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Xiilasa

Moagalads, oyloc qurgularinin triboqovsaqlarinda xotti rejimli geyri-miivazinat termodinamikasinin todqiqi
Furye istilikkegiricilik ganunundan va Fik effektindon, eloco do friksion kiindonin iist tobagolorinds diffuziya vo
termodiffuziya geyri-tarazliq proseslorinin axini ilo olagodar olan Sor vo Dyufur effektlorindon istifado etmoklo
aparilmigdir. Gostarilmisdir ki, polimer kiindonin iist tobagasindon endotermik reaksiya mohsullarinin ¢ixig hacminin
artmasina komok edon sothi-hacmi temperaturun, homginin istilik ayrilmasi ilo misaiyst olunan tarazliq sabitinin
artmast miisahida olunur. Eyni zamanda, Vant Hoffun harokotli tarazliq prinsipine uygun olaraq, metal siirtiinmo
elementinin is¢i sothinin mikrogiximtilarinin struktur-plastik deformasiyasi bas verir.
Acar sozlar:  oyloc qurgular, siirtiinmo ciitii, friksion kiinds, diffuziya vo termodiffuziya, Onsager qarsiliqh nisbati.
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AHHOTALUA

ITpoBoanTCs MccneoBaHNe HEPABHOBECHOW TEPMOJMHAMMKH C JIMHEHHBIMU PeXHMMaMH B TPHOOCOIIPSIKEH H-
SIX TOPMO3HBIX YCTPOMCTB C NMPHUBJICYEHHEM 3aKOHa TerutonpoBogHocTn Dypre u sddekra Puka, a Taxke 3hhexToB
Copa n [Jrodypa NpuMEHHUTEIFHO K NPOTEKAHUIO HEPAaBHOBECHBIX IpoueccoB 1uddysun n repmoauddysun B mo-
BEPXHOCTHBIX CIIOSIX (PPUKIMOHHBIX HakJanok. [TokasaHo, yTo HabyIOAAaETCs yBEINYEHHE TOBEPXHOCTHO-00bEMHON
TEMIIEpaTyphl, CIOcOOCTBYIOLIEH pOocTy 00beMa BBIXO/A MPOAYKTOB SHIOTEPMHUYECKUX PEaKIMi U3 BEPXHETO CIIOs
HOHHMepHOﬁ HaKJIaJIKH, a TAKXKEC KOHCTAHTbI paBHOBECHA, UYTO COIMPOBOXKIAACTCA BBIACIICHUEM TEIIIOTEHI. HpI/I 9TOM B
COOTBETCTBUH C MPUHITUIIOM ITOABIKHOTO paBHOBecus Baut-I'odda nponcxoaut ynpyromiactudeckas aedopmarus
MHUKPOBBICTYTIOB paboueii MOBEPXHOCTH METAJUTHYECKOTO AIEMEHTA TPEHHS.
KiroueBble cjioBa: TOPMO3HOE YCTPOHCTBO, Mapa TPeHUs, GPUKINOHHAS HaKIaaka, nuddysus u repmoguddysus,

cooTHomeHust B3auMHOCTH OHcarepa.
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Introduction

In tribology, three consecutive and inter-
connected friction process: frictional interaction
of microprotrusions of rubbing surfaces,
change in the properties of surface and near-
surface layers as a result of interaction and
destruction of surfaces due to the two previous
stages. These stages of friction occur in the
following fields: mechanical, electrical and
electromagnetic. The driving force is the re-
dox potential with its gradients. Its value is
estimated for a polymer friction element in the
longitudinal and transverse directions. For
flows of the washing medium, the transverse
temperature gradient is taken into account (de-
termined by the ratio C,/Cy; heat capacity at
constant pressure to heat capacity at constant
volume).

Any stable structural-phase state exists
for a short period of time, passing to a new
level of instability due to processes, phenome-
na and effects that increase the total entropy
and, accordingly, reduce the free energy of
materials. As a result, the next transition to a
new quasi-stable state is provoked. In this
case, the process continues for some time,
which is determined by the physicochemical
characteristics of the corresponding transfor-
mations, as well as the ability to create condi-
tions under which these transitions will occur
with the least possible frequency.

Analysis of literary sources and the state of
the problem

Irreversible processes, phenomena and
effects accompany the electrothermo-
mechanical frictional interaction of brake fric-
tion pairs. The distinction between reversible
and irreversible processes first entered ther-
modynamics through the concept of "entropy".
The relationship between the irreversible pro-
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cesses occurring in tribocouples of friction
pairs, between diffusion, thermal diffusion and
thermal conductivity, on the one hand, and the
rate of entropy increase, on the other.

Strongly non-equilibrium situations lead
to new space-time structures. For this reason,
the limitation of equilibrium situations, some
essential features of the behavior of matter and
energy. An example is the role of fluctuations.
The atomic structure of matter leads to fluctu-
ations. But at or near equilibrium, these fluc-
tuations do not have any important conse-
quences [1].

Indeed, a characteristic feature of equi-
librium thermodynamics is the existence of
principles of extrema. For isolated systems,
entropy increases and therefore reaches a max-
imum at equilibrium. In other situations (for
example, at a constant temperature) there are
functions called thermodynamic potentials,
which also have extrema (maxima and mini-
ma) in equilibrium [1]. The paper [2] gives an
analysis and synthesis of thermoelectric pro-
cesses characterizing electrothermomechanical
frictional interacttions of friction pairs of
brake devices. The upper layer of the polymer
lining is isolated at temperatures above the
allowable for its material, when the cracking
process begins.

Thermokinetic models of the interaction
of a metallic friction element during its opera-
tion in various media are considered. The in-
fluence of surface and bulk temperatures, spe-
cific loads, coefficient of mutual overlap of
friction pairs, the ratio between the amount of
reagents, the presence of inert gases and the
type of reactions on the rate of chemical reac-
tions during the cracking process in the upper
layer of polymer linings of friction units of
brake devices has been established. It is shown
that when estimating the equilibrium of a
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chemical reaction, it is necessary to take into
account the change in the Gibbs energy.

Non-equilibrium tribology in friction
friction pairs of brake devices is expressed in a
continuous change in internal and external op-
erational parameters in their surface and near-
surface layers during electrothermomechanical
friction [3].

The materials of work [4] refer to the
testing technique used to study the processes
of tribocracking of friction pairs. These pro-
cesses are accompanied by the release of gas-
vapor mixtures and water, which, at high tem-
peratures exceeding the allowable for polymer
lining materials, intensify the hydrogen wear
of the working elements of friction pairs.

According to the results of studies of tri-
bocracking of contact spots of microprotru-
sions of metal-polymer friction pairs, their en-
ergy load was estimated taking into account
the redox processes occurring on the working
surfaces. Regularities have been established
for changing the dynamic coefficient of fric-
tion depending on the energy load of metal-
polymer friction pairs exposed to -electric,
thermal and chemical fields. It is shown that
tribocracking has a complex tribochemical
nature with burnout of formaldehyde resin
from the surface layer of the polymer lining.
This process is accompanied by the release of
water, hydrogen, oxygen and other gas mix-
tures.

In studies [1], it is noted that the ad-
sorption effect, which is characterized by the
number of grooves N, made in one of the fric-
tion elements of a direct or reverse friction
pair, has a predominant role in the delivery of
an active gas mixture. However, in the area
between the grooves, the gas introduced from
the outside due to the adsorbing effect is con-
sumed when interacting with the friction sur-
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faces, and a point (zone) may appear in which
the active component of the gaseous medium
is almost completely consumed, as a result of
which the so-called gas starvation may occur
[5]. A similar phenomenon can occur with the
slit effect.

However, in the considered works [1-5],
no attention was paid to diffusion and thermal
diffusion processes, as well as the Onsager
reciprocity relations as applied to triboconju-
gations of friction pairs of brake devices.

Formulation of the problem

The main issues of the article: general
principles of energy processes in the fields of
frictional interaction of friction pairs of brake
devices; diffusion and thermal diffusion in tri-
bocouplings; the discussion of the results.

Objective — substantiation of the possi-
bility of using non-equilibrium thermodynam-
ics with linear regimes in tribo-couplings of
friction pairs of brakes.

General principles of energy processes in
the fields of frictional interaction of friction
pairs of braking devices

To clarify the meaning of the totality of
concepts, we consider each type of energy as a
product of two quantities: intensity (factor of
intensive property) and capacity (factor of ex-
tensive property). So, mechanical energy is
determined by the value of Fdl, i.e., the prod-
uct of the force and the increment of the path;
electric - Edq, i.e., the product of emf. on the
amount of electric charge carried; magnetic -
Bdl, i.e., the product of magnetic induction
and magnetization; volumetric - PdV; surface
energy - odw, i.e., the product of surface ten-
sion and the change in surface area; potential -
mgdh; kinetic — (v%/2)dm; chemical - udn, it
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determines the change in the chemical poten-
tial over the thickness of the substance. Inten-
sity factors are often combined under the gen-
eral name of generalized forces, and the ca-
pacity factor is called the generalized path. So,
in the case of mechanical energy, the magni-
tude of the force is a stress factor (just like p,
o, u, etc. in the corresponding types of ener-
gy), and the magnitude of the distance traveled
(i.e. changes in v, w, n, etc.) shows the extent
to which the action of force is manifested. En-
ergy in general can be written as follows:
dU =TdS — (Xdx + Ydy + ...), 1)
where X, Y .... — intensity factors; x, y ... -
their respective capacitance factors. If we as-
sume that dx=dy=...=0, those. the system is
not subject to the action of any external forces,
then equation (1) takes the form: dU = TdS. In
this case, the friction pairs in the brake are
open. The intensity factors are potentials (T is
the potential of thermal energy; u is the poten-
tial of chemical energy, etc.), i.e. voltages of
the acting type of energy.

Every time two systems with different
potentials interact, potential equalization oc-
curs by changing the corresponding capaci-
tance factors. So, pressure is equalized due to
a change in volume, temperature - due to a
change in entropy, etc.

Value (eu/eén;), s, is the chemical po-

tential (ui). This is true for the case when the
internal energy of the liquid phase of the tri-
bosystem increases with a decrease in the
mass of the surface and near-surface layer of
the polymer lining during the cracking process
by unity at constant entropy, and the volume
and masses of the lining components are vari-
able. The heat flow is the driving force in heat
transfer, and the chemical potential is the driv-
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ing force in the phase transition of the mass of
the upper layer of the polymer lining. The
phase transition leads to the establishment of
chemical equilibrium (and phase transition, if
the mass decrease occurs in a heterogeneous
system, i.e. between phases). Like other inten-
sity factors in the cracking process, the chemi-
cal potential of the substances levels off as the
process proceeds. At the moment of equilibri-
um, it becomes the same in all existing phases
in which the components of the upper layer of
the polymer lining are located. Thus, the
chemical variable is the amount of lining
components interacting with the material of
the metallic friction element. Unlike other in-
tensity factors, it is impossible to directly
measure the chemical potential, which makes
this concept not as clear as, for example, spe-
cific load, surface and bulk temperatures, etc.
Below are equations describing an infinitesi-
mal change U, H, F and G for a phase whose
mass and concentration may change as a result
of exchange with other phases.

If we assume that during frictional inter-
action only specific loads act on the tribosys-
tem, then with independent variables S, V and
N1, N2, N3 ... We obtain the equation:
dU = TdS - PdV + 2 xdn;. (2)

With independent variables S, P and ng,
Ny, N3 ... We have:

dH =TdS — VdP + X zdn;. (3)
Applying T, V and ny, ny, ns ... as varia-

bles, we have:

dF = - SAT — PdV + 3 z4dn;. (4)
Finally, with independent variables P, T

and ny, ny, N3 ... we have:
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dG = - ST — VdP + 3 z4dni. (5)

Taking partial derivatives from equa-
tions (2)-(5), we obtain analytical expressions
for various thermodynamic parameters. In ad-
dition, these expressions imply:

I

V,Spnj P,S,nj

= (aF/ani)V,T,nj = (aG/ani)P,T,njl

those, the chemical potential of the upper layer
of the working surface of the polymer lining
during frictional interaction with a metal fric-
tion element is equal to the partial derivative
of any thermodynamic potential of a given
phase with respect to the number of moles of
this component, provided that the correspond-
ing thermodynamic parameters and the num-

ber of moles of the remaining components of
the lining remain constant. In other words, the
chemical potential is a partial molar value of
the thermodynamic potential, provided that the
corresponding parameters of the state of the
tribosystem remain unchanged.

Diffusion and thermal diffusion in tri-
bocouplings

Diffusion and thermal diffusion flows of
liquid, vapor and gas play a significant role in
the equilibrium state of tribocouples of friction
pairs of braking devices.

On fig. 1 shows the algorithm of non-
equilibrium  thermodynamics in  tribo-
arrangements of friction pairs of brakes.

In table 1 shows the laws and effects as
applied to diffusion and thermal diffusion in
tribocouplings. As for chemical reactions, the
material on them will be placed in the third
part of the article.

Linear modes

PR e
Reciprocity ratio Symmetry principle
4/’\'}
Diffusion Thermal diffusion

Chemical reactions

/\

Unilateral

Complex

v

v

Linearity in Sequential Reactions

Figure 1 — Algorithm of nonequilibrium thermodynamics with linear regimes in tribocouplings
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Table 1 — Laws and effects accompanying diffusion and thermal diffusion in tribocouplings

Laws and effects

Name Content

Fourier's law of heat conduction Establishes a relationship between the temperature gradient of the
medium and the heat flux density.

Fick's Laws:

first Sets the proportionality of the diffusion flow of liquids and gases
to their concentration gradient.

second It is characterized by the diffusion equation at its constant value.

Effects:

Soret The flow of heat generates a flow of liquid and gases.

Dufour The mixing of liquid and gases contributes to the release of heat

When solving this problem, we apply
the theory of linear nonequilibrium thermo-
dynamics to the diffusion process. Depending
on the energy load of the working layer of the
polymer lining, a weak and strong electrolyte
forms on its surface when the formaldehyde
resin burns out [4].

In the region of low concentrations, the
concentration increases with increasing con-
centration (since the number of ions in 1 cm3
of solution increases with increasing concen-
tration), reaches a maximum value, and then
decreases. In solutions of strong electrolytes,
this decrease is explained by a slowdown in
the movement of ions due to the relaxation
effect and the effect of electrophoretic brak-
ing, and in solutions of weak electrolytes, it is
explained by a decrease in the degree of disso-
ciation.

Consideration of the influence of the
concentration of the solution on the value of 1
is more convenient to start with an analysis of
the dependence of the equivalent electrical
conductivity on the dilution of the solution
(Fig. 2). Dilution (dilution) of a solution
V=1/C is the reciprocal of concentration C. As
experiments show, with increasing dilution
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(decreasing concentration), the equivalent
electrical conductivity increases and reaches a
certain limit value, as shown in fig. 2. This
limit value / is called the electrical conductivi-
ty at infinite dilution and is denoted /...

A,
Om'em’

1

2

v i/ ‘gequi

Figure 2 — Dependence of equivalent electrical conduc-
tivity A on dilution (curve 1) and on solution concentra-
tion (curve 2)

When several components diffuse simul-
taneously from the surface layers of the FK-
24A lining and the flow of one component af-
fects the flow of another. The entropy produc-
tion per volume unit due to multicomponent
diffusion is:

s=-%), .v[*;kj, @)
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where Ji — flow of matter; x — component

chemical potential k and his temperature 7.
Under isothermal conditions, the corre-

sponding linear relations have the form:

L.
Je = _Z %Vﬂk ' 8
k

The first task is to find a relationship
between the linear coefficients Li and the ex-
perimentally measured diffusion coefficients
Dix. For multicomponent diffusion (under iso-
thermal conditions), the "generalized Fick's
law" can be represented as

Ji= _z Dy VN, (x).

where ni(x) — component concentration k at
the point x; D, — diffusion coefficients.

Having written down the dependences
for a two-component and multi-component
mixture, after performing a series of substitu-
tions and transformations, we obtained the re-
lationship between the coefficient L;; and the
diffusion coefficient

D,T

)
on,

For the diffusion of a substance in a so-
lution, n; and n, are the number of moles of
the solvent and dissolved substance per unit
volume, and for a dilute solution
1, = 1(p,T)+RTInx,, where R — gas con-

stant;, p — pressure; x =n/(n,+n,)~n/n,, and

9)

Ly, = (10)

Vi

vy,

n, << n,. These conditions simplify the rela-

tionship between L;; and D:
D;n,
Lll - T
This formula establishes the relationship
between the usual diffusion coefficient and the
corresponding coefficient p. To test the On-
sager reciprocity relation, it is necessary to

have at least three components in the system.

(11)

19

For three-component isothermal diffusion, the
entropy production per unit volume is
_%.Vﬂl _\?Tz'vluz _%'Vﬂa :
Let us write for the three-component
system the Gibbs-Duhem equations and the
condition of the absence of a volumetric flow
(13)
Jyv, +3,v, +J3v, =0. (14)
Let's pretend that J; and ps3 are solvent
variables, and Ji, u1; Jo, o are variables of two
solutes whose cross-diffusion is of interest.
Using (13) and (14), J; and w3 can be eliminat-
ed from the entropy production expression.
The entropy production is then written only in
terms of the two solute variables Ji, w1 and Js,

H2:

5= (12)

MV +N0,V, +ngV =0,

S=F-J,+F,-J,. (15)
where the thermodynamic forces F; and F;
have the form

Fo-tlvy+ Wiy, My, | @6)
T i n,v, n,v,

Fz = _1 V:uz + nzvz Vluz + anl V:ul , (17)
T L 3”3 3”3

So let's write the ratios:
J=LyFR + LR, (18)
J, =LyF +LyF;. (19)
To check the reciprocity relations, it is
necessary to relate Ly and the experimentally
measured diffusion coefficients Dj of the
generalized Fick law:
J; =-DpVn, — D, VN, (20)
J, =—D,Vn, —D,,Vn,. (21)
It should be noted that for J, =0 these
equations lead to the fact that the constant
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flow  Ji=const  associated  with  the
concentration  gradient n; causes the
concentration gradient n,. Let us continue that
fluxes and concentration gradients are directed
along the same direction, say x, so that all
gradients correspond to derivatives with
respect to x. Since the chemical potentials s
are functions of ny, one can represent the
forces Fx in terms of the concentration
gradients of the two diffusing components.
Thus, we get
Ot _ Oy O | Opy Oy
OX oOn OX 0On, OX
We write a similar relation for the gradi-
ent up. Using these relations in (16) and (17)
and substituting them into (18) and (19), we
write the fluxes Ji in terms of the gradients ny.
After calculations, the following relations be-
tween the diffusion coefficients and linear On-
sager coefficients are obtained:
L, dDy, -bD,, _ab, -chy

- ad —bc 27 ad-bc

(22)

(23)

dD,, —bD,,
ad—bc

_ab,, -¢cDy,,

24
ad —bc ( )

Ly = 22
where a, b, ¢, d are coefficients.
Obviously, the meaning of the reciproci-

ty relations L, = Ly; is reduced to the follow-
ing:

abD,, +bD,, =cD;; +dD,, . (25)

The results of experimental studies of
changes in the amount and composition of the
gas-vapor mixture formed in the intercontact
space of friction pairs indicate that the friction
process is of a complex tribochemical nature
(Table 2) [4].

The amount of water that ended up in
the measuring tube of the vacuum pump was
35.4 ml.

Experimental and calculated data of the
multicomponent system are given in Table 3.

Table 2 — The percentage ratio of the components of the gas mixture formed in the intercontact space of

the friction pair steel 30KhGSA - FK-24A

. Gas content, wt. share, %
Sample | Composite | Temperature, oth
number brand °C H, 0, N, | CO, | CO | ZCHp gas:sr***
1 OK-24A 150 * 19,8 | 78,8 | 0,28 * *
2 - 215 * 19,8 | 78,8 | 0,23 * *
37 - 420 0,123 | 19.1 [ 795 | 013 | * * Rest
4" - 500 0,171 | 16,3 | 81,6 | 0,24 | 0,24 | 0,24
- 750 0,308 98 |812 |0,08 | 0,08 1,06
Note: Presence of traces of specified gases; ~ Sampling was carried out from four zones (points) simultaneously;

““Others mean Ar, Ne, He, Kr, N,O, Xe, O,, Rn.

Table 3 — Experimental and calculated values of diffusion coefficients for a multicomponent friction lin-
ing in the temperature range and verification of relationships

Sample | Friction | Temperature,

D11X10, D12X10, D21X10, D22X10,

number | material °C X | X mlc m%/c mlc m/c Liallas
1 DOK-24A 150 0,25 | 0,50 1,848 -0,063 -0,052 1,797 1,052
2 " 215 0,26 | 0,03 1,570 -0,077 -0,012 1,606 0,980
3 " 420 0,70 | 0,15 2,132 0,051 -0,071 2,062 0,942
4 " 500 0,15 | 0,70 1,853 0,049 -0,068 1,841 0,915
5 " 730 0,25 | 0,75 1,79 0,043 -0,07 1,80 1,1
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“Note: before the line, the exponent near the number ten is equal to two, and after it, it is equal to minus

three.

The relationship between chemical po-
tentials and concentrations is not always
known exactly, and reliable measurements of
diffusion coefficients are quite difficult.

Nevertheless, it can be seen that, within
the limits of experimental errors, the reciproci-
ty relations hold very well. In thermal diffu-
sion, the interaction between heat flows and
liquid and gas causes two separate Soret and
Dufour effects (see Table 1).

In this case, reciprocity relations can be
obtained using the expression for the produc-
tion of entropy during diffusion and heat con-
duction:

S:(Ju_i‘]kﬂk)'v(lj_i‘]k'1V1uk (26)
P} T) & T

After complete separation of the temper-
ature and concentration gradient, determina-
tion of the molar entropy under the condition
of equalizing the specific loads in the tri-
bocoupling and, using a series of transfor-
mations, an expression was obtained that de-
termines the heat flux, taking into account the
flow of liquid and gas

S = <]u - Z/k(#k + TSk)) :
k=1

7 (3) = Bt 3 (Taidpr (27)

Now, using G = H-TS, it is easy to see
that u + TSk = Hy, where is the partial molar
enthalpy H, =(6H /on, )p,T'

Using this definition, the heat flux, tak-
ing into account the flow of matter, can be de-
fined as

‘JqE‘Ju_ZW:Hk'Jk' (28)
k=1

In a closed system at constant volume,
the change in enthalpy due to a change in

21

composition is equal to the exchange of heat
interacting with the external environment. In
an open system with a fixed amount of heat,
the difference between the changes in energy
and enthalpy due to the flow of liquid and gas
is determined. In what follows, the resulting
expressions are associated with Fourier's heat
conduction laws and Fick's diffusion laws, but
in this case we write the gradients as

Vi, =(Op 1 on )V, ;

VAIT)=—/T2 T,

so the two streams take the form:

L .

Jo=— BT -1, 21y M Oy (29)
T T v,n, ) on

3, = —Li—EVT RIS T (30)
T T v,N, ) o

Now we determine the coefficients of
diffusion and thermal conductivity

1 v,n, \ou, - _ Ly,
D=L —|1+222 %, k =2,
' LHT( vnz)anl T
and get reciprocity relations
Ly = Lyg- (31)

Cross flow — (L, /T?)vT usually pre-
sented as —n D VT, wherein Dy — thermal

diffusion coefficient, so that the flow of matter
is proportional to n;. The ratio of the thermal
diffusion coefficient to the ordinary diffusion
coefficient is called the Soret coefficient.

ST = & ] Liq .
D, DTn

In a closed system with a temperature
gradient (Fig. 3), concentration gradients are
established due to heat flows. Assuming J;=0,
one can obtain the stationary value of the con-
centration gradient

(32)

L
le—%VT—Dan:O. (33)
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Insofar as L, /T* =n,D,, we write the

gradient ratio as follows:
vn,  nD;
)
The Soret coefficient has units of T™. In
the general case, it is small and ranges from
10 to 10 for electrolytes and gases [6-12],
but in polymer solutions it can take larger val-
ues. The heat flux caused by the flow of mat-
ter is determined by the Dufour coefficient Dy.
Since heat accompanies the flow of matter and
is proportional to the concentration nj, the
Dufour coefficient is defined as

- jaﬂ

—| 1+
( on,

(34)

=-—N;S; -

viny

(35)

N Dy =Ly T

Vo,

Figure 3 — Thermal diffusion. The temperature gradient
and the resulting heat flux causes a concentration gradi-
ent in the incoming (T,) and escaping (T;) surfaces of
the lining

Since, L,/T?=nD, the Onsager reci-

procity relation Liq = Lq1 determines the ratio
of the Dufour coefficient and to the thermal
diffusion coefficient:

Dd:'r(1+ Vil ja'“i

D; v,n, ) on,

This ratio has been confirmed experi-
mentally. Thus, nonequilibrium thermody-
namics is a generalized theory of irreversible
processes. Onsager's reciprocity relations are
general and valid for all systems in which lin-
ear relations hold.

(36)

Conclusion
The study of non-equilibrium thermody-
namics with linear regimes in tribocouplers of
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brake devices using the laws of thermal con-
ductivity of Fourier and Fick, as well as the
Sor and Dufour effects in relation to the flow
of equilibrium processes of diffusion and
thermal diffusion in the surface layers of fric-
tion linings, made it possible to establish the
following: the factors in the tribosystem are
the potentials (T - the potential of thermal en-
ergy; p - the potential of the specific load; p -
the potential of chemical energy, etc.), i.e. the
voltages of the acting type of energy, each
time when two tribosystems with different po-
tentials enter into interaction, there is an
equalization of potentials due to a change in
the corresponding capacitance factors. So, the
pressure of gases is leveled off due to a
change in volume, temperature - due to a
change in entropy, etc.; an increase in the sur-
face-volume temperature contributes to an in-
crease in the volume of the output of endo-
thermic reaction products from the upper layer
of the polymer lining, as well as the equilibri-
um constant, which is accompanied by the re-
lease of heat. In this case, in accordance with
the principle of van't Hoff's mobile equilibri-
um, elastic-plastic deformation of the micro-
protrusions of the working surface of the met-
al friction element occurs. A decrease in the
surface temperature of friction pairs contrib-
utes to the intensification of the exothermic
reaction with the dissociation of ions of the
surface layer of the polymer lining; the elec-
trons formed in the electrolyte are strongly
oriented and their effective dipole moment is
large, which leads to the inversion of many
currents according to the "polymer-metal”
scheme; triboadsorbed gas is adsorbed by the
working surface of the metal, after which its
chemical transformations occur; at the rate of
tribosorption and triboreaction of the same
order, the chemical reaction is shifted towards



Azarbaycan Miihandislik Akademiyasinin Xabarlori
2022, cild 14, Ne 3, s. 12-23
Canshmadov ©.X. va basq.

Herald of the Azerbaijan Engineering Academy
2022, vol. 14, no. 3, pp. 12-23
Janahmadov A.Kh. et al.

the working surface of the metal friction ele-
ment; a change in the degree of dispersity and
compactness of the phases that appear in the
upper layer of the polymer lining, containing
amorphous and vitreous substances, signifi-
cantly affects their chemical activity; in this
case, it is necessary to take into account the
change in the Gibbs energy; the change in the
Gibbs energy of the surface layer of the poly-

mer lining is associated with its temperature
and heat content, which affect the direction of
shifting the equilibrium of the chemical reac-
tion; application of the Onsager reciprocity
relation allowed to determine the quantitative
dependences between the parameters of diffu-
sion and thermal diffusion and their coeffi-
cients by calculation and experiment.
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