AHOTAIISA

3ybax B. B. Mopeni Ta MeTonud aBTOMAaTHU30BAHOTO YIIPAaBIIHHS OalaHCOM
MOTYHOCTI Ta YaCTOTHU €JIEKTPOECHEPTeTUYHOI CUCTEMU JIJIS MIJIBUILIEHHS 11 €(DEeKTUBHOCTI
3a YMOB JIii MPOEKTHUX Ta MO3aMPOEKTHUX 30ypeHb. — Kpamiikariiina HaykoBa podoTa Ha
npaBax PyKOITUCY.

Huceprartiist Ha 3100yTTS HAYKOBOTO CTYIIEHS JIOKTOpa (ijocodii 3a creriagbHICTIO
151 — aBTomaru3amisi Ta KOMII IOTEPHO-IHTETpoBaHi TexHojorii. — HamionansHuit
yHiBepcuteT «Onecbka nomitexdikay MOH Ykpainu, Ogneca, 2026.

Hucepraiiiiina poOoTa MpUCBAYEHA MIABUIICHHIO €(PEKTUBHOCTI (PYHKI[IOHYBaHHS
€JIEKTPOCHEPTETUYHOI CHCTEMH 32 YMOB JIi1 TPOEKTHUX Ta MO3aMPOEKTHUX 30yPEHb MUIIXOM
PO3p00JICHHS KOMIUIEKCHOI 1IMITaIlIfHOT Ta AUMHAMIYHOI MOJIeIel, a TAaKOXK YI0CKOHAJICHHS
METOJly aBTOMATH30BAaHOTO CTPYKTYpHO-TIAPAMETPUYHOTO  YMpaBIiHHA  OajdaHcoM
MOTY>XHOCT1 Ta 4acTOTH. J{Ji1 JOCSTHEHHS I1€i METU B POOOTI pO3pOOJIEHO KOMIUICKCHY
IMITal[IiHy MOJEJb €JIEKTPOEHEPreTUYHOI CUCTEMH, SIKa CKIAJA€ThCA 31 CTPYKTYPHOI,
00’ €KTHO-OPIEHTOBAHOI, MaTEeMaTHU4YHOi, CTOXACTUYHOI Ta TaOJMYHOI MoOJAeNer i
dbopmaiizaiii eJIeMEeHTIB CHUCTeMH, I1H(POpMaliMHUX Ta (I3UYHUX TOTOKIB, 3MIHU
napameTpiB Ta CTaHIB €JIEMEHTIB B Pe3yJbTaTl Jii MPOEKTHUX Ta MO3AMPOEKTHUX 30yPEHbD.
Y AO0CKOHAIEHO METOJ aBTOMATH30BAHOTO CTPYKTYPHO-TIAPaMETPHUYHOTO YMPAaBIiHHS Ta
pO3pO0JICHO JWHAMIYHY MOJENb YIPaBIiHHS OaJaHCOM TMOTY>KHOCTI 1 4YacTOTH B
€JIEKTPOCHEPIeTHUYHIM CUCTEMI B Pe3yibTaTl Jli MPOEKTHUX Ta MO3ANPOEKTHUX 30ypEHb.
3anponoHOBaHO METOJ OIIHKM €(PEKTUBHOCTI MOCTAaBKH €JIEKTPUYHOI €Heprii 3a pi3HHUX
PEXKUMIB POOOTH CHCTEMH.

VY nepuiomy po3ain «AHali3 ICHYOUUX METO/IB, MOJICJICH Ta CTpaTeriii KepyBaHHs
OaJlaHCOM TIOTYKHOCTI Ta YaCTOTH B €JIEKTPOSCHEPTETUYHIN CUCTEMI 32 YMOB JIii TPOEKTHUX
Ta MO3aNPOEKTHUX 30ypPEeHb» 0YJI0 3p00JICHO HACTYITHE.

— Bu3HaveHo mnpoiiec yrnpaBiHHSA aKTUBHOIO T€HEPYIOUYOI0 MOTYXHICTIO SIK 00’ €KT
YOPaBIIiHHS U BUPILICHHS 3a]a4 3a0e3MeueHHs 0anaHcy MOTYKHOCTI Ta YaCTOTH, TaK K
3MiHA AaKTUBHOI TOTYXHOCTI O€3MOCepeHbO BIUIMBAE HA BIAXWUJIEHHS YacTOTH Ta

MOPYIIEHHSI HOPMAJILHOTO PEKUMY POOOTH €JIEKTPOCHEPTETUIHOI CHCTEMH.
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— Po3rnsiHyTO icHYI0Y1 MO/IEN Ta METOAM PETYJIOBAHHS YaCTOTH Ta MOTYKHOCTI, a
came: IEPBUHHE pETyJIIOBaHHS YacTOTH 3a MMTTEBUM BIAXWUJIICHHSIM Ta BTOPUHHE
pETYJIOBaHHS YacTOTH 3a IHTErPajbHUM BIIXWICHHSM. BCTaHOBIEHO, IO pETyNIOBaHHS
HOTY>KHOCTI Ta YaCTOTH 32 MUTTE€BUM BIAXUJICHHSIM XapaKT€PU3y€EThCA IIBUIKOIO PEAKIIIED
Ta COpsSMOBaHE Ha YTPUMaHHS YaCTOTH, OJHAK IpPH IbOMY 30epiraerbcs ii ycTalieHe
3aJUIIKOBE BIAXWJICHHS. PerymoBaHHS TOTYKHOCTI Ta 4YacTOTH 3a IHTETPAJbHUM
BIAXUJICHHSAM IO€JHYE MIBUJKY PEAKIII0 PEryIrOBaHHSA 32 MHUTTEBUM BIIXWICHHSIM Ta
(dhopMye 10aTKOBHIA KEPYIOUNH BILTUB, IPOMOPIIIMHIN HAKOMTUICHOMY B Yaci BIAXUIICHHIO
4acTOTH, 110 3a0€e3Meyy€e yCYHEHHS YCTaJIeHOI0 3aJIUIIKOBOIO BIAXUJIEHHS YaCTOTH.

— BcraHoBieHO, 110 yHNpaBiHHS TOIOJIOTIED CTPYKTYPH €JIEKTPOCHEPTrEeTUYHOI
CHUCTEMH BHUKOHYETHCS TMEPEBAKHO OINEPATHMBHUM TEPCOHAIOM BIAMOBIIHO A0 KOMaH]
JAUCIIETYEPA, 10 CBIAYUTH MPO BIACYTHICTH aBTOMATH30BAHOIO YIPABIIHHSA CTPYKTYPOIO
CUCTEMH Ta HEOOXIAHICTh YJOCKOHAJIECHHS ICHYIOYMX METOMIB MapaMeTPUYHOIO
yIpaBiiHHS. ABTOMAaTH30BaHA CHUCTEMA KEpyBaHHS OallaHCOM MOTYXHOCTI Ta YacTOTH
NOBUHHA 3a0€3MeuyBaTH SIK MapaMeTpUYHE PETYJIOBAHHS, TaK 1 CTPYKTYypHE yHpaBIiHHS
TOMOJIOTIE€I0 E€JEKTPOECHEPIEeTUYHOI CUCTEMHU B 3aJIEKHOCTI BiJl BeJMYUMHU 30ypeHHs. Lle
3YMOBJIIO€ HEOOX1HICTh dbopmanizari BUOODY HaWKpaioi CTPYKTypH
€JICKTPOCHEPTETHYHOT CUCTEMHU HA OCHOB1 (DYHKITIOHATY KPUTEPIIO SIKOCTI.

— Po3risiHyTO 1CHYIOYl BHJIM MOJENEH il MOXJIMBOCTI JOCHIPKEHHS poOO0TH
€JIEKTPOCHEPTeTUYHO1 cucTeMU. BCcTaHOBIIEHO HEOOXITHICTH PO3POOICHHS KOMILJIEKCHOT
IMITaLIMHOI MOJIEJl €1eKTPOCHEPIeTUYHOI CUCTEMU, SIKA MOEAHY€E 00’ €KTHO-OPIEHTOBAHY,
MaTeMaTU4yHy, CTOXaCTHYHY, TaOJIWYHY Ta CTPYKTYpPHY MoJIehb A popmarizaiiii 00’ €KTiB
cucteMu, I1HGoOpMamiMHUX Ta (I3UYHUX TIOTOKIB MDK HHUMH 13 3aCTOCYyBaHHSIM
iH(OpMAIIHHUX TEXHOJIOTIM, OLIHKM CTaHy €JEMEHTIB Ta BHU3HAYECHHS HaAIMHOCTI
E€HEPreTUYHOTO O0JIaIHAHHS B YMOBAX Jii IPOEKTHHUX Ta TO3AMPOEKTHUX 30yPEHbD.

— IIpoananizoBaHO BIUIMB MPOEKTHHUX Ta MO3AMPOEKTHUX 30ypeHb Ta X HACTIAKIB Y
CBITOBI MIPAKTHIIL.

Y gpyromy posauni  «KomrekcHa imiTaiiiHa MOJENh Ta  MOJCIIOBAHHS

€JIEKTPOCHEPIeTUYHOT CUCTEMU» OTPUMAHO HACTYITHI PE3YJIbTATH.
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— Po3pobnieHo KOMIUIEKCHY IMITaIliiiHy MOJIelb Ha OCHOBI I1'SITH BHUJIB MOJENEH, a
caMe: CTPYKTYpHOI, 00’ €KTHO-OPIEHTOBAHOI, CTOXAaCTUYHOI, MaTEMaTUYHOI Ta TaOJIUYHOI
Mozenei, Imo 3a0e3Meymso MOXKIMBICTh 3aBASKH  1HGOPMAIIWHUM  TEXHOJOTISIM
dhopmasizyBaTu €JIE€MEHTH CUCTeMHU, 1H(dOopMaliiiHi Ta Gi3uYHI TOTOKH, 3MIHY MapaMeTpiB 1
CTaHIB €JIEMEHTIB, a TaKOX BHUKOHATH IMiTalliiiHE MOJECIIOBAaHHS E€JICKTPOCHEPTreTHUHOI
CHUCTEMH B PE3yJIbTaTi il MPOEKTHUX Ta MO3aMpOEKTHUX 30ypeHb. Ha ocHOBI 00’€KTHO-
OpPIEHTOBAHOTO aHai3y OyJI0 BUBHAUYEHO OCHOBHI 00’ €KTH €JIEKTPOCHEPTreTUYHOI CUCTEMH,
AK abcTpakiii MpeMeTIB pealbHOTO CBITYy, IXHI aTpuOYTH Ta 3B’SI3KH. 3a JTOTIOMOTOIO
MaTEMaTUYHOTO MOJENIIOBaHHS BUKOHAHO OINHUC OO’€KTIB, 110 XapaKTEpU3YIOTh PEKUM
poOOTH CUCTEMH Ha OCHOBI (PI3MUHUX BEJIMYHMH AKTUBHOI Ta PEAKTUBHOI IOTY>KHOCTEM,
HAIPYTH, BTPAT aKTHUBHOI MOTY>KHOCTI Ta BTpaT Hamnpyru. Pi3uKo-MaTeMaTHyHa MOJEITH
3a0e3neunsia moeHaHHS MapaMeTPiB €JIEMEHTIB Ta MPOIECiB 3MIHM AKTUBHOI MOTYKHOCTI,
yacToTd Ta Hampyru. CToxacTuyHa MOJENb 3a0e3leunsia BpaxyBaHHS MMOBIPHICHOTO
XapakTepy BiIMOB €JI€MEHTIB, 110 HA/1aJI0 MOKJIMBICTh OLIIHUTH HAAIHHICTh CHEPTETUYHOTO
oOJalHaHHS Ta €JIEKTPOCHEPIeTUYHOI CUCTEMH B YMOBAX 11 IPOEKTHUX Ta IMO3AMPOEKTHUX
30ypeHb. 3a J0MOMOror TaOMM4YHOI Mojeni 3a(iKCOBaHO MapaMeTpH, PO3PAXYyHKOBI
NMOKa3HWKM Ta CTaHU EJEMEHTIB [UIsl MOJAJbIIOr0 PO3PaXyHKY pexuMy pobOTH
eJIeKTpoeHepreTuyHoi cucreMu. CTpykTypHa Mojenb 3a0e3neuusia CHHTE3 CHCTEMHU
KOMILJIEKCHOI'O OIKUCY E€HEProCUCTEMH NUIAXOM I1HTerpamii 00’ €KTHO-OpPIEHTOBAHOI,
CTOXaCTUYHOI, MAaTeMaTUYHOI Ta TAOJUYHOI MOJEIeH B €JUHY KOMIUICKCHY IMITalliiHY
MOZEJIb, L0 JaJl0 MOKJIMBICTb BUKOHATH IMITallliiHE MOJEIIOBAHHS, (OpMali3yBaTH
€JIEMEHTH cucTeMH, iHGOpMaIIiiiHi Ta Gi3UUHI TOTOKH, 3MIHY 1X TTapaMeTpiB 1 CTaHIB, IJIs
MOJAJIBIIIOTO aHAJI3Y PEXUMY POOOTH EJIEKTPOCHEPTEeTUYHOI CHUCTEMH Ta YIPaBIiHHS
0alaHCOM TMOTYXHOCTI Ta YaCTOTH.

VY tperbomy po3auti «Mojens Ta METOJI aBTOMATHU30BAHOTO YITPABIIHHS OallaHCOM
MOTYXKHOCTI Ta YacTOTH EJIEKTPOCHEPTeTUYHOI CHCTEMHU 3a YMOB /il TPOEKTHHX Ta
MO3aNpPOEKTHUX 30ypeHb)» BUKOHAHO HACTYITHE.

— YIIOCKOHAJIEHO  METOJ  aBTOMATHU30BAHOTO  CTPYKTYpPHO-IapaMeTPUYHOTO
yOpaBiIiHHS OadaHCOM MOTYKHOCTI Ta YacTOTH B PE3yJNbTaTi il MPOEKTHUX Ta

MO3aMPOEKTHUX 30ypeHb. Y TOCKOHAJICHHSI METO/y BUKOHAHO IUISIXOM CHHTE3Y CHCTEMH,
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110 MOEJHYE TapaMeTPUUHE YIPaBIIiHHSA 0aTaHCOM MOTYKHOCTI Ta YACTOTH 31 CTPYKTYPHUM
YIPABIIHHIM TOIOJIOTIEID €IEKTPOSHEPTETUYHOT CUCTEMH, 110 3a0e3nedmnsio opMyBaHHS
€IMHOTO METOAY AaBTOMAaTHU30BAaHOTO  CTPYKTYpPHO-NApPaMETPUUYHOTO  YIPABIIHHS.
3anponoHOBaHa CHUCTeMa KepyBaHHs 3a0e3leuye aHajdi3 BIAXWIEHHS YacTOTH BiJl
HOMIHAJILHOTO  3HAYEHHA Ta TNEpeBIpKy OallaHCy aKTHBHOI  MOTYXHOCTI B
€JIEKTPOCHEPreTUYHIN cucteMi. Y pa3i mpo@iUuTy aKTHUBHOI MOTYXKHOCTI (POPMYETHCS
KepyIOUnil BIUIMB Ha 3MEHIIECHHS TeHepallli eJEKTPUYHOI eHeprii. Y MpOTHIIEKHOMY
BUIAJKy aBTOMATH30BaHA CHUCTEMa KEPYBaHHA BHKOHYE TEPEBIPKY HAsSBHOTO PE3EPBY
aKTUBHOI TMOTY>KHOCTI, 1 32 YMOBH HMOT'0 HAsSBHOCTI B JOCTaTHIH KIIBKOCTI (DOPMYETHCS
KepyIouui BIUIMB Ha 30UIbIIEHHS T'eHepallii eNeKTpU4yHOi eHeprii. Y pas3l BIICYTHOCTI
pe3epBY aKTUBHOI MOTY>KHOCTI CHCTEMa KepyBaHHs 3a0e3neuye nepexiJ 10 CTPYKTYPHOTO
YIOPaBIIiHHSA TOMOJIOTIEID €JIEKTPOCHEPTeTUYHOI CUCTEMH MUIIXOM JIOT1KO-aHAJIITUYHOTO
nepedopy MOXKIIMBHX BaplaHTIB ii CTpyKTypH. CTpateris KepyBaHHS OaJlaHCOM MOTY>KHOCTI
Ta YaCTOTU BU3HAYAETHCA B 3AJIEKHOCTI Bl BEJIMYMHU 30ypEHHS Ta HAsIBHOCTI PE3EPBY
NOTY>KHOCTI. Bubip Hailkpamoi CTpyKTypud CHCTEMH 3a0e3MeUyeThCsi HAa OCHOBI
(yHKIIOHATy KPUTEPIIO AKOCTI, AKUH BpaxoBye (PYyHKIIOHATbHI MOKA3HUKU CIIPOMOXKHOCTI
€JIEMEHTIB Ta TEXHIYHUN TMOKa3HHUK SKOCTI iX (YyHKIIOHYBaHHS. Y JOCKOHAJIEHUN METOJ
CTPYKTYPHO-TTAPAMETPUYHOTO yIPaBIIiHHS 0aJaHCOM MOTY>KHOCTI Ta YaCTOTH 3a0e3reuye
ABTOMATUYHUI MOIIYK HAWKpam[oi cTparerii KepyBaHHS ILIOJ0 PETYJIIOBaHHA a00 3MIHU
CTPYKTYpH €JeKTPOECHEPreTUUHOT CUCTEMHU 3aJIEKHO BiJ /1l MPOEKTHUX Ta MO3AMPOEKTHUX
30ypeHb.

— Po3pobneno auHaMi4HYy MOJEIbh YIPABIIHHS OaJaHCOM MOTY>KHOCTI Ta YacCTOTU
CJIEKTPOCHEPTETHYHOT CUCTEMHU B PE3YyJIbTATI il MPOEKTHUX Ta MO3AMPOEKTHUX 30ypPEHb.
JluHamiyHa MOZEINb €IEKTPOCHEPIeTUUHO1 cUcTeMH po3pobiieHa B cepenosuii MATLAB
Simulink (Ne13709940) mnsxom moeaHaHHs (13UKO-MAaTeMaTHIHUX MOJCICH 1i OCHOBHHUX
€JIEMEHTIB, a came: TIEeHEpPyluOoi CTaHllli, TpaHCPOPMATOPHOI MIACTAHIII, JIHIT
eJIeKTpoTiepeadi Ta CMOKHMBaya 3 ypaxyBaHHSIM KOHTYPIB MEPBHHHOTO Ta BTOPUHHOTO
pEryIIoBaHHS MOTYKHOCTI. JIlnHaMIYHA MO/IEIT /1ajla MOYJIMBICTh MPOAHATI3yBaTH PEAKIIIIO

MEPBUHHOTO Ta BTOPUHHOIO PEryJIOBaHHS TMOTYKHOCTI B pe3yJbTaTl Ali MPOEKTHUX
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30ypeHb Ta OI[IHUTH BIUIMB 3MIHU CTPYKTYPH CUCTEMH Ha OallaHC MOTY>KHOCTI Ta YaCTOTH B
pe3yJIbTati Jii Mo3anpoOEKTHUX 30ypEeHb.

— Y  derBepromy  po3mium  «Pe3ymbpratm  iMITAIiiHOTO  MOJCIIOBAHHS
aBTOMATU30BAHOIO YIPaBIIHHS OalaHCOM MOTYXKHOCTI Ta YaCTOTH E€JIEKTPOECHEPTeTUYHOT
CUCTEeMH B pe3yibTaTi il MPOEKTHUX Ta MO3AMPOEKTHUX 30ypeHb» TOCITHYTO METY
AUCEePTAIIfHOTO JOCTIIKEHHS, a CaMe:

— 3anponoHOBaHO METOJ| OIIHKH €()EeKTUBHOCTI MOCTABKH E€JIEKTPUYHOI €HEeprii 3a
y3araJlbHeHUM KPUTEPIEM 3TOPTKU YaCTUHHUX KPUTEPIiB. Y3aralbHEHUN KpUTEPii 3rOpTKU
c(hOopMOBaHO Ha OCHOBI TPHOX YACTUHHUX KPUTEPIIB, 1110 XapaKTEPU3YIOTh 00’ €M, SKICTh Ta
€(eKTUBHICTh TOCTABKU EJIEKTPUYHOI €HEPrii 3 ypaxyBaHHIM MOXJIMBOCTI 1i KyMIBJl Ta
MpoJaxy 3a OaHKIBCBKOIO CHUCTEMOIO Yy pa3l aediuuty ado Hammmky. Kpurepii
€(EeKTUBHOCTI MOCTaBKHU EJIEKTPUYHOI €HEprii OI[IHIOIOTHCS Ha OCHOBI METOAY 3TOPTKHU
YaCTUHHUX KPUTEPIiB 3 BIICTAHHIO J0 11€aJIbHOT TOUKH 32 HOPMOIO L, ie YACTUHHI KpUTEPIi
MPUIHATO PIBHO3HAYHKMH, a 32 1/1€aJIbHY TOUKY NPUUHATO (PIKTUBHY TOUKY B €BKJIIJIOBOMY
MPOCTOpi, B SKIA KOXXEH KpUTepid HaOyBae cBOro ekcrpemymy. Lle mamo MOXIMBICTH
MEeperTH BI1J OKPEMOro aHali3y KpUTEpII0 O00’€My, KPUTEPII0 SKOCTI Ta KpPHUTEPIO
€(EeKTUBHOCTI TIOCTaBKU €JEKTPUYHOI eHeprii 10 (OopMyBaHHS €IUHOTO Yy3araJlbHEHOTO
KpUTEPII0, 32 JJOTIOMOTOI0 SIKOTO BUKOHYETHCS OIlIHKA €()eKTUBHOCTI TOCTABKU €IIEKTPUIHOT
€HEPrii ISl pI3HUX PEXKUMIB pOOOTH €IEKTPOCHEPTETUYHOI CUCTEMHU.

— IlpoBeneHO MOAENIOBaHHA AaBTOMATU30BAHOTO CTPYKTYPHO-TIapaMETPUUHOTO
yOpaBiaiHHS OadaHCOM MOTYXHOCTI Ta YacTOTH B PE3yJbTari i MPOEKTHUX Ta
o3anpo€eKTHUX 30ypeHb. MaTeMaThuuHe MOICIIIOBaHHS BUKOHAHO B cepenoBuini MATLAB
Simulink (Ne13709940) Ha ocHOBI po3p00JICHOT TMHAMIYHOT MOJCI €IEKTPOCHEPT€THYHO1
CUCTEMH ISl YOTUPHOX PEXKUMIB pOOOTH, IO BiJIOOpaXxaroTh poOOTYy MapaMeTpUUHOIO
PEryJIIOBaHHS MOTYXKHOCTI Ta YaCTOTH MPHU il MPOEKTHUX 30ypeHb Ta 3MIHY CTPYKTYpH
CUCTEMHU B pe3yibTaTi J1i M03anpoeKTHUX 30ypeHb. OTpuMaHi pe3yiabTaTH MiITBEPANINA
MpaIe3IaTHICTh  3aMpOTIOHOBAHOTO aBTOMATHU30BAHOTO CTPYKTYPHO-TTAPaMETPUIHOTO
yIOpaBJIiHHSA 0aTaHCOM MOTYXHOCTI Ta YaCTOTH B €JIEKTPOCHEPTETUYHIN CHCTEMI.

KurouoBi cjioBa: MareMarnyHe MOJIETIOBAHHS, €JEKTpUYHA €HEpris, HalIiHICTb

E€HEepPreTUYHOro OOJagHaHHS, IMITaIliifHE MOJEIIOBaHHS, aBTOMAaTH30BaHA CHCTEMa
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KepyBaHHs, PEryJIOBaHHS MOTYXXHOCTi, (i3UKO-MaTeMaTUYHa MOJAENb, KpHUTEpii
e(DEeKTUBHOCTI, CHUHTE3 CHCTEM, CHCTEMa KepyBaHHs, (YHKIIOHAT KPHUTEPiIO SIKOCTI,

cTpareris kepyBanHs, Simulink, MoentoBaHHs, AMHAMIYHA MOJIEIIb.
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ABSTRACT

Zubak V. V. Models and methods of automated control of the power and frequency
balance of the electric power system to increase its efficiency under the conditions of design
and off-design disturbances. — Qualification scientific work in the form of a manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 151 — Automation
and Computer-Integrated Technologies. — National University "Odesa Polytechnic"
Ministry of Education and Science of Ukraine, Odesa, 2026.

The dissertation is devoted to increasing the efficiency of the functioning of the
electric power system under the conditions of design and off-design disturbances by
developing complex simulation and dynamic models, as well as improving the method of
automated structural-parametric control of the power and frequency balance. To achieve this
goal, the work has developed a comprehensive simulation model of the electric power
system, which consists of structural, object-oriented, mathematical, stochastic and tabular
models for formalizing system elements, information and physical flows, changes in
parameters and states of elements as a result of the action of design and non-design
disturbances. The method of automated structural-parametric control has been improved and
a dynamic model of power and frequency balance control in the electric power system as a
result of the action of design and non-design disturbances has been developed. A method
for assessing the efficiency of electrical energy supply under different system operating
modes has been proposed.

Chapter 1, "Analysis of existing methods, models and control strategies for power and
frequency balance in the electric power system under design-basis and beyond-design
disturbances”, the following was carried out", the following was done.

— The process of controlling active generating power has been defined as a control
object for solving the problems of ensuring the balance of power and frequency, since a
change in active power directly affects the frequency deviation and disruption of the normal
operation of the electric power system.

— Existing models and methods of frequency and power control are considered,

namely: primary frequency control by instantaneous deviation and secondary frequency
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control by integral deviation. It is established that power regulation and frequency regulation
by instantaneous deviation is characterized by a fast response and is aimed at maintaining
the frequency, however, its stable residual deviation is preserved. Power regulation and
frequency regulation by integral deviation combines the fast response of control by
instantaneous deviation and forms an additional control effect proportional to the
accumulated frequency deviation over time, which ensures the elimination of the stable
residual frequency deviation.

— It has been established that the management of the topology of the power system
structure is performed mainly by operational personnel in accordance with the dispatcher's
commands, which indicates the lack of automated management of the system structure and
the need to improve existing parametric control methods. The automated control system for
power and frequency balance management system should provide both parametric
regulation and structural management of the topology of the power system depending on the
magnitude of the disturbance. This necessitates the formalization of the choice of the best
power system structure based on the quality criterion functionality.

— Existing types of models for the possibility of studying the operation of the electric
power system are considered. The need to develop a comprehensive simulation model of
the electric power system is established, which combines object-oriented, mathematical,
stochastic, tabular and structural models for formalizing system objects, information and
physical flows between them with the use of information technologies, assessing the state
of elements and determining energy equipment reliability under the influence of design and
non-design disturbances.

— The impact of design and non-design disturbances and their consequences in world
practice were analyzed;

Chapter 2, " Comprehensive simulation model and modeling of the electric power
system " the following results were obtained.

— A comprehensive simulation model was developed based on five types of models,
namely: structural, object-oriented, stochastic, mathematical and tabular models, which
provided the opportunity, thanks to information technologies, to formalize system elements,

information and physical flows, changes in parameters and states of elements, as well as to
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perform simulation modelling of the electric power system as a result of the action of design
and non-design disturbances. Based on object-oriented analysis, the main objects of the
electric power system were determined as abstractions of real-world objects, their attributes
and relationships. Using mathematical modeling, a description of objects characterizing the
system operation mode was performed based on the physical quantities of active and
reactive power, voltage, active power losses and voltage losses. The physical and
mathematical model provided a combination of element parameters and processes of change
in active power, frequency and voltage. The stochastic model provided consideration of the
probabilistic nature of element failures, which made it possible to assess energy equipment
reliability and the power system under the conditions of design and non-design disturbances.
Using the tabular model, parameters, calculated indicators and states of elements were
recorded for further calculation of the power system operating mode. The structural model
ensured system synthesis of a system for a comprehensive description of the power system
by integrating object-oriented, stochastic, mathematical and tabular models into a single
comprehensive simulation model, which made it possible to perform simulation modelling,
formalize system elements, information and physical flows, changes in their parameters and
states, for further analysis of the power system operating mode and power and frequency
balance management.

Chapter 3, "Model and method of automated control of the power and frequency
balance of the electric power system under the influence of design and off-design
disturbances" provides the following results.

— The method of automated structural-parametric control of the power and frequency
balance as a result of the action of design and non-design disturbances has been improved.
The method has been improved by system synthesis that combines parametric control of the
power and frequency balance with structural control of the topology of the electric power
system, which ensured the formation of a single method of automated structural-parametric
control. The proposed control system provides analysis of the frequency deviation from the
nominal value and verification of the active power balance in the electric power system. In
the case of a surplus of active power, a control effect is formed to reduce the generation of

electrical energy. In the opposite case, the automated control system performs a check of
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the available active power reserve, and provided that it is available in sufficient quantities,
a control effect is formed to increase the generation of electrical energy. In the absence of
an active power reserve, the control system provides a transition to structural control of the
topology of the electric power system by logical-analytical search of possible variants of its
structure. The power and frequency balance control strategy is determined depending on the
magnitude of the disturbance and the availability of a power reserve. The choice of the best
system structure is ensured based on the quality criterion functionality, which takes into
account the functional indicators of the elements' capacity and the technical indicator of the
quality of their functioning. The improved method of structural-parametric power and
frequency balance control provides an automatic search for the best control strategy for
regulating or changing the structure of the electric power system depending on the action of
design and non-design disturbances.

— A dynamic model of power and frequency balance management of the electric
power system as a result of the action of design and non-design disturbances has been
developed. The dynamic model of the electric power system was developed in the
MATLAB Simulink environment (Ne13709940) by combining physical and mathematical
models of its main elements, namely: a generating station, a transformer substation, a power
transmission line and a consumer, taking into account the primary and secondary power
regulation loops. The dynamic model made it possible to analyze the response of primary
and secondary power regulation as a result of the action of design disturbances and to assess
the impact of changes in the system structure on the power and frequency balance as a result
of the action of non-design disturbances.

In Chapter 4, "Results of simulation modelling of automated power and frequency
balance control of the electric power system as a result of design and off-design
disturbances" the objective of the dissertation was achieved, namely.

— A method for assessing the efficiency of electrical energy supply using a generalized
criterion of convolution of partial criteria is proposed. The generalized convolution criterion
is formed on the basis of three partial criteria that characterize the volume, quality and
efficiency of electrical energy supply, taking into account the possibility of its purchase and

sale through the banking system in the event of a deficit or surplus. The efficiency criteria
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of electrical energy are assessed on the basis of the method of convolution of partial criteria
with a distance to the ideal point according to the L, norm, where the partial criteria are
assumed to be equivalent, and the ideal point is assumed to be a fictitious point in Euclidean
space, in which each criterion acquires its extremum. This made it possible to move from a
separate analysis of the volume criterion, the quality criterion and the efficiency criteria of
electrical energy supply to the formation of a single generalized criterion, with the help of
which the efficiency of electrical energy supply is assessed for different operating modes of
the electric power system.

— Modeling of automated structural-parametric control of power and frequency
balance as a result of design and off-design disturbances was carried out. Mathematical
modeling was performed in the MATLAB Simulink environment (Ne13709940) based on
the developed dynamic model of the electric power system for four operating modes, which
reflect the operation of parametric power regulation and frequency regulation under the
action of design disturbances and changes in the system structure as a result of the action of
off-design disturbances. The results obtained confirmed the operability of the proposed
automated structural-parametric control of power and frequency balance in the electric
power system.

Keywords: mathematical modeling, electrical energy, energy equipment reliability,
simulation modelling, automated control system, power regulation, physical and
mathematical model, efficiency criteria, system synthesis, control system, quality criterion

functionality, control strategy, Simulink, modeling, dynamic model.
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