DOI: 10.15587/1729-4061.2026.364241
DETERMINING TRANSIENT PATTERNS IN
PARALLEL-CONNECTED TRANSFORMERS OF
DIFFERENT CAPACITIES (p. 6-14)

Anatoliy Panchenko

Ivan Kozhedub Kharkiv National

Air Force University, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0002-1280-2049

Iryna Boklah

Ivan Kozhedub Kharkiv National

Air Force University, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0002-0013-5808

Yulia Musairova

Ivan Kozhedub Kharkiv National

Air Force University, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0002-7188-2085

Volodymyr Honcharov

Ivan Kozhedub Kharkiv National

Air Force University, Kharkiv, Ukraine
ORCID: https://orcid.org/0009-0001-2595-3380

Nadia Kuravska

Ivan Kozhedub Kharkiv National

Air Force University, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0001-7755-2899

This study investigates transient processes and current distri-
bution in parallel-connected transformers on a common load. The
task addressed relates to the fact that the mathematical description
of processes is performed in instantaneous current values, in which
the parameters used are widely known on the one hand while rarely
used in practice on the other. This approach allows a single sys-
tem of differential equations to describe most operating modes of
transformers, as well as transitions between them at the same time.
That, in turn, makes it possible to obtain separate instantaneous
values of currents for each transformer and the balancing current
between them. That is, to control the load distribution between
transformers, energy losses, both under steady-state and transient
modes. It is almost impossible to acquire such data with control and
measuring equipment.

This work proves that the ratio of active and reactive components
of the windings should also be taken into account. Short-circuit volt-
ages can be the same while the ratio between active and reactive resis-
tances of the windings can be different. And this affects the transient
processes and the balancing current. Such results were achieved by
compiling differential equations of parallel-connected transformers
and the load.

It was established that the total duration of transients decreases
when transformers are connected in parallel. At the same time, the
duration of transients of the balancing current does not depend on
the load at all but only on the parameters of the transformer and on
the moment of switching.

The studies were conducted on transformers TM-180/10 and
TM-530/10; it was confirmed that the balancing currents take small
values, compared to the load currents, but they are on the same order
of magnitude as the magnetizing currents and can distort the mag-
netizing curve, which provokes higher harmonics. For the specified
transformers, the duration of transients on the balancing currents,
under certain conditions, was more than 1 second, and when a short
circuit occurs on the common buses, more than 2 seconds.

This study showed that it is possible to measure most of the pa-
rameters for the specified system of equations on a real transformer.
It also becomes possible to calculate them according to the speci-
fications and compare the operation of the models under different
modes. This could allow a more objective assessment of the technical
condition of the transformer.
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This study investigates operational process involving rechargeable
battery energy storage systems (ESSs) in a combination with photovol-
taic power plants (PVPPs) in the competitive electricity market. The
task addressed is to improve the functioning efficiency of electric power
systems with deep PVPP penetration. This work analyzes scenarios and
strategy optimization when using ESSs to increase the economic effi-
ciency of PVPPs operating in a single complex. The research results es-
tablished those factors that affect the technical and economic indicators
of ESS application and helped define a combined management strategy.

Practical ESS management scenarios with different mechanisms
for forming an economic effect were studied, in particular, the day-
ahead market arbitrage scenario (DAM) and the PVPP balancing
scenario. The latter, in addition to minimizing the costs of settling
imbalances, provides for the sale of excess stored energy during hours
of maximum price.

The use of an ensemble of machine learning methods (Random-
Forest + XGBoost + LightGBM) has made it possible to achieve high
accuracy in forecasting PVPP generation. Energy indicators were
optimized for each scenario of ESS control system; financial results
were assessed based on the MILP and MPC methods. That made it
possible to quantitatively compare the effectiveness of the arbitrage
and balancing strategies and justify the choice of ESS operation mode
depending on the volatility of the DAM prices, the level of forecast
uncertainty of generation, and the current rules for regulating imbal-
ances in the electricity market.

The results were verified on the example of a real 9.5 MW PVPP,
supplemented by ESS with an energy capacity of 2 MWh, which made it
possible to take into account the financial responsibility of the producer
for imbalances and the impact of price asymmetry on the end result.
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The object of the study is the energy efficiency of technological
systems and complexes of enterprises. The study solved the problem
of scientifically based technologies for system analysis and optimiza-
tion of energy efficiency of multi-purpose systems. It is proved that
the traditional definition of energy efficiency fails to identify the
fundamental causes of inefficiency and assess the energy efficiency
potential of the system. The use of exergy technologies is effective for
optimizing heat engines, but for heat technology systems it gives rise
to methodological contradictions.

The presented entropic technologies for analyzing and optimiz-
ing energy efficiency do not have the indicated disadvantages. By
combining entropic characteristics with energy characteristics, the
"principle of energy compensation of irreversibility” was formulated,
which is the basis of the analysis methodology.

The results of the applied analysis of sugar production, which has
an energy generation system and an energy technological complex of
complicated configuration, showed the effectiveness of this technol-
ogy. It was determined that compensation only for the internal irre-
versibility of the processes of the energy generating system consumes
about 55% of the primary energy resource, which can change the
classical concept of energy efficiency measures.

The results obtained were made possible by establishing the de-
pendence between the irreversibility of processes, entropy and com-
pensatory energy costs. This allowed to approach the idea of energy
efficiency in a new way, prioritizing the qualitative characteristics of
processes and focusing on the thermodynamic perfection of systems.

The proposed entropic technologies can be the basis for the for-
mation of a comprehensive energy optimization strategy that has both
economic and environmental effects, contributing to compliance with
international standards of sustainable development.

Keywords: energy efficiency, thermodynamic analysis, entropy,
entropic analysis technologies, sustainability.
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BU3HAYEHHS 3AKOHOMIPHOCTE IEPEXITHUX ITPOIIECIB IAPAJIEJIbHO BBIMKHEHHUX TPAHC®OPMATOPIB
PI3HOI IOTY>XKHOCTI (c. 6-14)

A. M. IIanueHko, 1. 0. Bokiar, I0. . Mycaiposa, B. O. Toruapos, H. M. KypaBcbka

OG6’eKTOM JOCIIiKEHHS SIBJISIOTHCS MEPeXifiHi Mpoljecu Ta PO3MOALIL CTpyMy IapajesbHO BBIMKHYTHX TpaHC(OpMAaTOpiB Ha CIIijIbHE
HaBaHTaXXeHHs. [Ipo6seMa B TOMY, [0 MaTeMaTHMYHUI OMKC IPOLECiB BUKOHYEThCS B MHUTTEBHUX 3HAYCHHSX CTPYMY, /I 3aCTOCOBYIOTHCS
rapaMeTpH 3 OfHOro 60Ky i IIMpOKo Bifiomi, a 3 iHmIoro piaxo 3azisHi Ha mpaxrtuni. Takuil miAXig K03BoJIsE €JUHOI0 CUCTEMOIO AUdepeH-
OifHUX PiBHAHB OMHCATH GLIBIIICTD PEXXUMIB poOOTH TpaHC(HOPMATOPIB, TAa MEPEXOAN MiXK HUMH, B €AMHOMY 4aci. A Iie, B CBOIO 4epry, Aae
MOXUIMBICTb OTPUMATH PO3/IiIbHI MUTTEBI 3HAUEHHS CTPYMIB 110 KOXKHOMY TpaHC(OpPMaTOpy Ta ypiBHOBaXKYBAJIbHUN CTPYyM MK HUMH. To6TO
KOHTPOJIIOBATH PO3IIOZLI HaBaHTAXXEHHS MK TpaHcopMaTopaMu, BTpAaTH eHeprii, IK B yCTaJIeHUX TaK i B epexiJHUX pexxumMax. OTpuMartu
TaKi ZJaHi KOHTPOJIbHO-BUMIPIOBAJIBHIMH 3ac00aMU MaiKe He MOXKJIMBO.

B po6oTi L0BOAUTLCS, 10 CJIifi BpaxOBYBAaTHU i CIIiBBi[HOLIEHHSI aKTHBHUX i PEaKTUBHUX CKJIAJJOBUX 0OMOTOK. Hampyru KopoTKoro 3a-
MWKaHHS MOXXyTb OYyTH O{HAaKOBHMMH, a CITiBBiJHOIIEHHS MK aKTHUBHMMM i PeaKTMBHUMH OIOPAMU OOMOTOK Pi3HHUMHU. A Iie i BIUIMBae Ha
repexifgHi mpouecH i Ha ypiBHOBaXXyBaJbHUI cTpyM. Taki pe3y/nbTaTW Bfajocs JOCATTH CKJIaBHIM AudepeHIiiiHi piBHAHHA MapajeibHO
BBIMKHYTHX TpaHC(HOpPMATOPiB i HaBaHTa)KeHHsI. BCTaHOBJIEHO, 110 3arajbHa TPUBAJICTh IEPeXiJHUX MPOI[ECiB 3MEHIIYETHCS ITPH ITapaesib-
HOMYy 3’€IHaHHI TpaHc(opMaTopiB. B Toif yke yac, TPUBAIICTb IEPEeXiiHUX IIPOLeciB YpiBHOBaYKYBaJIBHOTO CTPYMY B3arali He 3aJIeXKUTh BiJ
HaBaHTKEHHs, a JIMIIe BiJ IapaMeTpiB TpaHcgopmaropa Ta Bif MOMEHTY KOMyTallil. JoCTipKeHHsI TPOBOAMIMCS Ha TpaHCchopMaTopax
TM-180/10 i TM-530/10, 6y10 IiATBEP/KEHO, 10 YPiBHOBAXXYBAJIbHI CTPYMH MAIOTh MaJli 3HAYEHHS, B IIOPiBHAHHI 3 CTpyMaMU HaBaHTaXKeH-
Hsl, ajle BOHU € BeJIMYMHAMM OZHOTO IOPSIAKY 3 CTPyMaMU HaMarHiuyBaHHS i MOXKyTb CIIOTBOPIOBATH KPHUBY HaMarHiuyBaHHSI, 1[0 IIPOBOKYE
BUII rapMOHiKU. [IJI BKa3aHUX TpaHC(OPMATOpPiB TPUBAJICTh MepeXifHUX MPOIIECiB 10 YPiBHOBAKYBAJIBHUX CTPyMax, IIPH IIEBHUX YMOBAX,
cTaHoBMJIA Gisiblle 1 ceK., a IIPY BUHMKHEHHI KOPOTKOrO 3aMUKaHHS Ha CIIUIBHUX IIMHAX Gisblie 2 cek. IIpoBeeHi JoCIipKeHHs TI0Ka3aJIy,
110 3’SIBJISIETHCS MOYKJIMBICTh OL/IBIIICTE ITapaMeTpiB, ZJIsI BKa3aHOI CHUCTEMHU piBHSIHB, BUMIpSTH Ha pealbHOMY TpaHcgopmaropi. Takox cTae
MOXXJIMBUM PO3paxyBaTH iX IO ITACTIOPTHUM JIaHUM i ITOPiBHATH poGOTH Mofesiell, B pi3HUX pexxuMmax. Lle 703BOIUTH GiTbII 06’ €KTUBHO,
OILI{HMTH TeXHIYHUI CTaH TpaHChopMaTOpa.

Kurrouesi ciroBa: iHAyKTHBHICT TpaHC(OpMaTOpa, IepexifHi IpoLecy, po3MozAia CTPyMiB, ypiBHOBOXXYBATBHUI CTPYM, PEXKUMH POOOTH.
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VIOCKOHAJIEHHS CTPATETTi BUKOPUCTAHHS AKYMYJIATOPHUX CUCTEM 3BEPITAHHSA EHEPTTI

JUIS NIABUINEHHS EKOHOMIYHOI EGEKTUBHOCTI ®OTOEJEKTPUYHUX CTAHIIIH B YMOBAX PUHKY
EJIEKTPOEHEPTII (c. 15-27)

B. B. Kynuk, M. B. 3arxeii, B. B. Tenrs, 10. B. I'punioxk, C. 5I. BuntHeBcbkuid, I. B. I'puitrox

OG6’€KTOM JOCTIPKEHHS € ITpoliec (PyHKIIiOHYBaHHS aKyMYy/IITOPHUX YCTAaHOBOK 36epiranus eHeprii (Y3E) y koMItekci 3 poroesekrpud-
HMH craHIisiMu (PEC) B yMOBaX KOHKYPEHTHOT'O PUHKY €JIEKTPUYHOI eHepril. Y po6oTi BupilryeThbest mpobsemMa MmiBUILeHHS e(heKTUBHOCTI
(pyHKIIIOHyBaHHSI €JIEKTPOEHEPreTHYHUX CUCTEM 3 ITTM60KUM ITpoHUKHeHHsIM OEC. JlociipKeHHs IPUCBYeHe aHali3y ClieHapiiB Ta ONTH-
Mmizanii crparterii Buxkopuctanus Y3E s mifiBullileHHsI ekoHOMiuHOI edekTuBHOCTI PEC, 110 MpaIjioloTh y KOMIUIEKci. 3a pesysibTaTaMu
JIOCJTi/KeHb BUSIBJICHO (haKTOPH, IO BIUIMBAIOTHh HAa TEXHIKO-eKOHOMiYHI NMOKA3HMKHU BUKOpUCTaHHA Y3E Ta 3aImpornoHOBaHO KOMOGIHOBaHY
CTpaTerilo kepyBaHHS HUMU.

IocifpkeHo mpakTU4Hi crieHapii kepyBaHHs Y3E 3 pisHUMM MexaHi3MaMM (hOpMyBaHHsS €KOHOMIUHOTO eeKTy, 30KpeMa CIieHapiil ap-
6iTpaxxy puHKY Ha 106y Hanepes (PTH) Ta crieHapiit 6amancyBanHs ®EC. OcraHHi#, KpiM MiHiMi3aIlil BUTpaT Ha Bpery/IIOBaHHS HebalaHCiB,
riepesi6avaE Mpojjak Ha/IUIIKIB 36eperkeHo] eHeprii B FOAUHN MaKCHMAaJIbHOI I[iHU.

BukopucTaHHs aHCaMO6JII0 METOZiB MaIMHHOTO HaB4aHHA (RandomForest + XGBoost + LightGBM), fajio 3Mory AOCATTH BUCOKOI TOU-
HocTi mporHo3y reHepyBaHHa ®EC. [ KoxKHOro clieHapiro kepyBaHHsa Y3E Ha ocHoBi MeToziiB MILP Ta MPC 6y/10 ONTHMi30BaHO €HepreThy-
Hi TOKa3HUKY Ta OIiHeHO (iHaHCOBi pe3ysbTaTy. Lle 1am0 3MOory KibKiCHO MOpiBHATH e(eKTUBHICTh apOiTparkHOI Ta 6aJaHCYIOUOi CTpaTeTii
Ta OOI'PYHTYBaTH BUOGipy pexxumy pobotu Y3E 3aye)xHO Bifi BomaTwibHOCTI IjiH P/IH, piBHS IMPOrHO3HOI HEBU3HAYEHOCTi 'eHepyBaHHS Ta
YUHHUX ITPaBUJI BPETy/IIOBaHHSI HeOaIaHCiB Ha PUHKY eJIeKTpoeHeprii.

PesysibraTi fOCIIiZPKEHH IIepeBipsutics Ha npuiuiafi peaapHoi PEC 9.5 MBT, o gonoBHeHa Y3E 3 eHeproeMHicTio 2 MBT - rog, 1110 fajao
3MoOry BpaxyBaTy (hpiHaHCOBY Bi/{IIOBijaIbHICT BUPOOHMKA 32 HeGAIAHCH Ta BILIMB I[iHOBOT acUMeTpii Ha KiHIIeBUl pe3ysIbTar.

Kurrouogi cioBa: oroesekTpUdIHa CTaHIlis, yCTAHOBKA 36epiraHHs eJIeKTpOeHeprii, PUHOK eJIeKTPUYHOI eHepril, onTuMizaris QyHK-
L1iOHyBaHHS.
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PO3POBKA EHTPOIIIMHUX TEXHOJIOTTHA AHAJII3Y TA OIITUMI3AIII EHEPTETUYHOI EOPEKTUBHOCTI
TEXHOJIOTTYHUX CUCTEM (c. 28-37)

C. M. Camiiiienko, P. B. I'pumierako, M. O. KpuBoiiees
OG6’€KTOM JIOCJIi/KEHHSI € eHepreTUyHa e()eKTHBHICTh TEXHOIOT{YHUX CHCTEM Ta KOMILIEKCIB IiAAIPHUEMCTB. Y A0CTipPKeHH] BUpilllyBaIacs

1po6JieMa HayKOBO OOI'PYHTOBAHMX TEXHOJIOTii CUCTEMHOT'0 aHaJIi3y Ta ONTUMI3allil eHepreTUYHOI e(heKTUBHOCTI Pi3HOIIIBOBUX cHCTEM. [l0-
BeJIEHO, 1110 Tpa/iuIlifiHe BU3HaueHHs eHeproeeKTUBHOCT] He JI03BOJIsiE BCTAHOBUTHU (DyHJAMEHTaIbHi TPUYMHY HeeeKTUBHOCTI Ta OI[iHUTH



eHeproe(eKTUBHUI ITOTEHI[iaJl CHCTEMH. 3aCTOCYBaHHS €KCEePreTMYHUX TeXHOJIOTiH ebeKTHBHE /I ONTHUMI3allil TeIJIOBUX MAIIWH, ITPOTe
JI/IS TETJIOTEXHOJIOTIYHNX CUCTEM TTOPOJIKYE METO/I0JIOTiuHi CyIlepedHOCTi.

IIpezcTaBieHi eHTPOMiliHI TeXHOJIOTIT aHaTi3y Ta OoNTHUMIi3alii eHeproeeKTUBHOCTI He MAIOTh 3a3HAUYE€HUX HeJOIiKiB. IIoe/JHaBIIN EHTPO-
MilHI XapaKTepUCTHK 3 €eHEPreTUYHUMU, CPOPMYIBOBAHO «IIPUHIUI €HEePreTHYHOI KOMITeHCallii He0G0pOTHOCTI», SIKUII 3aKJIa[IeHO B OCHOBY
METOZ0JIOTIT aHaTi3y.

Pe3ysibTaTi MPUKJIQJHOTO aHali3y IIyKPOBOTO BUPOGHUIITBA, sIKe BOJIOJi€ CHCTEMOIO TeHepallii eHeprii Ta eHeproTeXHOJIOTiYHUM KOMII-
JIEKCOM CKJIaZIHOI KOH(iryparii, mokasaau eeKTUBHICTh i€l TexHosIoril. BU3HaYeHO, 1110 KOMIIEHCAIis JIMIlle BHYTPilIHBOI HEOGOPOTHOCTI
TIPOIIECiB €HepProreHepyrvoi CUCTEMH CIIOXKHBA€e OJMU3BKO 55% MEePBUHHOTO €Hepropecypcy, [0 MOXKe 3MiHUTH KJIACUYHY KOHI[ETIIIil0 eHep-
roe)eKTHBHUX 3aXO/iB.

OTprMaHi pe3y/IbTaTH CTAIN MOXKJIMBUMU 3aBJISIKM BCTAHOBJIEHHIO B32€MO3B’SI3KiB MK HEOOOPOTHICTIO IIPOIIeCiB, €HTPOIIIEIO i KOMIIeH-
CaIlifHIMH €HepreTUYHNMH 3aTpaTaMi. lle J03BOJIMIIO TIO-HOBOMY MifilTH /10 ifel eHeproedeKTUBHOCTI, BUCYBalOUM HA IepefHiil IuiaH
SIKICHI XapaKTePUCTUKH TPOIIECIB Ta aKIIEHTYIOUM yBary Ha TepMOJAMHAMIiYHill J0CKOHAJIOCTi crcTeM.

3arpornoHoBaHi eHTPOITiHHI TeXHOIOTiI MOXYTh 6yTH OCHOBOIO [T (POpPMyBaHHS KOMIUIEKCHOI CTpaTeTil eHepreTHYHOI ONTUMI3aIlii, mo
Mae K €KOHOMIYHMI, TaK i eKOJIOriYHMIi eeKT, CIPUA0YU BiIMTOBIHOCTI Mi>KHAPOIHUM CTaH/JAPTaM CTaJIOTO PO3BUTKY.

Korro4oBi croBa: eHepreTuuHa e(peKTUBHICTb, TEPMOAVMHAMIUHUI aHaJIi3, eHTPOITisl, eHTPOIMiIHI TeXHOJIOTIi aHasIi3y, CTaTuil pO3BUTOK.





