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Pedepar:

1. B pucepTauiiiniil poboTi 3apOIOHOBAHO 3a0€3MeYNTH MaKCUMaJlbHy FOMOT€eHi3allilo JIerylo4yoi JOMIIIKY 32
PaxyHOK ii IIepeHOCY B PO3ILJIaBi CTajli BHACJIJOK KOHBEKTUBHOI TeUii, 110 Ma€ CTINKY YIIOPSIAKOBaHY CTPYKTYPY.
BcTranoB/I€HO, O Yy pO3IIaBi MeTaly [IPU BaKyyMHO-AYTOBOMY II€pEIIaBi CTajli BAHMKA€ KOHBEKTUBHA CTPYKTYPa,
sKa 3aliMae Bech 00’eM POBILIABY, Ta Y SIKill CIIOCTepiraeThCs BUCXiAHA Teyvis y LeHTpi i criagHa —Ha nepudepii. Taka
KOHBEKTMBHA CTPYKTypa Mofi6Ha BiJOKPEMJIEHUM LUITiHIPUYHMM KOHBEKTUBHUM CTPYKTYpam, 10
CIIOCTEPIraloThCs B TOPU3OHTAJIbHUX Iapax B$I3KOi PiiMHMY, 1[0 PiBHOMIPHO MifirpiBaloThCs 3HMU3Y. AHAJIITUMHUAN
OIJIS[l HAYKOBUX JIJKEPEJI I0Ka3aB, 110 [IPY JOCIiIKEHHI IPUPOSHOI KOHBEKLiI B HEPIBHOMIPHO HArpiTii pinuHi

OCHOBHA yBara IIpuisisiacs Juiie OBHiCTI0 c(pOPMOBaHUM BIIOPSIKOBAHUM KOHBEKTUBHUM TeUisiM, HAIIPUKIIAT



koMipkam benapa. IIponecam 3apoyKeHHsI KOHBEKTUBHUX CTPYKTYP, iX PO3BUTKY, IEPEXOAY 3 OJHOTO B iHIINII CTaH,
KOJIA CIIOCTEPIraloTbCs Came BilOKpEeMJIEH]I IUANiHIPUYHI KOHBEKTUBHI CTPYKTYPU, HAJIESKHY YBary He IPUIiNIEHO.
Tomy B po6OTi MOPYY 3 JOCTIIPKEHHSIMU 10JJ0 BLOCKOHAJIEHHS IIPOLECY BaKyyMHO-/IyTOBOTO [I€PEIIaBy CTajli, HE
OCTaHHIO yBary IpuAiJIeHO JOCiIXEHHSM, CIIPSIMOBAHUM Ha BU3HAYEHHS 3aKOHOMIpDHOCTE! KOHBEKTUBHOI Teuii y
TOPU30HTAJIPHYX IIapax PiIrHMU.3allpONIOHOBAHO MAaTEMATUYHY MOZEJb KOHBEKTMBHOIO TEILJIONIEPEHOCY Y
eJleMeHTapHill KoHBeKTHBHIN KoMmipui (EKK)3 BiibHUMU Mesxamu. OTpUMaHO aHaliTU4HI PO3BSI3KYU /1715 MIBUIKOCTI
Ta 36ypeHHs (BiIXUIEeHHS BeJIMYMHY Bifj aHaJIOTiYHOi y cTaHi MexaHiuHoOi piBHOBaru) Temneparypu B EKK. Ix
3aJIEXKHICTD BiJl 0CbOBOI KOOPAMHATY BU3HAYAEThHCS [IPOCTUMY rapMOHIKamu, a Bif, paziajibHOI KOOPAVHATY
nojiaeThCsl y BUrisni pyHkuii beccess nepuoro poay Hy/1bOBOTO (11711 30YpeHHS TeMIIEPATYPH i OCbOBOI
KOMITIOHEHTY HIBUKOCTI) Ta NMEePLIOTro (1151 pafliajibHOI KOMIIOHEHTY MIBUAKOCTI) TOPsAKY. OTpUMaHO aHaIiTUYHI
BYPAa3u JJIs1 PafiiaJIbHAX XBUJIbOBUX YMCEJI IIBUAKOCTI i BJIACHUX Ynce 3agadi. [IokasaHo, o CIIEKTP BJIACHUX
4uCeJl € AUCKPETHUM i 110 MOZi 30ypeHb, i 10 paflialbHOMY XBUJIbOBOMY YMCJTy.3 METOIO MiJBUILIEHHS] TOMOTeHi3arlii
JIETYIOYOI IOMIIIIKM BIJOCKOHAJIEHA KOHCTPYKLisl KATOAY BaKyyMHOI AyroBoi nevi. 3arpornoHOBaHO METOLUKY
PO3paxyHKy reOMeTPUYHMX ITapaMeTpiB IOPO>XKHUH Y KaTogi (6e3po3MipHa 221MpyuHa IOXUII0I KPYroBOi KaHABKH,
paziyc UUIiHIPUYHOTO KAaTOly), 10 MiCTSATh IIOPOLIOK JIETYIOUOi JOMIIIKY, [TPY SIKUX 3a0€31e4yeThCsl Oe3yIHHE
piBHOMIpHE HaIXOIKEHHS HAHOJVCIIEPCHOTO [TOPOLIKY Y PO3IJIaB MeTaily. [Ioka3aHo, o y BUMIAJKy 3aCTOCYBaHHS
MIOPOILIKY IiOKCUAY LIMPKOHIIO, BOHU IPUIMaIOTh 3Ha4eHH4 0,14 1 0,63 BignosigHo.TakoXX OTpUMaHO BUpa3 a4
BM3HAUYEHHSI MAKCUMAaJIbHO JOIYCTHMOIO PO3Mipy YaCTHMHOK JIETYIOUOi JOMILIKY, IPY SIKOMY 3a6€3edyeThbes ii
OHOPIAHMI PO3MOIiJ 10 BCbOMY 06'€Mi pO3ILyIaBy BHACIiIOK KOHBEKTUBHOI Tedii. BcTaHOBIEHO, o 11715 cTaji
08X18H10T po3mip yacTrHOK ZrO2noBruHeH nepedyBatu y mexkax 80-100 HM.

2. This work proposes to provide maximum homogenization of the doping impurity due to its transfer in the steel
melt due to the convective flow having a stable ordered structure. It is established that in the melting of a metal at
the vacuum-arc steel remelting there is a convective structure that occupies the entire volume of the melt. It has
an upward flow in the center and is declining -on the periphery. Such a convective structure is similar to the
isolated cylindrical convective structures observed in the horizontal layers of viscous fluid heated from below. An
analytical review of scientific sources has shown that in the study ofnatural convection in unevenly heated liquid,
the main attention was paid only to completely formed orderly convective currents, for example, Benard cells. The
processes of the origin of convective structures, their development, and the transition from one state to another,
when the most isolated cylindrical convective structures are observed, due attention is not paid. Therefore, the
paper presents studies to improve the process of vacuum-arc steel remelting and to determine the laws of the
convective flow in horizontal layers of the liquid.The mathematical model of convective heat transfer in
elementary convective cell (ECC)with free boundaries is proposed. The analytical solutions for the velocity and
perturbation (deviation of the magnitude from the equivalent in the state of mechanical equilibrium) of the
temperature in the ECC are obtained. Their dependence on the axial coordinate is determined by simple
harmonics, and from the radial coordinate it is presented in the form of the Bessel function of the first kind of zero
(for the perturbation of the temperature and the axial component 23of the velocity) and the first order (for the
radial component of the velocity). The analytical expressions for radial velocity wave numbers and eigenvalues of
the problem are obtained. It is shown that the spectrum of eigenvalues is discrete in both the perturbation mode
and the radial wave number.In order to increase the homogenization of the doping impurity, the design of the
cathode of the vacuum arc furnace is improved. The method of calculating the geometric parameters of cavities in
a cathode (the dimensionless width of the inclined circular groove, the radius of a cylindrical cathode), containing
a powder of a doping impurity, is provided, in which a continuous flow of nanodispersed powder into the metal
melts is provided. It is shown that in the case of zirconium dioxide powder application, they take values of 0.14 and
0.63, respectively.An expression was also obtained for determining the maximum allowable particle size of a
dopant, in which it is uniformly distributed throughout the melt volume due to the convective flow. It has been
established that for a steel 08X18H10T, the size of ZrOZ2particles should be within the range of 80- 100 nm.
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