament concentration maps with “non-standard” azimuths reflect the spatial relationship with known
deposits much better than the concentration map of all lineaments. It was detected that the total area of gold ore ob-
jects perspective sites is about 20 km?.

Originality. The use of GIS RAPID in a number of earth’s crust areas has allowed to establish new regularities
linking the networks of physical field and landscape lineament characteristics with ore bodies and earthquake epicen-
ters localization.

Practical implications. A new technology has been developed for solving geological forecasting and prospecting
problems. The technology can be used to solve a wide range of practical problems, especially in difficult geological
conditions when searching for deep objects weakly presented in external fields and landscape.

Keywords: geoinformation system, Data Mining, mineral deposits, earthquakes, lineament analysis

1. INTRODUCTION

Solving of environmental management problems at
the current stage involves the use of a large amount of
heterogeneous spatial materials — space imagery, carto-
graphic and digital geological, geophysical, geochemical,
environmental, meteorological and other geodata. Data
handling is unthinkable without information technologies
(Pivnyak, Busygin, & Garkusha, 2010; Kuttykadamov,
Rysbekov, Milev, Ystykul, & Bektur, 2016). Currently,
the creation of software capable to process and analyze
efficiently large arrays of heterogeneous and multi-level
data is of paramount importance. Such software tools,
first of all, include geographic information systems (GIS),
which combine the possibilities of storing, processing,

analyzing and visualizing spatial data. Their intensive
development over the past decades has provided a new
qualitative level of spatial information management.

A specialized RAPID (Recognition, Automated Pre-
diction, Data Interpretation) GIS has been created at the
Dnipro University of Technology. It is a powerful tool
for integrated spatial data analysis based on Data Mining
and solving various tasks of subsurface resources use.

2. BASIC INFORMATION
ABOUT THE RAPID SYSTEM
2.1. Purpose

The RAPID GIS is focused on processing and intel-
ligent analysis of heterogeneous and multi-level geodata
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and allows solving a wide range of Earth science prob-
lems based on general methodological principles:
mineral resources forecasting, territory mapping, moni-
toring and forecasting natural and man-made emergency
situations, geo-ecological assessment, etc. (Busygin &
Nikulin, 2015).

The system allows using a variety of digital data ob-
tained from space (satellite materials), superterranean
(aerial and airborne geophysical surveys), terranean
(field geological surveys), or underground space (meas-
urements in mining). The system uses several models of

geochemical data), vector model (cartographic layers)
and raster model (acrospace images).

A geoinformation technology is created based on the
RAPID GIS tools. The technology implements the prin-
ciple of multivariate problem solving with the help of
simulation and computational experiments. It is focused
on the establishment of direct links between spatial
regularities of objects and phenomena location, on the
one hand, and the structure of data describing them, on
the other.

A simplified flow chart is shown in Figure 1.
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Figure 1. Flow chart for solving forecasting and prospecting problems based on RAPID GIS

2.2. Structure

The system includes data management core, as well as
a set of modules grouped into functional subsystems for
data management, calculating transformations of initial
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data and evaluating their informative value, lineament
analysis and forecasting based on Data Mining methods,
graphs, etc. In total, the RAPID GIS includes about 100
functional modules with a single user interface (Fig. 2).
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The system core is a software package consisting of
two components. The first is responsible for calling indi-
vidual modules, for data exchange between different mod-
ules (that solve specific tasks of data processing and analy-
sis), as well as between RAPID GIS and such well-known
systems as ArcGIS, Micromine, Surfer, and others.

The second component is embedded in all functional
modules, manages data streams and provides reading,
recording, deleting, visualizing tools and simple trans-
formations (smoothing, filling gaps, normalization). Such
structure of the system ensures the simplicity of its ex-
pansion and gives the possibility of creating on its base
both functional sub-systems and individual GIS intended
for solving specialized tasks.

2.3. Special features

The RAPID GIS has a number of features that distin-
guish it from other systems of this class:

1. The presence of a developed subsystem for calcu-
lating transformations of original data and for selecting
the most informative of them. Since there are many
methods for calculating transformations, and a priori it is
impossible to determine which of them are the most

SYSTEM
CORE

useful for solving a specific problem; usually, various
transformations are calculated with the subsequent selec-
tion of the most informative. The RAPID GIS provides
more than 200 transformations, and special optimization
methods allow to distinguish among them the groups that
ensure problem solutions with minimal error.

2. The unique subsystem of lineament analysis. The
subsystem implements a large number of procedures for
selecting, processing and analyzing of lineaments — linear
fragments of satellite images and physical fields. Unlike
most well-known lineament analysis systems, RAPID
GIS allows to integrate the subsystem with prediction
modules and to use the results of the lineament analysis
as input data in Data Mining procedures.

3. A powerful subsystem for solving forecasting and
prospecting problems using Data Mining methods (Wit-
ten, Frank, Hall, & Pal, 2017). The subsystem includes
18 classification methods (supervised and unsuper-
vised) based on deterministic, statistical, logical and
neural network decision rules; 12 criteria for forecasts’
accuracy assessment; a specialized graphics editor ena-
bling the formation of learning and control samples in
an automated mode (Fig. 3).
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Figure 3. Functional diagram of the forecasting subsystem

3. APPLICATION OF THE RAPID
SYSTEM AND TECHNOLOGY

The capabilities of RAPID GIS are demonstrated be-
low with several practical examples illustrating the solu-
tion of two problems — investigation of spatial intercon-
nections between landscape lineament networks and
spatial distribution of various geological objects, as well
as the forecasting of mineral deposits localization.
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3.1. Estimation of the interconnection
between landscape lineaments
and earthquake epicenters

Lineaments correspond to rectilinear structures of a
landscape, hydrographic network, etc., which, in turn, are
usually associated with peculiarities of the earth’s crust
structure — geological boundaries, fractures, and fracture
networks. Lineaments are ubiquitous and as a rule form
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networks of orthogonal systems of certain azimuths.
Usually, there are 4, less often from 6 to 12 such systems
(Florinsky, 2008). In most cases, the clearest are linea-
ments with azimuths of 0, 45, 90, 135 degrees, which
form a global network.

According to modern concepts, the discharge of tec-
tonic stresses causing earthquakes is usually confined to
the areas of high lineaments density (concentration), in
particular, to their intersections (Masoud & Koike, 2017,
Zakharov, Zverev, Zverev, Malinnikov, & Malinnikova,
2017). Consequently, the epicenters of earthquakes are
not distributed randomly but are determined by the struc-
ture of lineament network. The following studies were
carried out on the basis of this principle.

3.1.1. Central Europe

The studies were conducted using the data of three
sites located in the mountainous region of Central Eu-
rope. Site 1 (156 x 67 km) includes a fragment of the
Sudeten Mountains; Site 2 (334 x 132 km) covers a part
of the Carpathian Mountains; Site 3 (175 x 175 km) is
located in the east of the Austrian Alps (Fig. 4).

Figure 4. Location of the studied sites on a digital elevation
model

Since 1999, these sites have seen around 300 earth-
quakes with a magnitude of 1.6 to 5.8. During the re-
search, the problem of identifying the closest spatial
interconnections of various characteristics of lineament
networks and earthquake epicenters was to be solved. We
used digital elevation models (DEM) based on ASTER
satellite images (ASTER GDEM 2 product, obtained in
October 2011; source — earthexplorer.usgs.gov) and data
on earthquake epicenters (source — earthquake.usgs.gov).

At the first stage, lineaments were detected on digital
elevation models in an interactive mode. Several DEM
representations were used in order to improve quality of
lineament detection —in the form of a two-dimensional
raster, a pseudo-three-dimensional model reflecting
slopes of the original DEM, as well as four light-shadow
representations with different positions of the light
source (at a horizontal angle equal to 0°, 45° 90° and
135°; the vertical angle being constant and equal to 60°).

Earlier (Busygin & Nikulin, 2016), the authors
demonstrated that the epicenters of earthquakes, as
anomalous objects, tend to locate near the areas of the
earth’s crust with a complex geological structure differ-
ent from the structure of adjacent territories. Hence, the
epicenters of earthquakes should mostly occur not close
to the actual ubiquitous lineaments, but to the zones of
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their “anomalous” behavior, where the original linea-
ments were subjected to deformations. The latter include
breaks (points of integrity violation) of lineaments and
their rotations relative to the initial position. As indicated
above, the global network of lineaments is formed main-
ly by linear structures with azimuths of 0°, 45°, 90° and
135°. Taking these azimuths as initial, it can be assumed
that the lineaments of other azimuths (“non-standard”)
received the current orientation as a result of the newest
tectonic movements, which are especially intense in earth-
quake-prone areas. Figure 5 shows several maps for Site 3.

‘ 1
Def : a"sf\
[el1 =12 =13 4 5 Mo g 25 50 75km|

Figure 5. Maps of Site 3: a— digital elevation model; b — net-
work of relief lineaments; ¢ — complex deformation
map; d —zones of high values of deformation map
at different thresholds; 1— earthquake epicenters
(size depends on magnitude); 2 — lineaments with
azimuths in the intervals 0/90/45/1352411.25°% 3 — linea-
ments with azimuths 22.5/67.5/112.5/157.5 £11.25%
4, 5, 6 — area allocated at thresholds Pso, P30 and P

Based on the above, a number of maps were con-
structed for all the sites, in particular:

A. The length of all identified lineaments inside a
“sliding” square neighborhood of 10 x 10 km in size with
a “slide” step of 1/3 km.

B. The length of the lineaments with “initial” azi-
muths of 0%11.25° 45+11.25° 90+11.25° and
135+ 11.25° (the angle of 11.25° is equal to half the
angle of 180°/8; where 8 is the total number of allocated
“initial” and “non-standard” azimuths).

C. The length of lineaments with non-standard azi-
muths of 22.5+11.25° 67.5+11.25° 112.5+11.25°,
157.5 £ 11.25°.

D. The number of breakpoints (integrity violations) of
all lineaments within a neighborhood.
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For each map, the percentage of epicenters that fell
into zones of elevated values determined by the P thre-
shold was calculated. The P value was chosen so that the
selected zones would cover a given percentage of the
total area. Three thresholds Pjo, P30, Pso correspond to
10, 30 and 50% of the sites total area.

Analysis of the constructed maps showed that, as in
other areas of the earth’s crust, most of the lineaments
have azimuths of 0+ 11.25° 45+ 11.25° 90+ 11.25°
and 135 £ 11.25° (Table 1).

Table 1. Total number of lineaments

Lineament azimuths

. 22.5/67.5/

Site Total o 15/ 907135 112.5/157.7
+11.25 LTl

1 617 450 (73%) 167 27%)

2 1868 1353 (72%) 515 (28%)

3 1248 823 (66%) 425 (34%)

It should be noted that a significant number of epi-
centers is confined to areas with increased concentration
of lineaments of ‘“non-standard” azimuths (Table 2).
Composing from 27 to 34% of the total number of
lineaments (Table 1), they control a significant part of
earthquake epicenters.

But complex deformation maps are much closer con-
nected to earthquake epicenters. They are created as a
result of superposition (summation) of previously nor-
malized maps of types C and D (Table 3).

Table 2. Number/Percentage of epicenters in the areas of high
concentration of lineaments with “non-standard”

azimuths
Sit Threshold Pio Threshold P30 Threshold Pso
e number % number % number %
1 (total num-
ber of epicen- 63 39.1 105 653 126 783
ters — 161)
2 (total num-
ber of epicen- 11 36.7 21 70.0 24 80.0
ters — 30)
3 (total num-
ber of epicen- 17 16.7 51 50 76 74.5

ters — 102)

Table 3. Number/Percentage of epicenters in areas of high

values of complex deformation maps
Threshold Threshold

Pio Pso
number number

Threshold
Pso
number

Site

% % %

1 (total
number
of epicen-
ters — 161)
2 (total
number
of epicen-
ters — 30)
3 (total
number
of epicen-
ters — 102)
Average

98 60.8 122 758 142  88.1

21 70.0 28 933 29 96.7

49 480 71 69.6 84 82.3

59.6 79.6 89.0
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Table 3 can be interpreted as follows: 59.6% of the
epicenters are located within 10% of the sites with the
highest values of complex deformation maps; 50% of the
territory with the highest values of these maps contain,
on average, 89% of all earthquake epicenters.

The results shown in Figure 2 and in Tables | — 3,
allow to conclude that there exist a fairly close inter-
connection between the localization of earthquake epi-
centers and the characteristics of landscape lineament
network, and, before all, the network deformation level.
The presence of such interconnection is promising for
using the methods of lineament analysis in the study of
a complex of geophysical fields — gravitational, mag-
netic, thermal, and others.

3.1.2. East African Rift

The objective of the work was to study the nature of
the spatial interconnections between lineament networks
and vein ore deposits. At the same time, various charac-
teristics of the network were studied and compared in
order to identify those deposits where these interconnec-
tions would be the closest. Space surveys were used as
input materials for conducting the research.

During space image studying, it was found that con-
centration map of lineaments with “non-standard” azi-
muths reflects the spatial interconnection with known
deposits much better than the concentration map of all
lineaments (Fig. 6).

_~Lineaments .
Concentration, conv. un.
ow h

Figure 6. Landsat-8 satellite image, band 5 (a), known depo-
sits (b), concentration maps of standard (c) and
non-standard (d) azimuth lineaments
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The study was carried out on an area of 2500 km? lo-
cated in the Democratic Republic of the Congo, near
Lake Kivu. The eastern and central parts of the site are
located within the East African rift valley; the western
part is the edge of the Congo Basin. The site is composed
of rocks of Paleo- and Mesoproterozoic age, is inter-
spersed with Neoproterozoic rocks and partially over-
lapped by Neogene sediments. Within the site, there are
several dozens of tin, niobium, tantalum, tungsten, gold,
iron, and tourmaline deposits. The greatest industrial
value of the tin deposit is associated with cassiterite, as
well as niobium-tantalum (coltan) ores, which are found
both in alluvial sediments and in the Proterozoic primary
vein pegmatites (Wit, Guillocheau, & Wit, 2015).

In the studied area, like on the most part of the earth’s
surface, lineaments of two orthogonal systems with azi-
muths of 0°/90° and 45°135° degrees prevail. Thus, out
of 3059 lineaments detected in the interactive mode,
2343 (77%) have azimuths in one of the ranges of
0£11.25°% 90 £11.25° 45+£11.25° or 135.25 + 11.25°.
However, the concentration map of 716 (23%) linea-
ments that do not fall within the specified ranges, is
much more informative. Thus, there are significantly
fewer anomalous zones that do not correspond to known
deposits, though the number of deposits associated with
positive anomalies is almost invariable on both maps.

3.2. Mineral deposits localization forecast

The capabilities of RAPID GIS can be demonstrated
using the example of searching for gold ore objects in the
Republic of Uzbekistan, on a site located in the Jamansai
Mountains (Fig. 6). On a site of 18 x 22 km in size,
several dozens of ore occurrences and one gold deposit
were known. The task was to identify areas promising for
prospecting new gold objects.

The initial data were: high-resolution satellite image-
ry from the QuickBird 2 satellite with a spatial resolu-
tion of pan-chromatic band of 0.6 and 2.5 m multispec-
tral (red, green, blue and near infrared) bands, materials
of 6 geophysical fields survey in 1:25000 and 1: 50000
scales (Vz, ATa, Za, yfield, isoresistivity field and the
field of natural electric potentials), represented in the
form of contour line maps. In addition, we used such
geological and geochemical data: points of increased
gold mineralization in ditches and wells, geological
maps and schemes.

To solve the forecasting problem, a specially deve-
loped technology was used, oriented on establishing
direct interconnections between the spatial regularities of
objects and phenomena location, on the one hand, and
the data structure describing them based on supervised
classification procedures, on the other. The technology
includes three main stages:

1) forming the space of descriptions (attributes), i.e.
various transformations of initial materials, with subse-
quent evaluation of their informative value and selection
of the most informative ones;

2) forming reference and control samples required to
execute the supervised classification procedures;

3) forecasting based on territory ranking by its simi-
larity to reference sample objects in the multidimensional
description space.
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During the first stage, features-descriptions were ob-
tained, representing the lineament networks, circular
structures, geophysical fields and geological data pro-
cessing and analyzing results. In total, the stage yielded
over 1000 different transformants, 18 of which were
selected using special Data Mining procedures.

Particular attention was paid to reference sample
forming, which is essential for reference classification, as
a stage that significantly affects the forecasting efficiency
(Busygin & Nikulin, 2015). The network nodes over the
20 known gold objects were used as reference points.
Reference objects located in different geological condi-
tions on the basis of a priori structural and petrographic
representations were grouped into several classes. Then,
objects clustering procedures were performed with a
different number of initially defined classes (clusters)
and a different structure of attribute space. 2 classes were
formed after clustering results analysis. Irrelevant objects
were removed from each class based on multidimension-
al scaling (Borg & Groenen, 2005), which made it possi-
ble to significantly increase the degree of compactness of
class images in a multidimensional space. And 12 well-
known gold objects formed a control sample, used later
to assess the forecasting accuracy.

The ranking consisted in calculating several similarity
measures for network nodes with respect to each of the
two sample classes, with subsequent designing of a gen-
eralized map of a complex indicator of the territory pro-
spectivity. The type I error calculated for the control
sample was 8%, and the type II error was 16%.

The areas characterized by the highest similarity were
chosen as promising on the constructed maps of similari-
ty measures (Fig. 7).

Worsi

Similarity
0 1 2

= Contours of perspective sites

@®© Sample objects

Figure 7. QuickBird-2 space image of the site (a) and a simi-
larity measure map of the territory in relation to the
reference classes (b) with promising sites

The total sites area was about 20 km? (5.1% of the
territory). Further ground-based geological studies of the
site confirmed high quality of forecasting and made it
possible to identify several promising gold ore objects.

4. CONCLUSIONS

Only a few of the numerous examples of using
RAPID GIS were treated above. The use of RAPID GIS
for solving various geological problems allows to con-
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clude that it is highly efficient, especially in difficult
geological conditions when searching for deep-seated
objects that are weakly manifested in external fields. The
presence of a clear sequence of technological stages
necessary to achieve high quality results, numerous feed-
backs and a wide choice of tools implemented in the
RAPID geographic information system make it possible
to solve problems even in the most complex geological
conditions. The system has a substantial potential for
further development, associated primarily with the im-
plementation of multi- and hyperspectral satellite images
processing procedures, texture analysis of geo-images, as
well as ring and arc structures of the Earth’s surface.
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PIINEHHSA 3AJJAY HAAPOKOPUCTYBAHHS B CEPEJIOBHUIII I'IC PAITL

b. Bycurin, C. Hikynin, K. Cepreepa

Mera. PimreHHs 3a1a4 HaIpOKOPUCTYBaHH Ha 0a3i cTBopeHoi reoinpopmanirinoi Texuomorii I'TC PAIII/I.

MeTtoanka. BusBieHHS TICHMX MPOCTOPOBUX B3a€MO3B’SI3KIB PI3HOMAHITHUX XapaKTEPHUCTUK MEPEK JIIHCAMEHTIB 1
eMILIEHTPIB 3eMJIETPYCIB IPOBOJIUIIOCS y 3 CEHCMOAKTUBHUX AUISHKAX, PO3TAllIOBAaHUX B TipChbKuX paiioHax LleHTpais-
Hoi €Bponu. BukopucroBysasnucs mudposi mozaeni penbedy (DEM), nodynosani 3a 3iiomkamu 3i cynytHiuka ASTER i
JlaHi 1o enineHTpax 3emieTpyciB. JocmiKeHHs XapakTepy IPOCTOPOBOTO B3a€MO3B’SI3KY MEpPEeXi JTIHEAMEHTIB 1 JKHJIb-
HUX pYJHUX 00’€KTIiB MpoBoamincs Ha Teputopii JlemokparuuHoi Pecriyosniku Konro, B paiioni o3epa KiBy i3 Bukopuc-
TaHHSAM KOCMIYHUX 3HOMOK. JlOCIiKEHHS MONIYKY Ta MPOTHO3Y 30JI0TOPYAHUX 00’ €KTIB BUKOHYBAJIHCS B Y30€KHCTaH1
Ha nuraHLi JHkamaHcaiickix rip. BukopucroByBaics BUCOKOTOYHI KOCMiYHI 3HOMKH 31 cynmyTHHKa QuickBird 2, 3iiom-
KM Te0()i3NYHUX T10JIiB, [€OJIOTIUHI Ta reoXiMiuHI JaHi.

Pe3yabTaTi. BusiBiieHo, 1110 3Ha4Ha YaCTHHA EMIIEHTPIB NPUypoYeHa caMme JI0 JJISTHOK ITiIBUIEHOT KOHIIEHTpALlii JTi-
HEaMEHTIB “HeCTAaHNAPTHUX a3WMYTIB, cKiamaroun Bix 27 mo 34% 3arampHOrO 4YMcIia JTiHeaMeHTiB. BcTaHOBIEHO, M0
59.6% emnineHTpiB 3HAXOAATHCS Beepenuni 10% TepuTopii TUITHOK, 10 BOJIOMIFOTH HAWBHUIMIMA 3HAYCHHSIMH KOMIDIEKC-
HUX KapT pedopmartiit; 50% teputopii 3 HAHBUIMMY 3HAYSHHAMH [IUX KapT BMIIIAIOTh, B CEpeaHbOMY, 8§9% ycix emileH-
TpiB 3emiieTpyciB. BuzHaueHo, 10 KapTh KOHIIEHTpaIlil JIHeaMEeHTIB KOCMO3HIMKIB 3 “HECTAHAPTHUMHU a3UMYTaMH 3HAYHO
Kpallle BiloOpa)aroTh MPOCTOPOBHI B3a€MO3B’SI30K 3 BIJOMHUMH POJIOBHIIAMH Y MOPIBHSHHI 3 KAPTOK KOHLEHTpALIii BCIX
JiHEaMeHTiB. BCTaHOBIIEHO, 10 CyMapHa IUIOIIA MEPCIIEKTHBHUX JUITHOK 30J0TOPYIHAX 00’ €KTIB CKiana 61m3bKko 20 Km2.

HayxoBa noBu3sna. 3actocyBanns ['IC PAIII/] Ha psiai AiIsSHOK 36MHOI KOPH JI03BOJIMIJIO BCTAHOBUTH HOBI 3aKOHO-
MIPHOCTI, IO 3B’SI3YIOTh XapaKTEPUCTHKH MEPEXi JiiHeaMeHTIB (Pi3MYHUX IOJIIB 1 aHIAPTy 3 JIOKATI3aLier0 PyAHUX
TIJI Ta CMIIEHTPIB 3eMIICTPYCIB.

[pakTuuna 3HaYUMicThb. PO3po0seHO HOBY TEXHOJIOTiIO PIllICHHS MPOTHO3HHUX 1 IOUIYKOBHUX T'EOJIOTIYHUX 3a-
BJIaHb, sIKa MOXE 3aCTOCOBYBATHCS JJIsl BUPILIEHHS IIMPOKOT0O KOJla MPAaKTHYHMX 3a]a4, 0COOINBO y CKIIaJHHUX I'€0JIOTi-
YHHUX YMOBAX IIPH MOMIYKaX MIHOOKO3aSTraloIuX 00’ €KTIB, M0 cIa00 BUABISIOTHCS B 30BHIMIHIX MOJSAX 1 TAaHAMIAQTI.

Knrouogi cnosa: ceoingpopmayitina cucmema, Data Mining, pooosuiya KOPUCHUX KONATUH, 3eMAEMPYCU, TIIHeAMeH-
MHUL aHATI3
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PEINEHHUE 3AJAY HEJPOIIOJIb30BAHUS B CPEJE I'NC PAIIN ]

b. byceirusn, C. Huxynun, E. Cepreesa

ennb. Pemenns 3a1au HeApOIOIb30BaHUs Ha 0a3e co3maHHOM reonHbopmanronnoi texuoaoruu [ IC PATTN/I.

MeToaunka. BeisiBIIeHHE TECHBIX MPOCTPAHCTBEHHBIX B3aMMOCBS3EH Pa3HOOOPa3HBIX XapaKTEPUCTHK CEeTEl JIMHEaMeH-
TOB U SIHLEHTPOB 3€MJICTPSICEHUM NMPOBOIMIOCH B 3 CEHICMOAKTHBHBIX y4YacTKaX, pPaclojIOKEHHBIX B TOPHBIX paioHaX
Henrpanbhoii EBporsl. Vicnionb3oBanuck mudposeie Mogenu peibeda (DEM), moctpoeHHble 10 ChbeMKaM €O CITyTHHKa
ASTER, u nansble 00 smuIeHTpax 3emierpsiceHuid. McciemoBanusi Xapakrepa MpPOCTPAHCTBEHHONW B3aWMOCBSI3H CETH
JIMHEAMEHTOB U JKWJIBHBIX PYAHBIX OOBEKTOB IPOBOAMIIMCH Ha Teppuropuu Jlemokparnueckoit PecryOnuku Konro, B
paiione o3epa KuBy c ncronbp3oBaHHEM KOCMHUYECKHX CheMOK. VceneoBaHus IOMCKa M IIPOTHO3a 30J0TOPYAHBIX OOBEK-
TOB BBINIONHSUINCh B Y30eKucTaHe Ha ydacTke J[amaHcaiickux rop. McCrmonp30Banvch BBICOKOTOUHBIE KOCMHYECKHEC
cbeMKH co cryTHHKA QuickBird 2, cheMkn reopu3mueckux Moiei, reoJIOTHIeCKUe U TeOXUMIYECKUE TaHHBIE.

Pe3yabTaThl. BeisiBieHo, 9TO 3HAUMTENbHAS YacTh AIHIEHTPOB IMPHYypOYEeHA MMEHHO K YYacTKaM ITOBBIIICHHON
KOHIICHTPALUU JINHEAMEHTOB “HECTaHAAPTHBIX a3UMyTOB, cocTaBisisi oT 27 mo 34% obmiero 4mcia JIMHEaMEHTOB.
VYcranoBneHo, uto 59.6% snuiieHTpoB Haxoaarcs BHyTpu 10% TeppUTOpHH y4acTKOB, 00JaIalOMIMX HAWBBICIIMMU
3HAYCHUSIMH KOMIUIEKCHBIX KapT nedopmanuii; 50% TeppuTOpHH C HAMBBICIIMNMHU 3HAYCHUSMH STHX KapT BMEIIAIOT, B
cpenHeM, 89% Bcex AMUIIEHTPOB 3emiieTpsiceHuit. OnpeneneHo, 4To KapThl KOHIEHTPALUN JIMHEAMEHTOB KOCMOCHUM-
KOB C “HECTAaHAPTHBIMM a3UMyTaMM 3HAUHUTENIBHO JIy4llle OTPa’kKaloT MPOCTPAHCTBEHHYIO B3aUMOCBS3b C M3BECTHBIMU
MECTOPOXKICHUSIMU TI0 CPAaBHEHHIO C KapTOW KOHLEHTPAlM{ BCEX JITHEAMEHTOB. Y CTaHOBJIEHO, YTO CyMMapHas IUIO-
a1k TIEPCTIEKTUBHBIX YYAaCTKOB 30JI0TOPY/IHBIX OOBEKTOB COCTaBUIA 0K0JI0 20 KM2.

Hayunas HoBu3Ha. [Ipumenenne I'MIC PAIIN]] Ha psine y4acTKOB 36éMHON KOpPBI IO3BOJIMJIO YCTAaHOBHUTH HOBBIE
3aKOHOMEPHOCTH, CBS3BIBAIOIINE XapaKTEPUCTHKH CETH JIMHEAMEHTOB (PM3MUECKHX ITOJIeH M jaHamadTa ¢ JoKalIu3a-
LMEN PYAHBIX TET U SIULEHTPOB 3€MIIETPSACEHUI.

IpakTHyeckas 3HaYUMOCTh. Pa3paboTaHa HOBas TEXHOJIOTHS PEIICHUS MPOTHO3HBIX W MOUCKOBEIX T€OJIOTHYE-
CKHX 3a/1a4, KOTOpas MOKET MPUMEHSTHCS ISl PEIICHUS IMIHPOKOTO KPyra MPAaKTHIECKUX 3a]ad, OCOOCHHO B CIIOXK-
HBIX TE€OJIOTHYECKUX YCIOBHSX IPH MOMCKAX TNyOOKO3aleraroiux 00beKTOB, cJiad0 MPOSIBISIONIMXCS BO BHEIIHUX
MOJISIX | JTaHamadgTe.

Knrouegwie cnosa: ceoungpopmayuonnan cucmema, Data Mining, mecmopodicoenus none3Hsbix UCKONaemvix, 3emie-
mpscenus, TUHeAMEeHMHbI AHATU3
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