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AHHoTanusi. C MOMeHTa IIepBOH My6IMKAI KK 10 CKAHHUPYIOIIeH 30HI0BOM MUKPOCKONUH [1] mpomtesn 41 rof,.
3a 3T0 BpeMsi CKaHHUPYIOIIHe 30HI0Bble MUKPOCKOIIBI, II03BO/ISIIOIIE 3aI/ISSHYTh B HAHOMUP, CTaIH MpPaK-
THUYeCKMMU UHCTPYMeHTaMU GU3UKOB, XUMUKOB, O10/I0TOB, MeJKOB, IPOU3BOACTBEHHUKOB U YUUTE/IeH.
30H/10Bble MHUKPOCKOIIBI 06pa30Baik 06K PHOE CeMEeLCTBO BBICOKOTOYHBIX M BBICOKOMHPOPMATHBHBIX ITPH60-
POB 151 HabnrofeHUs Tornorpaduu, Mopoaoruy U MHPOKOro crekTpa GHU3UKO-XMMHUUeCKHX CBOMCTB H3ydae-
MBbIX 06beKTOB. [IpH 3TOM BbIIaBas JeTa IK3allHIo [I0/ly4aeMbIX JaHHBIX Ha yPOBHe [0JIekl HAaHOMeTpa C BpeMeH-
HBIM pa3pelleHHueM B MUJUIMCeKYHbl. OCTaIMCh 11 HepellleHHbIe 3a1a4un? KoHeuHo! O6 1x HebOo/IbIIO YacTH,
03aladyax 1 npobaeMax B 30HJ0BOM MUKPOCKOIIMH Be/IeTCSl pacCKa3 B 3TOM CTaThe.
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Abstract. 41 years have passed since the first scanning probe microscopy publication [1]. During this time, scan-
ning probe microscopes, which make it possible to look into the nanoworld, have become practical tools for phys-
icists, chemists, biologists, doctors, industrialists and teachers. Probe microscopes have formed an extensive
family of high-precision and highly informative instruments for observing topography, morphology, and a wide
range of physicochemical properties of studied objects. At the same time, detailing of the data obtained is at the
level of nanometer with milliseconds time resolution. Are there any unresolved issues? Certainly! Our story is
about a small part of them, about the tasks and problems in probe microscopy.
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BBE/JLEHUE

CKaHHUpYoOLIAs 30HA0BAS MUKPOCKOIIUS yCIIeIIHO
IIPOABUIAETCS 110 IMYTH Pa3BUTHUS TeOpeTHYe-
CKHX OCHOB QU3HKHU IOBEPXHOCTH, CTPYKTYPHI
1 JIOKQIbHBIX CBOMCTB HAHOCTPYKTYP, B TOM YHCIIe
SKUBOM MaTepUH - OBMOMaKpPOMOIeKYJ, BUPY-
coB, 6akTepuH U KyeToK (puc.l, 2). 3a mocjiefHUe
YeThIpe AeCSITHUIETHUsS HAaKOIJIeH OOIBIION Teo-
PeTHYeCKHH U 3KCIIePUMEeHTAaJIbHBIA MaTepHall.
BMecTe ¢ TeM ocTaeTcs psiJi HepelleHHBIX BOIIPO-
coB. Cpeiy HUX C/IeflyeT [IePeurCAUTb CJIelyIolIHe
npobyieMbl.

B ckaHUpyIOMeN TYHHeIbHON MUKPOCKOIUU
HeT IIOJTHOM TeopeTH4YeCKOM MoOJeaH IIyMOB,
NPOSIBASIIONIUXCS B TYHHeJIbHOM 3a3ope [2].
Hanmpumep, HHTeHCHBHOCTh TOKOBOILO IIyMa
IJIsl TOJJIOKKH K3 30JI0Ta OKAa3bIBAeTCs BHIIIE,
ueM A8 rpaduta. Kctatu, ecau 6bl B IpUpoe He
6p1710 6B IyMOB, GAYKTYaL[MHI U BO3MYIEHUH, TO
BUAKUMO BCSI GM3HKa CBeach 6Bl IPOCTO K MaTeMa-
THKe C TOUHBIMH KOHeUHBIMHU pe3yabTaTaMu. Ho
3TO He TaK, II03TOMY BCe ropa3zio pa3HoobpasHee,
HHTepecHee U yBJleKaTe/IbHee.

B aTOMHO-CHJIOBOH MHUKPOCKOIIUK HeT TOY-
HOTO KOJIMYeCTBEHHOTO aHa/IM3a OCHOBHOIO B3aH-
MOJEHCTBHUS, INPOTEKAIOMero MeXay 30HAOM
1 IIOBEePXHOCTHI0 06pasia. ITo B3aUMO/IeHCTBHe,
XapaKTepHU3yolleecs [OSIBIeHHEM PeaKI[MH OIIOPHI
U YIIPYIOH CHUIIBI, 06yCIOBIeHO KBAHTOBO-MeXaHHU-
YeCKHUM 3ampeToM - mpuHnunom Ilaynu [3]. 30Hn
He IIPOBAJIMBaeTCsI CKBO3b obpasel], IOCKOJIBKY
B OJHOH TO4YKe IPOCTPAHCTBA He MOTYT HaXoO-
OUTHCS ABA 3JIeKTPOHA C OJUHAKOBBIM ITOTHBIM
HabopoM KBaHTOBBIX UMcesl. [10 3TOM Ke IPUUYHHE

INTRODUCTION

Scanning probe microscopy is successfully advanc-
ing the theoretical foundations of surface physics,
structure and local properties of nanostructures,
including living matter - biomacromolecules,
viruses, bacteria and cells (Fig.1, 2). Over the last
four decades a lot of theoretical and experimental
material has been accumulated. However, there are
still a number of unresolved issues. Among them,
the following problems should be listed.

Puc.1. 3D-u306pa>keHue nogepxHocmu Kaemku ¢pubpocapko-
mbl HT1080 8 06nacmu Knemo4yHo20 s10pbliwKa. CKaHupyou,as
KanuaAsipHast Mukpockonusi

Fig.1. 3D image of an HT1080 fibrosarcoma cell surface.
Scanning capillary microscopy
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Puc.2. 2D- u 3D-u306pa>keHus HelipoHO8 U3 3MBPUOHO8 KpbICbl NpUMEPHO HA 14 deHb 8HYMpuUympobHo20 pa3sumus, CKaHUpyo-

was KkanuaasipHas Mmukpockonus

Fig.2. 2D and 3D images of neurons from rat embryos approximately at 14 day of intrauterine development, scanning capillary

microscopy

MBI CIIOKOKMHO XOLHM II0 II0J1y BePXHHUX 3Ta’kKeH
3JAHUM, He IIPOBAJIMBAsICh BHU3. TeopeTHYeCKUH
OO X0 MOXKeT CGOPMYIHUPOBATE IPOTOKOI 3KCIIe-
PHMeHTa /15 IPelM3UOHHOI0 U3MepeHHs XapakK-
Tepa 3TOTO0 B3aHMMOMEHNCTBHSI, HA3BIBAIOIErocs
06MeHHBIM.

B cCKaHUPYIOIMEHN KAINUIISIPHON MUKPOCKOIIMH
eCcTh 3aJa4Yl pacueTa BeJIHYHUHBI HOHHOIO TOKA
B TOHKHX KaOWJUISIPax IIPHU HAJIUYHUU BHYTPH
Kanuanaspa 6uMoMaKpoMoIeKkyJ C y4eTOM COCTOSI-
HUS [10BEPXHOCTH OMOMaKPOMOJIEKY K BHYTPeH-
Hel IIOBePXHOCTH KaIlHMJIsipa. B HacTosmuu
MOMEHT O4YeHb BasKHOM 3aJavell SIBJISeTCS Teope-
THUYeCKHUH pacyeT KOHQUI'YPALIUU U3MePUTeTbHOMU
CHCTeMBl CKAHUPYIOIEero 30HL0BOT0 MUKPOCKOIIA
nuisi obecriedeHUSI MaKCHMaJIbHOM CKOPOCTH U TOY-
HOCTH IIPOBOJHMBIX U3MepeHHuH. CyllecTByoONIHe
pelleHUS MO3BOJSIOT IIOBBICUTH CKOPOCTH JIMIIb
3a CYeT CHM KeHHU S KadeCTBa II0JydyaeMbIX H306pa-
SKeHUH U JaHHBIX.

METOAbl UCCIEAOBAHNSA

Pa3BuTHe QU3HUUYECKUX OCHOB, TEOPHU U METO-
OB CKAHUPYIOMIEeN 30HJOBONM MHUKPOCKOIIUU
I7s Pa3/IMYHBIX IIPHUJIOKEeHHUH OCTaeTCs BOC-
TpeboBaHHOM 3amaveii. K yCremIHBIM IIPHJIOKe-
HUSIM 30HZOBOM MUKPOCKOIIMHK OTHOCSTCS 061a-
cTu OGUOJIOTUU U MeAHUIIUHBI. 31eCh BaskKHA He
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In scanning tunnelling microscopy there is
no complete noise theoretical model exhibited in
the tunnelling gap [2]. For example, noise cur-
rent intensity appears to be higher for gold sub-
strate than for graphite. By the way, if there were
no noise, fluctuations and disturbances in nature,
apparently, all physics would simply reduce to
mathematics with the exact final results. That is
not the case, so everything is much more varied,
interesting and fascinating.

In atomic force microscopy, there is no pre-
cise quantitative analysis of the main interaction
occurring between the probe and sample surfaces.
This interaction, characterized by appearance of a
support reaction and an elastic force, is due to the
quantum mechanical prohibition, the Pauli prin-
ciple [3]. The probe does not fall through the sam-
ple because two electrons with the same full set of
quantum numbers cannot be in the same point of
space. For the same reason we walk quietly on the
floor of upper floors of buildings without falling
through. A theoretical approach can formulate an
experimental protocol for precisely measuring the
character of this interaction, called an exchange
interaction.

In scanning capillary microscopy, the main
task is to calculate the ionic current value in thin
capillaries with biomacromolecules inside these
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TOIBbKO 3D-BH3yanu3alnus 06beKTOB C HAHOMe-
TPOBBIM IIPOCTPAHCTBEHHBIM pa3pelleHHEM,
HO U OIlpeJielieHHe HX JIOKAJTbHBIX PU3UUIECKUX
U 3JIeKTPOXUMHYECKHUX CBOMCTB. Cpeau Mexa-
HHUYeCKHX CBOMCTB - 3TO JKeCTKOCTb, MeXaHHUe-
CKasl IPOYHOCTh, CTAaOUIBHOCTD, QPUKIHOHHBIE
CBOMCTBA M IIp. BaskHa Takke HHPopMaLus 06
aJTe3UBHBIX CBOMCTBAX [IOBEPXHOCTH, BeJIHUYHHe
IIOBePXHOCTHOIO 3apsifia, CKJIOHHOCTH K arpe-
ralluy, peaKLHOHHOM CIIOCOOHOCTH M MPOYHUX
rmapameTpax.

Y Hamled IPYIIb HUMeeTCS MHOTOJETHHUH
OIIBIT PAa3BUTHS METOHOB CKAHUPYIOIEHN 30H[I0-
BOM MHUKPOCKOIIHU, HAbIIOLeHUS U aHaIHU3a pas-
JTUYHBIX 06beKTOB (pHC.3), B TOM 4YHCJIe Hauboiee
CJIOKHBIX U CTPYKTYPHPOBAHHBIX 06pa3110B SKHBOK
MaTepUHU — HYKJEHHOBBIX KUCIOT, 6eJIKOB, JTUIIH-
n0B, BUPYCOB (puc.4), 6akTepuil (pUC.5) U KUBBIX
KJIETOK. Bo BCeX 3THX cly4asix B Xxofe HabmomeHUs
IIPOBOJMUIICS TeOPeTUYeCKUN pacdeT, PUIBTPa-
nusi, 06paboTka, pallMoHaNbHAS HHTEpPIpeTallUs
Y IIOC/IeIY IO M aHATHU3 JaHHBIX.

Jlnsi ycmemHOro pa3BHUTHUS JNo06oro Hayd-
HOI0 HAaYHMHAHHSA HeobXogMMa CHCTeMHas
pabora 1o mpuBIeYeHUIO MOJIOABIX HCCIeJ0BaTe-
Jle¥ - CTYy,eHTOB U aCIHPAHTOB K AKTHUBHOMY Hayd4-
HOMY TBOp4YecTBY. Ha ¢u3nvdeckoM paKyabTeTe
HaMH COo3/1aH L[eHTP MOJIOJeXKHOI0 HMHHOBAI[HOH-
HOTo TBOpYecTBa 'HaHOTeXHONIOIUHU" ISl IPUBJIe-
YeHHsSI K KPeaTHBHOMY HAay4YHOMY TPYAY aKTHB-
HOM MOJIOZEeXH, HauHHasl CO MKOTBHOM CKaMBbH.
B 3TOoM rogy MbI CTald HHUIIHATOPAaMHU M Kypa-
TOpPaMH HAy4YHOIO HAaIPaBJeHUS OJHUMIIHAJBI
"PobodecT" Mo CKAHUPYIOIIEH 30HL0BOM MUKPOCKO-
MU U S5PUTPOLUTOB.

Mornopple yUaCTHUKHU HaIlleH IPYIIIB YacTO BHO-
CHJIM CBOM CYIIeCTBEHHBIN BKJIAJ, B Pa3BUTHE TeO-
PHUU U IPAaKTUKHU CKAaHUPYIOIIeH 30HL0BOM MHKPO-
cKomuH. IIpaBzma, 3TO IPOUCXOIHU/IO TONBKO B TOM
clydae, eCIH MBI C He0OXOMUMBIM TepIIeHHEM,
3a60TOM, HACTOMYUBOCTBIO U BHUMAaHHEeM OKa-
3bIBA/IM UM He0b6XOQHMYI0 IIOMOIIb A/ OBICTPOro
1 3¢ PeKTUBHOIO OCBOEHHSI HOBOM /sl HUX 06na-
CTH 3HaHUU. Hampumep, 61aromaps mpusiede-
HHIO CTYJeHTa 2 Kypca ¢U3HUUeCcKoro gpaxyabrera
AnexcaHpapa ®PUTOHOBA K MHTeHCHBHOM Hayd-
HOM paboTe 6BIJI CO3/TaH YHUKATBHBIN IIPOrpaMM-
HBIM IaKeT I10 YIPaBIeHHUIO CKAHUPYIOIUM 30H-
OOBBIM MHKPOCKOIIOM U 06paboTke HabaomaeMbIx
DaHHBIX "®emToCKaH OHIANH", KOTOPBIM CTal
ne-GaKTo CTAaHAApPTOM MPOrPaMMHOIO IMPOAYKTA
1o o6paboTKe, aHATKU3Y U IIOCTPOEHHUIO H306paske-
HHUI B MUKPOCKOIIMH CBEPXBBICOKOTO pa3pelleHHus,
BK/II0Yasl 30H/0BYIO, 3/IeKTPOHHYIO U OIITHYECKYI0
MHUKPOCKOIIHIO [4, 5].
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Puc.3. Kpucmanael conu Ha nogepxHocmu zpaduma
Fig.3. Salt crystals on the graphite surface
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Puc.4. N306pa>keHue supyca zpunna Ha nosepxHocmu zpagu-
ma, KOHMAKMHbIU peXKum amomMHO-CuA080U MUKPOCKOnUU
Fig.4. Image of influenza virus on graphite surface, atomic force
microscopy contact mode

capillaries, taking into account the surface state of
the biomacromolecules and the state of the capil-
lary inner surface. Currently, a very important task
is the theoretical calculation of a scanning probe
microscope probing system configuration for max-
imal measurement speed and accuracy. Existing
solutions increase the measuring speed only due to
image and data quality decrease.
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Puc.5. 2D- u 3D-u306paxkeHust CeHHOU NAAO4KU, KOHMAKMHbIU pexKum amomHO-CcUA080L MuKpockonuu
Fig.5. 2D and 3D images of Bacillus subtilis, atomic force microscopy contact mode

PE3YNIbTATbI U OBCY)XAEHUE

CTyHLeHTHI TPYIIIbl IPUHUMAIOT aKTHBHOE yd4a-
CTHE B TEOPeTHYEeCKOM MOJEeTHUPOBAHUU IIPOTe-
KAIOLIMX IIPOL[eCCOB IIPH B3aUMOLEHCTBUH 30H/-
o6paser. [IpoBoAsT HeobXOMHUMBIe TeOpeTHYE-
CKHe pacyeTsHl A5l ONTHMHU3ALUU U3MePeHUH
Ha OCHOBE IIPOrPaMMHUPYEeMBbIX TOTHYECKUX HHTe-
rpajqbHBIX MHUKPOCXeM, B TOM YHCIe, A/ yBe-
TUYeHUS] CKOPOCTH M3MepeHHH [6]. B HacTos-
mee BpeMsi CTYAEeHThI IPUCTYIIUIH K U3y YeHHIO
U IPUMEHEeHUIO HeHPOHHBIX CeTeH U UCKYCCTBEH-
HOTO MHTeJIJIeKTa KaK [Jsl YIpaBIeHHUS PexKU-
Mamu cbopa JaHHBIX, TaK U [0C/IeAyoleH o6pa-
60oTKM H306pakeHHH. Cpelu MOCIeLHHUX JOCTH-
JKeHUH - IOUCK U BBIJEIeHUe Ha II10Jy4YeHHOM
n306pakeHUU XapaKTePHbIX YaCTHUL], HAIPUMeP,
MaKpOMOJIeKY/, Be3UKY/I, BUPYCOB UIU BakTe-
PHAJIBHBIX KJIETOK.

B 3a1a4ax 10 MOJEPHU3ALHUU CKAaHUPYIOIIKX 30H-
IOBBIX MUKPOCKOIIOB OCTPO CTOUT BOIIPOC JaIbHEH-
LIero [IPOBeJeHHsI TEOPeTUYECKOro aHaIH3a U pac-
YeTa OCHOBHBIX GaKTOPOB, IIPEISITCTBYIOUIUX IOBBI-
IIeHHUI0 YyBCTBUTEABHOCTH, TOUHOCTU U CKOPO-
CTU IIPOBefIeHU S U3MepeHHUH. YacTh STUX GAaKTOPOB
HOCHUT HeIIPeOAOTHMBIN XapaKTep, 06yC/I0BIeHHbIH
TEIIOBBIM IIYMOM, JPOGOBBIM IIYMOM BC/Ie[CTBHE
OUCKPETHOCTH 3apsifia, HU3Ko4acToTHbIM (1/f) ruk-
Kep-IIyMOM, KBAHTOBBIMU LIyMaMH. JIpyrue Bo3my-
IIaOIIMe BO3AEeHCTBUS HOCSAT YCTPAHUMBIH Xapak-
Tep U OBIBAIOT 06YCIOBIEHBI PA3IMYHBIMH TeXHHUYE"
CKHMH I1apaMeTpaMHu (IJIOXO ONTHMHU3UPOBAHHOM
3JIeKTPOHUKOM, HEOIITUMa/IbHBIMU TeXHUIeCKUMHU
pelleHUSIMH U AP.).
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RESEARCH METHODS

The development of the physical foundations, the-
ory and methods of scanning probe microscopy for
a variety of widely necessary applications remains in
demand. Successful probe microscopy applications
include biology and medicine fields. Not only 3D
visualisation of objects with nanometre spatial res-
olution is important here, but also determination of
their local physical and electrochemical properties.
Mechanical properties include stiffness, mechan-
ical strength, stability, friction properties, etc.
Information about surface adhesion, surface charge,
aggregation tendency, reactivity and other parame-
ters is also important.

Our team has many years of experience in devel-
oping scanning probe microscopy methods, observ-
ing and analysing various objects (Fig.3), includ-
ing the most complex and structured samples of liv-
ing matter - nucleic acids, proteins, lipids, viruses
(Fig.4), bacteria (Fig.5) and living cells. In all these
cases, theoretical calculation, filtering, processing,
rational interpretation and subsequent data analysis
were carried out during the observation.

The successful development of any scientific
endeavour requires systematic work to attract
young researchers - undergraduate and postgrad-
uate students - to active scientific creativity. The
"Nanotechnology" Youth Innovation Creativity Centre
(YICC) was established at the physical department to
attract active young people to creative scientific work,
starting from their school years. This year, we initi-
ated and supervised the Robofest Science Olympiad
on scanning probe microscopy of erythrocytes.
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3AK/IIOYEHUE

Huske HaMu cGOpPMYy/IHPOBAHBI 3a/lauH, pellleHHe

KOTOPBIX UMeeT KakK HayuHBbIH, TaK U IpaKTU4e-

CKUI HHTepec. Cpein 3TUX 3a/a4:

1. TeopeTHYeCKHU N pacueT xapaKTepa BO3/IeHCTBUS
1 SHepruu Bo3by>KAaromero CUrHan€a co CTo-
POHBI 30H/Ia Ha IIOBEPXHOCTh 06pasia a1 yaa-
JeHUS OJHOTO aTOMa M3 KPHUCTAIIMYeCKOH
pemeTkH rpaduTa, SKCIepUMeHTaabHas IIPO-
BepKa IIPOBeIeHHOTO pacyeTa.

2. TeopeTnuuecKkasi OolleHKa IpeleabHON QyHIa-
MEeHTa/JIbHOMN YyBCTBUTEIBHOCTHU TyHHEJIBHOTO,
aTOMHO-CHJIOBOTO U KaIlU/IJISSPHOTO MHKPOCKO-
noB. Pa3paboTKa MeTPOJOTHUYeCKOTO COIIPOBO-
SKJIeHH I 30H/I0BOM MU KPOCKOIIHH.

3. Pa3BUTHe TeOpeTHYeCKOTO MOAX0Ma /s pac-
yeTa CHJI0OBOTO B3aMMOJeHCTBUS 30HA-0b6paser]
B IpUOIHMKeHUU 06MeHHOTO B3aUMOZeCTBHU S
(3amperta I[laynu).

4. TeopeTHYecKas OLleHKa CIeKTpa KoaebaHHUM
MeMO6paHBI KUBOM 6aKTepHaTbHOM KIETKH.
MopjenupoBaHHe BO3JEHMCTBUS Pa3JIHUYHBIX
AaHTHUOHOTHKOB Ha KU3HEHHBIM LIUKJ KJIeTKHU
M XapaKkTepa 3aTyXaHHSs IOJBHUXXHOCTH MeM-
OpaHBI KJIETKH IIOJ JeHCTBUEeM aHTHOHOTHKA.
IIpoBe/leHHe HAaTyPHBIX 3KCIIEPHMEHTOB.

5.Pa3paboTka TeopeTHYeCKHX Mojenel

OJ151 OLleHKH MeXaHHU4YeCKOMH YyIPYTOCTH KJIETOK

(pubpobracToB, 0cTe061aCTOB U AP.) BEICIIHX

OPraHHU3MOB U IIOCTPOEHU S KapThl pacrpesesne-

HU S )KeCTKOCTH I10 IOBEPXHOCTH KJIETKH.

6. TeopeTH4ecKas OLleHKa pe3yabTaTOB HaHOIH-
Torpaduu U JOCTAaBKU peareHTOB B 3aJaHHYIO
06/1aCTh, OCYLIECTBAEHHBIX C IIOMOIBIO CKAHH-
pyIoller KanuIJspPHON MUKPOCKOIIHH.

7. PacueT TeopeTHYeCKHUX MoJe/eld NepClIeKTUB-
HBIX 3JIeKTPOXMMHYECKUX U OHOTOTHUUYECKHUX
CEeHCOPOB C MIPHUMeHeHHEeM MHOTOKAaHAJbHBIX
KanuanspoB. TeopeTHdecKas OLleHKA B3aHUM-
HOT'O BJIMSIHUSI CUTHAJIOB C Pa3/JIMYHBIX KAaHAJIOB.

8.Pa3paboTka obpa3oBaTenbHBIX IPOrpamMm

IJ151 MIKOJIBPHUKOB M CTY€HTOB B 00/1aCTH Teo-

PHH U NPaKTHUKH CKaHHPYIOIIeH 30HAOBOH

MHUKPOCKOIIHH.

9. ipyrue paboTsl, I0I€3HOCTD BHIIIOJTHEHHU I KOTO-
PBIX OOHAPY>KUTCS IIPU pPellleHUH CHOPMYIHPO-
BaHHBIX BBIIIE 33/a4.

BaskHermas 3aavya - 3TO OCyIlecTBIeHHe obpa-
30BaTeIbHOM U 0byuaroliell 1esiTeIbHOCTH, B OCHOB-
HOM HaIlpaBJeHHOM Ha IIpHUBJIedeHUe CTYJeHTOB
K M3Yy4YeHHIO XHUBOHM MaTepUU METOLAMHU CKaHHU-
pylollel 30HZOBOM MHKPOCKONMHH. ITa paboTa
MO>KeT IIPOBOAUTHCS Kak B paMKaX TPagULIMOHHBIX
JMeKIMOHHBIX KypPCOB U MPaKTHUUYECKUX 3aHATHHU
nabopaTopHOro NpakTHUKyMa, TaK U B IPOeKTHOMU

The young members of our team have often made
significant contributions to develop theory and prac-
tice of scanning probe microscopy. However, this
happened only if we, with the necessary patience,
care, persistence, and attention, provided them
with the necessary assistance to quickly and effec-
tively learn the new field of knowledge. For exam-
ple, thanks to the involvement of 2nd year phys-
ics student Alexander Filonov in intensive research
work, a unique software package for scanning probe
microscope control and processing of observed data
"FemtoScan Online" was developed, which became
the de-facto standard software product for process-
ing, analysis and construction of images in super-
resolution microscopy including probe, electron and
optical microscopy [4, 5].

RESULTS AND DISCUSSION

Students take an active part in theoretical model-
ling of processes in probe-sample interaction. They
carry out necessary theoretical calculations to opti-
mise measurements based on programmable logic
integrated circuits, including increasing the speed
of measurements [6]. Currently, students have
begun to explore and apply neural networks and
artificial intelligence to both the data acquisition
modes management and subsequent image process-
ing. Recent advances include the search and extrac-
tion of characteristic particles such as macromole-
cules, vesicles, viruses or bacterial cells in the cap-
tured image.

Scanning probe microscopes modernization
require solving the problem of further theoretical
analysis and main factors calculation, impeding
the sensitivity increase, accuracy and speed of mea-
surements is urgent. Some of these factors are insur-
mountable due to thermal noise, shot noise due to
charge discreteness, low-frequency (1/f) flicker noise,
and quantum noise. Other disturbing influences
are avoidable and can be caused by various technical
parameters (poorly optimised electronics, sub-opti-
mal technical solutions, etc.).

CONCLUSIONS

Below we formulate the tasks that are of both scien-

tific and practical interest. These tasks include:

1. Theoretical calculation of influence character
and excitation signal energy from the probe side
on a sample surface for removal of one atom from
graphite lattice, and experimental check of calcu-
lations to be performed.

2. Theoretical estimation of limited fundamental
sensitivity of tunneling, atomic force and capillary
microscopes. Development the of probe micros-
copy metrological support.
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HAHOTEXHO/OrUU

paboTe HOBBIX pOPM 0OyUEHH I 30HJOBOM MHUKPOCKO-
nuu. Takasi IpocBeTUTeIbCKast paboTa IPOBOJUTCS
HaMH B MaCTepCKUX LleHTpa Mo/Ioe>KHOT0 MHHOBA-
LIHOHHOTO TBOPYEeCTBa 'HAaHOTeXHOJIOTHH', B X0fe
paboTsl JIabopaTOpPHUHU 30HLOBOM MHKPOCKOMHUU
B PaMKaXx IIPOeKTHBIX MKoJ MI'Y "BepHafcKUM" U B
KOHKYPCHOI IIPOrpaMMe oIMMIHa bl 'Pobodect”.

BNATOAAPHOCTHU

ABTOpBI BBIPa>KaIOT 671aT0JapHOCTD IIPABUTEIBCTBY
MockBbl 1 PoHAY "MOCKOBCKHUK MHHOBAIMOHHBIH
KIacTep” 3a noamepskky LIMUT "HaHoTeXHOMOTHH.

WHOOPMALMUA O PELLEH3UPOBAHUN

Pemakuus 6arofapuT aHOHHMHOTO pelleH3eHTa
(peLleH3eHTOB) 32 UX BKJIAJ B pelleH3UpPOBaHUE
3TOoN paboThl, a Tak>ke 3a pa3MelleHHe CTaTeHn
Ha CaMTe XKypHaja U lepefavyy UX B 37IeKTPOHHOM
Buge B HO6 eLIBRARY.RU.

Jekaapauus o KOHPAUKMe UHMepecos. Asmopbl 3098~
Asilom 06 omcymemauu KOHPAUKMO8 UHMepecos UAU AUMHBLX
0MHOWeHUil, Komopble MozAu bblL n08AUAMb Ha pabomy, nped-
cmasAexHyto 8 daHHo(l cmambe.
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3. Development of theoretical approach for computa-
tion of tip-sample force interaction in approximation
of exchange interaction (Pauli prohibition).

4. Theoretical evaluation of living bacterial cell spec-
trum of membrane fluctuations. Modelling the
effect of various antibiotics on the cell life cycle and
the nature of cell membrane motility attenuation
under antibiotic action. Carrying out the experi-
ments in vivo.

5. Development of theoretical models to estimate
mechanical stiffness of cells (fibroblasts, osteo-
blasts etc.) of higher organisms and generate a stiff-
ness distribution map on a cell surface.

6. Theoretical evaluation of nanolithography and
reagent delivery to a given area, carried out by scan-
ning capillary microscopy.

7. Calculation of theoretical models of promis-
ing electrochemical and biological sensors using
multichannel capillaries. Theoretical evalua-
tion of mutual influence of signals from different
channels.

8. Development of educational programmes for school-
children and students in scanning probe micros-
copy theory and practice.

9. Other works which will be useful in solving the
above-mentioned tasks.

The most important task is to carry out educational
and training activities, mainly aimed at involving
students in study of living matter by scanning probe
microscopy. This work can be carried out as part of tra-
ditional lecture courses and practical laboratory prac-
ticals as well as in the project work teaching the new
forms of probe microscopy. We carry out such educa-
tional work in workshops of the "Nanotechnology"
Youth Innovation Creativity Centre in the probe
microscopy laboratory as part of the Vernadsky
Moscow State University project schools and in the
Robofest Olympiad competition programme.
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CHUCTEMEI
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ISBN 978-5-94834-434-0

n“f

B kHMre cobpaH kypc aekumi no DWDM-cHCcTesMmam, NPEAHOIHOYEHHER AA CNSUMOAMCTOR, IOHMAAIOWMXCE DaAIpaboTkon,
BHEADEHMEM W IKCNAYOTAUMER DWDM-obopyAoBaHKMA, 210 YETEEDTOS MIAQHME, POCLUMEEHHOE K ACNIOAHEHHOES, COCTOALEES 13
HETHPEX PAIABA0E. B NEpEOR 4OCTH DOCCMOTREHL OCHOBE DWDM-CHCTEM, MCTODMA MY BOIHUKHOBEHMA 1 3B0AKOUME, BO BIOPORA Ya-
CTH — KOMMOHEHTE BOACKDHHO-ONTMMECKOND TRKTO, 8 TRETHER — NPUEMHUE M NeReAaME KOHOAC-0BpayouLEro 0BoDyYADBOHME,

B HETBEDTON YOCTH — MEXOHWIME COOPMHMPOBOHMA LLIYAMOE M cnocobbl HE POCHETA NPHMAMEHMTEABHD K BOAQKOHHO-ONTHHECEMA AHHMAM
CEBAIA,

Uexa 1940 pyG.
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