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The paper shows the inverse relationship between the coverage ratio of
the region and the time of arrival to an emergency (dangerous event). the
minimization of the integral risk of emergencies (dangerous events) was realized
by increasing the number of fire depots on the example of Blyzniukivskyi district
of Kharkiv region. Departure areas are shown on a real map in Google Maps.

The selection of an additional fire department to reduce the integral risk
reduction includes the following restrictions: the minimum area of intersection
of the areas of operation of the PDP in a given area; the affiliation of the areas
of operation of the PDP; the minimum area of intersection of the areas of
operation of the PDP with the areas of prohibition; the affiliation of the ATS
and PNO of the area of intersection of the areas of operation of the PRP,
providing response to the accident (fire) and the ATS or PNO in accordance
with the call number; the time of arrival of the PRP to the most remote point of
the departure area, should not exceed the specified; placement of PRP is carried
out taking into account the limited resources.

Departure areas of fire and rescue units are convex polygons, the vertices
of which depend on the road network. As a result of the increase from one fire
station to four, the response time to the fire will be reduced by 51%, and the
corresponding emergency risk will be reduced by 72%. During the increase in
the number of fire departments, the arrival time of operational and rescue teams
will decrease, which directly affects the reduction of the integrated fire risk.
That is why, if funding is available, the number of fire departments can be
increased.

Keywords: integral risk of emergency, coverage ratio, time of arrival,
coverage area, rescue unit, fire station.

Statement of problem. In connection with the reform of the State Service
of Ukraine for Emergencies and in accordance with the Strategy of its reform
[1], one of the ways to solve the identified problems of the service is to
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determine the required number of fire and rescue units of local and voluntary
fire protection in the united territorial communities and providing
methodological assistance to local governments in establishing new and
reforming existing rescue units (RUs). At the same time, the Strategy envisages
the introduction of a man-made and fire safety management system based on a
risk-oriented approach. Therefore, the urgent task is to identify parameters that
affect the magnitude of integral risk, construction of models and methods of risk
management, forecasting the level of risk for further development of sound
recommendations for the deployment of new RUs taking into account reduction
the level of integral risk of emergency for research area.

Recent research and publication analysis. In [2] the general function for
definition and management of risk of technogenic danger is given, but the given
model is calculated for risk at the enterprise and does not consider integral risk as
a whole. In the United States, the assessment and management of fire risk is the
agency FEMA, and the results of its activities are given in [3, 4]. However, these
works do not contain information about the dependence of the magnitude of fire
risk on the time of the RDP to the place of emergency. A similar conclusion can
be made during the analysis of risk assessment methods in different countries of
the world, given in the Global Concept of Fire Safety [5-7].

Setting article objectives. The purpose of the article is to minimize the
risk of emergencies (dangerous events) on the example of Blyznyukivskyi
district of Kharkiv region by increasing the number of fire stations.

Main part. In our previous work [8] as a result of the correlation-
regression analysis it was found that the specified integral risk of an emergency
(dangerous event) depends on such factors as Ngens — the number of
emergencies (dangerous events) recorded in the region; M. — the number of
deaths due to emergencies (dangerous events) in the region; r,.,. — average time
of arrival of RUs to the place of occurrence of an emergency situation
(dangerous event); . — average time of localization of emergencies (dangerous
events); «;, — average time of liquidation of emergencies (dangerous events).

The main parameter that RUs should focus on is the standard time of arrival of
units to the scene of an emergency. The normative time of arrival of RUs to the
place of call [9-11] should not exceed: on the territory of cities — 10 minutes; in
settlements outside the city — 20 minutes.

In [12] it was found that the time of arrival of RUs to the place of
emergency (dangerous event) depends on the coverage of the area by service
areas of RUS k.., Which is determined by the following formula:

Ng
s(u pq]
kcover :L ) 1)
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where n,— the number of existing RUs; p,— area of departureq-th unit; s, —
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given territory; s()— area calculation function.

For the Kharkiv region, the following relationship was established [12]
between the time of arrival to the place of call and the coverage ratio:

T arrive = —20,799 kCOV er + 35,46 (2)

From expression (2) it follows that with full coverage of RUs of the
Kharkiv region service areas, the coverage factor is equal to one, the average
time of arrival to the place of an emergency (dangerous event) will not exceed
15 minutes. This value is satisfactory, because outside the city the value of the
time of the units should not exceed 20 minutes.

As an example, the coverage ratio for Blyznyukivskyi district of Kharkiv
region was determined. The coverage area of the service area is equal to the area
of the district 1380 km?. The service area of the unit is equal to the sum of the
service areas of all parts, taking into account their intersection. The service area
of one unit will be the area of the circle with the corresponding service radius.
Given the coverage of roads in rural areas, it was assumed that the speed of the
bottom of the RU will be about 30 km/hour (v.m.), and the time of arrival

should not exceed 20 min, therefore, the service radius of one unit will be:

1
Rservice = Varrive * Tarrive = 30- é =10 km. (3)

Calculate the area of service by one unit:
S =7-R2 . =314-10% =314 km?. (4)

service service
Having the value of the required areas, you can determine the coverage ratio
of one unit in the Blyznyukivskyi district:

314
=——=0,2275.
cov er 1380 (5)

From this calculation it follows that one RU covers less than 23% of the
area, and the average time of arrival of the unit at the place of call will be:

Topan =—20,799-0,2275 435,46 = 30,73 min. (6)

For one unit, the average travel time to the place of call exceeds the
allowable value of 20 minutes, so it is necessary to increase the number of units.
Calculate the coverage ratio of two RUs of Blyznyukivskyi district (Fig. 1):

2-314
cov er = ﬁ = 0,4551 . (7)

From Fig. 1 we see that the unit also covers the neighboring area, so the

coverage ratio should be less than 0,4551. Determine the average time of arrival

of the RUs to the place of_ an emergency (dangerous event):
T npan = —20,799 -0,4551 + 35,46 = 25,99 min. (8)
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Fig. 1. Location of two fire depots in Blyzniukivskyi district of Kharkiv region

The first depot for the location of the RUs was located in the town
Blyznyuky, as the level of danger there is the highest (this follows from the
number of potentially dangerous objects (PDOs) and objects of increased danger
(OsID)), the second depot — in the village. Samiilivka, because there is also an
increased level of danger due to the presence of PDOs. Given the fact that with
two RUs time of arrival still exceeds the minimum standard value of 20 minutes.
Therefore, it is necessary to increase the number of depots. The third fire station
should be located in the village Dobrovillya, because it is home to the maximum
number of people in the united territorial community, which remained
uncovered by the area of departure of the RU (Fig. 2).

Fig. 2. Location of three fire depots in Blyzniukivskyi district of Kharkiv region
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Calculate the coverage ratio and time of arrival of the unit when placing
three fire depots in Blyzniukivskyi district:

3-314
cover = 1380 =0,6826, (9)
Tarrive =—20,799-0,6826 + 35,46 = 21,26 min. (10)

Since the average time of arrival of RUs to the place of call still exceeds
the normative value, it would be advisable to create a fourth depot. It is most
effective to place it in the village. Katerynivka (Fig. 3). Calculate the coverage
ratio and time of arrival of RUs when placing four fire depots in Blyzniukivskyi
district;

_4.314
B cov er 1380
Tarrive =—20,799-0,9812 + 35,46 =15,05 min. (12)

=0,9812, (11)

Fig. 3. Location of four fire depots in Blyzniukivskyi district of Kharkiv
region

If there are four fire depots, the travel time will be reduced by 51%, given
that in fact in this area there is one fire depot in the town Blyznyuky.

From Fig. 3 it can be seen that the service areas of fire and rescue units cover
some area twice, so the actual coverage ratio will be less than the estimated. It is
also necessary to take into account the following limitations of the mathematical
model of emergency risk management [12] when placing these units:

1) the minimum area of intersection of the areas of operation of the PDP
in a given area;

2) the affiliation of the areas of operation of the PDP;

3) the minimum area of intersection of the areas of operation of the PDP
with the areas of prohibition;
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4) the affiliation of the ATS and PNO of the area of intersection of the
areas of operation of the PRP, providing response to the accident (fire) and the
ATS or PNO in accordance with the call number;

5) the time of arrival of the PRP to the most remote point of the departure
area, should not exceed the specified;

6) placement of PRP is carried out taking into account the limited resources.

Given the above restrictions, as well as the existing network of roads, the
exit area of the PDP will be a bunch of broken lines (Fig. 4).

i 2]
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Fig. 4. Departure areas of three fire depots in Blyzniukivskyi district of
Kharkiv region

To determine the service area, it is necessary to build a convex shell for
tying broken, which allows you to get a polygon (Fig. 5), which is the actual
area of departure, taking into account all the above limitations.

’%'

Fig. 5. Departure areas of three fire depots in Blyzniukivskyi district of
Kharkiv region
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Based on Fig. 5 it can be concluded that the coverage area, as well as the
coverage ratio, will decrease compared to the coverage of circles of the
corresponding radius. That is why the average travel time of the PRP to the
place of occurrence of a dangerous event will exceed 15 minutes.

Since Blyzniukivskyi district is a region of Kharkiv region, which is part
of the second cluster [12], we build a graph of the dependence of the integrated
risk on the time of the unit to the place of call (Fig. 6).

0,00008

0,00007 ®

0,00005 K’) R, = 1E-05t,,,, - 9E-05

o
o
o
o
o
[}

Risk of death from fire
(=]
o
o
S
Ny

0,00001

0 T T T T T T T T )
11,60 11,80 12,00 1220 1240 12,60 12,80 13,00 13,20 13,40

Time of arivval of RU to the place of fire, min

Fig. 6. Dependence of the integrated fire risk r; on the time of the RDP

We calculate the value of risk in Blyzniukivskyi district when placing the
1st, 2nd, 3rd and 4th fire depots:

R;=10"-30,73-9-10" =2173-107". (13)
R;=107-2599-9-107° =1,699 -10~*. (14)
R; =107-21,26 -9-10° =1,226 -10*. (15)
Ry =107.15,05-9-10 =6,05-10" (16)

Comparing the obtained data, we can conclude that with the increase in
the number of fire depots, the integrated risk decreases. Thus, in the presence of
4 fire depots, the travel time to the place of call is reduced by 51%, and the
corresponding risk - by 72%.

Conclusion. The paper minimizes the integrated risk of emergencies
(dangerous events) by increasing the number of fire depots on the example of
Blyzniukivskyi district of Kharkiv region. Departure areas are shown on a real
map in Google Maps. Departure areas of fire and rescue units are convex
polygons, the vertices of which depend on the road network. As a result of the
increase from the 1st fire station to 4, the response time to the fire will be
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reduced by 51%, and the corresponding risk of an emergency will be reduced by
72%.
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MIHIMI3Ain IHTET'PAJIBHOI'O PU3HUKY HAI[BBI/I‘IAjIHOf
CUTYALII HA TPUKJIAJI BJU3HIOKIBCBKOI'O PAMOHY
XAPKIBCBKOI OBJIACTI

bopmroxenko C.A., laninin O.M., Crenemax O.A.

B pobomi nokazano obepneny 3anedcumicmv Midc Koe@iyieHmom
nokpumms obaacmi i 4aAcoM NPAMYBAHHA HA HAO3BUYAUHY CUMYAYilo
(nHebe3neuny nooiro). 11i0 uac 30inbuenHs KITbKOCMI NONCENCHUX NIOPOo30inie
yac npuOymms onepamueHO-pAMYSANbHUX CUMY Oyoe 3MeHUly8amucs, uwo
0e3nocepenvbo 6NIUBAE HA 3MEHUWIEHHS ITHMESPAIbHO20 NONCEHCHO20 DPUBUKY.
Came momy npu HaAsA6HOCMI (PIHAHCYBAHHSA KIIbKICMb NONCENHCHUX NIOPO30inie
mooce Oymu 30inbuiena. Peanizosano minimizayito IHMe2paivbHO20 PUIUKY
HAO038UYQUHUX cumyayii (Hebesneunux noodill) 3a pPaxyHOK 30L1bULeHHS
KLIbKOCMI NOJMCEHCHUX Oeno Ha npukiadi bauszniokiscbkoeo pationy Xapkiscbkoi
obnacmi. Ilpodemoncmposano paiionu euizdy na peanvniu xapmi ¢ Google
Maps. Bubip 000amkogoco No;iCeHCHO20 NIOPO30INYy 0Nl 3MEHUIeHHS
IHMe2panbHo20 PUBUKY BKIIOUAE 8 cebe MAaKi OOMEeNCeHHs. MIHIMYyM Niowi
nepemuny pationie @ynxyionyeanns IIPIl 6 3adaniti obnacmi, HanedxicHicmo
pationie  pyuxyionysannsa IIPII;  miniMym niowi nepemurny  pauoHis
@yuxyionysanns IIPIl 3 obnacmamu 3aboponu; uanesxcricme OIIH ma ITHO
obnacmi nepemuny pauonie @ynxyionysanns IIPII, wo 3a6e3neuyiomo
peacysanns no asapito (nocedcy) ma OIIH abo IITHO 8ionosiono 0o nomepy
suxauxy; yac npuoymms IIPIl 0o naiigiodaneniuioi mouku pationy uizoy, mae
He nepesuwiysamu 3a0ano2o,; posmiwenns IIPI1 30iucuioemocs 3 ypaxyeanHam
obmedcenns pecypcie. Pailonu 6ui30y nodjiCcedCHO-psamy8anivHux niopo3oinie
A671A10Mb c00010 ONYKAI 6A2amMOKYMHUKU, 8EPUIUHU AKUX 3aTedHcamsb 810 CimKu
Oopie. B pesynemami 30inbuienus 3 1-20 noowcedcnoco Odeno 0o 4-x, uac
peazysanus Ha nodxcedxcy 3suusumscsi Ha 51 %, a 6i0no8iOHUX puU3UK
Haozeuyaunoi cumyayii smenuwumocs Ha 72 %. 11io yac 36invuwenns Kitbkocmi
HOJMCENHCHUX — niOpo30inie  CKOPOMUMbCA — Yac  npubymms  ONnepamueHo-
PAMYBANbHUX 2PYN, WO 0e3n0cepeoHbo BNIUBAE HA 3HUNCEHHS CYKYNHO20
nodicedcno2o pusuxy. Tomy 3a Hasaenocmi QIHAHCYBAHHA KITLKICMb NOMCEHCHUX
yacmuH MOJNCHA 30LTbIUUMUL.

Knrowosi  cnosa:  immecpanvuuti  pusux  Hao38uuauHoi  cumyayii,
Koegiyienm noKpumms, 4ac npAMy8aHHs, 001ACMb NOKPUMMS, HNOHNCEHCHO-
PAMYBANbHUL NIOPO3OLT, NOAHCENHCHE OENO.
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