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Abstract. Screw conveyors are widely used in the movement of various loose and lump materials related to agricultural
production, such as: seed granular materials, cereals, bran, chaff, turf, flakes, mixed feed, mineral fertiliser pellets,
etc. However, the conventional flexible screw conveyor operating mechanisms do not fully meet the operational
requirements for these types of conveyors. Screw operating mechanisms are characterised by the complexity of the design
and manufacturing technology, high material consumption, which causes increased energy consumption, damage to the
transported material and the inner surface of flexible sleeves. Therefore, the task of developing new designs of flexible
sectional screw operating mechanisms with advanced technological capabilities is urgent. To increase the reliability of the
flexible screw conveyor, it was proposed to make its operating mechanism from separate screw sections that are pivotally
connected to each other. Therefore, the purpose of this study is to determine the rational parameters and operating modes
of the developed operating mechanism, which would ensure stable transportation of loose and lump materials on various
technological routes. The study was conducted using the methods of differential and integral calculus, the theory
of mathematical and computer modelling, mathematical planning of the experiment. This paper shows the results of
theoretical and experimental studies of the process of transporting loose or lump material in the inactive zone between
the pivotally connected screw sections of a flexible screw conveyor. The results of comparison of the obtained results
of theoretical and experimental studies are shown. This allows choosing rational design, kinematic and technological
parameters of the developed sectional screw operating mechanism when moving loose or lump agricultural materials
along curved routes, both in horizontal and inclined directions, and along curved routes
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INTRODUCTION

Pneumatic conveyors that can transport various

Screw conveyors are widely used for moving a variety of
loose and lump materials, mainly related to agricultural
production, such as: seed granular materials, cereals, bran,
chaff, turf, flakes, mixed feed, mineral fertiliser pellets, etc.
The results of establishing the contact interaction of loose
and lump materials with the working surfaces of screw con-
veyors are described in [1-3].

The study of the mechanical and technological
properties of agricultural materials is given in [4]. As a rule,
rigid screw operating mechanisms are used to transport
bulk and lump materials, which can be placed at different
angles. Flexible screw conveyors are also commonly used,
the study of the parameters and operating modes of which
is presented in [5-7].

Suggested Citation:

loads along curved routes are quite widely used. The main
disadvantage of these types of conveyors is the significant
energy consumption and price, which limits their use. Such
types of conveyors and screw feeders for feeding loose mate-
rials are investigated in [8-10].

Combining technological operations, such as trans-
portation and mixing of feed mixtures, is possible with
the use of puck conveyors, which can operate on different
routes, but only stationary ones. The results of studies of
such conveyors are given in [11; 12].

However, existing screw flexible augers cannot
fully meet the operational requirements that are put for-
ward for these types of conveyors. The use of shaftless flex-
ible spirals causes rapid destruction during the operation
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of the conveyor on curved tracks, due to the presence of alter-
nating cyclic loads. The production of a screw in the form of
a solid or sectional shaft, on which individual elements of
screw blades are placed, causes a significant complication
in the design of the screw, an increase in its material con-
sumption, and this, in turn, leads to an increase in energy
consumption and damage to moving materials.

Thus, the task of developing new designs and sub-
stantiating the parameters of screw flexible operating mech-
anisms of conveyors, the use of which would allow increasing
the functional and operational indicators of the process of
transporting loose and lump agricultural materials is relevant.

The purpose of this study is to improve the functional
and operational characteristics of screw conveyors by develop-
ing and substantiating the parameters of flexible screw operat-
ing mechanisms, which are made on the basis of pivotally con-
nected sections, for transporting loose agricultural materials.

The results of theoretical and experimental develop-
ments, which are described in this paper, are a continuation
of previous studies [13-15] and are aimed at improving the
efficiency of the process of operation of flexible screw con-
veyors, the operating mechanisms of which are made based
on pivotally connected sections.

The paper presents the results of theoretical and
experimental studies of the operating mechanism of a flexible
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screw conveyor made of separate sections that are pivotally
connected to each other.

MATERIALS AND METHODS

In order to increase the reliability of the flexible screw con-
veyor, it was proposed to make its operating mechanism
from separate screw sections that are pivotally connected
to each other. The placement of the blades of adjacent sec-
tions is shown in Fig. 1a. In this case, screw blades 1 and 2
are placed in the axial direction with a gap & (inactive zone).
The hinge mechanism 3 connects screw sections to each
other. It is made on the principle of a gimbal with separated
axes placed mutually perpendicular. The edges of adjacent
screw blades are offset by an angle a in the circular direc-
tion. The difference between the design of such a screw is
that during the convergence of loose or lump material from
the edge of the screw blade 1 to a distance § it (particles
of material) must fly by in a certain amount of time ¢,. More-
over, the edge of the screw blade 2 is at least (the angle of
departure of the material should also be considered) for the
time t, it should turn a corner o, for the purpose of capturing
the transported material.

Figure 1b provides a general view of the sections of
the screw that is placed on the curved section and its indi-
vidual sections.

Figure 1. Design and calculation scheme of screw sections that are pivotally connected to each other: a — diagram of
two sections; b — general view of the sections of the screw sectional mechanism, which is placed on the curved section
and the view of individual elements of the sections; ¢ — diagram for determining the forces acting on the elementary
volume of loose material, which continuously moves in the casing

The study considers the movement of loose cargo
along a fixed casing using the helical sector of the screw spi-
ral. Its elementary volume is selected, which is simultane-
ously in contact with the fixed casing and the rotating section
of the screw spiral. On the side of the casing, it is affected by
a reaction directed perpendicular to the working surface and
the friction force. The reaction from the chute side is equal
to the vector sum of the forces that arise from the weight of
the selected elementary volume and the centripetal force.

The elementary volume is also affected by the reac-
tion from the surface of the screw blade, which is directed
perpendicular at the point of contact to the surface of the

operating mechanism, and the friction force also acts,
respectively. Fig. 1b shows the forces acting on the elementary
volume of loose material moving in the casing.

The equation of motion of a separate elementary
volume of loose material that is not related to the flow has
the form of a system of two differential equations

m(d’z/dt*)=N,cosé-F siné-F,sinfi-mg sinfs; @)
mR(d*)/dt*)=N,sin&-F cosé-F,cosp-mg sinkcosp,  (2)

where m — mass of the material particle; R — casing radius;
N, - reaction that occurs in the screw to the material;

Machinery & Energetics. Vol. 13, No. 3

4



Study of the process of movement of loose materials...

F, - friction force from the action of force N,; N, — force gen-
erated in the screw from the material; F, - friction force
from the reaction N,; & — the angle of lifting of the screw
helical line; ¢ — the angle of inclination of the axis of the
screw section to the horizon; - the angle of direction
of movement of the material particle relative to the casing;
A — the angular position of the material particle in its rota-
tional motion; z - longitudinal coordinate of the material
particle along the casing axis.
Reaction N, is defined from the condition

N, =mg coskcosp+mR-(d)/dt). 3)
The friction forces are determined accordingly

F1=f1N1 F2=f2N2, 4
where f, - coefficient of friction of the material on the surface
of the screw blade; f, - coefficient of friction of the material
on the surface of the casing.

Considering the directions of movement of the mate-
rial particle and the geometry of the helical blade, when it
rotates at an angular velocity o, the following geometric
dependencies can be set:

tgh=2/RJ. tgé=z/R(0-7). (5)

Considering the movement of the selected material
element in the flow, then the last term can be excluded from
equation (2), since its weight force is compensated by the
support of the loose material located below. The rest of the
effort works as before. Then equation (2) will take the form

mR(d*/dt*)=N sin&+F, cos&-F,cosp. ©6)

To solve the system of equations (1)-(5), transforma-
tions are used to reduce the unknown force from the equal-
ities N, and output the parameters in terms of the angle
value A. Preliminary, this system will take the form:

mz=N,(cos&-f,sin&)-f,(mg coshcosp+mRA?)sinp-mg sing; (7)
mR‘)L:N1 (sin&-f,cos&)-f,(mg coshcosg+mRAZ)cosp-

-mg sinkcos¢ )

Therefore, the differential equation of motion for the
variable A will have the form:

A+LA+B cos A-B sin -C=0. )

In this equation, the coefficients are determined by
the following dependencies:

A=f,[cos(B+E)-fsin(B+E)];
B=(f,g/R)[cos(B+&)-f,sin(B+&)]cospcost;
B.=(g/R)"[cos&-f,sin&)cospcost;

C=(g/R)-(sin&+f,cos&)cos¢cost. (10)

In the case of flow movement, when applying equa-
tion (6), the coefficient of B =0.

When there is a movement of the material flow, it
is necessary that the centripetal force is greater than the
weight force. Otherwise, particles of loose or lump material
will not be able to stay in continuous mode, which signifi-
cantly distorts the picture of flow transportation. This can
be achieved if A > \/g/R.

An important moment of particle movement occurs
when the flow particles separate from the spiral fin and their
free flight inside the casing until they stop or until they
come into contact with the screw blade of the next section.

The free movement of load particles along the sur-
face of the casing during the occurrence of separation from
the edge of the screw spiral is recorded using two second-or-
der differential equations

m(d’z/dt*)=-F,sinp-mg sing; 11
mR(d*\/dt*)=-F,cosp-mg sinkcosg. (12)

After the conversion,
mz=-f,(mg coshcosg+mRi?)sinB--mg sing; (13)
mR).=-f,(mg coshcosg+mRi*)cosB-mg sinkcosp.  (14)

The third stage of movement can be the free flight
of flow particles when separated from the surface of the
casing if the calculated value of the pressure force on the
chute is N,<0. Then the equations of motion of particles
can be described by a system of three independent differ-
ential equations of motion along three mutually perpendic-
ular axes x,y and z:

X=-gcos¢ =0 =-g sing. (15)
The movement of the body in free fall will be com-
pleted if there is contact with the casing, that is, an uneven-
ness is performed x?+y*>R2. The relationship of velocities in
Cartesian and cylindrical coordinate systems when material
particles are separated from the screw blade is written as
%=RJsinA  y=-Ricosh. (16)
When a material particle falls on the surface of the
casing, the angular velocity of rotation is written as the sum
of projections of velocity vectors on the tangent to the circle
at the point of contact
J=(isink-ycos\)/R. a7
Equation (9) is a second-order nonlinear differential
equation. Its analytical solution is impossible. In this case,
the numerical method of integrating these equations is
used - that is, the Runge-Kutta method.
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Consider the flow movement of loose material at dif-
ferent points of its cross-section. The characteristic points
of the cross-section of the flow are shown in Fig. 1b.

It is assumed that the friction forces between mate-
rial particles (grains, corn, or other loose material) signifi-
cantly exceed the friction forces on the surface of the screw
and casing. This assumption makes allows considering
the motion of particles as a whole with the same angular
velocity. The actual movement of the material differs from
the ideal one, so points 1 and 2, which are located at the
edge of the loose material flow section, are slightly behind
points 3, 4, and 5, which are located near the screw blade.

A significant lag will be observed only in the case
of transportation of a material that has a low coefficient
of friction between individual particles (grains). However,
for the transport of grain material, the mutual mixing of
individual particles is insignificant, the particles almost
stick together and move in a continuous stream, especially
at high speeds. This statement was experimentally con-
firmed in [2; 16; 17].

The speed of movement of point 1, which is located
at the edge of the flow section, is maximum due to the max-
imum distance from the centre of the casing. The linear
velocity of point 5 will also be similar. The velocity of points
2 and 4 decreases in proportion to the radius along which
they move. The lowest speed is typical for point 3, which is
located closest to the centre of rotation.

The presence of different linear velocities for indi-
vidual points of cross-section of the material flow leads to
different trajectories of their flight when separated from the
screw blade. Linear particle separation rate

V=RA, (18)
where R, - rotation radius of i-" particle.

Speed v, is directed tangentially to a circle of the
corresponding radius and is directed along the vector
that makes up the angle p, with a circle in the XOY plane. It
follows from (5) that:

tgB=2/(R}). (19)

Moreover, as a longitudinal (axial) z, and angular
velocity A all elements of the cross-section are assumed to
be the same. Analysis of equation (19) shows that particles
at smaller radii have a larger departure angle B, and, accord-
ingly, have a lower component of the circular velocity in the
plane perpendicular to the axis Z.

In order to determine the maximum possible flight
distance of particles from different cross-section points,
the free movement of each of the particles is considered
along a circle of the corresponding radius. It is assumed
that individual particles interact with each other during
free motion, that is, there are friction forces between them,
and the movement of each of them occurs along a circle
of the previous radius. This assumption is substantiated by
the fact that the lower particles cannot rise up due to the
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presence of upper particles there. There is practically no lag
or advance of the lower particles relative to the upper ones
due to significant friction forces between them. Therefore,
at short distances, the motion of particles can be considered
as the motion of a connected mass.

The smaller the particle’s rotation radius R, the
lower the centripetal acceleration:

a,=Rj2. (20)

If the angular velocity decreases due to braking, the
centripetal acceleration will be less than the acceleration
of gravity g and the particles begin to fall freely to the lower
surface of the casing. The decline begins with the lower layers,
gradually spreading to the upper layers.

The maximum flight length is considered to be this
distance along the Z axis when the particle moves over the
surface of the casing before it comes into contact with it.
Such a study should be carried out for an arbitrary moment
of separation of the particle from the edge (0<A<27m) and
from them, determine the shortest flight length. In this
case, it is necessary to calculate the angular displacement
of the particle in the direction of the angle % to determine
the coordinates of the point that the particle will reach at
the maximum flight length. Knowing the corresponding
final coordinate, it is possible to calculate the axial dis-
tance between the ends of adjacent screw blades & and the
required angular displacement o between them.

The motion of each particle is determined from equa-
tions (13) and (14), in which it is necessary to put the cor-
responding radii R, angles B, and coefficients of friction f.

When solving systems of differential equations (9),
(13), (14), and (15), it is necessary that the final conditions in
the previous step automatically become initial for the next one.

To analyse the motion of a particle in the flow and in
the breakaway zone, a programme was created in the Delphi
software environment using the Runge-Kutta method and
the ability to graphically display the results.

The method of conducting experimental studies is
as follows: the reloading pipe was adopted as the basis, the
description of the structure and principle of operation of
which is given in [18-20]. Grain with admixtures of plas-
tic material granules of different colours was chosen as the
loose material. Directly under the discharge pipe was a tray
on which the material was unloaded and the range of flight
of the loose material was set by means of filming, fixing the
trajectory of multi-coloured pellets. The angle of departure
of the material was fixed at the values of A2=90°, 180°, 270°.
According to theoretical studies at an angle 2=270° length
L of the flight of the material is minimal, and therefore, to
ensure continuous movement of the material between adja-
cent screw sections, it is necessary to consider the most unfa-
vourable option. Speed of rotation of the operating mech-
anism n and the angle of its inclination to the horizon ¢,
according to the results of theoretical studies, is chosen at
the following values: n=450, 600, 750 rpm; ¢=10°, 20°, 30°.
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RESULTS AND DISCUSSION
The results of the calculations performed allowed construct-
ing graphical dependencies (Fig. 2) of free flight lengths L
of material particles from the rotation speed value n of screw

operating mechanism L=f(n), (Fig. 2a) and the angle of incli-
nation ¢ of the axis of the screw section to the horizon L=f(¢p),
(Fig. 2b) for different angular positions of the material parti-
cle at the moment of its separation from the screw blade A.

L,m . I )
—oN° , m —0()°
P =90 % =90
0.2 — ‘A
% 70N
0.17 7/ 0.13 | 4=180" | A=270 1
0.14 f 0.11 \k
180° 7=270" &
0.11 0.09 N»
0.08 0.07 / b
L J=180°  1=270°
a 0.05 £A=270 /=180 . b 005 |
450 500 550 600 650 700 n,—-— 10 15 20 25 ¢, deg

’ min

Figure 2. Graphical dependences of the free flight range of a material particle L on the speed of rotation of the screw
operating mechanism n(a) and the angle of inclination ¢ of the axis of the screw section to the horizon (b) for different angular
positions X of the particle at the moment of separation from the screw blade to contact with the lower surface of the casing

When performing calculations and determining the
effect of one of the parameters on the value L, others were
taken as constants and the values of their parameters were:
£=22.5°;£=20°; R= 52 mm; n=600 rpm.

From the analysis of graphical dependencies L=f(n) it
is established that the maximum value L corresponds to the
angle of separation of the material particle from the helical
fin 2=90°, (A=0° corresponds to the lower horizontal point
of the casing) and will be L=0.226 m for n=750 rpm (Fig. 2a).
Minimum value L will be L=0.191 m for A=270°.

At n=450 rpm, the values of L for different values A
are within L=0.055...0.073 M, and at n=600 rpm, the minimum
range of change of L=0.118 0 0.124 m for different values of A
is observed.

From the analysis of graphical dependencies L=f{¢)
it is established that the maximum value L corresponds to
the minimum angle ¢=10° and will be L=0.144..0.148 m
(Fig. 2b) at different values of A. With increasing angle ¢
value L decreases, and at ¢=30° is L=0.055...0.085 m.

As the lifting angle & increases, the range of values L
also increases for different angular positions of A at the moment
of separation of the material particle from the screw blade.

A multi-factor experiment was also conducted. The
factor field had the following range of parameter changes:
450<n<750 rpm; 0<A<270° deg; 10°<p<30°.

Based on the statistical processing, the regression
equation to determine the change in L has the form

L=-0.06384+0.304-10"*-n+0.1783-10-¢-0.1853-
104)-2+0.715-107-n%-0.377-105-n-¢-0.86-10"-n-2-
-0.455-10*¢%+0.194-10°-¢-1-0.48-107-72. (21)
When determining the influence of two factors on
the value L, the third one is assumed to be unchanged with
its average value. The average values of the factors are as
follows: n=600 rpm; A<270°; 10°<p<30°.
Response surfaces range of grain material particles
L are shown in Figure 3.

Figure 3. Response surfaces of the material's flight range L: a — L=f(¢; n); b — L=f(A; ¢); ¢ — L=f(}; ¢)
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Based on the analysis of the regression equation
and response surfaces, it is established that the maximum
effect on the value of L has a speed of rotation of the oper-
ating mechanism n. Thus, for the average values of A and
¢ growth n from 450 to 750 rpm causes an increase in the
value L by 0.092 m. The next most intense effect on the
value L is an angle of inclination of the axis of the screw
section to the horizon ¢. Its increase from 10° to 30° at the
average values of A and n causes a decrease in the value L
by 0.028 m. Minimal impact on the value L has an angle A,
the growth of which is from 90° to 270° at the average val-
ues of ¢ and n leads to a decrease in the value L by 0.009 m.

The obtained data must be considered when design-
ing such a sectional screw operating mechanism. Based on
the most unfavourable option in this range of parameter
changes, the distance between the ends of adjacent screw
blades & the distance should not exceed 0.04 m.

In addition, experimental studies on determining
the capacity for the process of transporting grain mate-
rial have shown that for n=600 rpm with clearance 6=14 mm,
the power is about N=1.2 kW; at =28 mm — N=1.7 kW; at
8=42 mm - N=3.2 kW. Therefore, it is rational to choose
the gap value 6 within 0.01...0.03 mm.

Comparison of the obtained results in theoretical
and experimental studies, showed that for n=600 rpm; ¢=20°
and different values A the difference between the obtained
data is 3.7%...14.8%.

Therefore, the conducted theoretical studies can be
applied to a wider range of changes in the design and kine-
matic parameters of the operating mechanism with a hinged
connection of sections.

From the analysis of theoretical studies for the operat-
ing mechanisms of flexible screw conveyors [3; 6; 9], it can be
concluded that the authors overwhelmingly deduced analytical
dependencies to establish the functional, operational and
design parameters of flexible screw operating mechanisms.
At the same time, the issues of substantiating the parame-
ters of screws that ensure their high functional and opera-
tional parameters with the minimum permissible weight of
the operating mechanism are not resolved. This would sig-
nificantly reduce energy costs for the movement process and
the degree of damage to loose and lump agricultural material.

The results of experimental studies presented in this
paper relate to screw spirals without the use of a flexible

O. Trokhaniak

shaft. However, as practical studies have shown, during
the transportation of material along a curved route (espe-
cially at small radii of curvature), due to the occurrence of
cyclic alternating deformations, screw spirals are quickly
destroyed, which sharply limits the use of such operat-
ing mechanisms due to non-compliance with operational
requirements. In order to increase the reliability of the tech-
nological process, when developing and investigating oper-
ating mechanisms, it is necessary to use: a sectional method
for manufacturing operating mechanisms (to eliminate
alternating cyclic loads); increase the contact area between
the torque transmission units, which would reduce internal
stresses and forces in friction pairs by increasing the torque
transmission arm.

CONCLUSIONS

The paper presents the results of theoretical and exper-
imental studies of the operating mechanism of a flexible
screw conveyor made of separate sections that are pivotally
connected to each other.

Based on the derived equations of motion of
loose material between separate adjacent helical sections,
the dependences of the flight range of material particles
L are established from the speed of rotation of the screw
operating mechanism n, the angle of its inclination to the
horizon ¢, and the various angular positions of the particle
A, which moves in the material flow at the moment of its
separation from the screw blade.

Based on the proposed method, experimental stud-
ies were conducted, according to the results of which it can
be concluded that for the factor field of parameter changes:
450<n<750 rpm; 0°<A<270°; 10°<p<30° value L varies in the
range from 0.042 to 0.188 mm.

Given the sharp increase in power costs for the mate-
rial transportation process for §>0.032, clearance value &
should be taken in the range of 0.01...0.03 mm.

Based on comparisons of the obtained results of the-
oretical and experimental studies at n=600 rpm; ¢=20°, and
different values of A, their discrepancy is 3.7%...14.8%.

Based on a complex of theoretical and experimen-
tal studies, a competitive sectional screw operating mech-
anism has been created, which allows improving the func-
tional and operational characteristics of screw conveyors for
transporting loose and lump agricultural materials.
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OnexkcaHgpa MukonaiBHa TpoxaHsIK

HauionansHuit yHiBepcuTeT 6iopecypcis i mpupomoKkopucTyBaHHs YKpainu
03041, Byn. l'epoiB O6opoun, 15, M. Kuis, Ykpaina

DocnipxeHHs npouecy nepeMilleHHS CUNKoro MmaTtepiany
3a A0NOMOrol0 F'HY4YKOIro rBMHTOBOIro KOHBe€Epa

AHoOTaUiq. [BMHTOBI KOHBEEPU 3HAMIUIM MIMPOKE BUKOPUCTAHHS ITif yac mepeminieHHs pisSHOMaHITHUX CUIIKUX
Ta KyCKOBUX MarepiajiB, sIKi HaJIeXXaTh 10 CiIbChKOTOCIOAAapPChKOTO BUPOOHMIITBA, HATIPUKIIA[ TaKi SIK: HACiHHEBI
rpaHy/bOBaHi MaTepianu, 3epHOBI, BUCiBKH, [T0JIOBA, NEPTh, IJIACTiBIli, KOMOIKOpMU, TPAaHY/IM MiHepaJbHUX JOOPUB Ta iH.
Ane, 3araJbHOBIIOMI THYUKi 'BMHTOBI pob0Ui OpraHy TpaHCIIOPTePiB He B TOBHilt Mipi BiMOBigaIOTh eKCILTyaTalliitHUM
BMMOTaM, ITI0 BUCYBAIOThCSI 10 JaHUX BUIiB KOHBeePiB. [IIHEKOBMM po6OUYMM OpraHam xXapakTepHa CKJIaIHiCTh KOHCTPYKILii
i TeXHOJIOTis iX BUTOTOBJIEHHSI, BMCOKA MAaTePiaJOMiCTKiCTh, 1[0 BUK/IMKAE MiJBUILEHI €HeproBUTPATH, TTOIIKOIKEHHS
TPaHCIIOPTOBAHOTO MaTepiany Ta BHyTPillIHbOI TOBEPXHi THYUKMX PyKaBiB. TOMY, aKTyaJbHUM € 3aBIaHHS PO3POOIEHHS
HOBMX KOHCTPYKIIiif THYUYKMX CEKIiiHMX 'BUHTOBMX POOOUMX OPTraHiB i3 pO3MIMPeHMMM TEXHOIOTIYHMMY MOKIMBOCTSIMMA.
JInst migBUIEHHS HaLiiiHOCTi QYHKLiOHYBaHHS TBUHTOBOTO THYYKOTO TPaHCIIOpTepa 6y/10 3alpOIIOHOBAHO #10ro pobounit
OpraH BUKOHYBATHU i3 OKpeMUX I'BMHTOBUX CEKIIii, 10 MIApHipHO 3’€JHaHi Mik c06010. OTKe, MeTOI0 LIMX SOCTiIKeHb
SIBJISIETHCS BUBHAUEHHST PAIliOHAIbHUX [TapaMeTpiB Ta PeXXUMiB PO6OTH PO3P0O6IEeHOr0 PO6OUOr0o OpraHy, Iio JO3BOIUTH
3a6e3meunTy cTabiJibHe TPAHCIIOPTYBAHHS CUITKMX Ta KYCKOBMX MaTepiasliB Ha pi3HUX TEXHOJMOTIUHMX Tpacax. JoCTimKeHHs
MIPOBEJIEHO i3 BUKOPUCTAHHSIM METO/iB AM(epeHIiaibHOrO Ta iHTerpaJbHOTO YMCIEeHHS, Teopii MaTeMaTUUHOTO Ta
KOMIT I0TePHOTO MOJIe/IIOBAHHS. METOY MaTeMaTUYHOr0 IUIaHyBaHHS eKCIiepuMeHTy. Y IaHiii cTaTTi okasaHi pe3yabTaTu
TEOPEeTUYHUX Ta eKCIIEPMMEHTAIbHUX AOCIiIKeHb IPOLlecy TPaHCIOPTYBAaHHS CUIIKOTO UM KYCKOBOTO MaTepiany
Y HEeaKTMBHIi# 30Hi MiX IIapHipHO 3’€JHAHMMM TBUHTOBMMM CEKIIiSIMM I'HYYKOT'O TBMHTOBOI'O KOHBeepa. [TokazaHo
pe3yJIbTaTy MOPiBHSIHHS OTPUMAaHMX PE3Y/IbTATiB TEOPETUUHMX Ta eKCIIePUMEHTAIbHIX HOCTiIKeHb. e mae 3Mory Bubpatu
palioHa/JbHi KOHCTPYKTUBHI, KiHEMaTMYHi Ta TEXHOJIOTiIUHI IMapaMeTpu PO3poBIEHOT0 CeKI[ifiHOrO TBMHTOBOTO pO60Y0ro
Oprasy ITiJi yac rnepemiiieHHs CUITKMUX UM KYCKOBUX CiJIbChKOTOCIIOAPChKUX MaTepiasiB o KPMUBOJIiHIHMX Tpacax, sIK B
TOPM30HTAIBHOMY Ta ITOXMJIOMY HalpsIMKax, Tak i Mo KPUBOIiHIIHMUX Tpacax

Knio4oBi cnoBa: mapHipHO 3’€qHaHi IBMHTOBI CeKIIii, HEaKTMBHA 30HA MiK CEKIIisIMM, TOBKMHA ITOJILOTY Marepiaiy,
MpsIMi Ta KPUBOJIiHIVHI Tpacu, KyT BUWJIbOTY MaTepiary
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