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Optimization of fire equipment and fire departments is perhaps one of the
main problems today in the State Emergency Service of Ukraine. Given the
reform of the civil protection service, the redistribution of forces and resources,
there is a need to create new fire and rescue units. The choice of the place of
their new deployment should be scientifically substantiated and highly efficient
in the operation of forces and means of civil protection. That is why there is
such a task as identifying additional fire depots, taking into account the
reduction of the integrated risk of emergencies or dangerous events. At the same
time, the Strategy for Reforming the Civil Protection Service 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 integrated risk, building models and methods of risk
management, forecasting the level of risk for further development of sound
recommendations for the deployment of new fire and rescue units to reduce the
risk of emergency (dangerous event) territory.

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.

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.
Departure areas of 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%.

Keywords: Integral Risk of Emergency, Coverage Ratio, Time of Arrival,
Coverage Area, Rescue Unit, Fire Depot.
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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
determine the required number of 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 work [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 Ngyents — the number of

emergencies (dangerous events) recorded in the region; M, qims — the number
of deaths due to emergencies (dangerous events) in the region; z5,rjye — average

time of arrival of RUs to the place of occurrence of an emergency situation
(dangerous event); r7)oc — average time of localization of emergencies

(dangerous events); 7jj; — 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 place of an emergency. The normative
time of arrival of RUs to the place of call [9-10] should not exceed: on the
territory of cities — 10 minutes; in settlements outside the city — 20 minutes.

In [11] 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 Kgqy er , Which is determined by the following formula:
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where Ng— the number of existing RUs; P, — area of departureq-th unit; Sg —

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:

Tarrive = —20,799kc0ver + 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,..), and the time of arrival

should not exceed 20 min, therefore, the service radius of one unit will be:
1

Rservice = Varrive * Zarrive = 30- 3 =10 km (3)
Calculate the area of service by one unit:
Sservice = 7 * Rs?ervice = 3’14‘102 =314 km® (4)

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

314

(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:

Tnpam = —20,799-0,2275+ 35,46 = 30,73 min. (6)

For one unit, the average time of arrival 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
Keover 1380 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
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of the RUs to the place of an emergency (dangerous event):

Tnp;m/l = —20,799 . 0,4551+ 35,46 = 25,99 min. (8)
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Fig. 1. Location of two fire depdts in B:IyAz‘hvi'ljk'i\“/'s'kyi 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).
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Fig. 2. Location of three fire depots in Blyzniuvki\'/s”kyi' 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
Keover = ———— = 0,6826 9
) cover 1380 ( )
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
Keover = 1380 0,9812; (11)

Tarrive = —20,799-0,9812 + 35,46 = 15,05 min. (12)

)

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

If there are four fire depots, the time of arrival 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) minimum area of crossing of exit areas of RUSs;

2) belonging of departure areas of RUs of given area;

3) the minimum area of crossing of the departure areas of RUs with the
areas of prohibition;

4) belonging PDOs and OsID of the area of crossing of the depature areas
of RUs;
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5) the time of arrival of the RUs to the most remote point of the departure
area, should not exceed the specified;

6) placement of RUs 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).

B

Fig. 4. Departures of fire depots accd“r‘dilh'gxfb ;[h'e"existing network of
roads in Blyznyukivskyi 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.

©@ & s @

Fig. 5. Areas of departure by rescue units iﬁr‘él‘yihyukivskyi district of
Kharkiv region in the form of convex polygons
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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 arrival 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).
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Fig. 6. Dependence of the integrated fire risk r; on the time of the RUs

Tarrive

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

R3 =107-30,73-9-107> =2173.10~*. (13)
R§ =107-25,99-9-107> =1,699-10*. (14)
R§ =107°-21,26-9-107> =1,226-10". (15)
R§ =107°-15,05-9-107> = 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 arrival time to the place of call is reduced by 51%, and the
corresponding risk — by 72%.

Conclusion. The paper minimizes the integral 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 RUs 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 reduced by 51%, and the
corresponding risk of an emergency will be reduced by 72%.
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MIHIMI3AILSA IHTETPAJIBHOT'O PU3UKY HAI[BBI/I‘IAE/'IHOT
CUTYAIII HA TIPUKJIAII BJN3HIOKIBCBKOI'O PATOHY
XAPKIBCBKOI OBJIACTI

boparoxxenko C.4., Haninin O.M., JIsmescoka O.1., YBapos [0.B.

Onmumizayis NOJHCEeNHCHOI MEXHIKU Ma NONCEHCHUX NiOpo30inie YU He
O00Ha [3 20]I08HUX NpoONeM Ha Cb020OHI 8 JlepoicasHiu cnyicoi Yrpainu 3
HaossuuanHux cumyayiu. Bpaxosyouu me, wo npoxooumsv peghopmysanHs
CAYHCOU  YUBIILHO2O — 3aXUcCmy, nepepo3nooil cun I 3acobi8, BUHUKAE
HeoOXiOHICMb CMBOPEHHST HOBUX NONCEHCHO-PAMYBAIbHUX NiOpo30inie. Bubip
Mmicys ix HO80I ducioxayii mae Oymu HAyKo8o 0OIPYHMOBAHUM I HeCMU BUCOKY
eghexmusHicmob no excniyamayii cun ma 3acodi8 CyHcou YusiibHO20 3aXUC).
Came momy, UHUKAE MaKa 3a0a4a, 5K BU3HAYEHHS 000AMKOBUX NONCEHCHUX
0eno 3 Ypaxy8aHHAM 3HUMNCEHHS DIGHs IHMEe2PalbHO20 PUSUKY HAO3BUYAUHUX
cumyayin yu Hebe3neunux nodiu. Pazom 3 yum, Cmpameeis pegopmysarnns
0epoicasroi  cnydcou  YusibHO20  3axucmy nepeodoavac 3anpo8aodHCeHHs
cucmemu YNpaeiiHHi MEXHOSEHHOW Ma NONCENHCHOI 0e3NeKol0 HA OCHOBI
PUUK-OPIEHMOBAHO20 NiOX00Y. Tomy axmyanvHow 3a0auerd € BUABILEHHS
napamempis, wjo GNIUBAIOMb HA GENUYUHY [HME2PANbHO2O PUUKY, N00Y008a
Mooeneti ma mMemoois YnpaeiiHHsa OaHUM PUSUKOM, NPOCHO3YBAHHS PIGHS PUSUKY
07151 nOOANLULOL pO3POOKU OOIPYHMOBAHUX PEKOMEHOAYTU CIMOCOBHO PO3MIUJEHHS
HOBUX NONCEHCHO-PAMYBANbHUX NIOPO30INI8 3 YPAXYBAHHAM 3MEHUIeHHS DIGHs
PU3UKY HAO36uyaiHoi cumyayii (Hebe3neynoi noOii) Ha O0CAIOHCYBAHIU
mepumopii.

Mema cmammi nonsieae y MiHIMi3ayii pu3uxy HAO36UYAUHUX CUMYAYIl
(Hebe3neynux noditi) Ha npuxnadi bnuznwokiecokoco paiiony Xapxiscbkoi
obacmi 3a paxyHox 30i1bUleHHs KITbKOCHI NONCEHCHUX Oeno.

B pobomi nokazamo obepreny 3anedcuicmv Mixc Koe@iyicHmom
nokpumms obracmi i YACOM NPAMYBAHHA HA HAO3GUYAUHY CUMYAYito
(Hebe3neuny nooiio). Peanizosano minimizayito iHmezspaibHO20 — PUSUKY
HAo38uYauHuUx cumyayiii (Hebe3neuHux nooiil) 3a PAxyHOK 30i1bULEeHHS
KIIbKOCII NOJNACENCHUX 0eno Ha npuxiadi bausnrokiecvkoeo pationy Xapkiscvkoi
obnacmi. Ilpodemoncmposarno pationu 6uizody Ha peanvhit kapmi 6 Google
Maps. Pationu 6ui30y NnoN*CeHCHO-pAMYBAIbHUX NIOPO30iNi8 AGIAIMb OO0
OnyKii 0a2amoKYMHUKU, BePUIUHU SKUX 3djledcams 8i0 cimku oOopie. B
pe3ynomami 30iNbUWeHHs T 3 00HO20 MNONCENCHO20 O0eno 00 UYOMUpPbOX, Udc
peazyéaHua Ha noxcedcy 3suusumscsi Ha 51 %, a 6i0no8iOHUX pU3UK
Hao3euyaunoi cumyayii smeHuwumocs Ha 72 %.

Knwouosi  cnoea: inmezpanvuuii  pusux  HAO36UYAUHOI  cumyayii,
Koeiyienm noKpumms, u4ac NpAMY6aHHA, 001ACMb NOKPUMMS, NOACEHCHO-
PAMYBANbHUL NIOPO30IL, NOAHCEHCHE OeNO.
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MUHHAMM3ALMS UHTET'PAJIBHOI'O PUCKA qPEIBBLI‘IéfIHI;IX
CUTYAIIUI HA IPUMEPE BJIN3HIOKUBCKOI'O PAMIOHA
XAPBKOBCKO#M OBJIACTH

bopatoxenko C.4., Janmnun O.M., JIsmesckas E.N., YBapos 10.B.

Onmumu3zayust NOHCAPHOU MEXHUKU U NONCAPHBIX NOOPA30eNeHULl 00HA U3
2NasHblx npobaem ce2o0ns 6 locydapcmeennoti cayocoe Ykpaunol no
Ype3BLIYALIHBIM  CUMYAYUsAM. Yuumwvleas, umo npoxooum pegopmuposanue
CAYHCOBL  2PAdNCOAHCKOU  3awumol, nepepacnpeoeseHue Ccuil U Cpeocms,
803HUKAem  HeoOXOOUMOCMb  CO30aHUSL  HOBBIX  HONCAPHO-CNACAMENbHBIX
noopasoenenuil. Bvlbop mecma ux HOB0U OUCIOKAyuUU O0NHCEH OblMb HAYYHO
000CHOBAH U HeCmuU BbICOKVIO IPHeKmusHocms no IKCHIYAMAaAyuu Cui u
cpeocms CyrHcObl 2pancoOancKou 3auumol. IMeHHo no3amomy 603HUKAen maKdsi
3a0aya, Kaxk onpeoeieHue OONOJHUMENLHBIX HONCAPHLIX O0eno ¢ YUemom
CHUDICEHUsL YPOBHSL UHMEZPANbHO20 PUCKA UPEe3BbIYAUHbIX CUMYAYUL U
onacuvix coovimuti. Bmecme ¢ mem, Cmpameeus peghopmuposaniis
20CY0apPCMBEHHOU CAYHCObL 2PANCOAHCKOU 3auumsl npeonoiazaenm GHeopeHue
cucmemvl YNPAGIeHUsT MEXHOLEHHOU U NONCAPHOU 0e30NaACHOCMbI0 HA OCHO8E
PUCK-0PUEHMUPOBAHHO20 nooxoda. Tlosmomy akmyanvHou 3adaueil s615emcs
8blsAGNIeHUe NAPAMEMPOs, GIUAIOWUX HA BEIUYUHY UHIMESPAIbHO20 PUCKA,
nocmpoenue  Mmooeneli U Memoo08  YNpPAGIeHUs  OAHHbIM  PUCKOM,
NPOCHO3UPOBAHUE YPOBHS PUCKA O/ OaibHeliuel pa3padomky 000CHOBAHHBIX
peKOMeHOayuli ~ no  pa3MewjeHur0  HOBbIX  NONCAPHO-CNACAMELHBIX
noopa3zoeseHuli ¢ yuemom YMeHbUEeHUS. YPOBHS PUCKA YPE3BbIYALIHOL CUMYayul
(onacrnozo cobvimust) Ha ucciedyemou meppumopuu.

Lenv cmambu cocmoum 6 MUHUMUZAYUU PUCKA UPE38bIYATIHBIX CUMYAYULL
(onacmuwix npoucuwiecmauti) Ha npumepe bnusHiokoeckoeo paiiona XapvbKo6ckoli
obnacmu 3a cuem y8enuleHUs KOIUYeCmaed nodCapHuix 0eno.

B pabome noxazana obpammuas zasucumocms mexncoy kod¢pduyuenmom
NOKpbIMUsi 001acmu U 8peMeHeM Cle008aHUsl HA YPe3BbIYAUHYI0 CUMYAYUIO
(onacnhoe cobvimue). Peanuzosamna muHuMU3AYUSA UHMESPATILHO2O PUCKA
Upe3sblualHbIX  cumyayuli  (ONACHuIX  CcOObIMuULL) 3a  cuem  Y8eluyeHUs
KOUYeCmea NoXCapHulX Oeno Ha npumepe bausniokosckoco  paiiona
Xapwkosckoti obnacmu. [Ipodemoncmpuposansvl paiionvl 6vle30a HA peanbHOU
kapme 6 Google Maps. Pationvl 6vle30a  nOXNCAPHO-CNACAMENbHBIX
noopaszoenenuli  NPeoCmasisom  GblNYKIble  MHO20V20NbHUKY, — 8ePULUHDBL
KOMOPbIX 3a8uUcsim om cemku 0opoe. B pezynemame ygenuueHus ¢ 00HO20
HOJNCAPHO20 0eno 00 Yembvlpex 8pemMs peasupo8aHus HA NONCAP CHUBUMCS HA
51%, a coomsemcmaylOWUX pUCK 4pe3BblYaliHOU CUMYAyUU YMeHbUWUMCA Ha
72%.

Kniouesvie cnosa: unmezspanvHulii pUCK 4pe3sblYatiHOU  CUMyayul,
K03 puyuenm nokpvimus, epems cied08anus, 061acms NOKPLIMUS, NOHCAPHO-
cnacamenvHoe noopasoeieHue, No#CapHoe 0eno.
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