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B paHHon pa6oTe npuBepeH 0630p pelleHUr A8 UcciefoBaHUs (PpU3NKO-MeXaHUYEeCKUX CBOWCTB
MaTepuasioB MeTOAOM MHCTPYMEHTa/lbHOro WHAEHTMPOBAaHUS B AuanasoHe Temnepatyp oT —60
Ao +450°C c nomowbio HaHOTBepaomMepoB cepum "HaHoCkaH-4D". AKTyanbHOCTb AaHHOro o63opa
HeoCrnopuMa, MNOCKO/bKY Mepep, 60/bLIMHCTBOM CreuuasMcToB-MaTepMasioBefoB BCTaeT 3ajadva
M3y4yeHUs MOBEAEeHUs MaTepua/IoB B PaCLUMPEHHbIX 3KCMJIyaTaLUUOHHbIX YC/I0BUSIX. PaccMOTpeHbl
0CO6eHHOCTU KOHCTPYKLUU [OMOJHUTE/NbHbIX MOAy/el, UCNOJb3yeMbiX A8 U3MEpPeHUN TBepAoCTU
B YC/IOBUSIX C NepeMeHHOI TeMnepaTypoWn, NpuBeAeHbl NpeuMyLLLecTBa U OrpaHUYeHUsl PacCMOTPEHHbIX
KoHpurypauun. Ocoboe BHUMaHME YAe/NleHO CPaBHEHUIO W3MEpUTENIbHbIX CUCTEM, B KOTOPbIX
nopaepXuBaeTcs paBHas TemnepaTtypa Ha o6pasue u npubope, € ycTaHOBKaMU, B KOTOPbIX MPOUCXOAUT
HarpeBaHue To/IbKO 06pasua. JJaHbl TpUMepbl UCC/IeA,0BAHUM LUIMPOKOI0 Kpyra MaTepuasioB B pasINYHbIX
TeMmnepaTypHbIX AuanasoHax. B Tom uucne npuBefeHa 3aBMCMMOCTb TBEPAOCTU a/IFOMOMATPUUHbIX
KOMMO3MLMOHHbIX MaTepuaioB B gnanasoHe temnepatyp ot 20 ao 350°C.

This paper presents a review of solutions for studying the physical and mechanical properties
of materials by instrumental indentation method in a temperature region from —-60 to +450 °C
using "NanoScan-4D" series of hardness meters. Scientific timeliness is beyond dispute
because the majority of professionals in materials science are trying to solve the problem of
behavior of the materials in expanded conditions of operation. Reviewed are the peculiarities
of additional modules used for measuring hardness at alternating temperature conditions
and indicated the advantages and limits of the considered configurations. A special effort is
made to comparison of measurement systems where uniform temperature is maintained both
in a sample and instrument with the devices where a sample is heated only. Introduced are
the examples of a wide range of materials studied in various temperature ranges. Besides,
the temperature dependence of aluminium matrix composite materials hardness in the range
from 20 to 350°C has been presented.
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NANOTECHNOLOGIES

BBEAEHUE

UHCTpyMeHTa/IbHOe HAHOHMH/IEeHTHPOBAHHE B HACTOSIIIIee
BpeMsI SIB/ISIeTCSI OMHHM M3 CAMBIX IIOIY/ISIPHBIX HEepa3py-
IIAIONTHX METOOB OITpe/ie/leH sl MeXaHUYeCKHX CBOCTB
061X MaTepuanoB. Ero 60/1bIIon ycrex o6bsICHIeTCsE
IIPOCTOTOM B HUCIIONb30BAHUHU I10 CPABHEHUIO C 06bIU-
HBIMHU HCIIBITAHUSIMH Ha PacTSDKeHHe U CKaTHe,
KOTOpBle TpebyIoT TIaTe1bHO 06paboTaHHEIX 06pa3LoB
M T0pas/o 60sbIIero KONMMYeCTBA TECTHPYEMOro MaTe-
puasa [1]. OnHOM K3 IPUYKH IIONYISIPHOCTH HAHOTBEP-
TOMEPOB SIBJISETCSI KX CIIOCOOHOCTD BBIIIOTHSATh aBTOMa-
THYeCKUM c60p U aHAIU3 JaHHBIX: II0C/Ie YCTAHOBKHU
obpasla U 3aJaHUS IIPOrPaMMBI HCIIBITAHHUH I10J1b30-
BaTeJIb II0JIy4aeT CTATUCTUYeCKH 06paboTaHHbIe JaH-
Hble, cOOpaHHBIe C 60/IBIION IIJIOMALH U II0Ty4YeHHbIe
3a OCTaTOYHO KOPOTKOE BpeMs.

M3BeCTHO, YTO MeXaHHYeCKHe CBOMCTBA MHO-
TUX MaTepPHaJIOB CHJIBHO 3aBUCST OT TeMIIepaTypbl.
[103TOMY CBOMCTBA IIOKPBITHI U 06 MHBIX MaTepHa-
JIOB J/IS BLICOKOTE@MIIEPATyPHBIX IIPUMEeHEeHUH JOIKHBI
M3y4aThCsl [IPU TeMIIEPaTypax, MaKCHMaIbHO ITpUbIU-
SKEHHBIX K YCJIOBHUSIM 3KCIITyaTaI[HH.

9TO JenaeT HAHOUH/AEHTHPOBAHME IIPHU KOHTPOJIHU-
PyeMo¥ TeMIlepaType aKTyaJbHBIM METOIOM /ISl IIPO-
MBIIIJIEHHBIX ITPUIOKEHHH, IIOCKOJIBKY B IBHOK popMme
JleMOHCTPHPYeT [I0Be/leHHe MaTepHaJIoB IIPH pabodaux
TeMIlepaTypax U ycaoBUsX. C HAyuHOM TOUKH 3PeHHs,
HaHOMHJeHTHPOBAHME C KOHTPOIHPYeMOM TeMIlepa-
TYpPO¥ IIpefiCTaB/IsIeT UHTepec, IIOCKONbKY HebOoMbIIOok
06beM BOBJIEYEHHOTO BO B3aMMOJEHCTBLe MaTepHaia

I103BOJIsIeT ropa3szio 6oJiee TOUHO BEIOKPATh HHTEpeCyIo-
I1e MUKPOCTPYKTYpHBIe 06pa3oBaHMs B MaTepUalle,
KOTOpBbIe HCCAeIyI0TCSI JAaHHBIM MeTOO0M. ITO I103BO-
nseT M3ydyaThb KMHeTHYeCKHe acIeKThl QU3UKH
MaTepHaJIoB [I0-HOBOMY U B MaTepHaJlax, UCC/IeJOBAaHLe
KOTOPBIX C UCII0JIb30BAHHEM OOBIYHBIX METOLOB OBL/IO OB
HEBO3MOKHO.

C TeXHUYeCKOM TOYKH 3peHHsI BLICOKOTEeMIIepaTyp-
HOe HaHOMH/IeHTHPOBaHUe II0/y4YHsI0 3HaUKTeIbHOe
pa3sBUTHe UMEHHO B [iBa IOCIeJHUX JeCsATHIeTHS.
Cy1ecTBeHHBIH ITPOrpecc HabJiogaeTcs KaK B UCIIOIb3Y-
eMBIX MaTepHasax, U3 KOTOPBIX U3TOTOBJIEHBI 3/IeMEHTHI
HarpeBaTeJel U KOpIIyca HaTrpeBaTe/lbHbIX YCTPOUCTB,
Tak U B BbIOOpe MaTepHasa HHAEHTOpa B 3aBUCHMO-
CTH OT KOHKPeTHOH paboduert cpefpl. OLHAKO, OCHOBHOM
mpo671e Mot M3MepeHHE [IPH MOBBIIIeHHBIX U/TH ITOHHU-
SKeHHBIX TeMIlepaTypax sBIseTcs HaJM4dKe TeMIlepa-
TYPHBIX TPaJHeHTOB B KOHCTPYKL UM npubopa nubo
B 06/1aCTH KOHTaKTa 06paslia U UHAEHTOPA, IIPUBOJS-
KX K TeMIIepaTypHBIM JpelidaM, KOTOpble, B CBOIO
odepesib, CyLeCTBeHHO MCKa’KaIOT Pe3y/IbTaThl H3Me-
PeHHUH U [e/aloT HeBO3MOKHBIMH KOTHYeCTBeHHBIe
H3MepeHHUsl.

[l yMeHbIIeHH 1 TPUOOPHOro TepMoziperidpa UCIIONb-
3yI0T MaTepHaJIbl C MaJIbIM HJIM IIOYTH HYJIEeBBIM KO3~
GULILIeHTOM TeMIIepaTypPHOIo paclUIMpeHHUs, a TaKKe
TaK KOMIIOHYIOT H3MePUTE/IbHYIO0 CUCTeMY, YTOOBI OTHO-
CHUTe/IbHbIe TePMOPACIIKPeHH I KOHCTPYKIIMH KOMIIeH-
CHPOBAJIH JIPYT APYyra, COXPaHss 067acTh KOHTAKTA
HHJIeHTOpa c 06pa3LioM B 30He HY/IeBOI'O CMeIleHH .

INTRODUCTION

Nowadays, instrumental nanoin-
dentation is one of the most pop-
ular nondestructive methods to
determine mechanical properties
of any materials. The great success
of this method can be explained
by ease of use in comparison with
usual tension and compression
tests which require thoroughly
treated samples and large quan-
tity of the materials to be tested [1].
One of the reasons of popularity of
nanohardness testers is the possi-
bility to automatically collect and
analyse data. After installing a
sample and choosing the test soft-
ware the user will obtain statisti-
cally processed data collected from

a large area in a definitely short
period of time.

It is well-known that mechani-
cal properties of many materials
are strongly dependent on temper-
ature. Therefore, the coatings and
bulky materials properties for high-
temperature applications should be
studied at the temperatures most
closely approximated to the operat-
ing conditions.

It makes nanoindentation at con-
trolled temperature to be a relevant
method for industrial applications
because of the explicit form to dem-
onstrate behavior of materials at
operating temperatures and condi-
tions. From the scientific point of
view, nanoindentation at controlled

temperature is interesting because
a small quantity of materials allows
of choosing microstructural forma-
tions of interest in the material stud-
ied by this method with higher accu-
racy. It allows of studying kinetic
aspects of physics of the materials
by a new method and in the materi-
als wherein the use of conventional
methods would be impossible.

From technical viewpoint, the
high-temperature nanoindetation
has developed especially in last
two decades. The essential prog-
ress is in both the materials used
for making heater elements and
casings of heating devices and in
the indentor materials, depending
on the specific working medium.
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Puc.1. Cxemamuueckoe U306pa>keHue cucmem Hazpesd 06pasua U uHdeHmopa: a — MicroMaterials; b - Keysight; ¢ — Brucker [1]

Fig.1. Schematic view of a sample and indenter heating system: a -

TemIlepaTypHble Iepenaasl B 0671acTH KOHTAaKTa
MOXHO MHHHMH3HUPOBATh CIIeLIMATbHON KOHCTPYK-
I[Mel HarpemaTes, Aenas Tak, 4Tobr obpasern
Y UHJIEHTOP MMeJIH OJIMHAKOBYIO TeMIIepaTypy B IIPO-
Ljecce MHAEHTHPOBaHMS. Pa3IMYHbIe IPOU3BOJUTEN
npubopoB pemaroT AAaHHYIO IpobleMy MO-CBOeMY
(puc.l). OGHUM U3 pellleHUH SIBJISIeTCSI CHHXPOHHBIN
HarpeB MHAEHTOpa U obpaslia He3aBUCUMBIMHU 3JIeK-
TpudeckKUMH (puc.1a) uau nasepHeiMu (puc.1b) Harpe-
BaTeJIsSIMHU. BTOPO IOAX0/ ~ CO3aHHe CUCTeMBI Harpe-
BaTesed, GOPMUPYIOMUX PABHOMEPHO IIPOrpeThHIH
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MicroMaterials; b - Keysight; ¢ - Brucker [1]

06beM, B KOTOPOM HaXoAUTCs obpasel] U UHIEHTOP
(puc.lc).

O6a 3THX M0/X0/ia II03BOMSIIOT IIOCTPOUTh CUCTEMY,
XapaKTepPU3YIOIIYIOCS MUHHUMAaIbPHEIMH TeMIIEpPATyP-
HBIMU iperipaMu U ITPUOOPHBIMU ITyMaMHU. B cepritHOM
060pyImOBaHUU C AJIMA3HBIMU HHIEHTOPAMHU CETOLHS
IOCTYIIeH AHuala3oH TeMIlepaTyp Harpena o6pasioB
110 500°C. ITpu 3TOM COXpaHsIeTCsI OrpaHHYEHMe Ha HCCIe-
JOBaHHe >KeJIe30CofieprKallliX KOMITO3UIIMH K3-3a OIlac-
HOCTH Ppa3pylIeHUs HHJEHTopa 3a cueT obpa3oBaHUS
Kapbu/ia IpH B3aUMOJEHCTBUH YIJIEPOZia C 5KeJIe30M.
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BAPMAHTbI PEAJIM3ALYM TEMMEPATYPHbIX U3MEPEHUIA

B MPUBOPAX "HanoCkan"

OTedecTBeHHBIe HAaHOTBepAoMepsl "HaHoCKkaH" - 3T0
cepus puUOOPOB, NpeJHA3HAYEHHBIX /I U3MepeHHs
$H3MKO-MeXaHUYeCKUX CBOMCTB MaTepHaIOB HA MHKPO-
METPOBBIX M HAHOMETPOBBIX MacIITabax JTHHENHBIX
pa3MepoB (pHcC.2). B ocHOBe MoOfie/IBHOTO psijia MpHbo-
poB ceMericTBa "HaHOCKaH" JIEXKUT MOAY/IbHBIH IIPHH-
1. Ba3oBeii Moy Ipubopos cepuu "HaHoCKaH-4D"
I103BOJISIeT MPOU3BOAUTh H3MePeHHe MeXaHHYeCKHX
CBOMCTB METO/IOM HHCTPYMEHTAJIbHOTO HH/AEHTHUPO-
BaHMUS B COOTBETCTBHH C PeKOMEHJALUSIMU CTAHIAP-
T0B ISO 14577 u TOCT P 8.748-2011 B I pOKOM [Halla30He
Harpy3ox [2-4].

B 3aBHCHMOCTH OT pa3Mepa BbIOPaHHOH IIIATPOPMEI
pubop MOKeT cofiepsKaTh OAHUH, 1BA WK TPU U3MepHU-
TeJIbHBIX MOAY/ISl. B KadecTBe MOMOTHUTETBHBIX MOJY-
7Ierl MOTYT MCII0/Ib30BaThCsl OIITHUYEeCKUH MHKPOCKOII,
OITUYECKUN KOHPOKAIBHBIN ITPOYUIOMETP, MOLYIb
CKaHUPYIOIIEro 30HJ0BOT0 MHUKPOCKOIIA UK MOIY/Ib
MHKPOTBepAoMepa Bukkepca. HaHOTBepmoMep MojieTk
"HaHoCkaH-4D" BHeceH B [0Cy/lapCTBEeHHBIH peecTp
CPeACTB M3MepPeHHUHN (CBU/ETeNbCTBO 00 yTBepxKie-
HUU TUIIA CPeACTB u3MepeHUM RU.C.28.002.A Ne 63952).
CKaHUPYIOUIUK 30HIOBBIH MHKPOCKOI-HAHOTBEPZO-
Mep Mozenu "HaHoCkaH-3D" BHeceH B [oCcylapCTBeHHBIH
PeecTp CpeiCTB U3MepeHHI (CBUIETeNTbCTBO 00 yTBepsKIe-
HUH THIIA CPeZICTB M3MepeHUH RU.C.27.004.A N2 36630/1).

B 3aBUCHMOCTH OT Mofenu npubopa "HaHoCkaH-4D",
Ha Hero MoryT YCTaHaB/IUBAThCS AOIIOTHHUTEIbHBIE Y3IIB,
TaKHe KaK JATYHK JIATepaIbHOM Harpy3KH, IpeIMETHBII
CTOJIMK C HAarpeBoM 06pas3LIoB U JIp.

However, the main problem of

measurements at high or low tem-  zone.

th sample in the zero displacement

Puc.2. O6wuli ud HaHomeepdomepa "HaHoCkaH-4D" modeau
"CmaHdapm”
Fig.2. General view of a "NanoScan-4D" standard model

B mpubopax cepuu "HaHoCkaH-4D" HCIIONIB3yeTCs
HeCKOJIBKO ITIOJXO/I0B K ITPOBeJIeHHI0 U3MepPeHUH MeXa-
HUYeCKHX CBOMCTB C BapHaIlHel TeMIIepPaTyphl.

MCMO/b30BAHUE KIMMATUYECKOW KAMEPbI

KoMmmakTHas momens nmpubopa "HaHoCkaH-4D" MOKeT
BBITH YCTAHOBJIEHA LIETUKOM B KIMMATHYECKYI0 KaMepy
TUIA "Temo-xonof-Biaara’. KoHcTpykuus npubopa
OT/IMYaeTCs] BBICOUAMIIEN HaJeXHOCThIO U MOXKeT
paboraTh B [HaIa3oHe TeMIepatyp ot -60 mo +100 °C.
Yrpasnsromas pabodasi CTaHIUS U 6JI0K 371eKTPOHHOTO

Both ways allow of making a sys-
tem with minimum temperature

peratures is temperature gradi-
ents within devices or in sample-
indenter contact area that lead to
temperature drifts which are sig-
nificantly distorting the results
and make the quantitative mea-
surements impossible.

To reduce the temperature drift,
use is made of the materials char-
acterised by a small or almost zero
thermal expansion coefficient, also,
the measurement system is config-
ured so that the relative thermal
expansions of the construction com-
pensate each other while preserv-
ing the indentor contact area with

Temperature differences in a con-
tact area can be minimized by spe-
cial design of a heater when a sam-
ple and an indenter have the same
temperature during the indenting
process. This problem is solved in
the various way by different man-
ufacturers (Fig.1). One of the solu-
tions is a synchronous heating of
the indenter and a sample by inde-
pendent electrical (Fig.1a) and laser
(Fig.1b) heaters. The second way is
to create a heater systems so as to
create a uniformly heated volume
where a sample and indenter are
located (Fig.1c).

drifts and instrumental noise. Serial
instruments equipped with dia-
mond indenters have sample heat-
ing temperature range up to 500°C.
However, a study of iron-contained
compositions has a limit connected
with a danger of indenter destruc-
tion because of carbide formation at
the interaction of carbon and iron.

VARIANTS OF TEMPERATURE
MEASUREMENT METHODS USING
"NanoScan”

Domestic nanohardness tes-
ters "NanoScan" are serial devices
intended for measurements of the

VoL.14 No.2 2021 NANO INDUSTRY
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Puc.3. Pesyabmamesl ucnbimaHul pe3uHbl d8momobunbHbiX
WUH, N008ep2LUUXCS 3HAYUMEeAbHOMY U3HOCY
Fig.3. Test results of the worn-out automobile tires rubber

yIpaBieHHs MpHUOOPOM pacrmonaraercs CHapyXKHu
Ha paboueM cTosle, HecyImas paMa C MoJy/eM HH/IeHTHU-
PpoBaHM ITIOMEIIAeTCS BHYTPH KaMEPHI,

[IperMyIeCTBO TAKOI'0 IIOAXO0/JA 3aK/I0YAETCS B TOM,
YTO OH I103BOJISIET MCC/Ief0BaTh 06Pa3Libl JOCTATOUHO
6onpmoro pasmepa (mo 100x100x50 MM). B KauecTBe

[IpHMepa [I0/lyYaeMbIX Pe3y/IbTaToOB Ha PHUC.4 [IPHUBeeHbl
JAHHBIe I10 UCIIBITAHUSIM Pe3UHBl aBTOMOOK/IBHBIX IITHH,
[0 BePraBIIMXCS 3HAYUTEILHOMY M3HOCY. B MHramnasoHe
TemIepartyp oT —60 o +60 °C 6bLTH U3MepeHbI IeHCTBH-
TeJIbHasg U MHUMas YaCTH KOMIIJIEKCHOIO MOAYJIs YIIPY-
TOCTH W TAHTe€HC yI/Ia MeXaHHUYeCKUX II0Teph B JHaria-
30He yacToT ot 0,110 50 I'11 [5, 6).

BCTPAMBAEMbIV MPEAMETHbIA CTO/IUK

HA 3/IEMEHTAX MEJIbTbE

[IprHIMITHATBHAS CXeMa TaKOro PelleHH sl [IPHBeIeHa
Ha puc.5 [7]. IIpeMyI11eCTBOM HCII0/Ib30BAHK S 3/leMeHTa
[NenbThe ABIAETCS HU3KASA UHEPLIHMOHHOCTD IIPOLIECCOB
Harpesa M OXJIaKJeHHUS U, COOTBETCTBEHHO, OBICTPBII
BBIXOJ] Ha 3a/IaHHBIH PeSKHM.

HepocTaTKOM KOHCTPYKLIMH SBJISIeTCSI MAJIBIM Pas-
Mep obpasia A1 MCCIeOBAaHUM, a TaKKe OTHOCH-
TeJIbHO Y3KHMH TeMIIepaTypHbIM JHala30H — 0T 2 10 60°C.
JlJ1s1 KccleoBaHUU C IIOMOLIIBIO TAKOTO MOJYJISL XOPOLIO
MOAIXOAAT IOJTMMepHBle MaTepHasbl — I0IKMKapboHar,
CBEPXBBICOKOMOJIEKYISIPHBIN Monu3THIeH (CBMIID)
U [IONOOHBIE M.

BbICOKOTEMMEPATYPHbII NPEAMETHBbI CTO/IMK

Eme ogHUM pellleHHeM, CyIleCTBeHHO paCLIHPSIO-
KM GyHKIIMOHAIbHBIe BO3MOKHOCTH IIPUOOPOB Cepuu
"HanoCkaH-4D", SBseTCS BCTPAaHMBAEMBIH BBICOKO-
TeMIIepaTypPHBIM IIpeAMeTHBIH CTONHK /14 Harpesa
obpasuos (puc.6). JaHHOe YCTPOMCTBO IpegHA3Ha-
YeHO /151 paboThl C OTHOCHUTEIBHO HeboIbIIMU 06pas-
naMu (He 6onee 15x15x5 MM) B [Halla30He TeMIIepa-
Typ OT KOMHATHOM 1o +450 °C. KOHCTPyKLUS UMeeT

physical and mechanical proper-
ties of materials in linear micro-
and nanometer length scale (Fig.2).
"NanoScan" serial devices have a
module concept. The basic mod-
ule of "NanoScan" series measures
mechanical properties by instru-
mental indentation method accord-
ing to recommendations of 1SO 14577
and GOST P 8.748-2011 standards in
the wide range of loads [2-4].

A device may have one, two or
three measuring modules depending
on dimensions of chosen platform.
Moreover, available are the addi-
tional modules such as optical micro-
scope, optical confocal profilom-
eter, scanning probe microscope
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module or Vickers micro-hardness
tester. A model of "NanoScan-4D"
nanohardness tester is listed in the
National Register of Measuring
Equipment (see the Certificate of
Attendance of Measuring Equipment
RU.C.28.002.A No. 63952). A scan-
ning probe microscope - nanohard-
ness tester is listed in the National
Register of Measuring Equipment
(see the Pattern Approval
Certificate Measuring Instruments
RU.C.27.004.A No. 36630/1).

Depending on "NanoScan-4D"
model, it may be equipped with addi-
tional modules such as lateral load-
ing detector, specimen stage with
heating of samples, etc.

"NanoScan-4D" series makes use
of several approaches to measure
the mechanical properties at various
temperatures.

USAGE OF A CLIMATE CHAMBER

A compact "NanoScan-4D" model
can be installed as a unit into
the "heat-cold-moisture” climate
chamber. This model is highly reli-
able and can be operated in a tem-
perature range from -60 to +100 °C.
A control workstation and an elec-
tronic control unit are placed out-
side on the working desk, and a
carrying frame with an indenter
module is placed inside the
chamber.
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Fig.4. Principle diagram of a specimen stage with temperature
control using Peltier elements placed inside the "NanoScan-4D"
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Fig.5. Principle design of a high-temperature specimen stage for
“NanoScan-4D"

CHUCTeMBI BOJSHOIO OXJIa)KIEHHUS U IPeliu3MOHHOU
CHCTeMBbI TePMOPEryIMPOBAHHUS I03BOIMIO MUHHUMHU-
3MPOBAaTh TeMIIePaTypHbIe Apetdrl B IIpolecce U3me-
peHui. Ha puc.7 npuBefeH rpaduKk TeMIlepaTyp-
HoTo Apelida, N3MePeHHOI0 NPU HHAeHTUPOBAaHUU
obpasia maaBaeHoro KBapla ¢ Harpyskou 50 MH npu

The advantage of that approach
is a possibility to measure samples
of a significantly larger scale (up to
100x100x50 mm). As an example,
Fig.4 indicates testing data of rather
worn out automobile tires. The real
and supposed parts of a complex elas-
tic module and tangent of mechani-
cal losses in the frequency range
from 0.1 to 50 Hz [5, 6] have been
measured in the temperature range
from -60 to +60 °C.

BUILT-IN SPECIMEN STAGE WITH
PELTIER ELEMENTS

A principle diagram of such design
is indicated in Fig.5 [7]. The advan-
tage of Peltier elements usage is a

low response to heating and cool-
ing processes, and, accordingly, a
fast stabilisation of the operation
mode. The disadvantage of this
design is a small size of a study
sample and relatively narrow tem-
perature range (from 2 to 60°C).
This module can be used to study
polymer materials, for exam-
ple, polycarbonate, ultra-high-
molecular-weight polyethylene
(UHMWPE) and there analogies.

HIGH-TEMPERATURE SPECIMEN STAGE
One more solution to enlarge opera-
tion possibilities of "NanoScan-4D"
serial devices is a built-in high-
temperature specimen stage to

heat samples (Fig.6). This device is
intended to operate with the rela-
tively small samples (no more than
15x15x5 mm in size) in the temper-
ature range from 20 to +450 °C. The
device has the upper and lower heat-
ers that provide the uniform heating
up of the working chamber volume
where the study sample and indenter
are placed.

A special ceramic heater, ther-
mal shield, double-sided water cool-
ing system and precision thermal
controlled system make it possible to
minimize temperature drifts during
the measurements. Figure 7 shows
the temperature drift diagram
measured at melted quartz sample

VoLr.14 No. 22021 NANO INDUSTRY
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Fig.6. Thermal drift of indenter dz measured while maintaining
50 mN load on melted quartz at 400 °C
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31H, N2 2 - [IoIlepeK OCH 3KCTPY3uH [8]. Fi3aMepeHue TBep-
JOCTH IIPOM3BOAMIIOCH METOLOM MHCTPYMEHTA/IbHOTO
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pbl ucnbimanus N2 1 - 800nb ocu 3kcmpy3uu, N2 2 - nonepek ocu
akcmpysuu [8]

Fig.7. Temperature dependence of nanostructured alumin-
ium composite materials hardness versus test temperature,
No. 1 - along the extrusion axis, No. 2 - in perpendicular direc-
tion to the extrusion axis [8]

UHIEHTUPOBAHMS B COOTBETCTBUHU C PpeKOMEeHAALHMSIMU
[OCT P 8.748-2011 (ISO 14577-1:2002).

3AK/IIOYEHUE

B maHHOM paboTe npuBeneH 0630p TeXHUUYECKUX Pellle-
HH, IPUMeHSIeMBIX /I UCC/IeIOBaHU I GU3UKO-MeXa-
HHYeCKUX CBOMCTB MaTePHaJIOB MeTOLOM MHCTPyMeH-
Ta/JbHOTO UHAEHTHUPOBAHUS B JHAIIa30HE TeMIIEPaTyp
0T -60 g0 +450°C ¢ IIOMOIIBI0 HAHOTBEPAOMEPOB CEPUU
"HaHoCKaH-4D". B 3aBUCHMOCTH OT KOHKPETHBIX 3a/1a4,
CyIIeCTBYeT IIKPOKKUH BIOOp Mozyel (cM. Tabi.1).

indenting loaded with 50 mN at a
temperature of 400 °C. After thermal
stabilization of a specimen stage,
a thermal drift during a contact
between a sample and the indenter
does not exceed 0.06 nm/sec at con-
stant loading of the indenter with
an accuracy of dF=1 pN.

As an example how this mod-
ule is used, it is possible to dem-
onstrate a dependence of the
hardness of nanostructured alu-
minium matrix composite mate-
rials versus temperature: test
No.l - along the extrusion axis,
test No.2 - in the perpendicular
direction to the extrusion axis [8].
Measurements of hardness were

performed by the instrumental
indentation method according to
recommendations of GOST P 8.748-
2011 (ISO 14577-1:2002).

CONCLUSIONS

This paper presents a review of the
technical solutions which can be
applied for measuring physical and
mechanical properties of the mate-
rials by the instrumental inden-
tation method in temperature
range from -60 to +450 °C using
"NanoScan-4D" series nanohard-
ness instruments. There is a wide
choice of the instrument modules
depending on specific tasks to be
accomplished (see Table 1).
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Tabauya 1. O630p peweHuli "HaHoCKaH" 0481 UCCAEO08AHUSI MEXAHUHECKUX C80LICME 8 LUUPOKOM UHMepaane memnepamyp
Table1. Review of “NanoScan” solutions to measure the mechanical properties in a wide temperature range

Mpepnaraemoe pelleHue
Proposed solution

Ycnosus ucciepoBaHum
Conditions of study

Knumatmnyeckas kamepa [nana3oH Temnepatyp: oT =60 fo +100°C | Pasmep ob6pasua: 100x100 x50 Mm

Proposed solution Temperature region: from —60 to +100 °C Sample size: 100 x 100 x50 mm

CTo/nK Ha 3/1eMeHTe lNMenbTbe JunanasoH Temnepartyp: oT 2 4o +60 °C Pa3mep obpasua: 5x5x3 Mm

Stage with Peltier elements Temperature region: from 2 to +60 °C Sample size: 5x5x3 mm

BbicOKOTeMNepaTypHbLI MPeAMETHbIN CTOIUK [nanasoH TemMnepaTyp: OT KOMHATHOM Pa3mep o6pasua: 15x15 x5 Mm

High-temperature specimen stage 00 +450 °C Sample size: 15x15x5 mm
Temperature region: from 20 to +450 °C

B/IATOLAPHOCTHU

ABTOpPBL BBIpa’kaloT 61aromapHocTh PerretoBy B.H.
32 aKTHUBHOe y4yacTHe B 06CY>KIeHUU KOHCTPYKTHB-
HBIX pellleHHH 1 MeTOAHYeCKHX II0/1X0[0B K OPraHM3a-
LM BBICOKOTEeMIIepaTyPHBIX H3MepPeHHH C UCII0Tb30Ba-
HueM rpubopos ceMericTBa "HaHoCKaH". PaboTa BBIIION-
HeHa ITpy QUHAHCOBOM IOAEeP>KKe MUHHCTEpCTBa 06pa-
30BaHUS U HayKH Poccurickol Pefepalliu B paMKax
TocymapcrBeHHoro 3saganug ®TGHY THCHYM.
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HoBoctu

LLW®POBDBIE TEXHOJIOIMU CMNACYT XYAOXHUKA OT BEAHOCTMU,
A UCKYCCTBO — OT 3ABBEHUA

HOBbII

< CIIaPBIL

apnm PsIHoxK

33 mpownbli rof pbiHOK LNdpoBOro MCKyCCTBA

BLIPOC B JecsiTb pa3. Takue [aHHble mpuBena
XYAOXHWUK 1 3aMecTuTenb npefceaarens npasne-
Hua Qefepauun KpeaTUBHLIX MHAYCTPUA Poccun
BepoHuka [oHomapesa-Kopxesckas Ha ceccum
"Art-Chain" B pamkax MexayHapogHoro ¢opyma
NNAEPOB KPeaTUBHLIX UHAYCTPUA W MUPA UHTEN-
NeKTyanbHoW cobcTBeHHoCTM  IPQuorum  2021:
Tech for Content. ®opym npoxoauT 26-27 anpens
B TexHonapke  VIHHOBALMOHHOIO  LEHTpa
"Ckonkoso".

Linpposbie caenkm ¢ 0bbekTamu  MCKyC-
(TBA 3aCTaBASIOT [BUraTbCs K MPO3PaqHOCTH
apT-pblHka B LenoM. B Mupe akTuBHO pasBuBa-
l0TCA  NeranbHble MeXAYHApoAHble LudpoBble
nnathopmbl, TAe NPOAAIOTCS UM MOKYNAKTCS
apT-06bekTbl. Mpu  3TOM  pbiHKW  LdpoBoro
11 aHANOTOBOrO MCKYCCTBA Pa3BMBAIOTCS 1 KOMMEP-
UManu3mMpyloTca napannenbHo. OfWH M3 CaMbix
KOMMEPYECK YCMeLHbIX POCCUACKIX XYA0KHNKOB
COBPEMEHHOCTM, WAEONOr HOBOMO HAmpaBieHns
B 1306pa3nTenbHOM MCKycCTBe = “Kannaurpady-
Typu3ma“, Mokpac Jlamnac B CBOeM BbICTynAe-
HUM Ha ceccum "Art-Chain" oTmeTun, yTo cerog-
HSLHAA  PLIHOK

MPEefOCTABNSET  XYLOXHMKY

MHOXECTBO WHCTPYMEHTOB A1 MOHETU3ALUN
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CBOEro TBOpYecTBa: "C MOMOLYbI0 HOBLIX TEXHO-
NOTUIA XYAOXKHUKI NIErko BbIXOAAT HA MWPOBOM
PbIHOK. MHOrIe XyBOXHWUKW W AN3ainHEpbl pelua-
I0TCS YBOUTBLCS M3 PEKNAMHbIX areHTCTB, YTO6bI
CaMOCTOATENbHO 33HUMATLCS  TBOPYECKOW fiesi-
TeNbHOCTbI0, NPOAABATL CBON PAbOTLI HA OHAANH-
CepBucax v 3apabarbiBaTh ropasao bosbue".
Mokpac Jlammac A06aBuA, 4TO AanbHeit-
lee pasBuTUE PbiHKA COBPEMEHHOTO MCKYCCTBA
HanpsMYIO 3aBUCUT OT MOBLILEHWUS YPOBHS €ro
OTKPLITOCTU: "CTOMMOCTb MPOM3BEAEHMS WMCKYC-
CTBA BO3pacTeT 61aroAapst OTKPLITOCTA NPOAAX'".
lanepesm, KOTOpble MOKA HEOXOTHO PacKpbiBAIOT
Takylo MHdopMaLmMio, a TaKke mano pabotaior
C AVBXUTAN-XYAOXHUKAMK, HYXHO ByAeT apan-
TMPOBATbCS K TPaHCHOPMALMM pbIHKA, WHAYe
OHI NponaayT. Takxe BaXHYl0 posib B Pa3BUTHN
apT-pbiHKa, BTOPUYHbIX MPOAAX HA PbIHKE MCKYC-
CTBA WrpaeT OXpaHa aBTOPCKMX MPaB XyAOKHMKA.
"Ponb XyAOXHMKA B obuiecTe B byaywem bypet
TONbKO BO3PACTaTh, 0COGEHHO C pa3BUTMEM Tex-
HOMOTMIA BOMONHEHHOW PeanbHOCTH", = CYUTaeT
BepoHuka ToHomapeBa-Kopxesckas.  Mokpac
Jlamnac, B CBOK 04epefb, YNOMSHYI elle OfNH
BXHbIA TpeHA —TexHonorv NFT BbIBe/N B aBaH-
rapA Co0bLecTBO KONNeKLMOHepoB. [pUynHON

MONyNSPHOCTM OHNANH-YKLMOHOB MO MpoAaxe
061EKTOB LM(POBOr0 MCKYCCTBA MOXKHO CYUTATD,
B TOM uucne, nybanyHoCTb CTaBOK. [lng nokyna-
Tenen OHW Kak a3apTHas Urpa, No3TOMy Ha Takue
NNOWAAKN NPUBNEKAIOTCS HOBble MONb30BATENM,
1 3TO NOBBILIAET UHTEPEC K COBPEMEHHOMY NCKYC
CTBY B LieNIOM.

B LnpoBOM NpoCTpaHCTBE POX/AETCS HOBOE
NCKYCCTBO, OCHOBHLIMU LIEHHOCTAMU KOTOPOro
ABNAIOTCS  HE3aBUCUMOCTb,  [EMOKPATUYHOCTD,
OTKPLITOCTb, B3aMMOMOAAEPXKA, KOTOPAs Bbipa-
KAeTcs B TOM, YTO KPUTMKA TBOPYECTBA XyAOK-
HMKA CYMTAETCS Hempuemnemoi. Takum obpasom,
WHTEPHET-NNOWAAKK AN 3aWNUThl  ABTOPCKMX
MpaB M MOHETM3aLWM KOHTEHTA CTAHOBSTCSA
Bce bonee JOCTYMHLIMA W KOMMEpPYECKM BbIFOA-
HbiMW Ans TBopLoB. Obbem npojax Ha NFT-
nnatdopme Rarible k anpento 2021 roga gocTur
otmeTku B 120 MaH sonnapos. CoocHosatenb NFT-
nnatdopmbl Rarible Anekceir ®annH nogyepkHyn,
YTO GIOKYEMH-TEXHONOTMN MO3BONSIOT 3aALMUTUTH
uMdpoBON 06LEKT OT KOMUPOBAHMS C MOMOLLbIO
cepTudunkara: "OHNANH-UCKYCCTBO MpoLLe Npoaa-
BaTb M Mepenpojasathb, Yem Guanyeckue npoms-
BefeHuns. Ero ropasgo yaobHee xpaHuTh M 3auwu-
TUTb OT 3M10YMbILWAEHHUKOB. ®ainbl XpaHATCS
Ha bnokyeinH-3dupax, nopaepxusaembix 10 000
KomnbtoTepoB. CuCTeMa MMeeT MHOTO YpOBHeN
pe3epBupoBaHNS". OfHAKO BCe elje OTKPbLITbIM
0CTaeTcs BOMPOC, KaK MpPaBWUIbHO MPUBS3bIBATHL
NFT-TOKeH K MaTepuanbHOMY 06bLEKTY MCKYCCTBa,
He YHU4TOXas ero.

BaxHas 3afaya apT-pblHKA — CO3AAHWe nnat-
dopMbl NS PErMCTpaLyMU aHANOroBbLIX MpPON3-
BefeHMIN UCKYCCTBA U CAENOK C HUMM, HO PbIHOK
elle He COBCEM TOTOB K TakuM W3MEHEHWSM.
Ha cerogHsIWHMi MOMEHT oundpoBKOI aHano-
TOBbIX LEHHOCTEA W NpOM3BEAEHUIA WCKYCCTBA
3aHMMAIOTCS My3eu M OTAeNbHbIe KOMIEKLNo-
Hepbl. [0CYAAPCTBEHHbIM My3ei 1306pa3nTenbHbIX
nckyccts um. A.C. MywkuHa yxe oundposan 60%
CBOEro (hoHAA B BLICOKOM KayecTse. OCTanbHble



40% noka 4To OuMdPOBaHbl B CPEAHEM Kave-

cTBe. [INS BOMAOLIEHMS LMQPOBOA KOMUM Mpo-
W3BEEHNS WCKYCCTBA CO3LAETCS B  CPeAHeM
3000 dotorpadmit obvekTa, M 370 OrpoOMHas
pabota. [ins coxpaHeHWs CBOero 6oratoro apxmea
My3ed PpaboTaeT Hajp CO3haHMEM COHCTBEH-
HO 3NEKTPOHHOW 3KOCUCTEMbl. 3amecTuTenb
AnpekTopa no uudposomy passutaio TMUNU
um. A.C. TlywkuHa, 3aBegyrowni 6a3oBoit kade-
AP0V MHPOPMALMOHHLIX TexHonornin B chepe
kynwTypsl HWY BLUS Bnagumup Onpegeneqos
YBEpeH, 4TO KMACCUYeckoMy MCKYCCTBY Heobxo-
AnMa undposas TpaHchopmaums: "Mbl He Hexum
33 KOKAOAHEBHDIM XainnoM. My3en cMOTpUT B Bey-
HOCTb. Mbl JO/KHBI M36eXaTb Tak Ha3biBaeMOi
"undposon amHe3nn”. Cernyac Hapo oundpoBsatb
BCe My3elHble LieHHOCTH, YTObbI He AOMYCTUTb UX
3a6BeHNs. Mbl C034anK Ha HaleM canTe NONHO-
LIeHHbIA LMGPOBOI ABOWHMK BbICTABKM, C MOMO-
Wb KOTOPOro MONMb30BaTENb MOXET “rynsTh'
Mo 3a1aM, He BbIXoas U3 Aoma. Kpome Toro, Mbl
NOMECTUAN My3elHbIA KOHTEHT B OYKW BUPTY-
ANLHON PeanbHOCTU. OYeHb BaXHO, YTO YenoBek

MOXET MoTpedbAsTbL Takoi LMdPOBOM MPOAYKT
HanpsMylo OT Hac — TO eCTb W3 aBTOPUTETHOTO
NCTOYHNKA, Mbl YXe He pasjensem nocetutenei
N0 NPU3HaKy OHAANH/0dAANH".

OpraHnu3saropbl ®opyma — MUHUCTEPCTBO Ky/ib-
Typbl Poccuitckon ®epepaumu, ®oHg "CkoakoBo”,
IPChain.
1 napTHepamu ®opyma BbicTynaloT Gefepauns
(onQ),
EBpasuitickas KoHdegepauns 06LeCTB npaso-

Accouunauus CoopraHu3saropamu

WHTENNEKTYaNbHOA  COBCTBEHHOCTH
obnaparenen (EAKOIM), BcemupHas opraHusa-
LMS MHTENNeKTyanbHo! cobeteHHocT (WIPO),
HayyHo-06pa3oBaTebHbI  LEHTP  WHTennek-
TyanbHON COBCTBEHHOCTU U LMQPOBOM 3KOHO-
Muku Digital IP. KOMMYHWKAUWOHHbLIA NapTHep
(Gopyma - areHTCTBO KOMMAEKCHbIX KOMMYHU-
KaLMOHHBIX peweHnin Prophet. OduumanbHbIR
naptHep ®opyma - xonauHr ‘rasmpom-Megua“.
lapTHep BeuyepHero Mmeponpusatus - [lepsoe
My3blkanbHoe. MeponpusiTie NpoXoANT Npy NOA-
Jepxke PoCKynbTLeHTpa, Accouunauumu npogioce-
poB KuHO i TenesuaeHns (ATKMT), Accoumatinm
aHMMALMOHHOTO KkuHO Poccum  (AAK), bBakka

"HoBbIA BeK", KMHOCTYANN MyNLTUNAUKALMOHHBIX
ounbmoB  "Coto3mynsTdunbm’,  “"CMmbicnoTekn”,
MEDIANA, Russian Seasons, IPEX, IPCodex,
Fonmix, Co-Fi, n'RIS, IPEX, Universal University,
Alpina B2B.

leHepanbHble WHPOPMALMOHHbIE MAPTHEpLI
IPQuorum 2021: Tech for Content — TACC 1 u3ga-
TenbCkuit 4oM "KoMMepcaHTh". MHPOpMaLMoHHbIe
naptHepol - Forbes, "Poccuickas raseta’,
MWL, "W3BecTus”, Coto3 XypHanuctos Poccum,
InterMedia,

VIH(I)OpMaLlI/IOHHOE dreHTCTBO

"ApTMockoBms", rasera "Kynbtypa“,
EBpasuilckas naTeHTHas opraiusauusa (EAMO),
"KuHoPenopTep" - [naBHbIA KypHaN O KUHO
W TeNeBWAEHUM,  MeAMAXONAWUHT  "PErvoHbl
Poccun”, nHdOpMaLMOHHOe areHTCTBO "®egepan
Mpecc’,  XypHanbl

“Crpaterns”,  "dkcnept’,

“NHBecT-Gopcant" n “Touka APT", nopTansl "Hayka
1 OKM3Hb", "Kynstypomanms”, ICT-Online, Expomap,
Devdiscourse, ComNews, MovieStart, Telesputnik,
MIXED.NEWS, Kino-Teatr.ru, TAPAHT, AreHTCTBO
KpeaTuBHbIX MHAYCTpUA, “TunnyHas Mocksa"

1 "Lndposas 3koHOMMKA".

(OoHa "CKoNKoBO" — HeKOMMepyeckas OpraHu3aums, Co3faHHas B 2010 rogy U UCMOMHAIOWAS GYHKUMM YNpaBAstoLLed KOMMAHAM VIHHOBALMOHHOTO LieH-

Tpa "Ckonkoso". Lienb ®oHaa — MOAAepXKKA TeXHONOTMYECKOro NpeAnpuHAMATenbCTBa B POCCN 1 KOMMEpLMaNM3aLmns pesynbTatoB Hay4YHO-MCCNef0BaTebCKOM

[1eaTeNbHOCTU.

Accoumauua IPChain co3gaHa B 2017 rogy ®oHgoM "CkonkoBo", Bcepoccuickoil OpraHu3aLiuelt MHTENNeKTyanbHoM cobeTBeHHOCT (BOMC), HUY "Bbiclias wikona

3koHomuku" (HUY BLLI3), Poccuiickum coto3om npasoobnaaareneit (PCM), CaHKT-MeTepbyprekiM HalioHabHbIM MCCIeA0BATENbCKIAM YHUBEPCUTETOM MHhOPMALIMOH-

HbIX TEXHOMOrMA, MexaHuku 1 onTuki (MTMO), Poccuiickum aTopckum obuiectsom (PAO), Accoumativielt npasoo6/iaaaTeiei Mo 3awuTe 1 ypas/ieHuio aBToPCKAMIA

npasamiu B chepe uckyccTsa (YTTPABIC), baHkoM "HoBblid Bek'".

MapTHepamu AccoLaLmm 1 HenoCpeACTBEHHBIMU y4acTHUKamu npoekTa IPChain BbICTynaloT MUHMCTEPCTBO KyALTYpPLl PO, MUHMCTEPCTBO 06pa30BaHNS 1 HayKK

PO, DenepanbHas Cyxba no MHTE/NIEKTYaIbHOI COBCTBEHHOCTI (PocnareT) v GefepasbHbI MHCTUTYT NPOMBILLIEHHO COBCTBEHHOCTH. OCHOBHAS Lie/b ACCOLMALIMIA

IPChain — hopMMpOBaHMe CTAaHAAPTOB, TEXHOMOTIAM W MHCTPYMEHTOB B3aUMOAEICTBHS YHACTHUKOB PbiHKA UHTENIEKTYa/IbHbIX NPaB B LMGPOBOI Cpefe.

IPQuorum — KOMMYHUKALMOHHBIA bpeHa — co3aaH Accoumaunert IPChain v EBpasuiickoit KoHdefepaLmen 06uiecTB npaBoobnafaTenei C LeNbio OpraHm3aLmm

NOCTOSHHO JEACTBYIOLLMX MEXAYHAPOAHBIX KOMMYHUKALMOHHBIX NNIOWAA0K A8 AMANOra C MUPOBbIM COOBLLECTBOM MO BOMPOCAM Pa3BUTHS CHEpbl MHTENEKTYa/IbHOM

COBCTBEHHOCTI B YCNOBMSIX L(POBON IKOHOMUKN.

IPQuorum ~ TpaHCcrpaHu4Has KOMMYHUKALMOHHAS CETb, KOTOPas CBA3bIBAET Y4ACTHUKOB MUPOBOTO PbIHKA MHTENNEKTYaIbHON COBCTBEHHOCTM, MPEACTaBUTENeH

TBOPYECKNX MHAYCTPUIA, OTPACNEBLIX HOBATOPOB, 3KCMEPTOB-BU3MOHEPOB, BEHYYPHLIX NHBECTOPOB, HALMOHAbHBIX M MEXAYHAPOAHLIX perynstopos. Mog 6peHaom
IPQuOrum Ha eXeroAHoI OCHOBE MPOBOAUTCA CepUs MeponpusiTUil B POCCIM 1 33 pybexoM, KOMMAEKC BbICTABOK, KOH(GEPEHLWI, ANCKYCCUIA, MPE3eHTaLMiA 1 Bu3Hec-
CECCII, MPU3BAHHBIA CTaTb APAABEPOM KAYECTBEHHbIX U3MEHEHMIA MIOBALHOTO PbIHKA MHTEANEKTYaNbHON COBCTBEHHOCT, pasBuTUA Chep m3AWHbIX (beaux-arts)
Y MIPOMBILLIEHHBIX MCKYCCTB (arts industriels) kak MONHONPaBHbIX CyEbEKTOB LUGPOBOIA IKOHOMHUKY.

Pabota Bcex KOMMYHUKALWMOHHBIX NAOLL3A0K IPQUOrUM HanpaeneHa Ha MOMCK MPUKNAAHBIX MHPPACTPYKTYPHLIX M CUCTEMOOBPA3YIOLX peLleHIi sl MHHOBALW-
OHHOrO pa3BUTIA Chepbl MHTENIEKTYAbHOM COBCTBEHHOCTH.
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