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1. PoboTta npucesueHa JOCIiIKEeHHIO TEKCTYPU, IPY>KHUX Ta OESKUX MEXaHIYHUX BJIACTUBOCTEN aHi30TPONHMUX i
HEOJHOPIITHAX METAJIEBUX MOJIKPUCTAJIB 33 JOIIOMOTOI0 METOAY YIbTPAa3BYKOBOTO TEKCTYPHOTrO aHanidy (Y3TA),
30KpEeMa, I1iCJIs BUCOKOEHEPTreTUYHUX CIIPSIMOBAHUX BU/IiB TEPMOMEXaHIYHOI 0OpOOKU, TaKUX SIK YJIbTPa3ByKOBa
ynapHa obpobka (Y3YO). Binomo, 1110 HasiBHICTb TEKCTYpHU Y MaTepiasli HallyacTille CIpUYMHSIE aHi30TPOIIiI0

IIPY>KHUX [IapaMeTpiB, sIKi 6e311ocepeHbO UM ONIOCEePEIKOBAHO MOBs13aHi 3 iHMUMU (Pi3UKO-MeXaHIYHUMUI



BJIACTMBOCTSIMU. KOMILJIEKCHA OLIiHKa TEKCTYPH Ta MPY>KHOTO CTaHy MaTepiajliB € KpUTUYHO BKIIMBOIO [1JIs1
3abe3nevyeHHs HaniiHOCTI poOOTH KOHCTPYKIiH Ta 3arnobiraHHs aBapiiiHuM cutyauism. OJHaK TaKUX KOMIJIEKCHUAX
JOCTiI)KeHb Hapasi € 0OMeXXeHa KiJIbKiCTb, 1110 00yMOBJIEHO, IMOBIPHO, TEXHOJIOTIYHOIO CKJIAJIHICTIO Ta TPUBAJICTIO
ix npoBeneHHs. MeTog Y3TA € HepyIHIBHUM, €KCIIPECHUM, Jja€ MOXJIUBICTb JOCIIIKYBAaTH 00'eM MaTepiay, pisHi
IiJISTHKY 3Pa3KiB CKJIQAHOI (POPMHU B Pi3HMX T€OMETPUYHHUX HAIIPSMKAX, B TOMY YMCJIi HELOCTYIIHUX [AJIs1 IDOBEIEHHS
Y3 BUMipIOBaHb, KpPiM TOTO, JO3BOJISIE OTPUMATH KOMILJIEKCHY iH(pOPMaLLilo PO TEKCTYPHUIL Ta NPY>KHUII CTaH
Marepiany 6e3 3ay4eHHs JOJaTKOBUX METO/IIB JOCJIIPKEHHS 32 JOIYCTUMUX JJIs1 TEXHIYHUX 337,24 IOXUOOK. 3
orisny Ha ue, metog, Y3TA € nepCcrneKTUBHUAM [J151 IPOBEAEHHS KOMIIJIEKCHUX OOCIIPKEHb TEKCTYPHUX Ta
[IOB'SI3aHUX i3 HUMU IIPY>KHUX BJIACTUBOCTEN aHi30TPOITHUX [TPOCTOPOBO HEOAHOPIAHMX MaTepiais, 1o
IiATBEPAXY€ETHCSI OTPUMAaHUMU B POOOTI pe3ysbTaTamu. B naHiit poboTi mocifpkeHo: 1) 3pasku MOZIeJIbHOIO CIJIaBy
natyHi Cu-37Zn y ¢popmi npsIMOKYTHOTO napasneseninesa (“macuBHi” 3pa3ky) Ta MJIACTUHU 3 TOTO X CIUIABY, MifAaHi
0ZIHOpPAa30Biil yapHii 06pobwi (YO) 3 HactynHO0 Y3VO npu KiMHaTHIN Ta KpioreHHi# temneparypax (air-UIT Ta
cryo-UIT BinnoBifgHO); 2) MacKBHI 3pa3Ku Ta MJIACTUHY BUCOKOEHTPOIIINHUX CILJIaBiB MEIUYHOTO [IPU3HAYEHHS
51Ti31Zr18Nb, 51Ti31Zr10Nb8Ta, 51Zr31Til8Nb ta 51Zr31TilONb8Ta B muTomy cTani Ta nicas Y3YO; 3) gpit manoro
niametpy (d~1 mm) i3 cynepcmniany Inconel 718, niggaHOro KOMIJIEKCHMM BILJIMBaM HaBOIHIOBAHHA Ta Y3YO; ¢ YO
MacuBHUX 3pa3KiB Cu-37Zn npusBoguTh 10 KpUcTaaorpadidvHoro nepexoy Mifib-1aTyHb, CYTTEBOTO 3aTOCTPEHHS
iHTeHCUBHOCTI gudpakuiiinux jixii [111] B HanpsiMKy fedopmatii Bxxe nipu 0 = 11,02%. Ilpu o = 18,8% BkasaHi edexTu
nocumoloTbes. Kpim toro, YO 36inbiye moayss E B HanpsiMKy gedopmaliii Ta IonepevyHoMy, Mo Y3roaKyeThCs 3
TEKCTypHUMU 3MiHaMU, OCKiJIbKY KpUcTasnorpadiunnii Hanpsmok [111] Bianosinae makcumymy monyis E. PedysnbraT
€ TUTIOBUM [1J15 MIBUJIKICHOI cIIpsiMoBaHoi fiedopmaliii ctucky. ® Ilicas HactynHoi Y3YO npu KiMHATHIN TeMIiepartypi
(mami - xKiMH-Y3YO) y BUKOPHUCTAaHOMY PEXMMi BUSIBJIEHO 3BOPOTHI TEKCTYPHUI I€peXif, 1aTyHb-Miflb, IOB'SI3aHUI
i3 BIIJIMBOM 3HAKO3MiHHOI CKJ1a1oBOi Y3YO, 110 3puBa€ 3 TOUOK 3aKPIllJIEHHS] TEKCTYPHi eJ1eMeHTH, CHOOPMOBaHi
nics YO. Y3YO npu kpioreHHin temnepatypi (gasi — kpio-Y3Y0O) MacuBHUX 3pa3KiB B aHAJIOTIYHOMY PE>KUMi He
3MiHIO€ TUIly TEKCTYPH, a BIUIMBAE JIMIIE HA 3HAUEHHS Ta aHI30TPOIIiI0 IPYKHUX NTapaMeTpiB. Lle os’s3aHo 3
IIPUTHIYEHHSIM PYyXy Oe(EeKTiB, iXx HAKONWYEHHSM, YCKJIaJHEHHIM AMCIOKALiTHOTO KOB3aHHS Ta IOMiHYBaHHS
IBIIHUKYBaHHS SIK OCHOBHOTO MeXaHi3My pedopmMaliii, o i crpusie 36epeskeHHIO Y 3pa3kaxX TeKCTypHy THUITY JIATyHi.
Kimu-Y3YO izoTponHux nnactus cmaby Cu-37Zn nNpusBOLUTh 40 GOPMYBaHHS TEKCTYPU THUITY JATyHi BxKe Iics
20c 06po06Ky, B TOH 4ac K micsst Kpio-Y3YO nHasiTh 1pu 60c 06po6Ky 36€piraeThcs TUIIOBA TEKCTYPA Mifi.
CnocrepexyBaHe IBiTHUKYBaHHS Ta 3CyBHi CMYTU y 3pa3Ky Micis Kpio-Y3YO cnpusiioT GOPMYBaHHIO TEKCTYPU
JIATYHHOTO TUIIy, TOJi SIK peJjiaKcallisl Halpy>KeHb, He3BUYalHa AMCIIOKAlliliHA aKTUBHICTh, CTUMYJIbOBaHa
YJIbTPa3ByKOBUMU KOJIMBAHHSMHU, Ta YTBOPEHHS JUCJIOKALIMHUX KOMIPOK Y 3pa3Ky MicJist KiMH-Y3YO npu3BogdaTh 10
(OpMyBaHHS TEKCTYPU MiTHOTO TUIy. Pe3ysbTaTy, OTPMMaHi HAa MACMBHUX 3pa3Kax Ta Ha mactuHax Cu-37Zn,
MIOBHICTIO y3TOJKYIOTbCSI MDXK CO6010. ® OTPMMAHO JaHi JOBiIKOBOTO XapaKTepy Npo MPYKHi apaMmeTpH, ix
IIPOCTOPOBY HEOJHOPIJIHICTh Ta aHI30TPOIIiI0, TBEPLICTh 32 BiKkepCOM Ta XapaKTePUCTUKY IJIaCTUYHOCTI 3a
KoHuenuiewo H0.B.Minbmana 3paskiB i3 criasiB 51Ti31Zr18Nb, 51Ti31ZrlONb8Ta, 51Zr31Til8Nb Ta 51Zr31TilONb8Ta B
JuToMy cTaHi Ta micsst Y3YO. « Briepiie BUKOpUCTaHO MeTOL, Y3TA 111 €KCIIEPUMEHTAJIbHUX AOCIIIIKEHD IIPY>KHUX,
TEKCTYPHHUX Ta FOJIOBHMX MEXaHIYHUX BJIACTUBOCTEN IpoTy Masioro piameTpy (d~1 mm) i3 cynepcray Inconel 718,

MMigmaHoro KOMIIJIEKCHUM BIJIMBaM HaBOJHIOBaHHS Ta Y3VO.

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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