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An excursion around the city of Odessa was or-
ganized for the participants, the participants attended the
ballet “Kyiv Modern Ballet Carmen "at the Odessa Na-
tional Academic Opera and Ballet Theater and the Shus-
tov Cognac Museum.

For seven years, the International School of
Feed has been changing and constantly keeping pace
with the requirements of the times and the needs of en-
terprises in the feed industry. The positive feedback from
the participants on the level of the Seventh Session of the
International School of Food shows that the high tasks
set by the Scientific Council of the International School
of Food are being fulfilled in full.
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ATTEMPT TO IMPROVE THE OPERATING AND
TECHNOLOGICAL PROPERTIES OF THE COMBINED
GRAIN WASHING MACHINE

Abstract

Washing machines are used in the production lines of grain cleaning departments of flour mills for thorough cleaning of
the grain surface, in particular, its grooves from the remnants of organic and mineral dust, microorganisms and mold. In addition,
the grain mass during washing is cleaned of hydrodynamically light and heavy impurities - chaff, seeds of waste plants, straw frag-
ments, mineral particles in the form of sand, small stones, lumps of earth, as well as spores and wormwood seeds. At the same time,
foreign odors of grain disappear.

Experience in the operation of )K9-bMA machines shows that along with many advantages, they have some disadvantages.
In particular, the productivity of the machine 10 t / h does not correspond to the productivity of the conjugated technological equip-
ment of the production line, and the specific water consumption for washing grain is 1.8... 2.0 1/ kg, which is too much in modern
conditions of acute shortage of drinking water. Enterprises to abandon the use of washing machines. In addition, certain problems
and inconveniences are caused by the design of the sieve shell of the impression column. Stamped sieves with scaly asymmetric holes
have a low coefficient of living cross section, which complicates the process of dehydration of washed grain, quickly corrode and
rub, require special attention during installation or replacement. Therefore, an attempt is made to eliminate these shortcomings.

In particular, the reduction of water consumption is achieved due to the elimination of the grain hydraulic conveyor during
its transfer from the washing bath to the pressure column. For this purpose, a device for mechanical overloading of grain by a rotary
bucket device located within the alloy chamber is used. At the same time, attention was paid to the separation of light organic impu-
rities from the grain. This decision needs further explanation.

The functional diagram shows that the initial grain mixture enters the receiving device, which feeds it with a minimum ver-
tical speed into the ascending water streams created by the screws of two grain augers rotating with the same frequency in the oppo-
site direction. The augers pick up the grain and, keeping it afloat in a suspended state, mix it with the water of the washing bath. At
the same time the grain is washed and particles are separated from it, which differ from it in terms of density: mineral impurities
begin to sink, fall down and through the longitudinal slit in the auger trough fall into the area of the auger for mineral impurities.
This auger transports the "stones" in the opposite direction to the funnel with the ejector of the hydrotransporter of mineral particles.
Light impurities, during the transportation of grain by grain augers, float to the surface of the water, the level of which in the wash-
ing bath is maintained up to the axis of the augers. Together with grain and water, these impurities are pushed out of the bath into
the alloy chamber.
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In the chamber, in the transverse direction, a pipe with a longitudinal absorption slot is installed, the lower edge of which
is immersed in water so that the upper layer of water merges into this slot together with light impurities that have surfaced in the
washing bath. The amount of water that fuses light impurities can be adjusted by the depth of immersion in water of the lower edge of
the absorption hole. To do this, the pipe is rotated relative to its axis with a special handle with a clamp and a pointing scale. One
end of the pipe is closed by a plug, and the other passes through a hole in the wall and drains the water with light impurities into the
sink sump. The described device provides almost complete removal of light impurities and minimal consumption of floating water.
This solution is in the invention according to the copyright certificate 701708404, developed by specialists of the department TOZV.
In addition, certain problems and inconveniences are caused by the design of the sieve shell of the squeezing column. Dirt particles
tend to stick to the outer surface of the sieve cylinder and block its holes. This can slow down and even stop the separation of water
by centrifugation. Therefore, the upper outer surface of the cylinder is washed with water, which in automatic mode is periodically
fed to the sieve by the control device and the solenoid valve. It also saves water.

Key words: grain washing machine; reduction of water consumption for grain washing; improved washing machine;
modernization of the washing machine; grain washing.

Introduction

Washing machines are used in the production
lines of grain cleaning departments of flour mills for
thorough cleaning of the grain surface, in particular, its
grooves from the remnants of organic and mineral dust,
microorganisms and mold. In addition, the grain mass
during washing is cleaned of hydrodynamically light and
heavy impurities - chaff, seeds of waste plants, straw

fragments, mineral particles in the form of sand, small
stones, lumps of earth, as well as spores and wormwood
seeds. At the same time, foreign grain odors disappear

[1].

The efficiency of washing machines is charac-
terized by the following indicators: reduction of grain ash
content by 0.02... 0.05%; increase in humidity by 1.5...
3%; increasing the content of broken grain to 1%; extrac-
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Fig. 1. Combined washing machine 7K9-BMA: 1 - washing bath; 2 - grain auger; 3 - auger for stones; 4 - hydro-
separator of stones; 5 - collection of stones accumulator; 6 - floatable chamber; 7 - inclined partition; 8 — water
level regulator; 9 - nozzle; 10 - pipe of the hydrotransporter of grain; 11 - blade of the squeezing column;

12 - sieve shell; 13 - dirty water receiver; 14 - valve box; 15 - water level regulator; 16 - sump; 17 - gate valve;
18 - valve; 19 - grain unloader blade; 20 - ring-shaped pipeline; 21 - defoamer; 22 - throttle valve; 23 - squeezing
column; 24 - shaft; 25 - fastening disk; 26 - scourge; 27 - outlet pipe; 28 - ventilation blade; 29 - casing
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tion of light organic impurities in the range of 75...
100% and dense mineral - 70... 100%. The amount of
waste generated is 0.2...0.5% by weight of processed
grain [2; 5].

Research methodology

Washing of grain and its simultaneous moisten-
ing in the combined washing machines together with the
subsequent dehumidification, belong to the main pro-
cesses of preparation of grain for grinding as there is not
only clearing of grain of impurity, but also structural-
mechanical and chemical-biological changes and trans-
formation that facilitates separation of shells from the
endosperm with minimal losses and improves the baking
properties of flour. For this purpose, combined washing
machines were created and used for a long time at do-
mestic and foreign enterprises, in particular, models JK9-
BMA of the Dnipropetrovsk plant "Prodmash" (Fig. 1).
Some companies (for example, in Turkey) still continue
to manufacture and use combined washing machines [3];
Prodmash plant also manufactures such machines to in-
dividual orders. Experience of operation of JX9-BMA
machines shows that, along with many advantages, they
have some disadvantages: theoretically the productivity
of the machine 10 t/h does not correspond to productivity
of the conjugated technological equipment of high-
performance production lines, and specific consumption
of water for grain washing impurities of organic origin is
1.8... 2.0 /kg, which is too much in modern conditions
of acute shortage of drinking water, and forces some
companies to abandon the use of washing machines. In
addition, certain problems and inconveniences are caused
by the design of the screen shell of the squeezing col-
umn. Stamped sieves with scaly asymmetric holes have a
small coefficient of living cross section, which compli-
cates the process of dehydration of washed grain; sieves

5

quickly corrode and wear out. The blades of the rotor
squeeze column are attached to the plates by welding, so
their replacement is possible only together with the
plates. Given the above, our work proposes ways to elim-
inate these shortcomings.

Reduction of water consumption is achieved due
to the elimination of the grain hydraulic conveyor during
its transfer from the washing bath to the squeezing col-
umn; instead, a device for mechanical overloading of
grain by a rotary bucket device located within the alloy
chamber is used. Due to the fact that recently there have
been highly efficient grain cleaning machines, first of all,
vibro-pneumatic stone pickers, the content of mineral
impurities (stones) in the grain entering the washing ma-
chines has decreased. Therefore, there is no need for two
augers and two hydraulic conveyors to remove stones
from the sink; instead, it is advisable to install only one
auger and one hydraulic conveyor, which also reduces
water consumption. Manual control of the flushing de-
vice of the screen shell of the squeezing column must be
replaced by automated, which provides periodic supply
of flushing water, how it is done when washing and peel-
ing grain in A1-BMIII machines.

Another reserve for a significant reduction in
water consumption is associated with the improvement of
the device for the separation of hydrodynamically light
impurities. For this purpose it is expedient to use the
technical solution of the invention "Grain washing ma-
chine” according to the author's certificate 701708404
[4]. According to this solution, at the end of the washing
bath (hydroseparator) two planes 10 are installed, which
direct the washed grain with water and light impurities
into the rafting chamber (Fig. 2). The grain, deprived of
the transport action of the augers, is immersed in water,
and water, more precisely, its upper layer, together with
light impurities floating to the surface, enters the longi-

Fig. 2. Diagram of the washing

machine according to the invention
No. 1708404

1 - squeezing column;
2 - washing bath (hydroseparator);
3 - grain auger;
4 - a pipe with a slot;
5 - branch pipe for extraction of
light impurities;
6 - side compartment of the hydro-
separator;
7 - longitudinal slit (slot);
8 - regulator;
9 - sump;
10 - plane;
(1) - the upper layer of water with
light impurities;
(2) - grain.
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tudinal slit (slot) 7 of the absorption pipe 4, the axis of
which is normal to the longitudinal axis. The lower edge
of the slot of the pipe is immersed in water so that in this
slot merged the upper layer of water (1) together with
light impurities, that surfaced in the sink. The amount of
water that fuses light impurities can be adjusted by the
depth of immersion in water of the lower edge of the
absorption hole. To do this, the pipe is rotated relative to
its axis by a special handle 8 with a clamp and a point-
ingscale. One end of the pipe is closed by a plug, and the
other is connected to the pipe 5, which drains water with
light impurities into the receiver-settler 9 of dirty water
coming from the squeezing column. The described de-
vice provides almost complete removal of light impuri-
ties and minimal consumption of floating water. This is
facilitated by the appropriate adjustment of the height of
the lower edge of the absorption opening of the pipe: the
greater the content of light impurities on the water sur-
face, the lower this edge, focusing on the divisions of the
scale, and vice versa. Accordingly, the flow of floating
water is regulated.

The washed grain (2) coming out of the washing
bath is immersed in water, passes under the absorbing
pipe and enters the tank of the rotary reloader on the in-
clined plane (Fig. 3). It has six buckets 12 arranged even-
ly around the circumference of the rotor 11, which rotates
towards the squeezing column. The buckets are filled
with water-grain mixture. The water partially passes
through the holes in the side walls of the buckets, which
are made of a stamped sieve with holes with a diameter
of 1.7 mm, and on the surface of the visors reflects 13
into the tank, where through the mesh partition passes
into the channel connected to the settling tank. The water
partly comes out together with light impurities coming
from the outlet pipe, and partly gets into the settling
chamber, after which it is recycled to the washing bath.
Wastewater is treated on the sieves of the grain catcher,
and then sent to the sewer. The separated organic matter
is dehydrated by pressing and drying and sold for feed
needs. The grain that falls out of the buckets of the load-
er, falls into the receiving pipe of the impression column
and fills its lower part, where it falls under the influence
of the lower row of mesh whip rotor (Fig. 4). The blades
mix it intensively with water, continuing the washing
process, and at the same time lift it up to the dehydration
zone. This zone is formed by a fixed sieve shell, which

12 14

11

externally covers the whip rotor with a radial gap of 6mm
The process of dehydration of washed grain is due to the
following factors: natural flow of water down under the
influence of gravity, centrifugation under the action of
centrifugal inertia and aeromechanical removal of a cer-
tain amount of water by air current blowing the mobile
grain layer due to the fan effect of the blades.

Drops of water, which go outside the sieve shell,
facilitate the passage through the holes of the sieves of
fragments of fruit shells and dirt, separated from some
grains due to their rubbing on the rough sieve surface.
Particles of shells and dirt tend to stick to the outer sur-
face of the sieve cylinder and block its holes. This can
slow down and even stop the dehydration of the grain.
Therefore, the outer surface of the cylinder is rinsed with
water, which is periodically fed to the sieve by the con-
trol device and the solenoid valve. Rinsing lasts 1 minute
with an interval of 17 minutes. This is enough to restore
the filtration capacity of the sieve with a minimum flow
of flushing water in order to save it. Flushing water with
sinks and dirt flows down and from the column into the
flushing bath, where the wastewater settling process and
partial water recirculation take place.

The sieve shell must be made of a special metal
mesh of high wear resistance. Stainless faceted wire is
used to make the mesh, which gives the sieve the neces-
sary roughness and durability. The holes of the sieve
with dimensions of 1.0x1.8 mm have a symmetrical de-
sign and, unlike scaly, do not require special orientation
relative to the direction of rotation of the whip-whip rotor
during assembly or repair work. Since the coefficient of
the living cross section of the grid is higher than that of
the scaly sieve, the process of grain dehydration is much
more efficient.

Research results

In some ways, the design of the whip rotor
blades has also been improved. If, before the moderniza-
tion, the blades were fastened to the plates with rivets,
which made it impossible to replace them, then in our
work the fastening is carried out with bolts. In addition,
the design of the shoulder blades is now different, it is
more convenient during assembly or repair operations
and involves, if necessary, individual replacement of a
shoulder blades. Figure 4 shows a functional diagram of
a combined washing machine, which is built taking into

]

Fig. 3. Rafting chamber
without hydraulic con-
veyor:
11 - bucket-type rotary
reloader;
‘ 12 - perforated (mesh)
! bucket;
13 - water reflector
(screen);
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14 - window.
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Fig. 4. Functional diagram of the improved washing machine 7K9- BMA:
(1) - incoming grain; (2) - water with light impurities; (3) - grain with water; (4) - water with shells;
(5) - humid air; (6) - outside air; (7) - water with stones; (8) - sludge; (9) - mineral impurities (stones);

(10) -

light impurities with water; (11) - water from the water supply network; (12) - refined grain;

(13) - waste water from the squeezing column; (14) - waste water for sedimentation and recirculation;
(15) - mineral impurities in the hydraulic conveyor

account the improvements made. The performance of the
combined washing machine depends on the performance
(capacity) of the squeezing column - Qy, which can be
determined by the expression

kaﬁoﬁ Sy 6-K - Ky r:; 1
ne D, d 1 5 — outer, inner diameter and helical pitch the
trajectory of the annular layer of grain, which moves the
blades on the inner surface of the sieve shell, m; n -
speed of rotation of the whip rotor, rpm;

v - volume weight of the processed mix of grain with
water, kg / m3;

& - coefficient of loosening of the grain mixture by rotor
messengers; K. and Kz are the discontinuity coeffi-
cients of The helical surface created by the rotor blades is
shown along its axis and in the transverse direction. The
coefficient K. is equal to

11

[-co8 o
K = Ty (2)
where | is the length of the blade, m; o - the an-
gle of the mesh relative to the axis of the rotor, deg;
t - is the longitudinal pitch of the blades, m

The coefficient Kz is equal to
[ -ginaZp
K:- = '-:-D-'-\'n ' (3)
where &z is the number of blades in the cross-
sectional plane of the rotor; D, - the average diameter
. . o—d
of the whip-whip rotor (Dpe, = —— .2} .
If to accept (according to technical characteris-
tics of the )K9-BMA washing machine) D = 0,907 m;
d=10.895 m; S=1905 m; n =400 rpm; & = 0.5;
y =910 kg/m®; 1=0.175 m; a = 450; Z; = 12; t = 1,782m,
then we obtain coefficients K; = 0,069 and KF = 0,519
and the performance of the impression column
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Q=47.1(D*d% - S n-y-8-K -Kz =47.1(0.9072 -

Conclusions

0.8952) - 1.905 - 400 - 910 - 0.5 - 0.069 - 0.519 Along with saving water for grain washing and

improving the design, this indicates the possibility and
~12698kg/hour feasibility of modernization and further use of combined

washing machines in high-performance enterprises in the
that is, the productivity of the combined washing ma- industry.
chine JXX9-BMA after improvement according to the de-
scribed method Q =12t/ h.
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MNOJIINIIEHHSA EKCIINTYATAIIOHHO- TEXHOJIOTTYHUX
BJIACTUBOCTEW KOMBIHOBAHOI MUMHOI MAIIIUHU JIJ151 3EPHA

Anomauis

Muiini mawunu 3acmocogyioms y CKiadi NOMOKOSUX JIHIL 3ePHOOYUCHUX 8i00iNeHb OOPOUHOMENbHUX 33680018 OISl
PEeMeNbHO20 OUUWEHHs NOBEPXHI 3ePHA, 30KpeMd, 11020 HOPO3eHKU 810 3ANUUIKIE OP2AHIYHO20 | MIHEPATLHO20 NULY, MIKPOOD-
eanizmie i nuicnasu. OKpim moeo, 3epHo6a Maca nio Yac MUMms O4UWYEMbCA 6i0 2i0OPOOUHAMIUHO JIe2KUX | 8AHCKUX OOMIULOK
- NON06U, HACIHHA CMIMHUX POCIUH, YIAMKIE CONOMU, MIHEPATbHUX YACMUHOK ) 8U2la0i NicKy, OPIOHO20 KAMIHHI, 2pYOOUOK
3eMai, a maKoxc 8i0 Cnop 20106Hi i HACiHHA noauny. OOHOYACHO 3HUKAIOMb CMOPOHHT 3aNaXy 3epHd.

Egexmugnicmo Oii MUtiHux Mawiun xapaxmepusyioms MAKUMU HNOKASHUKAMU: 3MEHUEHHAM 301bHOCMI 3epHa Ha
0,02...0,05%, 36inbuwennsm gonococmi na 1,5...3%, 36invuwenuam emicmy 6umozo 3epua 00 1%, eunyuennsm neskux opeami-
yHUX domiuok y medxcax 75...100% ma winonux minepanvrux — 70...100%. Kinekicmb 6i0x00i6, w0 cmeoprowomscs, CKiadae
0,2...0,5% 6i0 macu 0bpobenozo 3epHa.

IIpoyec mumms 3epua i 0OHOUACHE 1020 380J0JHCEHHS, PAZOM 3 NOOATLUUM 8I080TOINCYBAHHAM, BIOHOCAMbCA 00 OC-
HOBHUX NpoYecie ni02omoGKU 3epHa 00 NOMENY, OCKIIbKU NPU YboMy 8I00Y8ACMbCsL He MINbKU OYULeH Sl 3epHA 80 OOMIULOK,
ane i CMpyKmypHO-MeXaHiuHi i XiMiko-0i0102iuni 3MiHeHHs | nepemeopenns. Lle nonecutye 6i0oKkpemaeHHs: 060I0HOK 6i0 eH-
docnepmy 3 MIHIMATbHUMU 1020 8MPAMamu i ROKpAwye XaibonekapcoKi nacmueocmi 60pouHa.

Hoceio excniyamayii mawun JK9-BMA ceidouume npo me, wjo nopso 3 bazamvma nepeeasamu 6OHU Maiomy OesKi
Hedoniku. 30kpema, npodykmuericmes mawiunu 10 m/200 He 8i0nogioae npoOyKMUBHOCMI CNPAXCEH020 MEXHONIO02IYH020 00a-
OHAHHs NOMOKOBOI NiHiT, a numoma eumpama 600u na Mumms 3epua ckaadac 1,8...2,0 a/xe, wo 3a6azamo @ Cy4acHux ymosax
20cmpo2o deiyumy 20cnooapcbKo-NUMHOL 600U | NPUMYULYE 0esKi NIONPUEMCMEA BIOMOBIAMUCH 610 3ACMOCYBAHHA MULIHUX
mawiun. OKpim yvb0o2o, negri npodemu i He3PYUHOCMI BUKIUKAE KOHCMPYKYIA cumogoi obuuaiiku giomuckuoi konouku. Lllma-
MROBAHT cuma 3 JIYCKONOOIOHUMU HEeCUMEMPULHUMY OMBOPAMU MAIOMb 3AMATUL KOeQiyieHm JcU8020 nepepizy, Wo YCKIao-
HIOE Npoyec 3He6OOHEHHSI MUMO20 3ePHA, WBUOKO KOPOOYIomb i NPOMUparomscs, nompebyioms nioguujeHoi ysazu nio 4ac
Mmoumadicy abo 3aminu. Tomy 6 pobomi 3pobneno cnpoby ycyHymu yi HeOoaiKu.

Cropouenns sumpamu 600U 00CASHYme 3a paxyHOK NiKeidayii ciopompancnopmepa 3epHo8oi macu npu ii nepeoaui 3
MULHOIL 8aHHU Y 8IOMUCKHY KONOHKY. [[a yb020 3aCmOco8ano Npucmpitl 05l MEXAHIYHO20 NePeBaAHMAdICeH s 3epHa POmop-
HUM KOBULOGUM NPUCPOEM, PO3MAUIOBAHUM Y Medcax cniaghoi kamepu. Oonouacho, Oya0 npudiieno yeazy 8i00KpemaeHHIO
6i0 3epHa NlecKuUX opeaniyHux domiuok. Lle piwenns nompebye dodamkosux nosichensv. Ha @ynxyionanvhil cxemi nokasawo,
WO BUXIOHA 3ePHOBA CYMIU HAOXOOUMb Y NPUUMATbHUL NPUCIPII, KU NOOAE IT 3 MIHIMAILHOIO 8EPMUKATLHOI WEUOKICIIO
Y BUCXIOHI NOMOKU 800U, CMBOPEHT 2GUHMAMU 080X 3ePHOBUX WIHEKIB, W0 00epmarmucs 3 00HAK0BOI0 YACMOMOIO 8 NPOMU-
nedcHomy Hanpamky. [llnexu nioxonnioiome 3epHo i, NIOMpUMyIoui 1020 HA NAA8Y Y Ni0BANCEHOMY CMAHI, NepeMiuyioms 3
600010 MUliHOT 6anHu. OOHOUACHO 8i0OYBAEMbC MUMMSL 3€PHA T 8I0OKPEMAEHHS 810 HbO20 YACUHOK, 5IKi 8IOPI3HAIOMbCA 810
Hb0O20 30 O3HAKOIO 2YCUHU: MIHEPANbHI OOMIWKY NOYUHAIOMb MOHYMU, ONYCKAOMbCA OOHU3Y | KPi3b NO3008MHCHIO WITUHY Y
KOpumi wiHeKie Nompanisoms y 301y Oii wHeka 015 MIHEpAIbHUX 0OMIWOK. Lletl wHex mpaHcnopmye «KaMiHHAY y npomu-
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JIEAHCHOMY HANPAMI 00 BOPOHKU 3 €CEKMOPOM I0POMPAHCNOPMEPa MIHEPATLHUX YacmunoK. Jleeki domiwku, nio yac mpauc-
NOpMYSAHHS 3ePHA 3ePHOGUMU WHEKAMU, CHAUBAIOMb HA NOBEPXHIO 800U, DiGeHb AKOI Y MUTIHIL 6aHHT NIOMPUMYEMbCA 00 OCI
wiHexig. Pazom 3 3eprnom i 600010 yi OOMIWKYU GUIUNOBXYTIOMbCS 3 6AHHU 0O CNIAGHOI KaMepU.

YV kamepi, 6 nonepeunomy nanpsami, gcmanoenena mpyoa 3 no3008ICHIM NONUHATLHUM NPOPI30M, HUIICHA KPOMKA
K020 3aHYPEHA y 800y MAKUM YUHOM, W00 y yell npopi3 31U6ABECs GePXHIll WaAp 800U PA3OM 3 Te2KUMU OOMIUKAMU, WO CRLU-
U HA NOGepxXHI0 Y Mulinill éanni. Kinvkicms 600u, Axa cniagnac ne2ki OOMIiuKu, MOJICHA Pecynro8amu 2iubUHoI0 3aHyPeHHs y
600y HUIICHLOT KPOMKU NOTIUHATLHO20 OMEOpY. [ Yboco mpydy nosepmaioms 6i0HOCHO il OCi CneyiaibHOI0 PYKOSAMKOIO 3
Gixcamopom i exazienow wikanor. OOuH Kineyb mpyou 3aKpueac 3a2iywKa, a Opy2ii npoxooums Kpize omeip y cminyi i 31u-
8ae 600Y 3 Ne2KUMU OOMIWKAMU Y IOCMItIHUK MutiHoi éanHu. Onucanuil npucmpii 3abe3neyye matidxce NoHe GUNYUEHHS Jlee-
KUX OOMIWOK | MIHIMATbHY umpamy CniaeHoi 6oou. Lle piwenHs 3Haxo0umscs y UHAX00I NO ABMOPCOKOMY C8I00YMEY
Nel1708404, pospobrenomy gaxieyamu xagpedpu TO3B. 3epro, wo 6uxooums 3 MUHOI 6AHHU, 3AHYPAEMBCA 8 80OV | NO NOXU-
T RAOWUNT HAOX0OUMb Y pe3epayap pomopHo20 NePesanmadicysaa 3 Wicmovma Kosuami, po3mauio8anumMu pieHOMIPHO no
OKpYIICHOCI pomopa, aKuti 00epmacmvcsi y HanpamKy 00 6iomuckHoi kononku. Koeui 3anoenoiomocsa 600H0-3epHOB0IO C)-
Miwwio. Booa wacmxogo npoxooums Kpizb 0meopu OOKOGUX CMIHOK KOBWIG, AKI GU2OMOGIEHI 3i WMAMNOBAHO20 cuma 3
omeopamu oiamempom 1,7 mm. Booa no nosepxti Ko3upkie-8i0ousayie 31ueacmscs y pe3epeyap, 36i0Ku Kpisb cimuacmy ne-
PecopooKy npoxooumsv y KAHa, AKULL CROIVYAEMbCA 3 GIOCMIIHUKOM | e8AKYAYIIHO-3TUBHUM nampyoxkom. Booa uacmkoso
BUXOOUMb HA30BHI PA3OM 3 JESKUMU OOMIMUKAMU, A 3ePHO 3 3ATUIUKAMU 800U HAOX0OUMb ) 8IOMUCKHY KOJIOHKY, 0e 1020 iH-
MEHCUBHO NePeMiuyoms i 000AmMK080 NIOOAMb MUMMIO 2iHYL 6UU08020 pomopa i 0OHOUACHO NIOHIMAIOMb 820pPY, 8 30HY
3He800HeHHs. L[a 30Ha cghopmosana HepyXoMolo CUmogor 0OUYALKON, AKA 33068HI OXONTIOE OUYOBULL pOMOpP 3 padiaNbHUM
3azopom y 6 mm. Ilpoyec 3HeBOOHEHH MUMO20 3ePHA BI0OYBAEMbCI BHACIIOOK OIi MAKuUX Gakxmopie: npupooOHO20 CMIKAHHS
600U 6HU3 NIO BNIAUBOM CUNU MANCIHHA, YeHmpughy2yeanus nio Oi€ro 6i0yeHmposux cun inepyii i aepomexaniyHozo i0oupam-
HSl NeBHOI KIbKOCMI 800U NOBIMPSHUM CMPYMOM, AKULL NPOOYEAE MOOLIbHUIL 3EPHOBULL WAD BHACIIOOK BEHMUISINMOPHOSO
eghexmy nonameti, 3aKpinieHux 6 YeHMPAIbHIU YACMUHI 6UL08020 pomopa.

Kpanni 600u, sxi 6uxo0smo na306Hi cumosoi 06u4aiiKy, cnpusions NPOXoOACeHHIO KPi3b OMEOpU cum gpazmenmis
NI0008UX 0DONIOHOK, 8I00OKPEMAEHUX 8I0 OESIKUX 3ePeH 6HACIIOOK IX NPOMUPAHHI NO WOPCMKIU cumositl nosepxui. Yacmunxu
00010HOK T 6pYdy Maromb MeHOSHYII0 HATUNAMU HA 306HIWHIO NOBEPXHIO CUMOB020 YUNIHOpaA I O1oKyeamu tioco omeopu. Lle
Mooice ynoginbHumu i Hagims NPURUHUMU GI0OKPEMAEHHA 800U WAXOM yenmpudyeyeanns. Tomy eepxa 306HIUHA NOGEPXHS
YUninopy nid0aemvcsi NPOMUBAHHIO B0OO0I0, 5IKA 68 ABMOMAMUYHOMY DeNCUMI NepioOUUHO NOOAEMbCA HA CUMO KOMAHOHUM
npunaooM i enekmpomacHimuum eenmunem. Lle maxooic cnpuse 3a0uaddicerHio 600uU.

Kniouogi cnosa: muiina mawiuna 0na 3epHa; 3HUNCCHHA GUMPAMU 600U HA MUTKY 3ePHA; 600CKOHANEHA MUIIHA
Mamuna; MoOepHizayina MulHoi MauWIUHI; MUIIKA 3epHa.
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