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B pa6oTe 6bin onpepesieHbl BA3KOYNpYrue CBOMCTBA MPOTEKTOPHbIX Pe3uH aBTOMOG6WJIbHbIX LUWH
B NPUNOBEPXHOCTHOM CJioe Mpu NomMoLLM HaHoTBepaoMepa "HaHoCkaH-4D" ¢ ¢yHKuuMen ocumanauum
VMHAEHTOpa, NOMELLLEHHOr0 B KIMMaTU4eckyto kamepy. MopaepxaHve eanHon TeMnepaTypbl Ha o6pasue
M U3MepUTesIbHOM MofyJie N03BOJIU/IO He TOJIbKO OLLeHUTb TepMOMeXaHU4eckue CBOMCTBA UcciesyemMbix
MaTepuasnos, HO U MUHUMU3UPOBAaTb OLUM6KM M3MEePEeHUI, CBSI3aHHbIE C TeMMepaTypHbIMU Apendamu.

We investigated rubber viscoelastic properties at near surface layer using nano-hardness tester
"NanoScan-4D" placed in climatic chamber. The same temperature of sample and the device made it

possible to minimize the measurement errors arising due to thermal drifts.

BBE/AEHUE
Pa3paboTka MeTO[0B MCC/IeIOBAHUS MeXaHHYeCKHX
CBOMCTB ITIOBEPXHOCTHOIO C/I0Sl MAaTePHaJIa B UATIA30He
TemIepaTyp oT 60 1o 60 °C ocobeHHO aKTya/lbHa JIJIs
3/1aCTOMepOB, PabOTaIOIIKX B y3/1aX TPeHHU .
CTraHzapTHBIM 060pyAOBaHKEM JIJIsl UCCIeJOBAaHMS
dH3MKO-MeXaHUYECKUX CBOMCTB SBJISAIOTCSA HAHOT-
BepaoMephl. KitoyeBast MeTOAKMKA, peasIM30BaHHAS
B JJaHHBIX IPUOOpax - MeToJ MHCTPYMeHTaJIbHOTO
WH/JeHTUPOBAHM S, OCHOBAHHBLIM Ha BAABIHWBaHUU
TBepJOro HaKOHeYHHKa (MHIEHTOPA) B IIOBEPXHOCTh

HccnegyeMoro obpasia ¢ COBMeCTHBIM H3MepeHHeM
nepeMeIlleHUs] UHAEHTOPA M IPHUKJIAJbIBA€MOH
CHUJIBL. OTa MEeTOAMKa [103BO/IsieT U3MepPUTh TBePIOCTh
Y MOAYJb yIPYrocTh. O61acThio H3MEpeHUs MeXa-
HUYeCKUX CBOMCTB SIBJISIETCS IPHUIIOBEPXHOCTHBIM
cyior obpasia, o6beM KOTOPOro OIIpenesseTcs rybu-
HOM BHeJIpeHH s UHJleHTopa. MeToJ MUHCTPyMeHTalb-
HOTO MH/IEHTUPOBAHHS perslaMeHTHPYeTCs CTaHAap-
ToMm I'OCT P 8.748-2011. Momy/ib yIpyroCTH IIPHIIO-
BEPXHOCTHOTO CJIOSI Pe3HUHBI, II0ABEPIIIerocs UCIIbI-
TAHMIO Ha U3HOC, MOKET 3HAUHUTe/IbHO OTIMYAThCS
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OT 3HauUeHMs, [I0Iy4eHHOro B obbeMe MaTepuaa [1].
OpHOM M3 3a7ad, IpefCcTaB/SONINX aKTYaJIbHOCTD
NAHHOH PaboThl, SIBISETCS H3ydYeHHe BSI3KOYIIPY-
THUX CBOMCTB Pe3WHBI U UX M3MeHeHHe I10 I1ybuHe
OT [TOBePXHOCTH M3HOLIEHHOI'0 MaTepHaa.

H3MepeHMUSI, Kak IIPABUIIO, AJISTCS AeCSITKU CEKYH/I,
YTO COOTBETCTBYeT KBA3HCTAaTHYECKOMY PEKHMY
Harpy>keHHUs [2]. [Ipy IpHIIOSKEHUH K 06pasily nepu-
O YeCKOM HArpy3KH (IMHAMHYECKHUI PesKHM) BO3-
MOSKHOCTU METOJA PACIIUPSIOTCS, CTAHOBUTCS BO3-
MO>KHBIM BBIUHC/ISITh HEKOTOPBIE 3aBUCUMEBIE OT Bpe-
MEHU CBOMCTBA.

[l IpoBeleHU S HCIBITAHUM IIPU Pa3THYHBIX
TeMIlepaTypax Ha TBepAoMepaxX OOBIYHO HCIIOJb-
3yI0T CIIeLiHa/IbHbIe SYeHKH (3], 03BoSAIONIKe 10~
Iep>KUBATh 3aJAHHYI0 TeMIIepPaTypy U3MepHUTelb-
HOM 0671acTH. BHYTpH sSiUeHKHU pacrionaraercs obpa-
3ell, KaK ITPaBUJI0, HeOOIBIIOro pa3Mepa U UHIEHTOpP.
Vi3MepHTe/lbHbIe JATUHKU IIPHO60Pa HAXOOSITCS CHA-
PY’KH IIpU KOMHATHOM TeMIIepaType U CoeJMHEeHBI
C HAKOHEYHHKOM uepe3 IJHUHHBII KeCTKHUH IITOK.
Takast KOHCTPYKIIHSI OOBIYHO He I103BOJISIeT JOOUTHCS

OIHOPOZHOTrO IIporpeBa obpasiia, a ABUKeHHU S HH/IeH-
TOpa U ero KacaHue c 06pa3LioM IPUBOASAT K H3MeHe-
HHIO TeMIIepPaTypHOro IpajiieHTa Ha IITOKe, Coefu-
HSIOIeM HHIEHTOP C JaTYUKAMU CHJIBL U IIepeMe-
meHUs. F3MeHeHHe TeMIIepaTyprl 3aTPyAHsIeT ToU-
HOe M3MepeHHe ITTy6HHBI BHepeHU s HaKOHeUHH KA
B obpaserl. Kpome Toro, Takoe HCIIOTHEHHe, KaK I1pa-
BHJIO, CyIIeCTBEHHO OTPaHUYHBaeT pa3mep obpasia
HeCKOJIBKUMH MHIJIMMEeTPaMH, UTO [/ IIHPOKOTO
KpyTa 06beKTOB He II03BOIsIeT ITPOBECTH ITOTHOLIEHHbIe
HCC/IeIOBAaHU I MeXaHUYeCKHX CBOMCTB.

B HacToser paboTe IIpearaeTcs oA Aep>KUBaTh
eIUHYIO TeMIIepaTypy Ha obpaslie U U3MepUTeIbHOM
OaT4YHKe IIPU IIPOBeleHUH TeMIIepPaTyPHBIX HCIIbITa~
HUI. M3MepUTenbHOe 060pyI0BaHHe BMeCTe ¢ 06pas-
LIaMH LIeJIMKOM IIOMeIaeTCs B KaMepy, B KOTOPOX IOA-
Iep>KUBaeTCs 3aJlaHHas TeMIlepaTypa. BHe Temmepa-
TYPHOM KaMePbl HAXOASITCS 3/IeKTPOHHBII 610K K KOM-
IbIoTep 17151 06paboTKU CUTHAJIOB TBEPAOMEPA.

HccnenoBaHUSI MeXaHUYeCKHUX CBOMCTB IIpOBe-
IeHbl Ha ITPOTeKTOPHOL pe3rHe aBTOMOOM/IBHBIX HIHNH
B IIMPOKOM JHalla30He TeMIIePaTypP.

INTRODUCTION
The development of methods for
studying the mechanical properties
of a material surface layer in the tem-
perature range from -60 to 60 °C is
especially relevant for the elastomers
used in friction joints.
Nano-hardness meters are the
standard equipment to study the
physical and mechanical proper-
ties. The key method applied in these
instruments is based on indention
of a hard tip (indenter) in the stud-
ied sample surface simultaneously
with measuring of the indenter dis-
placement and the applied force. This
method makes it possible to measure
hardness and elasticity modulus.
The measurement area of mechani-
cal properties is the surface layer of
the sample which volume is deter-
mined by the depth of the indenter
penetration. The method of instru-
mental indention is regulated by
GOST P 8.748-2011. The elasticity mod-
ulus of the rubber near-surface layer
that has passed wear tests may be

significantly different from the value
obtained in the volume of the mate-
rial [1]. One of the problems reflect-
ing the topicality of the presented
paper is a study of viscoelastic prop-
erties of rubber and their changes by
depth from the surface of the worn-
out material.

As a rule, measurements last tens
of seconds, which corresponds to the
quasi-static loading mode [2]. The pos-
sibilities of the method may be much
more expanded in the dynamic mode,
when periodical loading is applied to
the sample, and some time-depen-
dent properties maybe calculated.

Usually, special cells [3] are used
to perform the tests at different tem-
peratures by hardness meters in order
to maintain the necessary tempera-
ture in measurement area. A small
sample and an indenter are placed
inside the cell. The measuring sen-
sors are placed outside the instru-
ment at room temperature and are
connected to the tip by a long inflex-
ible rod. Such a design usually does

not allow of the uniform heating of
the sample, and the movement of
the indenter and its contact with the
sample lead to a change in the tem-
perature gradient along the rod that
connects the indenter with the force
and displacement sensors. The tem-
perature changes make it difficult to
accurately measure the tip penetra-
tion depth into the sample. Besides,
such type of a design, as a rule, sig-
nificantly limits the sample dimen-
sions to a few millimeters and does
not allow of comprehensive studies
of the mechanical properties for the
wide range of objects.

In the presented paper we propose
to maintain the same temperature in
a sample and in the measuring sen-
sor during the temperature tests. The
measuring equipment with samples
to be tested is placed in a chamber
where the necessary temperature is
maintained. An electronic unitand a
computer for processing the hardness
meter data are placed outside of the
temperature chamber.
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METOAUKA U3MEPEHUA

JIMHaMUYeCKMiA MeXaHUYeCKuil aHanu3

JUHaAMUUYECKUHN MeXaHHUYeCKHH aHanus [5, 6]
(IMA) - 5To MeTOAMKA UCIBITAHUN U HHCTPY-
MEHT, IPU IMOMOIILYU KOTOPOr0 BO3MOSKHO OIpe-
OelUTh MeXaHUUYeCKHe U BSI3KOyIpyrue CBOM-
CTBA pe3uH (AeHCTBUTEIbHYI0 U MHUMYIO 4acCTh
KOMIIJIEKCHOTO MOAY/IS YIPYIrOCTH, TAHTeHC yIia
MexaHHYeCKHUX II0Teph U T.[.), a TAKKe IIOJIYIHUTh
YaCTOTHO-TeMIlepaTypHBble 3aBUCUMOCTH pejak-
CALIMOHHBIX MIPOLIECCOB, IPOUCXOASIIINX B Pe3UHe
B IIpoLiecce fedOopMalUU IIPU BO3LEUCTBU U IIePHO-
IUYeCKHUX Harpy3oK.

Mpouepypa u napameTpbl IMA-UCNbITAHUI
CoepuyeckuM KepaMHUYeCKUM HAaKOHEUHHUK (Aua-
MeTp - 0,5 MM, MaTepHasl - HUTPUJ KPeMHHUSI) BHe-
npsiyics B obpasell 10 JOCTH>KeHHU S MaKCUMaIbHOMN
Harpysku 100 mH. IIpu noggep>kaHUU [IOCTOSSHHOU
CpefHeH CHJ/bl Harpy>kKeHUs F Ha MHIeHTOp moja-
BaJIMCh FAaPMOHHYECKHe KoIebaHUS C aMIITUTYA0HN
25 MH B guamna3sone 4yactoT ot 0,01 mo 80 't Ha mipo-
TSKeHUHM 5 MUH. B mIporiecce ImpoBeJeHU s UCITBITA"
HHU A M3Mepsaach aMIUIMTYda IlepeMelleHusl HaKo-
HeYHHKA, CBSI3aHHAs C )KeCTKOCTBIO KOHTAKTa (S¢yp,)
HaKOHeYHHKa c 06pas3oM, 1 pasHuLa ¢as (§) mexxay
CHTHAJIOM IlepeMellleHHs U CHUJIOM Harpy>kKeHHS.
YpaBHeHUs, ONMCHIBAOIIKME CUIIY, IPUKJIAJbIBae-
MYIO K HHEHTOPY, U ero rnepeMelleHue KMeT Cjie-
OYIOUHI BHI:

F=F +Fyeit, h=h +hpei@ud),

quasi-static quasi-static

ILEFICTBHTEHBHaH U MHHMAs 4YaCTH KOMIIJI€KC-
HOTO MOAYJIS YIIPYTOCTH OITpee/IssloTCs C/Ie YOI MHA
COOTHOIIEHH MM
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KOT'0 TpeHHu 4.

UCCIEAOBAHHDIE OBPA3LLbI U OBOPYAOBAHUE
OnucaHue o06paswioB

IMA-UCOBITAaHUS NPOBefeHB Ha ABYX obpas-
nax. IlepBelil ob6pasel BHIIOTHEH K3 IPOTEKTOP-
HOM pe3uHBbl MarHCTPa/JIbHOK PYy/eBOM Lie/IbHOMe-
TannokopaHou (LIMK) muHE. MaTepuasl BTOPOTO
obpasiia - IpoTeKTOPHas pe3rHa JIeTHeH JIeTKOBOk
mUHBL. HccemyeMble 06pasiibl 66T ITOIBEPrHYTHI
HCIIBITAHUIO Ha TpuboMeTpe, Ilie KOHTPTENIO Ipej-
CTaBJIs1710 060 MUCK ¢ HAKJIEEHHOM Ha ero IoBepx-
HOCTb Ha’KJa4uHOM Oymaroi U3 Kapbuma KpeMHHUS
C 3epHUCTOCTHI0 120 MKM [7]. [71y6KHaA HapyLIeHHOTO
€10 Ha MCC/leflyeMOM II0OBePXHOCTH COIIOCTaBHMa
C pasMepoM 3epeH abpa3uBa U COCTABISIET OKOJIO
IecsiTka MUKpoMeTpoB (puc.l). CiencTBreM IIpoBe-
JNeHHBIX UCIBITAHUN Ha CyXoe TPeHHe CTaJla BBICO-
Kas LIepOXOBATOCThb IIOBEPXHOCTH (Ra - 30 MKM).
Illepox0BaTOCTb M3MePs1/IACh C IOMOIIIBIO OIITHYeCKOr0
3D-poduiomerpa S neox (Sensofar).

Studies of the mechanical proper-  spherical ceramic tip (0.5 mm, made F=Fyasistaric + o€,
ties of the motor vehicle tread rubber of silicon nitride) was penetrated
tires in a wide temperature range  into the sample until achievement h=hgyaistaric + hjel@td),

have been carried out.

METHODS OF MEASURING

Dynamical mechanical analysis
Dynamic mechanical analysis [5,
6] means the testing method and
the instrument for measuring the
mechanical and viscoelastic proper-
ties of rubbers (real and imaginary
part of the complex elasticity mod-
ulus, mechanical loss tangent, etc.)
and enables to obtain frequency-
temperature dependences of relax-
ation processes in rubber at defor-
mation under periodic loading. A

of the maximum load of 100 mN.
The harmonic oscillations of 25 mN
amplitude in a frequency range
from 0.01 to 80 Hz during 5 min were
applied to the indenter at a constant
average loading force F. During the
tests the tip displacement ampli-
tude, related to the contact rigid-
ity (Seone) of a tip with a sample,
and a phase difference (8) between
the displacement signal and load-
ing force were measured. The equa-
tions describe the force applied to
the indenter and its displacement as
follows:
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The real and imaginary parts
of the complex elasticity modulus
are determined by the following
relationships:

SR I fi
h, 2 JA’
pre B gng YL
b, A
where A - contact area,

E o
Swm=h—°c056 - contact rigidity,
0
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HaHotseppaomep "HaHoCkaH-4D"

Vi3MepeHH s [IPOBeJeHbI ITPY [IOMOIIIY HaHOTBepIoMepa
"HanoCkaH-4D" [4] (PTBHY TUCHYM). KoMIIakTHas
MoguUKALKS AaHHOro Inpubopa He IpeBHIIIAET
o rabaputam 300 MM, B paMKaX JaHHOTO HCC/IeI0BA-
HMS KOHCTPYKI U 6blIa LIeJTMKOM ITOMellleHa B pabo-
YUH 00beM KIMMAaTHYeCKOM KaMepbl. Belcouanmas
HaJIe>KHOCTb KOHCTPYKIIMH IIPUOOPa I03BO/SIeT 3KCILTY-
aTUPOBATh €ro B INHPOKOM TeMIIEPATyPHOM AHalla3oHe
B TeUeHHe JI0/ITOr0 BpeMeHH. B KOMIIaKTHOM KOMII/IeK-
TalLUU IpHU6Op BKIIOYAET MOAY/Ib HHAEHTUPOBAHUS
Y 1B MOTOPH30BAHHBIX TPAHCISITOPA, obecrieunBao-
KX B3aKMHOe IlepeMellleHHe HHIeHTopa 1 obpasiia.
CrienyMajibHasi KOHCTPYKIIH S TPAHC/ISITOPOB II03BOJLSIET
3KCIIJIyaTHPOBaTh UX B JHaIla30He TeMIIepaTyp oT —60
110 60 °C 6e3 mapa3uTHbBIX 3PHEKTOB, TAKUX KAK 3aK/IH-
HHBaHUe, II0TePs >KeCTKOCTH, TIOQTH U T.I1. Moayib
MHIeHTHPOBAHUS [103BOJISIeT IIPOBOAUTh CTAHAAPTHEIE
KCIIBITAaHHS METOJLOM HAaHOMHIEHTHPOBAHHUS B JHUHA-
MHUYeCKOM M KBa3HCTaTUYeCKOM pexkhMe. B nrobom
MeTOJle UCIIBITAHHUH MOKeT OBITh BBIOPaH HaKOHEUHHK
IIPOU3BOILHON GOPMEL. CTaHAAPTHEIM HAKOHEYHHKOM
J15 IpOBeJleHH I MeXaHUYeCKUX UCIIBITAHUH SIB/ISIeTCS
MH/JEeHTOp THIIa bepKoBUY ~ TpeXIrpaHHas aJiMa3Has
nupaMuza. B JaHHoM pabore 115 yMeHbIIeHU S I11a-
CTHUUeCKOH JedopMaliuu obpasia 6bIT HCIIOIB30BAH
cheprUecKUN HAKOHEUHHUK.

Knumatunueckas kamepa KTXB-300

[logmepskaHue TeMIlepaTyphl B OuamasoHe -60...
60 °C oCyIIecTB/ISIIOCH C [IOMOIIbI0 KIMMaTU4YeCKON
KkaMmepsl KTXB-300 ("HII® TexHomorus'). Kamepa nmeer

BO3MOKHOCTb KOHTPOJIMPOBATh BIa’KHOCTh BO3/yXa
B nuarmasoHe 20...98%, 4To [03BOJISET IPeJOTBPaTUTh
BBIIIA/IeHHEe HMHes Ha IOABMKHBIX 3JIeMeHTax IIpHU
[IOHM>KeHUHU TeMIlepaTypbl. TOUHOCTD MOALePKAHU A
TeMIlepaTypsl B Kamepe - 0,5 °C. /11 MUHUMHU3AL MU
TeMIIepPaTypHOro aperida 1 BUOPALUMK IIPHUMEHSIICS
3aIUTHBIN 60KC, BHYTPEHHS S [IOBEPXHOCTh KOTOPOT'O
ObL/1a BBICT/IAaHA aKYCTHYECKHM IIOPOJIOHOM, a ILIBBI IIPO-
KJIeeHbI repMeTU3Hpyomer neHTor 'TEPJIEH". Takske
HCIIONb30BaIach ITACCUBHASI BUOPOM30ISIIIMOHHAS
mwiatpopma. TemmepaTypa Bo3yXa KOHTPOIKMPOBa/Iach
JAaTYHMKaMHM, BCTPOCHHBIMH B KJIMMaTHYeCKYI0 KaMepy.
TeMIlepaTypa Ha KOpITyce IpHuOopa KOHTPOIKPOBaIach
C IIOMOIIBIO JTAOOPATOPHOI'0 3/IeKTPOHHOI0 TEPMOMETPa
JIT-300 ¢ urdposbiM paspemenureM 0,01 °C.

PE3V/IbTATDI

KoMIpeccopsl KIMMaTH4YeCKOH KaMepbl —~ OCHOBHOL
HMCTOYHHK IIyMa B OIIMCAHHOM CXeMe 3KCIIepHMeHTa.
ITprMeHeHHe BUOPOU30/ISLIMH [103BOJIH/IO CyIeCTBEHHO
CHHU3HUTh yPOBEHbD IIyMOB IIPH U3MepeHHH ITTyOHHBI BO
BpeMs BIAB/IHBaHHUS HAKOHeUHH KA. TeMIlepaTypHBIN
nperd rocse CTabHIM3aLUKU CUCTeMBI COCTABIISIT He
bonee 0,5 HM/c. [1ybrHa BHepeHUSI HAKOHEUHHKA
HaXO[AM/IACh B AHama3oHe 1-20 MKM. B pe3syibTraTe m1po-
Be/IeHHbIX UCIIBITAHUE ObI/IHM IIOCTPOEHBI TeMIIepaTyp-
HbIe 3aBUCHMOCTH MOJY/Isl YIIPYTOCTH K TAHI€HCA yIia
IIOTePb JJ151 IBYyX 06pa3LioB pe3uH (pHC.2). Pe3ynbTaThl
HCIIBITAHUM COINIACYIOTCA C JAaHHBIMHA JJMA, mpoBe-
IEeHHBIMHU Ha 00beMHBIX 00pa3nax Ha JTHHAMOMeXa-
HHYeCKOM aHanu3aTope METRAVIB, HCIIBITaTe/IbHON
MalllKHe, pea/IN3yIoller PesKUM OHOOCHOTO C’KaTH .

E . ..
h—osmS = Cw where C - coefficient of
0

viscous friction.

SAMPLES AND EQUIPMENT

DESCRIPTION OF THE SAMPLES aunln
DM tests were performed on two _10'7'6

samples. The first sample was made
of a tread rubber of mainline all-
steel (AST) tyre. The second one
was made of a tread rubber of sum-
mer tyre. The samples to be studied
were measured using tribometer
where the counterbody was a disk
with the glued abrasive paper made

107.,6

-107,6
MKM | Lm

of silicon carbide with a grain size
of 120 pm [7]. The depth of the dis-
turbed layer of the studied surface is

Puc.1. TpexmepHoe uzobpakeHue peabepa npomekmopHoU pe3uHbl MazucmpanbHol
pynesol LMK wuHbi
Fig.1. 3D image of protector rubber relief of mainline full steel-cord tyre
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Moaynb ynpyroctu, Mrla
Elasticity modulus, MPa

TemnepaTtypa, °C| Temperature, °C

c Mogaynb ynpyroctu, MMa
Elasticity modulus, MPa
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Mechanical loss tangent, rad
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Mechanical loss tangent, rad
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Puc.2. TemnepamypHas 3aeucumocms 853K0ynpyaux ceolicma NpomekmopHoU pe3uHbl MazucmpansHoli pyaesoli LIMK wukbl (a, b)

u nemuel nezkosoli wuHel (c, d)

Fig.2. Temperature dependences of protector rubber viscoelastic properties of mainline full steel-cord tyre (a, b) and summer tyre (c, d)

comparable with the abrasive grains
and is equal to about 10 pm (See
Fig.1). The result of the dry friction
was a high roughness of the surface
(Ra - 30 pm). It was measured using
a 3D-profilometer S neox (Sensofar).

“NanoScan-4D" nano-hardness meter

The tests were performed using a
"NanoScan-4D" [4]. The portable
model of this device does not exceed
300 mm in size and it was entirely
placed into the climate chamber.
The highest reliability of design of
the device allows of using it in a
wide temperature range. The porta-
ble design of the device has an inden-
tation modulus and two motorized

translators to provide the mutual
movement of the indenter and a sam-
ple. The design of the translators
enables to use them in the temper-
ature range from -60 to 60 °C with-
out parasitic effects such as block-
ing, loss of rigidity, play, etc. The
indentation modulus permits to
perform the standard tests by nano-
indention method in the dynamic
and quasi-static modes. In any test
method, a tip of an arbitrary shape
can be selected. The standard tip
for mechanical testing presents an
indentor of the Berkovich type. In
this work we used the spherical tip
in order to reduce the plasticity defor-
mation of the sample.
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KTXB-300 climate chamber

The temperature was maintained in
the range of -60...60 °C with the aid
of KTXB-300 climate chamber. It is
possible to maintain air humidity in
the range of 20...98% to prevent frost
on the moving parts when the tem-
perature drops. Accuracy of temper-
ature control in the chamber was
0.5 °C. To minimize a temperature
drift and vibrations, a protective box
was used, which inner surface was
coated with acoustic foaming plas-
tic and the joints were glued with
a GERLEN sealing tape. We used
the passive vibration-isolating plat-
form. Air temperature was controlled
by sensors built into the climate
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BbIBO/bl

[IpennoskeHa cxeMa IpoBeJeHHUS NJUHAMHYe-
CKHX MeXaHHUYeCKHUX UCIBITAHUI Pe3UH C [IOMO-
b0 HaHOTBepromepa "HanoCkaH-4D" mpu mona-
Jep>KaHUHU eJHHOMN TeMIlepaTypsl Ha obpasme
U U3MepUTeIbHOM MOAYyIe HHIeHTUPOBAHUS,
YTO I103BOJIsIeT 06eCIIeYrUTh OLHOPOLHOCTD TeMIIe-
patypsl o6pasna, MUHUMHU3HPOBATh TEMIIEPATYP-
Hble fperdsl BO BpeMs IIPOBeleHU S UCIIBITAHUH.
Hcrmonb30BaHHE HAKOHEYHHUKOB C MAJIBIM pagu-
yCOM II03BOJISIET IIPOBOAUTH U3MepeHHe dusnde-
CKHX CBOHMCTB B HebOJIBIIIOM IIPUIIOBEPXHOCTHOM
ob6peme. C yMeHblIeHHeM TeMIIepaTyphl Ha Hccile-
oyeMbIx obpa3snax pe3uH HablIoIanoCch 3HAYH-
TenpHOe (6osee yeM B 10 pa3s) yBeqHUYeHHe MOLYIIS
yIpyroctu obpasma. 3aBUCHUMOCTD CABUTA $a3kl
OT TeMIIepaTypbl HOCUT HEMOHOTOHHBIH XapaKTep
U UMeeT MaKCHMYM, COOTBETCTBYIOIIHUN MaKCH-
MaJIBHOMY OTHOIIEHHUIO MOJYJISI IOTEPb K MOJYJIIO
YOPYTOCTH MaTepHaa.

Paboma sbinonHeHa npu GuHarcosoil noddepskke 2panma
POOU 18-08-00558-a "CosepuweHcmaosatue 30HJ08bIX
memodos uccaedosanus nosepxHocmeil mpubomexHuve-
CKUX MAmepuaos Ha 0CHOBe MeXAHUKU KOHMAKMHO20
83aumodelicmaus”.
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chamber. The temperature of the
device case was controlled using an
LT-300 electronic thermometer with
a digital resolution of 0.01 °C.

RESULTS

The climate chamber compressors
are the main source of noise in the
described experiment design. The
use of vibration isolation made it
possible to significantly reduce the
noise level when measuring depth
during indentation of the tip. The
temperature drift of the system was
no more than 0.5 nm/s. Indention
depth of the tip was in the range
of about 1-20 pm. As a result of the
tests, the temperature dependences

of the elasticity modulus and the
mechanical loss tangent were con-
structed for two rubber samples (See
Fig.2). The test results are consistent
with DMA data performed on bulk
samples on a METRAVIB dynamo-
mechanical analyzer.

CONCLUSIONS

A scheme for conducting dynamic
mechanical testing of rubbers using
a "NanoScan-4D" while maintain-
ing the same temperature on the
sample and on the indentation mea-
suring modulus is proposed, which
ensures uniformity of the tempera-
ture of the sample and minimizes
temperature drifts during testing.

The use of a small radius tips allows
of measuring physical properties
within a small surface volume. With
a decrease in temperature, a signifi-
cant increase in the elastic modulus
of the sample was observed on the
studied rubber samples. The temper-
ature dependence of the phase shift
is nonmonotonic and has the maxi-
mum that corresponds to the maxi-
mum ratio of the loss modulus to the
elasticity modulus of the material. B
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