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Pedepar:

1. PoboTa npucssiueHa JOCiI)KeHHIO TEKCTYPU, IIPY>KHUX Ta JesKUX MeXaHiYHUX BJIaCTUBOCTEN aHi30TPOIHUX i
HEOJIHOPIJIHMX MeTaJIeBUX ITOJIKPUCTAJIIB 3a JOITOMOTOI0 METOJlY YJIbTPa3ByKOBOT'O TEKCTYPHOro aHanisy (Y3TA),
30KpeMa, MiCJsl BUCOKOEHEPreTUYHUX CIIPSIMOBAHUX BUJiB TEPMOMEXaHIYHOI 0OpPOOKY, TaKUX SK YIbTPa3BYKOBa
ynapHa o6pobka (Y3YO). Binomo, 1110 HasiBHICTh TEKCTYpH Y MaTepiai HaldacTile CIpUYrHsIE aHi30TPOIIiI0
IIPY>KHUX I1apaMeTpiB, sIKi 6€3110cepeIHbO Y ONIOCEPEAKOBAHO [10BS13aHi 3 iHMNMU Pi3UKO-MeXaHIYHUMU
BJIACTMBOCTSIMU. KOMIIJIEKCHA OLliHKa TEKCTYPU Ta MPY)KHOTO CTaHy MaTepiajliB € KpUTUYHO BAKJIMBOIO [1JIs1
3abe3nedeHHs HaZiiHOCTI poO6OTH KOHCTPYKIiH Ta 3arnobiraHHs aBapiiHuM cutyauism. OJlHaK TaKUX KOMIJIEKCHUAX

IOCJiIKeHb Hapasi € 0OMeXeHa KiJIbKiCTb, 1110 00yMOBJIEHO, IMOBIPHO, TEXHOJIOTIYHOIO CKJIANIHICTIO Ta TPUBAJICTIO



ix npoBeneHHs. Metoq Y3TA e HepyIHIBHUM, €KCIIPECHUM, Ja€ MOXJIUBICTb JOCJIIKYBAaTH 00'eM MaTepiay, pisHi
IiNSTHKY 3pa3KiB cKJIagHOoi GOpMU B Pi3HMX TeOMETPUYHHUX HAIIPSIMKaX, B TOMY YMCJIi HEJOCTYIHUX [JISI IPOBEIEHHS
Y3 BUMipIOBaHb, KpPiM TOTO, JO3BOJISIE OTPMMATH KOMILJIEKCHY iH(pOPMalLilo PO TEKCTYPHUIA Ta IPY>KHUI CTaH
Marepiainy 6e3 3aJy4eHHs JOJATKOBUX METO/IIB JOCJIIIPKEHHS 32 JOIyCTUMUX JJIs1 TEXHIYHUX 3a7a4 IOXUOOK. 3
orisny Ha ue, meron, Y3TA € nepCrneKTUBHUAM [J151 IPOBEAEHHS KOMILJIEKCHUX JOCJIIPKEHb TEKCTYPHHUX Ta
[IOB'SI3aHUX i3 HUMU NIPY>KHUX BJIACTUBOCTEN aHi30TPOIIHUX ITPOCTOPOBO HEOJHOPIAHMX MaTepiais, 1o
IiATBEPAXY€ETHCSI OTPUMAHUMU B POOOTI pe3ysbTaTamu. B maHiit po6oTi mocimpkeHo: 1) 3pa3ku MOZEIbHOIO CIIJIaBy
natysi Cu-37Zn y ¢opmi IpsIMoKyTHOTO napaseseninena (“MacuBHi” 3pa3ku) Ta MJIACTUHYU 3 TOTO X CIJIaBY, HingaHi
0JIHOpPAa30Biil yapHiit 06pobui (YO) 3 HacTynHO0 Y3VO npu KiMHaTHIN Ta KpioreHHii temnepatypax (air-UIT Ta
cryo-UIT BinnoBifgHO); 2) MacKBHI 3pa3Ku Ta MJIACTUHY BUCOKOEHTPOIIINHUX CILJIaBiB MEIUYHOTO [IPU3HAYEHHS
51Ti31Zr18Nb, 51Ti31Zr1ONb8Ta, 51Zr31Til8Nb ta 51Zr31TilONb8Ta B muTomMy cTaHi Ta nicsas Y3YO; 3) apit manoro
niametpy (d~1 Mm) i3 cynepcmiay Inconel 718, nigiaHOro KOMIIJIEKCHMM BIUIMBAM HaBOJHIOBaHHS Ta Y3YO; ¢ YO
MacuBHUX 3paskiB Cu-37Zn Npu3BOAUTb JO KpUCTANIOrpadiuHOro nepexony Mifb-jaTyHb, CyTTEBOIO 3arOCTPEHHS
iHTeHCUBHOCTI gudpakuiiiHuX Jixii [111] B HanpsiMKy fedopmatii Bxxe nipu 0 = 11,02%. Ilpu o = 18,8% BkasaHi edexTu
nocumoioThes. Kpim toro, YO 36inbimye moayss E B HanpsiMKy gedopmaliii Ta IonepevyHoMy, M0 Y3roAXKY€eThCs 3
TEKCTYPHUMH 3MiHaMH, OCKiZIbKY KpucTasorpadiyHuil HanpsiMok [111] Binnosinae makcumymy monyiis E. PesyspraT
€ TUIIOBUM [1J15 HIBUJIKICHOI CIIpsIMOBaHoi fledopmaliii ctucky. © Ilicas nHactynHoi Y3YO npu KiMHATHIN TeMIieparypi
(mami - xKiMH-Y3YO) y BUKOPUCTAaHOMY PEXMMi BUSIBJIEHO 3BOPOTHI TEKCTYPHUI M€PeXif, IaTyHb-Miflb, IOB'SI3aHUI
i3 BIIJIMBOM 3HAKO3MiHHOI CKJ1aoBOi Y3YO, 110 3puBa€ 3 TOUOK 3aKPIllJIEHHS] TEKCTYPHi eJ1eMeHTH, CHOPMOBaHi
nicas YO. Y3YO npu kpioreHHin temnepatypi (gasi — kpio-Y3Y0O) macuBHUX 3pa3KiB B aHAJIOTIYHOMY PE>KUMi He
3MiHIO€ TUIlY TEKCTYPH, a BIUIMBAE JIMIIE HA 3HAUEHHSI Ta aHI30TPOIIiI0 IPYKHUX NapaMeTpiB. Lle op’s3aHo 3
IIPUTHIYEHHSIM PYXy Ne(EeKTiB, iXx HAKOMWYEHHSIM, YCKJIAIHEHHSIM AMCIOKALiTHOTO KOB3aHHS Ta TOMiHYBaHHS
IBITHUKYBaHHS SIK OCHOBHOTO MeXaHi3Mmy medopmaliii, o i cripusie 36epeskeHHIO Y 3pa3kaxX TeKCTypHy THUITY JIaTyHi.
Kimu-Y3YO izoTponHux nnactu cmnasy Cu-37Zn NpusBOAUATh 40 (POPMYBAHHS TEKCTYPU THUITY JIATYHi BKe Iics
20c 06po06Ky, B TOH 4ac sIK micsst Kpio-Y3YO HasiTh ipu 60c 06po6KU 36€piraeThcs TUIIOBA TEKCTYPA Mifi.
CnocrepexyBaHe [BITHUKYBaHHS Ta 3CYBHI CMYTH4 Yy 3pa3Ky miciig Kpio-Y3YO cnpusitoTs GOpMyBaHHIO TEKCTYPU
JIATYHHOTO TUIIY, TOJi SIK peJjlaKcallisl Hallpy>KeHb, He3BUYalHa AMCIIOKALliliHA aKTUBHICTh, CTUMYJIbOBaHa
yJIbTPa3BYKOBMMMU KOJIMBAaHHSIMH, T YTBOPEHHS AUCJIOKALiTHUX KOMIPOK y 3pa3Ky micis KiMH-Y3YO npusBomsTh 1o
(pOopMyBaHHS TEKCTYPU MiHOTO TUIy. Pe3ysibTaTi, OTPMMAaHi HAa MACUMBHUX 3pa3Kax Ta Ha IyactuHax Cu-37Zn,
IIOBHICTIO y3rOPKyIOThCSI Mi>K CO0010. ® OTPUMAHO [1aHi OBITKOBOTO XapaKTepy PO IPY>KHI IapaMeTpH, ixX
IIPOCTOPOBY HEOJHOPIJHICTh Ta aHI30TPOIIiI0, TBEPLICTh 32 BiKKkepCOM Ta XapaKT€PUCTHUKY IIJIACTUYHOCTI 3a
KoHuenniewo F0.B.Minbmana 3paskiB i3 criasiB 51Ti31Zr18Nb, 51Ti31ZrlONb8Ta, 51Zr31Til8Nb Ta 51Zr31TilONb8Ta B
JIMTOMY CTaHi Ta micys Y3YO. ¢ Briepie BUKOpUCTaHO MeTog, Y3TA 1711 eKCrIepUMEHTaIbHUX JOCIIIPKEHD IIPYKHUX,
TEKCTYPHUX Ta FOJIOBHMX MEXaHIYHUX BJIACTUBOCTEN IpoTy Masioro piameTpy (d~1 mm) i3 cynepcniaBy Inconel 718,

MiA7aHOTO KOMILJIEKCHUM BIIJIMBaM HaBOHIOBaHHS Ta Y3YO.

2. This dissertation is devoted to the investigation of crystallographic texture, elastic, and some mechanical of
anisotropic and spatially inhomogeneous metallic polycrystals using the ultrasonic texture analysis (USTA) method,
particularly after high-energy directional thermomechanical treatments such as ultrasonic impact treatment (UIT).
It is well established that the presence of texture in a material often results in the anisotropy of elastic parameters,
which are directly or indirectly linked to other physical and mechanical properties. Therefore, comprehensive
evaluation of the material’'s texture and elastic state is critical for ensuring structural reliability, and preventing
failure. However, such comprehensive studies remain limited, likely due to their technological complexity and
time-consuming nature. The USTA method is non-destructive, rapid, and capable of probing the bulk material,
including various regions of complex-shaped samples in multiple geometric directions, including those
inaccessible for conventional ultrasonic (US) measurements. Furthermore, USTA allows for the acquisition of
comprehensive information about both the textural and elastic states of materials without the need for additional
investigative methods and within acceptable error ranges for engineering applications. As such, USTA is a
promising technique for integrated studies of textural and associated elastic properties of anisotropic, spatially



inhomogeneous materials, as demonstrated by the findings of this work. The present study investigates: 1) model
Cu-37Zn brass alloy samples in the form of rectangular parallelepipeds ("bulk" specimens) and thin plates of the
same alloy subjected to high-energy shock compression (HESC) followed by UIT under ambient and cryogenic
temperatures (air-UIT and cryo-UIT, respectively); 2) massive specimens and plates of 51Ti31Zr18Nb,
51Ti31Zr10Nb8Ta, 51Zr31Til8Nb, and 51Zr31TilONb8Ta alloys in the initial state and after UIT; 3) fine-diameter (~1
mm) Inconel 718 alloy wire subjected to combined hydrogenation and UIT. The following key findings were
established: « HESC of bulk Cu-37Zn specimens induces a copper-to-brass crystallographic transition and a
significant intensification of the [111] diffraction lines in the deformation direction already at o = 11.02%. At o = 18.8%,
these effects become more pronounced. Moreover, HESC increases Young's modulus E in both the deformation
and transverse directions, correlating with the texture evolution, as the [111] direction corresponds to the
maximum of E. This behavior is typical of high-strain-rate uniaxial compression. * Subsequent UIT at the ambient
temperature (air-UIT) results in a reverse brass-to-copper texture transformation due to the alternating
component of UIT, which detaches the texture elements formed after HESC from their anchoring points. In
contrast, UIT at the cryogenic tenperatures (cryo-UIT) of bulk specimens under similar conditions does not alter
the texture type but affects only the values and anisotropy of the elastic parameters. This behavior is associated
with the suppression of defect mobility, their accumulation, the impediment of dislocation glide, and the
predominance of twinning as the primary deformation mechanism, which collectively promote the retention of
brass-type texture in the samples. ¢ Air-UIT of isotropic Cu-37Zn plates results in the formation of a brass-type
texture after only 20 seconds of treatment, whereas cryogenic UIT preserves the characteristic copper-type
texture even after 60 seconds of exposure. The observed twinning and shear bands in the cryo-UIT-treated
sample contribute to the development of a brass-type texture, while stress relaxation, atypical dislocation activity
induced by ultrasonic vibrations, and the formation of dislocation cells in the room-temperature UIT-treated
sample promote the formation of a copper-type texture. The results obtained for both bulk and plate Cu-37Zn
samples are in good agreement. * yielded reference data on elastic properties, their spatial heterogeneity and
anisotropy, Vickers hardness, and plasticity as characterized by Yu.V. Milman's approach of 51Ti31Zr18Nb,
51Ti31Zrl0ONb8Ta, 51Zr31Til8Nb, and 51Zr31TilONb8Ta alloys, both in the initial state and after UIT. ¢ For the first
time, the USTA method was applied to study the elastic, textural, and principal mechanical properties of fine-
diameter (~1 mm) Inconel 718 alloy wire subjected to combined hydrogenation and UIT.
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