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"HAHOMA/bLLbI"
AN HAHOUHXEHEPOB
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B Poccuu Bnepsble CO3AaH UHCTPYMeHTapuit
N9 UccnepoBaTesieil U HAHOMHXKEHepOoB,
KOTOPbI/ NO3BO/SET BbINOJIHATL TPEXMEpHOoe
MaHUMNy/IMpoOBaHUe HaHo4YacTMLaMu. Pa6oTatb
C HAHOUHCTPYMEHTaMM TaKXe NpocTo U yao06Ho,
KakK € 06bIYHbIMU 3/IeMeHTaMu B Makpomupe.
MpoekT pa3BuBaeTcsa LLeHTPOM HaHOTEXHOJIOr U
M HaHoMaTepuanos Pecny6auku MopaoBus.

OMaHJIOMN ydeHBIX U3 HMPD PAH, MUHCuC,

MHOU 1 MOTH paspaboTaHa IHMHENKA YHHU-

KaJIbHBIX MUHHATIOPHBIX UHCTPYMEHTOB Ha
OCHOBe QYHKIIMOHAJBHBIX MaTepHaoB C 3pPek-
TOM IIaMATH GopMbl. HoBBle MUKPO- M HaHOMe-
XaHH4YeCKHe UHCTPYMeHTHl - HAHOIMHLIET, HaHO-
3aXBaT, HAHOIIJIOCKOTYOIBI M APYyrHue — JAIOT BO3-
MOSKHOCTb MaHHUITYJIMPOBAHUSI HAHOOOBEKTAMU, UTO
MOKeT OBITh HCII0JIb30BAHO BO MHOI'HUX 00/IaCTSIX IIPO-
MBIIIJIEHHOCTH M HayKH. 3aKpellIeHHble Ha KOHUHKe
MUKPOMAaHUIYISITOPa HAHOUHCTPYMEHTBl MOXXHO
CPaBHUTH C 'HAHOMAJMbIIAMHU", KOTOPHIE IO3BOJISIIOT
COBEepILIATh CBePXTOYHBIe OIlepPallMK Ha HAHOYPOBHe.

3OOEKTUBHOE MAHUMYINPOBAHME

HAHOOBDBEKTAMU

O6bIYHO B MHKPOCKOIAX HCII0Ab3YyeTCSI MAaHUIIYIS-
TOP, KOTOPBIE MOKET IIepeIBUraTh HAHOOOBEKT TOTBKO
B OZJHOM IJIOCKOCTH. [[/15 ITepeMeleHu s 10 HeCKO/b-
KAM KOOPAHHATaM M IPYIUX OINEepallhi, KaK Ipa-
BMJIO, MCIIOJIb3YIOTCS KaK MUHUMYM [IBa MaHUIIY/I-
TOpa, KOTOpble HeobX0A MO BHadajle IIPUCOeJUHSITh
K HaHOOOBeKTaM, a II0CjIe 3aBeplleHHs] MaHUIYIs-
LM — OTCOeJUHATh. B pe3ynbrarte, MOArOTOBUTEIbHEIR
orepanyy 3aHUMAT 0T 20 MHHYT [0 IBYX YacoB, YTO
CyIIeCTBeHHO OTPaHUYHBaeT CKOPOCTh UCCIeJOBAHUM
Y 1peobpa3oBaHUH HAaHOOO'BEKTOB.

HoBble HAHOMHCTPYMeHTHI 0becreunBaOT QYHK-
LMOHMPOBAaHME BCeX IPOIECCOB B peajbHOM Bpe-
MeHHU 6e3 IOTepb HA Mpe/BapUTe/bHbIE OIlePAllHuH.
B0O3MOKHO MaHMIIYJIMPOBAHHE I10 TPeM KOOpAHHA~
TaM MHUKPO- U HAHOO6'beKTOB C pa3mepaMu oT 30 10 300
HM, BKJIIoUas IIepeMelleHre, paccoefuHeHKe CBI3aH-
HBIX 06B5eKTOB (HanlpruMep, OT/e/eHHe HAHOUYACTUIIbI

"NANO-FINGERS"
FOR NANOENGINEERS

V.Koledov*, D.Sc. / victor_koledov@mail.ru

In Russia, for the first time created a toolkit for
researchers and nanoengineers, which allows you
to perform three-dimensional manipulations of
nanoparticles. The work with nanoinstruments
also easy and convenient as with a conventional
macroelements. The project develops the Centre
of Nanotechnologies and Nanomaterials of the
Republic of Mordovia.

team of scientists from Kotelnikov Institute

of Radioengineering and Electronics of

RAS, National University of Science and
Technology MISIS, Moscow engineering physics
Institute and the Moscow Institute of Physics
and Technology has developed a range of unique
miniature instruments on the basis of functional
materials with shape memory effect. New micro-
and nanomechanics tools - nano-pincers, nano-
gripper, nano-pliers - allow you to manipulate
nano-objects, that can be used in many fields
of industry and science. Attached to the tip of
the micromanipulator nanoinstruments can be
compared with the "nano-finger", which allow you
to perform precise operations at the nanoscale.

EFFECTIVE MANIPULATION OF NANO-OBJECTS
Usually in microscopes the manipulator which can
move nano-object only in one plane is used. For
multi-coordinate movement and other operations
typically use at least two manipulators, which
must first be attached to the nano-objects, and
after manipulation - be detached. As a result, the
preparatory operations require from 20 minutes
to two hours, which significantly limits the
productivity of research and transformations of
nano-objects.

New nanoinstruments ensure the functioning
of all processes in the real time without losses
for preparatory operations. The multi-coordinate
manipulation of micro and nano-objects with sizes
from 30 to 300 nanometers, including moving,
separation of the connected objects (for example,
separation of a nanoparticle from a substrate),

VIHCTUTYT paguoTexHUKN U 3IeKTPOHUKK UM. B.A.KoTeibHMKOBa PAH.
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Cucmema HaHOMaHUNyAUpoeaHus e delicmauu
Nanomanipulator in action

OT IOJJIOKKH), IIOBOPOT, U3rub u mpyrue gebpopma-
LIMH, U3MepeHHe MeXaHUYeCKHUX CBOKCTB, IIOAT0TOBKA
npob, paspe3aHue, HHTeTPUPOBaHUE HAHOOOBEKTA
B cucTeMy. biaaromapsi 3TOMy HOBble MHCTPYMEHTEI He
TOJIBKO PACIIMPSIOT BO3MOXKHOCTH Hab/I0leHH I HAHO-
YaCTHUL, HO U II03BOJSAIOT IIPEBPATUTh MHKPOCKOII
B HAaHOTEXHOJIOTHUYeCKYI0 YyCTAHOBKY /IS CO3/IaHUS
HaHOYCTPOMCTB HOBOTO IIOKOJIEHHU S HJIK HUCCIe0Ba-
HUS CBOMCTB HAaHOOOBEKTOB. [lepedrcieHHble YHK-
LIMH MOKHO pPeajii30BaTh [IPAKTHYECKH BO BCEX BUAAX
COBpeMEeHHBIX MUKPOCKOIIOB ~ OLITUYECKHUX, JIeKTPOH-
HBIX, aTOMHBIX CHJIOBBIX ¥ MIOHHBIX ~ B Pa3/IMYHBIX Cpe-
JaxX - BaKyyMe, rasax, KHIKOCTSX.

YHUKAJIbHbIE CBEPXTOUYHbIE BO3MOKHOCTH COBMeIa~
I0TCS C IIpefie/IbHO MIPOCTHIM, YIO0OHBIM M HHTYUTHB-
HBIM YIIpaB/JIeHHEM ~ HAHOMHCTPYMEHTHI IIPUBOIATCS
B IeFICTBHE IIPOCTBIM Ha’kKaTHeM KHOIIKHU 6e3 KaKux-
nub0 MpefBapUTENBHBIX OIlepaluil. [IpocToTa yrpas-
NeHH s 06yCIIOB/IEHA TeM, UTO aKTUBALHS C IIOMOIIBIO
3ddexTa mamaTu GopMbl (IIyTeM HarpeBa Ha TeM-
mnmepatypy oxoso 15°C MJIM C IIOMOIIBIO 3JIeKTpHUYe-
CKOT0 TOKa) He TpebyeT HU MOTOPA, HU JIMHUU Iepe-
nauu u obecredynBaeT IIpefe/lbHO IIPOCTOM CII0CO6
GYHKIMOHUPOBaHUSA. bosee TOro, peKOpAHO MaJieHb-
KHe MHCTPYMEHTHI KMeIOT Pa3Mephl OMHOI0 IIOpsAaKa
C HAaHOYaCTHLIAMU, YTO JejaeT MaHUIIYJIUPOBAHHUE
IIPOCTBIM, yHOOHBIM U 3G PeKTHBHBIM.

PA3BUTUE BUOMELULIUHCKNX HAHOTEXHO/IOT U
CNMOMOLbIO HOBbIX UHCTPYMEHTOB

YHHUKaIbHBIE BO3MOKHOCTH HAaHOMHCTPYMEHTOB
OBLIM IIPOAEMOHCTPHUPOBAHBL B 9KCIIEPUMEHTe, Ifie

rotation, bending and other deformations,
measurements of mechanical properties, sample
preparation, cutting, integration of nano-object in
the system are possible. New tools not only enhance
the capabilities of monitoring of the nanoparticles,
but also allow you to turn the microscope into
nanotechnology installation to develop a new
generation of nano-devices or to research the
properties of nano-objects. These functions can
be implemented in almost all types of modern
microscopes - optical, electron, atomic force and
ion - in different environments - vacuum, gases,
liquids.

Unique ultraprecise capabilities combine
with very simple, easy and intuitive controls -
nanoinstruments are driven by a simple press of a
button without any prior operations. Easy to control
due to the fact that activation of the shape memory
effect (by heating at a temperature of about 15°C
or by using an electric current) requires no motor,
no transmission lines, and provides an extremely
simple method of operation. Moreover, record-
breaking small tools have dimensions of the
same order with nanoparticles, which makes
manipulation easy, convenient and effective.

THE DEVELOPMENT OF BIOMEDICAL
NANOTECHNOLOGY WITH NEW TOOLS

Unique features of nanoinstruments were
demonstrated in experiment in the chamber of ion
microscope, where with the help of nano-gripper
a hair on the leg of a mosquito was dissected. It
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—100 mim|pim

[penapuposaHue 80A0ca Ha HOXKe KoMapa
Dissection of the hair on the leg of a mosquito

—— 50 mkm|um —— 5 MKM|um

C IIOMOIIBI0O HAHO3aXBaTa IIPellapHpOBaH BOIOCOK
Ha HOXXKKe KoMapa B KaMepe HabOI0LeHH I HOHHOIO
MHUKpocKoma. CeayeT OTMeTHUTb, YTO ropaszio 60Jb-
IHe 10 pa3MepaM 3apybeskHble aHATOTH IPAKTH-
YeCKH He [103BOJISIOT paboTaTh c 6HMOIOTUYeCKUMU
06beKTaMHU H3-3a HeIIpHeMJIeMO BBICOKKX pabounx
Temiepartyp (350°C).

CoBpeMeHHBIe MeJHKO-OHO0JIOrNYeCKHUX MeTOJ bl
HCCIefOBAHUI IpeAIogaraloT CylleCTBeHHOe
yMeHbIlleHHe KOJHUYeCTBa 6HOJIOruyeckoro Marte-
puana. HexkoTopble THUIIBI KJIETOK AOJIKHBI OBIThH
O4YeHb aKKypaTHO, 6e3 IoBpeXJAeHUN OTAeleHbl
M 3KCTpParupoBaHbl. Hampumep, Ipu OHONCUHU
OIIyXO0JIEBBIX KJIETOK Ba>KHO He IOBPeIUTDh 'CYMKY
OITyXoaHu", TaK KakK B IPOTHUBHOM C/Iy4yae BO3MOXKHO
pacmpocTpaHeHHe MeTacTa3. Copa3MepHBbIe HCCIIe-
oyeMbIM 06beKTaM HAHOMHCTPYMEHTH MOTYT
IIPOHUKATh Uepe3 MOPY B OMYXO/Ib, He IIOBPEXK-
Iasi CYMKY, TO eCTb IIpeJilaTal0T HOBble YHHUKAJb-
Hble BO3MOXHOCTH 6e3omacHoro orbopa mmpob nis
OHOIICHH.

Vicrmonp30oBaHWe HAHOMHCTPYMEHTOB BIIepBbIe
B MHpe JlaeT BO3MOKHOCTH OIIePHPOBAHMUS B 3aM-
KHYTOM IIPOCTPAaHCTBe pa3MepOM B HECKOJIbKO
MHUKPOH, HallpuMep, B KallUJIsIpax, BHYTPHU
OTHEe/IbHBIX KJIeTOK OIyX0Jel U B APYIrUX MeJb-
YaHMIKX II0JI0CTSX YeS0BeYeCKoro Teua UIH APY-
FUX OPraHHU3MOB. DTO OTKphIBaeT ClefyIoUHe
[IepCIIeKTHUBBI:

e CO3JaHUe CBePXTOUHBIX U CBEPXMHUHHATIOPHBIX
MHCTPYMEHTOB JIJIS1 HAHOXHUPYPTUHU, B TOM UHC/Ie
KJIeTOYHOM, BHYTPHUKJ/IETOYHOM U KaIllUJISIPHOM;

* HeNpOHHOe IPOTe3HUPOBAHUE;

* TKaHeBas MH>KeHEepHs C UCII0JIb30BAHHEM MAaHHU-
IY/ISLHI Ha YPOBHE OT/Ae/NbHBIX KJIETOK;
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200 MKM|tm

20 MKM|pm

MaHunyauposaHue 2pageHo8bIMU Yacmuuamu
Manipulation of graphene particles







HAHOTEXHOJ/1IOr UM

+ pas3paboTka CBepXMHHMATIOPHBIX aKTHBHBIX KaTe-
TepoB, BK/II0Yas KaIlCyIbHbIe KaTeTephl [/151 KOJIOHO-
CKOITMH U CepeYHO-COCYAHCTON XHUPYPIUH;

* CO3/laHHe CBePXMUHHUATIOPHBIX OHOMHKPO3TeKTPO-
MeXaHHYeCKHX CHCTeM;

* pa3paboTka CBepXTOUHOH M CBePXMHHHUATIOPHOHN
CHCTeM aJ;PeCHOM JOCTaBKHU JIeKapCTB.

B 6uonoruu ¥ MeJIMIMHe Ba)KHO HAab/II0AaTh U aHa-
NIU3UPOBATh Pa3HUUuHble 6MOXHMHUUECKHe PeaKIuU
B peaJbHOM BpeMeHHU [J51 U3y4eHHUS CTPYKTYpPhl
U QYHKIIMOHUPOBAHHUS OT/E/bHBIX KIeTOK U APYTUX
610HaHO06BeKTOB. HAHOMHCTPYMEHTHI aI0T BO3MOK-
HOCTb TaKUX HabmiogeHUN 6/1arofaps 0TCYTCTBHIO
Heo6X0MMOCTH MOJTOTOBKH 00pa3lioB U MIHOBEH-
HOMY CpabaThIBAaHMIO HAHO33aXBaTOB.

HOBbIE HAHOMHCTPYMEHTbI B IPOPbIBHOM
HAHOJJIEKTPOHUKE

CoBpeMeHHBIe METOJbl HAHOIIPOU3BOACTBA MOXKHO
pa3zenuTh Ha ABa Kiacca: bottom-up (CHU3y BBepX)
u top-down (cBepxy BHH3). CaMOOpPraHH3aLUs Ha
HaHOYPOBHe IIpefICTaB/seTCs Haubomnee mepcrekTHUB-
HOM 17151 TUIa bottom-up. biarogaps BO3MOKHOCTH
MaHHUIYJIHUPOBAHUS OTAENIbHBIMU HaHOOOBEKTaAMU
B peajibHOM BpeMeHH, HAHOUHCTPYMEHTHI IIpejjia-
raloT HOBBIE IIYTH PeaJIN3aluu IporeccoB bottom-up, a
HMMeHHO - C6OpKY HaHOYCTPOKCTB U3 OT/JeTbHBIX OJI0KOB
(HAaHOYACTHII) MJIM MOJIEKY/ISIPHBIA HaHOAacceMbiiep.

Pa3paboTky HAHOMeXaHHUYeCKHUX K PaJH03/IeKTPOH-
HBIX YCTPOHMCTB Ha OCHOBe HaHOYACTHI] BeyTCS y>Ke
IOCTAaTOYHO JaBHO. HAaHOMHCTPYMEHTEHI CII0COOHBI 06e-
CIIEYUTH TeXHHUYECKYIO peanu3aliiio IIPOU3BOJACTBA
TaKHX HaHOYCTPOMCTB. Pedb H/IeT 0 CO3JaHUHU HOBOTO
IIOKOJIEHH I TEXHOIOTHUH COOPKH CHCTeM K3 KPYITHBIX
eIMHUYHBIX MOJIEKYJI MJIK OTJe/IbHbIX HAHOYACTHII.
[TepCIIeKTUBHBIMU MOT'YT OBITh, HAIIPUMeP, CJIeAYI0-
I[Me HallpaBJIeHUs: MOJIeKYJISIPHBIN HaHoacceMbiep
IJ151 KPyIIHBIX MoseKky1 (Hanpumep, YHT u JHK) unu
4JacTUll (Hanpumep, rpadeHa); MoleKyIsIpHBIN MeXa-
HOCHHTe3; M3MepeHHe CBOMCTB MHAHMBHU/YaIbHBIX
HaHOO0OBeKTOB; HOBOE MOKOJeHHEe HAaHO- U MHKPO-
pob6OTeXHUKH; HAaHO- U MUKPOCEHCOPHUKA; HAHO-
M MUKPOQIIOMIUKA; MOJIeKyasipHas 1abopaTtopus
Ha YHuIIe.

Takum 06pa3oM, BHeJpeHHe B UCC/Ie[J0BATETbCKYIO
IIPaKTHUKY HOBBIX MHCTPYMEHTOB, CIIOCOOHBIX MaHHU-
IyTHPOBAaTh HAHOO6beKTAMU B PeaJbHOM BPeMeHH,
JaCT 3HAYHUTeIbHBIM UMITYJIbC PA3BUTHIO HHIYCTPUHU
HaHOMeXaHM3MOB. [Ipy1 3TOM OpraHM3aluH, KOTO-
pble HepBBIMM HAYHYT MCII0Ib30BaTh BO3MOKHOCTHU
HOBBIX HAHOMHCTPYMEHTOB, [I0O/Jy4YaT OLIYTHMBbIE
IIperMyIecTBa B 06J1aCTH HCCIeIOBAHUM U paspa-
6OTKH HOBBIX ITPOJIyKTOB. |

WHOVCTPUA #6/52/ 2014

should be noted, that competing manipulators are

also much larger and don't allow to work with most

biological objects because of unacceptably high
operating temperatures (350°C).

Modern biomedical research methods involve a
significant decrease in the quantity of biological
material. Some types of cells must be very
carefully, without damaging separated and
extracted. For example, for biopsy of tumor cells is
important not to damage the tumor's "bag of cells",
because otherwise distribution of metastases is
possible. Proportional with the studied objects,
nanoinstruments can penetrate through the pore
into the tumor without damaging the bag, i.e.
they offer new unique features of safe sampling for
biopsy.

Using of nanoinstruments for the first time in
the world gives the possibility of operating in a
micrometer-size confined spaces, for example, in
the capillaries, within individual cells of tumors
and in other tiny cavities of the human body
or other organisms. This opens the following
perspectives:

« creation of ultra-precise and ultra-portable
instruments for nanosurgery, including cellular,
intracellular and capillary;

 neural prosthesis;

* tissue engineering with the manipulation at the
level of individual cells;

» development of subminiature active catheters,
including capsular catheters for colonoscopy and
cardiovascular surgery;

e creation of subminiature biomicroelectro-
mechanical systems;

» development of ultra-precise and ultra-portable
systems for targeted drug delivery.

In biology and medicine it is important to
observe and analyze various biochemical reactions
in real time to study the structure and function
of individual cells and other bio nano-objects.
Nanoinstruments enable such observations due
to the absence of sample preparation and instant

gripping.

NEW NANOINSTRUMENTS IN NANOELECTRONICS

Modern methods of nanoproduction can be divided
into two classes: bottom-up and top-down. Self-
organization at the nano-level seems to be the
most promising for the bottom-up class. Due
to the possibility of manipulation of individual
nano-objects in real time, nanoinstruments
offer new ways of implementing of bottom-up
processes, namely the assembly of nanodevices



B BAPHAYJIE U CAMAPE

bYAYT CO3[1AHbl HAHOLLEHTPbI

ANTalckMii  roCyHapCTBEHHbIA TeXHUYeckuid yHuBepcuTeT (BapHayn)
N "MHHOBaLMOHHbIA GoHA Camapckoi obnactu” (Camapa) ctanu nobe-
LUTENAMM MSTOrO OTKPLITOrO KOHKypca ®oHaa WHGPacTpyKTypHbIX
1 06pazoBatenbHbIX nporpamm (®KMOM) "PocHaHo" no oT60py MpoekToB
C03[)aHN HAHOTEXHONMOTMYECKUX LieHTPOB. WTOrM KOHKypca MoABenv
29 ceHTA6pS.

PewleHne MPUHATO KOHKYPCHOM KOMWUCCMER MO pe3ynbTaTaM HayyHo-
TEXHWYECKOW W MHBECTULMOHHOW 3KCMepTu3bl. [10AYEpKUBAETCS, 4TO
KOMaHAbl NpoekToB-nobeauTenei 061a4aloT AOCTATOYHLIMU Npodeccuo-
HaNbHBLIMU 3HAHWUSMU W OMLITOM B Chepe KOMMepLManu3aLnm pesynbTaTos
Hay4HbIX MCCNEA0BAHMIA, COOTBETCTBYIOWUMY GUHAHCOBLIMU, KafpOBLIMM
W VHLIMW HeobXOAMMbLIMW pecypcamu, a Takxe NoAAepXaHbl PeruoHanb-
HbIMMY AAMUHUCTPALUAMMU.

Mobesa B KOHKypce 0becneynBaeT ANTANCKOMY roCyAAPCTBEHHOMY Tex-
HWYeCKOMY yHUBEpCUTETY U "NHHOBaLMOHHOMY doHAy Camapckor obnactn'
NpaBo Ha 3aK/ioyeHWe WHBECTULMOHHBIX cornawenni ¢ OVOM. Ob6wwii
610/KET NpoekToB-nobeauTenel NSTOro OTKPLITOr0 KOHKYPCA MPeBbILIAeT
1,9 Mnpa. pybneii, B koTopbix Zoast VO cocTaBut 40 840 MAH pyb.

Mpecc-cay>x6a "PocHaHo"
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of individual blocks (nanoparticles) or molecular
nano-assembler.

Developments of nanomechanic and electronic
devices, based on nanoparticles, is conducted
already for a long time. Nanoinstruments able
to provide technical implementation of the
production of such nanodevices. We are talking
about creation of new generation of technologies
to build systems of large single molecules or single
nanoparticles. Perspective can be, for example,
the following areas: molecular nano-assembler
for large molecules (such as carbon nanotubes
and DNA) or particles (e.g., graphene); molecular
mechanosynthesis; measurement of properties of
individual nano-objects, a new generation of nano-
and microrobotic; nano- and mikrosensorik; nano-
and microfluidics, molecular laboratory on a chip.

Thus, the implementation in the research
practice of new tools, able to manipulate nano-
objects in real time, will give a significant impetus
to the development of nanomechanical industry.
The organization, which first started using
the new nanoinstruments will receive tangible
benefits in research and development of new
products. [
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