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Methodology for Reducing the Duration of the Free Development of Fire
MeTO,EI,OJ'IOFI/IFI YMeHbLEeHNA NPOAOC/DHKUTESIbHOCTU CBO60,EI,HOFO pPa3BUTUA MOXKapa

Metodologia skrocenia czasu swobodnego rozwoju pozaru

ABSTRACT

Objective: The task is to develop a methodology for reducing the duration of the free development of fire, based on the principles of optimising the route of
fire and rescue vehicles from the fire department to the place of call. To do this, it is necessary to analyse and distinguish factors that affect the duration
of fire truck’s travel to the place of call to reduce the duration of the free development of fire. To solve this problem, the behaviour of the fire vehicle in the
«driver — car — road — environment» system was investigated.

Methods: Theoretical research was carried out on the basis of methods of mathematical analysis, mathematical statistics, probability theory, and graph
theory. The accuracy of the results of theoretical studies is suitable for engineering calculations. The processing of the results was carried out using the
STATISTICA and Microsoft Excel software. Simulation methods were used to develop an algorithm for reducing the duration of the free development of
fire, as well as the Monte Carlo method.

Results: The study shows that the fire truck travel time to the place of call has the greatest influence on the duration of the free development of fire.
The necessity of investigating the behaviour of fire vehicles in the system of “road conditions — traffic flows” was substantiated in order to reduce the
duration of its travel to the place of call. A graph model of optimising the route of fire vehicles from the depot to the place of call has been developed. The
simulation model for predicting the duration of the fire and rescue unit's travel to the place of call is developed, which will make it possible to determine
the optimal travel route and reduce the duration of the free development of fire.

Conclusions: The methodology of reducing the duration of the free development of fire on the basis of optimisation of the fire and rescue vehicle route
from the fire department to the place of emergency is developed in this study. The theoretical calculations show that the developed methodology makes
it possible to reduce the length of travel of special vehicles and, consequently, reduce the duration of free fire development on average by 7%. It is es-
tablished that in order to determine all possible variants of the fire-propulsion traffic route, it is expedient to use the theory of graphs; such a model is
presented in the study. In the future, it will be beneficial to develop and improve the existing mathematical models of fire vehicle movement, taking into
account the parameters of traffic flows and road safety.
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AHHOTALLMA

Lienb: CTaBuTCA 3aja4a pa3paboTaTb METOAONOMMIO YMeHbLIEHNE MPOAOSIKUTENBHOCTY CBOBOAHOMO Pa3BMUTUS NMoXapa Ha OCHOBE ONTUMU3aLun
MapLUpyTa ABUXKEHMSA NOXapHO-cnacaTenbHON TEXHWKIM OT MOXapHOro Aeno Ao MecTa Bbl30Ba. [114 9TOoro He06x04MMO MPOBECTM aHaNn3 1 Bblaee-
Hue aKTOPOB, BAMSAIOLLMX Ha MPOAOCIIKUTENBHOCTb ClleJ0BaHNA NOXaPHOr0 aBTOMOBUIIA K MECTY BbI30Ba [/151 YMEHbLUEHUS MPOLOSIKNUTENBHOCTH
cBO6OAHOrO pasBUTHA noxapa. s pelleHns 0603HaYeHHO 3aaun ncenefoBanach NoBeeHne NoXxapHoro aBToMo6unsa B cucTeMe «BOANTENb
— aBTOMO6MAb — gopora — cpefar.

MeTopabl: [lpoBeaeHne TeopeTnyecknx MCCNefoBaHunii OCyLLECTBNANOCH Ha OCHOBE METO0B MaTeMaTUYeCKOro aHannaa, MaTeMaTnyeckow cTa-
TUCTUKW, TEOPUU BEPOATHOCTEN M Teopuy rpacdoB. TOYHOCTb pe3yNbTaToB TEOPETUYECKNX NCCe0BaHWI ABNSETCA JONYCTUMO As NpoBefeHNs
NHXEHEPHbIX pac4eToB. 06paboTKa NOSyYeHHbIX Pe3ybTaToB OCYLLEeCTBAANACh C MCNONb30BaHWEM NAaKeTOB NPMKaAHbIX Nporpamm STATISTICA
1 Microsoft Excel. [1ns paspaboTku anroputma yMeHbLLIEHWUS NPOACIKUTENBHOCTH CBOBOHOIO Pa3BUTHSA NOXapa UCnonb3oBanicb METOAbI UMU-
TaLMOHHOIO MOAENNPOBaHNS, a TakxKe MeTo MoHTe-Kapno.

PesynbTraThl: B paboTe nokasaHo, 4To Hanbonbllee BAWAHUE Ha MPOAO/IXXNTENBHOCTb CBOBGOAHOMO Pa3BUTHA NoXapa UMeeT BpeMs cnefjoBaHus
NOXapHoOro aBToMo6UNSA K MecTy BbidoBa. 060CHOBaHa HEOGXOAUMOCTb UCCeJOBaHNI NOBEAEHNSA NOXAPHOr0 aBTOMOBUS B CUCTEME «JOPOXKHbIE
YCNOBWS — TPAHCMOPTHbIE MOTOKM» C Liesbto YMeHbLUEeHUst TPOAOSIKUTENbHOCTY ero cnefjoBaHuns K MecTy BbidoBa. PaspaboTaHa rpadoBas Moaenb
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RESEARCH AND DEVELOPMENT

ONTUMM3aLMN NYTU CefoBaHUs NOXapHOro aBTOMOGWS OT [jeno A0 MecTa Bbl3oBa. PaspaboTaHa MMUTaLMOHHAA MOAESb NPOrHO3MPOBaHUS
NPOAOSIKMUTENBHOCTU CNIeA0BAHWA NOXaPHO-CcnacaTeNlbHOro NoApasfeneHunst K MecTy Bbl30Ba, YTO NO3BOSET ONpeAevTb ONTUMabHbIA MapLIpyT
CNeaoBaHUs 1 yMeHbLWUTb NPOAOSIKMUTENbHOCTb CBOGOAHOMO Pa3BUTUS NOXapa.

BbiBOAbI: B paboTe paspaboTaHa MeTOLONOMUS YMEHbLUEHWE NPOLOSIKUTENBHOCTW CBOBOAHOIO PasBMUTUS NOXapa Ha OCHOBE ONTUMMU3aLMK
MapLUpyTa ABUXKEHNSA NOXapPHO-CracaTeNbHOM TEXHWUKM OT MNOXapHOro Aeno A0 MecTa BO3HWKHOBEHUS Ype3BblvaiiHON cUTyaunn. TeopeTuyeckre
pacueTbl NOKa3bIBakT, YTO pa3paboTaHHaa METOAONOM A NO3BONAET YMEHbLUNTL NPOAOSIXKUTENBHOCTb CleJ0BaHNA CneLnanbHblX TPaHCMOPTHbBIX
CPeACTB U, KakK CNnefcTBUE, YMEHbLUMTL NPOLOSIKUTENBHOCTb CBOGOAHOI0 Pa3BUTUA NOXKapa B CpeiHEM Ha 7%. YCTaHOBEHO, YTO /15t OnpeAeneHus
BCeX BO3MOXHbIX BAPMAHTOB MapLupyTa [iBMXKXEHUS MPOTUBOMOXAPHON TEXHUKN Lienlecoo6pa3Ho UCMob30BaTh TEOPUMIO rpadoB, B YaCTHOCTY, Takas
Mofenb nNpuBefeHa B paboTe. B fanbHellwem LienecoobpasHo pa3pabaTbiBaTb U COBEPLLIEHCTBOBATb CYLLECTBYHOLWMe MaTeMaThyeckne Moaenu
LBUKEHWS NMOXAPHOro aBTOMOGWS NyTeM y4eTa NapaMeTpoB TPAHCMOPTHbBIX MOTOKOB U 6€30MaCHOCTU JOPOXXHOTO ABMXKEHUS.

KnioueBble cnoBa: noxap, noXxkapHas TeXHUKa, NPOAC/IKUTENbHOCTb CieJoBaHUst, CBOG0OAHOE pas3BUTUE MOXKapa, yIMYHO-A0POXKHaA CeTb, MapLIpyT
cnepoBaHus, rpadoBas Mofesb, UMUTaLUMOHHAA MofeNb
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ABSTRAKT

Cel: Zadaniem autoréw jest opracowanie metodologii skrécenia czasu swobodnego rozwoju pozaru dzieki optymalizacji tras jednostek ratowniczo-
gasniczych miedzy remizg a miejscem wezwania. Aby zrealizowac ten cel nalezy przeprowadzi¢ analize oraz okresli¢ czynniki, ktére wptywajg na czas
dojazdu samochodu pozarniczego na miejsce wezwania. Na potrzeby realizacji okre$lonego celu zbadano zachowanie sie samochodu w systemie
,kierowca — samochdéd — droga — otoczenie".

Metody: Przeprowadzone badania teoretyczne bazowaty na metodach analizy matematycznej, statystyki matematycznej, rachunku prawdopodobieristwa
i teorii grafow. Doktadnos¢ wynikéw badan teoretycznych zostata okreslona jako akceptowalna dla przeprowadzenia obliczen inzynierskich. Otrzymane
wyniki byty przetwarzane z uzyciem pakietéw programéw STATISTICA i Microsoft Excel. Do opracowania algorytmu skrécenia czasu swobodnego
rozwoju pozaru wykorzystano modelowania symulacyjne oraz metode Monte Carlo.

Wyniki: W artykule wykazano, ze najwiekszy wptyw na okres swobodnego rozwoju pozaru ma czas dotarcia samochodu pozarniczego na miejsce
wezwania. Udowodniono konieczno$¢ prowadzenia badan nad zachowaniem sie samochodu pozarniczego w systemie ,warunki drogowe — przeptyw
ruchu”w celu skrécenia czasu jego dotarcia na miejsce wezwania. Opracowano model grafowy optymalizacji trasy samochodu pozarniczego od remizy
do miejsca zdarzenia oraz model symulacyjny do prognozowania czasu dojazdu samochodu pozarniczego na miejsce zdarzenia, umozliwiajacy wyzna-
czenie optymalnej trasy dojazdu i skrécenie czasu swobodnego rozwoju pozaru.

Whioski: W artykule opracowano metodologie skrécenia czasu swobodnego rozwoju pozaru dzieki optymalizacji tras jednostek ratowniczo-gasniczych
miedzy remizg a miejscem zdarzenia. Obliczenia teoretyczne potwierdzajg, Ze opracowana metodologia pozwala skréci¢ czas dojazdu jednostek, i tym sa-
mym czas swobodnego rozwoju pozaru $rednio o okoto 7%. Wykazano, ze w celu okreslenia wszystkich mozliwych wariantéw trasy pojazdéw pozarniczych
nalezy wykorzystac teorie graféw. Przyktad modelu grafowego zostat przedstawiony w artykule. W kolejnym kroku nalezy wykorzystywacé i doskonali¢
istniejgce modele matematyczne ruchu pojazdu pozarniczego wraz z uwzglednieniem w nich parametréw przeptywu ruchu i bezpieczeristwa drogowego.
Stowa kluczowe: pozar, technika pozarnicza, czas dojazdu, swobodny rozwdj pozaru, sie¢ drogowa, trasa dojazdu, model grafowy, model symulacyjny
Typ artykutu: oryginalny artykut naukowy
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Formulation of the problem

Reducing the duration of the free development of fire is
one of the key issues in the field of fire safety. This, in turn, will
limit the damage caused by the fire. An analysis of the compo-
nents of the duration of the free development of fire indicates
that in most cases its substantial share is followed by fire and
rescue units to the place of call. Therefore, today the problem
of finding measures to reduce the duration of firefighters' travel
to the place of call is extremely topical. A prerequisite for this
is an analysis of the factors affecting the duration of the fire
engine’s travel to the place the call.

BITP VOL. 48 ISSUE 8, 2017, pp. 80—87, doi: 10.12845/bitp.48.4.2017.5

As stated above, in order to solve the priority task of re-
ducing the duration of the free development of fire, it is nec-
essary to search for directions for the optimisation of the
time needed for the fire truck to reach the place of call. Sci-
entific studies presented to date rarely focus on the analy-
sis of the behaviour of a fire vehicle in the driver — car — road
— environment system, which allows to distinguish factors
that affect the length of travel of the fire truck to the place of
call. Therefore, this study is aimed at solving an actual sci-
entific and technical problem, which involves an analysis of
the factors influencing the duration of the fire truck’s travel
to the place of call.

SAFETY & FIRE TECHNIQUE

81



82

NCCNEOOBAHUA N PABBUTUE

Analysis of recent research
and publications

Itis worth noting that a number of scientists are engaged in
the outlined problem. In particular, there are well-known studies
aimed at optimising the areas of departure of fire and rescue
units. In [1], new distances for outlying areas for fire departments
were obtained, in which there was a more even distribution of the
number of calls for fire units and a 9% reduction in the time of
arrival to the place of call. Due to the optimisation of the bound-
aries of service areas by fire and rescue units in [2], the time of
travel to the place of call was reduced by 3%. In [3], an analysis
of areas of service of fire and rescue districts of the city was
considered, on the basis of which it was found that it is expe-
dient to create a module for the division of the city into service
areas, the algorithm of which is based on Voronoi diagrams.

The issues of the optimisation of travel routes are considered
in the studies by Ukrainian scientists [4-6]. In [7], a model for se-
lecting the route for special vehicles is proposed on the basis of
track record data and special vehicle traffic routes collected for
four years in North Virginia (USA). In [8], predicting the length of
travel of special vehicles takes into account such factors as the in-
tensity of traffic flow, the number of lanes on the highway network
and the average speed of traffic flow. Paper [9] considers a model
for the dynamic design of the routes covered by special vehicles,
taking into account the time of the day, and, accordingly, the in-
tensity of traffic flow. In [10], modeling of the process of motion
of special vehicles takes into account their ability to deviate from
some traffic rules, for example, to drive past prohibitory traffic
signs. However, in these studies insufficient attention is paid to the
impact of factors (for example, the arrangement of the street-road
network, its characteristics, parameters of transport streams, and
the technical means of the organisation of traffic) on the duration
of travel to the place of call. Certain cases of the outlined problem
were considered by the authors of this article in papers [4, 11-17].

ky
O R N WRUOGOJ®

Statement of the problem and its solution

The task is to develop a methodology for reducing the
duration of the free development of fire on the basis of the
choice of the optimal route for transporting fire equipment
from the fire department to the place of calling the fire and
rescue services. To do this, it is necessary to analyse and
distinguish factors that affect the duration of the fire truck
travel to the place of call, to reduce the duration of the free
development of the fire.

According to the current legislation, in Ukraine, the radius
serviced by one fire-rescue unit, i.e. one fire depot, is 3 km, which,
depending on the area, translates into 28-30 km?. Proceeding
from this standard, it is possible to indicate areas of service in
cities in the form of circles, the areas of which may partly over-
lap adjacent districts [4].

Of course, in reality, there is no such division of cities into
areas of service of fire and rescue units. In practice, the distri-
bution of districts is carried out based on certain streets, which
are used as boundaries, allocating areas up to 30 km?for each
unit of the service. In most cases such areas take the shape
of polygons in which fire depots are usually displaced with re-
spect to their centres.

The speed and safety of the fire truck movement is signifi-
cantly influenced by traffic flow intensity, which varies not only
depending on the parameters of the street-road network, but
also on time of the day. The irregularity of traffic flow time di-
rectly affects the speed and, consequently, the length of trav-
el of the fire truck to the place of call. The hourly irregularity of
traffic flow intensity reflects the daily oddity factor k,, which
is determined by the average daily to hourly traffic intensity in
a surveyed hour. Daily non-uniformity of traffic flow intensi-
ty can be traced from Fig. 1, which shows the dependence of
the coefficient of daily inequality [17] on the intensity of traffic
flows at a time of day.

012 3 45 6 7 8 910111213 1415 1617 18 19 20 21 22 23 24
Time of day, hours

Figure 1. Dependence of the coefficient of daily irregularity of the intensity of traffic flow on time of day

Source: Own elaboration.

In order to achieve the goal, namely to reduce the duration
of the free development of fire through the optimisation of the
travel of fire engines to its place of destination, one should con-
sider the proposed algorithm for solving this problem.

In the first stage, it is necessary to divide the service area
into several sectors according to the directions of fire vehicle
operated in the operational and dispatching service (for 5-6 sec-
tors with the boundaries on the streets) so that each sector has

BEZPIECZENSTWO | TECHNIKA POZARNICZA

within its limits 3-5 roads for possible travel in the radial direc-
tion from the fire depot to the extreme boundary of the service
area sector using transverse roads for moving to radial roads
that are characterised by smaller traffic congestion.

Inthe second stage, for each sector adopted, it is necessary
to develop cascading graphs of road variants for the passage
from the fire depot in aradial direction to the extreme boundary
of the sector, taking into account all the possible intersections.
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Recommendations [4, 5] should be taken into account. An ex-
ample of a cascade graph is depicted in Fig. 2.

The first Second

cascade cascade

BADANIA | ROZWOJ

Third
cascade

Figure 2. Cascade graph of options for the passage of a fire vehicle from a fire depot (FD) to the place of call (CP) along the roads with a length of

I.(edges of the graph) taking into account regulated (RI) and unregulated (Ul) intersections [4]

The cascade graph of the variants of the routes of a fire
vehicle from its fire depot (FD) to the place of call (CP) (Fig. 2)
is constructed taking into account all the possible radial and
transverse roads, whose length /, corresponds to each individ-
ual edge of the graph. Each vertex of the graph corresponds to
a crossroads that can be regulated using traffic lights (RI) or
unregulated (Ul).

In the third stage, it is necessary to determine, based on
the results of observations, the average value of traffic inten-
sity N of vehicles for the street-road network of the studied
area. After that, taking into account Fig. 1, the influence of the

16

14 |

5 6 7 8 9 10 11 12 13

operational time of day T, ON the traffic load and accordingly
on the intensity of traffic is established, based on the results
of observations. Its influence on the coefficient k, is also taken
into account. The value of coefficient k, can be determined by
the results of observations performed, based on the formula

N Q)

where N, — the actual value of traffic intensity, unit/s.
The results of observations can be presented as shown in
Fig. 3.

14 15 16 17 8 19 20 21 22

Time of day, hours

Figure 3. Influence of the operating time of day 7, on the value of the coefficient k,

Source: Own elaboration.

After processing the statistical data by employing the meth-
od of mathematical statistics, we can obtain a polynomial de-
pendence for determining coefficient k, from the operational
time of day Topr

2 5
k =b,+bz,, +b1, +..+b7,, 2

where (M operational time of day during which the departure
of the fire vehicle from the fire department to the place of call
can be performed (hour).

BITP VOL. 48 ISSUE 8, 2017, pp. 80—87, doi: 10.12845/bitp.48.4.2017.5

For example, for Lviv, coefficient k, was obtained by a pol-
ynomial model
k, =-19.04+3.93 -7, +0.05312- 7,,~0.05402501 - 7, +

+0.0037642 - 7, — 0.000078125-7,,

In addition, it is necessary to take into account the influ-
ence of the seasons by using coefficient k, regarding the
intensity of traffic. Having adopted the symbol for the sea-
sons S=1 —summer; S=2 —autumn; S=3 — winter; S=4
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— spring, we can determine the value of k, using the follow-
ing dependence

k, =1.935-0.644S +0.09S’ (3)

Undoubtedly, the intensity of traffic is also influenced by
the days of the week. This effect is taken into account by intro-
ducing a coefficient k, whose value can be obtained by using
the dependence in which days of the week correspond to the

following: D=1 — Monday; D=2 — Tuesday; .. D=7 — Sun-
day. Then we get
k,=0.8314+0.1807D —0.0061D* —0.0039D’ (e

On the basis of the data obtained, it is possible to determine
the actual value of the intensity of traffic N,

N, =Nkkk, ©)

In the fourth stage, it is necessary to determine the time of
vehicle delay 7, at regulated and unregulated intersections. This
issue is investigated by the authors in [4, 18]. Taking this into
account, we can determine the total delay time 7 ;:

n k z
Tq= ZTUH + ZTRH + ZTTH (6)
o1 p= =i

where n — number of unregulated intersections on the route tak-
en; 7, — time spent passing an unregulated intersection, which
is determined by method [4, 17]; kK — number of regulated inter-
sections on the route taken; 7, — time spent passing aregulat-
ed intersection, which is determined by method [4,17]; z —the
number of transport interchanges at different levels on the route
taken; 7,,, — time spent passing a transport interchange at vari-
ous levels, which is determined by method [4, 17].

The fifth stage determines the total number of options for
driving to the place of call using the following dependence

16 |

where B,,, B,,, .., B,,, — variants of crossroads according to all
stages of the graph (Fig. 2) (from 1st to kth); n — the number
of variants of the intersection on the corresponding cascade
graph.

The sixth stage was carried out using a suite of PC applica-
tions developed at the Lviv State University of Life Safety, cal-
culations of travel route L; and delay times T. for all variants
of routes B from the fire department to the place of call using
dependencies

k 1 k
L} :;li ; T) :%;Td.i (®
where [, — the length of the roads between the intersections
—time delays at road crossings along
theroute j, min (calculated values 7, ; according to dependence
(6) in seconds).

In the seventh stage, we determine the travel time 7

along theroute j, km; 7,

. for
all variants of routes B from the fire department to the ;)]Iace
of call. In [2], the results of experimental studies on the speed
of the fire and rescue vehicle in the city during its travel to the
place of the fire in different parts of the city at any time of day
are given. In carrying out these studies, we took into account
the distance from the fire and rescue unit to the place of call L,
and the time of day 7,. Empirical dependencies were obtained
for determining the time of travel from the fire department to
the place of call and, accordingly, the average speed of the fire
and rescue vehicle [2]:

v - 60L, ©)
4.18+1.97L, -0.27,
where L, — distance from the fire depot to the object, km; 7,
— time of day 0—24 (from 0 to 8 hours in dependence (9); using
24-hour clock) (hour).
The analysis of dependence (9) allowed us to specify the
response surface of the length of travel of the fire truck to the
place of call 7, from distance L and at time of day T (Fig. 4).

"'0

Figure 4. Surface response depending on the length of travel of fire vehicle to place of call 7ffrom distance L and time of day T

Source: Own elaboration.
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After defining the travel time 7, for all routes B, we select
theleasttime z, , fromthe obtained values and accept the ap-
propriate travel route at that time.

NCCNEOOBAHUA N PABBUTUE

To implement the methodology described above, an algo-
rithm was developed in the form of an imitation model (Fig. 5).

ha

Enter input data

|

C

Stage 1
Division of servicing area into sectors

©

Stage 2
Development of cascading graphs of variants of routes of
fire and rescue equipment

.

@

Stage 3
Determination of transport flow parameters and
coeflicients k., &, k: by dependencies (1)-(6)

|

©

Stage 4
Determination of the estimated total delay time on the road network 1,
by dependence (6)

]

©

Stage 5
Determine the total number of routes to a call-based location 8 by
dependence (7)

@

Stage 6
Calculate route length L; and delay times 7; for all variants of routes 8
by dependencies (8)

|

Stage 7
Determine the time of follow-up 7;; for all variants of routes
B from the fire department to the place of call

O

Output a route with the least predicted value of the time of
follow-up 7y,

Figure 5. Structural scheme of the algorithm-simulation model for reducing the duration of the free development of fire on the basis of choosing

* time of follow-up -> travel time

the optimal route for the fire vehicle
Source: Own elaboration.

On the basis of the results of theoretical and experimental
research, using the STATISTICA application package, it was
possible to obtain the response surface of the dependence of
the duration of the fire truck travel to the call point at the dis-
tance and time of day in conditions of the Lviv street and road
network (Fig. 6).

Also, the dependencies describing the surface (Fig. 6) were
obtained and the length of travel of the fire truck to the place
of call according to the optimal route based on the proposed
methodology (Fig. 6, a) was determined:

Ty o, = —42.5725+ 16.553T +0.0983L —

—0.6755T* — 0.0003TL +0.0000028471L (10)

BITP VOL. 48 ISSUE 8, 2017, pp. 80—87, doi: 10.12845/bitp.48.4.2017.5

where T - time of day 0-24 (instead of 0 in dep. (10) substitute
24), hour, L — distance to the call location, m.

and the set route in accordance with the operational fire ex-
tinguishing plan (Fig. 6, b):

T, =—65.4236+ 19.4235T +0.1149L —

—0.7976T* —0.000096041TL +0.0000011559L°  (11)

The analysis of the obtained surfaces (Fig. 6) and depend-
encies (10), (11) shows that the use of the developed methodolo-
gy in the conditions of the street-road network in Lviv will make
it possible to reduce the duration of the travel of fire and res-
cue vehicles by optimising the route by approximately 7% and,
respectively, limit the duration of the free development of fire.
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a)

Figure 6. Surveys of response depending on the length of travel of the fire truck to the place of call chonditional on distance L and time of day

Tin conditions of the street-road network in Lviv: a — according to the optimal route based on the proposed methodology;

b — according to the established route based on the operational fire extinguishing plan

Source: Own elaboration.

Conclusions

This work develops the methodology of reducing the dura-
tion of the free development of fire on the basis of optimising
fire and rescue vehicles movement routes from the fire depart-
ment to the place of emergency. Theoretical calculations show
that the developed methodology makes it possible to reduce
the length of travel of special vehicles and, consequently, re-
duce the duration of free fire development on average by 7%.
It is established that in order to determine all the possible var-
iants of the fire-propulsion traffic route it is expedient to use
the theory of graphs, in particular the model presented in the
study. In the future, it will be beneficial to develop and improve
the existing mathematical models of fire vehicle movement, tak-
ing into account the parameters of traffic flow and road safety.
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