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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koy TeMaTHYHHX PYOPHK: 47.29

Tema guceprauii:
1. Po3po6ka HayKOBHUX 3acal, MOJI€JIIOBaHHS Ta KOHCTPYIOBAaHHS yIOCKOHAJIEHUX iHIYKLIHUX BUIIADHUKIB

2. Development of scientific foundation of modeling and designing improved induction evaporators

Pedepar:

1. Po3po6sieHa ¢i3uKo-TONOJIOriYHA MaTEMATAYHA MOJIEJIb iIHAYKLIHOTO BUTIAPHUKA, 110 LO3BOJISIE 32 YACETIbHUM
PO3pPaxyHKOM BCTAHOBUTHU PO3IOJIJ HAIIPYKEHOCTI MAarHiTHOTIO I0JIs1, PO3IOLIJ IPKEPEJ TEIVIOBUIINIEHHS, PO3IIOLi
TEMIIePaTypPH i TEIJIOBi IOTOKU B 3aBAaHTKEHOMY THUIJIi i iHTErpasibHi XapaKTePUCTUKY iHAYKLINHUX BUITAPHUKIB.
JoBeneHo, mO: IOTY>KHICTB, IO CIIOKMBAETLCS 3aBAHTAXKEHUM TUTJIEM IIPU 3aJjaHill CEPENHIN TeMIeparypi
BUIIADOBYBAHHS, HE 3aJI€KUTb Bifl 4aCTOTU CTPyMY iHAyKTOpa B iHTepBasi 100-500 k', a BU3HAYAETHCS HANIPYTOIO
Ha iHIYKTOpIi; y BUIIAPHUKY 3 iHIYKTOPOM, BUCOTA SIKOTO Gisiblie abo NOPIiBHIOE [liaMeTpy, TeMIlepaTypa y3[L0BX
IIOBEPXHI BUIIAPOBYBAHHS MOXXE BBXXATUCS OJIHAKOBOIO 3 TOXMOKOIO He binbie 1 %. Po3pobieHo MeTOIMKY
TPUBUMIPHOTO MaTeMaTUYHOTO MOJEJIIOBAHHS MAaCOIIEPEHOCY Ha MIOBEPXHIO MiAKIALO0K 3 PI3HUM IEPEMIILIEHHSM i
Opi€eHTalli€l0 B IPOCTOPi. MaconepeHoc ONMCaHni iHTErpaJbHAMY PiBHSHHSIMU OO0 (PYHKLIN IIOTOKY 3 TOBEPXHI

PO3IJIaBy i CTIHOK UUJIIHAPUYHOTO TUTJISI. 3aIIPOIIOHOBAHO CIIOCIO i THresb 3 TEIJIOPe3UCTUBHUM i TEeIIOBiABI IHUMEI



€KPaHyIOUMMU €JIEeMEHTaMHU, SIKi JO3BOJIMIIY 3aMI00IrTU NEpPeTiKaHHS PO3IJIaBy Yepes Kpal TULJIS IPU
BUIAPOBYBaHHI METAaJIiB, IO MIrpyOTh IO IOBEPXHI CTIHOK TUTJISL. 3alIPOIIOHOBAHO BBEIEHHS Y BUIIAPHUK
KOHLIEHTPaTOpa MarHiTHOTO 110151 MK iHAYKTOPOM i TUTJIEM, BUKOPUCTAHHS SIKOTO IIPU3BOAUTH [0 3HUKEHHS
JIMOBIPHOCTi BUHUKHEHHS €JIEKTPUYHUX PO3PAiB B 00JIACTi TUTJIS i 3abe3nedye OTpUMaHHS HEIOHI30BaHOTO
[IapOBOro MOTOKY. BU3HaY€HO YMOBU BUHUKHEHHS B iHAYKLiIHOMY BUNIAPHUKY €JIEKTPUYHOTO pO3psiny. BusBieHo
Ta JOCJIIPKEHO IIOPOKHUHHO-KATOOHUM O3PS Y ITapax METaJsiB B TUIJI iHAYKLIMHOrO BUIIAPHUKA. BusaBIeHO Ta
BMBYEHO €(PEKT BUHMKHEHHS i MiATPUMKY HECAMOCTIMHOIO PO3psiAy B [1IapOBOMY IIOTOL IPY BBEIEHH] Y BEPXHIO

YaCTUHY TUIJIS TEPMOEMICITHO-aKTUBHOI BCTaBKU.

2. Developed physical-topological mathematical model of the induction evaporator which allows to set a numerical
calculation of the magnetic field distribution, to set the distribution of sources of heat, temperature, heat flows in
the loaded crucible as well as integral characteristics of the induction evaporators. It is proved that the power
consumed by the loaded crucible at a predetermined average evaporation temperature does not depend on the
frequency of the inductor current in the range 100-500 kHz but determined by the voltage on the inductor; in the
evaporator with an inductor whose height is greater or equal to the diameter the temperature of the evaporation
surface can be considered the same with the margin of error not more than 1%. The technique for three-
dimensional modeling of mass-transport onto substrate surface with different substrate movement and
orientation in space is developed. The mass-transfer is described by integral equations for the functions of flows
from the melt surface and the crucible cylindrical walls. It is proposed a method and a crucible with heat-resistive
and heat-sink shielding elements that will prevent overflow of the melt through the crucible edge while
evaporating metal, which migrates up along the surface of the crucible walls. It is proposed to introduce a
magnetic field concentrator between the inductor and the crucible, the use of which reduces the likelihood of
electrical discharges in the crucible area and provides a non-ionized vapor flow. The influence of evaporator
design features on radiation resistance of MOS-structure during their metal deposition processing is determined.
The use of the crucible with the heat-resistive and heat-sink shielding elements and the magnetic field
concentrator enhances the radiation resistance of MOS-structure relatively the structures processed with a non-
shielded evaporator. The conditions for electrical discharging in the induction evaporators. The hollow-cathode
discharge in metal vapor within the crucible of induction evaporator is revealed and investigated. The arising of
non-self-maintaining arc-type discharge in the vapor flow, when a thermo-emission-active insert is set into the
upper part of the crucible, the insert is heated above a certain temperature, and a positive potential is applied to
the top turn of the inductor, is identified and examined.
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Penensentu

VIII. 3aKkJII04Hi BiZmoMOCTi
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