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Pedepar:

1. TIporHo3yBaHHS By3JI0BOTO €JIEKTPUYHOTO HABAHTAKEHHS € KJIIOYOBUM HANPSIMKOM JOCJIiIKEHD B
€JIEKTPOEHEPreTUlli Yepe3 CBOI0 3HAYYIIICTD 171 ONTHUMI3allii IIJIaHyBaHHA Ta ONIEPATUBHOIO KEPYBaHHS PEXKMMaMU
€JIEKTPOEHEPreTUYHOI cucTeMU. TOUHICTh TPOrHO3iB HABAHTA)KEHb MA€ BEJIMKE 3HAYEHHS [1J151 EKOHOMIYHOCTI
3aBaHTaXXEHHs FEHEPYIYOro 06J1aiHaHHS Ta BApTOCTi eJIeKTPOeHeprii 17151 KiHLeBUX CIIOKMBayviB. [IporHo3
BY3JIOBUX HaBAaHTA)KEHb HEOOXiIHUI [JIs1 IPUIHATTS ON€PAaTUBHUX NVCIIETYEPCHKUX 3aBOK, KOPETYBaHHS
[IOTOYHUX PEXUMIB Ta onTUMI3aLii MarbyTHIX pe>XUMIB, a TAKOXK [1JI MOJAHHS 3asIBOK Ha KyIIiBJIIO Ta IIPOLAK
€JIEKTPOEHEPTii Ha Pi3HUX CETMEHTaX PUHKY. SIKII0 IPOTHO3YBAaHHS He Jla€ 330BiJIbHUX PE3YyJIbTATIB, MOXKE
BVMHUKHYTHU 3HAaYHUI HEOAJIAHC €HEPTil, IKUI [IOTPiGHO NOKYIIOBYBAaTH HAa 6AJIaHCYIOUOMY PUHKY €JIEKTPOEHEePrii, 110
36ispIIy€e BUTpaATy onepaTtopiB cuctemu posnoiny (OCP) Ta oneparopa cucremu nepegadi (OCII). [TounHaoun 3

01.07.2019 B VkpaiHi 1o4yaB QpyHKLiOHYBaTH HOBUI ONTOBUI PUHOK €JIEKTPUYHOI eHeprii. 3riflHo 3 IpaBuIaMu PUHKY



OC i OCP, 5K yyacHUKaM PUHKY HEOOXiJJHO KyIIyBaTH €JIEKTPOEHEPTiI0 17151 IOKPUTTS BJIACHUX BTpaT. 17
MiHiMi3auii cepelHbO3Ba)KEHOI 1iHU KyIiBJli iM HEOOXiZHO 3611bLIYBATH YACTKY HA PUHKY JBOCTOPOHHIX OrOBOPIB
Ta Ha pUHKY «Ha 1100y Hanepen» (PJH) i 3MeHIIyBaTH 4aCTKU Ha BHYTPIlIHbOZ060BOMY pUHKY (BIIP) Ta
6asaHCyI0UOMY PUHKY (BP). BaxIMBOI0 HayKOBOIO 33[1a4€I0 171 JOCSITHEHHS LIUX LiieH € MifBUIIEeHHS TOYHOCTI
KOPOTKOCTPOKOBOT'O IIPOTHO3YBaHHS BTPAT €JIEKTPUYHOI eHeprii. Buxonauu i3 3arBepakeHux I1paBui puHKy «Ha
o0y Hanepen» Ta BHYTPIIHbOJOO0BOTO PUHKY 3as1Bku Ha PJH npuiimMaioTsest 10 12 roguHy 106U 110 IeperyeTbCst
I06i mocTayaHHs i TOMy HaNOiIbII aKTyaJIbHUM CTa€ KOPOTKOCTPOKOBHUIA TPOTHO3 3 TOPU3OHTOM YII€PEeI)KEHHS Bi
12 no 36 ropuH. lllnpoke NoUMPEHHS Ta PO3BUTOK METOiB IPOTHO3YBAaHHS CTAJI0 MOXKJIMBYM 32 PaXyHOK PO3BUTKY
004K CII0BAIbHUX 3aCO0iB, 1110 JO3BOJIUJIO CTBOPIOBATU 6araTodakTOpHi MOJieli Ta IPOBOAUTY PO3PAXyHKH 3
MOXJIMBICTIO BUKOPHUCTAHHS 3HAaYHUX 00'€MiB IaHUX 6€3 BeJIMKUX 3aTpaT B yaci. AHai3 jiTepaTypHUX IPKepeJ Ta
BMKOHaHI JOCJIJPKEHHS B IAHOMY HaINPSIMKY ITOKa3aB, 10 Oi/IbIIICTh AOCIIIPKEHb CIIPSIMOBAHI Ha BIOCKOHAJIEHHS
METO/IiB IIPOTHO3YBAHHS YaCOBUX PsZiB, OJHI€I0 3 KOHLEILiM BLOCKOHAJIEHHS € BUKOPUCTAaHHS CY4aCHUX METOIIB
IIPOTHO3YBaHHS, @ TaKOX iX Mopudikalis Ta KOMOiHaLlisl 3 IHIIXMMY METOaMU [1JIs1 BUPIlIeHHSI TUX YU iHIIKX 3a/a4.
BrKoHaHi AOCiIKEHHS 040 €(PEeKTUBHOCTI BUKOPHUCTAaHHS KJIACMYHUX METO/IiB IIPOTHO3YBaHHSI, 30KpeMa i MeTony
€KCIIOHEHL[{HHOTO 3rJ1afpKyBaHHs X0JTa- BiHTepca, pe3ysibTaTy MPOrHO3yBaHHS 3 BUKOPUCTAHHSIM SIKOTO OyJ10
MOPiBHAHO 3 MeTogamMu Ha ocHOBi LIIHM. TIpu 11bOMy BOXKJIMBOIO YMOBOIO TIiJl YaC TPOTHO3YBAaHHS BY3JIOBUX
HaBaHTa)K€Hb CTAaJI0 BpaxyBaHHS 3B’13KiB MixX Byssiamu. [TokasaHo, o 3actocyBaHHs [IITHM rinnbuHHOro HaB4aHHS €
HaM6iib €(PEKTUBHUM METOAOM MTPOTHO3YBaHHSI 3aBISKU THYYKOCT] Ta MOKJIMBOCTI MOJIEJIIOBAaTH 6araTOMipHi JaHi
1110 MOBUHHO CYTTEBO MiJBUIINATH €(EKTUBHICTb IPOTHO3iB. 17151 OLiHKM TOYHOCTi Pe3yJIbTaTiB IPOrHO3yBaHHS
4acoBMX PsZiB B HAYKOBIH JliTepaTypi MOXYTb 3yCTpidaTUCh pi3Hi QyHKILiI ToXn60K. ONHUMU 3 HAUIOMMPEHINX
MeTOo[IiB siBJsieThes PyHKLiT MAPE - cepenns abcomoTHa noxubKa y BificoTkax (mean absolute percentage error), a
Takox ¢QyHKUist APE - abcosmoTHa noxubka y BiicoTkax (absolute percentage error). Kpim TOro, MoxxyTb
BHUKOpHCTOBYyBaTtuch PyHKLUii RMSE - cepenHpokBagpaTUuHy oxu6ky (root mean square deviation), MSE-
cepeHbOKBaipaTUYHa ox1bKa (mean square error). Bubip KOHKpeTHOro rapaMmeTpy OLiHKH 3yMOBJIEHO
CJIa[HICTIO CKJIAHICTIO IIPOTHO3iB Ta iHTEpIIpeTallielo iX pe3yabTaTiB. 171 OLiHKY MPOTHO3Y BY3JI0BOTO
HaBaHTAKE€HHS BUKOPUCTOBYIOTb (PYHKIIiI0 c€pegHbO abCOI0THOI NOXUOKM y BincoTkax MAPE. BusnaueHo, o Ha
TOYHICTb Pe3yJIbTaTiB [IPOrHO3YBAaHHS 3HAYHOIO MIpOIO BIIJIMBAIOTH i caMi BXiiHi AaHi. Y 6isbIIoCTi BUNaAKiB JaHi, sKi
BHUKOPHUCTOBYIOTBCS [J151 JOCJIiIPKEHb, MOXKYTh MiCTUTH II€BHI CIOTBOPEHHS, 110 BUKJIMKAHI PI3HUMU IPUYMHAMU:
MIOIIKO/I)KE€HHS JIiHil epefadi JaHUX, HECTIPaBHICTb 00JIaIHAHHS, XaKePChKi i, BUBif 06/1aflHAHHS B PEMOHT YU
inmi. [TokazaHo, o 117151 BUSBJIEHHS CIIOTBOPEHb, ITPOIIYCKIiB Y aHOMAJIbHUX 3HaY€Hb JAHUX HEOOXiHO IPOBOAUTHI
BiZJITOBIIHWI aHaJIi3, 10 JO3BOJISIE YiTKO BUSIBIIATU aHOMAJIbHI 3HAYE€HH Ta IPOBOIUTHU 3aMiHy JAHUX JJI
[IOKpAILleHHS PEe3YyJIbTATiB IPOrHO3YBAaHHS BY3JI0BOIO HABAHTAKEHHS Ta BTPAT €JIEKTPUYHOI eHeprii. [ BUSBJIEHHS
QHOMaJIbHUX 3HaY€Hb BUKOPUCTOBYIOTh PSJl METOIiB aHAJII3y IaHUX, KOXKEH 3 IKMX Mae CBOi 0COOJINBOCTI Ta
nepesaru. B gocimKeHHAIX [J1s aHasli3y YaCOBUX PALiB JOCUTh YaCTO BUKOPUCTOBYIOTb METOIY KJIaCTEpHU3allii 3a
PaxyHOK CBO€i IPOCTOTH Ta e(peKTUBHOCTI. Hail6ibil NOMMPEHNMU METOIAMU BUSIBJIEHHS aHOMAJIBHUX JJAHUX €
Density-Based Spatial Clustering of Applications with Noise (DBSCAN), Isolation forest (IF), Elliptic envelope (EE),
Local outlier factor (LOF). B 6inpimocTi BunaakiB MeToy aHasisy gaHuxX No0yJoBaHi Ha MeTojax KaacTepusarii
IAHWX. BUKOHaBIIY aHasi3 Ta IPOBIBIIM IOPIBHSIHHS JAaHUX METO/IB 0yJI0 BU3SHAYEHO, 1110 YCi NIpecTaBieHi MeTonu

MalOTh Pi3HY KiJIbKiCTh XUOHMX CIIPALIOBAHb.

2. Forecasting the nodal electric load is a key area of research in electric power due to its significance for the
optimization of planning and operational control of electric power system modes. The accuracy of load forecasts is
of great importance for the cost-effectiveness of loading generating equipment and the cost of electricity for end
users. The forecast of nodal loads is necessary for accepting operational dispatch requests, correcting current
modes and optimizing future modes, as well as for submitting applications for the purchase and sale of electricity
in various market segments. If forecasting does not provide satisfactory results, there may be a significant energy
imbalance that needs to be purchased in the balancing electricity market, increasing the costs of distribution
system operators (DSOs) and transmission system operators (TSOs). Starting from July 1, 2019, a new wholesale
electricity market began to function in Ukraine. According to the rules of the OS and OSR market, as market



participants, it is necessary to purchase electricity to cover own losses. To minimize the weighted average
purchase price, they need to increase their share in the market of bilateral contracts and the day-ahead market
and reduce their shares in the intraday market (IDR) and the balancing market (BR). An important scientific task for
achieving these goals is to increase the accuracy of short-term forecasting of electrical energy losses. Based on the
approved "day-ahead" market rules and the intraday market, applications for RDN are accepted until 12:00 a.m. of
the day preceding the day of delivery, and therefore a short-term forecast with a bias horizon of 12 to 36 hours
becomes the most relevant. The wide distribution and development of forecasting methods became possible due
to the development of computing tools, which made it possible to create multifactorial models and carry out
calculations with the possibility of using significant volumes of data without spending a lot of time. Analysis of
literary sources and conducted research in this direction showed that most research is aimed at improving time
series forecasting methods, one of the concepts of improvement is the use of modern forecasting methods, as well
as their modification and combination with other methods to solve certain problems. Studies have been carried
out on the effectiveness of using classical forecasting methods, in particular the Holt-Winters exponential
smoothing method, the forecasting results of which were compared with ANN-based methods. At the same time,
taking into account the connections between nodes became an important condition when forecasting nodal loads.
It is shown that the application of deep learning ANNs is the most effective forecasting method due to flexibility
and the ability to model multidimensional data, which should significantly increase the effectiveness of forecasts.
Various error functions can be found in the scientific literature to assess the accuracy of time series forecasting
results. One of the most common methods is the MAPE function - mean absolute percentage error (mean absolute
percentage error), as well as the APE function - absolute percentage error. In addition, the functions RMSE - root
mean square deviation, MSE - mean square error can be used. The choice of a specific evaluation parameter is
determined by the complexity of forecasts and the interpretation of their results. To estimate the nodal load
forecast, the mean absolute error function in MAPE percentage is used. It was determined that the accuracy of
forecasting results is largely influenced by the input data itself. In most cases, the data used for research may
contain certain distortions caused by various reasons: damage to data transmission lines, equipment malfunction,
hacker actions, removal of equipment for repair, or others. It is shown that in order to detect distortions,
omissions or anomalous data values, it is necessary to carry out an appropriate analysis, which allows you to
clearly identify anomalous values and carry out data replacement to improve the results of forecasting nodal load
and electrical energy losses. A number of data analysis methods are used to detect abnormal values, each of which
has its own characteristics and advantages. Clustering methods are often used in research to analyze time series
due to their simplicity and effectiveness. The most common methods of detecting anomalous data are Density-
Based Spatial Clustering of Applications with Noise (DBSCAN), Isolation forest (IF), Elliptic envelope (EE), Local
outlier factor (LOF). In most cases, data analysis methods are based on data clustering methods. After analyzing
and comparing these methods, it was determined that all presented methods have a different number of false
positives.
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MOJIITEXHIYHMN IHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Komap Bauecnas OsekcangpoBuy

2. Viacheslav O. Komar

KBasigikamis: x. 1. 1., npodecop, 05.14.02

ImenTudikarop ORCID ID: 0000-0003-4969-8553

JoparkoBa indopmamnist:

IloBHe HaﬁMeHyBaHHﬂ IOpI/I,uH‘{HOi OCOOM: BiHHMIbKUI HAI[IOHATbHUIA TeXHIYHUIA yHiBEpCHUTET
Kopg 3a €IPIIOY: 02070693

Micuesnaxo,zpkeﬂna: ByJI. XMeJIbHUIIpKE 1oce, 6yz. 95, Binuung, Binanupkuil p-., 21021, Yrkpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBitiHHS: MiHictepcTBo oCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Peuensentu

BiacHe IIpi3Buie Im'sa ITo-6aTbKOBI:

1. Tyrai FOpii1 IBanoBUY

2. Yurij I. Tugaj

KBasmigikanis: g.1.1., c.H.c., 05.14.02

InenTudikarop ORCID ID: 0000-0002-0704-1863

JoparkoBa indopmamnist:

ITIoBHe HaﬁMeHyBaHHﬂ IOpI/IJ.II/I‘-IHOi 0CcoOoM: [HCTUTYT enekTpoauHaMiku HanioHanbHOI akagemii HayK
Ykpainu

Kopg 3a €IPIIOY: 05417236

Micue3Haxo KeHHS: np. Bepecreiicbkuii, 6y, 56, Kuis, 03057, Vkpaina



dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂZ HanjonanbHa akageMid HayK YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im's Ilo-6aTbKOBI:
1. Tpay Irop BacunboBuy

2. Thor Trach

KBasiikanis: x. 1. v., crapmmii HaykoBuii criiBpo6iTHuK, 05.14.02
Imentudikarop ORCID ID: 0000-0002-3345-2324

JonaTkoBa iHdopmalist:

IloBHe HaﬁMeHyBaHHﬂ lOpI/I,ZLH‘IHO'l' 0COOM: [HcTUTYT enekTpopuHamiku HanjioHanbHOI akameMii Hayk

Ykpainu

Kopg 3a €IPIIOY: 05417236

Micue3HaxoaKeHHS: np. bepecreiicekuii, 6yg. 56, Kuis, 03057, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonanbHa akazemist HayK YKpaiHu

InenTudikarop ROR:

VIII. 3akr04Hi BimoMocTi
BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI
TOJIOBH paju

BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOrO Ha 3acCifiaHHi
BinmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 pEeECTpallil0 HAyKOBOi

OisIJIbHOCTI

BytkeBuu Onekcannp ®enoroBud

ByrkeBuy Onekcanap ®enoroBuy

[IMumanIok [1aBio BgueciaBoBuy

VKpIHTEI

Opuenko Tetsana AHaTosiiBHA



