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PaccMOTpeHbl MHCTPYMEHTbI aBTOMATM3aLUU U3MEpeHUA MeXaHUYeCcKUX CBOMCTB C MOMOLLbIO
HaHoTBepaoMepoB "HaHOCKaH": reHepaTopbl U3MepeHUH, LWAGAOHbI U CMeuuannsMpoBaHHbIN A3biK
MakpokoMaHg. [puBepeHbl nNpuMMepbl MNPUMEHEeHUss U AaHbl pPeKOMEeHAALUU MO  MOBbILEHUIO
Npou3BOAMUTENIbHOCTU UCC/IEA0BAHUM.

Tools for automation of mechanical properties measurements using NanoScan nanohardness tester are
considered, including measurement generators, templates and specialized macro language. Examples of

application are given and recommendations for the performance increasing are presented.

a3BUTHe allllapaTHoro obecreueHHs HAHOTBEP-

JOMEPOB B IIOC/IeHHE I'OJbl CYIIeCTBEHHO IIOBHI-

CUJIO CTaBUIBHOCTh U3MEPEHUN U yBETUYHIIO
[IPOU3BOLUTEIBHOCTE IIPHOOPOB. 3a 1Ba NeCATUIIETHS
MEeTOJbI H3MePeHU s 3BOTIOLHOHKPOBAIU OT 0-Mep-
HBIX (M3MepeHHe B OJHOM TOUYKe C 3alaHHOM Harpys-
KOI1) 10 3-MepHBIX (M3MepeHHe 3aBUCHMOCTel 3Hade-
HUI TBEPAOCTU B KoopAHuHaTax X, Y u Z). 9T0 6b1710 6BI
HEBO3MOXKHO 6e3 pa3BUTHUS METOJOB AaBTOMATH3aLIUHU
H3MepeHUH, peaqn30BaHHbBIX B IPOrpaMMHOM 0be-
CIleYeHHU U IIpUBOpPOB.

CyTb aBTOMAaTH3allMH U3MepPeHUH 3aK/Io4uaeTcs
B BO3MOXXHOCTHU BBIIIOIHATH 3aJJaHHYIO IIPOrpaMMy
HCCIeJoBaHUM Oe3 y4dacTud omepartopa. IIpu s3ToMm
BCe IIPOMEXKYTOUYHBIe NeHCTBUS, CBSI3aHHEIE C fHa-
THOCTHUKOM COCTOSIHH S O60py,ELOBaHI/IH, IIOACTPOM-
KOU peskuMa paboTsl, MO3UIIMOHUPOBAHUEM U T.II.
JIOJIXKHEI C BLICOKOM CTeIleHbl0 HaleXXKHOCTH KOHTPO-
JIMPOBATHCSA IPOrPaMMHBIM obecrieyeHHeM.

TaKol MOAX0[, IT03BOJIsIeT BBIIIOIHSTh B HEIIPEPBIB-
HOM Pe>KHMMe COTHH U THICSYU U3MEpeHUMN, KoMbu-
HHPOBATh UX C IPOCTPAHCTBEHHBIM IIO3ULIMOHUPOBA-
HueM 00pa3noB, HaKaIlJIKBATh CTaTUCTUKY U CTPOUTH

pacrpesieneHHe CBOMCTB B 3aBUCIMOCTH OT KOOPZAH-
HAT - IPOBOAUTH KapTorpadupoBaHHUE IIOBEPXHO-
CTH UK CTPOUTH IPOCTPAHCTBEHHbIE KapThl (TOMO-
IPaMMBI) MeXaHHUUYECKHUX CBOMCTB.

B nmaHHOI paboTe pacCMOTpPeHBI pa3HYHBIE
MeTO/bl aBTOMATH3aI[M U U3MepeHUH, pean30BaH-
Hble B mpubopax "HaHoCKaH", a Takke JaHBI pPeKo-
MeH[JALIUHU 110 UX IPUMEHEeHHUIO /sl pa3sTHuuHbIX
HCCIIeloBaTeIbCKUX 3a7ad. [IpuBe/IeHBI TP MepBI
pelLIeHHUs peasbHBIX 33/1a4 C [IOMOIIBIO aBTOMATH3H-
POBAHHBIX ITPOLIEAYP H3MEPEHHUS.

CKAHUPYIOLUUIA HAHOTBEPAOMEP "HAHOCKAH"

Bce mccenoBaHu s, IpHUBeleHHEIE B JAHHOU pabore,
IIPOBOAMJIHCh C UCII0JIb30BAHHEM POCCHHCKOr0 U3Me-
pHUTeNbHOro Ipubopa - CKAHUPYIOIIEro HaHOTBEp-
nomepa "HanoCxkan-4D" (puc.l), paspabaTsiBae-
Moro B TeXHOIOTMYeCKOM HHCTUTYTe CBEPXTBEePABIX
1 HOBBIX yITIepOAHBIX MaTeprasioB (PIBHY "THCHYM").
MopnynpHBIN MPHUHIIUII IOCTPOEHHU ST H3MEPUTEIbHON
iatdopmbl "HaHoCKaH-4D" mo3BosisieT rubko KoHOH-
TYyPUPOBATh NPUOOP IO 3a1a4YU U OIO/ISKET KaskILOTo
KOHKPEeTHOTO [10/Th30BaTeJIs.

TexXHONOrMYECKMIA UHCTUTYT CBEPXTBEPAbIX M HOBbIX Yri1epoAHbIX MaTepuanos (TMCHYM) / Technological Institute for Superhard and Novel Carbon Materials.
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Frame

Mogay/ib ONTUHeCKoro Mnkpockona
Optical microscope modul

Mozaynb HaHOoTBepAoMepa
Nanohardness tester modul

MOTOpPM30BaHHbIV NPeAMETHbIN CTONNK
Motorized sample stage

Puc.1. Obwuli 8ud ckaHupyru,ezo HaHomeepdomepa "HaHoCkaH-4D+"
Fig.1. General view of NanoScan-4D+ scanning nano-hardness tester

HaHotBepmoMeps! "HaHOCKaH" II03BONISIIOT pPeau-
30BaTh 6oee 30 M3MEePHUTEJIbHBIX MEeTOOUK PH3HKO-
MeXaHHUYeCKHUX CBOMCTB: HauKMHas ¢ 6a30BBIX H3Me-
PeHHI TBEpPAOCTH U MOAYJISL YIPYIrOoCTH MeTOLAMU
MHCTPYMeHTa/IbHOTO HHJeHTHUPoBaHUs (1] U HaHece-
HMS LapaluH [2] 1o crelMaan3UuPoBaHHBIX UCIIBITA
HUU IIPOYHOCTH MUKPOOOBEKTOB (3] M IMHAMHYeCKHX

H3MEePeHM M KeCTKOCTH [4]. BO3MOKHOCTb UCII0/Ib30Ba-
HHUS 60/IBIIOro KOMIMYeCTBA H3MEePUTETbHBIX MeTOIHK
TI03BOJISIET HCC/Ie/IOBATh U POKUH CIIEKTP Pa3Hoobpas-
HBIX 00eKTOB: OT TOHKHX IIEHOK 0 CJIOKHBIX MHOTO-
C/IOMHBIX IIOKPBITHUH, CTPYKTYPa KOTOPBIX XapaKTepH-
3yeTcs CyIlecTBeHHON MPOCTPAHCTBEHHOM HEOJHO-
POIHOCTBIO MeXaHUYeCKHX CBOKCTB [5].

ardware development of nano-

hardness testers in recent

years has greatly improved
the stability of measurements and
performance of devices. For two
decades the methods of measure-
ment evolved from the 0 dimen-
sional (measurement at one point
with a given load) to 3 dimensional
(the measurement of the hardness
dependencies in the coordinates X,
Y and Z). It would have been impos-
sible without development of meth-
ods of automation of measure-
ments, implemented in the soft-
ware of the instruments.

The essence of automation of
measurements is the ability to ful-
fill the research program with-
out operator intervention. In this
case, all the intermediate opera-
tions associated with the diagno-
sis of equipment condition, tuning

of the operating mode, position-
ing, etc. shall be controlled with
a high degree of reliability by the
software.

This approach allows to per-
form in a continuous mode hun-
dreds and thousands of measure-
ments, to combine them with the
positioning of samples, to collect
statistics and to build the distribu-
tion of properties depending on the
coordinate - to conduct mapping of
the surface or to build spatial maps
(tomograms) of the mechanical
properties.

This paper considers the vari-
ous methods of measurement auto-
mation implemented in NanoScan
device, as well as recommendations
on their application for different
research tasks. Examples of solv-
ing real problems using automated
measurement procedures are given.

NANOSCAN SCANNING
NANOHARDNESS TESTER

All the studies presented in
this paper were conducted
using the Russian measur-
ing device - NanoScan nano-
hardness tester (Fig.1), - devel-
oped by Technological Institute
for Superhard and Novel Carbon
Materials. The modular design of
the NanoScan-4D measuring plat-
form allows to configure the device
for the tasks and budget of each spe-
cific user.

NanoScan nanohardness testers
allow to implement more than 30
methods of measurement of phys-
ical-mechanical properties from
basic measurement of hardness
and elastic modulus by instru-
mental indentation [1] and scratch
hardness test [2] to specialized
strength testing of micro-objects

#7 /69 /2016 NANO INDUSTRY



KOHTPOJZIb U

U3IMEPEHMA

a)

L]
¥
I
1500 X, MKM 2
um co
2000 2000 T
a
ga
o
TeepaocTb, [Ma S0
Hardness, GPa 10

b)

CTeknsiHHas NoAN0XKa

Glass substrate

N

’

A

™ S
”

b

-

as

w
’.l
f"'-' :
:’.--ﬂ-'

400 MKM | pm

Puc.2. O6semHas kapma (momozpamma) 3HaveHuli meepdocmu (a), usaMepeHHas e pexxume DMA, u onmuyeckoe u306pacexHue no-
8epXHOCMU NocAe 8binoAHeHus usmeperul (b) [4]
Fig.2. 3D map (tomogram) of hardness (a) measured in DMA mode, and optical image of surface after measuring (b) [4]

[Tpuboper "HaHOCKaH" OCHAIleHbl MOTOPHU30BaH-
HBIM IIPeJMEeTHBIM CTOJIMKOM, I103BOJISIIOIMM I103H-
LIMOHUPOBATh UHAEHTOP BAONb oced X, Y U Z Haf
IIOBEPXHOCTHIO 06pas3Iia C BEICOKOM TOYHOCTHIO.

B mpubopax "HaHoCkaH" peann30BaHbl TaKHe
MeTOABl AaBTOMATH3aILMK1 U3MepPeHHUN, Kak reHepa-
TOp M3MEPeHUMN, MaAbIOHBI U CIIelIMaTU3UPOBAHHBIN

SI3bIK MaKPOKOMAHA.

(3] and dynamic measurements
of stiffness [4]. The possibility of
using a large number of measure-
ment techniques allows to explore
a wide variety of objects - from
thin films to complex multilayer
coatings whose structure is char-
acterized by significant spatial
heterogeneity in mechanical prop-
erties [5].

NanoScan is equipped with
motorized sample stage for position-
ing of the indenter in the X, Yand Z
planes over the sample surface with
high accuracy.

In NanoScan devices such meth-
ods of automation as measure-
ments generator, templates and
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FEHEPATOP W3MEPEHW

TeHepaToOp H3MepeHHHU I03BO/IsIeT 334aTh IIPOCTPaH-
CTBeHHEBIE KOOPJHHAThI MAaCCHBA H3MepeHHH B IJIOCKO-
cte XY BAO/b 33JaHHOM JIMHU M U/IH I10 ITPSIMOYTOJIBHON
CeTKe ISl TAKUX BHUJIOB UCIIBITAHUI, KaK HHCTPyMeH-
Ta/IbHOE MHAEHTHPOBAaHIEe, MHOIOLIUK/IOBOE MHIEHTH-
POBaHHe C YaCTUYHBIM pasrpyskeHuem (PUL) (5], nuHa-

MHUYECKUI MexaHu4YecKui aHanus (DMA) [6, 7].

specialized macro language are
implemented.

MEASUREMENTS GENERATOR
Measurements generator allows to
set spatial coordinates of the mea-
surements array in XY plane along
a predetermined line or in a rectan-
gular grid for the following types
of tests: instrumental indenta-
tion, multi-cycle indentation with
a partial unload (PUL) [5], dynamic
mechanical analysis (DMA) [6, 7].
For measurements with a fixed
load the characteristics of the grid
are set - dimension and the dis-
tance between adjacent measure-
ments. In the case of measurements

with a variable load the properties
of a sample are set, and the spa-
tial coordinates of each measure-
ment are calculated in accordance
with the Saint-Venant's principle
[8]. According to the latter, if in any
area of the body a balanced system
of forces (the main vector and main
moment of which is equal to zero) is
applied, then it will cause tension in
the body that rapidly decrease with
distance from this area, so in points
whose distance from the loaded part
of the body exceeds its largest char-
acteristic size, tension is almost
equal to zero.

In the generator, the coordinates
of neighboring measurements are
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Puc.3. C3M-u306paskeHue cepuu 0mne4amkos 8 N08epXHOCMU NAdeAeH020 K8apya (a) U 80CCMAHO8AEHHAS NO cepuu umepeHrull
oyHKUUS popmbl UHOeHmopa (b). YepHoli AuHuel 0603HaueHa yHKUUS popmbl dAs udedAbHOl nupamudbl bepkosu4d, KpacHble

MOoUKU — IKCnepumeHmanbHble O0aHHbIe

Fig.3. SPM image of series of indents in surface of fused quartz (a) and indenter shape function of indenter determined using series of mea-
surements (b). The black line represents shape function of an ideal Berkovich pyramid, red points represents experimental data

I n3MepeHHH ¢ UKCHUPOBAHHOM HATrPy3KOH
3a[JaI0TCS XapaKTEePUCTUKH CeTKU: Pa3MepPHOCTh U
IIar Mex/JAy COCeIHHUMHU H3MepeHUsMH. B ciaydae
IepeMeHHOM Harpy3KH 3aJal0TCsl CBOMCTBA obpasia,
a IIPOCTPAHCTBEHHBIEe KOOPAKUHATHI KasKI0r0 H3Mepe-
HUSI PAaCCUUTBHIBAIOTCS B COOTBETCTBHU C IIPUHIIUIIOM
CeH-BeHaHa [8]. CornacHo nocnefHeMy, eC/IU B KaKOH-
nubo obnacTH Tenaa IPHUJIOKEeHA ypaBHOBeIIeHHAs
crcTeMa CHJ (ITTaBHBIM BEKTOP U [VIABHBIM MOMEHT

KOTOPOI PaBHBI HYJ/II0), TO OHA BbI30BET B Tejle HAIPS-
SKeHHU S, OBICTPO yOBIBAIOII e 10 Mepe yAIeHHS OT 3TOH
0671aCTH, TaK YTO B TOUKAX, PACCTOSIHUSI KOTOPBIX OT
3arpy>KeHHOM YacTH TeJla [TPeBBIIIAIOT ee HaubOo/bIINEL
XapaKTepHBIM pa3Mep, HaIpsiKeHUS MPaKTUYeCKH
PaBHBI HYJIIO.

B mporpaMMe reHeparopa KOOpAHHAThl H3MepPeHU N
3aJal0TCsl TAKKMM 06pa3oM, YTOObI PAcCTOSTHHE MeXK/IY
COCeIHUMH OTIIeYaTKaMH COCTaBIISLIO 3,5 pa3Mepa AHa-

set so that the distance between
adjacent indents is equal to 3.5 sizes
of diagonal of the biggest of them.
This eliminates the influence of
neighboring measurements to each
other in terms of a distortion of the
measured values of mechanical
properties.

In practice of studies of the
mechanical properties, in case of
the measurements with fixed load
the generator is used to build distri-
bution maps of hardness and elas-
tic modulus on the surface or in the
subsurface volume (tomogram) of
the sample.

As an example, Fig.2a shows a
tomogram of the hardness of the

heterogeneous structure of a copper
film deposited on glass substrate by
magnetron sputtering. In the area
containing both the film surface
and the uncovered part of the glass
the DMA measurements on a grid
of 10x10 dots with a pitch of 200 pm
was carried out. Fig.2b shows the
optical image of indents.

In case of variable load, it is con-
venient to use measurements gen-
erator for calibration. The method
of indirect calibration of the shape
of the tip is typical for the instru-
mental indentation. In this case,
the series of measurements with
increasing indentation load is car-
ried out using a sample with a

known hardness value and modu-
lus of elasticity. As a rule, the fused
quartz (hardness of 9.5 GPa, the
modulus of elasticity of 72 GPa) is
used as such a measure, due to the
simplicity of sample preparation
and the absence of size effects. Then
the inverse problem is solved when
with use of known value of the mod-
ulus of elasticity in the framework
of the model of instrumental inden-
tation the projected area of contact
of the indenter with the sample sur-
face is calculated. The dependence
of the area on the contact depth of
the indentation is called a shape
function of the indenter, which
must be defined to calculate the

#7 /69 /2016 NANO INDUSTRY



KOHTPOJ/Ib U UBMEPEHUA

roHanu 6onpiero U3 Hux. TakKMM 06pa3oM, UCKIIIO-
4YaeTcsl BIMSHUe COCeJHHX U3MepeHHH APYT Ha ApyTa
C TOUKH 3peHH S HCKA KeHHS U3MepsieMbIX 3HaUeHHUH
MeXaHWYeCKHX CBOMCTB.

B mpaKTHKe HCC/IeJOBaHUH MeXaHHUYeCKHUX CBOMCTB
reHepaToOp M3MePeHHUH ¢ PUKCHPOBAHHOMN HaIrPy3KoM
KCII0JIb3yeTCs IJISl IIOCTPOeHHU S KapT pacllpefeleHus
TBePIOCTH U MOAYJIS YIIPYTOCTH Ha IIOBePXHOCTH KUK
B IIPUIIOBEPXHOCTHOM 06beMe (ToMorpamMma) obpasma.

B kauecTBe mpHUMepa Ha pUC.2a IpHUBeJeHa TOMO-
rpaMMa TBepAOCTH IeTepPOreHHOM CTPYKTYPhI, Ipen:-
CTaBJISIIOIIEN COO0M IJIEHKY Me[U, HaHeCeHHYI0 Ha
IIOJJIOKKY M3 CTeKJIa MeTOAO0M MarHeTPOHHOI'O HaIlbl-
neHusi. B obnacTu, 3aXBaThIBaOLIEN KaK MOBePX-
HOCTb IUVIEHKH, TaK U HEIIOKPBITYIO YacThb CTeK/a, 6bL1
BBIIIOJIHEH MACCHUB M3MepeHHUH Tuna DMA 1o ceTke
pa3mepom 10 x10 Touek c marom 200 MkM. Ha puc.2b
IIpHBeJIeHO ONTHUYeCKoe HU306paskeHHe, HA KOTOPOM
BHUJHBI OTIIEYATKH I10C/Ie BHeIPeHHUSI HH/EHTOPA.

FeHepaTop M3MepeHUHU C IIepeMeHHOH Harpys-
KOH y/I00HO MCII0JIb30BaTh [JIS 3a/la4y KaaUOPOBKH.
B MHCTPYMeHTa/IbHOM MHIeHTHUPOBAHMUH PaCIIpOCTpa-
HeH MeTOJ, KOCBeHHOM KaaH6pOBKH GOPMBI HAKOHeY-
HHKa, IPH KOTOPOM BBIIIO/IHSIETCS CepUSI U3MePeHHH
C YBeJIMUHKBAIOIIENCsl HaIrPy3KOH UHAEHTHPOBAHU S
B Mepy — obpasel c U3BeCTHBIM 3HAaUeHHeM TBepPAOCTH
K MOJYJ1s yIIPYroCTH. Kak IIpaBUIIO, B KaueCTBe TAKOro
obpaslia HCIIobB3yeTCs IJIaB/IeHbIN KBapLl (TBepI0CTh
9,5T'TIa, momynb ynpyroctu (FOHTa) 72 I'Tla) BBUAY TeX-
HOJIOTHYHOCTH HPO6OHOILI‘OTOBKI/I H OTCYTCTBHS pa3-
MepHBIX 3¢ deKTOB. 3aTeM pelaeTcst 06paTHas 3a1a4a,
KOIJa I10 M3BeCTHOMY 3Ha4YeHHIO MOAYJS YIIPYLOCTH

B PaMKaX MOZIe/TU HHCTPyMeHTa/IbHOIO HH/IEHTHPOBa-
HU S PAaCCUUTBIBAETCS IJIOMAAb IPOEKIMK KOHTaKTa
HHIEHTOpa C IOBEePXHOCTHIO 06pasma. [TonydyeHHas
3aBHUCHMOCTD IJIOMIAJH OT KOHTAKTHOM ITyOHHBI
MHIeHTHPOBAHUS Ha3blBaeTcs QyHKIHeH GOopMBI
WHJEHTOPa, KOTOpasi AOJIKHA OBITh oIlpefiesieHa A1
pacdeTa TBepAOCTH I10 METOAY UHCTPyMeHTA/IbHOTO
WHIeHTHUPOBaHHUS.

Ha puc.3 npuBemeHo C3M-u3obpaskeHUe CepUHU
OTIIEYaTKOB B IIOBePXHOCTH IIJIABJIEHOIO0 KBapla,
HaHeCeHHBIX C yBeJIMYHBAWIIEHCS HATPy3KOH
HHAEHTUPOBaHMS, U COOTBETCTBYIOMmAs QYHKLUS
dopMmbl HHAeHTOPa (M306paskeHa KPAaCHBIMHU TOY-
KaMH Ha puc.3b), paccuuTaHHas 110 cepUu U3Mepe-
HHUMU.

LWWABJIOHDI

[ITa6/10HBI IPeACTaBIISIOT CO60 COXpaHEeHHBIH Habop
HacTpoeK /s Pa3lUYHbIX U3MePeHHUN: HHAeHTH-
poBaHUd, HaHeceHUs LapanuH, DMA, PUL, uctu-
panusg. COXpaHAIOTCSA IIOC/IeN0BaTeIBHOCTh U KOOP-
OUHATHl N3MepeHUH. [11abnoHBbI y106HO IPUMEHSTH,
KOrja HY>KHO HCCAeQ0BAaTh IMapPTUIO0 OJHOTHUITHBIX
06pasLioB 10 OLHOM U TOH Ke CXxeMe, YTOOBI II0TOM
IIpOAaHAJIMU3UPOBATh UX MeXaHUYECKHe XapaKTepHu-
CTHKH B CPaBHeHHUH APYT C Apyrom. TaksKke pexo-
MeHJIyeTCsI HUCII0Nb30BaTh IIA6IOHBI B TeX CIy-
4Yasx, KOrga U3MepeHHU sl CrPYIIIMPOBaHbl Ha OTHO-
CHUTeJIBHO HeOOJIBIIOM yYacTKe, HAIIpUMep, B paM-
KaX II0/11 BUAHUMOCTH OITHYECKOI0 MHKPOCKOIIA
(200300 MKM), ¥ UX pacrionioxkeHue yLLOGHo 3aJaBaTh
C IIOMOIIIBIO KYPCOpa MBIIIH.

hardness by method of instrumen-
tal indentation.

Fig.3 shows the SPM image of
series of indents in the surface of
fused quartz, which was carried
out with increasing indentation
load, and the corresponding shape
function of the indenter (shown as
red dots in Fig. 3b) calculated for a
series of measurements.

TEMPLATES

Template is a saved set of settings
for different methods - indentation,
scratch test, DMA, PUL, abrasion.
The sequence and coordinates of
measurement are saved. Templates
are useful when it is necessary to
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investigate batch of similar samples
under the same scheme, to analyse
their mechanical characteristics in
comparison with each other. It is
also recommended to use templates
when measurements are grouped in
a relatively small area, e.g. within
the field of vision of the optical
microscope (200x300 pm), and their
location is convenient to set using
the mouse cursor.

Fig.4 illustrates the mecha-
nism of replication of a given set of
measurements.

MACRO
In the NanoScan is implemented
specialized macro language

for instructions for the device,
which allows to program mea-
surements. Macro language is
similar to templates on purpose,
but is more functional and more
complicated to use. The key dif-
ference from the template is a
possibility of use the Z-translator
during the measurements with
the followed search of the sur-
face in automatic mode. These
commands allow to study sur-
faces, characterized by a large
height difference or significant
roughness without changing the
measured range of motion, and
while maintaining the necessary
resolution.
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Ha puc.4 DIpor/IIOCTPUPOBAH ME@XaHHU3M THPASKHU-
poBaHMS 3aZJlaHHOr0 Habopa M3MepeHHU .

MAKPOKOMAH/1bl

B "HaHoCKkaH" peasu30BaH CHELIUATU3UPOBAHHBIN
SI3BIK MaKPOKOMAaHJ - MHCTPYKLUH Ais npubopa,
I03BOJISIIOIHX IIPOrPAaMMHPOBATh BBIIIOJTHEHHE H3Me-
peHmui. Ilo CBoeMy Ha3HAYeHHIO S3bIK MaKPOKOMAH/L
CXOJIeH C IIabJIOHaMHU, OTHAKO SIB/IsIeTCsI 6oree PyHKIIHO-
HaJIbHBIM U, BMeCTe C TeM, boJ1ee CIOSKHBIM /I/151 TP Me-
HeHHUSs. KitloueBoe oTIH4He 0T mabloHa 3aK/II0YaeTCs
B BO3MOKHOCTH HCIIOJIb30BAHUS Z-TPAHC/ISATOpPA BO
BpeMsl IIpOBeJleHUSI M3MepPeHHUH C MOCIe[yIIIUM
IIOMCKOM IIOBEPXHOCTH B aBTOMATHYECKOM peskKHMe.
Takue KOMaH/bI IT03BO/ISIIOT IIPOBOJUTD UCCIeOBAHHE
MIOBEPXHOCTEH, XapaKTepH3yOIUXCs 60BITHM Iepe-
[1aIoM BBICOT H/IM 3HAUHTETbHOM LIePOXOBATOCTBIO,
He MeHsSl M3MepseMOro JHala3oHa IIepeMelleHUs
Y COXPaHSsis HeobXoquMOoe pa3pelleHHe.

SI3BIK MaKPOKOMaHJ, B YaCTHOCTH, yAoOeH [/
[IOCTPOEHU I IBYMePHBIX KapT [9] iy Tomorpamm [4]
MeXaHHUYeCKHUX CBOMCTB IIOBEPXHOCTU obpasua. [Ipu
Nofo6HBIX /TN TENIPHBIX M3MepPeHHU X [IPelyCMOTPeHEI
BO3MOSKHOCTH IIOACTPOKKH ITPHOOPa, a TaKKe OBICTPOro
IepeMelleHHsI MeX/Ay MeCTaMH HHIeHTHPOBAHHUS.
ITpuMep LIMK/Ia MaKPOKOMaH/, /ISl IOCTPOEHHUSI KapThl
MOZ YISl yIIPYTOCTH aJIMa3HO-TBepPAOCIIABHOM II/Ia-
CTUHBI [9] TpesicTaB/IeH Ha PHC.5.

ITo 3ampocy IMonb30oBaTeNer sI3bIK MaKPOKOMaH/
MOKeT PACUIHPSAThCS, TAKUM 00pa3oM, SIBJISISICh HUHCTPY-
MeHTOM afalTallluu mpubopa oA oIpefeseHHbIe
HCCTIeI0BATe/IbCKHUE 3aJaYH.

P——
1 ] 3
} 1 4 S
2 4
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a)

Test Manager
X, Y, Length, Start End

# | Type pum pm p?n point point
1 Scry 8,11 -38,25 9,45 10,0mN 10,0 mN
2 | ScrX 0,23 -20,95 17,31 | 40,0mN |[40,0mN
3| Ind 0,56 -35,13 = 10,0 mN =
4 | Ind 16,21 -36,31 - 10,0 mN -
5| Ind 15,99 -29,33 = 10,0 mN =
6 | ScrY -9,20 -5,20 9,45 10,0mN 10,0 mN
7 | SerX | -17,07 12,09 17,31 10,0 mN [40,0 mN
8 Ind -16,74 -2,08 - 40,0 MmN -
9| Ind -1,10 -3,27 = 10,0 mN =
10| Ind -1,32 3,71 - 10,0 mN -

b)

Puc.4. OkHo npozpammebl ¢ C3M-u306parkeHuem yKono8 u ua-
panut (a). KpacHbIMU AUHUSIMU NOKA3dHbI HA60PbI U3MepeHrull
945 N08MOpPHO20 BbINOAHEHUS, 3adaHHble 8 mabauue (b) u co-
XpAHEHHbIe KaK WabaoH

Fig.4. Program window containing SPM image of indents
and scratches (a). Red lines show sets of measurements for
repeated execution, which are specified in table (b) and saved
as template

Macro, in particular, is suit-
able for building two-dimen-
sional maps [9] or tomography [4]
of mechanical properties of the
sample surface. During such a
long measurements the capabili-
ties of fine tuning of the device,
and of quick movement between
points of indentation are pro-
vided. Example of a macro to
build a map of the elastic modu-
lus of diamond-carbide plate [9] is
shown in Fig.5.

At the request of the user the
macro language can be extended,
being a tool of adaptation of the
instrument for specific research
tasks.

MULTITHREADED DATA PROCESSING

A large amount of experimental
data leads to the need to increase the
speed of processing. For this pur-
pose, the parallel processing of mea-
surements using multiple threads
or processors is implemented in the
NanoScan software. As a tool for
software development the OpenMP
(Open Multi-Processing) technol-
ogy, an open standard for paralleliz-
ing programs in C/C++ was selected,
which helps to optimize the cre-
ation of multithreaded applications.
The program automatically deter-
mine the ultimate performance of
the hardware of a personal com-
puter and calculates the maximum

amount of computing resources
that can be used without affecting
the stability of the operating system
and management software. Thus,
the optimal balance between perfor-
mance of data processing and stabil-
ity of the system is chosen.

CONCLUSION

In NanoScan devices a wide range of
instruments for automation of mea-
surement is implemented, which
increase productivity and quality of
the studies of mechanical proper-
ties, help to obtain an extended set
of statistics, as well as provide the
measurement process without a per-
manent operator presence. [
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KOHTPOJ/Ib U UBMEPEHUA

SUBFOLDER _ASK: // 3anpoc uMeMM KaTanora ONR XpaMeMMA OAMMEX
WRIT:; 5000:

LOOPSTART; 40: // umxn no crpoxam

LOOPSTART: 40: // wsxn no cronBuam

INDENT1; FORCE; 50000; 5000; 1000; 0; 1; // BHNONHWMTL M3aMEpeHMe
WAIT:; 1000;

MOVEX: 10; // crememme no ocw X ma 10 moor

WAIT: 1000:

LOCFEND;

MOVEX; -400;

WAIT: 2000:

MOVEY: 10:; // cuememme no ocu Y Ha 10 mxm

WAIT: 2000;

LOCFEND;

MESSAGE: Complete!;
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Puc.5. Mpumep nocredosamenbHOCMU Makpokomaxa (a), pop-
mupyrouiell 08a 8A0XKEHHBIX UUKAQ 0As 8bINOAHEHUS cepuu U3
1600 usmepeHuli [9], u kapma pacnpedeeHust ModyAs meepdo-
CMu Ha nosepxHocmu aamasHo-meepdocnaasHoli naacmutbi (b)
Fig.5. Example of a macro (a) that generates two nested loops
for a series of 1600 measurements [9], and distribution map of
modulus of hardness on surface of diamond-carbide plate (b)

MHOronoTo4YHAA O6PABOTKA IAHHbIX

[Tony4yeHue 601b1I0r0 06BEMA IKCIIEPUMEHTATBHBIX
IOaHHBIX 00yC/IaBIHBaeT HeOOXOAUMOCTbD IIOBBIIIEHU S
CKOPOCTH UX 06paboTKu. [I/IsI 5TOT0 B IPOrPaMMHOM
obecrreveHnu "HaHoCKaH" peann3oBaHa Mapaenb-
Has 06paboTKa pe3ynbTaToOB U3MepPeHHUH C HCIIOJb-
30BaHHEM HEeCKOJbKHX ITOTOKOB HJIH IIPOLIECCOPOB.
B KauecTBe HHCTPYMeHTa IPOrpaMMHOM pa3paboTku
6bp1a BeIGpaHa TexHonorus OpenMP (Open Multi-
Processing) - OTKPHITBIK CTAaHAAPT /IS paclapanie-
JTUBAHMS IPOrpaMM Ha si3bike C/C++, KOTOPBIH IIOMO-
raeT ONTHMH3UPOBATH CO3JJaHHE MHOTOIOTOYHBIX
IPHJIOKEeHUH. [IporpaMMa aBTOMaTHYeCKH OIpefie-
JsieT pefieIbHble XapaKTePUCTUKH IIPOU3BOAUTEIIb-
HOCTH aIllapaTHOM YacTH MePCOHATBHOI0 KOMIIBIO-
Tepa U PacCYUTHIBAeT MAaKCHMAa/IbHBIF 06beM BBIUHC-
JIUTeIBHBIX PeCypPCoB, KOTOPBIE MOTYT OBITh HCIIOIB30-
BaHBI 6e3 HapyIIeHUs CTaOUIBHOCTH PaboThl omepa-
I[MOHHOM CHCTeMBI U YIIPABIISIOET0 IIPOrpaMMHOI0

HAHO MHOVCTPHA #7/69/ 2016

obecrieyeHusi. TakuM obpasom, npu o6paboTke AaH-
HBIX BBIOMpaeTCss ONTHMAaJbHBINA b6alaHC MeXAY
IIPOM3BOAUTEIPHOCTHIO PACUETOB M YCTOMYHUBOCTHIO
CHCTEMBI.

3AK/IFOYEHME

B nmpubopax "HaHoCKaH" peasn30BaH IHUPOKUH
CIIeKTP HHCTPYMEHTOB aBTOMAaTH3aI[MH H3MepeHHH,
HaIlpaB/IeHHBIX HA YBeIMYeHHe ITPOU3BOSUTETIBHOCTH
Y KaueCTBa UCC/IeJOBAHUM MeXaHUYeCKHX CBOMCTB,
Iojy4eHHe pacIIHpeHHOTo Habopa CTAaTHUCTHUKH,
a TaKk>Ke JJIsI OpTaHU3ALUHU [Ipoliecca U3MePeHUH, He
Tpebylolero HelpeprIBHOIO IIPUCY TCTBHU S OIIEPATOPA.
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