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OIIIHKA MOKA3HUKIB KOMBIHOBAHOI JIOKAJIbHOI EHEPTOCUCTEMHA
3 HAKOIIMYEHHSM EHEPT i

Jlucenko O. B.!, Meabnuk O. A>3, Hecrepuyk JI. M.!

' Taepiiicokuii deparcasuuii azpomexrono2iunuil yuieepcumem imeni Juumpa Momophozo,
2Hayionanvnuti mexuiynuti yuieepcumem Yxpainu "Kuigcokuii nonimexuiunuti incmumym imeni lzops Cixopcokozo”,
3Incmumym eionosmosanoi enepeemuxu HAH Yxpainu

YV cmammi nposedena oyinka nokasHUKi6 KOMOIHOBAHOT IOKANLHOI eHePeOCUCEeMU 3 HAKONUYEHHAM eHepeii, Ka
0036071€ 3MEHUUMU CODIBAPMICMb eleKmpoeHepeii 3a PAXyHOK ONMUMAIbHO20 RIOOOPY 0ONAOHAHHS.

IocranoBka mpo6Jemu. B Ham yac cBITOBI KpaiHu
3BEpHYJIM yBary Ha HOBI PH3MKH (DYHKIIOHYBaHHS JIOKa-
apHUX eHepreTnyHux cucreM (JIEC), npu 3HauHOMY 3pO-
CTaHHI YaCTKH 0OMEXECHO KOHTPOJIbOBAHMX MOTYKHOCTEH
Ha 0a3i BITpPOBOI Ta COHSYHOI eHeprii, o 301IbIIye pi-
BEHb BTPAT EJEKTPUYHOI €HEePrii Ta BIUINBAE HA MPOITYCK-
Hy 3/aTHICTb eJeKTpoMepek. HampsMom, 1o akTHBHO
PO3BUBAETHCS B YKpAiHi, € BHKOPUCTAHHI KOMOIHOBaHHX
cucTeM reHepauii enekTpu4yHoi eHeprii Ha 0a3i BiJHOB-
moBaHux kepen eHeprii (BJE). 3 exkoHOMIYHOI TOYKH
30py CIIOCTEPIraeThCsl KOHKYpPEHILIsT MiX TpajuLiHHOIO
EHEPreTHKOIO Ta BiIHOBJIIOBAHOIO 3a PiBHEM co0iBapTOCTI
OJMHUII eHeprii, a «3eleHi Tapupu» € CTUMYJIOM BIPO-
BapkenHs BJIE [1, 2]. BimHoBnroBaHMM JpKepeniaMm IpH-
TaMaHHI XapaKTepHi 0COOJIMBOCTI, a caMe, 3aJIe)KHHUHA BiJ
MTOTOHUX YMOB PEKUM HaaxoIkeHHsI eHeprii. [Tpu mpo-
€KTyBaHHI Ta BIPOBAKEHHI MOTY)KHHX EJIEKTPOCTAHIIIN
HEOOXiIHO MPUIIATH 0COOJIMBY yBary 1o iX MOIIABOTO
BIUTUBY Ha €HEPTeTHYHUIN CTaH 00’ €THAHOI EHEeProCHCTe-
mu kpainn. s JIEC B mpiopuTeTi € omiHKa HaiifHOCTI
eHepro3ade3rnevyeHHs Ta BU3HAUCHHS ONTHMABHOI KOH-
¢irypanii Takoi cucTeMH: po3TallyBaHHs BITPO- 1 COHSY-
Hux enekrpocraniiii (BEC i CEC), moryxHOCTe#H OKpe-
MHUX 00’€KTIB TeHepaii Ta iX CITIBBIJHOIICHHS, a TaKOX
BUKOPHCTAHHS CUCTEM aKyMYJIIOBaHHSI.

AHaJi3 ocTaHHIX A0cTimKkens i mybaikamniii. Ha mi-
JICTaBi aHaNi3y JiTepaTypHuX kepen [1...3] Oymo BcTa-
HOBJICHO, IO HEOOXIiTHICTh CTBOPEHHS €IWHUX TEXHIKO-
€KOHOMIYHHX OCHOB OIIHIOBaHHS SIKOCTI ()YHKITIOHYBaH-
v JIEC € akryanbHOIO. ['0JIOBHOIO €KOHOMIYHOIO YMO-
BoIO TIpu moOyoBi Ta pynkuionysanHi JIEC e minimiza-
1ist cobiBapTocTi enekrpoeneprii [4, 5]. B sxocti Buxin-
HUX JaHWX J0 ekoHoMivyHol ominku BJIE y cxmani JIEC
BUKOPHCTOBYIOTHCSI ICTOPHYHI (CTATHCTHYHI) JaHi IIpo
CHOXKMBaHHS Ta KIIMaTH4HI (aKTOpH, IO CIPHUSIIOTH Bill-
HOBJIIOBaHil reHepanii, mpu LHOMY (IKCYIOTBCS IIOTO-
JIUHHI cepe/iHi aaHi Ta ix nesiamii [6]. [Ipu 3acTocyBanHi
BJIE BaXIuBHM € JOCSATHCHHS IEBHHMX IMOKA3HHMKIB Ha-
NIHHOCTI eHepro3abe3neueHHs, BpPaXxOBYIOYH MIiHIUBY
npupoxy rereparii BEC ta CEC, Tomy icToTHIMH MTOKa-
3HHKaMH HAJIHHOCTI € He JUIIe CepelHE 3HAUYCHHS TeHe-
pariii Ta crioXKWBaHH, a i TIOKa3HUKHU 1X Bapiamii (aucrie-
pcist, MUIBHICTH PO3MOINY, TPAaHUYHI BinxwieHHs). OcKi-
IpKkH croxacTHuHicTh BJIE 00yMOBiIIOE pH3MK 3ainInu-
THCS 0€3 JOCTaTHhOTO EHeprornocradaHHs ab0 iCTOTHO
3HW)KY€ HaJliiHICTh OCTaHHBOTO, BHHUKAE IMpoliemMa BU-
Mipy pU3HKY 1 Horo BIUIMBY Ha BapTicTh eHeprii [7].

Merta crarTi. [IponoHyeTscst MEeTOROIIOTIS PO3paxy-
HKY €KOHOMIYHHUX MOKa3HUKiB komOiHoBaHoi JIEC.
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OcHoBHi MaTepianau gocaigxenns. Cucrema 3 BJIE
JI03BOJISIE 3MEHILIUTH COOIBApTICTH eNEKTpOeHeprii 3a pa-
XYHOK ONTHMalbHOTO Mifbopy oOnajHaHHS, ale HEBH-
3HAYCHICTH, ITOB'SI3aHA 3 BiJHOBIIOBAHUMH CHEPTeTHIHU-
MH pecypcamMu, MOXKe CIIPUYMHUTH HEeHaTiifHe BUPOOHHII-
TBO E€JIEKTPOCHEPTil, [0 B CBOIO YEPTy MPU3BEE 10 HEBU-
3HAYEHOCTI eKCIUTyaTallifHUX BHUTPAT. J|0MaTKOBUM JpKe-
pEeJIoM HEeBU3HAYEHOCTEH € 3MIiHHUH XapaKTep CIIOKUBaH-
HS eleKTpoeHeprii. Takum YMHOM, eKCIUTyaTallifiHi BU-
TpaTH Ha BUPOOHHMLTBO EJEKTPOCHEPTil MOXYTh OyTH
JIOCUTH HerepenoavyyBaHuMu. ToMy MOTpiOEH CTaTHCTHY-
HUH aHali3, M0 BKIIOYAE OIIHKY CTOXaCTHYHOCTI MPOIIe-
CiB, OCKIIBKM JICTEPMIHOBAHHIA PO3PaXyHOK MOXKE IaTH
MMOMIJIKOBE YSIBIICHHS MPO WMOBIPHI BUTpPATH Ta MOTCH-
HiiHy eKkoHoMmito. [Ipu OIiHIOBaHHI PU3UKY SIK CTATHCTH-
YHOTO NOKa3HHWKA YIPABIIHHS PH3UKOM OTPUMY€E HaJiitHe
oOrpyHTyBaHHsA. [Ipy CTaTUCTHYHOMY aHalli3i PU3WUK BH-
MIpIOETRCS 32 JOMOMOTOI0 TaKO1 CTaHAAPTHOI XapaKTepH-
CTHUKH, SIK JIUCTIEPCis Y TOB’s3aHE 3 HEI0 CePEIHhOKBAJI-
patmune BinxwieHHs (CKB). ABropamu Oyiio BcTaHOBIIE-
HO, IO MpH PI3HUX KOMOIHAIISX BITPOBOI Ta COHSYHOL
reHepauii pe3ynbTyloda coOiBapTiCTh OTPUMAHOI EJIeKT-
poereprii Cg, Oyae 3anexary Bill iX Mpomopuii Ta Bimo-
BIIHUX KOEQIIi€HTIB BUKOPUCTAHHS BCTAHOBJICHOI IOTY-
skHOCTi (KBBIT), 32 YMOBH TOTO X OOJaaHaHHA Ta (piHAH-
COBHX YMOB, a caMe
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k° — KoediLieHT BUKOpUCTaHHs noTy)HOCcTI BEC.
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COHSIYHHUX YCTaHOBOK CTa€ MOKJIMBHM BHU3HAYATH PE3yJib-
TYIO9y COOIBapTiCTh €NEKTPOCHEPTii IUIsl Pi3HUX IOTO-
HUX YMOB, Tipu 1boMy BapiatuBHicTE (CKB) renepariii €
Maixke JIiHIHHO TPOTIOPIliiiHa HOMIHAIBHIHN MMOTYXHOCTI, a
BimHocHa CKB (Cy=0/R) B maHMX yMOBaXx 3ajieKaTUMe
JIUIIIE BiJl TIOKa3HWKA TPOTOPITT W, 3a BUHATKOM MaJlUX



3HaueHb R, Je R - cymapHa HOMiHaJbHa IIOTY)XHICTh
B/IE, a moMiTHUM CTa€ BILIMB Bapialliil CIO)KHBAHHS.

B Tabn.1 HaBeneHO pe3ynbTaTH PO3paxyHKY BiJHOC-
HOi BapiaTHBHOCTI NMOTEHLIHHOrOHeOaNaHCy MOTYXHOCTI
SK PI3HMLI TeHepawii Ta CIOXUBAHHS NMPHU (aKTHUYHUX
MPUPOJAHHUX (TIOTOMHUX) (GaxTopax MPOTATOM TOCIiKe-
HUX YaCOBHX TIEPiOJIiB.

Tabmums 1 — Pe3ynprati po3paxyHKy BapiaTUBHOCTI
C, HebaraHCy TOTYXHOCTIL

w
R, 1 0,8 0,6 0,4 0,3 0
kBt
JIOKAJILHOTO CII0XKHBaya IpH 1000BOMY IPOTHO3yBaHHI

100 0,387 0,368 0,356 0,350 0,350 0,360

400 0,223 0,186 0,155 0,136 0,133 0,151

800 0,215 0,174 0,140 0,118 0,113 0,133
1200 | 0,214 0,173 0,137 0,114 0,110 0,130

perionanbHoi eneprocuctemu (JJHEC)

300 0,288 0,264 0,246 0,238 0,238 0,254
1500 0,220 0,181 0,150 0,131 0,129 0,149

2000 0,217 0,177 0,144 0,123 0,120 0,122
3000 0,214 0,173 0,139 0,117 0,113 0,133

JUis mpuKIiagy aBTOpaMH BHKOPHCTOBYIOTBHCS JaHi
MOJICJTIOBAHHS TIOBEIIHKH JIOKAIFHOI €HEPrOCUCTEMH Ha-
CEJIEHOTO IYHKTY Ta pPETiOHaJbHOI EHEePrOCHCTEMH
(AHEC)

Ha puc.l 300pakeHO MHOXHWHY 3HAa4YeHb PH3UKY-
nmoxony s pisHux koH(irypamiit JIEC 3 Ttabn.1, a came
3aranmpHOi motykHocTi BJIE (R) Ta mpomopuii "BiTep-
conue" (w), e TOXOI BU3HAYAE COOIBAPTICTh, a PUUK —
BapiaTuBHIiCT. OOBiHA 3HM3Y MHOKMHH 3HA4YCHB € JIiHi-
€10 MOXITUBUX ONTHMAJIbHUX 3HAYCHb.

6,0
Ce, & R=1200

S0 A ¢+ 0 A :

€/kBT-r PO A WR=400
40 0 A A R=200

¢ 0 A
P *m A
2,0 0 A
1,0
0,0 . ; .
0,00 0,10 0,20 0,30Cv

Pucynox 1 — MHOXHHA 3HAYCHD PU3UKY-IO0X0IY
Ut pi3HEX KoHGirypaniit JIEC

Skmo 3a HEeWTpanbHy TOYKY B3STH OpAMHATY MiHi-
MaJILHOTO 3HAa4YCHHS BapiaTHBHOCTI C,, TO BIAMOBIIHO IO
Metoay Jlx.TobiHa [8] TOYKO ONTHMYMY € MIPOHOPINS W
= 0,8 3 mokazuukamu C,= 2,3 €u/kBr-rox, C,=0,17.

ABTOpH CTaTTi 3a3HAYAIOTh, IIO ICTOTHOK CKJIAJ0-
BOI0 KalliTaJbHUX BUTPAT € BapTICTh aKyMYJSTOPHHUX
6arapeit (AKB), Tomy cobiBapTicTs eHeprii Oyzae 3pocTa-
T mporopmiiiHo BapTtocTi AKDB, a BapiaTuBHICTH 3MEH-
IIyeThCs 00epHEHO TpomopIiiiiHo mo moryxHocTi AKB.
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Sk pesynbraT, 3aranpHa norpeda B AKb BusHagaTuMeTh-
¢ sIK JIOJAaTKOBO BapiaTUBHICTIO npu BBenenHi BJIE mo
€HEeProcUCTeMH, TakK 1 3aJJaHO0 BUMOTOIO 110 HaJiHHOCTI,
a ix 3anexxHocTi Big oocsary B/IE e neniniitanmu. Bumorn
II0/I0 HAJIHHOCTI MOXKHa XapaKTepH3yBaTH B TEpMiHax
KBaHTWIIB PO3MOIUTY KyMYJISTHBHOI eHeprii HebamaHCy,
sIKa TIOTpe0ye aKyMyJIOBaHHSA, IPH bOMY aBTOpPaMH TIiJI-
TBEP/HKCHO HOPMANbHUH 3aKOH pO3MOIiUTy HebalaHcy.
3rigao [9] KBaHTHII &, 3 JOBIPYOIO IMOBIPHICTIO Y TOPiB-
HIOIOTh: |K|0,g: K(),9:1,29; |K|0,9: K0,95:1,64; |K|0,95:
K0,975=1,96; |Klo,09= K0,095=2,58. Jlnga mpukiamy aBTOpamu
BUKOPHCTOBYIOThCS AaHi Tabn.l (R=2000 MBT), Tak sx
Takuil piBeHb BIpoBamkeHHs BJIE € mocute Barommwm,
ane peaxbHUM. [loTpeOu B akyMyJlOBaHHI BU3HAYAIOTHCS
yepe3 nobasnene 3a paxyHok BiumBy B/IE CKB kymyis-
THBHOI eHeprii: k,(ox—0ok"), me ingexc «0» cTOCyeThes
IMaHEHTHOI BapiaTHMBHOCTI CIOXXMBAaHHS NPH BiJICYTHOCTI
BJIE, B manomy npuknani ox’ = 570 kBt roxn. [lokasauku
mozo pobasneHoi 3a paxyHok BJIE BapiatuBHOCTI 3 pi3-
HUMU JIOBIpYMMH PiBHAMHU HaBeACHO B Ta0m.3.

Tabnuns 2 — Jlani ana moaentoBanHs o st JJHEC,
nmobosuii mporHo3 (MBT-To)

w 1 0,8 0,6 0,4 0,3 0,1 0
y =0,80 2012 | 1484 993 593 | 452 | 391 | 477
y=0,90 2558 | 1886 | 1263 754 | 574 | 497 | 607
y=0,95 3058 | 2254 | 1509 902 | 686 | 594 | 725
y=0,99 4025 | 2967 | 1987 | 1187 | 903 | 782 | 955

Baprictp kamiTamsHUX BKIaaeHs y cuctemu BJIE 3a
omiakoro cranoButh: w1t BEC 1200 €/xBt-rox, mus CEC
700 €/xBt-ron, niust AKB npubnuzno 200 €/xBt-roa, npu
LILOMY HEOOX1THO BpaxOBYBaTH, L0 TEPMiH EKCILTyaTalil
AKDB npnbnu3HO yABiYl MEHIIMH y MOPIBHAHHI 3 1HIIMM
oOnamHanHsaM. s 3a0e3MeUYeHHs 3a1aHOTO PiBHS HaJili-
HOCTi, TOOTO N1OBipyOi WMOBIpPHOCTI, MOKHa OOYMCIUTH
BapTICTh KalliTaJOBKIaneHb npu BrpoBapkenHi AKD s
3amaHoro piBHA BoposamkeHHs BJIE. OnrtumanbsHy KOH-
¢irypanito BJIE-AKB moxHa 00paTi 32 METOIOM «ITOBE-
pxHi Biaryky». Ha puc.2 HaBemeHa rpadiuHa 3aJexHICTD
BETMYMHA Koe(illieHTa 3pOCTaHHS 3arajibHOi BapTOCTI
0o0mamHaHHSA kxan 32 PaxXyHOK BBEICHHS aKyMYIIOIOUHX
MOTY>KHOCTEH TIpW Pi3HUX PiBHAX HATIHHOCTI () Ta KOH-
¢irypauii BIE (w).

Pucynok 2 — I'padiuna 3aneXHIiCTh BETUINHI
koeimieHTa 3pocTaHHs 3araJIbHOT BAPTOCTI 00JIa THAHHS
kan 32 paxyHok BBeneHHS AKDB mpu pisHuxX p Ta W

Sk 6aunmo, norpeda B AKb 3pocTae 31 30iabLICHHIM
HEKOHTPOJIBOBAHUX KOJMBAHb IOTYXHOCTI, IIPOTE OO0



koH(irypauii JIEC icHyloTh NeBHI ONTHMalbHI CaiBBij-
HouleHHs. Tak, B HaBeJEHOMY NPHKIaAi Ul PerioHajb-
Hoi eHeprocuctemu motpeda B emHocti AKB cknamae 10-
15% Big mobosoi npoxyktuBHOCTI BJIE, a moTyxHOCTI Ha
piBHI 25% Bin BcranoBnenoi nmotyxHocti BJIE mpu 3a-
Oe3rnedeHHI BHCOKOTO DPiBHS HAIiHHOCTI, a came, TOHa
95% rapanroBaHoro 3a0e3nedeHHs. JlaHi CIiBBiTHOIIEH-
HSI MOXYTb PI3HUTHCS JUIS PI3HUX PEKUMIB CIIOKHUBAHHS,
ip POKY Ta TUIY OOJaJHaHHS, IIPH IILOMY CJIiJ BPaxoBy-
BaTH MOJIMBICTh 3aBYaCHOTO TIepeI0adeHHs PiBHIB CIO-
JKUBaHHS Ta TeHepallil, a TaKOoXX HaIiHHICTH pOOOTH Tpa-
JULIHHAX (KepOBaHMX) JXKEpell eHeprii.

Sk mpuknan, Ha puc. 3 300paxyeTbes KOHDIryparis
KOMOIHOBaHMX CHCTEM 30epiraHHs eHeprii 3 TpaguuiiHIM
HAKONMHMYEHHSIM TEIUIOTH W eJEeKTPOeHeprii Ta JoJaTKo-
BUM cIocoOOM 30epiraHHs €Heprii 4epe3 BHPOOHHIITBO
BOJIHIO. 3aBISIKM aKyMYJISITOpY 111 KoHpiryparis 3abe3rme-

Yye YyJOBI MOKJIMBOCTI JUIS ONTHMI3amii elekTpotizepa
Ta MAJIWBHOTO CIIEMEHTA, 3POCTaHHS 1X e()eKTUBHOCTI Ta
TPUBAJIOCTI JKUTTEBOTO LHKIY 32 PaXyHOK OOMEKEHHS
pobouux miana3oHiB, KiNBKOCTI BMHUKAHHS / BUMHKAHHS
Ta 3aro0iraHHsl CTpPUOKaM IMOTYXHOCTI Ta JUHAMIYHUM
HaBaHTaXCHHSM. Y i KoH}Irypamii KoMOIHOBaHUX CHC-
TeM 30epiraHHs eHeprii eIeKTPoIi3ep Ta MaJIWBHI eleMe-
HTH TIOBHHHI JIMIIIE KOMICHCYBAaTH MaKCUMYMH BiJIHOCHO
JIOBrOCTPOKOBUX TEHJCHIIM reHepallii Ta CTIOKHUBaHHS.

Taxki koH(irypariii KOMOIHOBaHUX CHCTEM 30epiraHHs
eHeprii MOXyTh OYTH 3aCTOCOBaHi JUIsl HAAIHHOTO eHep-
ro3a0e3reucHHs, HyIbOBUX IIKIUIUBUX BUKHUIIB, B Mepe-
KCBUX Ta aBTOHOMHHX CHCTEMaX, 3 PI3HUMH MOXKJIHBOC-
TSAMU 30epiraHHs BOIHIO Ta HAKOMUYCHHS TeIUia (Hampu-
Kiaj, OyniBis iHTerpoBaHa abo IEHTpali30BaHa Ha PiBHI
paiioHy 4M TpoMajy, MOXKIHMBO, 3 JOCTYIIOM JI0 MiCLIEBOi
TEIUTO- Ta/ab0 ra30BO1 MEPEeKi).

ext. control
L]

power electronic converter

*

DC-bus
I co rrlml.*’lil:ation-bus energy
¥ + ¥ manage-
— — —1 — ment
— — — —
b [ ]
aPps

home grid x
aAP=PpPv-PL

hot water heat :
storage with el.
heating cartridge

lithium-ion or
lead-acid battery

conversion heat

hydrogen
storage path
{local or district
level)

Pucynok 3 — BapianT KoMOiHOBaHHX cucTeM 30epiraHHs eHeprii 3 JoJaTKOBUM BHPOOHHUIITBOM BoAHIO [10]

ext. control
-
power electronic converter DC-bus r
- -
cnmrnut'llcation-b us energy
J r manage-
—_— ment
L
L
APF1L
il
home grid public grid
aAP=Pprv-PL

lead-acid, Nas,
MNaNiCl or redox-
flow battery

Pucynok 4 — Bapiant koMOiHOBaHHX cucTeM 30epiraHas eHeprii 3 cynepkonaeacatopoM ta Ab [10]

Ha puc. 4 nokasano kouHdirypamiro KoMOiHOBaHHX
cucteM 30epiraHHs eHeprii Uil MOKPHUTTS KOPOTKO- Ta
CepeIHbOCTPOKOBOTO 4YacoBHX Aiana3oHiB. CynepkoHje-
HCaTop TYT (YHKIIOHYE SIK "BHCOKO MOTYXXHHUI" HaKOIH-
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4yyBay, Ui TOKPUTTS IMiKiB, KOMIICHCAIll MEPeXiTHUX
MPOIIECIB Ta MIBUIKOIUIMHHHUX KOJHMBaHb MOTYXHOCTI. Lle
JIOTIOMAra€ YHUKATH MEPEHANPYrd aKyMylisTopa (Hampu-
KJIaJl, BACOKHMX CTPYMIB 3apsIKU Ta IHUKIIB MIKPO3apsIKH



JUIsl CBUHIIEBO-KUCIIOTHOTO aKyMyJIsATOpa) i, sIK HACIIiJIOK,
30UIBIIy€ TPUBAIICTD JKUTTS OaTapeu.

AmHajorivHa KOMOiHOBaHa cucTeMa 30epiraHHs eHep-
rii, jumre 3 3acTocyBaHHSIM "MOTYXHOI" Oarapei (Hanpu-
knan, Oatapel NiTi-ioHHOT a0 3 JiTIH-TUTaHATAMHM) 3a-
MICTh CyIIepKOHIeHCcaTopa. Y IbOMY BHIIAIKy HAKOITHTY-
BayeM Mir Oum OyTW, HampuKiIan, ACIICBHA CBUHIIEBO-
KHCIIOTHHHA aKyMyJISATOp (31 CHEIialbHUMHU JOJNATKOBUMHU
3apSHKAIOUUMHI/PO3PITHIMA TIPHCTPOSIMH, TIPHCTOCOBA-
HUMU JI0 JIiTiH-10HHOT O6arapei poOOUYNMHU XapaKTEepPUCTH-
KaMH).

3aMiCTh CBHHIIEBO-KHUCIIOTHOTO aKyMYJISITOpa MOXHa
BUKOPHCTOBYBATH PEIIOKC-IIPOTOYHY a00 BHCOKOTEMIIE-
parypHy Oartapero Uil CEpeAHBOCTPOKOBHX KOJIMBAHb
nortyxHocti. Orpumana "riOpugHa Oarapes” Moxe OyTn
KOPHUCHOIO /i1 6araTboX CXeM 3 BUKOPHCTaHHSIM BiJHOB-
JIIOBaHUX JpKepen eHeprii. s Takoi kKoHpirypamii noT-
piOeH iHTeNneKTyalbHUH KOHTPOJb 3apsamy (s 06ox Oa-
Tapei) Ta cTpaTerii yrmpaBiHHS €HEprico, 34aTHI TOYHO
MOJICTIOBATH 3apsil aKyMyJIATopa, iX CTaH Ta OIIHKY
BIUTUBY PI3HUX PEXHUMIB POOOTH HAa TPHUBAIICTH CITY)KOU
aKyMyJATopa.

[MomymnsipHi TeXHOIOTIT aKyMYJIATOPHUX Oartapei, ski
B JaHHMH Yac BUKOPUCTOBYIOTHCS JUIS CTAIlilOHAPHHUX CHC-
TEMHUX PO3pPO0OK, BKJIIOYAIOTh CBHHIIEBO-KUCIIOTHI, Cip-
yaHo-HatpieBi (NaS), xnopun Harpito-Hikemro (NaNiCl2),
takok Bimommid sk ZEBRA, wnikens-kaamieBi (Ni-Cd),
mitiii-ionni (Li-ion), 6pomucTnii nmHK (Zn-Br), momicy-
me¢igauit 6pom (PSB) i Bananiii-pemokc (VRB), a Takox
HOBI CHCTEMH, TaKi SIK HOBITHI peryibOBaHi KJIaraHh
(VRLA), cBUHIIEBO-BYTJIECIICBi, METAIO-TIOBITPSHI TEXHO-
norii, UltraBattery, akyMyJsTOpy 3 TOJIIIIIEHAM KOJICK-
TOPOM CTPYMY, BHCOKOS(EKTUBHUN XJIOPHJ HATpito, Ha-
HO-CTPYKTYPOBaHI CHEPreTHYHI Marepiayii B JITIEBUX
Oarapesix Ta in. [10].

Jeski BioMi cy4acHi NMpaKkTH4HI 3aCTOCYBaHHS aKy-
MYJIATOPHHX OaTapeil B eHeprocucreMax Ha OCHOBI Bif-
HOBJIIOBaHUX JDKEpeT eHeprii MOKHa OXapaKTepH3yBaTH
HACTYNMHUM 4iHOM [11]:

1. Kpynai BEC 3 posmoaiieHuM eHepro3oepekeH-
HaM. [loemHaHHS BITPOBOTO pecypcy 3 PO3MOAITIEHUM
aKyMYITIOBaHHSIM JIOTIOMOY€E BUPIITUTH TPoOJIeMy HepiB-
HOMIPHOCTI TeHepamii BiTpoBOi eHeprii. TakuMm YHHOM,
BEC 3HauHOi1 MOTYXHOCTI MOXYTh OYTH iHTETpOBaHi 3
ICHYIOUOI0 MEPEKEIO.

2. KomynanbHi cucremu 30epiranus eneprii (CES).
Cuctema Garapeii [uist CIiJIbHOTO 30epiraHHs eHeprii Mo-
xe OyTH po3po0iIeHa AJIsl OCTPIBHUX €HEPrOCHUCTEM, KOJIN
JIOKAJII30BaHUI CEKTOp PO3MOAIIBHOI €HEPreTHYHOI CHC-
TEMH 130JIb0BaHO BiJ Mepexi. BoHa Moxe miaTpumyBaTu
MIOTOYHI OTPeON KOPUCTYBaiB, HANPHUKJIIA] 3a0€3MeUnTH
pe3epBHY MOTYKHICTb.

AKYMYJSITOPHI CHCTEMH TaK0X BHKOPHUCTOBYIOTHCS
SIK YacTUHA ITOBHICTIO aBTOHOMHOI CHCTEMH TeHeparlii
€Heprii 3 COHsIYHOIO CHEPTi€l0, BITPOM, MaJIO0 TiIpocHe-
PreTUKOI0, BHUKOPHCTAHHSM Oiomacu Ta/ab0 AM3ENbHOI
€JICKTPOCTAHIIii, M0 0OCIyroBye OKpeMi cropyau ado
KOMYHaJbHI MEpexi.

3. Po3noninena inTerposana 10 Mepexi PV-cucrema.
[Mpuennana 6e3mocepeanbo 10 Mepexki abo po3TanioBaHa
Ta MAKIIOYeHa TOpYyY 3 (OTOCNEKTPHUYHOIO CTAHIIIEIO
CHCTEMa aKyMYJIOBAaHHS JIOTIOMarae peryJoBaTy IIBHIKI
3MiHM TeHepallii, 1000Bi KOJIMBaHHSI, MTUTAHHS SKOCTI TO-
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CTauaHHs CHEPTii - 3aiiBi TapMOHIKM Ta HEBIIMOBIIHICTH
Mk notyxHicTio CEC Ta moTpeboro KopHcTyBadiB, Xa-
pakTepHUX A MepexeBux PV-cucrem 0e3 akymyiro-
BaHHS CHEpril.

4. TpancnopTHi 3aco0M 3 HaKOIMYyBayaMH EHEpTii.
CucteMa po3NONUICHHX aKyMYJIsSTOpPHUX Oartapei, BcTa-
HOBJICHHUX JIO0 €IEKTPUYHHUX TPAHCIIOPTHUX 3aCO0iB, MOXKE
OyTH YacTHHOIO JIOKAJIi30BaHOI CTpaTerii eHepreTHYHOI
CHCTeMH IJIsl iHTerparii po3noaijieHoi eHeprii COHAYHOI
eHeprii 3 3a0e3MeYeHHsIM HaIiifHOCTI €HepromocTadyaHHs
B IIEBHIN YaCTHHI EJIEKTPOMEPEKI.

5. YnpaBiiHHA pIBHEM CIIOKUBaHHS KiHIICBOTO KO-
pucryBada. Cuctema 30epiranis Moxke OyTH BUKOpHCTa-
Ha JUIs 3HIDKEHHS BapTOCTi eJeKTporocradaHHs. Taka
mporpamMa MO)Ke JIOTIOMOITH KIHI[EBUM KOpPHCTyBadaM
"3mimryBaTH yac" crioxxuBaHHs eHeprii 3 CEC abo inmmx
BapianTtiB BJIE, abo OyTi BHKOpHCTaHOO JUIsl iHTerparii
cycimaboi PV-cuctemu. Y oMy BUITAJIKy peryJbOBaHi
(30HHI) Tapudu HA SHEPTiI0 CIOHYKAIOTh BHKOPHUCTOBY-
BaTH CHCTEMHU 30epiraHHs JUIsi 3MEHIICHHS BHTpaT Ha
€JICKTPOCHEPTi0 TIPY 3MIIICHH] Yacy 3apsDKaHHS B 30HY
HHU3BKOTO Tapudy, 3 MOAAJBIIMM BHKOPUCTAHHSM HAKO-
IIMYEeHOT eHepril B Yac, KOJIU IOTHT 1 I[iHA BUCOKI.

6. I'myuknit mikoBuii pecypc. "Iliku" abo "mikoBi pe-
cypcn” mpH3HaueHi Ut 00CIyroByBaHHs MIKOBOTO MOMH-
Ty Ha eJIEKTPOEHEPTIIO.

OpnHi€lo 3 abTepHATHB € BapiaHT 30epiraHus eHeprii,
HalpHKIal, aKkyMyJsaTop, SKUH MOXKe 3a0€3Me4NUTH JyT-
JIUBUHN Ta JOCHUTh THYYKUH pecypc B OPIBHAHHI 3 aJMiHi-
CTpaTUBHHUM MIiAXO0JOM 0 KepyBaHHs NONUTOM. Bukopu-
CTaHHS MOJYJIBHOTO aKyMyJsITopa Ui 00CIyroBYBaHHS
MaKCHMAaJIbHOTO TIOMHUTY MOXKE TaKOX OyJe eKOHOMIYHO
e(exTuBHIM.

7. PerymoBaHHS 4acTOTH. TpajHIliiiHO YaCTOTHE pe-
T'YJIIOBaHHS € 110 CYTi 3MIHOIO BHPOOHHYOI €NeKTPHYHOT
MIOTYXHOCTI B TepMiHU 10 XBWIHH. OHaK aKyMyJIIOBaH-
HS €JICKTPOEHeprii Mae MOTEHIal, M0 3a0e3Me4nTh e
3aBIaHHs 32 MUIICEKYH]IH, a TAKOXK Ma€ €KOHOMIYHY IIep-
cnektuBy. CucTeMa akyMyJTIIOBaHHS € OZHUM 13 TOMYJIsIp-
HUX BapiaHTiB 3a0e3NeUeHHs! CTaOUIbHOCTI B €JIEKTpOMe-
pexi.

8. OGeproBuii pe3epB. 3a3BUYali KOMYHJIbHI ITiJII-
pueMmcTBa OepyTh Ha cebe BiAMOBITAIBHICTH 32 MOYKIIH-
BICTh CYMIIIICHHS BTPATH MOTY)KHOCTI HAHOUIBIIIOTO eNeK-
TpOTeHEpaTOpa B MEPEXki 3 MiHIMaJIbHIUM TIOTOKOM HaBaH-
Ta)XCHHS Ta BIAXWICHHSIMU YacTOTH CTPYMY.

V 1iif cutyanii BCi reHepaTopu MaloTh YacTKy pe3ep-
BHUX MOJKJIMBOCTEH, MOB'SA3aHMX 3 iX NEPBUHHUM JDKEpe-
JIOM eHeprii Ta iHepIi€to. Y BUNAJKy TEIJIOBOI €JIeKTpOC-
TaHLii BUTpa4yaeThCsl OJATKOBE IAIHMBO, OCKUIHLKH T'eHe-
parop Oyne mpamioBaTd HWXKYE HOT0 HOMIHAJIBHOI MOTY-
s)kHOCTi. CBOTOJHI BHUKOPHCTOBYIOTHCSI CHUCTEMH 30epi-
TaHHs eHeprii /s 3a0e3nedeHHsT MOXKIHUBOCTI pe3epBY
4yepe3 CHeIlialbHi IMepeTBOPIOBaYi, SKi B3a€EMOJIIIOTH 3
€HEeProCUCTEMOIO.

9. BimcTpouka Ha MOJEpHI3AII0 CUCTEM TIepeaadi Ta
posnominy (T&D). Cuctemu 30epiraHHs € KIIOUYOBUM
BapiaHTOM IS BiAKJIaJeHHS a00 YHUKHEHHS NOTpedu y
MO/IEpHi3allil IepeaaBantbHOi Ta PO3NOAUIBUOl aapaTypH.
OCKiIbKM MOAYJIbHA KOH(QIrypamisi cucreMu 30epiraHss,
HaNpHKIal aKyMyJsITOp, MOXKe OYTH BUKOPHCTaHa JUIs
00CITyrOByBaHHS HEBEIIMKOI KITBKOCTI MIKOBOTO TOMHTY,
He Oyne HeoOXigHOoCTI 30inbmenHs moTyxHocted T i Dy



KOPOTKOCTPOKOBIi mepcrnektuBi. lle Takoxk momomarae
ITOJTOBKUTH TEPMiH ekciuryaTaii ooinanHanns T i D.

10. Cucremu 0Oe3nepe6iitnoro sxusienns (UPS).
AKYMYJISTOpDHS CHCTEMH € BaXJIHMBHM KOMIIOHCHTOM
UPS-texHouorii, 110 BHKOPHCTOBYIOTHCS JuIsi 3abe3me-
YeHHs CTaOUIpHOI Ta HAAIHOI MOTYXHOCTI Yy BHIIAAKY
YYTJIMBOCTI 0 KPUTUYHAX HaBaHTAXKCHb, HATIPUKIA, IS
MEIUYHOTO, OCBITJIIOBAJIBHOTO Ta KOMYHIKaI[ifHOTO 00-
JaHaHHA, 00 MiHIMi3yBaTH a00 YHUKHYTH BTpaTH Ipa-
1e34aTHOCTI a00 MOIMIKOMKEHHS 00J1aTHAHH.

BucHoBok. HaBeneHi mpuKiIaayd cTOCYIOTHCS TIEBHUX
KIIMaTUIHUX YMOB, XapaKTepy CIIOKHBAaHHS €HEPTii, Te-
XHIYHHUX Ta BapTICHUX MTOKAa3HUKIB 00JIaHAHHS, aje 3ara-
JMBHUHA XapaKTep MOBEHAIHKH MapaMeTPiB, 3a TKUMH MOXKHA
onrtuMizyBatu eHeprocucremy 3 BJIE, B 0e3po3amMipHHX
mapaMeTpax Ma€ CXOKUH BHIIIAI HE3aJICKHO BiJ Macmi-
Taly: SIK IS OKPEMOTO HACEIICHOTO IYHKTY, TaK W JIs
TpyIH HacelleHUX IyHKTIB UM PETiOHAIHHOI €HEProCHC-
TEMH B 1iJIOMy. Pi3HUII moAraTimMe uiie B KOHKPETHUX
YHCIOBUX TIOKAa3HUKAX, III0 3aCTOCOBYIOTHCS B MaTeMaTH-
YHII MOJIEITi, Ta B PE3yJIBTYIOUNX CITiBBIIHOIICHHSX.

JlaHi BHCHOBKHM TPYHTYIOTHCSA SIK Ha IMiTamliiHOMY
MOJICTIIOBAaHHI, Tak i Ha Oe3mocepenHiil mepesipii Muis-
XOM aHaNi3y CTATUCTHYHHX JAHUX SK CIIONYYHOI JTaHKH
MiX CIIOCTEPEKCHHSIMH Ta MOJICTIOBAHHSIM, TOMY MOXHA
BBaXAaTH JOCTATHHO aJCKBATHOIO 3aIpOIIOHOBAHI Mare-
MaTHYHI MOJIENIi MPEICTABICHHS BUITAIKOBHX IPOIICCIB,
IO ONMHUCYIOTh OalaHCYyBaHHS CIOXKHBAaHHS Ta TeHEpallii
€JICKTPOCHEPTii 3 BUKOPUCTAHHIM BiTPOBOI Ta COHSYHOI
CHEePTreTHKH.

ITepemik 3amay, sKi MOXKYTh BUPIITYBaTUCS B paMKax
JAaHUX MOJeJel, HajeXaTh MEePeBaKHO 0 MUTAHb ONTH-
Mi3arllii eHeprocucTeM Ha 0a3i BiIHOBIIIOBAHOI €HEPTETH-
KW, OI[IHKH Pe3yJbTATiB €KCIIyaTallii TAKHX CHCTEM, PO3-
PaxXyHKY OYiKyBaHHX ITOKa3HWKIB MPH ITOCTAHOBIN 33134
CHEePronoOCTaYaHHs Ta MEPEANPOCKTHUX MOCHIKEHb. A
TOJIOBHOIO METOI0 Mae OyTH 3a0e3nedeHHs HaAiiHOCTI
MOCTa4YaHHs Ta SKOCTI EHEeprii, CHEPreTHYHOI Ta EKOHOMI-
YHOT €(heKTUBHOCTI.

CraTTs miIroToBICHA B paMKaX BUKOHAHHS MPOCKTIB
HayKOBO-TEXHIYHUX POOIT Ta MiTbOBUX Iporpam Harrio-
HaJbHOI akameMii Hayk Ykpainu: "Kommiekc-M", "Kom-
miekc-3" (KIIKBK 6541030); MiHicTepcTBa OCBITH 1 Ha-
yku: "PecypcoeHeprozbepirarodi pexxuMu nepenadi i me-
PETBOpPEHHS €HEeprii B arpompoOMHCIOBOMY KOMILIEKC"
JP Ne 0116u002726, "ABTOMaTH3a1lisl €ICKTPOTEXHITHUX
cuctem B AIIK" JIP Ne 0116u002728.
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AHHOTAIINA
OLIEHKA ITOKA3ATEJIEA

KOMBUHUPOBAHHOM JTJOKAJIbHON
SHEPTOCUCTEMbBI C HAKOIIJIEHUEM
SHEPTUU

JIsicenko O. B., MenbHuk A. A.,
Hectepuyk /1. M.

B cmamve nposedena oyenka noxazameneu KomoOu-
HUPOBAHHOU JOKAILHOU IHEP2OCUCMEMbL C HAKONICHUEM
OHepauu, KOMopdsi NO360J5Aem YMEeHbUUmMs cebecmou-
MOCMb JJIeKMPOIHEP2UU 34 CUem ONMUMANbHO20 N00O0-
pa obopyodosanusl.

Abstract

ASSESSMENT OF THE COMBINED
LOCAL ENERGY SYSTEM
INDICATORS WITH ENERGY
STORAGE

0. Lysenko, O. Melnik,
D. Nesterchuk

The article assesses the performance of a combined
local power system with energy storage, which allows
reducing the energy cost due to the optimal selection of
equipment.
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