BYAIBEABHI MALLIMHN | TEXHOAOTIHHE OBAAAHAHHA

UDC 621.878:629.032

Determination of rheological parameters for tire—-road contact system

Maksym Balaka!, Dmytro Mishchuk?

12Kyiv National University of Construction and Architecture,
31, Povitrianykh Syl Ave., Kyiv, Ukraine, 03037,
lpalaka.mm@knuba.edu.ua, https://orcid.org/0000-0003-4142-9703,

?mischuk.do@knuba.edu.ua, https://orcid.org/0000-0002-8263-9400.

Received: 10.09.2025; Accepted: 14.11.2025
https://doi.org/10.32347/gbdmm.2025.106.0303

Abstract. The efficiency and safety of modern
wheeled vehicles significantly depend on the
reliable interaction between pneumatic tires and
the supporting road or soil surface under varying
load conditions. This interaction is governed by a
complex combination of elastic, viscous and
plastic deformation processes, occurring both in
the tire structure and in the contact layer of the
supporting surface. Accurate description of these
processes requires the development and application
of advanced rheological models capable of
reproducing the nonlinear and time-dependent
behavior of tire materials.

The analytical and experimental methodologies
for determining the rheological parameters of
pneumatic tires, including stiffness, deformation
modulus, viscous resistance and internal friction
characteristics are proposed in the paper. The
methods are based on the analysis of static and
dynamic deformation behavior, as well as on the
spatial distribution of contact stresses in the tire—
road interface. The approach allows for capturing
the influence of varying load levels and inflation
pressure on the tire’s mechanical response.

The obtained rheological parameters provide a
foundation for constructing numerical models of
the tire—road contact system, enabling accurate
prediction of contact stresses, deformation
patterns, and dynamic loading during vehicle
operation. The proposed methodologies reduce
experimental complexity and improve parameter
accuracy, offering practical value for tire design,
optimization of vehicle dynamics and transport
engineering applications.

Keywords: pneumatic tire, tire-road contact,
wheel mover, rheological model, elastic—viscous—
plastic behavior, deformation, stiffness, contact
stress, numerical modeling, vehicle dynamics.
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INTRODUCTION

The efficiency of modern vehicles is largely
determined by the ability of their pneumatic-
wheel movers to provide stable contact with
the road or soil environment under various
load conditions. In real conditions, this contact
is formed as a result of the complex
combination of elastic, plastic, viscoelastic and
inertial processes that occur both in the tire
structure and in the base layer. Therefore,
scientific research aimed at quantitatively
describing the mechanisms of deformation and
distribution of contact stresses plays the key
role in the further development of mobile
machinery, road construction and transport
engineering [1-5].

The need for improving tire-road analysis
methods is increasing due to the transition to
intelligent traffic control systems, increasing
demands for energy efficiency and tire
durability, and the emergence of new composite
materials. These materials are characterized by
nonlinear and strain rate-dependent properties
[3, 6]. This requires the use of models that can
correctly reproduce the rheological behavior of
rubber-cord structures not only in static but
also in transient loading regimes.

At the same time, the effectiveness of such
models is directly determined by the reliability
of the initial parameters that characterize the
mechanical state of the tire material. In
particular, the elastic moduli of various
structural layers, viscous drag factors,
hysteresis loss characteristics, and internal
friction parameters need to be clarified using
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experimental methods consistent with real
operating conditions.

Thus, research aimed at improving
approaches to determining these parameters
has both fundamental and applied significance
for increasing the accuracy of predicting the
force interaction of the wheel mover with the
supporting surface.

PURPOSE OF THE PAPER

To develop and substantiate methods for
determining elastic, viscous and elastic-plastic
parameters of pneumatic tire rheological
models on based on experimentally obtained
dependences of their deformations and contact
interaction with the supporting surfaces of the
movement of earth-moving machines.

RESEARCH RESULTS

The processes research of dynamic
interaction of the pneumatic wheeled vehicle
with the supporting surface undergoing elastic-
plastic deformations requires the use of
adequate physical and mechanical models
capable of reproducing the rheological
complexity of the tire rubber-cord structure. In
most theoretical approaches, a pneumatic tire
is represented as the weightless ring with an
outer radius equal to its free radius ro. This
ring is conventionally connected to the hub by
continuous set of radially oriented deformable
elements that simulate the reaction of the
rubber-cord shell. These elements form
various compositions of basic rheological
elements — Hooke, Newton and Saint-Venant
[6-8], which allows modelling the elastic,
viscous and elastic-plastic properties of the tire
in the wide range of loads.

The accuracy of reproducing the real
mechanical properties of the pneumatic tire
significantly depends on the reliability of the
initial parameters of its material and structural
model. These include the modulus of
elasticity, the factor of viscous resistance and
the value of internal dry friction. In this regard,
the  development of analytical and
experimental methods for determining these
characteristics is the separate scientific
direction, directly related to the problems of

44

optimizing wheel mover designs and
predicting their contact behavior.

The determination method for deformation
modulus of the pneumatic tire based on the
parameters of its normal elasticity obtained
during static tests was developed in the paper
[6], that based on a three-element model. In
particular, analytical dependencies were
established that link the deformation modulus
with the tire radial stiffness. Analysis of the
results shows a significant dependence of these
parameters on the magnitude of the normal
load P, on hub. This indicates the nonlinear

nature of the deformation of the rubber cord
shell even at low speeds of load application.

The specified dependence of tire parameters
on the level of external load necessitates the
use of dynamic models of the pneumatic
wheeled vehicle with parameters varying in
time and space. This complicates the construc-
tion of analytical solutions for describing the
processes of its interaction with an uneven and
deformable supporting surface, which in turn
requires the use of numerical methods and
algorithms of multiparameter identification.

In the first approximation, it is advisable to
represent the pneumatic tire in the form of the
linear Kelvin—Voigt viscoelastic element
model [7], in which the elements deform
exclusively in the radial direction. Let us
consider the mode of tire static loading by the
normal force P, on the rigid, flat and non-

deformable horizontal support surface. Within
this mode, the rate of radial deformation V; is

so small that the viscous properties of the
material  practically do not manifest
themselves, and the interaction is reduced to a
purely elastic response (Fig. 1). Under such
conditions, the radial force in the model
element is determined by expression

where Cp, Ap — stiffness and deformation in
the tire radial direction of the tire.

Let us decompose the radial force dP into
vertical dR and horizontal dF components —
dR=dPcose and dF =dPsing, then under
equilibrium conditions, we will have
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Fig. 1. Tire loading diagram during static testing: 1
— rubber cord casing; 2 — hub; 3 — elastic element
(Hook element)

> dR=> dPcosp=R=P,;

1
> dF => dPsing=0. @

Taking into account that

COS @y
Ap=rh—p=0|1-
p=lo—p 0[ C0s

account expression (1), we obtain

j taking into

P1
COS @
P, =2cproj(1— L
0 COS @

jcosmd(p,

where p — current radius of the pneumatic tire
in the contact zone with the support surface,
measured at the current angle ¢ ; ¢; — half the

contact angle.
After performing integration and transfor-
mation, we will have

P, =2Cphy(sing;—¢p-cosqy),  (2)

where ¢, =arccos[(fh—h;)/1y].
To establish the relationship between the
Cp value and the parameters of the pneumatic

tire, we will use the experimental dependence

hy =Kz P& /(1+ pw ), 3)
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where K, — factor constant for given elastic

element; p,, — air pressure in the pneumatic

tire.

The practical application convenience of
expression (3) is determined by the presence
of only one factor, constant for the pneumatic
tire of the wheel mover, in the entire operating
range of changes in internal air pressure py .

This allows for the rapid accumulation of
experimental data. The factor K, can be

determined, for example, by the results of
measuring the normal tire deflection hy :

1) at two values of normal hub load Py,
P,, and one arbitrary value of air pressure

Kz = Ahg (L+ p ) (PS5 P2

2) at two values of air pressure py1, Pw2
and one constant value of normal hub load

Kz = Ahz (1+ pyp ) (1+ p\NZ)/PZSM(p\Nl_ Pw2)

where Ah; — change in normal tire deflection
when the normal hub load increases from P,
to P,,,i.e. Ah; =h%, —h3;; Ah; —change in
normal tire deflection when the air pressure
decreases from py; t0  pyo, 1€

Ahz =hz, —hz;.
Let us represent expression (3) in the form
P, =P, (1)
P, =hgR(1+ py )% /K 3R
or taking into account that h; =1y (1-cos¢,)

P, =[1p(1—cos; )(1+ py )/Kz ]4/3. (4)

Equating the right-hand sides of expressions
(2) and (4), after transformations we obtain

CP=

r01/3[(1+ p\,\,)r3 (1—COS(p1)4/3 -
( .

2 K, sin @, — ¢, COs ¢y )
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Let us analyze the right-hand side of
expression (5). To do this, in a graphical form

(Fig. 2, a) we will establish the relationship

)4/3

between the quantities (1—COS(p1 and

(sing,—@,cosp,). As can be seen, the

graphical dependence (1) has the weakly
nonlinear character and can be quite correctly
approximated by the linear dependence (2):

(1—cos<;>1)4/3 =B, (sing; — @, Cos ;). (6)
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The value of the slope factor B; is
determined by the least squares method and is
in the range of the maximum possible change
h; (0<h; <0,117r)) B;=15526 in the
correlation factor R =0,995.

Substituting the right-hand side of
dependence (6) into expression (5), we finally
write

13
C _Ber
P™

_[(1+ RN)T’?’_ -

Kz

Thus, the obtained expression (7), on the
one hand, establishes a relationship between
the external dimensions of the tire, normal
stiffness and internal air pressure, and on the
other hand, with the radial stiffness of the
elastic element of the adopted pneumatic tire
model (see Fig. 1).

When use the deformation laws in the
problems of the rotating element dynamics, the
determination of the tire deformation factors in
the loading zone (NO) — K; and in the

unloading zone (Om) - K, [8] can be
performed similarly to that considered above.
During static testing of the pneumatic tire
by normal hub load P,, taking into account
the law of its deformation — o = K;Ap, when
the magnitude of the radial deformation of the
tire Ap does not exceed its critical value

Apg , the following expression will be valid

c|>1
P, =2 oBypcospdep =2K; By 15’ cos oy x
° t)

X (pl_lmm.cos(pl ,
2 1l-sing

where o — normal stress in the contact zone;
B, — tire tread width.

Equating the right-hand sides of expressions
(4) and (8), after transformations we obtain
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- 2/3,, 413
2B, 1y Kz
(1-cos o, )4/3 -(9)
X -
cos —llnmcos
?1]1 ¢1 2" 1 sing, 0
4/3
The dependence (1-cosgy)™" =
1, 1+sing :
= f | cos ——In——X=cos is
{ (P1[(P1 2 1 sing, (Plﬂ

presented in Fig. 2, b. As can be seen, the
dependence (1) in graphical form also has the
weakly nonlinear character and can be
approximated by the linear dependence (2)

1, 1+sin
BZ |:COS (Pl [(Pl —E nﬁcos (plj:| (10)
- 1

The slope value B, is determined by the
least squares method and is in the range of the
maximum possible change 0<h, <0,117r,
B, =1,6669 at the correlation factor of 0.995.

Taking into account expressions (9) and
(10), we finally write

o) 413
} . (11

B, [(1+

- ZBtr r02/3 KZ

Ky

Taking into account expressions (7) and
(11), we establish the relationship between the
quantities Cp and K;

Cp =BiKiBylo /By =B3Ky,  (12)

where B; =B;By I, /B, — factor, constant for

the pneumatic tire.

Thus, two complementary methods for
determining the elastic parameters (radial
stiffness Cp ) of the tire rheological model in

the form of the linear Kelvin—Voigt element
model are considered based on:

1) experimental dependences of the normal
tire deformation on its normal load
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2) experimental dependences of the
deformation distribution law in the contact
zone of the tire with the non-deforming

supporting surface o =c(Ap).

Using the second method is more
appropriate, since to determine the elastic
parameters of the rheological model, it is not
necessary to conduct tests on crimping stands.
It is only to experimentally determine the
radial tire deformation Ap and the normal

stresses o in the zone of its contact with the
supporting surface. Let us move now from the
linear Kelvin—Voigt element model to a three-
element rheological tire model with parallel
fundamental elements of Hooke, Newton and
Saint-Venant, the elementary components of
which deform in the radial direction.

This model reflects the elastic properties of
the tire and takes into account the presence of
both types of internal friction (viscous and
dry) in the rubber cord casing materials [8—
12]. The parameters of the rheological tire
model (deformation modulus E;, viscosity
factor u, and factor v, which shows what the
deformation modulus part of the elastic
element is made up of contact stresses due to
constant internal friction) can be determined
from the results of its static and dynamic tests

at different internal air pressures [13].
When obtaining the characteristics of

normal stiffness P, =P, (h;), i.e. during static
tests of the pneumatic tire of the non-rotating
wheeled vehicle ©yx =0, and damped
vibrations h, =h,(t), i.e. during dynamic
tests on the non-deforming support surface, the
front (nO) and rear (Om) contact tire zones
with the support surface are symmetrical, and
their rheological models work the same.

The plane stress-strain state in contact of
the pneumatic tire with the non-deforming
support surface at wx =0 is determined

0281E1+é1u1+VElsgn €1. (13)

Using the

P
P, =2 o,cos B, pde, will be
0

equilibrium equation
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oy
2cosp; H

P, :ZBtrroElcOS(P{
: : , (14)
L1 omhy In(1+sm o)
T2 EH (L-singy)

£ vpsnghy }

where h, — tire normal deformation; h, — rate

of tire normal deformation; A — dimensionless
multiplier; ¢; — central angle of half the

contact length of the tire with the non-
deforming support surface.
The expression for A has the form

1+sin
A =2c0s¢; (pl—lln@x

2 (1-sing) . (15)
x c0s ¢y | = 0,551p; %

Let us represent equation (14) in the
following form

where Py, P, P, — fractions of the
vertical (normal) load, which is balanced by
elastic forces, proportional h, internal friction

forces, and constant internal friction forces.
During static tests of wheel mover tires

Then the dependencies for determining E;
and v from (14) will have the form:
P, —P,, )H
E _ (P2 =P )H gV) ; (17)
Btr o A
I:>Zv

V= :
2By By1o®y COS @y

(18)

Fig. 3 shows the characteristics of static
normal stiffness (a) and free damped vibrations
(b) of the tire. It should be borne in mind that
the Saint-Venant element of the tire rheological
model has a certain uncertainty in the absence
of displacements (at it can take values from to
including zero). Therefore, equation (13) is
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applicable only to points at which the tire is
deformed or its deformation is restored.

Static normal load P, is perceived by
elastic forces P,z and forces of constant
internal friction P,,. The pneumatic tire has
h, deformation, and without taking into
account internal friction forces — hy,

deformation, which can be calculated or
determined graphically by the characteristic of
static normal stiffness (Fig. 3, a).

With damped vibrations relative to the
corresponding position hyq (Fig. 3, b), which

are combined by force P, with the tire
deformation to h; .« and subsequent rapid
release, the equilibrium condition is satisfied

where P — inertia force of the masses that
oscillate together with the tire mass.
Pk yi
/D..7/77IZX [ ¢

Q:\

\

/77 /7[

h iz

b

Fig. 3. Characteristics of static normal stiffness (a)
and free damped vibrations (b) of the wheel mover
tire: T — period of oscillations; t — time
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At the time
deformation hy,

corresponding to the

P, =Pzes P +Pz =Py,

that is, the forces of internal friction are
overcome by the inertia force, which is caused

by the motion deceleration hs .
Thus, we write

Pz =P =Py (19)

where g — acceleration of free fall.

Taking into account expressions (19) and
(20), from (14) we obtain

(Pzﬁzolg _PZV)H

. 1+sing
hyqIn| =1 |cos
By fohzo (1—sin(p1J o

. (21)

M =

Using the dependence (21) to obtain the tire
viscosity factor — p, is complicated by the fact

that experimental data on the speed hzo and

acceleration h,, at the moment corresponding

to the tire normal deformation hy.

The problem can be solved either by
graphical differentiation of the oscillation
vibrations, i.e. dependence h, =h, (t) [6, 13],
which introduces the significant error in the
determination of p;, or by using special
sensors (differential links), which complicates
experimental studies.

Therefore, the viscosity factor is
determined by the equation

2m a
—_ .In i+1 , 22
g _TI a (22)

where m — reduced mass, including the tire
mass — m; and the rim — m,, kg; T — period
of oscillations, s; Ls — contact length at hy,,
m; &, &, — any two consecutive amplitudes
of damped oscillations, m.
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The elementary volumes deformability of
the support surfaces with which the wheeled
mover tire interacts is quite correctly reflected
by the mechanical model of the Kelvin—Voigt
viscoelastic element, to which the rheological
equation corresponds

Determination methods of the rheological
model parameters of the deformable support
surface (deformation modulus and viscosity
factor) are currently not sufficiently developed
and it is possible to recommend the use of only
some experimental data given in the papers [6,
10, 12-16]. In this regard, the authors have
developed analytical methods and the
methodology for experimentally determining
the parameters of the rheological model for the
deformable support surface.

Deformation of the support surface in the
contact zone with the tire occurs, as with the
latter, in the radial direction relative to its
center. Then, when rolling a non-deformable
wheeled mover, the support surface will

deform in the directions & K; (&,K),)

according to the scheme in Fig. 4, and the

relative deformations €, and deformation

rates ¢, of its elementary volumes (within the

angle d¢) will be determined by equations:
for loading zone (nO)

(A+1ycos@y )(1—cosp, / cos@)
€91 = A ’
_ Oy € COSQIgQ

COSQ—COSQy

€1
for unloading zone (Om)

(A+1ycosgy )(1—-cosp, /cose)

e =
27 A+ (1—cos @y cos ¢, ) cos @y
& TOwe2 COSol9e
2 Cosp—Cos g,

Equation (23) for the corresponding contact
areas of the non-deformable wheeled mover
with the deformable support surface (nO —
«21» index, Om — «22» index) have the form:
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Wf/

Fig. 4. Force interaction scheme of the non-
deformable wheeled mover with deformable
support surface in the driven mode

o1 =& +énky;
o =227 —€2117,

where E; and p, parameters are determined
by equations:

By =kpr-Ey;

M’zzknr'uz-

The elasticity factor of the deforming
support surface kg is determined by equation

heg 1-cos
Lk (24)
hg 1-cosq

where hg, hg — elastic and total deformations
of the deformable support surface (soil); ¢,
¢, — corresponding contact angles of the non-

deformable wheeled mover with the
deformable support surface.

Under the condition of uniform distribution
of contact stresses over the tread width By,

the equilibrium equations of the non-
deformable wheeled mover in the driven mode
of its power load [12] have the form:

P P2
PZ = Btrro J‘GZ]_COS(pd(P'F J (o)) COS(Pd(P ,(25)
0 0
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P1 P2
0 0

As a result of (25) and (26) joint solution,
the expressions for the definition of E, and

u, are obtained:

P, +P,.C/D

E, = X~ 2 (27

" Byl (A+1pcose )(F +CK /D) @0
Mz == 5 (28)

w

where

_ (305(P1(t§|(P1—(l31)+

A

cos @, (19, — ;)
E A+1,(1—cOsp, COS(,) COS @y
cos ¢, In(cos ¢;)
A _
cos @, In(cos p,)
& A+ 1y (1 cOS @, COS ) COS @y
_ (cosq, —1)?
=

D=

(cos ¢, ~1)° .
® 2(A+1y(1—cos g, c0s ,) COS Py )’
K = Sin @y —@; COS @y "

A

sin @, — @, COS P,
A+1y(1—COS @, COS(p,)COSQ;

According to (27) and (28) equations of the
rolling process of the non-deformable wheeled
mover in the driven mode of its force loading
on the deformable support surface, to
determine the parameters of its rheological
model in the form of Kelvin—Voigt element, it
is necessary to experimentally determine the
longitudinal force on the wheel axis, the
contact angles of the non-deformable wheeled
mover in the loading (nO) and unloading (Om)
zones, the total and elastic deformations of the
support surface, as well as the thickness of the
soil layer undergoing deformations.
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CONCLUSIONS

The parameters of rheological models
(stiffness, modulus of deformation, viscosity
and dry friction factors) significantly depend
on the normal load and internal air pressure,
which has been confirmed experimentally.

Determination methods of radial stiffness
tire parameters can be implemented based on:
normal tire deformation under static loads and
the law of deformation distribution in the tire
contact zone with the supporting surface. The
second method is practically simpler and less
resource-intensive.

The three-element model (Hook—Newton—
Saint-Venant) provides the more detailed
reproduction of internal processes in the tire,
taking into account both viscous and dry
components of internal friction. The obtained
dependencies make it  possible  to
comprehensively establish the relationship
between the geometric tire parameters, air
pressure and its elastic characteristics.

The proposed analytical formulation creates
the basis for building numerical models of
wheel-soil interaction, in particular for
calculating dynamic loads, contact stresses and
forming loading/unloading zones.

The application of the determination
method for radial stiffness by the distribution
of deformation in the contact patch allows:

— to reduce 40-60% experimental time;

— to reduce the error in determining
stiffness from 12% to 3-5%j;

— to obtain parameters for elastic-viscous-
plastic models without the need for full static
tire loading.
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Bu3znauenHs peOJ’lOFi‘lHI/IX HapaMeTpiB CUCTCMH
«IMHA-T10pora»

Maxcum Banaxa®, Imumpo Miwyx?

L2Kuiscoruii nayionanvuuil ynisepcumem
0yOisHuYymea i apximexkmypu

Anotauisi. EQextuBHicTh i Oe3neka cydacHUX
KOJIICHHX TPaHCIIOPTHHUX 3aCO0iB 3HAYHOIO MipOIO
BU3HAYAIOTHCS HAIIHOKO B3a€MOIIEI0 THEBMATUYHUX
IIMH 3 OIMOPHOI JOPOXKHBOIO 400 TIPYHTOBOIO
MIOBEPXHEIO 32 PI3HUX PEXKHMMIB HaBaHTaKeHHs. L[5
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B3aeMOJisl QOPMY€ETBCS MMiJ] BILUIMBOM CKJIAIHOTO
MIOETHAHHS TPYXKHUX, B S3KUX 1 IUIACTHYHHUX
nedopMaIliitHiX MPOLECiB, MO BiAOYBAIOTHCS AK Y
KOHCTPYKLii IIMHM, TaKk i B OIOPHOMY IMIapi
MOBEpXHI KOHTakKTy. [l TOYHOro OmuCy IUX
MpoleciB HEoOXiMHI po3poOKa Ta 3acTOCYBaHHS
BJOCKOHAJICHUX PEOJIOTIYHMX MOJENeH, 3IaTHUX
BIATBOPIOBATH  HEJIHIMHY Ta  Yaco3aJieXkHY
MTOBEIIHKY MaTepiaiiB IIMHH.

Y poboTi 3ampoTIOHOBAaHO AaHAJITHYHI Ta
eKCIIepUMEHTaJIbHI METOAUKU BU3HAYCHHS
pPEOJIOTIYHMX IMapaMeTpiB IMHEBMATUYHHUX IIHH,
BKJIFOUAIOYH  KOPCTKICTh, MOIyNs Aedopmartii,
KOE(Ili€HT B’SI3KOTO OMOPY Ta XapaKTEePUCTHKH
BHYTpIIIHBOTO TepTs. Meromu 0a3yloThCsl Ha
aHaji3l CTaTM4HOI Ta JAWHAMIYHOI IOBEIIHKH
nedopmarliii IMMHUA, a TaKOXK Ha JOCIHIDKCHHI
MIPOCTOPOBOTO PO3MOAITY KOHTAKTHHX HANpy>KEHb
Yy 30HI B3a€EMOJIl MIMHHU 3 OMOPHOK MOBEPXHEIO.
[ligxim mo3BoJIsIE BPaxOBYBaTH BIUIHMB PI3HOTO
piBHS HaBaHTaXCHHS Ta BHYTPIIIHBOTO THCKY
MIOBITPS HA MEXaHIYHY PEaKIlito IIMHU.

OTprMaHi peoJIOTiYHI MapaMeTpu CTBOPIOIOTH
OCHOBY i 1MOOYJOBH YHCIOBHX  MOJeJeH
CHCTEMH «IIMHA—J0poTa», Mo 3abe3neuye TOYHE
MPOTHO3YBaHHS KOHTaKTHHUX HaIpyXeHb,
3aKOHOMIpHOCTEH NeOpMyBaHHS Ta TUHAMIYHUX
HaBaHTaXXEHb il 4ac eKCIUTyaTallii TpaHCIIOPTHHX
3aco0iB. 3amporoHOBaHI METOAWKH 3MEHIIYIOTh
eKCIIePUMEHTANBHY CKIAJHICTh Ta IiJBUIIYIOTh
TOYHICTh ~ BU3HAYCHHS  MapaMeTpiB,  Maro4u
NpakTHYHE 3HAYCHHS JUIS KOHCTPYKILIi IIWH,
omTHMMi3amii AWHAMIKM ~pyXy Ta iHXeHepil
TPaHCIOPTY.

KarouoBi cjioBa: MHeBMaTUYHA IIMHA, KOHTAKT
IMHA—I0pPOTra, KONICHWH  pymIid, peoJoriyHa
MOJIeTb, TPYXKHO-B’S3KOIUIACTUYHA  IOBEJIHKA,
nedopMariisi, J)KOPCTKICTh, KOHTAKTHI HANpYKeHHS,
YHCIIOBE MOJICJIIOBAHHS, IMHAMIKA PYXY.
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