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B coBpeMeHHOM L pOBOM NMPOM3BOACTBE YCMELLHbIM CTAHET TOT, KTO MOCTPOUT BbICOKOTEXHOIOMUYHbIN
3aBOf, KOTOPbI 6yAeT BbiNyckaTb MHOIO NoJIe3HOro. Hall pacckas o cucteMax TO4YHOro TPeXKoopAUHaT-
HOro NO3ULMOHMPOBAHUS, KOTOPbIE BOCTPE6OBaHbI BO MHOIMX cCUCTEMaXx: ¢ppe3epHbiXx 06pabaTbiBaloOLLUX
LeHTpax, MMKPOMALUMHUHIE, JIa3epHOM pe3ke U rpaBUPOBKe, CKAHUPYHOLMX 30HA0BbIX MUKPOCKOMAX
M MoneKynsipHbIX 3D-NpuUHTEpax.

Only one who can build a high-tech plant produces a lot of useful goods and will be successful in a
modern digital production. Our story is about 3D precise positioning systems which are in demand in
a number of areas such as milling machining centers, micromachining, laser cutting and engraving,
scanning probe microscopes and molecular 3D printers.

LIeHTPe MOJIOZIeSKHOTO MHHOBALIHOHHOT'O TBOpYe-
cTBa "HaHOTexHOMOTHHU" QU3HUUECKOr0 GaKyIb-
TeTa MI'Y um. M.B.JlomoHocoBa [1] npu moga-

nepkke LleHTpa MepcreKTUBHBIX TeXHOJIOTHH IIPO-

XOIST MPaKTUYECKHe 3aHITHS U KyPCHI 10 CJIeAYIO-

MM HaIlpaBlIeHHUSIM:

* CKaHHUPYHOIAs 30H0Bass MUKPOCKOIIHUS;

 3D-mpoektupoBaHue B SolidWorks u mexaHoobpa-

boTka.

C mepBOTro B3TJIsiZa MOeT IMOKa3aThCs, UTO
3TH KYPChl OUeHb AaJeKH APYT oT Apyra. CKaHHU-
pylomas 30H0Basi MUKpOCKoIus paboraer ¢ ato-
MaMU U MOJIeKyJIaMH, 06beKTaMH HAaHOMETPOBOTO
M MUKPOHHOro MacmTaba. 9To Iria3a B HAHOMHUP
B TPeX ero M3MepeHHUsIX. [IpoeKTHPOBaHUeE, IH3aKH,
MexaHoobpaboTKa - 0671aCTh TeXHOIOTUH APYroro
Macmraba. [la U 3ech HY>KHBL aOCOIOTHO Apyrue
HaBBIKH.

OmHAaKO pealHuU COBPeMEHHOIO TEXHOJIOTHU-
YeCKOro IPOABHUKEHUS TOBOPST COBCEM O APY-
roMm. CyIecTByoIIHe IepefoBble o6pabaTsiBato-
I[He [eHTPHI II03BOISIOT JOCTUYb CYOMUKPOHHYIO
Y HaHOMETPOBYIO TOUHOCTh 06paboTKHU geTalel.
Cpenu MTHUAEPOB -~ LIeHTPbI 3/IeKTPOUCKPOBOK 0bpa-
60TKH, peMTOCEeKyHAHbIe Ta3ephl I/ Pe3KH MaTe-
PHAJIOB U Ja’ke CHUCTeMBl TOKAaPHOTO U $ppe3epHOro

MHKpoMamHuHUHTA [2]. O6paboTKy MaTepua-
JI0B ~ HAHOJIUTOT papUI0 —~ MOXKHO ITIPOBOAHTD H C IIOMO-
b0 CKAaHHPYIOIIEro 30H40BOr0 MHUKpocKoma. IIpu
3TOM MCIIO0/Ib3yIOT KaK MeXaHHYecKoe, TaK U 3JIeKTPH-
YyecKoe U 3IeKTPOXHMMHUYeCcKoe BO3/IeHCTBHU L.

Ho ecTp M Apyrou Ba>KHBIM MOMEHT B KypcCax
LIMHUT "HaHOTeXHOJIIOTHU ', Ha KOTOPBIH C/IeflyeT obpa-
TUTb 0coboe BHHMAHHUe, YTO MBI U JleJlaeM IIPH MIPo-
BeleHHUH 3aHSTUH. ECIM XOpOIIO OCBOMTL BTOPOU
M3 YIOMSHYTEIX KyPCOB IO 3D-IIPOeKTHUPOBAaHUIO,
TO Ha 6a3e IMoNy4eHHBIX 3HAHUI U HaBBIKOB MOKHO
CaMOMY CKOHCTPYHPOBATh OPUTHHA/IbHBIN CKaHHU-
PYIOLIHMH 30HI0BBIM MHUKPOCKOII. Ho JOCTHYB ycIexa
MO>KHO TOJIBKO B TOM C/Iy4ae, eC/IH BbI I1apaJl/Ie/IbHO CO
BTOPBIM KyPCOM H3Y4HJIH U IIepBBIH KyPC ~ CKAHHPYIO-
IleH 30H0BOKM MHUKPOCKOITHH.

B pesysbTate osny4aeTcs eAUHOe HayYHO-TIPAKTHYe-
cKoe 0by4yeHHe MHKeHePHO-PU3HUUeCKOMY UCKYCCTBY —
"Kaxk cobpaTh 30HA0BBIF MUKPOCKOII CBOUMU PyKaMH .

HaumHas c co3gaHus IepBOoro MUKPOCKOIA U IIPU-
XOAS K CJIIOKHBIM CepHUHHBIM MOJeIsM, HaM IIpH-
XOAHJ/IOCh pelllaTh [Ba Ba’KHBIX BOIIPOCA OFHOBpe-
MEeHHO ~ [IPHU/1yMBIBaTh HOBbIE PeSKHMMBI MHKPOCKOIIMH
Y peaJIM30BBIBATh UX B >Kesle3e. KOHeYHO, HY>KHO 106a-
BUTb U [IBa IPYT'UX BaXKHBIX HaIlpaB/IeHUS — 31eKTPOH-
HOe KOHCTPYHPOBaHHUe K IIporpaMMUpOBaHHe. ITU

1 MIYum. M.B.JlomoHocoBa / Lomonosov Moscow State University, Physical and Chemical departments.
2 OOO HMM "LieHTp nepcrneKkTuBHbIX TexHonornn" / Advanced Technologies Center.

3 000 "SHeproacddexTmBHble TexHonorun" [ Energy Efficient Technologies.
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J1Ba HaIlpaBJIeHUS HAM JaBaJIHCh
JNOCTAaTOYHO JIErKO, IIOTOMY YTO
y HacC y>ke OBI/TM XOPOIIHEe HaBBIKU
KaK B 2IEKTPOHUKE, TaK U B COCTAB-
JIEHUH IIporpaMM. YIA4YHO, 4TO
IS Pa3BUTUS 3TUX HAIlpaBie-
HUH He HYXHBI OoJIbIIMe KAIlH-
TaJIOBJIOKEHH . [l IIOATOTOBKH
FapMOHHUYHOIO CIeLHaTHCTa
B lleHTpe MOJOAEKHOI0 UHHOBA-
LIMOHHOTO TBOPYECTBA MBI [JIAHU-
pyeMm mobaBUTb IBa HOBBIX Kypca
"TIpoeKTHUpPOBAHHUE 3TeKTPOHHBIX
cucteM' u "[IporpaMMHpOBaHUe
IJ1s1 HaHoTexHonoruu'". Co Bpe-
MeHeM II0JlyMaeM H O APYroM
Ba’kHOM Kypce "MapKeTHHT,
pekiama, IpPOJBHUKEHHE B BBICO-
KHUX TeXHOJIOTUSX .

[locse NPUHSATHS B aBLyCTe
1990 roga 3akoHa 0 MaJbIX IIpes-
NPUSTHH y>Ke B CeHTs16pe TOro xe
roga LleHTp mepCcIeKTUBHBIX TeX-

06pabomku

Puc.1. 2007 200. Obpabampigatowiuti ueHmp Hurco VM1. 3anyck y4acmka mMmexaHo-

Fig.1. 2007. Hurco VM1 machining center. Launch of the machining section

HOJIOTUU OBIJI 3aperUCTPUPOBAH B LleHTpalbHOM
AJMHUHUCTPATUBHOM OKpPyre MOCKBBI KaK BBICOKO-
TeXHOJIOTUYHas [IPOMU3BOACTBeHHAsd KOMIIaHuA. I1o
CYyTH [eJia BCe IocaeAyiollee BpeMs Mbl CTPOUIIH
M pa3BUBAJIM KOMIAHHIO KaK 3aBOJ IIO BBHIIY-
CKy CaMBbIX COBEPIIEeHHBIX 30HJOBBIX MHUKPOCKO-
nos. Cepbe3Hol npobnemon 6sl1a MexaHoobpa-
6oTKa. CyLieCTBEHHOTO IIpPOorpecca yAaaoch JOCTUYb
B 2007 rony, Korjga Hallle IPOM3BOACTBO MBI OCHA-
CTUJIM BBICOKOTOYHBIM (Ppe3epHBIM LeHTPOM

C YKC/I0BBIM IPOTPaMMHBIM yIIpaBieHHeM (puc.l).
Ceriyac MBI M CaMH Hay4YHJIHUCh HenaTh dpesep-
Hble CTAHKH U obpabaTsiBaroniue meHTpbl. Ocobyro
HHIIY 3aHUMAKT MajaorabapuTHsle o6pabaTsiBao-
muye eHTPHl. Co3JlaHHAg HaMM IepClIeKTHBHAs
Mojienb ppe3epHOro IeHTpa I103BOJIseT IIPOBOJUTh
aBTOMAaTHYeCKYyI0 CMeHy MHCTPyMeHTa, UMeeT
aBTOMAaTH4eCKHe CUCTEeMBI OXJIAKeHUS U CMa3KH.
Bce 3To moBBIIIaeT KaK TOYHOCTh 06paboTKHU, TaK
M CPOK CJIY>KOBI LIeHTpa.

ith the support of the
Advanced Technologies
Center, practical
classes and courses in the fol-
lowing areas are held at the
Center for Youth Innovation
Creativity "Nanotechnologies"
of the Department of Physics of
M.V.Lomonosov Moscow State
University [1]:
« scanning probe microscopy;
* 3D design in SolidWorks and
mechanical processing.

At first glance, it might seem
that these courses are very far
apart. Scanning probe micros-
copy operates with atoms and

molecules, objects of nanometer
and micron scale. It is the eye to
the nanoworld in its three dimen-
sions. The design, mechanical
processing and engineering are
the technology field of a different
scale. Completely different skills
are needed here. However, the real
peculiarities of the modern tech-
nological movement indicate the
opposite. The existing advanced
processing centers provide the sub-
micron and nano-scale accuracy
of machining. The femtosecond
lasers for cutting, electro-spark
processing centers, milling and
lathe micromachining systems are

the leaders among these systems
[2]. Processing of materials, the
so called nanolithography, may be
carried out using a scanning probe
microscope. At that, use is made of
mechanical, electrical and electro-
chemical effects.

But there is another impor-
tant point in the courses of
"Nanotechnology" Center, which
should be paid special attention
to, as we do when lecturing. The
deep study of the second course of
3D design mentioned above gives
the necessary basis of knowledge
and skills to design your own orig-
inal scanning probe microscope.

Vor.12 No. 7-8 (93) 2019 NANO INDUSTRY




OBOPYAOBAHMUE A/19 HAHOUHAYCTPUM

Puc.2. 2011 200. Obpabamvbigarowuli 3neKmpouckposol
ueHmp VZ300L Sodick edem Kk Ham 6 uex 0As opzaHu3ayuu 06-
yyarowux Kkypcos. Cnacubo komnanuu Sodick 3a noddepsxky
Fig.2. 2011. VZ300L Sodick Electric Spark-Processing Center
arrives to our workshop for training courses. Thanks to Sodick for
their support

Korga x HaM Ha 3KCKYPCHIO IPUXOAST IIKOJIb-
HHUKH, TO CTOUT 3ajJia4da: IIPOCTO, IOHSATHO U yBJeKa-
TeJIbHO PacCKa3aThb O HallleM HaIlpaB/eHHH. M KoHe4dHo,
06 ycriexe, B KOTOPBIF MBI JOJIKHBI BOBJIeUb IIKOJIb-
HUKOB, OyQyLIIMX y4YeHBbIX, CIIeLIMaJTHUCTOB, IIPAKTHU-
KoB. HElHelllHee MoJIOZoe MOKOJIeHMe y>Ke CaMo II0
cebe 6M3HeC-OpHEeHTHPOBaHHOEe. Mbl HAUMHaeM pac-
CKa3 0 3aBOfie, YTO OOBIYHO MOJIO/Ible YMBI HEMHOXKKO

HacTopaskuBaeT. Ho B IeHICTBUTEIBHOCTH I10JTy4aeTCs
TaK, YTO IIYTh K YCIIeXy — 3TO BBIIIYCK BOCTpebOBAaHHOM
MPOAYKIIMH. DTO MOXKeT OBITh M MHTE/JIeKTYaIbHBI
IIPOAYKT, KOMIIBIOTEPHAsI IIPOrpaMMa HJIH YBIeKaTeNlb-
Hasi Urpa Ha MobuyibHOM TenedoHe. B nobom ciydae
IJISI BBIITYCKA ITPOJYKTa HY>KeH 3aBof,. MosKkeTe Ha3BaThb
ero KaK yrofiHo: CTyAus AU3akHa, 1abopaTopus mpo-
IPaMMHUPOBAHHUS, LIeHTP HHTE/IIeKTyaIbHON MBIC/IH,
<1>a6pHKa ycIiexa H T.J,. 3aBOJ, OH U eCTb 3aBOf,. JTO IIyTh
K ycrexy. OcobeHHO B 3TI0XY HaIBUTAIOIIEFCS IIUPPOBOKT
KOHOMHKH.

Ins moceTuTesNell M y4acTHUKOB LleHTpa
MOJIOZLEeKHOTO HHHOBAaILMOHHOTO TBOpUYeCTBa
"HaHOTeXHOJOTHUH" MBI PeryasipHO IPOBOAKUM KOH-
Kypc "Mo# mepBBIH 3aBoA". Ha/lo MOCTPOUTH pac-
CKa3 0 3aBOfe, TUPEKTOPOM KOTOPOI'O BBl XOTHTE
CTaTh X KOTOPBIH OyeT BBIIIYCKATh MHOTO I10JIE3HOTO.
[TobenuTens, Kak BCerga, OKUAAET IIPU3.

CoBpeMeHHBIe 3aBOLB U GabOpUKU OUeHb IIPOK3-
BOLWTe/NbHBI. HalmpuMep, oqUH eIHHCTBEHHBIHN
3aBoJ, Samsung uau Sony MoskeT obecliedUTh BCeX
JIIOfe! IIJIAHeTHI TelleBU30paMU. [IpoM3BOACTBEeHHBIH
LIeHTp KOMIIaHUU Intel - cHa6AUTH BceX CKOPOCTHBIM
IIPOLIECCOPOM B COCTaBe KOMIIbIOTEPA, HOyTOYKa UK
IJIAHIIeTa. B COBpeMeHHOM Topofie MOSKHO IIOCTPO-
HUTbh 3aBOJ 10 BRIPANIMBAHUIO CajiaTa B 3aKPBITOM
IIOMeIIeHUWH. 3a rof, B HeM MOKHO BBIPAaCTHUTh 10 12
yposkaeB. KpoMe Toro, TakoH 3aBof - 3To pabpuka
KHUCIOPOJa, YTO AJIsi MEeraroanucoB O4YeHb XOPOIIO.
B MockBe HeaBHO B 3gaHUU TabauyHo! dpabpuru
Ha KamnpckoM IIocce 3amyleHa ropoackasi gepma.
DaKTHYECKH 3TO yKe He pepMa, a BEICOKOTEXHOJIO-
TUYHBIHN 3aBOJ, I10 IIPOU3BOACTBY 3e/IeHH [3].

However, to be successful, it is abso-
lutely needed to pass the first course
(scanning probe microscopy) in
parallel to the second one too.

As a result, these courses form
the integrated scientific and prac-
tical education of engineering
and physical art called "How to
produce the microscope by own
hands".

Starting from making the
first microscope and moving to
more complicated serial mod-
els we had to solve two impor-
tant problems simultaneously.
These problems were to find
new modes in microscopy and

to implement them in the hard-
ware. Of course, it is necessary
to add two other important direc-
tions - electronic design and pro-
gramming. Both of these direc-
tions were implemented eas-
ily because of our acquired skills
in the electronics and program-
ming. It is fortunate that large
investments are not needed to
develop these areas. With the
aim of preparing the harmon-
ically educated professionals
in youth Innovative Creativity
Centre we planned to supply two
new courses "Design of electronic
systems” and "Programming for

HAHO MHOVCTPHA Tom 12 Ne 7-8 (93) 2019

nanotechnologies”. Over time
it would be useful to conduct
another important course called
"Marketing, advertising and mer-
chandising in high technologies".

After adoption of the law on
small enterprises in August 1990,
in September of the same year,
the Advanced Technologies Center
was registered in the Central
Administrative District of Moscow
as a high-tech production com-
pany. Indeed, all following time we
built and developed our company
as a plant for manufacturing of the
most sophisticated microscopes.
Mechanical processing was the
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Puc.3. 2019 200. Co30aHHble HAMU KOHCMPYKUUU: 06pabampl8atoyuli UeHMp ¢ YUCAOBbIM NPO2PAMMHbIM ynpasneHuem U agmoc-

MeHol uHcmpymenma ATC "MIHdycmpus 4.0" (caesa) u ppe3epHblii cmaHok ATC "HaHo" (cnpasa)
Fig.3. 2019. Our own designs: a processing center with numerical program control and automatic tool change ATC Industry 4.0 (left)

and a ATC Nano milling machine (right)

serious problem. Significant prog-
ress was achieved in 2007, when our
plant was equipped with an ultra-
precise milling centre with com-
puter numerical control (see Fig.1).

Now we produce milling cen-
tres and processing centres by
ourselves. Small-size process-
ing centres form the special
niche. We have created a prom-
ising model of a milling center
that allows for automatic tool
changes, and has automatic cool-
ing and lubrication systems. All
this increases both the accuracy
of processing and the service life
of the center.

When schoolchildren come
to us on an excursion we easily,
clearly and excitingly tell them
about our work and success where
we wish to involve children,
forthcoming scientists, profes-
sionals and engineers. The cur-
rent young generation is already
business-oriented.

As a rule, we start an excur-
sion from telling about our plant,
which usually alerts young minds
a little. Although, the only way
to success is to produce the much-
needed goods. It may be an intel-
lectual product, software or amaz-
ing game in a gadget. Anyway, a

plant is needed to manufacture
the product. We can call it what-
ever you like. Design studio, soft-
ware laboratory or intellectual
thinking centre, success fac-
tory, any name covers the plant.
A plant is a plant. That is the
way to great success, especially
in a forthcoming epoch of digital
economy.

For visitors and participants
of the "Nanotechnology" Youth
Innovation Creativity Center we
regularly hold a competition "My
first plant”. We need to build a
story about the plant, the director
of which you want to become and

Vor.12 No. 7-8 (93) 2019 NANO INDUSTRY



OBOPYAOBAHMUE AJ191 HAHOUHAYCTPUM

Puc.4. 2019 200. CmeHOd 048 ucnbimaHull 3D-maHunyAsmopa, cocmosiuezo u3 dgyx cmyneHell: cucmembl NAA8H020 NepemeLeHusl

8 duanazoHe 100 x 100 x 35 mm u nbe3okepamuyeckol nAam@opmepl ¢ duanazoHom 75 x 75 x 50 mkm
Fig.4. 2019. Test bench for a 3D manipulator consisting of two stages: a smooth movement system in the range of 100 x 100 x 35 mm
and a piezoceramic platform with a range of 75 x 75 x 50 ym

Y coBpeMeHHOro LHGPOBOIro 3aBOAA HOJIKHBI
OBITH BCe HeobXomUMBle aTpPUOYTH - CHCTeMa
ynpaBiaeHHus Ha 6a3e MHUKpompoleccopos, fpga-
KOHTPOJIJIePOB, KOMIIBIOTEPOB U IP., 37TeKTPO-
HHKa C JATYUKAMHU, IPpOrpaMMHoOe obeciedeHHe

which will produce a lot of useful
things. As always, a prize awaits
the winner.

Modern plants and factories
are very productive. For exam-
ple, a single Samsung or Sony fac-
tory can provide all the people of
the planet with TV sets. Intel’s
manufacturing center can supply
everybody with a high-speed pro-
cessor as part of a computer, lap-
top or tablet. In a modern city, you
can build a salad plant indoors.
Up to 12 crops can be grown there
in a year. In addition, such a
plant is an oxygen factory, which
is very good for megacities. In

Moscow a city farm has recently
been launched in the building of
a tobacco factory on Kashirskoye
Shosse. In fact, this is no longer
a farm, but a high-tech plant for
production of greenery [3].

A modern digital factory should
have all necessary attributes - a
control system based on micropro-
cessors, fpga-controllers, comput-
ers, etc., electronics with sensors,
software, and, of course, mechan-
ical structures and actuating sys-
tems. In other words, everything
that is in a scanning probe micro-
scope should be in a digital pro-
duction system [4].
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v, 6e3yclI0BHO, MeXaHH4YeCKHEe KOHCTPYKLHU
Y HCIOJHUTe/bHble CUCTeMBI. JIPyTUMHU CI0BaAMH,
BCe, UTO HUMeeTCsl B CKAHHUPYIOUeM 30HJOBOM
MHKPOCKOIIE, JOJIKHO 6BITh U B ITUOPOBOM CHUCTEMe
MIpOM3BOACTBa [4].

A common element of the
machining center and the scan-
ning probe microscope is the
X-Y-Z three-coordinate position-
ing system. We have developed
a 3D manipulator for perform-
ing these functions (Fig.4). The
technical parameters of the 3D
manipulator are shown below:

* X-Y-Z positioning area: 100 x

100 x 35 mm;
 horizontal resolution on X and

Y: 0,075 nm;

+ horizontal linearity on X and Y:

0,02%;

« resonance frequency X /Y: 3000/

2000 Hz:
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O6muM 37eMeHTOM obpabaTsliBalolnero meHTpa
K CKaHHPYOLIEro 30HJ0BOT0 MU KPOCKOIIA SBJIS€TCS
CHUCTeMa TPeXKOOPAMHATHOIO IO3HULMOHUPOBa-
Hus X-Y-Z. Hamu pa3paboraH 3D-MaHUIYISTOP OIS
WCIIONIHeHU S 3TUX QYHKUMH (puc.4). TexHHUUYeCKHe
rapameTpsl 3D-MaHUIIYIATOPa [IPUBeeHEl HHKe:

* I10JIe MO3ULMOHUPOBaHMS X-Y-Z: 100X100 x 35 MM,;

* paspelleHHe I10 Topu3oHTanu X 1 Y: 0,075 HM;

* JIMHEMNHOCTH I10 TOPU30HTanu X U Y: 0,02%;

e pe3oHaHCHas yacTtoTa X/Y: 3000 /2000 I'y;

e paspelleHHe 10 HOpMaIHU (BepTHKanu) Z: 0,05 HM;

* JINHEMNHOCTH I10 HOpMau (BepTUkanu): 0,02%;

* pe3oHaHCHas 4yacToTa Z: 1500 I'm.
3D-MaHUIYASATOP IPUMEHSETCA B CIeAYIIHX

obnactax:

* B KayecTBe CUCTeMbl HAHOIIO3UIIHOHUPOBAHUS

IJIS1 1a3epHOMN IPaBUPOBKH U Pe3KH;

* CBepPXTOYHOIO MHUKPOMAaIIMHHHTIA;

* 3D-MHTeppepeHLMOHHOIO CKAHUPOBAHHU;

* CKaHHpYIOIel 30HJ0BOM MUKPOCKOIIHH;

* MOJIEKYASAPHOTO 3D-IIpUHTepa, CKAHUPYIOLIEro

KaIlH/ISPHOr0O MUKPOCKOIIA.

[Tnarpopma 3D-MaHUNYIATOPA MOXKET HCIIOIb30-
BaTbCsl KAaK aBTOHOMHO, TaK U OBITh yCTaHOBJIEHA Ha 06pa-
batsiBaromui neHTp ATC "MHaycTpus 4.0" U1K UHBEp-
TUPOBAHHBIN ONTHYeCKUH MHUKpockon Nikon Ti-U.
BosMmoykHa aganTanusa 3D-MaHUIYIATOPa K APYTHM
06pabaThIBAIONIMM U U3MEPUTETbHBIM IUTATOPMAM.

Ha mHamewm 3aBofge TpebyIOTCS MHOTHe CIIeI[H-
AJNIKCTEL - QU3HUKU, XUMUKH, OHOIOTH, MaTepHa-
JI0Be[bl, IPOrPAMMHUCThI, HHK@HePbl U KOHCTPYK-
TOpbl. CO34aBaTh 3aBOJBL ~ 3TO IIYTh PaJOCTH yCIIeNI-
HOI'0 YeJI0BeKa.

PaboThI I10 U3rOTOBIEHHIO 06pabaThIBAIONIEro IIeH-
Tpa ATC "MHAycTpus 4.0" 11 3D-MaHUIY/ITOPA BBIIION-
HeHBl IIpU nojJepsxkke PoHA COLeNCTBUS HHHOBA-
nusam (morosop Ne 422TPHTUC5/44715). Kanubposka
3D-MaHHUIYISITOPa METOLaMHU CKAaHUPYIOIeH 30H/10-
BOM MUKPOCKOIIMHU OCYIeCTBIeHa NPHU GUHAHCOBOK
noggepkke PO®M B pamKax Hay4yHOro mpoekra Ne
17-52-560001.

Asmopbl sblpaxawm uckpeHnHwtw baazodapHocme
Jllenapmamenmy npednpuHuMamenscmea U UHHOBAUUOH-
Ho20 paszsumusa 2. Mocksel u MuHucmepcmay IKOHOMU4ECK020
passumus Poccuiickoii ®edepayuu (dozosop Ne8/3-63un-16
om 22.08.16) 3a HeoueHUMYH NoMOLULb.
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« normal resolution (vertical) Z:
0,05nm;

« normal linearity (vertical):
0,02%;

« resonance frequency Z: 1500 Hz
3D-manipulator is used in the

following fields:

« nanopositioniong system for
laser engraving and cutting;

+ ultra-precise micromachining;

+ 3D-interference scanning;

+ scanning probe microscopy;

+ molecular 3D printer, scanning
capillary microscope.
The 3D-manipulator platform

can be used autonomously and

can be installed on a processing

center of ATC Industry 4.0 or
an Nikon Ti-U inverted opti-
cal microscope. It is possible to
adapt the 3D-manipulator to
other processing and measuring
platforms.

Our plant requires many spe-
cialists - physicists, chemists,
biologists, materials scientists,
programmers, engineers and
designers. Creating factories is
the way of joy for a successful
person.
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