ENVIRONMENTAL SAFETY,
LABOUR PROTECTION

UDC 614.8

Yu. O. Abramov, Dr. Sc. (Tech.), Prof.,
orcid.org/0000-0001-7901-3768,

0. Ye. Basmanov, Dr. Sc. (Tech.), Prof.,
orcid.org/0000-0002-6434-6575,

V.I. Krivtsova, Dr. Sc. (Tech.), Prof.,
orcid.org/0000-0002-8254-5594,

J. Salamoy,
orcid.org/0000-0003-3583-9618

DOI: 10.29202/nvngu/2019-4/16

National University of Civil Defence of Ukraine, Kharkiv,
Ukraine, e-mail: abramov121146@gmail.com; aleksey.bas-
manov@nuczu.edu.ua; krivtsovav53@gmail.com; javid16c@
gmail.com

MODELING OF SPILLING AND EXTINGUISHING OF BURNING FUEL
ON HORIZONTAL SURFACE

Purpose. To construct a model of extinguishing a spill fire spreading on a non-smooth horizontal surface using water mist.

Methodology. A force balance equation for the forces influencing the spilled liquid spread has been worked out. The equation
takes into account the change in the mass of the spilled liquid due to its burnout and possible inflow in the case of a continuous
spill. Filling of the surface irregularities in the spill area has also been taken into account. There has been worked out a thermal
balance equation for the fuel surface under sprayed water mist, based on the assumption that the water droplets completely evapo-
rate before they reach the surface of the burning fuel.

Findings. The dynamics has been obtained for the radius change of the fuel spill for the spread and burnout on a non-smooth
horizontal surface under the assumption of a circular shape of the spill. Relation has been determined between the time required
to suppress a spill fire with water mist and the intensity of water feed.

Originality. The scientific originality consists in taking into account the surface irregularities and fuel burnout during the spill
spread, as well as determining the time required to suppress a spill fire with water mist, depending on the intensity of the water feed.

Practical value. The proposed model for the fuel spill spread and fire extinguishing can serve as the basis for the design of a fire
protection system for the processing equipment and, in particular, of an automatic water mist fire extinguishing system, at oil ex-

tracting and oil refining facilities.

Keywords: burning fuel, spill fire, fuel spill dynamics, water mist, fire extinguishing

Introduction. Flammable liquid spills stand among the
most dangerous emergency scenarios that can occur during
the extraction, transportation and processing of crude oil. The
ignition of combustible liquid vapors can not only cause a spill
fire, but also result in cascade fire propagation to the neighbor-
ing process facilities. Therefore, early elimination of the fire is
of paramount importance. One of the options to increase the
efficiency of the liquid fuel fire suppression is the use of water
mist as an extinguishing agent. The main advantage of water
mist is the potential to apply combined smothering and surface
fire-fighting approaches, which would allow for quick elimina-
tion of the flame. The sprayed water is capable of cooling the
burning fuel below its flash point and lowering the oxygen con-
centration in the combustion zone with water vapor below the
level required for stable combustion.

Problem to be solved. In order to develop fire protection
systems for processing equipment, and, in particular, auto-
matic water mist fire extinguishing systems, it is necessary to
determine the feed rate of the extinguishing agent, which in
turn is impossible without an evaluation of the combustion pa-
rameters and a study into the interaction processes of the ex-
tinguishing agent with the burning fuel. One of the problems
here is the lack of a mathematical model describing the change
in the geometric parameters of the spill in the process of its
spread and combustion, as well as the model of suppression of
a spreading spill fire with water mist.
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Literature review. A significant number of accidents in
the chemical industry are associated with the spill of flam-
mable liquids with their subsequent flare up [1]. The geomet-
ric parameters of flammable liquid spills are used as input
data for the modeling of thermal impact of the spill fire on
the processing equipment of oil extraction and oil refining
facilities [2]. The dimensions of the spill depend on the dura-
tion and intensity of the liquid spread. All spills are conven-
tionally divided into two categories by the time of their
spread: instantaneous and continuous ones [3]. In [4], the
spread and combustion of fuel on a glass horizontal surface is
investigated. The peculiarity of spreading on a smooth sur-
face is that the thickness of the liquid layer stays at several
millimeters. In the experiment [5], the spread of fuel on a
horizontal metal plate is considered. It was noted, in particu-
lar, that the theoretically calculated thickness of the liquid
layer is consistent with the observed value. In the experiment
[6], it was found that the heat flux from the flame on a film of
fuel with a thickness of 6—15 mm does not depend on the
thickness of the liquid layer and is constant in time, except
for the period of flare-up and extinction. Direct application
of the hydrodynamic approach to the analysis of the liquid
drop spreading runs into serious difficulties [7]. The analysis
of numerical models of the drop spreading is dealt with in
|8]. Laboratory studies of the film front spreading along a
smooth surface are given in [9]. In [10], models are given
which take into account wetting of a surface by a liquid,
namely, the contact angle 6
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where p is the liquid density; o is the surface tension coeffi-
cient of the liquid, N/m; g is the acceleration of gravity.

The studies, in particular, presented in [11], indicate that
the limiting thickness of the spill layer depends only on the
type of liquid and its surface wetting behavior.

Evaporation of the water mist droplets during their move-
ment in a high-temperature environment of the combustion
plume of petroleum products was experimentally investigated
in [12]. In the experiment [13], the extinguishing of fuel oil in
a container with a diameter of 35 cm by pulverizing water at a
rate of 25 1/min and the mechanisms of extinction with water
mist were considered: cooling of the gas medium and reducing
concentration of oxygen and of the combustible liquid vapor as
the droplets evaporate in the combustion zone; cooling of the
fuel surface as the droplets reach its surface. In [14], the effi-
ciency of diesel fuel spill extinction was analyzed, depending
on the diameter of the spill and the supply parameters of the
water mist. In [15], the effect of multicomponent additives on
the efficiency of combustible liquids extinction by water mist
was experimentally studied.

Unsolved aspects of the problem. Existing models of a com-
bustible liquid spreading deal with a smooth surface, as a result
of which the given findings cannot be directly applied to the
cases of fuel spread on the topsoil. Cooling is one of the least
studied mechanisms of fire extinction action of the water mist
on the burning fuel. In particular, there are no models for
cooling the surface of the burning spill due to the heat removal
by droplets of the water mist.

Purpose. The purpose of this research is to construct a
model of fire extinction of a burning fuel spreading on a non-
smooth horizontal surface using water mist.

The following is required to achieve this goal:

- to build a model of combustion of a fuel as it spreads on a
horizontal surface;

- to build a model for suppressing a spill fire with water mist.

Results. To simulate the process of liquid spread on a hori-
zontal surface, we will apply the principle of gravitational
spread of a cylindrical liquid layer (Fig. 1) [10], which assumes
that at each moment of time ¢ the liquid is in a shape of a cyl-
inder with the height of 4(7) and the radius of R(7). In this case,
we accept the absence of the liquid diffusion through the soil.
Under the influence of gravity, the liquid flows out: R(#)) <
< R(1,), h(t)) > h(t,) at t, < t,.

From (1), it follows that the maximum radius of the spill is

equal to
v 2V 2pg
=, —=4—", 2
Rivax 8 20(1 70059) @)

where Vis the volume of spilling liquid.

()

Fig. 1. Calculation principle of the gravitational spread of the
cylindrical liquid layer

The peculiarity of spreading the liquid on a non-smooth
surface is that it must fill the surface irregularities. This means
that a certain volume V/; of the spreading liquid is used to fill
the depressions

V,=nR, 3)

where & is the average depth of surface irregularities. As a re-
sult, the expression (2) can be estimated as

\ n? (V - n&fm?})z pg

= ZG(I—COSG)
which leads to
Ron- | 4 - @
\/n8+1\/2c5(1—cose)
m Pg

Experimental studies [16] have shown that when water is
spilled on dry soil 6 = 1.7 cm, which is approximately 5 times
greater than the thickness of the water film on a smooth sur-
face. Failure to take into account the surface tension of the
liquid and the nature of the surface wetting o(1 — cos0) = 0
transforms (4) into

Rmax Y (5)
which results in the following relative error

|Rmax_kmax 1
[P ™ o] _y Ny =
Rmax 5

Fig. 2 shows the dependence of the relative error (6) on the
c (1 —cos 6)

20(1 —cos 6)
g

eE=

(6)

value of ¢= . The points on the horizontal axis

are: ¢; = 1.5 - 10° m*/s?> — gasoline; ¢, = 2.1 - 107® m*/s? —
crude oil; @3 = 6.7 - 10~° m*/s? — water.

The plot analysis of Fig. 2 shows that even at an average
depth of surface irregularities of 6 = 1 c¢m the relative error
caused by the replacement of the expression (4) for (5) does
not exceed 2 % in the range of parameter change ¢ inherent in
liquids. For flammable liquids, this error does not exceed 1 %.
Consequently, the maximum radius of liquid spill is deter-
mined primarily by the nature of the soil roughness, and not
by the nature of surface wetting by the liquid and the strength
of its surface tension.

The spreading process of the liquid on the horizontal sur-
face is influenced by the following forces [10].

1. Pressure on the lateral surface of the cylindrical liquid
layer (Fig. 1.)

ETTT

0.02
0.015 -p—="2 !
0.01-F /
0.005+5 3

T
0 2 4 6 8

[oR 105, m4/s2

Fig. 2. Relative error for the estimation of the maximum spill
radius without regard to surface tension and the nature of
surface wetting depending on the value of the parameter ¢:

1—8=1em;2—8=2cm;3—8=4cm
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F,(R) = nRpgh. (7
2. Surface tension force
F(R)=-2nRo(1 — cos0). 8)
3. Viscous resistance force
-2.58
wR w?
F,(R)= 0.455[lgVJ %Tch, 9)

where w is the average horizontal speed of the liquid; v is the
kinematic viscosity of the liquid.

4. The resistance force due to the dissipation of the kinetic
energy through the turbulent motion of the liquid

3
P mw|w, 10

turb Lmax \/5 | | ( )
where ¢, =0.09, ¢, =0.25 are empirical constants; L,,,, is max-
imum vortex size L, = #; m is total liquid mass: m = pV; Vis
the volume of the cylindrical liquid layer.

In accordance with Newton’s second law, under the influ-

ence of the forces listed above, the cylindrical liquid layer will
move horizontally with acceleration a

F,+ Fp+ Fpy+ F=ma. (11)

Combining the expressions (7—11) and taking into ac-
count the water consumption to fill the irregularities (3) allow
us to obtain the differential equation of the second order for
the spill radius

-2.58
R 2R|R
_YO-nRs g—0.455[lg J
nR %

\/Encdcf R'|R]
V(t)-nR*

2|R|R
V(t)-nR*S
R? 2TERG(1 —cos 9)

oV (1)-nR%)

R 2

(12)

Let us note that the right-hand side of equation (12) is un-
certain with R = 0, therefore the initial condition is expressed as

R(0)=Ry; R(0)=0, (13)

where R, is any initial radius that satisfies the following condi-
tion

V(o)
0< Ry <4|—, (14)
o

that is, it does not exceed the maximum spill radius relevant to
the volume of the liquid #(0).

Let us assume that the flowing liquid ignites at the time
t = t,,,, with the flare-up taking place in the center of the spill,
and the flame propagates at normal speed w,. Let us denote
the radius of the burning liquid area R, < R with R;. Then, the
change in the radius of the burning area can be represented as

. 0, 1<ty, s
P | min(w, (-1, ) R(1)), 121,

Volumetric change of the spilled liquid will be determined
by the law of its outflow and the speed of its burning on the

— 2
area S, =TR;

V' =V (1)~ 7R ()W, (16)

where V(%) is the total volume of liquid spilled at the time #;
wy is the linear burnout rate of the liquid.

The equations (12, 15, 16) with the initial condition (13)
form a system of nonlinear differential equations of the second

order which describes the combustion of the liquid spreading
over a horizontal surface.

Let us consider the following particular cases:

- instantaneous spill of combustible liquid;

- continuous liquid spill.

Instantaneous spill of flammable liquid with the volume ¥

Vtotal(t) = Vo = const.
Then (16) is transposed into
V’([):—TERZ(Z)WIJ; (17)
0) = V.

If the volume of the liquid burned out during the time
which it took for the flame to engulf the entire spill is short
relative to the total liquid volume, then the equation (17) can
be substituted with

V(1) = = Rt)wy,
which after substitution V() = nR*(7)3 is transposed into

Rw
R=-——2, 18
28 as)
with the initial conditions
V,
R(0)=,[-%, 1
(0)=y7s 19

where the point =0 is the beginning of combustion. The solu-
tion for (18, 19) is

R(r) :\/Eexp[—;}gt} (20)

As an example, Fig. 3 shows the result of simulation of the
process of spread and combustion of crude oil with the total
volume of V;, = 60 1 after an instantaneous spill.

Physical properties of oil: p = 850 kg/m? v =5 - 10° m/s;
o =0.03 N/m; 6 = 19°. Combustion of oil begins at the time
tim = 60 s, the linear rate of burn-out of the liquid is w, =
=6 - 10 m/s, normal flame spread rate is w, = 0.4 m/s.

The plot analysis of Fig. 3 shows that after an instanta-
neous spill of 60 liters of crude oil, the maximum radius of the
spill is reached in about 20 seconds. The relative error at re-
placing the solution of system (12, 15, 17) with the approxi-
mate expression (20) does not exceed 4 %.

Continuous spill of a fuel with a volumetric flow rate v(7)

1

Vol (t) =V, +_|.v(r)d1:,

0

where V;, > 0 is an arbitrary value of the initial volume, the ne-
cessity of which is caused by the condition (14). In this situation

R,m

1
0.84--2
1
1
1
0.41--1
1
1
1
1
1

0.2

0 T T K
0 5 10 t, min
Fig. 3. Radius change of the crude oil spill over time:

1 is a solution of the system of equations (12, 15, 17); 2 is the de-
pendence (20)
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V(1) =v(t)-nR (t)w,; (1)
(0) = V.

If we assume that after the liquid ignition, the flame in-
stantly spreads to the entire area of the spill, that is, R(f) =
= Ry(?), >0, where the timing begins at the time of the liquid
ignition, then the equation (21) is simplified to

V' =v(t) — Swy,

where S is the spill area. In addition, if we assume that the spill
instantaneously reaches its maximum area consistent with the
spilled liquid volume, S'= V/3, we will obtain

s’ =%—s%, 1>0; (22)
S(0) :% (23)

Solving the equation (22) with the initial condition (23),
we obtain

— x| < er | Yo YO oo ¥ e |
S—exp( ; IJ{S +£ 5 exp( 5 r]dr}, 24)

R=\/S/x. (25)

Fig. 4 shows a change in the radius of crude oil spill over
time at a stable volumetric flow rate of v=0.6//s for ,,,= 300 s.
The oil ignites at 7, = 100 s.

The plot analysis of Fig. 4 shows that the relative error as a
result of replacing the solution of the system of equations (12,
15, 21) with approximate expressions (24, 25) reaches 18 %.

Fire extinguishing of burning fuel with water mist. If we as-
sume that the extinguishing process of a spill fire is done
through heat removal from its surface by evaporating water
droplets which do not reach the burning surface, the extinc-
tion process will be described by the following model

o0(x,7) _0%0(x.7) . 00(x.7)

o ox? ox (26)
. 59(0,‘5) _ raKl
0(x,0)=0; > Wl -T,) 7)

where t=wia™'t; x=w,a'z; 0 = (T, — T)(T, — T,)"" are dimen-
sionless variables; 7, T are the surface temperature of the liquid
and its boiling point, respectively; 7j is the ambient temperature;
a, ) are the coefficient of thermal diffusivity and heat conductiv-
ity of the fuel, respectively; r is the evaporation heat of water; Kis
the coefficient of water use; / is the rate of water supply.
Applying the Laplace transform to the differential equation
(26) with the initial and boundary conditions (27), we obtain

PN

1.5 0.75
Ve
0.5 /

[ 3 0.25
0 \/tig'l Tout : 0
0 5 10 t, min

Fig. 4. Radius change of the crude oil spill over time:

1 is the solution of the system of equations (12, 15, 21); 2 is the
dependence (24—25); 3 is the relative error (on the right axis)

raKepo—O.S - (p + 0.25)0'5}4 |

wk (T, _T())[O.S-!-(p-i—O.ZS)O'S}

0(x.p)= (p). @8)

where p is a complex variable.

For the fuel surface x = 0. In addition, let us suppose that
[ =const.

Then, after applying an inverse Laplace transform to ex-
pression (28), we obtain the following

0.5
raKl T
e(x”[)_wéx(y"_%)lil-’—[nj eXp(—0.25‘E)—

(29)
—(1+0.51)eifc(0.510‘5)}.

The time of extinction t, of the burning fuel is determined
by the transcendent equation root

6,-6(0,1,)=0, (30)

where 0, is the dimensionless fuel surface temperature at which
its combustion stops.

The second summand in the equation (30) corresponds to
expression (29) withx=0and t =r,.

Solving the equation (30) for the spill of crude oil with the
area S = 3 m’ gives a dimensionless extinguishing time 1, =
=6 - 1072 which corresponds to #, = 12.0. The values of the pa-
rameters included in the relations (26—29) were chosen as fol-
lows A =0.2W/m-K;a=8-10°m?/s; r=2.3-10°J/kg; K =
=0.08; 7=0.11 kg/(m?%); T, =350 K; T}, = 400 K.

The experiment provides the value for the extinction time
t,=14.1s.

Conclusions. A model was developed for spreading of a fuel
on the soil surface and of its combustion taking into account
the roughness of the surface. It is shown that the process of
fuel spill is determined primarily by the nature of the soil ir-
regularities, and not by the nature of the surface wetting. From
a practical standpoint, this means that in order to determine
the value of the parameter 8, which describes the average
depth of surface irregularities and is included in the model of
liquid spread, it is enough to define it experimentally through
studying the spread of a certain volume of water.

A model has been built for the burning fuel surface cooling
with droplets of water mist which completely evaporate before
they reach the surface of the burning fuel. The model allows
for determining the time of fire suppression depending on the
rate of supply of the water mist.

The obtained expressions can be useful for the development
of fire pre-plans at the oil extraction and refining facilities, design
of process equipment fire protection systems, outlining of zones
for safe positioning of the equipment and personnel, as well as for
the design of automatic fire extinguishing systems [ 14].
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Mera. IloGynoBa mMoneni raciHHsI pO3MWJIEHOIO BOIOIO
roproyYoi pPiIMHU, IO PO3TIKAETHCS Ha HEMIAIKiii TOPU30H-
TaJIbHil TTOBEPXHi.

Meronuka. [ToOymoBaHO piBHSIHHS OajaHCy CWI, IO
BIUIMBAIOTh HAa PO3TiKaHHS PiIMHU. Y PiBHSIHHI BpPaxOBaHO
3MiHY MacH PiIuHU B PO3JIUBI, OOYMOBJIEHY 1l BUTOPAHHSIM i
MOXJIMBUM HAJIXOKEHHSIM Y BUTAIKY HETIepepPBHOTO BUTI-
KaHHSI, a TAaKOX YPaxOBaHO 3allOBHEHHSI PiIMHOIO 3arjiu-

0JIeHb Ha TIOBEPXHi, MO $IKill BinOyBaeTbcsi po3TikaHHs. [1o-
OyIoBaHO PiBHSIHHSI TETJIOBOTO OajlaHCy Ha MOBEPXHi Topro-
4Ol PiIMHU 32 YMOBHU MOJAayi Ha Hel pO3MUJIEHOI BOIU, IO
CIIUPAETHCS Ha TIPUITYIIEHHS MPO TOBHE BUIIApPOBYBaHHS
KparieJb BOJIU JIO iX ITepeTUHAHHST TIOBEPXHi TOPIOYOi piIHY.
Pesyabratn. OTprMaHa nMHaMika 3MiHU pajiyca po3JuBY
rOPIOYOI PIIMHU 3 YACOM IPU ii pO3TiKaHHi i rOpiHHI Ha HeTJIaI-
Kili TOPU3OHTAJIbHIN TTOBEPXHi y TPUITYLLIEHHI MPO KPYroBY
¢opMy po3nuBy. 3HaiigHa 3a1€XKHICTb MiXK 4acOM TaciHHSI ro-
PIOYOi PIIMHY PO3IUJICHOIO BOAOIO T iIHTEHCUBHICTIO 11 TTO1aYi.
Haykosa nosusna. [losisirae y BpaxyBaHHI HepiBHOCTEN
MOBEPXHi i1 BUTOPaHHS TOPIOYOI PiIMHM T yac ii po3TikaH-
H$I, a TAKOXX BU3HAYECHHI Yacy TaciHHS ITOXKEeXi PO3JIMBY pPO3-
MUJICHO BOAOIO B 3aJIEXKHOCTI Bil iHTEeHCUBHOCTI 11 Moaayi.
IIpakTiyHa 3HAYMMICTB. 3aMPOMOHOBAHA MOIEIb PO3Ti-
KaHHS i raciHHSI TOPIOYOI PiIMHU € OCHOBOIO 151 TOOYI0BU
CHCTEMM TTPOTUIIOKEKHOTO 3aXUCTY TEXHOJIOTIYHOTO 00JIa-
HaHHS i, 30KpeMa, CUCTEMU aBTOMATUYHOTO MOXKEeXXOraciHHsI
PO3MWJICHOIO BOMOI0 Ha MiATIPUEMCTBAX HA(TOMOOYBHOI it
HadTonepepoOHOI raay3i.
Kimouosi cioBa: coproua piduna, noxcexca po3augy, ouna-
MiKa po3miKaHHs piounu, po3nuiena 600a, 2aciHHs noJicedici

MOIleJll/lpOBaHl/le PAaCTEKAHUA U TYHICHUSA
roploqeﬁ KHJKOCTH Ha I‘OpI/I3OHTaJ'll)HOI7]
INMOBEPXHOCTH
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Iexn. [TocTpoeHre Momeny TyIIEHUS pAaCIIbIICHHOM BO-
JIO roprovei XUAKOCTHU, paCTEKAIONIENCS HA HETJIAAKOM ro-
PU30HTAIBHOI TOBEPXHOCTH.

Meroauka. [ToctpoeHo ypaBHeHUe OajlaHCca CUJT, BIIMSIIO-
IIMX Ha pacTeKaHMWe XUIKOCTH. B ypaBHeHUU yuTeHO U3Me-
HEHMe MacChl XKUAKOCTA B pa3jivMBe, 00YCIOBJICHHOE ee BbI-
rOpaHMeM M BO3MOXHBIM TIOCTYIUICHHEM B cllydae HeIpe-
PBIBHOTO BBITEKAHUS, a TAKXKe YITEHO 3aITOJIHEHUE JKUIKO-
CTBIO YIIIyOJICHUI Ha MTOBEPXHOCTH, TTO0 KOTOPOi1 TPOMCXOIUT
pactekaHue. [TocTpoeHO ypaBHEHHe TEIJIOBOTO GajiaHca Ha
TMOBEPXHOCTU TOPIOYEH XXUIKOCTU MPU YCJIOBUU TTOIAaYM Ha
Hee pacIblJICHHON BOJIBI, OITUpaloIieecs Ha MPearoIokeHne
0 TIOJIHOM MCITApEHMU Karleib BOIbI 10 X IepecedeHus 1o~
BEPXHOCTHU TOPIOYEH KUIKOCTH.

Pesyabrarel. [TonyyeHa nrHamMuKa MU3MEHEHUs paauyca
pasjinBa roproYeil JKMIKOCTU BO BpEMEHU TP €€ pacTeKaHUK
U TOPEHUM Ha HEIIaAKON TOPU30HTAJIbHON IMOBEPXHOCTU B
MPEANoJIOXEHUU O KpyroBoit opme pasznuba. Haiinena 3a-
BUCUMOCTb MEXIY BPEMEHEM TYILIECHUS TOPIOYeil KUIKOCTH
paCITBbIJICHHOM BOIOW Y MHTEHCUBHOCTBIO €€ TOJauH.

Hayunaa nHoBu3Ha. COCTOUT B y4yeTe HEPOBHOCTEUl IO-
BEPXHOCTU W BBITOPAHMM TOPIOYEH JKUIKOCTH BO BpEMS €€
pacTekaHusl, a TakKxKe OMpeAesIeHUM BPEMEHM TYLIEHUS T10-
Kapa pas3jivBa paclblIEHHOW BOAOW B 3aBUCUMOCTHU OT WH-
TEHCUBHOCTH €€ MOoJayuM.

IIpakTiyeckas 3HaUMMOCTb. [1pe1ioxkeHHast MOIIEIb pacTe-
KaHUS U TYILIEHUSI TOPIOYEi XKUIKOCTU SIBSIETCS] OCHOBOM JJIsT
ITOCTPOEHUS CUCTEMBI IIPOTUBOTIOKAPHOI 3aIIIUTHI TEXHOJIOTH-
4YeCcKOoro 000py/I0BaHusI U, B YaCTHOCTH, CUCTEMbl aBTOMaTHYe-
CKOT'O TIOKapOTYIICHHS pacTIbICHHOW BOIOW Ha TIPEATIPUSITH-
sIX HebTemoObIBaloLLeii U HedTerepepadaThIBaIOIIEii OTPaCIIn.

KioueBble ciioBa: eoprouas icudkocms, noxcap paziuea,
QUHaMUKQa pacmexkanus HCUOKOCmu, pacnvlieHHas oda, myuie-
Hue nodicapa

Pexomendosano do  nybaikayii  dokm. mexH. HayK
€. B. bodsucvkum. lama Haoxodxcenns pykonucy 05.04.18.
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