O6J1ikoBa KapTKa [IiP

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0223U000564

Jep>kaBHUH peecTpauiliHUI HOMEP: 0121U111848

Oco06J1uBi TO3HAYKHU: Binkpura

JaTa peecrpamnii: 12-01-2023

II. Etran BukoHnauus JiP
Homep eramy: 2

Ha3sBa eramy: JlocnifkeHHs Cy4acHUX METOZIB PO3B'sI3aHHsI 337ja4i KOPOTKOCTPOKOBOTO POTHO3YBaHHS
HebasIaHCiB eJIEKTPUYHOI eHeprii Ta po3po6Ka METOiB IPOrHO3yBaHHS CyMapHUX HEOAJIAHCIB 3 BUKOPUCTAHHIM

IITYYHUX HEPOHHUX MEPeX INIMOMHHOTO HaBYaHHSL.
IToyaTok eramy: 01.2022
3aKkiH4Y€eHHs eTamy: 12.2022

Bup, 3BiTHOr0 JOKYMEHTA: OCTaTOYHUIA 3BiT

I11. BinomocTi npo BukoHaBus JIiP

IloBHe HaliMeHYBaHHS IOPUAUYHOI 0cooH (200 ITIB ¢i3zuyHOi 0CO0H): [HCTUTYT eNEeKTPOAMHAMIKK

HanjionasnpHoi akagemii Hayk Ykpainu

Kopg 3a €IPIIOY: 05417236

Micue3Haxoa KeHHs: np. [lepemoru, 6y7. 56, m. Kuis, 03680, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBiiHHS: HaujonanbHa akazemis HayK YKpainu
InenTudikarop ROR: He zacrocosyerscs

Poamip opranisanii:

Tene(bou: 380443662686, 380443662625, 380443662401

IV. BizomocrTi npo cniBBUKOHaBLiB JIiP



V. BimomocrTi npo 3amoBHHKa [IiP

IloBHe HaliMeHyBaHHS IOPHAHYHOI 0coou (a6o ITIB PpizuuHO0i 0c06H): HaujoHanbHa akasemis Hayk

Ykpainu

Kopg 3a €EIPIIOY: 00019270

Micuesnaxo,szeHHa: ByJI. Bononumupceka, 6ya. 54, m. Kuis, 01061, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: KaGiser MiicTpis YkpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

Poamip opranisanii:

TenedoHn: 380442343243

VI. I>kepeJia, HanpsiMHu Ta oocsiru pinaHcyBaHHs JIiP

IlincraBa ojist npoBeaeHHs [iP: 34 - norosip (3aMOBJIEHHS) 3 IEHTPaTbHUM OPraHOM BUKOHABYOI BIajy,

akazemielo HaykK (TOJIOBHUMM PO3NOPSIHUKAMU OI0pKETHUX KOWITIB Ha TposefeHHs HIIJIKP)

Hampsam (l)iHchyBaHHﬂ: 2.1 - pyHIaMeHTabHI JOCIIIPKEHHS
I>kepesia piHaHCYBaHHS

7713 - KOWTH ep>KO0I0A KeTy

Kopg, nporpamuoi kinacudikanii BupaTkis i KpegurysaHHs (KITKBK): 6541030

dakTuyHui 06car ¢piHaHCyBaHHS (THC. rpH.): 150.000




VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

[TporHo3yBaHHs cymapHoro HebasnaHcy esekTpuyHoi eHeprii B OEC Ykpainu Ta 10ro BIJIMB Ha KiHLEBY BapTiCTh

€JIEKTPUYHOI eHeprii

Ha3sBa po60oTH aHIJIiHCBHKOIO:

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

Pedepat yKpaiHCBKOIO:

[TpoBeneno aHasi3 cxemu TapuOyTBOPEHHS IJ1s1 KiHIIEBOTO CIIOKMBava eJIeKTPOEeHePrii 3 BUAIIEHHSIM CKIIAOBUX
gKi MAIOTh IIOMITHU BIVIMB Ha PEe3yJIbTaTHy PilleHHS 3a/1a4i OLIIHKU JOLiIbHOCTI IEPEXOY CIIOKMBava Ha
[IOTOAVHHUI O0JIIK eJleKTpoeHeprii. 1o TaKMX CKJIaJJoBMX BiTHOCUTBCS BapPTiCTh eyleKTpoeHeprii y cermeHnTi PIIH ta
BapTiCTh HapaxoBaHUX HebajyiaHCiB. BukoHaHi gocmimkeHHs 06CsTriB HebalaHCiB eJIeKTPOeHePrii Ha OCHOBI JaHUX
pe3ysbTaTiB PyHKLIOHYBaHHS 6aIaHCYI04YOr0 PUHKY 7151 puHKoBUX 30H OEC YKkpainu ta BypmTnHcbhKoro
€HEeprooCTPOBY 3 METOI0 IPOrHO3YBaHHS iX 06cAriB. B pamkax pocifikeHb BUOipOK HebaslaHCiB esleKTpoeHeprii
OyJI0 BU3HAYEHO, IO JaHi € HeCTalliOHAPHMMU BUIMAJIKOBUMU YaCOBMMU PSIIAMU i3 BUCOKOIO aBTOKOPUJIALI€I0, TOMY
17151 IX KOPOTKOCTPOKOBOT'O IIPOTHO3YBaHHSI IOLIIBHUM € 3aCTOCYBaHHS 0OHOMAKTOPHUX MOJeJieil Ha OCHOBI
MeTO[IiB aBTOperpecii. [y nopiBHSAHHS e(EeKTUBHOCTI MoZiesiell KOPOTKOCTPOKOBOTO IIPOrHO3YBaHHS 0yJI0
PO3pO06JIEHO AEKiIbKA APXiTEKTYP PEKYPEHTHUX IITYYHUX HEMPOHHUX Mepexx LSTM ta LSTMNet. 3 pesynbTaris
IIPOTHO3YBaHHS 6YJIO BU3HAYEHO 110 3aCTOCYBAHHS IITYYHUX HEMPOHHUX MEPEX JO3BOJINIJIO 3HU3UTU IIOXUOKY
IIPOTHO3YBAHHSI [IJ1s1 Pi3HUX [1€PiofiB TECTYBaHHS B 3aJI€5KHOCTI Bif] TUITy HebajlaHCy esleKTpoeHeprii. lo OCHOBHUX
HAyKOBUX Ta HAYKOBO-TEXHIYHUX PE3yJIbTATIB, 1[0 OTPUMAaHI 32 pe3yJbTaTaMU BUKOHAHHS POOOTH BiTHOCSITbCS
HACTYIIHI: - pO3PO0JIEHO MaTeMAaTU4HY MOJieJli KiHIIeBOi BAPTOCTI €JIEKTPUYHOI €HEPTil Ha PO3IPiGHOMY PUHKY 3
BpaxyBaHHSM BapTOCTi He6AJIaHCIB €JIeKTPUYHOI eHeprii, Ha 6a3i KOoi CTBOPEHO AOCIiIHY KOMITIOTEPHY IPOTpamy;
- [IPOBEJI€HO CTaTUCTUYHUI aHaJli3 YaCOBUX PsZiB CyMapHUX HeOAIaHCIB eJIeKTPUYHOI eHeprii Ta AOCIiIKeHO
KiJIbKiCHI TIOKa3HUKMU SIKOCTi [IPOTHO3Y Pi3HUX MOJieJiel 331151 BUBHAYEHHS Hail6iibll e(peKTUBHUX [J1S
IIPOrHO3yBaHHS HebasnaHciB B OEC Vkpainu; - po3po61eHO MeTOAU KOPOTKOCTPOKOBOTO IIPOTHO3YBAaHHS CYMapHUX

Heb6asnaHciB B OEC Ykpainu 3 BUKOPUCTaHHSM IITYYHUX HEMPOHHUX MEPEsK ITIMOMHHOTO HaBYaHHS.

Pedepar aHr1ilicbKOIO:

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

Koau TemMaTHYHHUX PYOPHK: 44.29.29
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HoparkoBa indopmamuist:



VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Haszsa HTII praiHCBKOIO: TTPOTHO3YBAHHS CYMAPHOT'O HEBAJIAHCY EJIEKTPUYHOI EHEPTTI B OEC
VKPAIHV TA MOT'O BILJIMB HA KIHLIEBY BAPTICTD EJIEKTPUYHOI EHEPTII. ETATI 2. JOCJIIKEHHS
CYYACHUX METO[IB PO3B’I3AHHS 3AIAUI KOPOTKOCTPOKOBOT'O ITPOTHO3YBAHHS HEBAJIAHCIB
EJIEKTPMYHOI EHEPTII TA PO3POBKA METO/IB [TPOTHO3YBAHHS CYMAPHMX HEBAJIAHCIB 3
BUKOPUCTAHHSAM LITYYHUX HEMPOHHUX MEPEX ITTUBUHHOT'O HABUAHHS

Hazpa HTII aHrJiiicbKo0: 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

HTII, sixy nepezn6ayasiocsi CTBOPUTH:

IIpuunnmu, yepe3s saki HTII ne 6ysi0 cTBOpeHoO:

OTpuMaHi pe3yJbTaTH: Meroau, Teopii

l'asmy3b 3acTocyBaHHS: 35.1 BupoGHUITBO, Iepeaya Ta PO3NOAiIEeHHS eJ1eKTPOeHeprii
PeecTpalifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: Pospo6ka meTozis Ta 3aC06iB MPOrHO3YBaHHS CYMapHOTO HEGAIAHCY €JIEKTPUYHOI eHeprii 06'e1HaHO]

€HEProCUCTeMM YKpaiHU Ta iX BIJIMBY Ha KiHIE€BY BapPTiCTh €JIEKTPUYHOI €HEPTrii AJ151 CITOXKMBAYiB.
ComniannbHO-eKOHOMIYHA cupsimoBaHicTh HTII: Exonomis enepropecypcis
BnyiuB HTII Ha moBKiJjjis:
BnposapaskeHHs1 HTII: He snpoBamxeHo
ITpakTuyHa peasnizanis HTTI
IToyaTok eramy: 02.2022
3aKiHYeHHS eTamy: 12.2022
Crnio>KuBavi NPoAYyKILii: [IpAT "HEK "Ykpenepro", EnekTponocrayanbHi KOMIaHii
IlepcrieKTHBHI PUHKH: PUHOK €JIEKTPUYHOI eHeprii YKpainu
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiOHMUI 00CAT iHBECTHILiH, THC. TPH.:
IIpaBa, 0 HaJAIOTHCS iHBECTOPY IIiCJIsI 3aBepIIeHHs POOOTH:
HasaBHicTb Oi3Hec-1JIaHY:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:
IloTeH1iaIbHUE 0OCAT IIPOJASKY, THC. TPH..
OuikyBaHHI TepMiH OKYIHOCTi (pPOKiB):
JopaTtkoBa iHdpopmanist:

Hassa HTTI yKpaiHCBKOIO: MeToz NPOrHO3yBaHHs HEGAIAHCIB €JIEKTIYHOI €HEpTii 38 JOMOMOTOI0 WITYYHO]

HEVPOHHOI MepexXi rMn60KOro HaBYaHHS

Ha3zpa HTII anrsiiicbKo10: Method of forecasting electric energy imbalances using deep learning artificial



neural network

HTII, aKy nepenba4asiocss CTBOPHTH:

IIpuunnmu, yepe3s saki HTII ne 6ysio cTBOpeHoO:

OTpuMaHi pe3yJbTaTH: Meronu, Teopii

l'asmy3b 3acToCyBaHHS: 35.1 BupoGHUITBO, Iepeada Ta PO3NOAIIEeHHS eJeKTPOeHeprii
PeectpanifiHuii HOMep KapTKH TEXHOJIOTIi:

Omnuc HTII: Po3po6nenuit metos nporuodysants He6anancis OEC YkpaiHu [oKasye HalHVKYi 3HaYEHHS
noxu6ku nporuo3y MAPE cepep, po3IyIsiHYyTHX B OCJIiIP)KeHHI. B OCHOBI MeTOMy JIeXKUTh LITy4YHA HEMPOHHA Mepeska

IJIMOMHHOIO HaBYaHHS 3 PEKypPeHTHUM mapom LSTM.
ConiannbHO-eKOHOMIYHA cripsimoBaHicTh HTII: Exonomis enepropecypcis
Bnyiue HTII Ha mOBKijIS:
BnposagskeHHs1 HTII: He snpoBamxeHo
ITpakTuyHa peasizanis HTTI
IToyaTok eramy: 01.2022
3aKiH4YeHHS eTamy: 12.2022
Crnio>kuBavi NpoAyKIii: [IpAT "HEK "Ykpenepro", EnekrponocrayanbHi KOMIaHii
IlepcneKTHBHI pUHKH:
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiOHMUI 00CAT iHBECTHILiH, THC. TPH.:
IIpaBa, 10 HaAIOTHCS iIHBECTOPY MiCJIsA 3aBEPLIEHHS POOOTH:
HasaBHicTb Oi3Hec-IJIaHY:
TexHiKO-eKOHOMiYHE OOrpyHTYBaHHSI:
IToTeH1iaIbHUI 0OCAT IIPOJASKY, THC. TPH..
OuiKkyBaHHI TepMiH OKYIHOCTi (POKiB):

JopaTtkoBa iHpopmanist:
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