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Purpose. Mobile robots are used in many areas of industry and commerce. This paper describes research on and devel-
opment of a mobile platform, which is based on the concept of a ball-on-ball balancer, with two electrical drives at an angle of
90° providing a velocity vector in any direction in the horizontal plane. The purpose is to implement an originally novel prin-
ciple for an omnidirectional mobile platform of very high agility, which is able at any given situation to move immediately in
any direction without additional steering movements or steering mechanism.

Methodology. In advance of the design and implementation of the control strategy for the mobile device, the method of
theoretical modelling of the vehicle’s properties and behaviour was applied. The developed theoretical and numerical dynamic
models take into account all the control parameters which allow for the determination of the critical value of angular accelera-
tion of the driving wheel. This is needed to prevent any slippage of the ball as this would result in the loss of accuracy of posi-
tioning. The equations of motion were implemented in the platform controller and tested.

The mobile platform consists of a ball of 0.2 m radius driven in the X-Y plane by two wheels that are attached to servo
motors. The mobile platform is controlled by a CAN PLC controller interfacing with the motor drives, accelerometers and a
laser sensor for feedback. Wireless communication provides the interface with the station controller via Wi-Fi and XBee Se-
ries 2 modules.

Findings. The experimentally obtained results show that the mobile platform can be reliably controlled using the ball-on-
ball balancer principle with the developed control algorithm. Additional application of a sensor for guiding the mobile plat-
form along obstacles or guiding lines improves the accuracy of the movement.

Originality. The originality of the control strategy for a mobile platform with an omnidirectional drive, proposed at the
paper, is the avoiding slippage by limiting the platform acceleration to below the critical value by means of monitoring and
limiting the lead values of the feedback control loop of the driving wheels.

Practical value. Development of control strategy for the mobile robot, which is based on the concept of a ball-on-ball bal-
ancer with two electrical drives at an angle of 90° providing a velocity vector in any direction in the horizontal plane.

Keywords: mobile robots, omnidirectional mobile platform, sensor-guidance, dynamic modelling, control strategy de-
sign.

An analysis of the recent research and publications.
An omnidirectional drive is widely used in mobile plat-
forms as it allows movement of a robot in any direction
without any steering wheel or steering mechanism. There
are many types of omni-drives and their control [1-6]. Lee
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et al [7] reported an omni-directional ball drive comprised
of a large ball driven by three motors with rollers attached.
Unsolved aspects of the problem. The main challenge
with omni-drives for mobile robots is the positional control
due to possible slippage of the drive. The developed drive
concept is based on active control a small ball on top of a
large ball, called the ball-on-ball balancer, which was re-
ported in [8]. Two peripheral electrical drives at an angle of
90° to each other allow a velocity vector at the top point of
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the lower ball in every direction of the horizontal plane.
By removing the smaller top ball and putting the system
upside-down on the floor, the basic principle of an agile,
mobile platform is obtained.

Objectives of the article:

- to use the mathematical modelling of the kinematic
behaviour of the ball-based drive to justify the control strat-
egy for a mobile platform with an omnidirectional drive;

- to develop the mobile platform and to carry out an ex-
periment for testing of proposed control strategy for a mo-
bile platform with an omnidirectional drive.

Presentation of the main research and explanation
of scientific results.

The developed mobile platform, shown in fig.1, con-
sists of the frame, the ball of 0.2 m radius, two driving
wheels, two servo motors with drives, a CAN PLC control-
ler, two accelerometers, Wi-Fi and XBee Series 2 commu-
nication modules, and a battery. Additionally, a Leuze
Electronic ODSL9/C6 laser sensor is used to measure the
distance to a target. The software platform is the CodeSys
environment, which provides an interface with the control-
ler and visualization of the control parameters. In order to
achieve accurate positioning and control of the robot, a the-
oretical model was developed.

Fig.1. Photo of the implemented mobile platform with
high agility

Theoretical Modelling of the Mobile Platform Dy-
namics. Mathematical modelling of the kinematic behav-
iour of the mobile platform was carried out with the pur-
pose of increasing the control reliability of the mobile plat-
form and avoiding slippage. The mathematical modelling
of the kinematic behaviour of the ball-based drive was car-
ried out for the combination of special cases: when the
movement of the ball is permanently perpendicular around
the same axis of symmetry; at the same time the symmetry
axis performs a parallel translational motion in space; and
the centre of gravity moves along a plane. The friction co-
efficient between the driving wheel and ball is higher than
between the ball and floor surface. Therefore, only slippage
between the ball and floor is taken into account. Fig. 2
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shows the free-body diagram of the “roller-ball-flat sur-
face” system.

Fig.2. Free-body diagram of the “roller-ball-flat surface”
system : look at the formulas (1) and (2)

The coupling force between the driving wheel and ball
is considered to be permanently without slippage. As pre-
sented in [9], the movement equations are reduced to New-
ton equations for translational movement relative to the
centre of mass of the ball, and to the torque equation rela-
tive to the symmetry axis, as follows

X T My ')Eb_FFR =0 . (1)
y: —my-g—F, -cos(y)+N+Fy, =0’
Fpr-R=Jpy-¢p —Fpp-R=0, (2

where m,,, — mass of the mobile platform (11 kg); X, — li-

near acceleration of ball, m/sec’; Fy, — friction force of a ball
with a surface over which it moves, N; m, — mass of the ball
(3 kg); g — acceleration of gravity (9.8 m/sec?); F,, — force of
reaction of a spring on pressure from the side of ball, N; y —
angle between reaction force vector of a spring and an axis
“y” (30°); N — reaction force of the floor surface caused by
the pressure of the ball, N; £}, — rotary force (as a result of
the driving force of a wheel), N; R — radius of the ball

(0.2 m); q'é'b — angular acceleration of the ball, rad/sec’; and J,
— inertia of the ball, kg-m?

Jy=2-my,-R*/5. 3)

It has to be noted that in the given dynamic equations of
the mobile platform, “passive” friction forces of rolling at
all points of contact are not taken into account, as they are
much smaller than other forces.

For efficient control of the mobile platform, it is neces-
sary to monitor the movement direction and the distance
which the platform has travelled. The distance can be cal-
culated from the measured angular velocity of a driving
wheel as follows
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t t t
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where x_, — distance travelled during time #, m; x , — li-

b b

near speed of the mobile platform, m/sec; X, — linear spe-

ed of the driving wheel, m/sec; i, — angular speed of the

driving wheel, rad/sec; r — radius of the driving wheel
(0.02 m).

However, these relations are only valid for the case
where coupling friction occurs between the ball and the
surface on which the ball moves. As known, the character
of friction between a body and surface changes depending
on the forces which influence the moving body and the
starting conditions. Consequently, this leads to different
motion equations. After the beginning of slippage, the fric-
tion force practically ceases to depend on the angular ac-
celeration of the ball and superposed forces, and is con-
stantly equal to a critical value

Fiperis =t N>

where u — sliding friction coefficient, in this case of rubber
against polymeric synthetic material (0,4).

With (1-4), the analytical relationship between the line-
ar acceleration of the mobile platform (ball) and angular
acceleration of a driving wheel is established. The follow-
ing equation takes into account the slippage of the ball
against the surface on which it moves

(/./'r()[ (t) r lf l/./.rn[ (t) < l/./.rol.crlt >
J,uer .
Ko im0
fy=q 1 e A
m, -g+F, -cos(y) . .
- : if Y o )= Y oteris >
m, - 1+—)
7]
where 7 is the value of angular acceleration of the

driving wheel at which the slippage between the ball and
the surface on which it moves begins

S #
Y e = x

2
r'(mr~ob+mmh'y+g'mh'ﬂ)

x(m, - g+ F, -cos(y)) .

Control Strategy of the Mobile Platform. As presented
in [9], the control strategy is to avoid slippage by limiting
the platform acceleration to below the critical value. This is
achieved by means of monitoring and limiting the lead va-
lues of the feedback control loop of the driving wheels. The
new control algorithm was tested with the platform moving
straight along a wall. This movement was obtained with a
distance measuring laser sensor interfaced to the mobile
platform (fig.3).
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Fig. 3. Mobile platform with the distance measuring laser
sensor

The laser sensor was interfaced with the platform con-
troller providing feedback. Since the sensor outputs an ana-
logue current relating to the distance and the platform con-
troller (PLC) has only analogue voltage inputs, a 470 Q re-
sistor was put in between the line and ground, and a wire
was taken from the above the resistor to the analogue input.
This would allow the 4-20 mA signal to use almost the en-
tire range of the 0-10 V analogue voltage input to the PLC.
To calibrate the sensor, values on the sensor’s LCD were
compared to the values read by the PLC. From these meas-
urements, a set of linear sections of readings was deter-
mined. The PLC code was developed for the laser sensor
by using the generated graph that is shown in fig. 4. The
datasheet for the sensor declared that the output current can
be deemed linear during Series 2; and that Series 1 and Se-
ries 3 are assumed to be linear for their respective areas.
Although the measuring range of the sensor was relatively
small, the high accuracy and stability of the measured dis-
tance meant it would be more effective at being used for
controlling movement.

12

10

—Series1
—Series2
—Series3
—Seriesd

—SeTiCS5

Fig. 4. Sensor calibration graph

The CodeSys environment PID controller was utilised
to control the movement in a straight line. The CodeSys in-
terface is shown in fig. 5. The values relate to the X and Y
coordinates of the Robot. The X value given is always as
calculated from the rotary encoder. The Y value will either
show the sensor reading or the value calculated from the ro-
tary encoder, depending on which button is selected to the
left of these values: Sensor or Impulsgeber. Both values are
given in centimetres.
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In order to visualise the platform movements calculated
from the sensor and encoder data, the Control Graphs ob-
ject was created in the controller interface. Figure 6 shows
the graphs of the X (top) and Y (bottom) movements of the
mobile platform. The black line on each graph refers to the
desired location of the mobile platform (internal variables X
Soll and Y Soll). The red line indicates the actual position of
the mobile platform at that moment. On the X graph, this
will always be the value from the rotary encoders. On the Y
graph, this will vary between the rotary encoder value and
the sensor value, depending on which option is selected on

the visual interface object.
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Fig. 6. Graphs of mobile platform movement along the X
and Y axes of fixed Cartesian coordinate system

Experimental work. The original mobile platform pro-
gramming made use of the Linearfahrt (Linear Drive) func-
tion block to move the robot. This function compared the
current location to the desired location and calculated the
average speed that had to be achieved for each of the X and
Y axes, so that the robot would travel in a straight line to
the next point. The movement was then split up into three
sections for both the X and Y movements: acceleration, a
constant speed, and a deceleration section. For each sec-
tion, the programming made use of the earlier calculated
values to carefully provide linear acceleration and move-
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ment from point A to point B. Although effective, the
movement basically relied on an open loop system, com-
paring values to the rotary encoder to ensure ‘movement’
was proceeding as expected. With the sensor now installed
to provide accurate measurements, a closed loop control
system could be utilised.

The CodeSys environment has a built-in PID controller.
The previous Linearfahrt function block was modified to
suit the new design. All the previous control instructions
were removed to avoid confusion, and the new, simpler
PID controllers were added. One was added for both the X
and Y controllers. With the PID controllers initiated and
functioning, it was necessary to tune them. With the D mul-
tiplier set to 0 and the 7 multiplier set to 1, the P multiplier
was altered until stable control was established. From there,
the / multiplier was brought in. The PID controller parame-
ters were initially tuned without the ball, using only the da-
ta from the encoders (fig. 7). The platform was pro-
grammed to move in the X direction while maintaining a
fixed Y, which was measured by the laser sensor.

X

116

A50 —f——— HE L

Time

b Time

Fig. 7. PID control of the servo motors without the move-
ment of the mobile platform : a — for axe X ; b — for
axe Y of fixed Cartesian coordinate system

In experiments, a drift occurs when the platform is sta-
tionary. This is attributed to the slight difference between
the motor controller’s ground level and the 0 V analogue
outputs from the PLC, obtained in measurements.

Fig. 8 shows the results of movements of the mobile
platform. The blue rectangles indicate times when the plat-
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form was commanded to move from one position to a new
position. Each movement took between 2 and 3 seconds.
The Y values are those recorded from the laser sensor. Alt-
hough movement in the Y axis doesn’t look smooth, the
correct position is always achieved. The jerk motion can be
attributed to the rotation in the movement of the mobile
platform.

As a result, the modified mobile platform control pro-
cedure is as follows:

o Create connection to mobile platform from CodeSys.

e Open the PLC VISU Object.

o At the bottom of the window, select if you want to use
the analogue sensor (Sensor) or the rotary encoders (/m-
pulsgeber) to determine the platform’s position.

e Select whether you want to make one linear move-
ment (Einzel Bahnfart) or several successive movements
(Automatische Bahnfart).

o Fill in the required values and click the appropriate
start (Starten) button.

Clicking Reset at any time will stop movement and re-
set the rotary encoder sensor values to zero.
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Fig. 8. Measured mobile platform movements for motion
in a straight line : X and Y — the axes of fixed Cartesi-
an coordinate system

Conclusion. In this paper, the development of a mobile
platform with an omni-directional drive was presented. The
platform drive is based on the concept of a ball-on-ball bal-
ancer with two electrical drives at an angle of 90°, which
provide mobile platform movements in the horizontal
plane. The mobile platform consists of a ball of 0.2 m radius
driven in the X-Y plane by two wheels attached to two ser-
vo motors. The mobile platform is controlled by a CAN
PLC controller with the motor drives, accelerometers and
laser sensor for feedback. Wireless communication pro-
vides the interface with the station controller via Wi-Fi and
XBee Series 2 modules.

The developed theoretical and numerical dynamic
models take into account all the control parameters, with
the aim to determine the critical value of angular acce-
leration of the driving wheel. This is needed to any slippage
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of the ball, as this would result in the loss of accuracy of
positioning. The equations of motion were implemented in
the platform controller.

The experimentally obtained results show that the mo-
bile platform can be reliably controlled using the ball-on-
ball balancer principle with the developed control algorithm.
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Merta. MoGinbHI poOOTH BHKOPHUCTOBYIOTHCSI B Oara-
ThOX c(hepax mpoMuUcIoBocTi Ta Komepuil. Lls crarrs omm-
Cye NOCITIDKEHHS Ta po3poOKy MOOLTEHOI miaTdopmu, B
OCHOBY SIKOi 3aKJIaJIeHa KOHIICTIIIisI OalaHCyBaHHS IIapy Ha
mrapi, i3 JBOMa po3MiMIeHUMH i KyToM 90° enekTpuaHu-
MH TIPUBOIAMH AT 3a0€3MEUeHHS BEKTOPY MIBUAKOCTI y
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Oy/Ib-SIKOMY HarpsiMi B TOPH3OHTAIbHIN TuTonmHI. L{imo €
CTBOPEHHSI OPHUTTHAILHOTO Ta HOBOTO NMPHHIMUITY PO3POOKH
BCEHaIpaBJieHOT MOOLTBbHOT TIATGOPMH Ty>Ke BUCOKOI Ma-
HEBPEHOCTI, 1110 3/1aTHA B Oy/Ib-sIKili CHTYyaIIil IIBUKO TIepe-
MICTUTHCS B JFOOOMY HANpsMKy 0e3 HeoOXiJTHOCTI Jomat-
KOBHX PYXiB pyIIs a00 pyTEOBOTO MEXaHI3MY.

Metomuka. Po3po0iii Ta peamnizamii cTparerii kepyBaH-
HSl 711 MOOLJIEHOTO MPUCTPOIO TMEepeJye 3aCTOCYBAHHS Me-
TOZLy TEOPETHYHOTO MO/ICIIOBAHHS BIACTUBOCTEH Ta IOBE-
JHKH TPaHCTIIOPTHOTo 3aco0y. Po3poOneni TeopeTwdHi Ta
YyCeNbHI JIMHAMIYHI MOJIENi BPaxXoBYIOTh YCI IapamMeTpu
KEpYBaHHS, 10 J03BOJISE BU3HAYUTH KPUTHYHE 3HAUCHHS
KyTOBOTO NPUCKOPEHHS IPUBOJTHOTO Kosteca. Lle HeoOxigHo
JUTSL 3aro0iraHds Oyab-sKOTO MPOKOB3YBAaHHS IHapy, OCKi-
JBKH 11€ MOKe MPHU3BECTU JI0 BTPATH TOYHOCTI ITO3UIIOHY-
BaHHS. PiBHSHHSA pyXy OyiM peanizoBaHi B KOHTPOJIEpi Iia-
T(OPMH Ta MepeBipeHi eKCIIEPUMEHTAIIHHO.

MobinpHa Tatdopma CKIagaeTbesi 3 MIapy paaiycoMm
0,2 M, pyx sikoro y ruiomuHi X-Y 3a0e3rnedyeThesi 1BoMa
KOJIeCaMH, IO MPHUEIHAHI IO CEpPBOIBHUIYHIB. MoOiLTbHA
iatdopma kepyerbest 3a gonomororo CAN PLC konTpo-
Jepa, 110 B3aEMOJIIE 3 JIBUT'YHAMH IIPUBO/IB, aKCeIePOMET-
pamu Ta JIa3epHUM JaTIMKOM IS peati3aliii B CHCTeMI 3BO-
POTHOTO 3B’513Ky. B3aemoist 3 KOHTpOJIEpOM CTaHIIii 3a0e3-
TIeYy€EThCS 3a JOTIOMOT0I0 0e3/IpOTOBOTO 3B 13Ky uepe3 Wi-
Fi ta momymi XBee Series 2.

Pe3yabrarn. ExcniepuMeHTambHO OTpHUMaHI pesynbra-
TH TOKa3yl0Th, 110 HA OCHOBI KOHIICIHII OalaHCYBaHHS
mapy Ha mapi 3 po3poOIeHUM ajropUTMOM KepyBaHHS
Moxe OyTH 3ailicHeHe e(eKTHBHE KepyBaHHS MOOLTHHOO
wtatdopmoro. TTokazaHo, 10 OJATKOBE 3aCTOCYBAHHS Ja-
TYUKA JUI CHPSIMYBaHHS MOOUIBHOI IUIaT(OPMH B3IOBK
TepenIko]] a00 OPIEHTHPIB MOKPAIIy€e TOYHICTB PYXY.

HaykoBa HoBH3HA. OpHTIHAIBHICTIO CTpaterii Kepy-
BaHHS MOOUTBHOIO TIAT(OPMOIO 31 BCEHAIIPABICHUM IPH-
BOJIOM, 3aIlPOTIOHOBAaHOI B POOOTi, € YHUKHEHHS MPOCIH-
3aHHSI [UIIXOM OOMEXKEHHS IMPUCKOPEHHS IUIaT(hOpMH JI0
PIBHS HIDKYE KPUTHYHOTO 3HAYSHHS 3a JIOIIOMOT'OK MOHI-
TOPHUHTY T2 OOMEKEHHSI OCHOBHHX BEJIMYUH Y KOHTYPI 3BO-
POTHOTO 3B'SI3KY 32 IPUBOJHUMH KOJICCAMH.

[pakTnyna 3HAYUMicTb. [[pakTHIHOIO 3HAYNMICTIO €
OOTPYHTYBaHHS CTpaTerii KepyBaHHS MOOUIEHIM poOOTOM,
1110 3aCHOBAHA Ha KOHLETIIIT OaJaHCYBaHHS MIapy Ha Iapi 3
BUKOPHCTaHHAM JIBOX EJIEKTPUYHMX HPHUBOAIB I KyTOM
90° nst CTBOpPEHHS BEKTOPY IIBUIKOCTI B OyIb-SIKOMY Ha-
NPSIMKY B TOPU30HTAIIBHI TUIOIIHHI.

KumiouoBi ciioBa: mobineni pobomu, ecenanpasiena
MOOIbHA naamegopma, OamyuK CHNpsIMy8aHHs, OUHAMIUHE
MOOEN0BAHHS, CIBOPEHHS CIMpPamezii Kepy6anHs

Henb. MoOuiibHBIE POOOTHI HCIIONB3YIOTCS BO MHOTHX
cdepax MPOMBIIUICHHOCTH ¥ KOMMEPITUH. JTa CTaThs OTH-
CBIBAET MCCIIEJIOBAHNE U Pa3pabOTKy MOOMIBHOMU 1iaTdop-
MbI, B OCHOBY KOTOpPOU 3aJI0)KCHa KOHIICTIIUS OalaHCHPO-
BaHW I1apa Ha 1ape, ¢ ABYMs Pa3MELEHHBIMHU IT0JT YITIOM
90° sNeKTpUUECKUMU TPUBOJAMH ISl 00ECTIeUeHHsI BEKTO-
pa CKOpPOCTH B JIFOOOM HAIPABICHUH B TOPH30HTAIBHOU
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IIOCKOCTHU. Llenbro sIBIIseTCs CO3NaHMEe OPUTHMHAIBHOTO H
HOBOTO TPHUHITAIIA Pa3paObOTKH BCCHAMPABICHHON MOOWITB-
HOI1 T1aT(OpMBI OYEHb BBICOKOW MAaHEBPEHHOCTH, KOTOpast
CIIOCOOHA B Pa3HBIX CUTYalUsX OBICTPO MEPEMECTHTHCS B
JFOOOM HATIPAaBIICHUHN 0€3 HEOOXOIUMOCTH JOTIONHUTETh-
HBIX JIBFDKCHHH PYIIS WM PYJIEBOTO MEXaHM3MA.

Metoauka. PazpaboTke M peanqm3anuyl CTpaTerud yII-
paBieHUs JUIT MOOWJIBHOTO YCTPOWCTBA TPEAIIECCTBYET
MPUMEHEHHE METOJa TEOPETHYECKOTO MOJCIHPOBAHUA
CBOWCTB M TIOBEJICHHs] TPAHCIIOPTHOTO cpenctsa. Pa3pabdo-
TaHHbIE TEOPETUYECKUE U YHUCIICHHbIE TUHAMUYECKUE MO-
JIeTIA YYUTBHIBAIOT BCE TIApaMETPhI YIIPABICHHU, YTO TI03BO-
JISIET OTIPEIeTINTh KPUTHIECKOE 3HAUEHHE YTIIOBOTO YCKOpe-
HUS TIPUBOHOTO KoJjieca. DTO HEOOXOAMMO IS MPEeoT-
BpaIleHHs] JTIO0OTO TIPOCKANB3BIBAHUS IIIApa, ITOCKOIBKY
9TO MOJKET TPHUBECTH K MOTEPEe TOYHOCTH MO3MUIIHOHUPOBA-
HUSL. YpaBHEHHUS JBIKEHUS OBUTH PEasT30BaHBI B KOHTPOII-
niepe wiat(GopMbl U MPOBEPEHBI IKCIIEPUMEHTAIIBHO.

MoGwipHast TIaTdopMa COCTOMT W3 IIapa paanycoM
0,2 M, IBIKEHHE KOTOPOTO B TNIOCKOCTH X-Y olecrieynBa-
eTcsl IByMsl KoJlecaMy, TIPUCOEIMHEHHBIMU K CEpBOJBUTa-
TeIsiM. MoOmTbHas TIaThopMa yIpaBisieTcsl ¢ OMOIIBIO
CAN PLC koHtposuiepa, KOTOpPbIH B3aUMOJEHUCTBYET C
JBUTATEISIMH TIPUBOJIOB, aKCENEPOMETPaMHU M JIa3epHBIM
JATYUKOM JUIS peai3alliid B CHCTeMe OOpaTHOH CBS3H.
B3anmogelicTBre ¢ KOHTPOJUIEPOM CTAHITMN 00eCTIeUrBaeT-
s C TIOMOIIBIO OecTpoBOIHOM cBsi3M uepe3 Wi-Fi u momy-
1 XBee Series 2.

Pe3yabTaThl. DKCIIEPUMEHTAIBHO MONyYCHHBIC Pe3y-
JBTATHl MMOKA3BIBAIOT, YTO HA OCHOBE KOHIIENINN OajlaHCH-
POBaHWA IIapa Ha Iape ¢ pa3padoTaHHBIM alTOPHTMOM YII-
paBJIEHHUS MOXKET OBITh OCYILECTBICHO 3(PQeKTHBHOE YII-
paBieHre MOOWITBEHOI mmatdopmoii. [TokasaHo, 9to momo-
HUTENHHOE WCIIOIB30BAaHNE JAaTUHMKA JUIS HAMpPABICHUS MO-
OUITBHOM TIATGOPMBI BIOJIb MPETATCTBUI WM OPHEHTHPOB
yIy4IIaeT TOYHOCTb JIBHKEHHUSI.

Hayunas nHoBu3HA. OpUTHHATBHOCTBIO CTPATETHH YII-
paBlieHUsT MOOWIIBHOM IaT(OopMOl CO BCEHAIPABICHHBIM
TIPUBOJIOM, TIPEIJIOKCHHOM B paboTe, SIBISCTCS TPEI0TBpa-
IIEHHUE TPOCKATB3BIBAHUS ITyTEM OTPAHWYCHHUS YCKOPCHUS
m1aThOopMBl Ha YPOBHE HIDKE KPHTHUIECKOTO 3HAUCHUS C
TIOMOIIIFI0 MOHHUTOPHUHTA M OTPaHMYECHHUS OCHOBHBIX BENH-
YHMH B KOHTYpEe 00paTHOI CBSI3U 110 TIPUBOHBIM KOJIECAM.

IMpakTHyeckas 3HaYUMOCTh. [IpakTHyeckoil 3HauW-
MOCTBIO SBJIACTCSI 0O0OCHOBAHUE CTPATETHH YIIPABICHUS MO-
OWIBHBIM POOOTOM, KOTOpasi OCHOBaHa Ha KOHILEHIMU Oa-
JIAHCUPOBAHUS IIapa Ha IIape C MCIOJIb30BaHUEM JIBYX JJIC-
KTPUYECKUX MPUBOAOB oA yrioM 90° it cO3AaHusl BEK-
TOpa CKOPOCTH B JIFOOOM HAIPaBJICHHN B TOPU30HTAIHLHON
ITOCKOCTH.

KaioueBble cioBa: mobunvhvle pobomol, 8ceHanpas-
JIeHHAsE MOOUTbHASL NAAMPOPMA, OAMUUK HANPAGLeHUs, OU-
Hamuueckoe Mooenuposanile, co30anue cmpameu ynpas-
JIeHUsl

Pexomenodosano 0o nyomikayii O0oxkm. mexH. HAYK
B. @proxaygpom . Jlama naoxooxcenns pyxonucy 11.03.14.
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