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Pedepar/anoTamis:

1. MeToto gucepTaliiHOi po60TH € MifBuUIeHHS eDEeKTUBHOCTI MOPiBHSIHHS ClleHapiiB KacKagHuX edeKTiB B
€JIEKTPOMEPEXKax Ta BUBHAUEHHSI NIOJ[iOHMX CTaHiB CUCTEM Ha OCHOBI rpa0BUX HEMPOHHUX MEPEX i3 BpaXyBaHHIM
CEeMaHTHKHU 03HAK Ta 3B’A3KiB Mixk 06’ekTamu. HaykoBa HOBM3HA OleP>)KaHUX Pe3yJbTaTiB focimkens: 1. Viepiue
PO3pO6JIEHO METOM, CEMaHTUYHOTO MOZEJIIOBAHHS CLieHapiiB KackagHUX 300iB B eJIeKTpOMepeskax Ha OCHOBI MOJieTi
IIOTOKY ITOTYXXHOCTI], 1110 6a3y€ThCs Ha BUKOPXCTaHHI OHTOJIOTIYHOI MOJieJli Ta MHOXKUHI paBuJ1 1151 popmarisaliii,
IIepeBipKY, JONOBHEHHS IAHUX NIPO CTPYKTYPY €JIEKTPOMEPEKi Ta IPOLLECH PO3BUTKY KaCKaJHUX €(EKTIB y
cueHapisx. Po3pobsienuit MeToq, 103B0OJISIE Tif, 4ac ONePeAHbOr0 aHai3y JaHMX CLeHapiiB Npo KacKagHi epeKkTu B

POOOTi e71eKTPOMEPEX BUSIBIISITH IPOTUPIUYS ¥ IOMUJIKY, 1[0 MOXKYTh OYTH YCYHEHI Ha paHHbOMY eTarli JJ1st



MOKpaleHHS SIKOCTi JaHUX TIifi YaC BUKOPUCTAHHS METO/IiB MAlIMHHOTO HaBYaHHS. 2. Yieplie po3po0eHO METO],
BU3HAYEHHS MOAIOHOCTI clieHapiiB KackagHUX edeKTiB B eJIeKTpoMepeskax Ha OCHOBI MO/IeJTi aBTOEHKOIepa Ta
KOCHHYCa NOJIiGHOCTI, 1110 BiIpi3HSIETHCS Bifl IOAiOHMX CEMAHTUKOIO B3a€MOJii MiXX 06’eKTaMu Ta iXHiMuU
3HQUEHHSIMU TP NIOPiBHSHHI [IPEICTaBJIeHb [IPO CTAaHU CUCTEM, L0 JO3BOJIsIE BPaXOBYBATH CTPYKTYPY Ta BILJINB
3MiH B pOOOTi KOMIIOHEHTIB eJIeKTpoMepeX. 3. YIOCKOHalIeHO MOZeJli aBTOeHKOiepa IJ1s1 CTBOPEHHSI IIPEeACTaBIeHb
IIPO KPOK Ta IOCJIiJOBHICTb KPOKiB pOOOTH €JIEKTPOMEPEX Y CLieHapisiX Ha OCHOBI rpapoBUX HEIPOHHUX MEpeX,
4Ki, Ha BiIMiHY BiJl HAsBHUX, BPaXOBYIOTb CEMAHTMKY CTaHiB KOMIIOHEHTIB. Y IOCKOHaJIEHa MOJEJb JIJIs1 CTBOPEHHS
IIpe/ICTaBJIeHb [IPO CTAHU CUCTEM Y KPOKax CIi€HapiiB J03BoJIs€ MiABUIIUTH KoedillieHT neTepMiHallii By3siB y
cepenHbOMY Ha 5,6%, koedilieHT neTepmiHauii pedep y cepeHboMy Ha 27,2%. YIOCKOHaseHa MOJIeJlb JIsI
CTBOPEHHS [IPECTABJIEHb IIPO 3MiHU CTAHIB CUCTEM Yy IIOCJIiLOBHOCTI KPOKIB CLi€HapiiB 03BOJIsE€ MigBULINTH
koe(ilieHT netepMiHalii By3siB y cepeHboMy Ha 9,5%, KoedilieHT geTepmiHaliii pebep y cepenHbomy Ha 0,5%. 4.
Ynepuie po3po6yieHO apXiTeKTypy IIPOrPpaMHOro 3abe3redyeHHsl /171 IPOBeIeHHS eKCIIePUMEHTIB 3i cieHapisMu
po60TU eNleKTpoMepesK, 30KpeMa KackagHux edeKTiB, sIKa Bilpi3HAEThCS Bifl HAsIBHUX MOPIBHSHHSAM Ta
BM3HAUYEHHSIM MOMIiIGHOCTI CTaHiB €JIEKTPOMEPEXK Y CLIEHAPisIX HA OCHOBI PO3PO6JIEHUX METOLIB Ta MOAEJIEN
aBTOEHKOJepa, 1110 JO3BOJISIE pO3POOUTHU IIPOrPaMHeE 3a6e3MeYeHHs, IKe Haslae iHdopMalliio 1 NPpUNHATTS
pimenHs. [IpakTryHe 3HaY€HHS OJlepKaHUX pe3yJbTartiB: 1. Yepie po3po6seHo porpaMHe 3abe3neyeHHs aHali3y
KacKaJgHuX e(eKTIB B eJIeKTpOMepekax, Jje BUKOPUCTOBYIOTbCS TaKi METOAU: METOM, CEMAaHTUYHOTO MOJEJIIOBAHHS
ClLieHapiiB KackaJHUX 300iB B eJIeKTpOMepekax; METO, BUBHAYEHHSI MOIiIGHOCTI ClieHapiiB KacKaJHUX €(EeKTiB B
eJIeKTpOMepeXi Ha OCHOBI rpadoBoi HEPOHHOI Mepeski Ta KocuHyca nofibHoCTi. EHKoZep HaTpeHoBaHOi Mogei
HEePOHHOI MepeXi BUKOPUCTOBYETHCSI [111 CTBOPEHHSI [IpeJiCTaBeHb [P0 POOOTY €JIEKTPOMEPEX Y ClieHapisX, 110
IIOPiBHIOIOTHCSI 32 IOIIOMOTO0I0 KoedillieHTa MoiGHOCTI Ha OCHOBI KOCMHYCA MOAIOGHOCTI i3 BpaXyBaHHSIM CEMaHTUKHU
Ta 3Ha4e€Hb 03HaK. Kpim TOro, oTpMaHi npeacTaBieHHs BUKOPUCTOBYIOThCS 1711 BU3HAUYE€HHSI MHOKUHU MOMIOHUX
CTaHiB €JIEKTPOMEPEK Ha OCHOBI Kactepusauii. OfepykaHi pe3yabTaTH MOXYTb BUKOPUCTOBYBATUCS B OCBiITHBOMY
Ipolieci: MaTepianu A JeKLii, 1abopaTopHuX pooiT. [IporpamHe 3ab6e3neuyeHHsl MOXKe 3aCTOCOBYBATUCS SIK
CHCTeMa 171 IPUUHATTS pillleHb HA OCHOBI HAasiBHUX CLeHapiiB. 2. CTBOPEHO 6a3y AaHUX, O MICTUTb iHPopMaliio
IIPO MPOBeJIeHi eKCIIEPUMEHTH, 1II0 BUKOPUCTOBYIOTHCS IIPY aHaslizi po6otu mogeneit. CucremaTusalis JaHNUX
IIOTIOMarae BU3HAYUTHU MMPUXOBaHi 3aKOHOMIPHOCTI, TOMUJIKY, aHOMAJIii, SIKi BaXKKO MOGAYUTH IIPU TTOOIUHOKUX
TecTax. Ha 0CHOBi HaKONNYEHUX JAHUX [IPO POOOTY MOAEJIEN MOKHA BUSIBUTU €(PEKTUBHI Ta Hee(PEeKTUBHi
HaJIAIITYBaHHS rinepnapametpis. [IopiBHSAHHS pob0TH MOJeJeN 3 Pi3HMMU KOHQIrypaLisiMyu MO>KHA BUKOPHCTATU
IJ151 BUBHAUEHHSI CUJIbHUX i CJIAOKMX CTOPiH MojeJiell Ta BUOpaTy HeoOXinHI HaJaIlTyBaHHSI 3aJIEXKHO Bif TaHUX.
OrpuMaHi pe3ysbTaTy, 5Ki 3a3Ha4€Hi B IUCEPTALIMHOMY JOCIIIPKEHHI, € BHECKOM Y PO3BUTOK TEOPETUYHUX i
[IPUKJIAJHMX HAMPSIMKIB iHPOpMaLiIHUX TEXHOJIOTI: BAKOPUCTAHHS CEMAaHTUYHOI MOei AJ1 popmatisanii
IIpeMETHOI 0671acTi (cLeHapii po60TH e1eKTPOMEPEXK); BUKOPUCTaHHS rPadOBUX HEMPOHHUX MEPEX [1JIs1 aHaJli3y
CLieHapiiB KackagHUX ePeKTiB (KacKagHUX 300iB) y KDUTUUYHUX iHPPACTPYKTypax (€JIeKTpOMepeskax); BAKOPUCTAHHS
[IPOrpaMHOro 3abe3eueHHs 111 00pOoOKY AaHUX, 110 BiAKpYBAaE HOBi MOKJIMBOCTI 1JIsl PO3B’sI3aHHS CKIIATHUX

3aj1ay.

2. The purpose of the thesis is to increase the efficiency of comparing cascade effect scenarios in power grids and
to determine similar system states based on graph neural networks, taking into account the semantics of features
and connections between objects. Scientific novelty of the obtained research results: 1. For the first time, a method
for semantic modeling of cascading failure scenarios in power grids has been developed based on a power flow
model, which is based on the use of an ontological model and a set of rules for formalizing, verifying, and
supplementing data on the structure of the power grid and the processes of developing cascading effects in
scenarios. The developed method allows, during the preliminary analysis of data on cascading effects scenarios in
the operation of power grids, to identify contradictions and errors that can be eliminated at an early stage to
improve data quality when using machine learning methods. 2. For the first time, a method for determining the
similarity of cascading effect scenarios in power grids has been developed based on the autoencoder model and
the cosine of similarity, which differs from similar ones by the semantics of the interaction between objects and
their values when comparing representations of system states, which allows taking into account the structure and



impact of changes in the operation of power grid components. 3. Autoencoder models have been improved to
create representations of the step and sequence of steps of the operation of electrical networks in scenarios based
on graph neural networks, which, unlike existing ones, take into account the semantics of component states. The
improved model for creating representations of system states in scenario steps allows to increase the coefficient
of determination of nodes by an average of 5,6%, the coefficient of determination of edges by an average of 27,2%.
The improved model for creating representations of system state changes in the sequence of scenario steps allows
to increase the coefficient of determination of nodes by an average of 9,5%, the coefficient of determination of
edges by an average of 0,5%. 4. For the first time, a software architecture has been developed for conducting
experiments with power grid operation scenarios, in particular cascade effects, which differs from existing ones by
comparing and determining the similarity of power grid states in scenarios based on developed methods and
autoencoder models, which allows developing software that provides information for decision-making. Practical
significance of the results obtained: 1. For the first time, software for analyzing cascade effects in power grids has
been developed, which uses the following methods: a method for semantic modeling of cascade failure scenarios in
power grids; a method for determining the similarity of cascade effect scenarios in power grids based on a graph
neural network and cosine similarity. The encoder of the trained neural network model is used to create
representations of the operation of power grids in scenarios that are compared using a similarity coefficient based
on cosine similarity taking into account semantics and feature values. In addition, the resulting representations are
used to determine the set of similar states of power grids based on clustering. The results obtained can be used in
the educational process: materials for lectures, laboratory work. The software can be used as a system for making
decisions based on existing scenarios. 2. A database has been created containing information on the experiments
conducted, which are used in the analysis of the operation of models. Systematization of data helps to identify
hidden patterns, errors, anomalies that are difficult to see in single tests. Based on the accumulated data on the
operation of models, effective and ineffective hyperparameter settings can be identified. Comparison of the
performance of models with different configurations can be used to identify the strengths and weaknesses of the
models and select the necessary settings depending on the data. The results obtained, which are indicated in the
dissertation research, are a contribution to the development of theoretical and applied areas of information
technology: the use of a semantic model for formalizing the subject area (electricity grid operation scenarios); the
use of graph neural networks for analyzing scenarios of cascading effects (cascading failures) in critical
infrastructures (electricity grids); the use of data processing software, which opens up new opportunities for
solving complex problems.
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I,ILeHTPI('l)iKaTop ORCID ID: 0000-0002-4133-8169
JopaTrkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: IHCTUTYT iHPOPMAIIIHUX TEXHOJIOTIi Ta CUCTEM

HanjionanbpHoi akazemii Hayk YKkpainu



Kopn 3a €EIPIIOY: 24741741

Micue3HaxoaKeHH: npocnekT Akagemika ['mymkosa, Kuis, 03187, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akajeMis HayK YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tomona Cepriit BacunpoBud

2. Serhii V. Toliupa

KBasigikamis: n. 1. u., npodecop, 05.12.02
InenTudikarop ORCID ID: 0000-0002-1919-9174
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: KuiBCchKuil HaLioOHAIbHMIA YHiIBepCUTET iMeHi Tapaca

[leByeHKa

Kog 3a €IPIIOY: 02070944

MiCIICBHaXO,T.[)KeHHH: ByJ1. Bonmopumupceka, Kuis, 01033, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. 'aBpusnko €Brex Bosogumnposud

2. Yevhen V. Havrylko

KBasigikamis: n. 1. ., npodecop, 05.12.02
InenTudikarop ORCID ID: 0000-0001-9437-3964
JoparkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuyHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJITEXHIYHMI IHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micqesﬂaxon)KeHHﬂ: npocnekT bepecrericekuii, Kuis, 03056, Ykpaina
dopma BaacHoOCTI:

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Mycienko Anpnpiii [leTrpoBry



2. Andrii P. Musiienko

KBasigikamis: x. 1. v., npodecop, 05.13.06

Inentudikarop ORCID ID: 0000-0002-1849-6716

JonaTkoBa iHdopmalist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN IHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoO KeHHS: npocnekT Bepecreiicbkuii, Kuis, 03056, Ykpaina

dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZmoMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH paju

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpaTtop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi

OisIJIbHOCTI

Bapa6am Oser Bosogumuposrdy

Bapa6am Oner BomogumupoBud

XomeHko Osnekcanap Mukosanosuy

Opuenko TersiHa AHaTOJIiBHA

Opuenko Tetsana AHaTosiiBHa



