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CONCEPTUAL BASIS OF THERMO-CONTROLLABILITY
IN RAILWAY BRAKING TRIBO PAIRS

Nowadays, the problem of insufficient braking power is solved by increasing the number of friction pairs, resulting
in an increase in resource and labor intensity, unsprung mass, resistance to movement, and low resource efficiency.
Also acute is the problem of reducing the noise level when using friction brakes. The analysis of the problems of exist-
ing brake equipment led to the choice of a promising direction of research on the effectiveness of braking — control of
the temperature of the brake friction surfaces.

Purpose. To create a method for increasing the efficiency of the braking system by controlling the cooling of the
friction surfaces by adaptive air supply; to create a mathematical model of air pressure supply to the brake frictional
contact in order to obtain the optimal diameter of friction lining holes and the air feed rate.

Methodology. During the research, the analysis of leading modern studies and patents of technical solutions aimed
at improving the frictional properties of brake devices, methods of decision-making theory and expert evaluation of
methods for improving the operational characteristics of railway braking systems is conducted. Mathematical model-
ing of air pressure supply to the zone of relevant frictional contact is applied.

Findings. A concept of adaptive energy consumption management at self-ventilation of a brake disc plate using the
improved mathematical model which considers geometric parameters of air courses. A method for assessing the influ-
ence of the factors on brake equipment operation while supplying the compressed air to the frictional contact is sug-
gested.

Originality. The mathematical model of air pressure supply to brake frictional contact is developed in order to
obtain the optimal diameter of the friction lining holes. Application of the suggested technique for cooling will allow
advancing efficiency of operation of frictional braking elements of rolling stock, increasing the adhesive coefficient,
stabilizing the temperature in the tribo-contact, decreasing the wear of brake surfaces of friction and increasing safe-
ty of operation.

Practical value. As a result of the conducted research complex, the method of adaptive forced cooling of the fric-
tion surfaces of the brake was proposed and scientifically substantiated for the first time, which will provide effective
characteristics of the cooling process, will allow reducing significantly the dependence of the coefficient of friction on
the temperature in the contact zone of the working elements during braking. The application of the proposed devel-
opments will allow:

- using the compressed air, which is drawn from the brake cylinders, effectively;

- cooling the contact area of “brake pad — wheel”, “brake pad — disk”, by supplying compressed cooled air into
the holes of the brake pad or formation in the contact zone of the active gaseous medium;

- increasing braking efficiency and reducing the intensity of wear of the brake pads due to the timely removal of
friction wear from the contact area;

- increasing the rail traffic safety by enhancing the reliability of braking.
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Introduction. The problem of ensuring the efficiency
and safety of the braking of rolling stock is exacerbated by
the increase in the speed of rail transport in Ukraine and
in the world. A significant increase in kinetic energy,
which affects the temperature rise of the friction elements
of the brakes during braking, necessitates the develop-
ment of the scientific basis of thermo chemistry in the rail
brake tribopairs, the study of new methods for improving
the brake characteristics of the rolling stock of railways.

Consequently, there is an urgent task to create a
method for improving the efficiency of the braking sys-
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tem that will provide effective characteristics of the
cooling process, will significantly reduce the depen-
dence of the coefficient of friction on the temperature
generated in the contact zone of the working elements
during braking.

Analysis of the recent research and unsolved aspects of
the problem. The analysis of the results of an expert sur-
vey within the framework of the study of the Interna-
tional Union of Railways has led to the processing of
about 100 questionnaires of industry researchers from
participating countries, representing individual research
experience, along with experience in addressing specific
tasks of the railway industry in their countries, showed
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that the following directions of development of railway
transport were the most demanded:

1. Resistant construction of rolling stock (“Rolling
stock” cluster).

2. Traffic safety and personal safety of passengers
(“System as a whole” cluster) [1].

3. Technologies for monitoring the rolling stock and
compatibility (“Infrastructure” cluster).

4. Development of new materials and technologies
for the infrastructure (“Infrastructure” cluster).

5. New materials and production processes for roll-
ing stock (“Rolling stock” cluster).

6. Interaction in the wheel-rail system (“Infrastruc-
ture” cluster) [2].

Analyzing the 6 most priority areas of research, one
can distinguish the pattern with the highest concentra-
tion and demand directions within the framework of sci-
entific clusters of Infrastructure and Rolling Stock. Ex-
perts-specialists determine the reliable and safe opera-
tion of the infrastructure and rolling stock as the basis
for efficient operation of the railway transport complex.

The effectiveness of brake facilities is one of the most
important conditions that determine the possibility of
increasing the weight and speed of trains, the train-han-
dling and freight capacity of railways. From the proper-
ties and condition of the brake equipment of the rolling
stock, to a great extent, the safety of the movement de-
pends.

Due to the constant increase in the speed of trains,
high requirements for braking devices are imposed. The
application of the well-known design of the brake shoe,
which involves the interaction of the brake pad with the
wheel surface, is limited by the limits of their permissi-
ble heating. The use of disc brakes is becoming more
widespread, because the required braking power is not
achieved with the help of shoe brakes. The use of shoe
brakes at high speeds is also undesirable due to the fact
that the wear of the wheels increases significantly.

In the course of operation, the surface of the riding
and the rudder of the running wheels interact with the
rails, and in the case of clutch braking — with the
blocks on the brake axles as well. As a result, both fric-
tion pairs mutually influence the process of wearing
the wheels and rails, forming a contact zone between
them and the level of contact stresses that arise, and,
consequently, on the coupling forces that determine
the size of the traction and braking forces of the rolling
stock.

Modern world studies on improving the effectiveness
of friction interaction consist of work on the following
main areas:

- mathematical modeling of thermophysical and
mechanical processes in the zone of friction contact in
the wheel-brake system, required for the analysis of ex-
isting and advanced brake equipment [3];

- assessment of reliability and technical risks of op-
eration of brake equipment [4];

- computer simulation of thermophysical and me-
chanical processes in the zone of frictional contact of
brake elements using finite element models and analysis
of its results [3, 6];
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- research on computational hydro-gas dynamics;

- experimental studies of friction processes with cy-
clic temperature stabilization at high speed;

- development of devices aimed at controlling fric-
tion processes, including those for the improvement of
brake devices.

The process of breaking of the rolling stock is signifi-
cant influenced by dynamic forces. In this case, special
attention is paid to improving the methodology [7, 8] to
determine the appropriate effort. Also, [9] promising di-
rections for improvement of the respective qualities of
freight wagons are currently proposed, and some [10]
separate positive results are presented.

Among the modern studies, a significant place is oc-
cupied by the research on thermal stresses of disc brakes,
in particular the study of dynamic loads [11], research
on the ventilation apparatus of brake discs, analysis of
the mechanisms of heat transfer of brake friction ele-
ments [12].

The need to supplement existing research does not
call into question the characteristics of the friction pro-
cesses presented in the studies. The authors of the works
point to the need to ensure a stable coefficient of friction
of the friction surfaces, reduce the temperature and re-
duce the probability of occurrence of wheel sliding.
Consequently, based on the world’s leading research,
the task is to develop a scientific basis for thermo cou-
pling in the rail brake tribopairs and effective methods
for improving the brake friction system in order to in-
crease the braking performance by controlling the tem-
perature in the friction pair.

Objectives of the article. Definition and substantia-
tion of the most effective methods of perfection of the
brake friction system in order to increase the braking ef-
ficiency by controlling the temperature in the friction
pair, increasing the thermoregulation and energy dissi-
pation capacity in the braking systems. Creation of a
method for increasing the efficiency of the braking sys-
tem by controlling the cooling of the friction surfaces by
adaptive air supply; the creation of a mathematical
model of the dependence of the optimal diameter of the
friction lining holes on the air pressure supplied in them,
the air expenditure from the pressure and the method
for assessing the influence of factors on the operation of
the braking equipment during the supply of compressed
air to the frictional contact.

Research methodology. Presentation of the main re-
search. The main idea of the proposed approaches is to
study the question raised in the article using the method
of expert evaluations.

The method of expert evaluations allows working
with insufficiently formalized and structured tasks,
which are not clearly defined as algorithms, properties
and relations. The ease of use of the expert estimation
method, its flexibility and the ability to obtain the nec-
essary information led to its use to assess the options for
improving the braking system elements to stabilize the
temperature in tribo-contacts. The group of experts in-
cluded scientists and engineers from universities, depot
and manufacturers of rolling stock components. The
factors for evaluating innovative methods for increasing
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the efficiency of the braking system of the modern roll-
ing stock are as follows:

- increased security;

- stable friction characteristics (coefficient of fric-
tion, temperature);

- wear resistance;

- noise level during braking;

- cost of construction and operation;

- ecological factor.

Setting up the task of expert evaluation involves:

1. The object of the research — braking systems.

2. The number of options proposed by experts n.

3. The evaluation of options involves m experts.

4. Each expert has his rank, which is determined by
the level of his competence and sources of assessment
arguments.

5. Each expert conducts a qualitative assessment of
the proposed options.

6. All variants of improvement of brake elements
should be distributed in order of importance.

Innovative methods for increasing the efficiency of
the braking system of the modern rolling stock are as
follows:

IM1 — forced air supply to the contact of triboele-
ments;

IM2 — forced air supply, the temperature of which is
regulated depending on conditions and modes of opera-
tion;

IM3 — application of pads with powdered inserts;

IM4 — application of pads with cooling ribs;

IMS5 — application of brake linings whose outer sur-
face is made of heat-dispersing material;

IM6 — supply to the contact area of triboelements of
friction activators;

IM7 — the application of brake elements the con-
struction of which provides for phase transitions.

The processing of the results of the expert evaluation
was carried out with the help of the program developed
by the authors (Table).

As a result of the conducted expert research, the es-
timation of innovative methods for increasing the effi-

Table
Statistical analysis of the results
3, | 52| & | E5| £
Factor 8 = S . 2 2 & =i
£ | £2 5 Sz | §8
45 > RSt >3
1 4.909 0.175 2 0.905 18.4
2 6.636 0.237 1 0.651 9.8
3 4.273 0.153 1 0.603 14.1
4 3.182 0.114 2 0.778 24.5
5 4.273 0.153 3 1.168 27.3
6 3.273 0.117 2 1.015 31
7 5.455 0.195 1 0.674 12.4
Coordination
factor = 0.4
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ciency of the braking system of the modern rolling stock
has been evaluated. It has been established that the most
promising method for increasing the braking efficiency
is the supply of air with adjustable temperature, depend-
ing on braking and operating conditions. This method
received the highest rank of 0.237. However, other
methods can also be considered promising, since the
difference in estimates is negligible. According to ex-
perts’ opinion, the slightest effect on temperature stabi-
lization has the edges of cooling pads (the sum of ranges
is 0.114).

On the basis of the analysis of leading modern re-
search studies and patents of technical solutions aimed
at improving the frictional properties of brake tools, the
following classification of methods for the implementa-
tion of thermoregulatory and energy dissipation func-
tions in braking systems has been developed.

1. Thermal regulation is based on the absorption or
allocation of heat by metallic or non-metallic friction
elements of brake devices. In this case, you can use:

1.1. Chemical reactions to materials of friction over-
lays with release or absorption of heat.

1.2. Effects of allocation and absorption of energy
when the aggregate state of friction elements changes
(melting, evaporation, sublimation, crystallization, and
others).

1.3. Physical properties of materials of friction ele-
ments, which provide high heat output.

2. The thermoregulation is based on the removal of
heat outside of the friction pair of friction elements:

2.1. Ventilation and self-ventilation.

2.2. Extraction of heat with special cooling elements.

The analysis of the results of the processing of expert
data indicates that, according to experts, the most effec-
tive methods are cooling of frictional contact, improve-
ment of the ventilation device of disc brakes.

This task can only be performed on the basis of new
scientific and technical solutions in the field of brake
equipment, which will allow the creation of a system of
forced cooling of the disc brakes, which will provide ef-
fective characteristics of the cooling process, will have
acceptable mass-dimensional and fire performance and
significantly reduce the dependence of the coefficient of
friction on temperature generated in the contact zone of
the working elements during braking.

Method of cooling the brake frictional contact by sup-
plying compressed air. The mechanical part of the disc
brakes of the freight car consists of brake discs, which
are pressed by two on each wheel set, brake linings and
brake blocks (Fig. 1).

Working braking is carried out by disc brake, which
consists of brake blocks (Fig. 2) fixed by means of bolted
connections to the transverse beams frame brackets cart.
Brake blocks consist of case 7 (Fig. 2) respectively, and
tick-borne mechanisms. The inner levers of the caliper
are pivotally connected according to the rod and casing
brake cylinder longitudinal rods. Tick-borne mecha-
nism consists of two levers and 8-tightening divider 7, 6
shoe, brake linings 5 and 4, nuts, washers and pins. With
pincers-like mechanisms, bilateral arrangements are
made to effect brake linings, brake discs, mounted on
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Fig. 1. The brake block

axes wheel sets. The pulling divider that works as hard
rod and gear lever effort from one to another, moving
them toward the brake disk, simultaneously provides
uniform gaps between the pads and the disc brakes with
vacation. Fixing levers of a pincer-like mechanism with
skids is configured to move them in two mutually per-
pendicular directions, providing uniform pressing of the
brake pads to the brake disc surface. The brake linings
are installed in the guide holders and closed with a
blocking bolt that is restrained by a locking spring. On
both wheel pairs of bogies, two brake discs are installed
(Fig. 2).

The proposed method of railway vehicle braking and
equipment for its implementation is as follows.

Compressor / pumps compressed air into the main
tank 2; the air goes to the crane driver 4 along the feed
line 3. The crane driver connects the main tanks 2 and
feed line 3 from brake manifold 5.

Before the train is sent, brake is charged; for this rea-
son, the handle of the crane driver 4 is put in the selling
position (Fig. 3), in which air from the main reservoir 2
enters the brake lines 5 through the feed line 3 via the
crane driver 4 and then through the air distributor 6 — in
the reserve tank §. At the same time, through the air dis-
tributor 6 and a check valve 10, the brake cylinder 7

Fig. 2. Vented brake disc:
1 — friction ring; 2 — clamping ring; 3 — hub; 4 — washer or
clamping sleeve; 5 — lock nuts; 6 — hex bolt; 7 — screw for
locking rotation; 8 — threaded plug; 9 — a sealing ring
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communicates with the bellows 9, which accumulates
compressed air. The check valve 70 provides compressed
air moving in one direction with a brake cylinder to the
bellows and prevents air movement in the opposite di-
rection. For the train braking, the crane handle for a
driver 4 is transferred to the braking position, feed line 3
is disconnected and the brake lines 5 communicates
with the atmosphere Am through the valves 4. When
lowering the pressure in the brake line 5, the air distribu-
tor the air distributor 6 comes into effect, disconnects
the brake cylinder 7 with the bellows 9 and combines it
with a spare tank § filled with the compressed air. When
applying compressed air in the brake cylinder 7, the pis-
ton rod moves and transfers braking force through the
longitudinal rod 13 to chuck mechanisms which force
14 brake shoes with the brake plate /5 against the brake
disc 79.

Further on, the control valve /1 of the bellows 9 re-
sponds and the compressed accumulated air is fed under
pressure into the hole /6 (Fig. 4) of brake pads 15
through a rubber pipe /2. This helps to cool the “brake
pad — brake disc” contact.

A disc brake of a railway vehicle, which consists of
brake discs, brake cylinders, brake pads, shoes, accord-
ing to a prototype, is also developed, as well as a system
of forced cooling of the frictional contact disc and pad
with compressed air from the brake line. The technical
result of the use of project equipment includes increas-
ing the braking efficiency and reducing the intensity of

Fig. 3. Method of breaking a railway vehicle
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Fig. 4. Composite brake lining with holes

wear of brake linings through the timely removal of
products of frictional wear of the friction zone, cooling
of the zone of the frictional contact of “brake pad —
brake disc”, improving traffic safety by increasing brak-
ing reliability.

When supplying compressed air between the brake
linings and the brake disk during braking, one can iden-
tify the factors that will affect this process:

1. The air pressure supplied between the brake disc
and the brake linings.

2. The diameter of the inlet openings of the fittings in
the brake linings.

3. Optimal clearance between the brake disc and
brake pads (before the braking process so that the air has
time to blow off the pads).

The parameters governing the operation of the brak-
ing mechanism, when the compressed air is supplied be-
tween the brake pads and the brake disk, are as follows:

- air flow from the receiver;

- the coefficient of friction, the coefficient of effi-
ciency and the coefficient of stability of the brake mech-
anism;

- the uniform distribution of air over the surface of
the friction pad during braking;

- specific braking force.

In view of this, it is necessary to define and recom-
mend the value of pressure of compressed air and the
diameters of the inlet holes so that the force of counter-
action from the compressed air does not lead to deterio-
ration of the above parameters.

That is, it is necessary to determine numerically the
factors that affect the process of supplying compressed
air between the brake disc and brake linings during the
braking process and the dynamics of their action.

In the case of forced cooling by compressed air, the
surface of the brake lining should be considered as an
aerostatic slip resistance. Its basis will be a friction pad
with symmetrically located holes for the supply of com-
pressed air, relative to the longitudinal axis.

The calculation of the aerostatic support is based on
the approximation of the pressure field in the gap by dif-
ference algebraic equations. The method takes into ac-
count the two-dimensional distribution of the gas flow
in the supports of different configurations and gives re-
sults close to the real ones. In each of the points, it is
necessary to consider the integrated equations, using
known formulas for the approximate calculation of de-
rivatives.
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There are several methods for supplying and distrib-
uting gas in the gap. A very effective one is the sectional
system of gas supply with its distribution in the working
gap on the micro cavities. The calculation scheme of a
single-channel straight-line aerostatic support, applied
with a guide width of less than 40 mm, is shown in Fig. 5.

The gas is fed to the pressure beanvironment. The
microgroove, in combination with the stationary part of
the support, forms a capillarring p,. Passing through the
hole of the submersible diameters d, the gas with pres-
sure p, enters the micro curve length /; moving along the
last, through the gap goes to the ey feeding channel hav-
ing a split in the form of an equilateral triangle of height ¢
(depth of the groove). Due to the small amount of air
flow that flows through the lubrication gap, the flow
along the capillary can be considered laminar.

A more precise solution of the problem of laminar
lubrication of the support is associated with great diffi-
culty, since the flow of lubrication through the hole-
spatial: the flow velocity, in addition to the constituent

0 0,
a—J;, also has the component a—); These components

are proportional to the corresponding pressure gradi-
19

ents. The pressure gradient a—p along the capillary is
X

19
small in comparison with the pressure gradient a—p,
Y

from which it can be assumed that the flow along the y
axis is flat and directed perpendicular to the capillary
axis. The current line received confirms the admissibil-
ity of such a simplification of the task.

Consider an element of the lubricating layer of width
dx and height A, located at a distance x from the inlet.
The gas flow through the separation of the capillary de-
creases with increasing x due to leakage through the gap,

N

=8 —F F—5—3

F—o—F F—g—3

f——

Fig. 5. Settlement scheme
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at x = /. Reducing the mass flow dm, on the segment of
the capillary dx should be equal to the mass flow through
the gap (on both sides of the capillary) on the same seg-
ment in the direction y. This condition of continuity of
the flow is used to construct a differential equation of
support.

In the laminar flow, the volume flow of gas through a
capillary with a transverse intersection of an equilateral
triangle is associated with a pressure gradient formula

__ o "
T = o 8o

where 7 is the depth of the microgroove; p is changeable
pressure in the channel; p is the dynamic viscosity of the
gas.

Fluctuations in temperature of gas during its slow
flow along the capillary are insignificant; so there is a
correlation

p=Ap, ()

where p is the density of the gas; 4 — a constant.

Taking into account (1) and (2) the increase in the
mass flow of gas along the capillary on the element dx
will be

4 722
dm :iq Apdx:—A\/gt d’p dx

3
oot 360u dx? 3
op 1op?
B DLy P
ecause — P =5

The mass flow in the direction of the y axis on the
same segment equals the gain of the capillary in the di-
rection of the y axis

o

4
24u dy @

%dmy =q,Ap,dx=-A
here p, — alternating along the axis y pressure in the gap;
p — pressure in the capillary.

Expression (4) is a linear differential equation of the
first order
2
—£ =const,
y

because dm,, is a constant value for the intersection x. Its
integration with allowance for the boundary conditions
p=p for p,=p, for y = B leads to the equation of distri-
bution of pressure along the y axis

2__1’2_1’3
Py = B

y+p (5)

Where

G ey

oy B
Substituting (6) in expression (4) we give the latter to
the form

(6)

dm =4l P =P

dx.
T TR T )
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The sum of elementary increases in costs in the di-
rection of x and y should be zero. This condition leads to
a differential equation

h_3( 2_ 2):@.‘121’2‘
B “ 30 dx?

Substituting the function p(x)obtained in the equa-
tion (5) as a result of the solution of the last equation, we

find p, = p,(y).
Indicate the characteristic of a flat support with a
microgroove

12 3
K =17.3B—i’j, )

. . )4 .
and dimensionless parameters: P =-— — relative pres-
a

. . X . .
sure in the capillary; X :7 — relative coordinate;

h . .
H =— — relative clearance (h, — estimated clearance).

In addition, we will denote the reduction of the record

12 3
m* = KH? =17'3F’ 9)

The differential equation of pressure distribution
along the capillary will have the form

82 p2
oX
The general solution of this equation will be
P2=Cie™+ Ce ™ + 1.
Taking into account the boundary conditions, P= P,
at X=0 (at the exit of the throttle with a diameter d) and
oP

azo at X = 1 (since the gas flow at the end of the

capillary can be taken to be zero), we determine con-
stant integration and find the law of pressure distribu-
tion along the length of the capillary

b’ —l)e”’X +(p§ —l)e‘”’X

1+e*

-m?*P?+m?=0. (10)

|
P 1+e72m (i

The results of calculations by the equation (11), as
well as the dependence of the specific rigidity of the re-
sistance to pressure, are calculated and presented in the
form of tables and nomograms.

For further calculations, a number of known param-
eters are given and the required ones are calculated. For
the design brake pad we find an expression that deter-
mines the optimal hole diameter, depending on the

pressure.
de Ky, 1t
g 1020y’

where K, — specific stiffness of the support; y,— specific
gravity of air at pressure p,; f — groove depth; o — coef-
ficient of production; u — is the dynamic air viscosity.
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Fig. 6 shows the results of calculating the optimal
hole diameter, depending on the pressure at different
values of the length of the groove /. According to the
data obtained, under the pressure of the air, which is fed
into the holes of the brake lining up to 0.4 MPa (pres-
sure in the brake cylinder during braking of the car), the
estimated diameter of the holes does not exceed 8 mm.

It is also necessary to analyze the force of counter
pressure, which is formed when compressed air is used
to cool the frictional contact, and to classify the prod-
ucts of wear. It is calculated by the formula

0 =ppoBInKy,

where K}, is the specific strength of the counterweight.
By varying the number of holes », the geometric param-
eters of the element of the aerostatic support (overlays)
and the pressure, different values of the force of the
counterweight Q can be obtained.

Fig. 7 shows a plot of the dependence of the uplift
force Q on the number of holes in one overlay. Accord-
ing to the formula, it is linear.

Fig. 8 shows the dependence of air flow rate on pres-
sure during braking.

Depending on the force of pressing the brake linings
on the axle and other parameters of the braking system,
the parameters of the design brake lining are determined.

Conclusions and recommendations for further re-
search. According to the results of the planned strategic

I=50mm

1 1 1 1
0 01 02 03 04

P /e

Fig. 6. Graph of the dependence of the optimal diameter
of the holes on the pressure of air supplied to them

1.5x10* T T .
Q,H

110"

5%10°

5 10 15 20
n

Fig. 7. The graph of dependence of the uplift force on the
number of holes n in one overlay
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n=20

Fig. 8. Dependence of air flow rate on pressure

principles of the development of the world rail system,
analysis of the expert survey of specialists of research or-
ganizations in the field of rail transport, increasing the
efficiency of the operation of brake equipment is one of
the most important factors for increasing the speed of
traffic, safety and energy efficiency of rail transport.

An innovative method for controlling the tempera-
ture of brake friction surfaces is suggested, which will
promote further development of high-speed locomotive
movement. The method features the novelty of the de-
veloped solutions, is of theoretical and practical value
regarding the improvement of the performance charac-
teristics of brakes. For the proposed method, assessment
of the influence of factors on the operation of the brak-
ing equipment during the supply of compressed air to
the frictional contact is made. The scientific novelty of
the research consists in the creation of a mathematical
model of the dependence of the optimal diameter of the
friction lining holes on the air pressure supplied to them,
as well as the dependence of the air flow on the pressure.
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Y Ham yac mpo6GiemMa HemOCTaTHbOI TMOTYKHOCTI
TaJIbMyBaHHSI BUPILIIYEThCS 3a PaXyHOK 30iTbIIEHHS
KIiJIbKOCTi Map TepTsl, 110 MPU3BOAUTD 0 301IbIIEHHS
pecypcy Ta TpPYAOMICTKOCTi, HEMiIpecopHOi MacH,
CTIMKOCTI 10 pyXy i HU3bKOI PECYpCHOI €(DEKTUBHOCTI.
Takox rocTtpo CTOITh IIpobiieMa 3HMXKEHHSI PiBHS
IIyMY TIpY BUKOPUCTAHHI (PPUKIIAHNAX rajabM. AHai3
po0JieM iCHYIOYOTO TaJIbMiBHOTO OOJIagHAHHS TPU-
3BiB 10 BUOOPY MEPCIEKTUBHOTO HAMPSIMY TOCIiIKEHb
e(PeKTUBHOCTI TaJIbMyBaHHSI — KOHTPOJIIO TeMIiepaTy-
Y TaJIbMiBHUX TTOBEPXOHb TEPTS.

Meta. CTBOpeHHS CIIocoOy MiaABUILEHHS e(heKTUB-
HOCTI TraJIbMiBHOI CUCTEMHU IUISIXOM YIPaBJIiHHSI OXO-
JIOIXKEHHSIM TOBEPXOHb TEPTs afalTUBHOIO TMOAAYelo
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MOBITPSI; CTBOPEHHSI MaTeMaTUYHOI Mojedi Itogadi
CTUCHEHOTO TIOBITpSI OO TaJbMiBHOro (PPUKLINHOIO
KOHTAaKTy IUISI OTPUMAaHHSI ONTHUMAJIBHOTO IiaMeTpy
OTBOpIB y HakJaaKax i BilMOBIAHOI MPOAYKTUBHOCTI
roaayvi MmoBiTpsl.

Metoauka. Y X0Mi JOCHiIKeHHS MPOBEACHO aHali3
MPOBINHUX CYYAaCHMX AOCIIMXEHb i MaTEeHTIB TeXHIU-
HUX pillleHb, CIPSIMOBAHUX Ha MOKpalleHHs PPUKIIiii-
HUX BJIACTUBOCTEN TajJbMiBHUX MPUCTPOIB, METOMIB
Teopil MPUIUHATTS pillleHb i eKCMePTHOI OL[IHKU METO-
JIiB MiABUILEHHS eKCIUTyaTalliiHUX XapaKTePUCTUK 3a-
JII3HUYIHUX TATbMIBHUX CUCTEM. 3aCTOCOBAaHE MaTeMa-
THYHE MOJEIOBAHHS ITOfadi CTUCHEHOTO IIOBITPS IO
30HU BiATOBIAHOI (PPUKLITAHOI B3aEMOIII.

Pe3syabrat. Po3pobiieHa KOHIIEMNIisS afanTUBHOTO
VIIpaBJIiHHSI e€HeprozaTparaMM Ha CaMOBEHTUJISILIil
TaJIbMiBHOTO IMCKa Ha YIOCKOHAJEHHili MaTeMaTud-
Hili Mozeni, 1110 BpaXOBY€E reOMETPUYHI ITapaMeTpH T0-
BITPSIHMX TpakTiB. 3alpoloHOBAaHO METOA OLIHKU
BILIMBY (DAaKTOPiB HA POOOTY raibMiBHOTO OOJIaAHAHHS
MPU TToavi CTUCHEHOT'O MOBITPS HA (PPUKIIIHHUI KOH-
TaKT.

HaykoBa HoBu3Ha. Ilossirae y cTBOpeHHiI MaTeMa-
TUYHOI MOJEJi Mmojadi CTUCHEHOTO MOBITPS 10 Tallb-
MiBHOTO (DpMKLIHHOTO KOHTAKTy 3ajisl OTPUMAHHS
OITUMAJILHOTO JiaMeTpa OTBOPIB Y HaKJIagKax. 3acTo-
CYBaHHSI 3aIlIPOIIOHOBAHOIO CITOCOOY OXOJIOMKECHHS
TIO3BOJINTH MiABUIIUTH €(EKTUBHICTh pOOOTH (hPUK-
LIAHUX TaJbMiBHUX €JIEMEHTIB PyXOMOIO CKJIady,
30iMbIIUTU  KOe(iliEHT 34YeryieHHsI, CcTab0imi3yBaTu
TeMrepaTypy y TPMOOKOHTAKTi, 3MEHIIUTHU 3HOC Tajlb-
MiBHUX MOBEPXOHb TEPTSI Ta MiABULLIUTU OE3MEKY PYXY.

IIpakTUyHa 3HAYMMICTB. Y pe3y/bTaTi MPOBEIEHOTO
KOMIIJIEKCY HOCTiIKEeHb yreplle 3alpornoHOBAaHO W
HayKOBO OOTPYHTOBAHO METO]I alalTUBHOTO MPUMYCO-
BOTO OXOJIOMKCHHS ITOBEPXOHBb TePTs TajabMa, IO 3a-
0e3meunTh e(heKTUBHI XapaKTepUCTUKHU IIPOIIECY OXO0-
JIOMKEHHSI, TO3BOJUTH iCTOTHO 3MEHIITUTH 3aJICKHICTh
KoedillieHTa TepTd Bill TeMIepaTypu B 30HI KOHTAKTY
poOOYMX eeMEHTIB MPU TaJbMyBaHHI. 3aCTOCYBaHHS
3aIIPOITOHOBAHUX PO3POOOK JO3BOJIUTD:

- e(beKTUBHO BUKOPUCTOBYBATU CTUCHEHE TTOBITPSI,
1110 BUJIYYA€ETHC i3 raJbMiBHUX LIMJIiHIPIB;

- OXOJIOMXKYBATU 30HY KOHTAKTY ,,TaJIbMiBHi KOJIO/I -
KM — KoJieca“, ,,raJibMiBHi KOJIOAKW — IUCKU ", Moal0-
YU CTUCHEHE OXOJIOIXKEHE TOBITPSI B OTBOPU TaJIbMiB-
HOT KOJIOAKMU;

- MiABUIIUTU €(PEKTUBHICTb raJibMyBaHHS Ta 3HU-
3UTU iHTEHCUBHICTb 3HOIIYBaHHS raJbMiBHUX HaKJa-
IIOK YHACJIIOK CBOEYACHOTO BUIAJICHHS IIPOMYKTiB
TepPTSI i3 30HU KOHTAKTY;

- MOKpallMTH Oe3mneKy pyxy IOi3/iB 3a paxXyHOK
MMiIBUILIEHHS HAAIMHOCTI TaJIbMyBaHHSI.

Kmouosi cioBa: 3ariznuunuii mpancnopm, mepmoy-
npaeninHs, OUCK08I 2arvbma, QpUKYiiHa 83aEm00is
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B Haiie BpeMst mpo6JieMa HeI0CTaTOYHOI MOIIIHO-
CTU TOPMOXKEHUS pelliaeTcs 3a CUeT YBEJIUUYEHUST KOJIU -
YeCcTBa Map TPEHUS, YTO MIPUBOIUT K YBEITMUCHUIO pPe-
cypca U TPyIOEMKOCTH, HEMOIPECCOPEHHOU MaccChl,
YCTOMUMBOCTU K IBUKEHUIO Y HU3KOW pecypcHO ad-
(extuBHOCTU. Takke ocTpo cToUT MpobIeMa CHUXE-
HUS YPOBHSA IIlyMa IPW HMCIIOJb30BAaHUU (DPUKIIMOH-
HBIX TOPMO30B. AHaIM3 IPOOJIEM CYIIECTBYIOIIETO
TOPMO3HOTO OOOPYIOBAaHUS IPUBENI K BBIOOPY Tep-
CMIEKTUBHOTO HampaBJieHUus ucciaenoBaHnii addek-
TUBHOCTU TOPMOXEHUsSI — yIpaBJIeHUE TEMIIepaTypoi
TOPMO3HBIX TOBEPXHOCTEN TPEHUS.

Iean. Coznanue cnocoba MoBblleHus 3(hHeKTUB-
HOCTU TOPMO3HOW CHUCTEMBI IyTeM YIIpaBJIEHUS OX-
JIaxKIeHeM TTOBEPXHOCTeN TPEeHUs afarTUBHOI Moaa-
Yyeil Bo3myxa; co3daHue MaTeMaTUYeCKOW MOJEeIU To-
a4y CXaToro BO3AyXa B TOPMO3HOW (DPUKIIMOHHBIN
KOHTAKT TS TIOJIYYEeHUsI ONITUMAJIEHOTO TUaMeTpa OT-
BepCTHI B HAKJIagKaX U MPON3BOAUTEILHOCTH TTOIAYN
BO3IyXa.

Metomuka. B xozne ucciaeqoBaHusl IpoOBeIeH aHa-
JIN3 BEIYIIMX COBPEMEHHBIX MCCJICIOBAHUNI 1 MaTeH-
TOB TEXHUYECKUX PEIICHW, HATpaBJICHHBIX HA yIyd-
1eHue (GPUKLMOHHBIX CBOIICTB TOPMO3HBIX YCTPOICTB,
METOIOB TEOPUU TPUHSATUSI PEIICHUN U IKCIIEPTHOM
OLIEHKHM METOJOB MOBBIIIIEHUST KCIUTyaTallMOHHBIX Xa-
PAKTEPUCTUK KEJTE3HOTOPOXKHBIX TOPMO3HBIX CUCTEM.
[TpuMeHeHO MaTeMaTUYeCKOe MOIEIMPOBaHUE MOIa-
YU CXaTOro BOAYXa B 30HY COOTBETCTBYIOILETO (PPUK-
LMOHHOTO B3aUMOICICTBHSI.

Pe3yabratbl. PazpaboTraHa KoHUENIMS adanTUBHO-
TO yIIpaBJIeHUs SHepro3aTrpaTaMi Ha CAMOBEHTIIISIIINI
TOPMO3HOTO IHCKAa Ha YCOBEPIICHCTBOBAHHOI MaTe-
MAaTUYECKOU MOJIEIN, YYMUTHIBAIOIIEU T€OMETPUIECKIE
nmapaMeTpbl BO3OYIIHBIX TpakToB. IIpemnoxeH meTon
OLIGHKU BIMSIHUS (haKTOPOB Ha PabOTy TOPMO3HOIO
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000pyI0BaHUS IIPU TTOIAaYe C3KATOTO BO3MyXa Ha (DpUK-
IIMOHHBIN KOHTAKT.

Hayunas HoBu3Ha. 3aKiTi0uaeTcs B CO3MaHUM MaTe-
MaTMYeCKOM MOJIEIM MOoJaYr CXKaToro Bo3ayxa B TOpP-
MO3HOI (PPUKIMOHHBINM KOHTAKT IIJIsI TTOJYyYEHUS OTl-
TUMAaJbHOIO IUaMeTpa OTBepCTUil B Hakaakax. [Tpu-
MEHEHME IpeslaraeMoro Crnocoda OXJIaXIeHUs TMOo-
3BOJIUT MOBBICUTH 3 GHEKTUBHOCTh PabOThl (PPUKIIM-
OHHBIX TOPMO3HBIX 3JIEMEHTOB TIOJIBUKHOTO COCTaBa,
YBEJIMUUTh KOIMOULMEHT CLIETVIeHUS, CTa0OUIU3UPO-
BaTh TEMIIEpaTypy B TPMOOKOHTAKTE, YMEHBIINTD W3-
HOC TOPMO3HBIX MOBEPXHOCTEU TPEHUS U MOBBICUTH
0e30IMaCHOCTD IBUKCHMSI.

IIpakTHYecKas meHHOCTb. B pesynbrare mpoBeacH-
HOTO KOMILJIEKCa MCCIIeOBAaHUI BIEPBbIE MPEMIOXKEH
YU HaydyHO OOOCHOBAaH METOJ aJalTUBHOIO MPUHYIU-
TEJbHOTO OXJaXIEHUS IMOBEPXHOCTEH TPEHUSI TOPMO-
3a, 4To obecreyuT 3(PeKTUBHBbIE XapaKTEPUCTUKU
rpolecca OXJaXIEHUs, TO3BOJUT CYIIECTBEHHO
YMEHBIIIUTh 3aBUCUMOCTb KO3 GUIIMEHTA TPEHUST OT
TeMITepaTypbl B 30HE KOHTaKTa pabO4YMX 3JEMEHTOB
py TopMoxkeHUU. [TpuMeHeHne TTpeToKeHHBIX pas-
paboTOK TTO3BOJIUT:

- 3(deXTMBHO WCMOIB30BaTh CXATHI BO3MYX,
CTpaBIMBacMBbIil 13 TOPMO3HBIX IIUJIUHIPOB;

- OXJIaXIAThb 30HY KOHTAaKTa ,,TOPMO3HBIC KOJOMI-
KM — KoJjieca®, ,,TOpPMO3HbIE€ KOJIOIKU — ITUCKU®, TTO-
JaBast C>KaThIM OXJIAXKACHHBIMA BO3IYX B OTBEPCTUS TOP-
MO3HOM KOJIOJIKU;

- MOBBICUTH 3 (PHEKTUBHOCTh TOPMOXKEHUST U CHU-
3UTh UHTEHCUBHOCTbh M3HOCA TOPMO3HBIX HAKJIaJ0K B
pe3yabTaTe CBOEBPEMEHHOIO yHaJleHWs TIPOAYKTOB
TPEeHUs U3 30HbI KOHTAKTA;

- YBEJIMYUTH OE30MMaCHOCTh JABUXKEHUS TOE3I0B 3a
CUET MOBBIIICHUS HANEKHOCT TOPMOKCHUS.

KioueBblie cioBa: dicene3H000pOANCHbIIL MPAHCHOPHI,
mepmoynpaenerue, OUCKOBbLIL MOPMO3, QPUKUUOHHOE
e3aumodeiicmaue
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