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AunnoTtanus. [IpencraBieHbl pe3yabTaThl IPUMEHEHHUsI T€OMH()OPMAIIMOHHBIX CHCTEM VISl MPOBEICHUS SKOJIOTMYECKOr0 ayauTa, KOTOPBIN
HO3BOJISIET OCYIECTBIISITH MOHUTOPHHT KOJIOTMYECKON 0OCTAHOBKH Ha 00BEKTaX MUIIEBOH U XUMUYECKOH IPOMBILIJIEHHOCTH U 00ecieYuBaTh
9KOJIOTMYECKYI0 0e30MacHOCTh paccMaTpUBacMOil MPUPOJHON W MPOMBILUICHHOW TeppuUTopuH. [IpemioxkeHa MaTeMaTH4ecKash MOJEIb,
BBINTOJIHAIONIAs] KOHTPOJIb COCTOSIHUS 00BEKTOB OKpYXKaromel cpeapl. s KiaccuduKaniy pe3yabTaToB U3MEPEHUS TapaMeTPOB COCTOSHUS
MOYBbI MPOBE/ICH BBIYMCIUTEIBHBIN SKCIICPUMEHT, BBITIOJHEHHBIN B cpene Matlab. Pe3aynbrate BBITOMHEHHOrO aHANIN3a U TIOCTPOCHHBIC Ha
UX OCHOBE HJIEKTPOHHBIE KapPTOrpaMMbl HCIOJIL30BAHBI AJIs1 IPOrHO3UPOBAHMUS PACHIOIOKEHUS TOUEK C NPEBBILICHUEM Mapa3UTOIOTHUECKUX
nokaszateneil B mouse. C MOMOIIBIO CO3AHHOM HEWPOHHON CETH MPOHM3BEAEHA OLCHKA COCTOSIHUS MOYBHI B Pa3IMYHBIX pallOHaX ropoja
Boponexkxa M TIpOBEAEHO CpaBHEHHE pE3yJIbTaTOB C AHAJOTMYHBIMH IIOKa3aTessiMH, HM3MepeHHbIMH B 2017 1. JlaHHBIE B3STHI W3
uHdopmanmonHoro OrosuiereHss «OleHKa BIUsSHUS (DAKTOPOB Cpeibl OOMTaHMS HAa 3[0pPOBbE HaceleHUsT BOpPOHEKCKOH 00JacTH Mo
MOKAa3aTelsiM COLUATbHO-TUTMEHMYECKOr0 MOHUTOpUHTaY. MHbopMalms noaroTosieHa Ympasienuem Pocnorpebranzopa no Boponexckoit
obnmactu. MccnenoBaHue npoBoAWJIOCh Ha Kadeape HHPOPMAILMOHHBIX U YHPaBISIIOIIMX CHUCTEM BOpOHEKCKOro rocynapcTBEHHOIO
YHHUBEPCUTETA MHKCHEPHBIX TEXHOJIOTHIN). [ eOMH(MOPMAIIMOHHBIE CHCTEMBI MOCTPOEHBI ¢ TIOMOIIBI0 TporpaMMHuoro mpoaykra Maplnfo.
OyHKIMOHANBHOCTh UX MCIOIb30BAHUS 3AKIIIOYAETCS B MOJEIMPOBAHMH HKOJIOTMYECKOW CUTyalMu Ha O0BbEKTax U MHOOPMHUPOBAHUH O
TeKYLMX IOKa3aTesaX ¢ MoMolblo kaprorpaduu. Takum oOpa3om, MpUBENEHHbIH reOMHGOPMAIIMOHHBIA METOJ UCCIIEIOBAHNUS IO3BOJISIET
OCYLIECTBIISTH IIPOrHO3 TIOKa3aTeNeil BEIOpoca BPEAHBIX BEIIECTB B OKPYKAIOLIYIO CPEAY M MOXKET OBITH MCIOJIB30BaH KOHTPOIUPYIOMINMHI
CITyK0aMH ToCyIapCTBEHHBIX OPraHOB JJIsi KOHTPOJISI SKOJIOTHYECKOT0 COCTOSIHUSI paCCMaTPHUBAaEMON TEPPUTOPHH.

KioueBble ¢J10Ba: SKOJIOTMYECKU ayIUT, FeOMH(POPMALMOHHBIE CHCTEMBI, MOJICIMPOBaHHE HEHPOHHBIX CETEH, POrpaMMHOE U arnapaTHOe
obecrieuenue, kaprorpadus
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Abstract. The article presents the results of the application of geographic information systems for environmental auditing, which allows you
to monitor the ecological situation on the objects, food and chemical industries and to ensure environmental safety of natural and industrial
areas. The authors propose a mathematical model that performs monitoring of environmental objects. The computational experiment is
performed in Matlab for classifying the soil measurement conditions. The results of the analysis and the electronic cartograms constructed on
their basis are used to predict the location of the points exceeding the parasitological indices in the soil. The assessment of the condition of the
soil in different districts of the Voronezh city is made with the help of the created neural networks. The results are compared with the same
indicators, measured in 2017. Data is taken from the information Bulletin «Evaluation of the influence of environmental factors on the health
of the population of the Voronezh region on indicators of socio-hygienic monitoring». Information was prepared by the Office of
Rospotrebnadzor in the VVoronezh region. A study cited in the article was conducted at the Department of information and control systems of
the VVoronezh state University of engineering technologies. Geographic information system was built with the help of Mapinfo software
product. It can be used to simulate the environmental situation and to inform about its current state with the help of cartography. Thus, the
geoinformation research method reviewed in this article allows predicting the emission of harmful substances into the environment and it can
be used by regulatory agencies of the state authorities to control the environmental state of the territory.
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Introduction geoinformation includes geographical information
about the study area, objects located on it and oc-
curring natural and anthropogenic phenomena [1].

Geoinformation assumes the monitoring data of

The geoinformation method of studying the
environmental situation involves the analysis of the
entire spectrum of available information in relation

to a specific geographical point or object. Spatial

I[J'Iﬂ LIUTUPOBAHUA

XaycroB U.A., Peuiés C.C., Koanepa E.H. Pa3zpaborka u npumeHeHue
COBPEMEHHBIX TE€OMH(POPMAIIMOHHBIX CHCTEM [UIsi MOHHTOPHHIA
9KOJIOTHYECKOTO CoCcTOsTHUs 00bekTOB // Bectnnk BI'YUT. 2019. T. 81.
Ne 4. C. 263-267. d0i:10.20914/2310-1202-2019-4-263-267

these objects and phenomena distributed over time.

For citation
Khaustov I.A., Rylev S.S., Kovaleva E.N. Development and application
of modern geographic information systems for monitoring the
environmental status of objects. Vestnik VGUIT [Proceedings of
VSUET]. 2019. vol.81. no.4. pp.263-267. (in Russian).
doi:10.20914/2310-1202-2019-4-263-267

© 2019, Xaycros .A. u np. / Khaustov L. A.. et al.

This is an open access article distributed under the terms of the
Creative Commons Attribution 4.0 International License

263



Khaustov 1. A.. et al. Proceedings of VSUET, 2019, vol, 81, no. 4, pp. 263-267

It is necessary for creating models and predicting
the implementation of a particular scenario of
changing environmental conditions. Non-spatial
geoinformation consists of regulatory documenta-
tion, general data specific to the class of objects un-
der consideration, phenomena, etc. Environmental
audit through the geoinformation method of re-
search solves the following tasks [2]:

e monitoring the ecological situation of
natural and man-made emergencies, assessing
man-made environmental impacts and their conse-
guences, ensuring the environmental safety of the
territory in question (from local to global level);

o territorial and sectoral planning and man-
agement of the placement of industrial, transport,
agricultural, energy facilities;

e control of living conditions of the popu-
lation, health care and recreation;

e mapping (integrated and industry-spe-
cific): creating thematic maps and atlases, updating
maps, quick mapping;

e integration and interaction of information
resources.

Thus, environmental audit using geographic
information systems (GIS) performs two functions:
informing about objects and the state of the envi-
ronment and modeling. As a result of the environ-
mental audit study using GIS, managerial decisions
are made whose purpose is to stabilize and improve
the environmental situation in the territory under
consideration.

Materials and methods

The results of environmental studies are opera-
tional data of three types: ascertaining (measured param-
eters characterizing the ecological situation at the time
of the survey), evaluative (results of processing meas-
urements and deriving from them an assessment of the
environmental situation), forecasting (predicting the de-
velopment of the ecological situation for a certain period
of time). mainly dynamic models based on the creation
of digital maps are applied through GIS [3]. Any modern
GIS contains a set of tools for analyzing spatial attribute
information. GIS queries can be set both with a simple
mouse click on the object, and with the help of advanced
analytical tools. Along with the tools of the standard
Structured Query Language (SQL), the analytical capa-
bilities of GIS give the user powerful and customizable
tools for processing and managing information [4]. To
build maps, we used Maplnfo products:

Maplnfo Professional — a fully functional geo-
graphic information system;

MapBasic — a programming environment for
Maplnfo Professional;

MaplInfo SpatialWare — spatial information man-
agement technology in SQL Server / Informix database;

Maplnfo MapX — application developer library;

MapXtreme — Mapping application development
software for Intranet or the Internet.
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In addition to the functions traditional for a
DBMS, Maplnfo Professional GIS allows collecting,
storing, and displaying, editing and processing carto-
graphic data stored in a database, taking into account the
spatial relationships of objects [5].

Data sources are:

Exchange vector formats for CAD and geo-
graphic information systems: AutoCAD (DXF, DWG),
raster maps in GIF, JPEG, TIFF, PCX, BMP, PSD for-
mats. We also display data obtained using GPS devices.

Excel and text files, in which, in addition to at-
tribute information, the coordinates of point objects can
be stored.

Maplnfo GIS can act as a «map client» when
working with such well-known DBMSs as Oracle and
DB2, because it supports an effective mechanism for inter-
acting with them through the ODBC protocol. Moreover,
access to data from Oracle DBMS is also possible through
the internal interface (OCI) of this database. In one session,
data of different formats can be used simultaneously.

The built-in SQL query language, thanks to geo-
graphical expansion, allows organizing selections taking
into account the spatial relationships of objects, such as
remoteness, nesting, overlap, intersections, area of ob-
jects, etc. Database queries can be saved as templates for
future use [6]. MaplInfo has the ability to search and map
objects to a map by coordinates, address, or index system,
which we used to: represent data such as a map and a list.
In the Maps window, tools for editing and creating carto-
graphic objects, scaling, changing projections and other
functions of working with the map are available [7]. At-
tributive information associated with cartographic objects
is stored in the form of tables, data from which can be
represented in the form of graphs and diagrams of various
types [8]. The Legends window displays the legend of ob-
jects on the map and thematic layers. The Report window
provides tools for scaling, prototyping, as well as saving
templates for multi-sheet maps. Working with MaplInfo,
you can generate and print reports with map fragments,
lists, charts, and labels. MaplInfo uses standard operating
system drivers for printing.

Geoinformational ecological modeling of the
state of the environment on the basis of GIS allowed us
to get answers to the questions: «How would the ecolog-
ical situation be if there weren’t any economic activity
in the territory under consideration?» and «How will the
situation change when this object is added to the study
area?», «Does this compensate for the anthropogenic
pressure on the environment or will a synergistic effect
manifest itself?»

Systematic control of the level of pollution of the
surface layer of atmospheric air is carried out at 5 con-
trol points, the quality of drinking water — at 18 control
points, soil —at 21 control points [9].

Results

According to microbiological indicators
(bacteria of the Escherichia coli group and Entero-
coccus index), the soil did not meet the standards
at 14 monitoring points out of 21, and for parasito-
logical indicators at 2 monitoring points (Figure 1).



Figure 1. Monitoring points of control with excess of
standards of parasitological indicators in the soil
(according to data for 2017)

To classify the results of soil measurements,
a computational experiment was performed in the
Matlab environment (Figure 2).

4 Neural Network Training (nntraintool)

Neural Network

Algorithms

Training: Batch Weight/Bias Rules (trainbu)
Performance: Mean Squared Error  (mise)
Calculations: MATLAB
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Figure 2. Neural network training
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The assessment of the condition of the soil
in different districts of the VVoronezh city was made
with the help of the created neural networks.

Using a neural network, software and hard-
ware, the state of the soil was classified in various
areas of the city of VVoronezh according to 2017.

Then, the average daily maximum permissi-
ble concentration of excess in atmospheric air
was recorded for 5 of the 14 controlled substances
(nitrogen dioxide, sulfur dioxide, carbon monoxide,
phenol, formaldehyde).

Data was taken from the information Bulletin
«Evaluation of the influence of environmental factors
on the health of the population of the Voronezh
region on indicators of socio-hygienic monitoringy.
Information was prepared by the Office of Rospo-
trebnadzor in the Voronezh region. A study cited in
the article was conducted at the Department of infor-
mation and control systems of the VVoronezh state.

A mathematical model is proposed that performs
an environmental audit of environmental objects.

Figure 3 shows the result of predicting
the location of points with excess parasitological
parameters in the soil.

Obviously, a similar method of environmental
audit using geoinformation research and cartog-
raphy can be used at various enterprises in the food
and chemical industries to monitor indicators of the
emission of harmful substances into water, air
and soil, as well as by controlling services of state
bodies for monitoring the environmental condition
of the region [10].
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Figure 3. Classification of a sample by a neural network
by indicators

Conclusions

The results of the analysis and electronic car-
tograms can be used to justify and implement envi-
ronmental management decisions.
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Thus, the GIS performs two functions:
informing about the state of the environment
and modeling the current state of objects with the
help of cartography.

As a result of informational electronic audit
using GIS, managerial decisions are made, the pur-
pose of which is to stabilize and improve the environ-
mental situation in the territory under consideration.

GIS Maplinfo offers great opportunities for
developers of geographic information software.
Using modern methods of interaction between
Windows applications you can integrate the
MapInfo Maps window into programs written in
Delphi, Visual Basic, C ++, PowerBuilder, etc. Using
Maplnfo and the MapBasic development environ-
ment everyone can create specific applications for
solving specific application problems [11].

post@uestnik-vsuet.ru
Since the system «environment — sources of
anthropogenic load» is constantly changing, GIS
displays the dynamics of toxic stress growth, as
well as measures to improve the state of the envi-
ronmental situation.

It is advisable to use the proposed concept in
organizations operating in the field of environmental
monitoring, audit and management decisions to
minimize and eliminate technological impacts [12].

This approach can also be used as part of the
overall quality management system at enterprises
to solve the following tasks: forecasting the impact
of anthropogenic activities on the environment and
timely changes in the technological cycle, equipment
modernization in order to prevent the deterioration
of the state of negative responses from the natural
and tecnogenic complex.
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