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Pedepar:

1. B pucepTauiiiniil poboTi TpOBELEHO KOMIUIEKC TEOPETUYHUX i EKCIIEPUMEHTAJIBHUX NOCiIKEHb, CIIPSIMOBAaHUX
Ha 3a6€e3Me4YeHHS MEeXaHIYHUX BJIaCTUBOCTEN 06'€éMHUX BUPOOIB i3 )KapOMIlJHUX HiKeJIeBUX CILJIaBiB, OTPUMAHUX
aIUTUBHUM MiKpPOIIJIA3MOBUM HAIIaBJIEHHSM 1151 BUPOOHUIITBA JeTasell aBiallilHAX ABUTYHIB, Ta yrepiie
BCTAHOBJIEHO: CIIOCiO BUTOTOBJIEHHS [TOPOLIKY 3i craBy DI1-648 Bl (razosa abo BifjlileHTpoBa aToMi3allis) npu
3abesnevyeHHi rpanyssLii (Big 50 1o 163 MKM) Ta XiMiYHOTO CKJIaJy Ha TEXHOJIOTIYHUN TIPOLEeC BUPOILyBaHHS
(pe>xuMHM HarjaBJIeHHs, CTabIBbHICTb MO/1avi IOPOIIKY) Ta Ha (POPMYBAHHS BaJMKiB CYyTTEBOTO HE BIIMBAE. Takoxk
YCTaHOBJIEHO, 1O CIIOCIO BUTOTOBJIEHHS [IOPOLIKY 3i criaBy DI1-648 Bl (razosa abo BiflileHTpoBa aToMizallis)
CYTT€BO BILUIMBA€ HAa MEXaHiYHi BJIACTUBOCTI OTPMMAHUX 3arOTOBOK METOJIOM IJIa3MOBOT0 aIUTUBHOTO
BMPOILYBaHHSI, Ta BU3BHAYE€HO YMOBY BUKOPUCTAHHSI [TOPOUIKIB Pi3HUX METO[IiB BUTOTOBJIEHHS. TaKOX YCTaHOBJIEHO,

10 HasiBHiCTh akTUBHUX rasis ([O] Ta [N]) y nopouiky i3 >kapoMillHUX HiKeJIeBUX CI1JIaBiB CYTTEBO BIVIUBA€E HA



MEXaHiuHi BJJaCTUBOCTi OTPUMAaHUX 3arOTOBOK METOOM I1J1a3MOBOTO 3IUTUBHOIO BUPOLIYBaHHS. MeTogaMu
KOMII'FOTEPHOT'O MOJIEJIIOBAHHS Ta METOJIOM CKIHUEHHHUX €JIEMEHTIB 3 ypaxyBaHHSIM XiMiYHOTO CKyafy,
Ter10(i3sNYHUX Ta MEXaHIYHUX BJIACTUBOCTEN HaIlJIaBJIeHOI'O MaTepiajy Ta MaTepiasy OCHOBY, TPAHUYHUX YMOB i
0CcOo6IMBOCTEN 06'€EMHOTO JIsKepesia Tersla OTPUMaHO PO3B’S130K TEPMOMEXaHIYHOI 3a7a4i /111 TBOX TEXHOJIOTTYHUX
cxeM HarulaByieHHd 10 mapiB AJ1s TPaeKTOPil «3MiliKa» i «3ursar». Y3araJbHUBIIM PE3yJIbTaTH PO3B SI3aHHS
HeCTaliOHapHOI 33/1a4i TEMJIONPOBIHOCTI Y BUTJIA/] MTOJIiB PO3MOLiNy MAaKCUMaJIbHUX TEMIIEPATYP Y 3pa3Kax Ha
cTafii HarpiBaHHS [AJ151 JBOX TEXHOJIOTIYHMX CXEM HAIJIABJICHHS — «3MiMKa» 1 «3Ur3ar» — I1iJi Yac HaIJIaBJIeHHS
KO>XKHOTO i3 10 mapiB Ta pe3ysbTaTi MEeXaHiYHUX Ta MeTasorpadivHux BUIPOOYBAHb ABOX BUPOIIEHUX 3Pa3KiB 3a
MOJAHMMU CXEMaMHU, YCTAHOBWJIU: BUPOIIEHI 3pa3Ky 3a ABOMa CXEMaMU TPAEKTOPii MAIOTh BUCXiHY CTPYKTYPY Ta
CYTTEBO HE BiIPI3HAIOTBC BiJl JIMTOI CTPYKTYpPHU. 3Ppa3Kyl, BUPOILEHI 3a TPAEKTOPIEIO «3Ur3ar» y Mo30BXKHbOMY
HaMpsIMi MaloTh Gisiblile, HDK Y iBa pa3y, NaAiHHS BJIACTUBOCTEN MIIJHOCTI (TOOTO MalOTh 3HAYHi BiIXWUJIEHHS BiJl
TE€XHIYHMX BUMOT JI0 ITOKOBOK Ta JIMTTS), IJIACTUYHI BJIACTUBOCTI NPAKTUYHO BiICYTHI; BOJHOYAC MEXaHiyHi
BJIACTMBOCTI 3pa3KiB OTPUMAaHUX 32 TPAEKTOPIi€I0 «3Milika» repebyBaloTh Ha JOCUTh BUCOKOMY PiBHi. A TaKOX, 110
IIPUYUHOIO KPUXKOTO PYHHYBaHHS IO3[0BXKHIX 3pa3KiB € [iJITHKY 3 HECIJIaBJIEHHSIMMY; 30Ha HECIJIaBJIE€HHS
CcTaHOBUTH 710 50 - 60% nowii 3namy. HaykoBa HOBU3HA POOGOTH IMOJISITAE Y PO3BUTKY YSIBIIEHHS IIPO BILJIUB CIIOCOOY
BUTOTOBJIEHHSI IIOPOIIKIB i3 >KapOCTIMKUX CIJIaBiB HA (Di3NKO-MeXaH{uHi BJIACTMBOCTI HAIJIaBJIEHUX 3Pa3KiB, a came:
Ha npukiagi crasy 911648 Bl BCTaHOBJIEHO, 10 BUKOPUCTAHHS IIOPOUIKIB, OTPMMAHUX FA30BUM PO3IUJIEHHIM
PO3IJIaBy iHEpPTHMM ra3oM, Ha BiIMiHY Bif BiJLleHTPOBOTO I1JIa3MOBOT'O PO3IUJIEHHS UWIIHIPUIHUX 3arOTOBOK, IJIs1
aJTUBHOTO MIKPOIIA3MOBOTO HAIUJIABJIEHHS, Y SIKAX CIIOCTEPIra€ThCs BHYTPILIHA aprOHOBA MTOPUCTICTD,
MIPU3BOIUTE O CYTTEBOrO MAaJliHHS XapaKTE€PUCTUK MIJHOCTI Ta IJIACTUYHOCTI, YHACIIIOK YTBOPEHHS JIHINHUX
IiISTHOK CKYITYEHHS [TOP JOBXUHOIO MPUOIN3HO 2-3 MM Ta TPilllUH, 110 BUHUKAIOT IIiJ 4ac BUpoiyBaHHs. [1pu
1[bOMY 6YJIO yIIepie BCTaHOBJIEHO, 10 B MOPOLIKY 3i craBy DI1-648BY npu BMicTi a30Ty B KisibKocTi [N] = 0,03 Bar.
% a6o kucHio [O] = 0,02 Bar. % y HannaBaeHoMy MeTasi pu Temiiepatypi 1100°C dikcyeTbcsl 3HaYHE 3HIKEHHS
ioro nedopmaliiiHoi 3maTHocTi (0 < 3,8 %), 10 Mif, BIVIMBOM TEPMiYHUX HAIIPYr IPU3BOJUTD 10 BUHMKHEHHS
rapsiuMx TPilMH, @, SIK HACJiJOK, Y IO300BXHbOMY HAlNpsIMi MU 6a4MMO 3HAYHE MaliHHS BJIAaCTUBOCTEN MILIHOCTI Ta
IJIACTAYHOCTI. YIIeplie BCTAHOBJIEHO KPUTEPil MAKCUMAJIbHOTI'O BMICTY @30Ty Ta KUCHIO B IIOPOLIKY 3i cIiaBy DI1-
648BM, siKnit BUKOPUCTOBYIOTH [1J1 JMBHOTO MiKPOI1JIa3MOBOTO HaIlJIaBJIeHHS, 3 [1OTJIs Ly 3a0e31e4eHHs
HeOOXiJIHUX BUMOT [0 MEXaHIYHUX BJIACTUBOCTEN I€Talell COIJIOBUX aNapariB, >)KapOBUX TPYO Ta Kamep 3rOpsIHHS
aBialiiHUX OBUTYHIB, a came: [N] < 0,03 Bar. %, a6o kucHo y [O] <0,02 Bar. %. Yniepiie BCTaHOBJIEHO, 1[0 B 06'€MHUX
BHPOOIB i3 opoKy crsapy DI1-648BU, oTpuMaHuxX afUTHBHUM MiKPOIIJIa3MOBUM HAIJIaBJIEHHSM 32 TPAEKTOPIEI0
«3Ur3ar», y No30B)XHbOMY HallpsiMi criocTepiraeTbCsl 6isbLI HiX yBivi NaZiHHS BJACTUBOCTEN MILJHOCTI (1110 3HAYHO
IIOCTYIAEThCS TEXHIYHMM BUMOTaM JI0 IOKOBOK Ta JIATTS), IVIACTUYHI BJIACTUBOCTI IPAKTUYHO BiICYTHi; IPU LIbOMY
MeXaHiYHi BIaCTUBOCTI 3pa3KiB, OZepKaHUX 3a TPAEKTOPI€I0 «3MiliKa», MalOTh JOCTaTHbO BUCOKMIA PIBEHD i

BiITIOBiAIOTh BUMOTaM 10 MaTepiasiB JieTajiell rapsiioro TpakTy ra3oTypOiHHUX IBUTYHIB.

2. In the dissertation work, a set of theoretical and experimental studies was conducted aimed at ensuring the
mechanical properties of bulk products made of heat-resistant nickel alloys obtained by additive microplasma
deposition for the production of aircraft engine parts, and for the first time it was established: : the method of
manufacturing powder from 9I1648-BU alloy (gas or centrifugal atomization) while ensuring granulation (from 50
to 163 microns) and chemical composition does not significantly affect the technological process of growth
(deposition modes, stability of powder supply) and the formation of rollers. It was also established that the method
of manufacturing powder from 5I1648-BU alloy (gas or centrifugal atomization) significantly affects the
mechanical properties of the blanks obtained by the plasma additive growth method, and the conditions for using
powders of different manufacturing methods were determined. It has also been established that the presence of
active gases ([O] and [N]) in the powder of heat-resistant nickel alloys significantly affects the mechanical
properties of the blanks obtained by the plasma additive growth method. Using computer modeling methods and
the finite element method, taking into account the chemical composition, thermophysical and mechanical
properties of the deposited material and the base material, boundary conditions and features of the volumetric
heat source, a solution to the thermomechanical problem was obtained for two technological schemes for



depositing 10 layers for the "snake" and "zigzag" trajectories. Having summarized the results of solving the non-
stationary problem of thermal conductivity in the form of fields of distribution of maximum temperatures in
samples at the heating stage for two technological schemes of surfacing - “snake” and “zigzag” - during surfacing
of each of 10 layers and the results of mechanical and metallographic tests of two samples grown according to the
given schemes, we established: the samples grown according to the two trajectory schemes have an ascending
structure and do not differ significantly from the as-cast structure. Samples grown along a "zigzag" trajectory in
the longitudinal direction have a more than twofold decrease in strength properties (i.e., have significant
deviations from the technical requirements for forgings and castings), plastic properties are practically absent; at
the same time, the mechanical properties of samples obtained along a "snake" trajectory are at a fairly high level.
And also that the cause of brittle fracture of longitudinal samples is areas with unfused joints; the unfused joint
area accounts for up to 50-60% of the fracture area. The scientific novelty of the work lies in the development of
an understanding of the influence of the method of manufacturing powders from heat-resistant alloys on the
physical and mechanical properties of deposited samples, namely: using the example of the DI1648-BU alloy, it was
established that the use of powders obtained by gas spraying of the melt with an inert gas, in contrast to
centrifugal plasma spraying of cylindrical blanks, for additive microplasma deposition, in which internal argon
porosity is observed, leads to a significant drop in strength and plasticity characteristics, due to the formation of
linear areas of pore accumulation approximately 2-3 mm long and cracks that occur during growth. At the same
time, it was established for the first time that in powder from the EP-648VI alloy, with a nitrogen content of [N] >
0.03 wt. % or oxygen [O] = 0.02 wt. % in the deposited metal at a temperature of 1100°C, a significant decrease in
its deformability (o < 3.8 %), which under the influence of thermal stresses leads to the appearance of hot cracks,
and, as a result, in the longitudinal direction we see a significant drop in strength and ductility properties. For the
first time, a criterion for the maximum nitrogen and oxygen content in the 5I1648-BU alloy powder used for
additive microplasma deposition has been established in terms of ensuring the necessary requirements for the
mechanical properties of parts of nozzle devices, heat pipes and combustion chambers of aircraft engines, namely:
[N] =< 0.03 wt. %, or oxygen in [O] <0.02 wt. %. It has been established for the first time that in bulk products made
of DI1648-BU alloy powder, obtained by additive microplasma deposition along a “zigzag” trajectory, a more than
twofold decrease in strength properties is observed in the longitudinal direction (which is significantly inferior to
the technical requirements for forgings and castings), plastic properties are practically absent; at the same time,
the mechanical properties of the samples obtained along the "snake" trajectory are of a sufficiently high level and
meet the requirements for materials of parts of the hot section of gas turbine engines.
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VIII. 3aKkJIl04Hi BiZoMOCTi
BiiacHe IIpizBuie Im'sa Ilo-6aTbKOBI
TOJIOBH paju

BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI
roJIOBYIOYOrO Ha 3aciJaHHi
BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 3a peecTpallilo HayKOBOi

OisIIBHOCTI

[TaBneHko [IMutpo BikTopoBuu

[TaBnenko IMutpo BikTopoBud

C.JI. Yurineiyuk

VKpIHTEI

FOpuenko TetsHa AHaToJiiBHA



