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ELABORATION AND RESEARCH
OF VIBROSHAKERS WITH
ELECTROMAGNETIC DRIVE FOR
CLASSIFICATION OF DRY
MATERIALS

There are schemes of various vibroshakers for classification of
dry materials for construction, agriculture, food and processing
industry, in mining and transport, examined in this article. As a result,
of the analysis the authors came to conclusion about low efficiency
and reliability of known vibroshakers. In course of their functioning
significant part of consumed energy is spent for bringing in movement
of massive driving elements. Actually, each of these vibroshakers
realizes only one scheme of loading with relatively narrow range of
change of its main parameters (amplitude, frequency, transmitting
energy). Besides, intensive dynamic loadings make a negative
influence on supporting elements of these machines and that leads to
their rapid wear. With examination of these disadvantages of known
vibroshakers, authors elaborated schemes of improved vibroshakers
with electromagnetic drive for classification of dry materials. The
proposed vibroshakers provide complex schemes of loading of
processed material and that promotes to increase of efficiency of the
working process. In one of these schemes foreseen possibilities of
change of location of electromagnetic vibro-exciters relatively of
foundation. Later allows to change a scheme of loading of the
processed material depending from its physical-mechanical
characteristics. An electromagnetic drive of the improved
vibroschakers gives possibility of a separate and accurate adjustment
of the main parameters of the loading of material in wide range. In the
constructions of the vibroschakers are absent elements of friction and
massive inertia masses therefore they have an increased reliability
and efficiency. There are differential equations of the movements of
the executive elements of the vibroschakers are proposed in the
article that allow to determine their main working parameters in course
of different stages of a working cycle. These equations can be used
for creation of methods of design calculation of the proposed
vibroschakers.

Kee words: vibroshakers, electromagnetic drive, classification,
dry material, schemes of loading, mathematic model.

Problem formulation. Vibroshakers are a
type of wide spread equipment for classification of
dry and humid materials: rocks in mining; gravels
and siftings in building; grains and legumes in
agriculture; weeds and small stones in threshing-
floors, elevators, mills; for dehydration of cleaned
coals and ores; at bread, confectionery, canning
and food concentrates enterprises, in laboratories
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for fractional analysis of dry materials [1 — 3].
Therefore, an actual task is improvement of
equipment for classification in order to increase its
productivity and reliability, to widen of technological
possibilities and to minimize of energy expenses of
machines for classification.

Analysis of last researches and
publications. There are different schemes of
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Figure 1 — Schemes of vibroshakers: a — rocking; b — gyratory; ¢ — with directional

fluctuations; d — vibratory inertial

vibroshakers, presented on fig. 1 [4]. In the whole,
itis a simple and inexpensive equipment, which has
versatile use in different branches and under
processing of various materials [1]. One of main
and general disadvantages of this equipment is
availability of details that are underwent intensive
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Figure. 2 — Scheme of an improved

vibroshaker with an electromagnetic drive
for classification of dry materials: 1 -—
sieve; 2, 9, 10, 11 — electromagnetic vibro-
exciters; 3 — dust shield; 4 — vibroinsulator;
5 — foundation; 6 — spring; 7, 8 — holders;
12 — bunker with initial material; 13 -
container for small fraction fines

dynamical loading in course of realization of a
working process: bearings and shafts, levers of

suspension, crank shafts and other. This leads to
accelerative wear of the details and to decrease of
reliability of the machines. One more substantial
disadvantage is availability of inertia movable
elements (debalances and levers) that cause
additional ineffective expenses of energy. Besides,
there is not provided a possibility of independent
regulation of sieve fluctuations by frequency and
amplitude and has narrow enough limits of their
regulation (for frequency — 10 — 20 Hz, for amplitude
—-0-3mm |2, 3)).

Purpose formulation. The purpose of this
article is elaboration and research of schemes of
improved vibroshakers with electromagnetic drive
for classification of dry materials where avoided
fully or partially shortcomings of the known
equipment of the similar designation.

Presentation of main material. There is the
first scheme of the improved vibroshaker,
presented on the fig. 2.

An executive element of the vibrosheker is
the sieve 1, elastically installed with the help of the
springs 6 on the foundation 5. The latter is based
on the vibroinsulators 4. Driving elements of the
vibroshaker are four electromagnetic vibro-exciters
2, 9 that can install and fix in different positions in
slots of longitudinal 7 and transversal 8 holders.
The vibro-exciters 2, 9 are closed with dust shields
3. In order to realize functioning of the vibroshaker
provide periodical feeding of voltage at limbs of the
vibro-exciters. As a result, their armatures fulfil
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vertical reciprocal movements with frequency up to
100 Hz and with amplitude up to the 4 mm (the
amplitude can be changed by way of installation of
the armatures of various thickness). These
movements are transmitted to the sieve 1, so,
processed material that is loaded down on the sieve
from the bunker 12 is effectively separated at
fractions. The fraction with more small particles
goes through the sieve 1 and gets into container 13.
The fraction with large particles remains on the
surface of the sieve. There is realized constant or
periodical unloading of the separated fractions from
the sieve 1 and from the container 13.

The proposed vibroshaker does not contain
elements of friction with intensive wear of executive
surfaces. Also, there are absent massive inertia
elements and that provides more effective use of
consumed energy, which is transmitted from the
vibro-exciters 2, 9. Possibility of change of a
position of the vibro-exciters 2 relatively the sieve 1
provides a lot of variants of loading schemes.
Besides, there can be adjusted a mode of feeding
of voltage at winding of the vibro-exciters 2 and 9
when their armatures fluctuate in the same phase
or in an opposite phase. That still more widen
technological possibilites of the elaborated
vibroshaker. There is a lot of standard, reliable and
inexpensive electromagnetic vibro-exciters of
different capacity and with wide range of
parameters of fluctuations [5], so their selection as
driving elements of the vibroshaker is quite
reasonable. All this allows us to make a conclusion
about successful elimination of main disadvantages
of known machines for classification in the
construction of the proposed vibroshaker.

By our notion, the most effective variants of
loading of the material on the sieve are provided
when both the working (upwards) and the idle
(downwards) strokes of the sieve are fulfilled under
the impact of the electromagnetic vibro-exciters.
This will promote to maximal frequency of
oscillations of the sieve 1 and to high productivity of
the working process.

So, the first main variant of loading is realized
when the vibro-exciters 2, 9 provide working strokes
of the sieve 1 and vibro-exciters 10, 11 — idle
strokes. In this case, the sieve will fulfill vertical
reciprocal movements parallel to a surface of the
foundation 5.

The second main variant of loading is carried
out when the vibro-exciters 2, 10 provide working
strokes and vibro-exciters 9, 11 — idle strokes. In
this case, the sieve 1 will fulfill wobbling movements
relatively own transverse axis.

The third main variant of loading is carried
out when the vibro-exciters 2, 11 provide working
strokes and vibro-exciters 9, 10 — idle strokes. In
this case, the sieve 1 will fulfill wobbling movements
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relatively own longitudinal axis. The second and the
third variants of loading provide both tossing of
processing material particles perpendicularly to the
sieve surface and their rolling across or along of the
sieve. In our opinion, these regimes will secure
higher productivity of the working process.

These variants of regimes can adjust by
selection a corresponding difference of phases of
movements of executive elements of the vibro-
exciters 2, 9 relatively movements of the vibro-
exciters 10, 11 — for the first regime, the vibro-
exciters 2, 11 relatively movements of the vibro-
exciters 9, 10 — for the second regime, the vibro-
exciters 2, 10 relatively movements of the vibro-
exciters 9, 11 — for the third regime.

The working cycle of movements of the
executive elements of the vibro-exciters for the first
regime of loading can be divided on two stages: |
stage — a movement of the executive element from
a top initial position in a lower final position; 1l stage
— a movement of the executive element from the
lower final position in the top initial position.

We can consider that durability of the | stage
(T)) of the cycle is equal to durability of the Il stage
(Tu) of the cycle of movements of the executive
elements.

T, Tu can be calculated, depending from
frequency v of vertical reciprocal fluctuations of the
executive elements of the vibro-exciters by a

formula

1
I =T, =—

: (1)
2V

There are schemes of loading of the sieve
and of the portion of processed material on the
sieve surface in course of the | stage and the Il
stage of the working cycle of the sieve presented on
the fig. 3.

There are parameters designated on the
schemes (fig. 3):

ms, Mm — masses of the sieve 1 (see also fig.
2) and of the portion of processed material on the
sieve surface;

Xs, Xm — coordinates of movements of the
masses Ms, Mpy,;

Fe — nominal driving force, creating by pair of
the vibro-exciters of the vibroshaker [5];

Fspi(t), Fspu(t) — variable elasticity force of the
springs 6 in course of the loading cycle at the | stage
and at the Il stage respectively [6];

Fm.fin — driving force, creating by the sieve on
the portion of processed material in the initial
moment of the | stage and corresponding to the
value of the Fn(t) in the final moment of the Il stage

t= % The portion of processed material is thrown
upwards in course of this stage under impact of the
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Figure. 3 —Schemes of loading of the sieve (a, b) and of the portion of processed material
on the sieve surface (¢, d) at the | stage (a, ¢) and at the Il stage (b, d) of the sieve’s

working cycle

force Fmin. The sieve is beginning a movement
downwards in this moment. Then the portion
realizes an uniformly retarded free motion in a top
position to a complete stopping in it and an
uniformly accelerated free motion under influence
of gravity in a lower position up to the interaction
with the sieve, that fulfils the next movement
upwards in course of the Il stage of the cycle.

Fm(t) — variable driving force, creating by the
sieve at the portion of processed material at the Il
stage [7]. In course of this stage the portion of
processed material moves together with the sieve,
therefore on the scheme for the Il stage (fig. 3, d)
acceleration of the portion of the processed material
corresponds to acceleration of the sieve - X;

Forces Fg(t), Fai(t) can be determined by
formulas

Fg(t) =4 cs(xg0+x); 0<t < %

(2)
Fsll(t) =4- Cs(xso + X5 fin — xs); % <t< 11/, (3
where c¢s — coefficient of hardness of the
spring 6;
Xsfin — coordinate of a movement of the mass
ms in the final moment of the | stage: t = %

Xso — preliminary compression of the spring 6
under impact of gravitation of the sieve in the initial

moment of the cycle, that can be determined as
g-(ms+msp)

xgo = ST, @)
On basis of the schemes on the fig. 3, a, b

and with consideration of the formulas (1 — 4)

differential equations of sieve movements at the |

and at the Il stages of the cycle have an

appearance:

—mXs = F, + mgg — F (t); 0t < % (5)
—%.(ms +m,,) = F g(ms +my,) + Fopyy (2);
—<t< (6)

On basis of the schemes on the fig. 3, ¢, d
differential equations of the portion of processed
material at the | and at the Il stage of the cycle:

1
=—mmg;0StSE;

(7)

_mmjém
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My X, =mmg;%s t<i; (8)
—My X = Fm.fin - mgt =5 9
—Mpy X = Fm(t) mgt - <t < - (10)

The force Fn(t) in the equatlon (10) can be
found with help of the equation (6):
F () = F, + (ms + my, ) (%5 — g) + Fopu (6);

1
Z<t__ (11)

There is one more scheme of an improved
vibroshaker with electromagnetic drive, presented
on the fig. 4.

Lo

=

Figure. 4 -Scheme of improved
vibroshaker with electromagnetic drive of
wobbling motion of the sieve for
classification of dry materials: 1 — sieve; 2
— electromagnetic vibro-exciter; 3 — dust
shield; 4 — holder; 5 — foundation; 6 —
vibroinsulator; 7 — immovable hinge; 8 -
pin; 9 — movable hinge; 10 — spring; 11 -
containers for different fractions fines; 12
— bunker with initial material

A feature of this scheme is a wobbling motion of the
sieve 1, which provided in the very construction of
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the vibroshaker. The sieve 1, installed with some
incline to the foundation 5 creates by one of its ends
a movable connection with the foundation. There
are armatures of the four electromagnetic vibro-
exciters 2, attached from below to the other end of
the sieve 1. There are limbs of the vibro-exciters
installed on the holders 4. The springs 10, fastened
on the left end of the sieve, create an elastic bound
with the foundation 5. A working surface of the sieve
consists over its length several sections with
different sizes of sells (these sizes are increased
from the left section to the right section of the sieve).

In case of periodical feeding of voltage at the
limbs of the electromagnetic vibro-exciters 2 the
sieve 1 fulfils wobbling reciprocal movements. In
order to provide maximal frequency of fluctuations
of the sieve, feeding of voltage at the limbs of a pair
of the external electromagnetic vibro-exciters is
realized in the moments of switching off the limbs of
a pair of the internal vibro-exciters (see also the
section A — A on the fig. 4). So, a working stroke
and an idle stroke of the sieve are fulfilled under
impact of the vibro-exciters. As a result, particles of
initial material spill out from the bunker 12 at the
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The proposed scheme of the vibroshaker
(fig. 4) has almost all advantages of the previous
scheme (fig. 3): the simple and reliable design,
effective use of consumed energy, wide utilization
in the construction of standard elements. Additional
advantages of this scheme are: a possibility of wide
range and independent change of the above
indicated parameters of loading of processed
material, a possibility of classification of its particles
by size at several fractions, an utilization of energy
of gravitation of the materials particles for
realization of the working process.

The working cycle of the vibroshaker can be
divided at the same two stages as for the previous
scheme (fig. 2): the | stage — a movement of the
sieve 1 from a top initial position in a lower final
position; the Il stage —a movement of the executive
element from the lower final position in the top initial
position.

There are schemes of loading of the sieve (a,
b) and of the portion of processed material on the
sieve surface (c, d) at the | stage (a, ¢) and at the |l
stage (b, d) of the sieve working cycle (fig. 5).
There are parameters designated on the schemes

o]
Vs fir Vs lls/ |
o

a

Figure. 5 — Schemes of loading of the sieve (a, b) and of the portion of processed material
on the sieve surface (c, d) at the | stage (a, ¢) and at the Il stage (b, d) of the sieve's

working cycle

sieve surface and fulfil stick-slip motions from the
left to the right of the sieve. Particles with minimal
sizes separate at the first left section of the sieve 1
and go through it in the first left container 11.
Similarly, particles of the next size range separate
through the second left section of the sieve in the
second from the left container 11 and in the same
way — to the particles of the largest size range, that
separate through the first right section of the sieve
in the first right container 11.

(fig. 5):

Js, Jm—moments of inertia of the sieve 1 (see
also fig. 4) and of the portion of processed material
on the sieve surface;

@s, om — turn angles of the sieve 1 and of the
portion of processed material;

Fe — nominal driving force, creating by pair of
the vibro-exciters of the vibroshaker;

Is — working length of the sieve;
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Fspi(t), Fspi(t) — variable elasticity force of the
springs 10 in course of the loading cycle at the |
stage and at the |l stage respectively;

Fm(t) — variable driving force, creating by the
sieve at the portion of processed material at the Il
stage. In course of this stage the portion of
processed material moves together with the sieve,
therefore on the scheme for the Il stage (fig. 5, d)
the angle acceleration of the portion of the
processed material corresponds to the angle
acceleration of the sieve - ¢.;

Fm.iin — driving force, creating by the sieve at
the portion of processed material in the initial
moment of the | stage and corresponding to the
value of the Fn(t) in the final moment of the Il stage

t = % The portion of the processed material is

thrown upwards and right by the scheme in course
of this stage under impact of the force Fmsn and
under angle 90° - a to the horizon, where a —is the
angle of an incline of the sieve in the top initial
position (fig. 5, ¢);

Vmiin — initial speed of particles of the portion
of processed material in the initial moment t = % of

the | stage in the extreme left point of the working
surface of the sieve;

Vi fin, Vmy.fin — cOMponents of the speed Vm fin
relatively x-axis and y-axis.

Forces Fepi(t), Fspu(t) can be determined by
formulas [8]

Fspl(t) = Z'Cs(xso+§0sls); 0< tS%; (12)

FspII )=2- Cs(xso + Qs fin — QDS);% <t S% (13)
where c¢s — coefficient of hardness of the
spring 10;
@s.iin — angle coordinate of movement of the
sieve 1 in the final moment of the | stage: t = %

Xso — preliminary compression of the springs
6 under impact of gravitation of the sieve in the
initial moment of the cycle, that can be determined
by formula (4), where ms, my, — masses of the sieve
1 (see also fig. 5) and of the portion of processed
material on the sieve surface.

On basis of the schemes on the fig. 5, a, b
and with consideration of the formulas (4, 12, 13)
differential equations of the movements of the sieve
at the | and at the Il stages of the cycle have an
appearance:

—Js9s = (Fe - ng](t)) l;;0<t< % (14)

~mUs +Jm) = (B + Fopy () I = < t < 2. (15)
The speed v sin can be found from the known
formula [9]

_Vmfin~Ymin , _ 1
xs - ] - ’

t 2V (16)
where vmin — initial speed of the portion of
processed material in the moment t = O:

Vm,in = 0 (17)
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Then by formulas (16, 17)

s _ Xs _ 1
Um.fin = Xst=—=;1=—.

2v 2v (18)
The speed vmin (Is) of the particles of the
portion of processed material in the initial moment t

= % at the distance ls.m from the extreme right point
of the working surface of the sieve (see fig. 5, c) is
Vmgin(lom) = 22 Vppin; 0 < L <L (19)
The acceleration %, in the moment t = % can
be determined from the equation of movement of
the portion of processed material
%(ms +m, )k, = F, —%(ms +m,,)g + 2 coXgo;
1

t= 7" (20)
Then the acceleration X is
1
%, = Fe—;(mls+mm)g+z-csxso = S 1)
E(ms+mm) 2v

Putting i,, calculated by formula (20) in the
formulas (18, 19), we can determine v, ¢;,, (L5 ).
The components of the speed v, s, (L)
can find by formulas [9]
17mx.fin(ls.m) = vm.fin(ls.m)cos(goo - O() =

= vm.fin(ls.m)Sina; 0<lm<=<lI; (22)
17my.fin(ls.m) = vm.fin(ls.m)Sin(goo - O() =
= Umfin (ls_m)COSG; 0=<lm=<Il. (23)

Equations of free movement of the particles
of the portion of processed material relatively x- and
y-axis at the | stage of the cycle have an
appearance [9]:

1
X = Ve fin(sm) 60l <0<t < o (24)

. t2
y = vmy-fl'n(ls.m) t— g 2 ;
0<lm<l;0<t<—. (25)

On basis of the scheme on the fig. 5, d a
differential equation of the portion of processed
material at the Il stage of the cycle has an
appearance:

~JmPe = Fonpini g <t <. (26)

There is a scheme of a vibroshaker with
swinging movement of the sieve presented at the
fig. 6. The sieve 1 is installed on a foundation 5 with
help of four springs 2. The foundation is based on
vibroinsulators 6. The sieve 1 is brought in
movement from four electromagnetic vibro-exciters
8, 10, 11, 12, that are fixed at holders 3, so as a
bunker 12 with processed material.

Under switching on of a winding of vibro-
exciters 8, 12 their armatures are gravitated to the
limbs and through livers 9 provide a turn of the sieve
to the right with pressing of springs 7. In the
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Figure. 6 — Scheme of an improved
vibroshaker with an electromagnetic drive
of swinging motion of the sieve for
classification of dry materials: 1 — sieve; 2,
7 — springs; 3 — holder; 4 — containers for
classified material; 5 — foundation; 6 —
vibroinsulator; 8, 10, 1, 12 -
electromagnetic vibro-exciters; 9 — lever;
13 — bunker with initial material

end of this turn the winding of the vibro-exciters 8,
12 is switched off and the winding of the vibro-
exciters 10, 11 is switched on. As a result, the sieve
under the impact of the vibro-exciters 10, 11 and the
compressed springs of the vibro-exciters 8, 12 turns
left in the initial position with the compression of the

al
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springs of the vibro-exciters 10, 11. After that, the
working cycle of the sieve’s movements repeat
itself. So, the sieve fulfils swinging motions around
own vertical axis. Processed material under
influence of own gravitation spills out through the
four sockets of the bunker 13 on the upper surface
of the sieve. As a result of vibrations fine particles
of materials go through the sieve in a container 4
and large particles remain on the sieve surface.

This vibroshaker also has relatively simple
and reliable construction. Unified electromagnetic
vibro-exciters, using in the sieve’s drive, provide
wide range change of amplitude and frequency of
vibration of executive element, with their accurate
and separate regulation. Besides, the proposed
machine creates a complex spatial regime of vibro-
loading of processed material, that has proved its
high efficiency in different technological processes
[10, 11].

The sieve’s working cycle can divide at two
stages: the | stage — a turn of the sieve from an
initial position to the right; the Il stage — a turn of the
sieve in the initial position to the left.

There are schemes of loading of the sieve (a)
and of the portion of processed material on the
surface of the sieve (b) at the | stage and at the Il
stage of the sieve’s working cycle (fig. 7).

There are parameters designated on the
schemes (fig. 7):

Js, Jm—moments of inertia of the sieve 1 (see
also fig. 6) and of the portion of processed material
on the sieve surface;

s, Pm — turn angles of the sieve 1 and of the
portion of processed material;

Fe — nominal driving force, creating by a pair
of the vibro-exciters of the vibroshaker;

Fm.fin — driving force, creating by the sieve at
the portion of processed material, in the final

moment of the | stage t = % and in the final moment
of the Il stage t = % The portion of the processed

Figure. 7 — Schemes of loading of the sieve (a) and of the portion of processed material on
the surface of the sieve (b) at the | stage and at the Il stage of the sieve’s working cycle
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material turns in these moments under impact of the
force Fmsin @and by own inertia relatively the sieve in
a direction, opposite to the sieve next turn;

Rm — force of dry friction of particles of
processed material upon the sieve’s surface and
between of layers of other particles of material [1,
10, 11];

cm — coefficient of hardness of particles of
processed material [1, 10, 11];

Csp — coefficient of hardness of the spring 7
(we may not consider hardness of the springs 2);

rsp — radius of a circle of fastening of the
springs 7.

On basis of the schemes on the fig. 7
differential equations of movements of the sieve
and of the portion of processed material on its
surface at the | and at the Il stages of the cycle have
an appearance:

_(ls +]m)¢js = Tsp[Fe -2 Csp(xspo + (psrsp)] ;

0<t<—; —<t<=; 27)
2 2wv v
—JmPm = (Fm.fin —CnPmTsh — Rm)rs.h;
1
) t= P (28)
—JmPm = (_Crrigomqs.h - ngrs.h;
0<t<—; —<t<-; (29)
2V 2w v

where Xsp0— preliminary compression of the
springs 7.

Driving force Fniin for equation (27) can be
found with help of the formula, received from the
equation (26)

Fm.fin =Tsp [Fe -2 Csp(xspo + (psrzsp)] +

+Us + @i t = . (30)

Conclusions. 1. Known equipment for
classification of damp and dry dispersive materials
demands of improvement in a direction of widening
of its technological possibilities (realization of
various schemes and regimes of loading of
processed material with accurate and independent
regulation of parameters of loading), increase of
efficiency (minimization of expenses of energy for
fulfilment of classification, raise of productivity),
increase of reliability of the equipment.

2. Authors propose schemes of improved
vibroshakers with an electromagnetic drive of
vertical  reciprocal, wobbling or swinging
movements of executive elements. In the drive of
the vibroshakers are used efficient, powerful,
compact and reliable electromagnetic vibro-
exciters, which have standard characteristics and
provide wide range accurate and separate change
of frequency, amplitude and intensity of loading of
processed material. The proposed equipment has
simple and reliable design, high versatility for
utilization in different branches and technological
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processes of classification of various materials with
effective use of consumed energy.

3. The schemes of loading of executive
elements of the elaborated equipment, schemes of
loading of processed material in course of its
classification in the vibroshakers for different stages
of their working cycle, are also proposed in the
article. On basis of these schemes were elaborated
differential equation of movement of executive
elements of the vibroshakers and processed
material that connect main constructive and
working parameters of the proposed equipment and
can be used for creation of its methods of design
calculation.
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PO3POBKA TA AOCNIAXXEHHA
BIBPOIrPOXOTIB 3 ENIEKTPOMAIHITHUM
NPUBOAOM ANA KNACUDIKALIT CYXUX
MATEPIANIB

Y uiti cmammi po3ansaHymo cxemu pisHUX

8ibpoepoxomie ons Knacugpikauii - cyxux
Mmamepianie Ha 6ydigHuymei, y CinbCbKOMYy
eocnodapcmei, y xapyogili ma nepepobHil
rpomMucI080CMi, y 2ipHU40006y8HIl
npomucnoeocmi ma Ha  mpaHcriopmi. Y
pe3ynbmami rnpoeedeHo20 aHanizy asmopu

Oiiwinu BUCHOBKY PO HU3bKY eekmueHicmb i
HaditiHicmb gidomux eibpoepoxomis. Y npoueci ix
QYHKUIOHy8aHHS 3Ha4yHa 4YacmuHa CrioXueaHoi
eHepaii sumpavyaembCsi Ha MpuUBedeHHs 8 pyX
MacugsHUX pywitiHUx enemeHmie. @akmu4yHO KOXXeH
3 yux eibpozpoxomie pearnisye nuuie 00Hy cxemy
HagaHmMa)XeHHs1 3 8i0HOCHO 8y3bKUM Oiaria3oHOM
3MiHU (1020 OCHOBHUX rapamempie (amrnimydu,

ma mexHoJs102isIx
2022

yacmomu, eHepeii, wo nepedaemscs). Kpim moeo,
iHMeHcueHIi UHaMIYHi HaBaHMa)KeHHs1 He2amueHO
8r1/1u8armb Ha OrOPHI efleMeHmu Uux MawuH, Wo
npu3godums 9o ix weudkoeao 3Hocy. 3 oensady Ha ui

Hedosniku eidomux 8ibpoepoxomie, asmopamu
po3pobrieHo cxemu 800CKOHaeHuUx
8ibpoepoxomie 3 ernekmpoMazHimHUM fpUeodom
ons Knacucbikauyir cyxux Mamepiariis.
3anporioHosaHi  8ibpozpoxomu  3abesnedyyroms
KOMII/IeKCHI cxemu 3agBaHMakeHHs1
06pobrirogaHo20  Mamepiary, wo  cripusie

nidsuLEeHHIO eghekmusHocmi poboyoz20 npoyecy.
B o0dHil i3 yux cxem nepedbayveHi MOxueocmi
3MiHU po3mauiysaHHs efiekKmpomMazHimHux
8i6po3bydxxysauie 8i0HOCHO yHOameHmy.
OcmaHHe doseorisie 3MiHrO8amu cxemy
3agaHMa)xkeHHs1 0bpobreaHo20 Mamepiany 6
3anexHocmi  8i0  (oeo  hi3UKO-MexaHiYHUX
Xxapakmepucmuk.  EnekmpomazHimHut  npugid
yOOCKOHaeHuUx 8ibpozpoxomie dae MOXrugicmsb
p030ifIbHO20 | MOYHO20 peayrneaHHsI OCHOBHUX
napamempie  3agaHmMaXeHHs  Mamepiany 8
wupokomy Oiana3oHi. KoHcmpykuii eibpoepoxomis
He Micmsamb erneMeHmie mepmsi | MacCueHUX
iHepuiliHux ~mac, momy Marmb  ideuWeHy
HalditHicmb |  egbekmugHicmb. Y  cmammi
3arporoHoeaHo OugepeHuiarnbHi PIBHSHHS pyXig
BUKOHaBYUX efleMeHmige  gibpozpoxomis,  sKi
00380/1510Mb ~ BU3HAYUMU IX OCHOBHI pobouyi
napamempu Ha pi3HUX emarnax pobo4o20 yukny. Lli
PiBHSIHHA ~ MOXymb  6ymu  8ukopucmaHi 0nsi
nobydosu mMemoduku KOHCMPYKMUBHO20
PO3paxyHKy 3arpornoHo8aHuUx gibpozpoxomis.

Knroyvoei cnoea: 8ibpozpoxom,
erlekmpomazgHim+uli npueio, Knacugbikauis, cyxut
Mamepiarsi, cXxemMu 3a8aHmaeHHs, MamemMamu4Ha
mooerib.
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