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Pedepar:

1. IucepTalis NpucCBsY€HA BCTAHOBJIEHHIO OCHOBHUX 3aKOHOMIPHOCTEM i MIJISIXiB ONTUMI3allii pe>KMMiB BUKOHAHHS
3BapHUX 3'efHaHb c1iaBy Ti - 5%TiB2 sk Mixk c06010, TaK i 3 THTAHOBUMH CIIJIaBaMU Ta iHIIMMU MaTepialaMu

(cranb 12X18H10T, HiO6ii1, BaHaAii1), CIPSIMOBAHA Ha NOCITHEHHS BUCOKMX MEXaHIYHUX XapaKTEPUCTHK YCiX
€JIEMEHTIB 3BAPHMX KOHCTPYKLii, BUKOHAaHUX €JIEKTPOHHO-TIPOMEHEBUM 3BapPIOBAHHSM. BCTaHOBIIEHO, 1O
€JIEKTPOHHO-TIPOMEHEBE 3BapIOBaHHS 32 napameTpiB pexxumy Unpck=60 kB, le1=90 MA, po3ropTka IpoOMeHIO -
eJlinconoioHa, nonepeyxa (3x4 Mm), s BCiX 3Ha4YEHHSIX VeJl B iHTepBasi Bif, 7 1o 13 Mm-c-1 3abe3nevyye oTpruMaHHS
HEPO3HIMHOTO 3BapHOTO 3'eJHaHHS 3pa3KiB cruiaBy Ti-TiB, sk i3 crisaBamu Takoro X CKjafy, Tak i 3 (0 + 0) THTAHOBAM

crsiaBom tuiy T110. BetaHOBIIEHO, 1110 36ibII€HHS BUXiAHOI TeMIlepaTypy 3BapioBaHuX 3paskis 3 20°C go 400°C



IIPU3BOJUTS IO MiIBULLIEHHS CTYIEHS OJHOPIAHOCTI PO3noAiny 60pBMicHOI a3y B nepexinHii 30Hi criaby Ti-TiB i
30iIbLIIEHHS PO3Mipy BTOPUHHUX BOJIOKOH Iiiei a3y 5K 32 JOBXXUHOIO, TaK i 3a TOBLIUHOIO, SIK B IIepeXifHil 30Hi, Tak
i B 06s1acTi 3BapHOro 1IBa. EkcriepuMeHTasbHUMU OCTII)KEHHSIMU CTPYKTYPH 3BapHoro 1mBa cisiasy Ti-TiB 3i
crimaBoMm tuny T110, ppakrorpadiyHoi CTPYKTYPU [TOBEPXOHDb PYIHYBaHHS Ta MEXaHIUHUX BIIACTUBOCTEN 3'€JHAHHS
BCTAHOBJIEHO, L0 33 YMOBU 3MIiHU [IEPEBAKHOI OpieHTaLlii apMylounx BOJIOKOH TiB B crutasi Ti-TiB 3 moB310BXHBOI
Ha IOINEePEYHY PiBEHb MEXaHIYHUX XapaKTePUCTUK BUKOHYBAHOTO 3'eqHaHHA «Ti-TiB»-«cmnas tuny T110»
3MeHIYyeTbCsl. KpUTMYHUM y TaKOMY 3BaPHOMY 3'€[JHaHHI, 3 TOUKU 30py PyHHYyBaHHS, € ciias Ti-TiB, y sskomy
peani3yeTbCs KpUXKE pyHHYBaHHS 3 HOTO iHilliIOBaHHSM i3 06J1aCTi apMyIOUUX BOJIOKOH. [IpoBeeHHS TEpMiYHOTO
Bifmasy 3BapHOro 3'eqHaHHA 3a TemnepaTtypu 750°C (1 roguHa, BakyyM) LO3BOJISIE LOCSTATH IJIACTUYHOCTI LIbOTO
cray 1o 0=2%. Po3pobsiena metonuka ¢opMyBaHHs Ha oBepxHi cnasy Ti-TiB seroBanoro npouapky 3abesneuye
36epe>KeHHsI apMOBaHOI MiKpOBOJIOKOHHOI CTPYKTYPH y MOKPUTTi Ha ocHOBI Ti (63-68 aT.%) V (18-25 aT.%),
copmoBanomy Ha noBepxHi crasy Ti-TiB, nerysanns vioro merasnesoi maTpuui nobaskamu (Fe, Cr, Ni, B),ie
[IEPCIEKTUBHOIO 17151 BUKOPUCTAHHS TaKOTO MTOKPUTTS Y SIKOCTi TPOMDKHOI BCTaBKU 171 €JIEKTPOHHO-TIPOMEHEBOTO
3BaproBaHHs craii 12X18H10T 3i crimaBom Ti-TiB. ITokasaHo, 1o 11 3BaploBaHH I1aBjaeHHIM ciuiaBy Ti-TiB i3
TUTAHOBMMU CIJIaBAMU JOLiNBHO 30€piraTu y 3BapHOMY LIBi Ta Y 30Hi TEPMiYHOTO BIIJIMBY MiKPOKOMIIO3ULIIMHY
CTPYKTYpy. CTBOPEHHIO TaKOi MiKpOCTPYKTYpHY CHIPUsIE MaKCUMaJbHA MIBUIKICTh KPUCTAi3allii i migBuiieHa
MIBUAKICTb €JIEKTPOHHOIO IIPOMEHIO I1iJ1 4YacC €JIEKTPOHHO-IIPOMEHEBOTO 3BapIOBaHH4. Brieplie eKcriepuMeHTaIbHO
HiATBEPAKEHA JOIYCTUMICTh Y 3BAPHOMY 3'€[JHAaHHI HEYIIOPSIIKOBAHOI 60 yIIOPSIKOBAHOI IEPEBAKHO
[ePHEHIUKYIIIPHO 3BAPHOMY CTUKY OpieHTalii MiKpoBoJIOKOH TiB. JlocimkeHHsa MiIKDOCTPYKTYPU 30HU 3BAPHOTO
IIBA i 30HU TEPMIYHOrO BIUIMBY [TOKa3asy, o a4 crasy Ti-TiB HanpsMOK nepeBakHOi OpieHTallii apMyI04nx
BOJIOKOH TiB, yTBOPIOBAaHHUX Iif] YaC €BTEKTUYHOTO [1IEPETBOPEHHS BU3HAYAETHCSI CIIPSIMYBAHHSIM TEMIIEPATYPHOTO
rpagzieHTy B 06s1acTi KpucTasisalii i e 103BOJINI0O PEKOMEHYBAaTH Y IIOAJIbIIOMY — OXOJIO[IKEeHHS 3BapIOBAaHUX
€JIEMEHTIB y HallpsSMy BiJ] 3BapHOT0 CTUKY Ta BiflCyTHICTh IIONIePeqHbOrO MifirpiBy 1s 3arobiraHHs rIepeBakHoi
opieHTallii apMYyIOYMX BOJIOKOH B3[JOBXK CTHKY 3BapIOBaHUX JeTajlell. Briepiie noBeeHa MOKIIMBICTb 3BAPIOBAHHS
€JIEKTPOHHO-TIpPOMEeHeBUM criocobom crnasy Ti-TiB, sikuit micTuTb 5% TiB2 B TUTAHOBI OCHOBI, 3i CTaJIIO
12X18H10T, mo 6yso 3a6e3meyeHo 3aBIsAKYU 30€pesKeHHIO apMOBaHOI CTPYKTYPH METaJy y 30Hi 3BapHOrO IIBA Y
TUTAaHOBUX CIIJIaBax Ta BUPIiLIEHHIO IPO6JieM YTBOPEHHS IPOIIApKy iHTepMeTaliny, SKUi OKpU4yye 3BapHUI L10B
criasy Ti-TiB 3i ctangmy, Ta BAHMKHEHHS PYHMHIBHUX TEPMIYHUX HANIPYKEHb, [0 BUHUKAIOTh YHACILOK 3HaYHOI
pi3HuLi koedilieHTiB TEPMIYHOrO PO3LMPEHHS 3'€IHYBAHUX MATEPialiB, IJISIXOM BUKOPUCTAHHSM MOABINHUX
ITPOMIDKHUX BCTaBOK 3i cTajsi 10I'2 Ta Hio6i0. 3arpornoHOBaHO 3HSTTS 3aJIMIIKOBUX MEXaHIYHUX HAIIPY>KEHb Y
marepiai 3BapHoOro 3'efgHaHHs ciany Ti-TiB misxom nposenenHs Binnany (550°C, BakyyM, 1 roguHa), sike
I03BOJISIE MiABUILMTH i CTabii3yBaTU MEXaHIYHI XapaKTePUCTUKHU 3BAPHUX 3'€IHAHb, OTPUMAHUX €JIEKTPOHHO-
IIPOMEHEBUM 3BapIOBAHHSAM, [1JI51 BCiX BUKOPUCTAaHUX pexXuMiB 3BaproBaHHs (0B=1050 I['Tla, 0=4%). 3anponoHoBaHO
3aCTOCYBaHHSI IPOMDKHUX 11apiB 3 Hio6i0 Ta i3 cTasi 10I'2 115 e1eKTPOHHO-IIPOMEHEBOTO 3BapioBaHHs criiaBy Ti-
TiB, sike 3a6e3ne4ye OTPMMaHHS SIKICHOTO 3BapHOTO 3'eJHaHH ciaBy Ti-TiB, mo mictuth 5% TiB2 B TUTaHOBIN
OCHOBI, i3 crasumo 12X18H10T i3 piBHEM MexXi MIIJHOCTI B 30Hi TEPMIYHOTIO BILJIMBY i MaTepiasi MBa, HE MEHIIUM MEXi

IJIMHHOCTI ctaii 12X18H10T.

2. The thesis pertains to establishing of the main regularities and ways of optimization of modes of welded joints
fulfillment for Ti - 5 % TiB2 alloy both with each other, and with titanium alloys and other materials (12X18H10T
steel, niobium, vanadium), and is aimed at achieving of high mechanical characteristics of all elements of welded
constructions, carried out by means of electron-beam welding. It was determined, that the electron-beam welding
with utilization of the following operating modes: Uacc=60 kV, Ieb=90 mA, beam sweep - elliptical, transversal (3x4
mm), for all values of veb in the range from 7 to 13 mm-s-1 provides the obtaining of permanent welded joint of
specimens of Ti-Ti-B alloy both with alloys of the same composition, and with (o+o) titanium alloy of T110 type. It is
established, that increasing of outlet temperature of subject to welding samples from 20°C go 400°C results in
increasing the homogeneity extent of boron-containing phase distribution in transient zone of Ti-TiB alloy and
increasing the dimensions of secondary fibers of this phase, both in length and in thickness, both in transient zone,
and in welded seam zone. By experimental investigations of structure of welded seam of Ti-TiB alloy with T110 type



alloy and fractographic structure of rupture surfaces and mechanical properties of the joint, it is established, that
under condition of changing of predominant orientation of TiB reinforcing fiber in Ti-TiB alloy from longitudinal to

transversal, the level of mechanical characteristics of "Ti-TiB"-"T110 type alloy" joint is decreased. From the
rupture point of view, the critical in such welded joint is Ti-TiB alloy, in which the brittle rupture is realized with
its initiation from reinforcing fibers area. Fulfillment of thermal annealing of welded joint at the temperature 750°C
(1 hour, vacuum) permits to reach the ductility of such alloy up to 0=2%. It is demonstrated, that the electron-beam
welding of Ti-TiB alloy with vanadium by means of 12X18H10T steel foil utilization permits to obtain the doped
laying on base of Ti (63- 68 at.%) V (18-25 at.%) on Ti-TiB alloy surface with retaining of reinforcing microstructure
containing TiB microfibers in Ti (63-68 at.%) V (18-25 aT.%) metal matrix with main doping elements of 12X18H10T
steel. Characteristic features of reinforcing boron-containing microfibers in matrix of alloy based on Ti (63-68
aT.%) V (18-25 art. %) are their doping with vanadium and considerable sizes dimension in comparison with TiB
microfibers in Ti-TiB final alloy. It is demonstrated, that for welding by melting of Ti-TiB alloy with titanium allows
it is expedient to preserve the micro-composition structure in welded seam and in heat affected zone. Such
microstructure obtaining promote maximum rate of crystallization and increased velocity of electron beam
movement during electron-beam welding. For the first time the permissibility in welded joint the TiB microfibers
disordered or well-ordered predominantly in perpendicular to welded joint direction is confirmed. Investigations
of microstructure of welded seam zone and thermal affected zone demonstrated that for Ti-TiB alloy the direction
of predominant orientation of TiB reinforcing fibers, formed during eutectic transformation, is determined by
direction of temperature gradient in crystallization area and it permits to recommend for future the welded
elements cooling in direction from the welding joint and avoiding of its preliminary heating in order to eliminate
the predominant orientation of reinforcing fibers along joint of parts subject to welding. For the first time it is
proved the possibility of welding of Ti-TiB alloy, containing 5 % of TiB2 in titanium base, with 12X18H10T steel by
electron-beam mode, which was provided owing to retaining of reinforcing structure of metal in welded seam in
titanium alloys and deciding the problems of inter-metallide laying formation, which frame the welded seam of Ti-
TiB alloy with steels, and occurrence of destroying thermal stresses, which are originated owing to considerable
difference in thermal expansion coefficients of materials subject to welding, by means of using of double
intermediate layings from 10I"2 steel and niobium. Removal of mechanical stresses in material of welding joint of
Ti-TiB alloy is proposed by means of annealing fulfillment (550°C, vacuum, 1 hour), which permit to increase and
stabilize the mechanical characteristics of welded joints, obtained by electron-beam welding, for all used welding
modes (0B=1,050 GPa, 0=4%). It is proposed the utilization of intermediate layers from niobium and 10I'2 steel for
electron-beam welding of Ti-TiB alloy, which provides the obtaining of high-quality welded joint for Ti-TiB alloy,
containing 5% TiB2 in titanium base, with 12X18H10T steel with such strength limit in the heat affection zone and
seam material, which is not worse than yield limits of 12X18H10T steel.
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