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AHHOTaU U, CK&HHPYIOH.[&H KaIllW/IJISpHAasl MUKPOCKOIINSA — OIITUMAaJIbHBIH HHCTPYMEHT OJIs 6eCKOHTAKT-
HOM BH3ya/IM3allMH JKUBBIX KJIE€TOK U U3MePpeHH S NX MeXaHUYEeCKUX CBOMCTB. KaHI/IJ'IJIﬂpHYIO MHUKPOCKO-
IIHUIO BCe Yallle MCIIOJIB3YIOT AJIs UCCIIeA0BaAHU S MEXXK/I€TOYHbBIX KOHTAaKTOB, OJI OLL€HKH MOp(I)OHOl"I/II/I I1pu
Pa3HBIX YCJIOBHAX POCTA KJIETOYHOH KYyJIBTYpPbI, AJIS1 BU3yd/JIM34lIMH H H3MEPEHHU A TOHOI‘pa(I)I/II/I Cpe30B TKa~-
Hell. beckoHTaKkTHas BH3ya/IN3allU 6e3 MCII0/Ib30BAHUS METOK U (I)I/IKCB.L[I/II/I, BO3MO>KHOCTDb HCCJI€JOBAHU ST
B OKHOKHX CpelaX C BBICOKMM IIPOCTPAHCTBEHHBIM pa3pelleHKreM, IIpoBeJeH e NJINTE/JIbHBIX SKCIIEPUMEHTOB
C>KUBBIMH 00beKTaMHU [eJ/1a0T KaITUJIVISIPHYI0 MU KPOCKOITHIO BA>KHBIM M dKTYaJIPHBIM HUHCTPYMEHTOM B COBpe-
MEHHBIX UCCIIeJOBAHHAX. HOBTOMY COBEPLIEHCTBOBAHHUE YCTPOI;ICTBa KaIluJJISIPHOTO MHUKPOCKOIIa, BHYTPEH-
HeH APXHUTEKTYPbl, MEXAaHUKH, 3JIEKTPOHHUKH U IIPOIrPAMMHOTO obecrmeyeHU g IIpeacTraBisieT 0CobBIH HHTepecC.
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Abstract. Scanning capillary microscopy is an optimal tool for contactless visualization of living cells and mea-
surement of their mechanical properties. Capillary microscopy is increasingly used to study intercellular con-
tacts, to assess morphology under different growth conditions of cell culture, to visualize and measure the
topography of tissue sections. Contactless visualization without the use of labels and fixation, the possibility
of research in liquid media with high spatial resolution, and long-term experiments with living objects make
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capillary microscopy an important and relevant tool in modern research. Therefore, the improvement of device of
a capillary microscope, its internal architecture, mechanics, electronics, and software are of particular interest.
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BBEJJEHUE

IIpuMeHeHHe CKaHUPYIOIeN KallW/ISPHOM MHUKPO-
ckonuu (CKM) B BUOMeIUIIMHCKUX MCCIeLOBaAHUAX
AKTHBHO pa3BHUBaeTCs B rocsiesHue rogel. CKM HCII0/Ib
30Ba/Id AJIS1 M3y4eHHs KJIeTOUHBIX B3aMMOAEeHCTBUH
B KMBBIX KJIeTKaX C BBICOKHMM IIPOCTPaHCTBEHHO-Bpe-
MeHHBIM pa3perieHueM. B pabore [1] o6penuHmIIN OB
MeTO/[a ~ CKAHUPYIOIIYIO KAIIMIISPHYI MHUKPOCKOIIHIO
M OIITOreHeTHYeCcKoe HUcciemoBaHue. JJaHHBIH IOAX0/
I103BOJISIET BBISIBUTH CTEII€Hb MEXXKKJIETOUHBIX KOHTAK-
TOB U JUHaMHYeCKre U3MeHeHHU C TeYeHHeM BpeMeHH,
He BUAMMBIe C IIOMOIIbIO OIITUYECKON MUKPOCKOIIHH.
I[TonyyeHHBIe B paboTe pe3y/1bTaThl aKTYa/IbHBL ISl aHa-
JIM3a COCTOSIHUH CepevuHbIX 3a60/1eBaHU .

CKM HMCI10/1630Ba/IaCh /15 BU3Ya/IH3AL UMY in situ KJIeToK,
pacTymux Ha rugporese [2]. BblIo IIOKa3aHoO, YTO OIlpe-
JleJIeHHbIe KOHLIEHTPaL MU GIyopeclieHTHOTO KpacHTe/Is
T MOZY/IUPYIOT Iy Th CAMOCOOPKHU K H3MEeHSI0T MOPOJI0-
THIO U MeXaHHYeCKHe CBOMCTBA THAPOre/is; TakKe aHa-
T3 POBaIOCh 06pa3oBaHUe TUIPOreisi B IPUCYTCTBUU
tHodnasuHa T. M3MepeHHMs ITOKa3aau, 4YTo popmMa Kje-
TOK, BBIPAIlleHHBIX Ha THApoOresie, 3HAUUTeIbHO OT/IH-
4Yajiach OT BhIpPallleHHBIX Ha 4Jalike [leTpu. KieTky,
BBIpallleHHble B THporese, HMenu boree chepryeckyro
dopMy, B TO BpeMsI KaK KJIIeTKH, BhIpallleHHbIe Ha YalllKe
ITeTpu, 6b11H Hoslee pacIIacTaHHBIMHU. TaKUM 06pasom,
THUIPOre/ib Iy4llle UMUTHPYeT GH3HUO0/IOTUYeCKYIo Cpeay
KJIETOK.

By 1oy4yeHsl H300paskeHU S OTEe/IbHBIX KOJIare-
HOBBIX QUOPHIIIT; OLHAKO IJISI 3TOTO CYXOSKHUIIHE B3POC-
JIBIX KPBIC IIOMeIa/IM Ha CTeK/JISHHYIO II0BePXHOCTb
Y BBICYIIMBAJIK B TeUeHHe HOYH, I10C/Ie Yero obpasers
HOTPy>KajIu B PU3HOIOTMUeCKHE pacTBop [3].

B paborte [4] rccnenoBanu BIHSHYE ABYX BOLOPACTBO-
PHUMBIX Qy/LIepeHOB Ha IIOBEPXHOCTHYIO YIBTPACTPYK-
Typy Y QYHKIIMIO MaKpoparos. Pe3ynbTaThl [IOKA3a/IH,
YTO 3TU Qy/nepeHbl OyAYT MepCIeKTUBHBIMU UHTH-
butopamu daronuTosa, a CKM sIBISeTCS OTIMYHBIM
UHCTPYMEHTOM [JI U3y4YeHUsI MOPPOIOrUHU are3nuB-
HBIX M XPYIIKKX 06pa31ioB.

METO/bl NCCNEAOBAHUA
CKaHHpyoOas KalWUIspHAsE MUKPOCKOIIHS HaXo0-
OUT LIHUPOKOe IpHMeHeHHUe AJs HabnomeHUS

INTRODUCTION

The application of scanning capillary microscopy (SCM) in
biomedical research has been actively developed in recent
years. SCM has been used to study cellular interactions
in living cells with high spatial and temporal resolu-
tion. In [1], two methods, scanning capillary microscopy
and optogenetic study, were combined. This approach
allows to reveal the degree of intercellular contacts and
dynamic changes over time, which are not visible with
optical microscopy. The results obtained in this work are
relevant for analysing cardiac disease states.

SCM was used for insitu visualisation of cells growing on
hydrogel [2]. Certain concentrations of the fluorescent
probe T were shown to modulate the self-assembly path-
way and alter the morphology and mechanical proper-
ties of hydrogel, and hydrogel formation in presence of
thioflavin T was also analysed. Measurements showed
that cells shape grown on hydrogel was significantly dif-
ferent from those grown on a Petri dish. Cells grown in
hydrogel had a more spherical shape, while cells grown
on Petri dish were more spread out. Thus, hydrogel better
mimics the physiological environment of the cells.

Images of individual collagen fibrils were obtained;
however, to achieve them, adult rat tendon was placed
on a glass surface and dried overnight, after which the
sample was immersed in physiological solution [3].

In [4], the effects of two water-soluble fullerenes on the
surface ultrastructure and function of macrophages were
studied. The results showed that these fullerenes would
be promising inhibitors of phagocytosis, and SCM is an
excellent tool for studying morphology of adhesive and
fragile samples.

RESEARCH METHODS
Scanning capillary microscopy finds wide application
for observation of biological objects - cells and living
matter with nanometre spatial resolution.
For biologists to work conveniently and efficiently, the
apparatus must fulfil a number of requirements:
« availability of a simple and intuitive software interface
for microscope control;
+ mandatory interface with an optical microscope;
« availability of an extended set of methods for process-
ing, plotting, analysing and saving experimental data.
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Puc.1. "®emmoCkaH X AloH", pa3melieHHbIl Ha UH8epmupo-
8aHHom onmuyveckom mukpockone Nikon Ti-U ¢ 40x KpamHbim
0bvekmusom

Fig.1. FemtoScan X lon placed on a Nikon Ti-U inverted optical
microscope with a 40x objective lens

OrooruyecKUx 06beKTOB —~ KJIeTOK U SKHUBOM MaTepUH

C HAHOMETPOBBIM IIPOCTPAHCTBEHHBIM pa3pelleHreM.
[1s1 ynobHoM 1 3dpdeKTHBHOM paboThl 610I0r0B amnia-

paTypa I0JI’KHa yIOB/IEeTBOPSTD Py TpebOBaHUIM:

* HaJM4Me IIPOCTOr0 U MHTYUTHUBHO IOHATHOIO IIPO-
rpaMMHOI0 HHTepderica yIIpaB/eHH s MUKPOCKOIIOM;

» obs3aTesbHOEe CONPSAKEHHEe C ONTHUYECKUM
MUKPOCKOIIOM;

* HaJIM4He paclIMpeHHOro Habopa MeTofoB 06paboTKH,
IIOCTPOEHHMSI, aHAIM3a U COXPaHEHU I 3KCIIepUMEeH-
TaJIbHBIX JAHHBIX.

B paboTe mpezcTaB/ieHbl OIIMCAHUS TPeX BApHAHTOB
KCIIOJIHEHM L CKAHU PYIOIIMX KaIIUJIIAPHBIX MUKPOCKO-
0B "®eMTOCKaH X AMOH".

Ha puc.l npencTaBjieH BapUaHT CKAaHUPYIOIIEro
KaIlM/UISIPHOIO MUKPOCKOIIA, Pa3MellleHHbIH Ha HHBep-
TUPOBAHHOM ONTHYeCKOM MHUKpocKome Nikon Ti-U
c 40-kpaTHBIM 06beKTHBOM. TaKoe coueTaHUe I103BO-
J151eT yBepeHHO KOHTPOIMPOBATH COMKKeHHe KaIlU/LIIsIpa
C IIOBEPXHOCTBIO K/IETKH, BU3ya/IbHO Hab/II0IaTh KJIETKH.
B omHOM K3 OKY/ISPOB €CTh BO3MOKHOCTD YyCTaHOBKH LG~
POBOM KaMepbl BEICOKOIO pa3pelleHH .

HAHO MHAVCTPUA Tom 17 N6 2024

Puc.2. KomnakmHas eepcusi CKaHUpyHWe20 KanuaasipHo20
mukpockona "®emmoCkaH X AlioH"

Fig.2. Compact version of the FemtoScan X lon scanning capil-
lary microscope

This paper presents descriptions of three versions of
FemtoScan X Ion scanning capillary microscopes.

Fig.1 shows a version of the scanning capillary
microscope mounted on a Nikon Ti-U inverted optical
microscope with a 40x objective. This combination
allows confident control of the approach of the
capillary to the cell surface and visual observation
of cells. A high-resolution digital camera can be
mounted in one of the eyepieces.

Fig.2 shows a compact version of the FemtoScan
X Ion scanning capillary microscope. This solution
features an integrated digital microscope with
automated focus adjustment. The microscope is also
equipped with a precision two-axis X and Y motion
platform using stepper motors.

Fig.3 shows the mechanical system of the
microscope, which is also equipped with a two-axis
X and Y movement platform. The vertical movement
is performed with a high-precision servomotor,
providing a minimum step in Z direction at the level
of tens of nanometres. This mechanical positioning
system can accommodate both the measuring head



EQUIPMENT FOR NANOINDUSTRY

Puc.3. MexaHuyeckag cucmema MUKpPOCKONd, OCHAW,eHHAS
08yxK00pdUHamHol naamgopmoll nepemelieHUs No Koopou-
Hamam X u'Y

Fig.3. Mechanical system of the microscope equipped with a two-
axis platform of X and Y coordinates movement

Ha puc.2 mpezcTaB/ieHa KOMIIAKTHAs BEPCUS CKAHU-
pyIollero Kalmu/uIsipHOro MUKpocKoma "PemMToCKaH X
ATioH". B 3TOM pellleHUU HMeeTCsl BCTPOeHHBIH LU~
POBOI MHUKPOCKOII C aBTOMaTH3KMPOBAHHON HaCTPOM-
KoM ¢poxyca. Takske MUKPOCKOII OCHAIIEeH ITPeLiu3HOH-
HOH [ ByXKOOPAHUHATHOM IJIaTPOPMOI IlepeMelleHHU s
o KoopguHaTaM X U Y € HCIIOIb30BaHHEM IIATOBBIX
IIBUTaATeJIeH.

Ha puc.3 mpencraBieHa MeXaHHYecKasi CUCTeMa
MHKPOCKOIIA, TaKXe OCHAIlleHHas ABYXKOOPAMHAT-
HOM IIJIaTPOPMOM IMepeMellleHUs 10 KOOpAHuHaTaM X
1 Y. BepTHKa/pHOe IlepeMellleHHe BBIIIOTHEHO C [IOMO-
I[bIO BEICOKOTOUHOT'O CEpPBOJBUTaTeIsI, 0becreurBalo-
I[ero MUHKMAaJIBHBIH IIaT 110 Z Ha yPOBHE [eCSITKa HaHO-
MeTpa. Ha 3Tol MexaHHYeCKOI CHUCTeMe IO3ULIUOHHU-
POBaHUSI MOXKET OBITh pa3MellleHa KaK M3MepUTeTbHas
roJI0BKa CKaHHUPYIOIIEro KalkIAspHOr0O MUKPOCKOIIa,
TaK M aTOMHO-CHJIOBOI'O MUKPOCKOIIA.

YrpaBieHHue MHUKPOCKOIIOM MOXET OBITh OCYIeCT-
BJIEHO [BYMsI Pa3/IMYHBIMH BapUAHTAMMU:

1. IIpelM3HMOHHOM 3JeKTPoHUKON "PeMTOoCKaH X"

C IpuMeHeHHeM 20-pa3psIHBIX BBICOKOCKOPOCTHBIX

of a scanning capillary microscope and an atomic force

microscope.

The microscope can be controlled in two different ways:
1. FemtoScan X precision electronics using 20-bit high-

speed analog-to-digital and digital-to-analog convert-
ers, frequency synthesizer in the range up to 100 MHz,
synchronous detectors, stepper motor drivers. Control
signals are generated by Xilinx Spartan 6 FPGA with
150K slice capacity;

2. Multifunctional FemtoScan electronics, success-
fully tested on advanced models of FemtoScan scan-
ning probe microscope. The electronics is controlled by
Analog Devices ADSP2171 signal processor.

The software for the XILINX hardware FPCA is
written in VHDL, for the top level in the cross-platform
Qt system. An example of the user interface is shown
in Fig.4. It provides several different scanning options -
streaming, flirtmode, smart move. Oscilloscope modes,
measurement of ion current dependence on time, applied
voltage, distance travelled by capillary and frequency of
applied voltage significantly expand the functionality
of the microscope for detailed study of morphology of
biological objects.

In case of Analog Devices ADSP2171 signal processor,
the control signal algorithms are written in assembly
language and C and C++ languages. This variant has been
developed and improved over the last thirty years.

Full-featured data analysis and processing is performed
in FemtoScan Online software in all cases [5]. The trial
version is available at FemtoScan website: femtoscan.ru.
Fig.5 shows the software interface for data processing.

CONCLUSIONS

The presented versions of scanning capillary microscopes
use planar scanners that provide a wide range of move-
mentsin X and Y coordinates of 50-100 pm, and a range in
Z coordinate of 10-30 pm, which is necessary for biology.
At the same time, the achieved accuracy of movements is
a fraction of nanometers, and movement frequencies are
up to7 kHz.

Using the above-mentioned scanning capillary
microscopy facilities, tissue slices of Substantia nigra
from a donor without neurological pathologies and from a
Parkinson’s patient were examined. It was visually shown
that tissue slices from a donor without neurological
pathologies have a more branched and rougher surface
compared to samples from a Parkinson’s patient [6].

For reliable use of presented versions of microscopes
we have developed physical principles of nanometrology,
which allow us to carry out adjustment and verification
of the developed equipment. In this case, biological
objects can also be used as calibration measures. As
such an object we have proposed particles of tobacco
mosaic virus. Other effective measures are described in
publications [7, 8].
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Fig.4. Interface of the FemtoScan X lon control software

aHaI0ro-IMQpoBEIX U LHUPPOaHATOTOBBIX IIpe0b-

pasoBaTesiell, CHHTe3aTOpa 4acToT B JHalla3oHe

10 100 MI'l], CHHXPOHHBIX 1eTeKTOPOB, IpaliBepoB

IIaroBbIX JBUTaTe/ler. YIPaBASOOIHe CUIHAJIbL

dopmupyrorcst IVIMC Xilinx Spartan 6 ¢ eMKOCTBIO

150 K caricos.

2. MHOTOQYHKIIMOHAJTbHOU 3JeKTPOHHUKOU
"®emTOCKAH', yCIIENTHO alIpo61POBAaHHOL Ha I1epeio-
BBIX MOJIEJISIX CKaHHU PYIOLIET0 30H0BOI0 MHUKPOCKOIIA
"®emTOCKaH'". YIIpaB/IeHHe 3/1eKTPOHUKOM BefIeT CUT-
Ha/IbHBIH ITporieccop Analog Devices ADSP2171.
[TporpaMMHoe obecrieuyeHue A1s annapaTHow I1JIMC

XILINX HamrcaHo B VHDL, 151 BepXHEro YpoBHS ~ B KPOCC-

I1aTGopMeHHOH crcTeMe Qt. [IpuMep HHTepderica I0/b-

30BaTesiq IIpecTaB/ieH Ha puc.4. OH mpeaycMaTpHUBaeT

HEeCKOJIBKO Pa3/IMYHbIX BAPUAHTOB CKAHKPOBAHHU A ~ [I0TO"

YEYHOro, GIMPT-MOABI, YMHOIO [IepeMelieHU . PesKuMbI

ocumuiorpada, H3MepeHHe 3aBUCHMOCTeH HOHHOIO TOKa

OT BpeMeHH, IPUJIOKeHHOI0 HallPsIKeH s, IIPok/IeH-

HOTO KaIlH/IISPOM PACCTOSHUSA U YaCTOTHI IIPUJIOKEH-

HOT0 HaIIPSYKeHU S CYIIeCTBEHHO PaCIIUPAIOT QYHKIIKO-

HaJI MMKPOCKOIIA ITPH JeTa/IbHOM H3y4YeHUH MOPPOIOTUH

6ronoruyeckux o6beKToB.

B ciiy4yae MCIIO/Ib30BaHMS CUTHAJIBHOTO IIPOLIeC-
copa Analog Devices ADSP2171 aITOPUTMBI yIIPaBISO-
IMX CUTHAJIOB HAaITMCAHbI Ha acceMbiiepe u si3bIKax C 1
C++, DTOT BAPHAHT Pa3BUBAJICA U YCOBEPIIEHCTBOBAJICS
Ha IIPOTSKeHU U IIOCTIeJHUX TPHUALIATH JIeT.

HAHO MHAOVCTPHA Tom 17 Ne6 2024

FemtoScan X Ion scanning capillary microscopes
are actively used in the project work of the Youth
Innovative Creativity Centre “Nanotechnologies” of
Physical Department of MSU to observe cells and living
substance.
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[TomHOGYHKIIMOHAIBHBIN aHAIN3 U 06paboTka AaH-
HBIX BO BCEX C/Iy4asiX IIPOBOLHUTCS B IIPOrPaMMHOM obe-
credeHud 'PemroCkaH OnnanH" [5]. [IpobHas Bepcus
JOCTyIIHA Ha cakTe femtoscan.ru. Ha puc.5 mpecTaBieH
HHTepderC ITPOrpaMMBI 151 06pabOTKHU JaHHBIX.

BbIBOAbI

B ripenicTaB/IeHHBIX BEPCHSIX CKAHHUPYIONIHX KAITHILISP-
HBIX MUKPOCKOIIOB HCITIO/IB3YIOTCSI IVTAHAPHBIE CKaHepEI,
obecrieurBaromIye HeoOXOOU MBI J1JIsI OHOIOT MU K PO-
KUH [HUAIa30H [IepeMelleHU N 10 KoopauHaTtaM X U Y
B 50-100 MKM, H AHAIIa30H 10 KoopaxHaTe Z - 10-30 MKM.
I[TIpH 3TOM OCTHUTIaeMasi TOUHOCTb [TepeMelleHHUH ~ JOoIH
HM, a 9aCToTa [lepeMeIeHH - 10 7 K.

C IIOMOIIBIO yKa3aHHBIX BbIIIE YCTAHOBOK CKAHUPYIO-
el KaIllM/UIIPHOM MUKPOCKOIIMY OBLIM KCCIIeJOBAHBI
cpe3sl TKaHH Substantia nigra foxopa 6e3 HeBposormye-
CKHUX I1ATOJIOTUH U 60/1bHOTO [TapKUHCOHOM. Br3yanbpHO
[I0KA3aHO, YTO Cpe3bl TKAaHU [JoHOpa be3 HeBposoruye-
CKHUX [IaTONIOTU KMeIOT bojlee pa3BeTBIeHHYIO U bosiee
IIepOXOBATYIO [I0BEPXHOCTH I10 CPAaBHEHHUIO € 06paslaMu
ot 6071pHOrO0 IIapKIHCOHOM [6).

JIJ151 JOCTOBEPHOTO HCIIONB30BAHKSI CO3JAHHBIX Bep-
CHH MHKPOCKOIIOB HAMH pa3paboTaHbl pu3HUecKHe
IPUHLKIIBI HAHOMETPOJIOT UM, II03BOJISIIONIKE IIPO-
BOJUTb HACTPOKKY U IOBepKy pa3pabaTeiBaeMoll

amnmnapaTypsl. IIpx 3ToM B KauecTBe KaJMOPOBOUHBIX Mep
TaK>Ke MOT'YT ObITh HCIIOTIb30BaHbI OKOIOrHuecKye 06b-
eKTBI. B KauecTBe Takoro 06’beKTa HaMU IIPe/JIosKeHbl
YaCTHIIBI BUPyCca TabauHO MO3auKH. [Ipyrue 3oHerTHB-
Hble MepBbl OITHCAHBI B ITyOIHKausX [7, 8].

CKaHUPYOIHe KAaIHUJJISPHble MHKPOCKOIIBI
"®emToCKaH X AMOH" aKTHUBHO HCIIOJIB3YIOTCS B IIPOEKT-
HOM paboTe LleHTpa MOJIOESKHOTO HHHOBALIKOHHOTO
TBOpuecTBa "HaHOTexHOMOTUHK" GU3UUECKOro GaKyab
Teta MI'Y uMeHu M.B. JIoMOHOCOBa 151 HabIIOmeHU s
KJIETOK Y KK BOM MaTepHH.

B/IATOJAPHOCTU
PaboTa BBIIIOZIHEHA II0 rOC3aflaHUI0 IpU PUHAH-
COBOH HoAJepkKe dusmdeckoro dpakynabrera MIY
vuMeHU M.B.JloMmoHOocoBa (PerucTpaluoHHAas
TeMa 122091200048-7). I10 "®PemToCKaH OHIANH" IIpesio-
ctaBieHo OOO HIIIT "LIeHTp [1epCrIeKTUBHBIX TeXHOJIO-
TUH" WWW.Nanoscopy.Iu.

brarogapHocTs ITpoxopoBy A.H. 1 Besnosy 0.K. 3a pa3-
paboTKy MexaHHUKH MHKpocKonoB, EBcTudeeny C.0.,
Opemkuny C.H. u IlaHoBou C.M. 3a ycoBepILIeHCTBOBA-
HUe 37IeKTPOHHKH, MakcrumMoBoi H.A. 1 KopHuosy [I.B.
3a paboTy Haz ympasisiomel mporpammon IIJIHC,
CoBeTHMKOBY T.O. 33 07Ty 4eHHBIe H306paskeHH Sl YepHOL
CybCTaHLIMM MO3Ta Ye/IoBeKa.
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OBOPYAOBAHME A/11 HAHOUHAYCTPUM

Puc.5. Pa6ouee okHo MO "®emmoCkaH OHAAUH"
Fig.5. Working window of FemtoScan Online software

NHOOPMALL1A O PELLEH3UPOBAHUK

Penmakuys 671aroqapuT aHOHMMHOTO pelleH3eHTa (peLieH-
3eHTOB) 32 UX BKJIaJl B PeLleH3UPOBaHUe 3TOM paboTshl,
a TaK>Ke 3a pa3MelleHHe CTaTed Ha CaKTe XypHaja
Y [lepeiavy Ux B 3IeKTpoHHOM BHzie B HOE eLIBRARY.RU.

Jexknapauus o KoHpAuKme uHmepecos. Asmopbl 3as84atoim 06
0MCymcmauu KOHPAUKIMO8 UHMepecos UAU AUMHLIX OMHOUWEHUL,
Komopble Mo2Au bbl nosAUAMbL Ha pabomy, npedcmasAeHHyko 8 daHHOLL
cmarnbe.
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