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Ha3sBa €Tamy: Po3po6ka METO/IB Ta 3aC06iB KOPOTKOCTPOKOBOTO IIPOrHO3YBAaHHA BY3/I0BUX €JIEKTPUYHUX

HAaBaHTa)KE€Hb €JIEKTPOCHEPIr€TUIHNX CUCTEM B PUHKOBUX YMOBAX
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3akiHyeHHs eTamy: 12.2020
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I11. BizomocTi npo BukoHaBus JIiP
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Kog, 3a €IPIIOY: 05417236
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dopma BaacHOCTI:
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V. BimomocrTi npo 3amoBHHKa [IiP

ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujonanbHa akaziemiss HayK YKpainu

Koz 3a €JIPIIOY: 00019270
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IlincraBa ojis npoBemeHHs [iP: 34 - norosip (3aMOBJIEHHS) 3 IIEHTPaTbHUM OPraHOM BUKOHABYOI BIajy,
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GakTuuyHMi 06car ¢piHaHCYBaHHS (THC. TPH.):




VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3pobka MeToziB Ta 3aC00iB KOPOTKOCTPOKOBOI'O IPOrHO3YBAHHS BY3JI0BUX €JIEKTPUYHMX HaBaHTaXXEHb

€JIEKTPOCHEPTETUYIHNX CUCTEM B PMHKOBMX YMOBAX

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Development of methods and applications for short-term forecasting of nodal electrical load of power systems in

market conditions

Pedepat yKpaiHCBKOIO:

Po3p06s1€HO METOAUKY OLIIHKY €KOHOMIYHOTO e(eKTy BiJl 3HUKEHHSI IOXUOKY ITPOTHO3iB TEXHOJIOTTYHUX BTPAT
€JIEKTPOEHEPTii €eHepPropo3noiiibuux KOMIIaHiil 3 TOPU30HTOM yIlepeIKeHHs Bif 12 no 36 roguH («Ha 100y
Hanepen»). [IpoBefieHMi1 PO3PaxyHOK II0KA3Ye, 0 3HIDKEHHS TOXUOKU Ha 5% [03BOJIUTb 3HU3UTU CYMapHi BUTpaTu
IIJIs1 KOMIIEHcallifo HebasaHCiB Ha 184 MJTH. TPH Ha PiK, 1[0 TO3BOJIMTh 3HU3UTY TapudU Ha PO3MOAia Ta Tapud Ha
nepepavy eJeKTpUYHOI eHeprii 115 BCiX KiHLeBUX CIIOKMBayviB. [Ipy 1boMy cepeHs 1jiHa NOXUO6KU IIPOTHO3Y
CTaHOBUTH 225 rpH/MBT-ro1. PO3p06JI€HO aITOPUTM BUSBJIEHHS Ta 3aMiHM aHOMAaJIbHUAX 3HaYeHb €JIEKTPUYHOTO
HaBaHTAKEHHS. B OCHOBY pO60OTH arOpUTMy 3aKJIaZleHO JBOETAINHY PEKYPCUBHY NIPOLEAYPY KjlacTepusallii JaHuXx,
IIpY SIKifl HANOINbIIMI KJIaCcTep BUSIBJISETHCSI «<HOPMAJIbHUMY, 8 peliTa aHOMaJIbHUMU. [Ipu po3pooblii anroputmy
IIPOBEJEHO MOPiBHSJIBHUM aHajli3 MeToiB kiacTepu3aauii, a came DBSCAN, Isolation Forests, Local Outlier Factor,
Elliptic Envelope (EE). Haiikpami pe3ysbTaTy OTpUMaHoO 3a gornomoroio metoniB DBSCAN ta EE, ane s EE
IIpUTaMaHHa 6iJbIa KiIbKiCTh XNOHO-TIO3UTUBHUX peaKkLiil. B paMKax BUKOHAHHS POOIT PO3PO6IEHO WITYYHY
HEPOHHY MepeXy IMIMOMHHOTO HaBYaHHY, sIKa IoeHYye PeKypeHTHi 6s10ku LSTM 3 6araTomapoBum
nepcenTpoHoM. TakoxX B JaHill Mepeski BUKOPUCTAHO OOXifHi 3'€JHAHHS, SIKi CYTTEBO MiJBUILYIOTh €PEKTUBHICTD
HaBYaHHS WITYYHMX HEPOHHUX MepexX. HasBHicTh BekTOpy nam’siti B LSTM nae 3Mory 3MeHIMINTH €(eKT
€KCTPEMAJIbHOTO 3MEHIIEHHS 200 306ibLIEHHSI HOPMU I'PAJieHTy [TPY 3BOPOTHOMY PO3IOBCIOIPKEHHI IIOXUOKH, 110
Hapsily 3 BUKOPHUCTAHHSIM OOXiIHOTO 3'€JHAHHS, SIKE 3TJIaJPKy€ TOBEPXHIO [TOXUOKM HEMPOHHOI MepeXi, CyTTEBO
IIPUCKOPIOE HaBUaHHS Ta JO3BOJIsIE€ AOCITTY MEHIIOI MOXMOKY IIPOrHO3yBaHHSL. [I71s1 BpaxyBaHHS J060BOI
NepioAUYHOCTI JaHUX [IPO eJIeKTPUYHE HaBaHTa )KEHHSI IIPOIIOHYETHCSI BUKOPUCTOBYBATH PEKYPEHTHI 00XifHi

3'eiHaHHA B 6s101i LSTM, 1110 NOBUHHO MifiBUILATHA TOYHICTb Ta CTA0IJIBHICTh pE3yJIbTaTiB IPOTHO3yBaHHSI.

Pedepar aHIJIiHCBKOIO:

Method for estimating the economic effect of reducing the error of technical losses of electricity forecasts of
energy distribution companies with a bias horizon of 12 to 36 hours ("day ahead") have been developed. The
calculation shows that reducing the error by 5% will reduce the total cost of compensating for imbalances by 184
million UAH per year, which will reduce tariffs for distribution and tariff for electricity transmission for all users. At
the same time, the average price of the forecast error is UAH 225 / MWh. The algorithm for detecting and
replacing anomalous values of the electrical load has been developed. The algorithm is based on a two-stage
recursive data clustering procedure, in which the largest cluster is "normal" and the rest is abnormal. During the
development of the algorithm, a comparative analysis of clustering methods was performed, namely DBSCAN,
Isolation Forests, Local Outlier Factor, Elliptic Envelope (EE). The best results were obtained using DBSCAN and EE
methods, but EE is characterized by a large number of false-positive reactions. As part of the work, the deep neural
network was developed, which combines LSTM recurrent blocks with a multilayer perceptron. This network also
uses bypass connections, which significantly increase the learning efficiency of artificial neural networks. The
presence of memory vector in LSTM allows reducing the effect of extreme decrease or increase of the gradient
rate in the backpropagation of the error, which along with the use of a bypass connection, which smooths the
surface of the neural network error, significantly speeds up learning and allows to get less prediction error. To
take into account the daily frequency of electrical load data, it is proposed to use recurrent bypass connections in



the LSTM unit, which should increase the accuracy and stability of forecasting results.
Ingexc YIK: 621311, 621.311

Koau TemMaTHYHHUX PYOPHK: 44.29.29

KepiBHUKH po6OTH

BiacHe IIpizBuie Im'sa I10-6aTbKOBI: Brinos Irop Bikroposuy

HaykoBHH CTYIiHb:

HaykoBe 3BaHHSI:

Inentudikarop ORCHID ID:

HoparkoBa indopmamuist:



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

Haszga HTII yKpaiHCBKOIO: MeTo/uKa OLiHKM BAPTOCTi OXUOKM [POTHO3Y TEXHOJIOTIYHNX BTPAT
eJIeKTpOoeHeprii. MeTo/inKa BUSBIEHHS Ta 3aMiHU aHOMAJIbHUX 3HAYEHb BY3JIOBOTO €JIEKTPUYHOTO HABAHTAKEHHSI.

Meron, KOPOTKOCTPOKOBOTI'O ITPOTHO3YBAHHS BYy3JI0BOT'O HABAHTA>KE€HHA

HasBa HTII aHr/1ificbKO¥0: Method of assessing the value of forecast error process losses of electricity.
Method of detection and replacement of anomalous values of nodal electrical load. Method of short-term
forecasting of nodal load.

HTII, aKy nepenba4asiocss CTBOPHTH:

IIpuunnu, yepe3s saki HTII ne 6ysio cTBOpeHoO:

OTpuMaHi pe3yJbTaTH: Meronu, Teopii, AHazniTnyHi MmaTepianu

l'asmy3b 3acToCyBaHHS: 35.1 BupoGHUITBO, Iepeada Ta PO3NOAiIIEeHHS eJ1eKTPOeHeprii
PeectpanifiHuii HOMep KapTKH TEXHOJIOTIi:

Omnuc HTII: Meronvika BusHayeHHs BAPTOCTI OXUOKHU [IPOTHO3Y JI03BOJISIE PO3PAXYBATH CEPENHBOPUHKOBY
BapTICTh [10XUOKYU IIPOrHO3Y BTPAT B CUCTEMI Ilepeiayi Ta cucTemax posnofiiy 3a BilCyTHOCTI IOTOJUHHUX JaHUX
IIPO BTPAaTH Ta HAa OCHOBI peasliCTUYHUX NPUIYIIEHb [TPO PO3IOLiJI NOXUOKY NIPOrHO3y. MeToAMKa OCTOBipU3allis
CKJIaJIaeThCs 3 3-X eTariB. BUKJIIOUeHHS TPyOrx aHOMaJIbHUX 3HAa4eHb 32 IOMIOMOTOI0 KiacTepu3salii. BunineHnus
3aJIMIIKOBOI CKJIaI0OBOI YaCOBUX PSJIiB Ta BUKJIIOUEHHS B Hill aHOMaJIbHUX 3Ha4€Hb. MeTOoM, KOPOTKOCTPOKOBOTO

IIPOTHO3YBaHHSI BY3JI0BOTO HABAaHTA)KEHHSI NIO€AHY€E peKypeHTHI 610ku LSTM 3 6araromapoByUmM NepCenTPOHOM.
ComniannbHO-eKOHOMIYHA cupsimoBaHicTh HTII: Exonomis enepropecypcis
BnyiuB HTII Ha moBKiJjjis:

BnposaaskeHHst HTII: Tlinrorosneni ananitTnyni Matepiaay Ta OTPMMaHO BUCHOBOK I[OZ0 MPAKTUYHO]

3aHYMMOCTI

ITpakTuyHa peasizanis HTTI
IToyaTok eramy:
3aKiHYeHHS eTamy:

Cno>kuBayi npo,quI.li'l': NiANPUEMCTBA B rajysi €JIEKTPOEHEPreTHKY, 110 3[iMCHIOITb PYHKIII 3 po3noziny Ta

repenavi eJeKTpoeHeprii
IlepcrieKTHBHI PUHKH: PUHOK €IEKTPUYHOI €HEPTi
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiOHUI 00CAT iHBECTHILiH, THC. TPH.:
IIpaBa, 0 HaAI0ThCS iHBECTOPY MiCJIsA 3aBEPLIEHHsT POOOTH: CrisibHi npasa Ha HTII
HasiBHicTB Gi3Hec-myIaHy: Hi
TexHiKO-€eKOHOMiYHE OOrpyHTYBaHHSI. Hi
IloTreH1iaIbHUE O0OCST IIPOZAIKY, THC. TPH.:
OuikyBaHHI TepMiH OKYIHOCTi (pPOKiB):

HoaparkoBa iHdpopmamuist:



IX. Bi6sriorpadiuHuii onuc

1) HInmaniok I1.B. AHai3 Ta BUBHAUYEHHS TUILY LITYYHUX HEMPOHHUX MEPEX 7151 PO3B'sI3aHHS 3a7ja4i IPOTrHO3yBaHHS
BY3JI0BOTO HaBaHTaXeHHS. 36ipHUK Te3 KoHpepeHLil. XXXVIII HaykoBO-TeXHiYHa KOH(EPEHLIisl MOJIOJUX BYEHUX Ta
CIIELIiaJIiCTiB iHCTUTYTy MpobJieM MOZeNoBaHHA B eHepreTulli iM. I.€. [TyxoBa HAH Ykpainu. Kuis 2020. C.16-18; 2)
Brinos [.B., Mipomnuk B.O., Illumaniok I1.B. Oninka BapToCTi NOXUOKY ITPOTHO3Y «Ha 400y Harepen»

TEXHOJIOTIYHMX BTPAT B €JIEKTPUYHUX Mepeskax YKpainu. TexHiyHa enekTpoauHamika. Ne5 Kuis. 2020.
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