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1. CueHapHe nj1aHyBaHHS 3 iMOBIpHICHHMM ITPOTHO3YBaHHSIM JOGOBOTO €J1eKTPOCIIOKMBAHHS CIIOKMBAYiB B yMOBaX
PUHKY €JIEKTPUYHOI eHeprii
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Pedepar/anoTanis:

1. InceprauiiiHa po60Ta NPUCBIYEHA BIOCKOHAJIEHHIO METO/IiB IJIAHYBAaHHS €JIEKTPOCIIOKUBAHHS TPOMUCIIOBOTO
CIIOKMBay4a B YMOBaX PUHKY €JIEKTPUYHOI €HePrii 3 ypaxyBaHHSIM IPOTHO3yBaHHSI HABaHTaXXEHHS, PUHKOBUX
CUTHAJIIB Ta aCMMeETpii HebaslaHCy. AKTyaIbHICTb POOOTU 3yMOBJIEHA HEOOXIIHICTIO (POPMYBaHHS MIOTOJUHHOTO
IIJIAaHOBOTO rpadika Bi6Opy eNeKTpUYHOI eHeprii Ha [06y Harepel, SKUii Y3roJKyeTbCS 3 €JIEKTPOIOCTAa4aIbHUKOM
i € 0CHOBOIO pUHKOBOI B3aemoyii Ta piHAHCOBOI BiANOBINAIBHOCTI 32 HebanaHCcHU. BingxuieHHs MK y3rofikKeHUM
rpaikom i GpakTUYHMAM BifOOPOM HabYyBae rPOIIOBOrO BUPAKEHHS], IPUYOMY BaPTiCTh NOXUOKY IIPOTHO3YBAHHS
3aJ1€KUTh Bifl TOAVHU J,OOU Ta Ma€ aCUMETPUYHUIA XapaKTep 1181 1ePiluTHUX i TPOQILUTHUX BiIXUIEHB.

[TpakTUyHa CKIAIHICTh 337a4i BUBHAYAETHCS JUCKPETHUM XapaKTepOM YaCTUHU PEKUMHUX PillleHb [IPOMHUCJIOBOTO



CIIO>KMBA4a, TEXHOJIOTIYHMMU, BUPDOOHUYMMMU Ta OpraHi3alilHUMU OOMEXKEHHSIMU 3MiHM HaBaHTAXXEHHS, 4 TAKOX
0OME>KEHICTIO JOCTYIITHUX JaHUX. Y MPAKTUYHUX YMOBAX IiTIIPUEMCTBO 4aCTO Mae€ JIiMie MiHIMaJIbHO NOCTATHIN
iHpopmaLiiHUI KOHTYP, 10 OXOIUIIOE NaHi KOMEPLNHOTO 00J1iKy, KaJleHIapPHO-PE>KMMHI 03HaKU Ta OOMeKeHU N
ONMC BUPOOHMYMX NIPOLECIB 6€3 IOBHOI TeJIEMETPii CTaHiB OKPEMUX arperaris. 3a TaKMX YMOB 0COOJIMBOTO
3HaYeHHS HabyBalOTh METOOUYHA KOPEKTHICTb MiATOTOBKY JJaHUX, HEJOIYIEHHS! BUKOPUCTaHHS iHdopMalii,
HEJIOCTYIIHOI HA MOMEHT yXBaJIeHHSs PillleHHs, Ta BiITBOPIOBaHiCTb IIPOLIEAYP OLiHIOBaHHS Mogeseil. O6'eKToM
IOCJiI)KEHHS € NPOLeCH IIJIaHyBaHHSI Ta IPOTHO3YBAaHHS CIIO>KUBAHHS €JIEKTPUYHOI €Heprii IPOMUCIOBOTrO
CIIoXMBaya. [IpenMeToM JOCiiIKeHH € METOAM Ta aJalTUBHI MOJI€Jli TPOTHO3YBaHHA, 10 BPaXOBYIOTh Pi3Hi
CLieHapii y4yacTi IPOMUCIIOBOTO CIIOXKUBAa4a Ha PUHKY €JIeKTpUYHOi eHeprii. 1711 BOCSITHeHHS. MeTH OGIPYHTOBAHO
HeoOxiHiCTh POPMYBaHHS MEXaHi3My BUKOPUCTAaHHS MOXJIMBOCTEN PUHKY €JIEKTPUYHOI €Heprii IpOMUCIOBUM
CIIOXKMBAY€EM; JOCIIIKEHO OCOOINBOCTI 10T0 B3aEMOZIi 3 pPUHKOBUMU MEXaHi3MaMu Yepe3 eJIeKTPOIIOCTaYaIbHUKA;
PO3IJISIHYTO METO0JIOTIYHI MiIX0AU 4,0 IPOrHO3YBAHHS €JIEKTPOCIIOKMBAHHS; PO3PO06JIEHO MiAXia A0 iHTerpanii
[IOTOAMHHUX PUHKOBUX CUTHAJIIB Y IIPolLieC L0O0BOro IJIaHYBaHHS Ta OOIPYHTOBAHO BUMOTH 10 TOJAHHS
HEBU3HAYEHOCTI 11 KpUTEPIiB OLIiHIOBAaHHS SIKOCTi IPOTHO3iB. Y POOOTI BUKOPMCTAHO METOY aHali3y MPOLECiB
IIJIAHYBAHHS T4 IPOTHO3YBAHHS €JIEKTPOCIIOKABAHHS; MATEMAaTUYHOTO Ta IMOBIpHICHOTO MOJIEJIIOBAHHS PEXXUMIB
€JIEKTPOCIIOXXMBAHHS | HebaJIaHCiB; Teopil IMOBipHOCTE! i MaTeMaTUYHOI CTATUCTUKY, aHAJIi3y YaCOBUX PSLIiB,
perpeciiiHoro aHasisy Ta MallMHHOTO HaBYaHHS; 6araToKpuTepiaabHOi onTUMi3allii i OliHIOBaHHSI PUBHUKY;
KOMITIOTEPHOTO MOJIEJIIOBaHHS1, YMCEJILHOTO €KCIIEPUMMEHTY Ta CTOXAaCTUYHOrO IporpamyBaHHs. HaykoBa HOBHU3Ha
oJlep>KaHMX pe3yJIbTaTiB [0JIArae B TOMY, 110 BIieplie 1J1s 3a/1a4i JOOOBOTrO MJIaHyBaHHSI €J1eKTPOCIIOKMBAHHS
IIPOMUCJIOBOTO CIIO>KMBa4a 3allPOIIOHOBAHO KOHTYP IIPUMHATTS pillleHb, IKUW, Ha BiIMiHY Bif, IeTEPMiHOBaHOTO
IIJIaHYBaHHS 32 TOYKOBUM IIPOTHO30M, BUKOPHUCTOBY€E TPAEKTOPHUI iIMOBIpHICHMI IPOTHO3 HAaBaHTaKE€HHS Ta
PVHKOBI IapamMeTpu HebaIaHCy 111 POPMYyBaHHS IJIaHOBOTO rpadika i BUOOPY CLeHapHOI MOJIITUKY 32 PU3UK-
OpPiEHTOBaHUM KPUTEPiEM, UYTJINBUM [10 €KCTPEMAJIbHO BUCOKUX JI0OOBUX BUTPAT. YLOCKOHATIEHO METO0JIOTi0
I0OOBOTO IJIAaHYBAHHSI €JIEKTPOCIIO>KMBAHHS IIJISIXOM BU3HAUY€HHS MiHIMaIbHO JOCTaTHbOIO CKJIANy BXiIHUX JaHUX
i popmasnizanii pexxuMHHUX MOAiN y CTAaHIAPTU30BAHOMY PEECTPI 3 AETEPMiHOBAaHVM [IEPETBOPEHHSIM Y MAaTPULIIO
o3Hak. Habysa nojanpmoro po3BUTKy IPaKTUYHA peastisalisi iMOBipHICHOTO IPOrHO3yBaHHS MIJIIXOM 1106y 10BU
TPAEKTOPHOTO aHCaMOJIIO 3 OLIiHIOBAHHSIM Bar i MOHOTOHHUM KaJlibpyBaHHSIM IIPOTHO3HUX iHTEPBaJiB y po3pisi
KaJIeHJapHUX KJIaciB 6, o 3a6e3nedye KOHTPOJIb (PaKTUYHOrO NOKPUTTSI iHTEPBaliB Ta MiJjBULILYE HANiMHICThb
OLIiHKM HEBU3HAYEHOCTI 1J1s1 PU3MK-OPi€HTOBAHMX pillleHb. [I[pakTUYHE 3HAYEHHS Pe3yJIbTATIB [10JISITA€ Y CTBOPEHHI
[IPUKJIAIHOTO, BiATBOPIOBAHOIO iHCTPYMEHTAPIIO 11711 JOGOBOIO IIOTOAVHHOTO I1JIAHYBAHHS €JIEKTPOCIIOKUBAHHS
ITPOMUCJIOBOTO MiJTIPUEMCTBA B YMOBaX KOHKYPEHTHOTI'O PUHKY €JIeKTPUYHOI eHeprii. Po3pobsieHo MexaHizm
[IEpETBOPEHHSI HASIBHUX JAHMX KOMEPLINHOIO O0JIiKy Ta MiHIMaJIbHOTO TEXHOJIOTIYHOTO ONUCY Y (OpMai3oBaHMMI
Habip KepoOBaHUX PEXKMMHUX CLieHapiiB 060Boro pexxumy. CrieHapii iHTepIpeTyIOThCS SIK Y3rOIPKyBaHi BapiaHTU
I0OOBOI TpaeKTOPii HaBaHTaXXEHHS, SIKi MOXKYTb OYTH 3aTBepKeHi 0c00010, 1110 IpUiiMae pillleHHs Ha MiAIPUEMCTBI,
i nepeseneHi y noronnHHuM rpagik HomiHanii. CpopmMoBaHO aJropuTM NOroAMHHOI HOMiHAlLi, y3rompKeHui 3
€KOHOMIYHOIO IPUPOJI0I0 HebalaHCy, Ta IPoLeaypy BUOOPY ONTUMAJbHOIO CLIEHApilo 061 Ha OCHOBI IO€HAHHS
OUiKyBaHMX BUTPAT i pU3UKy JOPOTUX peanidaniil. Pesynbraty po6oTu Npu3HaveHi 1J1s1 32CTOCYBaHHS B 334a4ax
IIJIAaHYBAHHS y4aCTi BEJIMKOrO IPOMUCIIOBOTO CIIOKMBA4Ya HA PUHKY €JIEKTPUYHOI €Heprii, MiirOTOBKY Ta
KOPUTYBaHHS IOTOAVHHOTO rpadika eJ1eKTPOCIOKUBAaHHS Ha 100y Hallepes, OLiHIOBAaHHS PU3MKYy He6aJIaHCIB i

CTaHJapTU3alil [ii1 EHEPrOMEHEIKMEHTY IiAIIPUEMCTBA B LOLEHHOMY LIMKJIi [IJIaHYBAHHS.

2. The dissertation is devoted to improving methods for planning the electricity consumption of an industrial
consumer under electricity market conditions, taking into account load forecasting, market signals, and imbalance
asymmetry. The relevance of the study is determined by the need to form a day-ahead hourly electricity offtake
schedule, agreed with the electricity supplier and used as the basis for market interaction and financial
responsibility for imbalances. The deviation between the agreed schedule and actual offtake acquires a monetary
expression, while the cost of the forecasting error depends on the hour of the day and is asymmetric for deficit
and surplus deviations. The practical complexity of the task is determined by the discrete nature of some
operational decisions of the industrial consumer, technological, production, and organisational constraints on load



variation, and limited data availability. In practice, an enterprise often has only a minimally sufficient information
framework, including commercial metering data, calendar and operational features, and a limited description of
production processes, without full telemetry of individual units. Under such conditions, particular importance is
attached to the methodological correctness of data preparation, the prevention of the use of information
unavailable at the time of decision-making, and the reproducibility of model evaluation procedures. The object of
the study is the processes of planning and forecasting the electricity consumption of an industrial consumer. The
subject of the study is methods and adaptive forecasting models that take into account different scenarios of the
industrial consumer’s participation in the electricity market. To achieve the aim of the study, the necessity of
forming a mechanism for the industrial consumer to use electricity market opportunities was substantiated; the
specific features of its interaction with market mechanisms through the electricity supplier were investigated,;
methodological approaches to electricity consumption forecasting were considered; an approach to integrating
hourly market signals into day-ahead planning was developed; and requirements for representing uncertainty and
evaluating forecast quality were substantiated. The study employs methods for analysing electricity consumption
planning and forecasting; mathematical and probabilistic modelling of consumption modes and imbalances;
probability theory and mathematical statistics, time series analysis, regression analysis, and machine learning;
multi-criteria optimisation and risk assessment; computer modelling, numerical experimentation, and stochastic
programming. The scientific novelty of the obtained results lies in the fact that, for the first time for the task of
day-ahead electricity consumption planning by an industrial consumer, a decision-making framework has been
proposed which, unlike deterministic planning based on a point forecast, uses a trajectory probabilistic load
forecast and market imbalance parameters to form the planned schedule and select a scenario policy according to
a risk-oriented criterion sensitive to extremely high daily costs. The methodology of day-ahead electricity
consumption planning has been improved by defining the minimally sufficient composition of input data and
formalising operational events in a standardised register with deterministic transformation into a feature matrix.
The practical implementation of probabilistic forecasting has been further developed through a trajectory
ensemble with weight estimation and monotonic calibration of prediction intervals by calendar classes of days,
ensuring control over empirical interval coverage and increasing the reliability of uncertainty assessment for risk-
oriented decisions. The practical significance of the results lies in the creation of an applied and reproducible
toolkit for day-ahead hourly electricity consumption planning of an industrial enterprise under competitive
electricity market conditions. A mechanism has been developed for transforming available commercial metering
data and a minimal technological description into a formalised set of controllable operational scenarios. The
scenarios are interpreted as coordinated variants of the daily load trajectory, which may be approved by the
decision-maker at the enterprise and converted into an hourly nomination schedule. An algorithm for forming
hourly nominations, consistent with the economic nature of imbalance, and a procedure for selecting the optimal
daily scenario based on expected costs and the risk of costly realisations have been developed. The results of the
study are intended for application in planning the participation of a large industrial consumer in the electricity
market, preparing and adjusting the day-ahead hourly electricity consumption schedule, assessing imbalance risks,
and standardising the actions of the enterprise’s energy management in the daily planning cycle.
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InenTudikarop ORCID ID: 0000-0003-0258-0478
JoaarkoBa iHdopmauist: Scopus ID: 59367017100

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COO0HM: HanjoHnanbHuii TexHi4HMIA yHiBepcuTeT YKpainu "Kuischkuit

NOJIITeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro®

Kopg 3a €IPIIOY: 02070921

Micueanaxo;perHﬂ: npocnekT Bepecreticekuii, Kuis, 03056, Ykpaina
dopma By1acHoCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Kouap Ouner BikTopoBuu

2. Oleh Kotsar

KBasigikanis: . r. n., gouent, 05.09.03
Inentudgikarop ORCID ID: 0000-0002-7958-2335
JoparkoBa iHpopMauist: Scopus ID: 16435886000

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOHM: HauionanbHuii TexHiuHMiA yHiBepcuTeT YKpainu "Kuischkuit

NOJIITeXHIYHMM iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiichkuii, Kuig, 03056, Ykpaina
dopma ByracHoCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI Posen Bikrop IlerpoBny

TOJIOBH paju



Biacue IIpizBume Im's [10-6aTbKOBI Posen Bikrop IleTposiy

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignosigasnpHuii 3a Hi,ILI‘OTOBKy Komunkos Onekcangp Mukosainosuy
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaToJIiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




