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AHHoTanusi. ObopynoBaHUe /I HHCTPYMEHTA/JIbHOIO HAHOWHAEHTHPOBAHU S TPALHUIIMOHHO IIPeJCTaB-
nsieT cobol n3nenue, comepsKallee JATUUK [IepeMelleHHsI K CHI03a a0 E 371eMeHT, paboTatoliye B HAHO-
AUala3oHe CMeIleHUM U Cuil. I[Ipu 3ToM Bce pabounie 3/ieMeHTh HAHOTBepOMepa UMeEIT CUCTeMY yIIPy-
roro KpeIjieHus K KeCTKOMY KopIycy. OflHaAaKO 4aCTh FeHepPUPyeMOro aKTIATOPOM YCHIHS TPaTUTCSA
Ha JedopMalIMIO CHCTEMBI IT0/IBeca IIOABH KHBIX 3/IeMEHTOB. B JaHHOI CTaThe PAaCCMAaTPHUBAETCS KOHCTPYK-
LMl HAHOTBepAoMepa, B KOTOPHIM BBeJleHa CHJIOBAS SIUeHKa, [103BOJISIIONAs M3MePSITh PeajbHOe 3HaUeHHe
YCHUJIHS UHIeHTHPOBAaHU S 6e3 HeobX0qMMOCTH y4yeTa II0oTeph Ha JedOopMaI U0 YIIPYTHUX 3JIeMeHTOB HAHO-
TBeproMepa. Takas MoLUGUKALIMS U3/l s, 10 MHEHHUIO ABTOPOB, II03BOJIsIeT CYLIeCTBEHHO IIOBBICUTH TOY-
HOCTb H3MepeHHUsI MeXaHUYeCKUX CBOMCTB MSATKHUX MAaTepPHAJIOB U TOHKHX ITOKPBITHH.
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USE OF A FORCE TRANSFORMER TO IMPROVE
THE METROLOGICAL CHARACTERISTICS
OF NANOHARDNESS TESTER
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Abstract. The equipment for instrumental nanoindentation traditionally represents a product containing a
displacement sensor and a force-generating element operating in the nanoscale range of displacements and
forces. At the same time, all working elements of the nanoindenter have a system of elastic attachment to a
rigid body. However, part of the force generated by the actuator is spent on the deformation of the suspen-
sion system of the movable elements. This paper considers the design of a nanohardometer, in which a force
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cell is introduced that allows measuring the real value of the indentation force without the need to take into
account the deformation losses of the elastic elements of the nanohardometer. Such modification of the
product, according to the authors, allows to significantly increase the accuracy of measuring the mechani-

cal properties of soft materials and thin coatings.
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BBEAEHUE
ITpy IPOEKTHPOBAHMY CHJIO3aJAOIIKX Y3/I0B B IIPU-
bopax A5 IMPeLu3MOHHOTO U3MepPeHUsI MexaHHU-
YeCKHUX CBOMCTB, Ha3blBaeMBIX HaHOTBepJoMe-
PaMH U1K HAHOMHJeHTOMeTPAMH, OLHUM K3 Hau-
bosee pacnpocTpaHeHHBIX CIIOCO60B KOHTPOJISA
Harpy3KH Ha UHIEHTOP ABJISIeTCs 3IeKTPOMAarHUT-
HBIU aKTyaTop [1]. IIpu 3TOM ISt K3MepeHH S lepe-
MellleHH s IOABUKHOMU YacTH, CBSI3AHHOU C MHJeH-
TOPOM, 4aCTO MCII0/Ib3yeTCsl eMKOCTHOU nuddepen-
LMaJIbHBIN JaTYUK. [IpuMeHsieMble COBMECTHO, faH-
HBble pelleHH s II03BOJISI0T C HEKOTOPhIMHU OTPaHU-
YeHHSMHU PeTUCTPUPOBATh JHATPAaMMY 3aBUCHMO-
CTH IIPUJIOKeHHON HaTrPy3KH OT CMellleHHUs HH/eH-
TOpa B IIPOLIeCCe €0 BAABJIUBAHKS B [IOBEPXHOCTh
obpasia u U3MepsITh MeXxaHHYeCKHe CBOMCTBA MeTO-
JIOM UHCTPYMEeHTA/IbHOTO HHJeHTUPOBaHUA [2, 3].
TexHMYecKas HOBM3HA IIPe/jlaraeMoro peluleHH
3aK/II049aeTCsl B UCII0JIb30BAHKMH KOMOMHHPOBAHHOTO
KM3MepPUTeIbHOTO MOZ YIS, [I03BOJISIOIer0 MUHUMHU-
3MPOBaTh MaCCy IOABHUKHOM YacTH pubopa U ocy-
IIeCTBJIATh PeTUCTPALMIO C IIOMOLLbI €MKOCTHBIX
JaTYKKOB He TOJIbKO IIepeMellleHU s HHIeHTOpa, HO
U CHJIy ero B3aHMO/Ie CTBHUS C MCC/IelyeMbIM MaTe-
puanoM. BBesleHHe B KOHCTPYKI[HIO ITpubopa cuio-
H3MepUTEeJIbHOM STUeHKH, BKIIOYEeHHOM MeXXY 3/1eK-
TPOMarHUTHBIM aKTHATOPOM U a/IMa3HBIM UHJEH-
TOPOM, II03BOJIMJIO CYIeCTBEHHO [IOBBICUTh pa3pe-
IIAOMIYI0 CTIOCOOHOCTh HAHOTBEPA0Mepa 110 KaHaIy
CUJIBl NPHUKHMMa IIPU COXPaHeHHUH AHala3oHa
TOOCTYIHBIX ITTyOUH UHIeHTHPOBAHHUS Ha YPOBHE He
MmeHee 100 MKM. [lMamia30oH MaKCHMaJIbHBIX Harpy-
30K IIPY MHJAEHTHPOBAHUU IIPU 3TOM COCTaBJIseT
nopsaaka 100 MH, 4To He KPUTHUUYHO IIPU HCIIONB30-
BaHHHU TaKOro poja npubopa B peaTbHOM HaHOJHA-
rasoHe I71y6HH BHepeHU S U MUKPOJHAIIa30He yCHU-
MU IPHKUMA.

OCOBEHHOCTU KOHCTPYKUMUN AUHAMUYECKOIO
HAHOTBEPJOMEPA

TBepAOCTh U MOAY/Ib YIPYTOCTHU SIBJISIOTCS KIII0Ye-
BBIMH XapaKTepPUCTUKAMU IIPaKTUUYeCKHU I11060r0

INTRODUCTION

When designing force-loading assemblies in instru-
ments for precision measurement of mechanical prop-
erties, called nanohardness testers or nanoindentors,
one of the most common ways to control the load on the
indenter is an electromagnetic actuator [1]. A capacitive
differential sensor is often used to measure displacement
of the movable part associated with the indenter. Used
together, these solutions allow, with some limitations, to
record the diagram of the dependence of the applied load
on the indenter displacement during indentation into
the sample surface and to measure mechanical proper-
ties by the tool indentation method [2, 3].

The technical novelty of the proposed solution is in the
use of a combined measuring module, which allows to
minimise the moving part mass of the device and to reg-
ister with the help of capacitive sensors not only indenter
movement, but also the force of interaction with the
material under study. The introduction of a force-mea-
suring cell included between the electromagnetic actu-
ator and the diamond indenter in the device design
allowed to significantly increase the resolving power
of the nanohardness tester in the channel of pressure
force while maintaining the range of available inden-
tation depths at the level of at least 100 pm. The range
of maximum indentation loads is about 100 mN,
which is not critical for the use of such a device in the
real nanoscale range of indentation depths and the
microrange of pressing forces.

PECULIARITIES OF THE DYNAMIC NANOHARDNESS
TESTER DESIGN

Hardness and modulus of elasticity are key charac-
teristics of almost any structural material. The most
common method of hardness measurement today is
the Vickers hardness method. In this method, inden-
tation with a given load is applied to the surface of a
specimen, and after that, the geometric dimensions
of this indentation (namely, the lengths of the diago-
nals) are measured using visualisation tools and the
area is calculated [4]. The hardness of the material is
calculated as the ratio of the applied load to the area
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KOHCTPYKLIMOHHOTO MaTepuana. Haubonee pac-
IIPOCTPaHEHHBIM CII0CO60M H3MepeHHUS TBepLo-
CTH CerofHsd sBJILeTCS MeTOJ H3MepeHUs TBep-
NOCTH II0 BUKKepcy. B paMKax JaHHOTO MeToza
Ha MOBEPXHOCTb 00pas3iia HAHOCUTCS OTIeYaToK
C 3a/laHHOU Harpy3KOM, II0CJIe Yero reoMeTpuye-
CKHe pa3Mepsl 3TOro oTHeyaTka (2 MMeHHO JJHHEI
AUaroHajen) U3MepSIOTCSI C MCIOJb30BaHHEM
CPeACTB BU3yaJM3alMHU KU BRIYMC/ISETCS ero I1JIo-
manb [4]. TBepmoCTh MaTepHala PaCCUMUTHIBACTCS
KaK OTHOLIeHHEe IPHJIOKeHHOU Harpy3KH K IIJIO-
maznu OCTaTOYHOro oTmevyaTka. Moayns IOHra
06BIYHO OIpesleNsII0T aKyCTHUYeCKUMU MeTOLaMH,
KMCXOMsl U3 CKOPOCTH 3ByKa B LIUJIHMHIPUYECKOM
obpaslle U IJIOTHOCTH MaTepHuania [5].

MeTos MHCTPYMEHTAJIbHOIO MHAEHTHUPOBA-
HU4 [2] n3HavYanbHO pa3pabaTeiBaics A1 U3Mepe-
HUS TBepPAOCTH U MoAyns IOHra maTtepuanoB IIpU
TeX YPOBHAX HAarpy3KH, KOIJa M3MepeHHe IIJI0-
magyd OTIIeYyaTKa HeBO3MOXXHO B CHJY AHUPPaAK-
LIMOHHBIX OTPAHUYEHHUH ONTHYeCKOM MHUKPOCKO-
nuu. OLHAKO MMOCTeIIeHHO OH pPacIpOCTPaHHUIICH
He TOJIBKO Ha 06J1aCTh MUKPOCKOIIMYECKHUX HATpy-
30K, HO U B [JMalla30H HArPy30K HHIEHTHUPOBAHUS
BIIZIOTH 0 10 H, 4TO 3aMeTHO ImpeBbIIIaeT MUHHU-
MaJ/ibHble HaIPY3KH MHUKPOTBEPJOMEPOB I10 METOLY
Bukkepca, Haxofsdliuecs B JHala3oHe COTHIX
U IeCSTHIX JOJeH HPIOTOHA.

Hcronp3yeMsle CerofgHs IMy6HHBI HHAEHTHPOBA-
HUS B HAHOTBePAOMePax OMYCTUIMCh HUKe 10 HM,
a pa3Mmepsl OTIIEYATKOB CTA/JIX MeHbIIe 100 HM, IIpHU
CTabUIBHOM pafilyce KPUBHU3HBL OCTPH S BEPIIHHEI
NHpaMUIbl HHIOeHTOPA MeHee 30 HM. PaspelneHue
HM3MepHUTEIbHBIX CHCTEM TAKHUX IPUOOPOB I10 IIepe-
MeILleHUIO U CHUJIe COCTaBAsAeT NOJIU HM U MKH,
MaKCHMaJbHBble TJIYyOUHBI IIOIPY>KEHUS U CHIIBL
IIpUKUMa UHAEHTOPA ~ JeCATKU MKM U [0JIU HbIO-
ToHa. IIpu paboTe B HaHOAMAIA30HE C YCUIHUIMU
npuxxuma MeHee 50 MH u rnmybuHaMu UHAEHTH-
poBaHug 0 10 MKM 4Yallle BCETO HCIIONAB3YIOTCA
3JIeKTPOCTATHYeCKHEe aKTHATOPbl, KOHCTPYKTHUBHO
COBMeILleHHbIe C eMKOCTHBIM JAaTYHMKOM IIepeMele-
HU [6]. B MUKpoAHalla30oHe IIOIYJISIPHOM SIBJISIeTCS
CXeMa C 3JIeKTPOMarHHUTHBIM aKTI0ATOPOM U JUG-
bepeHUMANBHBIM KOHJEHCATOPHLIM AATYHUKOM
nepeMemeHus [7]. Mcmonb3oBaHHe CUIOU3MepPHU-
TeJIPHOU STYeHKH, BBIIIONIHAIOLIEH pojib TpaHCchOp-
MaTopa CHUJIBL, II03BOJISIET COBMECTUTh JOCTOMHCTBA
YUCTO eMKOCTHOKM KOHCTPYKILUH ¢ KOMOHMHUPOBAaH-
HOM U, B IpubOpax C 3/IeKTPOMarHUTHBIM aKTIoa-
TOPOM, LOCTHYDb pa3pellleHHs 10 CHJIe XapaKTep-
HOTO JIJISI YMCTO eMKOCTHBIX CXeM.

[Ipubopbl 4151 UHCTPYMEHTAJIbHOTO HHJEH-
TUPOBAaHHS YaCTO HAa3bIBAIOT HAHOUHJEHTO-
PaMU MK HaHOTBepLoMepaMHU. HaHOMHAEHTOPH
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Puc.1. Cxemamuyeckoe U306pa)keHue UHOEHMUPYU,e20 MO-
dyAs 8bICOKOMOYHO20 HAHOUHOEHMOPA

Fig.1. Schematic diagram of the high-precision nanoindenter
indentation module

of the residual indentation. Young’s modulus is usu-
ally determined by acoustic methods, based on the
sound speed in a cylindrical specimen and density of
the material [5].

The tool indentation method [2] was originally
developed to measure hardness and Young’s modu-
lus of materials at those load levels when measurement
of the indentation area is impossible due to diffraction
limitations of optical microscopy. However, it gradu-
ally spread not only to the area of microscopic loads, but
also to the range of indentation loads up to 10 N, which
noticeably exceeds the minimum loads of Vickers micro-
hardness testers in the range of hundredths and tenths
of Newton.

The indentation depths used today in nanohardness
testers have fallen below 10 nm, and indentation sizes
have become less than 100 nm, with a stable radius of
curvature of the tip of the indenter pyramid tip less than
30 nm. Resolution of measuring systems of such devices
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pa3MemaloT Ha BUOPOU3OMUPYIOIMUX IIIATHOP-
Max U IIOMEINAT BHYTPh TEPMOH3OJUPYHOIIUX
6okcoB. OOBIYHO KMEHHO yPOBEHb CECMHUECKOTO
nIyMa U TeMIepaTypHble BapHalLlMKU B IIOMele-
HUHU SABISAIOTCI PaKTOPaMHU, OTPAHHUYKUBAOIIUMU
TOYHOCTb U3MEPeHUM U JOCTYIHBH YPOBEHbD YCH-
UM PU UHEeHTUPOBAHUU. [|JIs CHUKeHU S BIHSI-
HUS BUOPALIMOHHBIX IIOMeX YMEHBIIAIOT Maccy
MOABHXHBIX 3JIeMEeHTOB, CBSI3aHHBIX C AJIMA3HBIM
HHJEeHTOPOM, 4YTO I103BOJISeT [IOBBICUTh Pe30HAHC-
HYIO 4aCTOTY CHUCTeMBI II0JiBeca IPU HEHM3MeHHOH
SKeCTKOCTH yAep>KUBAOIIUX UHAeHTOp MeMbpaH.
Ob6cyxkmaeMoe TeXHHUYeCKOe pellleHHe C CHUJIO-
BOM SYeHKOM, MUHHUMHM3UPYS MacCy IIOJBHKHOMU
CHUCTeMBl HHIEHTOpa, pellaeT B TOM YHC/Ie U JaH-
HYIO 3a7a4y.

OTIHNYUTENbHBIMHU 0COOeHHOCTIMHU pa3pabo-
TaHHOMN KOHCTPYKIIUH BB ICOKOTOUHOTO HAHOTBEP-
IoMepa SIBJISIeTCS MCIIOJIb30BaHHUEe e TUHCTBeHHOIO
3/IeKTPOMAarHHUTHOIO aKTIATOpa U ABYX He3aBHCHU-
MBIX eMKOCTHBIX AAaTYHKOB, H3MePAIOIIUX IIepe-
MellleHHe aKTATOpa U aJIMa3HOT0 MHIOEHTOPA,
a TaksKe HaJu4YHe CUI0BOM SYeNKH C TPeTbUM JU-
depeHIIMATBHEIM €MKOCTHBIM AATYHUKOM IIepeMe-
IeHH S, [I03BOJISIIOIMIUM U3MePATh CUIY IIPUKHMa.

[IpennmaraeMass KOHCTPYKLMA HaHOTBepIo-
Mepa COCTOMT M3 JKeCTKOI0 KopImyca | ¢ 3aKperjieH-
HBIM Ha HeM aKTI0AaTOpPOM 2 C IIOJABHKHOM KaTylI-
KOH 3, CBI3aHHOM CO MITOKOM 4, e MKOCTHOTO JaT-
YMKa 5 ¥ HHAEeHTOopa 15, CMOHTHPOBAHHOIO Ha CBO-
6omHOM KoHIIe mToKa 10. 3MepHUTeNbHBIN HHIEH-
TAaHMOHHBIA MOJLYJIb HAaHOTBepAoMepa cHab-
>KeH CHJIOBOM SI4eHKOM 7/, 3aKpellJIeHHOH BHYTPHU
kopryca | mpubopa Ha yIpyrux IogBecax MeM-
6panHOro THIA 6 U 13, K BepXHeH YacTH KOTO-
pOH HNpPUKpelJeH MPOMEXYTOUHBIH IMOJBHX-
HBIM HITOK 4, CBSI3aHHBIM C MOJBH>KHOM KaTyII-
KOH 3 aKkTi0aTopa 2 U C eMKOCTHBIM JaT4M-
KOM 5 aKTwaTopa 2, oABUXKHas obkiazgka 17 KoTo-
poro sakperjieHa Ha IIPOMeKYTOYHOM ITOABHUKHOM
IITOKe 4, I/ U3MepeHHU MepeMelleHU I KopIiyca
CHUJIOBOM STYeHKH 7 10 OTHOIIEeHU IO K KOPIycy 1 IpH-
6opa. BHYTpH KOpIyca CHJIOBOM SIY€HMKH / CMOH-
THUPOBaHbl rnbkue MeM6paHB 8 U 9, Ha KOTO-
PBIX, COOCHO IPOMEXYTOUYHOMY IITOKY 4, 3aKpe-
naeH paboyuy mToK 10 ¢ aIMAa3HBIM HHAEHTO-
pom 15 Ha KOHIe U eMKOCTHBIHM JAaTUMUK CHUJBL 12,
OCYIIeCTB/ASIOM UK U3MepeHHe CHUIbl B3aUMOJek-
CTBUSA MHIAEHTOPA U IIOBEPXHOCTHU, KOHTPOJIUPYA
nepeMelneHus pabouero mroka 10 10 OTHOLIEHHUIO
K KOPIYyCY CUJIOBOM I4YelKH 7. [Tof HUXKHHUM YIPy-
TUM HoABecoM 9 pa3MelleH eMKOCTHBIM AaT-
YHK 14, 01 U3MepeHHUs BeJIHYUHEB IIepeMelle-
Hus pabodero mToka 10 0 OTHOWIEHHUIO K KOP-
nycy 1 nmpubopa u ompepneneHUs TIyOHHE

in terms of displacement and force is fractions of nm and
HN, the maximum depths of indenter immersion and
pressing force are tens of pm and fractions of Newton.
When working in the nanoscale range with clamping
forces less than 50 mN and indentation depths up to
10 pm, electrostatic actuators combined with a capaci-
tive displacement sensor are most often used [6]. In the
micro range, the scheme with an electromagnetic actu-
ator and a differential capacitor displacement sensor is
the most popular [7]. The use of a force-measuring cell
acting as a force transformer makes it possible to com-
bine the advantages of a purely capacitive design with
a combined design and, in devices with an electromag-
netic actuator, to achieve a force resolution characteristic
of purely capacitive circuits.

Instrument indentation devices are often referred
to as nanoindenters or nanohardness testers.
Nanoindenters are fitted on vibration-isolated platforms
and placed inside thermally insulated boxes. Typically,
it is the seismic noise level and temperature variations
in the room that limit measurement accuracy and avail-
able indentation force level. To reduce influence of vibra-
tion interference, the mass of the moving elements asso-
ciated with the diamond indenter is reduced, which
makes it possible to increase the resonance frequency of
the suspension system with unchanged stiffness of the
membranes holding an indenter. The discussed techni-
cal solution with a power cell, minimising the weight of
the moving indenter system, solves this problem as well.

The distinctive features of the developed design of
the high-precision nanohardness tester are the use of a
single electromagnetic actuator and two independent
capacitive sensors measuring displacement of the actua-
tor and a diamond indenter, as well as the presence of a
power cell with a third differential capacitive displace-
ment sensor, which allows measuring the clamping
force.

The proposed design of the nanohardness tester con-
sists of arigid body Twith an actuator 2 fixed on it with a
moving coil 3 connected with a rod 4, a capacitive sensor 5
and an indenter 15 mounted on the free end of the rod 10.
The measuring indentation module of the nanohardness
tester is provided with a power cell 7 fixed inside the body
1of the device on elastic hangers of membrane type 6 and
13, to the upper part of which is attached an intermedi-
ate movable rod 4 connected with the moving coil 3 of the
actuator 2 and with the capacitive sensor 5 of the actua-
tor 2, the movable lining 17 of which is fixed on the inter-
mediate movable rod 4, for measuring the movement of
the body of the power cell 7in relation to the body 1 of the
device. Inside the body of the power cell 7 are mounted
flexible membranes 8 and 9, on which, coaxially with
the intermediate rod 4, is fixed a working rod 10 with
a diamond indenter 15 at the end and a capacitive force
sensor 12, which measures interaction force between
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Puc.2. a - pazpe3 3D-modeau uHOeHMUpYyrWe20 ModyAsl 8biCO-
KOMO4H020 HAHOUHOeHmopa, b — pomozpadus 6 cbope c nped-
MemHbIM CMOAUKOM U 06pasl,om

Fig.2. a - 3D model section of the indentation module of the
high-precision nanoindenter; b - image of assembly with slide
and sample

MIOTPY>KeHU I UHJeHTopa 15 B TeCTUpPyeMbIH MaTe-
puan 16. Ob6knanku 18 U 19 eMKOCTHOIO HJAaTYHUKa
CHUJIBI 12 1 eMKOCTHOTO flaTuMKa 14 r1ybuHBI Iepe-
MellleHHUS 3aKpeIlJIeHbl Ha MOABHXHOM pabouem
mToke 10.

JaHHas KMHeMaTH4YeCKas CXeMa II03BOJISgeT
YMEHBIIUTH MaCCy 3JIEMEHTOB, HeIIOCPeACTBEHHO
CBSI3aHHBIX C aJIMAa3HBIM MHIEHTOPOM, U OTHe-
7s5eT OCHOBHOH TeIlJIOBBIAe/SIOM UL 37eMeHT

oM e 7-
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the indenter and the surface, controlling movement of
the working rod 10 in relation to the body of the power
cell 7. A capacitive sensor 14 is placed under the lower
elastic suspension 9 to measure movement value of the
working rod 10 in relation to the body 1 of the device
and to determine the immersion depth of the indenter
15in the material under test 16. The linings 18 and 19 of
the capacitive force sensor 12 and the capacitive sensor
14 of the depth of movement are fixed on the moving
working rod 10.

This kinematic scheme makes it possible to reduce
the mass of the elements directly connected with
the diamond indenter and separates the main heat-
generating element of the nanohardness tester (elec-
tromagnetic actuator coil) from the capacitive sen-
sors measuring force and embedding depth. A three-
dimensional model and a photograph of the indenta-
tion module built in accordance with the principles
described above are shown in Fig.2.

During loading and unloading under the action of
the actuator 2 through the intermediate rod 4 there is
a movement of the force measuring cell 7 and indenter
15 in direction of the tested material 16. After mechani-
cal contact of the indenter 15 fixed on the working rigid
rod 10 with the surface of the sample 16 there is defor-
mation of the force cell7and with the help of the capac-
itive sensor 18 there is control of the pressing force of
the indenter 15 during the process of tool indentation.
The signal from the lower capacitive sensor 19 is used to
measure depth of the indenter into the material. The
signal from the upper capacitive sensor 17 is used to con-
trol movement of the power cell body. This measuring
channel is redundant and serves for verification of data
received from the sensors of plunging depth and press-
ing force. It also allows you to control the amplitude
and phase of the oscillatory motion of the power cell
when the instrument is operating in the dynamic con-
tact stiffness measurement mode (DMA).

Three differential capacitive sensors measuring the
depth of the indenter immersion into the material
under test, the level of deformation of the elastic ele-
ments of the force-loading cell and the movement of
the electromagnetic actuator allow obtaining the val-
ues of mechanical properties not only in the quasi-
static deformation mode, but also in the dynamic test-
ing mode, when the mechanical properties are mea-
sured by superimposing sinusoidal deformation on the
standard load-depth curve (DMA). As shown in labo-
ratory tests, the proposed kinematic scheme achieves
the following performance limits when performing
mechanical property measurements:
 working range of forces applied during indentation -

100 mN;

« digital resolution of the force measurement chan-
nel - 0.01 uN;
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HaHOTBepJoMepa (KaTyIIKy 3IeKTPOMAarHUTHOIO
aKTIATOpa) OT eMKOCTHBIX JAaTUKMKOB, H3MepsIo-
KX YCUIHe U IN1y6HHY BHepeHUs. TpexMepHas
mMozenb U ¢pororpadpus HHAEHTALHOHHOTIO
MOJZYJisl, IIOCTPO@HHOIO B COOTBETCTBHUM C OIIH-
CaHHBIMHU BbIIIe HPUHIMIAMHU, HPUBEIEHBI
Ha puc.2.

ITpu ocymiecTBIeHHU U HATCPYKeHU S U Pa3rpy3Ku
IoJ, JelCTBHeM aKTIaTopa 2 yepe3 IIPOMeXXYyTo4-
HBIH IITOK 4 MPOUCXONUT IepeMellleHHe CUI0H3-
MepHUTe/NbHOM SIUelKH 7 U UHAEeHTOpa 15 B HallpaB-
JIeHUHU TeCTupyemoro martepuasa I6. ITocine mexa-
HHYEeCKOI0 KOHTAaKTa MHIeHTOpa 15, 3aKpemnieH-
HOro Ha pabouem >keCTKOM IITOKe 10, C IOBEPXHO-
cTbI0 0o6paswa 16 IpoucxoAUT AedopMalusi CHUIIO-
BOM SIYeHMKH 7 U C IOMOILIBI eMKOCTHOIO [aT-
YMKa 18 OCYIeCTBASAIOT KOHTPO/Ib CHUJ/IBI IIPUKKUMA
HHIeHTopa 15 BoO BpeMs Hpouecca UHCTPYMeH-
TaJIbHOTO UHAEHTHPpOBaHUA. CUTHAJI C HUKHETO
@MKOCTHOI'O JaT4YyMKa 19 IPpU 3TOM MCIIO/Ib3yeTCs
A5 ©U3MepeHU s ITyOUHBI 0T Py>KeHU ST HHAeHTOPa
B MaTepuas. CUTHAJ C BepXHEro eMKOCTHOIO AT~
YMKa 17 UCIIONB3yeTCs O/ KOHTPO/IA IlepeMelle-
HHUS KOPIIyCa CUI0BOM SIYeMKH. JJaHHBIN U3MepHU-
Te/IbHBIM KaHaJ SIBASeTCsS U3ObITOUHBIM U CYy>XKUT
I BepUQHUKAL MK JAHHBIX, II0JIy4aeMbIX C JaT-
YHKOB I/TyOUHBI IOTPYy>KeHUS U CUJIbl IPUKHMA.
Tak>ke OH I103BOJIIeT KOHTPOJHPOBATh aMIIJIH-
Tyay u $a3y KonebaTelbHOTO JIBUKEHHS CHIOBOM
s4elKU NpU paboTe mpubopa B pexkxuMe JHUHA-
MHYeCKOTO M3MepeHUsI KOHTAaKTHOM >KeCTKOCTH
(DMA).

Tpu nuddpepeHUHATBHBIX €MKOCTHBIX HaT-
YMKa, U3MepSIOMUX TNyOHUHY MOTPYKeHUS
HHeHTOpa B TeCTHPyeMblH MaTepHaJll, YpOBEHb
JebopMalMK YIOPYTHUX 3JIeMEHTOB CHJI03aal0-
el si9elKH U IepeMellleHHe 3JIeKTPOMaTrHUT-
HOTO aKTioaTopa, IO3BOJLIOT I10y4YaTh 3Haye-
HHSA MeXaHHYeCKHX XapaKTePUCTHUK He TOJIbKO
B peskKMe KBa3HCTaTH4YeCKoHu AepopMalllU, HO
U B peKMMe NHHAaMKWYeCKOro TeCTUPOBaHUS,
KOrJa MexaHHYeCKHe CBOHCTBAa H3MepSIIOTCS
InyTeM HaJIO)KeHHUSI CUHYCOHAA/IbHOU febopMa-
LMY Ha CTAHAAPTHYIO KPUBYIO "Harpyska - IJ1y-
6buna" (DMA). Kak moka3anu ynabopaTopHEe
MCIOBITAHUSA, IIpeAjaraeMas KHUHeMaTHU4YecKas
CXema I103BOJISIeT LOCTHYb CIeAYIOMUX IIpeieib-
HBIX XapPaKTePUCTHUK IIPH BHIIIOJIHEHUH HU3Mepe-
HUI MexXxaHHUYeCKHX CBOMCTB:

+ paboumuy gHamna3oH yCUIHUM, IPUKIaJblBae MbIX

IpU HHOeHTHPOBaHUHU - 100 MH;

e nudpoBoe paspelleHUe KaHaja M3MepeHHUS
cuasl - 0,01 MKH;
+ paboumnii xoJ aJIMa3HOTO UHJEHTOPA B IIpoljecce

HHOHTUPOBaHUSA - 100 MKM,;

« working stroke of the diamond indenter during
indentation - 100 pm;

« digital resolution of the displacement measurement
channel - 0.01 nm;

+ dimensions of the indentation module - about one
cubic decimetre;

 weight - less than one kilogram;

« electrical power consumed by the module - about
one watt.

The minimum loads and indentation depths
described for this type of instrument are generally
consistent with natural seismic noise conditions in
absence of industrial interference and the use of a good
vibration isolation system. The actual noise level of the
force and displacement channels is dependent on the
specific operating conditions of the instrument and is
labelled "lab dependent". The digital resolution of the
force and displacement channels is usually an order of
magnitude lower than the declared "lab dependent”
noise level.

The proposed technical solution consists in a light-
weight system of diamond indenter suspension, con-
trol of the clamping force and measurement of the
nanohardness tester oscillating system parameters
during both conventional and dynamic tool indenta-
tion. At the same time, measuring accuracy of load-
depth curve is increased and the functional capabili-
ties of the nanohardness tester are expanded in terms
of measuring the mechanical properties of viscoelas-
tic materials, including polymeric and biological ones.
This is achieved by increasing sensitivity to the force
occurring in the area of contact of the indenter with
the sample and absence of influence of the free stroke
of the rod on the force-measuring cell signal.

Analysis of the dynamic model shows that elastic-
ity coefficient of the suspension of the power cell can
be 100 times greater than elasticity coefficient of the
working rod suspension in the power cell. The weight
of the working rod with the indenter is 10 times less
than the weight of the power cell and the actuator coil.
Thus, the resonant frequency of the suspension system
of the power cell is 3 times higher than the resonant
frequency of the system consisting of the rod with the
indenter, the centre lining of the differential capacitor
and the flexible membranes of the power cell.

The developed measuring module of the high-pre-
cision nanohardness tester has possibility to control
dynamic behaviour of the indenter suspension sys-
tem in the frequency band exceeding the frequency
of the main resonance of the indenter. The control of
the phase and amplitude of forced oscillations of the
indenter is possible due to the joint processing of signals
from three capacitive sensors measuring the movement
of the main elements involved in the indentation process.
The execution of the force-measuring cell in the form of
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* uudpoBOoe pa3pelleHHe KaHajla U3MepeHHUS
nepeMeieHus - 0,01 HM;
« rabapuThl HHAEHTAIHOHHOIO MOJYJIS — OKOJIO

OHOT0 Ky6H4eCcKoro JeLluMeTpa;
¢ BeC - MeHee OJJHOTO KH/IOTPaMMa;

« morpebnseMast MoJyneM 3/l1eKTpHUYeCKasi MOII-

HOCTb ~ OKOJIO OJJHOTO BaTTa.

[IpuBOAMMBIE B OIIMCAHUU TaKOro poja npubo-
poB paboune XapaKTepPUCTHUKHU 110 YaCTH MHHHU-
MaJIPHBIX HAarpy30K U INy6UH UHAEHTHUPOBAHUS
O06GBIYHO COOTBETCTBYIOT yCJIOBUSM IPUPOLHOIO
CeMCMOIIyMa B OTCYTCTBHE IIPOMBIIIIEHHBIX IIOMeX
U HUCII0/Ib30BAHUS XOPOLIEl CUCTeMbl BUOPOU30IS-
UHUY. PealbHBIM YPOBEHB IIyMa I10 KaHaJIaM CHIIBL
U IlepeMeIeHHU s 3aBUCUT OT KOHKPETHBIX YCI0BHUH
3KCIIyaTallUH Ipubopa, U ero MapKUPYIOT, KaK
lab dependent. IludppoBoe pa3pelmeHUe 110 KAHATY
CHJIBI U CMeIleHU s IIPU 5TOM OOBIYHO Ha IIOPSIOK
MeHbIIe gekiaapupyemoro lab dependent ypoBus
myMma.

[IpegmaraeMoe TeXHHUYECKOe pellleHHe COCTOUT
B 067erdeHHOHN CHCTeMe IIOJBeCa aJIMa3HOTO
MHJIeHTOPa, KOHTPOJIe CH/IBI IIPUKHUMA U H3Mepe-
HHUH [1apaMeTpoB KoaebaTeTbHOMN CHCTEeMBl HAHO-
TBepAoMepa Kak IpH 06BIUHOM, TaK U IIPH AHUHA-
MHUYeCKOM HHCTPYMeHTaIbHOM HHJEHTHPOBA-
HHUHU. [IpH 5TOM IIOBHIIIAETCS TOYHOCTh U3MePeHHU S
KPUBOM "Harpyska - rin1ybuHa" U pacmIupsIOTCS
GyHKIIMOHA/TBHBIE BO3MOKHOCTH HAHOTBepAoMepa
B YaCTH U3MepPeHHUs] MeXaHUYeCKUX CBOMCTB Bs3-
KOYIIPYTHX MaTepHaloB, B TOM YHCJIe IIOJKMep-
HBIX U OHONMOru4YecKUX. ITO JOCTUTAETCA 3a CYeT
yBeJHYeHHUS YyBCTBUTENBHOCTH K CHJIe, BO3HU-
Kaomel B 06/1aCTH KOHTaKTa HHAEHTOpa Cc 06pas-
LIOM, M OTCYTCTBHS BO3[IeICTBUS CBOOOLHOIO X0/a
IITOKA Ha CUTHAJ CUIOM3MEePHUTETbHOM STUe KU,

AHaNM3 AUHAMHYECKON MOJeNH IIO0Ka3bIBaeT,
YTO KO3QQUIIMEHT YIPYTOCTH IOJBeCa CHIOBOK
S4Yel KU MOXeT ObITh B 100 pa3 6onbie Ko3ddu-
IIMeHTa YIPyrocTHU momBeca pabodero mroka
B CHUJIOBON s4elKe. Macca pabodero mrToka
C UHAEeHTOpPOM B 10 pa3 MeHbIIe MacChl CUJIOBOU
SYeMKH U KaTYUIKH aKToaTopa. Takum obpasom,
Pe30HaHCHAs YaCTOTa CHUCTEeMBI IOJBeca CHJIO-
BOM SIYeMKH OKa3bIBaeTCs B 3 pa3a bosblue peso-
HAHCHOM YaCTOTHI CUCTEMBI, COCTOSIIEH M3 IITOKA
C HHAEHTOPOM, LIeHTPaJIbHOU obkmagku qudbde-
PeHIIMaIBHOTO KOHIeHCATOpa U Frubrkux MmeMb6paH
CHUJIOBOM STUEHKH.

Pa3paboTaHHBIA H3MepPUTENbHBIH MOIYIb
BBICOKOTOYHOTO HAaHOTBepAOMepa HMMeeT BO3-
MOXHOCTb KOHTPOJS AUHAMHUYECKOTO IOBe-
OeHUs CHUCTeMBI IOoJBeca UHAEHTOpa B II0JI0Ce
YaCTOT, IIPeBHIIIAIONEH YaCTOTy OCHOBHOTO pPe30-
HaHCca UHAeHTopa. KOHTPo/Ib pa3sl U aMIIJIUTYA b
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arigid body with flexible membranes located inside, on
which a carbon rod with an indenter is fixed, provides
movement of the rod inside the force cell along its axis
due to elasticity of the membranes and makes it possible
to carry out instrumental indentation of both soft and
hard materials.

Installation of three capacitive sensors with ability to
measure the immersion depth, pressure force and dis-
placement of the power cell provides full control of the
oscillating system included in the nanohardness tester,
with ability to measure the dynamic characteristics of
the indenter suspension system and isolation of visco-
elastic forces arising in the interaction area between the
indenter and the tested material. This capability is par-
ticularly relevant for mechanical property mapping and
dynamic indentation, when a sinusoidal alternating
force is applied to the progressive motion of the indenter.
The presence of three capacitive sensors makes it pos-
sible to control behaviour of the actuator by controlling
movements of the force-measuring cell through mea-
surements of the cell’s displacement relative to the device
body. Adding the capacitive sensor measuring the dis-
placements of the force cell allows us to fully describe the
behaviour of the paired resonant system of this nano-
hardness tester and to take into account changes in their
behaviour during the indentation process due to the
influence of contact stiffness on the resonant properties
of the dynamic nanohardness tester. The movable system
of a nanohardness tester for tool indentation consists of
two coupled oscillating circuits - the suspension system
of the power cell with its resonant frequency and the sys-
tem consisting of the rod with the indenter and flexible
membranes of the power cell with the other resonant fre-
quency. Threefold separation of resonance frequencies
facilitates measurements of dynamic characteristics of
the materials under study. The use of different force-mea-
suring cells as a mechanical transformer that transforms
macroscopic displacement of the actuator into a micro-
scopic force of the indenter pressing against the surface
of the tested material, allows to produce devices adapted
to the use when working with different materials accord-
ing to a single design scheme. The use of a soft force cell is
convenient when working with biological and polymeric
materials that require measurement of small forces at
large indenter displacements.

CONCLUSIONS

The new design of a highly sensitive nanohardness tes-
ter considered in this work demonstrates possibility of
achieving working loads at indentation at the level of
micronewtons. This range of the main operating char-
acteristic of the device will allow to carry out stud-
ies of mechanical properties with spatial resolution
in the sample plane better than 50 nm, and in depth
about 10 nm, will allow to operate with heterogeneous
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BBIHY>KJeHHBIX KoJIe6aHUI HUHAEHTOpPa BO3MO-
sKeH 6aromapsi COBMeCTHOHM 06paboTKe CHUTHAIOB
C TpexX eMKOCTHBIX JaTUHKOB, U3MePSOLUIUX IIepe-
MellleHHMe OCHOBHBIX 3JIEeME@HTOB, yYaCTBYIOMUX
B IIpollecce UHAEHTUPOBAHHUS. BEIIIOJIHEHHE CUJIO-
M3MepUTeNbHON SIUYeHMKHU B BHU/JIe KeCTKOTO KOp-
Iyca C pacCro0oKeHHbBIMU BHYTPU FHOKUMU MeM-
6paHaMU, Ha KOTOPBIX 3aKpeIjeH KapboHOBBII
IITOK C UHAEHTOpOM, obecrmeurBaeT IepeMelie-
HUe IITOKAa BHYTPH CHUJIOBOM SiUeHKHU BI0/Ib CBOEH
OCH 3a CUeT yIPYyTrocTH MeM6paH U M03BOISET OCY-
IeCTBISITh MHCTPYMeHTa/IbHOE HHIeHTUPOBaHUe
KaK MSTKHX, TaK M TBepJbIX MaTepHaJoB.
YcTaHOBKA TpPex eMKOCTHBIX AAaTYHKOB C BO3-
MO>KHOCTBIO M3MepeHUSs ITyOuHBI MOTPyKeHUS,
CHJIBI IPHUJKHMMa U IlepeMelleHH s CUI0BOM SSUelKHU
obecrmeuynBaeT MOTHBIN KOHTPOIb KoJebaTesns-
HOM CHCTeMBI, BXOZSIIelN B COCTaB HAHOTBEPJO-
Mepa, C BOSMOXKHOCTbIO U3MePeHHUs JUHAMHUUe-
CKHMX XapaKTepHUCTHUK CHCTeMBl II0/IBeCa UHEeH-
TOpa U BBHIJeIeHHUS BSI3KOYNPYyIrUX CHUJ, BO3HHU-
KaoIMHUX B 06/1aCTHU B3aMMOLENCTBUS HHJEH-
TOpa C TeCTHPyeMbIM MaTepHajoM. Takas BO3-
MO>XHOCTb 0COO@HHO aKTya/bHa IIPU IIPOBeeHUH
KapTorpapupoBaHUS MeXaHHUUYECKHUX CBOHCTB
M JUHaMHYeCKOM MHIEHTHPOBAaHHUH, KOIAa

materials and thin functional coatings on both soft and
hard substrates.

Instrumentation for tool indentation has reached the
development level at it is relevant to use it both in scien-
tific laboratories and in real production conditions for
the control of machine-building products. The main
technical difficulties of the instrumental implementa-
tion of the tool indentation method have been success-
fully overcome, the data obtained are well interpreted,
the level of automation of the measurement process is
high, and one operator can operate several instruments
at once. Regular international comparisons and avail-
ability of a domestic standard in the field of tool indenta-
tion and standard samples with assigned characteristics
make this method convenient for wide application.
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Ha II0CTyIaTe/lbHOe JBUKeHHe NHeHTOopa HaK/a-
OblBaeTCs 3HaKOoIlepeMeHHOe CHHYCOUAAIbHOE
BO3/lelCTBHUe. Hanuune TpeX eMKOCTHBIX JaT4YH-
KOB I103BOJISIeT YIIPaBIIsITh I0BeJleHHEeM aKTIaTopa
61aromaps KOHTPOJIIO 3a ABUKEHUSIMU CHUIOHU3Me-
PUTEeIbHOM sSiUeH KU Yepe3 U3MepeHHUs IlepeMele-
HHUS SIYeNKU 10 OTHOIIEHHI0 K KOPIIYCy YCTPOM-
cTBa. JlobaBleHHe eMKOCTHOTO AAaTUHKa, H3Me-
pAMOIero nmepeMelleHus CHJIOU3MePUTENbHOU
S4YelKH, II03BO/IsIeT IIOJHOLIEHHO OIHCATh I1OBe-
JeHHe MapHOM Pe30HAHCHON CHCTEeMBbl JAaHHOTO
HaHOTBepAoOMepa U yuyecTb U3MeHeHHe UX II0Befie-
HUS B [Ipoliecce MHAeHTHUPOBAHUS H3-3a BIUSHUSA
KOHTaKTHOM >KeCTKOCTH Ha Pe30HaHCHBIe CBOMCTBA
OUHAMHYeCKOTO HaHOTBepAoMepa. [logBUKHAS
ChUCTeMa HaHOTBepAoOMepa, OCYIIeCTBJISIONEro
MHCTPYMeHTa/llbHOe UHIEeHTUPOBaHHUe, Ipen-
CTaBseT coboM IBa CBSA3aHHBIX KoJebaTelbHBIX
KOHTYpa ~ CUCTeMBl IoJIBeca CHUJI0BOM STUEHKH CO
CBOEU pe30HAaHCHOM YaCTOTOH U CUCTEeMBI, COCTO-
Sller U3 ITOKAa C UHJeHTOPOM U FMO6KHX MeM-
O6paH CHUIOBON S4YeHKH, C JPYrol pe30HAHCHOM
4acToToM. TpeXKpaTHOe pa3HeCeHHe pe30HaHC-
HBIX 4YacTOT obnerdaeT M3MepeHUs JUHaAMHUUe-
CKHUX XapaKTepUCTHUK HCCAeyeMblX MaTepHaJoB.
Hcronp30BaHHe Pa3THUYHBIX CHUIOU3MEPUTE/Ib"
HBIX siueek B KadeCTBe MeXaHHU4YeCcKoro TpaHcdop-
MaTopa, IepeBOJsIIero MakKpoCcKoIu4yeckoe mepe-
MellleHHe aKTI0AaTOPa B MUKPOCKOMHUYECKYIO CHUITY
NpUXHMa UHJEeHTOPa K IOBEPXHOCTH HCCIefye-
MOro MaTepHaa, II03B0OJIsIeT 110 eJUHOM KOHCTPYK-
THUBHOM CXeMe M3TO0TaB/IHBaTh IPUOOPHI, aJAIITH-
POBaHHBIE K MCIIOJIB30BAHUIO IpU paboTe ¢ pas-
JTUYHBIMHU MaTepHalaMu. Hconbp30BaHHe MSATKOM
CHJIOBOM siYeHKH yHobHO mpu paboTe c bronoruye-
CKHMHU U IIOJTMMEPHBIMHU MaTepHalaMu, Tpebyio-
IIMMH U3MePeHH s MaJIBIX CHUJI TP OOBIINX IIepe-
MellleHHU X HHAEHTOpa.

BbIBO/1bl
PaccMoTpeHHas B JaHHOM paboTe HOBas KOHCTPYK-
LM BBICOKOUYBCTBUTE/JIBHOTO HAaHOTBepAOMepa
JNeMOHCTPHPYeT BO3MOXKHOCTD JOCTHKeHUSI pabourx
Harpy30K IIpU UH/AEHTHPOBAHUHU Ha YPOBHE eIUHMUI]
MKH. JJaHHBIN JHalla30H OCHOBHOM pabouel xapak-
TepPUCTHUKU NpUbopa MO3BONIUT IPOBOAUTH LCCIIE0-
BaHUS MeXaHHYeCKUX CBOMCTB C IPOCTPAHCTBEHHBIM
paspellleHHeM B IVIOCKOCTH obpa3iia aydiie 50 HM,
a o rnybuHe - mopsiaka 10 HM, MO3BOIUT pabo-
TaTh C TeTePOTeHHBIMHU MaTepHualaMU U TOHKUMHU
GYyHKLMOHATBPHBIMU IOKPEITUSIMU, HAXOASIIHUMHUCS
KaK Ha MSITKHX, TaK U Ha TBePABIX ITOJJIOKKAX.
IIpubopsl 4151 MHCTPYMEHTA/IbHOTO UH@HTHUPO-
BaHUS JOCTUIIN TOIO yPOBHS Pa3BUTH S, IIPH KOTO-
POM aKTya/JbHO MCII0/Nb30BaHHE UX KaK B HAyUHBIX
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nabopaTopusx, TaK U B YCJIOBUSIX PeaibHOTO IIPO-
M3BOJCTBA /15 KOHTPO/IS MaIlMHOCTPOUTENbHBIX
u3fgenun. OCHOBHBle TeXHHYECKHEe CI0XKHOCTHU
npubOpPHON peanU3al UK METOJAa HHCTPYMEeHTa b-
HOTO MHJE@HTHUPOBAHM S CeroHs YCIIeNIHO IIPeoio-
JIeHBl, IOoJlyYyaeMble JaHHbIe XOPOLIO UHTePIIPeTH-
PYIOTCS, BBICOK YPOBEHb aBTOMATH3aLMH IIpollecca
HM3MepeHHUs, U OJIMH OIlepaTop MokeT 06CTy>KUBaTh
Cpa3y HeCcKoIbKO IIpubopoB. [IpoBOIHMBIE PETyIIsip-
Hble MeXX/YHapOoAHble CIMUYeHU s U Hallh4He oTede-
CTBEHHOTI0 3TaJI0HA B 06J1aCTH HHCTPYMEHTAIbHOTO
MH/JIeHTUPOBAHUS U CTAaH/JaPTHBIX 06pa3IioB C IpH-
MHCAHHBIMU XapaKTepUCTHKAMHU fenaeT JaHHBIH
MeToZ, yLOoOHBIM /15 LIMPOKOIro IPUMeHeHH .

WHOOPMALNA O PELLEH3UPOBAHUU

Pemakuus 61arofapuT aHOHHMHOTO pelieH3eHTa
(pelieH3eHTOB) 33 UX BKJAaJ B pelleH3UPOBaHUE
3TOM paboThl, a Takyke 3a pa3MellleHHe CTaTeH
Ha caMTe XXypHala U Iepefadyy UX B 3JIeKTPOHHOM
Buge B HOB eLIBRARY.RU.

Hekaapauus o KOHPAUKMe UHMepecos. Asmopbl 3098~
Asilom 06 omcymemauu KOHPAUKMO8 UHMepecos UAU AUMHbLX
0MHOWeHUil, Komopble Mo2Au bblL n08AUAMb Ha pabomy, nped-
cmasAexHyto 8 daHHo(l cmambe.
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KOMMAHUA TUCHYM NPEACTABWJIA CBOWU PA3PABOTKW HA BbICTABKE NDT RUSSIA

24 okTsi6pst B MBLL "Kpokyc Skcno” mpoLuno katoyesoe cobbiTve B Poccuu
W CTpaHax bauxHero 3apybexs B 00M1ACTM HEPA3PYLIAIOLIEro KOH-
Tpons — BbictaBka NDT Russia. EXXGroHO BbICTaBKa COBMPAET BeayLLMX Npo-
U3BOAMTENEN, NPEACTABASIOWMX LUIMPOKVIA aCcCOPTUMEHT 060pYA0BaHNS
151 OCYLLECTB/IRHNS Hepa3pyLLaOLLero KOHTPONs PasnnyHLIMU MeTodamu.
Kak Bcerga, BbicTaBky mocetuno bonee 6 000 Creumanucto 59 pernoHoB
Poccim, @ Takxe CTpaH banXHero 3apybexbs, n3 kotopbix 1 353 yenoseka
NHTEPeCcoBaNCL 060PYAOBAHMEM ANS HEPA3PYLLAIOLLEro KOHTPONS.

Bbictapka NDT Russia npoxofmna B 0HOM 3a/1e C BbICTaBKOW UCMbITaTeNb-
HOr0 11 KOHTPOLHO-V3MepuTeNLHOro 060pyaoBaHms Testing€Control.

B 3T0M rogy B BbiCTaBKe MpuHsIN y4acTve 6onee 50 komnaumin u b
MpeacTas/ieHbl CTeHAbl KAk MOCTOSHHLIX Y4aCTHWKOB, Tk W HOBbIX KOMMa-
HII. TTOMUMO 3TOrO, HA BLICTaBKE MPEACTABWAM CBOIO MPOAYKLMIA KOMMAHUN
13 Kutas 1 MpaHa. BbiCTaBky noceTun CrieumanncTbl U3 59 pernoHos Poccun
W CTPaH BAMXKHEro 3apybexbs. bbina MpoBeAeHa HacbilLeHHas AenoBasi npo-
rpamMa BbICTABKIA: B TeUeHMe JBYX AHE! MPOXOAMT KOHdEpeHLMS No BOMpocam
Hepa3pyLIAIOLLEro KOHTPOAS W CeMMHAPbI CMIELManNCTOB KOMMAHWI-y4aCTHI-
koB: 000 "Hbtokom-HAT", ®TBHY TUCHYM, OO0 "SHeproguarHocTuka'.

AKTVBHOE yHaCTVe B BbiCTaBke npuHsina komnanus THL PO TUCHYM, koto-
past MpeACTaBuna 06pasLibl M3MepUTeNbHbIX Np1bopoB cepun "HaHoCkaH'":
CKaHuMpyoWwmin 30HA0BbIA MUKpockon "HaHoCkaH-3D"

Mo JepXMBAET YeTbIpe pexuMa paboTb:
*  AMHAMNYECKU PeXM CKAHUPOBAHNS C LLIATOM M0 FOPU3OHTAN 1,5 HM
11 1o Beptukau 0,15 HM;

° DOXMM WAEHTMPOBAHYE/CKNEPOMETPUS C MAKCUMAbHOW Harpy3kou

nosr;

°  CMNI0Bas CrIeKTPOCKONMS.

[InanasoHbl u3MepseMbIX 3Ha4eHNIA:

° Mofe CKaHWpoBaHus: 0 100 MKM B FOPU3OHTAILHON MAOCKOCTH,

£010 MKM — 10 BepTUKany;

° WAeHTOp: npamuaa bepkosuya.

HaHoTBepgomep "HaHoCkaH-4D"
"HaHoCkaH-4D" - 6a30Bast MOAE/b HAHOTBEPAOMEpPA Peanu3yeT OCHOBHbIE
METOAMKM WU3MepeHns TBepAOCTM, Mogynd ynpyroctv (IOHra) u apyrue

MeXaH14eckie NapameTpbl. B 370/ MOAEAM peann30BaHbl METOAbI CTaThye-
CKOrO MHAEHTUPOBAHNS, AMHAMUYECKOTO MHAEHTUPOBAHIS 1 LiapanaHms.
HaHoTBEpAOMEP NO3BOASET U3MEPATL PeNibed) MOBEPXHOCTM B PEXUME KOH-
TaKTHOrO MW MONYKOHTAKTHOrO MpOdMIOMETpa. BCTPOEHHbI OMTHHECKHIA
MMKPOCKOM 06eCMeYMBAET BbICOKYKD TOYHOCTb B3aMMHOTO MO3MLMOHMPO-
BaHMS MHAEHTOpA M 00bEKTA MCCIe0BaHNA. [1S JAHHOW MOJENM cyLue-
CTBYIOT [IOMOMHUTE/bHDLIE Y3/bl W AATYNKM, PACLUMPSIOLIME BO3MOXKHOCTY
6a30Boil MOAE/N.

MpeacTaBneHbl HOBble pa3paboTKu:

ABTOMATM3MPOBaHHDIN TBepAOMep Bukkepca "HanoCkaH-HV"
NANOSCAN-HV - nepBbiii OTEYeCTBEHHDIM ABTOMATU3VUPOBAHHDIA MUKPO-
TBEpZOMep, MO03BONSIOWNIA NPOBOAUTL  M3MEPEHUS  MUKPOTBEPAOCTY
no Bukkepcy. CepTUOULMPOBAH M JONYLLEH K NpUMeHeHuio B chepe obe-
CMeYeHns eUHCTBA M3MepeHnid. B mpubope peani3oBaHbl anropuTMbl
aBTOMATIYECKOrO HaHECeHUS MACCMBOB WHAEHTOB W M3MepeHUs rpaHuLy
OTMEYaTKOB, MO3BONAIOLME MPOBOAMTL PA3NUYHLIE M3MEPEHMS COMMACHO
TpeboBaHMSM NoNb30BaTENs, A TAKKE ONPeAesTb FybUHbI MOBEPXHOCT-
HoiA 3akanku (SHD, Surface Hardening Depth), LemenTaumum (CHD, Case
Hardening Depth) 1 Apyrue xapakTepucTuKy.

Ba)XHOM YaCTbio MPefCTaBaeHHbIX pa3paboTok SBASETCS NporpaMMHOe
0becneyeHue n3mepuTenbHbIX KOMMAEKCoB. OHO BK/IOYAET B CebS:

°  3BTOMATW3MPOBAHHOE NpOBEAEHIE U3MepeHIi METOAaMI UHCTPYMeH-

T/IbHOr0 HAHOWHAEHTUPOBAHNS, CK/IEPOMETPUM, CUIOBOM CNEKTPOCKO-
MK, CKAHUPYHOLLIEV 30HAOBOM W aTOMHO-CII0BOI MKPOCKONWK;

* BO3MOXHOCTb 33[aHMs NapaMeTpoB TECTOB C MOMOLLbIO ONTUYe-
CKOro MUKpOCKOMa W no 1306paxeHutio penbeda noBepxHOCTH,
nony4eHHoro Metogamu C3M/ACM;

*  BbICOKOMPOM3BOANTENLHAS MAKeTHas 06paboTka 3KCmepuMeHTab
HbIX AAHHbIX HAHOMHAEHTUPOBAHWUS C MPUMEHEHUeM HOBEMLMX
METOZ0B NapaNeNbHbIX BLIMUCEHWH;

*  BO3MOXHOCTb FM6KOI HACTPOMKI NPOTOKO/A MHAEHTUPOBAHMS;

*  S3bIk MAaKPOKOMaHA, MO3BONSIOLLMIA Pean30BbIBaTb MPOU3BONIbHYIO
MocNefoBaTenbHOCTL M3MEpeHHii B BBTOMATHUYECKOM peXyMe;

° LUMPOKAN HAbOp MaTemaTuyeckux (QyHKLMA, NO3BONSIOLX MPOBO-
ONTb PasfnyHble NMpeobpasoBaHns, MOCTPOEHME CMeKTPoB, Qub-
TPALMIO MOAYYEHHbIX ABYX- 1 TPEXMEPHBIX AAHHLIX, A TAIOKe annpok-
CUMALMI0  KPUBbIX, MOCTPOEHWE [BYMEpHbIX (Tomorpadmyeckvx)
Y TPEXMEPHbIX (06bEMHBIX) KapT pacnipefenieH s TBepAOCTY W MOYAS
YMpYroCTY B 3aBUCMOCT OT MPOCTPAHCTBEHHBIX KOOPAMHAT;

°  pacyeT u3MepsieMblX 3HaYeHMI MeXaHU4eckux CBOWMCTB W napame-
TPOB LLIEPOXOBATOCTU B MOJHOM COOTBETCTBMM C AEACTBYIOLMMM
cTanpapramy (FOCT 1 150).

MpepcTasneHHoe 060pyA0BaHIe 1 MPOrpaMMHOE 0becrieyeHme Bbi3Bau
XXMBOW WHTepec nocetutenen BbictaBku NDT Russia. Xpem BCTpey ¢ kom-
naHven TMCHYM B cnegyiowiem rofy C HOBbIMM pa3paboTkamu, aesmu
1 npubopamu.
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