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1. OcobauBOCTi BU3HaUYeHHS (Pi3NKO-MeXaHIYHUX BJIACTUBOCTE TBEPIUX TiJl IPU JIOKAJIbHOMY HaBaHTaKEHHI B

MIKpO- Ta HaHOOO'eMax

2. Features of determination of physical and mechanical properties of solids under local loading in micro- and

nanovolumes

Pedepar:

1. Po3BuHeHi (i3nyHi ysaBIeHHS IPO MacIITabHY 3a/I€5KHICTh TBEPAOCTI KPUCTAIIYHUX MaTepiasiB pu
HAHOIHAEHTYBaHHI. 3allpONIOHOBAHO (PEHOMEHOJIOTIYHUM MifXif 00 MacIITabHOI 3a71€XXHOCTI TBEPHOCTI, 1110
IO3BOJISIE HE BPaXOBYBAaTH KOHKPETHI AUCJIOKaliiHI MexaHi3Mu gedopmalii npu iHgeHTyBaHHi. [Ipupona
MacimTabHOI 3a7IeXKHOCTI TBEPAOCTI OGrOBOPIOETHCS B 3B'SI3KY 3i CHIBBiIHOIIEHHIM IIPY>KHOI O € i y1acTUyHOi 0 p
nedopmanii matepiany nin inneHTOpoM. BcTaHoBIE€HO, 1110 PO3MipHUI €(PeKT 0OYMOBJIEHU YTPYIHEHHIM
IJIaCTUYHOI AedopMallii i 3poCcTaHHSM NPYKHOI fedopmaliii, o NpU3BOIUTS, B BiATIOBIHOCTI 3aKoHY ['yKa, 10
36is1bIIE€HHS TBEPAOCTI. 17151 cTaHnapTU3alii pe3ysbTaTtiB TBepHOCTi pi3HUX MaTepiasiB po3pobiieHi Gpopmynu i

3aIIPOIIOHOBAHO METO/ [IepepaxyHKy TBEPIOCTi 3 OAHOrO HaBaHTaKeHHsI Ha iHIie abo 3 ofHiel rIMOUHY BindUTKa Ha



sKych dikcoBaHy rinubuny hd, mo 103Bossi€e 6ibill KOPEKTHO MOPIBHIOBATH PE3yJIbTaTH BUMIPIOBAaHHS
HAaHOTBEPJOCTi, OTpMMaHi B pi3HUX poboTax. [TokazaHo, 110 po3paxoBaHa IIpU iHCTPYMEHTAIbHOMY iHI€HTyBaHHi
XapaKTepUCTHKa NIJIaCTUYHOCTI DA = Ap /At (ne Ap i At - po6oTa nIacTUYHOI Ta 3arajbHoi Aedopmallii, BilTIOBiHO),
Maibke crniBnagae 3 oH=op /ot (ge op i ot - BignoBinHO, MaCTUYHA Ta 3arajbHa Jedopmalii Npy iHAeHTyBaHHi), ko oH o
0,5, TO6TO 17151 BCiX MeTasIiB Ta Gi/IbIIOCTI TYrOMJIaBKUX CIOJYK i KepaMik. Briepiie MeTogom MiKpoiHoeHTYBaHHS
nobynoBaHi Kpusi gedopmaliii o 0 t) 77151 KPUXKUX MaTepiasliB — MOHOKPHUCTaJIiYHOro Si i kepamik Ha ocHOBi TiB2 i SiC
B IIMPOKOMY iHTepBaii Temnepatyp (20 - 900 °C) ta nedopmauiii (ot = 2 - 30 %). 3a oTpUMaHUMU KPUBAMU 17151 Si i
kepamiku TiB2 Bu3HaueHO napameTpu AedopMalifiHOro 3MillHeHHS B iHTepBajli Temneparyp 400 - 900 °C. 3a
IIOTIOMOTOI0 PO3BUHEHUX METOIMK iHIEHTYBaHHS Oy/Ii BUBYEHI i BU3HAUEHI MeXaHiuHi XapaKTepUCTUKHU
HaHOCTPYKTYPOBaHMX MaTepiasiB. 3MiHa xapakTepy TEMIIEPATYpPHOI 3aJIEXKHOCTI XapaKTePUCTUKY IIJIaCTUYHOCTI 0H
Ila€ 3MOTy BU3HA4YaTH iHTepBaJl TEMIIEPATYP, B SKOMY NIPOSIBJISIETHCSI HAAIJIACTUYHICTb MaTepiasiB, [AJ1 SKUX BOHA
npuTaMaHHa. Kito4oBi c0Ba: MaciTabHa 3aJIeXKHICTb TBEPAOCTi, HAHOTBEPiCTh, MEXaHI4Hi BJIACTUBOCTI,

IIJIaCTUYHICTb, TEMIIEpPATYpa.

2. The physical ideas about the indentation size effect of crystalline materials at nanoindentation have been
developed. A phenomenological approach to the largeindentation size effect, which allows to ignore the specific
dislocation mechanisms of deformation during indentation, has been proposed. The nature of the indentation size
effect in relation to the ratio of elastic o e and plastic o p deformation of the material under the indenter is discussed.
It is established that the dimensional effect is determined by the difficulty of plastic deformation and the growth of
elastic deformation, which leads to an increase of hardness in accordance with Hooke's law. To standardize the
hardness results of different materials, a number of formulas have been developed and a method of calculating the
hardness from one load to another or from one imprint depth to some fixed depth hf has been proposed. This

allows a more accurate comparison the results of nanohardness measurements obtained by different researchers.

It is shown that the plasticity characteristic calculated at instrumental indentation nA=Ap /At (where Ap and At is

the work of plastic and total deformation, respectively), almost coincides with o0H=op /ot (where op and ot are plastic and
total deformation during indentation, respectively) if oH o 0,5, i.e. for all metals and most refractory compounds and
ceramics. For the first time, the deformation curves o( o t) for brittle materials - monocrystalline Si and ceramics
based on TiB2 and SiC in a wide range of temperatures (20 - 900 °C) and deformations (ot = 2 - 30 %) has been
created. According to the obtained curves for Si and TiB2 ceramics the parameters of deformation hardening in

the temperature range of 400 - 900 °C has been determined. Using the developed methods of indentation, the
mechanical characteristics of nanostructured materials has been studied and determined. Changing the
temperature dependence of the plasticity characteristic tH makes it possible to determine the temperature range

of superplasticity in the materials in which this phenomenon is inherent. Key words: scale dependence of

hardness, nanohardness, mechanical properties, plasticity, temperature.
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