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lsanos O. B. Mogeni Ta METOM aHaJi3y 30H PU3HUKY MOTEHIIHO HEOE3MEeUHNX
00’ekTiB B reoiHdopmMmaniiiHuX cuctemax. — KpamidikamiiiHa HaykoBa Ipals Ha
paBax pyKOMIHCY.

Jucepraliiss Ha 3100yTTS HAyKOBOTO CTymHeHs JokTopa (imocodii 3a
cnemianbHicTioO 122 — Komm’rotepni Hayku. — JlepxkaBHuii yHiBepcuteT «Ojechka
nomrtexHikay MOHY, Ykpaina, Oneca, 2021.

VY 6cmyni OOIpYHTOBAHO aKTyaJbHICTh BUPIIICHHS 3aBJaHHS 3HI)KCHHS 4acy
Ha BH3HAYCHHS CIICHAPII0 PO3BUTKY HECHPHUATIMBOI Mojii (aBapii) Ha MOTEHIIIITHO
HeOe3neyHoMy 00’ekTi (B AKocTi sikoro 0yio oOpaHo A3C) 3a paxyHOK po3poOKH
MoOJieNield Ta METOJIB aHaji3y Ta Bi3yali3allli 30H iX pU3UKYy B reoiHdopMarliitHux
cucteMax. Bu3HaueHO mnpeameT 1 00’€KT JOCHIKEHHS, HAayKOBY HOBHU3HY Ta
MPaKTUYHE 3HAYCHHS OJIEP>KaHUX PE3YJIbTATIB.

Y nepwomy po3oini pauceprauiiHOi POOOTH MPOAHAIIZ0BAHO METOJU
BU3HAYECHHS CLIEHApII0 PO3BUTKY aBapli Ha MOTEHUINHO HeOe3neyHoMYy OO €KTI Ta
MO>KJIMBOCTI ICHYIOUHX Te0iH()OpMAIIHHUX CUCTEM IIOJ0 aHAII3y 30H TEXHOTEHHOTO
PHU3UKY, OOTPYHTOBAHO METY Ta 3aJayil TOCIHII>KEHHS.

Busnaueno, mo OJHHUM 13 acCIIEKTIB €KOJIOrIYHOI O€3MEeKH METAIOJICIB € IX
TEXHOT€HHa O€3MeKa, KA BU3HAYACTHLCS CTAHOM IIOTEHIIIMHO HeOe3IeyHnX 00’ €KTIB
(ITHO), Ttakux sk aBro3ampaBHi craHmii (A3C) Ta KOMIUIEKCH, MiANPUEMCTBA
XIMIYHOT MPOMUCIOBOCTI TOMmIO. [loTeHiiitHO HeOe3neyHuM 00’ €KTOM BBaXKAETHCS
00’€KT, Ha SKOMY BHKOPHUCTOBYIOTHCS, BHUTOTOBISIOTBCSA, MEPEPOOIIAIOTHCA,
30epiratoTbCs 4M TPAHCHOPTYIOThCS HEOE3NeyHl peyOBUHH, OIOJIOTIYHI Mpenaparu
tomo. OcobnuBicts nisnibHOCTI [THO mpu3BoauTh 0 TEXHOTEHHUX PU3HMKIB Ta 3a
MEeBHUX 00CTAaBUH CTBOPIOE peabHy 3arpo3y pO3BUTKY CIIEHApit0 aBapii.

ITokazaHo, 1m0 OJHUM 13 NUIAXIB 3amo0iranHs aBapisM € imeHTtudikamis ITHO
Ta OIIHKA 30H TEXHOTC€HHUX PHU3MKiB. [Ipy mporHo3yBaHHI aBapifHMX CHUTYyaIliil Ta
BU3HAYECHHI 30H PU3HKY BUKOPUCTOBYIOTHCS Pi3HI (DI3UUHI MOJENI B 3aJ€XKHOCTI Bijl

xapaktepy AisuibHOCTI [THO Ta moB’sa3aHuX 3 HEIO BHJIIB TEXHOTCHHUX PU3HUKIB.



[IpoanamnizoBaHo icHytoui metonuku (M.), meTomuuHi pekomernmamii (M.p.) i
koM totepHi cuctemu (K.c.) mis Bu3HadeHHs TexHOreHHUX pusukiB Bijg [THO Ta
[0 BOHU € CHEIlaII30BaHUMH,

IIOKAa3aHO, CIIpAMOBAHMMHU Ha BY3bKC KOJIO

CHEIaTICTIB, iX MpaKTHYHE BUKOPUCTAHHS € OOMEXKEHHM TOMY, IO TOTpedye
minen3yBanHs (puc. 1). Bece e yckinaaHOE OTpUMaHHS ONMEPATUBHOTO BU3HAYCHHS

30H PU3HKIB.
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Pucynoxk 1 — OcHOBHI BITUM3HSHI Ta 3aKOPAOHHI METOAUKHU 1 KOMIT FOTEPHI
CUCTEMH OI[IHIOBaHHS TEXHOT€HHOTO PU3UKY

B Toi1 xe uac, y 3B’s3Ky 31 3HAUHUM 301IbIIEHHSIM aBTOMOOIJIBLHOTO MapKy y
BEITUKHMX MICTax YKpaiHu, Ta, IK HACTIAOK, KiTbKOCTI A3C, iCHy€ 3amuT MPaKTUKUA HA
OTPUMaHHS ONEPATHMBHOrO MYOJIYHOTO TMOMEPEKEHHS MpPO 30HU Ta pPIBEHb
TeXHOreHHOTO pu3uKy Bif A3C, 0coOOIMBO PO3TAIIOBAHUX HA TEPUTOPIi MEramoicCiB.
Ta HAOYHOI €KOJIOTTYHOT

Bigomo, 1m0 Ha HamaHHS OIEPaTHBHOI Bi3yaJIbHOT

iH(popmartii cnpsamoBani reoiHpopmaniiiai  cucremu (I'IC), ocHoBoro sikUX €



kaprorpadiuni cepsicu: GoogleMaps, Google Earth, OpenStreetMap, QGIS, ArcGIS
ta gvSIG. Omnak cydachi I'IC He MaroTh MOBHOIIIHHUX BOYJOBAaHUX 3aCO01B aHATI3y
Ta BI3yasi3allii reonpoCTOPOBUX JIAHUX MPO 30HH Ta PIBEHb TEXHOT'C€HHOTO PHU3UKY
Bin A3C. lle moB’s3aHO B TOMYy YHMCHI 3 BIJCYTHICTIO BIAMOBIIHUX MoOJENEH Ta
METO/IIB.

TakuMm YWMHOM, aKTyaJlbHUM 3aBJaHHSM € pPO3poOKa Mojelied Ta METOJIB
aHamizy Ta Bi3yamizamii 30H TexHoreHHoro pusuky A3C B reoiHpopmaliitHuX
CUCTEMaxX 3 METOI0 3HIKEHHSI Yacy Ha BU3HAUEHHS CIICHAPII0 PO3BUTKY aBapii Ha
MOTEHIIHHO HeOE3MEeYHOMY 00’ €KTI.

VYV 3B’I3Ky 3 MepepaxOBaHWM BHUIIE CHOPMYIbOBAHO METYy 1 3aBJaHHS
JIOCIIIKEHHS.

Y Opyeomy po3zoini aucepTamiiHOi poOOTH PO3POOIEHO MOJENI TE€OJaHUX
aBTO3aIpPaBHOI CTaHLIi SIK NOTEHLIHHO HEOE3MEYHOro 00’ €KTa Ta 30H TEXHOTEHHOTO
PHU3HKY BiJl YIapHOI XBUJI1, TIOKEXK1 TPOJTUBY HADTOMPOIYKTIB 1 «BOTHSIHOI KYJIi».

Jlist mopanemoro crBopeHHst 06a3u reoganux B ['IC  3amponoHOBaHO MOzENh
A3C GS mnpeacTaBisTH y BUIJISA1 KOPTEXKY 13 HACTYITHUX CKJIAJIOBUX:

GS = (ID, Athem, Atemp, S, RZM) (1)
ne ID — yHiBepcanbHuid tu(poBuid i1eHTU(dIKaTOp 00°€KTa; A — aTpUOyTUBHI
JlaHl, 10 CKJIaAaoThes 13 Athem — TeMaTHYHUX CTaTHYHUX Ta Atemp — 4acoBUX
nuHamiuyHuX naHux npo A3C; S — mpoctopoBi nani; RZM — mojneni reogaHux 30H
TEXHOT€HHOT'O PU3HKY, IKI BUHUKAIOTh Bl yJapHOi XBUIl RZ Mgy, IOXKEX1 MPOJIUBY
HadTONPOayKTIB RZM ) 1 «BOTHSHOT KyNi» RZMpp .

Hlo Athem Bimnocumo: tun ITHO Type; Ha3By dipmu-Biacauka Name,
opuauiHy aapecy Addr; ximbkicTh pesepByapiB N 13 3a3HaueHHsM ix Tumy Ny
(Ha3eMHUM, MIA3EMHUI) Ta KUIBKICTIO MaMBHO-po3AaBaibHUX KOJOHOK (ITPK) Ni;
KUIBKICTh 00cmyroBytouoro nepconany K. Tomi Athem Burnsgae sik:

Athem = (Typepyo, Namepyo, Addrpyo, N, Ny, N, K) (2)

Jlo Atemp BIANOBIAHO BIAHOCHMO: THUN (ClIEHaApiil) HaA3BUYAMHOI cHUTYyaIlil
Type cc, AKAW BU3HAYAE IOAAIBITY MOJEIb 30HA PU3HKY; JaTa Ta 4ac HaA3BUYaNHOI

cutyauii  Datey..; TemmepaTypa HaBKOJUIIHbOro TmoBiTps t °C; THUCK



HaBKOJMIIHLOTO MOBITps p klla; Hanpsim BiTpy Windp; mBuakicts BiTpy Windgy
M/c. Koprexx Atemp Burisgae Tak:
Atemp = (Typeycc, Datey.., Petgs, t,p, Windp, Winds ) (3)
ne Pet;s — xapakrtepuctuka HadTONpoAykTiB y pesepByapax A3C, ska
CKJIaiaeThes i3 Ty P; ta 00’emy V; Hadronpoaykry B i-romy pesepByapi A3C,
Petgs = {P, Vikiy (4)

[IpocTtopoBa ckmagoBa S wmojaem GS mNoOB’s3aHa 3 BU3HAYEHHSM MICIIA
postamryBanas A3C 1 Bkirodae y cebe tum Bizyamizamii Type,;s (IOJIroH, TOYKA,
JIHIS TOIIO) Ta BIAMOBIAHY KoopauHatHY (X, Y) mpuB’s3ky 00’ ekTa

S = (Typevis»X: Y) (5)

Bupasu (1) — (5) € Brepiie po3po0eHO0 MOJCIIII0 I'e0JaHMX aBTO3aIPaBHOT
CTaHLli SK TNOTEHLINHO HeOe3MeyHoro o0’€KTa, sKa MICTUTh AaTPUOYTHUBHY
(TeMaTHYHy Ta 4acoBYy) 1 MPOCTOPOBY CKJIAJIOBY I'€OJIaHUX, IO JO3BOJISIE CTBOPUTHU
0a3y reojganux y cnemiamsoBaHii ['IC Ta ckiagaroTh nepmuii TyHKT HAayKOBOIi
HOBU3HH.

3 BukopucTaHHsaM Mozeni reogannx A3C Ta ICHyIOYMX HOPMATUBHUX METOIUK
po3pobieno RZM — mopeni reofgaHuxX 30H TEXHOTEHHOro pu3uky. PosrisHeMo ix
OUIBIII JETaTbHO HA MPUKIAJI MOJENI TeoJaHUX 30H PU3HKY, SKI BUHUKAIOTH BiJ
ynapHoi xBuwin RZ Mgy,

RZMsy, = (Inpgy, Dirgy, Calcgy,, Outgy,) (6)
ne Inpgy, Dirsy, Calcgy,, Outgy, — BXiJHI, MOBITHUKOBI, PO3PaxyHKOBI Ta
BUXIJIHI JaHl, 3HaYE€HHS Ta BUIJIA[ SIKUX HaBeAeHo B TaOmmigx 1, 2, 3. KigbkicThb

KOJIOHOK B TaOnuIl 3 3aJI€KUTh Bl KUIBKOCTI pe3epByapiB N.

Tabnuus 1 — 3nayeHHs JOBIAHUKOBUX 3MIHHUX Dirgy,

B Monspna KoHcranTH piBHsHHA AHTyaHa Tennora
ua
P Maca Mp, 3ropaHHs Q Fp!
HAGTOMPOAYKTY KI/KMOJIb Ap Br Cr JIK/kr
bensun AM-93 1 98,2 4,12311 664,976 221,695 43641000
Jlu3enpHe MaaruBo 2 203,6 5,00109 1314,04 192,473 43419000




Tabnus 2 — Bursia ckinagoBux Mojen reoganux RZ Mgy,

Cxitanosi
XapakTepucTrKa reogaHux
re0IaHNX
Inpsw | P, V; (i, N); t, Windp, Wind,
Dirgy, Mp; Ap; Bp; Cp; Qpp; (3HaUeHHs A¥B. TaOMIO 1)
Qo = 4520000?{—):;Z = 0,1; Py = 101,3 klla; 1,,, = 3600 c
Calcgy, By

F,=V,-1000-0,15 (M?); Py=10"" & (klla);

w=10°- JVMp - Py (kr/(cM?)); m=W - F, - Ty (KT);

_(Q .
my, = (QLOP) ‘m-Z (kr);

0,33

O,Sme 3m?>.66 5mnp

+ rr;p + r3) (xITa)

AP:P0*<

Outgy 3HaueHHs pajiyciB 30HU PyHHYBaHb I, M: 1790 — moBHUX (100 kI1a)
7509 — criibHUX (50 kIIa)
30— cepennix (30 kIla)
10— cnabkux (10 xIla)

Tabmuusg 3 — Burnsan Outgy,, OTpUMaHuX 332 TOBHUM PO3PAXyHKOM

ITapamerp P; P;
06’em namsa V, M° V; Vi
[1noma nmponuBy nanusa Fy, M’ Fs Fs
Tuck HacuueHol napu nanusa P, klla Py Pu
[HTeHCHBHICTh BUMapoByBaHHs nammsa W, Kr/c M W W
Maca napiB piguHH, sika 6epe yuyacTb y BUOyXy M, KT m m
ITuToma TerioTa 3ropsiHHs napiB Qpp, KJK/KT Qrp Qrp
ITpuBenena Maca nmapiB piiMHA Myp, KT Myp My
Paniyc 30Hu pyliHyBaHb I, M:
noBHux (100 I1a) T100 T100
cuibHEX (50 kITa) T5g Tsg
cepennix (30 kIla) T30 T30
cnabkux (10 xI1a) 710 T10

Po3pobiieni Moeni reogaHux 30H PU3UKY, SIKH BUHUKAE BiJ] TTOKEXKI MPOJIUBY
HaTONPOYKTIB RZMpr 1 «BOTHSIHOI Kymi» RZMpgg BiIpI3HSIIOTECS B OCHOBHOMY
JIOBITHUKOBOIO Dir Ta PO3PaxyHKOBOIO Calc CKJIAJOBUMH 1 JE€TalbHO HABEICHI B
TEKCTI JUcepTallii.

TakuM yMHOM, OTpUMaNIH TOJANBIINK PO3BUTOK MOJENI 30H TEXHOTEHHOTO
PHU3UKY BiJl YAApHOi XBHIJII, MOXKEX1 MPOJMBY HA(TOMPOAYKTIB 1 «BOTHSHOI KyND» 3

ypaxyBaHHSAM po3po0ieHoi mozaeni reomannx A3C, mo 103BOJSE CTBOPUTH 0Oazy




T€OJIaHUX Ta METOJ BU3HAYCHHS 30H TEXHOTCHHOTO PU3HKY Ha ii OCHOBI, 1110 CKJIAJa€
JIPYTUH MYHKT HAYKOBO1 HOBU3HHU.

Y mpemwvomy po30ini nucepraiiiHoi po6oTH po3poOIEHO METOAN BU3HAYCHHS
Ta Bi3yami3alii T€oJaHuX 30H TEXHOTEHHOTO PHU3UKY HPHU PO3BUTKY HEOE3MEeYHOi
cuTyarlii (aBapii) 3a 3aIaHUM CIIEHAPIEM.

3 ypaxyBaHHsM Mozened (1) — (6) MeTon BHU3HAYEHHS TEOJAHUX 30H
TEXHOT€HHOTO PHU3UKY BIJ yIapHOi XBWJI, MOXEXI MPOJMBY HA(TOMPOIYKTIB 1
«BOTHSIHOI KyJi» 3a 3aJJaHUM CIIEHapieEM peati3yeThCsi HACTYITHUM YHHOM:

Kpox 1. 3 ypaxyBanusm mogeni A3C (1) Bubip KopuCTyBaueM/eKCIepTOM
onHiei 13 3-X Mojened TeojaHuX 30H TEXHOreHHoro pusuky (RZMgy,,
RZMyg, RZMgg), Ha 6a3i KO BiTOyBaTHMETHCS PO3PAXYHOK.

Kpox 2. Ha ocHoBi Atemp (3) orpumMaHHs 3 pecypcy ab0 BBEICHHS
TUHAMIYHUX YaCOBHX JAHUX MPO TEMIIepaTypy HaBKOJWITHLOTO MOBITPs t °C; THCK
HABKOJIMITHLOTO TOBITPs p klla; Hampsim Bitpy Windp 1 mBuukicts Bitpy Windsy
m/c.

Kpox 3. 'V 3amexHOCTI Bif KiTbKOCTI pesepByapiB N i3 Athem (2) BBeneHHS
JnaHuX npo Tan P; ta 00’em V; HadTonpoaykTy B i-ToMy pesepByapi A3C y Burisaai
4).

Kpox 4. OtpuMaHHsI 3HaYCHb JOBITHUKOBHUX JaHHMX 3TigHO CTpyKTypi Dir (6).
B Bunanky Bubopy moneni RZ My, 3HaueHHS 3HaXOAAThCS B TaOIMIsIX 1 Ta 2.

Kpok 5. Y BignosimHocti 10 Calc (6) mpoBoguMO pO3paxyHKH BUXITHUX
napameTpiB. B Bumaaky BuOopy moneni RZMsy,, BuUL pO3paxyHKy IOKa3aHO B
TadmI 2.

Kpox 6. JIis1 KOXKHOTO I-TOro pesepByapa MpPOBOANMO PO3PAaXyHOK pajaiycCiB 7

30H pU3UKYy, iTepaTuBHO B nukim Big r = 0,01 3 kpokom I = r + 0,01 3a piBHSHHAM:

08mY2*  3mYf®  sm
’ Ju I I
AP = P, *( L+ —2 4 p), 3a1aM’ITOBYEMO 3HAUeHHS T, JUId sAKuX AP
T

r2 r3

npuiimMae 3HadeHHs 100; 50; 30 ta 10 (xI1a) BigmoBigHO.



Kpox 7. Y BianoBinHOCTI 13 cTpyKTyporo Out (6) dopmyemMo BuxiaHi gaHi. Y

BUMNAAKYy BUOOpy monaeni RZMgy, BUI BUXITHUX JaHMX IOKa3aHO B Tabiuii 3,

KUIBKICTh KOJIOHOK BIATMOBIIa€ KUIBKOCTI HasiBHUX pe3epByapiB A3C.

VY Tabnumi 4 Ta Ha pUCYHKY 2 MOKa3aHl BUXIJIHI JaH1 30H PU3UKY 32 MO/JIEIIIIO

RZMg,,.

Tabmuns 4 — BuxigHi reogaHi 30H pU3MKY B A1l yAapHOI XBWII TPHU pyHHYBaHHI

pesepByapiB Ha A3C, 1110 MICTATHh O€H3UH Ta JU3€EIb

[TapameTp bensun AM-93 (miTHii) JnzenpHe mamuBo «JI»

06’em manuea V, M° 40 15 40 15
[Tnoma nponuBy nanusa, F,, M 6000 2250 6000 2250
Tuck HacwueHoi mapu nanusa P, kl1a 29,5515 29,5515 0,1169 0,1169
[HTEeHCHBHICTP BHIIAPOBYBAaHHS TaJIMBa 2928-10% | 2.928-10% 1.668-10° 1.668-10°
W, Kr/c M2 ’ ’ ’ ’
Maca napiB piguHu, ska Oepe ydacThb Y 6325 42 937203 36.04 1351
BUOYXY M, KT ' ’ ' '
ITuroma Tterutota 3ropsHHA TapiB Qrp, 43641 43641 43419 43419
K JK/KT
ITpuBenena maca napiB piAMHA My, KT 6107,25 2290,22 34,62 12,98
Paniyc 30Hu pyiiHyBaHb I, M:
noBHUX (100 kI1a) 47,88 34,59 8,62 6,23
cubHUX (50 kI1a) 69,3 50,09 12,5 9,03
cepennix (30 kI1a) 93,75 67,78 16,94 12,24
cnabkux (10 kI1a) 199,64 144,4 36,16 26,15
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Pucynox 2 — I'padiku 3MiHM BETHYUHA HAJUTHIIIKOBOTO TUCKY Y (DPOHTI yAapHOI

XBWJI1 3aJICKHO BiJ] BIJICTaHI1 BiJ] €MILEHTPY BUOYXY: a, B — JIJIsI pE€3€pBYapiB 3

6ensuroM eMuicTio 40 i 15 M° BiAmOBiAHO; 6, T — I pe3epByapiB 3 AU3CIbHIM

manuBoM eMuicTio 40 1 15 m° B1JIIIOBITHO



TakuM YUHOM, YJOCKOHAJIEHO METOJ| BU3HAYCHHS 30H TEXHOTCHHOTO PHU3UKY
npu po3BUTKY HeOe3neuHoi cutyarlii Ha A3C 3a MOJEISIMH T€0/JaHuX YAapHOI XBUIII,
MOKEXK1 MPOJTMBY HAPTOMPOAYKTIB 1 «BOTHSHOI KYJIi», IO JO3BOJIHIO CKOPOTUTH Yac
Ha BU3HAYCHHS HACTIJIKIB CIICHAp1I0 PO3BUTKY aBapii Ha MOTEHIIMHO HeOe3meuHOMY
00’€KTI, 110 CKJIAZa€ TPETii MyHKT HAYKOBOT HOBU3HH.

Po3po6nenuii Meron Bizyaiizallli IeoJaHUX 30H TEXHOIEHHOTO PH3HUKY 3
ypaxyBaHHSM CIIEHapit0 PO3BUTKY Hebe3meuyHoi cutyarii Ha A3C ckiamaeTbes i3
JIBOX HACTYITHUX KPOKIB:

Kpox 1. Bizyamizanis AaHuX HpocTOpoBoi ckiagoBoi moxeni (1) ta (5). I3
CXOBHIIIA JIAHUX BiIKpUTOro BeO-kaprorpadiunoro mnpoekty OpenStreetMap (OSM)
3a nornomoror tiariny OSM Place Search 3aBanTakyemo KapTy MeramoJjicy Ta
oTpumyeMo postamyBaHHsI Mepexki A3C micis 3anmycky QUickOSM 3 kirouem (fuel).
Hani y Bursiai (node) ID 3 reorpadivaumu koopauHaTamu — mupoToro (latitude) X
ta posrororo (longitude) Y ta y BiANMOBIZHOCTI 13 TUIIOM Type,;s HAHOCATHCS Ha
KapTy MicTa.

Kpox 2. Bizyanizaliist reojaHuX 30H TEXHOTEHHOTO PU3UKY BiJ] yIapHOI XBUIII,
MOXKEK1 IPOJIUBY HA(PTOMPOAYKTIB 1 «BOTHAHOI Kyni» RZM moneni (1). BpaxoByroui
xoopauHatu A3C X Ta Y, a Takox BUXigHI JaHi Mojeneld yaapHoi xBuwn Outgy, (6),
MOXEX1 NponuBy HaAQTONPOAYKTIB Outpp 1 «BOTHAHOI Kyii» Outpp 3a JOMOMOIOO
po3pobnenoro miariny PHO Ta wnamamryBane 1wiariny Multi Ring  Buffer
BI3yaJli3y€MO 30HU TEXHOTEHHOTO PU3UKY.

[Ipuknagym 30H TEXHOT€HHOI'O PHU3HMKY 3 PI3HUM MacmTaboM I[OKa3aHi Ha
pucysky 3. Ha ocHOBI aHami3y moOy/10BaHO1 KapTH MOKHA 3ayBaXUTH HACTYIHE JJIS
A3C 3 pezepByapamu 3 6eH3MHOM €MHICTIO 40 M

— Ha feskuX A3C He BUKOHYIOTbCSI HOPMHU MPOTUMOKEAKHUX BIICTaHEN 10
TaK 3BaHUX 00’ €KTIB «TypOOTH» (MIAMPUEMCTB, OpTraHi3alliid, CeTITeOHNX 30H TOIIIO);

— neski A3C posmilieHi He TUIBKM B CENITEOHMX 30HAX, aje 1 Mmoonmu3y
aBTOMaricTpajei 13 3HaUHUM MOTOKOM aBTOMOOLUIIB, 1[0 OCOOJIMBO y MIKOB1 TOJUHU

30UTBIITy€ HETaTUBHI HACIIKY aBapii;



— nesiki A3C po3MimieHo oHa MO0IU3y OHOI, HAPUKIIAJ, TPAUIliifHa Ta
razoBa A3C, mo y BUNAAKY aBapii MOXKE€ CIPUYMHHUTH DPO3BUTOK CIEHApII0 3a
KacKaJJHUM €(eKTOM «JIOMIHOY» (30HU PU3HMKY Ha KapTi MEPEKPUBAIOTHCS ).

3a yMOBM MiHIMAJIBHOTO 3amoBHEHHS pe3epByapiB A3C Hadrompomykramu
(15 M%) 30HM pU3HKY y GUIBLIOCTI BUMAAKiB € JNokampHEME (Ha Tepuropii A3C),

MIPOTE MOKJIMBUM € BIUTUB Ha 00’ €KTH «TYpOOTH» B CYCIJIHIX CEIITEOHNX 30HAX.

“lom cepamnors
ey

MEPBONIIA
AainGry XTID Comane rasnanim

Pucynok 3 — Pe3ynbraru Bidyamizaiii 30H pusuky Bix A3C 3a BKazaHUM CIIEHApiEM

aBapii Ta macmtadbom aiisa micta Onecu B miacuctemi QGIS

Takum 4MHOM, OTpUMAaB MOJAJBIINNA PO3BUTOK METOJ Bi3yasi3allii reogaHux
30H TEXHOTCHHOTo pu3uKy (yaapHa XBHWIIS, IMOXKEXa MPOJMBY HApTOMPOAYKTIB i
«BOTHSIHA KYJIS»), IO J03BOJMJIO MOOYAyBaTH 30HM PU3UKY HAa KAapTl METaroicy
3acobamu ['IC Ta CKOpOTMTM Yac Ha BHU3HAYEHHS CIIEHApil0 PO3BUTKY aBapli Ha
NOTEHUIHHO HeOe3neyHoMy OO0 €KTI, IO CKJIaJa€ YETBEPTHM MYHKT HayKOBOI

HOBU3HU.



Y uyemeepmomy po30ini PO3pOOJICHO MIICUCTEMY aHali3y Ta Bi3yaui3arlii
reomanux 30H TexHoreHHoro pm3uky B QGIS. IloOymoBano 0a3sy reomaHux 3
BukopuctanusaMm POStGIS, sika peanizoBana y Burisani posmupenns n1o CYBJI
PostgreSQL, 1m0 3HAa4YHO pO3LIMPIOE MOKJIMBOCTI OOpPOOKH aTpUOYTUBHUX
(TeMaTUYHUX CTATHYHUX Ta YACOBUX JUHAMIYHUX JAHHX), @ TAKOXK MPOCTOPOBHUX 200
reorpadiuanx nanux. ['IC mMae posmmpeHi MOKIMBOCTI MO0 BIOOpaKEHHS JaHUX
y BUTJIAI TOYOK, JaMaHUX JIIHIA Ta TOJITOHIB 1 3M1HCHIOE e(DEKTUBHMIA TOIIYK 3a
3alMTaMu KOPUCTYBadiB.

[Toxazano pesymprat ampobairii po3podnenoi migcucremu B QGIS y TOB
«LleHTp eKOoJIOT14HO1 Oe3MEeKN» Ta OTPUMAHO OUIBII HI’K BABIYI CKOPOUYEHHS Yacy AJis
EKCIIepPTIB HAa BU3HAYEHHS CIICHapil0 po3BUTKY aBapii Ha A3C wmicra Opmecu, 10
M1ITBEP/IP)KEHO BIAMOBIIHUM aKTOM BIIPOBAJMKEHHSI.

KurouoBi ciioBa: reoindopmartiitii cucremu (I'IC), Bizyanizaris ganux B I'IC,
MOJICJIIOBAHHS 30H TEXHOTeHHOTO pu3uKy Bil A3C, Moeli reonpoCTOPOBUX JIAHUX,

QGIS, norenmiitno HeOe3meunnii 06’ext (ITHO).
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ABSTRACT

Ivanov O. V. Models and methods of risk zones of potentially hazardous
objects analysis in geographic information systems. — Qualifying scientific work on
the manuscript.

Thesis for the PhD degree in specialty 122 «Computer science» (12 —
Information Technology). — Odessa Polytechnic State University, Ukraine, Odessa,
2021.

In the introduction actuality of the solution of the reducing the time task for
determining the scenario of the adverse event (accident) development at a potentially
hazardous object (as which the gas station (GS) was chosen) is substantiated by
developing models and methods of their risk zones analysis and visualization in
geoinformation systems. The subject and object of the research, scientific novelty
and practical significance of the obtained results were determined.

In the first chapter of the thesis paper the methods of determining of the
accident development scenario on the potentially hazardous object and the
possibilities of existing geoinformation systems concerning the analysis of
technogenic risk zones were analysed, the aim and tasks of the research were
substantiated.

It is determined that one of the aspects of ecological safety of metropolises is
their technogenic safety, which is determined by the state of potentially hazardous
objects (PHOs), such as gas stations (GSs) and complexes, chemical industry
enterprises, etc. Potentially hazardous object is the object on which dangerous
substances, biological preparations, etc. are used, manufactured, processed, stored or
transported. The specificity of the PHOs’ activities leads to technogenic risks and
under certain circumstances creates a real threat to the accident scenario
development.

It was shown that one of the ways of the accidents prevention is the
identification of PHOs and technogenic risk zones estimation. Different physical

models are used in forecasting emergency situations and risk zones determining



depending on the nature of the PHOs’ activity and the types of technogenic risks
associated with it.

Existing methods (M.), methodological recommendations (M.R.) and computer
systems (CS) to identify the technogenic risks from PHOs were analysed and it was
shown that they are specialized, aimed at a narrow circle of specialists, their practical
use is limited because of the need for licensing (Fig. 1). All that complicates a

process of obtaining operational identification of risk zones.
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Figure 1 — The main national and foreign methods and computer systems of
technogenic risk estimation

At the same time, due to the considerable increase of the car park in large cities
of Ukraine and, as a result, the number of gas stations, there is a practical demand to
receive operational public warning about the zones and the level of technogenic risk

from the GSs, especially located in the territory of metropolises. It is known that



geoinformation systems (GIS), based on cartographic services: GoogleMaps, Google
Earth, OpenStreetMap, QGIS, ArcGIS and gvSIG — are directed on providing
operational and visual ecological information. However, modern GIS do not have
fully built-in means of geospatial data analysis and visualization about zones and the
level of technogenic risk from GSs. This is due to the lack of appropriate models and
methods.

Thus, the actual task is to develop models and methods of the GSs’
technogenic risk zones analysis and visualization in geoinformation systems in order
to reduce the time for determining the accident development scenario at a potentially
hazardous object.

In connection with the above mentioned, the aim and tasks of the research were
formulated.

In the second chapter of the thesis paper the models of the geodata of gas
station as a potentially dangerous object and technogenic risk zones from shock
wave, oil products spill fire and «fireball» were developed.

For further creation of the geodatabase in GIS the model of gas station GS is
proposed to represent in the form of a tuple from the following components:

GS = (ID, Athem, Atemp, S, RZM) (1)
where ID — is a universal digital object identification; A — attribute data,
consisting of Athem — thematic static and Atemp — temporary dynamic data about
GSs; S — spatial data; RZM — geodata models of technogenic risk zones, emerging
from the shock wave RZMj,,,, oil products spill fire RZM,r and «firebally RZMpp.

To Athem we attribute: PHO type Type; name of the company-owner Name;
legal address Addr; number of tanks N with an indication of their type N, (ground,
underground) and number of fuel-delivery columns (FDC) N.; number of support
staff K. Then Athem looks like:

Athem = (Typepyo, Namepyo, Addrpyo, N, Ny, N, K) (2)

To Atemp we respectively attribute: type (scenario) of emergency situation

Type .., Which determines the further risk zone model; date and time of emergency



situation Date,..; ambient air temperature t °C; ambient air pressure p kPa; wind
direction Windp; wind speed Windg in m/s. The tuple Atemp looks like this:
Atemp = (Typey.., Datey.., Petgs, t,p, Windp, Wind ) (3)
where Pet s — the oil products characteristic in the GS’s tanks, which consists
of the type P; and volume V; of oil product in the i-th tank of the GS,
Petgs = {P, Vikiy (4)

The spatial component S of the model GS is connected with the location of the
GS and includes the type of visualization Type,,;s (polygon, point, line, etc.) and the
respective coordinate (X, Y) connection of the object

S =(Typeys, X,Y') (5)

Expressions (1) — (5) are originally developed model of the gas station’s
geodata as a potentially hazardous object, which contains attribute (thematic and
temporary) and spatial component of the geodata, which allows to create a
geodatabase in specialized GIS and make the first point of scientific novelty.

Using the model of the GS’s geodata and existing normative methods, RZM —
the geodata models of technogenic risk zones were developed. We will consider
them in detail on the example of the geodata model of risk zones that arise from the
shock wave RZMgy, :

RZMsy, = (Inpgy, Dirgy, Calcgy,, Outgy,) (6)
where Inpgy,, Dirsy, Calcgy,, Outgy, — input, directory, calculation and output
data, values and views of which are given in Tables 1, 2, 3. The number of columns

in Table 3 depends on the number of tanks N.

Table 1 — The values of directory variables Dirgy,

. £ oil brod Molar mass Constants of Antoine equation Heating value
ype otoltproduct | P\ 4 kgikmol | 4, B, C, Q.. Jkg

Gas A-93 1 98,2 4,12311 | 664,976 | 221,695 43641000

Diesel fuel 2 203,6 5,00109 1314,04 | 192,473 43419000




Table 2 — The view of the geodata model RZMj,,, components

C;rgzggzgs Description of geodata
Inpsw | P, V; (i, N); t, Wind,, Wind,
Dirgy, Mp; Ap; Bp; Cp; Qpp; (for values see Table 1)
Qo = 4520000#;2 = 0,1; P, = 101,3 kPa; t,,, = 3600 s
Calcgy,

__Bp_
F,=V,-1000-0,15 (m?); Py=10"" &t (kPa):
W=10" /M, - Py (kg/(sm?)); m=W - F, " Ty (KQ);

mHPZ(QQ—F:)-m~Z(kg);

0 8m°‘33 3m?>.66 5mnp

AP=P0*<' g M ) (kPa)

Outgy Values of radii of destructions zone r, m: r;y, — complete (100 kPa)
T50 — strong (50 kPa)
30— average (30 kPa)
10— weak (10 kPa)

Table 3 — The view of Outgy,, obtained from the full calculation

Parameter p; P;
Fuel volume V, m° V; V;
Evaporation area of fuel F,, m” F, =
Vapour pressure of fuel Py, kPa Py Py
Evaporation intensity of fuel W, kg/s'm” W W
Mass of liquid vapours, involved in the explosion m, kg m m
Heating value of fuel vapours Qxp, kJ/kg Qrp Qrp
Reduced mass of liquid vapours my,, kg Mayp Myp
Radius of destruction zone r, m:
complete (100 kPa) T100 T100
strong (50 kPa) Tsg Tsg
average (30 kPa) T30 T30
weak (10 xPa) T10 T10

The developed geodata models of risk zones, which arise from oil products
spill fire RZM and «fireball» RZMyg differ mainly by directory Dir and calculation
Calc components and are shown in detail in the text of the thesis paper.

Thus, the technogenic risk zones models from the shock wave, oil products
spill fire and «fireball» were further developed taking into account the developed
geodata model of GS, which allows to create a geodatabase and a method of

technogenic risk zones determination on its basis, which makes the second point of




scientific novelty.

In the third chapter of the thesis paper the methods of determination and
visualization of technogenic risk zones geodata in the development of dangerous
situation (accident) under the given scenario were developed.

Taking into account the models (1) — (6) the method of determination of
technogenic risk zones geodata from shock wave, oil products spill fire and «fireball»
on the given scenario is realized as follows:

Step 1: Taking into account the model of GS (1) user/expert chooses one of 3
geodata models of technogenic risk zones (RZMsy,, RZM,r, RZMgg), on the basis of
which the calculation will be carried out.

Step 2: On the basis of Atemp (3) receiving from the resource or entering
dynamic temporary data about the ambient air temperature, t °C; ambient air
pressure, p kPa; wind direction Wind; wind speed Windg in m/s.

Step 3: Depending on the number of tanks N from Athem (2), entering data on
the type P; and volume V; of oil product in the i-th tank of the GS in the form (4).

Step 4: Obtaining the values of the directory data according to the structure Dir
(6). If you select a model RZMj,y,, the values are in Tables 1 and 2.

Step 5: In accordance with Calc (6) we make calculations of the initial
parameters. If you select a model RZMg,,,, the calculation type is shown in Table 2.

Step 6: For each i-th tank we calculate the radii r of the risk zones, iterative in

the cycle from r = 0,01 with step r = r + 0,01 by the equation: AP = P, *

(0'8m3b33 3m 0,66

oy 5m“">, remember the value of r, for which AP is 100; 50; 30 and

r T2 r3
10 (kPa) respectively.
Step 7: In accordance with the structure Out (6) we form the output data. If
the model RZMy,, is selected, the type of output data is shown in Table 3, the number
of columns corresponds to the number of available tanks.

Table 4 and Figure 2 show the output data of the risk zones by model RZMjy,.



Table 4 — Output geodata of risk zones from shock wave action at a destruction of

tanks on GS containing gas and diese

Parameter Gas AM-93 (summer) Diesel fuel "S"
Fuel volume V, m*® 40 15 40 15
Evaporation area of fuel F,, m* 6000 2250 6000 2250
Vapour pressure of fuel Py, kPa 29,5515 29,5515 0,1169 0,1169
Evaporation intensity of fuel W, kg/s'm” | 2,928-10" | 2,928-10" | 1,668:10° | 1,668-10°
Mass of liquid vapours, involved in the
explosion m, kg 6325,42 2372,03 36,04 13,51
Heating value of fuel vapours Qgp, kJ/kg 43641 43641 43419 43419
Reduced mass of liquid vapours m,;,, kg 6107,25 2290,22 34,62 12,98
Radius of destruction zone r, m:
complete (100 kPa) 47,88 34,59 8,62 6,23
strong (50 kPa) 69,3 50,09 12,5 9,03
average (30 kPa) 93,75 67,78 16,94 12,24
weak (10 kPa) 199,64 144 4 36,16 26,15
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Figure 2 — The graphs of change of excess pressure value of the shock wave front
depending on the distance from the explosion epicentre: a, b — for gas tanks with a
capacity of 40 and 15 m®, respectively; c, d — for diesel fuel tanks with a capacity of

40 and 15 m®, respectively

Thus, the method of technogenic risk zones determination in the development

of dangerous situation on the GS on geodata models of shock wave, oil products spill

fire and «fireball» was improved, which allowed to reduce time for determination of

consequences of scenario development of an accident on potentially hazardous

object, which makes the third point of scientific novelty.



The method of visualization of technogenic risk zones geodata was developed
taking into account scenario of dangerous situation development on the GS and
consists of two following steps:

Step 1: Data visualization of spatial component of model (1) and (5). From the
data repository of the open web-mapping project OpenStreetMap (OSM), using the
OSM Place Search plugin we download a metropolis map and get the location of the
GSs’ network after the QuickOSM with the key (fuel) is launched. The data in the
form (node) ID with geographic coordinates — latitude X and longitude Y and
according to the type Type,,; are applied to the city map.

Step 2: Visualization of technogenic risk zones geodata from shock wave, oil
products spill fire and «fireball» of RZM model (1). Taking into account coordinates
of the GS X and Y, as well as output data of models of shock wave Outgy, (6), oil
products spill fire Out,r and «fireball» Outpg with the help of developed plug-in
PHO and settings of the Multi Ring Buffer plug-in we visualize the technogenic risk
ZOnes.

The examples of technogenic risk zones with different scale are shown in
Figure 3. On the basis of the built map analysis it is possible to note the following for
GSs with gas tanks with a capacity of 40 m*:

— some GSs do not comply with the norms of fire-fighting distance to the
so-called «care» objects (enterprises, organizations, residential areas, etc.);

— some GSs are located not only in residential areas, but also near
highways with a significant flow of cars, which especially in the rush hour increases
the negative consequences of the accident;

— some GSs are located close to one another, for example, petroleum and
gas stations, which in case of an accident can cause the development of the scenario
by cascade effect «domino» (risk zones on the map are overlapped).

Under the condition of minimal tanks filling of GSs with oil products (15 m®),
the risk zones in most cases are local (on the territory of the GS), but it’s still possible

impact objects of «care» in the neighbouring residential areas.
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Figure 3 — The results of the risk zones visualization from the GS according to the

specified accident scenario and scale for the city of Odessa in the subsystem QGIS

Thus, the method of visualization of technogenic risk zones geodata (shock
wave, oil products spill fire and «fireball») was further developed, which allowed to
build risk zones on the map of metropolis by means of GIS and to reduce the time of
determining the accident development scenario on a potentially hazardous object,
which is the fourth point of scientific novelty.

In the fourth chapter the subsystem of the analysis and visualization of
technogenic risk zones geodata in QGIS was developed. A geodatabase with the use
of PostGIS is built, which is realized in the form of extension to DBMS PostgreSQL,
which considerably expands possibilities of processing attribute (thematic static and
temporary dynamic data), as well as spatial or geographical data. GIS has expanded
capabilities for displaying data in the form of points, broken lines and polygons and

performs effective search by user requests.



The results of the testing of the developed subsystem in QGIS were shown in
the «Centre for Environmental Safety» LLC and the time for experts to define the
accident development scenario at the Odessa GS, confirmed by the relevant
implementation act, was reduced more than twice.

Key words: geoinformation systems (GIS), data visualization in GIS,
technogenic risk zones modelling from gas stations (GSs), geospatial data model,
QGIS, potentially hazardous object (PHO).



