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Pesowe: L[ETS. Ha yoatorsss meppunopusy npu OMCImCTSuL yewmpamsoszion
STermpocHaGaceNia nepiDCOeperEILE FEEMER OSKILH U3 FIONSSHY BAXNOpos YOReH0D
passumin pecuona. [IpueneHue SIEEMPOXUNECKIE HGKOMUMEel SHEPEuL CocoDCmEyem
Skonoruu HudR00 UTU  ETm00CPEHOD MOMIEE  SHEPICYOMEKOSOK, WNOTEGE €
GEMORIGIT CUCMEMAX  SIEEMPOCHAEIEHIA  OMENSCMSEHAIe  NpOSSODUMET  COS0AT
NOGWTEH418 CLCEAR HGRONTENIA SHEPELM MOCYTEH020 MUMG, MpEOHGIHGNEHNME . CHCMPON 1
passepmsisariz0 npaRMSiECKY Ha ToG0l MEPPUMOPUY U PABOMEDULE & OUIMGIOHE oM
"HeCROTURIZ CoMeR TISOSCMIM & OUAINAOM UCTOTHERUL 00 KOMIIERCOS § QCAMIL NezaSM
METOT. Henomsosax xemod neonpederemrs soxcumerell Jlapaoea s nputoseenus x
npoguTaM  Nounocmu  nazpyru  Oucpemios  euda  om ewbopa  napavempos
STETMPOUINECRO20 KAKORLMETA SHEPEUY, OOy CIOSTUSCEOUL MURISISYLED PACK00a MONTUSE.
Tonenmas ameamusecras odet ucnomsjen npoguIL  NOWMOCT  HGZZIINL,
CcQopuuposcre N0 €8 HpOGCTIUMETHOCIL U OPUSHMLPOSEHA Ha NpOCMEiL TZOPUMY
NUCIEAHO20 MOUCKA SKCMDEMSG GYHRYUL MMEN ISMHEHUA 6F DEYMENTS, He peua
ommus a0 HeTneinoz0 ypasien B Memoduwy suoNex SH60p OTMETHOCMU
papada naxomumern swepeus. PESVIBIAT llowmsano emusmue Aaxommesa swepeuu a
Ccirenie pacoda monusa Memoouwra cnpasebmea Om  SWIVEIMX PACRodNE
xapamepucmux_swepzoyemaosor. B yerosuxi npoovgyeinss wsiewow npoguel
MOUOC (pBOUILBEIXOONO] M) CUERTPUL OPMUNTENOZ0 MPASIENIE PACCUMHSAONCA
wdusudyarsro. SAKTIOYEHHE. Henomssosaue npedioscentoil Mameuamsiecroil 300e
oBecneuusaem GHiCMpiE PACHEMS: SXOHOMINECKOI] OYEHRI UCMOT:308GIIR STEKMPOIBINECKIZ:
naxomomereil  swepeu T 2asonopuessix nepzoycmaosor, 20e o obT@NETIN 078
CMABUTBAL NPAUEMPOS RAHECTIA 3IETMPOIHEPELL, X KOMDNEPNECHaR MPUSIERGTET OGS
cymecmeeno stue, wex 637 swepoyCMTOSOR Opy2020 $15a.

Kuotessie c108a: 33ERMPONISGNECKL HROMINSTS KPS, TUMUI-AONNGR @ EMOPH
Ganapes, epioyIIMONA CUCMENI SeMpOCHIOIENLS, IPOPIT: VOO HGPYIL
Jan wrnposamua: ATL Gexonos, EA Sezoron, Ad. ASzymasmmos. Hemomsoasmme
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TTPOBTEMSI SEPTETIKIL 2021. T. 23. Ne 1. C. 3-17. doi:10.30724/1988-9903.2021.23-1.3.
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Abstract: THE PURPOSE. In remote areas in the absence of centralized power upply, energy
conservation i one of the key factors for the successful development of the region. The use of
electrochemical energy storage systems contributes 1o the saving of liguid or gaseous fuel of
power planis used in autonomous power supply systems. Domestic manyfacturers have created
‘modulzr-5pe mobile energy storage systems designed for their rapid deployment in aimost any
teritory and operating in the range from several hundred Filovatis in a single design 1o
complexes of tens of megavatts. METHOD. The mathod of indsfinite Lagrange mulipliers was
used in application to the power profiles of the load of a discrete form to select the paramters of
the electrochemical energy storage, causing the minimization of uel consumption. The obiained
‘mathematical mode! use: the pover profiles of the load, formed 8 its duration, and i focused on
the simplest algorithom for the mumerical search for the extremum of a function by changing i
argument, without solving the optimization nonlinear equation. The method includes the choice of
the duration of the discharge of the energy storage. RESULTS. The influence of the energy storage
device on the reduction of fuel consunption s shown The technique is valid for comvex
consumption characteristics of povwer plant. In the context of predicted changes in poier profiles
(vork / weekend deys), optimal control scenarios ave calculated indridually. CONCLUSION. The
use of the proposed mathematical model provides quick calculation: of the economic assescment
of the use of electrochemical energy storage. For gas piston povwer plants, where they are required
to stabilize the parameters of power qualis, ther commercial attractivensss i significantly higher
tham for power planis of another pe.

Key words: electochemical energy storage, lhium.ion storage batery, power plant. povwer
Supply system, load power profile, fueleconoms;

For ctation: Fedotor AL Fedotor EA, Abdullazyanor AF. Use of elecrockemical energy sorage
systems in autonomous porwer supply systems £ reduce fuel consumption of pover istllations.
Pover engincering: rasearch, equipment, technology. 2021:23(1)3-17. doi:10.30724/1995.9903-
2012303147,

Boeaem

B mocreme 1ot nabioTacTs SEICOKaX CKOPOCTS PACTPOCTPENSHEA 0 BCMY MDY
smesTpounomects maxomiTeneh smeprim (HO), TP IO IeeT Mecro Kk poct
BONEOCTE SEEpTOEAKOCTE OTITSRSIX CTaOECE 10 COTeR METZEaTY i METZEaTI-Ta608 C IET
Pasememn 5 XpYESIX JReproCaCTENEX, T2K # FX PasyPYTIRCRS o RECKOTBNY JECITRCD
KotoseTy mnozaTrTacos T memomssosmm 3 wecT Zowoosticrzax [, 2] Tax,
avepancran mpoexTmax Kesmasszs Sminute Solar Energy o6 o mommcar Toronopa co
‘mmelinapersoft mmecTmmmomof xoxmaei Capital Dynamics o CopsecTEon QURERCHpOBasI
‘Zonesout yaacTn s CrpowTeTsCTIe Fa rore ITata KaTioprunt comemermRoro ReproONMITERCE
(solar-pls-storage) Eland Solar & Storage Center. B coctas smeprosomaesca zofayr C3C
stommocrero 400 MBr & masomrems sneprim sommocrso 300 MBI x smeproemocm
1200 MBra 3],

C apyro cropoms, ascrpamsicrar xesmarzn Western Pover mommonema masomens
smeprun Tesla sommocrsio 116 3B  smeprosysoctsro 464 xBrs x nexrpecmnt cern
‘FacenemmRy myKTos SmienCpyE 1 deTRon. B pesyTBTATE ORI MpEOCTZSIT ZOTIORROCTS
Enaterma ecTER ZowoRosTCTD SepESePEPORaTS 52 coSol TuciE (SEPTYZEEOTO)
‘pasmema saexTposmepri: smeproeoco 6 xBr-t mmn § KBt mo neme $ 160w § 190
2em coomsercrzenmo. 32 y@EYD WiEy yUACTING NpOeKTE OTYT  CIOTSSORITS
sapesepmiposasie: #5ei Povwer ik TR SXEYTHpORaER WSSHTOSHOL STOETDOSKEpTH,
EapaGoTamol YCTEOBTERIEA ¥ MEX COTAETIIE TRRCI, © TaCEl SBCOKOH ComeRol
aTEOCTE  TOTpeCTAT: STeNTDOSHEPTHD B SAPeISpERDOSSON OOMeNe B WacH mESKOR
COMmeTHOf EXTHEROCT, TeM CAMS KORONA K2 IPROGPETeRT coBCTREROH CHCTMS XpaRemIR
ssepr 3],

Conpeuermas _apustestypa pocciceolf STerTposKepreTa mpeacrasiier coSo
Coueramme memTpATTIOSaHORD REprOCRASRSRIY OT KpYIR STeKTpOCTaIG C MOLFEDGI
GIoRDE, CoRTmETION  TCORORTTIEDN METICTPIBDG IEKTNECDN CeTII
Famprxeren 220 1B % SEme, % AOKATSMY REPreTENECHT CACTEN C PACpeIeTERROR
rencpammei ot smeproycrarozox yatod vommoc: (uemee 25 MB?) 4]

Cornaceo sxcneptisns onenmay, 5 ZoTo pacTpereTermol TeRCpA X HECTOTIENY
epestems puxommes oxorno 5-10% or cyanapRof SetpaSoriar snexTposmeprm: » Pocem, w10
o0 pacesaTpEaTs xax yerofmeck TpeI GopMHpOZaFIn ROZ0R SHEPrETIIS, OCHOBAEO

)
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s gposx remonormA. OCHORB GAKTOpOLL, CIOGOSCTEYIOIID! CeRe TexEOTOERECKok
B —
STETPOBEPIEHSECHOTO CexTOpa SCIEACTSHE OOIET0 USRI SAIPYSEE  EPYIENX
S7eSTDOCTERII © COOTBeTCTBYAOMR POCTON CESSCIORNOCTH TpORSBOTIOH STeRTpOSEEDIE.
Cymecrsermeti Gaxtop, ToPHmaTIS TPUETCRATETROCT: PECTpETeTREOH TeCpam TIX
‘peacramTene: ey pasmscx oTpacel  STO DREMIE IeF 52 MOWEOCTS 1 THEEMKa POCT2
apahon s ey mo nepenae snexTposmepru 5, 6]

B comm o temmmel pocra Do m T H MEPIOROCIST SEIGENOCTS
ESMCORC)QETETLIR TeHONOIT, K KOTOpED! OTHOCIC (JOpAFOBATIIe TORATHIX CACTENM
snerTpocHaOReS R Gise IPIMERS DDETRM, TEOIOPINERX ¥ THOTPORSEX
SHeproyCTaROzoN, 6Y3eT HOCTOMERD HoSMIRTich Ipefisepox pocTa X SQeRTHEROCTE NoReT
ctam mpmienerme nertpommomecn HD m: ocose DITmOMIN SOSYMYIIOPT
Gaapefi. Hamrame omeprosumes m MommmIx maxommench 5 xasectse IPONSKYTOTIOTO
Yorpoficrea ety remepamic smeprim: 7 € TOTPESIEHEN TOSEOTETO Gt OCEOBOTITSCE OT
mecrmoro Gaemce wemay ¢ mpommoCTEON @ MoTpeGnemAM § obecmemms maEGolee
SKoRoe e paGon smeproyclamosor. DROROMEN AIXOrO o2 OcolemIO
XTyaTBRa% TR CeBepHRTK TepTOpIT CTPAZE, T2e B €0 ZoCTaSKe YSACTEYOT PAKTITICCKE 5Ce
ezt Tpamcaopra [7-111

Tocranosa sazasm

Hamrme momyTmoro meTamoro rasa ke Tpi HeoGROTDIOCTE €0 OTICTER 2TIST
GesaTsTep TS HETOTSORRse 2 ST TEDPHTOPEAX TaSOTOpEESSH 130Ty POREE
SmeproyCTaRozor 1 neNTpocRalAemI NpOMSIIeRTNX § GaTOmSX | motpeSmienci
Snestposmeprim [12]. pmienenee snexrposnomecnms H sfgexmmmmo ra. ofsertax
ererasonoi MpONEIITeRROCTE, TOCKOTEY TosBOTAET ofecTemIT:

— SaNyCR 1EKTPOCTARI (C MY HOGTE e BEESATHOTD BEIXOT2 5 PaCOTSL 3-32 254
5 cemn (ocramossa Typoum). B

~ cores meperpyaK pecTpeseTITe RO CeTH MpH TpOXORICHIT: NEKCIDIYOS BaTPYSKI
(060BeRED SKCTPEOpIAEPEBIX Peskoe HONOIOSAANE, 3 PERIDR SHCOORO PACKA KAPYIIEREE
STeETpoCHAG AR 53 TDHPOEL GaETODOS 1 ZEaPIAHOTO COUTORER i)

~ obecmemims yorofmmyro patory rasomopmensex smeproycramosox (TTIY) mpr
aSpocax rarpyi (sampiniep, mps mcsax resTposrerened) 3, 13]

~ » pemmax Gopomposr peatumEol uomocT: NpE TpOSIEX HNpEEemEY
nomepmmeT, maprsemc Fa SPye © DeUR NPeXOTSpACNIN (OIPORETZIY
acmxposm TmmraTenci 7 oTTOwERER seNTPONaTTITIEK pacuemrenei astonaror 0.4 5B
10, 14].

~ Passimie 1 cosepmeRCTRoSaFHe TeXROTOIIS COMIAIE ¥ IPOREOICTEA HOBSIX THIOD
i oM Garape CHOCOSCTEYET X MAKTITICCKE GESTSTEPHATHERCMY TpMNERSEID 5
TpOCIIeT | RmommOmN, | TpeImemnI % SHpRSome | Mepomeprm
pozoTRTeTROCTER OT ReCKoTRY aecrTEoD ceryra 1 ssme [15-21]

000 «Cactews: masomemzx smepromy, r. Hozocabipes, mmmierc mazepou B
Poccuicxoli benepammm mo paspabiomse nestpommameci: cacren HO. Koumamed
paspasoras: Texsrieckse pemerix H Fa ocHone AT HORFRIR SKYM)RATOpHIR Caraped 3
magron n somedmepro nemomemmmx [23], mocwemee m Komopux  mambonee
‘IpemoTTTeTs o 271 GBICTPOro pasBepTHEARIEY CHCTEN ToKTSROR Tenepam, . |

a1 Korsimapuos nenomseims ssssspomarsscsors H3
- romrelep ¢ sommECRRpEN; 6 —CEOMER € ARYMYTITOpIDS S3rEpeRE
Fig 1. Container vrsion of the siscrochamical device
‘- conainer vith air condioning: & baes rack




image5.png
Tiposinexss swepemura, 2020, moxe 25, 3 1

Merozst

Hinxe mpearzercs setoma susopa onTm@T mapaverpos H3, momomsyensx 5
COCTaBe SHEprOYCTANOROR, 3 HeTEX CHTKeNSA PaC01a TONTE

Paccorpin:  mapamemyo paoT  MNOCINNIE 3 IORABEOE cHCTEMe
STexTpOCHaC KSR C 0T OO BAKCTITETeM SHEPTi, DEC. 2, TIe TPISSATS 0SOSHAeRE
BS - sumomten maommens smepris IS - cormacyoummi TpamcQopmiop.
1 aeyanpasaesni mmeptop, £8 - ssyymsiopsas Gatapes. Boee sTH 3neMeRTi 03pasyIOT B
9308y THOCTH S7RTPONISeCH BAKOMTeTs SHeprits £ B Asuratem seproycranosok M1

. MV mocrymer romm=o 01 ., ON. B ofimew crysae smeproyCraEosi MoT Geimh

PASERRGE B0 MOUBOCTH B THIY. B SeACTSMTSTSOCTE TakOR CTYGaR B MaToR SHepreTAES D
SmexTpoCHSKem MSOTHpORAEL TEPDHTOpIE BTpesaeTc Kpaiie DeTXO H Zatee OyIe
ctars, w10 sce SmeproycTanosss osoTTe. TIOSTOMY JX MOKHO YCIOBHO CRHTATS OTHOH
SREETeNTRH SREPIOYCIAROSKOR TPH DOSRIE I SATATH MFIFETER PACROT TOTTHES.
OmimoseRsie OTHOR T HECKOTKICR SHEPTOYCTEROBOK i OMPETEERRAR YCIOBAR Takke
CocoSerEy T SHeprocSepe e, HO STOT BOTPOC B HACTORIIEH CTaTse He pACCHATPHEIRTCA.

a2 Tipoaprormeas oxesa saescpocsasanss  smasmpommarecns H3.
Fig 2 Schemaric diogram of  poveer plansithan lectochemical devce

Tpemsspimemso meoSRomOMO OMpelenTICR M2 KMNON  mNepsaie  speNemE
[DACCMBTPHBASTCA SATSHR i KA OGDISON CTAT HSeCTeR TDAQHE RATPYIEE K2 STOM NepHOIE.
Tlocaemsee OGCTOMeTSCTS0 FTAETCR FABHADS HeOTpETeTeR: GEXTOPON, TE. PRI pasOTI
HD meoGromne samsams (cefiacy, & EMeReHEe MAIDYSKH EACTyIT @oTow. Ecmi e
cfpopaposars sapariee HexoTops MpHS TR AR S8X0 APITERA BANOTHTEIEM, T0 MOAHO
crommyTics o caryaumen, rorma HO yme paspmien 2 meemm (ceEC) HOOWOTOG
ZOMOTHETETIRA TeHeDAIE MONMOCTE TG0 IO YCIOBHIO CONDARSHER YCTOREROR PaCOTH
TITY, 260 o Y0880 SKORoMIR TomTESS.

Tlepnorit Gaxtop miryer cospamemie OTpeleTeEOrO SapaNes SAISEOTO Pesepsa
SiomEOCTE, EoTopui mpacTiNeCk He cxawmastcr ma evkocts HD. [TTV wyscroimenm: x
‘pesian msaememza sarpysi [3, 13]. Ha puc 3 5 sasectse npimiepa npusenens sarpysomas
Zmarpania xompersof [TV miama MTU §V4000L32 sousemarssoi scommoctes 776 551 (23]
Tnarpmna mosassmeer yaxcmuaToEyo semTmEy maSpocalcSpoca Farpy TP yCIOm
Cotmozenus crammapra SO $5265, coraacmo xotopoyy 218 xaacea smeproyeracecs Gl
Zomycxzeres Tanasor o ToRemER SacTors: ~1§/-25% (spesct soccTaos e wactomat 10.0), 2
2% wcca smeproyeranosox G3 omyeraetca manason ~10-15% (spews soccrasosnemsx
‘sacromst 3 o).

‘Tax, mps pasore [TV marpyseof o7 13% 20 94% Zomyerinio mozsmonats crymesaro
e Gonee 3.§% wommocrs, 50 cocTamuT Tomo 45 £B1, 2 ua [TTY, marpysensoi ma 0%,
zomyerne copoc marpyse 3%, 7e. 248 £B1. B mmmame HY sonescapyer marpysuy 3
TeeEMe HECHOTSRER CeNYHI KOTOPHX IOCTATONEO A1R OTDAOTESE BOSMVIPHEE CHOTEMCE
[PerYTHpOSAU FESONOPIITHEBOTO TEHTATE R  PHRATA HOTROR RarpysKi 52 [TIV.

‘Bropofi $aKTop OOYCIOBTEAET HeOGROTRNOCTS GOpAHPORENA HRTEDSATOS SEpETa
‘paspaza HD, mpemoTaraomie TOCTHAIRE MaKCINATIHOR SKOROMIS TONTHBA, TOX KOTOpe
e miparorca napasierpas H3 [24, 23] Janee sumormsercr Texemmso- sRoRouraeckat Pacier.
KOTOpAE MO X CHOPPERTHPOBATS C YSSTON SATAHEOTD CPOKA OFYTIZSNOCTE HEBeCTIIIE [26]
Tpnersrensieo x TTIV 5 Kauectse GiS03070 BapHENTa, He SKTONELOTD B TOTOTHTeT e
sarpan, pumnercs HO, oecnenasom crabummsatszo pesina [TTY pi Macameon
saspoce marpyoms TIpRMERETeTHO X ImeTuremspaTOPHCH SHePIOJCTAECBEE CTOMMOCTS
‘00080 H3 cpasy BEmO%a1C3 5 0TOTTe T S2TDRTHL

6
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P 3. fprarpasna zomyeroses mrpysox [TIY MTU SVA000L32
Fig 3. GPU load Toleras Diagram MTU SV4000LS2

Marevarusecxas siozeas.

PaccaoTpin: MaTeNATISeCI 0 CTOpOY OTDOCa ZOCTICKSH MEKCHNATSEO SEOROMEE
Ton7iBa Tp Hemossozam HO. Ha PaccaaTpHEaeAoi NETEpEATe SPENERR MOBTOPREMOCTE
rpagxa marpysss: 0; 7] aomsen sumomeaTs Gaase yexay sweprised sapaza W, (o71a coms)
paspaza W (spimana cers) © yuerox KIUL . HD caer OT1aTs TR0 CIOTED SHepri,
CxOT0 B Hero moCTyTIERD, HESNe 0T pASPETICE

T 1T
iR =T =Ty == [Pyt [}
3 n % e

e 1) - KTU cucresns masomnenes suepriss, F, — Mommsocts, sampasmsesces s cerst 5 H3,

", — mpumaras 3 sapammas sommocs; B, — Moo, Tpmmnizesa coreio o H

Ha mpasmme mieor en o TACHPEOG SMEpRML KOTIR CyTowe TP
MOWNOCTE 3ATHCHBIETCR ¢ YCpeTMeRMEN Ha OTUUAORX mrmepsamax spevemt 1o
Py e 30080 TERSRT X OO MOTROCT 10 2 TPOTOTRIEROCTE,
pic.

P 4. Jaarpasoas o scmmmoca Ty
J S ——S—r4
2 o ommocT EarpyS 20 8 TpOTTRIETROCTH,
P, somsocrs marpyms
Fig 4 Load Pover prafls diagran:

1 load porver profle a e bserarion ierval T,
2~ load power profils b s dwason
- PLIoad capaciy

(Cammraes, o s wrepsare spestns T, mpoucsoz sapta HO nocrommmt no semrmme
oo (000 «Taores, pesouemayer Tor 3aptaa 02C [27), a ra wmmepsane speem: T
TpomcRomr e paspr. Banasc seepr (1) oo samacaTs » Caeaywome mze

7







