O6J1ikoBa kKapTka HIJIKP

Jep>kaBHuH 061ikoBHI HOMep: 0223U000564
Iep>kaBHuUM peecrpaniiinuii Homep: 0121U111848

Bigkpura

Dara peecrpamnii: 12-01-2023

1. ETaniy BUKOHAHHS

Homep etany: 2

Hassa eramny: JloCipKeHHsI Cy4YaCHUX METO/IiB PO3B's13aHHsI 33/1a4i KOPOTKOCTPOKOBOTO ITPOrHO3YBAHHSI HEOAIAHCIB €/1€eKTPUYHO]
eHeprii Ta po3po6ka METOiB IIPOTHO3YBAaHHSI CYMapHUX HE0AAHCIB 3 BUKOPUCTAHHSM IITYYHUX HEPOHHUX MEPEX ITTMOMHHOTO

HaBYaHHSL
IToyaToxk eramy: 01-2022
3akiHueHHs eTany: 12-2022

Bup, 3BiTHOTO ZOKyMeHTa: OCTaTOYHUH 3BiT

2. BukoHnaBsenp

Hassa oprasnisanii: [HCTUTYT eslekTporHamiku HarjioHanpHOI akagemii Hayk Ykpainu
Kog, €IPIIOY /ITIH: 05417236

IlignmopsakoBaHicTk: HanioHanbHa akasieMis HayK YKpaiHu

Agppeca: nip. Ilepemory, 6yz. 56, M. Kuis, 03680, Ykpaina

Tenedon: 380443662686

Tenedon: 380443662625

Tenedon: 380443662401

E-mail: iedl@ied.org.ua

3. Bnacuuk peayabtatiB HIJIKP (mpoaykiiii)

HasBa oprasnisanii: [HcTUTYT eslekTporHamiku HarjjoHanpHOI akagemii Hayk Ykpainu
Kog, €IPIIOY /ITIH: 05417236

Agppeca: nip. [lepemory, 6yz. 56, M. Kuis, 03680, Ykpaina

IlignopsakoBaHicTk: HanioHanbHa akazieMist HayK YKpaiHu

Tenedon: 380443662686

Tenedon: 380443662625

Tenedon: 380443662401

E-mail: iedl@ied.org.ua



Hassa opranisanii: HanioHanbHa akageMis HayK YKpaiHu
Kog, €IPIIOY /ITIH: 00019270

Agppeca: Bysn1. Bonogumupcseka, 6yg,. 54, m. Kuis, 01601, Ykpaina
IligmopsaAKOBaHICTS:

Tenedon: 380442343243

E-mail: prez@nas.gov.ua

WWW: http://nas.gov.ua

4. JI>kepeJia Ta HanpsiMu piHaHCYBaHHSA

IligcTaBa o715 mpoBeAeHHs POOIT: 34 - IOroBip (3aMOBJIEHHS) 3 LIEeHTPAJIbHUM OPIraHOM BUKOHABYOI B/IaIM, aKaleMi€lo HayK

(rO;IOBHMMU PO3IIOPSIAHNKAMY OIOIPKETHUX KOIITIB HA mpoBeaeHHst HIIJIKP)
KIIKBK: 6541030

Hanpsm ¢inancyBanus: 2.1 - pyHIaMeHTaNbHi TOCTiIKEHHS

J>kepena piHaHCYBaHHS

IkepeJio giHaHCcyBaHHS: 7713 - KOWITHU EPKOIOIKETY

dakTuunmii o6csr pinancyBasHs 3a 3BiTHMIH etan: 150.000 THC. TPH.
5. HaykoBo-TexHiYHa po6oTa

Hasga po6oTH (YKp)

[IporHo3yBaHHs cyMapHOro He6asaHcy esekTpudHOi eHeprii B OEC VkpaiHu Ta 10ro BIUIMB Ha KiHLIEBY BapTICTb €JIEKTPUYHOI

eHeprii
Haspa po6oTH (aHrJ1)

Forecasting the total imbalance of electricity in the UES of Ukraine and its impact on the final cost of electricity

Peepar (yxp)

[IpoBeneHO aHani3 cxemMu TapudOYTBOPEHHS IJIS1 KiHL,EBOTO CIOXMBAda €JIEKTPOEHEPrii 3 BUIINIEHHSAM CKJIAJOBUX SIKi MalOTh
MOMITHMII BIJIMB Ha Pe3yJbTaTd PpillleHHS 33a7adi OILiHKM [AOLIIBbHOCTI Iepexoly CHOoXMBada Ha IOTOJUHHUI OOJK
eJIeKTpoeHeprii. JIo TakuxX CKIaJOBUX BiIHOCUTLCA BapTICTh ejeKkTpoeHeprii y cermenti PJH Ta BapTicTh HapaxOoBaHMX
HebasnaHCiB. BUKOHaHI [OCIIIPKEHHSI OOCSTiB HebaJIaHCiB €JIeKTPOEHEPrii Ha OCHOBI JAaHUX pPEe3yJbTaTiB (PYHKLiIOHYBaHHS
6aJIaHCYIOUOTO PUHKY 17151 pUHKOBUX 30H OEC YKpaiHu Ta BypIITHHCBKOTO €HEPrOOCTPOBY 3 METOIO ITPOTHO3YBaHHS ix 06cCsriB. B
pamKax JociigxkeHb BUGIpOK HeOaIaHCIB eIeKTpOEeHEPTii 6yJI0 BU3HAUEHO, IO JaHi € HeCTal[iOHAapHUMU BUNAJKOBUMU 4aCOBUMU
pajaMy i3 BHCOKOIO aBTOKODWIJIALE€I0, TOMY [Jig iX KOPOTKOCTPOKOBOTO IIDOTHO3yBaHHS JOLIWJIBHMM € 3aCTOCYBaHHS
0IHO(AKTOPHUX MOJeJyiell Ha OCHOBI MeTOfiB aBTOperpecii. JIsi MOpiBHSIHHSI €(QEKTUBHOCTI MoJesell KOPOTKOCTPOKOBOTO
MIPOTHO3YBaHHS OYyJI0 pO3POOJIEHO [eKilbKa apxiTeKTyp PEeKYPEeHTHMX IITyYHUX HeWpoHHUX Mepex LSTM ta LSTMNet. 3
pe3yJIbTaTiB NPOTHO3YBaHHSI OYJ0 BU3HAYEHO IO 3aCTOCYBaHHSI WITYYHUX HEMPOHHUX MEPEX [O3BOJIUJIO 3HU3UTU MOXUOKY
MIPOTHO3YBAHHS JJIs1 Pi3HUX IE€PiOMIiB TECTYBaHHS B 3aJI€XKHOCTI Bif, TUIy HeGanaHCy esleKTpoeHeprii. JJo OCHOBHUX HAayKOBUX Ta
HayKOBO-TEXHIYHMX PEe3yJIbTaTiB, II0 OTPUMaHi 3a pe3yJbTaTaMU BUKOHAHHS POOOTHU BiTHOCSTHCS HACTYIHI: - pO3POO6JIEHO
MaTeMaTHUYHy Mojesi KiHIeBOi BapTOCTi eJIeKTpU4YHOi eHeprii Ha po3npiOHOMY PUHKY 3 BPaxyBaHHSIM BapTOCTi HebasaHCIB
€JIEKTPUYHO] eHeprii, Ha 6a3i sIKOi CTBOPEHO OCIIHY KOMITIOTEPHY IIPOrpamy; - IIPOBEJEHO CTAaTUCTUYHUI aHaJli3 4aCOBUX PSIIiB
CyMapHUX He0aJIaHCiB eJIeKTPUYHOI eHeprii Ta AOCIiIKeHO KiJbKiCHI MMOKa3HMKM SKOCTi NMPOTHO3Y Pi3HUX Mojesed 3afJs
BU3HA4YE€HHS HAN6ibll e(PEeKTUBHUX /IJIs1 IPOTHO3YBaHHS HebasnaHciB B OEC YkpaiHu; - po3po61eHO METOIN KOPOTKOCTPOKOBOTO

MIPOTHO3YBaHHS CyMapHux Heb6anaHciB B OEC VkpaiHy 3 BUKOPUCTaHHSM ITyYHUX HEMPOHHUX MEPEeX IIMOMHHOTO HaBYaHHS.



Pedepar (aHr1)

The analysis of the tariff formation scheme for the end consumer of electricity was carried out with the selection of components
that have a noticeable impact on the results of the decision to assess the feasibility of the consumer's transition to hourly
electricity metering. Such components include the cost of electricity in the DAM segment and the cost of accrued imbalances.
Conducted research on the volumes of electricity imbalances based on the results of the functioning of the balancing market for
the market zones of the UES of Ukraine and the Burshtyn energy island to forecast their volumes. As part of the studies of
samples of electricity imbalances, it was determined that the data are non-stationary random time series with high
autocorrelation, therefore, for their short-term forecasting, it is appropriate to use one-factor models based on autoregression
methods. Several LSTM and LSTMNet recurrent artificial neural network architectures were developed to compare the
performance of short-term forecasting models. From the forecasting results, it was determined that the use of artificial neural
networks made it possible to reduce the forecasting error for different testing periods depending on the type of electricity
imbalance. The main scientific and scientific and technical results obtained as a result of the work include the following: - a
mathematical model of the final cost of electrical energy on the retail market was developed, taking into account the cost of
electrical energy imbalances, based on which an experimental computer program was created; - a statistical analysis of the time
series of total imbalances of electrical energy was carried out and quantitative indicators of the forecast quality of various
models were investigated to determine the most effective for forecasting imbalances in the IPS of Ukraine; - developed methods
of short-term forecasting of total imbalances in the IPS of Ukraine using artificial neural networks of deep learning.

Inpexc YIK: 621.311

Kozu temarnynux pyopuk HTI: 44.29.29
6. HaykoBo-TexHiyHa npoaykuis (HTII)

HTII 1

HasBa npoaykuii (ykp): [IPOTHO3YBAHHSI CYMAPHOT'O HEBAJIAHCY EJIEKTPUYHOI EHEPTI B OEC YKPAIHU TA IOTO
BIUIMB HA KIHLIEBY BAPTICTb EJIEKTPMYHOI EHEPTII. ETAII 2. TOCJIIIKEHHS CYYACHMX METO/IIB PO3B'SI3AHHSI
3AJIAYI KOPOTKOCTPOKOBOTI'O ITPOIHO3YBAHHS HEBAJIAHCIB EJIEKTPUYHOI EHEPTIi TA PO3POBKA METO/IIB
MTPOTHO3YBAHHS CYMAPHUX HEBAJIAHCIB 3 BUKOPMCTAHHSM IITYYHHUX HEMPOHHUX MEPEX IJIMBUHHOT'O
HABYAHHSI

Hassa npoaykii (aurJ): FORECASTING THE TOTAL IMBALANCE OF ELECTRICITY IN THE IPS OF UKRAINE AND ITS IMPACT
ON THE FINAL COST OF ELECTRICITY. STAGE 2. RESEARCH OF MODERN METHODS FOR SOLVING THE PROBLEM OF
SHORT-TERM FORECASTING OF ELECTRICITY IMBALANCES AND DEVELOPMENT OF METHODS FOR FORECASTING TOTAL
IMBALANCES USING DEEP LEARNING ARTIFICIAL NEURAL NETWORKS

OuikyBaHi pe3yJsbTaTi: MeTonu, Teopii
T'anyss 3acrocyBauHs: 35.1 BUpoOHULITBO, Iepeava Ta PO3NOIiNeHHS elleKTPOeHeprii

Onuc npozykuii (ykp): Po3po6ka MeTo1iB Ta 3ac06iB MPOrHO3yBaHHS CYyMapHOTo HebalaHCy eJIeKTPUYHOI eHeprii 06'eiHaHo]

€HEeProcucTeMU YKpaiHU Ta iX BIJIMBY Ha KiHLIEBY BapTiCTb €JIEKTPUYHOI €Heprii 1714 CIIOXXUBadiB.
ConianbHO-eKOHOMiIYHa cipsimoBaHicTh HTII: ExoHOMist eHepropecypcis

Cragis 3aBepmenocri HTII: 3it o HIJKP

Buposagskenns HTII: He BnposamkeHo

Crpoxku BrnpoBagykeHHs: 02.202212.2022

Bupo6HuK npoaykuii: [ncTuTyT enexrponuHamiku HAH Ykpainu

Cnosxuavi npoaykuii: I[IpAT "HEK "Ykpenepro", EsnekrporiocrayanbHi KOMIIaHii

IlepcnieKTHBHI pUHKH: PUHOK eJIeKTpUYHOi eHeprii YKpaiHu

IlpaBa iHTesIeKTyasIbHOI BJIaCHOCTI: B YKpaini

®opmu Ta ymoBH nepepayi npogykuii: Crizibai HIJIKP, CriiibHe BUPOGHUIITBO



HTII 2

HasBa npoaykrii (yKp): MeTos nporHo3yBaHHs He6aIaHCIB €JIEKTUYHOI eHepril 32 JOIIOMOrol0 MITYYHOI HEMPOHHOI Mepeski

[JIN60KOTO HaBYaHHS

HasBa npoaykuii (anri): Method of forecasting electric energy imbalances using deep learning artificial neural network
OuikyBaHi pe3ysbTaTi: MeTonu, Teopii

T'any3s 3acrocyBaHHs: 35.1 BUpOOGHUIITBO, Ilepejaya Ta PO3NOiJIeHHS eJIeKTPOeHeprii

Omnuc npoaykiii (ykp): Po3po6sienuii MeTos mporHo3yBaHHs HebanaHciB OEC Vkpainu nokasye HallHIDKYi 3HaU€HHS IOXUOKU
nporHo3y MAPE cepe[; pO3TyIsSiHyTUX B LOCJIIPKEHHI. B 0CHOBI MeTOMy JIEXKUTH ITyYHA HEPOHHA MePeXKa MIMOMHHOTO HaBYaHHS

3 pEKypeHTHUM mapom LSTM.

ConianpHO-eKOHOMiYHa cipsimoBaHicTh HTII: ExoHOMIst eHepropecypcis
Cragis 3aBepmeHocti HTII: Ines, KOHLeNis

Bnposazykennsa HTII: He BinpoBamkeHO

Crpoxku BrnpoBagykeHHs: 01.202212.2022

Bupo6HuK npoaykuii: [ncTuTyT enexrponuHamiku HAH Ykpainu

CnoskuBaui npogykuii: [IpAT "HEK "Vkpenepro”, EnexkrponocrayanbHi Kommnasii
IepcrneKTHBHI pUHKH:

IIpaBa iHTeIeKTyasIbHOI BJIacHOCTI: B Ykpaini

dopmu Ta ymoBH nepepaui npogykuii: Crizibai HIJIKP, CniiibHe BUPOGHUIITBO
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