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ABOUT DEVELOPMENT OF AN INFORMATION ANALYTICAL
SYSTEM FOR THE STUDY OF AQUATIC ECOSYSTEMS

Abstract. The water bodies under study are habitats for many species
of living organisms that provide the most important property of aquatic
ecosystems - the ability to self-clean. If the anthropogenic load does not
exceed certain limits, the water body copes with it. If this limit is exceeded,
the aquatic ecosystem degrades. At the same time, the ability to self-clean
is also reduced. Taking care of the stability of the aquatic ecosystem,
humans also satisfy their needs for a high-quality water resource.

Based on the quantitative characteristics of phytoplankton and
phytobenthos, the bioproductivity of the aquatic ecosystem is calculated.
Data on the quantity of algae and their biomass and other quantitative
indicators (pigments, proteins, fats, carbohydrates, the number of nucleic
acids, ash elements, respiratory rate, photosynthesis, etc.) are used for
recalculation.

The development of an information-analytical system for studying
aquatic ecosystems with a set of mathematical models makes it possible
to carry out quantitative studies of fundamental environmental problems,
including changes in the ecological state of aquatic ecosystems (by
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example of lakes in Kazakhstan). The results of model calculations allow
estimating the impact of anthropogenic factors on the natural condition of
aquatic ecosystems.

The development of mathematical methods of environmental
forecasting is necessary both for the optimization of environmental
management and for the serious scientific substantiation of programs in
the field of environmental quality management and nature protection.
Mathematical models of aquatic ecosystems allow us to describe non-
equilibrium dynamic processes in hydrobiocenoses under various external
influences, such as changes in water temperature, surface illumination,
water or biogenic load, meteorological conditions. The construction of
such models requires a large amount of information about the parameters
of geophysical, geochemical, biological and other natural processes, the
comprehension of which is impossible without the involvement of modern
information technologies.

Key words: mathematical model, information-analytical system,
aquatic ecosystem, database, phytoplankton, biomass.
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CY DKOKYWUEJEPIH 3EPTTEYIIH AKITAPATTBIK TAJJAY
KYUECIH 93IPJIEY

AHHoTanusi. 3eprrey 0O0BEKTICI OOJIBIN TaOBLIATBIH Cy OOBEKTLIEpl
Cy DSKOXKYHeNnepiHiH MaHbI3[Ibl KAacHeTl — ©31H-631 Ta3apTy KaOiieTiH
KaMTaMachl3 €TeTiH Tipl OpraHM3MJICpIiH KONTEreH TYPJICPiHIH MEKCH-
NEWTIH OpHBI OOJbIN TaObUTaAbl. Erep aHTpOMOTEHMIK XYKTeme Oeriii
Oip mIeKTepleH acmaca, cy OObeKTiCi OHbIMEH Kypece amanbl. Erep Oy
IICKTCH aChIll KETCE, CYy IKOKYHECIHIH TO3ybl OpPBIH anajbl. bip me3rinme
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e3/irineH Tazapy KabOineTi Temenneii. Cy SKOKYHECIHIH TYpaKTbLUIbI-
FhIHA KAMKOPJIBIK JKacail OTBIPBHIN, ajgaM camajbl Cy pecypchbiHa JETreH
KKETTUTIKTePiH KaHAFaTTaHABIPY/Ibl KAMTaMachl3 €TE/l.

®UTOMIAaHKTOH MEH (PUTOOCHTOCTBIH CaH/IbIK CHUIIaTTaMajiapbl HEri31H-
1€ Cy JKOXKYHeCiHIH OHMOJOTHSAIBIK OHIMAUIr ecenteneni. bamasipiap
CaHbI KOHE 0JIAP/IbIH OMOMAaccachl TYpalibl IEPEKTEP KOHE 0acKa Ja CaH IbIK
KepceTkimTep (MUTMEHTTEP, aKybi3Iap, Mailiap, Kemipcyliap, HYKJICHH
KBIIIKBUIAPBIHBIH CaHbI, KYJI 3JIEMEHTTEPI, THIHBIC ally >KbUIIAMIBIFBI,
dboTocuHTe3 KoHE T.0.) KaliTa ecenTtey YIiH Maii/1ananbuiaibl.

MareMaTuKaiblK MOJIEIbACP KEIICHIMEH Cy OJKOXKYHelepiH 3epT-
TeyIiH aKmaparThIK Tajjaay KYHeciH o3ipiiey ipreii 3KOJIOTHSIIBIK Mpoo-
JeMajapra, OHbIH 1IIHAE Cy dKOXKYHeIepiHiH dKOIOTUSIIBIK XKal-KyHiHiH
e3repyine (Kazakcrtan kesjepi MbICAJIBIH/IA) CAHIBIK 3EPTTEYNIEpP XKYp-
rizyre MyMKiHIIK Oepeni. Moaenpaep OOWBIHIIA €cenTey HOTHXKelepl
AHTPOIIOTeHAIK (QaKTOpIapIblH Cy IKOXKYHelepiHiH TaOUFH KarJaibiHa
ocepin Oaranayra MYMKIHJIK Oepe/i.

DKOJIOTUSUIIBIK O0JIKAYIbIH MATEMaTHKAIBIK O AICTEP1H 1aMBITY TAOUFATThI
naijananyabpl OHTalIaHABIPY YIIIH JIe, KOpIIaFaH OPTaHbIH CallachlH PET-
TEy JKOHE TaOWFATThl KOpPFAy CalaChIHIAFbl OaFaapiaManapbl MaHbI3IIbI
FBUIBIMU HETi3ley yuIiH Je KaxeT. Cy 3Koxy#ielepiHiH MaTeMaTUKaIIbIK
MOJIEIIBJEP1 OPTYPJIi CHIPTKBI dcepieperi TuapoOHOIICHO3Iaparbl dPKeI-
KLUIIT1 TMHAMHUKAJIBIK IPOLIECTEeP/Ii CUTIaTTayFa MYMKIHJIIK Oepe/ii, MbICabl,
Cy TeMIepaTypachIHbIH ©3repyi, OHBIH OCTIHIH YKapbIKTaHIBIPBLIYHI, CY
HeMece OMOTCeHJIK JKYKTeMe, METCOPOJIOTHMSUIBIK JKarmaiiap. MyHpai
MOJIENbICPlI KYPY T'€O(pU3UKAIBIK, T€OXUMHUSIIBIK, OMOJIOTHSIIBIK JKOHE
0acka J1a TaOMFU TPOIECTEPIIH TapaMeTpliepl Typalibl aKIapaTThlH YIKEH
KOJEMIH Ka)KET €TeJ]i, OJapJbl Ka3ipri 3aMaHfbl aKIapaTThIK TEXHOJO-
THsUIap/Ibl TapTHal TYCIHY MYMKIH eMec.

Tyiiin ce3aep: MareMaTHKaIbIK MOJE/b, aKIMapaTThIK-aHATUTHKAJIBIK
Kylie, Cy IKOXKYHeci, IepeKTep KOpbl, PUTOIUIaHKTOH, OnoMacca.
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K PABPABOTKE HTHO®OPMAIIMOHHON AHAJTUTUYECKOM
CUCTEMBI UCCJIEJOBAHUS BOJIHBIX SJKOCUCTEM

AHHoTanus. BonHble 00bEKThI, ABIAIOMNECS 00BEKTOM UCCIIEIOBAHNS,
ABIISIOTCA MECTOOOMTAaHHMEM MHOXKECTBA BHJIOB KHBBIX OPIaHHU3MOB,
KOTOpbIe 00€CIeUnBalOT BasKHEHIIIee CBOMCTBO BOIHBIX SKOCUCTEM - CIIO-
COOHOCTh K caMOOYMIIeHUI0. Eciin aHTponoreHHass Harpys3ka He IpeBbl-
I1aeT ONpeeNICHHBIX MPEIEIOB, BOIHBIM 00BEKT cripaBisiercs ¢ Heil. Eciu
ATOT MIpeJes NPEB30MIEH, TPOUCXOAUT JAErpajalns BOAHON 3KOCHCTEMBI.
OnNHOBpPEMEHHO CHHMIKAETCS M CIIOCOOHOCTh K CaMOOUYUIICHHIO. 3a00TsCh
00 yCTOWYMBOCTH BOJHOWH SKOCHUCTEMBI, YEJIOBEK O0OecleynuBaeT U
YAOBJIETBOPEHUE CBOUX MOTPEOHOCTEH B KaU€CTBEHHOM BOJIHOM pecypce.

Ha ocHOBe KOMTMYECTBEHHBIX XapaKTEPUCTUK (PUTOMIAHKTOHA U (UTO-
OeHTOCa pacCUMTHIBAETCA OMONMPOAYKTUBHOCTH BOAHOM SKOCHUCTEMBI.
JlaHHBIE O KOJHMYECTBE BOAOPOCIEH W HUX OuomMacce W Jpyrue KoJu-
YeCTBEHHbBIE TOKa3aTeNu (IUTMEHTHI, O€JIKH, )KUPBI, YITIEBO/IbI, KOJTHUECTBO
HYKJIEMHOBBIX KUCIJIOT, 3JIEMEHTHI 30JIbl, CKOPOCTb JIbIXaHUs, (OTOCHHTE3 U
Ip.) UCIIOJIB3YIOTCS JJIsl IEpecUeTa.

Pa3paboTrka nHpOpMaLMOHHO-aHATUTUYECKOW CUCTEMBI HCCIIE0BaHUS
BOJIHBIX DKOCHCTEM C KOMIUIEKCOM MAaT€MaTUYECKUX MOJAENIEH M03BOJSAET
MPOBOJIUTh KOJMYECTBEHHbIE MCCIENOBAaHUS (YHIAMEHTAIBHBIX HKOJO-
THYECKUX Mpo0jaeM, B TOM YHCIIe U3MEHEHHsI HKOJIOTHYE€CKOTO COCTOSHUS
BOJIHBIX 3KocucTeM (Ha mpumepe o3zep Kazaxcrana). Pe3ynbraThl BbIUMC-
JIEHUH 10 MOZEJSM IO3BOJIAIOT OLIEHHWBATH BIIMSHHUE AaHTPOIOTEHHBIX
(akTOpOB Ha €CTECTBEHHOE COCTOSIHUE BOJHBIX YKOCHUCTEM.

Pa3Butre MareMaTM4eCKUX METOIOB 3KOJIOIMYECKOTO NMPOTHO3MPOBA-
HUSL HE0OXOMMO KaK JJIsi ONTUMHU3AIMH IPUPOIONIOIb30BaHUS, TaK U IS
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CEPbE3HOr0 HAYYHOTO 0OOCHOBAHHUS MTPOTPaMM B 00JIACTH PETYTUPOBAHUS
KavyecTBa OKPYKAIOLICH Cpelbl W OXpaHbl MPHPOILL.. MaTremarndeckue
MOJIEIM BOJHBIX JKOCHUCTEM IO3BOJISIOT OMHUCHIBATH HEPABHOBECHbBIC
JMHAMHYECKHE TIPOIECChI B THAPOOMOIICHO3aX MPH PA3JIMYHBIX BHEITHUX
BO3/ICHCTBUSX, HANPUMEP, TAKUX KaK M3MEHEHHE TeMIIepaTrypbl BOJIbI,
OCBCIIICHHOCTH €€ MOBEPXHOCTH, BOJHOW WM OHMOTEHHOH HarpysKH,
MeTeoposiorndeckux yciaosuii. [locTpoeHue Takoro poja mojeinei Tpedyer
Oospmoro oobemMa MHGOPMAIUKA O TMapaMeTpax reoPU3HMIeCKUX, IeOXH-
MUYECKUX, OMOJIOTHYECKUX U JPYTHX MPUPOJHBIX IPOIECCOB, OCMBIC-
JMBaHUE KOTOPBIX HEBO3MOXKHO 0€3 MPUBJICYCHHSI COBPEMEHHBIX MH(DOP-
MAaIMOHHBIX TEXHOJIOTHH.

KaroueBsble cjioBa: MatemMaTuyeckas MOJIeIb, MH()OPMaMOHHO-aHAIH-
TUYECKasi CHCTEMa, BOJIHAs SKOCHCTeMa, 0a3a JaHHBIX, (DUTOILIAHKTOH,
O6uomacca.

Introduction. Kazakhstan has the opportunity to overcome the
shortage of water resources by 2040 through the upgrade and development
of infrastructure at a reasonable cost of $18-20 billion, self-financing
measures for the effective use of water resources, as well as the
development of municipal infrastructure worth $35 billion. By rigorously
implementing deficit-reduction measures, the country can prevent adverse
effects and become one of the pioneers of responsible water management
among the neighboring States of Central Asia and other countries of
the world with limited water resources. Industrial wastewater quality
standards were developed in the Soviet era without taking into account
economic factors; in addition, they are difficult to comply with and are
much more complicated than EU standards. In some cases, the standards
contradict each other (Integrated Environmental Permit for Activities and
MPC). The norms that set the standards for wastewater quality suggest
to go from the local conditions, which is a good practice, but in fact it is
difficult to implement, as it requires environmental, physical and chemical
data for all discharge locations (river, lake, water reservoir, etc.) and a
detailed monitoring scheme tailored to local conditions, as well as a clear
methodology for determining the required quality of wastewater depending
on local conditions. In addition, the system used in world practice for
online monitoring of the quality of discharges from the largest enterprises
in Kazakhstan is virtually absent (Naydenko et all, 2003: 186).

Research materials and methods. It is necessary to create a system for
monitoring water bodies — a system for monitoring the state of water bodies
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and the sources of harmful effects on them. The task of environmental
monitoring of reservoirs includes assessment of their current state,
tracking of evolution, and forecasting as a result of anthropogenic impact
(Fyodorov, 1975). It is important to preserve not just water, but the aquatic
environment, with its flora and fauna, that is, aquatic ecosystems.

It was proposed to refer environmental monitoring to the system of
repeated observations of one or more elements of the natural environment
in space and time for certain purposes in accordance with a prearranged
program.

The current system of environmental monitoring, carried out by
both scientific institutions and republican regulatory bodies, is of low
efficiency not only because of the poor technical resources but also, to
a large extent, due to disregard of modern methods of data management
and comprehensive mathematical processing of the results of multivariate
observations. The wealthiest information in the hydrochemistry of natural
water systems, the information on hydrobiological observations remains
cast off and is lost every year. It is obvious that in addition to the traditional
poorly informative reports on the part of indicators exceeding the MPC,
these data could be successfully used to build both local models of
seasonal and long-term dynamics of reservoirs, and generalized models of
rational environmental and economic development of territorial complexes
(Shitikov et all, 2003: 463).

According to the Water Code of the Republic of Kazakhstan (Art.60,
paragraph 2): «State monitoring of water bodies is a system of regular
observations ofhydrological, hydrogeological, hydrogeochemical, sanitary-
chemical, microbiological, parasitological, radiological and toxicological
indicators of their state, collection, processing, and transmission of the
obtained information in order to timely identify negative processes,
assess and predict their development, develop recommendations for the
prevention of harmful effects and determine the degree of effectiveness of
water management measures».

Results. The specific nature of the tasks of monitoring complex
objects imposes certain requirements, which, on the basis of the above
considerations, can be expressed as follows:

- in the process of monitoring, knowledge of the monitored object
should be ensured;

- the monitoring task should be solved on the basis of all available a priori
information about the monitored object and its operating environment and
information obtained during the measurement experiment;
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- all the obtained intermediate and final monitoring results should have
a metrological substantiation in the form of their quality indicators;

- to effectively solve the tasks of monitoring the monitoring objects
(MO) and operational environment (OE) model, as well as methods,
algorithms, and monitoring tools should reflect the main properties of
complex objects, in particular, the properties of stability, self-development,
and self-organization;

- monitoring results should be presented in the forms of parameter
values, analytical expressions, conclusions and solutions in semantic form.

Environmental monitoring scheme is shown in Figure 1 (General, 1975:
471).

. . |
Information system (monitoring) I Management
|———————————————————— == =
v # ““““““ | 1
. Evaluation of the
- - Observations v lfru f tot I
| HISULEL BIELS | Control of
N R .
| l ; ¥ env1r0?$ent
. .. I quali
! Condition Assessment of .the
forecast forecast condition |

— direct correlations

feedback correlations
-—=>

Figure 1 — Environmental monitoring flowchart

In monitoring aquatic ecosystems, the following activities should be
identified:

- distinguishing of the observation object;

- survey of the distinguished observation object;

- building of an information model for the observation object;

- forecasting changes in the state of the observation object;

- presentation of information in a form convenient for the user to
perceive.

In order to ensure the main objectives of environmental monitoring of
aquatic ecosystems, within this work an information and analytical system
for studying aquatic systems is developed. Information and analytical
systems are a special class of information systems designed for analytical
processing of data, their dynamic presentation, analysis of historical and
current data, analysis of trends, modeling and forecasting of performance
results. It is now generally accepted that the management of data from
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multidisciplinary environmental studies in large regions requires new
approaches and the creation of new data flow management structures
(Martin, 1980: 662). The planned research is aimed at solving these
problems.

The main functions of the information-analytical system are:

- extracting data from various sources, converting them and uploading
them to the repository;

- data storage;

- data analysis, including operational and intellectual ones;

- preparation of the results of operational and intellectual analysis for
their effective perception by the consumers.

Currently, IAS is one of the most popular classes of software in the
custom software market, this is due to the global process of automating
the information activities of entire industries. At the same time, in
addition to the general problems of organization and management of their
arrangement, they have peculiarities, requirements and problems of a more
specific nature, arising from the specific nature of the functional purpose
of the IAS, as well as the conditions in which the IAS is created and used.

The most important task of unified environmental monitoring is not
only the collection of information, but also its rational storage, processing
and presentation. IAS for Aquatic Ecosystem Studies should process a
large number of indicators that need to be monitored. First of all, it is the
data of hydrochemical observations. The number of components for which
MPC standards are established is about 2000 substances. Hydrobiological
monitoring data should reflect information on aquatic organisms living
in water bodies and characterizing their environmental state — more than
a hundred species. Hydrological and hydrophysical monitoring data
reflect water level information and a number of important parameters
(temperature, water turbidity, pH, etc.) that directly affect the state of
aquatic ecosystems.

The relevance of the IAS creation to study aquatic ecosystems is related
to the need to regularly receive, integrate and use significant amounts of
information on the state of aquatic ecosystems of Kazakhstan, which is
distributed both in time (historical and current) and in space.

From a technical point of view, the IAS is a set of procedures, methods,
and regulations that lead to the regular planned collection, storage, analysis,
and provision of information used for making management decisions
(Boyko et all, 1989: 351, Yakubaitis, 1996: 368, Singer et all, 1987: 208).

There are two fundamentally different approaches to the design of
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information and analytical systems (IAS) for environmental management
and protection. In the first of them, the system is created on the basis of
known types of territorial objects (rivers, lakes, air basin, anthropogenic
environment) and the relations existing between them. The second
approach is to solve specific problems of information management (Belov,
2005:111, Voronoi et all, 2007:194, Galliani, et all, 1982:737).

The general work plan for designing the Aquatic Ecosystem Study IAS
is shown in Figure 2:

BUSINESS MODEL DEVELOPMENT AND ANALYSIS
(spatial-temporal and information characteristics of the IAS)

| |

FORMALIZATION OF THE BUSINESS MODEL,
development of a logical model of business processes
(list of tasks solved within the framework of the IAS)

| |

IAS SOFTWARE DEVELOPMENT

| |

FILLING THE MATHEMATICAL MODEL BANK
(statistical, dynamic)

| |

IAS TESTING AND DEBUGGING

OPERATION OF THE IAS

Figure 2 — IAS Designing Steps Sequence

Designing of the IAS should be aimed at solving the tasks of information
management and research, for example, monitoring of aquatic ecosystems,
all data should be oriented to the «problem» in focus.

The use of information systems in the field of environment
(Environmental Informatics, geoinformatics) has been intensively
developing in Europe, the USA, Japan in recent years, as evidenced by
the large amounts of funding allocated to these studies, the huge flow of
publications, regularly held scientific conferences, as well as the inclusion
of environmental informatics in the curricula of various departments of
universities. NSF (USA) included the creation of geographic information
platforms and the development of information infrastructure for them in
the list of priority funded R&D. To illustrate the magnitude of the costs,
back in 1981, the United States spent about $500 million, or about 2-2.5
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% of total environmental costs, on monitoring and monitoring-based water
quality management (Matsyashek, 2002: 432).

The main purpose of creating an information-analytical system for
studying aquatic ecosystems (IAS) (through the example of lakes in
Kazakhstan) is to implement at a qualitatively new level a procedure for
analytical processing and interpretation of the results of observations
to forecast supposed changes in the aquatic environment, as well as the
organization of centralized storage of heterogeneous (hydrochemical and
hydrobiological, etc.) data.

The purpose of such a system is not only the accumulation and
visualization of monitoring data, but also the creation of a single information
space and the provision of extensive system analysis of information for
effective environmental quality management and ensuring the safety of
the population (State Program, 2014, Matveyev et all, 2005: 96). To do
this, it is necessary to establish a relationship between different types of
indicators, not only purely correlative, but also causal, formalized in the
form of mathematical models, which, in turn, are used to form control
scenarios.

Modeling of microbial communities of plant organisms. The functioning
of aquatic ecosystems is largely determined by the lower trophic levels.
The biological productivity of systems is based on the productivity of
phytoplankton (Alekseyev et all, 1992: 366, Abrosov et all, 1988: 333). The
study of phytoplankton is an important and interesting task. Communities
of microorganisms and, in particular, phytoplankton, are studied quite
intensively, including by means of mathematical modeling (Riznichenko
et all, 1993: 301, Jorgensen et all, 2005: 20, Adamovich et all, 2005: 5).

Essential for phytoplankton is its spatial distribution, which has a high
degree of heterogeneity (Riznichenko et all, 1993: 168, Shushkina et all,
1997: 278). This heterogeneity is determined both within and between
species relations in phytoplankton and environmental conditions. Among
the influencing factors, experts distinguish mineral nutrition, that is, those
mineral substances used by the plant organism to create organic matter in
the process of photosynthesis (Riznichenko et all, 1993: 186, Silkin et all,
1988: 230,). The list of such substances is extensive, but the main role is
played by compounds based on carbon, nitrogen, phosphorus and silicon
(Abrosov et all, 1988: 322, Adamovich et all, 2005: 8). Mathematical
models of the dynamics of microorganism biomasses based on the study
of the process of consumption of mineral substances have different nature
(Riznichenko et all, 1993: 201, Alekseyev et all, 1992: 185, Abrosov et all,
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1988: 142, Abakumov, 1994: 107). We address models of mineral nutrition
of phytoplankton based on the concept of «cell quotay» of M. Drupa (Droop,
1974: 198).

Discussion. When studying such large reservoirs as Lake Balkhash,
satellite remote sensing data of the surface of the lake can be used (Shushkina
et all, 1997: 102). A large part of the problems considered with the use of
this material is related to the living component of the aquatic environment.
Satellite information contains data on chlorophyll concentration and
fluorescence, illumination and temperature, water turbidity, and a number
of other characteristics of the surface layer of the reservoir (Silkin, 2011:
24, Barbini, 2004: 2095). These data are refined and supplemented by
other remote and contact methods (Silkin, 2011: 122).

In mathematical models of the dynamics of biomass of microbiological
communities, the properties of solutions are investigated. The model
of a system with the internal flow is used to study the phytoplankton
community in the aquatic ecosystem. The properties of solutions coincide
with the dynamics of natural communities, demonstrating the dominance
of individual species in the community.

Assessment of the biological productivity of ecosystems is important
for studying the state of the natural environment and the possibilities
of environmental management. For aquatic ecosystems, biological
productivity can be evaluated based on phytoplankton productivity
(Jorgensen, 1985: 160). The productivity of phytoplankton is largely
determined by the process of consumption of mineral substances in the
construction of a plant organism during photosynthesis (Riznichenko et
all, 1993: 217). Remote sensing data from the surface of the seas and
oceans are currently playing an important role in the study of the state
and functioning of phytoplankton. In particular, artificial Earth satellites
provide data on the content of minerals and chlorophyll in the surface
layer. Data on chlorophyll (primarily chlorophyll «a») make it possible to
assess the content of phytoplankton and give a rough estimate of primary
production (Shushkina et all, 1997: 137). Data on mineral substances
(based on nitrogen, phosphorus, silicon and other chemical elements),
constituting the material basis for the construction of plant organisms in
the process of photosynthesis, make it possible to assess the characteristics
of the production processes of phytoplankton (Droop, 1974: 13). At this
stage, mathematical models of the dynamics in the populations (biomass) of
the main species of the phytoplankton community are useful (Riznichenko
et all, 1993: 220).
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Similar mathematical models are also used in describing the dynamics
of microbial cultures in laboratory experiments. The paper presents groups
of models of dynamics of biomass communities of microorganisms. The
models are based on systems of differential equations. The qualitative
properties of solutions at the structural level were investigated.

Models of functioning of phytoplankton communities describe the
dynamics of the transformation of substances in the photosynthesis
and construction of the plant organism. The models focus on biological
species of phytoplankton and groups of mineral nutrients. Phytoplankton
is represented by m species, their content in the medium is indicated by
y, for i type. Mineral nutrition of plant organisms is divided into n groups
of similar substances (based on nitrogen, phosphorus, silicon, etc.). In the
considered models, nutrients are assumed to be not interchangeable. The
content of substances in the group j in the medium is denoted as z..

For a living organism, a strategy of activity is determined not only
by the environment, but also by its state. The internal state of the body
can be characterized in different ways. In our case, it is proposed to use
the intracellular content of nutrients based on mineral compounds in the
external environment as an indicator.

The content of nutrients in the group j in a cell of the i type is denoted
as q; This value is called the cellular quota. The growth rate of a separate
species is determined on the basis of the Libich principle (Jorgensen,
1985: 206): it is limited by the growth rate of the least productive mineral
substance. The consumption of nutrients by microorganisms is carried out

at a specific rate 0, and the growth of plant biomass occurs at a specific rate
w; () depending on the vector z = (Z]) = 1, the content of minerals in

the external environment and the matrlx q= (qll) =1 a content of
nutrients in plant cells. The mass dynamics model of the system has the
following shape (1) (Riznichenko et all, 1993: 207):

0y; _
Fre (u(q;) — D)y;

0Z;
J (D(ZJO - ]) Z Vl] (Z]J qll)yl Aﬂﬂ 1 (1)

=1, ..

a—t” = vy;(z;, i (qi) - q35)
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q, denotes the vector q = (qi]-)_n =1 p, (q,) the function is calculated by
the formula p.(q)=min u; (q,). Parameter D indicates the flow rate of
the substance in the system, by z - the content of mineral nutrients in
the incoming stream, by v, (z)- the specific rates of absorption of the
substance of the group j by organisms of type 1.

The model is used by us for calculations using hydrochemical data of
the characteristics of the phytoplankton community in the reservoir.

Conclusion. In conclusion, it should be noted that the purpose of the
paper was to justify the creation of an Information and Analytical System
for the Study of Aquatic Ecosystems, as well as in the systematization and
analysis of dynamic models of biological systems that are applied to aquatic
plant microorganism communities. Such communities are represented by
continuous cultures in the laboratory and phytoplankton communities
in natural aquatic ecosystems. We gave examples of the application of
these models and the properties of their solutions, an assessment of the
effectiveness of their use and the prospects for expanding this research
area.

Information about authors:

Moldasheva Raushan Nurkozhaevna — Doctoral student of the
Department of «Iformation Systemsy» S. Seifullin Kazakh Agrotechnical
University, Nur-Sultan, Kazakhstan; Personal phone number: 8-701-
9940336, raushan85_07@mail.ru, 0000-0002-4570-0487;

Ismailova Aisulu Abzhapparovna — PhD, Associate Professor of the
Department «Information Systems» S. Seifullin Kazakh Agrotechnical
University, Nur-Sultan, Kazakhstan; Personal phone number: 8-701-
4606049, a.ismailova@mail.ru, 0000-0002-8958-1846;

Zhamangara Aizhan Kashagankyzy — Candidate of Biological
Sciences, Deputy director for science of the Astana botanical garden
branch of the RSE REM «Institute of botany and phytointroduction» CFW
MEGNR RK, Nur-Sultan, Kazakhstan; Personal phone number: 8-707-
8485060, Kashagankizi@mail.ru, 0000-0002-2348-1711;

Zadagali Aizhan Meirangalikyzy — Doctoral Student of the Department
of «General Biology and Genomics» L.N. Gumilyov Eurasian National
University, Nur-Sultan, Kazakhstan; Personal phone number: 8-701-
6677064, z.a.aizhanl1993@gmail.com, 0000-0002-2537-3538.

51



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

REFERENCES

Alekseyev V.V., Kryshev LI., Sazykina T.G. (1992). Physical and Mathematical
Modeling of Ecosystems. St. Petersburg: Gidrometeoizdat, 185-366 p.

Abrosov N.S., Bogolyubov A.G. (1988). Ecological Genetic Patterns of Coexistence
and Coevolution of Species. Novosibirsk: Nauka, 142-333 p.

Adamovich V.V,, Rogozin D.Yu., Degermenji A.G. (2005). Search for the Regulation
Criterion in the Continuous Culture of Microorganisms // Microbiology. — Vol. 74, No. 1.
—P. 5-16.

Abakumov A.l. (1994). Model Studies of Aquatic Ecosystems // Bulletin of the
Department of Water Resources of the RAS. Vladivostok, No. 5-6. — P. 107-111.

Boyko V.V,, Savinnikov V.M. (1989). Designing Databases of Information Systems. —
ed. 2-e., revised and enlarged — M.: Finansy i Statistika, 351 p.

Belov V.S. (2005). Information-Analytical Systems. Fundamentals of Design and
Application: Textbook. Moscow: Moscow State University of Economics, Statistics and
Informatics. 111 p.

Barbini R., Colao F., Dominicis L., Fantoni R., Fiorani L., Palucci A., Artamonov E.S.
(2004). Analysis of Simultaneous Chlorophyll Measurements by Lidar Fluorosensor, Modis
and Seawifs// International Journal for Remote Sensing. Vol. 25, No. 11. — P. 2095-2110.

Droop M.R. (1974). The Nutrient Status of Algal Cells in Continuous Culture // J. Mar.
Biol. Assoc. — 1974. — Vol.54. — P. 13-855.

General-Purpose Information Systems (DBMS analytical review)/ed. Ye.L. Yushchenko.
(1975). M.: Statistika, 471p.

Jorgensen S.E., Loffler H., Rast W., Straskraba M. (2005). Lake and Reservoir
Management // Elsevier. No. 20 — 512 p.

Galliani G., Lanzi E.A. (1982). Date Base for Environmental Management. In: Env.
Syst. Anal. And Manag / ed. By S. Rinaldi // North-Holland Publ. Comp. IFIP. — P. 737-753.

Jorgensen S.E. (1985). Management of Lake Systems. Moscow: Agropromizdat, 160-
206p.

Martin J. (1980). Organization of Databases in Computing Systems. Moscow: Mir, 662 p.

Matsyashek L.A. (2002). Requirements Analysis and System Design. Development of
Information Systems Using UML / translated from English - M.: Williams, 432 p.

Matveyev A.V., Kotov V.P., Mushkudiani M.I. (2005). Application of Information
Technologies in Habitat Management: Textbook. St. Petersburg: GUAP, 96 p.

Naydenko V.V., Gubanov L.N. (2003). Ecological and Economic Monitoring of the
Environment: Textbook. Nizhny Novgorod, 186 p.

Riznichenko G.Yu., Rubin A.B. (1993). Mathematical Models of Biological Production
Processes. Moscow: MSU Publishing House, 301 p.

Shitikov V.K., Rosenberg G.S., Zinchenko T.D. (2003). Quantitative Hydroecology:
Methods of Systemic Identification. - Togliatti: IEVB RAS, 463 p.

Singer 1.S., Kruglikov B.I., Sadovnikov V.I. (1987). Information Support in
Organizational Management Systems. Moscow: Nauka, 208 p.

State Program on Water Resources Management of the Republic of Kazakhstan for
2014-2040// (2014). http://ecoinfo.iacoos.kz/wp-content/uploads/t8.pdf.

Silkin V.A., Khailov K.M. (1988). Bioecological Control Mechanisms in Aquaculture.
Moscow: Nauka, 230 p.

Silkin V.A., Abakumov A.IL., Pautova L.A., MikaelianA.S., Chasovnikov V.K., Lukasheva
T.A. (2011). Coexistence of the Black Sea and Invasive Species in the Phytoplankton of the

52



ISSN 1991-346X 2.2022

North-Eastern Part of the Black Sea. Analysis of Settlement Hypotheses// Russian Journal
of Biological Invasions. No.3. — P. 24-122.

Shushkina E.A., Vinogradov M.E., Gagarin V.I., Dyakonov V.Yu., Lebedeva L.P,,
Nezlin N.P. (1997). Assessment of Productivity, Metabolic Rate, Trophodynamics, as Well
as Reserves of Planktonic Organisms in Diverse Areas of the Ocean on the Basis of Satellite
and Expeditionary Observations /RFBR newsletter. Vol.5, No. 4. — C.102-278.

Voronoi A., Manko P. (2007). Information and Analytical Systems in Economics //
Marketing and marketing research. - No. 03 (69). — P. 194-206.

Yakubaitis E.A. (1996). Information Networks and Systems: Reference Book. Moscow:
Finansy i Statistika, 368 p.

53



MA3MYHbI

T.U. I'aauena, H.C. Cemenon, C.P. CemeHoB

KAhAHJIBIK KOFAMHBIH, AKITAPATTBIK MH®PAKY¥PbLIJIBIMbI
CAJIACBIHJIATBI AKITAPATTBIK KATBIHACTAP/IbIH,
KUBEPKAYITICI3IIT L. ...uviivieiieeieeitesie ettt ae e et enes 5

E.C. T'onenko, A.A. UcmaniioBa, A.C. )KymaxaHoBa

«GENE ONTOLOGY» BA3ACBIH )KXOHE MAIIIMHAJIBIK OKBITY
YJITUIEPIH ITAMJTAJIAHA OTBIPBIIT AKYbI3 ®YHKI[MSJIAPBIH
BOJTITKAY ..ottt e e e 19

P.H. Monnalgesa, A.A. Ucmaunosa, A.K. Kamanrapa, A.M. 33[[2!}“3;111/[
CY BKOXYMUEJIEPIH 3EPTTEV/IH AKITAPATTBIK TAJIIAY XYUECIH
OFIPIIE Y.ttt ettt et e ettt ettt e st e eneee e 39

A.A. Mbip3araii, JL.I'. P3aeBa, l: AbutoBa, M.A. /KakeHoB .
OKUT'AJIAPIIBI BOJDKAY JKYUEJIEPIHIH KIPICTEPIH )XYMEJIEY YUITH
LAN MOHUTOPHUHI" )KYUECIH EHI'I3Y JXOHE ITAWUJIAJIAHY.................. 54

K.C. Ukcedaena, K. Kernucos, ’K.M. MyparoBa .
T'AHT IUATPAMMACBHIH K¥YPV/IbIH AKITAPATTBIK XXYUECI.................. 64

K.T. Kpiproi36aii, E.X. Kakum:kanos, 7K.M. CaruHraen
I'AXK-TEXHOJIOTUAJIAPBI HET'T3IHAE AJIMATBI OBJIbICBIH

A.A. MyxuroBa, A.C. EpuméertoBa, B.b. bapaxuun, J3.H. /laiibip0aeBa,

A. Ananoex

PEJALIMAIIBIK )KOHE YAKBITKA TOVYEJIAI XML-AEPEKTEP
KOPBIHAAFBI XML-AEPEKTEPAI OHAEYAIH 3AMAHAYU O AICTEPI....92

b.b. Opasbaes, 7K.JK. Mosinamesa, B.1. I'onuapos, K.H. Opa36aeBa
MATMCTPAJIJIbI KYBBIPTAPMEH MYHAU TACMAJIZIAY/IbI
JMATHOCTHUKAJIAY )KOHE BACKAPY XKYUEJIEPL.......ccovovieiieiinee 112

B.b. Tactemip
SJIEKTPOH/BIK ITOIITA CIHAMIbI CY3I'UVIEYI'E APHAJIFAH
RANDOM FORESTS MAIINHAJIBIK OKBITY OICL.......cccceviiieiieinnee. 130

A. Ypoeinbacaposa, JI. YpeinOacaposa, J. Aix-Xyccam .
KA3AK TIJIIHIH, JIATBIH 'PAOUKACBIHA APHAJIFAH BEB-CAUT........ 142

3.9. Jabaaposa, B.B. Craposoiitos, K.T. Hckakos
BYPMAJIFAH KOHTPACTThI HU®PJIbIK BEMHEHIH BU3YAJIAbI
CAITACBIH JKAKCAPTY ..ottt 153

169



COJAEPKAHUE
T.U. I'anuena, H.C. Cemenon, C.P. CemeHoB
KUBEPBE3OITACHOCTb UH®OPMALIMOHHBIX OTHOILLIEHUN
B COEPE UTHOOPMAILIMOHHOM NHOPACTPYKTYPBI [TIOBAJILHOI'O
OBILIECTBAL......oe ettt ettt esba et esbeetaessaessseessaessseensaens 5

E.C. I'oaenko, A.A. HcmaniioBa, A.C. 7)Kymaxanosa
[TPEACKA3AHHWE ®YHKIIMHN BEJIKOB ITIPU ITOMOIIA BA3bI IAHHBIX
«GENE ONTOLOGY» 1 MOAEJIEM MAIINMHHOI'O OBYYUEHUA............... 19

P.H. Mosnnamesa, A.A. Ucmaniosa, A.K. Kamanrapa, A.M. 3anarann
K PABPABOTKE NH®OPMAILIMOHHON AHAJIMTUYECKOM CUCTEMBI
NCCIIEJOBAHUA BOJHBIX DKOCUCTEM........ooviiiiiieiieciieeee e 39

A.A. Mpbip3araii, JL.I. P3aeBa, I. AGutoBa, M.A. Kakenon

BHEJIPEHUE 1 NCITIOJIb3OBAHUE CUCTEM MOHUWUTOPUHI'A

JIBC JJJIs1 CUCTEMATU3MPOBAHUA BXOJIHBIX JAHHBIX CUCTEM
[MPOTHO3UPOBAHUSA MHIUIEHTOB........ccciieiieieeeeeeeecee e 54

K.C. Ukcedaena, K. Kernucos, ’K.M. MyparoBa
NHO®OPMAILIMOHHA S CUCTEMA ITOCTPOEHU A ANAT PAMMBI

K.T. Keiprpi36aii, E.X. Kakumzkanos, 7K.M. Carunraes .
AT'POKJIMMATUYECKOE PAMOHNPOBAHUE AJIMATUHCKON
OBJIACTU C ITPUMEHEHUEM I'MC-TEXHOJIOI'UN..........ccvverieiieernee 76

A.A. MyxutoBa, A.C. EpumoeroBa, B.b. bapaxuun, J.H. /laiibip6aeBa,

A. Anandek

COBPEMEHHBIE METO/IbI OB PABOTKHM XML-JIAHHBIX

B PEJSILHMOHHBIX 1 BPEMEHHBIX XML-BA3AX JIAHHBIX.................... 92

B.b. Opa3zo6aes, 2K.72K. Moaaamesa, B.U. l'onuapos, K.H. Opa3taeBa
JMATHOCTHUPOBAHUE CUCTEMBbI YITPABJIEHUA
TPAHCITOPTUPOBKIM HE®THU 110 MATMCTPAJIbHBIM

TPYBOIIPBOIAM. ...ttt 112

B.b. Tactemup
METOJ MAIIMHHOT'O OBYYEHN I RANDOM FORESTS JIJT51
OMIIBTPALIN HEXKEJIATEJIBHOM ITOUYTDBI......ccooiiiiiiciiiieicecenee, 130

A. Ypeinbacaposa, /. Ypeiabacaposa, J. Asn-Xyccam
BEB-CAUT JIATUHCKOU I'PA®UKI KAZAXCKOI'O A3bIKA................... 142

9.9. Dasaaposa, B.B. CraposoiiTtos, K.T. UckakoB
YIIVHHIEHUE BU3VAJIBHOI'O KAYECTBA KOHTPACTHO
NCKAXEHHBIX [IU®POBBIX U3OBPAKEHUMN...........ooovveiieieiereie, 153

170



CONTENTS

T.I. Ganieva, N.S. Semenov, S.R. Semenov
CYBERSECURITY OF INFORMATION RELATIONS IN THE FIELD
OF INFORMATION INFRASTRUCTURE OF A GLOBAL SOCIETY................ 5

Y.S. Golenko, A.A. Ismailova, A.S. Zhumakhanova
PREDICTING PROTEIN FUNCTIONS USING THE «GENE ONTOLOGY»
DATABASE AND MACHINE LEARNING MODELS..........ccocoviiiiieeieeeeen, 19

R.M. Moldasheva, A.A. Ismailova, A.K. Zhamangara, A.M. Zadagali
ABOUT DEVELOPMENT OF AN INFORMATION ANALYTICAL SYSTEM
FOR THE STUDY OF AQUATIC ECOSYSTEMS.....ccoiiiiiieiieeeeeeeeee 39

A.A. Myrzatay, L.G. Rzayeva, G. Abitova, M.A. Zhakenov

THE IMPLEMENTATION AND THE USE OF THE LAN MONITORING
SYSTEMS FOR SYSTEMATISATION OF THE INPUT DATA OF THE
INCIDENT FORECASTING SYSTEMS.....oociiiniiiiiinineneiceeeeeeceeeeeee 54

Zh.S. Ixebayeva, K. Jetpisov, Zh.M. Muratova
INFORMATION SYSTEM FOR CONSTRUCTING GANTT CHARTS............ 64

K.T. Kyrgyzbay, E.Kh. Kakimzhanov, Jay Sagin
AGRO-CLIMATIC ZONING OF ALMATY REGION USING
GIS TECHNOLOGIES.......coiiiiiiiiiiiieie e 76

A.A. Mukhitova, A.S. Yerimbetova, V.B. Barakhnin, E. Daiyrbayeva,

A. Adalbek

MODERN METHODS OF PROCESSING XML DATA IN RELATIONAL

AND TEMPORARY XML DATABASES.......oooiiiieeeeeeeee 92

B.B. Orazbayev, Zh.Zh. Moldasheva, B.I. Goncharov, K.N. Orazbayeva
DIAGNOSTICS AND SYSTEMS OF OIL TRANSPORTATION THROUGH
MAIN PIPELINES. ..ot 112

B.B. Tastemir
RANDOM FORESTS MACHINE LEARNING TECHNIQUE
FOR EMAIL SPAM FILTERING........ouutiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeea 130

A. Urynbassarova, D. Urynbassarova, E. Al-Hussam
WEBSITE FOR THE LATIN SCRIPT OF THE KAZAKH LANGUAGE........ 142

E.E. Eldarova, V.V. Starovoytov, K. T. Iskakov
IMPROVED VISUAL QUALITY OF CONTRAST DISTORTED DIGITAL
IMAGES . ... oo e et an 153



Publication Ethics and Publication Malpracticein
the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethicalguidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan
implies that the described work has not been published previously (except in the form of an abstract or
as part of a published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.
com/postingpolicy), that it is not under consideration for publication elsewhere, that its publication
is approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or in
any otherlanguage, including electronically without the written consent of the copyright-holder. In
particular, translations into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification,
fraudulent data, incorrect interpretation of other works, incorrect citations, etc. The National
Academy of Sciences of the Republic of Kazakhstan follows the Code of Conduct of the Committee
on Publication Ethics (COPE), and follows the COPE Flowcharts for Resolving Cases of Suspected
Misconduct (http://publicationethics.org/files/u2/New Code.pdf). To verify originality, your article
may be checked by the Cross Check originality detection service http://www.elsevier.com/editors/
plagdetect.

The authors are obliged to participate in peer review process and be ready to provide
corrections, clarifications, retractions and apologies when needed. All authors of a paper should
have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be
chosen in such a way that there is no conflict of interests with respect to the research, the authors and/
or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will
only accept a paper when reasonably certain. They will preserve anonymity of reviewers and
promote publication of corrections, clarifications, retractions and apologies when needed. The
acceptance of a paper automatically implies the copyright transfer to the National Academy of
Sciences of the Republic of Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will
monitor and safeguard publishing ethics.

[TpaBuia opopmiieHHs CTaTbU A1 MyOIMKALMK B XKypHAJIE CMOTPETh Ha calTax:
www:nauka-nanrk.kz
http://physics-mathematics.kz/index.php/en/archive
ISSN2518-1726 (Online),

ISSN 1991-346X (Print)

JlupekTop oTaena n3nanus HayuHslx xkypHanoB HAH PK 4. bomanxuizu
3amecTuTeNb JUPEKTOP OT/eNa U3anus HayuHbIX kypHanoB HAH PK P, JKonuxuizu
Penaktopsl: M.C. Axmemosa, /[.C. Anenos
Bepctka Ha xomnbtotepe [ /. Kaowvipanosa

[Toxamucano B meyats 29.06.2022.
Dopmar 60x881/8. bymara odcernas. [Teuars — puzorpad.
9,0 m.o1. Tupax 300. 3aka3 1.

Hayuonanenasn axaoemus nayk PK
050010, Anmamot, yn. Lllesuenxo, 28, m. 272-13-19





