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ANALYSIS OF SOME KNOWN MODERN MATHEMATICAL MODELS
FOR FORECASTING THE ENVIRONMENTAL CONDITION
OF SURFACE WATER BODIES OF UKRAINE

Kovalenko S., Ponomarenko R., lvanov Ye.
National University of Civil Defence of Ukraine

The problem of ecological safety of water bodies is relevant for all water
basins of Ukraine. In the UNESCO rating, Ukraine ranks 95th among 122 countries
in the world in terms of the level of rational use of water resources and water quality
(D. Breus, 2020). Ecological forecasting is a scientifically based prediction of
changes in the ecological state of environmental components that may occur as a
result of natural processes or as a result of direct human activity or as a result of a
natural disaster or military actions. There are three main groups into which all
methods of forecasting the state of the natural environment are divided: heuristic
methods of expert assessment; extrapolation methods (statistical methods); methods
of mathematical modulation. The method of expert assessment consists in extracting
knowledge hidden in a person by means of artificial leading questions. The essence
of the method is specialized expert assessment and mathematical processing of
guestionnaires. The method of extrapolation consists in transferring the data obtained
in a certain field of activity (in a certain range) to more or less wide similar fields
(ranges). The method of mathematical modeling of processes consists in a detailed
analysis of the causes of possible changes in the state of the environment,
construction of the theory of partial processes and further creation of a simplified
version of the structure of the general process — a unified model of the real system.
Models reflect the most essential, most important properties and functions of some
detailed process or object.

Nowadays, a comprehensive description of hydrochemical, hydrodynamic and
hydrobiological processes in reservoirs is necessary to solve problems related to
water resources management. The analysis of literary sources showed that recently
the description of environmental forecasting is carried out with the help of
mathematical models. Today, there are a large number of different surface water
quality models, among which the following are quite well-known: a probabilistic
model for stochastic loads of conservative pollutants; the Streeter-Phelps model for
the flow of biochemical oxygen demand and dissolved oxygen; simplified models of
suspended substances; Holt-Winters method (O. Tretyakov, 2016).

The Streeter-Phelps model is used to predict the amount of biological oxygen
consumption and the content of dissolved oxygen in surface water bodies when the
flow rates and hydraulic characteristics of the flow are constant and there is full
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movement in the reservoir. In the paper (R. Siriak, 2017), the authors used a model
based on the data of the Siverskyi Donets and made a forecast for the coming year. In
the study (Ponomarenko R, 2020), on the example of the Dnipro basin, this
mathematical model was checked for adequacy and improved by supplementing with
correction coefficients, which allows predicting the change in the ecological state of
the surface source with sufficiently high accuracy. The Holt-Winters method is an
extended version of the Holt method. This method is used to obtain a forecast. For
this, it is necessary to choose three parameters, which are selected by sorting. And
then those parameters are chosen that most accurately repeat reality and can make a
forecast for the future. In work (Rybalova O, 2019), the Holt-Winters model was used
to build predictive models of the ecological state of the Uda River basin within the
Kharkiv region, in work (Rybalova O., 2021) — for the Oskol River. In the study
(Kovalchuk P., 2013), the authors proposed a mathematical model for operational
forecasting of water quality in water intake areas during pollution emissions in the
event of emergency situations, which is based on a system of differential equations of
water flow interaction with sediments.

In previous studies, an analysis of the ecological state of the Psel (Kovalenko S,
2021), Seym (S. Kovalenko? 2022), Vorskla (S. Kovalenko®, 2022) and Desnha
(Kovalenko S.%, 2022) river basins was carried out. The obtained results indicate that
water bodies are under constant technogenic influence and have a tendency to
deteriorate the ecological condition. The study indicated the need to develop and
implement a reliable model for predicting changes in the ecological state, taking into
account the basin principle of water resources management. As the analysis of
scientific sources showed, the model should be adapted for calculations using
computer technology.
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Bonni pecypcu 3 1aBHHX 4aciB Majid BEJIMKE 3HAYCHHS TSI MIATPUMKH JKUTTS 1
310poB’a JMoauHU. Teputopis YepHiriBuimHu Oarara Ha piuku, iX ycworo 1570.
['onoBHa BojHa aprepis obOmacti — piuka JlecHa, 10 ii OCHOBHHMX TPUTOKIB
BiTIHOCAThCS cepenni piuku: Cynocts, CHOB, Octep, CeliM, 3 MaIuX Pid4OK 0COOIMBO
micue 3aiimae CTprkeHb, sskuid copmyBaBcs 0mm3bko 11 THcsy pokiB Tomy [1]1 €
TOJIOBHOIO YEPHITIBCHKOIO MICBKOIO BOJHOIO aprTepi€ro. SK  CTBEpIKYIOTh

mitepatypHi mxepena XVIII cromitrs "Boga B piumi JecHi 1 piumi Ctpukenb AJis
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