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RISK ASSESSMENT OF THERMAL DAMAGE TO PEOPLE
AT INDUSTRIAL SITES IN CASE OF EMERGENCY BURNING SOLID
PROPELLANT

Purpose. This work involves the development of a numerical model for the calculation of areas of thermal dam-
age to people in the event of solid propellant burning at the industrial site. Methodology. An equation expressing
the law of energy conservation was used to solve the problem of determining the areas of thermal shock of people at
the industrial site. A potential flow model was used to calculate the airflow velocity field in the presence of build-
ings at the industrial site where an emergency occurs. The numerical solution of the two-dimensional equation for
the velocity potential is derived using the Liebmann method. This numerical model takes into account the uneven
velocity field of the wind flow that is formed near industrial buildings. An implicit difference splitting scheme was
used to numerically solve the energy equation. The physical splitting of a two-dimensional energy equation into
a system of one-dimensional equations describing the temperature transfer in one coordinate direction has been car-
ried out previously. At each splitting step, the unknown temperature value is determined by an explicit point-to-
point computation scheme. Based on the numerical model built, the code using the FORTRAN algorithm language
is created. Findings. Based on the developed numerical model, a computational experiment was conducted to evalu-
ate the risk of thermal damage to people at the industrial site where solid propellants are produced. The dangerous
areas for personnel are identified. Originality. An efficient numerical model has been developed to calculate the
zones of thermal pollution in case of solid propellant burning. Practical value. Based on the developed mathemati-
cal model, a computer program was created, which allows performing serial calculations for determining the zones
of thermal damage during emergencies at the chemically hazardous objects. The mathematical model developed can
be used to design an emergency response plan for chemically hazardous objects.

Keywords: risk of thermal damage; emergency burning of solid propellant; mathematical modelling
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Introduction

Different types of emergencies are possible at
chemically hazardous sites, where not only the
emission of chemically hazardous substances takes
place [2, 5-7], but also their accidental ignition.
Such an emergency can occur at the Pavlohrad
Chemical Plant, where solid propellant is manufac-
tured and stored (Fig. 1). In case of emergencies, it
is very important to assess the risk of damage to
people [1, 8-13].

Fig. 1. Grimm-2 rocket engine:
(https://zik.ua/ru/news/2018/03/07/raketniy_kompleks_grom
yspitayut_v_kontse_2019 _goda_1280605)

While burning solid propellant, apart from the
concentration of chemically hazardous substances,
another affecting factor emerges — the air tempera-
ture near the accident scene. In case of skin contact
with the heated air burns of varying severity and
inhalation burns appear, which may result in ther-
mal damage with fatal consequences. Our study
examines the methodology for solving the problem
associated with identifying the potential territorial
risk of thermal damage to personnel while burning
solid propellant at an industrial site.

It is known that the temperature of solid propel-
lant combustion products can be very high and de-
pends on the propellant type. Because of the pow-
erful emission of combustion products and under
the influence of wind, the thermal contamination
zone spreads from the accident scene; there is a
risk of thermal damage to personnel in work areas
located at some length at the industrial site. There-
fore, to adequately assess the risk of human dam-
age at industrial sites, the impact of this hazardous
factor on people should be taken into account. To
solve this problem, it is necessary to predict the air
temperature change over time in the work area,
since this task belongs to the class of non-

stationary tasks. It should be noted that the for-
mation of temperature fields at the industrial site
will be affected by different weather situations,
such as during the formation of concentration
fields. Therefore, to evaluate the risk of thermal
damage to personnel at the industrial site, this
should be taken into account in mathematical mod-
els. In addition, the complexity of solving this
problem lies in the need to take into account the
influence of various obstacles on the formation of
thermal fields.

Purpose

Our primary goal is to develop a computer
model for rapid assessment of the risk of thermal
damage to people at an industrial site in the event
of emergency combustion of solid propellants.

Methodology

In practice, it is important to have fast mathe-
matical calculation models to assess the risk of
thermal damage to personnel, which allow one to
take into account important physical factors that
influence the formation of hazardous zones. It
should be noted that solving this class of tasks has
several ambiguities. For example, the air tempera-
ture at the place of propellant combustion may
have a wide enough range — from 1000 to 1500°C
and above. The exact value is almost unknown.
Therefore, when constructing a model for predict-
ing the risk of thermal damage to people, we will
make some assumptions: first — that ¢, =c, ; sec-

ond — we will consider only the processes of ther-
mal conductivity and convective heat transfer.
Then for the express estimation of the risk of ther-
mal damage to people at industrial sites in case of
accidents caused by the burning of solid propel-
lants, we will use the following equation of con-
vective heat transfer (two-dimensional, planned
model, Boussinesq approximation) [3, 4]:

or ouT ovT .
— +—+—=div(agradT), 1
ot ox oy ( g ) @)

where T - is the air temperature; u,v —velocity

vector components of the air flow; a=(a,,a,) -

coefficients of thermal conductivity; X, Yy, — Car-
tesian coordinates; t — time.
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The formulation of boundary conditions for the
energy equation (1) is as follows:
1. At the input of the calculation area:

T=Ty,
where T;, — is the known ambient air temperature
(eg., T,,; =20°C).
2. At the boundary of the flow exit from the

calculated area:
T

i+1,j =

LISE

where T — is the temperature in the last

i+1,]
difference cell; T, ; — the temperature in the previ-
ous cell.

3. On the solid boundaries Z—T =0.
n

For the moment of time t=0, that is, at the
moment of the beginning of the calculation, we set
the condition T =T,, where T, — is the known air
temperature in the calculation area, for example
T, =T,,. At the place where the solid propellant

combustion products are released, the temperature
of these products is set. This approach can be used
when conducting «pilot», serial calculations to
quickly identify the most dangerous areas of ther-
mal damage to personnel. Another approach is to
set the heat emission power at the accident scene,
but one needs to know this emission for a specific
type of propellant. In this case, we add a summand
to the energy equation (1), similar to the simulation
of a point source of the emission of a chemically
dangerous substance in the mass transfer equation.

Solving the energy equation allows obtaining a
temperature distribution over time in work areas
near the place where an accident at the enterprise
occurred. The risk of thermal damage is deter-
mined from the following condition: if the air tem-
perature in the work area is more than the set dam-
age temperature (for example, the temperature is
more than 100°C, at which there is complete pro-
tein denaturation), then at this point of the work
area we assume that the risk of damage is equal
100%.

To numerically solve the energy equation, we
use the implicit difference splitting scheme. At the
first stage, we split the energy equation at the dif-
ferential level into a sequence of the following
equations:

5_T+5‘J_T:£(3X5_Tj; @)
oo axl M ox
T T
ot oy oy\ "oy

Then for the numerical integration of one-
dimensional energy equations, we use the implicit
difference scheme [4]:

ouT ou'T oauT.
= +

OX oX OX
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We approximate the derivatives for the equa-
tions from system (2)—(3):
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The splitting scheme for equation (2) is written
as follows:

—at the first step, the difference equation has
the following form:

k n
Tl g T =
At

— at the second step of the splitting, the differ-

ence equation takes the form:

MET +M T (@)

T n+l '
v + L T n+l

=M T"+M_ T (5)
The splitting scheme for numerical integration
equation (3) is as follows:
— at the first step, the difference equation has
the form:
k
Tii — T LT
At
— at the second step of the splitting, the differ-
ence equation will be as follows:
1 k
Tunf —Ti I -|-n+1
At

=M T +M_T";  (6)

M T"+M T™.(7)

The unknown value of temperature T at each
step of splitting (4)—(7) is calculated by the formu-
la of point-to-point computation.

The air velocity field u, v, in the presence of
obstacles at the industrial site, is determined based
on the model of potential movement:

2 2
‘Zx—f+‘2y—f=o; (®)
_op. ,_°P

ox oy

The boundary conditions for equation (8) are as
follows:

1) Z—P =0 —at solid impermeable boundaries;
n

2) Z—P =V, — at the boundary where the flow en-
n
ters the calculation area, V,, —known air velocity;

3) P = const — at the boundary of the flow exit
from the calculation area.

We will use the Liebmann method to numeri-
cally solve this equation. In this case, the differ-
ence equation will look like:

—2B ;+Py;
sz

—-2R ;+P,_
Ay2

I+lj | j+l

We define the value of the velocity potential in
the centers of the difference cells as follows:

[P tPa Pl,j+1+Pi,j—1
Ay?

AX?

iLj 7 , (9)

where Z = i2+in
AX® Ay

The calculation of dependence (9) is completed
when

n+l n
Ri —Ril=

where Pif‘j*l — is the value of the velocity potential

at the new iteration; Pif‘j — the value of the velocity

potential at the previous iteration; € — small num-
ber.

To calculate by the formula (9) it is necessary
to set the initial value of the velocity potential in
the calculation region, we take the following value:

R =0.
The components of the air velocity vector on

the sides of the computational cells are calculated
as follows:

U. = Plj - Pi—l,j
I AX

L _PRy-Ry
ij Ay

It is necessary to know this air velocity field to
solve an energy equation that uses the parameters
u="1(x,y), v="(xy).

The methodology for assessing the potential
territorial risk of thermal damage to personnel at an
industrial site is analogous to the methodology for
assessing the potential territorial risk of toxic
human damage. That is, based on numerical inte-
gration of basic equations (energy equation and
equation for velocity potential), we predict the
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formation of temperature fields for different
weather conditions, etc. whose probability is
known. Then we determine the subzones where the
air temperature value is greater than the damage
temperature (this damage temperature is defined by
the model’s user), and print the results of the pre-
diction of thermal damage risk for a specific point
in time, in order to further analyze the size and
speed of the damage zone formation. The probabil-
ity of propellant ignition point may also be consid-
ered for risk assessment.

FORTRAN was used to create the code. The
TH2 program package, which is a software imple-
mentation of the methodology for assessing the
territorial risk of thermal damage to personnel at an
open space, includes the following subprograms of
the SUBROUTINE program:

1. TEN1 — calculation of the air velocity field at
the industrial site (TEN1A — calculation of the air
velocity field in the working room).

2. TEN2 — calculation of the velocity potential.

3. TENS3 — calculation of temperature fields and
their changes over time at the industrial site.

4. TENS — print of the calculation results.

5. TENG6 - risk calculation of the thermal dam-
age to personnel at the industrial site.

For calculations to determine the magnitude of
the territorial risk of thermal damage to people at
the industrial site, one must specify the following
parameters:

1. Dimensions of the calculation area.

2. Dimensions of buildings.

3. Geometric shape of buildings.

4. Weather situation parameters.

5. Air temperature at the accident scene.

6. The location of the accident.

7. Receptor coordinates (work area).

8. Probability of realization of certain weather
situation.

9. Location of buildings at an industrial site.

The result of the simulation is a matrix of the
territorial risk of thermal damage to people at the
site for a specific moment after the accident or the
distribution of temperature fields at the site and
their change over time.

Findings

The constructed numerical model was used to
estimate the potential risk of thermal damage to
people at the industrial site of Pavlohrad Chemical
Plant (Fig. 2) in the case of solid propellant of the
Grim-2 rocket.

s Y P 4 2i6000)

Fig. 2. To calculation of the risk of thermal damage
to personnel at the industrial site of Pavlohrad
Chemical Plant (Googleimage):

1 — the place of probable emergency burning of solid
propellant; 2 — work area no. 1; 3 — industrial building;
4 —work area no. 2

During calculations, it is taken that at the indus-
trial site the probability of wind velocity of 3 m/s is
equal to 25%, and the reliability of the wind ve-
locity of 7 m/s is equal to 75%. The wind direction
is shown in the figure by an arrow. It is taken that
the temperature of combustion products at the ac-
cident scene is 1000°C. Initial air temperature in
the calculation area T, =20°C. The dimensions of

the calculation area are 290x268 m. We estimate
the risk of thermal damage to workers based on the
two-dimensional energy equation discussed above.
It is taken the following: if the air temperature at
the industrial site is more than 100°C, then the re-
ceptor enters the damage area.

Below Fig. 3-5 shows the change dynamics in
the air temperature near the industrial building at
different intervals after the accident. Data are given
for a wind velocity of 3 m/s.

The limit of thermal pollution, in Fig. 3-5,
marked by no. 1, shows the boundary of the zone
of thermal damage to workers; since this isoline
corresponds to the temperature value of
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T =100 °C. As we can see, the thermal pollution
zone at the industrial site is constantly expanding
over time and extending along the industrial build-
ing. It is clearly seen that subzones with high tem-
perature gradients are created near the building
walls.

¥

2

0

Fig. 3. Zone of thermal pollution (isotherm) near indus-
trial building, t = 10 sec:
1-T=100°C;2-T =230°C

b i

0

Fig. 4. Zone of thermal pollution (isotherm) near indus-
trial building, t = 25 sec:
1-T=102°C;2-T=239°C

o 1t \ N\ X
Fig. 5. Zone of thermal pollution (isotherm) near
industrial building, t = 32 sec:
1-T=103°C; 2 - T = 240°C; 3 — industrial building

In order to obtain clearer assessment of the po-
tential risk of thermal damage to people at the in-
dustrial site, it is necessary to analyze the data be-
low in Fig. 6-9. They show the change in air tem-
perature in two work areas (these work areas are
shown in Fig. 2), which are located near the wall of
the industrial building. The first zone is located at
a length of about 55 m from the accident scene, the
second — at a length of about 33 m from the acci-
dent scene.

T
430
/’
420 e
410 //
400 Vd
390
380
370
360
20 22 2 26 28 30 f,sec
Fig. 6. Air temperature change over time
in work area no. 2
T
380
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340 /‘/
/
320 /
300 /1
280
260 "/
240
220
200
20 22 24 26 28 30 t,sec

Fig. 7. Air temperature change over time
in work area no. 1

As we can see from Fig. 6 and 7, the air tem-
perature rises very rapidly in both work areas and
already in 20 sec. after the start of emergency
emission it exceeds the threshold value of damage
temperature by more than twice. Such air tempera-
ture will cause burns of both human skin and res-
piratory tract.
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Fig. 8 and 9 show the matrices of potential ter-
ritorial risk of thermal damage to people at indus-
trial site for different time points in case of realiza-
tion of these probable weather conditions.

From Fig. 8 and 9, we see that the area of terri-
torial risk zone of thermal damage to personnel is
constantly changing over time. It is increasing in
size, so we are talking about the spatial-temporal
change of the territorial risk of thermal damage to
personnel at industrial site. For the considered me-
teorological situations, the risk of thermal damage
to personnel is extremely high, as thermal damage
is formed very quickly. However, we see that be-
hind the building there is no risk of thermal dam-
age to people for the considered moments of time.
It should be noted that the calculation time was 4
sec.

Conclusions

1. A numerical model is proposed for predict-
ing the areas of thermal damage to personnel at
industrial sites in case of the emergency ignition of
solid propellants.

2. Risk of thermal damage to people at an
industrial site in case of solid propellant ignition
was assessed.

1x

Fig. 8. Probability of thermal damage to personnel
at industrial site at the time moment t = 12 sec.

0)

1x

0

Fig. 9. Probability of thermal damage to personnel
at the industrial site at the time moment t = 24 sec.
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OIIEHKA PUCKA TEPMHUYECKOTI'O IIOPAXKEHUS JIOJEN HA
MPOMBIIIJIEHHOM OFBEKTE B CJIYUAE ABAPUMHOI'O TOPEHUA
TBEPJOI'O PAKETHOI'O TOIIVIMBA

Heas. dannas padora npegycMaTpuBaeT pa3paboTKy YHCIEHHOM MOZEH /sl pacdyeTa 30H TEPMUYECKOTo I10-
pakeHus JIIo/IeH IIpy aBapuiiHOM T'OPEHUH TBEPIOTO PAKETHOTO TOILIMBA HA TEPPUTOPHH IMPOMBIIIIEHHOTO OOBEKTA.
Metoauka. [ pereHus: MOCTaBISHHON 3a1aui — OTPEIeTICHUS 30H TEPMUYECKOT0 NOPaKeHHs JIF0JIed Ha Teppu-
TOPUH IPOMBIIUIEHHOTO 00BEKTa — HCIIOJIb30BAaHO YpaBHEHHE, BRIpAXKAIOIee 3aKOH COXpaHeHUs 3Heprun. s pac-
4eTa MOJd CKOPOCTH BO3IYIIHOTO NMOTOKAa NMPH HAIMYMU 3AAHUN HAa TEPPUTOPHU MPOMBIIUIEHHOTO 00BEKTa, Irne
HMeeT MECTO aBapHiHas CHUTyaIlHs, HCIOJIb30BaHA MOJENb MOTCHIHAIBHOTO TeueHHs. UMCIeHHOE pelleHHe /BY-
MEpPHOTO ypaBHEHHUS Ul MOTEHI[HMaja CKOPOCTH IPOBEJCHO ¢ MoMoIbio Meronaa JlnOmana. IIpu mcnons3oBaHUH
9TON YMCIIEHHON MOJETH YYTE€HO HEpaBHOMEPHOE I0Jie CKOPOCTH BETPOBOTO IMOTOKA, GOPMHUPYEMOTO y MPOMBIII-
JICHHBIX 3/1aHU. JI7s1 YMCIEHHOrO PELIeHUs] YpaBHEHHsI SPHEPTUU HUCIONb30BAaHO HESIBHYIO PA3HOCTHYIO CXEMY pac-
meruienns. [IpeaBapuTenbHO OCYIIECTBICHO (U3MYECKOE paclielUIeHHe JBYMEPHOTO YpPaBHEHHSI SHEPrHH HA CH-
CTEMY OJHOMEPHBIX YPaBHEHMI, ONUCHIBAIONINX NEPEHOC TEMIEpATyphl B OJJHOM KOOPAMHATHOM HampasieHud. Ha
Ka)X[IOM IIary pacuieruieHHss HEM3BECTHOE 3HaYCHUE TEMIIEpPATyphl ONPEEICHO MO SBHOM cXeme Oerymero cuera.
Ha 6a3e mocTpoeHHO# YncIeHHON MoJenH co3aaH Kox Ha anroputMudeckoM sizbike FORTRAN. PesyasTaTel. Ha
OCHOBE pa3pabOTaHHOI YMCIIEHHON MOJAETH MPOBEACH BBIYUCIUTEIBHBIN 3KCIIEPUMEHT IS OICHKH PHCKA TEpPMU-
YEeCKOT0 TOPAKESHHUS JII0JIeH Ha TEPPUTOPUH IPOMBIIIUIEHHOTO 00BEKTA, T U3TOTOBISIOT TBEPAOE PaKeTHOE TOIUIN-
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Bo. OmpeneneHsl 30HBI, ONMAcHbIE JUIA HaxoxkJeHus rnepcoHana. Hayuynas nHoBm3Ha. Paspaborana sddexrrBHas
YHCIEHHAs MOJIeJIb, O3BOJISIONIAs PACCUUTHIBATH 30HBI TEPMUUECKOTO 3arpsi3HEHUS B Cllyyae aBapUilHOrO TOpeHUs
TBEepIOro pakeTHoro torumBa. [IpakTuyeckasi 3HayuMocTh. Ha 6aze pazpaboTaHHON MaTeMaTHUECKOW MOIEIH
cOo3/1aHa KOMITBIOTEPHAs! IIPOrpaMMa, KOTOpasi aeT BO3MOXKHOCTh IIPOBOJUTE CEPHUHBIC PACUETHI IS ONIPECICHUS
30H TEPMHUYECKOTO MOPAXKEHHS NPH YPE3BBIYAWHBIX CHTYAIMSIX HA TEPPUTOPHU XUMHUIECKH OIACHBIX OOBEKTOB.
JlaHHas MaTeMaTHYecKas MOJENb MOXKET ObITh MCIONB30BaHA MPH pa3paboTKe IUIaHa JMKBUIALUHN aBapHHHON CH-
tyauuu (ITJTAC) ans XUMHYECKH OTTaCHBIX 0OBEKTOB.

Kniouesvie cnosa: puck TepMUYECKOTO MOPAXKEHUS; aBapUITHOE TOPEHUE TBEPAOT0 PaKeTHOTO TOILUIMBA; MaTeMa-
TUYECKOE MOJIEIUPOBAHUE
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OLIHKA PU3UKY TEPMIYHOI'O YPAKEHHS JIIOJIEH HA
MNPOMUCJIOBOMY OB’EKTI B PA3I ABAPIMHOI'O TOPIHHA
TBEPJOI'O PAKETHOI'O ITAJIMBA

Mera. L5 pobora nepenbavae po3poOKy YHUCETBHOT MOJIEII ISl PO3PAXYHKY 30H TEPMIYHOTO ypaKeHHS JIFOAeH
y pa3i aBapiifHOTO TOpIiHHS TBEPOro PAKETHOIO MajuBa HAa TEPUTOPIl MPOMHUCIOBOTO 00’ckta. Mertommka. Jlns
PO3B’sI3aHHS MOCTaBJICHOI 3aJjadi — BU3HAUCHHS 30H TEPMIYHOTO YPa)KEHHS JIIOZEH Ha TEPUTOPIii IPOMHCIOBOTO
00’€eKTa — BUKOPUCTAHO PiBHSIHHS, 10 BUpaXKa€ 3aKOH 30epexeHHs eHeprii. [y po3paxyHKy Mo MIBUAKOCTI MOBI-
TPSHOTO IMOTOKY 32 HAsABHOCTI OymiBeNmb Ha TEPUTOPIl MPOMUCIOBOro 00’€KTa, A€ Ma€ Micle aBapiiiHa cHTyallis,
BUKOPHCTaHO MOJIEINb MOTEHIIaNbHOI Tewii. UnucenbHe po3B’si3aHHS ABOBHUMIPHOTO PIBHSHHS JUIS TIOTEHIIATy IIBU/I-
KOCTI TIPOBEJICHO 3a IOMOMOTror0 Metoxy JlioMana. [lin yac BUKOpHCTAaHHS IIi€] YUCETBPHOI MOJICNI BpaXxoBaHO HeEpi-
BHOMIpHE II0JIe MIBHIKOCTI BITPOBOTO IOTOKY, IO (OpMYyeThCs Oins MPOMHUCIOBUX OyaiBenb. I YHCEITBHOTO
PO3B’si3aHHS PIBHSHHS €HEPrii BUKOPHCTAHO HESIBHY PI3HHLEBY CXeMy poslieruieHHs. [lonepeanso 3aiiicHeHo ¢i-
3WYHE PO3ILIEIJICHHs JIBOBUMIPHOTO PIiBHSHHS €HEpril Ha CUCTEMY OJJHOBHUMIPHUX DIBHSIHb, L0 OMUCYIOTH MEPEHOC
TEMIIEpaTypy B OJIHOMY KOOPJMHATHOMY HamnpsiMKy. Ha K0)KHOMY Kpolli po3LIeIUICHHST HEBIIOMEe 3HAaUeHHsI TeMIe-
patypu BU3HAUECHO 3a SIBHOIO CXeMOI0 Okyuoro paxyHky. Ha 6a3i moOy0BaHOT YMceNnbHOT MOJIENI CTBOPEHO KO/ 3a
nonomororo anropurmiunoi MmoBu FORTRAN. PesyasraTu. Ha ocHOBI po3po0iieHOT YrcenbHOT MOJIeN POBEIEHO
00YNCITIOBAJILHUN €KCHEPUMEHT ISl OLIHKM PH3HMKY TEPMIUYHOTO Ypa)KeHHs JIIOAEH Ha TEpUTOpii MPOMHCIOBOTO
00’€eKTa, JIe BUTOTOBJSIIOTH TBEPAE pakeTHE NMaIuBO. Bu3HaueHo 30HH, siKi € HeOe3NeyHUMH A1 IepeOyBaHHs 1ep-
conany. HaykoBa HoBu3Ha. Po3po0ieHo eeKTHBHY UYHCeNbHY MOJETb, 10 I03BOJISIE PO3PAXOBYBATH 30HHU TEPMi-
YHOTO 3a0pyJHEHHS B pa3i aBapiiiHOro TOpiHHS TBepAOro pakerHoro naiusa. IlpaxkTuyna 3Haummicts. Ha 0asi
po3pobeHoi MaTeMaTHYHOI MOJENI CTBOPEHO KOMIT'IOTEpPHY IpOorpamy, IO A€ MOXIIMBICTb NMPOBOJMTH CEpiiHi
PO3paxyHKH JUIsl BU3HAUCHHS 30H TEPMIYHOTO Ypa)kKe€HHs IiJ] Yac HaJ3BHYAHHMX CUTYyalill Ha TepUTOPii XIMIYHO
Hebesmeynnx 00’exTiB. L1 Moaens Moxke OyTH BUKOPHCTAHA il 9ac po3poOKH IUIaHy JTiKBiAarii aBapiitHoi cuTyarii
(TIJTAC) s ximiuHO HeOe3MeYHnX 00’ €KTIB.

Knouogi crosa: pu3MK TEPMIYHOTO YpaKeHHs; aBapiiiHe rOpiHHS TBEPJOro pPakeTHOTO MajKuBa; MaTeMaTHYHE
MO/JICTIFOBAHHSI
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