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KOHCTPYUPYEM B 3D:
OT ATOMOB U MOJIEKYZ1 A0 ®ABPUK U 3ABOJ10B
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Pa3BuMTMe COBpeMEHHbIX TEXHO/OrMA MOo3BOJIsIeT COo34aBaTh MOJIHOCTbIO aBTOMATU3MPOBAHHbIE
npousBoAcTBa, pabpuku 1 3aBoAbl C HAUBbICLLEN MPOU3BOAUTE/IbHOCTbLIO. PazpabaTbiBas CKaHUPYIOLUIA
30HAOBbLIM MWUKpPOCKON, naypeaTtbl Ho6eneBckon npemunm no ¢usumke 3a 1986 rop Mepps BUHHUC
1 XanHpux Popep coeAuHWIN BMeCTe 3HaHUS Y4eHbIX U UCKYCCTBO UHXXeHepoB. IMeHHO 3TU KayecTsa
Heo6XoAMMblI HOBbIM creuManuctam M paspaborymkam. MUKPOCKONUS U TEXHONIONUMU YCMeLwHo
pa6otatoT B 3D-popMaTe: MUKPOCKONbI HA61H0Aa0T 06BEKTbl MUMKPO- U HAHOMUPA B TPEX U3MEpPeHUsIX,
a coBpeMeHHble o6pabaTbiBalolmne LeHTpbl U 3D-NpUHTEpbl CO3AAI0T MO TPEXMEPHbIM 3/IeKTPOHHbIM
MoAeNiIM C/I0XHble 06beMHble nsaenus. Haw pacckas o TpexXMepHbIX TEXHOIOTUSIX, MPUMEHSIEMbIX Ha
npakTuke, B TOM Yncse Ha pabpukax n 3aBogax.

The development of modern technologies allows to create a fully automated production,
factories with higher productivity. Developing a scanning probe microscope, Gerd Binnig and
Heinrich Rohrer, laureates of the Nobel Prize in physics 1986, have combined the knowledge
of scientists and competencies of engineers. These qualities are needed for new engineers and
developers. Microscopy and technologies are successfully operated in 3D-format: microscopes
“see” micro- and nano-objects in three dimensions and modern machining centers and 3D
printers create complex three-dimensional products using digital 3D models. Our story is

about three-dimensional technologies used in practice, including factories and plants.

306peTaTenu CKAaHUPYIOMEro TYHHEJIbHOTO
MuKpocKona [.BUHHUT U X.Popep BBIIIOJHUIN
YHHKAJIBHYIO HH>KeHePHYI0 pa3paboTKy, co3mas
IIpuOOP 10 BU3yaTH3aLIMK MaTepHH Ha YPOBHE aTOMOB
Y MojieKy/1. Celiuac MOSKHO KOHCTaTHPOBATh, UTO BIIU-
SIHHe 3TOr0 1306peTeHHU sl Ha COBpeMeHHYI0 HayKy, TeX-
HOJIOTHUIO M MH/IyCTPUIO OKA3aJI0Ch PEBOJIIOLIUIOHHBIM BO
MHOTHX CMBIC/IaX. B pyKax y y4eHbIX IIOSIBUJICS IPHUOOP
IJ151 U3yYeHH s aTOMOB 1 MOJIeKYJI, TPaKTUUeCKH BCero
CIIeKTpa JIOKAJBHBIX CBOMCTB IIOBEPXHOCTH BellecTB
M MaTepHa/oB C HAHOMETPOBBIM IIPOCTPaHCTBEH-
HBIM pa3pellleHHeM. BO3HHK/IA TeXHOJIOTHS aTOMHOTO
MacmTaba (prc.1), KOTopasi COCTaBHJIA OCHOBY HOBOT'O
HaIlpaB/eHHs, II0/yYHBIIero obuenpuHsATOe Ha3Ba-
HUe "HaHOTeXHOJIOTUH" . O60POTEl HHIYCTPHUH 30H[0-
BOK MHUKPOCKOIIMH ITPEBBICHIIN MUJ/UTHAPAHBIN pybesk.
30H0BbIe MU KPOCKOIIHI (PHC.2) CTAJIH I10JIe3HBIM U
BBICOKOMH(POPMATHUBHBIM UHCTPYMeHTapHeM B Hayu-
HBIX OPTaHU3aALUIX U yHUBEePCUTETaX, KOMMepue-
CKHMX KOMIIAaHHUSX U IIPOU3BOACTBEHHBIX QUPMaXx,

MIKOJIaX M Ko/ledKax. JKypHan "HaHOMHIYCTpUs"
HeOHOKPATHO o6pallaics K TeMe IPUMeHeHHU sl 30H-
IOBOM MHKPOCKOIIHH, o6yueHHUS ee MeTomaM [1-6].
WHAyCTpHUS 30HLOBOM MHUKPOCKOIIHMH U 0bydeHUe
HmIaraloT BMecTe B HOT'y. MoskeT IIOKa3aThCsl YAUBU-
TeJIbHBIM, HO Ha IIPOTSKEHUU BCeX TPUALIATH ISITH
JIeT CBOero CyIeCTBOBAHMUS 30HJ0BAsI MUKPOCKOIIH I
Pa3BHBAeTCS SHEPTUYHO U YCTOMUYMBO. Ha coBpeMeH-
HBIF MOMEHT MOKHO HaCUHTaTh 60/lee COTHH pa3auy-
HBIX BUJIOB U CIIOCOO0B peasii3aIiiy 3TO TeXHOIOTHH,
KOIJa yHHUKaJIbHBIe QU3HYecKUe H3MePeHHUs IPOBO-
OSITCSL B oObeMe HeCKOJbKHUX HAaHOMETPOB. YCIIexy
30H/I0BOK MUKPOCKOIIMU CIIOCOOCTBYET He TOJIBKO
BBICOKAsI UHQOPMATUBHOCTD, HO M HAIISIAHOCTS IIpe-
JOCTaBJ/IsIeMBIX €10 JaHHBIX. IMEHHO 3TO [103BOJISIeT
MM POKO HMCIONb30BaTh 30H/0BYI0 MHUKPOCKOIIHIO B
06y4eHUH HMIKOJTBHUKOB, CTy[leHTOB, aCIIHPAHTOB
U CIelHaJuCTOB. HampuMep, M3yuyeHHe aTOMHOM
pelleTKH Ha IIOBePXHOCTH IpadUTa SIBJISETCS IIPH-
BBHIYHOM 71ab0paTOpPHOM 3aauell He TOIBKO CTy[eH-

MTY nm. M.B.JlomoHocoBa, HIMM "LLeHTp nepcnekTUBHbIX TEXHONOT Ui
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Puc.1. M306paxeHue nepenada ebicom 8 1,0 HM, NoAyYeHHOe ¢
NOMOLWbI0 3MAAOHA HaHOMempa: 3D-u3o6paxkeHue (88epxy ce-
8a); monozpacdus (88epxy cnpasa); nonepevHoe ceveHue (8HU3Y).
M3mepeHus nposedeHbl Ha CKAHUPYHOWEeM 30HO080M MUKPOCKone
‘®emmoCKaH", BHeCEHHOM 8 peecmp cpedcma u3mepeHuLli

Fig.1. Image of height difference of 1.0 nm, obtained using stan-
dard nanometer: 3D image (top left); topography (top right);
cross section (lower). Measured by FemtoScan scanning probe
microscope

TOB MJIAAIIMX KyPCOB YHHUBEPCUTETOB, HO U YUEHH-
KOB CTapUIMX KJIACCOB 0611e06pa3oBaTeNbHBIX KO,
Takwue 3aHATHUS IPOBOAUT, B YaCTHOCTH, MOCKOBCKHU I
L[eHTP MOJIOZI€SKHOTO MHHOBALIMOHHOIO TBOPYECTBa
"HanotexHonoruu" [7, 8]. B 3TOM LIeHTpe MOKHO He
TOJIBKO IIOPaboTaTh HA 30HZOBOM MHUKPOCKOIIE, HO U

Puc.2. CkaHupytouue 30H008ble Mukpockonel "®emmoCKaH"
(UMWT "HaHomexHonozuu", Mockea)

Fig.2. FemtoScan scanning probe microscopes (Nanotechnology
YICC, Moscow)

IIPH KeJIAHUHU CO3[aTh 30HIOBBIF MHUKPOCKOII CO6-
CTBEHHOM KOHCTPYKLIHH.

30HIOBAst MUKPOCKOITHS Cpa3y 3apaboraa B pop-
Marte 3D: Bce M306paskeHHU s IIOBEPXHOCTH 06pas31oB
[I0JIy4aloTcs B o6beMe, Ie ecTh BBICOTA, MIMPHHA
U OJIMHA. BO3MOKHO HCIIO/NIb30BAHHE PAa3THUYHBIX
PeXMMOB CKAHHPOBAHHUSA: OT IMIPOCTOTO IIOCTPOY-
HOTO0 Kafipa [0 CIOKHBIX MO Y/ISLIMOHHBIX Pe30HAHC-
HBIX C U3MepeHHeM Cpa3y HeCKOIBKHX [TapaMeTpPOB.
HacTporika peskMMOB 06pPaTHOM CBS3H II03BOJISIET
MHHHMHU3UPOBATh BO3JeHCTBHe Ha obpa3ser] co CTO-
POHBI 30HA.

YrpaBneHHe MHOIMMH COBPeMeHHBIMHU CHCTe-
MaMHu - 3D-mpuHTepaMu, 3D-06pabaTsBalOUIMMU

he inventors of the scan-

ning tunneling microscope

G.Binnig and H.Rohrer have
completed a unique engineering
project by creating a device for the
visualization of matter at the level
of atoms and molecules. It can be
concluded that the influence of
this invention on the modern sci-
ence, technology and industry
was revolutionary in many ways.
Scientists obtained the instru-
ment for the study of atoms and
molecules, virtually of the entire
range of local surface properties

of substances and materials with
nanometer spatial resolution. An
atomic-scale technology has been
established (Fig.1), which formed
the basis for a new area with com-
mon name "nanotechnology”. The
turnover of the industry of probe
microscopy exceeded billion.
Probe microscopes (Fig.2)
become a useful and highly infor-
mative tools in research insti-
tutions and universities, com-
mercial companies and indus-
trial firms, schools and colleges.
The "Nanoindustry" journal has

repeatedly turned to the topics of
application of probe microscopy
and teaching its methods [1-6].
Industry of probe microscopy and
teaching are developing together.
It may seem surprising, but all
thirty five years of its existence
probe microscopy develops vigor-
ously and sustainably. At the pres-
ent moment we can count more
than a hundred different types
and methods of this technology,
when unique physical measure-
ments are carried out in a volume
a few nanometers. Not only high
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Puc.3. ®pesepHebili cmaHok ¢ YMY ATCG3000 das 2D-, 2,5D-
u 3D-¢pesepHol 06pabomku OpesecuHbl, KOMNO3UMo8, NAa-
cmuka, Kamus, 0opansl, AamyHu

Fig.3. ATG-3000 milling CNC machine for 2D, 2.5 D and 3D mill-
ing of wood, composites, plastic, stone, duralumin, brass

LIeHTPaMH, 30HJOBBIMH MHUKPOCKOIIAMH IIPOHCXOAUT
C TIOMOIIBIO OJMHAKOBBIX AJITOPUTMOB U C HCII0b30-
BaHHEM POACTBEHHOH 3JIeKTPOHUKH U HUCIIOTHSIONeH
MeXaHHUKH — LIaTOBBIX JBUTaTeseHd, CEpBOIPHUBO-
JOB, MAHUIIYJSITOPOB, IPELIU3MOHHBIX HAIIPABIIS-
romux. Ha ocHOBe TeXHOJIOTHH 30HJOBOM MHKPO-
CKOIIMK HaMHU bbliia co3maHa cepus obpabaTsiBaro-
mux Gpe3epHBIX CTAaHKOB ¢ YIIY (pHc.3) ¢ BEICOKUM

OBICTPOENCTBUEM U TOUHOCTBIO 06paboTKU IeTanei
(www.ATCindustry.com).

OCobeHHOCTBIO COBPEMEHHOI'0 TeXHOJIOTHUeCKOT0
yKJIaZia CTAHOBUTCS ITOJIHBIM OTKa3 OT YeI0Be4eCKOro
TPYZAa IIpH BHIIIOTHEHU U OZHOOOpa3HBIX ONepaLki,
KOTOPBbIe YCIIeLTHO OTAAOTCSI aBTOMaTaM U poboTaM.
[lyis1 6osiee CIIOSKHBIX OIIEPALIUM C/TY>KaT aBTOMATH3H-
POBaHHBIE CUCTEMBI C 3JIeMEeHTAMHU UCKYCTBEHHOI0
WHTeJIeKTa, IIOCTPOeHHOTO0 C IPpHMeHeHHeM MaTe-
MaTHYeCKHX aJITOPUTMOB 0OPaTHOI CBS3H.

"LleHTp IePCHeKTUBHBIX TeXHOIOTHUHN" U LleHTp
MOJIOZLEeKHOTO HHHOBAILMOHHOTO TBOpUYECTBaA
"HaHOTeXHOJIOTHU" e5KeroJHO IIPOBOAST KOHKYPC A1
IIKOJIBHUKOB, CTYLE€HTOB M MOJIOBIX CIIEI[HaIUCTOB
"Mom nepBbI¥ 3aBoA" [9]. B 0mHOM M3 HOMHUHALIUK
KOHKYPCa YYaCTHUKH JO/IKHBI IPeACTaBUTh paccKas
"0 3aBoze, IUPEKTOPOM KOTOPOTO 51 X04y CTaTh M KOTO-
PpBIi OyzeT BBIIIYCKATh MHOTIO II0JIE3HOT0". Y>Ke eCTh U
nobenutenu (puc.4).

TpyZAHO JIM IIOCTPOUTH MACTEPCKYIO, LieX, 3aBOA?
Hamr onsIT U HabnoJeHUs [IOKA3bIBAIOT, YTO HET,
He CJIOKHO, 0COOeHHO eC/TH eCTh K TOMY IIOHUMaHHe
U >KermaHHe. CKOJIBKO BpeMeHH HaJlo IOTPATUTh Ha
3amyck npousBoAacTBa? OnuH rox! Ecnu mpousson-
CTBO CJIOKHOE, TO [IBA OJIA, €C/IH OYeHb CJIOKHOE ~ TPU
roma. BoT Takas mpocTtast apudmeTHka, K KOTOPOH
DOJIKHBI OBITH 0OABIEHBI CHJIA yXa, HACTOMYHBOCTD
Y yMeHHsI, OCHOBaHHBIe Ha 3HaHUSX. [le JoKka3arens-
CTBa U MpuMepsl? [IoCMOTpPHUTE Ha HHAYCTPHATbHBII
nporpecc B IOxHOM Kopee 3a nocinegHue 15-20 jeT,
WJIM IPOMBIIIIeHHBIH OyM B Kutae! []la u B Hamen
POCCHUIICKOM UCTOPHUH TaKoe Mpoucxonuio. Hemapom

informativity, but also the obvi-
ousness of the data contribute to
the success of probe microscopy. It
allows to use widely probe micros-
copy in teaching students, grad-
uate students and staff of com-
panies. For example, the study of
the atomic lattice on the graph-
ite surface is a routine laboratory
task not only in universities but
also in schools. These classes are
conducted, in particular, in the
Moscow Youth innovation cre-
ativity centre "Nanotechnology"
[7, 8]. In this center you can not
only work on the microscope, but
also create probe microscope of his
own design.
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Probe microscopy is perfectly
compatible with 3D and all the
surface images of the samples are
obtained with height, width and
length. You can use various scan-
ning modes, from a simple line-
by-line to complex modulated res-
onant with the measurement of
several parameters. Setting up the
feedback minimizes the impact
on the sample from the probe.

Many modern systems, such as
3D printers, 3D processing centers
and scanning probe microscopes
use the same control algorithms,
similar electronics and mechan-
ics, including stepper motors,
servos, manipulators, precision

guides. Based on the technology
of probe microscopy, we have cre-
ated a series of high speed CNC
milling machines (Fig.3), which
provides high-precision machin-
ing of parts (www.ATCindustry.
com).

The exclusion of human partic-
ipation in repetitive operations,
which can perform machines and
robots, is becoming a feature of
modern technological way. The
automated systems with elements
of artificial intelligence based on
feedback algorithms can be used
for more complex operations.

Advanced Technologies Center
and Nanotechnology Youth
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Puc.4. Mobedumenu KoHKypca 2015 200a "Moli nepebili 3a600"
JeHuc 3omos u AHacmacus JlucuHa

Fig.4. Denis Zotov and Anastasia Lisina, the winners of the 2015
contest "My first plant”

BeJIUKHU U peskuccep PomaH KapMeH MaccoBoe CTpo-
HUTeJIbCTBO M 3aIllyCKH 3aBOJOB B IOJH BenuKoHn
OTevyecTBeHHOMU BOMHBI Ha3Ba/l MTHOBeHHOM HUHY-
CTPHAJIBHOM PeBOTIOLIHel. [IoCMOTPUTe IIATYIO0 CEPHI0
"Ha BOCTOK" IOKyMeHTa/IbHOTr0 cepraa "HensBecTHast
BOMHA", CHATOIO B COAPY>KeCTBe BeluKo6pUTAHUH,
CIIA u CCCP, TaM ToabKO QaKTHI. M 3aBOMIBI BO3HHU-
KaJIK B CPOK OBICTpee omHOro rogal

Hacmoawas paboma sbinoaHena npu noddepxke
Mutobprayku P (dozosop Ne 02.G25.31.0135) u Poxda codeiicmaus
passumuto maasix Gopm npednpusamuil 8 HAY4HO-MeXHU4ecKoil
coepe (lozosop Ne STLIMHUT1/16315, kod 0016315).
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War "The instant industrial rev-

innovation creativity centre
organize an annual competition
for pupils, students and young
professionals "My first factory"”
[9]. In one of the categories of
the contest, participants must
submit a story "About the plant,
whose Director I want to be, and
which will produce a lot of use-
ful". We already have the win-
ners (Fig.4).

Is it difficult to build a work-
shop or a factory? Our experi-
ence and observations show that
it's not that difficult, especially
if you have understanding and
desire. How long does it take to
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start production? One year! If the
production is complex, then two
years, if it is very complex, then
three years. Fortitude, persever-
ance and skills based on knowl-
edge should be added to such
simple arithmetic. Where are
the evidence and examples? Look
at industrial progress in South
Korea in the last 15-20 years, or
at the industrial boom in China!
In Russian history this has hap-
pened too. It is no coincidence
that the great director Roman
Carmen called mass construc-
tion and commissioning of fac-
tories during the Creat Patriotic

olution". Watch the fifth episode
of "The Unknown War" docu-
mentary, jointly filmed by Great
Britain, the USA and the USSR,
only the facts are presented
there. And factories were built in
less than one year! [ |

This project is supported by the
Ministry of education and science of
the Russian Federation (contract No.
02.G25.31.0135) and by the Fund for the
Promotion of the Development of Small
Forms of Enterprises in the Scientific
and Technical Sphere (Contract No.
ITLIMUTI/16315, code 0016315).
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