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1. Po3p0o6s1eHHS TPUKPOKOBOIO METOLy (pa303CyBHOI iHTEpdEepOMETPIi 1151 KOHTPOJIIO peibey IIOBEPXHi €J1EMEHTIB
KOHCTPYKLiN

2. Development of three-step phase-shifting interferometry method for monitoring the surface relief of structural
elements

Pedepar:

1. Y puceprauiiiziil pob0Ti 3aIIpONIOHOBAHO HOBE BUPIIIEHHS] HAYKOBO-TEXHIUHOI 331a4i MOHITOPMHTY [TOBEPXHI
MarepiasiB Ta eJIeMeHTiB KOHCTPYKIiii, SIKi IPalLlo0Th B YMOBAX LMKJIIYHMX HABAaHTAXEHb TA Y POOOUMX
cepenoBullax. BoHo 6a3yeTbcs Ha aHasi3i 3MiH pesibedy NOBepxHi Ha HAHO- Ta MIKpPOPiBHSIX. [17151 po3B'si3aHHs Lii€i
3a/1aui po3pob6sIeHO MeTO, TPUKPOKOBOI pa303CyBHOI iHTeppepoMeTpii Ta BiANoBifgHI 3acobu fioro peasnisalii, mo

I aJI0 MOXJIMBICTB BiITBOPIOBATU peJibed MOBEPXOHb y MBUKICHOMY peXUMi. 3alIpOIIOHOBAHO aHAJIi3yBaTH SIK



[IOBHUY BiITBOPEHUM peJibed TaK i HOr0 KOMIIOHEHTH, 30KpeMa LOPCTKICTh Ta XBUJISICTICTb. [y BUIiZIEHHS LAX
KOMITIOHEHT PO3p00JIeHO HOBUH aliropuTM 00pobKU iHTepdeporpam nosepxHi. lle gano 3Mory BifTBOPIOBATH Ta
aHaslizyBaTU peJsibedy IOBEPXOHb MaTepiasliB Ta €JIeMEHTIB KOHCTPYKLil 3 TOXMOKOIO, sIKa He repesulye 5 HM. Ha
OCHOBI 3aIIPOIIOHOBAHOT0 METOMY PO3POOJIEHO PEKOMEH 1ALl /1711 CTBOPEHHS Ta BUTOTOBJIEHO MPUCTPIll ONITUYHOTO
3D npo@inomerpa. Po3pobaeHuil IpucTpiil BOJIOAi€ TAKUMU XapaKTePUCTUKAMU: MIBUJKOIO peecTpallielo Ta
BiATBOpeHHSIM pesbedy MoBepxHi i3 mopcTkicTio 11-14 knacy BinnosigHo 1o ISO 25178-2:2012; BuAineHHSIM
KOMIIOHEHT peJibedy, 30KpeMa IOPCTKOCTI Ta XBUJISICTOCTI; 3MiHHOIO AiJITHKOIO CIIOCTEPE>KEHHS]; BUBHAYEHHSIM
reOMEeTPUYHUX IIapaMeTpiB LIOPCTKOCTI Ta XBUJISICTOCTI 3a IOBL/IbHUM NpodineM Ta (abo) 1J1s Beiei IoBepxHi
IiJISTHKY CIIOCTEpPEesKeHHs. 3alIpOIIOHOBaHUM METO[, PA30M 3 BiATIOBiTHMM 00JIafHAHHSM 0yJI0 BUKOPUCTAHO TIif Yyac
MOHITOPUHTY 00’€KTiB, 1110 3a3HaBa/Il BTOMHUX LIUKJIIYHMX HaBaHTaXXeHb. lle Jaso 3Mory oLiHUTHA PO3Mipu BTOMHOI
30HU NlepePYNHYBAaHHS B OKOJIi KOHLEHTPATOPa HaNpyKeHb. JogaTKOBUI aHasli3 3MiH OPCTKOCTI AiJITHKU
CIIOCTEPEKEHHS 1aB MOKJIUBICTb IIPOTHO3YBATU MiCLle 3apPOJKEHHSI BTOMHOI MAaKPOTPILIMHY 3310BrO 1O ii [10sBU Ha
noBepxHi. TakoX 3a IOMOMOT0I0 3alIPONOHOBAHUX iHTephEepOMeTPUYHUX 3aCO6iIB MPOBEIEHO P
€KCIIEPMMEHTAJIbHUX JIOCIIiI)KEHb BIIJIMBY BOLHIO HA TOBEPXHIO CTaJel 3 Pi3HOIO CTPYKTYPOIO. 3a pe3yabTaTaMu
€KCIIEPMMEHTIB BCTAHOBJIEHO, IO BIUIMB BOJHIO Ha CTaJli 3 Pi3HOIO CTPYKTYPOIO € pisHUM. Ha noBepxHsix
IOCJTiIKeHUX CTajlell yTBOPIOBAJIMCh OJicTepy Ta 36i/bLIyBajach OPCTKICTb, IPOTE Po3Mipu 61icTepiB, ix rycTuHa
Ta AUHaMiKa 3MiH OyJId Pi3HUMU JJ151 KOKHOTO MaTepiany. IHpopmaliist npo yacosi 3MiHM NIOBEPXHi cTaslel pi3HOi
CTPYKTYpH IiCJIs Aii Ha HUX BOJHIO HEOOXifHA 111 pOo3po6JI€HHS peKOMEHALLiN o0 MaTepialiB AJ1st
BUTOTOBJIEHHS M1Ap TEPTH Ta BiANOBIIHUX MAaCTUJI, & TAKOXK [1JIS IPOTHO3YBAaHHS PECYPCY €JIEMEHTIB KOHCTPYKLIii,
SIKi Mpalo0Th y pobourx cepenoBulliax. JIjsi IpOorHo3yBaHHs apaMeTPiB IMIOPCTKOCTI [I0BEPXHI AeTasnel 3
THUTAHOBUX CIIJIABiB MicJs iX XiMiKO-TepMiuHOI 06pOOKU (a30TyBaHHS Ta 60PYBaHHS) AOCJIIIPKEHO BILJIUB LIUX
TEXHOJIOTIYHMX IIPOLECIB Ha 3MiHY OPCTKOCTI. 30KpeMa, g Tutany BT 1-0 BcTaHOBIIEHO, 110 Ha 3MiHY
IIOPCTKOCTI BIVIMBA€ TaKOX PiBE€Hb [1I0YATKOBOI IOPCTKOCTI Ta TEMIIEPATYPa TEXHOJIOTIYHOTO IIPOLIECY.
Be3KOHTaKTHUM CITIOCOOOM OLIiHEHO MOPCTKICTh MOBEPXOHb JIETajel 10 Ta Micsl TeXHOJIOTYHUX MPOLIECiB.

BcTaHOBIIEHO, 0 OPCTKICTh MOBEPXHI 32 XIMIKO-TEpPMiuHOI 060pPOOKU B cCepelHbOMY 30i/IbLIYETHCS HA ABA KJIACH.

2. The new solution of the scientific and technical problem of monitoring the surfaces of materials and structural
elements that work under cyclic loads and in working environment is proposed in the thesis. This solution is based
on the analysis of the surface relief changes on nano- and microlevels. To solve this task, a three-step phase-
shifting interferometry method and respective means of its implementation are developed that allow retrieving the
surface relief in speed mode. It is proposed to analyze both the total retrieved surface relief and its components, in
particular, roughness and waviness. A new algorithm of surface’s interferograms processing is elaborated for
selection of these components. This allows reconstructing and analyzing surface reliefs of materials and structural
elements with an error of no more than 5 nm. Based on the proposed method, recommendations for the creation
and production of an optical 3D profilometer device have been developed. The created device possesses such
characteristics as fast recording and retrieval of surface relief with 11-14 grades of finish according to ISO 25178~
2:2012; extraction of the relief components, in particular, roughness and waviness, variable area of observation,
determination of geometric parameters of roughness and waviness using arbitrary profile and (or) all observed
surface area. The proposed method and corresponding equipment were used during the monitoring of objects
subjected to fatigue cyclic loads. Due to this method and the created equipment, the fatigue process zone sizes
near the stress concentrator were estimated. Additional analysis of the observed area roughness changes allows
predicting the site of a fatigue crack initiation long before its appearance on the surface. Also with the help of the
proposed interferometric means a number of experimental studies of the effect of hydrogen on the steel surfaces
with different structures have been carried out. According to the results of experiments, it was found that the
effect of hydrogen on steels with different structures is different. Blisters were created and the roughness
increased on the surfaces of studied steels, however the blister sizes, their density and dynamics of changes were
different for each material. Information on the time changes of the steel surfaces with different structures after
the action of hydrogen on them is necessary to develop recommendations for materials to produce friction pairs
and appropriate lubricants, as well as to predict the service life of structural elements operating in working



environments. In order to predict the surface roughness parameters of titanium alloy details after their chemical-
thermal treatment (nitriding and boriding), the influence of these technological processes on the change in
roughness was studied. In particular, for titanium BT 1-0 it was found that the level of initial roughness and the
temperature of the technological process also influenced on the change in roughness. The surface roughness of
details before and after technological processes was estimated by non-contact method. It is established that the
surface roughness after chemical-heat treatment increases on average by two classes.
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