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Pedepar:

1. Incepraniiiny po60Ty IPUCBSIYEHO YIOCKOHAJIEHHIO METOY PO30MTTSI MACUBHMX IIPOBiJHUKIB HA €JIEMEHTAPHI
KOMipKu 1J1s1 MaTpu4Hoi 2D /3D dpopmastizanii XxapaKTepUCTHK €JIEKTPOMArHiTHOTO MOJIS1 Y METAJIEBOMY PO3ILIABI
IIpY MOro KOHIYKLIiMHIN eJIeKTPOCTPYMOBIl 06po611i Ta po3pob1Lii BiAIOBITHNX aIrOPUTMIB KEPYBaHHS
iHTEHCUBHICTIO €JIEKTPOTEXHOJIOTIYHMX IIPOLieCiB HaBaHTAKEHHSI 00’ekTa 00po6ku. OCHOBHI 3aBIaHHS pOOOTHU

MIOJIATaloTh B pO3pOOLi METOLIOJIOTIYHUX 3aca] Ta IPOrpaMHoi peasizalii MaTpuyHoi popmarisaliii po3noainy



€JIEKTPUYHUX XaPaKTEPUCTUK Y METAJIEBOMY ITPOBIIHUKY IPY 3aCTOCYBAaHHI METOMY PO30UTTSI MACUBHUX
MIPOBIJHUKIB Ha €JIEMEHTAPHI KOMipKH, 3alIPONIOHYBAaHHI aJITOPUTMY K€PYBaHHS iHTEHCUBHICTIO
€JIEKTPOTEXHOJIOTIYHUX IIPOLeCiB HaBaHTaXKeHHSI 06'€KTa OOPOOKHU 337151 OTPUMaHHS BUJIUBKIB BUCOKO] SIKOCTi. ¥
BCTYIIi OGI'PYHTOBAHO aKTyasIbHICTb POOOTU, PO3KPUTO CTAH Ta CYTHICTb HAYKOBO-TE€XHIYHOI TpobsemMy, 10
IOCJTIIKY€EThCSI, OOGI'PYHTOBAHO [OLNBHICTb JOCIiKEHHS, HaBeJIeHO 3B'SI30K i3 HAyKOBUMMU [IPOTpaMaMH Ta
IIJIaHaM{ HayKOBO-AOCJiTHUX POOIT IHCTUTYTY iMITy/IbCHUX NpoLieciB i TexHosorit HAH Vkpainu, chopmysiboBaHO
METY Ta 33Jla4i JOCJIiI)KeHb, HAYKOBY HOBU3HY Ta [IPAKTUYHE 3HAUYEHHS] OTPMMAaHUX PE3yJIbTaTiB, HaBEJIEHO
BiZJOMOCTI IIPO HAyKOBi My06JIiKallii Ta arnpooaliito pe3yabTaTiB poo0TU. Y epuomy po3zisii IpoBeAeHO O
HayKOBO-TeXHiYHOi iHpopMaLiii 10710 0co6IMBOCTEN KOHIYKIIMHOI €JIeKTPOCTPYMOBOI 06pOOKY PO3ILJIaBiB
JIIOMiHi€BUX CIJIABiB PI3HUMU TUIIAMU CTPYMiB, METOIiB MOJIE€JIIOBAHHS IIPOLIECIB Y PO3ILJIABI TP TAKOMY HOTO
HaBaHTaXeHHi. [IpoBeieHnI oIy, [10Ka3as, M0 NPOLECH Y PO3ILJIABi IPYU NIPONYCKaHHi €JIEKTPUYHOTO CTPYMY
MaIOTh O3HAKM 6araTonapaMmeTpuyHUX Ta MyJIbTUQI3UYHUX, a pe3yJIbTaT 0OPOOKY 3aJIEXKUTD Bif 6araTbox (GakTopis,
cepep SIKUX: TUII CTPyMY Ta THUII eJIeKTPOAHOI cucTemMu, popmMa eMHOCTI 3 PO3ILJIaBOM, J103a BBEJIEHOI y pO3ILyIaB
eHeprii. 3a3HavyeHo, 10 17151 AOCiIPKEHHS IIPOLIECIB y PO3IJIaBi IPU MOro o6poblli CTPyMOM BUKOPHCTOBYIOTH Pi3Hi
METOJM MOZEJIIOBAHHS, a TAKOXX BKa3aHO Ha TPYJHOIL], SIKi IPY LIbOMY BUHUKAIOTh. [I[pOBeIeHNI aHali3 [10Ka3ye, 110
BUKOPHCTaHHS METOMy PO3OUTTSI MACUBHUX ITPOBINHUKIB Ha €JleMeHTapHI KOMIpKY MOXe CYTTEBO JIOIIOBHUTHU
HAyKOBU NOPOOOK 110710 KOHIYKIIIHOI €JIeKTPOCTPYMOBOi 06pOOKY PO3ILIaBiB allOMiHieBUX CIIaBiB. Jpyruit
PO31IiJI IPUCBSIYEHO PO3POOLi PO3PAXYHKOBUX aJITOPUTMIB METOY PO3OUTTSI MACMBHHUX IIPOBiIHUKIB Ha
€JIEMEHTApHi KOMIpKHU 117151 MOZIE/II0OBAaHHS PO3IMOily eJleKTpoMarHitHux noiis y 2D /3D ¢popmarax. [TokasaHo, mo
BHUKOPHUCTaHHS 1IbOT'O METOY i3 3aCTOCYBaHHSIM PO3PO0JIEHUX aJTOPUTMIB JJa€ 3MOT'Y 3 33J0BIJIbHOIO TOYHICTIO Ta
IIPY 3HAaYHO MEHIIMX BUTpaTax yacy OLiHIOBATU PO3INOJiJ €J1€eKTPOMArHiTHOTrO MOJIs y PO3ILIaBi IpU oro o6pooui
€JIEKTPUYHVMMY CTPYMaMHU Y NIOPiBHSIHHI 3 METOLOM CKiHU€HHUX €JIEMEHTIB, & TaKO>XK BU3HAYATH PO3MOLL
XapaKTePUCTHUK eJIEKTPOMAarHiTHOrO I0JIs Ha CTIHKaX EMHOCTI 3 PO3ILJIaBOM, 1[0 MOKe OyTH BUKOPUCTaHO Y
[IO/IA/IbIIOMY MOJieJItoBaHHi. TpeTiil po3zin npucBsuyeHo po3poblii napagyurmu CIpoleHoi HaCKpi3HOi cuctemMu
€HEePreTMYHOro KePyBaHHS SIKiCTIO JIMTOTO METaJly Y TEXHOJIOTISIX JIMBAPHOTO BUPOOHUIITBA [IPY 3aCTOCYBaHHI
€HEepPreTUYHUX METOMiB 06POOKU PO3IIaBy. Y POOOTI IPOMOHYETHCSI BUKOPUCTOBYBATHA HACKPI3HY CUCTEMY
KepyBaHH4, sIKa Ilepefioayae TpU CTaflil: IPOEKTYBaHHS, BUTOTOBJIEHHS, CIIOKMBaHHs. Ha ctafii mpoeKkTyBaHHS
IIPOIIOHYETHCS 4J1s1 aHAJi3y MOTEHUIMHUX (PYHKILIOHAJIIbBHUX MOXJIMBOCTEN Ta L1i/IbOBUX HACJiJKiB BUKOPUCTAHHS
METOJly €HepreTU4YHOi 06POOKM PO3IIaBy, CUCTEMY BilMOBIZHUX YMOB Ta (pakTopiB. Taka cucrema J03BOJIsIE
3HAXOAUTH OOI'PYHTOBAHI paljiOHa/IbHI IIPAKTUYHI PillleHHs JJ1s1 CTBOPEHHS BiAIIOBIHOTO TEXHOJIOTIYHOIO MOAYISI
Ta TEXHOJIOTIYHUX persiameHTiB. Ha crazii BUroToBiaeHHS MOTPiGHO Mpy 06poO1Lli NiATPUMYBaTH CTabisibHE 3HAYEHHS
BEJINYMHY €Heprii, 1Ka BBOJUTHCS y PO3IJIaB. [Ij1s1 1bOro AOLIIbBHO BUKOPUCTOBYBATU (PyHIAMEHTAIbHUI IPUHLIUIL
- perysioBaHHs 3a BigxuieHHsIM. TakuM YMHOM, IIPOLielypa PeryJl0BaHHs CTabiIbHOTO 30yAKEHHS PifKOMeTaleBoi
CHCTEMU eJIEKTPOMAarHiTHUM I10JIeM IIPU KOHAYKIiHHIN eseKTPOCTPyMOBiil 06poOLi BUSBHAYAETHCS TiNIbKU
napaMeTpami JpKepesia CTpyMy IIPU KOHKPETHIN eJIeKTPOJHIN cucTeMi. Take peryyoBaHHs Aa€ IPUHLUIIOBY 3MOTY
oprasisauii CripugTIMBOrO TEPMOJIMHAMIYHOIO CTaHy Y PiAKOMETAJIEBIN CUCTEMI, 3a IKUM YTBOPIOIOTHCA YMOBU
IOKpaleHHs ii KpucTasniszaniiiHol 31aTHOCTI y HAaIPSIMKy 3abe3nedeHHs epeKTUBHOI KpucTasizalii 1nTBa Tax, oo
OTPMMATHU BUCOKY $KiCTb BUJIMBKA. Ha cTafii Crio>kMBaHHS XapaKTEPUCTUKA SIKOCTi B)KE€ TOTOBOT'O BUJIMBKA
BHOIPKOBO TECTYEThCA 3 [103ULIiM1 BUPOOHMKA Ha 6e311ePEeKTHICTb. Y YETBEPTOMY PO3/ijli HABELEHO Pe3yJIbTaTh
€KCIIepUMEHTAJIbHUX JOCiPKEHb €JIEKTPOCTPYMOBOi 0OpOOKHM PO3IIaBy anoMiHieBoro criaBy AK7, mo ix 6yso
IIPOBEJIEHO [1JIs NTepEeBipKU €HEPreTUYHOTO PeryJloBaHHS NapaMeTpiB po3isiaBy. OTpUMaHi pe3yJbTaT [1oKazanu
IIO3UTUBHUI €(eKT 0OPOOKU y BCiX peXXUMax, IPOTe HallKpalluil pe3ybTaT OTPMMAHO caMe IIPU CKOPOYEHHI Yyacy
06pO6KU MPAKTUYHO y TPU Pas3u, TOOTO NIPU CYTTEBOMY CKOPOUYE€HHI €HeproBUTPaT. Po3po6sieHO peKoMeHalLi
IIOZ0 ITPOEKTYBaHHS TEXHOJIOTTYHUX IIPOLIECIB €JIeKTPOCTPYMOBOi 06POOKY MaCUBHUX IPOBITHUKIB Y TEXHOJIOTISIX
JINBApHOTO BUPOOHUIITBA.

2. The dissertation is devoted to the improvement of the method of dividing massive conductors into elementary
cells for matrix 2D /3D formalization of the electromagnetic field characteristics in a metal melt during its
conductive electric current treatment and the development of appropriate algorithms for controlling the intensity



of electrotechnological processes of loading the object of treatment. The main objectives are to develop
methodological foundations and software implementation of matrix-based formalization of electrical
characteristics distribution in a metallic conductor using the method of dividing massive conductors into
elementary cells, and to propose a control algorithm for the intensity of electro-technological processing to obtain
high-quality castings. The introduction substantiates the relevance of the work, reveals the state and essence of
the scientific and technical problem under study, justifies the feasibility of the research, provides a link with the
scientific programs and research plans of the Institute of Pulse Processes and Technologies of the NASU,
formulates the purpose and objectives of the research, scientific novelty and practical significance of the obtained
results, provides information on scientific publications and approbation of the results of the work. In the first
chapter, an overview of scientific and technical information regarding the characteristics of conductive electric
current treatment of aluminum alloy melts with different types of currents, methods of modeling processes in the
melt under such a load is provided. The overview shows that processes in the melt during electric current
treatment are multiparametric and multiphysical, with treatment results depending on several factors, including
current type, electrode system configuration, crucible geometry, and energy input. It is noted that various
modeling methods are used to study the processes in the melt during its current treatment, and the difficulties
that arise in this process are also indicated. The analysis shows that applying the method of dividing massive
conductors into elementary cells can significantly contribute to the scientific advancement of electric current
treatment of aluminum alloy melts. The second section is devoted to the development of computational algorithms
for the method of dividing massive conductors into elementary cells for modelling the distribution of
electromagnetic fields in 2D /3D formats. It is shown that the use of this method with the application of the
developed algorithms makes it possible to estimate the distribution of the electromagnetic field in the melt during
its electric current treatment with sufficient accuracy and at a much lower time cost compared to the finite
element method, as well as to determine the distribution of the electromagnetic field characteristics on the sides
of the melt container, which can be used in further modeling. The third section is devoted to the development of a
paradigm of a simplified end-to-end energy management system for the quality of cast metal in foundry
technologies with the application of energy methods of melt treatment. This thesis suggests the use of an end-to-
end casting quality management system that involves three stages: design, production, consumption. At the design
stage, a system of relevant conditions and factors is proposed to analyze the potential functionality and target
consequences of applying the melt energy treatment method. Such a system enables the identification of rational
and practical solutions for developing appropriate technological modules and process regulations. At the
manufacturing stage it is necessary to maintain a stable value of the energy input to the melt during processing.
For this purpose, it is advisable to use the fundamental principle control by deviation. Thus, the procedure for
regulating the stable excitation of a liquid metal system by an electromagnetic field during conductive electric
current treatment is determined only by the parameters of the current source for a particular electrode system.
This regulation fundamentally enables a favorable thermodynamic state in the liquid-metal system, promoting
improved crystallization capacity to ensure effective casting crystallization and high-quality castings. At the
consumption stage, the quality of the finished casting is selectively tested by the manufacturer for absence of
defects. Section 4 presents the results of experimental studies of electric current treatment of the melt of
aluminum alloy AK7, which were carried out to verify the energy control of melt parameters. The obtained results
showed a positive treatment effect in all modes, but the best result was obtained by reducing the treatment time
by almost three times, i.e., with a significant reduction in energy consumption. Recommendations for designing
electric current treatment processes of massive conductors in casting production have been developed.
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InenTudikarop ROR:

CeKTop HayKH: YHiBEepCUTETChKUI

VIII. 3aKkJII04Hi BiZoMOCTi

Biiacue IlpisBume Im's ITo-6aThKOBI O6py6oB AHppiit Baepiiouy

TOJIOBH paju



Bnacue Ipizeume Im'ss ITo-6aTbKOBI O6py6os Anppiit Basepitiosid

TOJIOBYIOYOTO Ha 3acCiiaHHi

BinmoBimasbpHUI 3a Hi,ILI‘OTOBKy YectHux Mukosa Bonogumuposuy

00JIiKOBUX JOKYMEHTIB

PeecTparop VkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




