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RISK ASSESSMENT WITH THE USE OF THE MONTE-CARLO
METHOD

Purpose. This work involves the development of a numerical model for the calculation of chemical contamina-
tion zones in the event of ammonia accident at the pumping station, as well as a model for assessing the risk of dam-
age and wound depth in the body in case of fragments scattering formed during the pipeline explosion at the pump-
ing station. Methodology. To solve this problem, we used the mass transfer equation for the ammonia propagation
in the air. A potential flow model is used to calculate the air flow velocity field in the presence of buildings at the
ammonia pumping station. The numerical solution of the three-dimensional equation for the velocity potential is
derived by the cumulative approximation method. When using this numerical model, the irregular field of wind flow
velocity, the change in vertical atmospheric diffusion coefficient with altitude, the ammonia emission intensity, the
emission point of the chemical substance were taken into account. A differential splitting scheme was used to nu-
merically solve the ammonia transfer equation in the air. Physical splitting of the three-dimensional mass transfer
equation to a system of equations describing the contaminant transfer in one coordinate direction is carried out be-
forehand. At each step of splitting, the unknown value of ammonia concentration is determined by an explicit
scheme of point-to-point computation. A mathematical model for calculating the fragments scattering in case of
emergency at the pumping station is considered. Findings. On the basis of the developed numerical model, a com-
putational experiment was conducted to estimate the level of air pollution at the ammonia pumping station. The area
of possible damage of people during the fragment scattering during the explosion at the ammonia pumping station
was determined. Originality. A numerical model has been developed that allows calculating the chemical
contamination zones in case of emergency ammonia emission at the pumping station. The model is complemented
by assessment of impact zones in case of fragment scattering during the pumping station explosion.
Practical value. Based on the developed mathematical model, a computer program was created, which allows per-
forming serial calculations for determining the impact zones during emergency situations at the chemically hazard-
ous objects. The mathematical model developed can be used to perform serial calculations during the development
of emergency response plan for chemically hazardous objects.
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Introduction

The emission of chemically hazardous sub-
stances during industrial accidents poses a threat to
the lives of employees of these enterprises and the
population at all. In this regard, an extremely im-
portant problem is the injury risk assessment in the
event of such man-made accidents. To solve the
problems of this class, a number of parameters are
essentially plausible, such as the intensity of the
chemical substance emission. This forces to use the
models representing the probability of one or an-
other parameter, in addition to deterministic math-
ematical models. Therefore, the scientific direction
of the mathematical models development for pre-
dicting the environmental pollution level in case of
emergency emission of chemically dangerous sub-
stances is of practical interest. This makes it possi-
ble in a certain way to take into account the proba-
bility of a number of parameters that affect the
formation of chemical contamination zones.

To assess the risk of human injury at chemical-
ly hazardous objects [1, 2, 4, 6-9], as a rule two
approaches are used. They are a Gaussian model or
a normative technique used in the State Emergency
Service of Ukraine (SES). Based on these ap-
proaches, one can quickly determine the extent of
chemical contamination zones, but they have
a number of significant disadvantages, for exam-
ple, they do not take into account the influence of
buildings. In connection with this creation of
mathematical models that allow quick determining
the dimensions of chemical contamination zones
and the risk of damage to humans is an urgent task
[10-13]. The chemical damage risk is defined as an
area where the concentration of a chemically dan-
gerous substance exceeds the maximum allowable
concentration (MAC).

Purpose

The main purpose of the work is the develop-
ment of a numerical model for quick prediction of
chemical contamination zones in case of accidental
ammonia emission at the pumping station, as well
as the development of a model for the damage risk
assessment and the depth of wound in the event of
fragments scattering formed during the pipeline
explosion.

Methodology

Emission of chemically hazardous substances
can lead to extremely negative consequences —
death of people (staff at the industrial site, popula-
tion). The risk of lethal injury to humans depends
on many factors, among which the mass of a chem-
ically dangerous substance entering the atmosphere
1s determinative. As it is known, this value is of
probabalistic nature. However, emission limits for
certain objects can be set based on the analysis of
available statistical data. One can use the Monte-
Carlo method to determine the mass of a chemical-
ly dangerous substance at an industrial site (for
example, an ammonia pumping station). In this
case, the methodology for assessing the risk of in-
jury will be as follows:

1. To set the limits for possible release of
a chemically dangerous substance at industrial site
known from expert judgment (M1 is the minimum
known mass of the substance; M2 is the maximum
known mass of the substance).

2. To determine the most likely mass of
a chemically dangerous substance Q, that can get

into atmospheric air in the event of a possible
emergency.

3. To determine the air pollution zone in the
event of the release of a chemically dangerous sub-
stance in the amountQ,. In this zone, there is

a subzone where the concentration of a chemically
dangerous substance exceeds the limit value (for
example, a lethal concentration).

4. To determine the number of people N who
were in a subzone where a lethal concentration of
a chemically dangerous substance was predicted.

Thus, solving a problem consists of two main
steps:

— the first is the calculation of the possible
emission intensity of a chemically dangerous sub-
stance by the Monte-Carlo method;

— the second is the calculation of the zones of
chemical contamination with the definition of sub-
zones of lethal injury.

To estimate the level of chemical pollution of
the atmospheric air we will use the three-
dimensional mass transfer equation [2, 3, 5]:
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here C — is ammonia concentration; U,V,W — vec-
tor components of the wind flow velocity;
S(X - X )S(y -V )8(2 - ) — Dirac delta function;

uz(ux,uy,uz) — turbulence diffusivity coeffi-

cients; X,Y;,Z; — ammonia emission source coor-
dinates; o— coefficient taking into account the
chemical decay of impurity, precipitation scaveng-
ing; Q —ammonia emission rate; wy — the rate of

gravity sedimentation of the impurity; t — time.
Boundary conditions for the mass transfer
equation are considered in the work [5].
During the calculations, we will take into ac-
count unevenness of the vertical diffusion coeffi-
cient and the air velocity in height:

z P z "
s3] (3]
1 1

By =py =kou, (2)

where p=0.15; m=1; k, =0.2; k, =0.1+1.

For numerical integration of equation (1) we
will use finite-difference methods [5]. We perform
preliminary splitting of equation (1) into the se-
quence of solving the following equations:
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For numerical integration of equations (3), we
use an alternating-triangular difference scheme [5]
and the Euler method.

For mathematical modeling of the wind flow
field at an industrial site, we use the model of poten-
tial flow. The calculation is based on equation [5]:

2 2 2
o, @
ox~ oy oz

where P — is the velocity potential.
The air flow velocity components are defined
as follows:

P P 0P

U=—;Vv=—;W=—o1!.
OX oy 0z

The boundary conditions for equation (4) are as
follows:

)

b

9] Z—P =0 on impermeable boundaries and on

the upper surface of the calculation area;

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 outflow boundary of the
calculated area.

For the numerical solution of equation (4), we
use the method of total approximation, so we re-
duce this equation to the form:

oP O*P P O°P
—= + + ,
ot ox* oy* oz

(6)

where t — time dummies.
The calculated dependence for determining the
velocity potential is written in the following form
in two steps of splitting:
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The calculation according to this formula is
terminated if the following condition is fulfilled:

n+1 n
Rk~ Pi,j,k‘ se,
where n — iteration index (number of steps in

time); € — small number.

We determine the components of the velocity
vector on the edges of the difference cells as fol-
lows:

_ IDi,j,k — Pifl,i,k . _ IDi,j,k B Pi,H,k .
Uik=——"" s Vijk=" — 3
AX Ay
P..—-P.
_ ik i, jk-1
W = e (®)

Az

Based on the difference equations considered,
a computer program was created that includes sev-
eral subprograms:

1) subprogram for calculation of velocity po-
tential field;

2) subprogram for calculation of air velocity
field in the conditions of building;

3) subprograms for calculation of impurity con-
centration in the air for different time points after
emergency emission.

For ease of use, the initial data file has been
separated. The user adds to this file data on the
location of buildings at the pumping station, the
location of emergency emission, the intensity of
the emission and other parameters.

FORTRAN was used to encode the difference
equations.

Findings

The developed numerical model was used to
calculate the zone of chemical contamination in
case of accidental ammonia emission at the pump-
ing station located near the Bashmachka settlement
(Fig. 1). Based on expert data analysis, it has been
determined that ammonia emission can range from
200 to 500 kg. Based on the Monte-Carlo method,
it is estimated that, within this range, the highest
probability of accident ammonia emission (19%)
corresponds to a 300 kg emission. Therefore, this
emission was taken for the computational experi-
ment. Since there is some inertia at the pump stop,
it is clear that the emission will occur within

a short time, so it is assumed that it will last 3 sec.,
that 1s, we have a semi-continuous emission.

The calculation is based on two approaches.
The first is a calculation based only on the kine-
matic model (1). The second is a calculation based
on two models: aerodynamics (4) and mass trans-
fer models (1). That is, for the first calculation, the
location of buildings at the pumping station is not
taken into account. For the second calculation, the
presence of buildings at the pumping station is tak-
en into account.

Fig. 1. Computational scheme:
1 — the place of emission of the chemically dangerous sub-
stance at the pump station; 2 — receptor position

Fig. 2. Chemical contamination zone of atmospheric air
(building influence on forming the contamination zone
is not taken into account, level z=2.5 m, t = 35 sec)

Fig. 2 shows a chemical contamination zone of
atmospheric air at the pumping station where am-
monia emission takes place; the calculation is per-
formed only based on the kinematic model. We see
that chemical contamination zone has the form of
“drop”, no deformation of this zone is found.

Fig. 3 shows the predicted zone of chemical
contamination, to determine which the location of
buildings at the pumping station is used.
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Fig. 3. Chemical contamination zone
of atmospheric air, the calculation is made taking
into account the buildings at the pumping station
(level z=2.5m, t =35 sec)

Comparing Fig. 3 and 2, we see a significant
difference, namely the deformation of chemical
contamination zone due to the influence of build-
ings on the process of toxic substance spread in the
air.

C,g/m?
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Fig. 4. Changing the concentration of chemically

dangerous substance at the receptor location point

Fig. 4 shows the dynamics of changes in the
ammonia concentration at the industrial site near
the building (Fig. 1, position of the receptor 2).

As we can see from Fig. 4, in the event of
emergency ammonia emission, its concentration at
the industrial site, near the industrial building, will
be substantially higher than the MAC (MAC = 20
mg/m?), i.e. there will be a risk of toxic damage to
people at the site. Let us note that the computation
time is 5 sec.

At the second stage of the study, the risk of in-
jury to humans in case of fragment scattering due
to explosion at the ammonia pumping station was
assessed. For example, such an explosion may oc-
cur on the pipelines located at the pumping station

(Fig. 5).

Fig. 5. Pipelines at the ammonia pumping station
(https://ru.wikipedia.org/wiki/ AMMIaKompoBOT)

Fig. 6. Scheme of fragment scattering
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The impact zone is defined by the range of the
pipeline fragments. To simulate the process of
fragment scattering in the air, Newton's second law
of motion dynamics of material point was used. In
vector form for a fragment having mass m, motion
dynamics is modeled by the equation:

av
mEZ—FR—Fg, (9)

where V — is the vector of fragment scattering
speed; F, =mg — is gravity force;

2
Fr =C, Ps™ .S _ resistance force; C, —re-
2

sistance coefficient; p, — air density; S — frontal

area.

The fragment formed during explosion has
a complex geometric shape. To apply model (9),
we perform the following procedure. First, we de-
termine the volume of fragment. Next, suppose
that a “reduced sphere” with a radius R has such
a volume. Then knowing that the volume of frag-
ment is equal to W , we find the radius of the “re-
duced sphere” using the expression

w=2 R R:s/ﬁ.
3 4n

Further, knowing the mass of the fragment ma-
terial and its initial velocity, we make calculations
based on the model (9). Preliminary vector equa-
tion (9) is written in the projections on the X, Y
axis (the Y axis is directed vertically up):

2
md—UZ—CX&-S-U; (10)
dt 2
dv pV?
m—=-C,—~—-S-v—-mg. 11
G 9 (11)

The weight of fragment is determined as fol-
lows: m=p,_, ‘W, where p_, — is the density of
the fragment material.

Euler method was used for numerical integra-
tion of equations (10) — (11). The midsection is
calculated as follows:

where d =2R.

The angle of fragment scattering is the initial
data (Fig. 6, angle o).

Below the figure shows the area of possible
human injury in case of ejection of steel fragment
having a reduced diameter of 1 cm. The fragment
ejection is assumed to be at 2 m height. The initial
fragment velocity is taken at 150 m/sec. An im-
portant parameter for assessment of the impact
zones in case of fragment scattering is to determine
the angle at which the fragment leaves the explo-
sion zone (Fig. 6, angle o ). The range of the scat-
tering angle may be different. The work deals with

the range of fragment scattering 0°+90°. The
Monte-Carlo method determined that the fragment

scattering range o ~ (15° +30°) corresponds to the

highest probability — 37%. Fig. 7 presents the re-
sults of the calculation for the scattering angle

a=30°.

Fig. 7. Impact zone in case of fragment scattering after
the explosion at the ammonia pumping station

As we can see from Fig. 7, this fragment may
reach the boundaries of Bashmachka and Kalyniv-
ka settlements. That is, there is a threat of damage
to people at a sufficiently large distance from
pumping station.

In addition to this model, a model of fragment
movement in the body of the animal, which ap-
peared to be in the impact zone, was also devel-
oped (Fig. 8).
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Fig. 8. Scheme of damage to the animal by fragment:
1 — a fragment in flight

The velocity of fragment before the “obstacle,”
that is, the body, is determined based on solving
equations (10) — (11). The fragment “meets” the
body of the animal (human) at an angle  (Fig. 8),

which can be calculated in the process of solving
equations (10) — (11), based on the determined
values of the movement velocity components U, v
and for a specific height H of fragment above the
earth surface. We set the height H. Then the
movement of fragment in the body begins. We
model this process with the following equation of
material point motion (Newton's second law):

av
m—:—F 5 12
i R (12)
where V — the velocity motion vector of the

fragment in the body of an animal (human); F, —

resistance power: m — fragment weight.

Choosing the coordinate axis OX in the direc-
tion of fragment movement in the body, one can
write the equation of movement (12) in projection
on this axis:

av PV’

pm X s (13)

where C, — resistance coefficient; p, —density of
the meat; s — frontal area. For calculations it is

taken that p,, =1066kg / m’.

We numerically solve this equation by the Euler
method. The calculated dependence for determin-
ing the fragment velocity value in the body (at a
new time step N+1), is determined as follows by
the Euler method:

2
V“+1=V"—dt-cx%-s. (14)

Using this difference dependency, we deter-
mine the fragment velocity in the animal body at
each time step. The depth of fragment penetration

into the body x(t) (Fig. 8), at each time step, is
determined as follows:

X(t)=x, —dt-V, (15)

where X, =0 — corresponds to the starting point of
the animal body, i.e. the place where the fragment
enters the body (Fig. 8); x(t) — is the new position

of the fragment in the body as a result of its
movement.

It should be noted that dependence (15) makes
it possible to estimate the wound size in the body
that is to determine the damage severity to the an-
imal or person in the first approximation.

Table 1 shows the data for determining the
depth of fragments penetration into the body of the
animal for the damage area of 1239 m. To calcu-
late the wound size in the body the height
H =1.6m is taken as the calculated one. That is,
the data on the fragment penetration and its flight
speed at this height were initial to calculate the
fragment movement in the body. Let us note that
time t=0 corresponds to the moment of fragment
impact on the body.

Table 1

Penetration depth of the fragment into the body
(distance 1239 m from the place of explosion
of the gas-air mixture)

0.001 0.003 0.007 0.020 0.030
sec sec sec sec sec

Time

X 0.09m | 024m | 043 m | 0.77m | 0.92m

From Table 1 we see that in about 0.03 sec., the
animal's body will be wounded through.

Originality and practical value

A mathematical model has been developed that
allows calculating the zones of chemical contami-
nation in case of accidental ammonia emission at
the pumping station. The model allows making
predictive calculations taking into account the in-
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fluence of buildings on the formation of chemical
contamination zones. We also proposed a model to
calculate the size of the damage area in case of
fragment scattering generated during the explosion
of ammonia+air mixture. This model is comple-
mented by the model of fragment movement in the

Conclusions

1.A numerical model for the prediction of
chemical contamination zones at industrial sites in
case of emergency emission of chemically hazard-
ous substances is proposed.

2. Express model of damage risk assessment in

body of an animal (human).
The model can be used to design an emergency
response plan (ERP) to identify the risk areas.

10.

11.

12.

13.

14.

case of explosion at the industrial site is developed.

3. Assessment of the level of air pollution in
case of emergency ammonia emission at the pump-
ing station.
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OLIHKA PU3UKY YPAXKEHHSA 3 BUKOPUCTAHHAM METOAY
MOHTE-KAPJIO

Mera. 115 pobota nepenbaydae po3poOKy YMCEIBHOI MOMIEINI [T PO3PaXyHKY 30H XIMIUHOTO 3a0pyHEHHS y pa-
31 aBapifHOT eMicii aMiaKy Ha TEPUTOPIi HACOCHOI CTAHIIIT, 1110 3MIHCHIOE TIEPeKaYyBaHHs, a TAKOXK PO3POOKY MOaei
OLIIHKHU PU3HMKY Ypa)KEHHsI Ta IIMOWHY PAaHU B TiMi y BUIAJKy PO3JNITAHHS YJIaMKiB, IO YTBOPIOIOTHCS M 4ac BUOY-
Xy TpybompoBoxy. Meroauka. /[yt po3B’si3aHHS MMOCTaBJICHOI 3a7adi — BU3HAYCHHS 30H MOLIMPEHHS aMiaky B atT-
Moc(epHOMY IOBITPI — BUKOPHCTaHO PIiBHAHHA MacomepeHocy. [ po3paxyHKy IOJIS HIBHAKOCTI ITOBITPSHOTO
MOTOKY 32 HasiBHOCTI OyZiBeIb HAa TEPUTOPIi HACOCHOI CTaHIIi, 10 MepeKadye amiak, BAKOPUCTAHO MOJENIb MOTEH-
mianbHOI Tedii. UncenbHe po3B’sI3aHH TPUBUMIPHOTO PiBHSHHS TSI MTOTEHIIAY MIBUAKOCTI IMIPOBEACHO 3a JJOIIOMO-
TOI0 METOAY CyMapHOi anpokcuMarii. [1ig yac BUKOpHCTaHHS L€l YMCENBLHOT MOJIEIi BpaX0BaHO HEPIBHOMIPHE I10JIe
IIBUJIKOCTI BITPOBOTO TOTOKY, 3MiHY BEPTHKAIFHOTO KoedimieHTa atMochepHoi audyy3ii 3 BUCOTOIO, IHTEHCHUBHICTD
eMicii amiaky, MicCIle BHKHIY XIMi4HO HeOe3rmeuHol pedoBUHH. [[Jisi YHUCEIbHOr0 PO3B’s3aHHS PIBHAHHS IEPEHOCY
amiaky B aTMOC(epHOMY IMOBITPi BUKOPHCTAHO PI3HHLEBY cXemy posuieruieHHs. [lonepequbo 3ailicHeHo diznuHe
PO3LICTUICHHST TPUBUMIPHOTO PIBHSHHS MacOINEPEHOCY Ha CUCTEMY PiBHSHB, 110 OMKCYIOTh IIEPEHOC 3a0pyJHIOBaYa
B OJIHOMY KOOPJMHATHOMY HanpsMKy. Ha Ko)HOMY Kpoli po3LIeTUIeHHsT HEBIIOMe 3Hau€HHsI KOHLIEHTpaLil aMiaky
BU3HAYCHO 32 SIBHOIO CXEMOIO ODKY4Oro paxyHKy. PO3riisiHyTo MareMaTHuHy MOJEb PO3PaxXyHKy pO3JIiTaHHs yia-
MKIB TiJl 9ac BHOYXy Ha TepuTopii HacocHoI cTaHii. Pe3yasTaTn. Ha ocHOBI po3po0iieHOi YrcenpHOT MOJIeNi mpo-
BEJICHO OOYMCITIOBAaJIbHAN CKCTICPUMEHT JIJIS OIIIHKH PiBHS 3a0pyTHEHHS aTMOC(EPHOT0 MOBITPS HA TEPUTOPIi HACO-
CHOI cTaHMii, o nepekadye amiak. BU3HaueHO 30Hy MOXKIIMBOTO YpaK€HHS JIIO/IeH y pa3i po3iiTaHHS yJIaMKiB ITiJ
yac BUOyxXy Ha TepuTopii cranmii. HaykoBa HoBH3Ha. Po3po0ieHo uncebHy MOAENb, 110 JI03BOJISIE PO3paxoByBa-
TH 30HU XIMIYHOTO 3apakKeHHS B pa3i aBapiliHOI eMicii amiaKy Ha TepHTOpii HACOCHOI CTaHIlii. MoIeNb TOTIOBHEHO
OIIHKOIO 30H YPa)XCHHS Y BUIIAJKY PO3ITITAaHHS YIIaMKiB ITiJ 9ac BuOyxy. [IpakTuuna 3HaunmicTs. Ha 6a3i po3po-
OneHoi MaTeMaTHYHOI MOJENI CTBOPEHO KOMII'IOTEpHY MpPOTpamy, IO J03BOJISE MPOBOAMTH CEPiiiHI pO3paxyHKH
JUIsl BU3HAYCHHSI 30H YpakKeHHsI ITiJl 4Yac HaJ3BUUYAHUX CUTYalliil Ha TepUTOPil XIMiYHO Hebe3neuHux 00’ exTiB. Po3-
pobisieHa MaTeMaTHYHA MOJIENIb MOKe OyTH BUKOPHMCTAHA IIiJ] Yac CKJIAJaHHs IUIaHy JKBiganii aBapiiiHol cutyanii
(TUTAC) s xiMigHO HEOE3MeUHHX 00’ €KTIB.

Kniouosi cnosa: ximiuHe 3a0pyaHeHHs aTMOcepu; aBapiiiHa eMicisi; MaTeMaTHIHE MOICTIOBAHHSI
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OIEHKA PUCKA ITOPA’KEHUA C UCITOJIB3OBAHUEM METOJA
MOHTE-KAPJIO

Hens. [lannas pabota npeaycMaTpuBaeT pa3pabOTKy YHCICHHOW MOJAENH JUIA pacyeTa 30H XMMHUUYECKOIrO 3a-
TPSI3HEHUS B ClIydyae aBapUiHOW IMHUCCHM aMMHaKa Ha TEPPUTOPUHM HACOCHOW CTaHIMM, OCYLIECTBISIOIIECH repe-
KauKy, a Takke pa3pabOTKy MOJENM OLCHKU PUCKA MOPaKEHMsl U TIIyOWHBI paHbl B TeJe IPU PasjieTe OCKOJKOB,
00pa3oBaBIIMXCS BO BpeMs B3pbIBa TpyOompoBona. Meroauka. [y pemeHus MOCTaBICHHOHN 3a1aun — oIpeaese-
HUSI 30H PacHpOCTpaHEHUs aMMHaka B aTMOC(EPHOM BO3JIyXe — HCIOJIB30BAaHO ypaBHEHHE MaccorepeHoca. s
pacdera Mo CKOPOCTH BO3AYIIHOTO ITOTOKA IPH HAIWYMHU 3[1aHUH Ha TEPPUTOPUH HACOCHOHM CTAHIMM, HEPEKATH-
BAIOIIEH aMMHaK, UCIIOIb30BaHO MOENb MOTCHIINAIBHOTO TeUeHNUS. UNCICHHOE pEelIeHNe TPEXMEPHOTO YPaBHEHNUS
JUTSl TIOTEHIMANIA CKOPOCTH MTPOBENICHO € TIOMOIIBIO METO[d CYMMAapHOI anmnpokcuMariy. [Ipy ucronp30BaHuN 3TON
YHUCIICHHOM MOZAENH YYTCHO HEpaBHOMEPHOE II0JIE CKOPOCTH BETPOBOTO MOTOKA, M3MEHEHHE BEPTHKAIBHOTO KO3 (-
¢unuenta atMochepHoi aupdy3un ¢ BHICOTOW, HHTEHCHBHOCTh 3MUCCUM aMMHaKa, MECTO BBIOpOCa XUMUYECKH
OIIaCHOTO BelecTBa. [JIs YHCIICHHOTO PEIICHHUs ypaBHEHN IIepeHOca aMMHaKa B aTMOC(EpHOM BO3yXe UCIIOIb30-
BaHA Pa3HOCTHAs CXeMa pacuieryieHus. IIpeaBapuTensHO OCYLIECTBICHO (hU3MUECKOe PaCILICIUICHUE TPEXMEPHOTO
ypaBHEHHSI MaccolepeHoca Ha CHCTEMY YPaBHEHHH, OIMMCHIBAIOIINX MEPEHOC 3arps3HSIONIEr0 BELIECTBA B OJHOM
KOOPJMHATHOM HarpasjieHuH. Ha KaXJoM miary pacllenyieHUs] HEM3BECTHOE 3HAYeHHE KOHLEHTPalH aMMHaKa
OTIpEJIETICHO 110 SIBHOW cxeMme Oerymiero cuera. PaccMoTpena MareMaTHdeckasi MOAENIb pacdera pasieTaHus: 00JIoM-
KOB Ha TeppUTOPUH HAacOCHOH craHuuu. PesyabTarbel. Ha ocHOBe paspaboTaHHON YMCIIEHHOW MOJIENH TPOBENEH
BBIYHMCIINTENbHBIA 3KCIIEPUMEHT JUISl OLEHKH YPOBHS 3arpsi3HEHUsI aTMOC(EpHOro BO3]yXa Ha TEPPUTOPUHU HACOC-
HOM CTaHIIMH, KOTOpas NepekadnBaeT aMMuak. OnpenesieHa 30Ha BO3MOXHOTO MTOPAXXESHUsI JIF0/IeH TPH pa3sieTaHnu
OCKOJIKOB BO BpeMs B3pbIBa Ha Tepputopun ctaniuy. Hayunass HoBu3Ha. Pa3spaborana uncieHHast MOJIEIb, TTO3BO-
JSFOIAsi PACCYMTHIBATH 30HBI XUMHUYECKOTO 3apa)KEHHs TPH aBapHHHON SMHCCUM aMMHUaKa Ha TEPPUTOPHH HACOC-
HOW cTaHiMU. Mojenb JONOJHEHAa OLECHKOH 30H IMOPaXEHUs! IPH pPasjIeTaHHH OCKOJIIKOB BO BpEMs B3phIBA.
IIpakTnyeckas 3HauuMocTh. Ha Gasze pa3paboTaHHOM MaTeMaTHYECKOH MOJEIM CO3/laHa KOMIBIOTEpHAas Hpo-
rpamMMa, Mo3BOJISIFOIasi IPOBOJUTH CEPUHHBIE PACUEThI JJIsl ONPEeNICHNs] 30H MOPAXKEHUs NPU YPE3BBIUANHBIX CH-
TyalisiX Ha TEPPUTOPUH XMMHYECKH OIACHBIX 00beKTOB. Pa3paboTaHHas MaTeMaTH4ecKash MOJIeNIb MOXKET ObITh
HCTIONB30BaHa IPU COCTAaBJICHUH IIaHa JTUKBUAanuu apapuitHoit curyanuu (IUTAC) mast XuMuUecKku omnacHBIX 00b-
€KTOB.

Kniouegvie cnosa: xummdeckoe 3arpsis3HeHHE aTMOc(epbl; aBapHifHasi SMHUCCHST; MaTEMaTHIECKOe MOJIEINPOBa-
HHE
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