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Pedepar:

1. lucepraris NprUCBAYY€ETHCS BUPILIEHHIO aKTyaJIbHOI HAYKOBO-TEXHIYHOI 3aa4i — [IOKPAIIEHHIO MEXaHIYHUX Ta
KOPO3iliHUX BJIACTUBOCTEN NOBEPXHi CIJIaBiB HA OCHOBI KObOpoBUX MeTaiB (Ti, Cu i Al) IIIIXOM yIBTPa3ByKOBOTO
YAAPHOTO CUHTE3y BUCOKOMILIHMX KOMIIO3ULIITHUX MOKPUTTIB. BUKOpHUCTaHHS BUCOKOMILIHUX JYCIIEPCHUX
nopouikiB Si3N4, Al203 ta SiC nin yac ynbTpas3BykoBoi ygapHoi 06po6ku ciasiB BT6 ta JIC59-1 no3sonuio
CHHTE3yBaT/ KOMIIO3ULiMHI TOKPUTTS i3 MifIBUIIEHOIO 10 4-5 pa3iB MiKpO- Ta IHCTPYMEHTAJIbHOIO TBEPAICTIO i
KOPO3iMHOIO CTIiMKICTIO, TOBLIMHA SIKUX BU3HAYAE€TbCS MEXaHIYHUMU BJIACTUBOCTSIMU BUXIJHOIO CILJIABY Ta

TPIIMHOCTINKICTIO MOPOMIKY. CUHTE30BaHi TAKMM YMHOM MOKPUTTS MAIOTh I'PaJlieHTHY CTPYKTYPY: VIIJIbHEHUH Iap



NOAPiIOHEHOTO MOPOLIKY; KOMIIO3ULHMI Wap (MATPUYHUI CIIJIaB aPMOBAHMI YaCTUHKAaMU MTOPOLIKY); 06J1aCTh
nedopmariiiHoro 3mintHeHHS 3 MogudikoBaHUM (HA30BUM CKIIATOM. YIbTPa3ByKOBa yapHa 0Opo6Ka 3 IIOPOIIKOM O-
Si3N4 rasibmMye BUCOKOTEMIIEpAaTypHE OKUCHEHHS NOBEPXHi ciaBy BT6: BTpara Macu mniciis 50 roguH HUKJIiYHOTO
Bianasy Ha nosiTpi 3a Temneparypu 650 °C 3MeHIIYeThCS BABIYi, TOPIBHSHO i3 BUXiIHUM CTAHOM, 3aBJSIKA
MEXaHIYHOMY JIETYBAaHHIO [1OIPIOHEHNMU YaCTUHKAMU MOPOIIKY 10 IIMOUHU ~16 MKM, IPUCKOPEHOMY
MacoIIepEHOCY Ta YaCTKOBOMY CITiIKaHHIO KOMIIOHEHTIB CUHTE30BaHOr O IIOKPUTTSL. Takui1 pe3ysbTaT
00YMOBJIIOETHCS THM, 10 0-Si3N4 Ta Ti MaloTh OJJHAKOBUI TUII KPUCTAJIIYHOI I'PATKU 3 6IM3bKUMU I1apaMeTpaMu
(oy1s1 Ti — a = 0,2951 1M, g1 0-Si3N4 - ¢ = 0,2909 um). [JaHa mogudikalis HITPUAY KPEMHIIO XapaKTepPU3y€eTbCS
TaKOX JIOCUTh BUCOKOIO CTiMKiCTIO JJO TEIJIOBUX YIapiB, 110 3abe3nevyye HU3bKUI piBeHb TEPMiYHUX HAIIPYKEHb T
yac IMKJIiYHOro Bignany. KombiHoBaHa fis y/IbTpa3ByKoBoOi yaapHoi 06po6Kky noBepxHi criaBy BT6 3 mopoumkom
Al203 Ta Binnany 3a remneparypu 650 °C go3Bosnusna cpopMyBaTH 3aXMCHE KOMIIO3UIiiHe TOKPUTTS i3
[IOKPAIeHMU BIIACTUBOCTSIMU MTOPIBHSIHO i3 BUXiTHUM CTaHOM: 30iJIbIIE€HOI0 ¥ ~4 pa3u iHCTPYMEHTAJIbHOIO
TBepgicTio (fo 12,8 I'Tla); 3MeHIIeHUM B ~2,5 pa3u KoedillieHTOM TepTs Ta 3MeHIIeHuMU B ~20 pasiB BTpaTaMu Ha
3HOILIYBaHHS; IOKpalleHUM y ~1,5 pa3u Ta B ~6,5 pasiB 0OI10pOM OKMCHEHHIO 32 MiABUILEHUX TEMIIEPATYP i B
cepenoBumii 3,5% NaCl, BinnosigHo. Y3YO-crHTe3 NOKpUTTS 3 TOpomkom Al203 103BoIMB 3611bIUTY TBEPLICTh
noBepxHi ABodazHoi saryHi JIC59-1 no ~5,3 I'Tla, npu upomy edeKT 3MilfHEHHS focsrae 04 pasis, IOPiBHSIHO i3
BUXiJHUM CTaHOM. Bukopucranns nopouky SiC nokpamuso edexT 3MilJHEHHS 10 ~5 pasiB, 3HaYeHHs
MIKpPOTBepJOCTi CKIaaaTb ~5,65 I'Tla Ta ~6,7 I'Tla ans ¢ppakuiit 28 mkm-40 MkM Ta 160 MKkM-200 MKM, BiOBiIHO.
Jlns Bunanxy 3acrocyBaHHs nopouky SiC 6isbimoi ¢ppaxiii 3pocTae omip 10 OKUCHOTO PyiHYBaHHS 3 YTBOPEHHSIM
daszu ZnO (3a JaHUMU peHTTreHO()A30BUX AOCIiIKEHb BiICOTKOBUI BMICT OCTaHHbOI 3MeHIyeThCs 3 23% 10 10%).
3pocTaHHs MiKpoTBepAocTi noBepxHi satyHi JIC59-1 nicsg Y3YO 3 nopomkom SiC 06yMoBIeHe KOMOIHOBaHUM
BIIJIMBOM IIPOLIECIB apMyBaHHsI BUCOKOMILIHUMU KapOiIHUMM YaCTUHKAMU, JUCIIePTryBaHHS 3€PEHHOI CTPYKTYPHU
MaTpUYHUX CKIATNOBUX (10 ~70 HM Ta ~50 HM s 0-Ta 0-das, BinnoBinHO) Ta (pa3oBUM IepeTBOpeHHIM ooo (i3
3MEHIIEHHSIM BTPUYi KiZIbKOCTi 0-¢a3n); 3arajibHa TOBLIMHA fe(OPMOBaHOTO mapy ckianae ~500 MKM.
EnekTpoickpoBe jieryBaHHs TUTAHOM CILIaBy AMr6 3 ofasibLIO YIbTPa3ByKOBOK YAAPHOI0 06POOKOI0
3a6e311e4nsio, MOPiBHSHO i3 BUXiZHUM CTaHOM, 3pOCTaHHS MIKPOTBEPJOCTi IPUIIOBEPXHEBUX 11aPiB 10 ~3 pasiB Ta
3axXMCHOI e(peKTUBHOCTI BiJj KOpo3ii (y cosiboBoMy po3unHi 3,5% NaCl) Ha 26% 3aBnsiku TBepaopo3dynHHOMY (Ti-Al)
Ta AUcnepciiHomy (iHTepMmeranigHi Ta okcugHi pazu Ti i Al) 3miljHEeHHIO0, a TaKOX POPMYBaHHIO 6iMOIAIbHOI
CTPYKTYPH 3 YJIbTPAAUCIIEPCHUMU 3epHaMU. [HTeHCcHBHICTD 3MinHeHHd nica ELInY3YO ta Y3YO cknapae 33,2
MIIa/mxm 1a 13,6 MIla/MKM, BianosigHo, TOGTO 36is1bI1yeThCs Maiixke BTpudi. [Ipudomy came gedopmaninHum
BB Y3YO 006yMOBJIIO€ YTBOPEHHS 06J1acTell pparMeHTOBaHOI MiKPOCTPYKTYPH Y [I0BEPXHEBUX IIapax CIJIaBy
AMTr6, ne KoxkeH (pparMeHT XapaKTepU3yeTbCS BUCOKMM 3HAYEHHSIM CEPEIHbOI IyCTUHU AUCIoKaliil. CepenHs
TOBLIMHA MOAU(IKOBAHOTO /CUHTE30BaHOrO APy 3i 3HAaYHUM BMICTOM TUTaHY Ta KUCHIO CTAHOBUTH 61M3bKO 11
MKM, a 3arajibHa [JIMOMHA iHTEHCMBHOTO IIPOHMKHEHHS OCTAaHHbOTO Jlocsirae 32 MKM. BcTaHOBIIEHI B pO6GOTi
3aKOHOMIpHOCTi (OPMYyBaHHS TEPMIUHO- Ta MEXaHIYHO-1HIyKOBAaHUX I'PaliEeHTHUX CTPYKTYPHO-(Pa30BUX CTaHIB y
IIPUNOBEPXHEBUX IIAapax IPOMUCIIOBUX cIuIaBiB BT6, JIC59-1, AMr6 nin gieto iHTeHCUBHOI IyIaCTUYHOI gedopmatii

BiIKDMBAIOTb [1€PCIIEKTUBU CTBOPEHHS iHHOBAL[iIMHUX TEXHOJIOTI! iH)KeHepii MeTaneBoi TOBEPXHi.

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 o-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 o-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 CuZn38Pb1 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
um-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/um 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 pm. 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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