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Abstract. New design of the vibrating undermining operating body of potato harvesting
machine where the specificity is that the plane of such ploughshare performs oscillating movements
according to a certain law was proposed in this paper. Therefore, each point of the plane has
different transporting and separating ability. The design and description of this operating body is presented
in this paper. On the basis of its kinematic scheme the calculated dependencies which determine
the conditions of movement of the individual particle by its plane are given. The above mentioned
technigue made it possible to determine for a separate kinematic mode of operation of the potato digger
the value of accelerations that the oscillating plane transmits to the particle for the occurrence of
directional motion. The values of the acting and minimum required accelerations acting on the particle
located on the oscillating plane of the ploughshare have been analyzed, and conclusions about the possibility
of its directed motion have been made.
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plane, separation, angle of friction, vibrating movement, potato digger, technological process, potato
production.

https://doi.org/10.33108/visnyk_tntu2024.04.078 Received 27.08.2024

1. INTRODUCTION

Mechanisation of agricultural production in Ukraine is one of the top priorities
for mechanical engineers in this field. The quality and cost of manufactured products
depend on the level of technological processes equipped with efficient technical
means. This problem is getting worse due to the fact that the market in our country
has a large share of expensive agricultural machines of foreign production. The
development of Ukrainian agricultural engineering is somewhat slow, which prevents the
industry from realising its potential. In order to strengthen the position of Ukrainian
manufacturers of agricultural machines, there is a need to develop new designs of machines,
units or operating bodies that would ensure high technological efficiency and be competitive
on the market.

Therefore, analyzing the problems that are observed in the production of potatoes in
small auxiliary farms in the technological operation of harvesting, the scientific search is
directed to find solutions to improve the designs of single-row potato diggers. Such machines
should be combined with low-powered energy resources and efficiently perform the
technological harvesting operation.

The peculiarity of potato production in Ternopil region is that it has mainly heavy
black soil, which complicates the process of digging up the potato bearing layer and
separation of its components. Therefore, it is important for potato diggers, especially those
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aggregated with low-powered energy resources, that the digging ploughshare is active and
provides partial separation.

This idea was implemented by the development of the new design
of vibrating ploughshare [15], which has the system of suspensions enabling it
to make oscillatory movements according to different laws and with different
amplitudes.

Before implementing this design solution in practice, it is necessary, as a special
case, to model and test the behaviour of the potato bearing layer particle on the plane of the
ploughshare. This is necessary to ensure that the particles can move in the directional
manner along the oscillating plane. In addition, this will provide certain transport capacity
of the ploughshare, and relative movement of such particles on its plane intensifies the
separation process.

2. ANALYSIS OF AVAILABLE INVESTIGATION RESULTS AND
PUBLICATIONS

Analysing the sources of information, the researchers offer many options for the
design of the digging operating bodies of potato diggers and methods of digging in
general [1-6, 18]. Each of these solutions has its own specific application. However,
not many researchers emphasise that this operating body should work in complicated
conditions: when harvesting fruit we can observe sodden soil, increased lumpiness,
the presence of plant remains, etc. The above mentioned conditions of operation
of the digging operating body encourage us to find solutions to reduce traction
resistance when machines are moving, to ensure good soil cover during digging for
easier subsequent separation of particles, and to obtain directed movement of the potato
bearing layer under certain kinematic mode of the ploughshare drive operation [8—14].
The problem of the kinematic operation mode influence on the possibility of the occurrence
of directional movement of particles located on its plane is not yet sufficiently developed
for this type of the operating body. This is especially true for the effect of inertial forces on
the potato bearing layer particle in each position of the rotation angle of the drive
mechanism crank when the plane of the ploughshare does not make plane-parallel
oscillations.

Therefore, it is necessary to develop the model which determines certain conditions
concerning the possibility of directional motion of the particle at each point of the oscillating
plane.

3. OBJECTIVE OF THE PAPER

The objective of the paper is to develop the methodology in order to identify the
conditions under which we can analyse the possible behaviour of particles of the potato bearing
layer on the oscillating plane of the vibrating ploughshare of the single-row potato digger during
technological process.

4. PRESENTATION OF THE MAIN MATERIAL

The ploughshare operation in terms of its ability to move the particle in directed manner
can be modelled as the operation of oscillating plane.

In theoretical terms, ploughshare is a wedge that cuts the potato bearing layer and moves
it along its plane while separating the particles that pass through the cracks on the bar part of
the ploughshare, Fig. 1.
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Figure 1. General view of the ploughshare of popato digger — a; its scheme — b

The described process includes conditionally independent three tasks: cutting the potato
bearing layer by the ploughshare cutting blade; generation of the directed movement of potato
bearing layer by the ploughshare plane; assessment of the separation capacity of the
ploughshare bar [17].

At the initial stage, it is very interesting to investigate the influence of ploughshare
kinematic parameters, which affect its ability to transport particles of the potato bearing layer.
Or, in other words, to study the behaviour of the particle on the ploughshare plane at different
positions of the crank drive mechanism.

Let's move on to the modelling of this process. So, ploughshare is an oscillating plane

that is at angle «, to the horizon (Fig. 1) and makes oscillatory movements according to a
certain law. The ploughshare plane (cross section, line GH ) is pivoted by two suspensions: the
rear suspension EO; (pivot E is located at distance EE' (Fig. 1) from the ploughshare plane);

the front suspension Fo, (distance FF' from the ploughshare plane).
The front suspension is the part of the drive mechanism. Itis a double-armed lever Fo,B

. The pivot B is connected to the connecting rod AB , which transmits the force to oscillate
the ploughshare from the crank Ao,. Dependencies describing the kinematics of the
ploughshare drive are given in paper [16].

First, let's consider the simplest partial case, when one single particle with , mass is

located on the ploughshare plane and its motion is carried out as a plane particle. In addition, at
this stage, we assume that air resistance and the interaction of other particles do not have a
significant impact. And another condition is that the friction coefficient f is constant, it does

not depend on the thickness of the potato bearing layer, as well as the kinematic parameters
during the ploughshare operation.

At this stage of the investigation, it is important to determine what ranges of kinematic
parameters are to be ensured in order for the operating body to be functional. Later, we will
impose additional restrictions in order to make the model adequate to the actual conditions of
the ploughshare operation.

Let us distinguish three possible movements of the particle on the ploughshare plane [7]:

- movement downwards in the plane;

- upward movement;

- movement off the plane.
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It should be understood that there is a case when the particle moves with the plane, i.e.
no relative displacement occurs.

Let's define the fragment of the plane and the particle on it to show the action of forces
when the particle moves downward, Fig. 2 a.

Figure 2. Schemes of the action of forces on the particle when it
moves downward — a and upward — b

Under such conditions, the particle can move downwards if the acting forces are
projected onto the axis parallel to the plane of the ploughshare, and the resulting force that

moves the particle downwards will be greater than the corresponding resulting force that is
opposite in direction.

Let's write this condition in the following way

P, -cosa;, +G,, sina, >F, (1)

P

where i is the inertia force acting on the particle;

;, is the angle of direction of the inertia force vector;

G, is the particle weight force;

a, is the angle of inclination of the ploughshare plane to the horizon;
F, is the friction force.

Here

P —m & -cose, . 2)

par <i

where @, is the acceleration of the particle at the i-th time moment.
The force of particle weight is expressed by the known dependence

Gpar :mpar g, (3)

where ( is the acceleration of free fall, g =9,81 m/s?.
According to the diagram (Fig. 2), the friction force is £ = N, Where f is friction

coefficient; N is the normal force.
Or in the expanded form

Ft =19, (Gpar ‘Cosax, — |:>in -sin Xin )» (4)

where @, is friction angle.
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Next, it is necessary to choose the parameter that can be used to influence the
described process. This parameter is the acceleration, which determines the oppositely
directed inertia forces acting on the particle [19]. According to previous investigations [16],
the following distribution of inertia forces with respect to the unit mass at three
characteristic points of the track line produced by the intersection of the longitudinal-
vertical plane with the ploughshare plane (G — point belonging to the ploughshare blade,
K — middle and H - extreme point of the ploughshare on the conveyor side) was
determined, Fig. 3.
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Figure 3. Inertia forces affecting the unit mass at points G, K, H

This makes it possible to see the probable directions of the particle movement on the
ploughshare plane. The question can be answered more affirmatively when we analyse each of
the conditions (for example, condition (1)) that determines the possibility of directional motion
of the particle.

In order to implement this approach, let us identify acceleration @, from expression (1)

by carrying out several transformations.
Let's write expression (1) in expanded form

m, . & Cosa;, + M, gsin«, >tgy, (mpa,g Cosax, —m_, & sin o, ), (5)
let’s reduce the left and right sides of inequality (5) by M and group

a; cosc;, +tge, - q; sina;,, >tgep, gcosexr, —gsina,,,

or

g(tg(pt cosa, —sin ap)
>
cosa,, +tge, sin «;,

After transformations and simplifications of the right-hand side of the inequality, we

finally get the expression for acceleration value @;, which will move the part downwards. Let
us assign the acceleration index «d»
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g sin (ap - ¢t)
cos(a;, —¢,)

(6)

ai(d) >

Thus, the first condition under which the part should move down the ploughshare plane
is obtained. The given condition (6) determines the value and direction of the acceleration
transmitted by the ploughshare plane to the particle and causes directional movement.

Similarly, we consider the approach for determining the acceleration that will cause the
particle to move up the ploughshare plane. Let us present the diagram of the acting forces
according to the specified condition, Fig. 2 b.

The main condition for the upward movement will be that the resultant of the acting
forces moving the particle upward is greater than the resultant of the forces holding the particle
or trying to move it down by the ploughshare plane.

The actions of the forces are written mathematically through their projections on the
axis parallel to the ploughshare plane

F+G,, -sina, <P, -cosg,, . (7)

We make transformations similar to the previous ones:

a, sin ain)+ M, 9g-sina, <m

tggot(mparg -Cosa, + M, &,

a, cosa,,;

par <

a, cosa;, +tge, -q;sinx,, >tgp, gcosx, —gsino,,
S g(tg(pt CoSa, —sIn ap)
cosa;, +tgg, sin o,

Finally, we get, assigning acceleration @, index “u”

g(sin a, +(ot)

a .
cos(aty, +.)

(8)

i(u)

As it was noted above, the particle movement along the ploughshare plane is possible with
the particle detachment from its surface. If such kinematic mode of ploughshare operation is
ensured, then the contact of the particle with the plane should be broken. To understand this process,
it is possible to imagine that the particle is «attached» to the ploughshare plane by he weightless
elastic bond. In this case, the normal force N would have a negative value. However, since the
particle has one-way connection with the ploughshare plane, then it is sufficient to consider the
boundary condition when N =0 (the moment of particle «detachmenty), Fig. 2.

N=G, -cosa,—P, -sing;, =0 (9)
or in the expanded form
m,,d-cosx, —a -m, -sing, =0,
finally we have, assigning the acceleration index «0»

g-Coscx,
Qo) > W (10)
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Thus, all the main options for the behaviour of the particle on the ploughshare plane
which makes it possible to assess the possibility of directional movement of the dug up potato
bearing layer in the first approximation have been worked out.

Since the ploughshare plane does not make plane-parallel movements, the transport
capacity of the ploughshare plane will vary For visual representation, we present the histogram

of ploughshare position (&, ) relatively to the horizon at the corresponding value of the crank
angle ¢, Fig. 4.

Ploughshareplane angle to horizon, deg

0] 30 60 90 120 150 180 210 240 270 300 330 360

Crank turning angle, deg

Figure 4. Position of ploughshare plane from crank turning angle

The points of maximum angles &, are approximated by the curve — polynomial of the

fourth degree ( R? = 0,999) to estimate the intermediate values of the ploughshare position
a,(p) =0,001p" —0,045¢° +0,363p" — 0,681 +12,36. (11)

Now, having conditions (6), (8) and (10), we can check the possible directional motion
of the particle on the ploughshare plane.

Let us carry out such analysis for point G , which belongs to the cutting blade of the
ploughshare, i.e., we consider the behaviour of the particle located in the initial part of the
ploughshare plane.
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-20
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Figure 5. Histogram for comparative analysis of behavior particles at point G
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The values of actual accelerations (red) at point G are shown in Fig. 5 in the
form of a bar graph.They are compared with the minimum accelerations (blue), which
determine the possibility of fulfilling conditions (6) and (8) of the corresponding particle
motions.

Similar histograms (Figures 6 and 7) are shown for the characteristic points K
and H .

25

= Minimum
required
acceleration

Total acceleration of point K, m/s"2

m Actual
acceleration

Crankrotation angle, deg

Figure 6. Histogram for comparative analysis of behavior particles at point K
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Figure 7. Histogram for comparative analysis of behavior particles at point /
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Separate histogram (Fig. 8) shows the results of comparison of the corresponding

accelerations at point H where the effect of particle detachment from the ploughshare plane
occurs during its directional movement.
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Figure 8. Histogram for comparative analysis of the particle behavior at point H, provided that it is
detached from the plane of the ploughshare

Thus, according to the above mentioned model of the behaviour of potato bearing layer
particle on the oscillating ploughshare plane, it is possible to analyse the possibility of its
directional movement and model it in the first approximation. For this purpose, it is necessary
to use the built-in design adjustments of the entire system and to select the required kinematic
parameters of the drive.

5. CONCLUSIONS

A number of results have been obtained by means of newly developed design
of vibrating ploughshare which is used as separating and transporting operating body
of potato digger. These results describe special case of the behaviour of potato bearing
layer particle on its plane. Based on the developed simplified mathematical model
of the particle behaviour on the vibrating plane, the conditions under which this particle
can have directional motion are obtained. On this basis, mathematical dependencies
which due to the comparison of the minimum required values and acting accelerations,
and hence inertial forces were written down. They make it possible to judge the
directional movement of the particle (potato, soil clod, etc.) along the ploughshare
plane.

The particles located at the beginning of the ploughshare (point G ) during the working

stroke at crank rotation speed 432 rpm and within the rotation angle ¢ from 0 to % will be

moved upwards. The effective accelerations here are as follows: at ¢ = 0;%;%, respectively,
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36.5 mz; 16.47 mz; 14.38 mz and the required accelerations according to condition (8) are
S S S

9.19 mz; 8.76 mz; 8.14 mz This means that the condition is met and the particles will move
S S S

upwards in the ploughshare plane. At the crank (p:% position, the inertial force is directed

downwards, which should cause the particle to move downwards. The acceleration here

i 2.69 mz and the minimum required acceleration according to condition (6) is 3.14 mz; while
S S

comparing the values, it is clear that the condition of moving the particle down the ploughshare
plane is not met, which means that the friction force is greater and the particle will move with
the plane, and there is no relative movement of the particle. With further rotation of the crank
to ¢ =x (until the end of the working stroke), the particle will move downwards with low

intensity, as well as at the beginning of the reverse stroke of the ploughshare (to ¢ = g;z ). Then

the direction of the particle movement will change to its upward shift until the ploughshare
stroke is completed (¢ =27 ).There is no movement of the ploughshare with the particle

detaching from its plane in this area. The upward and downward movement of the
particle, movement with the ploughshare plane, make it possible to intensify the
separation of small soil particles that pass through the gaps in the bar part of the
ploughshare. Similar approaches are used to analyse the directional movement of the
particle in the ploughshare points K and H , guided by the histograms presented in Figs. 6
and 7. According to the analysis of the presented results, the movement of the particle
with detachment from the ploughshare plane is detected in point A, which is located
in the rear part of the ploughshare and is the closest to the bar conveyor. Such effect plays
a positive role here, as it helps to clean the ploughshare plane from the potato bearing layer
particles and makes it easier for them to pass to the next operating body - the conveyor belt.

Thus, the presented model of the behaviour of a potato bearing layer particle on the
ploughshare plane in the form of the written conditions (6), (8) and (10) and the availability of
values of kinematic parameters during its operation makes it possible to carry out the
preliminary analysis of the possibility of directed movement of such particles by the oscillating
plane.

References

1. Baranovsky V., Skalskyi O. (2018) Digging of chicory root crops by combined digger. Scientific Journal of the
Ternopil National Technical University, no. 2 (90), pp. 115-123. https://doi.org/10.33108/visnyk_tntu2018.02.115

2. Bulgakov V., Nikolaenko S., Adamchuk V., OltJ. (2018) Theory of impact interaction between potato
bodies and rebounding conveyor. Agronomy Research, no. 16 (1), pp. 52-63. Doi: 10.15159/AR.18.037.

3. Farhadi R., Sakenian N., Azizi P. (2012) Design and construction of rotary potato grader, Bulgarian Journal
of Agricultural Science, no. 2, pp. 304-314.

4. FuY., Wang C. (2013) Experiment and study of the vibration of type 4SW-170 potato digger. Journal of
Agricultural Mechanization Research, vol. 35, pp.147-151. Available at: https://doi.org/10.13427/
j.cnki.njyi.2013.01.052.

5. Hevko R. B., Tkachenko I. G., Synii S. V., (2016) Development of design and investigation of operation
processes of small-scale root crop and potato harvesters, INMATEH — Agricultural Engineering, no. 49 (2),
pp. 53-60.

6. Hrushetsky S. M., Yaropud V. M., Duganets V. I., Duganets V. I., Pryshliak V. L. Kurylo V. M. (2019) Research
of constructive and regulatory parameters of the assembly working organs for the potato’s harvesting machines.
INMATEH-Agricultural Engineering, vol. 59, no. 3, pp. 101-110. https://doi.org/10.35633/INMATEH-59-11

7. Huali Yu, Xiaoshun Zhao, Yongying Sang and Tao Wu. (2015) Parametric Modeling and Moving
Simulation of Vibrating Screen and Tubers on Potato Harvester. Advance Journal of Food Science and
Technology, no. 7 (6), pp. 474-478. https://doi.org/10.19026/ajfst.7.1343

ISSN 2522-4433. Bicuux THTY, Ne 4 (116), 2024 https://doi.org/10.33108/visnyk_tntu2024.04 ............ccooveereecrerrererererenn. 87


https://doi.org/10.13427/%20j.cnki.njyi.2013.01.052
https://doi.org/10.13427/%20j.cnki.njyi.2013.01.052

Analysis of the behavior of potato bearing layer particles on the oscillating plane of the potato plant ploughshare

8. LiJ, LvY, SunY., Lin Y. (2022) Design and experiment of separating and lifting device of potato
harvester. Journal of Agricultural Mechanization Research, vol. 44, pp. 1-263, Available at: https://doi.org/
10.13427/j.cnki.njyi.2022.12.020.

9. LiiJinging, Tian Zhongen, Wu Jin’e, Yang Ying, Shang Qinqin, Wang Yingbo, Liu Zhixin (2015) Design
and experiment on 4U1Z vibrating potato digger. Transactions of the Chinese Society of Agricultural
Engineering, vol. 31, no. 12, pp. 39-47.

10. Roman Rogatynskyi R., Hevko I., Diachun A., Rogatynska O., Melnychuk A. (2018) The cargo movement
model by the screw conveyor surfaces with the rotating casing. Scientific Journal of the Ternopil National
Technical University, no. 4 (92), pp. 34-41. https://doi.org/10.33108/visnyk_tntu2018.04.034

11. Shengshi Xie, Kai L. Lu, Wei G. Deng, Fang Wang, Peng Li & Guangyu Liu (2023) Improved design and
experiment of separating sieve for potato digger. Brazilian Journal of Agricultural and Environmental
Engineering, vol. 27, no. 12, pp. 966-972. https://doi.org/10.1590/1807-1929/agriambi.v27n12p966-972

12.Shengshi Xie, Chunguang Wang, Weigang Deng (2019) Experiment of a swing separating
sieve on a potato digger Engenharia Agricola, Jaboticabal, vol.39, no.4, pp.548-554.
https://doi.org/10.1590/1809-4430-eng.agric.v39n4p548-554/2019

13.Tikuneh D. B., Bedie A. F., & Awoke B G. (2023) Design, manufacture, and performance evaluation
of a single-axle tractor-operated potato digger elevator. Cogent Engineering, no. 10 (2).
https://doi.org/10.1080/23311916.2023.2251744

14. Xie S., Wang C., Deng W. (2019) Displacement analysis of potato relative to separation sieve and
separation sieve performance test. Journal of Agricultural Science and Technology, vol. 21, pp. 71-81.
Available at: https://doi.org/10.13304/j.nykjdb.2018.0492.

15. Babii A. V., Golovetsky I. V., Gladyo Y. B., Andreykiv O. E., Gamrach V. O Vibrating ploughshare of a
potato digger. Declaration patent for a utility model ua 156320 u A01D 21/00 (2024.01). Announced on
09.01.2024, u 2024 00129, published on 05.06.2024, Bull. No. 23. (In Ukrainian).

16. Babii A. V., Holovetskyi I. V., Gladyo Yu. B. (2023). Study of kinematic parameters of the vibrating blade
of a potato digger using a computer program. All-state interdepartmental scientific and technical collection.
“Design, production and operation of agricultural machines”, issue 53, pp. 227-236. (In Ukrainian).
https://doi.org/10.32515/2414-3820.2023.53.227-236

17.Bulgakov V. M., Golovach I. V., Ruzhilo Z. V., Kornyushin V. M., Ignatiev E. l., Andrievska M. A.
(2022) A calculated mathematical model of the movement of pile particles during the vibratory cleaning of
potatoes from impurities. Bulletin of Agrarian Science, no. 2 (827), pp. 58-65. (In Ukrainian).

18. Holovetskyi I. V., Babii A. V. (2023) Design features and efficiency of mini potato diggers. Central
Ukrainian scientific bulletin. Technical sciences, issue 8 (39), part I, pp. 134-143. (In Ukrainian).
https://doi.org/10.32515/2664-262X.2023.8(39).2.134-143

19. Kinytskyi Y. T. A short course on the theory of mechanisms and machines: Textbook for engineering.
special higher institutions of Ukraine. —2nd ed., revised and speed Lviv: Afisha, 2004.272 p. (In Ukrainian).

YK 621.8:631.348

AHAJII3 NOBEJAIHKN YACTUHOK BYJIBBOHOCHOTI O IIVIACTA
HA KOJIMBHIH IUIOIIWHI JIEMEIIIA KAPTOILTIEKOIIAYA

Amnppii bao6iit; IBan I'osoBenbkuii; Bitamiit boiiko

TepHoninbcokuul HAYiOHATLHUU MeXHIYHUU YHigepcumem imeni leana 1lynros,
Tepuoninw, Ykpaina

Pesztome.  [liosuwennss  piens  mexauizayii  GUpPOOHUYUX  npoyeci6  Npu  BUPOWYEAHHI
CIIbCLKO20CNO0APCHKOI  NPOOYKYIL  3ANUWAEMbC  AKMYAIbHUM — HANPAMKOM — OOCHIO0NCEeHb  HAYKOBYIE
2any3e6020 MawuHoOYOy8aHHs. 3a AHANI30M RPOOIEMAMUKU, KA RPOCIIOKOBYEMBCSA NPU GUPOOHUYMEBI
Kapmonii 8 Maaux ni0COOHUX 20Cno0apcmeax Ha mMexHoN02iuHil onepayii 30upanus, y pobomi HagedeHo
piwenna w000 NOKpawjeHHs KOHCMPYKYill O0OHOPAOHUX KApMONIeKonauis. 3anponoHo8aHo HO8Y
KOHCMPYKYiI0 8iOpayitino2o niokonynuo2o poboio2o opeany Kapmonie3oupaibhoi mauunu, oe cneyudikorn
€ me, WO KOJNUBHA NAOWUHA MAKO20 1eMelid NepemiuyacmovCs 3a 6U3HAY eHUM 3AKOHOM PYXY, A MOMY KOMCHA
ii mouka mae pizny mooxciugicmv 00 mpawcnopmyiouoi ma cenapyeanvhoi 30amuocmi. IIpedcmasneno
KOHCMPYKYil0o ma onuc 0aHo20 poboyo2o 0peaHy U HA OCHO8I 1020 KiHeMAMUYHOI cXxemu HABEOeHO
PO3PAXYHKOBI 3ANedHCHOCMI, AKI 8U3HAYAIOMb YMOSBU NepemiljeHHs OKpemMoi YacCMmUHKU 11020 NIOWUHOI.
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Andrii Babii, Ivan Holovetskyi, Vitalii Boiko

Hasedena memoouxa o0TpyHmMoGY€e MOACIUGICMb HANPAGLEHO20 PYXY YACIMUHKU 820pPY NIOWUHOIO eMelld,
6HU3 ma 3 giopueom. Ilpu HeGUKOHAMHI YMOBU, 34 NOPIGHAHMAM NPUCKOPEHb, HYACMUHKA He Mamume
8i0HOCHO20 nepemiujeHHA ma Oyoe pyxamucs pazom 3 niowuror0. Ha ocnogi maxoeo nioxoody 0is okpemozo
KIHEMAMu4Ho20 pedcumy pobomu Kapmoniekonaia 6U3Ha4eHo 3Ha4eHHs NPUCKOPEeHb, Wo KOJUBHA NIOWUHA
nepeoae wacmunyi 014 GUHUKHEHH Hanpaenienoz2o pyxy. IIpoananizosano sHavenus Oil04ux ma MiHiMAanIbHO
HeoOXiOHUX NPUCKOpeHb, AKI OiloMmb HA YACMUHKY, WO 3HAXOOUMbCS HA KOMUGHIU NIOWUHI lemewld, ma
3p061eHO 8UCHOBKU NPO MONCAUGICMb i HanpagieHo2o pyxy. Becmanosneno, wo na nepeduiti ma cepeoHii
YacmuHax jemeula Py Pi3HUX Kymax nogopomy KpUGOUIUNA MOJICIUET PYXU YACMUHKU 620DY-6HU3 A PA3ZOM
3 NAOWUHOTO, A 3A0HA YACTNUNA JeMeuia Modice we Ui 3abe3neuyeamu pyx 4acmuHKy 3 6i0pU8oM 8i0 NIOWUHU
nemewa. Taxuil eghpexm niokudanus 6idicpac NO3UMUBHY PONb, OCKIIbKU OONOMA2AE OYUCTHUTNU NAOUUHY
nemeuia 6i0 4acmuHoxk 6y1bOOHOCHO20 Naacma ma Nole2UleHo nepelumu Ha HACMYRHUL pobouull opean —
mpancnopmep. Bunuxuenns onucanux GiOHOCHUX pYXi6 YACMUHKU HA NIOWUHI Jemeuld Cnpusioms
nidsuwennio inmencugirxayii npoyecy cenapayii. Ilooarvuii meopemuuni onucu npoyecy cenapayii 6yoymo
basysamucsa HA OCHOBHUX NIOX00aX HABEOeHOi MemoOuKu w000 GU3HAYEHHS MONCIUBOCMI HANPABLEHO20
PYXY 4ACMUHKU HA KOJUBHIN NIOWUHT leMeud.

Kniouoei cnosa: xonusanmns, Kinemamuyna cxema, NPUCKOPEHHA, Cula iHepyii, HanpasieHuil pyx,
Jnemiul, NIOWUHA, cenapayis, Kym mepms, 6i0payitiHulli pyx, KaApmonjiekonay, mexuoJo2iunuil npoyec,
BUPOOHUYMEO KAPMONIL.
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