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OpraHu13aums LLeHTPOB MOJIOA,EXHOrO
MHHOBALWOHHOI0 TBOpYECTBa — BaXKHas MHMLMATUBA
AN UHHOBALLMOHHOIO pa3sBMUTUS CTPaHbl. OAMH U3 HUX
Cco3paH M ycnewHo paboTtaeT Ha 6a3e nabopaTopum
CKaHUpyoLen 30HA0BOW MUKpockonuu B MY nmeHm
M.B.JlomoHOCOBa.

AHOTEXHOJIOTHUH OTHOCATCS K TeM IPOPBIB-

HBIM HaIlpaBJeHUSIM, KOTOPble MOTYT B 61u-

>Kammem OyayniemM KopeHHbBIM o6pa3oMm H3Me-
HHUTb KH3HD JIIOJeH U CTaTh OCHOBOM HOBOTO TeX-
HOJIOTHUYeCKOTo0 yKaazga. [ocymapcTBo UIH coobime-
CTBO rOCYJapCTB, YCIIEIIHO IPUMEHUBIIKE Ha IPaK-
THKe BO3MOXKHOCTH HaHOTeXHOJIOTHUH, JOOBIOTCS He
TOJIBKO MU POBOT0O JIMJEPCTBA, HO U, YTO OYE€Hb BEpPO-
SITHO, MU POBOI'0 FOCIIOACTBA.

CoBpeMeHHBIH KOMIIBIOTEP K MOOUIIBHBIN Teje-
bOH - mpuMep yCHEIHBIX AJOCTHXeHHUH HAHO-
TeXHOJIOTUH B 3JIeKTPOHHKe. Pa3mep CTPyKTyp-
HOTO 3JIeMeHTa B MUKPOIIpolLleccopax - I10JIeBOr0
TPaH3UCTOPa, COeUHUTENBHOIO 3/IeMeHTa U IIPo-
YMX ~ MEHbIIIe UJIH CYIIeCTBEHHO MeHbIne 100 HaHO-
MeTpoB. JJOGUTHCS TAKOTO yCIleXa CTaI0 BO3MOXKHO
61aromapst yIIopHOMY TPYAY YUeHBIX, NHKeHEPOB
M TeXHOJIOTOB Ha IPOTSIKeHUU bojlee ueM MATHUeE-
CSATH JIeT.

besycsioBHBIe THUAEPHl 10 NPUMEHEHMUIO HAHO-
TEeXHOJIOTHI B 3JMeKTpoHHUKe - CIIA, fdnonus
u IO>xHas Kopes. YTo gesnaTh OCTaJbHBIM CTpa-
Ham?! TPyAUTHCS, TPYAUTHCS U TPYAUTHCS — U Yepe3
5-15 yieT MOABATCA 3HAYH MBI pe3yabTaThl. Tak
B CBOe BpeMsd mocTynuau CuHranyp, TalBaHb,
TOHKOHT, I10 3TOMY IIyTH yBepeHHO UAeT KuTanckas
HaponHas Pecniybnuka.

KoHLenuus 6pICTPOro pa3sBUTHSI HAHOUHAYCTPUU
B Poccuu 66112 moapobHO n3noskeHa B N24/2013 xyp-
Hana "HaHouHayctpus' (1], ¥ Ha 5TOM BOIIpoce MBI
OCTaHaBAUBaThCsl He bymem. OTMETHM TOJBKO,
YTO B 10601 MHHOBALIMOHHBIM IIPOLECC TOMKHA
OBITh BOBJIeUeHAa aKTHBHAs 4YacCTbhb MOJIOJLOLO

YOUTH INNOVATION
CREATIVITY CENTRE
"NANOTECHNOLOGY"

I.Yaminskiy!2 D.Sc. / yaminsky@nanoscopy.ru
G.Meshkov!, Ph.D.

Organisation of youth innovation creativity centres
is an important initiative to foster the innovative
development of Russia. One of such centres is
created and successfully operated in the premises
of the scanning probe microscopy laboratory at the
Lomonosov MSU.

anotechnology refers to those breakthrough

areas that could soon radically change

people’s lives and provide the basis for a new
technological pattern. A state or a community of
states, which have successfully put into practice
nanotechnology opportunities, will not only achieve
the global leadership but what is very likely the
world domination.

Modern computer and mobile phone provide an
example of the successful nanotechnology advances
in electronics. The size of a structural element in
microprocessors, e.g. a field transistor, a connecting
elements and others, is substantially less than 100
nanometers. It was possible to achieve such success
due to the hard work of researchers, engineers and
process managers for more than fifty years.

The undisputed leaders in the application of
nanotechnology in electronics are the USA, Japan
and South Korea. What are other countries supposed
to do? Work more and more, and in 5-15 years there
will be significant results. In due time arrived it
was done in Singapore, Taiwan, Hong Kong, and the
Peoples Republic of China is confidently following
that way.

The concept of rapid development of the
nanotechnology sector in Russia was described
in detail in the fourth issue of the journal in 2013
(1], and we will not dwell on that subject. We note
only that in any innovation process the most active
younger generation should be involved thus ensuring
success in the long term. Therefore the initiative to
establish a Youth innovation creativity centres (YICC)
is strategically important for the country.

! MOCKOBCKWUI roCyAapCTBEHHbIA YHUBEPCUTET UM. M.B.JToMOHOCOBA
2 LLeHTp nepcneKkTUBHBIX TEXHOMOM Ui
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IIOKOJIEHHSI —~ 3TO CTAHET 3aJI0TOM [I0JITOBPeMEeHHOI0
ycmexa. IIo3ToMy MHHUIMAaTHUBa O CO3JaHUU LIeH-
TPOB MOJIOJIe>KHOTO MHHOBAI[MOHHOI'O TBOPUeCTBa
(LLMUT) cTpaTeruvecky BaskHA AJIs1 CTPAHHL.

NAAHUPOBAHUE PABOTbI LMUT
Korma mbl 06cy>kaanu, Kakoe HallpaBJIeHHe HOJ-
>KeH BbIOpaTh IIMHUT, anpTepHATH BB HAHOTEXHOJIO-
TUsIM He OpLJIO. B I0/TB3y TaKoro BeI60pa TOBOPUIH
POCCHIICKHe YCIIeXU B 06/1aCTH CKaHUPYIONUEeH 30H-
NOBOM MHUKPOCKOIIMH ~ IJIAaBHOIO HCCIeN0BaTeslb"
CKOro MHCTPYMeHTa HaHOTeXHOJIIOTUH [2-4] u Halu-
yMe OIbITAa B 06pa3oBaTebHBIX IporpaMmax [5-7].
IIpu 5TOM KaK C IIO3HaBaTe/JbHOM, TaK U C Mpak-
TH4YeCKOHN TO4YeK 3peHHUs llenecoobpaseH ompefe-
JIeHHBIN KPeH B HaIlpaBJIeHUH OHUONOTUH U MeJH-
LKMHEBL. [Ipypoma co3gaeT OCHOBHBIE CTPOHUTE/IbHBIE
eqUHHULBI - HyKJIeMHOBbIe KUCJIOTHI, 6€/IKH, IIOTH-
CaxapuIbl U Apyryve HAHOCTPYKTYPHI — C TOYHOCTEIO,
HeJOCTHXKHMOI B HacCTosIlee BpeMs 4e/l0BeKOM
B er0 IIPOM3BOACTBEHHOMU JlesiTe/IbHOCTH. KpacoTa
HaHOMMPpa JIy4llle BCero IM03HaeTCs IPH UCCIeL0Ba-
HUM KUBOU IIPUPOJBI HA YPOBHE MOJIEKYI, 6elIKOB,
HYKJIEHHOBBIX KHCJIOT, 6aKTepHE U KJIEeTOK [8-12].

HTak, 4eMy u Kak y4uTb B IMHT? Jlyuie Bcero
YUMUTh Yyepes3 NOCTUKeHU S MPAKTUUYECKUX Pe3y/b-
TAaTOB, HAIIPUMEP Yepe3 CTPOUTEIbCTBO CBOETO 30H-
J0BOro MHKpockomna. CkaxeTe, cl1okHO? Korga 3Ha-
eIllb, KaK CTPOUTH, TO HECJIOKHO.

IIpuctynas K co3ganuio IMHKT, MBI IOATOTOBU/TH
M y>Ke HadaJIu BBIIIOJNIHSTH IVIaH PaboT Ha 6ausKkam-
IIKH rox (cM. Tabi.).

NABOPATOPUSI CKAHUPYIOLLEW 30HAOBOW
MUKPOCKONUHK

CKaHHpYIoLIast 30HA0BAsI MHKPOCKOIIHS — He TOJIBKO
[JIABHBIK HCCIef0BATeIbCKUNA HHCTPYMEHT HAaHO-
TeXHOJIOTHI, HO U OCHOBHOE CPeJCTBO HUX IIOIYJIS-
pusanuuu. TakuMm 06pa3oM, KIIOUEBBIM 3JIeMEeHTOM
IIMHUT mos>KHA CTaTh 1ab0paTOpH s CKAHUPYIOIIel
30H/I0BOM MHUKPOCKOIIHH,

B nabopaTopUU JeTH UMeIOT BO3MOXKHOCTD IIpHU-
obpectu 6a30Bble HABBIKH PaboTHl B 0bnacTu cKa-
HUPYIOIeN 30HJ0BOM MHKPOCKOIIHUHU U JIUTOTPa-
duH, 3KCIIepUMeHTaTbHOM PaboThl B GH3NIeCKOM
nabopaTopuy, aKKypPaTHOM IIOCTAHOBKH TOHKOTO
$H3HMYeCKOro 3KCIIepUMeHTa, IIPpOBeleHU Hayu-
HBIX HCCJIeJOBAHHUM, OCBOUTh Ha IIPaKTHKe CKa-
HUPYOMUN 30HI0BEIN MUKpocKon "®emToCKan"
M MHOTOQYHKILHOHA/IbHOE IIPpOrpaMMHoOe obecrie-
yeHHUe 1151 06paboTKU u306pakeHun "PeMTOCKaH
OHJNanH", IPOBOOUTH CBOU COOCTBEHHBIE IKCIIEPU-
MEHTHI, y3HATh BO3MOXHOCTH HAaHOTEXHOJIOTHUH
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@jau;& é HAHOLUD 6 noaxon odveue

30H008a9 mukpockonusi pabomaem 6 3D-¢popmame:
MOXKHO 8 NOAHOLU Mepe UucnoAb308amb 803MOXHOCMU
3D-moHumopoe 0as 8ocnpou3zgedeHuss 06veMHbIX
u306paxkeHull HAaHomupa

Probe microscopy working in 3D and you can take full advan-
tage of the 3D-monitors to play three-dimensional images of the
nanoworld

YICCACTIVITY PLANNING

When we discussed what priority YICC should choose,
there were no alternative but nanotechnology. This
choice was strengthened by Russian achievements
in the field of scanning probe microscopy, the key
research tool in nanotechnology [2-4], and experience
availability in the educational programmes
[5-7]. However, from the cognitive and practical
points of view, a certain shift towards biology and
medicine might be appropriate. Nature creates the
basic building units, e.g. nucleic acids, proteins,
polysaccharides and other nanostructures, with
accuracy currently unreachable by human in the
productive activity. The nanoworld beauty is best
studied in the research of wildlife at the level of
molecules, proteins, nucleic acids, bacteria and cells
(8-12].

So, what and how to study in YICC? It is best to learn
through practical results, for example, through the
construction of your own probe microscope. Do you
mean it’s difficult? When you know how to build, it
is not.

By starting to create YICC, we have prepared and
have already begun to carry out the work plan for the
coming year (table).
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62 OBPA3OBAHMUE

Tabauua. Maan pabom LUMWT Ha 2014 200
Table. The YICC work plan for 2014

LIMWT Kkak akcnepmmeHTabHas
naowaaxa
YICC as an experimental platform

[Monb3oBartenu:

e STEM-UeHTpbI;

* nobeantenu koHkypca "YMHUK";

*  YYaCTHUKK NpoekTa "YyeHble 6yayuiero” (Mpu noaaepxke My
1MM.M.B.JIoMOHOCOBA M KOMMaHuu Intel);

*  YHACTHWUKM "TypHUPA OHbLIX GM3MKOB"

Users:

* STEM-centers;

e winners of the competition "UMNIK";

» members of "Scientists of the Future" (supported by MSU and Intel);

e participants "Tournament of young physicists"

DKCKYPCUM ANS yHaLLMXCS
06Le06pasoBaTe/bHbLIX LLKON
Excursions for schoolchildren

TeMbl 3KCKYPCUIA:

e "KakyBmaeTb aToOM nan moaekyny";

e "OTrpammodoHa A0 30HA0BOro MMKpockona”;
e "YTO Takoe HaHOTexHonornm?"

Topics:

e "How to see the atom or molecule”;

e "From the gramophone to probe microscope";
¢ "Whatis nanotechnology?"

KoHKypCbI
Competitions

e O6LLEMOCKOBCKIMIM KOHKYPC "MoW nepBbIvi 3aBoa"
(e>xerogHo c1ceHTABpPA Mo 25 aHBapS);
e O6LLEMOCKOBCKIMI KOHKYPC "MoW nepBbI 3D-NpuHTep”
(e>xerogHo c1ceHTABpPA Mo 25 aHBapS);
e KOHKYpC A/191 YHEHMKOB CTApLUMX K/1ACCOB "KaK MOCTPOUTb CKAHMPYHOLLNIA
30H/10BbI MUKPOCKOM 1 YBUAETbL AaTOM" (eXeroAHo € 1ceHTA6pa No 25 AHBAPS);
» KoHkypc ansi ctyaeHToB "KoHCTpympyem broceHcopb!”
(e>xeroaHo c1ceHTABPA No 25 AHBaps)
» Moscow competition "My first plant" (annually from September1to January 25);
* Moscow competition "My first 3D-printer" (annually from September1to January 25);
e Competition for upperclassmen "How to build a scanning probe
microscope and see the atom" (annually from September1to January 25);
e Competition for students "Design the biosensors "
(@annually from September1to January 25)

Oby4atoLume Kypcbl
Educations

3D-npoekTupoBaHue B Solid Works (50-500 y4acTHUKOBY);
3D-npoekTpoBaHue B Siemens NX (10-30 y4acTHUKOB);
3D-npoekTunpoBaHue B AutoCad (15-50 y4acTHNKOB)
3D-design in Solid Works (50—500 participants);
3D-design in Siemens NX (10-30 participants);
3D-design in AutoCad (15-50 members)

Kpy>KKu
Study groups

» "CeHcopbl 1 b1oceHcopbI';

e "Crpoum 3D-npuHTEP";

e "CKaHwpytoLLas 30HA0Bas MUKPOCKOMMS — B3M1514, B MUKPOMMUP:
OT aTOMOB W MONIEKY/ [0 XKMBbIX KI1eTOK",;

"KOHCTpyMpyeM 1 CTpormM 06pabatbiBatoLLnmM LEEHTP';
"SKCNepyMeHTanbHas HAHOTeXHONorms"

"Sensors and Biosensors";

"Designing a 3D-printer";

"Scanning probe microscopy — a look into the microworld:
from atoms and molecules to living cells";

e "Designing and building the processing center";

e "Experimental nanotechnology"

CeMUHapbl-KOHdepeHL MK
Seminars and conferences

MpoBeaeHne obpasoBaTenbHbIX CEMUHAPOB-KOHbEepeHLMiA N0 3D-NpoeKTUpPOBaHMUIO
B SolidWorks, AutoCad 1 Siemens NX

Educational seminars and conferences on 3D-design in SolidWorks,

AutoCad and Siemens NX

ObpazoBaTe/ibHbIN MHTEpHET-

pecypc no 3D-nNpoeKTUpoBaHUIO ANA
HaHOTEXHOMOr NN

Educational web-site for 3D-design for
nanotechnology

3anyck Ha4anbHoWM Bepcum — aekabpb 2014 roga
Launch the initial version — December 2014

LleHTp NpOTOTUNNPOBaHMUA
Prototyping center

OpVeHTUPOBAH Ha CTYAEHTOB M aCNUPaHTOB YHUBEPCUTETOB, COTPYAHNKOB
CTapTanoB W MHHOBALMOHHbIX KOMMAaHWI. 3anyck — okTa6pb 2014 roga
Focused on undergraduate and graduate students of universities,
employees of startups and innovative companies. Launch — October 2014

WHOVCTPUA #4/50/ 2014




B MeiuIKHe, 6KM00oruu, PH3KKe, XUMHUHU U HayKaxX

0 MaTepHasax.

Henb paboTsl co mKoAbHHKaMHU B nabopa-
TOpUH - OPMHUPOBaHHe HHTepeca y pebsT K HaHO-
TEXHOJIOTHSIM, METOAAM CO3IaHUS U UCCIeIOBAHUS
HaHOO06BbeKTOB, YHUKAIbHBIM CBOMCTBAM HaHOMa-
TePHAJIOB, K UX IIPUMEHEHHIO U [TePCIeKTUBaAM pas-
BUTH S 3TOU OTPAC/IM HAyKH; IIOKUCK TaJaHTIHUBOMU
MOJIO/IeKH, CTIOCOOHOF OCyIIeCTBUTh IIPOPHIB B TaH-
HOI 00/71aCTH; MpHUBJeYeHHe MKOTbHUKOB K y4a-
CTHIO B PAa3JIMYHBIX HAYYHO-HCC/I€AOBATEIbCKHUX,
Hay4YHO-TeXHHYECKHUX U TBOPUECKUX KOHKYPCaX.

PaboTa B 1abopaTopuu BefeTCs 10 HECKOAbKUM
HaIlpaB/IeHUSM:

* aHanIMTHYecKas 6MOHAHOCKOMM S ~ HCC/IeloBaHUe
MOPOTIOTHHU U CBOMCTB 6HOMaKPOMOIeKysI U 610-
JIOTHYECKUX CHUCTEM C UCIOJIb30BAHHEM Pa3IHy-
HBIX MeTOJ0B CKaHHUPYIOLIeH 30HL0BOM MHKPO-
CKOITMH, OTHOCSIIUXCS K MOJIEKY/JIIPHOMY MeXa-
HHU3MYy POCTa KpHucTasaa 6enka, Moppoaoruu
U CBOMCTBaM b6aKTepHa/lbHBEIX KIeTOK, KOHPOP-
MaIlMOHHBIM H3MeHeHHSIM [JHK B IpHUCYTCTBUH
CypbaKTaHTOB, CTPYKType M CBOMCTBAM BUPY-
COB, MOJIEKYJISIPHBIM IIPOLIeCCaM IIPH BUPYCHOH
UHPEeKIHH;

* HaHOCKOIIMS IIOJIMMEPOB ~ KCC/Ie[JOBAHM I CBOMCTB
U CTPYKTYPBl HAHOKOMITO3HUTHBIX U QYHKIIH-
OHAJIPHBIX ITOJTHUMEPOB, KOTODbIE IPEeACTaB-
NS0T UHTEepec A1 HAHOTeXHOJIOT UM, OHoNIoTuu
Y MeJUIIHHEI,

* pa3paboTka U Cco3JaHMe HayUHbIX H3MePHUTe/lb
HBIX IPUOOPOB MUPOBOTrO YPOBHS B 06/1aCTH 30H-
JOBOX MHKPOCKOIIHMH;

* pelleHHe MaTepHAJIOBEIYECKHUX 3a1aY — UCCIIef0-
BaHHE CTPYKTYPhl U QYHKIMOHAIbHBIX CBOUCTB
MaTepuasoB AJsi HepTemepepabaTrelBalollek,
MaIIMHOCTPOUTEbHOM M JPYIrHMX OTpacjeH
IIPOMBIIIIEHHOCTH.

YCNEWHbBIA NPOEKT
B pamKax paboThl co MKOJIbBHHUKAMH B nabopa-
TOPHUH YCIENIHO peajH3yeTcsl IPOeKT II0 TeMe:
"HMcKyCcCTBeHHOe CTPYKTYpPHpOBaHHEe IIOBEPXHO-
CTeM CJIOUCTBHIX yIJIePOAHBIX MaTepHaoB”, aBTOP
Y HUCIIOJIHUTe/ b KOTOPOoro - Mapus CaBUHOBA, y4a-
masicst mKosael Ne1273. Llens mpoeKkTa - pa3paboTka
MeTO/O0B CO30aHMSI HAHOCTPYKTYP 3aJaHHOK GOPMBI
M pa3smepa Ha IOBePXHOCTH IpaduTa C MCIIO0Ib30-
BaHHEeM 30HJ0BOM NUTOrpaduH, MO3BOJSIOIIEHN
006UTbCS MPOCTPAHCTBEHHOIO Pa3pelleHH s BIIOTh
JI0 HeCKOJIBKMX HAHOMETPOB.

[lepCrIeKTUBHBIMU MaTepHaJaMu Ajs 6yaymei
HAaHO3JIeKTPOHUKH IPeACTaBAAIOTCA CIOUCTHIE

EDUCATION

SCANNING PROBE MICROSCOPY LAB

Scanning probe microscopy is not only the key

research tool of nanotechnology but their primary

means of promoting it. Thus, a scanning probe
microscopy laboratory should become the key
element of YICC.

In the laboratory, children can acquire basic
skills in the field of scanning probe microscopy
and lithography, experimental work in the physics
laboratory, carefully setting-up a subtle physical
experiment, conducting research, practicing
the scanning probe microscope FemtoScan
and the multifunctional software for image
processing FemtoScan Online, conducting your
own experiments, identifying the possibilities
of nanotechnology in medicine, biology, physics,
chemistry and material science.

The purpose of working with children in the
laboratory is to provoke interest in nanotechnology,
the methods of creation and research of nanoobjects,
the unique properties of nanomaterials, their use
and prospects of the development of this branch of
science; search for talented young people capable
of making a breakthrough in the area; engaging
children in various research, scientific-technical
and creative contests.

The work in a lab is conducted in several
directions:

e analytical bionanoscopy - studying the
morphology and properties of biological
macromolecules and biological systems using
a variety of scanning probe microscopy related
to the molecular mechanism of protein crystal
growth, morphology and properties of the
bacterial cells, DNA conformational changes in
the presence of surfactants, the structure and
properties of viruses, molecular processes during
the viral infection;

e polymer nanoscopy - studying the properties
and structure of nanocomposite and
functional polymers, which are of interest for
nanotechnology, biology and medicine;

e design and development of research
instrumentation in the field of world-class probe
microscopy;

« solving material science problems - studying the
structure and functional properties of materials
for the oil refining, engineering and other
industries.

A SUCCESSFUL PROJECT
In the course of the work with children in the
laboratory the project ‘Artificial structuring

#4 /50 /2014 NANO




OBPA3OBAHME

yI7epoAHble MaTepHaJsbl, HallpuMep HAHOTPY6KH,
rpadeH, TOHKHe rpaduToBble IJIeHKU. C UX
HCIIO/Ib30BAaHUEM CO3/1al0TCsl 06pa3ibl TPAH3UCTO-
POB, I10JIeBBIX SMUTTEPOB, BELICOKOYYBCTBUTEIbHBIX
CEeHCOPHBIX 3JIEMEHTOB. [l yCIIeIIHOTO Pa3BUTHS
yI/IepOLHON HAaHO3TeKTPOHUKU TpebyeTcs paspa-
60TKa MpeLH3MOHHBIX METOLO0B GOPMHUPOBAHUS
HaHOCTPYKTYp U3 yIjepoja.

HcKyccTBeHHOe CTPYKTYypPHUPOBaHHEe IIOBEePX-
HOCTH MOXXHO pacCMaTpPHUBaTh C IBYX TOYeK 3pe-
HHA. U KaK IIPOLeCC CO3AaHUSA CTPYKTYP 3alaHHOU
$OopMBI, IIPU KOTOPOM BO3JeHMCTBHE OCYIeCTBII-
eTCs HelOCPeACTBEHHO B KaX[JOH TOUKe MOBepX-
HOCTH, Y KaK IIPOLeCC CAMOOPraHM3aLUK aTo-
MOB II10CJIe HEKOTOPOTO0 MaKPOCKOIIMYECKOTO BO3-
NeHCTBUS Ha MOBEPXHOCTh. K mepBoMy Ciy4alo
MO>XHO OTHeCTH pa3jIM4YHble BUABL TUTOrPadHHU.
30H/I0BasI TUTOTpaduUs I03BOSIET LOOUTHCS BBICO-
KOT'0 IIPOCTPAaHCTBEHHOI0 pa3pelleHHU s, II0CKOIbKY
06/1acTh BO3/IeMICTBU S HA [IOBEPXHOCTb OTPAaHHUYH-
BaeTCs paZJMyCOM 3aKPYyIJIeHH s MIJIBl KU COCTaBJIseT
BCEro HeCKOJIbKO HAHOMEeTPOB. Ko BTopoMy ciydaio
MOXKHO OTHECTH IIPOLeCC CAMOYIIOPSAA0YeHU S JHC-
JTOKaLUHK B rpaduTe 1 GOPMHUPOBAHUS IlepHOIHYe-
CKMX HAaHOCTPYKTYP.

JlokanbHOe aHOJHOE OKMCJ/IeHHe IIOBEepPXHO-
CTH TpaduTa c 06pasoBaHHEM AHUITEKTPUUECKOTO
CoeHHEeHHS - OKCUAa rpaduTa - mmo3BoasieT ¢pop-
MHPOBATh JU3JIEKTPHUUYECKHE HAHOCTPYKTYPEI Ha
[IOBEePXHOCTU IrpaduTa MIKU rpadUTOBOM IIJIEHKH.
9TUM MeTOLOM Ha IIOBEPXHOCTH rpaduTa ObIIU
BBIpAllleHbl AH3JIeKTPUYeCKHe II0JIOChl OKCHOA
rpaguTa C pacCTOSHHUEM MeXAYy MaKCUMYMaMH
mojoc B 120 HM.

[Ipy1 BBHIIIOTHEHHH IIPOEKTa TaK’Ke IJIAHUPY-
eTCsl OLLeHHUTh BO3MOKHOCTH JIOKAJIbHOTO AaHOJHOI'O
OKHCJIEHHSI KaK UHCTPYMeHTa 'HAaHOTPABUPOBKHU"
Il CO30aHMs N306pakeHUH Ha ITIOBEPXHOCTH I'pa-
duTa, 4TO MO3BOIUT CAeIATH IIpolecc eme 6oee
TBOPYECKHUM.

CKAHWPYIOLLUI 30HA0BbIA MUKPOCKON,

3D-NPUHTEP U OGPABATbIBAIOL NI LEEHTP

Yo 061ero Me>xay BBIHECEHHBIMHU B [10]]3aT'0I0BOK
CTOJIb PA3HBIMH YCTPOMCTBAMHU? MOKET CIIOKHThCS
BIleYaT/IeHHe, YTO Pa3JH4uHK bosblle, YeM COBIIA-
IOeHHUH, HO 3TO He Tak. [IpHu yIpaBIeHUU CKaHHUPY-
IOIHMM 30HJOBBIM MHUKPOCKOIIOM, 3D-IIpUHTEepOM
U 06pabaThIBAIOIUM LIEHTPOM HCIIONb3YIOTCS CXO-
>kKHe ImporpaMMHoe obecredeHue, 3TeKTPOHHUKA
M aJTOPUTMBI. Bo Bcex Tpex yCTPOMCTBaX 30HI,
TOJIOBKY M 06pabaThIBAIOIMKI HHCTPYMEHT Heobxo-
IYIMO TOYHO IIOABECTH K 33IAHHOMY MeCTY, IIPHYeM
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Mapus CasuHosa u ckaHupyrwul 30H008bIU MUKPOCKON
"®emmoCKaH" 20mosbl K pabome

Mariya Savinova and scanning probe microscope FemtoScan
ready to go

surfaces layered carbon materials’ is successfully
implemented, the author and performer of which
is Mariya Savinova, a student of school No 1273. The
project is aimed at developing methods for creating
nanostructures of a pre-determined size and shape
on the surface of graphite using the scanning
probe lithography allowing to achieve the spatial
resolution down to a few nanometres.

The layered carbon-base materials have potential
for the future nanoelectronics, e.g. nanotubes,
graphene and thin graphite film. They are used to
create the samples of transistors, field emitters and
high-sensitivity sensor elements. The successful
development of carbon nanoelectronics requires the
development of precision methods of nanostructure
creation of carbon.

Artificial surface structuring can be viewed from
two perspectives, as a process for the creation of
structures of a given shape, in which the impact
takes place directly at each point of the surface,
and as a process of self-organisation of atoms
after a macroscopic effect on the surface. The first
case may include various types of lithography.
Probe lithography allows to achieve high spatial
resolution since the scope of the surface is limited
to a radius of curvature of the needle and is only
a few nanometres. The second case includes self-
organisation process of dislocations in graphite and
formation of periodic nanostructures.

Local anodic oxidation of the graphite
surface with the formation of a dielectric
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[Modzomoeka 2pauma K 3KcnepumMeHmMam no ckaHupyrouiell
30H0080U MUKpockonuu

Preparation of graphite to experiments on scanning probe
microscopy

IIpeJIIOYTUTENIbHO He C MUKPOHHOM, a C CyOMuU-
KPOHHOI IIOIPeIIHOCTbI0. MeXaHUUeCcKHe CHCTeMBL
MIO3ULIMOHHUPOBAHUS /ISl 30HA0BOI0 MHUKPOCKOIA,
3D-npuHTepa U 0b6pabaTeBaroOmero eHTpa CTPoO-
ATCSl HAa OJMHAKOBBIX IPHUHIIUIIAX: MUHHUMaJIbHbIE

HM HM
nm nm
3
2000
2
1000
1
ok i 1 0
0 400 1200 2000 2800 HM
nm
HM
nm 31
[1 1
0.8 I | |
0,6 [ l Il II'II k
I AV 1V AN
II|"| ) Ill 1\ "\..II I\\ II\,R-'\--" -.JIr
0,2 /' J
M
0 LA . . . . . . . HM
0 100 300 500 700 900 nm
[Tepsbie pesyabmamepl no modupukayuu nosepxHocmu
Memodom A0KAAbHO20 AHOOHO20 OKUCAEHUS!
The first results of surface modification by local anodic
oxidation

TIOQTHI, KeCTKasl MeXaHHKa, HU3KHEe TeMIIepaTyp-
Hble Apeldsl. [/ yIIpaBleHUs HUCIIOAb3YIOTCS IIpe-
LIM3HOHHBIE [IAaTrOBble ABUTATeIH U CEPBOIIPUBO/IBL.
Jlugep 1o TOYHOCTHU MeXaHHYeCKHUX CUCTeM IlepeMe-
IIeHHsI, KOHEYHO, CKAHUPYIOII UK 30HI0BBIHI MUKPO-
CKOII, B KOTOPOM IIOTPEIIHOCTH He IIPeBBIIIAI0T COTBIX
Y 1a>Ke TBHICSTYHBIX I0Iell HaHOMeTpa. CoBpeMeHHEIe
obpabaTsiBalomye LIeHTPH y>Ke IMPHUOIHUKAITCA
K HAaHOMeTPOBOK TOUHOCTH [13].

O6BbenMHSIS BCe TPU YCTPOMCTBA B eJUHYIO LIEIIOYKY,
IIoJTy4aeM IIPOTOTHUII COBpeMeHHOT0 3aBoja 15 06pa-
60TKM HaHOMaTepHanoB. Takoe IIPOU3BOJICTBO CTPO-
HTCS 10 TUIY LHPPOBOH pabpHUKH: TOKaph U dpese-
POBIIMK CTAHOBSTCS IPOrpaMMHCTAMHU, MaTepHa-
JoBeJaMHU, KOHCTPYKTOPaAMH, yUeHBIMHU U HHKeHe-
paMu B ofHOM nulle. ONMH U3 TaKUX "'3aBOJOB" y>Ke
BBI/IA€T IePBYIO MIPONYKIIHIO — H300paskeHHUsI HAHO-
€HOTa Ha ITI0OBEPXHOCTH ITHPOITUTUYECKOro rpaduTa.

Asmopbl 8blpaskatom UCKpeHHIo baazodapHocmb 3a noddepskky
Hasany Muxatinosu4y bopmHuky, Lienmpy UHH08AUUOHHO020 pa3su-
mus Mockebl, Jlenapmamenmy HayKu, npoMblUAEHHOL NOAUMUKU
u npednpuumameapcmaa Ilpasumeasbcmea Mockebl, dpy3bam
u eduHoMblWAeHHUKAM. JTguzambca buicmpo u ycnewHo be3 nod-
depskku bbiao b6l mpydro. Cnacubo scem!

Cmambito noceauaem namamu Cepzea Casunosa — seau-
K020 MpysKeHUKaA 30H00800 MUKPOCKONULL.

compound - graphite oxide - allows forming
dielectric nanostructures on the surface of graphite
or graphite film. This method on a graphite surface
helped grow a dielectric strip of graphite oxide
with the distance between the peaks of the strips of
120 nm.

When implementing a project, it is also intended
to assess the possibility of local anodic oxidation
as a "nanoengraving" tool to create images on the
graphite surface, which will make the process even
more creative.

SCANNING PROBE MICROSCOPE, 3D-PRINTER AND
PROCESSING CENTRE

What is in common between so many different
devices in the sub-title? It may seem that there
are more differences than common things but
that is not true. When operating a scanning probe
microscope, a 3D-printer and a processing centre,
similar software electronics and algorithms are
used. In all the three devices, it is necessary to
accurately bring the probe head and the machining
tool to a predetermined place preferably with not
micron error but submicron error. The mechanical
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Jlumozpagus Ha nogepxHocmu 2paduma nocpedcmeom
A0KAAbHO20 AHOOH020 oKucAeHusi. CAeea HaNpaso: Mackd,
monozpaguyeckoe U30bpaxkeHue, Kapma pacnpedeneHus
cun mpeHus. CmydeHmsbl wymsam: "Cmado HAHOeHOMo8
2ynsiem no zpapumy”. HaHoeHOoMbl 8vipaeHbl 3a60mausol
pykoli Buonemmol Liigey [14]

Lithography on a graphite surface by local anodic oxidation. Left
to right: the mask, topographic image, distribution of the friction
forces. Students joke: "A herd of nano-raccoons walking in graph-
ite". Nano-raccoons carefully grown by Violetta Shvets [14]

positioning system for a probe microscope, a
3D printer and a processing centre are built on
the same principles, minimal backlash, rigid
mechanics and low temperature drifts. To control,
precision stepper motors and servos are used. The
leader in precision mechanical motion systems is
of course s scanning probe microscope, in which
the error does not exceed hundredths or even
thousandths of a nanometer. Modern processing
centres are already approaching the nanometer
precision [13].

By combining all three devices in a single chain,
we obtain a prototype of a modern factory to process
nanomaterials. This production is created by
following the example of a digital factory, a turner
and a miller become programmers, materials
scientists, designers, scientists and engineers in
one person. One of such "factories" already provides
the first product - nano-raccoon images on the
surface of pyrolytic graphite (HOPG).
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