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ELABORATION AND
RESEARCHES OF A VIBRO-PRESS
FOR DEHYDRATION OF DAMP
DISPERSIVE MATERIALS

Vibro-pressing loading is one from most effective methods of
dehydration of damp dispersive materials such as alcoholic bard, beer
pellets, beet press, coffee and barley slime for their further use as
valuable additives to agricultural fodders or as a fuel. Main efficiency
characteristics of the equipment for dehydration by the method of vibro-
pressing loading are: productivity of liquid removal up to 20 + 25t/ h,
energy efficiency 2,7 + 3,2 kW / t, final humidity of processed material
20 + 25%. High efficiency of the method conditioned by periodical
overdistribution of solid particles of processed material in a press-form
of the equipment with their mutual rotations, sliding and movements in
locations of more stable balance, with more dense stacking of particles
and removal of liquid from spaces between them. There are several
types of drives for vibro-pressing equipment: mechanical (unbalanced),
hydraulic and electromagnetic. Each this type of drives has some
advantages and disadvantages. One of tasks of this article is to analyze
these types of drive and to select an optimal variant that will provide
maximal productivity of working process, minimal energy expenses and
humidity of processed material. A scheme of a versatile vibro-press that
can be equipped with unbalanced, hydraulic pulse or electromagnetic
drive is presented in the article. There is elaborated dynamic and
mathematic models of the vibro-press. Equations of the mathematic
model set connection between of working parameters of dehydration
process, design parameters of the equipment and physical-mechanical
characteristics of processed material. These equations can be used as
a foundation for elaboration of a design calculation method for
determination of optimal parameters of the vibro-press depending from
given characteristics of material and parameters of dehydration
efficiency.

Kee words: dehydration, vibro-press, damp dispersive
materials, unbalanced, hydraulic and electromagnetic drive, dynamic
and mathematic models.

methods excel methods of other groups by

of wastes of food and processing productions
(alcoholic bard, beer pellets, beet press, coffee and
barley slime) is actual for some of enterprises of
Ukraine and for other countries. These wastes belong
to damp dispersive materials and in case of their
dehydration to humidity 20 + 25% their hard phase
can be used as a valuable additive to agricultural
fodders or as a high-calorie fuel [1].

For realization of dehydration processes there
are used mechanical, thermal, electro-physical,
chemical and biological methods [1, 2]. Mechanical

productivity and provide significant decrease of
energy expenses, especially in comparison with
thermal dehydration [1]. By the author notion, one
from the most effective methods of mechanical group
is a method of vibro-loading on a vibro-press with the
hydraulic pulse drive [1, 3 — 5]. Main efficiency
characteristics of the equipment are: productivity of
liguid removal up to 20 + 25t/ h, energy efficiency (2,7
+ 3,2 kW /1), final humidity of processed material 20 +
25% [1]. High efficiency of the method conditioned by
periodical overdistribution of solid particles of
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processed material in press-form of the equipment in
course of vibro-blowing loading with their mutual
rotations, sliding and movements in locations of more
stable balance, with more dense stacking and
removal of liquid from spaces between the particles
[1]. In turn all these processes are caused by waves
of tensions and deformations in medium of processed
material in the press-form, that are moved in direction
from its bottom to the punch and backwards under
impact of periodical fluctuations of the press-form and
its shock interaction with a vibro-press foundation [1].

But the vibro-presses with the hydraulic pulse
drive have quite complex design [3 — 5], so an actual
task is improvement of dehydration vibro-presses in
direction of their design simplification and increase of
versatility with keeping of efficiency characteristics of
the equipment.

Besides, high parameters of efficiency are
provided in case of using of a thermo-mechanical
method of dehydration — removal of damp under
impact of secondary thermal energy and mechanical
fluctuations in a closed working chamber [6, 7].

Analysis of last researches and
publications. There are several types of drives for
vibro-pressing equipment: mechanical (unbalanced),
hydraulic and electromagnetic [6]. Each from these
types of drives has some advantages and
disadvantages. One of tasks of this article is to
analyze these types and to select an optimal variant
that will provide maximal productivity of working
process, minimal energy expenses and humidity of
processed material.

The unbalanced drive [5, 6] has most simple
design, relatively low price and high reliability. Vibro-
presses with this drive provide efforts at the executive
element up to 120 kN and more, frequency of its
fluctuations up to 50 Hz and amplitude up to 4 10 m
[6]. Disadvantages of the drive is an impossibility of an
independent regulation of frequency and amplitude of
the loading. Besides, this drive creates a significant
dynamic loading at the equipment foundation.

The hydraulic pulse drive [6] as a kind of
hydraulic drives provides significant efforts at the
executive element — up to 300 kN, frequency up to 150
Hz, amplitude up to 3 10 m and has quite compact
dimensions [6]. The hydraulic pulse drive provides a
possibility of independent stepless and fluent
regulation of loading effort, frequency and amplitude,
but it has high enough complexity and price.

The electro-magnetic drive provides intensive
regime of loading: frequency of fluctuations of an
executive element up to 3000 Hz (some experimental
installations realize frequency up to 30000 Hz),
amplitude up to 2 103 m [6]. Disadvantage of the drive
is quite high energy expenses at the unit of mass of
removed liquid and high price of the equipment.

So, as we can see, each type of the drive for
vibro-pressing equipment can provide an effective
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working process and using of all these types is
prospective.

Purpose formulation. A purpose of the of this
work is elaboration of a scheme of a versatile vibro-
press that can be equipped with unbalanced,
hydraulic pulse or electromagnetic drive. There is
need also to elaborate dynamic and mathematic
models of the vibro-press. Equations of the
mathematic model should set connection between of
working parameters of dehydration process, design
parameters of the equipment and physical-
mechanical characteristics of processed material.
These equations will allow to determine the optimal
parameters of the vibro-press depending from given
characteristics of material and parameters of
dehydration efficiency.

Presentation of main material. There is a
scheme of a vibro-press for dehydration of damp
dispersive materials, elaborated by the article’s author
and presented at the fig. 1. For realization of
dehydration of the portion of processed material there
is need to lift the cross-arm 2 with tubes 4, punch 5
and displacers 17 with help of four hydraulic cylinders
3 in the upper position (see also the cross-section A —
A at the fig. 1). Side slabs 19 and 27 are situated in
positions as on cross-section A — A of the fig. 1.
Processed material from the bunker 1, through the
opened slide-valve 9 and over the chute 10 is fed into
the press-form 11. After filling of the press-form the
slide-valve is closed and the cross-arm with help of
hydraulic cylinders 3 is went down. The punch 5 with
displacers 17 create static mechanical loading of the
portion 24 of processed material in the press-form 11
from above. Then there is turn on a hydraulic pulse
drive of the vibro-press [8] and pressure of working
liquid in chambers of four hydraulic cylinders 16 is
began to change in limits 4 + 12 MPa [2, 8]. As a result,
press-form that connected with plunges of hydraulic
cylinders 16 and the portion of processed material in
it make periodical reciprocal movements with
frequency up to 150 Hz and with amplitude up to 2
mm. At that movements of the press-form upwards
are provided as a result of increased pressure of
working liquid in the cavities of the hydraulic cylinders
16. In course of these movements upwards rods 12
with clamps press the springs 13. Return of the press-
form 11 with the processed material 24 in lower
position is carried out under impact of their own
gravitation and force of resilience of the pressed
spring 13. In the end of each movement of the press-
form in the initial low position it is hit at the foundation
20. So, the portion 24 of material in the press-form 11
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Figure 1 — Scheme of a vibro-press for dehydration of damp dispersive materials:
1-bunker; 2 -cross-arm; 3, 16, 18, 21 —hydraulic cylinders; 4 —tubes; 5—punch; 6, 7 —channels;
8 — vacuum pump; 9 - slide valve; 10 — chute; 11 — press-form; 12 — rods; 13 — springs; 14 -
supports; 15 — belt conveyer; 17 — displacers; 19, 25 — side slabs; 26 — openings; 27 — channels;

28 — vibro-supports

is also exposed vibro-blowing inertia loading from
below. All this creates conditions for effective extraction
of liquid from the processed material that is poured out
through a metallic filtering net on internal surfaces of the
press-form 11, punch 5 and displacers 17 (it is not
shown on the scheme), openings 26, channels 27 (see
the element | on the fig. 1). This liquid is pumped out
through hydraulic lines 6, 7 with help of the vacuum
pump 8. Reciprocal movements of the press-form 11
with the portion 24 of processed material can be
provided with help of four electromagnetic vibro-

exciters 22 (see view D on the fig. 1), that installed
instead of hydraulic cylinders 16 inside of the
foundation 20, or by four mechanical unbalanced vibro-
exciters 23 (see view E on the fig. 1). So, the same
scheme of the vibro-press can be realized at the base
of various types of the drive. After achievement of the
necessary humidity of processed material in the press-
form 11 the drive of reciprocal movements of the press-
form is turned out. Cross-arm 2 with tubes 4, punch 5
and displacers 17 with help of four hydraulic cylinders 3
are raised in the upper position. Side slabs 19, 25 are
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moved by hydraulic cylinders 18, 21 into positions that
presented in the view C of the fig. 1. As a result, the
portion 24 of dehydrated material is pressed out from
the press-form 11 on the belt conveyer 15. Then the
slabs 19, 25 are returned in the initial positions (see the
cross-section A - A on the fig. 1), there is opened the
slide-valve 9 and the next portion of processed material
is loaded in the press-form 11. The described working
process of dehydration is repeated.

Determination of optimal design and working
parameters of the vibro-press (fig. 1) depending from
given parameters efficiency (productivity P, specific
energy expanses E and final humidity Ur of processed
material [1]) should be fulfilled with help of equations of
a mathematic model that include these parameters.

For elaboration of equations of the mathematic
model of the proposed vibro-press we use its dynamic
model, that presented on the fig. 2.
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Figure 2 - Dynamic model of the vibro-
press for dehydration of damp dispersive materials
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At the model are designated such parameters:

m; —mass of the lower executive element of the
vibro-press, that includes masses my of plungers of
four hydraulic cylinders 16 (see also the fig. 1) —in case
of using of the hydraulic pulse drive, mass my of the
press-form 11, masses m; of four rods 12 and mass
mm(t) of the portion 24 of processed material in the
press-form (it is changed in the course of time, because
a part of liquid phase of the material is removed from
the press-form in the course of dehydration process)
[9]:

m(t) =4-my; +4-m. +myr + my(t);
0<t<t, Q)

where t;— durability of the | stage that for a
hydraulic pulse drive with a generator of pressure
impulses “on the exit” is determined by formulas of the
work [8]; for electromagnetic and unbalanced drives
t;is approximately equal to half of a period T of
fluctuation of the press-form 11

t=-T=—, @
where v — frequency of fluctuations of the press-
form 11.
In case of using in the vibro-press of

electromagnetic or unbalanced drive (see views D and
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E on the fig. 1) in the formula for definition of m, there is
need to set instead of the masses m, the masses Mee
of four executive elements of these drives:
my(t) =4 Mg + 4 - my + myp + my,(t);
0<t< t[} (3)

m; —mass of the upper executive element of the
vibro-press, that includes masses mq of four displacers
17, masses m; of four tubes 5, mass m, of punch 5,
mass M, of the cross-arm 2 and masses my, of pistons
and rods of four hydraulic cylinders 3:

my=4-mg+4-m+4-my. +tm,+mey, (4

z;, zy — movements of the masses mj, my;

Fq — driving force from plungers of hydraulic
cylinders 16 or from executive elements of
electromagnetic — 22 or unbalanced — 23 drives of the
vibro-press on the press-form 11,

Fs: — effort, that created by hydraulic cylinders 3
on punch 5 and displacers 17;

Fiwn — force of dry friction in sealings of plungers
of hydraulic cylinders 16 (this force will be absent in
case of using electromagnetic or unbalanced drives).

Fm — force of dry friction in sealings of pistons
and rods of hydraulic cylinders 3;

cm — coefficient of rigidity of processed material
in the press-form 11 [1];

am — coefficient of viscous friction inside of the
portion 24 of processed material [1];

Rm — force of dry friction between particles of
processed material in the press-form 11 and between
the particles and internal surfaces of the press-form;

¢s — coefficient of rigidity of the springs 13;

A working cycle of the lower drive of the vibro-
press, that provides periodical oscillation movements of
the press-form 11 with the portion 24 of processed
material can be divided at two stages:

| stage — movement of the mass m, from the
initial lower position in the upper position;

Il stage — movement of the mass m, from the
upper position in the initial lower position.

So, a differential equation of movement of the
mass m; at the | stage of a working cycle in accordance
with the dynamic model (fig. 2) relatively axle z has an
appearance

mZ;= Fa(t) —myg — Fry () — Cs(zp + ZI) -
—CmZ — AmZ; — Ry, (t); 0 <t <t, (5)
where z,— previous compression of the springs 13.

The driving force F,;(t) for the hydraulic pulse

drive can be determined as
Fat) =4-p.(t)-S;;0<t<t, 6)

where S, — cross-section area of the plunger of
the hydraulic cylinders 16; p.(t) — pressure in working
chambers of the hydraulic cylinders 16 of hydraulic
pulse drive with a generator of pressure impulses “on
the exit’ [8]. Value of p.(t) is changed linearly from
minimal - p.pim 0 Maximal - p.ae. Value pemax
corresponds to the sum of all forces, creating
resistance for movement of the mass m; (see equation
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(5). Stepless and accurate adjustment of values p. in,
Pe.max IS realized with help of the generator of pressure
impulses [8] of the vibro-press.

The driving force F,(t) for an unbalanced drive
is changed in course of the | stage from 0 to maximal
value and again to 0

Fy(t) = 0 whent = 0;
Fy(t) = 4-myw3R,, whent = %; )
Fy(t) =0whent =t

where m,; — mass of rotating elements of one
vibro-exciter 23; w, — pulsatance of its rotation; R; —
radius of fastening of the vibro-exciter.

For an electromagnetic drive value of the driving
force F, is stable in course of all | stage and its equal to
tractive effort on the electromagnetic vibro-exciter 22:

Fq = Fe. (©))

Force of friction F,,(t) in the equation (5) we
can find with help of formula [8]

Frp(t) =0,1-F4(t); 0=t <t, 9)

where F;(t) is determined by the formula (6).

An influence of the R,,(t) one should take into
account only at the final stage of the dehydration
process under direct contact of solid particles of the
portion 24 with each other and with walls of the press-
form 11. But at the beginning of the describing working
process under material’'s humidity 90 + 95% such direct
contact is absent, so for this initial period of the working
process we can take, that R,,,(t) = 0.

For the final period of dehydration in coarse of
the | stage of the working process an approximate
value of the R, (t) one can calculate by equation

R(0) = Fa(t) —myZ — myg — Fepy () —
mn cs(zp +2) = CmZ; — A7

X (Hmm + tmp), 0<t <t (10)

where  ppmm; Hmp - Coefficients  of  friction
between of neighboring particles of processed material
in the press-form 11 and friction between of the
particles and internal surfaces of the press-form.

Then pressure pmi(t) in lower layer of processed
material that has direct contact with the bottom of the
press-form 11 in the course of the | stage of a cycle of
vibro-blowing loading is

Fa(t) —myz — myg — Fpry(t) — ]
. / Sp f
cs(zp +2) = CmZ; — Amz; — Ry ()
0<t<ty, 11
where S, ;- the cross-section area of the press-
form 11.

The formulas (10, 11) were compiled with
consideration of a supposition that the pressure pm(t) is
distributed in medium of processed material inside of
the press-form 11 equally in all directions. From our
point of view this supposition is well founded, because
at the beginning of the dehydration process initial
humidity of processed material amounts 90 + 95% (for
wastes of food productions — alcoholic bard, beer

Pmi ) =
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pellets, beet press, coffee and barley slime), so by
structure they are close to Newtonian liquids [1, 2].

The differential equation of movement of the
mass my at the | stage of a working cycle in accordance
with the dynamic model (fig. 2) relatively axle z has an
appearance
myZy=—Fse — My g + Ferpp + CnZpp + QnZyp + Ry (8);

0<t<t. (12)
Force F;; in the equation (12) can be calculated
as
Fo =4 PeaScas (13)
where p., — an adjusted pressure of working
liquid in rod ends of hydraulic cylinders 3; S, — cross-
section area of the rod end of the hydraulic cylinder 3.

Force of friction Fy,.;,in the equation (12) we can

find with help of the formula
Ffru =0,1-Fg, (14)

where F; is determined by the formula (13).

Force R,,(t)in the equation (12) in the final
period of dehydration in coarse of the | stage of the
working process one can calculate by formula

Ry () :[ Foo +myZy + myg — Feryp — Cpzyp —
_amZII] ' (.umm + .ump); 0<st=<t. (15)

Most intensive movement z;; will take place at
the very beginning of the dehydration process in course
of removal of free liquid phase from layers of the portion
24, that have direct contact with working surfaces of the
press-form 11, displacers 17 and punch 5. At the same
time will realized compression of liquid phase and solid
particles of the portion.

So, the corresponding pressure pmi(t) in an
upper layer of processed material that has a direct
contact with displacers 17 and punch 5 in the course of
the | stage of a cycle of vibro-blowing loading

Foe + myZy +myg — Ferpp—
®=" | /01
Pt CmZi — AmZy — R (2) /Sor
o<t<t,. (16)

After completion of removal from the portion 24
of free liquid phase that located nearby working
surfaces of press-form 11, displacers 17 and punch 5
intensity of dehydration process will be decreased [1].
In coarse of this period of dehydration the movement
z;; in the equation (12) will depend from flow Q(t) of
liquid phase of processed material from internal layers
of the portion 24 to the openings of press-form 11,
displacers 17 and punch 5. The value of the Q) is
determined by change of middle diameter and length of
channels between of solid particles of processed
material in the press-form 11 in course of a cycle of
vibro-blowing loading. Equations for determination of
these parameters of processed material are presented
in the work [1].

An equation for determination of z;; in course of
the final period of the dehydration process and at the |
stage of the vibro-blowing loading of the portion of
processed material has an appearance
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The differential equation of movement of the
mass m; at the Il stage of a working cycle in accordance
with the dynamic model (fig. 2) relatively axle z has an
appearance

—myZ=—Fg(t)+myg — Fr () + ¢5(2, +
+Zl(t1) —z) + (2 (t)) — 2) — Az — Ry (8);

t<t<t. (18)

The driving force F;(t) for the hydraulic pulse

drive can be determined as
Fa(©) =4-p:(t)-Se; t; <t <ty (19)

Pressure p.(t) in working chambers of the
hydraulic cylinders 16 of hydraulic pulse drive with a
generator of pressure impulses “on the exit’ at the |l
stage is changed linearly from maximal - p;ax 1O
minimal - P min-

The driving force F,;(t) for the unbalanced drive
is changed linearly in course of the Il stage from O to
maximal value and again to O

Fy(t) = 0whent =t;;
Fy(t) = 4-myw?R,; when t = %;
F;(t) = 0whent =t;;. (20

For electromagnetic drive value of the driving
force F, is stable in course of all Il stage and its equal
to tractive effort of the electromagnetic vibro-exciter 22
(see the formula (8).

Force of friction Fy,,,(t) in the equation (18) we
can find with help of formula (9) with substitution there
F,(t) is determined with help of the equation (20).

Force R,,(t)in the equation (18) one should
take into account only for the final period of the
dehydration (see above). The approximate value
R,,(t) in coarse of the Il stage of the working process
one can calculate by equation
mZ — Fq(t) + myg — Fpy(t) +

+CS(Zp + Z,(t,) -7+
+em(z(t) — 1) — amz,
X (.umm + “mp)' i<t < 978 (21)

Pressure pm(t) in lower layer of processed

material in the course of the Il stage of a cycle of vibro-

blowing loading is
l / Spr s

R (t) = X

mZ; — Fq(t) + myg — Fppy (8) +
+cs(zp + Z,(t,) -z +

Prur(t) = +em(z(t) — 2p) —
a7 — R, (t) ]
t,<t<t,. (22)

The differential equations of movement of the
mass my at the Il stage of a working cycle and for
change of pressure pmi(t) in the upper layer of
processed material are the same as for the | stage (see
formulas (12 — 17).

Equations and formulas that connect main
working parameters of vibro-blowing dehydration and
physical-mechanical characteristics of the processed
damp dispersive material with parameters of efficiency

10
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(productivity, specific energy expenses, final humidity
of processed material) presented in the work [1].

Conclusions. 1. Mechanical methods are most
effective for dehydration of damp dispersive materials
because in comparison with thermal, chemical, electro-
physical and biological methods they provide higher
productivity of the working process and lower specific
energy expenses.

2. One from prospective mechanical methods of
dehydration is a method of vibro-blowing loading in a
closed press-form. Vibro-presses for realization of the
method can be equipped with mechanical
(unbalanced), hydraulic or electromagnetic drive. Each
from these drives has some advantages and

disadvantages.
3. A scheme of versatile vibro-press that can
brought with unbalanced, hydraulic pulse or

electromagnetic drive is presented in the article. The
vibro-press has simple and reliable design, provides
high intensity of loading of processed material in the
closed press-form and high productivity of dehydration
with minimal energy expenses.

4. There are elaborated differential equation of
movement of executive elements of the vibro-press in
course of two stages of its working cycle. The equation
connects main working parameters of process of vibro-
blowing dehydration (pressure, created by executive
elements of the vibro-press in upper and lower layers
of processed material in the press-form, amplitude and
frequency of the press-form fluctuations), design
parameters of the vibro-press and physical-mechanical
characteristics of processed material. These equations
can be used as a foundation for creation of a method of
design calculation of the proposed vibro-press.
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PO3POBKA TA OOCNIMXEHHA BIBPOMNPECA
AnA 3HEBOAHEHHA BONOIrnxX AUMCNEPCHUX
MATEPIANIB

Bi6poripecysaHHsi € OOHUM 3  Halbinbw
epekmusHUX  mMemoldie  3HEBOOHEHHSI  80102UX
oucriepcHUX Mamepiarie, maKux 5K criupmosa 6apda,
nueHa OpobuHa, 6ypsikosul xoM, Kagosuli ma
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SYMIHHUG winam, 0718 nodarnbuwiogo X 8UKOPUCMAaHHS
5K YiHHUX Ao6asoK G0 CirbCbK020Cr00apChbKUX KOPMIe
abo sk nanuea. OCHOBHI napamempu egheKkmueHocmi
obrniadHaHHs ons 3HEBOOHEHHST memodom
8i6ponpecoso20 HaBaHMAaXEHHS: MPOOYKMUBHICMb
3a 3HeBOOHeHUM mamepianiom 00 20 + 25 m/eod,
eHepzoegpekmusHicms 2,7 + 3,2 kBm/m, kiHuesa
gorioeicmb Mamepiany, wo nepepobnsemscsi 20 +
25%. Bucoka egexkmusHicmb memody obymoesrneHa
repiodu4yHUM r1epepo3rodineHHsIM meepoux
YacmuHOK Mamepiarly, wo nepepobrisemsbCsi 8 npec-
¢popmi 0briadHaHHS 3 iX 83aEMHUMU 0bepmaHHSIMU,
KOB3aHHSIM | MEPEMIlUEHHAM 8 MOMOXeHHs Oinbw
cmitikoi' pieHogaau, 3 6inbW WinbHUM yKiia0aHHSIM
YacmuHOK | 8UOaneHHsaM PIOUHU 3 MPOMDKKIE MK
HUMU. IcHye Kinbka murig rpusodie 8ibpornpecosozo
obriaGHaHHs: MexaHiqHul (GebarnaHcHul),
eifpasniyHut ma enekmpomazHimHul. KoxeH i3 yux
munig ripugodie mMae c80i rnepesasu ma HedOosiKu.
OO0OHuUM i3 3a80aHb uiei cmammi € aHarni3 yux murie ma
8ubip onmumaribHO20 eapiaHmy, KUl 3abesanedyums
MakcumarsibHy MpoldyKmueHicmb poboYo20 Mpoyecy,
MiHiMarnbHi  eHepzosumpamu  ma  8osioeicmb
06p0obeaHo20 Mamepiarty. y cmammi
rpedcmasrieHo cxeMy yHigepcarbHO20 8ibporipecy,
skuld Moxe 6ymu ocHaweHul  debanaHCHUM,

2IOpOoiMmIybCHUM abo esIeKmpoOMazHimHUM
rpusodom. Po3pobrieHo OuHaMiyHy ma
mamemamudHy — modeni  eibporipecy.  PigHsIHHS

MamemamuyHoOi MoOesli 8CmaHOo8sIoIMb 368'930K MiXK
poboyumu rapamempamu  rpouecy 3He8OOHEHHS,
KOHCMPYKMUBHUMU rnapamMempamu obsiaOHaHHS ma
i3UKO-MeXaHIYHUMU Xapakmepucmukamu
Mamepiary, wo nepepobrsgemscs. Li pieHsHHSI MOXe
6ymu roknadeHo 8 OCHO8Y PO3pPObKU MemoOuKU
MPOEKIMHOZ20 PO3paxyHKy onmumMasibHUX rnapamempie
sibporipeca 3arnexHo 8i0 3adaHux Xapakmepucmuk
Mamepiarly ma  napamempie  egekmusHocmi
3HEBOOHEHHS.

Krnro4osi cnoga: 3HeBOOHEHHS], 8ibporipec,
gorioei  ducniepcitiHi - mMamepianu, debanaHcHUU,
2ifpasniyHuli  ma  enekmpomazHimHul  rpueio,
OuHamiyHa ma Mamemamu4yHa Mooerii.
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