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Theoretical determination of the distribution of forces
and the size of the boundaries of the contact in the interaction
of the deformable drive wheel with the soil

The article presents the results of an analytical determination of the forces distribution along the length of the
contact curve of the driving deformable wheel on the deformable supporting surface, and also are defined the
boundaries of the contact zone. The case in a flat statement of the problem is considered. The supporting sur-
face and the surface of the deformable wheel are represented as a continuous deformable medium. The shape
of the wheel in the contact zone is represented by the circle equation, which in the contact zone is expanded
in a Macloran-series. By using conditions at the boundaries of the contact zone, a system of equations is ob-
tained from which the sizes of the contact zone are determined. The solution of these equations allows one to
find expressions of the sizes of the contact zone of the deformable wheel with the deformable surface, de-
pending on the mechanical properties of the wheel materials and the supporting surface, from the geometric
dimensions of the wheel and from the loads applied to it. In addition, the results of the studies allow us to de-
termine the analytical expression of the coefficient of rolling resistance of a deformable wheel over a deform-
able surface, depending on their mechanical properties, geometric parameters, and the loads applied to it.

Keywords: deformable wheel, deformable supporting surface, contact zone boundaries, applied loads, forces
distribution in the contact zone, absolute deformations, medium mechanical properties, two-dimensional
problem.

Introduction

Manufacturing processes in many industries involve the interaction of deformable drive wheels with de-
formable bearing surfaces. These processes include the movement of transport and technological means and
machines during mining, in agricultural, land reclamation, construction, road and other industries. In this
case, it is necessary to solve the problem of the interaction of deformable wheels with a supporting surface,
which is deformed also. This is necessary to ensure the passability of the machines and provide the necessary
tractive effort, the necessary adhesion of the wheels, as well as to ensure the permissible deformation of the
supporting surface and for reduce the resistance to movement of the machine, etc. When solving the above
problems, questions arise about the size of the contact spot of the deformable wheel and the supporting sur-
face, and the magnitude of their deformations, and the distribution of forces in the contact zone. In this case,
it is necessary to take into account the reasons for the occurrence of sliding and skidding of the wheel, as
well as the distribution of stresses and deformations on the wheel surface and on the supporting surface in
the contact zone itself and at a certain distance from it. It is also necessary to take into account possible vio-
lations of the continuity of the structure of the supporting surface (destruction).

By the stresses magnitude and their distributions in the supporting surface, it is possible to judge about
the load-bearing capacity of the supporting surface, about change of its mechanical properties and the condi-
tions for the occurrence of slipping of the wheel and its passability. Knowing the deformations magnitudes of
the wheel surface and of supporting surface, as well as the applied loads, it is possible to determine the re-
sistance to rolling of the wheel. In such problems, two cases of rolling the deformable wheel along the sup-
porting surface should be distinguished: the rolling of a passive wheel to which no torque is applied, and the
rolling of the drive wheel, i.e. wheel to which torque is applied. From the point of view of the mechanics of
interaction, the rolling of a passive wheel is a special case of rolling of the drive wheel. Therefore, it is ad-
visable to consider a more general case — the rolling of a drive wheel.
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An analysis of known studies of this problem shows that all the results can be divided into three groups:
1) analytical studies of a fundamental and applied nature; 2) the construction of solutions using well-known
models by numerical methods — mainly methods of finite elements (FEM) and finite volumes (DEM);
3) purely experimental research. It should be noted that the first group of studies can give a fairly complete
picture of the physical nature of the process and the effect of wheel geometrical parameters on it, the me-
chanical properties of both the wheel and the supporting surface, and the loads applied to it. The relationship
of these values gives the most complete picture of the process and allows you to determine the direction of
their influence on the final result of such an interaction.

A significant contribution to the analytical solution of contact interaction problems belongs to
A.Yu. Ishlinsky [1, 2], D.I. Zolotarevskaya [3, 4] and others. But an analysis of these works allows us to
conclude that not all of these works were taken into account conditions for the application of forces, in par-
ticular torque, in addition, the solution to these problems does not give an answer to how the absolute strains
are distributed in the vertical and longitudinal directions of the contact zone. In addition, in these solutions
there is no clear definition of the boundaries of the contact zones and their dependence on the nature of the
application of forces of geometric shapes and the stress-related properties of the contacting bodies.

More modern studies consider numerical solutions of contact problems using the FEM and DEM meth-
ods [5-8]. Unfortunately, these works do not give an answer to the question: how do the geometric parame-
ters of the deformable wheel, of the deformable surface, and the magnitudes of the applied loads affect the
magnitude of the contact patch. In addition, these results do not have generality, which does not allow us to
extend them to more general cases.

It should be noted that the boundaries of the contact patch are used in solving the contact problem in the
form of integration limits of potential biharmonic functions that describe solutions of the Laplace systems of
equations. These systems are solutions to contact problems in the Papkovich-Neiber form. Therefore, finding
the boundaries of the contact of the deformable wheel with the deformable supporting surface is an actual
fundamental and applied problem.

The main part of the solving of the contact problem is the analytical determination of the distributed
pressures and deformations in the contact zone of the deformable wheel with the supporting surface and the
determination of the contact boundaries depending on the applied forces, from the geometric dimensions and
shapes of the wheel, as well as the mechanical properties of the wheel and the supporting surface in a flat
definition.

This problem definition is suitable for the case of the absence of transverse forces (the condition of lin-
ear rolling without taking into account the transverse components of the forces in the contact zone).

Experimental

To describe the contact interaction of the wheel and the surface on which it moves, it is necessary to
solve the following tasks:

— deduce the functions of distributed loads in the contact zone under the action of concentrated forces

and moments;

— determine the boundaries of the contact zones of the deformable wheel with the deformable surface.

In general, the procedure for solving a contact problem in an analytical form, for the case of geometric
linearity of the equations, that connect stress and strain involves the search for functions that are a solution to
elliptic equations.

The main types of such solutions are given in the fundamental literature on mathematical physics [9]
and consist in the search for analytical biharmonic potential functions that satisfy the conditions on the sur-
face. These are solutions equations Businesk, Cherruti, P.F. Papkovich and Neuber [10-12].

Taking into account the conditions of the problem statement, it can be assumed that there are no vertical
displacements of the coordinate system xoz. In this case, one can apply analogs of the solutions of
V.M. Aleksandrov, and M.L. Chebakov [13], T.I. Argatov and N.N.Dmitriev [14], as well as
V.L. Popov [15], V.P. Kovbasa [16, 17] and others.

These solutions can describe the relationship of the vertical displacements of points of contact surfaces
of deformable bodies under vertical and horizontal loading in the form:

1 B
v, 15,00 = M, [(v,,(=F, + F,.) + V2pF) &
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where v, [x,0], v, [x,0] — are the displacement (or velocities displacements), depending on the mediums
models, in the direction of the vertical coordinate axis of the contact between the support surface and the
wheel surface along the length of the contact zone {a,,a} (it should be noted that the arguments in square
brackets indicate that the contact surface is considered at z =0 for the soil and wheel, respectively (Fig. 1);
F,, — distributed propulsive pressure in the contact zone; F, — gravity pressure caused by the mass applied

to the wheel in the contact zone; F,. — distributed pressure from the vertical reaction force, which is due to
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the rolling resistance moment in the contact zone {0,a}; M, =¥, . =(—)
6G,(1+v,) 6G,(1+v,)

Vi, =2(=2+Vv,), v,,=(=1+5v,)), v, =2(-2+V,),v,, =(-1+5v,) — stress-related complexes of wheel
and supporting surface properties; Gp,Gk,up,uk,v Ve — elastic moduli, shear strain viscosity coefficients
and lateral expansion coefficients (in the first approximation, Poisson's ratios) of the supporting surface and
wheel, respectively.

With prolonged deformation, the exponential functions that enter to M ,,M, become to unit and de-

pend only on the elastic moduli and the lateral expansion coefficients; 1,B = 1/5b — a coefficient that elim-

inates the singularity of functions (4) and ensures the fulfillment of conditions at the boundary [16, 17].

These equations (1) can be used to determine the components of absolute deformations, and to deter-
mine the components of the strain rates of the wheel and the strain rates of the supporting surface in the zone
of their contact.
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Figure 1. Scheme of interaction of deformable drive wheel with a deformable medium

We can visually represent the nature of the pressures in the contact zone from the scheme of the interac-
tion of the active wheel with the supporting surface (Fig. 1). The fixed coordinate system is denoted as xOz .
The movable coordinate system in which the deformations of the wheel and the supporting surface are de-
scribed is represented as EOC. In this coordinate system, the wheel surface equation is:

C=r—r’=E:;&=r—+r’ =’ . In general, to the wheel a moment M acts, which creates a driving force,

a distributed rolling resistance pressure acts and a vertical load G=mg .

The rolling resistance forces, on the one hand, are formed in front of the contact zone by a distributed
horizontal soil reaction (reaction to a torque component relative to the rotation instantaneous center). The
resistance moment to rolling is the product of the integral function of the distribution of resistance force to
rolling by the coordinate of the center of its distribution with respect to the coordinates center. On the other
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hand, the resistance moment to rolling is the product of the integral function of the distribution center of the
vertical components in front of the contact zone and the coordinate of the rotation instantaneous center. The-
se vertical components arise due to the reaction of the soil to the weight applied to the wheel.

If we take into account the presence of components of distributed pressures, then first of all it is neces-
sary to determine the distribution of pressures in the contact zone. In this case, one should take into account
the shape of the contact surface in the vertical-longitudinal plane. For the convenience of further transfor-

mations, the transcendental shape of the curved contact surface {=r—+/r’ —&> can be represented in the
form of a Maclaurin series at the contact area a,—a . Then the shape of the curve will take the form:

¢, =& / 2r. The coincidence of the real curve and its expansion in a series over the length of the contact sec-

tion is evidenced by the graphical presentation of these functions and their derivatives along the contact
length (Fig. 2).
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Figure 2. Comparison of the exact analytical expressions of the curve in the contact zone
and its expansion into the Maclaurin series

To determine the pressure distribution along the length of the contact surface, one can take into account
the properties of a curvilinear integral of the second kind. That is, the pressure distribution along the length
of the contact zone {a,;a} can be represented by the equation:

2

The distribution of the propulsive force created by the torque can be determined based on the above
equation:

ellrae)= i 171

From here, the distributed force from the action of the torque is created by tangential tractive effort that

distributed over the contact patch:
&2
Mr, 1+ >
v r (3)

F, = .
¢ (a-a)(r+8)
The distribution of the force that creates the rolling resistance moment of the wheel in the contact area
{0;a} , is also determined using a curvilinear integral of the second kind:
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hence the distributed force due to the moment of rolling resistance will have the form:
Fo=——Y (4)

r(a—-%)

To determine the boundaries of the contact of the wheel with the soil with subsequent integration of
these forces distributions, insurmountable difficulties will also arise. In order to prevent the complexity of
integration of functions (1), expressions (2), (3), (4) were expanded into Maclaurin series within the length of

the contact zone of two bodies:
2 g2 2 g2
p_gmQr=g) . M@r-g)

" 2a—a)r? " 2a-a)r’’
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ar
here F, — weight force pressure, which has been expanded to the Maclaurin series; F, — propulsive force

6))

pressure, which has been expanded to the Maclaurin series; F, — rolling resistance pressure, which has

been expanded to the Maclaurin series.
The adequacy of the functions expansions and their originals can be judged by their graphical interpre-
tation (Fig. 3), the analysis of which allows us to conclude that they can be used for further solutions.

Frrl_u,":Pa -

Figure 3. Pressure distribution graphs in the contact zone, plotted both by exact expressions
and by their expansion to the Maclaurin series
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Thus, the above functions of pressure distributions of the weight force, propulsive force, and rolling re-
sistance, which has been expanded to the Maclaurin series, make it possible to integrate expressions (1) in a
final form. Moreover, the boundaries of these integrals are arguments that designate the front and back
boundaries of the contact. From the obtained expressions, the dependences of the boundaries of the contact
zone can be determined.

Results and Discussion

An analysis of the expressions for the distribution of normal pressure in the contact zone (functions (2),
(5)) allows us to conclude that this magnitude is directly proportional to the mass applied to the wheel and
inversely proportional to the magnitude of the radius of the wheel and the length of the contact zone. A simi-
lar conclusion can be made regarding the tangent component of the pressure distribution in the contact zone
(functions (3), (5)): this magnitude is also directly proportional to the propulsive force applied to the wheel
in the contact zone, and inversely proportional to the length of the contact zone and the radius of the wheel.
The distribution of vertical pressure from the action of rolling resistance forces (functions (3), (5)) indicates
that this magnitude is also directly proportional to the torque applied to the wheel in the contact zone and
inversely proportional to the length of the contact zone and the radius of the wheel.

From this it should be concluded that the determination of the size and boundaries of the contact zone
have a decisive role in the study of the contact interaction of a deformable wheel with a deformable surface.

Solving the problem of the contact interaction of two deformable bodies of inconsistent geometric
shape in the presence of normal and tangential pressures in the contact zone requires determining the length
of the contact zone. In this case, the length of the contact zone should be determined taking into account the
magnitudes of the applied loads, of the mechanical properties of the wheel and the supporting surface, as
well as the wheel geometric parameters.

Finding the sizes and contact zones can be performed on the basis of solutions of equations (1) for the
absolute vertical displacements of the wheel surfaces and the boundary of the supporting surface. In this
case, one should consider the solutions of the system of obtained equations of vertical displacements at the
contact boundaries.

The boundaries of the contact zone should be determined from the conditions at the edges of the contact

boundary. At the rear contact boundary at the point a, the vertical displacement is equal to the deformation

of the wheel surface a,” / 2r . The second boundary condition is determined by the total displacement from the

deformations of the wheel surface and the bearing surface at the beginning of the front contact boundary.
This offset is 0. Based on these boundary conditions, a system of equations was compiled:

B a’
a0 Mj((VIA(F B tvall) e 6o
f Mk((vlk(F _Fm )+V2kE )_
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aa=0p W\ =M (v, (F, = F,e )+ vy, F) +(x+1-8)

The integration of these expressions is carried out taking into account that x =& .
The results of integration of expressions (6) include transcendental components in the form:
ArcTan| (a+1)/1],In[2C ][ +(a+1)’].  Given the fact that In[f —0]—(=3/(2m)), and

ArcTan[(a +l)/l:|

yis . . :
00L0) - 3 then the expressions can be reduced to a form convenient for solving. In
a>0.01,1—

the final form, the solutions of expressions (6) with respect to the values that determine the front and rear
contact boundaries (taking into account the signs of the magnitudes of the front and rear boundaries of the
contact) have the form:

NG \/ngmvlk +%
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Cepusa «dusmka». Ne 3(99)/2020 67



V.P. Kovbasa, A.V. Solomka et al.

N2 JOM M v+ g MmN, +6M M, Y, + gmM 1V, + MM P, - MM, Y,
\/ngmrvlk+gmMprv1p+MkMV2k—MMPVZP '
To simplify the analysis of expressions (7), their graphical interpretations are given. Analysis of the
graphs (Fig. 4) indicates that the mass, which is given to the wheel, as well as the deformative properties of

the wheel surface and the supporting surface, have a significant effect on the size of the rear part of the con-
tact zone.

a

Figure 4. The plots of the dependence of the front contact zone magnitude on the wheel stress-related properties,
on the mass applied to the wheel, on the the torque and wheel radius

The size of the front boundary of the contact zone also depends from the mass that applied to the wheel,
as well as the deformative properties of the wheel surface and the supporting surface.

The sum magnitude of the front and back of the contact zone indicates a significant influence of the
propulsive force, which is created by tangential pressure. At the same time, the mass vertical component has
a smaller effect (Fig. 5-6).
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Figure 5. The plots of the dependence of the back contact zone magnitude on the wheel stress-related properties,
on the mass applied to the wheel, on the the torque and wheel radius
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M, Nm

a

Figure 6. The plots of the dependence of the total magnitude of the contact zone on the wheel stress-related properties,
on the mass applied to the wheel, on the the torque and wheel radius

Thus, the conducted studies indicate that the wheel stress-related properties the greatest influence on the
size of the contact zone, in contrast to the soil stress-related properties. This may be due to less curvature of
the wheel surface.

Analysis of the dependences magnitudes of front a and back a, contact zone of a deformable wheel
with a deformable support surface allows us to draw the following conclusions:

— the size of the back boundary of the contact zone a, significantly depends on the deformative proper-

ties of the wheel surface M, . The deformative properties of the supporting surface M, do not signif-

icantly affect this magnitude;

— an increase in pressure from the propulsive force, which is created by the torque M , leads to an in-
crease in both the front and back boundaries of the contact zone;

— an increase in the wheel geometric size r increases the size of the back and front parts of the contact
zone;

— an increase of the deformative properties of the supporting surface M, entails an increase of the front

part of the contact zone;
— an increase in the mass applied to the wheel leads to an increase in the total length of the contact zone

(lon| +al)-

Conclusions

The carried out theoretical studies made it possible to obtain analytical dependences of the influence of
the wheel geometric parameters, of the mechanical properties of the supporting surface and the wheel, as
well as of the dynamic loads applied to it, on the dimensions and magnitudes of the boundaries of the contact
zone between the deformable wheel and the deformable support surface.

The analytical functions of the magnitudes of contact zone boundaries of the deformable wheel with the
deformable supporting surface are the limits of integration of biharmonic potential functions in the
Papkovich-Neiber equations for solving this contact problem.

The obtained analytical functions can be used in the design of wheeled propulsions of various techno-
logical machines and vehicles, as well as road-building equipment.
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In addition, the functional dependencies of the relationship between the dimensions of the contact zone
with the parameters and loading modes of the wheel propulsion, which are presented in the work, are the ini-
tial ones for the deepening analytical studies of the contact interaction of deformable bodies of inconsistent
geometric shape.
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JdedopManusiaHATBIH )KeTEK JOHFAJIAFbIHBIH TONBIPAKIIEH dpeKeTTeCcyi
Ke3iH/e KYIITePAiH Tapajaybl MeH 0aiJIaHbIC EeKAPAJIAPbIHbIH
MOJIIIEPiH TeOPHUSJIBIK AHBIKTAY

Makanana nedopManusiIaHaTeIH TipeK OeTiHAeri neopMalHsIaHATBIH JKETCK JNOHFaIaFbIHBIH OalIaHbIC
KUCBIFBIHBIH Y3BbIH/IbIFbI OOMBIHIIA KYIITEP/iH TapalyblH aHAJMTHKAJbIK aHBIKTAy HOTIDKENEepi KenTipiiren
JKOHE OHBIH OailylaHbIC aliMaFbIHBIH IIeKapaaapbl aHbIKTaIFaH. MocelleHiH Teric TY)KbIPbIMBIHIAFbI KaFaai
KapacTeipbUFaH. JleopManusiiaHaTelH JOHFAJIAKTBIH Tipek O0eri MeH OeTi ceprimIi MOIYJIbISpMEH XKoHE
ITyaccoH ko3(pdUIHEeHTTepiMeH CHUMATTANAThIH Y3IiKCi3 AeOopMalusIaHaTbIH OpTa PETIHAC YCHIHBUIFAH.
JloHranak oraH OepuIreH cajMak KYIIIMEH >koHe OaillaHbIC aiiMarblHIA KO3FajiMajbl KYLI TYIBIPAThIH
MOMEHTIICH XYKTeneli. MyHaail eHIipic JKaIbl OOJBIN TaObLIa bl KOHE ITACCHBTI JOHFAIAKTHIH JKaHACYBI
YILiH KOJIAHBUTYbl MYMKiH. baiiiaHbic aliMarblHIaFbl JOHFATAKTHIH MIMIiHI MIEHOEep TeHACYiMCH YChIHBUIFaH,
on OailaHbIC alfMarbIHAAa MakJopeH KarapblHa OejiHenmi, Oy INCNIIMHIH HOTIDKECiHe aWTapibIKTail acep
erneiini. KoHTaKT aiiMarbIHBIH IEKapACBIHAAFBI IIAPTTAP/bI KOJJaHa OTBIPBII, TCHICYJICp XKyieci allblHFaH,
OHBIH KOMETiMEH KOHTAKT aliMarbl eJIIeMCPiHiH HIaManapbl aHbIKTanFaH. bys TeHzaeynep xyleciH menry
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JNOHFAJAKTBIH ~MaTepuayapsl MeH Tipek OeriHiH IIyacCOHBIHBIH CepHIMALTIK MOIYJbAEpI MeEH
ko2 duLHeHTTepiHe, OFaH Koca OepiireH NOHFAlaK IIeH JKYKTEMENepIiH TeOMETPHSUIBIK eJeMIepiHe
OaiiiaHbICThl  IeOpMaLMIIAHATBIH JOHFANIAKTBIH IeOopMalusIaHaThIH OeTiMEeH OaliaHbIC alMarbIHbIH
eJIIeM/IepiH KopceTTi. 3epTTey HoTiKenepi OOWBbIHINA JOHFanaK OeTi MeH Tipek OeTiHiH aOCOMIOTTI JKoHE
CalBICTBIpMaNbl  JiehopMalusIapbl, OaillaHbIc aiiMarblHAH THIC KOHTAKTLII JEHeNepAeri KepHeylepliH
TapalyblH aHbIKTayFa Heri3 OoJjblll TabbUiaJbl, COHBIMEH KaTap JAe(OpMallMsUIaHATBIH JIOHFAIAKTHIH
nedopmanusUIaHaTEIH  OeTKe aifHaimy Keeprici Kod()(GUIUEHTIHIH aHAJIUTHKANBIK KOPIHICIH ONapablH
MEXaHUKAIBIK KACHETTEpiHe, TI'COMETPHUSIBIK IapaMeTpiiepiHe JKOHE KOJJAHBUIATBIH IKYKTeMelepiHe
GailaHbICThI aHBIKTAYFAa MYMKIHIIK Gepei.

Kinm ce30ep: nebopmauusiaHaTelH JOHFaNaK, nedopMaiusiaHaTelH Tipek OeTi, OaiiaHbic aiiMarbIHBIH
IIeKapagapbl, KOJJAHBUIATBIH JKYKTeMesep, OalnaHblc alMarblHOa KbICBIMHBIH Tapanybl, a0COIIOTTI
nedopmarusiap.

B.II. Kosbaca, A.B. Conomka, A.B. CriupuH,
B.IO. Kyuepyx, JI.2K. Kapabekosa, A.K. Xacenos

Teoperuueckoe onpeae/ieHle pacupeaejeHls CHJI M pa3Mepa rPaHUL KOHTAKTa
MpH B3aUMOJAEUCTBHH 1e(POPMHUPYEMOro NPUBOJTHOI0 KoJIeca C MOYBOM

B craTtbe mpezncTaBiIeHs! pe3yabTaThl aHATUTHIECKOTO ONPEEIeHNsT paclpeieNieHUst CHJI 10 JAIMHE KPHUBOH
KOHTaKTa IPUBOJHOTO JIeOopMHUPYyEeMOTo Kojeca Ha Ae(OpPMHPYEMON ONMOPHON MOBEPXHOCTH M OIpEIeIeHbI
TpaHUIIBI 30HBI €T0 KOHTAaKTa. PaccMoTpeH cirydail B mIockoi moctaHoBKe 3agaun. OmopHast IOBEPXHOCTE U
TIOBEPXHOCTH JIehOPMUPYEMOT0 KoJieca AaHbI Kak CIUIONIHAS AeopMHUpyeMast cpela, KOTopasl XapaKTepu3y-
eTCst MOAYJIIMM ynpyroctu u ko3dduuuenramu ITyaccona. Koaeco HarpyxeHo cuioi Beca, IPHBEICHHON K
HEMY, U KPYTSIIIM MOMEHTOM, KOTOPBIH CO3/aeT B 30HE KOHTAKTa JABMKYIIYIO Cuy. Takasi TOCTaHOBKa SB-
asieTcs oOLIielt 1 MOXKeT ObITh MPUMEHEHA TaKKe AJIsI KOHTaKTa MacCHBHOrO Kojeca. dopma Koiieca B 30HE
KOHTAKTa MPEACTABICHAa YPaBHEHUEM OKPYKHOCTH, KOTOPOE Pa3I0oKeHO B psii MakiopaHa B 30HE KOHTAKTa,
YTO HE OKA3bIBAET CYIICCTBEHHOTO BIIMSHHS Ha pe3ynbTaT pemenus. C HCI0Ib30BaHUEM YCIIOBUI HA TpaHu-
IIe 30HBI KOHTAKTA ITOJIy4eHa CHCTeMa ypaBHEHHH, U3 KOTOPOH ONpEeieNICHbl BEIMYUHEI Pa3MepOB 30HBI KOH-
TakTa. PemeHue 3Toi CHCTEMBI ypaBHEHHH Hano BBIpAKCHHE Pa3MepOB 30HBI KOHTAKTa AE(OPMHPYEMOTO
KoJieca ¢ AeOpMUpYeMOl TOBEPXHOCTEIO B 3aBUCUMOCTH OT MOAyJel ynpyroctd u kodddumuentos [Tyac-
COHA MaTepHaJioB KoJieca M OMOPHOI MOBEPXHOCTH, T€OMETPHUECKUX PA3MEPOB KOJIECA U HATPY30K, MPUIIO-
JKEHHBIX K HeMy. Pe3ynbTaThl IpoBeJEHHBIX UCCIEA0BAHUN SBIAIOTCS OCHOBOU JUIsl OIpe/IeNIeHUs aOCOIOT-
HbBIX U OTHOCHTEJBHBIX NehOopMalMii MOBEPXHOCTU KoJieca M ONMOPHON HOBEPXHOCTH, PacIpeaesICH s Hanpsi-
JKEHHH B KOHTAKTHPYIOIIHUX TeNaxX 3a MpeJeaMi 30HbI KOHTAKTa, a TAKKe TO3BONISIOT ONPENeInTh aHATUTH-
4yecKoe BhIpaxkeHHe K03 GUINEHTa CONPOTHBICHNUS NepeKaThIBaHus 1edopMupyemMoro Koneca 1o aehopmu-
pyeMoli TIOBEPXHOCTH B 3aBHCHMOCTH OT MX MEXaHHUYECKHX CBOICTB, TEOMETPHYECKHX MapaMeTpoB M IpH-
JI0>)KCHHBIX HATrPy30K.

Knioueswvie crosa: nedpopmupyemoe kojeco, fedopMupyemast OIopHas IIOBEPXHOCTD, TPAHHIIBI 30HBI KOHTaK-
Ta, IPHJIOXKECHHBIE HarPYy3KH, paclpeeleHne JaBIeHNs B 30He KOHTaKTa, abCOoMOTHEIE ledopmarun.
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