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1. Po3po6s1eHHS TPUKPOKOBOro MeTony $ha303CcyBHOI iHTepdepomeTpii AJ1s1 KOHTPOJIIO pesibedy IOBEPXHi eJleMeHTIB
KOHCTPYKIiN

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

elements

Pedepar:

1. Y nuceprauiiiziilt po60Ti 3aIIpOIIOHOBAHO HOBE BUPIlIEHHS] HAYKOBO-TEXHIYHOI 331a4i MOHITOPUHTY [TOBEPXHI
MarepiasiB Ta €J1eMEeHTIB KOHCTPYKIiH, SIKi IPALl0I0Th B YMOBaX LMKJIIYHUX HABAaHTAKEHb Ta Y POOOUYUX
cepenoBUIIax. BOHO 6a3yeThbCsl HAa aHaMi3i 3MiH pesibey OBEPXHi HA HAaHO- Ta MIKpOPiBHSIX. [y pPO3B'sI3aHHS Liiei
3a/1a4i po3pob6sieHO MeTO, TPUKPOKOBOI a3o3cyBHOI iHTeppepomeTpii Ta BiAnosifgHi 3acobu fioro peanisarii, mo
Ia710 MOXJIMBICTb BiITBOPIOBATU peJibed MOBEPXOHb y IIBUIKICHOMY peKuUMi. 3alpOIIOHOBAHO aHaJIi3yBaTH sIK
IIOBHUM BiATBOpEHUI! pesbed Tak i HOro KOMIOHEHTH, 30KPEMa MIOPCTKICTh Ta XBUJIACTICTb. [I7151 BULIIEHHS LIUX
KOMIIOHEHT PO3PO06JIEHO HOBUII aITOPUTM 06pOOKM iHTepdeporpam nosepxHi. Lle 1ano 3mory BiATBOPIOBAaTU Ta

aHaslizyBaTu peJsibedy IOBEPXOHDb MaTepiasliB Ta eJIleMEHTIB KOHCTPYKLH 3 IOXMOKOIO, sIKa He repesuilye 5 HM. Ha



OCHOBI 3aIIPOIIOHOBAaHOT0 METO/IYy PO3POOIEHO PEKOMEH 1allii 1711 CTBOPEHHS Ta BUTOTOBJIEHO MPUCTPIll ONITUYHOTO
3D npodinomerpa. Po3pobeHuit NpUCTPill BOJOi€ TAKUMU XapaKTePUCTUKAMU: IIBUIKOI0 PEECTPAILIEI0 T
BiAITBOpEHHSIM pesbedy NoBepxHi i3 mopcTkicTio 11-14 knacy BianosigHo 1o ISO 25178-2:2012; BuAineHHSIM
KOMIIOHEHT peJibedy, 30KPEMa IOPCTKOCTI Ta XBUJISICTOCTI; 3MiHHOIO AiJITHKOIO CIIOCTEPE>KEHHS]; BU3BHAYEHHSIM
reOMEeTPUYHHUX NIapaMeTpiB LIOPCTKOCTI Ta XBUJISICTOCTI 3a IOBL/IbHUM NpodineM Ta (abo) 1J1s Beiei IoBepXHi
IiJISTHKY CIIOCTEpPEesKeHHsI. 3alIpOIIOHOBaHUM METO[, PA30M 3 BiATIOBiTHNUM 00JIafHAHHSAM 0yJI0 BUKOPUCTAHO Iif 4ac
MOHITOPUHTY 00’€KTiB, 1110 3a3HaBa/Ii BTOMHUX LIMKJIiYHMX HaBaHTaXXeHb. lle Jaso 3Mory oLiHUTHA PO3Mipy BTOMHOI
30HU [IEPEAPYVHYBAHHS B OKOJIi KOHLIEHTPATOPA HAIIPY>XEHb. [JONaTKOBMN aHaIi3 3MiH MOPCTKOCTI IiJISTHKU
CIIOCTEPEKEHHS JaB MOKJIMBICTh IPOTHO3YBATH MiClle 3apOIPKEHHSI BTOMHOI MaKpOTPIIIMHY 3a[10Bro 10 ii mosiBU Ha
noBepxHi. Takox 3a IOMOMOT0I0 3alIPONOHOBAHUX iHTepdepOMeTPUYHUX 3aCO6iB IPOBEIEHO P
€KCIIEPMMEHTAJIBHUX JIOCTIiI)KEHb BILJIMBY BOLHIO HA TOBEPXHIO CTajled 3 Pi3HOIO CTPYKTYPOIO. 32 pe3yabTaTaMu
€KCIIEPUMEHTIB BCTAHOBJIEHO, 1110 BILJIUB BOJHIO HA CTaJli 3 Pi3HOIO CTPYKTYPOIO € pisHMM. Ha roBepxHax
IOCJTiIKeHUX CcTajlell yTBOPIOBAJIMCh OJicTepy Ta 36i/bliyBajach OPCTKICTb, IPOTe po3Mipu 671icTepiB, ix rycTuHa
Ta AMHaMiKa 3MiH OyJI Pi3HUMU 7151 KOKHOTO MaTepiany. IHpopmaliist npo yacosi 3MiHM IOBEPXHi cTajlel pi3HOi
CTPYKTYpHU IMicjid Jii Ha HUX BOOHIO HEOOXiAHA /1151 pO3pO0JIeHHsl peKOMEeHAallill o040 MaTepiaiB [Jis
BATOTOBJIEHHS [1ap TEPTS Ta BiANIOBIIHUX MAaCTUJI, & TAKOX [IJIS1 IPOTHO3YBaHHS PECYPCY €JIEMEHTIB KOHCTPYKLIiH,
SIKi MpaloI0Th y pob0ounx cepenoBullax. JIjsi NIpOrHo3yBaHHs IapaMeTPiB MIOPCTKOCTI [I0BEPXHI AeTanel 3
TUTAHOBUX CIIJIABIiB MicJIs iX XiMiKO-TepMiuHOI 06pOOKHU (a30TyBaHHS Ta 60PYBaHHS) LOCJIIIPKEHO BILJIUB LIUX
TEXHOJIOTIYHMX IIPOLECIB Ha 3MiHY OPCTKOCTI. 30KpeMa, niig Tutany BT 1-0 BcTaHOBIIEHO, 110 Ha 3MiHY
IIOPCTKOCTI BIVIMBA€ TaKOX PiBE€Hb [10YATKOBOI IOPCTKOCTI Ta TEMIIEPATYPa TEXHOJIOTIYHOTO IIPOLIECY.
Be3KOHTaKTHUM CII0COO0M OLIiHEHO MIOPCTKICTh IIOBEPXOHb JieTajel 1O Ta MiCJIsi TEXHOJIOTIYHUX IIPOLIECIB.

BcTaHOBJIEHO, 1110 IMOPCTKICTh TOBEPXHIi 3a XiMiKO-TepMiuHO1 06pOOKU B cepeiHbOMY 36ibIIYETHCS Ha IBA 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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