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5. HaykoBo-TexHiYHa po6oTa

Hasga po6oTH (YKp)

Po3po6ka TEXHOJIOTIYHMX OCHOB BUIUIABKM METOZOM €JIEKTPOHHO-TIPOMEHEBO] IJIaBKHM >KaPOMIIJHUX TUTAHOBUX CIJIaBiB HOBOTO

TIOKOJIIHHS Ta JOCJIIKEHHS IX CTPYKTYPU, MEXaHIYHUX BJIACTUBOCTEN i 30AaTHOCTI 1O 3BAPIOBAHHS

Haspa po6oTH (aHrJ1)

Development of technological bases of melting heat-resistant titanium alloys of new generation by electron-beam melting and
study of their structure, mechanical properties and the ability to weld

Pedepar (ykp)

B pamKax faHOi TeMU po3po6seHa TEXHOJIOTISI €JIeKTPOHHO-TpoMeHeBoi nuaBku (ETIIT) skapoMilJHMX TUTAaHOBUX CILJIaBiB HOBOTO
MOKOJIiHHS 3 Pi3HUM BMiCTOM JIETYIOYMX €JIEMEHTIB, Ta TEXHOJIOTiSl OTpUMaHHs ix JedopMoBaHUX HamiBpabpuKariB. BusHaueHo
3aJIEXKHICTh CTPYKTYpHO-(Pa30BOro CTaHy HamiBpabpuKaTiB >KapOMIllHMX CIUIaBiB BiJ, peXuMiB iXx Tepmo-gedopmauiiiHoi
00po06KH, Ta TI0Ka3aHo, 1o AedopmaliiiiHa 06pobKa 3 TeMIepaTypHy, 110 BifiOBiae BepXHbOI YACTUHU O6JIACTI icHyBaHHS (0+0)-¢as,
3abesnevyye OTPUMAHHS B METajli 3MilllaHOi IJI00Y/ISPHO-TIIACTMHYACTOI CTPYKTYpPHU 3 cepelHiM po3mipom 3epHa O-¢aszu 20-40
MKM Ta BUAUJIEHHSIMU JUCNIepCHUX cuiinupiB (Zr,Ti)5Si3 ta (Ti,Zr)3Si, mo piBHOMiIpHO po3MoAisieHi MiX O-TJIACTUHAMHU Ta 1O
rpaHulix 3epeH 0-¢gasu. Taka CTpyKTypa 3abesnedye MigBUILEHHS MIACTUYHOCTI MaTepiajy Npy KiMHaATHIN TemmnepaTypi 1o 9% Ta
3abesrevyye BUCOKi MOKa3HMKU MILIHOCTI sIK ITpU KiMHaTHiM (1135 MITa), Tak i npu pobouux temneparypax 6000 C (750 MIla), mo
nepeBuIllye Halikpami cBiTOBi aHasjoru. BiamnpanpoBaHO peXUMH €JIEKTPOHHO-TIPOMEHeBOro 3BapioBaHHs (EII3) Ta
aproHO/YroBOrO 3BapIOBaHHSA >KaPOMILHUX TUTAaHOBUX CIIJIABiB 3 3aCTOCYBaHHSM IIoNepenHboro migirpiBy no 400°C rta EII3 3
JIOKaJIbHOIO TepMidHOI0 06po6Koi0 (JITO). BeraHoBieHo mo momnepenHin mimirpie go 400°C Ta JITO nmpu 750°C edeKTUBHO
3aro6iraloTb yTBOPEHHIO TPIlllMH B 3BAPHUX 3'€JHAHHSX. BCTaHOBJIEHO, 110 17151 3a6€3Me4eHHs OAHOPiIHOI pIBHOMIPHOI CTPYKTYpH
B 3BAPHOMY 3'€IHAaHHI 3 >KaPOMIIJHUX TUTAHOBUX CILIaBiB HEOOXiJHO 3aCTOCYBaHHS JOAATKOBOI MiyHOI 06pOOKU. BripoBaKeHHs
PO3p0o6JIEHNX TEXHOJIOTill 3abe3ledyye MOXJIMBICTh CTBODEHHS 3aMKHYTOTO BiTYM3HSIHOTO METaJyprilHOro LUKy BUPOOHMIITBA
HaniBpabpuKaTiB 3 )XapOMILIHAX TUTAaHOBUX CIIABIB, IO JO3BOJIUTh BUPIMINTU MIPOGJIEMY iMIIOPTO3aMilleHHs B aBiaKOCMIYHOMY

KOMIUJIEKCi, EHEPreTUYHOMY Ta XiMiYHOMY MAaIIMHOOYJyBaHHI.



Pedepar (aHr1)

Within the framework of this topic, the technology of electron beam melting (EPP) of heat-resistant titanium alloys of the new
generation with different content of alloying elements and the technology of obtaining their deformed semi-finished products
have been developed. The dependence of the structural-phase state of semi-finished heat-resistant alloys on the regimes of
their thermo-deformation treatment is determined, and it is shown that deformation treatment from the temperature
corresponding to the upper part of the region of existence of (o+n)-phases ensures obtaining in the metal a mixed globular-plate
structure with average grain size of the o-phase is 20-40 um and the allocation of dispersed silicides (Zr,Ti)5Si3 and (Ti,Zr)3Si,
which are evenly distributed between the o-plates and along the grain boundaries of the o-phase. Such a structure ensures an
increase in the plasticity of the material at room temperature by up to 9% and provides high strength indicators both at room
(1135 MPa) and at working temperatures of 6000C (750 MPa), which exceeds the best world analogues. The modes of electron
beam welding (EBW) and argon arc welding of heat-resistant titanium alloys with the use of preheating up to 400°C and ELB
with local heat treatment (LHT) have been developed. It was established that preheating up to 400°C and LHT at 750°C
effectively prevent the formation of cracks in welded joints. It was established that in order to ensure a homogeneous uniform
structure in a welded joint made of heat-resistant titanium alloys, it is necessary to apply additional furnace treatment. The
implementation of the developed technologies provides the possibility of creating a closed domestic metallurgical cycle for the
production of semi-finished products from heat-resistant titanium alloys, which will solve the problem of import substitution in
the aerospace complex, energy and chemical engineering.

Ingexkc YIK: 621.791.75; 621.791.947.5

Kozu tremarnynux pyopuk HTI: 81.35.15
6. HaykoBo-TexHiyHa npoaykuis (HTII)

HTII 1

Ha3sBa npoaykuii (ykp): 1. Po3po6ka TeXHOJIOTiYHUX OCHOB BUIIJIaBKA METOJOM €JIeKTPOHHO-TIPOMEHEBOI TIJIaBKH >KapOMIITHUX
TUTAHOBYX CIIaBiB HOBOT'O IIOKOJIIHHS Ta AOCJIIKEHHS iX CTPYKTYPHY, MEXaHIYHUX BJIACTUBOCTEMN i 3IaTHOCTI [0 3BapIOBaHHS 2.
Kopuchna mogens «Criocié oTpuMaHHsI JiiraTyp /i1 BAPOOHULITBA aMIOMiHi€BUX Ta TATAHOBUX CIJIaBiB» 3. Po3pobka
TEXHOJIOTTYHUX OCHOB AedopMalifiHOi 06pOOKU KapOMILIHMX TUTAaHOBUX CI1JIaBiB HOBOT'O MTOKOJIiIHHS OTPUMAaHUX METOJ0M

€JIeKTPOHHO-ITPOMEHEBOI IJIaBKU

Hassa npoaykuii (aur.): 1. Development of the technological bases of smelting by electron beam melting of heat-resistant
titanium alloys of the new generation and research of their structure, mechanical properties and welding ability 2.Useful model
"Method of obtaining ligatures for the production of aluminum and titanium alloys" 3.Development of the technological bases of
deformation processing of heat-resistant titanium alloys of the new generation obtained by the electron beam melting method.

OuikyBaHi pe3ysbTaTa: TexHosorii
T'anyss 3acrocyBaHHS: MalIMHOOYIyBaHHS, CyAHOOYAyBaHHS], aBiabymyBaHHs

Omnuc npogykuii (ykp): 1.l03BoJIsIE OTPUMYBATH 3/IMBKHU KapOMIIL[HMX TUTAHOBHUX CILJIaBiB HOBOTO ITOKOJIHHS 3 IPOAYKTUBHICTIO
30 Kr/Top, SKi XapaKTepu3yeThCsI BUCOKOIO XiMiYHOIO OJJHOPIAHICTIO Ta BifICYTHICTIO BHYTPIlIHIX AedeKTiB y BUTIIAL] 1Op,
PaKOBHMH, HEMETAJIEBUX BK/IIOYEHB. 2.J103BOJISIE OTPUMYBATH BUCOKOSKICHI JIiraTypy allOMiHill — MEeTaJl 3 BUCOKOIO TEMIIEPATYPOIO
TMIJIaBJIEHHS 33JAHOTO CKJIANy 3 HU3bKMM BMICTOM JIOMIIIKOBMX €JIEMEHTIB Ta rasiB 3 IPOAyKTUBHICTIO 260 Kr/rog. 3.Jl03Bose
OTpUMYBaTH Ae(dOpMOBaHi HaniBpabpUKATU KaPOMiLIHUX TUTAHOBHUX CIIJIABiB HOBOTO MOKOJIIHHS OTPUMaHUX METOIOM
€JIEKTPOHHO-TIPOMEHEBO] IIJIaBKU 3 TPONYKTUBHICTIO 50 KT /TOz, po3pobieHa nedopmaliiiina o6pobka 3abesnedye HanKkpamie
CITiBBiJHOLIEHHS MIIIHOCTI, IIJIACTUYHOCTI Ta >KapOMIIIHOCTI: IIJIACTUYHOCTI MaTepiay Ipyu KiMHATHIN TeMIepaTypi, B IOPiBHAHHI 3
JIUTUM, MiIBUIIYEThCS Maibke B 25 pasiB - 3 0,38 1o 9%, a BUCOKi OKa3HUKY MILIHOCT] SIK 1pu KiMHatHi# (1135 MIIa), Tak i npu

po6ounx temmnepatypax 6000 C (750 MIla) nepeBuIyOTh piBeHb HAHIKpALMX CBITOBUX aHAJIOTIB.

ConjianpHO-eKOHOMIYHa cipsimoBaHicTh HTII: CTBOpEHHsI IPMHIUIIOBO HOBOI IPOAYKLii (MaTepiasiB, TEXHOJIOTIH TOLIO) IS

3a6e3reyeHHs1 €eKCIIOPTHOTO MOTEHIiaNy Ta 3aMillleHHIO iMIIOPTY
Cragis 3aBepmenocri HTII: 3it o HIAJIKP
BnposazykenHsa HTII: He BnpoBamkeHO

CTpoKH BIIPOBAaZ >KEHHS!



Bupo6nuk npoaykuii: 11 ,HBIJ ,Tutan” IE3 im. €.0. [Tatrona HAH Ykpaian”
Cro>KuBayi MPOAYyKILii:

IlepcreKTHBHI pUHKH:

IpaBa iHTeJIEKTYya/IbHOI BjIacHOCTi: OTpMMaHO NaTeHT, B YkpaiHi

®opmu ta ymoBu nepepavi npogykiiii: [Ipogaxk «Hoy-xay», [Ipofiax nateHTa
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