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AHAJII3 CTAHY NIPOTUHOXKEKHOI'O 3AXUCTY
EJEKTPOMOBUIIB

IMocTanoBka mpodsiemu. Py npoGnemaTuk, cepen sSKMX IVIoOaibHE TOTEIUIIHHS Ta KOJIOCAIbHE 3a0pyIHEHHs
aTMOC(EpHOro MOBITPS BIANPAIbOBAHUMY Ta3aMH JBUI'YHIB BHYTPILIHBOTO 3rOpSIHHSA, CTBOPWIO MiIIPYHTS JO TOLIYKY Ta
PPO3POOKH EKOJIOTTUHO «YUCTIIIMX» TPAHCTIOPTHUX 3ac00iB. Taki mporiecy MpHIIBUIIIIA 1 3yXBaJlo pO3B’si3aHa BiliHa pocii poTH
YKpaiHu, OCKLUIBKU arpecop BOJIOIIE KOJIOCAJIbHUMH 3aracaMy HahTOMPOYKTIB, BiJI SIKMX 3aJIeKaio 0arato JepykaB CBITY.

HaBezeHi niepeiyMOBH CTBOPWIM IMITYJIBC JUTsl OYpPXJIMBOIO PO3BUTKY PHHKY €JIeKTpoMoOLTiB. binbliie Toro, psin nepxas
cepen sikux [lIBeris, Himeuunna, Kuraii, ®paHiisi, peanizoByloTh MpuBaOIMBI YPSAOBI MPOrpaMy, THM CamMuM, Il OLIbIe
CTHMYJTIOIOUH CBOIX TPOMa/ISIH KYTUISITH €JIeKTPOMOOLITL.

TakiM 4MHOM, YacTKa POJAXIB esekTpoMoOLtiB y 2021 poui nepeiinuia BiqMiTky 10% Bij 3araibHOI KitbkocTi. CTaHOM
Ha KiHerp 2022 poKy, aBToIapK eIeKTPOMOOLIIB CTAHOBUTh Maibke 27 MITH 1 MPOJOBXKYeE 3pocTaTh. Pa3oM i3 3pocTaHHAM iX
KLJIBKOCTI, 3pOCTAIOTH 1 TI0KEXKI TAKMX TPAHCIIOPTHHX 3aCO0IB B a0COIMIOTHOMY Ta BiIHOCHOMY 3Ha4€HHSIX (OCTAHHE 3yMOBIICHE
CTapiHHSM, TOOTO 30LIBIIEHHSIM CEPEHBOIO BIKY MapKy eIeKTpoMoOLIiB). [Toxkexi enekTpoMoOiLIliB MatOTh 1HILMI XapakTep
PO3BUTKY, II0 CTBOPIOE HOBI BUKJIMKH UISI MOXKESKHO-PATYBAIBHHUX CITY)KO, 1HKEeHepiB-Oy/liBElIbHUKIB Ta BIIACHUKIB TaKUX
TPAHCIIOPTHHUX 3aCO0IB.

Merta aocJtiKeHHsI TIONSTaE Y aHali31 YNHHUX HOPMATHBHO-TIPABOBUX aKTIB 3a0€3MeUEHHs POTHIIOKEKHOTO 3aXHUCTY
€JIeKTPOMOOLIIB ITiJ] Yac BMTIOTOBJICHHS Ta eKciutyaraiii. Lle cTBOpHTH MifrpyHTS! JUIsl BUSIBJICHHS IIUISXIB ITJIBUINEHHS 1X
MPOTHIIOKEKHOTO 3aXHCTY.

Omnuc martepiamy. Xodya NOXKeXi €IEKTPOMOOUTIB TPAIUISIOTBCS piflle, HDK TMOXKEXK aBTOMOOUIB 3 JBUTYHAMH
BHYTPILIHBOTO 3rOpsIHHS, TIPOTE BOHK MalOTh HEOE3MEUHIIINIA XapakTep po3BUTKY. Hepizko € Baxko ineHTU]IiKyBaTH MPHINHY,
sika 1HIIIOBAJA 3aliMaHHs TPAHCHIOPTHOro 3aco0y. Taki MoXkeKi MOXKYTh BiIOYTHCh Ha 3aKPUTHX YU BIJIKPUTHX MapKiHTaX,
MIPUBATHHX Tapakax, i1 Yac 3apspKaHHs, PyXy, UM MCIIs JOPOKHBO-TPAHCIIOPTHOI MPUTOA. AKYMYJISITOPHI OaTapel MOBHUHHI
MPOHTH HU3KY TECTIB Ta BUIIPOOYBAHHS IEPII HIXK OyIyTh BUKOPHCTOBYBATHUCH Ha €IeKTPOoMOOiIi. Taki BUIpoOyBaHHs
PErIaMeHTYIOThCS MIKHAPOAHUMHM CTaHAAPTaAMH, SIKi PO3pOOIISIOTHECS BiAIOBIIHUMU OPraHi3alfisiMH 1 IPYHTYIOTHCS Ha
HAaYKOBHX JIOCHIDKEHHAX. JOCTHi/KeHHS aKkyMyJIATOPHUX OaTapeil NPOBOAATHCS 3 METOI0 BHUSBIECHHS CIa0KHX YU
HeOE3IEYHNX MICIh, 1100 3am00IrTH BUHHKHEHHIO HECTIPABHOCTI, 3aiiMaHHs, MOKEXKI UM HABITh BUOYXY.

3a 00’ekTOM BHIIPOOYBaHHS TECTH Ha BHUIIPOOYBaHHA MO)KHA TOMUIMTH Ha 4 piBHI: BUOPOOYBaHHS Ha
OIHOMY €JEeMEHTi; BWIIPOOYBaHHS Ha KOMIipIi; BUIPOOYBaHHS Ha aKyMYJSTOpHIA Oartapei; BuUOpoOyBaHHS Ha
€JEKTPOMOOLITI B IIIIOMY.

OcraHHi 3MiHH 10 HOpM OOJaTHAHHSA KONICHUX TPAHCIOPTHHUX 3ac00iB, MO SKHUX BITHOCATHCS 1 €MEKTPOMOOI,
TIEPBUHHUMH 3aC00aMU MOXKekoraciaas Oyno BHeceHo mie y 2009 porri, 1o BKpaii He BiAIOBia€ yMOBaM ChOTOJCHHS.
Li HopMH He BpPaxOBYIOTh HE JIMIIE KIACH(DIKAII0 TPAHCIOPTHUX 3acO0iB, ajie i HE BiANOBIIAIOTH CY4aCHOMY CTaHY
aBTOMAapKy YKpaiHH, KN CyTTEBO 3MIHHMBCS 32 OCTaHHI IT'SITHAIILITH POKiB. 3MIHH CTOCYIOTHCS 301IBIICHHS KITBKOCTI
€IIEKTPOMOOINIIB Ta TIOpUAHMX TPAHCIOPTHHUX 3ac00iB, AKi HECYTh IHIOWI XapakTep PO3BUTKY MOXKexi. Tomy
JOCIIKEHHS, PO3pOOICHHS Ta MPUHHATTS Ha 3aKOHOAABUOMY PiBHI Cy9acHHX HOPM 3a0€3TEUCHHS MPOTHIIOKEKHIMHA
3aco0aMu KOJiCHHUX TPAHCIIOPTHHX 3aCc00iB, B TOMY YHCIII IJIsI TPAHCIIOPTHUX 3aC001B, SIKi MPAIIOIOThH Ha allbTePHATHBHUX
BUJIaX MaJbHOTO, 1ACTh 3MOTY ITiIBULLIMTH PiBEHb iX MPOTHIIOKEKHOT0 3aXKHCTY. A MiIBUIICHHS PiBHS MIPOTHIOKEKHOTO
3aXHUCTY 3a3HaUCHUX 00’ €KTiB BIUIMHE HA 3MEHIIICHHS K MaTepialbHUX 30UTKIB, TaK 1 TIFOACHKHUX JKEPTB.

BucHoBkH. 3a pe3ynpTaTaMy aHATITHIHAX JOCIIIKEHh BH3HAYCHO, III0 TIOXKEXK] eIIEKTPOMOOITIIB MaOTh Micle y
pI3HHX KpaiHaxX CBITY i BHHHKAIOTh Ha PI3HUX MOIETSAX eIeKTpoMoOiTiB. Pasom 3 TuM, 3aliMaHHS €IEKTPOMOOLIIB
BiIOyBa€eThCSA 3a pI3HMX OOCTaBWH: T Yac eKCIDIyaTalii, CTOSHKH, 3apsDKaHHA, IiJ 4Yac 9d TMICIA JTOPOXKHBO-
TpaHCIOPTHOI mpuroau. [IpuaoMy Taki aBTOMOOLI MAlOTh 3/aTHICTH 0 IIOBTOPHOTO 3aiiMaHHs, IMPOMIXKOK Yacy Mix
SKAMH MOXKE CKJIaJaTH KUTbKAa JHIB Y HaBiTh TW)KHIB. BUMOrM YMHHMX MiXXHApOAHMX HOPMAaTHBHO-TIPABOBHX aKTiB
3a0e3MeveHHsT ITPOTUTIOKEKHOTO 3aXHCTY EIEKTPOMOOLTIB CTOCYIOThCsl BUpoOyBaHb cuitoBoi AKD i1 enexTpomobinst B
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[IJIOMY Ha TIpeaIMeT MEXaHIYHHX, eJICKTPUYHMX, XIMIYHHUX Ta CKCIUTyaTalliMHUX IOINKOKEHb 1 3aCTOCOBYIOTBCS JIMIIE
Ha eTaIl BUTOTOBJICHHS. [1iIBUIIIEHHS MPOTHITOXKEKHOIO 3aXUCTY €JIEKTPOMOOITIB Ta 1HIIMX TPAHCIIOPTHHUX 3aC00iB, IO
BHUKOPHUCTOBYIOTh aJbTCPHATUBHI JDKEpella SHeprii MOXHA JOCSATTH 3aBISKH YIOCKOHAIICHHIO HOPMATHBHO-TIPABOBOI
0a3u, MO0 HOPM OOJAJHAHHS 3a3HAYCHHUX O0’€KTIB CHCTEMaMH MPOTHUIIOKEKHOrO 3aXHCTy. J[7sd mboro HEoOXimHO
MIPOBECTU JIOCHIHKEHHS MIONO 3aCTOCYBAHHS Pi3HHUX CHCTEM MPOTHUIIOKEKHOTO 3aXUCTY, B TOMY YHCII 1 MEPEHOCHUX
BOTHETaCHUKIB, Ha e(heKTUBHICTh TACIHHS MOXKEXK] TAKUX 00’ €KTIB.

Karo4oBi ciioBa: MpOTUIIOKEKHUN 3aXUCT, TIOXKEkKA EIEKTPOMOOLIIS, TaCiHHS eIEKTPOMOOII.

A. F. Gavryliuk, O. E. Vasylieva
Lviv State University of Life Safety, Lviv, Ukraine

ANALYSIS OF THE STATE OF FIRE PROTECTION OF ELECTRIC VEHICLES

Introduction. Some issues, including global warming and enormous air pollution by exhaust gases from internal
combustion engines, have created the basis for the search and development of environmentally "cleaner" vehicles.
These processes were accelerated by Russia's brazen war against Ukraine, as the aggressors possess enormous reserves
of oil products on which many countries in the world depended.

These prerequisites created an impetus for the rapid development of the electric vehicle market. Moreover, some
countries, including Sweden, Germany, China, and France, are implementing attractive government programs, thereby
further encouraging their citizens to buy electric vehicles.

Thus, the share of sales of electric vehicles in 2021 crossed the 10% mark of the total, and as of the end of 2022,
the fleet of electric vehicles amounted to almost 27 million and continues to grow. Along with the growth in their number,
fires of such vehicles are also increasing in absolute and relative terms (the latter is due to ageing, i.e., an increase in the
average age of the electric vehicle fleet). Electric vehicle fires have a different development pattern, which creates new
challenges for fire and rescue services, structural engineers, and owners of such vehicles.

The purpose of the study is to analyse the current regulatory and legal acts on fire protection of electric vehicles
during manufacture and operation. This will create the basis for identifying ways to improve fire protection.

Results. Although there are fewer fires in electric vehicles compared to fires in vehicles equipped with internal
combustion engines, they have a different and more dangerous development. It is often difficult to identify the cause that
initiated the vehicle fire. Such fires can occur in closed or open parking lots, private garages, while charging, driving, or
after a traffic accident. Batteries must undergo some tests and trials before they can be used in an electric vehicle.
These tests are regulated by international standards. These standards are developed by relevant organisations and are
based on scientific research. Battery tests are conducted to identify weaknesses or hazards to prevent a malfunction, fire,
explosion or even explosion.

According to the object of testing, testing can be divided into 4 levels: testing on a single cell; testing on a cell;
testing on a battery; testing on an electric vehicle as a whole.

The last changes to the standards for equipping wheeled vehicles, which include electric vehicles, with primary fire
extinguishing equipment were made back in 2009, which is extremely inadequate for today's conditions. These rules do
not take into account not only the classification of vehicles but also do not correspond to the current state of the Ukrainian
vehicle fleet, which has changed significantly over the past fifteen years. The changes relate to the increasing number of
electric vehicles and hybrid vehicles, which have different fire behaviour. Therefore, the research, development and
adoption of modern standards for wheeled vehicles, including vehicles operating on alternative types of fire extinguishing
agents, will increase the level of their fire protection. Moreover, increasing the level of fire protection in these facilities
will reduce both material damage and human casualties.

Conclusion. Analytical studies have shown that electric vehicle fires occur in different countries around the world
and occur on different models of electric vehicles. At the same time, electric vehicles catch fire under different
circumstances: during operation, parking, charging, during or after a traffic accident. Moreover, such vehicles can reignite,
with a time interval of several days or even weeks between them. The requirements of current international regulations
for fire protection of electric vehicles relate to testing the power battery and the electric vehicle as a whole for mechanical,
electrical, chemical and operational damage and are applied only at the manufacturing stage. Improving the fire protection
of electric vehicles and other vehicles using alternative energy sources can be achieved by improving the regulatory
framework regarding the standards for equipping these objects with fire protection systems. To do this, it is necessary to
conduct research on the use of various fire protection systems, including portable fire extinguishers, on the effectiveness
of extinguishing fires in such facilities.

Keywords: fire protection, electric vehicle fire, extinguishing an electric vehicle.

Beryn.  3rimmo 3 [l], enexkTpomMo0iab  BHKOPHCTOBYBAaTHCh CHJIOBI aKyMYJIATOpHI Oarapei

(eleKTpUYHUI KONICHUH TpaHCIOPTHUH 3acid) —
aBTOMOO1JIb, OCHAIICHUI BUKIIOYHO EICKTPUIHUMHU
TITOBUMHU JBUTYHaMd (OAHUM UM JIEKUTBKOMA) Ta
CHCTEMOIO0 aKyMYITIOBAaHHS €JIeKTpHYHOiI eHeprii. s
AKyMyJIIOBaHHS  €IEKTPUYHOI  EHeprii  MOXYTh

(AKB), cyrepkoHIeHCATOpY UM TAJTMBHIeTIeMEHTH [2].

Xoya ijesi CTBOpPEHHS eNeKTpoMoOLIs Oepe CBiit
nodarok y 1800-x pokax [3] (a meprimii ioro mpoTOTHIT
Oyno crBopero y 1829 porii, 3a10Bro 10 CTBOPEHHS
aBTOMOOINISI 13 JABUTYHOM BHYTPIIIHBOIO 3TOPSHHS

Fire Safety, Ned2, 2023

33



(AB3)), mnomymspHOCTI BOHM HaOymH JHMIIE 3a
ocTaHHe necatuiitTs. Ha ne BmmHyna mnpoOnema 3
100aJTbHUM TIOTCILTIHHS Ta KOJIOCAJIbHE 3a0pyAHCHHS
arMoc(epHOro TMOBITPA  BiANPalbOBAHUMH Ta3aMH
JIBUTYHIB BHYTPIIIHBOTO 3ropsiHHsSL. TakoX 1i Ipomecu
MPUIIBHIIMIA 3yXBaJlo pO3B’si3aHa BiliHA pocii MpoTH
VYikpainu. OCKUTBKH arpecop BOJIOIIE KOJOCATbHUMHU

m EV Population ('000s)
m Annual Sales ('000s)

3amacaMy HaTOMPOIYKTIB, Bifl AKUX 3aJie)Kano 0arato
JIEp>KaB CBITY.

3a ganumu [4] yacTka enekTpomoOimiB y 2021
poui mepeiinuia Bigmitky 10% CBITOBHX MponaxiB
aBTOMOOUTIB 1 TPONOBKYE 3pOCTaTH. 3arajibHa
KUTBKICTh ~ €IEKTPOMOOLUTIB, CTaHOM Ha KiHElb
2022 poky cTaHOBUTH Mailxe 27 MIIH.

26 900

2013

2014 2015 2016

2017

2018 2019 2020 2021 2022

Pucynok 1 — /luHaMika KiIbKOCTI €J1€KTPOMOOLITIB Y CBITi [4]

Jnst 3a0e3neueHHs] JKUBJICHHS EIEKTPUYHHX
JIBUTYHIB CIEKTPOMOOLITIB BHKOPHCTOBYETHCS
JDKEpeno  eleKkTpudHoi eHeprii. Ha cporommi
HaHOUIBIIOr0 TOMIMPEHHS HAOyad  JITIH-IOHHI
Oarapei, IIFPOKO BHU3HaHI TepeoBUMHU
CUCTEMaMH HAKONWYCHHS CHEprii 3aBIIKH  iX
MIJBHUIICHINA TMOTYXKHOCTI, BHCOKiii e()eKTHBHOCTI
3apsAIKaHHA-PO3PSHKAHHS Ta 301TBIICHOMY
TEPMIHY CITY>KOH.

Pazom 3 THM, XiMIYHI Ta €IEKTPOXIMIYHI ITPOIIECH
MOXYTh CHPHYMHATH HEKOHTPOIHOBAHY €K30TEPMIUHY
peakitito. Taki peaxmii MPHU3BOIATE OO BUKHUIY
MKiIMBAX 1 HeOesmeunux rasiB [2, 5], 3aiimaHb,
BHOYXIB Ta 3aBalOTh HE JIAIIE MaTepialbHUX 30UTKIB,
aJe i JTIOACHKUX XKepTs [6, 7, 8].

OxpiM 11OTO, OCOOIHMBY YBary, 3 TOYKH 30py
MTOKEKHOI OE3MeKH, 3aCIYroBYIOTh EIeKTPOMOOiNi,
SIKI BUKOPHUCTOBYIOTH [UIS JKUBIICHHS TTaMBHUX
eneMeHTiB  BomeHb.  (OcoONMBOCTI  TOXKEXHOL
HeOe3meKn TaKuX TPaHCIIOPTHHUX 3aco0iB
HaBezeHo y mpaiti [9].

[oxexi Ta BUOYXM enekrpomoOimiB [10-14]
BUKJIUKAIOTH CEPHO3HE 3aHEITOKOEHHS Y TPOMaJICHKOCTI
Ta CTBOPIOIOTHh HOBI BUKJIMKY JUTSI HAYKOBOI CIUTHHOTH.

AHani3 oCTaHHIX IOCATHEHb 1 myOumikamid. Y
pobori [15] HaBemeHO WUIAXW — IiJBUIICHHS
MIPOTUIIOKEKHOTO 3aXUCTY KOJMICHUX TPAHCIOPTHHUX
3ac00iB. OHAK 10 yBaru He Opajiuch eeKTPOMOOLITI.
VY mpaui [2] rpyHTOBHO NMpOaHali30BaHO YHHHHUKH
BIUIMBY Ha NOXEXHY HeOE3MeKy eJIeKTPOMOOLIIB.
Pa3zom 3 TM y po06oTi He mpuineHa yBara 3acodam

MOXKEKOTACIHHS TaKUX aBTOMOOLTIB. ABTOpH POOIT
[16, 17] mpoBenu cepiro €KCIIEPUMEHTIB Ha JIITiH-
10HHMX JDKepenax >KUBJICHHS Ha MPEAMeT MOXKEeKHOT
HeOesnmekn. OpHak HE PO3MIAAANAch TOXEKHA
HeOe3neKa eJIeKTPOMODiNIA B IIIIOMY, K 00’ €KTa.

VY poboti [18] mpoBeneHo eKcriepuMeHTaIbHE
JOCIIDKEHHS 3 BU3HAYCHHS MOIIUPEHHS y PO3BUTKY
MOXKEXK1 BiI €IEKTpOMOOLIS Ha IHINI TPAaHCIOPTHI
3aco0H, IO PO3MillleHi MmapajelbHo. BeranopieHo,
[0 pEaKTHBHE TOIXYyM’sl BiJ EIEeKTPOMOOis
0 TOpiB, MOIIUPIOBAJIOCH HA BIACTaHb JO 2,5 M.
I Bxe wuepes 94 xB Bim MOYATKy BOTHEBOTO
BHAIIPOOOBYBAaHHS BimOYOCS 3aiiMaHHS MapajiebHO
MPUTIAPKOBAHOTO aBTOMOOLTs. Takwii BeMWKUN dac
3aiiMaHHS CyCiTHROTO aBTOMOOLIS MOYKHA MTOSICHUTH
TAM, IO €KCIEPUMEHT IPOBOAMBCS Ha BIAKPHUTIH
MICIIEBOCTi, 1 ©0araTo Temia poO3CiOBaOCh ¥
HaBKOJIUIITHE CEPEIOBHIIIC.

VY mpami [19] Oymu mocmipkeHi (akTopu, IO
BIUIMBAIOTh HAa TIMIOXOAIB X dYac TOXEXi
€IIeKTPOMOOLISA Ha BIAKPHTIH cTostHIL. OHAK Y JTaHOMY
JOCITI/DKeHI MpUManoch, IO TEIUIOBHM  TOTIK
CTaHOBMB JiMIIe 1/3 Bil MOKIIMBOTO TEIUIOBOTO TIOTOKY
MIpY TIOBHICTIO 3apsypKeHii Oarapei eneKTpoMoOiis.
Tomy OesredHa BifCTaHb JUIS TIIIOXOMIB CTAHOBHTH
mume 2,8 MBI IMajaidoro eIeKTpoMoOiIs Tpu
IIBHAKOCTI TTOBITPSHUX TTOTOKIB Y 2,2 M/C.

AsTtopu po0it [20, 21] mporoHyOTh TiIBUIIYBaTH
NPOTHIIOKSKHUN ~ 3aXHUCT  EIEKTPOMOOUTS  3aBIISIKU
3MEHIIICHHIO KOHIIGHTpAIlii KUCHIO Yy OJIOLi CHIIOBOi
AKB. Onnax Takuii crocio € JopOroBapTiCHUM.
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Ha migcraBi aHamizy BCTaHOBIIGHO, MO Y
HAYKOBIi JiTepaTypi HENOCTATHHO MPUIIICHO yBary
3a0e3MeYeHHI0 MPOTUTIOKEKHOTO 3aXHCTY
enexTpomoOiniB. Lle nae migctaBu cTBEpIKYBaTH Ha
JIOILTBHOCTI MPOBENICHHS TOCTIPKEHb TAKOT'O POAY.

Mera 1 3maul JOCHKEHHS. MeTOI0 Hamoro
JOCITI/KEHHS € Y aHali3 YAHHUX HOPMAaTHBHO-ITPABOBUX
aKTiB CTOCOBHO  3a0€3MEYEHHS]  MPOTUIIOKEKHOTO
3aXUCTy CJICKTPOMOOUTIB ITiJi YaCc BUTOTOBJICHHS Ta
ekcrutyarail. Lle cTBOpUTh MiAIPyHTS /ISl BUSIBJICHHS
LUIAXIB TIABUIICHHS iX TPOTUTIOKEKHOTO 3aXHUCTY.

s JOCSITHEHHS IOCTaBJICHOL
BUPIIIYBAIKCS TaKi 3a1a4i:

MECTHU

3aXUCTY CNEKTPOMOOUTIB IMiJl Yac BUTOTOBJICHHS Ta
eKCILTyaTallii;

—BUSIBUTH LUISIXU MiABHUICHHS
MPOTUTIOKEKHOTO 3aXUCTY eNEeKTPOMOOLTIB Mil 4ac
BUTOTOBJICHHS Ta €KCILTyaTallii.

Pesynbratu JOCIKEHD. TToxex
eNIEKTPOMOOLITIB € MEHIIIE TMOPIBHAHHO 3 MOKEKAMHU
aBTOMOOLTIB, oOnagHanux JIB3, mpore BOHU MalOTh
HeOe3MeyHIMi XxapakTep po3BUTKY [22].

JoBoni yacTo BaKKO ileHTH(IKYBaTH IMPUYUHY,
sIKa 1HIIIF0BaJIa 3aliMaHHs TPAHCIIOPTHOro 3acoly [23].

Taxi moxexi MOXXyThb BiTOYTHUCH Ha 3aKPUTHX YH
BIZIKpUTHX MapKiHTaX, Y IPUBATHUX Tapaxax, ImiJ 4ac

—IIPOBECTH aHAJI3 TOXEK EICKTPOMOOUIIB Ta  3aps/DKaHHSA,  pyxy, Yd  MCAS  JOPOXKHBO-
NIPUYUH X BUHUKHEHHS; TPAHCIOPTHOI IpUroau (Tadi. 1).
—OIucaTH BHUMOI'M YMHHUX HOPMATHUBHO-
MPABOBUX aKTIB 3a0€3IMEUEHHS IPOTUIIOKESIKHOTO
Taoauns 1
OrJis1/] BUIAJIKIB IMTOXKEXK €JISKTPOMOOUTIB Ta MPUYKMH iX BUHUKHEHHS
Pik Kpaina Mapka aBTO O0cTaBuHI
2023 CIIIA Tesla Model S ABTOM96inL 3aropiBcst i yac TPaHCTIOPTYBaHHS Ha eBaKyaTopi 3 Micis
JTII micnst Toro sik OyB morameHuid monepeanso [24].
2023 CIIA Tesla Model S ABTOMOO1IIB 3aropiBcs Mij yac pyxy 1o moce [25].
2022 | Benuxobprrasis Jaguar I-Pace Iloxxe)ka BUHMKIIA Ha aBTOBO31 HiJ 4ac pyxy. 3ropisio 6 aBTOMOOLIIB
37 [26].
ABTOMOO1IIb 3aifHABCS NIepeOyBatOY Ha aBapiftHOMY MaiiIaH4YMKY ITiCIIs
2022 CIIA Tesla Model S JTII, sixa Tpanmmack 3a TpU THXKHI 10 3aiimManHs. [loxexa MOBHICTIO
3HHIIUIA aBTOMOOLTH [27].
2022 CIIIA Jaguar I-Pace ABTOMOO1IIB CriaNiaxHyB 1 OyB IIBUIKO OXOIUICHHH MOJIYM sIM, TOPiHHS
CYIPOBOJDKYBaJIOCH BUOyxamu [28].
2021 | Tlinenna Kopes Hyundai Kona ABTOMOO1JIb ClTaJIaXHYB NepeOyBarour Ha MMiA3eMHOMY NapkKiHry [29].
2021 Dpanis Renault z0e ABTOI\iIO6iJH> panToBO CHallaXHYB, BHt'*lCJ'Ii.ILOK YOro MOCTPaXKJAIH JIBOE
JIIOZICH, OJTHA 3 IKUX OTpUMasia 3Ha4Hi omiku [30].
2020 CIIA Porsche Taycan ABTOMOO1JIb TOBHICTFO 3TOPIB ITiJ] YaC CTOSHKH Y IPUBATHOMY T'apaxi.
. Porsche Panamera | IMoxkeka BHMHMKJIA BHACHIZOK 3iTKHEHHS aBTOMOOLIS 3 OIOPOIO
2019 Topryranis .
E-Hybrid mocra [31].
2019 | TIliBnenna Kopes Hyundai Kona ABTOMOO1Ib 3aropiBCsl BHACHIIOK BUOYXY TIiJT Yac 3apsmKanus [32].
ABTOMOOLIIB 3aropiBcs Mij 4Yac MapKyBaHHS B YKUTJIOBOMY Tapaxki B
2019 Kanama Hyundai Kona Monpeani. Bubyx OyB HAacTUIBKM MOTY)KHHH, 1[0 BOPOTa Tapaxka
BupBaio [33].
2019 Kurait Tesla Model S Tloxerxa BUHMKIIA 1111 Yac napKyBaHHs [34].
Tloxxexa BUHHMKIIA HA MiA3EMHOMY MApPKIHTY, IO MPU3BEJIO 10 3aiMaHHS
2019 Kurait Tesla Model S IHIIUX aBTOMOOLTIB, Mo Oyn1u mpunapkoBaHi nopyd. [Ipuyomy wmicip
TIEPEJT TUM LI Ke aBTOMOOTb TaKOXK 3alimMaBcs [35].
2019 CIIIA Tesla Model S ABTOMOOUIb CaMOBIIBHO 3aropiBcs 1 TaciHHS TPUBAIO OJIM3BKO
4OTUPHOX rojuH [36].
2019 Kanama Tesla Model X ABTOMO6i.JII> HOBHi(.JTIO 3ropiB i OyJ0 MOMIYEHO YHUCICHHI HEBENHKI
BHOYXH TiJ yac ropinss [37].
2018 [Isciinapis Tesla Model 3 Iokexxa BHHHKIA Ha IIOCE BHACIIIOK JIOPOXXHBO-TPAHCIIOPTHOL
npurou [38].
2018 [iseiinapis Tesla Model 3 Hclmema BUHMKIA HA Ilace bt Hac pyxy, ﬁM(iBipHOIOu MIPUYHHOIO
3aiiMaHHsI CTaJI0 3aliMaHHs CHJIOBOI aKyMyJISTOpHOI Oarapei [39].
2018 Taiinann Porsche Panamera | Tloxkesxa Tpammiiach Imif 9ac 3apsypkaHHs apToMoois [40].

Takum unHOM OI'JIAd ITOXKEXK ITOKa3aB, o TaKi

AxymynsaTopHi OaTtapei TOBWUHHI IPOUTH

MoJIii TPaTUIAIOTECS Y 6araThOX KpaHax i BHHUKAIOTh
Ha PI3HUX MOJENSX eIeKTpoMoOiniB. Paszom 3 Tum
OIJISII HE TOBOPUTH NPO 3IATHICTH 10 3aliMaHHS
Ti€l YW 1HIIOI MapKu aBTOMOOLUIS, a JIMIIE ONMHUCYE
o, siKi BiOyJHCh.

HU3KY TECTiB Ta BHIPOOYBaHb IepIl HDK OyIyTh
BUKOPHCTOBYBATUCh Ha  enekTpoMoOimsax. Taxi
BUIPOOYBAaHHS PETJIAMEHTYIOTHCSI MIDKHAPOIHHUMHU
CTaHAapTaMU, SIKi PO3POOISIOTHCS BIAMOBITHUMHU
OpraHizalisiMi 1 TpPYHTYIOTbCS Ha HayKOBHUX
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JIoCHiDKeHHIX.  JlocmimkeHHS — aKyMYJSITOPHHX
Oarapeii MPOBOAATBCS 3  METOK  BHUSBIICHHS
cIa0KuX 4Yd HeOEe3MEeUHHMX MiCIb, 100 3amodirtu
BHHUKHEHHIO HECIIPABHOCTI, 3aliMaHHs, MOXEKI YU
HaBiTh BUOYXY.

/) T

E-t:-:r

3a 00’ekTOM BHUIIPOOYBaHHS TECTH Ha
BHIIPOOYBAaHHS MOXKHA MOALIUTH Ha 4 piBHI (pHC. 2):
BUIIPOOYBaHHS HA OJTHOMY €JIEMEHTI1; BUIPOOYBaHHS
Ha KOMIpIl; BHUMIPOOYBaHHS Ha aKyMYJSITOPHIA

Oarapei; BUIIpOOyBaHHsI HA EJICKTPOMOOLTI B LILJIOMY.

a b

c

d

Pucynok 2 — Kinacudikanist BurpoOyBaHb 3a 00’€KTOM BUIIPOOYBaHHS: & — €JIEeMEHT; b — KOMipKa;
¢ — MoayJb d — eeKTPOMOOLTH

VYei  cramgaptd, — SKi PErJIaMEHTYIOTh
BUNPOOYBaHHS  aKyMyJATOpPHUX  OaTapedl  Ta
CIIEKTPOMOOLTIB Y HiIOMYy, KIacH(IKYHOTh IX Ha
MEeXaHIYHi, eJIeKTPHYHI Ta XIMI4HI BUIIPOOYBaHHS, a
TaKOX Ta BUIPOOYBaHHS Ha €KOJIOTIYHICTb.

3arajoM  ICHye  BeIMKE  PI3HOMAHITTS
CTaHJAPTIB 1 HOPM, SIKi YMHHI B PI3HUX YaCTHHAX CBITY.
Ile 3yMOBJ€HO MiSUTGHICTIO PI3HMX OpraHizamii, a
came: MuiKHapogHa OpraHizalis CTaHIapTH3aIil
(ISO), E€sporeiicekii kKomiTer crangapru3amii (SEN),

MikHapoaHEe TOBapUCTBO aBTOMOOUIBHUX IHXKEHEPIB
(SEA) Tomo. VY €spomi s TpaHCHOPTHHUX
3ac00iB, B TOMY YHCJIi €IeKTPOMOOLITIB, 0T HOPMH,
yxBajieHi €BpOIENHCHKOI0 E€KOHOMIYHOK KOMICIEIO
OOH. Y CIIIA 3akoHOmTaBYMM OPraHOM BHCTYIIAE
HartionanibHa ajMiHicTpalfisi 0e3MeKku JIOPOKHBOTO
pyxy (NHTSA).

V Tabn. 2 HaBeIeHO OCHOBHI CTaHIAPTH, SKI
pErIIaMEeHTYIOTh BHINICHABEACHI BUIIPOOYBaHHS, SKi
CTOCYIOTBCS €ICKTPOMOOIITIB Ta iXHiX OaTapeii.

Tabaununs 2
Crangapty, siki 00yMOBJIIOIOTh BUITPOOYBaHHs OaTapel Ta eleKTpoMo0isIiB
Bun MinBug HopmaTuBHi A0OKYMeHTH
BUIIPOOYBAHHS BUIIPOOYBAHHS Mi:xHapoaHi €C CIIA Kuraii
SAE SO IEC UN/ECE UL Freedom | QC/T
J2929 | 12405-3 | 62660-3 | —R100.02 | 2580 CAR 743
[41] [42] [43] [44] [45] [46] [47]

MexaHiuHU yap + + + + + + —
IMaginus + - + + + - -
ITpo0iii cropoHHIM B B + + B + +
PeIMETOM

MexaHiuHe 3aHypeHHs y BOJY + - + + + + +
Hist HamMipHIM + B + + + B
THCKOM
IIpexnmanas + — + + + + +
BibOpartis + + + + + + —

Broprne | oo |t |t ' I '
Buyrpimze
KOPOTKE 3aMHKaHHS - - - - - - -
(K3)
Tepepospsin / + + + + + + +
niepesapsin

Ximiune IkimmuBicTh B B B B B + B
KOMIIOHCHTIB
3aliMHCTICTD B B B B B + B
KOMIIOHCHTIB

EkcruryaTariitne Tepyang B B + B + + +
CTaOUIBHICTD
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IIponoBxkenHst Tadauui 2

Bun IMinBug HopmaTuBHi 1okymMeHTH
BUIIPOOYBAHHS BUIIPOOYBAHHS MizkHapoaHi €C CIIA Kuraii

SAE SO IEC UN/ECE UL Freedom | QC/T
J2929 | 12405-3 | 62660-3 | —R100.02 | 2580 CAR 743
[41] [42] [43] [44] [45] [46] [47]

IuxniyHIiCTh + + + + + +

3apaa—po3psz

Ileperpis + - - + - - -

IlepeoxonomkeHHs — — — — — — —

Bruius nonym’s + — — - — — —

3araiaom CTaHJapTH PErIaMEHTYIOTh ~ MOJENAX eIeKTpoMoOiIiB. Pazom 3 TuM 3aliMaHHS

MPOXO/DKEHHS a00 He MPOXO[KEHHS TOro 4u
IHIIIOTO BUIIPOOYBaHHS.

€Bporelicbka paja 3 aBTOMOOLIBHHX TOCITIKEHb
(EUCAR) BcramoBuia ciM pIiBHIB HEOE3MEKH JUIS
aKyMyJIsSTOPHMX Oartapeii emexkrpomoOuTiB [48]. e
pieeab 0 € HaiiOesneuHimmii, a piBeHb 7 —
XapaKTEPU3YEThCA TOXKEKEI 13 BUOYXOM, TOOTO
HaifHeOe3MevH N PiBEHb.

Bizomo, 1110 Ha BETMYMHY HACHTIIKIB BiJl MOKEX
(3arubenb Ta TpaBMYyBaHHs JIIOZCH, MarepiajbHi
30UTKN) BILIMBAE eeKTUBHICTh CUCTEMU
MIPOTHUIIOKEKHOTO 3aXHUCTY. Haii6inpmmoro
PO3IIOBCIOJDKEHHSI Yy CHCTEMax IPOTHIIOKEKHOTO
3aXMCTY TPAHCIOPTHHX 3ac00iB HAOY/IM MEPEHOCHI
BOTHETACHUKH (Z1aJ1i — BOTHETACHUKH ).

Hopmu obGnmamHaHHS KONICHHX TPaHCIIOPTHHUX
3ac00iB BOrHeracHukaMy HaseneHo y [49], ocranui
3MiHHM B sk Oyno BHeceHo mie y 2009 porri! Leit
YUHHUI HOPMATUBHO MPABOBUM aKT HE BPaxoBYE HE
nute Kaacu@ikariii TpaHCHOPTHUX 3aco0iB 3TiAHO, 3
[50], ame # He BIiONMOBimAE€ CY4aCHOMY CTaHY
aBTONapKy YKpaiHu, SKAHA CYTTEBO 3MIHUBCA 32
OCTaHHI M'SITHAMIATH POKiB. 3MIHH CTOCYIOTHCA
30LTBITICHHS KUTBKOCTI €IICKTPOMOO1ITIB Ta TIOpHIHIX
TPaHCIIOPTHUX 3ac00iB, SIKi HECYTh IHIINN XapakTep
PO3BUTKY MOXKEXi. 3pemIToro, s mpobiemMaTrnka Oyina
MiJHATA Ta AeTAIBHO OmnKcana y mpari [15].

TakuM yrHOM, HOpMHU OOJaJHAHHS CHCTEMaMH
MIPOTHUIOKEKHOTO 3aXUCTy ENEeKTPOMOOLTIB  He
320e3MedyIoTh HAIEKHOTO PIBHS MOXKEKHOT Oe3rmeKkn
MacakupiB, CAMHUX TPAHCIIOPTHUX 3aC00i Ta 00’ €KTIB
HaBKOJIO HUX.

Tomy  mocmimkeHHS,  pO3pOONIEHHS  Ta
BIPOBA/DKEHHA HAa 3aKOHOJABUYOMY pIiBHI CHCTEM
MIPOTHUIIOKEKHOTO  3aXHCTy €NeKTPOMOOLTIB  Ta
IHIIX TPaHCIOPTHUX 3aco0iB, SKi TMPAIFOIOTh Ha
aNbTEPHATUBHUX BHJAX NAIBHOTO, JacTb 3MOTY
MIJBUIIUATH PiBEHb 1X MPOTUIIOKEKHOTO 3aXHCTy. A
MiIBUIIEHHS PIBHA TPOTUIIOKEKHOTO  3aXHUCTY
3a3Ha4YeHNX O0’€KTIB BIUIMHE HA 3MEHIICHHS SIK
MaTepialbHUX 30MTKIB, TaK 1 JIFOJCHKUAX JKEPTB.

BuchHoBku

1. Ha mincraBi aHamizy NOXEX CydacHHX
eNeKTpOMOOLTIB y pi3HMX KpaiHax cBity (tabm 1)
BCTaHOBIICHO, IO TaKi MOXKEX1 BUHUKAIOTh HA PI3HUX

€JICKTPOMOOLTIB BiZIOYBAa€ETHCA 3a PI3HUX OOCTABHUH:
Mij] 9ac eKCIuTyaTarllii, CTOSHKH, 3apsiJKaHHs, ITi]] 4ac
Yl TICHAS  JIOPOKHBO-TPAHCIIOPTHOI  TPUTOJIH.
[Ipudomy Taki aBTOMOOLNI MarOTh 3IATHICTH [0
MOBTOPHOT'O 3aiiMaHHs, MPOMDKOK Yacy MK SIKUMH
MOYK€ CTAHOBHUTH KIJIbKa JIHIB YM HABITh THIKHIB.

2. Bumoru YUHHUX MDKHAPOIHUX
HOPMaTHBHO-TIPABOBUX aKTiB 3a0e3meueHHs
MPOTHUTIOKEIKHOTO 3axXUCTy eNEeKTPOMOOLITIB
CTOCYIOThCcs  BunpoOyBanb  cuioBoi AKB i
eNIEKTPOMOOLISI B IIJIOMY Ha MpEIMET MEXaHIYHUX,
SNEKTPUYHUX, XIMIYHHX Ta  eKCIUTyaTal[iifHuX
MOIIKO/DKEHh 1 3aCTOCOBYIOThCS ~ Ha  erarli
BUTOTOBJICHHSI.

3. Ha BenuuumHy HAcHiAKIB BiJ  IOXEK
SIEKTPOMOOITIB (3arubens Ta TpaBMYBaHHS JIIOJCH,
MaTepiasibHi  30MTKH) BIUIMBAaE  CPCKTUBHICTD
CHCTEMH TPOTUIIOKESKHOTO 3axucTy. Jlitoui HOpMH
moAo0 3a0e3NedYeHHs CHCTEMH IPOTHUIOXKEKHOTO
3aXHCTY €JIEKTPOMOOLTIB HE BiAIOBIAAIOTE YMOBAM
CHOTOJICHHS 1 HE 3a0e3MeuyloTh HAJICKHOTO PIBEHS
3aXHCTY SIK TTACAKUPIB, TAK 1 TPAHCIIOPTHHUX 3ac00iB
B nutomMy. [liBUIIEHHS TPOTHIIOKEKHOTO 3aXHUCTY
SICKTPOMOOITIB Ta IHIMUX TPAHCIOPTHUX 3aco0iB,
0 BHUKOPUCTOBYIOTh aJbTEPHATHBHI JpKepera
eHeprii MOXKHa JOCSATTH 3aBISKH YIOCKOHAJICHHIO
HOPMaTHBHO-TIPABOBOI 0azm, 010 HOpM
oOmamHaHHS 3a3HAYeHWX O0’€KTIB  CHCTEMaMH
MPOTUIIOKEXKHOT0 3axucty. s 1mporo HeoOXiTHO
MIPOBECTH JIOCITIKEHHS IOJI0 3aCTOCYBAHHS Pi3HUX
CHUCTEM TPOTHUITOKEKHOTO 3aXUCTy, B TOMY YHCII i
MEPEHOCHUX BOTHETaCHWKIB, Ha e(eKTHBHICTh
TaciHHS MTOXKEXK TAKUX 00’ €KTIB.
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