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3MicT aHOTALil

Y nucepramiiiHiii  poOOTI pO3B’A3aHO  AaKTyallbHE HAyKOBE 3aBJaHHS:
M1BUIIEHHS €()EKTUBHOCTI YNPaBIIHHSA €HEPrOJWHAMIYHUMU PEXUMaMHU T10pUIAHOI
CHUCTEMH €JIEKTPOMOCTaYaHHs 3a HAsIBHOCTI AaKyMyJIOIOYOi CHCTEMH IUIIXOM
pO3pO0OJICHHST HOBUX 1 BJOCKOHAJCHHS CY4YyaCHUX METOJIB Ta MOJeNIeH s
1H(DOpMaIIHHOT TEXHOIOT1T MATPUMKN TPUHHATTS PIllICHb.

VY mepmioMy po3aiuIi mpoaHaidizoBaHO 1HGOpPMAIliiHI TEXHOJOTIT yHpaBIIiHHS
C€HEProJMHAMIYHUMHU  PEeXHMaMu  TIOpUOHOI  BITPO-COHSYHOI  CHCTEMAMH
eJIEKTPOTIOCTaUYaHHsI 3a HAsSBHOCTI aKyMYJIOIOUOi CHCTeMU. Bu3HaueHO OCHOBHI
npoOsemMu, siIKi BUHUKAIOTh B TIPOLIECI YIpaBiIiHHS, HAa OCHOBI SIKUX C(HOPMOBAHO
NepesTik OCHOBHUX 3aBJIaHHS JIOCIIIKESHHS.

BcTaHoBiieHO, 110 MOTYXHICTh BITPOBUX, COHSYHUX a00 TIOPUAHUX CHUCTEMU
€JIEKTPOIIOCTAYaHHS MOXXe OyTH oOMeXeHa JUCHETYEpPOM MEpekl 3 METOIo
30epeKeHHSI EHEepreTUYHoro OanaHCy, a TaKoX, Ui MIATPUMKH CTaOlIBbHOCTI
€HEProJIMHAMIYHUX PEXUMIB poOOTH MEpeX 3araJbHOr0 KOpUCTyBaHHA. B ymoBax
BUPOOHMIITBA €JIEKTPOEHEPTIi BIAMOBIAHO J0 0OMEXEHb AucreTuepa Mepexi (rpadika
HABAHTAXKEHHA) 1 B YMOBaxX 3MiHU MapaMeTpPiB 30BHINIHHOTO CEpeoBUIIa (IIBUIAKICTD
BITPY, IHTEHCUBHICTh COHSIYHOI pajiiallii TOIIO0) aKTyaJIbHOI € 3aBJaHHS BU3HAYCHHS
aKTUBHOTO CKJIaay, TOOTO Ha0Opy BITPOBUX €JIEKTPOYCTAaHOBOK, sIKI O HaWKpalum
YUHOM 3a0e3MeyniIi MOTpeOr KOPUCTYBayiB 3 BpaxyBaHHSIM €()EKTUBHOCTI KOMXKHOI

BITPOBOI €JIEKTPOYCTAHOBKH.



[TpoBeneHo anami3 HasBHUX MIAXOMIB 10 dopMaiizamii 1 METO/I1B BU3HAYCHHS
aKTUBHOTO CKJIQJy BITPOBOi €JEKTPUYHOI cTaHiii. BcraHoBneHo, 1mo 3apa3
MoM(DIKOBaHMI METOJ AMHAMIYHOTO MPOrpaMyBaHHS IMOKa3y€e OJHI 3 HalKpamux
pe3yNbTaTiB MO TOYHOCTI 3HAXOHKEHHS PO3B’s3KYy 1 mBUAKOAIL. OOrpyHTOBaHO, IO
3aCTOCYBaHHS IITYYHUX HEUPOHHUX MEPEXK 1 TEHETUYHI aJrOPUTMHU, JJI PO3B’sI3aHHS
3aBJaHHS 3HAXOJKEHHS AaKTUBHOTO CKJIAQy € TMEpPCHEeKTUBHUM HaMpsMKOM
JOCT1IKEHHSI.

BceranoBneno, mo st epeKTUBHOI poOOTHM OJOKa YIpaBiiHHA TiOpHUIHOI
CUCTEMH €JIEKTPONIOCTa4aHHsI HEOOX1THO PO3POOUTH MOAEIb AKYMYJIFOI0UOi CUCTEMH 3
BpaxyBaHHSIM OCOOJMBOCTEH (PI3MKO-XIMIYHUX TMPOIECIB 1 pexumy 3apsany. Taka
MOJENIb  JI03BOJISIE  MPOTHO3YBaTW  KUIBKICTh  €HEprii, fAKa MoOxke OyTH
3apsKeHa/po3psiKeHa MPOTATOM 3aJIaHOr0 TEepioAy 4acy, 1o HEOOX1THO JJisi TOro
o6 MojentoBaTd PoOOTY TIOPHAHOI CHCTEMH E€JIeKTPOIIOCTayaHHs 1 HaJaBaTH
peKoMeHaalli JUCeTyepy.

Ha ocHoBI npoBeieHOro aHami3y chOpMOBAHO METY 1 3aBJAaHHS TOCTIIKEHHS.

B npyromy po3aini JOCHIIKEHO MPOLEC YMNPaBIIHHSI E€HEproJAWHaAMIYHUMHU
pekruMaMu TIOpUIHOI CHCTEMH €HEpPrormoCcTayaHHsS 3a HAsBHOCTI aKyMYJIOIOUO1
cuctemMu. Ha OCHOBI aHami3dy cCy4aCHUX MIAXOMIB JO YIPABIIHHS TiOpUIHUMU
CUCTeMaMu po3po0JIeHO HaAOIp MPOAYKUIMHUX MpaBuUi, 110 J03BOJISIE OOIPYHTYBATH
MOMEHTH peaiizailii Kepylouux BIUIMBI 3 METOI 3MIHU PEXHUMIB POOOTH €JIEMEHTIB
CUCTEMHU €HEPrornocTavyaHHs.

Po3pobiieno Monens mporecy 3apsay-po3psaay aKyMyJIOIY0i CHCTEMH, IO
BUKOPHUCTOBYETHCS TUISt MOJETIOBAHHS poboTu riopuaHOi CUCTEMH
SJIEKTPOIIOCTa4YaHHs 1 (popMyBaHHSI peKOMEHAIlN s qucnetdepa. Ha Bigminy Bif
ICHYIOUMX MojeneH, Ui (yHKIIOHYBaHHA SKUX HEOOX1JHA BeJHKa KIJIbKICTh
HEJITHIMHUX 3aJIe)KHOCTEH 1 pI3HOMAaHITHUX eJIeKTPO(I3MUHUX apaMeTpiB, po3podIieHa
MOJIEIb  JO3BOJIAE JIOCATHYTH 3aJ0BUIbHY TOYHICTH 3@ MEHINOI KUIBKOCTI
oOumucoBanbHUX. JJIs TIEpPEeBIPKA KOPEKTHOCTI PO3POOJICHOT MOJENl BHUKOPUCTAHO

MOJIeJIb Ha OCHOBI €KBIBAJICHTHOI CXeMH. Pe3ynbTaT KOMIT IOTEPHOTO MOCITIOBAHHS



NoKa3aju, 0 CePEelHs PI3HULA MK OOMEXEHHSIMH Ha MOTYXKHICTh 3apsAay-pO3psay
JUIs1 PO3po0JIeHOT MOEII 1 MOJIeNIl Ha OCHOB1 €KBIBaJIGHTHOI cxeMu ckiaaae 1% mpu
3apsai 1 6% 1po Po3psIL.

[IpoBeneHO CTATHCTUYHUN aHAITI3 JaHWX IHTEHCUBHOCTI COHSIYHOI pajiiartii s
JEKUIBKOX PErioHiB YKpaiHWU, YTOUHEHO CEpelHE 3HAYeHHS KoedillieHTa mpo30pOCTi
atMocepu s UMX perioHiB. OTpuMaHi pe3yiabTaTH AO03BOJIAIOTH YTOYHUTH
OYiKyBaHy MOTYXHICTb COHSUHUX TMaHEJNEW Il KOHKPETHUX PErioHIB YKpaiHu, 110
HEOOX1/THO MPHU MPOEKTYBaHHI TOPUIHUX CUCTEM €HEPTONOCTaYaHHs.

J1J1s1 OIIHKY K1JIBKOCTI €JIEKTPOEHEPT1i, 110 MOXke OyTH 3reHepOBaHa COHIYHUMU
NaHeJIIMU 32 3a/laHui NMPOMIDKOK 4acy Jjisl JaHoi reorpadiqHoi TOUYKH, PO3poOJIeHO
MeToa nepeadadeHHs. Po3poOieHnii MeToa J03BOJSIE OLIHUTU «Ha 100y Hamepem»
KUIBKICTh €JIEKTPOEHEPrii, 10 MOXe OyTH BHpPOOJEHAa MPOTATOM OJHOIO JIHA
COHAYHUMH maHemsiMu. [lepenOaueHHs 3A1MCHIOETbCS 3a JIONOMOIOK  JaHHUX
METEONPOrHO3Yy MPO XMAPHICTh B 3aJaHUN MeEpioj Yacy 1 iCTopii MeTeopoIOridHUX
CTIOCTEPEKEHb.

OnHuM 3 €IEeMEHTIB METONy IependadeHHs € po3poO0JICHO MOJENb MPOLECiB
NEpPEeTBOPEHHA COHSYHOI eHeprii. Po3poOiena Mopenb J03BOJIsiE BU3HAYUTU
MOTYXKHICTh COHS'YHUX TMaHEeNel 3 BpaxyBaHHSM OCOOJMBOCTEH pO3TalllyBaHHS PSIiB
COHSIYHMX MaHesel. BXITHUMU TaHUMU MOJIEI €: TIO3UIII0 COHILIS Ha HeO1 (KyT Haxuiy,
a3UMyT); CyMapHy IHTE€HCHUBHICTb COHSYHOI pajiallii, 0 IMajae Ha COHSYHI TMaHel,;
Koe(dirieHTa KOPUCHOT /i1 COHAYHUX MaHEeJNIeH; TeOMETPUUHUX MapaMeTPiB COHIYHUX
naHesnei (KyT Haxuily, a3UMYT COHSTYHUX MaHesel, BIACTaHb MIXK PsIaMH).

OTpumMaHni pe3yJIbTaTd BUKOPUCTAHO MpPU Po3poOIll 1HHOpMAIiiHOT TEXHOIOT 1T
JUTSl CUCTEMHU TIATPUMKU MPUHHATTSA PINIEHb MPU yIPABITIHHI €HEPTOAMHAMIYHUMHU
pPEKUMaMH T1OPHUIHUX CHCTEM CJICKTPOIIOCTaYaHHS.

B TperbomMy po3aini 3acTOCOBAHO IITYYHI HEHpPOHI Mepexi 1 TeHETHYHI
ITOPUTMH ISl PO3B’S3aHHSA 3a/adi BU3HAYCHHS AaKTHBHOTO CKJIAAy BITPOBOI
eJIEKTPUYHOI CTaHI1. 3ajaua BU3HAUCHHS aKTUBHOTO CKJIaJly TOJSTa€e B 3HAXOIKEHH1

TAaKOro HabOpy BITPOBUX €JEKTPUYHUHN YCTAHOBOK, TAKMM YMHOM, 100 MIHIMI3yBaTu



BIIXWICHHS MK HABAaHTAXEHHSAM, SKE HEOOXITHO 3TeHEepPyBaTH, 1 TOTYXHICTIO
BITPOBOI €JEKTPUYHOI CTaHIli, a TaKOXX MaKCHUMI3yBaTu Koe(]illieHT €(EeKTUBHOCTI
akTUBHOTO ckimany. KoegilmieHT eQeKTUBHOCTI aKTMBHOTO CKIaay — 1€
y3araJibHIOIOUMNA KPUTEpi aKTHUBHOTO CKJaay, LI0 BpaxoBye€ Takl MapaMeTpH, SK:
KUIBKICTh BUPOOJICHOI €Heprii, TeXHIYHUN CTaH, KUIbKICTh BKJIFOYEHb Ta BUKJIIOYCHbD,
qac HarpallfoBaHHs, 1 1HIIII.

Jlyis BU3HAYEHHS! aKTUBHOTO CKJIaJly BUKOPUCTAHO MOBHOPEKYPEHTHI HEHPOHHI1
Mepexki. JlocmiKeHO TpH TOMOJIOTiT MEpeXki 1 TpU CIoco01B HaBYaHHS: 0e3 BUUTENS; 3
BUYHUTEJNIEM, POJIb SIKOTO BUKOHYE METOJ| IOBHOIO Mepedopy; 3 BUUTENIEM POJIb SKOTO
BUKOHY€ MOJU(PIKOBAHUIA METOJ] TMHAMIYHOTO ITPOTrpaMyBaHHS.

Jlns  BHU3HAYEHHS ONTUMAJbHOI KOH(Irypamii TE€HETUYHOrO alropuTMy
JOCIIIIKEHO KOMOIHAIli 3 BOCBMHU METO/IIB CEJIEKIIll, TPhOX ONEPATOPIB CXPEILyBAHHS
1 1BOX omepaTtopiB wmyrtamii. Haiikpami pe3yinpTaTd MOKa3ad B KOMOIHAI:
KOMOI1HaIlis JIIHIITHO paHTOBOT'O CEJIEKTOPAa 3 PIBHOMIPHUM CXPEIlyBaHHIM; KOMOIHAIIs
TYPHIPHOTO CEJIEKTOPa 3 PIBHOMIPHUM CXPEIyBaHHSM.

Jns  nepeBipku  €(EKTUBHOCTI  JOCIHKYBAHMX  METOMIB, TMPOBEIEHO
KOMIT'IOTEpHE  MOJICIIOBaHHS POOOTH CHUCTEMH YTMPABIIHHSI EHEPreTUYHUMU
peXKUMaMu BITPOBOI €JIEKTPUYHOI CTaHIIii, 3 BUKOPUCTAHHSIM KOKHOTO 3 METO/IIB, a
came: MOAM(IKOBAHOTO METOAY AWHAMIYHOTO MPOrpaMyBaHHS; pPEKYPEHTHHX
HEHPOHHHUX MEPEK; TEHETUIHUX aJITOPUTMIB.

Ha ocHOBi anHanmizy OTpUMaHHX pe3yJbTaTiB, OOIPYHTOBAHO BHUOIp METOMY
3HaXOJ[)KCHHsI aKTUBHOT'O CKJIa/Iy 3 BpaxXyBaHHSIM IMapaMeTpiB 4acy po3B'si3aHHs 3a1adi
1 JIOMyCTUMOIro po3Mipy HeOamaHCy MOTy>KHOCTed. OTpumaHi pe3yJbTaTu
BUKOPUCTAHO B TPOIIECI MPOCKTYBAHHS CUCTEMU MIATPUMKU MPUUHATTS PIlICHb MPU
YIPaBIIHHI eHEPTOAUHAMIYHUMHE PEXUMAMU T1OPUTHUX CUCTEM €JIEKTPOIMOCTa4YaHHS.

3 MeTOI0 JOCHTIKEHHS BIUIMBY €MHOCTI aKyMYJIIOIOYOi CUCTEMH Ha CEpeaHE
BIIXUJICHHSI TOTYXHOCTI, TOOTO Ha PI3HUII0O MDK CyMapHOIO T€HEepalli€lo
eJIEKTpOoeHepTii Ta rpadikoM HaBaHTAXKEHHS, TIPOBEICHO KOMIT IOTEPHE MOJIEIIOBAB

peXKUMIB POOOTH TIOPUIHOT CHUCTEMH E€JIEKTPONOCTauYaHHS JUIsl JIBOX MOJENeH



aKyMyJIroro4uoi cucremu (po3polOiieHa MoJieib, MOJEIh Ha OCHOBI €KBIBaJICHTHOI
CXEMH) 1 JJIs1 TPhOX METOJIB BU3HAYCHHS aKTUBHOIO CKJIaay (Moau(piKoBaHUN METON
JUHAMIYHOTO TPOTpaMyBaHHS, IITY4YHI HEHPOHI Mepeki, TeHETHYHI aJTOPUTMH).
OTpuMaHi  pe3yiapTaTH  JO3BOJIAIOTH  OOTPYHTYBAaTH  €HEPreTUYHY  €MHICTh
aKyMyJIIOIOYOi CHCTEeMH 3 BpaxXyBaHHSAM JOMYCTUMOIO pPO3MIpy HebanaHcy
MOTYKHOCTEM.

Y derBeproMy po3Aimi Po3po0ICHO eIeMEHTH 1H(POPMAIIMHOI TEXHOJOTI]
NIATPUMKHA TPUUHSATTA PIMIEHb MPHU YOPaBIiHHI €HEPrOJWHAMIYHMMH PEKUMaMU
riOpUHUX CHUCTEM €JIEKTPONOCTauyaHHs. B mporeci po3poOKH BUKOPUCTAHUIMA
¢perimBopk Spring Boot, a Takox 111abIoHM TPOEKTyBaHHs: Mo 1e/b-TIPEICTaBICHHS -
koHTpoJiep (MVC); cTpareris; oguHak; mpokci; (hadpuka.

[Tpu po3poOI1l BUKOPUCTOBYBAIUCA TaKi 3aC00H, SIK: MOBa ITporpaMyBaHHs Java;
cepenoBuiie po3podku IntelliJ IDEA ans moBu nmporpamyBanHs Java, ppeliMBopku
Spring Boot, 1o pearnizye npuHIUI iHBEPCii 3aI€KHOCTEH; Ia0JIOH MPOCKTYBAHHS
MVC mst opranizaiiii apXiTeKTypyu CUCTEMH.

OcHOBHA 3ajaya CUCTEMU HIATPUMKU NPUUHATTS PIIIEHb — 1€ HaJaHHS
pEeKOMEHAAIN TUCTIETYepy TOPHUIHOT CHCTEMH €JICKTPOIIOCTAYaHHS OO0 YIIPABIIHHS
CHEProJMHAMIYHIUMHU DPEXKUMaMH poOOOTHM B yMOBaxX OOMEXKEHHS T'€HEPOBAHOI
MOTY>KHOCT1 BIAMOBIAHO 10 rpadika HaBaHTaKEeHHS. J[J11 1[bOro HEOOXITHO MIBUIKO
BHU3HAYATH aKTUBHUM CKJIaJ BITPOBOI €EKTPUYHOI CTAHIII1, 3 L1€0 METOIO IPOTrPAMHO
peanizoBaHO Ha0Ip TaKWX METOJIB, SK: METOJ| MOBHOTO IMepedopy, METOH TiJIOoK i
IpaHUllb, METOJI IMHAMIYHOI'O POrPAMYBaHHS, MOAU(PIKOBAHUIA METOJ TUHAMIYHOTO
nporpamMyBaHHs, IITY4YHI HEHUPOHI Mepexkli, TeHEeTUYH1 anropuTMu. Po3pobienuii
enemMeHnTu iHdopmatiiaoi TexHosorii iHTerpoBano 3 SCADA-cucremoro. SCADA-
CHUCTEeMa BUKOPHUCTOBYETbCA MJisi 300py, OIpAalOBaHHS 1 MNPEICTaBICHHS JaHUX
aucrneTyepy riOpuaHOi CUCTEMH €HEepPronoCcTayaHHs .

OcCHOBHI HayKOBI pe3yJIbTaTH AUCepTalli OTpuMaHi y GopMi pyHAaMEHTATbHUX

Ta IIPUKIIAIHUX I[OCJ'IiI[)KeHBZ



* [IpoBeneHo anamni3 giTepaTypHHUX JHKepen MO0 3aCTOCyBaHHS 1H(QOPMaLIHHAX
TEXHOJIOTIA JJIs YNpaBJIiHHA EHEProJAMHAMIYHUMH PEKUMaMU TIOPUIAHUX CHCTEM
€JIGKTPOTIOCTAYaHHs 32 HAsSBHOCTI MOHOBJIOBAJBHUX JDKEpEN eHeprii, 3a0e3rneyuB
MOJKJIMBICTh JOCTIANTU X 3 BHU3HAYCHHSM TepeBar i HEOOJIKIB, Ha MiACTaBl YOro
OOIpYHTYBATH aKTyaJIbHICTh TEMHU, METH Ta 3a7a4 JOCIIIKEHHS.

* Po3po0seHO METOJT KOPOTKOTEPMIHOBOI'O TPOTHO3YBAHHS MOTYXHOCTI
COHAYHOI €JIEKTPUYHOI CTaHIlli Ha 6a31 METEOPOJOTIYHOTO MPOTHO3Y 3 BpaxyBaHHSIM
BU3HAYCHOT0 Koe(dimienTa mpo30pocTi arMocdepu, mo 3a0e3MeYuio MOKIUBICTh
JOCITIJIPKEHHSI TMHAMIYHUX PEXUMIB T'e€Hepallii 3 MeTOol0 (pOpMyBaHHS PIIICHb IIOJI0
yHpaBIiHHSA T1I0PUIHOI0 CUCTEMOIO €JIEKTPONOCTaYaHHS.

* Po3po0ieHo Mojenb AMHAMIKA MPOIECIB 3apsaay-po3psay aKyMyJIHOHUOol
CHUCTEMH 3 BpaXyBaHHSIM CIIOCOOY ii peanizaliii, 0 JO3BOJSAE€ YTOUHUTH PE3YyJIbTATH
JIOCITIJIPKEHHSI YMOB OaJlaHCy €Heprii 3 MeTOI0 (OpMyBaHHS YIPaBIIHCHKUX PIIICHb Ta
OOIPYHTYBAaTH OINTUMAJIbHY EHEPIeTUYHY €MHICTh aKyMYyJIOIOUYOi CUCTEMH Jis
3a0€3ME€UYEeHHS]  MOXJIMBOCTI  €(EKTUBHOTO  YNPABIIHHA  E€HEProJWHAMIYHUMH
npoiecaMu. PI3HUIS MK TOTYKHOCTSIMU 3apsiiy-po3psay sl po3po0iaeHoi Moaeri 1
MOJIe/I1 Ha OCHOBI €KBIBaJICHTHOT cXeMu He repeBuiye 10%.

* YI0CKOHAJIEHO METO]I BU3BHAYEHHSI aKTUBHOTO CKJIaTy BITPOBOI €IEKTPUYHOL
CTaHI[li LUIIXOM 3aCTOCYBAaHHS PO3POOJIEHOI MOJENl JUHAMIKM MPOLECIB 3apsy-
PO3pALY aKyMyJIOIOYOi CHCTEMH, IO J03BOJSE YTOUHUTH PE3yJIbTaTH BU3HAUYCHHS
HeOaIaHCy TOTYKHOCTEH.

* Po3po6iieHO MeToa BU3HAYEHHS aKTUBHOTO CKJIAaay BITPOBOI €IEKTPUYHOL
CTaHIlli, SIKUA 3a PaXyHOK BUKOPUCTAHHS CYKYNMHOCTI T€HETHMYHUX AQJITOPUTMIB 1
MTYYHUX HEUPOHHUX MeEpexX, 3alde3rnedye MMABUINCHHS IMBUIKOII BUOOpY Ta
a/larTaliio akTUBHOTO CKJIa1y 10 YMOB 30BHIIIHBOTO CEPEOBUILA.

* Po3pobsieHo mporpamMHy peaiizaliilo MOJeNi JTUHAMIKH TPOIECIB 3apsaHy-
pO3psily aKyMYJIOIOUOT CHUCTEMH, METOJY KOPOTKOTEPMIiHOBOTO TMPOTHO3YBaHHS

MOTY>KHOCT1 COHSTYHOI €JIEKTPUYHO1 CTAHIII] Ta METOTy BU3HAYCHHS aKTHBHOTO CKJIATy,



0 € eleMeHTaMH 1H(OPMALIHOT TEXHOJOrIl YHpaBIiHHSA EHEProAMHAMIYHUMU
pPEeKMMaMH 3a HasSBHOCTI TIOHOBIIIOBAJIBHUX JIXKEPEN eHeprii.

* PeanizoBano iHQopMalliiiHy TEXHOJOTIIO YIMPaBIiHHSI €HEPrOAMHAMIYHUMHU
peXMMaM{ 32 HASBHOCTI TIOHOBJIIOBAIbHHMX JIKEped €Heprii, fKa 3aBIsSKd
BUKOPHUCTAHHIO PO3pOOJICHUX METO/IB, MOJIeiel Ta 3aco0iB, MABUILYE e(PEKTUBHOCTI

YOPABIIHHS EHEPrOAMHAMIYHUMU PEKUMaMU TOPHUIHOT CUCTEMHU €JIEKTPOIOCTauaHHS.

KirouoBi cioBa: ribpuaHa cucTeMa eIeKTpPOIOCTayaHHS, aKTUBHUN CKIIa
BITPOBOI €JICKTPUYHOI CTAHIII1, PEKypPEHTHA HEMpOHA Mepexa, FTeHETUUHUM aITOPUTMH,

aKyMyJII0l04Ya CUCTeMa, CUCTeMa MIATPUMKH NMPUUHATTS PIIICHb.

ABSTRACT

Melnyk R. V. Information technology for control of energy-dynamic modes in
the presence of renewable energy sources. — Qualifying scientific work on the rights of
a manuscript.

The dissertation for obtaining a scientific degree of the Doctor of Philosophy on
the specialty 122 “Computer science” (12 — Information technologies). — Lviv
Polytechnic National University, Lviv, 2021.

Abstract content

In the dissertation the actual scientific task is solved: increase of efficiency of
management of energy-dynamic modes of hybrid wind-solar power supply system in
the presence of a accumulating element by development of information technology for
decision support system.

The first section analyzes the modern approaches to the control of energy-
dynamic regimes of hybrid wind-solar power supply systems in the presence of a
storage element. The main tasks and problems that arise in the management process are
identified, on the basis of which the list of main research tasks is formed.



The capacity of wind, solar or hybrid power systems may be limited by the
network manager in order to maintain the energy balance. In terms of electricity
production in accordance with the limitations of the network manager and in terms of
changes in environmental parameters (wind speed, solar radiation intensity, etc.) the
task of determining the active composition, a set of wind turbines or solar panels that
would ensure energy balance taking into account their efficiency.

The analysis of existing methods of formalization and methods of determining
the active composition of a wind power plant is carried out. It has been found that the
modified dynamic programming method currently shows some of the best results in
terms of accuracy and speed. It is substantiated that the use of such as artificial neural
networks and genetic algorithms to solve the problem of finding the active composition
IS @ promising area of research.

The relevance of the dissertation topic is confirmed, the goal is formulated and
the content of the tasks that need to be solved to achieve this goal is specified.

The second section investigates the process of control of energy-dynamic modes
of a hybrid power supply system in the presence of a storage element. Based on the
analysis of modern approaches to the management of hybrid systems, a set of
production rules has been developed, which allows to substantiate the moments of
implementation of control influences in order to change the modes of operation of the
elements of the power supply system.

A model of the charge-discharge process of the accumulating element is used,
which is used to model the operation of the hybrid power supply system and to form
recommendations for the dispatcher. In contrast to the existing models, which require
a large number of nonlinear dependences and various electro physical parameters, the
developed model allows to achieve satisfactory accuracy with fewer computing. To
check the correctness of the developed model, a model based on an equivalent scheme
was used. The results of computer simulations showed that the average difference
between the charge-discharge power limits for the developed model and the model
based on the equivalent scheme is 1% for charge and 6% for discharge.



The statistical analysis of data of intensity of solar radiation for several regions
of Ukraine is carried out, the average value of coefficient of transparency of the
atmosphere for these regions is specified. The obtained results allow to specify the
expected capacity of solar panels for specific regions of Ukraine, which is necessary
when designing hybrid power supply systems.

To estimate the amount of electricity that can be generated by solar panels for a
given period of time for a given geographical point, a prediction method has been
developed. The developed method allows to estimate "the day in advance" the amount
of electricity that can be produced in one day by solar panels. Prediction is made using
meteorological data on clouds in a given period of time and the history of
meteorological observations.

One of the elements of the prediction method is the developed model of solar
energy conversion processes. The developed model allows to determine the power of
solar panels taking into account the peculiarities of the location of rows of solar panels.
The input data of the model are: the position of the sun in the sky (angle, azimuth); the
total intensity of solar radiation falling on solar panels; efficiency of solar panels;
geometric parameters of solar panels (angle, azimuth of solar panels, distance between
rows).

The obtained results were used in the development of information technology for
the decision support system in the management of energy-dynamic modes of hybrid
power supply systems.

The third section uses artificial neural networks and genetic algorithms to solve
the problem of determining the active composition of a wind power plant. The task of
determining the active composition is to find such a set of wind power plants, so as to
minimize the deviation between the load to be generated and the power of the wind
power plant, as well as to maximize the efficiency of the active composition. The
efficiency of the active composition is a generalized criterion of the active composition,
which takes into account such parameters as: the amount of energy produced, technical
condition, the number of inclusions and exclusions, operating time, and others.



Full-recurrent neural networks were used to determine the active composition.
Three network topologies and three learning methods have been studied: without a
teacher; with the teacher, whose role is performed by the method of complete search;
with the teacher whose role is performed by a modified method of dynamic
programming.

To determine the optimal configuration of the genetic algorithm, combinations
of eight selection methods, three crossing operators, and two mutation operators were
investigated. The best results were shown by two combinations: a combination of a
linear-rank selector with uniform crossing; combination of tournament selector with
uniform crossing.

To test the effectiveness of the studied methods, computer modeling of the power
control system of the wind power plant, using each of the methods, namely: a modified
method of dynamic programming; recurrent neural networks; genetic algorithms.

Based on the analysis of the obtained results, the choice of the method of finding
the active composition is substantiated taking into account the parameters of the
problem solving time and the allowable size of the power imbalance. The obtained
results were used in the process of designing a decision support system in the
management of energy-dynamic modes of hybrid power supply systems.

In order to study the effect of storage capacity on the average power deviation,
ie the difference between total electricity generation and load schedule, computer
simulations of the modes of operation of the hybrid power supply system for two
models of the storage element (developed model, model based on equivalent circuit)
and for three methods for determining the active composition (modified method of
dynamic programming, artificial neural networks, genetic algorithms). The obtained
results allow to substantiate the energy capacity of the accumulating element taking
into account the allowable size of the power imbalance.

The fourth section develops elements of information technology for decision
support in the management of energy-dynamic modes of hybrid power supply systems.



The Spring Boot framework was used in the development process, as well as design
templates: Model-view-controller (MVC); strategy; singleton; proxy; factory.

The development used such tools as: Java programming language; IntelliJ IDEA
development environment for Java programming language; Spring Boot frameworks,
which implements the principle of dependence inversion; MVC design template for
system architecture organization.

The main task of the decision support system is to provide recommendations to
the dispatcher of the hybrid power supply system on the management of energy-
dynamic modes of operation in terms of limiting the generated power in accordance
with the load schedule. To do this, it is necessary to quickly determine the active
composition of the wind power plant, for this purpose a set of methods such as: full
search method, branch and boundary method, dynamic programming method, modified
dynamic programming method, artificial neural networks, genetic algorithms.
Developed elements of information technology are integrated with the SCADA-system.
The SCADA system is used to collect, process and present data to the hybrid power
system manager.

The main scientific results of the dissertation are obtained in the form of basic
and applied research:

» The analysis of literature sources on the use of information technology to
control the energy dynamics of hybrid power supply systems in the presence of
renewable energy sources, provided an opportunity to explore them to identify
advantages and disadvantages, to justify the relevance of the topic, goals and objectives
of the study.

« A method of short-term forecasting of solar power plant capacity based on
meteorological forecast taking into account a defined coefficient of atmospheric
transparency was developed, which provided an opportunity to study dynamic
generation modes to form solutions for hybrid power system management.

» A model of the dynamics of charge-discharge processes of the accumulating
element is developed taking into account the method of their implementation, which



allows to specify the results of research of energy balance conditions in order to form
management decisions and substantiate the optimal energy capacity of the
accumulating element. The difference between the charge-discharge capacities for the
developed model and the model based on the equivalent scheme does not exceed 10%.

* The method of determining the active set of a wind power plant has been
improved by applying the developed model of the dynamics of charge-discharge
processes of the storage system, which allows to clarify the results of determining the
power imbalance.

* A method for determining the active set of a wind power plant has been
developed, which, through the use of a set of genetic algorithms and artificial neural
networks, provides an increase in the speed of selection and adaptation of the active set
to environmental conditions.

» Software implementation of the model of dynamics of charge-discharge
processes of the storage system, the method of short-term forecasting of solar power
plant capacity and the method of determining the active set, which are elements of
information technology for energy management in the presence of renewable energy
sources.

* Implemented information technology for management energy-dynamic modes
in the presence of renewable energy sources, which through the use of developed
methods, models and tools, increases the efficiency of management for hybrid power
supply system.

Keywords: hybrid power supply system, active composition of wind power
station, recurrent neural network, genetic algorithms, battery energy storage systems
(BESS), decision support system
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