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MODELING OF THE HEAT TRANSFER PROCESS TAKING INTO ACCOUNT
BURSTING EXPANSION OF FIRE-RETARDANT COATING

Purpose. To develop an algorithm for calculating the problem of determining the non-stationary temperature field through the
thickness of a multilayered structure, taking into account changes in the thermophysical characteristics and geometric dimensions

(fluctuations) of the applied fire protection coating.

Methodology. Application of the direct method for solving the differential equation of heat conduction using the method of
reduction, the concept of quasi-derivatives, the method of separation of variables and the modified method of eigenfunctions of

Fourier.

Findings. An algorithm for determining the non-stationary temperature field in a multilayered flat structure is proposed, taking
into account changes in the thermophysical characteristics and geometric dimensions (bursting expansion process) of the fire
protection coating. This is achieved by solving a sequence of two tasks (the temperature field before the swelling and after the swell-

ing of the coating).

Originality. For the first time, using the direct method, in solving the problem of non-stationary heat conductivity, an algo-
rithm for determining the temperature field in multilayer elements with variable thickness of a layer on the example of building
structures with flame retardant systems based on intumescent coatings is proposed.

Practical value. Further, this approach can be implemented for approximation of solutions of heat conduction problems and it
will allow catalyzing studies on fire retardant properties of intumescent coatings.

Keywords: direct method, thermal conductivity, non-stationary temperature field, flame retardant coating

Introduction. At all stages of capital construction or recon-
struction of objects of different purposes it is necessary to
count the ability of building structures to maintain the main
properties in case of fire. So the heating of structures, which
can lead to its premature destruction, should be avoided. As it
is known, to protect the structures, their processing with fire-
proof compositions (coatings) is carried out. The usage of such
coatings is a sufficiently effective way to save the main ele-
ments from heating. So, for example, intumescent flame retar-
dant systems can prevent the heating of metal constructions to
a critical temperature of 500 °C from 15 minutes (without fire
protection) to 90 minutes.

Obviously, this kind of fire protection is very effective. How-
ever, during the research on the distribution of the non-station-
ary temperature field of such problems (structures with fire pro-
tective coatings) significant difficulties usually occur, because
during the heating the coating swells, which leads to a change in
the geometric size (thickness increase) and thermophysical char-
acteristics (thermal conductivity coefficient, density and specific
heat) of coating. As a rule, such a change is expressed by the coef-
ficient of fluctuation, ranging from 10 to 15 times. Therefore, the
development of methods for researching the problems of thermal
conductivity, which take into consideration the change in the
characteristics of the material, is an urgent task of the present.

Literature review. According to [1, 2] the assessment of the
protective effect of the coating should be carried out by ex-
perimental methods. In the work [3] an experimental study on
the flame retardant coating for steel under three different fire
scenarios was done. In developing new types of coatings and
defining their flame retardant properties, experimental studies
are also often used, as it is done, for example, in [4].

In [5, 6], there are at least 5 nominal modes for which a
fire may progress. Therefore, the inclusion of fire-retardant
coating properties for each mode is a complicated task.

It should also be noted that real fire tests require powerful
laboratories for testing, which will be able to provide the re-
quired level of requirements for experimental research and, as
a result, carries significant financial costs.
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Unsolved aspects of the problem. Analytical methods for
investigating the non-stationary temperature field in the struc-
tures is an alternative to methods for assessing fire resistance of
bearing walls based on standard fire tests. The analytical meth-
ods are conventionally divided into three types: a) direct or
classical, which are based on the method of separation of vari-
ables [7]; b) operational, using various kinds of integral trans-
formations [8, 9]; c) approximate analytical and numerical
methods [10]. However, these studies do not allow taking into
account the swelling of the coating. Typically [6], the calcula-
tions are carried with the already swelled coating, which may
not give a sufficiently accurate estimate of the time of fire pro-
tection.

The aim of this work is to use the direct method [11] to
develop an algorithm for determining the temperature field of
elements of building structures, taking into account changes in
the geometric size and thermophysical characteristics (swell-
ing process) of the fire protection coating.

Problem statement and its mathematical model. We con-
sider a multilayered flat construction with thickness /, m in a
rectangular Cartesian coordinate system Oxyz. This area is
bounded by the planes x =x;, =0 and x = x,, = / and is divided
by the planes x = x;, X =X}, X =X, X=X, _, on n layers of dif-
ferent thickness. Each layer has its own thermal conductivity
— X, W/m - °C; specific heat capacity — ¢, J/kg - °C; and the
density is p, kg/m>. A fire occurs near one of the surfaces of
the structure. After some time from the beginning of the fire,
due to the thermal action of the flame, one of the layers
changes its geometric dimensions and thermophysical char-
acteristics (for example, there can be swelling of the fire pro-
tection coating). To determine the fire resistance limit of
such a structure, it is necessary to solve a sequence of tasks
for determination of the distribution of the non-stationary
temperature field of a multilayered structure, taking into ac-
count the change in its geometrical and thermophysical char-
acteristics.

The problem of the distribution of a non-stationary tem-
perature field in the thickness of a multilayered flat construc-
tion is reduced to the solution on the interval [x,, x,] of the
differential equation [8, 11]
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with boundary conditions of the third kind

et (50) -1 (59) =0 1) o
a”t(xn,r) +711 (xn,t) =a,y, (1’)’
with initial condition
1(x; 0) = ¢(x), (3)

where #(x,t) is temperature, °C; A1(x, 1) = A£, is quasi deriva-
tive (heat flux density with minus sign) [11]; o, & a,, are heat
transfer coefficients between the fire environment and the sur-
face of the structure, W/m>°C; y(t) = 3451g((8t/60) + 1) +
+ 20 is the fire temperature change law (standard temperature
mode [5]); yy(t) =20 is the ambient temperature on the side of
the non-heated surface; 7 is time, s.

We introduce the following notation [11]:

0; — characteristic half-open interval function [x;, x;, ;)

6, (x) _ {l,x € [x,.,x,.+1 ),

0,x ¢ [xl.,xm),

i=0,n-1. )

Using notation (4) we are rewriting coefficients of equation
(1) as

-l n-1
X("FZM%; C(x)p(x)=2qpi6i.
=0 -0

In the future, we consider the coefficients A;, ¢; p; to be
piecewise constants at each interval [x;, x;, ;).

The solution of equation (1—3) is sought as a sum of two
functions (the method of reduction) [11]

n-1

t(x,‘c) :u(x,r)+v(x,r) = Z[ul.(x,t)-rvi(x,rﬂei. (5)

i=

Any of the functions u(x, 1) or v(x, t) can be chosen arbi-
trarily, then the other one will be determined unambiguously.

Choosing the function u(x, t). Choosing a function u(x, t)
as a solution to a quasi-stationary problem [11]

(w')' =0, (6)
with boundary conditions of the third kind

otgit (%9, ) =" (xp, T) = oo ) (7
au(x,.7)+u(x,.1) =0y, (’t)

It has been established in [11], [12] that the solution of the
(quasi) stationary boundary value problem (6, 7) on the inter-
val [x;, x;, ;) has the form

uix, vy =(1, 0)-Ulx, 1) = Bx, x;) - B(x;, Xo) - Py(1),
where it is marked

Py(1) = (P+ Q- B(x,, X)) - [(x);

s —1. B 0 0'
5 Sf e )
L(t) = (ag- yo(1); o, -y, ()7

1

xX-x S Xat ~ %
Bl.(x,xi)zl PR B(x,.,xo)z ! ,;, o .

1

0 1 0 1

Due to the corresponding mathematical calculations, the
solution of the boundary value problem (6, 7) on the interval
[x;, x;+;] has the form

uw(x,7)=(1, 0)-Ux,71)=

X—X; ilx, —Xx
1 i 1 k+1 k
T ! <« (8)
X=X
0 1 1] 1 o0, 2 M —"ta,+o,
m=0 )\‘m

nlx =X nlx =X

I i
o,y SmlTm (xo\l/o('f)+an S Zmil m
m=0 A, m=0 A, |

X

) (T) + &, 0, (T)

Mixed problem for function v(x, t). Using the notation (5)
we rewrite the equation (1) in the following form [11]

ou ov of((,0u) oOf,0v
CLIRCLACE P R P
Por Por ax[ axJ 6x( ij ©)

Taking into account that u(x, t) is a solution of the prob-
lem (6, 7), the equation (9) will take the form

ou ov 0 ov
cp—+ep—=—| A— | 1
par p@r 6x( 6x] 10)

0
It should be noted that function Cpl is to be known be-

cause function u(x, 1) is already known.
Whereas function u(x, t) fulfills the boundary conditions
(2), so conditions for function v(x, 1) follow from (5)

{aov(xo,r)—v[”(xo,t) =0

o, v(x,,t)+(x,.7) =0

an

and the initial condition looks like

n-1

(50)=/(x)=0(x)-ux0) =S (x) - (x0) o (12

i=0

The structure of the solution of a mixed problem (10—12)
has been studied and described in detail in [11]. This solution
can be constructed as follows:

1. Characteristic equation of the problem on its own states
has a view

O (o) =def(P+ Q- B(x,, Xy, »)) =0; (13)
-~ df
B (x,.,xo, co) =
sinoy_ (X, —X;_;)
Aoy ;
=X;_;) cosoy_ (X, ;. —X_;)

o cosoy_ (X, ;. —X;_;)
j=0

Ao sinoy_ (X,

Ci jPi-j®
o, = L
/ A
i-j

We can find the own states o,. from equation (13).
2. Eigen functions X, which conform to the corresponding
eigenvalues w,, have the following structure

J

sina;(x —x;)
coso,;(x —Xx;) — 1
Xk,.(x,cok):(l, ) Ao x
-\, sino(x—x;) coso(x—x;)
1

xB(xi,xO,u)k)‘ o |

1
_epo,
where it is noted %i = l;:. .
1

3. The square of norm || X, |]* of eigen functions X,(x, ;)
has a view
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4. The Fourier coefficients of development of the initial
function f{x)

Xiy

fi= X, ”22,9,1. l’( ) kz(X,OJk)dx.

xl
5. The Fourier coefficients of development of the func-

tion u
ion —
ot

n-1 Xt Oy, (

Z,p,f

)Xk,.(x,cok)dx.

B )‘u J =

On each of the spaces [x;, x;, ], this solution is depicted in
expanded form

vi(x.1)= Zf e“’k‘—_[e ”Bk (s)d }X(x,wk). (14)
k=1 0

Using the Figure (5) and taking into account formulas (8)
and (14), we finally obtain the solution of the problem (1—3) in
the form

i-1

X=X X0 —X
1 i 1 k+1 k 1
T T
0 1 0 1 0 n-n 0 n
S Xl =X S Xl ~Xm
y [an %7}% +1 oy, (‘E) + (x,,mzzg)i}\m . (15)
—0L, 0LV, (r) +0L,00, (r)

+i|:f;€e—wkr — Ie—mktBk (s)dsjl in (x,cok )
k=1 0

Application of the solution. To study the influence of ther-
mophysical and geometrical (thickness of the dry layer) char-
acteristics of flame retardant coatings on fire resistance of
structures we consider a reinforced concrete slab protected by
a flame retardant coating.

To investigate the distribution of the temperature field in
the thickness of the reinforced concrete slab (at a depth of
20 mm — the expected location of the reinforcement in the
concrete slabs), protected by the fireproof coating Polylack-A
produced by the Hungarian firm “Dunamenti Ttizvédelem
Zrt”, we simulate it in the form of a two layer structure with a
thickness of the fire protective coating of 2 mm. The tempera-
ture on one side of the slab changes according to the standard
temperature mode of the fire. We consider two stages of the
heating process of the slab with fire protection: before swelling
and after swelling of the coating.

In the paper [6] it is indicated that during intense heating
the fire protection coating swells at a temperature of about
250 °C and, as a result, its thermophysical characteristics and
geometrical sizes change. In particular, the thickness of the
coating during flutter increases by 10—15 times, and the ther-
mal conductivity and density decrease respectively. This, in
turn, reduces the heating intensity of the structure.

Stage before swelling. To investigate the distribution of a non-
stationary temperature field in the thickness of a two-layer con-
struction we used the direct method described above. This study
was conducted using the computer algebra system Maple 13.
The initial data of a two-layer structure were introduced as fol-
lows: the thickness of the layers; thermophysical characteristics
of materials; the law of temperature changes on external surface
layers (on the exposed surface the temperature varied according

to the law of the standard temperature mode of the fire, on the
other surface the temperature was constant); and the initial dis-
tribution of the temperature field until the start of the fire. Cal-
culations show that the time of swelling of the Polylack-A flame
retardant coating (reaching the temperature of the swelling) is 18
minutes (Fig. 1). It should be noted that in order to achieve this
result, 30 roots of the characteristic equation (13) and corre-
sponding summation of the terms of series (14) were calculated.

Stage after swelling. During the second stage, a new task is
set. Due to this task the thermophysical characteristics and the
geometric dimensions of the coating vary. The initial distribu-
tion of the temperature field over the thickness of the structure
also changes (the temperature field, which was at the time of
the swelling of the coating — in the 18" minute of the first
stage — was introduced). The heating of the exposed surface
does not begin anew, but conditionally continues (from the
18™ minute). By introducing new initial data, and using the
computer algebra system Maple 13 [12—15], we obtain the dis-
tribution of the non-stationary temperature field in the thick-
ness of a two-layer structure in the form of a graph (Fig. 2).

Fig. 3. shows the process of heating of flame retardant
coating during all period of fire.

To estimate the heating of the reinforcement at a depth of
20 mm, a plot of the distribution of the non-stationary tem-
perature field in time is constructed, taking into account the
process of swelling of the fire protection coating.

The analysis of Fig. 4 makes it possible to establish that the
reinforcement in the reinforced concrete floor slab, protected
by a fireproof coating, is heated to a critical temperature of
500 °C for 181 minutes.

Now let us investigate the distribution of the temperature
field in the thickness of the reinforced concrete slab (at a depth
of 20 mm), without taking into account the stage before the
swelling of the flame retardant. Calculations are conducted for
a double-layer construction with the already swelled flame re-
tardant coating. The results are shown in Fig. 5.

The comparative analysis of Figs. 4 and 5 shows that after
taking into account the swelling of the coating the temperature
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Fig. 1. Heating of flame retardant coating (before swelling)
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Fig. 2. Heating of flame retardant coating (after swelling)
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of the structure reaches 500 °C in 181 minutes, and without
taking into account the swelling of the coating the temperature
of the structure reaches 500 °C in 195 minutes, which shows
differences between various approaches to estimating the fire
protection time of the coating.

Algorithm of the calculation. Due to the research con-
ducted, an algorithm for determining the distribution of a
non-stationary temperature field of a multilayer structure with
the possibility of changing the geometric sizes and thermo-
physical characteristics of the flame retardant coating layer
was developed. The algorithm is based on the direct method
for calculating the non-stationary temperature field through-
the-thickness of a multilayered flat structure.

1. The first stage of the proposed algorithm is the input of
the initial data.

500 A -
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s
10bo | 2000 | 3000 4000 5000 | Gooo | 7ono

before mtumescent coating
== after intumescent coating

Fig. 3. Heating of flame retardant coating during the whole pe-
riod of fire
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Fig. 4. Heating of a reinforced concrete floor slab (taking into
account swelling of the coating)
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Fig. 5. Heating of the reinforced concrete slab (without taking
into account the swelling of the coating)

2. The next step is to calculate the non-stationary temper-
ature field through the thickness of the multilayered flat struc-
ture, which is given in the formula (15).

3. The calculation is made until the heating of the struc-
ture to the critical temperature, or swelling of the fire protec-
tion coating of the structure.

4. If the design does not warm up to a certain critical tem-
perature, and the effect of the fire has led to the swelling of the
fire protection coating of the structure, the calculations are
stopped, and the time 1, is fixed. Next, a new task is proposed for
calculating the distribution of the non-stationary temperature
field through-the-thickness of the structure, taking into account
changes in the geometrical sizes and thermophysical character-
istics of the swelled fire protection coating. New initial data is
entered. The time 7, is added to the law of temperature change of
the fire (1) and the temperature of the environment y,,(t). The
initial distribution of the temperature field is given as a function
of the distribution of the temperature field that existed at the
time 1,. Again, the calculation of the distribution of the non-
stationary temperature field through-the-thickness of the struc-
ture is made prior to heating it to a certain critical temperature.

5. If the heating of the structure is at a critical temperature
before the swelling of the coating, the calculation is stopped.

6. The results of the calculation are deduced in the form of
explicit formulas for the distribution of the non-stationary
temperature field for each of the layers of the structure. With
the help of these formulas, the result can be deduced in the
form of tabular data, graphic dependencies (bulk graphs, ani-
mations, and so on) changes in temperature through-the-
thickness of the construction, depending on the time.

Conclusions. The scheme of solving the boundary value
problem of heat conductivity on the basis of the direct method
is described, which allows us to create an algorithm for deter-
mining the distribution of a non-stationary temperature field,
taking into account changes in the thermophysical and geo-
metric characteristics of the structure. Boundary conditions of
the third kind most successfully describe the process of trans-
fer of heat between the design and the environment of the fire.
The function of changing the temperature of the environment
in time can be arbitrary, which allows describing various fire
regimes, including parametric. The structure of the obtained
explicit formulas (8, 14 and 15) allowed creating an algorithm
for determining the temperature fields in the form of an auto-
mated program, where it is enough to enter only the initial
data. Note that the basis of such algorithms is the procedures
for calculating the roots of the characteristic equation, multi-
plying the finite number of matrices, calculating certain inte-
grals, and summing the required number of members of the
series (14) to obtain the given accuracy.

An arbitrary record of the initial condition (3) allows ter-
minating the calculation at any time and change the size or
thermophysical characteristics of the coating.

This method is verified in comparison with experimental
studies. The results obtained using mathematical models, are
qualitatively and quantitatively convergent with the results ob-
tained experimentally. The difference between the theoretical
and experimental data does not exceed 10 %, which is de-
scribed in more detail in the work.

Distribution of this method on the construction of other
geometric forms (cylindrical or spherical) does not cause sig-
nificant difficulties.

As a product, in the future, this algorithm will significantly
accelerate the study of flame retardant properties of intumes-
cent coatings.

According to the authors, in the future, such an approach
can be used to approximate the solutions of nonlinear heat con-
duction problems, but at present, this issue remains unresolved.
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Merta. Po3po6uTu airoput™ po3paxyHky 3anadi mpo BU-
3HAUYEHHSI HECTAlliOHAPHOTO TEMIIEPaTypHOTo MOJs 32 TOB-
LIMHOIXO 6araTolapoBOl KOHCTPYKLIi 3 ypaxyBaHHSIM 3MiHU

TEMJI0MI3UYHUX XapaKTEPUCTUK i TEOMETPUUYHUX PO3MipiB
(CrTy4eHHSs) HAHECEHOTO BOITHE3aXMCHOTO TTIOKPUTTSI.

Metoauka. 3aCTOCYBaHHSI MPSIMOTO METOIY PO3B’si3y-
BaHHSI OudepeHLiaIbHOTO PiBHSIHHS TEIJIONPOBIIHOCTI i3
3aCTOCYBaHHSIM METOAY PeayKIiil, KOHLIETILi1 KBa3irmoXiaHuX,
METOy BiOKpEeMJIEHHST 3MiHHUX 1 MOAM(iKOBAHOTO METOIY
BiacHuX GyHkiit Oyp’e.

Pe3yabpraTu. 3arpornoHoBaHO alrOPUTM BU3HAYEHHS He-
CTAIliOHAPHOTO TEeMIIepaTypHOTO IOl B 0OaraTolraposiit
TJIACKiil KOHCTPYKIIii 3 ypaXyBaHHS 3MiHM TeII0(hiZUMIHUX
XapaKTepPUCTUK i TEOMETPUYHUX PO3MIipiB (ITPOLEC CIyYeH-
H$1) BOTHE3aXWCHOro MmokputTs. Lle mocsraerbes HIISIXOM
pPO3B’sI3yBaHHS MOCJiAOBHOCTI IBOX 3aiay (TemIepaTypHe
TMoJie 10 CITyYeHHS Ta IMiCsl CIyYeHHSs TTIOKPUTTS).

HaykoBa HoBM3HA. YTIepIlle i3 3aCTOCYBaHHS TIPSIMOTO METO-
Iy 10O PO3B’S3KY 3a1a4i HecTalliOHapHOI TeTUIONPOBITHOCTI,
3aIpOIIOHOBAHO AJITOPUTM OO0 BU3HAUCHHS TEMIICPaTypHOTO
Mojst B OaratolapoBUX €JeMEHTax 3i 3MiHHOIO TOBILIMHOIO
Iapy Ha NpUKJIaai OyaiBeIbHUX KOHCTPYKIIil i3 BOTHE3aXUCHU-
MM CUCTEMaMU Ha OCHOBI TIOKPUTTIB, 11O CITyYYIOThCSI.

IIpakTyHa 3HAYMMICTb. Y TOAAIBLIOMY TaKW MigXin
MOe OyTH BUKOPUCTAHWIM AJIsl alTpoKCUMallii po3B’sI3KiB He-
JIHIMHKUX 3aa4 TETUIONPOBIMHOCTI Ta M03BOJUTH 3HAYHO
MPUILBUALLIMTYA TOCTIKEHHSI BOTHE3aXUCHUX BJIACTUBOCTEN
ITOKPUTTIB IO CITYIyIOThCS.

KunrouoBi cioBa: npsamuii memod, menaonpogionicme, He-
cmayioHapHe memnepamypHe noae, 602He3axUCHe NOKPUMMsL

MogenmpoBaHie npoiecca TemionepeHoca
C Y4€TOM BCIyYHBAHHSI OTHE3AIIMTHOIO
MOKPBITHSA

P.M. Tayuii, O. IO. I1azen, C. 4. Boéx

JIbBOBCKMII rocynapCTBEHHBI YHUBEPCUTET 0€30MacHOCTU
KU3HeNesTebHOCTH, T. JIbBOB, YKpauHa, e-mail: opazen@

gmail.com

Henb. Pa3zpaboTtaTh aIrOpuTM pacuera 3a1ayu od onpene-
JIEHUY HECTALIMOHAPHOTO TEMIIEPATyPHOTO MMOJIsSI MO TOJIIUHE
MHOTOCJIOMHON KOHCTPYKLIUU C YUYE€TOM U3MEHEHUs TeTulo-
(bu3nyecknx XapakTepUCTUK M TEOMETPUYECKUX Pa3MepoB
(BCITyuMBaHNe) HAaHECEHHOTO OTHE3aIIUTHOTO ITOKPBITHSI.

Mertoauka. [lpuMeHeHMe NpPSIMOro MeToAa PpeUIeHUs
nuddepeHIIMaNTbHOTO  YPaBHEHUST TETUTONIPOBOTHOCTH  C
MPUMEHEHUEM MEeTOAa PeNyKIMU, KOHUEINH KBAa3UIIPOU3-
BOJIHBIX, METOMIA pa3aesieHUs TIePEMEHHBIX 1 MOIUPUIIUPO-
BaHHOTO MeTo/Ia COOCTBEHHBIX PyHKLIMIT Dyphbe.

Pesynbratsl. [Ipenoxen anropuT™ omnpeneneHns HecTa-
LIMOHAPHOTO TeMIEepaTypHOro IoJisi B MHOTOCJIOMHOM T10-
CKOI KOHCTPYKILIMM C yIeTOM M3MEHEHUS TeTUIO(DU3NIECKIX
XapaKTepUCTUK U TEOMETPUIECKUX Pa3MepoB (TIpoliecc BCIy-
YUBAHUS) OTHE3AIIUTHOTO MOKPHITUSI. DTO TOCTUTAETCS TIy-
TEM pelIeHUsI OCIeA0BATEeIbHOCTH IBYX 3aa4 (TeMIlepaTyp-
HOE T10JIe A0 BCITyYMBAHUS U TTOCIIE BCITYYUBAHMSI TTOKPBITHST).

Hayynas noBusHa. Briepsble ¢ mpMeHEHUEM MPSIMOTO Me-
TOJIA MO PELIEHUIO 331a41 HECTALIMOHAPHOI TETUIONPOBOIHO-
CTH, TIPEUIOXKEH JITOPUTM 00 OIpeesIeHUM TEMIIEPATYPHOTO
T10JI51 B MHOTOCJIOMHBIX 3JIEMEHTAX C NIEPEMEHHOMN TOJLLIMHON
CJ1051 Ha TIPUMEPE CTPOUTEIbHBIX KOHCTPYKIIMI C OTHE3alUT-
HBIMM CUCTEMaMU Ha OCHOBE BCITYUMBAIOIINXCS TTOKPBITUH.

IIpakTHyeckas 3HayMMocTh. B manbHeiiniem Takoii nomi-
XOJI MOXKET OBbITh UCITOJIb30BaH JJIs1 alllIPOKCUMAIIUU pelie-
HUI HEJMHEMHBIX 3a7a4y TEIUIONPOBOAHOCTU U ITO3BOJIAT
3HAUUTENBHO YCKOPUTH UCCIEAOBAHMSI OTHE3AIUTHBIX
CBOICTB BCMYYMBAIOLIUXCS TOKPBITUIA.

KimoueBble ciioBa: npsmoii memoo, menionpo6ooOHOCHb, He-
CMayuoHapHoe memnepamypHoe none, 0CHe3auwUumMHoe NOKPbImue
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