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NHUIHHNNPOBAHHOE BBICOKOOHEPI'ETUYECKUMU METOJAMU ®OPMHUPOBAHUE
CUJIMIIAI0B U KAPBUJIOB B IOBEPXHOCTHOM CJIOE TUTAHA'

BrinosHen aHanu3 OBOHHBIX M TPOWHON nuarpamm (ha30BBIX COCTOSIHUH M BBISBIEHA BO3MOXHOCTh 00pa3oBaHMA
MIMPOKOTO CIEKTpa METACTaOMIIBHBIX COEMHEHUH, Peaau3yloluXcsl B Pe3yNbTaTe CO3JaHUs HEPAaBHOBECHBIX YCIOBHH
npu 00paboTKe MaTepuaia KOHIEHTPUPOBAHHBIMH ITOTOKAaMH SHEpPruu. MeTojaMu peHTTeHOCTPYKTypHOTO aHalHu3a M
SNEKTPOHHON TU(PPAKIIMOHHON MHKPOCKONHMHM BBIOIHEHB! HCCIENOBaHUS (Da30BOTO COCTaBa IMOBEPXHOCTHOTO CIIOS
TexHH4IecKH gucToro tutana BT1-0, mogseprayroro 06paboTke KOHIEHTPUPOBAHHBIMH ITOTOKAaMH SHEpruu (00irydeHue
IUIa3MOM 3JIEKTPUYECKOrO B3pbIBA IIPOBOJAILEIO MaTepuala M BBHICOKOUHTCHCHBHBIM HMITYJIBCHBIM 3JICKTPOHHBIM
IY4YKOM) U BBISIBJICHO (POPMHPOBAHHE YACTHI] CHIIMLIUIOB ¥ KapOUIOB THTaHA HAHO- U CyOMHKPOHHOTO pa3Mepa.

Knrwoueswvie cnosa: muman, cunuyudvl u kapoudvl mumand, OUAZPAMMA COCMOAHUL, BbICOKOIHEpeemuyecKue mMemoobvl
6030¢€licmeust, CmpyKmypa, C0Ucmad.

BBenenue

HenocraTkamy TUTaHa U €ro CIJIaBOB, CYLIECTBEHHO CYXAOLIMMHU chepy MPOMBIIUIEHHOTO MIpUMe-
HEHHUS JaHHBIX NEPCIEKTUBHBIX MATEPUAIOB, SIBJISIOTCS CPABHUTEJIBHO HU3KAas JKapONPOYHOCTh, OTHOCHU-
TEJILHO HEBBICOKUI MOIYJb YIPYTOCTH, HU3KHE TprOoIormdeckne cBoUCTBa [1]. D peKTHBHBIM CIIOCO-
0OM yJy4YIlIeHUs! JaHHBIX CIYKeOHBIX XapaKTEPUCTHUK SBIISAETCS OBEPXHOCTHOE JIETUPOBAHUE, IIPH KOTO-
POM CHeLualbHble CBOMCTBA ITOBEPXHOCTH JOCTUIAIOTCS CIUIOUIHBIM MJIM JIOKAJIbHBIM (POPMUPOBAHUEM
Ha Hell CpaBHUTENBHO TOHKUX JIETHPOBAHHBIX CJIOEB, CBOMCTBA KOTOPBIX COOTBETCTBYIOT IKCILTyaTalld-
OHHBIM TpeOoBaHuAM [2]. IlepcrieKTUBHBIM HampaBlIeHUEM Pa3BHTHS METOJAA MOBEPXHOCTHOTO JIETHPO-
BaHMS SIBJISETCS HCIOJB30BAHUE B KA4eCTBE MOAM(UIMPYIOMIEr0 MHCTPYMEHTa KOHLEHTPHUPOBAHHBIX
IIOTOKOB 3HEPruM (MOIIHbIE HOHHBIC U IEKTPOHHBIE IIyUYKH, TOTOKH IJIa3Mbl, Jy4H ja3epa H T.X.), HO-
3BOJIAIOIMX (POPMUPOBATh B MOBEPXHOCTHBIX CIIOSIX METAJIOB M CIUIABOB MHOTOYPOBHEBBIE MHOTO(a3-
HbIE HEPAaBHOBECHBIE CTPYKTYPBI, 00J1alatoIne MOBBIIICHHONH CIOCOOHOCTBIO K PEIaKcaliy YIpyrux Ha-
MIPSHKCHUH TTPU BBICOKUX (DU3UYECKUX M MMPOYHOCTHRIX CBOWCTBAX [3].

Lenp paboThl — aHAMU3 0COOCHHOCTEH M 3aKOHOMEpHOCTEH (POpMUpPOBaHUSI CTPYKTYPHI U CBOWCTB
TEXHUYECKH YMCTOr0 TUTAaHA, MOJBEPIHYTOr0 MOBEPXHOCTHOMY JIETHPOBAHHIO BBICOKORHEPTETUIECKUMHU
METOAAMH.

MartepuaJ ¥ METOAUKHU UCCIETOBAHUS

B kadecTBe Marepmayia MCCIIEIOBAaHUS HWCIOJB30BAM TEXHHYECKH YHUCTBHIA THUTaH Mapku BT1-0
(0.18Fe, 0.07C, 0.1Si, 0.04N, 0.120, 0.01H, ocransHoe Ti, Bec. %). CuHTe3 yacTHIl BTOpbIX (a3 B mo-
BEPXHOCTHOM CJIO€ TEXHHYECKH YMCTOrO TUTaHA OCYIIECTBISUIM CIECAYIOUIMMU MeToJdaMu. Bo-mepBbIX,
KOMOMHHPOBAaHHBIM METOJIOM, COYETAIOIINM JIETHPOBAHHE MOBEPXHOCTHOTO CJIOS (CIIOSI TONIIMHON 10
30 MKM) TUIA3MOH, (OPMHUPYIOIIEHCS MPH AJIEKTPUYECKOM B3phIBE yIIIerpaUTOBOrO BOJOKHA, HA TO-
BEPXHOCTb KOTOPOT0 HAHOCHJIM HAaBECKH MOPOIIKOB KapOuaa KpeMHHUs [2], ¥ IOMOIHUTEIbHOE 00Iyye-
HUE MOAM(PHUIIMPOBAHHOTO CJIOS BRICOKOMHTEHCHBHBIM HMITYJILCHBIM DIIEKTPOHHBIM ITydkoM [4]. Hemoc-
TATKOM METOJa SIBJSIeTCA HapyIIeHHe BaKyyMa IPH CMEHE METO/a BO3JeHcTBHA. BO-BTOPHIX, METOIOM,
UCTOJB3YIOMIKM ITUPOKHUE BO3ZMOKHOCTH 3JEKTPOHHO-ITY4IKOBOM ycTaHoBKU «COJIO», a uMeHHO, Ha TOo-
BepxHOCTh 00pasnoB BT1-0 HaHOCWINM TIEHKY KpeMHHUS TONMIMHOW ~ 1.0 MKM METOJOM pPacHbUICHHS
KPEMHUS ITy9KOM DJICKTPOHOB, TEHEPHPYEMBIM DJICKTPOHHO-ITYUK0OBO# ycTaHoBkoit «COJIO» [4]. [Tocme
OCaXKJICHHUsI KPEMHUEBOHN IIIEHKH 00pa3lbl ¢ TOMOLIBIO IIATOBOTO JIBUTATENs IepeMelland B 00JIacTb
BO3/ICHCTBHSI MMITYJBCHOTO 3JIEKTPOHHOTO MTy4YKa U 0OTy4aan B BEHICOKOMHTCHCUBHOM PEXHME, COOTBET-
CTBYIOIIIEM XUAKO()A3HOMY JIETHPOBAHUIO THTaHA aTOMaMU KpeMHUs. Takum o0pa3oM, JIeTUpOBaHUE TH-
TaHa KPEMHHEM OCYIIECTBIIUIOCH B €JMHOM BaKyyYMHOM ITHKJIIE TIO cxeMe TureHKa (Si)/momroxka (Ti).

! PaGora BeImonHeHa pH huHAHCOBOI momnepkke PODU, mpoekt Ne 13-08-98084-p_cubupsb_a, mpoektT MuHHCTEpCTBA 06pa-
30BaHus U HayKu Poccuiickoil @enepannu.
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Hccnenoanus $ha3oBoro cocraBa MOBEPXHOCTHBIX CIUIABOB MPOBOIMIM METOJAMH PEHTTEHOCTPYK-
TypHOTO aHanu3a (IOBepXHOCTh MoaupuiupoBanus, nudppakromerp XRD 6000). CTpykTypy, d1MeMeHT-
HBIN ¥ (a30BBIN COCTAB MOBEPXHOCTH OOIYUECHUS U IPUIIOBEPXHOCTHOTO CJIOS aHAJIM3UPOBAIM METOAAMU
ckanupytouierd (mpudop SEM-515 «Philips») u npocBeunBatomieil qudpakiMOHHON >JEKTPOHHOW MUK-
pockonuu (mpudop DM-125).

Pe3yabTaThl HCCIe0BAHUS U UX 00CYKIeHHUE

AHanu3 IUTEpaTyPHBIX HCTOYHUKOB IMOKA3bIBAET, YTO CHJIMLUABI MEPEXOJHBIX METAJUIOB MO KOM-
IIeKCY (PM3UKO-MEXaHUYECKUX CBOWCTB CIIEAyeT OTHOCHUTH K METAJUIMYECKHM COEIWHEHHUSIM C BBICOKON
3JIEKTPOTIPOBOIHOCTBIO; UMEIOIIMM TEMIIEpaTyPHbIE 3aBUCHMOCTH TEPMOJ/JIC B Mapax ¢ MeTallaMH, TOo-
no0HbIe 17151 ap MeTaioB [5]. Cunuuuapl TUTaHa HE ClIeAyeT OTHOCHTH K COeAMHEHHAM Tuna (a3 BHe-
JPEHUsl, TIOCKOJIbKY OHM HE YAOBJIETBOPSIOT YCIIOBHIO X3ITa W 3HAYUTENEHO TMPEBBIIIAIOT XETTOBCKOE
KpuTHdeckoe otHomenue 0.59. 3To MPUBOAWT K TOMY, UYTO B OWMHApPHBIX cucTeMax Ti—Si 3amenieHue
ATOMOB THTaHA aTOMaMHU KPEMHUsI TIPUBOJIUT K 00Pa30BaHUIO METAIUITMYECKUX CTPYKTYP MPU OTHOIICHUU
Rsi:Rume > 0.9 u comepkanmsax kpemHus B cuimnuaax g0 50 at. %. IIpu Oonee BBICOKMX COEp)KAHHSIX
KpEeMHHUS 3aMelleHIe METATMYECKAX aTOMOB KpEMHHEM MPHUBOIUT K 0OPa30BAHHIO CIIOKHBIX KPHUCTAII-
JIUYECKUX CTPYKTYP U YBEITUUEHHUIO POJIM KOBAJIEHTHOW CBA3M MEXIy aToMaMu KpemHus [6] (puc. 1).

Amnanuzupys OuHapHBIE AUATPaMMBbl COCTOSIHUH, IIPEICTaBICHHbIE HA PHC. 1, MOXXHO OTMETHTH Clie-
nyromree. B cucreme Si—C psig coenrHEeHUI 00pa3yeTcs TOJIBKO B 001aCTH CTEXHOMETPHUECKOTO COCTaBa
SiC. D1u coenuHeHMs 00IaaI0T MPEUMYIIECTBEHHO KOBAJICHTHBIM TUIIOM XUMHUYECKON CBS3H M OOBIYHO
KIaccH(pUIUPYIOTCS KaK PsI Pa3IMIHBIX TOJUTHIHBIX pasHOBHAHOCTEH (Momudukarmii) SiC: B-SiC
(nmu 3C-SiC) ¢ KyOnueckol KpucTaIUIMIecKoi cTpykTypoi (ctabmibHas 1o 2000 °C); a-SiC-¢a3sl, cra-
OusbHBIE TIpU OoJiee BHICOKUX TEMIIEpaTypax C IeKCaroHaNIbHOW W pOMOO3IPHUYECKON CHHTOHHSIMH (Ha-
npumep, 2H-SiC, 4H-SiC, 6H-SiC un @ P
nH-SiC, 15R, 21R u np.) [9]. Baxno e
OTMETHTh, 4TO CTpykTypa a3z SiC 3
momoOHa cTpykrype ¢a3 psga coe- 8 i
IUHEHWH, KOTOpble B  OCHOBHOM ‘ <
00J1a/1al0T KOBAJIEHTHBIM THUIIOM CBSI3€i G e O
—  aIMa3onoj00HBIM, KPEMHHEBBIM U S WAVAV
ap. [9]. B aTtom cimydae st anmmaso- fgj YAVAVAS B
monoOHbIX a3 CYWECTBYET  pan o v AN \\; IVAVAY, “39 N
CTPYKTYPHBIX Pa3HOBHIHOCTEH, KOTO- &
pble HENb3s OTHECTH K TOJUTHITHBIM S
[10]. Iony4yerrne HOBBIX KapOUIOKpEM-

HHAEBBIX (a3 Bo3MokHO w3 SiC-
knactepoB. CleloBaTeNbHO, B CHCTEME
Ti—Si—-C B0O3MOXEH CHHTE3 KapOumjo-
KpeMHHEBBIX (a3, anamoroB MAX-da3
B pe3yJIbTaTe BBICOKOMHTCHCHBHBIX BO3-
neiicteuii. B cucreme Ti—C (puc. 1)
CYIIECTBYET OJHO COEIUHEHHE —
kapoun coctaBa TiC(8) co cTpyKTypoi
B1 (mporotun NaCl, cumBon ITupcona
cF8, mp. tp. Fm3m). Coenunenune

TiC(3) mmapuTcA KOHIpYSHTHO UpH Puc. 1. Bunapusie nuarpammsl cucrem Ti—Si, Ti—C, Si—C [7] u

o - )
307325 °C u conepsxatny ~44 ar. % C nu30TepMHuUecKoe ceueHnue TpoiHou cuctembl Ti—Si—C mpu 900 °C
Ob6nactp romoreHHoctu ¢aser TiC — ---

BOMIM3M conmayca 3aauMaet ot 32 go —50 at. % C. Yrmepon moHmkaeT TeMiieparypy miaBienus Ti ot
1663 mo (1653+7) °C — temneparypsl 3pTekTndeckoi kpuctammsamnun XK <> BTi + TiC(8); B aBTeKTHKE
cogepxxutcs 1.5 at. % [7] (puc. 1). Co ctpykTypHOil Touku 3peHus coequnenue TiC(8) siBnsiercs TBep-
IIBIM PAacTBOPOM aTOMOB HeMeTaiuia B okTaMexaoy3nusax [ TIK-pemerkn metama [7]. Beaexactsue aToro
B mutepatype kapoun TiC (8) gacto obo3navarot kak TiC,. B cucreme Ti—Si cymecTByer BoceMb coen-
HeHUH, ATk U3 KoTopbix (Ti3S1, TisSiz, TiSi, Ti3Si4, TiSi,) ykazanst Ha puc. 1.

7, =TisSiC 5
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M3otepmudeckoe ceuenne cucreMbl Ti—Si—C mpu 900 °C npuseneno Ha puc. 1 [8]. Ha mpemcras-
JICHHOW Iuarpamme IoKa3zaHa HeOoJjblias o0siacTb roMoreHHoctu coeaunenust Ti3SiC, (ti-dasa), xpu-
CTAJUIMYECKAas! peIIeTKa KOTOPOH UMEET CIOKHYIO CIOUCTYIO CTPpyKTYpy. Hannune coenunenunii, KoTopble
npuHaiexat Kk MAX-gazam ¢ cocraBamu Ti,SiC u TisSiC, Ha 3TOM quarpamMme He TPUBENEHBI, XOTH,
COTJIACHO JIUTEPATYPHBIM JaHHBIM [11], 3TH coeanHeHus ObUIN CUHTE3UPOBAHBI.

BrinonHeHbl SKCHIepUMEHTAIbHbIE NCCISN0BAHUSA U II0KA3aHO, YTO IPU KOMOMHMPOBAHHOM METOJIE
00paboTKH Ha IEepBOM 3Tare (JISTHpOBaHME IIa3MOH 3JeKTprueckoro B3peiBa (IBJI) yrierpaduroBoro
BOJIOKHA, Ha MMOBEPXHOCTh KOTOPOTO HAHOCKIIM HABECKH MOPOLIKOB KapOuaa KpeMHUS) B TOBEPXHOCTHOM
cioe TuTaHa (GopMupyercs psa BTOpeIX (a3, ocHOBHEIMU u3 KoTopbIX siBistrores TiC, SiC, TiSi. Cym-
MapHasi 00beMHas 1011 BTOpbIX (a3 (8) mocae DBJI cocrasmser 57 % (ocransHoe a-Ti). [Tocnenyromee
o0nydeHre MOAN(UIMPOBAHHOIO CJIOSI BBICOKOMHTEHCHBHBIM 3JICKTPOHHBIM IIyYKOM IPUBOJIUT K CHU-
KEHHI0 BeTHIHuHBI O 110 41 % (nmpu onTHManbHOM pexxume oomydenus). [Ipeobianatomeit Bropoii (a3oi
MOIUGHUITIPOBAHHOTO CJIOS, HE3aBUCHMO OT pexkuMa 00paboTKH, sBisieTcs kKapounHas dhaza. CooTHOIIE-
nue kapounos u cumumaos (TiC +SiC) : TiSi, =3 : 1.

Bropoii meron, kak ObUIO MOKa3aHO BHIIIE, MO3BOJUI HMPOBOAUTH JIETHPOBAHUE MOBEPXHOCTHOTO
CJIOSI THTaHA B €IMHOM BaKyyMHOM LIUKJIE IIPU OOJIy4€HHMHU 3JICKTPOHHBIM IIyYKOM C(OPMUPOBAHHYIO NPH
paclbUICHUH MUILIEHH CUCTEMY IJIeHKa (KpeMHuit)/moanoxka (BT1-0). BeimonHeHHbIe METOAAMU CKaHH-
pyIoLIel 31eKTPOHHON MUKPOCKOIIMH HCCIEAOBAHMS TTO3BOJIIIN YCTAHOBUTD, YTO DIIEKTPOHHO-ITYYKOBast
00paboTka cucTeMbl IieHka (kpemHauil) / mommoxkka (BT1-0) mpuBoguT K 00pa3oBaHUIO JIETHPOBAHHOTO
CJI0s1, KOHIIEHTpalKsa KpeMHHUsI B KOTOPOM M3MEHseTcs B Ipezenax oT 15 mo 7.5 Bec. % mpu yBeTHUEeHUU
IJIOTHOCTHU SHEPTHUH ITydKa 31eKTpoHOB oT 20 mo 40 Jhx/em® (200 mxc, 3 umn., 0.3 I'n). [Ipu ontumans-
HOM peskume o6mydenns (20 [ix/em?, 200 Mxc, 3 umir., 0.3 ') hopMUpyeTCcs MHOTOCTIORHAS CYOMHKPO-
HaHOpa3MepHas KOMITO3UTHAsA CTpyKrypa (puc. 1, a—6), ocHOBHOH (a3oil (58 mac. %) MOBEpXHOCTHOTO
CIIOSI KOTOpO#l siBisiercst BbicokoTemmeparypHbil (7T, = 2400 K) cunmunmpa turana cocraBa TisSi;
(puc. 1, 2). TBepmocTs GOPMHUPYEMOTO CII0S1 IPUMEPHO B 2.5 pa3a MpeBbILaeT TBEPAOCTb OCHOBBI.

gt E?

Onement | Bec. % AT. %
SiK 17.75 26.91
TiK
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Puc. 2. DneKTpoHHO-MHKPOCKOITMUECKOE M300payKeHne MOBEPXHOCTH JIETHPOBaHus (a, 6), pe3yabTaThl aHAJIH-
3a AIIEMEHTHOTO (6) U (ha30BOTO (2) cocTaBa MOBEPXHOCTHOTO CIIOS CHCTEMBI TuieHKa (Si) / momtoxka (BT1-0),
061ydeHHO#H S1ekTpoHHbIM myukoM (20 JIx/cm®, 200 mxc, 3 umm, 0.3 T'i). Ha (2) cTpenkamu yKa3aHbI H-
(hpakrOHHBIE TUHUH (a3, TPUCYTCTBYIOIINX B IMMOBEPXHOCTHOM clioe (TOMIUHON ~10 MKM) HCCIIeZyeMoro
MarepHana

3akiroueHmne

BrinonHeH aHaIu3 U BBISBICHA BO3MOXKHOCTH 06paso133HI/1;1 IIHUPOKOT0 CICKTpa METacTaOUIbHBIX
COCﬂHHeHHﬁ, MNOJIy4aeMBbIX B PE3YyJIbTATC CO3AaHUs HCPABHOBCCHBIX YCJIOBI/Iﬁ Inpu 06pa60TKe MaTtepuaia
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KOHIEHTPUPOBAHHBIMU TTOTOKaMH SHEpruH. MeTogaMu pPEeHTIe€HOCTPYKTYPHOTO aHalu3a, 3JIEKTPOHHON
CKaHUPYIOMIeH M TUPPaKIMOHHONH MHKPOCKOIIMH BBITIOIHEHBI UCCIIE0BaHNS (ha30BOTO COCTaBa MOBEPX-
HOCTHOTO CJIOsl TexHU4eckd yuctoro tutana BT1-0, mogseprayroro o6paboTke KOHIIEHTPHUPOBAHHBIMU
MOTOKaMHU PHEPTuH (00JyueHHE TUIa3MOW DIIEKTPUUECKOTO B3phIBa MPOBOASIIETO MaTepHraia U BBICOKO-
WHTEHCHBHBIM UMITYJIbCHBIM 3JIEKTPOHHBIM MTyYKOM CyOMIJUTMCEKYHAHOH UTUTENFHOCTH BO3ACHCTBHSA) U
BBISIBJICHO ()OPMUPOBAHHE YaCTHUI] KAPOUIOB M CHIUIIMIOB TUTaHA HAHO- U CYOMHKPOHHOTO pa3Mepa.

N —
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11.
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A.A. KLOPOTOV, YU.F. IVANOV, A.D. TERESOV, A.I. POTEKAEYV, O.G.VOLOKITIN, V.D. KLOPOTOV

FORMATION OF SILICIDES AND CARBIDES IN THE SURFACE LAYER OF TITANIUM,

INITIATED USING HIGH-ENERGY METHODS

The analysis of binary and ternary diagrams of phase states has been carried out, and a possibility of formation of a
wide range of metastable compounds implemented as a result of creation of non-equilibrium conditions in material
processing by concentrated energy flows has been revealed. The studies of the elemental and the phase composition, the
states of the defect substructure of the surface layer of the commercially pure titanium VT1-0 subjected to processing by
concentrated energy flows (exposure to plasma of electrical explosion of the conductive material and by a high-intensity
pulsed electron beam) have been carried out using methods of the X-ray diffraction analysis and the electron scanning
and the diffraction microscopy, and formation of particles of silicides and carbides of titanium of the nano and the
submicron size has been revealed. It has been established that using the combined method of processing, combining
doping of the surface layer (the layer with a thickness of up to 30 mm) by plasma formed during the electric explosion of
the graphitized carbon fiber, on the surface of which samples of silicon carbide powders were deposited, and an
additional irradiation of the modified layer by a high-intensity pulsed electron beam, a multiphase structure (TiC, SiC,
TiSiy) is formed in the surface layer of titanium. The ratio of carbides and silicides (TiC + SiC): TiSi = 3: 1. A
disadvantage of this combined method is the vacuum failure when changing the exposure mode. Mechanical and
tribological tests of the modified material has been carried out. It has been shown that the applied combined processing
allows to obtain relatively smooth surface layers characterized by a high level of microhardness, ~9 times exceeding the



170

A.A. Knonomos, FO.®. Hsanos, A.J]. Tepecos u Op.

Ju—

A

10.
11.

value of the microhardness of the initial state (with a thickness of the hardened layer of ~80 microns) and the wear
resistance, ~7.7 times exceeding the wear resistance of titanium in the initial state, as well as the friction coefficient, the
value of which is ~1.15 times lower than the friction coefficient of titanium in the initial state. It is obvious that the main
factors responsible for formation of the high-strength state of the surface layer are formation of the structure of the
cellular crystallization (the size of cells ranges from 300 nm up to 500 nm) with a nanoscale plate-like substructure (the
transverse sizes of ~40 nm) of a- titanium, as well as allocation of second phase particles (TiC, SiC, TiSi,) of the nano
and the submicron range, the volume fraction of which exceeds 40%.

The technique has been developed, and the possibility of titanium doping with silicon with formation of a
multilayer composite Ti (base) / TisSi; (surface layer), which is of particular interest as a high-temperature light material
due to formation of a high-temperature (Tpeiing = 2400 K) titanium silicide of the composition TisSi; synthesized in a
single vacuum cycle under the exposure to a high-intensity electron beam of the submillisecond duration on the system
film (silicon) / substrate (titanium) formed by spraying of silicon by an electron beam, has been demonstrated. It has been
shown that under the optimal mode of exposure (20 J/cm?, 200 microseconds, 3 pulses, 0.3 Hz) the volume fraction of
titanium silicide of the composition TisSi; exceeds 58 wt. %) The hardness of the formed layer is ~2.5 times higher than
the hardness of the base.

Keywords: titanium, silicides and carbides of titanium, state diagram, high-energy methods, exposure, structure, proper-
ties.
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