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INTEGRATED STUDY OF THE EFFICIENCY OF GRINDING MATERIAL IN AN
IMPACT-CENTRIFUGAL MILL

Abstract. The analysis of existing methods of air classification of crushed bulk materials is carried
out, priority directions of their development and improvement are identified, the hardware design of these
methods and the main approaches to the calculation of air classifiers are studied. The conclusion is made
about a rather isolated motion of particles in the working volume of the classifier at optimal performance. The
prospects of dry separation methods and the progressiveness of creating multistage gravitational classifiers
have been established. Theoretical studies of the separation process in a gravity classifier with overflow
shelves have been carried out. The regularities of the process of separation of bulk materials in air classifiers
have been established, reliable methods have been developed for calculating their technological and design
parameters in order to create highly efficient and productive industrial plants. Theoretical dependencies
and differential equations are obtained, which characterize the influence on the separation mechanism of
technological and design parameters of the classifier. The results of solving the equations of motion made it
possible to determine the main design parameters of the apparatus based on the technological requirements
for productivity and the dispersed composition of the final products. On the basis of theoretical research,
analytical relationships and differential equations have been developed that describe the separation process
in a gravity classifier with overflow shelves. The use of these equations made it possible to simulate the air
flow in the classifier, to obtain a field of air flow velocities for any design and technological parameters. This,
in turn, shows the direction of movement of particles of different sizes or densities and makes it possible
to estimate the boundary size of separation, and also allows you to study the interaction of the air flow
with the material being separated in a wide range of technological and design parameters of the classifier,
and, ultimately, to determine the boundary size separation and particle size range of the resulting fractions
of the finished product. The relationship between technological and design parameters of the apparatus is
theoretically determined.

Key words: material, crushing, particle, classification, device, fraction, hydrodynamics, gravitation,
flowability, flow.

1. Introduction. Modern production places high composition with a particle size of about 1 mm or

demands on the quality of powdered materials, at the
same time the imperfection of crushing processes
does not always allow to obtain a product with desired
properties. Therefore, in technological processes for
preparation of bulk materials, especially in crushing
systems, special devices are often needed — classifiers
or separators. The main purpose of the classifier is
to divide the material passing through it into two or
more fractions with the predominant content in each
fraction of particles of the required size or density
range.

More progressive are dry methods of separation,
carried out, most often, in devices with air flows
or, if necessary, flows of inert, flue or other gases.
The tendency of transition to the dry methods of
production in many branches of domestic and foreign
industry shows the promise of air classification.

To obtain dry powders of a given granulometric

less, the air classification is the main of all known
sorting methods. Currently, various designs of air
classifiers are exploited in industry, however most
of them are characterized by low efficiency and low,
about 60 — 70%, degree of extraction of the target
product from polydisperse powder. The low degree
of extraction of the target product often adversely
affects other technological processes. For example,
when crushing the material in mills operating in a
closed cycle, due to the low efficiency of the classifier,
the finished product is sent to grinding again, which
leads to decrease in productivity and high energy
consumption of the mill unit.

Therefore, the establishment of regularities in
the process of separation of bulk materials in the air
classifiers, the development of reliable methods for
calculating their technological and design parameters
in order to create highly efficient and productive
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industrial installations is a very urgent task for many
industries.

2. Literature data analysis and problem definition.
Currently, the most common are air gravitational
classifiers with transfer shelves (Fig. 1, a) and Zigzag
classifiers (Fig. 1, b) [1, 2].
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T

a — classifier with transfer shelves;

b — Zigzag classifier.

Fig. 1. Schemes of multistage gravitational
classifiers

Many researchers were engaged in the creation
of multistage gravitational classifiers, the literature
presents experimental data and results of industrial
operation of many structures of this type, indicating
their high efficiency [1-6]. At the same time, the
results of theoretical studies do not allow to fully
calculate such devices. As a rule, calculation
methods are tied to a specific technological process
or a product of the same type [4, 5]. This hinders the
introduction of cascade and shelf classifiers in other
technologies and indicates the relevance of research
in this direction.

Deterministic and stochastic models are among
the main approaches to modeling and calculating the
aerodynamic classification.

The stochastic models are based on the use
of probability theory to calculate the dynamics of
material flow. The most significant results in this
direction were obtained by M.D. Barsky [1] and
S.G. Ushakov [6] in the study of gravitational and
centrifugal classifiers. By now, the stochastic models
were further developed in the works of many scientists
[5, 7, 8], and various approaches to modeling the
classification of disperse systems were developed.
One of the promising approaches is an approach
based on the theory of Markov chains, which was
used in the works of Yu.l. Makarov [9-11], and is
now widely used in modeling many physicochemical
processes [7]. The main advantage of the stochastic
models is to obtain formulas for constructing a
separation curve (Tromp curve), which reflects the
probability of a particle of a certain size falling into a
large or small product and is the main technological

characteristic of the classifier [1].

The deterministic models are based on
differential equations of the granular medium motion
in a carrying flow. Some researchers consider this
direction unpromising due to the many assumptions
made in modeling [7]. The most significant of them
are that, firstly, the particle moves under the action
of not only deterministic, but also numerous random
forces (collision, turbulence, etc.), which are difficult
to take into account even in a generalized form, and
secondly, the constraint of particle motion is not taken
into account [7]. However, many believe that these
assumptions are not critical in creating engineering
methods for calculating real structures, when the
model is presented not only with requirements for
accuracy and reliability, but also for availability of
use for a wide range of specialists of the relevant
profile [4, 5, 12-14]. For example, experimental
data indicate an effective classification with a mass
ratio of solid and gas phase of approximately 1:1
[2]. Taking into account the difference in densities,
it can be concluded that particles are quite separate
in the working volume of the classifier with optimal
performance. In addition, the deterministic models
allow, based on the analysis of the results of solving
the equations of motion, to determine many design
parameters of the devices, based on the technological
requirements for performance and dispersion
composition of the final products. Therefore,
methods of deterministic modeling are common and
evolving at present, the same approach was used in
the theoretical study of the multistage shelf classifier
design.

3. Research objectives and tasks. The objective
of the work is to study the process of fractionation of
crushed material in the gravitational classifier.

To achieve this objective, it is necessary to solve
the following tasks:

- simulate the motion of a continuous carrying
medium in the device;

- investigate the interaction of the air flow with
particles of the material to be separated;

- based on the obtained data, determine the
patterns of motion of these particles and the possibility
of their falling into a small or large fraction.

4. Methods of modeling the process of
fractionation of crushed material in the gravitational
classifier. To model the motion of air in the classifier,
the Navier — Stokes equation was used for viscous
media, which is written in the vector form as

p dc/dt=M-gradp+pAc, 1)

where p — density of the medium, kg/m’; ¢
— velocity vector; M — vector of bulk forces; p
— pressure, Pa; p — dynamic viscosity, Pa - s; A —
Laplace operator.

The Navier — Stokes equation was supplemented
with the flow continuity equation
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dp/ot+div(pc)=0, 2)
and the equation of state
p=pM/RT, 3)

where M — molar gas mass, g/mole; R — universal
gas constant; 7 — absolute temperature, K.

Since direct numerical simulation in solving
equations (1) - (3) requires substantial time resources
in calculating turbulent flows, there was used the
standard turbulence model k-¢ [15-17]. Here, the
Navier — Stokes equation is transformed into a
form in which the influence of the average velocity
fluctuation (in the form of turbulent kinetic energy)
and the process of reducing this fluctuation due to
viscosity (dissipation) are added.

In the adopted model, the viscous shear stress

tensor is defined as [18—19]

auj 2 duy

il U ¥ — 2 5hs:

where p — dynamic viscosity, Pa - s; u — velocity,
m/s; X — coordinate, m; — Kronecker delta function;
k — turbulent kinetic energy.

The dynamic viscosity p is calculated as the
sum of the coefficients of dynamic viscosity pl and
turbulent viscosity pt.

The coefficient of turbulent viscosity is calculated
by the dependence [10]

Cc,pk?
—_— “u
He = f,u ”
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where f1, Cp— coefficients; € — turbulence energy
dissipation.

Cp coefficient is recommended to be taken equal
to 0.9 [18]. fuu coefficient is found by the formula

fu = (1—e0025R)* (14 225), (6)

where R, R- variables defined by the expressions

VEk k2
Ry _P y’ Ry = P
Uy wie

’ (7)

where y — distance from the local averaged flow
volume to the wall of the computational domain, m.
The turbulent kinetic energy k and the dissipation

of this energy € are found by solving two equations:
o0k | 0 =0 ([ 4y 2
o T pugk) = o ((llz + ak) 3xk> + Sk, (8)

dpe | 0 -9 H) 9
2 T (puge) = Fr ((Hz + ag) Bxk> + Se, (9)

where S,, S - characteristics of the kinetic energy
pulsations and dissipation of this energy, calculated
by the expressions:

_ u; ( giop
Sk = Tij ax; PE — oppdx;

), (10)

_~ E du; gi9p \\ _ pe?
S, = ca;(fm,-a—x;mcg (aBpaxi)> Cafo 2=, (1)
where C =144,C _=1,92,0 &=13,6=1 -
empiric coefficients; fI, f2 — variables depending on
the coefficients of dynamic and turbulent viscosity,
determined by the following formulas:

3 2
fi=1+ (T) . fo=1—e"Fr. (12)
Using the above equations allows to simulate the
air flow in the classifier, to obtain the air flow velocity
field with any design and technological parameters.

5. The results of computer experiment based on
mathematical models. The equations obtained were
solved using computational hydrodynamics in the
SWFlowSimulation software [18]. One of the typical
air flow patterns is shown in Fig. 2.

To study the motion of particles of the material
along inclined shelf of the classifier, a design scheme
was drawn up (Fig. 3).

The following basic forces act on the particle
moving along the inclined shelf.

The force of gravity

G =mg, (13)

where m-mass of the particle, kg; g-free fall
acceleration, m/s’.
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a) b)
a) — air velocity per classifier section 2 m/s;
b) — air velocity per classifier section 5 m/s

Fig. 2. Air flow velocity profiles in the shelf
classifier
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Particle

Fig. 3. Scheme of forces acting on the particle
locatedon the inclined shelf classifier

The force of friction

E,=fN, (14)
where f- coefficient of friction of the particles on
the blade surface; N-supporting force, H.

The supporting force N is equal in our case,
based on the condition of non-motion with respect to
the axis y (Fig. 4), to the expression

N = G cos B. (15)

The force of aerodynamic resistance to the
motion of the particle from the medium is determined
by the dependence

F. = g5 et 16
Bc_S( Tpgr( )

where & — aerodynamic resistance coefficient;
S — midsection of the particle, m2; v_rel- relative
velocity (ambient velocity of the particle with the
flow), m/s; p_g— gas (air) density, kg/m3.

The relative velocity v_relcan be found as the
difference between the velocities of the particle along
the inclined shelf and the air flow (Fig. 4):

dx

Vyel = ac Wy,

17)
where W_x- air velocity around the particle, m/s.
In the turbulent flow regime, the gas velocities
profile in the channels with a sufficiently high
accuracy is described by the dependence

where W_max[(@} - maximum velocity on the
channel axis, m/s; y — current coordinate (Fig. 2), m;
R — conditional radius of the channel, m.

The maximum velocity along the channel axis,
i.e. with y=R is determined by the expression

Way = 0:85Wmax ih (19)

where W_av - average gas velocity along the
channel section, m/s, is calculated as the ratio of the

gas flow to the cross sectional area of the channel.

Thus, the equation for the particle motion along
the inclined shelf surface relative to the axis x can be
written as

d?x _

TX = g(1 — fcos ) — ES 2 py. (20)

The equation (20) was solved by the numerical
method in the mathematical package Matlab 6.0 [20].
The obtained data on the velocity of the material
particles’ falling from the inclined shelf, depending
on their properties, size, shelf length, were used as
initial conditions for subsequent equations of motion.

At the second stage of calculations using the
scheme shown in Fig. 4, the material particles’
motion in the upward air flow was considered.

The material’s particle after its separation from
the inclined shelf is affected by two main forces: the
force of gravity, constant in magnitude and direction,
and the air resistance force.

By

a) b
a — air motion scheme; b — scheme of forces acting
on the material particle
Fig. 4. Motion of the material particles and air flow
in the classifier’s space

In the course of the air motion between the
inclined shelves, two characteristic sections can be
distinguished: section I, limited with BCDE contour,
where the average velocity and direction of the air
motion are constant (Fig. 4, a); and section 11, limited
with ABC contour, where the air flow turns around
90° (Fig. 4, a) and during this turn the average air
velocity constantly changes, since the free section
area changes.

Note that in the classifier construction under the
study, the working columns have a square shape,
and the inclined shelves overlap a half of the cross
section. Such a design allows to obtain the highest
quality separation, as evidenced by the experimental
studies [1].

In the fixed coordinate system Oxy, the equations
of the particle motion can be written as

d?x
mﬁ = (Esc)xr

d?y
miY = (), —m-g, @)
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where (F_"Bc" ) x,(F_"Bc" ) y— projections of
the air resistance force on the coordinate axis.

The projections of the air resistance force on the
coordinate axis are determined from the expressions

(Vret)xVrel
(F)s = §S—5—=pg,

(Vre)yv
(Fe)y = 555 pg. (22)

Based on this equation of motion, the material
particles in section I (Fig. 3, a) will be written as

dzx — ES (vrel)xvrel

gitz o 2m <

dcy _ Vrel)yVrel
sy — g, (23)

The projections of the relative velocity with (9)
will be equal

2Qsinycos y dx
Wredy = ———7——— ¢

b? dt’
2Qsin?y dy
(Urel)y = b2 i (24)

The full magnitude of the relative velocity

. . 2
_ |{2q@sinycos y_g)z (ZQSanV_d_Y)
Vrel = \/( bZ dt + b2 dat (25)

If the material particle is carried away by the
air flow to section I (ABC contour, Fig. 5, a), then
its motion is calculated using the same differential
equations (23), which are supplemented by the
dependence, taking into account the flow turn

The empiric relationship was used to calculate
the aerodynamic resistance coefficient & over the
entire range of Reynolds numbers [10]

2
& =0,386 - 1,325(gRe? —3.87)" (27

The solution of the obtained equations by the
numerical methods using previously established
data on the distribution of the air flow velocities
allows to simulate the material particles’ motion
in the classifier’s working area with its various
technological and design parameters. This, in turn,
shows direction of motion of particles of different
size or density and makes it possible to estimate the
boundary size of the separation.

6. Discussion of the research results. Based on
the performed modeling, it was possible to determine
the zigzagging of air motion in the classifier, which
allows to make a conclusion about a diverse cross-
flow classification. In addition, it was found that,
unlike the average flow velocity, its value in the core
of the flow is several times higher, and, consequently,
a higher intensity of impact on the incoming material.

The initial polydisperse material is fed, as a rule,
into the middle part of the classifier to the supply

shelf. In this case, the material particles move along
the inclined shelf, then fall into the upward air flow
and, depending on various factors, either fall onto
the underlying shelf or are carried up with the air.
Thus, the material particles’ motion was studied in
two stages: at the first, the material particles’ motion
along the inclined shelf was studied, and at the
second, the particles’ motion in the air flow before
contact with the next shelf (according to the scheme
in Fig. 1, a). The results of the first stage of research
were the initial conditions for the next stage and so
on up to the border of the classifier’s working area.

The results of the study of the air flow interaction
with the material particles to be divided and
determination of the regularity of motion of these
particles possibly falling into the fine or coarse
fraction, carried out by the calculation hydrodynamics
methods, based on the results obtained on the
distribution of the air flow velocities, allowed to
simulate the particles’ motion in the classifier taking
into account various technological and design
parameters. The data obtained allow to determine
the direction of motion of particles of both different
size and density, which, in turn, makes it possible to
estimate the boundary size of the separation.

It should be noted that the research results will
also be valid for Zigzag type classifiers, since the
mechanism of motion of the upward air flow and its
interaction with the material particles is similar to
that observed in classifiers with the transfer shelves.

6. Conclusions. 1. The study of the process
of fractionation of the crushed material in the
gravitational classifier using the simulation method
allows to describe the air flow in the classifier using
equations, to obtain the air flow velocity field for any
design and technological parameters.

2. In the course of the research, the equations
of the material particles’ motion in the air classifier
with the transfer shelves were developed, which
solution wusing computer numerical methods
allows to investigate the interaction of the air flow
with the material to be divided in a wide range of
technological and design parameters of the classifier,
and, ultimately, to determine the boundary size of the
separation and the particle size range of the finished
product’s resulting fractions.

3. The modeling showed that in the classifier the
air moves in a zigzag manner, therefore, there is a
multiple cross flow classification. The velocity in the
core of the flow can be many times higher than the
average flow velocity, which allows to intensively
affect the source material.

4. Solving the obtained equations of the material
particle’s motion in the classifier and the aerodynamic
resistance coefficient by the numerical methods using
the obtained data on the distribution of the air flow
velocities, allows to simulate the material particles’
motion in the working area of the classifier with its
various technological and design parameters. The
information obtained makes it possible to determine
the direction of motion of particles of different size
or density, as well as to estimate the boundary size of
the separation.
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I'PABUTALHUAJIBIK KIKTEYIIOTE YCAKTAJIFAH MATEPUAJIIBI
OPAKIUATIAY ITPOLNECIH MOAEJIBAEY

AHHOTamMs. YCakTaJdFaH CYChIMaJIBI MaTepHaIIapabl oyene JKIKTEeyHiH KOJIAHBICTaFbl dJicTepiHe
Tanmay skacajajbl, oJapabl JAMBITY MEH JKETUINIPYMiH OachiM OaFrbITTaphl aHBIKTAIAIbI, OCHI SICTEPIIH
anmapaTThIK PICIMIETyl JKOHE aya KIKTeyIIITepiH eCenTeymiH HeTi3Ti Tocimaepi 3eprreneni. KopbIThIHIBI
OHTAIIBI OHIMIUIIK KE31HIE JKIKTEYIITIH JKYMBIC KOJIeMiHIeT! OOJMEKTepaiH KeTKUTIKTI OKIIayJIaHFaH
KO3FaJIBICHI TypaJTbl kacanansl. Kyprak Oeiy omicTepiHiH OoJaImarbl JKOHE KOIl CaThUTBI TPaBUTAIHSIIBIK
KIKTEyImITep/i KYPYAbIH TPOTPECCHBTUNITT  aHBIKTAABI.  TONTBIPFRIIITApEl  0ap T'PaBUTAIMSIIBIK
KIKTEeylmTep/i 061y MpOIEeCciHIH TEOPUSIIBIK 3epTTeyepl KYPri3inai. AyaHbIH KIKTEyIIITepiH/Ie CyChIMaIbI
MaTepHuangapasl 00y TPOIECiHIH 3aHABUIBIKTAPEl aHBIKTAIBI, KOFAphl THIMII KOHE OHIMII OHMIPICTIK
KOCIMOPBIHIAP KYPY YIIIH OJapIbIH TEXHOJIOTHSIIBIK JKOHE JKOOANBIK MapaMeTpiiepiH €CenTeyaiH CeHIM/IL
omictepi xacamupl. JKIKTEyIITIH TEXHOJNOTHSJIBIK JKOHE €CEITIK IMapaMeTpliepiHiH 0eiy MeXaHHU3MiHe
OCepIiH CHUMATTAWTBIH TEOPHUSUIBIK TAyCIAUTIKTEp MeH nudGepeHInaIbIK TeHASYIep anbiHaabl. Ko3rasbic
TEHJICYJICPIH IICITy HOTHKEJIePl OHIMIUTIKKE TEXHOJOTHSUIIBIK TalanTapra )KOHE COHFbI OHIMACP/IiH JUCTICPCTI
KypaMblHa CYHEHE OTBIPBIN, amlMapaTThlH HEri3ri KYpPbUIBIMABIK IapaMeTpiepiH aHbIKTayFa MYMKIHIIK
Oepai. TeopusutbIK 3epTTeyiep HETi3iHAe TOJBIN JKaTKaH cepeliep MEH aybIpJbIK KYIIiH JKIKTeyimTe 0oy
MPOIIECIH CUMATTaWTHIH aHAJIUTUKAIBIK OaiinanpicTap MeH anddepeHIHaiIblK TeHaeynep xacaiasl. Ocbl
TEHJCYJIePl KOJJIaHy JKIKTEYIIITET1 aya aFbIHBIH MOJICIIBJICYTE, Ke3-KEJITCH JK00aIBIK KOHE TEXHOIOTUSIIBIK
napameTpiiepre aya arbIHBIHBIH JKbUIIAMJBIKTAPBIHBIH OPICiH alyFa MYMKIHAIK Oepai. Byn e3 keserinne
OpTYPIi KesieMJeri HeMece THIFBI3IBIKTAFbl OOJIIICKTEPAiH KO3Faly OarblThIH KepceTell oHe OeiHyIiH
IieKapa eJIieMiH Oaraiayra MYMKIHJIK Oepejli, COHbIMEH Karap aya aFrbIHBIHBIH KCH ayKbIMbIHJA OOJIiHIIl
JKaTKaH Marepuas MEH e3apa opeKeTTeCyiH 3epTTeyre MyMKIHIK Oepe/ii. AnnapaTThiH TEXHOIOTHSJIBIK KOHE
JKOOAJTBIK TTapaMeTpIIepiHiH apa KaTbIHACHI TEOPUSIIBIK TYPFBIIaH aHBIKTAJIFaH.

TyiiiH ce3nep: MaTepuall, ycakray, OeJIIeK, XKIiKTey, armnapar, ppakius, THAPOIUHAMHKA, aybIPIIBIK KYIII,
AFbIH]IBUIBIK, aFbIH.
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MOJEJIMPOBAHHUE ITPOLUECCA ®PAKIIMOHNPOBAHUA U3MEJIBYEHHOI'O
MATEPHUAJIA BTPABUTAIIMOHHOM KJTACCUPUKATOPE

Annotanus. [TpoBesieH aHATU3 CYIIECTBYIOIIUX CIIOCOOOB BO3/YIIHOW KIACCH(PHUKAIIUN U3MEITBICHHBIX
CBIMTYyYMX MAaTEPHAIIOB, BHISBICHBI IPUOPUTETHBIC HAMPABIICHNUS UX PA3BUTHS U COBEPIIICHCTBOBAHUS, U3yUCHO
armapartypHoe o(hOpMIICHHE 3TUX CIIOCOOOB M OCHOBHBIE TIOJIXO/II K pacyeTaM BO3IYIIHBIX KJIaCCU(PHKATOPOB.
Crena" BBIBOA O TOCTaTOYHO OOOCOOICHHOM IBMKCHHHM YaCTHIl B pabodyeM oObeMe Kiaccudukaropa
MpY ONTUMAILHON MPOM3BOAUTEIHLHOCTH. YCTaHOBJICHA MEPCHEKTUBHOCTh CYXHX CIOCOOOB pa3jieicHus
W TPOTPECCUBHOCTh CO3/IaHUSI MHOTOKACKQJIHBIX T'PABUTAIMOHHBIX KIACCH(HUKATOPOB. BHITIOIHEHBI
TEOPETUYECKHE MCCIICIOBAHMUS TIPOIIEcca pa3ieNIeH sl B TPAaBUTAIMOHHOM Kilaccu(UKATOpe ¢ TepPEChITHBIMU
MOJKaMHU. YCTAHOBIICHBI 3aKOHOMEPHOCTH TIpOIIEcca Pa3CiCHUS] CBHITYYHX MAaTepUAlOB B BO3YIIHBIX
KIaccupuKaropax, pazpaboTaHbl HAJC)KHBIE METOAMKH pacdeTa WX TEXHOJIOTHYECKHX M KOHCTPYKTHBHBIX
rnmapaMeTpoB C LECJIBIO CO3JaHUA BI)ICOKO3(1)(1)GKTI/IBHBIX 1 IPOU3BOAUTECIIBHBIX IMPOMBINIJICHHBIX YCTAaHOBOK.
[TomyueHs! TeopeTHUecKne 3aBUCUMOCTH U Au(QepeHInaabHble YPaBHEHUS, XapaKTepU3YIOIIne BIUSIHNAC
Ha MEXaHW3M pa3/esIeHHs TEXHOJIOTHIECKUX U KOHCTPYKTHBHBIX MTapaMeTpoB Kiaccupukaropa. Pesynsrars
peUICHUA ypaBHeHHI:I JABWKCHUS MMO3BOJININ OIIPEACIIMTG OCHOBHBIC KOHCTPYKTHUBHBIC ITapaMETPhI arlriapaTroB
UCcxoad M3 TEXHOJIOTIMYECKUX Tpe60BaHPII71 K TPOU3BOAUTCIBHOCTU MW AUCIICPCHOMY COCTAaBY KOHCUYHBIX
MpoaykToB. Ha OCHOBaHMM TEOPETUYCCKUX HCCIICAOBAHHUM pa3pabOTaHbl aHATUTHYCCKUE 3aBUCHMOCTH U
muddepeHInanbHble YpaBHEHHUS, ONIMCHIBAIOIINE TIPOLIECC Pa3/ieNIeHHs B TPABUTAIIMOHHOM KJIacCU(PHUKATOPE
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C TIEPECHIMHBIMH TOJKaMH. VICNonb30BaHWE NaHHBIX YPaBHEHWH IO3BOJIMIO CMOJCIHPOBATh TEUCHUE
BO3/yXa B KJaccu(HUKaTOpe, MOIYIUTh MOJIe CKOPOCTEH BO3AYIITHOTO TIOTOKA MPH JTFOOBIX KOHCTPYKTUBHBIX
M TEXHOJOTMYECKUX MapaMeTpax. JTO, B CBOIO Ouepeib, MOKAa3bIBAET HAIPABICHHUE JBIIKEHHS YaCTHIL
Pa3IMYHOTO pa3Mepa WK ITIOTHOCTH U JTaeT BO3MOXKHOCTh OIEHUTh TPAHUYHBIN pa3Mep pa3leeHus, a TaKKe
MO3BOJISIET MCCIIEI0BAaTh B3aMMOJEWCTBHE BO3MYIIHOTO TIOTOKA C pa3felisieMbIM MaTepHalioM B IIIHPOKOM
JTMara30He TEXHOJIOTUYECKUX M KOHCTPYKTHBHBIX TMapaMEeTpOB KIAcCH(HUKATopa, W, B KOHEYHOM HTOTE,
OTIpE/IETINTh TPAHUYHBIA pa3Mep paszelieHus U AUANa30H Pa3MepOB YaCTHIT OTyYaeMbIX (YPaKIIHii TOTOBOTO
mpoaykTa. TeopeTudyecku ompesiesieHa B3aWMOCBS3b TEXHOJOTHUECKHX W KOHCTPYKTHBHBIX MapaMeTpoB
amnmapara.

KuroueBble cjioBa: MaTepual, U3MelbUeHIE, YacTUIa, KiIaccuukanys, arnmapar, ppakius, THAPOIINHA-
MUKa, TPaBUTAIINS, CHIITyYECTh, TOTOK.
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