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V. BimoMocTi npo gucepraniio
MoBga gucepraiiii:
Koau TemaTHYHHUX PyOpPHK: 53.03.15

Tema gucepranii:
1. Cucremu e1eKTPOMAarHiTHOTO MepPeMIlllyBaHHS PiZJKOrO MeTaJy 3 [I0YE€ProBoIO i€l0 MyIbCyI0Y0ro i 61Ky4oro
MarHiTHUX IMOJIB.

2. Liquid metal electromagnetic stirring systems with periodic action of pulsing and traveling magnetic fields.

Pedepar:

1. O6’eKT IOCTiIKEHHS: CUCTEMHU €JIEKTPOMArHiTHOTO NIEPEMillyBaHHS PiIKOTO METaJly B IJIABUJIbHUX arperaTax Ta
CHACTEMU iX XUBJIEHHS. MeTa poOOTu: NifBUILIEHHS €(DEKTUBHOCTI CUCTEM €JIEKTPOMArHiTHOrO NepeMilllyBaHHs
pizkoro meTasy B [JIaBUJIbHUX arperarax 3a paxyHOK II0YeproBoi CUJIOBOI [Iii Ha HbOTO MyJIbCYI0YOro Ta 6iKy40ro
MarHiTHUX 10JiB. MeToau nocifakeHHs 6a3yl0ThCsl Ha PYyHIAMEHTAIbHUX [10JI0KEHHSIX TeOPii €JIeKTPOMarHiTHOro
I10J151 Ta €JIEKTPUYHUX KiJl, TEOPii €JIEKTPMYHUX MALIMH | arlapaTiB, METOAX MAaTEMAaTUYHOIO MOJEJIIOBAHHS.

TeopeTuuHi Ta MPaKTUYHi Pe3yJIbTaTHU i HOBU3HA: pO3PO0JIEH] ONTUMAaJIbHi KOHCTPYKTUBHI pillleHHS YHiBEPCAJIbHUX



€JIEKTPOMAarHiTHUX CUCTEM Ha OCHOBI JIiHIHUX iHIYKTOPIB 3 IBO- Ta TPUCTPMKHEBUMU (PEPOMArHiTHUMU
ocepIsMY, SIKi 32 paXyHOK II04eproBoro ogHo(da3Horo i 6araro(azHoro >XUBJIEHHS BiAIOBITHO CTBOPIOIOThH
IyJibCyloye i 6iKyde MarHiTHi 1oJis, 10 03BOJIs€ peasi3yBaTH IePioguyHy 3MiHy CTPYKTYpPHY BUXPOBOi Tedii y BaHH]
nedyi i 3a paxyHOK LIbOTO MiIBULIUTYU €(PEKTHUBHICTh II€PEMIllyBaHHSI PiIKOrO MeTajly. 3allpOIIOHOBAHO HOBUM
IIPUHLIMII IIEPEMIllyBaHHS PiJKOTO MeTaJly 3a paXyHOK [104€proBoi CUJIO0BOI fii Ha HBOTO MYJIbCYIOUOTO i 61Ky40ro
MAarHiTHUX I10J1iB, CTBOPEHUX YHiBEPCAJILHUMU €JIEKTPOMATHITHUMY CUCTEMAMU, SIKU JO3BOJISIE CYTTEBO
NiABUIMTY €(PEKTUBHICTb €JIEKTPOMAarHiTHOrO NepeMillyBaHHSI METaJIeBOro Po3IaBy. Briepie Ha OCHOBI
MyJIbTU(I3UYHOTO MOJIEIIOBAaHHS B3a€MOIIOB SI3aHUX €JIEKTPOMAarHiTHUX, IipoJuHAMIYHUX Ta TEIJIOBUX IIPOLECIB B
YVHiBE€pCAJIbHUX €JIEKTPOMATHITHUX CUCTEMAxX OTPUMAHO OCHOBHI 3aKOHOMIPHOCTI €JIEKTPOMAarHiTHOTroO
IepeMillyBaHHs piiKoro MeTasy B IJIaBUJIbHUX YCTAHOBKAX IIPU II0YEProBill Aii Ha HbOTO MyJIbCYI0YOro i 6iKy4oro
MarHiTHUX I10JIiB. Briepiie BUSBJIEHO: peBEPC OLHOKOHTYPHOI BUXPOBOI TeUil piIKkoro MeTasy y BaHHi 1edi IIpy 3MiHi
BEJIMYMHU TIOJIIOCHOTO JIiJIEHHS YHiBEPCaJbHOTO iHAYKTOpA IepeMillyBada B peskuMi 6araTo(pasHoro >XUBJIE€HHS;
peBepC IBOKOHTYPHOI BUXPOBOI Tedii piIkoro MeTasly y BaHHi [1edi TPy 3MiHi Y4aCTOTU CTPyMY >KUBJIEHHS
VHIBEPCAJIbHOT'O TPUCTPMKHEBOTO iHIYKTOPA B PE>KUMIi OHO(A3HOI0 )XUBJIEHHS. Brieple BUBHAYEHO BILJIMB
KOHCTPYKTUBHUX €JIEMEHTIB IJIABUJIBHOTO arperary ((pepoMarHiTHOro Kapkacy Inedi Ta MeTaseBoi Hillli
nepeminryBaya) Ha e(peKTUBHICTb IlepeMilllyBaHHS YHIBepCaJbHOI eJIeKTPOMarHiTHoOI cucteMu. [Ipeamer i cTymiHb
BIIPOBa>KeHHS: PO3po6ieHO TeXHiYHI pekoMeHaalii i copmysibOBaHO IIPOINO3ULLii IO CTBOPEHHIO YHiIBEpCasbHOI
CHACTEMHU NI€pEMIlIyBaHHS PIIKOrO METaJly Ta CUCTEMH ii XKUBJIEHH4, SIKi epefaHo Qi3suKO-TEeXHOJIOTITYHOMY
iHcTUTYTY MeTaniB Ta crsaBiB HAH Ykpainu 151 po3po6sieHHs LOCTiIHOrO 3pa3Ka yHiBepCajbHOTO
€JIEKTPOMarHiTHOro nepemiulyBaya ajatoMiHio 171 BinouBHUX nedeil. OTpUMaHi B poOOTi pe3yabTaTu
MyJIbTAQIZUYHOTO MOJIEII0BaHHs (i3UYHUX MIPoLieciB nepegaHo HaykoBo-BupobHUYOMY LieHTPY "Tutan" IHCTUTYTY
eJleKTpo3BapoBaHHs iM. €.0. [Tatona HAH Ykpainu 1171 BUKOPUCTaHHS B TEXHOJIOTII BUDOOHUIITBA 3/IUBKIB i3
CIJIaBiB HA OCHOBI TUTaHY Ta iHIINX MeTaJliB METOIOM €JIEKTPOHHO-TIPOMEHEBOTrO IJIaBjieHHS. EQeKTUBHICTD
BIIPOBA/I’)KEHHS: OTPUMAHO 3HAYHUI T€XHIKO-€KOHOMIYHUM e(deKT, 1110 MOJISITa€ B MiJBUIIeHH] TOKa3HUKIB
e(EeKTUBHOCTI IIPOLLECY NIEPEMIlIyBaHHSI PiIKOIO MeTaly, O CIpHseE OKPAILIEHHIO SIKOCTi pO3ILJIaBy, IPUCKOPEHHIO
PO3YMHEHHS TBEPAUX 0OABOK, BUAAJIEHHIO MIKinInBUX NoMimok. Chepa BUKOPUCTaHHS: TEXHOJIOTI] [1J1aBJIeHHS Ta

IIPUrOTYBAaHHS METAJIEBUX PO3ILIABIB. (IMB. TPOJOBXKEHHS).

2. The object of research: liquid metal electromagnetic stirring systems in melting units and their power supply
systems. The purpose of research: increasing of liquid metal electromagnetic stirring systems efficiency in melting
units by means of changing force action on it of pulsing and traveling magnetic fields. Methods of research: based
on fundamental electromagnetic fields and electric circuits theories positions, electric machines and apparatus
theory, methods of mathematical modelling. Theoretical and practical results and innovations: Optimal design
solutions of versatile electromagnetic systems based on line inductors with two- and three-dimensional
ferromagnetic cores, which create by means of alternate single phase and multiphase power supply respectively
pulsing and traveling magnetic fields have been developed, that allows to implement periodic changing of vortex
flow structure in furnace bath and due to this to increase the effectiveness of liquid meatal stirring. New principle
of liquid metal stirring by means of changing force action on it of pulsing and traveling magnetic fields, created by
versatile electromagnetic systems, have been proposed, that allows essentially increase the effectiveness of liquid
metal electromagnetic stirring process. For the first time on the basis of multiphysical modelling of interconnected
electromagnetic, hydrodynamic and heat processes in versatile electromagnetic systems main regularities of liquid
metal electromagnetic stirring in melting units under the alternate action on it of pulsing and traveling magnetic
fields have been obtained. For the first time have been detected: a reverse of single circuit vortex flow of liquid
metal in furnace bath when changing the magnitude of the pole division of versatile inductor in multiphase power
supply mode; reverse of double circuit vortex flow of liquid metal in furnace bath when changing power supply
frequency of versatile three-core inductor in single phase power supply mode. For the first time the influence of
structural parameters of melting unit (ferromagnetic furnace frame and metal pocket) on effectiveness of versatile
electromagnetic stirring system have been determined. A subject degree of introduction: Technical
recommendations have been developed and suggestions for creation of versatile liquid metal stirring system and it



power supply system have been formulated, which have been transferred to physical and technological institute of
metals and alloys of NAS of Ukraine for developing of prototype of versatile electromagnetic stirrer of aluminum
melting reverberatory furnaces. Obtained results of multiphysical modelling of physical processes have been
transferred to Scientific and production center “Titan” of the Institute of electric welding named after Ye. O. Paton
of NAS of Ukraine for using in technology of production of alloy ingots based on titanium and other metals by
means of electron beam melting method. Effectiveness of implantation: Significant technical and economic effect
have been obtained, that leads to improvement of melt quality, as well as to accelerating dissolution of solid
additives, removing harmful impurities. Sphere of use: melting and preparation of metal melts technologies.
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