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Pedepar:

1. lucepraiiis npucBgaYeHa AOCTIIKEHHIO BIVIMBY METaNyPrilHUX MPOLECIB HA CTPYKTYPY ¥ BIaCTUBOCTI
’KapOMIIIHOTO JIUTBA, 110 BUKOPHUCTOBYETLCS [IPY BUTOTOBJIEHH] BEJIMKOrabapUTHUX JIONIATOK ra30TypOiHHUX
aBiallifHUX JBUTYHIB. ByJ10 BCTAaHOBJIEHO, 1110 JOBIOBIYHICTh BeJIMKOrabapyUTHUX JIONIATOK ra3oTypOiHHMX aBialliltHMX
I BUT'YHIB BU3HAYA€THCS IIJIACTUYHICTIO BUKOPHCTOBYBAaHUX CIJIABiB, HAPSAy 3 TUIIOBUMU OIIOPOM I1OB3Y4OCTi Ta
UMKII4HINA BToMi. CaMme IJIaCTUYHICTh BIUIMBAE HA 3JATHICTh MaTepiayly peslakCyBaTH JIOKaJIbHI HAIIPYKEHHS,
YUHUTU OIip 3apOJIKEHHIO Ta MOUMPEHHIO TPIlllH, IPOTUCTOSITY TEPMIUHIN BTOMI Ta MDK3€pEHHOMY PYHHYBAaHHIO
11 BinnoBigHO 3a6e3ne4yBaTy B JIONIATKAX iHTEHCUBHY NPOTHUiI0 PYHHYBaHHIO IiJ] BIJIMBOM BUCOKOTO PiBHS
CTaTUYHUX, JUHAMIYHMX i IMKJIIYHMX HAaBaHTaXXEHb B YMOBAX IIiABUIIEHNX TEMIIEPATYpP €KCIUTyaTalii. B pesysbrari
BUKOHAHHS JMCepTaliiiHoi po60Tu 6yJI0 BUPilI€HO aKTyalbHy HAayKOBO-MIPUKJIAHY 33[ja4y — MOKPALIEeHHS

CTPYKTYpH Ta BJIACTUBOCTEN BUJIMBKIB >KapPOMIIIHOTO JINTBA, 110 BUKOPUCTOBYIOTHCS [IPY BUTOTOBJIEHHI



BEJIMKOTrabapUTHUX JIONIATOK ra30TypOiHHUX aBiallilHMX ABUTYHiB. HayKoBa HOBU3HA POOOTU MOJISITae y
BCTaHOBJIEHO 3aKOHOMIPHOCTi (pOpMyBaHHS paljiOHAIbHOI CTPYKTYPH, sIKa 3a0e31edye MiBUIIeHHS BIaCTUBOCTEN
BIJIMBKIB i3 >kapoMminHoro HikesieBoro ciasy JKC3/1K-BI, oTpuMaHux 3 BAKOPUCTaHHSM KOMIIJIEKCHOTO
moaudikyBanHs - (0,05%Ti(C,N)+0,01%Y+5%CoAl204), rapst4oro i30CTaTUYHOrO IIPECYBaHHS Ta TEPMiYHOI
06po06Ky. Briepiie oTprMaHO CTPYKTYPH >KapoMiliHOro Hikesesoro cruiasy JKC3IK-BI, cpopmoBnani miz
O/IHOYaCHUM BIIJIMBOM iHOKYJII0BaJIbHOI Aiii KepaMidHoi GpOpMHU, BUTOTOBJIEHOI 3 BUKOPUCTAHHSIM QJIIOMiHATy
KO6asbTy Ta 06'eMHOTO MOAUQIKyBaHHS KapOOHITPUIaMU TUTAHY 1 IOBEPXHEBO aKTUBHUM €JIEMEHTOM — iTpieMm,
KOTPi XapaKTepu3yBalIuCs 3MiHOKW MOpQoJIorii KapbigHOi CKIanoBoi i3 IPUPTOBOI HA III0OYJISIPHY,
IPiOGHOINCIIEPCHICTIO KAPOOHITPUAHUX BKIIOYEHb, CIIPUATINBOI MOPdOoIoriero iHTepMeTanifHoi no-dasu Ta ix
PiBHOMIpPHMM PO3IOJiJIOM, IO MiATBEPI’KEHO METOLAMU ONITUYHOI 1 €JIeKTPOHHOI MiKpockortii. Biepiie
BCTAHOBJIEHO CKJIaJ] KOMIIJIEKCHOTO MOAMDIiKaTOpy AJ1s1 OTPUMAHHS KPYITHOrabapuTHUX BUJIMBKIB i3 5KapoMillHOro
CIIJIaBY Ta BU3HAYEHO palliOHAJIbHY KibKIiCTh Horo ckianoBux — (0,05%Ti(C,N)+0,01%Y+5%CoAl204). Po3pobaeHo
TEXHOJIOTIIO BBE€JIEHHS MOT0 y HIKEJIEBUI PO3ILJIaB, BU3HAYEHO XapaKTep 3MiHM CTPYKTYPHOTO CTaHy >KapOMiLIHOTO
CILJIABY IIifi fiero Mogu@ikaTopy Ta MEXaHiYHUX BJIACTUBOCTEN — MiJBUIIEHO TOKA3HUKHU IIJIACTUYHOCTI 1 yIapHOi
B'SI3KOCTI, TPMBAJy MillHICTb Y IOPiBHSIHHI i3 CIJ1aBOM, 110 OTPUMAHMUI 32 CE€PIiITHOI0 TEXHOJIOTi€I0 BaKyyMHOTO
piBHOBiCHOTO yIMTBA. Briepiie oTpuMaHoO BiZOMOCTI 11010 BIUIMBY KOMILJIEKCHOT'O 3aCTOCYBaHHS MoAM(pikaTopiB
pi3HOro MexaHi3My Aii Ha BTOMHI XapaKTEPUCTUKHY 3Pa3KiB >kapoMiLlHOTO HikesieBoro craBy JKC3IK-BI ta
BU3HAYE€HO I'PAHUII0 BUTPUBAJIOCTI O-1 Ipy 6araToLMKIOBUX BTOMHUX BUIIPOOYBAHHSIX, 1O JO3BOJIMIIO PO3LIMPUTH
YSIBJIEHHSI [1PO BILJIMB KOMITJIEKCHOTO MOAM(IKyBaHHS HA BTOMHY BUTPMBAJiCTh BUJIMBKIB i3 BiJ[[IOBifalbHOTO
>KapOMILIHOTO JINTBA. [IpakTUYHe 3HAaYEHHS OJIEP>KaHMX PE3yJIbTATIB [0JIArae y 3Ha4HOMY ITOKPAlleHH] PiBHA
yIapHOi B'SI3KOCTi Ta 4acy 0 BUCOKOTEMIIEPATypHOTO PYHHYBaHHS >KaPOMILIHOTO HiKeJIeBOTO CIIIaBy, 1O
I03BOJIAJIO TPOBECTU ITPOMHUCJIOBE ONIPOOYBAHHS Ta PO3POOUTH peKOMEH allil i3 BUIJIaB/I€HHS BEJIMKOTabapUTHUX
pobOYUX JIONATOK 2 CT., 3 CT., 4 CT. TypOiHM BeHTUNSATOPY asianiiiHoro neuryHa [I18-T 3i cnimaBy JKC3IK-BI i3
3aCTOCYBaHHSM KoMIuleKcHoro Mmogudikaropy Ha ocHoBi (Ti(C,N)+Y+CoAl204) B yMoBax cepiiiHOro BUPOOHUIITBA
aBiallifiHOiI TEeXHIKU.

2. The dissertation is dedicated to investigating the influence of metallurgical processes on the structure and
properties of heat-resistant casting used in manufacturing large-sized blades for gas turbine aircraft engines. It
was established that the durability of large-sized gas turbine aircraft engine blades is determined by the plasticity
of the used alloys, alongside typical creep resistance and cyclic fatigue resistance. Specifically, plasticity influences
the material's ability to relax local stresses, resist crack initiation and propagation, withstand thermal fatigue and
intergranular destruction, and consequently provide intensive resistance to destruction under high levels of static,
dynamic, and cyclic loads at elevated operating temperatures. As a result of the dissertation work, an urgent
scientific and applied task was resolved - improving the structure and properties of heat-resistant casting used in
manufacturing large-sized blades for gas turbine aircraft engines. The scientific novelty of the work lies in
establishing the regularities of rational structure formation, which ensures improved properties of castings from
heat-resistant nickel alloy ZhS3DK-VI, obtained using complex modification - (0.05%Ti(C,N)+0.01%Y+5%Co0Al204),
hot isostatic pressing, and heat treatment. For the first time, structures of heat-resistant nickel alloy ZhS3DK-VI
were obtained, formed under simultaneous influence of ceramic mold inoculation, manufactured using cobalt
aluminate, and volumetric modification with titanium carbonitrides and surface-active element - yttrium, which
were characterized by transformation of carbide component morphology from font-like to globular, fine-dispersed
carbonitride inclusions, favorable morphology of intermetallic oo-phase and uniform distribution of phases,
confirmed by optical and electron microscopy methods. The research first established the composition of a
complex modifier for obtaining large-sized castings from heat-resistant alloy and determined the rational quantity
of its components - (0.05%Ti(C,N)+0.01%Y+5%CoAl204). A technology for introducing the modifier into nickel
melt was developed, and the nature of structural state changes in the heat-resistant alloy under modifier action
was determined and mechanical properties were improved - increased plasticity and impact toughness indicators,
enhanced long-term strength compared to alloys obtained through serial vacuum equilibrium casting. The study
first obtained information about the influence of complex application of modifiers with different action



mechanisms on fatigue characteristics of ZhS3DK-VI heat-resistant nickel alloy samples. The endurance limit o-1
was determined during multi-cycle fatigue testing, which expanded understanding of complex modification's
impact on fatigue resistance of critical heat-resistant castings. The practical significance of the obtained results
lies in substantial improvement of impact toughness and time to high-temperature destruction of heat-resistant
nickel alloy. This allowed for industrial testing and development of recommendations for smelting large-sized
working blades of the 2nd, 3rd, and 4th stages of the D18-T aircraft engine fan turbine from ZhS3DK-VI alloy, using
a complex modifier based on (Ti(C,N)+Y+CoAl204) under serial aircraft manufacturing conditions.
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