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I Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kaszaxcman Pecnyonuxacol ¥nmmoix eoinvim akademusicol « KP ¥£A Xabapnapwi. ['eonoeusi scane
MEXHUKATLIK SbLIBIMOAD CEePUsChly blIbIMU JCypHAIbIiHbIY Web of Science-miy oicanananean
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvi0ay macenecin xapacmuipyoa. Webof Science szepmmeywiinep,
asmopnap, bacnawbliap MeH meKemenepze KOHmMenm mepenoiei MeH canacvih Ycuvlhaovl. KP
¥I'A Xabapnapwi. 'eonozus scone mexuuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKkmi Jicane 6e0eNoi 2e0102Usl HCIHE MEXHUKATBIK
EbLILIMOAp OOUbIHULA KOHMEHMKE A0a0blebIMbI30bl OLI0IPeOi.

HAH PK coobwaem, umo nayunoiii sicypran «Mzeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uUHOEeKCUpO8aHUU HAXOOUMCS 8 CMAOUul paccmMoOmpeHus
xomnanueu Clarivate Analytics ons danvueiiueeo npunsmus sicypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamenel, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus ceonocuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.
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ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
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MATHEMATICAL FOUNDATIONS OF ALGORITHMIZATION OF WATER
POLLUTION MODELING PROCESSES

Moldasheva R.N. — Doctoral student of the Department of «Information Systems» S. Seifullin Kazakh
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Abstract. The paper considers the actual task of developing mathematical foundations
for algorithmization of the processes of modeling pollution of reservoirs. In the course
of long — term studies of the distribution of phytoplankton of the Kokshetau lakes
group, in particular, Lakes Zerendi, Kopa, Shalkar, Imantau, measurements of chemical
parameters of water, organoleptic properties, transparency were carried out. These
data were used to detail individual results and construct forecast values that depend on
fluctuations in indicators that characterize the state of hydrobiota. In modeling, a lake is
considered as a complex system, and surface sampling points are considered as sources
of information about the state of a water body at certain time intervals. The solution of the
task is carried out by constructing a critical area, and the incoming information is ranked
by the level of significance. The hypothesis is the statement that a certain forecast value
is accepted if it enters a certain critical area limited by the values that are determined
as a result of experimental measurements. The advantage of the proposed approach is
the possibility of simultaneous comparison of the influence of many factors, as well as
the use of both empirical and theoretical frequencies. This approach to algorithmization
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of reservoir pollution modeling can be used to solve applied problems related to the
development of ranking algorithms, assessing the impact of a number of factors on
the management object, creating environmental monitoring programs near potentially
hazardous and hazardous industrial facilities, creating information technologies for
analysis and project activities.

Keywords: critical domain, competing hypothesis, concordance coefficient, time
interval, rank, theoretical frequency, empirical frequency, interval, normalization

© P.H. Moapamea*, H.K. lllaxnexeeBa, I. Mbip3arepeiiksi3nl, B.E. MaxartoBa,
A.M. 3anaranu, 2023
C. CeticymuHa aTeingarsl Kazak arpoTeXHUKaIBIK 3¢PTTEY YHUBEPCHUTETI,
Acrana, Kazakcran.
E-mail: raushan85 07@mail.ru

CY OFbEKTLIEPIHIH JIACTAHYBIH MOJEJBAEY NPOLECTEPIH
AJTOPUTMJEYIIH MATEMATHUKAJIBIK HET'T3/IEPI

Annoramus. JXXymbicTa cy OOBEKTUIEpiHIH JIaCTaHYBIH MOJENbIEY MPOLECTEPIH
QITOPUTMIIEYAIH  MaTeMaTWKaNblK  HETI3AepiH  o3ipieydiH  ©3eKTi  MiHAeTi
KapacTelpbutafbl. Kekmeray kemnaepi TOOBIHBIH, aTam aiTkaHza 3epenni, Koma,
[Hankap, UmanTtay kenaepiHiH (GUTOIUIAHTKOHBIHBIH TapallyblH KOIDKBUIIBIK 3€pPTTEY
0apbICBIHAA CYIBIH XUMHUSUIBIK KOPCETKIIITEepi, OpPraHOJENTHKAIBIK KacHeTTepi,
MOJIAIpIITi enmeHai. by nepexrep xeke HOTHKENep i erKei-TerKelni KopceTy KoHe
THAPOOMOTAHBIH KYHIH CHNATTalTBIH KOPCETKIWITEPHiH aybITKyblHA OalIaHBICTHI
OoIpKaMIb! MOHEPI KYpY YIIiH Naiaananbuiasl. Monenbaey Ke3iHae Ko Kypaesi Kyiie
peTiHe KapacThIPbLUIaIbL, aJl )Kep YCTi ChIHAMaIapbIH ity HYKTenepi Oenrini O6ip yaksIT
apanbIFbIHAA Cy OOBEKTICIHIH Kyil Typasibl akmapaT Ke3i peTiHIe KapacThIpbLIabl.
Koiibuiran MiHAETTEpAl WISy CHIHM CajlaHbl KYpy apKbUIbl KY3€re achIpbuIafbl, ail
KEJNiIl TYCKEeH akKhapar MaHBI3OBUIBIK JEHreliHe Kapail capaiaHansl. [wumoresa, erep
0J1 TOXKIpHOEIiK emeylep HOTHKECIHAE aHBIKTAIFaH MOHAEPMEH LISKTENreH Keioip
MaHBI3]IbI cajlaFa eHCe, Kei0ip OoImKkaMIbl MOH KaOBUTIaHA bl JIETSH TYXKBIPBIM OOJIBITT
TaObUIaABl. ¥ CBIHBUIFAH TOCUIAIH apTHIKUIBUIBIFBI-KONITETeH (pakTopaapAbIH acepiH Oip
YaKbITTa CaJbBICTHIPY, COHBIMEH KaTap SMIUPUKAJIBIK OHE TCOPUSUIBIK >KALTIKTEp.l
Konaany MyMKiHgiri. Cy oOBeKTUIepiHiH JacTaHybIH MOZENbACYAl alrOpUTMAEYTe Oy
TCLJI capanay alropuTMAEPiH a3ipieyre, backapy o0bekTiciHe Oipkarap pakropaapabH
ocepin Oaranayra, ©HEPKOCINTIH BIKTUMaJI KayilTi *oHE KayilTi OOBEKTiIEpiHiH
JKaHbIHJA KOpILIaFaH OpTaHbIH ali-KYHiH MOHUTOPUHITEY OaFaapiaMaiapblH KypyFa,
Tajnay MEH jko0allay KbI3METiHE apHalfaH aKMapaTThIK TEXHOJIOTHSIIApIbl KYpyFa
OaiimaHbICTBI KOIaHOABI ecenTepli ey YIIiH nai1anaHbuTybl MYMKiH.

Tyiiin ce3mep: cbiHM cana, Oocekeiec THIIOTe3a, KOHKOpAAIHS KOd((HUIMEHTI,
YaKBIT CETMEHTI, JopeKe, TEOPHUSITBIK KUK, SMITUPUKAIIBIK KUK, apallblK, HopMasay
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MATEMATUYECKHE OCHOBBI AJITOPUTMHU3ALIMU TPOLHECCOB
MOJEJIMNPOBAHUSI 3ATPSI3HEHUI BOJIOEMOB

AnHoTtammsa. B pabore paccmarpuBaeTcs axTyaidpHas 3agada pa3paboTKH
MaTEMAaTUYECKUX OCHOB AJTOPUTMM3ALMU IPOLIECCOB MOJAEIUPOBAHUS 3arpsA3HEHUI
BOJOEMOB. B  mporecce  MHOTONETHMX  MCCIEJOBaHUI  PacIpOCTPAHECHMS
¢uTomnanTkona rpynmnsl Kokmerayckux 03€p, B 4acTHOCTH — o3ep 3epenau, Korma,
[Tankap, UManTay — 0OpOBOAWIMCH 3aMepbl XMMHUYECKHX I[OKa3aTejied BOJbI,
OpPTraHOJIETITHYECKUX CBOMCTB, MPO3PAYHOCTH. OTH JAHHBIE HCIOJIB30BANNUCH IS
JeTaTu3alliil  OTIENBHBIX pPE3yJbTaTOB M IOCTPOEHHWH TPOTHO3HBIX 3HAYEHUH,
KOTOpBIE 3aBHCAT OT KoyeOaHWH IOKa3zaTesled, YTO XapaKTepU3YIOT COCTOSHHE
ruapobuotel. [lpum  MozenmupoBaHMH O03€p0  paccMaTpUBaeTCs Kak  CIIOXKHAs
CHCTEMa, a TOYKHM 3a00pa MOBEPXHOCTHBIX MPOO — KaK MCTOYHUKH HH(OPMAIUHU O
COCTOSIHUM BOJHOTO OO0BEKTa Ha OTHENbHBIX OTpe3Kax BpeMeHH. PemieHue
IIOCTABJICHHOM 3a/laud OCYIIECTBIISIETCS IOCPEICTBOM IOCTPOEHUSI KPUTHYECKOM
oOyactu, a mocTynaromas HHGOpMaIUs paHXUPYETCS MO YPOBHIO 3HAUYMMOCTH.
I'mnore3oi BBICTyHaeT YTBEPXKACHHE, YTO HEKOTOPOE IPOTHO3HOE 3HAUYCHUE
NPUHMMAETCS, €CId OHO BXOAWUT B HEKOTOPYI0 KpPUTHYECKYIO OO0JacTh,
OTPaHWYEHHYIO 3HAYEHUSMH, KOTOpPBIE OINpPEAENICHbl B pe3yJbTaTe OIBITHBIX
3amepoB. IIperMyIecTBOM MNPEUIOKEHHOTO MOAXOAA SIBISIETCS  BO3MOYKHOCTh
OJTHOBPEMEHHOTO CPaBHEHUSI BIUSIHUS MHOXKECTBA (DaKTOPOB, a TAKKE UCTIONb30BAHHS
KaKk OMIHMpPUYECKHX, TaK M TeOpeTHdecKux uacToT. JlaHHBI moaxon K
aNrOPUTMHM3AIMM  MOJENHUPOBAHUS  3arpsA3HEHUN  BOJOEMOB  MOXET  OBITH
UCTIOJB30BaH IS peIIeHHs NPUKIAAHBIX 3af7ad, CBI3aHHBIX C pPa3paboOTKoi
QITOPUTMOB  PAH)KUPOBAaHUS, OLEHKH BIUSHHUSA psna (akTOpoB Ha OOBEKT
yOpaBiIeHHUs, CO3JaHHUA TMPOTPaMM MOHHTOPHMHTA COCTOSHHUS OKpY)Kaolled cpers
BO3JI€ TOTEHIMAJIBHO OMACHBIX M ONAaCHBIX OOBEKTOB MPOMBIIIEHHOCTH, CO3aHUI
UH(POPMAITMOHHBIX TEXHOJIOTUH /171 aHAJIM3a U IPOEKTHON JeATEIbHOCTH.

KiawueBble cjoBa: KpuTHueckas o0JacTh, KOHKYypUpYIOIIAs THUIOTE3a,
KOO(QPUIIMEHT KOHKOpAAIMH, OTPE30K BPEMEHH, DPaHI, TEOpeTHYecKas 4YacTora,
IMIHUpUYecKast 4acTOTa, UHTEPBaJl, HOPMHUPOBAaHUE

Introduction
The task of preserving freshwater sources is relevant for many countries of the world
(Bozorg-Haddad et al., 2017). The Republic of Kazakhstan has reserves of this
resource (Thevs et al., 2017), however, the globalization of environmental problems
denies the negative impact of water sources as a whole, without reference to individual
countries or
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regions (Tang et al., 2019). Researchers are concerned about the presence of inorganic
compounds in water, such as agrochemicals, pharmaceuticals, household chemicals.
Such pollution is much more disturbing than the presence of organic impurities (Tang
et al., 2019), since the mechanism of the latter's propagation, including the possibility
of modeling mass transfer processes, is well studied and represented by various models
(Bozorg-Haddad et al., 2017; Wen et al., 2017), although it is still one of the global
challenges of modern society (Rakhmetov et al., 2022).

Algorithmic description of pollution processes allows reflecting the sequence and
interrelation of system features by means of mathematical expressions for subsequent
computer implementation. It is thanks to algorithmization that it is possible to present
the object of research, the principles of functioning and properties as close as possible
to the original (Orazbayev et al., 2021). Statistical data make it possible to obtain a
model based on a set of random signals with a given probability density and accuracy,
for example, as it is presented for studying the balance of groundwater (Kuanbayeva et
al., 2022) or water pollution processes in the cooling reservoir of Ekibastuz GRES-1
(Romanova et al., 2017). There are many software packages for modeling pollution of
reservoirs (Zieminska-Stolarska et al., 2012). However, most of them are designed to
process a large number of indicators and are intended for research of oceans, seas, large
waterways. Such programs are based on algorithms describing the processes occurring
in large masses of water, operations are performed with large data that are difficult to
collect and process in the study of small bodies of water. In addition, when studying a
small reservoir as a separate biota, it is necessary to consider many disparate factors
(Alpyssov et al., 2023), obtained, among other things, as a result of paleontological
studies, combining them into a complex system, while subjecting or refuting various
hypotheses based on statistical data and the results of field experiments (Kaziyeva et
al., 2018; Orazbayev et al., 2018). That is, in this case, it is necessary to algorithmically
describe the processes that make it possible to simulate the ecological development or
degradation of biota.

That is why the development of mathematical foundations for algorithmization of the
processes of modeling pollution of reservoirs is an urgent task of research, especially in
relation to the description of the ecological state of small reservoirs: lakes, small rivers,
artificial outdoor pools for industrial and recreational purposes.

Methodology of experimental research

Materials and basic methods. In the course of long—term studies of the distribution of
phytoplankton of the Kokshetau lakes group, in particular, Lakes Zerendi, Kopa, Shelkar,
Imantau, the distribution of unicellular algae was studied depending on various indicators
of the state of the reservoir, including pollution. These data were used as constraints or
control actions in the development of a software implementation of the phytoplankton
propagation method. The essence of the method consisted in determining the target
point from which sampling vectors were constructed, based on the measurement results
of which the picture of the phytoplankton of the lake was described. In the process of
improving the development, the question arose about detailing individual results and
constructing forecast values that depend on fluctuations in indicators characterizing
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pollution in hydrobiota (Abakumov et al., 2014). In particular, the lake is a kind of
complex system S, from different points of which the researcher receives information
that changes over time. Figure 1 shows a visualization of such a system using the
example of Lake Zerendi.

Fig. 1 — A complex system with changing information (on the example of Lake Zerendi)

The viability of the specified system, and, accordingly, the model of this system, can
be represented as a function of time. That is, it depends on the information that comes
from the system for a certain period of time. The general conclusion about the state of
the system will depend on the solution of many tasks, but in general it can be described
as the processing of each type of information over a period of time [t , t,]. That is, on
the basis of the totality of all objects of system S, a sample is formed describing the
behavior of the system over time periods (Alpyssov et al., 2023).

If we imagine that the information J'(S,¢t), J'(S, ) =Jk(S,0), k=1,...,r has the form

76,0 = iSOl 1)

where: i(S1t) is the value of some criterion based on the results of surface sampling
S, I=1,...,p. In this case, all the values obtained from the results of sampling, limited
to the area O in Fig. 1, allow us to conclude about the pollution or purity of the aquatic
ecosystem in a certain period of time, taking into account (1). But when describing
the surface with vectors, some critical region will arise when the obtained value of the
criterion lies outside the region O and is not the point of passage of the vector. However,
the impact of this criterion on the system can be significant. And if the observed value of
the criterion belongs to a critical area, then the hypothesis is put forward that this area is
not subject to the influence of pollution processes of a water body. Now the points along
the boundary of the description of the region O take the values of the critical points of
the K, They separate the area where the values from the sampling results are obtained
from the area described by the model.
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When finding a critical area, the significance level « is set and critical points are
searched based on the following relations:

a) for the right-hand critical area:

P(K > Kg) = a(Kep > 0):
b) for the left-hand critical area:

P(K < Kep) = a(Kep < 0);
¢) for a two-sided symmetric domain:

P(K > Kep) =3, P(K <—Kep) =7,
(K, >0).

In this study, the critical area is constructed based on the requirement of the
probability of obtaining points with results that coincide with the criterion equal to o,
provided that the null hypothesis H is valid. It turns out to be expedient to introduce
into consideration the probability of the criterion falling into the critical region, provided
that the null hypothesis is incorrect and, therefore, the competing hypothesis is valid. In
this case, it is advisable to use the concept of criterion power when there is a probability
that points corresponding to a certain criterion will fall into the critical region, provided
that the competing hypothesis is valid.

In this case, the critical area model is constructed so that the power of the criterion
is maximum. If the probability of an error of the second kind (to accept an incorrect
hypothesis) is 3, then the power is 1—f. If the power of 1—f increases, then the probability
of B making a mistake of the second kind decreases. Thus, the higher the power, the
less likely the error of the second kind is. However, in the process of algorithmization,
it must be remembered that it is impossible to reduce both and B: if you reduce [, then
B will increase. The only way to simultaneously reduce the probabilities of errors of
the first and second kind is to increase the volume of samples, that is, taking surface
samples. And this will lead to additional financial and labor costs.

Taking into account all the above, it is possible to form an approach to algorithmization
of water pollution modeling processes. Let's assume that there are » measurements
based on the results of sampling on a reservoir. It is necessary to arrange the indicators
(m) and factors X, X, ..., X in descending order of their influence on the result of the
process (on the state variable Y). To do this, it is necessary to assign ranks to various
factors. It is assumed that a; is the rank assigned to the j-th factor (1 < a;=n, i= 1, 2,
wom, j=1,2, .., n)(Table 1).

Table 1 — Table of ratios of results and factors influencing them

Indicators 1 2 ol om
Factors
X a, a, | ... | a
X 21 2 i 2n
X a a ... | a
n ml m2 mn
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The sum of ranks per row for all rows is the same and equal

(r[+21)r[ (2)

Average value of ranks in a row:

L Q3).

2
The average value of the sum of ranks in the column:

T(n+1)

2 (4).

a=

The coefficient of agreement (coefficient of concordance) is calculated:

_ _ 5@
" maxS(d?) (5),

where: S(d?) is the sum of the squares of the deviation of the sum of ranks from the
average sum. Calculated by the formula:

>

5(d2) = Y}, QR ay — @)% = X, df, (6).
max S (d?) = %mz(n3 —n)

If the hypothesis is consistent and based on calculated data, then S(d2) =max.
§(d?),1.e. W= 1, then an area is formed based on the model data.

If the hypothesis is not consistent, then the value of S(d°) is close to zero and W = 0.
Accordingly, the region is not constructed.

If fractional ranks were obtained based on several factors, then the concordance
coefficient is calculated by the formula

5d* 5d*)

= nax S(dz)—%zl?’;ln = %mz (n3—n)—%2?='1 T (7)7
and T is represented as
T = Bheea (8~ tu) ®),

where i - is the number of the indicator for which the measurement results were
obtained;

k - is the repetition number;

t, - is the number of identical ranks in the k - th repetition of the 7 - th dimension.

To test the null hypothesis H,, a random variable x*- distribution with the number
of degrees of freedom k& = n — [ is used as a statistical criterion. In this case, a left-sided
critical region is constructed:
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1. Calculate the observed value of the criterion
ngser. = (n- )mW (9)

2. According to a given level of significance o and the number of degrees of freedom
k = n — 1, the critical point x&(a; k) is determined according to the table of critical
points x?- distributions.

3.1f Xobser. > Xér, then the hypothesis H, is accepted;

4. If Xopser. < Xér, then the hypothesis H, is not accepted.

During the study of Lake Zerendi, six factors affecting the state variable — the
pollution of fresh water were identified. The results of measurements of these indicators
were carried out from May to August in 2020 — 2022. The indicators for 2022 are shown
in Table 2.

Table 2 — Information on the surface water quality of Lake Zerendi in 2022

Physico-chemical parameters May June July August
Hydrogen index (X)) 9,00 8,71 8,5 8,86

Oxygen concentration in water (X,) 8,00 mg/dm® | 7,84 mg/dm® |6,91 mg/dm® | 13,19 mg/dm?
Biochemical consumption of the 1,70 mg/dm® | 2,14 mg/dm? | 0,88 mg/dm® |0,88 mg/dm?

reservoir (X,)
Chemical Oxygen consumption (X,) 47,0 mg/dm® | 45,0 mg/dm® |49,7 mg/dm® | 64,2 mg/dm’
Suspended solids (X,) 13,0 mg/dm® | 13,0 mg/dm® |5,2 mg/dm*® |5,2 mg/dm’

Mineralization (X,) 631 mg/dm® | 761 mg/dm® |1204 mg/dm’ | 1178 mg/dm’

Using similar data over the past years, average indicators were derived, on the basis
of which the algorithmization of the processes of pollution of Lake Zerendi was worked
out.

The results of experimental research

Six factors that have a significant impact on the pollution of Lake Zerendi are the
hydrogen index (X)), the concentration of oxygen in the water (X,), the biochemical
consumption of the reservoir (X,), chemical oxygen consumption (X,), suspended solids
(X,), mineralization (X,). The ranking of the influence of factors on water pollution in
Lake Zerendi by month is presented in Table 3.

Table 3 — Ranks of the influence of factors on water pollution by month

Indicators May June July August
Factors

X 1,5 2 1,5
X, 5 3 3 3,5
X, 1,5 1 1 1,5
X, 4 4,5 5,5 5,5
X, 3 4,5 5,5 3,5
X 6 6 4 6
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Based on the presented data, we compile an algorithm for modeling the influence of
specified factors on the state of water in the lake for the future. The significance level is
taken equal to o = 0.05.

Step 1. From Table 3, set # and m.

Step 2. Determine the average value (4) of the sum of ranks in the column.

Step 3. Form the calculation tables (Table. 4 and table. 5) according to the formulas
(2), (3), (8) based on the data (Table 3).

Table 4 — Calculated table of ranks by month

Indicators L, £, -t tt, £o-t, T
Factors
May 2 6 0 0 6
June 2 6 0 0 6
July 2 6 0 0 6
August 2 6 2 6 12
Table 5 — Calculated ranking table of factors
Indicators X X, X, X, X, X,
Factors
4 7 14,5 5 19 16,5 22
a;j
i=1
d, =7 0,5 -9 5 2,5 8
d2? 49 0,25 81 25 6,25 64
i

Step 4. Since there are fractional ranks in the table, the concordance coefficient is
calculated by formula (7).

Otherwise, by formula (5).

Step 5. Calculate S(@?) by formula (6). Based on Table 5:

S(d) =225,5.
Step 6. Using (8) we define Yi_, T;.
We get:
Ty =t —t11) + (¢, —t1) =6,
T, = (t3; — ty1) + (t3, — t23) = 6,
Tz = (t3; — t31) + (3, — t33) = 6,
Ty = (t3; — tg1) + (t3, — tgp) = 12

4

T
Zlele=30
i=1

i=1

Step 7. Based on formula (7), we get the result W = 0.805.
Step 8. Proceed to testing the hypothesis H,,.
Step 9. Calculate by (9) the observed value of the criterion:
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Xobser. = (6- 1)+ 4 - 0,805 = 16,1.

Step 10. According to the given significance level o = 0.05 and the number of degrees
of freedom k£ = 6 — I = 5, we determine the critical point x2. (a; k) from the table of
critical points x>-distributions:

x%-(a; k) = x%(0,05; 5) = 11,07.

Step 11. Since Xobser. > X, then the hypothesis H, is accepted — the area of the model
is described based on the forecast data.
Otherwise, the hypothesis is not accepted and the forecast data are not determined

(Fig. 2).

Raginning

Fractional rank Forming a table Non fractional rank

v v
Concordance Concordance
coefficient (7) coefficient (5)

Koaddument konkopnanuu (5)

Transition ; __—
to Calculations Calculations etermining thg

1o 1oy critical point

esw NA

The forecast area is Not
being built predicted

L 1
2

hypothesis

\{

A

and

Fig. 2 — Algorithm for modeling the influence of specified factors on the state of water in the lake

173



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

After that, you can implement an algorithm for direct visualization of the model or
output of calculated results.

As can be seen from the calculations, chemical oxygen consumption is the main
indicator of pollution of Lake Zerendi, which is consistent with the results of laboratory
studies. Accordingly, according to this indicator, it is possible to simulate lake pollution.

Discussion

To verity the presented mathematical description of the process of spreading pollution
of reservoirs, one can use the classical approach in statistics using the Pearson criterion
(Orazbayev et al., 2020). In the process of collecting surface samples, it is possible to
form some empirical distribution in the form of a sequence of variants, on the basis of
which the hypothesis H, can be tested: the general population X is distributed according
to the normal law. But at the same time, it should not be forgotten that using this criterion
will allow you to get more accurate results with an increase in the number of grouped
data by criteria. When testing complex hypotheses, this does not give an advantage
(Ismailova et al., 2018). Avoiding additional calculations, it is possible to carry out the
proof using the following algorithm:

Step 1. Write down the empirical distribution in the form of a sequence of intervals [
x, x,,,) with the corresponding frequencies n, (n, - is the sum of the frequencies that fell
into the 7 - th interval).

[x,x,): [x,x)[x,x)...[x,x,)
n.o n n, ... n

i L 2 s
Step 2. Calculate the sample average : x* and the mean square deviation 6*, and as

variants X; we take the arithmetic mean of the ends of the interval:

* _ XitXiyq
t 2

Step 3. Normalize X, i.e. we make the transition to a random value

¥

and calculate the ends of the intervals:
7. 4+1 = Xi41 =X
l o*

moreover, the smallest value of Z, i.e. z,, is assumed to be equal to —oo, and the
largest, i.e. z , is assumed to be equal to +oo.

Step 4. Calculate the theoretical frequencies

m = n-P,

where:

n - is the sample size;

P =F ('Zi+l) —F(z) is the p¥0bab1hty of Z falling into the intervals (z, z,,,),

F(z) - is the Laplace function.

Step 5. We compare empirical and theoretical frequencies using the Pearson criterion.
To do this:
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a) a calculation table is formed, according to which the observed value of the Pearson

criterion is found
(ni-nj)* .
ngser. = ?:1 T’

b) according to the table of critical distribution points x* [16], according to a given
level of significance and the number of degrees of freedom k = s — 3 (s - is the number
of sampling intervals), the critical point of the right—sided critical region X (k) is
located.

Step 6. If X epser. < X&r, then the hypothesis H, about the normal distribution of the
general population is accepted. In other words, empirical and theoretical frequencies
differ insignificantly.

2 2
If Xobser. = Xér. then the hypothesis H is rejected. In other words, empirical and
theoretical frequencies differ significantly (Fig. 3).
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Fig.3 — Algorithm for modeling the influence of specified factors on the state of water in the lake
using the Pearson criterion
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The presented approach to verification is more voluminous for calculations and
computer implementation, involving external resources, as well as tables for intermediate
data processing. However, in this case, the presented allows us to prove the rationality of
the proposed algorithmization of the processes of modeling pollution of reservoirs. This
is especially true of the processes of studying relatively small reservoirs, since, based
on (Shopagulov et al., 2016), pollution modeling occurs at various spatial scales with
empirical parameters, then such modeling with empirical and theoretical frequencies
allows not only to build a model, but also to verify its accuracy. And if we take into
account the work of (Nagmetova et al., 2020; Mauina et al., 2021), then this approach
allows us to reduce the number of calculations while maintaining the accuracy of the
results obtained.

Taking into account what is stated in, the presentation of data by ranks makes it
possible to present multi-criteria models, including the involvement of factors that
could not be included in the models (Golenko et al., 2022; Bayegizova et al., 2016), but
had an impact on the system. This is justified by the use of the significance level and a
different number of degrees of freedom.

But if we take into account the results of (Yessenova et al., 2023) and add the
possibility of to the one proposed in the work, then it is possible to obtain models
of mixing of water layers and pollutants, which will allow us to deepen studies like
(Orazbayev et al., 2021).

I would like to pay special attention to Table 3 and steps 1-4 of the algorithm
presented in the results. In this case, the ranks of the influence of factors on water
pollution in the object of study can be determined both with the help of coefficients,
automating this process, and with the help of experts, for example, scientists studying
the reservoir. From step 5 to the end of the algorithm, these ranking forms should be
calculated according to the proposed formulas (6)—(9), after which they should be
compared, analyzing which parameters the estimates differ and why. In this case, using
the software implementation of the phytoplankton distribution method, which was
mentioned in the materials and methods section of this work, it is possible to obtain the
basis for creating a full-fledged information technology - an expert system or a decision
support system in the field of water body protection. This indicates the prospects for the
development of this development.

Conclusion

The paper presents the development of mathematical foundations for algorithmization
of water pollution modeling processes with an emphasis on the study of small water
sources, which are not only unique biota with diverse representatives of flora and fauna,
but also reserve sources of fresh water. It was in the process of studying the distribution
of phytoplankton of the Kokshetau lakes group that a number of data on the chemical
and organoleptic properties of water affecting the distribution of unicellular plant
organisms were obtained.

The mathematical description of water pollution modeling processes is based
directly on the study of information received from a source in a separate period of time.
Such information can serve as data obtained from the results of sampling surface water
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samples. Next, a critical area is constructed based on the requirement of the probability
of obtaining points with results that coincide with the criterion of a given level of
significance. And then the hypothesis is tested, where the frequencies are compared,
which make it possible to rank the influence of individual factors on the pollution of the
TeServoir.

The advantage of the proposed approach is the possibility of simultaneous comparison
of the influence of many factors, as well as the use of both empirical and theoretical
frequencies.

This approach to algorithmization of reservoir pollution modeling can be used to
solve applied problems related to the development of ranking algorithms, assessing
the impact of a number of factors on the management object, creating environmental
monitoring programs near potentially hazardous and hazardous industrial facilities,
creating information technologies for analysis and project activities.
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