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AHHoTanus. 10 "PemToCkaH OHIANH" UCIIONb3YeTCs A1 06paboTKU JaHHBIX AaTOMHO-CUJIOBOK, OIITHYeCKOMH
U 37IeKTPOHHOI MHUKPOCKOIIMK. HO 3TO BOBCe He 3HAUUT, YTO ero IPUMeHSI0T HCK/IIOUHTe/bHO B HAYYHBIX HIIH
[IPOM3BOACTBEHHBIX LieJIsiX. YIOOHBIHM IPOrPAMMHBIN HHTepeNC, SpKHUe LIBeTOBbIe IAJIUTPHL U HATISIJHOe
[IpelCTaB/IeHHe JAHHBIX [103BOJIsSIeT 00y4YaTh K MIKOJIBHUKOB OCHOBAM QH3HUKH 00beKTOB HAHOMETPOBOI'O Mac-
mraba. KpacouHble H300paskeHHUsI CTAHOBSTCS 0CODeHHO HHTepPEeCHBI, eC/IH ITIMTPY CO3/1aBaJI CAM IMIKOJIBHHUK.
ITpocTasi oAroToBKa 06pasIioB U MOHSTHEIN AJITOPUTM 00paboTKHU NaHHBEIX feafoT [I0 He3aMeHHMbIM HHCTPY-
MeHTOM B COBpeMeHHOM 06Pa30BaHMUU, UTO YCIIEIIHO IIPUMEHSIIOT Ha 3aHIATHSIX 10 XUMHHU K B PAMKaX IIPOEKT-
HOII 1esITeJIBHOCTH y4allluXCsl B IKoIe N2 2065.
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Abstract. FemtoScan Online software is used to process data from atomic force, optical and electron microscopy.
But this does not mean that it is used exclusively for scientific or industrial purposes. A convenient software
interface, bright color palettes and visual representation of data allows you to teach schoolchildren the basics of
physics of nanometer-scale objects. Colorful images become especially interesting if the palette was prepared by
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the schoolchildren himself. Simple sample preparation and a clear data processing algorithm make the software
an indispensable tool in modern education, which is successfully used in chemistry and within the framework

of students' project activities classes at school No. 2065.
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BBE/JLEHUE

[IpoeKT I10 NPHMEeHeHHIO IIPorpaMMHOro obecreye-
Hus "®eMmToCKaH OHJIAKH" pa3paboTaH [Js IHPOKOTO
KCIIO0/Ib30BaHUSI MHHUIIMATHBHBIMU IIperofaBaTelssMU
B KayeCTBe JOIOHUTEIbHOr0 06yueHH s IKOJIbHUKOB
BCeX BO3pacToB. IIIKOTBHUKU MOT'YT HAIJISHO ITpefcTa-
BUTb 06BKTHI, C KOTOPBIMU CTa/IKKBAIOTCS B HIKOJIBHOK
IporpaMMe Ha ypoKax GU3HKHU - [I0BEPXHOCTH MaTe-
pHaJIOB, HAHOYACTHIIbI, ATOMBI; XUMHHU - peakLUHU
Ha [IOBEPXHOCTH, OKHCJIeHHe, KOPPO3Us U Ap.; broso-
TUU - KUIIeYHas I1aJIouKa, BUPYC, HEHPOHBI, CTBOJIOBBIE
U onyxoneBble KieTKy, JHK u PHK [1].

C oMOIIBIO IPOrpaMMHOro obecriedeHUs YUeHHUKHU
CMOT'yT U3y4YUTb 06beKThl HAHOMHPA: aTOMHYIO PeIIeTKy
Pas3IMYHBIX MaTepHasoB (rpaduTa, 30/10Ta U T.4.), 610~
MOJIeKYJIbl, BUPYCBl PACTEHUH, KIeTKH BBICIIHUX Opra-
HHU3MOB, 6aKTepuH, COBpeMeHHble HaHOMaTepUalbl,
Hay4aTcsl B3aKMOZIeHCTBOBATh C IIPOrpaMMHBIM obecrie-
yeHHeM, HCII0/Ib3yeMOM B peasIbHOIM Hay4uHOM paboTe
U B [IPOMBIIIEHHOCTH. HICII0/Ib30BaHLe IIPOrPaMMHOIO
obecriegenust "®emToCKaH OHJIANH" y>Ke alIPOOKPOBAHO
Ha 6a3e YHHBepcUTeTCKOM TiMHa3uu MI'Y, TBOY IIIKosbl
Ne 2065 ¢ B cO3JaHHOM HaMH IIPU IOAJePsKKe [IPaBH-
TenbcTBAa MockBbl IIMUT "HaHOTeXHOMOTHUH ' dU3HUe-
ckoro paxynsreta MI'Y umenu M.B.JloMoHOCOBa.

"®emToCKaH OHIANH" I103BOJISIET IIPOAHATIH3U-
poBath 3D-u306paskeHus, MMONydeHHBIE C ITIOMOIIbIO
ATOMHO-CHJIOBOH, 3/IeKTPOHHOH U OIITHYeCKOH MHUKPO-
CKOIHUH. [I/151 KaXKIOTro 13 06beKTOB UCC/IeIOBAHMS B 30H-
JOBOI MHKPOCKOIIMH MOXKHO [IOCYHTATh FeOMeTpHUe-
CKHe pa3mepbl 00beKTa, LIePOXOBATOCTh [IOBEPXHOCTH,
IepuMeTp, IJIOMaAb, 06beM, IOCTPOUTD CeUeHUe U
K3MEpPHUTB YIJIBL, U IasKe CO3[aTh COOCTBEHHYIO KOPOTKO-
MeTPa’KKy C IIPOJIETOM HaJl, [IOBePXHOCThI0. TakKM obpa-
30M, IIKOJIBHUKH MOTYT He TOJIbKO HAIJISIHO IIpefCcTa-
BUTb 06BKThI, C KOTOPBIMH CTa/IKKBAIOTCS B MIKOJIBHOK
IIporpaMme Ha ypoKax GU3HUKH, XUMHU K OHOIOTHH, HO
Y TIOATOTOBUTD COOCTBEHHBIH HAayUHBIH [TPOEKT U IIPU-
HSATb y4acTHe B KOHKypcaX U KOHQepeHLIUX.

METOAbI UCC/IEAOBAHNA

B omHOM u3 PaboT co MIKOTBPHHUKAMH HCCIIeO0Ba-
JTUCh XapaKTePUCTHUKHU HOBBIX HeJIOPOTUX U be3ormac-
HBIX MHIUKATOPOB 'CBeT - BpeMsl - TeMIleparypa’

INTRODUCTION

The project on application of FemtoScan Online soft-
ware has been developed for wide use by initiative
teachers as additional training for schoolchildren
of all ages. Schoolchildren can visualise objects that
they encounter in the school curriculum during phys-
ics lessons - surfaces of materials, nanoparticles,
atoms, chemistry - reactions on surfaces, oxidation,
corrosion and others, biology - E. coli, virus, neu-
rons, stem and tumour cells, DNA and RNA [1].

Using this software, students will be able to study
the nanoworld objects: atomic lattice of various
materials (graphite, gold, etc.), biomolecules, plant
viruses, cells of higher organisms, bacteria, modern
nanomaterials, and learn to interact with software
used in real scientific work and in industry. The use
of FemtoScan Online software has already been tested
at the MSU University Cymnasium, State Budgetary
Educational Institution School No. 2065 and at the
Physical Department of Lomonosov Moscow State
University, YICC "Nanotechnologies" created with the
support of the Moscow City Government.

FemtoScan Online allows analysing 3D images
obtained by atomic force, electron and optical micros-
copy. For each of the objects studied in probe micros-
copy, it is possible to calculate geometric dimen-
sions of the object and surface roughness, calculate
the perimeter, area, volume, construct a cross-sec-
tion and measure angles, and even make your own
short film with a fly-through of the surface. Thus,
schoolchildren can not only visualise the objects they
encounter in the school programme in physics, chem-
istry and biology lessons, but also prepare their own
scientific project and take part in competitions and
conferences.

RESEARCH METHODS

In one of the works with schoolchildren the charac-
teristics of new inexpensive and safe indicators "light-
time-temperature" for products of pharmaceutical and
food industries were studied. For this purpose, stable
sols of titanium dioxide nanoparticles modified with
titanium (IV) peroxocomplexes were obtained and char-
acterised. Electron absorption spectroscopy, dynamic
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IJ1s IPOAYKUMU GapMalieBTUYeCKOM U ITHIIeBOM IIPo-
MBIIIJIEHHOCTH. [{7151 9TOro OBUIN IOyUYeHBl U OXapak-
TepH30BaHBI CTAOKJIbHBIE 30/ HAHOYACTHUIL AUOKCHIA
TUTaHA, MOIUQUIIPOBAHHBIX [1€POKCOKOMILIEKCAMU
tuTaHa (IV). DneKTpoHHas abCOpOLIMOHHAS CIIEKTPOCKO-
MU, JUHAMHUYeCKoe paccesiHUe CBeTa, CKAaHHUPYOIas
30H/I0BasI MHKPOCKOITHSI U 9KCIIePHMeHTaIbHble KHHe-
TH4YeCKHe JaHHBIe II0Ka3bIBAIOT, YTO, BAPbUPYS YCII0-
BUS CHHTe3a U, CJIe[l0BaTeIbHO, CTAaOUIBHOCTH [1€POK-
cokomIuexcoB Ti (IV), MosKHO obecIieduTh CUMOATHOCTD
ux 0becLIBeYNBAHUS C Aerpafalikell KOHKPeTHOTO Meve-
HOro 0bpeKTa I10C/Ie UCTeUeHU s CPOKa FOLHOCTH H/UITH
[P HecobniofeHUH TpebyeMbIX TeMIIePATyPHBIX YCII0-
BUI U/WIH IIPU XpPaHEeHUHU Ha cBeTy. Hambosee Bask-
HBIM Pe3y/IbTaTOM JAAHHOI0 UCCIe0OBAHUS SB/ISETCS TO,
4TO 6K 0OHAPY>KEHBI KOPPEJISIIUK MK YCIOBUSMU
MOZHOGUKALMHK 30/IeH IIePOKCHUIA TUTAHA, UX OITH-
YeCKMMHU CBOMCTBAMH, MOPO)OIOrHer I0yYeHHBIX
W3 HUX [UIEHOK ¥ KHHEeTHUKOM UX 00eCliBeUnBaHUSI IIPU
OCBeILeHUH [2].

[pyrou npuMep - npupaHue 6HMOCOBMECTHMOCTH
Y KOPPO3HMOHHOM CTOMKOCTH THUTAaHOBBHIM IITHOTAM
IUIsL UMIUIaHTOB. CyIIecTBYIOT [iBe IIpoOieMbl, CBSI3aH-
Hble C TUTAHOBBIMH MMIIIAHTaMH (Hanbosiee UCIIONb3ye-
MBIMH 671arofapst XMMHUYeCKOM CTOMKOCTH U MeXaHH4e-
ckowt rpounocTH Ti). IlepBast mpobiema - 3HaYHUTeIbHOe
pasnuare QU3UKO-XMMHUYECKHUX K MeXaHUYeCKUX CBOMCTB
KOCTHOM TKAaHH U TUTAaHA, KOTOPOe BBI3bIBAET AKTHBHOE
OTTOP’KeHHe y OpraHu3Ma 4desoBeka. [lo3ToMy Heobxo-
IVIMO CO3/1aTh [IePeXOHBIN CJIOM MEXY TUTAHOM K KOCT-
HOM TKaHBIO, y/Iy4IIaIONIUI OCTeOMHTerpalikio. Bropas
rpobnemMa - BO3MOKHOCTb XMMHYECKON U brozmerpansa-
LIMH II0BEPXHOCTH THUTaHa. OHA IPUBOLUT K HE0OXo -
MOCTH 3aMeHBl TUTAHOBBIX MMIIJIAHTOB. JTO TOKe pella-
eMO C [TOMOII[bI0 HAaHeCeHHU I IIOKPBITH S, YIyUIIaolIero
CTOMIKOCTb ITIOBEPXHOCTH UMIUIAHTA. /sl pelieHH st 0benx
3TUX IIpobieM HaM HUJIeaJIbHO MOAXOAUT A (ruaporcra-
[IATUT), HO HOBasi IIpobieMa Bo3HUKAET [IPH HaHECEHUH
T'A, maske HAHOpPa3MepHOro, Ha II0BEPXHOCTh TUTAHA, TaK
KaK OH He CXO3K C JIF0ObIM METaJIJIOM, a 3HAYUT ero IUIeHKa
HeITpo4YHa. MBI BIIePBbIe IIPULYMAJIH CLe/IaTh CBSI3yONIUM
croeM HaHO-Ti0,, [TONy4eHHBIN U3 Cyl1bpaTa TATAHUIIA.

C ITOMOIIIBIO MACCHBOB IAHHBIX, BU3YTU3HPOBAHHBIX
u 0obpaboTaHHBIX C momonipio "PeMToCKaH OHIANH",
OBLI0 YCTAHOBJIEHO, YTO TOIIIMHA JBOMHOIO CJI0SI HAHO-
TiO, (aHaTa3a)+ HAHO-THUPOKCHUAIIATUT Ha OTHUIHGO-
BAaHHOM TUTAHOBOU IVIACTUHE MeHbIIle, YeM CyMMapHas
TONIIMHA KaskAOH M3 THUX HAHOIUIEHOK (pHc.1, 2), HaHe-
CeHHBIX I10 OTHEIBHOCTH.

Ha puc.1 BUznHO, 4TO penbed 10l THAPOKCHAIIATHTA
XapaKTepU3YeTCs IIeperaoM BbICOT 10 300 HM.

YTobB!I OLIeHUTH TONIIMHY ABOHHOIO HAHOIIOKPBITHS,
a He TOJIBKO I1eperiajt BBICOT, 3y60UHCTKOM OblIa THHEHHO
rolaparaHa YacTh HaIlblJIEHHS C II0CTeIyOIINM CKa-
HUPOBaHHeM y4acTka Ha ACM (puc.3). M306paskeHue
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light scattering, scanning probe microscopy and exper-
imental kinetic data show that by varying the synthesis
conditions and hence the stability of the Ti (IV) peroxo-
complexes, it is possible to ensure that their decolou-
ration is symbiotic with degradation of the particular
labelled object after expiry and/or when the required
temperature conditions are not met and/or when stored
in the light. The most important result of this study
is that correlations were found between modifica-
tion conditions of titanium peroxide sols, their opti-
cal properties, morphology of the films obtained from
them, and the kinetics of their decolouration under
illumination [2].

Another example is making titanium implant posts
biocompatible and corrosion resistant. There are two
problems associated with titanium implants (most
used due to the chemical resistance and mechanical
strength of Ti). The first problem is the significant
difference between physicochemical and mechani-
cal properties of bone tissue and titanium, which
causes active rejection in the human body. Therefore,
it is necessary to make a transition layer between tita-
nium and bone tissue that improves osseointegration.
The second problem is the possibility of chemical and
biodegradation of the titanium surface. This leads to
the need to replace titanium implants. This can also
be solved by applying a coating that improves the resis-
tance of the implant surface. HA (hydroxyapatite) is
ideal for solving both these problems, but a new prob-
lem arises when applying HA, even nanoscale, to the
surface of titanium, as it is not similar to any metal,
and therefore its film is fragile. We first came up with
the idea of making nano-TiO, derived from titanyl sul-
phate as a bonding layer.

Using data sets visualised and processed using
FemtoScan Online, it was found that the thickness
of the double layer of nano-TiO, (anatase)+nano-
hydroxyapatite on the ground titanium plate was less
than the combined thickness of each of these nano-
films (Figs.1, 2) applied individually.

Figure 1 shows that topography of the hydroxyapa-
tite layer is characterised by a height difference of up
to 300 nm.

To estimate thickness of the double nanocoating and
not only the height difference, a toothpick was used
to linearly scratch a part of the sputtering with subse-
quent scanning of the area on AFM (Fig.3). The image
was obtained in contact mode: the height of the step was
about 250-300 nm based on the cross-sectional data.

It is also noteworthy that this software can be used
to monitor the etching of LECO MINDSTORMS® parts
made of ABS used in the construction of robotic devices
for the synthesis and study of nano-objects by high
school students [3]. According to the table [4], the sol-
vent most hazardous to ABS, acetic acid, was selected.
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Puc.1. 3D-peabed munu4Ho20 y4acmia noKpbimus U3 2uopoK-
cuanamuma. PeAbe¢ aHamasa Ha mumade (puc.2) umeem ne-
penad epicom 00 300 HM

Fig.1. 3D relief of a typical hydroxyapatite coating area. The relief of
anatase on titanium (Fig.2) has a height difference of up to 300 nm

[10JIy4Y€HO B KOHTAKTHOM pPe>XMMe: BbICOTA CTYIIeHH
cocTaBHJI1a 0K0J10 250-300 HM I10 JaHHBIM CEYEHMU .

Takske mpumMedaTeabHO, YTO 3TO IIO MOKHO IIPH-
MeHSITb JIJIs1 MOHUTOpPHHTA TpaBieHUs AeTasneil LECO
MINDSTORMS® 13 ABS, mprMeHsIeMbIX B KOHCTPYHPO-
BaHUU CTApLIeK/IACCHUKAMHU Pob0OyCTaHOBOK 151 CHH-
Te3a U U3yueHHUs] HaHOooO6beKkToB [3]. ITo Tabnauile (4]
6b171 BEIOpaH pacTBOpHUTeNb, Hauboaee OMaCHBIH
nnst ABS - ykcycHas kucinoTa. OgHa M3 OLHOTHII-
HBIX JleTajlel 6blIa OTCKAaHUPOBaHa be3 BCSIKOM obpa-
6oTku (puc.4). CHUMKH IIOJy4YeHBl B Pe30HAHCHOM
pekuMe Ha MHKpocKorie "®eMToCKaH", KAHTHUJIEBEP
NSC10. Ha nonyueHHBIX KaJpax Tornorpaduu obpasua
Habsro1laeM I0OCTaTOUHO POBHYIO [TOBEPXHOCTD €TaIH.
U3 ocobeHHOCTel penbeda CTOUT OTMETUTD IIPOLJOI-
roBaThle PBITBHHBI (Bmaguusel) mauHou 200-400 HM
Y T PUHOM/ITyOHHOM B CpefiHeM 0KoJIo 150 HM. Takske
Ha II0BePXHOCTHU IIPUCYTCTBYIOT B HeOO/IBIIOM KOIHYe-
CTBe "MyCOpHBbIe" 06beKTHI C IaTepabHBIMU Pa3MepaMuU
01100 10 200 HM U BBICOTOM 50-150 HM, a TaK>Ke KX arpe-
raThl CPeIHUX K OTHOCUTEIBHO KPYIIHAIX Pa3MepPOB.

Bropas feTans 6bl1a OTCKaHKMPOBaHa I0C/Ie 2 4 PaboTh
B KaUyeCTBe JIOIIACTU MeIIajIKU, BpamaBmefIc,q (150 06/MuH)
B "JIe/ISTHON ' YKCYCHOM KUCJIOTe 24 (pHC.5). Ha I1ony4eHHBIX
Kagpax B 60/1bIIOM KoIHYecTBe Hab/I0faeM BbIIIaBIIHe
B 0CaJIOK Ha [TOBEPXHOCTH JIeTa/ Ik HAHOYACTHUIIbI JIaATePaib-
HBIM pa3mepoMm 0Koj10 100 HM U BbICOTOM 0T 30 1o 60 HM,
a Tak>Ke UX arperaTsl. OTYeTIMBO BUIHO, KaK YaCTHLIBI
Y arperatel COG1patoTCs B 06/1aCTH PBITBUH U JPYTHX 0CO-
beHHOCTEH perbeda UCXOLHOM AETATH.

Puc.2. 3D-peabe¢p munu4yHozo y4acmia noKpbimusl U3 HaHo-
aHamasa
Fig.2. 3D relief of a typical nano-anatase pavement section

One of the identical parts was scanned without any
processing (Fig.4). Images were obtained in resonance
mode on a FemtoScan microscope, cantilever NSC10. On
the obtained images of sample topography we observe
rather flat surface of the part. Among the relief features
we should note oblong potholes (depressions) with the
length of 200-400 nm and width/depth of about 150 nm
on average. Also on the surface there are in small quan-
tity "rubbish" objects with lateral dimensions from 100
to 200 nm and height of 50-150 nm, as well as their
aggregates of medium and relatively large sizes.

HM
nm

600

300

HM O
nm
24000

Puc.3. 3D-peaved "uyapanaHHozo" y4acmka nokpbimus “aHa-
mas + zudpokcuanamum”

Fig.3. 3D relief of the "scratched” section of the "anatase +
hydroxyapatite” coating
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Puc.4. 2D~ u 3D-gu3yaausauus peabeda xapakmepHoz0 y4acmka nogepxHocmu Heob6pabomaHoul 0emanu
Fig.4. 2D and 3D visualisation of the characteristic surface area relief of the unprocessed part

INociie aHAJIOTUYHOIO [IepeMeLIMBaHU S B TeUeHHe 4 4
HabmromaoTcs (prc.6) BRIIIABIIKE B 0CAJIOK HA IT0BEPX-
HOCTH JeTa/lk HAaHOYACTHUILIBI C JIaTepPa/IbHBIM pa3Me-
pom oKoso 150 HM U BBICOTOM OT 40 10 60 HM, a TaKXe
KX arperarsl IPperMMYyIlecTBeHHO KPYIIHBIX Pa3MepoB
B HECKOJIBKO COTeH HaHOMEeTPOB. YaCTUIIBI U arperarsl
BCe TaK ke COOUPAIOTCS B 0671aCTH HEPOBHOCTEL IT0BEPX-
HOCTHY UCXOIHOM JIeTaJIH.

YeTBepTasi feTaslb U3 TOK 5Ke CepuH 6bly1a OTCKAaHUPO-
BaHa II0CJ/Ie CHHTe3a HaHOMarHeTHTa, B XOZe KOTOPOro
OHa BBICTYIIa/Ia JIOIIACThIO BepXHeIIPHBOAHON MeIllaIKH.
Ha mony4yeHHBIX KaJpax TOIoOrpaduu AeTanu Habmro-
naetcs (puc.7) mepemnaz, BbICOT o 900 HM I10 CPaBHEHHIO

HM
nm

200

Puc.5. 3D-8u3yanusauus peabepa xapakmepHo20 y4acmia no-
8epxHocmu demanu nocae 2 4 nepemeLugaHust YKCycHou Kucaombl
Fig.5. 3D visualisation of the characteristic area relief of the part sur-
face after 2 h of acetic acid agitation
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The second part was scanned after 2 h of operation
as a stirrer blade rotated (150 rpm) in "ice-cold" acetic
acid for 2 h (Fig.5). In the obtained frames, nanoparti-
cles with lateral size of about 100 nm and height of 30
to 60 nm, as well as their aggregates, are observed pre-
cipitated on the surface of the part in large numbers. It
is clearly visible how particles and aggregates are col-
lected in the area of potholes and other relief features
of the original part.

After similar stirring for 4 h, nanoparticles with
lateral size of about 150 nm and height of 40 to 60 nm,
as well as their aggregates with predominantly large
sizes of several hundred nanometres are observed
(Fig.6) precipitated on the part surface. The parti-
cles and aggregates are still "collected" in the area of
irregularities in the surface of the original part.

The fourth part from the same series was scanned
after synthesis of nanomagnetite, during which it
acted as a blade of a top-driven stirrer. In obtained
frames of the part topography, a height difference
of up to 900 nm is observed (Fig.7) compared to the
previous samples of parts. Nanoparticles with lat-
eral dimensions of 100 to 150 nm and heights of
30-60 nm, as well as their aggregates of medium and
relatively large sizes are present on the surface. The
particles and aggregates are collected in the area of
depressions and other relief features of the original
part.

CONCLUSIONS

Thus, FemtoScan Online software can be used for data
processing at chemistry and physics lessons, for prepa-
ration of schoolchildren’s competitive projects, for par-
ticipation in conferences and Olympiads. These data will
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C mpeablAymKMMU obpa3uaMu fgeTasneli. Ha moBepxHo-
CTH IIPUCYTCTBYIOT HAHOYACTHIIBI C JIaTepaIbHbIMH pas-
Mepamu oT 100 10 150 HM U BeICOTOE 30-60 HM, a TaKKe

always be unique, and schoolchildren will be involved in
the research process at a safe level as they will process the
obtained images and interpret them independently.

At the Physical Department of MSU in the Youth
Innovative Creativity Centre "Nanotechnologies" we are
also actively engaged in studying objects of the nano-
world with schoolchildren. The use of FemtoScan Online
implies interactive participation of children in the selec-
tion of research objects, development of original colour
palette, video clips, presentations while performing inde-
pendent research. For each school that applies to us, we
provide free of charge FemtoScan Online software pack-
age, image atlas and a set of tasks for data processing, con-
struction and analysis. Thus, three-dimensional images
will become available for research for any schoolchild.
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TENErPAMM KAHAN A

TEXHOC®DEPA:

4 OHNanH penoprarxxku
C KPYNHEWLLMX BLICTABOK OTRAacM

A AHOHCBI MEPONPUATUI C yHacTUeM
TEXHUYECKMX SKCNEePTOB OTPacnu

4 CKWOKKW Ha XypHano
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 @
rnaeHbelx coBLITMW HayYHO-TEXHWYEeCKoMW chdepbl
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Puc.7. 3D-gu3yanusauus peabeda pasnuyHbiX y4acmkos nogepxHocmu 0emaau nocAe ee NpUMeHeHUsl 8 CUHMe3e HAHOMAdzHemuma
Fig.7. 3D visualisation of the different areas relief of the part surface after its application in the synthesis of nanomagnetite

KX arperarsl CpeTHHX 1 OTHOCHTE/IbHO KPYITHBIX pa3Me-
poB. YacTHULIBI U arperaTsl cOBUparoTCs B 06/1aCTH BIIa-
IOUH U OPYTUX 0COOeHHOCTe! peibeda UCXOLHOM IeTaIH.

BbIBOAbI

Takum obpasom, I10 "PemToCKaH OHJIANH" MOXKeT
HCIIONIB30BaThCA ISl 06paboTKHM JaHHBIX Ha ypoKax
XUMHUU U QU3UKH, IIOATOTOBKU KOHKYPCHBIX IIPOEKTOB
IIKOJIBHUKOB, Y4aCTHS B KOHQEPeHIUIX U OTMMIIHA-
Hax. OTH JaHHBIe Bcerja 6yayT YyHUKAJIBHBL, U MIKOJIb
HUKH O6yIyT MaKCHMaJIbHO BOBJIEYeHBI B [TPOLIECC UCCTIe-
DOBaHMS Ha 6e30I1aCHOM yPOBHe, TaK KaK 06pabaTeiBaTh
nojny4eHHble H300paskeHUsI U HHTEPIPeTUPOBATh UX
OyIyT CAMOCTOSITE/IBHO.

Ha pusuyeckoMm dpaxynsrere MI'Y B LIeHTpe MOIOIEXK-
HOT0 MHHOBAIIOHHOT'0 TBOpUecTBa "HaHOTeXHO/IOTUH"
MBI TaK>Ke aKTHBHO 3aHHMMaeMCsl CO IIKOJbHUKAMU
nM3ydyeHHeM 06beKTOB HaHOMHUPA. McIonb3oBaHHUe
"®eMmTOoCKaH OHIANH" ITpefIIonaraeT HHTePAaKTUBHOE
ydacTure pebst B BbIbope 06beKTOB HCCIeJOBAHU S, Pa3-
paboTke OPUTHHAIBHON LIBETOBOM IaTHUTPBI, BUEO0-
POJILKOB, ITPe3eHTAIUH IIPH BBIIIOTHEHUH CAaMOCTOSI-
TeJIbHBIX HCCIeI0OBaHUM. [/ KasKIO0M LIKOJBL, 0bpa-
THBILIEHCS K HAM, MBI ITpefoCTaBIsieM 6ecIIIaTHO MaKeT
I10 "®emToCKaH OHJIANH", aTIac M300paskeHUH U Habop
3a7a4 110 06paboTKe, IOCTPOEHHUIO U aHAIH3Y AHHBIX.
TaxuM 06pa3oM, TpexMepHble KAPTUHKHU CTaHYT AOCTYII-
HBIMH JIJI51 UCC/IeIOBaHU S TI000MY LIKOJIBHUKY.

WHOOPMALINA O PELLEH3POBAHUN

Pepaknus 671arofapuT aHOHKMHOIO pelleH3eHTa
(peLleH3eHTOB) 32 UX BKJIAJ B PelleH3HPOBaHUeE 3TON
paboTsl, a TakKe 3a pa3MelleHHe CTAaTeH Ha CauTe

HAHO MHAVCTPUA Tom 17 Ne6 2024

SKypHaja U Ilepefady uX B 3JIeKTPOHHOM BHe B HIB
eLIBRARY.RU.

Jexkaapauus o KoHpAuKme uHmepecos. Asmopsl 3as84atoim 06
0MCymcmauu KOHQPAUKIMO8 UHMEpecos UAL AUMHbIX OMHOUWEHUL,
Komopble MozAu bbl nosAUAML Ha pabory, npedcmasAeHHyk 8 0aHHOLL
cmanbe.
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