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JOCJIJP)KEHHS POBOTH EHEPIOT'EHEPYIOUOI IJIAT®OPMMU JIJIA
EJIEKTPUUHUX ABTOTPAHCIIOPTHUX 3ACOBIB TA iX
IHOPACTPYKTYPU

Beryn

Ha nanuii MOMEHT MpOTJISAAEThCS YITKO BHUpa)ke€Ha CBITOBAa TEHICHIS -
BIIPOBA/DKEHHA  aJbTEPHATUBHUX  MAJOMOTYKHHX  TIOHOBIIOBaHUX  JUKEpel
enextpoeneprii (EE). Ha Hux moknamaerbcs (QyHKINT MO PO3BAHTAKEHHIO 1 TIO
OalaHCyBaHHIO HaBaHTaXEHHS eJeKTpoMmepek. B ocHOBHOMY, TiJl UKUMHU
noHOBNMOBaHUMHU kepenamMu EE po3ymiloTh pi3HOrO BUAY 1 THIy COHSAYHI
CJIEKTPOCTAHIIii, BITPOr€HEPAaTOPH, TeOTEPMaNIbHI eleKTpocTaHilii Tomo [1-5]. OxHak
HE 3aBXJIM MOJYKHA 3aCTOCYBAaTH BHIIE TepeivueHi JpkepenamMu eHeprii. Lle mos's3ano
3 KOHCTPYKTUBHUMH OCOOJIMBOCTSIMHU TMOHOBIOBaHUX mkepen EE, ymoBamu 1iomo
e(eKTUBHOTO iX BUKOPUCTAHHS, pO3MipaMH, HABHICTIO BIAMOBITHOTO MicCIIs 1 0araTto
iHmMX cnenudiyHuX (akTopiB Ta BUMOT, SKI MPOJUKTOBAHI yMOBaMHU iX
eKcIUTyaraiii. ¥ CBOIO 4Yepry, y BEIMKHUX MICTaX BUMOTH JI0 MICLS pO3TallyBaHHS 1
KOMITAaKTHOCTI TIOHOBIIIOBAaHUX JDKEPEN €HEeprii BUXOASITh HA MEPIINi IJIaH, Mo,
HalJacTile, MOKe HIBEJIFOBATH BCl iX 3rajiaHi mepeBaru. B TakoMy BUTIAIKY, TOCHTH
MpUBAOIMBUMH 3 €KOHOMIYHOI Ta €KOJIOT1YHOT TOYKH 30py € HEBEIHKI CUCTEMH abo
MPUCTPOT, 10 MAIOTh XOPOITY MOOLIBHICTB 1 sIKI MOXKYTh OYTH JIETKO BCTaHOBJICHI B
OyIp-KOMYy MICIll JUIsi 3a0e3MeyYeHHs] aJlbTePHATUBHOTO €IEKTpOKUBIEHHS. [Ipu
IbOMYy, Ma€TbCs Ha yBa3l Te, L0 JAaHl JKEpena €eHeprii 3/1aTHi 4acTKOBO abo
MOBHICTIO 3a0€3ICUNTH CIIEKTPOCHEPTi€I0 KOHKPETHUX CITOKMBayviB [6 - 12].

Eneproresepyrwoua miargpopma

Ile mocmimkeHHS Mae 3a METy TPEICTABICHHS OJHOTO 3 BapiaHTIB TEXHIYHOTO
pimienHs eneprorenepytouoi miathopmu (EIl), sky MoXHa po3risgaTd — sIK
MaJIonoTykHe TMoHoBIoBaHe xkepeno EE [7]. IlpoBegeHo ekcrnepuMEHTAJbHI
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JOCTIIKEHHS TIpoliecy TeHepyBaHHs enektpoeHeprii EIl B 3a1eKHOCTI BiJl KUTBKOCTI 1
CXEM MIAKIIOYEHHS EJNEeKTpOreHepaTopiB A0 ii EJeKTPOMAIIMHHOIO By3dly. Taka
ratopmMa Mae KOMIAKTHI rabapyTHI PO3MIPH 1 TPU3HAYEHA [l YCTAHOBKHU B MICIISIX 3
BEJIMKOIO MIPOXiIHICTIO JtofieH. [1pu iboMy BoHA MOXKe OyTH BCTAHOBJICHA SIK BCEPEIMHI
NPUMILIEHHS, TaK 1 30BHI. J[JIs1 MPOBEACHHA EKCHEPUMEHTAIBHHUX IOCIIKEHb OYJI0
pospobsieno nocmiaauii 3pa3zok Ell. Enexrpomarmmunawmii By3on EIT moxe mpairoBatu 3
onqHuM abo JBoMa eneKkTporeHepatopamu - KpokoBumu nauryHamu (KII). Ipu
BUKOHaHHI Kpoky Ha EIl iine mpouec reHepauii eIeKTpoeHeprii, SKUil mojsrae B
MePETBOPEHHI KIHETUYHOI €HEeprii KpoKy B enekTpuuny [10-14].

Ha puc. 1 npencraBnena cxema enektpuyna-npunuunosa Ell, ne aktuBHuil onip
R - € onopoM 11yHTa, Ha SIKOMY BUMIPIOETHCS CUTHAJ HATIPYTH.

BigmoBigHO 10 po3po0sieHOT KOHCTPYKIliEr0 Ha 0a31 MyJbTHIUIIKATOpa 3
HPSIMO3yOMMH KOJIECAMH 1 MPECTABICHOT SJICKTPUYHOT MPUHIMIIOBOT cXeMoto (puc. 1),

Oys0 po3pobiaeHo koHCTpyKiito EIT
L 2

VD
€1 C2 C R

.
Pucynok 1 — Cxema enexrpuuna-npunuumnosa EIT

KonctpyktuBHi  ocobmuBocTi  po3pobsienoi EIl  m103BoJAIOTE TPOBOJUTH
nociipkeHHs: B pexkumi redepainii EE okpemo koxknoro K/ ta mpu napanensHomy
miakmouenni agox K/ [1, 3, 8, 11-13,15-17].

AHaJi3 pe3yabTaTiB NPOBEJICHUX EKCIIEPUMEHTAIBHUX JAOCTIIHKEeHb, a TAKOXK 1X
00poOKa MOKa3yIoTh, 10 MPH MPsIMOMY 1 3BOpOoTHOMY HampsMmky pyxy EIl renepye
pizHe 3HaueHHs EE. Tak, npu npsmMoMy HampsSMKy pyXy CEpeIHE 3HAaYCHHSI
sreHepoBaHoi EE 3a oqun kpok npu migkmodenHi Asox KJ[ cranosuts ~1,11 Br, npu
3BopoTHOMY ~0,62 BT. ¥ TOIf wac sk mpu miakmaroueHHi omHoro KJI, 3reHepye
~0,66 Bt 1 0,46 BT BiamosigHoO.

BucHoBku

[IpoBeneno ekcnepuMeHTaNbHI aociipkeHHs npouecy reHepyBanns EE EIT B
3QJIEKHOCTI BiJI KUIBKOCTI Ta cxemH miakmrodeHHs KJ[ mo 11 enexTpomammmHOro
By3ny. Taka minatdopma Mae KOMIIAKTHI rabapuTHI pO3Mipu 1 TpU3HAYCHA IS
YCTAaHOBKHU SIK YCEPEIHHI MPUMIINIEHb, HA TPAHCIOPTHUX 3ac00ax, Tak 1 30BHi, Ha
iHpacTpyKTypHUX 00’ €KTaX TPAHCIIOPTY B MICIIX 3 BEJIMKOIO IMTPOX1IHICTIO JIFOJICH.

Jlns  TpoBeAEHHS CKCICPUMEHTAIBHUX JOCIIDKeHb OyJIo  po3polJieHO
nociigauit 3pazok EIl 3 enekrpomMammmHHIM BY3J7I0M.
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BATTERY MANAGEMENT SYSTEM

Conditionally, in an electric vehicle, there are 3 main constituent elements
(systems): an energy source, a propulsion system and an auxiliary system.

The battery management system is one of the important elements of an energy
source. This system is able not only to provide data exchange with the charger, but
also to regulate the operation of the batteries in such a way as to maximize their
performance in various conditions, as well as inform the user about the degree of
their legal capacity.

Batteries of electric vehicles consist of a plurality of series-connected
accumulators, which cannot be identical in mass production. Capacity, internal
resistance, self-discharge rate and degradation of the same type of battery are always
slightly different.

This effect is most characteristic when the battery is divided into several
modules of batteries connected in series and placed in different compartments of the
electric vehicle (in the engine compartment, in the luggage compartment, in the
passenger compartment or under the bottom and suchlike).

With prolonged use of the battery, the problem of its imbalance arises. The
negative impact of the battery imbalance described in the following situation [1].

During the movement of an electric vehicle, the voltage on one of the battery
cells dropped to a predetermined lower level, below which irreversible battery
degradation can occur, that is, this cell or module is discharged. In this case, the
safety system of the electric vehicle will open the battery discharge circuit and the
electric vehicle will not be able to continue driving. But after all, individual cells
were still not completely discharged. And this indicates an inefficient use of the
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