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OI'JISA/] TA OBGTPYHTYBAHHS BUBOPY HAKOIMUYYBAUIB EJIEKTPOEHEPT 1T
JJIA POBOTHU EJIEKTPOEHEPTETHYHHUX OB’EKTIB

Axkmyansuicme memu docnioxcenns. Jlocniodcents HAKONUYY8auie enekmpoenepeii 0 pobomu eneKmpoeHepeemuyHux
00 ‘cKkmie, xapakmepucmux ma ix paxyeanHsa npu uOOpi muny Hakonuyysaua o 06 ’€Kma 003601ums ONMUMI3y6amu po-
bomu cucmemu 3a2an0M.

Ilocmanoexa npoonemu. Haykoso-mexuiunuii po3gumox ma exonociune cmanoguuje eucysac Oilbul JCoOpCmKi UMo2u
00 efleKmpoeHep2emudHUxX CUcmemi.

Ananiz ocmannix oocnioxncens i nyonixayii. Poszensnymo xiacugixayiio ma 0cHO8HI XapaxmepucmuKy Hasa8HUX HaKo-
nuuysauie eneKmpoenepeii, iXui 0CHO6HI nepesazu ma HeOOMIiKU.

Buoinenns nedocnioxncenux wacmun 3azanvhoi npoonemu. OcHosHOI0 NPOOIEMOIO 3aCMOCYBANHHSA HOBUX TUNIB HAKONU-
uygayie enekmpoenepeii € gi0Cymuicmy ix MAco8020 NOWUPEHHsL HA PUHKY eIeKMPOeHepeemuiHUX 00 'cKmie.

Ilocmanoska 3ag0anna. Memoio pobomu € po3pobxa mMemoouku GU3HAUEHH ONMUMANLHO20 MUNY Ma MoOei yHigep-
CanbHO2O HAKONUYYBAUA eNeKmpoeHepeii i ananiz tioeo nepesas ma HeoONiKis.

Buknao ocnoenozo mamepiany. [Ipogedenuii ananis iCHyIOuUX MUNie HAKONUYY8AYi8 eleKmpoenepzii ma ixHix xapaxkme-
pucmuk. 3anpononoeana Memoou, AKa 6a3yemuvcsa Ha NOPIGHAHHT 6aPMOCMi 0OUHUYT EMHOCTI, 00 EMHOI EMHOCMI, eKoN02iu-
HO20 6nU8Y Mma cmpoKy ekcnayamayii. [lpoananizoéani 0cHo8HI 6IOMIHHOCII KOJHCHO20 MUNY HAKONUYY8AYA eNleKmpoeHepeaii,
ixHi nepesacu ma HeOONIiKU.

Bucnogku 6ionosiono 0o cmammi. 3anpononosana memoouxa 6a3yemvcs Ha NOPIGHAHHI 8APMOCMI OOUHUYT EMHOCHII,
00’ €MHOI eMHOCMI, eKON02TUHO20 6NU8y ma cmpoky excnayamayii. Ilpoananizosani 0CHOGHI 8IOMIHHOCHII KOJICHO20 MUNY

MANbHUL 8UOID HAKONUYYBAYA eNeKmpoeHep2ii 05l eleKMPOEHEPLEMUUHUX 00 €EKMIB.

Knrouosi cnosa: nakonuuysay enekmpoenepzii; akymynamopua bamapes, nimid-ionHuil akyMyasmop,; c6UHYe80-Kucio-
MHUL AKYMYTIAMOP, HIKeNb-KAOMIESUL AKYMYAAMOP,; 8APMICMb 0OUHUYT EMHOCTII.

Tabn.: 7. Puc.: 2. bi6n.:29.

AKTYaJbHICTh TeMHU JOCJisKeHHs. 3 PO3BUTKOM JIIOJICTBO JeAalli O1IbIe BIOCKOHAIIOE
€JIEKTPOEHEePreTUYHI 00’ €KTH, pOOIIAUYH iX OLIbIT O€3MEeYHMMH, EKOHOMIYHO BUT1IHUMU Ta, 110
HaWTO0JIOBHIIIE, €KOJIOT1YHO YMCTUMHU. HakonmdayBayi eJ1eKTpoeHeprii € He3aMiHHOKO YaCTHHOIO
OUTBIIOCTI €JIEKTPOSCHEPIeTUYHUX 00’ €KTIB 1 MPAaBUIIBHUX iX MiAOIp Ta BCTAHOBIICHHS € 3aI10-
PYKOIO BUKOHAHHS BCIX Cy4aCHHX BUMOT.

ITocTanoBka npodjemMu. TexHIYHNI PO3BUTOK HAKOMUYYBAYiB €EKTPOCHEPTii 301IbIIUB
1H(opMaIiifHuA TPOCTip Ta KOMOIHAIT X mapameTpiB. Haitbuibin mommpeHuM HaKOIMUYyBa-
4yeM eJIeKTpoeHeprii € akymynsatopHa 6arapest (AKbB). Bona BcTaHOBIIOETBCS B CHCTEMax CO-
HSYHUX €JIEKTPOCTAHIIIS, BITPOBUX €JIEKTPOCTAHIIIH, €JIeKTpOMOOLIiB, O6e3nepebiifHOro KuB-
nenHs tomo. 3aBagku AKDB Bpaerbcs crabinmizyBaTu BUXIOHY Hampyry, OTpPHUMYBAaTH
€KOJIOTIYHO YHCTY €JIEKTPOCHEPTiI0 B OE3BITPSIHI TOJUHUA ¥ TOAUHU 3 MAJIOIO COHSYHOIO aKTH-
BHICTIO, PyXaTHCh eIeKTpOoMOO1iI0. 3HauHui cekTp BUIB 1 XapakTepucTuk AKb poGuts npo-
1ec iX maoopy A0 BIAMOBIIHOTO €JIEKTPOSHEPTETHYHOTO 00’ €KTY BIAMOBITAIbHIM 3aBIaHHSIM.
Ha puc. 1 300paxeHo elneKTpoeHEpreTUYHY CUCTEMY 13 BUKOPUCTaHHSAM COHSIYHOI eHeprii Ta
nporiecy nepeTBopeHHs ii B enektpuuny 3 AKB.

AHaJIi3 0CTaHHIX JoCHiTKeHb 1 myOJikanii. OcTaHHIMU pOKaMH MpoIiecaM aHami3y, om-
TUMaJILHOTO T1I00PY, 00CITyroByBaHHS, EKCILTyaTallii Ta BIOCKOHAJICHHIO [27-29] nmpucBsueHa
BEJIMKA KUIBKICTh SIK YKPaiHChKUX, TaK 1 3apyODKHUX MyOuikamii. AHami3 mpoBOIUTHCS 3/1€0i-
JIBIIIOTO TEOPETUYHO, IHKOJIM eKCIIepuMeHTanbHo. KoxkHa HacTymHa myOJikarist Oy 1yeThCcsl Ha
CTaJIOMY JOCBI/l TIOTIEpEIHIX HAYKOBUX JIOCIIKEHb Ta iX pe3ynbrariB. HaykoBo-TexHIUHUI
porpec y AaHiil raiysi € T0BOJI 3HAYHUM, & BUMOTH Pi3HOMAHITHUX €IEKTPOCHEPTeTUIHUX
KOMIIJIEKCIB Ta €KOJIOT14HI CTaHJapTH JeAalll 3pOCTar0Th. BOAMOBIAHO 10 3a3HAYEHOTO € HE00-
X1AHICTh TOOYI0OBH HOBOT'O AOCITIIPKEHHS Ha TOCIiIHIN 0a3i monepeaHukiB. Y podorti [27] mpo-
BOAUTKCs oryisi Ta o0rpyHTyBanHs AKD 11t 06’exra. 1lst pobora omy6mikoBana y 2017 p. 1 Ha
CHOT'OJIHI BTpaTHJIa YACTUHY aKTyaJIbHOCT] Yepe3 PO3BUTOK TEXHOJIOTIH, I[iH Ta MOIMUPEHHS THX
gy iHmmx AKbB Ha cBiToBOMY prHKY. AJie 111 poO0Ta € HalO1IbII 3MICTOBHOIO Ta OOIPYHTOBA-
HOIO, IPAaBUJIBHO C(POPMYIILOBAHOIO JIJIs1 OCHOBHU HAIIOi POOOTH.

© 3axapuenko [l. C., Crenenxo C. A., 2020

198



TEXHIYHI HAYKU TA TEXHOJIOTIi Ne 4(22), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

®oTtomopayni 30BHIWHA
I====== eHepromepexa
i= - IHBepTOp 220 B (onujioHanbHo)
HH = |l
SEmEEE Ed
ooooog KoHTponep | i sl e
- i |I E—
NMiynnbHUK g
en. eHepril
T ;" :
AKEM ﬂoGyro(;izcon;mueaqi E|E

Puc. 1. Enekmpoenepeemuuna cucmema

Bunisienns Heoc/iIzKeHUX YACTHH 3arajibHOI npodjemMu. HaykoBo-TexHIUYHUHN mporpec
y CTBOPEHHI HOBUX TUIIB Ta BIOCKOHaIeHHI icHytounx AKD 31ilicHIO€ icTOTHHMIA BIUIUB Ha €J1e-
KTPOEHEPTreTUYH1 00’ €KTH BILJIOMY. ICHYBaHHS BCe JaBHO PO3POOJICHUX Ta JOBEICHUX [0 JIO-
TIYHOTO KiHIIS BJOCKOHAJICHHSI MOJIENI ICHYIOTh Ta € KOHKYPEHTOCIIPOMOXHUMH 3aBJISKH 1X
MOIIMPEHHIO Ta HU3BKIM cOO1BApPTOCTI, 00 3aB/ISIKU X BY3bKOCIICIIaJII30BaHUX OCOOINBOCTEH.
3nebinbioro MopanbHo ctapi Tunu AKbB MaioTh BUHATKOBO HU3bKY BAapTICTh Ha Cy4aCHOMY
PHHKY HaKOTMYYBadiB eJeKTpoeHeprii. Tomy OibIn HOBI, CydacHi Ta €KOJIOT1YHI MOl Ta
turm AKB He € KOHKYPEHTOCIPOMOKHUMH. IX TITHO0KO JOCIIIKYBATH HA CHOTOAHIIIHIM 1eHb
HEMAa€ CEHCY MO MPUYUHI HU3BKOT BIPOBAIKEHOCTI Ta IPAaHUYHO HU3BKOTO MOUIUPEHHS. AJe
3a TaKUMH TUTIAaMH €()EKTUBHE 1 €KOJIOTIYHE MailOyTHE.

IlocTanoBka 3aBaaHHs. MeTOI0 pOOOTH € OTJIs ICHYIOUHX THUIIB HAKOMTUYYBayiB €JICKT-
HUX EJIEKTPOCHEPTETUYHUX 00’ €KTIB PO3POOUTH METOAMKY BHOOPY HAHO1IBII ONTUMATIBLHOTO
TUITY HAKOMTIyBaya eIeKTPOCHEPT1i.

BukJiag ocHOBHOTO MaTepiaJy.

AKBD Bizipi3HSIOTHCS] TAKUMU OCHOBHHUMH ITapaMeTPaMu:

. EMHICTb aKyMYJISITOpA.

. 30BHIIIHI PO3MIipH.

. Tepmin ekcruryaTarii.

. KinbKicTh IUKIIIB TIepe3apsi K.

. Hiama3on po6o4yux Temreparyp.

. [Tapamerpu camopo3psiny.

. IIpucyTHICTh IPUCKOPEHOT 3apSAKH.
. Hanmpyra onniei cekiii.

. Exonoriuni BmacTuBOCTI.

CyuacHi AKB BUKOHYIOTBCS sIK O1MH 200 IeKiIbKa 00’ €JHAHUX Y CHIJIBHOMY KOPITyCi eJe-
MEHTIB. Y 3aJIe)KHOCTI BiJl THITY, €JIEKTPOJIT MOKe OyTH y BUTJISI PiIUHH a00 reio. 3 orsiay
Ha THIT €JICKTPOJITY HEOOXITHO 3aCTOCOBYBATH PI3HI PEKUMHU OOCITYrOBYBaHHS, 3apsIKH Ta
BCTaHOBIICHHS aKyMYJISITOPY.

O 00 1IN DN K~ WK —
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Jlo Haii6inpm nomupenux AKb Hanexars Taki THIH:

1. CBHHIIEBO-KHUCIIOTHI.

2. Hikenb-MeTan-riipuaHi.

3. Hikenp-xaamiesi.

4. JliTiii-10HHI.

5. Jlitiii-3amizo-ocdarHi.

6. JliTiii-moniMepHi.

V 3zanexunocti Big tTuny AKDB Binpi3HS€THCS iX BapTICTh, EMHICTh, TEMIIEPATYPHUN PEKUM
po6oTH, po3MipH, KUIBKICTh HUKIIB nepe3apsaaku Tomo. AKB BUKOHYIOTBCS SIK OJJUH €JIeMEHT
a00 KiJbKa €JIEMEHTIB, MiJIKIIOYeHUX MapajienbHo un nociigoBHo. Jeski suan AKB MaroTh
€JIEMEHTH YIPABIIHHS JUIs 320€3MeUeHHS KOHTPOJIIO PEKUMY 3apsay/ po3psny 1 3abe3rnedeHHs
3aXMCTYy MPH eKCIUTyaTallii.

CaunueBo-kucjoTi AKb (Lead-Acid batteries). Ileii Tun AKb € Haii0Ginbpi mommupe-
HUM Ha PUHKY HAaKOITUYYBaviB €JIEKTPOEHEPTIi. Y 3aJIeKHOCTI BiJI THITY €JIEKTPOIITY CBUHIIEBO-
kucnotHi AKB MoxHa moginutu Ha: 1) 3 piTHUM €JIEKTPOTITOM; 2) 3 TEIEBUM E€IEKTPOIIITOM
(tumm AGM Tta GEL). [Ipunnun po6otu AKB manoro tumy 3acHoBaHUM Ha €EKTPOXIMIYHUX
peaKIisiX CBUHINO 1 JIOKCHUY CBHHIIIO Y PO3UMHi cipuanoi kuciaotu. CBuHLeBo-kuciaoTHI AKB
tunty GEL Ta AGM 3aBasku BiICYTHICTh PIKOTO €JIEKTPOIITY Y CBOEMY CKJIAJ € O1IBII 3py-
YHUMH y BUKOPUCTaHHI Ta HaAiiHUMH [7]. Y Tabu. 1 HaBe1eHO MOPIBHAHHS AKX MTapaMeTpiB
cBuHIeBo-kuciioTHux AKBD.

Tabmums 1
llopisuanusa ceunyeso-xucnomuux AKb
€wmnicTs, | Hanpyra, Pecype po- | 3osHiuHi pos- Bapricrs,
Hazga Ar B 60T, Mipu/Bara N
o p, 3apsanis* | JxIIxB, mwm, kr P
Bosch 6CT-70 S4 026 0092540260 [1] 70 12 15300 260x 11775 x225 2205
Topla 6CT-70 TOP Japan R [2] 70 12 14960 260x 11775 x225 2654
Volter GE (GEL) [3] 60 12 19110 347><117673><168 5970
LogicPower LPM-GL (GEL) [4] 65 12 13900 350><213659><185 4799
VENTURA GPL 1270 (AGM) [5] 70 12 12550 260><212698><229 4771
Merlion MLB-12-65 (AGM) [6] 65 12 11820 350><2lg75><179 3805

IlepeBaramu cBuHEBO-kUCIOTHUX AKD €:

1. Hu3bkuii caMopo3psi.

2. Bucoka KUIbKICTh IIUKITIB 3apsLy/po3psiay.

3. Husbka BapTicTh Ta BUCOKA MOMIUPEHICTb.

4. BincyTHICTh «e(peKTy mam’sTi».

Henomnikamu ceunneBo-kuciiotaux AKD e:

1. Hu3bka nuTOMa €MHICTD.

2. I'muGokuii po3psi MPU3BOAUTH A0 CKOPOUYCHHS YHCIIA IIUKIIIB 3apsSay/po3psy.

3. Toxcuuni pevoBunM y ckinaaai AKb.

4. HeoOXigHICTh JOTPUMaHHS BUMOT JI0 BCTaHOBJIEHHS Ta nepeBeseHHss AKD 3 pinkum TH-
MIOM EJICKTPOJIITY.

Ha Binminy Bin Tunmy GEL, Tunmn AGM mae y cBoeMy ckJiajii BCTaBKH 3 a0COpOyr0uoi CKIto-
TKaHUHHU, 5K1 3B’ s13Yy10Th eJIeKTpoaiT. AKDB manoro tumy mMaroTh OUTBIIT BUCOKY CTPYMU TIPH 3a-
pAAl/po3psi, MEHIILY BapTICTh 1 HMKY1I BUMOTH JI0 HAlIPyTH y IPOIIeCi 3apsiay.
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Buxonsuu 3 nanux, HaBeneHux y tadu. 1 BugHo, 1o okpim mo AKb tumy (AGM) maroTth
MeHIry BapTicth y nmopiBHsHHI 3 AKDB Tuny (GEL) ta Mmenmuii pecypc pobotu. Knacuuni AKb
13 PLAKMM €JIeKTPOJIITOM MAaIOTh 3HAYHO HUXKYY BapTICTh NMPH BiACYTHOCTI BIIMIHHOCTEH y 1H-
mux napamerpax. Taka 3aJeXHICTh criocTepiraerbes 1 Ha npaktuili. JJominyrounmu € AKD 3
PLAKUM €JIEKTPOIITOM.

Jlist Bukopuctanas AKD y enekTpoenepreTuuHux 00’€KTax HEOOXITHUM € BCTAHOBJICHHS
KoHTpoJepa. CunIieBo-kucnoTi AKB He MaloTh y CBOeEMY CKJIajli KOHTPOJIEpY, OTkKe, HeoOXi-
JTHO 3aCTOCOBYBATH 30BHIIIIHI KOHTPOJIEPHU 3apsiTy. 32 TUIIOM PO3IUISIOTh KOHTPOJIEPHU 3apsiay
Ha: 1) mmpoTHO-iMmynbeHOT Moayiswii (LIIM); 2) i3 BiACTeKEHHSIM TOYKH MaKCUMAIIBHOT T10-
TyxHocTi (Maximum Power Point Tracking, MPPT).

Kontponepu tuny IIIM MaroTh MeHIIy BapTICTh 1 MEHIY €(EKTHUBHICTb y MOPIBHIHHI 1
MPPT. Tomy 3 METOIO 3MEHIIIEHHS BAPTOCTI I[OTO TUITY KOHTPOJIEPIB, 3aITPOIIOHOBAHUMN TIJIaH
BIJIMOBU BiJ] BAKOPUCTAHHS Y IXHbOMY CKJIaJi Mikponporecopis, IIJIIC Ta ananoroo-mudpo-
BUX NIEPETBOPIOBAYIB, IIUISIXOM 3aMIlIEHHS IXHIX (DYHKIIIT aHAJIOTOBUMU By3Jamu [26].

SIk ToKa3ye cuTyallisi Ha pUHKY HaKOIIMYyBayiB eleKTpoeHeprii, cBuHIeBo-KkucioTHi AKb
MaroTh HaNOUIbIIIE OMMPEHHS Ta cepy 3acTocyBaHHS. BOHU BiZIPI3HAIOTHCSA JOCTYITHICTIO,
PO3MOBCIOPKEHICTIO Ta HEBUCOKOIO BaPTICTIO.

Hikeab-kaamieBi AKB (NiCd batteries). Hikenb-kanmieBi AKb orpumanu mupoxe mo-
IIMPEHHA K HAKONU4YyBau eJeKTpoeHeprii mpubausHo B nmovatky 50-x pp. XX cr. Haiibins-
HIOr0 3aCTOCYBaHHSI OTPUMAJIM y OPTAaTUBHOMY OOsiagHaHHI npu nomupeHHi 10 50 %. Lei
tun AKDB npaiitoe 3aBIsKy eNeKTPOXIMIYHIHM peakiii riApoKCuIy HIKeM0, BOAU Ta KaaMilo.

[TepeBaramu Hikenb-kaamieBux AKD e:

1. Hu3bka BapTiCTh.

2. 3HayHa KUIbKICTh IIUKIIIB 3apsay/po3psy.

3. Bucoka CTIfKICTh 10 TeMIIepaTypHUX 3MiH.

4. Manuii BHYTpIIIHIH O1Tip.

5. Bucoka mBHAKICTH 3apsIKH.

6. BiacyTHICTh HETaTUBHUX HACIIIKIB «TJTMOOKOT0Y» PO3PSY.

7. MoxnuBICTh BUKOpHCTOBYBaTH Ta nepeBo3utu AKb 6e3 crierianbHUX BUMOT.

Henomnixkamu Hikens-kaamieBux AKD e:

1. Hu3bka eKooTiuHICTh (KaAMili BiTHOCHTBCS O BUCOKOTOKCHYHUX €JIEMEHTIB).

2. Hu3bka nUTOMa EMHICTbD.

3. HasBHIiCTB «e(eKTy mam’sariy».

4. Bucokuii camopo3psi.

Hanwit Tun AKB cepen ycix iHIIUX €IWHUH, 110 Ma€ HAaWKpally BiAgady MaKCHMMalbHOI
€MHOCTI, Ma€ 3HAYKY KIJTBKICTh IIUKJIIIB 3apsiTy/po3psay MPHU NEPioJUIHOMY BMUCHOMY TJIHOO-
KoMy po3psai. OnuH eneMeHT Mae Hanpyry 1.2 B, 110 HuK4Ye HIXK Y CBUHIIEBO-KUCIIOTHIX - 2
B. Y Tabu. 2 HaBegaeHO MOPIBHAHHS NapaMeTpiB Hikenb-kaaMmieBux AKB.

Tabmums 2
Tlopiensanns nikenv-xkaomiesux AKD
. 30BHIIIHI po3- .
Hassa GX%I;(C)TB’ Hampyra, B Pecys: I:IO?;: H, Mipu/Bara BaI;Tl;TB’

A P, 3apal JxIIxB, MM, KT P
Panasonik (P301) [8] 0.6 3.6 1000 53><§3><11 163
Camelion  (T-107) 49%23x20
9] 0,6 3,6 940 0.25 107
Enepria E110 [10] 0.6 3.6 1130 65><14;13><18 73
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Sk koHTpOINEp 3apsaay s Hikenb-kKagmieBux AKbB 3armpornoHoBaHO BUKOPUCTAHHS alrOpu-
T™Y 3 HeuiTkoi Joriku (Fuzzy Logic) [24]. ¥V pe3ynbTari O4iKYETHCS MMiBUINECHHS KITBKOCTI
nukiB 3apsaay/po3psany 1o 3000 ta KK/ HakonmyyBada enekTpoeHeprii.

Hikeab-meran-rinpuani AKB (NiMh battery).

Hikeas-meran-rinpuani AKB (NiMh battery). Hikenb-metan-rinpuaai AKb orpumanu
IIMPOKE TOIMUPEHHS SIK HAKOTTMYYBay eJeKTpoeHeprii mpubau3zno B moyatky 80-x pp. XX cT.
VY nopiBHsHHI 3 Hikenb-kagMieBuMu AKDB maroTe Oinbiry miinbHIiCTh eHeprii. Karox manmx
AKD Bukonanuit 3 ripuay merany. Y Tabi. 3 HaBeACHO NOPIBHAHHS MapaMeTpiB HiKeIb-Me-
tan-rigpuaHux AKB.

[TepeBaramu Hikenb-metan-riapuaaux AKD e:

1. binbira nmuroma eMHicTh (10 30 %).

2. MeHua Bara.

3. MeHI1a CXWIBHICTB A0 «ePEeKTy mam’sTi».

4. binbiia exonoriyHa 0e3MeyHICTb.

Henonikamu Hikenb-metan-rigpuaaux AKD e:

1. MeH1a KUTbKICTh IUKIIIB 3apsay/po3psy.

2. Buma BapTicTh.

3. Menmmii, y nopiBasiaHi 3 NiCd, TemneparypHuii 1iana3oH.

4. MeH111a cuiia CTpyMmy.

5. HemonyctumicTh TIMOOKUX PO3PSIIIB.

6. Bucoxkuii camopo3spsiz.

TaOmumsa 3
Tlopiensanns nikenv-meman-2iopuonux AKbP
. Pecypc po- | 3oBHimHi po3- .
Hazra GX%HS)TB’ Hampyra, B ootH, Mipu/Bara Bapricts,

rol p, 3apsnis* | AxIIxB, MM, kT PH
VB-Power NI-MH [21] 4 72 710 130>(<)lj><15 1163
Dinogy NiMH [22] 16 79 600+ 17x32%100 400

’ ’ 0,72
Traxxas NiMH [23] 3 8.4 590 111(>)<4éé><19 1044

Jlitiii-ionni AKB (Li-ion batteries). Jlitiii-ionni AKb oTpumanu mmpoke nmommpeHHs K
HaKOIMMYyBay €JICKTPOCHEPrii mpuoim3HOo B movyatky 90-x pp. XX cr. Haitbinpmum BUpOOHU-
koM AKB nanoro tuny € kommnanis Sony. Koncrpykuist cyqacuux niriii-ionnux AKb nepen6a-
Yyae BUKOPUCTAHHS KOHTPOJEpiB, ad0 Tak 3BaHUX «smart-Mikpocxem». BoHH naroTh MOXIIH-
BICTh KEpyBaTH 3apsiIHUM TMPUCTPOEM Juisi Oe3MeYHoro W ePEeKTHBHOTO TIPOlecy
3apsanku/po3psiaku. Jis itiii-ionanx AKbB Takox OyIio 3anmpornoHOoBaHO BUKOPUCTaHHS KOHT-
poiepy 3apsay/po3psly 3 BUKOPUCTAHHSIM TEXHOJIOTIT HewiTKoi Joriku [24]. 3a pe3yabTaramu
MOJICITIOBAHHS Ta €KCIIEPUMEHTIB, TaK CUCTEMY J103BOJIsi€ 3MeHIIUTH yac 3apsaaku AKD Ha 20-
23 %. Y tabin. 4 HaBeJieHO NMOPIBHIHHS apameTpiB JdiTiil-ionHux AKD.

[lepeBaramu nitiii-ionHux AKD e:

1. Bucoka muTomMa €MHICTb.

2. Mana Bara Ta raGapTuH1 pO3MipH.

3. Huzbkuii camopo3psia.

4. Benuka KUIbKICTh IIUKIIIB 3apsiAy/po3psy.

Henonikamu mitiit-ionaux AKD e:

1. Bucoka BapTicTh.

2. Manwii niana3oH poOo4ux Temrmeparyp.

3. Cnanaxo-, BUOyXOHEeOe3eYHICTh.
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Tabmuns 4
Topisnanusa nimiu-ionnux AKb
. Pecypc po- 30BHIILHI pO3- .
Hazpa €XI_{1}(C)TB’ Hampyra, B ooTH, Mipu/Bara Bal;“;“’
A p, 3apsamis®* | JIxIIIxB, MM, kr p
BMS Eco Battery [11] 832 24 3000+ 1200%600%640 143013
260
LPLTO[12] 80 48 2700+ 360*‘1‘3(2” 1701 90763
Soluna 4K PACK [13] 20 48 3200 436%630%200 69741
56
WEEKENDER LI-ION 100 12 2470 220%x81x231 10200
[14] 6.25

Jlitili-3anizo-pocharni AKB (LiFePO4 batteries). Jlitiii-3anizo-¢pocdarni AKBb otpu-
MaJli IIMPOKE MOUIMPEHHS K HaKOMMYyBay eleKTpoeHeprii npubim3Ho B movatky 10-x pp.
XXI cr. [k xarox y npomy turmi AKb BUKOpHCTOBYEThCS JiTi-3ami30-pocdart. Y Tadi. 5 Ha-
BEJICHO MOPIBHSAHHS JIESKUX MapaMeTpiB JdiTii-3ani3o-pocharaux AKb.

[TepeBaramu miTiii-3anizo-pocharanx AKD e:

1. binemmii pecypc po6oTu.
. CtabinbHa Hampyra po3psay.
. Hanpyra onniei komipku 3.2 B.

. Binpmuii mikoBui cTpyMm.
. XiMi4Ha 1 TepMIYHA CTAOUIBHICTB.
. CrilikicTh 10 HU3bKHUX Temnepatyp (10 -30°C).

2
3
4. Binpl eKOJIOTiYHI.
5
6
7

Henomikamu mitii-3anmizo-pocharanx AKD e:

1. HasBHicTb «edeKTy mmam’ siTiy».
y

2. Bucoxka BapTicThb.

3. HeoOXiaHICTh TOYHO TOTPUMYBATHCh YMOB 3aps1y/po3psay.

Taomuus 5
Topisuanus aimiti-3anizo-gochamuux AKE
€wmnicTs, | Hanpyra, Pecype po- | 3osmimmi pos- BapricTs,
Hazga A-To B ooTH, Mipu/Bara
ron p, 3apsamis® | JIxIIxB, MM, xr TpH
LUXEON HT12.8-50AH 257%x200%x132
LIFEPO [15] 50 12 3700+ 7.5 9999
][El\éfREXCEED EP48100 100 48 4000+ 483><14737><450 63169
CHALLENGER 12-100 [17] 100 12 2900 450><1222(;><170 13508

Jlitiii-nosnimepui AKB (Li-pol). {anuit Tunm AKB » ynockonanenum Li-ion AKb. Sk enek-
TPOJIIT BUKOPUCTOBYETHCS TBEPAUIA TOTIMEp. 3HANIIUIM HAWOUTBIIOro MOIMPEHHS y ApiOHiH erne-
KTpoHii (MOOLITBHI TeneGoHu, U(poBa TEXHIKA), TOPTATUBHOMY €JIIEKTPOIHCTPYMEHTI Ta €JIeK-
TpoMOOLIAX. Y Tabi. 6 HaBeJEHO MOPIBHAHHS AKX MapameTpiB JiTid-nonimepaux AKB.

[TepeBaramu mitiii-monimepuux AKBD e:

1. Huzbkuii camopo3psi.

2. Benuka niiiapHICTh €HEpTii.

3. MOXJIHBICTh MaTH TOBIIUHY Big 1 MM.

4. MOXNMBICTh MaTH THYYKY (hopmy.
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Henonikamu mitiii-nonmimepuux AKBD e:
1. HeBenukuii cTpyM po3psy.
2. HeBenuka criiikicTs A0 Temmepatyp Hrpkue 3a -20 °C.

Tabmuis 6
Topiensanns nimiv-nonimepnux AKB
€MHICTB, Pecype po- 3OB}.HLHH1 pos- Bapricrs,

Haspa A-To Hampyra, B ooTH, Mmipu/Bara

ron p, 3apsaais* | JIxIIxB, MM, kr pH

Dinogy Li-Pol [18] 1 222 4300 196>;7f><50 6500
34109125 DBK| 100x120x%3

[19] 6 3,7 2300+ 0,05 399
663480SP  Shida 80x%33%6,2

20] 1,5 3,7 - 0.03 402

IMopiBusinHs gociaipkennx Tunis AKb
IopiBusinas aocaimxennx TuniBe AKB. /[ Bubopy onTuMaibHOTO €KOHOMIYHOTO Pi-
HIEHHS HEOOX1IHUM € BU3HAUYeHHs BapTocTi oguHuLi eMHOcTi AKDB K0o)xHOTO 3 THIIB, BUpaXe-

HOIO0 Yy Br-rogunax. J{ns mporo HeoOXiaHO cCKopucTaTiuch Gopmyroro (1):
X
Z = U (D

ne X — Baprictb AKDB, rpH;

C — emuicte AKbB, A-Tox;

Z — Baprictb ogunuili eMuocti AKB, rpu/(BT - ron);

U — Hanpyra, B.

Jnst koskHoro tuiy AKB HeoOXiaHo oOpatu BapiaHT, sIKMI Ma€ HailMEHIy BapTiCTh OJJMHUIII
eMHOCTI. Pe3ysnbratu po3paxyHKy Ta nopiBHsIHb 0Opanux BapiantiB AKb 3aneceHi 10 Tad. 7.

Taomuus 7
Pesynomamu pozpaxynxy
Ne Hazsa AKb Tun AKb |Z, rpu/(Btron) X, rpa C, A'ron U,B
Bosch 6CT-70 S4 026
1 0092540260 Pb/SLA 2,63 2205 70 12
2 | LogicPower LPM-GL GEL 6,07 4799 65 12
3 | Merlion MLB-12-65 AGM 4,88 3805 65 12
4 Enepris E110 NiCd 36,11 78 0.6 3,6
5 Dinogy NiMH 34,72 400 1.6 7,2
6 BMS Eco Battery Li-ion 7,16 143013 832 24
7 CHALL]IE&GER 12- LiFePO4 11,26 13508 100 12
8 34109125 DBK Li-pol 17,97 399 6 3,7

3 oy Ha HaBelEeHI B Ta0J1. 7 pe3yJIbTaTH pO3paxyHKy MOXHA JIMTH BUCHOBKY, 1110 Hai-
JEIIEeBIIUM € CBUHIIEBO-KUCIOTHUH Tull AKDB 3 pigKuM enekTposiToMm. Horo BapTicTh Ha 46 %
MeHIIa 3a Hailbmmk4oro 1o nopiBHsaHHA Tunly AKDB, a came cBuHueBo-kucnornoro 3 GEL ene-
KTpoiiToM. Taki iHOBI pe3ynbTaTH HA CbOTOIHIIIHIN IeHb MOXKJIMBI 3aBJISIKU MMOIIUPEHOCTI Ta
MIPOCTOTI BUTOTOBJICHHsI. TaKOXK Pe3yJIbTaTH PO3paxyHKy HaBEJICHI Ha ricTOrpaMi Ha puc. 2.
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40 -

25 A

10 -

rpa/(Btrom)
EPb/SLA mGEL ®mAGM mNiCd mNiMH mLi-ion mLiFePO4 mLi-pol

Puc. 2. Pe3ynomamu po3paxyHky

k1o 3BepHYTH yBary Ha BIHOIIEHHS 30BHIIIHIX TabaputHux po3mipiB AKbB ta ix macu
JI0 EMHOCTI, BUpa)K€HOi y BT'T0o/1, TO Ha CHOTOHILIHIN IeHb Y TaHOMY MapaMeTpi crocrepira-
€ThCS TIPUOHM3HA PIBHICTH 3aBISKU PO3BUTKY TEXHOJIOT1M BUpoOHMITBa ycix TumiB AKb Ha
ocHoBi JliTito.

Baxxnueum napamerpom AKB Takox € ioro pecypc. 3riiHO 3 OMMCOM Ta PO3TIISAOM KOXK-
Horo 3 TumiB AKD yci Tunu MoxxyTh 3a0€31eYnTH TO0CUTh 3HAYHUH TepMiH BUKOpUcTaHHs. [leit
TEepMiH 3HaXxoAuThcs B Mexax 10-15 pokiB. Haiibinbpimmoro tepmiHny BHKOPHUCTAHHS MOXKHA
orpumaru Big NiCd AKB. CunneBi AKb tpumarots 1ieit mapamerp Ha piBHI 12 pokiB. s
OTpPUMaHHS MOBHOTO TepMiHy BUKopucTtanHs AKD i1 BiicyTHOCTI HOT0 3HWKEHHS KPUTHYHO Ba-
JKJIMBO BUTPUMYBATH yci yMoBH ekciuyaraiii AKDB, Taki sk TeMriepaTypHUid pexuM, TInOrnHa
po3psay/3apsiny, CTpyM 3apsiy, YMOBH 30epiraHHsi, TpaHCIIOPTYBaHHS, 00CITyrOBYBaHHS TOIIO.
Koxen tun AKB mae cBoi cienudiuHi yMOBH i BHOIp ONTHUMAIBHOTO THUITY TaKOX IMOBHHEH
3aJIeKaTH BiJl MOXKJIMBOCTI TOBHOIO MipOIO BUTPHMYBATH I1i BAMOTH €KCIUTyaTarlii.

BucnoBku Bignosinno o crarri. [lepmmii AKb 3’sBuBcst mpubauzno 140 pokiB Tomy i
BIIEBHEHO 3aBOJIOJIIB yCiMa aCTEKTH JIFOJICHKOTO XKUTTS. 3apa3 qyXe CKIaJHO ySIBUTH CBIT 0€3
HakonmuuyBadiB enekTpuyHoi eHeprii. AKB 3acTocoByIOThCS CKpi3b, Bil HAMMEHIIIOTO 10 Hak-
O1IBIIOTO: JTiXTapi, MOOUIbHI TenedOHH, IITAHIIETH, HOYTOYKH, MyJbTH AUCTAHIIHHOTO Kepy-
BaHHsI, PE3EPBHI JKEpea KUBJICHHS, HOBITHI €KOJIOTIYHI €JIEKTPOCTaHIIl1, €KOJOTTYHO YHCTI
TUIH TPAHCHOPTY, KOCMIYHA Talxy3b TOIIO. 3 KOKHUM POKOM JIIOJJMHA CIOXKMBAIO Jienani 0Oi-
JIBITIE eTIEKTPUYHOT Heprii 1 aefani OUTBIIHMA i1 BIICOTOK CIIOKHUBAETHCS CaMe 3 HAKOITUYyBaviB
enekTpoeneprii. Tomy mporiecu BupoOuunrea AKD, ix ekcruryarartii Ta yTumi3aiii moBUHHI 3
KO)KHHUM POKOM TOKPAIyBaTHCh, a PO3BUTOK HOBITHIX TUMIB AKDB He cTosiTH Ha MicIIi.

Skmio OpaTH 10 yBaru He TUIbKH BapTicTh oguHuIi emHocti AKDB, a 1 6ananc nepesar/He-
noJTiKiB Ko>kHOTO 3 TUTIB AKDB 1 yMOBH X BUKOpUCTaHHS, TO HAHO1IBIII ONTUMAJILHUM 1 TIEpPC-
NEeKTUBHUM y MailOyTHbOoMY € Li-ion Tun AKDB i ymoBu ix Bukopucranus. lanuit Tun AKbD nae
MO>KJIUBICTh BUKOPHUCTOBYBATH Horo mpoTsarom 10-15 pokiB, mae 30amaHcoBaHy BapTiCTh OJH-
HUIIl €EMHOCTI, BUpaXeHO1 Yy BT'ron, BeNuKy Harpyry ofHi€i KOMipKH, BUCOKY 00’ €MHICTb y
BiHOMIEHHS 710 00’ emy AKD Ta iioro Macu, HU3bKHI caMOpO3psi] Ta IMUPOKI YMOBH €KCILTya-
Tatii. 3 Ko>kHUM pokoMm nommperHs AKb nanoro tumy 3poctae, BapTiCTh 3HH)KYETHCS, apa-
METpHU Ta XapaKTEPUCTHKHU BIIOCKOHAIOIOTHCS. Y MEPCIEeKTUBI ONTUMANIBbHICTh JAHOTO BUOODPY
Oyne 3poctaru. [lepcnekTuBHUME € po3poOku niTieBux AKD iHImMX THMIB, ajle Ha CbOTOAHI
iXHIM TOJIOBHHM HEJIOJIIKOM € BUCOKA BapTICTh Ta Maja MOUTUPEHICTb.
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Tlomouni 00cniodiceH s BUKOHYIOMBCS 8 MEAHCAX 0ePAHCOIONCEMHOI HaAYKOBO-00CIOHOI pO-
oomu monooux euernux Ne 0120U101554 «Aesmonomui erekmpoenepeemuumi cucmemu 3 Uco-
K010 eghekmueHicmio, NOKpAWEHUMU MACO2AOAPUMHUMU XAPAKMEPUCTNIUKAMU MA NIOBULYEHOTO
HAOIUHICMIO 0/ CHeYIAIbHUX 3ACMOCYBAHD ».
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UDC 621.377
Dmytro Zakharchenko, Serhii Stepenko

REVIEW AND JUSTIFICATION OF THE ENERGY STORAGE DEVICES
SELECTION FOR ELECTRIC POWER FACILITIES OPERATION

Urgency of the research. The study of electricity storage for the operation of power facilities, characteristics and their
consideration when choosing the type of storage for the facility will optimize the system as a whole.

Target setting.Scientific and technical development and the environmental situation make more stringent requirements
for the power system.

Actual scientific researches and issues analysis. The classification and main characteristics of existing energy storage
devices, their main advantages and disadvantages are considered.

Uninvestigated parts of general matters defining. ThereThe main problem with the use of new types of electricity storage
is the lack of their widespread use in the market of electricity facilities.

The research objective.The aim of the work is to develop a methodology for determining the optimal type and model of
universal electricity storage and analysis of its advantages and disadvantages.

The statement of basic materials. The analysis of existing types of electric energy storage devices and their characteristics
is carried out. Methods are proposed that are based on a comparison of unit cost, volume capacity, environmental impact and
service life. The main differences of each type of electricity storage, their advantages and disadvantages are analyzed.

Conclusions.The proposed method is based on a comparison of unit cost, volume capacity, environmental impact and
service life. The main differences of each type of electricity storage, their advantages and disadvantages are analyzed. Using
the proposed technique, the optimal choice of electricity storage for power facilities is made.

Keywords: energy storage, storage battery, lithium-ion battery, lead-acid battery, nickel-cadmium battery, unit cost.

Table: 7. Fig.: 2. References: 29.
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