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POM peaTn30BaHbI BO3MOXKHOCTH UCCIICIOBAHMS B3an-
MOIEHCTBHUS PEXYIIe KPOMKH C TIOBEPXHOCTHIO pe3a-
HUSI, B TOM YUCJIe U 00pabaThiBaeMO IMTOBEPXHOCTHIO,
TIPY YCJIOBUM KaK WX COBITAICHUsI, TaK U HE COBITAJC-
Husl. BiepBbie yCOBepIIEHCTBOBAH IMPOLIECC YMCTOBO-
To YepBSIYHOTO 3y0o(dpe3epoBaHusI 9BOJbBEHTHBIX 1O~
BEpXHOCTEM, TIPU KOTOPOM MOBEPXHOCTh Pe3aHusl He
COBManaeT ¢ 0O0YC/IOBJIEHHOW 3BOJILBEHTHOU MOBEpPX-
HOCTbIO, a pacroJIoKeHa K HEl MOJ1 YIJIOM.
IIpakTuueckas 3HauuMocTb. [lOBBIIIEH MOPSIOK
YPOBHS acTaTu3Ma OJHOMACCOBOI KoJyieOaTeIbHOM’
KOHCEpPBAaTUBHOI CHCTEMBI 33 CUCT M3MCHEHUS XapaK-
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Purpose. Determination of the functional correlation between power (tangential reaction) and kinematic (relative
slip) parameters during nonstationary rectilinear motion of the rail wheel along the rail.

Methodology. An analytical model of the interaction between the wheel and rail on an elementary contact area
taking into account the presence of normal and shearing load (thrust or braking mode) is developed. Using the ana-
Iytical model, a qualitative relationship that reflects the features of the friction contact of a wheel-rail pair for various
operating conditions is obtained considering the nature of the interaction of the contacting pair, which significantly
differs. The mathematical description of the process is based on experimental studies of the dependence of the tractive
force on the speed of relative motion (incomplete slippage - the so-called creep mode, failure of adhesion and total
sliding, which leads to decrease in traction force) of D. K. Minov and A. A. Renhevych.

Findings. On the basis of theoretical studies of the parameters of vehicle motion along the rail track, a mathemat-
ical model of the tangential reaction realization by wheel in the case of nonstationary rectilinear motion is formulated.
The functional relationship between the power and kinematic parameters is established, which allows predicting the
operational properties and solving the problems of the dynamics of rail transport with a higher degree of accuracy.

Originality. Taking into account inelastic resistance of contacting bodies, analytical dependences are obtained to
determine the current value of the force at the contact area upon the availability of longitudinal load. The interaction
conditions under which the deformation can occur both within the elasticity of the materials of the contacting bodies
and the violation of the surfaces contact are considered. Approximating dependences of tractive effort on the relative
speed of wheel and rail movement are proposed for locomotives.

Practical value. Knowledge of the processes occurring in the contact area while transferring the torque from the
wheel of the locomotive to the rail will facilitate finding the correct solution to the problem of interaction between the
wheel-rail system of mining rail transport in complex mining and geological operational conditions. It helps to in-
crease the efficiency of torque transmission at the quasi-stationary mode of vehicle movement.

Keywords: longitudinal load, contact spot, stress, creep, rail transport

Introduction. As an executive device of the tradition-
al tractive unit of mine locomotive a wheel is used, act-
ing as a friction pair by interacting with the rail. The
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parameters of the wheel pair must meet the require-
ments of optimality both from the position of perform-
ing the functions of the support element — to perceive
and transfer the weight of the locomotive to the support
surface and the traction drive element — to create a trac-
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tion force that overcomes the motion resistance. In this
lies the contradictions imposing restrictions on the pa-
rameters and design solutions of a number of elements
of the undercarriage, the drive and the locomotive as a
whole [1].

On the one hand, the wheel, as a supporting ele-
ment, should track the trajectory of the track that, due
to its imperfections, is never rectilinear in the vertical
surface, which contributes to the dynamic components
of the loads in all links of the drive. The fact that the
wheel pair acts as a guiding element of the locomotive
also facilitates the dynamic loading of the drive [2], and
therefore directly interacts with the rail and in the trans-
verse direction. On the other hand, the traction force is
realized by friction in the contact area between the wheel
and the rail, therefore it is limited by the frictional prop-
erties of the contacting surfaces and by the force of
pressing them against each other [3].

The existing experience of using locomotives sug-
gests that certain reserves for increasing the use of trac-
tive forces are embodied in the realization of opportuni-
ties that depend on the conditions for contacting ban-
dage-rail and the physical-chemical properties of the
contacting surfaces of the shroud and rail, as well as not
the idealized but actual processes in the contact area. It
should be noted, however, that the tasks involved in in-
vestigating the conditions for contact formation, taking
into account the properties and shapes of these surfaces,
are very complex.

For the mine conditions, while determining the trac-
tion and braking characteristics [3], it is also necessary to
take into account the difference of wheel diameters in a
wheel set, the wear of the rolling surfaces of the rails [4]
and the wheel bands, the widening of the track, the poor
condition of the joints and switch points [5], the local
deflection of the rails and the inclination of rails, the
mining technology and properties of enclosing rocks [6].

In connection with the reasons denoted earlier, there
is still no unified theory of the cohesion of locomotive
wheels with rails describing the interaction of the con-
tacting materials of the shroud and rail in the whole va-
riety of processes.

Objective of the article is to determine the functional
connection of the force (tangential reaction) and the ki-
nematic (relative slip) parameters for the non-stationary
rectilinear motion of the wheel.

Presentation of the main research and explanation of
sientific results. Knowledge of the physics of the pro-
cesses occurring in the contact zone during the trans-
mission of the torque from the locomotive wheel to the
rail is of the utmost importance for seeking a correct
solution of the problem of the interaction of the wheel-
rail system.

Asis known, the motion of a body at a certain instant
of time is determined by the vector of linear velocity of
an arbitrarily chosen reference point of the body and the
vector of its circumferential velocity in the rotational
motion with respect to some axis passing through this
point. The influence of the factors listed above leads to
the fact that the probability of coincidence of the same
points of contact O; and O, (Fig. 1) on the surface of the
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Fig. 1. Scheme of locomotive wheel movement on the rail
for nonstationary rectilinear motion

wheel and track is random for the wheel with each revo-
lution.

With each revolution of the wheel, elastic and plastic
deformations occur under the action of external forces
and internal energy of the material on the support sur-
face of the wheel on the rail (Fig. 2), so that the elements
of the wheel-rail friction pair come into contact over a
finite-size site. The actual conditions of the interaction
of the wheel and rail lead to the fact that at each moment
of time, not only the different forces of pressing the
wheel act on the rail (Q,, Q,,), but also the shape and
size of the support area change.

The resultant force transmitted from the surface of
the rail to the wheel of the wheel pair is decomposed
into a normal Q, reaction acting along the common nor-
mal, and tangential Q,, acting in the tangential plane
and experiencing resistance from the frictional forces
[7]. The magnitude of the force should be less or in the
limiting state equal to the force of limiting friction, i.e.

Qxy <Ho- Qz’

where L is the coefficient of the boundary friction.

The vector of linear speed of movement of a wheel
pair V| (Fig. 1) consists of the rolling speed of the wheel
V, and the speed of its sliding V; =V, -V, which is
characterized by the combined action of deformations
and sliding of contact points.

Let us consider the interaction of the wheel and rail
on an elementary contact section of length 2a and width

™

~

Fig. 2. Calculation scheme of the interaction of a wheel-
rail pair with longitudinal load (thrust or braking
mode)
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2b (Fig. 2), with normal Q. and shifting load Q,, (thrust
or braking mode). The nominal height of the shear force
application to one body is A{, to another it is 45.

For each of the contacting bodies (Fig. 2), the strain
value is determined by the expressions

T T
; Uy=—h

U”: o v
] h1E1 £

b

where E, and E, are elasticity modulus of the interacting
materials; /] and A5 are conditional “height of deformed
layer” — dimensional coefficient, which characterizes
the value and character of the roughness distribution.

With an increase in the limiting value t and the con-
stant time of its increase up to this limit, the rate of de-
formation will increase.

If the deformation is

Up=U - U

(and hence the speed of this deformation) exceeds a cer-
tain value, the so-called friction of the friction occurs
and an increase in the relative strain rate leads to a de-
crease in the cohesion coefficient.

The physics of this process is well described by
D. K. Minov and V. V. Protsiv [1], they also give data on
the dependence of traction on the speed of relative mo-
tion (incomplete slippage — the so-called creep mode,
disruption of adhesion and full sliding, which leads to a
reduction in traction force).

As it was noted earlier, during the interaction of the
wheel with the rail under the action of the normal load Oz
(Fig. 3), a deformation occurs and a contact area is formed
in the form of an ellipse with dimensions 2a and 2b.

As the wheel moves, the contact area moves as well.
At the same time, the approach of bodies and deforma-
tion of the compression of the layers of the wheel and
rail occur in the 4O section. On the segment OB, the
deformed layers are regenerated. Under the influence of
the force Qxy, the shear of the boundary layers, contact-
ing bodies is deformed. Moreover, the deformation can
occur both within the elasticity of the materials of the
contacting bodies and with the disruption of contact be-
tween the surfaces. However, even with purely elastic

XY

2

Fig. 3. Calculation scheme for the interaction of bodies at
the contact site, taking into account inelastic resis-
tances
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shear deformation, the relative motion of the contacting
layers occurs, the so-called creep phenomenon. This
“creep” is associated with minimal wear on the surfaces.
Naturally, if there is no shear load QXY, there will be no
relative slippage of the contacting bodies. The behavior
of the system will depend on the type and condition of
the contacting surfaces, on the normal load QZ (normal
pressure at the contact site p), on the contact time (body
velocity V), and on a number of other factors [6].

The analysis of the proposed analytical dependen-
cies and the results of experimental studies for the coef-
ficient of adhesion as a function of the velocity of rela-
tive surface slip v;, shows [6] that for the case under con-
sideration the function of the dependence of shear loads
on the relative velocity has the form

'
AV,

T= —_—
HoP 8V, +Bv, + 0V

where L is the coefficient taking into account the mate-
rials properties (excluding the environmental influence);
o', B, & are the coefficients of the surface state of the
interacting bodies, the interaction duration, load etc.; A,
is the coefficient, covering materials characteristics, val-
ue and the manner of roughness characterization, veloc-
ity parameters of load application.

In general, if considered in more detail, the coeffi-
cients o' and A, will depend on the parameters in one
way or another connected with the speed of movement
V: the actual area of contact, the temperature in the
contact zone (its influence on the modulus of elasticity
of the contacting bodies materials), and so on.

Each of the coefficients carries its own load, al-
though it is possible that several coefficients are simulta-
neously influenced by one external parameter. Denoting
also

_Y

K
12
v

bl

the equation determining the traction capacity of bodies
with a moving contact point is obtained in the form

T= uoap#.
KLV +BKy, + A
Assuming
T
xX= .
Hoop

We obtain the value of the coefficient of the bodies
interaction with a moving contact point

v = Kip ]
SkLV +PBx,, + 2

ey

We obtain the value of the coefficient of interaction
between the bodies and a moving point of contact
(Fig. 4).

As follows from the graph, the maximum value of the
tractive force will be at «,,, corresponding to the posi-
tion of 4 (for this mode of motion and the state of the
contacting surfaces).
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Fig. 4. Dependence of the tractive force of the interaction
bodies with a moving contact point on the relative
contact speed:

A is the characteristic point corresponding to the maximum
value of the tractive force; B is the point of the characteris-
tic, corresponding to the friction of the grip (skidding)

This corresponds to the regime of incomplete slip,
which corresponds to the displacement of the contact-
ing surfaces within the elastic deformations of the
boundary layers. With further increase in the relative ve-

. 9 =

locity, outside the limits of point A4, a disruption of the
grip occurs and the slippage regime sets in. In this case,
uncontrolled sliding of surfaces (unstable regime) oc-
curs, associated with increased wear.

Fig. 5, a shows the experimentally obtained graph of
the dependence of tractive effort on the relative speed of
movement of the wheel and rail at the speed of the rail
vehicle V=36 km/h (10 m/s) [6].

Here, too, in Fig. 5, b, the curve obtained from the
data of Fig. 5, a. As we see, qualitatively the pictures are
identical, i.e. qualitatively, the dependence (1) describes
quite well the process of interaction of a wheel with a
rail.

Using this approach, it is possible to obtain a quali-
tative dependence that reflects the particular frictional
contact between the wheel-rail pair for the mine operat-
ing conditions (Fig. 6, a) [5], where the interaction con-
ditions of the contacting pair is significantly different
from the main (at a speed of the rail vehicle V'= 14 km/h
(~4 m/s)).

When the wheel moves along a rail that has a convex
head, the contact spot will look like an ellipse with semi-
axes a and b (Fig. 2). The Hertz-Belyaev formulas make
it possible to calculate the dimensions of the contact
spot for the case of elastic interaction of surfaces of revo-
lution.

The maximum stresses arising in this case will be
equal to

s
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Fig. 5. Experimental (a) (by D. K. Minov) and approximating (b) dependencies for rail vehicles
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Fig. 6. Experimental (a) (by A. A. Renhevych) and approximating (b) dependencies for mine locomotives
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L5
p =_Q‘

o
nab

The current value of the stress on the contact spot

will be
P=Po\/1—§§ \/1_&23

x
where €, &, stand for the relation &, =—; &, =
a

SRS

(—a<x<a, —b<y<b); &2 +&; <1.

This is in the ideal case. In fact, when the movement
of a rail wheel vehicle (for example, a mine locomotive)
due to elastic imperfections of the material of contacting
bodies, the picture will change somewhat [6]. Inelastic
resistance in the interaction is adopted in the form pro-
posed by E. V. Sorokin, in the form of a complex elastic
modulus E = Ey(1 + iy), where y is the cyclic energy ab-
sorption coefficient, is related to the energy absorption
coefficient and the damping decrement by the relation

yo¥ %
p2
where, in its turn,

AW
W b
where v is the absorption energy coefficient; W is the
total energy of the oscillation cycle; AW is dissipated en-
ergy; oz is attenuation decrement.

Taking the motion along the x-axis as harmonic and
bringing the complex form to the harmonic form, one
can obtain the current value of the force on the contact
area. With this, the dependence of shear stresses will
have the form

t=p - JI—e2 H[ 12 g2y | — e
p1-E -G H[1-E +5)) SV +Bicy, + A
or
_ . . . 2 . 2
T=p,sing,, sm(pBH[l—(sm(pd +sm(pb)]><
y HoOKy)
SV + B, +A
0, € 0..m; @ge 0..m.
Determining tractive effort when the wheel and rail
contact the entire contact area as

HoQI)

a b
= [ [wdxdy = pjab——"12
0 = | [ rxdr=p, 8LV +Bic,, + 4

-a-b

1 1
x[J1-g2de [ 1-& 58] [ 1-82d¢
—1 -1

where H [1 —(&fl + é,% )] is Heaviside function;

Hx) 1_while x>0
x)= )
0_while_x<0
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After integrating and substituting (6), we obtain
0 - L5n 0 [UNCR S .
4 TGV + By, A

An error in 18 % can be assumed, taking into account
the error in the coefficient a

Ko

= o e —
L Y

(2)

Thus, the tractive effort depends on the normal load
at the contact point QZ, the speed of the relative motion
K, of the contacting bodies, the absolute velocity of dis-
placement V, the elastoplastic properties and the con-
struction of the surface of the contacting bodies deter-
mined by the coefficients f3, 3, A.

The coefficient n, depends on the material of the
contacting bodies and is defined as the classical coeffi-
cient of friction of rest. As for the coefficient o', it deter-
mines the state of the surface of the contacting bodies
(the presence of lubricant, pollutants, etc.), as well as
the temperature at the contact point. This also includes
corrections that the real coefficient of friction has, in
contrast to the coefficient of friction of rest, the correc-
tions introduced into the experiment by the actual re-
gime of motion of the contacting bodies.

Conclusions. In the paper, based on of theoretical re-
search of the parameters of vehicle motion along the rail-
road track, a mathematical model of realization of the
tangential reaction by the wheel and rail in the case of
nonstationary rectilinear motion is formulated that es-
tablishes the functional connection of the power and ki-
nematic parameters and allows predicting a greater de-
gree of accuracy of operational properties and solve the
problems of the dynamics of rail transport. The obtained
dependences (1, 2) show a significant change in the trac-
tion properties of a rail vehicle in the region of character-
istics outside the creep. Taking into account inelastic re-
sistances, represented as a complex modulus of elasticity,
makes it possible to evaluate the degree of influence of
the physical and mechanical properties of the contacting
surfaces on realization of the maximum traction effort.
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Meta. BuzHaueHHSsT (PyHKIIIOHAJILHOTO 3B’SI3KY CH-
JIOBOTO (IOTUYHA peakllisl) Ta KiIHEMaTUYHOTO (BiIHOC-
He KOB3aHHsI) MapaMeTpiB IpU HeCcTallioHaApHOMY Mpsi-
MOJTiHIITHOMY pYCi Kojieca peiiKOBOTrO TpaHCIIOPTY.

MeTtoauka. Po3pobiieHa aHamiTUYHA MOJIE]Ib B3a€-
MoJii KoJjieca i peiiku Ha eJleMeHTapHii AiISHLI KOH-
TaKTy 3a HasSIBHOCTi HOPMaJIbHOTO 1 3CYBHOI'O HaBaH-
TaXeHHs (peXuM TATU abo raabMyBaHHs). OTpuMaHa
SKiCHa 3aJIeXHICTh, 110 BigoOpaxae 0COOJUBOCTI
(ppUKIIITHOr0O KOHTAKTy Mapu ,,KOJeCco —perKa“™ s
pi3HMX YMOB eKCIUIyaTallii, Je XapakKTep B3aEMOIil
KOHTAKTYHUYOI IMapu iCTOTHO Bifpi3HsIETbCSI. MaTema-
TUYHUM OIMC MPOLECY 3aCHOBAHUI Ha €KCIIEPUMEH-
TaJbHUX TOCIIKEHHSIX 3aJIeXKHOCTI TATOBOTO 3YCUJLIS
BiJl IIBUAKOCTI BiTHOCHOTO pyXY (HEMOBHE MPOCIN3aH-
HSI — TaK 3BaHUI pexXUM Kpila, 3p1B 3UeTUICHHS I 10~
BHE KOB3aHHS, 10 Hece 3a CO0O0I0 3HMXKEHHS CUJIU
taru) J1. K. MiHoBa, A. A. PeHresuua.

PesyabTatu. Ha OCHOBiI TeopeTUYHUX MOCTIIKEHb
napaMeTpiB pyXy TPaHCIIOPTHOTO 3ac00y IO peiikoBO-
My IUISIXy cpopMyIbOBaHA MaTeMaTUYHA MOJIENb pea-
JI3auii KoJIecOM peHKOBOr0 TPAaHCIOPTHOIO 3acoly
JIIOTUYHOI peaklil Ipy HecTallioHAPHOMY MPSIMOJIiHil-
HoMy pyci. BcraHoBieHO (yHKIiOHATBbHMIT 3B’SI30K
CHJIOBOTO ¥ KiHEMaTMYHOTO IapaMeTpiB, IO T03BO-
JINTh i3 OUIBIIMM CTyNEHEM TOYHOCTI MPOrHO3yBaTU
eKCILTyaTalliliHi BIaCTUBOCTI Ta BUPilllyBaTy 3aBIaHHS
JUHAMiKM PEKOBOTO TPaHCIIOPTY.

HaykoBa mnoBu3HA. 3 ypaxyBaHHSIM HETpPYKHUX
OIOpPiB TMpPY B3aEMOJil KOHTAKTYIOUMX TiJl OTPUMaHi
aHaJITUYHI 3aJIeKHOCTi JUIsl BU3HAYEHHSI TTOTOYHOTO
3HAUYEHHs 3YCUJLISI Ha AUISIHLI KOHTAKTY 32 HasiBHOCTI
MO3IOBXHBOTO HaBaHTaXXeHHS. Po3rigHyTI ymMoBHU
B3a€EMO/II, 3a IKUX AedopMallis MoxXe BinOyBaTHCS K
Yy MeKax MPY>KHOCTI MaTepialiB KOHTAKTYIOUMX TiJI, TaK
i 3 MOPYIIEHHSIM KOHTAKTY ITOBEPXOHbB. 3aIIpOIIOHOBA-
Ha alpoKCUMYy4Ya 3aJIeXKHICTh TITOBOrO 3yCUJLIS Bif
BiTHOCHOI IIBUIKOCTI pyXy KoJjieca if peiiku sIK 1151 Ma-
ricTpajJbHUX, TaK i AJIS1 IIAXTHUX JIOKOMOTUBIB.

IIpakTiyHa 3HAYMMICTb. 3HAHHS MPOLECIB, 1110 Bil-
OyBalOThCSl B 30Hi KOHTaKTy MpHU Iepeaadi KpyTHOro
MOMEHTY Bill KoJjieca JIJOKOMOTUBA 10 peiKu, 103BO-
JINTh 3HAWTU MpaBWIbHE PillIeHHS MPOOJIEMU B3aEMO-
Iii cucrtemMu ,,Kojeco—peiKka®“ I11aXTHOro peiKoBOTo
TPAHCIIOPTY IIPU CKIIATHUX TiPHUYO-TCOJIOTIUHUX YMO-
Bax eKCIUTyaTallii Ta IMiaBUIINT e(peKTUBHICTh IIepeaa-
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4i KpyTHOTO MOMEHTY TP KBa3icTallioOHAPHOMY PEXKU-
Mi pyXy TPaHCIIOPTHOTO 3aco0y.

KimouoBi cioBa: no3006xcHe HasanmadicenHs, 30HA
KOHMAKMYy, HANPYJICeHHs, KPIn, Peiikouil mpaHcnopm

Hens. OnpeneneHue ¢GyHKIMOHAIBHON CBSI3U CU-
JIOBOTO (KacaTeslbHasi peakivsi) U KWHEMaTUYECKOTO
(OTHOCUTEILHOE CKOJIEKEHME) MapaMeTpoB TpU He-
CTAalIMOHAPHOM TIPSIMOJIMHEIHOM IBIDKEHUH KoJjieca
PEJIbCOBOTO TPAHCITOPTA.

Meroauka. Pa3paboraHa aHanuTUyecKas MOJENb
B3aMMOJCHCTBUSI KOJieca M pelibca Ha 3JIeMEHTApHOM
yYacTKe KOHTAKTa MPU HAJTMYUHY HOPMAJIbHOU W CIBU-
raroIieii Harpy3ku (peskuM TITH WIA TOPMOKCHMSI).
[MomyyeHa KayecTBEeHHasT 3aBUCUMOCTh, OTpasKaloIasi
0COOEHHOCTU (PPUKIIMOHHOTO KOHTAKTa Maphl ,,KoJie-
CO—penbc™ ST pa3NUYHbIX YCIOBUI SKCIUTyaTalluu,
II€ XapakTep B3aUMOICHCTBUSA KOHTAKTUPYIOIIEW
Mapbl CYIIECTBEHHO OTJIMYaeTcs. MaTemaTuyeckoe
OITMCaHMEe IpoIiecca OCHOBAHO Ha JKCIIEPUMEHTATb-
HBIX MCCJIETOBAHUSX 3aBUCMOCTH TSTOBOTO YCYUIIMSI OT
CKOPOCTH OTHOCUTEITBHOTO IBMKEHUS (HETTOTHOE TTPO-
CKaJIb3bIBaHUE — TaK Ha3bIBAEMBbII PEXKMM KPUIIA, CPHIB
CIIETUICHUS 1 TIOJTHOE CKOJIbXKEHHME, BJICKYIIEE 3a COOOM
cHmkeHne cuibl Trn) . K. MuHoBa, A. A. PeHreBnua.

PesyabTaTel. Ha ocHOBe TeopeTuecKuX Mccienona-
HMII TTapaMeTpOB IBMKCHUS TPAHCIIOPTHOIO CPEICTBa
10 PEIbCOBOMY ITyTH CHOPMYJIMpOBaHA MaTeMaThye-
cKasl MOIIe/Ib peaii3allii KOJIECOM PeJIbCOBOTO TPaHC-
MOPTHOIO CPEICTBA KacaTeJbHOI peakluu IpU HecTa-
LIMOHAPHOM TPSIMOJIMHEITHOM NBVKEHUU. Y CTaHOBJIEHA
(pyHKIIMOHAIbHAST CBSI3b CUJIOBOTO Y KWHEMATUUECKOTO
ITapaMeTpPOB, UTO MTO3BOJIUT C OOJIbIIEH CTEIIEHBIO TOU-
HOCTH IPOTHO3UPOBATh SKCITIyaTallMIOHHBIE CBOMCTBA 1
pelIaTh 3a1a4u JMHAMUKHA PeTbCOBOTO TPAHCIIOPTA.

Hayunas HoBuzHa. C y9eTOM HEYIIPYTUX COIPOTUB-
JICHWH TIpY B3aUMOICHCTBUN KOHTAKTUPYIOIINX TEJI TT0-
JIyd4eHbl aHAIMTUYECKUE 3aBUCHUMOCTH IS OIIpelesie-
HMSI TEKYIIETO 3HAYCHUS YCUJIUS Ha TUIOIIANKEe KOHTaK-
Ta MpY HATMYMY MPOAOIbHOI Harpy3ku. PaccMoTpeHsl
YCJIOBUS B3aMMOACMCTBUS, MPU KOTOPBIX nedopMalius
MOXET IPOMCXOIUTh KaK B Mpeaeaax yIpyrocTu Mate-
pUAJIOB KOHTaKTUPYIOIIMX TeJ, TaK W C HapylIeHUEM
KOHTaKTa moBepxHocTeil. ITpenioxkeHbl anmpoKCUMM-
pYIOIIME 3aBUCUMOCTH TSTOBOTO YCHJIWS OT OTHOCH-
TEJIbHOI CKOPOCTH JIBMKEHMS KOJIeca M pejibca Kak JIJIsT
MarucTpaIbHBIX, TaK U IS IIIAXTHBIX IOKOMOTUBOB.

IIpakTHyecKasi 3HAYMMOCTb. 3HAaHUE IIPOIIECCOB,
IIPOMCXOISAININX B 30HE KOHTAKTa IIPY TIepeaade Bpala-
OIIIETO0 MOMEHTA OT KoJIeca JIOKOMOTHBA K PEIIbCy, T0-
3BOJIUT HAWTHU TPABUJILHOE PEIICHUS TIPOOJIEMBI B3am-
MOIEHCTBUSI CHUCTEMBI ,,KOJIECO —PEJIbc” IIAXTHOTO
PETBCOBOTO TPAHCIIOPTA MPH CIOXKHBIX TOPHO-TEOJIOTH -
YECKUX YCJIOBUSIX AKCILTyaTalluy U TTOBBICUT 3(PPeKTUB-
HOCTb Mepeaayy KpyTsIIero MOMeHTa Mpy KBa3UCTallM-
OHAPHOM peKMME IBVKECHHS TPAHCITOPTHOTO CPEACTBA.

KimoueBble cioBa: npodoavras Hazpy3ka, NAmMHO KOH-
makma, HanpsdceHus, Kpun, peabcogulii mpancnopm

Pexomendosano do nybnikauii O0okm. mexH. HAyK
0. M. Konmosuem. [lama naoxooxcenus pykonucy 13.04. 16.
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