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Stoichiometric model of forced ignition of flammable liquids
and their binary mixtures

Controlling the characteristics of stable combustion and emissions during the combustion
of alternative liquid fuels, reducing the carbon index is achieved through the use of oxygen-
containing alcohols and hydrogen-containing substances (hydrogen, ammonia, water) as ad-
mixtures. The critical temperatures of forced ignition and spontaneous ignition of liquid fuels
are important characteristics of stable flame combustion, which depend on the composition of
the liquid and the oxygen-nitrogen gas mixture. This paper addresses the urgent issues of
finding the temperature of spontaneous ignition of combustible liquids and their mixtures in
an oxygen-nitrogen gas environment with a temperature lower than the temperature boiling
of liquids as a result of short-term exposure of the liquid surface to a pilot flame (thermal ig-
nition source). After the ignition source is removed from the droplet surface, the droplet con-
tinues to burn steadily. The model is based on the assumption that at liquid temperatures low-
er than the ignition temperature, the oxygen content in the saturated layer is much higher and
the combustible vapours are less than the stoichiometric composition according to the chemi-
cal reaction equation. At the same time, the necessary condition for ignition is fulfilled — the
self-acceleration of the exothermic reaction rate. As a result of heating and evaporation in a
saturated gas layer at the ignition temperature, the concentrations of the components reach
equivalent values, and the initial increase in the temperature of the gas layer leads to a stable
burning of the droplet with its own diffusion flame Little attention is paid to the ignition tem-
perature of liquids. There are very few experimental values. However, there is a Jones model,
which is the basis for most of the works. We developed a stoichiometric model for forced igni-
tion and spontaneous combustion have obtained analytical dependences of the ignition tem-
perature for individual liquids, their aqueous solutions, and binary solutions of two flamma-
ble substances. These dependences are in satisfactory agreement with the available experi-
mental data.

Keywords: ignition temperature, combustible liquid vapour, droplet, stoichiometry, binary
solutions.

Introduction. Recently, the development of heat and power and environmental
technologies has led to the creation of alternative liquid and solid fuels, mixtures with
oxygen-containing biofuels (alcohols) to save or replace traditional combustible
fuels. In this direction, as well as for the development of fire and explosion safety
measures, studies of stable ignition and combustion of combustible biofuel mixtures,
including those with the addition of water, for example, in the form of emulsions or
foams, are relevant. Important indicators of the physicochemical properties of
combustible liquid substances are flash point, ignition, and spontaneous combustion
temperatures [1, 2]. Flash and ignition occur when the liquid is heated to
temperatures significantly below the boiling point and at low air (oxygen-nitrogen
mixture) temperatures that are lower than the boiling point of the combustible liquid,
only under the short-term action of the ignition source on the surface of the
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combustible liquid. After the ignition source is removed from the surface of the
liquid, the flame itself disappears during the flash, and a steady flame burning occurs
during the ignition. The determination of the ignition temperature in scientific
research is much less common [3, 4]. In Western countries, the ignition temperature
is called the "fire point" - the critical temperature of a combustible liquid at which a
steady flame occurs when a thermal ignition source, the next flame, is briefly raised
[1, 2]. NFPA 3022 defines the flash point as: "The lowest temperature at which a
liquid ignites and achieves sustained combustion when exposed to a test flame. A
better definition is given by BSI23: "The lowest temperature at which a liquid emits
sufficient flammable vapours into the air to ensure sustained combustion after the
ignition source has been removed." The auto-ignition temperature (spontaneous
ignition) according to ISOI1 is defined as the lowest temperature at which ignition and
sustained flame combustion of a liquid is achieved without an ignition source The fire
point is slightly higher than the flash point: 1-5°C for flammable liquids (FL), 30-
35°C for combustibles. Typically, empirical formulas are used to analytically
estimate the flash point T fire, which relate the flash point to the boiling point of the
liquid and the stoichiometric coefficient vo, , structural energy bond coefficients,
saturated vapour pressure and concentration diffusion coefficient. Based on the Jones
model [5], the ignition temperature corresponds to the ratio of vapour pressure to the
stoichiometric value p¢/ps from 0.78 to 1.92. This difference can be explained by
different methods of experimental determination of the ignition temperature of
individual liquids, as well as by not taking into account the relative mass composition
in the saturated near-surface layer. In [6], a formula for the ignition temperature of an
individual flammable liquid was derived taking into account the composition of the
liquid and gas phases and the stoichiometric ratio between vapours and oxygen in the
near-surface layer.

The aim of this work is to make analytical estimates of the flash point of
individual flammable liquids, binary solutions of flammable liquids and flammable
liquids with water.

Ignition model. Ignition is initiated by a heat source (a regular flame) and
occurs in the cold gas phase near the surface of the combustible liquid. As the liquid
is heated and vaporised, the oxygen concentration in the near-surface layer decreases
and the concentration of combustible vapour increases, reaching its stoichiometric

value at the ignition temperature. Evaporation equation 4, (lig) — A,(g)—L,. The

heating of the droplet to the ignition temperature is carried out with virtually no heat
loss due to evaporation, because the mass fraction of saturated vapours near the
surface is less than 0.1, and the rest (0.9) 1s nitrogen and oxygen. A further increase
in the temperature of the liquid due to heated air leads to spontaneous combustion - a
displacement of the surface of the stoichiometric chemical reaction from the surface
of the droplet and an increase in the and rate of chemical heat release and self-
acceleration, which ends in a transition to stable flame combustion. The equation of
the exothermic chemical reaction between combustible vapours and nitrogen-oxygen
mixture and can be represented as follows:
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l—xo2 l—xo2

NZJ—>\/COZC02+\/H20H20+VO2 N,+0Q,-

4, (g)+v02 0, +
x02 0,

The thermal effects of the reaction in terms of oxygen QO2 (J/kgO.) and fuel Qr are

related Q, :%. Ignition and spontaneous combustion can only occur if the
i VO2 l"l/OZ
condition of self-acceleration is fulfilled
00, Y, . E/c, RT, >4,
where E 1s the activation energy of the reaction, J/mol, ¢, 1s the specific isobaric
heat capacity of the reaction gas mixture, J/kg'K, T, , is the air temperature at infini-

ty, and in the case of convection, at the boundary of the reduced film. In the case of

ignition, the air temperature, 7, , is less than the boiling point, and in the case of

spontaneous combustion, it is greater.
The first step is to calculate the molar and mass composition of all components

of the gas phase. The sum of the mole fractions of oxygen x, and nitrogen x, , the

partial pressures for a dry mixture of nitrogen and oxygen satisfies the condition:
Xo, T Xy, =1, Dy =Po, + Py, Pr, =(1=X0)Pyir» Po, =Xo, P~ For air x, =0.21,
xy, =0.79.

In a saturated gas layer, at a combustible liquid temperature below the ignition
temperature, the proportion of oxygen is much greater than the proportion of combus-
tible vapours and is greater than the stoichiometric value. As the temperature of the
liquid increases as a result of heating and evaporation of in the saturated gas layer ,
the proportion of combustible vapour increases and the proportions of oxygen and ni-
trogen decrease. The total pressure in the saturated gas phase layer, according Dal-
ton's law, is equal to the atmospheric pressure

pO :pf,s + pOz,s + pNz,s = pf,s + pair,s .
The sum of the mole fractions
ﬁf,s + pOZ,s + ]_7N2,s =1 > ]_702,5 = x02]_7air,s > ]_7N2,s = (1 o sz )pair,s :
Sum of mass fractions ¥,  +7Y, . +VY, =1
2> 2" ke

At the ignition temperature near the surface of the liquid, the mass fraction of
saturated vapours of the fuel Yfls‘s reaches a value corresponding to the

stoichiometric (equivalent) mass fraction Y, e That is
te
Yf sien Ssls (1)
Naturally, at the same time
Y02 Sich YON s’ YN2 Steh YNN s’ Y /YOZ steh Y, /YON s (2)

According to the Clausius-Clapeyron law, the saturated vapour pressure of a
combustible liquid increases with increasing temperature. At the same time, the heat
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of vapour decreases slightly between the normal and boiling points. At the critical
temperature, the heat of vapour is zero. According to Watson's formula [7]:

T T 0.38 O 38
Ly=L,,,|=—| =L,,.(1-8,(T-1,,)), B =mr——
! e l[Tcr,/ TboﬂJ " l( ! " ) T, p =T
This allows us to represent the Clausius-Clapeyron law as
=BrLy poitk s
T R L, \1+B/T,, T ..
B, = exp| —L* l( I l)“f 1 Jboits |
Y;miz, f RTboz‘l S r
Assuming that L f is independent temperature:
L.u, T .
B, = Pro — exp Ky | = Zpoits || 3)
5 Ry r

Finding the concentrations of vapours, oxygen and nitrogen in a saturated layer
near the surface of a combustible liquid

HyPrs __ YoM, (1-7,.)
u‘fﬁf,s + Hair (1 - ﬁf,s) “’fpf,ﬁ + ,"l'air (1 - pf,s)
where is the molar mass of the oxygen-nitrogen mixture [, =X, [, + (=X, )1y, .

Y, =

, Y

0,,s

. (4

For convenience, the chemical reaction equation for the interaction of a
combustible gas with a dry nitrogen-oxygen mixture is presented as follows

_ 1—)(02 _ l—xo2
Drs Af. + Vo, (O, +x—N2) =D/, VCOZCO2 + VHZOHZO + Vo, . N, |.
0. o)

2 2

Then the stoichiometric mass fractions of the components in the gas phase
HyDys HDys

Y sien = = = e
f,Steh B B 1 _ xoz _ + pf,SV02
HiPrs* PrsVo,| Ho, THy, HrPrs ™ War

Xo, 0,
_ 1- Xo,
— pf>SV02 MNz
% _ PyrsVo,Ho, _ Yo,
0,,Steh — _ pf,svoz > N, ,Steh . }_9_/‘55\/02 )
,"l‘fpf,s + ,"l‘air - prf,s + l"lair -
0, sz
Using the condition for and equations (1), (4) and (5), we have
WPy, _ HePy, ‘ ()
— 1_9 ',SV o -_ -+ ir 1 -D )
prf,s + i s ”’f pf,S Hai ( pf" )
0,
From (6) we find the saturated vapour pressure at the ignition temperature
_ Xo, 1
Prs = (7)

TV (4%, Ive) Vo g 1

From (7), taking into account (3), we have the ignition temperature:
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Table 1. Flash points of pure flammable liquids

. Tboil,, L, at Thoil, o Tﬁrea °C T, °C
Pimma oc | Vo Wie | 77" [for 8) | exp[10] | exp [9, 10]

acetaldehyde CoH40 20.8 2.5 585 188.0 | -35.1 -35 156, 172
ethyl acetate CoHgO» 77.1 5 363 2504 | —-14 6 400, 446
ethanol CH3(CH2)OH 78.4 3 838 2430 | 19.5 18 404, 400
isopropanol (CH3)CHOH 82.4 | 45 664 2356 | 16.6 21 400, 430
I-propanol CH3(CHa),0H 972 | 4.5 691 263.7 | 28.6 30 370, 371

heptane CH3(CH2)sCHj3 98.4 11 318 267.0 | 4.7 —4 —, 223
1-butanol CH3(CH»);OH 117.0 6 585 288.6 | 38.7 43 410, 340

propylene glycol C3Hg(OH)> 188 4 645 351.0 | 101.7 110 -, 371
glycerol C3HgO3 290 3.5 663 577.0 190 187 393, 400
Tﬁrg — ]-;Joil. f ) (8)

1+ Ry ln{l + VOZJ
Lo, Yo,

Formula (8) coincides with the expression in our work [6], which used the
condition Y, /Y, | =Y, /Y, | ,and allows us to analyse the dependence of the

Steh
ignition temperature on the physicochemical characteristics and composition of the
nitrogen-oxygen mixture. The calculation results are presented in Table 1.

Let us assume the implementation of the empirical rule of Truton [8], according
to which the ratio of the molar heat of vaporisation taken at the normal boiling point
to the boiling point has the same value for non-polar liquids:

— Lf(noil,f)uf ASvap — Lf(T;mil,f)Mf _

AS,,, =88, 4, = 10.5,
Ty, s ' R Tyir, /R
and for polar liquids
Lf(Tboi/,f)Mf ~110 Af:Lf(Tboil,f)Mf ~13.
T}Joil,f ‘ EoiLfR
The ignition temperature can then be quickly estimated using a simplified formula
T ];Oil.f

fire = 1 N :
l+—In| 1+—%
A.f ' sz

The concentration of combustible vapour (mass fraction) decreases with increas-
ing distance from the droplet surface, and the oxygen concentration increases. From
formulas (3) and (4) we have:

WD, r Xo,Ho, (1 - 17/',‘:) 7,
Y, = S =\, Y =Y,  -\Y, - = .9
! prf,s + U, (1 - ﬁf,s )( r j o o o (290 2 = (1 - ]_?f,s) r ©)

The distance from the surface of the droplet where the stoichiometry is set is
found from equation
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Fig. 1. Profiles near the droplet of ethanol
vapour concentration (1- 291 K; 2- 350 K
(Troir)) according to (9). The solid horizontal

Fig. 2. Temperature dependences of heat output
(droplet surface temperature 1 — 7s = Ttire = 291K,
2 —Ts= Tvoit = 350K and heat loss (3 — 7=291K,

line characterises the stoichiometric value of
the combustible vapour in the air. Calculation
according to (5).

4 — T =665 K) for an ethanol droplet with a
diameter of 1 mm

HPrs I

pfssv 02 7 rS[

HePry+ My,
02

In Fig. 1 shows the dependence of the concentration of combustible vapour on the
distance from the surface of an ethanol droplet at the ignition temperature and the
temperature close to the boiling point reached in heated air in the case of spontaneous
combustion. From Fig. 1 shows that the stoichiometry is reached near the droplet surface
and must be heated by an ignition source (pilot flame, for example) to ignite. When the
temperature of the combustible liquid approaches the boiling point , the distance from

the droplet rs/rs tends to

_ pf,sVO
“fpf,s + “’alr X : “ vV
. T ) '
[T ooy tate,
Prs2ly. Prsoly Prs T (1 “Prs ) Hs%o,

That 1s, the point where the stoichiometry between fuel vapours and air oxygen
occurs, with increasing droplet temperature, moves away from the droplet surface (at
the ignition temperature), but at a maximum distance of about 10 droplet radii. Fig. 2
shows the dependence of the ethanol vapour concentration on the distance from the
droplet surface at the ignition temperature and the ethanol boiling point. Let's
estimate the body temperature for the ignition of a liquid at the fire point. Assume
that the reaction starts near the surface of the droplet, where the stoichiometry is
observed. That is, the reaction is quasi-heterogeneous. The rate of chemical heat
release of such a reaction should depend on the concentrations of fuel vapours and
oxygen. But at low temperatures (fire point), there is more oxygen than vapour.
Therefore, it 1s natural that we have a first-order reaction in fuel. The heat output per
unit surface area of the droplet, taking into account the evaporation losses, 1s defined
as:
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, E
q.h :(Qf _Lf)Wf’ W =kszf,SY02,s zkpngf,sYOpoo’ k, :kl,O eXp[_R]l J (10)

g

Herek, =p, .2<Lﬁ>-k(§ — 1is the pre-exponential factor of the quasi-heterogeneous

reaction, which depends on the free path length of the vapour molecules. 7, is the
temperature of the gas cell near the droplet, where combustion develops. It is the
initial value of this temperature that defines a hot body. The surface vapour
concentration is determined by the Clausius-Clapeyron equation and is determined by
the droplet surface temperature 7.

The rate of heat removal from the stoichiometric reaction zone is determined by
the Newton-Richman law:

D02Sh Tg 1.8
q}lza(Y?g_Y;)’a:BCp,gpg’ B: d ’DOZZDOZ,O F ° (11)

0

Fig. 2 shows dependences (10) and (11). It can be seen that near 600 K there is a
certain temperature above which chemical heat generation exceeds heat removal. This
temperature corresponds to the minimum temperature of a raised heated body for the
realisation of liquid ignition. This temperature is the critical temperature of forced
ignition in a cold environment [11] - at higher initial temperatures, the chemical reaction
accelerates, and at lower temperatures, the system cools down. Similar processes are
possible in the so-called hysteresis region of heat and mass transfer.

Data from [12] were used for the calculation. This work considered the catalytic
oxidation of ethanol over a platinum catalyst. It obtained a pre-exponential factor ko= 4-
107 m/s and an activation energy E = 94 kJ/mol. In this case, the activation energy was
chosen to be 50% higher than £ = 141 kJ/mol at the same value of k.

Table 1 shows that the auto-ignition temperatures of most of the selected
flammable liquids are in the order of 400 °C. It is near this temperature that the
temperature of the pilot flame (heated body) is also found. Fig. 2 shows that the auto-
ignition temperature corresponds to the point of contact of the heat release and heat loss
curves. Moreover, the temperature of the gas medium (air) for the selected kinetic
parameters of the ethanol oxidation reaction is 390 °C. The identified agreement will
allow us to further use the thermal explosion theory to estimate the ignition and
spontaneous combustion temperatures of other flammable liquids.

Ignition of solutions of flammable liquids with water. For aqueous solutions of
combustible substances, the molar composition of the liquid phase is first set

Z,+Zy,=1

The partial pressure of saturated vapours of the combustible component and
water in the saturated layer in the gas phase according to Raoul's law is directly
proportional to the mole fraction of the component in the liquid phase, i.e.

Ps=Z;Pgo>Puos~(1=Z,)p,,.,- According to Dalton's law, the total pressure in

the saturated layer consists of the partial pressures of fuel vapour, water, oxygen and
nitrogen:
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Fig. 3. Dependence of the mass fraction of a Fig. 4. Dependence of the mass fraction of the

flammable liquid on the ignition temperature of more volatile (first) component on the ignition

its aqueous solution. Solid curves - calculation  temperature of a binary solution. Solid curves -

according to (14), dashed curves - calculation calculation according to (15), dashed curves -

by Sabri [13], dots - experiment: 1 - ethanol, calculation according to (14) (one of the

4.0; 5 - isopropanol, A. components is inert), dots - experiment: 1 - n-
octane/n-decane, o, O; 2 - ethanol/butanol, ¢, @

PO = pf,s + szO,s + pOz,s + pNz,s = fpst + (1 B Zf)szO,so + szpair,s + (1 _x02 )pair,s
Then the molar fractions of the gaseous components
pf,s + ]_7H20,s + pOz,s + ]_7N2,s = 1 ’ ]_7N2,s = (1 o sz )pair,s ’ ]_702,5 = x02]_7air,s ’
Zf]_?st + (1 - Zf )]_?HZO,SO + 'x02 ]_?air,s + (1 - 'x02 )]_?air,s - 1
We find the mass fractions of saturated vapours and oxygen in the gas phase

near the surface of a combustible liquid, taking into account the presence of water
and nitrogen vapours:

Z.D.
Y, = — _ Ky fpf,sO_ _ (12)
R ZrPrso T Bai (1 ~Z; Dy~ (-2, )pHZO,so) + W0 (0=Z)Pyos0
x02 MOZ (1 - Zfﬁfsso - (1 - Zf)ﬁHZO,SO)
YOZ,S =

WeZ,Droot R (1 —Z, Do~ (1- Zf)szO,so ) T U0 (1- Zf)ﬁHZO,so
The stoichiometric (equivalent) concentrations are calculated assuming that
water vapour and nitrogen are not involved in the chemical transformation.

Z.D,
Yf,st = B2 Py (13)

_ _ — Vo,
“fopf,so T M0 (I- Zf)pHZO,so + prf,sO"’lair T

0,

sz MOZ (1 o Z.fpfaso o (1 - Zf)ﬁHZO,so)

_ _ _ v ,
H;‘prf,so T Hiy0, (I- Zf )pHZO,so + prf,sol'lair xO

0,
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Using the ignition condition Y f‘sm« =Y,

o (11) and (12, we obtain the

dependence of the mole fraction of the combustible liquid on the ignition

temperature:
Xo, 1—exp LHQOHHQO - Eml,HQo
V02 boil ,H, 0 ]}ire
Z, = . (14)
1 Xo, L Ky Toi, r Xo, LHZO,J’HZO T;)oil,HZO
+ exp 1- — exp 1-
VOZ R%oil,f Tﬁre VOZ R];oil,HZO T'ﬁre

The data of Sabri [13] on the fire point of aqueous solutions of acetone,
methanol, ethanol, 1-propanol and 2-propanol were taken as objects for comparison.

Fig. 3 shows the calculated dependences of the ignition temperature for these
aqueous solutions. In general, the dynamics of the increase in the ignition
temperature with an increase in the proportion of water 1s in good agreement with the
available experimental data and . It can be noted that the presence of 50% water in
the solution increases its ignition temperature by 10 °C.

Ignition of binary solutions of combustible liquids. Initially, the molar
composition of a binary mixture of combustible liquids is set Z,, +Z,, =1. In the gas
phase according to Raoul's law l_7f1,s =/ ﬂ]_o flsos P s = 1-Z 1l )p 250

The saturated vapour pressures of combustible components are determined by
the Clausius-Clapeyron law , if L f is taken constant, then

D Pris L H Toi 2.5 L To[ )
Prns = ;’0 = exp )] {1— i l’ﬂ} DPras = Pyaso = exp 2k l:l_ b 1,f2:|.

0 RT;)oil,fl Tﬁl‘@ ])0 R];Joil,fz Tﬁre
We find the mass fraction of saturated vapours[6]
M_leprfl,so
Yfl,s = )

“lef,lpfl,SO + (1 - Zf,lﬁfl,so - (1 - Zf,l )pfz,so ) U, (1 - Zf,l )pr,SO
Ho, Xo, (1 - Zf,lﬁfl,so - (1 - Zf,l )ﬁfz,so )
Mlef,lﬁfl,so + W, (1 - Zf,ll_7f1,so - (1 - Zf,l )P]’Z,SO) + U (1 - Zf,l )l_?f'Z,SO .

The stoichiometric concentrations are found from chemical equations, taking
into account the mole fractions of combustible vapours

pf,s = Zf',lﬁf',sO + (1 - Zf,l )ﬁfz,so >

Y. =

0,,s

1—x -
0. 0.
Af,l + v02,1(02 + : 2) - VC02,1C02 + VHzO,lHZO + Vo,. : Nz
Xo, Xo,
1-x, 1-x,
Af,2 +v02,2(02 + N2)—>\/C02,2C02 +\/H20’2H20+\/02,2 N,.

0, 0,
The stoichiometric concentration of fuel vapours is found from the chemical
equations
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7 5
v HelsiPrso

fl,steh =

Mlef,lﬁfl,so + };W(Vlzf,lpfl,so +V, (1 - Zf,l )ﬁfZ,sO) + Flfz (1 - Zf,l )pfz,so

0,

We use the ignition condition (Y, =Y}, , )and the formulas for Y, andY,,,,

1,s
. As a result, the dependence of the mole fraction of the first component in a binary
solution on the ignition temperature will be
X % L, T, .
0, _|Yo2 4 exp ol 2 | Leoit2
V0 1 V02,1 R];Joil,Z ]}ire

Z, = > .(15)

1.l
Yo, +1 |exp Lflufl 1— Tb"”’l _ Vo, 2 +1 |exp Lf2“f2 1— T;Joil,2
Voo Ry, T Vo, RT, 5 Ty,

For comparison, a solution of octane and decane, ethanol and 1-butanol were
selected. The ignition temperatures of the components in these two pairs of coolants
differ significantly, which will allow us to trace the dynamics of the influence of the
solution composition. Fig. 4 shows the results of the calculation using formulas (14)
and (15). A monotonic change in the ignition temperature value is observed when the
composition of the binary solution changes. P r a significant difference in the ignition
temperatures of the two components (more than 20 °C), the volatile component can
be considered inert when its content in the solution is less than 50 %. The smaller the
difference, the greater the error..

Conclusions. In this paper, a methodology for calculating the ignition
temperature of individual liquids of flammable substances, their aqueous solutions
and binary solutions is proposed. It is based on the assumption that at the ignition
temperature near the droplet surface, the stoichiometric ratio between vapour and
oxygen for each component must be fulfilled. This approach makes it possible to
obtain an analytical dependence of the component fraction in a binary solution on the
ignition temperature and thus take into account not only the temperature dependence
of saturated vapour of a liquid, but also the temperature dependence of the specific
heat of vapour formation. Comparisons with the experimental results give satisfactory
results.
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Kaninuak B.B., Yepnenxo 0O.C., Koniiika O.K., Ieanoeé M.O.
CrexiomeTpruHa MOJeJIb 3aNIAJTIOBAHHA FOPHYMX PiUH Ta
IX OiHapHUX cymilnei

Ynpaeninnusa xapakmepucmuxamu cmitikoco 20piHHe mMa SUKUOI8 NPU 320PAHHI AllbMEPHA-
MUBHUX PIOKUX NAIUB, 3MEHUIEHHS 8YelleyeB020 THOeKCy lide uepe3 BUKOPUCMAHHS 6 SKOCMI
OOMIUWOK KUCHEBMICHUX CNUPMIB Ma 800HEBMICHUX Pe108UH (800eHb, amiak, 600a). Kpumuuni
memnepamypu BUMYUEHO20 3aNaeHHs | CHOHMAHHO20 3aNdleHHS PIOKUX NAAUB € BANCTUBU-
MU XApAKMepucmuKamy Cmitiko2co Noaym siHo20 20pPiHHA, SKI 3alexcams 8i0 CKIAdy piOuHu
ma KucHe-azomtoi 2azoeoi cymiwii. B pobomi eupiuytomocs axkmyaibHi NUMAHHA 3HAXO-
O0JICeHHsT meMnepamypu SUMYUEHO020 3AUMAHHA 20pOYUX pIOuH 1 iX cymiuiell 8 KUCHe-
A30MHOMY 2A3080M) CepedosUle 3 MEMNEPAMYpol0 MEHWOW 34 MeMNepamypy KuniHHs pi-
OuH 6 pe3yrbmami KOpomKOUACHO20 BNIUBY HA NOBEPXHIO PIOUHU NITOMHO20 NOJIYM s (men-
J06e ddicepenio 3anantosants). Ilicis eiooanenns 8i0 nosepxmi Kpanii odxicepena 3anant08anHs;
Kpanjist npo00sAuCcYe CMmilke NOAyM siHe 20piHHA. B ocHO8I mooeni nexcums npunyujenHs, uo
npu memnepamypax piOuHu, MeHUUx 3a memnepamypy 3auUManHs, 8 HACU4eHoM)y wapi 3mMicm
KUCHIO Habazamo Oinbuie, a 20pOYUX NApie MeHule CMexiomMempuyHo2o cKiady 32i0H0 pis-
HAHHIO XiMiuHOl peaxyii. B moii dice uac ukonyemvcs HeoOXiOHa YMOBA 3AUMAHHA — CAMO-
NPUCKOPEHHS WBUOKOCMI eK30mepMiuHoi peakyii. Y pezynromami npoepisanis i eunaposy-
BAHHS 8 HACUYECHOMY 2A3080MY WApi npu memnepamypi 3auUManHs KOHYeHmMpayii KOMNOHeHm
00csA2a0Mb eKBI8AICHMHUX 3HAUEHb, d NOYaAmKo8e NiOBUWEHHsT MeMNepamypu 2a308020 uld-
PV Bpusooums 00 CMIUK020 20PIHHA KPANJi 3 61ACHUM OUDYZILIHUM NOTYM SM.

Ha memnepamypy 3atimanus pioun 0ociioHuku mano 3éepmaroms yeazu. Excnepumenma-
JIbHUX 3Ha4eHb ekpatl mano.Ha memnepamypy 3aumants pioun 00CIIOHUKU MALO 36ePMAionb
yeazu. Excnepumenmanbrux snaueHv 6Kpai mano. Ane icnye cmexiomempuuna mooens Jico-
HCa, Ha AKIU 0CHOBaHI Oinbuiicms pobim. Hamu po3sunyma cmexiomempuuna mooenb 0is GU-
MYUWEHO020 3AUMAHHS | CAMO3AUMAHHSA MAOMPUMAHT AHAIMUYHI 3ANeHCHOCMI meMnepamypu
3QUMAHHS 0151 THOUBIOYANLHUX PIOUH, IX B0OHUX PO3UUHIE MA OIHAPHUX PO3UUHIE 0BOX J1e2KO-
saumucmux peuosun. Lli 3anexicnocmi 3a008i1bHO Y3200HCYIOMbCA 3 HAABHUMU €KCHEPUMEH-
ManbHUMU OAHUMU.

Knrouosi cnoea: memnepamypa 3aiimants, napu 20proyoi piouHu, Kpanis, cmexiomempis,
OIHapHI pO34UHUL.



