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ADAPTATION OF THE WEB-SERVICE

OF AIR POLLUTION FORECASTING

FOR OPERATION WITHIN CLOUD
COMPUTING PLATFORM OF THE UKRAINIAN
NATIONAL GRID INFRASTRUCTURE

Introduction. Air pollution modeling is a powerful tool that allows developing scientifically justified solutions
to reduce the risks posed by atmospheric emissions of pollutants.

Problem Statement. Cloud computing infrastructures provide new opportunities for web-based air pollution
forecasting systems. However the implementation of these capabilities requires changes in the architecture of the
existing systems.

Purpose. The purpose is to adapt the web service of forecasting the atmospheric pollution in Ukraine to ope-
rate in the cloud computing platform of the Ukrainian National Grid infrastructure.

Materials and Methods. The web client — web server — cloud computing architecture was used. The calcula-
tion of the model is performed in the cloud infrastructure, while the client and server parts operate on separate
computers.

Results. With the developed service the forecast of air pollution is possible for every point at the territory of
Ukraine for more than thirty substances, including chlorine, ammonia, hydrogen sulfide and others. The forecast
is performed using the data of the WRF-Ukraine numerical weather prediction system and visualized through a
web interface. The capabilities of the developed system were demonstrated by the example of simulation of air
pollution in part of Kyiv affected by the releases from the Energia incineration plant during pollution episode in
September, 2019. The total releases of toluene gas from incineration plant and from the fire on spontaneous waste
landfill, which is located a few km from Kyiv, were estimated and analyzed. For the considered period the fire
could bring considerable additional amounts of pollutants to the studied region. The confidence interval for the
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maximum airborne concentration for the considered period is estimated from 0.7 to 2.1 mg - m~> which is higher

than the permissible value (0.6 mg-m=>).

Conclusions. The presented system could be used by institutions responsible for response to environmental

accidents.

Keywords: air pollution, atmospheric dispersion, web-systems, cloud computing.

Air pollution modeling is a powerful tool that al-
lows operational assessment of the spatial and
temporal distribution of pollutants following ac-
cidental and routine releases to the atmosphere.
The range of users of air pollution modeling tools
is not limited to meteorologists but includes ma-
ny other professionals such as civil engineers, ma-
nagers in emergency preparedness, environmental
managers, and many others. Examples of applica-
tions of air pollution models are numerous and
include, but not limited to studies of urban air
quality [1, 2], air pollution created by wildfires
and dust storms [3, 4], simulation of pollution
following accidental releases of toxic chemicals
and radionuclides [5, 6]. Therefore several web-
based applications appeared which allow access to
air pollution models for a wide range of interes-
ted users. For example, the system [7] allows users
all over the world to run a famous HYSPLIT mo-
del using a web interface. The Povitrya similar
web-based system has been developed by the au-
thors of the present work [8]. It allows users to
perform calculations of air pollution following
accidental releases at the territory of Ukraine
using the CALPUFF model [9]. The calculations
are driven by numerical weather prediction data
generated by the mesoscale meteorological model
WRF [10] operated within WRF-Ukraine nume-
rical weather prediction system [11]. Usually exis-
ting web-based air pollution forecasting systems
use traditional client-server architecture. The cal-
culations, initialized by the user, are carried out at
the dedicated computational server. Such architec-
ture does not allow increasing the number of si-
multaneously performed calculations because the
number of computational cores is restricted. At the
same time modern cloud computing infrastructu-
res such as European Open Science Cloud (EOSC)
(www.eosc-portal.eu), Amazon Cloud Computing
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Services (https://aws.amazon.com/), and others
possess great potential for increasing the number
of simultaneous calculations by using virtual ma-
chines. However this requires the redesign of the
original client-server architecture of the system
to include cloud computing infrastructure and
corresponding implementation. Thus the goal of
the present work is to redesign the created earlier
web-service of air pollution forecasting to enable
usage of the resources of the Cloud computing
platform of the Ukrainian National Grid Infra-
structure (UNG) [12].

Architecture and implementation
of the forecasting system
in the cloud infrastructure

To ensure a simple and effective process for fore-
casting atmospheric pollution, the (web-client)-
(web-server)-(cloud computing) architecture was
chosen. Schematically, the system architecture is
shown in the Fig.1. In this implementation, the
client and server parts operate on computers that
are not part of the cloud infrastructure. In the
current implementation, a computer with the fol-
lowing characteristics is used to host the server
part: two physical Intel Xeon E5335 @ 2.00GHz
processors, 4 cores each, 16 gigabytes of RAM, 1 te-
rabyte hard drive.

To program interaction with a remote server
using the SSH (Secure Shell) protocol, the JSch
Javalibrary is used. SSH protocol combines three
levels of protocols: authentication protocol (The
Secure Shell Authentication Protocol, RFC 4252);
transport layer protocol (The Secure Shell Trans-
port Layer Protocol, RFC 4253), which provides
algorithm interaction and key exchange; connec-
tion protocol (The Secure Shell Connection Pro-
tocol, RFC 4254), which creates a secure (encryp-
ted) channel. SSH support is implemented on all
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Fig. 1. Cloud Computing Web Service Architecture
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spheric transport models

UNIX systems, and in most of them both client
and server software is included in a typical deli-
very. Thus, the SSH connection provides reliab-
le authentication, encryption, and data integrity
to combat cracking passwords and other securi-
ty threats.

Calculations of atmospheric pollution are per-
formed using the CALPUFF model [9] in the
cloud platform of the Ukrainian National Grid
infrastructure (http://ung.in.ua, see also [12]).
The UNG base coordination center serves as the
National Operational Center (Resource infrastruc-
ture Provider) of UNG grid resources at the tech-
nological and operational level in relationships
with the international grid communities, inclu-
ding the European Open Science Cloud (EOSC).
Thus, the implementation of the service in the
UNG cloud platform is a necessary step towards
its further integration into the EOSC.

To automate the calculations, a model is used
to provide convenient network access to a set of
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parameters for the collective use of cloud infra-
structure, such as computing resources in the “on-
demand” mode [13].

To run the mathematical model in the UNG
cloud infrastructure, two instances were created
(Fig. 2): CALPUFF-A for calculations covering
large geographical areas (4 processor cores, 8 gi-
gabytes of memory, a 200-gigabyte hard drive) and
CALPUFF-B for calculations covering small areas
(1 processor core, 1 gigabyte of memory, 300 hard
drive).

In general, the forecasting process includes the
following steps (Fig. 3).

1. The user is registered in the system, generates
forecast parameters, and initiates the calculation.

2. Server service puffconf.jar.
¢ monitors changes in the journal of calculations

for the availability of forecasts in the queue for

calculation;
¢ generates configuration files to perform the
calculation;

ISSN 2409-9066. Sci. innov. 2021. 17 (1)
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¢ establishes a connection for interaction be-
tween the web server and the “free” virtual in-

stance using the turnon script (Fig. 3);
¢ initiates the launch of a new calculation in the

cloud infrastructure using the cloudrunner.jar

service;

+ monitors the process of completing the forma-
tion of the forecast;

¢ records the results of calculations in a database

(DB).

3. Having received the sign of the end of the
forecast formation, the user views and analyzes
the forecast results on a digital map.

The turnon script checks if an instance is en-
abled with the name that is passed as a parameter.
If this instance is turned off, it turns it on. Before
switching on, a control shutdown and a pause of
10 seconds occur. The turnon script uses the
OpenStack command line API, in particular, the
nova command. Environment variables contai-
ning parameters for accessing the OpenStack API
are located in the wrf openrc file and are initiated
by including this file in the script text.

The reason why only the limited number of
pre-created calculating instances was used in this
work (and thus limited number of users can per-
form calculations simultaneously) is that at pre-
sent Ukrainian cloud infrastructure does not al-
low accessing the instances remotely via SSH
from the Web server without using the interme-
diate instance. This intermediate instance has to
be manually pre-configured to make such access
possible. When remote access is allowed, there
will be no need to use intermediate instance.
Then it will be possible to create an instance for
every task submitted by the web client and de-
stroy this instance when all the calculations are
completed and the results are downloaded from
the instance. In this way cloud calculations are
supposed to work in contemporary commercial
cloud infrastructures.

Forecast parameters and results are stored in
the database. They can be used both for subse-
quent analysis and for generating parameters for
new forecasts.
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Script turnon Instance on 5005:

cloudrunner.jar

Fig. 3. Web server and virtual instance communication
diagram

Performing calculations in the cloud infra-
structure provide fairly rapid forecasting. So, the
testing of the described web service showed that
the 72-hrs forecast for a small grid of 25 x 25 cells
with a step of 2 km, 2 pollution sources takes
about 45 minutes, and for a grid of 100 x 99 cells
with a step of 10 km, 10 pollution sources it takes
about 1 hour 15 minutes.

Organization
of atmospheric transport
model calculations

To calculate atmospheric transport, the CAL-
MET-CALPUFF model was used [9]. This model
was previously recommended by the US Envi-
ronmental Protection Agency for calculations of
the long-range transport of pollutants [14] and
presently it remains one of the most widely used,
well documented, and extensively validated at-
mospheric dispersion models [3, 5, 14]. The web
service for forecasting weather and atmospheric
pollution was implemented using the seventh
(latest) version of the software products of the
CALMET/CALPUFF models, which is freely
available for download on the official website of
the model developer (http://www.src.com).

The block diagram is shown in Fig. 4. It de-
monstrates the main stages of the CALPUFF mo-
del. The model includes the TERREL, CTGPROC,
and MAKEGEO geographical preprocessors, the
CALMET meteorological preprocessor, and the
CALPUFF Lagrangian-Eulerian atmospheric trans-
port model.

This model is implemented in the created fol-
der structure with subprograms, in which the paths
between intermediate input and output files are
hard-coded. To carry out atmospheric transport
modeling, the following programs must be sequen-
tially executed:
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Fig. 4. Flowchart of the operation of the CALPUFF model

o terrel.exe — interpolation of topographic data
on the computational grid;

¢ ctgproc.exe — interpolation of land use catego-
ry data on the computational grid;

¢ makegeo.exe — summarizing all data on the un-
derlying surface and calculating additional
necessary characteristics, such as roughness
parameter, albedo, etc;

¢ calwrf.exe — converting the output file of the
forecast weather model WRF into the input
file of the meteorological model CALMET;

¢ calmet.exe — interpolation and calculation of
meteorological fields on the computational
grid of the atmospheric transport model;

¢ calpuff.exe — calculation of pollution trans-
port;

¢ calpost.exe — formation of various integral and
instantaneous concentration characteristics.
The meteorological forecasting system WRF-

Ukraine [11] performs its calculation on a com-

putational grid with latitude-longitude coordi-

nate projection (lat-lon). Therefore, in the code

of the calwrf program, it is necessary to add infor-

mation about the possibility of using latitude-

longitude projection. Since in this case no addi-

tional calculations and transformations are neces-
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sary, it is enough to add one line in the loop in the
calwrf f file:
if(map_proj.eq.1) then

elseif(map _proj.eq.6) then lhere is new added line
cmap="LL
else

endif

Information on topographic data is prepared
by the terrel.exe preprocessor. This preprocessor
can process several global sets containing topo-
graphic data with different spatial resolutions. If
the user starts the preprocessor with the option
NTDF = 0 (there is no input file), the source text
file TERR.LST will contain the names of the
global set of SRTMa3 files. This allows users to get
topographic data for the selected coordinate grid.
SRTM data is available for download [15].

The ctgproc.exe preprocessor handles global
land use suites. The GEN and NZGEN formats
allow users to use any global sets of land use ca-
tegories by creating a text file with the best spa-
tial resolution, such as GlobCover ESA 2009 with
a resolution of 300 meters (available from the
Global Mapper program). For the model to work
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Fig. 5. Simulated instantaneous concentrations [mg - m~?] of toluene following release from ‘Energia’ incineration plant and
from spontaneous waste landfill fire near Gnidyn: A — 12 Sept. 2019, 01 am, marker shows the location of incineration plant
‘Energia’; B — 12 Sept 2019, 04 am, marker shows the location of the point in Kharkivsky district at which concentration
time-plot is shown in the next figure. Black isoline shows the maximum permissible limit of toluene concentration: 0.6 mg - m—3

within the system, a file in the GeoTIFF format
was created with information on topographic da-
ta, covering the entire territory of Ukraine based
on the SRTM Worldwide Elevation Data set with
a spatial resolution of 3 seconds. To obtain infor-
mation on the land use category when working in
the system, a GeoTIFF file LCType.tif [16] was
also downloaded, which contains information on
the land use category with a spatial resolution of
15 seconds according to the UMD Land Cover
Classification (The University of Maryland De-
partment of Geography).

The functionality of the web-service
and application examples

The developed web service allows users to fore-
cast atmospheric pollution for 72 hours based on
data from the WRF-Ukraine numerical weather
forecasting system [11]. The user defines a com-
putational domain on the territory of Ukraine
(coordinates of the southwest corner of the com-
putational grid, number of cells horizontally and

vertically, cell size). The information on available
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pollution sources is also provided by the user (co-
ordinates and height of the source in meters; che-
mically hazardous substance and its quantity in
kg; date and time of the beginning of release and
duration of the source). The user can select more
than thirty substances, including chlorine, ammo-
nia, hydrogen sulfide, methyl chloride, and others.
By default the output concentrations are calcu-
lated in the cells of the computational grid. The
user can also specify additional coordinates of
point receptors for which a forecast will be gene-
rated (for example, population centers). The sys-
tem provides default values for constructing con-
centration isolines based on certain standards:
maximum single and mean daily doses.

As a result of the formation of the forecast for
all sources of pollution, the concentrations, dry
depositions, wet depositions, total depositions are
calculated. Depending on the weather conditions,
wet deposition may be absent. Also, for all types
of indicators, contours can be constructed based
on user-defined values. To analyze the dynamics
of changes in indicators over time for the selected
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Fig. 6. Time plot of toluene concentration in the point indi-
cated in Fig. 5

cell of the computational grid or a specific point
receptor, there is the possibility of activating the
time-chart.

One of the examples of applications of the de-
veloped web service is the simulation of air pol-
lution in Kyiv during September 12—13, 2019.
During that date there was raising public concern
regarding odors that were especially strong at the
so-called Kharkivsky District of Kyiv (Fig. 5). Un-
fortunately regular official monitoring of air pol-
lution is not carried out in this region of Kyiv.
Despite the absence of official measurements the
public concern was caused primarily by odors and
health sympthoms that were reported by many
residents [17]. The Kharkivsky District is located
in the zone of influence of the biggest in Ukraine
incineration plant Energia [18] which processes
about 700 tons of fuel per day. Therefore there
was a very strong opinion among the public that
the reasons for the smells could be the activity of
this incineration plant. At the same time several
fires on waste landfills happened near Kyiv due to
very dry and hot weather. One of such fires hap-
pened on spontaneous waste landfill near Gnidyn,
which is outside Kyiv but close to the studied re-
gion (Fig. 5). This obviously could influence pol-
lution levels in nearby regions of Kyiv.

As it was shown in previous monitoring stu-
dies of Energia incineration plant, the concent-
rations of toluene could be especially high in ex-
haust gases of this plant [18]. Presumably this could
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happen during periods of decline in incineration
temperature due to unsatisfactory calorific value
and humidity of fuel. At the same time toluene
could be created in large amounts during fires in
waste landfills. Therefore in this work we used the
presented web-system to perform simulations of
airborne toluene concentrations from both sources.

The release rate of toluene from the incinera-
tion plant was set using measurements of the con-
centration of this pollutant in exhaust gases re-
ported in [ 18] (on average 1.86, maximum 6 g- m™>).
This value was multiplied by the volumetric re-
lease rate of exhaust gases (70- m3- s!). The re-
sulting average emission rate was 130 g - s™! and
the maximum was up to 420 g-s'. In simulations
we used the emission rate of toluene from Energia
of 230 g - s7! which is greater than the average
value but less than maximum possible emission.
The stack height is 120 m, the temperature of ga-
ses at the stack output was set to 180 °C [18]. The
plume rise of gases is then internally simulated
by CALPUFE In the simulation of toluene re-
lease from waste landfill fire it was assumed that
concentration of toluene in exhaust gases of land-
fill fire is the same as in exhaust gases of the
incineration plant. The area of the fire was as-
sumed 25 x 25 m? The volumetric flow rate of
exhaust gases created by the fire was obtained
from the data in [19], who reported the flow rate
of exhaust gases of 400 m?- h™' for controlled
burning of a waste bale having 1.2 m diameter.
The resulting estimate of the emission rate of tolu-
ene from the fire which was used in simulations is
190 g - s7!. The lifetime of toluene is estimated in
[20] from several days to several months. Since
for the considered problem the timescales of at-
mospheric transport are less than a few hours in
simulations we neglect chemical removal of the
pollutant.

As itis seen from Fig. 5, despite the greater dis-
tance to the point of interest (Kharkivsky Dist-
rict) of the waste landfill as compared to incinera-
tion plant, landfill fire has a greater influence on
concentrations in the studied region than incine-
ration plant due to ground-level release as com-
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Fig. 7. Time plot of wind direction and speed in Kharkivsky
district during September 12, 2019, according to simulations
of the WRF-Ukraine numerical weather prediction system

pared to elevated release from incineration plant.
The time-plot of concentration in the point of in-
terest (Fig. 6) reveals a strong diurnal dependen-
ce of concentration. It reaches a maximum during
the night because of surface inversions which exis-
ted during this time due to very calm and dry wea-
ther. The resulting concentrations during the
night and morning of September 12, 2019, could
reach up to 1.3 mg - m3exceeding the permissible
limit for toluene (0.6 mg - m~*). Without taking
into account emission from fire, due to emission
from the incineration plant only, the maximum
calculated concentration at the territory of Khar-
kivsky District is almost twice less (0.7 mg - m~?).
In the afternoon according to simulations of
WRF-Ukraine numerical weather prediction sys-
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tem wind changed direction from SSE to SSW
(Fig. 7) and therefore concentration in Fig. 6 rap-
idly decreased to zero. The accuracy of the pre-
sented results regarding maximum toluene con-
centrations is limited primarily by the available
data on emission rate which is known within the
factor of about 3. The resulting confidence inter-
val for the maximum concentration is estimated
from 0.7 to 2.1 mg - m,

Conclusions

The paper presents the results of the develop-
ment of a web service for forecasting the disper-
sion of atmospheric pollution and its adaptation
for use in the Cloud Computing Platform of the
Ukrainian National Grid (UNG) infrastructure.
In the course of the research, changes were made
to the architecture of the web service to enable
the running of the atmospheric dispersion model
on the cloud computing platform. The developed
web service is integrated into the e-catalog of ser-
vices of the Virtual Center of Digital Science of
UNG, which allows using of this service by inter-
ested and registered users. Further increase in
the number of users requires certain upgrades in
UNG infrastructure available to the developers.
Presently with the developed service the forecast
of air pollution is possible for every point at the
territory of Ukraine. The service is accessible by
the link: http://cloud-2.bitp.kiev.ua/airsystem
english/airsystem_connect.html. The Terms of
Use are available by the same link. The service is
provided free of charge for registered users, but
due to limited resources the Administrator ap-
proves applications of the new users when possi-
ble. The user can enter single or several sources
together with the corresponding dates and re-
lease rates. The forecast is performed using the
data of the WRF-Ukraine numerical weather
prediction system and visualized in the form of
maps and concentration time-plots through a
web interface. The calculation for the historical
periods is possible if data of WRF-Ukraine were
stored for the corresponding period. The main
advantages of the developed service over the ex-
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isting analogs are that: 1) the developed service
uses detailed weather forecasts at the territory of
Ukraine and thus the accuracy of air pollution fo-
recast is increased as compared to products uti-
lizing globally available weather forecast data;
2) it is based on technical solutions that utilize
the capabilities of cloud computing infrastructu-
re. Thus with a proper upgrade of the Cloud Com-
puting Platform of the Ukrainian National Grid
Infrastructure the system could be used by the in-
creasing number of users. The implementation of
the service in the UNG cloud platform is a neces-
sary step towards its further integration into the
EOSC. In future extensions we will also consider
the possibility to extend calculations carried out
by the web-service over the world.

The capabilities of the developed web-service
were demonstrated by the example of simulation
of air pollution in part of Kyiv affected by the re-
leases from the incineration plant during pollu-
tion episode in September 2019. It was shown
that measurements of toluene concentrations in
exhaust gases reported in the literature for the
incineration plant Energia could yield the emis-
sion rate of toluene from 130 g - s to 430 g - s7".
For the considered period the fire on spontaneous
waste landfill, which is located a few km from Kyiy,
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AJIAIITAIIIA BEB-CEPBICY IIPOTHO3YBAHHS
3ABPY/IHEHHA [TOBITPY /IS POBOTHU HA IIJIATOOPMI
XMAPHUX OBYUCJIEHD YKPATHCBHKOT
HAILIOHAJIBHOI TPIJI-ITHOPACTPYKTYPU

Beryn. MojenoBanHs 3a0pyIHEHHSI TIOBITPsL € IOTYKHUM {HCTPYMEHTOM, SIKMI [I03BOJIsIE PO3po0IATH 0OIPYHTOBAHI pi-
HICHHA 11010 SHMKEHHA pI/ISI/IKiB, CIIPUYMHECHUX BUKW/[aMU B aTMoccbepy 3a6py11H}0}0tmx pedOBUH.

IIpo6aemaTuxka. [HdpacTpyKTypr XMapHUX 00YUCAEHD HAJIAIOTH HOBI MOSKJIUBOCTI I[0/[0 BAKOPUCTAHHS BEGCUCTEM TIPO-

rHO3yBaHHst 3a0pyiHeHb arMocdepu. Peasizaliist iux MOKIMBOCTEN HOTPeOYE 3MiH apXiTEKTYPH ICHYIOUUX CHCTEM.
'
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Mera po6otu. Azanraiist BebGcepBicy IPOrHO3yBaHHS PO3IOBCIOKEHHS aTMOC(EPHOTo 3a0pyAHEeHHS B YKpaiHi 11 BU-
KOPHCTaHHsI Ha 11aTGopMi XMapHUX 00UKCIeHb YKPaiHChKOI HallioHa/bHOI [piz-iHdpacTpyKTypH.

Marepiamm it Mmeromau. [lis1 gociijzkertst 00paHo apXiTeKTypy BeOKIieHT — BeOcepBep — xMapHi obuncients. O6uric-
JIEHHsI MOJIeJli 3/1iliCHeHO Y XMapHill iHPPacTPYKTYPi, TO/i sIK KJIIEHTCHKA i cepBepHa YacTUHM (DYHKIIOHYIOTh HA OKPEMUX
KOMIT'TOTepax.

Pesyabratu. PospoGiiennii cepBic 103BOJISIE BAKOHYBATH TIPOTHO3 3a0pyAHEHHST TIOBITPSI AJIst GY/ib-sIKOI TOYKH Ha TepH-
TOpil YKpaiuu s Giabll HiK TPUALSATH PEYOBUH, 30KpeMa i XJIopy, aMiaky, CipKOBOAHIO TOWIO. [IPpOrHo3 BUKOHYETHCS 3
BUKOPHCTAHHSIM JIAHUX CHCTEMU YHCENBHOTO TPpOorHo3yBantst morogan WRF-Ykpaina i BidyasidyeTsest 3a 101MoMOroio Bebin-
tepdeiicy. MokauBocTi po3pobiienoi cucteMu GyJI0 MIPOJAEMOHCTPOBAHO HA TIPUKJIAAI MOJIEJIFOBAHHST 3a0pyAHEHHSI TOBITPSI
y Bepecti 2019 poky y vactuni Kuesa, sska 3HaX0AUThCs Y 30Hi BITUBY CMITTECTIATIOBAIBHOTO 3aBoy «Eneprisy. [Ipoana-
JII30BaHO CyMapHi OIIHKY BUKUJIIB TOIYOJIY Bi/l CMITTECTIATIOBATBLHOTO 3aBO/LY Ta Bifl MTOJKEsKi HA HECAHKIIOHOBAHOMY TTOJTi-
TOHI BiIXO/IiB, PO3TANIOBAHOMY B /IEKITHKOX KisloMeTpax Bifi KmeBa. Buxkuam Bif moskeski MOTJIN TPU3BECTH /10 3HAYHOTO JI0-
JIATKOBOTO 3a0py/HeHHs arMocdepr A0CAiKYBaHOTO perioHy. JloBipunii iHTepBas MakcuMasbHOI KOHIEHTpalii 3a6py /-
HEHHsT Ha TOW mepiot oriHioeTses Bif 0,7 1o 2,1 mr - M3, 110 nepesunye Hopmatusni 3unaders (0,6 mr - M%),

BucnoBku. Po3po6iieHy cucreMy MOKHA BUKOPUCTOBYBATH B YCTAHOBAX, BIIIOBIAIbHIX 32 OIIEPATUBHE PearyBaHHs Ha
€KOJIOT1YHI aBapii.

Kuwouoesi crosa: 3abpyaHerHs nosiTps, arMmocdepHa aucrepcis, BeGcucTemMu, XMapHi 00UnCIeHHS.
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