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MOJIEJIOBAHHSA MMOKEXI B HABYAJIBHIN AYJUTOPII 3 BAKOPUCTAHHAM
IMPOI'PAMHOI'O KOMIIJIEKCY BlenderFDS

Posenanymo ocnosHi nioxoou no pospaxyHkam nebesneunux YuHHUKI@ noscedxci. Ilposedeno
NOPIGHANLHUL AHANI3 Pe3YIbMAMI8 PO3PAXYHKIE, WO NPOBOOUTUCH 3 BUKOPUCTNAHHAM MEMOOUK, SKI
nepeniveni ¢ JIbH 8828:2019 "lloscerxncna desnexa. 3acanvhi nonosxcennsn”. Ilposedeno namypHuii
eKCnepuMenm no eeakyayii 3 Has4aibHoi ayoumopii, pe3yibmamu 5SK020 HOPIGHIOIOMbCS 3
pospaxynxkosumu oanumu. OOIPYHMOBAHO BUKOHAMHA YCIX emanié po3paxyHKié Hebe3neuHux
YUHHUKIB NOJCeNCi 3a 00NOMO2010 GIOKpUMO20 0Ee3KOUMOBHO20 NPOSPAMHO20 3d0e3nedeHHsl.
Ilpeocmasneni pezyromamu BUKOPUCMAHHA THCMPYMEHMI6 no eizyanizayii Habopie ompumaHux

OaHUX.

Knrwouosi cnosa: nebesneuni uuHHuKu nodicedxci, esaxyayis npu nodcedci, BlenderFDS,

HAMYPHULL eKCnepumMeHnm

Koxna OymiBns abo cmopyna Mae
00'eMHO-TUTaHYBaJIbHI i KOHCTPYKTHBHI
pillICHHS J7s  eBaKyallilHUX IUIAXiB, IO
3a0e3mevyloTh O€3MeUHy €BaKyarlito JItoaeH
npu TOXexi. BuacHa eBakyaris moged 3
OyIWHKIB, criopyn Ta OyaiBedb MPU TOXKEKI
3a0e3neuyeThes, SKIIO IHTEpBaJl 4Yacy Bij
MOMEHTY BHSIBIICHHSI TOXKEXI 10 3aBEPIICHHS
npoliecy eBakyarii el B 6e3rneyny 30Hy He
MIEPEBUIILYE  HEOOXIOHO20  Yacy  esaxyayii.
HeoOxiguuii yac eBakyarii - 4ac 3 MOMEHTY
BUHUKHEHHS  TOXEXi, TMPOTATOM  SKOTO
MOBMHHA 3aBEPLIMTHCS €BaKyalis B Oe3neuHy
30HYy 0€3 3amo/IIsTHHS KON KUTTIO 1 3JI0POB'TO
JOAeW B pe3ysbTaTi BIUIMBY HeOe3MeYHUX
YUHHHKIB MOXKexki. Jlo HeOe3MeUHNX YMHHUKIB
HaJeXaTh, Tepm 3a  Bce, IMIJBUIICHA
TeMreparypa TOBITpsS Ta 3aaumiieHHs. 1100
po3paxyBaTH TeMIepaTypy MOBITPS 1 BMICT y
MOBITPI HeOe3ImeYHnX JTOMIIIIOK
BUKOPUCTOBYIOTBCS TPU OCHOBHUX TpYIH
MaTeMaTUYHUX MOJECJICH: IHTerpaabHi, 30HHI Ta
TMOJIbOBI.

[aTerpanpHa MoOIEIL MOXKEXKI B CBOIH
OCHOBI TIPEJICTaBJICHA CHUCTEMOK) 3BUYANHHX
mudepeHIiiHuX piBHSAHb. BoHA BHKOPHCTOBYE
OIMH KOHTPOJBHUN 00'€eM s  KOXKHOTO
MPUMIIIEHHS 1 JIO3BOJIAE  TepeadadnuTh
yCepeqHEeHI YMOBU B KOHTPOJIBHOMY 00'eMmi i
YMOBH Y BIJJTAJICHUX BiJl TTOKEKI MICIISIX.
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OcHOBa 30HHOI MOJENl TMOXEKi B
3araJbHOMY BUIIAJKy CTaHOBHUTH CYKYITHICTh
KUTBKOX CHCTEM 3BHYANHHX audepeHIinanx
piBHAHb. [lapamerpu cTaHy cepenoBulla B
KOXKHI{ 30H1 € IIYKaHUMU (PYHKILISIMHU.

Hait6inpm CKJIQTHOXO B
MaTEeMaTHYHOMY  BiJIHOIICHHI €  IOJbhOBA
MOJieNb. [i OCHOBY cKjIajae cucTeMa PiBHSHbL B
OpPUBAaTHUX  TOXITHUX, MO0  OMHCYIOTh
MPOCTOPOBO-YACOBHI PO3MOAUT TeMIEparyp i
MIBUJKOCTEH  Tra3oBOr0  CepefoBHINA B
NPUMIIIEHH],  KOHIEHTpAIiii  KOMITIOHCHTIB
[BOTO CepeAoBUINA (KUCEHBb, OKCHJ 1 JIOKCHU]
BYTJICIIO TOIIO), TUCKIB 1 IIITLHOCTI. Y 3B'SI3KYy
3 IUM, TOJBOBI MOJEINI TyX€ BUMOTJIHUBI IO
o0uuncIIOBAIBHUX pecypceiB [1].

BpaxoBytoun Te, Mo po3paxyHOK Hacy
eBaKyalii 1 pO3MOBCIO/KEHHSI HEOE3MeUHNX
YUHHUKIB TOXEX1 A OyIiBelb 3 BEIHKOIO
wionier0 abo CKJIaJHUM IUIAaHYBaHHSIM MOXKeE
OyTH KpOHITKHM Ta PECYpCOEMHHUM IPOIIECOM,
TO A7 TPOBEIEHHS TaKuX PO3pPaxyHKiB
JOPEYHUM € BHUKOPHUCTaHHS OOYHCIIOBAIBLHOL
TEXHIKM Ta  CIEHMIaJIbHOTO  TPOrPaMHOTO
3a0e3mneueHHs .

Jlis JOCATHEHHsI Halloi METH, a came
pO3paxyHOK dYacy eBakyallii 3 HaBYaJbHOL
ayIuTopii, MU BHPINIUIA BUKOPUCTATH TaKi
nporpamHi ~ 3acobu:  BlenderFDS,  Fire
Dynamics Simulator (FDS), Smokeview, MoBy
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nporpamyBaHHsi Python ta GiGmioTexku mo Hel
Pandas 1 MatplotLib.

lonoBHOlO TpUYMHOK YoMy OyB
oOpanuii came Takuii HaOlp TEXHOJOTIH € Te,
0 BCl BOHM OE3KOHITOBHI 1 3a0e3meuyroTh
BHCOKY SIKICTh PE3YJIbTATIB.

Tax BlenderFDS - me OGe3komtoBHMIA
mporpaMHui  3acid I MOJETIOBaHHS
TPUBUMIPHOTO  TpocTopy. BiH  mo3Bojsie
MOJICITIOBATH OY/iBI1 OYyb-IKOi CKJIaJHOCTI, a
MICS CTBOPEHHS CaMoOi MOJENi 3TeHepyBaTh
BIIITOBITHUI baiin IS MIPOBEACHHS
po3paxyskiB B FDS.

bibmioreku mo Pandas ta MatplotLib
BUKOPHUCTOBYIOThCS, BIIMOBITHO, IS 0OpOOKH
MacHUBYy OTPUMaHUX JaHUX, Ta iX Bi3yaizarii
[6].

OO0'eKTOM [HOCIHIDKEHHS € HaBYaJIbHA
ayautopisa. Ha 11 mpuknani OyB mpoBeneHHi
pO3paxyHOK HEOOXITHOTO Ta PO3pPaxyHKOBOTO
gacy eBakyailii mporpaMHuM Komriekcom FDS
[3] (mompoBa MoOmenh TOXEXKi), 00’emMHa
MOJIeTTb CaMOT0 MPUMIIICHHS CTBOpPEHA B
BlenderFDS [4].

Y  po3paxyHKy BHKOPHCTOBYBAJIOCH
CTaHJapTHE TTOXKEKHE HaBaHTAKCHHS
«aIMIHICTpaTHBHI TMPUMIIICHHS, HaBYalbHI
kiacu ki1, BH3, kaGinetn momikmiHik» [1]:

- HWOKHA TerutoTta 3ropstaas 14 MJDx/kr;

- JiHIWHA IBUIKICTH  TOIIUPECHHS
nomym'st 0,0045 m/c;

- TUTOMa MacoBa IIBUKICTh BUTOPSHHS
0,0137 xr/m’c;

- IMMOYTBOPIOIOYA
Hrm?/kr;

- CIIOKMBaHHA KUCHIO 1,369 Kr/KT;

- BUJJICHHS BYyrJekucioro razy 1,478

3gaTHicTe 47,7

KI'/KT;

- BunineHHs yagHoro razy 0,03 kr/kr;

- BUAUICHHs xJjopuctoro BoaHio 0,0058
KI/KT.

Pesynbrat, oTpuMaHi 1HTETpaIbHUM
MeToqIoM, [2] HaBeAeHi B Tabuuii 1.

st oTpuMaHHS pe3yNbTaTiB MOJbOBOIO
monemmo B nporpami BlenderFDS [4] (puc. 1)
OyJna CIIpOEKTOBaHA HaBYAJIbHA ayJIUTOpIs, a B
FDS - ommcana peakitisi, TOBEpXHsI 1 JKEPETIO
3aropsiHHS ~ 3TIIHO  JAaHUX TPO  TMOXKEKHY
HaBaHTary [1].
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Pucynok 1 — Mogens npumimenHsst B rpadiunomy penakropi BlenderFDS.

Hns o0miky maHuX — HeOe3MeYHHux
YUHHMKIB TTOKEX1 OISl eBaKyaImiifHOTO BUXOTY
Ha piBHI 1,7 M OyB BCTaHOBJICHU BIPTYyaJbHUN
natuyuk. Yac wmopmemoBanus 300 c. s
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00poOKH OTPUMAaHHX JAHUX

BUKOPUCTOBYBAJIMCH IHCTPYMEHTH OIHUCaHi B [6].
PesynpTaT OTpUMaHUX pO3paxyHKIB

NpeCTaBJICHI HI)KYE HA PUCYHKAX.
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Pucynox 2 — Po3nonin nomniB BuaumocTi Ta konnentpaitii HCl B mpumimieHHi.

3a BTpaTolO0 BUAUMOCTI

3a nigBuLLEHOI0 TeMNepaTypolo

3HayeHHsA Hebe3NeyHoro YMHHUKA NoXXexi
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=== KPUTUYHE 3HAYeHHA 3a KoHUeHTpauieo CO2
—— MOKa3HUK BIiPTyanbHOro aaT4YMKa

== KPWUTUYHE 3HAYEHHS 3a KOHUEeHTpauiel CO
= MOKa3HWK BIipTYasbHOro AaT4YMKa

Pucynoxk 3 — I'padixku po3noBCrOKeHHS] HEOS3MEYHNX YNHHUKIB TTOXKEXKI.
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[Ticns MIPOBEICHHS PO3paxyHKY Moxaewo  pyxy 3rigno JICTY 8828:2019

HEOOXITHOTO  4Yacy  eBakyaiii  MoTpiOHO "TToxexna Oe3neka. 3aranbHi mooxkeHHs" [2]
BU3HAUUTH PO3PAXyHKOBHH 4Yac eBakyalii 3  Ta MaTeMaTUYHOI MOJCIUTIO 1HJIMBIIyalbHO-
HaBYAJILHO1 ayJIuTopii. Po3paxynok MOTOKOBOTO PyXy [2], sKka peanizoBaHa

NPOBOJUBCS 32 CIPOILICHOIO AaHAIITHYHOIO  mIporpaMHuM KomiuiekcoM Pathfinder [5].

Tadmuus 1. — Yac nocsaraeHHs HeOE3MEeUHOr0 YNHHUKA TT0XKEXKI]

Yac gocsarHeHHs HeOE3IIEYHOr0 YHHHNKA ITOKEK] HeoOxiguunit
Mopenb Brpara [ligumena | 3umxenuit | Bmict | Bmict | Bmict yac
PO3paxyHKy | BUAMMOCTI | TeMIieparypa BMICT CcO CO, | HCI eBaKyarlii
KHCHIO
IurerpanbHui 110 157 156 283 | 408 | 122 88
METOJ
IlonvoBuit
(FDS) 124 167 184 - - 138 99,2
CropoilieHa aHaIITHYHA MOJAEIb PYXY Mopenb 1HIMBIIYAILHO-TIOTOKOBOIO

JIOACHKOTO MOTOKY. Po30mBmIM Bech mnuiaix  pyxy. B mporpamHomy komruiekci Pathfinder

pyXy Ha AUTHHUIN 1 BU3HAYUBIIN TAapaMeTpH [5] Oyma moOymoBana Mojaenb ayauTopii i
pyXy JItoel Ha KOXKHIM NITBHUIN BU3HAYWIM  3aJlaHi HeoOXi/IHi mapameTpu.

pPO3paxyHKOBHI Yac eBakyallli JIoJeH pIBHHI

78,6 cexyHau.

Pucynok 4 — Po3wmimenHs jqroieii B HaBUaabHIM ayauTopii muist monentoBanHs B Pathfinder
Ta IOYaTOK €BaKyailii.
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Pucynoxk 5 — JIlunamMika eBakyaiiii JItoJei 3 HaBYaIbHOI ayUTOPIi.
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Po3paxynkoBuii wac eBakyamii mo [5]
cks1aB 36 cexyH .

SAx OGaummo, pi3HUI MDK JBOMa
PO3paxyHKaMH IIOCHUTH IIOMITHa. Ha
MIATBEPKEHHS. TOYHOCTI Ti€i YW  iHIIOL

METOAWKU OYyJ0 MPUUHSITO PIIICHHS MPOBECTH
HATypaJIbHUIA EKCIEPUMEHT 3 BHUMIPIOBAHHSIM
4acy eBaKyarlii 3 ayJJuTopii.

ExcriepMeHTanbsHO BCTAHOBJICHO, IO
yac eBakyarii 3 ayautopii ckiaB 34,8 cexyHau.

BucHoBku

I3 Bcrynom B gmito JICTY 8828:2019
"TToxkexkHa Oe3mneka. 3arayibHi MonoxeHHs" [2]
po3mupuBcs  Hablp  odimiiHO  BH3HAHUX
METOJIMK JJIsi PO3PAXyHKIB 4acy OJOKYBaHHSA
NUSIXIB €BaKyallii Ta pPO3paxyHKOBOTO dacy
eBakyarlii. 3aBIsku oMY (haxiBili OTPUMYIOTh
MO>KJTUBICTh MIPOBOJUTH PO3paxyHKH
BpPaxOBYIOUH cnenudigHi 0CO0JIUBOCTI
00’€MHO-TUIaHYBaJIbHUX ~ pillleHb  OymiBii, a
TaKOX OCOOJIMBOCTI KOHTHUHTEHTY JIIOJCH, IO
3HAXOIATHCS B HIH.

BuxopuctanHs MoJibOBUX MOJIENIEH JJis
YHCEIbHOTO MOJIETIOBAHHS JI03BOJISIE HE TUTBKU
MPOTHO3YBAaTH  PO3BHTOK IOXKEXi, ane i
MPOBOAWTHU aHANI3 Ha MpPEIMET BHIBICHHA
cnabKkux Micllb OyIiBellb 3 TOYKH 30Dy
MOXKEXKHOI OE3MEeKU, a TaKOX BIJTHOBIIOBATH

KapTUHY BXXE€ MHHYJIOI MOXKEXKI
noxex) [7].

Takox TOTBROBa MOJAENH TOXKEXKI MOXKE
e(EKTUBHO BUKOPUCTOBYBATHUCS npu
po3paxyHKax MEX BOTHECTIHKOCTI
Oy/liBEIbHIX KOHCTPYKITIH OymiBiIi,
JO3BOJIIIOUY BU3HAYUTH PEaTbHy TeMIEepaTypy
M dYac TIOKEXI JJI KOHCTPYKTHBHHX
€JIEMEHTIB OYy[iBII 3 ypaxyBaHHSIM KOHKPETHOL
MOXEKHOI ~ HaBaHTard, Ha  TPOTHBAry
3aCTOCYBAaHHS [UISl PO3PAaxXyHKIB TEMIIEpaTypu
CTaHIAPTHOTO PEKHUMY ITOXKEXKI.

ITporpamuunii komruiekc BlenderFDS

(mpuuuH

(G yHKITIOHATEHO 3abe3neuye BUPIIIECHHS
IIOCTAaBJICHUX 3aBJ1aHb Ha eTaHi 3D-
MoJeIOBaHHA. J[aHWIT KOMIUIEKC JOIILIBHO
BHUKOPHUCTOBYBATH iuiss MPOBEAECHHSA

JIOCIIIJDKEHb Ta EKCIEPUMEHTIB B HAYKOBHX
ycraHoBax Ta 3akianax suimoi ocita JJCHC

Ykpainu.
Takum dYuHOM, y JdaHId  CTaTTi
MPOBEACHUN  TOPIBHAJIBHUN  aHaNi3  yCix

METOAMK PO3paxXyHKy HeOe3NeYHUX YHHHUKIB
MOXKEeXKI Ta Yacy eBakyallii, sKi HaJaroThCA B
[2]. Pe3ymbraTH TEOPETHUYHHUX PO3PAXyHKIB
Oynu TOpPIBHSHI 3 pe3yJbTaTaMH HATYypHOTO
EKCIICPUMEHTY.
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CLASSROOM FIRE MODELING BY USING BlenderFDS

The article considers the comparison
of the combustion heat and other fire hazards
calculation  methods. Made comparative
analysis across the methodologies described in
Ukrainian state building code 8828:2019 “Fire
safety. General regulations”. Conducted the
field experiment on evacuations of students
from classroom. The experimental results were
compared with the theoretical calculations.
Proved the advantages of using the open
freeware software for calculating fire hazards
and 3D-modeling of buildings. Represented the
results of usage of data visualization tools.

The enacting of Ukrainian state
building code 8828:2019 expanded the number
of formally recognized methodologies of
calculation of evacuation time in case of fire
and the time of escape routes lockup. Due to
this building code experts have got a possibility
to consider the specific characteristics of
buildings and the features of different groups of
people that are in these buildings.

By using field model for numerical
simulation, we can analyze if building has any
weaknesses, forecast the spreading of fire and
reconstruct the scene of the fire to determine
the causes of this fire.

The field model also applies for
effective calculation of buildings fire resistance

85

level. This allows to determine the real
temperature during the fire and its influence on
construction elements depending on exact fire
load. This model is more effective and more
accurate in comparison with standard fire
regime model.

The BlenderFDS application allows to
create 3D models and convert them to format,
supported by Fire Dynamic Simulator. It
preferable to use for scientific researches in
educational institutions as it is freeware and
cross platform application.

In addition to using freeware software
for calculations, we developed custom
application for result data visualization. This
application  expends  the  functions of
SmokyView in case of building featured line
charts.

The results of all numerical calculations
of evacuation time were compared with the
results of field experiment.

The combined usage of numerical
calculations and field experiments is a future
perspective in our researches of fire safety of
buildings.

Keywords: fire hazards, evacuation in
case of fire, BlenderFDS, field experiment.



