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Pedepar:

1. Incepranifina po60Ta IPUCBIYE€HA BU3HAYEHHIO 32aKOHOMIPHOCTE POLIECIB [1JIaBJIEHHS], IEPEHECEHHS Ta
Kpucranisanii metany nipu EIIIT B ymoBax zii 30BHIIIHIX, TOCTIMHUX Ta IMITYJIbCHUX IO3[J0OBXKHIX MarHiTHUX IOJIB i
PO3poOLi TEXHIYHNX peKOMeHJAlill oo iX 3aCTOCYBaHHS [P BUILIABL 3/IMBKiB TUTAHOBUX CILIaBiB. Lllnsaxom
(}i3sMYHOr0 MOZEIOBAHHS JOCIiIKEHO 0COOINBOCTI I1JIaBJIEHHSI BUTPATHOTO €JIEKTPOLy, XapakTepy GOpMyBaHHs i
BiZIpMBY KpareJsib €JIEKTPOLHOIO METaly Ta iX PyX B 1akoBii BaHHi nipu EINIT B yMoBax Aii 30BHIIIHIX MarHiTHUX
nos1iB. EKCriepuMeHTH IPOBOAMIIM 32 PI3HMMHU CXEMAaMHU i3 3aCTOCYBaHHSM 3MiHHOTO, IIOCTIHOTO i MOZIyJIbOBAaHOTO
CTPYMy IJIaBKY Mif, Ji€l0 30BHIIIHBOTO [IOCTIHHOTO 260 iMITyJIbCHOTrO NIO3J0BXXHbOIO MarHiTHOTO 1oJjs. B pesysbrari
IIPOBEJIEHUX €KCIIEPMMEHTIB BCTAHOBJIEHO, 1O IIiJ, €10 MTO340BXHBOI'O MarHiTHOTO 110J151 TOPOifjaibHi
rifpoJrHaMiyHi Teuil B IIJIaKOBil BaHHI TPaHC(POPMYIOTCSI B TOPU30HTA/IbHI 06€pTaHHS HABKOJIO ii OCi, 1m0

IIPU3BOJUTS 10 Aedopmallii BiIbHOI [10BEPXHI MIJIAKOBOI BAHHU Ta TIOBEPXHi [10Ji/y 111J1aKOBa -~ MeTajleBa BAaHHU.



BenmuunHa nedopmauii BibHOI IOBEPXHi BAHHU 3aJI€XKUTB BiJl IIBUAKOCTI 00epTaHHs po3iasy. PisuyHuM
MO/JIEJTIIOBAaHHSIM BCTAHOBJIEHO PsJl 3aKOHOMIPHOCTEN. 30KPEMA, 3aCTOCYBaHHS [1O340BXKHbOTO MarHiTHOTO M0JI4
ingykuieto 0,2...0,35 T npu3BOAUTD 10 30iIbIIEHHS YaCTOTU BilpUBY KpaIneJsb eJeKTpofHoro metainy (Ha 20...30%),
3MeHIIeHHs ix cepeHboi Macu (Ha 10...50%), 36inbI1eHHs TpaekTopiil ix pyxy (Ha 30...160%) i TepmiHy nepeGyBaHHS
B IIJ1aKOBIiY BanHi (3 0,2...0,25 5o 0,4...0,8 ¢ ), a TaKOX 10 po30cepeIKeHHs MiCLip IoIailaHHs Kparesb Ha A3epKajo
pinxoi MetasieBoi BaHHU. OCHOBHI pe3ysibTaTi (i3UYHOr0 MOIe/I0BaHHS OyJiM allpoOOBaHi B yMOBaX HaTYpPHOTO
EIIIT TuTany Ha MOJlEepHiI30BaHOMY O0JIa[IHAHHI Iif Ai€l0 [103I0BXHIX MarHiTHUX 10J1iB. EKClIEpUMEHTaIbHO
BCTAHOBJIEHO, IO MO3[0BXHE MarHiTHe nose igaykuieto 0,2 T Npu3BOAUTh N0 3MEHILIEHHS CTPYMY IIJIaBKU (HA
BesInYuHYy 10 20 %) i 30inblIeHHS aMIIITY1 1Oro KOJIMBaHb, 63 LiJeclpsMOBaHOi 3MiHU iHIIWX [TapaMeTpiB
npouecy. Y BUNAAKY 3aCTOCYBaHHS iMITyJIbCHOTO MTO3L0BXXHbOI'O MArHiTHOTO I0JI 3MEHIIEHHS CTPYMY I1JIaBKU Mae
LUMKJIYHUN XapaKTep, a BEJIMYMHA LbOTO MaAiHHS 3aJ1€XKUTh Bifl BEJIMYMHU iHAYKLII | TpUBAIOCTI iMITyJIbCIB
MarHiTHoOro noss i Mmoxe caratu g0 70...80%. 3a ONOMOro0 aHasi3y OCLMIIOrpaM eJIeKTpUIHUX pexkumis EIIT min
Ili€10 30BHIIIHBOTO MO3J0BXKHBOIO MarHiTHOrO noJs ingykuieto 0,2...0,28 Ti BCTaHOBJIEHO, 110 4aCTOTA BiIPUBY
KparleJlb €JIeKTPOJHOr0 MeTany 30inbiyeTbes Ha 18...62 %, a MBUIKICTD NIJIaBJIEHHS €J1IeKTPony - Ha 3...6 %. [Ipu
LIbOMY, CEepeHill jiameTp KpameJsib MeTajly 3MeHIIyeThCs Ha 5...16%, a ix Maca Ha 13...41%. ExcriepuMeHTaIbHO
BCTaHOBJIEHO, 1110 TI03TO0BKHI MarHiTHi 1oss npu EIUTT npru3BoasTh O CYyTTEBOrO MOAPIOGHEHHSI MAaKPOCTPYKTYPU
TUTAHOBUX 3JIMBKIB, IPY OJHOYACHOMY IIOTipIIEHHI SIKOCTi GOpMyBaHHsI ix 60KOBOI I10BepxHi. Bu3HaueHO
ONTUMAJIbHi BEJIMUVHHU iHAYKL{I IOCTIHOTO Ta iMIYJIbCHOTO MO30BXHbOI'O MAarHiTHUX I0JIiB, 5IKi 3a6€31€4yI0Th
MaKCHMaJIbHY PO30pi€HTallilo Ta NOAPIOHEHHSI MAKPOCTPYKTYPHU 3J/IMBKiB iameTpom 70...140 MM, ipu MiHiMaIbBHOMY
IOTIpILIEHHI SIKOCTi iX O0KOBHX ITIOBEPXOHbB Ta BiZICYTHOCTI BHYTPIIIHIX AedeKTiB. BCTaHOBJIEHO, 1110 /1715 TOCTilIHOTO
MarHiTHOrO I0J1 TaKUM AianasoH iHgykuii cranoButs B=0,12...0,22 To, a gy imnynscHoro - B=0,18...0,3 Tx nipu
TpuBasocTi imnysnbci timn=0,9...2,5 ¢, Ta may3 - ti = 6...15 ¢. [JocinkeHo TemnepaTypHi 3aJ1esKHOCTI
€JIEKTPOIIPOBINHOCTI, B'I3KOCTI Ta iHTepBaJly TBEPiHHS COJIbOBUX KOMIO3KLi Ha ocHOBi CaF2. Ha ix ocHOBI
PO3p06JI€HO CObOBUM, TPUKOMIIOHEHTHUH (uttoc 1711 EIUTT Tutany cucremu CaF2 - SrCl12 - Na3AIF6. Po3pobieHo
TEXHOJIOTiYHI peKOMeHallii o010 061aiHaHH, MaTepiaiB, pexxumis EIIIT 371MBKiB TUTAHOBUX CIIABIB y
NO3/I0BXHiX MarHiTHUX nossix. Cnoco6om EIIIT B 1031,0BKHbOMY MarHiTHOMY IMOJIi OTPMMAHO 3JIMBKUA TUTAHOBUX
criaBiB BT6, TC6 Ta OT4. BctaHOBIEHO, IO XiMiYHMI CKJIaJ, CIIJIaBiB ITOBHICTIO BiflIIOBigae BUMOram Hit0unx
cTaHpapTiB. [Ipu 1bOMy MeTaJ 37IMBKiB XapaKTe€PU3YEThCSI BUCOKOIO XiMiUHOIO 1 (Pi3NYHOI0 OJHOPIAHICTIO.
XapaKTepUCTUKM MIIIHOCTI AOCIIIHUX 3Pa3KiB Bill[IOBiAAIOTh TUIIOBUM 3HAYEHHSIM [J151 JAHUX CIJIABIB, a

XapaKTePUCTUKY IIJIACTUYHOCTI 1 yJlapHOi B'SI3KOCTI IIepeBuILyIoTh B cepenHbomMy 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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