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C Ue/Iblo YCTAHOB/IEHNUS B3aUMOCBSI3M MeXAY JIOKJIbHOM CTPYKTypoii (reomeTpueit U GpU3MKO-XUMUUECKUM
COCTaBOM) MOBEPXHOCTU YrAepofAHbIX W MOJMMEPHbIX MAaTepUAsioB U UX 3N1eKTpodpU3nYeCcKUMU
CBOMCTBaMM pa3paboTaHa yCTaHOBKA AJ1S1 COBMELLEHHOW aTOMHO-CUJIOBOM U CKaHMPYIOLLE KanuuisipHOn
MUKpPOCKONUW, MNO3BOASIOWASA M3y4aTb MOPGOIOrni0 U cBoMcTBa 2D HaHOpa3MepHbIX CTPYKTYp ANs
3HeproHakonuTenen 1 KaTaanmsaTopoB, a TaKXKe NPOBOAUTb UX KOHTPOJIMpYyeMoe HaHeceH e C MOMOLLbIO
HanpaB/ieHHOW auTorpaguu WU NOKanbHOr0O aHOAHOrO OKUC/IeHUsl. YCTaHOBKA MO3BO/SIET Mo/yYaTb
3KCNepuMeHTaslbHble JaHHble O pacnpeAesieHU 31eKTPUYecKkoro noTeHuMana, Toka 3apsaa U paspsaa,
NOBEPXHOCTHOW KOHLEHTPaUMW WOHOB, KaTaJIATUYMECKOW aKTUBHOCTUM  HAHOCTPYKTYPUPOBAHHOM
NOBEPXHOCTU C MPOCTPAHCTBEHHbIM pa3peLueHVeM B eAUHULbI U JeCITKU HAHOMEeTPOB.

With the aim of establishing the relationship between the local structure (geometry and physical-chemical
composition) of surface of carbon and polymer materials and of their electrophysical properties, it has been
developed a device for combined atomic force microscopy and scanning capillary microscopy that allows to
study the morphology and properties of 2D nanoscale structures for energy storage and catalysts and also
to conduct their controlled deposition using a direct lithography and local anodic oxidation. The system
allows to obtain experimental data on the distribution of electric potential, charging rate and discharge
current, the surface concentration of ions, the catalytic activity of a nanostructured surface with a spatial
resolution of a few and tens of nanometers.

ByXMepHble HaHOpa3MepHbie CTPYKTYPEHI

Ha OCHOBe yIJIePOJHBIX MaTepHaJIOB U 6H1oIIo-

JTMMEPOB IIePCIIEKTHBHBEI O/ CO3JaHHS SHep-
TrOHaKoIHKTeNeH. [Ipyu pa3paboTKe U mocjaenyouem
OHATHOCTHKE TaKUX HAHOCTPYKTYPHUPOBAHHBIX
MaTepHuasoB Lienecoobpa3Ho UCIO0Ib30BaTh METO b
U allIlapaTypy CKaHHUPYOLIe 30HJ0BOM MUKPOCKO-
nuu. B HacTosmei paboTe mpesioskeHa SKCIIePH-
MeHTaJIbHad YCTAaHOBKA [JI COBMeIlleHHOM KaIlHJI-
JISIPHOM, 371eKTPOXHMHUUYECKOM U I1be303/1eKTPOXU-
MH4YeCKOM MHKPOCKOIHUHU II0OBePXHOCTH MaTepHa-
n0B. C IIOMOIIBIO 3TOM aIlIlapaTyphl MOXXHO IIpPO-
BOAUTD JeTa/IbHBIU aHa/IN3 QU3UKO-XMMHUYIECKUX
CBOMCTB ITI0OBePXHOCTEM, HAIIPUMeP, HAHOCTPYKTYPH-
POBaHHOM IIOBEPXHOCTH I'PaduTa. OMHOBPEMEHHO ee
MO>KHO UCIIO/JIb30BaTh /151 HanpaBneHHoﬂ OOCTAaBKU Puc.1. YemaHoska P-1000 Pipette Puller komnanuu Sutter Instrument
TpebyeMBIX peareHTOB Ha BBIOPAaHHBIM y4acTOK Fig.1. P-1000 Pipette Puller device (Sutter Instrument)
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IIOBEPXHOCTH CPeACTBAMHU HOH-TIPOBOISIIEN MUKPO-
CKOIMU C IPUMeHeHHeM MHOTOKaHa/IbHOI0 KaIlKJI-
nspHoro 30172 [1].

M3roToB/eHHe KAaIlU/UISIPOB IIPOBOAMIIOCH HA yCTa-
HOBKe P-1000 Pipette Puller kommanuu Sutter Instrument
B II0f06paHHBIX peskUMax (puc.l). 111 KOHTPOJIS BBIXO-
HOTO AaMeTpa HaHOKAIU/UISIpa IPUMEHSIICS IIPOCBe-
YMBAIOMIUN 37IeKTPOHHBIN MUKpocKoml LEO 912 AB kom-
MaHUH Zeiss.

PaspaboTka COBMeEIIEHHOI0 aTOMHO-CHJIOBOTO
Y KaIlWUISIPHOTO MHKPOCKOIIOB OCYILeCTBJIsLIAch Ha Ha3e
MHOToQyHKIJHOHAIPHOTO CKAaHUPYIOIIEro 30HI0BOIO
MuKpockomna "®eMToCKaH" U OBICTPOEHCTBYIOLIETO
ATOMHO-CHJIOBOr0 MUKpocKoria "®emTtoCkan X' (puc.2).

IIpu ympaBieHUH U 06paboTKe JaHHBIX HCIIONB-
30BaJIOCh IIporpaMMHoe obecredeHue "®PeMTOCKAH
OunaniH" [2]. Pabouee OKHO ITPOrPaMMEBI IIPEJCTABIEHO
Ha pHc.3.

TeXHUYeCKHe ITapaMeTPhl SKCIIePUMeHTaIbHOH
YCTaHOBKH ITPUBeJeHHI B TabIHLIe.

B0O3MOSKHOCTH 3KCIIEPMEHTA/TBHOI YCTAHOBKH:

* ATOMHO-CHJIOBast MHKPOCKOIIHS;

* CKAaHHUPYIOIMAs Pe3UCTHUBHAS MUKPOCKOIIHS;
* CKAaHHUPYIOMAs KAIIU/UISIPHAsI MUKPOCKOIIHS;
* Ibe303JIeKTPHUYeCKast MUKPOCKOIIHS;

* I1be303JIeKTPOXHMMHYeCKasi MUKPOCKOIIHS;

* HaHOIUTOrpadus.

[IpuMephl Pa3TMYHON TeOMeTPHUU PHUCYHKOB,
BBITIOJTHEHHBIX Ha BBICOKOOPHEHTHPOBAHHOM IIHPO-
TUTHUYECKOM IrpadUTe, IpeACTaBIeHbl Ha pUC.4.
Braromaps UCIONB30BAHUIO METOLUKH JIOKAJIBHOTO
AHOJHOIO OKHCJIEHHUS IIOTy4YeHbl IIOBEPXHOCTHBIE

Puc.2. MH020pYHKUUOHAAbHBIL CKAHUPYHOUWULT 30H008bIL MU-
Kkpockon "®emmoCkaH" (csepxy) u 6bicmpodelicmayrouiuil
amomHo-cunosoli mukpockon "®emmoCkaH X" (CHu3y)

Fig.2. FemtoScan multifunctional scanning probe microscope (on top)
and FemtoScan X high-speed atomic force microscope (on bottom)

D nanoscale structures based

on carbon materials and bio-

polymers are promising for
the energy storage. It is advisable
to use the methods and apparatus
of scanning probe microscopy for
the development and subsequent
diagnosis of such nanostructured
materials. In the present work we
propose the experimental system
for combined capillary, electro-
chemical and piezo-electrochem-
ical microscopy of the surface of
materials. This equipment allows
to carry out detailed analysis of
the physical-chemical properties
of the surfaces such as the nano-
structured surface of graphite. At

the same time, it can be used for
targeted delivery of the required
reagents to the selected area of
surface by the ion-conductance
microscopy with the use of a mul-
tichannel capillary probe [1].

Manufacturing of capillar-
ies was carried out in the P-1000
Pipette Puller (Sutter Instrument)
system in the selected modes
(Fig.1). Zeiss LEO 912 AB transmis-
sion electron microscope was used
for control of the output diameter
of the nano-capillary.

The development of a com-
bined AFM and capillary micro-
scope was carried out on the basis
of FemtoScan multifunctional

scanning probe microscope and
FemtoScan X high-speed atomic
force microscope (Fig.2).

FemtoScan Online software was
used for control and data process-
ing [2]. Fig.3. shows interface of
the software.

Technical parameters of the
experimental system are given in
the table.

The capabilities of the experi-
mental system:

« atomic force microscopy;
 scanning resistive microscopy;

« scanning capillary microscopy;
* piezoelectric microscopy;

* piezo-electrochemical microscopy;
« nanolithography.

#4/75/2017 NANO INDUSTRY



KOHTPOJIb U UBMEPEHMUA

TexHuueckue napamempbl 3KCNepuMeHmManbHoL ycmaHoseKuU
Technical parameters of experimental system

Pasmep nosig CKaHUPOBaHMUS, MKM?2 20x20

Size of scanning area, um?

MepemellieHMe MO HOpManu K obpasuy, MKM | 2,5
Movement along normal to sample, pm

PaspelueHne B N10CKOCTM 0bpasua 0,003
(MexaHuKa 1 3NeKTPoHMKA), HM

Resolution in sample plane (mechanics and
electronics), nm

PazpelleHne No HopMaau K obpasuy 0,001

(MexaHuKa 1 3NeKTPoHMKA), HM
Resolution along normal to sample
(mechanics and electronics), nm

[lnanasoH YacToTbl 06paTHOM CBA3U, Ml | 0-1
Range of feedback frequencies, MHz

Bpems cHsaTMSA ogHOro Kagpa, ¢ 0,001-1000
Time for one frame, s
Cpena nsmepeHumn Bo3ayx,
Environment XUOKOCTb
Air, liquid
Mcnonb3yemble 30HAbI KaHTunesepsl,
Probes HaHOKanuINsapbl,
Ptir-npoBosioka
Cantilevers,
nano-capillaries,
Ptlr wire

HaHOCTPYKTYPBI, COCTOSIIIKe U3 IPOBOASIINX 06/1a-
CTer rpaduTa U OHUIIEeKTPUUYECKHUX BKIKYEHHUU
okcuza rpaduTa. JIokaapHOe 37IeKTPUYecKoe COIpo-
TUBJIeHHe, H3MepeHHOe C [IOMOIIbI0 IPOBOJSIIIEro
30HJa ATOMHO-CHJIOBOTO MHUKPOCKOIIA B peKHMe
CKaHUPYIOIeHn pe3UCTHUBHOM MHKPOCKOIHH,

BapbUpyeTCs 0T eAUHUL OM 111 obnacTell rpaduTa
o 100 MOM 114 OKCH A rpaduTa.

CospmaHue MUTOrpadpUIecKoro puCcyHKa Ha I10Bep-
XHOCTH rpaduTa UM OPYTUX MaTepUaJIOB — KpeM-
HHS, TUTAHA, aJIIOMUHHUSA — B Cjly4ae JIOKAaJbHOTO
aHOJHOI'0 OKMC/IEHHU S IIPOUCXOIHUT C y4acTHEeM MoJie-
kyn1 O,, H,O u np., HaXOAAIUXCA B 0pr>1<a10me171
cpene. ITpu 3TOM 3¢ PeKTUBHOCTD JIOKAIbHOI'O AHOZ-
HOTI'0 OKHCJIEHHUS, KaK ObIJI0O ITOKa3aHo paHee [3],
CYIleCTBeHHO 3aBHUCHUT OT BJIa)KHOCTH BO3JyXa.

Jngd KOHTPOJIHPYeMOM AOCTaBKH BEILecCTB,
HallpuMep OKHCJIHUTeJer M KaTaJIHU3aTOPOB,
B 3a/laHHYI0 06/1aCThb IOBEPXHOCTU TPebyeTcs KBap-
LIEeBBII MK CTeKISIHHBIM HAaHOKAIIHUJIISAP C BBIXOA-
HBIM OTBePCTHEM HaHOMETPOBOIO AuaMeTpa. s
M3TrOTOBJIEHHU S HAaHOKAIHMJIJISIPOB HMCIIONb30Ba-
THUCh TPYOKH M3 6OPOCHIMKATHOIO CTEKJIA C BHEII-
HHM U BHYTPeHHHUM guamerpamu 1,0 u 0,58 mm
COOTBeTCTBEHHO. B 3aBHCHUMOCTHU OT YCJIOBHUH
HarpeBa, CKOPOCTH U YCHUJIHS BBITSIKKH OBLIIH I10JTY-
YeHbl HAHOKAIIUJIJISIPBI C BEIXOAHBIM OTBepPCTHEM
10-100 uMm. DmeKTpHUYeCKOe COIIPOTHB/IEHHE KAIU/I-
nsipa KOHU4YeCKOH GOPMBI, 3aII0JTHEHHOT0 3/IeKTPO-
JIUTOM C yIeJbHBIM COIIPOTHBIEHHUEM P, MOKHO OLie-
HUTb C IIOMOLIBI0 QOPMYIJIBL:

R=pL/nr, 1,

rae L - AnvHa Kaluaasapa, I U I, - THaMeTPhl BXO-
HOTO U BBIXOJHOTO OTBEpPCTHH. [/ KaIlU/Igpa
cL=2cMm, 1;=0,58 MM U 1, = 10 HM, 3aII0JIHEHHOI'O
du3roIorNYecKUM pacTBopoM (p = 62,6 Om - cm),

Examples of different geometry
of images on the highly oriented
pyrolytic graphite are shown in
Fig.4. By using the technique of
local anodic oxidation, the sur-
face nanostructures consisting of
conductive regions of graphite and
dielectric inclusions of graphite
oxide were obtained. Local elec-
tric resistance measured by con-
ducting probe of the atomic force
microscope in the mode of scan-
ning resistive microscopy var-
ies from a few Ohms for areas of
graphite to 100 MQ for graphite
oxide.

Creation of a lithographic pat-
tern on the surface of graphite
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or other materials - silicon, tita-
nium, aluminium - in the case
of local anodic oxidation occurs
with the participation of the mol-
ecules of O0,, H,0, etc., being in
the environment. As it has been
shown earlier [3], the effective-
ness of local anodic oxidation
depends significantly on the air
humidity.

Controlled delivery of sub-
stances, such as oxidants and
catalysts, into a specified area
of the surface requires a quartz
or glass nano-capillary with an
outlet opening of the nanometer
diameter. For the manufacture
of nano-capillaries the tubes of

borosilicate glass with outer and
inner diameters of 1.0 mm and
0.58 mm, respectively, were used.
Depending on the heating condi-
tions, speed and effort of extrac-
tion the nano-capillaries with
outlet opening of 10-100 nm were
obtained. The electrical resis-
tance of the conical shaped cap-
illary filled with electrolyte with
resistivity p, can be estimated
using the formula:

R=pL/nri1,,
where L is the capillary length,

1, and 1, are the diameters of the
inlet and outlet holes. The electric
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Puc.3. Paboyee okHo npozpammel “"®emmoCkaH OHAalH"

Fig.3. Interface of FemtoScan Online software

3JIeKTPUYECKOe COIIPOTHUBJIEHUE COCTAB/ISIeT OKOJIO
690 MOmM. Eciiu nraMeTp HaHOKAIIHU/I/IApaA yBeIH-
YUTh 10 100 HM, TO 3JIeKTPHUUYECKOe COIIPOTUBJIEHHUE

nagaet mo 6,9 MOmM.

resistance of a capillary with L =
2cm, 1;=0.58 mm and r, =10 nm
filled with a saline solution (p =
62.6 Qcm) is about 690 MQ. If you
increase the diameter of the nano-
capillary to 100 nm, the electrical
resistance will drop to 6.9 MQ.

In case of dual capillary one of
the channels is used for delivery of
the reagent and the other one - for
positioning of the nano-capillary
above the surface of the sample.

Fig.5 shows images of phospho-
lipid films deposited on the sur-
face of graphite. The measure-
ments showed that the local elec-
trical resistance of such films
with a thickness of about 5 nm

HPI/I HCIIO/IP30BAHHHU ABYXKAHAJIPHOT'O KaIlWJLJIApa
OOHH M3 KaHaJIOB CZIY>)KHT OJIs1 JOCTABKH pedareHTa,
a ,E[PerfI — JIA TIOSMLIMOHH PDOBAHU I HAHOKAIIMJIISIPa

Hal IIOBEPXHOCThIO o6paaua.

is by several orders of magnitude
more than of the clean graphite
surface.

Study of 2D nanoscale struc-
tures of catalysts and energy accu-
mulators requires obtaining not
only information about surface
topography, but also measuring
the set of electrophysical parame-
ters. One of such parameters is the
local electrical resistance. In the
scanning resistive microscopy, the
measured resistance R depends on
the resistivity of the local near-sur-
face area and on the radius of the
probe used. The resistance of the
circuit for the simplest model can
be described by the formula:

R= R, . tp/21I,
where p is the resistivity of the
sample surface, r is the radius of
the probe. The resistance of the
probe R, ., is small and during
the measurement, as a rule, does
not change.

In the case of local contact, the
experimental system allows the
following measurements:
 the dependence of the current

on the applied voltage I(U) (cur-

rent-voltage characteristic);

« the dependence of the cur-
rent on the frequency of
the applied signal with a
selected voltage amplitude
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Puc.4. Mpouecc n0KkanbHO20 AHOOH020 OKLCAeHUs 8 pabouem okHe 1O "®emmoCkaH OHAalH"
Fig.4. Display of local anodic oxidation in FemtoScan Online software

Ha puc.5 npencTaBieHsl H306paskeHUsI HAHeCeH-
HBIX Ha IIOBEPXHOCTb IpaduTa $oCHOJIUNIUAHBIX
IJIeHOK. [IpoBeeHHbIe H3MePeHHU S II0Ka3aau, YTO
JIOKaJIBHOE 3JIeKTPUYeCcKoe COIIPOTUBJIEHHe TaKHUX

I(0,U) (amplitude-frequency

characteristic).

To conduct these measure-
ments the signal in the range
from -10 V to +10 V with frequency
range from units of Hz to 10 MHz
is supplied. Tuning of the signal
frequency is carried out using a
generator board based on digital
frequency synthesizer of AD7008.
The accuracy of frequency tun-
ing is 0.01 Hz. The measured cur-
rent is in the range from 1 pA to
100 nA.

In the study of energy accu-
mulators, the system allows the
measurements of currents of
charge and discharge. In this

HAHO WHOVCTPHA #4/75/2017

case, the contact area is depended
on the radius of the cantilever or
the diameter of the outlet hole of
nano-capillary.

Nano-capillary can be used
to transport various materials
such as gold nanoparticles, pro-
teins and other chemical com-
pounds. At the same time, as
already mentioned, they can be
used for scanning with nano-
resolution and for electrophysi-
cal measurements. The advan-
tages of this technology are obvi-
ous when scanning biological
objects, as the force of the inter-
action between the nano-capil-
lary and sample can be smaller

IIJICHOK TOJIIMHOM OKOJIO 5 HM Ha HeCKOJIBKO IIOPS -

KOB 60JIbllle, YeM Y YHUCTOM IIOBEPXHOCTU rpaduTa.
IIpu uccnenoBaHuu 2D HaHOPa3MePHBIX CTPYKTYP

KaTaJHM3aTOPOB U SHeproHaKOIUTe el HeobXom Mo

than in conventional atomic force
microscope. You can extend the
capabilities of nano-capillaries
and make them ion-selective,
allowing to determine the local
concentration of ions of sodium,
potassium, calcium, etc. [ |

The study was performed with finan-
cial support of RFBR in the frame-
work of research project No. 16-29-06290
"Development of new methods of nanos-
copy for determination and directed mod-
ification of the structure, physical-chem-
ical and electrophysical characteristics
of the 2D nanoscale structures for energy
storage and catalysts based on carbon
materials and biopolymers".
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[I0/1y4aTh He TOJIbKO JAHHBIE O TOIIOrpadru I10Bep-
XHOCTH, HO H U3MePATh COBOKYIIHOCTb 3JIEKTPO-
¢u3uyecKuX napaMmeTpoB. OAMH K3 TaKUX I1apa-
MeTPOB ~ JIOKAJIbHOE 3JIeKTPHUYeCcKoe COIIPOTUBJIe-
HHe. B cKaHHUpYIOIel Pe3uCTHBHON MHUKPOCKOIIUH
H3MepseMoe COIIPOTHBIeHHe R 3aBUCHUT OT yAe/b-
HOI'0 COIIPOTHBJIEHM S JIOKAJIBHOTO IIPHUIIOBEPXHOCT-
HOI'0 y4aCTKa 4 OT paguyca IpUMeHSIeMOro 30H1a.
ConpoTHBJ/IeHHEe LleNH I/ IPOCTelIIer MoJenH
MO3KeT OBITh OTICAHO GOPMYJIOH:

R= R, . tp/2mT,
rfe p - yAeJdbHOE COIPOTHUBJIeHHE IIOBePXHOCTH
obpasua, r - paguyc 30oHma. COIPOTHBIEHHE 30HAA
R,oyn. HE3HAYKMTENBHO U B IIPOLlECCe H3MEPeHUH,
KaK IIPaBUJIO, HE U3MeHSeTCH.

B ciaydae JIOKaNbHOrO0 KOHTAaKTa 3KCIIepPHUMEH-
Ta/ibHas YCTAaHOBKA I103BOJISeT IIPOBOAUTD CIIeYI0-
IIKe U3MepeHus:

* 3aBHMCHMOCTB TOKA OT IIPUKJIaAbIBAEMOr0 HAIIPS-
skeHU s I(U) (BonbT-aMIlepHasi XapaKTepPHUCTHUKA);
* 3aBHMCHMMOCTH TOKA OT YaCTOTHl IPHKJIALBI-

BaeMOTO CHUTHaJIa C BBIOPAaHHON aMIIIUTYION

HanpsikeHHus I(w,U) (QMONTUTYLHO-4acTOTHAS

XapaKTepHUCTHKA).

Jns npoBefeHHS TaKHWX H3MepeHHUU Ipen-
yCMOTpeHa Iojadya CHMTHaja B JHUala3oHe
oT -10 mo 10 B ¢ 4acTOTOH B AHAIMa30He OT efH-
HUIL rurarepn go 10 MIh. IlepecTpoMKa CHUT-
HaJla II0 4aCTOTe OCYIeCTBJIseTCs C IIOMOIIbIO
[IJIaThl TeHepaTopa Ha OCHOBe LMPPOBOrO CHH-
TesaTopa 4acToThl AD7008. ToUHOCTH YyCTAHOBKH
vactoTel - 0,01 I'y. BeruyuHa perucTpupyemMoro
TOKa HAaXOOHTCS B AHarma3oHe 1 mA - 100 HA.

IIpu HUccneloBaHUHU SHePTOHAKOIIUTeNeH ycTa-
HOBKA I103BOJIsieT IIPOBOLUTH M3MepeHHs1 TOKOB
3apana u paspsga. I[Ipu 3Tom 0671acTh KOHTAKTA
ompenensgeTcs paJuycoM KaHTH/IeBepa U/IH JHUaMe-
TPOM BBIXOAHOI'0 OTBEPCTH A HAHOKAIIUJIIAPaA.

HaHOKanu/Isspbl MOT'YT MCII0/Ib30BAThCS IJISI TPaH-
CIIOPTUPOBKM Pa3/IMYHBIX MaTepHUaoB, TAKHUX KaK
30/I0Thle HAHOYACTULBI, 6€/IKK U Apyrue XUMUUe-
CKUe coefiiHeHHUs. OQHOBPeMeHHO, KaK ysKe YKa3blBa-
JIOCh, OHH MOTL'YT CIY>KUTD [J1 CKAHUPOBAHM I C HAHO-
paspelnieHueM U 3JIeKTPOQHU3HYECKUX H3MEPeHHUH.
ITpenMyIecTBa JAaHHOHN TeXHOJOTUH OYeBUAHEI IPH
CKaHUPOBAHUU 6HOTOrHYecKUX 0OBEKTOB, TaK KaK
CHJIa B3aHMOJEHCTBUS MeXJy HaHOKAIlHU/IIPOM
U 0b6pa3romM MoXKeT OBITH MeHbIlle, YeM Ha 0OBIYHOM
aTOMHO-CHJIOBOM MHKPOCKOIIe. MOXKHO pPacIIMpUTh
BO3MOKHOCTH HaHOKAIH/ISPOB U COe/laTh UX HOH-
CeJIeKTUBHBIMH, UTO II03BOJIUT OIIPe/e/IATh IOKaIbHbIe
KOHIIEHTPALIMM MOHOB HaTpH s, Ka/lus, KaJIbLIU U [P.
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Puc.5. M306paxceHue pocoaunudHol naeHKU, HaHeceHHoU Ha
2papum. CHu3y npedcmasneHo ceveHue 8bidpaHH020 0mpe3sKa
Fig.5. Image of phospholipid film deposited on graphite. On bot-
tom is cross section of selected segment

HccaedosaHue 8binoAHeHo npu puHarcosoil noddepskke POPH
8 pamkax Hay4Hozo npoekma Ne 16-29-06290 "Pa3pabomka
HOBbIX Memodos HaHocKkonuu 045 onpedeaeHUs U HANPABAEHHOLL
modudurayuu cmpoerus, Gu3UKO-XUMUHECKUX U INeKmpou-
3uMeckux xapakmepucmuk 2D HaHOpasmepHbLX cmpyKkmyp 0as
IHepeoHaKonumedell U KAMAAU3ANMOPOB HA OCHOBE Y2AepOOHbIX
mamepuanos u buonoaumepos".
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