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Purpose. Selection and substantiation of the method of calculating the parameters of the ignition of gas mix-
tures with a heated body, the calculation of parameters and the evaluation of the reliability of performance of the
established criteria for the initiation of the gas explosion.

Methodology. Mathematical simulation, numerical experiment, analysis and synthesis of the results.

Findings. The task of unsteady-state conduction problem of finding the temperature distribution in the ther-
mal layer, near a source of ignition of air-gas mixture was set. Boundary conditions for a spherical source of igni-
tion were defined. To solve the problem it was proposed to use the method of integral heat balance in which the
thermal conductivity equation is replaced by the integral heat balance. Solutions of this equation are sought in the
form of a polynomial of the second degree, i.e., the desired temperature profile in the thermal layer is represented
as a quadratic parabola. As a result, an equation of the parabola as a dependence of temperature on the coordi-
nates, time, heat capacity and heat generation from the ignition source is obtained. This solution allowed deter-
mining the effect of thermal oxidation of methane and, on that basis showing the convergence of the numerical
method with the results of the analytical solution.

Originality. On the basis of the theory of thermal ignition and quasi-static approach, an analytical solution of
the problem is found by methods of the integral balance, non-stationary temperature distribution in the thermal
layer near a source of ignition of air-gas mixture. The thermal effect of oxidation of methane near a source of igni-
tion is defined and the convergence of the numerical method of calculation of parameters of shock airwaves with
the results of the analytical solution in terms of performance of the ignition criterion is shown.

Practical value. The resulting solution makes it possible to analyze the accuracy of the computing process
methods of numerical simulation of gasdynamic parameters of shock waves in the air of the initiation of combus-
tion and explosion of gas-air mixtures. The analysis of the accuracy of the computational process allows the use of
numerical methods in practical calculations of finding a safe distance from the centers of the explosion in the
liquidation or predicting the consequences of accidents.

Keywords: gas-air mixture, ignition criteria, transient heat transfer, kinetics of combustion, thermal lay-
er, temperature profile, mathematical model, thermal profile
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Introduction. Studies of forced ignition of the at-
mosphere of mining are highly relevant in terms of
finding safety criteria. Within the processes of the coal
industry, oil, gas, chemical and other industries there
is a high probability of accidental formation of explo-
sive concentrations and volumes of gas mixture. In the
case of initiation of combustion and explosion of gas
volumes, the value of damage effects of shock air waves
is significantly affected by ignition process parameters
[1]. This may be the effect of the power and source size
on the result of the ignition in the form of laminar,
deflagration or detonation combustion, as well as the
influence of the place of initiation on the parameters
of pressure waves [2].

Unsolved aspects of the problem. Currently,
physical and mathematical models of the process of
gas explosion and propagation of shock waves of air
have been developed which require substantiation of a
model of initiation of explosive processes and assess-
ment of the adequacy calculation. In [3] the calcula-
tion of gas explosions parameters is performed using a
combined gas-dynamic model and chemical kinetics
of combustion of hydrocarbon gases. In this connec-
tion, it seems appropriate to carry out an analytical
calculation of the ignition source parameters in the
form of a heated body and assess the accuracy of the
performance criteria established by the initiation of a
gas explosion in the proposed model.

Analysis of the recent research. In this direc-
tion, mainly two of forced ignition theories are preva-
lent: thermal and ionic ones. In the vast majority of
works the calculation of ignition processes is consid-
ered from the perspective of the theory of heat: the ig-
nition by glowing particles and bodies, gas jets, shocks,
friction, local fire and electric spark. The mechanism
of the last two methods of ignition, as it is shown in the
works of S. I. Taubkin relates closer to the ionic theory,
because it is accompanied by enrichment of the gas
phase with active species (ions with a large energy con-
tent and free radicals) and strong increase in the gas
temperature (about 10 000 °C). Regarding a spark, this
is due to the high concentration of energy in a small
volume of a gas-discharge plasma channel. However,
in the calculations of these sources the thermal theory
is favored as being the most reasonable, ranging from
the works of Van’t Hoff to D. A. Frank-Kamenetskiy,
E.A.Averson and Ya.Zeldovich. Thus, in [4], based
on the theory of heat, equations for determining the
parameters of the ignition of gas-air mixture in the
model of the explosion of the gas mixture in a closed
volume of a flameproof enclosure are set. In [5] the
thermal mechanism is used in the physical and math-
ematical modeling of ignition of silane with shock
waves.

Unsolved aspects of the problem. The previ-
ously proposed method of numerical calculation of
the gas-dynamic parameters of shock waves [3] allows
you to set a safe distance for the construction of explo-
sion protection facilities in mines with emergency re-
sponse. However, for its effective application the issue
of analysis of the accuracy of the computational pro-
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cess in the initiation of the combustion and explosion
of gas-air mixture is to be solved. The same problem
remains unsolved for similar numerical calculations
using the method of large particles [6]. In this paper,
the convergence of a numerical method with the re-
sults of the analytical solution of the problem is pro-
posed to be used as the accuracy criteria [7].

Objectives of the article. Selection and substan-
tiation of the method for calculating the parameters of
the ignition of gas mixtures by a heated body, the cal-
culation of parameters and the evaluation of the reli-
ability performance of the established criteria for the
initiation of the gas explosion.

Presentation of the main research. In the works
of Averson E. A. it is noted that the division of the the-
ory of ignition into the gas phase, heterogeneous and
solid state regarding the physical sense is incorrect.
They show that the pivotal role in the ignition does not
belong to the stage of self-acceleration of a chemical
reaction, but to the warm-up phase, during which
conditions for the rapid development of the combus-
tion reaction only occur while the reaction rate is still
very low. Therefore, the main value in the calculations
should be attached to the heat transfer processes for
chemically inert substance. Features of the develop-
ment of the chemical reaction become important
while entering the combustion mode. Accordingly, in
the gas-phase reaction a quasi-static period can be
identified during which the heating of the initial reac-
tive mixture occurs and it is possible to apply the
methods of the theory of heat conduction implement-
ed, for example, in [8, 9].

Most theoretical studies, the substance ignition is
considered close to the unlimited hot surface. When
studying the ignition of gas mixtures it has been estab-
lished that laminar burning occurs in the initial source,
while the source has a spherical shape. Obviously, in
this case it is necessary to solve the problem for a
spherical source.

As a criterion of the reactive gas mixture ignition,
let us use the criterion of ignition by a heated body
first substantiated by Ya.Zeldovich, according to
which the ignition criterion includes not only the con-
dition for the occurrence of the chemical reaction of
combustion, but the conditions of the subsequent
spread of flame and self-acceleration of a chemical re-
action. The critical condition of the ignition by Zel-
dovich is

ar
dr

>0,

bl

r=r, dr r>r

where d T is the temperature gradient at the boundary
of the heated body; r, is spherical coordinate of the
heated body boundaries.

With regard to this problem, the ignition occurs
when the speed of the heat input from the ignition
source O, and a chemical reaction Q,, are compared

Qs < Qcha

where
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0, =§nr§’clpﬂ}

There c,p, is volumetric heat capacity of the source
ofignition, Q,, Z, E, stand for the thermal effect, pre-
exponential factor, and the activation energy of the re-
action.

Formulation of the problem. Implementation of
the ignition criterion requires knowledge of transient
thermal field in the computational domain. In the
case where the heating time of the source is much
smaller than the setting time of the temperature

r;f / &,, the thermal conductivity of the source &, can
be considered endless. Therefore, the system of equa-
tions for thermal conductivity for particles and the
medium can be replaced by one equation for a medi-
um with boundary conditions on the surface of the
source, which is the law of conservation of energy.
Mathematical heat conduction equation for a spheri-
cal source is written as

2
I _2IUT) e, M
Jat  r or
where T is medium temperature, K; 7is time, s; scis a
coefficient of thermal conductivity, m?/s; r is the cur-
rent radius of the spherical coordinate system, m.

Let us define the boundary conditions: 7(r, 0) =
=T, T(eo, 0) = T,, where T, is the initial temperature
of the gas environment, K.

According to Fourier’s law, heat conduction equa-
tion for the consideration of (1) at the boundary of the
spherical source (Fig. 1) will be written as

The heat source
of ignition

Thermal layer -
(layer warming)

Fig. 1. The formulation of the reactive mixture ig-
nition problem by spherical source: r, is radius
of the spherical source of ignition; d is thickness
of the warming layer (thermal layer); A is the
sum of the radius and thickness of the warming
layer
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where you can write the boundary condition

oT| _ 3¢ 4my3hoT|
ot |, 4mrlcp, cpdnr’ or

]
r=r, r=r,

where g is power of energy release at the source of igni-
tion, J/s; ¢,p;, cp are the volume heat capacity of the
ignition source and the substance outside accordingly,
J/m?; A is the thermal conductivity of the reactive gas
environment, W/(m - K).

Let,

3g Kk 30 3=

=f9 = - 9
4mryep, opry,

where & =——.
clpl

Then the boundary conditions (1) with (2) takes
the form

oT

ot

=W+Ka—T
or

3)

r=n, r=n,

As an approximation we take the dependence of
thermal characteristics of the environment tempera-
ture.

To simplify the task, let us take ¢,p, = cp and intro-
duce 77 = T — T, value. Then the system (1) can be
represented as follows (for simplicity, we omit the
prime on the value of 7)

oT 29’ (rT)
g7 _*& >
o r o’’’ r=h )
Border conditions are
T(r,0)=0; T(=,00=0; T(r,00=0; (5)
oT oT
= =w+K—=
ot " or ©)

r=r, r=r,

For an approximate solution of the boundary tran-
sient heat conduction problem (4—6) we use the inte-
gral method of heat balance, which is presented, for
example, in N. M. Beliaiev, A. A. Riadno. The integral
method uses this model of the thermal conductivity
process, where the value 3(7), called the thermal layer
thickness (Fig. 1) is introduced for consideration and
for all values of > 8(7) it is believed that the heat does
not extend beyond this layer » = 5(¢) and the medium
temperature with 7 > 8(7) is equal to the ambient tem-
perature (Fig. 2).

According to the integral method, an integral heat
balance replaces the heat equation. Let us multiply the
left and right side of the equation (4) by 72, in order to
get rid of 7 in the denominator of the right side of the
equation. In this case, the ratio (4—6) takes the form

A p , A az
[5,(rT)dr = fr—(rT)ar. (7
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Fig. 2. The temperature distribution T (fempera-
ture profile) and the result of heating in the
thermal layer due to conductive heat transfer:
Ty, is heating result without initiating a chemi-
cal reaction; Ty, is ignition without flame prop-
agation; Ty; is ignition and self-acceleration of

the combustion reaction; r is the radius of the
computational domain

The boundary condition is

T(A,O):aa—T(A,t):O; T(r0)=0;  (8)
r

oT oT

yr:m —W+Ka—rr:r0 , (9)

where A =ry + 0.

d
In the left side of the equation (7) we take v out of
the integral sign, since the integration is according to »
A A
d (2 d [
—(r°T )dr =— |r Tdr.
j ot ( ) ot

[

Having integrated the equation (7) according to the
oT
ratio a—(A,t) =0, we get
r

d_®—_%rza_T
dt " or

(10)

B
r=ry

A
where © = |#*Tdr.

equation (9) and differentiate the right side
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Having integrated the equation (11), we find that

O=-b[T|_ -Wi|+4,

2

3
ar
where b=—2

RES Iz
, since K=—, then b=-2.

0
A is an integrating constant.

Taking into account that =0, ® = 7= 0, we find

Y ] (12)
The solution of equation (12) with the boundary
conditions (8, 9), according to the integral method, is
found in the form of a polynomial of the second de-
gree, i.e. the desired temperature profile in the ther-
mal layer can be represented as a quadratic parabola

@:b[Wt -T

271
T:[a0+al(r—r0)+a2(r—r0) }; (13)
Let us define the temperature and temperature gra-
dient in the medium at the boundary thermal layer

(T=0) from equation (13). From the boundary condi-
tions (8) r— ry, =9, then

T=[a, +a16+a282]%. (14)

To determine three coefficients of a parabola let
us differentiate (14) for 8, and require that the tem-

meet the

or|,._,
boundary condition, namely, be equal to zer; we ob-
tain the system of equations

oT
perature 7 and temperature change

{ao +a,8+a,8° =0

15
a,+2a,6=0 (1)

From the second equation (15) we express a; u a,

a
— . — 1
a =-2a,;, a,=——=-

28

Let us substitute the expressions a; and a, in the

first equation of (15) and determine the a, and a, coef-
ficients as a function of g,

2a, _a

a s aZ - 02 N (16)
Let us substitute the value of T (13) with (16) in

or
oT d 2a a 2 |1
) L e Sy
Considering (9), equation (10) can be simplified to From the condition on the border of an ignition
the form . .
source (9), we obtain the equation
do  er|oT } 2 +8
= = —w. (11) oT 1 da, ao( 1, +9)
dt K | ot = ——=W-K———=" (17)
r=ry orl., 1 dt 78
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Substituting solution (13) with (16) into the expres-

A
sion © = |r*Tdr, we find that

o

:% r(S—(r—rO))za’r,
a, t 2
@zy r(A=r) dr

Let us integrate the last equation in parts. We re-
place

u=r
du=dr
a’U:(A—r)2

Let us integrate (A — )’ by r

j X A-r=x 2
(A=r) dr={dx=—dr =Jx (—dx)=
dr =—dx
=— xza’x:—lx3:—l(A—r)3.
3 3

Thus, according to the formula of integration in
parts

Vi)
du=dr U:—%( —r)3dr '

Then

0= %[—%r(A —r)3

a,( 1 1 3001
0=gH(-38(4-8) +3na-r) la-2)'+
1 4 1 1
o =355

a 3( 1 1
() :5_(2)(A_r0) (Z’b +EA).

Let us substitute according to conditions of the
problem, A=ry+ 93

a, 1 1
O=3(r+3-1) (Zro +5 +5));
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a,d
0=42(4r,+3) (1s)

Substituting (18) into (12), we find that

R v/ L 4 Wit (19)
DOEn A +120 (312n)

Substituting (19) into (17), we find that

uooprv 3wl

r —— ——
2 0 2 ’
vV v ry d4v

where W=4rW; v = (2r, + 8)~
Let us transform this equation to the following
form

dv 1 122t | ,
V—it—=—-|1- Ve, 20
[ aﬁ} 20

dr  4r}
Let us find the solution of this equation for the two
extreme cases, 7y < & and § <« 7. In the first case the
equation (16) takes the form

8% = 2zt (21)

When o « 7, equation (20) can be transformed to
(v—>4r02, ﬂ—>4r0ﬂ
dt dt

164)45—16%3&"—5:[5— 121 }164{‘,
dt 2r,

from which we obtain

Sd—a =6xt.
dt

Integrating this equation provided 8(0) = 0, we ob-

tain the solution
d=+12r. (22)

As it can be seen from (21), (22), the solutions of
equation (20) for large and small ignition sources are
of the same size. On this basis, we will assume approx-
imately that the thickness of the thermal layer is de-

fined by d=+/12&t, regardless of the ignition source
size.

Thus, an approximate solution of problem (1) is
written as

3
T=20 (a-rf =B,
ré (6+2r0)
rn<r<A, A=38+r, (23)

where 6=+/12f.

Substituting the expression Win (23), we get
3qt (a-7)
ne,p, 8’ (8+2r0)2 r

2

T(r,t)= ,
where d=+12&t; ry<r<A.

ISSN 2071-2227, HaykoBui BicHuk HI'Y, 2016, N2 5



EKOJIOTIYHA BE3NMEKA, OXOPOHA NPALI

The results of calculating the temperature profile in
the thermal layer. As a source of ignition, we consider a
heated metal body of a spherical shape, which is placed
immediately in the medium of methane. We used the
following characteristics of the source (iron) and the
environment: ry, = 0.01 m; ¢, =0.444 kJ/(kg - K); p, =
=7000 kg/m?3; ¢=1.005 kJ/(kg - K); p = 1.22 kg/m?; the
volume fraction of methane —0.09; &¢,5-= 1.9 - 107> m?/s;
%®500- = 3.5 - 107 m?/s. As for gases, the coefficient of
temperature conductivity is strongly dependent on its
temperature (for example, when gas is heated from 0 to
1200 °C, its value increases almost 17-fold). This must
be considered when calculating 6.

Fig. 3 shows the dependence of the ambient tem-
perature on the coordinate in the thermal layer for dif-
ferent initial temperatures under specified conditions.
It is evident that due to the low thermal conductivity
gas graph is exponential.

With the thermal conductivity if the environment
increasing, the temperature profile smoothes out, the
thermal layer width increases (Fig. 4).

The resulting temperature profile allows us to take
the next step — to solve the problem of chemical kinet-
ics for the calculation of the thermal effect of methane
oxidation in the thermal layer and, thus, determine
0., In view of the spherical shape of the thermal layer
and the content of the fuel component of the gas mix-

ture, the thermal effect is determined by the Arrhenius
equation

4 L 4t E, " m
0, = 4xar o, zew| L Jar-crer. oo

RT
TK
2000 |
: :
] |
N T,= 1251K—]
1 1
ad 1 |=—=—=i7=1000K
1 |
[ l
H |
% |
1000 s }
' I
s |
I
\\ iy |
LR WY T
I
500 NS R
NN\Y
\\ ‘q]
} r10° m
100(r)  1229@)  14,58(4)

Fig. 3. The temperature profile T in the thermal
layer under different initial temperatures of the
ignition source, the period of time of 5 ms

ISSN 2071-2227, HaykoBui BicHuk HI'Y, 2016, N2 5

where ¢,, ¢, are concentration of methane and oxygen
in the gas medium; n, m stand for the order of the re-
action.

The integral equation (24) does not have an ana-
Iytical solution, so to determine Q,, we use the numer-
ical solution. To do this, the resulting temperature
profile in the interval [ry; A] is divided into 20 sections
and the heat ¢, is determined in each section with its
average temperature (Fig. 5). According to the results
of calculation of heat in the thermal layer, the rate of a
chemical combustion reaction was established.

T. K
1500 r
1
1125 1
1
i
750 L\
A\ *
TN
N\
1
375 : N ~
! TS
I | ‘-"“'-n-.__-_-_
sl \|~ T |[610°m
7 4,58(5) 6.47(5,)

Fig. 4. The temperature profile in the thermal lay-

er for different values of thermal conductivity of
the gaseous medium:

1—a=35-10"%m¥s; 2—a=3.7-10*m?/s

T Kt
’ 14,0 mol-cm™.s” 0
1500
The speed of combustion reaction
1125
)
750 | a7
_ . lar
375
N
0 [
r, A, 60

Fig. 5. Diagram of the numerical solution of the
integral equation of thermal effect of methane
oxidation: T is the gas temperature; r is the ra-
dius of the computational domain
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Fig. 6 shows the thermal profile ¢, the result of a
chemical reaction, which is determined by the tem-
perature profile 7.

As it can be seen from the graph (Fig. 6), in spite of
the warming of the whole thermal layer, the reaction
rate is important only in a thin boundary layer that is
in accord with the known data [2].

As a result, showing a heat input related the source
of ignition Q, and chemical reaction Q_, we can deter-
mine the ignition temperature under specific condi-
tions (Fig. 7). For the examined terms, the tempera-
tures of methane-air mixture ignition were obtained
978, 1013, 1059 °C, respectively, for 9, 7 u 5 % volume
content of methane.

To assess the reproducibility of numerical calcula-
tion by the method of large particles of the process of
gas mixture ignition, a numerical experiment of igni-
tion of mixture of methane and air was conducted with
the parameters adopted for analytical calculation. The
ignition source was defined in a form of a cylinder with
dimensions of height and diameter having close values
while the volume of a cylinder V. = V,,;. The density

and heat capacity of the environment in the area of the
ignition source were assumed as equal to the charac-
teristics of iron. The numerical experiment showed a
stable ignition of a 9 % methane-air mixture at a source
temperature of 930 °C. For 7 and 5 % methane-air
mixtures, ignition test was carried out at temperatures
of 983 and 996 °C. Thus, discrepancies between the
numerical calculation and the analytical solution do
not exceed 7 %, which can be explained by a simplifi-
cation of the adopted model of the physical process in
the analytical decision as opposed to the numerical so-
lution, namely, the lack of consideration of mass trans-
fer (in the formula (24) concentrations of ¢,, ¢, are
taken as permanent, though they actually manage to
change to nearly zero during the accepted amount of

time).

q.J TK
20 1500

15~ 1125

10

750

51 E
375 : \‘\\

i ~

T <,
[ S~
[ -—

= r10°m

14,58(A)

10,0(r)  12.29)

Fig. 6. Heat q., and temperature T profile in the
thermal layer

112

Q, kJ
100 1!
ihi !
T §
g0l__=t==- Q., (9,0%CH,) gy g
~+--Q, (7.0%CH) | [ {
=ep==== Q,, (5,0%CH,) 11
" | 1il!
o Qs "! ]
1
7
I
40 I
e
7
Y Far
20 pid 4 —
£ ¥ S
,....--"'171 ,=|
------""""'-'-'-.......-l // .of‘ i
A7 .
. = |
1000 T 1500 7 g
1251
1286
1332

Fig. 7. Determination of the ignition temperature
regarding the dependence of heat input of the
ignition source Q, and chemical reaction Q. on
the initial temperature T

Conclusions and recommendations for further
research. The resulting analytical solution of temper-
ature distribution in the thermal layer allowed deter-
mining the thermal effect of methane oxidation near
the source of ignition, and on this basis showing the
convergence of the numerical method with the results
of the analytical solution in terms of implementation
of the ignition criterion. The analysis of the accuracy
of the computational process allows the use of numer-
ical methods in practical calculations of finding a safe
distance from the centers of the explosion while elimi-
nating and forecasting consequences of accidents.
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MeTta. Bubip i oO6rpyHTYBaHHSI METOLY po3pa-
XYyHKY TlapaMeTpiB 3allajloBaHHSI ra30BUX CyMillleit
HarpiTUM TUIOM, PO3paxyHKHU IapameTpiB i OLliHKa
BipOTiTHOCTI BUKOHAHHSI BCTAHOBJICHUX KPUTEPiiB
iHilliFOBaHHS JISI Ta30BOTO BUOYXY.

MeTtonuka. MaTeMaTUyHE MOIETIOBAHHS, YU-
CeJIbHUI eKCIIepUMEHT, aHaji3 i y3arajJbHEHHS pe-
3yJIbTaTiB.

PesynbraTii. BukoHaHa mocTaHOBKa 3amadi He-
CTaIlioHapHOI TETIJIOTIPOBITHOCTI 1010 3HAXOMKEHHSI
TEeMIIepaTypPHOTO PO3MOIITy B TEIJIOBOMY IIapi, IMo-
0113y JXxepesa 3anaaloBaHHSI Ta30IOBITPSIHOI CyMi-
mi. Bu3zHaueHi rpaHuYHI yMOBM [JisI C(HEPUUHOIO
JKepesna 3amamoBaHHd. g po3B’a3Ky 3amadi 3a-
MPOIIOHOBAHO BUKOPMCTOBYBAaTHM METOI iHTETpaib-
HOTO TEIJIOBOTO OajaHCy, B SKOMY PiBHSIHHSI TETIJIO-
MPOBIAHOCTI 3aMiHSJIOCS iHTErpajoOM TEIIOBOTO Oa-
JnaHcy. PillleHHsT Takoro piBHSIHHS LIYKAETbCST Y BU-
sl 6araTodsieHa IPyroro CTyrneH s, TOOTO IIyKaHUi
npodisb TeMIIEpaTypy B TEILIOBOMY 1Iapi MpeaCcTaB-
JISETbCI Y BUIVISANI KBaapaTU4YHOI Mapadonu. Y pe-
3yJIbTaTi OTpUMaHe PiBHSAHHS napabosu y BUIIsIII 3a-
JIEKHOCTI TeMIIepaTypu Bil KOOpAWHATH, dYacy, Te-
IUIOEMHOCTI ¥ TEIUIONPUXOMY Bil IXKepea 3amaiio-
BaHHS. Lleil po3B’sI30K HJO3BOIMB BU3HAYUTH TEILIO-
BUi1 edeKT peakllii OKNCHEHHS MeTaHy Ta Ha Il
OCHOBI TMoOKa3aTu 30iKHICTh YUCEIbHOTO METOAY 3
pe3yabTaTaMu aHaJliTUIHOTO PO3B’SI3KY.

HaykoBa HoBu3Ha. Ha ocHOBi TemioBoi Teopii
3arajloBaHHS M KBa3icTaTUYHOTO MiAX0AY OTPUMAaHO
aHaJITUYHUI PO3B’I30K 3aJadi METOIOM iHTerpaib-
HOro 0OajiaHcy, HeCTalliOHAapHOIO PO3MOAiIY TeMIe-
paTypy B TernJOBOMY luapi moOau3y JxKepesaa 3amna-
JIIOBAaHHS Ta30MOBITPsIHOI cymilli. BusHaueHo Te-
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IUIOBUI e(eKT peakilii OKUCHEHHSI METaHy MoOIU3y
JIKepesa 3anajiloBaHHs Ta MokKa3aHa 30iKHICTb 4u-
CeJIbHOTO METO/ly PO3paxyHKY MapaMeTpiB MOLIUPEH-
Hsl yIapHMX NOBITPSIHUX XBWJIb i3 pe3yJibTaTaMy aHa-
JITUYHOTO PO3B’SI3KY B YaCTUHI BUKOHAHHS KpUTE-
pito 3anajiloBaHHSI.

IIpakTuyHa 3HAYMMIiCTb. OTprUMaHU1 PO3B’SI30K
JIO3BOJISIE BUKOHATU aHaJli3 TOUHOCTI 00YMCIIIOBaIb-
HOTO MPOLECY METOAUKU YUCETBHOTO PO3PAXYHKY
ra3oqMHaMiyHUX MapaMeTpiB MOIIUPEHHS YyIapHUX
TMOBITPSIHUX XBUJIb Y YACTUHI iHillilOBaHHS TOPiHHS Ta
BUOYXY ra30MOBITPsAHUX cyMileil. BukoHaHuii aHa-
JIi3 TOYHOCTi OOYMCJIIOBAJIBHOIO MPOLIECY JO3BOJISIE
3aCTOCOBYBATU YUCEAbHUII METO Y TPAKTUYHUX PO3-
paxyHKax 3HaXOMKEHHsI Oe3MeyHMX BincTaHeil Bin
ocepenky BUOyXy IIpH JiKBigamii ado mporHo3yBaHHi
HACJIIKiB aBapiiHUX CUTYaLIilA.

KumouoBi ciioBa: eazonosimpsmna cymiut, kpume-
DIl 3anant08aHHs, HeCMAauioOHapHa Menaonposio-
Hicmb, KIHemuKa 20piHHs, Mena08Ull uap, memne-
pamypHuil npoginb, mamemMamuyHa modeab, me-
naoeuil npoghine

Ilean. Boibop u obocHOBaHME MeTola pacyera
HapaMeTpOB 3aXKUTAHUSI Ta30BBIX CMeceil HarpeThIM
TEJIOM, pacueT IMapaMeTPOB U OILICHKA JOCTOBEPHO-
CTU BBITIOJIHEHUST YCTAHOBJICHHBIX KPUTCPUEB WHU-
OUMPOBAHUSI IJISI TA30BOTO B3PhIBA.

MeTtoauka. MaTeMaTUyecKoe MOJeJIMpOBaHUE,
YUCJIEHHbIN 9KCIIEPUMEHT, aHaJIU3 U 0000ILIeHUE pe-
3yJIbTaTOB.

PesynbraTbl. BhilojlHeHa ITOCTaHOBKa 3adadyud
HEeCTallMOHAPHOW TEeMJOMPOBOIHOCTA O HaXOXIE-
HUU TEeMIIEpaTypHOIro paclpeaeeHUs] B TEIJI0BOM
cjioe, BOJIM3M MCTOYHWKA 3aKUTAHMS Ta30BO3MYII-
Hol cMmecu. OmpeneneHbl TPAaHUIHbBIE YCIIOBUST TSI
cheprIecKOro UCTOYHMKA 3axkuraHus. JIias pere-
HUS 3a0a49d TIPEIJIOKECHO MCITOIb30BaTh METOI MH-
TeTPaIbHOTO TEIJIOBOTrO OajaHca, B KOTOPOM ypaB-
HEHHNE TeTJIONPOBOTHOCTU 3aMEHSUIOCh MHTETPaIOM
TerioBoro OanaHca. PelreHme Takoro ypaBHEHUS
WIIETCS B BUIE MHOTOYJIECHA BTOPOI CTEIIeHWU, T.E.
MCKOMBIN MPpOGUIb TeMIIepaTyphbl B TSIIJIOBOM CJIO€
MpEeACTaBIsIeTCsI B BUAC KBaApaTUYHOM IMapaboJibl.
B pesyabraTte mojiydeHO ypaBHeHUE Mapaboyibl B
BUJIE 3aBUCUMOCTU TEMIIeEpaTypbl OT KOOPAMUHATHI,
BPEMEHH, TETNIOEMKOCTH U TETUIOTIPUXOIA OT UCTOYU -
HUKAa 3aKUTaHUSI. DTO pellIeHre MTO3BOIMIIO OTIpene-
JINTh TCIUIOBOI 3 (DEKT peakIIM OKUCICHUS MeTa-
Ha 1 Ha 3TO¥ OCHOBE ITOKa3aTh CXOOANMMOCTD YHCJICH-
HOTO MeToda ¢ pe3yJIbTaTaMi aHaJUTUIEeCKOIO pe-
IICHUS.

Hayynas HoBu3sna. Ha ocHoBe TenioBoil Teo-
pMY 32KUTaHUS M KBa3UCTAaTUYECKOTO MOIXOAa I0-
JIyIEHO aHAJIMTUYECKOE pEIIeHUE 3aJa4yd METOIOM
MHTETpaJIbHOTO OajlaHCa, HECTallMOHAPHOIO pacIipe-
NeJIeHUST TeMIlepaTyphbl B TEIUIOBOM CJI0€ BOJIM3U UC-
TOYHUMKA 3aKUTaHUs ra30BO3AyIIHON cMecu. Orpe-
JleJIeH TeTIoBOi a(peKT peakluu OKUCIeHUS MeTa-
Ha BOJIM3M MCTOYHMKA 3aKUTAHUS M ITOKa3aHa CXO-
IUMOCTh YHCIIEHHOTO METOda pacdeTa IapamMeTpOB
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pacrpocTpaHeHUsl yaapHbIX BO3AYIIHBIX BOJIH C pe-
3yJbTaTaMy aHAJIUTUYECKOTO pelIeHUs] B YaCTU Bbl-
TTOJTHEHUST KPUTEPUS 3aKUTAHUSI.

IIpakTnyeckas 3HauMMocTb. [lonydyeHHoe pe-
IIEHME TTO3BOJISICT BBITIOJTHUTD aHAJIN3 TOYHOCTH BbI-
YHUCIUTEIBHOIO TIpOIlecca METOOWKH YHUCICHHOTO
pacyeTa ra3ogMHAMHUYECKHUX IapaMeTpPOB pacIIpo-
CTPaHEHMSI yIapHbBIX BO3MYIIHBIX BOJH B YaCTU UHU-
LIMMPOBAHUsI TOPEHUSI M B3pbiBa T'a30BO3MYILIHBIX
cMmeceil. BolmosHeHHbI aHaIu3 TOYHOCTH BbIUMCIN-
TeJILHOTO TIpoliecca MO3BOJIsSIeT MPUMEHSTh YMCTIeH-
HBbI METOJ B MPaKTUYECKUX pacuyeTax HaxOXAESHUS
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0e30TacHBIX PacCTOSHUI OT OYaroB B3pbIBa IIPU
JIMKBUNAIIUA WJIM TIPOTHO3UPOBAHUM TIOCIIENCTBUN
ABApUUHBIX CUTYaLlUA.

KuiioueBbie cioBa: ca306030yuinas cmecs, Kpu-
mepuu 3axcueanus, HeCMAayUuOHAPHAasi Menaonpo-
800HOCMb, KUHEMUKA 20peHUsi, Menao080l CAOl,
memnepamypHulil NPopuLb, MamemMamuuecKkas Mo-
Oenb, menno8oil npoduao
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