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Summary. Harvesting root crops, such as large sugar and fodder beetroots, and long-term chicory roots is
a technologically complex and ambiguous technological process. It consists of different structural successive
technological operations of pruning, digging roots, cleaning the dug heap from impurities, loading clean roots into
the hopper or in vehicles moving near the root harvester. The aim of the study is to increase the efficiency of the
process of harvesting roots by analyzing existing approaches to mathematical simulation of the technological process
of separating impurities from roots. The developed mathematical model allows describing at the highest-level more
precisely the process of gradual separation of variously structured components of impurities from root crops by each
cleaning working body, which are constituent units of technical systems of root-harvesting machines. The proposed
mathematical model can be used to optimize the parameters of the working bodies and other processes, in particular
for the separation of the harvested grain heap, preparatory processes of seed, and so on.
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Introduction. The design of machines for harvesting root crops in different soil and
climatic conditions is a rather complex scientific problem, but also — a design development [1].

To solve this problem successfully, the cleaning working bodies of the root-harvesting
machine must be characterized by adaptability, which provides the ability to adapt to changes
in different structured natural and climatic conditions of root crops and their biological and agro
physical features. Thus, it is necessary to provide the necessary adaptive settings and change of
the design and kinematic parameters of the working bodies of root-harvesting machines for
specific conditions of root crop harvesting [2, 3].

As arule, this leads to the design complication, to the increase in metal content and cost
of the machine. Therefore, the working bodies of root-harvesting machines should be not only
universal, but also simple in design and available in the layout of the spatial arrangement [4].

Development and optimization of parameters of new working bodies and machines in
general requires step-by-step analysis and generalization of existing technologies, methods of
root harvesting, design features of modern technical means and working bodies, identification
of their advantages and disadvantages, creation of technological process theory, optimization
criteria calculation [5].

To solve the problem of improving the efficiency of root harvesting techniques due to
the analysis and synthesis of complex structures of technical means or technical systems and,
accordingly, technological processes of their work, it is necessary to apply the basic principles
of scientific research.

Existing research methods are used to effectively solve this problem. One of the
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common research methods is mathematical simulation of the functioning of technically
complex dynamic systems. Simulation allows to describe processes and phenomena on the basis
of the created effective analogue — mathematical model.

Analysis of recent research and publications. To describe the functioning of technical
systems, as a rule, in most cases, methods of developing empirical and analytical mathematical
models are used, or methods of empirical and analytical simulation [6, 7].

The method of empirical simulation is based on the implementation of experimental
research and processing of the results. Especially empirical simulation should be used in the
study of complex systems. In this case, the planning and implementation of experimental
studies of the technical system with the measurement of parameters and subsequent statistical
processing of the experimental data are carried out. The use of experimental research and
empirical simulation can reduce costs in the study of technical systems, and allows to achieve
the required accuracy of models [8, 9].

In general, the empirical model obtained due to the experimental studies is a «black
box», where the input parameters are managed controlled factors, managed uncontrolled factors
and unmanaged uncontrolled factors, and the output parameters — the response function. Based
on experimental data processing, a dependence is obtained that mathematically connects the
response function with input factors, which is an empirical model of the system [10].

When developing an empirical model, the type of approximating dependence should be
determined at first, and then, the numerical values of the coefficients of the model should be
found. It is quite difficult and sometimes impossible to draw a line that passes precisely through
the experimental points. To solve such a problem, it is necessary to select from the set of
possible lines the one that will pass the most perfectly between the experimental points (which
approximates the experimental data, is more accurately aligns the polyline built on the
experimental points). In this case, there is a problem of finding the function and its coefficients,
which will provide the maximum approximation [11].

The problem of approximation is carried out by applying mathematical (analytical)
approaches based on known methods, which differ in both algorithm and accuracy of
calculations. Based on the results of experimental research and processing of experimental data,
numerical values of the model coefficients are determined [12, 13].

In general, to determine the dependence that regulates the relationship between input
and output values, it is best to use a functional method that involves the use of known
mathematical relationships, such as algebraic functions of linear, power, exponential and
logarithmic nature, etc. [15].

Theoretical models differ from empirical ones, first, for information needed to build
them. In empirical models, the source information is used only to select environmental factors
whose impact on the system will be considered in the model. Theoretical models are based on
ideas about the described phenomena that belong to the mechanisms of technical systems [16].

Theoretical models are developed on the basis of the application of mathematical
theoretical formulas, which are based on and describe the fundamental laws of mechanics,
electricity, thermodynamics, etc. For example, the law of conservation of mass, the law of
conservation of energy, thermodynamic equations, and so on. The initial theoretical information
about the nature of the processes under consideration allows you to more reasonably choose the
type of functions to describe them. Theoretical simulation refers to basic research.

At the same time, in experimental research there are a number of problems that do not allow
for a thorough study and analysis of technical systems. The obtained mathematical model is not
universal, but can only describe the functioning of the specified process of the technical system
within certain limits, which are set by the experimenter and are investigated experimentally [17].

Therefore, based only on conservation laws, it is not possible to build a closed
mathematical model of a complex technical system, because mechanisms of many processes

ISSN 2522-4433. Bicuux THTY, Ne 4 (104), 2021 https://doi.org/10.33108/visnyk_tNtu2021.04 .............ovveeeeveererrerrereerreneen 75



Method of step-by-step development of a mathematical model of the process of separating impurities from root crops

are insufficiently studied, while a number of values always remains uncertain, in particular
different correction factors models.

Theoretical research is based on the acceptance of some assumptions or simplification
of the nature of technological processes that are present during the operation of technical
systems.

Semi-empirical models are a partial combination of theoretical and empirical simulation
results. The developed analytical dependences are supplemented by empirical models of
individual simplified at the theoretical level of microprocesses, and thus, a semi-empirical
mathematical model is formed, which more fully and at a higher level describes the phenomena
studied in general.

These simplifications are taken into account by introducing correction factors, which at
the theoretical level are almost impossible to determine. To determine them, you have to both
collect empirical information and process it using mathematical statistics, or conduct specific
experimental studies [18].

Implementation of statistical simulation is possible with preliminary analytical research
and collection of information on the indicators of the studied system and its subsequent
statistical processing and obtaining probabilistic characteristics [19].

First, it is necessary to analyze the object of research based on system analysis and
substantiate the quantitative values that will be studied in the simulation, taking into account
the peculiarities of the technical system. These indicators must be divided into input and output.

In the process of developing a statistical model, it is necessary to obtain a set of
deterministic or stochastic relations between input and output values in the form of equations.
In this case, the known results of theoretical and experimental studies, accepted assumptions,
etc. are used. The obtained statistical model is analyzed on the basis of the chosen laws of
distribution of random variable, methods of mathematical statistics and statistical analysis, and
on the received parity define values of initial sizes.

Because of statistical simulation, you can test the hypotheses, summarize existing
information, as well as formulate conclusions about the system under study and the possibility
of further application. For more effective implementation of statistical simulation in the study
of technical systems, a personal computer with the appropriate software packages is used.

The objective of the article is to improve the efficiency of root crop collection by
developing a step-by-step mathematical model that functionally describes the technological
process of separating impurities from root crops.

Statement of the problem. Existing models that describe the functional dependence of
impurity separation processes (soil and plant) are single-stage or generalizing ones [20-22].
Based on them, the process of separating impurities from root crops is considered from the
standpoint of simultaneous and one-time flow of the process along the entire path of movement
of root components and impurities on the working surfaces of treatment systems. This
significantly narrows the mathematical description of the process of separating impurities from
root crops and does not accurately describe the existing real process of cleaning the heap of root
crops from impurities.

Based on previous studies, the separation of impurities from root crops actually occurs
at each successive conditional segment or a certain conditional area during the movement of
the heap on the cleaning surface of each area and the total time of movement of the heap along
the entire length of the cleaning surface of each working body and treatment system. [23, 24].

According to Fig. 1, a complex dynamic cleaning system is taken as a basis. It
constructively combines the schemes of treatment combined working bodies, which are mainly
used to separate impurities from the roots of modern root harvesting machines.

Let us consider the process of purification of the heap components, or the process of
separation of their components of impurities from the roots, which enters the complex dynamic
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cleaning system shown in Fig. 1. Conventionally, we believe that the treatment system has j =
1, 2, ..., n combined treatment working bodies: the first (loading conveyor 1), the second
(cleaning slide 2)...., n cleaning working body (right and left auger system 3 and 4), or j stages
of cleaning.
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Figure 1. Constructive scheme of the treatment system: 1 — loading conveyor; 2 — cleaning slide;
3, 4 —right and left auger system; 5 — auger; 6 — axis of rotation; 7 — the lower branch of the ellipse; 8 — gutter
of the working channel; 9 — cleaning shaft; 10 — drum; 11 — elastic cleaning elements; 12 — tufts of hair

It is necessary to develop a mathematical model that describes the step-by-step process
of separation of impurities from roots on a separate j working body of the treatment system and
a mathematical model of the process of cleaning roots from impurities by means of complex
cleaning system as a whole.

Presentation of the main material. Conventionally, the cleaning system has j working

bodies (Fig. 1); on these bodies, the roots are cleaned from impurities. The system receives the
2

d> m,,(t)
total mass of the components of the heap, which is denoted by _i== . The components of
dt
the heap are roots and impurities. In addition, the impurities are in a free, root-bound and bound
state.
Then

2 2
d;mh,i (t) ~ dmr (t) N d;mimi (t) B dmr (t) . dmf (t) . dmb (t) (1)
dt dt dt dt dt dt

if m ., m.,m,, m —respectively, the total mass of impurities, the mass of roots, free impurities

and bound impurities that enter the treatment system.

To develop a step-by-step mathematical model, we conditionally divide the total length
of the cleaning surface of each j working body into g =1, 2,..., k sections (Fig. 1), where the
process of separating impurities from roots occurs. We assume that the mass of «pure» roots
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after their passage in all g areas of each j working body remains constant; or the input mass of

roots dm, (t) is equal to the original mass of roots after the process of cleaning by the treatment
dt
(nk)
system as a whole, is dm, (t) - dm, ™ (t,) — const ; Or in the process of cleaning, the loss of

dt dt,

root crops on the working bodies of the treatment system are absent.
Then equation (1) can be written as

12 g, (1) amy (1) @
dt T at

We assume that during the movement of impurity components in the treatment system,
the process of cleaning roots from impurities occurs at each individual n working body.

At the same time, according to the design features of each individual working body of
the treatment system, the separation of free components of impurities (free soil and free plant
residues — weeds and lost during harvesting tops) occurs by sifting (separation) through the
gaps between the rods loading conveyor, removal of free impurities by the working branch of
the cleaning slide 2, sieving of free soil and free plant impurities in the gaps between the screws
5 of the right 3 and left 4 of the auger system, the axes of rotation 6 of which are located on the
lower branch 7 of the ellipse and form a chute 8 of a working channel.

Separation of bound impurities occurs by scraping the sticky soil from the surface of the
root body and the remnants of the bud from the root heads by screw turns 5 and elastic cleaning
elements 11, which form bundles of pile 12 mounted on the drum 10 of the cleaning shaft 9.

Let us denote the total mass amount of separated impurities on one separate j working body

2 .
of the treatment system == wherej=1,2, ,n; t, — the total time of finding the
dt.
]
components of the heap on a separate j working body of the treatment system. Here, the upper index
in parentheses (j) corresponds to the designation of the number of a specific working body from 1
to n, on which the process of cleaning roots from impurities directly takes place.
Then

i=1 e + i=1 — 1s 2s 3s 4s .
dt, dt, dt, dt, dt, dt, dt,
2
dy m? (t m (t m? (t ,
p— S.Im.l( 2) = s.i ( 2) . ; v.i ( 2) _ dml(:) (tz) . dmgzs) (tz) .\ dmgi)(tz) .\ dm‘(é) (tz) ) (3)
dt dt dt dt dt dt dt,

if m(l) m(2) m(") m(l) m(Z)

si s i isj ? Vit v

impurities on 1, 2, ... , the n working body of the treatment system; m

m!") — accordingly, the total mass of separated soil and plant
@ Mm@

1s 17 s vttt !
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m® m®,...m" — respectively, the mass of separated free soil and free plant impurities on

2s 177728 1t 0028
1,2, ..., the n working body of the treatment system; m¥ m{? . .m{", m®? m® _ m{" -

respectively, the mass of the separated sticky soil on the roots and the remnants of the bud on the
heads of the roots on 1, 2, ... , the n working body of the treatment system; ¢ t,,...,t — the total

residence time of the heap components on 1, 2, ... , the n working body of the treatment system.
At the first stage, we will consider the process of separation of impurity components in
the first (1) section of root crop cleaning by loading conveyor 1, Fig. 1.
Then on each q section of the loading conveyor, due to sifting, only two components of
free impurity (free soil and free vegetable impurity) are separated by the total mass quantity,

43 e (¢, )
(19) i=1

ms.im -
which we will designate through B whereq=1,2, ...,k
Then the total number of separated components of free impurities by the loading
conveyor 1 (Fig. 1), which are separated at each g section of the loading conveyor, taking into

account the first equation (3) will be

2
d mgli)mi t
; o ( l) — dmgl) (tll) + dml(iz) (t12) TR dmgk) (tlk) + dmglsl) (tll) + dmgl:) (t12)_|_,m,_|_ dmglsk)(tlk) . (4)

dt, dt, dt,, dt,, dt,, dt,, dt,,

Taking into account the accepted assumptions, the total mass of components of
impurities entering the first (1) section of the loading conveyor 1 (Fig. 1), which is denoted by

2 2
i1 equals to the total mass of components of impurities = , entering the
dt dt
treatment system, is
2 2
2 Meit) 92, Mcl8) ©)
dt dt

Then the total mass of impurity components, which enters the first (1) section of the

2

dy m(t)

cleaning slide 2 (Fig. 1) = , Which is denoted by equals the difference between the
d,
dzz: W (t) S
. - mim.i d 1- i tl
total mass of impurity components _ = and ;ms"m"( )
dt dt,
loading conveyor 1 and separated from the roots on each q section of the loading conveyor 1,

2

dy am (k)

, Which, respectively, enters the

which is denoted by = e
dt,
2 2 2 2
Ay m(t) dYm) () dXmd () dd>amll(t) )
i=1 _ =l = _ =l .
dt dt dt dt

1 1 1

Accordingly, by analogy (4) and (6) we can write that the total number of separated
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components of free impurities by the cleaning slide 2 (Fig. 1), which are separated at each q
section of the cleaning slide taking into account the second equation (3), the total mass the
number of impurity components entering the first (1) section of the right 3 and left 4 auger
system and the total number of separated components of free and bound impurities by auger
systems and cleaning elements 12 of the cleaning shaft 9, which are separated on each g section
of the right and the left system of screws, taking into account the n equation (3), will be:

dy mi, (¢
2Mmll) gnPie) it () o) o) ). @)

dt, dt,, dt, O dty, dt,, d,  dt

2k

2 2
d Z mlm i n 1 d Z mlm i Z ms(zlznt (t2 ) d Z mleill (tn 1 d Z Amlm i n 1
__i=l

A - )
dt dt, dt, o dt dt
d m(n-) At n n n n n n
; S'Imll( n) — dml(sl) (tnl) + deSZ) (tnz)_l_ dml(sk)(tnk) + dmgsl) (tnl) + dm£52) (tnz)_l_ dmgsk) (tnk) +
dt, dt,, dt, O dt, dt,, dt,  d, (9)
+ dmgrsﬂ)(tnl) + dmgrS]Z) (tnz)-l-,...,-l- dmgzk)(tnk) + dmz(tzl) (tnl) + dmz(tr;z}(tnz)_l_’ml_l_ dmz(lzk)(tnk)
dtnl dth dtnk dtnl dtnz dtnk
Thus:

- the total mass of separated components of impurities, which separated on each q
section of each j working body of the treatment system for the total time ¢ =t, +t,+,...,+t, Of

the components of impurities on the working bodies of the treatment system (time of cleaning
the impurity heap) will be equal to the sum of separated components on each j working body
of the treatment system, and in accordance with (4), (6) and (8) will be determined by the
formula

2 2 2
dzms im.i ttt) dzmgll)ml (tl) dzmgzl?m (tz) dzmir:r)nl (t )
=1 FE b

- (10)
dt,, dt, dt, dt

n

- substituting the values of (4), (7) and (9) in equation (10), we obtain

dm
z s |m | tt dmgl) (tll) N dmgz) (tlz ) - dml(ik) (tlk) . dmglsl) (tll) N dmglj) (tlz ) i dmglsk) (tlk) +

dt,, dt, dt, dt, dt, dt, dt,
+ dm1(521) (t21) 4 dm1(522) (t22)+,...,+ dml(:k) (tzk) n dmgzsl) (t21) N dmg) (t22)+,...,+ dmgik)(tZk) N : (11)
dt,, dt,, dt,, dt,, dt,, dt,,
) ) ) en(L) L) i)
dt, dt,, dt, dt, dt,, dt,
+ dmgzl)(tnl) + dm?(:ZZ) (tnz) Fot dmézk)(tnk ) + dmz(lzl) (tnl) + dmz(lzz)(tnz)_l_’m,_l_ dmz(lzk)(tnk)
dt, dt,, dt,, dt, dt,, dt,,

- the total mass of components of impurities remaining after their separation in each q
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section of each j working body of the treatment system during the time ¢, of cleaning the heap

from impurities and which will be supplied to the next transport-technological systems of the
root-harvesting machine will be equal to the difference of components of impurities entering
the treatment system and the total mass of separated components of impurities that have
separated in each g section of each j working body of the treatment system, and according to
(2) and (10) will be determined by the formula

2 2 2 2
d Z mim.i (tt.t ) d Z mim.i (t) d Z mgrzznt (tt.t ) d Z Amt(r:kt) (tn )
i=1l — i=1 _ i=1 — i=1 y (12)
dt,, dt dt,, dt,
or
2 2 2 2 2 2
i=1 — i=1 _ =l T i=1 o+ i=1 — i=1 . (13)
dt,, dt dt, dt, o dt, dt,

Accordingly, the total mass quantity of the heap, which will arrive on the following transport
and technological systems of the root-harvesting machine, will be defined by the formula

2 2

dzmh.i (tt.t) dmr (t) dzmim.i(tt.t) dzAmh.i(tt.t) (14)
+ i=1 .

i=1 i=1

dt

dt dt dt

t.t t.t

t.t

Taking into account (13) and (4), (7), (9), equation (14) will have the final form:

2 2 2 3 4
i=1 ity & = _| =t =] TR " (15)
dt,, dt dt dt, dt, dt,
2 2
dzmh.i(tr.t) dm (t) dzmim.i(t)
i=L it . V= _
dt,, dt dt
Ldm™(t,)  dm)(t,) dm™(t, ) dm{(t,) dmi?(t,) dm (t, )
1s 11 + 1s 12 +,.“,+ 1s 1k + 25 11 + 2s 12 +,'"’+ 2s 1k
dt, dt, dt, dt, dt, dt,
) ) ) () ) i) | e
dt,, dt,, dt,, dt,, dt,, dt,,
+ dml(snl) (tnl) + dml(SZ) (tn2 ) ot dml(:k) (tnk) + dmgzl) (tnl) + dmgr;Z) (tnz) Fot dmé:k) (tnk) +
dt, dt, dt, dt , dt , dt,,
+ dmgzl) (tnl) + dmgf;z) (tnz) ot dmgf;k) (tnk) + dmz(lr;l) (tnl) + dmz(‘.ZZ) (tnz) ot dmc(lzk) (tnk)
| dt, dt, dt, dt , dt , dt,, |

The obtained differential equation (16) is a mathematical model that generally describes
the step-by-step process of separating impurity components from root crops depending on the
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time t, the impurity component is in each q section of each j combined working body of a

complex dynamic cleaning system.
The time t, of the component of impurities on each q section of each j of combined

working body is expressed through the length of each q section i, and the speed of movement
9, of the components of impurities on each j working body, thus tg =1/ 9
Then the differential equation (16) can be written in the form

2 2
d;mh.i (ttt) ~ dmr (t) N d;mim.i (t)
dt, ot dt
ont?( ] ang(t] (] gl ) amfl] e
22 4 2Lt % + 22 4 2 124
gl gl gl gl gl gl
1 1 lgl 31 1 191
o s] w(s] an(ls] ] (]
+ 22 4 22yt 22 4 : 2 () ot 22 4
ook F P P e a7)
_ 92 ]92 '92 '92 '92 '92
) |, n2)( 1, o [ 1 [ |, 2 1, a1,
oni?a] ani? (Y an(ta ] an ] ange (]l
+ S 22 bt 4 % + % S % +
gl d d 4l d d
'93 93 '93 '93 l93 '93
) |, n2)( |, [ 1y ) |, 2 |, o[ 1,
i) mefs) () wis) ) ()
+ 4 % Frot 34 4 % Frot %
de g PP PR L
L ’93 ]93 ’93 ’93 ]93 ’93 i

For the real (practical) application of the developed mathematical model (17) we will
compare (write down) the total supply of heap components and the total supply of impurity
components to the working bodies of the treatment system through adequate second feed Qi(o"q)

(kg /'s), while:

2 2 (i)
2 dzmh.i(tu) _ dmr (t) 2 dzmim.i (t) (ja) _ dms-]i?”-i (tiq)
_| = It Q [ty | = 1/t Qimi = I,
;Qh,i - dt L, dt ;Qimi - dt t o dt. '/q (18)

" q

Then the differential equation (16) according to (17) is deduced

_Ql(sll) + Ql(iz)+,...,+Ql(ik) + lesl) + Q§12)+,...,+Q£15k) +
2 4 +Q1(521)+Ql(fz)+,...,+Ql(fk)+Q£§1)+Q§§2)+,...,+Q£§k)+ )
ZQ“-i:Qf+ZQim-‘_ (), A(m2) () () An2) (nk) (19)
i-1 i=1 +Q T+ Q) T, QL T+ QT + QT +Qy

QY+ QU+, +QIY + QI + QI 4., +QI
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The second feed of each separated component of impurities is expressed as the
difference between the input amount of the component of impurities on each q area of each j
working body of the treatment system and the output amount of the component of impurities
on each g section of each j working body of the treatment system.

(ia) _ (i) (ia) _
Qs.im.i - Qinc.im.cnm.i - Qout,im.cnm.i -

QS(JI?T])I — Qi(njji)m.comj _ Q(Eiflgmcomz — (Jq) _ (lq) 1 (20)
Qinc.im.com.i 1 luim.i

e ) ol (ia)
Qinc.im.cnm.i Qinc.im.cnm.i Qinc.im.com.i

if QU9 — second supply of the i component of impurities on q area of each j working

inc.im.com.i

body of the treatment system, kg/s;
yl_(”ff’l_) — coefficient that determines the degree of separation of the i component of impurities

on the q section of each j working body of the treatment system.
Then equation (19) is deduced

iZ:Qh,i =Q, + gQim.i -

Qo (1 )+ QU (L= K ) QU L (1K) + QU L (1=K )+ QU (1 R )t
Q) (1K) + Q) (1K) + Q) (1K) +QE (1K) 4. Q) (1KY ) +
FQUET (1K e QUL (1K) QU (1) QUYL (1=K QU (1K) +
FQU s (1=K QU (1= ke )+ QU (L= )+ QU (21— ki) + QU (1K )+

nc. inc.s.s
_+ ----- +Qi(nnck.i.s (l - ks(gk)) + Qu(nncll)h (l - ki’él)) + Qi(nncz.l).h (1 - ki’sﬂ))‘F ----- +Q|(n”ckl)h (1_ kx”)

(21)

The coefficients 4% that determine the degree of separation of the i component of
impurities on the g section of each j working body of the treatment system are determined
experimentally in the field real conditions of root crop harvesting. Each coefficient z,\%) is

also dependent on many objective and subjective factors or factors that regulate the
agrophysical properties and characteristics of the soil environment and roots, agro-climatic
conditions of root crops, characteristics of the agrophysical state of the field at harvest time,
physical properties and characteristics of working bodies and their structural and kinematic
parameters, etc.

Conclusion. The proposed method of developing a mathematical model of step-by-step
separation of impurity components from root crops allows to optimize technological and
structural and kinematic parameters of the working bodies of complex dynamic cleaning
systems, both at the analytical and empirical levels.

Further analysis of the obtained mathematical model (17), by integrating it into parts
within the established limits of integration allows to determine the total separation time of
impurity components on each working body and the treatment system as a whole, and the degree
of separation of impurity components. The function of optimizing the parameters of the working
bodies is the minimized quality indexes of the treatment system in accordance with the
agronomic requirements for the process of harvesting roots. The analytical solution and
experimental results of the proposed models allow to optimize the required minimum length of
each treatment working body and the required minimum total length of the treatment system as
a whole.
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YK 631.361.2

METO/] IOETAITHOI'O PO3POBJEHHS MATEMATHYHOI
MOJEJII TPOLHECY BIJOKPEMJIEHHA JOMIIIOK BI/{
KOPEHEIIJIOAIB

Mapis IlanbkiB; Mukodaa Ilinrypcbkmid;
Muxaitiio IInauneus; Mupocaas bypaa

Tepnoninbcokuu HayionanrbHuu mexHivHuu yHigepcumem imeni leana Ilynios,
Tepnoninw, Yrkpaina
leano-Ppankiecokuil HAYIOHATLHUL MEXHIYHUL YHIGepcumem Hagmu i 2asy,
leano-Dpanxiecvk, Ykpaina

Pe3ztome. 36upanus xopenennodis, HANPUKIAO MAKUX, 5K BEIUKOPOIMIPHI KOPEHEnIooUu YYKpoGux i
KOpMOBUX OYpsKi6, 00B2ONNIOHI KOPEHEenio0U YUKOPII0 € MEXHONO02IMHO CKAAOHUM [ HEOOHO3HAYHUM
MEXHONIO2IYHUM NPOYECOM, KUl MAE C8OI PIBHOMUNHI AOO0 PI3HOCMPYKMYPHI NOCIO08HI MeXHONI02iuHI onepayii
3pI3YBAHHA 2UYKU, GUKONYBAHHA KOPEHEeNnio0i8, OYUUeHHS GUKONAHO2O0 BOPOXY 6i0 OOMIUWOK, 3A8AHMANCEHHS
YUCTHUX KOpeHennoodie y OyHKep abo 6 MpaHCHOPMHI 3aco0u, AKI pyXaromvcs Nopyy 3 KOPeHe30UupanibHOK
mawunow. Iliosuwenns npoyecie eekmugHoOCmi GIOOKpeMIeHHs OOMIUOK 8i0 KOPeHeniooié € aKmyaibHOK
HAYK0B0I0 NpOOIEMON0, SUPIUEHHS AKOI 3HAYHO NOKPAWYE AKICMb CUPOBUHU OJisi NepepoOKU KOpeHennoois i
AKicmb eupobaeHoi 3 Hei npodykyii. Memoio Oocniddcenns € nidsuujenus egpekmusHocmi npoyecy 30UpanHs
KOpPEeHenno0i6 WiAXoM aHanizy iCHYI0UUX nioxo0ie 00 MAmemMamuyHo20 MOOen08AHH MEXHON02IUHO20 npoyecy
cenapayii, abo 6i0oKpeMmaeHHs OOMIWOK 8i0 KopeHnenni00ie. Hasedeno euxnadenus ananizy IicHyIOUUx
MamemMamuyHux mooenei, AKi 3acmocogyomuvcs 014 ONUCYBAHHS NPOYECi8 pOOOMU MEXHIYHO CKIAOHUX CUCTeM
i nodanvwioi onmumizayii payionarbHux napamempis ix pooouux opeanie i MexHoA0IUHUX NOKAZHUKIG MAUIUH
saeanom. Ha ocnosi npogedenoco ananisy 3anponoHo8aHo po3poobieHHs MamemMamuidnux Mooeiel, AKi onucyoms
npoyecu (DYHKYIOHYBAHHA CKIAOHUX MEXHIYHUX CUCMeEM NPOBOOUMU 3 3ACHOCY8AHHAM Memooy NOemanHo2o
aHanizy npoyecy 6i0OKpemieHHs OOMIUWOK 6i0 KOPeHenaiooié 3a NeSHUll NPOMIJNCOK Hacy abo Ha NnesHoMmy
NPOMIJICKY WIIAXY NepeMilyeHHs. KOMNOHEHmMI8 80pOXy (KOpeHennoois i OOMIuoK) no 8Cill O0BHCUHI OYUCHOT
NOBEPXHI KOJNCHO20 pobou02o opearny. Pospobaena mamemamuuna mooens 00360/5€ HA BUUOMY DI6HI MOuHiuLe
onucysamu npoyec noemanHtozo 8i00KPEeMIeHHsL PI3HOCMPYKIMYPOSAHUX KOMNOHEHMI8 OOMIUOK 810 KOPEeHenioie
KOJICHUM OYUCHUM PODOYUM OP2AHOM, KL € CKIA008UMU OOUHUYIMU MEXHIYHUX CUCTEM KOPeHe30UpanbHUxX
MawuH. 3anpononosana MamemamuyHa Mooenb Modce Oymu 3acmocoeana Oas onmumizayii napamempis
PoOOUUX Opeanie ma IHWUX Npoyecie, HANpuKIaod, 01 cenapayii 3i0panoco 3epHo8020 B0POXY, NIO20MOBGYUX
npoyecis nocieHo20 mamepianiy mouyo.

Knrwouogi cnosa: xopene3bupanvHa mawiuHa, O4UCHA cucmemd, poOOui Opz2aHu, YMO8U 30UPAHHA,
KOMROHEHMU OOMIUOK, N00AYA KOMHOHEHMIB, 8I00KPEMACHHA OOMIUOK, OLIAHKA GIOOKPEeMAeHH S, 2PYHMOG ma
POCTUHHI OOMIWKU.
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