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Pedepar:

1. Inceprauifina po60Ta IpUCBsIYeHa BUBYEHHIO METaNyprifHUX 0COOJIMBOCTE [IPOLIECiB I171a3MOBO-AyTOBOTO
6araToIpoXxigHOro 3BaplOBaHHs O6iMeTasly TUTAH-CTaJb i3 HAHECEHHSIM 6ap’epHUX NPOIIAPKIB AJ1s1 MiHiMi3alii abo
IIOBHOTO yCYHEHHS iHTepMeTanigHux ¢as (IM®), siki 3a3Br4ail yTBOPIOIOTHCS IPY B3a€MOZIi TUTAHY Ta CTali y
HarpiTomy [0 IIEBHUX TEMIIEPATyp CTaHi. BuUBUeHHS 3a3HaU€HUX METAJyPriiHUX 0COBJIMBOCTE JO3BOIUTD
CTBOPMTH TEXHOJIOTIi OflepKaHHS 3BapHUX 3'€JHAHb IPUMHSTHOI SKOCTI, sIKi BAKOPUCTOBYIOTbCSL B XiMiuHil
ITPOMMCJIOBOCTI Ta MaricTpajbHUX TPybonpoBogax. [Ijs MiiBUIEHHS eKCIUTyaTaliliHOro pecypcy Tpyou Takux
TPYOONPOBOIiB BUTOTOBJISIOTH 3i CTaJi, 1J1aKOBAHOIO i3 BHYTPILIHbOI CTOPOHYU TPYOU IIAPOM TUTAHY a60 TUTAHOBOTO

cIu1aBy. HasgBHICTb TUTAHOBOTO MIAPY i BUCOKI BUMOTH JIO MIilJHOCTI Ta KOPO3iliHOI CTiIKOCTi 3BapHUX LIBIB,



BUKJIMKAIOTh PsJl IPOGJIEM IpU BU6GOPi CIIOCO6iB 3BapIOBaHHS. AKTYaJIbHOIO € 33/1a4a BUOOPY CHeljaTbHIX
TEXHOJIOTIYHUX NPUIOMIB, CTIOCOOY 3BapIOBaHHS Ta PO3POOKY BiANOBITHOI TEXHOJIOTII 3'eIHAHHS JIUCTIB MJIAKOBAHOI
TUTAHOM CTaJi, sIKa 32 IIOPiBHSIHO HEBUCOKUX BUTPAT [103BOJIUTh OTPUMYBATU TPYOHi BUpOOU HEOOXiIHOI SIKOCTI.
O6’eKT mOCiIPKEeHHS — IPOL,eCU MIa3MOBOr0 i yrOBOrO 3BAPIOBAHHS KOHCTPYKLIMHOI HU3BKOBYIJIELIEBOI CTaIi,
IJIAKOBAHO] IIAPOM TUTAHY, i3 3aCTOCYBaHHSAM 6ap'€pHUX MOKPUTTIB. [IpegmeT nocmimpKeHHs — pOpMyBaHHS
CTHIKOBOT'O 3BapHOT0 3'€JHaHHS OiMeTasly «TUTaH-CTajb» IIPU 6araTonpoxifHOMY 3BapioBaHHi. MeTa poboTu -
IOCiIKeHHs e(peKTUBHOCTI 3aCTOCYBAaHHS 0ap’epHUX [IOKPUTTIB 3 Pi3HUX MaTepiaiB Ta ix HAaHECEeHHs Ha TUTaH Ta
CTaJIb 3 BUKOPUCTAHHSM Pi3HMX METO/IB IJIa3MOBO-yTOBOI'0 HAIJIABJIEHHS i HANIMJIIOBAHHS [IJIs1 MiHiMi3alil
YTBOPEHHSI iHTepMeTalifHuxX (a3 Ipu 3BaploBaHHi BCTUK CTaJIeBUX JIMCTIB, [IJIAKOBAHUX IapOM TUTaHY, pO3poOKa
TEXHOJIOTiI 0Jjep>KaHHs TaKMX CTMKOBUX 3'€IHaHb. Jl0 HAYKOBOI HOBU3HU IOCJIiZPKEHHSI BiTHOCSITbCSI HACTYIIHI
[I0JI0KEHHS: 1. Briepie BCTaHOBJIEHO 3aKOHOMIPHOCTI BILJIMBY BEJIMYMHU [TIOTOHHOI eHeprii E Ha TOBIMHY
IepexiziHoI 30HU, 110 YTBOPIOETLCS NPU B3a€MOZil pO3IJIaBy CTajli 3 TUTAHOM B [IPOLIECaX I171a3MOBOI'0O Ta AYrOBOTO
HaIIaBJIEHHS CTaJli Ha TUTaH, i BKIIo4yae intepmeraningHi ¢dasu Ti-Fe, a came - npu 3HayeHHi E B inTepBani 45-60
Ik /MM 1181 BesimyrHa cTaHoBUTh 10-60 MKM, a ripu 36inbiieHHi Bennyruau E 1o 60-100 Ik /MM - pocsrae 450 MKM
i 6isb1Ie i3 yTBOPEHHSIM 3HAYHOI KiJIbKiCTi MIKpOTPIlMH Ta iHMUX AedeKTiB. 2. OTpUMaIO NOAAIBIINN PO3BUTOK
YSIBJIEHHSI [IPO OCOOJIMBOCTI CTPYKTYPOYTBOPEHHS IIPU METaNyPriliHill B3aeMo[ii BaHailo 3i CTa/IIO B [IpoLjecax
I1JIa3MOBOTO Ta AyrOBOTrO HAIUIABJIEHHS [IOKPUTTS BaHAL{I0 Ha CTaJb i CTaJli Ha 11€ ITIOKPUTTS], BCTAHOBJIEHO, LIO B
NepexifgHii 30Hi MiXK HaIJIaBJIEHVMM BaHAi€BUM IIOKPUTTAM i CTaJIIIO YTBOPIOETHCA iHTEpMETAiIHUN NIPOLIaPOK
3MiHHOi KoHIeHTpaLii (40-75 mac.% Vi 60-25 mac. % Fe) i migBumenoi TBeppocrti (mo 5520 MIla), mo npu3BOAUTb
IO TPilIMHOYTBOPEHHS. 3. OTpUMaso NoAaabUIni pO3BUTOK ySIBIEHHS PO 0COOIMUBOCTI METANypriliHOI B3aeMogii
PO3IIJIaBy MiJJHUX CIJIaBiB 3 TUTAHOM i CTJLJIIO, @ CAM€ — BCTAHOBJIEHO YMOBU HaHECEHHSI 6ap’€pHOr0 MOKPUTTS i3
cryaBy CuSi3Mnl Ha TUTAHOBY IJIACTUHY, [IPU SIKUX B3a€MHa IUQY3isd €JIeMEeHTIB Ha MEXKaX PO3[ily «TUTaH-
CuSi3Mnl-cranb» He IPU3BOAUTDH O YTBOPEHHS KPUXKUX (pa3 Ta TPIlIMHOYTBOPEHHS. 4. Briepiue BUsBIEHO
0CO6JIMBOCTI MeTaypriiiHOi B3aeMoii Ha MEXi «TUTaH — I1IJIa3MOBO HallMJIEHEe CTajleBe IOKPUTTS» [P I171a3MOBO-
IyrOBOMY HAIlJIaBJIEHHI CTAJIEBOTO APOTY Ha Lie TOKPUTTS, & CaMe — YMOBM MiHiMi3allii 10ro TOBIIMHY (HE MEHIIE
400 MKM) i BeIM4MHY IOTOHHOI €Heprii HanaBaeHHs Ha e NOKpUTTS (1o 200-250 [k /MM), IPU SIKUX MK
HaIWJIEHUM IIOKPUTTSM i TUTAHOM yTBOPIOEThCS Oe3neeKTHA NepexinHa 30Ha. 5. Briepiiie BCTaHOBJIEHO, 1110 B
pe3yJbTaTi HarpiBy NJ1Ia3MOBUMM i JYTOBUMH 3BapIOBAJIbHUM JIKE€peJlaMU [IpY 3alI0OBHEHHI pO3POOKU CTUKOBOTO
3'eJHaHHS GiMeTasly «TUTaH-CTajIb» B IIPOLeci 6araTornpoxigHoro 3sapoBaHHs 10 900-13000C B 30Hi KOHTAKTY
TUTaHYy i cTasi B TBepiit ¢pasi yrBoproeTscs 6e3nedeKTHa epexinHa 30Ha TOBIMHOIO Bif 1 MKM 110 10 MKM, B SKil
IIpY NIpY NIOJAJIbIIOMY MiIBUILIEHH] TeMIiepaTypu 10 14300C yTBOPIOETHCA CyMilll IHTEPMETAIiZIB 3 MIKPOTBEPIiCTIO

HV 600-800 Tta inTerpaspHMM XiMiYHUM CKJIa0M, 1O Bifnosigae popmyi Ti2Fe.

2. This dissertation is dedicated to studying the metallurgical features of plasma-arc multi-pass welding processes
for titanium-steel bimetals using barrier interlayers to minimize or completely eliminate intermetallic phases
(IMPs) that typically form during the interaction of titanium and steel under certain temperature conditions. The
investigation of these metallurgical features enables the development of technologies for producing welded joints
of acceptable quality, suitable for chemical industries and main pipelines. To enhance operational lifespan, pipes
for such pipelines are manufactured using steel lined with a layer of titanium or titanium alloy on the inner surface.
The presence of a titanium layer and the stringent requirements for the strength and corrosion resistance of the
welded joints pose challenges in choosing appropriate welding methods. There is an urgent need for the
development of specific technological techniques, welding methods, and a technology for joining steel sheets lined
with titanium, which would ensure the production of pipe products of the required quality at relatively low costs.
Object of research - Plasma and arc welding processes of structural low-carbon steel clad with a layer of titanium
using barrier coatings. Subject of research - Formation of a butt-welded joint of titanium-steel bimetal during
multi-pass welding. The purpose of the work - To investigate the efficiency of applying barrier coatings made of
various materials to titanium and steel using plasma-arc surfacing and spraying methods to minimize the
formation of intermetallic phases during butt welding of steel sheets lined with titanium. The ultimate goal is to
develop a technology for producing such butt joints. The scientific novelty of the research includes the following



provisions: 1. For the first time, the regularities of the influence of the value of the linear energy E on the thickness
of the transition zone formed by the interaction of the steel melt with titanium in the processes of plasma and arc
surfacing of steel on titanium, and including intermetallic phases Ti-Fe, namely, at a value of E in the range of 45-
60 J/mm, this value is 10-60 pm, and with an increase in the value of E to 60-100 J/mm, it reaches 450 um and
more with the formation of a significant number of microcracks and other defects. 2. The understanding of the
peculiarities of structure formation during the metallurgical interaction of vanadium with steel in the processes of
plasma and arc surfacing of vanadium coating on steel and steel on this coating was further developed, it was
found that in the transition zone between the deposited vanadium coating and steel an intermetallic layer of
variable concentration (40-75 wt.% V and 60-25 wt.% Fe) and increased hardness (up to 5520 MPa) is formed,
which leads to crack formation. 3. The idea of the peculiarities of metallurgical interaction of copper alloy melt
with titanium and steel was further developed, namely, the conditions for applying a barrier coating of CuSi3Mn1
alloy to a titanium plate were established, under which the mutual diffusion of elements at the “titanium-
CuSi3Mn1l-steel” interface does not lead to the formation of brittle phases and crack formation. 4. For the first
time, the features of the metallurgical interaction at the interface "titanium - plasma sprayed steel coating" during
plasma-arc welding of a steel wire on this coating were revealed, namely, the conditions for minimizing its
thickness (at least 400 pm) and the value of the linear energy of welding on this coating (up to 200-250 J/mm), in
which a defect-free transition zone is formed between the sprayed coating and titanium. 5. It was established for
the first time that as a result of heating with plasma and arc welding sources during the filling of the development
of the titanium-steel butt joint in the process of multi-pass welding up to 900-1300cC in the contact zone of
titanium and steel in the solid phase, a defect-free transition zone with a thickness of 1 um to 10 pm, in which a
mixture of intermetallics with a microhardness of HV 600-800 and an integral chemical composition
corresponding to the formula Ti2Fe is formed when the temperature is further increased to 1430oC.
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