O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0823U100136
Oco006J1uBi TO3HAYKH: BinKpura

Jata peectpauii: 03-03-2023

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. CmipHoBa flHa OnekcanapiBHa

2. Smirnova Yana O.

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs

Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi crieniaIbHOCTI: 136

Ha3Ba HayKoOBOIi CIeniaIbHOCTI: MexaHiuHa itkeHepis. Meramnypris
T'anyss / ranysi 3HaHb!

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs
Jata 3axucTy: 01-03-2023

CneniaJbHICTh 3a OCBITOIO: MeTtanypris

Micue po6otu 3,qo6yBaqa: HanjionasnpHui TeXHIYHUI YHIBEPCUTET YKpaiHU "KniBCbKUM MO TEXHIYHUN

iHcTuTyT imeHi Irops Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt [Tepemoru, 6ya. 37, M. Kuis, 03056, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYU€HOI pagHy (pa30Boi crieniagi3oBaHOi BY€HOI pazu). 1O 26.002.01

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepeuTeT Ykpainu "KuiBchKuit

MOJITEXHIYHUI IHCTUTYT iMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoo KeHHS: npocrekt [lepemory, 6yx. 37, M. Kuis, 03056, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0M: HarionanbHuil TexHiuHMi yHiBepcuTeT YKpainu "KuiBchKuii

MOJIITEXHIYHM IHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocrekt [Tepemory, 6yx. 37, M. Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

IloBHE HaliIMEHYBaHHS IOPUAMYHOI 0COOHM: HanjonanbHuii TexHi4HMIA yHiBepcuTeT YKpainu "KuiBchkuit

NOJIITeXHIYHMM iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocrekt [Tepemory, 6yx. 37, M. Kuis, 03056, Ykpaina
dopma By1acHoCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

V. BizomocTi npo gucepramniio
Moga guceprariii:
Koau TeMaTHYHHX PYyOPHK: 55.15.15.17
Tema gucepranii:

1. CTBOp€EHHS OCHOB TE€XHOJIOTiMl BUTOTOBJIEHHS IIAPYBAaTHUX METAJIO-KEPAMiYHMX KOMIIO3ULIIMHMAX MaTepialiB 3

nigBueHUMHU Qi3UKO-MeXaHIYHUMU XapaKTepUCTUKAMU
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Pedepar:

1. Incepranifina po60Ta IPUCBSIYEHA BUPIIIEHHIO aKTyaJIbHOI IPO6JIeMH, @ caMe PO3POOJIEHHIO Ta JOCIiIKEHHIO
TEXHOJIOTIYHUX [TapaMeTPiB BUTOTOBJIEHHS lapyBaTx Komno3uuinHux matepianis Ti(Ti-TiB)/Al 3 nigpuimennmu
(pizuko-mMexaHIYHMMU XapaKTepUCTUKaMU piakoda3zHuM MeTooM. [IpefcTaBieHo TEXHOJIOTiYHI OCHOBU
BUTOTOBJIEHHS mapyBaTux Ti/Al KOMNO3ULIHUX MaTepiasiB pigkodasHUM (POPMYBaHHSIM 3 BUKOPUCTaHHSIM
¢dirocy eBTekTuHOrO crnaBy KF-AIF3, mo 3a6e3neuye piBHOMipHE MPOCOYEHHS A/IIOMiHIEBOTO pO3IIIaBy Mixk
IJIACTUHAMU Ha OCHOBI TUTaHy. BCTaHOBJIEHO, 110 HA TPaHULIi PO3NOAINY MK TBEpIUM TUTaHOM Mapku BT1-0 ta
piaKuM amoMiHieM yTBOPIOETHCS NepeXigHUI 1ap, TOBLIMHA SIKOTO 3aIMIIAEThCS CTabiIbHOIO 32 TEMIIEPATYP
posmaBy Biz 700 no 800 °C, mupuHU 3a30py MK TATAHOBUMU T1acTiuHamu Bif 0,5 1o 1,5 MM Ta yacy
BuTpumyBaHHs 900 c. 3a ¢pa30BUM CKJIQOM NEPEXiHNMI AP BiANOBiAae TBEPAUM PO3YMHAM TUTAHY B aJOMiHIi Ta
JIOMiHiIO B TUTaHi. BU3Ha4YeHO, 0 MiHIMaJIbHOTO Yacy BUTPUMYBAHHS JOCTATHBO JJIs1 B3a€MO/Iii TUTAHY Ta
aJIIOMiHil0. YTBOPEHHS PiBHOMIDHOTO I€PEXiHOrO mWapy 3abe3rnedye BUTPMMYBAaHHS Y PO3IJIABI ITiCsIsl IPOCOYEHHS
npotsarom 300 c. 36iybIeHHs IMPUHYU 3a30py MK TUTAHOBUMMU IyIacTUHaMH Bif, 0,5 1o 1,5 MM IIpU3BOAUTE 1O
30i/IbLIIEHHS MBUIKOCTI MifioMy po3IlyiaBy MK HUMM Bif, 1,6+0,12 1o 2,9+0,20 MM /c. ToBmuHa yTBOPEHOTO
IIePEexiJIHOro 1apy 3aIUIIAEThCS CTabIIBHOIO /1J1s1 BCIX JOCII)KEHNUX 3HaU€Hb MIYPUHU 3a30PYy MK IIJJaCTUHAMU Ha
OCHOBIi TUTaHy y cuctemax BT1-0/Al, BT6 /Al i Ti-TiB /Al ta y cepennbomMy cknanae 2,8, 3,8-4,2 i 6,3-6,5 MKM
BiAnoBinHO. [I0TOBIIEHH APy 3a YMOBY 3MiHU BUXiJHUX IJIACTUH OOyMOBJIEHE iX XIMIiYHUM CKJIa[IOM Ta
CTPYKTYpOI0. [IJ1s1 OCTiI>KeHUX CUCTeM IIPeJiCTaB/IeHO MexaHi3Mu MbkdasHoi B3aeMoii MiX TBEpAUM TUTAaHOM abo
J10ro CIJIaBOM Ta PiJKUM aJIIOMiHieM. 3a PEJCTaB/IEHUMU Y IUCEPTALi}iHi pOOOTI TEXHOJIOTIYHUMU [TapaMETPaMu
OTPUMAHO HE JIMIIE TPUIIAPOBI, a i1 I ATU- Ta ceMULapoBi maTepianu cuctem BT1-0 /Al Ta BT6 /Al. 36ibieHHs
KiJIbKOCTI apiB y MaTepiajli He IPU3BOAUTD A0 3MiHU MIKPOCTPYKTYPU 30HU B3aeMOJIii. Y pe3ysbTaTi IPOBENEHUX
IOCJiI)KeHb HAa TPbOXTOUYKOBUI 3TMH BCTAHOBJIEHO, 1110 TPUIIAPOBi KOMNIO3ULiNHI MaTepianu cuctemu BT1-0 /Al He
py¥iHy0ThCA. [1if yac QOCATHEHHS KyTa BUTMHY 3Pa3KiB y Aianasoni 130-120° Ha rpaHulli po3nominy BigOyBaeTbCs
YTBOPEHHSI TPIlllMH, MaKCUMAaJIbHUM PO3MipoM 10 20 MKM, SIKi HE IPU3BOIATE 4O PO3IIAPOBYBAHHS Ta
BiZIOKPEMJIEHHSI TUTAHOBUX IJIACTHH Bijl ayoMiHieBoro mapy. I1if yac BUIpoGyBaHb Ha PO3TAT TPU- Ta IT ATUIIAPOBI
marepianu cucremu BT1-0 /Al 1eMOHCTPYIOTH IIJIAaCTUYHY MOBEJIiHKY, @ MAKCMMaJlbHi 3HaYE€HHS MilJHOCTi
IOCATaIOTHCS 32 YMOBU MiHiMabpHOI mupuHu 3a30py 0,5 MM i csaraiots 305+16 MIla 3a gedopmanii 32,1+3,0 %.
Tpumaposi komnozutu cucremu BT6 /Al neMOHCTPYIOTh aHAJIOTIYHY TIOBEiHKY IIiJl Yac BUIIPOOyBaHb, a
MakcHMaJlbHa MilHICTb Ha po3Tsr ckianae 602+15 MIla 3a nedpopmatiii 15,3+2,4 %. Ha Bigminy Biz nonepenHix,
marepianu cuctemu Ti-TiB /Al BeMOHCTPYIOTh KDUXKY NIOBEIHKY IIiJ 4ac pylHyBaHHs. MIllHICTb Ha PO3TAT
TPUILIAPOBOrO MaTepiasy 32 yMOBU IIMPUHU 3a30Py MiXK IJIaCTUHAMHU 1,5 MM y cepeJHbOMY CTaHOBUTD 479+18 MIIa,
a gedopmauis - 14,96+1,7 %. ExcriepruMeHTaIbHO BCTAHOBJIEHO, 1110 BEJIMYMHA MIiLJHOCTI Ha pPO3TAT lapyBaTUX
KOMIIO3ULiTHMX MaTepiaiB 3a10BiJIbHO y3rOIPKy€ETbCS 31 3HAYEHHSIMM, PO3PaXx0OBaHUMU 32 IIPABUJIOM CyMilllel,
BPAxOBYIOYM 06 €MHY YaCTKY, KiJIbKICTb Ta (pi3UKO-MeXaHiYHi BIACTUBOCTI TUTAHOBUX i aIOMIHIEBUX 1IAPIB, 1110
I03BOJISIE€ TPOTHO3YBATU MEXaHiuHi BiacTUBOCTI mapysatux Ti /Al komio3utis. BcTaHOB/IEHO, 1O Y pe3yJIbTarTi
IIPOKaTyBaHHS y aTMocdepi [oBiTpst 6€3 [onepeHbOro HarpiBaHHA pigkogasHo cpopMoOBaHi TpUILIAPOBi MaTepianu
cucremu BT1-0 /Al 36epiratoTs LisiCHICTb rpaHuLi po3noginy. CTyniHb OOTUCKAHHS 00pO6JIEHUX TUCKOM MaTepiasiB
cknagas Bix 0,27 no 0,45. [lepexinHuil map, yTBOPEHUH y Pe3yJbTaTi B3aeMOii BUXiTHUX METaliB, PParMeHTy€EThCS
Ta [IEPEXOJUTh Y allOMiHiEBY YaCTUHY. MIlHICTb IpOKaTaHUX KOMIIO3UTIB IIPOTU BUXiIHUX 36inblyeTbes 1o 401-491
MIIa 3a1e>XHO Bifi IIMPUHY 3a30PYy Ta CTYIIEHs! OOTUCKAHHS. AHI30TPOIiS MILTHOCTI Ha PO3TAT Y AOCJiIKEHNX
MaTtepiajiax MpakKTU4YHO He MPOSBIILETLC | HE 3aJIEXKUTD Bifl HAIIPSAMKY PO3TATY LOCIIAKYBaHUX 3Pa3KiB BiTHOCHO
HaIpPsIMKY IIPOKATyBaHHS. Y pe3yJbTati IPOKaTyBaHHS TPULIAPOBUX KOMIIO3ULHKX MaTepiasiB cuctemu Ti-TiB /Al
y BaKyyMi 3 riornepenHim HarpiBaHHsIM 0yJI0 NOCSITHYTO MaKCUMAaJIbHOTO CTYIEeHs 00TucKaHHA 0,36. 36inbleHHs
TeMIIEpPaTypH NPOKATyBaHHS KOMIIO3UTY TPU3BOJIUTH 0 MOTOBLIEHHS] YTBOPEHOTO HA FPAHNULI PO3IOAITY

nepexigHoro mapy. MilHicTe MaTepiany 3i cTyneHeM o6TrckanHs 0,2 y cepeHbOMy ckiazae 725+20 MIla, a



nyactTudHa nedpopmanis - 0,98+0,12 %, o BKasye Ha 36i1bIIE€HHS MILIHOCTI T2 3MEHIIEHHS NIJIACTUYHOCTI Y
MOPIiBHSIHHI 3 BUXiTHUM HENPOKaTaHUM MaTepiasioM. 3a moromoroio rpadikiB Embi mokasaHo, mo 3a TMTOMUMU
MeXaHI{YHMMMU xapaKTepucTukamu mapysati Ti/Al KoMNo3uTH, OTpUMaHi pigkodasHUM (POpMyBaHHSIM

[IePEBUIIYIOTH BiOMi TUTaHOBI Ta allOMiHi€Bi CIIJIaBU.

2. The dissertation work is devoted to the solution of an actual problem, namely the development and research of
technological parameters for the manufacturing of layered Ti(Ti-TiB) /Al composite materials with increased
physical and mechanical characteristics by the liquid-phase method. The technological bases of layered Ti/Al
composite materials liquid-phase manufacturing are presented. Using the KF-AIF3 eutectic alloy flux ensures
uniform impregnation of the aluminum melt between the titanium based plates. It was established that transition
layer at the interface between solid titanium grade VT1-0 and liquid aluminum is formed. Thickness of transition
layer remains stable at melt temperatures from 700 to 800 °C, the width of the gap between the titanium plates
from 0,5 to 1,5 mm, and holding time 900 s. The phase composition of the transition layer corresponds to solid
solutions of titanium in aluminum and aluminum in titanium. It was determined that the minimum holding time is
sufficient for the interaction of titanium and aluminum. 300 seconds holding in the melt after infiltration ensures
formation of a uniform transition layer. An increase of the width of the gap between the titanium plates from 0,5 to
1,5 mm leads to rising of melt lifting speed between them from 1,6+0,12 to 2,9+0,20 mm//s. The thickness of the
formed transition layer remains stable for all investigated values of the width of the gap between the titanium-
based plates in VT1-0 /Al, VT6 /Al, and Ti-TiB /Al systems, and on average, is 2,8, 3,8-4,2 and 6,3-6,5 um,
respectively. The layer thickening as a result of changing the original plates is due to their chemical composition
and structure. Mechanisms of interphase interaction between solid titanium or its alloy and liquid aluminum are
presented for the studied systems. According to the presented in the dissertation technological parameters, not
only three-layer but also five- and seven-layer materials of the VT1-0/Al and VT6 /Al systems were manufactured.
An increasing in the number of layers in the material does not lead to a change in the microstructure of the
interaction zone. As a result of the three-point bending test, it was found that the three-layer composite materials
of the VT1-0/Al system don't destroy. When the bending angle of the samples in the range of 130-120 ° is reached,
cracks with a maximum size of up to 20 um are formed at the interface. It doesn’t lead to delamination and
separation of the titanium plates from the aluminum layer. During tensile tests, the three- and five-layer materials
of the VT1-0/Al system demonstrate plastic behavior. Maximum strength values were achieved with a minimum
width of the gap of 0,5 mm and reached 305+16 MPa at a total strain of 32,1+3,0 %. Three-layer composites of the
VT6 /Al system demonstrate similar behavior during tests. The maximum tensile strength is 602+15 MPa with a
total strain of 15,3+2,4%. Unlike the previous ones, materials of the Ti-TiB /Al system demonstrate brittle behavior
during destruction. The tensile strength of the three-layer material with the width of the gap between plates of 1,5
mm, is 479+18 MPa on average, and the deformation is 14,96+1,7 %. It was experimentally established that the value
of the tensile strength of layered composite materials satisfactorily agrees with the values calculated by the rule of
mixtures, taking into account the volume fraction, number, physical and mechanical properties of titanium and
aluminum layers. It makes it possible to predict the mechanical properties of layered Ti/Al composites. As a result
of rolling in an air atmosphere without preheating, the liquid-phase formed three-layer materials of the VT1-0 /Al
system retain the integrity of the interface. Materials with a reduction ratio of 0,27-0,45 were obtained by plastic
deformation. The transition layer, formed as a result of the interaction of the original metals, fragments and passes
into the aluminum layer. The strength of the rolled composites increases to 401-491 MPa compared to the original
ones. Anisotropy of tensile strength in the studied materials is practically not occur and doesn't depend on the
direction of tension of the studied samples relative to the direction of rolling. As a result of three-layer composite
materials of the Ti-TiB /Al system vacuum rolling with preheating, a maximum reduction ratio of 0.36 was
achieved. Increasing of the composite rolling temperature leads to a thickening of the transition layer, which
formed at the interface. The strength of the material with a reduction ratio of 0,2 is on average 725+20 MPa, and
the plastic deformation is 0,98+0,12%. It indicates an increase in strength and a decrease in plasticity compared to
the original material. Ashby graphs showed that in terms of specific mechanical characteristics, the layered Ti/Al
composites manufactured by liquid-phase method exceed the known titanium and aluminum alloys.
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