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Pedepar:

1. B pucepraii y3araJbHEHO HayKOBO IIPUKJIAIHE YSBJIEHHS PO CYYaCHI METaJyprifiHi TEXHOJIOTIYHI [IPOL,eCcH
BE€JIEHHSI IJIABKU i3 3aCTOCYBaHHSIM BUCOKOTEMIIEPATYPHOI 0OPOOKY PO3IIaBy i MOAU(IKyBaHHS JTMBAPHUX
’KapOMILIHMX HiKeJIEBUX CILJIABiB, B TOMY YMCJIi i3 BUKOPUCTAHHSAM B MIMXTI TEXHOJIOTIYHOTO BOPOTTH, 1110 B
KOMILJIEKCI 3 rapsiiMM i30CTaTUYHUM [IPECYBaHHSM i I0JaJIbIIOI0 TEPMiIYHOIO 0OPOOKOI0 TOTOBUX JINTUX BUPOOIB
3a0€e31e4yIoTh iX (i3MKO-MexXaHivyHi, >kapoMiljHi i eKcIlyaTaliliHi BIaCTUBOCTI, @ TAKOXK €KOHOMIiUHi IOKa3HUKU Ha
PiBHi CBITOBUX @HAJIOTIB Ta BUILE. 3 BUKOPUCTAHHSM BiJOMUX METOUK IIPOBELEHO KOMILJIEKC PO3PAXyHKOBO-
aHaJIITUYHUX JOCIIIKEeHb Ta BUBHAYEHO HANBAXJIMBILII TapaMeTpy, 10 XapaKTepUu3yloTh CTPYKTYPHY i pazoBy
CTabiNIbHICTD Ta IIpaLe3AaTHICTb JMBAPHOTO KapoMilHoro HikesieBoro ciapy JKC31K-BI. BusaHaueHO OCHOBHI
TeMIIEpaTypHi NapaMeTpy, KiIbKiCTb OCHOBHOI 3MiLHIOIOUO] O'-(a3y, 'PaHULsl KOPOTKOYACHO] i TpHBaIoi MillHOCTI
>kapoMinHoro Hikesesoro crapy JKC3IK-BI Ha pisHUX piBHSAX JieryBaHHS. PO3paxyHKOBI IOKa3HUKU BiZ[TOBIJAIOTh
piBHio Bumor OCT 1.90.126-85 Ta BifoMHUM MIPaKTUYHUM pe3ysbTaTtaM JociinkeHs crapy JKC3IK-BI, B Tomy uuncii



IIPOBEMIEHMM 32 Y4aCTIO aBTOPKU Liei poboTy. OTprMaHi pe3ybTaTy CBif4aTh PO JOCTATHIO CTabiIbHICTD CILJIaBy
JKC3[K-BI ta iioro 3arajsbHy IPUAATHICTb JJIs1 LIMPOKOTO 3aCTOCYBaHHS MOAM(DiKyBaHHS Pi3HUMU KOMILIEKCaMU
L7151 TIOKpallleHHs piBHA (Pi3MKO-MexaHIuYHUX Ta eKCIllyaTalliflHuX BiacTuBocTel. [TinTBepIskeHO KOPEKTHICTh
3aCTOCOBAHMX IapaMeTPiB TEMIIEPATYPH i TUCKY B IIPOLIEC] raps40ro i30CTaTUYHOrO IIPECYBaHHSI Ta TEPMiYHO]
06po6ku crnapy JKC3JK-BI. [TpoBexeHi focifskeHHs MigTBEPIKyI0Th MOXJINBICTh BUKOPUCTAaHHS B UXTi 50%
BJIACHOT'O BOPOTTS! (IiCJIsl ITOINepeiHbOrO NIePeIiaBy 3 BUCOKOTEMIIEPATYPHOIO 0OpOOKOI0 PO3IJIaBY) Mif yac
BUTOTOBJIEHHS poO0YHMX JIONaTOK TypOiH. ['apside isoctatnyne npecysanHs (I'I1) nepen cTaHIapTHOIO TEPMIYHOIO
06POOKOI0 MIPAKTUYHO MOBHICTIO 3aJ1iKOBYy€ MIKPOIIOPH i PUXJIOTU y BHYTPIIIHIX 06’€éMax MeTaily, Lo CIpUsie
crabisnizalii CTpyKTypu Ta IOKpallye KOMILIEKC Qi3KO-MeXaHIYHUX Ta eKCIUIyaTaliliHuX BJIaCTUBOCTEN
BiZITOBiANIbHUX JIUTUX BUPOOIB i3 )KapOMIIITHUX HiKeJIeBUX CILJIABiB [1Jisl aBial[ilHUX i eHEPTeTUYHUX CUJIOBUX
YCTaHOBOK. [IpoBej€HO KOMILJIEKC JOCJIIKEHD BIUIMBY Pi3HUX BUAiB MOM(IKyBaHHS [IpY BUIJIABJIEHHI
KapoMinHoro Hikesnesoro craBy JKC3JK-BI Ha CTpyKTypy i BaCTUBOCTI BiATIOBiaIbHUX JINTUX BUPOOIB.
JocnimkeHo BUIMBKY 3 )XapoMillHoro HikesieBoro ciiasy JKC3JK-BI, MogudikoBaHoro kapooHITPUAOM TUTAHY;
iTpiem; iTpieM y KOMILIEKCi 3 KApOOHITPUOM TUTAHY 260 HiobGieM IIPU Pi3HUX CIIiBBiIHOIIEHHSIX IPUCATOK Y
posmias Ni-Y giratypu, [Ti+Ti(C,N)] i Nb. Ximiunuii cknaf, MexaHiyHi Ta )KapOMillHi BJACTUBOCTI [OCJIiJ)KyBaHUX
3paskiB micys I Ta craHmapTHOI TepMivyHOT 06pOOKY 3aM0BiMbHI Ta BigmosigatoTs Bumoram OCT 1.90.126-85.
MikpocTpykTypa 3paskis, BinnuTtux 3i cninaBy JKC3IK-BI 3a Bcima Bapiantamu (nicis I'IIT ta TO), xapakTepHa A
HOPMaJIbHO TepMOo06pobieHoro crany ciasy JKC3IK-BI. Kap6igy Ta KapOOHITpUAY BULIISIOTECS Y BUTJIAL
IOVICKPETHUX IJ100YJISIPHUX YaCTUHOK, IEPEBA’KHO PIBHOMIPHO PO3INOJiNIeHUX B 00'eMi MeTasy. 3a OKa3HUKaMU
MeXaHIYHUX BJIACTUBOCTEN NOCIiIHI KOMIIJIEKCHO MOAM(DiKOBaHi 3pa3Ky CYyTTEBO I€PEBaKalOTh iHIII i BiATIOBiNAOTh
6i7bII JKOPCTKMM BUMOI'aM pPO3POOHUKIB aBiallilHUX IBUTYHIB 1711 MaTepiajy JIUTHUX JIONATOK BEHTUIISITOPA.
BcraHoB€HO HaliKpamuil eeKT Bifl, KOMIIZIEKCHOTO MOAUQIKYBaHHS iTpieM i KapOOHITPULIOM TUTAHY 3 IPUCATKAMU
y poamas [Ti+Ti(C,N)] - 0,075% i Ni-Y niratypu - 0,136%, mo 3a6e3nedye GpopMyBaHHS Hai6iIbLI CIIPUSITINBO]
CTPYKTYPH i 3HaYHO Kpallli MEXaHi4YHi Ta )KapOMillHi BJIaCTUBOCTI HikesieBoro crsapy XC3IK-Bl. B upomy BUNIaaKy
CIIOCTEepiraeTbcst oA pibHEeHHs 3epHA, Kap6iay Ta KapOOHITPUAY BULISAIOTECS Y BUTJIAI AUCKPETHUX ITI00YJISPHUX
YaCTUHOK, PIBHOMIPHO PO3NOJiNIeHNX B 00'eMi MeTaly; MeXi 3epeH TOHKI 3 HasIBHICTIO Ha MeKax KapOiliB po3MipoM,
1110, IEPEBA’KHO, He NepeBullye ~3 MKM. Le, IMOBipHO, CIIpUSJIO MiBULIEHHIO YIAPHOI B'I3KOCTI 10 3HaYeHb 58,8
Ik /cm2. 1151 1pakTUYHOTO BUKOPUCTAaHHS Y BUPOOHWYMX YMOBAaX PEKOMEHI0BAHO TEXHOJIOTIUHNMI ITpoLiec
BUTOTOBJIEHHS BifIIOBilaJIbHUX BUJIMBKIB JJ11 aBialliitHOTO i eHepreTMYHOTO MAalIMHOGYIyBaHHS 3 >KApOMIITHOTO
HikesieBoro crapy JKC3/IK-BI, mo nependadae BUCOKOTEMIIEPATYPHY OOpOOKY pO3ILJIaBy, 3aCTOCYBaHHS
KOMIIJIEKCHOTO MO QiKyBaHHs iTpieM i KapOOHITPUIOM TUTaHY (ONTUMAaJbHI npucaaxu y posmuas [Ti+Ti(C,N)] -
0,075% i Ni-Y siratypu - 0,136%), rapsiue i3octatuyHe npecyBaHHs npu Temmnepatypi 1210 °C i Tucky 160 MIla Ta
NOJAJIbIIy TEPMIUHY OOpPOOKY TOTOBUX BUJIMBKIB 33 CTaHAAPTHUM PEXKMMOM (TOMOT€Hi3allisl y 3aXUCHiil aTmocdepi
npu temneparypi 1210 o 10 °C 3 BUTPUMKOIO 4 TOAVHY i OXOJIOJKEHHSIM 3i IBUIKICTIO €KBiBaJIEHTHIN OXOJIOJI>KEHHIO
B MOBITPsHIN aTMocdepi).

2. The dissertation summarizes the scientific and applied understanding of modern metallurgical technological
processes of smelting with the use of high-temperature treatment of the melt and modification of cast heat-
resistant nickel alloys, including the aplication of technological return in the charge, which, in combination with
hot isostatic pressing and subsequent heat treatment of finished cast products, provides their physical and
mechanical, heat-resistant and operational properties, as well as economic indicators at the level of world
analogues and higher. Using known methods, a set of computational and analytical studies was conducted and the
most important parameters characterizing the structural and phase stability and performance of the cast heat-
resistant nickel alloy ZhS3DK-VI were determined. The main temperature parameters, the amount of the main
strengthening o'-phase, the limit of short-term and long-term strength of the heat-resistant nickel alloy ZhS3DK-VI
at different alloying levels were determined. The calculated indicators correspond to the level of requirements of
OST 1.90.126-85 and the known practical results of research on the alloy ZhS3DK-VI, including those conducted
with the participation of the author of this work. The obtained results indicate sufficient stability of the ZhS3DK-VI
alloy and its general suitability for wide application of modification with various complexes to improve the level of



physicomechanical and operational properties. The correctness of the applied temperature and pressure
parameters in the process of hot isostatic pressing (HIP) and heat treatment of the ZhS3DK-VI alloy was
confirmed. Conducted studies confirm the possibility of using 50% of own return in the charge (after preliminary
remelting with high-temperature melt treatment) during the manufacture of turbine blades. Hot isostatic pressing
before standard heat treatment almost completely heals micropores and voids in the internal volumes of the metal,
which contributes to the stabilization of the structure and improves the complex of physicomechanical and
operational properties of critical cast products from heat-resistant nickel alloys for aviation and power plants. A
complex of studies of the influence of various types of modification during the smelting of the heat-resistant nickel
alloy ZhS3DK-VI on the structure and properties of the relevant cast products was conducted. Castings from the
heat-resistant nickel alloy ZhS3DK-VI, modified with titanium carbonitride; yttrium; yttrium in a complex with
titanium carbonitride or niobium at different ratios of additives in the melt of Ni-Y ligature, Ti (TiCN) and Nb were
studied. The chemical composition, mechanical and heat-resistant properties of the studied samples after HIP and
standard heat treatment are satisfactory and meet the requirements of OST 1.90.126-85. The microstructure of
samples cast from the alloy ZhS3DK-VI in all variants (after HIP and heat treatment) is characteristic of the
normally heat-treated state of the alloy ZhS3DK-VI. Carbides and carbonitrides are isolated in the form of discrete
globular particles, mainly evenly distributed in the volume of the metal. In terms of mechanical properties, the
experimental complexly modified samples significantly outperform others and meet the more strict requirements
of aircraft engine developers for the material of cast fan blades. The best effect of complex modification with
yttrium and titanium carbonitride with additives in the melt [Ti+Ti(C,N)] - 0.075% and Ni-Y ligature - 0.136% has
been established, which ensures the formation of the most favorable structure and significantly better mechanical
and heat-resistant properties of the nickel alloy ZhS3DK-VI. In this case, grain refinement is observed; carbides
and carbonitrides are isolated in the form of discrete globular particles, evenly distributed in the volume of the
metal; grain boundaries are thin with the presence of carbides at the boundaries with a size that mainly does not
exceed ~3 pm. This probably contributed to the increase in impact strength to values of 58.8 J /cm2. For practical
use in production conditions, a technological process for manufacturing critical castings for aviation and power
engineering from heat-resistant nickel alloy ZhS3DK-VI is recommended, which involves high-temperature
treatment of the melt, the use of complex modification with yttrium and titanium carbonitride (optimal additives in
the melt [Ti+Ti(C,N)] - 0.075% and Ni-Y ligature - 0.136%), hot isostatic pressing at a temperature of 1210 °C and a
pressure of 160 MPa and subsequent heat treatment of finished castings according to the standard regime
(homogenization in a protective atmosphere at a temperature of 1210 + 10 °C with a holding time of 4 hours and
cooling at a rate equivalent to cooling in an air atmosphere).
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