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CTPYKTYPA M CBOMCTBA MHOI'OKOMIIOHEHTHLIX CIIJIABOB
TUTAHA, CHHTE3MPOBAHHBIX HMMIIYJIbCHbIMHN IIJIASMEHHbBIM
BO3JJEMCTBHUEM

Lenb paboTel — M3yunTh BIMSIHUE MJIa3MEHHOTO BO3JEUCTBUS Ha (OPMUPOBAHUE
MOKPBITUSL W3 JIETUPYIOIIUX HJIEMEHTOB, TaKUX KaK IUPKOHUW W HUOOUHU, Ha
noasioxkke TutaHa. [IpoBecTu uccinenoBanue (HhazoBOro cocraBa CIljlaBa Ha OCHOBE
TUTaHa C JieTupylomuMu »iemeHtamu. [IpoBectu wuccnenoBanue (HU3MKO-
MEXaHWYECKUX CBOWCTB JAHHOTO CIUlaBa. YCTAaHOBUTh 3aKOHOMEPHOCTHU
u3MeHeHus: (pa3oBoro cocraBa M (U3MKO-MEXaHWUYECKUX CBOWMCTB CIIaBa MOCIE
M30TEPMUUYECKOTO OTXHUra. MeTOJbl HCCIENOBAHUS — PEHTICHOCTPYKTYPHBIN
aHajau3, TEOPETUUYECKUE pacyeThl MapamMeTpoB PEUIETKH, U3MEPEHHUE TBEPOCTHU
MetonoM Bukkepca. B xole mMpoBeNEHHOTO 3KCIEPUMEHTA ObUIM YCTAHOBIICHBI
OCOOCHHOCTU  CTPYKTYpHBIX  TmpeBpamenuit B cmiaBe Ti-Zr-Nb  npu
M30TepMUUECKOM OoTxure npu temneparype 600C B TeueHun 8 4acoB, BBISIBICHO
BJIMSIHUE JIETUPYIOIIUX AJIEMEHTOB Ha U3MeHeHue (a30BOro cocraBa. M3meHneHus,
npousonieAmuue B (Pa3oBOM COCTaBE HE JIETUPOBAHHOTO THUTAaHA, MOKA3bIBAIOT
oOpazoBanue (asbl okcuna turana Ti0, moaudukanuu pytui. [lociae HaneceHus
JETUPYIOMINX 3JIEMEHTOB Ha TUTaH U oOpabotkoii KIIII, moBepXHOCTHBIN Ciol
ObL1 XOpoiio nepemenieH. Tak kak sHeprus oopadotku KIIIT BapbupoBanach oT
30-45 JIx/cM® 3TO CIOCOGCTBYET O0OPA3OBAHHIO IOBEPXHOCTEH C Pa3IHUHON
KOHIICHTpAIMi JITUPYIOMKUX 3JeMeHTOB. B (a3zoBoM coctaBe o0pasioB mocie
BosneiictBus KIIII ob6pasyrorcs ¢aszel o-Ti1 u B-Ti. daza B-Ti obpazyercss B
o6pastax ¢ sHepruii o6padorku 35-30 x/cm”. Tak kak 00pabOTKa IPOMCXOLMIA
B aTtMoc(depe azora mpoucxoauT obOpazoBanue HuTpumHou ¢(asel TiN y Bcex
oOpasioB. Co BpeMeHEM OTKWra Mpoucxoaut odOpaszoBaHue (aszbl Nb u pacnan
¢a3er HuTpuaa tutaHa TiN. Pacnmag ¢aza TiN 3aBUCHT OT KOHIIEHTpalUu
JETUPYIOMINX JJIEMEHTOB, YE€M HUX KOHIICHTpAIUsl MEHbIIE, TeM ObICTpee
pacnianaercst ¢aza. Ha BceM NMpOTSHKEHUM OTXKUTA HE NPOUCXOAUT POPMHUPOBAHUS
OKCUJHBIX (pa3 ThuTaHa. TBepAocTh 00pa3noB ciaBa Ti-Zr-Nb yBenuuuBaeTcst co
BpEMEHEM OTXkura. 3a UcKiItoueHueMm obpasua, oopadoranHoro KIIII ¢ sueprueit
45 Jx/cM®, y maHHOTO oOpasia TBEpAOCTb YBEIHUHBACTCS MOCIE MEPBOTO daca
OT)KHMra, a TMOocle MajaeT Ha TMPOTSHKEHUM BCEro BPEMEHU OTXura. bbuio
YCTAHOBJICHO YTO [Jisi TOBBIIICHUS] CTOMKOCTH K OKHUCJICHUIO PEKOMEH]IOBAHO
OCYIIECTBUThH €r0 JETMPOBAHUE aTOMAMHU U3 TPYyMIbl -CTa0UIN3aTOPOB, TAKUMU
KaK [IUPKOHHUI U HUOOUH.
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CTPYKTYPA 1 VJIACHLIBACLI HIIMATKAMITAHEHTHBIX CJIABAY
TBITAHA, CIHTO3ABAHLIX IMITYJIbCHBIMI IINTASMEHHBIM Y3/13EAM

Mbra mpansl - BeIBYYBIIb YIUIBIY IUIa3MEHHAra Y3a3esiHHS Ha (apmipaBaHHE
MAaKPBILLS 3 JETYIOUbIX 3JIEMEHTAY, TaKiX K IBIPKOHIN 1 HIEO1, HA MaaKIaAIlbI
ThiTaHa. llpaBecui nacnenaBaHHe (a3aBara CKiajay CIUIaBYy Ha aCHOBE ThITaHa 3
neripyrousiMi  3neMeHTami.  [IpaBecui  nmacinenaBaHHe — (i3ika-MeXaHIYHBIX
ylaciiBaciiell Jaja3eHara CIuiaBy. YCTaHaBillb 3aKaHaMepHacll 3MeHbl (ha3zaBara
ckiaay 1 ¢i3ika-MeXaHIYHBIX YJAcLiBacUAy CIUIaBY Macis 13aT3pMivHara ajmnaiy.
Mertanbl nacienaBaHHs - PIHTIEHACTPYKTYPHBI aHali3, TIAPATHIUYHBIA Pa3IliKi
napaMmeTrpay paiioTki, BbIMApIHHE MBEpAacul Meranam Bikkepca. Y xoxaze
IpaBeA3eHara -HKCIEPhIMEHTY ObUIl YCTaHOYJEHbl acaliiBacli CTPYKTYPHBIX
nepaTBapsHHSY y cruiaBe Ti-Zr-Nb mpsl 13aT3pMiuHbIM ajnaine Opbl TAMIEPATYpPbl
600°C na mpausary 8 raj3iH, BBISYJIEHBl VIUIBIY JIETIPYIOYBIX 3JEMEHTay Ha
3MsiHeHHE (hpa3aBara cCkJaay. 3MEHbI, siKis anObuticss ¥V (a3aBbiM CKIaa3e He
JeripaBaHblX ThITaHA, I[1aKa3BalOLb aJyKanello ¢a3bl akciny TeiTaHa Ti0,
MaaplQikanpil pyuur. [lacns HaHACEHHsS SKis JIETYIOLb 3JIEMEHTay Ha ThITaH 1
anpanoykait KIIII, naBspxoyHsl miuact Obly 100pa mnepamenianbl. bo sHepris
arpanoyki  KIIII Bap'ipaBamacs am 30-45 I[)K/CM2 r3Ta CIHpbIsie  aayKailbli
MaBepXHAY 3 PpO3HAM KaHLPHTPALBIAN JieraBalbHBIX AJieMeHTay. Y (a3aBbIM
cknanze yzopay nacius y3azesnas KIIIT yreapatora ¢aser o-Ti 1 B-Ti. ®aza B-Ti
yTBapaela Ba Yy30pax 3 SHEprisii ampamoyki 35-30 hx/cm®. Bo ampamoyka
anoObiBanacs ¥ armacdepsl a30Ty aa0bIBaella aayKaibisd HiTpbigHal ¢a3el TiN Ba
ycix y3opay. 3 dacam aanany anoObiBaema amykanwis (a3l Nb 1 pacmaa dassl
HiTpeiny ThiTaHa TiIN. Pacmag ¢aza TiN 3amexsls aj KaHIPHTpALbl SKIs
JEryIOllb AJIEMEHTAY, YbIM 1X KaHIPHTpaLbIi MEHII, ThIM XYTudi pacmajaeiia
¢daza. Ha ycim mpausary aanany He anObiBaenia (apMaBaHHI akCiIHbIX (a3
teiTaHa. lBépnacup y3opay crutaBa Ti-Zr-Nb maBsuiiyBaelniia 3 yacam ajmnany. 3a
BBIKITIOUYHHEM y30py, ampauasanara KIIIT 3 smeprisii 45 Jhx/cM’, y DagseHara
V30py uBEpaacib MapsuliyBaelllla macis mepiiai raj3iHel ajanainy, a macis majaae
Ha mpansary ycsro yacy aamnany. beuto ycraHoyieHa, IITO JJIsi HaBBIIIDHHS
ycToilniBaciii Ja akiCJIeHHs pIKaMeH/laBaHa aXXbILISIBILb ST0 JeraBaHHE aTaMami 3
rpynsl B-ctabinizaTapay, TakiMi sSIK LBIPKOHIM 1 HIEO1S.
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STRUCTURE AND PROPERTIES OF MULTICOMPONENT TITANIUM
ALLOYS SYNTHESIS BY PULSED PLASMA EXPOSURE

The purpose of the work is to study the effect of plasma exposure on the formation
of a coating of alloying elements, such as zirconium and niobium, on a titanium
substrate. Conduct a study of the phase composition of an alloy based on titanium
with alloying elements. Conduct a study of the physical and mechanical properties
of this alloy. Establish patterns of changes in the phase composition and physical
and mechanical properties of the alloy after isothermal annealing. Research
methods - X-ray diffraction analysis, theoretical calculations of lattice parameters,
hardness measurement by the Vickers method. In the course of the experiment, the
features of structural transformations in the Ti-Zr-Nb alloy during isothermal
annealing at a temperature of 600 °C for 8 hours were established, and the
influence of alloying elements on the change in the phase composition was
revealed. Changes in the phase composition of unalloyed titanium show the
formation of the titanium oxide TiO, phase of the rutile modification. After
deposition of alloying elements on titanium and CPF processing, the surface layer
was well mixed. Since the CPF processing energy varied from 30-45 J/cm?, this
contributes to the formation of surfaces with different concentrations of alloying
elements. The a-Ti and B-Ti phases are formed in the phase composition of the
samples after exposure to CPF. The B-Ti phase is formed in samples with treatment
energies of 35-30 J/cm’. Since the treatment took place in a nitrogen atmosphere,
the formation of the TiN nitride phase occurs in all samples. With the annealing
time, the formation of the Nb phase and the decomposition of the titanium nitride
TiN phase occur. The decomposition of the TiN phase depends on the
concentration of alloying elements, the lower their concentration, the faster the
phase decomposes. Throughout the annealing, the formation of titanium oxide
phases does not occur. The hardness of the Ti-Zr-Nb alloy samples increases with
the annealing time. With the exception of the sample treated with CPF with an
energy of 45 J/em’, the hardness of this sample increases after the first hour of
annealing, and then decreases throughout the entire annealing time. It was found
that in order to increase the resistance to oxidation, it is recommended to dope it
with atoms from the group of B-stabilizers, such as zirconium and niobium.



