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IMPROVEMENT OF THE CONTROL SYSTEM OF WHEEL TRACTORS

Summary. The scientific article substantiates the importance of adaptive steering for the controllability of wheeled
tractors, in particular, taking into account important factors such as speed, gear ratio of the steering mechanism,
external disturbing factors and others. The developed mathematical model allows you to effectively control the
process of tracking the trajectory of the machine-tractor unit, ensuring compliance with agrotechnical requirements.
When inter-row processing of corn, the deviation from straightness can be 10 cm when reaching a maximum speed
of 4 m/s, which shows the importance of adaptive control to achieve the required accuracy and quality of processing.
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Introduction. Control systems of modern wheeled tractor are very diverse and in many respects
determine the initial properties of the equipment — maneuverability, mass, dimensions, traction and
traction properties; permeability; width of capture, speed and productivity of work, skidding, crush-
ing of the upper layer and compaction of deep soil layers [1-5].

Agricultural energy means work in various loading and speed modes with increased non-safety
movement and mandatory compliance with agrotechnical, ergonomic and energy indicators (narrow
corridor, row spacing, crowding of people and animals, poor road conditions and off-road), therefore
strict requirements are placed on the main parameters of their turn control systems.

Moreover, the rapid development of technology has recently led to a two- or even three-fold
increase in external influences: power has increased — from 300 to 700 hp, weight — from 10-15 to
40-50 tons, the load on the axle has increased — from 10 to 20 t, road dimensions in width — from 2.5
to 3.5 m, the number of axles — from 2 to 3 or 4. Today, the increase in these parameters has reached
its limits, and it is usually limited by the tractor control system.

At the same time, agricultural production needs further growth in productivity, yield, cost reduc-
tion, and the use of new technologies. But nature and existing structures cannot cope with this — the
soil is over-compacted, there is not enough moisture, the working organs of machines constantly
break, etc.

A radical improvement in increasing the speed and controllability of machines is possible based
on the use of modern advances in automation. Thus, it is proposed to develop a steering drive that can
provide high controllability of vehicles at all speed modes.

Recent research and publications analysis. The concept of controllability of a wheeled machine
i1s ambiguous and is interpreted differently by different authors. Thus, researchers involved in the
development of various means of automatic driving [6—12] believe that controllability is the ability
of a unit operating under load to accurately follow a given trajectory. Others consider controllability
as the ability of the car to withstand the trajectory set by the driver through the steering mechanism,
including straight-line movement and turning mode with a given radius, including under the influ-
ence of external forces [13—18]. Some understand by controllability the ability of the unit to track the
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position of the steered wheels, that is, a property that does not depend on the driver, but belongs to the
unit as a dynamic system that interacts with the external environment.

Despite the fact that the concept of controllability differs somewhat among researchers, they all con-
sider it as a property of the “man-unit-soil” system. Therefore, it is necessary to consider this concept in a
complex manner, taking into account all components of this system. Given the fact that such an element
as “man” is unstable in it, the management process itself is a rather subjective concept. Thus, if the driver
is highly qualified, he can better ensure the movement of tractor with a slight deviation from the given
trajectory of movement. But, if the working conditions are quite difficult (poor visibility, a lot of weeds,
complex topography of the field, fatigue, etc.), then the driver may make various mistakes, and if the
flow of information becomes too large and continues for a long time, then a disruption in work may occur
person, there will be a deficiency in the form of bending of baselines, cutting of cultivated plants, etc.

The steering control is designed to maintain and change the direction of movement of the wheeled
tractor in accordance with the actions of the operator. It is a part of the complex of mechanisms and
aggregates of the tractor control system [1, 7,9, 11, 19-22].

Purpose statement. Study of patterns of impact of tractor speed parameters in the longitudinal
plane on the efficiency of agricultural technological operations.

Results and discussion. The maneuverability of the tractor is an important operational property of
the wheeled machine, which determines the efficiency of their use and the safety of movement.

A large number of works are devoted to the study of the maneuverability of wheeled vehicles and
machine-tractor units (based on wheeled tractors). The analysis of the results of these works made
it possible to compile the structure of maneuverability as a complex operational property, which
includes simpler (main) properties (Fig. 1) [23-26].

Analyzing the given scheme, it can be stated that the maneuverability of the machine-tractor unit
1s an important operational factor that affects the agrotechnical, operational and technical-economic
indicators of its work. But at the same time, this is a very broad concept, because it includes such
issues as actual controllability, turning, and fitability of the machine [27-33].

Having considered the designs of the existing steering controls [1, 2, 3, 13, 29], it can be concluded
that none of them can completely resolve the technical contradiction between the maneuverability of
a wheeled vehicle and its controllability — at high speeds, a reduced sensitivity of the steering control
is necessary, and when maneuvering on the contrary, it is increased [2, 3, 29].
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Fig. 1. Structure of tractor maneuverability properties (based on wheeled tractors)
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It 1s known that a wheeled chassis with traditional steering as a control object is an integrator
with variable parameters. The turning of the vehicle on the terrain is the result of accumulation in
the course of longitudinal movement. This creates inconsistencies in the control process at different
speeds. When maneuvering at low speeds (up to 10...20 km/h), the steering sensitivity (& ) is insuffi-
cient, and at high speeds (& ) it is excessive.

We note that sensitivity means the intensity of the control object's response to a single control
influence. To control the direction of movement of the vehicle, the sensitivity of the steering control ®
.1s the ratio of the change in the angular speed of the car to the angle of rotation of the steering wheel
that caused it.

Within the framework of the existing mechanical schemes of steering drives, the sensitivity is set
by the steering gear ratio W, as a rule, constant (W — const) (The gear ratio is the ratio of the angle of
rotation of the steering wheel to the angle of rotation of the driven wheels of the chassis).

For convenience when maneuvering, it is desirable to reduce the gear ratio, and in transport (high-
speed) — to increase it.

It is known that low-speed cars have a steering gear ratio of 4...6, and high-speed cars have up
to 30. When designing the steering, the gear ratio is chosen to be large enough to ensure stability of
movement at high speeds, which leads to inconvenience when maneuvering.

Thus, a variant of the steering drive is offered, which ensures high controllability of vehicles at all
speed modes (Fig. 2).

Variants of execution of the summing mechanism are known [13—17, 29]: for heavy machines,
you can use a two-circuit hydrovolume steering with a free spool. For this purpose, the servo pump
dispenser is connected in parallel with the main dispenser pump.

The functional purpose of the adder is to compose the control influence (steering wheel rotation)
and correction (from the servo drive) in order to ensure the necessary transmission ratio of the steer-
ing drive.

The servo drive makes a corrective effect, the value of which is regulated by its microprocessor.

The microprocessor uses information about the intensity of the control influence (VP1) and the
speed of the vehicle (VP2), which comes from the corresponding measuring transducers.

VP 1 VP2
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servo drive
® o'
1
K
h 4
2 (Wxp)
summing mechanism
Steering
wheel

Fig. 2. Structural diagram of the steering drive

The structure of the steering drive includes the following devices:

— summing mechanism (X,,);

— servo drive with microprocessor control;

— measuring transducers for steering wheel rotation (VP1) and vehicle speed (VP2).
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Fig. 3. Scheme of twochannel hydraulic power steering with constant sensitivity: 1 — the main dosing pump;

2 —hydraulically controlled spool; 3 — steering wheel; 4 — hydraulic channels of the main and correcting

dosing pumps; 5 —feeding pump; 6 — crankcase; 7 — hydraulic cylinder of the steering mechanism; 8 —
correcting dosing pump with a stepper motor; 9 — servo drive; 10 — steering wheel

The performance of experimental studies was ensured by the developed hydraulic volume steering
with constant sensitivity [9, 29], the hydraulic scheme of which is shown in Fig. 3.

It is known that currently the use of natural experiments can take place only after they have been
tested on various simulators. This allows you to save money and time, as well as identify a significant
number of defects at the design stage. It is very important to develop simulators that would work in
an interactive mode. This especially applies to the “man-machine” system. The purpose of develop-
ing such a system is to establish a relationship between the controllability of the machine-tractor unit
on the one hand, the conditions of its movement, the design and parameters of the steering — on the
other. Based on the above, — the “man-machine” system, which is connected with a large number of
informational, psychological and physical processes, is subject to modeling. The most important and
complex link of this system is a person, that is, an operator. This is explained by the fact that he needs
to monitor the external conditions on the road and in the field, maintain the engine in optimal mode,
despite the fact that the speed and load on the working organs are constantly changing. It is also nec-
essary to monitor the working bodies and control devices of the tractor and timely perform corrective
actions in accordance with the technological process and external conditions. And, of course, the
driver receives additional psychological and physical stress when working at night, on slopes, and
even more so in mountains.

The purpose of mathematical modeling is step-by-step calculation of the position of the vehicle
relative to the baseline during movement. This allows you to get high-quality controllability indica-
tors. To do this, you need to know the current value of the course angle a ; and the displacement of the
determined point of the vehicle Y. The calculation of each subsequent position is carried out depend-
ing on the properties of the steering wheel, movement parameters (speed), the current value of the
control and disturbing influences. At the same time, the mathematical model must take into account
the kinematic characteristics of the vehicle.

The construction of the mathematical model is based on a two-point “bicycle” model. Therefore,
to determine the position of the object on the plane, it is necessary to know two points or one point
and the heading angle [3, 29].

Accordingly, the diagram of the tractor management process along the baseline will have the fol-
lowing form (Fig. 4).

To build a mathematical model of the tractor movement process along the baseline, the following
assumptions were made:
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— the reaction speed of the tractor driver-operator is constant, does not depend on weather condi-
tions and does not exceed 2.5 seconds;

— the influence of such factors as backlash in the steering mechanism, the connection between the
elastic tire and the road surface, and the fluctuation of the lateral force on the tractor axles is compre-
hensively taken into account in the form of the input angle 8, which is generated by the program and
has a normal distribution law.

Yaia
Y21
Y

hJ A4 hJ hJ

/ Base line

Fig. 4. Tractor movement scheme along the baseline: L — is the length of the wheel base of the tractor;
o ;— turning angle of the front steering wheels; a ,— current value of course angle; Y, Y,— the current value
of deviations from the baseline of the front and rear wheels of the tractor, respectively;
Ax is the quantization step of the model by displacement

Limitation:

— tractor speed varies from 1 to 4 m/s (3.6 to 14.4 km/h);

— the gear ratio of the steering mechanism (traditional steering) is 19;

— the gear ratio of the steering mechanism (experimental version) changes in automatic mode
from 2 to 19;

— disturbing effects of external factors affect the steering wheels and deviate them from the neu-
tral position within 0-5°;

— the start of data generation will take place only after the tractor reaches the technological speed
of movement.

The discrete mathematical model of traditional steering in this case looks like this:

a,i:%; Ax =V, - At;
(Yli—l _Yz)

A 2l )
Y=Y, + (aSi +a;+ 81)~Ax;
Y, =Y, +a, - Ax

where V is the tractor movement speed, m/s;

W — transmission ratio of the steering mechanism,;

At — time quantization step (0.05 s);

d is the value of the perturbing angle of insertion of elastic tires.
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During movement, the machine-tractor unit deviates from the given trajectory due to the action
of external disturbing factors on it. This leads to the fact that the operator must constantly perform
corrective actions with the steering wheel.
With a two-channel steering scheme, the gear ratio will be calculated as follows:

VI@:W(HKJ, )

0

where V  is the average value of the tractor speed range (const).

In order to conduct a study of the mathematical model, a computer simulator was developed,
which allows you to conduct a virtual race in an interactive mode. At the same time, the results of
the tractor control process were also compared with traditional steering and adaptive steering, that is,
with a variable gear ratio of the steering mechanism.

Considering equation (2), system (1) can be written in the following form:

Ax =V, - At;
W.=W 1+£
Vo
a4
4 =
W, 3)
a.. = (Yli—l _Yz)
2 = >
L
Y=Y, +(a3i +a; +81)'AX;
Y, =Y, +a, -Ax

The developed software makes it possible to continuously conduct all three stages of research:

— data entry;

— simulation modeling;

— processing of results.

The purpose of the experiments is to confirm the adequacy of the mathematical model of the trac-
tor movement in the longitudinal plane, as well as to substantiate the high-speed mode of operation
during technological agricultural operations.

Research on a computer simulator consists of several stages:

— determination of the type of steering control, its parameters and parameters of the driving mode
of the tractor model,

— conducting an experimental drive in the conditions of interactive information exchange between
the computer and the operator, while the dynamics of changes in control influences and control qual-
ity indicators are recorded;

— processing the results of the interactive experiment using mathematical methods — dispersion
and spectral analysis and obtaining quantitative indicators of controllability — quality factor.

The developed software (Fig. 5-6) makes it possible to continuously conduct all three stages of
research.

The program starts with debugging the simulator (Fig. 5):

— the type of steering model is determined;

— machine parameters and driving modes;
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Fig. 5. The initial dialogue window of the simulator

— the relationship between the real and virtual steering wheel is established by determining the
sensitivity of the mouse;

— the presence of disturbing influences is established;

— formation and fixation of experimental data files.

Setting initial data. The sequence of setting the initial data is not particularly important, but it is
necessary to focus on the meaning of each element in more detail.

As you can see from the initial dialog window of the program (Fig. 5), to start the simulator, you
need to select the following characteristics of the experiment:

Type of experiment (A). The choice of “Constant uniform acceleration” is allowed, according to
which the speed begins to increase continuously until the machine-tractor unit leaves the road. After
that, the experiment is stopped. The input data are initial speed 1 (m/s) and acceleration 6 (m/s?), that
is, the model starts moving from the set speed with the specified acceleration.

The experiment “Acceleration from a standstill to a specified speed”, which refers to input data
7, 1s used when it is necessary to determine the controllability of the tractor with different types of
steering and with different driving parameters. For the purpose of gradual acceleration, the input
parameter “acceleration duration” 8 is adopted.

The type of experiment “Manual speed control” is necessary for the initial familiarization of the
user with the capabilities of the program with different types of steering and driving parameters.

Steering type (B). The appropriate type of steering is installed.

Motion parameters (D). “Interference magnitude” 9 has a point form and, according to its value,
after pressing the “Interference generator” button 10, an array of random disturbances will be
obtained, which can be seen graphically and their maximum and minimum values in the field F can
be estimated. This parameter is necessary to determine the stability of the control in case of obstacles
of different levels.

Entering input data (C). “Wheelbase length” 11 does not need a full explanation — the value is
self-explanatory.

“Gear ratio of the steering mechanism” 12 —how much you need to turn the steering wheel so that
the angle of rotation of the wheels is 1°.

After setting the desired parameters, we proceed to the experiment.

Control quality is assessed by the ability of the machine-tractor unit model to keep along the
baseline 25.

The dialog box presents auxiliary information: the current speed 21, the angle of rotation of the
wheels 22, the name of the file 3, the number of experimental points 23 and a list of options for early
exit from the program 24.
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Fig. 6. Execution of the experiment

After the end of the active phase of the experiment, which can happen in two cases (the user
himself stopped working or the tractor model exceeded the specified limits), the user returns to the
main dialog box (Fig. 7), where he is asked to save the experimental data (E).
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Fig. 7. “Save check-in results” dialog box for creating an experiment report and analyzing experimental data
using the functions available in the program

When you click on the button «Save check-in results» 1, the data is saved to a text file with the
extension *. txt.

When clicking on the “Data analysis” button 14, the user goes to the corresponding dialog box
(Fig. 7).

When calculating the main parameters of the angular movement of the steering wheel and the speed
of movement of the MTZ-80 tractor, which works in a unit with a cultivator, the recommendations
outlined in [2, 3, 18] were used.

The following tractor traffic conditions were chosen for the experiment:

— tractor speed, m/s — from 1 to 4 (3.6-14.4 km/h);

— the gear ratio of the steering mechanism is 2-8;

— the number of repetitions of each race is 3.

The results of each race are recorded by a computer and displayed in the following form:
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Type of experiment: Acceleration to speed
Steering type: Constant uniform acceleration
PARAMETERS OF MOTION
The amount of obstacles: 2
Wheelbase length: 3500
Steering gear ratio: 12
Number of experimental points: 1083
Algebraic sum of experimental data values: 0.337420240023911
Mathematical expectation (arithmetic mean): 0.0003112732841549
Minimum data value: -0.00255117600777763
Maximum data value: 0.00284996145173058
Range of change of experimental data: 0.00540113745950821
Center of Scatter Field: 0.000149392721976472
Variance: 1.85741986833043E-6
Mean square deviation: 0.0186287191926844
Number of intervals: 24
Asymmetry coefficient: -0.273005879932086
Excess: 2.32932922884906
given Q factor: 53.8381233586602

McTomama eigxuneds MTA Big UEHTRY L0p0mM

HacToTa

-0,002 -0,002 -0,001 -0,001 a 0,001 0,001 0,002 0,002 0,003
HTEpEaMM BigxKNeHs

Fig. 8. Histogram of the initial response of deviations from the middle of the road
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Fig. 9. Tractor movement trajectory
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Fig. 10. Dynamics of tractor steering wheel rotation

Table 1
Comparative analysis of studies
Tractor Mean square deviation
movement speed Tractor with standard steering Tractor with experimental steering
m/s, (km/h) 1 2 3 Average 1 2 3 Average

1 (3.6) 0.019 0.014 0.017 0.016 0.0125 0.012 0.01 0.011
2(7.2) 0.039 0.033 0.035 0.036 0.019 0.017 0.018 0.018
3 (10.8) 0.081 0.071 0.068 0.073 0.025 0.023 0.025 0.024
4 (14.4) 0.093 0.111 0.105 0.103 0.026 0.026 0.026 0.026
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Fig. 11. Dependence of the mean square deviation on the tractor movement speed:
ol, 62 —respectively, the mean square deviation of tractor from the baseline
when using standard and experimental steering

Conclusions. 1. The maneuverability of the test sample is significantly improved, because at the
speed of the tractor V =1 m/s (3.6 km/h), the gear ratio of the traditional steering W= 12, and the
gear ratio of the experimental steering W, = 2.

2. It was found that at low speeds of tractor movement (V = 1-1.5 m/s) the error is difficult to track,
because it is approximately the same for both types of steering, but as the speed increases, it increases
significantly for standard steering ;= 0.103 cm and insignificantly for experimental 6,= 0.026 cm.
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3. The use of steering with adaptive properties has a significant advantage over standard steering,
especially at high speeds, it has a margin of stability of the controlled movement and provides ease of
maneuvering, which significantly increases the productivity of the tractor.
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. Kypaseab, A. bonaap
Tappilicbkuii 1ep:kaBHUI arPOTEXHOJIOTiYHMI YHiBepcUuTeT
imeni /Imutpa MoTtopHoro

YIOCKOHAJIEHHA CUCTEMMU KEPYBAHHA KOJIICHUX TPAKTOPIB

Anomauin

V crarTi HaBeACHO 3HAYCHHSI a1 THBHOTO PYJIbOBOTO KEPyBaHHSI ISl KEPOBAHOCTI KOJICHUX TPAKTOPiB, 30KpeMa
BPAXOBYIOUH Ba)KJIUBI (PAKTOPH, SIK-OT MIBHIKICTb PyXYy, IEpeaTOuHE BiJHOICHHS PYJIbOBOI0 MEXaHi3My, 30BHILIHI
30yprotodi pakropu Ta iHmi. Po3pobnena MmaremMaTiHyHa MOAEIb AA€ MOKIIUBICTh €(PEKTUBHO KOHTPOJIIOBATH MPOLIEC
BIJICITIIKOBYBAaHHSI TPA€EKTOPii MAIIMHHO-TPAKTOPHOIO arperary, 3a0e3medyroud BiANOBiIHICTh arpOTEXHIYHHM
BUMOTaM. 3a MDKPAIHOTO 0OpoOiTKY KyKypyA3W BIAXWJICHHS BiJ MpsAMOJiHIMHOCTI Moke craHOBUTH 10 cM i3
JOCATHEHHSM MaKCHUMAaJIbHOI MIBUAKOCTI 4 M/, 110 MOKa3y€e BaXIUBICTh aJalTUBHOTO KEPyBaHHS AJIs AOCATHEHHS
HE0OXiIHOT TOYHOCTI Ta iKocTi 00poOKH. Po3pobnene nporpamMHe 3a0e3eueHHs Ja€ 3MOTY OTPHUMYBATH OKa3HUKU
KEpPOBAaHOCTI B IHTEPAKTHBHOMY PEXHMi, 3MiHIOBATH TapaMeTpu BipTyaJbHHX 3ai3/iB Ta 3HAXOMUTH ONTUMAJIbHI
Bapianty. Takox Oynu BHOpaHi BiANOBIAHI TEXHIUHI 3acO0M Uil MPOBEJCHHS BUIPOOYBaHb. 3po0JeHI BUCHOBKU
Ta JOBEICHA MEPCIEKTUBHICTh BUKOPUCTAHHSA aJalTHBHOTO pPYJIbOBOro KepyBaHHA. CilbChKOTOCIOAAPCHKI
CHEePreTHYHI 3ac00M MPALIOIOTh Y PI3HUX HABAHTAXXYBaJbHUX 1 IIBUAKICHUX PEXKUMAX 13 ITiIBUILIECHOI0 HEOE3MEKOIO
pyXy # OOOB’A3KOBMM JOTPHUMAHHSM HOPM arpOTEXHIYHHX, EPrOHOMIYHMX Ta EHEPreTUYHUX MNOKA3HHKIB
(BY3bKHH KOPHIOp, MIKPSIS, CKyITUCHHS JIIOACH 1 TBapHH, MOraHi JOPOTH Ta OE3I0PLKKS), TOMY A0 OCHOBHHUX
napamMeTpiB iX CHCTEM KEpyBaHHs MOBOPOTOM BHCYBAIOTHCS JKOPCTKI BUMOTH. MaHEBPEHICTh OIMTHOTO 3pasKy
3HAYHO MOIIMIIYEThCS, TOMY IO 3a MIBUAKOCTI Tpaktopa V = 1 M/c (3,6 KM/Tom) nepeaaTovHe CIiBBiJHOLIICHHS
TpaguLiHOrO PYILOBOTO KepyBanusd WTp = 12, a mepefaroyHe CIHiBBIAHOIIECHHS €KCIIEPUMEHTAIBHOTO PYJILOBOTO
kepyBanHst Weke = 2. Bpanmocst mocnmizurty, mo JOOPOTHICTH €KCIIEPUMEHTAIBHOIO PYJIbOBOTO KEPyBaHHS 3a
HEBEJMKUX MBUAKOCTEH pyxy (V = 1-3 M/c) crioyaTKy miIBUILYETHCS, @ 3 TOCATHEHHSIM TEXHOJIOTTYHOT MIBUIKOCTI
V =4 m/c crae nocTiiiHO0. 32 BUKOPHCTAHHS TPAAULIHHOIO PYIbOBOIO KEPyBaHHS 3 IiIBHUILICHHSM LIBUAKOCTI
JIOOPOTHICTb 3HAYHO MOTIPIIYETHCS 1 HepedyBae y 3BOPOTHO-IIPONOPLIHHOMY 3B’ A3KY 31 LIBUIKICTIO PyXy TPAKTOPA.
JoOpOTHICT E€KCIIEPUMEHTAIBHOTO 3pa3Ky PY/IbOBOTO KEPYBAaHHS MEPEBHUIIY€E JOOPOTHICTh TPAAULIMHOTO Ha
TEXHOJOT14Hii mBuaKocTi V = 4 M/c npubnusHo y 5 pasis i cranoButb D= 154 ¢!, D,,= 39 ¢'. BcranosneHo,
110 32 MAJIUX WBUAKOCTEH pyxXy Tpaktopa (V = 1-1,5 M/c) moxuOKy CKIaaHO BiICTEXKUTH, TOMY IO BOHA UL 000X
THIIB PYIOBOTO KEPyBaHHs MPUOIM3HO OIHAKOBA, aje 31 30UIBLICHHSAM LIBUIKOCTI PyXy BOHA 3HAYHO 3pOCTaE
IUIsL CTaHAAPTHOTO Py/boBOro kepyBaHHs ;= 0,103 cM 1 He3HayHO IS eKclepuMeHTalbHOTO G, = 0,026 cM.
Buxopucranus pynpOBOrO KepyBaHHs 3 aJalTUBHUMH BJIACTUBOCTSAMH Ma€ 3HAuHy IepeBary HaJ CTaHAAPTHHM
PY/IBOBHM KEpYBaHHSAM, OCOOJMBO Ha MiJBMUILEHUX LIBUIKOCTAX PyXy, Ma€ 3amac CTIMKOCTI KEpOBAHOIO PyXy Ta
3a0e3neuye 3py4HiCTh MaHEBPYBAHHS, IO 3HAYHO IiABHUIIYE HNPOTYKTHUBHICTH pOOOTH TpakTopa. Takum 4MHOM,
NPOIOHYEThCS BIPOBAAUTH KEPMOBUH MPHUBOA, SKMH 3MOXeE 3a0€3MEUMTH BUCOKY KEPOBAHICTb TPAHCIIOPTHUX
3ac0o0iB Ha BCIX MBHUKICHUX PEXKUMAX.

Knrouosi cnosa: pynboBe KepyBaHHS, TIEpeaTOUHE CITIBBITHONICHHS, MAHEBPEHICTh, 0a30Ba JiHis, MBHUIKICTH
MEPEMILICHHSI, TPAEKTOPIS PYXY, BIAXHICHHSL.
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