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CoBpeMeHHble NPorpaMMHble NaKeTbl NPOEKTUPOBAHUS N03BONSIOT 3¢ HEKTUBHO NMOoy4aTb 3/IeKTPOHHbIE
BUPTYa/ibHbie MOAEN C/IOXHbIX NMPUG60POB 6MOMEANLMHCKOro HasHayeHus. MHoronapameTpuyeckuin
M MHOrOCTOPOHHWUI aHanu3 BUPTYalbHOM MOLENWN fAeT BO3MOXHOCTb CYLLECTBEHHO COKPaTUTb Bpemsi
Ha nocnegyolee cosgaHue NpoToTMNA U peanbHOro npoaykra. Becb LMKA 3anycka NpouwsBoacTea
NpoayKUUKM coKpawaercs U ypewwesnserca. MpyU 3TOM K/OYEBbIM CTAHOBUTCSA HA4yasibHbIA 3Tan

3/1IeKTPOHHOro Moae/iMnpoBaHus.

Modern design software packages allow to effectively create electronic virtual models of
complex biomedical devices. The multiple-parameter and versatile analysis of the virtual
model makes it possible to significantly reduce the time for the subsequent creation of the
prototype and real product. The whole production start-up cycle is reduced and becomes
cheaper. In this context, the initial stage of electronic simulation is the key.

aBa Munmnpomropra JleHHuC MaHTYpPOB, OTUUTHI-
Basich B [ocaymMe Ha "TIpaBUTe/IbCTBEHHOM yace',
pacckasai 4To B 2015 rofy ChlpbeBOLl 3KCIIOPT YCTY-
IIHJI He CBIPbeBOMY ITOUTH 3% B 0611eM o6beMe. "Poccus
[IOCTeIeHHO YXOOUT OT HeTSHOM UIJIBI, ~ OTMEeTHII
J.MaHTYPOB. — DTO IIPOCIEKHUBACTCS U B YBeIUUEHHUHU
06beMOB BHEIIHHUX [TI0CTABOK POCCHUICKOM BBICOKOTEX-
HOJIOTHUYHOM ITPOAYKIIMH, KOTOpas BeIpoOC/a B 06beMe
Ha 10,5%" (http://rg.ru).

OcobeHHO Ba>kKHO, YTO a’ke B YCIOBUSIX KPH3HCa
Y BBIHY>K/IeHHON 5KOHOMHH, Mephl IOAJeP>KKH He
OBIIH ype3aHBl, Tak KaK KMeHHO 61arofaps UM Bo3-
MO’XKHO JajbHelIlee Pa3BUTHe MHHOBALIMOHHOM
IIPOMBIIIJIEHHOCTH. B paMKax npoeKkTa "CeHCOpPHBIe
TeXHOJIOTUH MOJIEKY/ISIPHOM JUATHOCTUKU JIJISI I1eP-
COHUOHUIIMPOBAHHOM MeIULUHB aBTOPHI CO3MAIOT
IpHU noxfepkke MUHUCTepcTBAa 06pa3soBaHUS U
HayKHU IIPOU3BOACTBO 6HMOCEHCOPA /IS IePCOHAb"
HOM JUArHOCTUKHU M yCOBEPUIEHCTBOBAHHOIO CKa-
HUPYIOLIEro 30HL0BOro MUKpocKoma "®emroCKaH".
CTpaTeruveckol Lie/1bl0 KOMIIAHUHU SIBJISIETCS Opra-
HH3allHUs IO0JTHOCTbIO OTe4eCTBEHHOTO IIPOU3BOJ-
CTBa U3MEPHUTEBPHOI0 U AHATHUTHYECKOro obopymo-
BaHMUA I HAHOTEeXHOJIOTUH.

HauyuHas ot 3D-Mozmenu, pa3paboTaHHOH B KOM-
NbIOTEPHOM IIPOrpaMMe, a 3aTeM MIPOTOTHUIIA HU3/e-
NHS, MBI IIJIAHOMEPHO ABKKEeMCS K 3aI1yCKY I10JTHO-
LIeHHOTI'0 IIPOK3BOAICTBA.

OT SIEKTPOHHOI0 MOAE/INPOBAHUA
K PEAJIbHOMY NPOAYKTY
Eme B Havuase 1990-x ronoB mmpu pa3paboTke mep-
BBIX MOJleJIell MUKPOCKOIIOB MBI HCII0/Ib30BaJIH IIPO-
rpaMMHBIe ITAKeTHI /11 IPOeKTHPOBAHM I KaK MeXxa-
HHYeCKHX, TaK U 3JIeKTPOHHBIX Y3JI0B, TO €CTh BHa-
Yajie BCerja co3faBajiach 3JIeKTPOHHAS MOJeIb
u3genus. 3a npourefurre 30 €T YCIOXKHSAIUCH KOH-
CTPYKLMU IPHOOPOB U OLHOBPeMEHHO COBepIIeH-
CTBOBAJIMCh U YCJIOKHSA/THMCh IPOrpaMMHBIE ITIaKeThl
JJIS1 MOZleIMPOBAaHM S M KOHCTPYHPoBaHUs. Ceryac
B IIPOEKTHPOBAHUMU MeXaHHYECKHX y3JI0B MBI
HCIIONb3yeM JHIIeH3HOHHBIe makeThl SolidWorks
KakK 15 06ydyeHHUSs, TaK U OJIsI IPOeKTUPOBAHUS.
ObyuyeHHe CTyAeHTOB, aCIIUPAaHTOB U MOJIOABIX
COTPYAHHKOB HOBBIM METOJaM IIPOEKTUPOBAHUS
aKTHBHO BegeTcs B IIMUT "HaHOTeXHOJIOTUK" QU3U-
4veckoro pakynpreta MI'Y um. M.B.JloMoHOCOBA.
Ba>kHBIM 3TaloOM CO3JaHHS MHHOBAILIMOHHOTO
MPOAYKTa sIB/sIeTCsl GopMaln3aliysl BCell CO3LaHHON
KOHCTPYKTOPCKOH M TeXHOJIOTMUYeCKOH JOKyMeH-
Tauuu. IIpaBUIBHO COCTaBeHHAas JOKYMeHTAL U
caMa coboro yske IpeAcTaBiseT 60IbIIYIO LIEHHOCTh
M II03BOJISIeT OPTaHM30BaTh BEICOKOTEXHOJIOTHYHOE
IIPOM3BOACTBO 6€3 MHOTOYHCAeHHBIX yTOYHEHUN U
nopaboTok. [Ipy HATUYKK KaueCTBeHHOM JOKyMeH-
TallMKM CTAHOBUTCS BO3MOXXHBIM He TOIBKO JOCTH-
>KeHHe BBICOKOM Ky/IBTYpPBl IIPOM3BOACTBA, HO H €0

MTY nm. M.B.JIoMOHOCOBA, LIeHTp nepcnekTMBHbIX TeXHON0rmi / Lomonosov Moscow State University, Advanced Technologies Center.
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[pon3BeneHa nepsas
NpoAyKLMS — CKaHUPYIOLLMIA
TYHHE/IbHbIN MUKPOCKOM
"Ckan"

The first product, the "Scan"
scanning tunneling
microscope is manufactured

4,'3% &# 2013
. _/p__' —

CKaHMpYIOLLNM 30HA,0BbIN
Mukpockon "®emToCkaH X"
FemtoScan X scanning probe
microscope

HauyaTta pa3paboTka HOBOM
CEpYM ATOMHO-CU/IOBBIX U
TYHHE/bHbIX MUKPOCKOMOB
"®emTOCKaH"

The development of
"FemtoScan" atomic-force and
tunnel microscope is started

CKaHWPYIOLLMI KaNWUINSPHBIN
MWKPOCKOM CO3AaH Npu
K/IO4€BOM Y4aCTUW Fpynmbl
npogeccopa tO.Kopyesa
(Mmnepwan konnegx, JTIOHAOH)
1N KOMNaHuu "MegHaHoTex"
(www.nanotomed.com)

A scanning capillary
microscope is designed with
the key participation of
professor Yu.Korchev (Imperial
College, London) and
Mednanotech company
(www.nanotomed.com)

C 1987 200a co30aHo Hemeblpe 6a308biX MOOeAU MUKPOCKONO08
Since 1987, four basic models of microscopes are created

ead of the Ministry of
Industry and Trade Denis
Manturov, in reporting

to the State Duma during the
"Government Hour", said that
in 2015 the raw-material com-
modity exports were nearly
3% less than non-raw-mate-
rial commodity exports in the
total. "Russia is gradually mov-
ing away from oil dependence,
the Minister said. It can also
be seen in the increase in the
volume of foreign supplies of
Russian high-tech products,
which grew in volume by 10.5%".
It is particularly important
that even in the times of cri-
sis and forced savings, sup-
port measures have not been

cut, since it is thanks to
them that innovative indus-
tries can continue to foster.
Within the framework of the
project "Molecular Imaging
Sensing Technologies for the
Personalised Medicine", with
the support of the Ministry
of Education and Science, we
establish the biosensor produc-
tion for personalised diagnosis
and improved scanning probe
microscope FemtoScan. The
strategic goal of the Advanced
Technologies Center is to set
up fully domestic production of
the measuring and analytical
equipment for nanotechnology.

Starting from the 3D model
developed in a computer

programme, and then a proto-
type product, we are gradually
heading towards launching the
full-fledged production.

FROM ELECTRONIC SIMULATION
TO A REAL PRODUCT

Back in the early 1990s dur-
ing the development of the
first models of microscopes,
we used software packages for
the design of both mechani-
cal and electronic components;
in other words, the electronic
product model was always cre-
ated in the beginning. Over
the past 30 years the design
instruments became more
sophisticated as well as mod-
elling and designing software
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THpa>kupoBaHue. Ha 5ToM 3Talle BOSHUKAIOT OIlpe-
JleJIeHHbIe CJIO’KHOCTHU, C KOTOPBIMH MBI CTOJIKHY/IUCH
IIpH CO3AaHUU HOBOK MOZe/IM MHUKPOCKOIIa 1 61oceH-
copa. CymecTBeHHOM ITpobaeMo cTana popManusa-
LM BCeX 3HAHUM U HapaboTok B popmare, COOTBET-
CTBYIOLIeM JeHCTBYIOIIUM pernaMeHTaM U TOCTaM.
IMpuuem ecnu ofHU ['OCTHL (K IpUMepyY, peraaMeH-
TUPYIOIHU I II0BePKY 30HJ0BOT0 MHUKPOCKOIA) 6bIIH
HaIlMCaHBl He TaK JaBHO, TO BECh KOMIIJIEKC TOCY-
NapCTBEHHBIX CTAHAAPTOB eIUHOK CUCTEeMBI TEXHO-
norudeckor gokyMeHTanuu (ECT]) 6511 cocTaBieH
npeuMyiiecTBeHHO B 1980-e rogbl. Muorve 'OCThr
OTHOCATCA K 1990-M rogam IIpPOIILJIOTO CTOJIETUS U
colepKaT nmpasuia ohopMIeHHUS JOKYMeHTOB 6e3
ydeTa JOCTHKeHUH COBPeMeHHBIX KOMIIBIOTePHEIX
nporpaMm. Ilo 3aKoHy Mypa OCHOBHBbIE XapaKTepH-
CTUKHU KOMIIBIOTEPOB yJIYUIIA/JIKMCh B IBA Pa3a KasKIble
JBa rofa, TO eCTh C MOMEHTA HallKMCaHU S CTAaHJAPTOB
ECT]I, HeCKOJIbKO IIOKOJIEHU K KOMIIBIOTEPOB yCIIeNH
MOPaJIbHO yCTapeTh.

Mt&1 onpesienunu cebe CpoK B TPH rofia IJIsI CO3/1a-
HHSI COBPEMEHHOI'0 BBICOKOTEXHOJIOTMYHOTO IIPOM3-
BOACTBA. [IpobeMBbl HMIIOPTO3aMeIlleHU S U 061eMuU-
poBoro Kpu3rca, ycrapesiire periaMeHTh U TOCTEI -
peasinu, B KOTOPBIX Haflo paboTaTh, JOCTUIATh IIOCTAB-
TIeHHBIX LieJIel U IVIAHOMePHO U TH BIlepe[.

HNHHOBaUMM HYXXHO pa3BHBATh He TOJbKO B
IIPOM3BOJCTBE, UX HYKHO BHEIPATH U B [IPOU3BOJ-
CTBEHHBIX CTAHAApTaX. ITO IIO3BOJIUT CKOHIIEHTPHU-
POBAThCA Ha BBI30BAX COBPEMEHHOU PBIHOYHOM KO-
HOMMKH, KOTOPBIX CTAHOBUTCS Bce bosblie.

HAHOTEXHOJIOI'U B JIEKTPOHUKE - 3.1
Mop pepakumen yn.-kopp. PAH K0.AMannbirnHa

HKH

LleHa 975 py6.

K HOBOM NPOAYKLUHH MBI IIPeIbsIBIIeM CaMBble
BbICOKHe TpeboBaHUS. TaK, yCOBepUIeHCTBOBAaH-
Has MOJe/JIb CKAaHHPYOIIEro 30HA0BOI0 MUKPO-
ckorma "®emToCKaH X" MMeeT pa3Mmep Kaapa [o
100x100 mxM?. IIpK 3TOM KOITHYECTBO SZUCKPETOB
(muKcesien) B Kazpe Mo>keT PaBHATHCS 8192x8192, uto
cocTaBiiseT 64 Meramukcesns. JlocTuraeMasi TOUHOCTh
HO3UIIMOHHPpoBaHMS — 0,001 HM. MaKCHMaJIbHAs CKO-
POCTb CKAHHUPOBaHHS — 64 Kagpa/c. Ilopor obHapysKe-
HHUS BUPYCHBIX YaCTHL] Ha CEHCOPHOM IIOBEPXHOCTHU
pu pasmepe 1o 10 x10 Mkm - 10 eguHULL. [Tpu 3TOM
BpeMs IPoOBeJeHHUs OJHOr0 Uu3MepeHUs - He boee
10 MuH. M3MepeHHe KOHIIEHTPALIUY BUPYCOB B KU/
KOCTH B iMama3soHe oT 10 1o 108 BUpycoB/MJI IPOBO-
JUTCS C OTHOCHTEIBHOM IIOI PEIIHOCTLIO He 6osee 20%.

Co3gaBaeMBbll 6HOCEHCOP Ha OCHOBe KaHTHJIeBep-
HOro 6HOYMIIA SIB/ISEeTCS KOMIIAKTHBIM YCTPOKCTBOM,
KOTOPBIM II03BOJISIeT PeruCcTPUPOBATh BHPYCHEIE
naroreHsl He 6os1ee yeM 3a 30 MUH, a 6aKTepHaIbHbIE
martoreHsl ele 6pICTpee - He 6oslee yeM 3a 20 MUH.

Hama 3amava - 6bIcTPO U 3pPeKTHBHO IPOUTHU
3Tallbl CO34aHUS 3/IeKTPOHHOM MOJeIH U MPOTO-
THIIA, OPTAaHHU30BaB IIPOKM3BOJCTBO HOBOU peabHOM
IPOAYKIIMHU. u

Mol 8bipaskaem uckpenHioto baazodaprocms Ipasumeascmay
Mockebt, POOH (npoexkm 15-04-07678), MuHucmepcmasy Hayku
u obpasosanus (npoekm 02.G25.31.0135), ®ondy codeiicmaus
passumuto maaix ¢popm npednpusmuii 8 Hay4HO-MexXHuUUe-
ckoli cpepe (npoekm 16315) 3a 3pdermusHyto noddepskky HawUX
pabom.

M.: TEXHOCOEPA,
2016.-430 .
ISBN 978-5-94836-423-0

KHura mpezCTaenser cobom chopHMK Hay4HbIX paboT COTPYAHMKOB 1 BLIMYCKHMKOB HALWMOHANLHOMO MCCeA0BATENb-
CKoro yHuBepcuTeTa "MUIT" 1 KacaeTcsi pa3BUBAIOLLMXCA HAMPAB/EHWI HAHOTEXHOMOMWI B 3NeKTpoHuUKe. Crieayet
OTMETUTb, YTO KDKAAS 113 CTaTeN — 3T0 3aKOHYEHHIA TPY/ HAY4HO-MCCNE0BATENLCKOMO UM AHAIUTIYECKOTO Xapak-
Tepa, 0TPXAIOLLWA COBPEMEHHOE COCTOSHME UCCIRL0BAHIIA B 06CY)KAAEMbIX aBTOPaMM 0BIACTAX.

KHura byfeT nonesHa CrieLMancTam B pasnnyHbx 06MacTaX MAKPO- 1 HAHOINEKTPOHUKM,  TAIOKe MOMOZbIM

NCUIEQOBATENAM — aCMPaHTAM U CTYAEHTAM-MArCTpaHTaM.

KAK 3AKA3ATb HALLN KHUTN?
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packages were simultane-
ously upgraded and became
more sophisticated. Now we
use the SolidWorks packages
in the design of the mechani-
cal components. Students, post-
graduates and young profes-
sionals are intensively trained
in new design methods in
the Nanotechnologies YICC
of the Physics Department of
the Lomonosov Moscow State
University.

An important step in the cre-
ation of an innovative product
is to formalize all of the devel-
oped design and process docu-
ments. Properly compiled docu-
mentation in itself already rep-
resents great value and makes
it possible to set up high-tech
production without too many
refinements or improvements.
With high-quality documenta-
tion, it is possible not only to
achieve high production stan-
dards but also its multiplica-
tion. At this stage, there are
certain difficulties that we
faced when creating new mod-
els of a microscope and a bio-
sensor. An essential problem
was the formalisation of know-
how in a format meeting the
current regulations and state
standards. If some GOST stan-
dards (for example, regulating
the verification of probe micro-
scopes) were written not so long

ago, the whole range of state
standards of the unified system
of technological documentation
(USTD) were developed mostly
in the 1980s. Many GOSTs refer
to the 1990s and contain rules
of making documents without
regard to the accomplishments
of up-to-date computer pro-
grammes. According to Moore’s
law, the key characteristics of
computers improved twice every
two years, in other words, sev-
eral generations of comput-
ers had morally outdated since
the time of creation of USTD
standards.

We identified for ourselves
a period of three years to cre-
ate a modern high-tech produc-
tion. Import substitution and
the global crisis issues, out-
dated regulations and GOST
state standards shape the real-
ity in which we should work to
achieve our planned goals and
go ahead.

Innovations should be devel-
oped not only in production but
also introduced in production
standards. This will let us focus
on the challenges of the present
market economy as their range
keeps growing.

We set the highest standards
for new products. Thus, the
improved FemtoScan X scan-
ning probe microscope has a
frame size of 100 x100 pm?. The

number of discretes (pixels) per
frame may be 8192x8192, which
is 64 megapixels. The achiev-
able accuracy of positioning is
0.001 nm. The maximum scan-
ning speed is 64 frames/sec.
The viral particle detectability
threshold on the touch surface
at a field size of 10x10 pm is
10 units. At that, the time of a
single measurement is no more
than 10 minutes. The concen-
tration of viruses in the fluid in
the range from 10% to 108 virus/
ml is measured with a relative
error less than 20%.

The developed biosensor
based on a cantilever biochip is
a compact device that allows to
register viral pathogens for not
more than 30 minutes, and bac-
terial pathogens even faster, no
more than 20 minutes.

Our objective is to quickly and
efficiently go through the steps
of creating an electronic model
of the prototype by setting-up
the new production. [ |

We express our sincere gratitude to
the Government of Moscow, Russian
Foundation for basic research (proj-
ect No.15-04-07678), the Ministry of
science and education (project No.
02.G25.31.0135), the Fund of assistance
to development of small forms of the
enterprises in the scientific and techni-
cal sphere (the project No. 16315) for the
efficient support of our work.
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