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3aBJIaHHS, 11O IOJISITA€ B OOIPYHTYBaHHI METOZB MiJBUIIEHHS 6a7IaHCOBOI HAT[iTHOCTI €JIeKTPUYHNX MEPEX 3
BiZJHOBJIIOBAJIbHUMU JIK€PEJIaMU €Heprii 3a paxyHOK BUKOPUCTAHHS aKTUBHUX CIIOKUBAYiB €JIEKTPOEHEePrii. Y

PO6OTI 3aIPOTIOHOBAHO PO3IJISLAATH €JIEKTPUYHY MEPEXY 3i 3HAUHOIO KinbKicTIo BJIE B 6asaHCi MOTYKHOCTI Ta



€JIEKTPOEHEPTil SIK JIOKaJbHY eJieKTpoeHepreTuyny cucteMy (JIEC) 3 xapakTrepHuUMU nTpobsiemaMu. 30Kpema 1ie
CTOCY€TbHCSI HECTabiIbHOCTI reHepyBaHHSI BiTPOBUX i poToesiekTpuyHux cTaHuiil (BEC, ®EC), cTBOpeHHS cucTeMu
CI10co6iB i 3aco6iB pe3epByBanHs BIE 115 HagiiHOrO i IKICHOTO €J1eKTPOoNoCcTayaHHs, peryJloBaHHS TapaMeTpiB
€JIEKTPOEHEPTii y BiATIOBITHOCTI 0 CTaHIAPTIB, 3a6€3€4eHHsI CaMOOPraHi3allii i CaMOBiTHOBJIEHHS SIK HEOOXiIHUX
esnieMeHTiB Smart Grid TexHOJOTiH, TOWO. [1sI OL[iHIOBAaHHS MOXJIMBOCTI Ta e(PEeKTUBHOCTI CI10Cc06iB i 3ac06iB
pe3epBYyBaHHS HECTAbiIbHOCTI reHepyBaHHs ejiekTpoeHeprii BIE po3BuHeHO KpUTepiajbHUI MEeTO, Teopii
noi6HOCTI. 3 aHasi3y CIiBPO3MiPHOCTI Ta YyTJIMBOCTI BiJJHOCHUX BUTPAT Ha MOXKJIMBI CIIOCOOM Ta 3aco6U
pesepByBanHs BJIE nokasaHo, 0 KpallMMU € BOJHEBI TEXHOJIOTII Ta y3roJKeHHs rpadikiB reHepyBaHHS i
CIIOKMBaHH4 esiekTpoeHeprii B JIEC. B nepily yepry peKOMeHIyeTbCS BUKOPUCTATU MOXKJIMBOCTI y3romkeHHs B JIEC
rpa@ikisB reHepyBaHHs i CIIOXKUBAHHS eJleKTpoeHeprii. Ha 3HaueHHs esleKTpoeHeprii, 10 3aIuIInIacs
He30aJ1IaHCOBAHOIO TIiCJIs1 TAKOTO Y3TOJKEHHS], [J1s1 IOBHOTO 6ajlaHCyBaHHS AOLIJIbHO BUKOPUCTATU BUPOOJIEHUH B
JIEC Bogens. [linTBEpIKy€eThCS TE, 0 BUTPATH HA 1 KBT pesepBHOI OTYy>XHOCTI 1151 BJE 3 METOI0 KOMIIEHCYBATH iX
HecTabilbHICTb TeHePYBaHHS BiZIPi3HSIOTHCS Yy TIUBICTIO. SIKIO BIIPOBAIKYBATU 3aX01U KOMITEHC ALl
HeCcTabiIbHOCTI BUpOoO6eHHs esekTpoeHeprii BIIE noetanHo, TO AOLIILHO PO3NOYaTH 1ie 3 Halb6inbl e(heKTUBHUX i
MaJIO 3aTpaTHUX. 3 aHasi3y BULHO, [0 TAKUMHU € y3rOIPKEHHs rpa@ikiB reHepyBaHHs i CIIOKUBAHHS €JIEKTPOEHePrii
B JIEC Ta BozHeBi TexHoJiorii. TM 6ifnblile, M0 B €TIeKTPUYHUX MEPEesKax BKe € OCBiTl BUKOPUCTAHHS «aKTUBHUX
CIIOKMBauiB» 32 6araTocTaBOYHMMU Tapudamu. 3i 36iabIIeHHIM KiNbKOCTi enekTpoeHeprii B 6ananci EEC,
Brpo6seHoi BIE, akTyalbHUM € BU3HAYEHHSI BTPAT IIOTY>KHOCTI Ta €JIEKTPOEHEPTii B €JIEKTPUYHUX MepeXKax,
BUKJIMKAHUX IIepeTOKaMu ejieKTpoeHeprii Big BIIE. Po3po6yieHO MeTOf, arOPUTM i Iporpama BU3HAUY€HHS
CKJIaIOBOI BTpaT MOTYKHOCTI Ta ejieKTpoeHeprii Big BJIE y cyMapHUX BTpaTax eJeKTPUYHUX MEPEX. B OCHOBY
METO[ly IOKJIaIEHO MaTEMATUYHY MOJI€JIb €JIEKTPUYHOI MepeXXi /1711 BU3HAYEHHSI BTPAT, B SKill BAKOPUCTOBYIOTbCSI
KoedilieHTH po3NoIiay CTPyMiB y BiTKax cxemHu Bifl By3JiB 3 BJIE Ta By3/10Bi Hanpyru. B pe3ysbrari GpopmyeTbest
martpuls KoedilieHTiB po3nofiny BTpaT NOTYKHOCTI y BiTKaX CX€MU B 3aJI€XKHOCTI Bifl IOTY>KHOCTI Y By3JIaX CXEMMU.
Hanpyru nin yac popmyBaHHS MaTpulli pO3MOiy BTPaT BU3HAYAIOTHCS 32 pe3yJIbTaTaMU PO3PaxyHKy yCTaJIeHUX
PEXMMIB €JIEKTPUYHOI MepexXi abo 3a eKCIIepUMEHTAJIbHUMU JAHMMU BUMipIOBaHHS. 3HAY€HHS BTpaT
€JIEKTPOEHEPTii B €JIEKTPUYHUX MEPEe’Kax, BUKIMKAHUX BIIE, MOXYTb BUKOPUCTOBYBATHUCS Iifl, 4aC ONepaTUBHOTO
nJ1aHyBaHHs 6anaHcy esekTpoeHeprii B EEC Ta, OCKijIbKY BOHU € alpeCHUMHU, TO BiJI[IOBiIHO MOXXe KOMIIEHCYBATUCS
ix BapTicTb. B nanuit yac BIE posnopoieni B EEC TeputopiaibHO, 10 YCKIaAHIOE POPMYBaHHS JIOKAJIbHUX
(MicLieBUX) €JIEKTPOEHEPTEeTUYHUX CUCTEM, SIKi, [TPALI0I0YY B HOPMaJIbHUX PeXXUMax napaneynsHo 3 EEC sk
GaslaHCyI0Ui rPyNH, B eKCTpEeMaIbHUX BUIIAAKAX 3[IaTHI MpaloBaTy i30JIbOBAHO B aBTOHOMHOMY peskumi. [Tpore
posnopouieHicTe BIE He no3Bosie epexktuBHO popmyBaTu JIEC TakuM YMHOM, 11106 BOHU 3a6€31e4yBaju Ha
IOTPiOHOMY piBHiI HafliMHICTb €JIEKTPOIIOCTAa4YaHHS CIIO’KMUBAYiB €JIeKTpoeHeprii. B po60Ti NpononyeThes
inTerpyBatu BJIE B po3nozinbHi e1eKTpru4Hi Mepexxi y Burisi okpemux microgrid (MG), sKi € KiI040BOIO YaCTUHOIO
nepexony no JIEC 3 pyHkuionyBaHHsAM Ha npuHuunax SMART Grid. Micuesi MG okpim Ipkepest reHepyBaHHS i
CII0>)KMBAUiB MAIOTh TAKOX 32CO0M HAaKOIIMYEHHS N1€BHO] KiZIbKOCTi eneprii. [y 3a6e31e4eHHs TeEXHIKO-€KOHOMIYHOi
edextuBHOCTI MG 006'€IHYIOTbCS B iHTEJIEKTYaIbHY CUCTEMY KePYBaHHS, 110 103BOJIsIE OL/IbII palliOHAIBHO
BHUKOPHCTOBYBaTu pecypcu MG, eQeKTUBHO B3a€EMOZISITH 3 PO3NOLiIbU0I0 MEPEXKEIO i 3a1iITH MOXJINBOCTI
aKTUBHUX CIIO>KMBAUiB eJleKTpoeHeprii B rpoueci 6anaHcyBaHHs pexxumy JIEC. B poboTi 3anporioHOBaHO iepapXidHy
CTPYKTYpY iHTenexkryanbHoi cuctemu JIEC. CtpykrypoBaHi TakuM 4uHOM JIEC 3 iHTe/IeKTyaJIbHUMU €JIEKTPUYHUMU
MepeXkaM¥ MOXKYTb TIifl yac 0OMeXKeHHS LIeHTPasli30BaHOTO ejleKTpo3abesnedeHHs He BrpayaTu BIE, a B HOBHIN
Mipi BUKOPUCTATH iX IlepeBaru pa3om 3 CUCTeMaMu 36epiraHHs eHeprii 4151 HaJliiHOTro eJIEeKTPOIIOCTaYaHHS

CIIO>KMBayviB.

2. Ph.D. thesis: 150 p., 33 figures, 3 appendixes, 106 references. POWER GRIDS, RENEWABLE ENERGY SOURCES,
PHOTOVOLTAIC POWER PLANT, INSTABILITY, REDUNDANCY METHODS, LOCAL ELECTRIC POWER SYSTEM,
COORDINATION OF SCHEDULES, POWER LOSSES, INTELLIGENT SYSTEMS The dissertation study is devoted to
the research and solution of an urgent scientific task, which is based on substantiation of methods for improving
the balance reliability of power grids with renewable energy sources through the use of active electricity
consumers. The paper proposes to consider an electric grid with a significant amount of RES in the balance of



power and electricity as a local electric power system (LES) with characteristic problems. In particular, this
concerns the instability of generation of wind and photovoltaic power plants (WPPs, PVPs), the creation of a
system of ways and means of RES reservation for reliable and high-quality power supply, regulation of electricity
parameters in accordance with standards, ensuring self-organization and self-healing as necessary elements of
Smart Grid technologies, etc. For estimation the possibility and effectiveness of methods and means of redundancy
of RES electricity generation instability, the criterion method of similarity theory is developed. The analysis of the
proportionality and sensitivity of relative costs for possible methods and means of RES backup, it is shown that
hydrogen technologies and coordination of power generation and consumption schedules in power plants are
preferable. First of all, it is recommended using the possibilities of coordinating the schedules of electricity
generation and consumption in local electric power systems (LES). For the value of electricity that remains
unbalanced after such coordination, it is appropriate using the hydrogen produced in LES to fully balance it. It is
confirmed that costs per 1 kW of reserve capacity for RES to compensate for their generation instability is differed
in sensitive. If measures to compensate for the instability of RES electricity generation are implemented in stages,
it is advisable to start with the most effective and low-cost ones. The analysis shows that the coordination of
electricity generation and consumption schedules in power plants and hydrogen technologies is one of these
methods. Moreover, experience in using “active consumers” at multi-rate tariffs have already existed in power
grids. With increasing the amount of electricity generated by RES in the balance of the power system, the
determination the power and electricity losses in power grids caused by electricity flows from RES is important. A
method, algorithm, and program for determining the component of power and electricity losses from RES in the
total losses of electric power grids have been developed. The method is based on a mathematical model of an
electric network for determining losses, which uses the coefficients of current distribution in the branches of the
circuit from RES nodes and nodal voltages. As a result, a matrix of power loss distribution coefficients in the
branches of the circuit depending on the power in the circuit nodes is formed. The voltages used to form the loss
distribution matrix are determined based on the results of calculating the steady-state modes of the power grid or
on experimental measurement data. The values of electricity losses in power grids caused by RES can be used in
the operational planning of the electricity balance in the EPS and, since they are targeted, their cost can be
compensated accordingly. At present, RES are geographically dispersed in the UPS, which complicates the
formation of local power systems, which, while operating in normal modes in parallel with the UPS as balancing
groups, can operate in isolation in an autonomous mode in extreme cases. However, the distraction of RES does
not allow for the effective formation of local electric power system (LES) in such a way that they ensure the
required level of reliability of power supply to electricity consumers. The dissertation proposes to integrate RES
into distribution power grids in the form of separate microgrid (MG), which is a key part of the transition to a local
electric power system (LES) operating on the principles of SMART Grid. Local MGs, in addition to generation
sources and consumers, also have the means to accumulate a certain amount of energy. To ensure the technical
and economic efficiency, MGs are combined into an intelligent control system that allows for more rational use of
MG resources, effective interaction with the distribution network, and the use of active electricity consumers in
the process of balancing the power system mode. The hierarchical structure of the intellectual system of local
electric power system (LES) is proposed in the dissertation. Thus, structured LES with smart grids during the
limitation of centralized power supply can't lose renewable energy sources but fully utilize their advantages togeth.

Jep>kaBHHHM peecTpaniliHuii Homep JiP:
IIpiopuTeTHHH HaNIpSIM PO3BHTKY HayKH i TEXHIKHU: EHepreTnka Ta eHeproeeKTUBHICTb

CrpareriyHuii NpiopUTETHUH HANIPSIM iHHOBAaLLiHHOI Ais1JIbHOCTI: OCBOCHHS HOBMX TEXHOJIOTIiA
TPAHCIIOPTYBaHHS €HEPrii, BIPOBaI)KeHHS €eHeProepeKTUBHUX, peCypCO306€ePiraloynx TeXHOJIOTi, OCBOEHHS

aJIbTEPHATUBHUX JIPKEPEJ €Heprii

IlizcyMKu AOCJIiAKEHHS: HoBe BUpIlEHHS aKTyaJbHOTO HAyKOBOTO 3aBIaHHs



Iy6sikaii:

e Petro Lezhniuk, Oleh Kozachuk, Natalia Komenda, Juliya Malogulko. Electrical power and energy balance in
the local electrical system by using reconciliation of the generation and consumption schedules // Przeglad
Elektrotechniczny. - 2023. - N29. - pp. 57-63. DOI:10.15199 /48.2023.09.10;

o Jlexxuiok I1. I, I'vapko I. O., Kosauyk O. L, JIucuit B. M. BrpaTtu esieKTpoeHeprii, BUKJIMKaHi IepETOKaMU
BiJHOBJIIOBAHMX [IKepeJl €Heprii, B 6ayaHCi eleKTpuYHux Mepex // TexHiuyHa enekTpoguHamika. — 2023. -
Ne6. - C. 60-70. https:/ /doi.org /10.15407 /techned2023.06.065;

o JlexxHiok Iletpo, Kosauyk Ouer, I'any3incbkuii OsieKcaHp. BUKOpUCTaHHS aKTUBHUX CIIOXKUBAYiB [1J1s1
0aslaHCyBaHHS €JIEKTPOEHEPTii B €JIeKTpUYHill Mepexi // BicHUK XMeJIbHULIBKOTO HalliOHAIbHOTO
yHiBepcuteTy (Texniuni Haykn). - 2023. - N23. - C. 214-221. DOI 10.31891 /2307-5732-2023-321-3-214-221;

¢ Kozauyxk O. L, Jlexxniok II. [I. DopmyBaHHS JIOKaJIbHUX €JIEKTPOEHEPreTUYHUX CUCTEM B CKJIafi 06’efHaHOI
€JIEKTPOEHEPreTU4yHoi cucremu // BicHuk XMebHUIBKOTO HallioHAJIbHOTO YHiBepcuTeTy (TexHiuHi Haykn). -
2024. - N23(u. 2) . - C. 352-356. DOI 10.31891,/2307-5732-2024-337-3-53

HaykoBa (HayKOBO-TeXHiYHa) MPOAYKILiSl: MeToau, TEOPIi, rnoTe3u; aHalIiTHYHI MaTepianm
ComniasibHO-€KOHOMIYHA CIPSIMOBAHICTh: NOJINIIEHHS CTaHy HABKOJIMIIHLOTO CEPEIOBUIIA; EKOHOMisl
€HEPropecypcis

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBagkeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'S130K 3 HAaYKOBHMH T€MaMH: N20122U001577

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA/KEPiBHHUKIB (KOHCYJIbTAaHTA)

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. Jlexxniok ITetpo Jem'ssHOBUY

2. Petro LEZHNIUK
KBasigikanis: n.1.1., npodecop, 01.05.02
Imentudikarop ORCHID ID: 0000-0003-0338-2131

JoparkoBa iHpopmamist: https://www.researchgate.net/profile /Petro-Lezhniuk
https:/ /www.scopus.com/authid /detail.uri?authorld=6507787489
https://scholar.google.com.ua/citations?user=E-IK7SYAAAAJ&hl=uk

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL OCOOM: BiHHUIILKMII HAI[IOHA/ILHUI TEXHIYHUI YHIBEPCUTET
Kopg 3a €IPIIOY: 02070693

MicuesnaxomerHﬂ: ByJI. XMeJIbHUIIbKE 110ce, 6yz. 95, Binnuug, Binuuupkuit p-H., 21021, Ykpaina
dopma B1acHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBEepCUTETChKUI



VII. BigomocTi npo odinilfiHuX ONOHEHTIB Ta PELeH3€HTIB
OdiniiiHi OIOHEeHTH

Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. Jenuctok Ceprin [leTpoBuy

2. Serhii DENESIUK

KBasigikamis: 1.1.1., npodecop, 05.09.05

I,ueHTuq)iKaTop ORCHID ID: 0000-0002-6299-3680

JoparkoBa inpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: (111B.02070921)HanionanbHuil TexHiYHMI yHiBEpCUTET YKpaiHu

«KuniBCbKM NOJIITEXHIYHUN iHCTUATYT imMeHi Iropst CikopcbKoro»
Kog 3a €APIIOY: 02570927

Micue3Haxoa KeHHs: np-t [Tlepemoru, 37, Kuis, 03056, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MinictrepcTBo oCBiTH i HayKu YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. HeyaeBa Terdna IleTrpiBHa

2. Tetiana NECHAIEVA

KBasmigikanis: x.1.1., c.1., 05.14.01

InenTudikarop ORCHID ID: 0000-0001-9154-4545

HoparkoBa indpopmamnist:

IToBHe HaﬁMeHyBaHHﬂ IOpI/IJ.II/I‘-IHOi 0COOM: [HCTHTYT 3aranbHOI eHepreTrky HanjioHasnbHOI akagemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 04589627

Micue3HaxoaKeHHS: BYyJI. AHTOHOBMYA, 6yz. 172, Kuis, 03150, Ykpaina

dopma BracHOCTI: /lepxaBHa

Cdepa ynpaBiiHHS: HaujonanbHa akaziemis HayK Ykpainu

InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1

Penensentu

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:

1. Kynuk Bosogumup Bonogyumuposuy



2. VOLODYMYR KULYK

KBasigikamis: 1.1, nouent, 05.14.02
ImenTudikarop ORCHID ID: 0000-0002-7594-5661

JoparkoBa iHpopMmawuist: http://scholar.google.com.ua/citations?user=0Pkm0CcAAAAJ&hl=ru
http: / /www.scopus.com/authid /detail.urizauthorld=56997218000
https:/ /www.webofscience.com /wos/author /record /R-1122-2018

IToBHE HafIMeHyBaHHH IOpH,ZLH‘IHOi OCOOM: BiHHUIbKUIT HAL[IOHATIbHUIA TeXHIYHUI yHiBEpCUTET
Kopg 3a €IPIIOY: 02070693

Micueanaxo;perHﬂ: ByJI. XMeJIbHUIIbKE 1oce, 6yz. 95, Binnuug, Binuunskuil p-H., 21021, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUIL

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Pybanenko Osnena OsiekcaHppiBHa

2. OLENA RUBANENKO
KBasigikamnis: 1.1.1., npodecop, 05.14.08
InenTudikarop ORCHID ID: 0000-0002-2660-182X

JoparkoBa iHdpopmanist: https://orcid.org/0000-0002-2660-182X
https: / /www.scopus.com /authid /detail.uri?authorld=57193498557
https://scholar.google.com.ua/citations?user=sinv7HEAAAAJ&hl=uk

IIoBHe HaﬁMeHyBaHHﬂ IOpI/I,uH‘IHO'l' OCOOM: BiHHUIbKUI HAI[iOHATbHUIA TeXHIYHUI yHiBEpCHUTET
Kopg 3a €IPIIOY: 02070693

Micuesnaxo,zm(emm: ByJI. XMeJIbHUIIpKE 1oce, 6yz. 95, Binnuns, Binanuskuii p-1., 21021, Yrkpaina
dopma BIaCHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETCHKUIL

VIII. 3aKkJII04Hi BiZmoMOCTi
BaacHe IlpizBuie Im's [10-6aTbKOBI Komap Bsuecnas Onekcaniposnd

TOJIOBH pajgu

BaacHe IlpizBume Im's I10-6aTbKOBI Komap Bsuecnas Osnexkcan/iposud

rOJIOBYIOYOTO Ha 3acCifiaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 3a peECTpallil0 HAyKOBOIi

OisIIBHOCTI

IBaHuyk fIpocnas BosoguMupoBud

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



