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1. Inucepratis IPUCBSAYYETHCS BUPILIEHHIO aKTyaJIbHOI HAYKOBO-TEXHIYHOI 3a71a4i — IOKPALIEHHIO MEXAHIYHUX Ta
KOPO3iMHUX BJIaCTUBOCTEH [TIOBEPXHI CIIJIaBiB HAa OCHOBI KoybopoBuX MeTaltiB (Ti, Cu i Al) misixom ybTpa3sByKOBOTrO
YAAPHOTO CMHTE3y BUCOKOMILIHMX KOMIIO3ULIIMTHUX ITOKPUTTIB. BUKOpUCTaHHS BUCOKOMILIHUX OUCIIEPCHUX

nopokis Si3N4, AI203 ra SiC niz 4ac yapTpa3ByKoBoi yaapHoi 06po6ku criasiB BT6 Ta JIC59-1 no3Bosuio



CHHTE3yBaT/ KOMIIO3ULIiMHi MOKPUTTS i3 HijBUIIEHOIO 110 4-5 pa3iB MiKpo- Ta iHCTPYMEHTaJIbHOIO TBEPAICTIO i
KOPO3ilHOIO CTiMKiCTIO, TOBIIMHA SIKUX BU3HAYAETHCS MEXAHIYHUMU BJIACTMBOCTSIMU BUXIHOTO CIJIaBY Ta
TPIIMHOCTINKICTIO OPOLIKY. CUHTE30BaHi TAKMM YMHOM MTOKPUTTS MAIOTh IPAJlieHTHY CTPYKTYPY: VILiIJIbHEHUH IIap
NOJPiIOHEHOTO [OPOIIKY; KOMIIO3ULHMI Map (MATPUYHUI CIIJIaB aPMOBAHMI YaCTUHKAaMU [TOPOLIKY); 00J1aCTh
nedopMaliiiHoro 3aMiljHeHHS 3 MOJM(piKOBaHMM (a30BMM CKJIaOM. YIbTPa3ByKOBA yIapHA OOPOOKA 3 IOPOLIKOM O-
Si3N4 rasibmye BUCOKOTEMIIepaTypHe OKUCHEHHS NOBepXHi ciiaBy BT6: BTpara Macu mniciisg 50 roguH HUKIIiYHOTro
Binnasny Ha nosiTpi 3a Temnepatypu 650 °C 3MeHIIYEThCS BAABIYi, TOPIBHSHO i3 BUXiIHUM CTAHOM, 3aBJSIKU
MEXaHI{YHOMY JIETYBAHHIO IOJPiOHEHMMH YaCTUHKAMU IIOPOUIKY 10 IIIMOMHU ~16 MKM, IPUCKOPEHOMY
MAacCOIEPEHOCY Ta YACTKOBOMY CITIKAHHIO KOMIIOHEHTIB CUHTE€30BaHOTO MOKPUTTS. Takuil pe3yabTaT
00YMOBJIIOETHCS THUM, 10 0-Si3N4 Ta Ti MaloTh OJJHAaKOBUI TUII KPUCTAJIIYHOI I'PATKU 3 6JIM3bKUMU [1apaMeTpaMu
(nJ1s1 Ti — a = 0,2951 uM, a1 0-Si3N4 - ¢ = 0,2909 um). [JaHa mogudikallis HITpUAY KPEMHIIO XapaKTepU3y€eThCS
TaKOX JIOCUTb BUCOKOIO CTIilKIiCTIO 1O TEIJIOBUX yapiB, 10 3abe3nedye HU3bKUI PiBEHb TEPMIUHUX HAIPY>KEHb i,
yac UMKJIiYHOro Bifnany. KombiHoBaHa Ais y/IbTpa3ByKoBOi yaapHOi 06po6Ky noBepxHi criiaBy BT6 3 mopoukom
Al203 Ta Binnany 3a remneparypu 650 °C nosBosusa cpopMyBaTH 3aXMCHE KOMIIO3UIifiHe TOKPUTTS i3
MOKpalLeHUMH BJIACTUBOCTSIMU MOPIBHSHO i3 BUXiJHUM CTaHOM: 30iJIbIIEHOI0 ¥ ~4 pa3u iHCTPyMEHTaIbHOIO
TBepzicTio (fo 12,8 I'Tla); 3MeHIIeHUM B ~2,5 pa3u KoedillieHTOM TepTs Ta 3MeHIIeHuMU B ~20 pasiB BTpaTaMu Ha
3HOLIYBaHHS; IOKpallleHUM y ~1,5 pa3u Ta B ~6,5 pasiB 0Ol10pOM OKHCHEHHIO 32 MiABUIEHUX TEMIIEPATYP i B
cepenoBumii 3,5% NaCl, BinnosigHo. Y3YO-crHTe3 NOKpUTTS 3 TOpomkom Al203 103B0IMB 361MbIUTY TBEPIICTh
nosepxHi ABodasHoi natyHi JIC59-1 no ~5,3 ['Tla, npu pomy edeKT 3MillHEHHS focsirae 04 pasis, IOPiBHSHO i3
BUXiIHUM CcTaHOM. Bukopuctanns nopouky SiC nokpamuso edpekT 3MilJHeHHS 10 ~5 pasiB, 3HaUeHHs
MiKpPOTBEpIOCTi cKanaoTh ~5,65 I'Tla Ta ~6,7 I'Tla pis dppaxuiit 28 mxm—40 MM Ta 160 MKkM—200 MKM, BifITOBiTHO.
Jns1 Bunagxy 3acrocyBaHHs nopoulky SiC 6iybmoi ppaxiii 3pocTae omip 70 OKUCHOTO PYHHYBAHHS 3 YTBOPEHHSIM
¢daszn ZnO (3a jaHUMU peHTreHO()A30BUX AOCIiIKEHb BilCOTKOBUI BMICT OCTaHHBOI 3MeHIIYeThCsI 3 23% 10 10%).
3pocTanHs MiKpoTBepAocTi noBepxHi satyHi JIC59-1 nicsg Y3YO 3 nopowmkom SiC 06yMoBeHe KOMOIHOBaHUM
BIIJIMBOM IIPOLIECIB apMyBaHHs1 BUCOKOMILIHUMU KapOiIHUMM YaCTUHKAMU, JUCIIEPTyBAaHHS 3€PEHHOI CTPYKTYPHU
MaTpUYHUX CKIATOBUX (10 ~70 HM Ta ~50 HM as1s 0-Ta 0-das, BignoBinHO) Ta Ppa3oBuM repeTBopeHHIM ooo (i3
3MEHIIEHHSIM BTPUYi KiZIbKOCTi 0-¢as3n); 3arajibHa TOBLIMHA edOPMOBAaHOTO 1apy ckianae ~500 MKM.
EnexTpoickpoBe jieryBaHHsI TUTAHOM CILIaBy AMr6 3 ofasibLIO YIbTPa3ByKOBOK YAAPHOIO 06POOKOI0
3a6e311e4nsIo, MOPIiBHSHO i3 BUXiZHUM CTAaHOM, 3pOCTaHHS MIKPOTBEPOCTi IPUIIOBEPXHEBUX 11aPiB 10 ~3 pasiB Ta
3axMCHOI e(PeKTUBHOCTI Bifl KOPo3ii (y conboBomy po3unHi 3,5% NaCl) Ha 26% 3aBsiku TBepAopo3unHHOMY (Ti-Al)
Ta AucnepciiHomy (iHTepMmeTainigHi Ta okcugHi pazu Ti i Al) 3miljHEeHHIO, a TaKOX POPMYBaHHIO 6iMOIANIbHOI
CTPYKTYPH 3 YJIbTPAAUCIIEPCHUMU 3epHaMU. [HTeHcuBHICTb 3MinHeHHd nica ENInY3YO ta Y3YO cknapae 33,2
MIla/mxm Ta 13,6 MIla/MKM, BiilIOBiAHO, TOOGTO 36ibLIyEThCS Maiike BTpudi. [I[pudomy came nedopmauiitHui
BB Y3YO 006yMOBJIIO€ YTBOPEHHS 06J1acTell pparMeHTOBaHOI MIKPOCTPYKTYPH Y [I0BEPXHEBUX IIapax CIJIaBy
AMTr6, ne KoxkeH (pparMeHT XapaKTepU3yeThCS BUCOKMM 3HAYEHHSIM CEPEJHbOI I'yCTUHU AucjoKalil. CepenHs
TOBIIVMHA MOAM(IKOBAHOTO/CUHTE30BAHOTrO 1Ay 3i 3HaYHUM BMiCTOM TUTaHY Ta KMCHIO CTAHOBUTb OJIM3bKO 11
MKM, a 3arajibHa rJIn61Ha iIHTEHCUBHOTO IIPOHUKHEHHS OCTaHHbOTO focsrae 32 MKM. BctaHOBIeHI B po6OTi
3aKOHOMIpHOCTi (POpMYyBaHHS TEPMIUHO- Ta MEXaHIYHO-iHIyKOBAaHUX I'PaliEeHTHUX CTPYKTYPHO-(Pa30BUX CTaHIB y
[IPUIIOBEPXHEBUX lIapax NPOMUCJIOBUX ciaBis BT6, JIC59-1, AMr6 nin fiero iHTeHCUMBHOI MJIaCTUYHOI Aedopmarii

BiJKpMBAIOTh [IEPCIEKTUBY CTBOPEHHS iHHOBALIIMIHMX TEXHOJIOTIN iHXXeHepii MeTaneBOi IOBEPXHI.

2. The dissertation is devoted to the solution to a current scientific and technical problem - improving the
mechanical and corrosion properties of the surface of alloys based on non-ferrous metals (Ti, Cu and Al) by
ultrasonic impact synthesis of high-strength composite coatings. The use of high-strength dispersed Si3N4, A1203
and SiC powders during the ultrasonic impact treatment of Grade5 and CuZn38Pbl1 alloys allows the synthesis of
composite coatings with increased micro- and instrumental hardness up to 4-5 times and corrosion resistance
compared to the initial state. The thickness of these coatings is determined by mechanical properties of the alloy
and the crack resistance of the powder. The coatings obtained in this way have a gradient structure and consist of
compacted layer of crushed powder, composite layer (matrix alloy reinforced with powder particles) and area of



the strain hardening with modified phase composition. The ultrasonic impact treatment with 0-Si3N4 powder
inhibits high-temperature oxidation of the surface of the Grade5 alloy: mass loss after 50 hours of cyclic annealing
in air at a temperature of 650 °C is reduced by two times, compared to the initial state, due to the mechanical
alloying of the surface layers of alloys with crushed particles to a depth of ~16 um, accelerated mass transfer and
partial sintering of the components of the synthesized coating. This result is due to the fact that 0-Si3N4 has a
hexagonal lattice type, like the metal matrix and close values of periods (parameter a is 2.951 A for Ti, and 2.909 A
for o-Si3N4). In addition, this modification of the silicon nitride is characterized by a fairly high resistance to
thermal impacts, which can provide a low level of thermal stress during cyclic annealing. The combined effect of
ultrasonic impact treatment of the surface of the Grade5 alloy with AI203 powder and the subsequent heat
treatment at the temperature of 650 °C allows: a 4-factor increase of the nanohardness (up to ~12.8 GPa) and a 2.5-
factor reduction of the coefficient of friction during ~30 test cycles and significantly reduce wear rate; a 1.5-factor
increase of the heat resistance; to increase by ~6.5 times the resistance to corrosion in the 3.5% NaCl
environment, compared to the initial state. The USIT-synthesis of the coating using the Al203 oxide powder allows
an increase of the hardness of the surface of two-phase CuZn38Pbl brass to ~5.3 GPa, the strengthening effect
reaches 04 times that of an initial state. The use of SiC powder makes it possible to achieve a strengthening effect
that is ~5 times greater than the original; the microhardness values are ~5.65 GPa and ~6.7 GPa for fractions 28
pum-40 um and 160 um-200 pm, respectively. An increase in the fraction of SiC powder improves the resistance to
oxidative destruction and the formation of the ZnO phase (by X-ray phase studies the percentage content of the
latter decreases from 23% to 10%). The microhardness of the surface of CuZn38Pbl1 brass after USIT with SiC
powder is further increased by the complex influence of the processes of reinforcement with high-strength
carbide particles, refinement of the grain structure of matrix components (up to ~70 nm and ~50 nm for o- and o-
phases, respectively) and phase transformation oo o (with a three-factor decreasing in the amount of the o-phase); the
total depth of deformation influence is close to 500 um. Electrospark alloying of the surface of the 5083 alloy with
titanium followed by ultrasonic impact treatment provides an increase of the microhardness of up to ~3 times and
26% increase in the corrosion resistance efficiency (in a 3.5% NaCl solution) of near-surface layers, compared to
the initial state, due to solid-soluble (Ti-Al) and dispersion (intermetallic and oxide phases of Ti and Al)
strengthening, as well as the formation of a bimodal structure with ultradispersed grains. The strengthening
intensity after ESADUSIT and USIT is 33.2 MPa/pm and 13.6 MPa/um, respectively. Moreover, it is the deformation
effect of USIT that determines the formation of areas of fragmented microstructure in the surface layers of the
5083 alloy, where each fragment is characterized by a high value of the average density of dislocations. The
average thickness of the modified /synthesized layer with a significant content of titanium and oxygen is about 11
um, and the total depth of intensive penetration of the latter reaches 32 um. The regularities of the formation of
thermally- and mechanically-induced gradient structural-phase states in the near-surface layers of industrial
alloys Grade5, CuZn38Pbl and 5083 under the influence of intense plastic deformation, established in the work,
open up prospects for the creation of new progressive surface engineering technologies.
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rOJIOBYIOYOrO Ha 3acigaHHi

Bi,ZIHOBi,I[aJIbHHfI 3a Hi,qI‘OTOBKy JlankoBcbKa Haraisa OHCKCHHﬂpiBHa

00JIIKOBHX JOKYMEHTIB



PeecTtpaTop VYKpIHTEI

KepiBHuk Bigginy YKpIHTEI, mo €
BiZITIOBiZAaILHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

OistJIBHOCTI




