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Pedepar:

1. Inceprauiiiny po60Ty IIPUCBSIYEHO Y OCKOHAJIEHHIO METOy PO3OMTTSI MAaCUBHUX IIPOBiJHUKIB HA eJleMEeHTapHi
KOMipKH 1J1s1 MaTpu4Hoi 2D /3D dopmanizallii xapaKTepUCTUK €JIeKTPOMArHiTHOTO M0JIs1 Y METAJIEBOMY PO3ILJIaBi
IIpY Or0 KOHIYKLIMHIN €JIEKTPOCTPYMOBIl 06pO0Li Ta po3po0Lli BiATIOBITHMX aJITOPUTMIB KEPYBaHHS
IHTEHCUBHICTIO €JIeKTPOTEXHOJIOTIYHMX IIPOLieCiB HaBaHTA)KEHHSI 00’ekTa 06po6ku. OCHOBHI 3aBAAHHS PO6OTH
IIOJISITAIOTh B pO3p00L1i METO0JIOTIYHUX 3aca], Ta IPOrpaMHoi peasizalii MmaTpuiHoi ¢popmanizalii posnoginy
€JIEKTPUYHUX XaPaKTEPUCTUK Y METAJIEBOMY ITPOBIIHUKY NPY 3aCTOCYBaHHI METOY PO3OUTTSI MACUBHUX
[IPOBIJHUKIB Ha eJIEMEHTapHI KOMiPKU, 3aIIPOIIOHYBAaHHI aJITOPUTMY KEPYBAaHHS IHTEHCUBHICTIO

€JIEKTPOTEXHOJIOTIYHNX IIPOIIeCiB HaBaHTa)KeHHSI 06'€KTa OOPOOKYU 3317151 OTPUMAaHHS BUJINBKIB BUCOKO] SIKOCTi. ¥



BCTYIIi OGI'PYHTOBAHO aKTyaJyIbHICTb POOOTH, PO3KPUTO CTAH Ta CYTHICTb HAYKOBO-TEXHIYHOI TPO6IeMY, 1110
IOCJTIIKY€EThCSI, OOIPYHTOBAHO [IOLIbHICTb JOCIiKEHHS, HaBeJIeHO 3B'SI30K i3 HAyKOBUMMU [IpOrpaMaMiu Ta
IIJIaHaMM HayKOBO-AOCJIiTHUX POOIT IHCTUTYTY iMITy/IbCHUX NpoLieciB i TexHosorit HAH Ykpainu, chopmysiboBaHO
METY Ta 33J1a4i JOCJiIKeHb, HAYKOBY HOBU3HY Ta [IPAKTUYHE 3HAUYEHHS] OTPMMAHUX PE3YyJIbTaTiB, HAaBEJIEHO
BiZIOMOCTi po HayKOBi My6IiKallii Ta arnpobaliilo pe3ysbTaTiB pooOTU. Y IEPLIOMY PO3/ijii TPOBEIEHO OIS,
HAyKOBO-TeXHiYHOi iHpopMallii 1110710 0Co6IMBOCTEN KOHIYKIIIHOI €J1IeKTPOCTPYMOBOI 06pOOKY PO3ILIaBiB
aJIIOMiHi€BUX CIJIaBiB PI3HUMU TUIIAMU CTPYMIB, METOIiB MOJIE€JIIOBAHHS IIPOLIECIB Y PO3IIJIABI [P TAKOMY HOT0
HaBaHTaXeHHi. [IpoBeieHnI OrJIsy, [10Ka3aBs, M0 NPOLECH Yy PO3ILIABI IIPYU NPONYCKaHHi €JIEKTPUYHOTO CTPYMY
MaloTb O3HAKU OaraTorapaMeTpUiYHUX Ta MyJIbTU(]I3NIHMXK, a Pe3ysIbTaT 06POOKY 3aIesKUTh Bifl 6ararbox $HaxkTopis,
cepep SIKUX: TUII CTPyMY Ta THUII €JIEKTPOAHOI cucTemMu, popmMa eMHOCTI 3 PO3ILJIaBOM, J103a BBEJIEHOI Y pO3IJIaB
eHeprii. 3a3HavyeHo, 10 17151 AOCIiIPKEHHS IIPOLIECIB y PO3IIJIaBi IPU MOro 06pobli CTPyMOM BUKOPHCTOBYIOTh Pi3Hi
METOJIU MOJEJIIOBAHHS, & TAKOX BKa3aHO Ha TPYIHOLI, sIKi IIpY LIbOMY BUHUKAIOTh. [IpoBeeHNI aHasti3 okasye, o
BHUKOPHCTaHHS METO/ly PO30UTTSI MACUBHUX MTPOBIIHUKIB Ha €JleMeHTapHI KOMipKU MOXe CYTTEBO JIOIIOBHUTHU
HAyKOBUM JOPOOOK 10710 KOHIYKIIiHOI €JIEKTPOCTPYMOBOi 06POOKY PO3IIIaBiB allOMiHieBUX CIIaBiB. Jpyruit
PO31IiJI IPUCBSIYEHO PO3POOLi PO3PAXYHKOBUX aJITOPUTMIB METOY PO3OUTTSI MACMBHUX IIPOBiIHUKIB Ha
eJieMeHTapHi KOMipKY JJ1s1 MOZIe/IIOBaHHS PO3IIOiy eJIeKTPOMarHiTHux nosis y 2D /3D ¢popmarax. [TokazaHo, mo
BHMKOPHCTaHHS IbOT'O METOY i3 3aCTOCYBaHHSIM PO3PO0JIEHUX aJITOPUTMIB J]a€ 3MOT'Y 3 33J0BIJIbHOIO TOYHICTIO Ta
IIPY 3HAaYHO MEHIIMX BUTPaTax yacy OLiHIOBATHU PO3NOJiJ €J€eKTPOMArHiTHOTrO MOJIs y PO3ILIaBi IpU oro o6pooui
€JIEKTPUYHMMU CTPYMaMU Yy ITOPIBHAHHI 3 METOZIOM CKiHUEHHHUX €JIEMEHTIB, 8 TAKOX BU3HAYaTH PO3IIOLIN
XapaKTePUCTHUK eJIEKTPOMAarHiTHOrO 10JIsl Ha CTIHKaX EMHOCTI 3 PO3ILJIaBOM, 1110 MOKe OyTH BUKOPUCTaHO Y
[I0QJIBIIOMY MOJI€JIt0BaHHi. TpeTiil po3zin npucBsyeHo po3poblii napagyurmMu CIpolIeHOi HAaCKPi3HOi cucTemMu
€HEePreTUYHOro KepyBaHHS SIKiCTIO JIMTOTO METaJly Y TEXHOJIOTISIX JIMBAPHOTO BUPOOHMIITBA [IPY 3aCTOCYBaHHI
€HepreTUYHNX MeTOMiB 0OPOOKU PO3ILIaBy. Y POOOTI IIPOIIOHYETHCSI BUKOPUCTOBYBATH HACKPI3HY CUCTEMY
KEpyBaHH4, sIKa Ilepefoadae TpU CTajlil: IPOEKTYBAaHHS, BUTOTOBJIEHHS, CIIOKMBaHHs. Ha ctafii mpoekTyBaHHS
IIPOIIOHYETHCS AJ11 aHAJi3y NOTEHUIMHNUX (PYHKLIOHAJIbBHUX MOXJIMBOCTEN Ta LIiJIbOBUX HACJiJKiB BUKOPUCTAHHS
METO/ly €HepreTUYHOi 06pOOKM PO3IJIaBy, CUCTEMY BillIOBIIHUX YMOB Ta (akTopis. Taka cucrema 103BOJIsIE
3HAXOAUTU OOI'PYHTOBAHI paljioHa/IbHI IPaKTUYHI PillleHHs JJ1s1 CTBOPEHHS BiIIOBiTHOTO TEXHOJIOTIYHOI'O MOAYJIsI
Ta TEXHOJIOTIYHUX persiameHTiB. Ha crazii BUroToBI€HHS MOTPiGHO MpY 06poOLIi NiATPUMYBaTH CTabijlbHE 3HAYEHHS
BEJINYMHY €Heprii, 1Ka BBOJUTHCS y PO3IJIaB. [Ij1s1 1bOrO AOLIIBHO BUKOPUCTOBYBATH (PyHIAMEHTAIbHUI IPUHLIUII
— peryyoBaHHS 32 BigxuaeHHSIM. TakuM YMHOM, [IPOLeypa PeTyJIloBaHHS CTabiIbHOTO 30y/I>)KEHHSI PiTKOMeTaieBoi
CHACTEMHU eJIEKTPOMAarHiTHUM I10JIEM IIPU KOHAYKIiHHIN eJeKTPOCTPYyMOBiil 06poO1i BUBHAYAETHCS TiIbKU
IapaMeTpaMi JpKepesia CTpyMy IIPU KOHKPETHIN eJIeKTPOJHIN cucTeMi. Take peryyioBaHHs Aa€ IPUHLUIIOBY 3MOTY
oprasisauii ClipuaTJIMBOrO TEPMOJMHAMIYHOTO CTaHY Y PiAKOMETAJIEBIN CUCTEMI, 3a IKUM YTBOPIOIOTHCA YMOBU
noKpalleHHs ii KpucTasniszaliliHoi 31aTHOCTI y HaPSIMKY 3abe3nedeHHs epeKTUBHOI KpucTasizallii 1IuTBa Tax, 106
OTPUMAaTH BUCOKY SIKiCTb BUJIMBKA. Ha cTapii cClio>kMBaHHS XxapaKTe€pPUCTUKA SIKOCTi BXXe TOTOBOTO BUJIMBKA
BUOIPKOBO TECTYETHCS 3 MO3U1Iili BUPOOHUKA Ha 6e37e(PeKTHICTb. Y 4eTBEPTOMY PO31ijli HaBeJIeHO pe3yIbTaTh
€KCIIEPMMEHTAJIbHUX JIOCTI/IKEHb €JIeKTPOCTPYMOBOiI 0OpOOKM po3IIaBy antoMiHieBoro craBy AK7, mo ix 6ys1o
IIPOBENIEHO JIJISl IEPEBIPKU €HEPTeTUYHOTO PETYJII0BaHHS [IapaMeTpiB po3iiaBy. OTprUMaHi pe3ysbTaTH I10Ka3aan
NIO3UTUBHUI €(EKT 0OPOOKM y BCiX peXXMMAax, IPOTe HAaKpaIlUi pe3ybTaT OTPMMAHO caMe IIPU CKOPOYEHHI Yacy
06pOOKY ITPAKTUYHO Y TPU pasu, TOGTO IIPU CYTTEBOMY CKOPOYEHHI eHeproBuTpar. Po3pobyieHo pekoMmeHaarii
II0ZI0 ITPOEKTYBaHHS TEXHOJIOITYHUX IIPOLIECIB €IeKTPOCTPYMOBOi 06POOKY MaCUBHUX IPOBITHUKIB Y TEXHOJIOTISIX

JINBAPpHOTO BI/IpO6HI/IlLTBa.

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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Biacue IpizBume Im's [1o-6aThKOBI O6py6oB AHzIpiit BasniepiiioBuy
rOJIOBYIOYOTO Ha 3acCiflaHHi

BignoBimasbHuH 3a lli,uI‘OTOBKy Yectuux Mukosa BosnoguMupoBuy

00JIiIKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




