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METAJTIOHHUX AKYMYNATOPAX M4 YAC PO3PALY
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2JHCTUTYT TPAHCMOPTHNX CUCTEM i TexHonorili HAH YkpaiHu TpaHcmar,
Byn. Mucap>kescbkoro, 5, 49000, M. iHinpo, YkpaiHa;
3[IHiNPOBCLKMIA HaLlioHaNbHNIA yHiBepcUTeT iMeHi Onecst MoHYapa, M. [Hinpo, npocnekT arapia, 72,
49010, m. AHinpo, YkpaiHa;

BaXMBICTb | aKTyanbHICTb aKyMy/lOBaHHSA eNeKTPUYHOI eHeprii NiATBEpMKYETLCA NOAIAMU B CBITi, TEH-
[eHUisMN PO3BUTKY Ta BUKOPUCTaHHSA Pi3HOMaHITHUX eNeKTPUYHINX eHEPreTUYHNX CUCTeM, MOBYTOBMX NPUagis,
KOMM’IOTEPHOID TEXHIKOW, NMpunagamu 3B’A3KYy Towio. OKpiM 3pOCTaHHA PUHKIB CMOXWMBAHHA MeTan-ioHHUX
aKyMynsTopiB, MPOCTEXYHOTbCS TEHAEHLIT Ha MOLLYKW MeTanis, fKi B MofanbLuoMy 6yAyTb MaTV AeLLeBY NMPOMM-
cnosy 6a3y BUA06YTKY, Ta HEOOXifHI XapaKTepUCTVKY LLIOA0 aKyMY/IOKOUNX CUCTEM.

B po6oTi po3rnsagaroTbCs MUTaHHS IOHOOOMIHY MiX eNeKTpoAamMn MeTas10-iOHHUX aKyMynsTopiB, Y AKUX
HOCISIMM 3apsfiB € IOHW MeTaniB, Lo AMYHAYIOTh Y NpoLeci po3paay Bif HEraTUBHOIO eNeKTpoda A0 No3vTUB-
Horo. CTBOpeHa Ta onpo6oBaHa MaTemMaTMyHa MOferb, fka 6a3yeTbCs Ha CUCTEMI PiBHAHb AUKY3iliHOrO NepeHo-
cy, B AKiil piBHAHHA Ans noTeHuiany y dopmi HepHcTa—lnaHka-TlyaccoHa 3amMiHEHO PIBHSIHHAM NOTeHUiany 3
eKBiBa/IEHTHOIO MPOBIAHICTIO. PO3rNaAaloThCs KBasi PIBHOBAXKHI PeXMMU.

Bca poboya 06nacTb CKNafacTbca 3 MOPOBOr0 MPOCTOPY eNeKTPOAIB | HeTpanbHOro cenapatopa. Matema-
TUYHa Mofenb, SIKa BUKOPWCTOBYETbCH, CKNAAaeTbCA 3 PIBHAHb PO3MOAINY NOTEHLianiB, PiBHAHHA po3noginy
KOHLIEHTpaL|il eneKTponiTy, AOMOBHIOETHCA 3aNEXHICTIO MOBEPXHEBOrO €NeKTPUYHOrO CTPYMy eneKkTpofa Bif
nepeHanpyru Ta PiBHAHHAMM, L0 BU3HAYalOTb CTPYKTYPY MOP eNeKTpoda B 3a7eXHOCTI Bifj NMepeHeceHnx mac
BCEpeauWHi eneKkTposa.

PiBHAHHS eneKTPpUYHMX NOTeHLianiB Ta MacoobMiHy AMY3HOro KOMMOHEHTA 3anvcaHi B paMKax Cy4acHol
Teopil eheKTUBHOT eNeKTPONPOBIAHOCTI B aKyMy/naTopax 3 ypaxyBaHHAM CTPYMOOOMiHY MiX TBEPAVMU eNleKTpo-
[amun Ta pigKvM eneKTponiToMm.

Pe3ynbTaTy focnifxeHb nokasanu Take. 3MiHa onopy cenapaTopa (3MiHa MOpPO3HOCTI) NPaKTUYHO He Npu3-
BOAWTb A0 3MiHW FYCTUH CTPYMIB B €N1eKTpodax, afe Npu3BoAUTb A0 AeAKOi 3MiHW caMux NoTeHuianis. 3MiHa
0ropy eNeKTPoNiTy BMNUBAE AK Ha BE/IMYMHU MOTEHLiaNIB B eN1eKTPoAax, Tak i Ha po3nofin BHYTPILLHIX CTPyMiB
MiXK €leKTPOAamMM Ta eNeKTPONIiTOM.

Knto4osi cnosa: mMeTan-iioHHWIA akymynsiTop, cenapaTop, aHof, KaTOA, cMCTeMa PiBHsiHb, NOPO3HICTb,
noTeHuian, AudysiiHnii nepeHoc.

1. Verma J., Kumar D. Metal-ion batteries for electric vehicles: current state of the technology, issues and future
perspective. Nanoscale Adv. 2021. V. 3, No. 12. P. 3384. https://doi.org/10.1039/D1INA00214G

2.Kowenb M.[l. TeopeTUyHi OCHOBM eNeKTPOXiMiuHOT eHepreTukun: JHinponeTposcbK: YAXTY. 2002. 430c.

3. Buk M.B., ®poneHkosa C.B., BykeT O.l., Bacunbes I".C. TexHi4yHa enekTpoximis. YacTuHa 2. XimiuHi mpkepena

cTpymy (EneKTpoHHWIA pecypc): migpyyHuk ans ctya. Kuis. KIMI. 2018. 321c.

4. Ramos A. M. On the well-posedness of a mathematical model for lithium-ion batteries Applied Mathematical
Modelling. 2016. V. 40. P. 115-125. https://doi.org/10.1016/j.apm.2015.05.006

5. Binelo M. F. B., Sausen A. T. Z. R., Sausen P. S., Binelo M. O. Mathematical modeling and parameter estima-
tion of battery lifetime using a combined electrical model and a genetic algorithm. Tend. Mat. Apl. Comput.
2019. V. 20, No. 1. P. 150-167. https://doi.org/10.5540/tema.2019.020.01.149

6. Borakhadikar Ashwin S. One Dimensional Computer Modeling of a Lithium-lon Battery A thesis submitted in
partial fulfillment of the requirements for the degree of Master of Science in Mechanical Engineering. Shivaji
University, Kolhapur, 2013. 71 p.

7. Esfahanian Vahid, Torabi Farschad, Mosahebi Ali . An improved mathematical model of lead-acid batteries
for simulation of VRLA batteries. Journal of Power Sources Symposium. 2007. 9 p. URL:
https://wp.kntu.ac.ir/ftorabi/Resources/Publications/An%20Improved%20Mathematical%20Model%200f%20L
ead%E2%80%93Acid%20Batteries%20for%20Simulation%200f%20VRLA%20Batteries.pdf (Last accessed
on April 28, 2023).

8. Esfahanian Vahid, Kheirhan Pooyan, Bahramian Hassan, Ansori Amir Babac, Ahmadi Goodarz. The effects
of electrode parameters on lead-acid battery performance. Advanced Materials Research. 2013. V. 651. P. 492—
498. https://doi.org/10.4028/www.scientific.net/ AMR.651.492

9. Gu Hiram, Nguyen T. V., White R. E. A mathematical model of a lead-acid cell: discharge, rest, and charge. J.
Electrochem. Soc. Electrochemical Science and Technology. 1987. V. 134, No. 12. P. 2953-2960.
https://doi.org/10.1149/1.2100322

10 Enucees B.W., CouT HO.IM. 3mMiHa noTeHLiany pigMHHOro akyMynsTopa npu 3aMikaHHi 30BHiLLHEro naHuora.
BicHuk JHinponeTpoBCcbKOro yHisepcutety. Cepis MexaHika. 2021. Bun. 25. C. 54-65.

51



11. Yi Zeng. Mathematical Modeling of Lithium-lon Intercalation Particles and Their Electrochemical Dynamics.
Ph.D. Thesis.Massachusetts Institute of Technology, 2015. P. 190. https://dspace.mit.edu/handle/1721.1/99062
(Last accessed on April 28, 2023)

12. Enncees B.W., CosuT HO.M., Bocc B.A. VioHONepeHOC MpU KOHBEKTUBHO — AU(Y3VOHHOM pasgeneHunm
noTokoB. CWCTeMHe NPOEeKTYBaHHA Ta aHani3 XapaKTepuCTWUK aepoOKOCMIUHOT TeXHiku. 36ipHMK HayKoBWX
npaup. AHinpo. 2019. T. XXVI. C. 21-38. https://doi.org/10.15421/471904

13 Shah A.A., Li X., Wills R.G.A., Walsh F.C. A mathematical model for the soluble lead-acid flow battery. J. of
the Electrochemical Society. 2010. V. 157. No. 5. P. A589-A599. https://doi.org/10.1149/1.3328520

14. Bene$ M., Fucik R., Havlena V., Klement V., KolaF M., Polivka O., Solovsky J, Strachota P. An efficient and
robust numerical solution of the full-order multiscale model of lithium-ion battery. Mathematical Problems in
Engineering. 2018. Article ID 3530975. https://doi.org/10.1155/2018/3530975

15. AnocTonosa P.[., 3agopeii H.A., Konomoew, O.B., LLiem6ens E.M. CpaBHWTeNbHas OLeHKa 3athpeKTUBHOCTM
3NeKTPOXMMUYECKOTO NMPeo6pa3oBaHs 31EKTPOXMMNYECKUX CYNb(OUAOB B IMTVEBOM MakeTHOM akKyMynsTo-
pe B 3aBMCMMOCTM OT MPUPOZbI XMAKO(A3HOro anekTponuTa. Bonp. xumum n xum. TexHonorum. 2012. Ne2. C.
186-190. URL: https://udhtu.edu.ua/public/userfiles/file/\VHHT/2012/2/%D0%90postolova.pdf (Last accessed
on April 28, 2023).

OtpumaHo 20.07.2023,
B OCTaTO4YHOMY BapiaHTi 18.09.2023

52



