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TECHNIQUE FOR ORTHOTRANSFORMED SATELLITE
IMAGERY APPLICATION IN ENVIRONMENTAL ASSESSMENT

The article solves an actual scientific and applied task, which is to form a methodological basis for the use of orthotransformed satellite
imagery to create information services for environmental monitoring of objects of critical infrastructure. These services are designed to
expand the capacity of the National Center for providing the information to central executive authorities about the results of environmen-
tal monitoring. The expansion involves the development of methods of using orthotransformed satellite imagery for the assessment of the
environmental state. Based on the classification algorithm of enterprises and objects, a database of objects of critical infrastructure of
Ukraine classified by their impact on the environment has been developed for the application in GIS-compatible systems. In the formation
of the ideology of geographic information systems, the requirements for technical means are justified. These requirements include the de-
ployed service, maintenance, filling and updating of the base of objects of critical infrastructure of Ukraine, the mechanism and order of
visualization of impact assessments of all objects of the developed database. The algorithm has been adapted for application in an auto-
mated mode as part of GIS-systems. For research, the structure of the classifier using the state OCI register and validation of the developed
methodology using the results of space imagery with specific examples for each of the objects of critical infrastructure of Ukraine has been
developed. The following object is selected: Darnytsya Power Plant — an enterprise for the production and supply of electric and thermal
energy. The study confirmed the relevance, scientific and practical value of using remote sensing methods for studying the ecological status
of large areas of the earth’s surface.
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IINTRODUCTION

In the conditions of scientific and technological
progress, the relationship between society and nature
is much more complicated. Man was able to influ-
ence the course of natural processes, began to master
almost all available renewable and non-renewable
natural resources, and as a result, to pollute and de-
stroy the environment.

Pollution of the environment by wastes, emissions,
sewage of all types of industrial production, agriculture,
municipal services of cities has become global and put
humanity on the brink of an ecological catastrophe.
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Modern activities of the society, for example, the
construction of hydro-technical structures, mines,
roads, wells, reservoirs, dams, construction of cities
and other everyday aspects of human activity, already
cause significant changes in the environment.

The main polluters of Ukraine are ferrous metal-
lurgy (33 %), energy (30 %), coal (10 %), chemical
and petrochemical industry (7 %). Every year, around
17 million tons of harmful substances are released into
the atmosphere throughout Ukraine. More than one-
third of all industrial emissions of harmful impurities
in the air are found in heat stations that use fuel [4, 5].

Due to this state of the environment, namely the
amount of pollutant emissions into the atmosphere
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by industrial, energy, transport and other objects, de-
tailed information is needed about more than 24
thousand such objects (industrial enterprises, mines,
quarries, main gas, oil and product pipelines, hydro-
technical structures, nodal railway stations, bridges,
tunnels, storage facilities and industrial waste land-
fills, places for the preservation of hazardous sub-
stances, etc.) and the creation of a register of such
facilities. The database (DB) of the registry must be
constantly updated.

Specialists of the State Ecological Academy of
Postgraduate Education and Management (hereinaf-
ter — the Academy) in the framework of the imple-
mentation of the scientific work “Development of
the methodology for the application of orthotrans-
formed satellite imagery for the assessment of the
state of the environment” (state registration No.
0118U005460) planned updating of the database of
potentially dangerous objects. Actualization involves
analysis of the information made to it regarding the
PDO, the determination of compliance with the
PDO lists, the introduction of new data on PDO and
the updating of existing PDO passport data changes,
as well as the removal (blocking) of information in
the Register database on objects that are officially
recognized as those that are not PDO or liquidated.

For the updating of the DB of the Register, the
data of PDO passports received from all enterprises,
institutions, and organizations that have them in
their subordination had been used.

Registration numbers are given to all objects,
about which information is entered into the Regis-
ter’s database. The development of the PDO registry
and its efficient use is ensured by an information sys-
tem for the monitoring of the state of pollution con-
trol, based on the principles of maximizing the use of
existing organizational structures of monitoring enti-
ties of the PDO and the unified state system of pre-
vention and response to the environment (techno-
natural and natural) and the compatibility of techni-
cal, informational and the software of the monitoring
entities used by them to perform the monitoring tasks
of the PDO [8].

The PDO Registry software allows you to auto-
matically search and retrieve information for more
than 40 parameters that include the name of the ob-
ject, the territorial location, the object category, type
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of activity, technical and economic characteristics,
the type and category of hazard, the name and
amount of hazardous substances and materials, etc.,
as well as combinations or separate parts of these pa-
rameters.

One of the strategic sources of state information
on the state of natural resources, ecological monitor-
ing of the Earth’s surface, the determination of natu-
ral and man-made entities, etc. is the use of informa-
tion systems with the introduction of modern tech-
nologies based on space remote sensing systems of
the Earth.

The ultimate goal of remote sensing data process-
ing is to recognize objects or situations that fall into
the field of view and determine their position in
space. But, since the shape, size, physical properties
of objects are significantly different, methods of per-
forming remote sensing procedures have been devel-
oped. Thus, to date, there is no single universal ap-
proach, suitable for the detection of all objects and
situations [9, 10]. Large-scale studies require the use
of significant forces and funds both at the stage of
field work and at the stage of analytical procedures.
The use of data obtained during the decoding of aer-
ial and space imageries in combination with the use
of global satellite positioning devices (GPS) enables
the effective detection and study of PDO objects, in-
cluding objects of critical infrastructure (OCI) (these
objects are incapacitated or the destruction of which
threatens the national security, economy, health or
safety of the population and which requires the at-
tention and access of international experts for pre-
vention of emergencies of ecological and man-made
nature) by non-destructive methods under condi-
tions of anthropogenic changes.

Widespread use of photogrammetric methods for
object research was previously discouraged by the
need to use sophisticated and expensive equipment
used in cartography. At present, the situation is fun-
damentally changing due to the widespread use of
digital cameras in field research and digital photo-
grammetric stations, GPS availability, and the devel-
opment of relevant software for personal computers.

The modern world is very variable: cities are
changing, new settlements appear, roads are being
built, communication networks, engineering struc-
tures, new mining areas are being developed, forests
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are cut down, land use structures are changing.
Therefore, there is always a need to update topo-
graphic maps.

As the primary material for topographic maps,
aerial images have traditionally been used. Space
digital images offer new opportunities: cheaper re-
shooting, increased area coverage and relief-related
distortion.

Therefore, it is expedient to use the term environ-
mental monitoring environment under which we will
understand a comprehensive system of observations,
estimates, and forecasts of changes in the state of
emergency due to natural and man-made factors.

RESEARCH OBJECTIVE

The purpose of the work is to solve the actual scientific
and applied task, which is to form a methodological
basis for the use of orthotransformed satellite imag-
ery to create information services for environmental
monitoring of objects of critical infrastructure and
expanding the capacity of the National Center for
providing information to central executive authori-
ties about the results of environmental monitoring
based on space systems’ data through the develop-
ment of methods of using orthotransformed satellite
imagery for the environmental assessment.

The subject of research — activities of objects of
critical infrastructure and their impact on the envi-
ronment.

The object of research is the process of contamina-
tion of the ecosystem by objects of critical infrastruc-
ture, business entities, owned or used by OCI, where
hazardous substances can be used or manufactured,
processed, stored or transported.

Research methods — theoretical and practical re-
search methods are based on the application of a sys-
tematic approach to the use of GIS-analysis of carto-
graphic modeling, system-structural analysis, and
generalization.

MATERIALS AND METHODS

The technique for orthotransformed satellite imagery
application in an environmental assessment of the
relevant categories of objects of critical infrastructure
of Ukraine on the state of the environment was
formed at the following stages:
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Orthophotomaps development. In the project work, the
scheme indicates the location of the object, the number
and nomenclature of sheets of scale 1 : 10 000, covering
the territory of the object, the total area of work, the num-
ber of sheets of orthophotomaps 1 : 2 000, which is
planned to be created. And it also provides a list of main
types of work and regulatory documents, which take into
account all types of work.

During the implementation of the research work,
a technological scheme for the creation of orthopho-
tomaps based on materials of space removal was de-
veloped (Fig. 1). The technology involves the follow-
ing stages: preparatory, development of a project for
the creation of orthophotomaps, the production of
orthophotomaps, the collection (decoding) of infor-
mation about potentially dangerous objects (PDO),
the vectorization of contours of PDO, the produc-
tion of orthophotomaps with the results of the vec-
torization of the contours of the PDO, placing of the
results in the database for further analysis and use.

In addition, the preparatory phase includes:

e collecting the materials of topographic, geodet-
ic, and cartographic security of the object with the
compiled list of previously performed large-scale
topographic surveys (catalogs of points of the SGN,
topographic maps of different years of publication,
materials of aerial surveys);

e raising archival materials of space imagery;

e analyzing the materials of topographic works
performed earlier, making decisions about the rele-
vance of the collected materials and the appropriate-
ness of their further use;

e clarification of the task to perform work on the
creation of orthophotomaps, as well as the boundar-
ies of the site and the scale of future plans.

Database creation. In the process of implementing
the orthophotomaps production phase, the following
work should be performed.:

e pre-processing of satellite imagery;

e construction of a geodetic survey network;

e scheduled attachment of satellite images;

e geometric correction of space imagery materials;

e direct orthophotomaps production;

e assessment of the accuracy of orthophotomaps.

Evaluation of the accuracy of the manufacture of
orthophotomaps is performed by comparing the co-
ordinates of control points, which are determined by
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Fig. 1. Technological scheme of execution of work on creation of orthophotomaps on materials of space surveys

field methods and measured by the manufactured or-
thophotomaps. (3)
The standard errors of the geometric correction
are calculated by the formulas (1)—(5):
Ve=X,—4X,, (1) (4)
== b, @ , )
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where X, , Y, — vector of coordinates of points de-
fined on orthophotomaps, X, , ¥, — vector of coordi-
nates of points determined by geodetic methods, V,,
V,— vector of residuals in Xand ¥, m,, M, m, — stan-
dard errors of the geometric correction, n — the
number of control points.

The results of the evaluation of the accuracy of or-
thophotomaps creating are tabulated. An example of
the results of assessing the accuracy of creating or-
thophotomaps is given in Table.

The orthophotomaps patches are executed ac-
cording to the classification and nomenclature of
topographic plans of scale 1 : 2 000 in the corre-
sponding task that is performed in the coordinate
system shown in Fig. 2.

Database creation. The sources of incoming topo-
graphical data are: topographic and geodetic survey-
ing materials, remote sensing data, topographic
maps, digital map sets, reference and other materials,
and data on terrain objects that have the correct
probability, relevance, and accuracy. The output of

the data acquisition system should be: sets of digital
vector data, data sets of the digital model of relief,
digital orthophotographs and orthophotomaps,
which, after input control and processing, are loaded
into the operational database of topographic data for
further recording and accumulation in the database
of topographic data.

Multitemporal analysis. Ukraine is characterized
by a large population density and a rather high con-
centration of industrial and agricultural production.
Therefore, it is necessary to carry out operational
control of the ecological state of ecosystems, the load
on which in some regions exceeds the ecologically
acceptable limits. This is complicated by the negative
impact on the nature of the consequences of the ac-
cident at the Chernobyl Nuclear Power Plant, as well
as the risk of penetration of toxicants from the system
of water — a breed in groundwater, which provides
water supplies to 2/3 of the country’s settlements.

To solve the urgent problems of rational nature
use, it is necessary to create modern means for ob-

Assessment of the accuracy of orthotransformation of space imagery materials

Notes X, »M Y, m Xy m Yy M dX, m dy, m dxXz, m dyz, m
Reference 319044.49 5582581.73 319044.42 5582581.87 -0.07 0.14
» 319135.58 5579177.96 319135.79 5579177.96 0.21 0
» 318976.73 5581409.73 318977.08 5581410.57 0.35 0.84
» 317546.07 5581504.98 317546.28 5581504.7 0.21 -0.28
» 316238.42 5580788.12 316238.5 5580787.56 0.08 -0.56
» 315733.46 5576221.89 315734.37 5576222.03 0.91 0.14
» 313785.85 5577891.18 313785.77 5577891.18 -0.08 0
» 318905.08 5578176.61 318904.73 5578177.34 -0.35 0.73
» 317108.86 5579787.49 317108.79 5579787.35 -0.07 -0.14
Control 319179.54 5582378.22 319179.37 5582378.64 -0.17 0.42 0.0289 0.1764
» 319594.25 5579280.23 319594.75 5579279.95 0.5 -0.28 0.25 0.0784
» 318943.65 5581239.08 318943.86 5581238.94 0.21 -0.14 0.0441 0.0196
» 319661.73 5581365.18 319661.51 5581364.9 -0.22 -0.28 0.0484 0.0784
» 317515.14 5581369.65 317514.92 5581369.51 -0.22 -0.14 0.0484 0.0196
» 316288.85 5580669.25 316288.92 5580668.83 0.07 -0.42 0.0049 0.1764
» 315561.84 5576273.41 315562.47 5576273.83 0.63 0.42 0.3969 0.1764
» 317058.51 5579763.7 317058.72 5579763.28 0.21 -0.42 0.0441 0.1764

m, =0.18 m; m, = 0.65m; m,=0.68 m
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taining operative information about the state of geo-
systems of Ukraine.

To implement the monitoring system of the PDO
territories, the following tasks should be solved:

e to consider aerospace systems used during moni-
toring;

e to analyze methods of photogrammetric pro-
cessing for the binding of different-time satellite im-
agery;

e to consider methods of automated decoding of
digital satellite imagery;

e to develop an algorithm and method of bindings
of different-time, various-scale images obtained by
cameras of different types;

e to investigate the accuracy of bindings of differ-
ent types of images;

e to develop a technological scheme of processing
of various time-varying shots for monitoring of terri-
tories.

As an example, below fig. 3 provides a series of sat-
ellite imagery of DigitalGlobe to the territory of the
Darnytsya combined heat and power plant emission
site during 2004—2017.

ArcGIS integration. The system for obtaining data
includes external executors using different means of
informatization in order to produce input sets of top-
ographical data that are submitted to the entrance of
the database.

The sources of incoming topographical data are:
topographic and geodetic surveying materials, re-
mote sensing data, traditional topographic maps,
digital map sets, reference and other materials, and
data on terrain objects that have the correct probabil-
ity, relevance, and accuracy. The output of the data
acquisition system should be: sets of digital vector
data, data sets of the digital relief model, digital or-
thophotographs and orthophotomaps, which, after
input control and processing, are loaded into the op-
erational database of topographic data for further re-
cording and accumulation in the database repository.
The conceptual unity of the database is achieved
through the integrated implementation of the basic
provisions and requirements of a series of interna-
tional standards ISO 19100 according to the method-
ology of open systems standards profiling.

Environmental impact assessment. Analysis and de-
coding of objects in satellite imagery are sequentially

Fig. 2. Scheme of orthophotomaps patches

performed steps. At the stage of analysis, the scene is
rendered, and the image is segmented with the identi-
fication and localization of objects [2], which may be
of interest from the point of view of solving a general
task (actualization of cartographic information can be
an example of a common similar task).

When decoding, objects recognition tasks and their
interpretation are solved [1, 3]. When an object is rec-
ognized, it is assigned to one of the classes (types), the
list of which is usually given. For example, in topo-
graphic decoding, the list of classes can be set on the
basis of the heading of the Classifier of topographic
objects. The assignment of an object to a particular
class is carried out as a result of visual or machine anal-
ysis and evaluation of its defining features.

When interpreting, on the basis of the revealed infor-
mation, the state of the objects is assessed, and also
some prediction of the development of events and pro-
cesses can be made. When decoding objects and land-
scape elements, their geometric and spectral character-
istics (direct decoding features), as well as interconnec-
tion and interdependence of natural and anthropogenic
objects (indirect features) are used [3, 7, 9, 10].

Software implementation. Launching of new inter-
national scientific and commercial medium and high
resolution remote sensing satellite systems such as
EOS, IRS, SPOT, Ikonos, QuickBird, OrbView,
GeoEye, EnviSat, as well as Leica ADS40 digital im-
aging systems, ZI Imaging DMC, Applanix DSS,
Merrik DACS, Vexcel UltraCam D, ITRES CASI,
Wehrli 3-DAC-1 and the like leads to the need to cre-
ate and upgrade a ground-based digital data acquisi-
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tion system for remote sensing and air surveillance,
which in turn entails an increasing role of processing
software derived from digital satellite imagery [2].

Thus, today’s remote sensing data processing soft-
ware enables the creation of complete technological
chains of digital processing of satellite imagery for
solving known thematic tasks, ranging from radio-
metric correction of off-board bitmap images and
finishing with the publication of the resulting vector
thematic maps [6].

RESULTS OF WORK

e The algorithm of classification of enterprises and
objects of critical infrastructure of Ukraine by indus-
tries and their influence on the environment is devel-
oped: atmospheric air, soils, underground and sur-
face waters, forest resources and nature reserve fund.

e Based on the above-said algorithm of classifica-
tion, a system compatible with GIS-systems has been
developed, classified according to their influence on
the environment of objects of critical infrastructure
of Ukraine.

e A method of using the orthotransformed satellite
imagery for the estimation of the impact of the rele-
vant categories of objects of critical infrastructure of
Ukraine on the state of the environment is proposed.

CONCLUSIONS

Launching of new international scientific and com-
mercial medium and high resolution remote sensing
satellite systems such as EOS, IRS, SPOT, Ikonos,
QuickBird, OrbView, GeoEye, EnviSat, as well as
Leica ADS40 digital imaging systems, ZI Imaging
DMC, Applanix DSS , Merrik DACS, Vexcel Ultra-
Cam D, ITRES CASI, Wehrli 3-DAC-1, and similar
leads to the need to create and improve a terrestrial
digital data acquisition system for remote sensing and
aerial surveillance of the state of the environment,
which in turn entails the growth of the role of the
software for using aerospace obtained digital images
and getting orthotransformed satellite imageries.
The proposed remote sensing data processing soft-
ware will allow the creation of completed technolog-
ical chains of digital processing of satellite imagery
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for solution of thematic tasks, ranging from radio-
metric correction of off-board bitmap images, the
use of orthotransformed space imageries to assess the
impact of the relevant categories of critical infra-
structure objects of Ukraine on the state of the envi-
ronment, and ending with the publication of the re-
sulting vector thematic maps.

Thus, the method developed during the imple-
mentation of the scientific work can be validated us-
ing the results of space surveys on concrete examples
for each class of objects of critical infrastructure of
Ukraine.
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0. A. Yauyvkuii, B. M. €pmaxos, O. B. Jlynvosa, O. B. Byeaax
JlepxaBHa €KOJIOTiYHA aKaJeMist

MiCASNUTUIOMHOI OCBITH Ta YIIPaBIiHHS,

Kwuis, Ykpaina

METOANKA 3ACTOCYBAHHA
OPTOTPAHC®OPMOBAHUWX KOCMIYHUX
3HIMKIB IJ1 OUIHKW CTAHY
HABKOJIMIIHbBOI'O CEPEAJOBUILA

B craTTi po3B’si3aHO akTyajibHY HayKOBO-IpUKJIaJaHa 3a-
navy, uo noJisirae y GopMyBaHHi METOIOJOTiYHOTO 0a3ucy
3aCTOCYBaHHS OPTOTpaHC(HOPMOBAHUX KOCMIYHUX 3HIMKIB
NI CTBOPEHHSI iH(OpMaIliiHUX CepBiciB 3 €KOJOTIYHOTO
MOHITOPMHTY CTaHy 00’€KTiB KpUTUYHOI iHDPACTPYKTYypU
Ta PO3LIMPEHHS MOXJIMUBOCTe HallioHanibHOTrO 1IEHTpY i3
3a0e3IMeUYeHHs] LeHTPaJbHUX OpPraHiB BUKOHABYOi BJIalu
iHdopMalliero Mpo pe3ysbTaTh €KOJOTiYHOIO MOHITOPUH-
Ty Ha OCHOBi TaHWX KOCMIiUHUX CHCTEM 3a PaxyHOK PO3-
pOOKM METONMKHU 3aCTOCYBaHHSI OPTOTpaHCHOPMOBAHUX
KOCMIYHUMX 3HIMKIiB Uil OLIIHKK CTaHY HaBKOJMIIHbLOI'O
cepenoBuina. Ha ocHoBi anroputmy knacudikarii min-
MPUEMCTB Ta 00’ €KTIB KPUTUYHOI iHDPACTPYKTypu YKpa-
iHU po3polbieHo cyMicHy 3 GIS-cuctemamu 6a3y Kiacu-
(hikoBaHMX 3a iXHIM BILUIMBOM Ha MPUPOAHE CEPEIOBUIIE
00’€KTIiB KPUTMYHOI iH(GPACTPYKTYypu YKpaiHuU Ta po3-
pobJIeHO METONMKY 3aCTOCYBaHHSI OpTOTpaHcdOpMoBa-
HUX KOCMIYHMX 3HIMKIiB JJIs1 OLIiIHKY BIUIMBIB BiMOBiTHUX
KaTeropiii 00’€KTiB KpUTUUHOT iHGPACTPYKTYypU YKpaiHu
Ha CTaH npupoaHoro cepeposuia. [lpu dopmyBaHHi ine-
0JI0Ti1 reoiHpopMallifHUX CUCTEM OOTPYHTOBAHO BUMOTH
JI0 TEXHIYHMX 3aC00iB, Ha IKMX Ma€ OyTH PO3TOPHYTO Cep-
BiC, MOpPsINKY BEIEHHsI, HATIOBHEHHSI Ta OHOBJEHHs 6a3u
00’€KTiB KPUTUYHOI iHGPACTPYKTYpU YKpaiHU, MEXaHi3-
My Ta MOPSAKY Bi3yasizallii OlliHOK BIUIMBIB yCiX 00’ €KTiB
po3pobisieHoi 6a3u Ha ocHoBi GIS-cucrem. I[IpoBeneHO
ajanTaililo aJropuTMy ISl 3aCTOCYBaHHSI B aBTOMAaTU30-
BAaHOMY peXHMi Yy CKJali reoiH(gopmaliiiHOT CUCTEMHU.
1751 1bOro B paMKax AOCIHiIXEeHb PO3POOJIEHO CTPYKTYPY
KJacu@dikaropa 3 BUKOPUCTAHHSIM JEPXKABHOTO PEECTPY
ITHO ra Baninauito po3po0JieHOT METOIUKU 3 BUKOPHUC-
TaHHSM Pe3yJbTaTiB KOCMIYHOT 3MIOMKM Ha KOHKPETHUX
MpuKIagax I KOXHOro 3 Kjacy 00’€KTiB KPUTUYHOI
iHppacTpykTypu YKpaiHu. 3a 00’€KT rocrogapchbKoi Ji-
snbHOCTI oO0paHo JlapHuubky TELL — minnpuemctBo 3
BUPOOHUIITBA Ta TMOCTAYaHHS €JEKTPUIHOI Ta TEIUIOBOL
eHeprii. B pamkax mociiIxKeHHsS MiATBEPAXKEHO aKTyalb-
HICTh, HAYKOBY Ta MPAaKTUYHY IiHHICTb BUKOPWCTAHHS
IUCTAaHUIMHUX METO/IiB TOCiIKEHHS €KOJOTIiYHOTO CTaHY
BEJIMKUX TEPUTOPiil 3eMHOI ITOBEPXHi.

Karouogi cao06a: HaBKOJIUILHE TPUPOJHE CEPEIOBUILE, OP-
TOTpaHC(HOPMOBaHI KOCMiUHi 3HIMKM, MOTEHIIHHO HeOe3-
ne4yHi o0’ekTu, 0a3za maHUX, 00’€KTU KPUTHUYHOI iH(Dpa-
CTPYKTYpH.
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TocynapcTBeHHas 9KOJI0rn4ecKasi akaaeMust
MOCJIEAUIUIOMHOIO 00pa30BaHUsI U YIIPABICHNSI,
Kues, Ykpanna

METOAWKA TPUMEHEHUA
OPTOTPAHC®OPMUPOBAHHbBIX KOCMHWYECKHNX
CHUMKOB U1 OUEHKHW COCTOAHUA
OKPYKAIOIIEN CPEJIBI

B cratbe pellleHa akTyajbHas HaydyHO-TIpUKJIagHAs 3a1ada,
KOToOpast 3aKJIrouaeTcsl B POPMUPOBAHUN METOIOIOTUIECKOTO
Oasuca MpPUMEHEHUs] OPTOTPAaHC(HOPMUPOBAHHBIX KOCMUYE-
CKUX CHHUMKOB [UISl CO3MaHusl MH(MOPMALMOHHBIX CEPBUCOB
10 9KOJIOTMYECKOMY MOHUTOPUHTY COCTOSTHUST OOBEKTOB KpH-
TUYECKOW WH(MPACTPYKTYPhl U PACHIUPEHUS] BO3MOXKHOCTEM
HammoHaapHOTO HEHTpa 1o 00eCTIeUeHUIO TICHTPATbHBIX Op-
TaHOB MCITOJIHUTEIILHOM BJIACTH MH(MOPMALIME O pe3ysbTaTax
9KOJIOTMYECKOT0O MOHUTOPUHIa Ha OCHOBE NAaHHBIX KOCMU-
YeCKMX CUCTEM 3a CUeT pa3pabOTKU METOAMKHW MPUMEHEHUS
OpPTOTPaHC(HOPMUPOBAHHBIX KOCMMUYECKMX CHUMKOB UII B
OLIEHKM COCTOSIHUSI OKpyxkatollleil cpenbl. Ha ocHoBe anro-
pUTMa Kiaccu(pUKaUKU MPEaIpUSTHI 1 0OBEKTOB KPUTHUE-
CKOI MTH(MPACTPYKTyphl YKpanHbI pa3paboTaHa COBMECTUMAs C
GIS-cucremamu 6a3a Kiaccu(ULMPOBAHHBIX 1O X BIUSTHUSIM
Ha MPUPOIHYIO cpely 0OBEKTOB KPUTUUECKON MH(MPACTPYKTY-
pbl YKpauHbl U pa3paboTaHa MeTOAMKa MPUMEHEHUS] OpTO-
TpaHC(OPMUPOBAHHBIX KOCMMUYECKUX CHUMKOB TSI OLICHKHU
BO3IEUCTBUST COOTBETCTBYIOIIMX KATeTOPHil 0OBEKTOB KPUTH-
YecKoii THOPaCTPyKTyphbl YKpauHbI Ha COCTOSTHUE TIPUPOIHOM
cpenbl. [Tpu opMupoBaHUM MICOJOTMU TeOMH(POPMALIMOH-
HBIX CUCTEM OOOCHOBaHBI TPEOOBAHUST K TEXHUUECKUM CpPell-
CTBaM, Ha KOTOPBIX TOJDKEH OBbITh pa3BEPHYT CEPBUC, MOPSIOK
BeJeHNsI, HAlOJHEHUsI U OOHOBJEHUSI 0a3bl OOBEKTOB KpU-
TUYECKOM MHPPACTPYKTYphl YKpParHbI, MEXaHU3M M TIOPSIOK
BU3yaIM3allMK OLIEHOK BO3IEHCTBUII BceX OOBEKTOB pa3pado-
TaHHO# 6a3bl Ha ocHoBe GIS-cucrem. I1poBeneHo ananranuio
ITOpUTMA ISl IPUMEHEHHS B aBTOMATU3UPOBAHHOM PEKIMe
B COCTaBe reoMH(OpMaIIMOHHOI cucTeMbl. JlJisi 3Toro B pam-
Kax MCCJIeIOBaHMIA pa3paboTaHa CTPYKTypa KiaccudukaTopa
C HUCIIOIb30BaHKeEM rocyaapcTBeHHoro peectpa [100 u Banu-
Jalust pa3pabOTaHHON METOIMKM C UCIIOJIb30BAaHUEM PE3YJIb-
TaTOB KOCMMYECKO ChEMKM Ha KOHKPETHBIX MpUMepax IUist
KaXJ0ro U3 Kiacca 00beKTOB KPUTUUYECKON MHMPACTPYKTypPhl
VYkpauHsbl. B kauecTBe 00beKTa XO3SIICTBEHHON e TeTbHOCTI
BbIOpaHa JlapHutikas TOLl — mpeanpusaTye o TPOU3BOICTBY
M TIOCTaBKE 3JIEKTPUUYECKOM M TEIJIOBOM 3Hepruu. B pam-
Kax MCCIeI0BaHus MOATBEPXKACHA aKTyaJlbHOCTh, HAYYHYIO U
MPaKTUYECKYI0 LIEHHOCTb MCMOJAb30BaHUSI AMCTAHLUMOHHBIX
METOJIOB MCCJICIOBAHUST 9KOJIOTUUECKOTO COCTOSTHUST KPYITHBIX
TEPPUTOPUI 36MHOM MTOBEPXHOCTH.

Karoueesnle cao6a: okpyxaroliiasi eCTeCTBEHHasI cpela, OpTo-
TpaHC(OPMUPOBAHHBIE KOCMMYECKHWE CHUMKHU, MOTEHLIM-
aJIbHO OTacHbIEe 0OBEKTHI, 0a3a JaHHBIX, 00BEKThl KpPUTHYE-
CKOM MH(PACTPYKTYpPHI.
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