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Tema guceprauii:
1. InTencudikauis npouecy Mnaa3MoBO-iHAYKLiHOTO BUPOLLyBaHHS KPYITHUX IIPO(]iIbOBAHUX MOHOKPHUCTAJIIB

BOJIbdpamy.

2. Intensification of the process of plasma-induction growing of large profiled tungsten single crystals.

Pedepar:

1. Inceprauiiina po60Ta NpUCBSIYEHA JOCTIIKEHHIO TENI0(PI3NIHUX i MeTaMypriliHMX 3aKOHOMIPHOCTE TPU
inTeHcudikauii TexHoJIOrii 171a3MOBO-1HYKIiIIHOTO BUPOIyBaHHS KPYIHUX TPOQiIbOBAaHMX MOHOKPUCTAJIIB
BOJIbpamMy, YCTAaHOBJIEHHS BIIJIMBY OCHOBHUX TE€XHOJIOTIYHUX [1APAMETPIB i pe’KMMIB I71a3MOBO-iHAYKIiTHOTO
MIpoLeCY Ha iX CTPYKTYPOYTBOPEHHS, & TAKOXK PO3pOOLli AOCIiAHO-TIPOMUCIIOBOI TEXHOJIOTi 3 BUCOKUMU
[IOKa3HUKaMU MTPOAYKTUBHOCTI I EKOHOMIYHOI €(peKTUBHOCTI BUPOOHUIITBA MOHOKPUCTAIB. YCTaHOBJIEHO, 11O B
yMOBax MNiJBUleHHs iHTeHcudikallii mpouecy rpy 6a30BOMy Mifirpisi crioctepiraeTbcst 3pOCTaHHs AUHAMIYHOIO
BILJIMBY I1IJIa3MOBOI IyTM HA TEIJIOBE [10JI€ MOHOKPUCTAJIA, TOMY PH MiBUIIEHHI iHTeHcuikauii mpouecy
3HIDKEHHS TEMIIEPATYPHOTro rpajiieHTa 6e3nocepeiHbo B OJIVDKHIN 30HI MexXi (pa30BOro rnepexozy piiuHa-KpucTal

0yJI0 NOCSTHYTO LJISIXOM 30i7IbII€HHS TEMIIEPATYPH Y BEPXHill 06J1aCTi 3/IMTKA 32 paXyHOK MOTY>KHOCTI



TEIJIOBKJIAJIEHHS Bif, iIHAYKLMHOrO IpKepesia HarpiBaHHs. YCTaHOBJIEHO 32 JOIIOMOIOK0 MAaTEMATUYHOTO
MOJeJIIOBaHHS, 110 [IpY PiBHI MifirpiBy iHAYKLiAHOrO AKepeJsia eHeprii, Ipu SIKoMy 3abe3evyyeTbCs TeMIepaTypa
IJIOLVHY HapoulyBaHHg 2273, 2773, 3273 K, MOXJIMBO OTpMMAaTH 3pOCTaHHs iHTeHcudikauii npouecy B 3, 8 Ta 18
pasiB Ipu MBUIKOCTSIX [1J1a3MOBOT0 Iykepesa eHeprii 60, 160, 360 MM /XB BifilIOBiIHO 3 3a6€3Me4YeHHSIM
XapaKTEPUCTHUK TEIJIOBOTO IMOJIs1, HAGIKEHNX J10 6a30BOT0 PiBHS Ta LO3BOJISIE OTPUMATU 3HIDKEHHS BUTPAT
€JIEKTPOMarHiTHOI eHeprii, 1110 CTAHOBUTb y NIOPiBHSIHHI 3 6a30B0I0 TexHoorie 50%, 56% i 64%, uu 80, 94 1 104
KBTxrog /Kr. YCTaHOBJIEHO NIPU JOCJiI)KEHHI CTPYKTYPHOI JJOCKOHAJIOCTI OTPUMAaHUX BEJIMKUX NPOPiTIbOBAHUX
MOHOKPHCTaJIiB BOJIbpamy, 0 3 POCTOM iHTeHcudikalii npouecy B Mexxax Bif, 17 0o 70 MM /XB BilOyBa€eTbCs
No/IpiGHEeHHs CyOCTPYKTYPH IIPU pPiBHOMIpHOMY (6€3rpalieHTHOMY) pPO3IIOLiJi WibHOCTI AUCIOKALiITHOI KApTUHU i
MTOKa3aHo, 1O NPU OTPUMAHUX MIBUIKOCTIX 3JIMTOK € MOHOKPUCTAIYHUM TiJIOM i3 KpucTasorpadiyHoO
OpieHTallielo, BilIOBiAHOIO N0 OpieHTallii 3apoAKOBOro KPUCTAIa, i3 3a0€3MeYeHHSIM PO30pieHTallii MaJTOKyTOBUX
MEX, 1110 He NMEePEBUILIYIOTH 2 IPajl. Ta JIEKUTb B MEXKaX JAONYCTUMUX 3HA4YEHb [J151 METAJIEBUX MOHOKpHUCTaliB. Ha
6a3i npoBeeHUX OCTiIKeHb PO3p0bJeHa TEXHOJIOTIS OTPUMAaHHS BEJIMKUX MOHOKPUCTAJIIB TYTOIJIaBKUX METaJliB y
BUIJISI TJIACTUH NPU I171a3MOBO-iHAYKLIHOMY 30HHOMY BUPOIIyBaHi, sika 3a6e31e4ye BUCOKi TOKa3HUKU
IIPOJYKTUBHOCTI Ta EKOHOMIYHOI €(DEKTUBHOCTI 3 3a06€3MeYE€HHSIM MOHOKPUCTAIiYHOI CTPYKTYPH 3JIUTKIB

BOJIbdpamy.

2. The dissertation is devoted to the study of thermophysical and metallurgical laws during the intensification of
the technology of plasma-induction growing of large profiled tungsten single crystals, the establishment of the
influence of the main technological parameters and modes of the plasma-induction process on their structure
formation, as well as the development of a pilot-industrial technology with high productivity and economic
efficiency of production single crystals. It was been established that under conditions of increased intensification
of the process, while providing the power of induction heating at the level of the basic technology, an increase in
the dynamic effect of the plasma arc on the thermal field of the single crystal is observed. A decrease in the
temperature gradient directly in the near zone of the liquid-crystal phase transition boundary was achieved by
increasing the temperature in the upper region of the ingot by increasing the heat input from the induction
heating source. It was established by means of mathematical modeling that, at the level of heating of the induction
energy source, at which the temperature of the build-up plane is 2273, 2773, 3273 K,, it is possible to obtain an
increase in the intensification of the process by 3, 8 and 18 times at the speeds of the plasma energy source 60,
160, 360 mm /min, respectively, with the provision of the characteristics of the thermal field close to the basic
level, and allows you to obtain a reduction in electricity consumption, which is 50%, 56% and 64%, or 80, 94 and
104 kWxh /kg in comparison with the basic technology. In the study of the structural perfection of the obtained
large profiled tungsten single crystals, it was found that with an increase in the intensification of the process in the
range from 17 to 70 mm / min, subgrains are refined with a uniform (gradientless) distribution of the density of the
dislocation pattern. It is shown that at the corresponding velocities of the plasma heating source, the ingot is a
single-crystal body, the crystallographic orientation of which corresponds to the orientation of the seed crystal,
with the provision of misorientation of low-angle boundaries, which do not exceed 2 deg and lie within the
permissible values for metal single crystals. On the basis of the studies carried out, a technology has been
developed for growing large profiled single crystals of tungsten in the form of plates in the process of plasma
induction zone melting, which provides high performance and economic efficiency with the provision of a
monocrystalline structure of tungsten ingots.
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