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IMPROVING THE DESIGN OF THE BRUSH MACHINE
FOR GRAIN

Abstrakt

The quality of the finished products of flour mills largely depends on the efficiency of grain cleaning equip-
ment, in particular, on those intended for cleaning the grain surface from dense deposits of organic and mineral dust.
In modern conditions of an acute shortage of household drinking water, when the use of washing and washer-hulling
machines becomes impractical or completely impossible, the role of equipment for dry processing of grain surfaces -
scouring and brushing machines - is significantly increasing. Scouring machines separate high-ash dust deposits from
the surface of the grain, separate the embryo and bangs, destroy clods of earth commensurate with the grain, and also
lead to partial peeling of fruit shells. But they cannot remove dust and microorganisms from the groove of the weevil.
This task - in the absence of washing and washer-hulling machines - is solved exclusively by brushing machines. They
remove dust and microorganisms from the groove, the remains of dust, embryos and bangs, fruit shells torn by the peel-
ing machines, and reduce the ash content of the refined grain by 0.02 ... 0.03%. And although the efficiency of the
brushing machines is less than the efficiency of the scourers, they are irreplaceable at the final stages of cleaning the
grain surface. The decisive influence on the efficiency of the operation of brushing machines is created by the technical
condition of the working bodies and the size of the working gap between the brush rotor and the brush deck, which
should be 4 ... 8 mm. However, over time, the brush surfaces of the rotor and deck will wear out, become dirty, clogged
with dust and deform - the bristles get a slope and the working gap increases. In many respects, this is corrected by
regulation with a special adjusting mechanism. But its capabilities are limited, and the longer the brush is used, the
more often the regulation is required and the less effective it becomes. Specialists from many countries are engaged in
the improvement of brush machines: Russia, Switzerland, Poland, etc. An overview of the designs and functional dia-
grams of machines of various companies, as well as inventions and patents in this area, can contribute to the improve-
ment of the AI-BLI[M-12 brush machine, which is most often used in production lines of domestic enterprises.

Invention "Brush machine for cleaning grain surface” for copyright certificate No. 459248 is just about the
equipment for cleaning wheat and rye. The aim of the invention is to improve the efficiency of processing the surface of
the grain by lengthening the path of its friction along the working surfaces of the rotor and the deck and continuous
extraction of particles separated from the grain over the entire surface of the deck. For this, the proposed machine has
a deck, which consists of a set of cylindrical brush rollers that rotate in mutually opposite directions. Externally, the
deck is covered by a sieve shell, which can be made corrugated to increase the grain cleaning effect. The working area
is formed by a rotary brush rotor and a brush-roller deck. Rollers of odd numbers rotate in the direction opposite to the
direction of rotation of the rotor at half the speed, and rollers of paired numbers rotate at the same speed as odd num-
bers, but in the same direction as the rotor. Grain in the working area goes through a complex zigzag path, after which
it is blown with air and goes outside. To compensate for the wear of the brushes and regulate the size of the working
gap, the axes of the rollers on both sides are installed in the radial grooves of the two fixed sidewalls and simultaneous-
ly in the inclined grooves of the rotary plates mounted on the cylindrical protrusions of these sidewalls. Since the total
surface area of the brush rollers is almost 4 times larger than the deck area of the AI1-BII[M-12 machine, the specific
load on the surface of the rollers is significantly reduced, which guarantees a longer and more efficient operation of the
brush machine.

Key words: grain brushing machine; ash content of grain; groove; brush rotor; brush rollers; working clearance.
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Introduction

The quality of the finished products of flour
mills largely depends on the efficiency of grain cleaning
equipment, in particular, on those intended for cleaning
the grain surface from dense deposits of organic and
mineral dust. In modern conditions of an acute shortage
of household drinking water, when the use of washing
and washer-hulling machines becomes impractical or
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completely impossible, the role of equipment for dry
processing of grain surfaces - scouring and brushing ma-
chines - is significantly increasing.

Scouring machines separate high-ash dust de-
posits from the grain surface, separate the embryo and
bang, destroy clods of earth, commensurate with the
grain, and also lead to partial peeling of fruit shells. But
they cannot remove dust and microorganisms from the
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groove of the weevil. This task - in the absence of wash-
ing and washer-hulling machines - is solved exclusively
by brushing machines.

They remove dust and microorganisms from the
groove, the remains of dust, embryos and bangs, fruit
shells torn by the peeling machines, and reduce the ash
content of the refined grain by 0.02 ... 0.03%. And alt-
hough the efficiency of the brushing machines is less
than the efficiency of the scouring machines, they are
irreplaceable at the final stages of cleaning the grain sur-
face. The decisive influence on the efficiency of the op-
eration of brushing machines is created by the size of the
working gap between the brush rotor and the brush deck,
which should be 4 ... 8 mm.

However, over time, the brush surfaces of the
rotor and deck will wear out, become dirty, clogged with
dust and deform - the bristles get a slope and the working
gap increases. In many respects, this is corrected by regu-
lation with a special adjusting mechanism. But its possi-
bilities are limited, moreover, the further, the more often
and less effective regulation becomes. Specialists from
many countries are engaged in the improvement of brush
machines: Russia, Switzerland, Poland, etc. An overview
of the designs and functional diagrams of machines of
various companies, as well as inventions and patents in
this area, can contribute to the modernization of these
machines in order to increase their efficiency and opera-
tional reliability.

Brush machines A1-BIIIM-12 are installed at
the third stage of grain preparation for high-quality mill-
ing of wheat grain [1], where the final cleaning is carried
out - ash content reduction in the second-pass scraper
machines with an abrasive surface, secondary processing
in air-sieve separators and stone pickers, "Cold" condi-
tioning, after which the grain is processed in brushing
machines in order to more thoroughly clean it from high-
ash particles of organic and mineral dust, remnants of the
embryo and bangs, torn fruit membranes, followed by
passing through an aspiration column or aspirator. The
raw material for the A1-BIIIM-12 brushing machine is
wheat and rye grain, which was processed in the previous
machines of the production line of the grain cleaning
department of the flour mill, including in the second-pass
scouring machines.

Wheat and rye kernels have an elongated shape,
which is ovoid, oval and barrel-shaped. The most com-
mon grain is oval and ovoid. The convex side of the
grain is called the back, and the opposite is the ab-
dominal, along which there is a groove of various depths.
The groove is narrow, medium and wide in width, and
shallow, medium and deep in depth (when the base of the
groove is located deeper than the center of the grain).

The structure of the rye grain is very close to the
grain of wheat. By shape, weeds are distinguished wide,
long, narrow, long, wide, short, and narrow, short, with a
fairly deep groove. It is in the groove of the grain that
dust particles can remain that cannot be removed in the
scouring machines. At the same time, this dust increases
the ash content of the grain and the flour produced. Min-
eral dust in flour creates a crunchy sensation during
chewing, not allowed by the standard. Therefore, the role
of brushing machines in preparing grain for grinding can
hardly be overestimated.
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Raw materials entering the brushing machines
are pre-processed in air sieve separators, triers, stone
separators, magnetic separators and scouring machines.
All this contributes to the preservation of the brush work-
ing bodies from wear, but all the same, over time, the
brush surfaces become dirty, deformed, worn out and
lose the ability to perform the intended functions with the
required efficiency during the entire period of operation.
Therefore, the elimination of this drawback is an urgent
task that must be solved in this work.

The A1-BIIIM-12 machine [2] performs the fol-
lowing operations: uniform distribution of the initial
grain mixture along the entire length of the brush work-
ing bodies; additional cleaning of grain from metal-
magnetic impurities; preliminary blowing of the grain
mixture with air flow; intensive processing of the grain
layer in the working gap between the rotating brush rotor
and the stationary segment brush deck; final blowing of
the grain mass at the exit from the working area with an
air stream operating on the counter-current principle;
removal of dust and other aerodynamically light particles
from the machine - products of grain processing; evacua-
tion of cleaned grain leaving the working area by gravity
through two collecting and output funnels.

The grain enters the working area formed by a
rotating brush rotor and a stationary segment deck, pivot-
ally fixed and connected to a worm-screw regulator of
the working gap size, which from the product outlet
should be equal to 2 ... 3 mm to the brush pile. This cor-
responds to the position of the pointer scale in 1 ... 1.5
divisions. The wear and deformation of the bristles of the
brushes accompanying the operation of the machine re-
quire periodic adjustment of the size of the working gap,
focusing on the quality of the processed products. After
reaching division 16 on the pointer scale, the brush tools
must be replaced. It should be recalled that one of the
reasons for the excessive intensification of brush wear is
the pressing of the deck against the brush rotor. This is
considered unacceptable and should be well known to the
machine shop personnel. Normal and efficient operation
of the brushing machine is possible only if the initial
product is evenly distributed along the length of the
working gap, which is provided by the distributor. To do
this, it must be in good condition and adjusted, otherwise
the uneven distribution of grain leads to uneven wear of
the brushes, which in turn creates an uneven working gap
and adversely affects the efficiency of the brush machine.
Therefore, the technical condition of the feeder-
distributor, its valves, adjustment of the position of the
counterbalance levers are the object of constant attention
from the maintenance personnel. It is equally important
to constantly monitor the technical condition and tension
of the V-belt transmission belts of the brush rotor drive,
preventing belts from slipping and reducing the rotor
speed.

The efficiency of the operation of brushing ma-
chines is assessed by the coefficient of reducing the ash
content of the grain

AZ=7, - Z,,% (1)

where Z, and Z, ash content of the original grain
and grain after processing in a brush machine,%.
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Fig. 1. Scheme of a brush machine for cleaning the surface of grain according to the invention by Author witness
No. 459248: 1- receiving and distribution device; 2-brush rotor; 3-brush roller deck; 4-corrugated sieve surface;
5-regulator of the working gap between the rotor and the deck; 6 and 7 - collection and outlet pipes

During normal operation of brush machines, the
ash content decreases by 0.02 ... 0.03%, and the ash con-
tent of the generated waste is 5 ... 6.5%. The brushing
machines, in comparison with the rolling machines, have
less influence on the efficiency of cleaning the grain sur-
face. They are used mainly for final, final cleaning. In
brushing machines, under the abrasive influence of the
working bodies, the surface of the weevils is polished. At
the same time, a significant part of the high-ash particles
that are still left on the surface of the grain are separated.
In this respect, brushing machines are irreplaceable. An
additional indicator of the effectiveness of the A1-BIIIM-
12 brushing machine is the content of normal grain in the
aspiration ratio. If this factor exceeds 2%, then the air
speed inside the machine must be reduced, and the air
consumption for aspiration must be adjusted within the
envisaged limits - 3500 m3 / h. It should be noted the
peculiarities of the preparation of wheat grain during
pasta grinding. In the case of mechanical transportation
of durum wheat grain, at the first stage, soft peeling ma-
chines are used, and during pneumatic transportation -
brush machines, which provide a "softer" processing
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mode and a decrease in the probability of grain crushing.
The durability of the brush working bodies largely de-
pends on the effectiveness of the magnetic separator,
since the presence of metal-magnetic impurities in the
grain causes accelerated wear of the brushes. Therefore,
periodic monitoring of the magnitude of the final mag-
netic induction (at least once a year) or the lifting force
of the magnets and the timely cleaning of the magnets
from the removed metal-magnetic particles refer to the
conditions of long-term and efficient operation of the
brush machine.

Brush machines A1-BIIIM-12, which is used to-
day at the enterprises of the industry, are characterized by
relatively low efficiency. This is due to a certain imper-
fection of the design itself, which does not provide a suf-
ficiently long stay of the grain under the influence of the
brush working bodies: with a brush rotor diameter of
0.362 mm and an arc length of its coverage by a deck
with a central angle of about 200°, the product path with-
in the working area does not exceed 0.6 m. In addition,
the durability of the brush surfaces - especially the deck -
is insufficient. Therefore, it is advisable to use the pro-
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posed invention "Brush machine for cleaning the surface
of grain" [3], which is aimed at improving the brush
deck. According to this proposal, the brushing machine
(Fig. 1) consists of a receiving- distributing device 1, a
brush rotor 2, a brush deck 3, a corrugated sieve surface
4, a mechanism 5 for adjusting the size of the working
gap, and collecting and outlet pipes 6 and 7. The machine
is in operation in the following way. The initial grain
mixture enters the receiving-distributing device, which
distributes it evenly over the entire length of the working
gap between the brush rotor and the brush deck. Since
the deck rollers rotate opposite each other, the grain
moves along a sinusoidal path, sequentially passing
through the gap between the rotor and the roller rotating
towards the rotor, and then through the gap between the
screen surface and the roller, which rotates in the same
direction as the rotor. With this movement of grain, the
duration of processing of its surface increases, which
contributes to an increase in the efficiency of separation
of torn shells, dust, etc. from the grain, almost directly in
the places of their formation. This possibility reduces
contamination of the brush working bodies during the
operation of the machine and increases their durability,
which is also very important. The processed grain comes
out separately from the waste, which is evacuated
through nozzles 6. The brushing machines are installed,
of course, after the second pass beaters. Therefore, at the
moment, torn fruit membranes remain on the surface of
the grain, partially - the embryo and bangs, as well as
organic and mineral dust located inside the groove on the
"belly" of the caryopses. Since the ash content of the
shells reaches 6 ... 9%, and the ash content of the endo-
sperm is 0.3 ... 0.6%, the separation of torn shells in an
amount of 0.2 ... 0.3% of the grain weight helps to reduce
the ash content of the grain prepared for grinding. It is
clear that removing bang particles, germ and dust resi-
dues will also reduce ash content. Therefore, the role of
brushing machines in the grain cleaning process is quite
significant, especially in the manufacture of high-grade
flour.

The efficiency of the brushing machines is char-
acterized by a decrease in ash content by 0.02 ... 0.03%,
which directly depends on the length of the path that the
grain mass travels in the gap between the brush surfaces
of the rotor and the deck. In the existing construction,
this length Lpo0 is

Lp06: K'Tc'ﬂp >

@

)
where K T ¢ is the angle of coverage of

the rotor by the deck, which in the BShM-12 machine is
201°.Then K =201 360 = 0.558. Since the diameter of
the rotor - JI, - is 362 mm, then L,,5=0.558 - 3.14-0.362
=0.63 m.

If we assume that the manufacture of the im-
proved brush deck with six brush rollers corresponds to
that shown in the functional diagram (Fig. 1), then the
product path length after the upgrade

O3 = Lo+ 4md o, = 0,63 +43.14:0.152 = 2.5 w,

where d,o; - is the diameter of the roller, from
design considerations we will take 0.152 m. Thus, the
length of the path traversed by the product in the working
environment of the modernized brush machines L
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(slave) ~ mod to the length of the path in the A1-BIIM-
12 machine is: I.P” i Lg,e =2.5:0.63 = 4.0. Since not
everything in the grain will pass the path corresponding
to the wavy trajectory bypassing the rollers, and only a
part - approximately 50% of the total product consump-
tion, the ratio LP[I :Lyge will be taken equal to 2. It can
be assumed that in this case, the decrease in ash content
will increase 2 times and amount to 2 - (0.01 ... 0.03)% =
(0.02 ... 0.06)%. If we assume that the absolute figures
are somewhat exaggerated, then the tendency to increase
efficiency is obvious anyway, which confirms the expe-
diency of modernizing the brush machine precisely by
improving its deck. Invention "Brush machine for clean-
ing grain surface" for the author's certificate No. 459248
solves exactly this problem, since it refers to equipment
for cleaning grain in preparation for grinding, which can
be used, for example, in the flour-grinding industry as
part of the production lines of grain cleaning shops. The
implementation of this proposal requires a number of
engineering developments, namely: the development of a
kinematic diagram of the drive of the brush working bod-
ies - the rotor and rollers, as well as the design of the
device for regulating the size of the working gap between
the rotor and the rollers. The kinematic scheme of the
drive is shown in Fig. 2.

The drive of the brush rotor in rotation with a
frequency of n, =325 rpm is carried out from an electric
motor with a synchronous frequency of the rotor n.,, =
1000 rpm using a V-belt transmission. To regulate the
center-to-center distance of this transmission, a hinged
swinging sub-motor plate with tension bolts was used.
The brush rollers are driven from the brush rotor shaft.
For this, there are two chain drives located to the right
and left of the rotor - three rollers are driven on each
side. The odd rollers are driven by a chain drive, which,
relative to the central drive sprocket, works with the out-
side, and even ones with the inside. This ensures the re-
quired direction of rotation of the rollers: rollers No. 1, 3
and 5 rotate opposite the direction of rotation of the brush
rotor, and rollers No. 2, 4 and 6 in the same direction as
the rotor. Both chain drives are tensioned by spring-
loaded pressure wheels. Adjustment of the size of the
working gap between the surfaces of the brush rotor and
the brush rollers, according to the kinematic diagram, is
carried out by simultaneous movement of all six rollers
in the radial direction relative to the center of the rotor.
The sliding bearings of the roller axles sit in the radial
grooves of the fixed sidewalls. The length of the grooves
corresponds to the stipulated adjustment interval for the
size of the working gap, taking into account the limits of
the permissible value of brush wear. At the same time,
the axes of the rollers pass through the inclined grooves
in the overhead swivel plates (cheeks), which have the
ability to return relative to the sidewalls. For this, there
are cylindrical protrusions on the inner sides of the side-
walls, coaxial with the longitudinal axis of the rotor.
Toothed segments are attached to the overhead cheek
plates, which mesh with two gears. The gears are at-
tached to the ends of the auxiliary shaft parallel to the
rotor axis. The shaft is turned manually through a worm
gear with a flywheel and a pointer arrow, which interacts
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Fig. 2. Kinematic scheme of the drive of the improved brush machine

with a stationary dial scale. The features of the function-
ing and calculation of the regulating device are shown in
Fig. 3, containing a functional scheme of the device (Fig.
3, a) and its design scheme (Fig. 3, b).

The drive of the brush rotor in rotation with a
frequency of n, =325 rpm is carried out from an electric
motor with a synchronous frequency of the rotor n., =
1000 rpm using a V-belt transmission. To regulate the
center-to-center distance of this transmission, a hinged
swinging sub-motor plate with tension bolts was used.
The brush rollers are driven from the brush rotor shaft.
For this, there are two chain drives located to the right
and left of the rotor - three rollers are driven on each
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side. The odd rollers are driven by a chain drive, which,
relative to the central drive sprocket, works with the out-
side, and even ones with the inside. This ensures the re-
quired direction of rotation of the rollers: rollers No. 1, 3
and 5 rotate opposite the direction of rotation of the brush
rotor, and rollers No. 2, 4 and 6 in the same direction as
the rotor. Both chain drives are tensioned by spring-
loaded pressure wheels. Adjustment of the size of the
working gap between the surfaces of the brush rotor and
the brush rollers, according to the kinematic diagram, is
carried out by simultaneous movement of all six rollers
in the radial direction relative to the center of the rotor.
The sliding bearings of the roller axles sit in the radial
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grooves of the fixed sidewalls. The length of the grooves
corresponds to the stipulated adjustment interval for the
size of the working gap, taking into account the limits of
the permissible value of brush wear. At the same time,
the axes of the rollers pass through the inclined grooves
in the overhead swivel plates (cheeks), which have the
ability to return relative to the sidewalls. For this, there
are cylindrical protrusions on the inner sides of the side-
walls, coaxial with the longitudinal axis of the rotor.
Toothed segments are attached to the overhead cheek
plates, which mesh with two gears. The gears are at-
tached to the ends of the auxiliary shaft parallel to the
rotor axis. The shaft is turned manually through a worm
gear with a flywheel and a pointer arrow, which interacts
with a stationary dial scale. The features of the function-
ing and calculation of the regulating device are shown in
Fig. 3, containing a functional scheme of the device (Fig.
3, a) and its design scheme (Fig. 3, b).

The scheme shows: 1 fixed sidewall; 2-radial
groove; 3-swivel cheek plate; 4-sloped slot in the return
plate; 5-axis of the brush roller in the extreme (close to
the center) position - point O;. Point O, shows such a
position of the swivel cheek plate when the axis 5 is at
the maximum distance from the center. The rotation of
the cheek 3 in the direction of the arrow C (in the dia-
gram) leads to a radial displacement of the axis of the
roller 5 from point b to point O;, which in the extreme
position is aligned with point O,. For this, the cheek 3
must turn through a certain angle p. Let us denote the lateral
plane of the groove 4 by the letters A - A. The point of con-
tact of the axis of the brush roller 5 with the plane A-A is
denoted by the letter A. The lateral plane of the radial

g
Fig. 3,a. Functional scheme of the device for adjusting
the size of the working gap: 1 - sidewall irregularity;
2 - radial groove; 3 rotary cheeks; 4 - inclined groove
in the cheek 3; 5 - brush roller in the extreme posi-
tion, close to the center - point O,.

(P, 0)sina

P sina.

(P, 0)cos a

b

Fig. 3, b. Design scheme of the device for adjusting the size of the working gap:

A-A - side plane of the groove A-A; Bb-b - side plane the radial groove of the fixed sidewall; b - the point of con-
tact of the plane B-b with the roller axis; P is the force with which the surface of the cheek 3 acts on the roller
axis at point A; a is the angle of inclination to the horizon of the longitudinal axis of the groove 4; F is the friction
force between the axis 5 of the brush roller and plane b-b.
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/7,

dyoa - roller diameter;

Jp - the diameter of the brush rotor; A is the gap between the brush surfaces of the rotor and the rollers; a is the
central angle of the arc A-A; np and npoua - rotor and roller speed

groove of the fixed sidewall is denoted by b-b, and the
point of its contact with the roller axis - by the letter b.
When the cheek is turned in the direction of arrow C, it
acts on the roller axis by a conventionally horizontal
force P applied at the point of contact A. If the angle of
inclination of the longitudinal the axis of the slot 4 to the
horizon is designated a, then the components of the force
P can be designated Psine and Pcos e, The component
Psine applied to the plane B-b at point b. Its compo-
nents are shown in the diagram in Fig. 3, ©: radial -
Pzine:coze and normal Prine :zing. The radial
component, overcoming the friction force F, leads to the
displacement of the roller axis along the plane b-b. The
condition of this displacement is
Psine-cose = F. Since F = fP, and the coefficient of
friction f= tan ¢ . where g is the angle of friction of the
axis along the plane B-b, then after transformations, we
obtain the condition for the sliding of the axis 5 along the
surface b-b in the form

o <90°- o. (3)
Determination of the diameter of the brush roller d,; is
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carried out according to Fig. 4. The length of the arc A -
A corresponding to the central angle a is equal to
LA.A =T[',Z[p06ﬁ , mm, (4)
where [, are the diameter of the circle of the
centers of the rollers Hyo5 = dpox + 2A + J1,, mm. But, on
the other hand,
La-a = (Z-1)(dpos+A4) , mm. (5)
If we equate the right-hand sides of expressions
(4) and (5), we get the equation

M(dport 2041 = (Z = 1) (dpoq + 4) (6)
where Z = 6 - the number of brush rollers, taken
constructively.

Since a = 172°, then after transformations, we
get dyor =152 mm.

Conclusions

Thus, based on the proposal of the invention No.
459248, it is possible by calculation to determine the
design and kinematic parameters of the brush-roller deck,
which is advisable to use in the improved brushing ma-
chine A1-BIIIM-12.
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YAOCKOHAJIEHHS KOHCTPYKIII INITKOBOI MAIITHHH JIJ1 3EPHA

Anomauisn

Axicmeb 20mogoi npooyKyii MyKOMenbHUX 380016 3HAUHOIO MIPOIO 3ANeXHCUMb 8i0 ePeKMUBHOCHI 3ePHOOYUCHO20 001a0-
HAHH5, 30Kpema, 610 NPUSHAYEH020 OJi OYULYEHHs NOBEPXHI 3ePHA 610 WINbHUX NOKIAOI8 OP2AHIYHO20 | MiHepanbHO20 nuy. B cyuac-
HUX YMOBAX 20CMPo20 Oeiyumy 20cno0apcbKo-numHoi 600U, KOau 3ACMOCYBAHHA MULHUX | MULHO-TYWUTOHUX MAWUH CTNAE HEOO-
YinbHUM DO 308CIM HEMONCIUBUM, 3HAYHO NIOCUNIOEMbCS PO 00NAOHAHHA Onsl cyXoi 06pobKU nogepxHi 3epHa — 0OOUBATLHUX |
wimkogux mawiun. O66usanbLHI MAWUHY 8IOOKPEMIIOIOMb 6i0 NOBEPXHI 3ePHA BUCOKO30MbHI NUNO0GI GIOKIAOEeHH s, GI0OKPEMAIOIONb
3apoO0oK i 4yOoK, pYUHYIOMb PYOKU 3eMili, CRIBPOIMIDHI 3 3ePHOM, A MAKOMC NPU3800SMb 00 YACMKOB020 JYUEHHSL NI0008UX 060710~
HOK. Alle 60HU HECNPOMOICHT SUTYYUMYU NUL | MIKpOOp2aHizMu 3 60po3eHKU 3epHisok. Lo 3a0avy - 3a giocymumocmi Mutinux i muti-
HO-TYWUTIbHUX MAWUH - SUDIULYIOMb GUKTIOYHO WIMKO8I Mawuny. Bonu eunyuaioms nun i mikpoopeanismu 3 60po3eHKU, 3aTUMKU
nuny, 3apooka i uybxa, HadipeaHi 06OUSANLHUMU MAWUHAMU NA0O008I 0OONIOHKU | 3MEHUYIOMb 30AbHICMb OYULEHO20 3epHA Ha
0,02...0,03 %. I xoua egpexmugnicmo wjimko8ux Mauiun MeHwa 3a epekmugHicms 000UBATLHUX, HA 3ABEPUIATLHUX eMANax O4UlyeH-
Hsl NOGEPXHI 3ePHA BOHU He3aMiHHI. Busnauanvuuil éniue na egpexmugHicmy Oii’ Wimkosux MAuUH CMEopoe MexXHIYHUuLlL cmaH pooo-
uux opeawis i eeauuuHa pobo1020 3a30pa Midc WIMmKOBUM POMOPOM | WiIMK0BOI0 0eKoIo, AKa nosunna dopigniogamu 4...8 um. Oo-
HAK, 3 4ACOM WimKOGI NOBEPXHI pomopa i 0eKu 3HOWYIOMbC, 3a0pYOHIOIOMbCS, 3a0UBAIOMbCA NUAOM | 0e)OPMYIOMbCA — WemuHa
ompumye yxun, i pobouuil 3azop 36invutyemocs. Ilesnoio mipoio ye Kopezyioms WAAXOM pecynio8anHs CneyianbHuUM peynio8anbHUM
MexanizsmMom. Ane 1020 MOANCIUBOCME 0OMEdICEHT, 00 MO20 JHC, YuUM Oali, MUM yacmiuie i MeHul epeKmueHiule Cmae pecyuo8anHsi.
Yoockonanennsm wimxosux mawun 3aimaromecs gaxieyi 6azamvox xpain: Pocii, eeiyapii, Iorvwi i in. O2ni0 Koncmpykyitl i
DYHKYIOHANbHUX CXeM MAuuH PI3HUX ipM, a MaKodic GUHAX00I6 [ NAMeHmie y Yill 2any3i, Modice CRPUIMU YOOCKOHAIEHHIO WiImKO-
60i mawunu A1-BLLM-12, axy naiiuacmiwe 3acmocogyioms y HOMOKOBUX JIHIAX GIMUUIHAHUX RIONPUEMCING.

Bunaxio «ll]imxoea mawuna 015 ouuwjeHHs nogepxui 3epuay 3a agmop. cgio. Ne459248 sxkpaz i cmocyemucs obraonanms
O/ OYULYeHHsl 3ePHA NUeHUYT I Jcuma.

Memoto sunaxody € nioguwjenna eghexmusHocmi 06poOKU NOBEPXHI 3ePHA 3a PAXYHOK NOOOBICEHHS WINAXY 1020 mepms no
PobOYUM NOGEPXHAM pOMOpaA i OeKu i HenepepeHo2o GUNYUEeHHs GI0OKpEMACHUX 8I0 3epHa YACMUHOK NO YCill nosepxHi dexu. . J{na
Yb020 3aNPONOHOBANA MAUWUHA MAE OEKY, AKA CKIA0AEMbCA 3 HADOPA YUNTHOPUYHUX WIMKOBUX POTUKIG, AKI 06epmalomucs y 63aem-
HO NPOMUNENCHUX HANPSIMKAX. 306Hi 0EKy OXONIIOE CUumoga obuuaiika, sika Modce Oymu 3pobiena 2opposanoro s 30ibuleHHs
egexmy ouuwenHa 3epHa.

Poboua sona cpopmosana obepmanvHum wimkosum pomopom i Wimkoeo-poauKosoio dexorw. Ponuku nenapnux nHomepis
06epmalomvcs y HANPSAMKY, NPOMULEICHIM HANPAMKY 00epmanHs pomopd, 3i WeUOKICmIO 608iui  MEHWI010, a POAUKU NAPHUX HOMe-
Pi8 3 maxoro dice weUOKicmIo, 5K i HenapHi, ane 6 moii Jice OiK, wo i pomop. 3epHo 8 pobouili 301 NPOXOOUMb CKIAOHUT 3123A20N00i-
OHULL WISIX, NICTA 4020 NPOOYBAEMbCS NOGIMPAM | UXOOUMb HA306HIL. [ KoMReHcayii 3HOCY WIMOK I pe2ylito8anHs 6eIUYUHU PO-
601020 3a30pa, oci ponuKie 3 060x OOKI6 6CMAHOBIEHI 8 PAIATLHUX NA3AX 080X HEPYXOMUX OOKOBUH | OOHOUACHO 6 NOXUIUX NA3aX
NOBOPOMHUX NNACMUH, 6CIMANOGNEHUX HA YUTTHOPUHHUX ucmynax yux 6okosut. OCKiNbKU cymapHa naowja noGepxHi  wiimkoeux
poaukie matidice 6 4 paszu nepesuwyye niowsy oeku mawunu BI[M-12, mo numome naganmasicenns noGepXHi POIUKIE 3HAUHO 3MeH-
WYEMbCA, WO 2apanmye Oil mpusay i eeKmusHy pobomy wimkoeoi MauuHu.

Knrwwuoei cnosa: wimrkosa mawiuna o1s 3epHa; 301bHICMb 3epHa; 6OPO3eHKA; WIMKO8UL pOMOop, WimKo8i poIuxu, pooouuil
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