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PE®EPAT

Junnomuas pabota: 41 c., 24 puc., 2 Tabi., 24 UCTOYHHUKA.

Kirouesbie ciaoa: TUTAH, XPOM, MEJ/lb, KOMIIPECCUOHHBLIE
ITJTASMEHHBIE TIOTOKH, TBEPJIbII PACTBOPBI, OTXKUT .

O0bekT Hccieq0BaHusl: TUTaH C HaHECEHHBIMU MOKphITUAMU Cr, Cr-Cu,
MO (ULIMPOBAHHBIN KOMITPECCUOHHBIMHU 1a3MeHHbIMH ntoTokaMu (KIIIT), mocne
oToxk€HHBIN pu 600°C.

IIpeaMer ucciaenoBaHMs: CTPYKTYPHO-(Da30BOE€ COCTOSIHHE THUTaHA, MOJIH-
(GUIIUPOBAHHOTO KOMIIPECCUOHHBIMU TIJIA3MEHHBIMHU TTOTOKAMHU.

Hean ucciaenoBanus: GopMupoBaHUE W U3yUYCHHUE CTPYKTYPHO-(HAa30BOTO
coctostans ciaBoB Ti-Cr u Ti-Cr-Cu mociie OT)KHTOB.

IHonyyeHHbIe pe3yJabTaThbl: B PE3YyJbTaTe BO3JACHCTBUSI KOMIIPECCUOHHBIX
II1a3MeHHBIX ToToK0B Q=25 J[x/cM” b1t copmuposansi crutassl Ti-Cr u Ti-Cr-
Cu, KOTOpBIE SIBISIOTCS PE3YJIHTATOM ILJIABJICHUSI TOBEPXHOCTHOTO CJIOS TUTAaHA U
COOTBETCTBYIOIIMX MOKPBITHH, MPeBAPUTEIHLHO HAHECEHHBIX MIPHU MOMOIIU BaKy-
YMHO-JTyTOBOT'O OCQKJICHHUS.

CornacHo pe3ynbTaTaM peHTT€HOCTPYKTYPHOTO aHajau3a, 00pa3yroTcst TBEP-
nwie pactBopbl o-Ti(Cr) u a-Ti(Cr,Cu). B crutaBe Ti-Cr nocne BosneiictBus KIIIT
crabunusupoBanachk -pasza turana. Habmogaercs oOpazoBanue pytuna TiO, u
HuTpUaHOU (hasel TiN.

[To pe3ynbraTaM TPUOOJOTMYECKUX HCCIEAOBAHUN IMOCIE OKUCIEHUS IO-
BepxHocTH npu 600°C xoapdurment tpenus: causuics s crasa Ti-Cr ¢ 0,55
10 0,2 u g ciwtasa Ti-Cr-Cu ¢ 0,8 1o 0,17.

Bo3znelicTBue MOHHO-TUIA3MEHHBIX MOTOKOB M TAJIbHEHIIINE OT)KUTH TPUBEIU
K YBEJIMYECHUIO MUKPOTBEPAOCTH MOBEPXHOCTHOTO ciost 1o § ['Tla.

IIpakTHyeckoe nmpuMeHeHMe: 00JIACTb PATUALMOHHOTO MaTepHUaIoBee-
HUS, CBSI3aHHAsA C MOBBILICHUEM KOPPO3UMHOW U 3PO3UUHOM CTOMKOCTH JIOIATOK
TypOUWH U3 CIJIABOB TUTaHA MPU BHICOKUX TEMIIEpaTypax.



PODEPAT

Heimuiomuas pana: 41 c., 24 wman., 2 T1abn.,, 24 KpPBIHIIEI

Kawuaseia caoBbl: TBITAH, XPOM, ME/I3b, KAMITPACCIMHHbBISI
ITJIASMEHHBIS ITATOKI, LIBEPJIBIS PACTBOPEI, AJITTAJL.

AO'eKT aacjenaBaHHsi: ThITaH 3 HaHeceHbIMI makpsIpsMi Cr, Cr-Cu, ma-
nbIhiKaBaHbIsl KaMIPACCIMHHBIMI Tu1azMeHHbIMI naTokami (KIIIT), macns amgnase-
HbIs1 npbl 600°C.

IIpagMer pacienaBaHHs: CTPYKTypHa-(ha3aBbl CTaH ThITaHa, Majabl(iKkaBa-
Hara KaMIpACCIHHHBIMI TUTa3MEHHBIMI TTAaTOKaMI.

pab naciaenaBanHs:-papMipaBaHHE 1 AacieaBaHHE CTPYKTypHa-(a3aBara
ctany cruasay Ti-Cr 1 Ti-Cr-Cu nacns annanay.

ATpbIMaHbIA BbIHIKI: Y BBIHIKY V3/3€SIHHS KaMIPICCIHHHBIX TJIa3MEHHBIX
natokay Q = 25 Jx/cm® 6buni cdapmaBassis crurasl Ti-Cr i Ti-Cr-Cu, sikist
3'SyNAIoa BbIHIKAM IUTAYJICHHS MaBsipXOyHara IulacTa ThITaHa 1 aJlaBeIHbIX
NAKPBIIY, Mansp3/JHe HAHECEHBIX MpPHI JlallaM03€ BaKyyMHa-IyraBora acajkiH-
HSL.

3rogHa 3 BBIHIKAMI PIHTTEHACTPYKTYpHara aHaiizy, yTBaparola UBEPIbIs
pactBopsl Ti(Cr) 1 T1 (Cr,Cu). Hazipaeria yrBapaHHe akcigHal 1 HITpbIIHAN (ha3bl
Ti0, 1 TiN.

[TaBomyie BBIHIKAY PAHTTCHACTPYKTYpHAra aHaii3dy, yTBaparoiia IBEpPIbIs
pactBopbl a-Ti(Cr) 1 a-Ti (Cr,Cu). ¥V crmaBe Ti-Cr macns y3azesuns KIIII
crabinmizaBanacs B-dasa TeiTana. Hazipaeuua yrBapsnne pytuia TiO2 1 HITpblIHAN
¢a3zbr TiN.

[1a BeIHIKAX TpHIOANATTYHBIX JAciIeJaBaHHY Macisl aKiCICHHS MaBEPXHI MPbI
600°C kardinpieHT TpIHHS 3HI31ycs ns cruaBy Ti-Cr 3 0,55 na 0,2 1 it criaBy
T1-Cr-Cu 3 0,8 na 0,17. ?3ﬂ3eﬂHHe 1€HHA-TIJIA3MEHHBIX TIATOKAY 1 JaJICUINbI ajra-
JIBI PBIBSUTL J1a MTaBEIYIHHS MiKpalBEpaaciii naBspxoyHara miacrta aa 8 I'Tla.

IIpakThiyHae mnpbIMSIHEHHe: BOOJIaclb pajbldllbliHAara MaT3phlsiias-
HayCTBa, 3BA3aHasl 3 MaBBIIIPHHEM KapasiiiHail 1 spasiiiHall CToMKacIl JamaTak
TypOIHBI 3 CIJIaBay ThITaHA MPbI BEICOKIX TAMIIEPATypaX.



ABSTRACT

Degree paper: 41 p., 24 ill., 2 tab., 24 sources.

Key words: TITANIUM, CHROMIUM, COPPER, COMPRESSION
PLASMA FLOWS, SOLID SOLUTIONS, ANNEALING.

Object of research is titanium coated with Cr, Cr-Cu, modified by com-
pression plasma flows (CPF), and then annealed at 600 °C.

The subject of research is the structural and phase state of titanium modi-
fied by compression plasma flow.

The purpose of the work is to form and study the structural and phase state
of Ti-Cr and Ti-Cr-Cu alloys after annealing.

Obtained results. The action of compression plasma flows with Q = 25
J/em” allowed to form Ti-Cr and Ti-Cr-Cu alloys as a result of melting of the sur-
face layer of titanium and the corresponding coatings previously deposited using
vacuum-arc method.

According to the results of X-ray diffraction analysis, solid solutions of a-
Ti(Cr) and a-Ti(Cr,Cu) are formed. In the Ti-Cr alloy, the B-phase of titanium sta-
bilized after exposure to the CPF. The formation of rutile TiO, and the nitride
phase TiN is observed.

According to the results of tribological studies after surface oxidation at
600 °The coefficient of friction decreased for the Ti-Cr alloy from 0.55 to 0.2 and
for the Ti-Cr-Cu alloy from 0.8 to 0.17. Exposure to ion plasma fluxes and further
annealing led to an increase in the microhardness of the surface layer to 8 GPa.

Practical application is the field of radiation materials science related to in-
creasing the corrosion and erosion resistance of turbine blades made of titanium
alloys at high temperatures.



