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OXpaHBI TpyAa U IIPOMBIIIUIEHHOM 6¢30ITaCHOCTH 1 BBI-
SIBJICHBI TIPOOJIEMBI, KOTOPBIE MOTYT CIIOCOOCTBOBATh
TOBBIIICHUIO YPOBHS MPOQPECCHOHATBLHOIO PHCKa Ha
npeanpusaTusiXx YkpauHbl. [IpemnoxeHbl npuopurer-
HbIE MMYTU MTPABOBOTO M OPraHU3alIMOHHOTO XapaKTepa
M0 TOBBIIIEHUIO YPOBHSI OXpaHbl Tpylda W IPOMBIIII-
JICHHOIT 6e30MacHOCTU B YKpanHe.

Hayunas noBusna. BriepBbie paszpaboTtaHa cuctema
ABTOMATU3UPOBAHHOIO y4yeTa M KOHTPOJISI U3MEHEHUI
HOPMAaTHBHO-IPABOBBIX aKTOB 10 OXpaHe TPy/Aa U Mpo-
MbllIeHHOW 6e3onacHOoCcTU. [TpoaHau3upoBaHbl B3a-
MIMOCBSI3U MEXKITy YPOBHEM OXpaHbI Tpyda 1 pechopMamMu
B 3aKOHOIATEIHLHOI ¥ 00pa30BaTeIbHOI CCTEMaX.
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Purpose. Development of an effective scheme for numerical calculation of the joint solution of the problem of gas
dynamics and the chemical kinetics of combustion of a gas-air medium on the basis of the large-particle method.

Methodology. Mathematical modeling, numerical experiment, analysis and generalization and results.

Findings. For joint solution of problems of gas dynamics and chemical kinetics of combustion gas environments it
is proposed to introduce concentration function into the numerical scheme of the method of large particles, which
allows taking into account the multicomponent composition of the gas medium. This function is defined at the stage
of formation of the estimated area and it defines the mole fraction of each substance in each cell of the design scheme.
The function is involved in the calculation of the mass flows across the boundaries of computational cells, determin-
ing the mass flow for each substance. The concentration function allows introducing equation of chemical kinetics
into the numerical scheme in the form of the Arrhenius equation and differentiating chemical reaction components
and combustion products. In the problem of calculation of detonation explosions there are strong gradients of pres-
sures, which, at the exit of the shock front on the border of the “free exit” generate non-physical fluctuations of the
parameter. To exclude their influence on the process analysis of different types of approximation of the parameters in
the fictitious layer design scheme is conducted. From the analysis of physical processes effective form of the boundary
conditions of “free exit” for the problem of shock wave propagation in the channel is found.

Originality. Due to the introduction of a concentration function, modification of the numerical method of large
particles allows for the joint solution of problems of gas dynamics and chemical kinetics of combustion of an explosive
gas-air environment. For correct operation of the boundary conditions of “free access” in terms of discontinuous
currents approximation scheme of the parameter in a dummy layer based on shock adiabats of a specific gas has been
developed.

Practical value. The conducted modification of the method of large particles allows carrying out numerical ex-
periment on the calculation of safe distances in case of emergency of gas explosions in coal mines as well as determin-
ing the dynamic blast load on structures based on the calculation of distribution of air shock wave on the channel.

Keywords: the gas-air mixture, accidental explosion, numerical calculation, method of large particles, concentration
function, non-reflective border
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Introduction. The current level of design engineering
and technology is impossible without the use of mathe-
matical modeling of processes and, in particular, the use
of numerical methods for solving differential equations.
This contributes to a significant progress in increasing
computing power of personal computers. This is espe-
cially true for fast emergency processes, the conse-
quences of which have to be predicted with a sufficient
degree of accuracy and taken into account in the mea-
sures to protect personnel and to reduce the negative
consequences of emergency situations.

In the conditions of mine workings in coal mines, un-
derground fires and explosions of mine atmosphere are
the most dangerous and destructive types of accidents
with insufficiently predictable consequences. Moreover,
with underground fires there is danger of repeated explo-
sions of the atmosphere enriched by the products of py-
rolysis of the coal substance. To protect rescuers from air
shock waves the protection distance and the construction
of an explosion-proof construction are used. Forecasting
of the parameters of air shock waves in these conditions is
the main challenge for reliable determination of safe dis-
tances while conducting emergency work and determin-
ing the dynamic load to calculate the resistance of an ex-
plosion-proof construction.

Analysis of the recent research and publications. Cal-
culation of parameters of air shock waves has interested
researchers for a very long time. Initially, to assess the
consequences of the explosions at industrial facilities
and in the military empirical methods were used that
summarized the data of the occurred explosions. Later
they began to use experimental methods. Thus, while
modeling explosive processes based on patterns of simi-
larity theory, the “cube root” principle by Hopkins-
Krantz was formulated which was the basis for predict-
ing the effects of point explosions

k=r/E,

where R is the distance from the center of the charge; £
is the total energy of the explosion.

This principle is laid down in the formula by A. Sa-
dovsky, which has hitherto been used in normative doc-
uments on calculation of explosive loads of engineering
structures (nuclear power plants, shelter) from the ac-
tion of air shock waves

2
3 3f
G [—G] +1300%,
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where AP, is the excess pressure in front air shock wave
(AShW); G is the mass of the explosive in a trotyl equiv-
alent, R is the distance from the point of explosion.

At mines experimental methods were also used. Ex-
isting normative methods of calculation of parameters
of shock waves in mines, based on data from field mea-
surements by M. A. Chekhovskykh and V. 1. Gudkov in
a mine tunnel “Karagaylinskaya” of “Kiselevskugol”
Production Association in the late 60-ies of the last
century.
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In the last decade, numerical modeling of discontin-
uous gas dynamic flows is applied for calculating the pa-
rameters of air shock waves [1, 2]. So in works [3, 4] the
finite difference method is used to solve systems of gas
dynamic equations, which allows obtaining many values
of distribution parameters of air shock waves on a net-
work of mine workings. The paper [5] shows the applica-
tion of this method in the FIRE® software package for
the calculation of detonation parameters. As shown in
the works of A.A.Samarskii, the complexity of the ap-
plication of this method consists in the construction of
homogeneous difference schemes for calculating discon-
tinuous flows. The latter move in mass, and the flow pa-
rameters on both sides of the discontinuity are connected
by the Hugoniot condition, which causes sharp fluctua-
tions of the grid function behind the shock front (Fig. 1).

To address this question in a numerical scheme it is
necessary to use the method of “smearing” of the front
due to the introduction of the system of difference equa-
tions of the dissipative members (pseudoviscosity).

Unsolved aspects of the problem. The method of
large particles is more stable in the calculations of dis-
continuous movements due to the presence of differen-
tial circuits in schematic viscosity. In [6] this method is
used to calculate an accidental explosion in terms of
camera gas boilers. However, the calculation does not
take into account the kinetics of the process of explosive
combustion of gaseous mixtures, which conditions the
shock wave parameters. While calculating faults cur-
rents there generally occurs a problem of setting the
correct conditions on the artificial boundaries of the
computational domain. In the problem of calculation of
detonation explosions there are strong gradients of
pressures, which, at the exit of the shock front at the
boundary of the free output generate non-physical fluc-
tuations of the parameter. To exclude their influence on
the process, it is necessary to set boundaries at consid-
erable distances, which increases the amount of com-
putation.

Objectives of the article. Development of an effec-
tive numerical scheme for the joint solution of problems
of gas dynamics and chemical kinetics of combustion
gas-air environment on the basis of the method of large
particles.

Methods. Mathematical modeling by numerical ap-
proximation of partial differential equations of gas dy-
namics and chemical kinetics, numerical simulation,
analysis and synthesis and results.

/X\ /\ the exact solution
VA

P

the results of the calculation

X the front air shock wave

Fig. 1. Calculation of the motion of the shock wave
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Presentation of the main research and explanation of
scientific results. For the calculation of the process of gas
mixture explosion and distribution of air shock waves in
mines it is proposed to use the method of large particles
(Davydov’s method) [7]. The main provisions of this
method in the following conditions are as follows.

Flow in a cylindrical coordinate system is described
by the Euler equations (in divergence form) of the con-
tinuity, motion, energy

%D+div(pV_V)=0;

a";uJrafiv(puV_V)nL ——rﬁE
ata oP e )
o +d1v(va)+§:O
%mw(pEW)eriv(pPW):qn+qxp%“,

where p is density; P is pressure; W is the velocity vec-
tor; u, v are components of the velocity W in the z and
r axis respectively; z, » are cylindrical coordinates;

E=J+ ;(u +Vv )is the total energy; J is the internal

energy of the gas; 7, is the tension of surface friction
forces of the gas flow on the wall; g is the density of the
heat flux at the channel wall; S, /1 is the cross section
and perimeter generation; ¢, is thermal effect of chemi-
cal reaction of combustion of hydrocarbons; «a is the
mole fraction of hydrogen in the mine atmosphere; ¢ is
time.

For closure of this system, the equation of ideal gas
state is used

P=(—1Dp-J,

where y is index of adiabatic.

The considered problem is solved in a cylindrical co-
ordinate system in which the computational domain is
presented in the form of a cylindrical channel. In fact,
this scheme is a shock tube with a plot filled with gas
mixture. Rapid combustion of the mixture (deflagration
or detonation) causes the formation and spread of air
shock waves in a cylindrical channel (Fig. 2).

The scheme of the method of large particles and
the issues of its stability and approximation order have
been examined in detail in the literature (Belotserkov-

free exit
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9 / %
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B, B,
z(u)
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i [TifiTg L11
the gas-air mixture 2]

Fig. 2. The General structure of the computational grid in
the flattened representation:
Bl, B4 — type of “free exit” settlement boundaries; B2,
B3, — type of “non-leakage” settlement boundaries; v, u —
components of the velocity vector
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skyiO. M., Davydov Yu. M.). The difference scheme for
solution of non-stationary system of differential equa-
tions (1) is based on the idea of splitting this system by
physical processes. The problem is solved in three stag-
es: the Euler, Lagrangian and final. At Eulerian stage,
the intermediate values of the velocity &, v and energy
flow E are determined from the condition of “freezing”

density fields [a_p:

ot
proximation of the equations of motion and energy (1),
at time 7, in cylindrical coordinates r, z will be repre-
sented by the following explicit finite-difference alge-
braic equations of the first order accuracy in time and
second order in space

()J, therefore, the numerical ap-
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where i, j is the cell address of the rectangular computa-
tional grid.

At Lagrangian phase, the flows of matter in time Ar
between the cells in the following algebraic equations
obtained from the numerical approximation of the con-
tinuity equation (1) are calculated.

The flows of mass along the z-axis (depending on di-
rection) are

1fu +u >0

i+1,j
ﬁn +u1+1
(j—0,5)Ar plj’—jAt
AM?" 2 ()
t+05]
if u +ul+1] <0

~Nn

~Nn
YijtHin, As
2

(j-0,5Ar%pf,, ;

The flows of mass along the axis » (depending on
direction) are

it >0

i,j+1

+
(j—0,5)ArAzp! Mm
AM] s = o2

0j+05 =Y. ~n o
if Vi +V <0

+
(j—0,5)ArAzp)! NMN

2

At the final stage the new values of all flow parameters
taking into account the flow of the masses are calculated
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where D” is the function-sign of the direction of flow of
mass through the boundary of computational cells;
X l”j , X ;; stand for the value of the parameter time on
the new layer and its intermediate value.

As a result of these calculations we get the known
values o"*!, ™! v"*1 E"*1on the new time layer.

Knowing these values, you can define the internal
2

energy J :¥, where W2 =u? 4+ 12, consequently,

to determine the value of the pressure according to the
formulas and equations of state.

Initially, the numerical scheme of the method of
large particles allows calculating the flow in one-com-
ponent gas systems. In this case, it is necessary to con-
sider the combustion of the gas mixture, and there may
be several combustible components, i.e. in the compu-
tational cell there can be several substances, so to calcu-
late pressure it is necessary to know the concentration of
these substances. For this purpose, the function C; " (k)
of the concentration is introduced for which, for exam—
ple, k = 1 corresponds to the hydrocarbon (methane),
k=2 is oxygen, k = 3 — nitrogen.

Before calculating mass flows through the surface of
computational cells (3, 4), you need to know arrays
Cl.’f j(k) , namely, to know the concentration of sub-
stances. This is defined as the initial conditions. When
calculating mass fluxes across the boundaries of count-
ing cells, after the introduction of C ”j (k), the fact that
the total mass flow is equal to the sum of mass flows of
individual components is taken into account.

To do this, first total mass flows are calculated, then
the flows of the individual components (assuming sin-
gle- speedmodel) Thisinvolvesreplacing p, it jCl.’ Iz
Thus, pl g (a), ¢ =1..3 are determined.

After that we determine the concentration of

P

ij n+l

p[’j
Pressure needs to be estimated for the formula

4
B’n‘;l z n+l( )Cn+l( )

a=1

where P J” (a) is the partial pressure which is deter-
mined by the equations of state for each component of
the gaseous medium.

The use of the concentration function allows solving
the kinetic equation of a chemical reaction. The chemi-
cal reaction is represented in the form of one gross-out
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stage: “the initial substance - products” and the reac-
tion rate is presented in the form of Arrhenius

dc,
dt

E
=7 -exp[— ;Jﬂciv", 3)

where Z, E,, v;stand for effective pre-exponential factor,
activation energy and reaction order for the /" compo-
nent.

In our case, a bimolecular reaction proceeds, so the
equation (3) for the component “methane” has the form

dc1 7
—_— = .ex —
dr P

From macrokinetic equations of methane combus-
tion it follows that the consumption rate of oxygen is 2
times higher than the rate of consumption of methane

E
“TJclvl yach 4)

dc, 1 dc,

. 5
dt 2 dt ©)

After numerical integration of equation (5), we obtain
C = 2C1 + A,

where A is constant of integration which can be deter-
mined from initial conditions

A=cyy, —2¢, .
The index “N” indicates the initial values of the
concentrations.

As a result we obtain
c, :2(c1 —clH)+CZH =c,=Cy +2(c1 —clH). (6)

Thus, knowing the dependence of concentration on
time ¢,(7), we define feature c¢,(?) by the formula (6).

Let ¢, = ¢,y at the initial moment of time, therefore,
¢, = ¢, With the complete burnout of methane ¢, = 0,
the oxygen concentration is equal to

€ =Cy =20y

With the stoichiometric composition c¢,, =2¢, -
Therefore, the methane and oxygen burn out completely
at the same time ¢, = 0, ¢, = 0. If, ¢, j; > ¢,y , then ¢;>0,
i.e. residue O, is observed. With 2¢,, <¢,, the oxygen
burns out early, and the rest of the methane is equal to

¢
_ . S
G=Cy )

To describe the combustion reaction of methane and
oxygen it should be particularly noted that in equation
(4) as the concentration “c” amount of substance (in
moles) is used per unit volume in cm’, i.e. dimensional-

ity is [c] = 01

The equatlon of gas dynamics includes the density
of the matter. The chemical reaction does not change
this value because the source materials are just replaced
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by the reaction products. Therefore, homogeneous den-
sity of the substances included in the composition of the
atmosphere, are need only to specify initial conditions.

Numerical solution of the equations of chemical ki-
netics in conjunction with the gas dynamics equations
and equations of state is as follows. The difference ana-
logue of equation (4) is presented in the form

_% —k '([Cl ]ijvl ‘([Cz ]ijvz |

where k=2 - exp(—Ea / RT) is the rate constant for the
chemical reaction of combustion; i, j are the integer co-
ordinates of the calculated cell (large particles); # is the
number of the temporary layer.

From equations (3, 5) it follows that

(]2 LT, o (o, ) {11, )
(o] ~[a],+[a]) -], )

When calculating the equation of conservation of en-
ergy the addend is added to the right part

At-Q-Z-exp(-E, /RT)-(':CIJZJ_)V] -([cz]zjjvz :

where Qisthe calorific value of methane burning in air at
stoichiometric composition, the methane-oxygen, J/m?>.

At the boundaries of the computational domain j =
=jm, i = im it is necessary to specify conditions which
do not affect the parameters in the estimated region. To
do this, a dummy computational cell in which parame-
ter values are determined by extrapolation are intro-
duced (Fig. 3, a).

According to the algorithm of the method of large
particles on non-reflecting boundaries extrapolation of
the zero, first and second order can be used. For bound-
aries B,, B;, the condition of non-flow is used: zero
dummy cell is introduced, in which v;; = v;;, so

VotV
Vios™ >
z The computational domain z

the gas-air

[ e |

]

the air

X r r

The layer of fictitious cells 2

a b

Fig. 3. The structure of the computational grid (dummy
cell shaded) — a, scheme of test problem of choosing
the order of extrapolation — b

112

The choice of procedure of extrapolation for non-
reflecting boundary B, B, is made on the basis of the
study of a test problem — the explosion of the gas cloud
in an unlimited space (Fig. 3, b).

The zero extrapolation yi,.;; = Viuj» Vijm+t1 = Yijm
gives the “cut” parameter values (Fig. 4).

Linear extrapolation parameters can be obtained
from the following considerations (Fig. 5)

Oy
Vi1 = Vi +[_J CAX =
m m ax i
Yim ~ Vima .
:yim+ - Ax’m :2yim_yim71’
ay
ox .
Y=
=y + =2y, —¥,.
1 Ax Ni=n"

Right (or left) derivatives of a linear extrapolation
give higher values of the parameters in the dummy cell.
The most acceptable values are obtained with the use of
the central derivative, which largely takes into account
the gradient of the graph in the vicinity of the boundar-
ies of the computational domain (Fig. 5)

oy

Yim ™ Vim—
yim+l:yim+(—] ~Ax:yim+’m—’m2:
im

ox 2Ax

Yim = Vim—a 3 1
=Vim +%=5yim +§yim72'

z The real values of

/" the parameter :

_— H

‘*\ H
\\ : Approximation of zero order

The estimated | N
parameter values N

i The first-order approximation

: Approximation of the

second order

yer.

=
3

The boundary of the

computatilonal domain

Jjm-2| jm-1

<
3
+
X

r/Ar

Fictitious Ia

Fig. 4. The approximation parameter in the fictitious
layer

The boundaries of the computational domain
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al ‘s
3! o
SN 1 §7/Az
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N =

ol T ;
0o 1 2 im-1 im im+1

Fig. 5. The output of the shock wave on the boundary of
the computational domain with linear extrapolation
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The equation of the extrapolation of the parameters
of shock waves in the dummy cell 2 in order is

~ 1( oy 1(e*]. ,
Vi1 _y"’”+1_!{§jm+2_!(ax_2 Ax”,

where

Rt
W _Yi=Via 52_)’ _ ox ), \ox im-1
’ Ax

ox Ax ox 2

After substitution we get
1
yim+1 = 2yim - yimfl +E(yim - 2yimfl + yim72)'

Analysis of the results of calculation of parameter
values defined by (4), showed that they are highly in-
flated (Fig. 4). Thus, the most acceptable is the use of
the linear extrapolation of parameters.

However, this type of extrapolation is possible at
small gradients of the function. With discontinuous
characteristics, i.e. in front of the shock wave, the linear
approximation leads to the opposite signs of the param-
eter values, which contradicts the physical sense of the
problem (Fig. 6).

In the calculation, it manifests itself by appearance
of generating fluctuations pressure after passing the peak
of the shock wave through the border (Fig. 7). A similar
effect is observed in the zero approximation: at the time
of the shock wave on the boundary of the computational
domain, in the fictitious layer, there appears pressure
equal to the amplitude in the shock wave. A braking ef-
fect on the flow at the border “free exit™ is formed.

Problems of the correct operation of the nonreflect-
ing boundary conditions (NBC) exist in almost all nu-
merical schemes in the calculation of the break-govern-
mental movements [8]. To enable the NBC to open bor-
ders, a variety of techniques is used: the buffer volumes
with the calculated cells are attached, the heuristic de-
pendencies of pressure on the time of the relaxation pro-
cess are applied or one-dimensional characteristic NBC
is used [9]. Such techniques focus on solving specific

Z The boundary of the
computational domain

\

>

KH

%4

- 3

w:

i Real parameter

jm-2| jm-1

The approximation/

parameter

Fig. 6. The parameter approximation is negative
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the reflection from the boundary the actual position of

P / of the computational domain The shock wave fron
NI~ : : - A
T e ; R I—— Ao
i M —— g — i
! 1 ~7 N i Y
oy !l : : WY XAX
thelair : the gas-air thelair v /
. _mixture !
X

Gas separation boundary

Fig. 7. The generation of pressure surges in the approxi-
mation parameter in the negative region on the non-
reflective border

tasks [10, 11]. The general approach to the formulation
of the NBC, to date, is absent. An example of the error
ofthe NBC can be demonstrated in the FlowVision sys-
tem. In the model of a completely compressible medi-
um, the boundary conditions of the type of the Riemann
invariant, intended for the calculation of trans- and su-
personic flows, a pressure drop in the undisturbed flow
is given (Fig. 8).

The task of finding the correct solution is performed
by conducting a joint study of boundary conditions and
physical processes. So in [8] the zero-order extrapola-
tion for the velocity of flow is determined by the ratio
derived from shows that Hugoniot conditions on the
shock seals

)

1 \/(p—pw)(p—pw)

y=—
a PP,

where a.., p, P are the speed of sound, density, and
pressure in the undisturbed gas stream.

In the problem in question, the shock wave spreads
through the gas mixture and the value of the amplitude
in the next moment of time depends on the thermody-
namic properties of this compound. The pressure in the
gas is of thermal origin, it is related to the momentum
transfer by the particles participating in the thermal mo-
tion and always determines the shock adiabats, and it is
proportional to the volume and the temperature while in
the air shock wave it is proportional to the flow velocity
[12]. Therefore, to determine the excess pressure in the
fictitious cell, we can obtain the equation of the shock
adiabatic in the system P-U. According to the works of
Y.B. Zeldovich, Y.P.Raiser the dependence between
the velocity of the shock front and the velocity of the
matter behind the wave front, in a wide range of ampli-
tudes is linear

D=A+ Bu, 7
where A, B are the coefficients.
The velocity of the front shock air wave is also known

The front air shock wave The boundary of the calculation area is the free exit,

Boundary conditions: Riemann invariant

Channel of rectan, ular section (walls - op-
gul ion
] (walls - non-fiow condition)

Fig. 8. The error in the operation of the boundary condi-
tions is a free yield by the type of the Riemann invariant
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I 1

D= |AP| —-—]|,
[/’a pJ ®

where p,, p are the density of the gas, and the atmo-
spheric shock wave.

Solving equation (5, 6) we get the condition of
“soft” walls

(A+Bujm+l)2

V,-V

AP,

Jm+1 = >

where u, 4, is the speed of the substance in the dummy
cell; V,, Vis specific gravity of gas.

In (5) value A4 is close to the speed of sound in the
substance and is specified by the table. The value B of
the coefficient is determined according to the boundary
cell, by solving equations (7, 8) with respect to B

5 JAP(Va —V)—A. ©

ujm

The use according to (9) also has its own peculiarity.
It is logical to define the value of the velocity of the mat-
ter in it for the boundary cells as full speed

7o ]2 2
U,m—,/ujm+vjm .

However, it does not give correct results of calcula-
tions of the pressure in the fictitious cell for two reasons.
First: while calculating U, for the lower boundary
there is a loss of the mark in the direction of the velocity,
because speed has a negative value with the movement
of a substance down (Fig. 9).

Second, the calculation flow of the substance ac-
cording to the method of large particles is defined
through the border of the cell, that is, vertically or hori-
zontally. The actual speed of the substance in the cells at
the periphery from the axis of symmetry is directed at an
angle to it (maximum of 45 °). Therefore, the pressure in
the fictitious extreme cells will be defined incorrectly. To
exclude such phenomena in the expression (7), the cor-
responding component of the flow velocity is to be used
as the speed. In the calculation this is done by establish-
ing separate conditions for left, right, upper and lower
bounds of the computational region.

The method of large particles involves the execution
of three calculation steps. Accordingly, the boundary
conditions are met at the end of each stage. For the sta-
bility of the calculation the use of “soft” borders in the
final part of the Lagrangian phase to calculate the pres-
sure is of the necessary and sufficient condition while
the boundary conditions in the Eulerian phase must be
determined at zero approximation, because of the inter-
mediate character of the results. As a result, a design
scheme allows performing the transition of the shock
front through the boundary of the computational do-
main correctly (Fig. 10).
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Fig. 9. The direction of movement of the substance in the
dummy cells and the estimated flow direction
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Fig. 10. The transition of the shock wave front across the
border of free access to “soft” wall

Conclusions. A modification of the method of large
particles allows extending the scope of its application to
the solution of problems of gas dynamics and chemical
kinetics of combustion of gas-air mixtures. The condi-
tion of the soft wall allows us to avoid distorting the set-
tings of cutoff currents at the boundary of computation-
al region and thus, enables to reduce the amount of cal-
culations by reducing the size of computational domain.
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Meta. Po3pobka eheKTUBHOI CXeMU YUCEIbHOTO
PO3pPaxyHKY CITiJIbBHOTO PO3B'A3KY 3a/1a4i ra30BOi I1HA-
MiKJ 1 XiMi4HOI KiHETMKU TOPiHHSI Ta30MOBITPSIHOTO
cepeIoBUIIIA HA OCHOBI METO/IYy BEJTMKUX YACTOK.

Meromuka. MaremaTuyHe MOETIOBAHHS, YUCETb-
HUI eKCTIEPUMEHT, aHaJli3 i y3araJbHeHHs Pe3yJIbTaTiB.

PesynbTaTu. I cniibHOTO pillleHHS 3a1adi ra3o-
BO1 IMHAMIiKM i XiMi4HOI KiHETUKHU FOPiHHS ra30MoBi-
TPSIHOI CyMillli MTPOTIOHYETHCS BBECTU OO YUCEIbHOL
CXEMHU METONy BEJIMKUX YaCTOK KOHLEHTpaUiliHy ¢y-
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HKIIi10, III0 TO3BOJISIE BPaXOBYBaTH 0araTOKOMITOHEHT-
HUI cKJIaJ ra30Boro cepenosuiia. Ls pyHkitist Bu3Ha-
Ya€eThCS Ha cTafil hopMyBaHHS PO3PAXyHKOBOI o0J1ac-
Ti, 1 B KOXHIil KOMipIli pO3paXyHKOBOI CXeMU BOHA BU-
3HA4Ya€ MOJIbHY YacTKy KOXHOI pedyoBUHU. DYHKIIist
Oepe yJacTb Yy po3paxyHKy MepeToKiB Mac 4yepes3 rpaHu-
1Ii po3paxyHKOBUX KOMipOK, BU3HAYalOUM Macy Tepe-
TiKaHHS TI0 KOXHiii peyoBuHi. KoHueHTpaliiiHa ¢y-
HKIIiSl Ja€ MOXJIMBICTb BBOIMTHU 1O YMCEJIbHOI CXEMU
PiBHSIHHSI XiMiYHOI KiHEeTUKM Y BUTJISIAI PIBHSIHHS Ap-
peHiyca i po3pi3HITH KOMMOHEHTHU XiMiYHOI peakilii
Ta MPOAYKTHU TOPiHHS. Y 3amadi po3paxyHKy JAeTOHa-
LIiHUX BUOYXiB BUHUKAIOTh CUJIbHI TPali€HTU TUCKIB,
110, MPU BUXOIi (PPOHTY yAapHOI XBUJIi Ha TPaHUIIIO
,,BUIBHMII BUXin“ reHepyloTb HedisnuHi dhiykryarrii
napametpa. s BUKJIIOYEHHS 1X BIUIMBY Ha IIpoliec
MPOBOIMUTHCSI aHaJli3 Pi3HUX BUIIB allpoKCcHUMallii Ia-
pameTpiB y DiKTUBHMIA Iap PO3paxyHKOBOI CXeMU. 3
aHami3zy (i3MYHUX MpoleciB 3HaWAEHO edeKTUBHUIA
BU TPaHUYHUX YMOB ,,BUTbHUI BUXia“ 11 3aAa4i Mo-
IIUPEHHS YIApHOi XBUJIi B KaHaJIi.

HaykoBa HoBusHa. Monudikalliss YMceabHOIo Me-
TOMY BEJIMKHUX YACTOK 3a PaXyHOK YBEICHHS KOHIICH-
TpauiifHoi (PYHKIIii TO3BOJISIE MPOBOAUTHU CITiJIbHE Pi-
ILIEHHS 3a/1a4di Ta30BO1 IMHAMIKM M XiMiYHOI KiHETUKU
BUOYXOBOI'O TOPiHHS Ta30MOBITPSHOI cyMiti. [Jist Ko-
PEKTHOI poOOTU TPAaHUYHUX YMOB ,,BUIbHUI BUXII“ B
YMOBax pO3pUBHUX TeUiil po3pobiieHa cxema alpoKCH-
Mallii mapamMeTrpa y (piKTUBHUIA 11ap Ha OCHOBI yIapHOi
aniadaTu KOHKPETHOTO rasy.

IIpakTuHa 3HaummicTh. BrkoHaHa Mmomudikaitis
METOIY BEJIMKUX YACTOK JO3BOJISIE IPOBOAUTHY YN CEITb-
HUI eKCIIepUMEHT i3 po3paxyHKy Oe3neyHuX BiacTa-
He Ipu aBapiiiHUX Ta30BUX BUOyXax B YMOBaX BYTiJIb-
HUX IIIaXT, a TAKOX Ha OCHOBI PO3paxyHKY IO PEHHS
yIApHOI MOBITPSTHOI XBWJIi IO KaHAJTy BU3HAYaTU TUHA-
MiuHi HaBaHTaxK€HHS Ha BUOYX03aXUCHi CITOPYIU.

KmouoBi cnoBa: eazonogimpsma cymiw, asapiiiHuil
8UOYX, HUCEAbHULL PO3PAXYHOK, MemOo0 8eAUKUX YACMOK,
KoHUeHmpauyiina QyrKyisa, Hegidbusarua medxnca

enn. PazpaboTka 3(p(heKTUBHOMN CXeMbl UMCIEHHO-
IO cYeTa COBMECTHOTO PEIlIeHUs 3a1aull Ta30BOil THA-
MMKW W XUMHUYECKON KMHETUKHU TOPSCHUS Ta30BO3IYII-
HOI1 cpeabl Ha OCHOBE METOJa KPYITHbBIX YACTHII.

Metoauka. MareMaTuyeckoe MOAEIMpPOBaHUE, Y-
CJICHHBI KCIIEPUMEHT, aHAJIU3 U 0000I11eHUE Pe3Ylb-
TaToB.

Pe3ynbTatel. 711 COBMECTHOTO peICHUS 3amadn
ra30BOM TMHAMUKN ¥ XUMUIECKON KMHETUKY TOPCHMST
Ta30BO3MYIIHOM Cpedbl TpemjiaracTcsl BBECTU B UMC-
JICHHYIO CXEMY METOJa KPYITHBIX YaCTHUI[ KOHIICHTpA-
LIMOHHYIO (DYHKIINIO, KOTOpasl TMO3BOJISIET YIUTHIBATH
MHOTOKOMITOHEHTHBI! cocTaB ra3oBoit cpennl. JlaHHas
dbyHKIIMS ompenenaseTcss Ha cTaauu (OPMUPOBAHMS
pacyeTHOI O0JIaCTU, M B KaXIO# gYelike pacueTHOI
CXEMBI OHA OIIpPe/IeIIICT MOJIBHYIO MO0 KaXIOro Be-
mectBa. OYHKIINS yIaCTBYET B pacueTe IMepeTOKOB Mace
yepe3 TPaHUIBI PACUCTHBIX S9YeeK, OIpPEIesIsast Maccy
repeToKa 1o Kaxaomy BellecTBy. KoHlieHTpallmoHHas
(GYHKIIMS ITaeT BO3MOXKHOCTh BBOIWTH B YMCJICHHYIO
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CXeMY ypaBHEHUSI XUMUUYECKOI KWHETUKU B BUIC YPaB-
HeHUs AppeHunyca 1 pa3iniaTb KOMIIOHEHThI XUMUYe-
CKO1 peakiinu 1 TPOJyKThl ropeHusi. B 3amaue pacuera
JETOHAIIMOHHBIX B3PbIBOB BO3HUKAIOT CUJIbHbBIE Tpa-
JIMEHTBI IaBIEHUI, KOTOPbIE, MIPU BbIXone (ppoHTa yaap-
HOM BOJIHBI Ha TpaHMILy ,,CBOOOIHBIN BBIXOL“ TeHeE-
pupyloT Hepusuueckue (paykTyanuu napametpa. s
HWCKJIIOUEHUS UX BIMSHMS Ha paccMaTpUBaeMblil Mpo-
1IeCC TTPOBOAMTCS aHAJIU3 Pa3IUYHBIX BUAOB amIpOK-
CUMallMU MapamMeTpoB B GUKTUBHBIN CI0W pacyeTHOM
cxembl. VI3 aHanu3a ¢usnyeckux MpoleccoB HalaeH
3G GEKTUBHBIIA BUJ TPAHUYHBIX YCIOBUMA ,,CBOOOTHBIN
BBIXON" 715 3a/1a4¥ PACTIPOCTPAHEHUSI YIAPHOU BOJTHBI
B KaHaJe.

Hayunas HoBu3Ha. MonuduKaims 94ucIeHHOTO Me-
TONa KPYIHBIX YACTUI] 32 CUET BBEICHUSI KOHIEHTpa-
LIMOHHON (DYHKUMM MO3BOJISIET MPOBOIUTH COBMECT-
HOE pelleHue 3a/lauy ra30BOil TMHAMUKU U XUMUYe-
CKOI KMHETUKU B3PBIBHOTO TOPEHUST ra30BO3IYIIHOMN
cpenbl. JIJ1si KOppeKTHOI pabOThl IPaHUYHBIX YCIOBUIA
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,,CBOOOMHBIN BBIXOA“ B YCJIOBUS Pa3PbIBHBIX TEUCHUIA
pa3paboTaHa cXeMa alpOKCUMAIINH ImapamMeTpa B (hu-
KTUBHBII CJIOM Ha OCHOBE yIapHOI aguabaTbl KOH-
KpPETHOTO rasa.

IIpakTHyeckas 3HaumMocThb. [IpoBeneHHas Moau-
ukaims MeTona KpyImHbIX YaCTUIL [TO3BOJISIET MPOBO-
IUTh YHUCJIEHHBI 3KCIIEPUMEHT IO pacyeTy Oe3omnac-
HBIX PACCTOSIHWM TPpU aBapUIHBIX ra30BbIX B3pbIBaX B
YCJIOBUSX YTOJIbHBIX IIIAXT, a TAKXKE HA OCHOBE pacuyeTa
pacrnpocTpaHeHUs YAapHOW BO3AYIITHOMW BOJIHBI MO Ka-
HaJly OIpenesiTb IMHAMUYECKHUE HArpy3KW Ha B3pbI-
BO3aIIIMUTHBIE COOPYXKEHMUSI.

KimoueBble c10Ba: 2a308030yuinas cmecs, a8APULIHbLL
83pbl8, UUCACHHbL paciem, mMemod KPYNHuIX uacmul,
KOHUEHMPAayUuoHHAs PYHKUUS, HeOMPAXNCAOUAS 2PAHULA

Pekxomendosarno 0o nybaikauii dokm. mexH. HAyK
0. 0. Cosuackosoro. Jlama Ha0X00xdceHHA PYKONUCY
10.10.16.
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