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Pedepar/anoTanis:

1. Ipayenko M. M. TexHoJI0ris Ofep>KaHHS BUJIMBKIB i3 3aJ1i30BYIJIELI€BUX CIIJIABiB 3 HEMETAJIEBUMU
HaIOBHIOBaYaMU 3a MOZessIMY, 1o ra3udikyrorbes. — KBamigikaliliHa HaykoBa Ipalsl Ha IpaBaxX PyKOIIUCY.
Juceprauis Ha 3100yTTs CTyIeHs foKTopa ¢inocodii 3a cnenjanbHicTio 136 «MeTtanyprisi», ranysb 3HaHb 13
«MexaHivHa iHxeHepis». — Qi3UKO-TEeXHOIOTIYHUI IHCTUTYT MeTalliB Ta cliasiB HanioHanbsHOI akageMii Hayk
Ykpainn, Kuis, 2026. lucepTariiio nprucBsi4eHO po3poOJIeHHIO TeXHOJIOTII Ofep>KaHHsI BUIIMBKIB i3 3aJ1i30ByIJIeeBUX
CIJIaBiB 3 IHTErPOBAaHMMHU HEMETAJIEBUMU HallOBHIOBaYaMU 32 MOJEJISIMU, 110 ra3u@ikyoTecs. biHapHUI BUINBOK
POBIJISIHYTO K CUCTEMY «METajIeBa O00JIOHKA - HEMETAJIEBUI HAIlOBHIOBAY - NEPEXiIHMI map», y SKill MeTaneBa
0060JI0HKa BUKOHY€ (PYHKIIil0 30BHIIIHBOTO CAJIOBOTO KapKaca, a HallOBHIOBAY YaCTKOBO 3aMilllye MeTasleBUil 06'eM

Ta YTBOPIOE BHYTPIIIHE ONIOPHE i €HEeproIorInHabHE cepeioBullie. MeTO po60oTy € pO3PO6JIEHHS TEXHOJIOTIUHUX



IiIX0miB 10 OJlep>KaHHS TaKUX BUJIMBKIB i BCTAHOBJIEHHS YMOB (POPMYBAHHS LIi/1iCHOI MeTajieBOi 060JI0HKH,
30epeskeHHs] HEMEeTaJIeBOro HallOBHIOBa4ya Ta YTBOPEHHS MepexifHOro mapy Mi>k HUMU. SIk MaTepianan 060JI0HKA
BUKOpHUCTaHO cipuil yaByH CH200 i ctasnp 3571, a sSIK HallOBHIOBaY KBapLOBUH MiCOK i3 PiIKUM CKJIOM. Jl0CIiIKeHO
CyMillli 3 PI3HUM YMiCTOM PiZIKOTO CKJIQ, TeIJI0(i3nYHi MPOLECH i/l 4ac 3aJIMBaHHS, MiKPOCTPYKTYPY i
MIKpPOTBEpJiCTb MeTaeBOi 000JIOHKU, CTaH MIEPEXiAHOro Mapy, OMip HAallOBHIOBAa4a IIPOOMUBAHHIO TA NIOBEIiHKY
OiHapHUX 3pas3KiB IIiJ 4ac CTUCKY. 3aCTOCOBAHO eKCIIepUMEHTaJIbHI MeToIU, MeTasiorpadiyHuil aHamis,
BMMipIOBaHHS MiKPOTBEPOCTi, MEXaHiYHi BUIPOOYBaHHS Ta MAaTEMATUYHE MOJIE/IIOBAHHS TEIJIONEPEHECEHHSI.
YcTaHOBJIEHO, 1O TEIJIOBUI BIUIMB PO3ILIABY 3a0e3evye IPOrpiBaHHs PiIKOCKJISIHOTO HAallOBHIOBAYa J10
TeMIIepaTyp, JOCTATHIX JJIs NOro BTOPMHHOIO 3MilIHEHHS. MaKkcuMasbHa TEMIIEPATypa Ha MOJIOBUHI pajiyca
HaIOBHIOBava cTaHoBuia 6113bko 929 °C, y neHtpi — 6sm3bko 880 °C; TpuBaicTe nepedysaHHs Buile 800 °C
cTaHoBMJIA BignoBigHo 315 i 255 ¢. Bu3HayeHo iCTOTHUI BIJIMB BMICTY PifIKOTro CKJa Ha OIip HallOBHIOBAYa
IpOOMBAHHIO: 3a 10ro 36imbimeHHs Bif 10 1o 16 r Ha 100 r micky po6oTa Mpo6UBaHHS 3pocTaja NpUOIU3HO Bif 295
1o 698 IIx. [TokazaHo GopMyBaHHS IIEPEXiHOro Mapy Ha MeXXi MeTaJly 3 HallOBHIOBaY€eM, JOCJIIIPKEHO HOro
CTPYKTYpPY Ta JIOKaJIbHi BJIaCTUBOCTI. BUIpOOyBaHHS Ha CTUCK MiATBEPAWIIY, 11O iHTETPOBAHMI HAIlIOBHIOBAY
nizBuUIlye 30aTHICTb 000JIOHKM CIIPUIMATH HABAHTAKEHHS IIOPIBHSIHO 3 IOPO>KHUCTUM METAJIEBUM 3PA3KOM.
P03p06s1€HO TEXHOJIOTIYHY CX€MY BUTOTOBJIEHHS OiHApHUX BUJIMBKIB, SIKa Ilepef6ayae BUTOTOBJIEHHS
iHOMOJIICTUPOJIOBOI MOJEJIi 3 BHYTPIIIHBOIO IIOPOKHUHOIO, ITiATOTOBKY Ta YIIIJILHEHHS HEMETAJIEBOTO
HaIOBHIOBAa4a, HAHECEHHS MPOTUIIPUTAPHOTO ITOKPUTTS1, (POPMYBAaHHS B CyXOMY KBapLLOBOMY IIiCKy, BaKyyMyBaHH4,
3aJIMBaHHS, OXOJIOIKEHHS Ta KOHTPOJIb SIKOCTi. T€XHOJIOTII0 ITePEeBIPEHO il YaC BUTOTOBJIEHHS NOCJIIIHUX
cermMeHTiB i3 yaByHy CH200 i crasni 35J1. I BunuBKa tuny «Mopyb 405x410 MM» 3aMillleHHS YaCTUHU MeTajleBOro
00'eMy HEMETaJIEBMM HAIllIOBHIOBAYEM Jla€ 3MOT'y IPOTHO30BAHO 3MEHILIUTHU BUTPATy METaly Ha 57,4 %, a 3arajbHy
Macy BUPOOY 3 ypaxyBaHHSM HaIlOBHIOBaYa — Ha 37,7 %, a TaKOXX CKOPOTUTHU BUTPATU PO3ILJIABY Ta IPOTHO30BaHi
BUKUY MIKIIJIMBUX pedoBUH. OTpUMaHi pe3ybTaTu MOXKYTh OYTH BUKOPUCTAHI I1if] Yac IIPOEKTYBaHHS

JIETKOBaroBUX JIMTUX MOAYJIiB i BUPOO6iB i3 PyHKIiOHAIBHUM HEMETaleBUM HAllOBHIOBAYEM.

2. Diachenko M. M. Technology for Producing Castings from Iron-Carbon Alloys with Non-Metallic Fillers Using
Gasifiable Patterns. — A qualifying scientific work submitted as a manuscript. Dissertation for the degree of Doctor
of Philosophy in Specialty 136 “Metallurgy”, Field of Knowledge 13 “Mechanical Engineering”. — Physico-
Technological Institute of Metals and Alloys of the National Academy of Sciences of Ukraine, Kyiv, 2026. The
dissertation is devoted to the development of a technology for producing castings from iron-carbon alloys with
integrated non-metallic fillers using gasifiable patterns. A binary casting is considered as a “metal shell-non-
metallic filler-transition layer” system, in which the metal shell serves as an external load-bearing framework,
while the filler partially replaces the metal volume and forms an internal supporting and energy-absorbing
medium. The aim of the study is to develop technological approaches to producing such castings and to establish
the conditions required for forming an integral metal shell, preserving the integrity of the non-metallic filler, and
creating a transition layer between them. Grey cast iron C4200 and cast steel 35JI were used as shell materials,
while quartz sand bonded with sodium silicate was used as the filler. Mixtures with different sodium silicate
contents, thermophysical processes during pouring, the microstructure and microhardness of the metal shell, the
condition of the transition layer, the filler’s resistance to penetration, and the behaviour of binary specimens under
compression were investigated. Experimental methods, metallographic analysis, microhardness measurements,
mechanical testing, and mathematical modelling of heat transfer were applied. It was established that the thermal
effect of the molten metal heats the sodium-silicate-bonded filler to temperatures sufficient for its secondary
strengthening. The maximum temperature at half the filler radius was approximately 929 °C, while that at the
centre was approximately 880 °C; the duration of exposure above 800 °C was 315 and 255 s, respectively. A
significant effect of sodium silicate content on the filler’s resistance to penetration was determined: when its
content increased from 10 to 16 g per 100 g of sand, the penetration work increased from approximately 295 to 698
J. The formation of a transition layer at the metal-filler interface was demonstrated, and its structure and local
properties were investigated. Compression tests confirmed that the integrated filler increases the load-bearing
capacity of the shell compared with a hollow metal specimen. A technological process for producing binary



castings was developed. It includes manufacturing an expanded-polystyrene pattern with an internal cavity,
preparing and compacting the non-metallic filler, applying a refractory coating, moulding in dry quartz sand,
vacuuming, pouring, cooling, and quality control. The technology was verified through the production of
experimental segments made of C4200 grey cast iron and 35J1 cast steel. For the “405 x 410 mm Module” casting,
replacing part of the metal volume with a non-metallic filler is expected to reduce metal consumption by 57.4%
and the total product weight, including the filler, by 37.7%, while also decreasing the amount of molten metal
required and the projected emissions of harmful substances. The results obtained can be used in the design of
lightweight cast modules and products containing a functional non-metallic filler.
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VIII. 3aKkJII04Hi BiZOMOCTi
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TOJIOBH pajgu

Biacue IpizBume Im's I1o-6aTbKOBI Adranpinsun €srex [puroposuy

rOJIOBYIOYOTO Ha 3acCiflaHHi

BiAHOBiAaJIbHHI';I 3a lli,ILI‘OTOBKy JIpsiueHKo Makcum MuxkosaioBu4

00JIiIKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaTOJIiBHA
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