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3axuct aucepramii BiAOyAeThCS HA 3aciaHH] CHeMiandi30BaHOI BYEHOI paju
J135.874.01 JIbBIBCHKOTO JI€pP>KaBHOTO YHIBEPCUTETY O€3MEKU KUTTEAISUIBHOCTI
Jlep>kaBHOT ciTy>k0u YKpaiHi 3 HaI3BUYAHHUX CUTYaIlIH.

Jluceprariiss TPUCBSIYCHA PO3B’SI3aHHIO AKTyalbHOI  HAyKOBO-TIPUKIIATHOT
npobaeMu y cdepi MOKEKHOI OS3MEKU — PO3KPUTTS 3aKOHOMIPHOCTEH JTMHAMIKH
TEPMOJICCTPYKTUBHUX TPOIECIB Y CHIIOBUX aKyMYISTOPHUX Oarapesx B 3aJIKHOCTI
BiJl TYCTHHH 30BHINTHBOTO TEIJIOBOTO MOTOKY, SIKHI CIPUYMHSIE BUHUKHCHHSI TIOXKEXKI,
TeMIeparypu MOBEPXHi Oarapef, aKa 00yMOBITFOETHCS TEXHIYHUMH
XapaKTePUCTUKAMH, KOHCTPYKTMBHUMHU Ta CKCIUTyaTaIllliHUMH I1apaMeTpamMu, SK
HAyKOBE MIATPYHTS 3a0€3MeUEHHS IPOTUTIOKEKHOTO 3aXUCTY SICKTPOMOO1IIB.

3pocTaHHs KUIBKOCTI €JIEKTPUYHHMX KOJICHUX TPAHCIOPTHUX 3ac00iB (mami —
€JICKTPOMOOLIIB) y CBITI € OHIEIO 3 KJIIOYOBUX TEHJEHIIIM CydyacHOi aBTOMOOLIBHOI
iHayctpii. lle 3ymoBiieHo 3 ogHOTO OOKY OOMEXKEHUMH 3amacaMu HadTu Ta rasy, a 3
IHIIIOTO — KOJIOCAJIbHOK KUIBKICTIO BHKHJIIB IIKIJJIMBUX PEYOBUH BiJ] KOJICHHUX
TPAHCIOPTHUX 3ac001B, sIKI 00NaIHaHI ABUTYHAMHU BHYTPIIIHBOTO 3TOPSIHHS, & TAKOX
YPSLIOBUMH MPOTPaMaMU MPOBITHUX KPAH CBITY, SIKI CTUMYJIOIOTh IPUA0AHHS BIACHE
€JIEKTPOMOO1TIB. 3riIHO 13 JAHUMHU MDKHAPOJAHOTO €HEpreTUYHOro areHTcTna 'y 2023
poIli y CBITI KOXKEH II'SITUH TPOJAHHWA aBTOMOOLTL OyB EJIEKTPHUYHUM. 3arajiom
aBTONApPK €JIEKTPOMOO1IIB cTaHOM Ha 2024 pik nepelioB BIAMITKY y 40 MJIH, 110 € y
8 pasiB Outblie y mopiBHsAHHI 13 2019 poxom 1 3a mporHozamu n0 2030 poky ix
HajigyBaTuMeTbes moHan 150 mH. Taka mianeHa quHaMiKa CTBOPIOE HOBI BUKJIMKU

JUTSl TH)KEHEPIB Ta HAyKOBLIIB 3 IPUBOAY O€3MEeYHOI eKCIUTyaTallii e1eKTpOMOO1IIIB.
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HarmionanpHa acomiariist mpotumnoxkexHoro 3axucty CIIIA naBonuTh naHi, mo y
cBITI BIpoaoBk 2024 poky BUHHUKIO OJIM3BKO 5 THC. MOXEXK €IEKTPOMOOLIIB 1 10
2030 poky iX KUIBKICTb MOXE IOABOITHCH. ToMy TIOKekHa HeOe3Ieka
€JIEKTPOMOO1TIB, a TAaKOX CHUCTEMH iX MPOTHUIOKEKHOTO 3aXHCTy € aKTyaJlbHOIO
poOJIEMATHKOIO, SIKa MAaCIITA0Y€EThCSl Ta OOTPYHTOBAaHA BUKJIMKAMU ChOTOJICHHS.

VY3aranbHEeHHS pe3yabTaTiB HAyKOBUX JOCHIIPKEHb BKa3aB Ha BIJICYTHICTh
KOMILIEKCHOTO MiIXOY 3 PO3KPUTTS 0COOTMBOCTEH MOXKEK EICKTPOMOOLTIB 1 BIUTHBY
TEXHIYHUX XapaKTePUCTUK Ta KOHCTPYKTHMBHUX mapamerpiB LIB Ha mpouecu ix
TOPiHHS BHACHIJIOK BIUTUBY 30BHIIIHBOTO Kepena Temia. OKpiM LbOTO HeEMae
MEXaHI3My BU3HAYEHHS 4aCy BUHUKHEHHs TropiHHs y cuioBux LIB enexTpoMoOinis,
K1 O BpaxOBYBaJIM SIK TEXHIUHI XapaKTEPUCTUKHU, KOHCTPYKTHBHI Ta €KCILTyaTaIliH1
napaMeTpH camoi 6arapei, Tak 1 XapaKTepUCTUKH JKepena Tera.

OKpeclieHO OCHOBI YMHHMKH, $Ki BIUIMBAlOTh Ha IMOXKEKHY HeOe3neKy
3a3HaueHUX 00’ €KkTiB. BUsBIEHO, 1110 EMHICTH CHJIOBOI aKyMYJISITOpHOT Oarapei (mauni -
AKDB), cran ii 3apsanmy, a TakoX Mmarepiajll BUTOTOBJIEHHS KaTOJHUX €JIEMEHTIB
BIUIMBAaTUMYTh Ha OCOOJIMBOCTI BHMHUKHEHHsS 3aliMaHHS Ta pPO3BUTOK IIOXKEXK
EJIEKTPUYHUX KOJICHUX TPAHCIIOPTHUX 3aCO01B 3arajiom.

Hapenene oOymMoBWIIO 3MIMCHUTH aHANN3 Ta y3araJlbHEHHS OCHOBHHUX METOJIB
OIIHIOBaHHS TMOXekHOT HebOesnekn cuwioBux AKDB Ta enekTpuyHMX KOJNICHHX
TPAHCHOPTHUX 3ac00IB B LIJIOMY. BCTaHOBIEHO, 110 ICHYIOYl METOJUKH €
PI3HOOIYHUMHU Ta BUIMPOOYBaJIbHE OOJIATHAHHS, K€ 3aCTOCOBYETHCS KapJIWHAIBHO
BIJIPI3HSIOTBCA, K 3a MaclITabOM Tak 1 32 KOHCTPYKTHMBHUM BHUKOHAHHSM, LIO
BIJIMBa€ Ha OTPUMaHHI pe3ynbTaTd BUNpoOyBaHb sk cuinoBux AKDB Tak 1
CICKTPOMOOUTIB MO0 TMOXKEKHOI HeOesnekn. CHCTEeMaTH30BaHO BITYM3HSHI Ta
CBITOBI BUMOTH JI0 CHUCTEM 3a0€3MEeYEHHSI MPOTUIIOKEKHOTO 3aXUCTY EIEKTPUUHHX
KOJIICHUX TPAHCMOPTHUX 3aco0iB. Ha ocHOBI aHami3y Ta cucTteMaru3arlii TeXHIYHHX
XapaKTEePUCTUK KOMIIOHEHTIB JITIM-IOHHUX Oarapei, siKi BUKOPHCTOBYIOTHCS Y
CYy4YaCHHUX €JIEKTPOMOOUISX, MPOKIACU(DIKOBAHO iX 32 PIBHEM MOXKEKHOI HEOE3MEKH.

V3aranpbHEHO Ta CHCTEMaTH30BaHO BIJIOMI TEOPETUYHI METOIUM BKOHTEKCTI

ToCHipKeHHsT mokeoHi Oesmexku LIB cepen sikux: MeToj KIHIEBUX €JIEMEHTIB,
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o0’eMiB Ta pi3HHI, €KBIBaJIEHTHI CXeMHI Mozeni, wmeton Monrte-Kapo,
o0YHCITIOBaNIbHA T1APOJUHAMIKA, METOJ] TMCKPETHUX OpAMHAT a TaKOX iX ajamnTaris
JUTSL TOCJTIJIPKEHb MPOIECIB BUHUKHEHHSI Ta PO3BUTKY MOXKEXK Y CHJIOBHX Oarapesx Ta
SJIEKTPOMOOUISIX B IijloMy. HaBeneHo ix mepeBaru Ta HEJIOJIIKU a TAKOK MOXJIMBICTh
Ta 3PY4YHICTh Y BHUKOPHCTaHHI TMpPU JOCHIJKEHHI 3a3HAauY€HUX IMpoleciB. 3
BUKOPUCTAHHAM 0a30BUX pIBHSIHb TEPMOAMHAMIKM Ta TeIUIoNepenadl HaBeACHO
MaTeMaTH4YHl OMHCH TOYAaTKOBUX Ta TPAHUYHUX YMOB, KUIBKICTh €Heprii ska
BUJIUISIETHCSL MPU BHYTPIIIHBOMY Ta 30BHINIHBOMY KOPOTKOMY 3aMHUKaHHI y JITii-
10HHUX OaTapesix, TEIMJIOBUALICHHS BiJl MPOTIKAHHS €JIEKTPUYHOTO CTPYMY, KIJIBKICTh
€Heprii, sIKa BUAUIIETbCS TpH 3ropsiHHI roprounx matepiamb AKDB, a Takox KUIbKICTb
e”eprii, sika nepenaerscsi AKDB BiJl 30BHIIIHBOTO JKepesia TEIula, 3 BpaxXyBaHHSIM
KOHBEKIIAHOTO Ta paaiallifiHOro TEeIUIoOOMIHY TaKOX pPIBHSHHS HECTallOHApHOI
TEIJIONPOBITHOCT1 Y MUIIHAPUYHINA CUCTEM1 KOOPIUHAT.

Ha mincraBi 341MCHEHOrO KOMITIOTEPHOTO MOJIETIIOBAHHS 3 BUKOPUCTAaHHIM
pO3p0o0JIEHOI Ta30 TiIPOJAMHAMIYHOI MOJENl eJIeKTpoMoOinss Ha mnpukiaai Tesla
Model S, noBenena rimore3a MPO MOXKIUBICTh PO3BUTKY IMOXKEXK1 E€IEKTPOMOOLIS
BHACIIJIOK BUHUKHEHHS! TEPMOJECTPYKTUBHUX MpolieciB y enemenTax cuiioBoi AKD.
BcranoBneHo, 10 mMpu MOXKEXKI eJIEeKTPOMOO1Is, BHACIIIOK il TETIOBOTO MOTOKY
NOTYXHICTIO 6-8 MBT, nocsrHeHHs TpaHUYHOTO 3Ha4YeHHs Temrepatypu 120°C Ha
CYMIXHINA CTiHI, [0 3HAXOJIUTHCS Ha BiACTaHI 3 M 1 Jocsraerbes Bxke Ha 690-700 c
Bl TMOYATKy TOXeXl. Buxoasunm 3 1bOro pEeKOMEHIOBaHA MiIHIMAJIbHY
MPOTUIIOKEKHA BIJICTAHI JI0 OTOPOUKYIOUMX KOHCTPYKLIM CTIH OyliBenb Mpu
MOXKEXK1 €JIEKTPOMOOUISI CTaHOBUTH 3 M. OOrpyHTOBaHO Ta BU3HAUYEHO TEMIEPATYpHI
PO3MOMUIN TOXEXi, BHACIIOK BUHUKHEHHS 3ailiMaHb y CHJIOBIH aKyMYJSTOPHI
Oarapei Ta MOro MONIMPEHHS IO €JIEKTPOMOOUIl B HAWCKIAIHIIIUX YMOBax —
3aKpPUTOr0 TMAPKIHTY, a TaKOX BU3HAUEHO O€3MeYHI MPOTUIIOKEKHI BIACTaHI, SKi
CTaHOBJISITH TIO ()POHTY €JIEKTPOMOOLIIS 10 TOPUTH 6 M, a 1o ¢man3i 10 M, 3a ymMOoBHU
yacy BUIBHOTO PO3BUTKY Moxexi 600 c.

Po3pobneno MeTonuKy HaTypHHUX BOTHEBHMX JOCIHIKEHBb MPOIECIB TOPIHHS

CWIOBHX  JITIA-IOHHUX  aKyMyJATOpIB  €JIEeKTpOMOOUIIB 3  BUKOPHUCTaHHS
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CJICKTPOHArPiBAIBHOI MaHENl Ta MOJCNbHOrO0 BoTHHUINA kiacy B. OOrpyHTOBaHO
KpHUTEPIi, 5IKI XapaKTepPU3yIOTh MOYaTOK BUHUKHEHHS TEPMOJECTPYKTUBHOTO MPOILIECY,
nepesiik HeoOX1JHMX 3aco0IB BUMIPIOBAIBHOI TEXHIKHM, 1X PO3MIIIEHHS, a TaKOX
0cOOJIMBICT, BUKOPHUCTaHHS eJIEKTpOHarpiBaibHOi maHeni. HaykoBo oOrpyHTOBaHO
KUIBKICTh Ta MICIl BCTAHOBJICHHSI TEPMOIIAP y AOCIITHOMY 3pa3Ky IJisi OTpUMaHHS
MaKCUMaJIbHO TOYHHMX JIaHUX HarpiBy CHJIOBUX JITIH-IOHHUX aKyMYJISTOPHHUX
Oarapei T Ai€r0 JKepesa Temia, a TAK0XK PO3MIIICHHS TOCTITHUX B3iPIliB BiTHOCHO
JoKepenia Teria, sika 1HII[1I0€ BAHUKHEHHS TEPMOJIECTPYKTUBHOIO MPOIIECY

3a pesynabTaTaMu EKCIICPUMEHTATBHUX JOCHIKEHb BHUSBJICHO 3aJIC’KHOCTI
3MIHM 4Yacy BUHUKHEHHS 3aliMaHHs Yy JITIH-IOHHUX enemeHTax cuioBoi AKDB
eJIEKTpoMOOUTIB 3 KaroaHuMm MarepiaioM NCA (JiTii-HiKeIb-KOOaIbT-aIIOMIHINA
okcup LiNixCoyAl,O2) npn BIuMBiI 30BHIIIHBOTO TEIUIOBOIO MOTOKY I'yCTHHOIO 30
kBT1/M* 0 JiHiiHo sMeHIyeTbes 3 1225 ¢ go 1115 ¢ g 100 % 3apsiokeHux JiTin-
10HHUX €JIEMEHTIB MpHU 3MIHHI IPOCTOPOBOTO PO3MIIIECHHS BIIHOCHO JIXKEpesia Teria
3 BEPTUKAJIBHOIO HA TOPU30HTalbHE; JdiHIMHO 3pocTtae 3 1115 ¢ go 1340 ¢ mus
TOPU30HTAIBHOIO MPOCTOPOBOTO PO3MILICHHS BITHOCHO JKEpea Terjia PO3MIIIEHHS
npu 3MiH1 cryneHs 3apsagay 3 100 % no 0 %, mo mae iHCTpYMEHT IPOTHO3YBaHHS
MOIIUPEHHS TeMITePaTypPHUX (PAKTOPIB MOKEKI.

Po3paxyHKOBHM METOZIOM JOBEICHO Ta €KCIIEPUMEHTANIbHO MIATBEPAKEHO, IO
TeMIiepaTypa TOpiHHS JTi-lOHHUX eneMeHTiB cuioBoi AKDB enexktpomoOimB 3
KaTOIHUM MarepiajioMm NCA (mMTIR-HIKETb-KOOATBT-ATFOMIHINA OKCH/T
LiNixCoyAl,O2) mpu BmmMBi [Iii 30BHINIHBOTO TEIUIOBOTO IOTOKY TycTHMHOKO 30
kBT/M> Moxe 3MinroBathCh: 3poctati 3 690 °C 10 810 °C mmst 100 % 3apsimkeHHX
JITIA-10HHUX €JIEMEHTIB MPU 3MiHHI MPOCTOPOBOTO PO3MIIIEHHS BiIHOCHO JIKEpelia
TEIUIa 3 BEPTUKAJIBHOIO HA TOPU30HTANIbHE; 3MeHIIyBaTuch 3 810 °C no 450 °C npu
TOPU30HTATIHPHOMY TMPOCTOPOBOMY PO3MIIIEHHI JDKEpena TeIula Ta 3MiHI CTYICHS
3apsany 3 100 % no 0 %. 3a3HadeHi py3ysiabTaTd JTO3BOJSIOTH (POPMyBaTH BUMOTH
MOKEXKHOT O€3MEeKU eIeKTPOMOOLTIB Ha CTall MPOEKTyBaHHS.

3  BUKOPHUCTaHHSIM  CyYaCHHUX  CTAaTUCTUYHMX  METOJIB  3a0e3MedyeHo

BIJITBOPIOBAHICTh PE3YJbTATIB Ta MIATBEPIKEHO 3arajibHy 301XKHICTh KOXXHOIO
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OKPEMOTO EKCIIEPUMEHTY, NpHU SIKUX aOCONIOTHI BIAXWUJICHHS MIXK YyCEpeIHEHUMH
pe3yapTaTaMi E€KCIEPUMEHTAIBbHUX JIOCIIDKEHb Ta KOXKHOIO 13 Cepiii HaTypHUX
EKCIIEPUMEHTAJIbHUX  JIOCIIJKEHb He TmepeBulyioTs 164 % y Bumauky
BUKOPHCTaHHSA MOJEIBHOTO BOrHMIIa mnoxexi Ta 10,0 % mpu BUKOpHCTaHHI
eJICKTPOHArPiBaJIbLHOI MTAHE]II.

OOrpyHTOBaHO Ta PO3pPOOJICHO HAYKOBO-METOJWYHUM amapar, 10 J03BOJISIE
BU3HAUaTH 4ac 3aiiMaHHA CHJIOBUX aKyMYJSITOPHUX OaTapeil eleKTpoMOOiNiB, sKi
MarTh eHepreTuuHy emHicTh Biag 30 kBtrox no 100 kBT'rox i B pasi aii ryctuHu
TEIUIOBOTO TOTOKY B AiamasoHi Big 10 kBr/mM” 1o 200 kBT/M°, Mo jgae MigpyHTTS
dbopMyBaTH METOJIOJIOTII0 TPOTHO3YBAHHS MOKEKHOT O€3MEKH €JIEeKTPOMOOLIIB.

3 BpaxyBaHHSIM OTPUMAHUX KOMIUIEKCHUX  PE3yJIbTaTiB  JOCIIIKEHb
OOTpYHTOBAHO Ta PO3POOJEHO OJIOK-CXeMYy allfOPUTMy pPOOOTH MaKCHUMalbHO-
JUHAMIYHOTO JaBaya TeMIepaTypH 13 3MIHHUMH TTapaMeTpaMU CIPAILIOBaHHS, a CaMe
3HAYEHHAMHM MIHIMAQJIBHOI CTaTHUYHOI TEeMIEpaTypu CIPAIfOBaHHS 1 3HAYEHHS
MIBUAKOCTI TMIJBUIICHHS TEMIIEpATypH 3a sIKO1 BiH CIpPanboBYe. 3 BUKOPUCTAHHSIM
nakery Simulink mnporpamuoro cepenoBuma MATLAB  mgocmikeHo Ta
BepU(DIKOBAHO HOro poOOTy, 3 MOXIMBICTIO PO3MI3HABAHHS 3MIHU TEMIIEpaTypu B
cwioBiit AKbB BHaciIok BIUIMBY KJIIMaTUYHUX YMOB, TIOKEXKI, €KCIUTyaTallii, abo Bij
BHYTPILIHHOTO KOPOTKOT'O 3aMUKAHHS Y1 HECIIPABHOCTI CUCTEMH OXOJIOKEHHS.

Pesynbprati TEOpeTMYHUX Ta EKCIEPUMEHTAIBHUX IOCTIKEHb 3 PO3KPUTTS
3aKOHOMIPDHOCTEH  JUHAMIKM  TEPMOJECTPYKTHUBHUX  TPOLIECIB Yy  CHJIOBHX
aKyMyJISITOPDHUX OaTapesXx B 3aJIEKHOCTI BiJ TYCTHHU 30BHIIIHBOTO TEIJIOBOTO
MOTOKY, SIKHH € JDKepelioM 3aiiMaHHS, TeMIepaTypud ToBepxHiI Oartapei, ska
OOYMOBJIIOETBCS ~ TEXHIYHUMU  XapaKTEPUCTUKAMH,  KOHCTPYKTUBHUMH  Ta
eKCIUTyaTallliHUMHU ~ TlapamMeTpamH, K  HayKoBE  MIAIPYHTS  3a0e3neyeHHs
MPOTUTIOKEKHOTO ~ 3aXUCTy  €JIEKTPOMOOUTIB  peasli3oBaHO Y  PO3POOJICHOMY
JNCTY 9222:2023 «Iloxkexna Oe3neka. [IpoTUNIOXKEKHUN 3aXHUCT CHUCTEM 3apsIKH
eeKTpoMoOUTIB. OCHOBHI TOJIOKEHHS», a Takok MpoekTi 3MiH 10 IlocTtanHoBu
Ka6inery MinictpiB Ykpainu Nel128 «IIpo 3a0Ge3neueHHss KOMICHUX TPAHCTIOPTHUX

3ac001B MEPBUHHUMHU 3aCO0AMHU MOXKEKOTACIHHS.
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Pesynpratu  mpoBeAeHMX ~ JOCHIDKEHb  BOPOBA/PKEHI Yy  AISUIBHICTD
JlenaprameHTy 3anoOiraHHs HaJA3BUYailHUM cuTyalisaM JlepxaBHoi cityx0u Ykpainu
3 HaQA3BUYAMHUX CHUTyallldl M dYac po3poOJICHHS pEeKOMEHAAIli IoI0 3aXOiB
Oe3meKku 3 BUKOPUCTAHHS aKyMYJISTOPHUX JITiIH-IOHHUX OaTtapeld y XKUTJIOBUX
MPUMIIICHHSIX B yMmMoBax OiyekayTiB (akT BrpoBa/keHHs Bia 24.09.2024 poky), a
TaKOXX y HaBYaJibHUH Tpouiec JIBBIBCHKOIO JEpPHKABHOTO YHIBEPCUTETY Oe3neKu
KUTTEMISUTBHOCTI 3 MIATOTOBKH 3700yBadiB 3a mepmuM (OakamaBpChKAM) piBHEM
OCBITH, SIKI HABYAIOTHCA 32 OCBITHLO-IPpO(deciiHO0 mporpamMoro «L{UBIIbHUM 3aXUCT
IpU BUKJIAJAaHHI AUCHUIUTIHE «OpraHizamis JiKBiAamii Haa3BUUaWHUX CHUTyalllid Ta
MOXEX», a TakoK MNpH BUKIaAaHHI gucuuiuiiad  «TpaHcmopTHi 3acobu 3
CICKTPUYHUM Ta TIOPUIHUM IPUBOJOM» 3a OCBITHBO-TIPOQECIHHOI IMTPOTPaMoOI0
«TpancnopTHi TexHOJNOr1i (HAa aBTOMOOUILHOMY TPaHCHOPTi)» (aKT BIPOBAIKEHHS
Bil 16.12.2024 poky); omnucaHi OCOOJMBOCTI BHUHUKHEHHS Ta PO3BUTKY IOXKEXK
CJIEKTPUYHUX KOJICHUX TPAaHCIOPTHUX 3ac00IB BUKOPUCTOBYIOTBCA Y pOOOTI
aKpEeIMTOBAHOIO CYIOBOIO ekcrnepra MiHicTepcTBa IOCTULII IMiJ Yac aHam3y Ta
BCTAHOBJICHHSI WMOBIPHOI TPUYMHA BUHUKHEHHS TMOXEX Takoro poay (akr
BIpOBa>KeHHs Bi 26.07.2024 poky).

VY nuceprauii, sika € 3aBEpIICHMM HAyKOBUM JIOCHIIKCHHSIM, HaBEIECHO
pO3B’si3aHHST AKTyallbHOI HAYKOBO-TIPUKIJIAMHOT TpodiieMu y cdepi MOKeKHOT
0e3neKH, 0 MOJATae y pO3KPUTTI 3aKOHOMIPHOCTEN TUHAMIKM TEPMOIECTPYKTUBHHUX
MPOLIECIB Y CHJIOBUX aKyMYJSITOpHUX Oarapesix B 3aJeXHOCTI Bil TYCTHHU
30BHIIIHBOTO TEIUIOBOTO TIOTOKY, SKHW CIOPUYHMHSIE BUHUKHEHHA TOXKEXI,
TeMIeparypu MOBEPXHi Oarapet, aKa 00yMOBITIOETHCS TEXHIYHUMHU
XapaKTepUCTUKAMH, KOHCTPYKTMBHUMHU Ta EKCIUTyaTallliHUMU T[apaMeTpamu, sK
HAyKOBE MIATPYHTS 3a0€3MeYeHHS POTUIIOKEKHOTO 3aXUCTY €JIEKTPOMOOLITIB.

KittouoBi cioBa: moskexHa Oe3reka, MoXKekKa €IEKTPOMOOUIS, POTHITOKESKHHIMA
3aXUCT EJIEKTPOMOOLIA, JMiTii-loHHAa OaTapes, TEPMOACCTPYKTUBHUI MpoIiec, KaToj,

TeMIiepaTypa, TeIJIOBUI MOTIK, MOXKeXa.



SUMMARY

Gavryliuk A.F. Development of Scientific Foundations for Fire Protection of
Electric Wheeled Vehicles (Electric Cars). — Qualification scientific paper.
Manuscript.

Dissertation for the degree of Doctor of Technical Sciences in the specialty
21.06.02 — Fire Safety (261 — Fire safety) . Lviv State University of Life Safety, Lviv, 2025.

The dissertation will be defended at the meeting of the Dissertation Council
D 35.874.01 of the Lviv State University of Life Safety of the State Emergency
Service of Ukraine.

The dissertation is devoted to solving an urgent scientific and applied problem in
the field of fire safety - disclosure of the regularities of the dynamics of
thermodestructive processes in power batteries depending on the density of the
external heat flux that causes the fire, the temperature of the battery surface, which is
determined by technical characteristics, design and operational parameters, as a
scientific basis for ensuring fire protection of electric vehicles.

The growth in the number of electric wheeled vehicles (hereinafter referred to as
electric vehicles) in the world is one of the key trends in the modern automotive
industry. This is due, on the one hand, to limited oil and gas reserves, and, on the
other hand, to the enormous amount of emissions from wheeled vehicles equipped
with internal combustion engines, as well as government programs in the world's
leading countries that encourage the purchase of electric vehicles. According to the
International Energy Agency, in 2023, one in five cars sold worldwide was electric. In
total, the fleet of electric vehicles as of 2024 passed the 40 million mark, which is 8
times more than in 2019, and according to forecasts, by 2030 there will be more than
150 million of them. This frantic dynamics creates new challenges for engineers and
scientists regarding the safe operation of electric vehicles.

A generalization of the results of scientific research has indicated the lack of an
integrated approach to disclosing the characteristics of electric vehicle fires and the

impact of technical characteristics and design parameters of LIBs on their combustion
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processes due to the influence of an external heat source. In addition, there is no
mechanism for estimating the time of combustion in the power LIBs of electric
vehicles, which would take into account both the technical characteristics, design and
operational parameters of the battery itself and the characteristics of the heat source.

The main factors that influence the fire hazard of these objects are outlined. It is
found that the capacity of the power battery (hereinafter referred to as the battery),
the state of its charge, as well as the material of manufacture of the cathode cells will
affect the peculiarities of the occurrence of ignition and the development of fires of
electric wheeled vehicles in general.

The above has led to an analysis and generalization of the main methods for
assessing the fire hazard of power batteries and electric wheeled vehicles in general.
It has been established that the existing methods are diverse and the test equipment
used is fundamentally different, both in scale and design, which affects the results of
testing both power batteries and electric vehicles for fire hazard. Domestic and
international requirements for fire protection systems for electric wheeled vehicles
are systematized. Based on the analysis and systematization of the technical
characteristics of lithium-ion battery components used in modern electric vehicles,
they are classified according to the level of fire hazard.

The known theoretical methods, including the finite element method, volumes
and differences, equivalent circuit models, Monte Carlo method, computational fluid
dynamics, discrete ordinate method, and their adaptation for studying the processes of
fire initiation and development in power batteries and electric vehicles in general, are
generalized and systematized. Their advantages and disadvantages, as well as the
possibility and convenience of using them in the study of these processes are
presented. Using the basic equations of thermodynamics and heat transfer,
mathematical descriptions of initial and boundary conditions, the amount of energy
released during internal and external short circuits in lithium-ion batteries, and heat
generation from the flow of electric current are given, the amount of energy released
during the combustion of combustible materials in the battery, as well as the amount

of energy transferred to the battery from an external heat source, taking into account
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convection and radiation heat transfer, and the equation of unsteady-state thermal
conductivity in a cylindrical coordinate system.

On the basis of computer modeling using the developed gas hydrodynamic
model of an electric vehicle on the example of the Tesla Model S, the hypothesis
about the possibility of an electric vehicle fire due to the occurrence of
thermodestructive processes in the elements of the power battery is proved. It is
established that in the event of an electric vehicle fire, due to the action of a heat flux
of 6-8 MW, the temperature limit of 120°C on an adjacent wall located at a distance
of 3 m is reached already at 690-700 s from the beginning of the fire. Based on this,
the recommended minimum fire protection distance to the building envelope in the
event of an electric vehicle fire is 3 m. The temperature distributions of the fire due to
the occurrence of fires in the power battery and its spread through the electric vehicle
in the most difficult conditions - a closed parking lot - are substantiated and
determined, and safe fire protection distances are determined, which are 6 m along
the front of the burning electric vehicle and 10 m along the flank, provided that the
free development time of the fire is 600 s.

A methodology for full-scale fire studies of the combustion processes of electric
vehicle power lithium-ion batteries using an electric heating panel has been
developed. The criteria that characterize the onset of an irreversible exothermic
reaction, the list of necessary measuring instruments, their placement, and the
peculiarity of using an electric heating panel are substantiated. The procedure for
conducting full-scale fire tests with ensuring labor safety conditions, as well as the
procedure for processing the obtained research results, is described. The number and
locations of thermocouples in the prototype are scientifically substantiated to obtain
the most accurate data on the heating of power lithium-ion batteries under the
influence of a heat source, as well as the placement of prototypes relative to the heat
source that initiates the thermal destructive process.

According to the results of experimental studies, the dependences of changes in
the time of ignition in the lithium-ion cells of the power battery of electric vehicles

with the cathode material NCA (lithium-nickel-cobalt aluminum oxide
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LiNiCoyAlzO-) under the influence of an external heat flux with a density of 30
kW/m2, which linearly decreases from 1225 s to 1115 s for 100 % charged lithium-
ion cells when the spatial location relative to the heat source is changed from vertical
to horizontal; linearly increases from 1115 s to 1340 s for horizontal spatial
placement relative to the heat source when the degree of charge changes from 100 %
to 0 %.

It has been proved by the calculation method and experimentally confirmed that
the combustion temperature of lithium-ion cells of the power battery of electric
vehicles with the cathode material NCA (lithium-nickel-cobalt-aluminum oxide
LiNi,CoyAlzO:) under the influence of an external heat flux with a density of 30
kW/m?® can vary: increase from 690 °C to 810 °C for 100 % charged lithium-ion cells
when the spatial location relative to the heat source is changed from vertical to
horizontal; decrease from 810 °C to 450 °C when the heat source is horizontal and
the degree of charge is changed from 100 % to 0 %.

Using modern statistical methods, the reproducibility of the results was ensured
and the overall convergence of each individual experiment was confirmed, with
absolute deviations between the averaged results of experimental studies and each of
the series of full-scale experimental studies not exceeding 16.4 % in the case of using
a model fire and 10.0 % in the case of using an electric heating panel.

A scientific and methodological apparatus has been developed that combines
methods of conducting field studies and substantiated criteria characterizing the
conditions for the occurrence of combustion, which makes it possible to determine
the safety time conditions before the occurrence of combustion of electric vehicle
power batteries, in the energy range from 30 kWh to 100 kWh with cathode materials
lithium-nickel-cobalt-aluminum oxide, lithium-nickel-manganese-cobalt oxide,
lithium-iron-phosphate under the influence of a heat flux with a density of 10 kW/m”
to 200 kW/m” for heat sources with and without an open flame.

Taking into account the obtained comprehensive research results, a flowchart of
the algorithm for the operation of a maximum-dynamic temperature sensor with

variable operation parameters, namely the values of the minimum static temperature
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of operation and the value of the temperature rise rate at which it is triggered, was
substantiated and developed. Using the Simulink package of the MATLAB software
environment, its operation was investigated and verified, with the ability to recognize
temperature changes in the power battery due to climatic conditions, fire, operation,
or from an internal short circuit or malfunction of the cooling system. Using the
temperature sensor algorithm, a system for emergency shutdown of the electric
vehicle power battery was developed, which will create access conditions in the
context of its extinguishing.

The results of theoretical and experimental studies on the disclosure of the
regularities of the dynamics of thermodestructive processes in power batteries
depending on the density of the external heat flux that causes the occurrence of a fire,
the temperature of the battery surface, which is determined by technical
characteristics, design and operational parameters, as a scientific basis for ensuring
fire protection of electric vehicles, are implemented in the developed state standard of
Ukraine DSTU 9222:2023 “Fire Safety. Fire protection of electric vehicle charging
systems. Basic Provisions”, as well as draft amendments to the Resolution of the
Cabinet of Ministers of Ukraine No. 128 ‘On Providing Wheeled Vehicles with
Primary Fire Extinguishing Equipment’.

The results of the research have been implemented in: the activities of the
Department of Emergency Prevention of the State Emergency Service of Ukraine in
developing recommendations on safety measures for the use of rechargeable lithium-
ion batteries in residential premises in blackouts

The dissertation, which is a completed scientific research, provides a solution to
an urgent scientific and applied problem in the field of fire safety, which is to reveal
the laws of the dynamics of thermodestructive processes in power batteries depending
on the density of the external heat flux that causes the fire, the temperature of the
battery surface, which is determined by technical characteristics, design and
operational parameters, as a scientific basis for ensuring fire protection of electric
vehicles.

Keywords: fire safety, electric vehicle fire, electric vehicle fire protection,

lithium-ion battery, thermodestructive process, cathode, temperature, heat flux, fire.
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IEPEJIK YMOBHUX TIO3HAYEHBb, CUMBOJIIB, OANHUILb,
CKOPOYEHD I TEPMIHIB

Enexktpuunuii komicHUN TpaHCHOPTHHM 3aci0 (erxexTpomoOins, EV — electric
vehicle ) — aBTOMOO11b, OCHAIIICHU BUKJIIOUYHO €JIEKTPUUYHUMH TATOBUMHU JIBUTYHAMHU
(OmHMM YHM JEKITbKOMAa) Ta CHCTEMOIO aKyMYIJIOBaHHS €NeKTpuuHOi eHeprii. s
aKyMyJIIOBaHHS  €JIEKTPUYHOI €HEeprii MOXYTh BHUKOPHUCTOBYBAaTHUCh  CHJIOBI
aKyMyJIATOpHI O6arapei, CynepKOHIEHCATOPU YU TTAIMBHI €JIEMEHTH.

EnexTpoMo6iip 3 critoBoro akymyssitopHoro Oatapeero (BEV — battery electric
vehicle) — TpancnopTHuil 3acib, y skoMy OOEpTOBHII MOMEHT, HEOOXIIHUMA IJis
3a0€3MeYeHHs] PYXY, CTBOPIOETHCS EINEKTPUUYHUMHU JIBUTYHAMH, SIKI SKHBIATHCS
enexktpoeHeprieto 3 cuopux AKD.

EnextpoMoOins 3 posmmpenum aianazoHom jaii (REEV — range-extended electric
vehicle, or an E-REV extended-range electric vehicle) — TpancriopTHmii 3acio, y sikomy
00epTOBUII MOMEHT, HEOOXIIHUI 171 3a0e3NeueHHs pPyXY CTBOPIOETHCS BHUKIIOYHO
CJIEKTPUYHUMH JIBUTYHAMU, SIKI KHUBJIATbCA enekrpoeHepriero 3 cuioBux AKD, a
HeBenukuid J[B3 npuBoauTh B 1110 reHeparop A 3apspkanns cuiioBux AKD.

Enextpomo6ine 3 BogHeBuMu mnanuBHuMu enemeHtamu (FCEV Fuel Cell
Electric Vehicle) — TpancnoptHuii 3acid, y skoMy o0epTOBHIA MOMEHT, HEOOX1AHHIA
JUIs 3a0€3MEeUEHHSI PYXY, CTBOPIOETHCS €JIEKTPUUYHUMHU JABUTYHAMH, SKI KHUBJIATHCA
CJIEKTPOCHEPTIEI0 3 BOJHEBUX MAIUBHUX €JIEMEHTIB.

['opugnuit enekrpomoOuts (HEV Hybrid Electric Vehicle) — ue tpancnoptaumii
3aci0 y sSKOMy OOEpTOBHII MOMEHT HEOOXIIHUN /i 3a0€3MEUYCHHS PYyXy, MOXKE
cTtBoptoBatuch J[B3 1 eNekTpUYHMMHM JBUTYHAMH OJHOYAacHO abo OKpemo, a
3apsaxeHHs: ciioBUX AKDB 311 CHIOETBCS JIHIIE IITATHUM T€HEPAaTOPOM aBTOMOOLIISA
Ta 3aBJISIKU PeKymeparii.

[Mopunnauil enektpoMoOLb, mo nigkiaodaetbess (PHEV Plug in Hybrid Electric
Vehicle) — nie TpancnopTHHil 3aci0 y sSskoMy 0OepTOBHII MOMEHT HEOOXITHWM s
3a0€3MeUeHHs] PyXy, MoOxke cTBoproBatuch JIB3 1 eIeKTpUYHUMHU JIBUTYHaMH

OJIHOYAaCHO abo okpemo, a 3aps/keHHs cuioBuXx AKDB 3milCHIOETBCS MITAaTHUM
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TeHepaTOpOM aBTOMOOLNISA, 3aBASKU pEKylnepalli, a TaKoX NpHU MIAKIIOUEHHS 10
30BHILIHBOTO JHKEPENa CTPyMY (EIEKTPOMEPExKi).

TepmonectpyktuBHuii mnporec AKBb — 1me Hu3ka peakmii 1 Mporecis
pO3KIIalaHHs, IO BiNOYBAIOTHCS BCEPENMHI €JIEMEHTIB Oarapei miJ BIUTHBOM
MIJBUIIICHOT TEMIIEpaTypH, SKa CTPIMKO 3pOCTaE 4epe3 eK30TEepMIUHI peakilii B
€JIEKTPOJIaX, EIEKTPOJIITI T IHITUX KOMIIOHEHTAX aKyMyJIATOpa.

AKD — akymynsatopHa Oatapest.

JIB3 — nBUTYH BHYTPIIIHBOTO 3rOPSHHS.

JICHC — JlepxaBHa ciryx0a YKpaiHu 3 HaA3BUUaWHUX CUTYaIIii.

NTSB — HanionanbHe ynpaBimiHHS Oe3nekn Ha TpancnopTi (National
Transportation Safety Board).

NHTSA — arentrctBo MinictepctBa Tpancnopty CIIA (National Highway
Traffic Safety Administration), sike BignoBigae 3a 3a0e3nedeHHs Oe3neKu
JIOPOKHBOTO PYyXY Ta PETyJIIOBaHHS TPAHCIOPTHUX 3aCO01B.

NFPA — HaumionansHa acouiaunis mnpotunoxesxHoro 3axucty (National Fire
Protection Association) HempuOyTKOBa OpraHizaiis, 10 3aiMaeThCsi pO3POOICHHIM
Ta BIPOBAKEHHSIM HOPM, TIPaBWJI Ta CTAHAAPTIB 3 TIOKEKHOI O€3MeKu y
PI3HOMaHITHUX TaTy3sX.

IEA — Mixnaponue eneprerrnune areHTCTBO (IEA — International Energy Agency).

JATII — nopoKHBO-TPAHCIOPTHA MPUTOAA.

K3 — kopoTke 3aMKHEHHS.

BK3 — BHYTpillIHE KOPOTKE 3aMKHEHHS.

LCO — niTiii-ionHa 0atapesi, KaToJ] IKO1 BUTOTOBJIECHUN HAa OCHOB1 OKCHUTY JIITIM-
ko6aneTy (L1Co0O,).

LMO - Jlitiii-ionHa Oartapesi, KaToj] SIKOi BUTOTOBJICHHMI HA OCHOB1 OKCHJIY
nitii-mapranmro (LiMn,0,)

NMC - mitiii-ioHHa OaTtapesi, KaToja sIKOi BUTOTOBIICHWN Ha OCHOBI OKCHUIY
JiTid-HiKenb-ko0anbT Maprauio (LiNiMnCoO,).

LFP— mitiii-ionHa GaTtapesi, KaToJl SIKOi BUTOTOBJICHUN HA OCHOB1 OKCH]Y JIITiii-

bepym-docdar (LiFePOy, ).
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ISO — Mixnapoana opranizariisi craamaptu3saiii (International Organization for
Standardization).

SEA — MixHapogHe TOBapUCTBO aBTOMOOUIBHUX 1HXkeHepiB (Society of
Automotive Engineers).

HRR — moryxHicth TemioBoro notoky, (Heat Release Rate), kinbKkicTh eHeprii,
sIKa BUBUIBHSIETHCS IM1]1 Yac TOPIHHS 32 OJAMHMUITIO Yacy, BT.

MKE — meTo1 KiHIICBUX €JIEMEHTIB.

MKP — meTos KIHIICBUX PI3HHUIIb.

MKO — meTton KiHIIEBUX 00'€MIB.

MMK — meron Monte-Kapio.

ECM — exBiBaJIeHTHI CXEMHI1 MOJIEI.

JT — naBau TeMrieparypu.

[ — 3HaueHHs cuiM CTpyMmy, IO MPOTIKaE, A.

J TycTuHa eneKTpU4HOro cTpymy, A/m2.

R — BHyTpiwHINA onip KOHTYpY, OM.

h — koedimieHT KOHBEKTUBHOI TeIIoBiAaqi, BT/M? K.

T — TemnepaTypa HaBKOJIUITHBOTO cepenoBuiia, K.

0 — eJIEKTPUYHA MPOBITHICTH MaTepiany, Cm/m.

(— eJEKTPUYHHUM MOTEHIlial, B.

Qpea— TYCTHHA CTPYMY BiJ €JIEKTPOXIMIYHUX PEaKIii, iK1 IPOTIKAOTh 1 JITIM-
10HHUX peakIlisx, A/m>.

V@ — rpanieHT eneKTpuyHOro nmoTeHIiany, B/m.

C — KOHIIEHTpAIlisl XIMIYHOI PEYOBUHU (PEareHTy) y CUCTEMI, MOJIb/M?).

E, — cyma eHepriii, 110 BUAUSIOTHCSA BCiMa peakiisaMu, JIx.

T, — TemniepaTypa nouatky peaxiii, K.

Ej, — cymapHa eHepris, sika BUAUISIETbCS IPU KOPOTKOMY 3aMHUKaHH1, JIK.

T}~ 4ac BIIPOJIOBXK SIKOTO B1IOYBAETHCS KOPOTKE 3aMHUKAHHS, C.

C — cymapHa eHepreTHYHa €EMHICTh aKyMyJIITOpHOT OaTtapei, Bt-c.

a —cTaH 3apsany (y yactii Bifg 1).

m’, — BUTPAaTa NaJIHOTO Y NaJIbHUKY, KI/C.
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(g — TEIJIOTA 3rOPSIHHSA MAaNbHIO, JIK/KT.
A — II0IA MOBEPXHi TeIIonepeaayi, M .
T, — remneparypa noaym’s, K.
T, — Temmiepatypa MoBepxHi, Ha AKYy EpeIaeThCs Tero, K.
o — crana Credana-bonbiimMana, Brm K™,
€ — CTYIIIHb YOPHOTH MaTepiay, 0 OMPOMIHIOETHCS.
Cg — KOHIGHTpALIist Ta3y, MOJIb/ M.
Dg — xoedimienT audysii razy, m?/c.
P — tuck razy, Ila.
M — monsipHa mMaca rasy, I/MOJib.
t—yac, C.
p — I'yCTHHA MaTepiaiy, Kr/Mm>.
Cp — IIUTOMA TEIUIOEMHICTb IIPU MOCTIHHOMY THCKY, JIk/(kr K).
A — ycepenHeHult koedilieHT TersonpoBigHocTi , Bt/ m-°C.
Oc - €PEKTHBHA IIPOBIAHICT TBEPJOTO €ICKTPOJITY, C/M.
Vd, — rpafieHT OTEHIIIAY Y TBEPIOMY €JIEKTPOIiT, B/M.
Ko — €(EKTUBHA IPOBIAHICTD PIIKOTO EIEKTPOIITY, C/M.
Vd, — rpallieHT MOTEHIaNy y PIAKOMY €JIEKTPOJIiTi, B/M.
R, — yHiBepcanbHa razosa crana, Jx/mons K.
F — cTana ®apanes, Ki/moms ™.
R; — BHYTpilIHiii eKBiBaJICHTHHIT OMip OMHULI 06’ eMy, OM-M ™.

AS — 3Mmina entpomii, J[x.
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BCTYII

AKTyaJIbHiCTb ~ TeMH. 3pOCTaHHS  KUIBKOCTI  €JIEKTPUYHUX  KOJICHUX
TPAHCIIOPTHUX 3ac00iB (Zaji — €IeKTpOMOOLTIB) Yy CBITI € OMHIEI 3 KIHOYOBUX
TEHJICHIII cydacHOi aBTOMOOUIbHOI 1HAYyCTpii. Ile 3ymMoBIE€HO 3 OgHOTO OOKYy
oOMexeHUMHU 3anacaMd HadTH Ta ra3y, a 3 IHIIOTO — KOJIOCAJIIBHOI KUJIBKICTIO
BUKHUIB TIKIJJIMBAX PEYOBUH BiJ] KOJICHUX TPAHCIIOPTHHUX 3ac00iB, SKi OOMamHaHi
JBUTYHAMHU BHYTPIIIHBOTO 3TOPSIHHS, a TAKOXK YPSJOBUMHU IPOrpaMaMH MPOBITHUX
KpaH CBITY, SIKI CTUMYJIIOIOTh MPUI0AHHS BIACHE €IEKTPOMOOLTIB. 3riHO 13 JaHUMU
MIKHAPOJHOIO €HEepreTuyHoro areHTctBa y 2023 poimi y CBITI KOXKEH I SITHM
poJaHuil aBTOMOO1JIb OYB €IEKTPUYHUM. 3arajioM aBTOMAapK €JIEKTPOMOO1IIB CTAHOM
Ha 2024 pik nepedmoB BiAMITKY y 40 MiH, 110 € y 8 pa3iB Oiuibllie y MOPIBHSIHHI 13
2019 poxom 1 3a npono3amu A0 2029 poky ix HamiuyBatuMmeThcsi ToHan 100 muH.
Taka mrajeHa auHaMiKa CTBOPIOE HOBI BUKIMKH IS 1H)KEHEPIB Ta HAyKOBIIIB 3
pUBOY O€3MEeUHO1 eKCIUTyaTalli eJIeKTPOMOOLTIB.

J171st KUBJICHHS TATOBHUX JIBUTYHIB B €JIEKTPOMOOUISIX BUKOPUCTOBYIOTH JKepesa
CJIEKTPUYHOI eHeprii — cuiioBl akymynaropHi Oarapei (mani — AKB). Cepen pizHux
tumiB AKB: CBUHIIEBO-KHCIIOTHUX, HIKENb-KaIM1€BUX, HATPIEBO-CYNIb(aTHUX, BIACHE
JTiH-10HH] akymymsiTopHi O6arapei (lithium-ion batteries, nami — LIB), 3naiinum cBoe
BUKOPHUCTAHHS y €JIEKTPOMOOLISAX Yepe3 psAll TEXHIYHHUX MEepeBar: BUCOKY IIUIbHICTh
eneprii 150-250 Bt rog/kr 1 O1bInie, BEIMKI CTPYMU PO3PSAY/3apsiay, TEPMiH CIIyKOu
noHaa 10 pokiB, Many MIBHUJIKICTH camMopo3psay Tomlo. Pa3om 3 TUM Baromum
HeAoJIKoM BUKopucTaHHA LIB € iX 37aTHICTB, HMpH MEXaHIYHOMY MOIIKOAXKEHHI,
MO3aITaTHUX YMOBAaX €KCIUTyaTallii, BHYTPIIIHbOMY KOPOTKOMY 3aMHUKaHHI (Iaimi —
K3), BIUIMBI 30BHIIIHBOTO JKepesia Terjia caMo3aiiMaTUCh Ta IHTEHCUBHO TOPITH.

Binomo, mo ¥ BenukoOputanii Biponosxk 2023 poky 3adikcoBano 219 moxex
eJIEKTPOMOO1ITIB, 1110 Ha 83% OinbIlie MOPIBHIHO 3 TIoniepeaHiM pokoM. Ypsia Llserrii
MOBIJOMJISIE PO BUNIAAKK OMu3bKo 20 moxkex enexkTpoMooOimiB mopiuno. Y Hopserii
y 2023 pomi Oyno 3adikcoBano 239 moxex enexkrpoMobumtiB. B Ykpaini 3a octanHi

n'aTh POKIB Oyn0 3apeecTpoBaHO 173 moXkeXi €IeKTPOMOOLIIB, BHACHIJIOK SKHX
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3aBJAaHO MPSIMHUX 30UTKIB HAa cyMy 9 miiH 53 THC. IpH, noOiyHNX — 18 MiH 450 THC.
rpH. BpaxoBytoun cTaTuCTHKY 301IbIIEHHS YHUCETBHOCTI aBTOMAPKY €IEKTPOMOOLIIB 1
BI/IMOBIZTHO CEPEAHBOTO iX BIKY HE BaXKKO CIPOTHO3YBaTH 1 30UIBIICHHS MOXEXK
TaKOTO POJY, K 1 a0COMOTHOMY TaKi y B1JICOTKOBOMY BiAHOIICHHSIX.

Tomy pi3HOOIYHI JOCTIIKEHHS MOXKEKHOI HEOE3IeKH eJIEKTPOMOOUTIB, a TaKOX
CUCTEM iX MPOTUIOXKEKHOTO 3aXUCTYy € AaKTyaJlbHOIO MPOOJIEeMaTUKOI0, sKa
MacIITaby€eThCsl Ta OOTPYHTOBaHA BUKJIMKAMU ChOTOJICHHS.

JlocaipKeHHSAMH 111010 TTOXKEKHOI HeOe3IeKH eIeKTPOMOO1TIB 3aiMalOThCs PsiT
BITYM3HSHUX Ta 3apyODKHUX HAYKOBHX YCTaHOB Ta BUEHHX. Y 3HAYHOI KUIBKOCTI
pPOOIT IPYHTOBHO OIMHKCAHO 3arajibH1 MIAXOAU A0 3a0€3MeUeHHS MOXKEKHOI HeOe3MeKH
€JIEKTPOMOO1IIB, HABEACHO PsAJl METOAIB MONEPEIKEHHS BUHUKHEHHS IMOXKEXK Ta iX
raciHHs. JlocmikeHo (p13uKo-XIMIYH1 MTPOLIECH, 110 BiI0YBAOTHCS 1] YaC 3arOpsiHHS
Oarapeil Ta 3alpPONOHOBAHO PI3HI CHUCTEMU OXOJOMKEHHS 3 METOI 3MEHILEHHS
PHU3HKIB BUOYXY Ta MOUIUPEHHS MOXEX €IEeKTpoMOoOLUTiB. B 3HauHIi KiJIBKOCTI poOIT
BKa3aHO Ha BUHUKHEHHSA 3aliMaHb LIB BHAcCIIgOK iX MEXaHIYHUX MOIIKOKEHD.

[HIII AOCHIIKEHHST CHPSAMOBaHI HAa PO3KPUTTA MEXaHI3MYy BIUIMBY KOPOTKOIO
3aMHKaHHS HAa BUHUKHEHHS 3aiiManb LIB enmekrpomoOLniB, aHami3l TEIUVIOBHX 1
MEXaHIYHUX €(EKTIB, K BUHUKAIOTh IPHU I[LOMY, a TAKOXK PO3pOOJICHHIO CTpaTerii
3aro0iraHHs 3arOPSHHIO IUISIXOM ONTHUMI3AIll OXOJIOKYBAJIbHUX CHUCTEM 1 BHOOPY
oesneunnx marepianiB s LIB.  OnucaHo BIUIMB — HAAMIPHOTO  CTPyMY
3apsTy/po3psly Ha MOXKEKHY HEOS3NeKy Ta TpuBamicTh ciayxou LIB. JocmimkeHo Ta
OMMCAHO MEXaHI3MU 3aiiMaHHS BHACTIJOK TO3AIITaTHUX PEXKHUMIB poOOTH Ta
AMOBIpHI TMOIIKOIKEHHs OaTapei BHACHIIOK 1bOro. Bei mi pobOTH MpHUCBAYEHI, SIK
MPaBUJIO, PO3KPUTTIO BIUIMBY OKPEMHUX 30BHIINIHIX Ta BHYTPIIIHIX YMHHHUKIB HE
npoOsieMy BUHUKHEHHS Ta PO3BUTKY TOPIHHS Y €J1EKTPOMOO1II.

VY3aranbHEHHS pe3y/lbTaTiB HAayKOBUX JOCHIIPKEHb BKa3aB Ha BIJCYTHICTh
KOMILIEKCHOTO MiJIXOMY 3 PO3KPUTTS 0COOTMBOCTEH MOXKEXK EJICKTPOMOOLTIB 1 BIUTUBY
TEXHIYHUX XapaKTePUCTUK Ta KOHCTPYKTHMBHUX mapamerpiB LIB Ha mpouecu ix
TOPiHHS BHACHIJIOK BIUIMBY 30BHINIHBOTO pKepena Temia. OKpiM IbOTO HeMae

MEXaHI3My OILIIHIOBaHHS 4acy BUHUKHEHHS ropiHHs y cuwioBux LIB enekTpomoOiiB,
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BUCHOBKHA

Y nucepramiiiHi poOOTi, fSKa € 3aBEepUICHUM HAyKOBHUM JIOCIIIKESHHSM,
HABEJICHO PO3B’SI3aHHS aKTyallbHOI HAyKOBO-TIPUKIAAHOI mpobiemu y cdepi
MOXKEXKHOT O€3MeKu, M0 TOJIATa€ Yy PO3KPUTTI 3aKOHOMIPHOCTEH JMHAMIKU
TEPMOJIECTPYKTUBHUX MPOIIECIB Yy CUJIOBUX aKyMYJISITOPHUX OaTapesix 3aJIe’KHO Bij
TYCTUHH 30BHIIIHBOTO TETUIOBOTO IOTOKY, SIKWWA CIPHYUHSE BUHUKHEHHS TIOXKEXI,
TeMIepaTypu MOBEPXHi Oarapei, sKa 00yMOBITFOETHCS TEXHIYHUMU
XapaKTepUCTHUKAaMHU, KOHCTPYKTMBHHMH Ta eKCIUTyaTallliHUMH TapaMeTpamH, SK
HAayKOBE MIATPYHTS 3a0€3MEeUEHHs MPOTUIIOKEKHOIO 3aXUCTY €JIEKTPOMOOLIIB, IPH
[OMY OJIepKaHO TaKl HAYKOB1 1 MPAKTUYHI PE3yJbTaTH:

1. Ha ocHOBI aHami3y BITYM3HSHHUX, 3apyOLKHUX CTaTUCTUYHHMX JaHHX,
TEOPETUYHUX Ta EKCIEPUMEHTAIbHUX JIOCHII)KeHb, a TaKOoX BIJAMOBIAHOI
HOpPMATUBHOI 0a3u, OOIPYHTOBAHO Ta CHCTEMATH30BAaHO YMHHHUKHU Ta (aKTOPH, SKi
MOJKYTh BIUIMBATH Ha BUHUKHEHHS 3aliMaHHS B aKyMYJSITOPHHX Oatapesix abo OyTu
NPUYUHOIO O1IBII MIBUJKOTO TIOMIUPEHHS TIOXKEXkK1 eNeKTpoMoOumB. JloBeaeHo
HEOOXIHICTh TMPOBEJCHHS KOMIUIEKCHOTO MiAXOAY IIOAO BHU3HAYEHHS Yacy
BUHUKHEHHS TOPIHHA aKyMYJISITOPHUX OaTapeit Ta eeKTpoOMOOLIIB B IIIOMY.

2. BusnaueHo KkpuTepii Ta AKICHO YyJIOCKOHAJEHO MEXaHi3M, IO
XapaKTEepPU3yIOTh YMOBM BHHHMKHEHHS TOPIHHS akKyMyJATOpHUX Oartapeil, sKi
BIJIPI3HSIIOTHCA BPAaxXyBaHHSIM JDKEPENl TeIjia SK 3 BIAKPUTUM TMOJYyM sM, Tak 1 0e3
HbOTO. Bu3HaueHO HAMOUIbII 3HAYYIII TEXHIYHI XapaKTEPUCTUKU, KOHCTPYKTHUBHI Ta
EKCIUTyaTaliiHuX YHHHHUKH, SKi BIUIMBAIOTh HA MEXaHi3M BUHUKHCHHS Ta PO3BUTKY
TOPIHHS CHJIOBUX aKyMYJISITOPHUX OaTapei eleKTpoMoOulIiB, a came: KaTOJHUUN
Matepiai, piBeHb 3apsay CHJIOBHUX JITIH-IOHHMX Oarapei, a TakoX iX IMPOCTOPOBE
PO3MIIIEHHS BIIHOCHO JIKEpPeIa.

3. TeopeTnuHO OOTPYHTOBAHO MEXaHI3M BUHUKHEHHS ropiHHA B criioBux AKD,
a TaKOX MOXEX eJNEKTPOMOOUIIB B IIJIOMYy, HUISIXOM BHUKOPUCTaHHS Ta ajanTarii
ICHYIOYMX  MAaTeMAaTHUYHUX MOJENICH, SKI BpPaXOBYIOTh HE JIMIE KOMIIOHEHTU

rOpPIOYMX MarepiajiB 1 iX €K30TepMIYHl peakuli po3Kiaay, aje ¥ aKyMmyJroudy
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CJIEKTPUYHY €HEpril0 Ta EHEeprilo, SKa YTBOPIOETHCS BHACHIJOK BHYTPIIIHHOTO
KOPOTKOTO 3aMUKAHHS.

4. OOrpyHTOBAaHO Ta BU3HAYEHO TEMIEPATYpHI PO3MOJLIN MOXKEkK1, BHACTIIOK
BUHUKHEHHS 3aliMaHb y CHJIOBIM aKyMyJsTOpHI Oarapei Ta HOro MOMIMPEHHS IO
CJIEKTPOMOO1TI B HAMCKIIAHIIINX YMOBAX — 3aKPUTOTO MAPKIHTY, a TAKOX BU3HAYCHO
Oe3MeyUHi MPOTUIIOKEKH] BIJICTaHI, K1 CTAaHOBJATH MO (PPOHTY €JIEKTPOMOOLIs, 110
TOpUTh, 6 M, a o pran3zi — 10 M, 3a yMOBHU 4acy BUIBHOTO PO3BUTKY moskexki 600 c.

5. OOrpyHTOBaHO Ta CTBOPEHO METOAMKU EKCHEPUMEHTAIbHUX IOCIIIKEHb
MEXaHI3My BHHUKHEHHS Ta PO3BUTKY TOPIHHS CHJIOBHX aKyMYJISTOPHUX OaTapei
€JIEKTPOMOOUTIB 3 BUKOPHUCTaHHSM HEOOXIAHOT MIHIMAJIBHOI KIUIBKOCTI 3aco0iB
BUMIPIOBAJIbHOI ~ TE€XHIKM, JUII OTPUMaHHS TOYHHUX Ta  BIATBOPIOBAIBHHUX
TEMIIEpaTypHUX MapaMeTpIB.

6. 3a pe3yiabTaTaMU EKCHEPUMEHTAIBHUX JOCTIHPKEHb BUSBICHO 3aJI€KHOCTI
3MIHM 4Yacy BUHUKHEHHS 3aliMaHHs Yy JiTii-loHHHX enemeHTax cuioBoi AKD
eJeKTpoMOOUTIB 3 KaToaHUM MatepiaioMm NCA (JiTi-HIKeIb-KOOAIbT-aIFOMIHIMI
okcup LiNiiCoyAl,O2) npu BIUIMBI 30BHIIIHBOIO TEIUIOBOIO MOTOKY I'yCTHHOIO 30
kB1/M*: niHiiiHO 3MeHIyeTbest 3 1225 ¢ nmo 1115 ¢ nna 100 % 3apspkeHux JTiTin-
10HHUX €JIEMEHTIB MpU 3MIHHI IPOCTOPOBOTO PO3MIIIEHHS BIJTHOCHO JKEpeia Teruia
3 BEPTUKAJIBLHOTO aHOJIOM JI0 JDKepesa Terjla Ha TOPU30HTANIbHE, 1110 A€ THCTPYMEHT
MPOTHO3YBAHHS MOIIMPEHHS TEMIIEpaTypHUX (PAKTOPIB MOXKEXKI; JIHIMHO 3pOCTaE 3
1115 ¢ no 1340 ¢ mis TOPU3OHTAJIBLHOTO ITPOCTOPOBOTO PO3MIIICHHS BIJHOCHO
JOKEpesa Terjia po3MIIIeHHS Mpu 3MiHI cTyneHs 3apsagy 3 100 % mo 0 %, mio
BHU3HAUYA€ PENIAMEHT (DYHKLIOHYBaHHS €JEKTPOMOOUTIB B 3aKPUTHUX MAPKIHTaX.

7. Po3paxyHKOBUM METOJIOM JIOBEICHO Ta €KCIIEPUMEHTAIBHO MiATBEPKEHO,
110 TeMIlepaTypa TOpiHHS JiTii-10HHUX eneMeHTIB cuiioBoi AKB enexTpoMoOiniB 3
xaTogHuM Martepianom NCA (miTiii-Hikenb-Ko0anpT-anroMinii okenp LiNiCoyAlOz)
MpY BIUIMBI 30BHIIIHBOTO TEIUIOBOTO IIOTOKYy TrycTHHOIO 30 KBT/M® Moxe
sMmiHOBaTUCh: 3pocTtatu 3 690 °C no 810 °C mna 100 % 3apsypKeHUX JTITIH-10HHUX
€JIEMEHTIB TIPH 3MiHHI MPOCTOPOBOTO PO3MIIIEHHS BIHOCHO JDKEpesia Teria 3

BEPTUKAJIBHOTO aHOJOM JI0 JDKEpEsa TEeIJla Ha TOPU30HTAIbHE; 3MEHIITYBaTUCh 3 810
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°C no 450 °C npu ropu3oHTaIBHOMY MPOCTOPOBOMY PO3MIIIEHH] JKepea Teria Ta
smidl ctyneHs 3apsgy 3 100 % mo O %. 3a3HadeHi pe3yiabTaTd JTO3BOJISIOTH
dbopMyBaTH BUMOTH TTOXKEKHOI O€3MEKH €JIEKTPOMOO1TIB Ha CTaAll MPOSKTyBaHHSI.

8. 3 BHUKOpUCTAaHHSIM Cy4YaCHUX CTaTUCTUYHHUX METOJIB 3a0e3MeueHo
BIITBOPIOBAHICTh PE3YyJITATIB Ta IIATBEP/KEHO 3arajibHy 301KHICTh KOXKHOTO
OKpPEMOT0 EKCIEpUMEHTY, 3a SKUX aOCOJIIOTHI BIAXWJIEHHS MIX YyCepelHEHUMU
pe3yabTaTaMi €KCIEPUMEHTAIBHUX JIOCHI/DKEHb Ta KOXKHOIO 13 Cepii HaTypHUX
EKCIIEPUMEHTAJIbHUX  JOCIIJKEHb He TepeBulyioTs 164 % y Bumauky
BUKOPHCTAHHA MOJENbHOTr0 BorHuma moxexi ta 10,0 % — mpu BHUKOpHCTaHHI
€JICKTPOHArpiBaJbHOI MAHEJII.

9. BuzHaueHo (yHKIIOHAJIBHI 3aJIeKHOCTI 4Yacy BUHUKHEHHS TOpiHHA (T)
JTiA-10HHUX Oatapeit emuicTio (c) Big 3apsay (k), Ta TyCTHHHM 30BHIIIHBOTO
TEIJIOBOTO MOTOKY (q) BiJ Ail BigkpuToro moiayM’siM (1) ta 6e3 uporo (2) aisa AKb:

- 3 karoguuM MatepiasioM NCM  (miTiii-HIKeTb-MaHTaH-KOOAIBT OKCHUJ
LiN1,Mn,Co0,0:):
Tnem = 499 — 60-k —312-q + 83-¢ +47'k'q—27k.c—40-qc + 22- k-qc (1)
Tnem = 9255 —253'k—3435-q+ 1191-¢c +169-k-'q—51'k-:c — 773-qc + 26- k'qc  (2)

- 3 karomHuMm wmatepiaiom NCA (JiTid-HIKeIb-KOOAIbT-aIOMIHINA  OKCHT
LiN1,Co,Al,O2):

Tnea = 453 — 66k —286-q + 86-c + 51°k-q — 32-'k-c — 49-q-c + 29- k-q-c (1)
Tnea = 4750 —225'k—3112-q + 1096-¢c + 147-'k\q—51'*k'c — 717-qc + 34- k'qgc  (2)

- 3 karoaHuM matepianom LFP (miriit-pepym-pocdar, LiFePO4):

Teep = 940 — 75-'k — 329-q + 103-¢ + 59-k-q — 46-'k-c — 55-q'c + 36 k-q-c (1)
T ep= 5520 — 249k — 3612-q + 1276-c + 177-k-q — 78'k-c — 848-q'c + 31- k:q'c (2)

10. Po3pobiieHO HayKOBO-METOAMYHUN amapar, KU 00’ €THYyE METOIUKH
MIPOBENICHHS] HATYPHUX JIOCITIPKEHb Ta OOTPYHTOBaH1 KpUTEPIi, sIKI XapaKTepU3yIOTh
YMOBU BUHUKHEHHSI TOPIHHS, 1110 JI03BOJISIE BU3HAYaTH OE3MEKOBI YacOBI YMOBH 10
BUHUKHEHHSI TOPIHHS CWIOBHX aKyMYJSITODHHX Oarapeil eleKTpoMOoOuTiB, B

eHepreTuyHomy fiama3zoHi Bigx 30 kBrron mo 100 xBrrom 3 karogHumu
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MaTepiasamMu JITIH-HIKeTb-KOOATbT-ATIOMIHIM OKCHJ, JITIA-HIKEIb-MaHTaH-KOOAIbT
OKCHJ, JiTili-3ami30-pocdar npu il TEmIoBOro MOTOKy rycTHHOI Bix 10 kBT/M” 110
200 kB1/M° s JOKEpEeIT TeIIa SIK 3 BIAKPUTHUM TOJIyM sIM, Tak 1 6€3 HbOTO.

11. 3 BpaxyBaHHSIM OTPUMAaHHUX KOMILJICKCHUX PE3YJIbTaTiB JOCHIIKEHb
OOIPYHTOBaHO Ta pO3pOOJEHO OJOK-CXeMy aJIrOpUTMy pOOOTH MaKCHUMaIbHO-
JUHAMIYHOTO JaBaya TeMIepaTypH 13 3MIHHUMH TTapaMeTpaMy CIPalIOBaHHS, a caMe
3HAYCHHSIMH MIHIMAIbHOI CTATUYHOI TEMIEpaTypu CIpAllOBaHHS 1 3HAYEHHSIM
HIBUKOCTI MIABUIICHHS TEMIEPATypH, 3a AKOI BIH CHpPallbOBYE. 3 BUKOPUCTAHHSIM
nakery Simulink mnporpamuoro cepegosuma MATLAB  gocmimkeno Ta
BEepU(DIKOBAHO HOro poOOTy, 3 MOMIMBICTIO PO3MI3HABAHHS 3MIHUM TEMIIEpAaTypH B
cwioBiit AKb BHacnijok BIUIMBY KJIIMAaTUYHUX YMOB, TOXKEXI1, €KCIUTyaTallii abo BiJl
BHYTPIIIHHOIO KOPOTKOTO 3aMHMKAHHS YU HECHPABHOCTI CHUCTEMH OXOJOJKEHHA. I3
BUKOPHUCTAHHSAM QJrOPUTMY poOOTH JaBaya TEMIIEpaTypu pO3pOOJIEHO CUCTEMY
aBapifHOTO BIAKIIOYEHHS CHJIOBOI OaTapei eneKTpoMoOiis, IO CTBOPUTH YMOBU

JIOCTYMY B KOHTEKCTI 1i TaCiHHS.
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CIIMCOK BUKOPUCTAHMUX JIZKEPEJI

1. IIpo neski mHUTaHHS BUKOPUCTAHHS TPAHCIOPTHUX 3aco0iB, OCHAIIECHUX
CJICKTPUYHUMH JBUTYHAMH, Ta BHECCHHsI 3MIH JI0 JCSKHMX 3aKOHIB YKpaiHU MO0
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SJICKTPUYHUX TPAHCIIOPTHHUX 3ac00iB: 3akoH Ykpaiau Bix 24.02.2023 p. Ne 2956-IX.
Bioomocmi Bepxosnoi Paou Yxpainu. 2023. 15 C.

2. Taspumok A.®., Kymnuip A.Il. Amnam3 mnoxexHoi HeOe3MeKu
CJICKTPOMOOUTIB 32 TEPMIUYHOI CTAOUIBHICTIO CHJIOBOI JITIEBOI aKyMYJISTOPHOI
Oarapei. [loocesxncna besnexa. 2022. Ne40. C. 31 — 39.
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M. JIpBiB: JIBBIBCHKHI Jep)KaBHUN YHIBEPCUTET OE3MEKU KUTTEMISIIBHOCTI, 21
oepe3ns 2017 p., popma yyacti — 3a04Ha.

2. VIII MixnapoaHa HayKoBO-TIpakTHUyHa KoHGepeHuis «Teopis 1 mpakTuka
raciHHS MOXKEX Ta JIKBIJAIli HA3BUYANHUX CUTYaIlii»

M. Uepkacu: Uepkacbkuil iIHCTUTYT MOXKexkHO1 Oe3neku iM. ['epoiB YopHoOus,
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3. XIX Bceykpainchbka HayKOBO-TIpakTH4YHA KOHGEpeHIs (3a MIKHAPOJIHOIO
y4acTio) «PO3BUTOK IIUBIIILHOTO 3aXUCTY B Cy4aCHUX O€3MEKOBUX YMOBAX)

M. KuiB: [HCTUTYT fiep>kaBHOTO yrpaBiaiHHS y cepi HUBIILHOTO 3aXUCTy, 19-20
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4. IX MuixHaponHa HayKoOBO-IIpakTH4yHa KoHGepeHuis «Teopis 1 mpakTuka
raciHHS MOXKEXK Ta JIKBIJAIli HA3BUYAMHUX CUTYaIlii»

M. Uepkacu: Uepkacbkuil IHCTUTYT MOXKEKHOI Oe3neku iM. ['epoiB HopHoOus,
24-25 xotHs 2018 p., popma yuacti — 3a04Ha.

5. XIII MixnapogHa HaykoBo-TipakTHuHa KoHpepeHiis «IIpobnemu Ta
NEPCHEKTUBH PO3BUTKY CUCTEMH O€3MEKHU KUTTENISITBHOCTI

M. JIbBiB: JIBBIBCHKUIN JE€pKABHUN YHIBEPCUTET OE3MEKH KUTTEISIBLHOCTI, 21
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M. JIbBiB: JIbBIBCHKHI JIep>KaBHUN YHIBEPCUTET O€3MEKHU KUTTEIISIIBHOCTI, 7—8
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7. XIV MixkHapoiHa HayKOBO-TIpakTU4YHa KoHpepeHis «IIpobnemu Ta

NEPCHEKTUBHU PO3BUTKY CUCTEM O€3MEKU KUTTENISIIBHOCTI»
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M. JIbBiB: JIBBIBCHKHI JepaBHUN YHIBEPCUTET O€3MEKH KUTTEMIIBHOCTI, 21
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9. Kpyrnmuii ctin «O0’eqHanHsT Teopli Ta MPAKTUKU — 3aropyKa IiIBUIICHHS
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MIPU3HAYCHHSIM
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11. XI MixHaponHa HayKOBO-NpakTH4YHAa KoH(pepeHuis «Teopid 1 mpakTUKa
raciHHS MOKEXK Ta JIKBIJIAIIl HAA3BUYANHUX CUTYyaIii»

M. Yepkacu: Yepkacbkuii IHCTUTYT MOXkexHOi O6e3neku iM. ['epoiB HopHoOuiis
HanionansHOro yHiBepcUTETy LHMBLIBHOTO 3axucty Ykpainu, 09—10 kBitHsa 2020 p.,
dbopma ydacTi — 3a04Ha.

12. IIT Migedzynarodowa Konferencja «Bezpieczenstwo, zarzagdzanie, medycyna
1 kultura fizyczna

Gdansk: Akademii Wychowania Fizycznego i Sportu im. Jedrzeja Sniadeckiego,
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13. Ipyra Bceykpaincbka HAyKOBO-TEXHIYHA IHTEpPHET-KOH(EPEHIIi1
«IHHOBaIIHI ~ TEXHOJOrIl PO3BUTKY MAIIMHOOYAyBaHHS Ta  e(EeKTHUBHOIrO
(GYHKIL10HYBaHHS TPAHCHOPTHUX CHUCTEM)

M. PiBHe: HarrionanbHuii yHIBepCUTET BOJTHOTO rocrnoiapcTBa Ta

npupogokopuctyBanud, 09-11 nmucronana 2020 p., hbopma ydacTi — 3a04Ha.
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14. VII MixnapogHoi HaykoBoO-TexHIUHOI KoH(pepeHii «CydacHi TeHACHIIII
PO3BUTKY MAaITMHOOYIyBaHHS Ta TPAHCIIOPTY»

M. Kpemenuyk: KpemeHuynpkuii HallioHaJIbHUNM YyHIBepcUTET IMeHI Muxaiina
Octporpaacekoro, 11-13 mucromana 2020 p., hopma yyacTi — 3a04Ha.

15. MibkHapoHa ~ HayKOBO-TIpakTHYHa  KoHpepeHIs  «IHTenekTyasnbHi
TEXHOJIOT1i YIpaBIiHHS TPAHCIOPTHUMU MPOLIECAMI)

M. XapkiB: XapKiBCbKUH HAI[IOHATIBHUNA aBTOMOOUTBHO-IOPOXKHIM YHIBEPCHUTET,
17 mucronana 2020 p., dopMa yqacTi — 3a04Ha.

16. XV MixHapoiHa  HayKOBO-TIpakTH4Ha  KoH(epeHis «TpaHcmopTHa
Oe3meka: MpaBoBi Ta OpraHi3aliiiHi aCEeKTH

M. Kpusuit Pir: [doneupkuii topuauunuii iHCTUTYT MBC Vikpainu, 13
mucronazna 2020 p., dopMa ydacTi — ouHa.

17. BceykpaiHncbka HayKOBO-TIpakTU4YHA KOH(pepeHIiss «EHeproepexkTuBHICTS,
€KOJIOTTYHICTh Ta 0€3MEUYHICTh aBTOMOOLIIS

M. JIbBiB: JIbBIBCHKUI JE€pKABHUI YHIBEPCUTET O€3MEKH >KUTTEIISIIBHOCTI, 12
muctomnana 2020 p., popma ydacTti — ouHa.

18. XVI MixuHapogHa HaykoBo-npakTuyHa KoH(pepeHuia «IIpobiemu Ta
MEPCIIEKTUBH PO3BUTKY CUCTEM OE3IEeKH KUTTETISITLHOCTI

M. JIbBiB, JIbBIBCHKUI JEepKaBHUU YHIBEPCUTET OE3MEKHU >KUTTEISIILHOCTI, 23
oepe3ns 2021 p., popma yuyacti — ouHa.

20. IEEE  International  Scientific-Practical Conference Problems of
Infocommunications. Science and Technology

M. XapkiB, XapKiBCbKHI HAllIOHAJbHUN YHIBEPCUTET pajioeseKTpoHiku, 06—09
»oBTHS 2020 p., popma ydacTi — 3a04Ha.

21. XI BceykpaiHChbka HayKOBO-MPAKTHUYHOI KOH(EpEHIli 3 MIXKHAPOJAHOIO
yuacTio «Ha3Buuaiini cutyatii 6e3neka ta 3aXucT»

M. Yepkacu: Yepkachbkuii IHCTUTYT MoOXxexHOi O6e3neku iM. ['epoiB HopHoOwMIIS
HarnionansHOro yHiBEpCUTETY IIUBUILHOTO 3axXucTy YKpainu, 28-29 xostHs 2021 p.,

dbopma ydacTi — 3a04Ha.
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22. MixkHapoaHa HAYKOBO-TEXHIYHA KOH(epeHiii «IlepcniekTuBM
TEJIEKOMYHIKaL1i»

M. KuiB: HamionanbHuit  TexHIYHME  yHiBepcuTeT Ykpainu "KuiBchkuii
noJiTexHiyHuil 1HCTUTYT iMeH1 Iropst Cikopeskoro", 11-15 kBitHa 2022 p., hopma
y4acTi — 3a04Ha.

23. XVI MixHapogHa HaykoBo-TipakTuuHa KoHpepenis «lIpobmemu Ta
MEPCTIEKTUBH PO3BUTKY CUCTEMH O€3MEKH YKUTTETISITBHOCTI

M. JIbBiB: JIBBIBCHKHI JIep)KaBHUN YHIBEPCUTET OE3MEKU KUTTEIISIIBHOCTI, 18
oepesns 2022 p., popma ydacTi — oyHa.

24. BeceykpaiHCbKa HayKOBO-IPAaKTH4YHA KOoH(epeHiis «Hayka mpo UMBUIBHMIMA
3aXUCT SIK [UJISIX CTAHOBJICHHS MOJIOJIUX BUCHUX)

M. Yepkacu: YepkacbKuid IHCTUTYT MOXEXHOI Oe3neku M. ['epoiB HopHoOMIIA
HartionanpHOro yHIBEpCHUTETY HUBUIBHOTO 3aXUCTy YKpaiHu, 26 TpaBHs 2022 p.,
dbopma ydacTi — 3a04Ha.

25.IEEE 9th International Conference on Problems of Infocommunications
Science and Technology

M. XapkiB: XapKIBCbKUI HaI[lOHAJIbHUNA YHIBEPCUTET pajloenekTpoHiku, 07—09
»oBTHS 2022 p., popma ydacTi — 3a04Ha.

26. Bceykpainchbka  HayKOBO-TIpakTHYHa  OHJaH-KoH(pepeHuis  «besneka
JIOPOKHBOTO PYyXy B YMOBaX BOEHHOTO CTaHY»

M. Kpusuit Pir: JloHenpkuii Aep>KaBHUI yHIBEPCUTET BHYTPIIIHIX cripaB, 27
tpaBHsa 2022 p., popma ydacTti — 3a04Ha.

27. XVIII MixHapoaHa HayKOBO-TIPaKTHYHAa KOH(EpEHLIs MOJIOAMX BYEHUX
«IIpob6yieMn Ta MEPCHIEKTUBH PO3BUTKY CUCTEM O€3MEKH KUTTEMISIIBHOCTI»

M. JIbBiB: JIbBIBCHKUI J€pXKaBHUW YHIBEPCUTET O€3MEKH JKUTTEMISIBHOCTI, 25
oepesns 2023 p., popma ydacTi — o4yHa.

28. Tpers MixnapogHa HaykoBo-TipakTudHa KoHpepeHiis «IIpoGnemu
noxexHoi 6e3nexu 2024

M. XapkiB: HarioHanbHMI YHIBEPCHTET ITUBUILHOTO 3aXUCTy YKpainu, 18

kBiTHS 2024 p., popMa yyacTi — 3a04Ha.
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29. XIX MuikHapoAHa HayKOBO-TIPAaKTUYHA KOH(EpEeHIs MOJOAUX BYECHUX
«[Ipobnemu Ta mepCreKTUBH PO3BUTKY CUCTEM OE3MEKU KUTTEMISIIBHOCTI

M. JIbBiB: JIbBIBCHKUI JepKaBHUM YHIBEPCUTET OC3MEKU KUTTEMISIIBHOCTI, 28—
29 6epesns 2024 p., popma ygacTti — odHa.

30. MibkHapoHa HAyKOBO-TIpaKTHYHA KOH(EpeHIis «AKTyalabHI MIpoOjeMH
MoKeKHOT Oe3nmeku Ta 3amoOiraHHs HaA3BUYAMHUM CHUTyalllssM B YMOBax
CHOTOJICHHS

M. JIbBiB: JIBBIBCHKHI Jep)KaBHUN YHIBEPCUTET OE3MEKU KUTTETISIIBHOCTI, 12

rpyans 2024 p., dopma yyacTi — o4Ha.



