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As stated in the humanitarian food program "Grain from Ukraine", launched by the President of
Ukraine Volodymyr Zelenskyi: "The demand for agricultural products in the world is growing by 2-3% every
year, and the shortage of grain on the markets of Africa and Asia may reach 10-15% already in 2024".
Therefore, the issue of production of agricultural products is relevant today. As the analysis of the market of
agricultural machinery shows, one of the directions of the development of the design of agricultural units is to
increase the width of grip of tools for soil cultivation and plant care. The use of agricultural units with an
increased working width has certain advantages:

- reduction of the number of passes of equipment on the ground;

- reduction of fuel consumption;

- reducing the negative impact of the unit on soil density.

Among the disadvantages of this type of aggregates should be attributed the increase in turning radii,
as a result of the increase in width. It is possible to eliminate this shortcoming by quickly transferring the unit
from the working position to the transport position and vice versa. To fulfill this task, a review of known designs
of wide-grip aggregates was carried out. Known hydraulic drives for raising and lowering and folding and
unfolding sections are considered. A kinematic diagram of the mechanism of rotation of the extreme section
of the cultivator relative to the frame has been developed. Based on this calculation scheme, the reactions in
the hinges were determined and the graphical dependencies of the mutual location of individual elements with
respect to the angle of rotation ¢ were calculated. The existing hydraulic positioning mechanisms, which are
equipped with chainless wide-grip machines and tools with articulated frames, do not provide the necessary
maneuvering properties of MTA during their movement on the turning lane. Equipping hydroficated
positioning mechanisms with follower stabilizing devices is a promising direction for improving hydraulic
drives of machine-tractor units, which create prerequisites for reducing the turnaround time on the turning
lane by selecting the parameters of the specified equipment.

The most important factor affecting the stability of the positioning of the sections of wide-grip
machine-tractor units is the variable load that occurs on the hydraulic cylinder rod at the moment of turning
the sections around the horizontal hinges at an angle of more than 90¢, which causes inconsistency in the flows
of the working fluid entering and leaving the hydraulic cylinder , which leads to the interruption of the flow in
the cavity of the hydraulic cylinder, which is connected to the injection hydraulic line.

Key words: wide-grip unit, hydraulic drive, support, kinematics, reaction in the support.

F. 30. Fig. 11. Ref. 14.

1. Problem formulation

Analyzing trends in the development of the modern agricultural machinery market, one should note
the tendency to increase the width of agricultural machinery. This design change is used by manufacturers to
increase the productivity of agricultural units, reduce energy consumption and increase their productivity.

It is important to note that in the group of agricultural machines designed for the cultivation of row
crops, there is no tendency to increase the working width. This is due to the technology of processing row
crops, which requires the accuracy of matching the width of the seeder used during sowing to the width of the
cultivator. It is also important to consider that the operator's attention is required to maintain the row, and as
the working width increases, the complexity of the requirements for accuracy of sowing and subsequent
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processing of the row spacing increases, which can lead to premature fatigue of the operator. Taking into
account the above, the working width of agricultural tools for such work is from 2.8 to 5.6 meters. [2].
The working width of soil tillage machines of another type can be up to 20 meters.

2. Analysis of recent research and publications

When designing wide-reaching aggregates, the question arises of ensuring their necessary
maneuverability when making U-turns and moving between sections.

In the work of V. Sivolapov [1], it is stated that one of the main parameters that affect the productivity
of machine-tractor units is the idle time associated with crossings, turns and starts.

The design features of the wide-grip machine-tractor unit mostly depend on the method of aggregation
and transfer from the transport position to the working position and vice versa.

The width of the attachment structures, as a rule, does not exceed 6 meters. A further increase in the
width of capture (more than 6 meters) for trailed planters is achieved by the use of trailing frames - hitches
equipped with self-installing wheels and special hanging mechanisms. Transportation is carried out in the
transverse direction due to the use of additional brackets and adjustable wheels located on one side of the
agricultural unit. The other side of the implement rests on the tractor suspension. When transporting such
weapons over long distances, they are installed on special carts.

Trailed solid-frame implements also have a grip width of up to 6 meters and are transported in the
same way as trailed implements - in the transverse direction.

Sectional agricultural machine trailers with a working width of more than 6 meters are made according
to an independent biaxial or dependent complex scheme.

An example of trailed agricultural machines, designed according to an independent two-axis scheme,
are wide-reaching aggregates (Fig. 1.) of three or four cultivators assembled on the basis of SP-15 or SP-16
trailed hydraulic couplings for use with tractors of traction class 3...5 ( T-150, DT-75, etc.). When using the
SP-16 hitch, which has all self-aligning wheels, and the row arrangement of tools, it is possible to implement
a combined method of turning the wide-grip unit, which allows you to significantly reduce the size of the
turning lanes.
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Fig. 1. Schematic of a wide-reaching hitchless steam cultivator:
1 — extreme left section; 2 — self-installing wheel; 3 — flat cutting paw; 4, 5 — hinges; 6 — middle
section; 7 — hanging; 8 —support wheel of the middle section; 9 — connecting (transport) hinge; 10 —extreme
right section

Before long-distance transportation, the unit is disassembled, the right and left wings of hitch 2 are
brought back and fixed in this position, then the tool is attached to the hitch with a train.

It should be noted that such reconstructions require considerable expenditure of time, labor, and third-
party assistance to the operator. In addition, row units with independent sections have increased material
capacity, because for the use of sections as independent machines, all elements necessary for operation and
transportation in a transverse position are included in the design of each section.
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Agricultural machines with dependent complex sections have a more economical design, in which the
support wheels are turned off on one side of each section. Hitchless cultivators have a specific metal capacity of
up to 170 kg/m, while this indicator in units of two KPS-4 cultivators and a SP-11 hitch is about 240 kg/m [2].

In this case, the frame of the agricultural machine is made in the form of articulated sections, which
allows to change the dimensions of the unit by turning and collapsing the sections relative to each other to
ensure maneuverability in short and long-distance transport. Aggregates are folded both horizontally and
vertically.

In the considered in fig. 2 structures for long-distance transportation on narrow roads, the extreme
sections are wound back around the hinge 4 and fixed with the help of the connecting (transport) hinge 9.
Moreover, the transfer of the unit from the working position to the transport position and back, as well as the
connection and disconnection of the machine with the tractor are carried out one tractor driver.

There is a design of a wide-reaching hitchless sectional steam cultivator, which can be quickly
transferred from the working position to the transport position and back in the vertical plane with the help of
a hydraulic drive.

1 2 3 4 _‘5\ 6 7 8 9 10 11
Fig. 2. Schematic of a wide-grip hitchless steam cultivator:
1, 11 — extreme sections; 2, 10 — hydraulic cylinders for folding the extreme sections; 3, 9 — middle

sections; 4, 8 — hydraulic cylinders for folding the middle sections; 5 — central section; 6 — lifting mechanism
of the central section (moved to the transport position); 7 — hydraulic cylinder for lifting the central section

—m

The cultivator is intended for aggregation with tractors of class 3 (30...50 kN) and consists of an even
number of separate sections 1, hinged together and equipped with pneumatic wheels 8, supporting two-wheeled
carriages 9, towing equipment 2 in the form of two rods, with one end attached to the carriages 9, and the other
end to the tractor hitch 3. The middle sections in front and behind are connected to each other by spacers 4,
which have horizontal hinges. A slider I is installed on the vertical rack of the carriage, which is capable of
axial movement and is connected to the extreme and middle sections by means of hinges 12. A hydraulic
cylinder 6 is fixed on the rack, the rod of which is hinged to the extreme and middle sections by means of rods
5, and it has lower 13 and upper 14 stops to limit the movement of the slider 11.

An example of a wide-grip unit, the design of which provides for the possibility of turning the extreme
sections in the vertical plane can serve as a hydrofied ring-toothed roller KZK — 10.

Structurally, the roller consists of five main sections: two extreme sections - 1 and 11, two middle
sections - 3 and 9, and a central section - 5. In the working position, all sections are deployed relative to the
second in a horizontal position.

To transfer to the transport position, the central section is raised with the help of hydraulic cylinder 7.
Then, with the help of hydraulic cylinders 2 and 10, sections 1, 11 are turned by 90° and hydraulic cylinders
4, 8 ensure the rotation of sections 1 and 11 by another 90° and at the same time the total rotation of sections
1, 11 and 3, 9 at 90°.

The roller hydraulic drive system ensures the transfer of sections of the roller to the transport and
working position when aggregating this tool with the hydraulic system of the tractor hitch.

KSHU - 12 hitchless cultivator can also serve as a generalized example of a wide-grip tillage tool, the
design of which, with relatively complex kinematics, allows changing the transport dimensions with a
stationary unit by one operator in a short period of time.

Cultivator KSHU-12 consists of five sections: central, two middle and two extreme. Transferring the
cultivator to the transport position is carried out in the following sequence. First, the working bodies are raised
by increasing the height of the wheel support under the central section. Next, the extreme sections are turned
in the vertical plane by 180° and fixed relative to the middle sections. Then the middle sections (along with
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the outer ones) are turned in the vertical plane by 90° and fixed relative to the central section. Transferring the
cultivator to the working position is carried out in the reverse order.
The hydraulic system presented in Fig. 3.
. 3k

3K4

-———

114

115 117

Fig. 3. Basic hydraulic diagram of the KSHU-12 cultivator:
Ts1, Ts3 — hydraulic cylinders for turning the middle sections by 90°; Ts2, Ts4 —hydraulic cylinders
for turning the extreme sections by 180° Ts5, Ts7 — hydraulic cylinders for lifting working bodies;
3K1-3K6 are retarding valves

In hydraulic systems of KPZ-9.7, KSHU-12, KSHU-14, KChP-7.2 cultivators, the task of ensuring
uniform movement of the section is solved by installing one-sided chokes with a constant cross-section or two-
sided retarding chokes. This method is simple, but at the same time it significantly reduces the efficiency of
the hydraulic system (for the KSHU-14, the efficiency during folding does not exceed 50%). This is due to the
fact that the hydraulic resistance of each of the retarding throttles will be up to 7.2 MPa, which will lead to the
loss of part of the pump's supply in the event of the inevitable activation of the protective valve-safety system.
In addition, the use of chokes significantly affects the thermal balance of the system.

Fig. 4. Kinematic diagram of folding of the extreme section of the KZK-10 roller:
1 — the folding section in the initial position; 2 — the section that is composed at the moment of
switching the input signal; 3 — turning hydraulic cylinder; 4 — supporting structure

A real reserve for increasing the productivity of wide-grip machine-tractor units is the improvement
of their maneuvering properties.

The maneuverability of the unit with its modular structure can be significantly increased by turning
(folding) the sections in the vertical plane.

In all known systems of spatial reorientation of sections of wide-reaching tillage machines in the
vertical plane, a hydraulic drive is used as an executive mechanism.

When the sections are rotated in the vertical plane, the positional load perceived by the output link of
the executive mechanism (hydraulic cylinder rod) changes in magnitude and can be directed both towards the
movement of the output link (active load) and coincide with it (passive or secondary load).

3. Results of the researches
When identifying analytical dependencies that take into account the influence of kinematic parameters
on the reaction force in the hinges, the rotary mechanism for positioning the extreme sections of the KSHU-
12 cultivator was used as the basic design, since this scheme is the most typical for wide-grip tillage machines.
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Fig. 5. Scheme of the rotation mechanism of the extreme section of the KSHU-12 cultivator:
a — initial position; b — diagram of the relative position of the accepted coordinate systems;

¢ —current intermediate position; 1 — middle section; 2 — executive hydraulic cylinder; 3, 4 — traction;
5 — positionable section

The following assumptions were made when compiling the model of the load change process:

- moments arising from the action of frictional forces were not taken into account, considering the
frictional force in the hinge to be constant and independent of the angle of rotation of the section;

- the deflection of the links was not taken into account, assuming the structural elements to be solid,
since the magnitude of the deflections is infinitesimally small compared to the movement during folding-
unfolding;

- the forces of inertia were not taken into account, since the movement of the section at the moment of
changing the sign of the load is carried out at a constant speed, and the mass of the moving rods (moving at a
variable speed) is infinitely small compared to the mass of the section.

To describe the load law of the output link of the executive element, and in this case the force perceived
by the hydraulic cylinder rod, the reaction forces in the hinges of the rotary mechanism should be determined.

In Fig. 7 presents simplified diagrams of the rotary mechanism of the KSHU-12 cultivator at the initial
(a) and current (b) moments of time.

We isolate link 5 by introducing an additional reaction of the R4 bond from link 4.

M
T
Ty _

g
Fig. 6. Diagram of transfer of the point of application of force Fg.

G
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After entering the coordinate system and moving the point of application of the force Fg to the hinge F,

we get the load diagram. When moving the point of application of the force F,, the appearance of an additional
moment should be taken into account My.

M, =|FG|F, -sin(y +¢p+ f) 1)
R, ﬁfﬁ W/&)@
i ¢ I NG
; /‘74)(5 * 7\4 /PFXE
R Vs’
R

Fig. 7. Calculation scheme of link 5

Then the reaction of the connection R4 can be determined from the dependence:

RYS
R =-———F 2
* sin(BFC) @
To determine the reaction forces of the support in the hinge F, we will compile a system of equations:
Axis 0X5: F;-cos(y +¢)-RI°+RX° =0 (3)
Axis OY5: —F, -sin(y +¢)-R°+RI° =0 (4)
Consider the balance of moments with respect to the hinge F.
MF: M, —-R{®-|BF|=0 (5)
Then from (4) and (5) we have
M
RI°=—2L+F, -sin(y+ 6
SR (v+o) (6)
So, from equation (2) taking into account (1), we obtain:
FG|-sin(w+o+ ) sin(y+
R4=Fg-| [sin(y +o+f) sin(y +¢) -
|BF|-sin(BFC)  sin(BFC)

To explain further calculations in Fig. 7 and Fig. 8 shows the load diagram of link 3, on which the
reactions of the connection Rz and R4 with links 2 and 4 are entered, respectively.

g 2 7

Fig. 9. Calculation diagram of link 3
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In accordance with the scheme, the system of equilibrium equations of force projections on the
coordinate axes have the form:

on the axis 0X2: RY?—RX?*—-R)}? =0, (8)
on the axis 0B2: R +R/*—R/*=0. 9)
Equilibrium of moments relative to the hinge 3:
Mc: RY?-DC =0, (10)
So,
R =R;’. (11)
The projection of the R4 force on the Y, axis is described by the dependence:
R, :R4-sin(DCF). (12)
In turn, the bond reaction can be found from the expression:
RY2
R, =—¢&—, 13
* sin(ACD) =
R, -sin(DCF
, = Busin(DCF) 1)
sin(ACD)

Since this reaction of the connection is perceived only by the rod of the hydraulic cylinder, it can be
written down:

_ F,sin(DCF)(|FGsin(y +¢+ f)+|BF[sin(y +9¢))

F=R,= 15
v |BF|sin(BFC)sin(ACD) (19
To find the angles DCF, BFC, ACD, we use the following ratios:
from a triangle DCF
IDF|* =|CDJ|’ +|CF[* - 2|CD||CF|cos(DCF), (16)
from a triangle DBF
IDF| =|BD|’ +|BF| —2|BD||BF|cos(DBF). (17)
Moreover, the angle DBF is the sum of two angles:
DBF =2y +¢. (18)

Equating the right-hand sides of equations (16) and (17) and rearranging with respect to the DCF angle,
we write

OCE aerCo{|CD|2 +|CF[*~|BD|" —|BF| +2|BD||BF|cos(2y/+¢)] |

2|CD||CF|
The angle BFC can be found from the difference between the angles DFC and DFB:
BFC =DFC-DFB. (19)
Where:
ICF[’ +|DF|* —|cD[
DFC =arccos : (20)
2|CF||FD|
IBF|’ +|DF|* -|BD[
DFB =arccos (21)
2|BF||FD|
To find the angle ACD, we use the following relations:
|AC[ +|cD|" ~|AD["
ACD =arccos (22)
2|AC||CD|

In turn, the current distance of the AS is described by the ratio:
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|AC| = /| AD[ +|CD[ —2|ADJ|CD]cos(CDA) (23)
The angle CDA can be found from the difference between the angles ADF and CDF:
CDA= ADF —-CDF . (24)
/__/
o |
4 " e &
T S 5P T
g 0, o
Fig. 10. Scheme of conventional symbols for calculations of kinematic dependencies
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Fig. 11. Graphs of changes in kinematic parameters depending on the angle of rotation of the section
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We find the angle ADF from the triangle ADF:

(25)

[|AD|2 +|DFf |AF|2J
ADF = arccos )

2|AD||DF|
and the angle CDF can be found from the triangle DCF:

CDF =180°—-DCF —-DFC. (26)
The variable value AF included in expression (26) can be described by the following relationship:

|4F|=|40[ ~|FOf . 27)

where — AQO; is a leg of a right-angled triangle AOF lying on the horizontal line AO (Fig. 8), the length
of which is determined by the ratio

|[40|=|40/]+|0,0], (28)

where 40; — design parameter (constant value); O10 — projection of the segment BF (lever 4, see
Fig. 8) onto the horizontal line AO:

|0,0|=|BF|-sin(y +¢). (29)
The segment FO is determined by the ratio:
|FO|=|0,B|~|BF|-cos(w +¢). (30)

Calculations were performed on the basis of the obtained dependencies, and graphs of changes in
kinematic parameters depending on the angle of rotation were obtained (Fig. 8).

5. Conclusions

The results obtained in the process of research made it possible to draw the following conclusions.

The existing hydraulic positioning mechanisms, which are equipped with chainless wide-grip
machines and tools with articulated frames, do not provide the necessary maneuvering properties of MTA
during their movement on the turning lane. Equipping the hydroficated positioning mechanisms of the follower
with stabilizing devices is a promising direction for the improvement of hydraulic drives of the MTA, which
create prerequisites for reducing the turnaround time on the turning lane by selecting the parameters of the
specified equipment.

The most important factor affecting the stability of the positioning of the sections of wide-grip MTA
is the variable load that occurs on the hydraulic cylinder rod at the moment of turning the sections around the
horizontal hinges at an angle of more than 90, which causes inconsistency of the flows of the working fluid
entering and leaving the hydraulic cylinder, which leads to to the interruption of the flow in the cavity of the
HC, connected to the injection hydraulic line. In the presence of retarder valves, flow coordination is achieved
by increasing the energy consumption of the pump drive.

References

[1] Syvolapov, V., Kyslyi, S., Marchenko, V. (2016). Yak pidvyshchyty produktyvnist mashynnykh
ahrehativ. © AGROEXPERT. URL: https://agroexpert.ua/ak-pidvisiti-produktivnist-masinnih-
agregativ/. [in Ukrainian]

[2] Nadykto, V., Kiurchev, V., Aiubov, A., Masalabov, V., Kistechok, O. (2019). Prospects for increasing
the productivity of the machine-tractor unit. Scientific bulletin of Tavriyya State Agro-Technological
University, 8(2). URL : https://oj.tsatu.edu.ua/index.php/visnik/article/view/2 [in Ukrainian]

[3] Grain From Ukraine. Program. URL : https://en.wikipedia.org/wiki/Grain_From_Ukraine_program

[4] Gunko, I, Hraniak, V., Yaropud, V., Kupchuk, I., Rutkevych, V. (2021). Optical sensor of harmful air
impurity concentration. Przeglgd elektrotechniczny, 7 (97), 76-79. [in English].

[5] Veselovska, N.R., Sharhorodskyi, S.A., Yashchuk, Ye.V. (2022). Eksperymentalne doslidzhennia
roboty hidrostatychnoi transmisii typu HST-90 [Experimental study of the hydrostatic transmission of
the HGST-90 type] Engineering, Energy, Transport AIC, 1 (111), 58-64. [in Ukrainian].

[6] Ratushna, N., Mahmudov, I., Kokhno, A. (2007). Metodychni pidkhody do stvorennia novoi
silskokhospodarskoi tekhniky u vidpovidnosti z vymohamy rynku naukoiemnoi produktsii [Methodical
approaches to the creation of new agricultural machinery in accordance with the demands of the market
of science-intensive products]. MOTROL, 9, 119-123. [in Ukrainian].

59


https://agroexpert.ua/ak-pidvisiti-produktivnist-masinnih-agregativ/
https://agroexpert.ua/ak-pidvisiti-produktivnist-masinnih-agregativ/
https://oj.tsatu.edu.ua/index.php/visnik/article/view/2
https://en.wikipedia.org/wiki/Grain_From_Ukraine_program

Ne4 (123) /2023 TexHika, eHepreTHka,

% TpaHcnopt AIIK
E & Vol. 123, Ne 4 / 2023

[7] Ivanov, M.1., Hrechko, R.O. (2019). Doslidzhennia vplyvu ob"iemiv hidrolinii na robotu hidrostatychnoi
transmisii typu HST90. Kompleksne zabezpechennia yakosti tekhnolohichnykh protsesiv ta system:
materialy 1X Mizhnarodnoi naukovo-praktychnoi konferentsii, 14-16 travnia 2019 roku. Chernihivl.
232-233. [in Ukrainian].

[8] Rutkevych, V.S. (2017). Adaptyvnyi hidravlichnyi pryvod blochno-portsiinoho vidokremliuvacha
konservovanoho kormu [Adaptive hydraulic drive block-portable of canned forage block-batch
separator]. Engineering, Energy, Transport AIC, 4 (99), 108-113. [in Ukrainian].

[9] Sereda, L.P., Rutkevych, V.S., Ziniev, M.V. (2018). Doslidzhennia matematychnoi modeli
hidropryvoda sehmentno-paltsevoho rizalnoho aparata kosarky [Study of the mathematical model of
hydraulic drives segment-finger mower unit]. Engineering, Energy, Transport AIC, 1 (100), 111-123.
[in Ukrainian].

[10] Ivanov, M., Pereyaslavskyy, O., Shargorodskiy, S., Hrechko, R., Mazurenko, V., Holovko, S. (2021).
Vibration resistance of HST 90 hydrostatic transmission. Journal of Physics: Conference Series, 1741,
1-9. [in English].

[11] Sharhorodskyi, S.A., Rutkevych, V.S., Yshchuk, Ye.V. (2022). Matematychne modeliuvannia
hidropryvoda perevedennia shyrokozakhvatnoho silshospodarskoho ahrehatu iz transportnoho
polozhennia u roboche [Mathematical modeling of the hydraulic drive of the transfer of the wide-grip
agricultural unit from the transport position to the working position]. Vibration in engineering and
technology, 3 (106), 54-63. [In Ukrainian].

[12] Ivanov, M.I., Rutkevych, V.S., Kolisnyk, O.M., Lisovoy, 1.0. (2019). Research of the influence of the
parameters of the block-portion separator on the adjustment range of speed of operating elements.
INMATEH - Agricultural Engineering, 57 (1), 37—44. [in English].

[13] Rutkevych, V., Kupchuk, I., Yaropud, V., Hraniak, V., Burlaka, S. (2022). Numerical simulation of the
liquid distribution problem by an adaptive flow distributor. Przegiqd Elektrotechniczny, 2 (98), 64—69.
[in English].

[14] Honcharuk, I., Kupchuk, 1., Yaropud, V., Kravets, R., Burlaka, S., Hraniak, V., Poberezhets, Ju.,
Rutkevych, V. (2022). Mathematical modeling and creation of algorithms for analyzing the ranges of
the amplitude-frequency response of a vibrating rotary crusher in the software Mathcad. Przeglgd
Elektrotechniczny, 98 (9), 14-20. [in English].

JOCJIIAXKEHHSA KIHEMATUKHN MEXAHI3MIB NO3ULIOHYBAHHSA
HIUPOKO3AXBATHUX MAIIMHHO-TPAKTOPHUX AT'PET ATIB.

Ak 3a3naueno y eymanimapniv npooogonvuin npoepami « Grain from Ukrainey, wo sanouamxosana
npesudenmom Yxpainu Bonooumupom 3enencoxum: «llompeba 6 cinbcbk020cno0apcobKi npooykyii' y ceimi
wopoky 3pocmae wa 2-3%, a degpiyum sepua na punxax Agpuxu ma A3zii mosxce caenymu 10-15% eouce y
2024». Omoice numaHHs UPOOHUYMEA CilbCbKOZOCHOOAPCLKOI NPOOYKYIT HA CbO20OHI € akmyanibHum. AK
CBIOYUMb AHANI3 PUHKY CLIbCLKO2OCHOOAPCHKOI MEXHIKU, OOHUM 3 HANPAMKIE PO38UMKY KOHCMPYKYIL
CIIbCLKO20CNO0APCHKUX azpe2amis, € 30inbuenHs. WUPUHU 3aX8amy 3HApsAOb O1s 00pOOImKy epyHmy ma
00271A0) 34 POCTUHAMU. 3ACMOCYBANHSA CIIbCObKO20CNO0APCHKUX Acpecamis i3 30i1buleHoI0 WUPUHOIO 3aX6amy,
Mae negui nepegazu:

- 3MeHUeHHs KiIbKOCTI NPOX00ie MEXHIKU NO ePYHMY;

- 3MEHWeHHS GUMPAmU nanuea,

- 3MEHUWEeHHS He2AMUBHO20 6NIUGY Azpe2amy Ha WINbHICTNG 2PYHINY.

Lo nedonikie danoco 6udy acpezamis, cnio gionecmu 30iibueHHs padiycie nOGOPOMy, y HACTIOOK
30ibUeHHs WUPUHU. Y CYHYmMuU 0anuil HeOOiK, MONCIUBO 3d OONOMO20I0 WUBUOKO20 Nepesedet s azpe2amy i3
POOOU020 NONOCEHHS Y MPAHCNOpMHe | HA8NAKU. s UKOHAHHA OAHOI 3a0ayi NPOBedeHO 02510 8I0OMUX
KOHCMPYKYIl WUPOKO3aX6amHux azpezamis. Posensanymo 6ioomi 2iopagniuni npusoou niotomy ma onycKans
i 320pmanHs ma po32opmanisi cexyiu. Po3pobneno Kinemamuyumy cxemy Mexanizmy nogopomy Kpaunvoi cexyii
Kynbmusamopa 8i0HocHo pamu. bazyouuce na 0aniti po3spaxynkositl cxemi U3Ha4eHi peaxkyii y wapHipax ma
PO3paxo6ai epaghiuni 3aneHCHOCMI 83AEMHO20 POIMAULYBAHHS OKPEMUX eNeMeHmi6 8IOHOCHO KYma NOGOPOY
@. Icuyroui eiopogixosani mexanizmu no3uyiony8anHs, AKUMU OCHAWYIOMb OE3NAHYI0206] UUPOKO3AXEATNHI
MaAwunu i 3HAPAOOs (3 WAPHIPHO-3YIEHOBAHUMU pamMamu, He 3abe3neyyiomv HeOoOXIOHi MaHe8posi
enacmusocmi MTA nio wac ix pyxy ma nogopommiu cmy3i. OcHawjenns 2i0po@ikosanux Mmexauizmia
NO3UYIOHY8AHHA — CTIOKYIOUUM — CMAOINi3yIouuUMy — HPUCMPOIMU €  NEPCHEKMUBHUM — HANPIMKOM
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VOOCKOHAMIOBANHS 2I0PONPUBOJI8 MAWUHHO MPAKMOPHUX acpe2amis, wjo CMEOpIoIomy nepeoymosu Ol
SHUIICEHHS YACY GUKOHAHHS PO3BOPOTHY HA NOBOPOMHIL CMY3i 0000POM Napamempia 3a3HaveHux 00Ia0HAHb.

Haitisasicrusivuum gpakmopom, wo eniusaroms Ha CMabiibHICIMb GUKOHAHHA NO3UYIOHYBAHHA CeKYill
WUPOKO3AXBAMHUX MAUUHHO-MPAKMOPHUX A2Pe2ami6 € 3HAKO3IMIHHE HABAHMAMCEHHS, WO BUHUKAE HA WINOKY
2I0pOYUNIHOPA 8 MOMEHM NOBOPOMY CEKYill HABKOAO 2OPU3OHMANbHUX WapHIpie Ha Kym Oimvw 90°, wo
BUKNIUKAE HEY32002CeHICMb NOMOKI8 poO0ouoi piOuHu, AKI 6X00Amb i 6UX00AMb 3 2i0poYuniHOpa, wo u
npugooums 00 po3pugy HOMOKY 6 NOPOJICHUHI 2i0pagniuHo20 yuiiHopa, AKa 3'€0HAHA 3 HACHIMAIbHOK
2i0poninicro.

Knwuogi cnoea: wuporoszaxeamnuil azpezam, 2i0pasiivHuil npueood, onopa, KiHemMamuxa, peakyis y

ONnopi.
@. 30. Puc. 11. Jlim. 14.
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