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AHHoTa1us. [IporpammHoe obecriedyeHue "®eMToCKkaH OHIANH", SB/ISISICh BHICOKONIPOGECCHOHATIBHBIM ITPOAYK-
TOM [IJ151 HayUHBIX UCC/IeJOBAHU, 0Ka3aJI0Ch yIaYHBIM HHCTPYMEHTOM [/t 06pa3oBaTe/bHOM [esTe/IbHOCTH
B CpeiHel U BBHICIIEHN LIKoJe. B HayuHBIX HUcclefoBaHUAX "PeMToCKaH OHIANH" IPelOCTaBIIsIeT BeCh CIIEKTP
Heo6XoIMMBIX pellleHH I 111 cbopa, XpaHeHHU s, aHAIKN3a, 00paboTKHU U AabHeHNIIero IpuMeHeHU s 3KCIIepu-
MeHTaJIbHBIX JAHHBIX OIITUYECKOH, 3IeKTPOHHOM K 30HI0BOM MUKPOCKONMH. Hanbosbmlas 1eHHOCTh IIPo-
rpaMMHOro obecriedeHus "PeMToCKaH OHIANH" COCTOUT B IIUPOKUX BO3MOKHOCTSIX PabOTHI C TpeXMEPHBIMH
1300paskeHUSIMU B Pa3/IMUHBIX paKypcax, LIBETOBBIX TAaMMax C HMCII0JIb30BaHHEM MaTeMaTHU4YeCKUX QHUIIb-
TPOB U OIllepalLiMil, KOJTH4YeCTBeHHOMN 06paboTKU U HAIMISIAHOTO BU3YaIbHOTO IIpeicTaBIeHUs. B "®emToCKaH
OHJIaMH" TaKKe IIpelyCMOTPeHa BO3MOKHOCTb PaboThI C IByMepPHBIMH AAHHBIMHU ~ AUaTPaMMaMU, Tpadu-
KaMH, CKaHaMH U 1p. O6paboTka poTorpaduri Toke MOKET HAXOLUThCS B poKyce "dPeMToCKaH OHIANH".

Knrouesnle cioBa: 06Pa60TKa OAaHHBIX, BBIpABHHBAHHE II0JIOKKH, ATOMHO-CHJIOBASI MHUKPOCKOITH S, CKAHUDPY-
omas 30HA40Basi MUKPOCKOIIH A, 6HOHAHOCKOIIH S
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Abstract. FemtoScan Online software, being a highly professional product for scientific research, has turned
out to be a successful tool for educational activities in secondary and higher schools. In scientific research,
FemtoScan Online provides the full range of necessary solutions for the collection, storage, analysis, process-
ing and further application of experimental data from optical, electron and probe microscopy. The greatest value
of the FemtoScan Online software lies in its wide capabilities for working with three-dimensional images from
different perspectives, color scales using mathematical filters and operations, quantitative processing and clear
visual representation. FemtoScan Online also provides the ability to work with two-dimensional data - diagrams,
graphs, scans, etc. Photo processing can also be the focus of FemtoScan Online.
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BBEJLEHUE

A 3aueMm "®emToCKaH OHNIANH" B mKoe? [Ipy HAYaIh-
HOM H(CII0/1b30BaHUM "®eMTOCKaH OHJIANH" IIKOJb-
HUK Cpa3y >kKe MOKeT [T03HaKOMHUTLCS C 00 beKTaMU
HAaHOMHpA: aTOMaMH, MOJIeKyJaMH, HaHOYaCTULIAMHU
Y HaHOMaTepHa/laMu. M cpa3y B TpexMepHOM BHJe.
Ocobbli MHTepec MpecTaBsieT HabmoneHe 06beKTOB
skuBoM mpuponsl - JHK u PHK, 6esIKOB, JTUIIUIOB, BHPY-
coB, OaKTepH M, KJIeTOK Pa3/IMYHbIX OpTaHU3MOB. KaKkoB
pa3Mep aToMa MK YeloBe4ecKoro Boaoca? Kak BBIIIS-
JUT BUPYC TabauHOM MO3aHMKH MK 06bIKHOBEHHOK ITPO-
CTyzbl YesioBeka? Ha 3TH U Apyrue BOIIPOCHI OTBET JaeT
"®eMToCKaH OHIIANH". UHCTPYMeHTSHI ~ IMHEeNKa UK
cedyeHHe - MHTYUTUBHO IIOHSATHBI U B BBICIIEH CTelleHH
MHPOPMATUBHBI. MOXKHO BBII€TTUTb OUHOYHBIHN 00B-
eKT U OIlpeJle/INTh COBOKYITHOCTD €0 reoMeTpHUUeCcKUX
IapaMeTpoB -~ IepHMeTp, IIONaJib OCHOBAHUS, 06beM,
nepernaf, BbICOT, II€POX0BATOCTb. K 3TUM Ke IapaMe-
TPaM OTHOCHUTCSI U $aKTOP GOPMBI: HACKOIBKO, HAIlpH-
Mep, popma 06bEKTa OTIIMYALTCS OT IIapa M HACKOIBKO
6113Ka K BBITSHYTOH. IIIMpOKoe IoJie A CAMOCTOSI-
TeJIbHOM U BIlyMUYHBOH PabOThI INKOTBHUKA [1].

"OEMTOCKAH" B CPEAHEH LUIKONE
PaboTa c TpexMepHBIMH H306paskeHUSIMH [103BOJISIET
[IOHATh MHOI'O Ba>KHBIX BOIIPOCOB. TaK ysK I10/1y4aeTcs,
YTO B IIKOJIBHBIX 3aJla4ax I10 GpH3KKe OTBET MMeeT TOY-
Hoe 3HaueHMe. K mpuMepy, JeHCcTByoomas cuaa B 1 H,
WJIM CKOPOCTh B MOMEHT IIpH3eMJIeHH s Teja — 10 m/c.
B peasibHBIX YC/IOBUSAX BCe He TaK. 3HaYeHH s Bcerga
TI0JTyYaloTCsl TPUOIH3UTEIBHBIMHU C TOM MJIH MHOK TOY-
HOCTBI0. Ha mepBeIX Kypcax 00ydeHH sl B BBICIIEH HIKOJIe
MHOTHM 3TO He HPAaBHUTCS. XOUeTCsI TOUHOTO OTBeTa,
a He 0TBeTa C IIOT'PeIIHOCThI0. Ho ¢ 3THM ITPHUXOAHUTCS
MHPHUTBCS U TOTIBKO CTAPaThCs KakKAbIU pas3 I0/1ydaTh
3Ha4YeHHe U3MepsieMOH BeJIMUKMHEI BCe TOYHee 1 TOUHee.
Kak ¥ B IpYyrux QU3HNUeCKUX SKCIIEPHMEHTAX, B 30H-
JIOBOM MHKPOCKOIIMH eCTh IIYMBI, IIOMeXH U OTPexH,
KOTOpbIe 6yyT IIPOSIBISTLCS HAa TPeXMEePHBIX H306pa-
SKeHUAX. 1 UX yCTpaHeHM s TaM, Ile 3TO BO3MOSKHO,
KCIIOB3YIOT pa3aIrYHble BUALI QUIBTPALIMU. B 30HI0-
BOI MHKPOCKOITMH HaJI0 PeTUCTPHUPOBATH CYyOMUKPOH-
HbIe Ilepernajbl pesibeda MoBepXHOCTH 06pasiia. OgHaKo
13-3a2 TeMIIepaTypHOIo Jperda MoBepxHOCTb 0bpasiia
MOKeT IIJIABHO IIPUOIHKATBCS K 30HAY UM OT HETO
yAansaTecsi. Ha n3obpaskeHUH IOSIBISIeTCS HAKJIOH,
KOTOPOTo Ha II0BepXHOCTH obpaslia HeT. [Ij1s ycTpaHe-
HHUS TaKOro 3¢PpeKTa U3 MoNTydeHHOTro H306paskeHUs
BBIYMTAIOT IIJIOCKOCTh HaKJIOHA. [I/1s yIaIeHUs OLMHOY-
HBIX BEIOPOCOB HCIIONB3YIOT MeHAHHY0 QUIBTPALILIO.
Kax paboTaroT pa3inyuHble MaTeMaTH4YeCKHe GpUIBTPBI
MO>KHO HAIJISAHO CMOTPEeTh IIPH MX MCIIONIb30BAHUH
Ha PeaJIbHBIX HJIK MOZe/TbHBIX 06pasiax. B urore momny-
4aeTcs xoporas 1abopaTopHas paboTa 1o MaTeMaTHKe
1 UHQOpMaTHKe.

INTRODUCTION

Why does FemtoScan Online need to be used at school?
With the initial use of FemtoScan Online a schoolchild
can immediately get acquainted with the objects of the
nanoworld: atoms, molecules, nanoparticles and nano-
materials. And, immediately, in three-dimensional
form. Of particular interest is observation of living nature
objects-DNA and RNA, proteins, lipids, viruses, bacteria,
cells of various organisms. What is the size of an atom or
a human hair? What does the tobacco mosaic virus or
the common human cold look like? FemtoScan Online
answers these and other questions. The tools - ruler or
section - are intuitive and highly informative. You can
select a single object and define a set of its geometric
parameters - perimeter, base area, volume, height differ-
ence, roughness. These parameters also include the shape
factor: how much, for example, the shape of the object
differs from a sphere and how close to an elongated one.
A wide field for independent and thoughtful work of a
schoolchild [1].

FEMTOSCAN IN SECONDARY SCHOOL

Working with three-dimensional images allows you to
understand many important questions. It so happens
that in school physics problems the answer has a precise
meaning. For example, the acting force is 1N, or veloc-
ity at the moment of landing of the body is 10 m/sec. In
real conditions it is not so. The values always turn out to
be approximate with one or another accuracy. In the first
courses of higher education, many people do not like it.
They want an exact answer, not an answer with an error.
But you have to put up with it and only try to get the value
of the measured value more and more accurately each
time.

Puc.1. 3ausmus 6 UMWT "HaHomexHoaoz2uu" no obpabomke
daHHbix ¢ [10 "®emmoCkaH OHAAlH"

Fig.1. Classes in YICC "Nanotechnologies" on data processing in
FemtoScan Online software
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KJIoHIAMK [J15 ypoKa o 6HOIOrHH — 3T0 H306paske-
HUSI BUPYCOB, baKkTepUI U KJIETOK, a Takke PHK, THK,
6eIKOB, TUIIUAOB. MOSKHO PAaCCMOTPETh BCe MeTbYal-
IIHe OeTaIu C 6OBIION I10/1b30H AJIS IIOHUMAaHUS
1 00yueHUsI.

Ha ypokax XMMHHU yIa4HBIM KU KPaCHUBBEIM IIpH-
MepOM SIBJISIeTCS TOKaJbHOEe aHOLHOe OKUCIeHUe
IIOBEPXHOCTH. B KauecTBe 06pa3la MoOXKeT BBICTY-
[IaTh IIOBePXHOCTh rpaduTa, KpeMHHUs, TUTAHA,
QJIIOMHHUS 1 IPYTHUX MaTepHaJsioB. B akcIieprMeHTe
B OIlpeJleJleHHBIX MeCTax IIOBePXHOCTHU K 30HIY
NpHUKJIALBIBAETCS OTPUILIATEbHBIN IOTEHIIHA.
B pe3ynbTaTe Ha IOBEePXHOCTH ob6pa3lia IIPOUCXO-
IUT OKHC/IeHHe 107, JeCTBHEeM 3JIeKTPOHOB U OTPU-
LlaTe/JbHBIX MOHOB. [I0/y4YeHHBIN TaKUM 06pa3oMm
OKCHIHBIN CI0M 6yLeT maBaTh JOIIOJHHUTETbHBIN
peibed Ha moBepxXHOCTH. [lonydaeTcss nmUTOrpa-
dus c HaHeceHHeM QUI'YPOK, IOPTPeTOB K APYTHUX
PHUCYHKOB.

[TpocTOp BO3MOKHOCTEH [laeT 30HJ0Basi MUKPO-
CKOIIMS Ha ypokax usuku. Hanmpumep, ecTb Xopo-
IMIKI BOIPOC: KaK OTAHUYUTDL PeaibHBIHM HAaKJIOH
[IOBEPXHOCTH 06pasiia 0T HaKJIOHA, 00yC/I0BIEHHOTO
TeMIlepaTypHBIM ApetidomM? Bompoc He 0UeHb CIOXK-
HBIH, 1 CO0Opa3KTe/IbHBIH IKOJIPHUK TA€eT ITPABUJIb-
HBIHU OTBET, XOTsI MOKeT 6BITh U He cpa3y. [lapa mog-
CKa30K OpIBaeT I10JIe3Ha.

Jpyrue ¢pusmdeckue 3agauu. [IpusKUMas 30HT,
K IIOBEPXHOCTH C Pa3/IMYHOMN CHJIOM, MOKHO
OLleHUTbh MeXaHHYeCKHe CBOKCTBa IOBepX-
HOCTHU. TaK>Ke MOXXHO ONpefe/UTh BapUallUU
CHUJBl TPEHHUS MeXIYy 30HOOM M HCClIefyeMOU
[10BEPXHOCTHIO.

HacTporika nerny o6paTHOM CBSI3H — IIHPOKOE II0JIe
IJ1s1 0DIIIero IOHKMMaHU I, YTO TaKoe obpaTHas CBS3b
He TOJIBKO B 30H/IOBOM MHKPOCKOIIHMHU. braromaps
30H0BOM MUKPOCKOIIMU MOSKHO JIerde IOHATh, KaK
ee HaCTpauBaTh U 3aUeM HCIIONb3YIOTCS IIPOIIOPLIHO-
HaJ/IbHOe, HHTerpaibHOe U fuddepeHIIHATbHOE 3Be-
Hbsl. HauaTb TPeHHUPOBKY I10JI€3HO C BECOBOT'O MaKeTa.
BecoBpIM MaKeTOM MBI Ha3blBaeM Pe3UCTOp (3/1eK-
TPHUUeCKOe COIIPOTHBJIEHHE), KOTOPOe IIOAK/IIYaeM
Me Xy BBIXOLOM H BXOZOM Lellh 0OpaTHOM CBSI3H.
C TOUKH 3peHUs QYHKIIMOHHUPOBAHHUS NeKTPOHUKU
CKaHHPYIOIIEro 30HJA0BOr0 MUKPOCKOIIA BCIO MeXaHU-
YeCKyI0 CUCTeMY, BKI4as 30HA, obpaselr, CUCTeMY
nepeMelleHHUs U PerucTpaliuy MOXHO 3aMEeHMTh
OLHUM pe3UCcTOpoM. Ec/i B LleNM IIOSBUJICS [OION-
HUTEeBHBIN CUTHAJ, TO 06paTHAas CBS3b LOJIKHA €T0
CKOMIIEHCHPOBaTh. Tak U B 00BII€HHOM SKU3HU. ECIH
KTO-TO HauMHaeT FOBOPUTb U3/JIHUIIHE IPOMKO, MBI
IIPOCHM ero HeMHOI'O yMePHUTh CBOM IIBI/I. MBI BEICTY-
IaeM B KayecTBe 06PAaTHOM CBSI3U U I10/Ia€M BBIXOJ-
HOM CHUT'Haj - IPOCHM FOBOPUTH THIIe. YTo IoIy-
YUTCS, B KOHIIE KOHIIOB, TOYHO HEeH3BeCcTHO. Ho yacTo
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Asin other physical experiments, probe microscopy has
noise, interference and errors that will appear in three-
dimensional images. Various types of filtering are used
to remove them where possible. In probe microscopy, it is
necessary to register submicron differences in the sample
surface topography. However, due to temperature drift,
the sample surface may smoothly approach or move away
from the probe. A slope appears in the image that is not
present on the sample surface. To eliminate this effect,
the slope plane is subtracted from the resulting image.
Median filtering is used to remove single outliers. How
different mathematical filters work can be clearly seen
when using them on real or model samples. The result is
good laboratory work in maths and computer science.

A "Klondike" for a biology lesson are images of viruses,
bacteria and cells, as well as RNA, DNA, proteins, lipids.
You can look at all the minute details with great benefit
for understanding and learning.

In chemistry lessons, local anodic oxidation of a sur-
faceis a successful and beautiful example. The sample can
be the surface of graphite, silicon, titanium, aluminium
and other materials. In the experiment, a negative poten-
tial is applied to the probe in certain places of the surface.
As a result, oxidation occurs on the surface of the sample
under the action of electrons and negative ions. The oxide
layer thus obtained will give additional relief on the sur-
face. This results in lithography with figures, portraits
and other designs.

Probe microscopy in physics lessons offers a wide range
of possibilities. For example, there is a good question: how
to distinguish the real slope of the sample surface from
the slope caused by temperature drift? The question is not
very difficult, and a clever pupil gives the right answer,
although maybe not immediately. A couple of hints can
be useful.

Other physics tasks. By pressing a probe against a sur-
face with different forces, the mechanical properties of
the surface can be evaluated. It is also possible to deter-
mine variations in friction force between the probe and
the surface under study.

Tuning a feedback circuit is a broad field for a gen-
eral understanding of what feedback is not only in probe
microscopy. Probe microscopy makes it easier to under-
stand how to tune it and why proportional, integral and
differential links are used. It is useful to start the train-
ing with a weight layout. A weight dummy is a resistor
(electrical resistance) that we connect between the output
and input of a feedback circuit. From the point of view of
scanning probe microscope electronics functioning, the
entire mechanical system including the probe, sample,
handling and recording system can be replaced by a sin-
gle resistor. If an additional signal appears in the circuit,
the feedback should compensate for it. So it is in everyday
life. If someone starts to speak too loudly, we ask him or
her to tone it down a bit. We act as feedback and give an
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obpaTHasi cBsI3b cpabaThIBaeT, ¥ TOBOPSLIUH cOaBIsIeT
I'POMKOCTb peuu. Ho ecik MbI IOITPOCUM HEBEKJIHBO
U CJIMIIKOM IPOMKO, TO, CKOpee, II0JIyYHM 06paTHBIE
3ddekT. He maii 60r ycaplminM KpUK U 6paHb. Tak U B
30H/I0BOM MHKPOCKOITHH, €CJIH OTBET 0OPAaTHOM CBSI3U
OyIoeT CIMIIKOM Pe3KHM, TO MUKPOCKOII XOTb U He
3apyraercsi, HO MOXeT IIepefTH B aBTOKoIebaTesnb-
HBIF PeKMM U IIOBPEIUTD U 30H[, U obpaserl.

[t 3¢ deKTUBHOrO MCII0NB30BAHUS IIPOTPAMM-
Horo obecrneuenus "®emMToCKaH OHIAMH" Ha IIKOJIb-
HBIX yPOKaX UJIU B IIPOEKTHOM 1€ TeIbHOCTH IIKOJIb-
HHMKOB HEZIOCTAaTOYHO OTHOTO IIpOorpaMMHoOro obecrie-
yeHHs. Heobxonum 60oraTeiil, OOMIMPHBIN U IIOHST-
HBIH JIOTIOTHUTEIbHBIF 06pa30BaTeIbHBIA MaTepPHAIL:
nocobrs, BUOeOPONUKH, 6a3bl JaHHBIX U300paske-
HHUH, IOAAePKKA Yepe3 COLlMaTbHble CeTH, OpraHu-
3aIMsl KOHKYPCOB, OTMMIIHMAJ, XaKaTOHOB, BCTPEYH,
KOHQepeHIINH U T.[.

B 2011 romy MBI BRIIYCTHIIH OITHMCaHHe [IpaKTUKyMa
IJIs1 CTApIIEeKJACCHUKOB I10 CKAHUPYOLIeH 30HI0-
BOM MHKPOCKONHHU "IISITh HObe/eBCKUX yPOKOB" [2].
3a mpomepniee BpeMs 30HAOBAasE MUKPOCKOIIHUS
CHJIPHO NPOABUHYJIACh BIIepeJ U Ha3pelo BpeMs
HOBOTO COOpHMKA AJIs IMIKOJIBHUKOB. Tereps cymie-
CTBYeT y>Ke He 5, a KaK MUHHUMYM 25 YPOKOB, U Heobs-
3aTe/IbHO HoOeeBCKUX. PaboTaem.

Puc.2. Hosas naaumpa dast 06pabomku 6akmepuanbHbiX KAe-=
moK 20mosa
Fig.2. A new palette for bacterial cell processing is ready

output signal - we ask you to keep your voice down. We do
not know exactly what will happen in the end. But often
the feedback works, and the speaker lowers the volume of

TENErPAMM KAHAN A

TEXHOC®DEPA:

4 OHNanH penoprarxxku
C KpYNMHEeMLWMX BLICTABOK OTRAaCK

A AHOHCHI MepONPUATHIA C ylacTUeM
TEXHUYECKMX SKCNEePTOB OTPacnu

4 CKMAOKW Ha XXypHano
M3naTenbcTBa oo 25%

A HKOHKYPCHl WM PO3BITRbIWM
OT BEOAyLLMX KOMNaHMu

HOBBIX BEIMNYCKOB XYypPHalnog

HAYYHOIO USOATEJIbCTBA

A KHWHHBIE HOBWMHKIA X npezeHTaLllii

MognuceiBaMTeCh M OCTaBaUTeCh B Kypce @
rnaeHelx cOBLITMKW HAayYHO-TEXHWYECKOMW chepbl
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B 2021 romy 6bL1M IIOATOTOB/IEHBI YeThIpe 06pa3oBa-
TeJIbHBIX BUIeOPOIHKa [J1s1 M POKOK ayIUTOPHH, B TOM
YHCITe MIKOJIBHUKOB [3]:

e B3misan B HAHOMHUP. B KOHTaKTe;

o KaKk B3BeCUTb OOMH aTOM?

* BUPYCHI 110, MHKPOCKOIIOM;

* CKaHUpyIOIas KAIK//IpHAs MUKPOCKOIIH .

JOCTYyIIHOCTb MaTepHaJja CTajla Hallled OCHOBHOL
3ab0TOH, C KOTOPOM MBI [TOCTAPA/IKCh CIIPABUTBCSL.

Beccmmopsno, 3T0oro Mano. M B 11eJIoM B MHpe Majo
MHGOPMALIMHU JIS MIKOJIBHUKOB 06 3TOM YHHKAJIBHOM
MeTofie U3y4YeHHsI HAHOMUPA U ero 06beKTOB.

Ons mpakKTH4YeCKHX 3aHATHH CKAaHHPYIO-
Imer 30HAO0BOM MHKPOCKONMH HaMH IPH MOJI-
Jep>KKe IpaBUTeAbCTBA MOCKBBI OB 3amy-
meH Ha ¢u3MYecKOoM dakynbrere MIY IleHTp
MOJIOLEeXXHOT0 MHHOBAIlMOHHOIO TBOpYeCTBa
"HaHOTeXHO/IOTUH' - www.startinnovation.com. LleHTp
000pyI0BaH IEeCThIO MHOTOPYHKIIHOHATHBIMHU CKaHU-
PYIOIIKMMHU 30H/I0BBIMH MUKpOCKoraMu "®eMToCKaH".

BbIBO/Lbl

Ceilyac MBI CHeNaId NporpaMMHOe obecreyeHHUe
IOOCTYIIHBIM JJISI CPeIHeH IIKOJIBL. 1o 3asiBKe IIKOIA
ostydaeT Ha 6ecIIaTHOM OCHOBe HeoOXOAHMMOe KOJTH-
4ecTBO 6eCCPOUHBIX JTHLIEH3UN M UMEIOIHUICS Y Hac
COIIPOBOJAMTE/NbHEIN MaTepual. B koomepanuu co
mKonaMu 6ygeM MPOBOLUTH KOHKYPC Ha JIydllee
n3obpaskeHHUe.

NHOOPMALIUA O PELLEH3UPOBAHUU

Pepmakuus 61arofapuT aHOHHMHOIO pelleH3eHTa
(pelLieH3eHTOB) 3a UX BK/IaJ, B pelleH3UpOBaHLe 3TOM
paboTel, a TakXkKe 3a pa3MellleHHe CTaTel Ha CaKTe
SKypHasa U Iepefaydy UX B 3JIeKTPOHHOM BHe B HIb
eLIBRARY.RU.

Jekaapauus o KoH(pAUKMe uHmepecos. A8mopbl 3a9842t0M 06
0mcymcmauu KOHPAUKITOB UHMEPecos UAU AUMHBLX OMHOWeHUL,
Komopble mMo2Au bl n08AUAML HA pabomy, npedcmasAeHHyHo 8 daH-
Holl cmambe.
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speech. If we ask impolitely and too loudly, we are more
likely to get the opposite effect. God forbid we hear shout-
ing and swearing. Similarly, in probe microscopy, if the
feedback response is too sharp, the microscope, although
not scolding, may go into auto-oscillation mode and dam-
age both the probe and the sample.

For effective use of FemtoScan Online software at
school lessons or in project activities of students, soft-
ware alone is not enough. There is a need for rich, exten-
sive and understandable additional educational material:
manuals, videos, image databases, support via social net-
works, organisation of contests, Olympiads, hackathons,
meetings, conferences, etc.

In 2011, we published a description of the Practical
studies for high school students on scanning probe
microscopy "Five Nobel lessons" [2]. Since then, probe
microscopy has advanced a lot and the time is ripe for a
new compendium for high school students. Now there are
not 5 but at least 25 lessons, and not necessarily Nobel les-
sons. Work is in a progress.

In 2021, 4 educational videos were produced for a wide
audience, including schoolchildren [3]:

« Outlook into the nanoworld. In contact;
« How do you weigh a single atom?
 Viruses under the microscope;

* Scanning capillary microscopy.

The accessibility of the material has been our main
concern, which we have tried to address. Undoubtedly,
this is not enough. In general, there is little information
for schoolchildren about this unique method of studying
the nanoworld and its objects.

For practical training in scanning probe microscopy,
we launched the Youth Innovative Creativity Centre
"Nanotechnologies" (www.startinnovation.com) at the
Physical Department of MSU with the support of the
Moscow City CGovernment. The Centre is equipped with six
multifunctional FemtoScan scanning probe microscopes.

CONCLUSIONS

We have now made the software available to secondary
schools. On request, schools receive the necessary num-
ber of perpetual licences and the accompanying mate-
rials available to them free of charge. In co-operation
with schools, we will organise a competition for the best
image.
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