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1. Introduction

Considerable attention has been recently paid to the
problem of creation of learning systems, which are capable of
improving their functioning in the course of time. The need
for applying learning systems appears when there are no a
priori data about conditions of functioning of the systems.
This means that a system must work under conditions of
uncertainty.

Under such conditions, there is no possibility to design
in advance an optimal system with fixed parameters. Such
conditions are characteristic for the majority of contem-
porary and newly designed systems of fire automation [1].
Moreover, the actual conditions of applying fire automation
systems are so diverse and unpredictable that it does not
seem possible to create a system, which would provide the
guaranteed fire-prevention protection of different sites with-
in the framework of systems with fixed parameters.

In different systems of fire automation, fire detectors
(FD) that react to different physical components of a fire
are used as the main sources of primary information about
a fire on sites [2]. Especially high demands are imposed
on thermal FD, used in the systems of early fire detection
when the initial dynamics of an increase in the ambient tem-
perature is disguised by unpredictable random temperature
disturbances.

In this connection, in order to provide a reliable
fire-prevention protection of objects, the problem of cre-
ation of learning FD acquires special relevance. They are

capable of improving their functioning and provide guar-
anteed fire detection on the sites under actual application
conditions.

The relevance of the work in this direction is in the de-
velopment of learning FD and in examining their dynamic
properties under conditions of real dynamics of the mean
temperature of medium taking into account the unpredict-
ability of temperature disturbances when a fire starts.

2. Literature review and problem statement

Existing FD of fire automation systems do not provide
guaranteed fire detection at facilities.

Considering this, the problems of creating FD, capable of
effective functioning under real dynamic conditions, taking
into account a priori information about random disturbanc-
es, have been studied recently.

Thus, for instance, article [3] addresses special features
of creating multi-sensor detectors for fire automation
systems, which function under conditions of uncertainty
based on the theory of fuzzy logic. In this case, fuzzy logic
is limited to the description of uncertainty in the form of
fuzzy magnitudes with the assigned membership functions.
Under actual conditions, there is no information of this
kind. With this approach, the solution of the problem of
the guaranteed fire detection under conditions of uncer-
tainty also remains problematic. In addition, fuzzy logic
of detection is a complex process of the generation of fuzzy




rules, which are rather difficult to implement using modern
computing devices that employ discrete logic.

Paper [4] considers one of the methods of fire detection
under conditions of uncertainty based on neural technol-
ogies. Still unresolved is the problem on searching for an
optimal solution (fire detection), which can be completed
even if it is not determined in case of using a non-represen-
tative sample for training a neural network, or if there is no
suitable function for learning. The realization of artificial
neural networks is complicated, and learning proves to be
lengthy. In this case, there is no solution in the above paper
to the problem of guaranteed fire detection under conditions
of uncertainty, which is important for applications.

Article [5] examines the method for improving the
effectiveness of monitoring of critical states of the sites
under conditions of uncertainty based on group detectors.
In the given study, uncertainty of fire detection conditions
is limited to the assigned probability characteristics of ob-
servations. In this case, learning and self-learning of FD to
adapt to uncertain conditions and guaranteed fire detection
are not explored.

Development of the new approach of enhancing effec-
tiveness of the maximum FD under conditions of random
background influence is represented in [6]. In this case, the
principles of construction of learning and self-learning FD
and the task of providing the guaranteed fire detection re-
main unresolved parts of the studied problem.

Consequently, papers [3—5] address the problem on im-
proving the effectiveness of fire detection under conditions
of uncertainty, which is limited to the cases of either as-
signed statistics of observations or disturbances, or assigned
fuzzy magnitudes with the assigned membership functions.
In this case, the problem of the guaranteed fire detection
under conditions of uncertainty, characterized by the lack
of data about observation statistics, is not examined in the
above-mentioned studies.

Article [7] examines technology of multi-criteria detec-
tion taking into account several factors of a developing fire.
In this case, the studies were performed for the assigned
statistics of disturbances. The problems of guaranteed fire
detection under conditions when there is no information
about the kind of laws of distribution of the observed factors
of a developing fire remain as the unresolved parts of the
problem.

A number of studies focus on the development of new
algorithms with the use of fuzzy logic and neural networks
at the assigned statistics of observations for a more reliable
recognition of events, connected with the true and false fire
start on the site [8, 9]. In this case, the problems of providing
the guaranteed fire detection under conditions when there is
no information about the kind of laws of distribution of ob-
served data, and the construction of learning fire detection
devices under these conditions, remain unresolved.

Paper [10] argues that grouping FD at the known statis-
tics of observations, as well as information about the topol-
ogy of their arrangement, makes it possible to improve the
indicators of fire detection quality on the site. In this case,
the problem of providing the guaranteed indicators of fire
detection quality on the site is not considered and solving it
remains to be seen.

The problem of improving FD sensors accuracy under
actual conditions of fire at facilities is explored in article [11].
In the article, however, the solution of the problem is limited
to the known Gaussian statistics of background fluctuations

while special features of the guaranteed fire detection are
not examined.

The studies described in the scientific literature are based
on the assigned statistics of data, observed or recorded by
FD, and do not tackle the problem of the guaranteed detec-
tion and creation of FD capable of learning under uncertain
conditions. This means that the problem of guaranteed fire
detection by FD on actual sites is solved predominantly with
complete a priori information based on known statistical
technologies. In this case, the problems of creating the learn-
ing FD, which are capable to adapt in the course of time to the
previously unknown application conditions and to provide
the guaranteed fire detection on sites, remain unresolved.

Some advertising materials have recently mentioned the
development of FD of the new type Acclimate 2251 TMB
(Canada) by the company System Sensor (with the head-
quarters in the USA). According to the developer (Canadian
company Mircom), such FD is different from those known
by the fact that it is a self-learning one. Sensitivity setting
is not required while the intelligent capacities of FD make
it possible to perform its self-tuning to the previously un-
known application conditions. The Acclimate 2251TMB is
a combined address FD that unites optical and temperature
channels. In this case, the temperature channel of FD has
a fixed threshold equal to 57 °C, and the sensitivity of the
optical (photo-electronic) channel changes automatically.
Embedded software analyses data from both channels and,
based on a special self-learning algorithm, makes a decision
about a fire starting on a site.

According to official statement from the Mircom compa-
ny, a probability of false alarm from such FD tends to a neg-
ligibly low magnitude. In this case, the microprocessor of FD
constantly analyzes the composition of air mixture on the
premises, correcting the threshold indicator of its opacity,
which makes it possible to avoid false triggering caused by
the influence of dustiness. However, the realized intellectual
algorithm is not described in the materials. It is only noted
that FD is enabled only in the case of an actual fire. In this
case, the guaranteed indicators of quality of fire detection
are not examined and are not described.

There is also information from ZAO “PO “Spetsavtoma-
tika” (Russia) about the development of new FD of the aspi-
ration type for the earliest fire detection, which are capable of
self-adjusting to the conditions of a particular site. However,
the issues related to the guaranteed fire detection and the
algorithms of self-adjustment of such FD are not examined.

Therefore, the unsolved tasks of the examined problem
include development and study of learning FD, capable of
providing the guaranteed fire detection under the actual
conditions of their application on sites.

3. The aim and tasks of research

The aim of present research is to develop learning fire
detectors, capable of automatic adaptation to the previously
unknown application conditions and of providing the guar-
anteed fire detection.

To achieve the set goal, the following particular problems
were formulated:

— theoretical substantiation of the criterion of guaran-
teed fire detection by FD;

— development of algorithms and the structure of learn-
ing FD at discrete and continuous data recording;



—research into basic characteristics of learning FD at
discrete data recording, on the example of actual dynamics
of the mean temperature of medium when alcohol is ignited
and burned.

4. Theoretical substantiation of a criterion of guaranteed
fire detection by fire detectors

Under conditions of the examined uncertainty, a certain
arbitrary physical component of fire, for example, ambient
temperature, concentration of carbon monoxide or smoke
density, registered at an arbitrary moment of time at the
output of the appropriate sensing element of FD, is charac-
terized by a random magnitude x with an unknown distri-
bution law.

A fire site has two possible states. The first one is char-
acterized by the absence of fire site at a facility. Let us desig-
nate this state of the site through f=0 (there is no a fire site).
The second one is characterized by the existence of a fire site
at a facility. Let us designate this state of the site through
f£0 (there is a fire site).

Fire detection by FD is achieved based on the registered
data x about the observed physical component of fire. Let us
represent the space of possible values x in the form of two
non-intersecting areas: X, is the area where there is no fire,
and X is the area where a fire site exists. Then the process
of fire detection by FD is reduced to relating the registered
data x to one of the indicated areas.

It is known that such data assignment procedure is
accompanied by two types of errors: in the form of false de-
tection and when the fire center is skipped. For the purpose
of substantiation of the criterion of guaranteed fire detection
by FD, let us require that the probabilities of false detection
and skipping a fire center by FD are equal to each other.
This requirement means that the probability of the false fire
detection, determined by P(xe€X1/f=0), and the probability
of skipping the fire P(xeX1/f#£0) are equal, that is

P(xeX, /f=0)=P(xeX, /f#0). )

Based on the formula of total probability, the following
equation holds

P(xeX,)=P(xeX, /f=0)+P(xeX, /f£0). 2)

In this case, a probability of fire starting on the site will
be determined by magnitude

P(f£0)=P(xeX, /f#0)+P(xeX, /f#0). 3)

Subtracting expression (3) from (2) considering relation-
ship (1), we shall obtain

P(xeX,)=P(f #0). 4)

Relationship (4) means that probability of assigning the
recorded data x to area Xy in accordance with requirement
(1) is equal to the probability of the state of the fire center
that matches a real fire. Therefore, equality (1) may be con-
sidered as the criterion that provides the guaranteed fire
detection under conditions of uncertainty in the absence
of a priori information about the form of distribution of
the recorded data. Consequently, the criterion of equality

of probabilities of false detection and skipping a fire site is
simultaneously a criterion of the guaranteed fire detection
under conditions of uncertainty. This criterion will be sub-
sequently used in the development of algorithms and the
structure of learning FD.

5. Development of algorithms and structure of learning
fire detectors at discrete and continuous data recording

Employing a general theory of learning systems by Y.Z.
Tsypkin, in order to develop the algorithms and the struc-
ture of learning FD for the guaranteed fire detection, we
shall introduce characteristic function

1, if x=>c,
0, if x<c,

6(x,c)=sgn(x—c)= {

where c is the threshold number. Considering that
M{sgn(x—c)}=P(xeX,),

as well as representation (4), we shall obtain equation for the
case of a fire site in the following form

M{sgn(x-c)-y,}=0, )

where y, defines directions of “trainer”, for which the repre-
sentation M{y.}=P(f#0) is correct.

This means that possible instructions of the “trainer”
correspond to value 1 if there is a fire site, and 0 if there is
no a fire site. Based on equation (5), we shall obtain discrete
and continuous algorithms of learning for FD. If recorded
data x[k] arrive discretely over time t, where k=1,2,..n
determines the appropriate moment of data arrival, then the
algorithm for FD learning the guaranteed fire detection can
be represented in the form of a discrete dynamic procedure of
determining a threshold c[k] of the following form

clk]=c[k—1]+g[k](sgn(x[k]-c[k —1]) -y, [k]), ©6)

where g[k] is the parameter that depends on the moment of
data arrival and which is selected from the condition of con-
vergence of a discrete dynamic procedure (6).

In case of arrival of recorded data x(t) continuously in
time t, the continuous algorithm of FD learning the guaran-
teed fire detection can be presented based on (6) in the form
of the corresponding differential equation

de(t) / dt = g(t)(sgn(x(t) —c(t)) —y, (1)), )

where g(t) is the assigned time function, selected from the
condition of convergence of dynamic procedure (7).

The block diagram of FD learning the guaranteed fire
detection considering expression (7) is represented in Fig. 1.
By following this scheme, data x(t) arrive at the input of
learning FD. Estimation P(x(t)eX,) (in the form of unities
or zeros) of probability P(xeX) of the existence of a fire site
for condition M{P(x(t)eX,)}=P(xeX,) is formed at the
output.

It should be noted that such learning FD is capable
through training to establish such a threshold value of
c(t)=c* at which criterion (1) is satisfied. Following this
criterion, there is a fire on the site if the registered data x



exceed the threshold, and there is no a fire when x is lower
than the threshold. In this case, a detection of the fire site is
guaranteed in terms of quality indicators determined by cri-
terion (1). The guarantee of the indicators of quality of fire
detection by learning FD is a new property, which improves
their effectiveness under conditions of uncertainty and ex-
pands the scope of their practical application.

x(t) P(xe X,)
N sgn(*) .
o0 —1
g(t)

Fig. 1. Block diagram of the learning fire detector, at whose

output the current estimation p (xeX1) of probability
P(xeX,) of the existence of a fire site is formed

Realization of the learning FD represented in Fig. 1 im-
plies the existence of a command from “trainer” y, as to which
of the situations (there is or there is no fire) the recorded data
x correspond at the input. This means that training FD is con-
ducted with participation of the trainer, who possesses precise
information about a fire or its absence on the site. Under actu-
al conditions, such information is missing.

In this case, it is possible to assume with high probabil-
ity that the existence of fires on a site is a rather rare event.
Therefore, most probably, in reality, the trainer’s instruc-
tions will correspond to the situation when there is no fire,
that is yo=0. In this case, the algorithm for training a FD (6)
is simplified and may be represented in the form of a discrete
dynamic procedure for determining the threshold c[k] in the
following form

c[k]=c[k—1]+g[k]sgn(x[k] - c[k ~1]). ®

Algorithm (8), in contrast to (6), does not require any
additional information from the trainer and, therefore, it is
a self-learning one. A block diagram of the self-learning FD
considering expression (8) can be represented in the form,
shown in Fig. 2.

x(t) 'I_

A

13(x X))
sgn(*) .

>

c(t)

gt

Fig. 2. Block diagram of the self-learning fire detector, at

whose output the current estimation p (x€eX1) of probability
P(xeX,) of the existence of a fire site on the object is formed

In the case of data arrival x(t) continuous over time t, the
continuous algorithm of a self-learning FD can be represent-

ed based on (8) in the form of the corresponding differential
equation

de(t) / dt = g(t)sgn(x(t) - c(t)). )

The algorithms for self-learning (6)—(9) are nonlinear.
Therefore, structural circuits that realize the given algo-
rithms and which are outlined in Fig. 1, 2 will represent
nonlinear systems, which correspond to the learning and
self-learning FD for the guaranteed fire detection under
conditions of uncertainty.

6. Results of examining the main characteristics of
the learning fire detectors

As an example, Fig. 3 shows discrete data recorded at
the output of the measuring scheme of thermal FD. Discrete
data x; were recorded in the time moments t;, where i=1, 2,...,
3000, and matched the mean temperature of medium in the
modeling chamber with openings when alcohol is ignited
and, subsequently, burned. The interval of data arrival cor-
responded to 0.1 second.

An exterior view of the simulating chamber is shown in
Fig. 3. The chamber is equipped with sensors to measure
temperature, smoke density and content of carbon monox-
ide, the data from which were recorded by a PC using the
specialized software that enables the registration of data
at different frequency of requests from sensors. This made
it possible to perform the subsequent re-processing of data
from each sensor. Volume of the chamber was approximately
0.524 m3. In the upper part of the chamber there were mea-
suring sensors for registering the values of basic physical
components of a fire center. Measuring sensors were placed
above the fire site at height of about 80 cm. The chamber
represented a model of non-hermetic premises with openings
for letting in air from outside.

Fig. 3. Exterior view of the simulating chamber with openings

Experimental data about the mean temperature of me-
dium in the simulating chamber, obtained when alcohol was
ignited and then burned, were used for exploring the funda-
mental characteristics of the examined FD. Dynamics of the
learning threshold and the output signal of the learning FD
was explored.

Fig. 5 shows, as an illustration to the work, the operation
of the learning FD with the trainer’s instructions (y.=0);
dependences of establishment of the magnitude of the learn-
ing threshold (6) and experimental dependence of the mean
temperature of medium in the chamber are represented.
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Fig. 4. Dynamics of the mean temperature of medium in

the simulating chamber over the assigned registration
interval (300 s)

60
50
¢ 40 50 Oc
X 30 02009
GO0 too0o sl
20
10 .
0 200 400 600 i

Fig. 5. Dynamics of the learning threshold and the mean
temperature of medium in the chamber over the initial
interval of data recording

Represented data correspond to the conditions of the
initial stage of fire development: absence of burning, alcohol
ignition, and subsequent burning. The ignition of alcohol
was performed approximately at the 227th data count, which
corresponded to the 23rd second of the registration process.
Dependences, shown in Fig. 5, correspond to the initial
threshold value for the learning FD, equal to 18 °C. In this
case, the mean temperature of medium in the chamber before
the alcohol ignition was 23 °C.

It is evident from an analysis of dependences in Fig. 5
that the learning FD, in accordance with the instruction
from the trainer, automatically establishes the threshold
whose value exceeds the mean temperature of medium in the
chamber by 2 °C. In this case, the output signal of the learn-
ing FD will determine the probability of a fire site detection,
which in this case must be equal to zero.

Next, when alcohol is ignited, the threshold automati-
cally increases with an increase in the mean temperature of
medium in the chamber, but turns out to be lower than the
mean temperature of medium. In this case, the output signal
of the learning FD that determines the probability of a fire
detection must be equal to unity.

The magnitude of the learning threshold is established
automatically as the one, at which criterion (1) is met. As the
illustration of this fact, Fig. 6 shows dynamics of the output
signal cM;=M{sgn(x;—c;)}=P(f#0) of the learning FD for the
given case.

It should be noted that for the existing thermal FD, for
example of class A1, in accordance with DSTU EN 54-5:2003,
the minimum static temperature of triggering (that is, fire
detection on the site) is 54 °C. This means that FD under
conditions, presented in Fig. 4, will be enabled (will detect al-
cohol ignition) at the 2317th count, which corresponds to the
231.7th second from the beginning of the registration process.

If one considers that the ignition occurred at the 23rd
second, then the fire detection by standard FD in line with
EN 54-5:2003 in the examined case would happen at the
208.7th second after the moment of alcohol ignition. In this
case, there is no information regarding the standard FD
about the probability of its triggering (fire detection), that
is, fire detection by the regular FD is not guaranteed.

Analogous studies were carried out for the mean values
of temperature of medium during ignition and burning of
different types of flammables in the form of paper, wood
and cloth.
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Fig. 6. Dynamics of output signal cM; of the learning fire
detector under examined conditions

Results of these studies testify to the fact that the exam-
ined learning FD can substantially faster detect fire (at the
239th count, that is, in 1.2 seconds after alcohol is ignited).
In this case, in contrast to the standard FD, reliability of
this detection is guaranteed in accordance with criterion (1).
Fire detection after the moment the alcohol is ignited by
the standard FD in accordance with EN 54-5:2003 in the
examined case will occur only at the 208.7th second. The
gain in time for the fire detection after its ignition exceeds
170 times.

Therefore, the examined learning FD (Fig. 2) provides
early detection of the beginning of ignition of different
flammables and, in addition, does not require any additional
instructions from a trainer. That is why such learning FD
may be considered self-learning. Taking into account mod-
ern level of development of electronics, technical realization
of the learning and self-learning FD shown in Fig. 1, 2 does
not seem problematic.

In this case, it should be noted that the primary task of
any fire-detection system has been early and guaranteed
fire detection independent on the specific conditions of
application on the site. Effective solution of this task can
be provided based on the use of the examined learning and
self-learning FD, capable of automatically adapting to the
previously unknown conditions of application.

In practice, transition to the self-learning FD makes it
possible to provide a high and guaranteed protection level
under difficult conditions of application and it is one of the
directions, capable of bringing fire prevention systems to the
higher qualitative level, which corresponds to the advanced
European and world standards.

7. Discussion of results of examining the learning fire
detectors

The present study shows that the output signal of the
examined learning FD, in contrast to the traditional sig-



nal (EN 54-5:2003), characterizes not only the fact of fire
detection on the site but also guarantees the magnitude of
probability of such fact. This means that by employing the
magnitude of the output signal it is possible to guarantee a
probability of the existence of a fire site. Standard FD that
comply with EN 54-5:2003 do not possess such a property.

It was established that the actual dynamics of tempera-
ture of medium on the site is the source of information for
training a threshold — it adapts the learning FD to actual
temperature conditions. FD that learns by such method pro-
vides meeting the criterion of the guaranteed fire detection
(equality of probabilities of false fire detection and skipping
a fire) for the arbitrary dynamics of temperature of medium
on the site.

A distinguishing feature of the examined FD in com-
parison with the standard fire detectors is the presence in
its structure and in its algorithm of a nonlinear converter
of the difference between the recorded data and the learn-
ing threshold. Such processing algorithm makes it possible
to form at the output of such nonlinear converter a signal,
which simultaneously characterizes both the fact of fire
detection and a guaranteed probability of this fact. This
property of the examined FD is valuable for applications
related to the realization of effective fire-prevention protec-
tion of sites with complex dynamics of physical components
of ignition.

Present work demonstrates that the basic limitation of
the examined learning FD is the need of using external in-
formation about the existence or the absence of a fire in the
form of respective instructions from a trainer. However, it is
possible to assume with high confidence that the existence
of a fire on the protected site is a rather rare event. There-
fore, in a real case, required commands from a trainer most
probably will correspond to the absence of fire rather than
its existence.

It was shown that the learning FD in this case becomes
a self-learning FD. Such FD might be used for the guaran-
teed fire detection on the sites with complex conditions in
the absence of a priori information about fire existence or
absence. In this case, known standard FDs do not possess
the indicated capabilities.

It was established in the course of the study that the
self-learning FDs also possess a substantially higher perfor-
mance speed. Given the indicated properties, self-learning
FD might be recommended for the new systems of early and

the earliest fire warning on the sites with complex operating
conditions.

It is expedient to direct further studies in the field of the
learning FD toward the development of design methods for
obtaining current information about the fire existence (ab-
sence) on the site and its consideration while forecasting the
current states of a site.

8. Conclusions

1. Theoretical substantiation of the criterion of guar-
anteed fire detection by FD showed that in order to create
learning FD, capable of adjusting to unknown application
conditions, it is expedient to consider the criterion of equal-
ity of probabilities of false detection and skipping a fire as a
criterion of guaranteed fire detection. In this case, the given
criterion allows providing the guaranteed fire detection
under conditions of the absence of a priori information about
the type of distribution law of the recorded data.

2. The algorithms and structures of learning FD were
developed at discrete and continuous data recording. It was
shown that the main limitation in the implementation of
such algorithms is the need of using the additional instruc-
tions from a trainer about the existence or absence of fire on
the site. To overcome this limitation, it was proposed to use
the hypothesis about sufficient rarity of events related to a
fire on the sites. This makes it possible to use the registered
information about the absence of a fire as instructions from
a trainer. The algorithm and the corresponding structural
circuit of the learning FD that were modified in this way
do not require instructions from a trainer and, in this sense,
they are the self-learning ones.

3. Results of study into the examined FD on the example
of real dynamics of the mean temperature of medium when
alcohol is ignited and burned demonstrated their high ef-
ficiency. In comparison with the standard FD that comply
with EN 54-5:2003 FD, there is an essential (exceeding
170 times) gain in fire detection time. In this case, the guar-
anteed fire detection is provided at the same time, under
conditions of the absence of a priori information about the
type of distribution of the recorded data. The ability of
self-learning FD to adapt to previously unknown conditions
makes it possible to apply them under non-stationary and
indeterminate conditions to detect complex types of fire.
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u] =,

Pospobneno memoouxy onmumizauii
MeNN0BUX PeNHCUMIE ma napamempis cuc-
memu 0X0100M4CeHHA ACUHXPOHHUX MS20-
eux Oeueynie mpameais. Onmumizoeano
pesxcumu poéomu 3a kpumepiem epexmue-
Hocmi. Pexcumu pyxy 3a ecmamnosienum
epagpixom ma npodpinem na oinanui xoaii
ONMUMI308aH0 3a Kpumepiem eumpam
enepeii memoodom Ilaminomona-Hrooi-
Beanmana. Onmumizoeano napamempu
8EHMUNAMOPA MA206UX 08ULYHIE 3A KPU-
mepieMm edpexmusHocmi cucmemu 0xoJo-
Oxcenmns memooom Beiins

Kntouosi caosa: mpameaiinuil 6azou,
ACUHXPOHHUT 08UZYH, ONMUMATLHI PeHCU -
MU poGomu, 6eHMUAAMOP 0X0T00HCEHHS

=, u]

Paspabomana memoduxa onmumusa-
UUU MENNOBLIX PeEHCUMO8 U napame-
mpo6 cucmemvt OXAAHCOEHUS ACUHXPOH-
HbIX MsA208bIX 06uzameJieli mpameaes.
Onmumuzupoganst peicumvl paéomovt no
Kpumepuro 3pPexmusnocmu. Pesxcumot
08uUICEHUSA NO YCMAHOBIEHHOMY 2pAPuUKY
u npodunio Ha yuacmke nymu onmumu-
3uUposanvl no Kpumepuro pacxooa 3uep-
euu memoodom lamunvmona-Sdrxoou-ben-
amana. Onmumuzuposanvl napamempol
8CHMUNAMOPA MSA2068bIX O6uzameneil no
Kpumeputo 3 dexmusnocmu cucmemol
oxaaxcoenus memoodom Beiins

Kanrouesvie crosa: mpameaiinwiii 6azom,
ACUHXPOHHBLI 08Uzameslb, ONMUMATIbHBLE
pesxcumvl padbomot, 6EHMUNAMOP OXNANC-
denust
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1. Introduction

The processes of energy conversion in the

traction

engines of tram carriages are accompanied by its losses in
the elements of design due to physical processes at energy
conversion [1, 2]. Temperature of the elements of design of
traction engines increases over the time of operation and can
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exceed permissible structural limits [2, 3]. This is especially
true for temperature of the insulation of the motor windings,
which is constrained by a class of the applied insulation
[3, 4]. To reduce temperature in the elements of design of
engines, the cooling systems are employed that increase the
efficiency of heat exchange in the engine design elements
through the application of ventilation by air [5, 6], by wa-






