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HucepTarttist Ha 3100yTTS HAYKOBOTO CTYIEHS JOKTOpa (igocodii 3a cremiaibHICTIO
141 — EnektpoeHepreTuka, €JEKTPOTEXHIKa Ta eJeKkTpoMmexaHika. — HarioHanbHui

yHiBepcuteT «Onecbka nomitexaikay, MOH VYkpainu, Ogneca, 2024.

HuceprarmiitHa poOoTa MpHUCBAYEHA PO3POOJIECHHIO METONY aHali3y eheKTHBHOCTI
eKCIUTyaTallii Ta Mpaue3laTHOCTI €MHOI E€HEProCUCTEMHU 3a PaXyHOK pO3pOOJieHHA I1i
IMITAIIAHOT MoOJel UI1 BU3HAYEHHS 3MIHM BJIACTUBOCTEN NOCTaBKM Ta CHOKWBAHHS
€JIEKTPOCHEPTii, B OCHOBY SKOi MOKJIAJI€HO 3rOPTKY KPUTEPIiB aHali3y 3alJTaHOBAaHUX Ta
BUIIaJIKOBUX 30ypEHb, iK1 pOOJISATH MOKIMBUM PYHHYBAaHHS OKPEMUX CKIJIAJIOBUX Ta BY3JIiB,
AK1 3MEHIIYIOTh MTPale3/1aTHICTb.

VY nepiioMy po3aini «AHalli3 Cy4acHOTO CTaHy €KCIUTyaTallli eHepreTHYHUX CHCTEM
yepe3 OLIHKY 1i €()EeKTUBHOCTI Ta Npale3gaTHOCTI MNpu 30ypeHHSAX» OAEpPKaHO TakKl
pe3yNbTaTu:

— BcraHoBieno, mo 6araTo €JIEMEHTIB €IWHOT EHEProCHUCTeMH, TakKi 5K
TpaHchopMatopu, reHepaTopH, JiiHi1 epeiayl TO0, MaIOTh BEJIMKUAM TEPMiH eKCILTyaTallli,
ajie 3 YaCOM BOHH BTPaydalOTh €(hEKTHUBHICTh Ta MOXYTh BUMAaraTH 3aMiHi ab0 Cepio3HOTO
pemoHnTy. Ilig qucneT4epchbKuM KepyBaHHSIM HE BCi €IEMEHTH €HEPTOCUCTEMH OTPUMYIOTh
peryispHe TexXHIYHe OOCIYrOoBYBaHHS, IO MOXXE MPHU3BOAUTH /0 BHUMAJKOBHX aBapii.
barato eHepreTMYHMX CHUCTEM MAalOTh 3acTapijie oOJagHaHHS Ta TEXHOJOTIi, fAKI He
BIJIMOBIJAIOTh CYYaCHUM CTaHAapTaM €()EeKTUBHOCTI €KCIUTyaTallli.

— BcTanoBneHo, 1o kpaiHa CTHUKA€ThCS 31 3HAYHUM J1e(PIIIUTOM €HEProHOCIiB, 110
00MeXXy€e MOXKIIMBOCTI PO3BUTKY TPAJIUIIIHUX JKEPEN €HEPriil Ta MiBUIIYE 3a7I€KHICTD BiJl
iMnopty. Y eHepreTuyHOMY OanaHci KpaiHM HE3HAYHY YaCTKY CTAHOBJISTh B1THOBIIOBAIbHI
JDKepenia eHeprii, Taki sIK BITpOEHEpreThKa, COHSYHA eHeprig, OiomaiauBo Tomio. Yepes

HEJOCTaTHIO 1H(QpacTpykTypy VYKpaiHa Mae 3HAYHUWA MOTEHIHal ISl PO3BUTKY
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BIJIHOBJIIOBAJILHOI T'€HEpallli eJIeKTpOeHEePTii, 30KpeMa 3a JOTIOMOT0I0 COHSYHUX MaHeseH,
BITpOBUX TypOiH, 010ra30BHX YCTAaHOBOK, IO CIPHUAE 3MEHIICHHIO 3aJeKHOCTI BiJl
TPaAULIIHUX JHKEPEeN Ta MOKPAIEHHI0 €HEPreTUYHOT Oe3MEeKH.

— BusHayeHo, 1m0 cy4acHi Mojelli Ta METOAM EHEPrOCUCTEMH HE BPaxOBYIOTh
BUIIAJIKH, KOJI B yMOBaX CIIO’KMBYOTO YITPABIIHHS CIIOKHBAY 3aMOBJISE TUTBKU HEOOX1THUN
JUISL HBOTO O0’€M eJIeKTpOeHeprii abo €auHa EHEeprocucTreMa IiJIJIArae BUIMAIKOBUM
30ypeHHSIM.

Y apyromy posznini «ImiTamiiiHa MOJAENb €IWHOI EHEProCUCTEMU IS PI3HHUX
CLIEHapiiB 3aIJIaHOBaHUX 30ypEHb) 0JIepKaHO TaKl pe3yJIbTaTu:

— BcranoBneno, mo 3actocyBaHHS TpadoBoi Teopii Ja€ MOXKIUBICTb CTBOPUTH
MOJIeNb CTPYKTYPH €HEPrOCHUCTeMH KpaiHu y BUIIIAIL sipycHoro rpady. Lle mo3Bomse y
BUIJISI/II BY3JIIB Ta pedep MpeACTaBUTH CKJIAIHI CTPYKTYpHI €JIEMEHTH CHUCTEMH TaKl SK
TEHEePYIOYl YCTAaHOBKM, €JICKTPUYHI TMIJCTaHII Ta JiHIT eJeKTporepeaad, y BHIJIAII
IMITalIMHUX MOJENeH, SKI MOXYTb OyTH BUKOPHUCTaH1 AJis aHaNi3y, AMCIETYEPCHKOIO

— Brepie 3amponoHoBaHO iMITaIlliHYy MOJENb €HEPreTUYHOT CUCTEMHU Yy BUTJIISII
apycHOro rpadga, sika BpaxoBY€ MOTYKHICTb 3r€HEpPOBAHOI Ta MEPEJAaHOI MEPEkKEI0
€JIEKTPOCHEPTii, HOMIHAJIBHY TOTYXKHICTh Ta KUIBKICTh TpaHC()OpPMATOPIB EICKTPUIHHUX
IiJCTaHIlli, Iepepi3 Ta MaKCUMaJIbHy MPOIYCKHY 3/aTHICTb JIiHIN enekTpornepenad. Taka
MOJIENTb J1a€ MOXJIMBICTh BA3HAYUTH CKJIAJIHI B3a€EMO3B’ I3KM MIXK 11 By3JIaMHU Ta IHTErpyBaTu
YCTaTKyBaHHA B €JMHY EHEProCHCTEMY [UJIsi TPOBEACHHS 1i aHalmizy eQeKTUBHOCTI
eKCIUTyaTallii Ta mpare3/1aTHOCTI.

B Tperpbomy posmini «MeTom OImHKKM €(PEKTHBHOCTI eKCIUTyaTallii €IuHOl
E€HEPreTUYHOI CHCTEMH 4epe3 3TOpTKY ii mapaMeTpiB» OyJio po3poOJIEHO METOJ OIIHKU
e(hEeKTUBHOCTI eKCIUTyaTallii €IMHOI EHEPTOCUCTEMHU Ha OCHOBI IMITAlLlIMHOT MOJEINI €UHOT
EHEPreTUYHOI CUCTeMH JJIsl aHami3y ii eKcIutyaTallii Ha 0a3i 3rOPTKH OKPEMHUX KPUTEPIiB.
HaykoBuM pe3yinbTaToM TPETHOTO PO3ALUTY MOYKHA BBXKATH:

— OJIJIBbIINN PO3BUTOK METOTY OLIIHKH €()eKTUBHOCTI EKCILTyaTallii eHeproCUCTEMH,
B OCHOBY SIKOT'O MOKJIAJ€HO 00’€MU IOCTaBKM Ta CIOXXUBaHHS eyekTpoeHeprii. Byio

JIOJIAaHO MOXKJIMBICTh BpaxyBaHHsSI 00’€MIB €JIEKTPOCHEPrii, SKI HEOOXIAHO J10JaTKOBO



3QJly4UTH 32 aHAJIOIOM KpPEIMWTHOI OAHKIBCHKOI CUCTEMH Yy IHILOI €HepronepeaaBalbHOI
opranizaiii ajs 3a0e3nedeHHs moTped CroKuBaya.

— y3araJibHeHU#l MOKa3HUK 3rOPTKHA OKPEMHUX KpHUTEpiiB, a came o0csry, sKOCTI Ta
€(DEeKTUBHOCTI MOCTaBKU EJIEKTPOCHEPrii, M0 JaJ0 MOXKJIUBICTH B YMOBax CIIOXHUBYOTO
YIOPaBIIiHHS OTPUMATH 1HTETPATbHUI MOKA3HUK JJIsS BHUSIBICHHS CIOXXHUBa4eM €(EKTUBHOI
MIOCTAaBKH CEepeJl MOKIIMBUX aJIbTCPHATHB.

B uerBepromy pozaini «CToxacTMyHa MOJAETh €IMHOT €HEPTreTHYHOI CUCTEMH Ta
METO]I aHaII3y Mpale3AaTHOCTI IPU UMOBIPHOCHUX CIIEHAPIsAX 30ypeHb» JIOCATHYTO METY
qUcepTaliitHoro JociikeHHss. HaykoBuUM pe3ylnbTaToM 4YEeTBEPTOro pO3JAUTY MOKHA
BBAKATH:

— CTOXaCTHYHY MOJENb €(PEKTUBHOCTI Ta Npale3JaTHOCTI €JUHOI E€HEepPreTHYHOl
CUCTEMH, SIKa CKJIQJA€Tbcs 3 i IMITAIIHHOI MOJENI, MOTOYHOTO JIAHLIOTY 00 €KTIB
NEPETBOPEHHSI Ta TPAHCHOPTYBaHHS, MOJENl BUNAAKOBUX 30ypeHb, $KI 3MIHIOIOTh
BJIACTHMBOCTI BY3JIIB Ta pedep sipycHOro rpady Ta METOAY OILIIHKH ii eKCIUTyaTalli 3a paxyHoK
MOKA3HUKIB 11 €()eKTUBHOCTI Ta MPAINE3qaTHOCTI, METOAY PEKYPCHUBHOTO MPOIIECY MOIIYKY
NUIAXIB OTPUMAHHS EJEKTPOCHEprii BiJ 00’€KTa CHOXHBaya JI0 YCTaTKyBaHHS
€JIEKTPOTEeHEepAllil;

— aHaji3 yYMOB TIpame3fgaTHOCTI EHEProCUCTEMHU IIiJl Yac pI3HUX CICHapiiB
eKCIUTyaTallii, BpaXOBYIOYH MOTEHIIHI BUXOHU 3 J1aly KOMIIOHEHTIB i/l 9aCc BUIaJIKOBUX
30ypeHb, sIK1 IPUBOASATH 10 pyHHYBaHHS 00J1aJTHAHHS.

KirouoBi cnoBa: eHeprocucreMa, JUCIETYEPChKE KepyBaHHS, JlarpaMa, reHepailis,
BIJIHOBJIFOBaHI JpKEpeEIIa €Heprii, JiHisl eJeKTporiepeadi, aHasi3 JaHUX €HEProCIIOKUBAHHS,
e(eKTUBHICTh, TEIIOCUCTEMA, BUPOOHUIITBO EJICKTPOCHEPrii, KpuTepii ePeKTUBHOCTI,
OIlIHKa €(EeKTUBHOCTI, 3HWKEHHS BHUTpPAT, EHEProeEeKTUBHICTb, MOJEIb OI[IHKU

e(EeKTUBHOCTI Ta Mpale3/1aTHOCTI.
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ABSTRACT

Suvorov V. O. Models and Methods for Analyzing the Efficiency and Operability of
the Power System under Random and Planned Disturbances. — Qualification Work in
Manuscript Form.

Dissertation for the degree of Doctor of Philosophy in specialty 141 — Electrical
Power Engineering, Electrical Engineering, and Electromechanics. — National University

«Odesa Polytechnic», Ministry of Education and Science of Ukraine, Odesa, 2024.

The dissertation is dedicated to the development of a method for analyzing the
operational efficiency and operability of a unified power system by developing its
simulation model to determine changes in the properties of electricity supply and
consumption, based on a convolution of criteria for analyzing planned and random
disturbances that can lead to the breakdown of individual components and nodes, reducing
operability.

In the first chapter "Analysis of the current state of power system operation through
the evaluation of its efficiency and operability under disturbances," the following results
were obtained:

— It has been established that many elements of the unified power system, such as
transformers, generators, transmission lines, etc., have a long service life, but over time they
lose efficiency and may require replacement or serious repair. Not all elements of the power
system receive regular technical maintenance under dispatch control, which can lead to
random accidents. Many power systems have outdated equipment and technologies that do
not meet modern efficiency standards.

— It has been found that the country faces a significant deficit of energy resources,
limiting the development opportunities of traditional energy sources and increasing
dependence on imports. Renewable energy sources, such as wind energy, solar energy,
biofuels, etc., make up a small fraction of the country’s energy balance. Due to insufficient
infrastructure, Ukraine has significant potential for the development of renewable electricity

generation, including through the use of solar panels, wind turbines, biogas installations,
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which contributes to reducing dependence on traditional sources and improving energy
security.

— It has been determined that current models and methods of power systems do not
take into account cases where, under consumer management conditions, the consumer
orders only the necessary amount of electricity, or the unified power system is subject to
random disturbances.

In the second chapter "Simulation model of a unified power system for various
scenarios of planned disturbances," the following results were obtained:

— It has been established that the application of graph theory allows creating a model
of the country’s power system structure in the form of a layered graph. This allows
representing complex structural elements of the system such as generating units, substations,
and transmission lines as nodes and edges in the form of simulation models that can be used
for analysis, dispatch control, and optimization of its operation.

— For the first time, an imitation model of the power system in the form of a layered
graph has been proposed, which takes into account the power generated and transmitted by
the power network, the nominal power and quantity of transformers of electrical substations,
the cross-section and maximum throughput of power lines. Such a model allows determining
complex relationships between its nodes and integrating equipment into a unified power
system for conducting its operational efficiency and operability analysis.

In the third chapter «Method for evaluating the operational efficiency of a unified
power system through the convolution of its parameters», a method for evaluating the
operational efficiency of a unified power system based on its simulation model was
developed for analyzing its operation based on a convolution of individual criteria. The
scientific result of the third chapter can be considered:

— Further development of the method for evaluating the operational efficiency of the
power system, based on the volumes of electricity supply and consumption. The possibility
of taking into account the volumes of electricity that need to be additionally involved,
similar to the credit banking system, in another power transmission organization to meet

consumer needs.
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— The generalized indicator of the convolution of individual criteria, namely the
volume, quality, and efficiency of electricity supply, which made it possible under consumer
management conditions to obtain an integral indicator for identifying effective supply
among possible alternatives.

In the fourth chapter «Stochastic model of a unified power system and method of
operability analysis under probabilistic disturbance scenariosy», the goal of the dissertation
research was achieved. The scientific result of the fourth chapter can be considered:

— Stochastic model of the efficiency and operability of the unified power system,
which consists of its simulation model, the current chain of transformation and
transportation objects, a model of random disturbances that change the properties of nodes
and edges of the layered graph, and a method for evaluating its operation through indicators
of its efficiency and operability, a method of recursive process of searching for paths to
obtain electricity from the consumer object to the power generation equipment.

— Analysis of the operational conditions of the power system under different operation
scenarios, taking into account potential failures of components during random disturbances
that lead to equipment breakdown.

Keywords: power system, dispatch control, diagram, generation, renewable energy
sources, power line, data analysis of energy consumption, efficiency, solar system,
electricity production, efficiency criteria, efficiency evaluation, cost reduction, energy

efficiency, efficiency assessment model and operability."
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