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REQUIREMENTS TO DEVELOPMENT OF IAS FOR RESEARCH OF
AQUEOUS ECOSYSTEMS

Abstract. The purpose of the article is to describe the concept of developing an
information-analytical system for monitoring the quality of water resources. The
main goal is to develop methods and techniques for regulating the temperature and
hydrochemical regime of water in water bodies under the influence of anthropogenic
and natural factors.

Information parameters of monitoring were selected and substantiated, structural
scheme of the information-analytical system was developed and described. The
proposed concept of the system with application of algorithms based on fuzzy logic
allows to achieve favorable conditions in comparison with non-automated open
reservoirs. The aim of the work is to determine the structure of information and
analytical support of water quality monitoring in frame of the task of studying
information parameters of temperature and hydrochemical state of water bodies.

In order to substantiate the concept of creating information-analytical support
for water quality monitoring it is necessary to define the information parameters
within the norm and the ranges of their changes. Based on analysis of scientific
literature a number of information parameters were defined: water temperature (15-
23°C), the level of dissolved oxygen (standard value), salts dissolved in water. An
important indicator of a suitable environment is the level of oxygen dissolved in
water. Lack of oxygen leads to a metabolic disorder, while excess leads to formation
of gas bubbles in the vessels. The amount of salts dissolved in the water affects the
level of osmotic pressure and is the basis for development of fish food organisms.
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An information-analytical system has been developed that allows collecting and
systematizing of information about the state of water resources and changes thereof,
on the sources and factors of impact, on the introduction of anthropogenic burden
thereon. An algorithm for assessing water quality based on associative indicators
has been developed allowing a rapid assessment and making of timely optimal
decisions in the development of environmental protection action. In general this
article presents the concept of system organization: defining criteria for assessing
"current state" of water bodies; identifying and preventing the development of
anomalies with a high level of reliability and accuracy.

There fore further development and implementation of the system using
algorithms based on fuzzy logic allows to achieve more favorable conditions in
comparison with non-automated open water bodies.

Key words: mathematical model, information-analytical system, aquatic
ecosystem, database, phytoplankton, biomass.
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CY KO KYWEJEPIH 3EPTTEY/IE ATK O3IPIEYTE KOMBLJIATBIH
TAJIAIITAP

AHHoTanmsa. Makana cy pecypcTaphl CarlachblHBIH MOHUTOPHHTIHIH aKma-
PaTTHIK-TaNAay JKYHECiH KYpy TYKBIPBIMJIAMACHIHBIH CHUIATTAMAChIHA apHAJFaH.
TexHOTEeHIIK XoHE TAOUFU (haKTOPIAPIBIH OCEPiHE YIITBIPAFaH Cy Al IbIHIapBIHIaFbI
CYOBIH TEMIIepaTypajblK JKOHE THUAPOXMMHUSUIBIK PEXHMiH Oakpliay omicTepi
MEH TOCUIAepiH a3ipiiey Heri3ri MakcaT OoJbIT TaObUIAE.. MOHUTOPHUHTTIH aKia-
paTThIK TapameTpiiepl TaHIANIbl JKOHE HETI3AeNjl, aKmapaTThIK-Taijuay Kyke-
CiHIH KYpPBUIBIMIBIK CXEMAachl o3ipJIEHIN CHUMATTaNIbl. AHBIK €MEC JIOTHKaFra
HETI3JIeNITeH ITOPUTMIEPAl KOJIJIAHATHIH )KYHEHIH YChIHBUTFAaH TYKBIPhIMIAMACHI
ABTOMATTAH/BIPhUIMAFaH alllbIK Cy OOBEKTUICPIMEH CaNbICTBHIpFaH/a KOJIAHIbI
KaFJaimap/ael cakTayFa KOJ XKeTKi3yre MyMKIHIIK Oepe/ti.

JKyMBICTBIH MakcaTbl Cy aWABIHIAPBIHIAFBl CYIbIH TEMIIEPATYPaJbK KOHE
TUIPOXUMUSIIBIK PEXKMMIiHIH aKITapaTThIK apaMeTpIepiH 3epTTey MiHAeTTepiHIeTI
Cy pecypcTapbl CamachlHBIH MOHWTOPHHTIH aKMapaTThIK-TalaMaiblK KamTa-
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Machl3 €Ty KYPBUIBIMBIH alKbIHAAy Oobim TaObutanmel. Cy pecypcTapbl cara-
CHIHBIH MOHHTOPUHTIH aKMapaTThIK-TAJaMallblK KaMTaMachl3 €Tyl KYpy
TYKBIPBIMIAMACBIH KOJIZAy YIIIH HOpMa IIETiHJE aKMapaTThIK MapaMeTpiepii
JKOHE OJIApIBIH ©3repy IHAana3oHIapbhlH aWKbIHIAy[Abl Tanman eTefi. FhuibiMu
omeOueTTep i Tanaay HeriziHae OipKarap akmapaTThIK HMapamMeTpiep aHBIKTaJIbl:
cynbiy Temneparypacbl (15-23°C), epitinreH orreriHiH AeHreiii (Hopma), cyaa
epITiJreH Ty31ap.

Komaiinsl opTaHblH MaHBI3IBl KOPCETKIIIi Cyla epiTiireH OTTETiHIH JeHrei
Ooubin TabbuTaapl. OTTETIHIH KETICTISYIILTIrT MeTa00NH3MHIH OY3bUTYBIHA, APTHIK
OoJrybl KaH TaMbIpilapblHIa ra3 KeMipIIiKTepiHiH naiiga OomysiHa okeneni. Cyna
epireH TY3AapIblH MeJIIepi OCMOTHKANBIK KBICHIM JICHTeHiHe ocep eTeli KoHe
0aNbIK YIIiH KOPEKTIK OpraHM3MIIEp/iH JaMyblHa Heri3 Oonmaabl. AKMapaTThIK-
AHATMTUKANBIK XKYHe 93ipIeH i, 071 CY PECYPCTAPhIHBIH JKal-KYHi KoHEe oNap/IbiH
©3repicTepi TypaJibl, acep eTy Ko3Jepi MeH (haKkTopIaphl Typalibl, OJIapFa TEXHOTCHIIK
KYKTEeMeTepiH on Oepidyl Typaibl akmaparThl >KMHAKTayFa JKOHE JKyiere
KeJITipyre MYMKIHJIIK Oepesi. ACCOMATHBTI KOPCETKIITep OOMBIHINA Cy CalachlH
Oarayay alroOpHUTMIi JKacaiIbl, OYJI 3KOIIOTHSUIIBIK IIapanap/sl 93ipiey Ke3iHae Te3
Oaraayra KoHE OHTAJIbBI MIEHIIM/EP/l YaKThUIbl KaObUIIayFa MYMKIHJIIK Oeperti.
XKanmpl ockl Makanana YCBIHBUIFAH JKYWEHI YHBIMIACTBIPY TY)KBIPBIMAAMACHL:
Cy OOBEKTUIEPiHIH «aFbIMIAFbl JKal-KyWiH» Oaranay eJjmeMaepiH aHbBIKTay;
CEHIMJILTIK TIEH JIQNJTIKTIH JKOFaphl IeHreliMeH HOpMa/IaH aybITKyIapAblH 1aMybIH
AHBIKTAY YKOHE aJJIbIH aly.

JleMek, aHBIK eMeC JIOTHKaFa HETi3MeNITCH anrOPUTMACPi KOJNJaHa OTHIPHIIL,
KYHCHI OJJaH Opi JAMBITY JXKOHE ICKE achlpy aBTOMATTAHBIPHUIMAFAH allbIK CY
OOBEKTIIEPIMEH CaNBICTHIPFaHa KOJNAWIbI JKaFAalaapapl CakTay apKbLIbl KOJ
KETKI3yre MyMKIHIIK Oepert.

Tyiiin ce3ep: MaTeMaTHKANBIK MOJICNb, aKMAPATTHIK-aHATUTHKANBIK JXYiie, Cy
IKOXKYHeEcCH, IepeKTep KOpbl, GUTOIIAHKTOH, OnoMacca.
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TPEBOBAHUSA K PA3PABOTKE UAC-UCCJEJOBAHU BOJTHBIX
IKOCHUCTEM

AnHoTauus. CraTbs MOCBSIICHA OMMCAHUIO KOHIEMINH CO3MaHus HHpOpMa-
IMUOHHO-aHAIUTUYECKONH CHCTEMbl MOHHTOPHHTA KauecTBa BOJHBIX PECypCOB.
OcHOBHas 1eNb 3aKiI0vaiachk B pa3paboTKe METONOB M METOJOB PEryIUpOBaHUS
TEMIIEPATYPHOTO U THAPOXUMHYECKOTO PEXFMa BOIBI B BOIOEMAX, HAXOIAIINXCS
MOJ BO3JCHCTBHEM TEXHOT'CHHBIX M MPHUPOAHBIX (hakTopoB. BriOpaHsl u oboc-
HOBaHBI MH(POPMAIMOHHBIE TTapaMeTpbl MOHUTOPHHTA, pa3paboTaHa W ONHCaHa
CTPYKTYpHasi cxeMa HH(pOPMAaIMOHHO-aHAIUTHYECKON cucTeMbl. [IpemioxkeHHas
KOHLEIMLHUSI CHUCTEMBl C HCIONb30BaHUEM aJIrOPUTMOB Ha OCHOBE HEYETKOU
JIOTUKU TIO3BOJISIET AOOUTHCSA ONAroNpHUATHBIX yCIOBHHA MO CPAaBHEHHIO C HEABTO-
MaTU3UPOBAHHBIMU OTKPHITBIMH BojoeMamu. lLlenb paboThl — omnpeaeiuTh
CTPYKTYpy  WH(GOPMAIIMOHHO-aHAIMTHIECKOTO  O0eCredeHnss MOHWTOPHHTA
KaueCcTBa BOJHBIX PECYPCOB B 33]1a4e McciIe0BaHu HH)OPMAIIMOHHBIX TApaMETPOB
TEMIIEPaTypHOTO M THAPOXMMUYECKOTO pEKMMa BOABI BOIHBIX OOBEKTOB. [lis
000CHOBaHUS KOHIIEIITHN CO3MaHUS HH(POPMAITMOHHO-aHATUTHIECKOTO 00ec-
MEYeHUsT MOHMTOPHHIA KadecTBAa BOJHBIX PECYPCOB HEOOXOAMMO OIpPEACTHUTH
nH(pOpMAIMOHHBIE TTapaMeTPHI B TIpeiesiaX HOPMBI U IHANa30Hbl NX U3MEHEHHS.
Ha ocHOBaHWM aHanmM3a Hay4YHOH JIUTEpATyphl ONpeNeNeH psili HHPOPMAITMOHHBIX
napamerpoB: Temreparypa Bozbl (15-23°C), ypoBeHb pacTBOPEHHOIO KHCIOpPOIA
(HOpMa), pacTBOpPEHHBIE B BOJIE CONH. Ba)KHBIM MOKa3areneM MOAXOMsIIeH Cpeabl
SBJSIETCS. YPOBEHb PAcTBOPEHHOTO KHcCiopoda B Boie. Hemocrtarok kucimopoaa
MIPUBOIIUT K HAPYIIIEHHUIO 0OMEHA BEIIECTB, @ H30BITOK — K 00pa30BaHUIO ITy3bIPHKOB
raza B cocynax. KonmnuecTBo pacTBOPEHHBIX B BOJAE COJEH BIMSET Ha YpOBEHBb
OCMOTHYECKOTO JABIICHUS U SIBIIIETCS OCHOBOW Pa3BUTHS MHIIEBHIX OPTaHU3MOB
pb10. PaspaboraHa wuHGpOpPMAIMOHHO-aHAIUTHYECKAs CHCTEMa, IO3BOJISIONIAS
cobupars M CHCTEeMAaTH3UPOBaTh MH(OPMALKIO O COCTOSHUHU BOAHBIX PECYPCOB
U UX HM3MEHEHUAX, 00 WCTOYHWKAX W (haKTOpax BO3IACHCTBHA, O BBEJICHWU Ha
HUX TEXHOTeHHBIX Harpy3ok. Co3aH anropuT™M OLEHKH KadecTBa BOIBI Ha
OCHOBE AaCCOLMATHBHBIX TIOKa3aTeiel, TMO3BOJISIIOMINA MPOBOAUTE OBICTPYIO
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OLIEHKY M CBOEBPEMEHHO NPHHUMATh ONTHUMAJbHBIC PEIICHHUs NpH pa3paboTke
MPUPONOOXPAaHHBIX MEpOIPHUATHA. B menom B maHHON cTarhke NpencTaBieHa
KOHLETILUST OPraHNu3allii CUCTEMBI: ONpeielieHUe KPUTEPHUEB OLIEHKH «TEKYIIETO
COCTOSTHHST» BOJHBIX OOBEKTOB; BBISBIISTH M PEIOTBPALIATh Pa3BUTHE AHOMAIHH C
BBICOKMM YPOBHEM JOCTOBEPHOCTH U TouHOCTH. [losTOMYy nanbHeliinee pasBuTHe
W BHEIPEHHE CHUCTEMBI C HCIONb30BAaHHEM AaJTOPUTMOB Ha OCHOBE HEYETKOU
JIOTMKH TIO3BOJIIET JOOMTHCS OoJiee BBITOAHBIX YCIOBHH IO CPaBHEHHUIO C
HEaBTOMAaTU3UPOBAaHHBIMU OTKPBITBIMHA BOZOEMAMHU.

Ki1roueBble cjioBa: MaTeMaTH4yecKast MOAEIb, THYOPMALIMOHHO-aHATUTUIECKas
crcTeMa, BOAHAS SKOCHCTEeMa, 0a3a JaHHBIX, (PUTOIUIAHKTOH, OroMacca.

Introduction. Natural resources of a society including water ones largely
determine the degree and possibilities of its sustainable development. Evolution of
life style, population growth, development of production and other types of human
activity are related to consumption of various resources including water ones. The
main challenges of the Republic of Kazakhstan water sector include a high level of
anthropogenic load on water bodies: pollution by various chemicals, violation of the
natural regime during construction of hydraulic-technical structures, irretrievable
water withdrawals.

Figure 1 shows the water ecosystem and sources of contamination, and spells
out the consequences of contamination.

| Water ecosystem |

Lakes River Freshwater Marine
ecosystems ecosystems ecosystems ecosystems

>~ I

Sources of contamination |

— ¥ v 4 Ly
Domestic Acid Solid Oil Gas and Agricultu
and rain domest spill smoke re

indnstrial ic emissions
v v v v v v
Heavy Carbon Organi Phenols Aeros Pesticides
metals, DDT, dioxide, [¢ benzapyrene ol dust , nitrate
synthetic sulfur matter, , nitrogen,
phosphates, dioxide bacteri petroleum phosphor
detergents a products us,
organic potassiu
substances m, salts

N I ! L

Consequences of pollution
Oxygen deficiency in water, toxic algal blooms, fish kills, bacterial

pollution, groundwater contamination, reduced biodiversity in one
environment. mutagenesis and carcinogenesis

Figure 1 - Water ecosystem
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Water pollution is alarge-scale environmental problem, however modern methods
of treatment do not solve it. It can lead to serious environmental consequences,
since no living creature can survive without water. In order to solve the problem it
is necessary to determine the sources of pollution and existing approaches to handle
them.

The issue of pollution of surface natural waters has grown to the scale of the
planet. Mankind is trying to solve the problem in different ways (https://cleanbin.
ru/problems/water-pollution).

Research materials and methods. Innovations, technological solutions, tax
incentives and huge fines are the methods that can together solve the problem of
water pollution. Otherwise, already in the middle of the XXI century more than
80% of the population will experience an acute shortage of clean water sources.
Today we are already talking about 45-50% of people, which figure indicates a
threatening trend (https://vyvoz.org/blog/zagrjaznenie-vody/).

The Government also performs continuous monitoring. The Water Code of the
Republic of Kazakhstan states that the Government monitoring of water bodies is a
system of regular observations of hydrological, hydrogeological, hydrogeochemical,
sanitary-chemical, microbiological, parasitological, radiological and toxicological
indicators of state thereof, collection, processing and transmission of obtained
information with the purpose of timely identification of negative processes, assessing
and forecasting of development thereof, development of recommendations on
prevention of harmful consequences and determination of the efficiency level of
the water management measures.

The concept of monitoring for complex objects of artificial origin defines
monitoring as the process of tracking the state of an object and comparing its
current state with reference samples (levels or points).

Monitoring of a natural object is understood as a process of collecting, storing,
transforming experimental information about the object of monitoring and
development of recommendations in support of some or other decisions that are
optimal in terms of the criteria adopted.

Problems of the monitoring system in Kazakhstan:

- poorly funded system;

- underdeveloped monitoring network;

- information collection is insufficient and non-systematic, outdated methods
and equipment are applied;

- poor technical equipment of the monitoring network and insufficient application
of modern methods;

- inconsistency in operation of monitoring services of different agencies and
uncoordinated location of the monitoring network (Source: MEP, UNDP IWRM
project (2005)).

Management in the field of environmental protection is a subordinate executive
and administrative activity of state executive authorities and local administrations,
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the main purpose of which is to organize preservation of the environment, recovery
thereof and ensuring environmental safety (Krassov, 2014: 624).

One of the most important problems in the development of the information
model of the object under environmental monitoring is the choice of information
sources:

- cartography including data on the geographical location of regions and the
functional use of territories;

- information about energy production and energy consumption structure in the
regions;

- sources of anthropogenic pollution;

- data arriving from stationary posts of environmental monitoring,
hydrometeorological changes;

- the results of the sampling analysis of the medium,;

- aerospace sounding;

- medical-biological and social research, etc.

It should be noted that there is limited information on the actual quality of water
in water bodies and the location and nature of the main pollution sources: the quality
of surface water throughout the country is monitored by only 215 monitoring
stations of Kazgidromet. There is no national register of the main pollution sources
and the main pollutants available (Naidenko et al, 2003: 186).

The situation is also aggravated by the lack of data, insufficient quality
monitoring and implementation of measures to improve efficiency as well as low
level compliance with standards and requirements. There is no integrated national
database containing critical information on water balance and consumption in
different sectors, there is no integrated electronic database on the state of water
bodies (Schreider, 1994: 72; Tsvetkov, 1998: 288).

Thus in terms of information tasks of environmental quality management the
main problems are:

- there is no prediction or complicated prediction of the state of the aquatic
environmental systems depending on the actions of managing authorities and the
state of objects under monitoring;

- the results of assessment or forecast do not reach those for whom they are
intended, or are presented in a way that the addressee does not perceive them.

Inefficient operation of traditional systems of receiving, processing and
transmitting the information leads to violations in the systems of decision-making
and control actions. For successful management of lakes resources in Kazakhstan
it is necessary to develop an information-logical model of the subject area, which
reflects generalized characteristics of aquatic ecosystems state and it is necessary
to be able to promptly and in a visual form obtain detailed information about
controlled objects necessary for decision-making.

The information-analytical system of research of aquatic ecosystems being
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developed is suitable for use in applied environmental protection activities. Users
of the developed information-analytical system might be specialists of the chosen
industry and might have no mathematical or computer education (ST of RoK
34.005-2002. Information technology. Basic terms and definitions. - Introduced
on 2004.01.01. - TC #34 on standardization "Information technologies". - Astana,
2002: 36). IAS refers to a special class of information systems, which is used for
analytical processing of hydrobiological and hydrochemical data.

Results. As of today the class of information-analytical systems is one of the
most demanded in the software market, it is related to the process of automation of
information activity of aquatic ecosystems research.

The current system of environmental monitoring carried out by both scientific
institutions (Republic of Kazakhstan Institute of Geography, Kazakh Scientific-
Research Institute of Water Management, Kazakh Scientific-Research Institute
of Fishery, information and analytical centers of environmental protection) and
republican supervisory bodies is low effective not only because of insufficient
technical equipment, but also largely due to ignoring of modern data management
methods and integrated mathematical processing of multi-dimensional
observations. The richest material on the hydrochemistry of natural water systems
(accumulated during decades by the regional services of Kazhydromet) and the data
of hydrobiological observations (accumulated by the Committee for Environmental
Regulation and Control and the Kazakhstan Agency of Applied Ecology) remains
undemanded and is lost every year. It is obvious that in addition to traditional low-
informative summaries of the proportion of indicators exceeding MACs, these data
could be successfully used to build both local models of seasonal and long-term
dynamics of water bodies and generalized models of rational environmental and
economic development of territorial complexes (Shitikov et al, 2003: 463).

The following requirements are common for the IAS of aquatic ecosystems
research in general:

In terms of architectural construction:

1) have a three-link "client-server" architecture: client, application server and
database server;

2) user access to functional services should be carried out by "thin client”
technology on the basis of web-browser through an automated workstation;

3) The browsers of at least 7.0 Internet Explorer family must be supported;

In terms of indicators of information interaction:

4) have a centralized data repository that allows to maintain unified directories
and perform centralized control of directories replenishment;

5) be able to perform operations of arranging information interaction and
exchange.

In terms of indicators of user information needs satisfaction:

6) ensuring completeness, sufficiency, relevance and reliability of information.

In terms of interaction with the system:

7) multi-user mode support;
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8) definition of user rights to access services, functions and data depending on
the user's role in the system;

9) the possibility of scaling the performance and scope of processed information
without modifying its software by upgrading the hardware complex used;

10) providing the ability to stor the data historically.

The following shall be taken into account in the System:

- The prospect of integrating the System with other information systems of the
Ministry of Environment and Water Resources;

- the level of readiness of potential users to use the System and the possibility of
improving the general and professional culture of information interaction;

- real and prospective needs of potential users for information resources and
services of the System,;

- ensuring the possibility of upgrading under any organizational and functional
changes in the Ministry of Environment and Water Resources of the Republic of
Kazakhstan subject to preservation and possibility of further use of all necessary
information.

The basic principles of the System are:

- the use of industrial software and hardware;

- the architecture of the System is built according to the principle of client-server
application. The communication channels of Internet providers or channels in local
networks (Intranet) shall be used as data transmission method between the client and
the server (Standard of the RoK 34.019-2002. Information technology. Processes
of software life cycle. - Introduced on 2004.01.01. - TC Ne 34 on standardization
"Information technology". - Astana, 2002: 33).

To work comfortably with the System the bandwidth of communication channels
shall be no more than:

Internet - 54 Kbps per client (the speed can be higher when using dedicated
communication channels);

Intranet - 100 Mbps.

Figure 2 shows a possible scheme of connecting clients to the database server.
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Figure 2 - System hardware architecture
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The hardware requirements shown in Table 1 are the minimum recommended
configuration, at which the system will be operable.

Table 1 - Minimum recommended configuration of hardware

Equipment Technical characteristics
1 2
Web server
Processor 4 quad-core 2.4 GHz
RAM 32GB
Discs 2 drives 146 GB SAS 10K (RAID 1)
(O Windows Server 2008 R2 Standard x64 and above or Windows Server 2012

R2 Standard x64 and above or Ubuntu Server 14.04 LTS and above

Database server
Processor 4 quad-core 2.4 GHz

RAM 32GB

Disks for the system | 2 50GB SAS 10K drives (RAID 1)
Data storage drives |2 1TB SAS 10K drives (RAID 1)

oS Selected for the web server
Test server

Processor 2 quad-core 2.4 GHz
RAM 16 GB

Disks for the system | 1 146 GB SAS 10K drive
Data storage drives | 1'TB SAS 10K drive
oS Selected for the web server

Client computer (for thin client automated workstation)

Processor 2 GHz
RAM 2GB
Free space on disk | 10 GB
Monitor 19" and above
Resolution 1600x900 and higher
Keyboard
Mouse
(0N Windows 7 and later

The application server provides data retrieval from the database, calculation and
formatting of data in accordance with the requirements of a particular report.

The Application server can be technically combined on the same computer as
the Database server. But such a combination may reduce the overall performance of
the System. Testing of the System was performed on the combined Windows 2007
server and showed good practical results.

The thin client automated workstation is a Microsoft Internet Explorer 7
application.

The proposed technology is well-proven in local and corporate networks, but can
also work in the open WW W-space. But for security reasons it is not recommended
to open WWW-access.
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All automated workstations (AWS) are workstations.

The system requires mandatory registration or login by user password. To
search, select, and view information a system of typical queries to the database
with a specially developed system of menus and dialogs is used (GOST R 53622-
2009. Information technologies. Information-computer systems. Stages and life
cycle phases, types and completeness of documents. - Introduced on 2002-01-01.
- Moscow: Publishing house of standards, 2001: 27).

The main functionalities of the information subsystem:

- input, editing and processing of information;

- making of different queries to databases, search for objects in spreadsheets;

- quick retrieval of required information (by year, by type, by name);

- calculation of the maximum, average, total value of the selected search
parameter;

- calculation of the time interval and values exceeding the MAC of harmful
substances for fishery bodies of water by certain parameters;

- output of the results in various forms including printing.

Discussion. Observation and facts are important aspects of the environmental
systems analysis. Along with these a mathematical model is equally important in
understanding environmental and ecological preservation problems. The software
implementation of mathematical models of ecological systems on personal
computers - computer models of ecological systems gives the opportunity to
conduct computational experiments to describe ecological processes.

Observation and measurement of the characteristics of ecological systems are
obtained as a result of environmental monitoring and laboratory studies, which
are the initial data for development of mathematical models. Figure 3 shows the
procedure for developing a mathematical model and computer aided simulation of
the ecological system.
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Figure 3 - Procedure for developing a mathematical model
and computer aided modeling of the ecosystem
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To conduct computer aided modeling and computational experiment it is
necessary to create algorithms and sets of programs. This can be done on the basis
of a changing mathematical model. The results obtained in the computational
experiment and computer aided simulation of ecological systems are used in
comparison with the knowledge of ecological systems and the environment and
with the results of observation.

Special statistical methods are used to estimate the parameters of mathematical
models when identifying ecosystems. They serve to interpret the available
quantitative information about the relations within the ecosystem.

Algorithmization and programming of systems of equations of mathematical
model for computer aided modeling of ecosystems can be carried out with
application of various programming languages and by means of various special
application software packages. After choosing the programming language for
computer aided modeling of ecosystems it is necessary to perform the following
procedures (Meshalkin et al, 2020: 357):

- Creating a functional block diagram of the model indicating the variables used
for each block of the block diagram and the calculation steps.

- Writing a program in the selected language for each individual block of the
computer model.

- Program debugging and correction of syntactic and logical errors made during
programming.

- Checking the correctness of the computer aided model.

Conclusion. The main task of the computer aided modeling of ecosystems
is to simulate processes and phenomena in an ecosystem or specific calculations
under given conditions. The results of computer aided modeling of ecosystems
can be used as a benchmark for assessing changes in ecosystem behavior when
environmental conditions change.
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