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AHHOTanHs. OTCYTCTBHe HeoOXOQMMBIX CIIelMaIM3UPOBAHHBIX HABBIKOB U IIPAaKTUKU 3aTPyLHseT IIPoLiecc
TPYLOYCTPOMCTBA COBPeMEHHBIX CTYyIeHTOB B 06/1aCTH BBICOKHX T€XHOJOIHUM. 3/1eCh MOKET OTpeboBaThCs
HIMPOKUI CIIeKTP KOMIIeTeHIIUI. B HAHOTeXHOJIOTHsIX Halo XOPOIIO OPUEeHTHPOBAThCS U 3HATh CBOKCTBA MaTe-
pHasoB 1 06beKTOB B HAHOMEeTPoBOM MaciTabe. IIpH co3aHHMU BBICOKOTOUHBIX MeXaHHUUeCKUX CUCTeM Heobxo-
JOIMO HMeTb OIIBIT B paboTe c CAD 1 CAM-crcTeMaMM, MHOTOOCeBBIMU 06pabaThIBAIOIIM MU LIEHTPAMH C YHCJI0-
BBIM IIPOIrPaMMHBIM yIIpaBjieHHeM. Co3gaHHUe IIJIOMaAKU AJIs1 Pa3BUTHUS ClIelMabHbIX KOMIIeTeHIIMH I10 BOC-
TpeOOBaHHBIM B HayKe U OM3Hece HAIIPaB/IeHUSIM Y CTYIeHTOB SIBJSeTCsl HeobXooMMbIM 1 6e30T1araTe/IbHbIM
3TAIlOM B CO3[JaHUH yCIIeIIHON MHHOBALIMOHHON NHOPACTPYKTYyprl. B MI'Y uMeHu M.B.JIoMOHOCOBA TaKas
IIJTOIA/IKa eCTh — 3TO LIEHTP MOJIOIeSKHOI'0 MHHOBAI[MOHHOIO TBOpPUeCTBa "HaHOTeXHONIOrUH" Ha GU3UUECKOM
dakynbTere.
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Abstract. The lack of necessary specialized skills and practice makes it difficult for today’s high-tech students to
find employment. A wide range of competencies may be required here. In nanotechnology, it is necessary to be
well versed in the properties of materials and objects on the nanometer scale. When developing high-precision
mechanical systems, it is necessary to have experience using CAD and CAM systems, multi-axis machining cen-
ters with numerical control. Formation of a platform for the development of special competencies in the areas
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demanded in science and business for students is a necessary and urgent step in successful innovation infrastruc-
ture development. Lomonosov Moscow State University has such a platform - it is the Youth Innovation Creativity

Center "Nanotechnologies" at Physical department.
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BBEAEHME

B LleHTpe MOJIOAEKHOIO0 HHHOBAIL[MOHHOIO TBOP-
yecTBa 'HaHOoTexHOMOruu" GU3UUECKOro GaKy/Ib-
TeTa HauMHAeTCsl HOBBIM yuebOHBIN roj U 3aIy-
CKAIOTCSI HOBBle KypChl IO PHU3HKe KHUBBIX
CHCTeM, CKAaHUPYIOLIeH 30H10BOKM MUKPOCKOIIHH,
3D-IpOeKTHUPOBAHUIO U [Ip. YBJIeKaTe/IbHOe IIyTe-
IIeCTBHEe B HAHOMHUP MOXKET HaUMHAThCA C H3yue-
HHUS YCTPOMCTBA U INPUHIKIIA PabOTh CKAHUPY-
IOIero 30HA0BOT0 MUKpocKoma [1]. Be3 nmoHuMa-
HHS OCHOB IIbe3ollepeMellleHUH, paboThl 1a3ep-
HOM OITHYeCKOM CHCTeMBbI U MIPOIOPLHOHATIBHO-
HHTerpaabHo-fuddepennupyromero (IIH)
peryasiTopa HeBO3MOKHO HauyaTh OCBAMBATh a3bl
MHuKpomacmiTaba. Bce 3TU MOHSTUS AOCTYIIHO
U JIerko 0O6BSICHSAIOTCS B POIMKe Ha KaHalje
"B3risg B HAHOMHP', KOTOPBIM MOXKHO IIOCMO-
TpPeTh Ha BHAeocepBHUcax [2].

UMuT

LIMHUT obopynoBaH mepefoBbIMHU YyCTAHOBKAMMU:
6 MHOTrOQYHKIIMOHA/TbHBIX CKAHUPYIOIIHX 30H10-
BBIX MUKPOCKOIIOB "®emToCKaH", 3D-IIPUHTEPHI,

INTRODUCTION

The Youth Innovation Creativity Center
"Nanotechnologies" of the Physical Department starts
a new academic year and launches new courses on
physics of living systems, scanning probe microscopy,
3D design, etc. The exciting journey of the nanoworld
can begin with studying the scanning probe micro-
scope [1]. A fascinating journey into the nanoworld
can begin with studying the structure and princi-
ple of operation of the scanning probe microscope [1].
Without understanding the basics of piezo displace-
ments, laser optical system and proportional-integral-
differential (PID) controller, it is impossible to start
mastering the basics of microscale. All these concepts
are clearly and easily explained in the video on the
channel "A glimpse into the nanoworld", which can be
viewed on video services [2].

YicC

The YICC is equipped with advanced facilities: 6 mul-
tifunctional scanning probe microscopes FemtoScan,
3D printers, 3D scanners, laser engraver, CNC mill-
ing and engraving machines. The Center is currently

”

Puc.1. Omkpbimeili ypok 0As WKOABHUKO8 U3 YHuU8epcumemckol zumHasuu MI'Y 8 LUMWT "HaHomexHonoz2uu"

I8y

Fig.1. Open lesson for schoolchildren from the MSU University Gymnasium in the YICC "Nanotechnologies”
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Puc.2. MpoexmHas wkoAa Hayku u mexHoaozuti MI'Y @ 2. Capos. Yuacmuuk LUMWT "HaHomexHonozuu" Tumogel CosemHuUK08 Ky-

S, A

puposan nabopamoputo 30H0080U MUKpocKonuu, 20e cmydeHmbl M0o2AU Nopabomams Ha dMOMHO-CUAOB0M MUKPOCKONe U pedau-
308amb NPoeKM No aHAAU3y U306pa>keHull, NOAYYEHHbIX C NOMOLWbIO CKAHUPYULel 30H00800 MUKPOCKONUU

Fig.2. MSU Project School of Science and Technology in Sarov. Timofey Sovetnikov, a participant of the YICC "Nanotechnologies", super-
vised the probe microscopy laboratory, where students could work on an atomic force microscope and implement a project to analyze

images obtained with scanning probe microscopy methods

3D-ckaHephl, 1a3epHBIH I'paBep, PppesepHO-Ipa-
BHPpOBalbHble CTaHKHU Cc YIIY. Ceruac B IIMHUT
Pa3BHBAIOTCS HOBEIE IlepeJoBble HAallpaBJIeHH:
"BronHTep®erCHl 1/ SKUBBIX HEMPOHHBIX CeTeH ',
"HccnenoBaHue BIMSHUS TeKapCTBEeHHBIX IIpeia-
PaTOB Ha KMBBle KIeTKHU", "MeTo bl 1OCTaBKHU b6H0-
JOTUYeCKH aKTUBHBIX COeJUHEHUH B PaCTeHHUS ,
"PacTHUTeNbHBIE BUPYCHl B KaueCTBe MIOTeHIIHaJlb-
HBIX a/bIOBAHTOB .

B IMHUT Tak>Ke MPOXOAST PeryjasipHble 3KCKYyPp-
CHUH A/ IIKOJIbHUKOB, Ille KM paccKa3blBaloT 06
MHHOBAILIMOHHBIX HAyUYHBIX [IPOEKTAX U YCTAHOB-
KaX, KOTOphIe KAYT 6yAyIKX CTYyAeHTOB B CTeHaX
MIV.

PebsiTa 3HAKOMSITCS C 30HL0BOM MUKPOCKOIIHEH
Ha IIpuMepe MUKpocKora "®emtoCKkaH", y3HAIOT
0 COBpeMeHHBIX HallpaB/leHUSsIX B 06/1acTH HaHO-
TeXHOJIOTUH K 0 HallKX HCC/IeJOBaHUSIX BUPY-
coB, 6aKTepHUM U KJIEeTOK C IIOMOIIbIO 30H0BOM
MHKPOCKOIIMH. YUallHhecss MOI'YT B)KHBYIO IIOpa-
6oTaTh Ha mpubopax U IporpaMMHOM obecrieye-
HHUU CaMBIX COBepLUIeHHBbIX BePCHUH, CAe/IaHHBIX
B rpymnme QU3UKH KUBBIX CUCTeM [3-5].

IIMHT "HaHOTeXHOJOTHHU" y4acTByeT B pas-
JTUYHBIX BBIe3JHBIX yueb6HO-06pa3oBaTelIbHBIX
MepOIIPUATHAIX.

C 19 o 26 aBrycTa Ha 6a3e nareps ®I'VII "POIII-
BHHH3®" B r. CapoB npomia [IpoekTHas MIKOIA
HayKH U TeXHOJIOTuM MI'Y, opraHH30BaHHas IpU
nopnep>kke F'ockopnopanuu "Pocatom”. Ee yuact-
HHKaMHU cTaau 50 yyamuxcs 10-11 KaccoB IIKOJI
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developing new advanced directions: "Biointerfaces
for living neural networks", "Study of the effect of
drugs on living cells", "Methods of delivery of biologi-
cally active compounds into plants”, "Plant viruses as
potential adjuvants".

The YICC also hosts regular excursions for school-
children, where they are told about the innovative sci-
entific projects and facilities that await future stu-
dents within the walls of MSU.

The children get acquainted with probe microscopy
on the FemtoScan microscope, study modern trends
in nanotechnology and our research on viruses, bac-
teria and cells using probe microscopy. Students have
the opportunity to experience live operation of instru-
ments and software of the most advanced versions
made by the Living Systems Physics group [3-5].

YICC "Nanotechnologies" participates in various off-
site educational and training events.

From 19 to 26 August, the MSU Project School of
Science and Technology, organized with the support
of Rosatom State Corporation, was held at the camp of
FSUE RENC-VNIIEF in Sarov. It was attended by 50 stu-
dents of 10-11 grades from Russian cities. They learned
the basics of scientific research and realized their own
projects under the guidance of students and graduate
students of the Physical Department, while immers-
ing themselves in the student life of MSU.

Not only excursions and classes, but also confer-
ences take place at the YICC. Together with colleagues
from the Biological Department, we organized and
held a mini-conference "The World in a Drop of Blood"
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Puc.3. BoeicmynaeHue dokmopa 6U0A02U4eCKUX HAYK, Npo-
¢deccopa kapedpbl 6uopusuKku 6uonozuyeckozo Gaxynb-
mema MTY Teopzus Baadumuposuya Makcumosa ¢ d0KAa-
dom "ViccnedosaHue KOHpopmayuu 2emo2A06UHA 8 3pumpo-
uume npu U3MeHeHUU NAapuudaabHo20 0asAeHUs! KUCAOPO-
0a" Ha muHu-KoHpepeHuuu "Mup e kanae kposu" 8 LUMUT
"HaHomexHonozuu"

Fig.3. Speech by Georgy Vladimirovich Maximov, Doctor of
Biological Sciences, Professor of the Department of Biophysics,
Biological Department, Moscow State University, with the
report "Study of hemoglobin conformation in erythrocyte under
changing partial pressure of oxygen" at the mini-conference "The
World in a Drop of Blood" at YICC "Nanotechnologies”

i .y o A B

13 ropofoB Poccruu. OHU IT0O3HAKOMHUJIMCD C OCHO-
BaMU Hay4YHO-HCC/Ie0BATe/NIbCKOM AesSTelbHOCTH
U peann30BbIBa/JIU COOCTBeHHBbIe IIPOEKTH O]
PYKOBOLCTBOM CTYAEeHTOB U aCIIHUPAHTOB QU3U-
yecKkoro ¢paKyabTeTa, Mapasijie/ibHO IIOTPy>XKasiCh
B CTYJEeHYeCKYI0 KU3Hb MIV.

B IIMHUT mnpoxomgsaT He TOJNbBKO 3KCKYpPCHHU
Y 3aHSTHS, HO U KOHpepeHIHH. COBMECTHO C KOJI-
nmeramu c 6Mooruyeckoro ¢pakyygbTeTa Mbl Opra-
HH30Ba/IU U IIPOBe/IM MUHU-KOHpepeHL U0 "MUP
B KaIlJle KPOBU'" I10 UCC/IeOBAHUSM SPUTPOLUTOB
U APYTHUX KJIeTOK KPOBHU C IIOMOIIBIO Pa3THUYHBIX
COBpPeMeHHBIX MeTO/0B.

B uiooHe 3TOoro roma KoMucCHs IIO IIPOEKT-
HOHN [esiTeJIbHOCTH YHUBEPCUTETCKOM THM-
Hasuu MIVY coBMecTHO ¢ douHmom "HUP"
("MaHOMpakTHKA") oTOHMpana camMmble HHTepecC-
Hble 3a/la4H /151 MKOJAbHUKOB, U HAlll IPOEKT
"®H3uKa KUBbIX CUCTeM: CKaHHUPYIOIAs 30H-
IoBasi MUKpockonus'" Ol oTobpaH Oas pea-
AHU3aLHMU: Telepb MBI y4aCTByeM B IIPOEKT-
HOH sipMapke B [MMHa3uHU, I'Je paccKa3blBaeM
0 OyAyImHKX 3aadyax, KOTOpble MOXKHO pa3pelluTh
C IIOMOIIbIO 30H/I0BOM MUKPOCKOIIHH.

Puc.4. Mpogeccop Nzopb Baadumuposuu AmuHckul npeo-
cmasasiem npoekm "Cucmema asmomamu3auuu Hay4yHbiX
kcnepumeHmos "Kpyzo30p” Ha 3acedaHuu pabouel 2pynnbi
8 MuHucmepcmee Hayku u ebicluezo 06pazosarus Poccutickol
®edepauuu

Fig.4. Professor Igor Vladimirovich Yaminsky presents the proj-
ect "Scientific Experiments Automation System "Krugozor" at
the working group meeting in the Ministry of Science and Higher
Education of the Russian Federation

.._ - . T o . 1‘; &

on researching red blood cells and other blood cells
using various modern methods.

In June this year, the Commission for Project
Activities of the University Cymnasium MSU
together with the National Intellectual Development
Foundation ("Innopraktika") selected the most
interesting tasks for schoolchildren, and our proj-
ect "Physics of Living Systems: Scanning Probe
Microscopy" was selected for implementation: now we
participate in the project fair at Gymnasium, where
we tell about future tasks that can be solved using
probe microscopy.

Within the framework of the project "NASHA
LABA" we prepared the project "Scientific Experiment
Automation System "Krugozor" for participation in
the federal project "Development of Domestic Civil
Instrumentation for Scientific Research". Following
the results of consideration by the industry working
group at the Expert Council of the Ministry of Science
and Higher Education of the Russian Federation
on domestic civil instrumentation, the project was
recommended for face-to-face presentation. The
"Krugozor" system is a family of fast-acting data
acquisition and control systems for high-tech equip-
ment and measuring scientific complexes. It includes
software with graphical interface, fast electronic sys-
tem using high-performance FPCA controlling a wide
range of DACs, ADCs, frequency synthesizers, amplifi-
ers, synchronous detectors, feedback systems, etc. The

VoL.16 No.6 2023 NANO INDUSTRY
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B pamkax npoekrta "HAIIA JIABA" HaMmu 6511
[IOATOTOBJIEH MpoeKT "CHucTeMa aBTOMaTH3alUH
Hay4YHBIX 3KCIIePUMEeHTOB "Kpyrosop" 1Jisl yuacTUs
B dpenepasbHOM IIpoekTe "Pa3BUTHe OTeUeCTBEH-
HOTO NPpHUOOPOCTPOEHUS IPaskAaHCKOro Ha3Ha-
YeHMS A/ Hay4HBIX HCCleJOoBaHUMN". IIo UTO-
raM pacCMOTPeHMsI OTpacyieBol pabouer Irpynmnox
IIpH IKCIePTHOM COBeTe MHUHHUCTepPCTBA HAayKHU
U BeIclIero obpasoBaHus Poccurickon Pegepanuu
10 OTeueCTBEHHOMY NPU6OPOCTPOEHHIO FpaskAaH-
CKOTO Ha3HAa4YeHHUS MPOeKT 61 peKOMeH0BaH
K OYHOM npe3eHTaluu. Cuctema "Kpyrosop" - 3to
CeMelCTBO OBICTPOMEHCTBYIOMUX cucTeM cbopa
OaHHBIX U YIIPaBIeHHS BbICOKOTEXHOJOIHUHBIM
obopymoBaHHEM U U3MePUTENbHBIMHU HayUHBIMU
KoMmIaekcaMu. OHa BK/IHOUYaeT B cebst mporpamMmm-
Hoe obecreueHue ¢ rpaduuecKUM HHTepdericoM,
OBICTPONENCTBYIONYIO 3JIeKTPOHHYIO CHCTEMY
C UCIO0Jb30BaHHEM BBICOKOIIPOU3BOAHTEIbHOM
IIJIMC (FPGA), ynpaBasiloled IMHPOKUM CIeK-
TpoM LIAII, AIIII, cMHTe3aToOpaMM 4aCTOTHI, YCH-
JTUTeNSIMHU, CHHXPOHHBIMH IeTeKTOPAMHU, CHCTe-
MaMu 06paTHOM CBsSI3K K IIp. CUCTeMa IIpefHa3Ha-
YeHa JJIsl HCII0/Ib30BAHUS B KaueCTBe LeHTPasb-
HOIO YIIPaBJISIONIEro sifpa B MUKPOCKOIaX, CIIeK-
TpoMeTpax, TUTorpadax, 3D-mpuHTepax, ppesep-
HBIX M TOKapHBIX LIeHTpaX, poO0TOTeXHHUYeCKUX
CHCTeMax.

Cuctema "Kpyrosop" mpepnaraer 6picTpoe
U 9pPeKTHBHOe pellleHHe [JIs1 [IOCTPOeHU S allma-
paTyphl GU3KUYECKOr0 SKCIIepHMeHTa, NpodeccHo-
HaJIbHOM H3MePHUTeNbHOM U YIPaB/SAIONEN 3/1eK-
TPOHUKHU C BBICOKOCOBEPIIEHHBIMH "Mo3raMu”
Ha 6ase IIJIMC. iIMeeTcs BO3MOXKHOCTD €e MCIIO0/b-
30BaHHUS B TEXHOJIOTMYECKOM U IIPOU3BOJACTBEH-
HOM amnmnapatype. CucteMa "Kpyrosop" pyTUHHHBIM
obpa3om 3aMeHsIeT OCLKLIOrPadbl, YaCTOTOMEPHI,
reHepaTopbl, U3MePHUTEeNH, MHUPOKO UCIIO/Nb3ye-
MBble He TOJIbKO B HayKe, HO U Ha IPOHU3BOJCTBE.

BbIBObl
B IIMUT "HaHOoTeXHONOTUK" GHU3HUUIECKOr0o GaKyIb-
TeTa BCerJa MHOTO COOBITHH U MHOTO UOeH: KakK
CO31aTh U cOOpaTh MHHOBALIMOHHYIO YCTAHOBKY,
Kak HabiogaTh SKUBYIO KIeTKY U YBUAETH TO, YTO
ele HUKTO He BHAeEJ, KaK 3alIpPOrPpaMMHUPOBATh
IpOorpaMMy IJsl YIIPAaBIEeHHUS CBEPXTOYHBIMHU
IepeMeIleHHUSIMH, KaK CO3JaTh 3TAJIOH HAHOMe-
Tpa, MUK B3BeCUTh OAUHOUHYIO bakTepuio. 3amay
MHOXeCTBO, IJIaBHOe -~ 3HTY3Ha3M U >KeJlaHHe pas-
BUBAThCS, a MBI Bcerga byaeM pajnsl IIOACKA3aTh,
rlle B35iThb HY>KHbIe HHCTPYMEHTBHI.

OcHoBHasg 3amavya IIMHT - npuBiedYb MOJIO-
Jle>kKb K KpeaTHBHOMY TBOPUYECTBY, IIPUBUTH MOJIO-
OBIM Y4aCTHHKAM YMeHUS CO3[aBaTh II0JE3HYIO0

HAHO MHAVCTPUA Tom 16 Ne6 2023

system is designed to be used as a central control core
in microscopes, spectrometers, lithographs, 3D print-
ers, milling and turning centers, robotics systems. The
system is intended for use as a central control core in
microscopes, spectrometers, lithographers, 3D print-
ers, milling and turning centers, robotics systems.
The "Krugozor" system offers a fast and efficient
solution for building physical experiment equipment,
professional measurement and control electronics with
highly advanced FPGA-based "brains". It is possible to
use it in technological and production equipment. The
"Krugozor" system routinely replaces oscilloscopes, fre-
quency meters, generators and measuring systems,
widely used not only in science, but also in production.

CONCLUSIONS

There are always a lot of events and a lot of ideas at the
Nanotechnology Center of Physical Department: how
to develop and assemble an innovative device, how to
observe a living cell and see what no one has ever seen
before, how to program a software to control ultra-pre-
cise movements, how to prepare a nanometer standard,
or weigh a single bacterium. There are many tasks, the
main thing is enthusiasm and desire to develop, and
we will always be glad to advise you where to get the
necessary tools.

The main task of the YICC is to attract young people
to creative work, to instill in young participants the
skills to develop useful high-tech products that are in
demand. We are trying to solve this task. On this path
we are actively assisted by the non-state development
institute "Innopraktika", with which we are in close
cooperation in working out methods, approaches, tac-
tics and strategy of educational and training activities
that help young people to successfully pass the path of a
pupil-student-postgraduate-innovator. This is the path
of success.

ACKNOWLEDGMENTS

The YICC projects were implemented with participation
of Advanced Technologies Center (www.nanoscopy.ru).
The authors are grateful to the Innovation Promotion
Foundation and the Moscow City Government for all-
round support of the YICC "Nanotechnologies" activity.

PEER REVIEW INFO

Editorial board thanks the anonymous reviewer(s) for
their contribution to the peer review of this work. It is
also grateful for their consent to publish papers on the
journal’s website and SEL eLibrary eLIBRARY.RU.

Declaration of Competing Interest. The authors declare that they
have no known competing financial interests or personal relation-
ships that could have appeared to influence the work reported in
this paper.



EDUCATION

BOCTpe6OBaHHYIO BHICOKOT@XHOJIOIHUHYIO PO YK-
LMI0. MBI cTapaeMcs PeIlMTh 3Ty 3aAauy. Ha aTom
IIyTH HaM aKTHUBHO [IOMOTaeT HerocylapCTBeHHBII
WHCTHUTYT pa3BUTHUS 'MHHONIPAKTHKA", C KOTOPBIM
MBI HAXOJHMCSI B TECHOM B3aHMOJEHCTBUU IIPHU
BbIpaboTKe MeTOJ0B, MOAX0A0B, TAKTUKH U CTpa-
Teruu yuebHo-06pa3oBaTe/IbHOM AeSTeIbHOCTH,
IOMOraloller MOJIOABIM JTIOISIM yCIIeIIHO IPOUTH
IyTh yYeHHUKa-CTyJeHTa-aClIMpaHTa-MHHOBATOPA.
IlyTs ycrexa.

BNIATOAAPHOCTH

I[IpoexThl IMHT peann3oBaHbl IIPH YUYaCTHHU
OOO HIIII "IleHTp IepCIIeKTUBHBIX TeXHOIOT UK
(Www.nanoscopy.ru). ABTopsl 6;1arogapHsl PoHAY
COMEeMCTBUS MHHOBALIUSIM U IIpaBUTeNbCTBY
MoCKBEI 32 BCECTOPOHHIOIO ITOAEPSKKY A esTelbHO-
ctu UMUT "HaHOoTexHOIOT U,

WHOOPMALUA O PELLEH3UPOBAHUU

Pemakuus 61arofapuT aHOHHMHOTO pelleH3eHTa
(peLieH3eHTOB) 3a UX BKJIAJ B pelleH3UPOBAHHUE
3ToN paboThl, a Takyke 3a pa3MelleHHe CTATeH
Ha camTe XXypHaa U IIepefavyy UX B 3JIeKTPOHHOM
Bujge B HOF eLIBRARY.RU.

Jeknapauus o KoHpAUKmMe uHMmMepecos. Asmopbl 3a981910m
06 omcymcmauu KOHYAUKIMOB UHMepecos UAU AUMHBLX 0MHOuLe-
HUL, Komopble Mo2Au bbl nosAusmb Ha pabomy, npedcmasAeHHyto
6 daHHoll cmamee.
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