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Ilipusk B. M. Metonu Ta 3aco0u onTUMI3alii MepeTiKaHb pPEaKTUBHOI
MOTYXHOCT1 B PO3MOAUIBHUX €JIEKTPOMEpEekax Ha OCHOBI MPUHLHUIY ['aMiTbTOHA-
Octporpaacekoro. — Kpamidikaiiiiina HaykoBa Ipalls Ha paBax pyKOIHCY.

HucepTarrist Ha 3100yTTS HAYKOBOTO CTYIEHS KaHAMIaTa TEXHIYHUX HAYK 3a
crietianbHicTiO 05.14.02 «EnexkTpuyHi cTaHIlii, Mepexi 1 cucreMu». — BIHHUTIbKUH
HaI[lIOHAJIbHUM TeXHIYHUH yHiBepcuteT, Binnug, 2018.

PoboTa mpucBsdeHa po3B’si3aHHIO 3a/a4i 3MEHIIICHHS BTPAT Ta ITiIBUIICHHS
SIKOCTI HANpPYTH Yy EJIEKTPOMEpPEKax, IUIIXOM PO3pOOJICHHS METOIIB Ta 3aco0iB
ONTHUMI3AIll MOTOKIB PEAKTHUBHOI MOTY>KHOCTI Ha OCHOBI NpuHLHUIY ['aMminbToHa-
OcTtporpaacbkoro.

VY BcTymi OOrpyHTOBaHO aKTyalbHICTh TEMHU JucepTallii, copMylIbOBaHO
METy Ta 3a7adi JOCHIDKeHHA. 3a3Hau€HO HAayKOBY HOBHU3HY Ta MpPaKTUYHY
I[IHHICTh OTPUMaHMX pe3ynbTaTiB. HaBegeHo BigoMocTi mpo ampoOailiro poOoTH,
ocoOMCTHI BHECOK 3700yBadya Ta TmyOsikaiii. 3a3HaueHO 3B’S30K POOOTH 3
HAyKOBUMHU IIPOrpaMamMu, TEMaMH.

VY mepmomy po3aui MpOaHANi30BaHO MPOOJIEMHU ONTHUMI3AIIl MEpeTiKaHb
PEaKTUBHOI MOTYKHOCTI B pO3MoAUTbHUX ejnekTpoMepexax (EM) 3 yacTkoBoio
JIEIEHTpaI3aIli€l0 JKUBJICHHSA. 3a pe3ysibTaTaMu aHaji3y BiJOMHX METOJIB Ta
3aco0iB BUpIMICHHS MNpoOJEeMU BHUSBICHO HHU3KY HEMONIKIB, SKI BHMAararoTh
ycynenss. [lokazano, 1m0 Jis MIBUINEHHS aJE€KBAaTHOCTI BH3HAYCHHS
ONTUMAJILHUX PIiBHIB KOMIIEHCAIlli peakTWBHOI MOTYXHOCTI B EM HeoOxigHO
BPaxOBYBATH 3MiHU y CTPYKTYpPl €IEKTPOCIIONKUBAHHS, HAINHICTh CIEKTPOMEPEK
Ta AKICTh iH(oOpMarmiiHoro 3a0e3meueHHs. KpiM TOro BakiIuBHM (HaKTOPOM €
BIUTUB po3ocepemkeHnx okepen cHeprii (PIIE) Ha pexumu eaekTpoMepex.
[loka3zaHo MOXJIMBICTh BH3HAYCHHS ONTHUMAIBHUX TIApaMETPIB Ta MiCIlh
MpUEAHAHHSA JKEpesl peakTUBHOT MOTykHOCTI ([IPII) 3 BUKOpUCTaHHSAM MPUHIHUITY
lNaminbToHa-Octporpanacekoro. I[IpoananizoBaHo CydacHl TEHJACHIlI IIOAO

aBToMaru3alli  pO3MOJAUIBHUX  E€JIEKTPOMEPEK. Busznaueno - HamnpsmKu



BJIOCKOHaNleHHsT cucTeM kepyBaHHa JIPII rpymoBoi kommencarnii. 3okpema,
OOTPYHTOBAHO JOIUIBHICTh JELEHTpali3alli TakKuX CHUCTEM 3 BUKOPHUCTAHHSIM
JIOKaJbHUX cUcTeM aBToMaTuyHOTO KepyBaHHs (CAK).

Y npyromy po3aiii mpoaHaii30BaHO OCOOJMBOCTI CY4acCHUX PO3MOALIBHUX
EJIEKTPOMEPEX 3 OIJISAy Ha MpoOJeMy ONTUMIZallii TMEepeTiKaHHS PEeaKTUBHOT
notyxHocti. [lokazaHo, 110 3Ha4yHa 3HOIIEHICTH OCHOBHOTO oOsiagHanHs EM
YkpaiHn Ta HEJZOCTAaTHSA OCHANICHICTh 3aco0aMH MOHITOPHHTY HETAaTHBHO
BIUTMBAIOTh Ha C(QEKTHBHICTh TUIAHYBAaHHS 3aXOMIB IOJAO 3MCHIICHHS BTpaT Ta
IiIBUIICHHS SKOCTI HAmpyrd. 3a pe3yJbraTaMd JOCTIIHKCHBb 3alpOIIOHOBAHO
MeTolT (opMyBaHHS KOMIUIEKCHOTO TIOKa3HMKa OOIPYHTOBAaHOI €()EKTUBHOCTI
BrpoBapkeHHa JIPII. Bin 3a0esneuye BpaxyBaHHS HaJIHHOCTI €JIEKTPOMEPEKi,
SIKOCT1 HaNpyTH y i1 By3jaX, a TAKOK TOYHOCTI BU3HAYCHHS KOPUCHOTO BiJIITYCKY
Ta BTpaT ejekTpoeHeprii. Lle mo3Bossie BUIyyaTH 3 00J1aCTi MOIIYKY ONTUMAIBHUX
Mmicuib BctaHoBiieHHs [IPII ¢parmentu mepex 3 vacTumu BiaMoBamu abo 0e3
3ac00iB MOHITOPUHTY pexuMmiB. OTKe, MIIBUINYETHCS OOIPYHTOBAHICTH PIlICHBb
1010 BIPOBAKEHHS TPYMOBOi KOMITEHCAIIIT peaKTUBHOT MOTYKHOCTI.

3a pesynpTaTaMu JOCHIKEHb OOIPYHTOBAHO AOLUIBHICTH BUKOPHUCTAHHS
npuHiMny [aminmbroHa-OcTporpajchbKoro Juisl IMIABHUINCHHS HAIIMHOCTI Ta
IMIBUIKO/II po3B’si3aHHA 3amadi ontumizanii posmimienus JPIT y enexrpuunux
Mepexax 3a KpPUTEpPIEM MaKCHUMYMY pEHTaOeIbHOCTI  KaIliTaJOBKJIAIEHb.
BuxopucroBytoun monens «igeaapHoro» pexumy EM 110 3amauy HemiHIAHOT
onTHMI3aIlii 3BE€JICHO /10 MPUHITUIIOBO MPOCTIIIOT 3a/1a4i MOIIYKY €KCTPEMaIbHOTO
CTPYMOPO3IOLTY B 3aCTymHINA r-cxeMi Mepexi. JlJIsi BpaXyBaHHS €KOHOMIYHHX
dakTopiB onTUMI3AIIITHOT 3a/a4l cxemy «igeanbHoro» pexumy EM nomoBHEHO
exoHoMmiuanMH omopamu JIPII. Bupasu st BU3HAUEGHHS E€KOHOMIYHHX OTIOPIB
OTPUMAHO TSI PI3HUX TOCTAHOBOK 3a/adi ONTHUMI3aIlii mapaMeTpiB Ta yMOB
dynxkiionyBanus JIPI1 B enektpomepexax. /[ BpaxyBaHHsS aKTHBHHX OOMEKEHBD,
30KkpeMa OOMEKEeHb Ha BiOXWICHHA Hamnpyru B EM, 3ampomoHoBaHO MeTOA
KOpUTYBaHHS onTuMaibHux noTyxkHoctedl [IPII. Bin nepenbauae po3B’si3aHHs

JOMIOMDKHOT JIIHeapW30BaHOi 3ajadl  onTumizaiii. Pe3ynpTaTh AOCHIIKEHD



JIO3BOJIWJIM  PO3IIMPUTH OOJACTh 3aCTOCYBaHHsS MIAXOMy, IO 0a3yeTbcs Ha
MOJICJIIOBaHH1 «iJeanbHuX» pexkuMiB EM, a Takoxx NiABUIIUTH €()EKTUBHICTD
MPOEKTHUX PIIIEHb.

Y TperhoMy poO3aii HAa OCHOBI IMITamii «igeaJbHUX» pexumie EM
PO3pOOIIEHO aNTOPUTMU BU3HAYEHHS OMTHMAJIBLHOTO PIBHSA TPYMOBOi KOMITEHCAITii
pPEaKTUBHUX HABaHTAXXEHb 3a KPUTEPIEM MaKCUMalbHOI peHTadenbHocTi. Kpim
TOrO 3alpPONOHOBAHO AJITOPUTM OaraTOKpUTEplaTbHOI ONTUMI3Allli MOTYXHOCTEH
ta po3mimieHHss [IPIl B enextpuunux mepexax. [lokazaHo, 110 aaropuTMiuHO
3a/layl onTUMIi3alii MepeTikaHb PEaKTUBHOI MOTYKHOCTI B EM HezanmexHo Bif
KPUTEPII0 ONTUMAIBHOCTI, MOKYTh OyTH 3BEJI€HI JI0 ONTUMI3allli PeXKUMY MEBHOT
(GIKTUBHOT eIeKTpPOMEpEKi 3a BTpaTaMy aKTHUBHOI MOTYXHOCTI. BUXos4n 3 110T0,
ontumanbHe HaBaHTaxeHHS J[PIl MoxHa BH3HAuUaTH 3 pPE3yNbTATIB PO3PAXYHKY
ycraneHoro pexumy EM 3a ii 3actymHoio r—cxemoro. g 3abe3neyeHHs
oOMeXeHb 3a HaNpyrow y BYy3Jax Mepexi 3HaueHHs moTyxHocter JIPIT Ta
koedimienTiB TpaHchopMarlii YTOUHIOIOTHCS 3a pe3yJbTaTaMH PO3B’sI3aHHS
cuctemMu By3noBuX piBHAHb EM. OcrtanHs Qopmyerbes 3a  pesynbTaTamu
PO3paxXyHKy €KOHOMIYHOT'O CTPYMOPO3IOALTY.

Jlns migBuIeHHs piBHSA aBTOMAaTH3allii omepaTuBHOro kepyBaHHs JIPII y
PO3MOAUTEHUX MEpeXaX BJIOCKOHAICHO CTPYKTYPHY CXEMYy CHCTEMH KepyBaHHSI.
OTpuMaHO YMOBHU OINTHMAJIBHOCTI TI€pETIKaHb PEAKTUBHOI TOTYXKHOCTI 3
ypaxyBaHHSIM BUTpaT Ha ekcruryataiito JIPII ta sxocti enextpoeneprii. s miporo
BUKOPUCTAaHO METOJ] oNTHMI3allii iHTerpansHuX QyHkiii [loatpsarina. Po3pobneno
QITOPUTMHM BU3HAUYCHHS HanaroKyBalbHUX mnapamerpiB CAK, ski JoKanbHO
3a0e3meuyloTh ONTHMI3AIlI0 PEaKTHBHUX IMEpeTikaHb y Mepexax. llepioguune
KOpDUT'YBaHHS 1X HaJalmTyBaHb BHMAara€ IPOBEACHHS 3HAYHOI KUIbKOCTI
IMITAIIHAX PO3PaXyHKIB 3 YpaxyBaHHSAM B3a€MO3B’si3KiB MK okpemumu JIPII.
Tomy nns peanizamii cucTeMH KepyBaHHS 3alpOINOHOBAHO JBOKOHTYPHY CXEMY 3
JeleHTpaiizaiero GyHKIi aBTOMATHYHOTO KepyBaHHs. Takuil miaxiyg 3ade3neuye
BHUCOKY HAQIIHICTh Ta €(pEKTUBHICTH CUCTEMHU.

VY derBepTOMY PO3LIi MPUKIIAll PETbHUX eleKTpuaHuX Mepex 110-35-10



kB TIAT «Binnunso06i1eHepro» mnoka3zaHo aJieKBaTHICTh Ta €(PEKTUBHICTb METOMY
ONTHUMI3allli MepeTIKaHb PEAKTUBHOI MOTYKHOCTI, IKMI 0a3yeTbcsd Ha BU3HAYEHHI
Ta peanizalii «iJeaJbHOr0» CTPYMOPO3MOJLTY B EIEKTPUYHUX Mepexax. Tak,
BJIOCKOHAJICHUM TIporpamMHuii 3aci0 O0yJi0 BUKOPUCTAHO /ISl TEXHIKO-€KOHOMIYHOTO
oOrpyntyBanHs BrpoBajpkeHHs JIPIT B enmektpomepexax 110-35 kB TIAT
«Binnuusgo6nenepro». 3a pe3yibTaTaMd JOCHIKEHb BU3HAYEHO ONTUMAJbHY
nocaioBHiCTs  BhpoBajkeHHs  JIPII, sxa  xapakTepusyeThcsi  BHUCOKOIO
penTabenpHicTIO. OUiKyBaHa OKYIHICTh BcTaHOBJIEHHS 56 JIPII 3a kyMmynsTuBHUM
edexToM He mepeBuIlnye 6 pokiB. BpaxyBaHHS HaAIHOCTI €IEKTPOMEPERK, SIKOCT1
€JIEKTPOCHEPTii Ta TOYHOCTI 1H(OpPMAIIfHOTO 3a0e3MeUYeHHs JO3BOJIUIO OIIHUTH
oOrpyHtoBanuii edekr. Bin BusiBuBcS HuxuuM Ha 12%, 1o mnpusBeno 1o
HiIBUIICHHS TEPMIHY OKYITHOCTI J10 7 POKiB. BUKOpHCTOBYIOUM aHalli3 YyTIUBOCTI
Bu3HaueHo nepenik JPII, mo maroTh HalOUIbIIMI BIJIMB Ha BTpaTH Ta pPIBHI
Harpyru B EM. IMiramifiHi po3paxXyHKH TMOKaszajid, IO BBEACHHS mepmux 13
OPUCTPOIB 3 ABTOMATHYHHM KEPYBAHHSIM Ha 7 MIACTAHIISAX 3MEHIIYE TEPMIiH
OKYITHOCTI /10 4 pokiB. Ix BnpoBagxenHs 3abesneuye 6insg 75% edekTy, 1o MoxKe
OyTu oTpUMaHUH Bij MOBHOI peanizaiii npoekty. [Ipu 1boMy yKpyIiHeHa BapTiCTh
CTaHOBHTH Jiute 29% Bin CyKymHOT BAPTOCTI MTPOEKTY.

Ha nmnpuxmani Binaunpbkux Micbkux enektpomepex 10 kB Oymo
iATBEPHKEHO e(hEeKTUBHICTH 3aIPOIIOHOBAHOTO METOY OL[IHIOBAHHS
obrpynroBanoro edekrty Bia JIPII. Iloka3zaHo, mo BcTaHoBiIeHHS nogaTtkoBux J(PIT
y ENEeKTPUYHUX MEepexax, AKi XapaKTepU3yIOThCs BHCOKOIO UYTJIHMBICTIO BTpAT,
CYNPOBOIKYETHCS BUCOKMM JOJATKOBUM NpUOyTKOM. OCTaHHI HE MOMIJIHMBO
OI[IHUTH aJIeKBaTHO ©€3 BpaxyBaHHS HAJIMHOCTI EIEKTPOMEPEK Ta SKOCTI
iHbopmariiitHoro 3abe3nedenHs. Tak, BpaxyBaHHS O3HauYeHUX (pakTOpiB
JTI03BOJIUJIO OOTPYHTOBAHO 3MEHIIKUTH ONTUMAaIbHY BCTAHOBJIEHY NMOTYKHICTh J(PII
JUTsE OKpeMuX (hparMeHTiB JOCTiIKyBaHUX Mepexk 10 3 pasis. [lepenecennst JIPI1
Ha MIJICTaHIl 3 HMXYUM PO3PAXYHKOBUM €(EKTOM 3MEHIICHHS BTpaTr, aje
KpalluMHd TOKa3HUKAaMU HAAIMHOCTI Ta AKOCT1 1HQoOpMaIiiiHOro 3abe3mnedyeHHs,

JTI03BOJIMJIO 3MEHILUTH PU3UKH peaizallii IpoeKTy Ta MiBUILUTH OOTPYHTOBAHICTh



KaIiTaJOBKJIAJEHb.

Ha npuxnani JIPII, mo ekcryatyioTbed y BIHHMIBKHX —MICBKHX
eJIEKTpOMEpeKax, MPOBEACHO HATYpPHI €KCIIEPUMEHTH 3 BU3HAYCHHS YCTAaBOK IS
JOKaNbHOI KOMIIEHcalli peakTWBHOI moTyxHocTi. [lokazaHo, mo mnepiox ix
aKTyaJIbHOCTI CTaHOBUTH BiA 1 10 3 MmicauiB. Y Bunanky Bukopuctanus [PII qus
IpynoBOi KOMIIEHCallli yepe3 B3a€EMOBILUIMB By3/11B HaBaHTakeHHsI EM, ycTtaBku 1o
KoeQillieHTax NOTY>KHOCT1 HEOOX1THO MEePIOJUYHO YTOUHIOBATH MPOTITOM JOOU.

Jl7is BU3HAUEHHS TIePio/IiB aKTYaTbHOCTI YCTABOK 3allPOTIOHOBAHO aJITOPUTM,
AKUU mependavae aHami3 Kopemsuii onTUMalnbHUX mnoTryxHocTed JIPII 3
JOKAIbHUM  PEakTHBHUM  crHoxuBaHHAM. llociimoBHuii  3cyB  giama3oHy
MOPIBHSHHS JIO3BOJISIE BHU3HAYaTH TPAaHMIN TEPiOfiB, SK MOMEHTH 4Yacy, IO
BiZITIOBiIal0Th JIOKAJIbHUM MaKCUMyMaM KBaJpaTHIHOTO Kputepito [lipcona.

Jlyiss BU3HAYCHHS YCTABOK Yy MEXKax Mepiofy aKTyaldbHOCTI 3aIPOMIOHOBAHO
BUKopucToBYBaTH imiTaniiHy monxenb CAK JIPII. 3a ii momomororw TrpaHuyHi
Koe(iIi€eHTH TMOTY)KHOCTI MIIOHUPaAIOThCS 3a METOJOM HAMMEHIIUX KBaJApaTiB
BIIXWJIEHb MK ONITUMAJIbHUMHU Ta IMITOBaHUMU NOTY>KHOCTsiMU JIPI1. YcTaBku no
gacy migs CAK BHU3HA4arOThCS 3 ypaxyBaHHSAM IIBUIKOCTI 3MIHM OCEPEIHEHHX
onTUMaIbHUX TOTykHOCTeH J[PII y Mexax mepioy akTyaabHOCTI.

TakuM uymHOM, B JMCEpTaliiHIA poOOTI OTPUMAHO HOBE BHPIIICHHS
aKTyaJIbHOT HAyKOBO-TIPUKJIQTHOI 3a/aul MiABUINCHHS €(QEKTUBHOCTI KepyBaHHS
MOTOKaMHU PEaKTUBHOI MOTYKHOCTI Yy €JNEKTpUYHUX Mepexax. BoHo momsrae y
pO3pO0JIeHHI Ha OCHOBI TpuHIUMY [ amMinbToHa-OCTpOTpasichkOro MaTeMaTHYHOI
MOJICTIl KPHUTEPI0 ONTHMAJIBHOCTI i1 BKa3aHOI 3ajadi, METOJIB ONTHMI3aIlii
PO3MIIIIEHHS 3ac00iB KOMIIEHCAIlli PEeaKTUBHOI MOTY)KHOCTI B €NEKTpOMepexax, a
TaKOX 3ac00IB ONTHMAIBbHOTO KEPYBaHHS KOMIICHCYBAaJIbHUMH YCTAHOBKAMH IS
TAKAX Mepek. IX peanisallii J03BONSE MiABMIINTH €(EKTHBHICTH CYMiCHOTO
BUKOPHUCTaHHS EJIEKTPOMEPEK EHEPrornocTayalbHUMU KOMIAHIIMU Ta aKTHBHUMH
CTIO’KHBaYaMH.

Kniouosi cnosa: enektpuuHa Mepeka, NEpETIKAHHS PEAKTUBHOI EHeprii,

OaratoakTopHa  onTuMizauis, nOpuHUUN  ['amiuibTOHA-OCTPOrpagCHKOro,



«1J1eaJIbHUN» PEeXKUM, EKOHOMIYHHM OIIp, AKEPENO PEaKTUBHOI MOTY>KHOCTI.
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ABSTRACT

Pyrnyak V.M. Methods and means of optimization of reactive power flows
in power distribution networks on the basis of the Hamilton-Ostrogradsky
principle. — Qualifying scientific work on the rights of manuscripts.

A thesis submitted for the candidate degree in technical sciences on the
speciality 05.14.02 "Electric power stations, networks and systems". — Vinnytsia
National Technical University, Vinnytsya, 2018.

The work is devoted to solving the problem of reducing losses and
improving the quality of voltage in the electricity grids, by developing methods
and means for optimizing reactive power flows based on the Hamilton-
Ostrogradsky principle.

The introduction substantiates the relevance of the topic of the dissertation,
formulates the purpose and objectives of the research. The scientific novelty and
practical value of the received results are indicated. Information is given on the
testing of work, the personal contribution of the competitor and the publication.
The connection of work with scientific programs, themes is indicated.

The first section analyzes the problems of optimization of reactive power
flows in power distribution networks (DN) with partial decentralization of power
supply. The results of the analysis of known methods and means of solving the
problem revealed a number of shortcomings that require removal. It has been
shown that in order to increase the adequacy of determining the optimal levels of
compensation of reactive power in the DN, changes in the structure of electricity
consumption, reliability of the electricity grids and the quality of information
support should be taken into account. In addition, an important factor is the impact
of dispersed energy sources (DESs) on power grid regimes. It is shown the
possibility of determining the optimal parameters and places of joining sources of
reactive power (RPSs) using the Hamilton-Ostrogradsky principle. The modern
tendencies concerning the automation of distribution electric networks are

analyzed. The directions of improvement of the control systems of the RPS of
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group compensation are determined. In particular, the expediency of
decentralization of such systems with the use of local automation control systems
(SACs) has been substantiated.

In the second section the features of modern distribution networks are
analyzed in view of the problem of optimizing the flow of reactive power. It has
been shown that significant deterioration of the main equipment of DN Ukraine
and insufficient equipment by means of monitoring negatively affect the
effectiveness of planning measures for reducing losses and improving the quality
of stress. According to the results of the research, the method of forming a
complex indicator of the guaranteed effectiveness of the implementation of the
RPS is proposed. It provides consideration of the reliability of the power grid, the
quality of voltage at its nodes, as well as the accuracy of determining the useful
leave and electricity losses. This allows you to remove from the search area the
optimal places for installing RPS fragments of networks with frequent failures or
without monitoring modes. Consequently, the rationale for decisions on the
implementation of group reactive power compensation is increased.

According to the results of the research, the expediency of using the
Hamilton-Ostrogradsky principle to improve the reliability and speed of the
solution of the problem of optimization of the allocation of electric power
transmission networks on the criterion of maximum profitability of investments is
substantiated. Using the model of the "ideal” mode of DN, this nonlinear
optimization problem is reduced to a fundamentally simpler task of searching for
extreme current distribution in the subnetting r-scheme of the network. For take
Into account the economic factors of the optimization problem, the scheme of
"Ideal" DN mode is supplemented with the economic supports of the RPS.
Expressions for determination of economic impediments are obtained for various
statements of the problem of optimization of parameters and conditions of the
operation of the electric power transmission system. For take into account active
limitations, in particular restrictions on voltage deviations in EM, a method of

correction of optimal capacities of the RPS is proposed. It involves solving the
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auxiliary linearized optimization problem. The results of the research allowed to
extend the scope of application based on simulation of "ideal” DN modes, as well
as to increase the efficiency of design solutions.

In the third chapter, based on the simulation of "ideal" DN modes,
algorithms for determining the optimal level of group compensation of reactive
loads by the criterion of maximum profitability were developed. In addition, an
algorithm for multi-criteria optimization of capacities and allocation of electric
power transmission lines is proposed. It is shown that algorithmically, the
problems of optimization of jet power flows in the DN regardless of the optimality
criterion can be reduced to optimizing the regime of a certain fictitious power grid
for losses of active power. Proceeding from this, the optimal load of the RPS can
be determined from the results of calculating the steady-state DN by its sub-r-
scheme. In order to provide voltage constraints at the network nodes, the values of
the capacities of the RPS and the transformation factors are specified according to
the results of the solution of the DN nodal equation system. It is formed on the
basis of the calculation of economic current distribution.

In order to increase the level of automation of operational control of RPS in
distribution networks, the structural scheme of the control system has been
improved. The conditions of optimality of reactive power flows are considered,
taking into account the expenses for the operation of the electric power
transmission line and the quality of electric power. To do this, we use the method
of optimizing Pontryagin integral functions. The algorithms for determining the
adjustment parameters of the SAC, which locally provide the optimization of
reactive fluxes in the networks, are developed. Periodically adjusting their settings
requires a large number of simulation calculations, taking into account the
interrelationships between individual RPSs. Therefore, for the implementation of
the control system, a two-circuit diagram with a decentralization of automatic
control functions is proposed. This approach ensures high reliability and efficiency
of the system.

In the fourth section the adequacy and efficiency of the method of
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optimization of reactive power flows which is based on the definition and
implementation of "ideal” current distribution in electric networks are shown.
Thus, an improved software tool was used for the feasibility study on the
Implementation of the transmission grid in the 110-35 KV electricity grids of PJSC
“Vinnytsyaoblenergo”. According to the results of the research, the optimal
sequence of the implementation of a high-profit, high-yielding RPS is determined.
The expected payback of the installation of 56 RPSs for a cumulative effect does
not exceed 6 years. Taking into account the reliability of the electricity grids, the
quality of the electricity and the accuracy of the information security, it was
possible to assess the guaranteed effect. It was lower by 12%, which led to an
increase in the payback period of up to 7 years. Using the sensitivity analysis, a list
of RPSs that have the greatest impact on the loss and voltage levels in the DN are
determined. Imitation calculations have shown that the introduction of the first 13
devices with automatic control at 7 substations reduces the payback period to 4
years. Their implementation provides about 75% of the effect that can be obtained
from the full implementation of the project. At the same time, the enlarged value is
only 29% of the total cost of the project.

On the example of the 10 kV Vinnytsia city DN, the effectiveness of the
proposed method for evaluating the guaranteed effect of the RPS was confirmed. It
Is shown that the installation of additional RPSs in electric networks, which are
characterized by high loss sensitivity, is accompanied by high additional profits.
The latter can not be estimated adequately without considering the reliability of the
power grids and the quality of information provision. Thus, taking into account the
above factors, it was possible to substantially reduce the optimal installed power of
the RPS for individual fragments of the studied networks up to 3 times. The
transfer of the RPS to substations with a lower settlement effect of loss reduction,
but better indicators of reliability and quality of information provision, has allowed
to reduce the risks of project implementation and increase the substantiality of
investments.

On the example of RPS operated in Vinnytsia city DN, experiments were
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carried out to determine the settings for local compensation of reactive power. It is
shown that the period of their relevance is from 1 to 3 months. In the case of the
use of RPS for group compensation through the interaction of nodes DM load, the
power factor settings need to be periodically updated within a day.

To determine the validity periods of the settings, an algorithm is proposed,
which involves analyzing the correlation of optimal capacities of the RPS with
local reactive consumption. The sequential shift of the comparison range allows
you to determine the boundaries of periods as time points corresponding to the
local maxima of the quadratic Pearson criterion.

In order to determine the settings within the period of relevance, it is
proposed to use the simulation model SAC RPS. With its help, the limiting power
factors are selected by the method of least squares of deviations between optimal
and simulated RPSs. The time settings for the SAC are determined taking into
account the rate of change of the average optimal capacity of the RPS within the
period of relevance.

Thus, in the dissertation the new solution of the actual scientific and applied
problem of increasing the efficiency of control of reactive power flows in electric
networks is obtained. It consists in developing, on the basis of the Hamilton-
Ostrogradsky's mathematical model, the optimality criterion for the given problem,
the methods of optimizing the allocation of reactive power compensation facilities
In power grids, and also the means of optimal control of compensating installations
for such networks. Their implementation allows to increase the efficiency of the
joint use of electricity grids by power supply companies and active consumers.

Key words: electric network, reactive power flow, multifactorial
optimization, Hamilton-Ostrogradsky principle, "ideal" mode, economic
resistance, reactive power sources.
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BCTYII

OOrpyHTYBaHHS BHOOPY TeMH A0CHiKeHHs. DYHKI[IOHYBaHHS Cy4acHHUX
po3nonuibHUX enekTpudyHux Mepexxk (PEM) xapakrepusyeTbes JIOKaIbHUM
3pOCTaHHSIM CIOKUBAHHS €JEKTPOEHEPTii, MOSBOI0 JIBOCTOPOHHIX MEpeTiKaHb
€Heprii, NABUIIEHUMH BUMOTaMu /0 3a0€3NEeYeHHs HaAIMHOCTI Ta KEpOBAHOCTI.
Kpim Toro, cTatoTh OUTBII KOPCTKUMHU €KOJIOTTYHI OOMEXEHHSI JI1 €HepreTHUHO1
rany3i B oMy [1]. B Takux ymoBax 3arocTprorThcs MPOOJIEeMU pallioOHAIBHOTO
BUKOPUCTaHHS CHEPreTHYHUX 1 MarepiaJbHUX pPEeCypciB, BHPINIEHHS SKHUX
MOKJIMKAHE MiABUIIATA €KOHOMIUHICTh Ta €KOJIOT1YHICTh POOOTH €HEProCUCTEMU
IIJITXOM BIIPOBAKCHHS €HEPro30epirarounx 3axo/IiB.

B ocranHi poku CBITOBI TEHJEHII CHOPSMOBaHI Ha IiJBUIICHHS
CHEPro30epe)KCHHsI 1  PAIiOHAJBHOTO BUKOPUCTAHHS IPUPOJHUX PECYpCiB
IPU3BEJIM JI0 IHTErpallii BIAHOBIIOBAILHUX JHKEpENl eHeprii B HasBHI PO3MOJIUIbHI
CIIEKTPUYHI MEpei y BHIVIIAI po3ocepemkenux mkepen exeprii (PAE) [2], [3].
[IpydyoMy YacTka OCTaHHIX B €HEProdallaHCi €HEProCHCTEM 3POCTA€ 1 B ACSKUX
EICKTPUIHUX Mepekax Bke cborojani mocsarae 20-30% i1 6inbmre. Takum 4uHOM,
pO3MONISIbHA ENEeKTPUYHA MEpPEeka IOCTYNOBO IMEPETBOPIOETHCS B MEPEKY 3
XapaKTepPHUMH OCOOJIMBOCTSIMHU JIOKaJIbHOT enekTpuuHoi cuctemu (JIEC), ska
OTPUMYE >KUBJICHHS SIK BiJ] BIACHUX PO30CEPEIKEHUX JHKEPEeT eJIEKTPOCHEPrii, TakK
1 BiJI EHTPAJIi30BaHOTO JKEpesa — eJIeKTpoeHepreTHuHO1 cuctemu [4] — [6].

Pazom 3 TuM, pO3MOALIBHI €JIEKTPOMEPEkKI CHEPrOCUCTEM MPOCKTYBAIHCS 1
CHIOPY/IKYBAJIHMCS 32 YMOB IEHTPATI30BAHOTO EJIEKTPOIOCTAYaHHS, BUXOIIYH 3
4oro po30y/soBa B HUX PO30CEPEIHKEHHUX JDKEPENl eEKTPOCHEPrii MOPOIKY€E HOBI
npobnemu Ta 3amadi [3]. OCHOBHUMH 3 TEXHIYHOI TOYKH 30py TYT € 3amadi
miATpUMaHHs OalaHCy aKTHBHOI 1 PEaKTHBHOI MOTY>KHOCTEH Ta ONTHMI3aIii
PO30CepeIKEHOr0 TeHepyBaHHsI aKTUBHOI Ta peakTuBHOI eHeprii [3], [7] — [9].

OCHOBHMMHU HEraTUBHUMH (pakTOpamu, II0 TMOB’sI3aHI 3 TMepeaayero
PEAaKTUBHOI MOTYXHOCTI €JIEKTPUYHHUMHU MEpeKaMHu € 30UIbIIEHHS CTPYMOBHUX
HaBaHTaX€Hb, 3pPOCTAHHS CHAJIB HANpyrd, 3OUIBLICHHS BTpaT AaKTUBHOI

MOTY>KHOCT1 Ta BUTPAT €HEPrOpecypciB Ha BUPOOHUIITBO eHeprii Ta iH. OcoliuBe
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MICLIE BTpaT €JEKTPOCHEprii, SK KPUTEPII0 ONTUMAIBHOCTI KOMIICHCAIll
peaktuBHOi moTyxkHOCTI (KPII) 3ymoBieHe BIAHOCHOI MPOCTOTOK HOTO
OLIIHIOBaHHS B TPOLIOBOMY BWIJIAI, Ha BIAMIHY BiA IHIIMX. ToMy Ha OCHOBI
BUJIUIEHHS JOJATKOBHUX BTPAT €JIEKTPOEHEPTIi B1J MOTOKIB PEaKTUBHO1T MOTYKHOCT1
1 MiHIMI3a111i OCTaHHIX MOOyaAoBaHO YnHHY MeToauky KPII [10].

Bona wmae HU3KY HeIOMIKIB, $Ki NOTpeOyroTh pgoorpaitoBanns. [le
BIJICYTHICTh B3a€EMOTIOB’SI3aHUX PIIICHb I CHEPrornocTavyabHUX KOMITaHIMH,
CIIO’KMBaviB Ta BiacHUKIB PJIE, mpueaHaHuX 110 iX €JIEKTPOMEPEIK; HE BpaxyBaHHS
HU3KM BXJIUBHUX CKOHOMIYHHX acCIeKTiB, IO CTOCYIOThCS (PYHKIIIOHYBaHHS
PO30CepeIDKEHNX JDKEPEN Y MepekaxX EHepronocradalbHUX KOMIMAaHiN; HHU3bKa
¢(eKTHBHICTh BpaxyBaHHsS PEBEPCHUBHHUX IIEPETiKaHb PEAKTUBHOI TOTYXHOCTI B
PO3MOJIUTLHUX SIEKTpHUHUX Mepekax (EM) Tormo.

Bkaszani He[OJIKM YCKIQJHIOIOTh BHUKOPUCTaHHS Mertoauku [10] s
onTuUMizallii nmepeTikaHb peakTUBHOI MOTY>KHOCTI B EM, no axux npuennani P/IE.
Tak, 0cOOJMBICTIO KOMIIEHCAITIT pEaKTUBHOT OTY>KHOCTI B JIOKQJIBHIN €JIEKTPUUHIM
cuctemi € te, mo PJIE mMoxyTh reHepyBaTtu a00 CIOXWBATH PEAKTHUBHY €HEPTii0
[6], [8], [9], mpu3Boasium mo mosiBU peBepcuBHMX i1 meperikanb. Oxpemi PJIE,
Mal4d 3aco0M PETyJIIOBaHHS pEaKTUBHOI TMOTYXHOCTI, JalTh JOJATKOBI
MO>KJIMBOCTI MiABUIIEHHS €(pEeKTHUBHOCTI ii TpPaHCIIOPTYBAaHHS, 110 HE BPaXOBAHO Y
[10].

Brnockonaniennss HopMatuBHOiI 0as3u, 30kpema [10], Bumarae po3poOiieHHS
METOMIB Ta 3aco0iB OIIHIOBaHHS €(QEKTUBHOCTI TMEPETIKaHb PEaKTHBHOT
noTyHOCTi B EM, siki 0 J03BOJISIIM MOBHOIO MIpOIO BPaxOBYBAaTH OCOOJIMBOCTI
Cy4aCHUX EJIEKTPOMEPEkK, 30KpeMa, 3HOIIEHICTh 00JIaJHaHHS, HEONTHUMAJIbHICTh
cxem, HasBHicTh PJIE, a Takox BmMB BKa3zaHuWx (akTopiB Ha SKICTh Ta
€KOHOMIYHICTH yHKIIOHYyBaHHS EM.

3 pPO3BHUTKOM 1H(OPMAIIHHO-O0YHCIIIOBAIIBHIUX 3aCO0IB CTA€ MOXKIUBUM
nepexia BiJl CYKYIHOCTI TEXHIKO-€KOHOMIYHHMX 3aJ1au ONTHMI3allii OKPEMHUX €TaIliB
BIIPOBAJIP)KEHHSI Ta €KCIUTyaTallii Jpxepen peaktuBHo1 notyskHocti ([IPII), siki wacto
MarOTh CYINEPEUH1 KPUTEPii, 10 KOMIIEKCHOI 3a/Ja4l ONTUMI3allii 3a IHTeTpaJbHUM

KpUTEpIEM, SIKUM TOB’si3y€e MpoOJieMH BTPAT, SAKOCTI €JIEKTPOEHEpPTii, HaIIHHOCTI
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Mepex Ta okynHocTi 3aco0iB KPII. Ile 3poOuTh MOXKIMBUM OTPUMYBATH TEXHIYHI
pIlIEHHS, MAKCUMAJIBHO a/IallTOBaH1 0 MPAKTHUYHOI peani3alii.

3 npuenHaHHaMm 1o enektpoMmepex PJIE, reHepyBaHHA SKHX 1CTOTHO
3aJIeKUTh BiJ] BIUIMBY BUMAJAKOBUX (PaKTOpiB, OCOOIMBO TOCTPO MOCTA€E Mpodiaema
aBTOMaTHM3aiii KepyBaHHi pexumamu EM, 3okpema JIPIT [4], [11].
BrockoHaneHHs MiIXOAiB 10 aBTOMAaTH30BAaHOTO Ta aBTOMATHYHOTO KEpyBaHHS
NepeToKaMy PeakTUBHOI MOTYXHOCTI B EM 103BONHTH MiABUIINTH €(DEKTHBHICTH
KOMIICHCAIll 3aBASKH PEryITIOBAaHHIO HANpyrd Ta MIBUIICHHIO TPOIYCKHOT
3IATHOCTI eNeKTpoMmepex. [l BHU3HAYEHHS Ta BIPOBAKCHHS KEpPyBAJIBHHUX
BruBiB moj0 KPIT pomineHO 3actocoByBaTH i1HGOpMAIlHI MOXJIUBOCTI Ta
KoMyHikarliitai rexuonorii SMART Grid [12].

Tpanumiitno nis peanmizaiiii miAX0A1B 10 KEPYBaHHS MOTOKAMHU PEAKTUBHOT
noryxHocti B EM Ta  BuOOpYy  ONTHUMaJIbHHX  TEXHIYHHUX  PIIIEHb,
BUKOPUCTOBYIOTHCS YUCENIbHI METOIW JIHIAHOTO 1 HENIHIHHOTO MpOrpaMyBaHHS.
3arajgpbHUM X HEJOJIKOM € Te, II0 BOHHM Jal0Th YaCTKOBI PO3B’SI3KH. Y aHii
POOOTI TOCTIKYETHCS MOKIIUBICTh BU3HAUEHHS ONTHUMAaIbHUX MmapameTpiB EM Ta
noOy/I0BH CUCTEM KEPYyBaHHS PEaKTMBHUMH NEPETIKAHHSMU Ha OCHOBI MPUHIUITY
Haitmentnoi aii ([IH) y tpaktyBanui ['amimbTona-Octporpanacekoro [13], a
TaKOXX MPUHIIMITY MAKCUMYMY iHTerpanbHux GyHkiin [lonTpsrina [14].

OTxe, JIOCTDKEHHS METOMIB Ta 3aco0iB oONTUMI3allii TepeTiKaHb
PEaKTUBHOI MOTY)KHOCTI B PO3MOJUIBHUX EJIEKTPOMEpEekKax 3 PO30CEPEKEHUMU
JDKepenaMu eJIEeKTPOSHEPrii Ha OCHOBI MPUHIIUAITY HAWMEHINO1 [ii, € aKTyaJbHOIO
HAYKOBO-TIPUKJIATHOIO 33]1a4€tO.

3B’A30K po00TH 3 HAYKOBHUMH MPOrpaMaMu, IJIAHAMH, TEMAMH, [PAHTAMM.

Hucepraiiss BUKOHaHAa B TUTAHI HAYKOBHX JOCITIIKEHBb, MPOBATHKECHUX
Kaenporo eNeKTpUYHMX CTaHII Ta cucTeM BiHHMIIBKOTO HAIIOHAJIBHOTO
TEXHIYHOTO YHIBEPCUTETY 3a JEPKOIOHKETHUMH TeMaMu «OnTuMizailis pexuMiB
CIEKTPUYHUX MEPEeX 3 PO3MOMUICHUMU JKepenaMmu eHeprii»y (Ne mepikpeectpairii
0113U002260C),  «InTenexkTyanizaiisi  €JIEKTPOCHEPreTUYHUX  CHUCTEM 3
BIIHOBJIIOBAHUMH JKEpeJIaMl €HEeprii Ha OCHOBI mpuHuuny [‘aminbToHa-

Octporpaacekoro» (Ne pepxkpeectpanii 0115U002382). Atop O6paB y4yacTh y
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BUKOHAHHI1 BUILIEBKAa3aHUX POOIT SIK BUKOHABEIIb.

Merta i 3aBaaHHs JociaigxeHHs. MeToro aaHoi aucepraliiiHoi poboTu €
3MCHIIICHHS BTpAaT Ta IMiJBUINCHHS SKOCTI HANPYTH y EJICKTPUYHHX MEpekax,
HUIIXOM PO3pOOJICHHST METOAIB Ta 3aco0iB omTHMI3aIlii IMOTOKIB PEaKTUBHOT
MOTYXHOCT1 Ha OCHOBI NpuHIUNY ["aminbTOHa-OCTPOTrpaChKOroO.

BinnoBinHO 10 BKa3aHO1 METH B poOOTI pO3B’A3aHO TaKl OCHOBHI 3aBJIaHHS:

— aHaJli3 CTaHy KOMIICHCAIlil pPEaKTUBHUX HABAaHTAXKCHb B CICKTPUUHHUX
Mepekax SHEpronocTadyalIbHUX KOMITaHi| Ta 11 METOJUYHOTO 3a0C3IeUeHHS;

— aHaji3 ICHYIOYMX METOJIB ONTHUMI3allil PEeKUMIB €JIEKTPUUYHUX MEPEeX 3a
PEaKTUBHOIO MOTYKHICTIO;

— JIOCHDKCHHS BIUIMBY SIKOCTI 1HGOpMAaIIMHOr0 3a0e3leUeHHs] Ha
pPE3YJIBTaTH PO3B’SI3aHHS ONTUMI3AI[iHHUX 3aJ1ady, OB’ SI3aHUX 3 PETYIIOBAHHIM
PCaKTUBHHX MEPETIKaHb Ta HAIIPYTH B PO3MOILILHUX MEPEkKax;

— po3po0JIeHHS METOAY OIlIHIOBaHHS OOIPYHTOBAHOTO eQeKTy Bix
KOMIIEHCAllli PEeakTUBHOI TMOTYKHOCTI B PO3MOJAUIBHUX €JIEKTpOMepexax 3
ypaxyBaHHIM SKOCT1 iH(opMalliitHoro 3abe3reueHHs;

— PO3BUTOK MeToAy omnTumizarii po3mimenas 3acobiB KPII 3 imirtamiero
«1[1eaJTbHOT0» CTPYMOPO3MOALTY B €JIEKTPOMEpPEekax 3a 3aCTyMHOK TI-CXEMOIO
IUIIXOM BJIOCKOHAJICHHS METOJy BH3HAYEHHS Ta KOPUTYBAHHS EKOHOMIUHUX
OTIOPiB JJI KOMIIEHCYBAJIBHUX YCTAHOBOK;

— PpO3pOoOJICHHST METOAY ONTHMI3aIlli pO3MIIIeHHS 3ac00iB KOMITeHcAIlli
pPEaKTUBHOI TIOTYXHOCTI 3a KpPUTEpPIEM MaKCHUMyMy pPEHTaOEIbHOCTI 3
ypaxyBaHHSM JOMYCTUMHX BiIXUJICHb HATIPYTH;

— (opMyBaHHS yMOB ONTHUMAJIBHOCTI GyHKIIIOHYBaHHS ~ 3ac00iB
KOMIICHCAIII1 peaKTHBHOT MOTYKHOCTI Y PO3MOAUTHHIX MEpeKax;

— PO3pOOJICHHS CTPYKTYpHOI CXEMH Ta airopuTMiB (yHKIIOHYBaHHS
CUCTEMHU TPYIMOBOI KOMIIEHCAIlll PEaKTHUBHOI MOTY>KHOCTI B €IEKTpOMEpPEkKax 3
BUKOPHCTAHHSM JIOKAJIbBHUX CUCTEM aBTOMAaTU4YHOro kepyBanHsa KPIIL.

006’exTOM HOCITIIKEHHS AHCEPTAILiiHOI POOOTH € HOpPMajbHI PEKUMHU
pPO3MONUTBHUX  CNEKTPUYHUX  MEPEXK 3  PO30CEPEIIKCHUMH  JDKepelaMu

€JIeKTPOEHEPT1i.
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IIpeamerom nocJizkeHH € METOAM 1 3acO0M aHami3y Ta ONTHUMI3alii
NEpeTIKaHb PEAaKTUBHOI MOTY>KHOCTI B PO3MNOAUIBHUX EIEKTPUYHHX Mepexax 3
PO30CepeKEHIMH JKEpEeIaMH €HepTii Ta ONTUMAaIbHOTO KepyBaHHsS YCTAHOBKAMHU
KOMIIEHCall1l peaKTUBHOI MOTY>KHOCTI.

Metoau nocaimkennsi. /s anamizy Ta po3B’s3aHHS TOCTaBICHHX 3a]ad
BUKOPUCTaHI MNpUHIMO HaWMeHmoi nii y ¢GopmyntoBaHHl ["amiibTOHA-
OcTporpajacbkoro, MPUHIMI MaKCUMyMYy iHTerpaiibHuX (QyHkuid IloHTpsrina,
y3arajpHIOBaJbHI METOJIM TEOpli MOJENIOBAHHSA, METOAM JIHIMHOTO Ta
HEJTIHIKHOTO mporpamyBaHHs. YcrajmeHi pexumu EM  MopentoroTees 1
aHaM3ylOThCAd Ha 0a3l MeToJly BY3JOBUX Hampyr Ta METOLy CepeaHiX
HaBaHTaXeHb. JJI1 po3nmolTy BTpAT €JIEKTPOSHEPrii MK OKPEMUMU TPAHCAKIIIMHU
PEAKTHUBHOI TOTY)KHOCTI BHKOPHUCTOBYIOTHCS IU(EPEHINHHI METOAH Ta METO/I
koedirieHTiB po3noairy BTpat. st po3poOaeHHs alropuTMIB aHaAJ3y NMEepeTiKaHb
PEaKTHUBHOI TIOTY>KHOCTI B pO3MOAUTEHUX enekTpomepexax 3 PIIE Ta dopmyBaHHs
3aKOHIB onTUManbHOro kepyBanHs JPIl BukopucToByBanuch mMaTpuuHa anreopa,
Teopis TpadiB Ta aekommosuilia. Jas po3poOJeHHS CHCTEM aBTOMAaTHUYHOIO
KepyBaHHS BUKOPUCTAHO MOJIOKEHHS TeOPii aBTOMATHYHOTO KEPYBaHHS.

HaykoBa HOBHM3HAa OTPHUMAHMX PpPe3YyJbTATIB TOJSATaE€ y TOMY, IO
MOKa3aHO JOIUIbHICTh BUKOPUCTAHHS MPUHIUIY HAMMEHINO1 Jii /ISl BUSHAUCHHS
Ta MATPUMAHHS ONTHUMAJbHUX PIBHIB KOMIICHCAIlli PEaKTHBHOI IMOTYXHOCTI B
CICKTPUIHUX MEpeXkax, a TaKOX BCTAHOBJICHO 3aJIe)KHICTh ONTUMAJIBLHHUX PIBHIB
KPIl Big HamiiHOCTI ENEKTPUYHUX MEPEeX Ta SAKOCTI i1HGOpMAIIITHOTO
3a0e3nedeHHs. 30Kpema:

1. 3anmponoHOBaHO HOBWIA METO]I OIIHIOBAaHHSA OOTPYHTOBAHOI €(EKTUBHOCTI
KOMIICHCAIlll PEaKTHUBHOI TOTYXXHOCTI B EJEKTPUYHUX MeEpekax y BHIIISIAL
KOMITJIEKCHOTO TTOKa3HWKa, M0 HA BIAMIHY BiJl BIIOMHX, BPaxOBY€ HAaJIHHICTH
MEpEeX, AKICTh HANPYTH Yy iX By3JaX, a TaKOXX TOYHICTh BHU3HAYEHHS KOPHCHOTO
BIANYCKy Ta BTpar enekrpoeHeprii. lle mo3Bonsie OOrpyHTOBaHO BH3HAYaTH
obsacTh onTUManbHOCTI BcTaHoBieHHs JIPII 3 ypaxyBaHHSIM PU3UKIB, MOB’SI3aHUX
3 BIIMOBaMH B MEpeXkax Ta BIJCYTHICTIO 3aCO01B MOHITOPUHTY iX PEKUMIB.

2. HalOyB mnopanblioro po3BUTKY METOJ ONTHUMI3AIi NEpeTiKaHb
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€JIEKTPOEHEPrii Ha OCHOBI MPUHUMWIY HAaWMEHIIOi [ii, L0 NpPOSBIAETHCS Yy
BpaxyBaHHI NUTOMHUX KalliTaJIbHUX Ta €KCIUIyaTallliHUX BUTpaT y MoOJENl
«1J1€aJIbHOT0» PEXUMY €JEeKTpUYHOi Mepexi. Lle 103Bojse po3MMpUTH MeEXi
3aCTOCYBaHHS METOJy Ha 3aJayl TeXHIKO-€KOHOMIYHOi OnTuUMi3allii 1, 30Kpema,
MIJBUIIUTH  HAJIMHICTH Ta IIBUAKOAIID PO3B’S3aHHSA 3a7adl  ONTUMIi3aIlii
posmimienHss JIPII y enekrpuyHuX Mepexkax 3a KpUTEpPIEM MAKCUMYMY
pEeHTa0eTbHOCTI.

3. BaockoHaneHo MeToJl onTUMi3allii BcTaHOBIeHUX notyxHocTeit J[PIT Ha
OCHOBI TIPUHIIUITY HAUMEHIIO1 11, 0 TPOSIBISETHCA B ypaxyBaHHI 0OMEXeHb Ha
BIIXWJICHHSI HANPyTH B EJICKTPUYHUX MeEpekax Ta KOPUT'YBaHHI ONTHUMaTbHUX
NOTY)KHOCTEH JDKEeped 3a pe3yjbTaTaMu PO3B’si3aHHS JOMOMDKHOI 3ajaaui
MIHIMI3aIlli TMPUPOCTY BTpPAT e€JIEKTpOeHeprii. 3BeleHHA 1i 10 JiHIIHHOI,
BUKOPUCTOBYIOUM KOE(II[IEHTH PO3MOAULLY BTpAaT MOTYXHOCTI, JO3BOJIHIO
M1ABUIINAIIO HAAIWHICTh Ta MIBUAKOI0 METOTY ONTUMI3AILII.

4. Ha ocHOBI TpUHIMIY HaWMEHIIOI [ii OTpPUMaHO aHAJTITHYHI
CHIBBIIHOIIEHHS, 110 OINUCYIOTh ONTHUMAJIbHI PEXKUMH JKEpeNl PeakTUBHOT
NOTYKHOCT1 Y PO3MOJUILHUX MEpPEKax 3a KPUTEPIEM MAKCHUMAJIBbHOTO MPUOYTKY
Bi iX BcTaHOBJEHHS. Lle 103BONHMIIO BIOCKOHAJIMTH AQlTOPUTMU KEPYBaHHS
KOMIICHCYBAIbHUMHU  YCTAaHOBKAMH, a TakKOX  aQJIrOpUTMH  BU3HAYCHHS
HAJIAaro/KyBajJbHUX IMapaMeTPiB CUCTEM aBTOMAaTUYHOTO KEPyBaHHS HUMHU.

IIpakTuyHe 3HAYEHHS] OTPUMAHUX Pe3yJbTATIB IMOJSITaE B TOMY, IO Ha
OCHOB1 BJIOCKOHAJICHOTO METOJy PO3pPaxyHKy ONTHMAaJIbHUX PIBHIB KOMIIEHCAIlil
PEaKTUBHOI TOTYXHOCTI B PO3MOJAUIBHUX Mepexkax po3poOJeHO alrOpuTM, Y
SKOMY BpaxOBaHO OOMEKEHHS 3a HaJIHHICTIO Ta SKICTIO €JIEKTPOCHEeprii, 0 Jae
MOXKIIUBICTh 00TpyHTOBaHO po3minryBatu J[PII B Mepexax eHepromocTadambHUX
KOMIIaHIi Ta KOPHUTYBaTH iX mapameTpu. Po3poOiieHi CTPYKTYypHI cXeMu U
anroput™Mu KepyBaHHs HasBHUMHU JIPIl m03BONSIOTH MiATpUMYBAaTH ONTHMAJIbHI
(3a cyMapHMMHU BUTpaTaMHu) IMEpPETIKAHHS PEaKTUBHOI MOTYXHOCcTI B EM 3
ypaxyBaHHSIM 3MIHU PEXKUMHUX MMapaMeTpiB, 30kpema, mia BruimsoM PJIE.

OtpumaHi B aAucepTaiiiiHii poOOTI pe3ydbTaTH HAYKOBUX JOCIIJIKEHb

BrpoBaixkeHo B [IAT "Binnunsioonenepro"” (axt Big 16 »xoBtHs 2018 p.) 3 MmeTor0
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BJIOCKOHAQJICHHSI NPOLIECY ONTUMI3alli pPEaKTUBHUX MEPETIKaHb B EJIEKTPHUUHUX
MepeKax EeHepronocTadyajbHOl KOMIAHII 3a KpPUTEpIEM MIHIMyMy BTpar
eJNIeKTpoeHeprii Big HUX. Pe3ynabTaTu peanizoBaHo y (opMmi anropuTMmiB Ta
nporpaM JJjsi pO3paxyHKy ONTHUMaJIbHUX PIBHIB KOMIIEHCAIll pPEaKTUBHOT
MOTYXHOCTI, @ TaKOX JUIA KOPUTYBaHHS YCTaBOK CHCTEM aBTOMAaTHYHOTO
kepyBaHHs JIPII.

Pesynpratn  mocnmimxkenp  BopoBamkeHo B TOB «[Tominpcpkuii
CHEPreTUYHUH  KOHCAITHHT» Yy  BUINISAI  MpOTpaMd  JUIsl  OIIHIOBAaHHSI
oOrpyHTOBaHOTO €(eKTy BiJl PO3BUTKY po3noauibHUX EM, a Takox onrtumizarii
PO3MIIIIEHHS JOJATKOBUX JKEPEJl PEaKTHUBHOI MOTYXHOCT1 B HUX (oBiaka Big 08
xoBTHs 2018 p.).

Pe3ynpTaTH HAyKOBUX JOCIIDKCHb BIPOBAPKCHO TAKOXK Y HABUYAJIbLHOMY
nporeci BIHHUIBKOTO HAI[IOHAJIBHOTO TEXHIYHOrO YyHIBEepcUTeTy (akT Big 12
BepecHs 2018 p.) y ¢dopmi BIockoHaJeHHS JabOpaTOPHOI YCTAHOBKH 3
pEryIIOBaHHsS TMOTY)KHOCTI KOHJEHCATOpPHHMX OaTaped JUisl IIEHTpai30BaHOi Ta
IpynoBoi KOMIIEHcallli peakTUBHUX HaBaHTakeHb B EM. TeopeTnuHi pe3ynbTaTu
BKJIFOUEHO JI0 JICKI[IHHUX, JTaOOPATOPHHUX 1 MPAKTUIHUX KYPCiB.

OcoOucTrii BHeCOK 3100yBaya. Yci pe3yiabTaTH, SKi CKJIaal0Th OCHOBHHI
3MICT AucepTaIiiHoi poOOTH, OTpHUMaHi aBTOPOM CaMOCTIHHO.

B pobGortax, omyOiikoBaHMX Yy CIIBaBTOPCTBI aBTOpPY Halexkath: y [15] —
QITOPUTM BH3HAYCHHS CKOHOMIYHUX CKBIBAJICHTIB PEAKTUBHOI IMOTYXKHOCTI JIJIst
okpemux By31iB EM 3a BiqHOCHUMU criajiaMu Hanpyry; y [16] — po3s’si3aHHs 3amadi
ONTUMI3aIlli TEepeTiKaHb PEaKTUBHOI €Heprii y IHTEerpajbHIM TOCTAaHOBII 32
NPUHIMTIOM MakcumMymy [loHTpsAriHa, CTpyKTypa aBTOMAaTH30BaHOI CHUCTEMU
kepyBannas JIPII; y [17] — MeTom BW3HAYeHHS Ta OICPATHBHOTO KOPWUTYBaHHS
exonomiuaux omnopiB JIPIl, BBemenHs sikux y 3acTymHy cxemy EM 3BoauTh 3amaqy
MaKCUMi3aIlii peHTa0eTbHOCTI BIIPOBAHKEHHS KOMIICHCYBATBHUX YCTaHOBOK (KVY) mo
BIITBOPEHHS HU3KU PEXKHMMIB 3 MiHIMAJTbHUMU BTpaTtamu; y [18] — meron BpaxyBaHHS
oOMeXeHb Ha BIAXWJIEHHS Hanpyru y By3nax EM mim yac po3B’si3aHHs 3aaaui
ontumizanii posmimenas JPII; y [19] — BIockoHaJICHHS METOMY OIlIHIOBaHHS

o0rpyHnToBaHoro edekty Bia BrpoBakeHHs JIPI1 B enekrpomepexax 3 ypaxyBaHHSIM
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HETOYHOCTI BHXiIHOI iH@opmauii; y [20] — anroput™M OLIHIOBAHHS IUIATH JJIS
aKTUBHOTO CIIOYKMBA4a 3a PETYJIOBAaHHS HANPYTH, SIK CHCTEMHOI mociyry; y [21] —
BJIOCKOHAJICHHSI METOJYy BHM3HAUYCHHS EKOHOMIUYHUX €KBIBAJICHTIB PEAKTUBHOT
MOTYXKHOCT1 y enektpomepekax 3 P/IE, BucHoBkH; y [22] — anropuT™ yTOYHCHHS
€KOHOMIYHUX EKBIBAJICHTIB PEaKTUBHOI MOTYx)HOoCcTI B EM 3a BiIHOCHMMHU criaiaMu
Hafnpyry; y [23] — aiaropuT™ aHamily UyTIUMBOCTI BTpAT EJIEKTPOEHEPrii B
eJIEKTpOMEpeX)ax Ta BHU3HAUYCHHSA OOJacTe KOPEKIi JUIsl JEeKOMIO3MIlli 3ajadi
orntuMaibHoro posmimieHns JIPII; y [24] — oIliHIOBaHHSA aJ€KBaTHOCTI METOMY
BU3HAUYEHHS €KOHOMIYHMX EKBIBAJIEHTIB PEAKTHBHOI MOTY)KHOCTI, SIK KOE(]II[IEHTIB
po3noauty BTpaT; y [25] — OLHIOBaHHS aJeKBAaTHOCTI BHU3HAUYEHHS E€KOHOMIUHUX
CKBIBAJICHTIB PEAKTHBHOI IMOTYXHOCTI 3a BIIHOCHUMH ClajaMH Hampyru; y [27] —
METOJI BpaxyBaHHS OOMEKEHb 3a HAIpYyror, ajroOpuTM Ta MPOrpaMHa peaizailis
perymoBanHs Hanpyru B EM y mukiti ontumizartii po3mimieHHs gogarkoBux JIPIL.

PesynbTaTi TEOpPETHYHUX IOCIIIKECHb, 110 BUKIaaeHi y [15]-[27], Oymnu
oTpuMaHi y BiHHHITbKOMY HaIllOHAJIBHOMY TeXHIUHOMY yHiBepcurteti (BHTY).

Anpobaniss marepianiB auceprauii. Matepianu aucepTailiiiHoi poOoTH
nomnoBiganucss Ta oOroBoproBanmucs: Ha XI MibkHapoIHIN HAyKOBO-TEXHIUHIN
koH(pepeniii «KonTpons 1 ynpasiiaasa y ckiaaaux cucreMax (KYCC-2012)y» (m.
Bianung, 2012 p.); wa Il MibkHapoaHi HAyKOBO-TeXHIUHIA KoH]epeHii
«OnTuManbHe kepyBaHHs enekrpoycraHoBkamu (OKEY-2013)» (M. Binnwums,
2013 p.); mva IV MixHapoaHiii HayKoBO-TeXHIYHIN KoHGepeHIli «OnTumanbHe
kepyBaHHs enekTpoyctanoBkamu (OKEY—-2017)» (m. Binnumg, 2017 p.); wa III
MixHaponHidi HaykoBO-TexHIUHIN koH(pepentii «Intelligent Energy and Power
Systems (IEPS-2018)» (m. Xapkis, 2018 p.); va XIV MikHapoaHili HayKOBO-
TexHIuHI KoHpepeH i «KonTpons 1 ynpasmiaas y ckinagaux cuctemax (KYCC-
2018)» (M. Binaumg, 2018 p.).

IMyoaikanii. 3a pe3ynprataMu BUKOHAHUX JOCIHIIHKEHBb OmMyOJikoBaHo 13
po0it, 3 HuUX 6 crareil y HaykoBUX (axOBUX BHIAHHSIX, IO IHACKCYIOTHCA Y
MDKHAPOJHUX HAyKOMETPUYHUX Oa3zax NaHWX, 3 CTaTTI y IHIIUX XypHanax, 4
nmyOJtikamii y 30ipHHKax MaTepiaiiB MiKHApOAHUX KOoH(pepeHiid (3 Hux 1 cTaTTts

IHIEKCYEThCS Y HaykoMeTpuuHii 6a3i SCOPUS).
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Crpykrypa Ta 00cAr amcepramii. J(ucepramiiina po0oTa CKIaTa€eTbCs 3
BCTYNYy, YOTHPHbOX pO3ILUIIB, BHUCHOBKIB, CIHCKY BHKOpHUCTaHMX Jxepen (137
HaliMeHyBaHb) 1 nojaTkiB. OCHOBHMU 3MICT BHKJIaJAeHUM Ha 135 cropiHkax
JIPYKOBAHOTO TEKCTY, MICTUTh 27 PHUCYHKIB, 23 Tabnuii. 3araiabHUil oOcAar

nucepTaiii — 200 cTOpiHOK.
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