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5. HaykoBo-TexHi4Ha poooTa

Hasga po6oTH (YKp)

P03p06Ka MeTOILiB Ta 3aco6iB KOPOTKOCTPOKOBOTI'O IIPOTrHO3YBAHHS BY3JIOBUX €JIEKTPUYHNX HABAHTAXKEHb €JIEKTPOCHEPIr€TUIHUX

CHUCTEM B PMHKOBHX YMOBax

Ha3sBa po6oTHu (aHrJI)

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

conditions

Pedepar (yxp)

Po3po6s1eHO METOIUKY OLIIHKA €KOHOMIYHOro e(eKTy Bifi 3HIDKEHHS IOXUOKU IPOTHO3iB TEXHOJIOTIYHUX BTPAT €JIeKTPOEHeprii
€HeproposIofiyibiux KOMIIaHIl 3 TOPU30HTOM yIepeakeHHs Bif, 12 1o 36 roguH («Ha no6y Harepen»). [IpoBeseHNI PO3paxyHOK
MOKa3ye, 10 3HIDKEHHSI TOXUOKM Ha 5% J03BOJIMTb 3HU3UTU CYMapHi BUTPATH JiJIsl KOMIIEHCcalilo HebanaHCiB Ha 184 MJIH. IpH Ha
piK, IO [103BOJIUTH 3HM3UTU Tapudu Ha PO3NOALN Ta Tapud Ha nepenady eJeKTPUYHOi eHepril Al BCiX KiHLIIEBUX CIIOXUBAYIB.
[Ipn npoMy cepenHsl IjiHa MOXMOKM IPOTHO3y CTAaHOBUTH 225 rpH/MBT-rOz. PO3po6seHO anroputm BUSIBJIEHHS Ta 3aMiHU
QHOMAaJIbHUX 3Ha4Y€Hb €JIEKTPUYHOTO HABAHTAXXEHHSI. B OCHOBY POGOTH alrOPUTMY 3aKJIa/I€HO IBOETAIIHY PEKYPCUBHY IIPOLELYPY
KJlacTepusalii MaHWX, NPU sKiil HaWGIMbIINI KIacTep BUSIBISIETECS «HOPMAJIbHUM», a pelTa aHOMajbHUMU. [Ipu pospobmi
aZrOpUTMY IIPOBENIEHO MOPIBHSJIIBHUI aHali3 MeTofiB Kiacrepusanii, a came DBSCAN, Isolation Forests, Local Outlier Factor,
Elliptic Envelope (EE). Hatikpami pe3ysibTaT OTpMaHo 3a ponomoroio metoiB DBSCAN ta EE, ane nnsa EE mputamanHsa 6Gisbina
KiZIbKiCTh XMOHO-TIO3UTMBHUX peaklili. B paMkax BUKOHAaHHS POOIT pPO3PO6JIEHO WITYYHYy HEWPOHHY MEPEXy IJIMOMHHOTO
HaBYaHH4, sIKa [10€JIHy€e peKypeHTHi 6;10ku LSTM 3 6araTomapoBum NepcenTpoHOM. TakoX B [aHiil Mepeski BUKOPUCTaHO OOXifHi
3'eJHaHHS, SIKi CyTTEBO MigBUILIYIOTh €(PEKTUBHICT HaBYaHHS LITYYHUX HEHPOHHUX Mepex. HasBHicTh BekTopy mam’siti B LSTM
Jla€ 3MOTY 3MEHIINTH €(PEKT EKCTPEMAIBHOTO 3MEHIIEHHS 2060 30i/IbIIEHHSI HOPMU IPALiEHTY NIPYU 3BOPOTHOMY PO3MOBCIOJKEHHI
MOXUOKH, 10 Hapsly 3 BUKOPUCTAHHSAM OOXiIHOTO 3'€QHAHHS, SKe 3IVIaJKy€ MOBEPXHIO MOXMOKMA HEHPOHHOI MEPEXi, CYyTTEBO
MIPUCKOPIOE HAaBYaHHSA Ta JO3BOJISIE JOCITTU MEHIIOI MOXUOKM MPOTHO3YBaHHS. [l BpaXyBaHHS LOOOBOi MEPiOJUYHOCTI JaHUX
PO €JIEKTPUYHE HABAaHTaKEHHS IPOINOHYETbCS BUKOPUCTOBYBAaTU PEKYPEHTHI 0OXinHi 3'egHaHHs B 67oui LSTM, mo noBUHHO

MiIBUIIATY TOYHICTb Ta CTA0iNIbHICTh PE3YJIbTaTiB IPOrHO3yBaHHS.
Pedepar (aHrI)

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: 621.311, 621.311

Kopgu TemarnuHux pyopuk HTI: 44.29.29
6. HaykoBo-TexHiyHa npoaykuis (HTII)

HTII 1

HasBa npoaykiii (yKp): MeToanKa OLiHKY BapTOCTi MOXUOKY [TPOTrHO3Y TEXHOJIOTIYHMX BTPAT eJleKTpoeHeprii. MeTonyka
BUSIBJIEHHSI Ta 3aMiHM aHOMAJIbHUX 3HAY€Hb BY3JIOBOTO €JIEKTPUYHOrO HaBaHTaKEHHS. MeToJ, KOPOTKOCTPOKOBOTO

IIPOTHO3YBaHHS BY3JIOBOI'O HABAHTAXXEHHA

Hassa mpoaykuii (anrJi): 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.

OuikyBaHi pe3yJybTaTi: MeTonu, Teopii, AHaIITUYHI MaTepianu
T'anyss 3acrocyBaHHs: 35.1 BUpOOHUIITBO, Ilepejada Ta PO3NOiIeHHS eJIeKTPOeHeprii

Onuc npogykuii (ykp): MeTouka BU3HAYE€HHSI BAPTOCTI MOXUOKYU IPOTHO3Y [I03BOJISIE PO3PaxyBaTy CEPENHbOPHUHKOBY BapPTiCTh
MOXUOKM IPOTHO3Y BTPAT B CUCTEMI Ilepeayi Ta cucTemMax po3Nofily 3a BiICYyTHOCTI NIOTOAMHHUX JAHUX ITPO BTPATH Ta HA
OCHOBI peaJliCTUYHUX NPUMYIIEHb PO PO3MOia MOXUOKM IPOTHO3Y. MeToauKa TOCTOBIpU3allist CKIafaeThCs 3 3-X eTalliB.
BukmoueHHs rpy61x aHOMaJIbHUX 3Ha4€Hb 3a JOIIOMOrOI0 KjlacTepusallil. BunineHHs 3a/1MIIKOBOI CKJIal0BOi YaCOBUX PSIIiB Ta
BUKJIIOYEHHS B Hill aHOMAJIbHUX 3Ha4€Hb. MeTO[I KOPOTKOCTPOKOBOTO [TPOTHO3YBaHHS BY3JIOBOTO HABAaHTaXKEHHS MIOEIHYE

pexypeHTHi 6;710ku LSTM 3 6araTomapoBUM IIEPCENTPOHOM.

ComianbHO-eKOHOMIYHa crpsimoBaHicTs HTII: EkoHOMIs eHepropecypcis

Crapgis 3aBepmenocti HTII: 3sit no HJKP, meToguyHi pekomeHaanii

Bruposamykernns HTII: [TigrorossieHi aHaliTU4HI MaTepiaay Ta OTPUMAHO BUCHOBOK I[0/I0 IIPAaKTUYHOI 3aHYMMOCTI]
CTpoKH BIIPOBaJ)KEHHS:

Bupo6HuK npoaykuii: IncTuTyT enexrpogunamiku HAH Vkpainu

Cro>KHBayi MPOAYKIi: MiITPUEMCTBA B rajysi eJIeKTpOeHEepreTUKY, 110 37iICHIOITh (PYHKIIi 3 po3noainy Ta nepenadi

€JIEKTPOEHEePTii
IlepcrieKTHBHI pUHKH: PUHOK €JIEKTPUYHOI eHeprii
IIpaBa iHTeseKTyasIbHOI BJIacHOCTI: B Ykpaini

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