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vehicles has been based on the discrete length of

MODELING OF VEHICLE MOVEMENT
IN COMPUTER INFORMATION-CONTROL SYSTEMS

The subject of the article is the processes of synthesis of a mathematical model of control objects functioning in
computer information-control systems of critical purpose for the needs of high-speed railway transport. The
main emphasis is on modeling the movement of a passenger train in the high-speed system of Ukrzaliznytsia.
The aim is to study the process of regulating the speed of railway vehicles under conditions of uncertainty in
the primary information of microprocessor information-control systems of railway transport. Tasks:
determination of the criterion of the safety of railway vehicle auto control; obtain a mathematical model of
train movement under conditions of uncertainty; check the adequacy of the model. The method used is the
mathematical apparatus of discrete models. The following results have been obtained. The mathematical model
of train movement developed in this work includes not only information on train position, reference point,
direction, and speed of the vehicle but also a variable control indicator to reflect the process of railway traffic
adequately. The study shows that, based on the synthesized model, it is possible to use the so-called fuzzy
distance between adjacent trains. This approach improves the accuracy of determining the critical distance
between trains, the time required to eliminate the risk of collision, the start time of braking, and braking time
considering the angle of inclination of the track, as well as the distance of the braking distance. The necessity
to determine the control indicator, its value for many points of time, while there is a reduction in speed for the
safe movement of trains. Based on the proposed mathematical model, a computer simulation of the process
was performed to determine the required time reserve for the train driver to respond to changes in the speed of
the previous train, as well as speed ranges that require immediate emergency action. Conclusions. The
scientific novelty of the obtained results is the development of a mathematical model of the behavior of mobile
units in computer systems for critical use for the needs of railway transport in the presence of failures in the
primary information from sensors that record motion parameters. The behavior of the control system at
different values of train speed and changes in the value of the interval of the accompanying journey is studied.
The theory of traction calculations in computer control systems for mobile units has been further developed.
The obtained scientific results will be used in the development of an application program for many critical
computer systems for railway.

Keywords: microprocessor train traffic control systems; selfregulation; interval of accompanying following;
train traffic; traffic control under conditions of uncertainty; traffic safety.

autoregulation using the discrete method did not allow
to effectively realize the benefits of high-speed traffic
effectively, which led to the formation of a
fundamentally new approach based on inter-train
sections of variable length. At the same time, the
methodology of calculating the interval of the
accompanying sequence has not changed dramatically,

1. Introduction

1.1. Motivation

The regulation of the movement of railway

sections with some fixed length for many years.
Accordingly, as the main technical means of
autoregulation and traffic safety, traffic lights were
used, which by their nature are also a device of discrete
action. This approach provides a fairly simple technical
implementation and a clear and understandable
algorithm for the operation of the traffic control system.
While the speed of trains was not significant enough,
this approach met the requirements of railways and
society, but the emergence of high-speed express trains
has significantly changed the situation. Traditional

although the process of speed control takes place under
conditions of increased number of factors, the
consequences of which are often very difficult to
predict. These factors primarily include primary data
from primary sensors on vehicle motion parameters.
Since the existence of railway information and control
systems, there is a problem of reliability of these
primary data. There are two main components to this
problem. First, the primary information from the sensors
can take many values in a very wide range. Second,
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researchers do not have enough statistics, so even the
introduction of modern computer technology does not
solve the problem. In fact, management takes place
under conditions of some uncertainty with the need for a
guaranteed result, which in turn requires a thorough
scientific study of this process.

1.2. State of the Art

The regulation of the movement of railway
vehicles is based on the principle of dividing the inter-
station race into block sections of fixed length. The
main purpose of the calculations was to ensure traffic
safety and determine the length of sections for a
guaranteed train stop in the worst conditions. The
calculations took into account the value of the plan and
profile of the track, the characteristics of the rolling
stock, etc. [1].

Classical approaches to the theory of locomotive
traction are carefully considered in [2]. Separately,
studies of the impact of the train speed on the
performance of the railway are presented in [3]. Based
on this, the conditions for improving the control
technology [4] and the introduction of train schedule
through the solution of the destination problem were
formed [5]. A further development of the theoretical
foundations of autoregulation was the introduction of a
system of automatic regulation of train speed in the
subway. In contrast to the previous method,
additionally, the developers took into account the mass
of the train, the dynamics of possible changes in speed
(acceleration or deceleration) [6].

Mathematical model, according to which the
locomotive control system determines the speed of the
train, has the ordinates of trains as logical variables, the
distance to the train following in front, data on the
section of track on which the train moves, its
characteristics and other indicators [1].

Methods for estimating throughput by classical
methods are considered in [7], but more and more
researchers consider it appropriate to use Internet of
Things technologies in new railway management
systems [8].

For example, the cybernetic approach to security
management systems based on Industry 4.0, described
in [9].

At the same time, the emphasis is on the need for
integrated automation in solving existing problems of
the main branches of railway transport, such as
automation of train schedules [10].

It should be noted that all the above works are
based on the use of the concept of fixed block sections
for the branching of adjacent trains and, accordingly, to
ensure traffic safety. This concerns the issues of
optimizing the trajectory of several trains [11], the

problems of planning the movement of railway transport
[12] and improving the methodology for determining
locomotive circulation schemes [13].

European countries mainly use traffic control
systems based on the concept of so-called mobile block
sections, an example is the TGV alarm system, which is
described in [14]. However, some European railways
use fixed block systems - ERTMS (European Rail
Traffic Management System) [15]. They are common in
most developed countries of the European Union.

Recently, among the specialists dealing with the
problems of improving rail transport, much attention is
paid to improving the technology of freight rolling stock
management and the introduction of a new timetable
system. Fuzzy control models are becoming
increasingly used in train control processes and
operational work in general. Of particular note is the
work [16], which addresses the problems of ensuring
the stability of rail transport using fuzzy models, but it
should be noted that the ideas of the authors are still
based mainly on the concept of fixed block sections.

Problems of optimization of real-time traffic
control for new general-purpose railway networks are
considered in [17]. Paper [18] considers a general model
of a track with arbitrary geometry, including
irregularities in the centerline of the rails. Instead, in
[19] the issues of improving the management system of
industrial railway transport based on ZigBee are
considered. Although the research [20] provides a
model for determining the state of railway automation
equipment with restrictive statistics, but it considered
the example of only two complex modern systems that
use the previous concept of tools application. At the
same time, the article [20], devoted to the measurement
of the parameters of the movement of the couplings on
the sorting slides, only partially solves the existing
problems of measurement accuracy in information and
measuring systems, which are carefully considered
in [21]. The influence of uncertainty under real
operating conditions on the safety of a rail vehicle
resulting from possible changes in rail inclination and
rail surface deviations from nominal dimensions is
shown in [22]. The authors of the work only partially
solve the existing problems of measurement accuracy in
information-measuring systems, which are thoroughly
considered in [23]. This means that on the basis of
objectively obtained parameters of the motion process it
becomes possible to synthesize a modernized control
system in conditions of uncertainty with the
involvement of the results obtained in [24].

Due to the existing limitations of traditional
research tools, more and more scientists are beginning
to deal with management issues under conditions of
uncertainty. An attempt to solve this problem with the
help of classical information theory is shown in [25],



38

Radioelectronic and Computer Systems, 2022, no. 1(101)

ISSN 1814-4225 (print)
ISSN 2663-2012 (online)

and in [26] the normative documents regulating the
work of railway transport are presented. All the above-
mentioned scientific works can serve as a basis for the
synthesis of new models and approaches to the
implementation of the process of interval regulation in
conditions of uncertainty in the primary information.

An additional obstacle is the limited number of
statistics on possible manifestations of destabilizing
factors, the occurrence of which may be the cause of a
traffic accident. In this sense, the scientific approach
formed in [2] is quite interesting, which provides a
guaranteed result of the management process under
conditions of uncertainty. The structure of the input data
can be represented using the approach outlined in [27].
However, the mechanical, formal transfer of this
mathematical apparatus to solve the problems of train
traffic control is not possible due to the specificity of the
technology of railway transport and the priority of
transport safety.

Therefore, the purpose of this article is to
determine the necessary reaction time of the train driver
to a change in the speed of the previous train, as well as
the speed ranges that require immediate action as part of
the study of the process of speed control of rail transport
under conditions of uncertainty of primary information.
To achieve this goal, the authors proposed to allocate in
the whole set of primary data a range that can guarantee
the achievement of a useful result and most adequately
describes the behavior of the control system. The
formation of the specified range or area is carried out by
heuristic methods.

2. Diagram of a computer control system
for train traffic

Modern computer systems for
multifunctional and extensive complexes.

They provide automatic regulation of train
movement with minimal human involvement. In
Ukraine, systems with discrete tracking intervals and the
use of traffic lights are still used.

The diagram of such systems consists of three
separate functional subsystems (Fig. 1).

This is a stationary, mobile and information
exchange subsystem (train communication). The main
task of the mobile subsystem is to ensure safe driving
with respect to the appropriate speed mode. The
stationary subsystem provides control of train
movement within the control area. Its work is based on
the model of the train situation, which is updated by
receiving data on the location of a single train.

These data are determined by the locomotive
model of train movement, which receives information
from the unit for determining the location and the unit
of parameters of the locomotive. The position of the
locomotive on the site is determined by information
from track sensors, usually balises, and the GPS
navigator signal. The locomotive model determines all
the necessary parameters of train movement, which are
implemented automatically. The driver monitors the
operation system and, if necessary, takes control.

railways are
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Fig. 1. Diagram of a computer control system for train traffic
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Information  exchange  subsystems  provide
continuous information interaction of mobile and
stationary subsystems, including locomotive driver and
train traffic controller.

In Ukraine, this system is used with somewnhat
narrowed functions due to the use of block sections of
fixed length, but the models of movement are quite
similar. The Southern, Donetsk and Dnieper railways
have full-featured computer control centres with real-
time train simulation. One of the main problems of
control centres is to ensure stable operation of the train
model under conditions of limited stochastic data on
traffic parameters.

The main message for modeling the movement of
railway vehicles is to exclude the possibility of their
collision. This requirement means the establishment of
some critical value of the distance between vehicles

L, Which guarantees the safety of the transport
process at the established level. In this sense, the most
difficult situation is with the use of air transport moving
in three-dimensional space (X,Y,Z). Therefore, it is
obvious that the control system must implement some

function with parameters F(XKp,YKp,ZKp).

3. A mathematical model
of train movement

3.1. Development of the model

The variable Y; indicates the existence of a route,

or rather its changes, which is typical for the station.

In the race, the situation looks much simpler: in
fact, we have only one variable that characterizes the
interval of the accompanying sequence.

The task of traffic safety is to maintain inequality

Xi = XKp D
throughout the transportation process.

From the point of view of maximizing the capacity
X; = X,p , 1.€. if the ordinate of the i" train is equal to

X, fori+ 1—itwill look like:

Xi + XKp' (2)

The automatic control system must ensure the
fulfillment of equation (1), but it should be borne in
mind that the value of X, is in some way proportional
to the speed of vehicles, which complicates the

implementation (1). This is especially true when two
vehicles are moving at different speed.

For V; <V, (where V;,V, is the speed of train 1
and train 2, respectively), the distance L between trains
1 and 2 obviously increases, for V; =V, it is constant,
so we consider the last situation when V; >V, ie.
object (vehicle) 1 "catches up" object (vehicle) 2
moving in front of V.

As can be seen from the above, information about
the position of trains (coordinates X; and X, ) is not
enough to reflect the process adequately. You need to
know the direction of movement and speed. Therefore,
to reflect the process of train movement, we introduce a
system of phase coordinates, which will include the
position (X coordinate) and the speed (V coordinate) of
the train.

We also have to set a starting point. The process
takes place in time. It is impossible to determine the
above values continuously in practice, so we consider
that the vector of parameters is measured at discrete
moments of time

t,=n-t, (©)]

where t —the quantization period.

We have the following task.

Given: two moving units which are moving in the
same direction in the race from point A to point B.

The position of trains is determined at times:

tn Zn"C+t0, (4)

where t; — the starting point of time.
Set and accurately measured phase coordinates at

the initial time tg :
X Y
O land| 0 |, (5)
VX, VY,

where Xy and Yy — the distance from point A to the
first and second trains;

VXg and VY, — the speed of movement of the
first and second trains, respectively.

The first train follows the second. We use the
theoretical approach outlined in [24] to build a
mathematical model of train motion.

At time t,,, the position of the trains is described

by the following phase coordinates:

=<l
and , (6)
VX, VY,
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where X, and Y, - the distance from point A to the
first and second trains;
VX, and VY, —the speed of movement of the first
and second trains, respectively.
The positions of trains in the nth and (n + 1)
moments of time are related by the following relations:

Xpaa = Xp +7-VXp; @
Y =Yy +1-VY,.
The distance between them at the n'" time:
Dn :Yn _xm (8)

and at (n + 1)™ time:

Dn+1 = Yn+1 - Xn+1 =
=Yy +1- VY, )= (X, +1-VX, )= (9)
=D, +t(VY, - VX,).

The system is also controlled, which consists of
changing the speed of trains to the values of UX, 4

and UY,,,4 in (n+ 1) time, as follows:
{me—l =VXp +UXpa; (10)
VY, = VY, +UY, .

The values of control variables can be both
positive (acceleration) and negative (braking), and they
are limited to a certain interval:

(11)

Unmin <UXy;
UY, < Uppae

The values of Upj, and U, .y differ from the
speed of a particular train at the moment, its technical
characteristics and the value of t. The nature of this
dependence will be considered below.

We assume that the velocity remains constant in
the measurement intervals, so we can say that the
distance changes over the period t by the value of
VY, —VX,).

Accordingly, if VY, >VX,, ie. the distance
increases or remains unchanged, this case can be
excluded from consideration.

It is important when VY, < VX, , i.e. the distance
decreases.

We consider that at discrete moments of time
t, =n-t we obtain the exact values of X,,, Y,, and

VX,,, and in addition we know the value of control

UX,, . We also know the values of position and speed

of both trains at previous times. By direct measurement
we obtain X,, Y,, and the value of VX, is

determined from relation (10).
If to speak about the velocity of the second train
VY,,, in the (n + 1)™ moment of time we can determine

it from the relation accurately:

Yn+1 — Yn .
T

VY, = (12)

At the nth moment of time, we can define the
limits for the value of VY, , in which it can be changed

from the value of VY,_;, which can already be

determined.

The task is to choose the control value UX,, ; to
prevent the distance between trains below the critical
level, which poses a threat to the safe movement of
trains.

To do this, first, you have to determine the critical
distance. Obviously, it depends on the value of
(VY, —VX,,), as well as the distance to point B. It is
also necessary to determine the amount of control for
the first train, which makes it possible to prevent the
threat.

An important condition is to minimize the critical

distance. For this purpose, consider the situation within
the allowable velocity values for relations (9).

Obviously, the fastest distance D, ,;decreases with
(VY,, =0; VXp, = Vinax) - We have:
Dna=Dn (13)

-7 Vmax-
Obviously, if you do not reduce the speed of the

train, the collision will occur after a time equal to T,
(collision time), where

(14)

Time T, can be represented as a certain number of

k, moments 1

T,=Kk,t (15)
Obviously, D,, +k, =0 at constant speed.
The distance between the trains at time
th, =t(n+1) is:
Dn =T;*Vimax=Kz " T* Vmax- (16)
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D_e_tem_une _the time required to eliminate the risk VX, 4+ (-1-U-t2+U.12 <0;
of collision in this case. ) (22)
The speed of the train is V. and braking can VXj-t+(s-1)-U-1" > 0.
occur with maximum acceleration U (since this braking ) o
is U <0). The distance that the train will travel during We obtain restrictions on the value of s:
period [t,,t,] is determined as follows:
_ VX, <s <—vXn +1. (23)
2 U-t U-t
VX - t=VX, -1+ U-1t° =1(VX, +U-1) (17)
Since VX, = Vhax, We have:
Then from relation (10) we obtain:
V V,
2 _ Ymax _ Vmax
VXpp - T=VXpyy - t+U 1% = ETRSE TR (24)

= VX, 1+ U124+ U1 =X, t+2U-1

(18)

Also from relation (10) we obtain the value of
UX,,1 = U-t — brake control (accident prevention).

Obviously, this control must be applied until
(n + s) while the conditions are met:

{vxn+sl >U-; 9)

VX, <U-T.

decrease  to
time interval

will
next

Then  the  braking
UXp1 =VXn4s- In the

[this thiss1), when the train speed becomes zero, the

catching train will stop.
Thus, the distance travelled during the time
[th.th.s.1] in which the braking occurred is equal to:

Dp=VX, 14+ VX1 1+ 4+ VX4 T=

S s—1
=Y WXk t= D (VX t+k-U-t?)+  (20)
k=0 k=0
+VXnis T
Simplifying expression (20) we obtain:
s-1
Dp =5 VX t4+U-12 Y k+ VX, 1=
k=0 (21)

=5-VX, -r+s.u.r2-‘°’—;1+vxn+S T

From conditions (8) and the value of velocity we
have two inequalities:

Thus, we determined the moment of the beginning
of braking use with the maximum accuracy, both in the
general case of speed VX, and at VX, = Vijax-

Define the braking distance in terms of V. U, 7,
because these values are defined. As the value of s we
take its lower limit from (24), and the corresponding
VX, , instead of VX,, we take its upper limit

X(U-1) (29).

1 1 >
D,=(-—+ . +
n=( U 2~U*17) max (25)
+vmax-%—u-rz.

It is true that the number of k, moments t (time
to collision) is less than the value of s.

Now suppose the standard situation, at time t,,
when the train in front moves at speed VY, >0 (the
second train), and the first moves behind at speed
VX, .

From the calculations (22) and (23) above it
follows that the braking distance of the second train, if it
starts braking at time t, will be:

Dist(VY,) =sY - VY, -1+

_ 26
rsvou Sy (29)
We obtain restrictions on the value of sY:
Mgy Mg 27)
U-t -T

Braking time is T(VY,)=sY-t. The distance
between the trains at time t, will be D, =Y, — X, .
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The braking distance of the first train Dist(VX,,)
is determined by the previously obtained relation (21).

Taking the restrictions into account (23), the
braking time is T(VX,)=s-t. Since VX, >VY,,
then s>sY, and, accordingly, the braking distance of
the first train is bigger.

At real movement of a train a brake way

S, is divided into two parts: S, — preparatory

braking distance; S, is the actual braking distance. The

T

distance S, train passes for the time spent preparing the

brakes for action. Assume that the train passes this way
at a constant speed, then its value is:

S, =1000-V, - 3260 = 0,278V, -t , (28)

where t, — the time of preparation of the brakes for
action;
Vy — the speed of the train at the beginning of
braking.
The time of preparation of the brakes for action t

depending on the length of the train and the type of
brakes is given in [22]. Appropriate ratios are also
provided to adjust the time due to the slope of the track.

It also takes time to determine that the second train
has started braking. Obviously, this takes at least 2t
time.

After that, a decision must be made to reduce the
speed of the first train (the one that catches up), taking
into account the preparatory braking distance. That is to
determine the control, its value for a number of points
of time, while there will be a decrease in speed.

Obviously, on the basis of the mathematical model
above, it is advisable to conduct computer simulations
of the process, in order to determine the required time
for the train driver to respond to changes in speed of the
previous train, as well as ranges of speed that require
immediate action.

3.2. Research results

To perform computer simulation of the process, it
is necessary to determine the input data for the time
interval t of the deceleration value U. Carry out the
transformation of equation (25) and obtain:

V,
~u? -r2+(%—DnjU+(2i—le2 0.

T max

To do this, assume that the braking distance D,

varies from 1200 to 1800 m, with an initial train speed
Vmax = 80, 100, 120, 140, 160 km / h.

We obtain the control values U, which are given in
Table 1.

Determine the braking time s-t for each control
case. The results of the calculations are shown in
Table 2.

Table 1
Numerical control values U
Vinax, km/h Dn. m
1800 1600 1400 1200
80 -0,14 -0,16 -0,18 -0,21
100 -0,22 -0,24 -0,28 -0,33
120 -0,31 -0,35 -0,4 -0,47
140 -0,43 -0,48 -0,55 -0,64
160 -0,55 -0,62 -0,72 -0,84
Table 2
Numerical values of braking time
D,,m
Vmax, km/h
1800 1600 1400 1200
80 161,15 | 143,14 | 125,12 | 107,1
100 128,45 | 114,1| 99,71 | 85,31
120 107,1| 95,08 | 83,05| 71,04
140 91,52 | 81,24 | 70,95 | 60,66
160 80,06 71,05| 62,03 | 53,02

Now we have to expand the calculation by
determining the braking time at fixed speed and
different control values (Table 3 and Fig. 2).

As we can see the braking time varies quite
widely. The maximum value is 322,31, which is more
than 5 minutes. This is too important for braking the
train, because at this speed the whole way between the
departure point and the destination may take less time.

Therefore, we will analyze the obtained control
values for the adequacy of the braking distance. We can
see from the table that the bigger braking time is, the
bigger the initial speed is. This can lead to too much
braking distance at low control values. We have to
calculate the braking distance and build Table 4.

In Table 4 we highlight in yellow the values of the
path in excess of 1801 m. Now based on table 4 it is
possible to determine the permissible values of the
controls for each initial speed. For example, consider
the speed of 120 km / h (the third column of the table).
The braking distances from 4041,61 to 2005,55 at the
top are too large, so control values from -0,14 to -0,28
can also be discarded. The first allowable path value is
1800,24, which corresponds to control -0,31. Starting
with this control and down the table, the controls are
permissible for speed of 120 km / h.
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Table 3
Values of braking time at fixed speed and different values of the control indicator
Viax: kKm/h
u

80 100 120 140 160
-0,14 161,15 201,81 241,73 282,38 322,31
-0,16 143,14 179,25 214,71 250,82 286,28
-0,18 125,12 156,68 187,68 219,24 250,24
-0,21 107,1 134,12 160,66 187,67 214,21
-0,22 102,57 128,45 153,86 179,73 205,15
-0,24 91,11 114,1 136,67 159,65 182,23
-0,28 79,62 99,71 119,44 139,52 159,25
-0,33 68,13 85,31 102,19 119,37 136,25
-0,31 71,4 89,41 107,1 125,12 142,81
-0,35 63,39 79,38 95,08 111,07 126,78
-0,40 55,37 69,34 83,05 97,02 110,74
-0,47 47,36 59,31 71,04 82,99 94,72
-0,43 52,23 65,4 78,34 91,52 104,46
-0,48 46,36 58,06 69,55 81,24 92,73
-0,55 40,49 50,7 60,74 70,95 80,98
-0,64 34,62 43,35 51,93 60,66 69,24
-0,55 40,03 50,12 60,04 70,14 80,05
-0,62 35,52 44,48 53,29 62,25 71,05
-0,72 31,02 38,84 46,52 54,35 62,03
-0,84 26,51 33,2 39,76 46,45 53,02

Braking time
ST

300

250

200

150
Train speed
V.

max

100

50

014 0,16
16 0,18
021022 454 o0 -
91033 031 4.
312035 g4

-047 _
) 7-083 48 it
The magnitude of #4055 062 47

control

U

Fig. 2. Changing the braking time at fixed speed and different values of the control indicator
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Table 4

Braking path time values at fixed speed and different control values
Vmax: km/h
u
80 100 120 140 160

-0,14 1800,05 2819,14 4041,61 5511,93 7177,58
-0,16 1600,14 2505,64 3591,79 4898,09 6377,88
-0,18 1400,11 2191,96 3141,71 4283,89 5577,72
-0,21 1200,16 1878,39 2691,78 3669,90 4777,82
-0,22 1149,88 1799,54 2578,63 3515,50 4576,67
-0,24 1022,70 1600,09 2292,45 3124,96 4067,88
-0,28 895,21 1400,15 2005,55 2733,44 3557,81
-0,31 803,98 1257,07 1800,24 2453,25 3192,79
-0,33 767,62 1200,05 1718,42 2341,60 3047,32
-0,35 715,07 1117,61 1600,13 2180,17 2837,01
-0,40 626,11 978,09 1399,91 1906,93 2481,02
-0,47 537,26 838,73 1199,93 1634,01 2125,45
-0,43 591,27 923,44 1321,50 1799,92 2341,61
-0,48 526,22 821,40 1175,07 1600,07 2081,24
-0,55 461,09 719,24 1028,44 1399,96 1820,52
-0,64 396,03 617,16 881,94 1200,01 1560,00
-0,55 455,95 711,18 1016,88 1384,18 1799,95
-0,62 406,04 632,86 904,47 1230,76 1600,07
-0,72 356,09 554,49 791,99 1077,23 1400,03
-0,84 306,18 476,15 679,54 923,74 1200,02

Analysis of the results shows that the most
difficult situation is a sharp change in the control
parameter, but it is encouraging that even at maximum
speed we have a fairly confident result. This is very
important in real operation, when a separate part of the
input information of the microprocessor train control
system has a greater or lesser degree of uncertainty of
the primary information due to malfunctions of the
primary sensors.

4. Conclusions

4.1. Discussion

The safety criterion for automatic control of rail
transport vehicles is the exclusion of the possibility of
various vehicle collisions. This criterion implies
establishment of some critical value of distance between
vehicles, at which safety of transportation process is
guaranteed. The mathematical model of train movement
developed in the work includes not only information
about the position of the train, the landmark, the
direction of movement and speed of the vehicle, but also
a variable benchmark to fully reflect the process of
trains. The model makes it possible to determine with

maximum accuracy the critical distance between trains,
the time required to eliminate the threat of collision, the
moment when braking begins, the braking time
considering the inclination of the train, the angle of the
route and the braking distance. The simulation results
can be used in the Automated Transportation Planning
System in the development of the train schedule. This
will optimize the planning process by analyzing the
change in the guiding parameter, i.e. the braking
distance, depending on the traffic conditions on a
particular section. This makes it possible to create a new
ideology of building a railway transport management
system on the basis of a comprehensive automated data
processing system. This approach will ensure a gradual
transition from automated information and control
systems of quasi-real time to the implementation of
transport technology control in real time in the future.
Therefore, the results obtained in this work allow
to ensure more stable operation of the automatic train
control subsystem under the existing restrictions,
failures and distortions of primary information in the
train control systems for the main railway transport and
subway. In order to simplify the mathematical apparatus
in the article, the authors artificially introduced a range
of changes of the control operator. In the future, it is
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advisable to study its changes depending on the
temperature, plan and profile of the train and its weight,
paying special attention to the factors that create
uncertainty of the primary information.

4.2. Future research

A further development of these studies should be
the integration of the obtained computer model with the
automated traction calculation system, which is
currently used in Ukrzaliznytsia. The use of the results
obtained in this work in the automatic traffic control
systems of railroad vehicles can reduce the number of
failures of the guidance system in cases of distortion or
temporary loss of information coming from the primary
Sensors.

Contributions of authors: review and analysis of
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MOJEJIOBAHHSA PYXY TPAHCIIOPTHUX 3ACOBIB
Y KOMIT'IOTEPHUX ITHOOPMAIIHHO-KEPYIOUNX CUCTEMAX

B. I. Moiiceenxo, O. B. I'onosxo, B. M. Bymenko, K. A. Tpyouaninosa

[IpenmeroM BHBYEHHS B CTaTTi € NPOLECH CHHTE3Y MaTeMaTHdHOI Mozeni (yHKUIOHYBaHHS 00 €KTIB
KEepyBaHHS B KOMII'IOTEPHUX 1H(QOPMAIIfHO — KEepYIUMX CHUCTEMax KpPUTHYHOIO TPH3HAYEeHHS Ui THOTped
MaricTpajbHOrO 3aJII3HUYHOTrO TpaHCcopTy. OCHOBHMI Haroioc 3po0JieHO Ha MOETIOBaHHI PyXy MacaXHPCHKOTO
1oi3ga B CHCTEMi IMIBUAKICHOTO PyXy YKp3adi3Huli. MeTolo € JOCHiKEHHs MPOLECY pPeryIOBaHHs LIBHIKOCTI
PYyXy 3alli3HNYHHX TPAHCIOPTHUX 3acO0IB 32 yMOB HEBH3HAYEHOCTI Yy NMEPBHHHIN iHpOpMaIii MiKpOIPOIECOPHUX
iHpOpMaIiHHO — KEepYIOUMX CHUCTEM 3aJi3HWYHOIO TPAHCIIOPTY. 3aBAaHHS: BU3HAYCHHS KPHUTEPil0 Oe3MedHOCTi
aBTOKEepYBaHHsI 3aco0amMM 3aJIi3HMYHOTO TPAHCIIOPTY; OTPHUMaHHS MaTeMaTHYHOI MOJENi pyXy Ioi3ja 3a yMOB
HEBM3HAYEHOCTI; NepeBipKa aJeKBaTHOCTI MOJielli. BUKOpUCTaHNM METOJIOM € MaTeMaTUYHHH arnapaT JTUCKPETHHX
Mozeneii. OTprMaHi HACTYIHI pe3yiabTaTtu. Po3poOiieHa B poOOTI MaTeMaTHYHA MOJEIh PYXY MOTSATIB BKIIOYAE B
ceOe He TUTbKHM 1H(OPMALII0 PO MOJIOKEHHS MOTATIB, TOYKY BIIIKY, HAPSAM PyXy 1 IIBUAKICTH TPAHCIIOPTHOTO
3aco0y, ayje 1 3MiHHMH TOKa3HWK KEpyBaHHS Ui aJeKBaTHOTO BiOOpa)KEHHs NpOLECY pPyXy 3aJli3HUYHOTO
TpaHcropty. B po0oTi moka3aHo, 110 HA OCHOBI CHHTE30BAaHOI MOJEII € MOXIIHUBICTh 3aCTOCYBaHHS TaK 3BaHOI
HEYiTKOI BiJICTaHi MiXK CyMDKHUMH NOT31aMu. Takuid MiIxiJ J03BOJISE MiABUIIUTH TOYHICTh BU3HAYECHHS KPUTUYHOT
BiJICTaHI MIXK IOTSTaMHM, 4ac, IO MOTPIOHUH Uil YCYHEHHS 3arpo3 3iTKHEHHS, MOMEHT I10YaTKy BUKOPHCTAaHHS
rajJbMyBaHHs Ta 4Yac TaJbMyBaHHS 3 YpaxyBaHHSAM KyTa Haxwly AUITHKH CIiAyBaHHA, a TaKOX JUCTAHIIIO
rajJbMiBHOrO NUIAXy. JlOka3aHa HEOOXiTHICTh BM3HAYEHHS MMOKa3HMKA KEpYBaHHS, WOro BEJIMYMHY Ha IPOTS3i
JesKol KIIBKOCTI MOMEHTIB 4acy, MOKH Oyzie BiOyBaTHUCh 3MEHILIEHHS IBUAKOCTI Jisi O€3MEeYHOro pyxy MOTATIB.
Ha 0a3i 3ampormoHOBaHOI MaTeMaTWYHOI MOJeNli NPOBEAICHO KOMII'IOTEpHE MOJETIOBAHHS IPOILECY 3 IJUII0
BU3HAYEHHS HEOOXiIHOro 3amacy yacy Ha pearyBaHHS MAaIIMHICTOM IOTATa HA 3MiHM IIBHAKOCTI MONEPEIHBOTO
NOTATa, a TAKOX Jiara3oHd 3MiHU IIBUJAKOCTI, SIKI BUMAaraloTh HEraliHHX eKCTpeHuX Jiil. BucHoBku. HaykoBa
HOBHM3Ha OTPUMAaHUX PE3YJIbTATIB MONATAE y PO3POOIICHHI MAaTeMAaTHYHOI MOJENI MOBEIIHKH PYXOMHUX OJMHHIbL B
KOMIT'FOTEPHHUX CHCTeMaX KPUTUYHOI'O NPU3HAYECHHs JUIS MOTPed 3ali3HUYHOrO TPAHCIIOPTY NP HAasIBHOCTI 3001B y
NepBUHHIN iH(pOpManii Bif AaTUYHKIB, SKi (IKCYIOTh MapaMeTpu pyxy. JocmimKeHo NOBEOIHKY CUCTEMU KepyBaHHS
NpY pI3HUX 3HAUYEHHSX IIBUJIKOCTI MOI3[]a Ta 3MiHAX BEJIMYMHHM IHTEPBAJy MOMYTHOro ciigyBaHHs. Otpumaina
MOZAJIBILIOTO PO3BUTKY TEOPis TATOBHX PO3PaxXyHKIB B KOMIT IOTEPHUX CUCTEMaX KePYBaHHSA PyXOMUMH OfUHHULISIMH.
OtpuMaHi HayKOBiI pe3ylbTaTh OyIyTh BUKOPHUCTOBYBATHCS IIPH PO3POOJICHHI NPHUKIAIHOIO MPOrPaMHOI0
3a0e3MeYeHHs 3aII3HNYHUX KOMIT IOTepPHUX CUCTEM KPUTHYHOTO PU3HAYEHHS.

KawuoBi ciioBa: MIKpOIpoLECOpHI CHUCTEMH KEpyBaHHS pPYXOM IIOi3liB; aBTOPETYIIOBAHHS; 1HTEpBall
MIONYTHOTO CIIIYBaHHS; pyX MOI3/(iB; KEPYBaHHS PyXOM 32 YMOB HEBU3HAUCHOCTI; OE3IEUHICTh PYXY.

MOJEJMNPOBAHUE IBUKEHUSA TPAHCIIOPTHBIX CPEJICTB
B KOMITBIOTEPHBIX THO®OPMALIMOHHO-YIIPABJISIOIINX CUCTEMAX

B. H. Mouceenko, A. B. I'onosko, B. M. Bymenko, K. A. Tpyouanunosa

[MpenmeToM M3ydeHHUs! CTAaTbU SIBISIIOTCA MPOLIECCHl CHHTE3a MaTeMaTH4YeCKOW MOJeNH (YHKIHOHUPOBAHMSA
O0OBEKTOB YIPaBICHUS B KOMIIBIOTEPHBIX HH(QOPMALMOHHO — YIPABIAIOMNX CHCTEMaX KPUTHYECKOrO Ha3HAUCHUS
JUIL HYXJ MarucTpallbHOTO J>KEeJIe3HOAOPOXKHOro TpaHcmopra. OCHOBHOW yHOp cheflaH Ha MOJEIHPOBAHUU
JBIDKEHUSI TACCa)KUPCKOrO IMOe37a B CHCTEME CKOPOCTHOTO IBWXKEHUS YKp3adu3HeILM. llenbio sBIsieTcs
HCCIIEIOBAaHUE TIpOIiecca PETYIUPOBAHUS CKOPOCTH IBMXKEHHS HKEJIE3HONOPOKHBIX TPAHCIOPTHBIX CPEACTB B
YCIIOBHSIX HEONPEAEIEHHOCTH B IEPBUYHON HH(POPMALK MUKPOIIPOLIECCOPHBIX HHPOPMALIOHHO — YIPaBIILIOIINX
CHCTEM JKEJIE3HOIAOPOKHOTO TPAHCIOPTA. 3ajadd: ONpPEAENeHHE KpUTEepHsi OE30MacHOCTH aBTOYNPABIECHUS
CPEeACTBAMH KEJIE3HOJOPOXKHOTO TPAHCIIOPTA; pa3paboTKa MaTEMaTHIECKON MOAENIHN JBIDKECHUS IT0€3/1a B YCIOBHAX
HEONpEIENCHHOCTH; IPOBEpKa aJeKBaTHOCTH Monenu. Mcronb30BaHHBIM METOIOM SBISIETCS MAaTEeMAaTHIECKHUH
anmapaTt JUCKpeTHBIX Mozened. Ilomydensl crnemyromme pe3ynapraTel. PazpaboranHas B paboTe MaTeMaTHdecKas
MOJIETTh JBIDKECHUSI MOE37I0B BKJIOYAET B Ce0sl HE TONBKO MH(OPMALMIO O MONOKEHHWH II0E€3/I0B, TOUKE OTCUETA,
HaNpaBJICHUN ABWXKEHHUS M CKOPOCTH TPAHCIIOPTHOI'O CPEICTBA, HO M IIEPEMEHHBIN MOKA3aTeNb YIPABICHHUS I
a/IeKBaTHOT'O OTOOpa)KEHMs IIPOIlecca JBIKEHHUS JKEIE3HOJOPOXKHOrO TpaHcmopTa. B pabore mokasaHo, 4TO Ha
OCHOBE CHHTE3MPOBAHHONW MOJAENIH €CTh BO3MOXKHOCTH IPHUMEHEHMS TaK HAa3bIBAEMOTO HEYETKOrO PACCTOSHHS
MEXIy CMEXHBIMH Moe3gaMHu. TakoW IMOAX0J MO3BOMSET IIOBBICHTh TOYHOCTH OMPEAEIEHHS KPHTHYECKOTO
paccTosHAS MEXIy IO€3/laMM, BpeMs, HEOOXOIMMOE IJIsi YCTPAaHEHWsS] Yrpo3bl CTOIKHOBEHHS, MOMEHT Hadasa
WCTIONI30BAHHUSA TOPMOMKEHHS W BpEMS TOPMOXCHHS C YYETOM YIJla HAKJIOHAa yJdacTKa CIEIOBAaHHSA, a TaKKe
JVCTAHIMIO TOPMO3HOIO IMyTH. JoKazaHa HEOOXOOMMOCTh ONpENENEHNs TIOKa3aTeNs yIpPaBJICHNs, €0 BENUYMHY B
TEUYEHHE HEKOTOPOro KOIMYECTBA MOMEHTOB BPEMEHHM, TOKAa OyAeT INMPOMCXOAWTHh YMEHBIIEHHE CKOPOCTH IS
Oe3omacHOro ABMXKeHHs moe3noB. Ha 6aze mpemioxeHHOH MaTeMaTH4ecKod MOJENTH MPOBEIECHO KOMIBIOTEPHOE
MOJIETTMPOBAHKE TIPOIIECcca C IEIbI0 ONPEAETeHHsS He0OX0INMOro 3amaca BpeMEeHH Ha pearipoBaHUE MaIIHUCTOM
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moe3/Jia Ha U3MEHEHUsI CKOPOCTH MPEIBIAYIIEro IM0e3/1a, a TAKXKe JUaNa30Hbl M3MEHEHUS] CKOPOCTH, TPeOyroIue
HEMEJICHHBIX JKCTPEHHBIX NelCcTBUi. BbiBombl. HayuHas HOBHM3HA MONYYEHHBIX PE3YJIbTATOB 3aKIIIOYACTCS B
pa3paboTke MaTeMaTHUECKOH MOJIEITH MTOBECHUS IBIKYIMXCS €AUHUI B KOMITBIOTEPHBIX CUCTEMaX KPUTHUECKOTO
HA3HAYCHUS TS HYX]T )KEJIE3HOA0POKHOTO TPAHCIIOPTa MPH HAJTMYHK COOEB MEPBUYHON MH(POPMAITHK OT JaTIUKOB,
(UKCHUPYIONMX TTapaMeTphl JBMKeHHs. McClieIoBaHO MOBEACHUE CHCTEMbI YIIPABICHUS MPU PAa3HBIX 3HAYCHHUSIX
CKOPOCTH T0€37]a ¥ M3MEHEHHH BEJIMYMHBI UHTEpPBasia MOIMYTHOrO CiiemoBaHus. [lonyunna naibHeilee pa3BUTHE
TEOPUsI TATOBBIX PACUETOB B KOMITBIOTEPHBIX CHCTEMax YIPABJICHHS ABWKYIIMMHUCS eauHuiaMu. IlomydeHHbIe
HayYHBIE  pE3YJAbTAThl  HUCIOJB3YIOTCS IpU  pa3pabOTKe  MPHKIAJHOrO  MPOrpaMMHOrO  00ecrevdeHust
MKEJIE3HOJOPOYKHBIX KOMITBIOTEPHBIX CHCTEM KPUTHUECKOTO Ha3HAUCHUSL.

KawueBbie €j10Ba: MHKPOIPOIECCOPHBIE CUCTEMBI YIIPABJICHHUS JBI)KEHHEM IOE3/I0B; aBTOPETYIHPOBAHHUE,
MHTEPBAJ MMOMYTHOTO CJIEAOBAHMUS; JABMKEHHE MMOE3/I0B; yIPABJICHHE JABMKEHHEM B YCIOBHSIX HEOMPEIeIEHHOCTH;
0€e30I1aCHOCTD JIBIIKEHMUSL.
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