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MODELLING OF OILY RAW
MATERIAL EXCRACTION
PROCESS

This paper concentrates on approaches to
mathematical modelling of oily raw material extraction process.
«Evolution» of modeling hypothesis based on analysis of
differential diffusion equation under the right boundary and initial
conditions; on simplified model of Fick's equation and on material
balance equation; on mass transfer model in adsorption pore
volume; on model for the surface layer by analogy of Van der
Waals equation; on Gibbs' model based on the abrupt change of
phases due to the intermolecular forces; on the simplest
Langmuir equation model; on lattice-based models of
Guggenheim, Pryhozhyn, Everett, Ohm, Briukhovetskyi and
others. The fact that we need to know a large number of micro -
parameters makes these models difficult to use in practice.

Under normal extraction conditions, the flow, which
comes out of solid phase, collides with the resistance of the
diffusion boundary layer, which presents a tangible obstacle
affecting the duration and quantity of special-purpose component
extraction. As the boundary layer thickness depends on the
hydrodynamics of the process, under the influence of the
microwave field his obstacle is almost insensible, as the intense
movement of liquid reduces its thickness. The main factor acting
on the quantity of extracted substance is a pressure difference in
capillaries and in the flow of extraction agent and mass transfer
coefficient. The effect of pulse microwave input during the
extraction transfers the process of diffusion from the external
environment to internal, because internal pressure diffusion
dominates in this process, but not the convective diffusion with
the influence of external agent.

Keywords: mathematical model, extraction process, oily
raw material, material balance equation, process of diffusion,

extraction agent.
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During oily seed extraction under the influence of
the microwave field, following processes occur: firstly, the
special - purpose component transfers from capillary -
porous structure to liquid. Secondly, diffusion processes
combined with mixing of environments through turbulent
fluctuation. Thirdly, pressure diffusion processes appearing
because of electromagnetic field influence. Due to the
influence of field energy influence, which concentrates in the
liquid phase of the capillary seed, vapor bubbles are formed.
This causes the emergence of the pressure gradient and oil
from the capillary under the oscillating mode is periodically
pushed out into the stream. Intensification factor of extraction
process, including the most common — increase in
temperature, does not considerably improve special-
purpose component extraction in the capillary.

The microwave field impact on the extraction
process also requires long studies. When exposed to
pulsed field under oscillating mode with three massive
flows, another flow of extracted substances occurs.
Pressure diffusion, caused by increased pressure leads
to the formation of cavitation bubbles, which intensify the
process and extract the hardly accessible component
into the overall flow of the narrow - diameter capillary.
That is why the main purpose of this article is a
theoretical study and development of mathematical
description of extraction process, based on a
mathematical model simplification.

PURPOSE OF RESEARCH. The aim of
our theoretical study was to develop a
mathematical description of the extraction process
based on a simplified mathematical model. If we
concentrate on the transfer from micro
parameters to macro - parameters, given the effect
of temperature on the extraction process, we will
obtain a semi - empirical model of the process
describing the technological process, and
coefficients of the models will have their specific
physical meaning. This mathematical model is
useful for the examination of the extraction
process. Numerical methods with the electronic
computers are used to find solutions based on this
model (system MATHCAD, MATLAB, etc.).

Material and methods. Mathematical
models of extraction process, described in the
studies of Akselrud G.A. [1, 4, 5, 6], are based on
the analysis of differential diffusion equation under
appropriate boundary and initial conditions.

2 2 2
dc_pdic, dic dcy
dr dx* dy* dz?

Under boundary conditions:
D(dcj =K(C, -C) @
dn ). " '

Material balance equation:
(c,-C)=¢C, -C.

Initial conditions 7=0,C=0
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where C current concentration of
special-purpose substances in solid phase; 7 -

time; dx, dy, dz - change of coordinates on

time; D — internal diffusion coefficient; K — mass
transfer coefficient; Cn — concentration on the
particle surface, Co — initial concentration of the
substance in a solid phase; Cr -
concentration of the substance in the solute.
Fedorchuk - Moroz V.I. [1, 7] mentioned in
her study the simplified extraction kinetics model
of special - purpose components of oily seed of
the family Amaranthaceae. This model is based on

d_C
dx

0, ©)

2019
o)
y=0

Fich’s equation (4) and on material balance
equation (5):
M _ [, pdC @
dr dx
M=C,-W=V.(C,-C) ()

where M — mass of the substance subject
to extraction; D¢ — coefficient of compressed
diffusion; F— surface area of a sphere, m?

(dC/dx)r:R — concentration gradient, X -
linear dimension; Ci - concentration of the
substance in the basic mass of solute; W -

amount of solvent; V — volume of the sphere.
Common solution of equations (4) and (5)

with  boundary conditions Clt:o =C, is the
following equation:
C17

) -

where C, - final concentration of the

solute; R — radius of particle; K — coefficient
of extraction; K =D, /8, 8- thickness of the

glume.

The paper defines kinetic constants for the
objects mentioned above. According to equation in
semi logarithmical coordinates,

C .
— In(l— %J = f(r) we got the possibility to
the K, the
C

n

C
1-— =ex
c p

K

constant based
3-K [ C,
R C,-C,

Variables _|n(1_C% j: f(r) for

amaranth of size d.=(0,25mm) at different
temperatures, are calculated on the basis on
equation 6. They were also compared with the
experimental data.

define on

equation tga =
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More accurate math model which takes
into account the special-purpose component
distribution in the seed and in its cells is
elaborated [7] on the basis of seed chipping.

System of equations constitutes the basis
for this mode:

dC. D
_4”.R1‘3.7|:7A.4‘E‘R12'(Ci_Cas);
3 dr A
1
C.=—(C.+C |
a 2 ( as an)
i~ 7
el Beeaemn, e, e
_Da[dca) =K Canl
ir ).,

where Ci — oil concentration in the cells of
the seed; Ri — radius of the sphere, which contains
special-purpose component with concentration C;;
Da — coefficient of compressed diffusion thought
the germ’s zone; Da — thickness of the zone, where
germ is placed; Can — concentration of the
substance on the line of phase contact of the
particle with the solvent; Cas — concentration on the
line membranous wall — germ.

The first equation (7) contains a special-
purpose components mass change in the seed on
the left side and concentration gradient on the right
side. The second equation (7) defines the average
value of the oil concentration outside the seed.
The third equation (7) on the left side presents
mass content outside the cells. On the right side of
this equation, we take into account the increase in
the special-purpose component in a solvent.

The mass transfer model in adsorbing
pore volume in the study of Vasylenko V.V. [1, 8]
deserves further attention.

The process of oil extracting from the
porous parts of the original oily raw material with
the pores half-filled with oil, represented as a pore
diffusion process in the cellular body. Vasylenko
V.V. found that the velocity of diffusion in macro-
cellular is much greater than the speed of diffusion
in micro-cellular and therefore it is not a limiting
stage, Vasylenko V.V. presented the mathematical
kinetics model of pre - extraction of oily raw
material combining it with the impregnation
kinetics by following equation:

d(M@E-0)
do
CO

sz K,(0)- do, (8

0 0

—C

where K, = — extraction rate; co

0
and ¢ — concentration of extracted oil in the cellular
of the solid phase; initial and current, kg/m?3; K i Ko
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— extraction rate without impregnation and with
impregnation;  (6) adsorbed  phase

concentration.

In studies of Konstantinov E.N. [1, 9],
taking into account the features of system, oily
raw material is a solvent, we should mention, first
of all, that before the extraction process, the oily
raw material is processed, and undergoes
mechanical stress, heat, frying, drying. As a result,
we notice that there processes damage the
intracellular structure and form pores that contain
oil, and while extraction — solvent. This action
leads to change of the forms of oil connection with
the material.

Various researchers considered the issue
of oil bonds of the oily raw material. It is believed
that the oil is located in two states: firstly, oil is on
the surface of particles - internal and external and,
secondly, oil is located in undisturbed cells and
pores. The basic amount of oil is capillary oil and
only a small amount — surface oil [1, 10].
According to the classification of Rebinder, oil that
is outside is called free, and oil, which is closed in
the pores is bound [10]. A number of scientists
hold the classification of Rebinder.

Due to the fact that the description of oil
connection forms with the material is qualitative
and not generalized by the theory, it can describe
the balance in the system oily material — solvent.
Konstantinov in his study developed a simple
model that took into account only adsorption
bonds [9]. Later this model was improved and the
author called it «adsorption pore model».
According to the «adsorption pore model», oil and
solvent are located in the pores of the material
where there is an interaction: oil and solvent
molecules; the interaction of oil molecules with
molecules of solvent; interaction between the
solvent molecules and centers of absorption and
centers of oil adsorption.

Development of lattice models is
considered in studies of Guggenheim, Prihozhyn,
Everett, Ohm, Briukhovetsky and others [11, 12].
In this direction notable success was reached.
Today there are two main approaches to the study
of surface properties. In the first one, distribution
limit is considered to be flat and takes into account
the change in the normal direction to the surface of
the solution components concentration for various
molecules and solutions, monomers, polymers,
binary and multicomponent mixtures. The second
one consists in the direct modeling of
heterogeneous parts of the system and in
considering the related statistical sum [1, 2].

Within this area adsorption pore model
has been developed [9]. Fluid model must be the
basis for any model of liquid phase absorption. In
this case, the model of capillary-porous system
and the external fluid will be coordinated.
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Regarding the kinetics of internal and
external mass transfer during extraction of solid
bodies and process of extraction modeling in the
study of Konstantinov the following studies were
conducted. According to the general theory of
mass transfer, during interphase mass transfer of
the substance occur at least two resistance
transfers — in the case of extracting internal
resistance (solid part) and external (liquid phase)
mass transfer.

Mass transfer (or diffusion) is usually
described by the diffusion equation. As a first
approximation, the diffusion coefficient is constant.
Because the process that takes place in a particle
is transient, it is not complicated by other
phenomena described by the diffusion equation:

% diDgradc) = 0.  ©
ot

This raises the question of the boundary
value problem with different initial and boundary
conditions. A large number of works is dedicated
to analysis and solution of these problems. During
the analysis process, it was found that the
diffusion coefficient is not constant. It was
proposed to determine the variable D of
experimental with the help of interval iterative
method.

It can be noted that during the initial period
the value «grad» tends to infinity near the division
border and therefore the material flow is high. At
the same time, in the analytical solutions which we
obtain after using of endless orthogonal series, all
members of the series have a value, and the
tangent of slope angle of the kinetic curve in the
coordinates of concentration complex (Inc) -
Fourier number (Fo) does not characterize the
diffusion coefficient. Therefore, a different
approach is used, according to which some form
of analytical variable D of the concentration is
adopted and, based on the equation of non-
stationary diffusion according to experimental
data, the coefficients of this dependence are
searched as identification parameters. In variants
that are more pragmatic, they are limited to
replacement of solutions with the help of two
members of the series. In a result, we have a
satisfactory description of the experimental kinetic
curves.

Approach that takes into account the
physics of the process of the substance mass
transfer in capillary - porous medium (which is the
oily material) is much more physically reasonable.
In this case, the movement of «free» substance in
the pore environment and related by the force of
interaction with the solid body is considered [13,
14]. Most clearly, the idea presented in studies [3,
15, 16, 17] focuses on the distribution of mixtures
on molecular-implanted adsorbents (such as ion
exchange resin). This process is related to the
process of extracting as sorption with desorption.
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Overall material balance for the liquid
phase and adsorbent is as follows:
8cg+5cg o'c,  [1-¢ )3
or o ot R

where & — difference of substance.

The equation takes into account the
longitudinal (axial) mixing based on diffusion
model of a longitudinal mixing ratio of the liquid
phase, which has a concentration cs and also
diffusion transfer in a particle with concentration —
Cp.

ac
D,—r=R, (10)

Iy or

3

Internal transient mass transfer in
spherical wedge is described by the equation:
dc 0 o’c. 20c
£, +p(1—gg)—q:5le S+-—2, (A1)
or ot or” ror

where 8p — difference of solvent.

In this case, the change of amount of
«free» substance (cp) and of substance associated
by adsorption forces (q) through «free» stuff
substance diffusion (D) is considered.

In general, we can note that the diffusion
coefficient in the solid particle is significantly lower
than diffusion coefficient in the liquid phase.

This approach, which helps to describe
mass transfer, in spite of its severity, may be used
with caution for describing the process of plant raw
material extracting. This is due to the irregular
shape of the particles, to mesh-size distribution,
which is broad enough, and to continuity of the
process. The latest indicates that diffusion during
extraction takes place most of the time in a regular
mode. In this regard, scientists used in their works
the method of splitting the total resistance of mass
transfer from solid material to the liquid ph [9]. This
approach requires an experiment on mass transfer
kinetics for the purpose of evaluation of the
approximate equations and direct use of the data
received in the calculation of the extractor.

Currently extraction process modeling
under the influence of microwave fields is
described for the processes «coffee - water» [1,19]
and «oak - hydro alcoholic solution» [19]. Other
sources [20 - 26], despite the diversity of research
areas, do not present mathematical description of
the extraction process.

The study of Piashko G. M. [18] presents
the mechanism of combined mass transfer
process of extractive substances from porous
structure of coffee beans into solute. Distribution of
concentrations «solid body - solvent» happens
from the inside section through the outer area
through capillaries in the near - boundary diffusion
layer.

Results. Few assumptions were made
for this solution:



Ne 3 (94) Bi6pauii 8 mexHiui

1) the speed of the solution movement is
constant throughout the cross section of the
capillary;

2) soluble substance diffuses from the
surface of the channel to the flow.

In this case, the diffusion equation is
shown in cyclic coordinates on the current radius r

W, —=0D-—
0z ror

[1, 18]:
&)
2

X
Variable D (F), which characterizes
z

OX

8X_D1g X
or

(12)

diffusion through the channel is relatively low in

X
comparison with convection component W, (a— ).
/A

Boundary conditions are as follows:
X=X,,if z=0 for all r; X=X, if r
=0,5d (d — the size of the extractable particle) for

all z.
Application of Bessel functions of the first

kind lo i I1 leads to the equation:
-X, =11 (ar/05d
L=1-2 L, )exp - Dzazz . (19
X, =X, mn o 1(a) w,r

The average concentration at the outlet of
the channel at Z, equal to its length, is calculated

after integrating (13):

X, =X, n 1 Da’z

R :1—4Z—exp —7”2 ,

X, =X w,0,25d
where an — value r for which lo(r)=0.

For parabolic velocity profile in accordance
with the Navier-Stokes equations:

— |. (15)
or

2
r OX 10
w |1-| — | |==D=—=
0,5d ) |oz r or

Taking into account the limit concentration
of the formula (15) equation is as follows:
X =X

p

(14)

n=

OX
r

p

=1-Ya exp-h Z, (16)
n=1

w,,0,25d°
. =0,5Wm — average

X —X

p

W

c

where

velocity flow rate; an i bn — constants.

When considering the removal kinetics of
spherical model porous bodies [15] the following
simplification was prevented: they isolated on body
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surface an area, for which the boundary layer
thickness ¢ extractant is much shorter than the
length of the selected area. The surface of
rapeseed and soybean rape is presented as a
plate, washed by thin laminar extractant layer.
Longitudinal velocity W, changed from 0

on the sphere surface to WO on the outer sphere
boundary. Diffusion equation, which establishes
the distribution concentration in time 7 at one
point, convective concentrations change during the
transition from point to point, depending on the

velocity components and W _, Wy are as follows:

o oc ac o'c 0°c
—+W,—+W —=D| —+— |
ot X ox" oy
The right side of equation (17) describes
molecular diffusion.
They pursued the objective to determine

the function C(T,X, y) in the sphere 3§,

believing that the geometric dimensions of the
highlighted areas significantly exceed the
thickness 8. Using the method of two-dimensional
complex Fourier transform with the infinite limits of
integration in initial and boundary conditions

dc 0., c

17)

y

ax x==%00 ay y=0

they received the solution, believing that

C

y=10

(18)

X=00

the components of velocity W and W._are given
y X

and do not depend on the coordinates, the
diffusion process is not dependent on coordinates
Z. Assuming that the required function

C(T, X, y) satisfies the Dirichlet conditions on

the interval (— OO,+OO) on variables X, Y and
conditions in the area (18), we have:

e, y), =epl-(x+)} a9

After determining the two-dimensional
transform in the required function and after
performing the double integrating, we replaced
exponential expression by first term of its
expansion in formal power series, given the
symmetry of the problem, and found a solution of
boundary problem
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elex)= g 00l =l Deop - fon sw k—sh)-

y

JDr eprwx + ﬁjr - (x + =

Solution (19) also involved known diffusion
coefficient D [18].

In [18] a model of diffusion from a point
source into the flow was also considered. Under
the proposed mechanism of mass transfer (Fig. 1)
in addition to the solution (14), the pressure
diffusion action is also provided.

When exposed to the electromagnetic
field, pressure gradient within the open one-sided
pore or capillary (Rep) and in the flow of extractant
(Pe) increases. Provided that Pep> Pe + Pk, an
emission is released into the fluid flow from the
capillaries. Hydraulic resistance capillary Pk is also
taken into account.

Diffusion flux of extractive components
released into the extractant flow that moves in the

direction Z with a constant rate Wo. In this case,
they solved the equation:
w, (6x/0z) = DV*x, 21)
with the following boundary conditions:
X,.=0; i >0
Aal*D(ox/or) =w,, i
" =x"+y* +7°,
where | — distance from the source; Z —
W

A
velocity with which extractive components are in
flux.

| - 0.
(22)

distance downstream from the source;

Where the flow rate is constant (Wo), and

the regime is stabilized, the solution (17) with
boundary conditions (22) was as follows:

X =

A_ex | X (1-2)" | (23
PRI @)

The problem of point source had practical
importance in the analysis of concentration profile
in the flow.

In the above models, we need to know a
large number of micro - parameters, which make it
difficult to use in practice. In the case of moving in
this model (13) from micro - parameters to macro -
parameters, taking into account the effect of
temperature on the extraction process, we obtain a
semi-empirical model of the process:

CZA—ge_ﬂ, (24)
T

H + exp[(wy + W
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=) =(Y|+—=) |- ¢
5o m)} }}

where C — concentration of oil in the
solution; A — the maximum concentration of ail in
the solution at the given conditions of the
experiment (solid phase particle size, the type of
solvent, effect of microwave fields); a — coefficient
characterizing the effect of temperature on the
process of extraction; ¥ — coefficient

characterizing the speed of the process at a given
temperature; T — temperature process at any
given time.

The mathematical model fairly well
describes the process, and the coefficients
A o,y have specific physical meaning. Thus,
the mathematical model (24) should be used for
research of extraction.

Let us develop a system of equations for
the normal method of least squares (OLS) for the
model (24). The objective function for (24) is as
follows:

n
2
f (Aacy(:iri ) = Z(Ci — Cpi) . (25)
i=1
where Ci experimental
concentration in the solution;
Cri — the concentrations obtained in
the modeling.

c=A-Zen,
T

The objective function for the equation

(25) is as follows:
2
(Ci -~ (A -~ %e”‘ jj . (27)

Let us find the partial derivatives of the
objective function (27) within the parameters

Aa,y.

value of

(26)

n

f(A,a,;/,Ci‘ri):Z

i=1

of i a
—=-2)|C -A+—e"
oA .21: | T
o9 opn Fen | L
—a_zg C-A+—e ?e (28)
—:—22n: C-A+le A g
/4 i=1 T T

After equating the partial derivatives to
zero, we have an equation as follows:
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(29)

a a & a’ &
ZYCte" —ZAYte ! +=Yte7 =0

After the elementary transformation of the
system of equations (29), we get an equation as
follows:

n

Y, —n-A+%ie‘” =0
i=1

i=1
iCie’”i - Aie’?‘i + gzn:e’“i =0
i=1 i=1 T i=1

Zn:Citievti - Azn:tiefﬂi -I-%zn:z'ie“i =0
i1 = ~

(30)

After organizing the system of equations
(30), we obtain a system of normal equations of
least squares method for nonlinear dependence:

o
C=A4A-—¢"
T
n-T -A—azn:e’y’s - Zn:Ci
i=1 i=1

T-AYe™ -TY.Ce™ —aYe™ =0 31
i=1 i=1 i=1

n n n

T-AYre” -TYCre” -a).re™ =0
i-1 i=1 i=1

where, n — the number of paired values C;,

t; Ci — concentration of oil in the solution

(g /|) ; T,— time extraction min.; T — temperature
at any given time, K; and «,) - unknown

parameters.

The system of normal equations (31) of a
mathematical model has no analytical solutions.
Numerical methods with electronic machines are
used (eg system Mathcad, Matlab, etc.) to find the
solutions of systems of equations. Mathcad uses
function “find” for the solution of nonlinear
equation. This function is used in computing
section Given. Given Block has the following
structure (Fig. 1).

ma mexHoJs1o2isIx
2019

x=1 y=2

< initial approximations Given

x*+e*+y=30

X-y— y2 = -5 <« simultaneous equations
I
(X — Find (x, y)
yl
xI) (287141 |
= < system equation
yl | 4,00301
roots

xI?+e* +yl=30xl-yl —yl* =5 <

solution check

Fig. 1. Solving nonlinear equations with
the help of Mathcad

In addition, Mathcad has a number of built-
in functions for data analysis and regression that
implement the method of least squares. Among
them is a universal function “genfit’, which enables
the least squares method to determine the
unknown parameters for non - linear combinations
of functions.

Genfit function has the format:

V =genfit¢,c,P,F), (32)

where V — the vector of values of model
parameters; t — a vector of values of the
independent variable; C — vector of values of the
dependent variable; P — vector of initial
approximation; F — defined function in matrix form,
which contains the function f (1) with unknown

parameters A,a, Y and derivatives on these
parameters (Fig. 2).

A 7%exp(f y-1)| < function

1 < derivativeat 4
Ft,Aa,y)= _e” < derivative at
T
-1 7t
@ tTe < derivativeat y

Fig. 2. Matrix form

So “genfit” function is useful for finding the
unknown parameters of our model.

Data systems (Mathcad, Matlab) are
widely used in the chemical and food industries to
build mathematical models of processes.

Conclusions. In this paper, we propose a
mathematical modeling solution of extraction
process in a microwave irradiation in a form of
semi - empirical model using numerical methods
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with electronic machines (eg system Mathcad,
Matlab, etc.).

The advantage of this model compared to
the existing is the transition from micro - to macro -
parameters, simplifying the proposed model, which
makes it convenient to use in practice.
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MOLOENOBAHHA NMPOLIECY EKCTPAI'YBAHHA
OnIEBMICHOI CUPOBUHU

B cmammi posansdarombcsi nidxodu 8o
MamemMamu4Ho20 MOOer8aHHs npouecy
eKcmpaey8aHHs1 0r1ie8MICHOI CUPOBUHU.
«Egonouyis» einome3 modentosaHHs1 basysasnach
30Kpema Ha aHasisi dughepeHUiliHO20 PiBHSIHHS
Ougbysii 3a 8i0NOGIOHUX epaHUYHUX | MoYamkosux
YMO8; Ha cripowieHiti modesni pieHsHHSA ®Dika ma
pigHsIHHI MamepianbHo20 6anaHcy; Ha Mmoderni
MacoobmiHy e adcopbyrodyomy roposomy 06°emi;
moleni Onsi MOBEPXHEB8020 wWapy 3a aHasrioeom
pigHsiHHS BaH-Oep-Baanbca; modeni [ib6bca, wo
b6asyembcsi Ha piskili 3MiHi a3 3agdsku Oii

MDKMOMIEKYIAPHUX — cusil;  Ha  Haunpocmiwid
penbechHiti  modeni  pieHsHHS  JleHemiopa;
pewimyacmux mooOenel l'yeeHzelma,

lpuzoxuHa, Eeepemma, Oma, bproxoseubKoeo
ma iH. Y 3as3Ha4yeHux MoOesisix rnompibHo 3Hamu
8efluKy  Kinbkicmb  MiKporapamempis, wo
YCKIaOHIOE ix 8UKOPUCMAaHHS Ha rpakmuuj.

lpu Knacu4yHUXx ymosax ekcmpazy8aHHs
nomik, wo euxodums i3 meepdoi ha3u 3ycmpiyae
Ha ceoeMy WrisXy orip 2paHu4Ho20 Ougy3itiHo20
wapy, SfKul € 8i04YymHOK [EeperioHow, Wo
rnosHadyaemsCcsi Ha mpugasiocmi ma KirnbKocmi
BUITYYEHHSI Uinb08020 KoMroHeHmy. OCKinbKu
mosuwjuHa 2paHU4yHo20 wapy 3anexums 8id
2i0poduHamiku npoyecy, mo nio dieto

ma mexHoJs1o2isIx
2019

MIKpOX8UIb08020 M0/15 lio20 reperoHa malixe He
gid4ymHa, moMy WO IHMeHCUsHUU pyx piOUHU
3MeHwWye (o020 moswuHy. onoeHUM hakmopom,
wo Oie Ha KiflbKicmb 8USTy4YeHOI peyqyosuHU €
pi3HUUsS mucky & Kaninapi i 8 rnomoui
eKkcmpazeHma, a makox KoegbiuieHm
Macosiddayi. [is MiKpoxeusnso08020 iMI1yrbCHO20
niéeody npu ekcmpazysaHHi nepeHocums pPouec
Ougbysii i3 308HIWHBLO20  cepedosuwia Yy
8HYMPpIWHE, OCKiNbKU y npoueci JoMmiHye He
KoHeekmueHa Oucghy3sis i3 ernnaueoM 308HIUIHIX
iHMeHcugikyrouux  ¢hakmopie, a 8HYmMpIilHSA
6apoducpysis.

Knroyosi cnosa: mamemamudHa mMooderib,
fpouec ekcmpazysaHHsl, MacsisHUcma Cupo8uHa,
PigHsIHHS MamepianibHo20 banaHcy.

MOAEJNIMPOBAHUE NPOLIECCA
SKCTPArMPOBAHUA MACNAHNCTOIO

CbIPbA
B cmambe paccmampusatomcsi nodxodbl K
MamemMamudeckoMy — MOOeriuposaHuto  ripouecca
3KCMpaauposaHusi MacrIsHUCmMozo CbIpbS.
«3eoroyusiy euriome3s moderuposaHue
basuposasiocb 8 YacmHocmu — Ha  aHanuse

OugbghbepeHyuanbHo20  ypasHeHUs1  dugbgbysuu  ripu
COOMEEeMCMaBYIWUX  epaHUYHbIX U HayYaribHbIX
yeriosuli; Ha yrpoweHHoU mModenu ypasHeHus1 Ouka u
ypasHeHuUe MamepuarnbHo20 bariaHca;, Ha Modernu
maccoriepeHoca 8  adcopbuposaHOM  1OPO8OM
obbeme; MmoOeriu Ol MOBEPXHOCMHO20  CrIOST
aHasiozoM ypaeHeHusi Ban-Oep-Baarbca; moderiu
Fubbca, 4mo ocHoBaHbl Ha pe3Kkol cMeHe ¢has
b1azo0apsi Oelicmeuro  MEXMOSIEKYSISIPHbIX CUJT; Ha
npocmetiwell  penbeghHoU  Modenu  ypasHeHUs!
JleHamiopa; pewemyambix modeneli  [yeeHzeliva,
lNpuzoxuHa, 3sepemma, Oma, bproxoseuxozo u dp. B
yKazaHHbIX MOOesIsIX HYKHO 3Hamb  borbuioe
KOu4ecmeo MUKpOorapamMempos, 4mo 3ampyoHsem
UX UCTIO/b308aHUE Ha NpaKmuke.

lNpu Kriaccu4yecKux yCrio8usix
SKCMpazuposaHuUsi oMok, ebIXxodsuwul u3 meepdol
¢hasbl 8cmpedaem Ha C80eM rymu COrMpoOMuBIIeHue
rpedesibHo20  OUGhQPY3UOHHO20  Crios,  KOMopbIU
sesiemcst owymumoU npezgpadoll, Ymo cKa3blieaemcs
Ha podorpKUMerbHoOCMU U Kosudecmea U3erieHeHust
ueregoeo  KomrioHeHma.  [lockoribKy — monuwjuHa
2paHU4YHo20 Crlosl  3asucum om  2uGpOOUHaMUKU
rpouyecca, mo rod Gelicmauem MUKPOBOTHOB0Z0 0/
€20 rpeepada roymu He OwWymuma, romoMy Himo
UHMEHCUBHOE 08LXKEHUE XUOGKOCMU YMEHbLIaem e20
MOUUHY. lasHbIM  gbakmopom, Komopablti
delicmgyem Ha KO/IUHECme0 U3bSImo20 eelecmsa
seisiemcss pasHocmb OaerieHusi 8 Kanuwuispe U 8
MOMOKe 3KCmMpazgeHma, a markke KoaghghuyueHm
maccoriepeHoca. Heticmeue MUKPOBO/THOBOZ0
umrnyrbCHoeo  nodeoda  Mpu  3KcmpazuposaHuU
riepeHocum rpouecc Oughghy3uu u3 eHewHel cpedbl
80 BHYMPEHHIOK, [IOCKO/IbKY 8 rpouecce He
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OGoMUHUpPYyem KoHeeKmueHasi Ougbgby3usi ¢ 8/usHUEM Krtoyesbie  criosa: Mamemamudeckasi
BHEWHUX — UHMEHCUGhUUUPYrOUUX — Ghakmopos, a  MoOerb, MPOUEcc 3KCmpacupoeaHusi, Mac/IsHUCMOoe
BHYMPEHHsI Gapodughby3usi. Cbipbe, ypasHeHUe MamepuasibHo20 baraHca.
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