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SYNTHESIS OF THE AIR POLLUTION LEVEL CONTROL SYSTEM
ON THE BASIS OF HYPERCONVERGENT INFRASTRUCTURES

The subject matter of the article is an air pollution control process. The aim is development of proposals for the
synthesis of the air pollution control system based on hyperconvergent infrastructures. The objectives are: the
development of a mathematical model for constructing pollutants concentration fields; substantiation and development of a
conceptual model of the geoinformation system for air pollution control, justification and selection of the basic
infrastructure of the control system. The methods used are: system analysis of risks, cause-and-effect analysis, statistical
methods. The following results are obtained: The basic influencing on character of dispersion and distribution of harmful
substances factors in atmosphere are allocated. A multifactorial mathematical model has been developed for constructing
fields of concentration of pollutants, which is based on two types of distribution-the normal and S; -distribution of Johnson.
The geoinformation technology (GIT) structure components are determined. A program for determining the stability class
of the atmosphere has been developed. A model of the process under investigation on a cartographic basis was developed
with the presentation of the results in the form of a concentration isotype. The structure of the database of the parameters of
sources and characteristics of sources of air pollution, which is part of the serving hyperconvergent infrastructure, has been
developed. Conclusion. The synthesized air pollution control system will allow to solve such tasks: collection of primary
information, its systematization, analysis and formation of a data bank; processing and presentation of data in the form of
thematic pollution maps; Assessment of the current state of the environment and forecast; analysis of the causes of
observed and probable changes in the state; prompt provision of necessary information to all stakeholders.
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1. Problem analysis
and the research task formulation

Atmospheric air monitoring systems are an
integral part of state municipal complex systems for
monitoring the state of the environment. The main goal
of these systems is to fulfill the task of ensuring the
safety and quality of the environment, developing a
strategy and tactics for the work of environmental
services, which guarantees obtaining objective
information about the state of the environment [1-3].
Among industrial facilities, one of the main pollutants
of the atmosphere are thermal power plants (about 30%
of all hazardous emissions to the atmosphere comes
from stationary sources), oil and gas complexes and
chemical industry.

To implement existing and newly developed
multitask mathematical models using factual and
cartographic data and to visualize the results of the
atmospheric air state calculations in the regions, an
automated information system for air pollution
monitoring with the ability to visualize the results on a
cartographic basis online.

The obvious advantages of automated air pollution
control systems are the ability to monitor and forecast
changes in the state of atmospheric air. However, for a
long time such systems could exist only in the form of
calculations of local foci of contamination and could not
be used as a full model of the entire situation of the
region. The main reason of this was the lack of data
collection, storage and distribution technologies capable
of servicing large amounts of information in a real time,
thus ensuring the interaction between the main
functional blocks of complex systems. The next reason

was the inadequate development of suitable for the
operational use of forecasts for the vertical distribution
of meteorological values, which limited the introduction
of methods for numerical prediction of air pollution and
made it difficult to improve the predictive schemes. The
introduction of hyperconvergent [4] systems in the
process of creating and maintaining large-scale
automated solutions based on interactive web services
makes it possible to solve the task [5, 6]. The purpose of
this article is to develop proposals on the synthesis of
the air pollution control system based on
hyperconvergent infrastructures.

2. Mathematical model for constructing
pollutants concentration fields

The main requirement for the developing solution
is the ability to perform the tasks in real time with the
option of fast scanning and increasing the processing
power.

The wide possibilities of geoinformational
technology together with cloud-systems allow modeling
the distribution of pollutants concentration fields on the
basis of general indices of industrial facilities operation
or other sources of pollution and the level of their
impact on the environment in real time [7].

For heat and mass transfer process analysis results
upon ejection gas mixture major influencing factors on
the nature of the diffusion and propagation of harmful
substances in the atmosphere were highlighted (Fig. 1)
and based on this, a multifactorial mathematical model
(1) to construct the concentration of contaminating
fields substances which is based on two types of
distribution - normal (for a description of dispersion of
pollutants in the vertical plane and Y axis perpendicular
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to the axial flow path) and Johnson SL- distribution (for

concentration profile along the axis X of the wind

hell suitable approach approximation asymmetric  direction) was created (Fig. 2):
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Fig. 1. The major factors affecting the nature of dispersion and movement
of harmful substances in the atmosphere considered in the model
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Fig. 2. Physics of the heat and mass transfer process
illustration as a basis of multivariate mathematical model
for constructing pollutants fields of concentration

where xy, yo, zo — spatial coordinates of the virtual
pollution source; xo = € and A (4 > 0) — scale parameters
of S;- Johnson distribution; # and y — parameters of S; -

Johnson distribution form; o, and o, - standard

deviation (SD), which characterize the scattering of
pollutants along the corresponding axes.

Effective source height H = z; is defined as the
sum of the geometric height of the chimney / and the
initial rise of the jet Ah:

where wy — gas velocity at the source outlet, m/s; Ry— jet
radius, m; u — wind speed, m/s; V' — volume of exhaust
gas, m’/s; AT — overheating of gas relative to ambient
air, °K; T, — atmospheric temperature, °K.

Thematic information concerning the location and
configuration of the main sources of environmental
pollution should be provided by appropriate electronic
maps. In related tables, it is useful to store general
information about the enterprises of the region and the
pollutants.

Thus, the structure of geoinformation technology
should include the following interrelated links:
database (DB) of environmental,
meteorological, regulatory, sanitary-hygienic, technical
and economic aspects;
block of modeling and statistical analysis of

results;
block for the formation and forecast of the
spread of the pollutant concentrations fields for non-
stationary meteorological factors and taking into
account the finite time of the functioning of emission
sources;

a block of managerial decisions making
support;

an online data distribution system
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3. Geoinformation system
for air pollution control

In order to automatically readed data from
meteorological resources and determine the atmospheric
stability classes on a continuous basis and transmit these
data to storage and modeling units, a corresponding

program based on the Pasquill table was developed
(Fig. 3).

After calculating the local levels of atmospheric
pollution, it becomes necessary to present the results of
modeling in the form of the harmful substances
concentration isotope on a cartographic basis in vector
form with georeferencing.

—> Season —‘
> Time of a day > luminosity
MELSa XML +script  — ‘
source Cloudiness
(Precipitation) The stability class of
I the atmosphere
- Wind speed

Fig. 3. Structural diagram of the program for determining the stability class of the atmosphere

For this purpose, a procedure (Fig. 4), implemented
in the DECartesian program, was developed.

The algorithm of the program is conditionally
divided into 2 functional blocks: 1 - the block of the
concentration isotope contour points search. To do this,
the fragment of the map is segmented into squares of the
matrix with various average concentrations of
pollutants, after which each square is assigned with a
hazard level (determined by exceeding the maximum
permissible concentration) (Fig. 5).

This level can vary with the inclusion of harmful
substances from different sources. The final level of
danger is calculated by the superposition method (4) of
matrices from different sources located in the radius of
contamination of each other. The second block is the
unit for converting Cartesian coordinates into
geographical coordinates, as a result of which a text file
with geographic coordinates of the isople points is
created.

8+0 8+0

740 740 Ts

5 S
| Input parameters of the method \l
| Entering the concentration matrix [C], Entering the MPC of |
[ pollutants I
\ ~

Stage 1 — Segmentation [C] to pollution zones ak - MPC, k= 1..K
(K - amount of isoplet)

Stage 2 - Selection of contour points of contaminated zones

v

[ Step 3 - The coordinates of the contour points from the

Cartesian coordinate system to the geographical recalculation

v

Step 4 — Output the results in a graphical form

— )

Fig. 4. The procedure for presenting the results
of modeling the pollutants concentration fields
in the form of contaminated zones on a cartographic basis

Fig. 5. The principle of applying matrixes of pollutants concentration on a cartographic basis
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The final view of the working field of the
visualization unit with the window for the simulation

Yandex Places and organizations find Q’ isotope simulation parameters

parameters setting and the results of constructing the
non-stationary concentration field is shown in Fig. 6.
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Fig. 6. Displaying simulation results on a cartographic basis in the form of an isotope concentration

The YandexMaps® API was used to build the state
map, in addition, GoogleMaps® or GoogleEarth®
technology can be used.

These services are open resources and can be used
to visualize various thematic data. To store
observational data (in the current time interval ¢;) and
corresponding fields of pollutant concentrations in the
surface layer of the atmosphere, a remote temporary
data storage is needed, which is part of the serving
hyperconvergent system.

All the factors and input data necessary for
determining the concentration of contamination are
taken into account and reflected in the conceptual model
of GIT [8] (Fig. 7).

The basis of this model are the outlined above
functional units that somehow interact with the
functional core and the serving hyperconvergent system,
which allows to carry out the data traffic necessary for
the timely provision of input data to all the
geoinformation technology blocks and transmission of the
results of these blocks, allowing to build long-term
forecasts and collect and the analysis of statistical data
for several years.

The second, no less important element of GIT, is
the database of industrial enterprises in the region
(Fig. 8), which is part of the serving hyperconvergent
infrastructure.

It proposes to store attributive descriptions of
enterprises: the industry, the composition of emissions
into the atmosphere, the height 4, and the diameters of
the pipes D;, the power of the ejection Q, the velocity of
the gases wy at the outlet of the source, the temperature

of the thrown out gas-air mixture 7; values of
parameters O, wy, T, are established according to the
current technological standards for the given
production.

The values of the daily concentration fields for
the monitored territory or monitored objects, as well
as the fields of the measured meteofactors with the
date of observations are transferred to the resulting
data remote store of the serving hyperconvergent
system.

An important and necessary feature of such a
maintenance system is the use of modern technologies
for replicating information, which allows you to restore
data in the event of an emergency.

Conclusions

Thus, the proposed control of air pollution the
geoinformation technology will solve such problems:

—collection of primary information, its
systematization, analysis and formation of a data bank;

— processing and presentation of data in the form
of thematic pollution maps;

—assessment of the
environment and forecast;

— analysis of the causes of observed and probable
changes in the state;

— prompt provision of necessary information to all
stakeholders.

Direction of further research: selection of the
characteristics and structure of the Hardware and
Software hyperconvergent platform for the proposed
system.

current state of the
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Fig. 7. The atmospheric air pollution control GIT conceptual model
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Fig. 8. Database of source parameters and contaminants characteristics structure
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CHHTe3 CHCTEMH KOHTPOIIO PiBHA 320py/IHEeHHS NOBITPsA Ha 0a3i rinepkoHBepreNTHUX iHpacTpykTyp
A. C. Heuaycos, 1. Mamycuy, H. I'. Kyuyx

IIpeqveroM BHBUYEHHSI B CTaTTi € NPOLIECH KOHTPOJIIO PiBHA 3a0pynHEHHS MoBiTps. Mera - po3poOka NMpOMO3ULii 1o
CHHTE3Yy CUCTEMH KOHTPOIIIO PiBHS 3a0pyAHEHHS MOBITPS Ha 0a3i rilMepKOHBEPreHTHHX iHPPACTPyKTyp. 3aBAaHHS: po3poOKa
MaTeMaTHdHOi Mopeni Uil TMOOYJIOBM TMOJIIB KOHIEHTpamii 3a0py[HIOIOYMX pPEYOBHH; OOIPYHTYBaHHS 1 pO3poOKa
KOHLIENTYaJ bHOI Mojeni reoiH(opMaliiiHOI CHCTEMH KOHTPONIO 3a0pyIHEHHsS IIOBITps, OOIpYHTYBaHHA i BHOip 0a3oBOi
iH}pacTpyKTypu ccTeMH KOHTPOII0. BHKOPHCTOBYBAHHMH METOAMM €: CUCTEMHUH aHali3, CTATUCTHYHI METO/H, IPUYHHHO-
HaciiakoBui aHaniz. OTpuMani Taki pe3yiabTaTH. BuiineHo OCHOBHI BIUIMBOBI (DaKTOpM Ha XapakTep pPO3CiIOBaHHS i
TIOIIMPEHHS [IKI[UIMBIX PEYOBHH B aTMocdepi. Pozpobneno GaratrodakropHa MareMaTHYHA MOZAENb sl MOOYIOBH MOJIB
KOHLICHTpaLlil 3a0pyHIOI0UNX PEUOBHH, SIKAa IPYHTYETHCS HA JIBOX THIAX PO3IONLTY - HOpMallbHOMY 1 SL- posnozini J[xoHcoHa.
BusHaueHO KOMIIOHEHTH CTPYKTYpH reoiHdopmauiiioi TexHomorii. Po3pobieno nporpamy BH3HAa4YeHHS Kiacy CTaGlUIBHOCTI
atMocepu. Po3pobiieHo Mozens AOCIIDKYBAHOTO Ipolecy Ha KaprorpadiuHidi OCHOBI 3 IOJAHHAM pPE3yJbTaTiB y BUIIAAL
i3omner KoHueHTpawii. Po3pobneHo cTpykTypy 6a3u IaHMX Napamerpax JKepell 1 XapaKTepUCTHKax JKepell 3a0pyIHeHHs
HOBITpS, fKa BXOAUThH N0 CKJIAIy OOCIyroBYIOUOi TilepKOHBEPreHTHOH iH(pacTpykTypu. BucHoBku. CuHTE30BaHa cucTeMa
Ta (hopMyBaHHs OaHKY HaHMX; 0OpoOKa Ta MpeJCTaBICHHS JaHUX y BUIVIA/I TEMaTHYHUX KapT 3a0pyIHEHb; OLIHKA TOTOYHOIO
CTaHy HaBKOJIMIIHBOIO CEpPENIOBMINA i MPOTHO3Y; aHali3 NPUYUH CHOCTEPEXKYBAHMX Ta WMOBIPHHMX 3MiH CTaHy; OIEpaTHBHE
3abe3nedeHHs HeoOXiqHOI0 1H(OpMAIIi€ro BCiX 3alliKaBIeHUX OCiO.

Karw4dosi ciaoBa: 3a0pynHEHHS MOBITPS; KOHTPOIb; TiII€PKOHBEPT€HTHOCTh; MOJIEIIb.

CuHTe3 cHCTeMbl KOHTPOJISI YPOBHS 3arpsi3HeHUs BO3/1yXa Ha 0a3e rHNepKOHBEPreHTHBIX HHPPACTPYKTYpP
A. C. Heuaycos, 1. Mamycny, H. I'. Kyayx

IIpeamMeTroM m3ydeHHs] B CTaTbe SIBISTIOTCS IIPOLIECCHI KOHTPOJS YPOBHs 3arpsi3HeHMsi Bo3myxa. Lleas - paspaborka
MIPE/UIOKEHNI 110 CHHTE3y CHUCTEMbI KOHTPOJISI YPOBHS 3arps3HEHHs BO3/1yXa Ha 0a3e THIIEpKOHBEPIE€HTHBIX WH(PPACTPYKTYP.
3amaum: pazpaboTka MaTeMaTHUECKOH MOJEIH ISl TIOCTPOCHUS ITOJIeld KOHLIEHTPAIMH 3arps3HSIOMINX BEIIECTB; 000CHOBAHUE H
pa3paboTka KOHIENITYaIbHOH MOJEIH IeonH(pOPMALIOHHON CHCTEMBI KOHTPOJIS 3arpsi3HEHHs BO3/yXa, 00OCHOBAaHHE W BBIOOD
0a30Boi HHPPACTPYKTYPBI CUCTEMBI KOHTpOJIsL. Mcrmo/ib3yeMbIMH MeTOIaMH SIBJISIIOTCSI: CHCTEMHBIN aHaJIN3, CTAaTUCTHYECKUE
METOJIbI, IPHYMHHO-CIeICTBeHHBIN aHann3. [loydensl cireqyonme pe3yabTaThl. BieneHsl OCHOBHBIE BIHSIONIE (pakTOpBI
Ha XapaKTep pacCeUBaHUs U paclpOCTpaHEHUs BpEIHBIX BellecTB B atMocdepe. Paspaborana MHOrogpakropHas MareMaTHdecKast
MOZEINb TSl HOCTPOEHUS HOJIeH KOHIIEHTPAIMH 3arps3HSIONINX BEIECTB, KOTOpasi OCHOBBIBAETCS Ha ABYX THUIIaX PACIpPeeICHUs
— HopMasibHOM H SL- pacnpenenenun JoHcoHa. OmpeseneHsl KOMIIOHEHTHl CTPYKTYPhI T€OMH()OPMAI[HOHHOW TEXHOJIOTHH.
Pa3paGorana nporpamMma onpezelieHHust Kiacca cTabmibHOCTH aTMocdepbl. Pazpaborana Mozenb uccienyeMoro mpouecca Ha
KapTorpaduueckoii OCHOBE C HPEICTABICHUEM PE3yIbTATOB B BHJE M30IUIET KOHIEHTpauuu. Paszpaborana crpykrypa 0a3bl
JTAHHBIX [ApaMeTpax HMCTOYHHKOB M XapaKTEePUCTHKAaX HCTOYHUKOB 3arps3HEHUs BO3[yXa, KOTOpash BXOAUT B COCTaB
00CITY’)KUBAIOIIEH THUIIEPKOHBEPreHTHOH HH(pacTpykTyphl. BbiBoabl. CHHTE3MpOBaHHAs CHUCTEMa KOHTPOJIS 3arps3HEHUs
BO3/yXa MO3BOJIMT PELIaTh TaKUe 3aJadu: cOOp NMepBHYHON WH(OpMAIH, ee cUucTeMaTH3alysl, aHaIn3 U GopMupoBaHue OaHKa
JTAHHBIX; 00paboTKa W MpEJCTaBICHHE JAaHHBIX B BUJE TEMAaTHUECKUX KapT 3arps3HEHHH; OIEHKA TEKYLIETO COCTOSHUS
OKpYXKaromield cpexsl W IPOrHO3a; aHajlW3 INPHYMH HAOIONAaeMbIX M BEPOSTHBIX HM3MEHEHHWH COCTOSHHS; OIepaTHBHOE
obecrieueHre HeoOX0ANMOK NH(pOpMAIHeH BCeX 3aUHTEPECOBAHHBIX JIHII.

Karo4desble ci10Ba: 3arpsa3HEHHE BO3/1yXa; KOHTPOIb; THIIEPKOHBEPTEHTHOCTh; MOJIEIIb.
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