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A machine for oriented planting of garlic teeth
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Summary. The problem of mechanized planting of garlic
teeth with forced placement in the soil with a bottom
down, and a germ upwards is considered. It is established
that to date, semi-mechanized and mechanized methods of
planting this crop have been used predominantly. Used in
this machines and equipment have certain design features
and innovative solutions that allow the planting of garlic
teeth at a given depth and the prepared rows, but do not
provide the necessary orientation during direct laying in
the soil.

The existing machines and separate working bodies
intended for garlic planting are analyzed. The
overwhelming majority of them are equipped with disk-
gripper,  tape-gripper,  chain-gripper,  pneumatic,
mechanical-air and disk planting units. During the work,
the seeds released from them, under the action of gravity,
fall into the groove, formed on the field by a coulter,
which is immediately flooded by the soil with the help of
coverers. In this case, teeth of garlic are distributed in the
soil chaotic and without the necessary orientation.

The construction of a machine for semi-mechanized
planting of garlic teeth with a pneumatic mechanical
system for picking them out of a bunker, orientation and
internal-machine transport and a chain-plunger planting
machine is proposed. The constructive-technological
scheme of the developed planter is given. The
constructive features and the principle of work of its
separate units and working bodies are substantiated. The
technological process of planting garlic teeth with their
forced laying in a wedge-shaped groove with a bottom
down, and a germ up is described. The interaction of the
roller rod of the plunger with the guide of the planting
unit is theoretically investigated. The analytical
dependences for determining the main kinematic
parameters of the interaction of the roller, fixed on the rod
of the plunger with the guide when the jaw with a garlic
tooth in the ground is dug, are obtained.

Key words: garlic tooth, planter, planting unit, plunger,
jaw, guide, roller.

INTRODUCTION

Garlic planting is one of the most labor-intensive and
most responsible stages in the technology of its
cultivation, during its mechanized performance the

problem remains unresolved, the main problem is to put
the tooth in the ground downwards, and germ upwards.
The machines used in this way can adequately put the
garlic teeth on the side in the formed groove, which
partially solves the problem [1].

In view of the increased attention and growth of garlic
production in our country and in the world, the question
of the quality of mechanized planting is gaining
momentum. But if it was possible to create working
bodies of machines that reduce the probability of
damaging the teeth during their capture, reduce the flaws
due to the absence of teeth in the grippers of the planting
unit, keep a given distance between the seeds in a row, the
process of direct stacking of the teeth in the soil remains
unmanageable [2]. The low level of introduction of the
technique for the planting of garlic is also due to the fact
that the working bodies of the planting units have not
been adapted to different sizes and shapes of the surfaces
of the teeth, which may be oval, columnar, rounded,
cylindrical [3].

That is why most modern machines for garlic planting
work on the principle of seeders. They ensure high-
quality dosing of the teeth, their capture and internal
transport, but the process of immediate laying of the
sowing material into the soil is reduced to chaotic seeding
in the open groove with subsequent embedding.

It is obvious that the solution of the actual problem of
placing the garlic in the soil of the ground with the bottom
down, and the germ upwards is possible due to the
creation of planters, whose working bodies will be
maximally adapted to a wide range of dimensional-mass
indicators and various forms of planting material, with
each tooth to be individually stuck in the groove in the
upright position.

ANALYSIS OF RECENT RESEARCHES AND
PUBLICATIONS

Modern agriculture is based on creating the optimal
conditions for the growth and development of cultural
plants. Due to this, the researchers pay much attention to
the preparation of seeds for sowing, using the various
methods of its pretreatment and means of stimulating
growth [4, 5, 6]. However, it is not enough to prepare the
sowing material qualitatively. It is believed that it is
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during sowing or planting that the seeds should not only
be strictly distributed at the place of entry into the soil,
but also be placed in the groove in such a way as to make
the best use of the biological potential of each seed with
the greatest benefit for each one [3, 7, 8, 9]

The vast majority of scientific works related to the
cultivation of garlic are devoted to its cultivation and
agricultural ~ machinery. They consider —modern
technologies and methods of planting, fertilizing and
protection against diseases, but very little information is
given to the question of the mechanization of the planting
of this agricultural crop [10, 11, 12, 13, 14]. This is
especially true of the design features of planters and their
working bodies.

That is why the article [1] is accentuated not only on
methods but also a substantive review of existing means
for planting garlic teeth. In particular, it was established
that in one of the predominant use in Ukraine one-four-
row machines SLR-1/2, SLM-4, Yarylo and others were
equipped with bowl, chain-gripper and disk-gripper
planting (sowing) units. Machines SLS-12 and SLS-5,4
are used for planting garlic in a straightforward manner
on the flat, heap or planar surfaces of the field [15]. They
are equipped with a planting machine in the form of an
infinite chain with a step of 63.5 mm and jaws, the angle
between which is 50 °. To fix the bulbs (teeth), when
moving the chain in the case of the planting machine it
uses a flexible limiter. During the work of the above-
mentioned planter, the seeds released from them, under
the action of gravity, fall into the groove formed on the
field by a coulter, which immediately embeds them with
the soil with the help of coverers. In this case, teeth of
garlic are distributed in the soil chaotic and without the
necessary orientation.

In the countries of Europe are widely used machines
for planting garlic companies J.J. Broch (Spain), Zocapi
(Spain), Erme (France). They are equipped with
predominant pneumatic or disk-gripper planting units
with variable clips [1]. According to the technological
process, they are similar, but each model has its own
design features. Immediately, during the work, freed from
the clamps of the planter, the teeth are driven by gravity
in a forward formed groove, stacked in it and embedded
around with the coverers. As in the previous case, there is
an arbitrary placement of teeth in the soil, which may
negatively affect the future harvest.

The scientific publications [16, 17] are devoted to
solving the problem of garlic planting with a strict
orientation of the teeth. The authors offer a new semi-
mechanized technology and a machine for its
implementation, which is based on the use of a special,
soluble tape in the soil, which is placed on the surface of
the field, and the workers are placed directly on the
planter, manually insert garlic teeth in the glued nests of a
stretched strap.

The semi-mechanized method of planting garlic can
be realized in several ways. One of them is the use of a
planter with an organic-mineral mixture placed in its
hopper, from which it is dosed, by means of screws and
the directed air flow, is fed into the zone of the laying of
the tooth, and it is enclosed at the same time from all
sides [18, 19]. At the same time, the teeth themselves are

transported by a special device, which holds them in an
orientated position down the bottom [20].

On the basis of the analysis of publications, we can
conclude that a lot of attention is paid to the issue of
creating new working bodies of machinery for
mechanized garlic planting. But the quality and efficiency
of their work must be confirmed practically, using the
operating models of planters.

OBJECTIVES

To substantiate the design of a machine for planting
garlic teeth, oriented down the bottom, and germ upwards
and theoretically investigate the interaction of separate
executive mechanisms of its planting unit.

THE MAIN RESULTS OF THE RESEARCH

The proposed machine has a hopper 2 (fig. 1), filled
with garlic garlic 3 teeth. It has an active bottom and
indirectly contacts the drum 1, directing to it the teeth,
oriented germ forward. Drum 1 itself is a hollow cylinder,
on the surface of which holes are made after every 40 deg.
It rotates on the bearing supports, and in the middle of it a
vacuum is created, with the help of which the garlic teeth
are sucked to these openings. In the bottom of the drum, a
casing 19 is mounted to prevent spontaneous falling out
of the teeth.

The machine is equipped with a planting unit of a
chain-plunger type. It consists of two parallel branches of
chain conveyors 7, interconnected by transversal bars, on
which the plungers 6 are rigidly fixed. For actuation and
displacement of the planting unit, the sprockets are
applied.

In the upper part of the planting unit the plungers 6
rest on the supports 17, providing an optimal gap between
their bent jaw and the drum 1. The jaw has two fingers
held by the arm 16 in the position "opened" before the
tooth is seized and closed when it is seized when the teeth
are at the bottom of the drum. The plunger 6 has a spring-
loaded rod and a movable sleeve on it. This design
ensures that the jaw is fixed in the vertical (at the time of
direct planting of the garlic tooth in the ground) or in the
horizontal position (at the time of grabbing the tooth with
the fingers of the jaw). When the conveyor 7 envelops the
sprocket 5, the sleeve of the plunger 6 begins to move
freely to its stem downwards, releasing the jaw, while
during the bending of the lower sprocket 15, the sleeve
moves freely downward and fixes the jaw of the plunger 6
in an upright position.

Under the hopper 2, a beater cleaner 4 is mounted,
having working bodies in the form of elastic brushes, and
acts the role of the jaw cleaner which is removing it from
the ground and forcibly casts a jaw released by the sleeve
on the plunger rod 6 immediately after the branches of the
chain conveyors 7 turn around the sprocket 5. The jaw
occupies a horizontal position and moves fingers forward
until they are opened and captured the garlic tooth, which
is compulsorily detached from the bottom of the drum 1
due to the absence of a vacuum in this zone.

The coulter 14 of the planter has side wings, and in the
front of them there is a sharp sock that forms a wedge-
shaped groove with a sealed bottom to a depth of 7-9 cm.
To hold the tooth in an upright position, the coulter 14
must form a groove whose profile should be not only as
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much as possible adapted to the planting of the teeth 3 in
it upside down, but also to hold them in such a position

after the release of the plunger 6 of the jaw and the final
embedding with the coverers 9.

14

Fig. 1. Structural and technological scheme of a planter of garlic teeth: 1 — drum; 2 — hopper; 3 — garlic tooth; 4 — beater

cleaner; 5, 8, 10, 15, 18 — sprockets; 6 — plunger;
13 — guide; 14 — coulter; 19 — casing

In the lower part of the planting unit the sprockets 10,
support 11 and the guide 13 are mounted. In aggregate,
these constructive elements provide a strictly horizontal
movement of the chain conveyor 7 and the vertical
movement of the plunger rod 6 during the interaction of
its roller with the guide 13.

The planter works as follows. Turning counter
clockwise, the drum 1 takes from the hopper 2 the
oriented with germ upwards garlic teeth 3 that are
suctioned to its surface due to the created vacuum. At the
same time, the chain conveyor 7 with plungers 6 moves
along the movement of the planter, pushing them open the
jaws to the bottom of the drum 1, where the teeth are
released and immediately fascinated by the fingers of the
jaw, which hold them until the moment the roll of the rod
plunger 6 is pulled to the guide 13. Because of them the
interaction of the stem with the jaw is instantly moved
vertically, striking the teeth with the bottom down into the
groove formed by the coulter 13. After the rollers of the

7 — chain conveyor; 9 — coverer; 11, 17 — supports; 12, 16 — arms;

control mechanism of the jaw at the support 17, their
fingers diverge and release the tooth 3, which is
immediately embedded by the coverer 9.

By analyzing the design-technological scheme and the
principle of the proposed machine, one can conclude that
the problem of orientation of the planting of garlic teeth
with a bottom down should be solved systematically,
taking into account the biological peculiarities of the
agricultural crop and the design of each of the working
bodies of the planter. Since the final task of planting is to
put the teeth in the soil with the bottom down, this
particular elemental operation performed by the machine
must guarantee their strict orientation during contact with
the soil and the embedding, and all other working bodies
of the planter must be constructively and technologically
adapted to such a condition.

Considering this, we believe that it is first and
foremost to study the dynamics of movement of a jaw
with a tooth when it is directly embedded in a groove.
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Such a process occurs at the moment of interaction of
roller 4 (fig. 2), mounted on the end surface of the plunger
rod with a guide 3, which serves as a pole-bearing support
for it. When in contact with its surface, the roller moves

in the body of the plunger 6, a rod 2 with a jaw | and a
garlic tooth 7 in it, until it is fully inserted into the
ground.

Fig. 2. Scheme of the interaction of the roller with the guide: 1 — jaw; 2 — stem; 3 — guide; 4 — roller; 5 — spring;

6 — plunger; 7 —a tooth of garlic

In the initial interaction of the roller with the guide,
there should be no shock phenomenon, because periodic
impacts will lead to rapid wear of the contacting surfaces,
and the stem itself may deviate from the vertical
movement and the garlic teeth also fall into the soil in the
same position.

It is obvious that the shock event will be absent if, at
the initial moment of contact, the normal to the guide will
pass along the axis of the stem of the jaw. This can be
achieved if the guide has the form of the arc of the circle
radius R; (see Figure 2) with the center at the point O.

According to the given scheme, the arc is based on the
central angle . The dimensions of the guides should
ensure that the jaw moves vertically up to the value %
(depth of plunging into the ground together with a garlic
tooth).

Obviously, the following dependence exists between
the guide parameters:

h=R,—R;cos B. €))

In order not to have a large lateral pressure on the jaw
(roller), and even more jamming, the angle S should be
not large and not exceed the value of f = 45° = 50°. If we
assume the angle £ in advance from condition (1) we find
the radius of the arc of the circle:

h

l—cosf’ @
Consider the kinematics of the jaw roller when it
occupies an arbitrary position, which is determined by an
alternating angle ¢ (0 <¢p < p). The roller is in a
complicated motion: he carries a transportation movement

Ry

along with a guide 4 rans = 4 . and moves relative to the
moving line with the velocity V,,,,, which is directed from
the tangent to the guide and is determined from the
condition

d
Vg = le‘f. 3)

Then, as it is known [21], the absolute velocity V o 1S
equal to:

4 a= v trans + 4 rel (4)

Since the jaw moves along with the conveyor, and its

speed v conv 18 equal to the speed of the machine v m, but

opposite to the direction (V oy = — V ), then the
projection of the absolute speed on the horizontal (on the
axis O,y) is zero, that is, taking into account (4) we will
have:

0=V, +R % cosp, )
dt

or Q: Vi (6)
dt R;cos¢@

Integrate equation (6) and obtain the regularity of the
angle ¢ change over time

® t

Icosgo dp = J.th;
R,

0 0

. _ V,u .
sinp=——-=:t,
1

V
= arcsin| =2+t |. 7
@ [ R, ] (N

If (7) substitute the condition ¢ = S, then we find the
time 7, during which the roller interacts with the guide,
that is, the duration of immersion of the jaw with the
garlic teeth in the soil:

R
T="Lsing. 8
v B ®)
We design equation (4) on the axis O;x and find the
rate of immersion of the jaw in the soil:

do .
Viae = R —afo sing=V,1g9,
’ ;
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Vv, t
rel = Vu —— (9)

or V,
JRY = (7,1)?

Find the absolute acceleration of the jaw roller. Since
the transportation movement is translatable with a
constant velocity V,, the transportation acceleration and
acceleration of the Coriolis are also zero, and there are
only two constituents of relative acceleration - normal and
tangent.

Normal acceleration is directed to the center of the
circle and is:

V2 dpY = V2
Ay =2 :R{_(Dj = NEPE
R dt R, cos” ¢
VZ-R
or @)y =——— (10)
(Rl _(Vut) )

The tangential acceleration is directed at the tangent at
the contact point of the roller with the guide and is
determined from the condition:

. d d(d V,sing dp V2 sin
V) =R _( wj:_%_w:;._w

Ay =— — ,
g dt\ ar coszgo dt Ry cos3(p

T _ 12 Rl th
or a,, = VM ’

3 an
(R =(V,)%)?

We design the vector of absolute acceleration on the
axis O;x and find the acceleration of the jaw in the
vertical direction:

Ve 1V !

— 4% g n -
a, =ay, -sinp+ag -cosp = =
R cos’p R

= (12)
LR -0

Thus, the obtained dependences (9) - (12) make it
possible to determine the main kinematic parameters of
the relationship of the roller, fixed on the jaw with the
guide while dipping the garlic to the ground.

However, the main dimensions of the roller and rod of
the jaw, as well as the stiffness of the spring remain
ungrounded. For their establishment, it is necessary to
investigate the forces and reactions acting in this
mechanism at various stages of the entry of the jaw with a
garlic tooth into the soil.

CONCLUSIONS

The proposed construction of a machine for semi-
mechanized garlic planting allows one of the main
problems to be solved, namely, strict orientation of the
teeth with a bottom down, and a germ upwards during
their direct laying in the soil to a given depth. The
peculiarity of the planter is the presence of a pneumatic
mechanical system for the artificial picking of teeth from
the hopper of the machine and a chain plunger planting
machine with lateral capture of each tooth and forced
depression into the groove in an upright position.

The quality of the planter’s technological process will
be ensured when the speed of its movement and the speed
of movement of the chain drive conveyor of the plunger
will be the same, but opposite to the directions directly at
the moment of contact of the jaw with the tooth surface of
the field.

Theoretical researches have established that when the
initial interaction of the roller with the guide, the impact

of the impact will be absent, if the guide has the form of
the arc of a circle, the radius R; of which depends on the
structural parameters of the plunger unit, and the normal
to it will pass along the axis of the rod of the jaw.

To prevent clamping of the roller and the vertical
immersion of the jaw to the ground together with the teeth
of garlic at a given depth 4, the central angle § on which
the arc of the guiding circle rests must not exceed f = 45
+50°

The obtained dependences (9) - (12) make it possible
to determine the main kinematic parameters of the
interaction of the roller, fixed on the jaw with the guide
while digging the garlic tooth in the soil, namely the
speed, the normal tangential and absolute acceleration of
the immersion of the jaw in the vertical direction.

REFERENCES

1. Semen O.Ya. 2016. Analysis of constructions of
machines for garlic planting // Materials of the XVIII
International Scientific and Practical Forum "Theory
and Practice of Agro-Industrial Complex and Rural
Areas Development". Abstract supplementary -Lviv:
League-Press. 254-261. (in Ukrainian)

2. Planter, automatic seeder for garlic. [Electronic
resource]: - Access mode: http:/prom.ua/p36318852-
sazhalka-seyalka-
avtomaticheskaya.html#attributes block. (Russian)

3. Likhatsky V.I. 1990. Garlic. Biology and technology
of cultivation: practical. allowance. - K.: Ed USKhA.
96. (in Russian).

4. Kovalchuk N.I., Lischak L.P. 2004. Efficiency of
chemical disinfection of garlic teeth depending on the
method and timing of its implementation // Visnyk of
Lviv State Agrarian University: Agronomy. No. 8.
209-213. (in Ukrainian).

5. Milosz Zardzewialy, Grzegorz Zagula, Czestaw
Puchalski. 2014. Effects of Pre-Sowing Magnetic
Stimulation on the Growth, Development and
Changes in Physicochemical Properties in Sugar Beet
Seedlings // TEKA. Commission of Motorization and
Energetics in Agriculture. Vol. 14, No. 4. 201-209.

6. Latyuk G.I., Popova L.M., Tikhonov P.S., Angel
B.S., Bilyk D.P. Maksimov SP, Sapozhnikova LM,
Klechkovsky Yu.E. 2010. Diseases of onion and
garlic / Handbook of vegetable growers of Ukraine's
steppe: textbook. - 4th ed., Pererab. and add Odessa:
IWS. 437. (in Ukrainian).

7. V. Zubko, T. Kuzina. 2015. Investigation of the
influence of winter wheat’s location on plant’s
germination energy // TEKA. Commission of
Motorization and Energetics in Agriculture. Vol. 15,
No.4. 103-106.

8. Snitinsky V.V., Lischak L.P., Kovalchuk N.I.,
Lischak I.O. 2010. Garlic in the farm field and
farmland. -Lviv: Ukrainian bestseller, 110.

9. Doruchowski R. 2006. It's worth to grow garlic. —
Warszawa: Hortpress. 64. (in Poland).

10. Patent 25871 Ukraine, IPC (2006) A01C1 / 00.
Method of growing garlic / O.M. Goncharov — No.
200703981; APPLICATION 10. APRIL 2007; has
published Aug 27, 2007, Bul. No. 13 (in Ukrainian).

11. Szyndel M. 2002. Garlic plant infesting viruses //
Growing, protecting and storing bulb vegetables: VII



60 O. Semen, D. Kuzenko, Ya. Semen

All-Poland Scientific Conference. Skierniewice, 47-
49. (in Poland).

12. Sedykh T.V., Burambaev A.A.2016. Influence on
the orientation of the teeth during the planting of
winter garlic in the conditions of the southern forest-
steppe of the Omsk Region [In connection with the
prospects of replacing manual (oriented) planting with
a mechanized (spontaneous) sowing of the teeth]:
Vestnik Omsk State Agrarian University. Ne 2. 56-61.
(in Russian).

13. Shahidul Haque, Abdus Sattar, Habidur Rahman
Pramanik. 2002. Land Configuration and Varietal
Effects on Contribution Traits and Yield of Garlic.
Pakistan Journal of Biological Sciences 5 (10). 1024-
1027.

14. JJBROCH Mechanization of production of garlic.
[Electronic resource]: - Access mode:
www.agroalliance.com.ua/files/ _.pdf. (in Russian).

15. Rud A.V., Bender LM., Voytyuk D.G.,,
Kravchenko S.M., Moshenko 1.O. Chervinsky L.S.,
Panchenko A.L., Semen Y.V., Ishchenko V.V. 2012.
Mechanization, electrification and automation of
agricultural production: under the arm. in 2 tons: T 1. -
K .: Agro-education, 584. (in Ukrainian).

16. Troinich N.P. Gaiduchok V.M., Lishchak L.P.
1992. Mechanization of garlic planting //
Mechanization and electrification of agriculture. -No5-
6. 18. (in Russian).

17. Copyright certificate 1794351 Al (SU): cl. A 01 C
11/02. Device for planting garlic. / N.P. Troinich,
V.M. Gaiduchok, B.I. Zathhei, E.S. Novak, V.N.
Ilnitsky. — Ne 1118307; claimed. 15.02.90; publ.
15.12.93, Bul. Ne6. (Russian).

18. Kuzenko D.V. Semen O.Ya. 2016. Machine for
garlic planting // Materials of the XII International
scientific and practical conference Conduct of modern
science - 2016. Volume 17. Agriculture. Construction
and architecture. Sheffield Science and education
LTD. 24-28. (in Ukrainian).

19. Patent 117567 Ukraine, IPC AO01C 5/08. Garlic
plantings / O.Ya. Semen O.M. Krupych, about D.V.
Kuzenk, Ya.V. Semen, O.F. Pryslyak No. and
201701310; stated. Feb 13, 2017 has published June
26, 2017 Bull No. 12 (in Ukrainian).

20. Patent 117501 Ukraine, IPC A01C 7/20. A device for
the orientation of serving of garlic teeth / O.Ya.
Semen D.V. Kuzenko, A.Ya. Zdobitsky Ya.V. Semen
No. and 201700876; stated. January 31, 2017 has
published June 26, 2017 Bull No. 12 (in Ukrainian).

21. Goryachkin V.P. 1968. Collection of requisitions in
3 volumes. Ed. The 2 nd. T. 1.-M .: Kolos. 720. (in
Russian).

MAIIWHA JIJI1 OPUEHTUPOBOYHOM
IMOCAIKM 3YBKOB YECHOKA

Onee Cemen, [[mumpuii Kysenxo, Apocrag Cemen

AnHoTanus. PaccmoTpena mpoOiema MeXaHH3HPOBAHOM
MoCasku 3yOKOB 4YECHOKa C TIPUHYJUTENIBHBIM X
pa3MeIllleHHeM B II04BE JOHBIIIKOM BHM3, a POCTKOM
BBEpX. YCTaHOBJEHO, 4YTO HA CETOJHSIIHUHA JEHb
MIPEUMYIIECTBEHHOE HCIOJIb30BaHUE HaIUTH
TIOJYyMEXaHU3UPOBaHHbIE U MEXaHW3UPOBAHHBIH CIIOCOOBI
MOCaJKU YKAa3aHHOM CEIbCKOXO3AHCTBEHHOM KYIBTYPBI.
Hcnionp30BaHHBIE TPH 3TOM MAIIMHBI M 000pYyJOBaHHE
HUMEIOT OTpEIeNICHHbIE KOHCTPYKTUBHBIE OCOOCHHOCTH U
HOBaTOPCKHE pemIeHus, KOTOpBIE TIO3BOJISTIOT
BBICR)KMBATh 3yOKM YECHOKa Ha 3aJaHHYI0 IIIyOWHY, U

YCTaHOBICHBI MEXIYypsAlbsi, HO HE 00ECIEUYNBAIOT

HE0OX0ANMOH ux OpHUEHTALUH BO BpeMsl

HEIMOCPECTBEHHOTO 3aK/II0UEHHs B ITOUBE.
[IpoaHanu3upoBaHbl CYIIECTBYIOIIHE MAIIUHBI U

OTJCIbHBIC paboune OpraHbl, MPEJHA3HAYCHHBIC IS
mocagku 4yecHoka. Ilojaisroiiee OOJNLIICHCTBO M3 HUX
000pyI0BaHBI JIO’KEUKOBO-ITMCKOBBIMU, JIEHTOYHO-
JIO’)K€YKOBUMBI, MOTOPHOW-TOXKEUYKOBUMBI, ITHEBMATHY-
HBIMH, THEBMOMEXaHUYECKUE U JTUCKOBBIMH IOCAIOYHBIE
anmaparamMu. Bo BpeMsi paGoTHI, 0CBOOOXKICHHOE U3 HHUX
ceMeHa, IIoJT JEeHCTBHEM CHIBI TSKECTH, IIONMAanacT B
00po3aKy, 00Opa3oBaHHYIO Ha IOJIE COITHHKOM, KOTOpas
cpasy 3achINaeTCsl TPYHTOM C MOMOUIBIO JIAIbl 3aropTaya.
B TakoMm cinydyae 3yOuMKa YeCHOKAa paclpelelisioTcs B
MOYBE Xa0THUYHO U 0€3 HEOOXOTUMOMN OpPHEHTAIIHH.
IIpennoxena KOHCTPYKIIUS MAaIIuHBI s
MOJyMEXaHU3UPOBAHHONW TIOCATKM 3YOKOB YECHOKa C
IMHEBMO-MEXaHUYECKOM CHCTEMOM M3BJIEUEHUS UX U3
OyHKepa, OpWUEHTHUPOBAaHUS U BHYTPU MAaIIMHHOUN
TPAHCIIOPTUPOBKM M LEMHO-IUTYH>KEPHBIM MOCAA0YHBIM
anmnapaTom. IIpuBeneno KOHCTPYKTHBHO-
TEXHOJIOTHYECKYI0 CXEeMYy pa3pa0O0TaHHOW TOCaJI09HOM
MammHBL. OOOCHOBaHHO KOHCTPYKTHBHBIE OCOOCHHOCTH
W TPUHOWAT pabOTHl OTHENBHBIX €€ Y3JI0OB U paboumx
opranoB. OnucaHbl TEXHOJOTHMYECKUH HPOLECC MOCAIKH
3yOKOB YeCHOKa C MPHUHYAUTEIbHBIM HX YKIAIKOW B
KITMHOBUJIHYIO OOpO3/IKY JOHBIIIKOM BHH3, & POCTKOM
BBEpX. TEOpeTHHeCKH HCCIIEI0BAHO B3aUMOJIEHCTBHE
poOJMKa IITOKA TUTYHXEpa ¢ HaNpaBJIAIoNIel MocagouyHOTO
anmnapata. [lonyyeHbl aHaIUTHYECKHE 3aBUCUMOCTH MJIs
ONpEJENICHUs] OCHOBHBIX KHHEMAaTHUECKHUX MapaMeTpoB
B3aUMOJICHCTBUSl POJIMKA, 3aKPEIJIEHHOIO Ha IITOKE
IUTYH)KEpa C HANpaBIIIONICH TPU YIIIyOJICHHE BUIIKHA C
3yOKaMH YeCHOKA B TIOYBY.
KaroueBble  ciaoBa: 3y0OK  YeCHOKa,  Cakaska,
MOCa/IOUHbIN anmapar, MIyHKep, BUJIKA, HAIpaBIsoLas,
POJIHK.



