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Abstract. The present research aims to analyze modern mathematical models that describe the process of product
screening and to assess the possibility of their use in predicting technological parameters of iron ore concentrate produc-
tion. To this end, the authors of the paper analyze theories of screening, search for and analyze in detail data on math-
ematical models built on the specifics of screening, assess the possibility of using existing models to describe iron ore
raw material screening that consider features of processing technologies, and evaluate factors that are unprovisioned in
existing mathematical models regarding their possible impact on the final characteristics of marketable products. The
research establishes that each of the models is based on the theory of separation. The mathematical models under
study are developed for a specific mineral, the medium in which separation takes place, and also analyze equipment
characteristics and several factors impacting the process. The development of a mathematical model requires not only
analysis, assessment and consideration of factors to achieve separation efficiency of 80 % and more size 0.056
(0.044) mm, but also provision of a high degree of adequacy and reliability of the model for a real object. The practical
significance consists in the possibility of developing and further using the mathematical model for screening iron ore raw
materials with a grain size of 0.056 (0.044) mm to enable predicting ore and product screening indicators in flowsheets.
This will increase efficiency of the iron ore concentrate production technology by creating more optimal conditions for
separating the material by size during its preparation for grinding and beneficiation. The research confirms possible
development and adaptation of a mathematical model that would describe the process of screening iron ore raw materi-
als of class 0.056 (0.044) mm. The research identifies the main factors that require further study to allow verification of
the adequacy of future models based on experimental data. These factors include properties of the medium of separa-
tion, magnetic properties of components of iron ore raw materials, specific gravity and density of the components, effi-
ciency of separation of fine classes, and are currently unprovisioned in existing models.

Keywords: screen capacity, screening efficiency, separation characteristic, mathematical model, screening proba-
bility, material segregation, motion theory, discrete element method.

1. Introduction

The process of separating material into different size classes is known under the
general term of size classification. It is carried out in two ways:

a) screening, i.€. separation by size on screening surfaces with calibrated meshes;

b) separation of material into different size fractions in a liquid or gaseous medi-
um [1].

Many modern production processes require mechanical separation (screening) of
materials by size to prepare them for further processing and production of the final
product.

Separation of materials by size plays an important role in various technological
processes. For this purpose, various classifying devices, e.g. classifiers, hydrocy-
clones, screens, etc., are used.

Initially, screening was an auxiliary operation during material crushing in closed
cycles with crushers. Later, screening began to perform a preparatory function, when
it was necessary to prepare the material by class for further processing. The next step
in the process was to make screening the main operation when it is necessary to sepa-
rate the material by classes one of which becomes a finished product. Further devel-
opment of screening has shown the possibility of its application to the liquid phase in
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two directions, namely separation by size and separation into liquid and solid phas-
es [2].

In the world practice of mineral processing, the probabilistic theory of material
screening is based on the study of the process of a single grain passing through
screening surface meshes [3]. The idea behind this theory is that a spherical grain
falls vertically onto a screening surface with square meshes. The current screening
theory and practices enable obtaining general ideas about the process itself, condi-
tions and factors that impact it.

This theoretical knowledge and practical experience allow calculating the screen-
ing equipment considering current conditions of the separation process.

The principle of screen operation is underlined by the probability of material pass-
ing through screen meshes of various geometric shapes and sizes.

Separation of this kind requires consideration of certain material characteristics,
separation conditions and medium, equipment parameters and operating modes, etc.
Determining optimal parameters ensures that the quality criteria for the separated ma-
terial products are met. Operating parameters of screening equipment are calculated
empirically. However, it should be noted that considering indicators is rather compli-
cated because in practice these conditions sometimes contradict each other.

Today, the issue of saving resources and energy is very acute, so development of
resource-saving technologies using energy-efficient equipment is relevant. The pro-
cess of separating materials is also viewed from this perspective. Therefore, screening
1s increasingly being used as a resource-saving separation technology. Its involve-
ment in the flowsheet requires modernization of available equipment and develop-
ment of new equipment with lower energy consumption and increased productivity
and separation efficiency.

Development of new types of screens is preceded by an analysis of specific condi-
tions, characteristics of the material to be separated, etc., and development of theoret-
ical models that describe the material’s behavior during separation with maximum
accuracy.

When developing mathematical models for separating material by size, a large
number of indicators should be considered including the screen mesh size, the mate-
rial feed rate, screen capacity and efficiency, density of the medium and material,
screening probability, etc.

Any mathematical model should be the best alternative and optimal solution to a
given problem, especially when the objective functions are contradictory and reach
extreme values at different points of the set of possible solutions.

A large number of requirements, factors and criteria impacting the process of ma-
terial separation by size is a disadvantage of a mathematical model.

Therefore, it is virtually impossible to develop a single mathematical model that
considers all the requirements for material separation by size, as each indicator char-
acterizes the solution only partially, and only the combination of all parameters is
functionally complete.

Purpose and objectives of the study. The article aims to analyze existing mathe-
matical models of the screening process and to establish factors that can be used for
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development of a new mathematical model and its further application to predict tech-
nological parameters of separation in iron ore raw material processing.

2. Methods

The main technological indicators of screening are the screen capacity Q and
screening efficiency E [4].

Values of these indicators depend on many factors that can be divided into two
groups:

- factors that depend on physical and mechanical properties of the input material
(particle size distribution, density and moisture content, red mud content);

- structural and mechanical factors of the screen (screening method, feed uni-
formity, shape and size of screening surface meshes, screen inclination angle, vibra-
tion amplitude and frequency).

Each of the mentioned factors significantly impacts the material separation pro-
cess and should be considered in mathematical modeling.

Below are considered currently existing mathematical models that describe the
screening process and their advantages and disadvantages.

In the second half of the 20th century, a mathematical model based on separation

characteristics of the screen and kinetics of screening [5] was developed and it looked
like:

Umax * (] - (é))‘/f
a .
h-Q

edt)=1- exp[umax -(1- (i))'/' -t} or e(d,%) =1-exp
a

(1

where ¢ is the narrow range of classes extracted from 4 into the undersize product,
unit fr.; d is the particle size, mm; a is the screen mesh size, mm; y is the coeffi-

cient, w =1 for slotted screen meshes, v =2 for square screen meshes; u is the

maximum particle screening rate, m/s; % is the average thickness of the material layer
above the screen, & =const (taken to simplify the model), m; ¢ is the screening time,
s; M 1is the material reserve on the screen, t; Q is the input capacity, t/h.

The great advantage is that the separation characteristic of the screen can be treat-
ed as a function of the probability of screening depending on the particle size d. In
this case, the screening time or screen capacity is introduced into model (2). In the
separation characteristic, the coefficient of the useful screen area is probably consid-
ered in the experimentally obtained value. The model is quite effectively adapted for
separating large size classes.

However, the model describes shapes of screen meshes to a lesser extent, and
does not consider characteristics of the raw material, such as magnetic properties,
specific gravity, etc.

The screen volumetric capacity model [6] looks like

max
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where Q is the volumetric capacity of the screen, m*/h; 4 is the screen mesh size,
mm; ¢ is the screen useful area, unit fr.; S is the screen area, m?; o is the circular
vibration frequency, rad/s; d,.d,.d,, are the size of boundary, “light” and large grains,

respectively, mm; C,,C,,C,, are the volumetric part of boundary, “light” and large
grains in the feed, respectively, unit fr.; C, is the void coefficient of the ground mate-

rial, unit fr.

In another model, three different size fractions are involved: 1 — boundary grains,
corresponding to ‘“heavy” grains of size a>d>0.75a; 2 — “light” grains of size
d<0.75a; 3 — large grains with d>a. The probability of screening “heavy” and “light”
grains is estimated by Gaudin’s formula.

The specificity of this model is that it considers the impact of the fractional com-
position of the input product on the screen capacity. However, this model is not ap-
plicable to fine classes.

The screen capacity model for screens with square meshes looks like [7]:

u-¢-S-d S
0=k L22% _2c.p ) 3)
Cmfc'é'c a

where Q is the screen capacity, t/h; k is the correction factor for dimensions of quan-
tities; » is the particle screening rate, m/s; S is the screen area, m?; ¢ is the screen
useful area, unit fr.; « is the screen mesh size, mm; 4, is the bulk density of the mate-
rial, t/m?; C,.1s the mass fraction of the calculated class in the feed, unit fr.; & is the
calculated class extracted into the undersize product, unit fr.; S.is the size of the cal-

culated class, mm.

The model can be applied to various types of screens and considers both the vol-
umetric capacity of the screen and the impact of the input material’s fractional com-
position. The model can be used for both dry and wet separation. However, it should
be noted that the disadvantage of this model is that it does not consider magnetic
properties of materials and the impact of specific gravity.

The model of hydraulic screening is based on fixed curved and horizontal screens
[8]. Its separation characteristic (by the undersize product) is equal to:
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where ¢ is the narrow range of classes extracted from 4 into the undersize product,
unit fr.; y, 1s the volumetric yield of the undersize product pulp, unit fr.; o is the

correction factor that considers the difference between the yield of water and pulp,
unit fr.; d; 1s the maximum size of large particles passing through the screen — an

analogue of the screen mesh size of Gaudin’s formula for a “dry” screen, mm; d is
the average size of the calculated class, mm; d r is the maximum size of fine parti-

cles, extraction of which under the screen coincides with dewatering, taken at the lev-
el of — 0.074 mm.

The advantages of this model include its adaptability to the fixed “wet” curved
and horizontal screens, separation conditions (dry, wet screening) and the fact that it
considers the volumetric capacity of the screen. However, like some of the models
discussed above, this model does not consider material properties, specific gravity,
etc.

The fundamental difference of the next model from the above-mentioned ones is
that it considers the motion of a particle on the screen surface as a random process —
“diffusion”. In this case, the random motion of the particle stops when it reaches the
screen (absorbing screen panel). The center of each mesh is surrounded by an absorb-
ing hemisphere of the diameter proportional to the difference (a—d ).

However, when deriving the formula for particle extraction into the undersize
product, the author of this model then divides (a—d) by d (as a previous assump-
tion). Moreover, the value (‘a—d )characterizes the screening process (the hemi-
sphere diameter), and the value d (denominator) characterizes the “diffusion” of the

particle (segregation motion of the material to the screen) [9]. The formula for parti-
cle extraction into the undersize product is as follows:

e(d,r)zl-exp-[-k-(%)-y-r} (5)

where k is the screening coefficient (volumetric screening rate), determined experi-
mentally, cm/s; y is the concentration of particles with d (the number of particles
per unit of volume), 1/cm.

Models (4) and (5) contain the parameters of the screening rate and the probabil-
ity of particle screening. However, in (5), the difference (a—d ) is normalized with
respect to d (in Gaudin’s case, with respect to a) and, in addition, there is no power
index . The coefficient of the useful area of the screen and the power index y are
apparently incorporated in the experimentally obtained coefficient % .
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Thus, this model considers randomness of the particle motion and volumetric ca-
pacity, but at the same time, the disadvantage of this model is that it does not consid-
er such criteria as material properties and specific gravity.

3. Theoretical part

Researchers of the Institute of Geotechnical Mechanics of the National Academy
of Sciences of Ukraine (IGTM of the NASU) conducted many experiments on fine
screening and created a mathematical model that describes the process of screening
with dewatering and considers the initial distribution of particles, height of the liquid,
segregation, mixing, screening, features of vibration transportation (speed, multiplici-
ty and number of drops during vibration transportation) and layer height changes.

The novelty of the model consists in considering the mutual impact of size classi-
fication and dewatering [10]. The model describes the process of screening particles
of a given size and removing the liquid in the capillary bridges between particles.
This is achieved by modeling the transition of particles and the liquid along the layer
height by a discrete Markov process with discrete states. The model enables deter-
mining probabilities of transitions of a particle and the liquid from one elementary
layer to another, disintegrating elements — to elementary layers, from elementary lay-
ers — to disintegrating elements [10].

One of the latest developments of the IGTM of the NASU proposes a model that
considers “double” impacts, where the first percussion helps to detach the material
from the screening surface and loosen it, and the second percussion is created during
the flight phase and transmits additional acceleration to the screening surface. This
ensures that particles stuck in meshes are removed and break the liquid meniscus. It is
important that when the second percussion is applied, the material to be screened
does not interfere with the removal of particles and the liquid [11].

Screens of this type are of simple design, but realization of the vibro-percussion
mode is only possible with certain combinations of structural and dynamic parame-
ters. Experimental determination of the parameters is extremely laborious, so [11]
considers a mathematical model of the screen and obtain a model describing the mo-
tion of the screen surface during excitation by two percussion mechanisms. The mod-
el provides for no energy loss in the deformed bonds.

Experimental studies demonstrate that implementation of the screening surface
vibration mode, with additional percussions, compared to single ones, increases effi-
ciency of material screening by 5-15% depending on its physical and mechanical
properties [11].

In [2], it is noted that most often, there is no sufficient time for the material to be
sorted and it has to be directed to re-screening or it is necessary to increase the length
of the screen or the screening time, thus reducing the rate. These measures lead to
additional costs.

When particles are large enough (with a low specific surface area), the material
layer on the screen can be one or several medium-size particles thick. All the particles
are in close proximity to the screen, and efficiency of the particles passing through
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the screen depends only on the relationship of their size and the size of the screen
meshes.

Full yield of all particles that can potentially pass through the screening surface
determines kinetics of screening [12]. In other words, screening is divided into two
phases: the passage of lower-class material grains to the screening surface through
the entire layer and the direct passage of material grains through the screening sur-
face.

In [2], the author proposes to introduce an additional vibration exciter, that ena-
bles the increase in screening efficiency of existing vibroscreens. The additional vi-
bration exciter increases the difference of motion speeds of bulk material particles
relative to each other. This activates the process of lower fraction particle passing to
the screen surface through the entire bulk material layer.

This, in turn, increases efficiency of screening and, as a consequence, enables the
increase in screening capacity while maintaining the quality of sorting.

When developing a mathematical model that would describe the motion of parti-
cles with additional introduction of a vibration exciter, the author considers the theory
of random particle motion [2] and the matrix of transient probabilities, which, under
the accepted restrictions, has the following final form:

P, d 0 0 0 0
ved P, d 0 0 0
0 ov+d P, d 0 0
P= ’ 6
0 0 wv+d P, d O ©)
0 0 0 ov+d P, 0
o 0 0 0 v 1

An additional vibration exciter enables an acceleration of the speed of the bulk
material due to a decrease in the material’s resistance to motion resulted from a de-
crease in the amount of material per unit of area. Accordingly, the remaining material
interferes less with itself. Besides, when applying an additional vibration exciter, the
amount of energy that was initially supplied for the entire volume of the material and
depended on the amplitude and frequency of the screen vibrations, is now spent on
just part of the material due to a decrease of its specific gravity.

This mathematical model describes the impact of the volumetric capacity of the
screen and randomness of the particle motion. However, it does not consider the fac-
tor of the separation medium, namely separation in the liquid phase, properties of the
input material, such as magnetic ones, and specific gravity.

Separation processes and development of a mathematical model for separation of
recyclable materials are investigated in [13].

The study focuses on the following:

- properties of complex cable and wire production wastes;

- the speed of motion of complex cable and wire production waste particles in free
and restricted conditions;
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- experimental determination of aerodynamic characteristics of complex cable and
wire production waste components;

- development of a model of the vibration-pneumatic separation process and study
of the impact of material layer looseness on particle motion parameters;

- the study of air separation parameters in laboratory and pilot conditions and de-
velopment of technological modes of separation.

The developed model of a pneumatic vibration separator considers the analysis of
forces acting on light and heavy particles and allows determining values of angular
velocities at which heavy particles are thrown up on the lower screen of the separator
and light particles slide on the upper screen. The separation mode is determined
mainly by the angular velocity at which heavy particles are thrown up on the lower
screen.

The parameters of the plant’s operating mode are determined to achieve effective
separation of multi-component non-ferrous scrap with 96-99% aluminum recovery
into one product and 90-99% rubber recovery into another. In [13], it is concluded
that the method of vibropneumatic separation enables effective separation of the ma-
terial under the impact of an upward air flow and vibrations. This results in stratifica-
tion of the material by particle size and density. Separation into products is carried
out by moving created material layers in opposite directions on the working surface.

Pilot tests on a testing bench confirm effectiveness of the developed component
separation mode, which will allow obtaining an economic effect from its implementa-
tion [13].

In [14], it 1s noted that screening efficiency is an important estimation indicator of
screening capacity, and it is difficult to predict it on the basis of existing parameters
while designing vibroscreens due to the complex impact of the complicated process
of particle screening as many factors affect selection or determination of these pa-
rameters. Therefore, understanding prediction of screening efficiency is of great prac-
tical importance.

Many researchers study the screening process using the Discrete Element Method
(DEM), considering the qualitative relationship between efficiency of screening and
its parameters in a vibroscreen, such as amplitude, vibration frequency, screening sur-
face mesh size, particle size and vibration direction angle, etc. However, the results of
DEM modeling require further studies and improvement, as dispersed materials and
modeling boundary conditions are difficult to match with actual conditions [14].

Screening efficiency was studied in the real-time mode through gathering vibra-
tion parameters of the screen. However, results of these studies have little impact on
the screening equipment [14].

When studying the process of vibration screening, a relationship between screen-
ing efficiency and screening parameters (amplitude, vibration frequency, vibration
direction angle, particle size, and screen mesh size) is established based on probabil-
istic and discrete element models. The disadvantage of the approach is that this rela-
tionship with screening efficiency is seen when only one parameter changes but not
all parameters together [14].
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Based on the statistical analysis of experimental data, [14] establishes a mathe-
matical dependency between screening efficiency and the screen inclination angle
and screen mesh size, which provides a theoretical basis for the design of a vi-
broscreen but ignores the impact of the screen length.

Despite development and studies of models that consider relevant screening effi-
ciency functions, there is still no widely accepted formula for predicting screening
efficiency based on separation parameters.

According to experimental results of [14], screening efficiency first increases due
to an increase in the vibration amplitude and screen length, and then decreases due to
an increase in the vibration frequency, screening surface mesh size, and inclination
angle. This study focuses on a detailed analysis of the impact of the screening surface
mesh size, surface length, and inclination angle.

In the [14], the impact of the mesh size on screening efficiency is also described.
The mesh size can also be characterized by the relationship between the screening
surface mesh size and the separation size. The small surface mesh size causes low
screening efficiency due to similar sizes of meshes and separation, as well as a lower
probability of fine particles penetration and a higher proportion of fine particles re-
maining with larger particles. A larger surface mesh size results in higher screening
efficiency due to a greater probability of small particles going through the surface
mesh. When the mesh size is too large, the screening efficiency becomes lower due to
the greater probability of penetration of particles larger than the separation size and
smaller particles mixed with a greater proportion of larger particles.

The impact of the surface length on screening efficiency is described in detail in
the [14]. Screening efficiency increases significantly depending on the increase in the
screening surface length. However, the screening efficiency decreases with the fur-
ther increase in the surface length, provided that the relationship of the screening sur-
face mesh with the separation size is greater, due to the high probability of penetra-
tion of particles larger than the separation size and smaller particles mixed with an
increasing amount of impurities. If this relationship is greater, the optimum surface
length is shorter due to the high probability of penetration of particles smaller than
the separation size at the start of screening.

As noted in the [14], screening efficiency depends on the angle of inclination that
mainly impacts the size of the horizontal projection of meshes and the speed of the
particle motion on the surface. With an increase in the inclination angle, the size of
the horizontal projection of the surface meshes decreases and the probability of parti-
cle vertical penetration decreases, thus leading to a smaller number of penetrations of
particles larger than the separation size. Meanwhile, the ability of particles smaller
than the separation size to penetrate and group increases with the increase in the par-
ticle motion speed on the screen surface. The increase in the angle of inclination has
its limits and, at certain values, results in a decrease in screening efficiency due to a
sharp decrease in the size of the horizontal projection of the surface meshes, and a
sharp increase in the speed of particle motion on the screen surface and a reduction in
time of particle remaining on the surface.
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The impact of vibration amplitude on screening efficiency is also considered in
the [14]. When vibration amplitude and frequency increase, the probability of pene-
tration of particles smaller than the separation size becomes greater, so screening ef-
ficiency increases. However, when vibration frequency increases significantly,
screening efficiency decreases because a higher vibration frequency can lead to a
higher probability of penetration of particles larger than the separation size.

4. Results and discussion

Fine screening can be used in beneficiation of ores, including iron ores, only in
flowsheets involving grinding and beneficiation.

However, application of fine screening is not primarily conditioned by the separa-
tion size, but by the technical ability of screen manufacturers to produce screening
surfaces with the smallest possible mesh. Over the past 20 years, the size of screening
surface meshes has decreased from 100 pm to 45 um and smaller. At present, screen-
ing surfaces with the smallest meshes are produced by the American company Der-
rick Corp., and their size is 325 mesh (0.045 mm) [15]. Although it should be noted
that ores are mined at pit depths of more than 200—400 m, which causes a decrease in
useful component dispersed inclusions to 0.03—0.05 mm and less in size, at that
grinding such ores already reaches almost 100% of less than 0.045 mm class.

For magnetite ores, fine screening should be used not only as a method of size
separation, but also as a method of beneficiation that increases the mass fraction of
iron in the undersize product. At the same time, further actions should be considered
for the oversize product with low iron content, that is, however, sufficiently higher
than the “cut-off” iron content (at the level of 40—50%), which makes it impossible to
dispose it at dumps.

5. Conclusions

The analysis of the current state of screening fine size classes shows that this pro-
cess depends on many factors that cannot be studied simultaneously in practice, so
mathematical modeling is used for a multifactorial study.

Based on the analysis performed, it can be concluded that currently there is no
widely accepted formula for predicting screening efficiency based on separation pa-
rameters. Many developed models describe the screening process, and they all have
their advantages and disadvantages, so introduction of additional parameters and co-
efficients can help improve them.

The further research directions will include:

- development of mathematical models considering factors identified during the
analysis, namely: properties of the medium in which separation takes place, magnetic
properties of the components of iron ore raw materials, specific gravity and density of
the components of iron ore raw materials, and efficiency of separation of fine size
classes;

- tests to gather experimental data;

- statistical processing of the obtained experimental data;

- verification of the developed models adequacy;
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- formulation of conclusions and recommendations for industrial conditions, con-
sidering the data obtained in the course of testing and mathematical analysis.
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AHANI3 MATEMATUYHUX MOJENEW PO3MINEHHA MATEPIANY 3A KPYMHICTIO, 3 YPAXYBAHHSAM
BNNACTUBOCTEW OBNAOHAHHA, XAPAKTEPUCTUK MATEPIANTY TA YMOB NMPOLIECY TrPOXOYEHHSA
OnitiHuk T., Hes3opos B.

AHoTauis. MeTol AaHuX JOCTIMKEHb € aHari3 CyyacHUX MaTeMaTUYHUX MoZenei, aKi OnMUCYKTb NPOLEC rpoxo-
YeHHS NPOAYKTIB Ta OLjiHKA MOXIMBOCTI iX BUKOPUCTAHHS MPW NPOrHO3YBaHHI TEXHOMOTYHWUX NapameTpis BUpobHULTBa
3ani3opyaHNX KOHLEHTpaTiB. [N AOCArHEHHS NOCTaBNeHoi METU B pobOTi NpoaHarniaoBaHo Teopii FPOXOYEHHS!, BUKOHa-
HO MOLLYK Ta AeTanbHuii po3bip iHdopmMaLi Woao MaTemMaTyHUX MOLENeEN, ki BpaxoBytoTb 0COBNMBOCTI Npouecy rpo-
XOYEHHS, HAZaHO OLHKY MOXMMBOCTI 3aCTOCYBaHHS! ICHYHOUMX MOZENE 415 ONUCY rPOXOYEHHS 3ani30pyaHOT CUPOBUHM
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3 ypaxyBaHHAM 0COBNMBOCTEN TEXHONOTIi iX NepepobKM, OLHEHO (haKTOpH, O HEBPAXOBaH B iCHYIOUYMX MaTEMaTUYHUX
MOZENSX LLOAO MOXNMBOTO iX BMMMBY Ha KiHLEBI NOKa3HUKU TOBAPHOT NpoAayKLil. B pamkax AocrimkeHHs BCTAHOBEHO,
LO-KOXHa i3 mogenen 6asyeTbes Ha Teopii po3aineHHs. PoarnaHyTi MatemaTtuyHi mogeni po3pobneHo Anst KOHKPETHOI
KOPMCHOI KonanuHu, cepegoBuLLa, B SKoMy BiabyBaeTbCA PO3MiNEHHs | BpaxoByKOTb 0COBNMBOCTI 0bnagHaHHs Ta geki-
Nbka haKTopiB WO BAMBAKOTL Ha npouec. Po3pobka matemaTnyHOI Mogeni noTpebye He Tinbku aHaniay, OUiHKW Ta Bpa-
XyBaHHS (DakTopiB AN AOCATHEHHS ePeKTUBHOCTI po3aineHHs 3a kpynHicTio 0,056 (0,044) MM 3ani3opyaHoi CMPOBUHY
Ha piBHi 80 % Ta BuLe, ane 1 3abe3neyeHHs BUCOKOrO CTYMEHI0 afeKkBaTHOCTI Ta HaAiHOCTI MOAENI ANs peanbHOro
o6'ekty. pakTMyHe 3HauYeHHs nonsrae B MOXMWBOCTI PO3PODKM Ta NOAANbLLUOMY BUKOPUCTaHHI MaTeMaT4HOI MoZeni
TPOXOYEHHS 3ani3opyaHoi cuposuHu 3a 3epHom 0,056 (0,044) MM ans NporHO3y NoKa3HWKIB PO3AiNeHHs pyan Ta npoay-
KTiB B TEXHOMOMYHMX CXeMax nepepobku. Lie 4o3BonuTh NigBMLLMTI eeKTUBHICTb TEXHOMONT BUPOBHMLTBA 3ani3opya-
HWX KOHLIEHTPATIB 3a paxyHOK CTBOPEHHS Birlbll ONTUManbHUX YMOB AN PO3AiNeHHs MaTepiany 3a KpYmnHICTIo Npu Aoro
MiAroTOBKW [0 NoapiOHeHHs Ta 30arayeHHs. B pamkax LbOro AOCMIMKEHHS MiATBEPIKEHO MOXNMBICTL po3pobku Ta
ajanTauii MatematuyHoi mogeni, sika 6 onucyeana mpoLec rpoXOYEHHs 3anisopyaHoi cupoBuHK 3a knacom 0,056
(0,044) mm. BusHaueHi ocHOBHI (hakTopm, Taki SK :BMACTUBOCTI CEpeaoBuLLa B SKOMY MPOTIKAE PO3AINEHHS, MarHiTHi
BNaCTUBOCTI KOMMOHEHTIB 3ani3opyaHOI CMPOBMHW, MUTOMA Bara Ta LUiMbHICTb KOMMOHEHTIB 3ai3opyaHOi CMPOBMHMU,
€(DEKTUBHICTb PO3MINEHHS TOHKMX KNaciB KPYMHOCTI, SIki HA AaHUI Yac He BpaxOBaHi B iCHYKUMX MOZensX. 3asHayeHi
thakTopu Ta NOTPebyTh AOAATKOBOTO BUBYEHHS, LLO AO3BONUTL NPU OTPUMAHHI EKCIEPUMEHTANbHUX AaHWX NepeBipu-
T aAeKBaTHICTb PO3pobneHnx B NoaanbLIOMy MoAeneN.

Knto4oBi cnoBa: npogyKTUBHICTb FPOXOTY, e(hEKTUBHICTL MPOXOYEHHS!, cenapaLiiHa XxapakTepucTuka, Matemaruy-
Ha MOAENb, MMOBIPHICTb NPOCIOBAHHS, CerperaLlis Matepiany, Teopist pyxy, METOL ANCKPETHWNX €NEMEHTIB.



