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All parameters used in the popup window need to be set.
In this study, there is the following change space:

local - variable local variables only in Stateflow
diagrams;

input - only variables for accessing Stateflow diagrams;
output - only variables that flow out of Stateflow diagrams.
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Fig. 6. Variable publishing window for Stateflow diagrams
Once the parameters have been changed, the appearance
of the "Chart" block in the Simulink model will come to mind
in Figure 7.
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Figure 7. View of the Chart after the Stateflow Charts
have been created
After these actions, the "Chart" block is added to the
"Display" block, and the "Constant" block is added (Figure 8).
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Fig. 8. Binomial binary symmetrical channel diagram in
Matlab-Simulink
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Display and Constant blocks are obtained from the Sinks
block library and the Sources block library. Display and
Constant blocks are obtained from the Sinks block library and
the Sources block library.

Conclusion. In summary, these studies can be used to
teach experimental training on "Theory of Information and
Coding”, which is taught to the "Telecommunication
Technologies” personalities through virtual immitation
modeling. The reason for this is that students are not allowed
to collect and use telecommunication devices in their home
environment, and this program can easily be used in the home
environment to capture the Matlab system using the standard
interface elements and blocks of the input circuit interface
block, can learn. In particular, "Telecommunication
technologies” specialists will be able to further improve their
knowledge and to further strengthen their knowledge by
applying an independent 60-70% of their experiences through
Matlab software.

References

[1] M. Guizani, A. Rayes Network Modeling and
Simulation.- John Wiley & Sons Ltd, 2010-p-236.

[2] Michel C.Jeruchim Simulation of Communication
Systems. — New York, Kluwer Academic Publishers, 2002-p-
526.

[3] K.Wehrle, M.Gunes Modeling and Tools for
Network Simulation.- Springer-Verlog Berlin Heidelberg,
2010.

[4] Jack Keil Wolf Simulation of Communication
Systems. — New York, Kluwer Academic Publishers, 2000-p-
561.

[5] A. J. Viterbi, Principles of Coherent Communication,
McGraw-Hill, New York (1966)

Rakhimov Temurbek Omonboyevich

Urgench branch of Tashkent University of Information
Technologies named after Muhammad al-Khwarizmi

Email adress: Rahimov_timur@bk.ru

MoneanpoBaHue COCTOSTHUSI THCKPETHBIX KAHAJIOB
MoayJieM rusioepra ¢ mnomouso Matlab

AHHOTAIIUSA: B cTaTbe paccMatpuBaeTcs
WCTONB30BaHWe Mojenn [mibepra i oOHAapYyXeHHS H
UCHpaBJICHUS OIIMOOK B AUCKPETHBIX KaHaaX, a TAKKe Ul
0Opp0OBI ¢ IIyMOM TIpH OOECIIEYeHUH HAIEKHOCTH U
ycroitunBoctn uHpopmaruu. Kpome Toro, moxens ['mnbepra
OCHOBaHAa Ha MOJEGIUPOBAHUU JUCKPETHBIX KaHAJOB C
UCIIOJIb30BAHMEM TpPOrpaMmHoro obecreuenust Matlab wu
yIaJIeHUH OOHAPYKEHHBIX OIIMOOK BUPTYAIBHON MOJIEIBIO.

KnroueBble ciaoBa: wH(bOpManusa, COOOIICHHE, KaHAIT,
CHUTrHaJl, CUCTEMa, MOACIIb, ITaMATh MOJICIIN.

Forecasting changes of the state of water ecosystems
Abstract. The article highlights the risk of adverse effects in the aquatic environment every year, the need to
develop "human - natural” research methods in the system, one of the most commonly used methods in modern science,
methods of forecasting and mathematical modeling of the sequence of projection stages, the development and
implementation of the algorithm, the approximation of external phenomena using mathematical symbols, mathematical
models of completed real processes, including complex and non-traditional functional-differential equations
Keywords: risk of adverse, aquatic environment, forecasting methods, math modeling.

Introduction. In scientific and industrial circles, the
concept of the normalization of discharges of pollutants into
water bodies was recognized, which is based on the system of
maximum permissible concentrations. Sanitary and hygienic
standards ensure the protection of human health, while control

with the maximum permissible concentration (MPC) does not
protect the ecosystem from various types of pollution.

The system of criteria for assessing the quality of the
environment based on MPC has a number of shortcomings, for
example, it does not take into account the interaction of
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various pollutants among themselves, accumulation in
organisms, interaction with bottom sediments, etc. Despite the
fact that the rates of rationing of polluting substances in the
environment are accelerated, to date, the standards still can not
fully meet the requirements.

Difficulties of rationing are that for the majority of
polluting substances, MPCs of which are established, there are
no reliable analytical methods of control; Some forms of
substances are often normalized, while in water bodies there
are others, with other MPCs. For example, the toxicity of
pollutants depends on the specific hydro chemical, hydro
biological situations against which it appears; The processes
of transformation of pollutants in aquatic ecosystems include a
number of stages, often intermediate products are more toxic
than the original pollutants, etc. In addition, it is important to
take into account the function of the water body under
investigation and, depending on this, to make certain
requirements for water quality.

One of the most important factors that have a negative
impact on human health and its habitat is water pollution,
since it is not only the environment for the spread of harmful
discharges, but also the direct source of pollutants from
industrial and motor transport discharges into the human body.
Since the danger of undesirable consequences of changes in
the aquatic environment increases annually, the methods of
studying the system "man - the natural environment" should
be improved. One of the most frequently used in modern
science is the methods of forecasting.

Main part.

Forecasting involves the sequential execution of the
following stages: construction of a forecasting model for the
process under study, development of a calculation algorithm
and a program for implementing it on a computer.

The prognostic model is an approximate description of a
certain class of phenomena of the external world with the help
of mathematical symbols.

The prognostic models of the real processes under
investigation are complex and include systems of nonlinear
functional-differential equations.

The kernel of the prognostic model is partial differential
equations. The study of predictive models is based on the
methods of computational mathematics, which are based on
difference methods for solving problems in mathematical
physics. The modern stage of applied mathematics was
characterized by the study of prognostic models with a wide
use of computer facilities.

To formulate the problem, possible ways of their entry
into the water object under study, the initial concentrations of
heavy metals, were analyzed. We have considered the
diffusion, convective and diffusion-convective mechanisms of
the distribution of pollutants in water. The diffusion
mechanism for the propagation of pollutants is used in
describing processes in water bodies with stagnant or low-
flowing water (reservoirs, ponds, lakes, canals, pipelines, etc.).
At the heart of the construction of a predictive model of
predominantly diffusion, transport of matter lies the diffusion
equation.

The intensity of ingression and mixing of pollutants in
water massifs depends on climatic conditions, relief, landscape
features, terrain soil, etc.

We consider the one-dimensional diffusion problem with
reference to a narrow extended pond with standing water: a
small river, a stream, a pipe or a channel, into which a limited
volume of pollutant enters. In this ecological situation, the
problem can be considered one-dimensional, i.e. width and
depth of the reservoir are neglected, since they are
insignificant in comparison with the length, to consider

diffusion only in one direction - along the length of the
reservoir.

Differential equations of parabolic type are used for
predictive modeling of diffusion processes in one-dimensional
cases, since physical processes can be characterized by
functions of two independent variables: one spatial coordinate
and time.

The problem of one-dimensional diffusion with initial
conditions has the form:

ac o
FrAR
C(0,H)=CI, C(x,0)=0 1)

where C is the concentration of the substance; CO is the
initial concentration; t is the propagation time, and x is the
length of the investigated section.

Using the representation of the solution in the form of a
Poisson integral

1 0 1
Cout)=5=/, Txe
you can get a solution in the form:
Cxt) = C[1-a(2)] ®
where ¢ () is the action of the initial concentration;

D(z) = %foz e~ da error function for z = ZL\/H

Note that using equation (3), one can find the
concentration distribution C (X, t), and also estimate the time
at which the concentration of pollutants at the point with
coordinate x in the reservoir will become larger than the
maximum allowable concentration.

To estimate the time tp to reach the maximum admissible
concentration of impurity C, at a certain point of the channel
X, it can be represented as Cn = y - Cy, where y <l. Then,
using the relation

Cn = co[l_qj( ;) l @)

x2
t =

~ 4D%?
where k is the root of the equation, @(z) = 1 —7.

P(8)ds @

Express

It can be seen from the literature that inorganic pollutants
have diffusion coefficients from 0.4 to 3.0 cm? / day, and
organic ones from 0.3 to 1.8 cm? / day.

In practice, when pollution of reservoirs with industrial
wastewater, the concentration of pollutant in the source is
maintained at a constant level of C,, at the beginning of the
channel, the substance enters, which inevitably leads to some
convection. To partially take into account this factor, it is
possible to introduce a longitudinal mixing coefficient, or
convective diffusion coefficient, which is one or two orders of
magnitude greater than the calculated values of the diffusion
coefficient (determined experimentally).

For a one-dimensional diffusion problem with a
constantly acting pollution source, the initial and boundary
conditions take the form: C (0,t) = CO (t), C (x, 0) =0, C (0,
0) = C0, C (o, t) = 0. It is assumed that CO (t) is the known
dilution of the initial concentration of the source CO with the
time t, for example, in the first approximation, we can take CO
(t) =CO0-k - .

Let us imagine that the entry of heavy metals into a body
of water occurs at some part of the boundary of the reservoir
(Fig. 1). This case is quite common, for example, when
discharging pollutants into a vast, shallow water massif.
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-a o a

Fig. 1. A source of constant power at the boundary [-a; a]

We will assume that the dimensions of that part of the
boundary through which contamination occurs are small in
comparison with the dimensions of the entire boundary of the
reservoir. In addition, we assume that the distribution of heavy
metals over the depth of the reservoir occurs uniformly, and
the main diffusion process occurs along the length and width
of the reservoir.

These assumptions make it possible to consider the two-
dimensional diffusion equation given in a certain region ,
which has the form:

ac a:c | 9
PR Creaee) ()

In the case where a continuously acting source of
contamination with density p (x, t) is located at the boundary
section from -a to + a, and the initial concentration of
pollutant in space is zero, the following can be chosen as
boundary conditions:

C(x,y,0) =0,

ac _ |plx,tnpu-a <x < a, ®)
oy 0 npu x[—a, a]

where p (x, t) is the impurity flux density; x, y - the
corresponding coordinates along the length and width of the
reservoir.

C(x,0)=C0; -a<x<a;
C(x,y) =0; C(x,y) =0;

An analogous problem can be considered for the three-
dimensional nature of the propagation of a spherical diffusion.
Such an ecological situation is typical for the case when the
pollution source is in unlimited space, for example, at some
depth of the reservoir, and in the environment the initial
concentration is zero, that is, C (r, 0) = 0 for r # 0.
Propagation of the impurity in a homogeneous environment
occurs symmetrically in all directions: x, y, z. Consequently,
the equation of spatial diffusion has the form

E=p(=+o+a) %
at ox?  0y? 0z

where D is the diffusion coefficient; C is the
concentration of pollutants at the point with coordinates (x, v,
z) at time t.

In a spherical coordinate system, equation (7) can be

represented as:
ac 9:c | 20C
=Gt ®

Here r = /x?+ y?+ z? is the radius vector of the

point with the coordinates (x, v, z).

Problems that take into account the movement of water
have a more complex mathematical formulation.

On the basis of these mathematical expressions,
calculations have been made that allow one to determine the
concentration of a pollutant when a certain amount of a
pollutant hits a body of water for a certain period of time.

The calculations were carried out using the integrated
MathCAD system, the results obtained are partially presented
in Fig. 2-4.

Cien]

Fig. 2.

Fig. 2 shows how the time to reach the maximum
permissible concentration C, changes with a change in the
initial concentration of matter by a factor of ten: 1 -at Co =1
M/l;2-atCo=10M/I.

An example of the concentration distribution at the
points of a flat reservoir adjacent to the pollution source at a
fixed time t is shown in Fig. 4. To verify the adequacy of
mathematical models, a numerical simulation of the full-scale
experiment is carried out, and the calculated values of the
concentration of pollutants as a function of the x coordinate
are compared with the results of a real field experiment.

The comparison makes it possible to conclude that the
values obtained as a result of the numerical experiment are in
good agreement with the experimental data.

tday

10 20 % cm

Fig. 3. Dependence of the achievement time

C, on the distance for one-dimensional diffusion for
different values of the initial concentration of pollutants

Fig. 4. An example of two-dimensional diffusion

Conclusion. Thus, along with the traditional methods
used in hydro monitoring in assessing the state of aquatic
ecosystems, it is possible to use the forecasting method. This
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method allows not only to determine the qualitative and
quantitative  composition of natural waters under
anthropogenic influence, but also allows forecasting the
course of certain chemical and physicochemical processes
taking place in the aquatic ecosystem, taking into account the
hydrological and hydro chemical parameters of the natural
object under consideration. Of course, when drawing up such
models, it should be limited to a small number of factors that
take into account the distribution of pollutants, can predict the
behavior of pollutants not only in a temporary order, but also
for a long distance.
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M.S.Yakubov., T.A Xujaqulov.
IIporuozupoBaHue u3MeHEeHHI COCTOSTHUS BOJHBIX
IKOCHCTEM.

B crathe nomyepkHBaeTCs pPHCK HEOIArONpHSTHBIX
BO3JICHCTBUN B BOJHOI Cpele KaXIBIA Toj, HeOOXOIUMOCTh
pa3pabOTKH «UeJIOBEK - MPUPOIHBIX» METOJOB UCCIIETOBAHMS
B CHCTEME€, OJHOro M3 Hauboiee 4YacTo MCHOJB3yeMbIX
METOJI0OB B COBPEMEHHOI HayKe, METOZOB IPOTHO3NPOBAHUS 1
MaTeMaTHIeCKOTO  MOJEIMPOBAHUS  MOCIEJOBATEILHOCTH.
9TaloB  TNPOEKTHPOBAHWS, pa3paboTka W  peanu3anust
aNTOPUTMA,  ANIpPOKCHMAIWS  BHEINIHUX  SBIEHHH  C
HCTIOJIb30BaHUEM MaTeMaTU4eCKUX CHUMBOJIOB,
MaTeMaTU4eCKUX  MoOJeled  3aBepUIEHHBIX  pealbHbIX
MPOLIECCOB, B TOM YHUCIE CIOXHBIX ¥ HETPaAUIMOHHBIX
(byHKUMOHATBHO- U] depeHIIaNbHBIX YpaBHEHHUI.

KnroueBbie ciaoBa: pHcK HEOJIarOnpHUsITHBIX
BO3JICHCTBUH, BOAHAs cpena, METOJbl IPOTHO3MPOBAHUSA,
MaTeMaTHIEeCKOe MOJIETTHPOBAHHE.

XyayAaun ruapouHLLoaTnap CyB pecypcriapMHu 6olKapuw TUSUMn
KYpcaTruunapuHm WaKnaaHTupumL

Annomayus. Makonana Xyayauid THAPOUHIIOATIAP TH3UMIJIAPU 3aXUpaapd MOHUTOPHHTH Ba CYB PeCypCiapu
TU3UMHUHA OOIIKAPUIIHM TAIIKWI OTYBYMIAPH, TH3UMIHM TAXJIHI TAIKUKOTIApH OOCKHYIApH, (YHKIHOHAT
GOFJIaHMIIIAD XaMJa TUIPOWHIIOATIAP 3axHpajapd MOHHTOPHHTH Ba CYB peCypClapuHHM OONIKAPUII TH3MMHUTa
TETHUIILTH KYPCATTHUIIAPHN aHATUTHK aHUKJIAI, TH3UM y4yH 0alopar Ba MOJIS/UTAIITHPHUIN Macalalapi KypHITaH.

Kanum cy3nap: ruapouHnioat, MOHUTOPHHT, CYB pecypciap, TH3UMITH EHIOIINII, TH3UMIIM TaXJIHJ, UMATAL[OH
MOJICIUTAII THPHII, OOIIKAPHII TH3UMH, OAIopar Ba ONTHMAJUIAII THPHIIL.

XyKyMaTUMU3HUHT CYB XYKalIUrd CHECATH CyBIaH
OKWIOHA (hOHANIaHNII Ba CYB PECYPCIApPUHU XUMOS KHJIHII,
MaMmlakaT ~ CyB  XY)KalUTH  MaXMYUHH  OOIIKapHII
caMapaJopiuId XamIa HIIOHWIMIHTHHU OLIMPHIN, MaBXyI
UHpaTy3UIMaHH PEKOHCTPYKITHS KUJIHI, YHIaH
¢oliananuin Ba TEXHHK XH3MaT KypcaTHII y4yH pecypciiap
QKPATHII OPKAIM CYBHU KagoJaTIH €TKa3uO OepuIl, KaMusIT

Ba TabMmii OSKOTM3WMIIApra 3apyp CepBHC
KYPCATHIIIHU TabMUHJIAINTA iyHanTupwirad [1].
MabaymoTiaap cyB XyKaaurd (GaolHATHHUHT acOCHi
ycTyBOp HyHanmuuuiapuaaH Oupu Oynran, Oapua coxaiappa
CYBHM HCTEBMOJ KWIHMIIAA YHH TEXall Ba CyB pecypciapu
cudaTvHM  AXmwIAml - HyHanuMmuma, onub OopuiaaérraH
XyILyquii THAPOWHINOATIAp TH3UMHM MOHUTOPHHTH acoCHaa

XHU3MaTu
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