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Pedepar:

1. Inceprauiiina po60Ta NpUCBSIY€HA BU3HAYEHHIO 3aKOHOMIPDHOCTEH NPOLIECIB I1aBI€HHS], IEPEHECEHHS Ta
Kkpucranisanii mertany npu EIIIT B ymoBax fii 30BHIIIHIX, TOCTIHHMX Ta iIMITyJIbCHUX ITO3[JOBXXHIX MarHiTHUX IOJIB i
PO3po0Li TEXHIYHNX PEKOMEHIALLN OO0 iX 3aCTOCYBaHHS IIPU BUILIABL 3JIMBKiB TUTAHOBUX CILJIaBiB. Lllnsaxom
(i3YHOrO MOJIEJIIOBAHHS JOCIIKEHO OCOOJIMBOCTI IIJIaBJIEHHSI BUTPATHOTO €JIEKTPOAY, XapakTepy GOpMyBaHHS i
BiZIpMBY KpamneJsb €JIEKTPOAHOT0 MeTaJly Ta iX Pyx B IIyIakoBi# BaHHi npu EIIT B ymMoBax Aii 30BHIIIHIX MarHiTHUX
nos1iB. EKCriepuMeHTH IIPOBOAMIIM 32 PI3HMMHU CXE€MaMHU i3 3aCTOCYBaHHAM 3MiHHOTO, IIOCTIMHOTO i MOIYJIbOBAaHOTO

CTPYMy IIJIaBKY Mif, [i€l0 30BHIIIHBOTO MIOCTIHOTO 260 iMITyJIbCHOTO MO3[0BXXHbBOIO MArHiTHOTO NoJsl. B pesysbrari



IIPOBEIEHUX €KCIIEPVMMEHTIB BCTAHOBJIEHO, 1O IIiJ, Ai€10 MTO340BXHBOIO MArHiTHOTO I10J151 TOPOiflaibHi
rigponrHamivyHi Teuii B m1aKOBil BaHHI TpaHCHOPMYIOTHCSI B TOPU30HTAJIbHI 06€pTaHHS HaBKOJIO ii Oci, 110
IIPU3BOJUTSH 10 AedopMallii BiIbHOI 1I0BEPXHI IJIAKOBOI BAHHU Ta IIOBEPXHi [10Ji/y 111J1aKOBa - METAaJIEBA BAaHHMU.
BenmuuHa nedopmatii BiTbHOI TOBEPXHi BAHHU 3aJI€XKUTD BiJl IBUAKOCTI 06epTaHHs posasy. PisuyHuM
MOJEJIIOBAHHSIM BCTAaHOBJIEHO Psill 3aKOHOMIPDHOCTEN. 30KPEMA, 3aCTOCYBAHHS [IO30BXXHbOIO MAarHiTHOIO I10JIS1
ingykuieto 0,2...0,35 T npu3BOAUTD 10 30iIbIIEHHS YaCTOTU BilpUBY KpaIneJsb eJeKTpofHoro metainy (Ha 20...30%),
3MEHIIEHH iX cepegHboi Macu (Ha 10...50%), 36inbleHHs TpaeKTopill ix pyxy (Ha 30...160%) i TepMiHy nepebyBaHHS
B IIU1aKOBIM BanHi (3 0,2...0,25 1o 0,4...0,8 ¢ ), a TakOX 10 po30cepeIKeHHs MiClip MoIailaHHs Kparesb Ha A3epKajo
pinkoi MetasieBoi BaHHU. OCHOBHI pe3ysibTaTi (Pi3UYHOr0 MOe/I0BaHHS OyJiM allpo6OBaHi B yMOBaX HATYPHOTO
EIIIT TuTany Ha MOJlepHi30BaHOMY O0JIaJIHaHHI IIif Ai€l0 [10310BXHIX MarHiTHUX 10J1iB. EKClIepuMeHTaIbHO
BCTAHOBJIEHO, 10 MO3[0BXHE MarHiTHe nose igaykuieto 0,2 T NpU3BOAUTH IO 3MEHIIEHHS CTPYMY IIJIaBKU (HA
BeJIMYMHY 10 20 %) i 36i/1bIIEeHHS aMIIiTy 1M 10r0 KOJIMBaHb, 6€3 LiJeCIPsIMOBAHOI 3MiHM iHIIMX NTapaMeTpiB
npouecy. Y BUNAAKY 3aCTOCYBaHHS iMITyJIbCHOTO MTO3I0BXKHBOI'O MArHiTHOTO M0JI 3MEHIIEHHS CTPYMY I1IJIaBKU Mae
LUWKJIYHUN XapaKTep, a BEJIMYMHA LbOTO MaJiHHS 3aJ1€XKUTh Bifl BEJIMYMHU iHAYKLII i TpUBAIOCTI iMITYJIbCIB
MarHitTHoOro noss i Mmoxe caratu 1o 70...80%. 3a OIOMOroI0 aHasli3y OCLUIIOrpam eJeKTpUIHUX peskumis ELTT min
Tli€10 30BHIIIHBOTO MO3J0BXKHBOIO MAarHiTHOro noJs ingykuieto 0,2...0,28 Ts BCTaHOBJIEHO, 110 4YaCTOTA BiIPUBY
KpalleJlb €JIeKTPOJHOr0o MeTany 306inbiyeTbes Ha 18...62 %, a MBUIKICTb NIJIaBJIEHHS €J1eKTpony - Ha 3...6 %. [Ipu
LIbOMY, CEpeIHiN iaMeTp KpameJsb MeTajly 3MEHIIYeTbCs Ha 5...16%, a ix Maca Ha 13...41%. ExcriepruMeHTaIbHO
BCTAHOBJIEHO, 110 MO3[0BXHi MarHiTHi nosisg npu ELIIT nprusBoasTh 10 CYyTTEBOTO MOAPIOHEHHS MAaKPOCTPYKTYPH
TUTAaHOBUX 3JIUBKIB, IIPY OJHOYACHOMY IIOTipII€HHI SIKOCTi GOpMyBaHHs ix 60KOBOI I10BepxHi. Bu3HaueHO
ONTUMAJIbHi BEeJIMYMHHU iHAYKL{I IOCTIHOTO Ta iMIIyJIbCHOTO M03/J0BKHBOT'O MAarHiTHUX I10JIiB, 5IKi 3a6€31€4yI0Th
MaKCHMaJIbHY PO30pi€HTallilo Ta NOAPiOGHEHHSI MAKPOCTPYKTYPHU 3/IMBKIB fiameTpom 70...140 MM, ipyu MiHIMaIbBHOMY
MOTipLIEHHI SIKOCTi iX O0KOBHX [TOBEPXOHbB Ta BiZICYTHOCTI BHYTPIIIHIX AedeKTiB. BCTaHOBJIEHO, 1110 171 TOCTiIHOTO
MarHiTHOTrO I0JIs TaKUH AianasoH iHgykuii cranoButs B=0,12...0,22 To, a gyg imnynscHoro - B=0,18...0,3 Ta npu
TpUBaIOCTi immysbcis timn=0,9...2,5 ¢, Ta nays - to = 6...15 ¢. JlocifxkeHo TeMIiepaTypHi 3ay1€XKHOCTI
€JIEKTPOIIPOBIHOCTI, B'I3KOCTi Ta iHTepBajy TBEPLAiHHS COJIbOBUX KOMIIO3ULii Ha ocHOBi CaF2. Ha ix ocHOBI
PO3p06JIEHO CObOBUM, TPUKOMIIOHEHTHUM (uttoc 1711 EIUTT Tutany cucrtemu CaF2 - SrCl12 - Na3AIF6. Po3pobieHo
TEXHOJIOTiYHI peKOMeHallii o10 o61aiHaHH, MaTepiasiB, pexxumis EIIIT 371MBKiB TUTAHOBUX CIIABIB y
MO3/I0BXXHIX MarHiTHUX noJisix. Crioco6om EIIT B M0380BKHBOMY MarHiTHOMY T0JIi OTPUMAaHO 37IMBKY TUTAHOBUX
craiB BT6, TC6 ta OT4. BcTtaHOBIEHO, IO XiMiYHMI CKJ1af, CIIJIaBiB ITOBHICTIO BifIIOBiTae BUMOraM Jil0Ymnx
cTaHpapTiB. [Ipu 1bOMy MeTaJ 3/IMBKiB XapaKTe€PU3YEThCSI BUCOKOIO XiMiUHOI0 i (Pi3N4YHOI0 OIHOPIAHICTIO.
XapaKTEepUCTUKKU MIIIHOCTI AOCIiHUX 3Pa3KiB Bill[IOBiAAI0Th TUIIOBUM 3HAYEHHSIM [J151 JaHUX CILJIaBiB, a

XapaKTePUCTUKM IJIACTUYHOCTI i yJapHOi B'SI3KOCTi NEPEBUILYIOTh B cepegHbomMy Ha 10...25 %.

2. Dissertation is devoted to determination of regularities of processes of metal melting, transferring and
crystallization at ESR in conditions of effect of external constant and impulse longitudinal magnetic fields and
development of technical recommendations on their application for melting of titanium alloys. The peculiarities of
melting of the consumable electrode, the nature of formation and detachment of electrode metal droplets and
their movement in the slag pool at ESR under the conditions of external magnetic fields are investigated by mean
of physical modeling. The experiments were carried out according to different schemes using alternating, direct
and modulated melting current under the action of an external constant or pulsed longitudinal magnetic field. As a
result of these experiments it was found that under the influence of a longitudinal magnetic field torroidal
hydrodynamic flows in the slag pool are transformed into horizontal rotation around its axis, which leads to
deformation of the free surface of the slag pool and the interface slag-metal pools. The amount of deformation of
the pool free surface depends on the speed of its rotation. By means of the physical modeling a number of laws was
established. In particular, use of longitudinal magnetic field induction of 0.2...0.35 Tesla leads to a decrease in the
frequency of detachment of electrode metal (by 20...30%), a decrease in their average weight (up to 10...50%), an
increase in their trajectories of movement (up to 30...160%) and the period of passing through slag pool (from
0,2...0,25 to 0,4... 0,8 s), as well as to the dispersal of places where they fall on the mirror of the liquid metal pool.



The main results of physical modeling were tested in the conditions of real ESR on the modernized equipment for
melting under the action of longitudinal magnetic fields. It was experimentally established that the longitudinal
magnetic field induction of 0.2 Tesla leads to a decrease in the melting current (by up to 20%) and an increase in
the amplitude of its oscillations, without direct change in other parameters of the process. If an impulse magnetic
field is used, the reduction of the melting current has a cyclic nature, and the value of its reduction depends on the
induction and the duration of its impulses and can be up to 70...80%. By means of analysis of the electric modes of
the ESR under the influence of an external longitudinal magnetic field induction of 0,2...0,28 Tesla it was
established that the frequency of the electrode metal droplet detachment increases by 18...62 %, and the electrode
melting rate - by 3...6 %. At the same time, the average diameter of metal droplets decreases by 5...16%, and their
mass by 13...41%. It was been experimentally established that the longitudinal magnetic fields at ESR lead to
essential refinement of macrostructure of titanium ingots with simultaneous deterioration of the quality of their
lateral surface. The optimum values of induction of direct and impulse longitudinal magnetic fields, which ensure
the maximum disorientation and macrostructure refinement of ingots of diameter 70...140 mm with minimal
deterioration in the quality of their surface and the absence of internal defects. It was found that for the direct
magnetic field such induction range is B=0,12...0,22 Tesla, and for the pulse one - B=0,18...0,3 Tesla with the
duration of pulses timp=0,9...2,5 s, and pauses - tp = 6...15 s. The temperature dependence of electrical
conductivity, viscosity and solidification interval of salt compositions based on CaF2 was investigated. On their
basis the salt, threecomponent flux of CaF2 - SrCI2 - Na3AIF6 system for ESR of titanium was developed.
Technological recommendations on equipment, materials, regimes for ESR of ingots of titanium alloys in
longitudinal magnetic fields were developed. The pilot ingots of titanium alloys VT-6, TS6 and OT-4 were obtained
by ESR method in the external magnetic field. It was found that the chemical composition of alloys fully meets the
requirements of current standards. The ingot metal is characterized by high chemical and physical homogeneity.
The characteristics of the strength of the test samples correspond to the typical values for these alloys, and the
characteristics of ductility and impact elasticity exceed on average by 10...25%.
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