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MpoaeMoOHCTpUpOBaHbI pe3y/ibTaTbl MPUMEHEHUS HOBOIO MOAY/ISt paclUMpeHUs guManasoHa Harpysku npu
M3MepeHUM TBepAoCTU MeTOA0M UHAEHTUPOBaHUSA C MOMOLLbIO HAHOTBepaoMepoB cepun "HaHoCkaH-4D".
YCTpPOWMCTBO yBeINYMBAET pabo4min AManasoH NpukaagbiBaeMbix cui oT 140 50 H.

The application of the new module for expansion the load range at measurement of hardness
by indentation with use of NanoScan-4D scanning nano-hardness tester is shown. The device

increases the range of applied forces from 1to 50 newton.

3ydueHHEe MeXaHHUYeCKUX CBOMCTB MATEPUATIOB

C HAHOMETPOBBIM IIPOCTPAHCTBEHHBIM pa3pe-

IIeHHEM y3Ke JABHO He SIBISeTCs Y3KOCIelHab-
HOM 3ajavueri. HAHOTeXHOJOTUHU IIPOYHO YKOPEHH-
JIUCh BO MHOTUX 00/71aCTSX 4e/I0OBeUeCKOH JIesiTelb
HOCTH: HayKe, MeJHULIMHe, MAIIUHOCTPOEHUHU U T.J.
CoBepILeHCTBOBAHHE HUCIIOb3YeMbIX B HAHOUHYCTPUU
MaTepHaJIoB U TEXHOJIOTHH BiIeYeT 3a coboi Heobxonu-
MOCTb COOTBETCTBEHHOT'0 Pa3BUTHS U3MEPUTETbHBIX
1pubopoB, KOTOpBIe TPeOYIOTCS ysKe He TOBKO B KPYITHBIX
HCCIIeJOBATENIBCKUX LIEHTPaX, HO U B HeOONMBIINX 1abopa-
TOPHUSIX U ITPOU3BOACTBAX. [0] OT rofja mpeIbsiBIsSIIOTCS
BCe 6ostee skecTKHe TPe6OBaHUS K TOYHOCTH, HAIEKHO-
CTH, Ka4eCTBY U3TOTOB/IEHUS U, KOHEUHO, GYHKIIMOHAIIb
HOCTH 060pynoBaHuUsl. [lepe II0b30BaTeIIMH BCe Yallle
BO3HMKAIOT 334X HUCC/IeOBAHUS COBEPUIEHHO pas-
HOPOJHBIX MaTepPHAJIOB: OT IVITACTUYHBIX [JO CBEPXTBEP-
IbIX. [Ipy 3TOM H3MepeHHUsI MOTYT BBIXOLUTH 32 PAMKH
HaHOJMAIIA30Ha.

PasymeeTtcst, /st [IPOCTOTHI U YA06CTBa Lie71ecoobpasHo
HMeTb OJMH YHUBEPCATbHBIA KOMIIIIEKC, UCIIONb3Ys
KOTOPBIF MOKHO peann30BaTh 60JIbIIOE KOIHYECTBO
M3MEPUTETbHBIX METOLUK B PA3IMYHBIX JUAIMA30HAX
IPUK/IAIBIBAEMbIX HAIPY30K U IlepeMelleHHUH, YeM
ComepsKaTh HECKOJIBKO Y3KOCIIL[MaIN31POBAHHBIX [IPH-

60pOB, IMEIOLTUX Pa3/IMYHbIe [10/1b30BaTe/IbCKHe HHTEP-
dericel 1 mporpaMMHoe obecriedeHue 115 06paboTKU
DaHHBIX. TAKUM 006pa3oM, pacurupeHue QyHKIIMOHAIIb-
HOCTH H3MepPUTebHBIX CUCTEM 33 CUeT YBeJTHYeHH S
YHC/Ia peaaTn3yeMbIX MEeTOANK U PaCIIMpeHHUs JUAIIa30-
HOB [P MEHHUMOCTH SIBJISIeTCSI O HUM K3 TPHOPUTETHBIX
TPEH/IOB Pa3BUTHS aHAIUTHUUECKOT0 IIPUOOPOCTPOEHUS.

[IpMepOM COBPeMEHHOI0 0TeYeCTBEHHOIO H3Me-
PHUTebHOr0 Nprbopa sIBsSeTCS CKAHUPYIOUIMHI HaHO-
TBeproMep "HaHoCkaH-4D" (puc.1), KOTOpHIH pa3paboTaH
TeXHOMOrMYeCKUM MHCTUTYTOM CBEPXTBEPABIX M HOBBIX
yI7epogHbIx MaTeprasos (THCHYM) 1 1103Bo/sIeT peain-
30Bath bostee 30 U3MepUTEIBPHBIX METOIUK GH3HKO-MeXa-
HUYeCKHX CBOMCTB, HauMHas C 6a30BbIX H3MepPeHUI
TBepIOCTH K MOZY/ISl YIIPYTOCTH MeTOlaMH MHCTPyMeH-
TaJIbHOTO MHJEHTHUPOBaHM4 [1] U HaHeCeHHU S LapaluH [2]
(ckmepoMeTpH ) L0 "IK30THYECKUX" UCIIBITAHUN IPOY-
HOCTH MUKPOOOBEKTOB IJIOCKUM IITAMIIOM [3] 1 [HuHa-
MUYeCKHUX U3MepeHU M KeCTKOCTH [4]. BO3MOKHOCTh
WICIIO/IBb30BaHK S 60/IBIIOr0 KOMMYeCTBA U3MePUTeIbHBIX
MeTOZIMK I[103BOJIsIeT UCC/Ie/IOBATh MMM POKUE CIIEKTP pas-
HOOOPa3HBIX 06BeKTOB ~ OT TOHKHX IIJIEHOK JI0 CJIOKHBIX
MHOTOC/IONHBIX ITIOKPBITHH, CTPYKTYpa KOTOPBIX Xapak-
TepH3YyeTcsl CyLIeCTBeHHOM ITPOCTPAHCTBEHHON HEOLHO-
POLHOCTBIO MeXaHUYeCKUX CBOMCTB [5].

TexHONOrMYecknA MHCTUTYT CBEPXTBEPAbIX U HOBBIX YriepofHbix Matepuanos (TMCHYM) / Technological Institute for Superhard and Novel Carbon

Materials (TISNCM).
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Puc.1. Obuwuli 8ud ckaHupyrouiezo HaHomeepdomepa "HaHoCkaH-4D"

Fig.1. General view of NanoScan-4D scanning nano-hardness tester

B KOHCTPYKLIMH CKaHUPYIOIIEro HaHOTBepAoMepa
"HanoCKkaH-4D" peanr30BaH MOAY/IbHBIM IIPUHLIUII, YTO
103BOJISIeT KOMILIEKTOBATh KaskKABIE IIPHOOP 110 KOH-
KpeTHbIe HY>K/ bl ITo7b30BaTens. Eciau TpebyeTcs pele-
HHe Y3KOro IMalia3oHa 3afjay, TO MOYKHO OFPaHUUHThCA
npru60pOM B MHHHUMA/IBHON KOMIUIEKTAIIUH, HAIIPHU-
Mep IIPU KOHTPOJIe KauecTBa U3/le/IMH1 Ha IPOM3BO/ICTBe
C OrpaHHYeHHOH HOMEHK/IATYPOH. B To >ke BpeMs, Bcerga

€CTb BO3MOKHOCTh PACIIHPUTh GYHKIIMOHATBHOCTD Kask-
noro npubopa, eciu Takast Heob6X0qUMOCTh BOSHUKAET
B XOJle 9KCIUTyaTalluy. TaKo¥ 'MOKUI IIOAXOA K KOMIIO-
HOBKe CHCTEMBI 3HaUUTeIbHO CHHKAET pacXofsl Ha Gpop-
MUPOBaHUE [TapKa U3MEPUTETBHOI0 000pyI0BaHUSL.
CTaHmapTHAas IpefenbHasi Harpys3Kka, MPUK/IA/bI-
BaeMas K 06pasiy Ipu MHAEHTUPOBAHHUH, /17l TPUOOPOB
cepun "HaHoCKkaH-4D" coctaBnsieT 1 H. 9TOro J0CTaTOYHO

he study of mechanical prop-

erties of materials with

nanometer spatial resolu-
tion is no longer a highly spe-
cialized task. Nanotechnology
is firmly entrenched in many
areas of human activity: science,
medicine, engineering, etc. The
improvement of materials and
technologies for nanoindustry
entails a corresponding develop-
ment of measuring devices that
are required by not only large
research centers, but also by
small laboratories and factories.
Increasingly stringent require-
ments are imposed for the accu-
racy, reliability, quality of pro-
duction and, of course, function-
ality of the equipment. Users are
increasingly faced with the task of

research quite different materials:
from flexible to super hard. And
measurements can be performed
outside the nanoscale.

Of course, for simplicity and
convenience, it is advisable to
have one universal device that can
implement a large number of mea-
suring methods in different ranges
of applied loads and displacements
than to maintain multiple highly
specialized devices having differ-
ent user interfaces and software for
data processing. Thus, the expan-
sion of the functionality of mea-
suring systems by increasing in
the number of implemented meth-
ods and expanding the range of
applicability is one of the priority
trends of development in analyti-
cal instrument engineering.

An example of modern domestic
measuring device is NanoScan-4D
scanning nano-hardness tes-
ter (Fig.1), which is developed
by Technological Institute for
Superhard and Novel Carbon
Materials (TISNCM) and allows
more than 30 measurement meth-
ods for physical-mechanical prop-
erties, from basic measurement of
hardness and elastic modulus by
instrumental indentation meth-
ods [1] and scratching (sclerome-
try) [2], to "exotic" strength testing
of micro-objects using flat punch
[3] and dynamic measurements
of stiffness [4]. The ability to use a
large number of measuring tech-
niques allows to study a wide vari-
ety of objects from thin films to
complex multilayer coatings whose
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Puc.2. Kpueble Hazpy3ka-eHedpeHue Ha naaeneHom keapue (a) u cmaau 40X13 (b)
Fig.2. "Load-indentation” curve for fused quartz (a) and 40X13 steel (b)

1)1 U3MepeHUH GU3HKO-MeXaHH4eCKHX CBOKCTB B HAHO-
OUaria3oHe, HO /ISl UCIIBITAHH S MaTePHaJIOB B KJIACCHYe-
CKOM MUKpoJHuara3oHe TpebyeTcsi BOSMOKHOCTb UH/JIEH-
THPOBAHUS C 6OMbIIEN IIPUKIIALABIBAEMOM CHIION [6].
HHeHTHPOBaHHe B MUKPOAHAIa30He C UCII0/Ib30Ba-
HUeM HHJeHTopa BUKKepca 103Bo/sieT HallpSMyIo CPaB-
HHBAaTb CBOKMCTBA MaTepHaJIOB CO CITPABOYHBIMU I1apaMe-
TpaMu TBepmoctu HV. UHJeHTUPOBaHUE C 6OMBITUMU
Harpy3KaMHU I103BOJIsIeT U3MEePUTh CBOMCTBA 06beMHBIX
MarepHasoB 6e3 BAUSHUS [1I0BEPXHOCTHOIO C/I0SI. ITO
MO3KeT ObITh I10/1€3HBIM, KOIZIa He06XO0IMMO COIIOCTaBUTh

CBOMCTBA IOJJIOKKHA MU TOHKOIO ITIOKPHITHS MUK KOIJa
IIOBEPXHOCTHBIN CJIOM HapyIIeH B pe3ysbraTe Ipyboi
HIUTMPOBKH MM OKUCIEHHU . YBeIMYeH e HarPy3KHU CIIO-
coB6CTBYeT M3MeHeHHUI0 peKUMa iehopMalluK OT yIIPyrok
K IUIACTHYeCKOM 1 OT IJIACTUYeCKOM K XPYIIKOL, a 3HAYUT
II03BOJISIET Peaii30BaTh PEXKUM M3MEPeHH s TPELMHO-
CTOMKOCTH JI151 OOJIBIIIET0 YKC/Ia MaTepHaros [7].
[I[pyHMMas BO BHUMaHHe BBHIIIEH3IOKeHHOEe B
THCHYM pa3paboTaH HOBBIF MOAYJIb, [103BOJISIIONIHUE
PacIIMpPUTh AHalla30H IPUKJIA/AbIBA€MOM IIPH UH/EH-
THPOBaHUU HArpysku Ao 50 H. JlaHHOe yCTpOUCTBO

structure is characterized by sig-
nificant spatial inhomogeneity of
mechanical properties [5].

Modular design of NanoScan-4D
scanning nano-hardness tes-
ter allows to equip each device
according to the specific needs of
the user. If the solution for nar-
row range of tasks is required,
then it is possible to use the device
in the minimum configuration,
for example for quality control in
the manufacturing of a limited
range of products. At the same
time, there is always an opportu-
nity to expand the functionality of
each device, if such a need arises
during operation. This flexible
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approach to system design signifi-
cantly reduces the cost of measur-
ing equipment.

Standard maximum load applied
to the sample during indentation
in NanoScan-4D devices is 1 new-
ton. This is sufficient for measure-
ment of physical and mechani-
cal properties at the nanoscale,
but testing of materials in classi-
cal micro range requires the abil-
ity to indent with a larger applied
force [6]. The indentation in the
micro range using the Vickers
indenter allows to directly com-
pare the properties of materials
with reference parameters of HV
hardness. Indentation with high

loads allows to measure properties
of bulk materials without affect of
the surface layer. This can be use-
ful for comparison of the properties
of the substrate and thin coating
on the surface or when the surface
layer is broken by rough grinding
or surface oxidation. The increased
load contributes to a change in
mode of deformation from elastic
to plastic and from plastic to brit-
tle, and allows to measure the frac-
ture strength of a larger number of
materials [7].

Taking into account the above,
the TISNCM develops a new mod-
ule that extends the range of the
applied indentation load up to
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Puc.3. Omneyamku uHdeHmopa Bukkepca Ha naagneHom keapue (a) u Ha cmaau 40X13 (b) npu Hazpy3ke 50 H
Fig.3. Indentation of the Vickers indenter on fused quartz (a) and 40X13 steel (b) at a load of 50 N

YCTaHABIHBAeTCs HEIIOCPeACTBEHHO Ha UHEHTUPYIO-
mui Moxyns "HaHoCKaH-4D", pacmupss ero BO3MOXK-
HOCTHU. BaKHBIM IPEeHUMYIECTBOM SIBJISIETCS TO, UTO
HOBBIF MOZY/Ib He CHHXKaeT GYHKI[MOHATBHOCTH CKa-
HUPYIOIero HAaHOTBePAOMepa U II03BOJISET peain3o-
BBIBATh BCE M3MepHUTeIbHbIE METOAUKH, IIPHUK/IAIbIBAS
P Heo6X0MUMOCTH DoNbIIKe Harpy3KH. HTepecHo,
YTO U3MepeHHs B Pa3HbIX JUAIa30HaX 110 CHJIe MOTYT
IIPOBOJUTHCS 6e3 3aMeHBI HHIEHTOpPa U KaTHOPOBOK.
IIpoCcTOTa KOHCTPYKI[UHU AOIMYCKAET AOYKOMIIJIEKTOBA-
HHe HaHOTBepmoMepa "HaHoCkaH-4D" HOBBIM pacIIu-

peHHeM HeIoCpeaCTBEeHHO Ha MeCTe 3KCIIyaTalluu
npubopa psAOBBIM I10J1b30BATENIEM — AJISI 3TOTO He Tpe-
OyIOTCSI Criela/IbHble HaBBIKH.

I[Tprmep paboThl MOAYIS [/1s IPUIOKEHU ST OOMBIINX
Harpy30K WITIIOCTPUPYeT PHC.2, Ha KOTOPOM H300paskeHa
JHarpaMma Harpyska-BHeJpeHHs )15 YKOJIOB, CAe/IaH-
HBIX B IVIaBJIEHBIN KBApLL U CTalb 40X13 ¢ MAKCMa/IbHOM
Harpyskou B 50 H.

Ha puc.3 mokasaH OTIIe4aTOK Ha CTa/Ik U Ha KBaplle,
clleTaHHBIM UHAEHTOPOM BHKKepca ¢ MaKCHMa/IbHON
Harpyskou 50 H. OTme4aToK Ha KBaplie HMeeT KOJIb-

50 newton. The device is mounted
directly on indentation module of
NanoScan-4D for expansion of his
capabilities. An important advan-
tage is that the new module does
not reduce the functionality of the
scanning nano-hardness tester
and allows to implement all meth-
ods of measuring, applying, if nec-
essary, large loads. It is important
that the measurements in the dif-
ferent ranges of load can be per-
formed without replacement of
the indenter and calibrations. The
simplicity of the design allows the
upgrade of NanoScan-4D nano-
hardness tester with new exten-
sion module directly at the place of

operation by user without special
skills.

An example of using the module
for the application of heavy loads is
illustrated in Fig.2, which shows
the "load-introduction” curve for
fused quartz and 40X13 steel with a
maximum load of 50 newton.

Fig.3 shows the imprint on the
steel and on the quartz, made by
the Vickers indenter with a max-
imum load of 50 newton. The
imprint on the quartz has a ring
and radial cracks. Imprint on the
steel is plastic with small mounds
on the perimeter.

Thus, this paper shows one of
the areas of development of the

NanoScan-4D scanning nano-hard-
ness tester, namely, the extension
of its functionality by adding a new
module. The new module makes it
possible to measure mechanical
properties by instrumental inden-
tation with a maximum loading
force of 50 newton. This increases
the range of researches and in
some cases allows to go beyond the
nano level and reduces the number
of necessary research devices. H

The project is executed at financial sup-
port of the Ministry of education and sci-
ence of the Russian Federation under the
agreement No. 14.577.21.0088 (unique proj-
ect identifier REMEFIS57714X0088).
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LleBble M pafHajbHble MUKPOTpPeIIHHbl. OTIIeYaToK
Ha CTa/M - JIACTUYHBIH, I10 IIepUMeTpy 0bpa3syoTcs
HebOJIBIIILe BATBI.

TakuMm 06pa3oMm, B JaHHOM paboTe MPOLEeMOHCTPH-
POBAaHO OJHO M3 HaIlpaBJeHUM Pa3BUTHUS CKaHU-
pylolllero HaHOTBepAoMepa cepuu "HaHoCKkaH-4D",
a MMeHHO pacIliupeHHe ero QyHKIIMOHAIBHOCTH 3a
cdeT JobaBleHU s HOBOrO MoAysi. Pa3paboTaHHBIM
MOJY/Ib le/laeT BOSMOKHBIMH U3MePeHHU S MeXaHHYe-
CKHUX CBOMCTB MeTOIOM MHCTPYMEHTAJIbHOIO UH/EH-
THPOBaHHS C MAKCHMAaJbHOM CHJIOK HAaTPY>KeHHUS [0
50 H. 3To yBeJIM4YHBaeT JHAIIa30H HCCIeJOBAHUH,
B HeKOTOPBIX C/1y4asiX II03BOJsIeT BBINTH 33 PaMKH
HaHoOJMala30Ha U yMeHbIIaeT KOJIHU4YeCTBO Heobxo-
OHMMBIX JIJIS1 IPOBEeleH U MCCIeJOBAHMU YCTPOMCTB.

Paboma sbinonnera npu puxatcosoii noddepskke Munucmepcmsa
obpasosanus u Hayku Pocculickoil Pedepayuu 8 pamkax cozna-
weHua Ne 14.577.21.0088 (yHuKkaAbHblii udeHmuguramop npoexma
REMEFI57714X0088).
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B KHure npencTasneHo 0606LLeHme HAKOMMEHHONO OMbITA MO CO3AAHNI0 METO0B BXOAHOMO W TEXHONOMMYEC-KOro KOH-
TpOns Npv paspaboTke v Mpou3BoacTBe CBY TPaH3MCTOPOB HA OCHOBE LUMPOKO30HHDIX MaTep1aios, B YACTHOCTH, TPaH-
31CTOPOB Ha reTepocTpykTypax TiNa AIGaN/GaN. PaccMOTpeHbI CUCTEMbI OTEYECTBEHHBIX U 3apyDeXHbIX CTAHAAPTOB,
Ha OCHOBE KOTOpbLIX MpoBoasTcsl pa3pabotki CBY TpaH3ucTopoB. MoapobHO omMcaHbl Gu3n4eckine OCHOBLI reTepo-
CTPYKTYP, OMWCaHbI CBOMCTBA LUIMPOKO3OHHBIX MOAYNPOBOAHWUKOB, METOAbI M3roToB/EHNS CBY TPaH3MCTOPOB. [leTa/bHO

aHANM3MPYETCS TeXHONOrMs MPOM3BOACTBA TPAH3UCTOPOB C YYETOM MMEHOLLEroCs OMbiTa UX PeanbHoro M3roToBfe-
HIS. PaccMOTPeHbI INeKTpUYecke, ONTUYECKWE, PeHTIEHOBCKWE, 3M1eKTPOHHO-MMKPOCKONMYECKMe U aHaMTUYeCkue
METOfIbl, KOTOpbIe NPUMEHSIIOTCS NP BXOHOM W TEXHOMOTMYECKOM METOAAX KOHTPONS. PaccMOTPeH OMbIT CO3AaHMS
8 OAO "HINM “Mynbcap" CBY TpaH3ucTopos 1t CBY 610K0B Ha 1X OCHOBE.

KHura byaeT nonesHa creupuanictam B 061acTy 3MeKTPOHUKK, UCCIERO0BATENAM, MHKEHEPAM-TIPAKTMKaM W paspa-

60TYMKAM PAM03NEKTPOHHON anmapaTypbl.
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