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INFLUENCE OF THERMOPHYSICAL PROCESSES ON THE FRICTION
PROPERTIES OF WHEEL — RAIL PAIR IN THE CONTACT AREA

Purpose. Determination of the regularities in the variation of the coupling parameters of the wheel-rail pair and
the energy consumption accompanying them, taking into account the thermophysical processes in the contact zone
in the transmission of friction motion for various interaction conditions.

Methodology. An analytical model for the interaction of a wheel and a rail on an elementary contact spot is devel-
oped in the presence of normal and tractive effort. A dependence that describes the change in the average temperature
at the contact spot of the wheel-rail pair on the locomotive speed is obtained. The current value of the elasticity
modulus of the contacting pair material is determined as a contact time function.

Findings. Based on theoretical studies of the parameters of vehicle motion along the railroad track, a mathematical
model of the tractive force realization for nonstationary rectilinear motion is formulated. To determine the influence
degree of the temperature change on the contact spot of the wheel-rail pair associated with the speed of the locomo-
tive motion and the relative speed of the output links, the dependences for the coefficient characterizing the tractive
power of the vehicle are obtained.

Originality. Taking into account the thermophysical processes that occur during the interaction of contacting bod-
ies, analytical dependencies have been obtained to determine the traction capacity for different movement speeds and
the relative speed of the wheel and rail movement for main and mine locomotives. The dependencies suggested take
into account the change in the properties of the surface layers of the contacting pair.

Practical value. Knowledge of physics of the processes occurring in the contact zone of the wheel-rail pair will
allow more accurately predicting the vehicles tractive properties, comparing possible options at the design stage and
greatly accelerating the process of selecting the structural scheme. This will allow developing recommendations and
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proposals on modernization and improvement of existing vehicles.
Keywords: femperature, contact spot, modulus of elasticity, tractive capacity, vehicle

Introduction. Interaction of bodies with a moving
contact point (for vehicles it is primarily the interaction
of output links with the external environment, but also
in the transfer of motion between links of mechanisms
forming kinematic pairs) is the basis of physical pro-
cesses associated with the movement of goods, as well
as the rolling process, accompanied by grip and the
traction or braking forces during the main working pro-
cesses. The core of the adhesion process is the frictional
interactions between these links and the external envi-
ronment.

The existing problem of insufficient use of wheels
frictional properties are unjustified energy losses, due to
a decrease in its performance characteristics.

The rolling of locomotive wheels along rails, despite
the seeming simplicity, is a complex dynamic process.
The imperfection of the characteristics of the bandage
and rail materials, the constant change in the motion
conditions, influence of numerous random factors make
it extremely difficult to analyze the rolling process and
the cohesive forces acting at the same time. Therefore,
the true picture of the emergence and realization of the
cohesion force remains one of the main unresolved
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problems. In these conditions, the requirements for as-
sessing the traction properties of locomotives, as well as
increasing the longevity of friction pairs, increase.

Like any complex physical phenomenon, the process
of cohesion of two contacting surfaces should be consid-
ered, abstracting from the layering, that can be excluded
from consideration in the first approximation, compli-
cating and refining the problems in the future by intro-
ducing new factors that affect the value of the frictional
coefficient [1].

Thus, the process of contacting bodies interaction is
very complex both in the physical and in the analytic
terms. Therefore, there is no single approach to the
study this process, which generates many analytical ex-
pressions for its description. This situation is caused by
the fact that most researchers proceed from the posi-
tions of interaction of contacting surfaces, rather than
real physical friction conditions with inherent elastic
bodies and loading conditions on the contact surface.

Therefore, the task of predicting the properties of ve-
hicles, taking into account the real conditions of fric-
tional interaction on the surfaces of contacting elements,
is integral when comparing possible options at the de-
sign stage and will accelerate the process of selecting the
structural scheme, and will also develop recommenda-
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tions and proposals for implementing modernization
and improvement of existing ones.

The purpose of the work is to determine the regu-
larities in the variation of the coupling parameters of the
wheel-rail pair of rail transport and the energy costs ac-
companying them, taking into account the thermophys-
ical processes in the contact zone during the transmit-
ting friction motion for various interaction conditions.

Presentation of the main research and explanation of
scientific results. Coefficient of adhesion in traction cal-
culations it is customary to call the ratio of traction force
0,, applied along the tangent to the contacting surface
to the force of normal pressure Q, on this surface

f=QQ—xySMo, o))

where y is the coefficient of limiting friction.

Coefficient of adhesion depends on many factors.
The most important of these include the appearance
and condition of the surface of the contacting bodies,
the presence or absence of lubricant (moisture or oil
stains, colloidal substances, etc.), the surface tempera-
ture on the contact spot; the geometric and rheological
characteristics of the contacting bodies; state of the ma-
terial on the contact spot, the nature of the applied load.
The processes carrying in the real contact area ®
(Fig. 1), are localized in tiny surface layer.

Until now, the main factors that were taken into ac-
count analyzing the friction pairs work were the permis-
sible effort with mutual mechanical contact and the
ability of the material to resist them. The increase in the
normal force Q,, corresponding to the factor of propor-
tionality of the frictional coefficient (1), increases the
transmitted tangential force Q,,. However, this increase
in the weight of the rail vehicle is limited by the permis-
sible contact loads between wheel and rail and the max-
imum load on the rail at a given distance between the
sleepers. As it was considered [2], the wear resistance
depends on the composition of the friction pair materi-
al, but the structure of the material was not taken into
account, moreover, the structure change during friction
was ignored.

It is substantiated [3] that the contact of real solids is
discrete and occurs in separate spots, where the materi-
als friction releases heat during relative body sliding. In
addition, a significant temperature increase is observed
in the short-term contact interaction of bodies [6]. In

Fig. 1. External forces, acting in the contact surface
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this case, significant changes in the properties of materi-
als in the surface layers that affect their physical and me-
chanical properties are possible.

Therefore, it can be assumed that the temperature in
the transmission of tractive effort by the wheel along the
rail is one of the important criteria in evaluating the fric-
tional properties and wear of this pair, and depends both
on the contact load (contact temperature) and the slid-
ing speed (temperature at adhesion failure).

The increase in temperature significantly affects the
mechanical characteristics of structural materials, such
as creep and long-term strength. Creep is accompanied
by stress relaxation — a non-arbitrary decrease in stress
with constant deformation. The relaxation rate of the
stress increases with temperature increasing. Tempera-

. . . 1 dr
ture coefficient of linear expansion o = Py and tem-
r

1 dE
perature coefficient of elastic modulus n:Ed_T are

connected by relation n + o - m = 0 or (n/a) = —m =
= const, where » and m — constants, that characterize
the parameters of crystal cell [4].

Fig. 2 represents the relation, which describes tem-
perature influence on dimensionless parameter of the
existing elastic modulus relation to elastic modulus at
normal temperature. The following description of such
relation has been written in [4]

T -T
E=E ]_ n 0 , 2
Oexp[al[ Tn_Tﬂ (2)

where Ej is the elastic modulus at normal temperature
Ty; T, is the temperature of steel plasticity; o, — coeffi-
cient of proportion.

As it follows, the increase in temperature the elastic
modulus F reduces and decreases the value of friction
coefficient. Also increase in temperature leads to reduce
in value of shear stress. The expression (5) [1] explains
this fact.

While studying the wheel-rail contact, the tempera-
ture of the surfaces in the center of the contact spot plays
significant role and can exceed the temperature of the
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Fig. 2. Dependence of dimensionless elastic modulus on
temperature:

—— — stainless steel; ———- — carbon steel
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environment by several hundred degrees [3]. At high
temperatures, despite its short duration, the metal be-
comes softer, which leads to the detachment of its par-
ticles from the surface. The nominal hardness of the lo-
comotive wheel set bandage of HB1 is less, than the rail
HB2, so when analyzing the running process, a softer
material, the bandage, is deformed. When cooled, torn
particles, due to their small mass, receive a high hard-
ness, and ultimately are an abrasive that forms a friction
surface and creates the conditions for increasing the co-
efficient of friction, acting as a possible additional factor
in the growth of tractive effort.

The analytical description of the contacting surfaces
layers movement should be based on essentially non-
linear relations between the acting forces, deformations
and relative slip of the material. These laws should char-
acterize the unsteady state of the shroud and rail mate-
rial under non-stationary operating conditions (espe-
cially when the grip is lost), and also taking into account
the friction work.

The surface layers of the railhead and the shroud,
due to the interaction of the rolling stock and the pivot,
are more prone to plastic deformations than those lying
behind them in depth. As a result, the surface layers ac-
quire the greatest hardness. Fig. 3 shows the hardness of
HB from the place of cross-section of the railhead and
the tonnage traversed along the rail [5].

In the mining operational conditions, the surface
layers of the railhead and bandage, being in continuous
non-stationary frictional interaction, constantly react
with the environment and substances that have appeared
in the contact spot. At the same time, differences in
their properties, polydisperse pollution, depending on
the conditions of mine environment, as well as different
oxide films are not capable to maintain their integrity in
the complex combined (sliding-rolling) movement of
the mine locomotive. In addition, to the distribution of
organic contaminants on the friction surface, the tem-
perature flares on the protrusions of the contacting bod-
ies have a significant effect, since the structural-rheo-
logical, and hence frictional properties of these contam-
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Fig. 3. Dependence of rail hardness on section:

a — operating tonnage 210 min.t.; b — operating tonnage
770mlin.t; 1, 2, 3 — rail section and corresponding relations
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inants depend on the amount of the liquid phase con-
tained in them. From one hand, to apply the Derevyagin
approach Ry = (CB - 12 -y - V- Ryn)/((hy- o) + 30 x
x Ry)/2 - a [12], it could be said about significant influ-
ence of the lift force, acting between moving wheel and
rail with speed V if the presence of surface contamina-
tions with definite thickness, viscosity, influencing on
tracktive (Fig. 4).

From the other hand, taking into account the real
exploitation speed of mining locomotive, existing char-
acteristics of mining contaminations, and that fact, that
high temperature in the contacting zone can evaporate
them cleaning the surface areas. However, the last does
not influence on the tractive characteristics significantly.

As can be seen from Fig. 4 for really possible param-
eters per 1 cm of wheel and rail contact area, the magni-
tude of this force for a given value of the layer viscosity
and the speed can be sufficient to detach the wheel from
the rail and to transmit the friction mode from the
boundary to the quasihydrodynamic in cases when vis-
cosity n = 0.55, n = 0.11) [11]. This mode can be alter-
nating, non-stable and lead to a sharp reduction in the
adhesion of locomotive wheels to the rails. However, the
increase in liquidity on rails contaminations (n =0.0012)
with increasing temperature in the zone of frictional
contact (typical for mine conditions, failure adhesion)
leads to a sharp decrease in unloading forces, increased
plastic deformation, adhesion of contacting bodies and
restoration of the adhesion of wheels to rails.

Therefore, to a greater extent in the phenomena
while studying zone of frictional interaction between the
wheel-rail pair for the operating conditions of mine lo-
comotives, it is necessary to denote, that influence of
thermophysical processes occurring on the surface of
this pair precisely.

Let us consider in more detail the process of interac-
tion when the wheel is rolled on a section of a rail. As
noted by the authors of this work in earlier studies, con-
tact will occur over a site of finite dimensions, which has
the shape of an ellipse with a large and a minor semiaxis,
respectively, a and b [1].
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Fig. 4. Relations of the lifting forces R,, acting between
rolling wheel and rail with speed V while existence of
surface contaminations of different thickness h and
viscosity n
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The body heating up on value A7, than its relative
elongation consists ¢ = A//l. Namely, dependence of
elongation on temperature obeys the law e = o, - AT. The
opposite task is also possible: during immediate defor-
mation, when the energy cannot get in time to dissipate,
the body temperature increases on the value AT = (g/ay).
Taking into account the energy dissipation, relation will
be transformed to following kind AT = e - (g/a). Con-
sidering, that body stress o = E - ¢, it could be written as

(¢}

E—%v (3)

AT =e™™

where k is the coefficient of energy dissipation; 7 is the
time; o is the stress; £ is the modulus of elasticity; o is
the coefficient of thermal expansion.

Maximal temperature within the contact area will be

i 1.350(E, + E,)

AT =e .
nabE E,o

Or, making transformations we will get

AT =e &’ (4)
mabk ;o
E] 2 . ..
where E, = is the reduced elasticity modulus of
E +E,

wheel-rail system.
Duration of the contact ¢ equals to interaction of the

. o . 2a
wheel with rail within the contact spot 7, i.e. tc=7,

1
and average temperature (excluding the change in elas-

ticity modulus) along this time will be

1 1
AT = Lo 150 Ji-gde, [i-gds,. )
-1

4 mabE,o, °,

Or, after integrating

1.50

AT =0.9255¢ ™" .
nabk ;o

(6)

In Fig. 5 the relation, describing the change in aver-
age temperature on the wheel-rail contact spot in de-
pendence on locomotive speed is given. As it is shown,
the increase in locomotive speed causes the linear in-
crease of temperature in the contact area, which charac-
teristic is also linear up to a 10—15 m/s speed. When the
speed becomes around 40—60 m/s the curve flattens,
namely the temperature in the contact area is almost
constant.

Let us transform the equation (2) up to the following

kind
0
A } )

E=Eexplo,——
0 p[ T T, AT

where AT is the excess of the temperature in the contact
spot over the normal (7y); E; is the reduced modulus of
elasticity while initiate temperature (20 °C).
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Fig. 5. The value of average temperature in the contact
spot in dependence on the speed [9]

As it follows from the materials [1, 4], the elasticity
modulus influences on coefficients o and /, and the de-
crease in elasticity modulus in direct proportion influ-
ences on coefficient o decrease and inversely on / change
[13]. Taking into account, that initial modulus is obtain
experimentally at given speed, it could be considered as
etalon, and we can include correction factor of tempera-
ture influence on elasticity modulus.

Thus, elasticity modulus in dependence on vehicle

0.92550

speed will be
a
exp| -k—
Unabo, By T ( VJ

- (®)

0.92550 a

—————=exp| -k
nabo., E 14

E=E exp

T, -T,

In Fig. 6 there is a graph of the reduced wheel-rail
pair elasticity modulus in dependence on the locomo-
tive speed. As it can be seen from the graph, with in-
creasing locomotive motion speed, the modulus of elas-
ticity first decreases quite intensively, due to the increase
in temperature of contact zone. At a speed of 18—20 m/s
the curve becomes more dense, because the temperature
in the contact zone is stabilized.

E}"jtv
5% 100
410"
3% 10" —
2% 10"
0 10 20 30 40 50 Vo,

Fig. 6. Dependence of reduced elasticity modulus on ve-
hicle speed
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Then, elasticity modulus during etalon locomotive
speed V7, that has been obtained during experiment [7]
will be

092550 exp[—k,fJ

E=E exp " nabo, E, =
=E, )
T,-T,- 0.92550 exp| k&
nabo, K, Ve

Correction factors a, 3, d, [ for specific experimen-
tally obtained motion conditions could be also con-
cerned as the etalon. In particular, as the etalon the
speed V=10 m/s is taken for mainline locomotives and
Ve=4 m/s — for mining one [10]. Taking into account,
that coefficient a is in direct proportion and coefficient /
is inverse proportionality on reduced elasticity modulus,
then correction factor is

K, :i; o=0'Kg; X:A.
Eg K

Substituting the corresponding values of o and A to
expression for y we will get the relation of the wheel
tracktive effort in dependence on relative motion speed
& during different locomotive velocities V'

k

Tk 4Bk ©)

X

In Fig. 7 the relation of the tractive effort of the body
with moving contact point during different motion
speed accounting temperature changes within contact
spot is presented.

To define the influence degree on the wheel-rail
contact spot connected with locomotive speed let us
compare obtained relations, that characterize tractive
effort of the specific vehicle during different speed
(Fig. 8) [8].

As we can see, the curve reflects temperature effect
on the contact spot of the wheel-rail pair, connected
with the change in the speed of the vehicle, passes some-
what below the curve without taking temperature into
account. The fact is that some temperature has already
been taken into account when determining the coeffi-
cients 8, B, A. And, in principle, the temperature in a
given range of variation (Fig. 5) has no significant effect
on the parameters of locomotive movement, including
because it is partially taken into account when determin-
ing the empirically found coefficients [14, 15]. At the
same time, to predict the traction ability of the vehicle,
its recording will improve the accuracy of the final result.

Thus, the traction depends on the normal load at the
contact point Q,, the speed of relative movement of the
contacting bodies @, the absolute speed of the locomo-
tive V, the elastoplastic properties and the shape of the
surface of the contacting bodies determined by the coef-
ficients B3, 8, A. The coefficient p, depends on the mate-
rial of the contacting bodies and is defined as the classi-
cal coefficient of friction of rest. As for the coefficient o',
it determines the state of the surface of the contacting
bodies (presence of lubricant, pollutants, etc.). Here we
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Fig. 7. Values of the coefficient of locomotive tracktive ef-
Jort accounting temperature within contact spot:
1-V=5m/s; 2—V=10m/s; 3—V=15m/s; 4— V=
=20m/s; 5—V=25m/s
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Fig. 8. Changes in the coefficient characterizing the trac-
tion capacity of the locomotive: without taking into
account the temperature in the contact Zone:
1—-V=5m/s; 3— 15m/s; 5 — 25 m/s; considering tem-
perature: 2— 5m/s; 4 — 15m/s; 6 — 25m/s

can also include corrections that have a real coefficient
of friction, in contrast to the friction coefficient, and are
introduced into the experiment by the actual motion re-
gime of the contacting bodies.

Conclusions. In work on the basis of theoretical stud-
ies of the parameters of the vehicle motion along the
railroad track, a mathematical model of the interaction
of the wheel and rail on the elementary section of con-
tact is formulated in the presence of normal and tractive
effort. Using the analytical model of obtaining the de-
pendence, which describes the change in the average
temperature on the contact spot of the wheel-rail pair
on the speed of the locomotive. The current value of the
modulus of elasticity of the material of the contacting
pair is determined as a function of the contact time.

The obtained dependence of the traction ability of
the rail vehicle on the speed of the contacting bodies
(movement of the wheel along the rail) shows that the
value of the coefficient of adhesion for both the absolute
and relative velocity decreases, which corresponds to the
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results of experimental studies [7]. Further growth leads
to a breakdown of adhesion (boxing), an increase in tem-
perature in the contact zone, which also contributes to a
reduction in the traction properties of the locomotive.
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Mera. BuzHaueHHsI 3aKOHOMipHOCTe ! 3MiHU Tapa-
METpiB 34YerIeHHs map ,,KoJeco — peiika“ peiikoBOro
TPAHCHOPTY i CYMyTHiX iM eHePreTUYHUX BUTPAT 3 ypa-
XYBaHHSIM TeTUI0(i3WYHUX MPOLECIB Y 30HI KOHTAKTY
MpU niepeaadi pyxy TEPTIM 11 Pi3HUX YMOB B3a€MO/Ii.

Metoauka. Po3pobyieHa aHaiTUUHA MOJEb B3a€e-
MOl Kojieca Ta pefiK1 Ha eJIeMeHTapHIi IUISTHIII KOH-
TaKTy 3a HasIBHOCTI HOpPMAaJbHOI i TSTOBOI CUJIU.
OTpuMaHa 3aJIeXXHiCThb, IO OIMMCYE 3MiHY CepemIHbOL
TeMIlepaTypH B 30Hi KOHTAKTY TapH ,,KOJIeco — peika‘
Bill 3MiHM CMJIM TITW JJOKOMOTHUBY. Bu3HaueHe morou-
He 3HAaYeHHS MOIYJIS MPYKHOCTI MaTepialy KOHTaKTy-
10401 Mapu 3aJIe’KHO Bil YaCcy KOHTaKTY.

Pe3ynbTat. Ha OCHOBiI TeopeTMUHUX MOCTiIXEHb
MapaMeTpiB PyXy TPAaHCIOPTHOTrO 3acO0y MO peiiKoBO-
My LIISIXY (DOPMYJTIOEThCSI MaTeMaTUYHA MOJEb pea-
JIi3alii TSroBOi CWJIM MPU HECTALliOHAPHOMY TPSIMOJTi-
HillHOMY pyci. {711 BUBHAYEHHSI CTYNEHIO BIUIUBY 3Mi-
HH TeMIIepaTypy Ha IUIIMi KOHTaKTy TapH ,,KOJIeCO —
peiika“, TIOB’SI3aHOTO 31 IIBUIKICTIO PyXy ABHUTYHA i
BiITHOCHOIO IIBUAKICTIO BMXiIHMUX JIAHOK, OTpUMAaHi
3aJIEXKHOCTI KoedillieHTa, IO XapaKTepu3yeE TSATOBY
3MAaTHICTb TPAHCIIOPTHOT'O 3aCO0Y.

HaykoBa HoBU3HA. 3 ypaxXyBaHHSIM TeIUIO(MiZUYHUX
MPOIIECiB, 1110 BUHMKAIOTh MPU B3aEMOii KOHTAKTYIO-
YHUX TiJI, OTPMMaHi aHAJIITUYHI 3aJIe3KHOCTI ISl BU3HA-
YEHHSI TATOBOI1 3AATHOCTI MpU Pi3HUX LIBUIKOCTSIX
PYXY eKilMaXXHO1 YaCTUHU ¥ BITHOCHOI IIBUAKOCTI pyXy
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KoJieca Ta peKu IJIT MaricTpaIbHUX i IIaXTHUX JIOKO-
MOTUBIB. 3aIlpONOHOBAHi 3aJIeXKHOCTI BPaxOBYIOTb
3MiHU BJIAaCTUBOCTE! MOBEPXHEBUX 11aPiB KOHTAKTYIO-
4ol napu.

IIpakTuHa 3HAUYMMiCTh. 3HAHHS (i3UKU TTPOIIECIB,
110 BimOyBalOTbCS B 30HI KOHTAaKTy Tapu ,,KOJECO —
peiika“, 103BOJIUTH OiJIbII TOYHO MPOTHO3YBATU TSITOBI
BJIACTUBOCTI TPaHCHOPTHMX 3aCO0iB, TPOBECTU MOPiB-
Ta 3HAYHOIO MipOI0 TMPUCKOPUTU MPOLEC BUOOPY
CTPYKTYpHOI cxeMU. Lle mo3BOUTH PO3POOUTU PEKO-
MeHJallii 1 mporo3ullii 111010 MOAEPHi3allii Ta BIOCKO-
HaJICHHS BX€ iCHYIOUMX TPAHCIIOPTHUX 3aCO0IB.

KmouoBi cnoBa: memnepamypa, 30Ha KoHmakmy,
MOOYAb NPYICHOCMIE, MS208a 30AMHICMb, MPAHCNOPMHUIL
3acio

Biusinue Tenio(hu3nyecKux NmpoueccoB
Ha (DPUKIMOHHbIE CBOMCTBA MApPbI
,K0JIeCO — peJibc” B 30He KOHTAKTA

B. Il. ©panuyk, K. A. Subopos, B. B. Kpusoa,
C. A. Dedopsuerko
T'ocynapcTBeHHOE BbIclliee ydyeOHOe 3aBeneHue , Harmo-
HaJIbHBIM TOpHBbINA yHuUBepcuteT”, 1. JHernp, VYkpauHa,
e-mail: franchuk@nmu.org.ua

Hems. OmnpeneneHne 3aKOHOMEPHOCTEN M3MeHe-
HUS TTapaMeTPOB CLETIJICHUS Taphl ,,KOJIeCO — peiabe”
PEIBCOBOTO TPAHCIIOPTA U COMYTCTBYIOIIUX UM DHEp-
TETUUYECKUX 3aTpaT ¢ YYeTOM TEIUIO(U3NYECKUX TTPO-
1IECCOB B 30HE KOHTaKTa IMpU Tepeaade IBUKEHUS Tpe-
HUEM 11 Pa3/IMYHBIX YCIOBUI B3aUMOIEUCTBUS.

Mertomuka. Pa3zpaboraHa aHajauTHYecKash MOAEIb
B3aMMOJIEICTBUS KoJieca M pesibca Ha dJIEMEHTAapHOM
yJacTKe KOHTaKTa IMPY HATMYNU HOPMaJIbHOTO U TSTO-
Boro ycunus. [ToxydeHa 3aBUCHMMOCTD, KOTOpast OITH-
CBIBaeT M3MEHECHME YCPEOTHEHHOI TeMIlepaTyphl Ha
MSATHE KOHTaKTa IMaphl ,,KOJIECO — PENIbc” OT CKOPOCTHU
JIBIKEHUS JoKoMoTnBa. OTipeneeHo TeKyllee 3Haue-
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HUE MOJYJIST YIIPYTOCTH MaTepuasia KOHTaKTUPYIOIIei
Maphl B 3aBUCUMOCTH OT BPEMEHU KOHTAKTA.

PesyabTaThl. Ha ocHOBe TeopeTMUYECKUX MUCCIEN0-
BaHUII MapaMeTpPoOB JABUXKEHUs TPAHCIIOPTHOIO CpEJi-
CTBa MO PEJbCOBOMY MyTHU c(hopMyTMpoBaHa MaTeMa-
TUYECKas MOJIESIb peaslu3alliy TSITOBOTO YCUUS TIPU
HECTAllMOHAPHOM TPSIMOJIMHEHOM JBVKeHUU. JList
onpe/eIeHUsT CTeTIEHU BIUSIHUS U3MEHEHUST TeMIiepa-
TYpbI Ha TIITHE KOHTAKTa Maphl ,,KOJIECO — PeJIbC ™, CBSI-
3aHHOI CO CKOPOCTBIO JIBUXKEHUS IOKOMOTHBA M OTHO-
CUTEJIbHOY CKOPOCTBIO BHIXOHBIX 3BEHBEB, TTOJTyYeHBI
3aBUCUMOCTH i1 KOadulineHTa, Xapakrepu3yolie-
TO TSTOBYIO CITOCOOHOCTh TPAHCITIOPTHOTO CPECTRA.

Hayunas noBuzna. C yderom Termohu3ndecKux
MPOIIECCOB, TPOUCXOMSIINX TPU B3aUMOIEHCTBUMN
KOHTAKTUPYIOIIUX TeJ, TIOJydeHbl aHAIUTUYECKUE 3a-
BUCUMOCTHU JUJIsI OTIPEIENIEHUS] TSITOBON CMOCOOHOCTU
MPY pa3IMYHbIX CKOPOCTSIX NBUKEHMS SKUMAXKHOM ya-
CTU ¥ OTHOCHUTEJIbHOW CKOPOCTHU IBWXEHUSI KoJjieca 1
peJibca IS MaruCTPaIbHbBIX U IIIAXTHBIX IOKOMOTHBOB.
[MpenioxXeHHbIe 3aBUCUMOCTH YIUTHIBAIOT U3MEHEHUSI
CBOICTB TIOBEPXHOCTHBIX CJIOEB KOHTaKTHPYIOIIEi
Taphl.

IIpakTHyeckad 3HAYUMOCTh. 3HaAHUE DU3UKU MPO-
11€CCOB, TIPOUCXOMSIINX B 30HE KOHTAKTA MapHhI ,,KOJIe-
CO—peJibc™, TTO3BOUT 00Jiee TOYHO TTPOTHOZUPOBATH
TATOBBIE CBOWMCTBA TPAHCIIOPTHBIX CPENCTB, BBIMOJ-
HSITh CPAaBHEHUE BO3MOXHBIX BADUAHTOB Ha CTAJNU UX
MPOEKTUPOBAHUS U B 3HAUUTEJIbHOI CTETIEHU YCKOPUT
MPOIIECC BBIOOPA CTPYKTYPHOU CXEMBI. DTO MO3BOJUT
pa3paboTaTh peKOMEHIAUNU U TPEIJIOKEHUS TT0 MO-
JIEpPHU3AIMN U COBEPILIEHCTBOBAHUIO YK€ CYIIIECTBYIO-
IIUX TPAHCTIOPTHBIX CPENICTB.

KitoueBble ciioBa: memnepamypa, namHo KOHMAK-
ma, mModyab ynpyeocmu, mse08ds cnocoOHOCMb, MPAHC-
nopmmoe cpeocmeo
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