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ANALYSIS OF KINEMATIC CHARACTERISTICS OF A MOBILE
CATERPILLAR ROBOT WITH A SCARA-TYPE MANIPULATOR

Summary. Automation and robotization of various production and technological processes in
many industries is one of the leading trends in the development of modern society. Industrial robots
have recently become quite widespread, and it is almost impossible to imagine any modern
production in the fields of mechanical engineering (machine building), instrumentation,
pharmaceuticals, food, chemical industries, etc., without robotic complexes. Over the past few
decades, another area of robotics has emerged: autonomous mobile robots. It combines research in
mechanics, electronics, and computer technologies, including artificial intelligence.

Among the most common applications of autonomous mobile robots are the performance of
various technological operations in places that are dangerous to human life (radiation, biological or
chemical contamination) or uninhabitable (space, sea depths, volcanic craters, etc.). Mobile robots
have also proven themselves in rescue operations during cataclysms and natural disasters, anti-
terrorist operations, military operations, mine clearance, etc.

Given the urgency of the issue of mobile robotics development, this article proposes a new
design of an autonomous robotic complex built on the basis of a tracked chassis and equipped with a
SCARA-type manipulator. The main task of the developed robot is to perform various technological
operations in places where human presence is dangerous or impossible, in particular, when
performing demining tasks. In the course of the research, the kinematics of the manipulator was
analyzed in detail to determine its working area, and the kinematic parameters of the tracked
chassis were experimentally tested while it was moving over rough terrain. The obtained results can
be used to further improve the design and control system of the robot and manipulator and in the
process of determining the specific technological tasks that will be assigned to this robotic platform.

Keywords: mobile robot, robotic complex, tracked chassis, territory demining, manipulator
kinematics, manipulator working area, motion over rough terrain.

1. INTRODUCTION

Modern mobile robots have a significant export potential that can compensate for the costs of their
development and generate profits from foreign supplies [1]. Therefore, in many developed countries, firms
with advanced information and production technologies are striving to create samples of competitive
mobile robots for various purposes [2, 3]. Among a great variety of mobile robots, the tracked (caterpillar)
and wheeled ones are the most widespread [4, 5]. The following models can be considered among the most
advanced in their classes: 1) SWORDS MAARS (Fig. 1, a) by Foster-Miller (USA) — designed for
reconnaissance, destruction of manpower and equipment, detection and neutralization of explosive devices
[6]; 2) ANDROS Mark (Fig. 1, ») by Remotec (USA) — designed for reconnaissance and technological
operations at industrial and nuclear facilities, impact on control panel elements (buttons, switches,
regulators) and pipelines (valves, valves, etc.) [7]; 3) Centaur (Fig. 1, ¢) by FLIR Systems (USA) —
designed for detecting, confirming, identifying and disposing of various hazards including unexploded
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ordnance, landmines, and improvised explosive devices [8]; 4) TEODor (Fig. 1, d) by Telerob Gesellschaft
fur Fernhantierungstechnik mbH (Germany) — designed to detect and neutralize explosive devices,
eliminate the consequences of emergencies, and anti-terrorist operations [9]; Telemax EVO (Pro, Plus,
Hybrid) (Fig. 1, e) by AeroVironment (USA) — designed to disarm improvised explosive devices and
investigate chemical, biological, radiological and nuclear hazards [10]; Husky (Grizzly) by Clearpath
Robotics (USA) — designed for challenging outdoor usage, grasping objects, closing valves, etc. [11].

e A
Fig. 1. Recent designs of mobile robots for different purposes
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Numerous scientific papers are dedicated to various aspects of designing, manufacturing,
maintenance, experimental testing, and practical implementation of mobile robots [1-6]. An interesting and
prospective direction of development of such robotic systems is pipeline inspection using vibration-driven
locomotion systems [12, 13]. Nevertheless, the leading trends in current robotics are focused on tracked
(caterpillar) and wheeled robots [14—25]. The novel control and maneuverability approaches of mobile
tracked robots are studied thoroughly in [14, 15]. The papers [16, 17] are devoted to the enhanced design
peculiarities of autonomous articulated robots. In [18-21], the authors investigated various obstacle-
avoidance and navigation systems of tracked robots. The research on path-planning and locomotion system
performance of mobile robotic systems are considered in [22, 23]. The investigations on the dynamic
behavior and suspension operation of caterpillar robots are carried out in [24, 25]. Numerous other
publications deal with different aspects of implementing mobile robotic systems, and the present research
is focused on the enhanced design of a tracked platform developed at Lviv Polytechnic National University
and equipped with a SCARA-type manipulator. The major objectives of this research consist in analyzing
design peculiarities and kinematic characteristics of the proposed robot and manipulator intended for
performing various military operations, particularly the detection and neutralization of explosive devices.

2. RESEARCH PURPOSE STATEMENT

The purpose of the present research is to comprehensively analyze the design peculiarities and
kinematic characteristics of an enhanced tracked (caterpillar) robot equipped with a SCARA-type
manipulator. The following tasks are accomplished to reach this goal:

— to analyze the design peculiarities of an enhanced tracked (caterpillar) robot;

— to consider the structure and design of the developed SCARA-type manipulator;

— to carry out mathematical modeling and computer simulation of the manipulator motion;

— to conduct experimental tests on the robot’s motion along a rugged terrain.

3. GENERAL DESIGN OF THE ENHANCED ROBOTIC PLATFORM
The novel design of the mobile robotic complex has been developed at Lviv Polytechnic National
University and is presented in Fig. 2. The solid-state model of the robot is designed in the SolidWorks
software and consists of three main units: tracked platform 1, electronic control unit 2, manipulator 3.

Fig. 2. General design of the caterpillar robot with the SCARA-type manipulator

The robot is designed to perform various technological operations on a rugged terrain, particularly to
detect and neutralize explosive devices. The tracked platform is used to carry the manipulator and to
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conduct its general orientation. The platform (see Fig. 3) consists of the installation plate 1, on which the
manipulator and electronic control unit 3 are fixed. The rubber (or polyurethane) dampers 4 are used to
suspend the plate 1 from the caterpillar units 2. The front wheels 6 are non-driven, and their axles can
change their positions while regulating the tension of the tracks (caterpillars) 9. The rear wheels 7 are set
into motion by the electric geared motors 5 using the chain transmission, which consists of the driving
sprocket 10, driven sprocket 12, and chain 11. Each motor is characterized by the consumed power of
100 W, voltage of 24 V, gear ratio of 20, and nominal output rotation frequency of 150 rpm. The chain
transmission ratio is 1.5. To stabilize the position and tension of the tracks 9 when the robot overcomes
different obstacles, the additional V-shaped lever mechanisms 8 are used. All the components of the
caterpillar units are installed between two rigidly fixed plates 2. The proposed design of the tracked
platform can move on rough terrain with a maximal speed of approximately 8...10 km/h and can overcome
obstacles with a maximal height of about 30 cm. The nominal duration of the autonomous operation of the
robot depends on the batteries used and the working modes. In general, it is planned that the robot should
be able to perform its technological operations for at least 2 hours.

Fig. 3. Tracked platform of the mobile robot

The general design of the mobile robot’s manipulator intended to hold and carry cylindrical parts of
about 1 kg mass is shown in Fig. 4. The manipulator is mounted on the robot’s platform using plate 1, on
which the electric motor 2 of the vertical movement drive and the corresponding guides 3 are installed. The
torque is transmitted from the shaft of the electric motor 2 to the drive screw 4 of the vertical movement
mechanism of the manipulator using the toothed belt transmission 5. Platform 6 of vertical movement, on
which nut 7 of the screw-nut transmission is fixed, has the ability to slide along guides 3 due to the rotation
of screw 4. The electric motor 8 for driving the rotational movement of the first link 9 of the manipulator is
installed on platform 6. As in the previous case, the torque from the shaft of the electric motor 8 to the
drive shaft of the first rotating link 9 of the manipulator is transmitted through the toothed belt drive 10. An
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electric motor 11 of the drive of the rotational movement of the second link 12 of the manipulator is
installed on platform 6. The shaft of the electric motor 11 and the rotary shaft of the link 12 are connected
by two toothed belt transmissions 13. The electric motor 14 of the rotational movement of the gripper 15 is
installed on the link 12. The torque is transmitted from the shaft of the electric motor 14 to the
corresponding shaft of the bracket 16 of the gripper 15 using a gear (toothed) quadrant 17. The gripper 15
is mounted on a rotary bracket 16 with the possibility of adjusting its vertical position by sliding along a
profile guide, which is provided by a toothed belt drive 18. The drive pulley of the belt drive 18 is fixed on
the shaft of the electric motor 19.

The manipulator operates as follows. If it is necessary to change the vertical position of the gripper
within insignificant limits (100-150 mm), the vertical movement drive (electric motor 19 and tooth-belt
transmission 18) is used to move the gripper along the guide attached to the bracket 16. Larger vertical
movements of the gripper are carried out by raising/lowering the manipulator platform 6, which occurs
when the motor 2 is activated, and the screw 4 of the screw-nut transmission is rotated through the toothed
belt transmission 5. The movement of the gripper in the horizontal plane is carried out by two drives of
rotational movement of the first 9 and the second 12 links of the manipulator, as well as by the drive of
rotation of the gripper 15 through the gear quadrant 17. The latter is used exclusively for high-precision
positioning of the gripper relative to the surfaces of the parts that must interact with the gripping jaws.

Fig. 4. General design of the SCARA-type manipulator

4. KINEMATIC ANALYSIS OF THE SCARA-TYPE MANIPULATOR

Following the developed general design of the manipulator (Fig. 4), the simplified kinematic
diagram of its mechanical system is shown in Fig. 5. The prismatic slider 4 provides the vertical
translational movement of the platform 6 of the manipulator; the cylindrical joint B provides rotation of the
first link 9 of the manipulator relative to the platform 6; the cylindrical joint C is responsible for the
rotation of the second link 12 of the manipulator relative to the first link 9; the cylindrical joint D provides
rotation of the gripper bracket 16 relative to the second link 12 of the manipulator; the prismatic slider £ is
used to move the gripper 15 in vertical direction. To calculate the degree of mobility of the manipulator
(the number of degrees of freedom), we use the following formula for spatial mechanisms:

W=6-n=5-ps—4-py=3-py=2-py—pi, (1)
where 7 is the number of movable links of the manipulator; p, is the number of the kinematic pairs of the

fifth class (single-move pairs); p, is the number of the kinematic pairs of the i-th class (i =1, 2, 3, 4, 5).
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Fig. 5. Simplified kinematic diagram
of the SCARA-type manipulator

In accordance with the kinematic diagram of the manipulator (Fig. 5), the mechanism has 5 movable
links (n=5) and 5 kinematic pairs of the fifth class (single-move pairs) ( p; =5): two translational pairs
(prismatic sliders 4 and FE) and three rotational (revolute) pairs (cylindrical joints B, C, D). There are no
higher kinematic pairs in the mechanism, thus p, = p, = p, = p, =0. Therefore, considering Eq. (1), the
degree of mobility of the manipulator (the number of degrees of freedom) is equal to:

W=6-5-5-5-4.-0-3-0-2-0-0=5.

Based on the carried-out calculation, we can state that it is enough to know the laws of change of
five generalized coordinates to unambiguously determine the position of the gripper (point G) in space at a
certain point in time. Let us choose an inertial reference system (spatial Cartesian coordinate system)
centered at the point O, which is located on the screw axis of the mechanism of vertical movement of the
manipulator (see Figs. 4 and 5). In this case, we assume that the horizontal plane xOy coincides with the
fixed platform attached to the robot chassis. Let us accept the following generalized coordinates:

S, — vertical displacement of the slider 4 relative to the fixed platform (the xOy plane); the positive
value of the coordinate S, coincides with the direction of the Oz axis (see Fig. 5);

¢, — the angle of rotation of the first link of the manipulator (rod BC) relative to the platform (the
positive value of the angle is plotted in an anticlockwise direction relative to the plane zOy, which is
parallel to the longitudinal axis of the robot chassis (the axis coincides with the direction of the robot’s
straight-line movement, see Fig. 6);

@, — the angle of rotation of the second link of the manipulator (rod CD) relative to the first link (rod
BC) (the initial position of the links assumes their parallelism with a positive angle value being set in an
anticlockwise direction, see Fig. 6);

¢, — angle of rotation of the gripper mounting bracket (rod DE) relative to the second link of the
manipulator (rod CD) (the initial position of the links implies their parallelism with a positive angle value
being set in anticlockwise direction, see Fig. 6);

S, — vertical displacement of the slider guide E relative to the movable platform of the manipulator
(a plane parallel to the horizontal plane xOy and passing through the rods BC, CD, DE); the positive value
of the coordinate S, is opposite to the direction of the Oz axis (see Fig. 5).

Fig. 6. The diagram illustrating the generalized
coordinates related with the revolute kinematic
pairs of the manipulator
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Let us derive the laws of motion of the corresponding kinematic pairs of the manipulator mechanism
in the form of functional dependencies on the adopted generalized coordinates:
— slider 4 (see Fig. 5):

xy=0, y =0, z4=58; )

— cylindrical joint B (see Figs. 5 and 6):
XBZXAZO, yB:yA+ZAB:lAB9 ZBZZAZSl; (3)

— cylindrical joint C (see Figs. 5 and 6):
X =xg+lgc-sing =lg--sing, yo=yp+Ilgc-cosQ =l p+lgo-cosq, zo=zp=35; 4)

— cylindrical joint D (see Figs. 5 and 6):
Xp=Xc+lcp -sin(gol +g02) =lpc-singy +lcp -sin(gol +g02),

yp=Yc +lcp -cos(@ +@y) =l +lgc -cos@p +lcp-cos(@y+¢),  zp=zc=S;
— slider F (see Figs. 5 and 6):

Xp =Xp +ZDE-sin(g01 +¢, +go3):lBC-sing01 +ZCD-sin(g01 +g02)+ZDE-sin(gol +¢, +go3),
YE=YD +ZDE-cos(g01 +0, +go3)=lAB +1pc -cosgy +ZCD-cos(g01 +g02)+ZDE-cos(g01 +0 +go3), ©6)
Zp=zp=95;

)

— gripper (point G, see Fig. 5):
Xg =xg =lgc-sing +op -sin(gol +g02)+ZDE -sin(gol +¢, +go3),
Y6 =Yg =4 +pc-cosy +lcp -cos(@y +@2 ) +Ipg - cos(@y + @3 +¢3), (7)
26 =2 =S =8-S,
where [, ly-, lop, Iy are the lengths of the corresponding links of the manipulator mechanism.

Based on the solid-state model of the manipulator developed in the SolidWorks software, we
simulated the movement of the gripper, based on the results of which we built a corresponding trajectory
(Fig. 7) characterizing the working area of the manipulator.

Using the derived equations (7) of motion of the gripper of the manipulator, it is possible to plot the
trajectories of its movement and determine the speeds and accelerations at any point of the trajectory under
the known laws of change of the generalized coordinates. In order to carry out numerical modeling of the
manipulator’s motion using the derived equations of motion of the gripper in the MathCad software, it is
necessary to set the geometric parameters of the manipulator and the laws of change of the corresponding
generalized coordinates. In accordance with the above-mentioned notations and the solid model of the

manipulator (Figs. 4 and 7), we have: /,; =120 mm, /,. =300 mm, /., =300 mm, /,, =87 mm. To

determine the time dependencies of the generalized coordinates of the manipulator, we divide the time
interval of its movement into several intervals. In accordance with the trajectory of the gripper shown in
Fig. 7, the laws of change of the corresponding generalized coordinates are as follows:

— at the first stage (1 =0...2 s):

@ (1)=—60°=const, @,(t)=-75°=const, ¢3(t)=-76°+38°1+ const;
— at the second stage (¢ =2...4s):
@ (1)=—60°=const, @,(t)=-75°+37,5°(t—2) #const, @3(t)=0°=const;
— at the third stage (1 =4...6 s):
(pl(t)=—60°+60°-(t—4)¢comt, (pz(t)=0°=const, (p3(t)=0°=c0nst;
— at the fourth stage (1 =6...8 s):
@ (1)=60°=const, ¢, (t)=37,5°-(1—6)=const, ¢3(t)=0°=const;
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— at the fifth stage (¢ =8...10 s):

@ (1)=60°=const, @, (t)=75°=const, @3(t)=38°-(¢-8)=const;

Fig. 7. The geometric parameters of the links
and the working area of the manipulator,
obtained as a result of simulation
of its movement in the SolidWorks software

Substituting the geometric
parameters of the manipulator
into the equations (7) of motion
of the gripper and setting the laws
of change of the generalized
coordinates for the corresponding
time intervals, the corresponding
trajectory of the gripper, which
determines the working area of the
manipulator, is plotted in the
MathCad software (Fig. 8). The
maximum displacement of the
gripper along the Oy axis is
approximately 840 mm (at the
limit positions of + 30 mm and —
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Fig. 8. Trajectory of the gripper motion modeled in the MathCad software
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810 mm); the maximum displacement of the gripper along the Ox axis is about 1300 mm (at the limit
positions of + 650 mm and — 650 mm). The obtained values are in full agreement with the results of the
simulation conducted in the SolidWorks software: according to the data shown in Fig. 7, the maximum
displacement of the gripper along the Oy axis is 836 mm, and along the Ox axis — 1294 mm. The highest
vertical position of the gripper is about + 300 mm above the manipulator’s fixation plate, and the lowest
position is approximately — 200 mm.

Taking into account the results of numerical modeling in the MathCad software (Fig. 8) and
computer simulation in the SolidWorks software (Fig. 7), it can be concluded that the derived analytical
dependencies (1)—(7) adequately describe the gripper’s motion conditions and can be used while
developing and programming the corresponding control system of the proposed SCARA-type manipulator.

5. EXPERIMENTAL STUDIES ON THE ROBOT MOTION CONDITIONS

The full-scale laboratory prototype of the mobile tracked (caterpillar) robot (see Fig. 9) was
manufactured at Lviv Polytechnic National University. The experimental investigations were carried out
during the robot motion at a horizontal speed of about 8 km/h along a rugged terrain. The WitMotion
sensor BWT901CL was used to measure the vertical accelerations of the robot’s body at the place of
fixation of the SCARA-type manipulator. The sensor allows for detecting the vibrations at the bandwidth
of 256 Hz, baud rate of 92160 bauds, output rate of 200 Hz, and acceleration range of £16g (+157 m/s).
The information from the sensor is sent with the help of the Bluetooth interface to the laptop with the
corresponding WitMotion software installed (see Fig. 9). The MathCad software is used to transform the
tabular data received from the WitMotion software into the graphical (plotted) dependencies.

The obtained experimental data is presented by the time dependency of the robot’s body vertical
acceleration during its motion along a rough terrain (see Fig. 10). The measured accelerations can be used
to determine the inertial loads acting upon the links and gripper of the manipulator. The mentioned loads
influence the gripping forces needed to be provided to effectively hold and carry the cylindrical parts (or
workpieces) of the 1 kg mass (10 N weight). The maximal value of the robot’s body vertical acceleration
reaches 1 g (9.81 m/s’) in the upward direction and 0.85 g (8.34 m/s”) in the downward. Therefore, the
maximal vertical overloading of the gripper holding the part (piecewise) can reach 2. It allows for
concluding, that while performing calculations of the gripper, it is necessary to consider the maximal
weight of the part to be carried by the manipulator of approximately 20 N (2 kgF).

Fig. 9. Experimental equipment used for analyzing the robot’s kinematic characteristics
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Fig. 10. Vertical accelerations of the robot’s body during its motion along a rugged terrain

6. CONCLUSIONS

The paper considers the enhanced design of the mobile tracked (caterpillar) robot equipped with the
SCARA-type manipulator. The robot can reach a motion speed of about 8...10 m/s and is driven by two
electric motors of 100 W power each. The SCARA-type manipulator is designed to hold and carry the
cylindrical parts (workpieces) of the mass up to 1 kg. Based on the performed kinematic analysis of the
manipulator, the corresponding working zone of the gripper is analytically described and simulated. The
maximum displacement of the gripper along the Oy axis is approximately 840 mm (at the limit positions of
+ 30 mm and — 810 mm); the maximum displacement of the gripper along the Ox axis is about 1300 mm
(at the limit positions of + 650 mm and — 650 mm). The experimental investigations are carried out during
the robot motion at a horizontal speed of about 8§ km/h along a rugged terrain. The obtained experimental
data is presented by the time dependency of the robot’s body vertical acceleration. The maximal value of
the acceleration reaches 1 g (9.81 m/s2) in the upward direction and 0.85 g (8.34 m/s2) in the downward.
The obtained results can be used by researchers and designers of similar robotic systems while calculating
the caterpillar drives, manipulators, and gripping devices. Further investigations on the subject of the paper
can be focused on the mathematical modeling and computer simulation of the robot’s suspension dynamic
behavior and investigating the force-power characteristics of the transmission.
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AHAJII3 KIHEMATHYHUX XAPAKTEPUCTUK MOBLJIBHOI
I'YCEHUYHOI INMIAT®OPMH 3 MAHIITYJIATOPOM THITY SCARA

Anomauin. Asmomamuszayis i pobomuzayisi PIZHOMAHIMHUX GUPOOHUYO-MEXHOOSTUHUX
npoyecis y 6a2amvox 2any3sax NPOMUCIOBOCI € OOHIEN i3 NPOBIOHUX MEHOEHYI PO36UMKY CYYdcC-
HO20 cycninbemea. Humanoeo nowupentss OCMaHHiM 4acom Habyau RPOMUCIosi pobomu, 6e3 AKux
NPAKMUYHO HEMOJNCIUBO YASUMU OYOb-sIKe HOGIMHE SUPOOHUYMBO Y 2ANY35X MAUUHOOYOYBAHMS,
npunadobyoysants, apmayesmuky, 1ecKoi, Xapuoeoi, nepepobHoi, XiMmiuHol npomucrosocmei
mowo. Takoodc 3a ocmanti Kinbka 0ecsmunims c@hopmy8ascs uje 00U HANPIM poOOMOMEXHIKU —
ABMOHOMHI MOOLIbHI pobomuU, SKUL NOEOHAE QOCTIONCEHHS Y Chepax MeXaniKu, eleKmpoHiKU ma
KOMA TOMepHUX MexXHON02il, 30KpemMa WHYYHO20 IHmeNeKmy.

Cepeod HaunowupeHiuux cgep SUKOPUCMAHHA ABMOHOMHUX MOOITbHUX poOOmMIE 8apmo
BIOBHAUUMU  GUKOHAHHSL DIZHOMAHIMHUX MEXHOLOSIHHUX Onepayitl y Micysx, HebesneuHux Oous
arcummis, mooell (padiayiiino, OIOA02IUHO YU XIMIYHO 3a0PYOHEHUX) aD0 HenpUOAMHUX OJisL HCUTMMSL
(kocmoc, MOpcwbKi  enubunu, Kpamepu yaxamie mowo). Taxooic MmobinvHi pobomu Oobpe
3apekomMenoysan cebe ni0 yYac BUKOHAHHS PAMYBATbHUX ONEpayill y BURAOKAX KAMAakaizmie i
CIUXIUHUX JIUX, AHIMUMEPOPUCTIUYHUX ONnepayill, GiliCbKoUX Oill, pO3MIHYBAHHS Mepumopii mowjo.

Bpaxosyiouu axkmyanvHicms RUMAHHA PO3GUMKY MOOLIbHOI pOOOMOmMEXHIKY, Yy  cmammi
3aNPONOHOBAHO HOBY KOHCMPYKYIIO AGMOHOMHO20 POOOMU308AHO20 KOMNIIEKCY, N0OY008aH020 HA
bazi eycenuunoeo wiaci ma ocHauwjenoco mauinyasmopom muny SCARA. Ocnoenum 3a80aHHAM
NPONOHOBAHO20 POOOMA € GUKOHAHHS DISHOMAMIMHUX MEXHOL02IUHUX onepayii y Micysx, oe
nepeoyeants MOOUHU € Hebe3neuHum abo HeMONCTUBUM, 30KPeMd GUKOHAHMS 30A80AHb DPO3MIHO-
sysanns mepumopiil. 11i0 uac docniddicenb 0emanvbHo NPOAHANI308AHO KIHEMAMUKY MAHINYAAMOpPA 3
Memoi0 6CMAHOBNEHHST 1020 POOOUOI 30HU MA eKCHEPUMEHMANbHO NPOMECHOBAHO KIHeMAMUYHI
napamempu 2yCeHuuHo20 uiaci nio uac 1ozo pyxy Hno nepeciueniu micyegocmi. Ompumani
PE3YTLIMAMU MONCYMb OYMU GUKOPUCMAHT 051 HOOATLULO20 YOOCKOHANEHHS KOHCIPYKYIL 1l cucmem
KepysanHs poboma i MAHINYIAmMopa ma 6USHAYEHHS KOHKDEMHUX MeXHONOIUHUX 3a80aHb, SKI
NOKAAOAMUMYMbCIL HA Y0 POOOMU308AHY NIAMPOPMY.

Knrouosi cnoea: mobinvhuii pobom, poOOMU308aHUll KOMNUIEKC, 2YCEHUYHe WAci, po3-
MIHOBYBAHHS MEPUMOPILl, KiHeMAmuKa MaHinyismopa, poooua 30HA MAHINYIAmMopa; pyx no
nepeciuenii micyegocmii.



