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Fire Safety

O. B. Jlazapenko’, B-II. O. Ilapxomenko’, P. FO. Cykau!, B. B. Binonoscko’, A. C. Kyckoséeus’
U Tveiacoxuii Oeporcasruil yrisepcumem Gesnexu HcummediansHocmi,
“PienencoKuil HAVK0O-00CTIOHUIl eKchepmHo-Kpuminaticmuynull yenmp MBC Vipainu

KOHCTPYKTHUBHI OCObL/JINBOCTI TA HEBE3IIEKA
ABTOMOBLBIIIB HA BOTHEBOMY ITAJINBI

Betyn. [TocTymoBnuii Ta HeBIUHHHI PO3BHTOK TKepel aTsTepPHATHBHOI eHeprii Ta mocTiiiHa 60poThOa M-
CTBA 3 HAIHMINIKOM BHKH[IB IIAPHHKOBHX ra3iB IpH3BeIa OJHOYACHO I 10 PO3BHTKY TPAHCIOPTHHX 3aco0iB Ha
aTbTepHATHRHUX JKepenax eHeprii. Bike cporoziHi Ha0yBaroTk Bee OLIBINOI MOMYIPHOCTI TPAHCIIOPTHI 3aco0H,
110 NPALFOITE BHKIIOYHO HA eJIeKTPHII 1 IPaKTHYHO Oe3IedHi /1 eKomorii. Ceper pi3HOMAaHITTA TPAaHCIIOPTHHX
3aco0iB, 10 NPALOTE HA eTeKTPHIll, HeoOXiTHO OKpeMO BHALIHTH TPAHCIIOPTHI 3aCO0H, AKi 19 OTPHMAHHA
elTeKTpoeHeprii BHKOPHCTOBYIOTE CTHCHeHHIT BOJleHb. ABTOMOOLTI Ha BofiHeBoMY namiei (ABII) Bike MIHPOKO
BHKOPHCTOBYIOTECSA B CLITA, HiMeuunHi, SNOHII Ta iHIMHX KpaiHaX CBITY, 8 YPAIH KpaiH IOCTIHHO PO3MHPIOIOTH
Ta PO3BHBAIOTH BiANOBITHY iHPPACTPYKTYPY AT HUX.

Meta Ta 3agaui gocaizkeHHs. [IpoaHanizyBatn GazoBy GyaoBy ABII Ta BH3HAUHTH OCHOBHI CIleHapii
moxmeux (HC), a came: moxeska ado BHOyX HaTHBHHX pe3epByapiB 3 BOIHEM: BUTIKaHHA. TOPiHHA BOTHIO 3
IIaTHBOIIPOBOIIB (pe3epByapa) i BHCOKHM THCKOM: (paKelTbHe FOPiHHA BOIHEO ITiT BHCOKHM THCKOM; BHTIKAHHA
BOJHIO B IPUMIINIeHHI (Tapaxk. 3aKPUTHIH NapKiHr) 6e3 MoJaibIIoro ropiHHA.

MeToau. B po6oTi 3a pe3yiIsTaTaMi JiTepaTypPHOrO ONIALY BH3HAaUeHO IMOBiIpHI Hebe3meKH! 111 0cOO0BOT0
CKITaTy aBapiifHO-pATYBATBHUX IMAPO3/LTIB, 3a11THIX Ha JiKBiJaIliro BU3HaueHHX crieHapiie HC.

PesynsTaTi. BecTaHORBIEHO, IO i gac ropiHHA ABIT Hait6insm iMoBipHe (pakenbHe TOPiHHA BOIHIO (TeM-
TepaTypa moryM’ st Moxke gocsrati 2000 °C). Takoxk MOKTHBHIL BHOYX GalOHIB 3 BOTHEM ab0 ra3oIOBITPSHOI
CyMiIIi 31 3HATHUM PafiycoM [ii: BUTIKAHHA BOJHIO B IPHMIIIIeHHI MOjKe CIIPHYHHHUTH HOro pyHHYBaHHA 3a J0-
CHTBH KOPOTKHH IIPOMLKOK "acy (OMH3pKO 15 cekyHX), Ta/ado oTpyeHHA (acikcio) mrozieil BHACTIIOK Pi3KOro
IIOHHZKEHHs KOHIIEHTPALil KHCHIO.

BucHoBku. [IpoBe/ieHHit aHaTi3 Ta y3araabHeHHS 3HaHb NP0 MOTeHIIHHY HeGe3neky ABII, eqekTpoarTo-
MOOLTIB Jae OOIPYHTOBaHI IJICTAaBH CTBepIKYBAaTH. 10 HOPMAaTHBHO-IIpaBoBa 0asa IIono OyNiBHHITBA Ta
o0namTyBaHHA CHCTeM Oe3leKH Ha3eMHHX Ta IIi13eMHHX aBTONAPKIHTIB, MiCIb CKYIYeHHH IIONIOHOTO aBTO-
TPAHCIIOPTY He aJalToBaHa IIiJ peanii cborogeHHA. OIHOYACHO 3 THM HACTYIIHI JOCTIKeHHS [TOBHHHI OyTH
CIPAMOBaHI Ha OITIHKY IMOBIPHHX PH3UKIB BUHHKHeHHS NOTIOHUX HaJ3BUYaiHIX CUTVAITii.

K.1r040Bi ci10Ba: BooeHb, aBTOM0O1T1 Ha BogHeBoMY NanuBi (ABIT), racinna ABII, HeOe3neka ABIT.
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Lviv State University of Life Safety, “Rivne Scientific Research Forensic Center Ministy of Interior of Ukraine

DESIGN FEATURES AND HAZARDS OF HYDROGEN FUEL CELL CARS

Introduction. The gradual and relentless development of alternative energy sources and the constant strug-
gle of humanity with excess greenhouse gas emissions led fo the simultaneous development of vehicles with
alternative energy sources. Currently. vehicles that run exclusively on electricity and are virtually safe for the
environment are becoming increasingly popular. Among the variety of vehicles running on electricity. it is nec-
essary to single out vehicles that use compressed hydrogen to generate electricity. Hydrogen fuel cell vehicles
(HFCV) are already widely used in the United States, Germany, Japan, and the rest of the world. and their gov-
ernments are constantly expanding and developing the appropriate infrastructure for them.

The purpose and objectives of the study. The paper analyses the basic structure of HFCV and identifies
the main scenarios of possible emergencies, namely: fire or explosion of fuel tanks with hydrogen: leakage.
flaming of hydrogen from fuel lines (tank) under the high pressure; high-pressure hydrogen jet fire: leakage of
hydrogen in the compartment (garage. closed parking) without further combustion.
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Methods. In the work on the subsequent literature review. the probable dangers for the personnel of the
emergency rescue units involved in the elimination of certain emergency scenarios were identified.

Results. It is established that: during the combustion of HFCV the most probable jet fire of hydrogen (flame
femperature can reach 2000 0C), and also possible explosion of hydrogen cylinders or gas-air mixture with a
significant range. Secondly. leakage of hydrogen in the compartment can cause its destruction in a relatively short
period (about 15 seconds), and/or poisoning (asphyxia) of people due to a sharp decrease in oxygen concentration.

Conclusions. The analysis and generalization of existing knowledge on the potential hazard of HFCV is
conducted, electric cars give us reasonable grounds to argue that the regulatory framework for the construction
and installation of security systems for land and underground parking, places of accumulation of such vehicles is
not adapted to today's realities. At the same time, the following studies should be directed at estimating probablee

risks of such emergencies.

Keywords: hydrogen fuel cell vehicles (HFCV), HFCV extinguishing. HFCEV hazard.

Beryn. TIpoBeneHmil paHile aHamiz HeGe3NeKH
enekTpoarToMoOiTiB (EA). OCHOBHHX HOr0 elleMeHTIiB
[1, 2], TakTHKH Ta OCOOMHBOCTeH IIPOBEJCHHA IACiHHA
EA [3] nokazap 3HauHy MpoOIeMy ChOTOIeHHA. a caMe
HerOTOBHICTh, HeoOI3HAHICTh CYCIILIBECTBA Ta OIepa-
THBHO-PATYBATBHUX CITYKO 0 pearyBaHHA Ha HaJ3BH-
yaifHi cHTYyallii (TIoKeXi), TTOB’3aHi 3 TPAHCIIOPTHHMH
3acobamu (T3) Ha amFTepHATHBHUX [Kepelax eHeprii.
UeproBuM J0Ka30M BHINE3a3HAYEHOIO € BCTAHOBIEHHA
00MeKyBaTBHHX 3HAKIB 114 noAidHUX T3, HanpHKIag
y Kopomniectri HinepiaaHmiB Bike mepe]T B'1310M B JesKi
IapKiHIH BCTaHOBIEHO MMOAi0HI 3HAKH pHC. 1.

L 3 I
Electric and hydrogen
vehicles

Pucynok 1 — IIpHKTan 10posKHBOTO 3HaKa,
110 3a00pOHAE 3ai3/] Ha MAPKIHT ABTOMOOLTAM
Ha aJIFTePHATHBHHX [UKEPETIax eHepril
(KopomiecTBo HimepraHiB)

Opnak, He nuime EA HaGyBarOTh CHOTOMHI BCe
OLNBIIOI IONYIAPHOCTI Ta IIMPIIOTO 3acTOCYBAHHS.
IIpakTuano Ha pieHi 3 EA B CHIA, AnoHii, HiMeuunHi
Bce OlTbIe MOMyTAPH3VIOTECA aBTOMOOLII Ha BOIHe-
BOMY IanuBi ABII, IO CTBOPROE HOBI Ta IILTKOM IIPO-
THIIEKHI 3aTPO3H U pPATYBATBHHUKIB.

IToctanoBka mpodaeMu. ABII 11e BiTHOCHO HO-
BHII THII eIeKTPOTPAHCIIOPTY AKHIT 33 CBOEID OyIOBOO

€ BIIMIHHHM BIT 3BHUAHHX EA Xou I Mae JedKi imeH-
THYHI KOHCTPYKTHBHI eleMeHTH. PoGora ABII Ga-
3y€ThCA BHKIIOUHO Ha 3amaci CTHCHeHoro BomH:o (Hb),
110 i BHpizHAE ett T3 cepen iHmux T3 Ha aTsTepHATHR-
HHUX [pKeperaxX eHepril. CroemugiuHi BIacTHBOCTI
BOIHIO Ta HOro [oxkeKkHa HeOe3Meka IoTpedyoTE 0C00-
JIHBOI YBarH 31 CTOPOHH OIePaTHBHO-PATYBATBHHX
MIPO3ILTiB M Jac MPOBeJeHHS aBapilHO-PATYBATb-
HHX Ta IHIINX HeBIIKIAJHUX POOIT. a TAKOK PO3POOKY
IIPOTOKOMIB  Ge3meKH. IHCTpyKWiff 1momo  foro
30epiraHHs, TPAaHCIIOPTYBAHHS Ta BHKOPHCTAHHS.

Jlna po3poOKH BHINe3a3HAUeHHX JTOKYMeHTIB
HeoOXiTHO BHBUHTH Ta JeTalbHO O3HAHOMHTHCS 3 TH-
moBoro GymoBoro ABII i XapaKTepHCTHKAMH OCHOBHHX
He0e3IIeYHHX [IPOLeCiB, 0 MOKYTh BHHHKATH IILT Jac
ropinHg abo momkomkeHHS ABIL

Bukian ocHoBHOro Marepiany. Sk 3a3Hadganocs
Bume, ABII — me 3aramom T3, [0 IIpalroe Ha elek-
TPHIIL. OTHAK Ha BiMIHY BiJ 3BHUaiiHuX EA 1714 oTpH-
MaHHA eleKTpoeHeprii TyT BHKOPHCTOBYIOTH CTHCHe-
HHI1 BoleHb. OTpPHMAaHHA efleKTpoeHeprii BiTOyBaeTbCa
3aBIAKH MPOTIKAHHIO eTeKTPOXIMITHOTO IIPOIIeCY MikK
BOTHEM Ta KHCHeM B CIeLiaTbHOMY ITaTHBHOMY elle-
MEHTI, SKHH T03BOJLAE I1e 3pO0HTH. 3aranoM THIIOBaA Oy-
noBa ABII BUIIAIa€ TAKHM THHOM (pHC.2):

- pe3epByapH 3i CTHCHeHHM BOgHeM. KimbKicTh
pe3epByapiB Moke OYTH pi3HA, 3a3BHUAi He MeHIIe
oBox. PoGoumit THCK pe3epByapiB A1 30epiraHHA
BOJIHIO po3paxoBaHuii Ha 70 MI]a:

- mamuBHHH eneMeHT (3 aHmL fuel cell).
CremianbHUI IPHCTPiH, MO Ja€ 3MOrY BHPOOIATH
eTeKTpoeHeprito BHACTIIOK MPOTIKaHHA eleKTpOoXiMid-
HOI peakllii MiJK BOTHeM Ta KHCHeM (3 MoBiTpA). BHa-
CITIZIOK peakIlii YTBOPOEThCA elneKTPOeHeprii Ta Bo-
IAHa TTapa. Peakilid IPOXOIHTE 3 BHILUIEHHAM TeII0TH
ONHAK  MAKCHMalbHa  TeMIlepaTypa, OO  AKOi
HarpiBaeThCA MATHBHHI eleMeHT, 10ocATae He OLIbIe
90 °C [4]:

- TpaHc(opMaTop eleKTpoeHeprii, o 3aificHIoe
IIepeTBOPEeHHS eleKTPOeHeprii;

- BHCOKOBOJIETHA AaKyMy/LATOpHa Oarapes I
HAKOITHUeHHs eneKTpoeHeprii (240 B). 3a3puualt BHKO-
PHCTOBYIOTHCS TTiH-10HHI aKyMyIATOpHI Gatapei. of-
HAK 3yCTpidaroThCA I 1HII.
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ITanmuBHUIN eneMeHT

Pesepryapn 31
CTHCHEHHM BOZHEM

& . Jonarkora
Enexrpuanmii A gl{;';;' e aKyMymATOpHA GaTapes
Tpancdopmatop (2 ) (12 B)

PrcyHOK 2 — CxXeMa po3MillleHHA 0CHOBHHX By371iB ABII Ha npukiani aTomo6im1 Chevrolet Equinox Fuel Cell

3 omany Ha npexncraeneny Oymosy ABII 1a pyH-
TYIOUHCE HAa 0COOIHBOCTSAX TaciHHA Ta IIPOBeIeHHA aBa-
piitHO-pATYBaTbHUX podiT EA MOKHA CTBepIKYBaTH,
110 HasABHICTh aKyMYISTOPHOI GaTapel BeTHKOl MOTYXK-
HOCTI Ta eleKTpoMepeski nomicHoro T3 motpedye igeH-
THYHHX TIXOMIB Ta aITOPUTMIB POOOTH PATYBATBHHX
TiApO3IiiiB 3a aHanoriero 3 EA. OfHaK, HasABHICTE pe-
3epByapiB 31 CTHCHEHHM BOTHEM IIiT BHCOKHM THCKOM
70 MIIa ta (izUdHi BIACTHBOCTI BOJHIO CTBOPHIOTH
JI0MaTKOBY Hebe3meky[4].

OCHOBHHMH 0COOTHBOCTAMH BOITHIO, 3 TOUKH 30PY
TIOKEKOTAciHHA Ta IMOKEKHOI HeOe3meKH, IO BITHO-
IIeHHIO 10 1HIHX, a 30KpeMa ByITIEBOJHEBHX I'a3iB, €:

- TeMmepaTypa TropiHHA BOTHIO HA BiIKPHTOMY
MOBiTpi MoKe caratu Gmrseko 2000 °C. BomeHs ropuTs
TIPaKTHYHO Ge30apBHHUM IIOIYM AM:

- KOHIIEHTpAllid TIApPOIIOBITPAHOI CyMimmmn g
TiIpOTeHy, IO NpH3Be e 0 HOTo IIOJAIBIIOro TOPIHHA €
BKpail mupoka Bix 4 10 75%, 10 B IOPIBHAHHI 3 IHITHIMH
TOPOYHMH ra3aMH Hadarato Ginbire (rporas 2.1 — 10 %,
OemauH 1 — 7.8%). OOHAK, KIFOUOBHM ITapaMeTpoM €
HIDKHA Meyka 3aiIMHCTOCTI, KA Y BOJHIO B 1Ba Pa3H BHINIA
HIK ¥ IIPOMaHY 1 B YOTHPH Pa3u — HIK y OeH3UHY:

- HIDKHA BHOYXOBa Meka BomaHIO (13-18%), AKka
TaKOK € Ha0araTo HIDKYOK 3a KOHIIEHTpallil I1apo-
TIOBITPAHHUX CyMilllell GeH3HHY Ta iHIMHX Tra3iB:

- dYepe3 Maly INUTBHICTB, B'SA3KICTH Ta
Kxoe(illieHT auQYy3ii BOAeHs 3AaTHHII BHTIKATH IpAak-
THYHO B TPH pa3H MIBHAIE HUK iHIO ra3m. J{nd
TIOpiBHAHHA MIBHAKICTh BHTIKAHHA BOJHIO CTAHOBHTH
1308 m/c. a mpHponHOro rasy — 449 m/c.

Hagezenuit onmHc IHIne JesKHX OCHOBHHX Xapak-
TepHCTHK BOIHIO Ta Bce OLIBII 3pOCTaroda 3allikaB-
TIeHICTb BUPOOHHKIB ABTOMOOLTIB Y 3aCTOCYBaHHI CTHC-
HEHOTo BOTHIO V SIKOCTI IamiBa A aBTOMOOLTIB 6e3

3MIiHH IX KOHCTPYKTHBHHX OCOOTHBOCTeH Tae€ MOXK-
JMBICTE CHPOTHO3YBAaTH TaKi HAT3BHUAlHI CHTYyalIil,
1oB’s13aHi 3 ABIT:

- Toxeka a0o BHOYX MATHBHHUX pe3epByapiB 2
BOITHEM:

- BUTIKAHHA. TOPIHHA BOTHIO 3 MATHBOIPOBOIIR
(pe3epByapa) i BHCOKHM THCKOM:

- (paKerpHe TOPIHHA BOHIO TIiJT BHCOKHM THCKOM;

- BUTIKAHHA BOJHIO B IIPUMIIIIeHH (Tapak. 3aKpH-
THX TapKIHTiB) 63 MoJaTBIIIoro TOPiHHA.

Hooxwcexca abo eubyx namieHux pesepevapie 3
gooHen. BiIMOBITHO 10 BIacTHBOCTelH TOPIHHA BOJHIO,
aBapifHO-PATYBATBHHM MiTPO3IiNaM 1A MepIIodepro-
Bol imeHTH(iKAIIi] IMOBIPHOTO TOPiHHA HeOOXiTHO BHKO-
PHCTOBYBATH [UIA aHATi3y 300pakeHHA 3 IIO/KEeKHOIO
TeIl1oRi30pa (puc.3) [5] Ta razoaHamizaToOpH.

Pucynok 3 — IIpukian ropinad BogHio B ABII Ta fforo
300paKeHHA Ha MOHITOPI MOJKEKHOTO TEIIOBI30pa

BpaxoByrouH HAJ3BHYAiHO BHCOKHH THCK
30epiraHHa CTHCHEHOTO BOJHIO B pe3epByapax aBTo-
MOOLIA ONepaTHBHO-PATYBATRHI MiAPO3ALTH TOBHHHI
BPaxoBYBaTH MOKIHBICTE BHOYXY Ta pPYHHIBHY Iit0
HA[UTHINKOBOTO THCKY, IO YTBOPEOBATHMETECS BHa-
CITiTOK ITBOTO (pHC.4).

54

Ilo:xe:xHA De3mera, Ne37, 2020



TpasMmu Ta YIIKOOKEHHA
v ¥ O6'em pesesyapy, n
10 30 y py 100 200
20
1 ¢ os
5] 8 1_\ s S I .. )
12\?\-; ."“':-..‘__‘h WS e —
1 e
10 .
60 144—— .
2 (e N -
1= 1 E—— - T A"‘N
80 %‘14 ie — - ~ ~ h — b.; "
= | {F NN
: 1216 g8 24 N T s
]88, RS
gl D224 B
5 ez \\.\‘
‘%120- = g * RN
© EZO 64— LY \
I = E
22 - .
%140_ ;i He6esneka ans nioaei
] T K 1 )
B jee L Coaciretn . i

a)

OB'em pesesyapy, n

10 30 100 200
3
1 10 —
15 4 < e
15 5 ~ - [y
20
] 6 -,
254 20
b 7
] "
230 = 8 - =]
= 4 -
-] _*'525 Eﬂ . L| [y 3
= x g £
gaxlg I O
g 250 §ro =
E
40- 3 =
= & ’Eﬂ
; Tas| &
Fas 2 212 o]
§ g é 1 HeBesneka gna Gynieens i cnopyg >,
Tsod T = f it

6)

PHcyHOK 4 — 30HH YpaKeHHA HAITHITKOBHM THCKOM BHOVXY 0a10HIB 3 BogHeM B ABIT (M):
a) — HeQexameka 114 TOIHHH; §) — HeGezmexa 114 GyIiBeTs i ciopya

BpaxoByrouH MOKa3HHKH, HaBeIeHi Ha pHC.4, Kepi-
BHHK TaciHHA [TOBHHEH 3aBYAaCHO BCTAHOBHTH Oe3I1edH]
Mesxi poGoTH Ta epeGyBaHHA UBLIFHHX OCi0, a 3a He-
OOXiTHOCTI HABITH MPOBECTH €BAKYAIliF0 3 MPHIELTHX
OyziBenb Ta CIIOPYI.

Bumikantsa eodnro 3 naneonpoeodie (pesepeyapa)
nio encoxum mucxov. ITiT gac BUTIKAHHSI BOIHIO IIiT BH-
COKHM THCKOM (20MTTa- 70 MITa) cTpyMiHb Ta3y Moxe
3aBIATH 3HAYHHX IIOMIKOKEHb OrOTEeHHM JUITHKAM
Tima abo HaRiTH MMPOHHUKATH Uepe3 3aXHUCHHII OT. 3a-
XHCHHIT OIAT PATYBAIBHHKA He MOoke Ha 100% rapaHTy-
BaTH Oe3MeKy, 3riHO 3 JOCTIKeHHAMH [6] ra3 mif THC-
KoM 20 MTTa nerxo IpoHHKAR Uepe3 3aXHCHI PyKaBHIIi
Ta onAar. IIpoHHKHeHHS Ta3iB Uepe3 IIKipHHII MOKPHB
MOKe TIPH3BECTH J0 3YIHHKH KPOBOOOITY Ta HEKpO3y
TkaHuH [7]. Tuck rasy 4.4 MIla mgocTatHifl, 1106

CIPHYHHATH TOPi3H IIKIPHOTO MOKPHBY THOIHMHH [8].
Take sBHINe TOTPIOHO GpaTHCA OO YBAarH PATYBATbHH-
KaM IIi]T 9ac MpoBeieHHA POOiT 3 JTiKBigallii HaI3BHIa-
HOI CHTYallii, Je BiI0YBAcThCS BHTIK ra3y Mif BeTHKHM
THCKOM.

DaketvHe 20PIHHA GOO0HIO NIO BUCOKUM IUCKOM.
Be3nocepeHe raciHHs MoaiOHOI MOkKe ki TAKTHIHO TyKe
CXOJKe Ha TaciHHA Ta30MOBITPSAHOL CyMilmi (TIPHPOTHME
ra3, mponaH-0yTaH Toino). Halle()eKTHBHIIITIM MeTOI0M
racinaa GyJe KOHTPOTROBaHE CAMOBHTOPAHHS BOTHIO
SIKITO BiZAICYTHA HeOe3MeKa 3aiiMaHH:A CyCiTHIX OyaiBers i
cropy. OIHOYacHO 3 THM. OIepaTHBHO-PATYBANBHI
TIIPO37IiTH TIOBHHHI 3TiHICHIOBATH OXOIOKeHHS pe3ep-
ByapiB 3 BOIHEM Ta iHIIMX eneMeHTIiR T3. JlomaTkoBHM
3aco00M TaciHHS MOTIOHOI TOMKesKi Moke OYTH BHKOPH-
CTaHHA CIellaTFHOI BOTHETPHBKOI KOIMIMH [9].

Pucysoxk 5 — [IpHKTa7 BHKOPHCTAHHA BOTHETPHBKOI KOIIIMH I'TA TaCiHHA aBTOMOOLIA

3a HeoOXiTHOCTI HAOMIKEHHA OCOOOBOTO CKIATy
OIepaTHBHO-PATYBATBHUX ITiApo3aitiB 10 ABIL mo cy-
TIPOBOKYETECA (haKeTFHHM TOPIHHAM HeoOXiTHO BHKO-
PHCTOBYBATH CTBOJTH PO3IITIOBAUI 3 BHCOKOK BHTPATOR
(puc.6). IIpHKpHBAIOUICE POMIIEHHM CTPYMeHeM BOIH

(i xyTom 150-170°%) miZpo3mimd 31aTHI HAGTH3HTHCS
BOpHTYT 70 T3 Ta mpoBecTH HeoOXiHI il HMepeKpHTH
BHUTIK BOJTHEO, 30HTH MOTYyM ' 3 BUKOPUCTAHHAM IOPOITI-
KOBOI'O BOTHET'aCHHIKA, IIPOBECTH OIepALliio 3 TaCiHHA aB-
TOMOGLIA 3 BUKOPHCTAHHAM BOTHETPHBKOI KOITIMH.

Fire Safety, Ne37, 2020
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Prcynok 6 — [IpHKIa TAKTHIHOTO BHKOPHCTAHHA
CTBOIB-PO3MHTIOBAYIB 1A TaCiHHA (paKeIbHOTO TOPIHHA

Bumixanna eodHro e npumiiyenni. 3araioM BOIeHb
Ge30apBHMUIT Ta3, AKHI He Ma€ 3amaxy Ta He IIKiTTHBHH
g moguHH. OfgHak foro IMBHIKE BHAUTEHHA Ta HAKO-
IIMYeHHA B 00MeKeHOMY HPOCTOpi (TIPUMIIIIeHHI) Moke
CIIPHYHHHUTH Oe(ilHT KHCHIO B IOBITPL, IMO B CBOK
Uepry MpH3BeZle A0 BTPATH CBITOMOCTI 1 IO CMepTi Tto-
Jefi, mo mepeGyearoTs moOmm3y. [IpH KOHIEHTpaIlii
KHCHIO B TIOBITpI HIDKUe 19% mrOTHMHA BiTIyBaTHMeE
TIOMITHHI! HeraTHBHHI e(peKT. BIUTHB Ha MIOTHHY KOH-
IIeHTpallii BOJHIO B TIOBITPi Ta BiATIOBiTHe 3HILKEHHA
KOHIIeHTpallii KHCHEO BKa3aHo B Ta0m 1 [6]. Taxwv an-
HOM Ilepe[] IPOBeIeHHA aBapiiHO-PATYBATBEHUX POOIT B
npuMimeHHIX 3 ABII ocofoBhil cK1aa TOBHHEH
000B’A3KOBO IIePEeBIPHTH KOHIIEHTPAIil0 KHCHIO B IIO-
BIiTpi Ta 000B’A3KOBO OYTH BKIFOUeHUMH B 3aXHCHHIT TH-
XanpHHH amapar. OfHOYAacHO 3 THM HeOOXiTHO
II1aM’SITaTH, 10 IIPH BHTOKAX ICHYE 3arp03a BHHHKHEHHA
BHOYXY Fa30MOBITPSAHOI CYMIIII IPH JOCATHEHH] KPHTHY-
HHX KOHIIeHTpAIliil, TOMy BHKOPHCTAHHA OOTaIHAHHA,
III0 MOjKe CHPHYHHHTH II0ABY iCKPH He0OX1THO BHKTIO-
UHTH 0 MOMEHTY IIepeCcBiTUeHH B MOBHIi BiICYTHOCTI
HeOe3MeuHo! KOHITeHTpaIlii BOJHEO B HOBITPi a00 BeHTH-
AL TPHMITTIeHHSL.

HeKoHTpoIboBaHe Ta IMIBHIKE BHTIKaHHA BOJHIO B
IIPHMIIeHH] MOke CIIPHYHHHTH JT0JATKOBY Ta He MEHIII
3arpo37IHBY CHTYALIE0 711 0COO0BOTO CKIATy Ta IHITHX
MEMIKAHIIB. 30KpeMa KOPOTKOYacHe Ta MHTTEBE 3POC-
TaHHA THCKY B IPHMILIeHH]. IO MOXe IIPH3BECTH 10
fioro pyiiHyBanHA [10]. BignorimgHO A0 cHcTeMH Ge3-
TlekH pe3epeyapiB ABII 3i cTHCHeHHM BOTHEM aBapiii-
HUI TepMIUHHI KIallaH [T 3HIDKEHHA THCKY CIIpallb-
OBYe€ TIpH TeMmepatypi 6mm3eko 110 °C. Knamas 3a6e3-
Iledye IIBHIKEe BHBITBHEHHI BOTHIO, TaKHM YHHOM
MiHIMI3yOul iIMOBIPHICTE BHOYXY pe3epByapa ITi dac
TpuBamnoi Aii momyM’a. Taki yMOBH € TOCHTH MIPHIHAT-
HFIMH 3a YMOBH BHHHUKHEHHs FOPIHHA Ha CBIKOMY IIO-
BiTpi. OHak HeOe3MeKa, SKa BUHHKA€ BHACTIOK IIBH/I-
KOTO BUKHIY BOTHIO B IPHMIITIeHH], HAITPHKIAT Tapaki,
CTaHIi TeXHITHOTO OOCTYTOBYBaHHSA He IPHUIHATHA
1714 3a0e31edeHHs 0e3IeKH Ta KHUTTA 0TOUYHIHX.

JIng IpHKTIamy, Ha pHC.7 300pakeHo OPIBHATBHY
XapaKTepHCTHKY JOCATHeHHA MAaKCHMAlIbHOTO THCKY B
TIPHMIIMeHH] (1714 Pi3HUX THIIB Ta3iB., 30KpeMa JIi1
BOITHIO) 3a7I€KHO BiJI 9acy, 3a YMOBH OTHAKOBOI ITBHII-
KoCTi BHTiKaHHA (390 r/c) [11].

—_—  —— MeaTtau
- - - MNponaw

Hagrmwkosuit Tuck, kMa

PrcyHOK 7 — 300pakeHHA PO3MOILTY THCKY B IIPHMIITCHHI
06’ emoM 30.4 M TIpH MacoBiit IMBHAKOCTI BHTIKaHHA 390 I/c
IUTA PI3HHX THITIB Ta3iB

BinmorigHo 10 pHc.7 BHIHO, IO BOJEHE JIHIIE 3a
10-15 cexyHp 9acy 30LIBIINTE THCK B IPUMIIIEHH] 10
55 KITa, mo pu3Bee 10 IOBHOTO PYHHYBAHHA OYIIBII.
OnHak, Bike 3a 20 ceKyH THCK BHPIBHAETBCS 10 IPHIi-
HaTHoro B 15 kITa. ITikaBuM € Toft (pakT. mo Hi 1714 Me-
TaHy Hi JU11 IPOIIaHY He XapaKTepHa TaKa BIacTHBICTE,
a JIAIIe el Mae IOi0HY 10 BOTHIO XapaKTePHCTHKY.

BucHoBok. [TpoBesieHHit aHATI3 Ta y3aradbHeHHT
ICHYIOUHX 3HaHb 10O NOTeHIIHHOI HeOe3MeKH TpaHC-
IIOPTHHX 3ac00iB Ha ATETePHATHBHIX KepeIaX eHeprii,
30KpeMa el1eKTPOaBTOMOOLTIB Ta aBTOMOOLTIB HA BOTHe-
BOMY ManHBi, JalOTh OOIPYHTOBaHI IIICTABH CTBEp-
IDKYBaTH, IO HACTYIIHI JOCTIIKEHHA I[IOBHHHI OYTH
CIIpSAMOBaHI Ha:

Tadomnsa 1

H: % | 0:% Bnine

0-9 19-21 | BiacyTHI CHMITOMH, BITHOCHO He IIKITTHEO

008 | 15.19 3HIKeHHA VBard Ta KOHIIEHTpAIli, HesHadHa 3a-
IHIIKA

2842 | 12.15 Hp}mﬁmemﬂ_ TyIbC, OPHCKOpeHe JHXaHHA, II0-
raHa KOOpDIHHAIA

1252 | 10-12 "Sana.Mopoquzm__ PH3HE cMepTi 11%, Jac 70 71eTats-
Horo efekTy Ommseko 30 XB
BTpaTta CBLIOMOCTI, MOZIIHBA HYIOTA, BIPaTa KOIb-

52-62 | 8-10 |opy obmmds, "ac JO IeTATBHOTO edekTy OIH3BEO 5
XB
BTpata cBLIOMOCTI 32 3 XB, cMepTb 33 8 xB. B 50 %
BHIANKIB CMepTh, B 50 % BHIAIKIB MOXIHBA pe-

6271 | &3 aHIMaI MOCTPaKIAIoro 33 YMOBH Ha7aHHT J0TIO-
MOTH BIIPOI0E# 6 XB, B 100 % BHIAIKIE MOKIHEA Pe-
aHIMallig MOCTPAKIAION0 32 YMOBH HaJaHHS JOIMO-
MOTH BIPOJOEXK 4-5 XB

7186 | 3-6 BTpaTta IHXaHHE, cepledHITA, KoMa BOpomosx 40 c,
NOMKOTKSHHA FOJ0BHOIO MO3KY, CMepTh

86-100| 0-3 |CwumepTs BOpoIoEX 45 ¢
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- po3po0KYy HAIIOHATBHIX CTAHIAPTIB, Jep:KaB-
HHX OyIiBelTFHHX HOPM CTOCOBHO OCOOTHBOCTel! Gyie-
HHUITTBA Ta 00/IAIITYBAHHA CHCTeM Oe3IeKH Ha3eMHHX Ta
I J3eMHHX aBTOIIAPKOBOK, MiCITb CKYITIeHHS II0II0HOr0
ABTOTPAHCIIOPTY:

- BHeceHH:d 3MiH Ta/abo po3podKa MOI0KeHE, 1H-
CTPYKIIH 1A ONepaTHBHO-PATYBAIRHHX MiAPO3IiTiB
moao ocobmuBocTelt raciHA T3 Ha anbTepHATHBHHX
JUKepenax KHUBIeHHT.

- aHami3 PH3UKIB Ta IMOBIPHOCTI BHHHKHEHHT
Ha3BHUANHAX cHTyaliit (BHOyX, 3afiMaHHA, Tomo) T3
Ha aJbTepHATHBHUX /Kepeax KUBIeHH.
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