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2. Modelling of periodic electromagnetic processes in power transformer of power systems

Pedepar:

1. O6'eKT BOCIIIKEHHS - NIEPiOAMYHI €JIEKTPOMAarHiTHI IPOLIECU B CUJIOBUX TPAHC(POPMATOPIB SIK €JIEMEHTIB
€JIEKTPOEHEPreTUYHOI cucreMu. [Ipegmer nociimKeHHs - MOJedli i MeTOnY aHasli3y Nepiogu4YHUX IIPOLECIB B
CUJIOBUX TPaHCHOPMATOpax eleKTPOeHePreTUYHOI cucTeMu. MeToau NOoCTiiKeHHs. TeopeTudHoIo i
METO0JIOT{YHOI0 OCHOBOIO JUCEPTALiHOI POOOTH CTaU MOJIOKEHHS TEOPETUYHOI eJIeKTPOTEXHIKU, TeOopil
€JIEKTPOMArHiTHUX NI€PETBOPIOBAUIB €HEPrii, HA OCHOBI SIKUX OTPMMaHi MaTeMaTUYHi MOJIeJli OHO- Ta TPU(A3ZHUX
cniioBUX TpaHcdopMaTopiB, Teopii HesliHINHNX AudepeHIialbHUX PiBHSIHb, METOXIB YMCEJIbHOTO iHTerpyBaHH4, L0
II03BOJIMJIO BIOCKOHANMNUTY MeTol, HploToHA 17151 pO3B'si3aHHSI OTPUMAaHUX CUCTEM IU(epeHLiaJbHUX PiBHSHD i
PO3LIMPUTYA MOKJIMBOCTI OLIHIOBaHHS ITapaMETPUYHOI 4yTJIIMBOCTI B paMKax Teopii 4yTimBocTi. HaykoBa HOBM3HA
OJIEP>KAHUX PE3YJIbTATIB MOJISITA€ y CTBOPEHHI MAaTEMAaTUYHUX MOJEJIEN CUIOBUX TPAaHC(HOPMATOPIB SIK €JIEMEHTIB

€JIEKTPOEHEPreTUUHUX CUCTEM [IJIS1 NOCIIIPKEeHHS B HUX M€PiOAUYHUX €JIEKTPOMAarHiTHUX IIPOLIECIB i TOKpalleHHS



iX TEXHIKO-€KOHOMIYHUX XapaKTEPUCTHK. 30KpeMa: BJOCKOHAJIEHO MAaTEMATUYHI MOZeJli OgHO- i TpU@as3Horo
TpaHCPOPMAaTOPIB, 10 I'PYHTYIOThCS Ha cucTeMi nudepeHLiabHUX PiBHSIHB, IPEICTaBlIeHUX Y HOPpMaJbHIN ¢popmi
Koumi, i 103BOJISAIOTE HA €IMHIN METOLOJIOTIUHIM OCHOBI aHAII3yBaTH SIK IIEPEXifHi, TaK i yCcTaseHi nepiognyHi
€JIEKTPOMArHiTHI IPOLIECH B CUJIOBUX TPaHCPOPMATOPaX; BIEpIIe PO3POOJIEHO METO, OL[iHIOBAHHS BILJIUBY
CUJIOBOTO TPaHC(OPMATOPHOTrO O6JIaIHAHHS HA €HEProePEeKTUBHICTb CUCTEM €JIEKTPOIIOCTaYaHHS, IO
I'PYHTY€ETHCS Ha 3aCTOCYBaHHI PO3PO6JIEHMX MaTeMaTUYHUX MOJesieil JJisl CTBOPEHHS CUJIOBUX TpaHChOpMaTopiB 3
IIPOCTOPOBUM MarHiTOIPOBOMIOM, BUKOPUCTAHHS SIKUX CTBOPIOE YMOBH [1J151 SMEHIIEHHS BTPAT €JIEKTPOEHePrii Mif,
yac ii TpaHCIIOPTYBaHHS Ta MOKPAIIAHHS SIKOCTi HAIIPYTU B €JIEKTPUYHUX MEPEXKAX; PO3BUHYTO METOJ, OL[iHIOBaHHS
YyTJIMBOCTI [0 [TI0YaTKOBUX YMOB 32 PaXyHOK IIp€ICTaBIeHHS] MaTPULi YyTJINBOCTI JOOYTKOM [IBOX iHIIMX MaTPHLb,
neplia 3 IKUX € MaTpulelo KoedillieHTiB BUXiIHOI CUCTeMU PiBHSHb CTaHy, sIKa BiITBOPIOE NE€PeXigHy PeaKLilo
CHACTEMHU Ha NIepiofj, a Ipyra - MaTPULIEI0, €JIEMEHTH SIKOi OOYMCIIIOIOTCS 3 BapialiliHUX PiBHSHB i €
€KCITOHEHI1iaJIbHOIO BiJIbHOIO CKJIAIOBOIO, IKa FACUTh BUMYLIEHY MePeXifHy peakuito. Lie gae 3Mory Ha OCHOBI
€JJMHOT0 JIFOPUTMY [IOCIIiIKYBaTH NepexinHi, epiofAnyHi (CTaljioHapHi) Ipoliecu Ta CTaTUYHY CTiMKICTb
€JIEKTPUYHUX MEPEX, €JIEMEHTaMU KUX € TpaHchopMaTopu. [IpakTryHe 3HaUY€HHsI OTPUMMAaHUX PE3YJIbTaTiB.
3arnporoHoBaHi B po60Ti MOZEeJIi i METOIM IOBEAEHI 40 PiBHS NPUKJIATHUX OJIOKEHb i pEKOMEHIallill Ta MOXKYTb
OyTy BUKOPHUCTaHi B OpraHisanisx, siki IpoBOAsTb NOCIIKEHHS i aHaJi3 eJIeKTPOMarHiTHUX MTPoLeciB, POpMyIOTh
CTPATETiI0 PO3BUTKY €JIEKTPOEHEPTETUYHUX CUCTEM, ONITUMI3YIOTh IIJIaHW iHBECTYBAHHS B PO3BUTOK €JIEMEHTHOI
0a3u eHepreTUYHUX CUCTEM. B pe3ysbTati BIpOBa)KEHHS PO3PO0OK AaHOi POOOTH SIK OKPEMUX MOJYJIIB i
CTaHJAPTHUX MiANpOorpaM po3MHUpPIOThCS (PYHKLIOHATBHI MOXJIMBOCTI IPOEKTHUX opraHizauiil. OCHOBHI
PEe3yJIbTaTU NOCTiIKEeHHS BIPOBAIKEHO B PAKTUYHY AisyIbHICTb [TAT "XMenbHUILIbKOGIEHEPro”, HA OCHOBI SIKUX Y
HAyKOBil J1abopaTopii BUroToByeHO TpudasHuil Tpancopmarop noryxHictio 100 kBA nanpyroto 10,/0,4 kB 3
MOHOJIITHOIO MarHiTHOIO CUCTEMOIO i TPyNOBUii TpPaHCHOPMATOP MOTYKHICTIO 25 KBA Hanpyroio 10/0,4 kB 3
IIPOCTOPOBOIO MATHITHOIO CHCTEMOI0. MeTonu i 3acobu aHasizy e1eKTPOMarHiTHUX MPOoLeCiB BUKOPHUCTOBYIOTHCS
Ipu po3poob1li eHeproedeKTUBHOI CUCTEMU OMaJIeHHs Ta KOHJUIIIOBaHHSI IPOMUCIIOBUX NPUMIIIEHb 3
BMKOPHCTaHHSIM TPaHC(OPMATOPiB HOBOTO TUILY, YHIBEPCAJIBHOIO TEIJIO aKyMYJISITOPA Ta KOMOIHOBAaHMX CUCTEM
KOMIIEHcallii MIKOBOro HaBaHTAXXEHHSI €JIEKTPOMEPEX Ha 6a3i CylnepKOHIeHCaTOpiB. ['any3b BUKOPUCTAHHS -

€JIEKTPOEHepreTHKa.

2. Object of research - periodic electromagnetic processes in power transformers as elements of the electric
power system. Subject of research - models and methods of analysis of periodic processes in power transformers
of the electric power system. Research methods - The theoretical and methodological basis of the dissertation
work were the positions of theoretical electrical engineering, the theory of electromagnetic energy converters, on
the basis of which mathematical models of single- and three-phase power transformers were obtained, the theory
of nonlinear differential equations, numerical integration methods, which allowed to improve Newton's method for
solving the systems of differential equations equations and extend the possibility of evaluating parametric
sensitivity within the theory of sensitivity. Scientific novelty of the obtained results consists in the creation of
mathematical models of power transformers as elements of electric power systems for the study of periodic
electromagnetic processes in them and improvement of their technical and economic characteristics. In
particular: the mathematical models of single- and three-phase transformers based on the system of differential
equations presented in the normal form of the Cauchy have been improved and allow one and the same
methodological basis to analyze both transient and periodic periodic electromagnetic processes in power
transformers; For the first time, a method for assessing the impact of power transformer equipment on the energy
efficiency of power supply systems has been developed, based on the application of developed mathematical
models for the creation of power transformers with spatial magnet, the use of which creates conditions for
reducing power losses during its transportation and improving the quality of voltage in electric networks; the
method of estimating the sensitivity to the initial conditions is developed due to the presentation of the matrix of
sensitivity by the product of two other matrices, the first of which is the matrix of the coefficients of the initial
system of equations of state that reproduces the transient reaction of the system on the period, and the second is

a matrix whose elements are calculated from the variational equations and are exponential free component, which



suppresses the forced transient reaction. This allows us to investigate transient, periodic (stationary) processes
and static stability of electric networks, the elements of which are transformers, based on a single algorithm. The
practical value of the results. The proposed models and methods are brought to the level of applied regulations
and recommendations and can be used in organizations conducting research and analysis of electromagnetic
processes, forming a strategy for the development of electric power systems, optimizing investment plans for the
development of elemental basis of power systems. As a result of the development of this work as separate modules
and standard subroutines, the functional capabilities of design organizations are expanding. The main results of
the research were introduced into the practical activities of PJSC "Khmelnytskoblenergo”, based on which a three-
phase transformer with a power of 100 kVA with a voltage of 10 / 0.4 kV with a monolithic magnetic system and a
group of 25 kVA voltage transformers of 10 / 0.4 kV with spatial magnetic system. Methods and means of analysis
of electromagnetic processes are used in the development of energy-efficient heating and air conditioning
systems of industrial premises using new types of transformers, universal heat accumulator and combined systems
for compensation of peak load of electric networks based on super-capacitors. Branch of application - electrical
energy industry.
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