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V. BimomocTi npo gucepraniio
Moga guceprariii:
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Tema guceprauii:
1. OpgepkaHHS CrelialIbHUX MiHUX CIJIaBiB, 3MILIHEHUX YJIbTPAAMCIIEPCHUMU BKPAIJIEHHSIMU Ha OCHOBI FeCrC,

cpOpMOBaHMMU B POBIJIABI Mif] [i€l0 3MiHHOTO €JIEKTPOMArHiTHOTO I10JIs

2. Obtaining special copper alloys, strengthened by ultra-disperse FeCrC based inclusions, formed in the melt
under the action of an alternating electromagnetic field

Pedepar:

1. Incepraniiina po60Ta IpUCBIY€Ha BUPIIIEHHIO aKTyaJIbHOIO HAYKOBO-TEXHIYHOI'O 3aBJIaHHS 3 PO3POOKHU
TEXHOJIOTii BUIJIABKU CIIEeLiaIbHOTO MiJHOTO CIIaBy 3 fo6aBkoio FeCrC y MikpoeMyJIbCOBaHOMY CTaHi Ha 6a3i
PO3BUTKY T€Opii, 30Kpema, BCTAaHOBJIEHHSI OCOOJINBOCTEN TIii 3MiHHOTO €JIEKTPOMArHiTHOTO T10J1s1 Ha PO3IIJIaB i3
BpaxXyBaHHSM YsBJIEHb [IPO BUHMKHEeHHSI MI'[]-Tedill HaBKOJIO [j06aBKY, BHACIOK BiIMIHHOCTE! €JIeKTPOMarHiTHUX
BJIACTUBOCTEM JIiIraTypy Ta OCHOBY CIUIABY B iHAYKUiNHIY TUTeJIbHIN [1edi. EKClIepMMeHTaNIbHO MiATBEPIKEHO, 10 3a
PaxyHOK CTPYKTYPHOI HEOJHOPiGHOCTI J06ABKHU BiiOYBAa€ThCSI IEPEPO3NOAIN €JIEKTPUYHOTO CTPYMY, SIKUAM
TE€HEPYETHCS B PO3ILJIABI 3MIHHMM €JIEKTPOMArHITHUM I10JIEM, IO BUKJIMKAE JIOKAJIbHY KOHLEHTPALLiIO LiJIbHOCTI

€JIEKTPOCTPYMY Yy OiJIbIll €7IeKTPOIPOBiHil ¢asi siraTypu, nigBUILeHHS TEIJIOBUAIJIEHHS Y Hill, Ta CIIpUsiE



BVMHUKHEHHIO KaHAJIiB 110 SIKUM IIPOHUKAE MAaTPUYHUI PO3ILJIAB Ta PO3KJIMHIOE T0OABKY, BHACIIILOK 4OTO
IIPUCKOPIOETHCS i IucriepryBaHHs. BcTaHOBIEHO, YMOBY AMCIIepryBaHHS J0OAaBKY JO MiIKDOHHUX PO3MipiB, Ha
JIOKaJIbHOI 30HM BUCOKOI LIIJIbHOCTi €JIEKTPOCTPYMY i yTPUMAaHHS JIETYI04O0i J06aBKY B 11ill 30Hi, 1[0 CyTTEBO
inTeHcugikye npotec ii po3unHeHHs. BU3HauY€HO BILIMB KOHLIEHTpallii J06aBKU Ha PO3Mip BKJIIOYEHb Ta
BCTaHOBJIEHI pallioHabHi pe>kuMU POPMYBaHHS B JIMTIH CTPYKTYPi 3aMOPOKEHOI MIKpOeMYyJIbCii IIPY OX0JIOIKEHHI
i TBEpIHEHHI cIy1aBy. Ha OCHOBI BCTaHOBJIEHUX 3aJIEXKHOCTEN CTBOPEHO HOBY MI'/l TEXHOJIOTIIO, 110 N03BOJISIE
3aQikCcyBaTH y TBEPIOMY CTaHi BKIIOUEHHS YIbTPAINCIEPCHUX PO3MipiB (<1 MKM) IpY BUCOKI MIiIBHOCTI iX
OJHOPIZHOTO PO3IIOAiNY Ta 3HU3UTHU BUTPATU eJleKTpoeHeprii Ha 3 KBT-rof /Kr Ipyu BUILIABL]
IVCIIEPCHO3MIIIHEHOTI'O MiZJHOTO CIlJIaBy. BUrOTOBJIEHI, 3 TAKOrO MaTepiajny, CTPyMO3'€MHi KOHTaKTHI BCTaBKU
naHTorpagis €J1eKTPOBO3iB OCTITHOTO CTPYMYy MalOTh €(DEKTUBHO 30a71aHCOBAaHi IOKa3HMKU BJIACTUBOCTEN
(BimHOCHA MMTOMA €JIEKTPONPOBIAHICTb BCTABKU i KOHTAKTHOTO APOTYy 0,9 Ta CHiBBiIHOIEHHS TBEPLOCTI PO6040ro
IIapy BCTaBKU i KOHTakTHOro Apoty 0,8), 1m0 3abesneyye 36iblIeHHS pecypcy Npodiry NOCIiIHUX BCTaBOK

naHTorpadis y BAHTaXXHOMY Ta MACaXXUPCbKOMY pyci OPiBHSHO 3 cepiliHuMmu BcTaBkamu tuny I1K] Ha 25%.

2. The dissertation work is devoted to the solution of the actual scientific and technical task: development of the
melting technology in the micro-emulsion state special copper alloy with FeCrC addition on the theoretical basis,
particularly, determination of the peculiarities of the effect of variable electromagnetic field on the melt, taking
into account the ideas about the appearance of magnetohydrodynamic micro-currents around the additive, due to
different electromagnetic properties of the ligature and the basis of the alloy in an induction crucible furnace. It is
experimentally confirmed that due to the structural heterogeneity of the additive, the electric current generated
in the melt by an alternating electromagnetic field is redistributed, which causes a local concentration of the
electric current density in the more electrically conductive phase of the additive, increases the heat emission in it,
and contributes to the appearance of channels through which the matrix melt penetrates and wedges the additive,
thus accelerating its dispersion. The conditions of dispersion of the additive to micron sizes at the initial stage of
its smelting with the copper base, including the formation of an induction furnace in the crucible of a local area of
high electrical current density and the retention of an alloying additive in this area, which significantly intensifies
the process of its dissolution, are determined. The influence of the additive concentration on the size of inclusions
is determined and rational modes of formation of frozen microemulsion in the cast structure of the alloy cooling
and hardening are established. On the basis of the established dependencies, a new MGD technology was created,
which allows to fix in a solid-state the inclusion of ultra-disperse dimensions (<1 micron) at a high density of their
homogeneous distribution and to reduce electricity consumption by 3 kW-h /kg during the melting of the
dispersion hardened copper alloy. The current collector pantograph inserts of DC electric locomotives are made of
such a material have effectively balanced properties (relative specific electrical conductivity of the insert and the
contact wire is 0,9 and the ratio of the hardness of the working layer of the insert and the contact wire is 0,8),
which provides an increase in the mileage of research pantograph inserts in freight and passenger traffic as
compared to the serial inserts of the PCD type by 25%.
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