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Anotauis. Ilocmanoexka npoonemu. PosrmsmaeThcs 3amada OIIHIOBAHHS 30H YpaXXCHHA IOAed y pasi
BUHHUKHEHHA eKcTpemanbHOi cutyanii Ha A3C, posramosaniii B mogHoMy Micii M. JIHinmpo. 3mificHIOETBCS aHai3
PO3MIpiB 30H TEIJIOBOTO 3a0pYIHEHHS MOBITPS Ta 30HU MOXIJIMBOTO YPaKEHHS JIIOACH Y BHIAAKY PO3JIITAHHS YIIAMKIB,
yepe3 BHHHUKHEHHs eKcTpemanbHOi curyamii Ha A3C. [ po3B’s3aHHS 3amad AaHOTO Kiacy moTpibHa po3podka
CIemiaTi30BaHNX MaTeMaTHYHUX Mojelneil. Mema podomu — OIIHIOBaHHS PU3HUKY YPa)KCHHS JIFOIWHH BiJl METAIBHOTL Iil
yIamKiB Mg yac mokexi Ha A3C y BHIIAAKy BHHHKHEHHS CKCTpeMalibHOI curyaiii. Memooduka. J{ns anamizy 30H
YPaKeHHs MiJl 4ac PO3JIbOTYy YJIaMKiB BHKOPHUCTOBYETBHCSI YMCIIOBA MOJIENb, 110 0a3yeThcsi HA IHTErpYBaHHI JPyroro
3akoHy HproToHa i pyxy MaTepiaibHOI TOUKM B MOBITpi. Ha 0asi maHOi 4MCI0BOT MOJCII CTBOPEHO KOMIT IOTEPHY
nporpamy. ns aHamizy 30H TEIUIOBOrO 3a0pyiHeHHs i 4ac moxkexki Ha A3C BHKOPUCTOBYETHCS YHCIIOBE
IHTErpyBaHHs ~ DIBHSHHS  €HEprii, sKe BpaxoBye IIBWJAKICTh pyXy TMOBITPIHHUX Mac, KoedilieHTH
TEMIICPaTYPOIPOBITHOCTI, TEMIepaTypy MOBITps Ha Micili mnoxexi. Haykoea nosusna. Po3poOineHo edekTUBHY
YHCIIOBY MOJENb JUISl aHaJli3y 30H YpaKeHHS BiX MeTaibHOI aii ynamkiB. BusHaueHO 30HM ypakKeHHS 32 MOXIHBOI
noxexi Ha A3C B M. [lninpo. IIpakmuuna 3uauywgicms. Po3pobieHo mporpamy Aisl po3paxyHKYy AWHAMIKH PYyXy
yJaMKiB y noBiTpi. Lle n03BoMsie BU3HAYATH 30HM YpaKEHHS BiJ METAIBHOI il yJIaMKiB pi3HOTO po3mipy. BusnaueHo
30HM TEIUIOBOTO 3a0pyAHEHHS MOBITpPS, 10 JO3BOJISIOTH OLIHIOBATH PU3MK TEPMIYHOTO ypa)keHHs Jitoaei. Bucnoseku.
Po3pobneHo eekTHBHAI IHCTPYMEHT aHali3y pU3UKY YpakKeHHS JIFoJel yraMkamH mmif yac moxkexi Ha A3C. HaseneHo
pe3yIbTaT OOYNCITIOBATIBHUX EKCIICPHMEHTIB.

KuiouoBi ciioBa: nanusno-enepeemuunuii komniexc, A3C; nosicedica;, po3nim yiamKis, pusuK yparcents, menioge
3a0pyOHeHH S
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Abstract. Problem statement. The task of assessing the zones of human damage in the event of an extreme
situation at a gas station located in a crowded place in the city of Dnipro is under consideration. An analysis of the size
of thermal air pollution zones and the zone of possible injury to people in the event of flying debris, created in the event
of an extreme situation at a gas station, is being carried out. To solve the problems of this class, the development of
specialized mathematical models is required. The purpose of the article. Assessment of the risk of injury to a person
from the throwing action of debris and in the event of a fire at a gas station in the event of an emergency situation.
Methodology. A numerical model based on the integration of Newton's second law for the movement of a material
point in the air is used to analyze the damage zones during the flight of fragments. A computer program was created on
the basis of this numerical model. Numerical integration of the energy equation is used to analyze thermal pollution
zones during a fire at a gas station. This equation takes into account the speed of movement of air masses, coefficients
of thermal conductivity, air temperature at the site of the fire. Scientific novelty. An effective numerical model has been
developed for the analysis of damage zones from the throwing action of debris, which are formed in the event of an
extreme situation at a gas station. Damage zones in the event of a possible fire at a gas station located in the city of
Dnipro have been determined. Practical significance. A program has been developed for calculating the dynamics of
the movement of debris in the air, which are formed in an extreme situation at a gas station. This makes it possible to
determine the damage zones from the throwing action of fragments of different sizes. Zones of thermal air pollution are
defined, which allow to assess the risk of thermal damage to people. Conclusions. An effective tool for analyzing the
risk of injury to people in the event of flying debris and a fire at a gas station has been developed. The results of
computational experiments are presented.

Keywords: fuel and energy complex; gas station; fire; flying debris; risk of damage; thermal pollution

ITocTanoBka npoodJiemMu. O0’exTHn Sx mpaBuno, i MOJENI MAalTh BUTISL
MAJIMBHO-EHEPTETUYHOTO KOMIUIEKCY HAJIEKATh  CHEIialli30BaHUX KOMII FOTEPHHUX MpOTrpam IJis
70 00’ €KTIB MiBUIIEHOTO PiBHS HeOe3neku [4].  OIIHIOBaHHA 30H ypakeHHS  (HANPHKIAJ,
VY Bumanky ekcTpeManbHOi cutyanii Ha Takomy  nporpamu: ALOHA, CALPUFF, AERMOD,
00’€eKTi 3’ SBISAIOThCA pi3HI (pakTopu ypaxkenHs, ADMS Tta in.) [4;11]. Taki wmogeni Ta

[0 CTBOPIOIOTH 3arpo3y >KUTTIO Ta 3[0POB’I0  KOMIT'IOTE€pPHI MpOrpaMu MAyXe 3pydHi Jid
mrozielt. Y 6araTboX eKCTpeMallbHUX CUTYallisIX  MPAaKTUYHMX pPO3paxyHKiB. Aje mpoliemi
BUHUKAE PH3WK YpPaKCHHS JIOACH BHACTIIOK  yYPaXCHHS JIIOJWHU B METAIBHOTO PYXY
MOKEX1 Ta PO3JILOTY YJIaMKIB BiJl 00JIaHAHHS. yJIaMKiB 3HAQYHO MEHINE NPUAIISETHCS YBaru.

Cnig  BKazaTtu, MmO yJdaMKd MoOXyTh lle  mae  miacraBy it po3poOieHHS
PO3JIITaTUCS Ha IOCTaTHBHO BEJIMKY BIACTAHb Bii  €(PEeKTHBHUX, CHEIiali30BaHUX KOMII IOTEPHUX
MicIsl eKcTpeManbHOi mojii. Oco0nuBO 1€ TporpaM po3B’si3aHHS 3a7a4 JIaHOTO Kiacy —
HeOe3MeyHo, KOJMM OO0 €KT pO3TAalllOBAaHMK Yy  BHM3HAYEHHA  PO3MIpIB  30H  MOXKIIUBOTO
Mmicti (Hanpukian, A3C). Otmxe, BUHUKAE  ypa)K€HHS JIIOJWHU BiJ METaJbHOI J1i YJIaMKiB,
BaXJIMBA 33/1a4a OI[IHIOBAaHHA 30H MOXXJIMBOIO IO CTBOPIOIOTbCS Ha 00’€KTax MaJHWBHO-
YpaKECHHST HE TUIBKM 3a TOSBH HArpiTOr0  €HEPreTHYHOTO KOMIUIEKCY 3a €KCTpeMallbHUX
MOBITPS Wi Yac TOXeXi, a 1 B pa3l  CUTyalill Ta aHaNi3y PU3MKY YPaKEHHS JIIOJEH,

MEXaHIYHOTO 3a0pyJHEHHs TOBITpS — pyxXy [0 TnepedyBaioTh NOONIM3y HEOe3NeyHOro
yJIaMKiB. 00’€eKTy.
AHaJi3 octa”Hix aocaigxkens. [Ipodiema Mera pociigKeHHsI — OILIHEHHS PU3HKY

OIIIHIOBAHHS  PH3UKYy 32 eKCTPEMAJIbHUX  YPaKEHHS yJaMKaMH y BUMAQJAKYy BUHUKHEHHS
cuTyarii Ha 00’€KTax IiJBUINECHOT HEOE3MEeKH ekcTpeMainbHO1 cutyarlii Ha A3C.

JOCUTHh IIUPOKO PO3IIISJIAETHCS B HAYKOBIH Onuc o00’exry. Posrmanaerscas  A3C,
miteparypi  [4-6; 8; 10; 12]. Ilpu 1mpomy  posrtamoBana B M. JlHinpo np. borgana
OCHOBHOIO TEHJICHIII€I0 CTano po3pobneHHs  XmenpHUIBKOTO (puc. 1). Ilo6musy mporo

MIBUIKOPO3PaXyHKOBHX MaTeEMaTHYHUX HeOe3mmeyHoro o00’ekTa €  CTamioH, J€
Mozeiein [1;2;5;9], 110 JIO3BOJISIIOTH TPEHYIOTbCS ~ MAJIITKH  Ta  JITH, 30HA
ONEpaTUBHO BHW3HAYATH 30HW TOKCHYHOTO,  BIJIMOYHMHKY, 3yIHHKH MICHKOTO TPAHCIIOPTY.
TEPMIYHOTO ypaKeHHs 3a pi3HUX

eKCTpEeMaJIbHUX CUTYaIliil.
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Tob6to 6ing mporo Hebe3meyHOro 00’€xTa
npoTsroM 100u mnepedyBae 3HAYHA KUIBKICTH
JIIOAEH, IO CTBOPIOE 3arpo3y iX MacoBOIO
ypaKeHHS y pa3i BUHMKHEHHS EKCTPEMaJbHOI
CHUTYaAIi.
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Puc. 1. A3C «OKKO» 6 m. Juinpo
(Google Image, 2023)

Mertoauka. YiaMku, 10 YTBOPIOIOTHCS B
pe3yabTaTi BUOYXy UM TOXKEXKi, MOXKYTh MaTH
pi3Hy reoMeTpu4Hy ¢GopMy, Pi3HY IIUIBHICTbH
marepiainy L.,, po3mipu. s ouiHIOBaHHS

PU3UKY YpaXKEHHS BiJl METaJbHOI Iii yJaMKiB
MOTPiOHO 3HATH JOBXKHHY PO3THOTY YJIaMKIB Ta

IX IBUAKICT, HA IMEBHIA BiacraHni — OuIg
00’€ekTa ypakeHHS (JIFOIUHHN):
dv
m—=-F, -F (1)
R
dt ’
e M — maca yinamka; V' — BEKTOp IIBHIKOCTI
PYXy yJiaMKa B TIOBITI, Fg =Mg - cuna
. V?
TsoKiHHS, B, =C, P’ s — cnma onopy

ylaMka; C, — Koe(ilLieHT Onopy yJIaMKa; p, —

HIUIBHICTh TOBITPSA; S — IUIOIIA MiJEIEeBOrO
nepepizy yiamka.

3a3HauMMoO, IO 3a PaxXyHOK PI3HOTO
3HaueHHs KoedinieHTa C, MOXKHA MOJENIOBATH
pyX yJnamkiB pi3HOi ¢Gopmu B moBiTpi. s
MPOBEJICHHS «IUIOTHUX» PO3PaxXyHKIB MOXKHA
MPUITYCTUTH, 10 yJIaMOK Mae (opmy Kyii.
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Paniyc Takoi mpuBeneHO! KyJi BH3HAYAETHCS
TaK:

R:3—
4’

ne W — 06’em ynamxa.

Skmo nNpuAHATH TakKWKW  TAXiA,  TO
3HAYECHHS MIJIEJIEBOTO Tepepizy OOUHCIIOEThCS
TaK:

2
7d
S - ’
4
ne d =2R — niamerp npusenenoi kyi.
Jlist IpakTHYHOTO BUKOPHCTAHHS PiBHSIHHS
(1) wmanmmemo #oro B Tmpoekmii Ha oci
KOOPJWHAT:
du V?
m—=-C, LOMN ‘u, (2)
dt 2
dV pV?
-C,~~—-S-v—-mg, 3
M > g @)

ne U, V — TpOoeKIii BEeKTopa IMIBUIKOCTI PyXY
yJIaMKa Ha 0Ci KOOpJIWHAT. 3a3HaYuMO, 110 BiCh
Y HampaBJieHa BEPTHKAJIBHO Bropy, a Bich X —
y HampsiMy TOPU30HTAJIBHOTO PyXY yJaMKa.

PiBHsHHS (2), (3) PO3B’A3YIOTHCS
YHCJIOBUM [UIIXOM 3a JIOIOMOTOK METOIY
Eiinepa [7]. OGuuciieHHs 3HauYeHb KOMITOHCHT
MIBUAKOCTI PyXy yJdaMka U, V Ha HOBOMY
4acoBOMY Imapi «n+1» 3IIACHIOEThCS Ha 0asi
TaKHX 3aJI€KHOCTEH:

n+1 pV2
u —dt*C, —=—-S-u
o TN C)
2
vt =y —dt*Cxﬁ'S“—dt*g ©)

2m

Jns  mpoBeleHHS po3paxyHKy Ha 0asi
3anexHocTed (4) Ta (5) moTpiOHO 3agaTH KyT
O  BWIBOTY ylaMKa. 3HA4Y€HHA IbOTO
napaMmerpa OO4YHMCIIOEThCS Ha 0a3l eKCIIePTHUX
OLIHOK.

JlanbHIiCTB X(t) BI[UTLOTY yJIaMKa BiJ

MiCHSI BUHUKHCHHS CKCTpeMaJ'IBHO'l.
BU3HAYA€THCA TaK.

X(t)=x%,—dt-V,

cutyamii
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ne Xy — KOOpAMHATA MiCls BiIJILOTY yJIaMKa.

3nmiiicHeHO  TporpaMyBaHHS  YHCIOBOL
momem (4), (5) Ta crBopeno kox «Flighty.
Moga nporpamyBants — FORTRAN.

3ayBa)KuMO, IO 32 MEXY 30HU YpaKCHHS
NpPUAMAETHCS 30HA, Jie BeMUYMHA Y JIOPIBHIOE
nopsaky 1,2 wm YpaXeHHSI OYEpPEBHUHHU
JIIOJJUHM.

JUis  OIIHIOBAaHHSA PHU3UKY TEPMIYHOTO
ypaXXeHHS JIOJeH 3a MOXJIMBOI TOXKEeXi Ha

nanii  A3C  BUKOPUCTOBYETHCS  HACTYITHE
piBHsIHHS eHeprii (T1aHoBa Moenb) [3; 4]:
T T T .
a—+aL+av—:d|v(agradT), (6)
ot ox oy

ne T — temmeparypa moBiTpsi; U,V — CKIaaoBi
BEKTOpa PyXy IMOTOKY MOBITPS; az(ax,ay) —

KoeiIlieHTH TeMIepaTyponpoBiaHocTi; X ,Y —
nexapToBi koopauHaty; U — gac.
I'pannuni ymoBHU A5t piBHAHHS (6):

1. T =T, —Ha Mexi, 1e NOTiK HaAXOJUTh y

po3paxyHkoBy obmacte (T, — ¢oHoBa
TeMIeparypa HoBITps).
2.T,,;=T,;, - mHa Mexi BHUXOLY

MOBITPSIHOTO TIOTOKY 3 00JIaCTi JOCIIIKEHHS

(T.,,; — TemmepaTypa B OCTaHHiH pi3HHIUEBiH

komipii; T, — Temmeparypa B TONEpeIHIii

ij
PI3HHIIEBHIA KOMIPITi).
IIpu t=0 npuitmaerscs T =T,, ne T, —

TeMmrepaTrypa IOBITps TaMm, A€ Mae Micle
noxexxa. B iHmi#  yactuHi  oOmacti
JIOCIIJKEHHsI TeMIiepaTrypa J0piBHIOE (pOHOBIH
TeMIIepaTypi aTMOC(HEPHOTO MOBITPSI.

JU1s 94MCI0BOrO 1HTErpyBaHHs PiBHIHHA (6)
BUKOPUCTOBYETHCS pizHuIIeBa cxema,
posrsiHyTa B [4]. JlaHa 4yucioBa MoJeNb
BUKOPUCTaHA JUIsI OLIHIOBAaHHS 30H pU3HKY
MO’KJIMBOTO TEPMIYHOTO ypa)keHHs Jrojiel O1s
A3C.

Pesyabrarn. Ha 06a3i  komm’roTepHOi
nporpamu  «Flighty 3aiiicheno po3paxyHok
30HM YypaXEHHSA TPU pPO3JILOTI CTAJIEBOIO
yJaMKa, Y BUNAIKY MOKJIHUBOI €KCTPEMaJbHOL
curyanii Ha A3C (puc. 1). Ilpuiimaerscs, 1mo
Bukua mae micie Ha A3C BHACTIOK BHOYXY
oOmnagHaHHA. Po3paxyHOK 3/1IHCHEHO 3a TAKMMHU
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JAaHUMHU: TIOYaTKOBA IIBUJKICTH CTaJeBOTO
ynamka 50 wm/c; KoedillieHT omopy YyJiaaMmKy
0,47; BucoTa BUKUIY yjlamMKka 3 M, IpUBEICHUN
niametp ynamka 0,005 m.

Ha pucynky 3 mokazano

IPOTHO3YBaHHS I KyTa BHIboTy o = 40°
SAx  OGaunMo 3 pHCYHKY 2,  30HaA
HEOE3MEYHOT0 PO3JILOTY  YJIaMKIB  JIOCSTa€e
COIlIaIbHO 3HAYYIIUX 30H: 1€ AUTIYHHN CTaI10H,
3YINUHKH ~ MICBKOTO  TPAHCIOPTY,  30HA
BiIOYMHKY. TOOTO, PO3IIT yJIaMKIB CTBOPIOE
BUCOKHI paKEeHHs JIFOJICH.
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Puc. 4. 3ona mennogozo 3abpyonenns, t = 170 c:
1-T=310°C;2-T=202°C;3-T=127°C
Yac pospaxyHKy Ha 0a3i nmaHoi mozeni

ckianae 1 cekyHuy.

Jani Ha pucyHkax 3, 4 moka3aHo JUHaAMIKy
PO3BUTKY 30H TEIUIOBOTO 3a0pyHEHHS MOBITPS
nig yac noxexi Ha A3C. TemnepaTypa noBiTps
Ha Micii moxexi mnpuitmaetes 1000 °C.
IBuakicTe BiTpY 4 M/C.

Sk BumHO 3 pHCYyHKIB 3 Ta 4, 30Ha
TEIJIOBOTO  3a0pyAHEHHS  JAyXe  LIBUAKO
po3BuBaeThes 6111 A3C, 0TOX BUHUKAE PU3UK
TEPMIYHOTO YpaKEHHS IOl B COILaJbHO
3HaYMMHX 30HaX. BUHHWKAae PHU3WK TEPMiYHOTO
YpaKEeHHs  JIeTeHb, WIKIpU  JIIOJeH,  sKi
MOTPAIUISIOTH Y 30HY TEIUIOBOTO 3a0py IHEHHS.

3a3HauMMO, M0 Yac PO3PAXyHKY CKIIAJae
5c¢.

HaykoBa HOBH3HA Ta MNpPaKTHYHA
uinHicTs. Ha 0asi YUCIIOBOI Mozenl
HECTAI[IOHAPHOTO PYXy MaTepialbHOI TOYKH B

HOBITPSHOMY IPOCTOPI  PO3paxoOBaHO 30HHU
ypaXKeHHS yJlaMKaMH y BUIAJKY
€KCTPEMAIIbHOI cutyauii Ha A3C.

3anpornoHoBaHa MOJETh J03BOJII€ BHU3HAYATH
JIOBXKUHY PO3JIbOTY YJIAMKIB 3aJIe’KHO BiJl
KOMIUIEKCY  (I3MYHMX  MapaMeTpiB, IO
BIUIMBAIOTh Ha JOBXHMHY pO3JIbOTYy (Maca
yJlaMKa, I0Y9aTKOBA IIBUJIKICTH TOIIO).

Ha 0a31i 4wucimoBoi Mozmeni BHU3HAYEHO
TUHAMIKY (opMyBaHHA 00JacTel TEIUIOBOTO
3a0pyTHEHHS TIOBITPS B pa3i MOXKIIMBOI TIOKEXKI
Ha A3C. PosrmsHyTi Mozeni MOXyTh OyTu
BUKOPUCTAaHI  JUJI1  PO3POOJICHHS  IUIaHy
mikBimamii aBapiiiHOi cuTyamii Ha XIMIYHO-
HeOe3neuHomy 00’ exTi, skuM € A3C.

BucHoOBKH.

1. Ha 6a3i unciaoBoi Mojzesi Ta CTBOPEHOI
KOMIT FOTEPHOI MpOrpaMH OI[IHEHO PO3Mip 30H
YpaKEHHS BiJl METalIbHOI [1i yJIaMKiB Yy
BUMAJIKy eKCTpeMaiibHOi curyariii Ha A3C.

2. Pesynbratu po3paxyHKy MOKa3alid, IO
yIIaMK{ TOTPAIUISIIOTh Y MICIS, JI€é MOYKIJIMBE
CKYITYEHHS JTIOACH.

3.Ha 0a3i uwncnoBoi Mojeni 3aiHCHEHO
OI[IHHEHHS 30H TEPMIYHOTO ypaXXeHHSI Yy
Bunanky noxkexi ©Ha A3C. Pesynpratu
PO3paxyHKy TIOKa3ylOTh, IO JYyX€ IIBUIKO
MICJIs TTOYaTKy MOXKEXi B 001aCTh TEPMIYHOTO
ypa)KE€HHS MOTPAIISIOTH €KOJIOTIYHO 3HAYYIIi
30HH.

CIIMCOK BUKOPUCTAHUX T KEPEJI

1. bacmanoB A. E., I'oBanenko C. C. OmeHka KOHIICHTPALIMH OMACHBIX XMMHYECKHX BEUICCTB B BO3AYyXE NpH
HENPEPBIBHON aKTMBHOCTH UCTOUHUKA. [Ipobiemu naozsuuainux cumyayii. 2010. Bum. 12. C. 21-27.
2. bepnsun M. E. Ilporno3 u perynaupoBanue 3arpsisHeHusi atmocdepsl. Jlenunrpan : I'mapomereousnar, 1985.

273 c.

3. binses M. M., Bepnos O. B., Binsesa B. B., Uepennuuenko JI. A. OuiHka pH3MKy TEPMIYHOTO YpaKCHHS Yy
BHIIAJIKY aBapilHOTO TOpiHHA. Bichuk I[Ipudninposvroi depoicasnoi axademii 6yodisnuymea ma apximexmypu. 2020.

Ne 6. C. 54-60.

4. binseB M. M., binsiea B. B., Bepios O. B., Kozaunna B. A. CFD-monentoBanHs B aHami3i eheKTUBHOCTI CHCTEM
3aXMCTY JIOBKIUJUIA Ta MpaniBHUKIB Ha poO0oUMX Miciyix : MoHorpadis. Jxinpo : XKypdonn, 2022. 268 c.
5. bpysiukuii E. B. Teopust armocdepHoit anddys3nn panuoakTHBHBIX BbIOpocoB. Kues : MH-T ruppomexaHuku

HAH VYxpaunsi, 2000. 443 c.

6. [Tmuasko A. H., bensie H. H., Mammxuna I1. b. MozgennpoBanne 3arpsi3HeHHAsT aTMOC(EPBI TIPH TEXHOTCHHBIX

aBapwmsix. J{lHenponerposck : Hosa imeomoris, 2011. 166 c.

7. Camapckuii A. A. Teopus pasHOCTHBIX cxeM. Mocksa : Hayxka, 1983. 616 c.
8. 3ryposckuii M. 3., Crxoneukwuit B. B., Xpym B. K., bensies H. H. UucienHoe MozenupoBaHue pacipocTpaHeHUs
3arpsi3HeHus B okpyxkatouiei cpene. Kuis : Haykosa nymka, 1997. 368 c.



VkpaiHcbKuil )KypHan OyaiBHULTBA Ta apxiTekTypH, Ne 4 (016), 2023, ISSN 2710-0367 (Print), ISSN 2710-0375 (Online)

9. Anthony M.B. Mathematical Modeling and Decision Analysis for Terrorism Defense : Assessing Chlorine Truck
Attack Consequence and Countermeasure Cost Effectivness : dissertation. Pittsburg, Pennsylvania, USA, 2009. 123 p.

10. Biliaiev M. Numerical Simulation of Indoor Air Pollution and Atmosphere Pollution for Regions Having
Complex Topography. Air Pollution Modeling and its Application XXI (Springer). 2012. Pp. 87-91.

11. llic P., llic S., Stojanovic Bjelic L. Hazard modelling of accidental release chlorine gas using modern tool.
ALOHA Software. Quality of Life. Ne 9. 2018. Pp. 38-45.

REFERENCES

1. Basmanov A.E. and Govalenkov S.S. Ocenka koncentracyi opasnux xymycheskyx veshhestv v vozduxe pry
nepreruvnoj aktyvnosty istochnyka [Estimation of the concentration of hazardous chemicals in the air with continuous
source activity]. Problemy nadzvychajnyx sytuacij [Problems of Emergency Situations]. 2010, vol. 12, pp. 21-27. (in
Russian)

2. Berlyand M.E. Prognoz i regulirovanie zagryaznenyia atmosfery [Forecasting and regulation of atmospheric
pollution]. Leninhrad : Gidrometeoizdat Publ., 1985, 273 p. (in Russian)

3. Biliaiev M.M., Berlov O.V., Biliaieva V.V. and Cherednichenko L.A. Ocinka ryzyku termichnogo urazhennya u
vypadku avarijnogo gorinnya [Assessment of the risk of thermal injury in case of accidental burning]. Visnyk
Prydniprovkoyi derzhavnoyi akademiyi budivnycztva ta arxitektury [Bulletin of the Prydniprovska State Academy of
Civil Engineering and Architecture]. 2020, vol. 6, pp. 54-60. (in Ukrainian)

4. Biliaiev M.M., Biliaieva V.V., Berlov O.V. and Kozachyna V.A. CFD-modelyuvannya v analizi efektyvnosti
system zaxystu dovkillya ta pracivnykiv na robochyx miscyax : monografiya [CFD modeling in the analysis of the
effectiveness of environmental protection systems and workers at workplaces : monograph]. Dnipro : Zhurfond Publ.,
2022, 268 p. (in Ukrainian)

5. Bruyaczkyj E.V. Teoriya atmosfernoj diffuzii radioaktivnyh vubrosov [Theory of atmospheric diffusion of
radioactive emissions]. Kyiv : Institute of Hydromechanics NAS of Ukraine, 2000, 443 p. (in Russian)

6. Pshinko A.N., Belyayev N.N. and Mashihina P.B. Modelirovanie zagryazneniya atmosfery pri tekhnogennyh
avariyah : monografiya [Modeling of atmospheric pollution during technogenic accidents : monograph].
Dnipropetrovsk: Nova Ideologiya Publ., 2011, 166 p. (in Russian)

7. Samarskiy A.A. Teoriya raznostnykh skhem [The theory of difference schemes]. Moscow : Nauka Publ., USSR,
1983, 616 p. (in Russian)

8. Zgurovskii M.Z., Skopetskii V.V., Khrutch V.K. and Biliaiev M.M. Chislennoe modelirovanie rasprostraneniya
zagryazneniya v okruzhayuschey srede [Numerical simulation of the spread of pollution in the environment]. Kyiv :
Naukova Dumka Publ., 1997, 368 p. (in Russian)

9. Anthony M.B. Mathematical Modeling and Decision Analysis for Terrorism Defense : Assessing Chlorine Truck
Attack Consequence and Countermeasure Cost Effectivness : dissertation. Pittsburg, Pennsylvania, USA, 2009, 123 p.

10. Biliaiev M. Numerical Simulation of Indoor Air Pollution and Atmosphere Pollution for Regions Having
Complex Topography. Air Pollution Modeling and its Application XXI (Springer). 2012, pp. 87-91.

11. llic P., llic S. and Stojanovic Bjelic L. Hazard modelling of accidental release chlorine gas using modern tool.
ALOHA Software. Quality of Life. No. 9, 2018, pp. 38-45.

Hanitimna no penakii:13.07.2023.

39



	СПИСОК ВИКОРИСТАНИХ ДЖЕРЕЛ
	DOI: 10.30838/J.BPSACEA.2312.290823.56.970
	DOI: 10.30838/J.BPSACEA.2312.290823.71.972
	1*.Department of Business Documentation Management and Information Activity, ERI “Institute of Industrial and Business Technologies” of the Ukrainian State University of Science and Technology, 4, Haharin Ave., Dnipro, 49005, Ukraine, tel. +38 (056) 7...
	2 Department of Business Documentation Management and Information Activity, ERI “Institute of Industrial and Business Technologies” of the Ukrainian State University of Science and Technology, 4, Haharin Ave., Dnipro, 49005, Ukraine, tel. +38 (056) 74...

